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AnHoTanusi. Ha ocHOBe mpocToii BUXpEBOW MOJENH TBEPIBIX TEJ, @ TAK)KE LIUPOKO
M3BECTHBIX MPUHIIMIOB TUAPOAUHAMUKHI HJEATbHON HEC)KUMAEMOW >KUAKOCTH, & UMEHHO —
napagokca JlamamOepa, yCIOBUS pPAaBHOBECHUS HECKUMAEMOW JKUIKOCTH W TPUHIUIA
MPUCOEIMHEHHBIX MacC JIJisl MOTEHIIMAIBHBIX TOTOKOB, YAAJIOCh HAWTH MPOCTOE OOBICHEHHE
3araJl0YHBIM MMOHSATHUSM KJIACCHICCKOW MEXaHUKH M TCOPETHUSCKON (DU3UKH —MHEPIIUATBHBIM
Y HEWHEPIMAIbHBIM CHCTEMaM OTCYETa, CHJIaM WHEPIUH, NBIKCHHUIO Tesl 1o mHepuuu. Ha
OCHOBAHWM TIOJYYEHHON MOJENM YAAJIOCh JaTh HOBYIO HMHTEPIPETAIMI0O TPEX 3aKOHOB
HrroToHa.

KuaroueBble caoBa: 3akonbl Herotona (3H), unepuus, cunbsl uHepuuu (CU),
uHeprmanpHas cucrema orcdeta (MCO), nemnepumanvhas cuctema otcuera (HUCO),
nenTpodexHas cuna (ILIbC), adup, mapamoke anambepa, THAPOAMHAMUYESCKUHN AUTIONb.

BBEJIEHUE

[Toxxamyii, OJHUM U3 CaMbIX 3ara/IoYHbIX SIBJICHUM (U3KKU ABJISETCS SBJICHUE HHEPLIUU.
Bce marepuanbHbie Tena, 06aaroe Maccoi, MoABEpKEHbI AEHCTBUIO MHEPLUU. A IOTOMY
BOMCTHHY «BCEMHPHOI» HE0OXOIUMO Ha3bIBaTh HE CTOJBKO I'PABUTAIUIO, CKOJIBKO UHEPIIHIO.
U, xa3zanoch Obl, B TaKOW CUTYyallMd TEOPUsI MHEPLUHU, TEOPUS CHUJI MHEPUUU JOJHKHBI OBLIN
ObITH pa3BUTHI B husuke. OMHAKO B JEHCTBUTENFHOCTH MBI Ha0II01aeM, CKopee, oopatHoe [9,
c.3]. Muepuus Bot yxe 400 et ocraercs Terra Incognita ¢pusuku u mexanuku. Haunewm c toro,
4TO B TpH (pyHIaMeHTaIbHbIX 3akoHa HptoToHa (3H) nHepius BcTpoeHa B HEKOTOPOM CKPBITOM
Buje. Tak, Bce 3H BBINOTHAIOTCS TOJIBKO B TaK HA3bIBAEMbBIX MHEPLMAIBHBIX CUCTEMAX OTCUETA
(MCO). CriocoOHOCTD TeN JBUTATHCSI PABHOMEPHO M MPSIMOJIMHEHHO B YCIIOBHH OTCYTCTBHS
cun — nepBbit 3H, - Bo3amoxHO Tosibko B UCO u Hukak nnaue! Ho uro takoe UCO? Kak ux
onpeaenuts? Ilo GonplIOMy cueTy, Hayka 00 3TOM yMaJdMBaeT, €CJIM HE CUUTATh MOIBITOK
D.Maxa u nogoOHbIX. UHBIMH ClIOBaMH, MOYEMY OJIHM CHCTEMBI OTCYETa MHEpPIUAIbHBIE, a
IpyrHe HeT, - HayKe He U3BecTHO. KpoMe TOro mpu yCKOPEHHBIX IBUKEHUSX TeNl BOSHUKAIOT
«3arajJouHble» WM, KaKk MX elle Ha3bBaloT, «GukTuBHBIe» cuibl wuHepuuu (CH).
«3aralo4yHOCTb» MX YCMAaTpUBAIOT B TOM, YTO HMX BO3HHMKHOBEHHME Kak OyJITO HE HMEeT
MaTepHaIbHBIX TPUYMH: OHH BO3HHKAIOT U3 HUOTKYAA H, (KaK Obl) HE MIMEIOT MaTepUaTbHBIX
HocHTesel. 1 3To B OTIMYME OT peaNbHBIX CHJI O0YCIIOBJICHHBIX JCUCTBUEM OJTHUX Tell (MU
CWJIOBBIX MOJjei) Ha Apyrue. bonee toro, B HemHepuuanbHbix cuctemax orcuera (HMCO) na
Tela HaYMHAIOT JIEHCTBOBATh CUJIbl, HUKAKMMH TEJIaMH U MOJISIMU HE O00YCIIOBIIEHHBIE, €CIIH,
KOHEYHO, He yTBepkaarth, uto B HMCO cymecTBylOT HEKHE MOJIsI MHEPUUU, KOTOPHIE U
nopoxaaroT CH. Hackonbko peanbasl CU? — Ha 3TOT Bonpoc HayKa, YBbl, HE UMEET BHATHOTO
oTBeTa. Bee 3T BOMpoCk B PU3MKE U MEXaHUKE MPOCTO ObutH cripsitanbl B hopmanuzm UCO-
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HUCO, u, Tak ckazaTh, «3aMeTeHbl N0l KOBpUK». Tak, B kuure I'. 1llunosa [10, c.21] mbI
yutaeM: «[Ipobiema cui 1 nojieit HHEPLIHMH B KJIACCUYECKON MEXaHHMKE W B APYTHX pa3zeiiax
(bU3HUKY ABJISICTCS OJTHOM U3 3aIlyTaHHBIX. /(€710 B TOM, UTO CHJIBI MHEPIIUU HE yAOBIECTBOPSIOT
TpeTheMy 3aKOHY HbIOTOHA, MO3TOMY BO3HUKAIOT TPYJHOCTH B Pa3J€lIC€HUU UX HA BHELIHUE U
BHYTPEHHUE N0 OTHOLICHHUIO K U30JMPOBaHHOM cucTteMe. Hamu 3HaHus 00 3TUX CHJIax MOYTH
He wu3MeHWwIMch co BpeMeH M. Herortona. B 3namenutoit kuure A. Ilaiica «Hayunas
JEeSTENIbHOCTh M JKU3Hb AnbOepra DiiHIITEHHa», aBTOp 3ameuaeT: «Ilo MoeMy MHEHHIO,
npobieMa MPOUCXOKICHUSI HHEPIIUU ObllIa M OCTaeTCs Haubosee TEMHBIM BOIIPOCOM B TEOPUH
YyacTHIl ¥ ToJiek». B Hameil cTtpaHe MUCKYCCHUM MO TpoOJieMe CHUI MHEPIHMH TEPUOIUYECKU
Bo3HHMKaOT uepe3 20-30 ser. OCHOBHBIE BOIPOCHI, KOTOPBIE TPHU ITOM OOCYKIAIOTCH,
CJIEYIONINE: PeabHbI JIU CUJIbI MHEPIUH, UYTO SIBISETCS MX UCTOYHUKOM; SIBJISIFOTCS JTU OHH
BHEIIHMMH WJIM BHYTPEHHUMH CUJIaMH TIO OTHOIICHHMIO K HM30JIMPOBAHHONW MEXaHHYECKOMN
cucreMe? AHanu3 MaTepralia Y4YeOHHKOB II0 TEOPETHUYECKOM MEXaHWKE ITOKa3bIBaCT
OTCYTCTBHE €JUHOTO MHEHMs IO 3TUM BompocaMm. Hampumep, mo Bompocy, peanbHbl WIH
HEpeaabHbl CHIIBI WHEPIHMHU, MHEHHS paclpeAenstorcs (MpUOIU3UTEIBHO) CIEAYIOUUM
obpazom: 60% aBTopoB cuntaet, uTo CU HepeansHbl; 20%, uTo oHM peanbHbl; 10%, 4TO YacTh
CHJI MHEPLIMHU peajibHa, a yacTh HepeasbHa; 10% aBTOpoB BoOoOIIE 00X0AAT 3TOT Botpoc. CU
HAOJIOTAIOTCS B YCKOPEHHBIX CUCTeMax oTcueTa, moaromy M. Hetorow, JI. Diinep, 3. Max, A.
DWHINTEWH U MHOTHE JIPyTHUE UCCIEA0BATEIIN PACCMATPUBAIIN 3TH CHJIbI KaK peabHBIC).

Kaszanocs Obl, eciu y 1 nibITathes npunuckiBath CH Hekuii MaTepraibHbI HOCUTENb,
IPUYUHY, TO CAMBIM TJIaBHBIM KaHAWJATOM Ha ATY POJb J0JKEH ObUT Obl cTaTh eiie B 19 Beke
mupoBoil 3¢up. Mmenno on no Hawana 20 Beka paccMmaTpuBajics BceMH (PU3MKaMU Kak
MEPBOMpPHUYMHA BCeX (U3MYecKuX siBIeHH. MIMeHHO B3auMopeilicTBUe MHPOBOro 3dupa ¢
IBUKYIIUMUCS TelaMU Kak MpPUYMHA WHEPUUATIbHBIX SIBICHUW W Moria Obl CTaTh TOH
MyTeBOJHOW HUTHIO, KOTOpas mpuBena Obl (U3MKY K aJeKBATHOMY pEIICHUIO 3araiku
uHepiuu. Eciam Ob1 5T0 mpomsonuio B 19 Beke, 3T0 MOrJIo Obl CTaTh HEONPOBEPKUMBIM
JIOKa3aTeIbCTBOM CYIIECTBOBaHUS d(upa, NMOMHUMO OmbITOB Maiikenbcona-Mopimu u /.
Munnepa [1]. ITocneacTBust 3Toro Moriiv Obl OBITH OCCIIEHHBI JJIsI Pa3BUTHS €CTECTBO3HAHUS
B 20 Beke. Ho, yBbI, 3TOr0 HE mpoun3onuio!

IOUPHAA MOJIEJIb TBEPAOI'O TEJIA

HTak, cCOBEpIIEHHO €CTECTBEHHAs TMIOTE3a, CIIOCOOHAs MPOJUTH CBET HA Pas3rajiKy
poOJIeMbl HHEPIIUH, COCTOUT B TOM, YTO MHEPIHS 1 MHEPIIOHHBIE CBOMCTBA TEJI TOPOXKICHBI
HE 3araJlouHbIMH «CHUJIaMH MPOTUBOJACHCTBUS» U3 TpeThero 3H M He MeHee 3arajo4HbBIMU
NCO, a HanuuueM MHUPOBOTO MHEPIHAIBLHOTO 3(dupHOro (oHa U B3aUMOJEUCTBUEM C HUM
BCEX IIOKOSIIMXCS W JBHXKYLIMXCS OTHOCUTENbHO Hero Tten. Hamo mnpusHate, urto, K
COXaJICHHIO, IETAJIbHON KOJMYECTBEHHON TEOPUH B3aUMOEHCTBUSA MaKpoTel ¢ 3(hUpoM MoKa
He cymiecTByeT. Tak, B HelaBHO Bblle el pyHIaMeHTaIbHOM MOHOTpaduu 10 Teopuu 3¢upa
yutaeMm [2, c. 41]: «B Hacrosimiee Bpemsi OTCYTCTBYIOT SKCIIEPUMEHTHI IO ONPENEICHUIO
ypaBHeHHs cocTosiHUS 3¢upa. [103TOMy IpUXOAUTCS UCTIONB30BaTh T€ MM MHbIE TUIIOTE3bI U
IPOBEPATh MX aJEKBAaTHOCTb, CpPaBHUBAs CIEICTBUS AITHX TIMIIOTE3 C HW3BECTHBIMH U3
sKcrepuMeHTa  ¢akramMm». Bor mouemy ans  3duponMHaMUYECKOro  OOBSCHEHUS
IPaBUTALlMOHHON CHJIBI aBTOPbl yKa3aHHOM paboThl mpuOeraroT K 00O0OIIEHHON Mojaenu



npoOHOTrO Tesa Kak BUXps B 3upe, a Takke K psaay Apyrux oooomenuii. [lo anamormyabiM
NPUYMHAM MBI TOXKE B CBOMX PACCYXIEHHUIX Oy1eM MPUICPKUBATHCS IMTOT0OHBIX 0000IIEHHBIX
BUXPEBBIX MOJIEIICH MaKpOTel, O3 JINIIHEH eTaIn3aIiH.

