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AHHoTanusg

B craThe paccMOTpeH OuH KuHEMaTHuecKuii mpuHuun otHocutenbHocTH (I10) Habnroaareneit ooObekTa
(Komepuuka) u mects nunamudeckux [10 nabmronateneit oobekra (I"anunes, HproTona u DifHmiTelina), a Tak
xe [1O obbekta HabmoneHus (mpuHuun cummerpun) u [10 onHoBpemenHocTH HabmoaeHus (pu stoM [10
I"anunes u HeroToHa B X (OPMYNHpPOBKE, a Takke DHHIITEHHA B €r0 BTOPOM, T.€. OKOHYATENIbHOH,
(dhopmyTupOBKE, KOTOPYIO OH eMy nai yxe nocie cozaanust CTO, rie oH ObUT HCTIOB30BaH B IEPBOM
(bopMyIMpOBKE, TAKOBBIMH HE SBJISIIOTCSA, @ €CTh IPUHIUIBI SKBUBATIEHTHOCTH YCJIOBUNA MPOBEIECHUS
IKCIIEPUMEHTOB). Pe3ynbTaToM Uccie0BaHus, KaK YUCTO TEOPETHYECKOTO, TaK U TPH MPOBEICHHH
BBIYHCIIUTENBHBIX DKCIIEPUMEHTOB HA MATEMaTUUYECKUX MOJIEIAX Pa3IUYHBIX CUCTEM, ABJISETCS BBIBOJ O TOM,
YTO B IPUPOJIE HE CYIIECTBYET HU oAHOro AuHamuueckoro 110 nabmrogareneit oobekra u [10 oObekTa
HabmoaeHus, Ho kuHematnueckuit [10 nabmonareneit oobekta u [10 o1HOBpeMEHHOCTH HAOIIOIEHUS
cymectBytOT. [Ipn aTom 1O omHOBpeMEHHOCTH HAOIIOICHHS, KOTOPBIH SIBISETCS CIEICTBHEM KOHEYHOU
CKOpOCTH Tlepesiaur HHPOPMALMU OT 0OBEKTOB J10 HAOII0AATeNsl, 3HAYMTENbHO HCKaXKaeT HaOIr01aeMble
JIaHHBIE 11 UCTIOJIb30BaHus UX B kuHeMaTnueckoM 10 Habmonareneil o0bekTa. Tak ke B mpupoie
CYUIECTBYIOT U YaCTHbIE U YACTHO-OOIIME MPUHIIUIIBI SKBUBAJICHTHOCTH YCIOBHUM MPOBEIEHUS IKCIIEPUMEHTA
(T"anunes, HeroToHa 1 DiHIITEIHA), KOTOpBIE B Y4eOHMKAX MYTAlOT € KJIAaCCUYECKUMHU U penatuBuctckumu 10,

HO O6HI€FO IMPpUHIUITIA SKBUBAJICHTHOCTH, ITOJIOKECHHOT'O DOUHIITEHHOM B OCHOBY €I'0 TCOpHHU I'paBUTAlIMU, T.C.
OTO, B mpupoje HE CYUIECTBYET.
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Bsenenue

B Hacrosee Bpems CylmecTByeT mecTh TMHaAMUYECKUX MPUHIUIIOB oTHOocuTenbHOCTH ([10) Habmonareneit
oObekTa u oauH kuHemarnueckuit [10 nabmogateneit oopexta. Ho cymecrBytror emie [1O oobekTa
HaOmoneHus (mpuHuun cummerpun) u [10 onHOBpeMEHHOCTH HA0IIOICHUS, TOBOPS O KOTOPBIX s Beeraa 0yay
JlaBaTh MX MOJHOE Ha3BaHue, a nuHamudeckue [10 s yamie Bcero Oyay Ha3pIBaTh O€3 YTOUHEHUS, YTO ITO
muaamuueckue [10 madmronareneii oobpekra. Bot Toipko HasBaHue [10 He Mg Bcex 3TUX AUHAMUYECKUX
MIPUHIUIIOB MTOJAXOAUT U Yallle Bcero Mbel umeeM jeno He ¢ [10, a ¢ tuHaMuyecKkuM IpUHITUIIOM
skBuBasieHTHOCTH (I13) ycroBuit mpoBeneHus 3KkcepuMenTa (TEpMUHOIOTHS pasienenust pazauunbix [10
npeasiokeHa MHO0). M 31ech pu pacCMOTPEHUH BCEX 3TUX MPUHIIUIIOB BAXXHYIO POJIb UTPAIOT CUCTEMBbI
0TCYeTa, B KOTOPBIX MbI paccMarpuBaeM nauHamudeckue [10 unu 113, T.e. NpUHIUIIBI, KOTOPBIE TO3BOJISIOT
VIPOCTHUTH MO3HAHUE 3aKOHOB MPUPOIBI MITH BBITIOJHEHUE MPAKTUYECKUX PacueToB. A 0c000€ MECTO 3/1eCh
3aHUMAIOT uHepuuanbHble cuctembl orcyera (MCO), T.e. cucTeMbl OTCUeTa, B KOTOPBIX LIEHTP MacC HEKOTOPOi
M3y4aeMOil CUCTEMBI TEJ ABUKETCS MPSIMOJIMHEMHO U PABHOMEPHO, T.€. LIGHTP MACC CUCTEMBI TEJ ABUKETCS 110
WHEPIIMHU, a IBIKEHUE Tell ONUChIBaeTCA B KoopauHaTax cucteM orcuera (CO), Hayaio KOTOPBIX HAXOJIUTCS B
3TOM IIEHTPE MACC UJIU B KAKOM TO BHIOPAHHOW TOUKE OTCUYETa Ha MPOU3BOJILHOM TeJ€, IBHKYIIEMCS
paBHOMepHO BMecTe ¢ 3Toi CO u ieHTpoM Macc cucteMsbl Tell. A 'y HproToHa 1 u3peaka y DUHIITEITHA MBI
BCTpEYAEeM M y yKa3aHue Ha TO, YTO JBMXKEHUE TEJI MPU STOM HAJI0 pacCMaTpUBaTh OTHOCUTEIBHO JIPYT ApyTa.

[Tpu aTom CO MOTYT OBITH IEKAPTOBBI, IIHJIUHAPHYECKHIE, ChepuiecKre 1 T.1., HO Hac OyAyT HHTEPECOBaTh B
ocHOBHOM JiekapToBsl CO. 1 B 3aBucuMOCTH OT TOro, B Kakoil CO MbI paccMaTpuBaeM JIBUKEHUE CUCTEMBI TEJ,
nuHamuueckue [10 ObIBatoT yacTHBIMU (clienuanbHbIMU), T.€. U1 LCO: 310 knaccuueckue [10 INanwies u
Herotona, a Tak xe penarusuctckuii [10 OiiHiuTeiHa, T.€. B €ro ClequalbHON TEOPUH OTHOCUTEIIBHOCTH
(CTO), wactHo-06ummu: 3to kinaccuueckuii [10 Hetotona u penstusuctckuii [10 DitHinTeiiHa 1j1st cUCTEM Tel,
LIEHTP MaCcC KOTOPBIX JABUKETCS MPSIMOJIMHEHHO U PABHOYCKOPEHHO, 1 o0mmMu: 310 110 DiiHmmreitna s
CUCTEM TeJ, IBUKYIIUXCS IPOU3BOJIbHBIM 00pa3oM (B 000MX MOCIEIHUX CIydasX JBUKEHHUE TeJl ONUCHIBAECTCS
B HenHepiuaibHbix CO, T.e. B HelICO). Xots Jlanaay, KOTOpBIN SIBISIETCS CIABHBIM MTPOIOJDKATENIEM JIeNa
Jlarpanxa u ['aMuiIbTOHA, CUMTABUINX, YTO (PU3MKA 3TO MIPOCTO OAMH U3 Pa3/esiOB MAaTEMATUKH, JAET U APyroe
onpeaenenue s MCO, a umenHo - B MCO npocTpaHCTBO OTHOPOAHO M U30TPOITHO, a BPEMS OJJHOPOJHO, U,
cooTBeTcTBeHHO, B HeMICO 3TOr0 He HabmtoaeTcsa. A BO3HUK Bech ATOT pasroBop o [10 nocine Toro kak
KonepHuk 3asB1j1, 4TO BO3MOKHO UCTUHHBIM JIBUJKEHUEM SIBIIsSIETCA BpallleHue 3emin Bokpyr CosHa, a He
Hao00poT, x0T BUaUMOe JBrxkeHne CosHIla BOKPYT 3eMiu Oy/IeT OJIMHAKOBBIM B 000UX CITydasix.

UYro kacaercs yacTHbix 110 T'anunes u HetoToHa, TO B yueOHMKaxX Ux omnbo4Ho Ha3biBatoT 110, T.K. u3nararor
uX B TpakToBKe yacTHOro 10 DitHmTeiiHa, HO A KIAaCCUYECKUX 3aKOHOB, XOTA B (DOPMYIHPOBKE CaMHX
aBTOopoB 3TuX [10 onM sBAst0TCS Y HUX [13. TouHo Tak ke u yacTHO-001TMEe [10 HhtoTOHA 1 DitHIITElHA 1
oommii I1O Ditnmretina Toxe saistoTcesa He [10, a I19 vo g uelACO, 1.¢. umenHo [10 sSBISETCS TONBKO
yactHbii [10, 1.e. 11a UCO, B hopmynupoBke DitHiTeiHa, a Bce octanbHbie [10 sBastores 113, Ho s B
JabHEUIIIeM BCE OTU MPUHIIUIIBI, KaK 3TO M MPUHSITO B yueOHHUKAX, Oyay Ha3biBaTh [10 U TONBKO B OTIEIBHBIX
ciydasix Oyay akIeHTHPOBAaTh BHUMAHUE Ha TOM, 4yTO 3T0 uMeHHO [13, a ve [10. A, 4T00BI BBI Cpa3y MOHUMAIIH
pasHuity Mexay Bcemu 3tumu [10, 51 BKpaTIiie 00bsSICHIO, 4TO, HampuMep, yacTHeIi [10 yTBepkaaer, 4ro,
Ha0Ir01as1 32 KaKuM TO siBieHueM u3 pa3Hbeix UCO, nmwxkymuxcst oTHocuTenbHO ucxoanoi UCO, rae u
MPOTEKAET ATO SBICHHE, MBI MTOJIYIUM pa3Hbie BuauMble u3 3tux MCO HabnrogarensHbie JaHHBIE, HO TI0O HUM
MBI TIOJTYYUM OJMHAKOBBIC 3aKOHBI MPUPO/IBI, KOTOPBIE OYIyT ONMHUCHIBATH ATO SIBJICHUE, U OJIMHAKOBBIC
PE3yNbTaThl pacueTa ¢ UCIOJIb30BAaHUEM ATHX 3aKOHOB M HAOIIOAaeMbIX TaHHBIX. A yacTHbIN [13 yTBepxknaer,
YTO, HAOIIO1as 32 KaKuM TO siBJieHHEM B ucxoaHoi MCO u 3a TeM ke sIBJICHUEM, TPOTEKAIOITUM B
npousBoisHOM MCO, r/1e MBI cO37a)I1 YCIIOBUS MPOBEACHUS SKCTIEPUMEHTA (MIIH MIPOTEKAHUS ITOTO SIBICHUS)
SKBUBAJIEHTHBIE TeM, 4To ObutH B uicxoaHoi MCO, MBI MOTyYuM Te e camble HaOII01aTeIbHbIC TaHHbIE U,
€CTECTBEHHO, T€ K€ CaMbl€ 3aKOHBI TPUPOJIBI U TOT K€ caMblil pe3ynbTar. [Ipu sTom Bce nuHamuueckue [10
JOJDKHBI OTpaXkaTh OOBEKTUBHBIC 3aKOHBI MPOTEKAHUSI MPOIIECCOB B IpHpoe, a kuHeMatndeckuit [10 orpaxkaet
CyOBEKTUBHOE BOCIIPHUSITHE TIPOLIECCOB 1 ero nHorAa HazwBatoT emle [10 Konepranka. A 1O o6bekra
Habmonenus u [10 ogHOBpeMeHHOCTH HAOIIOCHHSI HE UMEIOT IPSIMOTO OTHOLIEHHS KO BCEM AMHAMUYECKUM U
kuHemaTudyeckomy 1O, HO OHM TECHO C HUMU CBSI3aHbI, IO3TOMY S MOSCHIO M UX CMBICII.



1O o6bekTa HaOMOIeHHS (IPUHIUIT CHMMETPHH) TIaCUT, 4yTo HaOmoaas u3 nepsoii UCO, nnmxymeincs
otHOocutenbHO BTopoi MICO, 3a TenoM, ¢ KOTOpHIM CBsizaHa cucTema orcuera Bropoid MCO, u Hao6opoT U3
Bropoit ICO, 3a TenoMm ¢ KOTOpBIM cBsi3aHa cuctema otcyera nepoit MCO, Mbl HE MOXKEM CKa3aTh Kakas U3
stux MCO nBmxkercs, a kakast mokouTcs. A I10 oTHOCHTETLHOCTH OJJHOBPEMEHHOCTH OTPa)kaeT TOT (akKT, 4TO
CHUTHAJI (3BYKOBOM MJIM CBETOBOI) OT pa3sNUyYHBIX Tel, Haxoasumxcs B 10060 MCO nmm nelICO, nocturaer
Ha0roaaTeNsl, T.€. Iprdopa WK YIIIeH U TJ1a3 YesloBeKa, Haxoasmuxcs Kak B 3Tux sxe MCO umu HelCO, Tak u
B apyrux MCO unu HeICO (B To# e TOUYKE NPOCTPAHCTBA), HEOJHOBPEMEHHO (KPOME HECKOJIBKMX YaCTHBIX
CllydaeB) Jake B TOM Cily4ae, Korja ObLI HalpaBiieH K HaOII0AaTeNo OT STUX TeJl WM OTAEIbHBIX YacTel
oxHoro Tena ognoBpeMenHo. Kcratu, B CTO s1u aBa [10 He ucnonsiytorces, xots 110 oO6bexTa Habm01eHUA
BBITEKAET U3 3TOU TeopuH, a o [1O oqHOBpEeMEHHOCTH HAOIIOACHHS DUHINTEHH B CBOMX CTAThsIX PACCyKIaeT
Jaxke 04eHb yacTo. A BOT B kiaccuke [10 oqHOBpeMeHHOCTH HAOII0IEHHUS U3BECTEH JIaBHO U C YCIIEXOM
MIPUMEHSIETCS, HalpUMep, aCTPOHOMAaMH MTPH 00paboTKe JaHHBIX HAOIIOACHUI 3a IJIaHETaMHU, KOTJIa BUAUMbIE
KOOP/IMHATHI IJIAHET YTOYHSIOTCS Ha BPeMsi ABMKEHHSI CBETa OT IJIAHET J10 HAaOJII0JaTessl, YTOOBI MOIYUUTh JUIS
BCEX IUIAaHET UX UCTHUHHBIC KOOPAUHATHI HAa OJIUH U TOT K€ MOMEHT BpEMEHH HAOIIOICHHUS.

Ja, kak OyzieT moka3zaHo B cTaThe, HUKakux AuHamudeckux [1O B mpupojae He cyliecTByeT, HO B KAKOM-TO
MPUOIKCHUN OHH B IIPUPOJIC BHITIOTHSIIOTCS U 3TO IMO3BOJISIET 3HAYUTEIHHO YIIPOCTUTH MaTEMATHIECKOE
OMMCaHUE SBJICHUN MPUPOIBI, ECITH MBI IPUMEHSIEM YacTHBIC MM YacTHO-001ue [10 msa paccmMoTpenust 3Tux
siBJICHUI. Besb, Kor/ia CKOpoCTH Tell KaKOM-TO CUCTEMBI TeJl, OTPaXalolnuX Kakoe-To siBjaeHue, 1 CO oTcuera,
13 KOTOPBIX MBI Ha0JIt0/1aeM 3a MOBEICHUEM TEJl, 3HAUUTEILHO MEHBIIIE CKOPOCTH PACIIPOCTPAHCHUS
B3aMMOJICHCTBUS MEK/y TEIAMH U CKOPOCTH IepeIadul HHPOPMAITUH K HAOII0AATeIIsIM, HaXOISIIUMCS B
Pa3IMYHBIX JBUKYIIMXCSA CUCTEMaX OTCUYETA, MBI ITOJIy4aeM OUeHb OJI3KUE Pe3yIbTaThl, HAXOIACh B Pa3HBIX
CO, 4TO0 MOXHO HCIOJIB30BaTh JJIsl MPAKTUYECKUX JUHAMUYECKUX PacueToB, KOTopbie B ogHoi u3 CO
noJsrydarotcs Haubosee npocteiMu. Hanpumep, Konepuuk 3actaBuin 3emitto Bpamarhesi BOkpyr CoiHIla BO
MHOT'OM UMEHHO U3-3a Toro, yTo B CO cBsi3anHOM ¢ CONHIIEM KUHEMAaTHUYECKUE PACUETHI MOTYy4ar0TCs
HauboJee MPOCTHIMH U, XOTS Mbl OyZieM TOBOPUTH B OCHOBHOM 0 nuHamudeckux [10, HO BkpaTie s
OCTaHOBIIOCH U Ha kuHemaTuueckoM 110, 1.e. I1O KonepHnuxa.

[Ipu 3TOM y HaC Mo ompeneNeHNI0 BCE U3MEPsieMble HAMU BETTUYUHBI SIBJISIOTCSI OTHOCUTEIBHBIMHU, T.K. BOOOIIIE-
TO, CJIOBO OTHOCUTEIBHOCTh UMEET CMBICI CPABHEHUS YEr0-TO OJJHOTO C YEM-TO JAPYTUM, T.€. Mbl MOXKEM
CKa3aTh, 4TO JICBOE JIEPEBO BHIIIE TTPABOTO WJIH, YTO OHO BHIIIE MTPABOTO B J1Ba pa3a wiu Ha 3 metpa. U
CpPaBHHMBATh MBI MOX€EM JFOObI€ BETUYHUHBI, HATPUMED, CKOPOCTHh OJHOTO TEJIa OTHOCUTENBHO JIPYroro Teia Uin
OTHOCHUTENBHO BbIOpanHOM CO win, HanpuMep, BpeMsl IBUKEHUSI CUTHaJa (CBeTa, 3ByKa WK MOTeHLKazia) 10
OJTHOTO HAOMIOAATENS U 10 Apyroro HabmoaaTens. Takum 00pa3oM BCe STU BETMUYUHBI MOTYT OBITh
OTHOCUTEIILHBIMHU, a JIF00ast TEOPHsi, UCTIOJIB3YIOIIasi 3TH BEIMYMHBI, OY/IET MO ONPEIeIEHNUI0 OTHOCUTEIHHOM,
HO Y HaC yCTOSJIOCh OIIMOOYHOE MHEHHUE, UTO TOJIbKO Teopusi oTHocuTenbHocTH (TO) DiiHIITeHA HCTIONB3YET
OTHOCUTEJFHBIE BEJIMUYUHBI U TTO3TOMY OHa U Ha3zbiBaeTcst TO. U naxe, Korjia KTO-TO TOBOPUT CIIOBAMU U3
necHu B. Briconkoro, yTo "Bce OTHOCUTENBHO, BCe", TO OH UMeeT B BUy MeHHO TO DitHmTeiiHa.

Ho Teopus DitHmireitn HazpiBaeTcss TO moToMy, UTO OH OTpa3uil B HEH CBOIO BEJIMKYIO HJIEIO O TOM, UTO,
BOIIPEKH yTBepKaAeHusM [ anmuies 1 HploToHa, MBI MOXKEM TTOJTYYUTh UCTUHHBIE (PU3HUECKUE 3aKOHBI TIPUPOIBI
M0 BUAUMBIM (KKYIIUMCsI) HAM KOOPJIMHATAM M CKOPOCTSIM Tell, KOTOPbIe MBI HA0II0/1aeM U3 PA3IMYHBIX
NCO, nemxymmmxcst oTHocuTeabHO apyroit MCO, rae mpoTekaeT Kakoi To (u3ndecKuii mporecc (3a TeaMu
KOTOPOTO MBI M HA0JIF0[aeM), T.K. Y HaC TIPU 3TOM CaMH YPaBHEHUS, OTPAKAIOIINE 3aKOHBI JABMIKECHHS dTHX TEJ,
MoJTy4JaTcsl OIMHAKOBBIMH. K cokalleHnI0, B COBPEMEHHBIX yUeOHUKAX BBl HU TJI¢ HE HAHETEe TAKOTO
pazwsicueHus cmbicia [10 DifHinTeiHa, T.K. B HUX CTapaloTcs He KacaThes pu3ndeckoi ctoponsl 3toro 10, a
M3JIararoT TOJIBKO €ro MaTeEMaTUYECKyI0 cTopoHy. Ho y DiiHIITEliHa MBI MTHOT]a HAXOUM U BITOJIHE
JI0X0UMBOE 00BsICHeHUE pu3rueckoro cMmbicia ero [10, Hanpumep, BOT B 3Tol crathe 1917 roaa [7, ctp. 560],
KOTOpasi IMEET TO/[3ar0JI0BOK (00IIIEIOCTYITHOE U3JIOKEHHE), XOTS TYT MOHO MOHATH ero [10 u kak [13.

"IlpumenenHolil HaMu NPUHYUN YMEepI*HcOaem He MOIbKO MO, YMo O ONUCAHUS 1100020 CODbIMUSL 8 Kadecmeae
mena omcuema MOHCHO 8b10pAMb KAK 8A20H, MAK U NOJOMHO 00pocU (ImMo makdice o4yeduono). On
ymeepacoaem 3HavumenbHo bovliee: eciu 0owue 3aKoHbl NPUPoObl PopMyIUPOBams 8 Mom ude, KaKk OHU
NOIYYAIOMCS U3 ONbIMA, NONBL3YACL 8 KAuecmeae meia omciema: a) NOJOMHOM dHcene3Hol 0opoau, 6) a20HOM,
mo smu 0bwue 3aKOHbl NPUPOObl (Hanpumep, 3aKOHbL MEXAHUKU UTU 3AKOH PACHPOCMPAHEHUS C6eMd 6



nycmome) 6y0ym cosepuleHHO 0OUHAKOBLIMU 8 000UX CIYYAAX. DMO MONCHO MAKIHCE 8bIPAZUMb CEOVIOUUM
o0bpaszom: 013 uzuueckozo onucanus npoyeccos Hu ooro uz men omcuema K, K' ne gvioeneno cpeou opyeux.”

A Taxke HaM OyeT mojie3Ha U BOT 3Ta ero craTths 1938 roma [16 ctp. 456], koTOpast HamKcaHa B TyXe KOMUKCa
Y TIO9TOMY TYT DUHIITEHH HE MHIIET HAYKOOOPa3HO O TOM, YTO YPABHEHHSI 3aKOHOB IIPUPOJIBI IOJDKHBI OBITh
WHBApUAHTHBI K IPEOOPA30BAHUIO KOOPAWHAT U BPEMEHH, @ OTKPBITO MHIIET /I "TyNbIX" YUTATENICH, YTO 3TH
YpaBHEHHUS MIPU HAOTIOACHUHN 332 KAKUM TO SBJICHHEM pupo bl 3 pasHbiXx MCO HODKHBI TOIYYIUTHCS OJTHU U
T€ e, XOTS IIPH 00pabOTKe TaHHBIX HAOIOICHUH MBI OYyZIeM MCII0JIb30BaTh B KKI0M cirydae (B pasHbix CO)
pa3HbIe HaOIIOIaTeIbHBIC TaHHEIC.

"Paccmompum cayuai 08yx cucmem, OmMnpasisioumuxcs U3 HeKOmopo2o NYHKma u OBUNCYUUXCS NPIMOTUHEUHO
U PABHOMEPHO Opye OMHOCUMENLHO OpYed C U38eCMHOU cKopocmvio. Tom, Kmo npeonoyumaenm KOHKpemHble
npeocmasieHus, Moxcem Oymams 0 Kopabie uiu noe3oe, 0BUNCYUeMcsi OMHOCUMeNbHO 3emau. 3aKoHbl
MeXaHuKu mMo2ym 0vims NOOMEEPAHCOEHbl IKCNEPUMEHMATILHO C 0OUHAKOBOLU CIMENeHbi0 MOYHOCMU KAK HA
3emne, max u Ha noeszde uiu Kopaobue, 08UNCYUWEMCS NPAMOIUHENHO U pasHoMepHo. Hekomopoe 3ampyoneHue
B03HUKAEM JULUb M020d, K020a HAb00amenu 8 06eux cucmemax Ha4uHarm o0Ccyicoams pe3yiomamsl 00HO20
U MO20 dHce coObIMUsL C MOYKU 3PeHUs cBoeli COOCMEEHHOU cucmembl Koopounam. Kascoomy xouemcs
nepesecmu Hab0OeHUs OPY2020 HA C80U cOOCmMBeHHbll A3bIK. ONnamv npocmou npumep. 00HO U Modice
08UdCEHUe Yacmuybl HAOAO0Aemcs U3 08yx cucmem KOOPOUHAM - ¢ 3eMau U U3 noe30d, 0BUICYUe20CsL
npAMouHelno u pasnomepro. Qbe cucmemvl unepyuaibHol. "

371ech TOJIBKO HAJO ClIeJaTh OJTHO NOSICHEHUE O TOM, YTO DUHIITENH Aaxe B 1938 roay npogoikaet "myrarbes”
B 3aKpBITHIX (M30IMpOBaHHBIX OT BHemHero Mupa) MCO, rie Hu BHEIIHKE Tella HE MOT'YT BO3/€CTBOBATh Ha
paccMaTpUBaEMyl0 HAaMH CUCTEMY TeJl U HUKaKUe CUTHaJIbl He MOTyT NOKMHYTh 3Ty MCO, T.K. OHa 3aKpbIBaeT
(3KpaHUpyeT) HEIPOHULIAEMBIMH CTEHKAMHU 4acTh [IPOCTPAHCTBA C CUCTEMOM paccMaTpUBAEMbIX HaAMU TEIl, YTO
Heobxoaumo i coomoaenus I13, u B otkpeiThix MCO, Korza Haia cucteMa Teil He U30JIMpyeTcs, a I03TOMY
nyraet Habmoaenus "B" MCO u nabmonenus "uz" UCO, 1.k. s ero [10 HyxHBI Ha0M01eHISI UMEHHO "U3"
NCO. A npu rpaMOTHOM U3JI0KEHUH B PUBEIEHHON IUTATe, Hal0 ObLIIO BMECTO (ppa3sbl "kak na 3emue, max u
Ha noesoe unu kopabne' Hanucath "'Kak Ha 3emie, max u u3z noezoa uiu uz kopaoaa', 9to cieayeT u u3
CJIEYIOIIETO MPEIOKEHHs], I/1€ OH MUIIET, 4YTO OHU 00CYX/1at0T OJJHO U TOXKE COOBITHE U M3 BTOPOTO NMpUMepa,
I7ie TOBOPUTHCA 00 OTHOM UM TOM K€ ABM)KEHHE YAaCTHULIbI, @ HE pa3HbIX YaCTHIl, Haxosamuxcs B pasHbix MCO.
T.e. DMHIITENHH NHUILIET, YTO 3/1€Ch CaMO sIBJIEHHE MTpoTeKkaeT B Kakoil To ogHoit UCO, a HabmoaaThest OHO
MOJKET Kak B 3Toi (13 3Toi) sxe camoit UCO, Tak u u3 MuHoxectsa apyrux MCO. Ho, uroOs! HaOt01aTh TENA,
oTpakaroIlue npoTekanue kakoro-To siienus B oguoit MCO u3 npyrux MCO, Bce a3t UCO o6s3aTenbHO
JIOJKHBI OBITh OTKPBITHIMU (HE UMETh HUKAKUX dKPAaHOB, U30JMPYIOIIMUX Tejla OT BHEIIHETO MUPA) U MPH 3TOM
Tesa OyAyT elle U MOJBepraThCsi BHEIIHUM BO3JCHCTBUSAM OT APYIHX TEJ HE BXOSAIIUX B CUCTEMY Tell, 10
MTOBE/ICHHUIO KOTOPBIX MBI CYyJIUM O KaKOM-TO SIBJIEHUH (JaJiee s OCTAHOBIIIOCHh HA OTKPBITBIX U 3aKPBITHIX
cuCTeMax oTcuera 0osee moapoOHO).

Taxum oOpa3oM, ocHOBHas uies yactHoro 110 DiiHmTeiiHa 3aKkit04aeTcst B TOM, YTO, HaOII0ast 3a MOBEACHHEM
ten, Haxonsammxcs 'B" ucxoanou MCO, "uz" moboit apyroit UCO, Mbl OyeM mostydath pasHble 3HAYCHUS
HaOJII0AaeMBIX KOOPJIUHAT U CKOPOCTEH ATUX TEJ, HO IO ATUM 3HAUYEHUSM (IKCIIEPUMEHTAIbHBIM JAaHHBIM) MBI,
oOpabaTsiBast X, Bcerja OyJeM HaXOIUTh OJAHH | T€ K€ (PU3NYECKUE 3aKOHBI, OTPAKAIOIINE UX TToBeAeHue. 1
XOTS YUCTO MaTeMaTHYECKH Mbl MOKEM CKa3aTbh, 4YTO BO BTOPOM ciiydae Mbl HabJII01aeM NoBeeHHe Tell He "u3"
HNCO, nemxymieiics otTHocuTenbHO ucxoanot MCO, a "B" aemxymeiics UCO, rae y Hac coriacHo
npeoOpa3oBanusaM JlopeHna OyayT Ipyrue KOOpIUHAThI U CKOPOCTH TeJl, a TAKXKE MO-APyroMy OyJeT Teub
BpeMs, HO, HCXOs U3 (pr3nyeckoro cMeicia yactHoro [10 DitHmTeitHa, HaIO BCeria pacCMaTpuBaTh 3TOT
MPUHIUI KaK HaOJII0JJeHUE OJJTHOTO M TOTo ke pusnueckoro siBiaenus "u3" pazueix UCO. Bens on 8 CTO
paccMaTpuBaeT SBICHUS HE B KatoTe kopadist ['amunes, 1.e. B 3akpwitoit UCO, a Ha ero many0e, T.€. B
otkpsIToit UCO, T.K. TOIBKO B 3TOM CIIy4ae Mbl CMOXKEM OIPENENUTh X0Ts O ckopocTh ofHoi MCO
otHocuTenbHO pyroit UCO, ecnu nHabmonarenu Haxoaatcs BHyTpH atux MCO.

A u3 cpaBHeHMs 3TUX J1ByX BapuaHToB paccMoTpenus ero I10 "B" MCO u "usz" UCO cnenyeT BBIBOA O TOM,
4TO, MOJIEIUPYS, C UCIIOIB30BAHUEM MOIYUUBIIMXCS (PU3NUECKUX 3aKOHOB, IOBEJCHHUE TEJ B IPOU3BOJIBHOM



NCO (c HauanbHBIMU JAHHBIMHU, TIOTYYHUBLIIMMHUCS TIOCIIE UX MTPpeoOpa3oBaHus coriacHo JIopeHIy U3 HCXOqHOM
NCO B gBmwxytryiocs MCO) u, Habmogas 3a ux moBeaeHuemM "B" 31oit e apmwkytetics MCO, Ml Oyaem
MOJTy4aTh T€ K€ caMble 3HAYCHHS HAOIIOJaeMbIX KOOPIUHAT U CKOPOCTEH 3TUX TeJ, KaK U B cllydae, KOTJa MbI
Mozenupyem ux nosenenue "B" ucxogHou MCO, a Habmomgaem 3a HUMHU ((GUKCUPYST KOOPAUHATHI U CKOPOCTH,
KOTOpBIE MOJIyJaroTCs mociie mpeodpazoBanuii Jlopenna) "us" aBrkytieics oTHOCUTENBbHO Hee npyroi NCO,
T.e. OyJIeM ToJIy4aTh T€ K€ UX 3HaUeHHUs, YTO Mbl HaOmoaanu "u3" nerwxkymieics MCO npu peaasHOM
noBeieHnu Ten B ucxoaHor MCO. A BOT, Koria DWHINTEHH MUIIET, 9TO "3aKoHbl Mexanuxku mo2ym Ovlme
NnOOMBepHCOeHbl IKCNEPUMEHMATILHO C 0OUHAKOBOLL CMEeNneHbio MOYHOCMU KaK Ha 3emiie, maK u Ha noesoe uiu
Kopab.ie, 08UANCYUEMCsL NPAMOIUHENHO U pasgHomepHo.", TO 31eck ero [10 BocpruHUMAaETCsT HEOJHO3HAYHO,
T.K., Korja oH co3zaasai cBoto CTO, To oH 110xo noHuMai cMmbici cBoero 110 BciiecTBUE MOTHOTO OTCYTCTBHS
MIOHUMAaHHUS Pa3Inuuil MEXy OTKPBITBIMU U 3aKpbIThiMU CO 1 1103TOMy OH YacTeHbKO myTaetr cBoil 110
Ha0monaTeneit oobekra ¢ [1D ycnoBuii nmpoBenenus skcnepuMmenTta [amwies u HproToHa. A 101110 3TO /10 HETO
ToNbKO B 1912 romy u ganee s 0OCTaHOBIIOCH HA ’TOM MOMEHTE HOJpOOHO, PACCMOTPEB JBE €r0 (POPMYITHPOBKHI
ITO g pasabix MCO (OTKPBITHIX U 3aKPBITHIX).

[Ipu aTOM, paccmaTpuBas pa3audHbIC IPUMEPHI, Kak 00ocHOBaHKEe cBoel TO, OH MOCTOSHHO BBIJIACT
"BunuMbIe" IBMKEHUS 32 "MCTUHHBIE", T.€. peanbHbIe, HO ee [anunelt 1 HploTOH ueTko mucaiu, 4To Ha/lo
OTINYAaTh "BUAUMBIE" ABMKEHUSI, KOTOPbIE MOTYT MPOUCXOIUTH U 0€3 MPUIIOKEHUS K TeJlaM KaKuxX MO0 CHUL,
OT "UCTUHHBIX" ABUKEHUHN, KOTOPBIE MPOUCXOIAT TOJIBKO MPU PEAIbHOM BO3JICUCTBUH Ha TeJla KOHKPETHBIX
cuJI. XOTs1, MOXHO CKa3aTh M TakK, YTO DUHIITEHH MPOCTO MPUPABHSII B MPaBaX UCTUHHBIE U BUIUMBbIC
JBIKEHUSX, a 0TCIoAa U BBIBOJ B €ro [1O o ToM, uTo o BumuMbIM u3 pazHbix MCO nBHKEHUSIM MBI TTOTYYUM B
T000M cilydae OJMHAKOBBIE 3aKOHBL. A ATOT BBIBO/J] IIOJHOCTHIO IPOTUBOPEUYUT YTBEPKACHUAM U ["anuies u
HeroTona o Tom, 4TO Ha/I0 IO BUAMMBIM JIBHKEHHSIM OTIPEICIISITh UICTUHHBIE TBUXKEHUSI, KOTOPHIE B OTIUYHE OT
BUJIUMBIX JBMKEHUHN OMPEAETSIOTCS CHUIIaMU, IPUIOKEHHBIMU K TeJIaM, a BUANMBIE IBHKEHUSI MOTYT OBITh
IIPOCTO PE3YJIbTATOM ONTHUECKOro oOmaHa. U ["anuieil mo 3ToMmy noBoy NPUBOAUT IPUMED SIBIECHUS, T1I€
BUIMMOE JIBUYKEHHE TeJI, IPU HaOJ0AeHHH 32 HUMH u3 aBwkyieicst NCO, He SBasieTcss HCTHHHBIM [46 cTp.
193]

"Henenue smo 3axnrouaemcs 6 ciedyrwem: 100IM, UOYWUM HOUBIO NO Vauye, Kaxcemcs, 0yomo yHa uoem
mem Jice wiazom, Ymo u OHU, NOKA OHU ee BUOSIM CKOIb3sIuell 8001b 6000CMOYHBIX JHCel0b08 Ha Kpblute, HA0
KOMOPbIMU OHA NOKA3bIBACTNCA COBEPULEHHO MAK JHCe, KAK KOWKA, KOMOPAsi 0eUCmBUmenbHo, uos no Kpsiule,
cneoosana 6wl 3a Humu".

A Hb1oTOH, paccMaTpurBasi abCOIOTHBIE M OTHOCUTENbHbIE JIB)KEHUS, HE TOJIBKO Jajl MOAPOOHBIN aHaAIN3
BUJUMBIX (Ka)XKYIIUXCS) U HCTUHHBIX IBUJKEHUH, HO M ONUCAJl KOHKPETHBIN PUMEp, KaK ONpPeAeTIuTh UMEHHO
UCTUHHBIE JBkeHus. Hanpumep, on nucan [47 ctp. 34, 36]

”Hpuqqul npoucxoofcdeHuﬂ, KOmopbIMU pa3iudaromci UCMUHRHblE U KaddCyujuecs deuofcenuﬂ, Cymb me CuJiol,
Komopble HA0O0 K menam NpulooH U, ymoowl npouszeecmu smu osudicenus. Mecmunnoe abcontomrnoe ogudicenue
He MoJrcem HU npousoﬁmu, HU USMEHUMbCA UHave, KaKk om Oeticmeust CUJl, NPUTIOIHCEHHbLX Henocpedcmeelmo K
camomy 06u9fcyu;e/wyc;z meny, mo20a Kaxk OmHoCcUmenbHoe 08uUdCeHUe meid Moxcem Obimo u np0u3ee()eHo u
uzmeHneno oes NPUNLOICERUA CUTL K IMOM)Y mely, OOCWZCZWIOI{HO, umooOwl cubl ObLIU NPUIOIHCERbL K meM mejlam,
no OMHOUWLeHUN K KOnmopsviM 3mo osudicerue onpe()eﬂﬂemc;z "

"Pacnosnanue uCmuHHbIX 08UNCEHUL OMOENIbHBIX Mel U MOYHOE UX PA3CPAHUYEHUE 0N KANCYUUXCSL 8eCbMd
mMpyOHo, ub0O 4acmu moeo HenOOBUINCHO20 NPOCPAHCMEA, O KOMOPOM 2080PULOCH U 8 KOMOPOM
COBEPUIAIOMCIL UCMUHHbIE OBUNCEHUSL, He Owywaromcest Hauwumu yyecmeamu. OOHAKO 95mo 0elo He 6NOJIHE
besnaodedcroe. OCHOBAHUSL OJisL CYHCOEHUL MONCHO 3AUMCTNBOBAMb YACIBIO U3 KANCYWUXCSL OBUIHCEHULL,
nPeoCcmasisowux pazHoCMu UCMUHHBIX, YACMbIO U3 CUTL, NPEOCMABIAIOWUX NPUYUHBL U NPOSIGLEHUSL UCIUHHBIX
osudcenutl. Tax, eciu 08a wapa, COeOUHEHHbIX HUMbIO HA OAHHOM Opye om Opyad paccmosiHuu, 6yoym
06pawamvcsi OKOJI0 00uje2o UxX YeHmpa msxicecmu, mo no HAMANCEHUIO HUMU MOJICHO OyOem Y3Hamb
cmpemaeHue wapos K yOaieHuro om oCu 8pAujeHUs: U no Hemy 8bI4UCIUMb Y2l08yio e2o ckopocms. Ecau 3amem
HA NPOMUBONONONCHBLE CIOPOHBL UIAPOS 3ACMABUMb OCUCIBO8AMb PAGHbLE CUbL, MAK YmMOoObl OHU WU
VEeTUUUBANU, UTU YMEHLUUATU, KPY2OSPAWAMENbHOE 0BUINCEHUE, MO NO YEETUUUBUEMYCSL UTU NO
VMEHLUUUBUEMYCSL HAMANCEHUIO HUMU MOdCem OblmMb 0OHAPYIHCEHO Y8eNudeHue Uil YMEHbUUeHUe CKOPOCmU
OBUIICEHUS, U MAKUM 0OPA30M MOJNCHO OYy0em Hallmu me CMopoHbl WUAPO8, K KOMOPbIM HA00 NPUTIONCUMD



CuIbl, YMoobl yeenudeHue CKopoCmu OBUNCEHUSL CIMAL0 HAUOOTILUWUM, U 3HAYUM, HAUMU me CMOPOHbL WAPO8,
KOmopwie 00paujenvl N0 HanpaesieHulo 08UNCEHUS UL NO Hanpasienuto, emy oopamuomy. Koeoa smu nepeonue
U 3a0HUe CMOPOHBL OYOYM HAUlOeHbl, MO U 08UICeHUe OyOem 8NoiHe ONPedeneHo.

Taxum cnocobom moeno 6l 6bIMb ONPeOeseHO KOIULECE0 U HANPAGIeHUe KPY208020 O8UNCEHUS HYMPU
02POMHO20 NYCMO20 NPOCMPAHCMEA, 20€ He CYWeCmB08aI0 Obl HUKAKUX BHEWHUX OOCHYNHbIX YY8CMBAM
NPUBHAKOB, K KOMOPBIM MOICHO ObLI0 Dbl OMHOCUMb HOJONCEHUS UAPOS" .

ITpu sTOM, nepeBosas HproToHa Ha COBPEMEHHBIH A3bIK, MOXKHO CKa3aTbh, YTO UCTUHHOE, T.€. AOCOJIIOTHOE,
JBIKEHHUE TEJIa MOXKET OBITh TOJIBKO OHO - OTHOCUTEIIBHO a0COIIOTHOTO MPOCTPAHCTBA WIIM OTHOCUTEIIBHO
abcomoTHOH cucrembl orcuera (ACO), B KOTOPO MOKOUTCS APHP, @ OTHOCUTENBHBIX (MM MECTHBIX), T.€.
BUIMMBIX U3 pa3audHbIX OTKPBITEIX NCO (uiau B pa3nuyabix oTKpeITEIX MCO), IBHKEHHH MOXKET OBITH MHOTO.
KoHneuHo-xe, 0OueHb UHTEPECHO y3HaTh, YTO 10 3TOMY IIOBOJY Iucan Dilsiep B cBoel AHAIUTUYECKON
MeXaHUKe, T.K. MexaHuka Hpl0TOHa He aHaIMTHUYecKas, a onucaTesbHasl, 1€ MHOTO€ 3aBUCUT OT CMBbICTIA CJIOB,
HCI0JIb30BaHHBIX IIPYU OMMCAHUH, 1A U BCE JI0KA3aTEIbCTBA U PEIICHNUS 3a]1a4 Y HETO UJIM YUCTO OMMUCATENbHBIE
WIH C UCIIOJIb30BaHUEM I'€OMETPUUYECKHX IIOCTPOSHUH, YTO ceiiuac BOCIIPUHUMAETCSI OUE€Hb TPYJHO, T.K. Mbl
MIPUBBIKJIA K QHAIUTUYECKOMY OIKMCAHUIO U PELICHUIO 331a4. A COBpEMEHHbIE YUEOHUKHU CChLIAIOTCS TOJIBKO Ha
HeroToHa, X0Ts UMEHHO Diiiep MOTI CKa3aTh YTO-TO CYLIECTBEHHOE 10 3TOMY BOIPOCY, T.K. pazdoupaics B
MeXaHUKe Topasfo jydiie u HeroToHa u Jlarpanka BMecTe B3ATBIX, HO Y HAC (POPMHUPYIOT MHEHHE O
KJIAaCCUYECKOM MEXaHMKe [T0YeMy-TO 10 Tpyiam nocieanux. K coxaieHuto, B MOEM pacopsHKEHUU UMEeTCsl
IIEPEBO/] TOJIBKO MEPBOT0O TOMA €r0 AHATUTUYECKON MEXAHUKH, I7I€ OH pacCMaTpUBAET IBUKEHUE TOUKU WIIH,
KaK OH IUIIET, MaJEHbKOI'0 TeJbIa, IOATOMY 5 MPOBEPIO caM yTBepkaeHue Hetotona "Oodnaxo smo oeno ne
gnonne bezrnaoexcrnoe" 1 nonpoOyro ONpeneanuTb adCOMIOTHBIE ABUXKEHUS Tel, T.€. B ACO, npu paccMOTpeHuun
3TUX JABMXKEHUM 13 paznuynbeix MCO.

U BoT 511 "BUAMMBIE" IBUKEHUS, KOTOPBIC HE SABIAIOTCA "MCTUHHBIMU' ABMKEHUSAMU, DUHILITCHH U TTOJIOKUJ B
OCHOBY cBOe€l crnienianbHoi Teopun otHocuTenbHOCTH (CTO). A, eciin ObITh O0JI€€ TOUHBIM, TO Y DHHIITEHHA
B ero CTO ucnonp3yrorcs naxe Ha "BuAMMBbIE" IBHKEHHUS, a "TICEBJOBUIUMBIE", T.€. BOOOIIEe HE UMEIOIIHe
HUKAKOTO OTHOILIEHHUS K IEUCTBUTEIBHOCTH, T.K. Y HETO B "BUAMMBIX" IBIJKCHUSIX HE YUTCHO BPEMS JBHIKECHUS
CUTHaJa OT 0OBEKTOB JI0 HAOII01aTeNsl, YTO, KCTaTH, JJOJHKHO AaTh SBIEHUE OTHOCUTEIHHOCTH
OJIHOBPEMEHHOCTH, O KOTOPOM DHHIITEWH 04eHb 4acTo roopuil, HO B cBoeit CTO oH ero He oTpasmi. U
WCIIOJIb30BaHUE TAKUX "BUIUMBIX" ABUKEHUN IPUBOAUT, HAIPUMED, K TOMY, YTO MIPU B3aUMOJIEUCTBUH ABYX
nBKymuxcs 3apsinoB B ogHot MCO Oyner cuna Jlopenna, a B npyroit UCO ee ne 6yner. CnenoBarenbHo, HE
toaprko CTO, Ho u cam I10 DitHimTeliHa, MOJIOXKEHHEIN B ee 0a3uC, SIBISIOTCS TOJIBKO TOJIOM MaTeMaTHUKOM, HE
MMEIOIIeH HUKAKOT0 OTHOIIECHHS K (PU3UKE, T.€. K UCTUHHBIM JIBHKEHUSIM TEJI, HO MaTEMaTUKO-(DU3UKH TOTOBBI
n300peTaTh J1t00ble XUMEPHI paJy CBOMX "BeMHKUX" UAEH, TO3BOJISIONIUX UM IEMOHCTPUPOBATH CBOU
BO3MO>KHOCTH YTO-TO JIETTUTh U YMHOXKATh.

Hanpumep, y [Tudaropa Obiia Benukas uaes 0 TOM, YTO YHCIIa YIIPABISIIOT MUPOM, a y Jlanaay Obuia Benukas
UJiest O TOM, YTO BCE 3aKOHBI ’TOTO MHUPA JIOJHKHBI MOIYUHATHCA MPUHITUITY HAUMEHBIIETO IEUCTBUS, T.€.
MpHUPO/Ia JOJHKHA JEHCTBOBATh Pa3yMHO, a 3TO BO3MOXKHO TOJIKO B TOM CIIy4ae, €Ciii MUp ObLI CO3AaH
Pa3yMHBIM CYIIEeCTBOM, T.€. borom. U, X0Ts 1aBHO yKe sSICHO, UTO 3TOT0 MPUHIIAIIA Y TIPUPOIBI HET (CM. MOIO
paboty [70]), HO MaTeMaTHKO-(HDU3UKH TIPOIOJIKAIOT MOCTOSIHHO MPOCIABIISATH STOT MPUHIIMII, TIOJIB3YSACH TEM,
YTO OOJIBIIMHCTBO CPEJACTB MAaCCOBOW MH(POPMAIIMH M aIMUHUCTPATUBHBIE JOKHOCTH B HAYIHBIX
YUPEKISHUSX MPUHAATIEKAT UM. A TYT MBI BUIUM, YTO DUHIITEHH U300peTaeT emle 1Ba npuHIumna, T.e. [10
DWHIITENHA U PUHITUIT TOCTOSIHCTBA CKOPOCTH CBETA, KOTOPBIE, UCXO/ISl U3 €r0 BETMKOM UAEH, TO3BOJISIOT
MIPOJIOJKUTH CTPEMIICHUE MAaTEMaTUKOB CBECTH BCIO (DU3HKY K pa3fely MaTeMaTUKH, T/Ie IPUPOIa JOIHKHA
MOJYUHATHCS TPUAYMAHHBIM MU PA3yMHBIM MaT€MATHYECKUM pUHLIMNAM. W, eciu mpu ncnoib30BaHUH
00XXECTBEHHOT'O ITPUHIINIIA HAUMEHBIIIETO JEHCTBUS MPUPO/a T0JDKHA ObLIa MOCTYNAaTh Pa3yMHO U 9KOHOMHUTh
TaKyl BEIMYMHY Kak AeiicTBue, To [10 DitHmTeitHa 0Ka3pIBa€TCs MO3BOJISIET MATEMATHKO-(QHU3UKaM SKOHOMHUTh
ele U uxX MbICIH. BoT, 4T0 1o aToMy nmoBoay Hamucan cam DiHmTerH B 1940 roay [17 crp. 233]

"TQOPM}Z OmHocumellbHocnu 3ap00w1ac1; U3 NONbLIMOK YCOBEPULEHCMBOBAMD, UCXO0051 U3 IKOHOMUL MbICJIU,
cyugecmeosaesuiee 6 Hadajie cmojienus obocHosanue qbus’uku. Tax nasvisaemasn cneyualbHasl meopus



OMHOCUMENbHOCMU OCHOBbIBACMCS HA MOM hakme, ymo ypaenenus Maxceenna (a ciedoéamenvHo, u 3aKOH
PACnpoCcmpanenus ceema 8 nycmonie) UHBAPUAHMHBL NO OMHOUWEHUIO K npeobpazosanuam Jlopenya. K smomy
gopmanvromy ceoticmey ypaenenuti Makceenna 0obasisiemcs 00cmosepHoe 3HaHUue HaMi Mo2o
IMAUPULECKO20 PaKkma, Ymo 3aKOHbl PUIUKU OOUHAKOBbL 80 8CEX UHEPYUANbHBIX cucmemax."”

Ha, HaBepHOE, DUHIITEHH ObLI XOPOIIUM SYKOHOMHUCTOM, €CJIM CyMell COKOHOMUTh MaTeMaTUKO-(pU3UKaM Jaxke
UX MblCU, HO BOT KaK (pU3MK OH OBLI 371eMEeHTapHBIN (aHTazep, KOTOPHI BRICOCAN U3 HabIa TOT (aKT, YTO
OKa3bIBaeTCs "3aKOHbL PuU3UKU 0OUHAKOBbL 80 8CEX UHEPYUATILHBIX cucmemMax' WIH, 9YTO TOKE CaMoe, 3aKOHbI
(bu3MKN TOJKHBI OBITH MHBAPUAHTHBI KAKMM TO IpeoOpa3oBaHusM. M mpu 3TOM, INIaBHBIM TEOPETUYECKUM
obocHOBaHUEM J1s Takoro yTBepkaeHus B ero OTO sBasieTcs To, 4To 3TO "HE crpaBenIuBo", koraa ero [10
cobmoaaercs Tonbko st MCO u mostomy oH noipkeH cobmoaarbes U st HeICO (uuTtaTy 0 cipaBeAsIMBOCTH
nam nozxke). Y BoT ucxo/is He U3 GU3NYECKUX, a U3 SKOHOMUYECKUX COOOpaKeHUI DUHIITEHH U CO3/1all CBOIO
TO. A, BciomuHas ero ciosa B cratbe 1923 rona [9 ctp. 122] o Tom, uto "Creyuanvras meopus
OMHOCUMeNbHOCMU npedcmasisenm coooll pe3yibmam NpUcnocobieHusi 0CHO8 U3UKU K 2IeKMPOOUHAMUKE
Maxceenna-Jlopenya", mbl MoxeM ckazatb, uro OTO npexncraBiser codO0i pe3yabTaT NPUCIOCOOIEHUS OCHOB
(bu3MKY K TeOpHH rpaBUTAlUU DiHIITENHHA. Takum 00pa3oM, Mbl BUUM, UTO PeYb UJET HE MPOCTO O KAKUX TO
YaCTHBIX MPUHIINIIAX, TIOJI0KEHHBIX B oCHOBY TO, a 06 ocHOBax Bcell ¢pu3uku. M 3mech DUHIITEHH SBIISETCS
CIIaBHBIM MpojospKaTeneM uaeit Jlarpamxka-I'amuibToHa o TOM, 4T0O U3UKa ATO IPOCTO OJUH U3 Pa3AeiioB
MaTEMaTHKH M [TO3TOMY JTOJDKHA OJYUHATHCS MAaTEMAaTHIECKUM TeopeMaM u npuHiunaM. OH axke 3asBIsieT B
1936 roay [15 ctp.202] "Bonpoc 0 mom, kaxkue meopemul Q0ANCHbL CYUMAMBCS ONPEOCNeHUSIMU, A KAKUE
3AKOHAMU NPUPOObL, 3A8UCUM 8 OOLULOT Mepe OM 8bLOPAHHBIX Npedcmasienut’. A KOPHEM TaKuX
NpPEICTaBICHUIN O 3aKOHAX MPUPOIBI SIBJIAETCS TO, YTO DUHINTEHH 3asBisiet Oyaro [15 ctp.200] "B nacmosiwyee
8peMsl, Cle008aAmMeNbHO, K020d IKCREPUMEHM 3ACMAsIsem HAC UCKAMb HOBbLU U DoJlee CONUOHDIL YYHOAMEHM,
QusuK yarce He Modcem npocmo yCmynums (uiocoqhy npago KpUmu4ecko2o pacCMompenusi meopemuiecKux
ocnos." U Teniepp yxke, Kak BETUKUH Quiocod, OH 3asBIiseT

"C opyzoii cmoponbl, 5mu NOHAMUSL U OMHOWEHUS, 8 0COOEHHOCTU OONYWeHUe CYUeCB8O8AHUSL PEATbHbIX
00vekmos u, 6000We 2080ps, cywecmseosanue "peanvrozo mupa', onpasoansvt MoaIbKO 8 Mo mepe, 8 KaKou
OHU CBA3AHBI C YYBCMBEHHBIMU BOCHPUSMUSIMU, MENHCOY KOMOPLIMU OHU 00PA3YION MbICIEHHYIO C653b. "

T.e. MbI BUIUM, 4TO Y prutocoda DifHIITeHA BCe SBICHUS IPUPO/IbI CYIIECTBYIOT HE HE3aBUCUMO OT Hac, T.€.
HE SBJISIOTCS 00BEKTUBHOM pealibHOCTbIO, KakK 3asBIIs Apyroi ¢unocod B. JlenuH, a CyIecTByoT TOJIBKO B
HalleM BOOOpa)KeHHH, a, CIIeJOBATENIbHO, PEAIbHOCTHIO SIBJISETCS BCE TO, UTO Mbl HAaOJII0AaeM (Jlake MUPaXH B
MYCTBIHE). XOTs, €CIIM MOYUTaTh ero Oeceny ¢ Padbunapanarom Taropom, To Ha poHE MOCIICAHETO OH BBITIISAUT
IIPSIMO TaKU SPbIM MaTEPUATUCTOM. M BOT TOJIBKO U3 3TOr0 MOHUMaHUS DUHIITEHHOM "pealbHOCTH" MOXKHO
MIOHSTh, HAIPUMEp, €ro 00bICHEHNE NTapajiokca ¢ JuckoM DpeHdecra. Benpb, unrarenu ¢ HOpMaIbHBIMU
MO3TaMH, KOTOpbI€ YUTATH HOPMaIbHBIX (H10co(OB, a HE cCaM03BaHIa DHHIITeHHa, TOHUMAIOT "pealbHOCTh"
COBCEM He€ TakK, Kak DUHIITEIH, U T03TOMY HUKaK HE MOTYT B35Th B TOJIK - IOYeMY y DHWHIITEHA TUCK,
KOTOPBIH NPH pacKpyTKe JODKEH YMEHbIIATh CBOM pa3Mephl M0 HAPYKHOM OKPYKHOCTH (IIpU OYEHb OOJIBIION
CKOPOCTH JI0 TOUKH) U HE U3MEHSIOUINI CBOMX pa3MepoB BOJIM3U OCH BpallleHUs U BJIOJIb pajauyca, He
paspymaercs. Ha 370 DHHIITEWH UM Ha YUCTOM IJ1a3y U YUCTO MO-eBpelcku B 1911 roxy oTBeuaer, 4ro npas u
Ha0Jt01aTeNb, HaXOAIIMKCS Ha IUCKe, U HaOIoaaTeNb, HaXOASIIUICS BHE TUCKA, IOTOMY YTO TO, YTO KaXKIbIN
U3 3TUX HaOJItoaTes el BUINT, TO | sBIsieTcs "peanbHOCThIO [10 cTp. 187].

"Aemop He npasuIbHO NPOBOOUM paziudue mexncoy 6o3spenusmu Jlopenya u moumu Ha pusndeckre HaxTol.
Bonpoc 0 mom, peanvrno nopenyeso cokpawenue unu nem, ne umeem cmvicia. Coxpawenue He a615emcs
PeanbHbiM, NOCKOILKY OHO He cyujecmayem 0Jisk HAOM00ames, 08UNCYWe20Cs emecme ¢ mejilom; 00HAKO OHO
PpeanvbHo, mak Kak OHO Modcem Obimb NPUHYUNUATLHO OOKA3AHO PU3U4ecKUMU cpedcmeamu 0Jisi Habarooamens,
He 08UdCYyWe20Cs gmecme ¢ meiom. Imo UMEeHHO Mo, Ymo 0OHAPYHCUBAem 8eCbMa U3AUIHBIM CRHOCOOOM
Opengpecm.”

U BOT, MCX0/15 M3 TaKUX BO33pEHUH Ha "peaibHOCTh" DUHINTEHH 1 3asBiseT B 1948 roay, 4To aOCOMOTHOTO
JIBMDKECHUSI HE MOXET OBITh TOJILKO MIOTOMY, YTO MbI €ro He HaOroaaem [14 ctp.657].



"Jlgudicenue HUK020a He Habaooaemcs "Kak 08udiceHue no OMHOWEHUIO K Npocmpancmay”, unave 2080ps, Kaxk
"abconomnoe npocmpancmeo”. "l[Ipunyun omnocumenvnocmu" 6 Hauboee WUPOKOM CMbLCIIE COCIMOUM 8
cnedyrouem YmeepicoeHuu. 6ce usuieckue aeieHus. umerom makou Xxapakmep, 4mo He 0arom O0CHOBAHUL
6600ums nousimue "abconromrnoeco 0sudxicenus”, unu, 6oiee KOPpOmMKo, Ho MeHee MoyHo, "abconromuoco
osudicenust e cyuwecmayem”.

Ho Bce e y DifHITeHA CyIIECTBYET HEKOTOPOE PA3IUUNE MEXKY ''peaIbHBIM U 'HEpeaJbHbIM  [MO3TOMY OH,
HanpuMep, KHHETHUECKYIO SHEPTHI0 CUUTAET pealbHOM, XOTs OHA TaK ke, KaKk U abCONIOTHOE ABM)KEHUE, He
HaOJII01aeTCsl, U Y Hero 310 paziuyue B 1918 roxy jiexuT B 4MCTO MateMaTuueckoi miockoctu [11 ctp. 620].

"Ha 3mo 5 npesicoe 8ce2o 001dcen 3aMemumy, Ymo pasiuiams peaibHoe U Hepeanibhoe OJisl HAC He umeem
emvicna. Ilo omunowenuro k cucmeme K' epasumayuonnoe none "cywecmseyem" ¢ mom gice camom cmuicie, KaK
U 8csKasn Opyeas uzuieckas seIUdUHa, KOmopas Modicem Oblmsb onpedesieHa 8 HeKOmopoll cucmeme
KOOpOUHam, HeCMOmpsL Ha mo, umo ee ne cywecmsyem 6 cucmeme K. 30eco nem nuueco cmpannoeo, u 2mo
JIe2KO 00KA3amsb CLeOVIOWUM NPUMEPOM, 3AUMCMBOBAHHBIM U3 KiACcuieckou mexanuku. Hukmo ne
comuesaemces 6 "peanbrocmu’” KuHemMu4eckol sHepeult, mak KaxK npuuiocs Obl Ompuyams KUHEMU4eCcKyHo
sHepeuro 60oouje. OOHAKO SCHO, YUMO KUHEMUYeCKdsl IHep2Usl mejl 3a8UCUM OM COCMOSIHUSL O8UNCEHUS
KOOPOUHAMHOU CUCMEMDBL. NOOXOOSUUM 8bIOOPOM NOCAEOHEU MOICHO, OUeBUOHO, COelamb MmakK, 4mo 6
HEKOMOopulil ONpedeeHHbLL MOMEHM KUHEMUYeCKds IHepeust NOCMYNamenbHo20 08UICEHUsL 00HO20 meld
npumem Hanepeo 3a0aHHOe NOJONCUMENbHOE UL HYllegoe 3HaYeHue. B cneyuaibHom ciyyae, npu 00UHAKO80
HANpAasienHblX U PAGHLIX NO GeIUYUHE CKOPOCHISX 8CeX MACC, MOJICHO NOOXOOSUUM BbLOOPOM KOOPOUHAMHOU
cucmemvl coenamsv 00UV KUHEMUYECKYI0 SHePeUo paeHoUl HYi0. AHan02usl NOIHAS.

Bmecmo moeo umobvl paznuuamos peanvhoe u HepeaibHoe, Mbl YeMKO pasiuiaem eudUHbl, NPUHadiedcauue
Gusuueckoll cucmeme (He3asUCUMO Om 8blOOPA KOOPOUHAMHOU CUCIEMbL), U BEIUHUHbBL, KOMOPbLE 3A8UCIM OM
KOOpOUHamuou cucmemsl."

Taxum 00pazoM, y DHHIITEHHA CYIIECTBYET TOJIBKO TO, YTO OH HEMOCPEICTBEHHO BT, HAXOASACH B KAKOH TO
CHUCTEME KOOpJMHAT, a TOTO, YTO OH HE BUAMT, B IPUPOJIE HE CYIIECTBYET U IIPU 3TOM BCE, YTO OH BUJIUT, 3TO
SBJIIETCS. HE MUPAXXOM U HE 0OMaHOM 3peHMsl, a pealibHOCThI0. Clie1oBaTeNbHO, Ha0II01aeMble UM U3 JTH000MH
NCO, nBuxeHus Teln SBIAI0TCSA Yy HETO peaJbHBIMU M OH aCCOLMUPYET UX ¢ UCTUHHBIMH JBH)KEHUSMH, a
MO3TOMY 10 HaOIrOoIeHHAM 13 10001 MCO MOXKHO MONTy4uTh 00bEKTHBHBIC (MICTHHHBIC, PEabHBIC) 3aKOHBI
npupojsl. U Tyt yxe ero I10, Bo3BeeHHBIH B paHT BCeOOIIEro 3aKOHa MPUPO/IbI, BBIIIOIHAET TY XKe POJb
¢unocopckoro kaMHs (HO TOJIBKO HE B XMMHH, KaK 3TO ObUIO Y AIXUMHUKOB, a B (PU3UKE), O3BOJISIOLIETO
noiry4yath u3 3Toro I10 yacTHbIe 3aKOHBI IPUPO/IBI (TAKXKE, KaK 3TO MO3BOJISAET JIeJIaTh U 00KECTBEHHBIN
MIPUHITUI HAUMEHBIIETO JeicTBUs). Y DHHINTEHH MOCTOSTHHO 00 3TOM muiiet, Hanpumep, B 1914 roxy [12 ctp.
387-388] u B 1917 roay [7 ctp. 552, 568, 567, 565], X0Ts 1 HE Tak OTKPOBEHHO BBITISIYUBAsE 3Ty posib ero 10,
KaK 3TO JIeJlaeTcs, KOr/ia TOBOPAT O MPUHIUIIE HAUMEHBIIETO IeHCTBUA. A B MOCIEIHEN [IUTaTe OH
KOHCTaTUPYET, 4TO UMEeHHO ero o0muii I10 1 mo3Bonui eMy noaydyuTh TEOPUIO TATOTEHHS, T.€. BBITOIHUII
¢yHKIMIO GUI0COPCKOro KaMHs B (PU3HKE.

"Depucmuueckas yeHHOCMb Meopuyu OMHOCUMENLHOCMU COCTNOUM 8 MOM, YO OHA YKA3bleéaem ycilosue,
KOMOPOMY O0NHCHBI YOOBNEMBOPAMb 6Ce YPAGHEHUS, 8bIpadcaroujue 3aKkoHvl npupoovl. Kascoas cucmema
MAaKUx ypasHenuti 00JIHCHA Npu NPUMeHeHuu npeoopazosanust Jlopenya coxpansams ceoii 6U0
(kogapuanmHocms omHoCcUmMenbHo npeoopazosanus Jlopenya)....

... I3 cxazannozo sicno crnedyem, umo meopusi OMHOCUMENTbHOCIU 808CE He AN sl CPeOCHE8OM OJis 8b1800A
ewje He U3BEeCMHbIX 3AKOHO8 NPupoobl Uz Huye2o. OHa daem Iuulb YHUBEPCATbHO NPUMEHUMbLU KpUmepuil,
02PAHUYUBATOWULL YUCTIO BO3MONCHOCTELL, 8 IMOM OMHOULEHUU ee MON}CHO CPABHUMb ¢ 3AKOHOM COXPAHEHUs.
SHepaUU UNU CO BMOPLIM HAYATOM MEPMOOUHAMUKU".

"Beaxutl 00wuil 3aKoH npupoobl 00JCeH ObIMb MAKUM, YMoObL OH COXPAHLIL C80U U0 NPU 3aMeHe
NPOCMPAHCMBEHHO-8PEMEHHBIX NEPEMEHHbIX X, Y, Z, t nepeonauanvrou cucmemvl koopounam K Hosvimu
npOCMpaHCmeeHHo-epemeHHbiMu nepemennvimu X', Y', ', t' opyeotl cucmemst koopournam K'; npu smom
MAMeMamuyeckas ces3b Mexcoy WmpUX08aHHbIMU U HEUUMPUXOBAHHBIMU 8ETUUUHAMU ONPeOesemcs
npeobpaszosanuem Jlopenya. Cchopmynupyem amo Kpamko. odowjue 3aKkoHbl npUpoObl KOBAPUAHMHBI
omuocumenvHo npeodopazosanuii Jlopenya.



Tako6o onpedenenHoe mamemamuieckoe yciosue, Komopoe Hakiaoblédaem Ha 3aKOHbl NPUPOObl Meopus
OMHOCUMENbHOCMU, 8CTIeOCMBUe IMO20 Meopusi OMHOCUMENTbHOCIU CIAHOBUMCS YEHHBIM I8PUCIUYECKUM
8CNOMO2AMENLHBIM CPEOCMBOM 0151 OMbICKAHUS 3AKOHO8 NPUpoosbl. "

"Oonako Hauboee ysiekamenbHoU 3a0ayell, K4 K peueruio Komopou oaem oouutl npuHyun
OMHOCUMENbHOCIU, SBNAEMC S OMbICKAHUE 3AKOHA, KOMOPOMY NOOHYUHSAEMCS CamMo spasumayuortoe noue'.

"... 00WUL NPUHYUN OMHOCUMETbHOCIU Oden HaM 03MONICHOCHb BbIBECTU YUCIO MEOPEMUYecKUM nymem
ce0lCmea 2pasumayuoHHo20 noas."

"®axmuuecku nociredosamenvHoe npogedeHue uoeu 0oue2o NPUHYUNA OMHOCUMENbHOCMU NPUBEJIO K 3AKOHAM,
KOmMopwim y0o8iemseopsiem noje msacomenus".

371ech Ha/l0 3aMETUTh, uTO U 11O ¥ mpUHLIMIT HAMMEHBIIETO ACUCTBUS, B KAKOM TO Mepe, IeUCTBUTEIIHHO
BBITIOJHSIOT ATY poJib pruiiocockoro KaMHs, HO JUIsl O4YEHb YACTHOTO CIIy4dasi, @ UMEHHO I JIBUKCHHUS B
OJTHOPOJTHOM TIOJIE | TIPH ATOM Jiaxke Jutst yacTHO-o0miero 10 Hano emte, 4to6sr HeICO Oblia 4acCTUYHO
3aKpBITOM, HO Oejla B TOM, YTO JICHCTBHE 3TUX IMPUHITUIIOB PACIIPOCTPAHSIIOT Ha BCE MOJI. A, KaK ObLIO MHOIO
noka3zaHo B [70], mpUHIIUI HAUMEHBIIETO JCHCTBUS HE BBIMOIHICTCS B MPOU3BOJIBHBIX MOJISIX M B YaCTHOCTH B
chepuuecKkux, KOTOpbIE U3 BCEX Pa3HOBHUIHOCTEH MOJIeH BCTpeyaroTcs B mpupojie 6oiee yem B 99% ciydaes,
MOATOMY M BBITNIOJIHEHHUE B Mpupoie yacTHO-001ero 110, rae B ornuuue ot yactHoro [10 mpucyTcTByIoT 1
TIOJIsI, sl PACCMOTPIO J1ajiee KaK B OJHOPOJHOM TaK M B CPEPHUUCCKOM IOJIAX. 37ECh K€ HAJIO CKa3aTh, YTO
DWHIITEWH N300pen | elle OJNH MPUHITKIT, 8 UMEHHO IIPHHIIUAII TOCTOSHCTBA CKOpocTH cBeTa Bo Becex MCO. 1
B pe3yibTaTe NPUMEHEHUS K 3aKOHAM IPUPOBI €T0 JIByX MAaTEMAaTUYECKUX TPUHIIUIIOB, KOTOPHIM BCE 3aKOHBI
MIPUPOIBI TOJKHBI TOTYUHATHCS, MATEMATHKaM BCE YK€ YIAJIOCh PEIIUTh UX MAaTEMAaTUYECKYIO MPoOIeMy
MHBAapUAHTHOCTHU C ypaBHEHHsIMU MakcBeia.

U xot14 K (uzuKe, T.€. K 3aKOHAM MPUPO/BI, Bce 3TU (aHTa3Ud MAaTEMaTHKOB HE UMEIOT HUKAKOT'0 OTHOLIEHHUS,
HO UM B KoHIle 19-To u Havasne 20-T0 BEKOB yAJIOCh YOAUTh HAYYHYIO OOIIECTBEHHOCTh B TOM, YTO
MaTeMaTHKa 3TO HE MHCTPYMEHT IIOMOT AN I03HABaTh 3aKOHBI IPUPOJIBL, & 3TO LJapULIAa BCEX HAYK U IaXe
camMoi pHUPO/Ibl, a TOITOMY IPUPOJIA AOKHA MOTUMHSIETCSI U300PETEHHBIM MU MaTEMaTUYECKUM
npuHiunaM. Takum o0pa3oM, MaTeMaTHKU OMSITh ObUIM BOCTpeOOBaHBI B HayKe U 3ps JlarpaHk B cBoeM
nuceMe JanamOepy *xajnoBajics, YTO CKOpO MaTeMaTUKHU OylyT HUKOMY He Hy>KHbl. Ho B TOM ke nucbMe oH
yKaszaJl ¥ IyTh KaK 3TOro u30exaTh, @ MIMEHHO PEKOMEHI0BaJl MaTeMaTHKaM MepeKBaTU(PUIIMPOBATHCS B
MaTeMaTHKO-(DPU3UKOB, UTO OTPOMHAsI Macca MaTEMAaTUKOB U CAEJala, a B pe3yJIbTaTe 3aylInia B CBOUX
00baTHAX pu3uKy. U B pe3ynbTate Teneps, HarpuMep, DUHITeRH B cBoeit TO, 1Mo cyTH, Kak WUTFO3UOHUCT,
JEMOHCTPUPYET YUTATEISIM MaTeMaTuyeckue GOKychl, T.€. IOKa3bIBAE€T HE TO, YTO MPOUCXOIUT HA CAaMOM JIeJIe,
a TO, YTO OHM JIOJDKHBI YBUJETH B PE3YJITaTE MATEMATUUECKUX MAHUITYJIALMNA. BOT TONBKO Z€1aeT oH 31O
HACTOJIBKO 0€3rpaMOTHO, YTO YUTATEIH BUJIAT Kydy HECTBIKOBOK, KOTOPBIE ITOYEMY-TO Ha3bIBAIOT HE OLIMOKAMH
B €ro Teopud, a "mapagokcamu” TO.

Ho, He cmoTps Ha To, yTo nuHaMuueckuid 110 DitHmTeliHa, rie UCTIOIB3YIOTCS HE UCTUHHBIE, & BUAUMBIE
(kaxy1uecs) ABMXKEHHS TeJ, JIMIIEH Kakoro Obl TO HU ObIIO (PM3NYECKOro cMbicia, cama uzes atoro 10,
MO3BOJISIIONIAS C UCTIOIb30BaHUEM MEPEHOCHOM CKOPOCTH NMEPEUTH OT aOCOMIOTHBIX (MCTUHHBIX) CKOPOCTEN K
OTHOCHUTEJIEHBIM CKOPOCTSIM, OY€Hb 3aMaH4YMBa, T.K. IPH 3TOM CTAHOBUTCS OYEHb Y100HO MOJIb30BaThCA
3aKoHaMH (u3HKH, popMa 3amucH KOTOpbIX noctynupyercs HemzmeHnHo it Bcex MCO. K coxanenuto,
IpUPOJIa HE OATBEPKIAET CIpaBeATMBOCTh AuHamuueckoro I10, B yeMm Mbl yOeauMces 1anee Ha KOHKPETHBIX
npumepax. Ho 1is uncro kuHemaTuyeckux pacueroB, kak B pasHbeix MCO, tak u HeMICO, npeoOpa3oBanus
["anunest oueHp gaxe ynoOHbI HHCTPYMEHT, T.K. kuHnematudeckuii [10 sBngercs obuum I10. [la, npu 3TOM ero
IIPUMEHEHHE IO BUIAUMBIM U3 pa3audHbix CO KoopauHaTaM U CKOPOCTSAM TeJl OTPAHUYEHO CKOPOCTAMU
HaOJI0AaTeNs rOpa3/io MEHbIIIE CKOPOCTH CUTHAIA OT 0OBEKTOB 10 HAOJI0AaTelNs U IIPU 3TOM HAJIO elle
YUUTBIBATh U BPEMsI 3a[ICPKKU CUTHAJIA, HO JUIsl MHOTHX IPAaKTUYECKUX PAacUeTOB €ro O4€Hb YI00HO
npuMeHsTh. [Ipu 3ToM 1 MHOTHE (hr3nyeckue 3akoHbI, Koraa ckopoctu u Tesl B UCO u camux otkpsiThix MCO
OTHOCHUTEJIBHO IPYT Apyra 3HaYUTEIbHO MEHBIIIE CKOPOCTH PACIIPOCTPAHEHUS B3AUMOACUCTBHS MEXKAY TEIIaMU



KaKOH-TO CUCTEMBI T€JI U CKOPOCTH Iepeiaur HHPOPMALIMHU OT 3TUX Tell K HaOII01aTeIt0, TTO3BOJISIIOT MOTYIUTh
OuYeHb OJU3KHE pe3yNbTaThl B pa3HbIX OTKPBITHIX MCO, 4TO TOXKE MOXKHO MCIOIB30BaTh ISl MPAKTUYECKUX
pacueTos.

Ho Bor, xorga DitHmrelin, nocie cozaanus CTO, 3ansuics OTO, To OH (haKTHYECKU BHIKUHYJ U3 HEE CBOU
yacTHbIN [10, KOTOPBI B yTouHeHHOU (hopmynupoBke 3ameHu 119, r1e 3Ta SKBUBaJICHTHOCTD YCIIOBHI
MIPOBE/ICHUS SKCIIEPHUMEHTa 00eCIIeUnBACTCS N30JIMPOBAHHOCTHIO H3y4aeMOro 0ObEKTa OT BHEITHETO MHPA, T.€.
paccMaTtpuBaeTcs rmoseieHue 00bekTa B 3aKpbIThiX MCO, 1 Takum 06pa3om oH mpocto nmoxoponuii cBoro CTO,
T.K. IPH UCTIONB30BaHuU 3aKpbITEIX MCO He MokeT ObITh U peun o HabmroaeHun u3 oxnoit MCO 3a tem, 4to
npoucxoaut B apyroit UCO. Ho Teneps u ero OTO Hago Ha3pIBaTh NPOCTO TEOPUEH rpaBUTAIMU, KOTOpas HE
nMeeT Hukakoro otHoueHus k TO, T.k. oHa mocTpoeHa yke He Ha yacTHoM 1O (B ero nepBoii pegakiiuu 3Toro
npuniuna), kak CTO, a Ha ero o6miem 10, T.¢. Bo BTOpoii pepakuuu ero I10, rie 3TOT NPUHIIKIT y HETO
Tpanchopmupoaics B oomuii [19. Toapko He Hamo ero mytath ¢ [19 rpaBuTallMOHHON U MHEPTHON Macc, T.K.
B ero obuiem [1D sKkBUBaJIEeHTHBIMHU CUUTAIOTCS MO, @ UMEHHO IPaBUTALIMOHHBIE TIOJISl CO3/IaHHbIE MAacCaMH U
MIOJISl CO3/JaHHbIE CHIIAMU MHEPLHUU. A, T.K. 11000i1 [1D MOKeT BBIMONHATHCS TONBKO 1ist 3aKpbIThiX NCO min
HelICO, To B 3TOM ciiy4yae DUHIITENHH y)Ke HE MOXKET HaOJII01aTh 32 OJTHUM U TEM XK€ SIBJICHUEM U3 Pa3HbIX
NCO wm #eMICO, a MoxeT HaOII01aTh 32 STHM XKe SBJIeHHEM B 0HOi KoHKpeTHOH MCO, T1e co3nanbl
YCIIOBUS IPOBEACHUSI SKCIIEPUMEHTA SKBUBAJICHTHBIE TEM yCIOBHsIM, uyTo ObLIH B icxoaHoi HeICO. [Ipu atom,
T.K. ipu co3ganuu OTO DitHIITeH n300pen cBoW rpaBUTALMOHHBIN 3(pUp, KOTOPBIHN T0JKEH OKOUTHCS B
abcomoTHOM cucteme otcueta (ACQO), TO MoIydaercs, 4To eMy 3[1€Ch MOXKHO CO37aTh SKBUBAJIICHTHBIEC YCIOBUS
Tosibko B KoHKpeTHOU CO, koTopoii nomxHa 661t ACO, ¢ koTopoii oH Tak 6opoicsa B CTO.

Bort 31eck 1 Hajo BCHOMHUTD, uTO U ["anuieit u HproToH Toke roBopuiiu uMeHHO o 119, T.k. paccmoTpeHue
Pa3IMYHBIX YKCIIEPUMEHTOB [ amieeM B Katote Kopabiis, Ie HeT BeTpa, KOTOPBINA OyAeT Ha maixyoe Kopabis,
3TO U €CTh SKBUBAJICHTHBIEC YCIOBUS IIPOBEICHHS SKCIIEPUMEHTOB MPH pa3Hol ckopoctu kopabis. [a, [Manumeit
IIPU 3TOM HE y4eJl, UTO TPAaBUTAIMS HE SKPAHUPYETCsI CTEHKaMH KalOThl U (UP UMU HE YBIIEKACTCs, KaKk
BO3/IyX, HO B TO BPEMsI O TPaBUTAIIMU OBLIO MAJIO YTO U3BECTHO U K TOMY K€ B OJJHOPOJIHOM IPaBUTAIIMOHHOM
roJie, re HaOJo1a pa3inuHble siBleHus ["anusei, oHa He OKa3bIBala HUKAKOTO BIUSHUS HA U3MEHEHHE
YCIIOBUM MPOBEAEHUS IKCIIEpUMEHTA. A BOT HBIOTOH ye KOe-uTO 3Hajl O TpaBUTALlMU U TO3TOMY, TOBOPSI O
cBoeM [19, yxxe ynmomuHaer 06 OJHOPOAHOM IPaBUTAIMOHHOM II0JIE, T.€. U €T0 YUYUTHIBAET B YCIOBHIX
npoBeAeHUs dKcrepuMenTa. Ho ceifuac, Kak s y’ke nucai BbIIe, B IUTEPATYPE YCTOSIOCH ONPEACICHHUE ISl UX
yacTHbIX [1D u gactHo-061mero 19 HetoTtoHa, kak 1 [10, uro sBisierca npuHUMNUAIBLHONW omnoKoil. U mpu
sToM YacTHbIi [10 DitHmTeitHa, MOAEPHU3UPOBAHHBIN UM B BapuaHThI YacTHO-0011ero [10 u obmiero 10, cran
y Hero Toxke yacTHO-o01muM [19 u obuum 113, HO A 3aKPBITHIX, T.€. U30JIMPOBAHHBIX OT BHEIIHETO MUPA,
HeICO ¢ HaxoAsmuMucs BHYTPU HUX 00BEKTaMu UCCIeOBaHUs U HabmoaaTensaMu. [lpu 3Tom, HamoMuHaro,
yt0 Bcst CTO moctpoena Ha [10 mist otkpeiTeix UCO, T.€., kKoraa u3z oxnoit MCO HabmronaroT 3a TeM, 4TO
npoucxoauT B apyroit UCO, a 8 OTO 3amena noset Cuil HHEPIMH TPABUTAIIMOHHBIMU TOJSMHU OT (PUKTUBHBIX
Macc BO3MO’KHA TOJIBKO TIPU PACCMOTPEHHUH 3aKPBITHIX CUCTEM. Takum 00pa3oM, Mbl BUJIUM, YTO DUHIITEHH
rpu cozgannu OTO okoHUATENBHO 3aImyTajcs B CBOUX "MOKa3aHUAX", T.K. IO 3TOTO HE oOpaIial HUKaKoro
BHHUMaHUS Ha PU3NYECKYIO CTOPOHY SIBJIEHUH U Mo3TOMY Inpu co3aanuu CTO oH faxke U HogyMarh HE MOT, YTO
MOTYT OBITH OTKpPBITHIE U 3aKphIThie TCO.

31eck XKe, HaJlo CKa3aTh U To, 4To 1o cytu, 1 CTO DiHmTeliHa He sBisieTcs 3akoHueHHoW TO, KoTopas MOKeT
OBITH CO3/1aHA C UCIOJIB30BAHUEM B HEH He ToabKOo yacTHoro I10 Habmonatens oobekra, HO u [10
OJTHOBPEMEHHOCTH HaOmoAeHnH, a y DiiHmTeriHa B ero CTO oTtpaxkeH Tosbko dyacTHbIN [10 HabmrogaTens
00BEKTa, XOTSI OH U OYEHb CTapaeTcs 3allyTaTh CBOMX YMTATENIeii MHOTOUMCIIEHHBIMU IPUMEPaMH, TJ€ OH
nemoHcTpupyet paznuunbie [10, a He Tonbko [10 HabmonaTens oovekra. Tak, OH paccMaTpUBaeT MpUMep,
KOTJ1a OH Ha0JIt01aeT 32 BOPOHOM B moJie To u3 camoro nosist (ogaa MCO), To U3 0KHA paBHOMEPHO
IBUKyIIerocs: BaroHa noesaa (apyras MCO), u genaet BbIBOA, YTO noJieT BopoHsl u3 06onx MCO onuchiBaeTcs
OJTHUMH U TEMH K€ YPaBHEHUSMH, T.€. TyT OH paccmarpuBaeT 110 nabmogarens oovexta. Ho oH onmceiBaeT u
IpUMeEp, KOTJja OH pacCMaTPUBAET JBE BCIBIIIKKA MOJHHM, IPOM30LIEIINX 110 YacaM B I10JI€ OJTHOBPEMEHHO B
Hayvajie ¥ B KOHILIE IBHXKYIIIETOCs T0e3/1a, HO HabJoaeMble ABYyMs HAOII01aTeNIMU, HAXOSIIUMUCS B JTAHHBIH
MOMEHT BPEMEHHU B OJJHOU M TOM e TOUKE MPOCTPAHCTBA, HO B PA3HBIX CUCTEMAX OTCYETa (B I10JIE U B MTOE3/IE)
B OJIHOM CJlyyae OJJHOBPEMEHHO, a B IPYrOM HE OHOBPEMEHHO, TO OH paccmarpuBaeT 110 ogHOBpeMeHHOCTH



Habmoaenus. Crofa e HaJl0 OTHECTH M IPUMEP U3MEHEHHsI HaOII0JaeMOM JUIMHBI ABMKYLIETOCS CTEPKHS UITH
nokosiierocst crep:kHs u3 apuxymuxcs MCO, Ho y DUHIITEHA 3Ta BUAUMAs JIJTMHA CTEPKHS ONpeiesieHa He
MPaBWIBHO, T.K. TTonydaercs He u3 [10 ogqHOBpeMEeHHOCTH HAOIIOCHMSI, KaK 3TO JOJKHO OBITh.

Tak >xe oH paccMarpuBaeT B CBOHX cTaThsiX U [10 oObekTa HaOM0AeHUS (IPUHIIUIT CAMMETPHH ), HAIIPUMED,
KOTJla OH pacCMaTPHUBAET PSIJIOM CTOSIIIME JIBa MOE3/a M OJUH U3 HUX TPOraeTcs, a OH HaOJII0aeT CHavaja u3
TPOTAIOIIETOCS MOe3/1a TTOKOSIIUICS T0e3l, @ TOTOM HA00OpPOT | JIeIaeT BBIBOI, UTO HAOIIOIATEIHN B PA3HBIX
Moe3/1aX HE CMOTYT ONPEACIIUTh KaKOW 1oe3 ] TpoHYJIcsA. Yl BUHETpeT U3 3TUX MPUMEPOB, 3alpaBiIeHHbII
METOJIMKOW CHHXPOHHU3AIUK 9acoB, oH 1 Ha3Bal cBoeld CTO, xots [10 o0bekTa HAOIIOACHMS, KOT/1a CHaYasa u3
onnort UCO on HaOm01aeT OJIMH 00BEKT, a motoM u3 apyroi MCO apyroi 00beKT, BOOOIE HE UMEET
Hukakoro otHoueHus k ero CTO, rae u3 pazueix MCO nomkeH Ha0I01aThCS OJIMH U TOT K€ OOBEKT, T.€.
JIOJKEH ucroib3oBaThes 110 HabmrogaTens o0beKTa.

A BOT OTHOCUTENIBHOCTh OAHOBPEMEHHOCTH, T.€. 1O onHOBpeMEeHHOCTH HAOIIOAEHNUS, XOTS U UMEET
oTHouieHue K ero TO, HO HM Kak B HEMl HE OTPaXKEeHa, T.K. Y HETO COBEPILEHHO HE OTPaXEHO BPEMSI IBUKEHUS
cBeTa OT o0bekTa 70 Habmoaarens (B ero CTO) v rpaBUTAIIMOHHOTO MOTEHIMANA 10 IPOOHOTO Tena (B ero
OTO), T.K. OHH y HETO PACHPOCTPAHSIOTCS B 3THX Teopusx MrHoBeHHO. Hampumep, B CTO 3710 06ecnieunBaroT
MHOTI'OYHCIICHHbIE BUPTYaJlbHbIe HAOII01aTeNN, KOTOPble MTHOBEHHO (DUKCHUPYIOT TEKYIHE KOOPAUHATHI TeM, a
HE BUAMMBIE peajbHbIM HA0JI0IaTENIEM C 3aI€PKKOM CUTHaa I10 BPEMEHHU €r0 paclpoOCTPAHEHUs OT 00bEKTa
10 HaOmroaTens, T.K. 3TH BUPTYyalbHbIE HAOIIOJaTEeIN Y HErO BCera HaXOAsATCs PAIOM C 0ObEKTOM
Habmonenus. M naxe Tak Ha3pIBaeMble "'3ama3apiBaromue’ noreHuans! Jlnenapa-Buxepra paccunThiBaloTCs
110 TEKYLIUM KOOpAMHATaM, a He PeajlbHO BUIUMBIM C IPOOHOI0 Teja B JaHHBIM MOMEHT BPEMEHU
KOOpJIMHATaM UCTOYHHKA (C ydeToM 3ana3apiBanus noreHnuana). A B OTO MrHOBEHHOCTb paclipOCTpaHEHHS
MOTEHIMajIa 00eCeunBaeTCsl MTHOBEHHBIM UCKPUBIIEHUEM F€OMETPUYECKOT0 POCTPAHCTBA-BPEMEHHU BCE
BCEJIEHHOH, a Y>K€ 3TO UCKPUBJICHUE U CO3AAET MOTEHLIMAT B HY>)KHON TOUYKE IPOCTPAHCTBA-BPEMEHHU, XOTS
Oomee KOPPEKTHO OBLITO ObI TOBOPUTH 00 U3MEHEHUH CBOICTB rPaBUTALIMOHHOTO 3hupa (M300pETCHHOIO CaMUM
e DUHINTEHHOM) B 3TOM TOUKE.

CrnenoBatenbHO, NPUCTYTIAs K JIETAIBHOMY PacCCMOTPEHUIO pa3nudHbIX [10, Mbl JOKHBI UETKO NPECTABIATS,
gyT0 Aaxe yactHoro [1O HaGmrogareneil 00bekTa, MONI0KEHHOTO DiHIITeHOM B ocHOBY ero CTO, B mpupoe
He cymectByeT. [Toatomy CTO sBisieTcst 4MCTO MaTeMaTUYECKON TEOpUe, He UMEIOIIEH HUKAKOTO OTHOIICHUS
K ¢uzuke. [Ipu 3TOM OHA AaXke ¢ MaTEMaTHYECKOM TOYKU 3pEHUS HE SBISAETCS 3aKOHUEHHON 4acTHOM
(cnenmanbHOM) TO, T.K. B HEl coBepiieHHO He oTpaxkeH [10 ogHOBpeMEHHOCTH HAOIIOIeHUs. A Teopus
TATOTeHMs DUHIITEeHA, KoTopyto 003bBatoT OTO, BooOI11Ie HE MeeT HUKakoro otHoueHus K TO, T.k. oOmmii
10 nabmronateneit o0beKTa, Ha KOTopoM oskHa crpoutcs OTO, He chopmynupoBaH DUHIITEHHOM Jaxe
teopernyecku. Hy, 1, eCTeCTBEHHO, OY€Hb OOJIBIIMM HEIOCTaTKOM 3THX "Teopuil" sABIseTCs TO, 4TO, HE CMOTPS
Ha JIEKJIapaliio O TOM, YTO BCE CUTHAJbI M MOTEHIMAJIbI PACIPOCTPAHSIIOTCS B ATUX TEOPHUSIX CO CKOPOCTHIO
CBETa, Ha CaMoM JieJjie, T.€. 1e-(haKTo, OHU PacHpOCTPAHAIOTCS MTHOBEHHO, T.K. B IPOTUBHOM clly4yae
MaTeMaTHKU HE CMOTYT PELIMTh AaHAJTUTUYECKHU HU OJJHOM 3aJ1auM, T.€. HE CMOTYT IIPOSIBUTH CBOM CIIOCOOHOCTH
JIeNUTh U YMHOXaTh, M1 UM HEYero Oy/eT JAenaTh B GU3MKe. A pemaTh B 3TOM cllydae peajibHbIe 3aa4u
YHCJIEHHBIMU METOJIaMH, KaK 3TO JIEJIal0T WHKEHEPhl, OHU CYUTAIOT HUYKE CBOETO JOCTOMHCTBA TaK e, KaK 3TO
ObUT0 y yueHbIX B [IpeBHelt ['perun, rae ucnoib30BaHNe KaKUX TO HHCTPYMEHTOB TIPH PEIICHUH 3a7a4
CUMTANOCh MPE3peHHbIM pemeciioM. [Toatomy Jlanaay naxe pazaenit GU3NKY Ha TpU pa3HbIX GU3UKH, YTOOBI
MaTEMaTHKHU BCE-TaKH CMOTIIM XOTh M MPUOIU3UTENHHO, HO aHAIUTUYECKH, PEIIaTh MPUOIN3UTENbHEIE, a HE
peanbHbIe, 3a1a4u (TI0IpOOHO 51 OCTAHOBIIIOCH Ha 3TOM fanee). U Takum o6pazom, oo6e 3t "reopun" (CTO u
OTO) cnenyetr BOCHPpUHUMATB IIPOCTO KaK MAaTEMATUUYECKUE TOJIOBOJIOMKH HE UMEIOLINE HUKAKOTO OTHOLIEHUS
K peaJIbHOCTH, HO MOJIE3HbIE C TOUKHU 3PEHUSI THMHACTUKH JIJIS yMa.



1. KunemaTnueckuil IpUHLIMII OTHOCUTEIBHOCTH.

Cytp ku"ematuueckoro 10 (kak g UCO, Tak u gt nelICO) 3akintoyaeTcsi B TOM, YTO OJJHU U TE K€
MpoLecchl, 00BEKTUBHO MPOTEKAIOIINE B IPUPO/IE, BOCIPUHUMAIOTCS PA3IMYHBIMU HaOM0o1aTensIMu (U3
pazubix CO) 1o-pa3sHOMY M, €CTECTBEHHO, HCXO/ISl U3 3TOI0 CYObEKTUBHOTO BOCIIPHUSITHS, M OMUCHIBAIOTCSI 110-
paszHoMYy, T.€. pa3HbIMU (HOPMYJIaMHU, HO IIPH 3TOM PacUeThl [10 3TUM Pa3HbIM (HOpPMYIIaM Jar0T OJUHAKOBBIH
pesynbrat. Hanpumep, Habmonenue 3a ruianeramu Hamei CotHedHoM cucteMsl U3 pa3ubix CO gact pa3Hbie
pe3yNbTaThl sl KHHEMAaTUYECKOT0 ONMcaHus ux noseneHus. Eciu HabmonaTens OyaeT HaX0IUThCS BHICOKO
HaJ IIIOCKOCTHIO SKIUNTHKY TOYHO Haa ConHIleM u OyaeT nepemeniarbest BMecte ¢ CoHIeM, TO OH YBUJIHT B
JIEKapTOBOIl cucTeMe KOOPAMHAT, MPUBSI3aHHOM K TOUKE OTCUeTa pacioyiokeHHol Hajx ConHileM, T.€. B
nekymeiics UCO, kaptuny nzo0paxennyto Ha puc. 1a, rae Connue OyneT moKOUThCs, a IUIaHEeThl Oy IyT
JBUTATbCS BOKPYT HETO I10 JIUIUICaM. A, eclii HabIoJaTellb Tak U OyAeT OCTaBaThCsl HEMIOABMXKHO B 3TOM
TOYKe OTcYeTa, a Bcst CoTHEUHas cucTemMa OyIeT mposieTaTh MUMO HETO BIIPaBO, TO OH YBUIUT B CBOCH
HETOIBUYKHOW CHCTEME KOOPAMHAT, YTO TUIAHETHI JABMKYTCS 110 TPAEKTOPHIM H300pakeHHBIM Ha puc. 1b. U
TEOPETUYECKH Ta ke caMas KapTuHa Oyner HabmonaThes, eciau ColHeyHas cuctemMa OyIeT OKOUTHCS, a
Habmoatens Oynet neurathes BMecte co ceoeit MCO. 3neck yxxe Connue B 3ot CO OyneTr ABUraThes Mo
MIPSIMOM, a TUIAaHETHI OYAYT OMUCKHIBAThH IIUKIOUIBI C IPOCKAIb3bIBAHUEM, T.€. X TPACKTOPHS OYIET KaK y TOUKH
Ha 000/1e KoJyieca, KOTOPOe KaTUTHCS IO OIIOPHOMY OCHOBAHMIO C MIPOCKAIb3bIBAHUEM.

Puc. 1 (a, b). Tpaekropun apmxenus mianer ConHeuHo# cructeMsl (0T Mepkypust 1o Mapca), KOTOpble YBHIHUT
3a KakoM TO MPOMEKYTOK BpeMEHEM Ha0II0AaTeNb, HAXOAAIIUICS HETIOABI)KHO B OJJTHOM TOUKE HaJ
TUTOCKOCTBIO DKIUNTUKY. 8) - CoNHedHas cucTeMa MOKOUTCSl OTHOCHTENBHO HaOmoaarens. b) - ConHeynas
CHCTEeMa JIBUKETCS OTHOCUTEIbHO HaOroaTes st BiipaBo. CKPHHIIOTHI TPOrpaMmbl SOISYs7.

Ho emre Oosee 3anyTaHHyt0 KapTUHY YBUINUT Ha0Jt0/1aTeNb, KOTOPBIM OYJET Tak K€ HaXOAUTbCS Hal
TUIOCKOCTBIO AKJIMITHKH, HO Oy/eT nepemMeniaTbcst BMecTe ¢ 3emiield. B aToii cucreme koopauHar, rjie TOUKoi
oTcyeTa OyneT nojoxeHue 3emiu, TpaekTopuu miaaHet u ConHia OyayT BUIHBI Tak, Kak MMOKa3aHo Ha puc. 1C.
A, ecau MbI OyJieM HaOIOaTh 32 ABM)KEHHEM IUIaHeT, HaXOJIICh HETTOCPEICTBEHHO Ha 3eMJie, T.€. B TNIOCKOCTH
SKJIUNTHKY, TO KApTUHKA OyJIeT COBCEM ypyyaroiias, T.K. IUIaHEeThl OyIyT BUIHBI HAM [TPAKTHYECKH TOJIBKO B
OJTHOM TNIOCKOCTH U MBI CMOKE€M HaOJII0/1aTh TOJIBKO TO, YTO OHU TIOBOPAYMBAIOTCS BOKPYT HAaC TO OBICTpee, TO
MeJJIEHHEe, a MHOTJa U IBUXKYTCS B 00paTHyIo cTopoHy. [loaToMy, st Bocxuiatoch TeM, uto [Itonemei,
OIupasch Ha TpyAbl ['Unmapxa u Ipyrux yuyeHsIX TOrO BpEMEHH, CMOT CO3/1aTh 110 IaHHBIM TaKUX HaOJII0ICHHH
KMHEMAaTUYEeCKYI0 TEOPHUIO IJIAHET, I/ie MIaHeThl BMecTe ¢ COJIHIIEM BpallialoTcs BOKPYT 3eMIIH (TOJIBKO
Mepkypuit u Benepa npu 3ToM Bpaatores euie 1 Bokpyr Connua). To, yto noz:xe KonepHuk co3nan cBoro
KMHEMAaTUYECKYIO TEOPHIO IUIAHET, I/I€ BCE IUIAHETHI BpaatoTcst BOKpyr CojHIa, 3TO 1 MOTY IOHSATH, HO, KaK
JpeBHUE yUeHbIE CMOTJIM TOYHO OMKCcaTh ABMKeHrne CONHIIA U TUIAHET 3TO JJIsl MEHSI HETIOCTHKUMO. Tem Goree
YTO KOOPJMHATHI IUIaHeT 1o Teopuu [ITonemes (eciau B HEl UCIIPABUTH MPELIECCUIO) BBIYUCIISIOTCA Aaxke Oosee
TOYHO, 4yeM 1o Teopuu KonepHuka, 1 ero Teopro MO>KHO MCIOJIb30BaTh B HEKOTOPBIX pacueTax Jaxe cenyac.



Puc. 1 (c). Tpaekropuu nemxenus Connna u iaHet CoiHeuHoi cructemsl (0T Mepkypusi 1o Mapca, Ho 63
Benepsl, T.K., 4TOOBI HE 3aTEHSTh PUCYHOK, I €€ IPU MOJCIUPOBAHUH Y/ U3 CUCTEMBbI), KOTOPbIC BUIUT
Ha0JII01aTeITh, HAXOSMIIUNUCS HAJ INTIOCKOCTHIO SKIUIITHKY B TOYKE OTCUETA JIBIKYIIEHCS BMECTE ¢ 3eMIIeH,
KOTOpasi Ha PUCYHKE PACIOJIOKEeHa B HaYajle CUCTeMbI KoopuHat. CKpUHIIOT porpaMmbl SOISys7.

A, pe3roMupys CKa3aHHOE, MO>KHO CKa3aTh, YTO MPUHIUIHAIBHBIM OTJIMYUEM 3TUX JIBYX TEOPUH SABISIETCA TO,
YTO OHM ONMCHIBAIOT JBMKEHUE TU1aHeT U CoJlHIA C TOUKH 3peHUs HaOJto1aTeNnel, HaXOAsIINUXCs B pa3HbIX
TOUYKaxX OTCUeTa B ChepuuecKoil N IeKapTOBON cUcTeMe KOOpAMHAT, T.€. B pa3HbIXx CO. Ilpu s3tom KonepHuk,
KOTOPBIH OBLI CBSAIIEHHUKOM, IIMCAJl, YTO 3TOT YUCTO MAaTEMaTUUECKUN TPUEM, KOI'/la OH IOMECTUJI B LICHTP
Mupa He 3emito, a ColHIe, OH IPUMEHHUI TOJIBKO JUIsl YIIPOILEHUS PACUETOB U B IIPEANUCIOBHE K €0 KHUTE,
KOTOpasi ocBsiIaiach namne PuMckomy, Toxe roBOpuiIoch TOJIBKO O MaTeMaTHKE, HO OBICTPEE BCEro OH CUMTAI,
YTO TaK OHO M €CTh Ha CaMOM JieJie. A 3aCTaBUIIO €ro C/eiall 3TO TO, YTO B TO BpeMsi OypHO pa3BHBaJIOCh
MopeIUIaBaHue U KaluTaHaM KopadJiel Hy>KHbI ObUTH IPOCTBIE PaCcYEThI MO3BOJISIONINE ONPEAETUTh
KOOP/AMHATBI UX KOpabJei, a Tak’Ke B TO BpeMsI OU€Hb HY)KHbI ObIIIM 00Jiee TOUHbIE pacueThl KajleHaaps,
KOTOpBIe OBl OMMpaINCh Ha acCTpOHOMUYeCcKue HaOmoeHus. B o6ocHoBanme cBoero kuuemaruueckoro [10
Komnepuuk [45] mpuBomut criepyronmii npumep:

“Tak, npu 0sudsicenuu KOpaod.is 8 MUXYI0 N0200Y 8Ce HAXOOAUWUECS 6HE NPeOCMABIAem s MOPeniasamesim
OBUINCYUUMCSL, KAK ObL ompadicasn 08udiceHue Kopaobis, a camu Habarooamenu, HA0O60pom, cuumarom ceos 6
NOKOE CO 8CeM C HUMU HAX00uuUMCcs. Imo e, 6e3 COMHEHUs], MOdCem NPOUCX0OUMb U Npu 08U CeHUuU 3emuu,
maxk umo muvl oymaem, 6yomo 6oKpye Hee spaujaemcs 8csi Beenennas ™.

Takum 00pa3oM, roBOPS SI3IKOM MaTeMaTHKH, KOMepHUK TyT 3asBUII O TOM, YTO KHHEMAaTHYECKOE OTHCaHHE,
HaOII0/1aeMBIX HAMHU SIBJICHUH, 3aBUCUT OT BEIOPAHHOM TOYKH OTCUETa B KAKON-TO CHCTeMEe KOOpUHAT, U3
KOTOPOH HAOI0IaTeNTh BUIUT TH SBIICHHSI, U OH BBIOpAI 3a TOUKY oTcdera COITHIIE, KOT/Ia MBI ITOJTy4aeM
caMmoe MPOCTOE OMUCAHUE ITUX SIBIIEHHUH, KOTOPOE MO3BOJISIET HaM MOJIYYUTh TOT XKe pe3yibTar, uTo u Oonee
cioxHoe onucanue Iltonemes. [la, He cMoTps Ha To, yTo y KonepHuka Obuta HCIONb30BaHa IPaBUIIbHAS
Teopus JBWKCHHUSI IIJIAaHET, TOYHOCTh Tabnmui KonepHuka okaszanack Xyxe, ueM tadbmuil [ltonemes, T.e. oHn
JaBaji HEMHOTO APYTON Pe3ysbTar, HO 5 ceiiyac, 00paboTaB JaHHBIC HAOTIOIEHUN Pa3TUIHBIX 00CcepBaTOPHIA
Mmupa 3a nocienuaue 200 jet, co3aal ¢ HCIoMb30BaHHEeM KHHeMaTuuecKoro [1O renmoneHTpudecKyro
KHHEMAaTHYEeCKYI0 Teoputo maneT SerQ [72], koTopast ropas/io Jydiie OMHCHIBACT MOBEACHHE TUTAHET, YeM
reoleHTpuuecKas kuneMatuueckas reopus [Itonemes. [losTomy, HENB3sI TOBOPUTH, YTO TEIMOIICHTPHUYECKAS



KHUHCMATHUYCCKasA TCOPH JIYUIIC, YEM I'COLCHTPHUYCCKAA U HaOGOpOT. Onu OJWHAKOBO OIIMCBIBAIOT ITOBCACHUEC
IUIaHET, @ UX TOYHOCTD 3aBHCHUT OT KaycCTBa Ha6J'II-OI[aeMI)IX JaHHBIX 1 OT MECTOAUKH O6pa6OTKI/I 9TUX JaHHBIX.

[Ipu aTOM, HampuMep, MO KHHEMaTHYecKasi TeopHs miaHeT Serl+, rae + o6o3HavaeT, uTo s MOIY4UI ee
JIOTIOJTHUB JIAHHBIE HAOJIOJICHUH COBPEMEHHBIX aCTPOHOMOB JIAHHBIMH HAOIOJICHUN IPEBHUX aCTPOHOMOB,
OIMCHIBAET MMOBEJICHHE IIJIAHET B MPOILIIOM TOpa3o JIy4llle, YeM camble COBPEMEHHBIE TUHAMUYECKHE TEOPUHU
IUTaHET, T.€. CO3/IaHHbBIE C UCTIOIb30BaHUEM (PU3HUECKUX TEOpUH, Takue Kak jJadoparopuun JPL (moapasnenenue
HACA) nim naboparopuu [TutseBoit (moapasnenenne UITA PAH). Bot, Hanpumep, kKak OUCHIBAIOT
comHeuHoe 3aTMenue 15.04.-135 rona HabmonaBmeecs B BaBuinone (cM. Tabm. 1) coBpeMeHHbBIE THHAMUYECKUE
TEOPHH, a KOHKPETHO TeopHs JlabopaTtopuu peaktusHoro asmwkenus JPL1 u Herokoma Newl, a Taxke 1Be
KHHEMaTH4yeckre Teopuu - Mosi Serl+, rine mudpa 1 o3Hayaer, 4To B TEOPUU YUTECHBI IEPUOINIECKHE
BO3MYILICHHS OT IPYTUX IUiaHeT (HO, T.K. OHU MEHsI HE OUYCHb HHTEPECOBANIM, TO B MOCH TEOPUU OHH YYTCHBI
TOJIbKO YacTU4HO), U [TTosemest (Almagest*, rae 3Be31049Ka 0003HAYACT TO, YTO S B €r0 TaOJIUIIAX UCTIPABHUIT
pacueT NpeLeccun).

Tabnuma 1. [Tapamerpsl comaeynoro 3atMenus 15.04.-135 rona HabmrogaBmierocs B BaBuione (monrora 44,5
B.J., LIMpoTa 32,5 c.111.) U IOJyYEHHbIE II0 COBPEMEHHBIM TeOpUsaM U 1o Tadbnuuam Iltonemes. s
COBPEMEHHBIX JMHAMUYECKUX Teopuil ademepunbie nonpaBku ET-UT paccuntansl kak o Gopmysne Janmay,
Tak u 1o gopmyne /xonca (B MunyTax). Bpems nano mectHoe (BaBuion) conHeunoe. JlanHble 110 Tabnunam
[Itonemes npuBeAeHBI ¢ UCIIPABIECHHOM Npeneccuei u BoinoiaHeHsl Ha 21.07.612 rona no Erunerckomy
KajneHaapo. Bocpousseneno us padboTsl [72].

®aza

HazBanue Tabmui, Teopuit B % Bocxon | Hawano rli)?;;aonrcz) Konen Hroro
HaoOmroiaeMble JaHHbBIE 100 05:34 07:10 08:22 09:30 02:20
JPL1 ET-UT=0 -5 05:33 - 15:21 - -
JPL1 ET-UT=182,5 [lxonc 70 05:34 09:33 10:45 12:01 02:28
JPL1 ET-UT=196,5 Hanmay 75 05:34 09:14 10:29 11:43 02:29
Newl ET-UT=0 -60 05:33 - 14:40 - -
Newl ET-UT=182,5 lxoHc 40 05:34 09:38 10:25 11:10 01:38
Newl ET-UT=196,5 Hdammay 60 05:34 09:16 10:06 10:56 01:40
Serl+ ET-UT=0 100 05:34 07:41 08:45 09:57 02:16
Almagest* ET-UT=0 99 05:31 07:08 08:14 09:24 02:16

Kak BuiM COBpeMEHHBIC THHAMUYECCKHE TCOPHUH (JTaXKe MPHU ydeTe MePUOTUICCKIX BO3MYIIECHUH ), XOTS U
yIIOBJIETBOPUTEIHHO OMUCHIBAIOT COBPEMEHHBIE 3aTMEHHsI, HO 0e3 Hanmuus ddpeMepunnoit monpasku ET-UT
COBEPIIEHHO OTKA3bIBAIOTCS ONMMCHIBATH 3aTMEHHUS JTABHO MUHYBINUX AHEH. Y HUX MoxydaeTcs (a3a 3aTMEHHS -
5% u -60%, T.€. 3TO HE MPOIIEHT MepeKphITHs auckoM JIyHbl (0 ArameTpy) aucka ConHIia, a HA0OOPOT
npoueHT B auaMerpax CollHLa, OT paccTosiHUS Ha KoTopoe nuck JIyHbl naxe He gouien g0 aucka CoiHua u
BpeMs yKa3aHO JUIsi MOMEHTA, KOT/Ia OH MakcuMalbHO npubnusuics k Connny. [a, mogbopom adpemepuaHoit
nonpasku ET-UT, T.x. MBI TOKa HE yMeeM ee UMEHHO PacCUUThIBaTh, NHOTJA YAAaeTcs JOOUTHCS TOTO, YTO
COBIIAJICT WJIM BpeMs Hauasa 3aTMEHHUS WK Mbl IoyduM ¢a3zy 3armenus 100%, HO coBmaaeHHs U BpeMEHH U
100% da3bl ynactes JOOUTHCS B €AMHUYHBIX CIydasik. A B HaIlleM NPUMEpPE HE YIAIOCh T0OUTHCS HU TOTO, HU
JPYTOTO, a BOT 00€ KWHEMAaTUYECKHE TEOPUHU JAIOT OTIIMYHOE COBMAJICHUE HAOIIOJAEMBIX M PACUETHBIX
JaHHBIX U TAaKUM 00pa3oM MOATBEPKAAIOT clipaBeAsIuBOCTh KuHeMaTuueckoro [10. Hy, a coBpemennbie Teopun
IUTAHET MO3BOJISIFOT HaM yIOBJIETBOPUTEIHLHO PACCUMTHIBATH MOJIOKESHHUSI IJIAHET TOIHKO B HEOOIBIITHX



HHTCpBAJIaX OT HAIICTO BPECMCHU, KOT A PA3JIMYHBIC MaJIbIC U3MCHCHH ITapaMCTPOB 0p6I/IT IIJIAaHET U
MOTPEITHOCTH B pacueTe ddeMepuaHoi monpaBku ET-UT He cMOTYT CyliecTBEHHO MOBIUATH HAa PE3YJIbTAT.
Hanomwunaro, 4To /U1 pacueTa mo COBpeMEHHBIM TUHAMUYECKUM TEOPUSIM HEOOXOUMO d(heMEPUTHOE
(MaTemMaTH4ecKoe) BpeMsi, a He Hallle COJTHEYHOE BPEMSI, 0 KOTOPOMY MBI JKUBEM, TJISs Ha HAIITK Yackl, a Ha
MaJIbIX MHTCPBAJIaX OT TCKyLICro BPpEMCHU OHO 6y,[[€T HCE3HAYUTCIBHO OTJIMYATLCA OT COJIHCUHOT'O BPECMCHHU.

Taxum oOpaszoMm, npumenenue kunematuueckoro I10, koTopsii sBisgercs oomum [10, T.e. npUMEHNM Kak A7
NCO, tak u s HeMICO, ynpoiaeT peiieHue 04eHb MHOTUX KUHEMATHYECKUX 3a/a4, KOT/1a Mbl MOKEM BMECTO
aOCOTIFOTHBIX CKOPOCTEH TeIl UCTIOIB30BaTh X OTHOCUTEIILHBIE CKOPOCTH. BOT TOJNIBKO MIPUMEHSITH 3TOT
MIPUHITUI JUTsl iepexoa mpu pacuerax u3 ogHor CO B apyryro CO ¢ ucnosib30BaHuEM MPpeoOpa3oBaHUi
["anmuest MBI MOXEM TOJIBKO C UCTIOJIb30BAaHUEM HE BHJIMMBIX, @ HCTUHHBIX KOOPAMHAT 00BEKTOB. 1
MIPUBE/ICHHBIC BBIIIEC PUCYHKH HAOJIFOAEMBIX TIOJIOKEHUH TUTAHET MPU Pa3HOM TOJIOKEHUH HAOJI01aTems
COOTBETCTBYIOT CKOPOCTH TEpeIaun CUTHAIA PaBHOW OECKOHEYHOCTH, T.€. OTPAXKAIOT UCTUHHOE, a HE BUIUMOE,
MOJIOYKEHHUE TIIaHeT. J{a, mpu CKOpOCTH CUTHAJIa PaBHOM CKOPOCTH CBETa MBI OyieM HaOJI0AaTh TPAKTUYECKH
TaKyIo )K€ KapTUHY | Ha TJ1a3 OyJeT HEBO3MOXHO OTIMYHUTH JIBE TPACKTOPHH (110 UICTUHHBIM KOOPAMHATAM U TIO
BHJIUMBIM), HO aCTPOHOMBI TIOCJIe TOTO, KaK ObLIa OIpe/iesieHa CKOPOCTh CBETA, BCE )K€ Pa3InyaloT UCTUHHBIC
KOOPAMHATHI (OHU UX HA3BIBAIOT T€OMETPUUECKUMU) U BUIUMBIC, T.€. HEIIOCPEJICTBEHHO HA0III0JaeMbIe U3
koHkpetHoU CO, rae Takoit CO 00bIUHO BT IIaHeTa 3emiisd. M uisi BBIYMCIIEHNS HCTUHHBIX KOOPAUHAT
OHH OTIPEICIITIOT BpEeMs JABM)KCHHUS CBETa OT TUTAHET JI0 HAOJI0qaTels, KOTOPOe HEOOXOUMO TSl y4eTa
OTHOCHUTEJILHOCTH OJTHOBPEMEHHOCTH HAOJII0ICHHS IIAHET, & TIOTOM MPOJIBUTAIOT HAOJII01aeMble TTOJIOKEHUS
TIJIAaHET BIIEPE/ Ha PACCTOSTHUE, KOTOPOE MPOIUIH IIJIAHETHI 32 TO, BPEMs, YTO CBET JBUTAJICS OT IUIAHET J0
HaOI01aTeNs, ¥ HaXOASIT UCTUHHBIE KOOPAMHATHI IIAHET, KOTOpbIe OyIyT Y HUX B MOMEHT UX HAOIIOACHMUS.

Ho, eciin abcomntotHas ckopocts MCO unu uHelICO, B KOTOPOH Mbl IPOM3BOIUM KUHEMATHUECKUE PACUETBhI,
COIIOCTaBMMa CO CKOPOCTbIO Mepeaaun CUTHajia, TO, JaXKe [IPH YUeTe BpEMEHU JIBUJKEHUS CUTHAIA OT 00bEKTa
10 HaOMro1aTeNst, 4To0bl y4eCTh OTHOCUTENIBHOCTh OJJHOBPEMEHHOCTH, Y Hac OyIeT MOrpelHOCTh B pacueTax
BUIMMBIX pa3MepoB Tell. Hampumep, cMOTpUTe puc. 2, T1Ie s IPUBOXKY PACUETHI CACTaHHbBIE HA IIPOTPaMMe
Galileyl mo ompezeneHu0 BUIMMON JUTMHBI CTEPXKHS, JIBHKYILETOCS CO ckopocThio 2 M/c B ACO n
Habmonaemoro u3 MCO, neuxkymieiics co ckopocthio 10 M/c otHocutensHo ACO, IpHu cKopocTH
pacripocTpaHeHHs cBeToBbIX curHayioB B ACO ot AByx KOHIOB cTep:kHs 20 m/c. Ha puc. 2a s npousBoau
pacuetsl B ICO, rae nokouTcst HabM0AaTeNb, C UCIIOJIB30BaHUEM IIpeoOpa3zoBanuil ['anunes ans pacuera
CKOPOCTH CTEpPIKHS M CKOPOCTH PaclipOCTpaHEHHsI CBETOBBIX CUTHAIIOB oTHOCcUTEnbHO MCO, a Ha puc 2b 5
npou3Bou Bee pacueTsl B ACO, T.e. NCIoJIb30Bajl a0COJIFOTHBIE CKOPOCTH U CTEPIKHS M CBETOBBIX CUTHAJIOB,
HO IIPU ATOM MHE MIPUILIOCH HCII0JIb30BaTh B pacyeTax U abCONIIOTHYIO CKOpOCTh Habroaarens, T.K. B ACO oH
TOKe OyJIeT IBUTaThCs, YTO 3HAUUTEIIBHO YCIOKHHUIO PACUYETHI, HO CAEIANI0 UX a0COIIOTHO O€3yNpeUHbIMY, T.K.
OTIIa/1aeT BOIIPOC O CIIPaBeUIMBOCTH MPUMEHEHHS B ATUX pacueTax npeodpazoBanuii ["amues.

