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PaGora sBisieTcs 3aBepIIeHHEM IMKIA CTaTeil, MOCBSIIEHHBIX HCCIIEIOBAHUIO
YCKOPEHHBIX NBWKEHHH 1o wHepuuu [l—15]. OcHOBHbIe Ppe3yJbTAaThl MCCJIEAOBAHUIA:
packpbiTa (usuueckas NpUPOJA YCKOPEHHBIX IBIDKeHWH mno uHepuuun (Y/IM) m macce
4yacTUlpl; Moka3zaHo, uro YJIMI u macca yacTulbl WIparOT BEAYLIME POJIM B CIEKTakKIe,
KOTOpBIH Ha3bIBaeTCsl cTaOMIIBHBIM Pa3BUTHEM MaTEpWH; YCTAHOBJIEHA NPUYHMHA TPYAHOCTEH,
TIePeKNBACMBIX HbIHE (DU3UKOM, M HAWJCH BEPHBINA MyTh X MPEOIOICHHUS.

PackpriTie ¢usndeckoit mpupons! YW m Macchl 4acTHIBI MO3BOJIIIO YCTAaHOBUTH
NpUYNHy IiTyOokoro kpusuca ¢usnueckoil Hayku. Ha cymecrBoBanue kpusuca (QU3HKH
obpatui BuuManue I1.A.M. [lupak, oqun u3 cozaareneii kBantoBoi aekrpoanHamuku (KO/),
emle B cepenuHe npouutoro Beka [16, 17, ¢.403]. OH yTBep:kJas, YTO OCHOBHBIE YpPaBHEHUS
JIEKTPOJUHAMUKU HEBEPHBI, HO HE pa3bscHUI npuunHy TpynHoctedt KOJI. IlpuumHoit
SIBIIETCSI HEMOJHOTa cremnuainbHoil Teopunm oTHOcHTenbHOCTH (CTO), cocraBmsromeit
¢yamament KOJI. Henmomrota CTO BreIpaxkaercs B ToM, uto B CTO paccMaTpuBaroOTCsS TOJIBKO
BBIHY’K/ICHHbIE YCKOPEHHBIE ABIKECHHUS M MPEAINoNaraercs, 4TO Macca YacTHll SBISIETCA
NOCTOSIHHBIM TapameTpoM. M3 mons 3penust CTO Boimagator Y/ — takue coOCTBEHHbIE
JABMIKCHUS 4YaCTHL, KOTOPLIC HIPAIOT HUCKIOYUTCIBbHO BaXHYKO POJIb B pa3BUTHU MaATCPUH.
YU npexacrapnsror coboii aTpuOyT MaTepuy, OHU NPOUCXOIAIT C YCKOPEHUEM YacTHll, HO HE
MIPUBOIAT K SHEPreTUUECKHM 1moTepsM dacTuil. Y/ GopMupyroT Takylo (yHKIHOHAIBHYIO
3aBUCHMOCTh MAacChl YacTHII OT CKOpPOCTEH M KOOPAMHAT YacTHI], KOTOpas o0ecrednBaeT
YCTOWYMBOE pa3BUTHE Marepuu. Y/ NOpoXIaroT CUIIOBBIE MOJS, C HOMOILBI KOTOPBIX
mponucxoaur BSaHMOﬂeﬁCTBHe MCXKIY YaCTUllaMU.

[TokazaHo, 4YTO Macca 4acTUIBI 3aBUCUT HE TOJIBKO OT MOAYJIS CKOPOCTH YaCTHIIBI, KaK
MIPEATONarajocs B MPEIbAYIINX pad0Tax, HO U OT MOJIOXKEHHS YacTHUIIBI B IPOCTPAHCTBE, T.€.
Macca sBiseTcss (QyHKOued coctosHuH ABMkeHHA. CyIIecTBOBaHME 3aBHCHMOCTH MAacChl
YaCTHIBI OT TIOJIOKCHUS YacTHUIIBI B ITPOCTPAHCTBE MMEET OOJIBIIOE 3HAUCHHE JUTA HBOJIOLUH
MaTepHUH, TaK KaK YPE3BbIYAWHO PAaCHIMPSIIOTCS BO3MOXKHOCTH MATEpUH IO OpPraHU3aLUH
CTaOMIILHOTO PAa3BUTHUSL €€ CTPYKTYPHBIX 3JEMEHTOB. V3 yCIOBUS COXpaHEHUs SHEPruu
YaCTHUIIBl BBIBEICHO ypaBHEHHE [Uis macchl. OHO MpencTaBisieT coboit audpdepeHimanpHoe
ypaBHEHHME BTOPOTo IOpsIKa ¢ YacTHBIMH MPOM3BOAHBIMU. B wacTHOM ciydae, kornma macca
YaCTHIBl HE 3aBHCUT OT ITOJIOKECHUS YACTUIIBI B IPOCTPAHCTBE, 3TO YPAaBHEHHE NEPEXOIUT B
OOBIKHOBEHHOE U QepeHInaTbHOe ypaBHEHHE BTOPOTO TOpSIKA, MOIYYCHHOE U
nccieoBaHHoe B pabotax [14, 15]. YpaBHeHHe UIT MacChl YacTUIBI BBICTYNAeT B POJH
CBOCOOPA3HOr0 JIMHAMHYCCKOTO TMPHHIMIA I COOCTBEHHBIX JBIKCHHH dYacTHIbL. [lo
(u3MUECKOMY COIEP)KAHUIO ypaBHEHHE ISl MAacChl CYIIECTBEHHO OTIMYAETCs OT ypaBHEHH
BBIHY>K/ICHHOT'O JIBYDKEHHMs. Eciin ypaBHEHHE IJIs1 MAacChl CITYXKHT IJIS1 ONPEIeJICHHs] MacChl Kak
(YHKIIMH COCTOSIHUSI ABM)KEHHS YaCTHIIbI, TO YPABHEHMS JBIDKECHUS ONPEACISIIOT Pa3BUTHE BO
BPEMEHH CAMOTO COCTOSIHUS JIBHKCHUSL.

HccnenoBanbl Qusnyueckue 0coOSHHOCTH YCKOPEHHBIX ABI)KEHUH 10 HMHEPUUH H
MpOBE€ACHO CPABHCHUEC COGCTBCHH])IX N BbBIHYKICHHBIX ZlBPI)KeHHﬁ, KOTOPbIC SABJIAIOTCA
JUAICKTUYCCKUMU TIPOTHUBOIIOJIOKHOCTAMMU. Memﬂy CHJIaMHU, ZleﬁCTByIOLLlHMPI Ha 4acTuly B
BBIHY)K/ICHHOM M B COOCTBEHHOM [IBIDKCHHUSX, HMEETCS KaueCTBEHHOE pazjinyue: B
BBIHYK/ICHHOM JIBIDKEHHH CHJIa SIBJIAETCS TNPHYMHOW YCKOPEHHS, a B COOCTBEHHOM —
CJIC/ICTBHEM yCKOpeHHs. VI3MEHEHNe MacChl YaCTHIBI TIPH U3MEHEHHH ITOJI0KEHHS YaCTUIIBI B
MIPOCTPAaHCTBE  BbI3BIBAET  HEOJHOPOJHOCTh M HEM3OTPOIIHOCTb  IIPOCTPAHCTBA |
HEOJHOPOAHOCTh BPEMEHH.
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CdopmyaupoBan HOBBIH MOAXO0A B PeJSITHBHCTCKOI MeXaHMKe, B KOTOPOM
OTCYTCTBYIOT TPYIHOCTH C HemnonHoToi Teopuu, npucymme CTO. B ormiuuume or CTO, B
pa3BuBaeMOi 31eCh (OPMYIHPOBKE MEXAHWKH YYUTHIBAIOTCS KaK COOCTBCHHBIC IBMKCHUS
YacTUI], TaK W BBIHY)XICHHbBIC, B KauyeCTBE IBIKCHHU TI0 WHEPIMH PacCMaTPUBAIOTCS HE
IBIOKEHUSI CBOOOJHBIX, TOJBIX YAaCTHIl, HE CYIIECTBYIOIIHME B TNPHUPONIE, a YCKOPEHHEIC
mekeHnss mo wuHepumd (YJAW) — [ABWXKCHHS pEANbHBIX, (U3MYCCKMX YACTHI[, HE
UCIIONIB3YeTCST MPEAINOJIOKEHHE O TOM, YTO Macca YaCTHLBI SBISETCS IIOCTOSHHBIM
mapaMeTpOM; Macca BBICTYIIACT B Ka4ecTBE (DYHKIIMU COCTOSIHUS BIKCHUS; ()YHKIIMOHATbHAS
3aBUCHMOCTh MacChl YacTHIBl OT KOOPJIMHAT W CKOPOCTH (OPMHUPYETCS YCKOPEHHBIMH
IBIKCHUSMH 110 MHEPIMH U OIPENeNsIeTCs YpaBHEHHEM [UIS MAacChl, KOTOPOE TapaHTHUPYET
COXpaHEHHE YHEPTUH YaCTHUIIHI (B OTCYTCTBHE BHEITHETO IOJIS).

Ha ocHOBaHWMM TONYyYEHHBIX PE3yJIbTATOB MOXKHO CQOPMYIHUPOBATH CIIEXyIOIINIl
BbiBOJ. IIpmumHoii kpusuca ¢usukn saBiasgercs CTO, mnoJokeHHass B OCHOBY
snexrporuHamukn. CTO mpencraBiasier co00i a0CTPAKTHYI0 MaTeMAaTHYECKYI0 CXeMmy,
KOTOpasi BCJIEJACTBHE ee HeNOJHOTHI He MOKeT ONMHCHIBATH (PH3HMYECKYI0 PeaTbHOCTD.
Martepus, Kak CaMOOPTaHHM3YIOIIAsCsA, CaMOYIpaBiIsAeMas, MBICIAMAs  CYIIHOCTD,
MIPEANOYNTAET Pa3BUBATBhCS COBEPIICHHO HHade, 4dem mnpeanuceiBaer eii CTO. Pabota
SIBIISIETCS.  Pa3BUTHEM M TPOJOJDKEHHEM wucclenaoBanuid [22, 23] B obnacTu KBaHTOBOH
DJIEKTPOJUHAMUKH.

Kniouegvie cnosa: ¢usmueckas NpUpOJa MacChl YacTHIBI, COOCTBEHHOE U
BEIHY)KIICHHOE JIBWKCHHUS, YCKOPEHHOE [BMKCHHE II0 HWHEPIMH, Macca Kak (yHKIHS
COCTOSIHMH IBIDKEHHS, YpaBHEHHE IJII MAacChl, HEMOJHOTAa MEXAHWKH, CICIHANBbHAS TCOPHS
otHocutenbHOCTH (CTO), ¢u3mdeckwe CBONCTBa MPOCTPAHCTBA-BpEMEHU, TUHAMHYCCKHMA
MIPUHITUI U COOCTBEHHBIX IBIDKCHUII.

1. BBepeHue

CymecTByeT /Ba THINA IBIKCHUH MaTEpUANIbHBIX HaCTHUL[ — BBIHYKIEHHbIE ABMKEHMS U
co0cTBeHHbIe IBM:KeHUs. 1107 BEIHYKICHHBIMHM TOHUMAIOT TaKUe JIBUXKEHUS, KOTOPHIE MPOUCXOISIT
IO/l AeMCTBHEM BHEIIHUX CHJ, CHJI, TOPOKAAEMbIX 3aJJaHHBIMH BHELIHHUMHM NOJIAMU. BHEmHuUM npu-
HATO CUUTATh CUJIOBOE IOJIE, (pr3MdecKue CBOICTBA KOTOPOIO OCTAIOTCS HEU3MEHHBIMHU IIOCIE €ro
BO3AEHCTBHA Ha MPOOHYIO YacTHlly. BHEImHss cuna BRICTyNaeT B KauecTBE MPHUYUHBI BBIHYKICHHBIX
newxenuii (B1). CoocrBennbie nemxenus (C/1) — 3To aTrpulOyT MaTtepuH, T.. BPOKICHHOE CBOWCTBO
MaTepuu, MpHUcylee eil mo caMoil mpupojie Bemeil. XapakrepHoir ocodeHHocThi0 CJI ciy)uT To 00-
CTOSITENIBCTBO, YTO UCTOYHUKOM CJl ABIIsieTcs Marepus, HO HE CYILECTBYET MOPOXKIAIOIINX 3T ABU-
xkeHust BHemHUX cuil. CJ] mpocTeiiero CTpyKTypHOTO 3JIEMEHTa MaTe€pUHd — TOYEHHOM YacCTHIIBI
MPE/ICTABIAIOT CO00H HempephIBHBIC MEPEXOAbl YACTUIBI M3 COCTOSIHUS ABW)KEHHSA 7,V B MOMEHT

BPEMEHHU ¢ B JPYroe€ COCTOSIHUE ABWKEHHS 7 +dF,V+dV B CIEAYIOLIMA MOMEHT BPEMEHHU

t+dt (df m dV — npupalieHus paguyc-BeKTopa ¥ U BEKTOpa CKOPOCTH V YacTHIBI 32 BPEMsI
dt, dt—>+0). Ecmu dv/dt=d+0, d — yckopenue, CJ] yacTuipl SBISETCSI yCKOPEHHBIM; Ha

JacTuIly AekcTByeT cuia F =dp/dt ( p — UMIyJbC YaCcTUIBI); CHIa F HE ABISETCS BHEIIHEH,

OHa BeICTymaeT B kadecTBe cneAcTBus CJI, a ve ero npuuunsl. CJl u B/l npeacraBiasior codoii, Ta-
KMM 00pa3oM, IuaJieKTHYeCKUe MPOTUBONOJ0kHOCTH: CJ] mOopoXXIaloT cuibl, AEUCTBYIOIIKME Ha
yacTulpl, a B/ mopoxaatoTcs BHEITHUMHU CHIIAMH, T.€. SIBIITIOTCS CIIEACTBHEM JCHCTBUS Ha YaCTHIIBI
BHEITHHUX CHIL.