Taxkum 00pa3om, B JaTbHEHUIINX HAIIMX PACCYXKICHHUAX MbI OyJeM UCXOIUTh U3 psla
YIPOLIAIOIINX JONYyIIeHU. BOT HEKOTOpBIE U3 HUX.

1) Ddup Oyner mpeacTaBIsATHCS Kak HaealbHas HEC)KUMaemas >XKHAKOCTb, CIIOCOOHas K
COOTBETCTBYIOIIEMY MOTCHIUAILHOMY OOTEKaHHIO MHUKPOYACTHUI] (BUXpEii), U3 KOTOPBIX
COCTOUT (MaKpO)TEJO.

2) Teno Ha MHUKpOypoBHe OyneT HaMHU MPEACTABIATHCA KaK pelieTka, B y3JaX KOTOpOil

HAaXOJATCSl BUXPU — T'MIAPOAMHAMHUYECKUE TUIONIHU. BMEcTo Monekyn, aToMOB, HYKJIOHOB U

HYKJIU/IOB, U3 KOTOPBIX, COOCTBEHHO, U COCTOMT MAakpoTejo, B Hameil mMojenu ux Oyzaer

3aMEeHATh BUXpeBas penierka (cM. puc.l). [IpudeM i npocTOThl MBI Oy€M CUUTATh, YTO CAMU

BUXPH B 3aBUCUMOCTH OT COCTOSIHMA Tejla JUOO MmapooOpasHbl, JIMOO MOTYT cjerka

ne(GopMHUPOBATHCS. ¥Y3IIbl PELIETKH CBA3aHBI MEX1y co00il cuctemoit ynpyrux ceszeit (CYC),

KOTOpbIE B YAaCTHOCTHU COXPAHSIOT (OPMY MaKpoTeia, MepelaloT BHEIIHWE YCHIIUS BUXPSM

pEIIeTKH, HO HE NMEIOT MacCHI.

Puc.1 MakpoTeno u ero BUXpeBasi pelnierka, JBUXKYIIEecs B
OJTHOPOJTHOM IMOTOKE 3(hupa ¢ MOCTOSIHHON cKopocThio— V.

3) CoBepIIeHHO SCHO, YTO MaKpOTEJIO HE SIBIISETCS HEMPOHMIIAEMBIM JIJIsi TIOTOKOB ddupa.
[ToaToMy MBI OyIeM TIpearonarath, YTo TOJIBKO BUXpH BUXpeBoi pemieTku (BP) mpaktuuecku
HENpOHHUIaeMbl Ui 3(Qupa, TOrAa Kak Bce BHYTpeHHee MNpocTpaHCcTBO BP mpaktuuecku
«mpoayBaeMoy» 3¢pupoM. Camo ke 3TO MPOCTPAHCTBO, MO CYyTH, 0Opa3yeT CUCTEMY KaHAllOB
s mpoayBatomero ux 3¢upa. [Ipu pa3nuyHbIX YCKOPEHHSX MakpoTela €ro BHUXpH
€CTECTBCHHO HCIIBITHIBAIOT CUJIOBBIC BO3JCHCTBUS Ha ceOs CO CTOPOHBI MPOTEKAIOIIETO B
kaHanax 3¢upa. CyMMUPYs 3TH CHJIBI 10 BCEM BUXPsIM Telia MbI U OynieM nosrydate CU Toro
wii uHoro tuna. IIpum 3TOM cuiIoBbIE BO3AEHCTBHS 3(Hpa HAa BUXPU PEIIETKU MbI OyJemM
CUUTATh TAKUMH XK€, KaK ecJid Obl B 3UpPE TBUTAJICS OJTUHOYHBIA BUXPb.

Jlanee, B COOTBETCTBUE CO CIIOKHMBIIEHCS B TEOPETUUECKOM MEXaHUKE TPAJUILIUEH, MbI
paccMOTPHUM TPU TUNA JBUKEHHS Tena (Tel): MPSIMOJIIMHEHHOE U MOCTYNaTelbHOe JIBHKEHUE



110 MHEPLIUH, ABIKEHHE C TIOCTOSSHHONW CKOPOCTBIO IO KPYyry B (DMKCHPOBAaHHOM IIOCKOCTH U
IIOCTYIIATEJIbHOE YCKOPEHHOE ABUKEHUE 10 MPSIMOM.

ABMKEHUE 11O UHEPIIUHU

JIBm>keHMe 10 MTHEPLIMU PaBHOMEPHO U MpsAMOoIMHENHHO 1o nepsoMy 3H. B aToMm cityuae
MakpoTreao M MOXeT Kak JBUTaThCs, TaK U IOKOUTHCS OTHOCUTENBHO OJHOPOJHOTO
(TuTockomapanienbHOro) noToka 3gupa, UM caMm 3TOT MOTOK MOXKET JBUTAThCSI OTHOCUTEIBHO
M co cBo€# MOCTOSTHHOM TPaHCIAMMOHHON cKopocThio — V. Torma cam Takoil moTok (Teso
M B city4yae COCTOSHUS TTOKOSI TIOKOUTCSI OTHOCUTENBHO A(urpa) U BO3MOKHO npuHATH 3a MCO.
Bo Bcex Takux ciydasix Ha Tes0 M co cTOpOHBI 3pupa HE MPOUCXOAUT HUKAKOTO CHUIIOBOTO
Bo3eiicTBus (naBienus ). [louemy? [IpuunHoit TOMy, Ha HaII B3TJISA, SIBJISETCS U3BECTHBIN U3
TUAPOIMHAMUKY HJICATbHOMN KUAKOCTH mapaaoke Jamambepa [8, ctp.210 unm 7, §69]. Takue
CTallMOHAPHbIE IOTOKH 3(pupa, 1axke MIPOHUKAs B KaHAJIbI Tena M, OCyIIeCTBIIAIOT O€3BUXPEBOE
obtekanue (rot(V) = 0) Buxpeii peretku M, v 3HAUUT, HE IPOU3BOIAT HA €€ BUXPHU HUKAKOTO
CHJIOBOTO BO3/EUCTBHUS. A CTano OBbITh, OHM M HE OKAa3bIBAIOT COINPOTHBIICHHUS B ILIEJIOM
TPAaHCIALMOHHOMY JBWXeHHI0 Tema M. Ilpu 5ToM, BO3HHKAOUMA TOTOK 3dupa,
POAYBAIOIINN KaHAIBI M, MOXKET UMETH ITPOU3BOJIBHYIO (HOPEIATUBUCTCKYIO) CKOpocTh. [Ipu
PENSITUBUCTCKUX CKOPOCTSIX IMOTOK 3(upa BHYTPM M CTAHOBHUTCSI pa3pbIBHBIM MWIH JaXKe
TypOYJEHTHBIM. DTOT CIIy4ail Mbl pacCMaTpUBATh HE OyAEM.

Ecnu teno M nBmxkeTcs mocTynaTeabHO, PABHOMEPHO U MPSIMOJIMHENHO OTHOCUTEIBHO
HEKOTOPOM CHCTEMBI OTCYETa, KOTOpas caMa JABWXKETCS PABHOMEPHO U MPSMOJIMHEHHO
OTHOCHUTENbHO 3(pupHOTO POHA, TO B CUJTY TalinjieeBa CI0KEHUS CKOPOCTEH TaKoe TeJIO TaKKe
JIBIDKETCSI PABHOMEPHO M MPSIMOJIMHEHHO U OTHOCUTENBHO 3¢upa. Bor mouemy mrobast Takas
CO sBnserca cama mo cebe MCO! Takum o00pa3oMm Temepb CTAaHOBUTCS SICHO, YTO
MHEPIHATBFHBIMU CUCTEMaMH OTcUeTa siByisieTcst caM 3¢up u Bce CO, KOTOpBIE IBMKYTCS B HEM
NOCTYNaTeIbHO U PAaBHOMEPHO U NPSIMOJIMHENHO, a Bce octanbHble sBistorcs HUCO.

W umenno napagokc lamamOepa mpuUBOAUT K OECCHIIOBOMY BAapHaHTy IBM)KCHUS B
TOM ciy4yae. DTHM peuiaercsd OAWH M3 «yOMMCTBEHHBIX» apryMEHTOB, IPUIIHCHIBAEMBIX
camoMy HproTOHY: mouemMy He 3aMeUISIFOTCS IBUKEHHsI HeOeCcHbIX cBeTUII (T1aHeT CoTHEeUHON
cucteMbl (CC)), ecmm Bce mpoctpaHcTBO (CC) 3amomHeHo 3¢upoM. OTBET CTaHOBHTCS
JOBOJIGHO TIPOCT: 3(up, MOTEHIMATBbHO OOTEeKash Telo, HE OKa3blBaeT HAa HETO CHIIOBOTO
JIABJICHUS B CUITY MJICAIBHOCTH €ro 00TeKaHus (OTCYTCTBUE 3aBUXpeHHMid 1 T.11.)! JIn6o B ciaydae
YCKOPEHHOTO JIBUKCHUSI OTHOCHTEIBHO 3(upa, 3(Up OKa3bIBaeT CHUIIOBOC BO3JCHCTBUE HA
IUTAHEThl W CIyTHUKHU, mopoxaas cwibl uHepiuu (CHU), 6e3 xotopsix 3H mpocto Obl He
pabotanu. Ho 00 3ToM peub moiinet nanee.

JABUKEHUE I1O OKPYKHOCTHU

Tenepp paccMOTpUM paBHOMEPHOE IUIOCKOE BpaileHue Tena M (B BUIE OJHOPOJHOTO
yOpyTroro mapa ¢ ueHtpom macc O u pagnycoMm ) BOKpPYT IEHTpa Z ¢ paJnycoM BpalleHus
R=70 c gacrotoii w (puc.2). Torga B cucteme orcuera, )KeCTKO CBsI3aHHOU ¢ M, Ha Teno M



HaOeraeT CTallMOHAPHBIN TUIOCKOMApaUIeTILHBINA MMOTOK PUpa ¢ MePEMEHHON CKOPOCThI0 V =
wR, toe R KpOT4aillllee pacCTOsHUE OT Z 10 NPOU3BOJIBHOM TOYKHM IIOTOKA. B cuiy pasHo-
MacIITaOHOCTH JUIOJSA U CKOPOCTEH MOTOKA (MUKPO U MHUKPO-MACIITa0bl) MOKHO C XOpOLIEH
TOYHOCTBIO CUYMTATh, YTO BO3MYILIEHHBIN MTOTOK 3(Hpa BOKPYT BUXPs MPAKTHUECKU HJICHTUYCH
HEBO3MYILEHHOMY TIOTOKY ¢ mpoguieM ckopocteil V = wR B TOM 4HCIIe ¥ HA TOBEPXHOCTH

Puc.2. Teno M B KpyroBbIM CTallIOHApHBIM

noToke »shupa
22

rpanunpl BUxps. Torna u3 yciaoBus paBHOBECHS KHJIKOCTU UMEEM: P + p% = const, OTKyza
Vp =- pa)z? [5, ctp.111]. Toraa cuna conpoTuBIeHHs 3pupa, IeHCTBYIOLIast HA TOBEPXHOCTh
S Buxps, kak ciaeayet u3z popmynsl Octporpaackoro-I'aycca, paBHa:

H=-[ pidS=-[ VpdV= [ pw?dV= M[ 7V = pVaw®R = ma*R

S 1% 1% v Jy ’

rie m u ¥V Macca 1 00beM BUXPS, R M 7 paauyc-BEKTOPHI €ro IEHTPa MAcC U PajiiyC-BEKTOP
TOYKA Ha TOBEPXHOCTH BHXpS, NPOBEAECHHBIE OT OCH BpalleHHs K 3TUM TOYKaM H
NEPIEHANKYJISIPHO 3TOU OCH.
Takum o0Opa3om, Ha OTAETBHBIA BUXPH JeHCcTBYeT oObIYHas meHTpodexnas cuna (LIBC) co

CTOPOHBI TIOTOKA 3¢upa, odTekaromero Buxphb. Hampasnena [IBC, kak 3TO U JOHKHO OBITH,
nomnepek (HopmanbHo, H, =0) K CKOpOCTH ILeHTpa Macc BHXpSl V, NpPOTHBOIOJIOKHO

HalpaBJICHUIO Ha OCh BPAILEHUs, YEM BIIOJIHE M ONPABIBIBAET CBOE HAa3BaHUE «LIEHTPOOESKHAS
cuna»! bonee toro, LIBC sBnsiercs, no CyTH, pa3HOBUJHOCTBIO CUJIBI ApXuMmena.