[TonpoOHO Ha ATHX pacyeTax s OCTAaHOBIIOCH Jlajiee, Korjaa Oyay paccMaTpuBaTh BOIPOC OTHOCUTENBHOCTH
OAHOBPEMCHHOCTHU M IMOJIYHAOIIHUECS IIPU 3TOM I'€OMCTPUICCKHUEC U KHHEMATUYCCKUC pa3sMECPhbI TCIT Y
OiinmreiiHa B ero CTO, KOTOPBIMU OH Ha3bIBAE€T UCTUHHBIE U BUAMMBIE Pa3MephI Tell, a CeiYac TOIbKO CKaXKY,
YTO B 3TUX paCUCTax i CHadajla HaXOAWJI BPEMA ABMKCHUA CBETOBLIX CUTHAJIOB, BEIJICTCBIINX OAHOBPEMCHHO,
OT JIBYX KOHIIOB CTEP>KHs 0 Habmo1aTens (0TpakeHO Ha MPaBhIX PUCYHKAX IS 3€JICHOTO CTEPIKHS,
MMEIOIIETo peanbHyto JuiuHy 100 M), a 3aTeM ompeensii KOOPAUHATHI WM JICBOTO WJIH MPABOTO KOHIIOB
CTEpIKHSI, KOTJ]Ja CBETOBOM CUTHAJ BBUIETAJ OT HETO HE OJJHOBPEMEHHO C CUTHAJIOM OT JPYTOro KOHIIA CTEPKHS,
HO MPUXOAMII K HAOJI01aTeI0 OAHOBPEMEHHO (OTPa)KEHO Ha JIEBBIX PUCYHKAX, I7I€ CTEPKHU U300pakeHbI
KpacHbIM 11BeToM). [Ipu aTOM, Bunumast uinHa (0X) HUKHEro KpacHOTO CTEPIKHS, pacCUMTaHa, KOraa
YTOYHAJIMUCH BUAVMMBIC KOOPAWHATEI IMTPAaBOT0 KOHIA CTCPIKHA TaK, 4TOOBI CBETOBOW CUTHAI OT HETO IIpUHICIT K
HaOII0IATENI0 OJHOBPEMEHHO CO CBETOBBIM CUTHAJIOM, MPUIIIEIIITNM OT JIEBOTO KOHIIA cTepskHA 3a Bpems T1,
T.¢. mony4aercs dX1, a BuanMast IJIMHA BEPXHET0 KPACHOTO CTEPIKHS MMOJTydeHa MPH YTOUHEHHH KOOPAUHAT
JICBOT'O KOHIIA CTePIKHs JIsl BpeMeHu T2, T.e. momydaercst dX2.
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Puc. 2. Pacuer Buanmoii aimmHb! crepskHs apmwkymerocs B ACO co ckopoctsio 2 M/c u Habmrogaemoro u3z MCO
aswxkymeiics orHocutenbHo ACO co ckopocThio 10 M/c IpH CKOPOCTH PaCHPOCTPAHEHUS! CBETOBBIX CUTHAJIOB
OT JIByX KOHIIOB CTEP3KHS 10 HaOmonaTens, kotopslit Haxoaures B UCO, 20 m/c. a) - pacuer BeimonHeH B CO.
b) - pacuer BrinosHEeH ¢ abcomoTHBIMEU cKopocTsiMu B ACO. Ckpuninotsl mporpammbl Galileyl.

Kak Bugum, gake YuCTo KHHEMAaTH4YECKUI pe3yJibTarT, T.€. HOJIYYEeHHBIH 6e3 UCI0Ib30BaHUs (PU3NYECKUX
3aKOHOB, a8 UMEHHO Ha0II0aeMble OJJHOBPEMEHHO KOOPAMHATHI ABYX KOHIIOB CTEPXHS, KOTOPbIE 1ayT HE
peanbHyo, a BUIUMYIO JJIUHY CTEpKHS, OyaeT pa3Hblil mpu pacueTax BoinodHeHHbIX B ACO u B CO. Ho,
eciu ckopocTh CO, U3 KOTOPOU MBI HAOIIOJaEM 32 KaKOM TO CHUCTEMOM Tel, Haxoasmelcs B ucxoaHou CO,
ropaszio MEHbIIE CKOPOCTH PAaCIPOCTPAHEHUS CBETOBBIX CUTHAJIOB, TO OTPEIIHOCTD B TAKMX pPacyeTax ¢
ucnoJyib3oBaHueM kuHematuueckoro I10, T.e mpu pacuerax B npou3BosibHOM CO 10 BUIUMBIM OJTHOBPEMEHHO
KOOpJAMHAaTaM Te€J CTaHOBUTCS O4eHb MajieHbKoi. Hanpumep, npu ckopoctu crepxkHsa B ACO u ckopoctu MCO
otHocuTenbHO ACO paBHbIX 2 M/c MbI ToayunM B ACO Buaumbie pazmepst ctepkas dX1=101,01 m u
dX2=101,01 m, a npu pacuere B UCO y nac noxyuarcst dX1=100 m u dX2=100 M, HO 1 C POCTOM CKOPOCTH
ctepxHs B ACO norpeimHocTs Toke OyAET pacTh, XOTs U He Tak 3aMeTHO Kak oT ckopoctu MCO
otHocuTenbHO ACO, 1 nipu ero ckopoct B ACO 10 M/c, T.€. 50% OT CKOpOCTH CBETA, MBI IOIYYUM IIPU
pacuere B ACO dX1=103,70 m u dX2=109,09 M, a npu pacuere B UCO dX1=102,96 m u dX2=107,27 m. Ho
Jla)Ke B 9TOM Cilydae NpUMeHATh kuHematnueckuid [10 nis pacuetos B npousBosibHOM CO Bee ke cienyer
TOJIBKO C UCTIOJIb30BaHUEM PEAIbHBIX, @ HE BUJIMMBIX OJJHOBPEMEHHO, KOOPIUHAT U CKOPOCTEH.

A B 00BIJIEHHOM XKM3HU MBI TaKuX 00X ckopocTeit 1 CO u camMux HaOM0aeMbIX Tes B HcXoaHbIX CO He
BCTpPEYAEM U MIO3TOMY CIIOKHIOCh YCTOMYMBOE MHEHHUE O TOM, YTO kuHeMatuueckuit [10 B mpupozae
BBITIOJTHSIETCS TIPH JIFOOBIX YCIIOBHSX JTaXKe JJIS BUIMMBIX KoopauHaT. Ho, Korjia yueHble CTOTKHYITUCH C
HaOII0/IEHUEM M OMTUCAHHUEM SIBIIEHUH, TJIe CKOPOCTU OOBEKTOB OBLTH COM3MEPUMBI CO CKOPOCTHIO Tepeaauu
CUTHAJIA, ¥ C OTMCAaHUEM CAaMUX CHUTHAJIOB, B KAUE€CTBE KOTOPBIX PACCMATPHUBAJICS CBET, TO ITa CBATAs BEpa BO
BCEMOT'yIIeCTBO kKnHeMaTndeckoro 110 ceirpana ¢ HUMU 371y10 LIYTKY, IPUBEAS HAyKy B KOHIE 19-r0 1 Havyane
20-ro Beka Kk octpomy Kpusucy. Ceifuac cuntaeTcs, yTo co3fganue DWHITeitHOM quHamMudeckoro 110, cormacuo
KOTOPOMY BC€ SIBJICHUS, XOTS ¥ OyAyT HAOMIOAaTHCS HE OJIMHAKOBO TPU PAa3HON CKOPOCTH MPSIMOJIUHEHHOTO U
paBHOMEpHOTO B KeHUs HabmoaaTens co ceoeit UCO, 1.kx. Oynyt, Hanpumep, B ogHoit UCO naBath onHy
BHIUMYIO JUTMHY cTepxkHs, a B Apyroid UCO apyryto, HO OyayT onuckiBatbes B 3TuX UCO oHUMH U TEMH Ke
(bU3MUYECKUMU 3aKOHAMU U, KaK U mpu kKuHemaTuaeckoM 10, maqyT onMHAKOBEIN pe3ylbTaT pacyera,
MO3BOJIMJIO MTPEOJOJIETh 3TOT KPU3HC, HO HA CAMOM JIEJI€ 3TO TOJIbKO MEPEBEsI0 KPU3HUC B XPOHUYECKYIO (azy.



2. JluHaMUYeCKUe PUHLIUIBI OTHOCUTEILHOCTH.
2.1 YacTHbl€ IPUHLIUIIBI OTHOCUTENBHOCTH.
2.1.1 Teopetnueckoe 000CHOBAHNE YACTHBIX PUHIIUIIOB OTHOCUTEILHOCTH.

Kax Mbl BBISICHUIIN BbIILIE, KHHEMATHUECKOE OIMCAHUE OJHOTO U TOTO XK€ SIBJICHUS UJIM NPOLIECCa Pa3HbIMU
HaOIroAaTeNnsaMu, cornacHo kuHematuueckoro I10, MokeT ObITh pa3HbIM, T.€. AaBATh pa3Hble HOPMYJIbI AJIS
OIMCAHMS ITOTO SIBJICHUS, HO 3TH OMHMCAHUS JAI0T OJMHAKOBBIA Pe3y/bTaT pacueTa s HabI0aaeMoro
SIBJICHUS IIPY UCIIOJIB30BAHUU B PACYETAX PEAJIbHBIX KOOPAMHAT T, a IPU MaJbIX ckopocTsax ten u CO u npu
HCII0JIb30BAaHNU BUAUMBIX KOOPJIMUHAT Te. A BOT AMHAMUYECKOE OIIMCAHUE 3TOTO SIBJICHUS WM IIpOLiecca, T.€. C
UCIOJIb30BaHUEM (DOPMYII, OTpaXKAIOIIUX 3aKOHBI (PU3MKH, COITIACHO YaCTHOro JuHamuyeckoro I10
OiHmreitna, 1.€. [10 ams UCO, nomkHO OBITH OJJHO M TOXKE Y pa3HBIX HAOMIOIaTeNeH, HaXOAAIIMXCS B pa3HBIX
NCO (mpuuem, rpu ar00b1x ckopocTsax u el 1 CO) u, €CTeCTBEHHO, HAOIIOAATE M [IPH 3TOM JTOJIKHBI
MOJIYYHUTh U OJJMHAKOBBINA PE3yJbTaT pacueTa Mo STHUM 3aKOHAM, XOTs HaOII01aTh OHU OYAYT 3TH SIBICHUS U3
pasHbix MCO Bce xe no-pazomy. U eme. Bee wactabie nunamudeckue 110 yTBepkaaroT, 4To, HAXOASCh
BHYTPHU CBOEH YAaCTHUUHO 3aKPBITOH, T.€. YACTUYHO U30JUPOBAaHHOM OT BHewHero mupa, UCO, rae Mbl
Ha0J101aeM pa3IMyuHble IPUPOAHbIE SBJICHUS, Mbl HE MOKEM HUKAKMMHU IPUOOPaMU ONPEAEIIUTh IBUXKETCS JIN
3Ta CUCTEMA HMJIU TIOKOHUTCS. A BIIEPBBIE 3TOT YacTHBIN nuHamuueckuit [10 (manee st Oymy mucatb mpocTo
yactHbl [10, T.K. peusb OyneT uaTu ToabKo o fuHamMudeckux 110) 6611 chopMynMpoBaH (ecau MOKHO Tak
ckaszarb) ['amneem B 1632 roay [46 ctp. 146, 147], rae oH paccMaTpuBaeT pa3inuHble MEXaHUUCCKHE
HKCIEPUMEHTHI CHavajla B KaloTe MOKOSIIErocs: Kopaliis, a 3aTeM ABMKYILLETocsl, U JIel1aeT TaKOH BbIBOJL

“... 3acmasbme Kopabnb menepv 08ucamuvcs ¢ 10OOU CKOPOCMbBIO U MO20A (eCu MOIbKO 08UdiCeHUe Oyoem
PABHOMEPHBIM U De3 KauKu 8 my u Opy2ylo CMOpPOHY) 80 6CeX HA3B6AHHBIX ABIEHUAX 8bl He OOHApydcume Hu
Maneuule2o U3MeHeHUsl U i N0 OOHOMY U3 HUX He CMOJceme YCMAHO8UMb, OBUNCEMCSL I KOPAOIb WU CIOUM
HeNnoOBUNCHO. ... Ml nputuHa co2naco8aHHocmu 6cex 3mux s61eHull 3aK104aencs 6 mom, Ymo O8UdNCeHue
KOpaobns obugee 6cem Haxo0AUUMCsL HA HeM NPeOMemam, mak JHee u 6030YXy; NOIMOMY-MO s U CKA3AJ, YMO 6bl
00JICHBI HAXOOUMbCS ROO NANYOOU, MAK KaK eciu Obl 8bl OLLIU HA Hell, M.e. HAd OMKPLIMOM 8030yXe, He
cnedyoujem 3a becom Kopaois, mo O0JAHCHBL ObLIU Obl 8Udemb OOJlee Ul MeHee 3aMemHble Pa3Iuyls 6
HEeKOMOpbIX U3 HA36AHHBIX ABTEHULL: ObIM, HECOMHEHHO CIMA Obl OMCMABAMb 8Mecme C 6030YXOM, MYXU U
babouxu ecnedcmaue conpomusiienus 6030YXa pasHvIM 00pa3oM He Mo2iu Obl C1ed08amb 3a OBUINCEHUEM

)

Kopabis 6 mex Cyuasnx, K020a OHU OMOEIUIUCH OM He20 HA 00BOJbHO 3AMemHoe paccmosnue... .
DTO MOJIOKEHKE, HO B HECKOJIbKO MHOH hopme chopmynupoBano y Hetotona [47] (cm. CienctBue V) tak

“OmnocumenvHule 08UdNHCEHUSA OPY2 NO OMHOWEHUIO K OpY2y meJl, 3aKII0YEHHbIX 8 KAKOM-TUOO0 npocmpancmaee,
00UHAKOBYL, NOKOUMCSL JIU IMO NPOCMPAHCINEO, UNU OBUNCENCSL PABHOMEPHO U NPAMOIUHEUHO 6e3 epawjerus.”

A iy s 0 TOM, YTO 3TOT MPUHIIUIT HEMHOTO OTJIMYAETCs OT TOTO, 4To chopMmyaupoBai ["anuiel, moTomy, 4To
y [anunes Mbl BUIUM, YTO OH KOOPAUHATHI U CKOPOCTH TEJ ONPENEsieT UM OTHOCUTEIBHO NMaxyobl KOpalist
WM OTHOCUTENBHO CTEH KAIOTBI, T.€. MOKHO CKa3aTh, YTO OTHOCUTENIBHO KaKOH TO CUCTEMBI OTCUETA, a Y
HproTOHA rOBOPUTCS 0 KOOPAMHATAX M CKOPOCTAX OJHHUX TEJI OTHOCUTENBHO IPYTHX TEJ, IBUKYIIUXCA B KAKOM
TO 3aKPBITOM MpOoCTpaHCTBe (KatoTe). Takum o6pa3om, Mbl BUuM, uto 10 B popmynuposke HeroToHa
HemHoro otinyaercs ot [10 B popmynuposke ["anunes, T.k. y HploTOHa HET HUKaKUX CUCTEM OTCYETa
CBSI3aHHBIX C APYTUMU TeJlaMU U TIO3TOMY KOOPAWHATHI U CKOPOCTH TEJI OMPENESIOTCS OTHOCUTEIBHO JPYT
apyra. Xots, u ['anuiell Toxe B IBHOM BUJIE HE TOBOPUT HU O KAKUX CHCTEMax OTCYETA, [I0ITOMY MOXHO
CKa3aTh, 4YTO ¥ OH B CBOMX PACCYKIEHUSIX ONpPEENsieT KOOPAUHATHI U CKOPOCTHU TEJI OTHOCUTENIBHO JIPYT JIpyTa,
€CITH 32 OJIHO M3 TEeJI CUCTEMBI IPUHATH Nany0y win KaroTy Kopabdis. Ho B To sxe Bpems u ["anuneit 1 Hetoton
TOBOPSIT KIMEHHO O 3aKPhITOM MPOCTPAHCTBE, T.€. IPOCTPAHCTBE UMEIOIIEM I'PAHUIIBL, @ B 3TOM CIIy4yae MOXKHO
TOBOPUTH O TOM, YTO OHH 00a OIPeeNIAI0T KOOPANHATHI T OTHOCUTEIBHO IPAHUI] 3TOTO IPOCTPAHCTBA,
KOTOpOE€ MOXKHO cuuTaTh 3aKkpbiToit UCO, rae, Haxoag1uecs: B HeM Tenna, M30JIMPOBaHbl OT BHEIIHETO
Bo3zaelicTBus. [loaTomy B nanbHeieM s He Oyay pasznuuath [10 Ianmunest u [10 Heiotona, a Oyny
MCIIOJIb30BAaTh JJI HUX TaKOe OIpenesieHue: Bee asnenus, m.e. nogedenue spynnvi mei, npomekaroujue 6
3aKpLIMO, M.e. U30AUPOBAHHOU om eHewHux go3deticmauil, UCO, 6yoym nabriodamvcs 6 smou UCO npu mex



JKce ckopocmsx omuocumenvHo cme 3akpovimoi UCO oounaxoso npu oboti ckopocmu smott UCO
(0susrcyweticss smecme ¢ epynnou men u cpedot, 8 KOmopou NPOMeKaAIom sI8IEHUsL) OMHOCUMETbHO OPY2UX
HUCO u kak cneocmsue 6y0ym onucvl8amvbCsi OOHUMU U MEeMU JHce 3aKOHAMU.

Ho B TakoMm Buze 31oT [1O He HeceT B cebe HUKaKOW HaydHOH IEHHOCTH, T.K. TO, YTO HAOII0JaTelb,
Haxojduiecs BHYTPU XKeJIe3HOW KOHCEPBHOM OaHKU, KOTOpasi IBUXKETCS PABHOMEPHO U IIPSIMOJIMHEIHO, He
3aMETUT HUKAKUX U3MEHEHUH B MIOBEJICHUE TEJl, HAXOIAIIUXCS B OaHKe, MPH JIFOO0H CKOPOCTH ITOW OAHKU 3TO
IIPOCTO OaHAJIbHO, €CJIU YU€CTh, YTO CTEHKU OAHKH SKPAHUPYIOT T€Jla BHYTPH Hee M OT rpaBuTanuu. [lostomy B
COBPEMEHHBIX yueOHHKaxX, Koraa roBopst o 110 [Nanunes wnu HerotoHa, TO MMer0T BBUAY coBceM napyroii [10,
KOTOPBIH GpopmynupytoT no nogoouto [10 DitHiuTeiiHa (B mepBoi ero peJakiiui), HO B KOTOPOM UCHOIb3YIOTCS
npeoOpa3oBanus ['anuies u yuuteiBaeTcs Haiauuue cpelipl. JlaBaiite ycnoBumces HasbiBath 3TOT [10 u3
yuebHukoB kinaccndeckuM [10, yTo6s1 ueTko otnuuaTs ero ot I10 Manunes n HetoToHa, KOTOpBIE SBISIOTCS Y
Hux He [10, a npuanumamu 3xBuBasieHTHOCTH (I19) ycoBuii mpoBeaeHus skcriepuMenTa. Beab, eciii Mbl
Ha0JII01aeM pa3IMyuHbIC SBJICHUS PUPOBI B pa3HbIX 3akphIThiX MCO, kak 310 moapazymeBaercs B [10 [anunes
unu HeroToHa, To Hu npeobpa3zoBanust JlopeHua, Hu npeoOpa3oBanus ["anunes, HaM BoOOIIE HE HYXKHBI, T.K. Y
HAC MPUHLIUIINAIBHO HE MOXKET ObITh HUKaKoi nHpopManuu o Apyrux MCO BcieacTBue Toro, 4To U3 3aKphITON
HCO MBI MX HE MOKeM Ha0II01aTh (MBI 1aXke HE MOXKeM OIpeieuTh ckopocTh oHoM MCO oTHOCHTENBHO
npyroit UCO). Ho Oitnmireiin untepnpetuponai [10 [Nanmies-HploTOHA COBEPILIEHHO 110 HHOMY, T.€. B 1yXe
cBoOeit Benukoii uaen u B 1938 roxy on copmysuposai ero tak [16 ctp. 456].

"Ecau 3aKoHbl MEXAHUKU CNPAsediusbl 8 0OHOLL cucmeme KoOpOUHam, mo OHU CHpageodiussl U 8 1000t Opy2ol
cucmeme, 0BUNCYUEUCS NPAMOJIUHEUHO U PABHOMEPHO OMHOCUMENbHO nepeou”

BoT Tonpko U3 310N (OPMYIHPOBKH COBEPIIEHHO HE MOHATHO HAOIIOJAI0TCA JIU [IPU 3TOM pa3Hble SBJICHUSA B
pasubix MCO nnu Habnronaercst oHO U Toxe siBjaeHue u3 pa3Hbix MCO u aBistores iu 3tH MCO OTKpBITHIMU
WIH 3aKpBITBIMU. A B (hopMyrpoBke Hbl0TOHA MBI BUJIM, UTO YETKO YKa3bIBa€TCsl HA JABHXKEHHE Tell
"3axnrouennvix 6 Kakom-1ubo npocmpancmee”, T.e. umeetcs B Buny 3akpoitas UCO, u [anuneit paccMarpuBaet
aBneHus B 3akpeiToit UCO, T.e. B KatoTe Kopabdis (rmox nany6oit). Takum 06pazom, Mbl BUAMM, 4TO DUHIITEHH
HE OYEHb X04YeT apUIIMPOBaTh TO, YTO y HEro coBepieHHo Apyroil [10, u MokeT ObITh IO3TOMY OH B CBOEM
IIpenCcIOBUU K KHMre ['ammiies "/{uanor o 1ByX riaBHBIX cUcTeMax MHupa', KOTOpBIN OH Hamucal B 1953 rony,
BooOuie He ynomuHaeT o [10 'anunes, uto Ob10 OBl O4YEHb pa3yMHO Hanucath aBTopy TO, KpacyroibHbIM
KaMHeM KoTopoii asiigercs ero 110, ecnu on noxox Ha I10 IManunes. Ho, kak Mbl BeisicHuM, n'y ['anmunes u 'y
Herotona rooputscs o 19 mst 3akpsiTeix UCO. Hanpumep, y INanunes crenkamu takoi 3akpbsrtoit UCO
SBJISUTUCH CTEHBI KalOThI KOPaOJis, KOTOPbIE N30JIMPOBAIN OOBEKTHI BHYTPH KarOThl OT BO3/IEHCTBHS BETPA,
KOTOPBIH 3HAUNTENBHO BJIMSUI HA MIOBEJIEHUE 0OBEKTOB Ha Nayty0e Kopaliisi, a OT BO3IEHCTBUS
I'PaBUTALIMOHHOTO T0JIsl CTEHBI KalOThl HE MOTJIM M30JIMPOBATh OOBEKTHI BHYTPH KarOThI, HO, T.K. ["amuieit
paccMmarpuBai MOBEJACHHUE Te B OJHOPOIHOM IPABUTALIMOHHOM I10JI€, TO TPAaBUTAIMS U HE MOTJIa HUKaK
MOBIIUATH HAa U3MEHEHUE MOBEIEHUS] 0OBEKTOB ITPU Pa3HON CKOPOCTH KAIOThI KOPAOJIs.

A T1O DitHmTeliHa, KOTOPBIN OH MbITaNcs chopmynupoath npu cozganuu CTO, ecnu moHUMATh €ro Kak
npuHn Ui oTKpeITeIX MCO, To oH Oyaet npuniunuaibHo omiryaercs ot [10 Nanunes-Heiorona. Ho u3 ero
O0O0BSICHEHUH HE BO3MOXKHO MOHATH TOBOPUT JI1 OH 00 OTKpBIThIX MCO nmn o 3akpeiTeix UCO. Tak B onHOM
IIpUMEpEe OH PaccMaTpUBAeT ABYX (PU3HKOB, KOTOPbIE HAXOAATCS CO CBOMMH NPHOOpaMH OJIMH B T0JIE, a APYTOH
B BaroHe JABWXKYILErocs Moe3/a, OKHa KOTOPOro HE NMPOMYCKAKT BO3AYyX U CBET, U MO pe3ysbTaTam
BBINOJIHEHHBIX SKCIIEPUMEHTOB OHU MOJIYYalOT OJHU U T€ k€ (PU3NUECKHe 3aKOHbI. 3/1€Ch Mbl BUJIUM NPU3HAKU
I13, 1.e. I10 I'anunes-HeroToHA, T.K. BTOpOM Pu3MK siIBHO HaxoauTcs B 3akpbiToit UCO. A B npyrom npumepe y
HETO0 3TH ke (PU3UKHU HAaOI0Ja0T 32 BOPOHOM, KOTOpast IETUT 3a Mpe/ieiaMy BaroHa, T.e. HCCIeTyeMblil 00BEKT
HaxoauTcs B oHOM oTkpbiToit MCO, T/1e HaOmo1aeTcst IEPBBIM (PU3UKOM, a BTOPOH (U3HK HAOIIOAACT €€ Ke
U3 Baroxa, T.e. u3 Apyroi otkpsitoir UCO. 3aberas Brepes ckaxy, uro B 1912 roay no DiHmITEeliHA HAKOHETI-
TO aouuio, 4to popmynuposka ero [1O mis oTkpeIThIX 1 3aKkpbeITEIX MCO Oynet paszHoi, Ho npu cozpanue CTO
OH 3TOTO HE IOHUMAJI ¥ [TIO3TOMY MBI U BUAMM OOJBIION BUHETPET U3 PA3JIIMUHBIX IPUHIMIIOB B €T0 CTAThAX
nocesmeHHbIx CTO (BmpoueM, Toxke camoe Mbl BUAUM | niociie 1912 roxa B ero OTO).



31ech ke HaJo 100aBUTh U TO, uTo DHHITEHH U [10 00bekTa HabmoaeHus myTaeT co cBouM I10O HabGmomaTens
o0BekTa, a [10 0THOBPEeMEHHOCTH HAOMIOACHUS OH TaK M HE CMOT YeTKO C(OPMYITUPOBATh, XOTS Pa3roBOpoB 00
OTHOCHUTEJIbHOCTHU OJIHOBPEMEHHOCTH B €T0 CTaThsX XOTh OTOABIAHN (BIpoueM, MocjaeiHee HE UMEET HUKAKOTO
3HAYEHMUsI, T.K. BCE pa3rOBOPbI 00 OTHOCUTEILHOCTH OJJTHOBPEMEHHOCTH TaK U OCTAIMCh pa3rOBOpamMu U B
matematuueckoe onucanue CTO ue Bouwwn, T.€. IO ogHoBpemennocTr HabmoaeHus B CTO He oTpaxeH). A,
9TOOBI YMTATEh HE 3AIyTAJICS B TPEX COCHAX, T.€. B Tpex [10 (Habmrogarens oObekTa, 00beKTa HAOIOACHUS U
OJTHOBPEMEHHOCTH HaO0JII0/ICHNs ), YUTas] MHOTOYHCIIEHHBIE IUTAThl DUHIITEWHA, KOTOpbIE 51 Oyay MPUBOIUTD
HUXeE, 1 00bscHIO 3a DifHmTeitHa ero [10 HabmonaTenst 00bekTa (B IEpBON PEeIAKIIUN), KOTOPBIN U IMOJOKECH
uM B ocHOBY ero CTO. Tak Bot, u3 ero nonnmanus 3toro [10 BeITeKkaeT, 4TO BCe SBICHUS, IPOTEKAIOIINE B
ucxoanoi orkpeiroit UCO, Oynyt HabmronaTecs u u3 (wm B) 31oi ke MCO u u3 m000ii qpyroi OTKPHITOM
NCO, neuxyieiics oTHocuTeabHO ncxoaHoit MCO, Tak, 4To, HECMOTPS Ha MOJIyYaroluecs IPU STOM pa3HbIe
HaOII01aTENIbHBIE TAHHBIC, MBI ITOJIYYUM C UX UCIIOJIb30BAHUEM OJIMHAKOBBIC (pU3UYEeCKHe 3aKOHBL. A OT cels 5
Obl e1lie J00aBuUII, YTO PacyeThl, CIIETaHHbIE M0 ATUM (PU3UUECKUM 3aKOHAM, C UCIIOJIb30BaHUEM HAOII0AaeMbIX
u3 pas3ubix UCO naHHBIX, JaAyT OAMHAKOBBIC PE3Y/IbTAThI, HAIPUMED, BPEMEHH HACTYIUJICHHS COJTHEUHOTO
3aTMEHUs WM 3HaueHus: HabmoqaemMoro Ha npueMHuke dddexra Jomnepa u mosromy Bce MCO paBHOLIGHHBI U
He cyuiectByeT BolieneHHoi MCO, 1.e. ACO. DHHIITEHH HU I71e 00 TOM IPSIMO HE MUILET, HO, HAIIPUMED, €ro
dbopmynbl 3 dexta JJomnnepa monydeHbsl HIMEHHO TAKUMU, YTOOBI NP puMeHeHnH ux B pa3Hbix MCO nomydatsb
OJTHO | TO XK€ 3Ha4YeHHe HaOmoraemoro 3ddexra JJorutepa. [Ipu aTom y Hero HabI0aeMbIe U3 OTKPBITON
NCO, neuxymieiics oTHocuTenbHO ucxoanoi MCO, koopAUHATHI 1 CKOPOCTH, a TaK ke BpeMs, KOTOPOMY OHU
OyIyT COOTBETCTBOBATH, OYIYT ONMPEACIATLCS COTIACHO UX Mpeodpa3oBanuio u3 ucxoanoit MCO B
nBuKyIytocs oTHocuTenbHo Hee MCO He no [anunero, a no JlopeHiy.

A ero I10 Bo BTOpOI# penakuuy, T.€. A 3akpbIThix MCO, HaM ceiiuac He UHTEpPECEH, T.K. Mbl paCCMAaTPUBAEM
ero yactHbli [10, KoTOpbIi TpuMeHUM TONBKO AJist OTKpBIThIX MCO. Tem 6onee, 4To OH OYJET MOTHOCTHIO
unertnueH 110 Tamunes-HproTtona mis 3akpeiTeix MCO (¢ 01HON OrOBOPKO#, YTO TP 3TOM OyIeT
OTCYTCTBOBATB CPEJla PACIPOCTPAHEHMSI B3aUMOICHCTBUI MEXKy TEIAMH, ECIIM HE CUATATh Toro, 4to B OTO y
DitHmTeitHa ToXKe mosiBisieTcst a¢up). [losromy, eciau peus B CTO Oyaet uaru o BTopoit HopMyITHPOBKE €ro
10, To s 6yny umets BBUAY popmynupoBky 10O INanunes-HproToHa, HO 6€3 cpelibl pacpoCTpaHEHUS
B3alMO/ICICTBHI, T.€. IPH OTCYTCTBUU BO3yXa, BOJBI WM 3(pupa, 1 Oyay 3TO clieluanbHO OrOBapuBaTh, a, B
OCTaJIbHBIX ciydasix, ropops o [1O DitHmreiina, s Oy1y B JajnbHeHIIeM Bceria MMETh BBUAY €T0
(GbopMyIIMPOBKY HMEHHO B MEPBOIl peaakuuy, T.e. [1st oTKpeIThiX NCO, KoTOpast uCrosib30BaHa MIpU CO3AaHUU
CTO. A, ucxoas u3 npuseneHHOro Boimie nosicieHus [10 DitHmreitHa, MbI MOXeM cPOpMyTUPOBATH U
knaccuueckuit [10, T.e. Toxke nns oTkpbIThiX MCO, T.K. MBI ycnoBuiuch, uto 110 TNanunes-Herorona
"chopmynupoBan” umu A 3akpbIThix UCO u mostomy, no cytH, sBisercs [13. A knaccnuecknii I1O s
oTkpbIThIX MCO, T.€. B MHTEpIpeTaluu DHHIITEHHA, T0JKEH 3By4aTh Tak.

Aenenus, npomexarowue 6 00Hou (ucxooHot) omxpoimoui UCO, 6yoym nHabarodamuvcs u3 Opy2ou OmKpulmou
HCO max, umo no smum HaOI0OEHUAM MONCHO NOJYHUMb Me JHce QusuyecKue 3aKOHbL, Ymo U npu
HaO00enuy 3a smumu asnenuamu 6 ucxoonou UCO, a pacuemul no smum 3aKOHAM € UCHONIL3OBAHUEM
HAba00aembix OAHHbIX 0a0ym 00UHaKoswvle pesyromamol. [lpu smom, nabarooaemvie uz opyeou UCO
KOOPOUHAMbL U CKOPOCMU Mel OJisl KOHKPEMHO20 MOMEHMA 8PeMeHU ONPedensambCs CO2NACHO NPeobpa3o8anull
Tanunes uz ucxoonou UCO 6 osudcywyrocs omnocumenvro nee UCO.

A BOT, eciii MbI TPHOABUM K 3TOMY €l U YTBEP>KIACHUE O TOM, YTO CKOPOCTh CBETA MJIM B3aUMOJIeHCTBUI
MeXy TeJaMu npu HabmoieHue 3a HumMu u3 apyroi MCO Oyner Toxe BBIYUCIATHCS COTJIacHO
npeoOpa3oBanuil [anues u mpu 3TOM yuTeM BpeMsl IBH)KEHUS! CBETOBBIX CUTHAJIOB OT TeJI A0 HAOMI01aTeNs, TO
MBI MTOJIYYUM KJIACCUYECKYIO TEOPUEI0 OTHOCUTENIBHOCTH Uiu cokpanieHHo KTO (kcTtatu, Kak 0kKa3anoch, 3TOT
TEPMHUH YK€ UCTOJIb3yeTcsl aBTopoM pabort [48, 49]). A u3 nanHO# MHOIO popMyTUpOBKH Kiaccudeckoro [10
BBITEKAET TOT k€ BbIBOJ, uTO U U3 CTO, 0 TOM, 4YTO HeNb3s ONpeAeuTh aOCONIOTHBIE CKOPOCTH TeJ, Habo1as
3a OJTHUM U TeM ke siBJeHreM U3 paznuuHbix MCO, T.K. BBIUMCIEHHBIN pe3ynbTaT HaOM0AeHUs OyAeT OJUH U
TOT *e. Ho y DliHIITeitHA 3TOT BBIBOJ BBITEKAET U3 YCIOBHS, UTO SABJICHUS Y HETO MPOTEKAIOT HE B KAKOU TO
cpele, a B MaTeEMaTUYECKOM IIyCTOTE, T11e, ECTECTBEHHO, CKOPOCTH U CBETAa U B3aUMOJEHCTBUI MEXIY TeJIaMU



OyayTt uzotpomnHsl B 11060i1 MCO, u mpu 3TOM y HETO UCIIOIB3YIOTCS HE UCTUHHBIEC IBM)KEHUS TEJl, a BUAUMBIC
u3 pazubix UCO. U npu 3ToM y Hero He yunuTtbiBaeTcs [1O OTHOCUTEIBHOCTH OJHOBPEMEHHOCTH, T.K. HE
YUUTBIBACTCA BpCMs IBUKCHUA CBCTA OT TCJI 4O KOHKPETHOT'O HaGJIIOZ[aTeJIH, LITO6BI C y4€TOM BpCMCHU
3arnasabIBaHusl HHPOPMAIUU MOCTYMaoel K HabII01aTelt0, BHIYUCIUTh HICTUHHbBIE KOOPIMHATHI TEJl.

MpbI ¢ BaMH y)Ke HEOJJHOKpATHO Ipu paccMoTpenue kunematuyeckoro 10 Konepuuka n nunamudeckoro 110
lanunes-HeroToHa u DiHIITEHA UCTIOIB30BAJIM ONIPEIeTICHHBIE TEPMHUHBI, HAIPUMEDP, ''cCUcTEeMa oTcuera',
MO3TOMY IIPEXkKE, YEM Mbl IPUCTYIHUM K MOAPOOHOMY paccMoTpenuto nuHamudeckux [10, naBaiite qaaum
YETKOE OTpeIelieHne HEKOTOPBIM TEPMUHAM, T.K. DUHINTEHH HE 0OpeMeHsUT ce0sl TAKUMU MelIoYaMu, Kak
geTKue GOpMYyITUPOBKH TEPMHUHOB, UCTIONB3YEMBIX KM B CBOUX paborax. boiee Toro, y DiHIITEHA HU TIE HE
BCTpEUaeTCsl, HaPpUMEpP, TaKOI TepMUH Kak nHepuuaiabHbie cuctemsl orcyera (MCO), a B coBpeMeHHOM
JUTEPAType KPYroM HUCIOJIB3YETCSI MUMEHHO 3TOT TEPMUH M OTCIOJA TOXKE BHITEKAET HEOJHO3HAUHOE
BOCIIPUATHE TOTO, O YEM MUCAT DUHIITENH. A OH KPyTOM UCIIOJIB3YET CIIOBOCOUYETAHUE ""TajnjieeBa CucTeMa
KOOpJUHAT", Hauajo KOTOPOW OH BCET/a CBA3BIBAET C KaKOM TO "TOUKOM oTcueTa" Ha "TBEpAOM Teile oTcueTa',
Y TTIO3TOMY IPAaBMIIBHO HaJI0 Ob1 Ob1TI0 ToBOpUTH HE 00 MICO, a 06 UCK, T.e. 00 nHEepIuanpHOi cUCTeMe
koopauHat. Wnu BoT, Hanpumep, y DUHIITEIHA HU T/I€ HET ONpEIeeH s ISl TAKOrOo TEPMHUHA Kak "Bpems",
€CJIM HE CUUTATh TOTO, YTO Y HETO 3TO TO, YTO MOKA3bIBAIOT Yackl. [loaTOMYy s ceifuac 1aM HECKOJIBKO CBOUX
OTIpe/IeTICHUH Pa3InIHBIX TEPMUHOB, KOTOPBIC HaM OYIyT MOJIE3HBI PU pacCMOTpeHUH nuHamudeckux [10 B
paborax DifHIITEIHA.

CT - (cuctema Tei) 3TO OTpaHUYEHHOE KOJUYECTBO 3JIEMEHTOB 00bETUHEHHBIX IPUYMHHO-CIICICTBEHHBIMU U
(YHKIMOHATBHBIMU CBSI35IMH, TIO3BOJISIIOIIMME (yHKIHOHUPOBaTh 3Toi CT onpeneneHHbIM 00pa3oM mpu
paccmotpenue ee pynkiumonuposanus B MCO unu HelACO u3 apyrux UCO wnu ueICO, korna KoopAHUHATHI U
ckopoctu Tea 3toil CT onpenensitorcst otHocutenbHo 3THX Apyrux MCO unu ueCO. Ipu atom, T.K. Mbl
paccMmarpuBaeM Gu3NYECKUe CUCTEMBI, TO dneMeHTamu B 3Tux CT Bcerga OyayT MarepuanbHbie Tena. A, 4TOObI
He ObUIO HUKAKHUX BOIIPOCOB IO NOBOJY YpaBHEHHI MakcBeiia, Irie HeT HUKaKUX MaTepualbHbIX TEN, TO cpa3y
3ameuy, 4To Mbl paccMarpuBaeM [10 DiiHITeiHA, a HE 3T YpaBHEHUS, XOTS U 31€Ch Mbl JJOJKHBI UMETh U
MaTepuaIbHble UCTOYHUKHU AJIEKTPOMATHUTHBIX BOJIH U MaTE€pUAIbHbIE IPUEMHUKH, YTOOBI IPOBECTH
HKCIIEPUMEHTHI, KOTOPHIE MO3BOJIAT MOTYYUTh 3TH YPaBHEHHS, KOTOpbIE OyIyT OAMHAKOBO OMHCHIBATH
B3alMOJICICTBIE MEXAY STUMH MaTepHalbHbIMU TenaMu B pazHbix MCO u, cnenoBatenbHO, OIMHAKOBOE
noseneHue CT, 3a koTopoit Mbl OyzieM HabmoaTh. TakuMm oO6pa3zom, noseaeHre CT oTpaxaeT KOHKpETHbIE
¢bu3nyecKue SBICHUS U MOJAYMHAETCS pa3InYHbIM 3aKOHaM IpUpoibl. [Ipu 3TOM, eCTECTBEHHO, KaK YacTHBII
ciyyait CT MoeT OBbITh M OTZIeNBbHOE TeJO, T.€. B 3TOM ciaydae CT coCTOUT U3 3TOr0 OJJHOTO Teja.

NCO - (uHepuuaipHasi cCHCTEMa O0TCYETa) 3TO CUCTEMa KOOPAUHAT, B KOTOPOW MBI OITUCHIBAEM
¢yukuonuposanue Hame CT. [Ipu aTom cuctema KOOpAUHAT MOXKET ObITh U IEKapTOBOM U chepruuecKkoi u
LWINHAPUYECKOM, HO 51 Bce BpeMst Oy/y MCIOJIb30BaTh TOJIBKO JIEKAPTOBY CUCTEMY KOOPAMHAT, Ha4yajo
KOTOpOI MPUBSA3aHO K KaKOM TO Touke oTcueta. M, Xxots, kak s yxxe Hanucal, TepMuH MNCO He coBceM
KOPPEKTEH, HO OH ye HIMPOKO UCIONIb3YyeTCs, TOITOMY s ToXke Oyay ucrnonb3obars Tepmud MCO, HO
M0/Ipa3yMeBaTh MpHU 3TOM Oyay UHEPLUATIbHYIO CUCTEMY KOOPJUHAT WJIH, KaK Mucal DWHINTEHH, rajuieeBy
cHCTeMY KOOPJMHAT, IPUBA3aHHYIO K KOHKPETHOM Touke orcuera. [Ipu 3TOM, T.K. MBI Oy/ieM paccMaTpUBaTh
JUHAMHYECKHe Mpouecchl, T.e. pyHkuuonupoanue CT Bo BpeMeHH, TO KpOMe BUPTYaJbHBIX JIUHUMN, T.€. Ocel
KOOp/AMHAT ¢ MacIITaOHBIMU JIMHEMKaMHU BJ0JIb HUX, HAM NOTPeOyeTCs elle ¥ MHOKECTBO OJJMHAKOBBIX
BUPTYaJIbHBIX YaCOB PACIOJIOKEHHBIX MO OCSIM KOOPAMHAT, KOTopble Toxke OyayT yacteio CO. [Ipu atom,
HCO moryT OBITh KaK 3aKpBIThIE, T.€. U30JIMPOBAHHBIE OT BHEIIHETO MUPa, KOTJ]a HUKAaKUe BHEIIHUE TeJa He
MOTYT NMOBAUATH Ha pyHKUKMOHUpoBaHue CT u aTu Tena He HaOmoAaroTes u3 apyro MCO, nanpumep,
paccmotpenne CT B katoTe kopabuis y ['anusnesi, Tak ¥ OTKpBITBIE, KOT/1a BHEIITHHE TeJIa MOT'YT IOBJIMSATH Ha
¢byukuonuposanue CT, a camu Tena MmoryT HaOmonarses u3 apyrux UCO. Hanpumep, 3To
¢ynkunonuposanue CT Ha many6e kopabuis ['anunes:, korna mpl Habmoraem 3a 3ot CT u3 qpyrux UCO (xots
3TO HE COBCEM KOPPEKTHBIN NPUMED, T.K. TPaBUTALMs OT BHEIIHUX Tell BiuseT Ha nosenenue CT u B karote
KopabJs u Ha ero nainyo6e).

HelCO - (HemHepiaibHas cuctema orcyera) 31o Ta ke MCO, HO ABMKYIIASCS ¢ YCKOPEHUEM.



OtkpsiTeie UCO - cuctemsl 0TCYETa B IPOCTPAHCTBE HE OTPAaHMUEHHOM HUKAKUMU pa3MepaMHu.

3axpsiTeie UCO - cucteMsl oTcuera, rae apukenue CT nNpoucXoanuT B IPOCTPAHCTBE OTPAHUYEHHOM KaKUMU -
TO pa3MepaMH, KOTOPbIE ONPEAEISAIOT 00JacTh IPOCTPAHCTBA, KOTOPAsk OTTOPOKEHA OT OCTAIBLHOIO
IIPOCTPAHCTBA CTEHKAMU HE MPOIMYCKAIOIIUMHU HU CBET, HU 3JIEKTPOMAarHUTHOE U3y4EHHE HU I'PABUTALUIO, KaK
BHYTpPb 3TOI'0 IpOCTpaHcTBa OT Ted He BxoAsamux B CT, tak u He nponyckarouux ux ot CT 3a npenesnsl 3Toi
NCO, T.e. 3o UCO n3011upoBaHHBIE OT BHEILIHETO MUDA.

Touka oTcyera - 3T0 MPOU3BOJIbHAS TOUKA B IPOCTPAHCTBE KAKOH TO peanbHOM ((hru3nyeckoit) cucTeMsbl, Kya
MBI ioMmetaeM Hadaino Hameil cucteMbl koopauHaT (MCO nimn HeMMCO) 1 KOTOPYIO MBI CUATAaEeM HETIOBHYKHOM
B OTPaHUYEHHON WK 6€3rpaHuvHOM 00J1aCTH MPOCTPAHCTBA STOW PEaTbHOIN CUCTEMBI, I/I€ MBI pacCMaTPHBAEM
¢bynkuonuposanue CT. Hanpumep, 370 MOKeT ObITh yroJ KatoThl Kopaduis ["anusest uinu yroi Barosa y
DiHIITEeHA, TJIe TPOCTPAHCTBO MWIIM OTPAaHUYEHO CTEHAMH KarOThl M BaroHa Jis 3akpbIThix UCO mim Oyner
6e3rpannuHbIM 17151 OTKpEITEIX MCO. [Ipu 3TOM TOUKa OTCUEeTa MOKET OBITh M HE MPHUBSA3aHA K KAKOMY TO
MaTepHabHOMY TeIly, KaK, HalpuMep, B ciydae, KOTaa Mbl ONUChIBaeM (yHKIHOHUpOBaHUE COTHEYHOMH
CUCTEMBI B IEKapTOBOM CUCTEME KOOPJAUHAT OTHOCUTENIBHO LeHTpa Macc CONHEUYHOU cucTeMbl. XOTsl, Yalle
BCETO0 9Ta TOYKA BEIOMPAETCS HAa pealbHOM (PU3MUECKOM Telle, HalpuMep, Ha KaKOM TO JIEMEHTE J1Tab0opaTOpHOI
yCTaHOBKHU ¢ IpuOopamMu, KoTopast 1BuxkeTcs BMecte ¢ camoii UCO.

HabGnronarens - 3To npubop puxcupyronmii kKakoi To nokasarens ¢pyHkunonuposanus CT, Hanpumep,
KOOPJMHATBI TEJI WIIK UX CKOPOCTH WM 4acTOTY IPUHUMAEMbIX CUTHAJIOB. TakuM 00pa3oM, 37ech y Hac
HaOJI0AaTeNb 3TO yXKE HE CYOBEKT, T.€. YeJIOBEK, KOTOPBIH HAXOJUTCS B KaKOoi To KOHKpeTHOH Touke MCO (kak
YaCTHBIN ClTy4ail B TOUKE OTCYETa) M HAOIFOMaeT U3 3TOU TOYKH 3a pyHKImoHupoBanueM CT, a 310 yxe
TeXHU4Yeckuil HaOroaatenb. [IpuyeM, T.K. Mbl Oy/ieM OJJHOBPEMEHHO (PMKCHPOBAaTh MHOXKECTBO IIOKa3aTenen
¢dbynkunorupoBanusi CT MHOKECTBOM pa3IMUHBIX MPHOOPOB, TO Y HAC OyeT yke KOMOMHUPOBAHHBIH
HaOJI0AaTeNb COCTOSIIIUM U3 MHOYXKECTBA NPUOOPOB. M B KaKOM TO CMBICIIE TAKUM H/1€aIbHBIM
koMOmHMpoBaHHBIM HaOmonateeM B CTO sBnsiercst cama MCO, koTopast aBToMaTH4ecKu (PUKCHPYET
KOOP/AMHATHI T€Jl U BpeMs, KOTa TeJla UMEIOT 3TH KOOPAUHATHI. A B TOM Clly4yae, KOTJia OT/ieIbHble PUOOpHI
WK cyOBeKT (PUKCUPYIOT U IpYTrue MoKazaTrenu (pyHKIIMOHUPOBAHUS CUCTEMBI, HAIPUMED, N3MEHEHUE 1IBETAa,
TO OHM JONOJHSAIOT Bo3MokHOCcTH MICO 13 koTopoit HaOmonaetcs siBinenue. Bot Tonsko B CTO npunsTO, 4YTO
4achl, KOTOPbIE MOKA3BbIBAIOT KOOPIMHATHOE BPEMsI, HAXOAATCS HEU3BECTHO T/I€, a BUPTyallbHblE HAOII0aTeNH,
KOTOpbIE (PUKCUPYIOT KOOPIUHATHI T, TaM IIOYEMY TO PacIOI0KEHbI BCET/1a PJIOM C TeIaMu, T.€.
nostyyaercs, uto B Toil UCO, rae pynkunonupyet CT, 3a koropoit mbl Habmogaem u3 csoeit UCO, a
MOJy4eHHYI0 MU HHpopmMaruio B Hairy MCO oHM OTCHUIAIOT TJIaBHOMY HAOJIIOAATEINIO 110 1OoYTe (WIH elle
kak-10). [Toatomy B CTO ¢ HabmonaTenssMu U yacaMy OOJIbIIasi HEOIPEEIEHHOCTbD.

Bpemst - cBOMCTBO OKPY’KAIOLIEr0 HAC MUPa, KOTOPOE MO3BOJISET HAM OIUCATh MOCIIEN0BATEIbHOCTD
HabmogaeMbIx HaMu cocTosiHUM CT. A KOJIMUYecTBO MEPHO0B PA3ITUUHBIX MEPHOAMUECKUX MPOIeccoB (yIapoB
cepaua, Bocxoos CosHIa, KauaHUN MasiTHUKA, UMITYJIbCOB OT IyJIbCAPOB M T.J.) IPUHATHIX HAMH 32 €IUHUILY
M3MEpEHUsl BpEMEHH, O3BOJISIET OXapaKTePHU30BaTh KOJMUECTBEHHO 3Ty MOCIE0BATEIbHOCTh HA0II01aeMBbIX
coctossHui CT B pa3iauy4HbIX SBJICHUSAX IPUPOJIBI.

[Ipu 5TOM s HEe IPETEH Y0 Ha TO, YTO JaHHAs TEPMUHOJIOTHSI SIBIISIETCS OKOHYATENbHOM, T.K., XOTS, HAIpUMeEp,
y [lotexuna B padore [48] 1 ncronp3yr0TCS TOXKE TEPMUHBI KWHEMaTHYeCKU 1 fuHamudeckuii [10, Ho B
pabote [49] oH HCOIB3yeT He TEPMHUHBI OTKPBITHIC U 3aKpbiThie UCO, a TepMHUHBI KHHEMATHYECKHE 1
JMHAMUYECKHe CUCTEMBbI oTcueTa. M B IMHAMHUECKUX CUCTEMax OTCUYEeTa y HEro HabJtogaTeb HaXOAUTCS B
3akpeIThiX MCO, rne nHaxomutcest u CT, a B KHHEMaTHUYECKUX CUCTEMax OTCUETa y HEro HaO01aTenb U3 OJHOU
otkpsIToit UCO nabmonaer 3a CT, Haxoasmeiics B apyroit otkpbitoit MCO. Ho nipu 3TOM cMBICT 3TUX U
JPYTUX OIpEAeTIeHUI Y HeTo Mo AyXYy COBIAJAET C TEMU OIpPEAeTICHUSIMH, KOTOPbIE Jal 5, U TOXKE M03BOJISET
Oosiee yeTKo MoHATh, uTo Takoe CTO u uro Takoe [10 DitHiuTeitna. [la, s cuntaro cBOM onpeneneHus oonee
KOPPEKTHBIMH, HO KaKue onpezesneHus (MOH, ero Uil ellle KOTro TO) MPUKUBYTCS MOKaXKET BpeMSI.

Takum 006pa3om, B MOEH TEPMUHOJIOTHU TIPUMEPHI, pacCMaTpHUBaeMble DWUHIITCHHOM, HarpuMep, PU3UK co
cBOeH J1abopaTopueil B BaroHe JIBMKYILErocs 1moe3a, OyayT onucanbl Tak. Eciau y Hac nuMeeTcst 3aKphiTas
HCO, T.e. Baron noeszaa, KOTopasi pPAaBHOMEPHO JIBUKETCS OTHOCUTENIBHO 1oJis, U B 3Toii MCO y Hac npu



uzyuennn pusukom 3pdexra Jomnepa umeercs CT, T.e. ABIKYIIHUECS UCTOYHUK CUTHAJIOB M PUEMHHUK, TO MBI
pasnmuuHbIMHU Tipudopamu, HaxoasmmmMucs B 3Toil MCO, pukcupyeM KOOpAMHATHI U CKOPOCTH UCTOYHHUKA U
MPUEMHHKA, a TaK K€ YacTOTy MepeIaTyrKa U YaCTOTy MpueMa. A, €Clid Mbl Ha0JIF0/1aeM 32 TPUEMHHUKOM U
HMCTOYHUKOM, KOTOPBIE IBUXKYTCA 32 OKHOM BaroHa, To Mbl uMeeM oTKpbITyto UCO (Baron nmoeszia) u
HabmonaeM yxe u3 Hee 3a CT, T.e. B JTaHHOM ciiy4ae Mbl HE MO’KEM TIOMECTHTh IPUOOp Ha MepeIaTINKe WIn
MIPUEMHHKE, YTOOBI 3a)MKCUPOBATH YACTOTY NepeaTuuKa UM IPUHUMAEMOTr0 CUTHAlIa, XOTSI KOOPAUHATHI
MPUEMHHKA H UCTOYHUKA MBI MOKeM (PUKCHpPOBATH IpUOOpaMu pacioyiokeHHbIME BHYTpH Hameit UCO, HoO
TOJIBKO BU3YaJIbHO MO YTy HAOJIIO/IEHUS C YIETOM PACCTOSIHUSI MOJIYYEHHOTO C UCIOJIb30BaHUEM pajapa.
Taxum o0OpaszomM, momydaercs, uto 31eck Mbl 13 cBoeil MCO nabmogaem 3a CT, KoTOpast JBMXKETCS B IPYroi
HCO, T1.e. B mone, rae y Hac HET MPUOOPOB, T.€. HAOJIFOAAaTENIeH, KOTOPhIE BCE HAXOIATCS BHYTPHU HaIlleh
otkpbiToit UCO, T.e. BHyTpu BaroHa. [Ipu 3ToM KOOpAMHATH UICTOYHHUKA ¥ IPUEMHHUKA MBI (DUKCHPYEM,
HampuMep, B IEKAPTOBON CUCTEME KOOPIUHAT, Ha4allo KOTOPOM MPUBSI3aHO K KaKOM TO MPOU3BOJIbHOM TOUKE
BaroHa, HarIpuMep, K yIriy BaroHa. A Ternephb JaBaiiTe HOCMOTPUM HACKOJIBKO MOH ONPEACTICHHS
COOTBETCTBYIOT TEPMHUHOJIOTMH DHHINITEHHA, UCTIONb3yeMOI UM B pa3IM4HbIX paboTax (B OCHOBHOM
kacatoruxcst CTO). [3 ctp. 175] 1911 roaa, [6 ctp. 412] 1915 roxa u [7 ctp. 535, 536 u 537] 1917 roxa.

"/lo cux nop s 2coéopun o 1abopamopusx. QOHAKO 8 MamemMamuyecKkol gusuke a6ieHus 00bIYHO OMHOCAM He K
KaKoui-mo onpeoeneHHou 1a6opamopuu, a Kk HeKomopou cucmeme koopournam. Ilpu smom cyuecmeenno
cnedyoujee: eciiu Mol 0ellaemM KaKkoe-1ubo 8blCKA3bl8AHUE O NONONACEHUU MOYKU, O 8Ce20d YKa3vlédem Hd
cosnaodeHue 3mou Mo4KU ¢ MOUKOU HeKomopou opyeou cucmemvl men. Hanpumep, eciu 6 kauecmee maxou
MamepuaibHoU MOYKU 5 03bMY cAM020 cebs u ckaxcy: " naxooicycy 6 smom mecme 6 s3mom 3ane”, mo mem
CAMBIM MOE MEeCMONON0NACEHUE COBNAOAem ¢ HEKOMOPOU ONpedeleH O MOYKOU dM020 3aJd, MouHee, 5 2080pI0
0 makom cosnadenuu. B mamemamuueckoul ¢husuxe 3mo oenaemcs ¢ NOMOwbIO Mpex yucei, maxk Hazvl8aemvlx
KOOpOUHAm, YKA3bl8aOWUX, ¢ KAKUMU MOYKAMU CUCEMbL HCECMKO CKPENTIeHHbIX mel, KOMOPasl HA3bl8Aen sl
KOOPOUHAMHOU CUCMEMOUL, CO8nadaenm moukd, nojodiceHue Komopot paccmampusaemcst.”

"Tam, 20e 6 ghuszuke uespaom pob NPOCMPAHCMBEHHbIE COOMHOULEHUS], OHU 8Ce20d O3HAYAIOM YKA3AHUE
NONOHCEHUS KAK020-HUOYOb NpeomMema no OMHOWEHUIO K HEKOMOPOMY meepoomy meny. Mvl onucvieaem
NoJ0JiCeHUe npeomema no OMHOUEHUIO K CMEKISAHHOL mpyoKe, K CMeHaM KOMHAMbL, K NO8EPXHOCMU 3emuu u
m. 0. B meopuu mecmo 3mozo meepooeo mena 3anumaem cucmema koopournam. OHa MblCIUMCS KaK
8000paACAEMAsL HCECMKASL CUCIEMA, KOMOPYIO HAOO 3AMEHUMb PEANbHbIM MEEPObIM MENOM 80 6CEX CLYYASX,
K020a HA0O NPOepUmb NPABUTLHOCHb MEOPEMULECKO20 Pe3yiIbmamad, COOEpHCAUec0 8biCKA3bIBAHUE O
npocmparcmee. Takum obpazom, cucmema KOOPOUHAM 03HAYaem OJisi PU3UKA HEKOMOpoe PeanibHoe meepooe
meno, K KOmopomy ciedyem OmHOCUMb AGNIeHUs, nooaexcawue uzydenuro."

"Ipesicoe ceco 0cmMasum CO8EPUICHHO 8 CMOPOHE HESICHOE CN0B0 «RPOCMPAHCMBO», NOO KOMOPbIM,
NPU3HAEMCSl, Mbl HUYe20 ONPeOeleHHO20 He NOOPA3YMeBaeM; BMeCHO 9M020 Mbl PACCMOMPUM «OBUNCEHUE 8
OMHOWEHUY K NPAKMU4ecKy meepoomy meny omciemay. B npedvioyuem napazpaghe mvi 0anu onpedenenue
NOHSIMUSL MECMA OMHOCUMENbHO Meld OMCHema (HCeie3HO0OPONCHBI 6A2OH ULU NOBEPXHOCHIb 3eMl).
3amensisn nowsmue «meno Omciemay NOHAMUEM «CUCeMA KOOPOUHAMY, NOLE3HbIM 0I5l MAMEeMAMUIecKo2o
ONUCAHUSL, Mbl MOICEM CKA3AMb. KAMEHb ONUCHIBAEN NPSMYIO TUHUIO OMHOCUMENbHO CUCHEMbl KOOPOUHANI,
HCECMKO CEA3AHHOI C 8A2OHOM, U NAPAOOTY OMHOCUMENLHO CUCHIEMbI KOOPOUHAM, JHCECMKO COCOUHEHHOU C
nogepxrnocmoio 3emau. M3 smoeo npumepa ciedyem, umo He Cywecmesyem mpaeKmopuu camotl no cebe; 8CsKas
MpAeKmopusi OMHOCUMCSL K OnpedeneHHomy meny omcyema." (31ech IMEETCs B BHY TPACKTOPHUS KaMHS
OpOIIEHHOT0 BEPTUKAIBHO C MPOEIKAIOIIETO M0e3/1a).

"Tenamu omcuema, K KOMOPLIM 8 XOPOULeM NPUOIUINCEHUU NPUMEHUM 3aKOH UHePYUU, AGTSIIOMCS, 0Y4eBUOHO,
HenoosudcHble 36e30bl. "

"Ilycmb 6 8030yxe 1emum 0poHA, NPAMOIUHEUHO U PABHOMEPHO, eClu HAONI0OAMb C NOJIOMHA HCeNe3HOU
dopoeu. Toeoa ¢ mouku 3peruss HabIOOamens, Haxo0AUWe20Cs 8 OBUNCYUEMCS 8A20He, CKOPOCb IMOU 60POHbLL
Oyoem umems Opy2yro 6eIUYUHY U HANPABLEHUe, HO 0BUNCEHUE MaKdce 6Y0em NPAMOTUHEUHBIM U



pasHomepHbvim. ... Eciu K eanuneesa cucmema koopounam, mo u écaxas opyeas cucmema koopounam K',
osudxcywascs omuocumenvro K pagnomepro u npamonuneino, maxoice A615Aemcs 2aiuneesou cucmemou. B
cucmeme K" maxoice xax u 6 cucmeme K, evinonnaiomes zakonvt mexanuku I anunes-Horomona."

Kak Buaum, Mou onpesienieHrs COOTBETCTBYIOT TOMY, UTO IMcall DUHIITENH, T.€. Mbl BUJIUM U '"TalIUJIEEBY
CHUCTEMY KOOpJIMHAT", T.€. ABWKYIIYIOCS MPSIMOJIUHEMHO U paBHOMEPHO, U "TOUYKY OTCYeTa" C KOTOPOU OH
CBSI3bIBAET HAUAJI0 ATOM CUCTEMbI KOOPAMHAT. M XOTS OH HE rOBOPUT HANPSAMYIO O "TOYKE OTCYeTa", a TOBOPUT
o0 "Tene orcyera’ KOTOPOE OH 3aMEHSIET MTPH TEOPETUUECKOM PacCMOTpEeHHE (QYHKIITMOHUPOBAHUS PA3TUYHbBIX
CT "cucremoii KoopauHaT", KOTOPYIO OH JKE€CTKO MPUBS3bIBAECT WM K BarOHY WJIH K IOBEPXHOCTH 3€MJIH, T.€. B
HaIIel TEPMUHOJIOTHH K KaKoil TO "'Touke oTcuera’ WM B BaroHe WM Ha noBepxHoctu 3emud. [1pu sTom, XoTs
DWHINTEWH 1 n30eraet NOHATHS "TIPOCTPAHCTBO", HO OT ATOT0 HUKY/A HE YUTH U JIF00as TOUYKa TBEPAOTO TEJa B
BaroHe WJIM BHE BarOHa MOKET OBbITh )KECTKO CBsI3aHa ¢ BaroHoM. [103ToMy MOXKHO TOBOPUTH, UTO "TOUKa
oTcyeTa" 3TO Takas k€ TOUKa B IPOCTPAHCTBE, KAK U HA IOBEPXHOCTU TBEPJOrO TEJa OTCUETA HA YEM 3a4EM-TO
HacTanBaeT DUHIITEMH.

ITpu 3TOM, KaK Mbl BUIUM, DUHIITEHH BeeT HabMoeHus He 3a BooOpaxaeMoil NCO, kak MHOTHE CUUTAIOT, a
3a peaJIbHbIMM T€JIaMH, T.€. UM 32 BOPOHOU WM 32 KaMHeM, T.€. 3a CT. U HabmronaTeneM y Hero siBJsieTcs He
KOHKPETHBIN CYOBEKT, a (PU3HUK BOOPYKEHHBIH B CBOEH JIaOOPAaTOPUHU pa3IMUHbIMU NPUOOPaMH, T.€. UMEIOTCS B
BUY IPUOOPEI, KOTOPBIE NA0T pu3NKy nokazarenu pyakiuonupoBanus CT. A B ToM citydae, eciu CyObeKT
JIONOJTHSIET OKa3aHUs NPUOOPOB CBOUMH CYOBEKTUBHBIMU IMOKA3aHUSAMU, TO 3TO TOXKE Oy/I€T COOTBETCTBOBAThH
TepMUHY KOMOMHUPOBaHHBIN Ha0moaaTens. Y mpu paccmoTpennn DiiHmTeiiHOM ero yactHoro [10 mel eme pa3
yOexxgaemMcs B TOM, YTO IPUHATHIE HAMHU OIIPEJIEIEHUS] COOTBETCTBYIOT TEPMHHOJIOTUH, UCIIOJIb3YEMOMN HM.
Cwmortpure [1 ctp. 10] 1905 roxa, [3 ctp. 175] 1911 roga, [7 ctp. 537 u 552] 1917 roga u [14 ctp. 660] 1948
roja.

«3aKoHbl, N0 KOMOPBLIM USMEHAIOMCS COCMOAHUSL PUIUUECKUX CUCTNEM, He 3A8UCAM OM MO20, K KOMOPOU U3
08YX KOOPOUHAMHBIX CUCTNEM, OBUNCYWUXCS OMHOCUMENLHO OpY2 OpY2a PAGHOMEPHO U NPAMOIUHENHO, MU
USMEHEeHUsL COCMOAHUS OMHOCAMCA.»

"Ceuuac s nocmapaioco 00bACHUMb, YMo cledyem NOHUMAMb NOO NPUHYUNOM OMHOCUMENbHOCTIU.
IIpeocmasum cebe 08yx Guzukos, Kaxcowviii U3 KOMOPLIX UMeem C8OH0 1abopamopuro, 060pyO008aAHHYI0 BCeMU
Heobxooumvimu npubopamu. [Ipeononodcum, umo 1abopamopus nep8o2o PuUKa pacnonodtcena 20e-Huoyos 6
noine, a 1a60pamopust 6MopPo2o — 6 HCeNe3HOOOPOICHOM 8A20HE, OBUICYULEMCSI C NOCIMOSHHOU CKOPOCMbIO 6
00HOM Hanpasnenuu. [lpunyun omuocumensHocmu ymeepacoaem ciedyrowee: eciu 3mu 08a pusuxa,
npUMeHsisi 6ce C6oU NPUbOpPsvL, 6YOYm u3y4ams 3aKOHbL NPUPOOblL,— NEPEblil 8 CE0el HENOOBUICHOLL
Jabopamopuu, a 6mopotl 8 1adopamopuL, O8UNCYWeEUCs NO Hcee3Hol 00poce,— Mo OHU OMKPOIOM
MOACOECMBEHHbIE 3AKOHbL NPUPOObL, NPU YCIOBUU, YMO 8A2OH OBUNCEMCSl PABHOMEPHO U 6e3 mpsicku. B
HeCKObKO OoJiee, abCmpakmuoll hopme MONCHO CKA3AMb: CO2NACHO NPUHYUNY OMHOCUMETbHOCTU 3AKOHbL
npUpoObl He 3a8UCIIM OM OBUNCEHUS cucmembl omcuema."

"Coenaem ewe 00uH waz 8 cmopoHy 0bobujenus, evickazas cieoyrujee ymeepxcoenue. Ecau K' - cucmema
KOOPOUHAM, O8UNCYWAACA PABHOMEPHO U 6e3 epaujenus omuocumenvHo cucmemol K, mo aenenus npupoovi
npomexarom omuocumenvro cucmemwvl K' no mem swce 3axonam, umo u omunocumenvro cucmemot K. Omo
NO0MHCEeHUEe Mbl HA3bI8AeM "npuHyunom omuocumenvrocmu" ( y3kom cmoicie)."

"Cooeparcanue Kaxncoo2o 6ceodue20 3aKOHa NPUPOObL QOAHCHO ObIMb MAKOBO, YMOobbl OH MO2 COXPAHUMb
COBEPULEHHO MY Jice POPMYTUPOBKY, eCllu HA MeCmo NPOCMPAHCINEEHHO-8PEMEHHBIX NEPEMEHHBIX GENUYUH X, V),
Z, t NePBOHAYANBLHOU cucmembl KoopouHam K 6800amcs HO8vle NPOCMPAHCMEEHHO-8PEMeHHble, NepeMeHHble
genuuunwvl X', y', z', t' cucmemol koopounam K', npuuem mamemamuueckas 3a8UCUMOCIb MeHCOy NepebimMu U
emopuvimu seauyunamu oana Jlopenyesvim npeoopazosanuem. Kopomxo gpopmyupys: eceobujue 3aKoHvl
npupoObl KOBAPUAHMHbL OMHOCUMeNbHO Jlopenyesa npeobpazosanus.”



"C nomowwro npeobpazosanuii JIopenya cneyuanvhbiti NPUHYUN OMHOCUMENbHOCIU MOXCEem Oblmb
cpopmynuposan ciedyroumum oOpazom: 3aKOHbL NPUPOObL UHBAPUAHIMHBL OMHOCUMENTLHO NPeodPA308aHUT
Jlopenya (m.e. 3aKk0H NPUPOObI He OONIHCEH USMEHUMbBCS, eClU OMHEeCMU €20 K HOB0U UHEPYUATbHOU cucmeme
npu nomowu npeobpazosanuti Jlopenya ona x, y, z, t)."”

Ho 31eck MBI Tak e BUAUM, 9TO DUHINTEHH, hopmyaupys cBoit yactHsli [10, 1.e. pyis MCO, oueHb cMyTHO
npencrasisier cede cmpica cBoero I10 1 mosToMy cTapaercs Bce CBECTH K TOJIOH MaTeMaTHKE, a B IPUMEPE C
nByMs (hU3UKaMH OH sIBHO ToBOpHUT He o cBoeM [10, a o 1D lNanmmnes-HproTona. Ho y HUX B pa3iMyHbIX
3akpbeIThIX MCO Habm01aeMble IBHKEHUS TN OBLIIM COBEPIIIEHHO OJAMHAKOBBIE, a Y DifHIITeHHA HAOII0JaeMble
n3 pazHeix UCO nBMKEHHS TeIl MOTYYaroTCs pa3HbIMU, TO3TOMY U ['anmuieit 1 HetoToH HuKoraa Obl He
J0TyMaJTUCh OIPENeIATh 3aKOHBI TPUPOIBI 110 HabmroqaeMbIM U3 pasHbeix MCO aBmxkenusM ten. Benb oHu
yTBEpKAald, 4To HaOIrogaeMble (BUauMble) u3 pazinuunbix NCO nBuxeHHs Teld MOTYT ObITh KaXKYUIUMHUCS, T.€.
HE UCTHHHBIMHU, U, CJICIOBATEIILHO, HUKAK HEe OYAYyT OTpakaTh UMEHHO 3aKOHBI PUPOJILL. A DUHIITEHH
MpHUpaBHAI BuAuMbIe U3 pa3nudyHbix MCO nBukeHus Tell B MpaBax ¢ HCTUHHBIMU JIB)KEHUSIMU U 3asIBIISIET, YTO
Y TI0 9TUM KXKYIIUMCS (BUTUMBIM) JIBHKCHUSIM MOKHO TIOJTYYUTh 3aKOHBI IPUPOJIBI, KOTOPBIE Oy IyT
OJIMHAKOBBIMHU TPHU HCIIONB30BAaHUH BUIUMBIX U3 1000 NCO aBmxeHui.

Ho Benp, Hanpumep, BUIuMoe u3MeHeHune pa3MepoB aBuxkymuxcs B UCO Ten umu Te, HOKOSIIUXCS B
ucxonnou UCO, a nabmogaemoe u3 asmxymerics MCO, xots u Oyner HaOm0aaThCs HA CaMOM Jielie, HO OyIeT
KKYIIUMCS, 2 HE UCTUHHBIM, a DiHIITeNHH 00bsaBisieT B cBoeil CTO 3T0 u3MeHeHne pa3MepoB UCTUHHBIM, T.K.
Y HEr'o 5THU USMCHCHUSA ABJIAIOTCA pCaJIbHbIMU. HpI/I 4cM, B Yroay CBOMM MAaTCMAaTUYCCKUM (baHTa?,I/IHM OH
3asBIISIET, YTO MPH JFOOBIX BapUaHTaX JBIKEHHS CAMHX TeJl M HAOJ0AaTeNs pa3Mepsl Tell B POI0ILHOM
HaNpaBJICHUHU OyIyT yMEHBIIATHCS, XOTs, Kak OyJeT MoKa3aHo Jajiee, JaKe BUIUMBIC pa3Mephl TelI OyIyT B
pa3IMYHBIX BapUaHTaX MU YMEHbBIIATHCS, WM YBEITHUUBATHCS, UIIM OCTABATHCS HEM3MCHHBIMHU.

A HEKOTOpBIC YHTATENH, YBEPOBaB B (paHTa3nu DUHIITEIIHA, HAYMHAIOT H300pPETaTh BCAKHUE MMapaJOKChl, CUUTAs
9TH (haHTa3MH peabHBIMU ABIeHUsIMUA. Hanmpumep, paccmaTpuBas nuck JpeHdecTa, yIUBISIOTCS TOYeMY OH Yy
DOiHIITEeiHA HEe pa3pyllaeTcs TP BpallleHHH, T.K. HApy>KHbIE CIIOM OYIYyT C)KUMAThCs CHIIbHEE YeM
BHyTpeHHue. Ho y DiiHInTeiiHa 3TH BUAMMBIE UM U3MEHEHUSI pa3MepOB SBIISIOTCA TOJIBKO (POKYCOM, KaK,
HanpumMmep, pacluiuBaHue GaKupoM yesloBeKa B AILIUKE Ha JBE YaCTH, KOT/1a HUKAKOTO peabHOro
pacnuiMBaHus YeJIOBEKa IIPU STOM HE MPOUCXOAUT, U IIOATOMY HUKTO TYT U HE YAUBIISIETCS [TOUYEMY YETOBEK
npu 3ToM He norubaet. Ho, eciu ¢ pokycoM 1o M3MEHEHHIO pa3MepoB TeJl y Hac XOTs Obl UMEIOTCS peasibHbIe
MPENNOCHUIKY JJIsl 3TOTO, T.K. BUIMMBIE pa3Mepbl Tell AEUCTBUTEILHO MOTYT U3MEHSATHCS, TO BOT U3MEHEHUS
Temmna TedyeHus BpemeHu B Apkyumxcs MCO e Oyzaer naxe Bugumoro. [Toaromy nanusiit BeiBog CTO
SIBJISIETCS] YMCTO MAaTEMAaTUUECKHUM CIIeJICTBUEM (paHTa3uii DUHIITEHHA, SIBISIOMUMCS TOO0YHBIM d(hexTomM
npuMeHeHus JIopeHIeM KoOOpIMHATHOTO BPEMEHU ISl OJJUHAKOBOTO ITYTH IIPOXOJIUMOI0 CBETOM B Pa3HBIX
HCO (Ha 3TOM 51 OCTaHOBIIOCH HIKE). W DiiHmTeiiH cam sxe 00 3tom numer B 1917 u 1938 rogax [7 ctp. 549,
16 ctp. 474, 512, 475].

"Anpuopu sicHo, 4mo u3 ypasHeHul npeooPaz08aHUs MONCHO NOJYUUMb HEKOMOPble OAHHbLE 0 PUULECKUX
ceoticmeax macumabos u 4acos."

"Haw 661600 Mooicem Obims chopmyauposan unaye. eciu CKOpocms céema 00UHAKO0BA 80 8CeX CUCMEMAX, Mo
08UICYWUECS CIEPHCHU OOTIHCHBL USMEHAMb CE8010 ONIUHY, O8UNCYUUECS 4aCbl OOTIHCHBL USMEHAMb CEOU PUMM, d
3aKOHbL, YNPAGIAIOWUE IMUMU USMEHEHUAMU, OONIHCHBL ObIMb MAK JHce MOYHO OnpeoeieHbl."

"Cl’lelxﬂlaﬂbHClﬂ meopus ONHOCUMENIbHOCNU OCHOBblBAEMC A HA deyx gbyndameHmanbezx NOJIOJANCEHUAX.
(j)u3uqecm{e 3AKOHbI OOUHAKOBbL 80 8CEX CUCHEMAX Koopduuam, OGMMyWMXCﬂ I’lpﬂMOJluHeﬁHO U pa6HOMEPHO
OMHOCUmMEINbHO Opye dpyza; CKopocmb ceema 6ce20a umeem 0OHO U modice 3Havenue. M3 smux I’lO]ZOOfceHMZZ,
NOJIHOCNbIO nodmeepofcdennbzx IKCNepUMEeHnoMm, 8bIBEOEHbl CEOUCMBA ()euofcyu;uxc;z macumabos u yacoe,
UBMEHeHUSsL UX OJIUHbL u pumma, saeuciauiue on CKopocniu. "

"Bpems onpedensiemcs yacamu, npoCmMpaHCmeeHHble KOOPOUHAMbL - MACUMAdamu, U pe3yabmam 3mux
onpeoeeHUll MOJicem 3asuUcemsb Om NOBEOEeHUs. IMUX YACO8 U MACUMAD08, KO20Ad OHU HAXOOSMCSL 8 OBUNCEHUL.



Hem ocnosanuii cuumams maxk, umo onu 6y0ym eecmu cebsi max, Kak Ham 9mo2o xomenocs ovl. Koceennoe
HaO0Oenue, a UMEHHO: HAOI0OeHUe INeKMPOMACHUMHBIX A6IEeHUL NOKA3bLEAEN, YO OBUICYUSUECS. HaACbl
UBMEHSAIOM CBOLL PUMM, a MACUIMAO - OUHY, 8 MO 8PeMs KAK, OCHOBbIBASACH HA MEXAHUYECKUX S8NEeHUAX, Mbl U
He OyManu, ymo makoe modicem 6vimo. Mol 001#CHbI NPUHAMb NOHAMUE OMHOCUMETLHO20 BPEMEHU 8 KANCOOU
cucmeme KOOpOuHam, ubo Mo HAUAYYUWUll 8b1X00 U3 mpyonocmeil."

S ocTaBiisiio Ha COBECTH DUHIITENHA €r0 YTBEPKJICHUE B TPETHEH LIUTATE O TOM, YTO IKCIIEPUMEHTBI
MOATBEPKIAIOT €ro JABa PyHIaMEHTAIbHBIX TOJOKEHUS, T.K. 1 TAKUX SKCIIEPUMEHTOB HE 3Hal0. A BOT
MOCJIC/IHSIS [IUTaTa KaK pa3 U MPOJIMBAET CBET HA TO, YTO OKA3bIBAETCA ATO KaKue TO "KOCBEHHbIE HAOMOAeHUS"
JTIOKa3bIBAIOT OTPEOHOCTh B TAKUX U3MEHEHHSX, a "TPYAHOCTAMH" B MOCIAEAHEH IIUTaTe Y DUHINTCHHA
ABIISIETCA TOT (PaKT, YTO ypaBHEHUs1 MaKcBeIuIa OKa3bIBalOTCSl HEMHBAPUAHTHBIMH OTHOCHTEIIHLHO
npeoOpa3zoBanuii ["anuies (Ha 3TOM BoOIpoce 5 €Ille OCTAHOBIIOCH HIDKE). A, UCXOJIS U3 €ro BEJIMKON UJIEH,
3aKOHBI TIPUPOIBI JOHKHBI MOTYYUTHCS OAMHAKOBBIMU TIPU HAOIIOICHUY 32 SIBJICHUSIMH TTPUPOJIBI 3 Pa3HBIX
NCO, T.e. ObITh MHBAPHUAHTHBIMU K MPe0Opa30BaHUIO KOOPAUHAT U BpeMeHH. Ho 3aKOHBI IPUPOIbI HE JOKHBI
MOMYUHSATHCS (PaHTA3USIM MAaTEeMaTHUKOB, T.€. X BenukuM uaesm (I10, npuHINUI HauMEHbIIEeTO JSHCTBYS | T.1.)
Y TIO9TOMY HUKaKOH 00BEKTUBHOM HEOOXOIMMOCTH B U3MEHEHUHU Habmonaemoro u3 pasubix MCO temiia
TEYEHMsI BpeMEHU He ObL10, a ObUIO TOJIBKO OOJIBILIOE JKeTaHUe DUHIITEIHA, YTOOBI 3TO ObLIO Tak. [losTOMY TYT
DWHIITEHH BpeT, T.K. EMy UMEHHO XOTeJI0Ch, YTOOBI MacIITaObl M Yachl BeNU ce0s HE TaK, KaK 3TO IPUHSTO B
KJIAaCCHYECKON MEXaHMKe, a TaK, Kak 3TO MOJIyJaeTcs U3 mpeodpa3zoBanuii JIopeHIia, KOTOPbIi, KCTaTH, CUUTAI
BBE/ICHHOE UM KOOPAMHATHOE BpeMs IMPOCTO MATEMATHYECKUM IIPUEMOM IMO3BOJISIFOLIUM C/AEJIaTh YPABHEHUS
MakcBeria THBapUaHTHBIMH.

[TosTomy u ouepeanoit mapagokc CTO, a uMeHHO TTapaioKC OJIU3HEIIOB, SABJISETCS MPOCTO MATEMATHYECKUM
9yJIOM, HE UMEIOIIIMM HUKAKOTO OTHOILIEHHS K peaabHocTu. Ho fake, Korjaa Mbl 1eHCTBUTENHHO HAOIIO1aeM
KaKue TO uyjieca, HalpuMep, BEpXHUM MUPaXK, KOT/ia B HeOe HaOI0gaeM Kakue TO 00bEeKTHI (LIEPKOBb WITH
LENbIN TOPOA), KOTOPBIE HAXOSATCS OT HAC HA OTPOMHOM PACCTOSIHUU U PEaIbHO MBI UX HE JOJDKHBI ObLIN
BUJIETh, MBI BE/Ib HE J€JIA€M 110 ATUM HaOJII01a€MbIM (BUIUMBIM) SIBJICHUSIM BBIBOJ] O CYLIECTBOBAHUU
MI'HOBEHHOMH TejenopTaiui 00beKTOB B MPOCTPAHCTBE. A DUHILITEHH 3a1IpOCTO HE TOJIBKO IO BUIUMBIM
SIBJIGHUSIM, HO Jla’Ke 110 HUKOTI'/1a He HaOJII0JaBIIMMCS, T.€. C TOUKU 3peHusl DUHIITEHHA 10 He "'peallbHbIM
ABIeHUsIM, co3ziaeT cBoro CTO, 6azupyromrytocs Ha ero 110, koTopomMy A0KHBI (00s13aHbI) TOTYMHATHCS
3aKOHBI IPUPOJBL, T.€. JOHKHBI HMEHHO TaK MpOTeKaTh HaOI0aeMble HAaMU SIBJIEHUS. A, €CIM MbI Oy1eM
HCIOJIb30BaTh B KAUECTBE PeaIbHBIX MapaMEeTPOB HEe CyObEKTUBHBIEC TapaMeTphl DHHINITENHHA, 8 00bEKTHBHBIE
napametpsl ['anunes-HpioToHa, TO y Hac OyyT coBceM Jpyrue BhIBOJbI U3 HaOmMoAeHui 3a noseaenueM CT.
JlaBaiiTe MOCMOTPUM Ha MPOCTEUIIEM IpUMepe Kak OyAyT NPOTeKaTh OAHOTHIIHbIE (PU3UUYECKHE SBICHUS B
pasubix UCO (mpu paccmorpenuu [19) u npu HabI0ACHUH 32 OTHUM U T€M e siBlieHueM u3 pasHeix UCO
(mpu pacemotpennu I10), a Tak ke Kak 3To OyAET COIrNIacoBaThHCS C PA3IMYHBIMU TPaKTOBKaMu dacTHbIX 10, a
umenHo ¢ 10 I'anunes-HeioToHa, T.€. ¢ [19, u ¢ kinaccuueckum u penstuBuctckum I10.
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Puc. 3. Tpaekropuu nageHust Msiua B KaroTe Kopabis ["anmmes u Ha ero naayoe Ipu MOKosImeMcst Kopadie
(cieBa) M IBMOKYIIEMCS C IIOCTOSTHHON CKOpOCThIo ViSO (mocepeinHe U cripaBa) MPpH HAOIOICHUH 38 HUM U3
(unu B) 3T0it ke MCO (BBepxy) u u3 (unu B) apyroit MCO, nBHKyIIeCs C TOU e CKOPOCThIO apaJlieIbHO
Kopabutro ["anmunes (BHU3Y).

ITocTaBuB B KaroTe ABMXKYLIETOCsS] KOPAaOJIig MEXaHUYECKUH SKCIIEPUMEHT ¢ oJ0pachkIBaHUEM Msda (CM. puc. 3),
MBI YBUJIUM, YTO OH OyJIeT MajaTh CTPOro BepTUKaIbHO. COMOCTABUB €T0 ¢ aHAJIOTHYHBIM YKCIIEPUMEHTOM Ha
3eMJI€ WIIM B KAIOTE IMOKOSIILETrocst Kopaduis, Mbl YBUJUM, YTO IOJIyYECHHbIE PE3YJIbTAaThl U ONUCAHUE 3TOTO
nporecca He OTIMYAIOTCS IPYT OT Apyra. Takum o0pa3oM, TPAeKTOPHs IBHKEHHUSI OPOLIIEHHOTO B KAalOTE
KOpalJisi Msiua JI0JDKHA OTHCHIBATHCS BO BCEX BapHAHTaX OJHUMH U TeMU ke popmynamu. Ho mpu 3ToM Henb3st
YTBEPKAATh, YTO K 3TOMY 3KCIIEPUMEHTY MBI MOXEM OAMHAKOBO MpuMeHUTH U 110 'anunes-HeroTtona u
KJIACCUYECKUH U pensTUBUCTCKUN. Bo-niepBbIX, 1Ba nepsrix 110 noapasymeBaroT Hanuuue cpessl, B KOTOPOi
PacpoCTPaHAIOTCA B3aUMOJCHCTBUS U IBUXKYTCA Tena, a penstuBucTckuil 110 cripaBeayiuB TOJIBKO IIpU
OTCYTCTBHMHM CPEJIbl pACIIPOCTPAHEHUS B3aUMOAECHCTBHS MEXKAY TeJIaMU, KOTJJa He OyIeT COPOTUBIICHUS
JBYDKEHUIO TEJ OT 3TOU Cpejibl, T.K. OH pacCCMaTPUBAET IIPH 3TOM TOJIBKO HPOCTPAHCTBO (B CMBbICIIE
MaTeMaTHUYeCKOM MycTOThI). A, BO-BTOpbIX, I10 I'anunes-Hetorona u [10 DiiHinTeiiHa (Bo BTOPOW pelaKIMM)
sto He 10 nabnrogareneit o0bekTa, a [13 ycnoBuil mpoBeeHNs SKCIIEPUMEHTA.

A, ecnu MBI coniocTaBuM 3TH 11Ba [19, To cipaBennuB TyT Oyzaet Tonbko [1D Nanunes-HeioToHa, T.K. ecnu
MIPOILIECC TMAICHUS Ms9a B KaroTe OyIeT He3HAYUTEILHO OTJIMYAThCS OT TOTO MAJaeT U OH IIPU HATHYUE CPEIb
(BO31yXxa) WM MPH €€ OTCYTCTBHH, TO MPOLIECC MaJACHUS BO3IYIIHOTO MapuKa OyIeT yKe IPH 3TOM
3HAYUTEIIEHO OTJIMYAThCS, T.K. IAPUK OyJeT IMajaTh OYCHb MEIJICHHO, a Y DUHINTEHHA OHM OyyT Majaarh
onnHakoBo. Takum obpazom, gaxke [10 Nammnes-Herorona u 110 Ditnmreiina (Bo BTopo# penakiuy, 1.€. [19
1t 3akpbIThix 1ICO) 310 coBepiieHHO pa3Hble [10 u Henb3s TOBOPUTH, UTO JUIsI MEXaHUYECKUX SIBJICHUM 3TO
OJIUH U TOT k€ npuHuuIl, HO 1pu 3ToM 110 "anunes-HproToHa cripaBeUIMB TOJIBKO MPU MaJbIX CKOPOCTAX TE,
a [1O DitHmreiina (Bo BTOPOU peaakIum) Bceraa. A, eClid MbI BBIMIEM C MSYOM Ha OTKPBITYIO TATyOy KOpaois,
/i€ BO3AYX HE JIBMXKETCSI BMECTE C KalOTOM, T.€. pACCMOTPHUM €ro ABMXKEHUE B IBMKYIIeHcs oTkpbiToit UCO
(BepXHMIA MPaBbI PUCYHOK), TO TPACKTOPHS MAJCHUS JaXkKe Msda yxKe He OyJeT CTpOro BepTUKAIBHOM, KaK Ha
nanxyoe Mpu MOKOAIIEMCS Kopadlie WK B KalOTe IBUKYIIETOCs KOpadis, U TOITOMY 3/IeCh Mbl HE MOXKEM
npuMeHATh [13 ycrnoBuii mpoBeIeHHS SKCIIEPUMEHTA, T.K. YCIOBUS U3MEHUIIHCH.

[ToaTomy naBaiiTe MOCMOTPUM, UTO HaM TOBOPSIT JUIsl 3TOTO ciy4yasi KJIAaCCUUECKUN U PENSTUBUCTCKUN YaCTHBIE
I1O. 151 5TOr0 paccMOTPHUM Te€ K€ IKCIEPUMEHTHI ¢ MaJileHrueM Ms4da, Ho He u3 (wu B) MCO kopabns [anunes,
a C Ipyroro KopaoJis, KOTOPBIA JIBUKETCS C TOM K€ CKOPOCThIO MapayuienbHo kopadito ["anunes. Ecnu y Hac
Kopabusib ['anumnest OyaeT moKoUThes (HUKHUH JIeBbli puc. 3), To B HOBoIt ICO HaudanbHas rOpU30HTAIbHAS
CKOpOCTh Mstua Oyner MuHyc ViSO u Msid OyZIeT najiaTh y)Ke He CTPOro BEPTHUKAIIBHO, a 10 mapadose. A BOT,
€CIIM Mbl pacCCMOTPHUM U3 Hariel HoBoi nBrxkyiueiics MCO nageHne mMsiua Ha nany0e IBUXKYIIEerocs Kopaouis
lanunes (mpaBbIii HIDKHUIM PUCYHOK), TO y HAC TEMEpb HA00OPOT MY JIOJDKEH MajaTh corjacHo yacTHbIM [10
CTpPOTO BEPTUKAJIBHO, T.K. €ro HadanbHas ckopocTh B ICO npu ee pacuere U coriiacHO mpeoOpa3oBaHUsSM
I"anunes u cornacHo npeodpazoBanusM Jlopenua 6yaet paBHa Hy 0. Ho Mbl OTIIMYHO 3HAaeM, 4TO U B 3TOM
ciyyae M4 OyzeT nmajarth mo napadose, kak u 6ou1o B MCO xopabns ["anunes, T.K., KpOMe CHUJIBI TSDKECTH Ha
Ms1y OyzieT AecTBOBATh U CHJIa OT JaBJICHUS BETPa, KOTOPBIM OyaeT 06ayBaTh NOKOSIIIMICS B Halllel HOBOM
NCO wms4, T.K. BO3AYX y HaC B OTJIMYME OT MsUa He JBIXKETCSI BMecTe ¢ KopabisieMm ["anues.

Ho, ecnin MbI HakpoeM nany0y npo3payHbIM SIIUKOM U OTKayaeM U3 Hero BO3/yX, T.€. Oy/leM UMeTh YaCTHYHO
3akpbITyio UCO (cpeHue pUCyHKH), TO MbI ICHCTBUTEIHHO OyJeM HAa0JI0aTh BEPTHKATBHYIO TPACKTOPHIO
MaJEeHMSI MsI4a, T.€. B COOTBETCTBUM ¢ 3TUMH YacTHbIMU [10. [Ipuyem, 1 npumenenus kinaccudeckoro [10 Tyt
Jla’ke HEe HaJl0 OTKaYMBaTh BO3AYX, KOTOPHBIH Tenepb OyaeT IBUraThCsl BMECTE C MSYOM, T.€. M4 OyAeT
IIOKOUTHCSI U OTHOCUTENIBHO Hero. ClieioBaTenbHoO, A NpuMeHeHus Hamu TyT 113 [Nanunes-Hprorona Hano,
€CIlIi paccMaTpuBaTh siBieHus B aBrxymieiics MCO, uToObl 0Ha yBiekasa ¢ co00I0 U Cpefy, B KOTOpOi
nporekaer siBjaeHue B ucxogHo MCO, T.e. Mbl 10iKHBI UMeTh 3aKkpbITyo MCO. A, eciiu Mbl paccMaTpuBaeM
kiaccuueckuit [10, TO TyT HalO yUYUTHIBATh BIUSHHUE STOM CPeJIbl HAa MPOIECCHI, T.K. MBI X HAOJI01aeM U3
otkpbiToii UCO, aBmxyieics 0oTHOCUTENBHO UcxoaHo# oTkpeiToit UCO, rae npoTtekaeT paccMaTpuBaeMoe
HaMH SIBJICHHUE, U T03TOMY B ABrxyieica MCO Hago yuyuThIBaTh M CKOPOCTh ABMXKEHUS cpefibl. K coxkanenuto,
B yuyeOHUKaX MPH PacCCMOTPEHUH Kiaaccuueckoro [10 3TOT MOMEHT He YUUTBIBAETCS U 4YaCTO PacCMaTpPUBAIOTCS



SIBHO HEKOPPEKTHBIE PUMEPHI, KOT/Ia PACCMATPUBAIOT SIBJICHHSI, TPOTEKAIOIIME B IPO3PAYHOM KaloTe, T.€. B
gacTu4HO 3akpeiToit UCO, yBiekarorei 3a co0oto u cpefy, T.€. MPU 3TOM PacCMaTPUBAIOTCS HE OTKPBITHIC
NCO. Hammpumep, aist apdexra lormepa 3To OyaeT 03Ha4aTh, 4TO MPU PACCMOTPEHUH OAHOTO U TOTO Ke
npuMepa u3 pasHbix MCO B pacueTax Mcnosb3yeTcs HEM3MEHHAsk CKOPOCTh 3ByKa UJIM CBETa, HO OHa OyJeT
TAaKOBOW TOJBKO B HETIOABHKHOU Cpeie, T.€. B a0cooTHOH cucteme orcyera (ACO).

A, xorya Mbl HaOm01aeM 3To siBieHue u3 apmwxkymierics MCO, To HaM HaJ0 HE TOJIBKO COTJIACHO
npeoOpa3zoBaHmii ["amuiest BBIYUCIATH CKOPOCTH TeJ B 3To nBrokytieiics NCO, HO U y9UTBIBaTh CKOPOCTh
JBUKEHMSI CPEIbI, KOTOPask MOBJIUAET HA CKOPOCTh PAaCIPOCTPaHEHUsI CUTHAJIOB WM noTeHuanos B 3toil 1CO,
IJIe 9Ta CKOPOCTh OyaeT He u30TponHoi. A y DiiHmTeliHa B ero CTO mpu ee co31aHuu He ObLIIO HUKAKOM
cpeabl 1 mosToMy corinacHo ero 110 (B mepBoii peJakiium) TpaeKTOPHs MA4a TyT TaK U JJOJDKHA ObllIa OCTaThCS
CTPOTO BEPTUKAJILHOM HE3aBUCHUMO OT HaJIM4HMs BO3yXa WU €r0 OTCYTCTBUS, T.€. U B TOM ClIydae
kiaccuueckuit [10 3To He yacTHBIN ciydail penstuBuctckoro I10. boisee Toro, Ha TpaeKTOPUIO NMAJEHUS Ms4a
OyZeT BIUSATH HE TOJILKO HAaJM4Ke CPEbl, HO U HAIMYUE BHEIIHUX 1ojei. W, eciu oT 3JIeKTpuYecKuX Win
MarHMTHBIX I10JIEH MBI e11e MoXkeM n3onupoBaTh Hay MCO, cienaB ee 4aCTUUHO 3aKpbITOM, TO U30IMPOBATh
€€ OT rpaBUTAIIMH HUKAK Hellb3s. A Ma4 y Hac Oy/eT magarb UMEHHO BHHU3 IIOTOMY, YTO MbI IPOBOIUM
AKCIIEPUMEHTHI B OJJHOPOJIHOM BHEILIHEM I'PAaBUTAL[MOHHOM I10JI€, T.€. B [10JI€ aHAJIOTUYHOM I10JII0 IJIOCKOTO
KOHJICHCATOPa, OT KOTOPOTO MBI HE MOKEM M30JMPOBATHCS AaXKe B KalOTe HaIIero kopabis, a B cheprudeckux
T0JISAX, KAK MBI 3TO YBUJIMM I103K€E IPU PAaCCMOTPEHUU SKCIEPUMEHTOB € IUPTOM DUHILITEIHA, MBI CMOXKEM
Ja’ke HaXOJsICh BHYTpH yacTHU4HO 3akpbiToit UCO onpenenuts npmwkercs Hama MCO unu nokoures, T.K.
HaIpaBJIEHUE Na/IeHUs TeJl OyJEeT PU 3TOM U3MEHSATHCS.

Taxum oOpa3oM, Oe3 ymoMHHaHUS O BIMSHUU Ha MEXaHUUECKUE SIBJICHUSI CpeJibl U BHEIIHUX OJIeH, 00a 3TX
I1O nns otkpbIThix MCO cTaHOBATCSA YMCTO TMIIOTETUYECKUMU U HE UMEIOIIMMHU HUKAKOT'O OTHOILIEHUS K
peasbHbIM (PU3UYECKUM SIBIICHUSM, HO B yUeOHUKAxX 00 3TOM HMYEro He MUIIYT. A IVIABHBIM OTIMYUEM ITHX
nByx yacTHbIX [10, T.e. g UCO, cuuraroT T0O, 4TO corsiacHo kiaaccuiyeckoro [10, koTopsiit ommboYHO
HazbiBaroT 10 'ammites, Bo Bcex MCO MexaHnueckue SBIEHHUS ONUCHIBAKOTCS OJHUMH U TEMU )K€ 3aKOHAMH, a
cornacHo [10 Ditnmreiina Bo Bcex MCO nro0ble pu3nyeckue siBIeHNs ONUCHIBAIOTCA OJMHAKOBO, T.€.
OJIMHAKOBBIMM 3aKOHaMH (XOTsl, HaJlI0 TOBOPUTH, uTO He BO Bcex MCO, a npu Habmoaennu u3 pasueix 1CO). A
OTCIOJ1a IENIAIOT BBIBOJ M O TOM, UTO coryiacHO kiaccudeckoro [10O Henb3s onpeaenuTs 10 MEXaHUUeCKUM
SBJICHUSIM a0COJIFOTHBIE CKOPOCTH Tel, T.€. uX ckopocTd B ACO, a cornacHo [10 DitHiuTeiiHa 3TOro HeIb3s
c/ienaTh, Habmoas aro0ble GU3NUECKue SIBJICHUSI, HaIpUMEp, U pacpoCTpaHEHHUE CBETA, T.€. pacCIpOCTpaHEHUE
ANEKTPOMArHUTHBIX BOJH. COOCTBEHHO TOBOPsi, 00 3TOM U Hanucan DitaimreitH B 1905 roxy [1 ctp. 7].

«... He MOJIbKO 8 MeXaHuKe, HO U 8 2NeKMPOOUHAMUKE HUKAKUE C8OUCMBA s8NIeHUll He COOMBEmCmaEyiom
NOHAMUIO AOCONIOMHO20 NOKOS U dadice, bonee Mmo2o, — K NPEeONON0NCEHUIO, YMO Ol 8CEX KOOPOUHAMHbBIX
cucmem, OJist KOMOPbIX CNPABEOIUBHL YPAGHEHUSL MEXAHUKU, CNPABEOIUBLL Me Jce Camble
INEKMPOOUHAMUUECKUE U ONMUYECKUE 3AKOHbL.Y»

A, 4TOOBI KaK TO yBsI3aTh MeX1y co00t0 3TH J1Ba [10 B yueOHuKax numryT, 4to kiaccuueckuit [10 cnpaBeanus
JUTSI MEXaHWYECKUX SIBJICHUH MPU MAJIBIX CKOPOCTSIX TN (10 CPaBHEHHUIO CO CKOPOCThIO cBeTa), a [10
OiHIITEHA CrpaBeAIUB ISl MEXaHUYECKUX SIBIICHUH MpH 001X ckopocTsax. Ho, kak mbl Buenu, [10
DWHINTEWHa BOOOIIE HETb3sI MPUMEHSTH JJII MEXaHWYECKHX SIBIICHUM, €CITM Y HaC UMEETCsI cpefia, B KOTOPOH
JBUKYTCS TeJla M paCIPOCTPAHAIOTCS B3aUMOJICHCTBUSA MEXy HUMHU, TodToMy 110 DiiHIITEliHa HUKAK He
MOXeET 3aMeHUTh kinaccuueckuit [10. bonee Toro, Hu B 0JHOM y4eOHHKE BBl HE HaIETE YITOMHUHAHUS O TOM,
yro npu co3ganuu CTO DiiHmreltH ne-paxTo ucnosnb3oBai cBoit [10 B nepBoit pegakiuu, T.€. IJIsl OTKPBITHIX
NCO, korna paccMaTpuBall 01HO U Toxke siBiieHue u3 pasHbix MCO, Ho nozxke (npu coznanuu OTO) oH oT 3T0i
NIEpPBON pelakIMM OTKa3ajcs, a Bo BTopoi penakuuu ero 10 npespamaerca B [19 mst 3akpeiteix MCO nnw,
Kak MUIeT DUHITENH, "n30mupoBanHbIX" ot BHemHero mupa MCO, u TakuM 00pa3om 3TOH BTOPOH pemaxiuen
oH npocto noxoponui ceoto CTO, T.k. 6e3 I1O ona He MokeT cymecTBoBaTh. Ho DifHIITEIH BO Bpems
co3nanusi CTO ouens cMyTHO nipeacTanist cMmbici cBoero 10 (a npu cozmanne OTO npencTasisi ero erie
6osiee CMYTHO). A MOATOMY M B TEOPETHUYECKUX BBIBOAAX M B MHOTOUYHMCIICHHBIX CBOMX MPHMeEpax (4acTb
KOTOPBIX 51 IPUBOMII BbIIIE) OH UCTOIb3YET U OTKPBIThIE U 3aKkpbIThie ICO, HUYEero He roBOpsi O TOM, YTO ATO
3a UCO. Ho Benp, npumensitomuiica uM B CTO 110, cipaBeanus Tonbko A onHoro tuna MCO, a nostomy U B



¢dopmymuposke [10 u B mpumepax Hago ObU10 yeTko oroBapuBaTh TUll MCO 1 4eTKO rOBOPUTH O TOM
MIPOM3BOIUM JIM MBI HAOTIOACHUS 3a Pa3HBIMU siBJIeHUsIMH B pa3Hbix MCO, 1.e. paccmaTtpuBaem [19, nuin Mbl
Ha0II01aeM 3a OJJHUM U TeM ke siBjeHueM u3 paszusix MCO, T.e. paccmarpusaem I10.

A OH B puMepe ¢ BOpoHO# nuiet o Habmoaenue 'u3" pazueix MCO 3a oxnoii u toit xe CT, T.e.
paccmatrpuBaet oTkpbIThie ICO 1, cnegoBaTenbHo, peub uuet o ero 110, a B mpumepe ¢ pusukamu,
MPOBOJISAIIMMU SKCIIEPUMEHTHI B TIOJI€ U B BaroHe, OH TOBOPHT O HaOmoAeHusX "B" pa3Hbix 3akpbIThix MCO 3a
pazabiMu CT ckopoctu koTopbix B 060oux MCO otHOcuTensHOo 3THX NCO 0MHAKOBBI U, CIIEI0BATEIBHO, PEUb
uzer o [13 Ianunes-HeioToHa, T.K. HEM3BECTHO KAKMM 00pPa30M MBI MOXKEM B 3TOM CIy4ae /Ui PaCCMOTPEHUS
ero [10 B amwxymeiics MCO yMeHBIIUTH CKOPOCTH TeJI Ha CKOPOCTh 3TOl MCO OTHOCUTENBHO NCXOIHOM
NCO, ecnu quist 3akpsITeiXx NCO MBI HEe MOkeM onpeaenuTs ckopocTb oaHoi MCO oTHOCUTENBHO Ipyroi
NCO. A nnsa otkpsiThix UCO MBI MOXkeEM onipenenuTb ckopocTh ojgHoi MCO otHocuTensHo apyroit UCO u
Toraa, eciy Mbl Oyaem Bectu HabmoneHue 3a CT cocTosiel He U3 0HOTO Tena (BOpOHa), a U3 MHOXKECTBA Tell,
HarpuMmep, 22-x GpyrdéoaucToB Ha moJie, To y Hac Habmoaenue "'n3" pasupix MCO Oyner o3navyaTsk, 4to "'u3"
onuoit MCO mbl HabMI01aeM 32 HUIMH HaxXoJIsCh Ha TpUOYHE cTaanona, a "'u3" apyroit MCO, manpumep,
MpoJieTast HaJl CTaAUOHOM Ha caMolieTe. EcTecTBeHHO, eciiy CTaIOH HE KPBITHIN, T.€. 3T0 He 3akpsitas UCO, u
TOYHO TakK ke MOxHO Ha0monaTh u3 MCO craguona 3a mepeMeeHueM CTIapI1ecChl BHYTPU CaMoJieTa, €Cliu
caMmoJIeT MPO3payHbIi, T.€. iBIseTcs 1 cBeTa oTKpbIToil MCO. Mnu, Hanpumep, Mbl Oyaem HaOII01aTh 3a
IBOWHBIM TyibcapoMm "u3" oxuoit MCO, koraa 3emirs, oOpamasick BOKpyr CoJHIIA, IBHXKETCS B OJJHY CTOPOHY
OTHOCHUTEILHO 3Be3I, a B Apyrom ciydae "u3" apyroit UCO, korna 3emiist ABMKETCS B APYTYIO CTOPOHY. A,
MIPOBO/ISl SKCTIEPUMEHTHI B JIAOOpAaTOPUH Ha 3eMiie, €CITi MBI Oy/1eM HaOIItoJaTh MMOBEICHUE TN IPU
PaccMOTPEHHUH OJHOTO U TOTO K€ SABJIEHUS TO, KOTa 3eMJIsl IBMXKETCS B OJJHY CTOPOHY OTHOCUTENBHO 3BE3/l, TO
MBI Oyzaem 3To aenath "B" onHort UCO u npu ogHUX YCIOBUSIX MPOBEIEHUS SKCIIEPUMEHTA, a B IPYTOM cllydae,

KOTia OHa ABUIKCTCA B APYTYIO CTOPOHY, B JAPYrou NCO n IpUu APpYTrux yCJIOBUAX MPOBCACHUA DKCIICPUMCHTA.

Taxum oOpa3oM, T.K. DHHIITEIH Ha 3Tane, Korjaa oH co3aasai ceoro CTO, He BUEN pa3nuyui MExXIy
otkpbIThiMU CO u 3akpeiTeiMu ICO, TO BO3MOKHa OUeHb HEOJHO3HAuHas TpakToBka ero [10, korna ero
Mo>kHO noHuMarts U kak I10 u kak [13. K Tomy *ke oH erie u myrtaet cBoit yacTHbli [10 Habmogarens oObexTa
¢ I1IO o6bekTa HabMOIeHNs, KOT/Ia paccMaTpUBAET JBa Moe3/1a (OJUH U3 KOTOPBIX CTOUT, a APYTroi TporaeTcs)
korna cHadana u3 ogHoit UCO nabmonaer 3a onuoit CT (mepBsiii moesn), a motoM u3 apyroit MCO Habmogaet
3a npyroit CT (BTOpo# moe31), 4To He UMEET HUKAKoro oTHoIeHus K ero [10 nabmonarens o0bekTa, Korjaa u3
pasubix MCO nabmronarot 3a ogHoi# u ol ke CT. T.e., korga DifHimrelin coznasan ceoro CTO, To OH oueHb
CMYTHO TNIpeACTaBisi ce0e GU3NUECKyr0 CTOPOHY 3TOro Borpoca. A BoT ["anuieil oueHb SCHO MOHUMA, YTO
SBJICHUSI OyAYyT MpOTEKaTh 1o pazHoMy B 3akpbIThiX MCO (karota kopabis) u B oTkpsITeIx MCO (namy6a
KopaOJis) ¥ mo3Tomy, roBops o ceoeM I10, umen BBUY TosbKO 3aKkpbIThie ICO, BHYTPU KOTOPBIX HAXOIUTCS
HabmroAaTeNb, T.€. TOBOPHJI TONIbKO 0 [13. MHorue 3amuTHrKY DHUHIITEHHA ceifuac HAKMHYTCS Ha MEHS U
3asIBSIT, YTO ATO 5 HE MPABUIBHO MOHSUT DUHIITENHA, a OH BCE OTJIMYHO MOHUMAJI U OYEHb SICHO cede
npenacrasisul. Toraa qaBaiiTe MOCMOTPUM, UTO HAIMCaAl caM DWHIITEWH 110 3TOMY IIOBOJY B cTaThe [4 CTp.
217,218] B 1912 rony, T.e. yxe nocie cozaanus ceoeit CTO Oazupyroieiics Ha ero yactaom [10.

Conocmasum opye ¢ Opyeom 06e popmyauposKu npuHYuna OmHOCUMeNbHOCIU.:

1. Ecnu mut omuocum ghusuueckue cucmemul kK maxoti koopounamuou cucmeme K, 6 komopoti 3axonsvt npupoosl
10 803MOACHOCIU OOIee NPOCMbL, MO CYyujecmayem DecKOHeUHO MHO20 KOOPOUHAMHBIX CUCTEM,
OMHOCUMENbHO KOMOPLIX IMU 3AKOHbL He USMEHAIOMCS; K IMUM CUCEMAM NPUHAOTIeHCam 6ce KOOPOUHAMHbLE
cucmembl, KOmopbvie 08UNCYMCS PABHOMEPHO U NPAMOIUHEUHO omHocumenvHo cucmemsl K.

2. I[Iycmob nekomopas cucmema E uzonupoeana om écex opyeux gusuueckux cucmem (6 cmvicie npugbluHom
01151 pusuKo8) u omueceHa Kk maxou koopounamuou cucmeme K, umo 3axonvi, Komopvim noOUUHAOMCs
NPOCMPaHCcmeeHHo-8pemMenHble usmenenus E, no éosmoarcnocmu npocmul;, mozoa umeemcs 6eCKOHe4HO MHO20
KOOPOUHAMHBIX CUCTNEM, OMHOCUMENbHO KOMOPLIX MU 3AKOHbL OCMAIOMCS HEUSMEHHBIMU, K 9MUM CUCEMAM
NpUHAOIeHcam ece KOOPOUHAMHbLE CUCTNEMbI, KOMOopble 08udcymces omuocumenvho K pasnomeprno u
NPAMOIUHELHO.

Jlezcko ysudemn, umo moavbKko NPUHYUN omHocumenbHocmu 6 popme 2 noockasvieaemcs onvimom. Ilycmo E
onamu 0b603nauaem paccmampugaemyro "usonuposannyio cucmemy”, a U - cosokynHocme cex ocmanvuvix
cucmem mupa. Ymobul nposepumsv npunyun omuocumenrbHocmu 8 ghopme 1, neobxooumo OvLI0 Obl npogecmu



08a onvima, 8 nepsom uz komopwix U u E npusoosmes 6 mouno maxoe sce cocmosanue omnocumenvro K, kax
60 emopom onvime omuocumenvro K'. Imo nuxozoa ne oOvlio u e 6yoem 603modicHviM. Ymobwvl nposepumao
NPUHYUN OMHOCUMENbHOCMU 8 hopme 2, He0OX00UMO, HANPOMUS, NePeBOOUNb 8 PA3TUYHBLE COCMOAHUS OOHY
moavko cucmemy E, ne becnokosice o cosokynnocmu cucmem U; neobxooumo nposecmu 08a onvima, 8 nepeom
u3 komopuix moavko E npusooumcs ¢ maxoe sce cocmosinue omunocumenvro K, kax 6o smopom onvime
omnocumenvtro K',

Ho cux nop cuumanoco IUwHUM pa3iuiames 3mu 08e hopmMyaupo8KU, NOCKOIbKY He NPeonoaazdniocy, 4mo
"ocmamounas cucmema" U mooicem nusamo Ha npoyeccwi 8 cucmeme E. Oonaxo pasmviuinenus o epasumayuu,
mou u Abpazama, ne oonycxarom maxoeo nonumarnus. Co2iacho smum paccysicoenusm xoo npoyeccos ¢ E
(Hanpumep, ckopocms ceéema) 3asucum om cocmosinus U (hanpumep, om cpeonezo paccmosinus om E
omoenvhvix cucmem, cocmasisiowux U)."

A 371ech MBI BUJIUM, YTO DUHINTEHH Teepb CUUTAET MpaBmiIbHOU GopmynupoBky ero I1O, mogoxeHHOTo B
dyngament CTO, Toabpko 1ist 3aKphITHIX (M30mupoBanHbix) MCO, T.k., koraa oH co3nasan csoto OTO, To on
3aMEeTHUJI, YTO B HEOJITHOPOJAHOM TPaBUTAIIMIOHHOM I10JI€ MTOBEeIeHHE 00BEKTOB B pa3HbIX OTKPHITHIX MCO Oyzaer
HE OJIMHAKOBBIM. BOT TOJILKO MBI BUIMM, UTO TIOCIIE 3TOro yrouHeHus y Hero [10 nabmomarens oobexTa
npeBpaitaercs B [1D ycnoBuil npoBenenus skcnepumenTa, 1.e. B [10 Nanunes-HeroToHa. A B 3TOM citydae yxe
CTaHOBATCA HE BO3MOXKHBI HUKakue "gyneca" CTO ¢ HaOIr0AeHUsIMH 32 OJHUM U TEM K€ 00BEKTOM U3 pa3HbIX
oTkpbIThIX MCO, T.x. UCO y Hero Tenepp CTalnu TOIbKO 3aKPBITBIMU U U3 oAHOU 3akpeiToii UCO Tenepb
HeJb3s HaOI0aTh TO, YTO MPOUCXOIUT B Apyro 3akpsiToit UCO. Y BOT 3TOT NpUHIMIHAIBHBIA MOMEHT
MOJHOCTBIO XOPOHUT He TobKo ero [10, Ho u CTO, T.k. [10 I'anunes-HeroToHa, T.€. I19, kak s mucan paHee,
3TO OaHATLHOCTH, KOTOpasi HE HeCeT B ce0e HUKAKOIro MIyOOKOTro Hay4yHOTO CMEICIa. Beas BCeM | Tak SICHO,
YTO, €CIIU O0OBEKT NOMECTUTH B KOPOOKY, CTEHBI KOTOPOW HE MPOMYCKAIOT HE TOJBKO CBET U BO3ILYX, HO U
TPaBUTAIMIO U JIaXKke 3QHp, TO MBI ITOJTydaeM "Bellb B cede", ¥, e€CTECTBEHHO, YTO CKOPOCTh 3TOW KOPOOKU HU
KaK He MOKET MOBJIMATH Ha TIOBEJICHUE 00bEKTa BHYTPU Hee, ecliu HabIoJaTeNlb HaXOAUTCS BHYTPU KOPOOKH (a
3a rpeesamMu KOpoOKH OH HE MOXKET HAaXOIUThCS, T.K. B 3TOM CJIydae 4epe3 CTEHbI KOPOOKU HE CMOXKET HHUYETO
HaOII0/1aTh) U MIPH 3TOM OH MPOBOJUT OIBITHI C TEMHU K€ CAMBIMH CKOPOCTSMU TEJI OTHOCUTENIBHO CTEH
KOpPOOKH TIPH pa3HBIX CKOPOCTAX KOPOOKH. M1 BOT UMEHHO 3TOT MOMEHT 3aMeHbI DUHITEHHOM OTKpBIThIX UCO
Ha 3akpeiThie ICO, rae I10O noamensercs [19, ctapaTenbHO 3amyThIBalOT B OUITHAIBHBIX U3TAHUSX, YTOOBI
YUTATEIb HE TYMAJl O CMBICJIE, @ 3aHUMAJICS TOJIBKO roJIO MaTeMaTuKou. Bot, Hanmpumep, 4TO Mbl YUTaEM B
coBpeMeHHOM DU3HYECKOM DHITUKIIONEIHYecKOM ciioBape [44], rae naetcs onpenenenue [10.

"OTHOCHTEJIBHOCTH IIPUHIIUII ¢pynoamenmanvuulii (hu3z. 3aKoH, CO2NACHO KOMOPOMY 000U npoyecc
npomexaem 00UHAKOBO 8 U30IUPOBAHHOU MAMEPUATLHOU CUCmeEMe, HAX0OSWEUCs 8 COCMOSIHUU NOKOSL, U 8
MAaKoll dce cucmeme, HaxXo0O0WeUcs 8 COCMOAHUU PABHOMEPHO20 NPAMONUHEH020 Osudicenus. CocmosiHue
O0BUIICEHUSL UNU NOKO5L ONPeOeisiemcsi 30eCb N0 OMHOUWEHUIO K NPOU3BOIbHO GbLOPAHHOU UHEPYUATbHOU CUCTEMe
omcuéma (u. c. 0.); puzuyecku 3mu COCMOSAHUL pABHONPABHbL. JKkeusaienmuas popmyauposka O. n.: 3aKOHb
@uszuku umerom oOUHaKo8yIo opmy 8o cex u. c. o. [locmynam o nezagucumocmu cKOpocmu c6ema 6 axKyyme

om osudicenust ucmounuxa u Q. n. je2iu 8 0OCHO8Y CNeYUALIbHOU (LACMHOTL) Meopuu OMHOCUMETbHOCTIU
Duinwmerina (ecm. OTHOCUTEJIBHOCTH TEOPHA)."