KauectBennoe paznuune mexay CZ u B/l mpuBoauT Kk TOMy, YTO 3TH JBHKEHUS HEBO3MOXKHO
OMKCaTh €IUHOO0Opa3HO, TOJB3YSICh OOBIYHOM CXEMOH OINUCAaHWs, OCHOBAHHOM Ha MPUHITUIIC
HanMenbiero neiicteus (ITHJ). BemencTBrue oTCyTCTBHS BHENIHWX CHUI, YTIPABISIOMIUX COOCTBEH-
HbBIMU JOBWXCHUAMHU YaCTUI], HE CYUICCTBYCT ypaBHeHHﬁ, OITHUCBhIBAIOIIIUX COOCTBEHHEIE JABUXKCHHU A
AHAJIOTUYHO YPaBHEHUSIM JUIS BBIHYKIICHHBIX JBW)KCHUH BO BHENIHEM moJie. OCoOEHHOCTh COOCTBEH-
HBIX JIBUKEHHUI YaCTHII COCTOUT B TOM, UTO B JIFOOOW CHICTEME YaCTHIl OHU MPOUCXOIAT HEMPEPHIBHO,
HE3aBHCHUMO OT BHEIIHWX BO3JEHCTBHI Ha cuctemy. UM ecnm Hekoropas ¢usndeckas cucreMa IoMe-
[[aeTcs BO BHEIIHEE M0JIe, TO Ha COOCTBCHHBIC JBU)KCHUS YaCTHI] CUCTEMBI HAKJIAJIBIBAIOTCS BBIHYK-
JICHHBIE YCKOPEHHBIE IBU)KCHUS, BEI3BaHHBIC IEHCTBHEM BHEIIHETO ITOJIA, TaK YTO ABMKEHUE KXKIOH
JacTHITEI TIpencTaBisieT coboit cynepriozunnto CJl n BIl. CoOCTBEeHHBIE IBHKEHUS TPOAOHKAIOT BBI-
MOJHATH CBOIO OCHOBHYIO Pa0OTy — (POPMHUPOBATH TAKyHO 3aBUCHUMOCTh MAaCChl OT COCTOSIHUH JIBHKE-
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HUS 9aCTHIl, Kakas 00ecredrnBaeT yCTOMUNBOE IBUKEHHE CUCTeMBI. JJoOCTOBEpHOE U HaJIe)KHOE OIHCa-
HUE MOBeIeHNs (PU3NIECKON CHCTEMBI BO BHEITHEM TOJIE BOZMOXKHO, OUEBUIHO, JIUIIb TPH YCIOBHUH,
YTO TMPHU OCTPOCHUH TEOPHH B KAYECTBE MACChl YACTHUIIBI UCIIONB3YETCSl HE TIOCTOSHHBIN MapaMeTp, a
Ta (YHKIHSA COCTOSTHUU NBIDKEHHS YaCTHUIIBI, Kakas chOopMHUpOBaHa COOCTBEHHBIMU NIBIKEHHSIMH U
OTIMCHIBAETCS ypaBHEHNEM JUISI MACCHI.

Haunbonee BaxxHyI0 poiib B pa3BUTHN MAaTEPHU UTPAIOT T€ U3 COOCTBEHHBIX JBUKEHHH YaCTHIL,
B KOTOPBIX SHEPTHA YacTHUI] coxpaHsercs. Takue coOCTBEHHbIC IBMKEHUS Mbl Ha3bIBa€M YCKOPEHHBI-
MU aBrkeHusMu 1o nHepuuu (Y W), Ux otnmuuTensHas yepTa COCTOMT B TOM, YTO Macca YacTHIIbI,
COBEpIIAMIICH Takoe ABIKEHHE, M3MEHSETCS CO BPEeMEHEM TakK, YTOOBI SHEPreTHUECKUE MOTEpH 4a-
CTHLBI, CBSI3aHHBIE C YCKOPEHHBIM [BM)KEHHEM, KOMIIEHCHPOBAIUCH YBEIWYCHHUEM KHHETHUYECKON
SHEpruu. DTO 03HAYAET, YTO Macca m YaCTHIBI, coBepiuatomieit Y/, okassiBaercs QyHKIUEH Co-
CTOSTHUI ABHMIKeHUs dacTHLbl. B pabotax [14, 15] paccmoTrpeH uactHeiid ciyyait YU, nBwkeHuid, B
KOTOPBIX Macca YacTHIbI 3aBUCHT TOJIBKO OT MOJYJIS CKOpOCTH 4actuipl: m =m(v), v=|V|. 3nech

MOJIY4YeHO YpaBHEHHE Ul MacChl m KakK (YHKLUUH CKOPOCTH v, IpeAcTaBisiioiee codor nuddepen-
[IMaIbHOE YpaBHEHHE BTOPOTro Topsaka. JlanbHeiinme uccinenoBanus MOKa3ad, YT0 Macca YaCTHII
MOKET 3aBHUCETh HE TOJIBKO OT MOXYJISI CKOPOCTH, HO M OT ITOJI0XKEHMS YacTHUIIBI B IIPOCTpaHcTBe. B
HACTOsAIICH paboTe Moay4YeHo o0oOIIeHne pe3ynbraToB [14, 15] Ha oOuMit cinydvaii, Korjga Macca 4a-
CTHIBI m SBISIETCS QYHKIMEH COCTOSTHMUI ABIKEHUS, T.e. m = m(F,V).

Jnst ommcanust GU3MUECKUX SBICHUH W NPOIECCOB NPHHATO HCIOJB30BaTh WHEPUUAIbHbIC
cucremsbl orcueta (MICO), KoTOpble ONPEeAEIIOTCs U3 YCIOBHS, YTOOBI B HUX BBITIOJIHSUICS TPUHIIAT
UHEpLUUH B (HOPMYJIHpOBKe JlekapTa: YacTHIBI, HE TOABEPKEHHbBIC JCHCTBHIO BHEIIHUX MOJEH, T..
CBOOOHBIE YACTHIIBI, IBIKYTCS PABHOMEPHO M HPSMOJIMHEHHO. [[BHKEHHS CBOOOIHBIX YaCTHI], KO-
TOpBIC HA3BIBAIOT JBIKCHHSAMH 110 MHEPLUH, MOTYYAIOTCS M3 OOLICTIPUHSATHIX YPaBHEHHUH JBHKCHUS

BO BHCIIHCM IIOJIC B NPCACIIBHOM Cliydac F;H d 0, rae F;H — ,Z[eﬁCTBYIOH_IaSI Ha 49aCTHUIbI BHCIIHAA

cuna. CrnefyeTr MoI4epKHyTh, OJHAKO, YTO MPH OTKIIOUYEHUH BHEIIHETO IMOJII OCTAIOTCS YacTHUIIBI, CO-
BEpIIAIOIIe COOCTBEHHBIE JIBUKEHHUS, KOTOPHIC SBISIOTCS OTHIOIb HE PABHOMEPHBIMH H TPSIMOIIHU-
HEWHBIMU, a TIPEACTABISAIOT COOO0M, KaK OTMEYaJIOCh BHIIIE, HEMPEPHIBHBIE ITEPEXO0IbI U3 OJTHUX COCTO-
SIHUW BUKCHHS B Ipyrue. Takue cOOCTBEHHbBIE BUKCHUS XapaKTEPU3YIOTCS TEM, YTO OHU IPOUCXO-
JIIT C COXPAaHCHUEM DHEPIUU YaCTHIl, ¥ [TO3TOMY HMEHHO OHH UTPAIOT POJIb PEATbHBIX JABHKCHUH I10
WHEPIUH, CYIMIECTBYIOMUX B Mpupojie. CBOOOIHBIX YaCTHI], ABIKYIIUXCS IO UHEPIIUH, HET B MPUPO-
ne. CrieoBaTelIbHO, IPUITUCHIBAHNE CBOOOHBIM YaCTHIIAM KaKON-JIMOO POJIM B IMHAMHKE PEalIbHBIX
(PU3NUECKUX CHCTEM TEPSET CMBICIL.

Kak BusHO 13 U3JI0KEHHOT0, MEXaHHKa CYIIECTBEHHO HE IT0JIHA, KaKk MexaHnka HploToHa, Tak
U PEIATHBUCTCKAs MEXaHWKa — CHelualibHas Teopus oTHocuTenbHOCTH (CTO). MexaHnka He ydu-
THIBaET COOCTBEHHBIX JBHMKCHUH YaCTHII, COCTABISIOIINX MaTepUalbHBIE Tela, ABMKEHUH, KOTOpBIE
(hopMHUPYIOT 3aBUCIMOCTh MAacCChl YaCTHUI] OT COCTOSIHHI JBYDKEHUS, oOecrieunBasi CTa0MIbHOE Pa3BU-
THE CHUCTEMBI. PackphITrie (H3uIecKoi MPUPOIBI MACChl YaCTHUITHI [ 14] MO3BOJIIET YCTAHOBUTE TIPHYIH-
Hy Toro (akra, Ha Kotopelii ykazan I1.A.M. [Tupak [16]: ocHOBHbIE ypaBHEHHsI DJIEKTPOIUHAMUKU
HEBepHEI. [IpUYHHO ABJISICTCS HEMOIHOTA PEJIATUBUCTCKON MEXaHUKH, B KOTOPOU COOCTBEHHBIC JIBU-
JKEHHs YaCTUIl He NMIPUHUMAIOTCS BO BHUMaHUE, YUYUTHIBAIOTCS JIUIIh BEIHYXICHHBIC ABMDKEHUS, IIPO-
WCXO/ISIIUE TIOJT IEHCTBHEM BHEIIHUX CHII, U MPEAIOIaraeTcs, YTO Macca YacTHIl SIBIIAETCS HEN3MEH-
HBIM, TIOCTOSIHHBIM MTapaMeTPOM.

OcHoBaHWEM IS TTpUBEIEHHOTO BhIIIe yTBepxaeHus [1.A.M. Jlupaka mociy>Kuio To 00cTos-
TETLCTBO, UTO pacdeT (PU3NUSCKUX BEIUINH B COOTBETCTBUHU C KBAHTOBOU 3iekTpoaunHamukoi (KD/1)
NPUBOJUT K PACXOAMMOCTSIM — OECKOHEUHO OOJBIINM 3HAYSHHSM BBIUYUCIISEMBIX (H3HMUECKHX BEJH-
yuH [16, ¢.197]. Jlns ycTpaneHus pacX0oAUMOCTEH IPUXOIUTCS MPUOEraTh K CIEIHATLHON IpoIieIype,
Ha3bIBaeMOH MMEPEHOPMUPOBKON MACCHI M IEKTPUIECKOTO 3apsaaa. XOTs 3Ta Mpoleaypa 1 MO3BOJISET
YCTPaHUTh PACXOAMMOCTH, HO €€ HCIOJb30BaHUE BBI3BIBAET UYBCTBO HEYAOBJICTBOPCHHOCTH, MO-
CKOJIBKY OHA HE CJIeJlyeT U3 (PM3MYECKUX MPHUHIIUIIOB, MMOJIOKEeHHBIX B ocHOBY KOJI. I[1.A.M. Jlupak He
Pa3bACHUII, TTOYEMY TOSBIISAIOTCS PACXOAUMOCTH W TIOYeMY OHHU CBSI3aHBI ¢ Maccoil  3apsaom. [lpu-
YHMHA CTAaHOBUTCS MOHSITHON TOJIBKO ceiyac, Oiaromapsi TOMy, 94TO pacKpbiTa (u3ndecKas Mpupoja
Maccel. M3 pesynbraTtoB padot [14, 15] u HacTosmiel pabOThl BHIHO, MOYEMY CTaHIApTHAs cxema
OIIMCaHUs IPUBOANT K HEOOXOANMOCTH BHITIOJIHEHHUS MPOLEAYPHI iepeHOpMupoBKkH. [IprunHa 3akimto-