[Tonstao, uro LBC, nelicTByromas Ha OTAENbHbIE BUXpHU Tena M, NpUBOAUT K
nosipinenuto [[BC, neiictByromed u Ha Bce 3TO Teno. JJig TPOCTOTHI MPOJOJIKUM
paccMmaTpuBaTh 3TOT BOIIPOC HAa IPUMEPE OJAHOPOIAHOIO 1apa M, paBHOMEPHO BpalllaloIEerocs
10 KpyTy C paanycoM BpaiieHus R.

Torma LIBC H, neiictByromas Ha M, Oyzaer cymmoit L1b cun H;, neficTByromux Ha i-it
BUXPb M.
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rae N - uncno Buxpeit B Teste. [lycTs 7 U 7; pajryc-BEKTOPBI LIEHTPa Macc M U 1leHTpa Macc i-
ro BUXpS IIapuKa, MPOBEACHHBIE U3 Hadyana koopauHaT. A R u R; aHaIoruyHble BEKTOPBI, HO
nposesieHnbie oT ocu Oz M NepHeRMKySpHbIe eif (puc.3) u h; =7; — 7. Toraa

N —
mYi=1"i _

7= IGN (2.7 =70 1¢N 7
rE— Nzizl(r+hi)—r+N2i=1hi

Otkyna Zzl ﬁi =0.

I/I ITOCKOJIBKY CKOPOCTH LICHTPA MacCC i-rO BHXPs paBHaA a)Rl, TO OKOHYATCJIbHO I10JIy4acM
2 —
H=yN H,-yV MR) R~ e N, (R+7) - Noma?R - MR - M2 &

FI[e M - Macca BCCIro mapa, V- CKOpOCTB cro I_ICHTpa Macc. I/ITaK, HEC TOJIBKO Ha OTACJIbHBIC
. MV?2
BUXPH, HO U LEIMKOM Ha MakpoTesio M co croponsl 3dupa aericteyet LIBC, paBHas = Jt10

N CCThb Ta caMas «3aragodHasd» CHJla HpOTHBOI[CﬁCTBPISI, HaTsAruBaromiad BCPCBOYKY, Ha
KOTOPOH KPYTHUTCS IAPUK IPU PABHOMEPHOM KPYTOBOM JBHKEHHUH 110 OKPY>KHOCTH, O KOTOPOH
nucan euie ['roitrenc [3]. ITo cytn, oHa cozgaercs He mapukom 1o tpersemy 3H, a apupom.
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Puc.3. KpyroBo¢ nBmwxenme Ttera M
BOKpYT ocu Oz.

Peub nper o mornepeyHoi ABMKCHUIO WM IEHTPOOCKHOW CHIIC MHEPLIMH, KOTOpas MO CYTH
SIBJISICTCS CUJION COINPOTUBIICHUS CO CTOPOHBI 3(prpa HA U3MEHEHHE HAIIPABIICHUS ABM)KCHUS
tenra M. U 310 mpu TOM, 4TO B MPOJOJLHOM HalpaBlieHUd M HE HUCHBITHIBAET HUKAKOTO
COIMPOTHBIICHUS CO CTOPOHBI APUPA.

N BOT TyT MBI BIUIOTHYIO MOJOUIIM K HHTEPECHON TeME, 0 KOTOPYIO CJIOMaHO HEMAaJlo
konuii: eciiut LIBC peanbHa, TO M1apuK HAa BEPEBOUKE, UM KOCMOHABT B KOCMUYECKOW CTaHIUH,



JBIKYTCSI XOTh U 1O KPYTY, HO B yCJI0BUH paBHOBecus cuii?! C TOYKU 3peHUs TPaAULIMOHHON
MEXaHUKH - 3TO abCypa, BeIb MIApUK M KOCMOHABT JIBIMKYTCsA yckopeHHo! Ho Torma takoe
NBIDKEHHUE TOJDKHO OMUCKHIBATHCS 2-M 3H:

(1) md=FE.

3nech F 310 mIeHTpocTpemMuTeNnbHAs crila (HaTSHKeHUE HUTH, TpaBUTAust U T.11.). [ e
xe 3neck LIBC, rne cymma cun, paBaas 0? Bee ouens mpocro:

(2) F-ma :F+(—mﬁﬁ) =0
y - »*R
B takoii hpopmynupoBke — ma, a Tounee — m— - , U ecth LIBC, cymma ee BMecTe ¢
y =R y

LCC F u naet ¢pusndecku O60s1ee MpaBIIbHYIO KapTHHY npoucxosmiero. Hegapom HeroToH B
CBOEM 3HAMEHUTOM TpyJe [6] mocne popMyIUpOBKH CBOETO 1-ro 3aKoHAa B Ka4eCTBE OJHOTO
U3 TPUMEPOB IBW)KCHHS O WHEPLUU MPUBOAMI JBIKeHUE Bomuka! «bpomieHHoe Teno
POJOKAET YJIEPKUBATh CBOE JBUKEHHE, MOCKOJBKY €ro HE 3aMeJUISIeT CONPOTHUBIICHUE
BO3/[yXa U TOCKOJBbKY CHJIa TSKECTH He MoOYyKIaeT STO Teslo BHHM3. BOMUOK, KOero dacrw,
BCJICJICTBME B3aUMHOTO CICTIJICHUS, OTBJICKAIOT JIPYT Apyra OT MPSMOJMHEHHOTO JBM)XCHHUS,
HE TMepecTaeT BpallaThCsi (PaBHOMEPHO), TOCKOJBKY OSTO BpalleHHEe HE 3aMenmseTcs
COMPOTUBIIEHUEM BO3JyXa. bompiine e Macchl IUIaHET M KOMET, BCTpeyass MEHblee
COMPOTUBIIEHUE B CBOOOJHOM MPOCTPAHCTBE, COXPAHSIOT CBOE KaK MOCTyMaTelbHOE, TaK U
BpalllaTeIbHOE JABMKEHUE B IPOAOIKEHNE TOpa3 a0 00bIlero BpeMeHm» [6].

KoneuHno, HaM MOTYT BO3pa3uTh, 4TO (2) €CTh HE UTO MHOe, KaKk nmpuHImn lanambepa
st HUCO. Dto, koHEUHO, Tak, XOTsA caMm mnpuHnun [lamambepa - 3TO0 mpocTto ymoOHas
abcTpakius, MpU3BaHHAs XOTh KaK-TO OMKUCATh MPOUCXOAIIEE, HO IIPH 3TOM 3aTyMaHHUBAIOIIast
(GU3MKy 3TOr0 CaMoro MpOoUCXOJAIIero. BoT TyT u HacTynmaeT cMbICIOBasi KOJUIM3US MEXIY
BCEOOITHOCTHIO0, aKCHOMAaTHYHOCTHIO TpexX 3H B MX TpaauIIMOHATUCTCKOM U3JI0)KEHUU U ATUM
MPOCTHIM W CTPAHHBIM CIy4aeM JIBIDKCHHS IO KPYTy C HYyJIeBOW cymMmoun cui. Bemp maxe
HIKOJIFHUKAaM HM3BECTHO, YTO YIPYToe TEJO, Bpallaloleecss paBHOMEPHO MO0 OKPYKHOCTH Ha
HUTH, UCTIBITHIBACT PACTsDKEHUE BIIOJNB 3TOWM HUTH [4, T.1, ctp. 227], T.e. BemeT cebds, Kak
pactsHyTas npyxuHa. Ho Beap mpyXHHBI caMu TI0 ce0e He pacTATHUBAIOTCS, a PaCTATUBAIOTCS
TOJIBKO TIOJ] IEUCTBUEM MPUITIOKEHHBIX K 000uM (!) nx KoHIaM cwit. OHa cuiia, AeCTBYoIIas
Ha MIApUK — 3TO CWJIa PEaklMd HHUTH, a KaKoBa e BTOpas Cujla, pacTATHBAIONIAs IIApUK B
npyryto cropony? Hamr otBeT oueBuaeH — 1o Ta camast LIBC, cuna B3aumoneicTBus mapuka
¢ a¢upom.

Nwmenno LIBC sBnsercs MpUUMHON CTOJNBKUX PAa3HOOOPA3HBIX SIBICHUH B pealbHON
KU3HU, KaK ONPOKUJBIBAaHHE aBTOMOOWJEH MpHU 3aX0Je B MOBOPOT CO CIMUIIKOM OOJBIION
CKOpPOCTBIO, HEOOXOJUMOCTh CO3/aHUs YKJIOHA B CTOPOHY HOBOPOTa y BEJIOCUIEIUCTOB IpHU
nopopore u MHoroe apyroe. I mmenno LIbC B couyeTaHunm ¢ CWIOH TSKECTH CO3AAOT
HEBECOMOCTb Ha KOCMUYECKUX MWIOTUPYEMBIX CTaHLMAX. M IOTOMY OHa BIIOJIHE peallbHa, a
He «(PUKTUBHA», KaK 3TO MHOTUM Ka>KeTCSl.

YCKOPEHHOE JIBUKEHUE MO MPSIMOM

W HakoHen, mocienHUN Cioy4ail ABMIJKEHUS Tela - YCKOPEHHOE JBHJKEHUE Tella
MOCTYNAaTeJIbHO MO MPSAMON MoJ JeHCTBUEM BHelIHeW cuibl. PazbepeM sToT ciyuail Ha
IIPOCTOM IpHUMEpPE LEHTPAIBHOIO CTOJIKHOBEHMS IBYX Macc M1 m M2, nBwxymuxcs co
ckopocTsmMu V1 u V2 no npsMoil B oJHOM HampasiieHuu B1osib ocu Ox HenoasuxHoi MCO



Tak, uro V1>V2. Ilpuuem teno M1 porossier teno M2 u B Kakoi-TO MOMEHT OHHU YIIPYTO U
LEHTPAJIbHO CTAJIKUBAIOTCS, OTYErO MEXJIy HUMHU HPOMCXOAUT oOMeH ummysbcamu. Camu
TeJIa IBMXKYTCS TI0 IIIOCKOCTH 0€3 TPEHHUS U JUTs IPOCTOTHI UMEIOT (opMy mapos (puc.4). Ecin
V, u V- ckopoctn Ten M1 i M2 mocie CTONKHOBEHHS, a My WMy KX Macchl, TO, Kak

HU3BCCTHO:
r"} _ 2m2V2+(m1—m2) V1
‘7 — 2m1V1+(m2—m1) V2
L 2 mq+mo
(W _Vy-vy _2my(Vp-1y)
N 1= At B (m1+m2)At
W, = VoVa _ 2my(V1=V5)
L 2 At (ﬂ’ll‘H’l’lz)At

I'ne wq n w, - yckopenus M1 u M2 cooTBETCTBEHHO, OIY4YEHHBIE UMH APYT OT Apyra
npu ynape, a At - Bpems ynapa. 13 Buga yCKOpeHHid CTAaHOBUTCS SICHO, 4To M1 3amemisieTcs,
T.K. 04eBHIHO, uT0 W; <0, a M2, Ha060poT, yCKOpsIeTCsI.

MI E.l M2 t_)'z

AR <

Puc.4.1lenTpansHoe
CTOJIKHOBeHME Tead M1 u M2.