T.e. 31eck Mbl BUIUM siBHYIO hopmyiarpoBky He 1O DitHmreiina, nonoxenHoro B ochoBanue CTO, a
dbopmynuposky 110 Diinmrelina Bo Bropoit peaakiuu, T.e. [13 unu [10 INanunes-HeroTOHA 117151 3aKPBITHIX
NCO, kortopslit He umeeT HUKakoro otHomeHust kK CTO. Ho nanee (Ha crienyromieit cCTpaHulle), KOria Mbl
yutaeM onpenenenue 110, kotopoe naercs yxe B onpeneneHnuu OTHOCUTEJIIBHOCTU TEOPUS, mbl BUunum
HECKOJIbKO HHYI0 (hopmynpoBKy I1O B KOTOPOIi BCero-HaBCETo 3aMEHEHO BhIpKEHUE "B N30JUPOBAHHON
MaTepUaIbHON cucTeMe" Ha BeIpakeHHE "TIpU OJJMHAKOBBIX Ha4yaJbHBIX YCIOBMX' M y Hac 3akpbiTast MCO
npeBpaiaercs B HeomnpeneneHnyo NCO, KoTopyro, €CTECTBEHHO, UCTIOIb3YIOT B 3aBUCUMOCTH OT YKEJIAHUS U
kak 3akpbiTyio MCO u kak otkpeiTyio MCO, XOTs SBHO 00 3TOM HHM I'JIe HE YIIOMHHAIOT. A 10l HAYaJIbHBIMU
YCJIOBUSIMH, OUYEBHIHO, TOHUMAIOT TEIEPh TOJIBKO HayalbHbIE KOOPAMHATBI U CKOPOCTH, KOTOPBIE HAXOIATCS
nepecuetoM u3 oanoit MCO B apyryro UCO ¢ ucnons3zoBanuem npeobdpazoanuii JlopeHna, a 0 BHEIIHUX
BO3ICHCTBUAX PAa3IMYHBIX TOJIEH Ha Tejla JaHHOM CHCTEMBI B Takoi GopmysupoBke 10 kak-To 3a0biBaroT [44].



"OTHOCHTEJIBHOCTH ITPUHIIUII (npunyun omuocumenvuocmu JUHWmMeHa) - ymeepaicoaem, ymo ece
u3. aenenus (Mexanuy.,onmuy., 91.-MaeH. u aovie opyaue) npu 0OUHAKOBLIX HAY. YCI0BUAX NPOMEKAIOM
00UHAKOBO 80 BCeX UHEPYUATbHBIX CUCTNEMAX Omcyuéma. dmom nocmynam O0bii, <no-6UOUMOMY, 6nepsbvle
svickazan A. Ilyaunkape (H. Poincare) 6 1895. Bmecme ¢ nocmynamom 0 He3a8UCUMOCMU CKOPOCMU c8ema om
osudicenust ucmounuxa O. n. vl nonodxcer A. DUHWMENHOM 8 OCHO8Y NOCMPOEHUSL OMHOCUMENbHOCMU
meopuu, npugeouiell K 21y60Komy nepecmompy RoHAmull o npocmpancmee u epemeru. O. n. cooepicum Kax
npeoenbHblll CIYYAll NPU MATLIX N0 CPABHEHUIO CO CKOPOCMbIO c8ema ckopocmsax men I anunes npunyun
omuocumenvHocmu>."

A B COBpeMEHHBIX yueOHHKax HHTeprperanus Bcex 110 yacTeHbKO CBOAUTCS BOOOIIE K TOJION MaTeMaTUKe
OTOPBAaHHOM OT (PM3UYECKOM PEaTbHOCTH U TPAKTYETCsl TaK, 4TO (PU3MUECKHE 3aKOHBI COXPAHSIOT CBOI BUJI B
pa3HBIX CUCTEMAaX OTCYETa WU, BBIPAXKAsICh HAYYHBIM SI3IKOM, BCE YPABHEHUS, BBIPAXKAIOIINE 3aKOHBI (PU3UKH,
JIOJKHBI OBITh MHBAPUAHTHBI (HEM3MEHHBI) IPU IIEpEX0/ie U3 OJJHOM cucTeMbl 0TcuéTa B Apyryro. U, Hanpuwmep,
knaccuueckuit 110 OyneT Tenepb BBINIAAETD TAK: 3aKOHbL KIACCUYECKOU MEXAHUKY UHBAPUAHMHbBL NO
omuowenuto k npeoopazoeanusam I anunes. IIpu 3ToM, €ci ypaBHEHMsI JBHXKEHUS P HEKOTOPOM
npeoOpa3oBaHUU MEPEMEHHBIX IS Pa3HBIX CUCTEM OTCUETA COXPAHSIOT CBOU BUJ, HO HE COXPAHSIOT
BBIPQ)KEHUS JUIsl BXOJAIIMX B HUX (DYHKIIMIA, TO TOBOPST, YTO 3TH YPAaBHEHUsI JBH)KEHUS TOJIBKO KOBApUAHTHBI
OTHOCHTEIIFHO JAHHOTO MpeoOpa3oBanus. TakuM 00pa3om, KOBApHAHTHOCTH caMuX Au(QepeHnnanbHbIX
yYpaBHEHMH 3TO MHBAPHAHTHOCTH MPaBUJIa COCTABICHUS JU(PepeHINaIbHbIX YPaBHEHUH IIPH MepexoJie K
HOBBIM ITIEPEMEHHBIM. A, €CIT YpaBHEHUS JIBUKCHHUS TP HEKOTOPOM IPe0Opa30BaHUH COXPAHSIOT HE TOIBKO
CBOM BUJI, HO U BBIPAXKECHMS JUIs BXOASIIUX B HUX (YHKLUH, TO FOBOPAT, YTO OHU MHBAPHUAHTHBI OTHOCUTEIIBHO
JaHHOTO IpeoOpaszoBanus. Hanprumep, yacTo MOKHO BCTPETUTH BBIPAXKEHUE, UTO JIaHHBIE YPAaBHEHUS JIOPEHII-
MHBapUaHTHBI, T.€. ”HBApUAHTHBI K IIpeoOpa3oBanusaM Jlopenna. Xotsa, Manaenbiiram 1 Dok yKa3bIBaIH €LIe
Ha TO, YTO MPHU 3TOM MHBAPUAHTHBIMU TAaK)KE JOJKHBI ObITh HadallbHbIE U TPAaHUYHbIE YCiIoBUsA. B 001eM,
MIOJTy4aeTcs TaK, Kak U 3aBellany HaM Benukue Jlarpanx u ['aMuiibToH, 4To (PU3MKa 3TO MPOCTO pasien
Matematuku. Hy, a uto xe DitHImTeiiH nocie ceoero npo3penus B 1912 roxy? Teneps oH, korna
paccmaTpuBaeT (pusnka B BaroHe B 1914 roay, nenaeT akleHT Ha TOM, YTO BaroH saisiercs 3akpeitoit 1CO.
Bot Tonbko npumMep paccMatpuBaet otHocsuiics He k 110, a k I19 [5 ctp. 396].

"IIpedcmasum cebe onsims pagHOMEPHO OBUNCYWULICS NO NPAMOTUHEUHOMY nymu 6a20oH. 1lycmy e2o okHa He
nponycKaiom 6030yX U c8em, peibcul U Koaeca nycmes 0yoym abconromuo 2naokumu. Ilycme 6 sacone
HAXo00Umcs Pu3UK, B00PYICEHHBI CEMU MbICTUMBIMU npubopamu. To2oa mvl 3Haem, 4mo ece onvlmol,
npooenvigaemvle Qu3UKOM, NPOXOOSIM MOYHO MAK, KAK eClU Obl 8A20H NOKOUILCS UL 08ULAILCS C OPY2Oll
CKOPOCMbI0. DMO U eCmb 8 CYWHOCMU MO YMEEPIICOeHUe, KOmopoe Pu3uKu Ha3vlearom "npuHyunom
omuocumenvHocmu”. B neckonvko bonee oowetl hopme 2mom npuHyun MOACHO 8bICKA3AMb U MAK : "3aKoHuvl

npupoobl, KOmopble 3amedaem Habaoamenb, OKA3bl8AIOMC He3ABUCAWUMU OM €20 COCMOoAHUS 0gudceHusn"".

A, B 1917 rony oH 3a0bIBaeT 00 3TOM CBOEM 03apEHHUU U OIATh PACCMAaTPUBAET BOPOHY, HAXOSIIYIOCS B MOJIE
13 OKHa CBOETO BaroHa (1urara nmpuBoamiack panee). Ho Benp, ecinu ero [10 cripaBe B TOIBKO IS
3aKPBITHIX (M30JMPOBAHHBIX) CUCTEM, CTEHKH KOTOPBIX HE MPOMYCKAIOT Jake TPaBUTAIIMIO, TO OHHU HE
MIPOIMYCTSAT U CBET, @ HO3TOMY Tenepb DUHIITENH HE MokeT u3 3akpbitod MCO, T.e. 3 BaroHa noesna,
HaO0I01aTh BOPOHY B ToJie. [loaTOMy ero yTBepKaeHHE, YTO OH MOXKET 3TO AenaTh U3 3akpbIThix MCO 310
MPOCTO HOHCEHC. boiee Toro, kak Ob1 DUHINTEHH HE 3aKphIBAJl OKHA BaroHa oT "ceema u 6030yxa", HO
n3onupoBath cuctemy tea BHyTpu MCO oT Bo3A€iCTBYS rpaBUTALIMM HUKAKUE IITOPKA Ha OKHAX BaroHa HE
MOTYT, TIO3TOMY MOJHOCTHIO 3aKPHITHIX MCO, T.e. H30IMPOBAHHBIX OT BCEX BHEITHUX BO3JCHCTBUMN, OBITH HE
MoskeT. CrenoBatenbHo, Takue 3akpbiThie UCO unn HeMICO Bcera OyayT OTKPBITHIMU 7Sl TPABUTAIIUH U
modTOMY 51 Oy1y, paccMaTpuBas B nanbHelneM Takue 3akpbiTbie UCO i HeICO, Ha3pIBaTh HX YaCTUYHO
3aKPBITBIMU (4aCTUYHO OTKPBHITHIMHU). BoT Tonbko kK CTO DiiHIITElHA 3TO YTOYHEHNE HE OTHOCUTCS, T.K. Y HETO
B CTO mpocTo HET rpaBUTAIIMOHHBIX MOJIEH U DUHIITEHH 00 TOM OJHO3HAYHO Hamwucal (TIpaBaa 3aJHUM
qucioM, T.e. B 1917 rony) [7 ctp. 579] "cneyuanrvnas meopusi omnocumenvrocmu OmHOCUMCsL K 2A1UNEE8bIM
obracmsam, m.e. K maKkum, 8 KOMOpwIX He Cyuwecmayem 2pasumayionHo2o nous".



A IITOPKM Ha OKHAX BaroHa DWHINTEHH, OKa3bIBAETCS, UCIOIB30BaJl TOJIBKO JJISl TOTO, YTOObI OHHU HE
IIPOIYCKAJIU CBET, T.€. JJIEKTPOMarHUTHOE U3JTy4yeHHE, HO, KOTAa 3TO DHHIITEHHY Hal0, TO OHU cpa3y
NPOITYCKAIOT CBET M OH BUJIUT U3 BaroHa BOPOHY 32 OKHOM. A B 1948 roxy [14 ctp. 661] oH 3asBux emie Kpyue

"Cywecmgyem uacmuwlii C1yuai nPOCMpancmed, Guzuieckyo cmpykmypy Komopozo (noje) mbl MOjcem
npeononazams Mo4Ho U36eCMHOU, OCHOBLLEASCH HA CReYUATIbHOU Meopuu OMHOCUMENTbHOCIU. Dmo cayuail
nyCcmo2o NPOCMpPaHcmed, 8 KOmopom Hem HU IeKMPOMASHUMHBIX NOJel, HU 6euecmsa’ .

Takum o6pazom, momyuaercs, uto B CTO, oka3pIBaeTCs, HET HU TOJIBKO TPABUTAIIMOHHBIX TIOJICH, HO H
3JIEKTPOMArHUTHBIX, HO KaKO€ TO T0JIE CO CBOCH CTPYKTYpOM B IMPOCTPAHCTBE BCE-TaKu ecTh. bosee Toro,
nepBas ctaths DiiHmTeHa 1905 rona Tak u Ha3biBanack "K a5ekTpoaAMHAMUKE JBHXKYIIUXCA Tel'", T.€.
paccMaTpUBaIUCh UMEHHO BOIIPOCHI, CBSI3AHHBIE C AJIEKTPOMATHUTHBIMU MOJIIMH, TJIe OH Ha MEPBOM ke
cTpaHwmIie CBoei paboThl [1] n3maraer aBa nmpuHIKIIA, Ha KOTOPHIX cTtpoutcs ero CTO, T.e. cBoii wactHbIi [10 u
MIPUHIIUIT TOCTOSIHCTBA CKOPOCTHU CBETA, T.€., MO cyTH, 3asaBisieT, 4to CTO=I10 + c¢= const, u mpu 3TOM MHUIIET

"... ceem 6 nycmome 6cec0a pacnpoCmpaHsiemcsi ¢ onpeoesenHoll ckopocmoio V, He 3asucsugeti om coCmosiHus
08UdCEHUS U3YyUAlOwWe20 mead. Imu 06e NPeonoCuLIKU 00CMAMOUHbl 0l MO20, YMOObl, NONONHCUB 8 OCHOBY
meopuio Makceenna 0Jist NOKOAWUXCSL meil, NOCMPOUns NPOCMYI0, C80O00HYI0 0M NPOMUBOPEYUL
INEKMPOOUHAMUKY OBUNCYUSUXCS METLY.

T.e. OH ICHO 3asBJISIET, YTO CBET, T.€. JICKTPOMATHUTHOE M3JTYUCHHE, Y HETO JBUKETCS B ITyCTOTE, HO YXKE B
Hayvaje 2-ro naparpada on numet "Kaowcowiii 1yu ceema osudcemcs 8 "moxosuetics” cucmeme KoopouHam ¢
onpeoenennoli ckopocmwio V, He 3a8UCUMO OM 020, UCNYCKAEMCS I IMOM Y4 C8ema NOKOAWUMCS UU
osudxcywumcs merom". Ho, TyT Mbl BUIUM MTOJIMEHY (PU3UYECKUX MOHITHIA YUCTO MATEMATUYECKUMHU, T.K.
MyCTOTA MITH, KaK €IIe TOBOPSIT, BAKYYM 3TO (PH3NIECKHE IMOHSATHUS, KOTOPHIC B KIIACCUKE ACCOIMUPYIOTCS C
nokosimeMcst 3pupoM, a BOT CHCTeMa KOOPAMHAT 3TO YUCTO MaTeMaTuyeckoe nouarue. M DitHmreitn
OJTHO3HAYHO CaM TOJTBEPIKIACT STOT BBIBOJ, T.K. B 1917 roxy mumiert [7 ctp. 535]

"IIpesicoe ce2o ocmasum co8epUIEHHO 8 COPOHE HEACHOE CNI080 « APOCMPAHCMBO», NOO KOMOPbLIM,
NPU3HAEMCS, Mbl HUYE20 ONPeOesIeHHO20 He NOOPA3yMesaem,; 6MeCHmo 3mMo20 Mbl paACCMOMPUM «OBUIICEHUE 8
OMHOWEeHUY K NPAKMUYECKU Mmeepoomy meiy omcuemay."

Ho BakyyM wim IycTOTY HUKaK HEJIb3sl Ha3BaTh MPOCTO MPOCTPAHCTBOM, T.K. BAKYyM 3TO Ta K€ CpeJia, Kak,
HampuMep, BO3AyX, KOTOpas IMEeeT CBOM CBOWCTBA, HAPUMED, ANEKTPUUECKYIO U MATHUTHYIO TPOHHUIIAEMOCTb,
Y TIOJTy4aeTcsi, 4To JJisi cBeTa B BakyyMme oH B CTO (akTHUEeCKH peasin3yeT KOHIICTIIUIO YBIeKaeMoro 3¢upa B
KJIACCMYECKON MEXaHHUKe, T.K. CpeJia Y HeTr0 BCe TaKH €CTh, a, YTOOBI B HEl CKOPOCTh CBeTa ObLa MOCTOSHHOMN
B0 Bcex MCO, oHM TOJDKHBI YBJIEKATh 3Ty cpeay. bosee Toro, B padote [8, ctp. 78] B 1907 roay on maxe
paccMaTpuBaeT MpUMep JBMKEHUS CBETa B IBWXKYIIEHCs cpene "Paccmompum danee ckopocmy
PAcnpocmpanenus ceema 8 cpeoe, O8UNCYUelics 8 HanpasileHuu ceemoso2o ayda. Ilycmos cpeda nokoumces
omuocumenvHo cucmemul S', a unmencuenocmy ...". VI mpu 5TOM OH TOBOPHT 00 3KcriepuMeHTax duso,
KOTOpBII\/’I paccMaTpuBall IBUXKCHHUEC CBECTA B )IBI/I)KYIII@I\/'ICSI BOJC, T.C. B CPCAC, KOTOpAA HHU KaK HC ABJISACTCSA
MIPOCTO MPOCTPAHCTBOM.

Ho Diinmreiin, 4T00bI HE TOBOPUTH O (PU3UIECKOM cMbIcie TpocTpaHcTBa B ero CTO, ObICTpo yImen gaxe ot
BaKyyMa K MaTeMaTHYeCKOW MyCTOTE CUCTEMBI KOOPUHAT, Y KOTOPOil He MOXKET ObITh HUKAKUX CBOMCTB
(kxpoMe MaTeMaTu4yecKkux). A s, HalpuMep, MoJ Cpeaoi MOHUMAIO BCE, YTO YIOJIHO, KPOME MaTeMaTH4YeCKOU
nyctotel CTO, a He TOJIBKO BO31yX HJIM BOLY. DTO U (pU3HUECKUI BakyyM U 3¢up. Benb HU KTO HE CIIOPHUT C
TEM, UTO, PaCIpOCTPaHSSACh B BaKyyMe UJIH 3(pupe, CBET U3MEHSIET CBOIO CKOPOCTh MPU HAJIMYUH Y HETO Ha
MyTH Pa3IMYHBIX PO3PAUHBIX CPEJI, HAIPUMEP, BOABI UM cTeKia. M mpu 3TOM, eciii Mbl TOBOPUM, YTO
IpaBUTAIUS ATO TOKE BOJHBI, TO U OHA TOKE JAOKHA U3MEHATDH B Pa3IMUHBIX CpejaX CBOIO CKOPOCTh M TAKUM
00pa3oM Mpu paccMOTpeHUH 00X Puszndeckux spreHuit kak B CTO, tak u B8 OTO, MbI 00s13aTEIBHO TOJKHBI



HMMETh B BUAY, YTO OHH IIPOTEKAIOT B KAKOU TO Cpelie, a HE B MaTeMaTudeckou mmycrore. M takou cpenoi
MO’KHO CUHTATh IIPUBBIYHBINA BCeM 3(hUp ¢ €ro cBOMCTBaMH, XOTs Mbl U HE 3HaeM Kak oH ycTpoeH. Ho on
ABISICTCA O0BEKTHBHOM PEalbHOCTBIO M TO3TOMY MbI HE MOXEM €r0 HTHOPHPOBATH TOJBKO MOTOMY, YTO HE
MOYKEM TEOPETUYECKHU OMUCATh €ro CBOMCTBA. U co BpemeHeM 10 DUHINTENHA IOXOAHUT, YTO TYNO OTPULIATH
3¢up TIYNo U HaJI0 MPUIYMaTh KaKoe-TO OINpaBlaHue, a modTomy yxe nocie cozganus u CTO u OTO B 1920
roay ou mumieT [8 ctp. 687, 686, 687, 689]

"Ompuyams 3¢pup - 5mo 8 KOHeUHOM cueme 3HAYUM NPUHUMAMb, YO NYCMOoe NPOCMPAHCIEO He Umeem
HUKaxux gusuyeckux ceoticmg. C maxum 8033penuem He co2NdcyIOmcs OCHO8Hble hakmbl mexaHuku. "

”Cneuuaﬂbyaﬂ meopus onmHocumesbHocnmu sanpewyaem cuumamao 3qbup cocCmoAamuUm Uz 4acmuy, noseoenue
KOmopbwlX 60 6pEMERU MONCHO Ha6.71100617’l’Zb, HO cunomesa o cyujecmeosanuu 3qbupa He npomusopedum
cnet;uaﬂbHoﬁ meopuu OmMHOCUMENbHOCNIU. He Cﬂedyem mMOJIbKO npunucvleamsbs 3d)upy cocmosiHue 08UNCCHUSL.

Ouesuono, ¢ MouKu 3peHust CReYUaIbHOU MeoPUU OMHOCUMENIbHOCMU 2UNome3a 06 dgupe TueHa
cooepoicanus."

"Dpup obweli meopuu OMHOCUMENLHOCIU eCb CPedd, camad no cebe TUUEeHHAS 8CeX MeXAHUYECKUX U
KUHEeMAMUYeCKUx c80UCM8, HO 8 MO Jice BpeMsi ONpedenstowds Mexanuieckue (U 31eKmpomacHummble)
npoyeccol.

Dup obweti meopuu omuHocumenbHOCMU NPUHYURUATbHO omaudaemcs om sgupa Jlopenya mem, umo e2o

cocmosnue 8 1000M mecme OUHAMUYECKU ONpeoeisiemcs ¢ NOMOWbI0 OUDDepeHyuaATbHbIX YPAGHEHUT

mamepueti U cCOCmosHueM 3Qpupa 8 COCeOHUX MouKax, 8 mo 8pems Kak cocmosinue 3¢upa Jlopenya 6 ciyuae

OMCYmMcmeusi 2N1eKMpOMASHUMHBIX NOJIell HU OM 4e20, KpoMe camoco gupa, ne 3a8ucum u 6ctody 0OHO U Mo
"

ance.

"... 00was meopusi OMHOCUMENILHOCMU HaOelsem NPOCMPAHCME0 QUUYECKUMU CBOUCMBAMU, MAKUM
o0bpazom, 8 amom cmwicie 3gup cywecmeyem."

Hy, BoT, kak roBopuThCA, "3 4TO OOPOIHCH, HA TO U HATIOPOJIMCH", T.K. U3 ITUX €ro PeUeil COBEPIIICHHO
HEMOHATHO 4eM ke ero 3¢up B OTO mnyume kiaccuueckoro 3¢pupa, KOTOPbIA TOYHO TaK Ke U3MEHSET CBOU
CBOMCTBA P BO3/EUCTBUU Ha HETO 3apsAJI0B U Macc, ¥ Mo4YeMy 3Toro 3¢gupa He 1oskHOo ObiTh B CTO, X014,
kak nunret DitHmTelH, B CTO MoXkHO 000HWTHCH 1 6€3 Hero. A, HanpuMep, MEHs MOJHOCTBIO YCTPauBaeT
KJIaCCHYECKasi KOHLEMIUS aDCONIOTHO HEMOABUKHOTO 3(rpa, KOTOPHI NpU HAIMYUH 3apsi/I0B WIIK Macc
U3MEHSIET CBOM CBOMCTBA B PA3JIMYHBIX TOYKAX MPOCTPAHCTBA U ATO MPUBOIUT K PA3IMYHOMY BO3/IEHCTBUIO HA
pOOHBIE MACChl WIIM 3apsi/ibl, HAXOASIIMECS B ONPEACIEHHBIX TOUKaX NMpocTpaHcTBa. /la, MHOTHE yueHbIe
IBITAINCH (U ceifyac MPOAOIIKAIOT) HE TOJIbKO HAJENATh 3(pUp KaKUMH TO CBOWCTBaAMM, HO M OIIUCHIBATh €TO
CBOMCTBA TEOPETUUECKH. A BOT TYT BO3HHUKAET MHOI'O IIPOOJIEM U MPOTUBOPEUNIA, 32 KOTOPBIE ITUX aBTOPOB HE
0e30CHOBaTENIbHO KPUTHKYIOT. HO Beslb 1 DMHINTENHH TYT TOKE HUYETO HOBOT'O HE MPHIyMal JUIs
TEOPETUYECKOr0 OMMCAHMSI CBOMCTB CBOETO 3(upa, T.K. ToJbko Hajaenwi 3¢up OTO onpeneneHHbIMU
(bu3nYeCKUMHU CBOMCTBAMHU, KOTOPHIMHU €T0 HAJEISUIM U paHee, HalpuMep, MarHUTHOM M 3JIEKTPHUYECKON
MOCTOSIHHOM, U 3THU CBOMCTBA Y HETO U3MEHSIOTCS ITPHU BO3/IEHCTBUU Ha HETO Macc (€ciiu He CYUTATh €ro
a0CypIHOTO YTBEPKACHUS, YTO I(PHP €Ie U BO3JCUCTBYET caM Ha ce0s).

Ho npu stom B CTO y Hero >3¢gup nmoueMy-To He U3MEHSIET CBOMX CBOMCTB MpHU BO3JEHCTBUM HA HETO 3apsi/IOB,
T.€. TaK U OCTAaeTCs MaTEeMAaTHYECKOI MMyCTOTOM, a, ClIeI0BAaTeIbHO, 32 HEHAJOOHOCTHIO €0 MOKHO BBIKHHYTh.
[TosTomy B 1918 rogy oH cpaBHUBaeT cBOM A(up HE C KIaccuIeckuM dpupom, a ¢ apupom Jlopenna, y
KOTOpOTO CBOMCTBA ddupa (HampuMmep, IMEKTPUUIECKass U MarHUTHAs TIOCTOSTHHBIE) HE U3MEHSUTUCH TIPU
HaJIMYHE 3apsi/IoB U KOTOPHIH, €CTECTBEHHO, HUYET0 He TUcall 00 N3MEHEHHUH CBOMCTB 3(hHpa mpu BO3ACHCTBHH
Ha HEro Macc, T.K. OH 3aHUMAJICS TOJIBKO 3JIEKTPOMAarHUTHbIMHE siBlieHusiMU [11 cTp. 625].

"Jlopeny coenan e2co HenoOBUICHBIM, oauyemaopsawum "noxosuwyoca’ cucmemy KoopouHam, m.e.
npeonoumumensroe cocmosnue 0suxcenus 6o Beenennoil. Coenacno cneyuanbHou meopuu OmHOCUMENbHOCMU,
bonvue He cyujecmayem npeonoumumenbHblX COCIMOSIHULL O8UCEHUsL, IMO O3HAYaem ompuyanue 3¢pupa 6
cmblcie npedvbloyuwux meoputl. B camom Oene, eciu Ovl 3¢pup 6ce-maxu cyujecmeosa, mo oH 00J14ceH Ovll Obl



HAaxoO0umucs 8 Kax#coou npoCmpaHCmeeHHO-8PEMEHHOU MOYKe 8 ONPeOeNeHHOM COCMOAHUU OBUNCEHUS,
KOMOopoe 00IHCHO ObLIO Obl CKA3AMbCS 8 ONMUYECKUX A8NeHUsAX. Hukakozo npednoumumenbHoeo coCmosHus
08UDICEHUS. Hem, KAK YUUm CReyuaibHas meopus OMHOCUMENbHOCMU, NOIMOMY Hem HUKAK020 d¢hupa 6 cmapom
cmvicae. Obwas meopusi OMHOCUMETbHOCIU MAKCe He 3HAen NPeOnOYMUMenbHO20 COCMOAHUSL OBUICEHUSL 8
mouke, KOMopoe MOMCHO OblI0 Obl UHMEPHPEMUPOBAMb KAK CKOPOCcmb 3¢upa. OOHAKO 68 MO épemsl KaxK 8
CReyuaIbHoU meopuu OMHOCUMENLHOCIU 00IACIb NPOCMPAHCMEa He3 Mamepuu u 6e3 1eKmpuieckKo2o nojs
npeoCcmasiAemcs COePUIEHHO NYCMOIL, M.e. ee Helb3s 0XapaKmepu308amy HUKAKUMU u3uiecKumu
geIUYUHAMU, 8 0OUel] MeopuL OMHOCUMETbHOCIU Oddice NYCMOoe 8 IMOM CMbLCIe RPOCMPAHCMEBO UMeemn
gusuuecxue ceoticmasa.”

W npu 3TOM, KaK yTBepKIaeT DUHIITEIH, eMy a1l cnaceHus cBoerd CTO Hamo TONBKO JIUIIUTh TPAAUIIMOHHBII
a¢up Jlopenna, KOTOPHIi 1 Tak He 001a/1a]1 HUKAKUMU MEXaHUYECKUMH CBOWCTBAMHU, €IIIE U €T0 JIBIKEHUS, T.K.
y Jlopenna nenoamxHbii B ACO a¢dup aeurancs B paznmuunbix MCO, aemxymuxcs otHocutenbHo ACO. Ho B
pesyibTare noxydaercs, 4ro y DitHmreitna B CTO 3¢up He TONBKO CYIIEeCTBYET, HO U TOYHO TaK K€ IBUXKETCH,
HO Tenepb yxe He oTHocuTenbHo MCO, kak y Jlopenna, a orHocutensHo ACO. Beap 110 CyTH OH UCIIOIB3YET
a¢up, nBmKymuiics BMecte ¢ paznuyabiMu MCO, T.e. y Hero 3¢up yBIeKaeTcs He TeJIaMu, Kak 3TO
paccMaTpuBaeTCs B HEKOTOPBIX KJIaCCHUYEeCKUX KoHIenusax, a camumu MCO, T.K. TOIBKO B 3TOM Cllyyae
ckopocTh cBeta Bo Bcex CO B pa3HbIX HampaBlieHUsX Oynet oquHakoBoi. [Toatomy B ero CTO Het adupa "s
cmapom cmuicie" U IPU 3TOM, HE UCXO/S U3 KaKUX-TO SKCIIEPUMEHTANIBHBIX JaHHBIX, & TOJHKO MOTOMY, YTO TaK
"yuum cneyuanvras meopus omuocumenvnocmu”. Takum o0pazom, o B CTO He orpumaet 3¢up, a TOIBKO
U3MEHSET CUCTEMY OTCYETa, B KOTOPOU ompenessieTcs ero ABMKEeHHe, U B pe3yibTare B paznuuHbeix MCO on
MOJTyYaeTCsl y HeTo MOKOSAIINMCS, T.€. H30TPOIHbIM. K ToMy ke, BONIpeKH 3asBICHUIO DWHINTEHHA, STOT 3(up
TOYHO Tak ke, Kak u B OTO, Toxxe o0nanaer onpeaeneHHbIMUA CBOMCTBAMH (MArHUTHOM U SJIEKTPUYECKOM
MOCTOSTHHBIMH ), KaK 1 Kiaccuueckuid a3¢up. Ho takoii B3rsg Ha ero CTO (¢ yBiiekaeMbIM 3UPOM) MTOTHOCTHIO
€€ XOPOHHT, TO3TOMY OH TYT U300pETaeT JIB€ HOBbIE CYIIIHOCTH "TpaBUTAIIMOHHBIN 3up" u
"snekTpoMarauTHoe nosie” u B 1920 roxy nurert [8 ctp. 686, 688, 689, 689].

"OnekmpomazHumHoe noje A61Aemcs NePeutHoOLl, HU K Yemy He C80OUMOU PeaibHOCMbIO, U NOIMOMY
COBEPUIEHHO UBTUUHE NOCIYIUPOBAMb ewe U CYUWeCmeo8anie 00HOPOOHO20 U30MPONHO20 dPupa u
npeocmasiame cebe noie Kak cCocmosiHue 3mozo sgupa’.

"... 8 N(POMUBONOLONCHOCHb 2PABUMAYUOHHOMY HOIIO IJIEKMPOMASHUMHOE KAKUM MO 00PA30M UL BMOPUHHO
CBA3AHO C IPUpoMm, npuiem npupooa 31eKMmpoMAcHUMHO20 NOJISL 808CE He ONPeOeNsiemcsi NPUPOOOoll Hpupa nos
msazomenus."”

"... 8 Hawell cOBPEeMEHHOU KapmuHe Mupa cyuecmsyom 08e Co8epuleHHO Pa3iuyHble no CO0EPHCAHUIO
PeanbHoCmu, Xoms U Ce53aHHble MeAHCOY COOOI0 NPUYUHHO, A UMEHHO 2PAGUMAYUOHHBLIL dPup u
9NEKMPOMASHUMHOE NOJIe; UX MOICHO HA36AMb NPOCMPAHCIMEOM U Mamepuel. "

"Oonaxo smom 3¢hup Henwv3s npedcmasums cebe CoOCMOSUUM U3 NPOCIENCUBAEMBIX 80 BPEMEHU YaACmell,
MaKum c8oUCmMeoM 001a0aem moabKo 8eCOMAsl Mamepusl;, MOYHO MAK JHce K HeM) Helb3sl NPUMEHAMb NOHAmuUe
osudicerus.”

OTa KOHIENIHUs CYIIeCTBOBAHUS HE3aBUCHMO JIPYT OT Jpyra JIBYX CYIIHOCTEH - 1moJsielt 1 3(pupa, KOHEUHO-XKE,
SIBJISIETCS IBHO IPUTSHYTOM 3a YIIIM, HO DWHIITEHHA BCE 3TO MAJIO HHTEPECYET, T.K. EMY BaKHO TOJBKO TO,
9TOOBI YMCTO MATEMAaTUUYECKH TMOTYYalCs HY>KHBII eMy pe3ynbTar. [lo3ToMy, 3Ty ero KOHIEMIIHNI0 MOKHO ObLIO
Obl BOCIIpUHUMATh KaK OYEPEIHYIO TUIIOTE3y YCTPOMCTBA HALIEr0 MUpa, KOUX Ha CErOJHSAIIHUNA 1€Hb BUAUMO-
HEBUUMO U, HAIPUMEP, OUY€Hb MOJIHA TUIIOTE3a O TOM, YTO 3apsiAbl ABIKYTCS HE B d(uUpe, a B TIOIAX
CKaJISIPHOTO TIOTEHIMaNa, KOTOPBIN JBUKETCS BMECTE C CO3Jal0IINMHU ero 3apsaamu. Ho Bot cienyromias
uTara u3 ero paborsl 1924 rona [13 ctp. 158] cTaBUT 101 COMHEHHE HE TOJILKO aJIEKBATHOCTh €0 TCOPUI, HO
Y aJIeKBaTHOCTh CaMOT0 DUHINTEIHA, T.K. TYT OH 3asBJISIET, 4TO, OKa3biBaeTcs, y Hero U B CTO toxe 6611 2¢up
(mpuueM, TakoM ke, Kak U B KJIaCCUY€CKOM MEXaHUKE, T.€. C HEU3MEHHBIMU CBOMCTBAMU, YTO B TEPMUHOJIOTUU
DiiHIITEiHA 03HaYaeT aOCOIOTHBIH).



"B cneuuaﬂbHoﬁ meopuu omrocumellbHocmu 3gbup makoice Obll G6COJZIOH1HblM, mAakK KAk eco 6lusdrue Ha
UHepYUIo u pacnpocmparnernue ceema CHumanaoCob He3a6UCUMbIM ONnl 6CEX @LL?M’JéCKMX 8030elicmaeui.

... [Ipu smom ona (nmeercs B Bugy OTO) npuoaem s¢hupy nepemennyto om mouxu Kk mouxke Mempuxy u
onpeoensauue OUHaAMUYecKoe nogedeHue MamepuaibHulX mo4ex ceoUCmad, KOmopble 8 C80H 04epeodb
onpeoensaiomces QusuvecKkumu hakmopamu, a UMEeHHO pacnpeoeieHuem macc uau snepeuu. Takum oopazom,
a¢hup obweti meopuu OMHOCUMETLHOCIU OMAUYAEHCSL OM 3PUPa KIACCUYeCKOL MeXaHUKy Uil CReyuanbHol
meopuu OMHOCUMENbHOCU TNEeM, YMO OH He ABNAEMCsl «AOCOIIOMHBIMY, HO ONPEOeIsIemcsl 8 CMbICIe CBOUX
nepeMeHHbIX 8 NPOCMPAHCMEe C8OLUICE pacnpeodeieHuemM 86ecomozo gewecmaa.”

B o06mieM, 6e3 1o TUTphI MOHATH BCE, YTO DUHINTEHH XOTEN CKa3aTh B CBOMX paboOTax, COBEPIICHHO HE
BO3MOXXHO, T.K. BCE €ro IpeblIIylIue UTAThI 1oKa3biBaiu, 4To B CTO adupa HeT. A, ero yrBepxaeHue o ToM,
YTO, OKa3bIBAETCS, B KIITACCUYECKON MEeXaHHKe 3(up ObUT aOCONIOTHBIN TOTOMY, YTO €T0 CBOWCTBA HE 3aBUCEIN
OT HAJIMYUs 3apsA0B WIH Macc, MEHs BOOOIIE CTaBUT B TYNHK. Bo-1epBbIX, 3T0O TOIBKO Yy JIopeHa onu He
3aBHUCEM OT HAJIIMYMSA 3apsi/I0B WIM MAcc, a KIIACCUYECKUM MOAX0/1 I0Ipa3yMeBall TaKyl0 3aBUCUMOCTbD, a, BO-
BTOPBIX, CaM €ro TepMHH "abCOoMIOTHBIN 2pup" IBHO HE yJAYHbIH, T.K. 3TO BOOOIIE-TO Y HOPMAIbHBIX JIFOIEH
[10/Ipa3yMeBaET HE HEU3MEHHOCTb CBOMCTB 3(Upa, a €ro adCOIIOTHYIO HEMOABUKHOCTS, T.€. Hanuue ACO,
CBSI3aHHOM C 3TUM 3QupoM. U B CBA3M C 3TUM COBEPIICHHO HE MOHATHO KaK Teneph KiIacCu(uuupoBaTh
3akpeIThie U OTKpBITHIE ICO. Benp, ecin ero rpaBuTaniioHHbIH 3¢up HE OyIeT yBIEKaThCsl CTEHKAMU €T0
otkpbIThiX ICO, 10 siBnenus B pazubix UCO OynyT mpoTekarh TOKe MO-pa3HOMY, KaK U B HEYBIIEKaeMOM
KJIacCHYecKoM 3dupe. A, eciiu Mbl OyaeM paccMaTpuBath 3akpbiThie ICO, TO B HUX, YTOOBI OBLITU IIOCTOSTHHBIE
CKOPOCTH CBETa U TPaBUTAINH, JOJKHA PUMEHATHCS KIacCUYECKasi KOHIEMIIHS YBIEKaeMOro CBETOHOCHOTO
WM TPABUTALIMOHHOIO 3(upa, a s MEXaHUYECKUX SIBJICHUH €I11€ U KOHIIETIIHSl YBIeKaeMOl MaTepruaibHON
cpensl (Bo3ayxa, BoAbl U T.1.). Ho maxe mist 3akpbiThix UCO 3TO BO3MOXKHO TOJBKO TEOPETUYECKH, T.K. HU
CBETOHOCHBIN HU TPaBUTALIMOHHBIN 3Pl HUKAKMMH CTEHKAMU HE YIEpKaTh (XOTsI, JUIsl TEX MEXaHUUECKHUX
SIBJICHUH, TJ€ CPEIoi ABISAIOTCS BO3AYX WM BOJA, 3Ta KoHUenuus 3akpbIThix MMCO BnoiaHe npuMeHnma, eciiu
SIBJICHUS IPOTEKAIOT B OJIHOPOAHOM I'PAaBUTAIIMOHHOM TI0JIE).

BoT Tonpko B mocneHeM ciydae noiydaercs abcypa, T.K. €CJIM Mbl pacCMaTpUBaeM sIBJICHHUE B ABIXKYLIeHCs
3akpeiToit UCO, yBnekaroreit 3a co6010 1 MaTepuaIbHyIO Cpely, TO HenmoHsATHO noueMy 31a MCO He yBiekaer
3a co00I0 U MaTepuabHbIe Tesla, HaXOAIIMeECs B 3TOU cpesie. A, eclii OHa yBJeKaeT U Tena, To B 3Toi NCO Bce
TeJa ¢ TEMH CKOPOCTAMH, ¢ KaKUMH OHM JiBUranuck B ucxoguoit MCO, 6yayT ABUrarscs U B J1000i 1pyroi
NCO otHocutenbHo cTeH 3TuX MCO H, COOTBETCTBEHHO, OTHOCUTEIBHO YBJIEKaeMoro 3¢upa, T.e. Oyner
cobmopaarbes [19 1 mo3ToMy coBeplIEHHO HEMOHATHO, a IPUYEM TYT TOT/ia Bce ATH npeolOpa3oBaHus [ anunes
i Jlopenna. U, BooO1ie, kak HaOIr0AaTeNlb CMOXKET ONpeesIuTh cCKopocTh cBoeil ICO oTHOCHUTENBHO qpyroi
NCO, ecu 06e MCO (unm X0Ts ObI 0/IHA) 3aKPBITHIE, T.€. HE MPOIYCKAIOT HE TOJIBKO CBET, HO JaXKe
rpaBuTanuio. Takum o0pa3oM, eciau Mbl XOTUM paccMaTpuBaTh yacTHble [10, 1.e. mis UCO, B nepBoit
penakiuu Gopmynupoku [10 ganHON DHHIITEHHOM, TO HAM HaJl0 00s3aTEIbHO pacCMaTpUBaTh OTKPBITHIE
NCO, uto6s1 HabmOaTENDb, HaXoAsmucs B paznuuabix UCO, Mor XoTs Ol onpenenuts ckopocTs cBoer NCO
otHOcuTenbHO ucxoaHo MCO, a mHa4Ye MBI HE CMOKEM MIPUMEHHUTH TipeoOpazoBanus ["amnes nmu JlopeHa
WM pacCMOTPETh OTHOCUTEIBHOCTh OJJHOBPEMEHHOCTH U, CIIEOBATEIBHO, M COKPAIIEHUE PA3MEPOB TEI B
newkymuxcs MCO npu Habmonennn 3a HUMU U3 nokosmuxcst UCO (umm Hao00poT) U, ECTECTBEHHO, HE
cMoxeM co3aath u camy CTO.

Ho B TakoMm ciyuae y Hac nmpu HaOIIOJEHUH 32 OHUM M TeM ke sBiieHreM u3 pazHbix MCO B atux UCO Oyner
pa3Hasi CKOPOCTh B3aUMOJIEHCTBUS MEX/y T€JIaMH U, ECTECTBEHHO, M pa3Hasl CKOPOCTh cBeTa. Benp, eciu Mbl
Joryckaem, uyto y Hac oTKpbITeie UCO, T.e. paccmaTpuBaeM NoOBe/IeHUE Tell He B KatoTe Kopadust ["anunes, a Ha
ero naixyoe, To Mbl 00s13aTE€JILHO J0JDKHBI YUUTHIBATh HAIMYKE CPE/Ibl, B KOTOPOU pacipoCTpaHIeTCs
B3aUMOJICMICTBUE U 3TA CpeJia HE yBIIEKaeTCsl CTeHKaMM KaroThl. Uto kacaercs [10 [Nanunes-HproTona, TO 31€CH
YBJIEUEHHUE Cpebl IOJIpa3yMeBaeTcs Kak caMo caMolo pazyMmerouieecs, T.K., Hanpumep, ['anumeit rosopui
TOJIBKO O TOM, UTO "/{15 npedmemos, 3ax6aueHHbIX pABHOMEPHBIM O8UNCEHUEM, IO NOCTIeOHee KaK Obl He
cywecmeyem u nposasisiem c80€ oelicmsue moabko Ha 6ewax, He NPUHUMAOWUX 6 Hém yuacmus', T.€. TYT SIBHO
roBoputhbes 0 3akpbIThiX UCO. 1 HploTOH TOXXE paccMaTpuBai ABMKCHHUE TEIl ""3aKII0UEHHbIX 8 KAKOM-TUOO
npocmpancmee" .



A BOT y DWHIITEHHA TYT MOJHBINA TyMaH, T.K. OH npu co3aanuu CTO He BUAeN pa3ninyuil MKy OTKPBITBIMU U
3akpbIThiMU MCO, a 103TOMY B OJJTHOM CiIy4yae OH MCHOJb3yeT cBoiicTBa OTKphIThIX MCO, a xorna emy Hazio
HCII0NIB30BaTh cBoKcTBa 3aKkphIThIX ICO, TO oH ncnonb3yeT ux. [Ipu atom, popmymuposka ero 10 siBHO
MoJIpa3yMeBaeT UCIob30BaHue OTKPHIThIX MCO, HO OHM HE MOTYT YBJIEKaTh 32 CO000 3P U OITOMY OH
JOJDKEH OBITh a0COIFOTHO HEeMoABKHBIM. Ho, DitHireitd npu coznannu CTO nenan ynop HMEHHO Ha TOM, YTO
€ro TEOopHsl He HyKJIaeTcs B AHpe U MpH 3TOM "'mipocTpaHcTBO’ B pasnuunbix MCO y Hero 6bu10 MpocTo
"MaTeMaTH4eCcKOM MyCcTOTON", T.K. OH 3asBJIsJI, UTO COBEPIIEHHO HE 3HAET, YTO ATO TAKOE. A IMOCIE CO3AaHU
OTO BoisicHsieTcs, uTo npoctpancTBo B CTO Bce Taku 3amoiHEHO Y Hero 3(hUpom, HO y MOCIeIHero 0e3
HaJIM4Yus B HEM MacC HEeT HUKAaKUX CBOMCTB. Takum o0pa3oM, HE TOJIbKO, MATKO TOBOPS, CTPAHHO BBITJIAIUT €T0
I1O nns HensBecTHO Kakux MMCO (OTKPBITHIX WM 3aKPBITHIX) HO U BTOPOM IPUHLIUII, TIOJIO’KEHHBIN B
¢dbyngament ero CTO, a *MEHHO IPUHITUI TTOCTOSIHCTBA CKOPOCTH cBeTa B pa3HbiX MCO (omsaTh HE MOHITHO B
KaKUX - 3aKPBITHIX WK OTKPBITHIX). BOT, uro DitHmTeliH mucan B 1912 roay [4 ctp. 219] o AByX npuHIUMIAaX,
Ha KOTOpbIX OH co3aai cBoto CTO (obOpaiaro Baiie BHUMaHUE HA TO, YTO PeUb UAET UMEHHO O JIBYX
npuHunax, T.K. [1O onHoBpeMeHHOCTH HAOMIOACHUS Y HETO KaK TAKOBOM 3/1eCh HE MCIIOJIB3YETCs, a MO3IKE 5
Ha KOHKPETHBIX MPUMepax MOKaxy, 4To OH JAelcTBUTEIbHO He oTpaskeH B CTO).

Obweuzsecmuo, umo Heub3si OCHOBbIBAMb MEOPUI0 3aKOH08 NPeobPA3068anUs NPOCMPAHCMEA U 8PEMEHU Hd
O0OHOM UL NPUHYUNE OMHOCUMENbHOCIU. DMO C8:A3AHO0, KAK U36CMHO, C OMHOCUMENbHOCMbI0O NOHAMULL
"oonospemennocmu” u "opma osudxcywezocsa mena". Ymoobwvi 3anonnums 3mom npoobein, mvl 88eiu
NO3AUMCMBOBAHHBII U3 IOPEHYEBOU MeopUU NOKOAWe20Cs C6eMOHOCHO20 dPUpa NPUHYUN NOCMOSIHCIEA
CKOpOCMU c8ema, KOMOopblll COOEPAHCUM, MAKIHCE KAK U NPUHYUN OMHOCUMENbHOCIU, (hu3uieckoe
npeononodicere, KOmopoe npeoCcmasisiiloch ONPA6OAHHbIM MOLKO COOMBEMCMEYIOWUMU ONbIMAMU (ONbIMbl
@us3zo, Poyrnanoa u m.o.).

Omom npunyun ymeepaicoaem:

Cywecmsyem cucmema omcuema K, 6 komopoii 110001l 1y4 ceema pacnpocmpaHsemcs 8 aKyyme ¢
VHUBEPCAILHOU CKOPOCMbIO C, He 3A8UCUMO OM MO20, NOKOUMCSL UL OBUNCEMCSL UCOYHUK C8ema
omuocumenvro K.

U3 smux 08yx npunyunos u modicem Oblmsb pazeuma ma camas meopus, KOmopas 6 Hacmosujee epems
uzeecmua noo Hazeanuem "meopuu omuocumenvHocmu". ma meopus npaguibHa 8 Mol Mepe, 8 KaKoll
onpasovlearomcest 06a NONOICEHHBIX 8 ee OCHOBY NPUHYUNA.

Hy, 3auem jxe Tak Haryo Bpath, eciii B ocHOBY CTO nonoxeH coBceM pyrou NpuHIKIM, a UMEHHO IPUHIIUII
MOCTOSTHCTBA M U30TPOIIHU CKOPOCTH cBeTa BO Bcex MCO, a He MPUHIINTT HE3aBHCUMOCTH CKOPOCTH CBETa OT
CKOpPOCTH MCTOYHHKA cBeTa B pou3BoibHOi ICO. bonee Toro, s yxe NpUBOIAMI IUTATy DHHINTEIHA, T1e OH
npu coznanuu CTO mrcan o ToM, 9TO OH paccMaTpUBaJ IBMKCHUE CBETA HE B BAKyyMe, a B MATEMaTHUECKON
MyCTOTE BBIOpAaHHOMU crcTeMbl KoopauHat "Kaowcowiii 1yu ceema dsudcemces 8 "nokoawetica" cucmeme
KOOPOUHAmM ¢ onpeoeneHHol ckopocmuio V, He 3a8ucumo om mo2o, UCNYCKAemcs iU Imom ayy ceema
NOKOAWUMCSL UTU O8UNCYUUMCS menom ",

Taxum 00pa3oM, TYT MOKHO CKa3aTh, YTO CBET Y HET'O PACIPOCTPAHSIETCS C MOCTOSIHHOM CKOPOCTBIO, HE
3aBHCsILEN 0T ckopocTH uctounrka B ACO, T.K. IO CYyTH OH MHILET, YTO B "nokosuwetics™ cucteMe KOOpAUHAT.
Ho TyT HMUero HET HOBOTO, T.K. U B KJIACCUUECKON MEXAHUKE U 3BYK B IIOKOSIILIEMCS BO3IYXE U CBET B
MOKOAIIeMCs 23(pHpe pacpoCTPAHSAIOTCS C MOCTOSIHHON CKOPOCTBIO, HE 3aBUCSIIEH OT CKOPOCTH UCTOUHUKA. A
BOT M3 €ro JaJdbHEHIINX pacCcykIeHUN MOJIydyaeTcsi, YTO Y HEro BOooOIIe CKOPOCTh cBeTa OyIeT MOCTOSHHON
BEJIMYMHOM, T.€. UHBAPUAHTOM, HE TOJIBKO B MOKOSILEHCS CUCTEME, HO U B JIF000i Ipyroif, HO 3TO BO3MOXKHO
TonbKo At 3akpeIThix MCO, rae crenku 3tux MCO yBiekaroT u cpeny, B KOTOpOH pacnpocrpaHsercs cser. Ho
cyTb CTO u cocTOUT B TOM, YTO MBI pACCMAaTPUBAEM OJIHO U TOKE SIBJIEHHE U3 pa3HbIX OTKpbIThIX MCO, roe
CKOpOCTb CBETA HM KAaK HE MOXET ObITh HEU3MEHHOH, T03TOMY NPUHIIUI HHBAPMAHTHOCTU CKOPOCTH CBETA B
pazubix MCO 3T0 TONBKO (paHTa3uM Ha BOJIBHYIO TEMY HaBESHHBIC MTO3UTUBUCTCKO-KOHBEHITMOHUCTCKOM
TEOpHEi MO3HAHUs, KOTOpYIo mponaranauposai [lyankape. Beas, kak numier [42] umenno [lyankape npuBHec
UJICI0 NHBAPUAHTHOCTH U3 Pa3Jiesia TOMOJIOTHH, TJIe TeOMETpUIecKas MHTEepIpeTanus npeoOpa3oBaHuii



Jlopenua siBnsercst Hanbosee MPOCTHIM U €CTECTBEHHBIM CPEICTBOM BBISBIICHHSI TOTIOJIOTHYECKOTO CMBICIIA
nHBapuaHTHOCTH. Y mpeobpazoBanus JlopeHiia mo3BoIsitOT BCETO-HABCETO ¢ MaTEMAaTHYECKOM TOUKHU 3PEHHUS
OIMCHIBATh KBAIPATHBIM YpAaBHEHHEM C(ephl OJIHY U TY K€ IIOBEPXHOCTh B PA3JIMUHBIX CUCTEMaX OTCUETA, IIe
HEeHTp chepbl MOKOSIIEHCS CUCTEMbI He OyJIeT COBIAJaTh C IEHTPOM TOM ke caMOoil TOBEPXHOCTH B
IBIDKYIIEHCS cCUCTeMe, Kak 3TO OyJeT Mmoka3aHo jaajee Ha puc. 4 u 5.

Ho, DitHiTeiin B IpUBOASIICHCS BBIILIE IUTATE MUIIET O TOM, YTO MOCTOSIHCTBO CKOPOCTH CBETA
MOJITBEPHKIAETCS IKCIEPUMEHTAIbHO. TOJIBKO HE OHATHO IPU YeM TYT SKCHepuMeHThl ' Puzo, Poyranoa u
m.0.", Ha KOTOpbIE cChlIAeTCsl DUHIITENH, T.K., HAIpUMeEp, dkciepuMeHT Pu3o nokazan (MCX0sS U3 TEOPUU
3TOTO IKCIIEPUMEHTA) TOJBKO TO, YTO nokosimuiics B ACO 3¢pup 4acTHYHO yBJIEKaeTCsl TEIaMH, HO
pacrpocTpaHsieTcs TO CBET BCE PaBHO B 3TOM 3(Hpe, a HE B MAaTEMAaTUUECKOH MycTOTe, KaK 3asiBUI DWHIITEHH.
A, T.K. OH yBJICKAeTCs YaCTUYHO, TO CKOPOCTh cBeTa B ABmxkymieiics MCO Hu Kak HE MOXKET ObITh TOM XK€, 4TO U
B nokosiemMcst dpupe. K Tomy ke, CoBpeMEHHBIE SKCIIEPUMEHTHI 110 TipoBepke nanHbIX Puso [43] nokazanm,
YTO CMEIICHHUE MOJIOC B HHTEp(PEpOMETpe 3aBUCUT HE OT CKOPOCTH BOJBI B TpyOax, a OT JaBJICHHs BOABI, T.C.
BBIBOJ] O TOM, 4TO 3(hup yBiIeKaeTcs TenaMu (IyCTh Jjake YaCTUYHO) SIBJIIETCS HE I0Ka3aHHbIM. [la, naxe, eciu
661 ®u30 1 OBUT TIPaB, TO 51 HE TOHUMAO KAKOE OTHOILICHHE MPUBEACHHBIC DWHIITEHHOM SKCIIEPUMEHTHI UMEIOT
K 3TOMY IIPUHLIUITY IIOCTOSIHCTBA CKOPOCTH CBeTa. Belpb 51 TOYHO Tak ke MOT'Y IIPUBECTH €I1I€ U JAHHBIE IPYTUX
9KCIIEPUMEHTOB, HAIPUMEP, O TOM, YTO CBET UMEET Pa3HYI0 CKOPOCTb B PA3HbIX CPENAX WU O TOM, YTO CBET
IIPEIOMIIIETCS IIPU IIEPEXOJIE U3 OJHOM cpezbl B Apyryro. Ho kakoe OTHOIIEHNE U SKCIIEPUMEHTHI BBIIBUBILINE
9TH 3aBUCUMOCTH UMEIOT K TOMY O Y€M Halucan DUHIITENHH, KOTOPbIN 3asBUJI, YTO HA OCHOBAaHUM KaKHUX-TO
HKCHEPUMEHTAIbHBIX JaHHBIX (KOTOpPbIE, KaK JIOOAT TOBOPUTH ceiyac 3amaiHble OJIUTUKH, BCEM U3BECTHDI)
CBET PacIpOCTPaHSIETCs C OIMHAKOBOM CKOpOCTHIO BO Bcex MCO. A ynmoMsiHYThII UM IPUHIUI HE3aBUCUMOCTH
CKOPOCTH CBETa OT CKOPOCTH UCTOYHMKA, KOTOPBIN U Tak ObLI BCEM M3BECTEH U MPUMEHSIICS B KJIACCUKE JUIS
BOJIH 3BYKa WUJIM CBETA, HE UMEET HUKAKOT0 OTHOLIEHUS K €r0 IPUHLUITY U30TPOIIHUU U MOCTOSIHCTBA CKOPOCTH
CBeTa, Npu HabIo1eH!H 32 HUM u3 pasHbix MCO.

B npuBoauBIIeiics nuTare DUHIITEHH He yIOMSHYI elle U o0 3kcriepuMenTe Maiikenbcona-Mopiu, HO
MMEHHO OH 3aCTaBHJI YUYEHBIX TOI'O BPEMEHH 3aHATHCSI IEPECMOTPOM 3aKOHOB KJIACCUUYECKON MEXaHUKH, a U3
pa0oThl DHHIITEHHA BBIXOAUT, YTO OH O HEM HE 3HaJI (4TO, MSTKO TOBOPSI, MaJIO BEPOSITHO) U 3TOT SKCIIEPUMEHT
TOJIbKO MoATBep:k1aeT BeIBOBI U3 ero CTO. BoT Tonbko mpo sxcnepuMenT Maiikenbcona-Mopinu s moka
Jy4Ille TPOMOJIYY, T.K. Y MEHS a)Ke SI3bIK HE [IOBOPAYMBAETCS HA3BATh €r0 SKCIIEPUMEHTOM U B TOTOBSAIIEHCS K
neyaTtu ctathe "O0 skcnepuMente Maiikenbcona-Mopiu" st moapoOHO pacckaxy moyemy. [losromy Bce
CCBUIKM DWHIITEHHA Ha KaKkue JTMO0 3KCIIEpUMEHTHI IIPU 0OOCHOBAHUE CBOETO MOCTYJIaTa O MOCTOSIHCTBE
ckopocTH cBeta Bo Bcex CO 6e30cHOBaTENbHBI U ABISIOTCS MOJHBIM ITPOU3BOJIOM U a0Cyp/ioM. A MpUYMHA B
MOSIBIIEHUH 3TOT'0 MOCTYyJaTa Obljla YUCTO TeOpeTHUEeCKas, T.K. MaTeMaTHKa He CMOTJIa CIPABUTHCS €
PEaIbHOCTBIO U pelIniia OAIPABUTh PEalIbHOCTb, CO3/7aB TpyaaMu MaTemaTukoB Jlopenua u Ilyankape CTO,
KOTOpYIO0 DUHIITENHH IPENOAHEC MUPY KaK CBOIO 3aKOHUEHHYIO TeopHIo B ctathe 1905 roaa, rae naxe He
YIOMSIHYJI O €€ co3nareinsix. A koHkpeTHo Jlopenn u Ilyankape 3ansnuch cozganuem CTO notomy, 4To Koraa
nosiBUIJIach Teopusi MakcBesia, TO BBISICHWIOCH, YTO YPAaBHEHUS JJIEKTPOINHAMUKYA HE NHBAPHAHTHBI
OTHOCHTEJNBbHO NpeoOpa3oBanuii ["anues, T.K. COrJIaCHO 3TUM MpPeoOpa30BaHUSAM MOTYYAETCsl, YTO CKOPOCTh
pacrpoCcTpaHeHHs MIEKTPOMArHUTHBIX BOJIH MOXeT Noiy4arbes B pa3Hbix MCO unu Gosbllie Ui MEHBbIIIe
ckopocTH cBeta. Ho, corimacHo umeromumMest Torja NpeCTaBlIEHUsIM O 3aKOHaX AJIEKTPOIUMHAMUKH U HE
U3BECTHBIM MHE SKCIIEPUMEHTAIBHBIM JAaHHBIM CKOPOCTh PACIIPOCTPAHEHUS AIIEKTPOMArHUTHBIX BOJIH B
BakyyMme Bo Bcex MICO 1o BceM HampaBiIeHUSIM J0JKHA Obliia ObITh OJJMHAKOBOM M PaBHOM CKOPOCTHU CBETA.
Takum o0pa3om, BO3HHMKIIa MaTeMaTH4yecKkas mpodiiemMa He MHBapUaHTHOCTU ypaBHeHUH MakcBesia npu
npeoOpazoBanusx ["amunes. [y paspemeHus 3Toi mpodaeMbl MpeaIaraluch pa3inyHble CIIOCOObI:

1- HepeCMOTpeTB Tpe60BaHI/IC MaTeMaTU4eCKOM TCOPEMBI 00 WHBAPUAHTHOCTH ypaBHCHI/Iﬁ IMPUMCHHUTCIIBHO KaK
K MEXaHUYCCKUM, TaK U K DJICKTPOMAriHuTHBIM SIBJICHUSAM.

2- CunTaTh OMIMOOYHBIMU YPaBHCHUS SJICKTPOAUHAMUKHA MaxkcBeJiia 1 NoIbITaTECI U3MECHUTD HX.

3- OTkazarbcs OT KIACCUYECKUX MPEICTaBICHUI O MPOCTPAHCTBE U BPEMEHH U U3MEHHUTD 3aKOHBI
KJIACCUYECKON MEXAHUKH, 4 HE 3aKOHBI MIEKTPOANHAMUKHA MakcBelia 1 MaTeMaTHIeCKON TEOPEMBI



TpeOyroleil NHBapUaHTHOCTH YpaBHEHMH (3aKOHOB (PU3UKH) MIPH MIEpecUeTe MapaMeTpoB ypaBHEHUH B IPYTYIO
NCO.

3/1ech XOTENOCh Obl OTMETUTD, YTO ATO MPOTHUBOPEUHNE SBIISIIOCH MHUMBIM IIPH IpUMEeHEHUH uMeHHOo [10
lanunes-HerotoHa, 1.e. 11 3akpeiThix UCO, a He n300peTeHHoro mo3xke kiaccuyeckoro [10. Benb HUKTO B
KJIACCUYECKOW MEXaHUKE IMPU PACCMOTPEHUH JIBI)KEHUSI 3BYKOBBIX BOJIH HE U3MEHSET UX CKOPOCTh
pacnpoctpaneHus npu nepexoje B Apyryro MCO, eciiu oHA SBISETCS 3aKPBITOH, T.€. YBICKAET 32 COOO0 H
Bo3ayX BHYyTpru MCO. TouHO Tak ke MpU 3TOM B CKOPOCTh CBETA COTIIACHO KJIACCHYECKON MEXaHHUKE, TJIe CBET
SIBJISIETCS DJIEKTPOMArHUTHOM BOJIHOM, HE IOJKHA 3aBUCETh HU OT ckopoctu MCO, HM OT CKOPOCTU MCTOYHHKA,
HCIYCTHUBIIIETO CBET, €Ciu 3T0 3aKkpbiThic UCO, T.e. yBieKaronue qaxe 3pup, B KOTOPOM PacIpOCTPAHSICTCS
cBeT. BOT ToNbKO, TOT/1a HE HAJI0 MPOU3BOIUTH HUKAKUX MpeoOpa3zoBaHuil ["anmuiess HU JUIsl CKOPOCTEH Tl HA
JUTSE CKOPOCTH CBETA, HO BO BeeX yueOHUKax, roBops o [10 INammies-HpioToHA, IMEIOT BBUIY KIIACCHUECKUN
I1O. A BOT Ipy MPUMEHEHHH €T0, TJIe HaJ0 MPOU3BOIUTE ITpeoOpa3oBanus [ anuiest He TOJIbKO IS CKOPOCTEH
ten u3 ACO B nipousBoibHyt0 MCO, HO u A1 cBeTa, 1eHCTBUTENBHO, IOJYUYUTCS, YTO CKOPOCTh CBETA B
paszabix MCO Oyzer pa3HOW. A KTO cKa3aj, YTO OHa JOJKHA OBITh MPU ATOM OAMHAKOBOW. Benb 1 ceroaus He
CYILIECTBYET HU OJIHOTO SKCIIEPUMEHTA, KOTOPBINA OBl MO3BOJIUII ONPEJEIUTH 3TY CKOPOCTh B OJTHOM
HAMpPaBIIEHUU. A BCE 3TH SKCIIEPUMEHTHI C IBIPKEHUEM CBETA TyJla U OTPAXKEHHOT'0 00paTHO OBICTpee BCETO,
nenctButensHo, Bo Bcex MCO, r11e mMpoBOIUIUCH SKCIIEPUMEHTHI, TaIyT MPAKTUYECKHA HEU3MEHHYIO CKOPOCTh
CBETa, HO 3TO HU KaK HE JJOKA3bIBAET TOTO, UTO CKOPOCTh CBETA U TyJla U 00paTHO Oy/eT OJMHAKOBOM.

Ho Bo Bcex yueOHMKaX, 104EMY-TO, IIUILIYT, YTO COIVIACHO KJIACCHYECKON MEXaHHKe CKOPOCTh CBETA JA0JKHA
CKJIaJbIBaThCsl CO CKOPOCTBIO UCTOYHMKA CBETA, a PESITUBUCTCKAs MEXaHHUKA 9TO OTPHULIAET. XOTs, COIJIaCHO
KJIACCUYECKON MEXaHHMKe HU CKOPOCTh 3BYKa, HU CKOPOCTb CBETA HE 3aBUCAT OT CKOPOCTH UCTOYHHMKA, KOTOpast
TOJIBKO M3MEHSET YaCTOTY 3BYKOBBIX MJIM CBETOBBIX BOJIH coriacHo 3¢dekry Homnepa. [pyroe aemno, 4To B
KJIaCCHKeE, TJIe IPUCYTCTBYET 3PUp, T.€. Cpelia B KOTOPOH PacIpOCTPaHSIETCS CBET, OH HE MOXKET YBJIEKATHCS
creHkamu 3akpbIThix MCO kak Bo3AyX U O3TOMY IIpH pa3Hoil ckopoctu oTKpbIThIX MCO nonydaercs pa3zHas
CKOPOCTb CBETAa OTHOCUTENIBHO OTKPBITHIX MICO B pa3HbIX HanmpaBlleHUsAX. A DUHINTENH, 3a4e€M-TO, IUILET O
TOM, YTO B KJIACCHKE IPUHATO CYMMHUPOBATh CKOPOCTh CBETA CO CKOPOCThIO UCTOUHMKA CcBeTa. Jla, eciiu Mbl
IIPUMEM KOPIYCKYJISPHYIO TEOPUIO CBETA WM 3BYKa, TO JUIsl KOPITYCKYJ 3TO JeMCTBUTENBHO OYAET TaK, HO
OWHIITEHH TO UCIIOJIb3YET HE KBAaHTOBYIO, @ BOJIHOBYIO TEOPHUIO CBETA, KaK 3TO ObLIO B KJIIACCUKE TOTO BPEMEHH,
a TaM 3Toro HeT. Takum 0O6pa3oM, CKOPOCTh CBETA B KJIacCHKe B pa3HbIX OTKpbIThIX MCO Toraa nedcTBUTEIHLHO
N0JTy4alach HE U30TPOITHOM, HO 3TO €lIe He SIBIIETCs MPUUUHOM JUIs 0TKa3a Jaxe oT kinaccudeckoro 110 n
TOTJa MOJIy4YaeTcs, YTO €AMHCTBEHHON IPUYMHOM JIJIsl IEPECMOTpa 3aKOHOB MEXAaHUKHU TOTJa SIBUJIOCH TO, YTO
ypaBHEeHHsI MakcBelua OKa3ajluch HE MHBapUaHTHBI K npeodpasoBanusiM ["anmunest s otkpeithix UCO.

CrnenoBatenbHO, A7 pa3pelieHus TO MpoOIeMbl B IEPBYIO Ouepelb HaJ0 ObLIO paboTaTh, UCXOMAS U3 HOBBIX
IKCIIEPUMEHTAIBHBIX JIAHHBIX, HAJT IEPECMOTPOM TEOPETUUYCCKUX MPEICTABICHHUH B 1-OM 1 BO 2-OM BapHaHTax
pelIeHus dTON MPOOJIeMBI, a HE MOATOHATH (GU3NYECKUE 3aKOHBI TTOJT TPEOOBAHHS MATEMaTHIECKHX TEOPEM, T.€.
TpeOoBaTh MHBAPUAHTHOCTH YPaBHEHUH, JIa €II€ U Ha OJHOM €IMHCTBEHHOM MPUMEpE, T.€. UMEHHO Ha
ypaBHeHUsix MakcBeia. Ho 370 npyHIMNUANBHO HE yCTPauBallo MaTEMAaTUKOB, T.K. B 3TOM CJIy4yae MU3-3a TOro,
9yT0 cKopocTh cBeTa B UCO momydanack npu nmpeoOpa3zoBanusx ['anmmes pa3HoOW B pa3HbIX HAMPABICHUSX,
HapylIanach Tak JIIOOUMas UMU MaTeMaTUUYECKasi CHMMETPHS, YTO OTOJIBUTAJI0 MATEeMAaTHUKY Ha BTOPOU TUIaH,
T.K. HE TTO3BOJISIJIO MPOSIBUTH B MIOJTHOM Mepe MaTeMaTUKO-(pU3UKaM CBOM CITIOCOOHOCTH JIEIUTh U YMHOXKaTh. U
DUHIITEIH TOBOPUT 00 3TOM B MEpBOH ke dpasze cBoeli cratbu [1] "Hzsecmmo, umo snekmpoounamuxa
Maxcesenna 6 cospemennom ee guoe nPueoOUM 6 NPUMeHeHUe K OBUNCYWUMC MeLaM K ACUMMempul, KOmopast
He CBOUCMBEHHA, NO-BUOUMOMY, CAMUM S8TIeHUsIM".

Hy, Bo-TiepBBIX, 3TO CLIOPHOE YTBEPXKIACHHE, T.K., HATPHUMEpP, B TEPMOJIMHAMUKE MBI 3HAEM, YTO CYIIECTBYET
CTpesa BpeMEHU M MOATOMY MPOIIECCH HEOOPATUMBI U MOTYT MIPOUCXOIUTH TOJIBKO B OJJHY CTOPOHY, T.€.
CHMMETpHS SIBHO HE HAOIOJIAeTCs, 2, BO-BTOPHIX, PHYEM TYT CHUMMETpPHS B sSIBJICHHUAX. Benb, BooOIIe-TO,
CUMMETPHS 3TO YHCTO FT€OMETPUIECKOE TIOHITHE U COTJIacCHO clioBapro OkeroBa CHMMETPHSI 3TO
"CopazmepHocmb, 00UHAKOBOCHb 8 PACNOLONCEHUU Yacmell Ye20-Huby0b N0 NPOMUBONOLONCHBIM CIOPOHAM
om mouxu, npsamou uiu niockocmu', T.e. ot Habmoaarens. Ho ceituac (mocie co3ganust CTO) B yroay



MaTeMaTHKaM MOHATHE O CHMMETPUHU CTaJIO TPAKTOBAThCs oueHb mnpoko. Hanpumep, B bonbimoit CoBerckoit
OHuuknone Uy Mol untaeM "Cummempus (6 oduem cmvicie) 03Havaem uHeapuanmHoCms CMpYKmypol
Mamemamuyecko2o (Ui guzuuecko2o) 00vbeKkma omHocumenbHo e2o npeoobpazosanuil”. VI IpUMEHUTENHHO K
CTO aT10 OyzseT HEM3MEHHOCTD 3allUCH (PU3NYECKUX 3aKOHOB, OMMCHIBAIOIINX [TOBEIEHUE CUCTEMBI TEJ, IPU
HaOII0ACHNH 32 3TUMH TesiaMu 13 pa3Hbix MCO, T.e. ¢ UCHOIB30BAHNEM VIS KAPTHHBI, KOTOPYIO OyIeT BUIETh
BTOpO# HabroAaTelnp, npeodbpazoBanuii Jlopenna. Ho cummerpust mozipa3syMeBaeT pacCMOTPEHHE ABYX
O0OBEKTOB C OJIHOM TOUKHU 3PEHHUS B IPOTUBOMOIOKHBIX HAIIPABIICHUX, KOT/1a Mbl HA0II0/1aeM 3TH O0BEKTHI
COBEPILLIEHHO OJJMHAKOBO, & MHBAPMAHTHOCTh MOAPa3yMEBAET PACCMOTPEHHUE OJHOIO U TOTO ke 00BEeKTa
(s1BIIEHMST) C pa3HBIX TOYEK 3PEHHMSI, KOTJa MBI 10 HAOJIIOAaeMbIM JaHHBIM MOJy4aeM OJIMHAKOBHIC 3aKOHBI.

[ToaTOMy HENMOHSTHO 3a4eM K MOHATHUIO ""cUMMETpHs" HaZ0 ObLIO IPUTATUBATH 32 YIIH €llle U MOHATHE
"MHBAapUaHTHOCTBH", T.K. 3TO IPUHIMIINAJILHO pa3HbIE MOHATUSA. bosiee TOro, B MaTeEMaTUKE U Tak
MPEA0CTATOYHO CBOMX TMOHITHH TaKUX Kak 'MoA00HbIe" 1 "9KBUBAJICHTHBIE" YPaBHEHUSI HWIIA "TIPSIMBIC U
oOparHbie" TpeoOpa3oBaHus, KOTOPBIC BIIOJIHE 3aMEHSIOT MOHATHE ""CHMMETpHs" B UX TIPEICTABICHUN U TIPU
3TOM HE HYXJIAIOTCSI HU B KAKUX SKCIIEPUMEHTAIIbHBIX JI0Ka3aTeIbCTBAX HA MpUMeEpax B3SATHIX U3 )KUBOU
IIPUPO/IBI WM B KPUCTAIUIAX, IJ€ HAOIIOAAETCS UMEHHO CUMMETpUsL. A DUHIITEHH U1 TEOPETUUYECKOTO
JI0Ka3aTeNbCTBa crpaBenanBocTu cBoero 110 ucnonb3yer He CBOWCTBa CUMMETPUH, a "ipsiMble U 0OpaTHbIe"
npeoOpa3oBaHus ypaBHeHU MakcBesuia, T.e. 00paTHMOCTh MAaTEeMaTHICCKUX MMPEOOPA30BaHMIA, KOT 1A MBI,
Hanpumep, nuddepeHupys Kakyro-To (yHKINIO, TOTOM MOKEM MPOUHTETPUPOBATH MOTYYSHHBIN pe3ynbTar u
MIOJIYYUTH Ty K€ UCXOJIHYIO (PYHKIIMIO, HO B IPUPOJIE 3TOM 00patuMocT mpoueccos HeT. U ¢ kakoii-To
HATSKKOI0 MOKHO OBLITO OBl IPUMEHHUTH TepMHH "cuMmMeTpus” Tonbko K [1O o0bekTa Habo1eH s, KOTJa Mbl
HaOJI01aeM JIBa pa3HBIX 00BEKTA, HAXOIMIIUXCS B IBYX pa3HbIX OTKPbITEIX MCO, HampuMep, Kora Mbl UMEeM
JIBa T0€3/1a, OJIUH M3 KOTOPBIX IBUIKETCS, @ BTOPOI CTOUT, U MBI U3 PA3HBIX M0€3/10B HAOIIOIaeM OJJUHAKOBYIO
KapTHHY OTHOCHTEJIBHO IJIOCKOCTH, B KOTOPOH HaxoasTcst o6a Habmoaarens. Ho 3ToT mpumep He umeer
Hukakoro otHoueHus k [1O HaGmronarens 00beKkTa, KOTOPBIM UCIIONB3YyeT peodpazoBanus ['anmes win
Jlopenna s HaOMrOeHMS 32 OJHUM U TeM ke 00bekToM 13 pasHbix MCO. K Tomy ke, kak OyJeT nokasaHo
Jlaniee Ha puMepax olpeieeHnsl BUANMOM JUTMHBI CTEpKHS (110€3/1a), U B 3TOM cilydae TepMUH "cuMmmMeTpus"
HeNb3s IPUMEHATH, T.K., HA0Jt01as U3 JBUKYIIEToCs 1M0e3/1a MOKOAIIUIICS M0e3]1 U HA000POT MbI B OJJHOM
ciyyae OyaeM HaOIoaaTh OIHY JJIMHY T0€3/1a, @ B IPYTOM cllydyae Jpyryo.

Ho opununanbHast Hayka AJi pa3peleHusl MaTeMaTUYeCKOro MpOTUBOPEUHs MEX 1y peoOpa3oBaHUSIMU
lNanunes u ypaBHeHussMu MakcBesuia, KOr/ia oJay4aeTcsl HE MHBapUAHTHBIN (HE OJIMHAKOBBIN) pe3ysbTaT
HabmroaeHus (B BUaE (OpMyJIIbl MIIM 3aKOHA) 32 OJHUM U TeM ke siBjeHrneM u3 pazubix MCO, BoiOpana 3-uit
BapuanT. U cam Diintreiin nmucan B 1923 roay [9 ctp. 122], uro "Cneyuanvuas meopus omuocumensnocmu
npeocmasnsem coooio pe3ynomam npucnocooIenuss 0CH08 puzuxu K snekmpoournamuxe Maxceenna-Jlopenya".
A B pe3yibTaTe y Hac MOsIBUWIKCH KpoMe npeoOpa3oBanuil ['anumnes eme u npeodpazoBanus JlopeHia, KoTopbie
MTO3BOJISIFOT IOJIYYHUTD B AJIEKTPOAVMHAMUKE HYKHBIN pe3ysbTaT, IPHU YCIOBUH, UTO CKOPOCThH CBETA BO BCEX
NCO ocraercst mOCTOSSTHHOM BO BCEX HAMPABICHUSX, T.€. M30TpornHOoM. Takum obpazom, u camo cozmganne CTO
U TEOPETHUECKOE JI0KA3ATEIBCTBO €€ HAyYHOW KOPPEKTHOCTH ONIUPAETCS TOJIBKO HA MATEMaTHYECKOE
TpeOoBaHME UHBAPUAHTHOCTU U Ha ypaBHeHUsI MaKcBellia, HO KTO CKa3all, YTO HHBApPUAaHTHOCTD JOKHA OBITh
U B 3aKOHAaX MMPHUPOJIBI, a ypaBHEHHUsI MakcBenia oopa3zer] 0e3ylnpeuyHoCTH U MEPUII0 HICTUHHOCTH.

Benp emie B Te Bpemena B. [laynu nucan, 4To 3T ypaBHEHUS! HE BEPHBI P OOJIBIINX YCKOPEHUsX, a ceifuac
CTaJIO U3BECTHO, YTO OHU HE BEPHBI U MPH OOJIBIINX CKOPOCTSIX TN U MPU CUIIbHBIX MOJISIX, T.€. SIBHO HE
SBIISIIOTCS] 00pa3oM IS MOAPAKaHUS U YK TeM OoJiee He MOT'yT ObITh apOUTPOM IPH J10Ka3aTeIbCTBE
crnpaseuBocTr [10 DitHmnTeiina. bonee Toro, s B cBoeii padoTte [68] mprBOANIT HECKOIBKO KOHKPETHBIX
IIPUMEPOB 3KCIIEPUMEHTOB, KOI'/Ia ypaBHEHUs1 MakcBesula IpoTUBOpeYar SKCIIEPUMEHTAIIBHBIM JaHHBIM U IIPH
HOPMaJIbHBIX yCIOBUsX. A aBTop [38] U3 TeopeTryeckoro aHanu3a ypaBHeHHT MakcBesia MPUXOIUT K BHIBOIY
O TOM, YTO 3TH ypaBHEHHUS MPENOIAraloT 0ECKOHEYHO OOJIBIIYIO CKOPOCTh MEepeaud KyJIOHOBCKOTO U
MarHUTHOTO B3aUMOJICUCTBHI, KOTOpas CIeAyeT KaK U3 ypaBHeHUH MakcBeia B UX OOBIYHONW COBPEMEHHOM
3amucH (KOTOpyro Ha3bIBalOT Gopmoii 'epria-XeBucaiina) Tak U U3 NepBOHAYAIBHBIX ypaBHEHHI MakcBeria.
BripodeM, Tak U JOIKHO OBITH, T.K. B 3THUX YPAaBHEHUAX UCHOJIb3YIOTCS HE CTOIBKO MPUUYMHHO-CIIEICTBEHHbIE
CBSI3U CKOJIbKO (DYHKIIMOHAJIbHBIC, @ OHM KaK pa3 M MpeanosaraloT 0ECKOHEUHYIO0 CKOPOCTh B3aUMOACHCTBUS



MeXIy Tenamu. Takum oOpa3zom, ypaBHeHHs: MakcBelIa HU Kak HE MOTYT OBITh JJayKe TEOPETHUECKUM
JI0Ka3aTebCTBOM UCTUHHOCTH 1O DiHIITElHA, T.K. CAMU HE COOTBETCTBYIOT 3TOMY KpuTeputo. Ho st
MaTeMaTHKO-(DU3UKOB camMoe TTIaBHOE, YTOOBI PEIIEHUE COBIAJIO C OTBETOM B KOHIIC 33/Ia4HUKA, & KAKOE OHO
JIOJKHO OBITH HA CaMOM JieJie, YTOOBbI COOTBETCTBOBATH SKCIIEPUMEHTAILHBIM JaHHBIM, 3TO UX Majo
HHTCPCCYCT, T.K. Y HUX B I'OJIOBAX CBOsA HpHpO}:[a, KOTOpasa NOAYUHACTCA X MATCMATHYCCKUM IIPUHIUIIAM U
TeopeMam, a Mo3TOMY (PU3UKa ITO Y HUX OJIUH U3 Pa3/ie]IOB MaTEMaTHKU.

A BOT HBIOTOH cuMTai kak pa3 Ha00OpOT, UTO 3TO MEXAaHUKA POJIUIIa MAaTEMATUKy B COBPEMEHHOM BHJIE, T.C.
MeXaHMKa [IepBUYHA, @ MaTEMAaTHKa BTOPUYHA, O YEM OH M MHMILET B NpeaucioBuu Kk ceouMm Havanam. Benp, B
TO BpeMs MaTEMaTHKU HAa3bIBAJIMCh T€OMETPAMU, @ BCE MEXAaHUUECKHE 3a/1a4ll PEHIAIUCh C UCIIOIb30BAHUEM
reOMETPHUECKUX MTOCTPOCHHUIA, T.€. FeOMEeTpus (MaTeMaTrka) Oblia BOCTpeOOBaHAa MMEHHO KaK HHCTPYMEHT ISt
u3ydyeHus Mexanuku. Ho Bo Bpemena Jlarpanxa u ['amuiibToHa rocrocTBOBajia yxe Jpyrasi Touka 3peHust U B
pe3ynbTaTe mepeHoca Ha 3aKOHbI PU3UKU 3aKOHOB MateMatuku, 0buH coznanbl CTO u OTO, koTopeie
MIPUBEJIN K KapJMHAILHBIM U3MEHEHUSIM B MPEAICTABICHUIX O MPOCTPAHCTBE U BpeMeHH. B nopenstuBucTckoit
¢du3nke (KI1accuuecKasi MEXaHWKa) POCTPAHCTBO U BPEMs CUNTAIIUCH HE3aBUCUMBIMU JIPYT OT JPyTa, T.€.
paccTosiHue MKy IBYMSI TOUYKAMHU U BPEMs MEXIY ABYMsI COOBITHSIMH CYUTAIIUCH OJMHAKOBBIMH, HE3aBUCHMO
OT CUCTEMBI OTCYETA, T.€. 3TU BEJIMYUHBI ObLJIM UHBAPUAHTHBIMU (HEM3MEHHBIMHU) IIPU NEPEXOJIE OT
HabmoeHuit B ogHoi oTKpbITOoi MCO K HabmroaeHusM u3 ipyroi otkpeitoid UCO ¢ ucnonb3oBaHuemM
npeoOpaszoBanuii ['amwies. B penstuBucrckoit pusnke (CTO) ¢ ucronp3oBanreM npeodpasoBanuii JlopeHma
MOSIBUJIACH 3aBUCUMOCTB MEKy BPEMEHEM U IIPOCTPAHCTBOM, a B pe3yJIbTaTe OCTAJICS JIUIIh OJUH HHBAPUAHT,
T.€. IIPOCTPAHCTBEHHO-BPEMEHHOM MHTEpBai (S, KOTOPBIN SIBIISCTCS MATEMATHUECKIM BBIPAKCHUEM
MOCTOSIHCTBA cKkopocTH cBeta "' B pasHbix MCO. Takum 06pazoM, eciiu paguyc BOJTHOBOTO (GpoHTa
pacnpoCTpaHsIOIISHCs YICKTPOMAarHUTHOW BOJIHBI BBIPA3UTh uepe3 pasHocth koopauHar dX, dY, dZ, To B
KJIACCHKE MBI TIOJIYYUM MTPOCTPAHCTBEHHBIN HHTEepBas (1-1), KOTOPBIH OyIeT OAMHAKOBBIM M B HCXOHOM
cucreme K u B cucreme K', nBuxkyiueiics ornocutensHo K. A B CTO, eciiu yyecTsb e1ie ¥ CKOpOoCTb BOJIHbBI U
BpeMs ee pacnpocTpaHeHus dt, TO MbI MOJTYYHM YyKe KOMOMHUPOBAHHBIN MPOCTPAHCTBEHHO-BPEMEHHOMN
untepsai ds (1-2), kotopsiii OyaeT Toxe oauHakoBbiM U B cucteme K u B cucreme K'.

dsn2 = dXA2 + dYA2 + dZA2 = dXA2 + dY*A2 + dZ'A2 (1-1)
ds"2 = CA2*dtA2 - dXA2 - dYA2 - dZA2 = cA2*dtA2 - dX2 - dY2 - dZ72 = 0 (1-2)

Takum oOpa3om, eciiu y Hac B cucteme K 3amanbl koopanHatel Touk X, Y u Z 111 MOMEHTa BpeMeHU t u ee
ckopoct VX, VY u Vz, To npu HabroeHue 3a 3Toi ToUkoi u3 cucreMsl K', KoTopast paBHOMEPHO JBUXKETCS
oTHOCcHUTENbHO cucTeMbl K BIosb ocu X co ckopocThio V, a ocu koopauHat cucteM K u K' B MOMEHT BpeMeHu
t=0 coBnaanu, MTPUXOBAHHBIE KOOPIAUHATHI TOUKU M COOTBETCTBYIOIEE 3TUM KOOpJMHATaM Bpems t', a Tak e
CKOpPOCTH, OyJyT pacCUMTHIBAThCS TEMEPh HE [0 HUKENPUBEIEHHBIM (popMyram Jiis mpeoOpa3zoBaHuil [anunes
(2-1), a mo popmynam npeodbpaszoBanuii Jlopenna (2-2). 3necy G=sqrt(1l - VA2 /Vs"2) u Gv=1-Vx *V [/ Vs"2
3TO PENATUBUCTCKHUE MHOKHUTENH, a VS 3TO CKOPOCTh paCIPOCTPAaHEHUs B3aUMOAECHCTBHSI, KOTOpasi cervac s
I'PaBUTALMOHHOIO Y 3JIEKTPOMAarHUTHOI'O B3aUMOJEICTBUI IPUHUMAETCS PaBHOW CKOPOCTH CBETA B ITYCTOTE.
Takum oOpa3om, 3a cuet npeodpazoBanuit JlopeHa DUHIITEHH JOOUIICS TOTO, UTO TETIEPh Y HETO JIBMIKEHUE U
MOKON OKa3aJIUCh OTHOCUTEIBHBIMH, HO OTHOCUTENBHBIMU (B 3aBUCUMOCTH OT ckopocTr MCO) cranu Takxe u
Takue (pu3nueckue MOHATHs, KaK JJIMHA (COKpallleHne pa3MepoB Tella B HalpaBJIeHUH IBUKEHUS),
JUTUTENBHOCTH (3aMesieHre BpeMenu B iBmxyiuxcs MCO) u macca Tena (Bo3pacTaHue Macchl Tejla ¢ pOCTOM
ckopocTH). IIpu 3TOM HanmoMuHaro, YTO BCE ITH NMPEOOPa30BAHUS UMEIOT CMBICI TOJBKO JuIst OTKpbIThIX NCO,
T.K. B IPOTUBHOM CJIy4yae Mbl HE TOJIbKO HE CMOKeM HabmroaaTh Tena B cucreMe K u3 cuctemsl K', HO He
CMOXEM Jaxke onpeaenuTsb ckopocTs oaHoi MCO K' otnocurensHo apyroit MCO K.

X'=X-V*t, Y'=Y, =27, t'=t
VX'=VX-V, Vy'=Vy, Vz'=Vz (2-1)

X'=(X-V*t)/G, Y=Y, 7=z t=(t-V*X/Vs"2) /G



Vx'=(Vx-V)/Gv, Vy=Vy*G/Qy, Vz'=Vz *G/ Gv (2-2)

Taxum 00pa3oM, MaTeMaTUKH 3a CUET UCIIOJIb30BaHMs ITpeoOpa3oBanuil JlopeHua 1o0UIKCh TOro, 4To TENeph y
HUX ypaBHEHHUs1 MaKcBeIuIa CTajal MHBAPHAHTHBIMH K 3TUM IIPe0Opa30BaHUAIM KOOPIMHAT U CKOPOCTEH Tell, a
TaKK€ MOMEHTOB BPEMEHH, KOT/1a OHU HAOIIOIAI0TCs, XOTS HU KTO €11 SKCIEPUMEHTAIbHO HE J0Ka3aj, 4YTo
¢bu3nveckre 3aKOHbI TOJDKHBI OBITh MHBAPHAHTHBI K KaKUM JIM00 nipeoOpa3oBanusM. Ho camoe nnTepecHoe
3J1€Ch TO, YTO TEHEPb ATU MaTEMaTUKH (BOOOIIE-TO sl UX KPYTrOM Ha3bIBal0 MaTEMaTUKO-(PU3MKaMHU) C
HCIOJIb30BaHUEM ypaBHEHUI MakcBeiia, T.€. Y4UCTO MaTeMaTHYECKH, JOKa3bIBatOT clipaBeaAaInBocTs 110
OiHiTeiiHa. Y pu 3TOM Kpyrom NuuiyT o npeodpa3oBaHMUsIX KOOPIUHAT U BPEMEHHU, a HA CAMOM Jielie
npeoOpa3yroT HaNPsHKEHHOCTH MOJIEH, T.K. B ypaBHEHUsIX MakcBeia KOOpArHAT MpocTo HeT. Bot, Hanpumep,
nocMotpute aBe Gopmynuposku I10 DitHiiTelina, JaHHbIE Kak caMuM DiHInTeiHOM B 1948 roay [14 ctp. 660]
TaK M COBpeMeHHY0 hopmynupoBky Jlannay [41 ctp. 13], rae peub uaer o npeodpa3oBaHHIX TOIBKO
KOOPJAMHAT U BPEMEHH.

"C nomowwro npeobpaszosanuii Jlopenya cneyuaivbHull RPUHYUN OMHOCUMENbHOCIU MOXMCEem Oblmb
cpopmynuposan ciedyioumum oOpazom: 3aKkOHbL NPUPOObL UHBAPUAHMHBL OMHOCUMETLHO NPeoOPA308aAHUL
Jlopenya (m.e. 3akoH nPUpoObl He OONIHCEH USMEHUMbCS, eCiU OMHEeCMU €20 K HOB0U UHEPYUATbHOU cucmeme
npu nomowu npeobpazosanuti Jlopenya ona x, y, z, t)."”

"Coenacno smomy npuHyuny 6ce 3aKoHbl NPUPOObl OOUHAKOBLL B0 8CEX UHEPYUATbHBIX CUCEMAX Omcyemad.
Jpyaumu croeamu, ypasHenus, blpaicaoujue 3aKOHbl npupoObl, UHEAPUAHNHBL O OMHOUEHUIO K
npeobpaz06aHUAM KOOPOUHAM U BPEMEHU OM 0OHOU UHEPYUATILHOL CUCIeMbL K OpY2oU. Dmo 3Ha4um, ymo
VpasHeHue, ONUCblearujee HeKOMopblil 3aKOH NPUPOObl, 6YOVUU BbIPANCEHO Yepe3 KOOPOUHAMbL U 8PeMs 8
PA3UYHBIX UHEPYUATLHBIX CUCEMAX OMCcYyema, umeem 0OuH u mom dice 6uo".

A BOT cam MakcBein, JeiicTBUTENBHO, (M. B ero TpakTate MyHKTHI 600...602) HaunHaeT cBou mpeoOpa3oBaHus
HMMEHHO ¢ TpeoOpa3oBaHusl KOOPAMHAT TeJ, @ IOTOM YK€ MEPEXOIUT K CUIIOBBIM IMOJISIM, a DUHIITEHH
npeoOpa3yeT MMEHHO CaMH MOJIs, @ KOOPAWHATHI Y HETO MOSBIISIOTCS YK€ B IPOLIecce 3TUX MpeoOpa3oBaHuil.
A, ecniu oy KOOpAMHATaMU TOHUMATh HaNPsKEHHOCTH MoJIeH, To TyT OyayT npeodpa3zoBanus JlopeHua s
KOOPJMHAT U CHJIOBBIX MOJIEH COBEpIICHHO pa3Hbie [56] (cM. popmyiel HIxe). Bosee Toro, B ypaBHEHUSIX
Makcgeria B 3TOM city4dae Ipeo0pa3yroTesi He KOOPIUHATHI (HAMPsKEHHOCTH TIOJIeH ), a CKOPOCTH (M3MEHEHUS
CO BPEMEHEM DIICKTPUYECKON ¥ MArHUTHOW HANPSDKEHHOCTH monieit). Takum o0pa3om, ¢ 3TO TOUKH 3peHUsI
Jake TeopeTrueckoe aokazarensctBo [10 DifHinTeiiHa Ha mpuMepe npeoOpa3oBaHus ypaBHEeHU MakcBeiia
SIBJISICTCS] HE KOPPEKTHBIM. A aBTop [56] make H0oKa3bIBaeT, 4TO MPH OOJBIIMX YCKOPEHHSIX 3apKEHHBIX
YaCTHILL, T.€. B CWJIbHBIX AIEKTPOMArHUTHBIX MOJSAX, HE OyAET BOOOIIe HUKAKOM pelsITUBUCTCKON
MHBapUaHTHOCTH ypaBHeHUH MakcBesa. [IoaToMy, He MOHATHO 3a4eM Ha/l0 ObLIO W3-3a ypaBHEHUIH
MakcBesuia nepeBopadrBarh ¢ HOT Ha FOJIOBY BCIO (PU3UKY, €CIIU MOTYYaeTCs YTO 3TH YpaBHEHUSI BCE PABHO
OyZayT He MHBapHaHTHBI K ITpeoOpa3oBanusiM JlopeHia, a TpeboBaHHEe O MATEMAaTHUECKOM HHBAPUAHTHOCTH
YpaBHEHUH JJake TEOPETHUUECKU He J0Ka3aHO U BBITEKAET TOJBKO U3 MOCcTyJaTa o Hanuuue B npupoje 110.
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Hy, a HaTypHble 3kcniepuMeHTsI 110 npoBepke 110 DifHiTeliHa 515 3JIEKTPOMAarHUTHBIX SIBJICHUN ITPU OOJIBIINX
CKOPOCTSIX MJIM B CUJIbHBIX MOJISIX HU KTO U HUKOI'ZIa HE MPOBOJMI, T.K. TEXHUYECKH 3TO TPYJHO OCYLIECTBUTH
Jlake ceifyac, a Mpu MaJIbIX CKOPOCTSX (ropa3fo MEHbIIE CKOPOCTH CBETA) U B CJIA0BIX MOJSAX PE3YJIbTAaThl TAKUX
SKCIIEPUMEHTOB HE MO3BOJIAT BBIABUTH pazHuLly Mexay kiaaccudeckum [10 u 11O DiHmrelina, T.K. pacueTHbIe
3HaueHUs OyAyT OTJIIMYATHCS HAa BEIMYMHY TOPa310 MEHbIIIE, YEM MTOTPEIIHOCTh 3KciepuMeHTa. Ja, B
y4eOHHUKax 4acTo JAI0TCsI CChIJIKM HAa HATYPHbIE SIKCIEPUMEHTHI, KOTOPbIE AKOOBI 10Ka3bIBAIOT CIIPABEINBOCTD
[1O DiiHmTeliHa 10 pa3nuyHbIM dpdekTam, Boirekatomum u3 CTO, Ho, Kak s moka3ai B crarbe [69] nmpu
PaccMOTPEHUH HATYPHBIX 3KCIIEPUMEHTOB IO JJ0KA3aTeJIbCTBY CIPABEAJIMBOCTU PEISITUBUCTCKOTO AP deKTa
Jlomnepa, Bce 3TU SKCIEPUMEHTHI SIBJIIOTCSI, MATKO FOBOpSI, OUeHb He yoenuTenbHbIMu. Hanpumep,
skcnepuMenThl [lo0enoHOoCEBa Bpoie Obl KOPPEKTHBIE, HO HE MOATBEPXKIAIOT HU PEJIATUBUCTCKYIO (POpMYITY

s dexra lomnepa, HM KITaCCHUECKYH0. A SKCIIEPUMEHTHI Ipyrux aBTopoB (AiiBca u Ctuinyasuia, Mannensoepra
¥ BuTTeHa Wiy rpymisl HEMELKUX YYSHBIX ¢ HOHAMH JINTHS) MaJio TOTO, YTO CTPaJal0T HEKOPPEKTHOCTHIO, HO B
HUX, KaK 1 B KOPPEKTHBIX SKCIIEPUMEHTAX ¢ MeccOayIpoBckuMH LieHTpudyramu (Uemnuu, Kronunra u
XO0JIMELKOro), MPOCMAaTPUBAETCs SIBHAS NIPEB3STOCTD IIPU TPAKTOBKE MOJTYYECHHBIX JaHHBIX.

TaknMm O6p330M, HaaAO0 KOHCTAaTUPOBATh, YTO HA CGFO}IHHHIHI/II?I JACHBb HCT OKCIICPUMCHTAJIIBHOTO IMOATBCPKACHUA
cnpaseanuBocTH [10 HaOmonaTens o0bekTa, nojaoxkeHHoro B ocHoBy CTO, 1 Bo Bcex yueOHUKAX €ro
CIIPAaBEJIMBOCTD JIOKA3BIBAETCS TOJIBKO TEOPETUYECKHU 110 KPUTEPHUIO MHBAPUAHTHOCTH YPAaBHEHHUN HA IIpUMEpE
npeoOpa3oBanuit JlopeHua ans ypaBHeHu MakcBesia, KOTOpbIE SIBISIOTCS MEPUIIOM UCTUHHOCTH. A, 3a0eras
BIICPCA, CKaXKy, UTO BBIITOJIHCHHBIC MHOIO BBIYHMCIUTCIIBHBIC OKCIICPUMEHTBI HA MATEMATUYCCKUX MOACIIAX
00BEKTOB OIPOBEPratoT HANWYKE B pUpo/e Jrboro tuHamuyeckoro 110, XOTs 3aKOHBI TPUPOIBI
OKa3bIBAIOTCS MHOT/Ia MHBAPHAHTHBI, HO He JUIs npeoOpa3oBanuii JlopeHiia, a kak pa3 A npeodpa3oBaHuit
I'anunes. Keratu, TOYHO Tak k€, BBINOJIHEHHBIE MHOKO BBIYMCIUTENBHBIE SKCIIEPUMEHTHI 110 TPOBEPKE
IMpUHIUIIa HAMMCHBIICTO }IeﬁCTBHﬂ TOXE OMMPOBEPIIIM HAJTNMYHNEC TAKOBOT'O B IIPHUPOAC, a HATYPHBIC
SKCIIEPUMEHTHI 110 €70 MPOBEPKE, KAK BBl YK€ JOraJAIUCh, OISATh TAKW HU KTO U HUKOTJa HE MPOBOAMII, XOTS B
ATOM CJIy4ae 3TO TEeXHUUYECKHU BIIOJIHE OCYIIeCTBUMO. HO 0OueHb 4acTo BBIMOJIHEHNE HATYPHBIX SKCIIEPUMEHTOB
VI NIPUHIMINAIBHO HE BO3MOKHO WJIM HE OCYILIECTBUMO 10 TEXHUYECKUM IPUYMHAM, [TI03TOMY 51 B CBOMX
pa60TaX YaCTO UCIIOJIB3YI0 NPOBEACHUEC BEIYUCIIUTCIBHBIX OKCIICPUMCHTOB Ha MAaTEMATUUCCKHUX MOJICIAX
00BEKTOB, IIe TAKUX MPOOJIeM HE BOSHUKAET.

Ho, npexne, ueM nepexoInTh K BEIYUCIUTENBHBIM SKCIIEPUMEHTAM 10 MPOBEPKE TUHAMHAYECKOro yacTHoro 110
(1 KJTaccU4ecKoro U DUHINTEHHA), s1 pACKPOIO CEKPEeT TJIABHOTO MaTeMaTu4eckoro pokyca MoJ0KEHHOTO B
teoperraeckyro ocHoBy CTO. Ilo cytu, 1.e. ae-dpakro, B CTO ucnonssyercs mis pasasix UCO pazHas
CKOPOCTh CBETA, T.€. CyMMapHasi CKOPOCTh CBETa, PACCUMTAHHAS C UCTIOJIB30BaHUEM Mpeodpa3zoBanuiil [ anmes,
HO 3TOT (DaKT YUCTO MAaTEMATUYECKU MOJIMEHSETCS] OJJUHAKOBOM CKOPOCTHIO CBETA B PAa3HBIX HAIIPABJICHUAX B
stux MCO npu pa3HOM BpEMEHU ABM)KEHUS CBETA, KOTOPOE HA3bIBAETCSI KOOPIANHATHBIM BpEMEHEM. DTO JA€T B



000MX pacyeTax TO )Ke CaMOe PaCCTOSIHHE, KOTOpOoe MpouaeT yd cBeTa B 3TuX MCO B pa3HBIX HAMPaBICHUSIX
3a OJIMHAKOBBIM MPOMEKYTOK pEAIbHOTO BPEMEHU B KJ1acCHMKe U KoopauHaTHOro BpeMenu B CTO.

OO6patumcs K puc. 4, KOTOPBIi 5 TO3aMMCTBOBAN U3 cBoei paboThl [69]. 3aech y MeHs o ocu X JIBHIKETCS B
ACO uCTOYHUK CBeTa (HMKHUIA KPaCHBIN KPYXKOK, KOTOPBI H300pakeH B MOMEHT BPEMEHU t) U CHHUM I[BETOM
MOKa3aHO TOJIOKEHHE (PPOHTA BOJHBI (MCITYIIEHHOW HCTOYHMKOM B MOMEHT BpeMeHu t=0) Ha MOMEHT BpeMeHH
t, koropoe Mb1 Habmr0omaem u3 MCO, aemxymeiicst otHocutenbHo ACO co ckopoctbio 0,3*c, eciu nponIeHHbIH
ceeroM B UCO myTh OnpeaenaTh ¢ UCIOIb30BaHUEM MpeoOpa3zoBanuil ["anumes st CKOpOCTH cBeTa. A Tenephb
CPaBHUTE 3TOT PUCYHOK CO CIIEIYIOIIUM PHUC. 5, T1Ie H300paXKEHO TO K€ CaMO€ paclpocTpaHeHue ppoHTa CBETa
OT UCTOYHUKA CBeTa, nBrxkymerocs B ACO, Ho HaOmonaemoe u3 MCO, nemwkymieiics orHocutensHo ACO,
€CJIM pacyeThl MOMyUYaoIUXCsl KOOpAUHAT KOHIIOB Jiyueid cBeta B ICO, T.€. paguycoB I', IpOM3BOAUTD
cornacHo CTO ¢ HEen3MEHHON CKOPOCTBIO CBETA, HO 3a KOOPAMHATHOE BpeMs t', pacCUMTaHHOE COTIaCHO
npeoOpaszoBanuii Jlopenua. Kak BuauM, BHEIIHsIS aHAJIOTHUS MOJIHAs. A Tenepb JaBaiiTe MpoBepUM 3TO Ha
KOHKPETHOM YHCJICHHOM IpUMepe, Harpumep, ipu ckopoctu MCO pasHoit 0,3*c, T.e. Tak, Kak 3TO JaHO B
npuMepe Ha puc. 4, rae CKOpocTh cBeTa 1o xoay aswkenus MCO Obuta cornacHo npeodpazoBanuii ["anumes
0,7*c, a B MpOTUBOMOJIOKHYIO cTopoHy 1,3*c. 1 Takum oOpazom, HanpuMmep, uepe3 | cekyHay KoopauHaTa
¢dponTta ceta o xoxay aswwxkenus MUCO Oynet 0,7*c, a B mpoTUBONONOXKHYIO cTOopony 1,3*c. Teneps
paccumTaeM corjacHo npeodpazoBanuii JIopeHIa st STHX KOOPAUHAT UX KOOPIAWHATHOE BPEMsI B JIBHDKYILEHCS
NCO, pu ycnoBuu, uro y Hac B ucxoguHoit MCO nBuxyTcs He GpOHTHI BOJIH CBETA, a MaTepHalIbHbIE Tela CO
CKOpocThio VX.
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Puc. 4. PacnpocTpaHeHue curHaia OT UCTOUYHUKA B pa3HbIX HampaBieHUsX B ACO, rie mpoucXouT TaHHBIH
nporiece, Ho Habmomaemoe u3 MCO, apmkymieiics co ckopocthio VXiso= 0,3*c oraocurensao ACO, npu
pacuete ckopoctu cBera B ICO coriacHo npeoopazoBanuii ['anmunest. CkpuniioT mporpammbl DoplerSm.
Bocmpousseneno u3 pabotsi [69].

VY Hac nonydaercs no xony asrwkenus MCO t'=0,734, a B o6paTHyto cropony t'=1,363. Ho 3T 3HayeHus
MOJIYYEHBI JJIsl BPEMEHU JIBH)KEHUS MaTepUaIbHBIX TeJl, CKOPOCTh KOTOpHIX B ABMkyieics MCO Oyner
oTan4aThes oT ckopoctu B ucxoaHoi MCO, a ckopocts cBeta y Hac Bo Beex MICO cormnacHo CTO ocraercst
HEM3MEHHOM, 03TOMY B (hopMmyie (2-2) mpu pacdeTe BpeMeHH IS JBMKEHUS JTydel cBeTa He HaJlo ObIIo
UCIOJNIb30BaTh pensTUBUCTCKUN MHOKUTENb G=0,954. U, ecnu Tenepb yMHOXKHUTH MOTYIHUBINKECS TIO0 (hopmyIie
(2-2) 3HayeHUsT BpeMEHHU Ha 3TOT MHOKUTENb, TO MBI U TOTy4YuM 110 Xoay aBmwxkenus CO t=0,700, a B
obparnyto cropony t'=1,300 u, cooTBeTCTBEHHO, PO IEHHBIN cBeTOM ITyTh OyneT 0,7*c u 1,3*c. Kak Bunum,
pe3yabTaT MOIY4aeTcsl B 000MX CllydasiX TOT ’K€ CaMblil, HO CMBICI YK€ cOBceM Jipyroil. U Bot, uTo nuier
aBTOp cTatbu [42], OTKyna s T03aUMCTBOBAJI PUC. 5.
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Puc. 5. Ilytu, npoitnennsie nyyamu cBeta u3 Touek O u O'3a Bpems t B ACO u 3a Bpems t' B ICO cornacHo
CTO. Bocnpoussezieno u3 padbotsl [42].

"Tlockonvbky udes unsapuanmuocmu npusnecena A.Ilyankape uz pazoena monoiocuu, mo 2eoMempuiecKkdst
unmepnpemayus npeoopazosanus Jlopenya sensemcsa Hauboaee npocmvlm U eCmecmeeHHbiM CPedcmeom
BbISABIICHUSL €20 MONoNocudeckoeo cmulcaa. llpeobpaszosanue Jlopenya nossonsem onucvbléams K8a0pamHvim
VpasHeHuem cghepbl 00HY U MY Hce NOBEPXHOCb 8 PA3IUYHBIX CUCEMAX OMCY4eéma, npuyuém yeump cepol
NOKOSIWYelCst cucmemul He Oyoem coenadams ¢ YeHmpom moil JHee camotl NOBEPXHOCMU, NPUHUMAECMBIM 6
osudicywetics cucmeme”

U ToT e camblil TOruueckuii BEIBOI IenaeT u cam DitHiireitH [1 ctp. 16] "M mak, paccmampusaemas 6onna,
HaO00aemMas 8 OBUICYUIELICS CUCTNeMe, MAKIICE ABNAeMCs WAapOo8oli 60JIHOU, PACHPOCMPAHAIOUENCs. CO
ckopocmyio V", Takum ob6pazom, npeoOpa3oBanus JIopeHiia HO3BOISAIOT HAM MOJIYYUTh TO e MOJIOKEHHE
(GbpoHTa BOJIHBI CBETA JJI1 MOMEHTA BpeMeHH {' TP MOCTOSIHHON CKOPOCTH CBeTa, re t' 3To KoopauHaTHOE
BpeMs B ipeoOpa3oBanusax JIopeHia, 4To u uis MOMEHTa BpeMeHH t'= t, eciii ucronb30BaTh Npeodpa3oBaHUs
lanunes nist Berurciienus: cyMmmapHoi ckopoctu cseta B UCO, neuxymieiics otHocutensHo ACO. Mnaue
roBOps, PH UCIIONIB30BaHUU MpeoOpazoBanmii ['anunes y Hac nmpu nepexoae B apyryto MCO ocraercs
HEU3MEHHBIM BpeMs, a IpU UCMOIb30BaHUM npeoldpa3oBanuil JlopeHna y Hac ocTaeTcs HEM3MEHHON CKOPOCTh
cBeTa. BoT u Bcs pa3HMIa, T.€. y Hac TyT IPUMEPHO Kak npu knHeMatudeckoM 10 nosyyaeTcst OquH U TOT ke
pe3yNbTaT U MpHU TeoleHTpuYeckoM onrcanuu [Itonemes, Kkorja miaHeTsl ABMXKYTCS 110 SMUIMKIAM BOKPYT
3emid, ¥ IIpU TEIUOLEHTPUUYECKOM onncanu KonepHuka, Korja miaHeTsl ABMKYTCS 110 SIULUKIAM BOKPYT
Comnna. 1 oTcroa BO3HUKAET €CTECTBEHHBIN BOIIPOC - a 3a4€M BOOOIIe MaTeMaTUKO-(PU3UKaM HaJ0 ObLIO
TOPOAUTH BECh 3TOT OrOPOJ] ¢ 3aMEHOM npeobpazoBanuii ['anunes Ha npeoOpa3oBanus JlopeHua, T.e. 3aMeHATh
€CTECTBEHHOE I'eJINOLIEHTPUYECKOE ONMCAHUE IBUKEHHUS TUIAaHET Ha MCKYCCTBEHHOE I'€OLEHTpHUEecKoe. A
IIPUYMHA 3TOT0, KaK 5 )K€ IUcall, TOJIbKO B ypaBHEHMSIX MakcBesula, KOTOpbIE OKa3aauCh Y MaTEMATUKO-
(U3MKOB HE MHBApUAHTHBIMU IIPU UCIIOJIb30BaHUM ITpeoOpa3oBanuil ['anunes. U Torga MatemaTuko-gpusnku
counu "'6oanee yooouvim™ 1 cedst ucnoib30BaHue peoOpa3oBanuiil JlopeHia, KOTopble, Kak OHU CYUTAIOT,
MO3BOJIMJIM MM CZEaTh ypaBHEHHUs MakcBella MHBapUaHTHBIMH, T.K. TEIIEph CKOPOCTh CBETA CTalla y HUX



unBapuanTHoil. U Ilyankape, o0bsCHSS Hcnob30BaHue TpeoOpa3oBanuii JIopeHna, MIMEHHO 00 ATOM U IUILET
[50 ctp. 555] u B mpuHIIKIIE TO K€ caMO€e MBI UnTaeM U 'y DiiHiTeiiHa [ 16 ctp. 489], x0T OH TyT 100aBIsET,
410 npeodpazoBanus JIopeHIa He TOIBKO Oosiee yJ00HBI, HO U 00s1ee OOBEKTUBHBI (TOJIBKO 51 B YIIOp HE BUXKY B
YeM K€ TYT UX OOBEKTUBHOCTB).

«Dmo He 3Hauum, 4mo oHu ObLIU BLIHYICOCHBL IMO COCLAMb, OHU CHUMAIOM MO HOBOE co2liauienue 0oee
VOOOHBIM - 60m U 8ce. A me, KMo He NPUOepICUBAENCsl UX MHEHUs. U He Jicelidem OMKA3bl8ambCsi Om CEOUX
CMapeIX NPUBbIYEK, MO2YM C ROJIHbIM NPABOM COXPAHUMb cmapoe coznauierue. Mexcdy namu 2oeopsi, 51 dymaro,
umo oHu ewuje 00120 OYOym NOCMYNams MAKUM 00PA30M».

"U onsims paznuuue 0OHapyICUBaAemcst iuib mo2od, Ko2oda paccmMampudaromcs 08e cucmemvbl KOOPOUHam,
ogudicywuecst Opye omuocumenvro opyea. Ilycms osudicemces komuama, a Habrooamenu GHympu u 6He ee
onpeoesiom nPoCcmMpaHCmMEeHHO-8peMeHHble KOOPOUHAMbL 0OHUX U me dce coovimuil. CmopoHHUK
Kaaccuyeckou usuku pazodovem yemvlpexmephvlli KOHMUHYYM Had mpexmepHoe NPOCMpanHcmeo U 00HOMePHbIl
gpemenHou Konmunyym. Cmapwliil pusux 3a00mumcsi moabKko 0 npeodpa308aHuu NPOCMpPAHCMEd, Max Kax
8pems 05 He2o abconomuo. On HaxoOoum pazoueHue YemvlpexmeprHo20 MUpPO8020 KOHMUHYYMA HA
NPOCMPAHCMBO U 8PEeMsL eCMEeCMBEHHbIM U YOOOHbIM. HO ¢ mouku 3penus meopuu OmHOCUMENbHOCMU 8PeMs,
Mak e KaxK u npoCmpancmeo, U3MeHsAemcs npu nepexooe om 0OHOU CUCHeMbl KOOPOUHam K 0py2oul; npu
amom npeobpaszosanus Jlopenya ebipasicarom mpanchopmayuoHuvle cOUCMEA YemblpeXMepPHO20
NPOCMPAHCMBEHHO-8DEMEHHO20 KOHMUHYYMA - HAULe20 YemblPeXMEPHO20 MUPA coObIMULL.

Mup cobvimuii modscem bbims onucan OUHAMUYECKU C NOMOWbIO KAPMUHDBL, USMEHAIOWEUCs 80 8PEMEHU U
Habpocannou Ha ¢hone mpexmeproeo npocmpancmea. Ho on modcem 6vims maxaice onucan nocpeocmeom
cmamuy4eckou Kapmumbsl, HAOPOCAHHOU HA (POHE YeMbIPEXMEPHO20 NPOCMPAHCIEEHHO-6PEMEHHO20
konmunyyma. C mouku 3peHust Kiaccuveckou usuxku obe kapmumvl, OUHAMUYECKAs U CIAMUYeCcKas,—
pasHoyennsl. Ho ¢ mouku 3penus meopuu 0mHocumenbHOCmu cmamuyeckas kapmuna 6oaee y0ooHa u 6onee
00beKMUBHA.

Haoice 6 meopuu omHocumenbHOCMU Mbl MOJHCEM euje YROmpeOasimy OUHAMUYECKYIO KAPMUHY, eCllu Mbl ee
npeonoyumaem. "'

A BOT 4TO 110 1OBO/TY BbICKa3biBaHus [lyankape mumyt aBTopsl [51 ctp. 719] B cBoCi cTaThe

"Taxoe ymeepoicoenue ozadaquno moz20a mHo2ux. bonvuuncmeo socnpunsno e2o kak ompeuenue om Hogetiuieti
Qusuueckoli meopuu NPOCMPAHCMEa U 8pemMetl: serudatiuiee 0ocmudicerue Hayunou moicau Ilyankape xouem
00BACHUMb NPeCcio8ymMblM YO0OCMBOM 8b100pA MEOPEeMUUecKko2o OnUcanus usuveckux aeneHul. A eco cnosa
0 803MOJCHOCMU COXPAHUMb CMAapoe Co2lauieHue, mo ecmbv UCNOIb308amsb npeobpazosanus I anunes oasice
NPU 8bICOKUX CKOPOCSX OBUINCEHUS], NPEOCMABIAIUCH NONPOCIY ouwubouHbiMU. Bce Ovliu yoesxcoenvl 8 mom,
umo ghuzuueckuli onvim HenocpeoCmEeHHO OMPUYAen 603MOACHOCMb HENPOMUBOPEUUBO20 UCNONb308AHUS
amux npeoopazosanuil’.

"... Omo 3ameuanue gpanyysckozo uzuxa okazanocy Ha pedKocms npoHuyamenvHulM. MHozo nosouee, yce
80 6mMopoil nonosune XX 6exa cmano 04e8UOHbIM, YMo omeepeasuieecs ymeepacoenue Ilyankape HUKaKotl
Gaxkmuyeckotl owmubku He codepxcum. Henonumanue npocmozo cmuicia e2o cog owlio pe3yibmamom
02PAHUYEHHO20 MOIKOBAHUS Meopuu omHocumenvHocmu. Bo écem cmoanu pazobpamscs yace nociie moeo, Kax
obpamunu BHUMAaHUue Ha e20 panHiolo pabomy «Hzmepenue epemenuy. ImeHHo Ycl08HOCMb 0OHOBPEMEHHOCTIU,
CBA3ZAHHAS C HEBO3ZMOICHOCMBIO USMEPUMb CKOPOCTb C8eMad 8 OOHOM HANPABIEeHUU, NO380.15em 00UHAKOBO,
CmMpo2o ONUCHIBAMb usUUecKUe A61eHUs U HA OCHOGe npeobpazosanuti I anunes, u Ha OCHO8e NPeodPA308aHULL
Jlopenya. Hysicno nuwib 015 kaxicooeo cnocoba onucanus 8blopams céoe onpeoenerue 00HospemeHHocmu".