Ne1-2,2019 31



Pbhysics of consciousness and life, cosmology and astrophysics

4aeTcs B TOM, YTO B OOIIENPUHATON CXeMe MEXaHUKH MacCa YaCTHIbI PACCMAaTPHUBAETCS KaK TOCTOSH-
HEII IMapaMeTp, B TO BpeMs KaK B INEHCTBUTEIHLHOCTH OHA SIBIBICTCS (PYHKITUEH COCTOSIHMM TBHKEHUS
YaCTHIIbI, (YHKIHEH, 3aBUCUMOCTb KOTOPOI OT KOOPJMHAT M CKOPOCTH (popMUpyeTCcsi COOCTBEHHBIMU
IBWOKEHUSMU. 3-32 Hamn4usi COOCTBEHHBIX ABM)KEHUH Macca HEeMPEPBIBHO M3MEHSIETCS CO BPEMEHEM,
HO TP BBIBOJIE YPABHEHUH ABIKEHUS U3 MPHUHIIMIIA HANMEHBIIIETO JEHCTBHSI Macca CUUTAETCS MTOCTO-
SIHHBIM MapaMeTpoM. [103TOMy-TO M HPHUIILIOCH Pa3padoTaTh HCKYCCTBEHHYIO MPOICAYPY H3MEHEHUS
MAacCChI, KOTOPYIO Ha3BaJIM NIEPEHOPMHUPOBKOI Macchl. HeoOX0mMMOCTh IEpEHOPMUPOBKY MacChl yKa-
3BIBAET, TAKMM O0pPa30M, Ha TO, YTO CHIIOTE3a M = const HE BhINOJHACTCS. OTMETHM, YTO (QU3NYECKas
MpUPOJA IEKTPUUYECKOTO 3apsA/ia YaCTHUIBl TaKOBAa K€, KAK M MAacCChl: HA OCHOBAHHUU TMOJTYYEHHBIX
HaM¥ pe3yJbTaTOB MOXKHO yTBEPIKIATh, YTO Macca U AJIEKTPUIECKUN 3aps) GOpMUPYIOTCS COOCTBEH-
HBIMH JIBIXKCHUSIMH YaCTHIl U MPEACTABISIOT cO00H (DYHKIIMU COCTOSIHUI JBMKEHUS 4acTHIl, obecrtie-
YUBAIOIINE CTAOWIBHOE PA3BUTHE MATCPHH.

[lepeuncimimM OCHOBHBIE PE3yIbTATHI, IPECTABICHHBIE B TIOCIEIYIOIINX pa3ienax padoThI.

B paznene 2 nccnemyercs Macca TOUYEYHOW YaCTHIBI Kak QYHKINS KOOPAMHAT U CKOPOCTH Ya-
ctuubl. [IpruunHOM, 0 KOTOPOI Macca 4YacTULbI MOXKET 3aBUCETh HE TOJIBKO OT CKOPOCTH, HO U OT IO-
JIOKEHHSI YaCTHIIBI B IPOCTPAHCTBE, SIBIIIETCS TO 0OCTOSITELCTBO, YTO Macca YaCTHIl UTPAET B IPUPO-
Iie 0coOyI0 poilh — OHa O0eCIeYnBaeT CTAa0MIBHOS Pa3BUTHE MaTEePHH KaK CaMOOpPTaHU3YIOMIEHCS,
caMOoyTpaBisieMoil CymHOCTH. OYEeBUIHO, YTO CIIPABUTHCS C ITOHM 3amadeil MOXKHO JIUIIb TPU YCIIO-
BHU, YTO OTCYTCTBYIOT KaKHE-THOO OrpaHUYCHUS Ha (DYHKIIMOHAIBHYIO 3aBUCHMOCTh MacChl OT KOOpP-
IUHAT B cKopocTd. [lo-BHIUMOMY, IMEHHO TIO TaKOMY IYTH HIET IBOJIOIUS MaTepuu. YpaBHEHUE
JUTSE MACCBl m Kak (DyHKITUHM COCTOSTHUH TBUKCHUS PENSATUBUCTCKON YaCTHIIBI,

m=m(¥,v), ¥F=F(t), v=v(t), (1)

BBIBEJICHO M3 YCIIOBHS COXPAHEHUS IMOJIHOW SHEPTHH YaCTHIIbI, COBEPIIAIOIIEH YCKOPEHHBIE IBUKECHUS
o unepuuu (YJIN). [lonyuenHoe ypaBHEHME mpejacTaBiser codor nudpdepeHnranbHOe ypaBHEHUE
BTOPOTO TMOPSJIKA C YACTHBIMH TPOWU3BOJHBIMU Buna 0/ O0rF u 0/ 0V ; U3 coobpakeHuid ymnoOcTBa U

MMPOCTOTHI 3aIllUCH B pa60Te MNPUBCACHO YPABHCHUC JId BCJIWYUHLBI |, KOTOpasd CBiA3aHa C Maccoit m

2

14
PaBCHCTBOM L =m 1——2 . B vactHom ClIy4dac, Korjga Macca 4aCTulibl HEC 3aBUCUT OT IOJIOKCHUA 4Ya-
c

CTHIIBI B IPOCTPAHCTBE, 3TO YPaBHEHHE MEPEXOJHUT B OOBIKHOBEHHOE MU epeHIInabHOE ypaBHEHNE
BTOPOTO MOpsi/IKa, TIOIy4eHHOE U UcciejoBaHHOe B pabore [14].

[Tpy nBW>KEHUH TOYEUHOW YACTHUIIBI BHIJEICHHBIMIA HAIPABICHUSMH B IIPOCTPAHCTBE SBIISIOT-
Csl HalpaBJICHHs BJIOJIb BEKTOPOB 7 M V. ToYKa ¢ paguyc-BEKTOPOM 7 , B KOTOPOI HAXOIMTCS YaCTH-
11a, BbIJENIeHa ¢ PU3MYECKON TOYKH 3pEHHS CPEAM JAPYTHX TOUYEK MPOCTPAHCTBA TEM, YTO, B OTIMYHE
OT JIPYI'MX TOYEK, OHa oOMnamaer, 6iaroaaps NpeObIBAHUIO B HEW YaCTHIIbI, JHEPTHECH TTOKOS K UMITYJIb-
COM TIOKOSI YaCTHIbl. 3aBUCHMOCTh MAacChl m OT MOJYJSI CKOPOCTH YacCTHIIBI SIBISAETCS OCHOBHOM,
HanboJiee CHIILHOMN; 3aBUCUMOCTL MAcChl OT yIJla MEKIYy BEKTOpDAMHU 7 M V OKa3bIBaeTcs Oojee ca-
0oit, u eme 6osiee caboii OKa3bIBACTCS 3aBUCHMOCTD m OT JIJTMHBI PalNyC-BEKTOpa 7 .

[Tockonbky Macca 4acTHIBI SIBISICTCS CKaJSIPHON BEJIIMYMHOW, TO €€ (PYHKIUOHAIbHAS 3aBH-

[ RN}
CUMOCTBb OT CKOPOCTH U KOOPJAMHAT BbIpAXKACTCA 4YE€PE3 CKAJAPBL V , 1V, 1 . PaCCMOTpeHO pa3iioxe-

HHE MACChl YaCTUIBI B PsiJ| TEOPHU BO3MYIIEHUH MO CTENEHSIM 7V W 7, CIIPaBEJIMBOE TIPU CIaboi
3aBHCHMOCTH MacChl OT PaJyC-BEKTOpa 7 . YKa3aHHOE Pa3ioKeHUE MAaCChl HCCIIEIOBAHO B IMHEHHOM
MPUOTHKEHHH TI0 7 .

B paznene 3 uccrienyrorcst hu3ndeckne 0COOCHHOCTH YCKOPSHHBIX IBMKCHHUH 110 WHEPITHH [ 5,
7,15, 20, 21]. IlpoBeneHo cpaBHEeHHE COOCTBEHHBIX M BBHIHYKICHHBIX ABMKeHUH. OOCY)Aal0TCs pas-
MY MEXIY CHJIaMH, IEHCTBYIOIMMH Ha YacTHIly, COBEPILAIOIIYI0 COOCTBEHHBIC U BBIHYKICHHBIE
IBkeHus. OTMedaercs, 4YTO U3MEHEHNE MAacChl YaCTHLbI ¢ U3MEHEHHEM II0JI0KEHUS YaCTHLb B IIPO-
CTpaHCTBE O3HAYaeT HEOJAHOPOAHOCTh M HEU30TPOIMHOCTh IPOCTPAHCTBA M HEOAHOPOAHOCTH BPEMEHH.
Ha uacTtuiy, nBHKyIIytocs YCKOPEHHO IO WHEPLWH, JEHCTBYET NOMOJIHUTENbHAS CHUJIa, MOSIBICHUE
KOTOPOI1 00YCIJIOBIIEHO HEOJHOPOIHOCTBIO IPOCTPAHCTBA; OHA SIBJICTCS peakuel OKPY’KaloIIero 4a-
CTHIly TPOCTpPAHCTBAa Ha COOCTBEHHOE JBMkKeHHE. COrIacHO MOJy4eHHBIM pe3yJbTaTaM, JBHKEHHE
CBOOOJHOI YacTHLBI [0 WHEPLMH, BO3HUKAIOIIEE MPU OTKIIOYEHWH BHEIIHETO MOJIs, CYIECTBEHHO
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OTIIMYAETCs] OT YCKOPEHHOTO JIBIKEHMS MO MHepuuu. Eciu B MepBOM M3 yKa3aHHBIX JBHIKEHHH CO-
XPaHSAETCS BEKTOP UMITYJIbCA p) M YacTHI[A JABMKETCS PAaBHOMEPHO W MPSIMOJMHEHHO, TO BO BTOPOM

COXPAHSETCS HE BEKTOP UMITYJIbCa, a JIHIIb €r0 MOJIYJIb U YaCTHIIA JABMIKETCS 110 KPUBOJUHEHHOM Tpa-
€KTOPHUU, UCTIBITHIBAS JIEHCTBUE CUIIBI, KOTOpas HE coBepIIacT pabOThI MPU MEPEMEIICHUN YaCTHIIEIL.
s onpenesenus QyHKIHOHAIBHON 3aBUCMMOCTH MACChl YaCTHIIBI OT COCTOSIHUHN JIBHKCHHS
MOJKHO HCIIOJIB30BaTh 3aKOH COXpaHeHus: E = const, e E - momHas sHeprus 4aCTHIIBI, TBHKYIIEHCS
YCKOPEHHO 10 MHepIuH. B ciydae, eciy 3aBUCMMOCTh MAacChl OT ITOJIOKEHHUS YaCTHUIBI B MPOCTPAH-
CTBE cyiabasi, MOXKHO OTPAHUYUTHCS JTIMHEHHBIM MPHUOIMIKEHUEM TI0 7 , CYMTAs], YTO UMEET MECTO pa3-
JIOKEHHE BUJA: M =0, +?\7(12 +ray, rae o, =a,(v), i=1,2,3. 3 npuBeAeHHOr0 BBILIE 3aKOHA COXpa-

HEHHUSl SHEPruu cieqyloT IuddepeHnnalbHble ypaBHEHUS IEPBOT0 HOPSIKA, ONPEeNsiolnue Belu-
YMHBI O, . B pasnene nmpuBeseHbl 5TH YPaBHEHUs, NTOJyY€Hbl UX PEIIEHHS U C UX IOMOIIBIO UCCIIE0-

—

BaHO BBIPaXXCHUE I CWIIBI F, JeWcTBYIONIel Ha yactuily. [lokasaHo, 4To BEKTOp F OpPTOTOHAJICH
BEKTOPY CKOPOCTH YaCTHIIBI V M TI0ITOMY CHJIA HE COBEPIIAET PabOTHI HaJl YACTULIEH TIPU TEPEMELLIE-
HUU YaCTHIIBI 10 TPASKTOPHH.

O6cysknaeTcst U3BeCTHOE BhICKa3biBaHUe P. deifHMaHa 0 HEMMOTHOTE BTOPOTo 3akoHa Heroto-
HAa U O TOM, 4TO CHJIA, JICUCTBYIOIIAs Ha YaCTHUILy, TOJKHA 00JIaaTh (PU3NIECKUMU CBOMCTBAMU B JIO-
MOJIHEHUE K 3aKOHY JBrxkeHus [18, ¢.209, 19].

B zaxmountensHOM pazzperne (GOpMyNIHPYIOTCS OCHOBHBIE PE3yNbTaThl M BBIBOJABI PaOOTHI.
[TomuepkuBaeTcs, 4YTO MPUYUHON CEPHE3HBIX TPYIHOCTEH, HCIILITHIBACMBIX KBAHTOBOM 3JICKTPOIMHA-
mukoit (K3/I), sBnsercs HermomHOTa crienuanbHoi Teopun otHocutenbHOCTH (CTO) — Teopuwm, co-
crapttomiedt dyamamenT KOJI. Ecmm n3 mons 3permss CTO BwImamaroT yCKOPEHHBIE NBYKCHHS TI0
WHEPLUH, PEICTABIISAIONUE COO0M UCTHHHBIC ABMXKCHHUS YACTHII 110 MHEPIMH, KOTOPhIe 00eceunBa-
I0T CTAa0WJILHOE Pa3BUTHE MAaTEPHUU, TO HET OCHOBAHHI HAJIEATHCS, YTO YPABHEHHUSI DJICKTPOJUHAMUKH
MOTYT TIPaBHJIBHO OIMCHIBATH peajbHble, (pr3mueckue mpouecchl. M3 ommdoYHOCTH OCHOBHBIX ypaB-
HEHHH 3JICKTPOJAMHAMUKY, Ha ueM HactauBai I1.A.M. Jlupak eiiie mojiBeka Haszall, ¢ HEOOXOAUMOCTHIO
CJIEIIy€eT, YTO TPYAHOCTH AJIEKTPOIMHAMUKY 00ycioBieHb! HeronHoToi CTO.