Uro npu 3Tom npoucxoaut ¢ M1 u M2, Tak ckazatb, Ha «mMakpoypoBHe»? Eciu 661 CU
BOBCE HE CYIIIECTBOBAJIO, TO M2 0JKHO OBLIO ObI MTHOBEHHO Ha4aTh JBUTATHCS BMECTe ¢ M1,
Kak Toibko M1 norouutr M2 co ckopoctbio V1. OnHaKO B peaibHOCTH POUCXOUT HECKOJIBKO
uHoe. Kak Tonpko M1 conpukocHercs ¢ M2, o6a Tena NIOMUMO MOCTYNATENbHOTO JIBUKEHUS
HAUMHAIOT CXKHUMaTbcs, mpuueM M2 Oyner Bce Oojee yckopatbes, a M1, Haobopor,
3aMeUIAThCS B TedeHHe Bcero Atf, kak Obl oOpasys w3 cels enuHYI0 MPYXHHY (WIH
KosebatenbHbIi KOHTYp) M1M2, KoTopasi cHavana CKMMAeTcsl MMEHHO Onarojaps IeicTBUIO
CHU (puc.5), a motoMm, HA0OOPOT, paKUMaETCsl Onarojmaps JAEUCTBUIO YNPYTHX CHJI H3-3a



Hammuuss B Tenax CYC. M B MOMEHT MaKCHMAalbHOTO pa3zkaThs o0a Teina HAaYMHAOT
pa3be3KaThCS IPYT OTHOCUTEIBLHO JApyra, a «mnpykuHay MI1M2 pacmamaercs mpu 3TOM Ha
cocraBHble yactu (ecau T mepuos konedanus cucteMbl M1M2, To At = 3/4T). CobcTBEeHHO
B 9TOM U 3aKII0YAETCs YIPYTOCTh B3aUMOICHCTBUSA B KIIACCUYECKON MEXaHHUKE.

[Tockonbky caMOMPOU3BONBHOE CXKATHE MPYKUH B HPUPOJE HE HAOIIOIAeTCs, TO
OTIMCaHHOE YTPYroe B3aMMOJICHCTBHE ABYX T MOKHO OOBSICHUTH TOJBKO JIEUCTBHEM HEKOU
ctopoHHel cuibl, T.e. CU. A npuuunnsl nosinenuss CU Hy»HO UCKaTh HA MUKPOYpPOBHE, T.€.
Ha YPOBHE B3aUMOJICHCTBUSI BUXPEBOU PEIIETKH TN C 3(HUPOM, OTHOCUTEIHHO KOTOPOTO OHH
JBUKYTCS.

)

=0

&
\W@//

Puc.5 Chepuueckuii qumonp B CTal[HOHAPHOM
motoke. ¥ — (pyHKIIHS TOKA.

Jlo cronkHOBeHHs 00a Telna OTHOCUTENIbHO 3(pHUpa HAXOAWINCH B YCTOSBIIEMCS
CTallMOHAPHOM pPAaBHOBECHOM TEUYEHMM, TO4YHee TeueHusax. OJHaKo Ipu yJape OTH
PaBHOBECHBIE TEUEHUS HAPYILIAIOTCSA U CTAHOBSTCS HECTALlMOHAPHBIMU, YCKOPEHHBIMU. B cuiy
9TOr0 Ha OTJENbHBIN BUXPh Tesla M2 co CTOpOHBI A(Mpa HaunHAeT J1efiCTBOBATh CUJIa aBICHUS
H, npoTrBoNnonoxHo HanpaBaeHHO ocH ABHMXkeHUS OX:

H =-A33W,

rie Az3 — ko3 puuueHT npucoeAMHEHHON Macchl BUXps 1o ocu Ox. Kak u3BecTHo, B citydae
2 1
cepudeckoro BUXpst Azz = gnpr3= >, TJie M — Macca BUXPs, a r — ero paauyc [5, §§79-80].

Otkyna
H=- %mWZ

B PCATIBHOCTH KC, MO HAIIHUM MNPCAIOJIOXKCHUAM, B CUJIY TOT'O, UTO BUXPb HEC ABJIACTCA
TBEPJIBIM TEJIOM, KaK 3T0 OOBIYHO MPUHSTO B THIPOMEXAHUKE, U B CUITY YBEIIUYCHUS IaBIICHUS
Ha TpaHUIy BHUXpS B TMPOJOJIHHOM HAINpaBICHUH, BUXPH OIpPENEJICHHBIM 00pa3oM
nedhopmupyercs, npuHuUMas ¢dopMmy cdeponna BpaleHus, CIUTFOCHYTOIO B HaIlpaBJICHUU
nBkeHus. [IpuarHoi Takoii peakliuy BUXps Ha CIaBIMBAHUE CO CTOPOHBI A(pHpa MBI CUUTAEM
TOT (HaKT, YTO MPHU CTAIIMOHAPHOM TeUeHUH dupa (CM. puc.5), Kak UaeaIbHON KUIKOCTH, CO
CKOpOCTBIO V,, €ro JaBlieHHe Ha KPYrOBOW TpaHUIIE TUIONS, OCh KOTOPOTO COHAIpaBlieHa
CKOPOCTH MOTOKA, pacipeeNiieTcs o 3aKOHY:



_ Voo (19 gin2
p_poo+p2(1 4sm6)

T Po U Vo - HaBleHHE U CKOPOCTb 3pHupa Ha OECKOHEYHOCTH, P - AABICHUE B
NPOM3BOJILHON TPAHUYHOHN TOUYKe, O — MOJIIPHBIM YTOJl 3TOM TOYKU B CPEepUUECKOil cucTeme
KOOpJMHAT, YTO B CBOIK O4Y€pe[b IOJIYy4YaeTCs U3 YpaBHEHHs bepHyIIM U u3-3a TOro, 4ro
MOJAYJb CKOPOCTH IIOTOKAa Ha TIPaHHUIIE JTUIIOTISA pacnpenensercs no Qopmyne: V

3 .
5Veosin® [7, §69]. Takum 00pasom JaBIeHHE HA IPAHMIE MAKCHMAIBHO B KPHUTHYCCKHX
(monspHbIX) Toykax A um B, nmpu 6=0 u 7, u paBHO p :pm+%pV§0. B mupaeneBbix

s
(3xBaropuanbHeIX) xke Toukax C u D, mpu 0 = + 5> P - MUHHMAJIBHO.

YcKopsiich OTHOCHUTEIBHO dHUpa U3-3a CUIOBOTO BO3aeHCTBHsI co cTopoHBl CYC
CBOCTO MAKpPOTCJIa, BUXPb HAYHUHACT HCIBITLIBATH H361>ITO‘IHO€ JaBJICHUC OCOGGHHO B
OKPECTHOCTH KpuUTHUeCKHX To4ek A u B. Ilpu 5TOM [ONOJHUTENBHOE [aBJICHUE,
MOPOKIAIONIEe CUITy NaBICHUS Ha CPEpUUYECKUU TUTIONb, YCKOPSAIOIIUKCA TOTOK 3dupa

CO3/J1a€T TOJIbKO 3a CYET MPOM3BOJHOM OT BO3MYILUEHHOIO MOTEHLHANa — pg—:, B3ATOH CO

3HaKOM MuHycC. Torma Ha MOBEPXHOCTH C(PEPUUECKOr0 BUXPs JONOJIHUTEIBHOE JaBICHHE
Oyner:

dpy _ pr’cos0 dV

rcos O dV
P ot oR2 dt

2 dt

=(R=n)=p

3nech r paauyc aumoiis. M3 aHanm3a 3Toi (GopMyIibl BUIHO, YTO B MUACTIEBBIX TOYKAX
(Ha BKBaTOpE SJUIMIICOM]IA) OHO PABHO HYII0 M MAaKCUMAJIbHO B KPUTHYECKUX TOUYKax (Ha
noftocax). Takoe pacrpeneneHre H30bITOYHOTO NaBICHUS OTEHIIMANA 0OTEKAIOIIETO MOTOKA
(cMm. puc.6) Ha KOTOPOM 30HBI W30BITOYHOTO NIaBICHUS 0003HAYEHBI KPACHBIMU CTPEIIKAMH )

X

D

f

-p ( t 4 o !B
=0 = =
2 g
7
y

Puc.6. Cdepounn aumnons u U30BITOUHOE TaBICHUE.

IPY YCKOPEHHOM JIBXKCHUH BUXPS U TIPUBOIUT K M3MEHEHHIO (POPMBI BUXPS U3 C(HEPHUECKOTO
B ()opMy YIUIOILIEHHOTO B HAPaBJICHUH JIBUKECHHUS SIUIUIICOUA.

B camowm nene. @opma rpaHuiia AUIOIS ONIPEAEIIAECTCS PABEHCTBOM I'PAIUEHTOB JIaBJICHHUS
Hapy>KHOI'0 ITOTOKA U €r0 BHYTPEHHEr 0 IOTOKA U U3MEHEHUE OJTHOTO MPUBOAUT K U3MEHEHUIO

1

o



d
JPYroro, a 3Ha4uT 1 K U3MeHEHHI0 (popMbl rpanuiibl. 30bITOUHOE aBieHne — p% CKMMaeT

u oTOpachiBaeT JUMNOJb Hazaj o ocu Oz B 001acTh MEHBIIUX JABJICHUH, YTO MPUIAET €ro
rpanune QGopMmy cdeponna WIM CIUTIOIIEHHOTO »uunconna (cMm. puc.6). CuioBoe xe
BoznelicTBue co ctopoHbl CYC TonkaeT cdepous omsTh Ha3aa B 0OJACTh IOBBIIICHHOTO
nasnieHus. Takum 00pa3oM, ¢ HalIeH TOUKH 3pEHUs, BCE 3TO M IPUBOJUT K TOMY, YTO CHEPOHIBI
BUXpEel B MOMEHT yckopeHuss Af Tenma M2 HCHBITBIBAIOT HEKOTOpPHIE KoOJeOaTEIbHBIC
JIBIDKEHUS B PEILIETKE C HEMPEPHIBHBIM H3MEHEHUEM CBOCH DIUTHNTUIECKOM (popMEI (B TIEpBOM
NpUOIMKEHNH ), YTO MOXHO OMHCATh HEKOTOPHIM M3MEHEHHEM HMX HKCUEHTPUCUTETOB € WU
K02(pPHUIIMEHTOB CKaTHsI B OTPEACTICHHOM Juarna3zoHe. W 1u1st Toro, 9To0bI OLIEHUTH CHIIOBOE
BO3/eiicTBHE d(hrpa Ha BUXPh B 3TOM Clyyae, HEOOXOAUMO OLIEHUTh, KAKUM MOKET OBITh 3TOT
nMarma3zon?

J171s 5TOTO HY>KHO MOHSTH elle PS MOMEHTOB. Y CUJICHUE TABJICHHS CHAPYKHU MPUBOIUT
K €ro YCWJICHHIO M BO BHYTPEHHEM TEUCHHH IHIIOJIS, YTO CONPOBOXKIACTCS BPEMEHHBIM
3aMeJIJICHHEM €r0 CpeqHE CKOPOCTH, YTO JAOKHO BBIPaXKaThCsl B YKOPOUCHHUH JIMHUHN TOKA U
JUTMHHBI TIepUMeTpa cheponaa o CpaBHEHHUIO C ITTMHHON COOTBETCTBYIOMIEH OKPYKHOCTH ITPH
cTarroHapHoM TeueHnu. OIHAKO TaKoe 3aMeJICHHE HEe MOKET MPOJA0JIKATHCS HEMPEPBIBHO.

B camom pgene, 10 CTONKHOBEHHWS IMPKYJIALUS BHYTPM BHXpss B Tene M2
XapaKTepU30BaJIaCh JUIIOIBHBIM MOMEHTOM 11y = 2nr3V o, npuueM Vo, = V5. Tlocne xe
CTOJIKHOBEHHSI, KOraa M2 HadHET ABHTaThCs CTAIMOHAPHO C HOBOM CKOPOCTBIO Vo= WHAL +
V,, AMTONBHBI MOMEHT YBEIWUHTCS M CTAHET OYEBHIHO PABHBIM fily = 2711 V,. 3HaumT
MOMEHT JIOJDKEH KaKUM-TO 00pa3oM YBEIMUMBATHCSA, MPUYEM MPU YCIOBUU COXpPAaHEHUS
o0bpema (Maccbl) qunods? Ho Benp npu caBiaMBaHUM JUIOJS CPEIHAS CKOPOCTh HUPKYJISALIUU
B HEM JI0JDKHA [a/1aTh, yBEIMUUBas BHYTPEHHEE JaBICHUE M YMEHbIIAasi MOMEHT 11,7 Bpone
ObI TyT mpoTuBopeune. OHAKO TaKoe pacCyKIEHHE BEPHO JIUIIb B CTAIMOHAPHOM cllydae,
xorga V., = const. IIpn yCKOpEHHOM >ke IBMKEHHUHM pedb JOJDKHA HJITH O TOM, uTo V., =
W,At + V5. DT0 3HaYUT, 4TO NpU OCIMILIAIUAX GOpMBI U TIoJokeHus: oTHocuTenbHO CYC B
YCIIOBUSIX COXpPaHEHUsS 00beMa, BUXPb HCIBITHIBACT U OCHMIUISIIIMA BHYTPEHHEH HUPKYIALUN
BJIOJIb JIMHHUH TOKA.