31mech HaZ0 3aMETHTh, YTO OJUH U3 aBTOPOB 3ToM crathu [51] (Tsankun) sperit croponnuk [Tyankape, mosTomy
HAaJI0 OYE€Hb MPUIUPUYMBO OTHOCUTHCS K €ro BhICKa3bIBaHUSAM. Benp, kak roBopun Bonang "ocempunst émopotui
ceexcecmu ne Obi6aem" , 1 TOYHO TAK Ke HE MOXKET ObITh B (PU3MKE ABYX ONpeAETIeHUN 0JHOBPEMEHHOCTH,
M03TOMY JEJIO TYT HE B OTHOCUTEIBHOCTH OJJHOBPEMEHHOCTH, KaK MUIIET TSANKHUH, a IPOCTO B APYToi



WHTEpIIpETAINH Tpeodpa3oBanuii ["anues st CcyMMapHO# CKOPOCTH CBETA, YTO MO3BOJISET MATEMaTHKO-
(bu3uKaM T0OUTHCS MHBAPUAHTHOCTH yYpaBHEHUM MakcBesia. A, TOBOps 00 OTHOBPEMEHHOCTH, HaJI0 YE€TKO
OTIENSATh OJJHOBPEMEHHOCTh HACTYIUICHUSI COOBITHIA OT OJHOBPEMEHHOCTH HAOIIOACHHS COOBITHH, T.K.
COOBITHSI, HACTYIHUBIIINE OJJHOBPEMEHHO, U COOBITHS, HACTYIUBIITNE HE OJTHOBPEMEHHO, MOTYT HaOI01aThCsI
WJIU OJTHOBPEMEHHO WJIM HE OJHOBPEMEHHO B 3aBUCUMOCTHU OT MOJIOKEHUSI PEaTbHOTO HAOMIOAATEINsI U OT TOTO
n3 kakord MCO mb1 HaOm01a€M 32 3TUMH cOOBITUSAMH. M acTpoHOMBI 3a1001r0 10 [lyankape u DWHIITEHHA 3TO
YETKO NOHUMAJIM U YYUTHIBAJIM OTHOCUTEIIHOCTH OJITHOBPEMEHHOCTH B CBOMX pacyeTax UCTUHHBIX KOOPIUHAT
IJIAaHET TI0 HAaOJII0JaeMbIM OJTHOBPEMEHHO KOOPIMHATAM IIJIAHET, T.€. YIUTHIBAJIN BPEMS 3ama3/IbIBaHUs CBETA
IIPH €T0 IBMKCHHUH OT IUIAHET JI0 HaOroaaTens Ha 3emiie, T.K. MOHUMAJIU, 9TO CBET, PUIISAIIUN
OJIHOBPEMEHHO OT ATHX IUIaHET, OBbLJI UCIYIIICH UMH HE OJJTHOBPEMEHHO. TakuM o0pa3oM, HUKaKOi AMEPHUKH B
sTom Bompoce [lyankape u DUHIITEHH HE OTKPBLIU, HO OCHOBATEJIHHO 3ayIPHIIM MO3THU YUTATEISIM CBOUMHU
paccyXJIeHUsIMH 00 OTHOCUTEILHOCTH OJTHOBPEMEHHOCTH M CEUac ATOT BOMPOC (B KyIe C CHHXPOHU3AIUEH
9acoB) BO Bcex yueOHmKax mpu u3iiokeHud CTO sBhsieTCsl caMbIM MYTHBIM.

[ToaToMy HaZ0 YETKO MOHUMATh YTO, €CJI TOBOPUTH O HAOMIOACHUAX 3a cOObITUsAMU U3 pa3Hbix MCO, To Hac
ATOT BOMPOC MOXKET UHTEPECOBAThH TOJIBKO B TOM Cllydae, KOrJa Mbl pacCMaTpUBaeM J[Ba WK 0oJiee COOBITUH,
MIPOU3OIIEAIINX B Pa3HBIX MECTaX B OJJHO M TOKE HJIM B pa3Hoe BpeMs 1o yacam oanoit u3 MCO u
pErucTpUpyeMbIX HaOmoAaTeneM (pealbHbIM (PU3NYECKUM MPUOOPOM) paCIONOKEHHBIM B KOHKPETHOM MECTe
niu aroit ke MCO unu gpyroit UCO, Ho 1o ero wacam. U TyT, Kak roBopuThcs "IBYX MHEHUN OBITH HE MOXKET"
Y MBI 3apETUCTPUPYEM HAIIUM MPUOOPOM 3TU COOBITUS WIM OHOBPEMEHHO WM B pa3Hoe BpeMs. 1 BOT TOIbKO
00 3TOM BapHaHTE MUPOKON TPAKTOBKH OTHOCUTEIBLHOCTH OJHOBPEMEHHOCTH PETHUCTPAIIMN KOHKPETHBIM
pruOOpPOM 1O ero yacaM ABYX HIIK Oosiee COOBITHI U MOKET UATH pedb B (pu3mKe. A, €Clii Mbl XOTUM
chopMyIMPOBATh KAKOW-TO KOHKPETHBIN (dacTHBIN) [10 oTHOBpEeMEHHOCTH HAOJIIOICHHUS, TO OH JIOJIKCH OBITH
chopMyIupOBaH, HAIPUMED, TAK - HECKOJILKO COObIMUL, NPOU30UEOUUX 8 pa3ublx moykax ooHou UCO 6 o0Ho
u mooice 8pems no yacam smou UCO u nabriodaemole peaivuvim Habarooamenem (npubopom), HaxoosUMCs 8
amou sxce UCO, oonoepemenno, 6y0ym HabI00amvcs OpyeUM peaibHbiM Habnooamenem (npubopom,),
HAX0O0AWUMCSL 8 MOl dce camMoll mouke npocmpancmsa, Ho 6 opyzou UCO, no ezo uacam neoonospemenno. 1 B
MPUHIIAIIE O TOM K€ CaMOM TOBOPHUT U DUHIITEHH B CBOEM MTPUMEPE € TIOE3I0M U yaapaMu MOJIHHH [7 cTp.
543], rae on nomemnraet cBoero Habmoaaresns B ucxoano MCO B TOUKe paciioyioKEHHOM POBHO MOCEPEIMHE
MEX1y TOYKaMHU, e OJHOBPEMEHHO MPOU3OIILIN IBa COOBITHS, U B Ty K€ TOUYKY MPOCTPAHCTBA TOMEIIAET
Habmroarens Haxoasiierocs B apyroid UCO. Bot Heckonbko ero mutat [16 ctp. 470, 1 ctp. 13, 7 ctp. 544]

"Jlea cobvimus 00HOBpeMeHHble 8 0OHOU CUCmeMe KOOPOUHAM, MO2ym Oblmb He 00OHOBPEMEHHbL 8 OPY 20l
1
cucmenme.

"Umax, mvl 6uoum, umo He ciedyem npudasamsv adCOIOMHO20 3HAYEHUs NOHAMUIO 00HO8PeMeHHOCU. []6a
cobvbimus, 00HOBpeMeHHble NPU HAOII0OEeHUU U3 0OHOU KOOPOUHAMHOLU CUCEMbL, Yice He 80CNPUHUMAIONICSL
KaK 00HO8pPeMeHHble NPU PACCMOMPEHUU U3 CUCEMbL, OBUNCYIYEUCS OMHOCUMETbHO OAHHOU cucmemsl. "

"Cobvimusi, 00HO8peMeHHble OMHOCUMENbHO NOJIOMHA HCENe3HOU 00POU, He ABIAIOMCA 00HOBPEMEHHBIMU NO
OMHOWEHUIO K N0e30Y U Ha0Oopom (OMHOCUMeNbHOCHb 00HO8peMenHocmu). "

A KOHKPETHO B IPUMEPE C MOE370M OH pacCMaTpUBAET OJTHOBPEMEHHBIE YAaphl IBYX MOJIHUN B Ha4aje U B
KOHIIE JIBMDKYILETOCs 110€3/1a, KOTOpble HaOII01at0T /1Ba YeJI0BEKa HaXOASAIIMECs B 3TOT MOMEHT BPEMEHH
POBHO MOCEpPEIMHE MOE3/1a, HO OJIMH B CAMOM IO€3/E, a APYrol Ha MOJIOTHE TOPOTH. DUHIITENH 3/1€Ch
MPaBUJIBHO MOJIAraeT, YTo CBET 10 Habmroaarens, Haxosmerocs B nokosieiics MCO, T.e. Ha OJIOTHE TOPOTH,
0T 000MX KOHIIOB MOe3/1a 10iAeT oHOBpeMeHHO. Ho, korjja oH paccMaTpuBaeT BpeMsi IPUX0/1a CUTHAJIOB K
HaOJI0AaTeINt0, HAXOIAIIEMYCs B CEpeIMHE JABIXKYIIErocs moe3a, T.e. B Aprkyuieiica MCO, Ho ¢ ToukH
3peHus HaOmoarens, Haxoasuerocs B nokoseiics MMCO, To oH Mpou3BOIUT He NMpaBUIIbHBIN pacdeT. Benp
TyT DiHIITEeH 13 nokosuieiics MCO HabmonaeT 1Ba COBEPUICHHO IPYTUX COOBITUS (TIPUXOJ JIyueil cBeTa K
Ha0moaaTeno, Haxosaemycs B apmxkymeics MCO), koTopble y HEro Mpou30IUId He OJHOBPEMEHHO, U
JienaeT MHOTO3HAYUTEIbHbIN BHIBOJ - BOT BUJUTE, OHU HAOIIOJAI0TCS Teneph He ogHoBpeMeHHo. Ho, ero 10
OJTHOBPEMEHHOCTH Ha0JII0/IEHUH JJIs1 OTHOBPEMEHHO HACTYNHBIINUX COOBITUN UMEET CMBICI, KOTJa X
¢bukcupyer ouH HaOIIOAATENb, 10 KOTOPOTO 3TH Jy4YH CBETa U JA0JIETENH, T.€. Hajo O0buto u B UCO moe3na



paccMaTpuBaTh IPUXO]T CBETA K HAOIIOAATEIIO B ABMKYIIEMCS MOE3/I€ OT ABYX COOBITHI MPON3O0MISAIINX
OJTHOBpeMEHHO. A Toraa nojirydaercs, yto B MCO nmoe3na, rie mokoaTcst Habao1aTe b ¥ TOUKH Hadaja ¥ KOHIa
moe3ia B MOMEHT HCITYCKaHUs CBETA, PACCTOSHUE, MPOIICHHOE CBETOM JI0 HaOII0aTeNs, OCTAeTCs
HEU3MEHHBIM KaK B OJIHOM HAaIlpaBJICHUHU, TaK U B IPYTrOM, U BpeMsl IBUKEHUS CBETA J10 HaOIoAaTeNs B oe3/ie
TOXE OYJIET OAMHAKOBBIM OT 000UX COOBITHH, T.K. CKOpOCTh cBeTa U B 310 MCO cormacao CTO Oyner Toii xe
caMoi BO BCEX HaIpaBJICHUsX, 4TO U B nokosieiics MCO, u HabmonaTbes 1Ba COOBITUS U TYT OyAyT
OJIHOBPEMEHHO.

Taxum 00pa3oM, B 3TOM npuMepe Kak pa3 Hapymaercs [10 oqHOBpeMeHHOCTH HAOI0ICHHI (€CITU CIe10BaTh
tpeboBanusiM CTO), a, uToObI OH cOOIIOANICA HAJ0 BECTH PACUEThI C MCIIOJIb30BAHUEM ITPeoOpa3oBaHuit
["anunes, T.e. paccunThiBath B ABKymieiics MCO ckopocTh cBeTa 1Mo X0y ABMKEHUS 10e37a U B 00paTHOM
HarnpasieHud. W 3TOT nMpaBUiIbHBINA pacueT Mbl BUIUM y Hero B padote [1 ctp. 12], rae o paccMaTpuBaeT
BONPOC CHHXPOHHU3AIMH YaCOB IS ONPEICICHUS OJJHOBPEMEHHOCTH Ha0mo1eHus coObITHi. KOHKpETHO BBIBOX
00 OTHOCUTENILHOCTU OJIHOBPEMEHHOCTH OH JIENIAeT UCXO/I U3 TOT0, YTO BpeMsl IBXKEHUS CBeTa U3 1-To KoHIIa
JIBMDKYIIETOCS CTEPXKHSI /10 2-r0 KOHIa Th-Ta mojy4aercst mpu KJIaCCHYECKOM pacdyeTe He PaBHO BPEMEHH
JBMDKCHUS CBETA U3 2-TO KOHIIA CTepHs K 1-my Ta'-Th, koropsie on Berumcister kak Rab/(V-v) u Rab/(V+v).
3neck B pacuerax y Hero Rab ato mmHHa crepikHsi, a V  V 3TO, COOTBETCTBEHHO, CKOPOCTh CBETa M CKOPOCTh
CTEepXHSI, T.€. OH UCIOJb3YET B pacueTax CyMMapHYIO CKOPOCTh CBETa, KOTOPYIO BHIYHMCISET COTJIACHO
npeoOpaszoBanuii ['anmnes kak V-V u V+V. A IpUMEHHUTEIBHO K IPUMEPY C TTOE310M 31€Ch IPOCTO HAJO B3STh
paccrosiHue Rab/2, T.e. paccuuThIBaTh BpeMsl IBHKCHHS CBETa HE 10 KOHIIOB CTEPIKHS, a 10 €r0 CEePEeIUHbI, 1
torga [10 ogHoBpemeHHOCTH Habm0AeHUS (CHOPMYITHPOBAaHHBIA MHOIO BBILIE) Oy/IET BBIIOIHSITHCS.

Ho 3TOT KiTaccuueckuii pacueT MoJIHOCTHI0 IPOTHBOPEUYHUT TOMY, YTO DWHINTEHH MHUIIET HEMOCPEICTBEHHO
nepea STUMH BBIYUCICHUAMU "TIpunumas 60 HUMAaHUE NPUHYUN NOCIOSHCMBA CKopocmu céema, Haxooum". A
€ro MPHUHIUI IIOCTOSHCTBAa CKOPOCTHU CBETA TJIACUT O TOM, YTO CKOPOCThH CBETA HE 3aBHCUT OT CKOPOCTH
HCTOYHUKA, T.€. HE MOXET CYMMHUPOBATHCS CO CKOPOCTHIO CTEPKHA. TakuMm o0pa3oM, TyT DUHIITEHH caM e U
onposepraet coii [10 ogHOBpeMEHHOCTH HAOJIOIEHUS], 4, €CITM OH Y HETO COOJII0/IaeTCs, TO TOT/1a OH
OTIPOBEpraeT CBOH ke MPHUHIIMII TOCTOSHCTBA CKopocTH cBeTa Bo Bcex MCO. Bot moaTomMy, X0Tst pa3roBopoB 00
OTHOCHUTENIbHOCTH OJIHOBPEMEHHOCTH Yy DHHIITEWHA XO0Th 0TOaBIIsH, HO B MaTeMaTuueckoil yactu csoeit CTO
OH HHU TJIe HE UCIIONb3YyeT BpeMsl IBHKEHHS CBETa OT HCTOYHHKA JIO PEaTbHOr0 HAOMI0JaTeNs, a HCIOIb3yeMOe
UM KOOPJMHATHOE BpEeMs HE UMEET K ATOMY HHUKaKoro oTHomIeHus. Bens y Hero B CTO HeT pealibHBIX
HalOmo1aTene, Haxoasuxcsi B konkpetHoit Touke MCO, a nabmronateneM y Hero siBnsiercs: cama MCO ¢
0ECUUCIIEHHBIM KOJIMYECTBOM BUPTYaAJIbHBIX HAa0II01aTeNe!, 10 KOTOPBIX CUTHAMI (CBET) OT OOBEKTA J10JIETAeT
MT'HOBEHHO, T.K. OHH BCET/Ia HaXOJSATCS B TOU e TOUKe MPOCTPAHCTBA, YTO M HabIr0gaemMoe coobitue. Tak uto
Jake HEMOCPEICTBEHHOE yloMuHaHue DitHinTeitHoM B 1948 roay [14 ctp. 658] o Tom, uto "Bpems t cobvimus
P ecmws noxasanus uacoe C ¢ momernm npudvimus c6emogo2o cueHala, Npuueoule2o om cooblmusl, 3a 8bl4enmom
8peMeHU, He0DXO00UMO20 C8EMOBOMY CUSHANY OJisi NPe0OOIeHUsl PACCMOAHU 00 Yacos.” HU KaK He JOKa3bIBaeT
TO, YTO OH HcMob30Ball B cBoeit CTO 0THOCHTENBHOCTH OJJHOBPEMEHHOCTH, KOTOpast ABISETCS CIIECTBUEM
3ama3pIBaHuUsI CUTHAJIA OT 00BEKTa HAOII0IeHUs 10 HaOro1aTens co ceoumu yacamu. Benp y Hero B CTO Het
ATOTO pealbHOTO HAOIIOAATeNs, a MO3TOMY HET M PACCTOSIHUSA, KOTOPOE HAJ0 IPOUTH CBETY.

A momygaronuecs mocie npeoopazopanuii JIopeHia pa3ubie 3HaYCHUST KOOPIMHATHOTO BPEMEHH IS IBYX
Pa3HBIX TOYEK, KaK s YK€ MUCAN BHIIIE, HY)KHBI TOJIBKO JJIs TOro, 4To0bl B CTO momydancst TOT e MyTh,
MIPOMICHHBIN JTydaMU CBETA B Pa3HBIX HAIIPABJICHUX, YTO U IPU pacyeTe 0 CYMMApPHON CKOPOCTH CBETA,
BBIYHCIICHHON COTJIACHO MpeoOpa3oBaHusaM [ anuies U ¢ OAMHAKOBBIMU 3HAYCHHUSIMH BPEMEHU /TSl Pa3InIHBIX
To4ek Ha cepe ¢ppoHTa pactpocTpaneHus ceera B pazubix MCO, 1.€. korga t'= t. I MbI MOXeM Ha KOHKPETHBIX
YHUCJICHHBIX MpUMepax yOeaUThCs B TOM, YTO OTHOCHUTEIBHOCTh OHOBPEMEHHOCTH OTpaskeHa DUHINTEHHOM B
ero CTO TobpKO B O0IIMX pa3roBopax O HE, a He B KOHKPETHBIX popMysiax, T.€. Ha CAaMOM JIeJie He OTpakeHa
HH KaK, a KOOPpAUHATHOC (MGCTHOG) BpEMA paCCUUTBIBACTCA TOJILKO IJIA TOrO, I-IT061>I HUCIIOJIB30BATh
npeoOpazoBanums ["amunest st ckopoctu ceeta B ICO, HO B mHOM nipencraBienuu. Hanmpumep, naBaiite
PacCMOTPHUM €ro IPUMEP € ITOE310M U OJJHOBPEMEHHBIMH yJapaMu ABYX MOJIHHUH B JBE€ TOUYKHU Ha
KEJIe3HOJOPOKHOM TOJIOTHE B HaYase U B KOHIIE 10€3/1a, [I€ Y HAaC €CTh JIBa Ha0JII01aTesl HaXOIAINXCS B
3TOT MOMEHT BPEMEHU B OHOM M TOH K€ TOUKE IIPOCTPAHCTBA (B CEPEUHE M10€3/1a), HO OJUH HaXOIUTCS B



ucxomaaoit UCO (y mens sto 6yaer ACO, rae mokoutcs 3¢pup), T.€. Ha KeIe3HOAOPOKHOM IOJIOTHE, T.€. B
touke M, a npyroit B aABmxKymemcs noesae, T.e. B UCO, nemwxkytieiics orHocutensHo ACO, T1.e. B Touke M’
BwMmecTo noesna Oyaem paccMaTpuBaTh MPOCTO CTEpkKeHb, uMeronuii ymny 100 M, kotopas Oyzaer
HabmonaTecest ogHOBpeMeHHO B ACO mipu BpemeHu T=0 Korjia KOOpIMHATHI JICBOTO M IMPABOT'O KOHIIOB CTEPXKHS
Ooyayt 100 1 200 M, a HabmIOgATENH OYACT HAXOIUTHCS TTOCEPEAUHE CTEPXKHS, T.€. B TOUKE C KoopauHaTout 150
M. J{71s1 pacueToB mpuMemM ckopocTh cBeTa VS= 20 m/c, a CKOpoCTh noe3a (CTep:kHs) U HabIoJaTels, €Clid Mo
yCIOBHSIM pacdera oH HaxoauTcs B aemkymieiics MCO, VXiso=10 m/c. [loka3siBas Ha 3ToM npumepe [10
OJTHOBPEMEHHOCTH HaOI0AcH s, DUHIITEHH muieT [7 ctp. 543].

"Ecau 6v1 naxooswuiics 8 noesde 6 mouxe M' nabniooamens ne 0b61a0an 3moti cKopocmuvio, Mo OH NPOOOIANCAL
ob1 ocmasamucs 6 mouxe M u moeoa ceemosvie nyuu om yoapoe moanuu 8 A u B oocmueau ovl e2o
00HOBPEMEHHO, m.e. 00a yua 6CMpemuIucy Ovl 8 mom mecme, 20e o Haxooumcs. OOHAKo 6
OelicmeUmenbHOCMU OH OBUNICEMCS (eCiu HAOA0amb ¢ NOJIOMHA O0PO2U) HABCPEU) CEEMOBOMY YUY,
uoywemy usz mouku B, u 6 mo e 8pems 08uUHCemMcs no C6eMOBOMY IYYYy, UOVIEMY U3 MOUKU A.
Credosamenvro Habooameins ysuoum céemogot 1y us B panee, wem uz A. Habnrooamenu, noav3yowuecs
noe300M 6 kauecmee meia omcuema, OOAHCHbL, MAKUM 00paA30M, NPUtIMu K 8b1600Y, 4mo y0ap MOJHUU 8 B
npousowen panee, yem yoap moanuu 8 A. CredosamenbHo, Mbl BPUXOOUM K BANCHOMY Pe3VIbmanty.

Cobvimus, 00HO8peMeHHble OMHOCUMENLHO NOJIOMHA HCENE3HOU 00PO2U, He ABNAIOMC 00OHOBPEMEHHBIMU NO
OMHOWEHUIO K N0e30) U HA06opom (OMHOCUMENbHOCMb 00HO8peMeHHoCmU). Beakoe meno omcuema (cucmema
KOOpOUHAam) umeem ceoe 0coboe 8pemMsl; YKa3anue pemenu umeem cmulCi Tutb mo2od, K020a YKa3bleaemcs
meno omcuema, K KOmopomy oHo omHocumcsi.”

JlaBaiiTe mpousBeeM pacueTbl BpEMEHH JIBUYKEHUS JABYX JIyuel cBETa B 3TOM IPUMEpPE JUIs IBYX
paccMOTpEHHbIX DHHIITEHHOM BapHaHTOB, KOT'/1a O3] IBUXKETCS BAOJIb Ocu adciuce, U 006a pacyera OyaeM
BecTH TOJIbKO B ACO, uT0OBI HE OBIIIO HUKAKUX TEOPETUUYECKUX MPETEH3UM K pacyeTy, HalpuMep, TaKUX, 4TO
MBI UCIIONIb30BAITM HE T peoOpa3oBaHus KoopanHat. Kak Mbl BUIUM (CM. puc. 63), NeHCTBUTENBHO,
Ha0Jt01aTeNb, HaXOAIMINKCS Ha TIOJIOTHE A0pOry, T.e. B ACO, yBUIUT CBET OT BCIIBIIIEK MOJIHHUM, YAapUBIINX
OJTHOBPEMEHHO B JIB€ TOUKH Ha MOJIOTHE XKEJIE3HOAOPOKHOTO ITyTH, OAHOBPEMEHHO, @ UMEHHO uepes 2,5 ¢, a
Ha0Jt01aTeNb, HaXOAIMINNCS B IBUKYIIEMCS [10€3/1€, YBUIUT CBET OT JIEBOM MOJIHUU Yepes3 5 ¢, a OT IpaBoi
MoJHUH Yyepe3 1,66 ¢ u npu 3ToM OH OyAeT HaXxoIuThes B pa3HbIX Toukax ACO (z1Ba 4epHBIX KpYXKKa Ha pHC.
6b). T.e. MBI BUIMM, YTO, TYT ACHCTBUTEIBHO 3TOT HAOIIOAATENb YBUIUT ITH JIBE BCIIBIIIKU HE OJHOBPEMEHHO.
A Temnepb aBaiiTe HOCMOTPHUM, KaK 3TO Bce OyAeT BhIMIAeTh y DiHmTelHa B ero CTO ¢ HamMMu HCXOTHBIMU
JAaHHBIMH, €CITU MBI OYZIeM pacCMaTpuBaTh BTOPOIl BapuaHT HAOIIOEHMS 3a BCIIBIIIIKAMU MOJIHHH, T.€. U3
IBUKYLIETOCS 110€3/1a, HE Ha CJIOBAaxX, a B pealibHBIX pacueTax. Ha puc. 6C Mbl BUIUM, YTO COTJIaCHO
npeoOpazoBanusam JlopeHnia Ml Oyaem Habmonath U3 aprxkyiieiics MCO nBa xonna nokosimierocs B ACO
CTEpXHS, KOTOPBIE COOTBETCTBYIOT AIBYM TOUKAaM Ha IOJIOTHE JOPOTH, Ky/la yJapWJId MOJHUHU, B MOMEHTBI
BpemeHu 11=-2,88 c u T2=-5,77 ¢ u ipu 3TOM MBI OyZieM HaOIIOAATh 3T TOYKH (y HAC 3TO KOOPAWHATHI
JIEBOTO W MPaBOTo KOoHIA cTepxHs) kak X1iso= 115,47 m u X2iso= 230,94 m.
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Puc. 6. Bumumeie uz ACO (a) umu UCO (b, ¢), nemxymietics otHocutenbsHo ACO co ckopocthio 10 m/c,
KOOPJAMHATHI JIEBOTO U MPABOr0 KOHIOB cTepKHs, nokoserocs B ACO u nmeromiero anmuny 100 m, Kotopsie
MOJIY4ar0TCs JJIsl Pa3HbIX 3HAYCHUI BPEMEHH, KOTJIa CBET JIoCTUraeT Haboaarens, Haxoxasuierocst B ACO (a)
wm UCO (b, ¢), rne au b - knaccuueckwmii pacuer B ACO, a € - cormacao CTO. Macmra6 10 m/cm.
Ckpuniotsl mporpammbl Galileyl.

Jla, TyT MBI TOK€ BUJIUM, UTO Y HaC HAOIOIaTENb B IBHKYIIIEMCS TI0€3/1€ YBUAUT TH JIBE BCIBIIIKUA HE
OOAHOBPEMCHHO, HO KaK-TO 3TO HE BSIXKETCA CO BPECMCHEM JIBUKCHHA CBE€TA OT BCHBILICK 10 Ha6J'IIOI[aTCJ'I$[, T.K.
BpEMs NIOJIYYMIIOCh OTPULATENIbHBIM. bosiee TOro, €Ciu Mbl pacCCMOTPUM JBA yAapa MOJIHUU B TOUKHU Ha
MOJIOTHE JIOPOTH (WJTH TOYKH JIBYX KOHIIOB CTEPIKHS), KOT/Ia OHH OY/IyT HAXOJUTHCS Ha HEKOTOPOM PACCTOSIHUH
M0 OCH OpPJAMHAT OT HAIIIETO Moe3/a, TO MBI TOJYYUM T€ K€ CaMble 3HAUCHUS U BPEMEHH U HAOII01aeMBIX
KOOpJMHAT I10 OCH abcLuce, HO B 3TOM Cllydae BpeMsl IBH)KEHUS CBETA JI0 pealbHOro HabJto1aTels SBHO
JOJHKHO OBITH O0sbiie. Takum 06pazoM, koopauHaTtHoe Bpemsi B CTO He nMeeT HUKaKoro OTHOIIEHUS KO
BPEMEHHU JIBUKEHUSI CBETA OT MECT, TJIe TPOU3OIILIN COOBITHS, 0 PeaIbHOTO HabMt0AaTeNs, T.€. HE UMEET
HHUKaKOTO OTHOLIEHUS K OTHOCUTEIBHOCTU OJHOBPEMEHHOCTH, a, KaK 5 YK€ IUCcall, IPOCTO MO3BOJISAET JaTh
JPYTroe OMUCcaHue pacnpocTpaHeHus ppoHTa CBETOBOM BOJIHBIL. U, €clii BBl TOCMOTPUTE BCE TIPUMEPHI, KOTOPHIE
paccMmarpuBaeT DUHIITEHH KakK Toka3aTeabcTBO [1O 0THOBpEMEHHOCTH HAOIIOICHUS WK T/I€ OH MPOU3BOIUT
CHUHXPOHU3AIUIO YaCOB, TO BBl YBUIHUTEC, UYTO OH KPYI'OM PaCcCMaTpUBACT BpEMA ABUKCHUA OT MCCT, I'/IC
MIPOM30ILIN COOBITHS, IO MECTA, T/Ie HaXOAUTCs Habmoaarenb. Ho, T.K. 3TO BpeMsi HUKaK He OTPaKEHO B
npeoOpa3zoBanmsax JIopeHiia, To 1 OTHOCUTEIBHOCTh OHOBpeMEeHHOCTH He oTpaxkeHa B CTO.

Takum o0pa3om, B COBpEMEHHBIX yueOHHKaX omnOouHo yrBepxkaaercs, uro B CTO orpaxen [10
OJTHOBpPEMEHHOCTH HaOmoneHus. Jla u cam DitHmTeitH kpyrom nucai, urto ero CTO moctpoeHa Ha IBYX
MIPUHITMIIAX, @ HE Ha TPeX. A BCE ATH Pa3roBOPHI B €70 CTaThAX 00 OTHOCUTEITHLHOCTH OJTHOBPEMEHHOCTH (TaK
&Ke, KaK ¥ O CHHXPOHHU3AIMH YacOB) HY>KHBI TOJIBKO IS TOTO, YTOOBI XOTh KaK TO 000CHOBAThH MOSIBIICHUE
(DMKTUBHOTO KOOPJIMHATHOT'O BPEMEHH, KOTOPOE TMBITAIOTCS BBIJIATh 32 peaTbHOE BPEMs peabHbBIX YacoB,
pacmooKeHHBIX B KOHKpeTHOH Touke MCO, 1 koTopble PUKCUPYIOT peaTbHOE BpeMs ABHKEHUS CUTHATIA OT
MecCTa, TJIe TPOU30IILIO COOBITHE, /IO peaabHOTo Habmoaarens. Ho, korna DWHIITEHH MepeXxouT OT CIOBECHOTO
OIMCAHUs SIBIICHUI B CBOMX MPUMEPAX HETIOCPEICTBEHHO K mpeoOpa3oBanusiM JIopeHIia, TO y HEro ucuesaer
peanbHBIN HaOII01aTeNh, @ UCTIOIB3YyEMOE UM KOOPJIMHATHOE BPEMS YK€ HE MMEET HUKAKOTO OTHOIICHHS HU K
OTHOCUTEIbHOCTH OJTHOBPEMEHHOCTH, HU K CHHXPOHU3AIMHU YaCOB, T.K. HUKaK HE OTPaXKaeT BPEMSsI JBUKEHUS
CBETOBOTO CUTHaJIa OT O0OBEKTA JI0 peabHOTO HaOMIoAaTeNs HaxoAsmerocs B konkpetnoi Touke MCO. U, xots



B CTO koopauHaTHOE BpeMs KaK-TO HAlIOMUHAET HaM BpeMsl ABIKEHHsI CUTHAJA 710 HaOIr0AaTelst, HO 3TO
COBCEM Jipyroe Bpems. Bellb TOUHO Tak e 1 KOpoBa O4€Hb I10X0Ka Ha ObIKa, HO BCE-TaKU OHA HE OBIK.

A, T.x. DifHmTelH BoiaeT B cBoeii CTO kopoBy 3a ObIKa, TO y HETO MOJIy4at0TCs OMMOOYHBIE PE3yJIbTATHI 10
Ha0JII01aeMBIM TOKOSIIIMMCS HAOII01aTeNIeM pa3MepOB IBHKYIIIMXCS TEJ WIH JBMKYIIUMCS HaOIoqaTeaeM
MOKOSIIUXCS Tell. Beab Takoe n3MeHeHue MpoI0JIbHBIX pa3MepoB Te WiK npu Habmoaenun uz ACO, ecnu
Tena ABUXKYTCs B Hell, uiu u3 asrkyiueiicsa MCO, ecnu tena nokositest B ACO, Mbl TOKE CMOXKEM HaOI01aTh
TOJIBKO C UCTIOJIb30BAaHUEM OTHOCUTEIHHOCTU OJJHOBPEMEHHOCTU. BOT TONBKO 3TO sIBIIEHHE HE UMEET HUKAKOTO
otHomeHus K [10 ogHOBpeMeHHOCTH HAOMIOCHHUS, T.K. 3/IeCh HaM Haj0 OyeT BU3yalbHO HAOIIOIATh
OJIHOBPEMEHHO J1Ba COOBITHS (MOMEHTHI IPUXO0/Ia K HaM, T.€. K pealbHbIM HaOII0aTeNsiM, HaXOASIIIUMCS B
koHkpeTHoi Touke ACO unu UCO, ntydeit cBeTa OT ABYX KOHIIOB I10€3/1a UM IPOCTO CTEP>KHS, HO CBET OT
ATUX KOHIIOB CTE€PKHS OyJIeT BbIJIECTATh HE OJJHOBPEMEHHO, KaK B CIIy4ae ABYX HACTYMUBLIMX OJHOBPEMEHHO
COOBITHI, a TIOCTOSHHO, T.€. COOBITUS OYAYT MPOUCXOAUTH HENPpepbIBHO). Ho DiHIITEH He 3aMeyaeT Takux
MeJoYel U MpoJoiKaeT paccykaath 00 abCTPaKTHON OTHOCUTEIBHOCTH OJJHOBPEMEHHOCTH, U300peTast pu
3TOM YK€ KaK 3aClly’)KeHHBIN H300peTarenb HOBBIM TePMUH "kKunemamuueckue pazmepul (hopma) men”. I
TeNepb Y Hero Teja UMEIOT reOMeTPHUECcKyIo (hOpMy Tedl, T.€. UX pealibHbIe pa3Mepbl, 1 KHHEMATUYECKYIO
dbopmy Ten, T.e. BUANMBIE HAMHU MM Ha0JItoJaeMble. A TyT OH Kak Gpuitocod mpoTUBOpednT cam cede, T.K. B €T
bunocodum, kak 3To OBUIO OKA3aHO BO BBEJCHUH, HA0II01aeMble pa3Mephl U JIOJDKHBI ObITh PEaIbHBIMHU, T.K. Y
HETro BCE, YTO MbI BUIUM, SIBIISICTCS PEAIbHOCTBIO. A KOHKPETHO OH muiet [2 ctp. 70].

"Ecau meno nokoumcs OmHOCUMenbHO S, e20 KUHeMamuieckas oopma OmHOCUMENbHO S MO#OeCmMEEeHHA €20
2eomempuieckotl hopme.

AcHo, umo nokoAWUICA OMHOCUMENLHO CUCEMbl S HAbI00amenb MOXdcenm Onpedeiums 6 S aulib
KUHeMamuyecKyro popmy meind, 08UNCYUe20Csl OMHOCUMENbHO S, a He e20 2eomempuyeckyro popmy".

Ho, BooGme-To, y Hetorona u y ['anues i1t ero KHHeMaTu4ecKol (pOpMBI TeJla yKe CyIIeCTBOBAI TEPMHH
"Buaumas” opma Temna, T.K. OHM YETKO Pa3JeNsuIi peajbHbIe IBUKCHUS Tl OT UX BUAUMBIX IBUKeHUH. [a, n
aCTPOHOMBI JIJAaBHO YK€ pa3iIMyaroT BUIUMbIE KOOPMHATHI MIJIAHET OT UX T€OMETPUUECKUX (peaTbHbIX)
KOOpJAMHAT. A TIpU IBMKCHUU HAOIOIaeMBIX HAMH Pa3MepOB IBIKYIIUXCS TNl MBI JICHCTBUTEIHHO Oy1eM
BUJIETh UX Pa3Mephl, OTIINYAIOLIUECS OT UX PeaJbHBIX Pa3MEPOB BCIEICTBHE OTHOCUTEIBHOCTH
OJTHOBPEMEHHOCTH, HO Y DHHINTEHHA 3T BUAUMBIC (KHHEMAaTHIECKUE) pa3MephI Tell TIOTYJat0TCsl BCICACTBHE
npeoOpa3oBanuil JlopeHna, kKoTopble, Kak Mbl BBISCHUIJIN, HE UMEIOT HUKAKOTO OTHOIIEHUS K OTHOCUTEIbHOCTH
OJTHOBPEMEHHOCTH, T.K. TIOJIY4€HBI JJIsl aIbTEPHATHBHOTO pacueTa paauyca cgepsl GpoHTa BOJIHEI B
nswkyteiics UCO (cm. puc. 4 u 5), u on mumer [1 ctp. 18].

"CnedosamenvbHo, meepooe meio, KOmopoe 6 NOKOAWEMCsL COCIOSIHUU UMeen (hopMy wmapd, 8 0BUNCYUEMCSL
COCMOAHUY - NPU HAOIIOOEHUU U3 NOKOAWENCS. CUCTEeMbl - NPUHUMAem (popmy d1Iuncoudda spaujenus ... B mo
8peMsl KaK pasmepvl wapa (a cied08amenbHo, U 8CAK020 0py2o2o meepdo2o meaa 1ooot popmsi) no ocam Y u
Z om 08udCeHUsL He USMEHSIOMCS, pazmepbl no ocu X cokpawaiomest 6 omuowtenuu 1 - sqQri(1-(v/IV)"2), u mem
cunviee, yem 6onvue V. Ipu V=V ece osudicywuecs obvexmol, Hab0oaemvle uz "noxosweticsa" cucmemst,
CHIIOWUBAIOMCS U NPEBPAWAIOMCAL 8 NIOCKUe hucypol. s ckopocmell, npesvluarouux CKopocms céemd,
Hauly paccysicoenus mepsom CMuICI; GNpoOYeM, U3 OANbHEUUUX PACCYAHCOeHUll Oyoem 6UOHO, YMO CKOPOCHb
ceema 6 Hawlell meopuu usuyecky uepaem poib OeckoOHeuyHo OOIbUIOL CKOpoCcmu. HCHo, umo me dce
pe3yivmamol NOIYHArOmcs 0Jisl meil, Haxo0aWUxcs 6 nokoe 8 "noxosawetica” cucmeme, HO paccmampugaemvle
U3 cucmemvl, KOMopas. paGHOMePHO 08uxIcemcs' .

3nech DUHIITEHH HUYETO HE MUIIET PO OTHOCUTENBbHOCTh OJJHOBPEMEHHOCTH, HO 0€3 Hee HE MOIYYUTCS
Habmoaate n3 ACO cokpalieHre BUANMBIX pa3MEpOB JIBHKYIIETOCS B HEHM CTEpXHsI WM HAOII0AaTh U3
nekymeiicss MCO cokparnenue pazmepoB nokosimerocs: B ACO cTepskHsI 1ake mociie mpeoOpa3oBaHuit
Jlopenua. Benp, kak Mbl BUIUM Ha puc. 6C, Habmogaemoe u3 asmxkyieiics MCO, T.e. U3 moe3a, paccTosHue
MEXy ABYMs TOUKaMM Ha IOJIOTHE AOPOTH, KyJa yAapHuiIu JIB€ MOJIHHH, COIIacCHO NpeoOpa3oBanuii JlopeHua,
yBenmumiiock AX=X2-X1=115,47 m, a He YMEHBIIWIOCH U IIPH 3TOM MBI TIOJYYHIIA KOOPAUHATHI TOYEK IS
pa3sHbBIX MOMEHTOB KOOPAMHATHOI'O (MECTHOI0) BpEMEHU. A, €ClIi TOBOPUTH O KOHKPETHOM HabJI0AaTene,
HaxozgsmemMed B UCO, To nomy4aercs, 4To OH BUIUT J1Ba KOHIIA CTEP>KHSI B pa3HbIE MOMEHTBI BpEMEHH, HO,
4TOOBI €My YBUIETh UX B OMH MOMEHT BPEMEHH (@ IO JPYyroMy 3TO HE MOT'YT JeJIaTh HE TOJIbKO YEJIOBEK, HO U



mpuOOPkI), HAM HAJIO PACCUUTATH KOOPJMHATHI KOHIIOB CTEPIKHS, KOTJ]a CBET OT HUX JIOMIET A0 HabmoaaTens
OJTHOBPEMEHHO. /7151 3TOro HaJ 0 KaKk-TO YTOUHUTH KOOPAUHATHI WM JIEBOTO WUJIM MPABOT0O KOHIIOB CTEPXKHS,
KOT'JIa CBET MX MOKUHYJ, TaK, YTOOBI CBET OT HUX MPHUOBLT K HaOroAaTeno B oHO 1 Toxke Bpems. B CTO sto
JienaeTcsl o4eHb Npocto. Haxonures pa3sHOCTh KOOPAMHATHOTO BPEMEHH I HAOJIF01aeMBIX ABYX KOHIIOB
crepkts dt1=T2- T1 uim dt2=T1-T2, a mOTOM OJMH U3 KOHIIOB CMEIIIACTCS Ha PaCCTOSHUE, KOTOPOE OH
MIPOMJIET 3a 3TO BPEMS CO CKOPOCTHI0, KoTopyto OyaeT umeTh B UCO. U Ha puc. 7, rae Tak ke, Kak 3To ObUIO U
Ha pHC. 6C, MBI BUIUM BTOPOH (3€TEHBII) CTepKeHb, KOTOPBIN ToKouTcs B ACO, ¢ KoopnHATaMu, KOTOPBIE MBI
oynem HaOmoaath cormacHo CTO u3 aewkymetics MCO B pa3sHble MOMEHTHI BPEMEHH.
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Puc. 7. Bugumsie uz UCO, neuxymieiics otHocuTenbHO ACO co ckopocthio 10 M/c, cornacuo pacyera CTO,
KOOPJMHATHI JIEBOTO U MPABOT0 KOHIIOB cTepKHs, nokosmerocs B ACO u umeromiero juny 100 M, koTopsie
MOJTyYaroTCs JAJIS pa3HbIX 3HAUEHUI KOOPAMHATHOTO BPEMEHH (3€JIeHBIN CTepKEeHb) U KpPAaCHbBIE CTEPKHH 1OCIIe
COTJIACOBaHUS BPEMEHU HAOII0/IEHNUS, T/I€ KOOPAWHATHI HUKHETO CTEP>KHS COTJIACOBAHBI 10 BPEMEHU
HaOJII0ACHNUS JIEBOT'O KOHIIA CTePKHS, T.€. 10 T1, a KoopAnHATHI BEpXHETO CTEPKHS COIrJIaCOBaHbI IO BPEMEHHU
HaOJIFO/ICHUS IPABOTO KOHIIA CTEPXHS, T.€. Mo T2. Macmrad 10 m/cm. Ckpunimot nporpammbl Galileyl.

A BOT KpacHbI€ CTepKHU oTpaxkaroT Habmogaemyto u3 MCO unHy cTepkHs, eciii Ha0JtoJaeMble KOOPAMHATHI
WJIM TIPaBOTO KOHIIA CTePXKHS MpuBecTy Ko BpeMeHu T1 (1-blif KpacHBbIi cTepKeHb), T.€. HAlTH
X2=X2+VX2iso*dt2= 230,94+(-10*2,88)=202,07m, nu J1€BOr0 KOHIIA CTEP)KHS MMPUBECTU KO BpeMeHu T2 (2-
OMf KpacHBI# CTepKeHb), T.¢. Haiitn X1=X1+VX1liso*dtl= 115,47+(-10*(-2,88))=144,33 m. [Tpu sTOM
COTJIACOBaHHBIE 10 BPEMEHH KOOPMHATHI KOHIIOB CTEP>KHS BBIBEICHBI HA PUCYHOK B CUCTEME OTCUETa
Habmonatens, koopauHara kotoporo B MCO 3anana B npumepe paBHoi 150 M, T.e. y Hac OHM MOJIy4aTcs
144,33-150= -5,66 u 230,94-150= 80,94, uro nact HabmIOaEMYIO JUIMHY CTEPKHS 86,60 M, UTO COOTBETCTBYET
YMEHBIICHUIO JUTHHBI CTEPKHS TPOTIOPIIMOHATBHO PENITUBUCTCKOMY MHOXHTEIIO, KOTOPBIN Y HAac OymeT
0,8660. Takum 06pazom, Mbl BUAMM, YTO B TOM YHCIIEHHOM MpUMepe Y Hac ACHCTBUTEIBHO MOIYYaeTCsl, YTO
HaOmonaemas u3 nerokyieiics MCO nnuna nokosimerocs B ACO crepskas crana menbie 100 m. 3to
MOJITBEPXK/IAET BTOPOE YTBEP)KIACHHE DUHIITEHA B IPUBEJICHHOM BBIIIIE IIUTATE, XOTS, KaK MBI BUJIUM Ha pUC. [
B JIBYX ITPaBBIX HIKHUX OKOIIIKAaX, PeaTbHOE BpeMs IBM)KEHUS CBETA, T.€. PACCYMTAHHOE TIPU €T0 PEaTbHOM
nsmwkeHnd B ACO, oT KOHIOB cTepykHs 10 HaOmoaarens R1/VS u R2/VS ¢ yueToM BpeMeHH BbUIETa CBETA OT
»THX KOHIOB dtl u dt2 momyuyaercs ABHO HE OAMHAKOBBIM, T.K. - 2,60 He paBHO +4,05.

Teneps paBaiiTe TOCMOTPUM, 4TO y Hac noydutcst coraacHo CTO, ecnu Mbl Oy1eM U3 TTOKOSIIICHCS CUCTEMBI
(ACO) nabmroaTh IBUXKYILEECS B 3TON CHCTEME OTCUETa TBEP0E TeJI0 (MJIM MOYKHO CKa3aTh, YTO MBI OyzieM
HabmoaaTh 310 Teo u3z MCO, ckopocTs KoTopoit otHOcuTensHO ACO paBHA HYIIO), T.€. TPOBEPUM IIEPBOE



YTBEPKACHUE DMHIITENHA B IPUBOAMBILEHCS UTaTe. A BOT 3/1€Ch y Hac MOJIy4yaeTcsl ouepeaHon "mapanokc”
CTO, T.x. y Hac HeT peanbHoro amwkenus MCO (ee ckopocts oTHOCHTETRHO ACO paBHa HYJIIO) TO
npeoOpa3oBanus JlopeHIa 3/1eCh HUYEro He aAyT KPOMe TeX K€ KOOPAUHAT, YTO U OBUIH y IOKOSIIEToCs
crepxkHs, T.€. 100 1 200 M, 1 TOTO K€ KOOPAUHATHOTO BPEMEHHU, JIJII KOTOPOT'O ObUTH 3a1aHbl KOOPIUHATHI y
nokosmierocs crepxks, T.e. T1=0 u T2=0. EcTecTBeHHO, HUKAKOTO COTJIACOBAHUS BPEMEHH HAOIIOCHHS IBYX
KOHIIOB CTEP>KHSI 3/1€Ch TPOBOAUTD HE HAM0, T.K. OHH U TaK HAOJIIOJAIOTCS B OJJHO U TOKE BPEMsl, U IOITOMY
HaOIto1aeMast JTTMHA CTePKHsI morydaercs papHor 100 M, T.e. TOW ke, 4TO OblIa U Yy MIOKOSIIETOCS] CTePIKHSL.
Ho B CTO Mm»I Bce ke CMOKeM yBHJIETh COKpaIeHHE Pa3MEPOB 3TOTO CTEPHKHSI, HO TOJIBKO C TOMOIIIbIO
ouepenHoro "dokyca" DUHIITEHHA.
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Puc. 8. Bunumsie uz UCO, asuxymeiics oTHocuTenbHO ACO co ckopoctsto -10 M/c, cornacuo pacuera CTO,
KOOPJMHATHI JIEBOTO U MPABOT0 KOHIIOB cTepKHs, nokosmerocs B ACO u umeromiero tam anuny 100 wm,
KOTOPBIE MOJIYYarOTCsl UIsl pa3HbIX 3HAYEHUH KOOPIAMHATHOTO BPEMEHH (3€JIeHBIN CTep)KEHb) U TOCIIe
COIJIACOBaHUS BPEMEHU Ha0It0/1eHUs (KpacHbIe CTEPIKHU ), TJI€ KOOPAUHATHI HUKHETO KPACHOTO CTEPKHS
COIJIACOBaHBI MO BpEeMEHU HaOJII0IEHHs JIEBOI'O KOHIIA CTEPIKHS, T.€. 10 T1, a KoopAMHAThI BEPXHET0 KPacHOI0
CTEp HS COIJIaCOBaHbI 10 BpeMEHHU HAOIIOAEHMSI TPAaBOro KOHIIAa CTepkKHS, T.e. o T2. MacmTtad 10 m/cm.
Cxpunmot nporpammsl Galileyl.

A cexper "¢oxyca" 3akio4aeTcss B TOM, YTO HaM HaJI0 B 3TOM CIIy4ae pacCMOTPETh HE CTEPKEHb, ABMIKYLIUICS
B ACO, a ctepxensb, nokosinuiics B MCO, koTopast u OyieT IBUTaThCS € €ro CKopocThio oTHOocHTenbHO ACO.
U takum 00pas3oM, eciau MPUMEHUTh DUHIITEHHOBCKUN MPUHIUIT CAMMETPHUH, TO MBI KaK OBl OIISITH OyeM
paccmatpuBath ctepxkeHb n3 MCO, amxkynieiica otTHocuTensHO ucxoanot MCO, rae y Hac moKoOUTCs
cTepxkenb, HO aBmkymeics MCO Oynet tenepsr ACO, a ucxoaHoi, T.e. HenoasmwxkHoi UCO, Oynet Haia
nekymasics MCO u mosTomy Hamo 3aaaTh A1 npeodpazoanuit Jlopenna ckopocts aemwkyteiics UCO, T.e.
VXiso, e +10 m/c, kak y Hac ObLIO B mepBoM pacuere, a -10 m/c (cM. puc. 8). [la, B 3TOM cirydae Mbl IIOTy4HM
MOCJIE COTJIaCOBaHUS KOOPAMHATHOTO BPEMEHHU TO K€ CaMO€ COKpaIlleHHe Ha0It01aeMO ITTMHBI CTEPHKHS 1
OTJIIMYUEM 3]1eCh OyJIET TOJIBKO TO, YTO KOOPAMHATHOE BPEMS IPU TAKOM PacyUeTe MOIYUYUTCS MOTOKUTEITbHBIM.
[IpuuemM, B 060uX ciiydasx U MpU U3HAYAIBHO 3a1aHHOM oTpunarenbHoit ckopoct MCO otHOocutensHo ACO u
IIPY U3HAYAIbHO 3aJaHHOW MOJIOKUTEIBHON MBI ITOJIyYHUM TOT XK€ pe3ysbTar. A ceiluac 1aBaiiTe HOCMOTPUM
Kakas jKe Ha CaMOM JIeJie I0JKHA HaOIoJaThCsl IJIMHA CTEPKHS B ATHX JABYX BapHaHTaxX ero HaOMIOACHUS U
HCIOJIb3YEM JIJISl 3TOI0 METOUKY Kitaccudeckoro pacuera B ACO, KoTopyro DUHIITENHH ONUCcall B CBOEM
pUMeEpe C yaapaMu MOJIHHIA, a s [T0 HEH BBITIOIHKII pacueThl B TIEPBOM BapraHTe Ha puc.6b. U Ha puc. 9 BbI
BUJIMTE ATOT XK€ pacueT, I7ie Y Hac BUAUMBbIE HAOI0AaTeeM KOOPIMHATHI KOHIIOB CTEPXKHsI, KOTJ]a CBET OT HUX



BBIIETE OAHOBPEMEHHO B MOMeHTHI BpeMeHu T1=0 u T2=0 noctur nHabmonarens, asmkymerocs B ACO B
MomeHThI Bpemenu T1=5 u T2=1,66, T.c. 3/1eCh MOBTOPSIETCS pacueT Ha puc. 6b 1is 3enenoro crepxHs, rae
orpeaeneHsl U KoopauHatel Habmogarens B ACO s 3Tux MoMeHTOB Bpemern T1 u T2, T.K. OH MOKOWIICS B
NCO, vo neuraics B koopauHarax ACO.

d+=99.93 T1=1.66 T2=1.E6
d=100-"T1=5 TZ=493

d%=100 T1=5 T2=1.66

T | ax=100 T1=0 T2=0

l-r = L

e B EL I TR

wN_‘/
e

47 €54 32101 2 3 4567 893 10112131415 1617 1819 20 21 22 2324 25 26 27 28 23 30 31 =

ML, mdcra [ MT. clom [4 MY, [mdc)iom |2 MF. Hicm [ 5 M. (20 /o] | T 2w d, o | di', e |
g Galileyl forml0 OTHOCUTENBHOCTE OAHOEDEMEHHOCTH I. |el=] &J
#1{100 0 Va1 0 Veliso |1 Ts #lizo (100 #nliso 150 #nlaso 200 #1-#nl= [ 400
“2{zo0 Yo YA2 |0 Widizn |10 T2|1.666666E %o {200 #ndizn 150 #nZaso 166 BEEEE #2vind= [33333333
FaccuuTaTe BpEtA QEMHEHHWA CEETA MM KOOPAMHATHOE BEpetd Npl Wiizo= | 10 H#n[Hatmoaarens) = (150 [<2+%n2] - [x1-xn1] = (93 999993
| Cohgisste ssng] | o 11 | d1=[18eee8s  X1=R1RTT 100 -#nl |1B6.BRREE = |-66.6EEEEE R1/Ve=3333333  +dt1- |1 BEEEEG
K-BO MTEpaLME (10D ® 12 | de=[p H2=R 22 |0 -#n2 |66 BEEEE = [33.333333 R2MVs=[1 666666 +dt2= |1 BEEEER
TEOpUA ' &
(" Enaccuka s MCO O KpacoukasACO O CTO ana CTO sqrtl1- Wxiso s 2= [ geg025 O HHETHT b PHCYHOK, | JaKpbTE dophy |

= =

Puc. 9. Bumumsie u3 MCO, apmwxkymieiics orHocutennbHo ACO co ckopocTthio 10 M/c, COTTTacCHO KITacCHIEeCKOTO
pacuera B ACO, KOOpAMHATHI JIEBOTO U MPABOT0 KOHIOB cTep:kHs nokosiierocss B ACO u uMeroniero Tam
mHy 100 M, KOTOpBIE MOMYYarOTCs AJI Pa3HBIX 3HAYCHUN BPEMEHH, KOT/1a CBET JOCTUTAaeT HAOII0JaTeNs,
Haxojsmierocs B MCO (3eneHslii cTep>KeHb) U MOCIIe COTIACOBAHUSI BPEMEHH Ha0II0IeHus (KpacHbIE CTEPIKHHU),
7€ KOOPAWMHATHI HUYKHETO KPACHOTO CTEPIKHS COTIIACOBAHBI 110 BPEMEHHU HAOIOCHUS JICBOTO KOHIIA CTEPKHS
T1, a koOpAMHATHI BEPXHETO KPACHOTO CTEPKHS COTJIACOBAHBI 0 BPEMEHH HaOJIOICHUS ITPABOrO KOHIA
crepxHst T2. Macmrad 10 m/cm. Ckpuninot nporpammbl Galileyl.

Taxum 00pa3om, 3/1eCh CBET OT JIEBOTO KOHIIA CTEPKHS JJOCTUT HAOIOAaTeNs uepe3 S ¢, Koraa OH HaXOAUJICS B
Touke ¢ koopaunaroi 200 M, T.e. 32 3Tu 5 ¢ Habmonarens nepemectiics B ACO Ha 50 M, a cBET OT IpaBoro
KOHIIA CTepKHsI TIOCTUT HaOIroAarens yepe3 1,66 ¢, korja oH HaXOAUJICS B TOYKE C KOOPAUHATOM 166,6 M, T.K.
3a 970 Bpems oH cmectmiicst B ACO Ha 16,6 M. Ho, yToOBI HamM 0JTHOBpEeMEHHO Ha0JIt01aTh 00a KOHIIA CTEPIKHS,
HaM HaJi0, YTOOBI CBET OT 0O0MX KOHIIOB CTEPKHsI MMPUIIIET K HAOII0JaTeI0 B OJIUH U TOT )K€ MOMEHT BpEMEHH,
HarpuMmep, uepe3 T1= 5 ¢ mocie Toro, kKak OH TOKHUHYJI JIEBbII KOHEIl CTEPKHSI, T.€. HAaM HaJ0 COTJIacOBaTh
Bpems HaOmroeHus mo Bpemenu T1. [ 9Toro Ham Ha/lo HAMTH KOOPAUHATY MPaBOTO KOHIIA CTEPKHS B
MoMeHT BpeMeHH dt2, 9TOOBI CBET, BBIJICTEBIIIHIA C TIPABOTO KOHIIA CTEPIKHS B ITOT MOMEHT BPEMEHH, JOCTHT
HaOmoarens B MOMEHT BpemeHH T2= dt2+R2/Vs, koropslit nomken 06Tk paBen T1. U, ecnu ucnonbp3oBaTh
aHaJIoOTHIO ¢ coryacoBanneM Bpemenn B CTO, To momy4aercs, uto y Hac dt2=T1-T2=5-1,66=3,34 C u,
CJIeIOBATENBHO, CBET JIOJKEH BBUIETETH C MIPABOTO KOHIIA CTEP)KHS B MOMEHT BpemeHH 3,34 c. Ho B nanHOM
BapHaHTe, T.K. y Hac crepkeHb nokourcs B ACO, To ero koopanHatel B ACO OynyT HEU3MEHHBIMU IS
0000 MOMEHTA BPEMEHU M OATOMY COTJIACOBAHHE BPEMEHH MX HE U3MEHHUT.

CrnenoBaTenbHO AJIs TF0OOr0 MOMEHTA BPEMEHH MBI Beera OyneM HaOo1aTh AIUHY cTepkHs paBHOH 100 M,
T.€. HEMU3MEHHOM, YTO U OTPAXkaIoT JBa KPACHBIX CTEPKHSI Mociie coriacoBanust Bpemenu 1o T1 u T2, roe
KOOpJMHATHI KOHIIOB CTEPIKHS OISITh BRIBEACHBI B CUCTEME OTCUETa HAOII0AaTe s, KOOPINHATA KOTOPOTO B
MoMmeHT BpemeHu T=0 Osb1na 3amana 150 M. 31eck HagO TOIBKO 3aMETHTh, YTO BOOOIIIE-TO TIPH 3TOM pacueTe B
nporpamme Galileyl y mens dtl u dt2 Haxonsatcs He Tak npocto kak B CTO, T.e. 10 pa3HOCTH HAYaJIbHOTO
BpEMEHH HAOIIOACHUS, 2 METOAOM NMPUOIMKEHUH 3a 3aJaHHOE B TpOrpaMMe KOJIMYECTBO UTEPaLluid, T.K. pacueT




TYT OY/IET TOpa3Io CIOKHEE, HO CYTh OCTACTCs TOU ke - mociie HaxoxaeHus dtl u dt2 cer, BeIICTEBIIHIA C
JIBYX KOHIIOB CTEP KHsI B Pa3HOE BpeMsl, JOJDKEH MPUNTH K HAOII0AATEN0 OT 000MX KOHIIOB CTEPXKHS B OJIUH U
TOT K€ MOMEHT BpeMeHHU. KcraTu, MmeToauky 3Toro kiaccuueckoro pacuera B ACO Mbl MOKEM ITPOBEPUTH U B
HaTYPHOM 3KCIIEPUMEHTE, €CII MbI Oy/1eM (PUKCUpPOBATh HE CBETOBBIE CUTHANIBI OT KOHILIOB CTEPXKHS, a
3BYKOBBIE, T.K. IPY 3TOM y Hac OyJyT [I0JIy4yaThCsl 3HAUYEHUS] BPEMEHU JBM)KEHUS 3BYKOBOT'O CUTHANa, KOTOPBIE
MBI MOEM € OOJIBIIONH TOYHOCTHIO 3a)MKCUPOBATH U OOBIYHBIMU YacaMH IIPHU CKOPOCTAX CTEPKHS UIIH
HaOJI0AaTeNs COMOCTABUMBIX CO CKOPOCTBIO 3BYKA.

U stot npumep knaccudeckoro pacuera B ucxognoit MCO (y Hac 1o 6buta ACO) AJIMHBI CTEPIKHS,
nokosierocs B 3toi ucxoguoit MCO (ACO), u Habmogaemoit u3 aemwkyieics MCO, BBITOTHEHHBIN 110
METOJIMKE HU3JI0)KEHHOM caMuM ke DWHIITEHHOM B IIPUMEPE C yAapaMu MOJIHUM, HAIIPSIMYIO OIIPOBEPIaeT
BBIBOJ] DUHINTEHHA O SIKOOBI HAOIIOaEMOM COKpAIleHUH BUAUMBIX U3 ABIKyImmxcs MCO pazmepos
nokosiuxcst B ACO Ten u, cienoBarenbHo, Bcto CTO, T.K. 371eCh COBEPIIEHHO HE K YeMY MPUAPATHCS C
TeopeTu4ecKol Touku 3peHusi. Beas B 3Tom kinaccuueckom pacuere B ACO MbI HCIIONIB30BAIM CKOPOCTh CBETA
B ACO, a HU KTO He Oy/IeT CIOPUTH C TEM, YTO OHA B 3TOM cliydae OyAeT U30TPOIHA, M CKOPOCTh HAOIIOAaTeNs
MBI UCII0JIb30BaH 3aaHHyi0 B ACO, T.€. He UCIOJIB30BATN HU ISl KOOPIUHAT, HU U1 CKOPOCTEH HUKAKUX
npeoOpazoBanuii (Hu ["anunes:, Hu JIopeHia), u BpeMsi Mbl Ucnoiib3oBainu Tekymniee B ACO, rae oHo 1Mo
OTIpeICTICHUIO TeUeT paBHOMEPHO. M axe, eciiu MbI HCIIONIb3yeM B pacueTax rUnore’y DUHIITeHHA O TOM, YTO
BpeMs Ha JIBIKYIIMXCS Tenax win B aBwkymmxcs MCO 3amemisercs, TO M 3TO HU KaK HE TOBJIMSIET HA
pe3ynbTar, T.K. U A1 Apyrux 3HaueHuid Bpemenu T1 u T2 koopaunatel crepkHs B ACO ocTaHyTCs Te ke
camble U HaOIr0aeMast JUIMHa CTEPKHS ocTaHeTcs onsth paBHoU 100 M. VI uMeHHO 3Ta MeToauka
kiaccuueckoro pacyera B ACO sBisieTcst npaBuiibHOM, HO oHa onpoBepraer CTO u nosromy DUHIITENH BO
BCEX CBOMX OCTAJBHBIX MIPUMEpaxX MPUMEHSIET HETPABUIIbHYIO METOAUKY KJIACCUYECKOT0 pacuera, T.€. JeIaeT
pacuet B UCO. Ilpu sTom y Hero Habmoaarens nokoutcst B UCO, a ckopocTh cBeTa BBIYUCISETCS KaK pa3HOCTh
ckopoctu cBera B ACO u ckopoctu MICO, T.€. ¢ ucnonb3oBaHueM rpeodpasoBanuii ["anunes, u 3To IpaBUIBHO,
HO BOT TO, 4TO 37I€Ch MOSBIsIETCS U CKOpOCcTh ctepxkHs B ICO, nenaer 3TOT pacyeT He MPaBUIIbHBIM.

Jla Takoi nonxofn, T.e. knaccudeckuit pacuet B MCO, 3HaUNTENBHO yNIPOLIAET C MATEMAaTHUYECKON TOYKU 3PEHUS
pelleHrne MHOTUX 3a/1a4, HO Mbl pelaeM (pU3n4ecKue 3a7auu U MOATOMY HE MOKEM KEPTBOBATh GU3NUECKUMU
3aKOHAaMH B yrojy MareMarukam. M, Hanpumep, AJis peanpHbIX 3a7a4d ¢ paclIpoCTPaHEHUEM 3ByKa B BO3AYXE
TaKOM MOJXOJ] YK€ HE IPUMEHHUM, T.K. pe3yJIbTaThl 3TUX PAaCUETOB JIETKO NMPOBEPSAIOTCS SIKCIIEPUMEHTAIILHO, a
npu kiaccudeckoM pacuete B MCO oHu OyayT IBHO IPOTUBOPEUUTH SKCIIEPUMEHTATbHBIM IaHHBIM NTPU
CKOPOCTSIX COMIOCTaBUMBIX CO CKOPOCTBIO pacripocTpaHeHus 3Byka. Hanpumep, Ha puc. 10 npuBeneH
kiaccuuecknil pacuet B MCO st Toit xke 3aaauu onpeneneHus BuauMon u3 aprxymeiics MCO nnuHbl
ctepxHs nokoserocss B ACO u Mbl BUIUM, YTO PE3YJIbTaThl CYIIECTBEHHO OTINYAIOTCS OT TEX, YTO Yy HAC
Obutn Tpu KinaccuueckoM pacuere B ACO Ha puc. 9. Jla, HadanbHOe BpeMsi ABH)KEHHsI CBETa OT JIEBOTO U
MIPaBOT0 KOHLIOB CTEP KHSI IPU 3TOM pacyeTe MOJydUIINCh T€ XkKe caMble, yTo U npu pacuete B ACO, X0Ts
Habmoaarens teneps B MCO ObUT HEMOJABMXKEH. DTO MOJIYYHIIOCh TIOTOMY, UTO TENeph Y HAC CyMMapHbIe
ckopoctu cBeta B MCO (cornmacHo npeoOpazoBanusiM ["anusies) moyqriiuCh OT JIEBOTO KOHIA CTEPKHS J10
Habmoxaarens 20-10=10 m/c, a ot mpaBoro koHua crepxHs 10 Hadbmoxaarens 20+10=30 m/c. Ho, T.k. Teneps y
Hac crepkeHb B MCO nBukeTcst co cKopocThio -10 M/c, TO KOOpAMHATHI JIEBOTO WM NMPABOTO KOHIIOB CTEPIKHS
nocJie coriiacoBanus BpemeHu wi 1o T1 wim o T2 OynyT yke ApyruMu B MOMeHTHI BpeMenu dt1 wmu dt2,
YTO U JIaeT Apyrou pe3ynbprar. bonee Toro, 3/1ech y HaC MoJIy4aercs, 4TO BUAUMBIE pa3Mephl CTEPKHS HE
TOJIBKO YMEHBUIMIIUCH, HO TENEPh OHU B pa3Hble MOMEHTHI BpEMEHU HaOJI0Aat0TCsl pa3HbIMU. A, €CIIH MBI eIl
BBITIOJTHUM pacydeT Mmpu oTpunarenbHoi ckopoctu MCO, To MBI yBUIUM, YTO HaO/II01aeMble pa3Mepsl Oy1yT
TaKUMHU K€, KaK M IIPU TOJ0KHUTEIBHON CKOPOCTH, HO Tenepb Hao0opoT Habmonaemas mHa 50,02 M Gyner
IIpu coriacoBaHuu Bpemenu 1o T2, a 83,33 M npu coryracoannu BpemeHu no T1.
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Puc. 10. Buaumsie u3z UCO, nemwxymieiics otHocutensHo ACO co ckopocThio 10 mM/c, cormacHo KIacCHuecKoro
pacuera B ICO, koopaAMHATHI JIEBOTO U MPABOTO KOHIIOB CTEPKHA, Mokosierocs B ACO 1 UMEIIIero Tam
iy 100 M, KOTOpBIE MOTYYarOTCs AJS pa3HbIX 3HAUEHUH BPEMEHHU, KOTIa CBET OT HUX JOCTUTAET
HaOmonarens, Haxozsmerocs B MCO (3eneHsblii CTEep)KEHb) U MOCIIEe COTJIACOBAHUS BPEMECHH HAOJIOICHUS
(KpacHbIe CTEePKHHU), T KOOPAUHATHI HUKHETO KPACHOTO CTEPIKHS COTTIACOBAHbBI IO BpEMEHU HAOII0CHHS
JIEBOT'O KOHIIA CTePkHS, T.€. T1, a KoOOpAMHATHI BEPXHET0 KPACHOTO CTEPIKHS COTIIACOBAHbBI 110 BPEMEHU
HaOJTI0/ICHHs IPABOTO KOHIA cTepikHsl, T.¢. T2. Macmrad 10 m/cM. CkpuHior nporpammel Galileyl.

TakuMm oOpa3om, kak Obl HY OblJIa MPUBJIEKATEIbHON BO3MOKHOCTh pelIaTh KHHEMAaTUYECKUE 3a7auu (COrJacHO
kuHemaruueckoro [10 KonepHuka) He 110 HCTUHHBIM, a [0 BUIUMBIM, KoopauHatam Tei B LCO, a ve B ACO,
clielyeT IpU3HaTh, YTO ATA METO/IMKA HE SBIISETCS KOPPEKTHON Kak /s Kinaccuku, Tak u ansg CTO. U yx tem
OoJiee HE MOXKET UATH HU Kakol peur 00 ncrnosb3oBaHuM 3Toi Metoauku B CTO, korjaa peds UAET O pelIeHuu
JTUHAMHAYECKHX 3a/1a4 (COrIaCHO JuHaMU4Yeckoro yactHoro [10 umenu DitHIITeHA), T.€. KOT/Ia y HaC UJET
peub 0 3aKkoHax (U3UKU. A TpUBJIeKaTeIbHa 3Ta MeToauka pacuera B ICO BciieacTBHE TOTO, YTO MPU
UCIOJIb30BaHNU METOUKHU Kiaccuueckoro pacyera B ACO BO3HMKAIOT MaTEMaTUYECKUE CIIOKHOCTH, T.K. 3]I€Ch
MPUXOJUTCS PElIaTh 3a7a4y, KOT/1a U CBET JABMXKETCS K HAOMIOAAaTeN0 U caM HabJIIoAaTeNlb B 3TO BpeMs TOXKe
JBUXKETCA. JTO MPUBOAUT K TOMY, UTO MBI IIOJy4aeM KBaJpaTHOE aaredpanyeckoe ypaBHEHHE, I1e 1Jis
JaTbHEHIINX MaTeMaTHYECKUX BBIKJIAZOK Ha/10 HAUTH KOPHU 3TOro ypaBHeHHs. KcraTy, Ta e camast nmpobiema
OyZeT 1 mpH pacueTe MMEHHO 3alla3/IbIBaloINX OTEHIIMAIOB, a HE KBa3n3aIla3/IbIBaloINX, KOTOPbIE Mbl BUIAUM
y JIuenapa u Buxepra, T.K. HOTEHIIMAT OT JBMXKYILETOCs 3apsaa A0 MpoOHOro Tena OyneT Toxe
pacnpoCTpaHATCS HE KaK CUTHAJ O €IMHUYHOM COOBITHH, 8 HEMPEPBIBHO, KaK CBET OT KOHIIOB CTEPKHS.
[TosToMy MaTemMaTukaM 00513aTENLHO HA/10, YTOOBI Bce ckopocT OblH 3a1anbl B UCO, T.K. Hax0X/1eHHe
KOpHEH KBaJipaTHOTO YpaBHEHHUS CTABUT HA STOM dTalle pacyeToB KPECT Ha UX JAIbHEUIINX aHATUTUYECKUX
BBIKJIa/IKaX M3-3a HEOJHO3HAYHOCTH JajbHENIIero pemenus. Bot orcrona Ml 1 BUAMM MaHUAKAJIBHOE
CTpeMJIEHHE MT0Ka3aTh KOPPEKTHOCTH penienus 3a1ad B MCO, rae npu Ki1accuyeckoM MOoaX0e HaXoATCs
CKOPOCTH T€J U CBETA WM Pa3Nu4HbIX noTeHuuanos B MCO, a Habmonatens wiu npodHoe Teso B 3toit UCO
nokositcs. A B CTO u OTO naxke He HAZ0 HAXOAUTH CKOPOCTh CBETA WITH PAa3IMYHbBIX noTeHnnanoB B UCO, T.x.
TaM YK€ 3aJ]aH0, YTO OHU OCTArOTCs TeMH ke, 4To Oblti B ucxoaHoit MCO nmm ACO, xoT1s (pakTHUeCKu B
pe3ysibTaTe pacyeToB TaM MOJIy4daeTcs, YTO 3Ta CKOPOCTh paBHAa OECKOHEYHOCTH, T.€. Mbl UMEEM TaM
JanbHOJecTBYE, Kak U ObuTo Y HbloTOHA /U1 TpaBUTALIUY.

N 1A 3TOM MOXKHO OBLIO OBI OISITH 3aKOHYUTH JAHHYIO CTAaThIO, T.K. yKe sicHO, 4To 10 Habmrogarens o0ObeKTa,
MOJI0KEHHBIN DitHITEHHOM B 0CHOBY CTO, HE oTpa)kaeT peajbHOE MOJ0KEHUE JIET, T.€. B IPUPOJIC HE
cobmomaercs. Ho, yauTsiBast TO, YTO STOT MPHUHIIUIL, OOJIETYAOIINNA HAM MHOTHE PAaCUeThl, HACTOJIBKO IIUPOKO
MPUMEHSICTCS U TIPH KJIACCUYECKHUX pacueTax, a IO3TOMY BOCIIPHHUMAETCS MHOTHMH ITPOCTO KaK camo COOO00



pasymerorieecs: 1 He TpeOyeT HUKAaKUX TOKa3aTeIbCTB, 5 BCE )Ke MPOA0IDKY pa30op 3TOro nmpuHIMNa doee
HIMPOKO. A JUIs Havasla aBaiiTe MOCMOTPUM Kakue y Hac OyyT HaOII0AaThCs HA CaMOM JIeJie pa3Mephl
crepkHs amwkymnierocs B ACO, a moToM MpoAoIDKUM U Teopetndeckuid pa3oop 10 nabmromareneit ooObekra.
[Ipu 3TOM paccMOTPUM HECKOJIBKO PacUe€TOB IIPU Pa3HBIX MOJOKEHUSX HAOII01aTeNsl U pa3HOM HaIlpaBJICHUU
CKOpOCTH CTEPKHSI, a T.K. BCe pacueTsl TyT OynyT BeimonHATecs B ACO, To 31¢ech u BapuaHT pacuera B CO,
T.K. ckopocTh MCO OyzneT paBHa HYJIIO, JaCT T€ K€ pe3ysbTarhl. Tak Ha puc. 11 BbI BUAMTE pacyeTh
Ha0JII01aeMOM JJTMHBI CTEPIKHS, KOT/1a HaOIr01aTeNlb HAXOIUTCS B Hauase KOOpAMWHAT, JJIs IBYX HarpaBJICHHUH
JBWKEHUS CTEPKHS, T.€. TIpH ero ckopoctu +10 m/c u -10 m/c.
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Puc. 11. Buaumslie Habmrogarenem, Haxoaaummcst B Hadasne ACO, MpH KIacCHYECKUX pacdyeTax KOOpIUHATHI
JIEBOTO M MPABOT0 KOHIIOB cTepskHs aBrkyiierocs B ACO co ckopocthio +10 m/c (a) u -10 m/c (b) B MOMeHTBI
BpemeHH 11 u T2 (3eneHblid CTEp)KEHB) U MOCIIe COTJIACOBAHUS BPEMEHH HAOII0IeHUS (KPACHBIE CTEPIKHH), TIC
KOOP/AMHATBl HUYKHETO KPACHOTO CTEPIKHS COTIacOBaHBI IO BPEMEHH HaOJI0JCHHS JIEBOT0 KOHIA CTEPKHS, a
KOOpPJMHATBl BEPXHEr0 KPACHOI'O CTEPKHS COIVIACOBAHBI 10 BPEMEHHU HAOJI0IEHUS MPAaBOr0 KOHIIA CTEPKHS.
Macmra6d 10 m/cm. Ckpunior nporpammsl Galileyl.

Kak Buanm, 311eck yxe HaOIr0gaeMble pa3Mephl CTEPKHS MOJIy4atoTCs He OJJMHAKOBBIMH U MPU Pa3HOM
HaMpaBJICHUH JBHKCHUS CTEP)KHSA, T.K. OHH TEIEPh 3aBHUCAT OT TOT'O yAasieTcs OT Hac cTepskeHs (0X=66,66 m)
i npubimkaercs (0X=200,00 m). XoTs, KOra CTepKEeHb MOKOWJICS U JIBUTAJICS HA0II01aTe b, pa3Mephbl
ObUTM OJIMHAKOBBIMU MPU Pa3HOM HaIPaBJIEHUU CKOPOCTH HaOroAaTeNs s Kiaccuueckoro pacyera B ACO
(cm. puc. 9). Takum o6pazom, 3tu kiaccuueckue pacuetsl B ACO ompoepratot Hanmuuue B mpupoze [10
o0BeKTa HAOMIOIEHHSI, T.€. PEIATUBUCTCKOTO MIPUHIIMIIA CHMMETPHUH, T.K. MOIYYaeTCs, 4TO, HAOII0Aas U3
JBIDKYIIETOCS TI0€3/1a TIOKOSIIIUICS TI0€31, MBI Oy/IeM BHIETh OJHY JUTMHY IMOKOSIIEToCs moe3a, a, Ha0mroaas
13 MOKOSIIEToCs Moe3/a IBIKYIUNCS T0e3]1, MBI OyJIeM BUACTh IPYTYIO JUTMHY JBIDKYILETOCs Moe3/a, XOTs
peanpHas JJIMHA 1TOe3/10B OyeT oanHakoBoi. Ho maBaiite /15t TOJTHOTHI KAPTUHBI BBHITIOJIHUM €111 PacueThl
MU IPYTHUX ToNokeHusIX nmokosiierocst B ACO HabmrogaTensi, Korjaa CTep>KeHb OyIeT mposieTaTh MUMO HETO CO
ckopocThio 10 M/c 1 pe3ynbTaThl 3aHeCEM B TaOJ. 2. A 37€Ch MbI BUIUM, YTO OKa3bIBa€TCS B 3TOM Cly4yae
HaOIto1aeMasi ITMHA CTeP KHsI OyIeT 3aBUCETh U OT MoJjokeHus Habmoaarens, a B CTO pe3ynbrar He 3aBUCUT
HU OT TOJIOKEHHS HAOJt01aTessl, HU OT TOTO YTO OTHOCHUTEIIBHO Y€TO JBMXXETCS, T.K. TaM BOOOIIE HET
pealbHOTO HAOIIOaTeNs U 3TO elmle pa3 nokas3biBaeT, uTo B CTO He yuuThIBaeTCs BpeMsl IBMKEHHUS CUTHATIA OT
o0BeKTa 10 HabIoaaTens, T.€. HHKaKOH OTHOCUTEILHOCTH OJTHOBPEMEHHOCTH TaM HeT U B momuHe. [loaTomy,
€CTECTBEHHO, YTO TaM HE MOXKET OBITh U HUKAKOW CHHXPOHHU3AIUU 9acOB, KOTOPBIC JOJHKHBI HAXOAUTHCS B
koHKpeTHBIX MecTax MCO, kak u peanbHbIe, a HE BUPTyaIbHbIC, HAOIIOJATEIIH.



Tabnuua 2. Habmonaemas qimHa neuxymerocss B ACO co ckopocTbio 10 M/C cTepKHS MPH pa3HbIX
nosiokeHusx Haomomarens Xn, nokosiierocss B ACO, mpu cormacoBanuy KoopauHat 1o Bpemeru T1 wmm T2.

Xn 0 50 100 150 200 250 300 350 400
no T1 66,66 66,66 66,66 100 133,3 166,6 200 200 200
o T2 66,66 66,66 66,66 100 200 200 200 200 200

Takum 06pa3om, Mbl BUIUM, YTO DUHIITEHH MOTYYHII CBOE Yy0 MaTeMaTUUeCKOM MBICIH, HazbiBaeMoe CTO,
ucxoas u3 ceoero ¢panracrtuueckoro [10 mabmonatens oobekra, Haxoasamerocs B pasHbix MCO (Hen3BeCTHO B
KaKOM MECTE), ¥ BOJIILIEOHOr0 MPUHLUIIA U30TPOIHOCTH CKOPOCTHU CBETA MPU HAOIIOIEHUH 32 O0BEKTOM U3
pasubix MCO, na ele v NpUITyIPEHHBIX UM ITyCTHIMU Pa3roOBOPaMu 00 OTHOCUTEIHLHOCTH OJHOBPEMEHHOCTH U
METOAMKH CUHXPOHHU3AILMK YacoB. A B Pe3y/bTaTe Mbl IPUIIUINA K IOJHOM reOMeTpu3alu GU3HNKH, I11e HET
MecTa HH 3/IpaBOMY CMBICITY, HU caMOil (pu3HKe, a eCTh TOJBKO rojas MaTeMaTuka. [Ipu 3ToM, Kak CUNTarOT
mateMaTuko-pu3uky, CTO ynanoce 4MCTO MaTeMaTHUYECKH CIIACTH TeOpHio MakcBesuia oT "'mpoBaia”, Ho
IIPOTUBOPEUYUI WK NIapaoKcoB U B ipuMeHeHnu 110 DiinmreliHa, U B IpUMEHEHUN YpaBHEHUM
3JIEKTPOAMHAMUKHU OCTAJIOCH €1lle MPEAOCTaATOYHO, T.€. MOXKHO cka3aTbh, 4To CTO HU Kak He pa3pelnia
npo6eM, KOTOpbIe BO3HUKIIH B (hrsnke Ha pyoeke 19-ro u 20-ro Bexos. bonee Toro, Kak st y)xe oTmedan,
COBpeMEHHas o(puIagbHas Hayka 0€30CHOBATEIbHO YTBEPKAAET, YTO KIACCUUECKAs MEXaHUKA SIBIISIETCS
YACTHBIM CIIy4aeM PEISITUBUCTCKON MEXaHUKH, T.€. OHA MOKET IIPUMEHSATHCS, HO IIPU MAJIBIX CKOPOCTSX TEll,
T.€. 3HAYUTEIbHO MEHbIIIE CKOPOCTH PACIIPOCTPAHEHHS CHTHAJIA WM B3aUMOJICHCTBHS MKy TelaMu (KOTOpbIe
NPUHUMAIOTCS PAaBHBIMH CKOPOCTH CBETa), KOT/Ia PEIATUBUCTCKUE YPaBHEHUS MIEPEXOIAT B Kiaccuueckue. Bor,
Harnpumep, uto nuimet [41 crp. 15].

"B npedenvHom cryuae, Ko20a CKOPOCMU O8UNCYUWUXCSL el MATIbl O CPABHEHUIO CO CKOPOCHbIO C8eMd, MONCHO
npenebpeub GIUAHUEM KOHEYHOCHU CKOPOCMU PACNPOCMPAHeHUs 83aumooeticmauti Ha ogudxceHue. Tozoa
PEeNAMUBUCICKASL MEXAHUKA Nepexooum 8 00bIYHYI0 MEXAHUKY, OCHOBAHHYIO HA NPEeONOI0NCEHUU O
M2HOBEHHOCMU PACNPOCMPAHEHUS 83AUMOOCUCMBUL, MY MEXAHUK) HA3bI8AION HbIOMOHOBCKOU UMY
Knaccuyeckou. "

S noka ocrasito Ha coBectu JIaHay 3asiBJI€HHE O TOM, YTO B KJIACCUUYECKON MEXaHHUKE CKOPOCTh
B3aUMOJICHCTBUI MPUHATA OECKOHEYHOM, a B PENIATUBUCTCKON MEXaHUKE OHAa MPUHUMAETCS] paBHOW CKOPOCTH
CBeTa, T.K. B KJIJACCUUECKON MeXaHUKe TOJbKO HBIOTOH 1 TOJIBKO /7151 TPaBUTAL[MOHHOTO B3aUMOIEHCTBUS
IIPUHST 3TY CKOPOCTh PaBHOW OECKOHEUHOCTH, T.K. HE 3aX0TeJ rajaTh Ha KoelHoM rymie. A BOT CKOPOCTb
cBeTa (Iociie ee OnpeeleH s ) MeXaHUKH IPU aCTPOHOMHUYECKHUX pacueTax BCEr/ia yUUThIBaJIU, HO CKOPOCTh
IpaBUTALMU TaK U UCIIOJIb30BAIM PABHOM OECKOHEYHOCTH, T.K. OHA IEHCTBUTEIBHO OYEHb 0OJbIIAs (110 MOMM
npeaBapuTeIbHBIM pacueraM [68] ona cocraBisiet okojo 100 ckopocTeit cBeTa) M 'y HUX TOT/I1a IPOCTO HE OBLIO
TEXHUYECKON BO3MOKHOCTH €€ ONPEAEIUTh. A BOT KaK pa3 B PEIATUBUCTCKON TO MEXaHUKE CKOPOCTh U
AJIEKTPOMAarHUTHBIX B3aUMOJIEHCTBUN U T'PAaBUTAL[MOHHBIX B3aUMOJEHCTBUI Jie-pakTo paBHA OECKOHEYHOCTH,
XOTs Ha CJIOBAaX PENIATUBUCTHI YTBEPKAAIOT, YTO OHA Y HUX PaBHA CKOPOCTH CBETA. Tak 4TO 3TO 3asBJICHUE
Jlanmay npocTo MoMbITKa CBAIUTH BCe € O0JIbHOM PEIsITUBUCTCKOM rOJIOBBI Ha 30POBYIO Kiaccuueckyro. Ho
JlaBaiiTe BCe e OCTAaHOBMMCS Ha APYTOM €T0 YTBEPKIEHUH O TOM, YTO KJIACCUYECKAsi MEXaHHUKA 3TO YaCTHBIN
ClIy4ail pelsiTUBUCTCKON MEXAHUKH, YTO TOXKE ABJISIETCSI OTKPOBEHHOM KJIEBETOM.

Benp, Hanpumep, 114 3Byka B Bo3nyxe ypaBHeHHss CTO HUKak HE MOTYT NIEPEUTH B KJIIACCUYECKHE, T.K. B HUX
MPUHIMIIUAIBHO HET cpefibl. A B KJIaCCUKE MPU MPaBUILHOM pacueTe HaJl0 MCIOIb30BaTh CKOPOCTh 3BYKa B
NCO ¢ yueToM CKOpPOCTH BETPA, T.€. C YYETOM CKOPOCTH JIBUIKEHUS Cpelbl. ECTECTBEHHO, UTO P pa3HbIX
peoOpa3oBaHUAX KOOPAUHAT, CKOPOCTEN U BPEMEHH, T.€. IpH npeoOpazoBanusx ["anunes u Jlopenua, y Hac
nocJje npeodpa3zoBaHus MOIY4aTCsl pa3Hble 3HAYEHUS 3TUX MapaMeTpoB B cucteme K' 1, ciieoBaTenbHo, Ipu
OTMCAHUU OJIHUX M TE€X e ABJICHUN MPUPOIBI 10 OJTHUM U TeM ke dopmyiaMm B cucteme K' y Hac moydarcs
Pa3HBIC PC3YyJILTATHI. Ho BEAb COIJIACHO AMHAMHNYCCKOI'O ITO 3akoHBI mpupoabl, OMPECACIAIONNEC U3SMCHCHUC
COCTOSIHHSI CICTEM, HE 3aBUCAT OT TOT0, U3 Kakou u3 AByX OTKPBITEIX MCO (ucxomuoit K wimm nBmkymiecs
otHocuTeNbHO Hee K') oHM Ha0III0Jar0TCs U IOJIKHBI 1aBaTh 110 HA0JIF0JTACMbIM ITPH 3TOM JIaHHBIM OJTHHAKOBBIH
pe3ynbTaT (pu3HIecKuii 3aKOH), T.€. MOTYyYaeTCs, YTO OJHHU U3 TPeoOpa30BaHUM SBISIIOTCS OMMOOYHBIMHE. M HE
Hago0 6I>ITB cEMHU Hﬁﬂeﬁ BO H6y, ‘-IT06BI CKa3aTb KaKHC, T.K. B 3JICMCHTAPHBIX MCXAHUYCCKUX SKCIICPUMCHTAX CO



3BYKOM Jierko onposepraet I10 Difnmrelina ¢ ero npeodpazoBanusimu Jlopenna. [Toatomy nenaercs kakoe-To
CTpaHHOE 3asBieHHe 0 ToM, yTo CTO nmpuMeHnMa, moyemy TO, TOJIBKO AJIS CBETA, XOTs YTBEPKIAACTCS, YTO IIPH
Manbix ckopocTax ypaBHeHHss CTO u OTO nepexonsaT B ypaBHEHMS KIAaCCUYECKON MexaHUKH, U naxe uz CTO
JIEJIAl0TCA BBIBOJBI O TOM, 4TO pa3Mepsl Ten B IBmKymuxcs MCO cokpamaroTcs, a MacChl TEJ yBEIMYUBAIOTCA,
T.€. SIBHO yKa3bIBaeTcs Ha To, yTo CTO npuMeHnMa U 1J1s ONIUCaHusl MEXaHUYECKUX sBjIeHu. 1 DiiHmTelin
psiMO 00 STOM IHIIET B CBOeH TaBHOM padbote 1905 roxa [1 ctp. 7, 8], rae Bemaer mupy, uro takoe CTO.

"... He MOJIbKO 8 MexaHuKe, HO U 8 INeKMPOOUHAMUKE HUKAKUE CEOUCMBA S6NeHULL He COOMBENCMEYIom
NOHAMUIO AOCOIOMHO20 NOKOsL U dadice, bolee Mmo2o, — K NPEONOJIONCEHUIO, YMO Oisl 8CeX KOOPOUHAMHBIX
cucmem, 0Jis1 KOMOPLIX CNPABEOIUBHL YPABHEHUSL MEXAHUKU, CNPABEOIUBbl Me Jice CaMble
INEKMPOOUHAMUYECKUE U ONMUYECKUE 3aKOHbL."

"Paszeusaemas meopus 0CHOBbIBAEMCS, KAK U 8CAKASL OPY2asl INeKMPOOUHAMUKA, HA KUHEMamuKe meepoozo
mena, max KaxK CysHcOeHust 8CAKOU Meopull KAcaromcesi COOMHOUEHUU MeXNCOY MEepObLMU melamu
(KOOPOUHAMHBIMU CUCTEMAMU), YACAMU U DTIEKMPOMASHUMHBIMU npoyeccamu. "

Ho Benp DiiHInTeiiH B cBOe# uncTo reoMmeTprueckoi (kunematudeckoit) reopun (CTO) npunsii, yTo cpena, B
KOTOPOH MPOTEKAIOT SIBJICHUS, HE 00JIaaeT HUKAKMMH CBOWCTBAMH, T.€. SIBJICHUS Y HETO MIPOTEKAIOT B
MaTeMaTHYeCKOH MyCTOTe, a MPU HAIUYUH CPebl SIBJICHHS OyIyT MPOTEKaTh HE TaK KaK B MATEMaTUYECKOU
nycrore. [lo3ToMy Ha MpaKTHKE MPUMEHSIOTCS pa3Hbie (OPMYIIBI, T.€. KIACCUYECKHE U PEIATUBUCTCKHE,
Hanpumep, 11 3pdexra JJomnepa, Ho penstuBucTckue Gopmyssl addekra Jlomnnepa peKkOMEHI0BaHO
IIPUMEHSITH TOJIBKO JJI1 CBETOBBIX BOJIH B BAKyyMe€, I'/ie IOUEMY-TO CUUTAETCS, YTO OTCYTCTBYET Kakas 100
cpena (T.e. BAaKyyM HE CUMTAETCs cpeioi ), obnagaromiasi Onpe1eJIeHHBIMU CBOWCTBaMH, B KOTOPOI U
pacnpocTpaHsiercs cBeToBas BoiHa. Ho, BooO1ie-To, ee IpUMEHSIIOT U [IPU HAJIMYUU SIBHOM CPE/Ibl, HAIIPUMED,
MEX3BE3/IHOTO T'a3a, yuTs [IPU 3TOM MONPABKY AJIsI CKOPOCTH PACIIPOCTPAHEHUS CBETA, KOTOPAsl YUUTHIBAET
M3MEHEHHE CKOPOCTH CBETA B ATOU CpeJie AJIsl pa3HbIX YacTOT (Ha MPAKTUKE ITO MIPUBOJIUT K AUCIIEPCUU
IPUHUMAEMOT0 CUTHAJIA, HAlIpUMeEp, OT IyJIbcapoB). A B cpesiax 0oJjiee MIOTHBIX, YeM MEK3BE3/IHBIN Ia3,
HanpHuMep, B BO3/1yXe, BOJI€ WM CTEKJIE IPOUCXOANT 3HAYUTEIIbHOE U3MEHEHHE CKOPOCTHU CBETa UJIU 3BYKa, UTO
CYIIECTBEHHO MOBJHSET Ha pe3yJIbTaThl, MOJYUYEHHbIE KaK 0 Kiaccuueckoi ¢popmyse s¢dexra Jomnepa, Tak u
10 PEJISITUBUCTCKOMN, HO ATO HUKAK HE YUYUTHIBAETCS B PENIATUBUCTCKON (hopMyJie, T.K. CKOPOCTh CBETA
IIPUHMMAETCS B HEN BCETJa HEM3MEHHOM, T.K. OH pacCIpOCTPaHsAETCsl B MaTeMaTHYeCKOi myctore. 1 nmpu aTom
bopmyny kinaccudeckoro 3¢ dexra Jlormepa emre Ha3pIBaIOT HOPMYIION NIl aKyCTUYECKUX BOJIH, T.€. SIBHO
pasrpaHMYUBaIOT 00JaCTh IPUMEHEHHUS KIACCUUYECKOHN U PEISITUBUCTCKON (POpMYJI, YTO paBHO3ZHAYHO TOMY, YTO
[10 DiiHmITeliHa HEe NPUMEHUM K MEXaHUYECKUM SIBJICHUSIM, a Kjaccuueckuid [10 K 3neKTpoMarHuTHEIM U B TOM
yucie K cBeTy. Ho s paccMoTpro fanee npuMeHeHre 000MX 3TUX MPUHIUIIOB KO BCEM SIBICHUSM.

A ceifuac, 4T0oOBI Jy4llle YICHUTh METOAMKY puMeHeHus 3tux [10, naBaiite paccMOTpUM Ha KOHKPETHOM
IIpUMepe TaKoe sBJIEHUE Kak MexaHnueckuil ¢ ekt Jonnepa, HabmogaeMblil WM, YCIOBHO TOBOPSI, B KatOTE
KOpalJis WK Ha ero naiayoe, rae OyayT nepeMenaTbCsi OTHOCUTENbHO HUX UCTOYHHUK U IPUEMHHK 3BYKOBBIX
BoJIH. [Ipu 3TOM, XOTS MBI U OyZIeM €ro paccMaTpuBaTh KaKk MEXaHMYECKHI MTPOLIecC, HO y HAC Ha ero
pOTeKaHWe MPAKTUUYECKU He OYAYT BIUATH CUJIBI TPABUTAIIUH, T.€. MBI MOKEM CUMTATh, YTO y Hac OyayT
3akpbIThie 0T rpaButanuu MCO naxe B ToM ciydae, Korjaa Mel OyneM paccMmarpuBaTh oTKpeIThie ICO, T.€. Mbl
Oynem uMeTh 9acTU4HO OTKpHITHIE (3aKkpbIThie) MCO. Kak MbI ¢ Bamu yxe BoisicHmin, [10 Tanmunes-HeroTona
uaentuyeH 110 DitHiTeliHa Bo BTOpoi popMynupoBke, T.€. 11 3akpbeIThix CO (B karoTe kopabisi), U Ham
OHU He uHTepecHbl. Bens 3o OyayT 19 u nostomy npu mr060it ckopoctu 3akpsiToit UCO HabmoaeMble HAMU
BHyTpH 310N MCO siBneHus Bcerja A0JKHBI HaOII0AaThCs OIMHAKOBO U J1aBaTh OJTHU U T€ e 3aKOHbI
npupojsl. [Toatomy Oynem paccmarpuBath TOJAbKO OTKpbIThIe NCO, 17151 KOTOPBIX MPUMEHUM KJIACCHUECKUI
1O u penstuuctckuii [10 (B mepBoii pegakuuu DiiHiiTeiHa). YTo kacaetcs pensturctckoro 10, To 31ech
OJTHO3HAYHO JIOJKHBI MOJIYYUTHCSI OIMHAKOBBIE PE3yNbTaThl, UTO "'Ha nanybe kopabnd'', uyto "B KatoTe
Kopaouis”, T.e. Mbl OyJeM uMeTh yacTudHO 3akphiTyio MCO, T.x. B CTO HET cpeasl v MOATOMY HE UMEET
3HAUEHUS YBJIEKAETCs JIM BO3yX CTEHaMU KalOThl WM HET.

A BoT B kitaccuueckoM [1O, KoTopslil aBTOpBI yueOHUKOB omnOouHo Ha3biBaloT 110 ["anunes, He Bce Tak
OJTHO3HAYHO, T.K. aBTOPbI YU€OHUKOB TPAKTYIOT €r0 HEMHOTO MT0-Pa3HOMY U B OJJHOM CJIydae y HUX CKOPOCTb



3ByKa u3Mensiercs B pazHeix MCO, T.e. Tak, Kak 1 JOJDKHO OBITh Tt OTKphIThIX MCO, a B ipyrom ciyyae oHa
Tak xe, kak B CTO, ocraercs HEM3MEHHOM, T.€. TaK, KaK JOJDKHO ObITh 1)1 3aKphIThIX NCO nin yacTUIHO
3aKPBITHIX, T.€. YBJIEKAIOUINX 32 COO0I0 U cpely. 3/1eCh BTOPOM BapHaHT pacueTa HaM SIBHO HE IMOAXOIUT, T.K. B
ocHOBY CTO nonoxen BapuanT [10 miig otkpeiteix MCO, a y HUX HET TpaHUIl, T.€. CTEH KalOThl, KOTOPbIE
YBIIEKAIOT 3a CO0010 BO3ayX. Ho 51 17151 cpaBHEHUS BCe e BBITIOIHIO pacueT kiaccuueckoro ¢ dekra [Jomepa B
JIBYX BapHaHTax, KaK ¢ MOCTOSHHOMN CKOPOCThIO 3ByKa B pa3Hbix MICO (B katoTe Kopadiis), Tak U ¢ IEPEeMEHHOMN
(na mamy6e xopabust). Keratu, DiHIITEHH TOXKE paccMaTpuBaeT 00a 3TUX BapHaHTa U IS 3BYKa M JUIS CBETa
[16 ctp. 460-469], rue npuHUMAET UX CKOPOCTH WIIK M30TPOITHBIMH HIIH BBIUUCIISCT UX KaK CyMMapHbIC
coryacHo npeodpaszoBanusiM ["amuies. Ho paccmarpuBaeT OH 3TH BapuaHThI HE COBCEM KOPPEKTHO, T.K.
cornacHo [1O Hano paccmarpuBath He paszHble ckopoctu aBmxenust MCO, rae nporekaer siBIeHUE, YTO
coOoTBeTCTBYET NpuMenenuto 113, a pazusie ckopoctu MCO u3 koTopoit Mbl HaOJt01aeM OAHO U TOXKE SIBJICHHE.

[TosToMy naBaiite ceifyac MPOCTO BBINOJIHUM TEOPETHUECKUE PACUETHI ISl MBICJICHHBIX AKCIIEPUMEHTOB Ha
BoOOpaxaeMoi mojienu 3 dexra Jlomiepa, KOTOpbIE [0 MOJYYSHHBIM IIPH 3TOM AAHHBIM JOJKHBI AAaTh TOT K€
pe3yibTaT, 4TO U HaTypHBIE SKCIIEpUMEHTHI. [Ipu 3ToM /1 pacdera kinaccuieckoro s dexra oynem
ucnoss30Bath Gopmysty Jlopenna (3-1), a wis pensrusuctckoro ddexra popmyny Aiisca (3-2), koTopas
YHCTO MaTeMaTHIECKU 00beIuHSET B ceOe 1Be (opMysIpl DHHINTEHHA OTYYSHHBIC UM JUIS IBYX YaCTHBIX
Clly4aes, T.€. siBJsieTcs ol1et popmynoil. A nasnee (B ciaeayroleM pasjeiie) Ui IPOBEPKH 3THX pe3yJbTaToB
MBI Oy/IEM BBITIOJIHATH HE MBICIIEHHBIC YKCTIEPUMEHTHI DWHIITEHHA Ha €r0 BOOOPaKaeMbIX MOIEISX
paccMaTpUBaEMbIX SBJICHHM, @ BBIYMCIUTENIbHbIE SKCIIEPUMEHThI HA MAaTEMaTUYECKUX MOJEISAX KIACCHYECKOTro
U peATUBUCTCKOTO 3 dekToB Jlomnepa, KoTopsie OyaeM co3/1aBaTh IO BCEM MPaBUIIaM M KIIACCUYECKON MITH
peNATUBUCTCKOM MexaHuK. [Ipu 3TOM 3BYK y Hac pacipocTpaHseTcsl B BO3yXe cO CKOpocThio 343 M/c pu
temmeparype 20 rpagycos (a, Hanpumep, mpu 1000 rpagycos Oymer 715 M/c), mosTomy B hopMyliax JTOJDKHA
OBITb 3Ta CKOPOCTH VS, HO, JUIsSL IPOCTOTHI PACUYETOB, T.K. HAC MHTEPECYIOT HE a0COIIOTHBIE 3HAYCHUS
CKOPOCTEH, a OTHOCUTENbHBIE, I IPHUHSJI, YTO CKOPOCTH 3BYKa Oyzaer VS=20 m/c, a npueMHUK | ¥ UCTOUHUK 2
JBIIKYTCSL HaJl IOBEPXHOCTHIO NallyObl Kopabiist [anumest B1ojab 0HOM NpsAMOi (TpoA0iabHbIH 3¢ dexT
Hormutepa) co ckopoctsimu V1=5 m/c u V2=10 m/c npu nokosimmemcst kopaodie, T.e. OyJeM CUUTaTh UX
ckopoctsimu B ACO, rae OyeT MOKOUTHCS BO3YX.

v =v0*(1 — b1*cos(Q1)) / (1 — b2*cos(Q2)) (3-1)

v =vO*[(1 — b1*cos(Q1)) * sqrt(1 — b22)] / [(1 — b2*cos(Q2)) * sqrt(1 — b172)] (3-2)

3neck bl=abs(V1/Vs) u b2=abs(V2/Vs), rae V1 u V2 310 CKOpOCTH NPUEMHUKA U HCTOYHHKA IT0 MOYIIIO, &
3HAK Y Hac OMpeeNnseTcss KOCHHYCaMi OTHOCUTENBHBIX yriioB ckopocteit Q1 u Q2, a mocnenHue, CoriiacHo
puc. 12 onpenensarcs kak Q1=Q10-Q3 u Q2=0Q20-Q3 , T.e. yriabsl MOTYT MOJIYYHTHCS KaK MOJIOKUTEITBHBIC TAK U
OTpHUIaTeNbHBIE, HO JJIsl KOCHHYCOB YIJIOB 3TO He uMeeT 3HaueHus. YTael Q10 u Q20 s HaszpiBaro
aOCOTFOTHBIMH YTJIAMU CKOPOCTEH, T.€. YIIIaMU MEXKy BEKTOPOM ITHX CKOPOCTEH u 0Chio abcmucc, a yro Q3
3TO OYJET Yroi HaOMIOACHUS, KOTOPBIM ONPEENIeTCs MEXY TMHUEH (JTy4OM 3peHHs) COSIUHSIONICH TOUKH,
IJIe HaXOATCS HCTOYHUK U IPUEMHHUK, T.€. JITHUEH BI0JIb KOTOPOH JIBFKETCS CHTHAI CO CKOPOCThIO VS, H
ocbro abcrucc. [Ipu 3ToM ecnu Mbl OepeM TeKyIee MoJ0KeHNE HICTOYHUKA B TOT MOMEHT, KOTJ[a CUTHAJI,
BBUICTEBIINI M3 HETO, TOCTUT MPUEMHUKA, TO yroj Q3 OymeT TeKymuii, a eciiu Mbl OepeM 3ara3pIBaoIee
MOJIOKEHHE UCTOYHHKA, T.€. B TOT MOMEHT, KOTJ[a CUTHAII, JOCTUTIIINHI ceifuac MpueMHUKa, BBUICTEN U3
MCTOYHHKA HEKOTOPOE BpeMsi TOMY Hazag, To yroy Q3 Oyzaer 3ana3apiBaromuii. B yaeOHMKaxX Takol cTporon
JeTau3allii PA3IMYHBIX YTIIOB HE MPUBOJUTCS U MIOATOMY COBEPILIEHHO HETIOHATHO Kakoi yron Q3 Hamo
Opath B pacyerax, HO 5 B CBOeit ctaThe [69] mam moapoOHbIii aHamu3 3TuX (GOPMYJT U TTOKa3all, 4TO BO BCEX
yueOHHMKaX MOoApa3yMeBaETCs HCIOIb30BaHUE 3aMa3bIBaIONIETo yriia HaomoaeHus Q3.
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Puc. 12. Pacuetnas cxema k 3¢ dexry Jomnepa, rae 1 npueMHUK, a 2 HCTOYHHUK.

Ecnu y Hac xopabns apwxymieiics MCO (cM. puc. 3) Oyzaer Toxxe HOKOUTHCS, TO y HAaC Ha IPUEMHHKE JJOJDKHA
coriacHo kiaccuueckoit popmysie (3-1) Habmogarses yacrora VO*(1-5/20) / (1-10/20) = 1,5*%v0. Teneps mycthb
y Hac kopa0ip UCO nBrxeTcst oTHOCHTENBHO Kopabiist ["anuies co ckopocteio Viso=5 m/c. Eciu npussth
BapHaHT pacueta, koraa 3ta MCO umeeT kak KaroTa CTEHbI, KOTOPBIE YBIIEKAIOT 3a COOOI0 cpeny, T.€. B HallleM
cllyyae BO3JlyX, TO Mbl OyJileM uMeTh yacTU4HO 3akpbiTyto MCO. U ans 3T0ro Bapuanra yBiekaemoro 3¢pupa
(Bo3ayxa) mo ananmoruu ¢ CTO B yueOHHMKaX UHOT/IA MPEJIaraeTcsi pacCMaTpUBaTh HE TO K€ siBJieHue "u3"
neuxyuieiics MCO, a npyroe sBinenne "B" asmxymeiics MCO, u npu a3tom B amxkyiueiics MCO ckopocTs
pacrnpocTpaHeHHs CUrHaia (3ByKa) OCTaBUTh Takoil ke, kak oHa Obu1a B ACO, T1.€. 20 M/c, a cKopocTH
MCTOYHHMKA U npueMHuKa B 3Toit UCO npejuiaraercst mo4eMy-To yMeHbIIHUTh Ha ckopocTh MCO, X0Ts MHE He
noHsATHO Kak 3ta MCO, yBnekas gaxe 3¢pup, moueMy-To MpU 3TOM HE YBJIEKAeT CaMU Tena. A B pe3yJbTaTe Mbl
MOJIYYHM 4acToTy npuHuMaemoro curHaina VO*(1-0/20) / (1-5/20) = 1,33*v0, Ho 1r060My 31paBOMBICIISIIIIEMY
4eJI0BEKY SICHO, UTO, KaK M Mokaszain ["anmunei, B ABMKYIIEHcs KatoTe ero Kopadiisi pe3ysbTaT JOJIKEeH ObLT
MOJYYUThCS TOT )K€ caMblif, T.e. 1,5*V0. Takum 06pa3om, JaHHBIN BapuaHT pacyeTa He UMEeT HUKAKOTro
otHomenus Hu K [10 Tamunes-Herotona mist 3akpeiteix MCO Hu k knaccudeckomy [1O minst otkpeiteix UCO.

ITosToMy KOTZ1a MBI paccMaTpuBaeM kiaccudeckuid s ekt Jomnepa B otkpoiToit MCO, rie cpena nokouTcs,
n3 npyroit otkpsIToil UCO, KoTOpas y Hac ABmxkeTcs oTHOcUTeNbHO ucxoaHoit MCO, 1.e. paccmarpuBaem
knaccudeckuii I10, To Toraa y Hac He TOJIBKO CKOPOCTU MCTOUYHUKA M TPUEMHHUKA OTHOCUTEIBHO ITON
aswkyeiics UCO mpu Viso= 5 m/c 6yayt 5-5= 0 u 10-5= 5, HO 1 CKOPOCTh 3ByKa (MJIH CBETa) OTHOCUTEIHLHO
atoit UCO Gyzner Vs= VSO - Viso= 20-5= 15 m/c no xoxy aBrkenus katoTel 1 VS= VSO + Viso= 20+5=25 m/c B
MIPOTHBOIOJIOKHYIO CTOPOHY. A CKOPOCTh PacIpOCTpaHEeHUsI CUTHANIA VS B IIPOU3BOJIBHBIX HAIPABJICHUSIX B
pa3HbIX OTKPBITHIX ABMKYHIMXCs MCO 11t 3TOr0 BapuaHTa He YBJIEKaeMOl cpelibl, HOKOSIIEHCs: B MCXOJHOM
NCO (y nac sto Bo Becex npumepax oyner ACO), Hanpumep, BO31yXa, BOJI WK d(upa OyaeT B pa3HbIX
HaNpaBJICHUAX U3MEHATHCS TaK, KaK MOKa3aHo BbIIIE Ha puc. 4. BoT Torna y Hac u MOJXY4UTCS TOT e
pesynbrar VO*(1-0/15) / (1-5/15) = 1,5*v0, kak u 10/KHO ObITH HA camoM nene. [Ipu aToMm, ecim 1o xomy
nskeHust MCO u B ApYryro CTOPOHY CKOPOCTh CUTHaJIa Oy/IeT pacCUMTBIBATHCS TaK, KaK 5 CJIeNaj 3TO BhIIIE,
TO JUIS IPOU3BOJILHOI'O HAMPaBJIEHUS, YTOOBI HAUTH 3Ty CKOPOCTh, HAJI0 CHayYasa Pa3joKUTh I
IIPOU3BOJIBHOTO YTJa, 10 KOTOPHIM BBIJIETAET CUTHAJ, HCXOAHYIO ckopocTh VSO no ocsim koopauHat B ACO,
MTOTOM HAWTH CYMMapHYIO CKOPOCTh 10 ocH abcmmce ¢ yaetoM ckopoctr MCO, a 3ateM yke onpee/uTh
cymmapHyto ckopoctb VS B UCO 1 HOBBIN yroi, moJ KOTOpeIM curHan oyzaer asuratbes B UCO.



U eme. Korma mbl paccMarpuBaem skcriepuMeHTHI 110 3 dekty Jloriepa, Hano cebe OTAaBaTh OTYET B TOM, YTO
HabmoaTh UMEHHO 3¢ dekT Jlormiepa, T.e. ”3MEHEHUE YaCTOThl CUTHAJIa TPUHSTOTO HA MPUEMHUKE, Mbl HE
MOkeM HU HaxoJsich B ipyroit MCO, neuxkyiieiics otHocuTenbHo ucxoano MCO, rie Haxonarcs UCTOYHUK U
MPUEMHUK, HU HaX0sCh Aaxke B ToM xe camori MCO, rae oHu IBHXKYTCS, T.K. ISl TOTO €111e OJUH
HaO0II01aTeNb TOJKEH HAXOIUTHCS HAa CAaMOM MPUEMHUKE. XO0Ts, HAallpUMep, TSl CBETa MBI 3TO MOKEM CJIeNIaTh
10 CMEUICHHIO T0JI0C B CIEKTPOMETPE, PACIIONOKEHHOM Ha MPUEMHUKE, HaX0AsCh B 1t00oM Mecte. Ho Mbl,
9TOOBI HE YIIIYONSATHCS B 3TH TOHKOCTH, OYIeM P MPOBEACHUH PA3TUYHBIX BEIYUCITUTEIBLHBIX YKCIICPUMEHTOB
MIPOCTO CYUTATh, YTO y HAC HA IPUEMHHKE YCTAaHOBIIEH MPUOOP, KOTOPHINA (PUKCUPYET IPUHSTYIO YaCTOTY U
MOKA3bIBAET HAM ITO 3HAYEHHUE HAa CBOEM JKpaHe, a MBI €T0 CUUTHIBAEM, HAXOISICh B JIIOOOM MecTe
npocrpancTBa. U tak, 3amaemcst pazauuabsiMu ckopoctssmu MCO Viso u Habmomaem, Haxoaschk B 3tux MCO

ad ekt Jomnepa mporekaromuii Ha mamy0e MOKOSIIErocs: Kopaous, 4to B mpuHnuie 1 dddekra Jomnepa
OyzeT paBHO3HAYHO TOMY, YTO y HAac Kopabiib OyeT JBUraThCsi CO CKOPOCThIO MUHYC ViSO, a MbI OyaeM
HaOmo1aTh TOT 3P QeKT, Haxoasch Ha Oepery. [Ipu 3TOM SBICHHE OTHOCUTEIILHOCTH OJJHOBPEMEHHOCTH,
KOTOpOE B 3TUX JIBYX BapHaHTaX HAOIIOJEHUS JTOJDKHO MPUBOAUTH K Pa3HBIM 3HAYCHUSAM BUAUMBIX KOOPIUHAT
TEJ1, HE TIOBJIMSCT Ha HAIM PE3YJIbTATHI, T.K. B 3THX pacueTax HaM KOOPAMHATHI JJIsl ONIPEICIICHHS yTiia
HaOI0/IeHUs1 BOOOIIE He HYXHBI (OH y Hac mpu npoaoiasHoM dddexte [Jomnepa Bceraa OyneT paBeH HYIIO).

[Tpu 3TOM MBI OyJI€EM pacCUUTHIBATh YaCTOTY MPUHIMAEMOTO CUTHANA V B JOJISIX HCXOTHON YaCTOTHI
nepenatyrka Ha uctounuke VO o popmyaam (3-1) u (3-2), rae yrist Q1 u Q2 paBHBI HYJIFO U KOCHHYCHI YTJIOB
OyayT paBHBI equHHMIIE, a TorAa B pacyere b1=V1/Vs u b2=V2/VS Mmbl MOXeM HCIIOIB30BATh CKOPOCTH HE I10
MOJTYJIIO,  CO CBOMMH 3HAKaMH. A JIJIsl TOTO, YTOOBI HAM BBITIOJIHUTH pacueThl B pa3iaunuHbix MCO,
JBMDKYIIUXCSL OTHOCHUTENbHO Hatred ucxoaHoi MCO (nanomuHaro, y Hac 310 ACQ), HaM mepet STUM HaJo
BBIMTOJHHUTE MPeoOpa3oBaHus KoopauHaT u ckopocreit (a s CTO u Bpemenn) u3 ucxoauoi MCO B
nekymrytocs UCO, 1.e. coriacHo win npeodpasoanusm [anuiest (2-1) win corsiacHO mpeoOpa3oBaHHUSIM
Jlopenna (2-2). Ilpu 3TOM KOOPIUHATHI HCTOYHHUKA M TPUEMHHUKA, TTOJYIUBIIHECS MOCIIe MPpeoOpa3oBaHuit
JlopeHna aysi pa3HbIX MOMEHTOB KOOPAMHATHOTO BPEMEHH, HAJI0 €Ile MPUBOJUTH K OTHOMY H TOMY K€
MOMEHTY KOOPJMHATHOTO BPEMEHH, a UMEHHO KO BPEMEHH MPUEMHUKA, KaK MBI 3TO JIeJalld IPU OTpeeIeHuU
BUIMIMOM JUTMHBI CTEPIKHS, HO 3[IECh HaM 3TO HE MOTpedyeTcs, T.K. HaM He HaJl0 ONPEACISTh Yol HaOIr0IeHHS .
Pe3ysbpTaThl pacyeToB 3aHOCHM B TaONHUILy 3, TJI€ TIepBbie TpU KOJOHKH (mocie ViS0) OTHOCATCS K pacyueTy 1o
dbopmyte (3-2), a cireayromre TpU KOJIOHKH K pacueTy 1o dpopmyiie (3-1) ¢ mocTosTHHON CKOPOCThIO 3ByKa (B
"karote") U MOCJIeHNE TPU KOJIIOHKH 3TO pacuet 1o opmye (3-1), Ho He B "karore"” kopabdiisi, a Ha ero
"many6e", rie ucnoab3yeTcst CKopocThb 3Byka VS oTHocutenbHO ABmxkymieiicss MCO, kotopas He OyAeT paBHa
CKOPOCTH OTHOCHUTEIHHO HEMOBUKHOTO BO3/TyXa, KakK B "Katore".

Tabnuua 3. Pacyet 4acToThl MPUHUMAEMOT0 CUTHaJIA V B JIOJISAX YacTOThI HcTOYHMKA VO MO KITaCCHUYECKOH U
penaTtuBucTckoi popmynaMm ¢ dekra Jlomnepa npu paznuuHbix ckopocTsix UCO.

CTO KJIaccuKa B ''KaroTe" KJIaccHuKa Ha ''manyoe”
Viso__V1iso_V2iso__ v/ivO__ V1iso_V2iso__ viv0 V1iso  V2iso__ v/v0 Vs
0 8 4 0,802 8 4 0,750 8 4 0,750___ 20,0
4 4,35 0 0,802 4 0 0,800 4 0 0,750__ 16,0
8 0 -4,35 0,802 0 -4 0,833 0 -4 0,750___ 12,0
12 -5,26__ -9,09 0,802 -4 -8 0,857 -4 -8 0,750___ 8,0

Kak Buanm, kmaccudeckuii pacueT B "'KaroTe' JeHCTBUTENBHO JIaeT pa3HbIE PE3yNbTaThl, T.€. Y HAC MPHU 3TOM HE
cobmonaercs [10, HO OH 37€Ch M HE JIOJDKEH OBbLT COOII0IaThCsI, T.K. TOT pacyeT, Kak ObUIO MOKa3aHO BHIIIIE,
He siBIIgeTCs KOppeKTHbIM. [loaToMy nanee paccMoTpenue kinaccuueckoro /] u3 paznuunbix UCO B pamkax
kiaccuaeckoro 10 s Oyay AenaTh TOJIBKO Kak BapHaHT C HE YBIIEKaeMOi cpeioi paclipoCTpaHEeHUs CUTHANIA,
T.e. TOJbKO Ha "manry0e”. Tak jxe Hajo cebe OTAaBaTh OTYET U B TOM, YTO NpH npumenenun 110 nabmronareneit
00BEKTa MBI B Pa3JIMYHBIX BApUAHTaX pacyeTa, T.e. pu pazHoit ckopoctu MCO, Habm01aeM OIMH U TOT K
¢busnueckuit mporecc, nporekaromuid B onaoi u3 MCO (ucxomuas MCO) u3 pasusix UCO, a He hakTuuecku
pasHble (PU3UYECKUE MPOIIECCH, KOTIa MBI, Kak Habmtonarens, nepexoaum u3 ogaoi MCO B apyryro UCO, raoe



paccMaTpuBaEM YK€ OPYrue UCTOYHUK U IPUEMHHUK, T.€. ABIKYIIUECS C APYTUMHA CKOPOCTSIMU OTHOCHUTEILHO
stoit HoBori MCO, KoTOphIEe MOTydeHbI TIociie ipeoOpa3zoBannii ['anmies uinu Jlopenna.