B npunoxeHnn U310KeHBI 001IHe TTPEICTABICHUS 0 MacCe TOUECYHOMN YaCTUIBI KaK (yHKIHH
COCTOSIHUM JIBUYKEHUSI.

2. Macca penﬂTVIBVICTCKOﬁ YacTuubl KakK q:)yHKLIMﬂ COCTOAHUA ABMXEHUA. ypaBHeHVIe AnA Maccbl

Cornacuo [14,15], ¢uzuueckas mpupoja Macchl KIACCHYECKON YACTHIIBI COCTOUT B TOM, YTO
Macca TpeACTaBiseT coO00l (DYHKIMIO COCTOSIHHU IBMKEHHUS, KOTOpas UrpaeT B MPHUPOJE OCOOYIO
poib. Macca CTPYKTYpHBIX 2JIEMEHTOB MAaTepHUH OTBEYACT 3a CTAOWMIHLHOE pPa3BUTHE MaTEpHH, T.C.
HECET OTBETCTBEHHOCTh 3a CaMO CYILECTBOBAHMWE MaTE€PUU KaK CaMOOPTraHU3YIOLICHCs, caMOypaBis-
emoii cymHocTH. OCOOEHHOCTHIO MTOBEICHUS PealbHbBIX, (PU3NUECKUX YACTHI] SIBISIOTCS HENPEPHIBHEIC
Mepexo/ibl KaKI0M YaCTHUIIbI U3 OJJHOTO COCTOSIHUS JIBHXKEHUS B JIpyroe, Mepexo/ibl, KOTOphIE MPOUC-
XOJISIT CIIOHTAHHO, B OTCYTCTBHE KaKMX-JINOO BHEIIIHUX CHJL.

Oco0yro pojb B 3BOJIOIMY MAaTEPUU UTPAIOT TAKHE COOCTBEHHBIC JIBM)KCHUS YACTHII, B KOTO-
peIX sHeprusi dactull E coxpansercs: E =const. Takue ABWKCHUS, TMPOUCXOJSIINE B OTCYTCTBHE
BHEIIHUX CHJI, Mbl Ha3bIBa€M YCKOPEHHBIMU jBMKeHUsMU 1o mHepimu (YW). MHbIMU croBamuy,
YA — 3T0 cOOCTBEHHBIE IBMKECHHUS, MTPEICTABIIIONINE COOOH aTpUOYyT MaTepHH, IBHKEHHUSI, IPOYC-
XOJSIINE C YCKOPEHUEM YacTHIl, HO HE MPUBOJIAIINE K SHEPreTUUEeCKUM MoTepsiM yacTull. Kak pa3b-
sicasiercs B [15], pu3nyeckuM MeXaHU3MOM COXPAaHEHHWS SHEPTUU YaCTHIIBI, JABIKYIICHCS YCKOPEHHO
[0 MHEPLUHU, SBISETCS TAKOE€ M3MEHEHUE MAcChl YaCTHUIIBI CO BPEMEHEM, PU KOTOPOM DHEpreTHye-
CKHE TOTEPU, BHI3BAHHBIE YCKOPEHHBIM JIBUKEHHUEM YaCTHIIbI, BOCTIOJHAIOTCA YBEJIIMUEHUEM KUHETH-
YECKON SHEPIHH, TaK YTO MOJIHAS PHEPTHUS YaCTUIBI coxpaHseTcs. OTMETHM, 4TO MOJTHAs sHeprus E
yacTulpbl, coBeparomein Y/, He coBnanaer ¢ KNHETUYECKOM dHEPrUel YacTULIbl, OHA OTIMYAETCA
OT KMHETHYECKON SHEPTUH TIONPABKO#, PONOPIUOHATIBHON Benunne vom / ov , tae m=m(7,V).

Ypapuenue s Maccwl (1) kak pyHKIMU COCTOSHUIN IBUKCHUS YaCTHUIBI MOXKHO BBIBECTH U3
YCJIOBHSI COXPAaHEHHUs IOJTHOW SHEPruu yacTuisl, cosepuaromen Y. Mcxoaum u3 ypasHenus Jla-
Ipamka PEIATUBMCTCKOM YaCTUIIBI MACCOM 71, IBHIKYIUEHCS CO CKOPOCTHIO V ,
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2
v

L=L,-U, L,=-mc 1—C—2, U=U(.1), ()

IJie ¢ — CKOpPOCTh cBeTa, U — MOTEHIMATbHAS DHEPrUsl YaCTHIIbI BO BHEITHEeM moie. [TomHast sHep-
russ £ BO BHENTHEM TIOJI€ M UMIYJIbC P YACTHIIBI OTPEaEIITIOTCS hopMyaamu:

. - _OL
E=vw-L, p=—. 3)
ov
IIpuBeaeM COOTHOIICHHUE, OMPEAEIISIONIee CKOPOCTh H3MEHEHHUS CO BPEMEHEM ITOJTHOM dHEp-
ruu yactuiel (pu oU /0t =0):

> N S > 2
d_E:‘—; @_F;H_F ’ F;H :_VU’ F:_a_}i/lcz 1_v_2 (4)
dt dt or \/ c

3)_ICCL F;,H — BHCIIHAA CUIIa, ﬂeﬁCTBYIOHlaﬂ Ha 4aCTUIlly CO CTOPOHBI BHCIIHCTO IMOJIA U 5 F — CcHia,

MOpo’KJaeMast YacTUIIEH, ABIKYIIEHCS YCKOPEHHO 0 WHEPIWH; cuja F BO3HUKAET BCIEACTBHE TO-
ro, YTO BETUYMHA MACCHI YACTUIIBI 3aBUCHUT OT MOJOKEHUS YaCTUIIBI B TPOCTPAHCTBE.
Maccy "acTuipl MBI ONIpe/IelisieM U3 YCIIOBHSI COXpaHeHus sHeprun E, =Vp, — L, = const v

dE,/dt=0
0 ’ &)
roe E,, }_50 u L, COOTBETCTBEHHO, — DHEPIUs, UMIYJIbC U (QyHKIMA JlarpaHka 4acTUIIBI B OTCYT-
CTBHMC BHCIIHECTO I10JI4A, T.C. HpI/I U = 0. HpI/IBe,HeM COOTHOIICHUA, onpez[ensnomne BCJIIMYMHBI E , ﬁo

u dE, / dt , kotopbie moTpeOyrOTCS B AabHEHIIEM:

5 \12 N
E,=mc*|1-2 - \_z'a—m Al1-2
‘ c? ov )

2 -1/2 om 2 172 JE & =
po=mi|1- | -], 2= Eof
7o ( ch ov [ 02] dt (dt j

B cuny (1) sneprus E,, sBnsercs GyHKLIHEH COCTOSHMS JIBMKEHUsS YAaCTHIBI U MO3TOMY ycioBue (5)

(6)

MOJKHO TIPEJICTABUTH B BUJIC
dE, _OE, -OFE

0 —y 0450 =
dt or ov

VuureiBas paBeHcTBa (2) U (3), BenuuuHy £, MOXHO BBIpa3suTh 4yepes (yHkuuro Jlarpanxka

0. (7

CIIeIyIOLIIM 00pa3zoM:

E, :[Vi—leo . (®)
ov
IMoncrapnss (8) B (7) u npencrasiss ynkuuto Jlarpanxa L, (2) B Buge
2 1/2
2 v
Ly=-cp, u:m[l—c—zj ' 9)
[oJIydaeM CJIeIyIollee YpaBHeHUE JIJIs BEJIUUMHBI |1, KOTOPYIO Jajiee OyJieM Ha3bIBaTh «Maccoil» ua-
CTHUIIBI:
0 -0 0
V—+Vv— || V—-1|u=0, pu=nu(#v). 10
(87 avj(av Ju n=n(r,v) (10)

3meck «Macca» |l CBsi3aHa C peajbHON MacCOW YacTHIBI m BTOPHIM M3 paBeHCTB (9), Tak 4TO Macca
m BBIpaxkaeTcs depes penienne ypaHeHus (10) paBeHcTBOM

2 -1/2
m:u[l—v—zj : (11)

C
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OTMeTHnM, 9TO, COTIIACHO cOOTHOMEHMIM (7)—(9), n3MEeHeHNe YHEPTUH YacTUIIbI, COBEPIIIA0-
el COBCTBEHHOE BMKEHHE, 3aBUCHT OT BEIMYUHBI Op/O7 , T.€. SHEPIUsl YACTUIIBI U3MEHSETCS MIPH

U3MCHEHHUH TOJIOKEHHUS YacTHUIBI B TpocTpaHcTBe. OTCI0a CIEMyeT, YTO M Macca YacTHIIBI MOXKET
OBITh (PYHKIIMEH pauyC-BEKTOpPA YACTHIIBI.

VYpasuenne (10) mpencrarmsier coboil muddepeHITHanbHOES YpaBHEHHE BTOPOTO IOPSIKa C
YACTHBIMH IPOU3BOAHBIMU BUIa 0/0F ¥ 0/0V . OTMeTM, 4T0 paBeHCTBO (7), B KOTOPOM BEIHYHHBI V

¥ V MOTYT IIPUHAMATH [IPOU3BOJIbHbIE 3HAYEHHUS, SIKBUBAICHTHO PABEHCTBAM

OF OF

=0 nu—2=0, (12)

or ov
KOTOpBIE JOJDKHBI BBINIOJIHATHCS OonHOBpeMeHHO. Ecin B paBeHcTBax (12) mMcnonp3oBaTh COOTHOIIE-
aus (8) 1 (9), To TOITy9aeTcs CUCTEMa YPaBHEHUH ISl «MacChl» |, SKBUBAJICHTHAs ypaBHeHHIO (10).

VYkazaHHas cucTeMa ypaBHEHUH UMEET CJIEAYIOIINI BU/I;
.0 0 0 )0
71| Yoo, (7L E oy, (13)
ov or ov ) ov
[Ipu BBIYHMCIIEHNH MAcChl YaCTHUIIBI C TOMOIIBIO YpaBHeHUH (13) Hy)KHO y4ecTb, YTO BEJIMIMHA
|l TOJDKHA TTOMYUHATHCS 000MM ypaBHEHHSIM (13) 0THOBpEMEHHO.

OTmeTnM, YTO, IOMHMO 3aBHCHMOCTH MAacChl YaCTHUI[BI OT BPEMEHH UYepe3 PaJlnyc-BEKTOp H
BEKTOP CKOPOCTH, KaK 3TO yKa3aHO B paBeHCTBax (1), MOXeT OOHApYKHUTHCS W SIBHAs 3aBUCHMOCTH
Macchl OT BpeMeHH. Takasi 3aBUCUMOCTh MOXKET BOSHHKHYThH IIOTOMY, YTO HM3-32 YCKOPEHHBIX JBIKE-
HUI YacTHI] TI0 WHEPIMU MPOCTPAHCTBO-BpEeMs NMPHOOpeTaeT (u3ndeckue CBOMCTBA, MPEBPAIIasich B
HEOHOpoHOE 4-TIpocTpaHCcTBO (cM. [15]). Ho B maHHO# paboTe He HccieayeTcss BO3MOKHOCTD TTOSIB-
JIEHHS SIBHOHW 3aBHCHUMOCTH MacChI OT BPCMCHHU.
Paccmotpum pemenue ypapaenus (10) B 4acTHOM citydae, KOT/Ia BBITIOTHICTCS YCIOBHUE
a—tl =0. (14)
or
B atom citygae ypaBuenue (10) MOXXKHO IPUBECTH K BUIY:

00 ) _

Bripaxxenue (15) cnenyer u3 paBeHCTBa

PR e, ou( v,
N3l u=[32 52 SO, Ve | 16
(V av)(v % j“ (V av][v avj” %:avk r (16)

KOTOpOE CIpaBeyIMBO Mpu BbimonHeHun ycioBus (14). Tlocnemnee ciaraemoe, crosiiee B MpaBoOi
JacTH paBeHCTBa (16), oOparmraercs B HyJIb BBUIY TOTO, 9YTO HMEET MECTO COOTHOIIICHHE

ov, 0 d d 0 0

_— ——Vk = ————+—

ov, Ov,dt dt ov, or.

Hcnons3ys paBeHcTBO (16), HETPYMHO MMOKA3aTh, YTO perieHue ypapHeHus (15) MoxHO Tpen-
CTaBUThH B BHJIE

v, =0.