[Ipu Bcex ykazaHHBIX OCHWJUISIUSAX OCHMIUTMPYET M MPUCOEAMHEHHAs Macca BUXPS.
[TosToMy mombITAEMCSI OLIEHUTH HE CaMy 3Ty Maccy a ee cpe/iHee 3HauYCHHe.

Kak um3BectHo anuHa smnunca L ¢ Gomblieil MOTyoCchl0 @ U SKCIEHTPUCUTETOM €

BBIPAXKAETCS Uepes3 MOTHBINA AIUIUNTUYECKU nHTerpan Jinepa E(e) BToporo poaa kak:

n
2

L = 4aE (¢) =4af /1 ~e?cos?pdp
0

Ecan crmiocHyThIM — WMINONB MOMYYWIICS W3 IIAPOBOTO JUIOJNA paahyca r, TO YCJIOBHUE
paBeHCTBa 00BEMOB (Macc) JABYX TAKHX AUIONCH maeT a2b = asq =73, OtKyza

M oxoHUaTeabpHO IJI JJIAHBI MEpUIHUaHa JF000TO TAKOIO JUIIOJIA C KOE)(b(I)I/IL[I/ICHTOM CXKaTus

4rE( /1—q2) .
g=v1- e monyuaem: L (q) =—5——= =4E(9).

3
q
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1|dx = 0.634585
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Puc.7. Kospduuuent mimHbl Puc.8. Bun kg3 (q) U IIOACHCT fﬁlz%dch
E(q) nomonso  wolframalpha.

K coxanenuto E (€) He sBisieTcss 3neMeHTapHO# ¢yHkuuei. [loatomy rpaduk GyHKIMN

i)
E(q)=3— MPUIUIOCH  TOCTPOUTH €  TOMOMIbI0  mporpammbl  wolframalpha:

q
https://www.wolframalpha.com/ (cm. puc.7). U3 ananuza rpaduka BUIHO, YTO CYIIECTBYET
IPOMEXYTOK 3HadeHH koadduienta cxarust g€ [0.3;1], a1 3HaueHuil g U3 KOTOPOTro ATUHBI

L(q) <27y, T.e. AJUHBI MEPHUIMAHOB CPEpPOUJOB KOpOUE JUIMHBI OKPY>KHOCTH IIApOBOTO
qunoist. YTo, Kak Mbl ¥ HNPEANOJaralid, U NPUBOAUAT K YKOPOUEHHUIO JIMHUM TOKa BHYTpH
CILIIOCHYTBIX c(eponaoB ¢ TakuMu . I103ToMy ecTecTBEHHO MpearnonaraTh, YTo yKa3aHHbIE

OCHMJUTSIIIAKA (POPMBI B pa3MepPOB C(HEPOUTOB-BUXPEH MPOUCXOJAUT B HEKOTOPOM IPOMEKYTKE

[a;B] ¢ uentpom B 4 :O(Tﬂg n03<a<p<l.

12
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B paGore [7] npuBeaens! opmyma Ui BEIYUCICHUS TPUCOSTUHEHHON Macchl cheponsa,
JIBIDKYIIETOCS B HANIPABJICHUU MEHbIIEH noimyocH (ocu Bpamenus Oz):

_4 2y C _4 31 _
(4) A33 —gpna bﬁ = gpnr k33 = mk33.
3nech a U b Oonbinast ¥ Majas moiyocu cheporaa, m macca AUIONS, k33 Kod(duimeHt

MPHUCOEAMHEHHON MacChl TPU MOCTYNATEeILHOM JIBIKEHUH BIOIb ocu Oz, a C — HEKOTOPBIH
Oe3pa3MepHbIi KOG OHUIMEHT, BRIYUCIAEMBIH 10 (hopmyIie:

q-arcsin( fl—q2>

2

b
l.q =
1-q

ScHo, uto mpu g = 0 cdepoun BBIPOKAAETCSA B INIOCKYIO OKPY’KHOCTb. 3HAUEHHE
g = 1 cootBercTBYeT cdepe, npudeM (opmyia (5) B 3TOM CIydae JaeT HEONPEAEIEHHOCTh

3
c0—0co. B camom Jene, IpEMEHHB paszioxkeHHe arcsin(x) = x -+, nonyuum limC =
g—1
C

L 49 _o[1_ 122 -Cc _1
2[m—g]_2[2 6]_3. Torpa  ks3(1) =57z=7

chepsl Az3 zépmﬁ.
_ _ C _ _C
lpu q =0, C=2, a ;—-=+00 U 1O HENPEPBIBHOCTH ACHO, uT0 k33(q) = 5= MoxKeT

1 o
MPUHUMATh JTFOObIC 3HAYCHUS HA MHTEpBaNe [5; +00), mpuuem ki3 (q) SBJIsIETCS yOBbIBarOIIeH

, YTO U J1aeT IPUCOEIUHEHHYIO Maccy s

GyHnkpenn ¢ MEUHUMYMOM k33 (1) :% (cm.puc.8). 3ameTuM, OJHAKO, YTO BUXPb HE MOXKET
CKaTbCsl B IUIOCKYIO OKPYXHOCTb (NP JIOPEJIATUBUCTCKMX CKOPOCTSX JIBUXKEHUS
oTHOcHUTeNbHO 3¢upa). M 3T0 eme ogHa NMpUUYMHA, MO KOTOPOH KOI(D(GUIMEHT ckaTusi q
noikeH Haxoxures B unrepsane g€ [0.3;1]. Tlpudyem nveHHo Ha 9ToM HHTepBaie ki3 (¢) Maio
OTJIMYAETCA OT JIMHEHHON 3aBUCMOCTH.

W3 (4) BUIHO, YTO U1 OLIEHKH CPEJHEr0 3HA4YEHUs IPUCOECIUHEHHOW MacChl /133
JOCTATOYHO YCTAHOBUT CpeIHEe 3HaueHue ee KodddurmenTa kg (7) na npomexytke [a;6]. U

TorNa: ~ .
(6) Azz = mks3

Cpennee 3HaueHHE k33 GyneM HCKaTh 10 popmyITe:

oo [fk33dlq

U3 ananusa rpaduka kzz(g) (puc.8) sicHo, 4To cymectByer Touka o = 0.5508, B
kotopoii  k33(q1) = 1. Mbl npeamnonaraem, 4T0 UMEHHO OHA H SBISETCS LEHTPOM (TOYKOI

v a+
PaBHOBECHUS) OCUMIIIALUKN (o = Tﬁ, B YaCTHOCTH IOTOMY, 4TO k33 =1 W COOTBETCTBYET cuie

naBiieHus: 3¢upa, paBHOM SMIUPUUYECKH HAOMIOAAEMOM «cuiie mpoTuBoaercTBHs» U3 33H.
Jlanee MbI IPHBOANM TAOJIHNIY 3HAYCHHUH k33 IpH pasHbIX [a;f].

Tabnuua 1. Ycpeanennsie 3HaueHNs KO3 (HULIMEHTA MPUCOETNHEHHOW MacChl
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[a;B] | [0.5;0.6] | [0.45;0.65] | [0.4;0.7] | [0.3;0.95]
B
j kysalg | 01005 0.203 0.309 0.634
a "

k33 1.005 1.015 1.03 0.975

Tpu nepBbIX NOTYUYEHHBIX 3HAUECHUS E33 yOeKaI0T, UTO UMEHHO () U SIBISIETCS TOUKOH
paBHOBecusi. Eciam mocuuTats eme cpeaHeapuMeTHueckoe OT 3HA4eHUi E33 B IOCJIEHEN
CTpOKe TaOIuIIb! 1., TO OKOHYATENBHO [TOJIyYUM, YTO E33 =~ 1.006. Hy>xHO noHumars, uro hopma
JIMTIONSE MEHSIETCS HE TOYHO B COOTBETCTBHE C (OpPMOH ceponsa, 4TO MPUAAET HEKOTOPYIO
CTOXaCTUYHOCTb IPOLECCY OCLMILIALMI qunoneil. M B cuiry Toro, 4Tto aumonei B MakpoTese
KpaiiHe MHOI0, TO HAauMHAeT padoTaTh 3aKOH OOJbLIMX yucesl. HBIMM cloBamMH, C y4ETOM
BCEX HEJIMHEHHBIX U CTOXAaCTUYECKHX (PaKTOpPOB, OMMCAHHBIX BBIIIE, MOXKHO CUMTATh, UTO
E33 =1. Uto npu mojactaHoBke B (6) W MaeT cpelHee 3HAYEHUE MPUCOSTUHEHHON MacChl

cheponna:
2133 = mE33 =m

To ecTb A33 B CBOIO 0Uepe b MPOCTO paBHA Macce BUXPS m. Takum 00pa3oM Ha YCKOPSIOIIHNACS
BUXPH Tes1a M2 co cTOpOHBI 3dupa IeUCTBYET CUIA!

H :—133W2 =—mW2

Ecnu Tenepp mpocyMMHpOBaTh TaKME CHJIbI MO BCEM BHXpAM Tena M2, TO Mbl
OKOHYATEJIbHO TMOJYYUM, YTO CO CTOPOHBI d(upa Ha M2 nelcTByeT Cuiia CONMPOTHUBIICHHS

a¢dupa
I=- niy W2

Nwmenno cuna I 1 ecTh Ta camast «cuia MpoTHBOJEHCTBUA» U3 TpeThero 3H, xotopas
TOPMO3UT yckopsitomiee Teno MI1! Tonbko BO3HMKaeT oOHa HE OT «IIPUPOJHOTO
IPOTUBOJEHCTBUSA» CO CTOPOHBI yckopsiemoro tena M2, xkak ayman HpooToH M MHOrume
Hatypduiaocodsl U GU3MKK B MPOILIOM, a OT PEAKTUBHOI'O B3aUMOJCHCTBUS YCKOPSEMOTO
Tena ¢ 3pupoM. DPup MpensaTcTByeT yeckopenuto M2 u uepes ero CYC oka3bpIBaeT TOPMO3SIIee
Bo3nencTBre Ha M1.

Kak yxxe ormeuasnoce paHee, eciu Obl 3QUp HE CYIIECTBOBAJ, TO MPH CTOJKHOBEHUU
M1 u M2 Hugero ObI HE TIPOUCXOIIIIO U 00a Tena OE3BIHEPIIMOHHO TPAHCIUPOBAIHCH OBl CO
ckopocthio V1 Bmomp Ox. Hu o0 KakoM B3aUMHOM YNPYroMm CKaTHUU M MPOYHX CHIIOBBIX
B3aUMOJICHCTBUAX HE MOMIO Obl ObITh M peud. TOJIBKO HalIU4YMe TPEThEro areHra
B3aUMOJICHCTBUS — MUPOBOTO 3(Hpa, 1aeT BO3MOXKHOCTh ABYM T€JIaM B3aUMOAEHCTBOBATH TaK,
KaK Mbl U Ha0JII0JJaeM B PEabHOCTU: CKUMAThCS U OOMEHUBATHCSI UMITYJILCAMU 11O (OpMyIaM
(3), a He mpocTO OJTHOMY OBITH BEIYILIUM, a JPyromMy BeloMbIM. COOTBETCTBEHHO, M 3aKOHBI
COXpaHEHMS PHEPTUHU U UMITYJIbCA JUTS 3aMKHYTHIX MEXaHHUECKUX CHCTEM paboTaeT 1o TO ke
npuyrHe. TakuMm 00pa3oM, Mbl NPUILIH K OYEHb NpocToMy oObscHeHuio 3-ro 3H: cuma
npoTuBoelcTBUs (3ameyisromas M1) co3maercst 3dupom H3-3a THAPOAMHAMHYECKOTO
3¢ dexTa NprUCcCOeTMHEHHBIX MacC.
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K coxanenuto, 6oree Cl0OKHBIE ClIlyyal B3aUMOJCHCTBUS TeN MEKAY COOOH, a Takxke
ciydau askeHuid TBepabix e B HUCO ocrarores nmoka 3a paMKaMy HallluX pacCMOTPEHUMN
B CHJIy HX CJIOKHOCTH. BBICKa)XKeM OCTOPOXKHOE MPEIOJIOKEHUE, UTO U B ITUX CIIydasiX BCE
BO3MOXHO  OOBACHUTb PEAKTHBHBIM  B3aMMOJEHCTBHEM  YCKOPEHHO  ABMKYLIUXCS
OTHOCHTEJIBHO 3()MPHOT0 MHEPLUATIBHOTO (JOHA TEJ M CUCTEM OTCUETa ¢ MUPOBBIM 3(UPOM, B
KOTOPBIA OHM IOTPY’KEHBI U TOPOKIEHUEM KOTOPOI'O OHH U SIBJISIOTCS.