Jla, ¢ MaTeMaTH4eCKOW TOYKU 3peHUsI Ipu paccMoTpennn 3 dekra [Jomiepa He OyaeT HUKAKUX pa3Induil U
npu paccmorpenue 3¢ dekra Jlomepa mpoTekaromero ¢ HOBBIMH cKopocTsiMu B aBrkymieiics MCO u B aTom
MOXKHO YOeAUTBCS MpH IoMoLIH Moeid mporpammbl Dopler6, rae moxxHo cMonenupoBats 3¢ dexr Jloriepa kak
B ACO npu ero Habmoaenun u3 neuxyieiics MCO, tak u B atoit apmwkyuieiics UCO, HO ¢ yxke IpyruMu
HayaJlbHBIMM JAHHBIMHU 11 KOOPJIMHAT U CKOPOCTEH MCTOYHMKA U IPUEMHHUKA, IPU €ro HaOJII0JEHUN U3 3TOH
xe VCO. Ilpu 3TOM BTOpOI BapHaHT MOJCIMPOBAHNUS KaK pa3 U Oy/eT 03Ha4aTh, 4TO MbI IO HAOIIOAATEIbHBIM
JAHHBIM B IEPBOM BapHaHTE MOIYYMWIH (PU3UUECKUH 3aKOH, 10 KOTOPOMY MBI MOJEIIUPYEM KaKOe-TO SIBJICHUE B
apyroii UCO, u Takum o6pa3zom noareepxaaeM yacthblil [10, T.k. pe3ynbraTsl npu 1o6oi ckopoct MCO
noJry4aroTes oHH U Te xe. Ho, kak Oyzer nokasaHo janee, OJMHAKOBbIE PACUETHBIE JAHHBIE Yy HAC IIPH 3TOM
OyIyT TOJBKO JIJIsl 3TOTO YacTHOTO ciydast agdekra Jlomiepa, T.e. TOIBKO IS MpoaobHOTO ¢ dekra Jormepa.
[TosToMy mpekaeBpeMEHHO TOBOPUTS 1O pe3ysibTaTaM B Ta0. 3 o coOnroaenuu yactHoro [10 kak npu
KJIACCUYECKOM pacyueTe ¢ HE YBJIEKaeMbIM 3(UPOM, TaK U MPH PEIIATUBUCTCKOM, T.K. 37€Ch y HAaC MO CyTH
IIPOUCXOJUT MTPeoOpa30BaHUe TOJIBKO CKOPOCTEH. A, eciu Mbl OyzieM IpeoOpa3oBhIBaTh €I11€ U KOOPUHATHI,
KOTOPBIE MOBJIUSAIOT Ha yroil HabmoneHus, To 00a 3tux [10 cobmonarbes HE OyAyT.

[Tpu 3ToM mocie mpeoOpazoBanuii JIopeHIa it CKOPOCTeH UCTOYHHKA U PUEMHUKA pacdeT 3¢ dekTa mo
PENATUBUCTCKOM (popMyJie 1aeT HaM OJJMHAKOBBIN pe3ynbTaT He TOJIbKO IpU pa3Hoil ckopoctu UCO, HO U B
"karote" Kopabis u Ha ero "'many6e”. Bens u mpeobpazoBanus JlopeHna u popmyna s peISTHBUCTCKOTO

s dexra [Jomnepa, Tak sxe kak u Bcst CTO co3naBanuck A YUCTO T€OMETPUYECKOTO PAaCCMOTPEHUS
(bU3NIECKUX SIBIICHUH B MAaTEMaTHUECKOM MyCTOTE. A 3/IECh BCE PaBHO I'/Ie MBI HAXOIUMCS - B "'KaroTe" Kopaois
WK Ha "'many6e”, T.K. MaTeMaTh4yecKasi IycTOTa COBEPILIEHHO HE BIHIET HAa MPOTEKAaHUE MPOIIECCOB MPHU 3TOM.
Ho 3z1ech y Hac u knaccuueckuid pacuet uist oTKpeIThiX MCO, T.€. pu CKOPOCTH 3BYKa U3MEHSIOIIEHCS B
pasubix MCO, Toxe naer Bo Bcex MCO oauMHAKOBBIN pe3yibTaT, XOTs OH U OTJIMYAETCS OT PEIATUBUCTCKOTO
pesyabTara. [lo3ToMy yTBEpKAEHUE O TOM, YTO pelaTUBUCTCKas Gpopmyina adexra [loriepa qaeT oIMHAKOBEIE
pe3yabTathl B pa3zHbix NCO, 1 mo3TOMY He 1M03BOJIIET ONpPEenuTh adcomoTHyo ckopocts MCO, a
KJlaccuueckas popmysa 1aeT pa3Hble pe3yibTaThl U IOATOMY IO3BOJISIET 3TO C/EJIaTh, YK€ OIIMOOYHO, T.K. B
HallleM NpUMepe pa3HbIMU OHU TOJTYYarOTCs TOJIBKO MPU HEMIPABUIBHOM KJIaCCHYECKOM pacueTe.

Ho yxe mo 3tum ganabsIM A71s poAoiasHoro ¢ dekra Jlomaepa Mbl BUIUM, UTO JJIsI MEXaHUYECKHX CHCTEM
kinaccndeckuii [1O 310 Bee jke He YacTHBIN ciiydait penstuBuctckoro I10 DitHmrelina, T.e. popmyna (3-1) ato
HE YaCTHBIH cirydait hopmyisl (3-2), KoTopast JOJDKHA TPUMEHSATHCS TOJIBKO MPU MAJIBIX CKOPOCTSX, T.K. 371€Ch
MBI €€ MOKEM IIPUMEHSTH ITPH CKOPOCTSIX UCTOYHHUKA M MMPHUEMHHKA JIaXKe PABHBIX CKOPOCTH PaCIpPOCTPaHEHUS
B3aMMOJICHCTBUS WIIM CUTHANA, T.€. 3ByKa. Ml TOUHO Takue ke BBIBOJBI MBI CMOXKEM CJIENIaTh, €CIIU PACCMOTPUM
HE MEXaHWYECKUH MPOIIeCcC C aKyCTUYSCKUMHU BOJIHAMHU, a SIBIICHUS CBS3aHHBIEC C AJICKTPOMArHUTHBIMHA BOJTHAMH
U B TOM YHCIIE CO CBETOM, €CJIH MPH KIACCUYECKOM pacueTe OyJeM TOUHO TaK K€ BBIUUCISITh HE CKOPOCTh
3BYyKa, a CKOPOCTb CBETa, KOTOPBIM OyJIeT pacpOCTpaHAThCS y Hac HE B BO3AyXe, a B agupe. Takum ob6paszomM, s
HE BHUKY HUKAKHUX TPUYUH 3asBISATh, yTo Kiaccuueckuii [10 3To wacTHBIN cnydait penstusuctckoro 10, 1.e.
JUTSE MaJIBIX CKOPOCTEH, T.K. 3TO pa3HbIe MPUHIMITEL. [[03TOMY HIIM OJTMH M3 ITHX TPUHITUIIOB BBITOJHIETCS KaK
JUTSE MEXaHUYECKUX SBJICHHM, TaK U AJIS DJIEKTPOMATHUTHBIX, WJIH STUX MPUHIIMIIOB B IPUPOJIE HE CYIIECTBYET.
A, ecim T1O cymecTByeT, TO U3 TaHHBIX Tabm. 3 caemyeT, uTto oaHa u3 dpopmyn s dddexra Jlommepa
HenpaBuiibHas. M, kak OyeT moKa3aHo Jajee, HelPaBIWIbHON SBISETCS PENSITUBUCTCKAs opMysia U MPU 3TOM
OHa He OyjieT MHBapHaHTHA K MPpeoOpa3oBaHusM JIOpeHIIa BOPEKH 3aBEPEHUSAM PEIISITHBUCTOB, a KJIacCHYECKast
dbopmyna ans rddekra omnnepa OyaeT UHBapuaHTHA, HO K mpeoOpa3oBanusM [anunes. Xots camoe
WHTEPECHOE 3/IeCh TO, YTO, KaK OyeT MoKa3aHo Aajiee, He CMOTPS HA Ha KaKyl0 HHBApUAHTHOCTb, 00€ 3TH
(GhopMyITbI OITPOBEPTAIOT HATTMYKE B IPUPOJIC KAK KIACCUYECKOTO, TaK U PEeNSITUBUCTCKOT0 yacTHoro [10.



2.1.2 DxcnepuMeHTalbHas IPOBEPKA YACTHBIX IPUHIIMIIOB OTHOCUTEIBHOCTH.

[Ton sKCTIEpUMEHTAIBHON MTPOBEPKOI OOBIYHO MOHUMAIOT IPOBEICHHE HATYPHBIX SKCIIEPUMEHTOB, T.€. C
UCIOJIb30BAaHUEM CaMUX OOBEKTOB MCCIIEI0OBAHHUS, HO 371€Ch Mbl OY/1€EM IPOBOJUTH BHIUMCIINTEIIbHBIC
HKCHEPUMEHTHI HA MATEMaTHYECKIX MOJIEIISX ITHX 00bEKTOB (siBJeHui). [Ipu 3TOM MBI OyziemM co3naBaTh
MaTeMaTHYeCKUe MOEIIH, BOCIIPOU3BOAILNE pa3IMUHble (PU3HUECKUE SIBJICHHS C UCIIOIb30BAHUEM KaK
KJIACCUYECKMX 3aKOHOB TAK U PEIIATUBUCTCKUX U IIPOBEPATH KaK OHU COOTBETCTBYIOT YACTHBIM JUHAMUYECKUM
1O B ycnoBusiX, KOTOpbIE Mbl Oy/ieM 3a/1aBaTh. A IPEUMYILIECTBO BBIYMCIUTEIbHBIX IKCIIEPUMEHTOB
3aKJII0YAETCS HE TOJBKO B TOM, YTO IIPY 3TOM 3HAYUTEILHO YMEHBIIAIOTCS 3aTPaThl HA IPOBEACHUE
JKCIIEPUMEHTOB, HO U B TOM, YTO MHOI'ME HATYPHBIE SKCIIEPUMEHTBI UJIM OYEHB CIIOKHO BBIIIOJIHUTH 10
TEXHUYECKHUM ITPUYMHAM WIA HE BO3MOKHO BBIIIOJHUTH B IIPUHIUIIE, & B BBIYMCIUTENBHBIX JKCIIEPUMEHTAX HA
MaTeMaTHYECKUX MOJIEIISIX Pa3IMYHBIX CUCTEM TaKUX MpoOJeM He BO3HUKAET. [Ipu uem, Kak BBl yBUAMTE Jajee,
TaKHe BBIYUCIUTEIIBHBIC SKCIIEPUMEHTBI HA MATEMAaTUYECKMX MOJIEIIAX ITOJIE3HBI HE TOJIBKO B TOM Clly4yae, KOraa
MBI HE MOXKEM PEIINTh AaHAJTMTUYECKH CUCTEMbI YPaBHEHUH MaTeMaTH4YEeCKOM MO/IEH, YTOObI HAWTH KOHEUHBIN
pe3yibTat, HalpuUMep, IPU HeIMHEHHbIX AnpdepeHInalIbHbIX YPaBHEHHUSIX WIN B 33/1a4€ TPEX Tel, HO Jaxe
BpoJie OBl Ha MPOCTEUIINX MOJEISX. A TTOAPOOHO O3HAKOMHUTHCS € PA3TMYHBIMU TOAXOIAMH IS
MaTEMaTHUYECKOI0 ONMCAHUS SIBJICHUI IPUPOABL, T.€. I CO3/IaHUS MaTEMaTUUYECKUX MOJENIEH Pa3IMUHBIX
CHCTEM, Bbl MOXKETE B MOeii cTathbe [76].

[Ipu 3TOM, rOBOPS O KJIACCUUECKUX 3aKOHAX IPH JIBUKEHHUE JIBYX U O0Jjiee Tel, BO3IEHCTBYIOIIUX APYT Ha Ipyra
Ha paccTOsIHUHU, Hanpumep, i d3pdexTa [loriepa noapasymeBaroT 01M3K0IeiiCTBHE, T.€. KOHEYHOCTh
CKOpPOCTH 3BYyKa MJIU CBETa, a, HallpUMep, FOBOPS O 3aKoHe TAroTeHus: HproToHa (1715 3apsiioB OyaeT
aHaJOrMuHbIi 3akoH KynoHa), moapa3zymeBaroT AalbHOJCHCTBUE, T.€. MTHOBEHHOE BO3/JICHCTBHE OJJHUX TEJT Ha
ApyTHUe, KOTJa CKOPOCTh PacIpOCTPaHEHHS STOTO BO3ICHCTBHS MPUHUMAETCS paBHOW OECKOHEUYHOCTH.
ITosTOoMy, TOBOpS O KJIACCHYECKHUX 3aKOHAX, 51 Oy/ly YETKO pa3/ieNaTh UX Ha KJIACCUUYECKHE 3aKOHBI
ONMM3KOICHCTBYS U KJIACCUIECKUE 3aKOHBI NATBHONCHCTBHS. A JUISl BCEX PENITUBHUCTCKUAX 3aKOHOB TaKOE
JefieHre He TpeOyeTcs, T.K. TaM y Hac KpyroM JeKJIapupyercs 0JIM3Ko/eicTBIE, T.e. KOHEYHOCTh CKOPOCTH
nepeiauM, Kak CUTHAJIOB, TaK M BO3/€UCTBUN OHUX Tel Ha Apyrue. [IpaBna, kak Mbl yBUAUM Jlajee, 3Ta
KOHEYHOCTb CKOPOCTH, KaK I€pEIayil CUTHAJIOB, TaK U BO3ACUCTBUN OJHUX TEJ HAa JPYTHE TOJIBKO
JeKiIapupyercs, a (PakTUUECKH BO BCEX ITUX PEJIATUBUCTCKUX 3aKOHAX OHA HCIIOJIb3YETCs] paBHOM
0ECKOHEYHOCTH, T.€. Kak 3TO 1 0b110 Y HptoTOHa /11t rpaBuTanmu. [lpu 3ToM, paccmatpuBast sBJICHUS C
B3alMO/ICHICTBUEM TeJ 110 3aKOHAM KJIaCCUUECKON MEXaHUKHU g 0y1qy B 000uX BapuaHTax (opMaIbHO
UCMOJIb30BaTh YeThipe 3akoHa HeroToHa (mumoc Kynona), XoTs Ha caMmoM Jienie st Oy1y UCIOIb30BaTh TOIBKO €r0
2-011 3aKOH | 4-BIH 3aKOH TATOTCHHS JTsl Mace Wi KyioHa st 3apsijioB, T.K. 1-bIif €ro 3aKOH HaM 371eCh He
HYXeH, a 3-ui npu 6;Iu3KoAeHCTBIM He OyaeT coOIoaaThes.

N nipu aTOM ero 2-0if 3aK0H 51 Oy Ty MOUYTH BCET/Ia UCIIOJIb30BaTh B (HOPMYIHUPOBKE, KOTOPYIO Jai Djep, T.K. B
y4eOHUKaxX UMEHHO 3Ty (pOpMyTUPOBKY Ha3bIBAIOT 2-M 3aKOHOM HbIOTOHA, a y Hero ObliI MPUHIMITHAIBHO
npyroii 3akoH. Bens HbI0TOH co3/1ai onmcaTeNlbHYI0 MEXaHUKY, 0a3UPYIONTYIOCS Ha KOJTUYECTBE ABHKCHUS, U
MOATOMY Y HEro 2-0if 3aKOH B COBPEMEHHOM 3anucy BeITIIUT kKak d(m*V)/dt=F, a Ditnep cozgan
AHAIMTHYECKYIO MEXaHUKY, 0A3UPYIOIIYIOCS Ha CHJIaX, U MIO3TOMY y HETO 3TOT 3aKOH BBITISANT Kak a= dV/dt=
F/m. K Tomy >xe 3T0 MMeHHO Diiiiep 1ajl MaTeMaTHIecKoe ONpeieieHIe YCKOPEHHIO (Tak ke, KaK U CKOPOCTH,
KOTOPOT0, KaK ObI 3TO HE [M0Ka3aJloCh CTPaHHbBIM, B TO BpeMs HE ObLIO) U IMO3TOMY, T.K. MBI Ceifuac B KJIaCCHKe
ucroiss3yeM Boipakenue a= dV/dt= F/m, To norndecku momydaercs, 4To TOBOPUTH HAJ0 00 ITOM 3aKOHE, KaK O
3akoHe Dunepa. Ho, 9To0s1 He myTaThes, 5 ero Oyny Ha3bBaTh 2-M 3akoHOM HproToHa. Benp B mpoTHBHOM
clly4yae MpHUJIETCsl BCIOMHUTB M O TOM, 4TO 1-blif 3akoH HetoToHa OBl chopmynupoBan ["anuneem, a 3-uit
Jleonapno na Bunuu. U ¢ 4-M 3aKOHOM TOX€e BO3SHUKAIOT IPOOJIEMBI, T.K. HEKOTOPbIE Ceyac CUUTAIOT, YTO
BIlepBbIe OH ObLT chopmynupoBal ['ykom. Ho TyT s cuutaro, 4To ujest 0 TOM, YTO CHIIbI IPUTSHKEHUS MEXKIY
TeraaMHu 00paTHO MPOIMOPLHUOHAIBHBI KBAAPATy PACCTOSHUS MEX]ly HUMHU, OBICTpee BCEro, MpUIILIa U K
Herotony u x I'yKy npakTHuecku 0JHOBPEMEHHO, T.K. 3Ta UJIes IPOCTO BUTAJIA B BO3JIyX€ TOTO BPEMEHH.
[ToaTomy, TOBOpS O KITACCUYECKUX 3aKOHAX, 51 Oy/1y Ha3bIBaTh UX 3aKkoHaMH HbIOTOHA, KOTOPBIN MEpBbIM
00BETUHUIT UX B CUCTEMY 3aKOHOB.



BaxHbIM TOCTOMHCTBOM IMIPOBEICHUS BEIUMCIUTEIBHBIX SKCIICPUMEHTOB SIBIISICTCS TaK K€ U TO, YTO OHH
n30aBiseT HaC OT HEOOXOIMMOCTH IO HaOII01aeMbIM KOOPIMHATAM TeJl HAXOAUTh UX UCTUHHBIE KOOPIAMHATHI C
Y4eTOM TOTO, UTO CBET MJIM 3BYK OT HAOIOIAaEMBIX HAMH 110 CBETOBBIM HIIM 3BYKOBBIM CUTHAJIAM TMOJIOKEHUN
TeJ AOCTUT IPHOOPOB (HAOIIOATENS ), HAXOSIINXCS B KOHKpETHOM Touke ABmxkymmerics MCO ¢ kakoit To
3aJIepP’KKOM, BRI3BAHHOW KOHEYHOCTBIO CKOPOCTH cBeTa min 3Byka. A juist CTO 310 BOoOIIE eTMHCTBEHHBIH
BO3MO>XKHBIN BapUaHT IIPOBEICHHS SKCIIEPUMEHTOB, T.K. TaM 3Ta 33/I€pKKa CBETa HU KaK HE YUUTHIBACTCS U Y
MHOTOYHCIICHHBIX BHPTYalbHBIX HabmoaaTeneit (mpuoopos) B MCO HeT HUKAKOTO ONMpeAeIEeHHOTO
MOJIOXKEHHUS, a TIOATOMY B HaTypHbIX kcriepumMeHTax CTO mpocTo Henb3st IpOBEPUTH OJIHO3HAYHO. TOYHO Tak
K€ HaM IMPH BBIYMCIUTEIBHBIX KCIIEPUMEHTaX HET HEOOXOAUMOCTH 33lyMBIBAaThCSI U O TOM, KaK HaOJIr0/1aTeNb,
Haxosmmiica B UCO, y3HaeT, Halipumep, 4acTOTy CUTHaIA MIPUHATYIO IPUEMHHUKOM, T.K. HAOJIIOaTh 3TO U3
NCO npakTudecku He BO3MOXKHO (KpOME HEKOTOPBIX YAaCTHBIX CJIy4aeB 110 KOCBEHHBIM npu3Hakam). Ho s Bce
e MPU MPOBEACHUH IKCIIEPUMEHTOB ¢ 3P pekTom [lormepa BEIIOTHUI YEThIPE [OABApPUAHTA pacueTa dToOU
YaCTOTHI 110 Pa3JIMYHBIM HAOIIOaeMbIM Napamerpam [69], koTopeie Bce Aanu TOT ke pe3yJibTar, 4yTo u
HEMOCPEACTBEHHBIN 3aMep ITON YacTOThI HAOII01aTesIeM, HAXOASIIMMCS Ha pueMHuKe. Boliie Mbl yxe
YaCTUYHO HavajH paccMaTpuBath 3¢ dexr Jomiepa, KOTOPBIHA SBISETCA YUCTO MEXAaHUUYECKUM SIBICHUEM IS
KJIACCMYECKON MEXaHUKH, €CJIM Mbl paCCMaTPUBAaEM PACIIPOCTPAHEHHUE 3BYKOBBIX BOJIH, U PN TUBUCTCKUM,
€CJIM MBI pacCCMaTPUBAEM PaCIPOCTPAHEHUE IIEKTPOMArHUTHBIX BOJIH, T.€. cBeTa. [loaTomy u mpoBepky
vactHoro I10, T.e. s UCO, HauHeM MMEHHO ¢ 3TOro sABjeHus. B cBoeii crathe [69] 51 y)xe paccMmoTrpen
PE3yJIbTaThl TAKMX 3KCIIEPUMEHTOB, BBIMOJIHEHHBIX C HCIIOJIb30BaHHEM mporpamMmbl Dopler6, mosromy ceiivac s
MIPOCTO MM03aMMCTBYIO OTTY/1a OJTy4YeHHbIE pe3ynbTaTel. MonenupoBanue kinaccuyeckoro s¢dexra Jomnepa y
MEHSI POUCXOAMIIO TaK, KaK 3TO MOKa3aHo Ha puc. 13, r1ie y Hac MCTOYHUK CUTHAIA (KPACHBIN KPY>KOK BHU3Y)
Y IPUEMHUK (CUHUI KPYKOK BBEPXY) ABIXKYTCS C 3aIaHHBIMH CKOPOCTSMU TOPH30HTAJILHO CJIeBa HAMPaBO.
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Puc. 13. BeruuciauTenbHbINA SKCIIEPUMEHT 10 PACTIPOCTPAHSHHUIO BOJH OT ABHXKYIIIETOCS Ha HYJIEBOH BBICOTE CO
ckopocThio 10 M/c MCTOYHMKA 2 ¥ MPUHUMAEMBIX JIBMKYITUMCS Ha BBICOTE 50 M CO CKOPOCTBIO 6 M/C
MIPUEMHHUKOM 1. B 3e5IeHBIX Kpy)KKax MEXIy ABYMs IOJOKEHUSIMHU UCTOYHHMKA U IPUEMHUKA yKa3aHbl HOMEPa
MEepPUOJIOB CUTHAJIA, T.€. MEKy MOMEHTAMH BPEMEHH, KOT/ia MepeIaTYrK Cclieall OJHO KojieOaHue U MPUEMHUK
MPUHSIT CUTHAJIBI HaYalla U KOHIIA 3TOro KoJjicbanus. BocnpousseneHo u3 padots [69].

Ha ncrounnke ycTaHOBIICH ITepefaTYUK CUHYCOUIATIbHBIX CUTHAJIOB, KOTOPBIM N'EeHEPUPYET UX C 3aJaHHOU
HamM yactoToil VO, 1 B Hayasie Ka)10ro HOBOro Iepro/ia KojebaHuil y Hac OT TOro MOJIOKEHUs, I/1€ OH
HAXOJUTCS B JAaHHBII MOMEHT, pacrpocTpaHsieTcs GpoHT chepruuecKkoil BOJIHBI, YTO MOKHO PacCMaTpUBaTh U
KaK JBM)KEHUE ()POHTOB CUTHAIOB IPU KPATKOBPEMEHHBIX BCIIBIIIKAX CBETA WM KOPOTKUX 3BYKOBBIX CUTHAJIOB
C 3aJlaHHOM 4acTOTONW. MBI ITpU 3TOM 3alIOMUHAEM KOOPAWHATHI HCTOYHUKA U BpeMs CO3/1aHus (PPOHTA BOJIHBI, a
IPU AOCTIKEHUH STUM (POHTOM NMPUEMHHUKA (PUKCUPYEM BpeMs IIPUX0/1a BOJIHBI U 3aIIOMUHAEM €0
KOOP/AMHATBI B 3TOT MOMEHT. 3aTeM I10 3TUM KOOPJMHATAM MbI pACCUMTHIBAEM YIJIbl HAOJIIOCHMS, a 110 IBYM
MOMEHTaM MPHUX0JIa K MPHEMHUKY (DPOHTOB BOJIH OIIpeieNIsieM epHo/] IPUHITOTO CUTHATIA U 3aTeM 10 HEMY
paccUMTBHIBAEM YaCTOTY IpUeMa V Ha MHTEPBAJIe MEXAY ABYMs MOJIOKECHUAMU NIPUEMHHKA. Beap naxe npu
IIPOBEJICHUH HATYPHBIX SKCIIEPUMEHTOB HUKAKOM NPHUOOp HE MOXKET ONPEENIUTh YaCTOTY IIpUeMa II0Ka OH He
IIPUMET MOJIHBIA Nepuo]] CUTHAJIA, a PH IBUKEHUU PUEMHHUKA 3TO BCerAa OyAeT Ha KaKOM TO MHTEPBAaJIe €ro
IIyTH, IO3TOMY IPUHATAs YacToTa Oy/IeT COOTBETCTBOBATh CPEAHEMY YIUIy HAOIIOCHUS MEKIY yIilaMU
HaOJI0ICHUs B Havyalle IpUeMa OJJHOro Iepuo/ia KojaeOaHus U B KOHLIE.

ITpu 3TOM, rOBOpPS O KOOPAMHATAX M CKOPOCTSIX Pa3iIMUYHBIX Tel, KOTOpble ABMKYTCs B McxoaHoi MCO (y MeHs
sto Beerna ACO), a Mbl HaOmoAaeM 3a HUMHU U3 paznuyHbix MCO, ABMKYIIUXCSA OTHOCUTEIBHO UCXOHOM
NCO, To MBI 0oJIy4yaeM KOOPJMHATHI U CKOPOCTH, KOTOPbIE OYyT HE aOCOIIOTHBIMHU, @ OTHOCUTEJIbHBIMY, T.€.
otHocuTenbHO Haeilt ICO. bosee Toro, 3Tu KOOpAMHATHI U CKOPOCTU OYAYT HE WJCAIbHBIMU (MCTUHHBIMHU), &
BUJMMBIMH (HaOII01a€MBIMH ), T.€. UICKa)KEHHBIMH BCIIEICTBUE 3a/I€P’KKU CUTHAJIOB (CBETOBBIX MJIM 3BYKOBBIX),
pacnpoCTpPaHSIOLIUXCS ¢ KOHEUHON CKOPOCTBIO OT 3TUX Tel 10 HaOmoaarens. Ho vu y lanunes, Hu y
HerotoHa, npu paccmorpernnu umu ux 10, 1.e B popmynuposke [13, Hu y DiiHiTeiiHa, IpU pacCCMOTPEHUU UM
1O B ero nepBoii GopMyITUpOBKE, HH T/I€ HE YUYUTHIBACTCS 3T 3a7€PIKKa, T.€. PeUb HIET 00 UIeaTbHbBIX
KOOp/MHATax. A, €ClIi €€ YUUThIBaTh, 4TO OyJeT HaOII0AaThCS B HATYPHBIX HIKCIIEPUMEHTAX, TO MBI OJIYyYUM
Takue HaOJIr0JaeMbIe TaHHbIC (Hanpumep, cM. puc. 55 u 56 B moeii ctatbe [69]), koTOpbie OyAeT MPaKTUIECKU
HEBO3MOXHO aHaIM3upoBath. Uto kacaercs ["anunes u HploToHa, TO OHM paccMaTpUBaIM MEXaHUYECKHE
SIBIICHHS, TJIE 9Ta 3a/Iep’KKa He Oy/IeT CHIIbHO MCKaXaTh UIeaIbHbIE KOOPAMHATHI M CKOPOCTH TEI, a BOT Y
DOHHIITEiHAa TPU PACCMOTPEHUH IEKTPOMArHUTHBIX SIBIICHUM, TJ€ Tela U MOTEHLUAIIbI JBIXKYTCS CO
CKOPOCTSIMH COITOCTaBUMBIMH CO CKOPOCTbIO TIepejaun CUTHAJIOB HAa0JII01aTeNto, 3Ta 3aiepiKKa OyJIeT
Kap/IMHAJIBHO UCKaXaTh 3TU JaHHBIE M Mbl HE CMOKEM UX aHAJM3UPOBATh Ha MPEAMET COOIIOACHUS TIPU 3TOM
1O Ge3 mepeBo/ia BUIUMBIX OTHOCHTEIBHBIX KOOPIWHAT B UCATbHBIE OTHOCHTEIBHBIE KOOPAHHATHI.

[ToaToMy BO BCeX HMKECIEAYIOIUX BBIYUCIUTENbHBIX SKCIIEPUMEHTAX 51 Oy1y cpa3y HaXOAUTh UJl€aIbHbIE
OTHOCHUTEJIbHBIE KOOPAMHATBI U CKOPOCTH, T.€. ITOJIy4aIOLUECS IIPU YCIOBUH, YTO CUTHAIIBI O MOJIOKEHUSIX TEIN
JOXOJIAT 10 HabmoaaTesnss MrHOBeHHO, a B CTO 3To mpoCcTO MOCTYIHUPYETCs TEM, YUTO MHOXKECTBO BUPTYAJIbHBIX
HabmroAaTeneil Bceraa HaXoAaTCs pAZOM C TeJlaMu, 3a KOTOPBIMU MbI Ha0JII0JaeM, U COOOIAlOT "Ti1aBHOMY"
HaOJII0/1aTeINI0 UX HIeabHbIe OTHOCUTENIbHbBIE KOOPIUHATHI U CKOPOCTH, T.€. TYT HE MOXKET ObITh HUKAKOM
3aJIep’KKU B puHIMIeE. [Ipy 5ToM 1 MOMEHTBI CO3/1aHNUsI CUTHAJIAa HA HCTOYHHUKE U €70 NMPUX0Ja K IPUEMHUKY, Y
MEHSI TP BBIYUCIUTEIILHOM dKCIIEpUMEHTE Oy1yT (PUKCHPOBAThCs O€3 3a/1ep’KKU Ha BpeMsl UX
pacrpocTpaHeHHs 0 HaOroaaTens. A B TeX Cilydasix, Korja Hajo OyZleT IpH pacueTax y4ecThb 3aJAepKKy 110
BPEMEHU PacpOCTPaHEHUs CUTHaJa MJIH MOTEHIMalia, HalpuMep, pu pacueTe 3¢ dexra Jonnepa umu npu
CHJIOBOM BO3/IEHCTBUU OJJHUX T€J Ha APYyTue, TO 5 OyAy CHEelHaIbHO M0 HIeaTbHBIM KOOPAUHATAM
paccunThiBaTh BuauMble. Hy, a B pealibHBIX S9KCIIEPUMEHTAX MPHUIETCSI HA000POT MO BUAMMBIM OTHOCUTEIBHBIM
KOOpJMHATaM PacCUMTHIBATh UJ€AJIbHbIE OTHOCUTEIbHBIE KOOPAMHATHI C YUETOM 3TOM 3a/1ep>KKH, YTOOBI TOTOM
HCIOJIb30BaTh UX B KAKUX TO pacyeTax, € Hy)KHbI H/1€aIbHbIE OTHOCUTEIbHBIE KOOPAUHATHI.

[Tpu sTOM, T.K. yacTHble quHaMudeckue [10 rmacsaT, YTo 3aKOHBI PUPO/IBI MHBAPUAHTHBI K PE0OPa30BaAHHIM
lanmnes nnum Jlopenna, 1.e., HabIrO1ast 32 KaKUM TO SIBJICHHEM, MpoTekaronuM B ucxoanoit MCO (y mens 31o



oyner ACO) u3 paznuunbix UCO, IBHKYIIUXCS OTHOCUTENIBHO HEE, MBI ITOJIyYUM I10 3TUM Ha0JI0JaTeIbHBIM
JTAHHBIM OJTHU U T€ k€ (PU3nuecKkue 3aKOHBI, TO 51 Oyy MoaenupoBath 3 dekt Jomrepa B ACO u no xomy
BBIYUCIIUTENILHOTO AKCIIEpUMEHTa Oy 1y MpeoOpa3oBbIBaTh KOOPAMHATHI UCTOUYHUKA U TprueMHuka u3 ACO B
NCO, nemxyniuecs ¢ pa3audHbIMA CKOPOCTAMHU. W 11 KITaCCHYEeCKUX 3aKOHOB 51 Oy/1y UCTIOJIb30BaTh
npeoOpazoBanus ["anunes, a 1J1s peNITHBUCTCKUX 3aKOHOB 1peodpa3oBanus Jlopenna. Ho mporpamma Dopler6
MTO3BOJISIET ITPOBOMTH BHIYMCIUTENbHBIE SKCIIEPUMEHTHI He Tosibko B ACO, HabIto1as1 32 KAKUM TO SIBJICHHEM
u3 paznnunbix MCO, Ho 1 B aTHX pasnuunbix MCO, Moaenupys Ipyu 3TOM SBJIEHUE T10 TEM K€ 3aKOHaM yKe B
camoit UCO, HO ¢ HaYaIbHBIMU JAHHBIMU (KOOPAWHATAMH M CKOPOCTSAMU Tell JJisi KOHKPETHOIO MOMEHTA
BpPEMEHH ), KOTOPBIE MOJTyueHbI Iocie npeodpazoBanus B 3Ty MCO HavalbHBIX JaHHBIX, KOTOPHIE Y HAC ObUIN B
ACO. U npu 3ToMm, Hannpumep, 111 3 dekra Jomiepa pe3yabTar moxydaeTcsi OUH U TOT )K€, XOTsI TeTephb U
Habmoaarens Haxoawicst B UCO u caMi HCTOYHHK CUTHAJIOB U IIPUEMHUK, T.€. sl BOCIIPOM3BOIUII ATO SIBJICHHE
0 TeM ke 3aKoHaMm, HO B ipyroit UCO u ¢ npyrumMu UCXOAHBIMU JaHHBIMU. W 3TO Kak Obl MOATBEpKAaET
BBIBOJIBI yacTHoro 10, T.K., ecinu MbI o HabmrogaeMbiM U3 aBrxkymieiics MCO kooparHaTaM Tell TOTyYuIH
KaKOM-TO 3aKOH, a TOTOM CMOJICITUPOBAJIH C UCIOJIb30BAHUEM ITOT0 3aKOHa siBjeHue B aBuxymieiics MCO u
MOJTY4YMJIH, HaOIro1ast 3a Tenamu u3 3toi ke MCO, Te xe HaOmro1aeMble KOOPAUHATHI, TO 3TO UMEHHO TO, YTO U
yrBepxaatoT yactable [10. Ho, kak Oynet nokaszaHo ganee, naxe rnpu paccmorpenuu adpdexra Jlomnepa, koraa
MOJTyYarOTCs OJTMHAKOBBIE pe3ybTatThl, yacTHbIE [10 He OyayT coOmoaaThes, a B IpYrUX SKCIEPUMEHTaX y
MeHs He HaOII0AaNoCh JJa)Ke COOTBETCTBUS PE3yIbTATOB MPU PACCMOTPEHUH CMOJICIIMPOBAHHOTO SIBJICHUS B
ACO u3 UCO u npu ero MoJenupoBaHUM ¢ HOBBIMU HavajabHbIMU JaHHBIMU B ICO n Habmonenun uz MCO.

ITpu 3TOM BBIYMCIUTENbHBIE SKCIIEPUMEHTHI, JAaHHBIE [0 KOTOPBIM s IPUBELY B 3TOH CTaThe, BCE MPOBOAUIUCH
JUI 3ByKa B CPE/i€ C OCTOSTHHOM IJIIOTHOCTBIO, a JJIsl DJIEKTPOMArHUTHOIO U3JTy4€Hus, T.€. 11l CBETA, B CpeJIe C
MIOCTOSIHHOM ONTHYECKOH MJIOTHOCTBIO CPE/Ibl, YTOOBI HE YUUTHIBATh H3MEHEHHE CKOPOCTHU CBETA MIIU
TPAEKTOPUU €T0 IBUKEHUS IPU NEPEXO0JIE€ U3 CPEJIbI C OJTHOM ONTHYECKON IUIOTHOCTBIO B CPENy € APYroi
ONTHUYECKOH IUIOTHOCTBIO, KaK s 3TO Aenan B cratbe [69]. Hamudue takoit cpeapt ot CTO Hu yeM He TPO3HT,
T.K. HU BEJINYMHA CKOPOCTHU CBETA, HU HAIPABJIEHUE €T0 JBUKECHUS U3MEHATHCS IIPU 3TOM He OyIyT U 3T0 Oyner
IIOJIHOCTBIO COOTBETCTBOBATH noctysaty CTO o0 mocTOsIHCTBE M M30TPOITHOCTU CKOPOCTH cBeTa B pasHelx MCO.
A BOT a1 kiaccuueckoit Mmoenu dddekra [Jomiepa Hanuumne Tako cpebl YpeBaTo TeM, YTO Y HAC TeTephb
CKOpOCTh cHrHaia (OyIp TO 3ByK WITH CBeT, IBIKyIuiics B ACO) HaOr01aemMast 13 JBHKYICHCS
otHocuTenbHO Hee CO, OyaieT He M30TPONHON B pa3HbIX HANpaBICHUIX U OyAET Tak *ke, Kak U HaOIrogaeMble
u3 MCO ckopoCTH UCTOYHMKA U IPUEMHHMKA, BEIYUCIATHCS COTIacHO Mpeodpa3oBanusaM [anuies. 3to
MIOJIHOCTBIO COOTBETCTBYET TpeOOBaHUAM Kilaccuueckoro ¢ ¢ekra Jlonnepa ass 3ByKa, €Ciid Takoi cpeaoi
CUMTATh BO3YX, KOTOPBII HENOABMKEH OTHOCUTENBbHO ACO, HO, HCXO1s U3 KIIACCUYECKON MEXAHUKH, TaK
MO>KHO pacCMOTPETh U JIBUKEHHE CBETA B HEMOABUKHOM oTHOcuTesnbHO ACO adupe.

W mawxe nipencraBieHb! TpadUKi 3aBUCIMOCTH OTHOIIICHHUS 9aCTOTHI V, IPHHITONH PUEMHUKOM, K 9aCTOTE
nepenaturka VO B QyHKIMH OT yriia HaOJIIOACHHS PU CKOPOCTSIX U UICTOYHHUKA M MMPHEMHHKA TOJIBKO M0 OCH
abcruce, as penstuBucTckoro addext Jomnepa (na puc. 14) u ans kinaccuaeckoro ¢ dexra Jomnepa (Ha
puc. 16). KoHKpeTHO 371eCh 1 MOJICTUPOBAJT JIBH)KEHHE UCTOYHHUKA CUTHAJIA M €r0 TIPUEMHHKA MTPH UX JBHKCHHUE
B ucxonuoit UCO, xoropoii y menst 6si1a ACO, ¢ TOpU30HTATBHBIME CKOPOCTMHU NpueMHnKa VX1=6 m/c n
uctounuka VX2=10 m/c 1 HavanbHBIMU KoopanHaTamu X1=56,6 M, X2=0 M, Y1=50 m u Y2=0 M 1711 MOMeHTa
Bpemenu 1=0, T.e. mpH JaHHBIX OTPAXEHHBIX Ha puc. 13. A Takke 37eCh MOJEIMPOBAIOCH PACTIPOCTPAHEHHE
CBETa WJIU 3BYKa CO CKOPOCThIO 20 M/C OT UCTOYHUKA CUTHAJIOB ¢ COOCTBEHHOM YacToToi VO B pa3HbIE CTOPOHBI
Y B TOM YHCIIe 10 IPUEMHHUKA, T/Ie TOT CUTHAI QPUKCUpoBaics ¢ yactoToi V. [Ipu mpoBeaeHnn 3Tux
IKCIIEPUMEHTOB 5 3a1aBai pazauyatbie ckopoct MUCO otHocuTensro ACO, T.e. VXiso=-9, -6,-3,0,3,6u 9
M/c u Habmrogan u3 atux MCO 3a omHUM U TeM ke siBJIeHHeM, KoTopoe npoucxoauio B ACO.

[Tonmy4yeHHbIE MHOIO SKCIIEPUMEHTAIbHbBIE JaHHBIE IPUHITON YacTOThI, KOTOPbIE HAOIIOJAIMCh U3 Pa3IMYHbIX
NCO, otpaxeHbl Ha HIKENPUBOIAIMXCS TpaduKax CHHUMH TOUYKaMH, a pacYeTHbIC 3HAUYEHUs, T.€. 1O
(bopMynaM KIacCHYEeCKOro M peNiiTUBUCTCKOro 3¢ dekroB Jlomepa, moyueHHbIE IPH TEX Ke 3HAUCHHIX
Ha0JI0/1aeMBIX KOOPAMHAT U CKOPOCTEH, KpacCHBIMU ToukaMu. W 3T Habmto1aeMble KOOPAMHATHI M CKOPOCTH
TeJ, KOTOPBIE UCIIOJIb30BAITUCH B pacyeTax, ObLIM UCTHHHBIMHU, T.€. UACATbHBIMU, 4 HE BUIUMBIMH, T.K. B
MOCJIEIHEM CiIy4ae, KakK 5 yXKe MHcajl, €ClIu Mbl OyZeM HCI0Ib30BaTh UMEHHO BUAUMBIE KOOPIUHATHI TE, T.€.



Ha0II0TaeMBbI€ C 33JIePXKKON CHUTHAIA OT 0OBEKTOB 710 HAOIIOIATENS, TO MBI IOJTy4aeM rpaduku, KOTOPHIE He
MOJJAI0TCS aHAIIM3Y J10 BBIYMCICHUS UCTUHHBIX KoopAauHat. HanomuHaro Takxke, uro y OuHmreitHa B CTO
HCIIOJNIL3YIOTCS TOXKE HE BUAUMBIE KOOPAUHATHI, a TICEBIOPEaIbHBIC, T.K. HE YUUTHIBACTCS TO 0OCTOSITENBCTBO,
YTO CUTHAJ OT 00BEKTa 10 HAOJIIOAaTeNIs MPUXOIUT C 3aJIePIKKOH (BUPTYyaIbHbIE HAOMI01aTeIN BCEraa
HAXOJATCS PAIOM ¢ OOBEKTOM U MTHOBEHHO (PMKCUPYIOT €r0 KOOPAUHATHI), T.€. GUKCHUPYIOT peabHbIE
(MCTUHHBIC) KOOPAMHATHI, HO MPH ATOM CTPAIITHO BPYT, KOTJa IEPEIAt0T 3TH 3HAYCHHS "TJIaBHOMY"
HaOmonarento B aBmwkyiryrocs MCO, T.e. B KOHIIE TO KOHIIOB KOOPIUHATHI TIOTYYAIOTCS y’KE HE PEATbHBIMHU.
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Puc. 14. OTHOIIEHNE YaCcTOTHI IPUHATOTO CUTHANA V K UCXOAHOM yactoTe nepeaarynka VO s
pensTuBUcTCKOro 3¢dexra Jlomnepa npu pazHeix ckopocTsix MCO B pyHKIUY 3aMa3/1bIBAIOIIUX YIIIOB
HaOmroneHus1. crounuk u npueMHuK ABUKYTCs B ACO 1 HaOII01at0TCs U3 ABUKYIIEHCS OTHOCUTEIIBHO HEe
NCO. BocmipousseneHo u3 pabots [69].

U nHa puc. 14 Mbl BUIUM, YTO NPH MOJIEIMPOBAHUH PENATUBUCTCKOrO 3¢ dekra lomnepa, Habmonaemas yacToTa
MPUHSATHIX CUTHAJIOB JJIs1 KQX/10T0 Iepro/ia (BepXHUE TOUKU I'paMKOB) COBMAAET JUIs JIFOOBIX CKOPOCTEH
NCO, 13 KOTOpBIX MbI HAOIIOAEM 3TO SIBIIEHUE, HO TaKOH 3 (EKT MmosryyaeTcs Mpy pa3HbIX yriiax
HaOmoeHus. [lpu aToM rpaduku, mocTpoeHHbIE 110 HaOII0JaeMbIM 3HaUeHUSIM 3 dekTa Jlomiepa u
PACUETHBIM, T.€. PACCUMTAHHBIM 110 popMmyrie (3-2), B pyHKLIUH OT 3ama3AblBaIONIKX YIIIOB HAOIOICHHS, T.C.
npy OJIM3KOACHCTBUHU (KOOPIMHATHI HCTOYHUKA MOJTyYat0TCs T€, KOTOPhIe BUIUT MIPUEMHHUK), B Kaxon u3 MCO
COBIIAIAI0T, 4TO (hopMasbHO BpoJie Obl moaTBepxkaaeT [10 DitHiuTeiiHa, HO 3TO He Tak. AHANU3UPYS TpaPUKH,
MBI BUJIUM, YTO TIPH 3aMa3/IbIBAIOIIEM YIJIe HaOII0IeHNs paBHOM, Harpumep, 90 rpaaycoB u HaOIOgaeMbIe
JaHHbIe 10 3G EKTy U pacCUUTaHHBIE TIO (opMmyIe (3-2) MOTy4atoTCsl pa3Hble PHU HAOIIOACHNUHU U3 Pa3HbIX
NCO, Ho cam rdpdext domnepa, KoTOpsIit OyaeT puKkcupoBaTh MTPUEMHUK, HE JOJIKEH 3aBUCETh OT TOTO U3
kakoit UCO MbI cMOTpHUM Ha TabJ10, pacronokKeHHOe Ha MPUEMHHUKE U MOKa3bIBaIOIIee YacToTy npruemMa. Benp,
Jla’)Ke PaCCUMTBIBAsA, HAIIPUMED, BPEMs HACTYIIJIEHUS COJTHEUHOT'O 3aTMEHMSI 110 COBEPIIEHHO Pa3HbIM
kuHeMatuyeckuM Teopusim [Itonemes n Konepurka Mbl moinydaem cornacHo kuHemarudeckoro [10 oano u
TOXKE 3HAaYE€HHE BPEMEHHU. A TYT y Hac noiy4daercs, uto B ucxoanoir UCO (VXiso= 0) Oyzxer HopMabHbIH
nonepeunsiit 3¢ ekt Joruiepa, T.e. mpuHUMaeMas yactora OyJeT MEeHbIIIe HCXOAHOM, HO pu V Xis0= 9 m/c ero
HE TOJIBKO He Oy/IeT, a Aake Ha000pOT MpUHUMAaeMasi 4acToTa Oy/1eT HEMHOT'O OOJIbIIEe UCXOAHOM.

U toxe camoe OyneT ecinu Mbl OyaeM HaOaroaaTh 3T0T 3¢ ekt nporekatouuii B UCO, nBuxyeics ¢ Kakoi To
CKOpPOCTBIO OTHOCUTENBHO ucxoaHoi MCO, u nipu 3TOM 3a1aiM HayalbHbIE JaHHBIE IS TTpoIlecca
MojenupoBanus B aemxkymeiics MCO cornacHo mpeoOpasoBanusm Jlopenna. Ilpu atom camu rpaduku
MOJTy4aTcs T€ Ke caMble, XOTA U OylyT 4yThb-UyTh CIBUHYTHl OTHOCUTEIBHO I'Pa(pUKOB NOTYYEHHBIX PU
mojenupoBanuu saeineHus B ACO u npu Habmoaennu 3a HUM u3 MCO. D10 00bsACHSIETCS HEMHOTO pa3HbIMU
HayalbHBIMU KOOPAMHATAMU UCTOUYHUKA U IPUEMHUKA, T.K. I10cJIe peodpazoBanuii JIopeHna s uX MpUBOAUI B



NCO x oqHOMY KOOPAWHATHOMY BpeMEHH (KO BpeMEHH NMPUEMHHUKa). TakuM 00pa3oM, MOIydaeTcsi, 4To, €CIIH
CTO npaBWJIbHO OMHUCHIBACT MPOIECCHI, MPOTEKAIOIINE B MPUPOJIC, T.€. HAOIIOJaeMbIE B HAIIEM
BBIUUCIIUTENILHOM dKCIIepUMeHTe 3HaueHus a3 dekra Jlomnepa OynyT HabIIOAATHCS U IIPU TPOBEACHUU
HATYpPHOTO 3KCIIEPUMEHTA, TO B PEJIATUBUCTCKON (hopMyJie HAI0 OTPA3UTh TO, YTO MPU HAOIIOJECHUH U3 OTHON
NCO y Hac Bpems B Hell TOHKHO 3aMeUIAThCS, a ipu Habmroaenun u3 apyroii UCO, amxkymieics ¢ npyroi
CKOPOCTBI0, HA000POT YOBICTPATHCS, T.K. IonepedHbii 3@ dekt Jomiepa moinyyaercs TO MEHbIIE €AUHUIBI TO
Oonbire. A B TakoM cirydae popmyna (3-2) He MHBapuaHTHA K npeoOpa3oBanusiM JlopeHa At KOOpAUHAT,
CKOPOCTEH U BpEMEHH, T.K. TOJDKHA OBITh PAa3HOM JUIsl HCTIOJNB30BaHMs B HEl HaOmogaeMbIx U3 pasHbix NCO
KOOpJMHAT, CKOPOCTEN U BPEMEHH.

Jla, ¢ MaTemMaTH4eCcKO TOUKH 3peHHs cama dopmysa s pacuera dddekra Jomepa (3-2) Bpoae Ob1
MOJy4YHJIaCh MHBAPHAHTHOH, T.K. B Jito0oi MCO naet ogHO ToKe 3HAUEHHUE STOT0 AP QeKTa I Kax10ro
Mepuojia CUrHalla, 4TO ¥ HaOJII01aeTCsl B BRIYUCIUTEILHOM dKcriepuMente. Ho u HabmoiaTenbHbIe
(3KCIEpUMEHTAJIbHBIE) JaHHbIE, KOTJa Mbl MOJEIMPOBAIIN ITO siBJieHHUE 110 3akoHaM CTO, u paccunTaHHbIE 11O
dhopmyie (3-2) momydaroTcst pa3HbI€ IS OJTHOTO U TOTO )K€ yIila HaOJIIoACHUs ITpH Habro1eHnH 3a 3P dhekToM
Homepa u3 paszubix MCO, a atoro, cornacuo yactroro [10, He nomkHo 0b1Th. [ToaTOMY U camu 3akonsl CTO,
T.€. 0 cyTHu npeodpaszoBanus Jlopenna, u popmya (3-2), koTopasi MoJy4eHa ¢ UX HCIOIb30BaHHEM, HE
noaTBepkaatoT Hamumaue yactHoro [10. bonee Toro, coBepuieHHO HE MOHATHO KaK IO SKCIIEPUMEHTAIBHBIM
JTaHHBIM Ha pucC. 14, KOTOpbIe OTpaXaroT MPOTEKAIOINE PU 3TOM mpoliecchl ¢ Touku 3perust CTO, monyduts
eIMHYI0 IPABUIIBHYIO (GOPMYITY pelsTUBUCTCKOTO dddexTa [loriepa, T.e. HGopMyTy SBISIOIIYIOCS 3aKOHOM
MIPUPO/IBI, a HEe MaTeMaTuku. bosee Toro, ecau Obl HAM WHOTIAHETSHE COOOIIIIIN TPABUILHYIO
PENSATUBUCTCKYIO (POPMYITY, TO IO HAOIIOAATEIbHBIM JAHHBIM, OTPAKEHHBIM Ha puc. 14, MbI ObI 2JIEMEHTAPHO
CMOTJIH ONPEEIUTh a0COMIOTHYIO ckopocTh Hamel CO, a 3To npotuBopeunt teoperudeckum ocHoBam CTO.

U naxe, ecu mocuutarh hopmyny (3-2) mpaBUIbHOM, TO M B 3TOM CITy4ae MOXKHO OTPEICIUTh a0COIIOTHYIO
CKOPOCTh 3eMJIH M HE TOJIBKO TEOPETUUYCCKH, HO JaXKe MpakTHuuecku. Hanmpumep, HaOIr01as1 3a MyJIbCapoM IIpH
IBUKEHUH 3eMild OTHOCUTeNbHO COJHIIA CHavyala B OJIHY CTOPOHY, a IIOTOM B IPYTYIO CTOPOHY, KOT/la Myabcap
OyJIeT pacroI0KeH MEePIEeHIUKYIISIPHO HAIIPABIECHUIO IBIKEHUS 3eMitu. [Ipu 3TOM MBI TIoJy4aem JiBa 3HaYCHUS
MPUHITON YacTOTHI M UIMEEM JIBE HEU3BECTHBIC BEIMUMHBI - AOCOMIOTHYIO cKOpocTh CouHIla U abCOMOTHYIO
MOIEPEYHYIO0 CKOPOCTh MyJIbCapa, T.€. HUMEEM JIBa YPABHEHUSI U IB€ HEU3BECTHBIC BEIUYUHEL. [Ipu aTOM
paauanbHasi CKOPOCTh IyJibcapa Hac HE HHTEPECYET, T.K. B 000UX clydasix oHa OyAeT OJIMHAKOBO U3MEHSTh €T
UCXO/HYI0 YacToTy. Ho McxoHas 4acTora mysnbcapa OCTaeTcsi HaM HEU3BECTHOM, TIOATOMY, HaJl0 OyAeT
BBITIOJTHUTH €11I€ U MOA00HBIE IKCIIEPUMEHTHI ¢ APYTUMHU MyIbCapaMHu, a TOTOM MOA00PaTh UX UCXOTHBIC
9aCcTOTHI TaK, 9YTOOBI PE3yJIBTATHl PACYETOB COBITAJIM BO BCEX dKCIepuMeHTax. Jla, corimaceH, 4ro 3TO OYCHb
CJIO’KHAsI TIPOLIeypa, HO BCe ke OHa Bo3MoxHa. CrienoBarensHo, TeopeTndeckuii BiBog CTO o ToM, uTo 1o ee
3aKOHAM HeJb3sl OMPEAEIUTh a0COMIOTHYIO ckopocTh Hameir UCO, oHO3HaYHO OTHOO0YEH.

Taxum o6pazom, Hu cama CTO, Hu TIoTy4YeHHasI B €€ paMKax penstuBuctckas popmyna sadpdexra Jomepa,
COTJIaCHO TMOJYYE€HHBIM HaMU HKCIIEPUMEHTAIIBHBIM JaHHBIM, HE COOTBETCTBYIOT [10 DiiHmTeiiHa u,
cienoBarensHo, CTO mpocTo oTpaxkaeT GanTa3uu DUHIITEHHA U HE UMEET HUKAKOTO OTHOIICHHUS K HAyYHOU
Teopuu. Beap KpuTepreM HCTHHHOCTH HAayYHBIX TEOPHil Bceraa Oblila MpaKTHKa, a DWHILITEHH, co3/1aBasi CBOIO
CTO, 3a kxpuTepuit ICTUHHOCTH MIPUHSUT MHBAPHUAHTHOCTH YPABHEHHM ISl 3aKOHOB MIPUPOJIBI, T.€. BCE CBET K
roJION MaTEMaTUKE, OTPAKAIOIIEH MPUIyMaHHbIE UM U1l TPUPO/bI IPUHLHUIIBL. Beap DWHIITEWH Tak U MUIIET
"C nomowywio npeobpaszosanuii Jlopenya cneyuanvhvlil NPUHYUN OMHOCUMENbHOCIU MOXCEM Oblmb
chopmynuposan credyiouum 00pazom: 3aKoHbl NPUPOObl UHBAPUAHMHBL OMHOCUMENILHO NPeodpaA308aHuUl
Jlopenya", n Jlanaay eMy BTOPUT "'ypasHeHus, evipasxicaroujue 3aKOHbl NPUPOObL, UHBAPUAHMHBL O OMHOUEHUIO
K npeobpazo8aHusim KOOpOUHAm u pemeHu om 0OHOU UHEePYUATIbHOU cucmembl K opyeou' . Ho TyT Mbl
COBEpIIICHHO HE BUJIUM, KaK 9TH 3aKOHBI COTJIACYIOTCS C TIPAKTUKOMN, T.€. KaK OHU MOJATBEPKIAIOTCS
IKCTIIEPUMEHTAIIBHO, XOTS, MHOTIa MbI M UATAaeM y DUHINTEHHA, YTO TIPH 3TOM "s61eHUs NpUpoObl NPOMEKAIOM
omuocumenvro cucmemuvt K' no mem srce 3akonam, umo u omnocumenvuo cucmemvr K"'. I 310T uncro
MaTeMaTUYECKHUI TOIX0/T MOMBITAIUCH YCTPAHUTh B OpMYIUPOBKE, JaHHOU B BCD, cnenas ynop He Ha
MHBApUAHTHOCTU YPABHEHUH, a HA CAMHUX SIBJICHUSAX U MBI UUTaeM " (npuHyun omuocumenvHocmu JUHumeuna)
- ymeepaicoaem, 4mo 6ce Qus. A6NeHUsL (MeXaHuy.,0nmuy., 91.-MdaeH. U 1odvle opyaue) npu 00OUHAKOBLIX HAY.



YCRo8UAX npomeKarom 00UHAKOBO 80 8CEX UHEPYUATbHBIX cucnmemax omcuéma". Ho onsaTh Taku u TYT HC
IIOHATHO - KaK € Mbl CMOKEM OIIPCACIIUTE TO, KaK IIPOTEKAIOT 3TH (1)1/131/1%01(1/16 SIBJICHUS.

A TYT KpoMe Kak MO JaHHBIM HaOJIIOJCHHUI B HATYPHBIX SKCIEPUMEHTaX s HE 3HAIO APYroro crnocooa, T.e.
MOJIY4aeTCsl, YTO BBIPAKEHUE "MPOTEKAOT" AIKBUBAJICHTHO BhIpakeHHI0 "HaOmromaroTcs". Ho, ecu B
dbopmynupoke [10 Hanmmcath, 4TO SBICHUS IPH OJUHAKOBBIX HAYAJIBbHBIX YCJIOBHAX U3 onHoit NCO
HaO0III0Ial0TCs Tak ke, Kak v u3 apyroid NCO 1 mo3ToMy ONMMCHIBAIOTCS OJTHUMHU U TEMH K€ YPaBHEHUSIMU, TO
3Ta GOpPMYIHPOBKA BOMAET B IPOTUBOPEUNE C TAaHHBIMU Ha puc. 14, rae Mbl BUAUM, YTO U HAOIIOgaeMbIe U
pacueTHble 3HaYeHUs1 camoro 3¢ dekra Jlomiepa npu 0JHOM M TOM ke yriie HabIoAeHus OyayT pa3Hbie. A 'y
DiiHIIITeiHA MBI BOOOIIIE HUYETO HE HAXOUM O HaOoaeHusX sBiieHui (y Hero B CTO maxe HeT MecTta
peaibHOMY Ha0JI01aTeIN0, KOTOPBIN ObI CO CBOMMHU MTPHUOOpaMu HAOII01aMd SIBJICHUS, @ €CTh Kyda BUPTYaJIbHBIX
HaOIro1aTeNel, KOTopbIe IepeaaroT coodeHus "riaBHomMy" HabmoaaTento). A, ecnu B popmynuposke 110
DiiHiTeliHa, faHHoM B BCO, 106aBUTh HaOIIOATEINS, TO MBI ITOTYyYUM Takyto GopmynupoBky ero I10O "ece
@u3. asnenus (Mexanuy.,0nmuy., 31.-MacH. u noobvle opyeue) npu 0OUHAKOBbIX HAY. YCI0BUAX HAOII00AIOMCSL
00UHAKOBO 80 BCEX UHEPUUATILHBIX CUCTNEMAX OMCUEma U, C1ed08amenbHo, 80 8CeX IMUX CUCEMAX U
ONUCHIBATOMCSL OOUHAKOBLIMU YpasHeHusMu'", TO 3Ta GopMyTupoBKa OyaeT uacHTuIHa Gpopmyauposke [1D
lanunes-HeroToHa, a 0Ha KapAuHAIBHBIM 00pa3oM otnuvaercs ot [10 DiiHiiTeiHa, T.K. MOCIEIHUI TOBOPUT O
HAOJIIOACHUSAX OHOTO U TOTO K€ siBeHus "u3" pa3usix oTKpbIThIX UCO, a ['anuneit 1 HproToH ToBOpST 0
HaOII0/ICHUU Pa3HbBIX SBICHUHN, HO TIPU OJIMHAKOBBIX HaYalIbHBIX YCIOBUSX, "B" pa3HbIX 3akpbIThix NCO.

A aBropsl popmynupoBku [10 Ditnmreitna B BCO He BUAAT 3TuX paznuuuii u 6or1ee Toro numyt, 4ro [10
DUHIITENHA "codeporcum Kak npedeibHblil CAy4at npu MAavlx o CPABHEHUIO CO CKOPOCMbIO C8EMA CKOPOCMAX
men I anunes npunyun omuocumensnocmu'. Takum 006pa3om, Mbl BUAUM, 4TO DHHIITEHH mipu cozaanue CTO
Tak "'3amyTain ciuensl’, uTo gaxe aBropel BCO, korma nonerranuck npudau3nth Matematuky CTO k ¢usuke, He
CMOTJIH MIOHATH O 4eM OH nucai, popmynupys coii [10. Beas maremarrka HacTONBKO CHIIbHA (WK ci1ada),
9TO, KaK Mucasl DUHIITEIH, TO3BOJISIET AaXKe caMoro ce0si 00BECTH BOKPYT MabLia, [I03TOMY, B IPUHIIUIIE, €CITH
MoCcTapaThCsl, TO MBI MOXKEM U 110 JaHHBIM HaOIrofeHuii Ha puc. 14 nokaszars [10 DiiHinTeiiHa qake B TaKOi
dbopmynupoBKe "gce Qu3. aenenus (Mexanuy.,onmud., 31.-MacH. U 10ovle opyeue) HabIOarmcs 0OUHAKOBO U3
8CeX UHEPYUATbHBIX CUCTEM OMCYEMA U, C1e008aAMeNbHO, 80 8CEX IMUX CUCTNEMAX U ONUCHLIBAIOMCA
00UHAKOBLIMU YPAGHEHUSAMU, M.€. MU YPAGHEHUS UHBAPUAHMHbBL OMHOCUmMeNbHO npeobpaszosanuil Jlopenya”.
J171s 5TOrO0 HaM Ha/I0 TOJBKO MPEACTABUTH JaHHBIC Ha pUC. 14 B HECKOJIBLKO HHOM BHUJIE.

W nHa puc. 15 BBl BUIUTE 9TH XKe TAHHBIE, T1Ie Tpa(uKu MOCTPOSHBI He B (DYHKIIMU OT 3ama3bIBAIOIINAX YTIIOB
HaOI0IeHNs, a B QYHKIMHU OT TEKYIIUX YIJI0B HAOIIOACHUS U OT BpEMEHU HaOII0IeHUS Ha IPUEMHHUKE,
koTopoe Juist pazHbix UCO, rie oHo TeueT B 3aMeAJIEHHOM TeMIIe, PUBEJEHO KO BpeMeHu nmpueMmHuka B ACO.
Hanomunaro, 4to 3anasapIBaromiye yribl HaOar0AeHUs ONPEaeIIstoTCs, KOTr/la TOYKa HaX 0K IeHU] HCTOYHHUKA
Oepercsi B TOT MOMEHT BPeMEHH, KOor/1a ObUT CO3/IaH CUTHAJ, a HE B TeKYIIH MOMEHT BPEMEHH, KOTJa STOT
CHTHAJI IOCTUT MIPUEMHHUKA. A, T.K. B 9KCIIEPUMEHTE Y Hac 3aJ[aHbl TOJIbKO TOPU30HTAIbHbBIE CKOPOCTH
WCTOYHHKA U MIPHEMHUKA, T.€. UX a0COITIOTHBIEC YIIIBI CKOPOCTEW PABHBI HYIIIO, TO 3aI1a3/bIBAIOIIHE YTIIbI
HabroieHus y Hac OyAyT paBHBI HAaOJI01a€MbIM OTHOCUTENIBHBIM YTJIaM CKOPOCTEH, HO ¢ 0OpaTHBIM 3HAKOM,
9TO JUIsI KOCHHYca yria B popmynax (3-2) He ©MeeT 3HaUeHHUsA. A Tak jKe, YTOUHSIO, YTO Ha rpaduKax yriibl
HaOJI0ACHNH paCCUUTHIBAINCH MHOIO KaK MOJyCyMMa OT 3TUX YIJIOB B HayaJle MPUHUMAEMOro Nepruoia
CHTHAJIa ¥ B KOHIIE, a pacueTHAast YacTOTa MOJTy4YeHa Kak MOJyCyMMa MTHOBEHHBIX 3HAYEHUH PACCUYMTAHHBIX 110
dopmyse (3-2) 11t 3TUX Ke ABYX YIJIOB HaONIOAEHUS.
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Puc. 15. OTHOIIEHHE YacTOThI MPHHUMAEMOTO CHTHAJIA V K UCXOIHOW YacToTe VO JUIs peIsITHBHCTCKOTO

s dekra [omnepa npu paszubix ckopocTsx MCO B pyHKIIMM CpeTHEro 3a epuo TeKYIIEero yria HabIoeHs
(cneBa) ¥ B pyHKIIMM CpEeTHETO BPEMEHH IpHeMa Mepruo/ia CurHaa (crpasa). MICTOUHUK ¥ IPUEMHUK JBHIKYTCS
B ACO u HabmoaroTes U3 ABMKyIeiics oTHocutensHo Hee ICO. Bocnpousseneno u3 padots! [69].

Kak BuanMm, B 3THX ABYX BapHaHTax MPEACTABICHUS JaHHBIX y HAC MPU pensTuBUCTCKOM 3¢ dekre lomnepa
HaOmonaembie U3 pasHbix UCO 3HaueHus agdekra He TOIBKO COBMAAAOT C PACUETHBIMHU, HO TIPH STOM U
rpaduky, monydeHHsle npu HabmoaeHusx u3 pazusix MCO, noayyaroTcst OHU U T€ e, YTO OTHOCTHIO
noareepkaaet 110 DitHmTeliHa qa)ke B IPUBEICHHOW MHOFO BBIIIE GopMyTUpoBKe. BOT TOIBKO caM ekt
Jlomepa Bceryia pacCYMTHIBAETCS IO pealbHOMY, T.€. M0 3ala3/bIBaI0IIEeMy, YTy HAOII0IeHus, T.K. TOJIBKO B
3TOM CJTy4ae HaOJIt01aeMbIe JaHHBIC COOTBETCTBYIOT JICHCTBUTEIILHOCTH, U TPAQUKH BCETAA CTPOSATCS B
(GYHKIIUM KIMEHHO OT 3Toro yria. [loatomy, Aa, 4MCTO MaTeMaTUYECKU MBI B 3TOM CIy4ae JIOKaXeM
AKCIIEPUMEHTAIBLHO cripaBeIuBOCTh [10 DifHIITeHA, HO /ISl TPaHUKOB 10 TEKYIIEMY YTy HAOIOICHUS ITO
OyZeT o3Ha4yaTh, YTO CUTHAJT OT HCTOYHHKA JI0 MPUEMHHIKA PACTIPOCTPAHSIETCSI MTHOBEHHO, T.€. MBI OyJIeM
HMMETh JTaJTbHOJACUCTBHE, KaK 3TO ObLI0 Y HhI0TOHA U1 TpaBUTALIUM, KOTOPOE B COBPEMEHHBIX TEOPHX (KaK
KJIACCMYECKOM, TaK M PENSITUBUCTCKIX ) OTPHUIIACTCS IS JTIFOOBIX B3aUMOJICHCTBHUI U B TOM UUCIIE JUIS
AJIEKTPOMArHUTHBIX, T.€. ¥ JUIA CBeTa. TyT K€ BBIHYXKJIEH 3aMETHUTh, UTO B penaTuBUcTckux Teopusx (CTO u
OTO) ne-dhaxTo IeHCTBUTEIBHO UCIIOIB3YETCS 3TO CaMoe albHOAeHCTBHE (M Aajiee MbI B 9TOM yOeanumcst), HO
Ipu 3TOM He OyneT Hukakoro ¢ dexra Jlommepa.

Hy, a npencraBnenue qaHHbIx HaOmroaeHui n3 pasHeix MCO no BpeMeHu HaOIII0ICHHSI MHE Ka)KeTCsI
HACTOJIBKO dK30TUYECKHUM, YTO 3TH I'pa)uKH MOTYT 3aHHTEPECOBATH TOJIHKO MAaTEMAaTHKO-(PH3UKOB, TOITOMY
KOMMEHTHUPOBATh g TYT HU4Yero He Oyny. Ckaxy TOJIBKO, YTO B (PYHKIIUM BPEMEHU HU KTO 3TH rpaduku
HKCIIEPUMEHTAIBHBIX JaHHBIX HE TOJIBKO HE CTPOUT, HO B HAIIIEM CITyJae 3TO M HE BO3MOKHO CJIENIaTh
MPAKTUYECKH, T.€. TIPU MPOBEJCHUN HATYPHBIX SKCIIEPUMEHTOB. TakuM 00pa3oM, YUCTO MATEMaTUYECKH MBI
MO>KEM J0Ka3aTh U MHBApUAHTHOCTh PEIATUBUCTCKON popmyinsl apdexrta lomepa u 110 DitHirelina, HO 5 ObI
MIOCOBETOBAJI MAaTEMaTHKO-(h)U3UKaM B CBOMX (PAHTA3UAX HE CIUILKOM JAJIEKO OTPHIBATHCS OT
JENCTBUTEILHOCTH. BBI Jk€ TOMHUTE, YTO TPOU30IILIO ¢ "MaJeHbKON MTUYKA", KOTOpas MOAHSIIACH CIUITKOM
BBICOKO K COJIHILY. A Take MOT'y ellle NpuBecTH ciaoBa AHTyaH e CenT-Ok3tonepu "Hcemuna - smo 6oece He
Mo, 4mo MOACHO YOeoumenbHo 00Ka3amo, 3mo mo, ymo oenaem ece npowje u nousmuee". [loaroMy Hago
OYEHb OCTOPOKHO OTHOCHUTBCS K Pa3IMUHBIM JI0Ka3aTeNbCTBAM, KOTOPbIE COJIEpKaT oIyl MaTeMaTHKy MaJlo
CBSI3aHHYIO ¢ (pU3MUecKuM cMbIcTIoM. Min, mepedpasupyst U3BECTHBIN CIIOTaH, MOKHO CKa3aTh, YTO
"ype3MepHoe yrnoTpedIeHe MaTeMaTHKU ONAacHO /71 Bame Gpu3uku (MCUxXuKun)".

U, 3akaHuMBas pacCMOTpEHHE PeNSITUBUCTCKOTO 3¢ dekrta JJomnepa, xouy eiie 100aBUTh, YTO B CBETE
MOJTyYEHHBIX HAMU PE3YJIbTaTOB MHE HAKOHEI-TO CTaJI0 MOHATHO, ToYeMy O(puIaIbHas HayKa YIIOPHO He
npu3HaeT B o0mien popmyie Aiisca (3-2) poACTBEHHHUILY IBYX YacTHBIX (opmyl DitHinTeiHa 1 3 dexra
Jloruiepa, XOTsl OHa JaeT Te ke Pe3yabTaThl, 4To U (GopMyibl DIHIITEHHA (€CTIM HE CUUTATh UACOJIOTHIECKUX
MIPOTHBOPEUUH PEIIATUBUCTOB M AiiBca, KOTOpbIH ObLT TPOTUBHUKOM CTO 1 1MO3TOMY BBIBOAMII CBOIO (POPMYITY
U3 APYrUX TEOPETUUECKUX MPEINOChIIOK). OKa3bIBaeTCs, C UCIIOJIb30BAaHUEM 3TOM (OPMYIIbI CTAHOBUTCS OoJiee
yeTko BueH nojuior CTO, korga npu CKOPOCTSAX U MCTOYHUKA U TPUEMHHMKA 3aJaHHbIX B Tpou3BoibHOM MCO
HaM IpeJyIaratoT Ui TOro, 4ToObl paccuutaTh 3¢ ekt Jomnepa mo ogHoi u3 popmyn DifHIITElHA,



MPOU3BECTH Mpeodpa3oBanue koopauHat u ckopocreit wiu B MCO1 npuemnunka nnu B UCO2 ucrounuka, HO
IIPU 3TOM 3a0bIBAIOT CKA3aTh, YTO YIJIbl HAOIIOACHUS IIPU 3TOM MOJydaroTcs pasHble. Jla, 3T yribsl OyayT
pasHble u mocie npeodbpazoBanuit Jlopenna mis npumenenus popmyssl (3-2) s pasasix MCO, HO pacueT o
3TOM (hopMyJie SIBHO IMOKA3bIBAET PEATbHBIN Yoy HAOIIOICHUS ISl PACCUMTAHHOTO HaMU 3HadYeHus 3 dekTa, a
npuMeHeHne GopMyit DUHIITEHHA MTO3BOJISET 3TOT (aKT CIPATATh 32 MacCOi Mpeodpa3zoBaHuil, KOTOPHIE
00513aTeNIbHO HA/I0 CIeIaTh, YTOOBI BOCIOIB30BATHCSA 3TUMHU (POPMYJIaMH JJaXKe B TOM CIIydae, €CIId Mbl
paccuntbiBaeM 3 dexT Jomnepa B ucxoanoit MCO.

A Temnephb JaBaiiTe IOCMOTPHUM KaKH€E y Hac MojryyaTcs HabJIrogaeMble JaHHbIE IPY TPOBEACHUN
BBIYUCIIUTENIHOTO SKCIIEPUMEHTA Ha MaTeMaTHIeCKO Mozienn kiaccuyeckoro addexra Jlomepa, T.e. Koraa y
Hac ¢ dext Homnepa Oyaer moaenupoBatbesi B oTKpbiToli ACO, rae nokoutcs 3dup, a HaObMoaaThCA OyIeT U3
JBIDKYIUXCS OTHOCUTENBHO Hee OTKPHITHIX CO, KOTOpHIe, T.K. SBISIOTCS OTKPHITHIMU, HE YBICKAIOT 32
co0o1o 3(up, 1 TOCMOTPUM KaKHe y HAC MOTYy4YaTcsl JaHHbIC paccuyuTaHHbIe 1o hopmyie (3-1) mpu
HabmogaeMbix 13 MCO ckopoCTAX U KOOpAWHATAX UCTOYHHKA U IpueMHuKa. Kak BuguM, HabmogaeMble U3
pasubix UCO nannbie o 3HaueHuto a¢dexra Jloriepa ans Kaxa0ro nepuojaa CUrHaia nojly4yarTcs y Hac, Tak
ke, kak 1 B CTO, onsith 0MHAKOBBIC (CM. pHC. 16), HO ONATH TAKU MPH PA3HBIX yIriiaX HAOIIOCHHUS, TOITOMY
Bce rpaduku s pasubix MCO OyayT pa3Hbie. A BOT paccurTaHHble 110 ¢popmyie (3-1) ¢ ucmonb30BaHHEM
Ha0JII0JaeMBIX TIPU 3TOM ITApaMETPOB pacyeTHbIC 3HaYeHUs dpdexTa Jloruiepa He TOIBKO HE COBIATAIOT C
Ha0I10/1aeMBbIMU 3HAUCHUSIMU JJIs TEX Ke YTII0B HaOI0AeH s, HO noiydaroTcs ams Bcex UCO oauHakoBbIMU U
COBIAJAIOT C HAOJIOIaeMBIMHU JTaHHBIMH TOJIBKO 1ipu VXiS0= 0, T.e. npu HabmroaeHusx B ACO. 3nech npu
monenupoBanuu >pdekra JJomiepa B ACO y Hac cCKOpOCTh CUTHAJIA ObLIa U30TPOIHA, a BOT IIPU PACUYETE STOTO
s dekra B UCO o popmyne kinaccuueckoro 3ddexra Jlomiepa y HaC CKOpoCTh CUTHAJIA ObLTa HE H30TPOITHON
u 3aBucena ot ckopoctu MCO Tak, kak 3T0 n300pakeHo Bhiiie Ha puc. 4. [Ipu 3ToM y MeHS OTYyYUIHCh TOYHO
Takue xe rpaduku u npu moaenrpoanuu dpdexra omrepa B pasnuunsix MCO ¢ qpyrumu HauaabHBIMU
JaHHBIMU, TJI€ CKOPOCTh CUTHAJIA YXKE MPU MOJICTUPOBAHUH ObLIa HE U30TPOITHOM.
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Puc. 16. OTHOIIEHNE YacTOTHI IPHHUMAEMOTO CHTHAIA V K UICXOHOH YacToTe nepenaTanka VO st
knaccuaeckoro addexra Jlomnepa npu pazubix ckopoctsx MCO B pyHKIIMU 3ama3IbIBAONINX YIIIOB
HaOmoneHus. crounuk u mpueMHUK ABHKYTCs B ACO 1 HaOII01at0TCs M3 ABUKYIIEHCS OTHOCUTEIIBHO HEe
NCO. Bocnipousseneno u3 padbotsr [69].

Taxum 00pa3oM, y HacC OIydaeTcs, YTO YUCTO MATEMAaTHUECKH, T.€. 10 TPEOOBAHUIO HHBAPUAHTHOCTH
ypaBHeHUH, kinaccuueckuit [10 mpu paccmoTpennu kinaccudeckoro ¢ ¢exra JJomnepa, moiHOCTHIO
cobmoaercs, T.K. o ¢popmyie (3-1) mbl mo Habmr0gaeMbIM U3 0001 MCO mapamerpam mosrydaem OJUH U TOT
Ke pe3yibTar. Ho TyT omsiTh MOHATHE MHBAPUAHTHOCTH BCTYIAET B IPOTHUBOPEUYHE C PEaTbHOCTHIO, T.€. C TEM,
YTO MBI Ha0JItO1aeM, T.K. HaOIoaaTees 3TOT 3 dekt u3 pazaeix MCO OyaeT coBepIieHHO MOpa3HOMY U
nostoMy B Kaxa0ii u3 MCO MBI, KaKk U B clydae ¢ peATUBUCTCKON (OPMYIIOH, TOKHBEL OyAeM NOTYYHTh
pasHble (popMyIIbl, T.€. y HAaC JOJKHBI ObUIH MOMYYUTHCS Pa3Hble 3aKOHBI IPUPOAbI, YTOOBI MPAaBUIBHO



OTpaXkaTh SKCIIEPUMEHTAJIbHbIC TaHHbIe. VI Tipu 3TOM, eciii Obl HaM OMSTHh WHOIJIAHETSHE COOOIMIN
IPAaBUIIbHYIO KJIACCUYECKYIO (JOPMYILY, TO MBI U B 3TOM CJIy4ae CMOIJIM ObI I10 3TUM 3KCHEPUMEHTAIbHBIM
JaHHBIM OTpeAEIUTh abcomoTHYI0 ckopocTh MCO u3 koTopoii Mel HabIr0AaeM 3a 3TuM 3 dekrom. T.e. ¢
OJIHOM CTOpOHBI Ki1accuueckuil 10 moareepsknaercs, a ¢ Apyro CTOpOHbI OIIPOBEPTAETCS, HO, T.K. B HAYKE BCE
e Ha/10, YTOOBI IKCIIEPUMEHTAIILHBIC PE3YJIbTATHI 0 HAOII0IaEMbIM JTAHHBIM IOJIY4aIuCh OJUHAKOBEIC, a HE
COOJIIOJANINCH pa3IMyHble IPUAYMAHHbIE HAMM IPUHLMIIBI, KOT/A [0 KaKOH TO (popMyJie MOITyqarTcs
OJIMHAKOBBIE PE3YJIbTATHI, TO OKOHYATEIBHBIA BBIBOJ U MO BEIYUCIUTEIFHBIM 3KCIIEPUMEHTAM € KIaCCUYECKUM
addexTom Jlomiepa Hamo caenaTh TaKoM, 4TO B IIpupoe kiaccuueckoro [10 He cymiecTByer, a popmyna (3-1)
HE IPaBUIILHO OTpaxkaeT HaOmoaeMble B pazHbix MCO naHHble, XOTS 1715 yacTHOro ciyyvas, T.e. B ACO, oHa
UX OTpakaeT npaBuibHO. [Ipudem, 11 kinaccuyeckoro sgdexra lomnepa y Hac I10 He cnaceT naxe
IpEeJCTaBJICHUE JAHHBIX Ha pUC. 16 He MO 3ama3AbIBaloIIEeMy yIiIy HaOI0ICHH s, a 110 TeKYIIEeMY, WU 110
BpEMEHU HAOJIIOJIeHHs], T.K. B 9THX clly4asx y Hac HabmogaeMele u3 Bcex MCO 3nauenus a¢pdexra JJomnepa
COBIIAAYT, HO paccyrTaHHbIe 10 Gopmyiie (3-1) OyayT pasubie (cM. puc. 17).
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Puc. 17. I'paduix 3aBUCHMOCTH OTHOIICHUSI IPUHITON YaCTOTHI CUTHANA K MCXOIHOM YacToTe MepeaTunka Juis
kiaccuueckoro dddexra Jomiepa B GyHKIMM TEKyIIero yriia Ha0IoAeHus (CieBa) U B QyHKIIUN
Ha0II0/1aeMOT0 CPETHETO BpEMEHH MpreMa Neproia CurHana (crpana) npu pasnoit ckopoctu MCO. Cunue
TOYKH 3TO HAOJI0aeMble 3HAYCHUSI, a KpaCHbIC 3TO pacueTHbIe. BocmpounsseneHo u3 pabots [69].

A Tenepp AaBaiiTe BHIIIOJHUM TOT 5K€ BBIUUCIUTENbHBIN SKCIIEPUMEHT 110 MOJeIMpoBaHuIo 3 dekra Jlomiepa,
HO HE C paclpocTpaHeHHeM aOCTPAaKTHBIX CUTHAJIOB MIIM 3BYKa MJIU CBETA, a C PaCIpOCTPAaHEHUEM
MOTEHIINAJIOB, KOTOpbIE OyAyT (PUKCHUPOBATHCS Ha MPOOHOM Teje (IPUEMHHKE) COTTIACHO PAa3IMYHBIX
KJIACCMYECKHX U PEISTUBUCTCKUX 3aKOHOB. [Ipu 3TOM pacrpocTpaHeHne CUTHAIOB (B HALLIEM cllydae
MOTEHIMAJIOB) OT MUCTOYHHUKA JI0 TPHEMHHUKA Oy/ieM He MOJIEINPOBaTh, @ UMUTUPOBATH C UCIIOJIb30BaHUEM
CYUIECTBYIOIINX KIACCUYECKUX UITU PEISTUBUCTCKUX 3aKOHOB, T.€. IOJYYEHHBIX B paMKax KJIACCHUECKOMN
mexanuku i napagurmMel CTO u OTO. [Tonpo6HO ocTaHaBIMBAaThCA HA TOM, YEM MOJIENb OTJINYAETCs OT
MMUTATOPA, g HE OyAy, a TOJIBKO 3aMeuy, YTO MOJIEb TO3BOJISIET BOCIIPOU3BECTH CaMO SIBJICHHE U IO JaHHbBIM,
Ha0JII01aeMBIM B 3TOM BBIYHUCIUTEIBHOM SKCIIEPUMEHTE, TIOTYYUTh KOHEUHBIN pe3yabTaT IpU 3aJaHHBIX B 3TOM
AKCIIEPUMEHTE HaYaJIbHBIX TapaMeTpax, a UMUTATOpP MO3BOJISIET Cpasy Mo KOHKpETHOU (hopMyIie (UK TpyIie
(bopMyIT) HOTYIUTh ATOT KOHEUHBIH pe3yibTaT 10 331aHHBIM HaualbHBIM Napamerpam. U, Harpumep, GopMyIisl
a¢dekra Homnepa (3-1) u (3-2), KOTOpBIE MBI y)KE paCCMOTPEINH, 3TO U €CTh HMHTaTOPhI dddekTa Jomiepa,
KOTOpBIE MO3BOJISIIOT Cpa3y MOJYyYUTh HY>KHBIA HaM pe3ysbTaT MpH 3alaHHBIX [TapaMeTpax CUCTEMBL. A B
MaTeMaTHYecKux MoJensix agdekra Jloriepa Mbl IpU MPOBEIEHUN BIUNCIUTEIbHBIX SKCIIEPUMEHTOB
MO/JICJIMPOBANIN JABM)KEHHE NCTOYHMKA, IPUEMHHKA U ()POHTOB BOJIH CUTHAJA MepeJaTuuka U (pukcupoBaiu
MOMEHTBI IIPUXO0/A ITUX (PPOHTOB K MPHUEMHUKY I10 €r0 YacaM, a IOTOM yKe 110 3TUM 3HaUYCHHUSIM BPEMEHU
BBIYUCIISUIA IPUHATYIO YacTOTY.



[Tpu 3TOM, KOT 1A MBI OyIeM HcIob30BaTh Gopmyiisl OTO, T.e. OyaeM UMHUTHPOBAThH PACIPOCTPAHCHHUE
IPaBUTAIIMOHHOTO TIOTEHIMANA (2 KOMY HE HPaBUTCSI PACIPOCTPAaHCHUE IPABUTAIHOHHOTO MTOTEHIIHAIA TOTOMY,
yro B OTO HeT HUKAKOro PacIpOCTPAHCHUS TIOTEHIINANA, @ €CTh MTHOBEHHOE HCKPUBJICHUE TIPOCTPAHCTBA
cpa3y BO BCEil BCEJICHHOM, TO MyCTh CYUTAIOT, YTO Y HUX PACIIPOCTPAHSIIOTCS TPABUTAIIMOHHBIC BOJHBI C
MEPEMEHHON HAIPSHKEHHOCTBIO 1moJist). [1ist aToro ucnosnbs3dyem ypaBHenus AkeHuss OTO B mepBoM
MOCTHBIOTOHOBCKOM ITPUOJIFIKCHUH, KOTOPbIe UCTob30Baiu cotpyaauku JPL (moapasnenenne HACA) npu
coznanue apemepun wianer DE405 (y mens B nporpamme Galileyl stu ypaBuenust o0603naueHs! kak OTO2).
Janee st o poOHO OCTAHOBIIOCH HAa ATHX U IPYTUX ypaBHEHHSX IBIKeHHs coriacHo OTO, a ceifvac, T.K. HaIa
1eJ1b IPOBEPUTH YacTHBIN [10, MPOCTO BOCIIONB3YeMCsl STUMHU YPaBHEHUSAMHU JIJISl IPOBEICHUS
BBIYMCITUTENILHBIX YKCIIEPUMEHTOB B CJIA0BIX TPaBUTAIMOHHBIX MOJISAX, YTOOBI HAIPSKEHHOCTH MOJIS,
MOJTYYAFOIIAsCS 110 3TUM YPaBHEHUSIM, HE OTJINYAIach IPUHIIUITMAIBHO OT HAMIPSHKEHHOCTH MOJTYYarOIIEHCs 110
APYTHM TEOPHsIM. J[Jis TOr0 MOCTPOUM JTUArpaMMbl HAPSHKEHHOCTH TOJIS CO3/1aBAEMOTO [ICHTPATbHBIM TEJIOM
Ha MPOOHOM TeJie WM, KaK €Ile TOBOPST, EXUKK HanpshpkeHHOCTH. 1 Ha puc. 18 u 19 BbI BUIUTE 1O JBE TAKUX
JMarpaMMbl HaIIPsDKCHHOCTH, TJIC HAa KAPTHHKAX ClIeBa B IICHTPE Kpyra HaXOAUTCS UCTOYHHK ITOJIs, a 110
OKPY>KHOCTH Ha OJTMHAKOBOM PACCTOSIHHU, HO B PA3HBIX MOJIOKEHUSX, IPOOHOE TEJIO U OTPE3KaMH H300pakeHa
CHJIa IPUTSDKEHUS [ICHTPAIbHBIM TEJIOM MPOOHOT0 TeJla, a Ha KapTHHKAX CIIPaBa H300PasKEHbBI 3TH e CHJIIbI
MIEPEHECEHHBIC B IICHTP PUCYHKA, T.¢. &KUKHM HAPSHKCHHOCTH CO3/1aBacMOM IIEHTPAIbHBIM TEJIOM, €CIIH ATY
CHJIY pa3jieuTh Ha MacCy MPOOHOTO Telia, a s B3aUMOICHCTBHUS 3aps0B Ha 3apsi1 MpoOHOro Tea.
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Puc. 18. Jlnarpamma HanpsiKeHHOCTH OIS (CHITBI IPUTSDKEHUS ) HA Macce M2=1 Kr, IBMKYIIEHCS O
ckopocThio VX2=6 M/c, B mosie Maccbl M1= 2 Kr, pacnoi0KeHHOH B IEHTPe JUarpaMMbl U IBUXKYLIeHcs co
ckopocthio VX1=12 m/c, mo norennmanam Herorona (Kynona) cieBa u Herotona (Kynona) ¢ 3ama3znsiBannem
MOTEHI[MAaJIa 110 KOOpJMHATaM, T.€. 10 Moel TeopuH, cripasa. I'paBuranonHas nocrosiHaas G=100 H*m2/kr2, a
Mmaciitadbl Ha pucynke ML= 5 m/cm, MF= 0,015 H/cMm. Ckpunmor nporpammsr Galileyl.
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Puc. 19. Jlnarpamma HanpsKeHHOCTH OIS (CHITBI IPUTSDKEHUS ) HA Macce M2=1 KT, IBWKYIIEHCS O
ckopocThio VX2=6 M/c, B mosie Macchl M1= 2 Kr, pacnoi0KeHHOM B IEHTPe JUarpaMMBbl U IBHXKYLIEHCs CO
ckopocthio VX1=12 m/c, mo morenmuanam Jlopenna u JInenapa-Buxepra cieBa u corimacao OTO2 crpasa.
I'paBuranumonnas nocrosiuHast G=100 H*m2/kr2, a macmrads! Ha pucynke ML= 5 m/cm, MF= 0,015 H/cm.
Ckpunmor nporpammel Galileyl.



Ha puc. 18 npeacraBnensl Takue nuarpamMmmsl 1yt noreHianos Hetorona (Kynona) u Hetotona (Kymnona) ¢
3anas/abIBaHUEM MOTEHIMAala I0 KOOpAuHAaTaM, T.€. COTJIaCHO MOeH TeopuH, a Ha puc 19 /i moTeHnuanos
Jlopenna, JInenapa-Buxepra u OTO2. IIpu 3TOM, MBI BUAMM, YTO AUarpamMMbl HaPsS’)KEHHOCTU
ANEKTPUYECKOTO UM TPABUTALIMOHHOTO MMOJIs (Ha3bIBaiiTe KaKk XOTUTE) COTJIACHO OPUTMHAIIBHBIX TOTEHIIUAJIOB
Kynona win HeloToHa, KaKk ¥ MOJI0XKEHO, CTPOTO CUMMETPHUYHBI, HO, €CJIM IIPU pacyeTe ITUX MMOTEHLIUAJIOB MbI
yuTeM 3aria3/IbIBaHUe 3TUX MOTEHIIMAIOB M0 KOOPANHATAM, TO €XKHK HAPSKEHHOCTU CTAHOBUTCS HE
cuMMeTpu4HbIM. Ho 3TO OyJeT He TOJIBKO IPU KOHEYHON CKOPOCTH paclpOCTPaHEHUS IOTEHIIUANOB (31eCh
KpPYroM B pacdeTax 3Ta CKOpOCTh VS IMpUHATa paBHON CKOPOCTH cBeTa U paBHa 20 M/c), HO U eciH y Hac pu
3TOM OyZIeT IBUTATHCS HCTOYHUK TOJIA, @ 3/1eCh, KaK M BO BCEX PACCMOTPEHHBIX BhIIIE MpUMepax ¢ 3ddexrom
Jlomiepa, ero ckopocts 3amana VX1=12 m/c. A BOT B Auarpammax Ha puc. 19 Mpl 3TOi aCHMMETPUH HE BUIUM
U ©KUKU OyIyT TOYHO TAKUMH XK€, €CJIM y HAC UCTOYHHUK IOJIsl Oy/IEeT IBUTATHCS B IPYTYIO CTOpoHY. IIpu 3ToM
HAJ0 OTMETHUTH, UTO JUIs BCeX moTeHuuanos, kpome OTO2, auarpaMmbl OyIyT OJMHAKOBBIMHU IIPH JI000I
CKOpOCTH MpHEeMHHUKa, a BOT B OTO2 3Ta ckopocTh OyeT U3MEHATh KapTUHKY. 371eCh &Ke HaJ0 OTMETUTH U TO,
4TO JJIs moTeHuuanoB Jlnenapa-Buxepra v MOTEeHIIMAIOB IBUXKYIIETOCS 3apsijia paCCUUTAHHBIX C
MCIOJIb30BaHNEM TipeoOpa3zoBanuii JIopeHiia B HameM npumepe MojenupoBanus 3gdexra Jlormrepa
auarpamMmbl OyJIyT OJIMHAKOBBIMH, T.K. y HAC Tena OyayT aBurathcs 6e3 yckopenuii. Ho, eciu Bol camu Oynere
paccUMTHIBATh 3TH IMArpaMMbl, TO 0OpaTUTe BHUMaHue, 4to B iporpamme Galileyl na dpopme 12, rae u
IIOCTPOEHBI 3T IUarpamMmsbl Ha puc. 18 u 19, paccunTthiBaeTcs MOTEHIMAN CO3/1aBaeMblil Mmaccoi 1 Ha macce 2, a
MIPU IPOBEICHUH BBIYHCIUTEIBHBIX SKCIIEPUMEHTOB Ha opme 9, r1ie MBI OyieM paccMaTpuBaTh 3TOT AP et
Jomnepa, Mbl O0yJileM IMUTHPOBATh pACIPOCTpaHEHUE MOTEHI[MaIa CO31aBaeMOro Maccoi 2 Ha mMacce 1,
MOATOMY IIPABUJIBLHO 33JaBaliTe MAaCChl M CKOpOCTH Ten 1 u 2.

A 001UM BBIBOJIOM IO BCEM 3THM MOTEHI[MAIaM SIBIISIETCS TO, UTO €KUKU MoTeHnuanos Jlopenna, Jluenapa-
Buxepra u OTO otnuuarotcs oT €xuKOB noTeHmanoB Kynona wi HetoToHa, KOTOPBIE 11O OMPEICICHUIO
pacipoCTPaHsAIOTCS MTHOBEHHO, TOJIBKO TE€M, YTO OHM HEMHOT'O CIUTFOCHYTHI BJIOJIb CKOPOCTH JIBHKEHUS
HMCTOYHHKA I1I0JIA U HpO6HOFO TCJIa, HO CUMMCTPUYHBI OTHOCHUTCIIBHO BCpTHKaJILHOfI OoCH, NCPIICHANUKYJIAPHO
KOTOPOM IBUXKETCSI UICTOYHUK, T.€. 3TUM MOTEHIMaJIaM TP PaBHOMEPHOM JIBHKEHUHM UCTOYHHKA BCE PABHO B
KaKyl0 CTOpOHY (BJI€BO MJIM BIPABO) IBUKYTCSA KaK MCTOYHMK, CO3/IAIOLIMI 1oJie, Tak U mpodHoe Teno. Ho
TaKo€ HE BO3MOXHO JJa)Ke, €CIIN MIPEAIOJIOKHUTh, YTO IIOTEHIIMAJI PACIIPOCTPAHAETCSI MTHOBEHHO, T.K. IIPH 3TOM
OUHaAMHUYecKUi 3¢ (EeKT MmosydyaeTcsi IoYeMy-TO HE 3aBUCSILIUM OT CKOPOCTH JIaBJI€HUS MOTEHIMaIa Ha
IIPOOHBIH 3apsij1, KOTOPBIH y HAaC TOKE ABMXKETCA. A Bellb HAaM BCEM XOpOIIIO U3BECTHO, YTO, HATIPUMED,
CYMMapHO€ JaBJIEHHE BOJIbI WM T'a3a HA MPEMSITCTBUE, KOTOPOE CKJIAAbIBAETCS U3 CTATUYECKOTO U
JMHAMUYECKOTO JIaBIEeHUH, Bceria OoJIbIIe ¢ TO CTOPOHBI OTKY/a BOAA WIIM T'a3 HAOETaroT Ha MPEMNsATCTBHE.
I[a, JaXe CBCT, KOTOpBII>'I ABJIACTCA DJICKTPOMArHMTHBIMU KOH€6aHI/I$IMI/I, H TOT COIIaCHO 3KCIICPUMCHTaM
JlebeneBa nMeeT IMHAMUYECKOE AaBJICHHE Ha MPEISITCTBUS M COTTIACHO dKCIIEpUMeHTaM [62], koTopbie s
paccMOTpIO J1ajiee, y Hac ToJbKeH HaomoaaTees "ddekt c-V', T.e. 3 PexT ruHaMuyecKoro JaBiaeHus. A TyT
MBI BUJIUM KaKH€e TO cTpaHHble noTeHuuansl Jlopenua, JInenapa-Buxepra n OTO, KOTOpbIE COBEPILIEHHO HE
pearupyioT Ha TO B KaKyl0 CTOPOHY JBMIKYTCSI U TIPOOHBIE 3apsi/Ibl UJIM MACChI, KOTOPBIE MTPU ITOM HAaOeraroT Ha
BOJIHBI pacnpocTpansomerocs B ACO noreHnuana 1 Tejaa Co3Jarlue 3TH NOTEHIUaNbl. A BEb 9TH
MOTEHIIMAJIBI IO YTBEPKACHUSIM O(UIIMATBHON HAyKH PAcIIpOCTPAHSIOTCSA CO CKOPOCTBIO CBETA, T.€. JOJKHBI
OTpaXkaTh JUHAMUYECKHE Y3PPEKTHI, HO, MBI 3TOI'0 HE BUJUM U Jaxe 0ojiee TOro, Kak Mbl 3TO YBUAUM Jajiee,
ne-(pakTo OHM pacHpPOCTPaHSAIOTCS MTHOBEHHO.

A, eciu ObI MBI y4WJIU peabHOE 3ara3/(bIBaHue MOTEHIUAIA, T.€. 3aMa3/IbIBaHue 110 KOOPHUHATAM, CBS3aHHOE C
KOHEYHON CKOPOCTBIO UX PACIIPOCTPAHEHHUSI, TO Y HAC MOJIYYHIIOCh OB, UTO, KOTAa ABMKYLIHICS 3apsia 1
yIQJISETCs OT JIEBOTO MPOOHOTO 3apsAaa 2 U B TEKYIIUH MOMEHT BPEMEHU HaXOJUTCS HA OJMHAKOBOM
PaCCTOSTHUM JI0 ITPABOTO MPOOHOTO 3apsizia, PACHOI0KEHHOTO M0 X0y ABHKEHHUS, TO Ha JIEBOM ITPOOHOM 3apsije
HaNpsHKEHHOCTD M0J1s1 Obl1a OBl TOpa3ao OoJblie, YeM Ha MpaBOM, Kak 3TO M [TOKa3aHo Ha mpaBoM puc. 18. Benp
371eCh TOIY4aeTCsl, 9YTO JI0 IMPABOT0O MPOOHOTO 3apsiaa MOTSHIINAT TOJIETUT U3 TEKYIIETO MOJI0KEHHS
JBIDKYIIETOCs 3apsijia TOJIbKO uepe3 Bpems dt=R/VS, a B aHHBIN TEKYIIMi MOMEHT BPEMEHH JI0 HETO J0JIETel
MOTEHIMAJ U3 MTOJIOKEHHsI, KOTJja IBYKYILUICS 3apsi] HaXOAUJIICS JIEBEE €ro TEKYIIEro MOJ0KEeHHUs, T.€.
paccrosHue R', koTopoe 6bu10 OB HCTIOTB30BAHO B (hopMyJie Ui pacyeTa HanpsKeHHOCTH MO, ObUTO OBl
Oosble TEKyLEero pacctosiHus R. A 10 1eBoro npoOHOro 3apsijia HOTEHIMAN TOKE JTOJETUT C 3aMa3/bIBAHUEM
U3 MIOJIOKEHHUs, KOTOPOE ToXkKe OyJeT JeBee TEKYIEro, HO 3TO 3ama3/piBaioliee pacctosiHue R' 1o gesoro



poOHOTo 3apsaa OyIeT yKe MEHbIIIE TEKYIIEro paccTosHUS R. A, T.K. HaPsDKEHHOCTH MOJISE BO BCEX ATUX
MOTEHIIMajIaX PaCCYUTHIBAETCS B OCHOBHOM COTJIAaCHO KBaJIpaTUUHOM 3aBUCUMOCTH, Kak y Kynona u HeloToHa,
TO W BCJIMYMHA HAIIPAKCHHOCTHU IIOJIA HA JICBOM HpO6HOM 3apsAac AOJKHA GBITI: ropasno 60JIBH_IG, 4Y€M Ha
npaBoMm, HO B noteHuuanax Jlopenna, Jluenapa-Buxepra u' y OTO mMbI 3TOro HE BUANM.

[Ipu 5TOM s B CBOE# TEOpHH, IIPHU pacueTe NOTEHIIUAIOB 3aIla3/IbIBAIONINX 0 KOOpAUHATAM, YUUTHIBAIO HE
TOJIBKO MX CTaTHUYECKYIO COCTABIISIONIYI0, KOTOPYIO BRIUHUCISIO 10 (hopmynam Heiotona unu Kynona, Ho u
JMHAMUYECKYIO COCTaBIIONIYIO (cM. popmyitsl (24) u (25) B pabote [68]), HO Ha puc. 18 muHaMHUUYeCKas
COCTABIISIONIAs HE YYUTHIBAJIACH, T.K. [IOKA MHOIO €II€ HE OIPEIEJICHBI IO AKCIIEPUMEHTAIBHBIM JJAHHBIM
KOA(QPHUIMEHTHI 7S y4eTa 3TOW COCTaBIJIAIONICH. A O/ Cpeloii, B KOTOPOH y MEHS paclpOCTPAHSAIOTCS 3TH
MOTEHIIMAJIbI, 1 TOHUMAIO BCE, UTO YTOAHO, KpoMe MaTemaruueckoil myctotrsl CTO u ¢popmanbHOro
rpaBuTannoHHOro 3¢upa OTO, a He TONBKO BO3AYX, KOTJa MBI pacCMaTpUBAEM KJIaCCHUYECKHH ekt
Hormnepa ans 3Byka. [Ipu aTom camo Ha3BaHuUE 3TO cpeabl - 3dup win Gu3nueckuil Bakyym (BMeCTe C
BKpAIUICHUSIMH OTJICJIHBIX MOJICKYJI ¥ 3B€3JHOM IBUIN) HE UMEET HUKAKOTo 3Ha4eHus. | 1aBHOE, 4TO y MEHs
BCE MOTEHLIMAJBI PACIIPOCTPAHSIIOTCS B 3TOM Cpejie UM MOYKHO CKa3aTh IBUXKYTCS OTHOCUTENIBHO 3TOM cpepl,
kotopas siBisiercss ACO, 1 uX pacnpoCcTpaHEHHE 3aBUCHT OT CBOWCTB 3TOM cpefbl. [lpu aTom, gaxe BakyyM, Kak
u mobas cpena, IMeeT KOHKPETHbIE TapaMeTphl, HAIPUMEDP, MAaTHUTHYIO U 3JICKTPUUYECKYIO TIOCTOSIHHBIE (MIO U
STICUIIOH). Belb HM KTO HE CIIOPUT C TeM, 4TO, PACIIPOCTPAHSACH B BAKyyMe WK d(pHpe, CBET U3MEHSET CBOIO
CKOPOCTbH MPHU HATMYUH Y HETO Ha MYTH PA3IMYHBIX MPO3PAUHBIX CPEell, HAIPUMED, BOJBI WU CTEKIA. A, €Cliu
MBI TOBOPUM, YTO TPABUTAIIMS STO TOXKE BOJIHBI, TO M OHA TOXKE JOJDKHA U3MEHSTh B PA3IMYHBIX CPEIax CBOIO
CKOPOCTh M TAKUM 00pa30M MPHU PACCMOTPEHUU JIFOOBIX (PU3MUECKUX SIBICHUN MBI 00s13aTENIbHO JI0JKHBI UMETh
B BUJIY, YTO OHHU MPOTEKAIOT B KAKOH TO cpefe.

U Tak. IlycTp y Hac map (MCTOUHUK MOTEHIMANIA), BEIUYHUHY 3apsi/ia KOTOPOro Mbl IEPUOIUYECKU U3MEHSIEM,
JBMIKETCSI pABHOMEPHO BJIOJIb OCH a0cIMCC CO CKOpocThio VX2, a mpueMHHK, KOTOpBI OyneT pukcupoBath
4qacCToTy, C KOTOpOfI HU3MCHACTCA HAIIPSAKCHHOCTD B TOUKE, I’IC OH HAXOAUTCA, 6YII€T Y HacC ABUTAaTbCA CO
ckopocThio VX1 (oOpatute BHUMaHUE, YTO, KaK s ¥ MUCAJl, HHAEKCALUS UCTOYHUKA U TPUEMHHKA 110
CpaBHEHHIO ¢ AuarpamMmamu Ha puc. 18 u 19 usmenunace). [Ipu aToM He OynieM 3aaBaThCsl BOIPOCOM KaK 3TO
MO’KHO OCYILIECTBUTBH B HATYPHOM DKCIIEPUMEHTE, T.K. B BBIYMCIUTEIBHOM 3KCIIEPUMEHTE MBI MOKEM
CMOJIEIIUPOBATh JIFOOBIE IBJICHUS. XOTS U JJIsl HATYPHOT'O SKCIIEPUMEHTA 5 TYT HE BHKY OOJIBIIION CIOKHOCTH,
HarnpumMmep, MpH MOAKIIOYEHNH I1apa K FeHepaTopy MepeMEeHHOI0 HalpsHKEeHUs, KOr/ia Mbl OyzieM ¢
OTIpe/IeNIEHHON MEPUOJNYHOCTbBIO 3apsKaTh U pa3psikaTh METAUNIMYECKUH 11ap U OH Y Hac IPHU 3TOM OyzeT
TeHEepUPOBATh CPeprUUECKUe BOIHBI JEKTPUUECKON HAPSXKEHHOCTH, WU, HAallpUMep, IPU YCTaHOBKE Hepe
IIaPOM C 3apsAA0M IIOCTOSIHHOW BEJIMYMHBI 3336 MJICHHOTO BPAILAIOLIEr0Ccsl DKPaHa C OTBEPCTHUEM, KOT/Ia y HAC
IpUEeMHUK OynieT "BueTh" yepe3 OTBEPCTUE MITH TOJIBKO YacTh 3apsijia WM MOJHOCTBIO BECh 3apsijl, UTO JJIs
IIpUEeMHHKA Oy/IeT SKBUBAJICHTHO TOMY, YTO U3MEHSIETCA caMa BeJIMYMHA 3apsi/ia, CO3/AAI0IIEro NOTEHIIUAI.

[Ipu 3TOM MBI Ja’ke MOXKEM ITPOBECTH MOJHYIO aHAJIOTHUIO U C PACIPOCTPAaHEHUEM CBETA, T'JI€ IEPUOINUECKHI
W3MEHSIOTCS HAIPSKEHHOCTH 3JIEKTPUUYECKOTO U MATHUTHOTO Ttosied. Benp u B moteHnunanax Jluenapa-Buxepra
TOKE, TIOCTIE BBIYMCIICHUS DIIEKTPUIECKON HANpsbKeHHOCTH E, B TOUKe, rie HaX0IUTCs MPOOHBIH 3aps/,
BBIYKCIISIETCSI €Ille ¥ MarHuTHas HanpspkeHHocTh H=f(E), HO 51, 4TOOBI He 3arpyxaTh 00BACHEHUE JTUITHUMH
CYITHOCTSIMH, 3TOT pacyeT paccMaTpuBaTh He Oyy, T.K. AJis mpoBepku dhopmyn s dekra Jomnepa Ham
JIOCTaTOYHO U MEPUOAMYECKOTO H3MEHEHHSI JIEKTPUUECKON HATIPSKEHHOCTH B TOYKE, T/I€ HAXOAUTCS MPOOHBIN
3apsa. Takum 00pa3oM, HCTOUYHUK OyeT Kak Obl TeHEPUPOBATH C 33JJAHHON YaCTOTON BOJIHBI DJIEKTPHUECKOMN
HaIPSHKEHHOCTH B PA3JIMYHBIX TOYKAX MPOCTPAHCTBA, @ MBI Oy/1eM (PUKCHPOBATH YaCTOTY U3MECHECHHS
HaAMpPsDKEHHOCTH Ha IpUEMHUKe (TPOOHOM 3apsifie).

Hamnpumep, nns 6mm3koaeiicTByronux noreHnuanoB Herotona wim Kymnona, T.e. ¢ 3ama3ipIBaHieM
MTOTEHIIUAJIOB 10 KOOPAWHATAM, KaK TO CAENAHO B BEIYMCIUTEIILHOM dKciepuMeHTe Ha puc. 20, MbI BUIIUM,
YTO MOTEHIIMAJ OT 2-0i MacChl (CHHSS TOYKa, KOTOpasi ABUKETCS BHU3Y) JOCTHUT ITPUEMHHUKA (MMPOOHOTO Tena),
T.€. Macchl 1 (CHHSs TOUKa, KOTOpask JBUYKETCS BBEPXY) B IAHHBIA MOMEHT BPEMEHHU HE U3 TEKYILEro
MTOJIOKEHUS 2-0M MACCHI, a U3 3aM1a3/bIBAIOLIETO MTOJIOXKEHUS, KOTOPOE COOTBETCTBYET KOHILY KPACHOM JIMHUH
MPOBEACHHOM OT TEKYILETO MOJI0KEeHUs 1-0i Macchl 10 3ara3abpIBaloIero NoJ0KeHus 2-0i Macchl. [Ipu aTom



3eJIeHasi CHHYCOMa OTPaKaeT Ha pUCYHKE U3MEHEHHE BEJIMYMHBI MACChl WK 3apsiia M2 B QyHKIMH OT
3ama3pIBAIONIEero MOMEHTA BpEMEHH, T.€. pu BpeMenn |2= T-T2, rae T Texyiee Bpems, a T2 Bpemst
pacrpocTpaHeHHs TOTEHIMAalIa CO CKOPOCThIO V'S OT 3ara3IbIBalONIEro MOJIOKEHHSI M2 710 TEKYIIEro
MOJIOKEHHUSI M1. A CHHSISI CHHYCOH/Ia OTPaKaeT BEJIMYMHY MTOTCHITHAIA B TOYKE, TJI€ HAXOAUTCS TIPUEMHUK, T.C.
npoOHoe Teno M1, B TeKymuii MOMEHT BpEMEHHU U Ha rpaduK BEJIWYHHA TOTEHIIMATA BEIBOAUTHCS B MacIITade
MF, koTopsIii, BOOOIIIE-TO, UCIIONB3YETCS Y MEHS B 3TOM IporpamMme Jiiisl BbIBojia Ha rpaduku cwi. [Ipu sTom
CUpEHeBas Jyra Ha rpaduke oTpakaeT H3MEHEHUE CO BPEMEHEM PACCTOSHUS MEKTy ICTOUHUKOM B
3ara3pIBAIONINi MOMEHT BPEMEHH U IIPUEMHUKOM B TEKYIIUH MOMEHT BPEMEHH, T.€. [UIMHY KPACHBIX JIMHUH.
31ech MBI TOYHO TaK K€, Kak U paHee Mpu MozaenupoBanuu ¢ dekra Jlornepa s CBeTa WK 3BYKa,
pPErUCTpUpPYEM IO BPEMEHHU IIPUEMHHKA MIEPUOJIbI U3MEHEHHS TOTEHIIHAJIA IPHHITOTO UM H IO STHM MEPUO0IaM
HaxoJuM IIPUHATYIO 4aCTOTY CUTHAJIA. Ho IMPUHIHUITHAJIBHBIM OTJIMYHUEM 31CCh 6y,IIeT TO, YTO MbI HC 6YI[CM
3]1€Ch MOJICITMPOBATH M PACIIPOCTPAHEHHE TIOTEHIIMAIA OT UCTOYHUKA JI0 IPUEMHHKA, a Oy/IeM ero BeJTHIUuHY
BBIYUCIIATH 110 PA3IMYHBIM KJIACCHYECKUM WIN PEIATUBUCTCKUM (popMysiaM (MMUTATOpaM), B KOTOPBIX yKe
JOJDKEH OBITh OTPaXKEH ATOT MPOLIECC, T.€. OYJAeM UMHUTHPOBAThH 3TOT IPOIIECC.
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Puc. 20. Pe3ynbTarhl BEIYMCIUTEIHLHOTO SKCIIEPUMEHTA HAa MOJICNN Kitaccuueckoro 3ddekra J[omnepa B
ucxognoi UCO, 1.e. ACO, ¢ ucnonab3oBaHuEM B Hell uMuTaTopa norenuuanoB Hetorona (Kynona)
3amas3pIBaloNIKX 1m0 KoopauHartam. CkpunioT nporpammel Galileyl.



BoT To1BpK0, KaK MBI YBUIUM Jaliee, 3TOT Mpoliecc B OUIHAIBHBIX (JOpMYIIax OTpakeH He MPaBUIIbHO, U
MO3TOMY TYT MOKHO KaK B KJIACCUYECKOU JalIbHOAECHUCTBYIOIIEH MO/IETH, TaK U BO BCEX PEISITUBUCTCKUX
MO/IEJISIX,, UCIIOIb30BaTh OPUTHHANIbHBIC TOTeHIMANbl HhroToHa nin Kynona (4-1), T.K. 3T0 HUKaK HE OTPa3UTCs
Ha YaCcTOTE M3MEHEHHUS HAPSLKEHHOCTH MOJIs Ha IPUEMHUKE (Beb Y HUX TOXKE MOJIpa3yMeBaeTCs MIHOBEHHOE
pacmipocTpaHeHHUe MOTEHINAIA), a YACTOTY MbI Oy/IeM OMPEACIATh TOIBKO 0 MAKCUMyMaM HAIPSKECHHOCTH
T0JIsl HA TIPUEMHUKE HE 3aBUCUMO OT €€ aOCOIMIOTHBIX 3HAYCHUN. A CBOM 3aIa3/bIBAIOIIUE MTOTEHIHAIBI 1 Oy 1y
BBIYHCIISATH TI0 CBOCH YIPOIICHHOH Gopmyie (4-2), rae He Oyay YYUTHIBAaTh TUHAMUYECKYIO COCTABIISIFOIIYIO,
T.K. TIOKA sl HE OMPEIENUICS CO CBOCH KOHEUHOH (OpMYIIOif sl MOTEHIMAIOB 3aMa3/bIBAIOIINX 110
koopauHatam. M mosTomy B OOJIBIIMHCTBE CBOMX PACUYETOB Sl UCTIOIB3YIO TOJIBKO CTATUYECKYIO COCTABIISIONIYIO
3TUX MOTEHLMAIOB, KOTOPYIO OMPEIEIISo 0 OpUrHHaIbHEIM (popmynam Hetotona unu Kynouna. U ans
3amas3/pIBaoNIMX MoTeHuanoB Jlnenapa-Buxepra (4-3), T.K. MbI OyzieM paccMaTpUBaTh TOJLKO PABHOMEPHOE
MPSIMOJIMHEIHOE ABMXKEHUE 3apsiI0B, TO U TYT MOKHO pacCMaTpUBaTh YIPOLIEHHYIO POpMYITy, KOTOPYIO
MOYKHO TIOJIYYHTh U MPH NpeoOpa3oBanusx JIopeHia ajist moJiss paBHOMEPHO ABIKYIerocs 3apsijaa (4-4).