H=Hy+ i, (17)
TJe BeIMYMHBI [, U [, MOMYUHSIOTCS CIEAYIOmMM Inu(depeHINaIbHbIM yPaBHSHUSIM MIEPBOTO I10-
psKa:
L 0 5 0
y—-—1 =0, |v— =0. 18
[ ov jl-ll [ a‘_).Jl-lz (18)

Kak Bunnm, nipu BeimosHeHnu ycnosus (14) muddepeHnnaisHoe ypaBHEHUE BTOPOTO MOPSA-
ka (10) pacieruisieTcsa Ha CUCTEMY U3 BYX YpaBHEHHI mepBoro nopsaka. O4eBHIHO, YTO HPHU yCIIO-
BuH (14) BenmnurHa L 3aBHCHT TOJBKO OT MOJYJIS BEKTOpA CKOpocTH, T.e. u=pu(v), v=|V|, u moaro-
- 0o 50 .

MY CHpaBeIJIMBHI PABEHCTBA VEZVG_’ VEZVG_' CrnenoBatensHO, ypaBHeHHe (15) mpuHHMaeT
v 2 v v

BHI:
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2

d
vv— 0. 19
Pl (19)

C momomipto mocieaHent u3 popmyd (9) ypasuenue (19) nerko npeodpazoBaTh K CIEAYIOMEMY
YPaBHEHUIO ISl Macchl m (HAIOMHHM, YTO HAC MHTEPECYIOT pelieHus ypaBHeHus (19) npu v#0 u
v#0):

2
~ ~ v |d
1-A*)m=0, A=c|1-— |— 20
( ) 02 dv (20)

VYpapuenue (20) nojyueHo U uccienoBaHo B pabdore [14]. [IpuBenem oliee perieHue ypas-

nennii (19) u (20):

2 -1/2

1% .
p=qv+e,, m=p|l-— , ¢, =const, i=1,2. (21)
c
Papenctra (12) onpenemnstoT yCcaoBHs, IPH KOTOPHIX SHEPTHSA YaCTHIIHI cOXpaHsercs. 13 mep-
BOTO M3 COOTHOIIEHUH (6) BUAHO, YTO €CIIM Macca YacTHUIIBl m SBISETCS TOCTOSHHBIM MapaMeTpoM,

5 -3/2

. v .
TO UMEET MECTO HEPABEHCTBO: a—_f) =my|l-— #0 npu v=0, T.e. BTOpOe U3 ycinosui (12) He
v c

BBITIOJTHSECTCS. DTO 3HAYUT, YTO MAcCa YaCTHIIBI, YHEPTHS KOTOPOH COXPAHSIETCS, JTOJDKHA 3aBHCETh OT
CKOPOCTH JIBIKEHHUS YaCTHUIIbI. 3aBUCMOCTh MAacChl YaCTHUIIBI OT MOAYJISI BEKTOPA CKOPOCTHU SIBISIETCS
OCHOBHOM, Hau0oJIee CUIIBHOM; 3aBUCKMOCTh MAcChl OT YIJIa MEXKIy BEKTOPAMH 7 U V OKa3bIBAETCS
6ouiee craboi, u ere 6osee ciaaba 3aBUCUMOCTb m OT UTHHBI PaJnyc-BeKTOpa 7 .

3aBUCHMOCTH «MAacChD» L OT IMOJIOKEHUS YaCTHIIBI B IIPOCTPAHCTBE MOKHO HCCIIEIOBATh, Pas3-

JIOKMB BEJIMYKMHY W B PSII TEOPUU BO3MYLUCHHUH 1O CTENeHsM 7V u r . [lornaras, 4to 1, — «Macca»

vacTuiel npu 7 =0, IpeJCTaBUM BEIMYUHY | B BUIE:

—»—»

L=p,+u— +u2r+ ;v w=p(v), i=0,1,2. (22)

Hcnonb3ys paBeHCTBa

L 0 0
3 0 &
“ Gr( ) & " ov

rae é. =7 /r — OpT pajryc-BeKTOpa, IOIyYaeM CIIeIyONNe BEIPAKEHHS Ul IPOU3BOAHBIX Op/OF

2 (e3)=1,

u Op/ov , Bxonsumx B ypasaenus (13):

P NN N
i oo,

Poor (23)
oV ov £l ov

C oMo cooTHomeHuH (23) cucreMa ypaBHeHHH (13) 3amumieTcs CIIeIyIoniuM 00pa3oMm:

o You 0, . (.0) . 5
i | 2 — |p,—e.| 1- =0,
( S j@r a7<e’v)(vavj“l e’( i J“Z

( ajﬁu (gajauu( )(1 vgj%+g{;£Jul+r(vij%=o.
o )ov | ov) ov ov ) ov ov v ) ov

AHanu3 cucTeMbl ypaBHeHHi (24) ¢ yd4eToM TOro, 4ro BenudmHa W, =[,(V) mnpexcrasiser

24)

co0oii «Maccy» 4acTUIBI B HyJIEBOM NPUOIIKEHIH, IPUBOJNT K CIIEIYIOIINM BBIPAXKEHUAM I |, H
My -
W=c, W,=cv, ¢ =const, i=1,2. (25)

PaBenctBa (25) cnpaBeIMBEI, €CIIM BBITIONHSIIOTCS YCIIOBUS MPUMEHUMOCTH TEOPUU BO3MY-
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LIEHUI:
ﬂ(&?}) w1, P2,
Mo Mo

3. ®usmyeckne oco6eHHOCTU YCKOPEHHbIX ABWKEHUN NO MHepLmn

B CTO nonnas sHeprus £ w UMIysibc p PENSTUBUCTCKOW YaCTHUIBI MACCOW M, M = Const,

BO BHewHeM nonte U, U =U(F), narorcs popmynamu
5 \-1/2 H\-1/2

E = mc* 1—2—2 +U, p=mv 1—2—2 . (26)

3aKOH COXpaHEHHs SHEPruu £ uMeeT BUIL:
dE__(dp =
5 2_F =0, Q27)
dt dt

rae F;H =-VU — BHemHss Cua, JEHCTBYIOIIAs HA YaCTUIy BO BHEIIHeM none U . 3aKoH coXpaHe-

Hus dHeprun (27), E =const, BBINOTHAETCS Olaromaps TOMY, 94TO IBIKEHHE YACTUIBI TIOTIMHICTCS
YPaBHEHUIO JIBUKCHUS

b _ E,. (28)
dt

B mexaHuKe 1moJ| cuiiol, JeWCTBYIONIEH Ha YAaCTHIYy C UMITYJIbCOM p , TIOHUMAIOT BEIHMYHHY

dp/dt , koTopyro 0003HAUMM Yepe3 F. CornacHo ypaBHEHHIO BrkeHus (28), cra F coBnanaer ¢

BHENITHEH cuion F

6H 2

KOTOpas BbICTYIIA€CT B KAQY€CTBE NPUYNHBI BRIHYXKICHHOI'O ABHUXKCHHA YaCTUIBI C

yckopenueMm F, /m=ad.

PaccmoTpum Tenepp cobctBeHHOe nBrkeHue (CJ]) 4acTHIbl, CpaBHHB €0 C MPHUBEICHHBIM
BbIIIIe BEIHYXAeHHBIM JBxkeHneM (B/l). Hamomuanm, uto CJ] kauectBeHHO oTimuaercst oT B/I: atu
JBUKEHUSA SBIISIOTCS TUATEKTHYECKUMH TPOTUBONIONOXKHOCTIMH. CJ/] siBIsieTcs aTpuOyToM MaTepun U
uMeeT nepBUYHbIN xapaktep. CJI — 9To ApIXaHWe MaTepuu, MpeicTaBisonee co0ol HepepbIBHBIE
nepexoAbl CTPYKTYPHBIX 3JIEMEHTOB MATEPUU U3 OJHOTO COCTOSHUS JIBKEHUS B JIPYroe€, IMPOUCXO-
JISIIIAE C YCKOPEHHEM CIIOHTaHHO, 0€3 y4acTusl KaKuX-JIH0O BHEIIHUX CHII. B coOCTBEHHOM yCKOpEH-
HOM JIBIDKEHHU Ha YaCTHUIy JEHCTBYET Chja, KOTOpas, OIHAKO, SIBISIETCS HE MPHYUHON YCKOPEHUS
YaCTHUIIbI, TOJI00OHO BHENIHEW CUJIC B BHIHY)KICHHOM JBH)KCHUH, a €r0 CICJICTBUEM: OHA IMTOPOXKIACTCS
coOcTBeHHBIM JBrKeHHeM. O603Ha4NM depe3 K, U P, HONHYI SHEPTHIO M MMITYJIbC YaCTULIBI, CO-

BEPILIAIOIIEH COOCTBEHHOE JBHKEHUE. 3aKOH COXPAHEHHS DHEPTUM YAaCTUIBI MOYKHO ONHUCATh (GopMy-
noit tTuna (4), B KOTOpoil Hy)HO monoxuts: E=E,, p=p, nu F, =0. [IpencraBuM 3TOT 3aKOH B

cienytomeit Gpopme:
dE,

9 g, ©9)
rae
~ . ) 172
L R ) (30)

dt or c

PasencTBo VF' =0 (29) sBAsIeTCA CIEICTBUEM IIETIOUKH PABEHCTB, IPUBEICHHBIX HIDKE:
N N A A o2 od o,
VE' =vp,—VF :E(VPO -L, +L0)—vp0 —VF :E(VPO —LO),
rae L, — ¢ynxuust Jlarpamxka (9), Vp, — L, = E, = const v y4reHo, 410
dLO N 5L0 - 6L0 RN
—=V—+Vv—-=VF +Vp,. 31
a o o Po Gl
Benuunna F', onpeneneHnas Gopmyioit (30), mpeacrapnser coboi CUITy, TEeHCTBYIONIYIO HA
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YacTULLy, a BEIMYUHA V' (29) — pabory dA/dt , coBepliaeMyt0 HaJl YACTULIEH CUIION F' B eIUHULLY

Bpemenn. Cuna F' He paBHA HYJIIO, BEKTOp F' NEPHEHIUKYJISPEH BEKTOPY CKOPOCTH YaCTHIBI V W

nosromy cuiaa F’' He coBepmiaeT pabOTy HaJll YaCTHIEH, TEM CaMbiM OOECIIEUYMBAETCS COXPaHEHHE
SHEPTUH:

- d4A _-
F'#0, —=VF'=0, E, =const.
dt
OTMeTnM, YTO €CIM Macca YacTHIbl m HE 3aBUCHT OT HOJOXKEHHUS YACTUIIBI B IPOCTPAHCTBE,

T.¢. eciiit Om/OF =0, 10 F =0 1 TOraa B COOTBETCTBHH C popMyaamu (6) UMEIOT MECTO PABEHCTBA:

om _dmy o _ 5
& av o DT RS

IosTomy cuma F', meficTByromas Ha 4acTHILY, IPHHUMAET BHI:

L@ -
F'=%=p0€‘7 £0. (32)

31ech yuTeHo, uto cornacHo [14] nmeer mecto cootHowenue dE,/dt=vwwdp,/dt , cnpasen-
JMBOE IIPU MIPOU3BOJIBHBIX 3HAUCHUAX v U V, KOTOpoe B cuity (29) naet: dp, / dt =0. Takum ob6pazom,

Ha YaCTHUILy, JBIKYIIYIOCS YCKOPEHHO MO WHEpIHH, aeicTByer cuia F' (32), koropas paboThl He
COBEpILIACT BCIECJACTBHE OPTOTOHAIBHOCTH BEKTOpOB F' u V. 3amernm, uro B dopmyine (32) €, #0

BBHJly TOTO, YTO YaCTHUIla JBUKETCA IO KPUBOJIUHENHON TPAEKTOPHH.