3AK/IFOYEHUE

Takum 00pa3oMm, Ha OCHOBaHHMM IMPOCTON BUXPEBOW MOJEIHM TBEPABIX MAKpOTeEl, a
TaK)Ke MIMPOKO U3BECTHBIX MPUHIIUIIOB THIPOIUHAMUKHU UICAIbHON HEC)KMMAEMOM KHUKOCTH,
a HWMeHHO — mapaaokca JlamamOepa, yCIOBHS paBHOBECHS] KUIAKOCTH U TPHUHIUIA
MIPUCOCTMHEHHBIX MAacC JJIsl MOTEHIIMATbHBIX MOTOKOB, YIAAJIOCh HAWTH JOBOJBHO IPOCTOE
OOBSCHEHHE, TOXaTyld, CaMbIM 3araJloYHbIM TOHATHSAM KJIACCHYECKOW (PU3UKU |
teopetnueckoit mexanuku — MCO nu HUCO, cunam UHEpLIMU U IBUKEHUIO TEJ MO MHEPIIUH.
HNCO okazamucy mnpocto mobas CO, ABWKYyIIAsACS WM TOKOSIIASACS OTHOCHUTENBHO
onHopoanoro moroka 3¢upa. HUCO - 3710 Takuwe CHUCTEMBI OTCYETa, KOTOPBIE ABIIKYTCS
YCKOPEHHO OTHOCUTEIBHO 3TOr0 MOTOKA. ECIK Teno ABMKETCS MOCTYNATENIbHO U C TOCTOSIHHOM
CKOPOCTBIO OTHOCHTENHHO 3(Upa, TO OHO HE HCIBITHIBAET CO CTOPOHBI 3(Hpa HUKAKOTO
MaKpOCHJIOBOTO BO3JCHCTBHUSI M JIBIKETCS B 3TOM ciiydae B cootBeTcTBuMU ¢ 1 3H. 3ro,
NEHCTBUTENLHO, IBM)KCHHUE TI0 nHEepIMU. OTHAKO U JBMIKEHHUE Tela C MOCTOSHHON CKOPOCTHIO
10 KPYT'y B KAKOM-TO CMBICJIE MOKHO CUMTATh JBHKCHUEM 10 «MHEPLHUM», XOTS Y HETO U €CTh
HEHyJeBoe yckopeHue. Bosnukawomas B 3Ttom  ciaydae [[BC  ypaBHOBemuBaeT
HEHTPOCTPEMUTENBHYIO CHITY (PEaKiusi HUTH, CUJIa YIIPYTOCTU, TPABUTAIIHS ) U TENIO TBUKETCS
B YCJIOBHSIX PaBEHCTBA CHJI. DTO, KOHEYHO, MPOTHUBOPEUYHUT aKcuomaruueckomy (DitnepoBy)
M3II0KEHUI0 MEXAaHHMKH, HO 3aTO Ooyiee COOTBETCTBYeET ¢u3uke mpoucxossmiero! Hamomaum,
4yT10 y HhFOTOHA BOTYOK JIBUXKETCS 10 «uHepum»! T.e. He mpoTuBOpeyuT Pusuke, a HAOOOPOT
el cooTBeTcTBYeT. TYT MOKHO 3aMETUTh, 4TO caM HpoTOH (hopMynupoBast cBoil BTOpOH 3aKOH
HECKOJIbKO MHAYe, YeM 9TO CTAJIO IPUHSATO B JAajbHeNeM: «3akoH 2. 3MeHeHne KoamdecTBa
JIB>KEHUS TPONOPLUHOHAIBHO TPUIIOKEHHOM JBHKYILIEH CUIIE M IPOUCXOJUT 110 HAITPABJICHHIO
TOM MPSIMOM, 1O KOTOPOU 3Ta cujia aerctByer». MubiMu cinoBamu, Hpl0TOH 1o yCKOPEHHBIM
JIBMDKEHUEM MOHUMAJ ABMKEHHE, MPUBOAAIIEE K U3BMEHEHUIO KWHETUYECKOW SHEPTUM TeJla.

Bo3moxHO, UMEeHHO 3Ta (popManucTHUecKasi KOJUIM3US U SBHJIACh OJHOW U3 MPUYMH,
o Kotopoi Ha mpoTspkeHun 250-300 et pa3BUTHS HayKa Tak M HE CMOIJIA pa30o0paThes C
«3aragkoiy uHepuuu. MHpiMH cioBamu, >GupHAs NPUPOAA MHEPIHH U 3aKOHOB HproToHa
ObUIM BOJIBHO MJIM HEBOJBHO IPUHECEHBI B JKEPTBY METOAOJIOTHYECKOMY (opManu3my
(axcmomMaTH4ecKHii MoAX0/1) U BO3HUKILIEMY Ha ero nouse popmanuzmy UCO-HUCO. A npu
TakoM noaxoae camu CU npeBpaTuiuch B XUMEPY U3 HMOTKY/Aa BO3HUKAIOIIMX U B HUKYJa
Ucue3aonmx «QUKTUBHBIX» CWiI MUpo3aaHus. Yem tombko He oO0bicHsumice CU u
MHEpLIMaJIbHbIE CBOICTBA TEN - OT «BPOXKIEHHOW» HPHUPOJIBI, JO OTKPOBEHHO HEBEPHOIO
NPUHIMIA  SKBUBAJICHTHOCTH  (MHEpUMS U TPaBUTALUS  OYEBHIHO  COBEPIICHHO
Pa3HONPUYMHHBI) U YK COBCEM SK30TUYECKUX TOPCHOHHBIX mosied. B ciydae ke adupHOro
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I0JIX0/J1a BCE ATH XUMepbI paccenBaroTcsi, a CH npuoOpeTaroT cTaTyc JeraibHbIX U peaabHbIX
¢u3udeckux cui npupoabl. Benb B KOHIIE KOHIIOB IMPUPOJa HE 00sI3aHa MOAYHHATHCS HAIIUM

MCTOHOJOTUYCCKUM IMPEATIOUYTCHUAM.
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ETHIROHYDRODYNAMIC MODEL OF INERTIA

Buylin Igor.A.
Moscow, Russian Federation;, bumast@gmail.com

Abstract. A simple explanation of the most mysterious classical mechanics and theoretical physics
concepts - inertial and non-inertial reference systems, the forces of inertia, the motion of bodies by
inertia on the basis of a simple vortex model of solids and D’Alembert's paradox, as well as on the
equilibrium conditions of incompressible fluid and the principle of attached masses for potential flows
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are proposed. Based on the obtained model, it was possible to give a new interpretation of Newton's
three laws.

Key words: Newton's laws (NL), inertia, inertial forces (IF), inertial reference system (IRS),
centrifugal force (CF), ether, D’ Alembert's paradox, hydrodynamic dipole.

INTRODUCTION

Perhaps, one of the most mysterious phenomena in physics is the phenomenon of inertia.
All material bodies possessing mass are exposed to inertia. Therefore, it is necessary to call
"universal" not so much gravitation, but inertia. And, it would seem, in such a situation, the
theory of inertia, the theory of inertial forces should have been developed in physics. However,
in reality we observe rather the opposite [9, p.3]. Inertia has been the Terra Incognita of physics
and mechanics for 400 years. Let's start with the fact that inertia is built into Newton's three
fundamental laws (NL) in some hidden form. Thus, all of them are fulfilled only in the so-called
inertial reference systems (IRS). The ability of bodies to move uniformly and rectilinearly in
the absence of forces, i.e. the first NL, is possible only in IRS and in no other way! But what is
IRS? How to define them? By and large, science is silent about it, except for the attempts of E.
Mach and the like scientists. In other words, science does not know why some frames of
reference are inertial and others are not. In addition, during the accelerated motion of bodies
there are "mysterious" or, as they are also called, "fictitious" inertial forces (IF). Their
"mysteriousness" is seen in the fact that they emerge as if they have no material causes: they
arise from nowhere and (as if) have no material carriers. This is in contrast to real forces caused
by the action of some bodies (or force fields) on other bodies. Moreover, in non-inertial
reference systems (NIRS) the forces not caused by any bodies and fields begin acting on the
bodies, unless, of course, we argue that there are some fields of inertia in the NIRS, which
generate [F. How real are IF? - Alas, science has no clear answer to this question. All these
questions in physics and mechanics were simply hidden in the formalism of IRS-NIRS, and, so
to speak, "swept under the carpet". Thus, we read in the book by G. Shipov [10, p.21]: "The
problem of forces and fields of inertia in classical mechanics and in other sections of physics is
one of the confusing ones. The fact is that inertial forces do not satisfy Newton's third law, so
there are difficulties in dividing them into external and internal in relation to an isolated system.
Our knowledge of these forces has hardly changed since 1. Newton. In A. Pace's famous book,
The Scientific Work and Life of Albert Einstein, the author notes: "In my opinion, the problem
of the origin of inertia has been and remains the darkest issue in the theory of particles and
fields. In our country discussions on the problem of inertial forces periodically arise in 20-30
years. The main questions that are discussed are as follows: are the inertial forces real, what is
their source; are they external or internal forces in relation to an isolated mechanical system?
An analysis of the material in theoretical mechanics textbooks shows a lack of consensus on
these questions. For example, on the question of whether the inertial forces are real or unreal,
opinions are distributed (approximately) as follows: 60% of the authors believe that IF are
unreal; 20% that they are real; 10% that some of the inertial forces are real and some are unreal;
and 10% of the authors skirt this question altogether. IF are observed in accelerated frames of
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reference, so I. Newton, L. Euler, E. Mach, A. Einstein and many other researchers considered
these forces as real".

It would seem that if one tried to attribute some material carrier or cause to the IF, the
most important candidate for this role would have been the world ether back in the 19th century.
Until the beginning of the 20th century, it was considered by all physicists as the prime cause
of all physical phenomena. It is the interaction between the world ether and moving bodies as
the cause of inertial phenomena that could have been the guiding thread that would have led
physics to an adequate solution to the riddle of inertia. If this had happened in the 19th century,
it might have provided irrefutable proof of the existence of the ether, in addition to the
Michelson-Morley and D. Miller experiments [1]. The implications of this could have been
invaluable for the development of natural science in the 20th century. But, alas, this did not
happen!

ETHERIC MODEL OF A SOLID BODY

So, absolutely natural hypothesis capable to throw light on the solution of the problem
of inertia consists that inertia and inertial properties of bodies are generated not by mysterious
"forces of counteraction" from the third NL and not less mysterious IRS, but by presence of
world inertial ether background and interaction with it of all bodies resting and moving in
relation to it. It is necessary to admit that, unfortunately, the detailed quantitative theory of
interaction of macrobodies with ether does not exist yet. Thus, in a recently published
fundamental monograph on the ether theory we read [2, p. 41]: "At present, there are no
experiments to determine the equation of state of ether. Therefore it is necessary to use these or
those hypotheses and to check their adequacy by comparing the consequences of these
hypotheses with the facts known from experiment". That is why, for the ether-dynamic
explanation of the gravitational force, the authors of the mentioned work resort to the
generalized model of a test body as a vortex in ether, as well as to a number of other
generalizations. For similar reasons, in our reasoning we too will stick to such generalized
vortex models of macrobodies, without unnecessary detailing.

Thus, in our further reasoning, we will proceed from a number of simplifying
assumptions. Here are some of them.
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1). Ether will be represented as an ideal incompressible fluid capable of appropriate
potential flow around microparticles (vortices) of which any (macro)body consists.