E = K*m2 / R"2 (4-1)
E = K*m2/ Rz"2 (4-2)
E = (K*m2 / Rf*3/ Vs"2) * [(Rz - V2z * Rz / Vs) * (Rz * A2z + Vs™2 - V22°2) - Rz * Rf * A2z] (4-3)
E = (K*m2/ RA2) * (1 - V22 1 Vsh2) (1 - V272 * (sin(Q2))"2 | V§"2)M1.5 (4-4)

K - rpaBuTanionHas (MM 3JEKTpUYECKas) IOCTOsTHHAs B (hOpMyJsiax pacdera MOTCHIUAIOB
M2 - Macca Wil 3apsij Tela, CO3JAI0IIEro MOTeHIHal Ha MpoOHOM Tene ml
R, Rz - Texyiee v 3ama3apIBaroiiee pacCTOSHUE MEXKTy MacCaMy WJIH 3apsiiaMd M2 u m1

V2, V27 - ckopocTs Tenia M2, co3arolero NoTeHIuan Ha IpooHoM Tene M1, B TeKyIuil 1 3ana3abIBalouit
MOMEHTHI BpEeMEHU

Q2 - yron mexay BekTopoM ckopoctd V2 unu V2Z u paguyc-sekropom R ninn Rz
VS - CKOpOCTb pacIpoCTpaHeHUs MOTEHIH A
A27 - BeKTOp yCKOpEeHHsI M2 B 3ama3/IbIBAOIINif MOMEHT BPEMEHHU

Rf=Rz-V2z* Rz / Vs - ¢pukTuBHBII pagnyc

3neck s npuBen popmyity noreHiuanos Jluenapa-Buxepra (4-3) B BeKTOpHOI opMme (BEKTOPA BBIICICHBI
KUPHBIM IIPU(TOM) 1151 00ILEro ciyyasi, T.€. A7 HEPaBHOMEPHOTO JBM)KEHUS MCTOYHHKA I10JIs, a B HAaIlleM
cllydae paBHOMEPHOTO JIBM)KEHUS 3apsiia M2, y Hac He Oy/eT YCKOPEHHH B 3aIa3/IbIBAlONIHiA MOMEHT BPEMEHU
A2z a Taxoke ckopocTh V27 Oynet Beerjia NOCTOSHHOM, T03TOMY (OopMyIia 3HaYuTeNbHO ynpoctutcs. Ho B
HAIIIUX SKCIIEPUMEHTAX MbI MOKEM C TAaKUM K€ YCIIEXOM HCIOJIb30BaTh | elile 0osee mpoctyio Gpopmyiy (4-4),
KOTOpPYIO JIOpeHIT Moyyu1 cenuaibHo JUIsl HAIPsSHKEHHOCTH TOJIsl CO3aBaeMON PAaBHOMEPHO JABHIKYIIUMCS
3apsgoM. K Tomy ke, B 3TOM Cilydae y:Ke HU y KOro He JIOJKHO OCTaThCsl HUKAKUX COMHEHHM, YTO 3TH
MOTEHIMAJIBI OyyT MOTHOCTHIO co0TBETCTBOBATH CTO, T.K. MOTyYEeHbI HCKIIOYUTEIHHO C UCIOIB30BAHUEM
npeoOpaszoBanuii Jlopenua, kotopsie sBistorcs ocHoBoit CTO. [ToaTtomy npu MojenupoBaHuu 3a 0a30BYIO
PENATUBUCTCKYIO (OPMYITY pacueTa MOTEHIIHANIOB s OYy/y MCIIOJIb30BaTh POPMYITy, TOTYYEHHYIO C
UCIIOJIb30BaHUEM TIpeoOpa3oBanuii JIopeHiia 1yist oJisi pABHOMEPHO JIBIKYIIErocs 3apsina (4-4). A
MOTEHIMAJIbI, KoTOphle nonydatorcest cornacHo OTO, st 6yay BEIYUCIATH COTIacHO (popMyiam JUIst IEPBOTro
MMOCTHBIOTOHOBCKOTO MPUOIIKEHHS TofTydeHHBIM MoitepoM (cMm. popmynst OTO2 B mpunoxenue 1).

ITpu mpoBeieHue STUX BEIYUCIUTEIbHBIX IKCIIEPUMEHTOB IYCTh Y HAC UCXOJIHbIE IaHHBIE 10 KOOPJUHATAM U
CKOpOCTSIM OyIyT Te€ e, YTO ObUTH U paHee Mpu MoAearupoBanuu 3pdexra Jlomiepa ¢ pacnpocTpaHeHueM
a0CTpaKTHOTO CHTHaJIa, HaIPUMEp, 3ByKa WM CBETa, HO MBI JOOABUM CIO/IA €IIIe U MACCHI TEJ WIIN BEITMYNHbI
UX 3aps/I0B U 3a]1a/IMM 3HaUYEHHUE IPAaBUTAIIMOHHON (MM 3JIEKTPUYECKOI ) TOCTOSIHHOM B (hopMyrax pacuera
noTeHImano, koropas oyaer K=100 H*m"2/xr*2. IIpu s3Tom macca (3apsi) nmepBoro tejia (MpueMHHuKa) OyaeT
m1= 1 kr, a Macca BTOpOTo Tena OyAeT NepEeMEHHOM U U3MEHAThCS 110 CHHYCOMAATIBLHOMY 3aKoHYy M2= m20 +



dm2*sin(w*t), rme m20= 2 kr, dm2= 2 kr u W KpyroBas 4yacToTa U3MEHCHHUS BEJIHMYMHBI Macchl (HJIH 3apsja)
m2. U ua puc. 21 BbI BuauTe rpaduKu MOCTPOCHHBIE 110 AKCIICPUMEHTAIBHBIM JaHHBIM (CHHHE TOYKH),
KOTOPBIE MPH BCEX MOTEHI[HANIAX, PACCUUTAHHBIX TI0 PA3JTUYHBIM OPUTUHAIBHBIM KJIACCHYCCKUM U
PENSATUBUCTCKUM (OpMYyJiaM, T.e. 0€3 ydeTa pealbHOTo 3ara3/IbIBaHus OTEHIIHANa, He Tal0T HUKAKOTO

s dekra Homnepa. [Ipu sTom sxcniepumenTtanbabie Aannabie 1o OTO 3xech He yuuThiBatoOT 3 hexra
3aMeJICHHsI TEMITa TEYCHUSI BPEMEHH Ha HCTOYHHMKE M TPHEMHUKE OT uX ckopocTH coriacHo CTO.
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Puc. 21. Pe3ynpTarhl BEIUUCIUTENIBHBIX SKCIIEPUMEHTA HAa MOJIEISIX KIACCUUYECKOT0 U PEISITUBUCTCKOTO
s¢dexroB Jlomepa ¢ UCTIONB30BAaHUEM B HUX UMUTATOpOB noTeHuanoB Hetorona (Kynona), Jluenapa-
Buxepra, Jlopennia u OTO B ucxonnoit UCO, 1.e. ACO, ¢ pa3BepTkoii no yriy HaOroaeHusi. CHHHUE TOUKH -
SKCIIEpUMEHTalbHbIe JaHHbIe (BBepXy 1o HptoTony u OTO, a Huxe no Jlopenny u Jluenapy-Buxeprty).
KpacHast kpuBas - pacueTHbI€ JaHHBIE 110 KIaccCuueckoMy UMuTaTopy (3-1), a 3esieHas KpuBas - pacueTHbIE
JaHHBIE 110 PEISITUBUCTCKOMY uMHTaTOpy (3-2). CkpuniioT nporpammbl Galileyl.

A oOBsicHSIeTCS TAKOW pe3yabTaT T€M, YTO 371€Ch MOTEHIMAJ IPU pacueTe ero 1o BCeM 3TUM (hopMysaM
pacrpocTpaHsieTcs 0T UCTOYHUKA J0 MPUEMHHUKA MTHOBEHHO, T.€. CO CKOPOCTBIO PABHOI OECKOHEYHOCTH, U MBI
HUMeEeM TYT TO K€ caMoe JlalbHOAeHCTBUE, YTO ObLI0 y HbI0TOHA A1 rpaBUTaIUy, T.€. TO, 3a UTO €T0
KpUTHUKYIOT cTOpoHHUKH TO. BoT Toapk0 HpI0TOH 00 3TOM caM 4eCTHO 3asiBIJI, T.K. B TO BpeMs HE ObLIO
HUKAKOW BO3MOXKHOCTH XOTb KaK-TO ONPEAEIUTh CKOPOCTh IPABUTALINH, @ BOT CTOPOHHUKH TO HE TONBKO HE
XOTAT B 3TOM IIPU3HATHCS, HO ELIE U HAIJIO YTBEP>KJAIOT, UTO MOTEHIMAIIBl Y HUX PACIPOCTPAHSIIOTCS CO
CKOpPOCTBIO CBETA. A €IMHCTBEHHBIM OTJIMYHEM PE3YyIbTaTOB MOJYyUYEHHBIX MPU MPOBEIECHUH BHIYUCINUTEIbHBIX
HKCIEPUMEHTOB 3/1€Ch Oy/IET TO, YTO JJIS PEIATUBUCTCKUX MoTeHuuanoB Jlopenua u Jluenapa-Buxepra nHam
HaJ0 YYUTHIBATH €III€ U U3MEHEHUE TeMIla TeYeHHs] BpEMEHU Ha UCTOYHUKE U IPUEMHUKE, €CIIM OHU JIBUKYTCS,
YTO MPUBOJUT K TaK Ha3bIBaeMoOMY morepeuyHoMy 3¢ ety Horepa. Beap u qBukeHue npueMHUKa U
WCTOYHUKA, M UI3MEHEHHE 3aps/a Ha HCTOYHUKE, U U3MEHEHUE HAMPSKEHHOCTH 3JIEKTPHUUECKOro Mo Ha
NPUEMHUKE MBI MoJieTpyeM 311ech (puc. 21) B ucxomnoit UCO, rae Temn Tedenus Bpemenu KTiS0=1, T.e. He
YUUTBHIBAEM MPU 3TOM U3MEHEHHUE TeMIIa TeUEHUsI BpEMEHH Ha UCTOYHUKE U MPUEMHUKE. A, €CIIU 3TO YYECTb, TO
MBI IOJyYUM THornepeuHsiit 3¢ dexr Homepa.

Hanpumep, mycTs y Hac nepuon konebanuii nmepeaarynka no yacam UCO Oyner 10 c. Ho, koraa mbl
¢ukcupyem no yacam MCO MOMEHT BpeMeHHU, HalIpUMeEp, [IJIs1 TPETHETo MUK HAMPSHYKEHHOCTH TOJIS Ha
npuemnuke, npu Tn1(3)=30 c, a mpeapaymwmii nuk Osu1 3adukcrpoBad mpu Tn1(2)=20 ¢, To momyyaercs, 4To
TIePUOJI IPUHATOTO CUTHAJIa Ha TIpueMHUKe Oyaet Toxke 10 ¢, Kak OH U ObUT y HCTOYHUKA (CM. 0003HAUCHHUS HA
puc. 13, riae moaenupyercs kiaaccudeckuii apdext Jormaepa ¢ nepuogom 2 ¢). Ho, ¢ yaerom Toro, 4to Ham
HaJI0 HAUTH BpEeMsI 3TOTO MEepHo/Ia 10 YacaM MPUEMHHKA, a Ha HeM BpeMs OyzeT Teub 1o cpaBHeHuto ¢ UCO B



3ameieHHOM Temrie ¢ KT1= sqrt(1-(6/20)"2)= 0,953, To no yacam nprueMHUKa MbI 3aUKCHPYEM ITH JIBa
momenTa Juist Bpemenu TK1(2)=20*kT1 u Tk1(3)=30*kT1 a orcroza MoyduTCst, YTO 3TOT IEPUO] K3MEHEHUS
HAMPSHKCHHOCTH 110 YacaM npueMHuka oyzaer 9,53 ¢. U, yuuTsiBast TO, 4TO MbI MOJICIIMPOBAIA U3MECHCHHE
3apsna Ha ucrounnke ¢ nepuogom 100=10 ¢ Toxe mo yacam MCO, To momyvaercsi, uTo 3a 3TH 10 ¢ MbI
CMOJICTTUPOBAJTU TOJIBKO YaCTh PEabHOIO IIEPUO/Ia U3MEHEHHS 3apsia Ha HICTOYHKKE 110 YacaM UCTOYHHKA, TJIe
Bpems TeueT ¢ Temmom KT2=sqrt(1-(12/20)"2)= 0,800. Wtoro, mojay4aeM, 4TO BEIMYHHA OJHOTO IEJIOTO
neproja U3MEHEHHSI HAITPSHKCHHOCTH TOJIsl Ha IPUEMHUKE 110 ero yacam coctaBuT 9,53/0,8=11,913 ¢, a wacrota
KoJiebaHui nmpuHATOr0 curHana oyner He VO=0,1 I'ti, kak 310 OBIJIO HAMM 3a7aHO HAa UcTOYHUKE 110 yacam MCO,
avl1=1/11,913=0,0838 I'11, T.c. COOTHOIIICHNE MPUHSITON YaCTOTHI K KCXOAHOM YacTOTE MepeaaTyrKa OyaeT
nocrostuao V1/v0=0,0838/0,1= 0,838, uro MbI 1 BuaAUM Ha puc. 21.

Taxum oOpa3oM, T.K. Mbl HE HAOJIIOZAEM B 3TUX dKcnepuMenTax 3¢ dekra Jlomnnepa, To Bce OpUruHajlbHbIE
(bopMyIBI (MMUTATOPBI) AJIS pacueTa MOTEHIIUAIOB SBIISIOTCS OIMIMOOYHBIMHU, T.K. ITOJYYSHBI 151 MTHOBEHHOU
CKOpPOCTH paclpoCTpaHeHHs OTEHIUAJIOB, T.€. BCE SBIIAIOTCS JanbHOAeHcTBYomMMU. Ho, eciau Mbl ipu
pacuere BceX 3TUX MTOTEHIIMAJIOB YYTeM KOHEUHOCTh CKOPOCTH UX PaclpOCTPAHEHHS, T.€. YUTEM UX
3ara3/pIBaHUe 110 KOOPAMHATAM, KOT1a yYTeM BpeMsl IBUKEHUS OT UCTOYHUKA, CO3JAI0IIEro 3TH MOTEHIIUAIbI,
710 IPUEMHHKa, TO y Hac cpady nosButcs 3¢ dexr ormiepa u pacueTHbie 3HAYEHUS 3TUX YPPEKTOB COBIMATYT C
Ha0JII01aeMBbIMU 3HAYEHUSIMH, KaK 3TO U OTPAXXEHO Ha pUcC. 22. 371eCh HE OTPaXKEHbI TOJILKO JIaHHbIE C
noreHuuanamu Jluenapa-Buxepra, T.K. Mbl HE MOKEM U1l HUX YYECTh PEaJIbHOE 3ara3iblBaHie NOTEHLIUAJIOB,
T.K. B HUX YK€ YUT€HO (DUKTHBHOE 3ara3/plBaHue OTeHuanoB. [Ipu 3ToM, eciu Bo Bpemst SKCIIepUMEHTa ¢
noreHuuanamu OTO yuuTeIBaTh 3aMeIJIEHHE TEMIIA TEUEHUS! BpEMEHU HAa UICTOYHUKE U IPUEMHUKE OT
CKOPOCTH MX JIBUXKEHHS, T.€. TaK Ke, Kak U pH padote ¢ noteHuuanamu Jlopenua, T.e. cornmacio CTO, To u 3t!
9KCIIEPUMEHTAJIbHBIE JAHHBIE TOXKE JIATYT Ha 3€JIEHYI0 KPUBYIO. A, €CIIU 3TOT0 HE JIeJaTh, TO OHU CMECTSTCA
BBEPX U JIATYT HA KPACHYIO KPUBYIO, T.€. COBIAAYT C HKCIIEPUMEHTAIBHBIMU JAHHBIMHU 10 IOTEHIIMATaM
Herorona. Takum o6pa3zom, 3T SKcriepuMeHTanbable qanabie o OTO y Hac wim OyayT yuuThIBaTh
nonepeuyHslit 3¢ dexr omiepa, cBsizaHHbIN ¢ 3aMeaneHreM BpeMenu cornacHo CTO nnm He OyayT.
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Puc. 22. Pe3ynpTaThl BEIYUCIUTEIFHBIX SKCIIEPUMEHTA HA MOJIEISIX KJIACCHYECKOTO H PN THBHCTCKOTO

s dexroB [omnepa B ucxognoit UCO, T1.e. ACO, ¢ ucnonp30BaHHEM B HUX HIMHTATOPOB JJIsl pacyeTa
noteHimanoB Hetotona (Kymnona), Jlopermna u OTO ¢ pa3BepTkoii mo yriy HaOIIOICHUS, €CITU TP pacdeTe
ATHUX MOTEHLUAIOB YUECTh pealIbHOE 3ara3gplBaHue MmoTeHuana. CHHUE TOUKH - SKCIIEpUMEHTAIbHBIE JaHHBIE.
Kpacnas kpuBas - pacueTHbIe JaHHBIE IO KJIacCUUYeCKOMY UMUTaTopy (3-1), a 3eneHast KpuBasi - pacueTHbIE
JaHHBIE 110 PEISITUBUCTCKOMY UMHTATOPY (3-2). CkpunmoT nporpammbl Galileyl.



Ho Bce 3T mporiecchl 3aMesieHUs] BpeMEHH HUKAK HE 3aTParuBarOT M3MEHEHHsS YaCTOTHI CHTHAJIOB Ha
MIPUEMHHKE BCIIECTBUE UMEHHO 3¢ dekra Jlomiepa, Hanmpumep, IpU U3MEHEHUN HAIIPABIIEHUSI CKOPOCTH
MPUEMHHKA OTHOCUTEIHHO UCTOYHUKA TIpH norniepedrHoM dddekre [lomnepa. Beap Takoii ke pe3ynbTat s
nonepeunoro 3¢ dexra ommepa (cm. puc. 21) npu ucnonb30BaHUM U MOTeHITMaI0B JInenapa-Buxepra u
Jlopennia u OTO 31€Ch NOAYYUTCS, U €CJIM IPUEMHUK U UCTOUYHUK OyyT ABUIAThCSA HE B OJTHOM HaIIpaBJICHUH,
Kak ObUIO Y Hac, a HaBCTpeuy APYT APYTY, 4YTO KOPEHHBIM 00pa3oM JIOJKHO OTPa3UThbcs Ha caMoM 3¢ dekte
Hormutepa. Ho 31ech y Hac onsiTh mosryyaeTcs: Kakas-To CTpaHHast CHMMETPHSI, KaK U C MIOTCHIIMAJIaMH Ha PUC.
19. IToaTomy, Gosiee KOPPEKTHO ATOT AIHPEKT U3MEHEHHUS YACTOTHI MMEHOBAThH HE TOTIEPEUHBIM 3P HEeKTOM
JHomiepa, a ckopocTHBIM 3aMeieHrueM Bpemenu B CTO (1o aHanoruu ¢ rpaBUTAIlMOHHBIM 3aMEIJICHUEM
Bpemenu B OTO, T.k. oHu 06a OyayT OKa3bIBaTh BIUSHUE HA PE3YJIbTAThl MOACIUPOBAHUS PENIITUBUCTCKOTO

s dexra [lomnepa, HO MPSIMOTO OTHOIICHUSI IMEHHO K caMmoMy 3¢ dekTy Jloruiepa Hu CKOPOCTHOE 3aMe JIeHNE
BPEMEHH, HU TPABUTAIMOHHOE HE UMEIOT).

Taxum 00pa3oM Bce N3BECTHBIE HA CErOAHAIIHUN AeHb (POPMYIIbl (MMUTATOPHI) AJIs pacueTa MOTEHIUAIOB
(JIopenma, JInenapa-Buxepra u OTO) 3T0 Takue e MTHOBEHHO JEHCTBYIONIME TOTSHIIUANBI, KaK U
noreHuansl Herotona ninn Kynona, Ho uckaxennsie pazianuHbiMu pokycamu CTO u OTO. TouHo Tak ke
MI'HOBEHHO JIEHCTBYIOIIMMHU [TOTEHIIMATIAMHU SIBJISIFOTCSI U IPYTUE U3BECTHBIE MOTEHIMAIIbI, HanpuMmep, Bedepa
wu ['epOepa. A cBA3aHO 3TO € T€M, UTO, €CIM Mbl OyJieM B 3THX (OpPMYJax YUUTHIBATH PealbHOE 3ara3/(bIBaHue
MOTEHIIMAaJIa 10 KOOPJMHATAM, TO MAaTeMaTHKO-(DU3UKH OCTaHyTCs 0e3 padoThI, T.K. B TOM Cllydyae OHH HE
CMOT'YT PEIIUTh AaHATUTUYECKU HU OHOM 3a1auu. [Ipy 3TOM HalOMUHAI0, YTO MPH MOJEIUPOBaHUM (P dekTa
Jlomnepa, Korja Mbl BbIILIE pacCMaTpUBaId PACIIPOCTPAHEHHUE CUTHAJIA OT UCTOYHUKA K IPUEMHHUKY, Mbl HE
MMUTHPOBAJIM 3TOT MPOLECC, KaK JeJIalll ceifuac MpHu pacnpoCcTpaHEHUH MOTEHIMAIOB, & MOAEIHPOBAIIH, U Y
HAac CUTHaJI OT MCTOYHUKA JI0 IPUEMHHKA PACIIPOCTPAHSIICS HE MTHOBEHHO, a C KOHEYHON CKOPOCThIO. TyT BBI
MOJKETe MEHsI CIIPOCHUTD - a [TOUeMy K€ Tor/ia NoTeHnuaisl Jluenapa-Buxepra Ha3bpIBalOTCSI IMEHHO
3ara3pIBAIONIMMH, €CJIM B HUX HET HUKAKOTO peabHOoro "3ama3npiBanus’? OKa3bplBaeTCs MOTOMY, YTO UX
pacuer czeaH 1o TeKyIUM KOOpJUHATaM, BEIUMCIIEHHBIM U3 3aMa3/bIBaloIUX KOOPAMHAT. DTO KOHEUHO BEPX
abcypna, T.K. Uil TOTO, YTOOBI 10 3TOM METOAMKE HAWTH TEKYIIUE KOOPAUHATHI, 10 KOTOPHIM MbI U
MIPOU3BO/IUM pacueT 3TUX MOTEHIMAJIOB, Mbl CHadaJla IOJLKHBI 110 TEKYILIUM KOOpJMHATaM, KOTOpbIE Y Hac
MOJIy4aroTCs MIPU PEIICHNN YPaBHEHUH, ONUCHIBAIOIINX JIBUYKEHUE TEJI, BBIYMCIUTH 3alla3/bIBatoIINe
KOOP/AMHATHI, @ TOTOM IO HUM OISITh BHIYUCIIUTH TEKYIHE, KOTOPbIE M TaK ObUIM N3BECTHBI.
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Puc. 23. CxeMa K pacueTy MOTEHI[HAJIOB 3aIa3/IsIBAIOIINX 110 KoopauHaTtam. Bocrpousseaeno u3 pabotsr [68].

B o6miem, kak menu repou 0JTHOM U3 KHHOKOMEAWH "HOpMalIbHBIE TepOU Bceraa uayT B 00xoa" u puc. 23
MOSICHSET KakK 3TO MOJTy4YaeTcs. 3/1eCh MOKAa3aHO JIBM)KEHHE UCTOYHHUKA 3JIEKTPUUYECKOr0 MOTeHIrana 2 ¢
MTOCTOSTHHOM CKOpocThio V= V', a B Touke P y HacC MOMEIIeH HEeTOABMKHBIN MPOOHBIN 3apsijI, Ha KOTOPHINA U
OyZeT neiicTBOBATh B 3TOM TOYKE HAINPSHKEHHOCTH IMOJISI, CO37[aBacMast IBIXKYIUMCS 3apsaoM 2. Tak BOT,
coriacHo GopMyie 3ana3abIBalOIMKUX noTeHIanoB Jlnenapa-Buxepra y Hac B Touke P HanmpsKeHHOCTH
ANEKTPUYECKOTO MOJISI OyIeT M3MEHSATHCS TaK, KaKk OYATO MOTEHIIUAIBI PACIIPOCTPAHSIOTCS HE U3



3ara3/ibIBAIOLIETO MOJIO0XKEHUS 2' ¢ UCIOJIb30BAaHUEM B pacueTax pacCTosHUA R', a U3 TEKyILEro MoJIoKeHUs
MCTOYHHKA 2 C UCIIOJIb30BaHUEM PACCTOSHUS R, T.€. OHH B TOT K€ TEKYIIHIA MOMEHT BPEMEHH JOCTHTAIOT
npoGHoro 3apsaa. Ho s Hazerock, 4To 1I000MYy 3/IpaBOMBICIIAIIEMY YEIOBEKY SICHO, UTO MPU pacyeTe
CKJIIPHOTO TIOTEHIIMAIA Ha/I0 OpaTh 3ama3/bIBarolee MOJI0KEHUE HCTOYHHKA 2' ¥ TTOJTyYUTCS 3HAYCHUE
CKaJISIPHOTO 3aI1a3/(bIBAIOIIETo MoTeHIHana @ = € / R’, a He ero TekyIee MmoJIoKeHue 2, Kak 3TO MOJIyJaeTcs B
"samasapiBaronux" moreHnuanax Jinenapa-Buxepra. Hanpumep, cmorpure y Jlanmay [41] popmyiry (63.5%),
riep=e/(R-V *R/c), urne, kak OH NHIIET, BCE BEIUYNHBI B IPABOI YaCTH HAJIO B3STh B 3aIla3/(bIBAIOIIHIA
MOMEHT BpeMeHH t', a Tor1a MBI MOJIy4uM

op=el/(R—-V'*R'/c)~elR.

Taxum 00pa3oM, GpakTHUECKH MPH pacyeTe "3amna3apBaomux noreHuanos" Jlnenapa-Buxepra BHIYHCISIOTCS
TEKyILUe OTeHIMab, T.€. 10 popmyie KynoHa, a Hanuuue ckopocTell M ycKOpeHU B popMyIie ITUX
IIOTEHILIMAJIOB TOJILKO HEMHOT'O HCKAXKAEeT 3TOT PE3YJIbTaT, CO3/aBasi BUAUMOCTb TOTO, YTO IIPU UX pacueTre
yuuTbIBaeTcd "3amnaspiBanue" noreHnuana. W eme st 661 TyT ckaszall, UTO IPU 3TOM co3Jaercs Kak Obl ekt
JUHAMHYECKOI'0 JaBJIEHUSI KOTOPBIM J0OABISAETCS K CTATUYECKOMY JIaBJIEHUIO, KOTOPOE PACCUUTHIBAETCS 1O
¢dopmyne Kyinona. A BOT eciii Mbl yuTeM 3ara3/(bIBaHue MOTEHIMANa KaK [OJI0XKEHO, T.€. BBIYUCIUM IO
TEKYIEMY T0JIOKECHUIO HCTOYHHMKA €r0 3a1a3/IbIBAIOIIEe IT0JI0KEHUE, B KOTOPOM ITOTEHIIUAN €T0 IIOKUHYJI U B
JAHHBIN TEKYIIUHA MOMEHT BPEMEHH JOCTUT TEKYLIETO MOJI0KEHUS IPUEMHUKA, T.€. UCIOJIb3YEM B pacyeTe
HaNpsDKEHHOCTH 1T0JIs paccTosiHue R', To TyT MBI yuTeM peanbHOE 3ana3/ibIBaHUE WK, KakK s TOBOPIO,
3amasjpiBaHue 1o koopauHataMm. Ho u3 ¢popmyisl 1 pacuera noreHiuanos Jinenapa-Buxepra scHo
HOJTydaeTcs, YTO Halo OpaTh paccTosiHuE R, T.e. IMEHHO Tekyliee paccTostHue. [Ipu 3TOM HHTEpEecHO U TO, YTO
(dopMyna 3TUX NOTEHIMANOB (IIpUYEM OYeHb JUIMHHAsA) y Jlannay nomyyaercs Ta xe camast, 4to 1 'y PeifHmana,
HO CaM BBIBOJI Y HUX COBEpPLICHHO pa3Hbli, T.K. JIanmay paccmatpuBaeT TOYEUHBIN 3apsa, a PeiiHMaH
pacripesiesnieHHbIi 10 00beMy. [TosToMy "crienmanucTsl" M0 TUM MOTEHIMATIAM JI0 CUX HOpP CIIOPSAT JUIs KAKMX
3apsi/I0B (TOYSUHBIX HITM pa3Ma3aHHbBIX M0 00beMY) cripaBeuinBa GopMyIia STHX MOTEeHIUANOB. M ipu 3TOM,
YTO CTPAHHO - Y HUX MOJIy4aeTcs OJIHA M Ta ke KOHe4YHas (opMmyia noteHuuanos Jinenapa-Buxepra, naxe npu
Pa3HbIX 3HAYEHUSIX Yy 3TUX aBTOPOB BEKTOPHOIO oTeHLHata A.

A=p*V'/c Jlanmay

A=¢p*V'/c"2 OeitHMaH

Ho, HaiiTu, rie B uX BbIBOJAX CIPATAHBI MAaTEMAaTHYECKHE OIIMOKH, KakK 5 y)ke mucai B [68], oueHsb cliokHO,
T.K. UX BBIBOJIBI CHJIFHO 3aITyTaHbl. A, €CJIM Mbl TIOCMOTPUM BBIBOJIbI caMuX JlueHapa u Buxepra, To Tam HallTH
OIITMOKY €IIle CIIOKHEE, HO 3TO HUKOUM 00pa3oM He SBJISETCS I0Ka3aTeIbCTBOM TOTO, YTO HA CAMOM JIeJie
3ara3/abIBaIoIIUE MTOTEHIIHATBI PABHBI TPAKTUYECKH TEKYIIUM (TOJIBKO C HEKOTOPHIMU JTOTIOTHEHUSIMH U
HCKOKEHUSIMU, KOTJa Y HAaC 3apsbl ABMKYTCS C YCKOPEHHSIMH ), T.K. JTIOOOMY 37]paBOMBICIISIIIEMY YEIIOBEKY
SICHO, YTO 3TO MPOCTO OUYEPETHON MaTeMaTHdecKuil cohrs3M, XOTs U OUYEHB CIIOKHBIN cOpU3M, T/Ie OUeHb
TPYIHO HaWTH omMOKYy. Jla, 1 COMHEBAIOCH, UTO BCE YUTATEIIM HAUIYT OITMOKY /1a)Ke B DJIEMEHTAPHOM
MaTeMaTHYeCKOM codu3Me, HallpuMep, B yTBEPIKICHUH, UTO JIBAXKIBI JABA PABHO MATH. A, 4TOOBI 10KA3aTh,
qT0 2*2=5, 1ocTaTOYHO JOKa3aTh, uTo 4=5. JI)Is MOoKa3aTeNbCTBA UCIONIb3YeM paBeHCTBO 16-36=25-45.
[TpubaBum k o6enm yactsim o 20,25 u momyaum 16 - 36 + 20,25 = 25 - 45 + 20,25, rae Tenepb B 00eUx 4acTax
paBEHCTBA MOXKHO BBIBECTH TOJHBIN KBAaApaT PA3HOCTU ABYX uncend 472 - 2*4*4,5 + 4 572 = 572 - 2*5*45 +
4,5"2, 1.e. MmokHO 3amucaTh (4 - 4,5)"2 = (5 - 4,5)"2, cnenoBarenbho, 4 -4,5=5-45u torma4 =5, yto u
TpebOBaNIOCh A0Ka3aTh. TakuM 00pa3oM, MBI BUAMM, YTO MaTeMaTHUKa IEHCTBUTEIBHO, KaK TUcall DUHIITEHH,
M03BOJISIET 0OBECTH BOKPYT Majiblia J1a)ke caMoro ceost (eciu ObITh He BHUMATENIbHBIM U IyTaTh (PU3UKY C
MaTeMaTHKoii). [Io3ToMy OBTOPSIIO €lile pa3, uTo HE HAJ0 YPE3MEPHO JOBEPSTh Pa3INYHBIM MATEMAaTUHYCCKUM
doxycam, T.K. "uype3mMepHOe ynoTpedaeHne MaTeMaTUKH ONacHO i Baleil pu3uku (ICUxXuku)".

A, TO, YTO IPHU MaTEMAaTUYCCKOM BBIBOJAC 3aI1a3AbIBAIOIINUX ITOTCHIIUAIOB JII/IeHapa-BerpTa Y HECKOJIBKHUX
ABTOPOB IMOJTYYAOTCA MPAKTHUYCCKHU TCKYIIHUC ITOTCHIIMAJIbI, HU KOUM O6p3.30M HC JOJIDKHO OTMCHATH 3JpaBOTO
CMEICJIa M 3al1a3AbIBaAlOIIUMU ITIOTCHIHAJIaMU HAJ0 CYUTAaTh UMCHHO TC, KOTOPLIC PaCCYUTBIBAIOTCS 110



3ara3/pIBAlONINM KOOpAWHATAM, T.€. C UCTOJIb30BaHueM paanyca R' a He R. Ho, 4To0bI OKOHYATENBHO 3aKPhITh
3TOT BOMPOC, HAJI0 MTPOCTO B Pa3IMUHbIX BBIBOJAX MOTeHIMANOB JInenapa-Buxepra HaliTn MaTreMaTudeckue
WK JIorndeckue omuoku. Jla, caenats 310 OyAeT He MPOCTO, T.K. aBTOPHI 3TUX BHIBOJOB OYCHb CHUIIBHO
3amyTajau 3TOT BOIIPOC, HO 51 YBEPEH, UTO IPH JKEJIAHUH 3TO BIIOJIHE MOXKHO caienaTh. Hanpumep, 6omee 100 et
HU KTO HE MOT HalTH OMIMOKY B BBIBOJIE 3aIa3/(bIBAIOIIUX MOTEHIHAIOB ['epOepa, XOTst 04eHb MHOTUM YYEHBIM
3TOT BBIBOJI HE HPABUJICS IOTOMY, YTO €r0 MOTEHIIUAJIbl HE TOIBKO OTJINYAINCH OT BCEM ITPUBBIYHBIX
3ama3/pIBAIONINX MOTeHIaNoB Bebepa, 000peHHbIx MakcBeioM, HO U JaBaiu OpMYITy Ui TOUHOTO
pacuera aHOMaJbHOTO cMelleHus nepurenus Mepkypus (ceituac 3ta popmyna Oosbliie U3BECTHA, Kak (hopMyia
OitHmTeiHa, X014 oH ee u nomyuyra u3 OTO ropazno nosxe I'epOepa). Tak BOT, s BHUMATENBHO
MIpOaHAIM3UPOBA BHIBOJ 3aMa3AbIBAIONIUX [TOTEHIINAI0B y ['epOepa 1 Hallen TaM He OJIHY, a HECKOJIbKO
ou6ok [68]. [ToaToMy HazeIOCh, YTO HATYTCS KENAIOIIUE 3aHAThCS Pa300pOM OLIHOOK U MPH BHIBOJIE
noreHmuanoB Jluenapa-Buxepra.

[Tpu sToM st morumarto Jluenapa u Bexepra, KOTOpPBIM HE HpPaBWIMCh OTEHIMAIB Bebepa, KOTopble yUYUTHIBAIN
CKOPOCTb JIBHYKEHUS 3apsiia, HO HE YYUTBIBAJIN COBPEMEHHBIX BESIHUM TOIO BPEMEHH, [I0O9TOMY OHU U 3aHSJINCh
MX OCOBPEMEHHUBAHUEM COIJIaCHO MEMHCTPUMY TOTO BPEMEHH, HO OHU HE HAIUIN JPYIroro IIyTH CAENIATh TOXKE
camoe, T.e. BBECTH B (hOpMYJTy CKOPOCTb 3apsi/ia, KaK BBIYUCIUTD TEKYIIME KOOPAUHATHI U3 3al1a3/IbIBAIOIINX
KOOPJHMHAT C Y4€TOM CKOPOCTH 3apsiia U €ro yCKOpeHus. BOT TOJIBKO IpU 3TOM UX NOTEHIIMAJIBI HUKAK HE
MOTYT OBITh 3aI1a3/bIBAIOLIMMH, T.K. H3HAYAIbHO CTABUJIACH 1I€JIb MOIYYUTh TEKyIIue KoopauHatel. [loaTomy,
0oJiee KOPPEKTHO OBIIIO ObI UX HA3BIBATh TEKYIIUMH JUHAMUYECKUMHU TTOTEHIIMATIAMH, T.€. PACCYUTAHHBIMU T10
TEKYILIUM KOOpJMHATaM, KOI'Jla IPUHUMAETCSI CKOPOCTh B3aUMOJICHCTBHS PaBHOM OECKOHEYHOCTH, HO
YYMUTBIBAOLIUM IIPH 3TOM KPOME CTAaTUYECKOUW COCTABIISAOIIEH IOTEHIUAJIOB U UX CHMMETPUYHYIO
JUHAMHYECKYI0 COCTaBIISAIOLIYIO HCXOIS U3 CKOPOCTH B3aUMOJIEHCTBUS paBHOU ckopocTu cBeTa. [IoHsATHO, 4To
IIpY 3TOM IoJIy4aeTcs: abpakagadpa, HO Belb 10JIy4YaeTcs OY€Hb KPYTO U B JlyX€ BESHUN TOTO BpEMEHH,
HaBesiHHbIX co3zatensimMu CTO Jlopenuewm u Ilyankape. Jla, mpu 3TOM OpUIIIOCE 3a0bITh O CKAJIIPHOM
MOTEHILIMAJIE U IPUAyMaTh BEKTOPHBIM MOTEHIIMAJ, HO Oymara Bce CTEPIIUT, a BHIITIOJHUTh IPAKTUUECKHE
pacyeTsl ¢ UCIOIb30BAHUEM 3TUX NOTEHIIMATIOB, YTOOB! XOTS Obl B BEIYUCIUTEILHOM SKCIIEPUMEHTE IIPOBEPHUTH
UX CIIPaBEeJIMBOCTb, B TO BpeMs, KOTJ1a He ObLIIO KOMITBIOTEPOB, ObLIIO 04YeHb cI10kKHO. Ho BOT 3auem celiuac,
KOTJ1a 3JIEMEHTapHO MOYKHO IPOBEPUTH UX CIIPABEUIMBOCTD, O(UIIHANIbHAS HAayKa TpONaraHaupyeT 3T
MOTEHIMAJIbI, KOTOPbIE IPOTUBOPEYAT 3pPaBOMY CMBICIY, T.€. co3aaeT ouepeanon napanokc CTO, s He
IIOHMMAI0, XOTs ¥ TOHUMAIO YUYEHBIX MY’KEH, 3alIUTUBIINX HA TUX NOTEHIUANAX Kydy JHCCEPTALUil.

A, 3aKkaHuYWBas aHAJINU3 BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB ¢ MoJenupoBanreM dddexra Jomnnepa, koraa mpu
ATOM HCTOJIB3YIOTCS pa3inuHble (HOPMYIIbI, UMUTHPYIOITUE PACTPOCTPAHEHUE TTOTCHIIHAJIA OT OJTHOTO TeJia K
JIpYroMmy, HaJo cAenaTh BbIBOJ, YTO HUYErO HOBOTO MOJIYYeHHbIE HAMH PE3yJIbTaThl B I1aHe paccMoTpenus 110
B (hopmynupoBke DHHIITEHHA He Aanu. M, TakuM o0pa3om, c/ielaHHbIi paHee BBIBOJ O TOM, UTO
penaTuBucTCKre (GOpPMYIBl 3aKOHOB MPUPOIBI HE HHBAPUAHTHBI K TpeoOpa3oBanusM JlopeHia, T.K. Jar0T B
passabix MUCO pasnoe 3HaueHue >pdexra Jomiepa Ay 04HOTO U TOTO Ke yriia HabMIOICHHs, a KITACCHUYECKUE
(GhopMyIbl HHBApUAHTHBI, T.K. IAlOT OJIMH U TOT K€ PE3yabTAT JIJIs OJJHOTO U TOTO XKe Yriia HabIoIeH!us, HO OH
HE COOTBETCTBYET HaOII0JaeMOMY pe3yibTaTy JJIsl 3TUX YIJIOB HaOI0eHus, ocTaeTcs 0e3 n3meHnenuid. Ho B
COBPEMEHHBIX y4eOHHMKaX MPOJOIKAIOT YTBEpKaaTh, uTo [10 DiiHITeiHa cClipaBeATUB HE TOIBKO JUTS
paccMoTpeHHOro Hamu ¢usndeckoro sBiaeHus (3ddexra Jlomepa), a 1 Bcex GU3NIECKUX SBICHUN, TTOITOMY
JaBaiTe MPOBEPUM €r0 U MPU JBUKEHUE JIBYX MACC UIIU ABYX 3aps/I0B, KOTOPbIE ITPU 3TOM HE TOJIBKO
MepeaaroT KaKyr TO HH(pOpMaIKo APYyT APYTY, KaK 3TO Y Hac ObLI0 mpu paccmotpenuu s¢dexra lomnepa, HO
€Ille OKa3bIBAIOT U CUJIOBOE BO3/ACHCTBUE APYT HA JIpyra, 3aCTaBIIsAsl PU 3TOM JIPYTO€ TEJIO U3MEHSTh
HaIpaBJIEHHWE CBOETO JBIKEHUA. T.€. TaBaiiTe MpOBEPUM CMOKEM JIM MBI TI0 HaOroieHusiM u3 pazubix MCO
MOJIYYUTh OJIUH U TOT K€ (PU3HUECKUI 3aKOH M0 KOTOPOMY Telia BO3JEHCTBYIOT JPYT Ha ApYTa.

Jla B mocieqHUX 3KcrepuMenTax dexra Jloriepa Mbl y)Ke pacCMaTPUBAIHN 3TH 3aKOHBI, IO KOTOPBIM
BBIYMCIISUTA PA3IMYHBIC IOTEHIIMAIIBI, HO TIPOBEPSITA MBI IIPU STOM 3aKoH (dhopmyny) addekra domiepa,
KOTOPBIH SIBIISICTCS BCE-TAKH YHCTO KHHEMATHUECKUM 3((HeKToM. A BOT ceifyac Mbl paCCMOTPUM yxKe
MOJIHOLICHHYIO JUHAMHYECKYI0 MEXaHUYECKYIO CUCTEMY, I/ie Oy/IeM IbITaThCS MOMYyYUTh TUHAMUYECKUE
3aKOHBI B3aUMOJICHCTBUSA TeNl MEKAY COO0I0 Ipy HaOII0IeHUH 3a uxX noseneHneM u3 pasubix MCO. Ho 3xech y



HAc BO3HUKAET MHOT'O BOIPOCOB, Ha KOTOPBIE OUYEHBb TPYAHO (€CIH BOOOIIEe BO3MOKHO) OTBETHTh. Benb mpu
coznannu CTO, koTopas co3zaBaniach Kak reOMETpUUYECKasi TEOPHs, O CUJIaX B3aUMOJICHCTBUS MEXITY TE€IaMU
HU KTO HE 3aJlyMbIBaJICS, T.K. ypaBHEHUAM MakcBeiia, noj kotopeie 1 noarousiack CTO, onu (Tak xe, Kak u
BCE 3aKOHBI HhI0TOHA) HE HYXHBI, a TeMeph HaM HaJ0 Kak TO BCTPouTh B CTO u CHIIBI B3aMMOICUCTBUS MEXKTY
tenamu. W, eciu Mbl Oy1eM MPOBEPSITh KiacCHYecKui JuHaMudeckuid yacTHbli 110, To 31ech Bce Ooee-MeHee
SICHO, T.K. TYT MBI JJOJDKHBI UCIIOJIb30BaTh Mpeodpa3zoBaHus [ anues U 3aKOHbI B3aUMOACHCTBHS MEXKAY TellaMu
Herorona (u Kynona, eciiu Tena eie u HecyT Ha ce0e 3apsin). Ho 1 3/1ech HEMOHATHO JAOJDKHBI JIH MbI
MCIIOJIb30BaTh TH JIBa 3aKOHA B IIEPBO3/IaHHOM BHJIE WU YK€ C YIETOM TOT0, YTO TEeTEePh Mbl 3HAEM O TOM, YTO
CKOPOCTh pacIpOCTpaHEHUs B3aMMOJICHCTBHIA HEe paBHA OeckoHEUHOCTH. [1oaTOMY 51 TipoBepro 00a BapuaHTa
MCIOJIb30BAaHUS ATHX 3aKOHOB, HO TIPU y4eTe CKOPOCTU PACTIPOCTPAHEHHUSI SJIEKTPOMArHUTHOT'O MIIH
IPaBUTAIMOHHOTO B3aUMOJICHCTBUS sl Oyy UCIIOJIb30BATh HE KJIIACCUUECKHE 3aIa3/IbIBAIOIINE TOTEHIIUAIIBI
Bebepa u I'epOepa, T.K. OHU SABIISIOTCS TAKWMH Ke ''3ama3/IbIBAIOIIUMHU , KAK U PEIIATUBUCTCKHE
"3anaznpiBaromue’’ noreHuans Jlnenapa-Buxepra, a Oyay UCTIOIB30BaTh peaibHO 3aa3bIBAOIINE
MOTEHIIMAJIb, T.€. MOU MTOTEHIIMAJIBI 3aI1a3/IbIBAIOIIIE 10 KOOPAUHATAM.

A BOT, KOT/1a MbI OyJ1eM ITPOBEPSATH PEIAATUBUCTCKUN nuHaMudeckuil yacTHbii [10, To TYT BO3HUKAET 00BN
BOIIPOC, Ha KOTOPBIH 5 3aTPyIHSAIOCH OTBETUTH. XOTSI BPOAE Obl ICHO, YTO IIPU 3TOM MBI JIOJIKHBI HCII0JIb30BATh
npeoOpaszoBanus Jlopenna u norenuuansl Jluenapa-Buxepra. Ho BOT kak ObITh, €CJIM MBI paccCMaTpuBaeM
YHCTO MEXaHUYECKYIO CUCTEMY, T.€. Y HacC Tejla He HeCcyT Ha ceOe anneKkTpuueckue 3apsaasl. C 0JHONH CTOPOHBI
Bpo/Jie ObI TOXeE SICHO, UTO BMECTO TEOPHUH TATOoTeHUs HpioTOHA MBI 10JKHBI Uctonib3oBath OTO, koTopas
SIBJISIETCSI IPOCTO €1IE OAHOM TEOPUEN IPaBUTALIMM HE UMEIOLIEH HUKAKOTO OTHOIIEHUS K TEOPUH
otHocutensHocTu. Ho B OTO y DiiHinTeiiHa ecTh TpaBUTAIIMOHHBIHN 3¢dup, a mpu coznanuu CTO y Hero
HUKAaKoro 3¢upa He ObLJIO U OH MPUHLMIIUAIBLHO PAcCCMaTPUBaJl B3aUMOJIEHCTBUS MEX]y TE€IaMHU B
MaTeMaTUYeCKOU MyCTOTE, KOTOpasi HE UMEEeT HUKaKuX cBoMcTB. boiee Toro, B CTO y Hero umerorcs
IIPOJI0JIbHAS U MTONIEPEYHAasi MaccChl TeJl, KOTOPbIE 3aBUCAT OT ckopocTH Tell, a B OTO y Hero Maccel Tel 3aBUCIT
OT WX SHEPruu (Ha 3TOM BOIPOCE 51 OCTAHOBIIOCH HUXeE Ooliee moapoOHo). Takum 00pazoM, Mogydyaercs, 4YTo
MBI HEe MOKeM i1 poBepku yacTHoro 10 ucnonb3oBars Teoputo rpaButanuu JiHmreHa, T.K. OTO u CTO
3TO MPUHIMIIUAIBHO HE COBMECTUMBIE MEXTy co00t0 Teopuu. bonee Toro, y Ditnmreiina B OTO BooO1ie He
roBoputhest HU 0 kakux MCO u noatomy ero yactHbiil [10 He nMeeT HUKaKOro OTHOILIEHUS K ATON TEOPHH,
XOTs1, KaK Mbl YBUJUM n1ajee, oH npu co3nanuu OTO u neiTancs npuTsHyTh 3a ymu cBoi yacTHeli [10, HO yxe
kak oomuii [10, T.e. nis HeUCO. BoT TonpKo B pe3ynbTaTe y Hero nonyuuics 113, a, kak roBopst B Oxecce
"9T0 /1Be OOJIBIINE Pa3HULIBI".

IToaTomy s cuMTaro, 4TO U AJIs IPOBEPKHU PEIATUBUCTCKOro yacTHOro I10 ornuHo uenonp30Bath Ui pacueTa
CHWJT B3aUMOJICHCTBUSI MEXKTy IByMsI Maccamu (hopmyiy noteHnunanoB Jluenapa-Buxepra, HO He n7ist 3apsIoB, a
1UIs Macc. A B TOM cilydae, eCli Tejla y Hac OyAyT elle U 3apsbKeHb, TO 3TO TeM Oojiee OyeT 000CHOBAHO, T.K.
IIPU TEX K€ YHCICHHBIX 3HAUEHUSAX 3apsiI0B U MAcC CUJIBI 3JIEKTPOCTATUYECKOTO B3aUMOICHCTBUS OyAyT Ha
MHOT'0-MHOT'O TIOPSIIKOB OOJIBIIIE CHJI TPABUTALIMOHHOTO B3aMMOICHCTBHS U OCIETHUMH MOKHO Oy/IeT IPOCTO
npeneOpeus. Jla, norenuuansl ['aycca, Bebepa u JIuenapa-Buxepra Obuin mosydeHsl U1 MOJIEH ABMKYIIMXCS
3aps70B, HO s 3/1€Ch HE BU)KY HUKAKHUX MPENATCTBUM i1 IPUMEHEHUS UX U K MaccaM. Benp, corimacHo
npeoOpazoBanusM JIopeHIia MbI TOIBKO TTPe0Opa3zyemM KOOpAUHATHI, CKOPOCTH U Bpems u3 ogaoit UCO B
npyryto UCO, T.e. ¢ camumu 3aps1aMu Mbl HU4ero He AenaeM. Clie10BaTeIbHO, MBI MOXKEM M JUIS T1OJIS
JBUKYIIEHCS MacChl MPUMEHUTH 3TU IIpeoOpazoBaHus U paccuntaTh B HOBoM MCO HanpskeHHOCTD
IPaBUTALIMOHHOTO T0JIsI OT 3TOM Macchl. EqMHCTBEHHOE OTIIMYKE IPU ATOM JUIS 3apsiIoB U Macc OYyJIET B TOM,
YTO y Hac JJIsl Macc He OyJeT ele MarHUTHOM cocTaBiIsiolIel oT cuiibl JIopeHla, Ho Tak ee He Oy/eT U nocie
npeoOpa3oBanuil JlopeHna A 3MeKTPUYECKOro Mo ABMKYILIErocs 3apsaa, eciu B HoBoid MCO 3toT 3apsia
OyZeT MOKOUTHCS, T.K. IPU ITOM HE CMOXKET TaM CO3JaTh MarHUTHOE Tojie. TakuM 00pa3zom, sl He BUXKY
HUKaKUX MPUHIMIHAIBHBIX IPETPaj] JUIsl TOTO, YTOOBI IPU MPOBEAECHUH BHIYUCIUTENBHBIX SKCIIEPUMEHTOB
MIPUMEHUTD K TPABUTALMOHHBIM IOJISIM, CO3/1aBa€MbIM MacCaMU JABMXKYIIMXCS TeJ, T€ K€ IpeoOpazoBaHus
JlopeHuia, yTo ¥ K 3apsaam 3Tux tei. Y, nanpumep, 1o nossienus TO Bce yueHble, KOTJa MBITATUCh O0BSICHUTh
aHOMaJIbHOE CMelleHHe nepurenus Mepkypus, 6e3 kojaeOaH!i MPUMEHSUIN K B3aUMOJICHCTBHIO BYX Macc
3ama3/pIBaloNIe MOoTeHIMabl Bebepa, KoTopble ObLIH MOTYyYeHBI UM IS 3aPs/I0B.



A mpumenenue i 3Toro hopmyiel mpeodpazoBanuii JIopeHIa 1is MoJist ABMKYIIETOCS 3aps/a s CUUTAIO JaKe
0oJiee KOPPEKTHBIM, YE€M HCITOJIb30BaHKe moTeHuanoB Jlnenapa-Buxepra (1 Tem 6omee OTO), T.K. UMEHHO
npeoOpazoBanus JlopeHIa U MO3BONISIOT (KaK YTBEPXKIAeTCs B ydeOHUKAX), BBITOIHATHCA YacTHOMY [10O
DWHINTEWHA, U K TOMY K€ (hOpMYJIIBI IS OIS, CO3/1aBaeMOro mokosimieics maccoit (HproTOHA) M MOKOSIIUMCSI
3apsaniom (Kynona), coBepiiieHHO ACHTHYHBI. A 3T npeodpa3oBanus JIopeHIa Kak pa3 U NepeBOJIAT MOJIE
3apsna aewkyierocs B ogaor MCO B moste 3apsina mokosiierocs B npyroit MCO, u Takum oOpa3oM, MbI
MOJKEM MMPUMEHUTh X U K MaccaM, KOTOpbIe TOXe OyayT mokouThes B awxkymieiics MCO. [la, B coBpeMeHHOM
JlopeH1-MHBapUaHTHOW TEOPUU TPaBUTAIINH, KOTOpasi 0a3upyeTcsl Ha ITUX MOTEHIIMATaX, YYUTHIBACTCS U
MarHuTHas cocTapJstomas, 1 DUHITeH B cBoeid OTO yuuThiBaeT rpaBUMarHUTHYIO COCTABIISIONLYIO, HO S
CUMTAI0, YTO 3TO YUCTO TEOpEeTUUecKas runoresa. Benp moka HET HUKAKUX HKCIIEPUMEHTAIBHBIX (aKTOB
MOATBEPKIAIOIIUX HATH4UKe To100us cviibl JIOpeHIia u mpy B3aMMOACHCTBUH JIBYX MaccC, YTOOBI TPOBOJAHTH
AQHAJIOTHUIO C JIBUKEHUEM JIBYX 3aps/10B, CO3/IA0IINX MarHuTHoe rojie. Ho s Ha Besikuii ciydaii Bce ke
paccMOTpIO U B3auMojieicTBrE MEK Iy Tesamu coryiacHo OTO a He TOMBKO UX B3aMMOJIEUCTBUE COTIACHO
noteHuanam Jluenapa-Buxepra u JlopeHIa, B KOTopbIxX /s pacueToB B pazaudHbix NCO He Oyay yuyuThIBaTh
MarHUTHYIO COCTABJISIIOLIYIO B3aUMOJICUCTBUS MEX Ay TelaamMu. Belb, eciu ee yduThIBaTh, TO MBI MOKEM, TIPU
Habmonenuu u3 oguoit MCO, monyduTs 0JIHU 3aKOHBI, Tie OyaeT cuia Jlopenna, a, mpu HaOIIOACHUN U3
napyroit UCO, moly4uTh Ipyrue 3aKOHBI, T/ €€ He OyIeT, U Jake HE MPOBO/ISI HUKAKUX IKCIIEPUMEHTOB Cpa3y
3asiBUTh, 4TO 4KCcTO popmanbHO 110 B 3TOM ciydae He cobto1aeTcsl.

Ho naBaiiTe ocTaBUM IOKa 3TH TeOpeTUUYECKHE 1e0aThl, IIe y HaC BOSHUKAET OO0JIbLIE BOIPOCOB YE€M OTBETOB, U
IIPOCTO PACCMOTPUM BIIMSIHUE PA3JIMYHBIX IOTEHIIMAIOB HA TPAEKTOPUU JIBUKEHUS ABYX Tea. CHavana
cmonenupyeM ux apuwxenue B ACO ¢ UCIIOIb30BaHUEM Pa3IMYHbIX 3aKOHOB B3aUMOJACHCTBUS MEXAY HUMHU U
MOCMOTPHUM KaK OyIyT BBITJISACTh UX TPACKTOPHH MPH paccMoTperuu u3 Aprkyiieics UCO (BbITOTHUB 115
aToro npeobdpasoBanus win [amunes wiu JIopeHna), a moToM, BBIIOIHUB MPEOOPa30BaHus /sl HAYaIbHBIX
JAHHBIX, CMOJIETIUPYEM I10 TEM K€ 3aKkoHaM X ABmxkeHue B MCO u nocMOTpUM Kakue MoiIyqarcs B 3TOM
Cllydae TPaeKTOPHH, T.€. SKCIIEPUMEHTAIILHO NpoBepuM 4acTHBIN [1O 11 MeXxaHM4eCKON CUCTEMBI COCTOSILEN
u3 IByX Macc. Benp, kak yTBep:kaaeT DUHIITENH, MbI 10 HAOJIOIEHUSAM 32 TIOBEJIEHUEM OJITHUX U TEX XKe Tell U3
nByx pa3Hbix MCO (y Hac 310 6ynyt ACO u nBruxymascs otHocutesbHo Hee MCO), T.e. o ujiealbHbIM
BUJUMBIM IIPH 3TOM TPACKTOPUSAM ABMXKEHUS TeJ JODKHBI OJIYYUTh OJMHAKOBBIE 3aKOHBI, 10 KOTOPHIM Tela
B3aUMOJICHCTBYIOT MeX 1y coboro. Ho npu npoBeieHnH BEIYUCIUTENBHBIX SKCIIEPUMEHTOB MBI OyJ1eM Ha000pOoT
3aJ1aBaTh OJIMHAKOBBIE 3aKOHBI B3auMoaecTeus Mexay tenamu B ACO u B UCO, a notom cpaBHUBAThH
MOJTyYaroIuecst TPAEKTOPUU Tell pH HaOtoqeHuH 3a Tenami, Apwkyumucsa B ACO u3 MCO, u 3a Tenamu,
nasuxymmucs B MCO u3 stoit s)xe UCO, a 310 OyZeT paBHO3HAYHO TOMY, YTO yTBEp:K1aid DUHIITENH, €ClIU MBI
IIPU OTOM IOJIYYUM OJIMHAKOBBIE HJI€AIbHBIE BUANMBIE TPAEKTOPHH.

ITpu 3TOM paccMOTpPHUM J1Ba BapUaHTa BEIYMCIUTENBHBIX KCIIEPUMEHTOB, KOT1a Mbl B 000MX BapuaHTax Oyaem
3aJaBaTh MapajuielIbHbIe CKOPOCTH 000UX Tell, HO B IEPBOM BapuaHTe OyAeM 3a7aBaTh POU3BOJIHHBIE
CKOpOCTH, a BO BTOPOM BapHaHTe OyJeM UX MM0AOHpaTh TaK, YTOObI Tela ABUTAIUCH 110 OKPYKHOCTSIM BOKPYT
WX IIEHTpa Macc. A JuIsl Hauasa JaBaiTe paccCMOTpUM OoJiee moapoOoHO Mo 3 (EKT 3ama3aApIBaHus OTECHIIHAIA
110 KOOpAMHATAaM, KOTOPbI MBI U B 3TUX SKCHEPUMEHTaX OyJeM MCIOIb30BaTh MPU pacueTe KIACCHYECKUX
MOTEHINAJIOB C HCIoNIb3oBaHueM (opmyn HerotoHa n KynmoHa, HO OTSITh TaKH TOJBKO KaK CTATHUECKUX
MOTEHIINAJIOB, T.€. 0e3 yueTa JuHaMu4eckoil coctapistomei. [1ycts y Hac 1Ba Tena 1 u 2 (M301MpOBaHHBIE OT
BHEIIHUX TOJIeH, T.€. Haxomsmmecs B yacTuyHo 3akpbiToid UCO) ¢ maccamun M1=20 kr 1 M2=1 Kr IBUXKYTCS B
ACO (y nac sto Oyner ucxognast MUCO) Bnoisb ocu X co ckopocTsimu VX1=6 m/c u VX2=12 m/c (cM. pucyHOK
24). Ilpu oM B MoMeHT Bpemern t=0 y Hac koopauHaTh! 1-0if Mmaccer X1=300 m n Y1=100 m, a 2-0it Mmaccsl
X2=200 m u Y2=50 m. Boob1ie To, cBoO60AHOE NBMKEeHUE HamMX Macc B pa3HbIx MCO He Oynet
MPSIMOJIMHEHHBIM W PABHOMEPHBIM, KaK 3TO U OTPAXKEHO Ha pHC. 26, HO, 4TOOBI y HAC MOIYYHIIHCh
COIOCTaBUMBIE TPa(UKH CHII B3aUMOJICHCTBHS MEX/Ty MAaCCaMU MPH HCIIOJIb30BAaHUH PA3HBIX OTEHIIMAJIOB,
paccMOTpPHUM CHavaia MPUHYIUTEFHOE JIBIKEHHE MAcC € 33IaHHONW CKOPOCTHIO TIO HAIPABJISIOIINM.

Ecnu paccrosinne mexay Tenamu, KOTOpoe corjaacHo 3akoHaMm HeroTona u Kynona Biauser Ha cuiy
MPUTSDKEHUS. MEXTy HUMH U, CIIEZIOBAaTEIbHO, HA MPOTEKAHKE BCETO MPOIIeCCa, PACCUUTHIBATH 110 TEKYIIUM
KoOpauHaTaMm (UMeeM JanbHoAeicTBre), To R12 6yneT paBHo R21 u, ciienoBaTenbHO, U CHJia C KOTOPOit 1-¢
TEeJO BO3/EHCTBYeT Ha 2-¢ Teno F12 OyneT paBHa cuiie ¢ KOTOpoii 2-€ Teno Bo3AeicTByeT Ha 1-e Teno F21 u
Oynet cobOmonatees 3-uit 3akoH HproToHA. A, €ClTi MBI YITEM CKOPOCTh PacpOCTpaHEHUST B3aUMO/ICHCTBUS



MEXIy TellaMH, KOTOPYIO JJIs TPOCTOTHI pacyeToB mpumeM VS=20 m/c, To oHa Macca OyIeT BO3IeCTBOBATh
Ha JIPYTYIO U3 3aIa3/IbIBAIOIIETO MMOJIOKEHHUS (51 3TH MOJIOKEHUS Ha3bIBAIO CJIe/laMu ), KOTOPOE OMpPEeIUTCS
MCXOJSl N3 BPEMEHHU HE00X0IMMOT0, YTOOBI BO3JICHCTBUE OT OJJHOW MACChI U3 3TOTO 3aMa3 IbIBAIOIIETO
MOJIOXKEHHUS JOCTUTIIO IPYTOi Macchl B TEKYIIU MOMEHT BpeMeHH. PaccTosiHue 13 3ama3/IbIBatoIiero
MOJIOKEHHUS 1-0¥ Macchl 10 TEKYIIETo MOJ0KEHUs 2-0i Macchl Oyner R12 u cooTBeTcTBYOMmAs eMy cuia Oyaer
F12, a u3 3ama3apIBaOLIEro MOJ0KEHUS 2-0i MacChl 10 TEKYIIETo MOJIOKEeHHs! 1-0i Macchl OyJeT pacCTOsHUE
R21 u coorBercTByromas cuia oyaer F21. A, T.K. MBI TYT paccMaTpuBaeM IPSIMOJIMHEHHOE U PAaBHOMEPHOE
JBUKEHHE JIBYX MAacC, TO Mbl MOKEM TOYHO BBIYHCIUTH 3ama3blBaoline KOOpAuHaThl, Macc. Hampumep,
3ara3/pIBAIOIICEe MOJOKCHHE MAacChl 2 onpeAeauTcs Kak X2z = X2 - VX2 * dt2 u Y2z=Y2 - VY2 * dt2, rue
dt2=1t - t2z. 3aech t Tekyiee BpeMms, a t2Z BpeMsi COOTBETCTBYIOIIIEE 3aIIa3bIBAIOIIEMY [TOJI0KEHHIO MaCChI 2.
YroOsl HaiiTh 3HaueHue dt2 Bocnonb3yemcs BeipaxkenuneM dt2= R21/Vs, rae R21=sqrt((X1 - X2z)"2 + (Y1 -
Y22)"2). IloacrasisieM Crofa HaIlu 3HadeHust X2Z v Y 2Z 1 HaXOJUM J(Ba KOPHS KBaJPAaTHOTO YPaBHCHHS U
CUMTACM HAIlIUM PEIICHUEM IMOJIOKUTEIbHOE 3HaueHue dt2.
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Puc. 24. Cxema pacuera 3ama3apIBaromux nojoxennid Mmace 1 u 2 s pacuera R12 u R21 ¢ macmrabom
ML=10 m/cMm u ans pacueta cun Baumoaerictusa F12 u F21 (npu rpaBuTtanmonHoit moctossuaoi K=100
H*m”2/xr""2) u HanpaBnenuii ux aevicteus npu t=0, a Tak ke rpaduku u3menenus cuwi F12 u F21 B pynkimu
BPEMEHHU NP YCIIOBUH, YTO MACCHI IBUXKYTCSI PABHOMEPHO U MPSIMOJIMHENHO (110 HanpasisomyM). CKpUHIIOT
OJIHOTO M3 BapuaHToB mporpammbl Doplers, Bomemiiero mo3sxe B mporpammy Galileyl.

Teneps mocMOTpUM Ha puc. 24, T1Ie Y HaC TOKa3aHO H3MEHEHUE CO BPEMEHEM CHJT TIPUTSHKEHUST MEXKTY
maccamu F12 u F21 nipu pacueTe 3TUX CHII 1O Kiaccuueckoit Teopun Herotona (4-1) (uepHasi KpuBasi) U 1o
Teopun HploToHA ¢ 3ama3npiBanHueM (4-2), T.e. ¢ y4eTOM KOHEYHOCTH CKOPOCTH PACTIPOCTPAHEHHSI IPaBUTAIIMN
(cunme kpusbie). T.x. cormacHo Teopun Hpl0TOHA rpaBUTALlMOHHBIN MOTEHIMAI PACIPOCTPAHSAETCSI MTHOBEHHO,
To y Hac Oynmet R12 = R21 u F12 = F21. Ilpu4em 3T pacCTOSIHUS M CHITBI OyIyT Hem3MeHHbIMH B jr000ii ICO,
T.e. BO Bcex MCO aBmxeHue Macc 1moj AeHCTBUEM 3THX CHJI OyZIeT OJHO U TO *ke. A BOT IPH JII0OOM JIpyrom
pacuere CHII B3aUMOJICHCTBHS MEX/y MaccaMu y Hac OyZIeT He OJIMHAKOBBIM XapaKTep U3MEHEHHUS 3TUX CHIT HE
ToJBKO B pa3zHbix MCO, HO U CHJIbI B3aUMHOT'O NPUTSDKEHHSI He OyIyT paBHBI Jake B oHOM 1 Toi ke NCO.
[Tpu aTOM 10 Teopuu XoiIa, KOTOPYIO sl TO’KEe Oy/1y HCIOIB30BaTh B HEKOTOPBIX pacueTax, UCIIOJIb3YeTCs Ta Ke
¢dopmyina, uro u 'y HeioToHa, HO B 3HaMeHaTene OyaeT paauyc He B KBajpare, a B crernenu 2,0000001574. U no
3TOM Teopuu Toxke Oynet F12 = F21, Ho Ta Teopus ceityac Hac He Oy/IeT HHTEPECOBaTh, T.K. ITa MOIIPaBKa
XoJuta paccuuTaHa CrelragIbHO AJIS OJHOTO KOHKPETHOTO CiIyyas, T.€. JUIsl pacyeTa aHOMaJIbHOTO CMEIIEeHUs
nepurenuss Mepkypusi, 1 He sIBJISETCS TeoOprel Kak TakoBor. Tem OoJiee, 4TO Ha BCEX PUCYHKAxX Tpaduku
M3MEHEHHSI CHJI TIPU 3TOM IPOCTO COBMAAYT € TpaduKaMu pacCUUTaHHBIMU 110 HbioTOHY.

A Temnepb JaBaiiTe paCCMOTPUM CHIIBI B3aUMOJICHCTBHSI MEX]Ty TeJIaMH, KOTOpBIE Y Hac OyAyT BO3HUKATh MIPU
paccMoTpenuH penstuBucTckoro yactHoro I10. IIpu 3ToM HavanbHble JaHHBIE HA pHC. 25 3a1aUM T€ XK€, YTO



ObuTH Ha puc. 24 (Tonbpko caBUHEM Tena BieBo Ha 200 m), T.e. X1=100, Y1=100, VX1=6, VY 1=0, X2=0,
Y2=50, VX2=12, VY1=0, m1=20, m2=1, K=100, Vs=20. Kak Buaum, Bo Bcex 3tux Teopusx (mias OTO 3mech
ucnonb3oBad BapuaHT OTO1), rae BA06aBOK K CTATUYECKUM MOTEHIMATIaM YUYUTHIBAIOTCS pa3InyHbIe
JMHAMHYECKHE MOMPABKHU OT CKOPOCTH JBMKEHHUS Tel, 3-uil 3akoH HpioToHa He cobmogaeTcs. A mpu
KJIACCUYECKOM PACUETE, I/I€ Y HAC HET 3TUX JIMHAMUYECKUX JOOABOK, OH TOYKE HApyIAeTCsl, HO TOJIbKO €CIIU Mbl
y4TeM KOHEYHOCTh CKOPOCTHU paclpocTpaHeHus rpaButauuu. [Ipu sTom, Kak nuiryT B yueOHUKaX, MpU
PaBHOMEPHOM IPSIMOJIMHETHOM JIBMKEHUU JIBYX 3apsiioB (Macc), T.€. 3TO Halll CIydail JBUKEHUS 110
HaIpPaBIIAIOIIKUM 0e3 YyCKOpeHHi, moTeHnuaisl Jinenapa-Buxepra 10 KHBI OTy4aThCS TAKUMU )K€, KaK U
MOTEHIMAJIBI ABIXKYIIETOCS 3apsiia (Macchl) COracHo npeodpazoBanusM JlopeHma. A mpu 3TOM, €CTECTBEHHO,
y Hac JOJKHBI IOJYy4YaThCs M OJHH U TE K€ CHJIBI B3aUMOICUCTBUS MEX/1y HAIIMMU MaccaMH, YTO Mbl U BUJTUM
Ha pHC. 25, i€ OTpayKeHO U3MEHEHHE ITUX CHJI B3aUMOJICHCTBHS MEXy ABYMSI MaccaMi B ()YHKIIUH BPEMEHH.
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Puc. 25. I'paduku n3MeHeHne cUil B3aUMOJICHCTBUS MEXAY IByMs MaccaMt (B ()YHKLIUU OT BPEMEHH),
JBIDKYITUMHECS TPUHYIUTEIFHO PABHOMEPHO U IMapalIeTIbHO C Pa3HBIMU CKOPOCTSIMH (TI0 HAIIPABIISIOIIIM).
Bosnee ceribie muHuM 3710 cuia F12, T.e. cuna ¢ koTopoil Macca 1 nputaruBaer Maccy 2, a 6oiee TeMHbIE 3TO
cuna F21, T.e. cuia ¢ koTopoit macca 2 nputsruBaet Maccy 1 (MF= 0,05 H/cm). CkpUHIIIOT 01HOTO U3
BapHaHTOB mporpammsl DoplerS, Bomemiero mo3xe B nporpammy Galileyl.

A, ecnu y Hac JIBe Macchl OyJIyT JBUTAThCS HE MO HAIIPaBJISIIOIINUM, @ CBOOOIHO, TO COIJIACHO 2-MY 3aKOHY
Herotona (B popmynupoBke Diinepa), riae YCKOPEHUS Macc 3aBUCAT OT MPIIIOKEHHBIX K HUM CHIL, TO,
€CTECTBEHHO, HAIllM Macchl OYAYT ABUTaThCS YK€ U HE paBHOMEPHO U He MO NpsiMoi tuHuu. [lpu aTOM, T.K. ipu
OJTHUX U TEX K€ YCIOBUAX, KAK ATO BUTHO U3 PHC. 25, y HAC COTJIACHO Pa3HBIM 3aKOHAM JJIsl pacdeTa CUI
MPUTSDKEHUS. OYAYT MOTy4aThCs pa3Hble 3HAYEHMsI CUJI, TO ¥ TPAGKTOPUH JIBM)KEHUS HAIIUX Macc MPH 3TOM
TO€ JJOJKHBI OBITh pa3HBIMH, KaK TO U MOKa3aHo Ha puc. 26. 31ech TpaeKTOPUHU Macchl 1, KoTopasi Topasio
MaCCHUBHEEC MaACChI 2, HC CHJIBHO OTKJIOHAKOTCA OT HAYaJIbHOI'O HAlIPpaBJICHUA JIBUIKCHHS ITPU Pa3HbIX
MOTEHIMAJIaX ¥ PacIioyiaratoTCs JOBOJBHO TaKu OJIM3KO JpyT K Apyry (kpome Bapuanta HproToHa ¢
331'[33211)IB3HI/IGM), a TpaCKTOPHUH MaCChI 2 OYEHBb CHJILHO OTKJIOHSIOTCS OT HAYaJILHOT'O HaIpaBJICHUA IBUXKCHU,
HO OMSITh Taku B BapuaHTax HeroToHa, JInenapa-Buxepra u npeodbpaszoBanuii JlopeHiia Tpaekropun
PacIoJIOraroTCsl OY€Hb OJTM3KO, a B TIOCIEAHUX JIBYX BapHaHTaX OHU MPAKTUYSCKU COBIAIH (CM. KPACHYIO
Tpaektoputo s JlneHapa-Buxepra u cUpeHEBYIO TpaeKTOPpHIO st JIopeHIia), YTo 3HAYUTEIBHO YCIOKHSICT
HaM aHaJiu3 MOBEACHHUSI Te 10 HaOII0JaeMbIM TPAEKTOPMSIM MPHU Pa3HBIX 3aKOHAX B3aMMOIEHCTBUS (XOTS TO,
YTO B IIOCJIEAHUX JBYX BAPUAHTAX TPACKTOPUU IIPAKTUUECKHU COBIAIIN U SABIIACTCS YUCTON CIy4alHOCTBIO,
KOTOpast O0BSACHSIETCS TEM, YTO TPACKTOPHS 1-0i Macchl ObLTa IPU 3TOM 3aMETHO JAPYTOi).



[Tpu 3TOM TpaeKkTOpUH HE OYEHBb CUIIBLHO OYAYT OTIMYATHCA, €CTM MBI OyieM ux HaOmronath cHadana B ACO, a
notoM u3 Amxkytelics MCO mpu MalleHbKHX CKOPOCTSIX TEJ, T.K. B PEISITUBUCTCKUX (hopMynax OymayT
MaJIeHbKHUE 100aBKU JUHAMUYECKOM COCTABIIAIONIEH OTEHIIMANA, a B KJIACCUYECKO MpH 3ama3bIBaHUH
NoTeHIMaa OyeT He3HAYUTENIbHOE 3aIa3/IbIBaHIE, YTO 3aTPYTHUT HAM MOJyYEHHE PA3HBIX 3aKOHOB MIPUPO/IBI.
CrnenoBatenbHO, YTOOBI MOTYYUTh 3aMETHOE Pa3InyKe B TPACKTOPUSAX IBHKEHUS TEJ MPU Pa3HbIX 3aKOHAX
B3aMMOJICHCTBHS, HAM HAJI0 MCIIOJIB30BaTh OOJIBIINE CKOPOCTH TEJN, HO IPU 3TOM MBI HE MOXKEM YBEPEHHO
KCIOJIb30BaTh MOTEHIMANBI, mojiydatomuecs coriacHo OTO, T.k. pu 3TOM y Hac moay4darTces "cTpaHHbie”
pe3yabTaThl (cM. puc. 41 u 42). U naxe Ha puc. 25 1 26 Mbl BUIUM, YTO CUJIBI IPUTSIKEHUS MEXKIY TEIaMH 10
ypaBHeHUAM OTO nogo3puTenbHO 04EHb CHIIBHO OTJIMYAKOTCS OT BCEX OCTAIBHBIX cuil. Cpa3y Xouy MNOSICHUT,
4TO B OJJHOM U3 BapuaHToB nporpammbl Dopler5, kotopslii He BoLIeT B OKOHYATEIBHYIO BEPCHIO, HO TIOTOM
ObLT HCIIOJIB30BaH Mpu co3aanuu nporpammbl Galileyl, y mens ObLT TOIBKO pacuet o ypaBHerusm OTO,
noJjry4eHHbIM J{poOsIeBpIM U3 Jlarparkuana Jlangay 1ist IByX Tel, IO3TOMY Ha pHC. 25, KOTOPbIi ObLI
MOJIyYeH Ha 3TOM BapuaHTe mporpammbl Dopler5, orpaxken uMeHHO 3TOT BapuaHT. A B mporpamme Galileyl
celyac y MEHs MOXHO MPOU3BOJIUTH PacUeT Kak 0 3TUM ypaBHEHUSIM (OHU cTainu Ha3biBaThess OTO1), Tak u
[0 YpaBHEHHSM MOJTy4eHHBIM Moiiepom [54] as1s mpor3BOIBHOTO KOJHUYECTBA TEJI U 3TOT pacyeT Ha3bIBACTCSI
OTO?2. IloaTomy Ha puc. 26 Bbl BUIUTE I10 JIBE TPACKTOPUH IBUKEHUS Macc | U 2, KOTOpbIE COOTBETCTBYIOT
pacueram o OTO1 u OTO2 (a ecTb emie ¥ TOYHBIN pacyeT JJIsI OAHOTO TeJla, HaXOIAIIECT0Cs B IICHTPAIbLHOM
nosie, KoTopbiit HazpiBaetrcss OTO3). [TogpoOHO 00 ATHX ypaBHEHUSIX MOYKHO TOYUTATH B MPHIIOKEHHUH 1.
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Puc. 26. Tpaekropun cBo60ogHOTO ABIKeHHE ABYX Macc B ACO (ucxoanas UCO) npu pa3HbIX TEOPHUIX
B3aumozeiictBus (1 OTO B 1ByX BapuaHTax) MEXJly MacCaMu U rpaduKu U3MEHEHHs IIPU ATOM CO BpEMEHEM
CHJI IPUTSDKEHHS Mexkay Maccamu. CkpuHIIOT mporpammbl Galileyl.

Takum 00pa3oM, MbI MOTJIM OBl TOJYYUTh YCTOWYUBBIE PE3YJIbTATHI [0 PA3HOCTH TPACKTOPUHN JABMXKEHUS ABYX
TEJ IPU pacyeTe CUJI B3aUMOACHCTBUS MEKYy HUMHU 1O pa3HbIM TeopusaM (BkiItouass OTO) ToIbKO Mpu Majibix
CKOPOCTSIX T€J. A B 3TOM CiTy4ae y Hac BO3MOJKHA YETKasi PETUCTPAIIHS PA3THYUA B TPACKTOPHUSIX JIBHKCHUS
TOJBKO IIPHU UCTIOJIB30BAHUHU KPYTrOBOTO ABUKEHUS JBYX MAacC BOKPYT MX LIEHTpa Macc, KOTia Tejia mocie
COBEPIICHUSI KAXKJI0T0 000pOTa IOJDKHBI TPUXOJUTH TTOYTH B TY)KE CaMYIO TOUKY OTKY/1a OHU Havyalld
JIBMKEHUE U C KaXKIBIM 000POTOM YBEITHMUUBAIOCH OBl pa3nuune B TpaekTopuax. Ho, eciu Mbl paccMOTpHUM 3TO
newkenue ten u3 asmxkymerics MCO B koopauHaTax 31oit MCO, To MBI OyieM HaOI01aTh OY€Hb CIIOKHBIC



TpaeKTOpuu (CM. puc. 27), KOTOpbIE OYEHb CI0XKHO aHAIM3UPOBaTh. M, €CTECTBEHHO, UTO 110 TAKUM
TPAEeKTOpUsAM OyJIeT U OUeHb TPYAHO ONPEIECIUTh 3aKOH B3aUMOJICHCTBUS MEXY TEJIaMHU.
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Puc. 27. Tpaektopuu kpyrosoro AsrxeHus 1Byx Tea B ACO 1o pa3HbIM 3aKOHaM B3aUMOJCHCTBUS MEXIY
HUMH 1 Tipu HaOmonennn 3a Humu u3 MCO, nemxkymeiics otHocutenbHo ACO. s Herotona n HeroToHa ¢
3ara3/bIBaHUEM UCIOJIb30BATIMCH IpeoOpa3oBanus [anunes, a g Jlopenua, Jlnenapa-Buxepra u OTO2
npeodpaszoBanus Jlopenma. Macirrad pucynka ML= 10 m/cm. Cxpunmior nporpammsr Galileyl.

[ToaTomy s cumTaro, 4To H60JIee JOTUYHO ObLIO ObI paccMaTpuBast yacTHbIN [10 aHanmu3upoBaTh TaHHBIE C
yrouHeHreM HproToHa, koTopsiil B popmynupoBke cBoero I10 (umeercs B Buay ero I19) Hanucan o ToM, 4To
HaJI0 pacCMaTpPUBATh JIBIKEHUSI T€Jl OTHOCUTEIBLHO APYT Apyra, a He oTHocuTenbHO camon CO. [la,
COOCTBEHHO T'OBOPsI, M DUHIITENHH BBIBOIMI CBOM (hopMyJbl addexta Jloruiepa uinu npu ABUKEHUHU UCTOUHUKA
OTHOCHUTEJIbHO MPUEMHHKA WJIM TIPU JBUKEHUH TPUEMHHUKA OTHOCUTEIBHO UICTOYHUKA, @ TIOATOMY JIOTUYHO
6bu10 OBI cienath yrouHeHue B ero [10 o ToM, uto B pa3ubix MCO OyayT oaHU U Te ke PU3NUECKUe 3aKOHbI
JBUKEHMSI OJHUX TeJl OTHOCUTENBHO IPYTUX, a He oTHocuTenbHO camoii ICO, kak MHOTHE ceifuac moJjararor.
K Tomy e y DHHIITENHA U HET HU TJI€ IPAMOIo YKa3aHus Ha TO, YTO HAJ0 PacCMaTpUBaTh JIBHKEHUE TEI
otHocutenbHo MCO, T.k. y Hero kpyrom Hamnucano 'B MCO", a TaM oHUM MOTYT OBITh U OTHOCUTEIILHO CaMOM
NCO u ogHuX Tesn OTHOCUTENBHO Jpyrux Ten. [lpaBaa, B oqHO# cBoeil padote B 1923 rony [9 ctp. 120], korna
oH yxe 3aHumaiicsi OTO, oH Bce K€ MUIIET, YTO JI0 HErO B KJIACCHYECKOM MEXAHUKE pacCMaTpPUBAIOCh
JBUKEHHE MAacC OTHOCUTEIBHO CUCTEMBI KOOPAMHAT, @ Ha/I0 OTHOCUTEIBHO MAcC, CO3Jal0IINX
rpaBUTALlMOHHBIE MOJS, T.€. IPEAJIaraeT 3To JAeNaTh TakK, Kak 1 peKoOMeH0Bal AenaTh Hbl0TOH, T.€. Tak, KaK 3TO
U JETAJI0Ch B KJIACCUUECKON MEXAaHUKE. A B 3TOM Cllydae, €CIIU Tella ABMXKYTCS 110 OKPYKHOCTSIM, TO U B
ucxogHoir UCO npu HaOmoaeHNn 3a 3TUMH Teraamu u3 apwxkyueiics MCO, u npu MoieanpoBaHUuM 3TOTO
nporecca B 1rxymierics MCO u nabmoaennu 3a HUMHU 13 31oii ke MCO, Mbl otydyaeM nogo0HbIe
TpaeKTopuu (CM. puc. 28), 4To HaM 3HAYUTEIBHO YIIPOIIAET aHATN3 ITHX TPACKTOPHIA.
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Puc. 28. TpaekTopuu apmwxkenus tena 2 otHocuTenbHO Tena 1 B ACO npu pa3HbIX 3aKOHAX B3aMMOACHCTBUS
MEeXy HUMH (cieBa) u npu Habmonennu 3a Humu u3 UCO, nemxkymeiics otHocutensHo ACO (cripaBa). st
Herotona u HetoToHa ¢ 3ana3apiBaHreM UCIIONB30BAIKCh peoOpazosanust ["anunes, a ansa Jlopenia, Jlnenapa-
Buxepra u OTO2 npeobpazoBanus Jlopenia. Macmrab pucynka ML= 10 m/cm. CKpUHIIOT IPOrpaMMBbI
Galileyl.

Bort Tonbko npu B3aumoaeiictBuu mMexay tenamu corinacHo OTO1 nnu OTO2 oHM y HAC HUKAK HE XOTAT C
3a/IaHHBIMU HaMH Ha4aJbHBIMH JTAHHBIMU JIBUTATHCS 110 YCTOMYMBBIM OKPY>KHOCTSIM, YTO HE TTO3BOJISIET
HCIOJIb30BaTh UX B aHanmu3e. TyT MOKHO MIPEANON0KUTh, YTO MBI OIISITh CTAIKUBAEMCS C TOH ke IpoOIeMoit
ypaBuenuii OTO, kotopast Obuta pu paccmotpennu 3 dexra Jlomnepa ¢ nepeMeHHbIMU MTOTEHIIUATIaMU U
KOTOPYIO MOXHO OOBSCHUTH TeM, 4TO Hamu ypaBHeHUss OTO nepBoro nocTHbIOTOHOBCKOTO MPUOTUKESHHUS
HEJIb3s KCTION30BaTh B TAKUX CHJIBHBIX TPABUTAIIMOHHBIX MOJSX M MPU TAKUX OOJIBIIUX CKOPOCTAX. XOTS U
MIPU IPOU3BOJIBHOM JIBUKEHHUE JBYX TE€J ABMKEHUE MACChl 2 OTHOCUTENILHO MaccChl 1, KOTr/1a Mbl MOJIETTUPYEM
5TH npouecchl B pazHbix UCO (ecTecTBEHHO, P pa3HbIX HaYaJIbHBIX JaHHBIX ), KaK 3TO [TOKa3aHO Ha puC. 29,
TPAEKTOPHUU MOJYYAIOTCS IPU 3TOM COMOCTABUMBIMH, T.€. IOJJJAI0TCS AaHAJIU3Y U B TOM Cilydae, KOraa Mbl
MOJICJIUPYEM JIBUKEHUE TEJI B CHJIBHBIX TPABUTAIIMOHHBIX MOJISIX U TIPU OOJIBIITNX CKOPOCTSIX.
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Puc. 29. TpaekTopuu ABMKEHUS MACChl 2 OTHOCUTEIBHO MaccChl | MPU MOJEIMPOBAHUH MTPOIIECCa B PA3HBIX
NCO u npu pa3HBIX 3aKOHAX I pacdeTa CHJI B3aUMOJICHCTBUS MEXIY MacCaMH, a Tak ke rpauku u3MeHESHHs
cui B pyakiuu Bpemenu. Macmtadst ML= 10 m/cm, MF= 1 H/cm. CKpHHIIIOT OJHOTO U3 BapHAHTOB
nporpammbl Dopler5, Bomeamero mossxe B mporpammy Galileyl.

U yxe u3 3TuX rpaduKoB Mbl BUAUM, YTO TPACKTOPHS IBUKEHUS MAcChl 2 OTHOCUTEIBHO MacChl | mpu
UCIOJIb30BAHUU 3aKOHA TAroTeHus: HproTOHA MoTyyaeTcst OJjHa U Ta e U P MPOTEKaHUM ITpoLecca B
ucxogsoit UCO (y mens ato ACO) u npu ero nporekanuu B MCO, neuwxyieiics otHocutensHo ACO co
ckopocThio VXis0= 6 M/c, rae y Hac mociie npeobpasoBanuii ['amuies 1-1 Macca B Ha4aabHBIA MOMCHT
BpeMeHU OyJIeT MOKOUTHCS, a CKOPOCTh 2-0ii Macchl OyneT 6 M/c. A BOT NpH 3ama3IbIBaHUU TTOTCHIIUAIOB
HeroToHa y Hac TpaeKTOpHUs Macchl 2 OTHOCUTENIBHO Macchl 1 OyeT yxe Ipyroi, 4To Mbl U BUAUM Ha 3TOM
pucynke. U npu neiictBuu Ha Tena penstuBuctckux cuil (Jlopenna, Jluenapa-Buxepra u OTO1) tpaekropuu B
pasHbix MCO nomyvarores Toxe pasHbIMU. TakuMm 00pa3zoM, IpeaBapUTEIbHO MOXKHO CKa3aTh Y)Ke celuac, 4To
371eCh Y Hac 4acTHbIN kiaccuueckuit [10 cobmogaercs mpu 6eCKOHEYHONH CKOPOCTH B3aMMOACHUCTBUS, a TIPU
KOHEYHOCTH CKOPOCTH PaclpOCTPaHEHUsI B3aUMO/ICHCTBHSI MEX/Ty TeJlaMU OH He coOutoiaetcs. A BOT
penstuBUcTCKUiA yacTHBIHN 1O 318k y HAac He cOOMI0IaeTCs P JIFOOBIX PEISITUBUCTCKUX 3aKOHAX
B3aUMOJICHCTBUS MEX Ty TeslaMu, X0Ts pacueTsl o OTO u Henb3s 37ech CUNTaTh JOCTOBEPHBIMH.

31ech ke HaJ0 3aMETHUTh, YTO U pacyeT noteHiuanos Jlnenapa-Buxepra B mporpamme Galileyl toxe qaet
3aMETHYIO TIOTPEUTHOCTh It CHITbl F21, Kak MBI 3TO BUAUM Ha puc. 26, rae Ha TpaduKe OKOJIO aOCIIUCCHI
paBHOI1 16 cM Ha KpUBOU MOTy4aeTcsl HEOOIBIION MTPOBAJ, KOTOPOTO HET Ha JIEBOM pHC. 29, XOTS TPACKTOPHUH U
MOJTYYalOTCs MPAKTUUECKH OJJMHAKOBBIMU. DTO OOBACHIETCS OOJIBIIMMHU YCKOPEHUSIMU MAaCChI 2, UTO TPUBOJIUAT
K TIOTPEIIHOCTH pacyueTa 3ama3IblBarolinX yeKopeHuii mo Mmetoauke DX2 B mporpamme Galileyl. A B ogHoM U3
BapuaHToB mporpammbl Dopler5 u B mporpamme SoISys7 y MeHst iMenach BO3MOXHOCTh BBIYHCIIATh
3amas/IbIBaloIIMe YCKOPEHHUs 10 JaHHbIM 13 MaccuBa DIM (Bapuant DX3), rie oHM COXpaHsUIHCh Ha
OTIpeICTICHHOM OTPE3KE BPEMEHH U B Mporiecce paboThl IpOrpaMMBbl OpaTuCh OTTY/IA IS HYKHOTO
3amaspIBaroliero MoMeHnTa Bpemenu. Ho atot Bapuant DX3 nonyyaercs unu oueHb Tpy103aTpaTHBIM, T.K.
HaJI0 TTIOCTOSTHHO MTPOU3BOIUTH MIEPEUHICKCAIINIO TAHHBIX B MACCHBE HEOOJIBIIION Pa3MEPHOCTH, HITH TPEOyeT
OuYeHb OONBIIOT0 00bEMa OMIEPATUBHOM MaMATH (€CIK HE MPOU3BOAUTH NMEPEUHIEKCAIIUIO) U TIOATOMY B
nporpamme Galileyl s ot Hero otka3zasncs.

Ho Takue npocTbie TpaeKTOpUH Ha puc. 29, KOTOpbIE MOXKHO NPOAHAIN3UPOBATH, Y HAC MOJIYYAIOTCS PU
OOJIBIIINX CKOPOCTSIX Tell, KOT/Ia TeJla Y HaC TOJIBKO HEMHOTO COJIMKAIOTCS M IOTOM pa3jIeTaloTCs HaBceraa. A
IIPU MaJIBIX CKOPOCTSIX, HarpumMep, korga y Hac VX1=1 m/c, VX2=2 m/c, Tena 6yayT MOCTOSTHHO TO
COMIKATHCS TO YIAIATHCS APYT OT JpyTa ¥ MBI Oy/IeM HaOJI0JaTh TPaeKTOPUH HE MEHEe 3allyTaHHbIe, YeM Ha
puc. 27 (ocobenHo HarmsaeH npumep, koraa X1=0, Y1=100, X2=0, Y2=50 u m1=m2=1 kr). [ToaToMy cambIM
MIPAaBUJIHHBIM PEIICHUEM MTPH aHAIM3€ TPACKTOPHIA B HAITMX BBHIYUCIUTEIBHBIX KCIIEPUMEHTAX S CIUTAIO
paccMOTpeHHe ABMXKEHHSI TEJI IO OKPYKHOCTH, YTOOBI MOXHO OBLIO OMPEAETATh OTKIOHEHUE OIHUX
TPAEeKTOPUH OT IPYTUX Jake Ha OOJBIIUX MPOMEKYTKAX BpEMEHH. A, 4TOOBI y HAaC BCE BapUAHTHI pacueTa, T.e.
u cornacHo OTO u s JIuenapa-Buxeprta, He BbI3bIBAIM HUKAKUX M1OI03PEHUIN U MBI MOTJIN M UX
WCTIOJIH30BATh TPH aHAIM3E, PACCMOTPUM JIBIDKEHHE TEI B CIIA0BIX TPABUTAMOHHBIX TOJISX, T.€. TIPH
MaJIEHbKHX Maccax TeJjl, KOrJa y Hac JJIs yAep KaHus Tell Ha KPYroBbIX opOuTax He nmoTpedyroTces OobIine
CKOPOCTH, YTOOBI IIEHTPOOCKHBIE CHITBI YPABHOBEIINBAIN CHITBI TPABUTAIIMOHHOTO MPHUTSHKEHHUS U TIPU 3TOM Y
Hac OyJyT ¥ HEOOJIbIINE YCKOPEHHUS.

J11s 5TOTO 3a/1a7IMM MaJleHbKHE MACChI TEJ TP MPUMEPHO TEX K€ PACCTOSHUAX MEXKY TEIAMU, YTO Y HAC ObLIN
B PACCMOTPEHHBIX BBIIIE SKCIIEPUMEHTAX, a, YTOOBI Jierue ObIJI0O HANTH HadadbHbIE TaHHBIC IS Hadaja
rpoliiecca MOJEIUPOBAHUS KPYTOBOTO ABUKEHUS MTPHU PA3MYHBIX 3aKOHAX B3aUMOJECHCTBUS MEX]y TeJIaMHU,
3a/1aJIMM OJMHAKOBBIE MACCHI TE€Jl. DT MacCChl (OHHU K€ U BEJTMYHHBI 3aPSIIOB IIPU pacueTe CUJI B3aUMOICHCTBHS
MEXy 3apsiIaMH ), TpaBUTAIlMOHHAS TTOCTOSIHHAS (UJTU AJIEKTpUYECKasi IOCTOSIHHASL JIJ15 3apsAJIOB) U CKOPOCTh
pacrnpocTpaHeHUs TOTEHIIMANIOB MpuBeeHbI Ha pucyHKax 30, 31 u 32 B IeBOM BEpXHEM YTy, & Ha4aJbHbIC
CKOPOCTH TeJ mpu 3ToM 3aaaBanuck 1o 0,707107 m/c uinu o ocu aOCIUCC WU 110 OCH OPJUHAT U OBUTH TSI
JIBYX TeJl HalpaBJlieHbl B pa3Hble CTOpOHbI. [Ipu 3TOM Ass noteHuuanos HeloToHa mpu paccMOTpeHun



nekenus ten B ACO u3 aeuxyierics MCO unu npu pacyeTe HaualbHbBIX TAHHBIX JIJIS Havyalia
MOJICIIMPOBAHUH TIPOIIECcCa IBHXKCHHS TEIT TI0 TOMY ke 3akoHY B3aumoeiicteus B UCO u npu Habmo1eHnn 3a
tenamu u3 31oit ke MCO Oynem npuMeHsTh s iepecdera KoopauHat u ckopocteit 3 ACO B ABMKYIIYIOCS
NCO npeobpazoBanus ["anmies, a AJi1 BceX peSITABUCTCKUX MOTEHITMATIOB MpeoOpa3oanus JlopeHia.

W st Hadanma paccMOTPUM Kakue y Hac OyayT HaOIIOAaThCS TPACKTOPUHU MTOJIOKEHUS MacChl 2 OTHOCUTEIIBHO
Macchl | Mpu KIIACCUYECKOM PaCCMOTPEHUH SIBJICHHS] KPYTOBOTO JABMKEHUS JBYX TEJ MPH 3aJJaHUU HAYAJIbHBIX
CKOPOCTEH OTHOCUTEIIBHO UX 00111ero 1eHTpa macc. [Ipu aTom cHadana 6yaeM paccMaTpuBaTh OTHOCUTEIBHYIO
TPAaeKTOPUIO, KOTOPYIO0 MbI Oyzem Habmoaate u3 MCO, nemxkymeiicst oTHocuTenbHo uexoauoi MCO, T.e.
otHocuTenbHO ACO, rie ¥ MPOUCXOIUT ABHKEHUE TeJI, a TOTOM OyJIeM paccMaTpUBaTh Kakas y HaC MOJYyYUTCS
OTHOCUTEJIbHAS TPACKTOPHS, €CJIM MBI OyZIeM MOJIEIMPOBATh ABUKEHUE ITUX TEJl C UCIIOJIb30BAaHUEM TOTO K€
3akoHa HeroTOHA, HO KOTIa MBI M MozieupyeM aBrxkeHue Ten B MCO u Habmrogaem 3a Humu u3 3toi ke MCO,
T.€. B IOCJIETHEM CIIy4ae B IPOIIECCe MOJICIMPOBAHUS HaM YK€ HUKaKkue rmpeodpasoBanus koopauHat uz ACO
B MCO, uto6s1 nonyuuts Buaumbie 3 MCO koopauHaThl Te, Aenarth He Hajlo. Ho, eCTeCTBEHHO, 4TO IIPH 3TOM
JUT Hadasa nporecca moaenupoBanus B UCO, Ham Hazio Oy/eT ¢ uCcmonbp30BaHUEeM npeodpa3oBanwmii ["anmmnes
HaWTH HaYalbHBIC JJAHHBIC JIJI1 MOJICIIMPOBAHUS, T.€. HAUaJIbHbIC KOOPAUHATHI U CKOpOCTH Tel B 3Tol MCO.
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Puc. 30. TpaekTopuu ABM>KEHHS MacChl 2 OTHOCUTEIHLHO MacChl | TPy MOJIETMPOBAHUH 110 3aKOHY HbioToHa B
ACO u Buaumsie u3 UCO, nemxymeiics otHocutenbHo ACO co ckopoctbio VXiso= 10 m/c (uepHbIe KPUBBIC)
U MOJIeMpyeMble 0 ToMy ke 3akoHy B ICO (cuHMe KpuBbI€), KOT/1a HauajbHbIe JaHHbIE (CKOPOCTH U
koopauHaThl Macc) B MCO mosydeHbl ¢ UCTOIb30BaHueEM rpeodpa3oBanuii [anuies. CieBa HaYaabHbIC
CKOPOCTH 3a/IaHbl 110 OCH OPJIUHAT, a CIIPaBa 1o OCH aOCIMCC. &) MPHU OTCYTCTBUHU BHEIIHUX MOJICH WK TIPH
JIBMOKCHUH B OJIHOPOTHOM TI0J1€. D) mpu nBrkeHnn B chepruueckom moJie, co3aaBaeMoM Maccoit m3=1 r,
KoTopas Bce Bpems nmokounack kak B ACO tak u B UCO B Touke ¢ koopauHaTamu X3=0 u Y3=-300 m.
Macmrad pucynkoB ML= 10 m/cm. CkpuniioTs nporpammsr Galileyl.

Kak cnenyet u3 puc. 30a, 3/1eCh y HaC KJIaCCHUECKUH 3aKOH TAroTeHUs: HpI0TOHA ONATh MHBApUAHTEH K
npeoOpa3zoBaHusaM ["anmuies mpy yCIOBHH, UTO TeJla HaIlleH CUCTEMBI H30JIMPOBAHbBI OT BHEIITHETO BO3ICHCTBUS
CO CTOPOHBI TeJI, KOTOPbIE HE BXOAAT B paccMarpuBaemyto Hamu CT, T.e. Mbl UM€EM TYT YaCTHUHO 3aKPBITYIO
HCO. Ho ot Ten, co3aarimmx 3JeKTPOMarHuTHOE BO3/ICHCTBHE, Mbl MOKEM H30JIMPOBATH TeJla HAIIEH
paccmarpuBaeMoit CT, OTropo/iB X OT BHEIIHETO MUPA METAIUTMYECKUM SKPAHOM, a BOT OT BHEILITHETO
IPAaBUTALMOHHOTO BO3JCICTBUSA Mbl HUKAK HE MOkeM n3onupoBaTh Hanry CT. K Tomy xe, eciii Mbl U30JI1pyeM
HAIlIA TeJla METAUTMICCKUM dKPAHOM, T.€. Y Hac Oyner 3akphitas ucxoaHas MCO, To MbI HE CMOXKEM
Habmonate u3 Apmxkyieiicas MCO 3a ux noBeneHueM, T.€. y Hac 00s13aTeNIbHO TOJDKHBI ObITh OTKpbITHIE CO.
A B 9TOM ciTyyae HaJi0 pacCMaTpPUBATh HE TOJBKO B3aUMOJICHCTBUE TEJl, BXOAIIUX B pACCMATPUBAEMYIO HAMHU
CT, mexay co0010, HO U BO3JCCTBHE HAa HUX IMOJICH CO3/1aBaeMbIX BHEUTHUMHU TeJaamu. M 1ist 5Toro Hamo
TOYHO 3HATh IMAPAMETPbI STUX MOJIEH, YTOOBI MOTYYHUTh "YMCTHIE" 3aKOHBI (PU3HKH, T.€. OTPAKAIOIINE TOJIHKO
B3aUMOJICHCTBHE pacCMaTPHUBAEMBIX HaMK TeJl (BXOAAIIMX B paccMaTpuBaeMyto Hamu CT) Mexay coboid, 4To
HE BCETJIa BO3MOXKHO H MTO3TOMY IOJIy4aeMbIe HAMHU 3aKOHBI BCeTa OyIyT ¢ KAKOW TO IMOTPEITHOCTHIO.

B mexanuke I'epiia, rie, kak u 'y Diinmrerina B OTO, HeT HUKAKUX CUJT U TeJla ABMXKYTCSA 10 T€OE3UUECKIM,
TaKue Tella, KOTOPbIE CO3Jal0T BHEIIHUE MO U UCKAXAIOT "UMCTYI0" KapTUHY B3aMMOJICUCTBHS MEXIY TEIaMHU
Hamelt CT, Ha3bIBaIOTCSl CKPBITBIMU MAacCaMH, HO c€iiYac MOJIHO Ha3bIBaTh UX TEMHOU maTepueit. Jla, B Tex
cllyyasix, KOrJa BO3/IeliCTBUE HEM3BECTHBIX HaM I0JIeH OT BHEIIHMX Ten (He Bxoasumx B Haury CT) Oyzaer
HE3HAYUTENIbHBIM, MbI HE TOJIBKO IIOJyYUM HOYTH "4KCThIe" 3aKOHBI (U3UKU, HO Y HAC IPU MPUMEHEHUH
teopun HetoToHa Oyner npaktudecku coomonatbes [10 (HamomMuHar, 4To B 3KCIIEpUMEHTax 1o 3ddexty
Homuiepa y Hac B 3Tom citydae [10 He coOmrogaercst). 1, eciii MbI paccMOTpUM TTOBEJICHUE HAIINX TEN B
OJTHOPOJITHOM BHEIITHEM I10JI€, T.€. B 10JI€ aHAJIOTUYHOM MOJII0 TIOCKOT0 KOHJIeHCcaTopa (Harnpumep, B
JIOKaJIbHOM 00J1acT! BOJIM3H MMOBEPXHOCTU 3€MJIN), TO M B 3TOM CIIy4ae Mbl OJIy4aeM MOYTH "4HCThIe" 3aKOHBI
¢u3uKH, T.K. IPU 3TOM TPAEKTOPHUSI MACCHI 2 OTHOCUTENIBHO Macchl 1 ocTaHeTcs TOM )K€ UTO U IPU OTCYTCTBUH
ATOTO BHEMTHEro MoJis (Kak 1 yrBepkaainu Hetoton u DitHmrelin). U ipu 3ToM y Hac Oyaet coomoaatscs [10
(cMotpuTe puc. 34, rae st paccMaTpuBaro npuMep ¢ TUGTOM DHHIITEHHA B OAHOPOAHOM I10JIe U B c(hepuyecKoM
noJie A1 mpoBepku kKak yactHoro I10 tak u yactHO-001ero 110, T.e., korna mudT IBUXKETCS MPSIMOJIMHENHO U
paBHOyckopeHHO). Ho, ecnmu mudt Oyzner nBuratrbes B chepruueckom 1oiie, TO B ITOM Cllydae Mbl BCET/1a,
HaXOJSICh BHYTPH JU(Ta, CMOKEM ONPEAETUTH TOKOUTCSI OH B 3TOM T0JI€ WU JIBHIKETCS IPSIMOIMHEWHO
PaBHOMEPHO WUJIM PaBHOYCKOPEHHO, T.€. Halll 4acTHbIN [1O, KOTOpEIi MBI celiuac paccMaTpuBaeM, B 3TOM
ciydae He OyAeT cOOM0aThCs.

Boob6e-to, B mpumepe ¢ nmugprom DiiHIITeiiHA paccmarpuBaercs He [10 Habmronarens o0bekTa, a [1D ycnosuii
MPOBENICHUS SKcniepuMenTa B pazHbix MCO, KOTOphI HE UMeEeT HUKakoro otHouenus kK TO, HO, T.K. HUMEHHO
3TOT IPUMEP BCETJa pAaCCMATPUBAIOT KaK J0Ka3aTeabCTBO cripaBeanuBocTy [10 DitHiureliHa, TO s ToXe
paccMaTpuBaro HMEHHO 3TOT npumep. K Tomy ke DUHIITEHH BO BTOpoil (OKOHUATENbHOMN) (POPMYITHUpPOBKE
csoero I10 nmpuBoaut ¢popmynupoBky uMeHHO [1D 1 mosToMy, TOBOPS O BHEIIHUX MOJISIX, HAJI0 BCErJa UMETh B
BH]Y, 4TO peub y DuHmTenHa uaet o [19 ms 3akpeiteix MCO. A ero I10O qis teopun HeroToHA npexkpacHo
OyzeT cobmoaaThes ¥ MPH HATMYUM JI0ObIX BHEIIHUX MOJeH, T.e. ¥ [y oTKpHIThIX MCO, 4TO JIerko npoBepuTh
CMOJEJIMPOBAB MOBECHUE HAILIMX MACC BO BHEIIHEM I10JIE CO3/1aBAEMOM TPETHEM MACCOM, KOT1a MBI
moenupyeM ux noseaenue B MCO nocie Toro, kak npeodpasyem B 3ty MCO He TOIBKO KOOPAMHATH U
ckopoctu Hame CT, HO U KOOpAUHATHI U CKOPOCTH TPETHEN MACChl, CO3/IAI0IIECH BHEIIIHEE TOJIE.



Bot Tonpko DitHiTeliH Bo Bropoit cBoelt popmynuposke [10 rosopur o I13, a B 3TOM ciiyyae pedb UAET yxKe
He o0 npeoOpa3zoBanuax ['anunes wnu JlopeHia, a 0 co3JaHUK SKBUBAJICHTHBIX YCIOBUN MPOBEICHUS
skcnepuMMenTa B 3akpbiToit ICO, rae ckopoctu ten Hamedt CT OynyT rakumu xe, kak u B ACO, HO
OTHOCUTENBHO cTeH 3akpblToi MCO, H30upyrommx Tejia B HeM OT BHEIIHUX BO3JCHCTBUN U YBIICKAIOIINX 32
co0010 cpefy, B KOTOPOW MPOMCXOIUT B3aMMO/ICHCTBHE MEXKY TellaMH, T.€. HUKaKue Mpeo0pa3oBaHus TYT He
HYXHbI. Takum 00pa3zom, Bo BTopoil popmynupoBke cBoero 110, 060cHOBBIBast HEBO3ZMOKHOCTh BBIMIOJTHEHUS
[1O npu Hanu4Ke BHEMIHUX TMOJIEH, DUHIITEIH IPOCTO CMOPO3UII OUYEPEAHYIO TTYIOCTh, T.K. OMSAThH IEpermyTal
coii [10 o6bekTa Habmoaenus st oTKpeIThiX MCO ¢ I1D ycnoBuit mpoBeneHust s3xkcnepumenTa [ amunes-
Herotona nins 3akpeiteix UCO, rae aeiictButenbHO Mbl HE MokeM BMecte ¢ ero MCO, rae tena JBuxyTcs ¢
JPYTUMH CKOPOCTSAMH OTHOCUTEIBHO ACQO, HO C TEMU K€ CKOPOCTAMHU OTHOCUTEIBHO CTEH ero 3akpbiToit UCO,
3aCTaBUTh JBUTATHCS U BHEIIHUE TEJIa C HOBBIMU CKOPOCTSMHU OTHOCUTENHHO ACO, yTOOBI MpOBECTH
SKBUBAJICHTHBIN SKCIEpUMEHT B ero 3akpbiTo MCO. Ha Besikuii cinydail HanmoMuHaro, 4To nucaia DUHIITEHH 1o
3TOMY IOBOAY.

"YUmobwl nposepums npuHyun omHocumenbHocmu 8 popme 1, Heobxooumo 6wiio 66l nNPosecmu 08a ONvLIMA, 8
nepgom uz komopuvix U u E npusoosimces 6 mouno maxoe sce cocmoanue omumocumenvro K, xak 6o émopom
onvime omuocumenvuo K'. Omo nuxoeoa ne oo u ne 6yoem 803modicHvIM. Ymobdwvl nposepums npuHyun
omuocumenbHoCcmu 8 ghopme 2, HeodX0OUMO, HANPOMUS, NEPEeBOOUMb 8 PA3IUYHbLE COCTNOSAHUS 0OHY MOJILKO
cucmemy E, ne becnoxosco o cosokynnocmu cucmem U; Heobxo0umo nposecmu 06a onvlma, 6 nepeom u3
komopuix monvko E npueooumcs 6 maxoe sce cocmosanue omnocumenvro K, kax 6o emopom onvime
omnocumenvho K'."

Bosee Toro, T.. y DifHmTelHa 316k paccmarpuBatoTcs 3akpbiThie MCO, TO y Hac HE MOXKET ObITh HE TOJIBKO
HUKAKUX BHEUIHUX I0JIEH, HO HE MOXKET ObITh U peur HU 0 KakoM [1O, T.K. Ipu 3TOM MbI HE MOKEM U3 OJIHOMN
NCO naGmonats uto y Hac npoucxoaut B 1pyroit MCO. Takum oOpa3oM, Bce 3T rpadoMaHCKue
paccyxaeHus DUHIITEeHA 0 TpoBeAeHHE ABYX OMNbITOB B pa3HbiX MCO ¢ 0lMHAKOBBIMU YCIIOBUSMU
IIPOBEJEHUS SKCIIEPUMEHTOB HE UMEIOT HUKaKoro oTHomeHus k [10, rae nomkeH paccMaTpuBaThCsl OAUH U TOT
e DKCIIEpUMMEHT Npu HabmoaeHuu 3a HUM U3 paszHbix UCO. Ho, ecniu ux npumenuts k I10, To y Hac
MIOJIYYNTCS CTPAHHAs KapTHHA, KOT1a Mbl JOJDKHBI IIPU pacCMOTpeHUH siBiieHUs B OTKpbITol MCO ¢ HOBBIMU
HavyaJbHBIMU JAHHBIMU Tell, BXoAAmux B Haiy CT, ocTaBUTh HayalbHbIE TaHHBIE TEJ, CO3JA0IINX BHEIIHNUE
0J15, HEU3MEHHBIMH, T.€. TeMHU, 4T0 OHM ObUIH B ACO, T.K. COrJIaCHO YTBEPXIAECHUAM DUHIITEHHA MbI UX HE
MOEM M3MEHUTh. A B TAKOM ClIydyae JCHCTBUTEIHLHO MPU HATUYUU C(heprIecKoro BHEIIHEro mouis (cM. puc.
300), uctounuk koroporo 6yzaer nocrossHHo nokoutcst u© B ACO u B UCO, TpaekTopuu ABMKEHHS MAacChl 2
OTHOCUTENBHO Macchl 1 B oTkpbIToit UCO, OyayT yxe coBceM Apyrue nNpH UCIOJIb30BAHUU TOTO K€ 3aKOHA
Herotona ns pacdera cui B3auMoaencTBUS Mexy Tenamu. Benpb nmpu mogenuposannu B ACO Ttena co
BpeMeHEM OyIyT NPUOINKATHCS K 3TOMY UCTOUYHUKY C(PEepUUECKOro BHELIHETO MO U TOATOMY UX TPAEKTOPUHU
OyZayT O4eHb CUIIbHO UCKaXKaThCs [0 Mepe NPUOIMKEHUS K HEMY.

A BOT ipu MoaenupoBaHuu B Asrkyuieiics MCO y Hac TpaeKTOpUH 1O NpeKkHEMY OYAyT OJIM3KHU K T€M, YTO
ObUIH MPU OTCYTCTBUU BHEIIHMX MoJeH, T.K. 1o Mepe asmxenust MCO Tena B Hell OynyT UMeTh HadallbHbIE
cKopocTu moutd MuHyc VXiso, T.k. mpu Berdere VXiso=10 m/c n3 HavanbHbIX ckopocteit Ten B ACO (+/- 0,7
M/c) y Hac momyuurtes -9,3 m/c u -10,7 M/c, a Ipu 3aJJaHUK CKOPOCTEH TI0 OCH OPIUHAT OHU 110 OCH a0CIIHCC
OynyT paBHBI TouHO MEHYC VXiSO, U TTO3TOMY CO BpeMEHEM Teja OyayT BCe Jajbllie U JANbIIe YAAISIThCS OT
MCTOYHUKA BHEUTHETO c(hepruuecKoro moJis U ero Bo3AeicTBIE Ha HAIllK TeJla CO BpeMeHeM OyieT ociabeBarhb,
T.€. 9TOr0 HCTOYHHUKA KaK Obl He Oy/IeT CyIeCTBOBATh. 3/1eCh MOKHO BBIIOJIHUTH U APYrol SKBUBATIEHTHBIN
BBIYMCIIMTENBHBIN DKCIIEPUMEHT B JIBHKYIIeNcs oTKkpbITol MCO, T.€. ¢ TeMH K€ HadalbHBIMU CKOPOCTSMH
Hammx mMacc, 4ro 06Ut 1 B ACO, HO IpH 3TOM 33/1aTh CKOPOCTh 3-ei Macchl paBHO# VXis0. [Ipu aToM TOYHO
TaK e M0 X0y IKCIepuMeHTa Macca 3 OyzaeT yaansaThes oT macc Hameil CT u ux Tpaekropuu OyAyT Bce
MEHbIIIE U MEHbIIIE HCKaXKaThCs Bo3zelicTBUEM 3-eii Macchl. Ho Bce 3T0 mpocTo BapHualuy 1o mMoBoy (aHTa3Hii
DiiHITelHa pu paccMotpenun uM 19, a, T.x. Hac uaTepecyeT [10, To naBaiiTe Kak CTpaITHBIA COH 3a0yIeM O
BTOpOI popmynupoBke DitHimTeitHOM cBoero "[10" u Oynem paccmarpuBaTh uMeHHO ero 110, T.e. B mepBoi
dhopmyTupoBKe, KOTOpas U 1mojoxxkeHa uM B pynaament ero CTO.



Jla, Ipy 3TOM y Hac IOJIy4aeTcs, UTo ¢ ucnoijb3oBanueM teopuu Herotona 110 DiiHmiTeliHa BEIIOIHAETCS U
MIPY HAJTMYKE BHEIIHUX TI0JIeH, HO MPY OJTHOM OTOBOPKE - HaOMo1eHus 3a moBefeHueM Hareil CT JoKHBI
npoBouThCs U3 pasHbx MCO cTporo B 0JJHO M TOKE BpeMsi. A B IPOTHBHOM CJIy4ae YK€ HE MOXKET ObITh
HUKaKOW MHBAPUAHTHOCTH 3aKOHOB, T.€. [1O mpu 3TOM HU Kak HE CMOXKeT cobionatbest. Hanmpumep, cmotpute
OIIATH TaKH pHC. 34, I/ie MOKa3aHO MOJI0’KEHHE I'PY30B B IU(TE MPU BO3ICHCTBUN HA HUX CHEPUIECKOTO
BHEIIIHET0 M0JIs B ABYX Pa3HbIX MOJIOKEHUX JIU(PTa, KOI1a Ipy3bl OyIyT pacloI0kKeHbl 101 Pa3HBIMU yIiIaMU
APYT K APYTY, UIIH, YTO TO K€ CaMoe, B JIBa Pa3HbIX MOMEHTAa BPEMEHHU NpH ABIKeHHH Judra. bonee Toro,
HCIIOJIb30BAaHHBIN 3/1€Ch 3aKOH B3auMoJeiCcTBUs Hpl0TOHA HE OTpakaeT CKOPOCTh PaCIIPOCTPaHEHUS
B3aMMOJICHCTBHS MEXy TellaMH, a Kiaccuueckuit addexr [oriepa, kKak Mbl BUACTH BBIIIE, TIPU
pacrpoCTpaHEHUH KaK CUTHAJIOB TaK U NOTEHIMATIOB PabOTaeT TOJIBKO IIPH y4eTe KOHEUHOCTH CKOPOCTH UX
pacripoctpanenus. [1o3ToMy fenaTs BEIBOJ 11O 3TUM JaHHBIM Ha pHc. 30a 00 MHBapUAHTHOCTH KIACCUYECKUX
3aKOHOB K ITpeoOpa3oBaHusaM [anuses Henb3s. A, Kak cleyeT U3 BBIYMCIUTEIbHBIX IKCIIEPUMEHTOB C
UCIIOJIb30BAHUEM ITOTO )K€ 3aKOHA, HO C YUETOM CKOPOCTH PaCHpOCTPAHCHHUS TIOTCHIIHAIOB (CM. puc. 31), Mbl
BUJIMM, 4TO B 3TOM Clly4yae JJa’ke IPU OTCYTCTBMM BHEIIHUX I0JIEH y)Ke TOYHO He OyJeT HUKAKOM
MHBAapUaHTHOCTH.
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Puc. 31. TpaekTopuu ABMKEHUS MacChl 2 OTHOCHUTEIIBHO Macchl 1 Moeupyembie 1o 3akoHy HeioToHa ¢
3ana3apiBaHueM noteHuana B ACO u suaumsie u3 MCO, neuxyiieiicst otHocutenbHO ACO co CKOPOCTBIO
VXiso= 10 m/c (cHUE KPUBBIE) U MOJICTUpYEMBbIE 110 ToMy ke 3akoHy B ICO (depHbie KpUBbIE), KOT/Ia
HayvabHbIe JJaHHbIE (CKOPOCTH U KOOPAWHATHI MAcC) 3aJlaHbl C HCIOIb30BaHNUEM NpeodpazoBanmii [ anumes.
CrneBa HavabHBIE CKOPOCTH 3a/IaHBI 110 OCH OPJIMHAT, a CIIpaBa Mo ocu adbciuce. Macmrad pucynaka ML= 20
m/cM. Cxpunior nporpammel Galileyl.