Crenyer nom4epKHyTh, YTO U3MEHEHNE MACChl YACTULBI IIPU U3MEHEHHUH II0JI0XKEHHSI YaCTHUIIbI
B TPOCTPAHCTBE O3HAYAET HEOJHOPOJHOCTh M HEU3O0TPOIHOCTH IMPOCTPAHCTBA M HEOJAHOPOJHOCTDH
BpeMmeHH. B camoM zere, mockosbKy Macca, coryiacHo (1), siBisercst QyHKIMeld COCTOSHUMA JBIKEHHUS,
TO BBEIOOp MOMEHTa BPEMEHH ! 03HAa4yaeT, YTO B OTOT MOMEHT (PUKCUPYETCS TOJIOKEHHE YaCTHUIIBI B
[POCTPAHCTBE M BBIIEISIOTCS HANPABIEHUS BJIOJb BEKTOPOB 7 MV, OTBEYAIOUIUX COCTOSHUIO JIBU-
JKEHUS 4acTULbl. TeM caMblM MOMEHT BPEMEHU ! OKa3bIBAa€TCS BBIICIECHHBIM CPEIU APYTMX MOMEH-
TOB BPEMEHH, a TAK)KE BBIACICHHBIMU OyIyT MOJ0KEHUE YaCTHUIIBl M YKa3aHHBIC BhINIEC HATIPABICHUS B
npoctpancTBe. PopMHupoBaHHE MAacchl Kak (YHKIMU COCTOSHUM IBM)KEHUS NPUBOIHT, TAKHUM 00Opa-
30M, K HEOZHOPOJHOCTH M HEU30TPOIHOCTU IPOCTPAHCTBA-BpeMeHU. B cymHocTH, nepen HaMu pac-
KpbIBaeTca (PU3NUECKUIl MEXaHU3M BO3HUKHOBEHHS (PU3MYECKHX CBOMCTB 4-IPOCTPAHCTBA, CBS3aH-
HBIH ¢ COOCTBEHHBIMH IBIDKEHHSAMH MaTepuu. OTMETHUM, UYTO, BCJIEICTBHE HEOJHOPOIHOCTH MPO-
CTPaHCTBA, HA YaCTHIly, COBEPILAIOIIYI0 COOCTBEHHbIE IBIKEHHS, JCHCTBYET IOMOJIHHUTENbHAS CHIIa

F (cm. (30)).
Kak BUIHO W3 HM3JI0)KEHHOTO, JIBUKCHHE CBOOOHON YaCTHUIIBI 110 WHEPIIMHU, BO3HUKAIOIICE B

—

npeacie F;H -0 , CYIIECTBECHHO OTJIMYACTCA OT YCKOPCHHOT'O ABUIKCHUA 110 UHCPLIUH. Ecmu B IepBOM

13 yKa3aHHbIX BBIIIE JBMKEHHI COXPAHIETCS BEKTOP MMITyJIbCA P M YAaCTHIA JIBMKETCS PAaBHOMEPHO
1 TPSAMOJIMHENHO, TO BO BTOPOM COXpaHSETCsS HE BEKTOP MMITYJIbCa, a JIMIIb €r0 MOJIYJb, U YacTUIA
JIBUYKETCSI TI0 KPUBOJMHEHHOW TPACKTOPHH, HCIBIThIBAs AeiicTBre cuiibl F' (32), koTopast paboThl He
coBepmaeT. CymecTByeT ABa THIIA YCKOPEHHBIX JBHMJKCHHH YAaCTHII — BBIHYK/JACHHbIC JBHKe-
HHUsl, KOTOpbIE SIBJSIIOTCS CJeJCTBHEM ACCTBHSA BHELIHMX CHJI, M COOCTBEHHbIE JBUKEHHUSI, B
KOTOPBIX MOPOKIAOTCSI CHIIOBBIE TOJIA, T.€. ABMIKEHUS, BBICTyIAIOIINE B KAYECTBE MPUYHHBI NOSBIIE-
HUS IEHCTBYIOIINX HA YaCTHUILY CHIL

[lockonpky Macca 4YacTHLBl m SIBISIETCS CKAISPHOW (YHKIMEH COCTOSHHMN IBIKEHMS,
m=m(7,V), TO BEJIMYMHA MAaCChl MOXKET 3aBHUCETh TOJBKO OT CKaJIApOB V-, ¥V, ¥~ . OTcIoza Cileayer,
YTO JOJKHBI BEIIOIHATHCS PABEHCTBA BUAA

om/0V = AV + BF, 0m/07 = A'V+ B'F,

rue BenuuuHbl A4, B, A', B’ sBnsorcs (yHKUUSAMH yYKa3aHHBIX BbIIE cKalsipoB. OUeBHIIHO, YTO €CIIU

3aBMCHMOCTh MaccChl OT 7 cna6a;1, MOKHO OIr'paHUYUTLCSA JIMHEHHBIM HpI/IGHI/DKCHI/IeM [0 7 | IOoJIOo-
KHUTH:
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m=0, +rvo, +ra;, (33)
rae o, =0, (v), i=12,3. OTMerum ciexyroliie COOTHOMIEHNUs, BbITeKaronme u3 (33), Kotopbie 1o-

TpeOyIOTCS B AajibHEUIIIEM:
om . om (da, _.doa, doy\, _ . F , ¥V
—= =V, +e:ly, —=—+rnv—+r—|e; +ra,, e =—, —
or ov dv dv dv r

Kax Bugno u3 (33) u (34), BekTop ummynsca py, P, =0L,/0V, nMeeT KOMIOHEHTSI, HaIPaB-

(34

v

JIEHHBIE BJIOJIb 00OMX BBIJEIEHHBIX HANPABIECHUH — KaK BIOJb BEKTOPA CKOPOCTH V, TaK W BJIOJb
pamuyc- BeKTopa F .

B kauectBe YpaBHCHUS, ONPCACIIAIONIETO q)YHKHI/IOHEUIBHYIO 3aBUCUMOCTH MacCChl HaCTUIIbI OT
7 WV, MOXHO UCIONIB30BaTh He obmiee ypasaenue (10), siBistoreecs auddepeHImaibHbIM ypaBHe-
HHMEM B YaCTHBIX IPOM3BOJIHBIX, @ PABEHCTBO L\, =const, rae E, — mnoiHas >HEprus 4acTHULbl, BbI-

paxaroriasicst meppoi n3 Gopmyi (6). YkazaHHOE paBEHCTBO 3aIHIIIEM B BHJIC:
-1 -1/2

2 2
(;i)m_ T B (35)

2 2 2
C C C

u OyzeM paccMaTpuBaTh ero kak auddepenunansHoe ypaBHeHHE Ui onpenenenus Macceel. [loacras-
75151 B ypaBHeHue (35) BelpaskeHue (33) 11 Macchl U OTHEISAS APYT OT JIpyra B IMOJyYEHHOM BBIpaXe-
HUU WICHBI, COICPIKAIME BEIUYUHBL 7'V, 7 W OCTAIbHBIC BEIMUMHBI, OJIyYaeM CICIYIONIYIO CHCTEMY

OOBIKHOBEHHBIX JU(QepeHIHnaTbHBIX YPAaBHEHUH EPBOro MOPsIKa:

-1 -1

do. V2 E v B do % v

yv— - 1-— 1:——0 - ; =2——=|1-— a, =0;

dv e’ c? c? dv  c* c?

) e (36)
(/R v

VE_ 1—0—2 (13 =0.

[Ipu BbIBOOE cucTembl ypaBHeHHH (36) mcnosib3oBaHbl cOOTHOIIEHHS (34) M ydYTEHO, 4YTO
da,/OV =&, du,; /dv, mockombky «, =0a,(v), i=1,2,3. Onyckas neTanu BBIMHCIEHHH, NPHUBEAEM
OKOHYATeNbHbIE (POPMYITBI JIs pelieHnid ypaBHeHH (36):

) -1/2

o= 1—v—2 a;, A =const, i=1,2,3,
¢ (37)
’ EO [ [
o =Av+—, ay=4,, oy=A4v.
C

C momomsto Beipaskennid (33) u (37) «maccy» W (9) 9acTHIlBI MOXKHO TIPEICTABUTH B CICAY-
roreit mpoctoit popme (cp. ¢ (22)):
W =0y + 70, + 7o (38)
ITockosbKy Macca 4acTHIbl m SBJISAETCA (DYHKIMEH COCTOsHUM aBrokenus, m=m(7,V), To
¢bynknus Jlarpamka L, momHast 3Heprust £ W BEKTOp UMIYJbCA p TAaKKE SBISIOTCS (YHKIHSIMH,

3apucsamuMu ot 7 u V. Ecin f = f(¥,¥) — npousBonbHas Gpyukuus, 7 =7(t), Vv =V(t), 10 ee mpo-

Lodf Lof  sof
W3BOJIHAS TI0 BPEMEHH OmpenesieTcsi HOpMyIoi: - vEJrvE . CnepoBarensHO, pOJIb OTIepaTopa
r A%

y d -
MIPOM3BOAHOM 1O BpeMEH! Z ¢ynkunu f = f(¥,V) urpaer cienyromas BeJInyrHa:
t

459,32 (39)
dt oF oV

[IpuBeneM COOTHOIICHHS KOMMYTAITMH OTIepaTopa MPOM3BOAHON 1Mo BpeMeHH (39), KoTopbie
noTPeOyIOTCS B TANbHEHIIIEM, C HEKOTOPBIMU BEIMYMHAMH:

Ne1-2,2019 39



Pbhysics of consciousness and life, cosmology and astrophysics

4912 1L 90, |Lrlow |Lv|=3. (40)
dt'ov oF' |at'or dt dt
[Ipu BeIBOZE cooTHOIIEHNUH (40) mpeanonaranoch, 4To aiﬁ =0, aiﬁ =0, i=12,3.
Vi 7;
VauTeiBas COOTHOLICHHS KoMMyTauuu (40), HETPYIHO BBIYUCIHTH BENWMYUHBI dp,/df W
dE,/dt, tne p, = (’;Lf, E, =(\7 %-1)L0, L, =—c’n (em. (8) u (9)). TlpuBeneM pe3yibTaThl BhI-
v v
YUCJICHUM:
By a0 (04 03 _ o2 % (1)
dt dt ov ovdt or ov dt or
dE, oL, dL, oL, dL, _(dp, OL, o=
9By (54 ,51% 04 0N w5 dh _gldn L) _gp (4
dt dt & dr av dt oF ov dt dt ov

Lenouka paBeHcTB (41) moiy4aeTcs HEMEAJCHHO C MOMOIIBIO MEPBOTO M3 COOTHOIICHHH
koMmmyTaruu (40), a Ipu NOMyYeHUH paBeHCTB (42) BHadaie UCIOJIB3YETCs TOCIeaHee U3 COOTHOIIIe-
Huit (40) 1 Beie 3a HUIM — TIEPBOE, a 3aTeM yuyHuThiBatoTcsi ¢popmyinsl (41) u (31). U3 BeIpaxeHuit

(41) u (42) monmydaeTcs CemyIoniee BRIPAXKEHUE IS CHITBI F' (cm. (30)):
Fro—e2[ Sdn o) (43)
v dt or

[Ipoananu3upyem pe3yJibTaThl, OJTYUYCHHBIC BBIIIC B IPUOJMKCHNUHN, KOTa 3aBUCUMOCTh Mac-

ChbI YaCTHUIBI m OT IOJIOXKEHUS YaCTHIIbI B MMPOCTPAHCTBE OKA3bIBACTCS €00 B CpPaBHCHHH C 3aBU-

CUMOCTBIO OT CKOPOCTHU M IPU BBIYMUCICHHUHU MACChl MOXXHO OTPaHUYNUTHCA JIMIIb BEIMYMHAMU TIE€PBOT'O
mopsiaka o 7 . Uctonbsys popmyisr (37)—(39), Haxomum:

ou

or

ou _

ov

0 du

ov dt

= (&4, +e:4;)v,
&; (A +rdy)+74,, ‘9
= _"G (A1 +rA3)+2\7A2 _,_[(“}é’?)é'v +VEV]A3'

O (o3 OV = 0 (.

[Ipu BBIBOmE moOciemHer (HOpPMyJIBI yUTEHBI PaBEHCTBA: —_,( v) Kz =, —(rv)zO. C
ov ov

o2 5}1

MOMOILBIO COOTHOWIEHNUH (44) MOKHO BBIYMCIUTH BETUUMHBI [ = (CM 30) u p, = p= ;
%

MPUBEIEM BBIPAKEHUE IJIs1 BETUUUHBI F' (43):
Fr==c?{&; (4 +r4y) +[(76,)8, —v8, ] 4} (45)

VuureiBas paBeHcTBa: ve; =0 u V [(\7?,7)53 —w?;] =0, Ha ocHOoBaHMHU (45) 3aKi0o4aeM, 4TO

BEKTOp CWiIbl F’' OpTOroHajneH BeKTopy ckopoct V: VE' =0, npudaem F'# 0. Kak BUIHO U3 COOT-
sowenuit (37), (38) u (44), ummyssc yacTuipl P, Opu Op/OF #0 HMEET COCTAaBIISIOIINE, HATIPAaB-

JIEHHBIE KaK BJIOJIb BEKTOPA CKOPOCTH V , TaK M BIOJb PAIUYC-BEKTOpA 7, a pH Op/0F =0 UMITYJIbC
HaIpaBJICH BIOJb BEKTOPa CKOPOCTH.
Pa3MbIuisas o conepikaHum BTOporo 3akoHa HeloToHa md = F ¥ 0 pU3NYECKOM CMBICIIE CH-

—

a6l F', BXozsmiel B 3TOT 3akoH, P. DeifHMaH NHIIET: «...caMOe TOYHOE W KPAaCHBOE M3 MBICIHMBIX
OIIpe/IeNIeHUI CHIIBI COCTOSUIO OBI B TOM, YTO CHJIa €CTh Macca Tella, yMHOXKEHHAsl Ha €ro yCKOpeHHe»
[18] (c.209). OmHako TyT ke P. deitHMaH nenaeT oroBOpKy, oTMeuasi HEOJIHOTY M HETOYHOCTh (DU3H-
YEeCKUX 3aKOHOB M ITOJUEPKUBAs, YTO BCE OHM — B KaKOH-TO CTENeHN NmpuommkeHus: «/cTuHHOE Cco-
Jep’kaHue 3aKOHOB HpBIOTOHA TakoBO: NpPEAIOJaraercs, 4To Cuia 00JagaeT HEe3aBUCHMBIMH CBOM-
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CTBaMH B IOIIOJIHCHHUC K 3aKOHY F= mc_i, HO XapaKTCPHBbIC HC3aBUCHUMBIC CBOICTBA CHJI HE OITHCA

=

MIOJTHOCTBI0 HU HBIOTOH, HH KTO-HUOYIB ellie; MO3TOMY (BU3MUYESCKHIA 3aKOH F = md — 3aKOH HEToJI-
HeI» [18, ¢.210].