2). A body on a micro-level will be represented by us as a lattice with vortices, or
hydrodynamic dipoles, in its nodes. Instead of molecules, atoms, nucleons and nuclides, of
which a macrobody actually consists, in our model they will be replaced by a vortex lattice (see
Fig. 1). For simplicity, we will assume that, depending on the state of the body, the vortices
themselves are either spherical or may be slightly deformed. Nodes of the lattice are connected
by a system of elastic bonds (SEB), which, in particular, keep the shape of the macrobody,
transfer external forces to the vortices of the lattice, but have no mass.

3). It is quite clear that the macrobody is not impermeable to ether flows. Therefore, we
will assume that only vortices of the vortex lattice (VL) are practically impermeable to ether,
while all internal space of VL is practically "purged" by ether. This space itself, in fact, forms
a system of channels for the ether that blows them out. At different accelerations of a macrobody
its vortices naturally experience force influences on themselves from the ether flowing in the
channels. Summing up these forces on all vortices of the body, we will receive an IF of this or
that type. At the same time, we will consider the force influences of the ether on the lattice
vortices as if a single vortex moves in the ether.

Further, in accordance with the established tradition in theoretical mechanics, we will
consider three types of motion of a body (bodies): straight line and translational inertial motion,
motion with constant velocity along a circle in a fixed plane and translational accelerated
motion along a straight line.

INERTIAL MOTION
According to the first NL, inertial motion is uniform and straight line. In this case, the
macrobody M can both move and rest relative to a homogeneous (plane-parallel) ether flow, or

this flow itself can move relative to M with its constant translational velocity -V_oo. Then it is

Fig. 1. Macrobody and its vortex lattice moving in a
homogeneous ether flow with constant velocity -Veo.
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possible to take such a flow itself (the body M is at rest relative to the ether) as an IRS. In all
such cases there is no force impact (pressure) on the body M from the ether. Why? The reason,
in our opinion, is D’ Alembert's paradox [8, p.210 or 7, §69] known from hydrodynamics of an
ideal liquid. Such stationary flows of ether, even penetrating into channels of body M, carry out
vortexless flowing (rot(V)=0) of vortices of lattice M, and, hence, do not produce any force
impact on its vortices. Consequently, they also do not provide resistance to the translational
motion of the body M as a whole. In this case, the arising ether flow blowing out channels M
can have an arbitrary (prerelativistic) velocity. At relativistic velocities, the ether flow inside
M becomes discontinuous or even turbulent. We will not consider this case.

If a body M moves progressively, uniformly and straightly relative to some frame of
reference, which itself moves uniformly and straightly relative to the ether background, such a
body also moves uniformly and straightly relative to the ether by virtue of Galilean addition of
speeds. That is why any such RS is an IRS in itself! Thus now it becomes clear that the inertial
reference systems are the ether itself and all RSs which move in it progressively and uniformly
and straightly, and all others are NIRSs.

And it is D’Alembert's paradox that leads to the powerless version of motion in this

"

case. This solves one of the "killer’s" arguments attributed to Newton himself: why the
movements of the celestial luminaries (solar system (SS), or primary planets) are not slowed
down, if all space in the solar system (SS) is filled with ether. The answer becomes quite simple:
the ether potentially flowing around a body does not exert a force pressure on it by virtue of the
ideality of its flow (absence of vortices, etc.)! In the case of accelerated motion relative to the
ether, the ether exerts a force effect on the planets and satellites, generating inertial forces (FIT),

without which STs simply would not work. But this will be discussed further.
CIRCULAR MOTION

Now we consider a uniform planar rotation of body M (as a homogeneous elastic solid
sphere with mass center O and radius r) around its center Z with radius of rotation R=20 with
frequency o (Fig. 2). Then, in a frame of reference rigidly connected with M, a stationary plane-
parallel ether flow runs over the body M with a variable velocity V = wR, where R is the shortest
distance from Z to an arbitrary point of the flow. In this case, it is possible to represent a separate
vortex in the vortex lattice of the body in the form of an ellipsoid of rotation, which flows around

a plane-parallel circular flow of an ideal etheric fluid. Then from the liquid
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Fig. 2: Body M in a circular stationary ether flow

wr?_
2

equilibrium condition we have: p + p const, whence p = pw?7[5, Ch. 2]. Then, as follows

from the Ostrogradsky-Gauss formula,the ether drag force acting on the surface S of the vortex
is equal to:

— — - -V )2 - o >3
H :_fspmﬂs :_fvvp@av: fvazmwzf’T“fver: pVw?R = maw?R,

Where m and V are the mass and volume of the vortex, Rand 7 are the radius vectors
of its mass center and the radius vector of a point on the surface of the vortex drawn from the
axis of rotation to these points and perpendicular to this axis.

Thus, the ordinary centrifugal force (OCF) acts on an individual vortex on the part of
the ether flow that flows around the vortex. The OCF is directed, as it should be, across

(normally, H,, =0) to velocity V of the vortex mass center opposite to the rotation axis, which
justifies its name "centrifugal force"! Moreover, the OCF is, in fact, a kind of Archimedes force.

It is clear that OCF acting on individual vortices of body M leads to appearance of OCF
acting on the whole body as well. For simplicity, let us continue to consider this question on
the example of a homogeneous solid sphere M rotating uniformly along a circle with radius of
rotation R.

Then the OCF H acting on M will be the sum of the OCF forces H; acting on the i-th
vortex M.

H :Ei=1 Hl',
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Where N is the number of vortices in the body. Let 7 and 7; are the radiuses vectors of
the mass center M and the mass center of the i-th vortex belonging to the solid sphere, drawn

from the origin of coordinates. At the same time, R and R; are similar vectors, but drawn from

the axis Oz and perpendicular to it (Fig. 3) and Ei = 77' —7. Then

=
Tl

Fig.3.Circular motion of the body M around the

N —
> _MYisi"i_1@N (2,77, 1N 7 N 7 —
7= Nlm = NEizl (r + hi) =7 +ITIEZ'=1 h;. Wherefore Y h;=0.
And since the velocity of the mass center of the i-th vortex is equal to wR;,, we finally
obtain

— — A2—> — - g - 2
H=yN H;= Zﬁlﬂ%l{i=mwzzﬁ7(1{+hi) = Nma’R = Mw’R = M%--

=l

Where M is the mass of the whole solid sphere, V is the velocity of its mass center. So,
not only individual vortices, but the whole macrobody M is affected on the part of ether by the

2 . . . .
OCF equal to A% This is that "mysterious" force of counteraction, about which Huygens wrote

[3], stretching the string being fastened to which the solid sphere rotates performing uniform
circular motion along the circumference. In fact, it is created not by the solid sphere on the third
NL, but by the ether. We are talking about transverse motion or centrifugal force of inertia,
which in fact is the force of resistance from the ether to change the direction of motion of the
body M. And this is assuming the fact that in the longitudinal direction M is not exposed to any
resistance from the ether.

And here we come close to an interesting topic, about which much has been broken: if
the OCF is real, then a solid sphere fastened to a string, or an astronaut in a space station, move
although in a circle, but in the condition of equilibrium of forces? From the point of view of
traditional mechanics, this is absurd, because the solid sphere and the astronaut are moving
accelerated! But then such motion should be described by the 2nd NL:
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(1) mid=F

Here F is the centripetal force, or CPF, (string tension, gravity, etc.). Where is the OCF
here, where is the sum of forces equal to 0? It's very simple:

@) Fomi=F+(m2¥=0
2R
RR
CPF F gives physically more correct picture of what happens. It is not without reason that

In this formulation, — ma,, or more exactly —m is the OCF, its sum together with

Newton, in his famous work [6] after formulating his 1st law, as one of the examples of inertial
motion cited the motion of a gyroscope wheel! "The thrown body continues to hold its motion,
since it is not slowed down by air resistance and since gravity does not induce this body
downward. A gyroscope wheel, which parts, due to their mutual adhesion, divert each other
from rectilinear motion, does not cease to rotate (uniformly), since this rotation is not slowed
down by air resistance. Large masses of planets and comets meeting less resistance in free space
keep their both translational and rotational motion during much longer time [6]. "

Of course, it may be argued that (2) there is nothing but the D’ Alembert principle for
NIRS. This is certainly true, although the D’Alembert principle itself is just a convenient
abstraction designed to somehow describe what is going on, but it obscures the physics of that
very thing. Here comes the semantic collision between universality and axiomatics of three
NLs in their traditionalist statement and this simple and strange case of motion in a circle with
the zero sum of forces. After all, even schoolchildren know that an elastic body rotating
uniformly along a circle on a thread experiences stretching along this thread [4, v.1, p. 227],
i.e. behaves as an elongated spring. But springs do not stretch by themselves, but stretch only
under the action of forces applied to both (!) their ends. One force acting on the solid sphere is
the reaction force of the thread, but what is the second force stretching the solid sphere in the
other direction? Our answer is obvious: it is the OCF, the force of interaction between the solid
sphere with the ether.

It is the OCF that causes so many different phenomena in real life, such as cars tipping
over when entering a turn at too high speed, the need to create a slope towards the turn for
cyclists when they turning, and many other things. And it is the OCF combined with gravity,
that creates weightlessness on manned space stations. And therefore it is quite real, not

"fictitious" as it seems to many people.

ACCELERATED MOTION ALONG A STRAIGHT LINE
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Finally, the last case of body motion is the accelerated motion of a body along a straight
line under the action of an external force. Let us consider this case using a simple example of
central collision of two masses M1 and M2 moving with velocities V1 and V2 in a straight line

Fig. 4. Central collision betwen
bodies 1

in the same direction along the axis Ox of a stationary frame of reference such that V1>V2.
Upon that, the body M1 runs down the body M2, and at some point they elastically and centrally
collide resulting in an exchange of momentum between them. The bodies themselves move
along a plane without friction, and for simplicity they have the shape of spheres (Fig. 4). If V;
and V, are the velocities of bodies M1 and M2 after the collision, and mq and m, are their
masses, then, as known:

V= 2my Vot (my—my) V4

3 mq+iiy
( ) _ 2m1V1+(m2—m1)V2

VZ m1+m2
Wy = Vi=Vy _ 2my(Vy-V4)

At (mq+my)At
W, = Vy-Vy _ 2my(V1-Vy)

Ay (m1+m2)At

Where wq and w, are the accelerations of bodies M1 and M2, respectively, obtained by
them from each other upon their impact, and At is the time of impact. From the view of
accelerations, it is clear that M1 slows down, since it is obvious that Wy <0, and M2, on the
contrary, accelerates.

and

24



What happens to M1 and M2, so to speak, on a "macro-level"? If the IF does not exist
at all, then M2 would have to start moving instantly along with M1 as soon as M1 catches up
with M2 at speed V1. However, the reality is somewhat different. As soon as M1 comes into
contact with M2, both bodies, in addition to forward motion, begin to contract, and M2 will
increasingly accelerate, and M1, on the contrary, will slow down during the whole At, as if
forming a single spring (or vibrational circuit) M1M2, which first contracts exactly due to the
action of IF (Figure 5), and then, on the contrary, uncompresses due to the action of elastic
forces due to the presence of SES in the bodies. At the moment of their maximum expansion,

A

A
¥=a

/

B =

b
—_—

iz
\\/

Fig.5: Spherical dipole in a stationary flow. ¥ is the current function.

both bodies start to separate relative to each other, and the M1M2 "spring" disintegrates into its
components (if T is the period of oscillation of MIM2 system, then At = 3/4T). In fact, this is
the elasticity of interaction in classical mechanics.

Since spontaneous compression of springs is not observed in nature, the described
elastic interaction between two bodies can only be explained by the action of some external
force, i.e. an IF. The reasons for the appearance of the IF should be sought at the microlevel,
1.e. at the level of interaction between the vortex lattice of bodies and the ether relative to which
they move.