Taxum oOpa3om no HabMr01aeMbIM 13 BHXKYyIIeHcs MCO naHHBIM MBI B 9TOM ClIydyae HUKAaK HE MOJIYYUM TOT
e 3aKOH, KaK 3TO y Hac ObUIO MPU PacCMOTPEHUH Kiaccuueckoro agdekra Jlomiepa ¢ pacnpocTpaHEeHUEM
CHTHaJIa OT UCTOYHHUKA K PUEMHHUKY ¢ KOHEUHOU CKOPOCTHIO, KoTopas Oblia He n3orponHa B UCO (3xaech
CKOPOCTb pacIpOCTpaHeHus MoTeHuana Toxe He n3oTpornHa B UCO u BerYMcIseTcs TakK e, KakK g 3TO Jea
paHee JUIsl CKOPOCTH CUTHaNA pH paccMoTpernu 3¢ dexra Jomnepa). CregoBarenbHo, MO MTpeBapUTEIbHBIN
BBIBOJI ITpH paccMoTpenuu ¢ dekra Jlomnnepa o Tom, 4yTo, XOTS MbI U Toay4yaeM B pa3Hbix MCO pazHble
HaOJI0AaTeNbHbIE JaHHbIe, HO CAMU 3aKOHBI KJIACCUYECKON MEXaHUKU NPU yUeTe 3ana3AbIBaHus TOTEHIIHAIOB
(cUTHAJIOB) MOJYYArOTCSl MHBAPUAHTHBIMU K MpeoOpazoBaHusM [ ammes, ommO04YeH U MoaydaeTcs, 4YTo B
o01eM ciyyae 3aKOHBI TPUPO/IbI HE MHBAPHAHTHBI K JIFOOBIM IpeoOpa3oBaHusAM KoopauHaT (u ["anumnes u
Jlopenna), T.K. yxe npu paccMorpeHuu 3gdexra Jlomiepa Mbl BBISICHUIN, YTO PEIATUBUCTCKHUE 3aKOHBI HE
MHBapUaHTHBI K peoOpazoBanusaM Jlopenna. Ho Bce ke naBaiiTe paau J000MBITCTBA IOCMOTPUM, YTO y Hac
MTOJTYYHUTCSI, €CIIK MBI OyJIeM MOJICTUPOBaTh ABMXKeHHE ABYX Macc B ACO u HaOmogaTh UX U3 ABMKYIIEHCS
NCO c ucnonp3zoBanueM npeodpazoBanuii JIopeHia, a HoTOM ¢ IIOMOIIBIO 3TUX ke MPeoOpa3oBaHui MOITydUM



HavyaJlbHbIC JJaHHBIE (KOOPAMHATHI U CKOpocTH) B JBMKyHIeics MCO u Tam cMoaenupyeM 3TOT MPOIecC Mo
PENATUBUCTCKUM 3aKOHAM B3aMMOJIEHCTBUS MEXKIy MaccaMu (3apsiiaMu), T.K., corsacHo yactHoro [10,
JBUKEHUE TEJ MPU 3TOM JO0HKHO MPOUCXOAUTH MO TEM ke 3akoHaM npupoabl. 1 Ha puc. 32 Bl Kak pa3 u
BUJUTE PE3YJIbTAThl 3TUX BHIYMCIUTENBHBIX SKCIIEPUMEHTOB IO PA3TUYHBIM PEISTUBUCTCKUM TEOPHSIM.
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Puc. 32. TpackTopuu ABHKEHUS MacChl 2 OTHOCHUTEIIBHO Macchl 1 Monenupyembie 1o 3akoHam Jlopenna
(cupeneBas kpuBas), Jluenapa-Buxepra (kpacHas kpusasi) 1 OTO2 (3enenas kpuBasi) B ACO u BUANMBIE U3
NCO, aemxyeiics orHocutenbHo ACO co ckopocthio VXiso= 10 m/c (Bce TpaeKTOpHU HAXOAATCS BOJIM3U
YEepHBIX IUIICOB) U MOJIETUpyeMbIe 1o ToMy ke 3akoHy B MCO, korja HadanbHble 1aHHbIE B ICO (ckopocTu
¥ KOOPJMHATHI Macc) 3aJ[aHbl ¢ UCIIOIb30BaHUEeM npeodpazoanuii Jlopenna. CrneBa HayaIbHBIE CKOPOCTH
3aJ]aHbl 110 OCH OpJIMHAT, a CIpaBa 1o ocu adciuce. YepHble TpaeKTOPUH MOTyYEHBI IIPU MOAETUPOBAHUN
nskenus ten B UCO no 3akony F= k*R, u Ha neBom pucynke k=0,000047, a na npasom prucytke k=0,000077.
Macmrab pucyraka ML= 10 m/cm. CxkpunimoT nporpammbr Galileyl.

311ech 10 BCEM TPEM PENIATUBUCTCKUM 3aKOHAM IPH MOJIeNUPOBaHUM JIBIKeHUs Ted B ACO u npu HabII0JeHUN
3a aumu 3 UCO, nBmxyteicst co ckopocTeio 10 m/c, MBI TToTy4aeM TPUMEPHO OJMHAKOBBIE TPAEKTOPHH, T.€.
3JIIUIICHI HEMHOT'O CIUTIOCHYTBIE TI0 OCH a0cIce (Bce HaXOAATCs BOJU3U YEPHBIX 3JUIMIICOB). A BOT MpH
MOJIETMPOBAaHUU 3TOTr0 ke mpouecca B ICO, korja Mbl HAUMHAEM €ro C UCXOIHBIMU JaHHBIMHU (KOOpAWHATaMU
Y CKOPOCTSIMH) BBIYMCIICHHBIMH € UCIIOJIb30BaHNEM IIpeoOpa3oBanuii JIopeHiia, Mbl ojiyyaeM COBCEM ApyTHUe
TpaekTopuu. Takum 006pazom, 4TOOBI MbI MMOTYYHIIN TE )K€ CaMble TPAEKTOPUH Y HAC Teja JOJIKHBI ABUTAaThCS B
NCO no coBceM ApyruM 3aKOHaM M y HAacC OIATH MOJIy4aeTCsl, YTO PENIATUBUCTCKUE 3aKOHBI B3aUMOAECHCTBHUS
MEX1y TeJlaMU He HHBApUAHTHBI OTHOCUTENBHO Mpeodpa3oBanuii Jlopenma. bonee Toro, 4To6s! Tena
JBUTAIKCH TI0 TEM K€ TPAeKTOPHUSAM ¢ peoOpa30BaHHBIMU HAYaJIbHBIMU IaHHBIMU (YEpHBIE TPACKTOPHH), HAM
HAJI0 33J1aTh 3aKOH B3aMMOJICHCTBHS Mexkay Tenamu F= K*R, rae K 9To )ecTKOCTh pe3uHKH pacioiokeHHOH
MEXIy ABYyMsl MaccaMu. TakuM obpazom, o HadmoaaembeiM U3 MCO naHHBIM, MBI TOJTyYUM NPUHIUITHAIBHO
JPyToil 3aKOH B3aUMOJICUCTBHUS, T /i€ CHIIa IPUTSDKEHUS. MEX]Ty TelaMH He 00paTHO MPONOpPLHOHAIbHA
PacCTOSHUIO MEXy HUMH, a IPSIMO IIponopLuoHanpHa. Clie10BaTeIbHO, MBI €€ pa3 MOATBEPAMIIN, UTO BCE
PENATUBUCTCKHE 3aKOHBI HE MHBAPUAHTHBI K IpeoOpa3zoBaHusM JlopeHia.

371ech MEHSI MOTYT yIIPEKHYTh B TOM, YTO 51 HE y4eJl IPH MOJISTUPOBAHUH TO 00CTOATEIHCTBO, uTo B CTO
PENATUBHUCTCKAsI Macca 3aBUCUT OT CKOPOCTH Tell M Y Hac OyIeT U MPOJI0JIbHAs Macca U momnepeyHast macca (Cm.
nanee Gopmyisl (10-1) u (10-2)), m03TOMY s BBIMOJIHUI U TAKUE BBIYUCITUTEIIbHBIE SKCIIEPUMEHTHI. [1pu 3TOM 5
TOJIBKO HE CTaJl BBIYUCIISATH €I1I€ U MPOJI0IbHYIO Maccy Tell, T.K. JaKe MPOUUTAB CEIUAIbHOE PA3bSICHEHHUE 1O
3TOMY Borpocy B Bukuneauu [67], TpyIHO MOHSTH Ky/a e Tereph Jeach 3Ta MpoI0JbHas Macca, eCiIu
PENATUBUCTCKON MACCOW CUMTAETCS TOJIBKO MOTMEpeyHas Macca U Kak ObITh ¢ IPUHIIUIIOM YKBUBAJICHTHOCTH
IpaBUTAllMOHHON M MHEPIIMOHHOM Macc, eclii y Hac OyyT U MpoaoibHas U ronepedyHast Maccel. Ho, B Haem
ciydae, T.€. IPpU JBUKCHHUH TN 110 OKPY>KHOCTH, HA HUX OYAeT JeiCTBOBATh TOJILKO CUIIa, KOTopas Oynaer



NEePIEeHINKYIISIPHA CKOPOCTH Mace, U CIIEJJOBATEIbHO B KAUYeCTBE MHEPIIMOHHON MacChl y Hac 3/1€ch OyneT
TOJIBKO PEIIATUBUCTCKAA MonepedHas Macca. [103ToMy MOKHO IOKa HE 3aMOpPaYMBaThCs C ITUM BOIIPOCOM O
MOTIEPEYHOM M MPOAOIBHOM Maccax, KOTOPBIN BCIUIBLI pH paccMoTpennu B CTO HabmogaemMoro B
HKCIIEPUMEHTAX OTKJIOHEHHS JJIEKTPOHA IPU €0 IBHKEHUU B DJIEKTPUYECKOM M MarHuTHOM noiisix. Ho, T.k.
IIPU ATOM BCE PABHO OCTAETCS BOIPOC - OY/AET JIM 3Ta Macca TOJIbKO MHEPIIMOHHON MU U TPAaBUTALIMOHHOM
TOK€, TO 51 BBIIIOJIHWII BEIYNCIUTEIbHBIE SKCIIEPUMEHTHI U B IBYX 3THX BapHaHTax, a Jajce B IpUMepe yaapa
IBYX IAPOB s OoJiee MOAPOOHO PACCMOTPIO ITOT BOIPOC O MPOJOIBLHON U MONIEPEYHON Maccax.

U Ha puc. 33 Bbl BUIUTE BHIYNCIUTENIbHbIE IKCIIEPUMEHThI aHAJIOTHYHbIE SKCIIEPUMEHTaM Ha puc. 32 (KpacHbIe
TPaeKTOpuUH, T.€. C UCIOJIb30BaHHEM NoTeHIHanoB JInenapa-Buxepra), rje s 100aBuI emie ABa BapHaHTa
pacuera. CuHHMe TPaeKTOPUH, KOI'JIa Y HaC TpaBUTALMOHHAs Macca Oy/leT Takas XKe, KaK U peJIATUBUCTCKAs
MHEPIMOHHAs, T.€. 3T0 OyeT nonepedHas Macca (10-2), a yepHbIe TPaCKTOPHH, KOTJa MHEPIIMOHHAS Macca Tel
OyZeT pacCUMTBIBAaThCSI KaK PeJIATUBUCTCKAs, @ FPaBUTAL[MOHHAsI Macca OyJIeT IpHu 3TOM Hen3MeHHou. T.e.
3/1€Ch MOKHO CUHMTATh, YTO 3TO OyJeT BEIMYMHA 3apsII0B 3TUX TeJl, KOTOpbIE OyIyT CO3/1aBaTh CHUJIIBI
B3aUMOJICHCTBHS rOpa3io 0OJbIle, YEM CHIIbI TPABUTALMOHHOIO IPUTSHKEHUS MEXK1Yy MacCaMM U MOCJIEHUMU
MO’KHO TIpocTo npeHedpeys. Kak Buaum, TpaekTopun npu MoaenupoBanuu npouecca B ACO u npu
Habmoaenuu 3a tenamu w3 MCO, nemkyieiics otHocutensHO ACO co ckopocthio VXiso= 10 m/c,
MOJTYYHITUCH MPAKTHYECKH OAMHAKOBBIE, T.K. CKOPOCTH OBLTH OYE€Hb HE 3HAYUTENIBHBIE U ATO MaJIO OBJIHIIO HA
BEJIMYMHY PEIATUBUCTCKUX Macc Tell. A IPpU MOJIEIMPOBaHUH 3THX ke nporeccoB B MCO (¢ HauanbHBIMU
KOOpJMHATAMU ¥ CKOPOCTSIMH, TIOJTYYeHHBIMHU TI0CIIE TpeoOpa3oBanuii JIopeHia) 35ummmcel B 000MX BapraHTax
(uepHBIE ¥ CHHUE TPACKTOPHUN) HEMHOT'O OTIIMYAIOTCS OT MOJIy4YEeHHBIX HAaMH ITPU MOJICIIMPOBAHUU C
MOCTOSTHHBIMH MaccaMu (3TO KpacHbIe TPAeKTOpUH Ha puc. 32 u 33), HO IS CACIAaHHBIX BBIIIE BBIBOIOB 3TO HE
HNPUHIUIHNAIBHO, T.K. OHU BCE PABHO HE JAIOT T€ )K€ TPACKTOPUH, UTO ObUIN IPU HAOIIOIEHUH 33 ITUM
siBiieHreM, npoTtekaromm B ACO, u3 asuxymieicsa otHocutenbHo Hee UCO.
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Puc. 33. TpaekTopun ABMKEHHSI MACChl 2 OTHOCUTEIILHO Macchl 1 Moaenupyemsle 1o 3akony Jlnenapa-Buxepra
IIPU MOCTOSIHHBIX Maccax (KpacHasi KpuBasi) U PeSITUBUCTCKUX (4epHas U cuHss KpuBbie) B ACO u BUIUMBIE U3
NCO, aemwxymeiics orHocutenbHo ACO co ckopocthio VXiso= 10 mM/c (Bce TpaeKTOPHH ATUX OOJIBIINX
AJIJIMIICOB COBNAJIM) U MOJIETUPYEMBIe 110 ToMY ke 3akoHy B ICO, korjja HayajabHble JaHHBIE (CKOPOCTH U
KOOp/MHATBI MacC) 3aJlaHbl C UCIOIb30BaHUEM Npeodpa3zoBanuii JlopeHna. CineBa HadyaabHBIE CKOPOCTH 33JaHbI

110 OCH OpPJAMHAT, a cripasa 1o ocu abcuucc. Macmrad pucynka ML= 10 m/cMm. CKpHHIIOT POrpaMMbl
Galileyl.

A K CKa3aHHOMY BHIIII€ MOTY e1le J00aBUTh, uTo npu nepecyere Bpemern n3 ACO B MCO cormacHo
HpCOGpaSOBaHI/ISIM HopeHua MBI TTOCJIC 3TOI'0 JOJIKHBI COTJIaCOBBIBATHL KOOPJAWHATHOC BpCMs IBYX MACC, HO TYT



BO3MO>KHBI HECKOJIBKO BapUaHTOB corjiacoBaHus. Eciii coriiacoBaTh BpeMs 2-0il Macchl IO BpEMEHU MEPBOM, TO
HaJ0 Oy/eT YTOUHUTh KOOpAUHATY X2, T.€. pacCUUTaTh €€ Il KOOPAUHATHOTO BpeMeHu 11, a ecnu
COrJIacoBaTh BpeMs 1-0if Macchl o BpeMEHHU 2-0ii, TO HaJlo OyAeT yTOUHUTHh KoopAuHATy X1, T.e. paccuuTarhb
ee it KoopanHaTHoro Bpemenn 12. M B mporpamme Galileyl nmeeTcst BO3MOYKHOCTh BBITIOJIHHUTH
COIJIACOBAHUE BPEMEHU 10 HECKOJIBKUM BapuaHTaM. [Ipu BiltoueHHOM nepekitodaresne <[ 1> - mo BpemeHu
maccel 1, <T2> - no BpPEMEHHU MacChl 2,<T=0>- 1o BpEMEHHU TOYKM Havaja KOOpAUHAT U <HET>, KOTJla Mbl HE
coryiacoBbIBaeM BpeMs AByX Macc B HOBoi MICO, T.e. ocTaBisieM UX KOOPAMHATHI TAKUMH, KAKUMH OHU
MOJIYYMJINCH cpa3y mocie npeodpasosanuii Jlopenna. Koraa s paccmarpuBan pensaTuBUCTCKHE (HOPMYIIbI

s dexra [lormnepa, ToO TaM 0AHO3HAYHO MOTYYHIIOCH, YTO HA/I0 COTTIACOBATh BpeMs IepeaTunKa 10 BpeMEHH
MIPUEMHHKA, HO 37IeCh TO Y HaC KaXKJasi Macca sBJIAETCS U MepeJaTyuKoM IPaBUTAIIIOHHOTO MO U
IIPUEMHHUKOM I'PaBUTALIMOHHOIO MOJIS OT JPYTOi Macchl, IOATOMY OJHO3HAYHOI'O OTBETA 10 KAKOMY BPEMEHHU
HAJI0 COTJIACOBBIBATh KOOPJAMWHATHI Y MEHSI HET. A MPU NPOBEACHUH STUX BBIYUCIUTENbHBIX IKCIIEPUMEHTOB 5
npocTo npuHsi cornacoBanue Bpemenu B ICO no Bpemenu T2, uto BronHe nomyctumMo B pamkax CTO, xoTs,
Hanpumep, npu moaenupoanuu B UCO u ripu BeIOOpE pacueTa HauadbHBIX JAHHBIX B BApHAHTE, KOTa
HavaJIbHbIE CKOPOCTH 3aJal0TCs 110 OCH OPJUHAT, OTHOCUTENbHAS TPAEKTOPHS IIPU COTIaCOBaHUU BPEMEHH 110
T1 6yner uyTb-4yTh ApyTas.

Taxum 00pa3oM, eciau CyMMHUPOBATh BCE BhIILIECKa3aHHOE, TO HAJIO C/IEaTh BBIBOJ O TOM, YTO 00a IPUHIIMIA,
Ha KoTopbix ocHoBaHa CTO, He cooTBeTCTBYIOT AeiicTBUTENbHOCTU. YacTHbI [10 He BhINonHsETCs, a CKOPOCTh
1000r0 B3aUMOJECHCTBUS MEX1Y TelaMu, KoTopas 10JkHa ObITh Bo Bcex MCO paBHa CKOPOCTH CBeTa,
MOJTyYaeTCsl B ATOH TeOpHH paBHOU OeckoHeuHoctr. CrenoBarenbHo, CTO sBisieTcs SIBHO OMIMOOYHOM
TEOpHei, KOTopasi Co3/1aHa TOJIbKO UCXOs U3 MPUXOTH MaTEMAaTUKOB, KOTOPBIM 3aX0TeN0Ch, YTOOB! ypaBHEHUS
MakcBerna ObUTH HHBapUAHTHEL. Jla, 3TOTO OHHM MPAaKTHYECKH TOOMINCH, HO MBI SKCIIEPUMEHTAILHO
yOeuIKCh, 4TO BCE OCTAJIbHBIE 3aKOHBI IIPUPO/IbI HE MHBAPHAHTHBI HE TOJIBKO K Npeodpa3zoBaHusaM I amuies,
HO ¥ K IpeoOpazoBanusim Jlopenma. /la u ”HBapuaHTHOCTH ypaBHEHM MakcBesuia K mpeoOpa3oBaHusIM
JlopeH1a, Kak s y»ke pacCMOTpeJ 3TOT BOIPOC BhllIe, He OeccriopHa. K ToMmy ke B 3JeKTpoIMHAMHUKE BO3ZHUKAET
napaJiokc Oecclie/IHoro ucue3HoBeHus cuiibl Jlopenna (1w Hao0opoT nosieieHus) B aerkymieiics MCO, uto
HUKaK He MOKeT ObITh MHBApUAHTHBIM ITpeoOpa3oBanueM. Besb, Korna aBa 3apsijia JIETAT ¢ 0OJJMHAKOBOMH
CKOPOCTBI0 napauienbHo B ucxogHo MCO, To Oyner Bo3HUKaATh cuiia JIOpeH1ia, HO 3TH CKOPOCTH 3apsii0B
Oyayt paBsbl Hymo B UCO, koTopast ABUXKETCA € TOH ke CKOPOCThIO, YTO 3aps/sl B ucxogHoi MCO, u cuisl
Jlopenma yxe He Oyaer.

U, X0Ts B TEOpPETUUECKOM MeXaHuKe BTOPO# 3akoH HpI0TOHA, 3amKcaHHbIil B BEKTOPHOI (popme, KOTOPBIN MbI
HCIOJIb30BAJIM B CBOMX BBIYMCIIUTENBHBIX SKCIIEPUMEHTAX, OCTAETCSl HEU3MEHHBIM IIPU NPpeoOpa3oBaHUU
koopauHat, ot ogHor UCO x nqpyrum MCO, T.€. ABiIs€TCA NHBAPUAHTHBIM, HO HETIOHATHO JUI KaKUX
(aHTaCTMUECKUX CHJI B3aUMOJAECHCTBUS MEXAY T€JIaMH, T.K. IPUMEHEHHE ITOr0 3aKOHA KO BCEM M3BECTHBIM
CHJIaM MPUBOJUT K HEMHBAPHMAHTHOCTH 3aKOHOB JUIs pacyeTa 3THX cuil. B ob1iem, MHe, He cMOTps Ha Bce
CTapaHusl, HUKaK He yJaeTcs MOATBEPAUTH SKCIIEPUMEHTAIILHO CpaBeyIMBOCTh yacTHOro 110 DifHmTeiina, a
MIOCMOTPETH €r0 3KCIEPUMEHTAIFHOE OJATBEPKICHHE B yUeOHUKAX sl HE MOTY, T.K. 3TOT0 TaM IpocTo HeT. /la,
sl Ta’Ke HU TI€ HEe BUJIET peaibHbIX pacueToB B ucxoaHo MCO ¢ ucnons3oBanueM noteHnuanos Jluenapa-
Buxepra nnu npeobpazoBanuii JlopeHia s mons ABMKYLIETOCS 3apsiia WK Macchl, YTO0OBI MOKHO OBLIO
CPaBHUTB CBOM PACUETHI C pacyeTaMu APYruX aBTOpoB. M s mogo3peBaro, 4TO TAKUX pacyeTOB HU KTO HUKOTAA
U He Jenai. A, ecnu Obl cenal, To yBUAe Obl, 4T0 DWHIITEHH YTO TO HAIMyTal, T.K. Y HETO Ja)ke He ObLIO
YETKOT'O MPEACTABJICHUS O YaCTHOM JHHamMudeckoM 110, He roBopst yke 0 ero CTpaHHOM TOHUMAaHUN CMBICIIA
CJIOBa "pealbHOCTB .



2.2 OOt NPUHIUT OTHOCUTEIHLHOCTH.

2.2.1 Teopernyeckoe 0O00OCHOBaHUE OOIIETO MPUHIIUIIA OTHOCUTEIBHOCTH.

MBI ¢ BaMu yK€ BBISICHUIIU, YTO B IPUPOJE HET JAAaXKE YACTHBIX (KIACCUYECKOT0 U PENIATUBUCTCKOIO)
nuHamuueckux 110, u moatomy Bpoje Obl HET HUKaKOW HE0OX0IMMOCTH pa3doupaTh U OOIINN PEeNITUBUCTCKUN
nuHamuaeckuii [10, koToporo Tem 6oJiee He TOJDKHO OBITH B IPUPOJIE, €ciin HeT naxe yactHoro [10. Ho ngemno B
TOM, YTO ceifuac cyuiecTByeT oOuras reopust otHocutenbHocTH (OTO), KoTopasi, Kak Hac yBEPSIOT U
0asupyercs Ha aToM npuHIHe. Bot Tonpko OTO He nmeer Hukakoro oTHomeHus K TO, KpacyroabHbIM
kamHeM KoTtopoii sBisiercs [10, T.x. OTO 6a3upyetcst Ha 001eM npuHIUIe 3kBuBageHTHOCTH ([19) ycnoBuit
MIPOBEACHUS YKCIIEPUMEHTA U SIBJIAETCS IIPOCTO €LIE OJTHON TEOpUEH IPaBUTALIMH, KOTOPask CYIIECTBYET KaK
CaMOCTOSITENIbHAS TEOPUS U UCIIONIBb3YETCs B TEX CilydasiX, Korjaa He ujaeT Hukakoil peun o 110. [Ipuuem
DWHINTEHH ee CTPOUT He Ha YacTHO-o0meM [19, koTopsiit chopmynuposan emie HpioToH, a Ha cBoeM 00I1IeM
I19, Ho MHoOTrME nyTaroT 31! ABa [19, T.K. DUHIITEHH NPAKTUUYECKU HUKOI'/Ia B CBOMX CTAaThsIX HE CChUIAJICS HA
MpeIIeCTBeHHUKOB, T.€. He ToJbKO Ha Jlopenna u [lyankape, Ho 1 Ha HproTOHA (XOTS, KOT/Ia €My 3TO
BBITO/IHO, TO OH O HUX ynomuHaer). 1, koraa nyrarot 1Ba 3Tux I13, TO BO3HUKAET MILTIO3HS, YTO €r0 TEOPUS
IpaBUTAIlMU UMEET 01 COO0I0 KaKyI0 TO pealbHYI0 TEOPETHUECKYIO OCHOBY. A, T.K. 5 )K€ MHCall, 4TO celyac
OTO npexacrapnsieT co00i pe3yabTaT MPUCTIOCOOICHUS OCHOB (DM3HKH K TCOPHH I'PABUTALMU DHUHINTEHHA,
koTopyto umenytoT OTO, To Oyzner oueHb MoJae3HO 03HAKOMUTKCS ¢ ocHOBamMHu OTO, 4ToObI NTydlille TOHUMATh
"OTKyzla HOTH pacTyT" y BCEX CYyIEPCOBPEMEHHBIX TCOPUi. A HaYHEM MbI ¢ paboThl DiHITENH [18 cTp. 227],
IJie OH TOJIBKO CTaBUT mepes co00I0 3aauy CO3/1aHUs TEOPUH TpaBUTAIMH UCXos u3 ero obmiero [10.

"Uznacaemas meopust 603HUKILA HA OCHOGE YOeIHCOeHUs, YMO NPONOPYUOHATILHOCHIb UHEPMHOU U MAICENOU
Macc A613emcsi MOYHbIM 3AKOHOM NPUPOObL, KOMOPLU O0IHCEH HAXOOUMb C80e OMPANCEHUE YHCe 8 CAMUX
OCHOBAX meopemudeckol guzuxu. Imo yoexcoerue s Cmpemuics Ompaums 8 psode npeovloywux pabom, 8
KOMOPbIX 0elanacs NONbIMKA C8eCMU MANCENVIO0 MACCY K UHEPMHOU, MO CmpemMieHUe NPUBELO MEHs K
2unomese 0 MoM, 4mo nojie mazxicecmu (0OHOpPOOHOe 8 DECKOHEYHO MAIOM 0Obeme) PUULECKU MOIHCHO
NOTHOCMBIO 3AMEHUMb YCKOPEeHHOU cucmemou omcuema. Haensaono smy sunomesy MO#CHO chopmyauposams
Max: Habdamensb, HaAXOOAWULCS 8 3AKPLIMOM SAWUKe, HUKAKUM CHOCODOM He CMONCem YCMAHO8UNDb,
NOKOUMCSL AWUK 8 CIAMUYEeCKOM 2PASUMAYUOHHOM NOJe WU JHce HAXOOUMCS 8 NPOCMPAHCIEe, C60O0OHOM OM
2PABUMAYUOHHBIX NOJEU, HO OBUNCEMCSL C YCKOPEHUEM, 8bl3bl6ACMbIM NPUTOHCEHHBIMU K SUSUKY CUTAMU
(eunomesa skeusarenmuocmu).”

371ech Hal0 Cpa3y MOSICHUTD [TOUYEeMy DMHIITENHH MUIIET O TOM, YTO HAa0JI01aTeNIb HE MOYKET HUKAaKUMU
OIBITaMU ONPEETUTH IBUXKETCS JIU OH PAGHOYCKOPEHHO VI HAXOJUTCSA B 00HOPOOHOM noJle mA20mMeHUsl, €CIH
Ha0Jt01aTelst IOMECTUTD B LUK, KOTOPBIN ABJsSETCS yacTHUHO 3aKkpbiToil HeMICO, T.e. ero cTeHKH He
SKPAHUPYIOT IpaBUTAIMIO. Beb IMEHHO Takol SKCIEPUMEHT JOJKEH J10Ka3aTh HaM HE TOJIbKO OOIIyIO
MIPUPOAY CUJI MHEPLIMU MacC U UX TPABUTALIMOHHOTO MPUTSHKEHNUS, T.€. MPUHIMI SKBUBasIeHTHOCTH (1)
MHEPLMOHHOW U TPaBUTAILIMOHHOM Macc, HO U [1D ycnoBuil mpoBeneHns SKCIIEpUMEHTa, KOTOPBIM DWHIITEWH
noamensieT cBoit ke [10. Tloaromy DUHIITEITH MHOTOKPAaTHO paccMaTpUBaeT B CBOUX paboTax mpumMep ¢
HeICO nBmxynieiicst paBHOYCKOPEHHO WIIH MOKOSIILENCS B OJTHOPOJIHOM I'PaBUTALIMOHHOM I10JI€, HallpUMeEp,
cmotpute [7 ctp. 563, 16 ctp. 496], KOoTOPHIH celivac Ha3bpIBatOT udTOM DiiHITeiliHa. Tak Ha prc. 34 MbI
BUJIMM CJIEBa PAaBHOMEPHOE BEPTUKAIBHOE WM TOPU30HTAIBHOE ABMXKEHHE U (T C IBYMS OBEIICHHBIMU
rpy3aMu B OJJHOPOJIHOM I'PaBUTALIMOHHOM I10JI€, T.€. B II0JI€ aHAJIOTUYHOM IOJII0 MEXAY OOKJIaAKaMU IJIOCKOTO
KOHJIeHCaTopa, U HabitoaaeM, Haxosich B tudre, T.€. B UCO, 3a moBeeHneM 3TUX Tpy30B. 31ech Ipy3bl OyayT
MIOCTOSIHHO BHCETh CTPOTO BHU3 MPH JIFO00H HEM3MEHHOM BEPTUKATBHONW MIIM TOPU30HTAIBHOM CKOPOCTH
JBMOKEHUS TUQTA, T.€. MBI IEHCTBUTEIBHO HE CMOXKEM OIPENIEIUTh ABUKEMCS JIM MbI IPSIMOJIMHENHO U
PaBHOMEPHO UJIU MIOKOUMCS B OJJHOPOIHOM I'PaBUTAIIIOHHOM I10JI€ U TYT OyAeT coOmoaaThesi yacTHbIN [19.
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Puc. 34. JIsmxenue mudta ¢ MOCTOSHHON CKOPOCTHIO B OJHOPOTHOM I'PaBUTAIIMOHHOM TIOJIE CJIEBa U B
chepruecKoM rpaBUTAIIMIOHHOM I10JI€ HA CPEHEM PUCYHKE U ITPABOM.

Ho, xorma mudT Oynet paBHOMEPHO ABUTATHCS B CHEPHUSCKOM I10JI€, CO3aBACMOM SAMHIUYHON MacCOi,
(BepTHKAJILHO HA CPE/IHEM PUCYHKE HJIM TOPU30HTAIBHO HAa IPAaBOM PUCYHKE), TO, KOT/1a Mbl Oy/1eM HaXOIUThCS
BOJIM3M MacChl, CO3/Ia0NICH TPaBUTALIMOHHOE TTOJIE, TO TPY3bl OYAYT BUCETH IO/ OJHUM YTJIIOM K CTEHKaM
mudTa, a, KOrjaa Mbl OTJIETUM Ha 3HAYUTEIbHOE PACCTOSTHUE, TO TPY3bl OyIyT BUCETD YKe MO/ APYTUM YIJIOM, U
MBI TOYHO OIIPCACTINM, UYTO Hallla YaCTUYHO 3aKpbITasd HNCO He mokoutcs B TpaBUTAIMOHHOM I10JIC, a
paBHOMepHO ABmxeTcs. [loaromy u /i yactHoro I3 (naxe ams yactuyHo 3akpbIThIX ICO) TOXKE TpebyeTcs
VI TIOJTHOE OTCYTCTBHE BHEITHUX TOJIEH WM OJJTHOPOAHOE TPABUTAIIMOHHOE WIIM 3JIEKTPOMAarHUTHOE TIOJIE, T.€.
0JI€ aHAJIOTUYHOE TOJII0 TUIOCKOTO KOHJIEHCATOpa, a chepruieckoe rnosie OyaeT TaKOBbIM TOJIBKO B MaJIEHbKOMH
JIOKaJIbHOM 00Js1acT, HanpuMmep, Ha HeOONIBIIOM y4acTke BOIM3u nosepxHoctu 3emin. [loaTomy, pemas
MPaKTUYECKHE 3aJ]aul B 3TOW 00J1aCTH, HAlpUMeEp, 110 TPACKTOPUHU JABHKEHHS OPOILIEHHOIO KaMHS, Mbl
MPUHUMAEM, YTO KaMEHb JIBIKETCs TI0 TTapadosie, XOTS Ha caMOM JieJie OH OyJIeT IBUTATHCS 10 SJUIUIICY, HO B
JIOKAJIbHOM 00JIacTH 3TO Oy/eT MPaKTUUECKU HE 3aMEeTHO.

A Temnepb JaBaiiTe MOCMOTPUM Ha PaBHOYCKOPEHHOE NPAMOJIMHEHOe BIKeHue TudTa. Eciau Mbl [BMkeMcst
BEPTUKAJIBHO, TO IPYy3bl OYAYT BUCETh CTPOTO BEPTUKAIBHO, T.€. MapaJUIeIbHO JIPYT APYTY, KaK Ha PUCYHKE
ClIeBa, T.€. TakK, KaK 3TO ObLJIO B JIN(TE MOKOSIIEMCS B OTHOPOTHOM T'paBUTAaLlMOHHOM ToJie. U, eciau Mbl Oyzem
JIBUTAThCS BIIPABO, TO U B 3TOM CIIy4ae rpy3bl OyayT BUCETh, XOTS U HE BEPTUKAILHO, HO OMSTH TaKU
napajieNIbHO JPYT APYTY, T.€. TYT OyJeT coOmo1aThes yacTHO-00uwmii [19 1 Mbl, Haxoasck BHYTpH IudTa, HE
CMOYKEM OIPENETUTh IBHKEMCS JIU MBI IPSMOJIMHENHO U PAaBHOYCKOPEHHO UJIU MIOKOUMCS B OJTHOPOJIHOM
I'PaBUTALIMOHHOM I10JI€, T.K. MBI HE CMOXEM OIpe/IeINTh aOCOMIOTHBIN YroJl HakiIoHa rpy3oB. Ho, eciu nmugt
OyZeT MOKOUTHCS B CpepuiIecKoM MoJie, TO 3[eCh IPU JHOOM MOJI0KEHNH JIN(Ta, KaK MBI YK€ BUJIETH Ha
CpeZHEM M IPaBOM PUCYHKaX, IPy3bl OyAYyT BUCETh MO Pa3HBIMH YIIaMU K CTEHKaM JM(]Ta, a He napauieibHo,
Kak 3T0 OyZeT U Npu paBHOYCKOpEHHOM JBMxkeHHH. CriejoBaTeabHo, YacTHO-001mui [19 B aToM mosne
cobmoaTbes He OyJIeT U MBI BCEeTia CMOYKEM CKa3aTbh, YTO MbI HE IBUKEMCS IPSIMOJIMHEHHO U
PaBHOYCKOPEHHO, @ IYMEHHO IIOKOUMCs B ceprudeckoM nose. TakuM o0pa3om, f1axe Ha MPOCTeHIeM puMepe
¢ TUPTOM M JBYMS TPy3aMHU MBI BUAUM, YTO cama ujes JuHaMudeckux [19 (dacTHoOro, yacTHO-001ero u
o011ero), mpyu HaJUYKUU PA3JIMYHBIX BHEIIHUX MOJIeH (KpOMe YaCTHOTO Cllydasi OJIHOPOAHOIO MOJIS WIH B
JIOKaJIbHOM 00J1aCTH C(EpUIECKOro MoJis), He MOXKET MPETEH10BaTh Ha BCEOOINI TEOPEeTUYECKUI PUHITHII.

Ho DitHiureiin He BuanT paznnuuii mexay csoum 110 u I19 INanunes-HeroToHa, a moaTOMy, KOrzaa oH
chopmynuposai nipu cozganuu OTO cBoit o0Omuit [19, eMy npuiiock 3asBUTh, 4TO €r0 GOPMYITHPOBKA
gactHoro [10, koropyto on npumensut npu co3gannu CTO, sBnsieTcs ommboYHON. A, criacasi CBOM YaCTHBIN
I1O B CTO, DiiHmTeliH ObUT BEIHYK/IEH CHavaa 3asaBisATh, 4To B CTO HeT rpaBUTAIIMOHHBIX TOJIEH, a TOTOM



CTaJl 3asBIISATh, YTO B HEW HET BOOOIIE HUKAKKUX Mojeil. Ho Takoe BO3MOXHO TOJIBKO JIJIsl IOJTHOCTBIO 3aKPBITHIX
NCO unmn 5eICO, nmosToMy-T0 DUHIITEHH U a1 BTOpYyIo peaakiuio ceoero 110 (B hopmynuporke [19), rae on
BBITIOJIHAETCS TOJNBKO JUISl 3aKPBITBIX CUCTEM, HO B TakoM citydae 3T MCO win HelICO craHOBsITCA cOrnacHo
["aynanero "Benipio B ceOe", T.€. CTAHOBATCS HE MOABIACTHBIMH HAIIEMY U3YUYEHUIO UX, T.€. JUIsl HAYKH OHU
COBEpPIICHHO OeCIoJIe3Hbl. A, YTOOBI MBI MOTJIU TIO3HABATH SIBJICHUS IPUPOJIBI, HAJI0 PACCMATPUBAThH TIOBEICHUE
tel B oTKpBIThIX MCO unu ueMCO wu, cnenoBatenbHo, Bee fuHamuyeckue [10, eciu oHM npeTeHayoT Ha
Hay4YHBIC TPUHIIMITEI, HAJIO PACCMATPUBAThH 0053aTEIHHO MPU HATMYUH BHEITHUX royiel. [loatomy TyT y
DiiHIITelHHa 04eHb O0sbIIas mpoodsiema ¢ Teoperrdeckoit 6azoii st ero CTO u OTO. bonee Toro, kak Mbl
BUJICJIM HAa KOHKPETHBIX BEIYUCIUTEIBLHBIX YKCIIEPUMEHTaX MpHu paccMotperun dddexra Jomnepa, gaxe ero
yacTHbII nuHamudeckuil [10 skcriepuMeHTalIbHO OPOBEPTaeTCsl U MPU OTCYTCTBUH BHEITHUX IMOJICH.

Ho DiiHmureiina He HHTEPECYIOT TAKUE MENIOYH, T.K. OH CO3/1a€T I'PaHAHO3HYI0 TEOPUIO OTHOCUTEIBHOCTH,
MMOCTPOCHHYIO Ha caMOM ''CIipaBeINTUBOM" TIPUHIIMIIC, U, CIICAOBATEIBHO, JIFOOBIC HETICTIOCTH TIPH €€
MIOCTPOCHUU HE UMEIOT HUKAKOTo 3HaueHus. [loaTromy naBaiiTe Bce Taku MOCMOTPHUM, KaKUM K€ 3TO 00pa3oM y
Oiinmrerina B OTO 3TOT npUHIMT BCe TaKK pean30BaH KOHKPETHO, a HE B JIO3YHTax O '"crpaBelyIuBOCTH ",
KOTOpBIE JeKIapupyeT DUHIITEHH B IUTATe, KOTOPYIO S IPUBEAY HUXKE. A Ui TOTO HaM JJIs Havaja HaJlo
VSICHUTB, KaK DUHIITEHH popmynupyeT cBoi obmuii [10, 1 31eck MBI BCTpedaeM caMble pa3sHOOOpa3HbIE
dbopmynupoBku. [lepsonauansHo B 1915 u 1917 rogax on ero opmynupoBall aHaIOTHYHO ero yactHomy [10,
KOTOPBIH IJTACUT O TOM, YTO 3aKOHBI TPUPOIBI JOJDKHBI TTOTY4aThCs OAMHAKOBBIMU 110 BUAUMBIM U3 Pa3IHIHBIX
HeICO, aBMXEHUSM Te, T.€. IPU PACCMOTPEHUH SBICHUIN MPUPOIbI U3 pa3HbIX OTKPbITHIX HEMCO, Hanpumep,
cmotpurte [6 ctp. 423, 7 ctp. 560]. 3nech ke HaJ0 3aMETUTh, YTO DUHIITEHH PACCMATPUBACT HE TOJBKO HE
pealibHbIe IBUKEHUS Tell, HO Ja)Ke HEe KaXKyIIHUecs, T.€. BUIUMBIE, a IICEBIOKAXYIIUECS, T.€. ICEBIOBUINMBIC,
T.K. TSI BUIUMBIX KOOPAWHAT TEJ HAJI0 YYUTHIBATH BPEMsI ABIDKEHHSI CUTHAIA OT HUX J0 HAOMIOIaTeNs, a 'y
Ouinmreitna B CTO 006 3ToM ObLIN TOIBKO Pa3roBOPbl, KOTOPbIE HUKAK HE OTPa3WINCh B CaMOil TeopuH, a B
OTO oH B0OOIIE HUYETO IO STOMY TOBOAY HE TOBOPUT.

"... K 00Wemy npuHyuny OMHOCUMEeNbHOCMU, M.e. K YMBEPHCOEHUIO, YMO 3AKOHbL NPUPOJbL Clledyem
Gopmynuposams max, ¥moodwbl OHU GINOIHAIUCH OMHOCUMETLHO NPOUZBOTbHO OBUNCYUUXCSL CUCTIEM
Koopounam."

"... no0 "obwum npuryunom omuocumenvHocmu" Mol HOOpa3yMesaem ymeepicoenue, Ymo ece meia omcuema
K, K'u m.0. axeusanenmmuol 6 omuoueHuy ONUCAHUSL s81eHULl NPUPOObL (POPMYTUPOBAHUS OOUUX 3AKOHO8
npupoovl), Kakum 0vl HU ObLIO UX COCIMOAHUE OBUNCEHUS. 3aMemuUM 30eChb Jice, YMo 2ma hopmyauposKa
00/191CHA ObIMb NO30Hee 3aMeHeHa Opy2oll, boee abCMpakmHoU, O NPUYUHAM, KOMOpble 8bIACHAMCA nosoice."

W MMeHHO 13 3THX ero NepBOHAYaIbHBIX GOopMyIHpoBoK ob1ero [10 DiiHiTeiH qenaeT BEIBO O TOM, YTO JIy4
CBETa, HAXOSIINNCS B TPABUTAIIMOHHOM TI0JI€, IOJKEH OTKIIOHATHCS OT MPSMOJIHHEHHON TPASKTOPHH, T.K.
TaKoe OTKJIOHEHHE Ha0JII0JaeTcsl IpU IBUKEHUH CBETa HE HAXOSIIErocs B TOM I0JI€, HO JBMXKYILETOCs
OTHOCHUTEJIHO PaBHOYCKOPSIEMOM CHCTEMbI OTCUETa IIPU HAOJIIOIEHNUH 32 HUM U3 IPYroi HEMOABUKHOM
cucteMbl orcueta. CMoTpuTe, Harpumep, padoty [16 ctp. 497] 1938 rona, rae oH paccMaTpuBaeT MBICICHHBIN
AKCIIEPUMEHT, KOTJIa JTy4 CBETa BIETAET UYepe3 OKOIIKO B TU(TE U ABIKETCS K TPOTHBOIOJIOKHON CTEHKE
mudTa, HO B OJJHOM cilydae HaOJroAaTeN b HaX0AUTCSI BHYTPH MOKOSIILErocs TudTa, HaXoIsIIerocs B
TPaBUTAIIMOHHOM II0JIE, & B IPYTOM CIlTydae OH HaXOAWUTCS BHE TUQTA, a MOCIETHUN HAXOJUTCS BHE TTOJIS
TATOTEHUS, HO JIBUXKETCS PABHOYCKOPEHHO BBEPX.

"BuewHuti Habro0ameinsb, KOMOPblil cuumaem, 4mo Jughm HaxoOumcst 8 YCKOPEHHOM OBUINCEHUU, VINBEPHCOAL
Obl: C6eMOBOL 1y 6X00UM 8 OKHO U OBUNCEMCS 20PUZOHMATILHO 800Jb NPSMOL ¢ NOCMOSHHOU CKOPOCHbIO NO
HAnpagneHuio K npoOmugononoxicHol cmenxe. Ho augpm dsuoicemes egepx, u 3a epems, 6 meuerue KOmopozo
cgem 00x00um K cmene, iugm usmenum ceoe noaoxcenue. [losmomy ceéem ynaoem 6 mouky, pacnoLONCEHHYIO
He MOYHO HANPOMUE MOYKU €20 8X00d, a HeMHo2o Hudice (puc. 72). CmeweHue byoem oueHb HeOOTbUUM, HO
mem He MeHee OHO CYuecmeyent, U C6emogoll Iy npoXoOunm OmHOCUMENbHO JUGma He 600716 NPIMOU, d 600b
€1abo UCKPUBTIEHHOU TUHUU. DMO 8bI36AHO MeEM, YMO 3d MO 8PeMs, NOKA 1YY NPOXOOUM 6HYmMpu augma, cam
JUGmM cmewjaemcs Ha HeKOMopPoe PaAcCMosIHUe.



Brympennuu nabatooamens, Komopblii cuumaem, ymo Ha 6ce 00veKmbl 8 Tugme Oeticmeyem noje msa2omeHus,
cKa3a 0bl. YCKOPEHHO20 0BUNCEHUs TUDmMa Hem, a eCmb JUlb Oelicmeaue nois mazomeHus. JIyu ceema
HeBecoM U NO3IMOMY He O6yoem noosepeamscs 0elucmauro noia mazomenus. Ecau eco nanpagums
20pU30HMANBLHO, OH YRAOem HA CMeHy 8 MOoYKe KaK pa3 Hanpomue motl, 8 KOmopyo OH 60uiell.

U3 smoeo obcyscoenus ciedyem, ymo umeemcs 603MONCHOCHb 0MOOpa 0OHOU U3 08YX NPOMUBONOTIOHCHBIX
mouex 3peHus, m.x. A6jleHue pasiuiaiocs ovl 0is 0ooux Habaooamenel. Eciu Hu 8 00HOM U3 MOIbKO YUMo
VKA3AHHBIX 00BACHEHUI Hem HUYe20 HeN02UYHO20, MO 6Ce HAWUU NPEOblOYIUe PACCYHCOCHUS HAPYULAIOMCS, U
Mbl He MOdHCEM NOCTIe008AMENbHO ONUCLIBAMb BCe ABNEHUS O8YMS MeMOoOamu, 1UbO NPUHUMASL Noe
ms2omenus, OO OMKA3bIBAACH OM HE2O.

Ho, k cuacmuio, 6 paccyacoenusix 6HympenHeeo Habo0ameins UMeencs Cepbe3Has OwmubKa, Cnacarnwas Hawu
npeovioywue 3axniovenus. On ckazan: JIyu ceema Hegecom u noasmomy we 6yoem noosepeamuvcs 0elcmsauio
noas maeomenus". Ho smo neseprno! Jlyu céema necem snepeuto, a snepeus umeem maccy. Ho na écsaxyio
UHEPMHYIO MACCy Noje MALOMEHUs. OKA3bleaem 8030elicmaue, maxk KaKk UHEPMHAs U MANCeNds: MACCbl
aKeusaneHmuwl. JIyu ceema 6ydem ucKpugisamuvcs 8 nojie msaecomeHusi MOYHO Mmak dice, KaK UCKPUBTIAemcs
mpaexmopus meid, OpOUEHH020 20PU3OHMATLHO CO CKOPOCMbIO, PABHOU cKopocmu cgema. "

Sl cienanbHO TMPUBEI ATO OMUCAHKE TIOTHOCTHIO, YTOOBI BBl OIICHUIIN MAacTePCTBO MILTFO3MOHUCTA, KOTOPBIH
IPSIMO Ha BAIlIMX IJ1a3aX BHIHUMAET KPOJIMKA U3 IUIANBL. Beab Bbl 1axke He 3aMETUIIM, YTO JaHHOE OIMCAaHue
COBEPIIEHHO HE cooTBeTCTBYET ero xe [10, koraa mbl u3 aByx MCO mim #eMICO nHabmogaeM B KOOpauHaTax
1ux MCO nmu HeICO ofHO U ToXKe sIBJIEHUE, T.€. ABUKEHHE JIyda B TU(PTE, KOTOPbIE TaK U JOJIKHBI ObLTH
OCTaBaThCs B HETIOABIKHOW CHCTEME OTCUETa, @ HAOII0JaTeI ! JOIDKHBI ObUTH B OJTHOM CITydae HaXOAUTHCS B
stoi HenoBxkHON MCO nnu HelICO, 4To MBI ¥ BUAMM y BHYTPEHHEr0 HaOIt01aTens, a B JPyroM cirydae B
JBUKYIIEHCS] paBHOMEPHO UJIU paBHOYCKOpPeHHO oTHOCUTENbHO 3Toi MCO unu HeldCO apyroit UCO win
HeCO. A 31ech DUHIITEIH NpeiaraeT HaM COBCEM APYroi NPUHIMI, KOTa Mbl HAOJII0AaeM /IBa Pa3HbIX
SIBJICHUS U3 OHOU 1 Toi ke nokosieics MCO. bonee Toro. Takast TpaktoBka obirero [1O nmoaHoCTHIO
orpunaeT Hainuuue yactHoro I10 u Toraa Bo3HUKaeT Bonpoc - kak 3ToT 1O MoxeT ObITh 00IIMM, €CIIH OH He
coOIro1aeTesl 1aXke B 4aCTHOM CITydae.

Benp ecnu MbI mpojieniaeM BCe T€ K€ PacCyKJIEHHUS, YTO U DUHIITEHH, Korjaa JU(T y HAC B OJJHOM ciiydae Oynier
HEMOJIBIKHBIM, a B IPYTOM ciy4yae Oy/eT JBUTaThCsa HEe PAaBHOYCKOPEHHO, @ PABHOMEPHO, TO MBI TOYHO TaK¥Ke
0OHapyKHUM, YTO BO BTOPOM CJIy4ae JIy4 YIPeTcs B MIPaByIO CTEHKY JU(Ta YyTh HUXKE TOTO MECTa, OTKY/a OH
BJIETEN B U€pE3 JIEBYIO CTEHKY. A, T.K. TYT Mbl MOXEM CKa3aTh, uTo y Hac oaHa MCO nBukeTcs OTHOCUTEIBHO
npyroit UCO, To Mbl cornacHo yacTHOTO [1O 10MKHEI cienaTh BEIBOJA O TOM, YTO B O00MX CITydasix, XOTsI Mbl U
Ha0II0/1aeM T0-pa3HOMY 3TO SIBJICHHE, HO 110 3TUM HaOII0JaTeIbHBIM TJAHHBIM MBI IOJKHBI TTOJIYYUTh OJIUH U
TOT K€ 3aKOH MIPUPO/IbI, ONTUCHIBAIONINHN MTOBEIeHUE JTy4ya cBeTa. Ho moayduTs ero Mbl JOJKHBI 0€3
MIPUBJICYEHUS JTFOOBIX TOTYCTOPOHHUX CUJI M B TOM YHUCIIE O€3 IPUBIICYSHUSI CUJT TPABUTAIIMOHHOTO
MIPUTSKEHUS JTyda CBeTa, KOTOPBIX He MoxeT ObITh B CTO, mocTpoeHHoit Ha cobmoaennu ero yactioro 110, a
3TO y HAaC HUKaK He MoIyuuTcs. Takum o0pa3oM, pacCMOTPEHHBIH DUHIIITEHHOM MPUMeEp, OTKYAA CIeAyeT
YTBEPKJICHHE O TOM, UTO JIYY CBETA JIOJDKEH OTKJIOHSATHCS B TPABUTAIIMOHHOM TI0JIE, T.€. IBUTATHCS KaK
Koprnyckyna y HeloToHa, siBIiieTCs SIBHO HEKOPPEKTHBIM, T.K. HE COOTBETCTBYET BBILIECITPUBEACHHOMN
dhopmynuposke ero oomero [10.

Bonee Toro. [lannas popmynuposka odurero I10 B gyxe yactHoro [1O mpoTUBOpEeYUT YTOUHEHHON UM TO3KE
¢dopmynuposke [10. [ToaTomMy 3TOT BBIBOJ 00 UCKPUBIIEHUH JTydel CBETA B TPAaBUTALIMOHHBIX MOJISIX HUKAK HE
cooTBeTcTBYeT KOHeuHOM Bepcun OTO, rae ncnons3yercs 110 Bo BTopoit peaakuny, T.€. KOrjaa oH
bopmynupyercs kak 19 st 3akpbiTbix HeMICO, r71e HeBO3MOXKHO HaOJIOICHUE 3a ABJICHUSMHU,
MPOUCXOAMIMMHU B 01HOM 3akpbiToit HeMICO, u3 npyroii 3akpeitoid HeICO, T.e. BHENIHMM Ha0M01aTeNb HUKaK
HE MOXXET BHJIETh, YTO MPOUCXOUT BHYTpH JudTa. Ho DiHIITEHH CBATO BEpUT BO BcemoryiecTBo cBoero I10,
KOTOPBIH JTOJKEH BJIACTBOBATH HAJl BCEMU 3aKOHAMM IIPUPOJIbI, IOATOMY OH HE BUJUT 3/1€Ch HUKAKUX MPOOIIEM,
KpOME YHCTO MaTeMaTHUECKON MPOoOIeMbl, KOTOPYIO Ha/I0 PEIIUTh COOTBETCTBYIOIIUM MOI00POM
npeoOpazoBanus koopauHaT u3 HeMICO B Boigenernyro MCO (BOT TOJBKO OH 3a0bIBAET CKa3aTh, UTO IIPH 3TOM
oyner cobmoaarbes i [10, a [13). A B KauecTBe 10Ka3aTEILCTBA BO3MOKHOCTH TaKOT'O PEIICHUST OH



CChIJIAeTCS U HA SKBUBAJICHTHOCTh TPABUTAIIMOHHBIX M HHEPTHBIX MacC U Ha UJieu Maxa U 1axe Ha TO
00CTOSTEILCTBO, UTO 3TO "HE CpaBeIMBO", Koraa kuHemMaTuieckuid [10 BoIoMHSAETCS 1S TIOOBIX CUCTEM
oTcyeTa, a nuHaMuueckuit [10 Tonbko ns MCO (HamoMuHaro, 4TO BIIIE MBI JJOKa3aad, 4YTO €ro
nuHamuyeckuit [10 ve Bemmonnsercsa u aia MCO, T.e. co cipaBeyiuBocThiO 11 [1O TyT Bce HOpMallbHO, HO
DWHIITENH TYT JIeJaeT MOJIMEHY U paccyxaaeT He o kunemaruueckom [10, a o kunemaruueckom 113, koTopbIi,
€CTECTBEHHO, OyIeT coOII0AaThCs, eciii cobmoaaercs kuaemarndeckuii I10) [19 crp. 327].

"Kunemamuueckast 9K6UBAIEHMHOCHb 08YX CUCHEM KOOPOUHAM 8 OeUCMBUMENbHOCU He 02PAHUYUBAETNCS
cayuaem, koeda obe paccmampusaemole cucmemst K u K' osusicymess omnocumenvho opye opyea pagHomepHo u
NPAMONUHEUHO. DMa IKEUBANEHMHOCMb C KUHEMAMUYECKOU MOYKU 3PeHUs MAKHCce XOPOoulo, Hanpumep,
BbINOHAECMCS, eClU OOHA CUCTEMA PABHOMEPHO 8pawjaemcsi omuocumenvto opyeou. Ilosmomy
npeocmaesiaemcs HeodX0OUMbIM 0000WUMD CYUYECMEYIOUYI0 MEOPUI0 OMHOCUMENbHOCTNU MAKUM 00paA30M,
UmooOwl YCMpanums U3 Hee Kadxicyueecs Hecnpagedausvim (BbIICICHO MHOW) npednoumenue pasHOMEPHbLIX U
NPAMOJIUHEUHBIX OBUNCEHULL neped OMHOCUMENbHbIMU 08UNMCEHUAMU Opy2ux munos. Heobxooumocme
NnO00OH020 pacuuperus meopuu 00AHCEH NOUYECMBOBAMb KANHCObIU, KMO 0OCMOAMENbHO 3HAKOM C
npeomemoM.

IIpasoa, cnauana kaxcemcs, 4mo maxkoe pacuiuperue meopuu OMHOCUMeNTbHOCMU HEBO3ZMOICHO NO
@uszuueckum npuyunam, a umenno: nycmo K obosnauaem cucmemy koopounam 6 cmuicie I anunes-Hviomona,
K" - cucmema xoopounam, pasnomepno epawarowasca no omuowenuro k cucmeme K. Toeoa na nokoswuecs 6
cucmeme K' maccol deticmeyiom yenmpobedicHvle Cuibl, 8 mo 8peMs KaK Ha mMaccyl, hokoswuecs 6 cucmeme K
oHu He deticmgytom. Yowce HolomoH euoen 8 amom 00Kasamenbcmeo mozo, umo epaujerue cucmemuvlt K'
cnedyem nonumams kax "abcomomnoe”, umo cucmemy K' nenvss ¢ maxum sice npasom, kax u cucmemy K,
gvlOupams 6 kavecmeae "nokoswetica”. Oonako smom apeymenm, kak nokasan 3. Max, ne obocHogaH.
Cywecmsosarue yeHmpoOe#CHbIX CUlL 8 0CUCMBUMETbHOCIU He 003amelbHO OCHOBbIBAEMCSl HA O8UINCEHUU
camoti cucmemsl K'. C maxum dice ycnexom mvi MONCeM UX NPUNUCATNL CPEOHEMY 8PAUYANENbHOMY OBUNCEHUTO
8€COMBIX YOANIeHHbIX MACC 8 OKpecmHocmu cucmemvl no omuowenuro k K', npuuem cucmemy K' mor cuumaem
nokosawetics. Eciu netomonogckue 3axonsvt MexanuKu u pasumayuu e 00ONyCcKarom maxkou uHmepnpemayuu,
MO 210 MONCHO CUUMAMb CKOpee HeOOCMAMKOM dMUX MeOopull.

... Omciooa cnedyem, ymo Mol umeem 6ce 0CHo8anus paccmampugams epawjarowyiocsa cucmemy K' kax
NOKOAWYIOCA U UHMEPNPEeMUposams noje YeHmpoOedCHblX Cull KaK HeKOmopoe 2pagumayuontoe noie."

Taxum 00pa3oM, MBI BUJIUM, YTO KpaeyroiabHbIM kaMHeM B noctpoeHnu OTO y DitHiuTeiiHa sBisiercs
TpeOoBaHuE HAIMYKS "CIIpaBeUIMBOCTU" B 3aKOHAaX MPHUPO/IbI, a 3aKOHBI HbIOTOHA IO €r0 MHEHUIO HE
SBJIAIOTCS CIIPABEAIMBBIMH U [TO3TOMY X HAJI0 3aMEHUTD CIIPABENIMBBIMY 3aKOHAMHU. A, €CIIM MBI K 3TOMY
noctpoenuto ero OTO no6aBum erie 1 00’KECTBEHHBIN NPUHIUI HAUMEHBIIETO IeHCTBUS, KOTOPBIN MO3BOJISIET
MIOJIYYNTh ypaBHEHUs ABMKeHUs Ted corinacHo OTO, n koTopslii Tak xBanui ero apyr M. ITnaHk, KoTopbli
yBUZENI B HeM 00pb0y 100pa U 371a U IO3TOMY MPUPOJIa MOCTYIAET BCErla pa3yMHO, KaK U MPEANICAHO
TBOPLIOM, T.€. bOorom, To MblI IOJyYUM MOJIHYIO KapTUHY "CpaBeUIMBBIX" U "pa3yMHBIX'" 3aKOHOB IIPUPOJBI B
TBOPEHUSIX DUHIITEHHA, KOTOPBIE CBATO YTUT COBPEMEHHas opuimanbHas Hayka. M 1u1st nocTukeHus
"cpaBeanuBocTH" B pu3nKe DUHIITEIH mocie Toro, kak 3ameHmw1 B CTO nonstue "cuna" nonaruem "mone",
naxke nzoodperaet B OTO erie 01HO 0UeHb OPUTHHAIBHOE T0JIE, @ UMEHHO T0JIe HeHTpoOexkHbIX cuil. Hy, a
obocHoBaHue 171 co3fanus B pamkax OTO Teopuu rpaBUTallMK y HETO €CTECTBEHHO BBITEKAET U3 YCIOBHS
oTKa3a oT cuiI U oH mumiet [15 crp. 215] "Tax kak meopus, o komopoil uoem peuv, Oonyckaem
83auUMOO0elcmeue MoabKo Mexcoy NOJAMU, CHAHOBUMCS HeODXOOUMOU Meopus 2pasumayuoHHo2o nous".

Hy, a pa3 DitHmreiiHy 4T0-T0 HEOOXOAUMO, TO OH 0053aTEIHHO ATO HAKAET, YTOOBI OTYYUTh HYKHBIN
pe3ymbTaT, T.K. 3T0 OyzaeT "crpaBenBo" u "pazymHoO". BOT TOJBKO B 3TOM CTPEMJICHHUH K ''CIIpaBEIJTUBOCTH "
DWHIITEHH MoYeMy-To "3a0bI1", YTO B €ro TEOPHIX UCIONB3YyeTcs He kuHemaTtudeckuit 110, a quHamMuueckuii
I1O, 1 moaToMy Bce cchuiku Ha knHematnueckuit [10 31eck He ymecTHBI. Tem Ooiiee uto kuHeMatnueckuit [10
HCJIB3 JaK€ CPABHUTL C €0 YaCTHBIM HO, T.K. corjiacHO kuaneMatuueckoro I1O MeI 1o Pa3sHbIM Ha6HIOIIaeMI>IM
JTAHHBIM TIOJTyYaeM U pa3Hble 3aKOHbBI ABMXKEHHS, a COTJIaCHO ero AMHaMu4yeckoro yactHoro [1O Mbl o aTum
Ppa3HbIM Ha6JIIOI[aCMI>IM JAAaHHBIM MTOJIY4acM OAHWHAKOBBIC 3aKOHLI ITPUPOABI. A ero J0BOJ O TOM, UTO 3aKOHBI
MIPUPOIBI TOJDKHBI OBITH "'CTIpaBeNTUBBIMU'"', BOOOIIE HE MOKET OBITh APIyMEHTOM JIJIsI OTIPOBEPIKCHUS



JIOTHYECKH 0e3yNnpedHoro Jokas3arenbcTBa HpioTOHa 0 TOM, YTO BpamiaTenbHOe JBIKEHUE a0COMOTHO. Jla, Kak
MBI BUJIEJIH NIPU PaCCMOTPEHUH MPUMEPA C PABHOYCKOPEHHBIM MPSIMOJIMHEHHBIM ABM)KEHUEM JTU(TA U IIPH €T0
IIOKO€ B OHOPOJHOM I10JI€, TJI€ MPOSIBIISIETCSA SKBUBAJIEHTHOCTh IPAaBUTALIMOHHON Y MHEPIIMOHHOM Macc, TO
3/1€Ch IEWCTBUTEIIBHO CO3/IA€TCs BIIEUATIICHHE, UTO €ro YacTHO-00mui [10, KoTopsiil 0H GopMyIHpyeT Kak
13, numeeT mecTo ObITH. Beap moBeieHNE Te P UX B3aMMOICHCTBHH MEXY COOOH OyAeT TOYHO TaKUM XKe,
KaK ecii ObI CHJIbI MHEPIIMH NPU YCKOPEHHOM JIBH)KEHUU Tell ObLIIN 3aMEHEHbI CHJIaMU TATOTEHUS PU
HAXOXKJICHUU TEJ B OJHOPOIHOM IoJie. [103ToMy s He IMEI0 HUYero IpOTUB ero yTBepxaeHus [15 ctp. 215],
/i€ s I0Ka HE BU)KY HUKaKUX IPOTUBOpeurii ¢ Hpr0TOHOM, T.K. MOCIEAHUI Hamucall IPUMEPHO TO XKE Camoe
[47] (cm. Cnenctue V).

«... GPCZGHOMepHO'yCKOpeHHOIz OMmMHOCUmMeIbHO ((Z/lHepb;uaJleOIZ cucmemsl) cucmeme KoopduHam osudicenue
npoucxodum mdak oce, KaKk OHO Obl npoucxoduﬂo 6 OaHOPOOHOM cpasumayuOHHOM noJji€ ONHOCUMENIbHO
((I’ZOKO}ZI/b;eIZCfl» cucmennsl KoopduHam».

“Ecnu HecKoIbKO mejl, 08UNICYWUXCSL KaK Obl Mo HU ObLI0 Opye OMHOCUmMenbHo opyad, Oyoem noosepiliceHo
0eticmeuto PasHbIX YCKOPAIOWUX CUL HANPABTIEHHBIX N0 NAPATIEIbHBIM MeNCOY COOOU NPAMbIM, MO MU meia
06y0ym npooodcams 08Ucamvbcsi Opye OMHOCUMENbHO OpYea makice, KaKk eciu Obl CKa3aHHbvle CUbl HA HUX He
Oeticmeosanu.”

BoT TonbKO 3TH yTBEpKIIEHHS HE UMEIOT HUKaKoro oTHomeHus k [10 nabmromareneit 00beKTa, KOTOPBINA
IJIACHUT, YTO MO HAOJIIOACHUSAM 32 OJHUM U TeM ke siBineHueM u3 pasubix MCO, korga y Hac OynyT nmosydyarbes
pa3Hble Ha0JII01aTeNbHbIE TAHHBIE, MBI BCE PABHO MOJIYYHM T€ K€ 3aKOHBI IPUPOJIbL, & TYT MOJIYYAETCs, YTO Y
Hac B 000MX ciiyyasix HaOJroAaTesbHble JaHHbIE OyyT OJTHU U T€ )K€. A HECIpaBeIJIUBBIMU C TOUKU 3PEHUS
DiiHmTeitHoBcKoro obmiero 19 3akoHsl Hpl0TOHA CTaHOBSTCS TOJIBKO TOT/IA, KOTJa OH pAaCCMaTPHUBACT
BpalareiabHoe IBHXKeHHne. BOT Tonbko TyT, pu 000CHOBaHMM UM 3KBUBAJIEHTHOCTH BO3JICHCTBUS Ha Tejla CHII
MHEPLUH BO3JICHCTBUEM HA HUX CHUJI TSATOTEHMsSI B TPABUTALIMOHHOM I10JI€, HE MOXKET OBbITh HUKAKMX CCBUIOK Ha
HKBHBAJIEHTHOCTh I'PABUTAIIMOHHON M HHEPTHON Macc, Kak 3TO Ha0JIt0JaJIOCh B OJTHOPOTHOM TOJI€, T.K. MacChl
3TO CKaJISIPHbIE BEJIMYMHBI, a CUJIbI BeKTOpHbIE. [loaTOMY, KOr/ia DMHIITENHH 1elicTBUE Ha Teja BO
Bpawaroieiics cucteme K' HeHTpoOEKHBIX CHII 3aMEHSIeT, KaK OH CUHUTAeT, SKBUBAIEHTHBIM BO3/IEIiCTBHEM Ha
HUX CHJI CO3/1aBa€MbIX I'PaBUTALIMOHHBIMH MOJSIMH, KOTOPbIE CO3aI0TCsl GUKTUBHBIMU TEJIaMH,
BpALAOIIUMUCS OTHOCUTEIBHO TeNl HAXOAAIINXCS B HEMOABIKHON cucteMe K, To 3T0 co3aaeT TOIbKo
MJUTFO3MIO DKBUBAJICHTHOCTH TaKOW 3aMEHBI. A Ha CaMOM JieJIe ITIOBEJICHUE T MPH 3TOM B ITOKOSIIEHCS
cucreme K, koraa Ha Texa BMECTO CHJI HHEPIIMU OyAyT eiiCTBOBATh CUIIBI OT MOJIEH, CO3aBaeMBbIX
(UKTUBHBIMU MaccaMy, 4TO Jekiapupyercs B oomeM [1D ycnoBuil npoBeaeHHs SKCIIEpUMEHTA, HE OyAeT
TOYHO TaKoe e, Kak ¥ Bo Bpautaomieiics cucreme K', riae 6yayT neiictBoBaTh LIeHTpoOexHbIe cuilbl. U B 3TOM
JIeTKO yOeIUThCs 110 HaOII0AEHUSAM 332 THPOCKOIIOM, HaXOISIIMMCS BO Bpalllalolleiicsl CUCTEME U B TIOKOAIIEHCS
crcTeMe, Korja Ha Hero JIeMcTByeT IpaBUTALlMOHHOE 0JIe Bpalllarolieiics BOKpYT Hero pUKTUBHOM Macchl. B
MIEPBOM CiIydae JUCK TMpOCKoMna OyeT MOBOPauynuBaThCs OTHOCUTENIBHO BPalIalOIIErocs KOpIyca, OCTaBasiCh B
OJTHOM U TOM e IIIOCKOCTH, a BO BTOPOM CJIydae OH Oy/IeT HEMOIBUKEH OTHOCUTENIBHO KOpITyca.

IToaTOMy €ro BBIBOJ O TOM, YTO MBI MO>KEM IIPH BpalaTEIbHOM JIBUXEHUH "uHmepnpemuposams noie
YeHmpoOeHCHLIX CUNL KAK HeKOmMOopoe 2pasumayuorHoe nofe' , KoTopoe co3/1acT B MOKOsLIeHcs cucteme
YCIJIOBHS IIPOBEJICHUS DKCIIEPUMEHTA DKBUBAJICHTHBIE YCIOBUSAM B HCXOAHOU BPAIAIOLIEHCS CUCTEME, SIBIIECTCS
SIBHO OIIMOOYHBIM. Benb, koraa mMbl roBopuin o 113 rpaBUTaliMOHHON U HHEPLIMOHHOM Macc, TO Mbl TOBOPHIIU O
CKJIAPHBIX BEIMYUHAX, a B [ID 1EHTPOOEKHBIX CHII U CUJI TPABUTAILIMOHHOTO MPUTSKEHUS peub UIET YKe O
BEKTOpAx, a Il HUX UMEET 3HaYEHUE y’Ke HE TOJIBKO caM MOJYJIb CHJIbI, HO U ee HanpasieHue. Ho, naxe B Tom
ciryyae, Korja (pUKTHBHAs Macca Oy/eT BpallaThCsi BOKPYT THPOCKOINA MOKOAIIETocs Ha JIUCKe, T.e. OyaeT
M3MEHSTHCS CO BpEMEHEM HarpaBieHHe BEKTOpa CUJIbL, 3TO HE Oy/eT SKBHUBAJIEHTHO BPAIICHUIO HA JHCKE
camoro rupockorna. 1 tem Gosee, Takoe BpalleHHe THPOCKONa He OyIeT SKBUBAJICHTHO €ro MOKOI0 B
IPABUTALMOHHOM I10JI€ CO3/1aBAEMOM MaCCOM MOKOSIIENCS] OTHOCUTENBHO TMPOCKOIIA, KOTJa BEKTOP CHJIBI HE
U3MEHSIET CBOETO HANpaBJICHUs. A Beb IMEHHO MOCIEIHUI BapUaHT DUHIITEWH U pPacCCMaTPUBAET KaK CYTh
cBoero obmero [13, KoTopkIil, €ecTeCTBEHHO, HE OyIeT B MPUPOIC BHITIOJIHSITHCS.

W npu 3TOM, €CTECTBEHHO, Y DUHIITEHHA HET HUKAKUX OCHOBAHUI TOBOPUTH U O TOM, YTO IIPU 3aMEHE
ABHUIKCHUS TCJI IO OKPYKHOCTHU UX IMOKOCM B SKBUBAJICHTHOM I'PABUTALIMOHHOM I10JIC HA HUX 6YI[€T



3aMeUISIThCSI U TEMII TEUEHUSI BPEMEHH, KaK U IIPU UX JBHKEHUU C KaKoil-To ckopocThio cornacHo CTO. Benp
cam xe DuHImTelH nucani, 4yto 3ToT 3¢ ekt B CTO sBIseTcs TOMbKO KaKYIIUMCS, T.€. BBITEKAIONTUM U3
npeoOpa3oBanuii JlopeHna u, ciaenoBaTenbHO, HET HUKAKUX OCHOBAHUI TOBOPUTH O TOM, YTO 3TOT 3P PeKT
OyneT ¥ B (PUKTUBHOM TpaBUTAIIMOHHOM ToJie, eciu y Hac B OTO Het Hukakux npeodpazoBanwuii Jlopernma. Tem
OoJiee 4TO UX Jake TMPH JKEJIaHUU TYT IPUMEHSTH HENb3sl, T.K. IPH JBMXKEHUH TEJ MO0 OKPY>KHOCTH OHU BCET/Ia
JBIKYTCS C IICHTPOOCKHBIM YCKOPEHHEM, T.€. Y Hac TyT siBHO umeercs HeMICO. Ho DiiHmTeliH HacTanBaeT Ha
CIpaBEATIMBOCTH cBoero obmiero 19, KOTopblii JoKeH ObITh OTpaXKeH U B U3MEHEHUHU TeMITa TEUCHUS
BpEeMEeHHU. A KOHKPETHO B paborte [7, ctp. 597] 1917 roxa oH muimeT.

"U3 smotui hopmynsl npedicoe 8ce2o BUOHO, UMO 080€ 4ACO8 OOUHAKOBOU KOHCMPYKYUU UOYM C PA3IUYHOU
"crxopocmuio”, eciu OHU PACNONONCEHbL HA PA3TUYHBIX PACCIMOSHUSAX OM YeHMPa OUcKkd. Imom 661800
CNpasedus makaice ¢ Mo4KU 3perus Habiroamerns, 8paujaruecocs emecne ¢ OUCKOM.

Tenepov ¢ mouku 3penus nabarooamens Ha OUCKe, 4acvl HA OUCKe HAXOOAMCA 8 2PABUMAYUOHHOM NOJIe C
NOMEHYUANOM @ | CTLeO08AMENLHO, NOJVHUEHHbIU pe3ylbmam 0yoem cnpageoaus u s 10d02o
2pasumayuoHHo2o nous'".

A BOT, KaKk DHHIITEITH 000CHOBBIBAET 3TO MATEMATHIYECKU U KaK 3TO SIKOOBI TIOATBEP)KIACTCS B IKCIIEPIMEHTAX
[Taynna, oka3anoch Ha CTOJIBKO JIMXO 3aKPYYEHO U MIOATOMY 3aHSUIO TaK MHOI'O MECTa B CTaThe, YTO 5 JaXKe
IIO/IyMbIBaJI BBIHECTU Pa300p 3TUX BOIIPOCOB B OTAEIBHOE NMPUIIOKEHHUE, YTOOBI YUTATENb HE OTEPSI
OCHOBHYIO HUTb U3JI0KEHUs B cTaThe. [103TOMY, eciin Bbl IEpBbIi pa3 YUTAETE CTAThIO, TO S PEKOMEHIYIO ITOKa
MPOIYCTHTB ATOT pa3zdop MOJETOB U cpa3y NEepelTH K TEKCTY, KOTOPBIA HaunHaeTcs ¢ ppassl "Ho y DitHinTeitHa
B ero OTO ..." Ha ctp. 117. A, ecnu Bbl yKe BAyMYHBO YATAETE CTAThIO IOBTOPHO, TO MOYKETE IPOJOJIKUTh
yreHue ganpiie. M tak, DUHIITEHH, oaaras, 4To Ipy JBUKEHUU TeNa [0 OKPY>KHOCTH HAa HEM IPOUCXOJUT
CKOpPOCTHOE 3aMe/IJIeHHE TeMIIa TEYEHHsI BpEMEHU MPONOPLUOHATIBHO JIMHEHHOM CKOPOCTHU Tejla COTIacHO €ro
CTO, t.e. cormacto ¢opmyse (5-1), OH MOTOM BhIpa)KacT ATOT TEMII Yepe3 MOTECHIIHAI IICHTPOOCIKHBIX CHII,
KOTOPBIN (paKTUYECKH MPUPABHUBAET K SKBUBAJIEHTHOMY IOTEHIIMATY I'PaBUTALlMOHHOrO 1o [7, cTp. 597].
371ech y HEro V- TeMI TeUeHUsl BpeMEHU Ha 000/1€ AMCKa, i€ Y 4acoB Oy/AeT JUHEHasl, T.€. TAaH€HIIUaIbHas
ckopocth V1, a VO B ieHTpe aucka. [Ipu stom V 1 VO DHHIITEHH HHTEpIPETUPYET Kak KOJIMYECTBO "THKOB"
4acoB 32 KAKOW-TO CTaHAAPTHBIM OTPE30K BPEMEHH, T.€. KaK 4aCTOTY UX "THKaHbA", YTO SABJISETCS B 3TOM
npuMepe aHanoruei nonepeyHoro >pdexra Jlomiepa i 4acTOThl U3Ty4eHUs, HO HE 0iHO3HauHO. [TosToMy,
4YTOOBI HE MyTaTh 3TU JBE YaCTOThI, DUHIITEIHY Ha/10 ObI ObLIO TOBOPUTH HE O YAaCTOTE "TUKaHUS" 4acoB, a O
TEMIIe TCYCHUsI BpEMEHH, T.€. paccMarpuBarh Gpopmyiy (5-1'), HO OH He 3HaeT YTO TaKkoe BpeMsi, T.K. BO BCeX
CTaThsIX MUIIET, YTO 3TO TO, YTO MMOKA3BIBAIOT Yachl. A TYT Mosy4aercs, 4to no ¢opmye (5-1) Mbl BeIYHCIsIEM
YacTOTY TUKaHbS YacOB, T.€. CKOPOCTh (TE€MIT) TeUEHHsI BpPEMEHH, TaK K€ KaK MPU HAXOXKAECHUN UCTOYHHUKA
U3JTy4yeHus Ha 000/1e MCKa, KOT/1a CKOPOCTh 'TUKaHbs' 4acOB WJIM 4acTOTa U3JIyUYEHUs MOJIy4aeTCsl MEHbIIIE,
YyeM CTaHJapTHas 4acToTa ''TUKaHbs' 4acOB WM MPHUHATAs YaCTOTA M3JIyUYEHUs B LIEHTPE UCKA, T.€. YacTOTa UX
"THKaHbs' MPU UJCATBHBIX CTAHAAPTHBIX YCIOBUSX, T.€. IPU CKOPOCTH PABHOM HYIIIO U IIPU OTCYTCTBUU
IPaBUTALIMOHHOTO NoTeHrana. Ho 06bIYHO TaKUMU CTaHAAPTHBIMU YCIOBUSMHU CUMTAIOTCS YCIOBUS Ha
noBepxHocTU 3emiu (Temmeparypa 20 rpagycos, naBineHue 1 atmocdepa, a, €clii yYUTHIBAIOTCS U JpyTHe
(bakxTopsl, HAIIPUMEP, I'PABUTALIMOHHBIN MOTEHIINAJ, TO U CTaHIAPTHBIC 3HAYCHUS ITHX (PaKTOPOB).

"v=v0* (1-VA2/cr2)MN0,5,

uiu, ¢ oocmamoynou MOYHOCmMbIO,

v=v0 * (1 - 0,5*V"2/c"2)

Omo coomnowenue mosicem Oblmsb 3ANUCAHO MAKIICE 8 cj)op/we

v=Vv0 * (1 - 0,5*wW"2*R"2 / c"2)

Obo3znauum uyepes ¢ pad3Hocntb NOMEHYUaIo8 LleHmp06€.?fCH01/7 CUJjbl Meofcay MeCMOM pACNOJIOHCEHUA YACO6 U
YeHmpoM OUCKA, M.e. 83 IMYI0 CO 3HAKOM MUHYC pabomy, KOMopyr HeoOX00UuMo CO8epulums NPOmus

YeHMPOOENHCHOU CUTbL 0TI NepeMewerust eOUHUYbL MACCHL U3 MECMA PACNONIONCEHUS. YACO8 HA 8PAUAIOUeMCS]
oucke 6 yenmp oucka. Toeoa 6yoem umems



@ =-W2*R"2 /2.
Omcrooa credyem, umo
v=Vv0*(1- ¢ /c"2)."

TonbKo HE HAJO MyTaTh YacTOTY ""THKAHbS' YaCOB C YACTOTOW CHTHAJIOB B (pOpMyIie TSl pEIITUBUCTCKOTO
addekra [Joriepa (3-2'), rae paguaibHas CKOPOCTh B HAIIEM IPUMEPE ¢ TUCKOM OY/IeT paBHA HYIIO, T.K.
KOCHHYCHI yriioB Q OyayT paBHbI 90 rpaaycoB, U y Hac OYAyT TOJIBKO JIBa PEISITHBUCTCKUX MHOXKHTENsI. Torma
9acTOTa KaKUX-TO CUTHAIIOB UCIYIIEHHBIX, HAIPUMED, U3 IIEHTPa AUCKa ¢ 9acToToi V0, T/1e CKOPOCTh
ucroynuka Vi2=0, u npu ux npueme Ha 000JIe TUCKa, I1ie OyIeT HAXOIUThCS IPUEMHHK, TBHKYIIUICS CO
ckopocthio Vi1, cornacuo gopmyiie (3-2"), rae Vt 6yaer paBao Vi1, cranet 6oJbiie. A BOT 4acToTa "THKaHbS'
4yacoB V Ha 00071 aucka corjacHo Gopmyne (5-1) momydaeTcs Ha000pOT MeHbIIe YeM B 1ieHTpe aucka VO. Ho
BOT YacTOTa U3yYCHUS Ha UCTOYHHUKE, PACIIONIOKECHHOM Ha 000/Ie TUCKa, IPH €€ IpUeMe B IIEHTPE ANCKa
Oy/ieT MEHBIIIC YacTOTHI MepelaTuuKa IPU CTaHAAPTHBIX YCIOBUSX, T.€. MeHbIe VO, Kak U 4acToTa "THKaHbs"
4JacoB Ha 000/1e 1cKa.

v=Vv0 * (1 - Vt"2/c"2)"0,5 (5-1)
t=t0 * (1 - Vt*2/ c"2)"0,5 (5-1)
v=Vv0 * (1- 0,5 * Vt"2 / c"2) (5-2)
v=Vv0* (1- ¢/ c"2) (5-3)
v=Vv0* (1- 0,5 * ¢'/ c"2) (5-4)
v=Vv0* (1-9¢'/c2)"0,5 (5-5)
v =v0*(1 - Vt272 [ c"2)"0,5/ (1 — Vt1r2 [ ¢~2)M0,5 (3-2)
v=v0/(1-Vt"2/c 2)"0,5 (3-2")

Nroro, Mbl BUANM, 4TO DUHINTEHH CHAYalla IEPEMUCHIBAET CBOIO (DOPMYITY CKOPOCTHOTO 3aMEIJICHUS TEMIIA
tedenust BpemeHu B CTO (5-1) B npubmmkenHoe BeipakeHue (5-2), a 3areM 3ameHseT Vi Ha W*R 1 o0bsBIsieT
BhIpakeHue - W 2*R”"2/2, uto MOKHO 3amucath U Kak - V"2 / 2, pa3HOCTHIO MOTEHIIHAIOB IEHTPOOSIKHBIX CHII
¢. [ToaTOMy B KOHEYHOM BHJIE€ Y HETO TOUHOE BhIpakeHue (5-1) mpeBpaiaercs B npubdamkeHHoe (5-3), rie Her
HUKaKAX CKOPOCTEH M Tereph TEMIT 3aMeIJICHUsI BPEMEHH OTPEeIeIIsIeTCsl OTEHIINAIOM IIEHTPOoOe)HBIX cuil. Ho
MIPH JIBYKEHUH 110 OKPY>KHOCTH, HallpUMep, B TPABUTAIIHIOHHOM I10JI€ [IEHTPAJIbHOTO TeNa, IEHTPOOeKHas CHIIa
OyleT paBHA CUJIC TIPUTSHKCHUS B IPABUTAI[MOHHOM T0s1e (C 0OpaTHBIM 3HAKOM), U TOTIa MBI MOKEM, KaK U
DWHIITEHH, 3asBUTh, YTO pab0Ta ATON CHIIBI MPUTSKEHHS Oy/IeT paBHA PA3HOCTH MOTEHIIMATBHBIX SHEPTUN
Tena Ha 000/1e AMCKa ¥ Ha OCH €T0 BpaIlleHHs], T/Ie MBI IOMECTUM IIEHTpajbHOE Teo. Takum 00pazom,
MOJIYYHTCS, UTO 3Ta paboTa Oy/eT paBHa MOTEHLIUAIBHOM SHEPTUHU Tella Ha paanyce 000/1a IUCKa, a8 UMEHHO
oyner U= G*m*M / R, rae G rpaBuTaninoHHas MOCTOSHHAs, a M Macca MpOOHOT0 Tejla BPAIaroNIerocst B MoJjie
neHtpansHoro tena M. U, T.x. pa3HOCTh MOTEHIIMAIOB paBHA Pa3HOCTH SHEPTHil JIelIeHHON Ha Maccy MpoOHOTro
Tena, To Mbl mosyduM @' = G*M / R. U mpu 3TOM KBajipaT TaHT€HI[MAIBHOW CKOPOCTH Tejia Ha pajuyce R,
MCXOJISl N3 PABEHCTBA CUITBI MHEPIIUH (LIEHTPOOESKHOMN CHIIBI) U CHIIBI IPUTSHKEHUS K IIEHTPAILHOMY TEIy, TOXKE
onpenenutcs kak Vi*2 = G*M / R, T.e. mosy4aercsi, 94to ynucieHHo ¢' = Vi"2, a He M0JI0BHUHA 3TOW BEIMYHMHBI,
KaK HadaHTa3upoBal DHHIITEHH, Y KOTOPOTO MONYyYHiIochk B hopmyne (5-2) ¢ = VN2 /2= G*M / (2R).

Takum 00pa3oM, T.K. TPaBUTAIIMOHHBIN MOTEHIIUAT @' B OOMICTIPUHATOM CMBICTE (2 HE allbTePHATUBHBIN
MOTEHIIMAJ EHTPOOSKHBIX CHUJT UMEHH DHUHINTEIHA () OyIeT YNCICHHO paBeH KBaApaTy TaHTeHIUATbHON
ckopoctH V1, To ero npubiamkeHHas ¢GopMmysa ¢ UCIIOIb30BaHUEM BbIPAXKEHUS ISl TPABUTALHOHHOTO
MOTEHIMAaa JO/KHA BRITIIAACTD Kak (5-4), T.e. Tak ke, Kak (5-2), a rounas ¢popmyina (5-1) kak (5-5). U
HEKOTOPBIX Y4eOHHKAX MBITAIOTCS UCIIPABUTH 3TY HEJENOCTh DUHINTEIHA, YBA3aB MEXy cOO0I0 peallbHbIN
MOTEHIIMAJ TPAaBUTALIMOHHOTO TOJIS ¢ U300pETEHHBIM DWHIITEHHOM MOTEHIIUAIOM [IEHTPOOEKHBIX CHJI.
Hanpuwmep, B [34] (cM. ckpuHInoT HIke) npuBosaT TouHoe (coriacuo CTO) Beipaxenue (5-1) mis yuera
3aMeIJICHUs TeMITa TeUeHUs BpeMeHH B TiepBoit yactu hopmynsl (10.210) mst pacueta addexra Jlomnepa u



aHAJIOTUYHOE TOYHOE BBHIPAKEHUE B TPABUTAIIMOHHBIX TOJISIX BO BTOpoit uactu Gopmyns (10.210), roe kBagpar
CKOPOCTH 3aMEHSIOT IBYMS MTOTEHIIMAIaMH IIEHTPOOSKHBIX CUJT UMEHU DWHINTEHHA, T.K. OOBIYHBIN MOTEHITAAT
IPaBUTAIMOHHOTO TIOJISl TYT JOJDKEH OBITh OJUH M paBHAThCA VM2, HO OpaThCsl OH JOKEH CO 3HAKOM ILITIOC,
T.K. TYT BBIUHCJISIETCS HE YaCTOTA TUKAHbS YaCOB, a YaCTOTA M3TyYCHHUS.

3agucuT oT BpemeHH. [lycTb ¥, — ckanspublil noTeHuHas 1 B TOYKE H3Ay4eHus, a
% — CKansApHBIA NoTeHUHaN B Toyke nHaGmoneudus. Torjaa Habmogaemasi 4acrota
v&Ke He Gyper pasHa yacTtoTe (10.202), tak KAk Ha nyTH oT ToYKH | X0 TOUKH 2
doton pener ceff Kak c80004HO Majaiolias cseroBad yacTHia. B otauyue ot nof-
oit anepruu (10.190) gotora B rpaBHTALNOHHOM MOJe, KOTOPAA B CTALlHOHAPHOM
cryyae NOCTOSIHHA

hv = const, (10.208)
KEHETHYECKAs 3Heprua
v =hv/(1 - 23/c2)/? (10.209)

H3MeHsieTes ¢ u3MeHernHem ¥. [lostomy ecmit v (1, 2) — cranzapTuas gacTora H3ay-
YeHHs B ToukKe |, u3MepenHad B TouKe 2, 1o M3 (10.209) u (10.202) umeem

A ~ (12t M~ (1—utfe3)!? ( | +2/c \M* R,
v(l,2)=v|—2— =y . (10.210
12 ( I+ 2)(;.,!&) ’ | —ue/c L 2te/c* :

npi @ = 0 mosydum
Vo (1, 2) = v [(1 + 26/ (1 4 2o/ cD] ' ? (10.211)

T. e. ¢opmyny, onuchiBaloyo sdpext Ditnwreitna. B obimem cayyae, Korga Jei-

crBytoT 06a sbhdekra (sddexr [Jonaepa u shpbexr DiniuTteina), wrveeM PopMmyay

(10.210). =
Ho B GonbIIMHCTBE yueOHUKOB KOUyeT UMEHHO (hopmya (5-3) O0e3 BCIKUX MOSICHEHHI U, HAPUMED, B
Buxwuneaun [33], koTopas xopolia TeM, 4To B KaKoil TO Mepe 0TpaxaeT 0000IICHHYIO TOUKY 3pSHUsI [0 BCEM
y4eOHUKaM, MbI BUJIMM UMEHHO 3Ty Gopmyiy (5-3). BoT Tosbko moTeHIman Tena, HaxoAsmerocs B
I'PaBUTALIMOHHOM I10JI€, BBIYUCIISIIOT TaM He ()aHTaCTUYECKUH, a pealbHbIi, T.e. O0epyT €ro paBHbIM He
MIOJIOBUHE KBaJ[paTa TAaHT€HIIMAIBHON CKOPOCTH, KaK HaJl0 COTJIacCHO DUHIITENHY, a KBapaTy 3TOW CKOPOCTH.
A B TakoM cilydae €€ IPUMEHEHHUE NI pacyeTa CMEIICHUS B CIIEKTPE U3Iy4EHHUs T€N, KOI1a OHU HaXOIATCs B
IPaBUTALMOHHBIX IOJISX, 1ACT COBCEM HE T€ PE3YJIbTAThI, YTO JAOJKHBI ObITh. Jla, MPHU MaJbIX CKOPOCTSX Tell,
SKBHMBAJIEHTHBIX JBM)KECHUIO B TPABUTALIMOHHBIX MOJISX, T.€. IPU MAJICHBKUX 3HAUEHUAX IPABUTALIMOHHOIO
MOTEHIIMaja, BCe 3TH OMMOKHM DWHIITEIIHA HE OUE€Hb 3aMETHBI, HO NP OOJNBIINX CKOPOCTAX X MOKHO
HKCHEPUMEHTAIBHO OOHAPYKUTb.

U B cBs13M ¢ 1300peTeHHBIM DHHIITEHHOM MMOTEHIINAIOM HEHTPOOESIKHBIX CUJI HHTEPECHO PaCCMOTPETh BOIPOC
0 TOM, OTKYJla OH OepeTcs B M0Jie OCTOSIHHON HaNps>KeHHOCTH (0ITHOPOJHOM 1oJie). Beas TyT y Hac HeT
BO3MOKHOCTH 3aMEHUTH KPYTrOBOE JIBUKEHUE, KOTOPOE AACT LIEHTPOOEKHBIE CUJIbI, TOKOEM B SKBUBAJIEHTHOM
rpaBuTalinoHHoOM noje. [ToaToMy, 31€ech yke 0JIHO3HAYHO 3a0BIBAIOT 00 3TOM (PaHTACTUYECKOM MOTEHIIHAIIe
HEHTPOOEKHBIX CHJI ¥ BEIYUCISIFOT YK€ HOPMaJIbHBIN MIOTEHIMAJ Tella B TPaBUTAI[HOHHOM ToJe, T.e. ¢' = G*M /
R=2*@, a B 0THOPOTHOM T10JI€, T.€. B JIOKAIBHOH 00JIACTH BOJIM3H MOBEPXHOCTH 3EMITH, MBI MOJKEM CUHTATh,
4yro @' = g*H, rae H BricoTa Tena HaJ MOBEPXHOCTHIO 3eMITH, a § YCKOPEHHE CBOOOTHOTO aJIeHHsI B 3TOM II0JIE.
U Torpa pazHocTh NOTEHIMAJIOB MU Nepenaze BbicoT H u Oyzaer paBHa @', T.€., KaK U nucain JWHIITENHH, paBHA
paboTe 1o nepeMeeHHIO Tela eAMHUYHON MacChl Ha 3TOM PacCTOSHUH. TOJIBKO HE HAJ0 3/1eCh IPOBOIUTH
HUKAaKOW aHAJIOTMU CO CKOPOCTHIO, KOTOPYIO MPUOOPETET TENO MpHU NMaJACHUHU ¢ BBICOTH H, KoTOpas Oyner
V2= 2*g*H, eciu MBI IprUpaBHIEM KHHETUUYECKYIO SHEPTHUIO TeJla B KOHLIE MAJIeHHUs K €r0 NOTEeHIUATbHOM
SHEPTUH B Hayvaje najeHus. Beap, korma DUHIITEHH rOBOPHII O paboTe MO MEPEMEIICHHIO Tela ¢ OKPY>KHOCTH
JMCKa B IEHTP BPAIICHUS, OH HUYETO HE TOBOPUT O CKOPOCTH MEPEMEIEHHSI, a IIPU OBICTPOI CKOPOCTH
IPUHYAUTEIBHOTO MEPEMEILEHUS MBI IPUAAEM TEIIy €€ M KHHETUYECKYIO YHEPTUIO PAJUAIbHOIO IBHKEHUS,
T.€. 3aTpayrBaeM paboTy IO MepeMEIIeHHUIO Teaa 0oIbIlIe, YeM MPU MeJIEHHOM niepemenieHnd. U B aTom
Clly4dae pa3HOCTb MOTEHIMAIOB, O KOTOPOW TOBOPHIJI DUHILITEHH U KOTOPYIO OH OMPEAeIIsl M0 KHHETUYECKOM
SHEPIUU TOJBKO BpAIaTeIbHOTO IBUKEHHUS, HE Oy/IeT paBHA 3aTpaueHHON paboTe.



[Tpu aTOM KBagpat paguanbHON CKOpOCTh VI IpH CBOOOHOM IMaJICHUU Tejia B CHEPUIECKOM TI0JIe U3
OeckoHeuHocTH Ha paguyc R Oyzer 2*G*M / R, T.e. kBagpaT 3Toi panuainbHOil ckopocTh VI OyAeT B 1Ba pasa
0oJIbIlIe KBaJlpaTa TaHTeHIMAIBHON cKOpocTH VI Ha opOuUTE 3TOrO K€ paguyca Mpu MEJICHHOM MepeMeIIeHUN
BPAIIAIOIIErocs Teja Ha 3TOT paguyc. M Takum o0pa3om, €Ciii BBIPa3UTh IPAaBUTALMOHHBIA MOTEHIMAT @' IPH
BpalaTeaIbHOM JBIKCHHH Yepe3 paJnaibHyI0 CKOPOCTh MaAcHHs, TO y Hac Oyaer ¢' = VI2/2, a, T.x.
MOTEHIMAJ EHTPOOEKHBIX CHII = ¢' / 2, TO oH Oynet paseH VI"2/4. CreqoBatenbHo, U 715 Tela
HaxOJISIIEerocs B OJTHOPOJTHOM TPAaBUTAIIMOHHOM TioJie, T1e ¢ = g*H, a V2= 2*g*H, MbI Toke MOkeM
CUUTATh, YTO MOTEHIIUAI IICHTPOOSIKHBIX CHJII MMeHH DiHIITeHHa = @' / 2= VI"2/4, T.k. @' = VI"2/2. U
HMMCHHO B OJIHOPOJHOM I'PaBUTALIMOHHOM I10JIE€ TIPOBOIMI CBoU 3KkcriepuMenTsl [Tayna [30, 31, 32], koTopsiii,
KaK ceiiyac CUMTaeTCs, B CBOMX SKCIEPHUMEHTAX C raMMa u3lrydeHueM noarsepani ¢popmyiy (5-3). Ho ol npu
STOM HCIOJIb30BaJl BBIpAXKEHUE JJI PEabHOrO MOTEHIHAaNa @', T.€. MOITBEPKIal COBCEM JIpYTryio Gpopmymy (6-
1), T.x. g*H= ¢'= 2*¢ , a Hao ObUIO MOATBEPKAATH POpMyy (6-2), rae JoKHO ObITh = g*H / 2, 1 Takum
00pa3oM OH HA00OPOT HKCIEPUMEHTATIBHO OIpoBepr hopmyiy (5-3). 3aech Ham0 0C060 OTMETUTH TO, YTO
[Taynn B cBoeii hopmyse (6-1) BEIYMCIISUIT HE YACTOTY ''TUKaHbA'" YacoB, T.€. KOJIMYECTBO "THKOB", 3a
OJTMHAKOBBII CTAHIAPTHBINA OTPE30K BPEMEHH, KaK 3TO Jenain DUHINTeHH Py BeIBOIE cBoei (opmyis (5-3), a
4acToTy U3nydeHus GOoToHOB coracHo 3¢ dekty Jlomiepa, u moaromy B ero popmysax (6-1) u (6-2) mosBuiics
Jpyroi 3HaK, YTO MHOTUX BBOJUT B 3a0TyKICHHE.

v=Vv0 * (1- ¢ / c"2) (5-3)
v=v0*(1-0,5* ¢'/ c"2) (5-4)
v=Vv0 * (1+ g*H / c"2) (6-1)
v=v0 * (1+ 0,5* g*H / c"2) (6-2)
dv/v0 = 0,5*Vt"2 [ c"2 (6-2"
dv/v0 = k*Vt"2 [ c"2 (6-3)

311ech ke MOXKHO elle J0OaBUTh U TO, YTO B IKCIIEPUMEHTaX ¢ MeccOay3pOBCKMMHU LIEHTpU(yramu, rae Obuia
noydeHa ¢popmysa (6-3) annmpoKCUMHUPYIOIIAs IKCIIEPUMEHTAIBHBIE TaHHbIE, aBTOPHI U ATHUX SKCIIEPUMEHTOB
3amyTaliuch B 3HaKax. [103TOMy y HUX ITpH 0OBSCHEHNUH PE3yJIbTaTOB 3TUX SKCIIEPUMEHTOB COTJIACHO opMyIie
(6-3) nuis ckopocTHOTO 3ameeHus BpeMmenu coriacHo CTO, rae y Hux V u VO 3TO YacToTa U3ydeHHs,
BO3HUKJIO MpoTuBopeure. OJTHU MULIYT, YTO, KOTJIa IIOKOUTCS U3JTydaTellb, a JBUXKETCS MOTJIOTUTENb, Y Hac
9YacTOTa CMEUIAETCsl B CHHIOIO CTOPOHY, a JIPYTHe MUIIYT, 9TO OHA CMEIAeTcs B KPacHyIo cTopony. [Ipu sTom
CaMH HKCIIEpUMEHTANIbHbIE JaHHbIE OHU MOJIYYMIIN OJHU U T€ XK€, HO IPU X UHTEPIPETalui OJHU TOBOPUIIU O
94acTOTE M3IIYUEHUs, a IPYTHe O YaCTOTE MOTJIOMICHHUs. A 51 CUUTAIO, YTO, T.K. MBI HAOIIOIaeM, T.€.
peructpupyeM npubopamu, UMEHHO YacTOTY MOTJIOLIEHUS, TO KOPPEKTHO OBIJIO ObI TOBOPUTH 00 OTKIOHEHUU
MMEHHO 3TOW 9aCTOTHI OT YaCTOTHI M3ITy4eHHUS, T.K. HAOII0AaTeeM Ha IPHEeMHUKE, KOTOPBIA U (pUKCcHpyeT
YacTOTY, Y HAC B 3TUX HKCIEPUMEHTAX ObLI UMEHHO MOTJIOTUTENb.

A, ecim MBI niepenunieM Gpopmyay (6-2), kak (6-2'), To yBUIMM MOJHYIO aHAJIOTHIO UX (popmMydsl (6-3) ¢
dbopmyioit (6-2), T.k. koddummeHT K B 3THX SKCIIEPUMEHTAX MOJYUHIICS paBHBIM puMepHo 0,5. BoT TonbpK0
ata popmyna (6-3), BO-epBBIX, HOATBEPIKAAET UMEHHO CKOPOCTHOE 3aMe yieHre BpeMenu coriaacHo CTO s
pacdera 4acTOThI U3JIy4€HUs, a HE "THKaHbsA' 4acoB, a, BO-BTOPBIX, PE3YJIbTAThl 3TUX KCIIEPUMEHTOB
3JIEMEHTAPHO OOBSCHSAIOTCS U C HCIIOJIb30BaHUEM KJIACCHUECKO MEXaHUKU 0€3 BCAKOTO 3aMeIJICHNs] BpEMEHHU
[69], xorna MBI B pacueTax MpocTo UCIOJIb3YEM CYMMAapHYIO CKOPOCTh, HallpUMep, HaOeraHHs U3JTy4eHUs Ha
JBHKYIIHUICS OTJIOTUTEN, T.€. CYIIECTBOBAHNE CKOPOCTHOrO 3ameuieHus BpeMeHd B CTO 3TH skciepuMeHTsI
¢ MeccOay3pOBCKMMH LIEHTpU(PYraMu HUKaK He JJOKa3bIBatoT. M Takium 00pa3oM, 3TH 3KCIIEPUMEHTHI HM KOUM
00pa3oM He MTOATBEPKIAIOT U TPaBUTAIIMOHHOE 3aMeIeHre BpeMeHH, koTopoe B OTO momydaercs y
DiHIITEiHA UCXO0/1 U3 CYIIECTBOBAHUS €ro CKOpocTHOro 3ameienne Bpemern B CTO. Ho, opunmanbuble
Y4eOHHMKH MTPOJIOJDKAIOT YTBEepkAaTh, uTo [laynn (B 1960 roxy coBmectHo ¢ Pebka u B 1964 rogy coBMeCcTHO co
CHaiiiepom) SKCIEpUMEHTAIBHO MOATBEPANT hopMyny DiHIITEeHHA (5-3) A7 rpaBUTAIIMOHHOTO 3aMeIICHUs
BpeMeHu. [Ipu 3ToM Hano eme 0cob0 MOAUEPKHYTH U TO, uTO0, X0Ts [layHnn u He 6611 mpoTuBHUKOM TO, Kak,



Hanpumep, AWBC, KOTOPBINA ObUT pbIM MPOTUBHUKOM TO 1 mo3TOMy coBMecTHO co CTHUITY?IIIOM
AKCIIEPUMEHTAIILHO TTOATBEP NI CIPaBEIITMBOCTh cBoer (hopmyibl mist addekra Homnepa (mpaBaa, ceiiyac ero
AKCIIEPUMEHTHI TOXKE CUUTAIOTCS IKCIEPUMEHTAIBHBIM JI0Ka3aTebLCTBOM (pOpMyibl DUHINTEHHA), HO BCE TaKU
[Tayna B cBOMX SKCIIEpUMEHTaX JOKa3bIBaI HE (hopmyny DiHimTeiHa (5-3), a cBoe TOHUMaHue
chopmynupoBanHoro DuHITeHOM o6tiero [19. Bonee Toro, oH na)xe HacTauBaeT Ha TOM, YTO €ro
IKCIEPUMEHTHI He uMeroT Hudero obmero ¢ OTO u numet [32] (3apaHee U3BHHSIOCH 32 STOT MEPEBO/] CTAThH,
€CITM OH HE COBCEM KOPPEKTEH).

"Hacmoswuil sxcnepumenm He oaem npsamvlx onpeoeieHull Hu Yacmomol, Hu Oaulbl 80aHbl. Tounoe pabouee
Onucanue IKCNePUMeHma - onpedeieHue CKOPOCmMu KOMIEHCUPYouje2o UCMOoYHUKdA.

Mpu1 30eco He 0112 moeo, umobdbL 6CMYNamb 8 MHO2OZHAYHOE 00CYHCOCHUE 83AUMOCEAZU MENHCOY U3YUAEMbIM
aghghexmom u Ooweti Teopueti Omnocumenvrocmu uiu dHepeocoepedxceruem. Cnedyem ommemums, 4mo 30ecs
Hem cmpo2o peismusUcmcKux KOHyenyui, u onucanue sgpgexma kax “xasxcyujecocs éeca’ ¢homonos Hagooum
HA pasmMbluLIeHUst 0 MOM, YMo NPeOCKA3AHHASL PAZHUYA CKOPOCMEl UOeHMUYHA MOll, KOMOPYIO MAMEPUATbHbLIL
00vexm npuobpen Ovl 8 c60O0OHOM NAOEHUU 3d 8PeMsl, PABHOe 8peMeHU noiema."

Takum 00pa3oM, skcriepuMenTh [layHaa He UMEIOT HUKAKOro oTHOMIeHHS K (hopmyiam (6-1) u (6-2), koTopbie
MBI ceifuac paccMaTpUBaeM, ¢ TOUKHM 3PEHUS MCIIOJIb30BaHMs B HUX noTeHuanoB. Beap [laynn cunraer
SKBUBAJICHTHBIMHU YCIIOBHS MPOBEJCHUS IKCIIEPUMEHTA, KOT/Ia TIOKOH TeJ B TPAaBUTALIMOHHOM I10JIE TIOKOSIIEHCS
CHCTEMbI OTCYETa PUPABHUBACTCA K X PABHOYCKOPEHHOMY JBM)KEHUIO OIATh TaKH B ITOKOALIEHCS cucTeMe
orcuera. A y DiiHiuTeiiH B cBoeM I1D paccmarpuBan nosegenue tei (ycTb 3T0 OyayT UCTOYHUK U IPUEMHUK
u3nydenus y [laynna) cHagana B mudre (kotopsiit 66u1 MCO), rae oHM MOKOWIUCH, HAXOSICh B
rpaBUTALlMOHHOM T10J1e, a ToToM B HeMICO, KoTOpast IBUkKETCSI paBHOYCKOPEHHO, a TPaBUTAILIMOHHOE I10JIE B
Hell OTCYTCTBYET U IJie UCTOYHMK U IPUEMHHK OISITh MOKoATCs. TakuM oOpa3oMm, y DiiHIITeliHa B ero nudte
MCTOYHHUK U TIPUEMHHK BCErJIa MOKOATCA U TodToMy y [layHma B 9TOM ciydae MOTIIO IBUTAThCS TOJIBKO CaMO
U3JIy4eHue, T.e. GOoToHbI. M, eciiu Mbl pacCMOTPUM MaJIeHHE UMEHHO CaMOI0 U3JIy4EHUs, BOCOPUHUMAS €ro, Kak
nBIoKeHNe (HOTOHOB, T.K. cam ke [layH/ mucan, 9To ero SKCIePpUMEHTHI MOYKHO HHTEPIPETHPOBATH i TAKUM
o0pa3om, To Mbl OyzieM coriacHo pacdyeraM IlayHia uMeTh paJualibHyI0 CKOpPOCTH najaeHus poronos Vr= g*H
/ ¢, ecriit oHM OBLTH Ha BbICOTE H Ipy HaYaIbHOM CKOPOCTH PaBHOMW HYIIIO, T.€. 3TO OY/AET UX MPHUPAIICHUE
CKOpPOCTH.

Ho, xak MbI BBISICHWIIN BBILIE, B OTHOPOHOM TOJI€ JJIsl HOTEHIMAIA HEHTPOOESIKHBIX CUJI IPUPAIIEHUE STON
ckopoctu Oynet V2= 2*g*H, 1.e. paccunrannoe [layHmom npupamieHue CKOpOCTH MaJeHUs HE UMEeT
HUKAKOT0 OTHOIIEHUS K MOTEHLUATY HEHTPOOSKHBIX CHJI. A OH 3TO MPHUpAIIEHUE CKOPOCTH MOJICTABIISAET B
bopmyny npogonsHOro addexra ormepa (3-1) u y Hero nmosyuaercss GopMmyiia 4aCTOThI U3TYUCHHUS, KOTOPYIO
¢bukcupyer npueMHuk, (6-4), a T.k. ckopocth V2 Oyzer paBHa ero VI, To oH nonydaet ¢popmysiy (6-5), a
OTHOCHTEJIbHOE H3MEHEHHE YacTOThI y Hero nonydaercs (6-6). 3xeck ciaeayeT ToIbKO YTOYHUTD, YTO OH
ucnones3zyeT Gopmyny sddexra Jomnepa (3-1'), korna y Hero ABMKETCsS UCTOYHUK CO CKOPOCThIO V2 1
cos(Q2)=1. A npu ABMIKEHUHU UCTOYHHUKA coryiacHo Gopmyrie addekra Jortepa (3-1) y Hac BeipakeHUE B
CKOOKax JIOJDKHO OBITh HE B UHCIIMTEINE, a B 3HAMEHATEN e U UIMETh B CKOOKaX 3HAK MUHYC, HO TIPH MaJIbIX
ckopocTsax V2 3710 OyeT MPUMEPHO PaBHO 3HAYEHHIO, KOTOPOE MbI MOJIy4nM 1o hopmyie (6-4). Bot kak Bce
3TO onuckiBaeT caM [layna B cBoux craThsax B 1960 roay [31] u B 1964 rony [32].

v=v0*/(1-V2/c) (3-1)
v=v0*(1+V2/c) (6-4)
v =v0* (1 + g*H / c"2) (6-5)
dv/v0=g*H / c"2 (6-6)

"Ilpocmoti pacuem DuHwmeHa 0CHO8bIBAILCS, KAK 9MO NPeOnUCbl8aemcs NPUHYUNOM IKEUBALEHMHOCMU, HA
3aMeHe epasumayoHHO20 NOJisl 8 HeKOMOPOU 0bacmu KOOPOUHAMHOU CUCIEMbL, C60O0OHOL OM MAOMEHUs,
HO NO0BEPHCEHHOU NOCMOSHHOMY YCKOpeHUto { 88epx, eoe Q - YCKOpeHue 6HU3, 00)Cl08IeHHOe MA2OmMeHUeM 8



peanvHom npocmpancmee. Bpems npoiema uziyyenus om ucmoyHuKa, Haxoosue2ocs Ha paccmosinuu h no
gepmuxanu Hao Habooamenem, pasto hIC, u 6 sxsusanrenmmuot koopounammuou cucmeme, ecau gh/c mano no
cpasuenuio ¢ C, uz-3a agpgpexma Jonnepa nepeozo nopsaoka 603HUKAem OMHOCUMENbHOE YeeaudeHue Yacmomol
dv/iv0, pasnoe ghlc"2. Habnrooamens gpuxcupyem wacmomy V=V0(1+gh/c"2) xak creocmeue usmenenus
OMHOCUMENbHOU CKOPOCMU 3a 8peMsl npoiemd. [ HeOOHOPOOHBIX 2PABUMAYUOHHBIX NOJIell MOMHCHO
no0obuwvim oopazom noayuums V=V0(1+dp/c"2), 20e dp ecmv paznocme epasumayuonnvix nomenyuaios. B
COBEPULEHHO IKBUBATIEHMHOM NOOX00€e, PA3BUMOM DUHWMEHOM M020d Jce, 8pemMs 8 00eux MmouKax
paccmampusaemcst Kak npomexaiowee co ckopocmsmu, omaudarowumucst na ghich2. Ilepexoo om oonozo
cnocoba paccmompeHus K 0pyeomy mpeoyem mobKo Xopouio npo8epeHHo20 npeoopazo8aHus CneyuaibHou
meopuu omuocumenvHocmu."”

"DtiHwmetin npeonoI0NCUN, YUMo HU OOUH JIOKATbHBIU IKCNEPUMEHM HE MOJICEm OMAUYUMb P dexmbl
2pasUmMayuOHHO20 NoJsl, ¢ OOHOU CHOPOHBL, OM IPPEKMO8 PaBHOMEPHO20 YCKOPEHUs 1aO0pamopuu
OMHOCUMENbHO UHEPYUATBHOU CUCEMbL, C OPY2OU.
B yacmnocmu, ecnu ucmounux uznyuenus credyem paccmampugams wa paccmosinuu N nuoice ee, ¢ obnacmu,
umeroujett 00OHOPOOHOE 2PABUMAYUOHHOE NOJIe MAKOU CUIbL, YO YCKOPEeHUue meid 6 C60000HOM NAdeHUu Obiau
g, Habo0amenb 00IdCEH HAUMU me Jce C8OUCMBa, Ymo Oyoem HallOeHo, eciiu 6ce 1abopamopuu Oviiu
€80000HbI OM 2pasumayuu, Ho jlemenu 86epx no Kypcy 9. B amom nocieonem ciyuae usmenenue ckopocmu
NPOUCX0OUM 8 MOMEHM Nepeoayu OnpedeleHHOU Yacmu UIy4yeHus:, Ymo cmagum Habaooamensi Ha
appexmusnyio ckopocmo AV=g*h/c. Iloosmomy modicro npedckazameo, umo eciu Obl UCMOYHUKY U3LYHEHUS HA
gvicome h Hao nabaooamenem 6viia 0aHa 80cxo0sauas ckopocms g*h/c, mo s¢ghghexm epasumayuu Ol Ob1

"
OmMeHeH.

A 311ech MBI BUJTUM, YTO B TEOPETUUYECKON YaCTH CBOETO 3KcrnepuMenTa [layHa HaropoIui Takoro, 4To HayKe
ceifyac BOOOIIe HE U3BECTHO, YTO OH JJOKA3bIBAJI B CBOEM dKCTepuMeHTe. Ho KiItoueBOM AJ1st TOHSATHS BCETO
BBIILIE CKa3aHHOTO 3/1€Ch siBiseTcs ppasza "Iloamomy modcHo npedckazams, 4mo eciu Obl UCHMOYHUKY U3TYYeHUs
Ha eblcome h Hao Habnvdamenem 6vlia 0AHaA 80CX00AWA cKopocmb g*h/c, mo a¢ghghexm epasumayuu 6bin Obl
ommenen", U3 KOTOPOil cinenyert, uto y IlayHna rpaBuTaninoHHbIi 3G GEeKT 3aMeUIeHUs] BpeMEHH
ACCOLIMUPYETCS CO CKOPOCThIO UCTOYHHKA U3TyueHHs paBHOM §*H / C, koTOpast pu Hanu4Ke mpoaoILHOTO

s dexra [lomaepa 1actT cMeleHHe YacTOThI U3Ty4eHHs SKBUBAJIEHTHOE 3P PEKTy rpaBUTAI[IOHHOTO
3aMeICHHsI BpeMEHH. 1, XOTsl, ocie ero MaTeMaTHYeCKIX MaHUITYJISIHA y HETO IMOIyYHIIOCh BRIPAKSHHE,
KOTOpOE YUCIIEHHO JaeT ToXe 3HaueHue adekra, yto u Gpopmyna DifHIITEHHA, HO TeNepb CYTh ero (HOpMyJIbI
u3 ero TpakToBkH [13 coBcem mpyras. Beap 3ta ero ckopocts V= g*H / C He MeeT HUKAKOTO OTHOIICHHUS HU K
CKOpocTH najieHus (oToHa B HpI0TOHO-KBAaHTOBOM OO0BSICHEHHH PE3Yy/IbTaTOB €ro 3KCIIEPUMEHTOB, TJI€ KBaApar
MPUpPAIEHHsI ero CKopocTH VI2= 2*g*H, H1 K SKBUBAJIEHTHON CKOPOCTH MOTEHIMAJIA IIEHTPOOCKHBIX CHII,
rae V2= g*H, B DIHIITETHOBCKOM OOBSICHEHUH Pe3yJIbTaTOB €ro HIKCIEPUMEHTOB. A TIOITOMY PE3yIbTaThl
€r0 SKCIIEPUMEHTOB HE UMEIOT HUKAKOTO OTHOIICHHUSI HH K OOBSICHEHUIO UX C TOYKH 3PEHHS 3aMeJICHHSI
BpeMeHH y DUHIITeHAa HU ¢ TOYKH 3peHus] HpI0TOHO-KBaHTOBOT0 00bsicHeHUs, KoTopoe [Tayna cunran
AKBUBAJIEHTHBIM DWHIITEHHOBCKOMY O0BSICHEHHUIO.