PesynbTathl, n30KeHHBIE B HAacTosIIeH paboTe u B padorax [14, 15], MO3BOJISIOT YTOYHUTH
UHTYUTHBHYIO Joraiaky P. dellHMaHa O CyIIECTBOBAaHMHM CBONCTB CHJI, KOTOPHIC HE YUUTBHIBAIOTCS

ypaBHeHUsIMU NBIKeHUs HpioToHa. CyTh Jie/ia COCTOUT B TOM, YTO MOJ CUJIOW F' , BXOASIIEH BO BTO-
poti 3akoH HproTOHa, MPUHATO MOHUMATh BHEITHIOIO CHITY, KOTOpas MpeaHa3HaueHa I TOro, YTOOHI,

JICHCTBYsl Ha YaCTHILy, COOOIIUTh i yckopeHue. VIHBIMU CllOBaMH, CHUIIC F MIPUITACHIBACTCS POJIb
MPUYUHBI YCKOPEHHS YaCTUIBI U CYUTACTCS CaMO COOOW PasyMEIOITUMCS, YTO CIY>KUTh MPUIHHON
YCKOPCHHOI'0 ABMKCHUA YaCTHIBI — 3TO0 €AMHCTBCHHO BO3MOXKHAaA pOJib CUJIBI, HCI;‘ICTBY}OIHCI)'I Ha 4a-
CTHILY.

OmHaKO CUIIa MOXKET CITy’KATh He TOJBKO MPUYUHON yCKOpeHHs dacTullbl. OHa MOXET OBITh
TaK)Ke M CIEICTBUEM YCKOpPEeHHOTO aBmkeHus. [Ipocreiimuii mpruMep: mpu paBHOMEPHOM JIBHXKEHUU
YACTHIIBI 110 OKPY>KHOCTH Ha YaCTHIly NEHCTBYET CHIIA, HAIIPABJICHHAS K IICHTPY OKPYXHOCTH, KOTO-
pasi SBISETCS CIENCTBHEM YCKOPEHHOTO IBWKCHHS YACTHUIIBI 110 KPUBOJWHEHHOW TPACKTOPHH, a HE
ero MpuYMHON. [[pyruM mpumMepom CHIIbI, KOTOpas BHICTYTIA€T HE B KaUECTBE MPUYUHBI, & B KAYECTBE
CJICACTBUA YCKOPCHHOI'O IBUIKCHUS, SABIACTCA CUIIa, HeﬁCTBYIOIHaH Ha pCaJIbHEIC, (1)I/I3I/I‘ICCKI/IC qyacCcTu-
IbI, BXOJISIINE B MAaTEPHAIbHBIC TEJIa, YaCTHUIIBI, COBEPIIAIONINE COOCTBCHHBIC JBIDKECHUS — HETpe-
PBIBHBIE TIEPEXOJBl M3 OJHOTO COCTOSIHHS JBIDKEHHS B JPYroe B OTCYTCTBHE KaKHUX-THOO BHEITHHX
cuil. CoOCTBEHHBIE TBHXKEHHSI — OTO aTpuOYyT MaTepuH, OHH UMEIOT NIEPBUYHBIA XapaKTep U MOTYT
OBITh YCKOPECHHBIMU. Y Ka3aHHBIC BBIIIEC CHIIBI — CHJIA, BXOJAIIAsl KaK B ypaBHEHUS JBUxkeHUS Hblo-
TOHA, TaK U B ypaBHEHUS JIBWKCHUS CrieNUaNbHON Teopuu otHocutenbHOCTH (CTO), u cuna, mopox-
JaemMasi COOCTBEHHBIMH JIBHKEHHSIMH CTPYKTYPHBIX JJIEMEHTOB MAaTE€pHH, — IPEICTABIAIOT cOOO0H
JTUAJICKTUICCKUE TPOTUBOIOJIOKHOCTH, KOTOPbIE KAY€CTBEHHO OTJIMYAIOTCA APYT OT JApyTra.

CrnenyeT 0c000 IOYEPKHYTh, YTO CHIIBI, TOPOXKTaeMble COOCTBEHHBIMH JIBUKCHHUSIMH YACTHII
MaTepUANbHBIX TEJl, UTPAIOT B MPHUPOJIE OCHOBOIOJIATAONIYIO POJb, 00ECTIeunBasi CTa0MIIbHOE Pa3BU-
tue MaTepuu. [lpuyuna HemonHoTHI Mexanuku Hurwtona u CTO cocTouT B TOM, 4TO W3 MOJS
3peHHUsl TEOPUHU BBINAJIH JBHKEHUsSI MATEPUH, OTBETCTBEHHBIE 32 (pOpMUPOBaHHE MACChl YACTH-
bl KaK (PYHKIHHU COCTOSTHHI IBMKEHUsI, U IPUHUMAETCS, YTO MACCA YACTHIIBI SBJISIETCS MOCTO-
sIHHBIM mapaMeTpoM. Kak BuanHo 3 [14], pemieHue mpo0IeMbl HETIOTHOTE MEXaHUKH TPeOyeT OTKa-
3a OT psAfga QyHAaMEHTATLHBIX (PU3MUECKUX MPUHIUIOB. OTMETUM, YTO YCTPAHCHUE HEIMOIHOTHI TEO-
pHUH CTAaHOBUTCS BO3MOXXHBIM OJIarofapsi TOMy, 4TO PacKpbhiTa GU3NUECKas MPUPOJa MACChl PENATH-
BHUCTCKOW YaCTHIIBL.

4. 3aknioyeHue

OOmien3BecTHO, YTO (YHAAMEHTOM COBPEMEHHOW TEOPEeTHUECKOW (M3UKH M, B YaCTHOCTH,
kBaHTOBOU 3nekTpoanHamuku (KDJ1) aensercs penstuBuctckas mexannka — CTO. YTBepxkaas, 9To
OCHOBHBIE YpaBHEHHUA 3JEKTpOAUHAMUKN HE BepHbI, [I.A.M. /lupak He yka3ajl KOHKpPETHO Ha MpUYH-
HBI, TI0 KOTOPBIM YpaBHEHUsI OIIMOOYHBL. J{Upak MCXOIUII U3 €CTECTBEHHOTO yOEXKICHUSI B TOM, YTO
ypaBHEHUS, TIOTy4YEeHHbIE Ha OCHOBE (PYHAAMEHTAIBHBIX (DU3UUECKUX MPUHIMIIOB, HE MOTYT IPUBO-
JUTHh K 0ECKOHEYHO OOJIBIINM 3HAYCHHUSIM HCCIEAYEMBIX (PM3NUECKUX BEIMYHH, €CIH BOCIIOJIb30BaTh-
Csl OTUMH YPaBHEHUSIMH JJISl OMMCAHKsI PealbHBIX (U3MUYEecKHX mporeccoB. Ho ecnu ypaBHeHuUs Bce-
TaKy IPUBOJAT K PaCXOJUMOCTAM, TO, 10 Jupaky, TpyAHOCTH TEOPHUH «MOTYT OBITh YCTPaHEHBI JIUIIb
paavKaTbHBIM U3MEHEHHEM OCHOB TEOPUH, BEPOSITHO, CTOIB K€ PaJUKAIFHBIM, KaK U MEPEX0]] OT TEO-
puu OOPOBCKUX OPOWT K COBpEMEHHOM KBaHTOBOW MexaHuke» [17, ¢.403]. Kak cTaHOBUTCS TOHATHBIM
TOJIKO ceifuac, Ha3BaTh MPHYMHY KpU3nca (QU3UKH MOJIBEKa Ha3a]] ObLJI0O HEBO3MOXKHO M3-32 TOTO, YTO
BCE elIlle OCTaBaNaCh HEM3BECTHON UCTUHHAS (PU3NYECKas MPUPOJIAa MACChI YACTHIIEI.

Jlo cux mop mpUHATO CUYUTATh, YTO MacCa YACTHIIBI — HEM3MEHHBIH, TOCTOSHHBIN MapaMerp,
TaK YTO JJIS OMHMCAHUS MOBEACHHS YACTHIl JOCTATOYHO 3HATh YHCIEHHBIE 3HAYEHHsS] MacChl YacTHII,
KOTOpbIe MOXXHO OLIEHUTH M3 ONBITHBIX JaHHBIX, U 3aTE€M MOJCTABUTH ATHU BEIUYMHBI B ypaBHECHUS
JIBUKCHUS, TIOTydeHHbIE HAa OCHOBE CTaHAAPTHOTO MpuHIMNa HanMeHbIiero neicteus (ITH). Uccre-
JIOBaHUsI TOKa3aJiv, OJHAKO, YTO Macca YacTUIl — BOBCE HE MOCTOSHHBINA MapameTp, a QyHaaMeH-
TanbHas (u3nYecKas XapaKTepUCTHKAa MaTEepPHH, OTBETCTBEHHAS 3a CaMO CYIIECTBOBAaHHE MAaTECPHH.
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Macca siBrsiercst GyHKIHEH COCTOSIHUU IBM)KEHUS YaCTHUIIBI, KOTOpas W3MEHSETCS CO BPEMEHEM Tak,
9TOOBI 00ECTICUNTh COXPAHCHHE dHEPTUN YaCTHUIIBI. HeoXMTaHHBIM OKa3bIBAETCS TO OOCTOSTENBCTBO,
YTO Macca YacCTHIIbI, KaK (DYHKIUS COCTOSHHIA JBIKEHUS, (DOPMUPYETCS HE BBIHYKICHHBIMH YCKO-
PEHHBIMU JBIDKEHUSMH, a COOCTBEHHBIMU IBIKCHUSMH MaTEPUH — JBIDKEHHUSAMHE, KOTOPBIE MOITHO-
CTBIO BBITIAZIAIOT U3 TOJIS 3PCHUS MEXaHUKH, KaK HEPEIITUBUCTCKON, TaK U PEISITUBUCTCKOM.

Crnenyer MoAYepKHYTh, YTO COOCTBCHHBIC JIBHIKCHHS PATUKAIBHO OTIMYAIOTCS OT BBIHYKICH-
HBIX. /{7151 COOCTBEHHBIX JBIKEHUM HE CYIIECTBYET YPaBHCHHIA TBMKCHUS, TOJJOOHBIX TEM, KOTOPHIS
YOPaBJISAIOT BBIHYKISHHBIMH IBIKeHUSIME. [[pranHa 3aKkimrodaeTcs B TOM, U4TO CHIIA, AEWCTBYIOIIAs Ha
YaCTHILy, COBEPIIAIOIIYI0 COOCTBEHHOE ABIDKCHHE, SBIISCTCS HE MPUYUHON YCKOPEHHUS YacTHIlBI, a
CJIEICTBHEM YCKOpPEHUs. 37eCh YMECTHO BCIIOMHHUTS ellie pa3 3ameuyanue P. delinmMana o ToM, 4TO Cy-
[IECTBYIOT JOIIOJIHUTENBHBIC CBOMCTBA CHIIBI, JCHCTBYIOIIECH HAa YAaCTHILY, CBOWCTBA, HE YIHTHIBAEMbIS
B Mexanuke HproTona. K ux 9mcity OTHOCHTCS CBOWCTBO CHUIBI BBICTYIIATh B OJHHMX CIIydasX B Kade-
CTBE IPUYUHEI, a B JPYTUX — B KaueCTBE CJICACTBUS JIBIDKCHUS C YCKOpPEHHEM. B BBIHYXIEHHOM
IBIKCHUW CHJIa UTPAeT poIlb TeHepaTopa yCKOPEHHOTO JBWKEHHWs. Pa3BUTHE CHCTEMBI BO BPEMEHHU
HJIET B COOTBETCTBUU C JWHAMHYCCKUM TPHUHITUIIOM, IMOTIMHSIACH YPABHEHHUIO MBIKCHUS M HaYallb-
HOMY ycioBuio. C MOMOIIBIO YPaBHEHUS JBMIKCHUS OMPEACISCTCS COCTOSHUE TBIIKEHUS B MOMEHT
BpPEMCHHU ! TIPH YCIIOBWH, YTO BEHITIOJNHSACTCS 3aJJaHHOE HAadaJIbHOE yCIIOBHE. B cOOCTBEHHOM NBIIKE-
HUM CWIa (CHUJIOBOE TIOJIC) TIOPOXKAAETCS YCKOPEHHBIM JIBHKCHHUEM, KOTOPOe (POPMHPYET MacCy Kak
(byHKITUIO COCTOSIHUS ABIKEHUS. VI3MEHEeHne MacChl CO BpeMEHEM, OOYCIIOBICHHOE U3MEHEHUEM CO-
CTOSIHUS IBMYKCHUS YaCTHIIBI, COMTPOBOXKIACTCS BO3ICHCTBIEM Ha YACTHILY U €€ OKPYKEHHE CHIIOBOTO
IOJIA ¥ IPUBOJIUT K HEOJHOPOTHOCTH U HEU30TPOITHOCTH MPOCTPAHCTBA-BPEMEHHU.