Before their collision, both bodies were in the established stationary equilibrium current
relative to the ether, or more precisely, currents. However, at their impact, these equilibrium
currents are broken and become unsteady and accelerated. Because of this, a separate vortex of
the body M2 is subjected to a pressure force H from the ether, being opposite to the axis of
motion Ox:

H=-A3W,
Where A33 is the coefficient of the attached mass of the vortex along the Ox axis. It is

known that in the case of spherical vortex A3 = %npr3= %m, where m is the mass of the vortex
and r is its radius [5, §§79-80]. Wherefore
1

H=—Yimw
p M2

In reality, according to our assumptions, by virtue of the fact that the vortex is not a
solid, as it is usually accepted in hydromechanics, and by virtue of increasing pressure on the
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vortex boundary in the longitudinal direction, the vortex deforms in a certain way. It takes the
form of a spheroid of rotation, but flattened in the direction of motion. We believe the reason
for such a reaction of the vortex to squeezing from the ether is the fact that in the stationary flow
of the ether (see Fig. 5) as an ideal fluid, with velocity V., its pressure on the circular boundary

of the dipole which axis is directed by the flow speed, is distributed according to the law
_ Vaaly 9. 2
P=Ptp > (1 150 9)
Where p,, are V, are the pressure and velocity of the ether at infinity, p is the pressure
at an arbitrary boundary point, 0 is the polar angle of that point in the spherical coordinate

system, which in turn is obtained from Bernoulli's equation and because the modulus of the
flow rate at the dipole boundary is distributed according to the formula V = % Veosin® [7, §69].

Thus, the pressure at the boundary is maximum at critical (polar) points A and B, at =0 and
n, and equals to p =p +%pV§o. At midship (equatorial) points C and D, at 6 = £n/2, p is

minimal.

Having accelerated relative to the ether due to the force impact from the SES of its
macrobody, the vortex begins to experience excessive pressure especially in the vicinity of
critical points A and B. At the same time, the additional pressure generating the pressure force
acting on the spherical dipole is created by the accelerating ether flow only due to the derivative

of the perturbed potential — p%, taken with the minus sign. Then the additional pressure on

the surface of the spherical vortex will be:

dpy _ prcosO dv

_ rcos6dV
P ot 2R2 it

2t

=(R=r)=p
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Here 7 is the dipole radius. The analysis of this formula shows that it is equal to zero at
the midpoints (at the equator of the ellipsoid) and maximum at the critical points (at the poles).
This distribution of the overpressure potential of the streamline flow (see Fig. 6 in which the

excess pressure zones are marked by red arrows) during the accelerated motion of the vortex

X A

)

W
b

b
R
\
)

Fig. 6. Dipole spheroid and overpressure during the accelerated motion

leads to a change in the shape of the vortex from a sphere to an ellipsoid flattened in the direction
of motion. Indeed, the shape of the dipole boundary is determined by the equality of pressure

gradients of the outer flow and its inner flow. A change in one pressure value leads to a change

91
ot

compresses and throws the dipole forward along the Oz axis into the region of lower pressures,

in the other, and hence to a change in the shape of the boundary. The excess pressure — p

which gives its boundary a spheroid or flattened ellipsoid shape (see Fig. 6).

The force impact from the SES pushes the spheroid back to the region with increased
pressure. Thus, from our point of view, all this leads to the fact that vortex spheroids at the
moment of acceleration At of M2 body experience some oscillatory motion in the lattice with
continuous change of their elliptical shape (in first approximation), which can be described by
some change in their eccentricities e or compression ratios q in a certain range. And in order to
estimate the force effect of the ether on the vortex in this case, it is necessary to estimate what
this range can be?

For this purpose, we need to understand a number of other points. Increasing the
pressure outside a body leads to its increasing in the internal flow within the dipole
accompanied by a temporary slowing down of its average velocity. This should be expressed
in the shortening of current lines and the length of the spheroid perimeter compared to the length
of the corresponding circle at the stationary flow. However, such deceleration cannot continue
without interruption. In fact, before the collision, the circulation inside the vortex in the body
M2 was characterized by a dipole momentum of 1, = 2773V, with Vo, = V5. After the collision,
however, when M2 starts moving in a stationary way with the new velocity V,= WAt + V>,
the dipole moment will increase and obviously become equal to i1, =213V, So the
momentum must somehow increase, and on the condition that the volume (mass) of the dipole
is conserved, isn’t it? But when squeezing the dipole, the average circulation velocity in it
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should fall, increasing the internal pressure and reducing the momentum m,, isn’t it? It seems
to be a contradiction here. However, such reasoning is true only in the stationary case when
Ve = const. In the case of accelerated motion, however, we must say that V., = WrAt + V5.
This means that during oscillations of shape and position relative to the SES under conditions
of volume conservation, the vortex experiences internal circulation oscillations along current
lines as well.

At all mentioned oscillations, the attached mass of the vortex oscillates as well.
Therefore, we will try to estimate not this mass itself, but its average value.

As it 1s known, the length of ellipse L with semi-major axis a and eccentricity e is
expressed through the complete elliptic Euler integral E(e) of the second kind as:

T
2

L = 4aE (&) =4af /1 —e?cos?pdp
0

If a flattened dipole is derived from a globular dipole of radius 7, then the condition of

equality of volumes (masses) of two such dipoles gives a’b = a%q = r3. From where we obtain

And finally for the meridian length of any such dipole with compression coefficient g =

4rE| [1-¢% ~
=4rE(q).
- )

Unfortunately, E(e) is not an elementary function. Therefore the graph of the function

V1-¢e?we obtain:  L(g) =

B E| [1-¢?
E(q) —Q had to be plotted wusing the program  wolframalpha:

https://www.wolframalpha.com/ (see Fig. 7).

From the analysis of the graph we can see that there is an interval of values of the
compression coefficient ge[0.3;1], for values q of which the lengths satisfy the expression
L(q)<2mr, 1.e. the lengths of meridians of spheroids are shorter than the circumference of the
globular dipole. That, as we supposed, leads to shortening of the current lines inside the
flattened spheroids with such g. Therefore, it is natural to assume that the above oscillations of
the shape and size of the vortex spheroids occur within a certain interval [a, /] centered at gy =

# and 03 <a <p<1.

In [7] the formula for calculating the attached mass of the spheroid moving in the
direction of the smaller half-axis (rotation axis Oz) is given:

4 Azp= %pnuzb& = %pﬂi’gkgg = mks3.

Here a and b are the major and minor hemispheres of the spheroid and m is the mass of
the dipole, k33 is the coefficient of attached mass in translational motion along the axis of Oz,

and C is some dimensionless coefficient calculated by the formula:
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with wolframalpha.
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2

(5) C=-2[1-

=t
1_q ]9q_a

1-q
It is clear that at g= 0 the spheroid degenerates into a flat circle. The value g= 1

corresponds to a sphere, and formula (5) in this case gives the uncertainty co-oo.

g9

. .o, . . 3 . .
In fact, applying the decomposition arcsin(x) = x + %, we obtain limC =2 ﬁ - g] =
q—1

2 [% —%] = % hen ks3(1) = & = 51, which gives the attached mass for the sphere A33 = %pnr?’.

When g= 0, C=2, and &ZJroo and by continuity it is clear that k33 (q) = &can take
any values on the interval [%; +o0), and k33 (q) is a decreasing function with minimum k33 (1) =
% (see Figure 8). Note, however, that the vortex cannot shrink into a flat circle (at
prerelativistic velocities of motion relative to the ether). And this is another reason why the
contraction coefficient ¢ must be located in the interval q € [0.3;1]. And it is on this interval
that k33 (q) differs little from a linear dependence.

From (4) we see that to estimate the mean value of the attached mass A3, it is
sufficient to establish the mean value of its coefficient k33 (9) on the interval [a;P]. And then:

(6) Asz = miks
We will find the average value of k33 by the formula:

;o !5"33@“7
kaz =
-«
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From the analysis of the graph k33 (q) (Fig. 8) it is clear that there is a point g ~ 0.5508,
in which k33 (q1) = 1. We assume that this is the center (equilibrium point) of the oscillations
qo = O‘T”Lﬁ Below we give a table of values k3 at different [a;B] (Table 1).

Table 1. Average values of the attached mass ratio.

[oB] [0.5;0.6] | [0.45; 0.65] | [0.4;0.7] | [0.3;
0.95]

B

J kzdq | 0.1005 0.203 0.309 0.634

a

k33 1.005 1.015 1.03 0.975

The first three values of ks obtained convince us that qo is the equilibrium point. If we
calculate the arithmetic mean of kssvalues in the last line of Table 1, we finally obtain that k33
~1.006. It should be understood that the dipole shape does not change exactly in accordance
with the spheroid shape, which gives some stochasticity to the process of dipole oscillations.
And due to the fact that there are extremely many dipoles in a macrobody, the law of large
numbers begins to work. In other words, taking into account all nonlinear and stochastic factors
described above, we can assume that E33=1. This, when substituted into (6), it gives the average
value of the attached mass of the spheroid:

Agz = mE33 =m
That is, Assis in turn simply equal to the mass of the vortex m. Thus, a force acts on the
accelerating vortex of body M2 from the part of ether:
H=-ApW, =—mW,

If we now sum up such forces on all vortices of the body M2, we finally obtain that M2

is acted on the part of ether by the ether resistance force
[ =—myW,

It 1s the force I that is the same "force of counteraction" from the third NL, which brakes
the accelerating body M1! It only arises not from "natural resistance" on the part of the
accelerating body M2, as Newton and many natural philosophers and physicists in the past
thought, but from the reactive interaction of the accelerating body with the ether. The ether
prevents the acceleration of M2 and, through its SES, has a decelerating effect on M1.

As noted earlier, if the ether does not exist, nothing would happen when M1 and M2
collided, and both bodies would inertially translate with velocity V1 along Ox. No mutual
elastic compression and other force interactions would be; they were out of the question. Only
the presence of a third agent of interaction, the world ether, makes it possible for the two bodies
to interact the way we observe in reality: to contract and exchange impulses according to the
formulas (3), and not just for one to be the master and the other to be the slave. Accordingly,
the laws of conservation of energy and momentum for closed mechanical systems work for the
same reason. Thus, we came to a very simple explanation of the 3rd NL: the counteracting force
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(slowing down M1) is created by the ether because of the hydrodynamic effect of attached
masses.

Unfortunately, more complicated cases of interaction between bodies with each other,
as well as cases of motion of solids in NIRS remain so far beyond the scope of our consideration
due to their complexity. Let us make a cautious assumption that even in these cases everything
can be explained by the reactive interaction of bodies and frames of reference moving
accelerated relative to the etheric inertial background with the world ether, in which they are
immersed and the generation of which they are.

CONCLUSION

Thus, based on the simple vortex model of solid macrobodies and widely known
principles of hydrodynamics of an ideal incompressible fluid, namely the D’ Alembert paradox,
the liquid equilibrium condition and the principle of attached masses for potential flows, we
have found a fairly simple explanation of perhaps the most mysterious concepts of classical
physics and theoretical mechanics - IRS and NIRS, the inertial forces and the inertial motion
of' bodies. The IRS turned out to be simply any RS moving or resting relative to a homogeneous
ether flow. NIRSs are such reference frames that move acceleratedly relative to this flow. If a
body moves progressively and with constant velocity relative to the ether, then it does not
experience any macroforce influence from the ether and moves in this case according to the 1st
NL. This, indeed, is inertial motion. However, the motion of a body with a constant velocity in
a circle can also in a sense be considered as a motion by "inertia," although it has non-zero
acceleration. The CFF arising in this case balances the centripetal force (reaction of a thread,
elastic force, and gravitation) and the body moves under the conditions of equality of forces.
This, of course, contradicts the axiomatic (Eulerian) statement of mechanics, but is more
consistent with the physics of what happens! Recall that Newton's gyroscope wheel moves by
"inertia"! That is, it does not contradict physics, but rather corresponds to it. Here we can notice
that Newton himself formulated his second law somewhat differently than it became accepted
later: "Law 2. The change in the quantity of motion is proportional to the applied driving force
and occurs in the direction of the straight line in which the force acts. In other words, Newton
understood accelerated motion as motion resulting in a change in the kinetic energy of the body.

Perhaps it is this formalistic collision that was one of the reasons why during the 250-
300 years of development of science they have not been able to solve the "mystery" of inertia.
In other words, the etheric nature of inertia and Newton's laws were willingly or unwillingly
sacrificed to methodological formalism (axiomatic approach) and formalism of IRS-NIRS,
which appeared on its basis. Under such an approach, IFs themselves turned into a chimera of
"fictitious" forces of the Universe appearing out of nowhere and disappearing into nowhere.
What was used to explain IF and inertial properties of bodies: from their "inborn" nature to
frankly wrong principle of equivalence (inertia and gravitation are obviously completely
different causes) and to quite exotic torsional fields. In case of etheric approach, all these
chimeras dissipate and IF acquire the status of legal and real physical forces of nature. After
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all, nature is not obliged to obey our methodological preferences.
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