OTMeTuM, 4TO ypaBHEHHUE JJI1 MAcChl YaCTHUIIbI, COBEPILAONIECH YCKOPEHHBIE NBIKCHUS IO
WHEPIIWH, BBICTYTIAE€T B POJIU CBOCOOPA3HOTO TWHAMHYECKOTO MPUHITUIA TSI COOCTBEHHBIX JABMKEHUH
qacTHIlBL. J[eHCTBUTEIHLHO, 3TO YPaBHEHUE OMPEICIISET MAacCy YaCTHUITHI KaK TaKyto (YHKIIHIO COCTOSI-
HUW JBW)KCHHSI B MIPOU3BOJIBHBIA MOMEHT BPEMEHHU, KOTOpasi 00SCICUNBACT COXPAaHEHUE DHEPTUU Ya-
CTHIIBI, ¥ TEM CaMBIM TapaHTUPYET YCTOHYMBOCTH JBHIKEHUS YaCTHUIIBI BO BpeMeHu. [1o ¢pusndyeckomy
COZIep KaHMIO, YPAaBHEHHE JJII MAacChl CYIIECTBEHHO OTIMYACTCS OT YPaBHCHUU BBIHYKICHHOTO JIBH-
skeHusl. Eciiu ypaBHEHUE I MacChl CIIYXKHT JIJIsl ONPECIICHUS MAcChl KaK (DYHKIIMH COCTOSHUS JIBHU-
JKEHUSl YaCTHUIbl, TO YPaBHECHMs ABUKCHUS OMNPEICISIIOT Pa3BUTHE BO BPEMEHHM CaMOTO COCTOSHUS
JBHOKEHHS.

B cymHOCTH, TpHUYMHO#N Kpr3uca GU3NKHU SBISICTCS HE3HAHWE M HEMTOHMMaHUE UCTHHHOUN (-
3UYECKOM MPUPOJBI MAacChl YacTHllbl. B ocHOBe kBaHTOBOM anekTpoauHamuku nexutr CTO, koTopas
OIIHMCHIBACT JIMIITh BHIHYKJCHHBIE IBUKCHHS YACTHUI[ C IOCTOSSHHONW Maccol, MPOUCXOMASIINE B 3a/1aH-
HOM BHemTHeM 1osie. OCHOBHYIO POJIb B MIPHUPOJIC UTPAIOT, OJTHAKO, HE BRIHYKICHHBIE, 2 COOCTBCHHBIC
JIBUOKCHUS, XapaKTepHass 0COOEHHOCTh KOTOPBIX COCTOHUT B TOM, YTO OHU (DOPMHPYIOT 3aBUCUMOCTH
MacChl OT KOOPJIMHAT U CKOPOCTH YACTHII, TaK YTO Macca SBIsIeTCS (PyHKIMEH, U3MEHSIONICHCS BO
Bpemenn. IIpencraBimenne o Macce kKak (PyHKIWMH COCTOSHUN ABMKEHHS YACTHIBI MPHHIMAMTHAIEHO
BaXKHO JIS IOCTPOCHUS TEOPUH, OITUCHIBAIOICH (PU3UIESCKYIO PeallbHOCTh, TOCKOJIBKY HMEHHO Macca,
BBICTYTIAIONIAs B YKa3aHHOM BhIIIE Ka4yecTBE (PYHKIIMU KOOPJAMHAT M CKOpPOCTEH, 00OecIieunBaeT cra-
OWITEHOE PA3BUTHE MaTEPUH.

MpunoxeHune
Macca ToyeuyHoM YacTULbl Kak PYHKLUSI COCTOSIHUM ABMxKeHUA. O6lime npeacTaBneHus

B pa6ote [14] npeamnosaranock, 4TO Macca 4aCTHUIIBI 3aBUCUT TOJBKO OT MOJYJISI BEKTOpPa CKO-
poctu wactunsl: m=m(v), v= |\7' | . BBuay Toro, 4to Macca 4acTHIIbI HTPAaeT UCKIIOYUTETHHO BAXKHYIO

POIb B Pa3BUTHH MaTE€PHUH, €CTECTBEHHO OXKHIATh, YTO MaccCa PEalbHOW, PU3NIECKON YaCTHIIbI 3aBH-
CHT Kak OT BEKTOPa CKOPOCTH V, TaK M OT PajlycC-BEKTOpa 7, T.e. ABISETCH (DYHKIHUEH COCTOSHUN
naewkenus: m=m(7,v). Bua QyHKIMOHATBHON 3aBUCHMOCTH MAcChl OMPEACISACTCS U3 YCIOBHS CO-
XpaHEeHUs! PHEPTUHM YacTUIBI, COBEpIIAONICH COOCTBEHHOE ABMKeHME. MccienoBaHHMe MOKa3bIBaeT,
YTO YKa3aHHOE yCJIOBHE HE BBINOJHsETCS, ecd v =0 . DTo 03HayaeT, 4To YacTUIA, COBEPIIAMOIIAs
COOCTBEHHOE YCKOPEHHOE ABIKEHHUE, HE MOXKET ObITh moKosielcs. OCHOBHOM 3aBUCHMOCTBIO MaCCHI
Kak ()yHKIIMH COCTOSTHUM BMKSHHS SBIISETCS 3aBUCUMOCTH OT MOJYJIS BEKTOpa CKOPOCTH, OoJiee cia-
00 OKa3bIBAETCS 3aBUCUMOCTh MACChI OT yIJla MEKIy BEKTOpPAMH 7 U V , U ele 0osee crnaboii — ee
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3aBUCHMOCTb OT MOJYJIs paauyc-BekTopa. ClieoBaTeIbHO, CUNTAsi 3aBUCUMOCTb MAacChl OT 7 Ci1aboit
U MpeHeOperas KBaJpaTUUHBIMU YICHAMHM 0 7 , MACCY YaCTHUIIBI 7, MOXHO 3aMKcaTh B BUJIC:
m=m(v,i"V). (46)
BBens 0003HaueHUE 1 =7V , HAXOIUM:
om , om .,
—=av, —=pfv+yr, 47)
or ov
re Ko3QQUIUEHTHI o, B ¥ Y 3aBUCAT OT v U FV .
B cnydae nuHeHO#N 3aBrcUMOCTH m OT 7 moiydaeM: o = a(v), B=B(v,n), y=v(v).

W3 Beipaxenus (46) ciaenyioT paBeHCTBa:
om _0Om_ om _0Om_ Om.

T
¥ o v V o (48)
dm _om -.0m
=V—+V—, e, =v/v

da o oF o
W3 cpaBHeHMs BeIpakeHu (47) u (48) HeTpyaHO HalTH KOdhPummenTs o, p u v.

ITpu paccmoTpeHny yacTHLbl, onuceiBaeMol (yHkuuein Jlarpamxka L, (2), HeoOX0qUMO HC-
CIIE/IOBAaTh COCTOSIHUE JIBUKEHMS YaCTHIBI C ITOCTOSIHHOM dHepruel E, E, = const (6). Ycaosue co-
XpaHEHUs SHEPTUHU AaeTcsa paBeHcTBaMu (cM. (7) u (12)):

aif =0, 8@ =0. (49)
or ov
[TockonbKy (GyHKIMOHATIBHAS 3aBUCMMOCTh SHEPIHH YacTHIBl E, OT BEKTOPOB 7 W V Takas

’Ke, KaK U MacChl m , TO C IOMOIIIBIO COOTHOIICHUH (48) moaydaeM CIeIyIONUe BEIPAKCHUS:
OE, OE,., OE, OE,. OE,.
— = v, = e + r.
or on

o ov '

JlanbHeiliie BHIKIAAKU OPUBOAUTE HE Ieeco00pasHo, MOCKOILKY OHH IIPOCTHI, HO BechMa
rpomo3 k. OKOHYATEIbHEIE Pe3yIbTaThl PUBEACHBI B pa3jenax 2 u 3 HacTosmei paboThL.

OTMeTHM, UYTO CyIIECTBOBAHNE 3aBHCHMOCTH MACCHI YACTHUIIBI OT MOJIOKEHHS JACTUIIBI B TIPO-
CTpPaHCTBE UMeET OOJNbIIOE 3HAYEHHE IS IBOMIOIUU MATEPUH, TAK KAK Upe3BBYAHHO PACIIMPSIOTCS
BO3MOKHOCTH MATEPUH 0 OPraHU3alliHi CTAOUILHOTO PA3BUTHSA €€ CTPYKTYPHBIX SIEMEHTOB.
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Oleinik V.P.
Mass of relativistic particle as a function of states of motion.
Physical properties of accelerated motions by inertia

The work is the completion of a series of articles devoted to the study of accelerated motions by inertia [1-15].
The main research results: the physical nature of accelerated motions by inertia (AMI) and particle masses is
revealed; it is shown that they play leading roles in the play, which is called the stable development of matter;
the cause of the difficulties that physics is now experiencing is established, and the right way to overcome them
is found.

The disclosure of the physical nature of AMI and the particle mass made it possible to establish the cause of a
deep crisis of physical science. P.A.M. Dirac, one of the creators of quantum electrodynamics (QED), drew at-
tention to the existence of a crisis in physics in the middle of the last century [16], [17] (p. 403). He argued that
the basic equations of electrodynamics were incorrect, but did not explain the reason for the difficulties of QED.
The reason is the incompleteness of the special theory of relativity (STR), which forms the foundation of QED.
The incompleteness of STR is expressed in the fact that STR considers only forced accelerated motions and it is
assumed that the particle mass is a constant parameter. AMI fell out of the field of view of SRT, although these
movements of particles play an extremely important role in the development of matter. AMI are an attribute of
matter, they occur with the acceleration of particles, but do not lead to energy loss of particles. AMI form such a
functional dependence of the mass of particles on velocities and coordinates of particles, which ensures the sta-
ble development of matter. AMI generate force fields with the help of which the interaction between particles
occurs.

It is shown that the particle mass depends not only on the particle velocity modulus, as it was assumed in previ-

44 Ne 1-2,2019



Du3uKa CO3HAHUA U HCUSHU, KOCMOTIOZUA U acmpoﬁusuna

ous works, but also on the particle’s position in space, i.e. mass is a function of motion states. The existence of
dependence of the particle mass on the position of the particle in space is of great importance for the evolution of
matter, since the possibilities of matter to organize the stable development of its structural elements are extreme-
ly expanded. The mass equation is derived from the energy conservation condition. It is a second-order partial
differential equation. In the particular case, when the mass of the particle does not depend on the position of the
particle in space, this equation transforms into an ordinary differential equation of the second order, obtained and
studied in [14, 15]. The equation for the particle mass acts as a kind of dynamic principle for the proper motions
of the particle. In physical content, the equation for mass is significantly different from the equations of forced
motions. If the equation for mass serves to determine mass as a function of the state of motion of the particle, the
equations of motion determine the development in time of the state of motion itself.

The physical properties of accelerated motions by inertia are investigated, and proper and forced motions, which
are dialectical opposites, are compared. There is a qualitative difference between the forces acting on a particle
in forced and in its proper motions: in a forced motion, the force is the cause of acceleration, and its proper mo-
tions are the result of acceleration. A change in the mass of a particle with a change in the position of a particle
in space causes the heterogeneity and non-isotropy of space and the heterogeneity of time.

A new approach is formulated in relativistic mechanics, in which there are no difficulties with the incom-
pleteness of the theory inherent to STR. Unlike STR, in the formulation of mechanics developed here, both
proper motions of particles and forced ones are taken into account; not the motions of free, bare particles that do
not exist in nature, but accelerated motions by inertia (AMI) — the motions of real, physical particles are con-
sidered as motions by inertia; the assumption that the particle mass is a constant parameter is not used; mass acts
as a function of the state of motion; the functional dependence of the particle mass on the coordinates and veloci-
ties is formed by AMI and is determined by the equation for the mass, which guarantees the conservation of par-
ticle energy (in the absence of external field).

Based on the results obtained, the following conclusion can be formulated. The reason for the crisis of physics
is STR, which is the basis of electrodynamics. STR is an abstract mathematical scheme, which due to its
incompleteness cannot describe physical reality. Matter, as a self-organizing, self-governing, thinking entity,
prefers to develop in a completely different way than STR prescribes for it. The work is an extension and contin-
uation of studies [22, 23] in the field of quantum electrodynamics.

Keywords: physical nature of particle mass, proper and forced motions, accelerated motions by inertia (AMI),
mass as a function of motion states, equation for mass, special theory of relativity (STR), incompleteness of me-
chanics, physical properties of space-time, dynamic principle for proper motions.

Ne [-2,2019 45