[ToaToMmy 5 cuMTaro, YTO CBOMMH TEOPETUUECKUMH U3MBILUICHUAMH, T1ie [layHa HEMOHATHO YTO XOTel
JI0Ka3aTh, OH TOJBKO 3aIyTall TOT BOIPOC, T.K. COBEPIIEHHO HE TIOHATHO KaKOE€ OTHOLIEHUE UMEET
BBIYMCIICHHAS! UM CKOPOCTh HCTOYHHUKA, €CIIM B DUHIITEHHOBCKOW TpakTOBKe 11D M MCTOYHMK M IPUEMHUK BCeE
BpEMS MOKOATCA. XOTs TEXHUUECKU KOMIIEHCALMSI KaKOM-TO MPOU3BOJIBHON CKOPOCTH CAENIaHa Y HETO
MPaBWIbHO, T.€. TAK KaK JeJlaly Bce, KTO MPOBOJIMI U SKCIIEPUMEHTHI C MecCOayIpPOBCKUMHU LIEHTPUPYTramMH,
Korja coriacHo (opmyie ais npooiabHoro 3¢ dexra Jlomnepa BEIYUCIIIA CKOPOCTh UICTOUHUKA HYKHYIO JIJIS
KOMITeHcaluu nonepeyHoro s¢dexra Jlomnnepa o0ycroBIEHHOIO CKOPOCTHBIM 3aMEJIEHUEM BPEMEHU
corinacHo CTO. IIpu 5TOM 1 OH, 3aaBasi CKOPOCTh McTouHHKa VI= g*H / C, HarpaBIeHHYIO BBEpPX, CUUTALT,
YTO 3a CYET NPOA0JIbHOrO 3 dekTa Jlonaepa OH NOIHOCTBIO KOMIIEHCUPYET CMELEHUE YaCTOTHI,
perucTpupyeMoe NpUEeMHUKOM, PACIIONOKEHHBIM BHU3Y OaIllHU, KOTOPOE AOJKHO OBITH COTIIACHO
DWHINTEHHOBCKOM TpakToBKa [13, T.e. B 3TOM ciydae He OyneT 3apuKCUpOBaHO CMEIICHUE TPUHATON YaCTOTHI
OTHOCHUTEJIFHO MCXOIHON 4acTOThl n3ny4eHus. [losromy Ilaynny He Hamo ObIIIO MYJIPUTH CO CBOEH TPaKTOBKOM
I13, a mpocTo paccunTarh COrIacHo Gopmysie DUHINTEHHA KaKoe JOIHKHO OBITh CMEIICHHE YaCTOTHI B €T0



HKCHEPUMEHTAaX U IIOTOM C UCIIONb30BaHuEM (GopMyibl dddexra Jlomiepa BEBIYUCIUTH CKOPOCTh HCTOYHHKA,
KOTOPYIO HaJI0 OBLIO 3a/1aBaTh B 3TUX dKcriepuMenTax. Ho y meHs k skcniepumentam Ilaynna, kpome ero
OH_II/I6KI/I B pacyCTC CKOPOCTHU 110 I'PABUTALITMUOHHOMY MMOTCHIUATY, @ HC I10 MOTCHIHUATY HGHTpOGG)KHBIX CHII,
MHOTO U JIPYTUX BOIPOCOB U MO3TOMY 51 OCTAHOBJIIOCH Ha €r0 AKCIEPUMEHTAaX U B CIEIYIOIIEM pa3zele,
MOCBSIIIIEHHOM 3KCIIepUMEHTAIbHOM mpoBepke oomero I10.

A ceiiuac gaBaiiTe BepHEMCS K TEOPETUUECKUM BBIKJIaJIKaM DUHINTEHHA. BOT MBI ¢ BaMU BBbIIIE€ HA MTOJTHOM
cepbe3e pacCcy X Aaliu O MOTEHIINAJe LIEHTPOOESKHBIX CUJT M 0 UX padoTe MpH MepeMelleHnu Tena ¢ paauyca R 1o
HyJs. Ho 3To e Hao ObITh COBCEM 0e3rpaMOTHBIM, YTOOBI TOBOPHUTH O MOTEHITHANIE ¥ O PadoTe, KOria peub
UJET O CHJIaX UHEPIHH, T.K. CHJIbI HHEPIIMH HUKOT1a He paboTanu, He padoTaloT U He coOuparoTcs padoTarh.
Paboty y Hac coBepiaroT TOJILKO BHEITHHUE CUJIBI, & CUJIBl MHEPIIUU TOJBKO U JIENAIOT, YTO, Kak EMens, nmexar
Ha [I€YU U BCAYECKU CONIPOTUBIISIFOTCS BCEM, KTO CTPEMUTCS UX CTAIUTh OTTyaa. W naxke B TOM ciydae, Koraa
Ka3aJI0Ch OB IMEHHO CHJIBI HHEPITUH COBEPIIAIOT PadOTy, HAPUMED, TIPH YAape MYIISYHOTO S/Ipa B CTEHY Y
HAac Ha caMOM JieJie He CHJIbl MHEPLIMU COBEPIIAIOT paboTy, a CHIIbI YIPYTHX U HEYHIPYTrux Aedopmariuii,
KOTOPBIE OCTAaHABJIMBAIOT SIIPO, & CUITBI MHEPLIMU MPU STOM TOJIBKO COMPOTHUBIISIOTCS 3TON OCTAaHOBKE. A, €Clin
Obl OHU JICHCTBUTEIHLHO COBEpIIAN PAadOTY, TO y HAC ANIEKTPOH JOJKEH Obl ObLJI O4eHb OBICTPO yIAcTh Ha SAPO,
T.K. TIPY €r0 BPAIICHUU TOCTOSHHO BO3HUKAIOT CHJIBI HHEPIIMH BAOJb ABYX OCEH KOOPAUHAT, CyMMY KOTOPBIX
MBI Ha3bIBaeM IIEHTPOOEKHOM cusoi. U mpu 3ToM 1 ceifuac naxe He Oyly BBISICHATH KaKOW U3 "BEIHKUX
MyJIpEIoB" TIEPBBIM MPUTyMall IOTEHIIHAT IEHTPOOCIKHBIX CHUII, &, CIICAOBATEIBHO, U MOJISI ¥ TOTCHIUATBHYIO
SHEPTHUIO HEHTPOOEIKHBIX CUJI, XOTS U JOTAAbIBAIOCH, YTO UM ObLT DUHINTEHH, KOTOPBINA, Kak U ero Apy>koK M.
[Tnank, moOwui n300perath Besikue GopMyIibl. Beib cuiibl HUKaK HE MOTYT CO3/1aBaTh MOJIS. JTO Y HAC TIOJIS
CO3/1a10T cuJibl. bonee Toro, CHIibl MHEPIUH (B HAIleM cy4yae [EeHTPoOekKHas CUiia) SBIISAIOTCS BHYTPEHHUMU
CWJIaMH U TIOOTOMY TeM 0oJiee He MOKET ObITh Y HUX HUKAKWUX HU TOJICH, HA MTOTCHITHAJIOB.

Ho, maxe, eciiu 1OMyCTHTB TO, YTO TYT DHUHIITEHH MPOCTO UCIIOJIB3YeT HENPABUIBHYIO TEPMHHOJIOTHIO, TO U B
3TOM cily4ae 51 He IOHUMAIO0 C KaKoro nepenyry DWHIITEHH 3as B, YTO Yy HETO Pa3HOCTh MOTEHIIUAIOB
HEHTPOOESIKHBIX CHJI OyJeT paBHA MOJOBUHE KBaIpaTa CKOPOCTH TeJla JIBMKYILETroCs 10 OKPYXKHOCTH. Benp
TaKOW pe3ysbTaT OyAeT TOJBKO B TOM CIydae, eClid TeJo rmepemeniars (MoarackuBaTh) ¢ paauyca R=R1 no R=0
C TMOCTOSTHHOM YTJIOBOI CKOPOCTBIO, YTO HE SIBIISIETCSI €CTECTBEHHBIM MPOIECCOM, T.K. CKOPOCTH IPH 3TOM OyzIeT
yBenuuuBaThCs. bonee Toro, moTeHIMalIbHYI0 SHEPTHIO, COTTIACHO €T0 BBIPAXKEHHUIO U1 MOTEHIMala, Ha/lo
OmpeAessITh Kak M*V{"2/2, Ho 3TO BhIpaKeHHE YK€ HCIIOIb3YeTCs Y HAC JIJIsl KHHETUYECKOW SHEPTHH, KOTOPast
HUKaK He SBISETCS NOTEHIMAIBbHOMN, I0ATOMY CAMOJEATEIbHOCTh DUHINTEHHA ¢ N300peTeHneM MOTeHIIHaNa
[EHTPOOESKHBIX CHJI HE IMEET HUKAKOTO OTHOIIEHHS K (PU3HKe, T.K. IPOTHBOPEYUT OA30BHIM IMOHITHIM B
Mmexanuke. Ho, 1 3Toro mMano, T.K. TyT y Hac MOJIy4aeTcsi, YTO BETUKUN DUHIITEHH HE MOXKET JlaXke IPaMOTHO
BBIYUCIIUTH pabOTY IEHTPOOCKHBIX CHII IPU TIEPEMEIIICHUH MacChl ¢ Kpast TUCKa Ha OCh BPAIICHHUs, TOTOMY YTO
9Ta paboTa Oyaer paBHa He M*W1/2*R12/2, kak oH 3asBuI, a Bipasurcs popmysoii (7-1), rne R1 u wl sto
panuyc AMCKa U YIiioBas CKOPOCTb €ro BpalleHus, a R 3TO Mpou3BOIBHBIN pannyc, Ky1a MBI IIepeTalINn
Maccy m ¢ HadanbHOro paguyca R1 u, rie yrioBast ckopocTb OyaeT He HadainbHas W1, a W.

Ac= M*W1/2*R17M | (2%RM2) (7-1)
W(R)= R1A2*w1 / RA2 (7-2)
F(R)= m*R1M*wW1/2 / RA3 (7-3)
dEK(R)=m* W172*R174 | (2*RA2) (7-4)

J111s BEIBOJIA 3TOM (hOPMYIIBI BOCIIOJIB3yEeMCsl 3aKOHOM COXPaHEHHUSI MOMEHTa KOJIMYECTBA JIBIKEHUS J*W=
J1*wWl, rie MOMEHTBI HHEPIIMH JUTSl TOYCYHBIX Macce omnpeaenares kak J1I=m*R172 u J=m* R"2. Takum
00pa3om, yrioBasi CKOPOCTh Ha IPOU3BOJILHOM pajiyce onpeaenurces no ¢popmyse (7-2) u, caenoBareibHo,
1eHTpoOeKHas cuia 1mo Gopmyie (7-3), a mHTErpai ot 3Toi cuibl o dR Oyaer paboToM 3THX CHIT U
onpexaenutcs no ¢popmyne (7-1). U, t.x. mpu R=0 sta padora Oyaer paBHa OECKOHEYHOCTH, TO M PA3HOCTh
MOTEHIINAJIOB LIEHTPOOESKHBIX CUIT TOKE OyJeT paBHa 6beckoHeyHOoCTH. [loaToMy moyyaeTcs, YTo U 3aMeJIeHHe
BpEMEHH Y DUHIITEWHA C HCIOIh30BaHHUEM H300PETEHHOTO MM MOTEHIIMANIA IIEHTPOOSKHBIX CHUJT TOXKE JTOJHKHO



ObITH paBHO OeckoHeYHOCTH. U mpu 3TOM paboTa HEeHTPOOEKHBIX CHII OY/AET MPOCTO paBHA N3MEHEHHIO
KWHETUYECKOW PHEPTHH Teja NP BPAIICHNUH, TI0O3TOMY 3Ty PabOTy MOKHO OBUIO BEIYMCIHUTH U KaK Pa3HOCTD
kuHetnueckux >Hepruii Tena dEK(R) Ha paguycax R u R1, xoropast onpenenurcs o gpopmyse (7-4), ecau s
BBIUUCIICHUS KHHETHYECKOM sHeprun Ha paanyce R mo dopmyne Ek= J*wW2 [ 2= m*RMN2*W"2 / 2= m*V"2 | 2
OIISITh UCIIOJIL30BATh BhIpakeHHE (7-2).

Sl maske HEMHOTO TIepe/ielial CBOI0 OUYEHb CTapylo mporpammy Konmaz2, uroOsl TpoBEpUTH BCE ITO IpU
MOJIETIMPOBAaHUU 3TOT'0 Mpoliecca MOATATMBAaHUS Macchl ¢ paanyca R1 Ha mpousBobHBIHM paauyc R, koraa Mbl
BEPEBOUKY Ha KOTOPOH 3aKpeIuieHa Macca M, Jiexallias Ha Kparo TOpU30HTaIbHO BpalLlAIoLErocs A1cKa,
MPOITyCKaeM uepe3 [eHTP AUCKA U MOTUXOHBbKY MOATITMBAEM C 33JJaHHON CKOPOCTHIO M C HY>KHOM CHJIIOHN,
KOTOpasi ONPEAEIAETCS MO0 PACTKEHUIO YIIPYTrol HUTOUKH, a OCIEAHSIS YXKE ONPEENIIeTCs UCX0S U3
JeicTByIolEel Ha Hee IIEHTPoOe)HOM criibl. BoT naxe rpaduk crenan ais oToOpaxeHus pe3ylbTaToB 3TOT0
nporiecca, riae y MeHst ASUm 3To pabora 1o MoATSITHBaHUI0 BepeBoUKH, EP 3T0 M3MEHEHHEe TOTCHIIMATBHOM
SHEPTUH YIPYroi BEPEBOUYKHU (MOXKHO CUHATATh €€ PYKHHOM C 3aJaHHOM KeCTKOCThI0), a dEK 3T0 n3menenue
KMHETHYECKOW PHEPTUH BPAIIATEIHHOTO JBM)KEHUSI MACChI. 3/1€Ch BUHO, UYTO IpaduK pabOThI HEHTPOOESIKHBIX

cu1 AC, pacCUMTAaHHBIH 10 BBIICTIPUBEACHHON GOpMyIIe, COBMAN C IKCIIEPUMEHTAILHBIME JaHHBIME U 110 AEK
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Puc. 35. U3menenne kunernueckoii snepruu dEK maccer m=2 kr, Bpaaromieiics Ha paanyce R1=1 m ¢
YTIIOBOU CKOPOCTBIO W1=2 pan/c, B GyHKIIUU €e pacCTOSHUS OT OCH BPAIICHHS (OTKJIAILIBACTCS 11O OCH
abcrucce B macmTabe 0,1 M/cM) Ipy NOATATMBAHUU €€ C TOMOILBIO YIIPYroi HUTH ¢ paanyca R1 k ocu
Bpamenus. Macmra6 st snepruid 10 J[x/cm. Ckpunmmot nporpamMer Konmazm.

TyT MOXHO J1aXke BBIIIOJHATH IPYrO BBIUYMCIUTENBHBIN SKCIIEPUMEHT C MOJAEIMPOBAHUEM MpOLECCa
TOPMOYKEHHSI MacChl BpaIIaoleiics UMEHHO B IPaBUTAIIMOHHOM I10JI€, HAlPUMEpP, TOPMOKEHUE CITyTHUKA
nsurarensiMu. [loaToMy naxke BO3pa)K€HHs O TOM, UTO 5l HE BBIIIOJHUII BCE YCIOBUS pacyeTa H3MEHEHUS
MOTEHIMAaja HEeHTPOOXKHBIX CHJT Y DHHIITeHHa, T.K. OH IepeMenian Maccy ¢ paauyca R1 B neHTp nucka npu
MTOCTOSTHHOM YTJIOBO# cKopocTu W1, 6e30cHOBaTeNbHBL. Belb B 3TOM cilydae eMy NMPUILIOCh Obl YIUTHIBATH €IIIe
U pabOTy BHEIIHUX CHJI, KOTOPBIE JOJKHBI ObUTH ObI TOPMO3HUTH Maccy, T.K. C yMEHBIIEHUEM pajnyca ee
yIJI0Basi CKOPOCTh JJOJKHA ObljIa YBEIMUMBATHCA. A, T.K. IPU TaKOM pacyeTe y DWHIITeliHa KUHeTHYecKas
3Heprus BpauieHus Oyaer paBHa M*RA2*w1”2 / 2, To Ha ocu BpameHus npu R=0 ona Oyzner paBHa HyIIIO, H,
CJIEZI0BATENbHO, pab0Ta 3TUX €ro LIEHTPOOEKHBIX CHJI M BHEITHUX CHUJI TOPMOXKEHHUS (BCIIEACTBUE 3aKOHA
COXpaHEHMs SHEPTUn) OyJeT OMATh TaKu paBHa paboTe IIEHTPOOESKHBIX CUJI, PACCUUTAHHON MHOIO 10 opMmyIie
(7-1). Takum 0Opa3oM, HM MaTeMaTHUECKast, HA Gpu3ndeckas uarepnperanus [10 DitHinteitna as adhdekra
3aMeJUIEHHs] BpPEMEHU HE JIE3€T HU B KaKUe BOPOTA U ITO3TOMY IIPOCTO KOHCTAaTUpyeM, 4uTo ero 110 s
3aMeITICHHsI BPDEMEHHU He COOI0IAaeTCs Jake TEOPETUUECKU B €ro MpHOIu3uTenbHoi hopmyie (5-3).



Ho ceituac B ourmanbHOM HayKe CYIIECTBYET aKe J1Ba '0YEHb TEOPETUUECKUX' OOBSICHEHHS PE3yJIbTaTOB
sKcnepuMeHToB [layHaa - uCXo/s U3 rpaBUTALIMOHHOIO 3aMEUICHNS BPEMEHHU U UCXO/S U3 KOPIIYCKYJIAPHON
Teopuu cBeta HpI0TOHA ¢ MPUBJICYCHHUEM CIOJIa JIEMEHTOB KBAHTOBOM MEXaHUKH, T.€. HbIOTOHO-KBaHTOBOE
00BsICHEHHE, KOTOPOE JIAET TOYHO TAKOW JKE pe3yNbTar, Kak u nepoe. M 3Tu aBa nareps MaTeMaTuKo-(hU3NKOB
OBIOTCSI HACMEPTH JO0KA3bIBasl TCOPETHUECKYIO MPABOTY UMEHHO CBOETO OOBSCHEHHS PE3YJIBTATOB ATHX
IKCIIEPUMEHTOB, a TAK)Ke 00BSICHEHUSI KPACHOTO CMEIIEHUs B crieKTpe u3mydeHus ConHia (KoTopoe, KCTaTH,
MOKa eI1e YKCIICPUMEHTAIBHO HE OUEHb TO U J0Ka3aHo). Belb M OHO TOYHO Takke OOBSICHSACTCS U COTJIACHO
HproTOHO-KBaHTOBOMY BapuaHTY, KOTJa GOTOH, MPEo0JieBas TpaBUTalimonHoe noje CoiHIa, TepseT Ha ATO
9YacTh CBOCH SHEPTHH U, IPUIICTAst K HaM Ha 3eMIII0, UMEET y)KE MEHBIIIYIO YaCTOTY U3JIYy4YCHHUs, UeM OHa Oblia
MepBOHAYAIILHO Ha MoBepxHOCTH CONHIIA, KaK M COTJIACHO TPAaBUTAIMOHHOTO 3aMe/JICHUS] BPEMECHH Ha
noBepxHocTH COJTHIIA B MOMEHT €T0 U3JTy4YCHHUSI.

[Toka MBI BEISICHWIIN, YTO OOBSICHEHHE C TOYKH 3PCHHS TPABUTALIMOHHOTO 3aMEIJICHNS] BPEMEHH SIBIISIETCS SIBHO
OKMOOYHBIM, TIOATOMY JIaBaliTe MOCMOTPUM Ha HpIOTOHO-KBaHTOBOE O0BSICHEHHE. 3/1ECh TOUYHO TaK K€, KaK
IIPU CKOPOCTHOM 3aMeiieHne BpemeHu corsiacHo CTO, BEIYMCISETCS PUpaeHue palualbHONH CKOPOCTH
najieHust Kopnyckyisl Hetorona (poToHa miim raMmma KBaHTa) ¢ BBICOTHI H B TpaBUTallMOHHOM TT0JI€ 3eMITH, T.€.
Bbruncisercs VI2= 2*g*H. Ha 5Ty BennunHy y HUX yBETUYMBACTCS KUHETUUYECKAsl YHEPT S KOPITYCKYJIIbI U
TOT/Ia €€ SHEPTHs B KOHIIE MajeHus y Hux oyaer E= m*(V0"2+Vr*2) / 2, a, 1.x. cornacHo gpopmyte [Tnanka
SHEPIUs U3Iy4eHHUs paBHa N*V, TO CUMTACTCsI, YTO YACTOTA U3ITYUCHHSI ATOW KOPITYCKYJIbl BOJIHM3H OBEPXHOCTH
3emiu crarer V= E / h, a Ha Beicote H ona 0puta pasua EO / h, rme EO= m*V0/2 / 2. Takum oOpa3om, Bcsi 3ta
MaTeMaTuKa BBUIMBACTCS Y HUX B (hopmyiy (6-5), aHanornunyto ¢popmyiie, KOTOPYIO IPUBOIUT B CBOEM
pacuere [layna. [Ipu aToM yacTo npuBosT U Gopmyiy (6-2"), kotopas anasorudna Gpopmyse (6-2"), rae
0,5*Vt"2= 2*g*H / 2 (ecii BMeCTO KBajipaTa TaHI€HIIMAIBHON CKOPOCTH V1t UCIIONB30BaTh 37€Ch KBaApaT
paauanbHOi ckopocTr V), HO CMEIICHUE YaCTOThI OYIIET yKe ¢ OOpaTHBIM 3HaKOM, T.K. dv/VO = - dv/v.

v =v0* (1 + g*H / c"2) (6-5)
dv/v0 = dE/EO= 0,5*Vt"2 [ c"2= g*H /c"2 (6-2"
dviv = - dE/E = - 0,5*Vt"2 / c"2= - g*H [ c"2 (6-2")

T.e. MBI BUJIUM, YTO 3/IECH UCIIOJIB3YETCS TOT ke camblid 3 PekT ckopocTHOTro 3ameasienust Bpemernu CTO, Ho
3aMacKMpPOBaHHBIN YK€ HE M0 rpaBUTaniioHHoe 3aMmeuienne Bpemenn OTO, a moxg HeroToHO-KBaHTOBOE
00BsICHEHHE COTTIacHO (hopMyJie Ul pacueTa 4acTOThl U3Iy4eHUs U3 dHepruu yactuisl. Ho npu atom
3a0BIBAIOT, YTO NOTEHIMATbHAS YHEPTUS YaCTHIIBI YMEHBIINIACH, @ TOATOMY HOJIHAs SHEPTUS OCTANIACh
HEU3MEHHOM U, CIIeI0BaTeNbHO, U YacTOTa U3JIy4eHHUs JOJDKHA OCTaThCsl HEM3MEHHOM. bonee Toro, 3Heprus B
KOHIIE MajZieHus OyeT onpeaenarses He popmyrnoi E= m*(V072+Vr2) / 2, a popmymnoit E= m*Ver2 / 2, rne
Ve=V0+Vr, T.e. MBI U TYT BUJIUM DJIEMEHTAapHOE HE3HAHHME 3aKOHOB MEXaHUKHU. 3HAYUT U 3TO OOBSCHEHHE
AKOOBI HAOJII01aEMOT0 CMEIICHHUS YaCTOThl M3y4YeHHUs ABjIsieTcs: omMOouHbIM. bonee Toro, Ha BeIcOTe OAalTHU
CKOpPOCTb 3TOT0 (JOTOHA UJIM TaMMa KBaHTa paBHA CKOPOCTH CBeTa, a oHa corniacHo CTO nomkHa ocTaBaThCs
HEU3MEHHOM, T.€. He MOXKET YBEJIIMUMBATHCS MU MAJCHUU B TPABUTALIMOHHOM MOJIE.

A Tenepb naBaiiTe MOCMOTPUM Ha (PU3UUECKHUI CMBICIT ATHX ABYX OOBSICHEHHMIA, a, YTOOBI HE 3aITyTaThCs B
3HaKax y MOTEHIIMAJIOB, IaBalTe MPOaHAIM3UPYEM TH 1Ba OOBSICHEHHUS HA TpUMepe dKcniepuMeHToB [layHa
YUCTO JJornyecku. CoraacHO rpaBUTALMOHHOMY 3aMEJICHUIO BPEMEHU MOIYYaEeTCsl, YTO B MOMEHT U3JTy4YEeHUS
raMMma KBaHTa Ha BBICOTE OAIlTHU TEMI TCUCHHsI BPEMEHH TaM ObLT OOJIbIIIE, YeM y OCHOBAHUS OaITHH, T
BpEMSI TEKJIO C MEHbIIIEH CKOPOCThIO. M Takum 00pa3om, eci y HaC UCTOYHHUK clienal, Hanpumep, 10
koseOanuii 3a 10 eMHUIl BpEMEHU Ha BbICOTE OAIIHU, TO Y MOJHOXKHUS OAlllHU PUEMHUK 3apEeruCTPUPYET ITU
10 xonebanuii, Hanpumep, 3a 9 eTUHHII CBOETO BPEMEHH, T.K. BpeMs TaM TeueT MeuieHHee. Takum o0paszom,
MpUEMHUK 3apeructpupyet yactory 10 /9= 1,1 ', T.e. 60mbIIIe, YeM YacTOTa UCTOYHHKA, KOTOopas Obuia 1 I'1I.
U cormacHo Hpr0TOHO-KBaHTOBOTO OOBSICHEHUS, T.K. CKOPOCTh KBaHTA y MTOJHOXKHS OalllHH cTana OOJbIIe, YeM



OHa ObLJIa HaBepXY, TO KMHETHYECKas SJHEPTUs KBaHTa cTana OoJbIIle, a, ClIeJJ0OBaTeIbHO, U 4acTOTa €ro
KoseOaHuil cTana Ooblle IPU TOM e TEMIIe TEUSHUS BpEMEHH Y OCHOBAHUS OAIlIHU U HaBEPXY.

Taxum o6pazom, eciii 00a ITH 0OBICHEHUS UMEIOT 0] CO00I0 (PU3UUECKYIO OCHOBY, TO B OKCIIEPUMEHTAaX
[Taynma Mbl JOKHBI ObUTH 3a(h)UKCHPOBATH IBOMHOE YBEIMYEHUE YACTOTHI U3nydeHus. Ho, ecnu yuects, 4To B
3THX pacueTax MbI UCIIOJIb30BAJIM pealbHbIA IPaBUTAIIMOHHBIN MMOTEHIMA, KOTOPBIH B IBa pa3a 0oJbliie
MOTEHIMAaJIa HEHTPOOSKHBIX CHII DHHINTEWHA, TO MBI JOJDKHBI ObLIH MOTYYUTh JTBOWHON APPEKT TOIBKO OT
IPaBUTALMOHHOTO 3aMeJUIeHUs BpeMeHH. A oOuuii 3 dexT nomkeH Obul ObITh 3aPETUCTPUPOBAH B ITUX
HKCIEPUMEHTAaX B TPU pa3za O0JIbIIe, YeM TEOPETUUECKH CIEAYeT U3 TPaBUTAIIMOHHOTO 3aMEJICHUSI BPEMEHH.
Ho TyT ¢ TakuMm ke ycriexoM MOKHO J1aTh OObSICHEHHE PEe3yJIbTAaTOB ATOT0 SKCIIEPUMEHTA U COTIIACHO
CKOPOCTHOI'O 3aM€JJIEHHs TeMIIa TeUeHUs! BpeMeHHU Ha Tenax cornacHo CTO, rae nomayyaercs, 4To Ha KBaHTE,
MOJJIETEBIIIEM K OCHOBAHUIO OAlIHU BpeMsi CTaJIo Teub Oosiee MEAJICHHO, a, CJIeJIOBATEIbHO, B ’TOM BPEMEHH OH
cTaj Koje0aThCsl ¢ MEHbIICH YacTOTOM, YeM Ha BepIinHe OalllHu, Te ObLI CTaHIAPTHBIA TEMIT TEUCHHS
BpPEMEHH, T.K. BCE MPOIECCHl HA HEM 3aMEJUIMIIUCE. A B 3TOM CJIy4ae MoJIy4yaeTcs, YTO Mbl 3apUKCUPYEM IO
BPEMEHH YacOB y MTOJHOKUS OaIIHHU, TJe BpeMst TeUeT y HaOIroAaTels CO CTaHJAPTHBIM TEMITOM T€YCHUS
BpPEMEHH, HarpumMep, 3a 10 cTaHIapTHHIX €UHHI] BpEMEHH TOJIBKO 9 KollebaHuid, T.e. 3apuxcupyem
YMEHbILIEHUE YacTOThl U3aydeHus. [Ipuuem, B 3TOM citydae, T.K. Mbl HCIIOJIb30BaJIM 3HAUEHUE 3aMEJICHUS
BpemeHH 1o ¢opmyine (5-1), u3 KoTopol MOTOM DUHIITENWH BBIBOIWI MPUOIU3UTENbHYIO opmyiy (5-3) mis
CBOETO 3aMEIJICHUSI BPEMEHH OT JIEHCTBHS MOTEHIMAaJIa HEHTPOOSKHBIX CHJI, TO 3/1€Ch 3TOT APQeKT OyneT
MpUOIM3UTENBHO B JBa pa3a 0oJibliie, 4eM JOHKHO ObITh OT TPAaBUTAIIIOHHOTO 3aMEJICHUS] BPEMEHHU T10
dopmyste (5-3). U toraa, momy4daercs, uro [TayH1 B CBOMX SKCIIEPUMEHTAX M JOJDKEH ObLT 3a(UKCHPOBAThH
3HAYEHUE CMEUICHHS YaCTOThI, KOTOPOE J1aeT MPUMEPHO 0JIMH 3P (HEKT rpaBUTAIMOHHOTO 3aMeJJICHUS] BPEMEHH.

Ho Bce 310 651710 ObI Tak, eciu Obl [TayHa BEIYMCINIT IPaBHUIIBHO KOMIIEHCUPYIOILYIO CKOPOCTh HCTOYHHKA. A
NOJy4eHHass UM cKopocTh VI= g*H / C, kak s yxe nucali, He MIMeeT HUKaKOTr0 OTHOILICHHUS HU K CKOPOCTH
nasieHust poroHa B HbI0OTOHO-KBaHTOBOM OOBSCHEHUH PE3YJIbTATOB €r0 3KCIIEPUMEHTOB, TJI€ KBaApar
MPUpPAIIEHHSI €ro CKopocTH VI2= 2*g*H, H1 K SKBUBAJIEHTHON CKOPOCTH MOTEHIMAJIA IIEHTPOOEKHBIX CHII,
rae V2= g*H, B DHHIITETHOBCKOM OOBSICHEHUH Pe3yJbTaToOB €ro SKCIEPUMEHTOB. A Tak e MOJy4aeTcsi, YTO
OHa HE UMEET HUKAKOTO OTHOIICHUS U K CYMMapHOH CKOPOCTH (JOTOHA B KOHIIE MAJACHUS ISl pacueTa
ckopocTHoro 3ameanenus Bpemenu coriaacHo CTO. IToaTomy coBpeMeHHOI Hayke ceifuac abCOIOTHO
HEM3BECTHO UTO JOJDKEH OBbLT 3aUKCHpOBATh B CBOMX dKcnepuMenTtax [laynza. K tomy ke, Tyt ecTs emie onHa
TeopeThyeckas mpobiema, T.K., €CJIM Mbl BBIYMCIISIEM HMEHHO CYMMapHOE 3aMe/IJIeHHe BPEMEHH, TO HaM HaJlo
Tpu 3THX 3 PekTa CyMMUpOBaTh, a, €CIIM MBI BBIYHCIISIEM CyMMapHOE U3MEHEHHE YacTOThl raMMa KBaHTa, TO
HaM HaJ0, KaK 3To U oTpaxeHo B hopmyne (10-210*) B pabote [34], ymHOKATh 3TH 3 deKThl Apyr HA Apyra. A
B sKcriepumMenTe [layHna Bpoae Obl monydaercs, 4To HaM HaJl0 YMHOXaTh BTOPOU U TpeTuil 3pPeKThl U
CYMMHPOBATh C HUMHU IEPBbINA 3P DEKT.

B o0miem, s yxxe 3amyTancs 4To TyT Ha YTO HaJl0 YMHOXKATh WM JIEIUTh U TO3TOMY Jlasiee He Oy/ly BHUKATh B
aHanu3 Toro skcrniepumenTa [laynna. Jla, HaBepHOe, Bce 3T0 Oy1eT HHTEpECHO MaTeMaTHUKO-(PHU3UKaM, T.€.
JTOOUTENSIM YMHOXATh U JAETHUTh, IOITOMY IIYCTh OHU Jlajiee M Pa3BIEKAaIOTCsS CO BCEMHU STUMH BBHIUHCICHUSMH.
U i HEX MOTy elie cOOOIIHTh, YTo aBTop popmysl (10-210%) naet nosicHEHUs, YTO [T HAOTIOAATEIS
HaXOo/AIIerocs B IIEHTpe BpallleHus, T.e. B JIopeH1eBoil cucteme KoopauHaT, Oy/eT 3aMe/lIeHHEe BpeMEHH
tonbko o CTO, a nist HaOroAaTeNsT HAXOASAIIETOCS BO BPAIIAIOIICHCS CHCTEME KOOPIMHAT, T.€. B
DHHIITEIHOBOM cHUcTeMe KOOpMHAT, 3aMeyIeHue BpeMeHt 0yzeT Toiabko mo OTO, T.e. 3T 3 dexTs! BooOIIIe
HeJb3s CyMMUPOBATh, HAIIPUMEp, B 3KCIIEPUMEHTaX ¢ MeccOayIpOBCKUMU IeHTpudyramu. Xots, BOT,
HanpHuMep, B pEISITUBUCTCKOM ITPUHIIMIIE HAUMEHBILETO JEWCTBHSI UIIU NIPU pacyeTe 3aJI€pPKKU CUTHAJIA OT
JBOMHBIX MyJIbcapoB Bce 3 dexTsl 3ameienns Bpemenu u coriacHo CTO u cornacHo OTO Bce aBTOpHI
cymmupytoT. Keratu [layna yacTHYHO MCIIONIB30BaAl B CBOMX SKCIEPUMEHTAX U 3PPEKT CKOPOCTHOTO
3ameieHus Bpemenu coriaacHo CTO aist pacdera TemnepaTypHOil TOMPaBKU K MOJYYHBIIAMCS
HKCHEPUMEHTAIBHBIM JaHHBIM, T.€. TYT HaJl0 YUYUTHIBATh elle U 4-biif 9PPeKT 3aMeJIeHIs] BpEMEHH.



Takum 0Opa3om, MbI BUJIUM, YTO B B TEOPETUIECKOM 000OCHOBAHUH DWHINTEHHOM TPaBUTAIMOHHOTO
3aMeJICHHsI BPEMEHH U BO BCEX TEOPETUUYECKUX OOBICHEHUSAX Pe3yNbTaToB 3KcnepuMeHToB [laynaa numeercs
Ky4a BCSKHUX HEJIETIOCTEH, a 3TO MO3BOJISET MHE C/IeNIaTh OJAHO3HAYHBINA BHIBOJ O HUUTOXKHOCTHU MOMBITKU
DiiHmTelHa npuTsAHyTh 3a ymu B OTO uepes ero obmuit [19 u rpaBuTanimoHHoOe 3aMeIJICHHE BPEMEHH,
KOTOpOE JTOJIKHO CYILLIECTBOBATh TAK)KE, KaK Y HETO CYIIECTBYET cCKopocTHoe 3ameanienue BpeMenu B CTO. Tem
OoJee, 4TO MOCTeIHEE, KaK 3asBIIsUT caM DUHINTENH, SBIseTCS TOJIBKO KaxXymumcs 3QpPeKTom, KOTOPHIi
BBITEKAET U3 mpeobdpa3zoBanuii JIopeHa, MOATOMY HET HUKAKMX OCHOBAaHUHM CUUTATh 3TOT 3(P(PEKT peanbHbIM,
T.€. 00beKTHUBHBIM. HanioMuHaro, uto y DiHIITelHa PeaqbHOCThIO CUUTACTCS CYObEKTUBHOE BOCIIPUATHE U
MOATOMY y HETO J1a’K€ MUPAXH B yCTBHIHE 3TO peaibHOCTh. HO 3TO HE CMYyIIIaeT COBPEMEHHBIX MAaTEMATUKO-
(U3HUKOB U OHH C YIIOEHUEM IHIIYT O MHOTOYHCIIEHHBIX YKCIEPUMEHTAaX, KOTOPbIE MOATBEPIKIAI0OT
rpaBuTanronHoe 3amezieHne Bpemenu B OTO co Bce Gosee Bo3pacTaromield TOUHOCTBIO. A ¢ MaTeMaTHYECKOM
TOYKH 3PEHUS TYT Y MaTeMaTUKO-(U3UKOB MOJIHBIM MPOCTOP B 00BICHEHUU SIBHBIX IPOTUBOPEUHIL B
PacCMOTPEHHBIX HaMU TpeX " (u3ndeckux" 0ObSICHEHUSX HAOIIOAAEMBIX SBIICHUH KaK B SKCIIEPUMEHTAX
[Taynna, Tak u kpacHoro cmenieHus B cnekrpe CoiHIa.

Haunewm ¢ Toro, 4to cHavana cam DHHIITEHH Jall U1 3TOr0 MOBO/I, KOT/Ia OH BBIBOJIMII CBOIO (hopmyny (5-3). A
TYT MbI BUIUM, 4TO U3 (popMyiibl (5-2) cieayert, uTo B popmyse (5-3) nepea NOTEHIMAIOM JOJIKEH CTOSITh HE
3HaK MUHYC, a 3HaK IUIIOC, T.K. IOTEHIMAJ ( Y HETO UMEET OTPHULIATENIbHBINA 3HAK Y BEIPAXKEHUS! KHHETUYECKON
SHEPTUH Telia MPU BpallaTeIbHOM JABKCHUU. [109TOMY TyT MOKHO (haHTa3upOBaTh U TO, 4TO popmyda (5-3)
IPaBUJIbHAS U TO, YTO TYT DUHIITEHH MPOCTO OMMCANICA U HAJ0 B 3TOH (popMyJie HCII0JIb30BaTh 3HAK ILIIOC.
Bbonee Toro, DUHIITENH yXUTPUIICS AK€ B pa3HBIX CBOMX CTAThSIX HAMKMCATh, YTO B TPAaBUTALIMOHHOM I10JI€
BpeMs y HEro To 3aMeyIsIeTcs, To yobicTpsiercs. M, Hanpumep, B y)ke yIIOMMHaBLIeH s cTaTtbe U3 Bukuneauu
[33], mocesimeHHOM TPaBUTALIMOHHOMY KPAaCHOMY CMEIICHHIO, TIPUBOJISTCS TOJILKO BOT 3TH JIBE CChLIKHU Ha
paboTsl DitHITel A, r1e B nepBoii ctathe [2 cTp. 110] 1907 roma oH MUIIET O TOM, YTO B TPABUTALIMOHHOM
T0JIe TEMIT TEYCHHsI BDEMEHH yBEIIMYHMBACTCs, a BO BTOPOii ctarke [19 ctp. 502] 1916 roxa oH mumier o Tom,
YTO NP 3TOM TEMII TEUEHUs] BPEMEHU YMEHbIIaeTcs, T.K. B (popmyiie (5-3) CTOUT 3HaK MHUHYC, a HE IUIIOC, KaK B
MepBOM LIUTATE, U K TOMY K€ OH TYT IyTaeT IPaBUTALIMOHHBIN OTEHIIMAJ CO CBOUM MOTEHLIUATIOM
LEHTPOOESKHBIX CHUJl. TakuM 00pa3oM, 3TH JBE LUTATHI FOBOPAT O TOM, YTO U aBTOP ATOH cTaThi B Bukuneauu
OYeHb TTOBEPXHOCTHO pa3o0palicsi B ’TOM BOIPOCE U OTPa3uil B HEM 0QULIMATbHYIO TOUKY 3PEHHS 110 ITOMY
BOINPOCY 04€Hb (OPMATILHO, &, COCIABIIUCH HA CAMOT0 DWHIITENWHA, TOCYUTAN, YTO M TaK COUJET, T.K. HUKTO He
OyZeT BHUKATh B TO, YTO TaM y HErO HalKMCAaHO.

"Ecnu 6 mouke P ¢ epasumayuonnvim nomenyuanom @ Haxo0amcs 4acsl, NOKA3bIEArOwWUe MeCmHoe 8pems, mo,
coenacno coomnouenuro (30a), ux nokazanus 6 (1+@ /c*2) pas 6oavwe, uem t, m.e. onu uoym 6 (1+® / c2)
paz bvicmpee 0OUHAKOBLIX C HUMU YACO8, HAXOOAWUXCS 8 HAUale KOOPOUHAM.

... Boamom cmwbicne moacHo ckazamo, umo npoyecc, npoucxooawuti 8 4acax, - u 6000we 110001 guzuieckull
npoyecc - npomexkaem mem ovicmpee, uem 00Jvle cpasumayuoOHHbIl NOMEHYUAL 8 001acmu, 2oe
Ppasviepulaemcs 3mom npoyecc.

... M3 ckazannoeo eviue credyem, umo ceem, npuxoo0suuli Om mako2o0 UCMOYHUKA, PACNONIONCEHHO20 HA
nosepxnocmu Connya, ooaradaem OIUHOU 8OJIHBL, NPUOIUUMENbHO HA 08€ MULIUOHHbBLE 00U OObULe, YeM
c6em, UCNYCKaeMblll Smumu xce amomamu Ha 3emne."”

"Hmak, uacel uoym meonennee, eciu oHu ycmanosienvl 801usu eecomvlx macc. Omcrooa ciedyem, ymo
CNeKmpanbHble TUHUU C8ema, NONA0Awe2o K Ham ¢ NOBEPXHOCMU DONbULUX 36€30, OONHCHbL CMECIMUMbC K
KpacHomy Kouyy cnekmpa."

A, eciu K 3TOMY elie J00aBUThb, 4TO MOTEHINAbHAS YHEPT U SABIISETCS OTHOCUTEIBHOM BETMUYMHON U Y HAC
BOJIM3H IMOBEPXHOCTH 3€MJIM OHA OYZIET MOJOKUTEIBHON 1 OyAeT onpeaenaThes Kak M*g*H u morenman
OyZIeT MOJI0XKUTENbHBIH, a, €CIIU MBI ee OyJieM ONpeAeysaTh B ChEepUIecKOM IoJIe Ha paccTOsIHUU R oT 1ieHTpa
3eMJH, KOTja OHa PacCYUTHIBACTCSI OTHOCUTEIILHO TOYKHU YAAJICHHON B OECKOHEYHOCTb, TO MOTECHIHATbHAS
sHeprus Oyzner - G*M*M / R, T.e. u noteHuman Oyaer orpunarensHblil. [loaTomy BEIOOp 3HAKa y TIOTEHIIMAA
MOJKET OBITh TIPOU3BOJIBHBIM U MBI BCET/Ia 3aMEJICHUE BPEMEHH MOXKEM YHCTO MaTeMAaTUIECKH OOBSIBUTH



yorsicTpenueM. Ho u atoro maino. Ceitdac MaTeMaTuKo-(hpU3UKH 9aCcTO BRIYHCIISIOT HE aOCONIOTHOE CMEIIEHUE
YaCTOTHI (M3 TyUCHHS WM TUKAHbSI YaCOB), & OTHOCHTEILHOE M MIPUMEHSIIOT JUIS TOTO CaMOTaIbHOE
OTIpeIeTICHUE 3TOM BEIMYMHBI, KOTOPOE MPOTHBOPEUUT OOIICTIPUHATOMY PACUETy U3MEHEHUSI OTHOCUTEIBHBIX
BeIM4MH. Benp mo oOuienpruHATON METOANKE OTHOCUTENHHOE CMEIIEHNE YaCTOThI JOKHO OMPENesThCs KakK
dv/v0= (v-v0)/v0 u B 3TOM cityuae MbI IOJIY4UM He GopMyiTy aOCONMIOTHOTO H3MEHEHHS YaCTOThI "TUKaHbs"
gacoB (5-3), a popmyny otHOCHTEIBHOTrO M3MeHeHus (5-3"). Ho, 4acTo MBI BUANM, 4TO IPUMEHSIETCS (GopMyIIa
(5-3"), rae ucnoab3yercst He TOJABKO JPYro 3HAK I pacueTa M3MEHEHUS YaCTOThI, HO M BBIYUCIIACTCS Ta
BEJIMYMHA HE B JIOJISIX UCXOAHOM YacTOTHI, a B JIOJISX MONy4HBILEHcs 4acTOThl. [Ipruem B 06enx 3Tux
(dbopMyrax HaM HaJI0 YUUTBIBAThH YK€ HE IMOJIHBIA MOTEHIMAN, KaK MbI 3TO Jeiaid B popmynax (5-3) wu (6-1),
/i€ CYMTAJIOCh, YTO B LICHTPE AUCKA U HA TIOBEPXHOCTH 3E€MJIM 3TOT MOTEHLIMAJ paBEeH HYIIO, a Pa3HOCTb
noTeHIUanoB dg MEXIy MECTaMu, TJie Mbl CPDaBHHBAEM J[BE YaCTOTHI.

v=Vv0 * (1+ ¢ / c"2) (5-3)
dv/iv0 = (v-v0)/vO=de / c"2 (5-3)
dviv=(vO-v)/v=-de / (c"2+dop) = - do / c"2 (5-3"

A, T.K. aHaJIOTUYHBIC BBIYUCIICHUS ITPOU3BOJIAT U IPU PACCMOTPEHUH IKCTICPUMEHTOB, KOT/1a BEIYUCIISIOT
4acTOTY U3NyYEHUs, TO, KOTJa Bbl YUTAETE Y MATEMATHKO-(PU3UKOB O TOM, YTO IIPH STOM OTHOCUTEIBHOE
3HAYEHHUE YaCTOThI YBEIMUUIIOCH, TO 3TO MOKHO TIOHUMATh M KaK TO, YTO OHO IPH 3TOM YMEHBIIIHIIOCH, €CITH BBI
Mo/ipa3yMeBaeTe MpH 3TOM OOILEIPUHSITOE, @ HE CaMOIaJIbHOE OMpeIeNieHre Al pacyeTa 3TOT0 3HAYCHHUS
W3MEHCHHUS YacTOTHI U3IYUCHHS (JaXKe B TOM Cllydae, KOrja MaTeMaTUKO-(QU3UKH HE MTyTal0T YacTOTY
U3JTyYeHHS C YaCTOTON "THKaHbs" 9acoB). A MPUMEHEHHE CBOeH camonanbHol Gopmysibl (5-3") oHu
00OCHOBBIBAIOT TEM, YTO OHH NMPUAYMAIH YACIbHYIO CIUHUILY U3MEPEHUS CMEIICHUS YaCTOThI U3ITyUCHUS B
IPaBUTAIIMOHHBIX MOJISIX Z( (8-2) M0 CpaBHEHHUIO C YACTOTON M3IyYCHUS MTPH TIOJTHOM OTCYTCTBUH
IPaBUTAIMOHHOTO TIOJIsI, KOTOPYIO HA3BAJIM OTHOCUTEIHHBIM CMEIIICHHEM CIIEKTPAIbHBIX JTHHHA. BOT TONBKO
OTIPEAETUTh IKCIIEPUMEHTAIBHO 3HAaYeHHE UealbHON YacTOThl VO Wi UTHHBI cieKTpaibHoU auHun LO MBI
MPAKTUIECKH He MokeM. [1oaTomy BMecTo VO MpHHUMAIOT 3HAYEHUE YaCTOTHI B KAKOH TO OJTHOM M3 TOYEK
MIPOCTPAHCTBA, MEX/TY KOTOPBIMHU BBIYUCIIAETCS PAa3HOCTh YacTOT, HAIPUMEpP, B TOUKE HA TTOBEPXHOCTH 3EMITH,
TJIe OTY BEJIMYUHY MBI MOXKEM OIpeaenuTh. M Torna, Harpumep, Ui CMEIIEeHUS YacTOThI U3ITydeHHS Ha
noBepxHocTH COJHIIA TTO CPABHEHHIO C YACTOTOM Ha MoBepxHOCTU 3emiu ZJ B hopmyiie (8-2) BEIYUCISIOT
HMMEHHO T10 Pa3HOCTH TPABUTAIMOHHBIX MMOTEHIIHAIOB (¢ MEXTy STUMHU JABYMS TOUKAMHU, HO HE MO Pa3HOCTH
MOTEHIINAJIOB IEHTPOOEKHBIX CHIT, KaK 3TO JIOJDKHO OBITH COTJIACHO DUHINTEHHY. A M03Ke DUHIITEHH MOTyYuI
1 Oosiee TouHyto hopmyiny s Zg, HO MbI He Oy7ieM yriayOJsThCs B TAKHE TOHKOCTH, T.K. HAM XBaTaeT mpo0jemM
u ¢ popmyoii (8-2).

Zg= (L-L0) / LO= (v0-v) / v (8-1)
Zg=o/c"2=G* M/ (R*c"2) (8-2)

A, T.K. MaTeMaTHKO-(U3UKH IO OTIPE/IETICHUIO UCTIONIb3YIOT 3HaUeHue Zg i pacueTa U3MEHEHUS JITHHbI
BOJIHBI M3ny4eHust (8-1), To 3T0 3HAUEHHE 110 MX 3aMBICITY JIOJDKHO JIaBaTh TYXKE BEUUMHY U C TEM JKE 3HAKOM U
U1 I3MEHEHHUs 4acTOThl u3inydeHus. He, Hy, 5, KOHEUHO, HE UMEIO HUYETO MPOTHB MAaTeMAaTHYECKUX
npeoOpa3oBaHuii, T.K., KOTJ1a Mbl BMECTO JIJTMHBI BOJHBI H3ydenus L B popmyse (8-1) nanurem C/V, To MbI
JeWCTBUTENHHO NoayuuM dopmyiy (8-1) st yactotsl. Ho, BooO1ie-To, cama Joruka NpuMEHEHHUs TaKUX
BEJIMYMH KaK JUTMHA BOJHBI M YaCTOTa U3TYYCHUS TPEAIIONIaraeT, YTO IPH YBETHUYSHHH OJTHOW BEIINMIHHBI
JI0JDKHA YMEHbIIAThCs ApYyTrasi BETUYMHA, T0O3TOMY IIYTIO CTABUTH BO IJIAaBY yIila MPUHIUI HEU3MEHHOCTH
3HaKa BeNMW4YHHbBI Zg. bonee Toro, BO BceX dKCIIEPUMEHTAX, I/1€ MBITAINCH HAWTH N3MEHEHHE TEMITa TCUSHHSI
BpeMeHH (MeccOayIpoBCKHe HEHTPU(YTH, 3KcTiepuMeHT [1ayHa, KaHaJIOBbIE JTy4YX U HOHBI JIUTHUS), U1 ATOTO
ucnonb3oBanu 3¢ ekt Jlomnepa, a B 3ToMm 3dekTe yare BCEro BHIYUCISUIT U3MEHEHNE UMEHHO YacTOThI
U3IY4YEHUs. A, €CIIM MPUMEHATH 3Ty BETMUMHY Z( JJIs pacuyeTa 4acTOThl ''TUKaHBs' 4acoB, TO TYT BOOOIE
MOJTy4aeTCsl HeCypasuIla, T.K. He CYIIECTBYET TaKOW BEIMYMHBI KaK JJIMHA "THKaHbs ' dyacoB. [loaTomy Hamo
OBbUIO HE IETUIATHCS 33 3HAK BEIMYUHBI Z(, 2 TPAMOTHO BBIYHUCIISTH BETMYUHY OTHOCUTEIILHOTO U3MEHEHUS



YaCTOThI U3JTYUCHUA. A TO, YTO IIPU 3TOM BCJIIMYHHA Zg GYI[CT O3Ha4YaTh YMCHBIICHNUC YaCTOThI U3JTYUCHUS U,
COOTBETCTBCHHO, YBCIIMYCHUEC NJIMHBI BOJIHBI U3JIYUCHUA, HABECPHOC, J0oragajacia OBl ¥ IIKOJILHHUK.

A ¢ 3TUM n300peTeHneM MaTeMAaTUKO-(PU3UKOB TENeph MOIYy4aeTCs, 4TO PU UCIOIb30BAaHUU UMH B CBOUX
BbIYHCICHUSIX popmydbl (5-3") rpaMOTHBIN YeIOBEK, KOTOPBII 3HAET, YTO U3MEHEHHE OTHOCHTEIILHBIX BEJIMYNH
HaJI0 BBIYUCIATH 110 popmyite (5-3"), To HaBpsi JIM OH AOralaeTcs, YTO XOTEN CKa3aTh aBTOp CTAaThU, KOTAa Yy
HET0 HaIlMCAaHO, YTO 3Ta OTHOCUTENbHAs BEJTMUYMHA U3MEHEHHSI YacTOThl yBennumiack. Ho, kak Obl HaM Bce 3TO
HE MPEeNOAHOCHIN TUTaHThl MATEMaTUYECKON MBICIIN ¢ U300PETEHUEM Pa3IMUHbIX MAaTEMaTHYECKUX YIIOBOK,
II0Ka Mbl BUJUM, 4YTO DUHIITEHHOBCKUI 001muii [1D ycnoBuil npoBeaeHNs SKCIIEPUMEHTA HE BBINOIHSIETCS HE
TOJIBKO JUIsl pEaJIbHOTO TIOBEAEHUS Tel (s IPUBOANI IIPUMEP C TUPOCKOIIOM), HO U JIaXKe JUIsl TEOPETUYECKOTO
3aMeJUICHHs BPEMEHHU aHAJIOTUYHOIO TeopeTndeckoMy 3amennenuto Bpemenu B CTO. IToatomy TeopeTnkam
pensATUBU3MA €IIe eCTh KyAa MIPUMEHUTh CBOM MaTEMAaTUYECKHUE CIIOCOOHOCTH, YTOOBI OOBSCHUTH HAM KaK K€
3TO Y HUX BCE TaK 'TIPEKpacHO" 1moyiyyaeTcs. A Mbl BBIHYX/I€Hbl KOHCTaTUPOBATh, YTO TEOPETUYECKOE
obocHOBaHKE DHHIITEHHOM ero obiero 119, Ha KOTOPOM OH CTPOHUT CBOKO TEOPHIO TPABUTAINH, HE
BBIJIEP)KUBAET, MATKO (WIHM KyJIBTYpHO) TOBOPSI, HUKAKOM KPUTHUKH.

3/1eCh MOXKHO MTPUBECTHU MPUMEPHI U IPYTUX Ka3yCOB I10 MOBOJLY I'PaBUTALIMOHHOIO 3aMEUIEHUS] BPEMEHU
coryacHo ero obmiero I13, HO s cuMTaro, 9TO U TOTO, YTO MBI PACCMOTPEIH JOCTATOYHO, YTOOBI OTHO3HAYHO
CKa3aTh, YTO JIaXKe TeopeTudecku ero oomuii [19 He cobmogaercs. A crenuaabHO A MaTeMaTUKO-(QU3UKOB,
KOTOpBIE JTHOOST I€IUTh U YMHOXATh, MOT'Y IIPUBECTH €I1I€ U PUMEP € YacTHO-001muM [19, KoTopHIii,
€CTECTBEHHO, JOJDKEH MPUBOJIUTH K TEM K€ BbIBOJIAM, YTO M 001uii [19, KOTOphIii 1ODKEH BKIHOYATh B ce0sl U
yacTHO-001mui [19. Benp, T.k. y DifHIITEliHA CKOPOCTD "THUKAaHUA" YaCOB HE 3aBUCUT OT TOT'O C KAKOW CTOPOHBI
Ha TeJo JAEHCTBYET MOTEHLUA, TO, CJIEI0BATEIbHO, OHA HE 3aBUCUT M OT HalpaBJICHUs AEHCTBUS
LEHTPOOEKHBIX CHJI, T.€. CUJI MHEPLMHU, AEHCTBYIOLIMX Ha TEJIO. A B 3TOM Ciy4ae, €CiIM y Hac Ha TeJjlo Oyner
JIeCTBOBATh 3HAKOIIEPEMEHHAs CUJIa, YTO SKBUBAJICHTHO, IEPUOANYECKOMY U3MEHEHUIO MOJIOKEHHSI Tela,
CO3/1a0ILIEr0 I'PaBUTALIMOHHBIN MOTEHIMAJ, TO TIOJIYYaeTCsl, YTO CKOPOCTh T€JIa OCTAETCSI IPUMEPHO paBHOMI
HYITI0 U coritacHo hopmyie (5-1) HUKaKOro CKOPOCTHOTO 3aMeICHHsI BpeMEHH ObITh He I0JKHO. Ho Terno y
Hac MpHU ATOM OYAET MOCTOSHHO HAXOAUTHCS B MOJIE CHJI MHEPLIMHU (WJIM B SKBUBAJIEHTHOM I'PaBUTALMOHHOM
noJe) u coraacHo Gopmyiie (5-3) 10HKHO HAOMIOJaThCs TPAaBUTALIMOHHOE 3aMEeJICHUE TeMITa TeUeHHS
BPEMEHH, T.€. YAaCTOTHI "THUKaHUA" YacOB, U Mbl UMEEM TYT SIBHOE NpoTUBOpeune. T.e. Mbl BUJUM U TYT
3JIEMEHTapHbIE HECTHIKOBKU B TeopeTHueckoM o0ocHoBaHuM oOiero I13. bonee Toro, ucnons3ys obuuit 119
u3 popmyasl CTO (5-1) npuHIMIHATIBHO HUKAK HENb3s ObLT0 BRIBOAUTH hopmyiy OTO (5-3), T.k. 3TH Teopun
JAI0T MPUHIMIINAIBHO Pa3HbIE PE3YNbTAThl JaXe 110 IIpUMepaM, KOTOpbIe MPUBOIUT caM DWHIITENH. Tak B
pabote [1 ctp. 19-20] mocsmennoit CTO DHHINTEHH THIIET

"Ecnu 6 mouke A Haxo0amcs 080e CUHXPOHHO UOYWUX 4ACO8 U Mbl nepemeujaem 0OHU U3 HUX N0 3aMKHYMOU
KpUBOU ¢ NOCMOSIHHOU CKOPOCMbIO 00 mex nop, NOKa oHu He 8epHymcs 6 A (na umo nompebyemcs, ckasxcem, t
cek), mo smu yacwl no npubbimuu 6 A 6yoym omcmasams no CPAGHEHUIO € YACAMU, OCMABAGUIUMUCS
nenoosudicnvimu Ha 0,5**(V/c) 2.

Omcro0a MOJCHO 3aKTIOYUMb, YO YACbl ¢ OANAHCUPOM, HAXOOAWUECS HA 3eMHOM IKEAMOpe, O0ICHbL UOMU
HeCKoIbKO MeOlleHHee, YeM MOYHO maKue Jice 4dchl, NOMeujeHHble Ha NOI0Ce, HO 8 OCIANTbHOM NOCMAGIEHHbLE
8 00UHaKoswvie yciosus."

Ho, cornacHo ero Teopuu rpaBUTalUY, 4achl Ha SKBATOPE JOJDKHBI UATH OBICTpEE, YEM Ha TOJII0Ce, T.K. Ha
IKBATOpPE OHH PACIIOJIOKEHBI JANBIIIE OT LEHTPa 3eMJIH, U B IPUBOMBIIEHCS Bhiie Iutate [19 crp. 502] oH Tak
U miacaln, uto "Mmak, uacvl udym meonennee, eciu oHu yCmaHo8ieHvl 860auU3uU secomvlx macc.”. A, ecivi oH B
nepBoii rurare [1 ctp. 19-20] mox oMHAKOBBIMH YCIOBHSIMU HMEET BBUJIY PACCTOSHHE OT YacoB JI0 IIEHTpa
3emiu, To cornacHo Gopmyine OTO (5-3) yacsl Ha SKBaTOpE U MOJIOCE TOJKHBI UATH OJIMHAKOBO, T.€. BCE
paBHoO nosydaercs, uro CTO u OTO maroT paszHble pe3ysbTaThl Ul OAHOTO U TOro Xke ABieHus, 1.e. OTO
HUKaK He sBIIAETCS 001Iel Teopueit Bkimoyaromiei B ceds u CTO, 1.e. cnenuanbHyio (4YaCTHYIO) TEOPHIO. A,
€CITM MBI pACCMOTPUM HE MBICIIEHHBIN SKCIIEPUMEHT DHHILITEHHA 1715 4acoB ¢ OaTaHCUPOM, a peasIbHbIH
HKCHEPUMEHT JJIs1 MasSTHUKOBBIX YacOB, Y KOTOPBIX IEpHO]] KoJaeOaHUi 00paTHO MPONOPIIMOHANIEH YCKOPEHHIO
CBOOOHOTO Ma/ieHHs , KOTOPOE B CBOIO OYepe/ib MPONOPIMOHATFHO IPaBUTALIMOHHOMY ITOTEHLIHANY, T.K. §=



¢'/R, TO MBI YBU/IUM, YTO Yachl Ha SKBATOpPE EHCTBUTEIBHO OYAYT UATH MeIeHHee, HO He cornacHo CTO, a
coryiacHO Teopuu HproToHa. A, T.K. y DUHIIITEIHA BpEMSI 3TO TO, YTO IMOKA3bIBAIOT YaChl, TO COTJIACHO €ro
TCOpHU I'paBUTAIUU TCMII TCUCHUA BPCMCHHU HA DKBATOPC NOJIZKCH GBITB MCHBIIIC, YEM Ha ITIOJII0CC, a HC 60HLH_IC,
KaK ClIeyeT U3 €ro TEOpUH rpaBUTALUU. T.€. TYT Mbl BUJIUM SIBHBIE IPOTUBOPEYUS B €r0 TEOPUH IPABUTALIUH,
KoTopyto 003eiBatoT OTO, He TONBKO MPH €€ BBIBOJE C HCToNb30oBaHueM obmero 119 u3 popmynsr (5-1) CTO,
Ho u camoit CTO u ¢ pe3ynbTaTaMu 3JIeMEHTapHbBIX 3KCIIEPUMEHTAIBHBIX JaHHbBIX.

Ho y Diinmreiina B ero OTO npeaocTarouyHo TEOPEeTUYECKUX MpodiieM He TONBKO ¢ ero oomum 10, T.k. K
3TOMY CIIElyeT elle J00aBUTh U TO, YTO Jaxke ero yactHo-o0muil I10 nmeer cmbici paccMaTpuBaTh TOJIBKO,
ecin Hamy HeCO 4BIIsAI0TCS YaCTUYHO 3aKPBITBIMU, HO, KaK Mbl BUJIEJIN BbIIlIe, DUHIITEHH IPU3HAI
CrpaBeIMBBIM (IIpaBUIbHBIM) cBOI [1O TONBKO BO BTOPO pelakiiuy, T.€. IPUMEHUMBIM TOJIBKO JUIS
3akpbIThIX MCO nmn HelICO, a B 3TOM citydae He MOKET ObITh ¥ pedu O JIFOOBIX BHEITHHUX MOJSX, T.€. TYT Y
OHHIITEHA IBHO HE CXOJATCS KOHIBI C KOHIIaMM, KOTJJa BMECTO LIEHTPOOEKHBIX CUJI MOSIBJIAIOTCS MO A
no3xe DUHIITEHH JaeT BOOOIIe MPUHINIHAIEHO APYTryo GopMynupoBKy cBoero obmiero [10, rae, o cyry,
ero ooumii [10 cBoauTCS K TOMY, UTO HE TOJIBKO CaMU ITapaMeTpbl 00BbEKTOB, HO M CBOMCTBA MPOCTPAHCTBA
onHoil (ucxoxnoit) HeMICO, npeoOpa3yrotcst y Hero u3 3toil HelICO B kakyro-To oany BbiaeneHHyo MCO co
CTpaHHBIMH CBOMCTBaMHU, T.€. IPONAJAET CaMO IOHATHE PAaBHOIIPABUS MHOXKECTBA KOOPAUHATHBIX CUCTEM, U3
KOTOPBIX HAOJIIOAAI0T 32 KAKUMHU-TO SIBICHUSIMH IPUPOJIBL, T.€. ponaaaeT cam cMbich 110 nabmogarenei
o0bekTa u nosBisercs [19 ycnosuii mpoBeaeHus sxcnepumenTa. [Ipuuem, Hannuue y DHHIITEHHA
M300pEeTEHHOr0 UM TPAaBUTAIMOHHOTO dupa, TpeOyeT emie, 4ToObl mpeoOpa3zoBaHus MPOU3BOIMIUCEH HE IPOCTO
B ctpannyio MCO, a umenno B crpannyto ACO, rae 3tot 3¢up u 6yaeT nokouthes. U, nelicTBUTENbHO, MBI
BHJIUM, YTO Jlasiee B cBoei padore Hax OTO DiHIITEHH BEIHYXK/ICH 0TKa3aThCs OT MIEPBOHAYAILHON CBOCH
¢dopmynupoku oburero [10, rae y Hero npucyTCTBYIOT JKECTKHE TeJla OTCUETa UM KOOPJMHATHBIE CUCTEMBI,
kak 310 0bu10 B CTO, 1 B 1916 roay on nuiiet [20 ctp. 459]

"Umaxk, npescHull cnocod, 3aKm04asuuiicss 8 onpeoeieHHOM NOCMPOeHUU CUCTNEMbl KOOPOUHAM. 8
NPOCMPAHCMBEHHO-8PEMEHHOM KOHMUHYYME, OKA3bLEAENCsl HENPUMEHUMbBIM, NPEOCMABIAemcsi, Ymo He
cywecmeyem nymu, KOmopbiti N03801UL Obl NPUCNOCOOUMD K YeMbIPEXMEPHOMY MUpy maxue KoOpOUHaAmHbvle
cucmemvl, Ymoobl C ROMOUWBIO UX MONCHO OBLIO Obl 0HCUOAMb OCOOEHHO NPOCMOU DOPMYIUPOBKU 3AKOHO8
npupoosi. [losmomy ne ocmaemcs Huue2o Opy2020, KAk NPUHAMb 6Ce MbLCIUMbLE KOOPOUHAMHbLE CUCEMbL
NPUHYUNUATHHO PABHONPABHLIMU OJi ONUCAHUSL NPUPOObL. IMO PABHOCUTILHO MPedOBAHUIO

Obwue 3axoHbl NPUPOOBL OJIHCHBL ObIMb BLIPANCEHBI YePe3 YPABHEHUS, CNPABEOIUBbLE 80 BCEX KOOPOUHAMHbBIX
cucmemax, m.e. SMu YpasHeHusi OOJIHCHbL ObIMb KOBAPUAHMHBL OMHOCUMETLHO TH00bIX NOOCMAHOBOK
(0b6wexosapuaHmuviMu).

Acno, umo usuka, yoosiemsopsarowas 3momy nocmyiamy, y0oeiemeopunm u 00uemy npuHyuny
omuocumenvHocmu. 160 8 cO8OKYNHOCMU 8CeX NOOCMAHOBOK 80 8CAKOM Cyude eChib me NOOCMAHOBKU,
KOMOopble COOMBEMCMBYION 6CeM OMHOCUMENbHbIM OBUNCEHUSM (MPexmMepHblx) Koopounamuwix cucmem. To,
ymo 3mo mpedosanue ooueli KOBAPUAHMHOCMU, OMHUMAem ) NPOCMPAHCIEA U 8PeMeHU NOCIeOHUN OCMAMmMoK
@uzuueckoii npedMemHoCmu, AGNAEMCA eCMEeCMBEHHbIM, 6UOHO U3 ClLedyIoue2o coodpaxdcerus. ..."

T.e. MBI iCHO BUIUM, 4TO OH 3aMeHsieT cBoii o6muii [10 moctynarom OTO o koBapuanTHOCTH "6 0OWeMm 8ude
1O OMHOWEHUIO K 000U 3aMeHe NPOCMPAHCMBEHHO-8PEMEHHbIX nepemennbix”, Kak OH caM 00 ATOM MUIIET B
1915 rony [21 ctp. 448], T.e. ynansercs OT GU3UKH €Ille JaJiblie, U Tenepb ero oomwmii [10 B abcTpakTHOU
(bopMyITHPOBKE, KOTOPYIO OH Ha3bIBa€T TOYHON HOPMYIHPOBKOM, 3By4uHT y Hero B 1917 roay Tak [7 ctp. 579]
"Bce eayccosbvl cucmemvl KOOPOUHAM 8 NPUHYUNE IKEUBANEHMHbL 01 (POPMYIUPOBAHUsL 3aKOHO8 npupoobl.” U
B 9TO# HOBOM (pu3mke (BoITeKaromieit u3 mocrynata OTO o KOBapHaHTHOCTH) y HAC MPOTAAAIOT TOCIICTHNE
OCTaTKH 3/IpaBOr0 CMBICIIA, IPUCYIUE (PU3UKE, KaK HayKe, KOTopble MbI emie Habmoaanu B CTO, T.x. Teneps y
HAC B Pa3HBIX CUCTEMaxX OTCYETa HET HU TBEP/BIX TEJ OTCUETa, HU HIYIIUX B 3TUX CUCTEMaX OTCYETa C

MOCTOSTHHBIM TeMITOM 4acoB, KoTopblid B CTO 3aBucen ot ckopoctu UCO. U DiiHmureiH Tak u numiet [22 ctp.
680]

"B obweti meopuu omuocumenbHOCmMU npedCmasieHus 0 NPOCMpPaHCmee U 8pemetu, Ul KUHeMAmuKda,
nepecmarom Oblmsb QYHOAMEHMANLHBIMU, HE3ABUCUMBIMU HU O 4e20 Nouamuamu usuku. I eomempuueckue



xapakmepucmuKku mei, ux nosedeHue u Xx00 Yacos 3a6Ucsim npeofcbe 6ceco om cpasumayuOHHblx I/ZOJZQIZ,
Komopbuble 6 C6010 01{€p€0b cozoaromces mamepualbHbIMU meiamu. "

[Tpu sTOM HanmomuHaro ee pa3, uto B CTO cokpaieHre pa3mMepoB Tell ¥ 3aMeJICHUE BPEMEHH TTPOUCXOIST HEe
Ha CaMoOM JIeJie, a SIBJIAIOTCS TOJIBKO AP PEeKTaMH, KOTOPBIC SBISIOTCS MAaTEMATUYECKUM CIICICTBUEM
npeobpazoBanuii JIopeHiia, 0 4eM HEOAHOKPATHO MUCAJT caM DUHINTEHH (CM. CChUIKH, IIPHUBOAMBIIHECS paHee),
a B OTO y Hac Oyzer coBceM JIpyras TeOMETPHs, T.€. COBCEM JIpyTrue MpeoOpa3oBaHus, I03TOMY BHIBOBI,
clieayronme u3 npeodpazoBanuii JIopeHia (cokpamieHne pa3MepoB U 3aMeJICHUE BPEMEHH) HE TPUMEHHMBI B
OTO nmaxe kak kaxymecs 3pdpextsl. Ho DitHmTEliHA HE BOJTHYIOT BCE 3TH, MATKO TOBOPSI, HECTHIKOBKH U
SIBHBIC TPOTHUBOPEYHS, T.K. €F0 MHTEPECYET TOJIBKO rojiasi MaTeMaTHKa M OH JiesiaeT yrnop Ha Tom, uto CTO
SBIISIETCS yKe JokazanHou teopueit, a OTO otinuuaercs or CTO TOJNBKO YUCTO MATEMATUYECKUM
npeobpa3oBaHneM HHTEpBaia dS, KOTOPHIN OyAET Tereph onpeaeiaThes u He popmyioii (1-1) u He hopmyioit
(1-2), a popmyumoii (1-3). Hampumep, cmotpute padoty [14 ctp. 662] 1948 rona wiu padoty [15 ctp. 214]
1936 roma, rae moapasymeBaeTcst cymmupoBanue 1o | u K ot 1 10 4, a gik = gKi siBiisiroTCst HEPEephIBHBIMH
¢ynakuusamu ot X1... X4 1 00pa3yroT CHMMETPHUYHBINA TEH30P, KOTOPHII ONHICHIBAET M METPUUYECKHIE CBOMCTBA U
IPaBUTALIMOHHOE IOJIE OTHOCUTEILHO HOBOM CUCTEMBI KOOPIMHAT.

dsh2 = dXA2 + dYA2 + dZA2 (1-1)
ds™2 = cA2*dA2 - dXA2 - dYA2 - dZA2 = cA2*dE2 - dXA2 - dY'™A2 - dZA2 = 0 (1-2)
ds”2=gik*dXi*dXk (1-3)

A pe3ynpTaTOM TaKUX MaTeMaTudeckux MaHunyasuui, eciu B CTO TonpKo BpeMsl yTpaTUiio CBOKO
caMoCTOATENLHOCTD [7 cTp. 558], To Teneps B OTO 1 mpocTpaHCTBO TOKE (CM. IIMTATY MPUBOAUBIIYIOCS BBIIIIE
[22 ctp. 680]), T.x. Terepb OHM MEPECTAIOT OBITh KaK B KIIACCHYCCKON MEXaHUKE HE 3aBUCAIIMMHU HH OT YE€ro,
T.€. QyHIaMEHTaTbHBIMU BETUYMHAMU, @ CTAHOBSTCS 3aBUCUMBIMH OT TPaBUTAIIMOHHBIX TOJNEH. A, Kak
pe3yabTtart, [20 ctp. 459] y Hac Teneph HET BO3MOKHOCTH PACCTOSIHHS U BPEMST H3MEPUTh €IHHBIM CTaHAapTOM,
9TOOBI CPABHUTH PE3YNbTAThI, oNmyvatomniuecs B ucxoanoit HeMICO u B Beigenennoit MCO, Kk KOTOpoi MBI
npeoOpazyeM koopauHatel U Bpems u3 HeMICO. U B KOHIIE KOHIIOB MBI IPUXOIUM K BBIBOZY O TOM, uTo OTO
HEJTb3s IPOBEPUTH SKCIIEPUMEHTAIBHO, O YeM IO CYTH caM e DiHmTelH u mumer [7 ctp. 571].

"Brazodaps meopuu OmHOCUMENbHOCMU NOSABIAEMCI 803MONICHOCb YemblpexmepHoll mpakmogku "mupa”,
MAaxK Kaxk @ 3moti meopuu pems ympadueaen c60i0 camoCmosmenbHOCmy, KaK NOKA3bleaen 4emeepmoe
ypasHenue npeodopaszosanuil Jlopenya."

"Umax, mvl npuxooum k ciedyroujemy 8blgo0dy. 6 oouell meopuu OmMHOCUMENIbHOCIU NPOCMPAHCMEEHHbLE U
BPEMEHHbBLE GENUUUHBL He MO2Yym ObimMb onpedeneHbl makK, Ymoodwvl pazHOCMuU NPOCMPAHCIMEEHHBIX KOOPOUHAM
Moenu 6bimb UMePeHbl HeNOCPEOCHBEHHO eOUHUYHBIM MACUMAOOM, d PA3HOCMU BPEMEHHBIX = HOCPEOCTNEOM
CcmanoapmHulx yacos."

"TIo5momy Mol He MOACEM MOYHO ONPedenumsb KOOpOuHamol X, Y, Z OMHOCUMENbHO OUCKA C NOMOUbIO Memood,
UCNONIb30BAHHO20 8 CReYUATbHOU meopuu omHocumenvHocmu. Ho eciu ne onpedenenuvl nu Koopounamsl, Hu
8pemena coObimull, Mo He UMEIOM MOYHO20 CMbLCAA U 3AKOHbL NPUPOObL, 8 KOMOPble 8X005m M
KOOPOUHAMUL.

Bce smo cmasum noo commuenue npasuibHOCMb USOHCEHHBIX GblUUE PACCYAHCOeHUll 00 0Ouyell

omuocumenvHocmu. Ha camom oene 01 mouno2o npumeHeHuss 0oueco npuHyuna OmHoCUmeIbHoCmu

mpebyemcs moHKUl 06x00HoU nymo. [locaedyowum uznodxceHuem vumamenv 00JIHCEH OblMb NOOCOMOBIEH K
”

HeMy.

A 51, HanpuMep, He BUXKY HUKAKUX NPENSATCTBUN 11 ucnodb3oBanus B pasnuuHbix MCO nnn 1eMlCO npu
IIPOBE/IEHUU HATYPHBIX FIKCIIEPUMEHTOB a0COIOTHOIO BpeMeHH. JlJ1sl 3TOro TOJIbKO HaJ0 MCIOJIb30BaTh
ATaJIOHHBIE 3HAYEHMsI BpPEMEHU HE 110 YacaM, KOTopble pacrnosaratorcs y OuHmTeiHa B 3tux MCO nnm vel1CO,
a 1o 3TajioHaM, KoTopsie Haxonarcs 3a npenenamu 3Tux MCO umm HeMCO. U B kauecTBe TakKMX BHEUTHUX



HMCTOYHUKOB MEPUOIUUECKUX CUTHAIOB MOYKHO MCHOJb30BaTh HECKOJIBKO MYJIbCAPOB, PACIIOIOKEHHBIX B
pa3HbIX HampasieHusX. KcraTu, TOUHOCTh TaKMX YacOB MOXKET OBITh JaKe BBIIIE, YEM y aTOMHBIX YacoB,
MO3TOMY ceiidac B CIIyk0€ TOUHOTO BPEMEHHU pacCMaTPHUBAETCS BOIIPOC O 3aMEHE aTOMHOTO BPEMEHU
MyJIbCAPHBIM BpeMEHEeM. A 4To KacaeTcs "00X0HOTO MyTH" JJIsi TOYHOM SKCTIEPUMEHTAIBHON TTPOBEPKHU
obmiero I1O, To CKONBKO st HE "TOTOBUIICS'', HO TaK U HE YBHUJIEN €0, €CIIM HE CYUTATh BHICKA3bIBAHUN
DOHHIITeHHA 0 TOM, YTO TEOPUH HAJI0 HE BHIBOJUTH U3 HAOOpa SKCIIEPUMEHTAILHBIX JaHHBIX, & IPOCTO
n300perats (kak 1o Aenain, Hapumep, M. [Tnank npu "BeiBosie" cBoelt opMyItbl), T.€. KaKue TO TaM
SKCIIEPUMEHTAJIbHBIE JaHHbBIE MPU CO3/aHUN TEOPUHU YaCTUYHO MOYKHO HCIIOJIb30BaTh, HO BCE PABHO TEOPHS
JIOJDKHA OTIUPATHCS HE HAa HUX, a HA MATEMaTUYECKUE TEOPEMEI, T.K. (PU3HMKa 3TO MPOCTO OJIMH U3 Pa3/IeoB
matematuku. M nokasarensctBoM cipaseminBoctd OTO B 3ToM ciiyyae OyZeT UMEHHO COOTBETCTBHE €€
KaKMM-TO MaTeMaTHUECKUM TeopeMaM, T.K. Hallle] y DWHINTEHHA TOJIBKO BOT 3T0 [26 cTp. 184], uro oH
Hanucan B 1933 rony.

"Bo eécsaxom caydae omo 007<a3b16aem, YUMo 6CAKASA NONBIMKA JIO2UYECKO20 8bl8eOeHUs. OCHOBHbBIX NOHAMULL U
3AKOHO6 MEXAHUKU U3 dIIEMEHMAPHO20 Oonvlna 06p€'{€HCZ Ha npoesail.

Ecnu, oanee, cnpaseonuso, umo akcuomamuyeckas 0CHO8a meopemuyeckou u3uUKu He Modcem Ovlms
U38IeYeHa U3 ONbIMa, a 00JINHCHA OblMb C60OOOHO U30OPEMEHA, MO MOACEM JIU Mbl 8000We HAEIMbC HAUMU
npasunbHulli nyms? bonee mozo, He cyuecmayem Jiu 3mom npasuibHbIl NyMsb MOJbKO 8 Hauem 8000paxcenuu?
Mooicem u mbl 8000We ObIMb YEEPEHHBIMU, YMO ONbIM - HAOENHCHBL PYKOBOOUMEIb, eCU CYUWeCmayiom maxue
meopuu, Kaxk KIacCuyecKds MexaHukd, KOmopas wupoKo onpagobieaencsi Onblmom, X0ms U He NPOHUKaem 8
cywnocmo seweti? A omeeuaio 6e3 Konebanuil, ymo, no Moemy MHeHUI0, eCMb NPAGUIbHbILL NYMb, U Mbl 8
cocmosHuu Haumu e2o. Becv npedwiecmayrowuii onvim yoexcoaem HAc 8 mom, 4mo npupooa npeocmasisem
€000l peanu3ayuro NPOCMeUUX MAamemMamuyeck MblCIUMbLX 1emenmos. A yoexcoen, umo nocpeocmeom
YUCIO MAMEMAMUYecKUX KOHCMPYKYULL Mbl MOJNCEM HALIMU me NOHAMUS U 3AKOHOMEPHbLE C853U MeHCOy HUMU,
Komopbvle 0a0ym HAM K04 K NOHUMAHUIO A61eHUll npupoobl. Onblm ModHcem noockazams HaAM
coomeemcmayouue mamemamuieckue NOHAMuUs, HO OHU HU 8 KOeM Cllyyde He MOo2ym Oblmb 6b16€0eHbl U3 He2O.
Koneuno, onbim ocmaemcsi eOUHCMEEHHbLIM Kpumepuem npueoOHOCIU MAMeMamu4eckux KOHCmpyKyuil
Gusuxu. Ho nacmosiwee meopueckoe nauano npucyuje umeHHo mamemamuxe. Ilosmomy s cuumaio 6
U3BECTMHOM CMbLCIIE ONPABOAHHOU 8Py OPEGHUX 8 MO, YMO YUCTNOE MblULIeHUE 8 COCIOSHUU NOCTUSHY b
peanvHocmy."”

Kcraru, 31a nutata MHE ;KMBO HallOMHMJIA BEJIMKYIO U0 APYroro "TMI'aHTa MBICIH', @ HIMEHHO MaTeMaTHUKO-
¢u3uka - Jlannay, KOTOpBIA CYUTATI, YTO BCE 3aKOHBI PUPOJIbI JOJHKHBI OAUYUHATHCS TEOMETPUUECKOMY
NPUHIUITY HAUMEHBILETO IEHCTBHS, T.€. OISATh TaKU (PU3UKY OH, Kak U Jlarpamx u ['aMHIIBTOH, IpeCTaBIIsI
ce0e MpOCTO KaK OJUH U3 pa3/ie’IoB MaTeMaTHKU. 1 u3 1100BU K 3TOMY NPUHLIKITY, KOTOPBIM HE JOITyCKaeT
TPEHUs1, OH B CBOMX TEOPETUUECKUX (PaHTa3UAX JaXke MEeperItoHyl DUHIITEeHHA U 3asiBUI, YTO, €CIIH B
MEXaHMUYECKOH cucTeMe MIPUCYTCTBYET TPEHUE, TO 3TO yXKe HE MeXaHHKa (TpaBja, 3a0bl1 HaucaTh, 4YTO 3TO
Oyner - xumusi, Ononorus i reorpadust). Eciiu He Bepure, TO HOCMOTpPUTE caMu, 4TO OH Hamucan [40 crp.
100, 162]

"Ipoyecc 08udiCceHUsL 8 IMUX YCLOBUSX YIAHCe He SABNACMC YUCO MEeXAHUYECKUM NPOYECCOM, d e20
paccmompenue mpebyem yuema O8UNCEHUs. CAMOU CPeObl U BHYMPEHHEe20 MeNI08020 COCMOAHUSL KaK cpeobl,
mak u mena. B uacmnocmu, yoice nenvssn ymeepaxcoams 6 obwem ciyyae, Ymo yCKopeHue 08UXCYwe20cs meia
A6715emcs pyHKyuel om e2o KOOPOUHAm U CKOpOCmMuU 6 OaHHbIN MOMEHM 8PEeMeHU, m.e. He Cyujecmsyem
VDABHEHUU OBUIICEHUSL 8 MOM CMbLCIIe, KAKOU OHU umelom 8 Mexanuke. Takum obpazom, 3a0aua o 08urHCeHUU
meina 6 cpede yoice He A8semcs 3adayel mexanuxu."”

"Ecnu npu CKOJNbIHCEeHUE mMpeHUe HACMOJIbKO MAJl0, YMmoO UM MOIICHO 606C€ I’lpeH€6pe'-lb, mo noeepxHocmu meil
HA3bI8AIOMCSL ADCONIOMHO 2A0OKUMU. Hanpomue, ecnu ceolicmea noeepxnHocmu donycxaiom JUUb YUucmoe
Kauenue men be3 CKOJIbOICEHUA, A MPERUEM NpU Ka4eHUue MONCHO npene6pe%, mo no6epxXHocmu Ha3vlearoncs
abconommuo utepoxoeamusliMu.



B oboux cnyyasx cunvt mpenus ne gpueypupyrom A6HuIM 06pa3om 8 3a0aue 0 O8UNCEHUU e, U N0 IMOMY
3a0aya aenraemcs yucmo mexanuyeckou. Ecnu sice konkpemmuole ceolicmea mpeHus cyujecmeeHntbl OJisl
08UdICEHUSL, MO NOCIeOHee He ABNIAEMCs YiHce YUCMO MeXaHudeckum npoyeccom (cp. §25)."

U on naxe monsen Bo BBeneHUE K cBoeil Mexanuke 1940 roga nznanus TeopeTudeckoe 000CHOBaHUE (PU3UKU
KaK pasjiena MaTeMaTHKH, pa3/ieinB BCIO (U3UKY Ha SKCIEPUMEHTAIbHYIO, TCOPETHUECKYIO U
MaTeMaTH4ecKyro. EcTecTBeHHO, OH pH 3TOM OyAeT 3aHMMATHCS TEOPETHUECKON (DU3UKOIL, a B HEH OYCHb
BaYXHYIO POJIb UTPAIOT MPUOIMKEHHBIE BEIYUCIICHHS, KOTOPBIMH BCE MAaTEMaTUKU TOJIBKO U 3aHUMAIOTCS, T.€.
HAXOJAT NPUOTU3UTENBHOE PEIeHUE MPUOIU3UTEIbHBIX 331a4, T.K. IOYTH BCE YpaBHEHUS (PU3UKH HE UMEIOT
TOYHBIX pemieHuid (1 B ToM uncie ypaBHeHus OTO) u mo3ToMy MaTreMaTHKaM B YHCTOH MaTEMaTHUYECKON
(bu3MKe IPOCTO HEYEeM 3aHATHCS (KPOME IIKOJIBHBIX 33/1a4eK). A KOHKpETHO OH mucai [39].

«Takum obpazom npubaudicenus ueparom ouelsb 8AX}CHYIO pob 8 00uuUx usuueckux 3akonax. He menee
8eNUKad, 0OHAKO, UX POJib U NPU 8bIBOOE U3 0OWUX MeopUll KOHKPEMmHbIX usuieckux 3axono8. Caukom
MOYHble BLIYUCTICHUS C YHeMOM HeCYUeCmayiouux pakxmopos e moabko OecnioOHbl U USTUULHE YCILOHCHAIOM
pe3yibmamsl paciemad, HO MO2Ym 0axce npugecmu K momy, 4mo cywecmayowue 6 OGHHOM s8leHue
3aKOHOMEpPHOCMU 8000We bINAOYM U3 PACCMOMPEHUSL. »

[TpaBma, HaMO 3aMETUTH, 4TO YK€ B n3nanue 1958 roma Bce 3T rpadomManckue paccyxaenus Jlanmay o Tpex
pa3nuyYHbIX (PU3HKaX, KOTOpPbIe OBUIM BO BBEJICHUH, IOJYMAIIUCh BCE-TaKu yOpaTh (BMECTE C CaMUM
BBEJIEHUEM). A BOT BCe €ro (paHTa3uu, BBITEKAIOIINE U3 HECYIIECTBYIOIIETO B IPUPOE MPUHIIUIA
HAUMEHBIIETO JEHCTBUS, TaK ke, Kak (haHTa3uu DUHINTEHHA, BEITEKAIOIINE U3 €0 MPUHIIUIA 001ei
KOBAapUaHTHOCTH YPAaBHEHMH, TaK U MPOAOIIKAIOT KUTh, XOTS HE TOJIBKO HE UMEIOT HUKAKOI'0 OTHOIIEHHUS K
¢bu3uKe, HO MOCIEIHNE U K MAaTeMaTHKe UMEIOT OUYeHb OTBIIEYCHHOE OTHOIIEeHUE. Beap, kak noka3an Kpeuman,
MPUHIIMI 001Iell KOBapUAHTHOCTH ypaBHEHUH Oy/€T BBINOIHATHCS 71 JIIOObIX ypaBHEHUH, T.€. U ISl TE€X, YTO
MPaBUJILHO OMKCHIBAIOT 3aKOH MPUPOJBI U JUISl TEX, YTO HEMPABUIIBHO €0 ONMKUCHIBAIOT, T.€. 3TOT MPUHIIMII
BOOOIIIe HE UMEET KaKOTro HU OyJIb CMbICIIa U TpeOOBaHKE OOIIEKOBAPUAHTHOCTH K MaTEMaTHUECKUM
yYpaBHEHUSM PaBHOCHUIIBHO TPEOOBAHMIO K CHETY, YTOOBI OH ObLT X0JI0HBIM. Takum oOpa3oM, TpeOoBaHME
o0111eif KOBapMaHTHOCTH YPABHEHH 3TO TIPOCTO TIYNOCTh, T.K. HUKAKON HOPMaJIbHBIN YEJIOBEK HE CMOXKET
OOBSICHUTH 3aueM TpeOoBaTh OT CHeTa, YTOObI OH OBbLIT XOJIOIHBIN, €CIIM OH IPOCTO HE MOXKET OBITh HE
X0JIOAHBIM. VI DUHINTEHH J1a)ke COrIacuiics ¢ STUM, HO BCE PABHO MBITAETCSA U B TOM CIIy4ae MPOTAIIUTh CBOIO
uzaero dunocodekoro kamus B ero obmem [10, koTopslii B mpuBoAsLIeiics HIKe GOPMYIUPOBKE MBI TPOCTO HE
y3HaeM, T.K. B HEll OH He TOJIBbKO J1aeT CBOIO (POPMYIHPOBKY OINpPENEICHUIO "3aKOHA MPUPOAbI", HO U
npeanuckiBaeT B 1918 roay, kak BEpXOBHBIM PaBUTEINb, 3aKOHAM IIPUPOIBI CTPOTrO COOJIIOIATh €ro TpeboBaHue
obmekoBapuaHTHOCTH [25 cTp. 614].

"a) HpuHuun OMmHoOcuUmellbHoCcnu. 3dKOHbl npupodbl AGNAIOMCA TUULL 8bICKA3bIEAHUAMU O NPOCMPAHCMBERHO -
6PEMEHHbLX CO@FZCI@EHZ/UDC,‘ nosmomy onu HAxXo0sm ceoe 8blpAdICeHUE 6 06u;el<08apuaHmezx YPABHEHUAX.

... Omnocumenvuo "a" Kpeuman 3ameuaem, umo max cqpopmyaupo8aHublil NPUHYUN OMHOCUMENTLHOCMU HUYe20
He 2080pul Obl 0 hU3ULECKOU PeanbHOCMU, M.€. 0 GHYMPEHHEM COOEPHCAHUU 3AKOHO8 NPUPOObL, A KAcaics Obl
UL mpedosanuli K Mmamemamuyeckou opmynuposxke. Tax kax guzuueckuii onvlm 6000uje umeem 0eno 1uib
€ COBNAOEHUAMU, MO 8Ce20d B03MOICHO NPEOCMABUMb CEE0EHUsL O 3AKOHOMEPHBIX CEA3AX MEAHCOY IMUMU
COBNAdeHUAMU 8 8Ude 0OWEKOBAPUAHMHBIX YpasHeHUll. [loamomy on cuumaem HeoOX0OUMbIM NPUOAMb OPY2Ool
cmblcn mpeboganuto omuocumenvHocmu. A cuumaio apeymenmol Kpeumana npaguibHuimMu, HO npediazaembie
UM HOB0B8B8EOEHUsL He MO2Y No0oepicams. MmenHo, eciu cnpageoauso, 4mo Kaxcovlil IMIUPUYECKUL 3aKOH
Modcem Obimb 3anucan 8 obujekosapuanmuou gopme, npunyun "a" npuobpemaem 3HavumenvbHyO
IBPUCTIUYECKYTO CUTLY, KOMOPAsl NPOABUNACH NPU PEUeHUU ePABUMAYUOHHBIX NPOOIEeM U OCHOBAHA HA
cnedyouem: U3 08yx co2nacyroumuxcs ¢ ONbIMoM meopemuyeckux cucmem npeonoumenue 00IH#CHO Obimb
omoano moii, Komopas npouje u npo3pavHee ¢ MOYKU 3peHuUsl ADCOIIOMHO20 OUDDePeHYUANIbHO2O UCHUCTICHUS.
Ecnu epasumayuonnoii mexanuke Horomona npuoame gpopmy Ko8apuanmHulx (4emvlpexmepHulx) ypaeHeHull,
mo J1iecko yoeoumscs, umo npunyun "a" npakmuyecku, Xoms u He 8NOJHe CMPO20, UCKI0Yaem 3my meoputo.”



[TpounTaB Bce 3TO MOXKHO OBLIO OBI TPOCTO MOCMEATHCS, €CITH OBl 3TO HE OBLIO TaK TPYCTHO, T.K. 3TOT Opes
SBIIICTCS ceifuac opHUIMATLHON TOUKOW 3pEeHUS B HAyKe, TIOITOMY HAJIO ClIelaTh XOTh KakKue HU OyIb
KOMMeHTapuu. Bo-nepBbIX, TYT Mbl BUAMM UCTUHHOTO €Bpes, KOTOPBIN 3asaBiisfeT, uTo U Kpeuman npas u oH
paB, T.€. OH IPUMEHSET TOT K€ IIPUEM, YTO MbI BUJICIIH ITPH OOBSICHEHUH UM TIapajioKca Tucka JpeHdecTa.
Bonee Toro, 1 Mory emy crpaBeJIMBO 3aMETUTh, YTO TAKOTO HE MOKET ObITh, HO M Ha 3TO DUHINTEIH MHE
OTBETHUT - U BHI MIPABHI, T.€. MBI BUANM Y HETO SIBHO KaKOW TO HEHOPMaJIbHBINA (PUI0CO(CKHIA MOAXO0]T K HAYKE O
npupoe - pu3uke. A BOT, €Clid cUUTaTh GUIOCOPCKUM KaMHEM B HayKe, IPOCTOTY POPMYJI, OTPAKAIOLIUX
3aKOHBI IPUPOJIbL, YTO DMUHIITENHH CUUTAET ApIYMEHTOM B criope ¢ KpeumaHoM, B IpUBOAMBILEHCS BBIILIE
UTaTEe, TO C TUM I MOTY YaCTUYHO COTJIACUTHCSA, T.K. BO MHOTOM MMEHHO HM3-3a TPeOOBaHUSI IPOCTOTHI
pacueroB KonepHuk 3aMEHUII TEOLIEHTPUUECKYIO cucTteMy [ITosiemes: cBoei TeIMOLEHTPUYECKOH CUCTEMOM.
Bosiee Toro, mory npusecTH u cioBa AHTyaH e CeHT-Ok3tonepu "Hcmuna - 2mo 6oece e mo, 4mo MONCHO
ybeoumenvbHo 00KaA3amyv, Mo Mo, Ymo oeiaem éce npouje u noHamuee". BOT TOJIBKO s HUKAK HE MOTY
COTJIaCUTKCS € TeM, uTO (u3uka DitHiTeHa, BeiTekaronias u3 CTO u OTO, crana npoie, yem Oblia
KJaccudeckas (Gpu3nka, XoTst DUHIITEHH MMOCTOSHHO Ha 3TOM HactauBaet [16 ctp. 493, 505]

"Xoms 5mo u 38y4um napadokcaibHO, HO Mbl MOMCEM CKA3AMb. COBPEMEHHAs PU3UKa npouje, 4em cmapas
Qusuxa, u nosmomy ona Kadxcemcs 6oiee mpyoHOU U 3anymanHoLL.

... Hawa nosas uoes npocma: nocmpoums usuxy, cnpageonugyio (BbIACICHO MHOIO) 07151 6CeX CUCEM
koopounam. Ocywecmainenue 3mou uoeu NPUHOCUM PopmanbHoe YCIoHCHEeHUEe U 8bIHYHCOAem HAC
UCNONIL3068aMb MameMamuiecKue Memoobsl, OMaUdHble Om mex, KOmopwvie 00 CUX NOp NPUMEHANUCS 8 ¢usuke."

"S coenacen, umo Mot MamemMamu4deckKull annapam 2opazoo ciodxcHee Baweeo (MMeetcs B BUy amnmapar
KIJIACCUYECKON MEXaHHKH), HO 3amo Mou usuyeckue npeononodceHus 6onee npocmol u ecmecmseeHHbl."

A TyT, €IMHCTBEHHOE C YEM MOXKHO COIJIACUTBLCS TaK 3TO C TEM, 4TO (pu3MKa DHHIITEIHA cTana OoJee
"crpaBeATMBON" K pa3IMYHBIM CUCTEMaM KOOPAMHAT, HO 3TO HE HMEEeT HUKAKOT0 OTHOIIEHUS K caMoi (hu3uke,
T.€. K HayKe 0 3aKoHax nmpupojibl. Y To, 4T0 DUHIITEHH Mpeanucan 3aKkoHaM MPUpoIbl 0053aTeabHO COOII0AaTh
MPUHIUIBI HHBAPHAHTHOCTH MM KOBAPUAHTHOCTH 3TO €ro JMUHble (puiaocodckre BO33peHus, KOTOpble HU Kak
HE COIJIaCYIOTCSl CO BCEMU IKCIEPUMEHTAIbHBIMU JIAHHBIMH U IIPU 3TOM MPUPOJIE HET HUKAKOIO JeJia 10 TOro
U3 KaKUX CUCTEM OTCYETa MBI U3Y4aeM €€ 3aKOHBI, T.€. CIIPaBEINBO WM HECTIPABEIJINBO UCIOIb30BaTh IPU
sToM ToJIbko ACO nnu npoussosibHyo MCO. Beab 10cTaToyHo TOIBKO BCIOMHUTE IipuMep ["anumes ¢ ayHoi,
JBIDKYILEHCS Been 3a HaOmonaTeneM, HaxoadummMes B apwkyuieiica MCO, yToObl OHATH BCIO OpPe0OBOCTh
ATOW UJeH HaXOJUTh 3aKOHBI IPUPO/IbI HE IO UCTUHHBIM JBUKEHUSIM TEJl, a [0 KaXKYIIUMCS, T.€. BUIUMBIM U3
pasnmuuabix UCO mim HeICO, xotopsle B punocodckom noaxoae DMHIITEHHA SBIAIOTCS "pealbHbIMU"
JBIDKEHUSIMH. A, UCXO/IsI U3 CBOEH HeH, DUHINTEHH TOJKEH U 10 BUTUMOMY JBHKEHUIO JIYHBI, TUTBIBYIIEH HaJT
KpBILIAMHU JIOMOB, HAWTH 3aKOH €€ JIBUKEHHUS B 00IEKOBapUaHTHOH (Gopme, a Tpu paBHOMEPHOM JBHKEHUH
Ha0Ir0IaTeINsl 1ayke B MHBAPUAHTHOU (hOpMeE, KOTOPBIN TOJKEH ObITh HAanOO0JIee MPOCTHIM MaTEMaTHIECKUM
BbIpakeHueM. U BOT Ha TakoM (puocopckoM 1 MaTeMaTH4eckoM (pyHIaMeHTe Co3/1aHa TeOpHs TPaBUTALIUH
DHHIITeHHA, HO MIPU MTOBEPXHOCTHOM PACCMOTPEHUU Ka)XeTCs, YTO OHA BCE TaKU UMEET 10J] COO00 KaKoe TO
¢uznueckoe obocHoBanue B Buje [19 rpaBuTaninoHHON 1 HHEPTHOM Macc.

Ho, B coBpeMeHHBIX yueOHHKaX MPOI0JIKAIOT YTBEPKIaTh, 4TO corinacHo yactHoro [10 HabmoneHus us3
pasubix UCO naayT HaM OIMHAKOBbBIE 3aKOHBI TPUPOJIbI U TIO3TOMY MbI HE MOKEM OIIPEAEIUTh AOCOTIOTHBIE
CKOpocCTH Ted, a oomuii [1O yTBepkaaer, uTo 3To ke OyIeT U B CUCTeMaX, TJie nprudopamMu pUKcUpyeTcs
YCKOpEHUE, T.K. HENb3s ONPEAETIUTh BbI3BAHO JIM 3TO YCKOPEHHUE JABM)KEHUEM CaMHX TeJ UM OHO MOPOXKIEHO
IPaBUTALMOHHBIM MIPUTSHKEHUEM OJIM3 JIEXKAIUX Macc (MCXO/s U3 MPUHIUIA YKBUBAIEHTHOCTH ITHX
Bo3eicTBuil). TakuMm oOpa3om, coriacHo obmiero I1O B Takux cucTeMax Mbl HE MOXKEM OIPEIEIUTh HE TOJIBKO
a0COJIOTHYIO CKOPOCTh, HO M a0COJIFOTHOE YCKOPEHUE 110 OMBITaM BHYTPH TaKUX 3aMKHYTBIX (PU3HUECKUX
nabopaTopuid, T.e. B 4acCTHUHO 3aKpbIThIX HeMICO, 1 371eCh TOAMA0TCS U3MEPEHHIO JIUITb CKOPOCTH U
YCKOPEHHUS Tell APYT OTHOCUTENbHO Apyra win otHocutenbHo HeMCO (xot4, emie HproToH noka3zan o6paTHoe).
U Tyt mb1 BuuM nogmeny OTO teopueit rpaButanuu, T.K. ocHoBy OTO nomkeH cocraBnarh oomuii 110, a He
13 nHepTHOH U rpaBUTALIMOHHBIX Macc U Jaxe He oouwmii [1D ycnoBuit npoenenus sxcriepumenTa. Ho npu



3TOM JI0Ka3aTeIbCTBOM crpaBeainBocTd UMEHHO OTO noyemy-To cCUuTaeTCs CpaBeIITIMBOCTh TEOPUU
rpaBUTAIMH, CO3AaHHON B mporiecce co3aanus OTO, ucxons uz obmiero [19. XoTs DUHIITEHH YE€TKO pa3aesisi
OTO u CBOIO TEOPHIO TATOTEHMUS, T.K., Hanpumep, B 1916 roxy [20 ctp. 457] o nucai.

"U3 smux coobpadicenuil 8UOHO, YUMo nocmpoenue 0ouel meopuu OMHOCUMENTbHOCMU 00IHCHO OOHOBPEMEHHO
npueecmu u K meopuu mseomenus,, ubo epasumayuoHHoe nojie ModicHo "cozoams"” npocmuim uzmenenuem
KOOpOuHammuou cucmemsl."”

Ho, xak O6b1 DUHIITEWH HE MBIKUIICSA, JJOKa3bIBast B CBOUX CTaThsX, 4T0 B OTO oTpaxken ero oomuii [10,
KOTOPBIN MPEBPATHIICS B JKAJIKHUI PUHIIMIT OOIICH KOBAPHMAHTHOCTH YpaBHEHUH, HO, Kak TakoBoit OTO, B
KOTOpO# ObI BeImONHsICS 00muii [10, Tak u He OBUTO CO3/1aH0. A BOT TOOOYHBINA MPOYKT CO3JAHUS ITOM
TEOpUH, T.€. TEOPHS TPaBUTALIUHU, )KUBET Ceyac CaMOCTOSTEILHOM )KU3HBIO U MIPU 3TOM 3HATh HUYETO HE XOUeT
0 CBOEM pojuTteie, T.e. 0 panrome OTO. Beap, eciiu ipoectu anajioruto ¢ CTO (6a3upyromieiics Ha
crenuagbHoM, T.€. yacTHoM [10), r1e ogHO U ToXKe sIBJICHUE TpH HaOI01eHnH 3a HUM U3 pasHbix MCO Oyner
JaBaTh pa3Hble HAOIOAATEIIbHBIC JAaHHBIC, HO TI0O HUM JIOJKHBI TTOJIYYUTHCS OJTHU U TE€ K€ 3aKOHBI IPUPOIBI, TO
cornacHo OTO (6azupyromieiics Ha o6miem I[10), Mbl JOHKHBI TOTYYUTH pa3Hble HAOTIOAATEIbHBIE JAaHHbBIE PU
HaO0JI0IeHUE 33 KaKHUM-TO siBJIeHHEM U3 pa3Hbix HeMICO u MpH 3TOM MOIYYHTh 110 3THUM JaHHBIM OJTHU U T€ XKE
3aKOHBI MpUpobl. A DiHIITelH B cBoeit OTO He cpaBHMBaeT PU3NUYECKUE 3aKOHBI MTOJYUYHUBIIUECS TIPU
HAOJIIOICHUH 32 SBJICHUSME PUpPos! U3 pasHbeix HeMICO, uTo u sBisieTcs cyThio ero [10, a TOJBKO MPUBOIUT
ycnoBus poBeAeHus skcriepumerTa B HeMICO K HIGHTUYHBIM YCIOBUSAM, KOTOpPBIE OYIyT B OJIHOM
enuuactBenHoit UCO, 1.e. UCO Beienennoii cpeau npyrux MCO. Takum o6paszom, ero obmmii [1O Beipoanmcs
y Hero mpocto B [ID ycnoBuii mpoBeaeHus SKCnepuMenTa, Kak 3To u 0bu10 B yactHoM [10 [Manunes-HeroToHa.
[Tpu 3ToMm, ecitm B [TO MBI 110 pa3HBIM HAOIIOJATENLHBIM JAHHBIM TOJIy4aeM OJTHU U T€ )K€ 3aKOHBI IPUPOJIBI, TO
cornacHo [ID Mbl mosyyaeM 3TH 3aKOHBI IO OJIMHAKOBBIM SKCIIEPUMEHTAILHBIM JaHHBIM. [lo3TOMY B
CIIeyroIeM paszele OyaeM SKCIepuMeHTaTbLHO poBepsaTh He oommii [10 u He OTO, a atot ero obumii [15 u
OTJIENbHBIE CIEACTBHS €r0 TEOPUHU TPABUTAIINH, KOTOPas BRITEKAET U3 3Toro oobmero [13.

Ho npex e ueM Mbl ¢ BaMu iepeiiieM K 3KCIepUMEHTaIbHONW 4acTH 1o nposepke ero oduiero I13 s xoten Obl
BOOJIYILIEBUTH T€X, KTO COBCEM MaJl AYXOM, IPOUYUTAB BCE BBIIIEU3IOKEHHOE, €CIIU OH HUYETO HE MOHSIT B 3TOM
Opene, koTopslii Ha3piBaeTcst TO. A A7 3TOr0 O4EHb MOYYUTEIBHO PACCMOTPETh HAyUHBI YPOBEHb
(hbUBUYECKUX T0KA3aTEIBCTB DUHIITEHHOM CBOEro Ope/ia Ha MPOCTEUINX TPUMEPAX, T1Ie BCeM OyIeT SICHO O
4eM HJIET peub. S yke paccMaTpuBai IPUMEPSI, Ie DUHIITENH, pacCMaTpUBast BOIIPOCHl OTHOCUTENBHOCTH
OJIHOBPEMEHHOCTH MJIM CHHXPOHU3ALIMK 4acOB, CaM K€ OIPOBEPraeT CBOM MOCTYJAT O OCTOSTHCTBE CKOPOCTH
ceta Bo Bcex MCO, T.K. HCIOJIB3YET MPU ITOM CKOPOCTh CBETA, KOTOPYIO BBIYHMCIISAET COIIACHO
npeoOpa3zoBanuii ["anmuies, T.e. mojiydaeTcs, 4TO 3/1€Ch OH CaM K€ BBIIIOPOJI ce0sl, KaKk YHTep-opuLepcKas
B/I0Ba. XOPOIIIO BUJIEH €0 HAYYHbIH YPOBEHb U IPHU €T0 PACCYKACHUAX O MOJIAX LEHTPOOEKHBIX CHII, KOTOPbIE
s TO’KE€ OUEHb MOJIPOOHO PACCMOTPEN, HO 1aBalTe JJIs MOJIHOTHI KAPTUHBI PACCMOTPHUM €l11€ HECKOJIBKO
npumMepoB. Hammpumep, BOT 3TOT 11€A€Bp MaTeMaTUYeCKON MBICIIH, KOT/1a DUHIITEHH ITyOOKOMBICICHHO
3asBisieT [16 crp. 480-482] , uTo HUKAKKE Tella HE MOTYT JIOCTHYh CKOPOCTH CBETA U JIOKA3bIBAET ITO TaK.

"Cuna, Heobxooumas 051 COOOWeHUsI OAHHOMY MeY KAK020-TUO0 ONpedesleHHO20 U3MEHEHUsI CKOPOCMU,
gce20a 0OHA U ma xce.

Bepno nu smo nonosicenue ¢ mouku spenust meopuu omuocumenvuocmu? Huxoum oopazom! Smom 3axon
cnpaseonus moivko 0iisi Maavlx ckopocmeti. Kakog dice, no meopuu 0mHocumenbHoCmu, 3aKoH 0Jist 00aAbULUX
ckopocmeli, npubaudxcarowuxca Kk ckopocmu ceema? Ecnu ckopocmo genuxa, mo Heobxoouma upe3euiuatino
bonvwas cuna, umoobwl ee ysenuuums. Kozoa ckopocms pasna ckopocmu cema, mo yice He803MONCHO
yeenuuums ee oanvuie. Takum obpazom, mo Hogoe, 4mo HOCUM MeOPUsl OMHOCUMETbHOCIU, He ABNIAEmC s
yousumenvuvim. Ckopocms cgema ecms gepxuuti npeden 0Jia 6cex ckopocmeu. Hukaxas koneunas cuna, kax 6vl
8eNUKa OHA He Oblia, He MOXCcem 8bl36amb YeeludeHue CKOpoCcmu ceepx amozo npedena.”



MHe 3TH paccyxaeHus DUHIITeiHa HATOMUHAIOT PACCYKACHUS Naryaca, KOTOPbIi He 3HaeT JPyrux cnocoOoB
Pa30rHaTh TEJIO BHEIIHUMU CHJIAMH, KaK TOJIBKO 3a CYET BETpa, KOTOPBIM LyeT B Iapyca €ro Jiogouku. U,
MCXO0/I U3 TOTO, YTO NapyCHUK IPU 3TOM HE MOXKET Pa3BUTh CKOPOCTh OOJIbIIIE, YeEM CKOPOCTh BETpa, OH
OOBSBIISIET 3TY CKOPOCTh KaK CaMyl0 OOJIBIIYIO CKOPOCTh, KOTOPYIO MOKET UMETh Tell0. BoT u DiHIITEIH,
MCXO/I U3 TOTO, YTO CAMBIMH OOJIBIIUMHU CKOPOCTSIMH TEJI, 10 KOTOPBIX MBI MOKEM HX Pa30THATh C
WCIIOJIb30BAaHUEM DJIEKTPUUECKUX WM MarHUTHBIX IIOJIEH, KOTOPBIE PACIIPOCTPAHSIOTCS CO CKOPOCTBIO
3JIEKTPOMArHUTHOTO M3IIyYEHHs, T.€. CO CKOPOCTBIO CBETA, OOBSBISET, YTO U CAMBIMHU OOJIBIIIMMU CKOPOCTSIMH
TEJI MOKET OBbITh CKOPOCTh CBETA. XOTSI JaKe B ClIydyae ¢ IapyCHUKOM MBI, JBUTasICh FaJICAMH, MOYKEM
pa3orHarh NapycHUK 0 CKOPOCTH OOJIbIIIE, YeM CKOPOCTh BETpa. A, €CIIM MPU MPSIMOM MPHIIOKEHUH CHIIBI
CKOpOCTb TeJia MPUOINKAETCS K CKOPOCTH BO3JCHCTBUSA Ha TEJIO KaKUX JIMOO CHII, TO, ECTECTBEHHO, YTO
MPONOPIMOHATIEHO ATUM CKOPOCTSIM OyJI€T YMEHBIIATHCS U CHUJIa BO3JCHCTBHUS HAa Pa3TOHIEMOE TEJO, KaK,
HaIpuMep, YMEHBIIIACTCS CUIIA y1apa 110 yXOJAIleMy M4y WM CHJIA IaBJICHUS BETPaA B Iapyca JABMKYILErocs
IOMYTHO napycHuka. [loaromy, HanpuMep, B yCKOPUTENSIX IPU pa3roHE YacTUIl CUJIAa BO3JAEHCTBHS Ha HUX
YMEHBUIAETCS NP NPUOIMIKEHUH CKOPOCTH YaCTHIL K CKOPOCTH BO3/IEHCTBYIOLIMX HA HUX IOJIEH, a HE pacTeT
IIPU 3TOM, KaK 3asBUJI DUHIITENH, PEIsITUBUCTCKAs Macca ITUX YacTHUILI.

Takum 00pa3om, CKOPOCTb, 10 KOTOPOH MBI pa3roHsieM IPoOHOE TeJI0, B OOJIBIIMHCTBE CITy4aeB HE MOXKET
HPEBBICUTH CKOPOCTh PACIPOCTPAHEHUS TOTO BO3/ICHCTBHSI, KOTOPBIM MBI pa3roHsieM 31o Teno. Ho B Tom
cirydae, KOrjia Mbl pPa3roHsieM TEJIO C UCIIOIb30BAaHUEM PEAKTUBHOM TATH, TO TEOPETHUECKH TEIIO0 MOXKET
pa3orHaThCs /10 JIF000# CKOPOCTH, 10 KOTOPOil XBaTHUT 3araca pabodero teina, T.K. 3/1eCh JACHCTBYET TOJIBKO
3aKOH COXpPaHCHUA KOJINYCCTBA ABUIKCHUA. A, €CJIM y HAaC CKOPOCTh pacpOCTpaHCHUA KaKOI0-TO BO3I[CﬁCTBH$I
OOIIbIIIE CKOPOCTH CBETA, TO MBI MOYKEM H B IIOJIE CO3/IAI0IIEM ITO BO3JICHCTBHE Pa30rHaTh TEJIO IO CKOPOCTH
OoutbIlie CKOPOCTH cBeTa. Hampumep, o MOMM IMpeBapUTeIbHBIM pacyeraM [68] ckopocTh rpaBUTaIK
HPEBBINIAET CKOPOCTh CBETA IPUMEPHO B CTO pa3 (uis 00jiee TOYHOrO OTBETA HE XBATAET MOKa
OKCIICPUMCHTAJIbHBIX I[aHHI)IX) U TaKUM 06pa30M IIpH pa3roHe B rpaBUTAHUOHHOM I10JI€ MBI MOKEM Pa30rHaTh
TEJO J10 3ToU ckopocTH. [la, ceifiyac Mbl HE MOXKEM Pa3rOHSATh FPABUTALIMOHHBIMY MOJISIMH POU3BOJIBHBIC TENA,
HO, HAITPUMEP, KOCMHUYCCKUE aIlllapaThbl YKC cergac PAa3roHAr0T € UCIIOJIB30BAHNEM I'PABUTALIMOHHOTO MaHEBPA
IIPY TIPOJIETE PSIIOM C APYTHMHU KOCMHYECKHMH 00beKTaMu. U pu onpeieieHHO! ToCeI0BaTeIbHOCTH
HECKOJIbKUX IPaBUTAIIMOHHBIX MAaHEBPOB MOXKHO PEATbHO PAa30THATH TEJIO 10 CKOPOCTH OOJIBIIE CKOPOCTH
CBETa, XOTsI, COTJIACEH, YTO TaKOW SKCIIEPUMEHT OyZET OYEeHB CJIOKHBIM M JOPOTOCTOSAIIMM. A CYTh 3TOTO
MaHeBpa OTpaXkaeT puc. 36, Te Bbl BUIUTE Pa3roH KOCMHYECKOTO amnapara ¢ Ha4ajabHO# ckopocThio 10 kM/c B
rpaBuTanimoHHOM Toste FOmuTepa 10 20 KM/c ¢ UCTIONE30BaHUEM TEOPUH TATOTEeHHsI HploTOHA.
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Puc. 36. TpaekTopus OBMKEHHUSI KOCMUYECKOT0 anmnapaTa M2 BHIMOJIHAIOLIETO CHavana rpaBUTAllMOHHBIHI
MaHeBp okouo FOnurepa m3, a 3arem netsmero B cropony Connua M1, rae o obieraer ero Ha OYeHb HU3KOH



BbIcOTE. MacmiTab nu3obpaxenus (kpome pazmepoB Connua u FOnurepa) 25 mina.km/cM. CKpUHIIOT
nporpammel Galileyl.

311ech KOCMUYECKUH anmnapar npubiamkaercs k FOnurepy, KOTOpbIi IBUXKETCS eMy HaBcTpeuy (IpSAMOIUHEHHO
6e3 yueta tarorerus ConHIa), a 3aTeM 00JIeTaeT ero cHu3y (mocie yero tpaekropus FOnurepa nepecraer
BBIBOJMTHCS HA PUCYHOK, YTOOBI HE CTEPETh TPACKTOPHIO KOCMUYECKOT0 anmapaTa u UCXoaHble TaHHbIe). [Ipu
sToM FOmmTep oTnaeT annapaTy 4acTh CBOCH SHEPIHH, Pa3TOHA ero npuMepHo a0 20 km/c (pu
MaKCUMaJIbHOM COJIMIKEHHH CKOPOCTh OblL1a 26 KM/C, HO 110 Mepe yaaneHus oT KOnurepa crana ymeHbIIaThes,
a, korja nputspkeHre ot CosHia crano 0onblie, yeM nputsbkeHne Konurepa, omsTh cTalna yBeIMIUBaThC). A
npu nposiere BOiM3u CoslHIIa CKOPOCTh JOCTUITIA CBOETO MaKCUMalIbHOTO 3HaueHus 601 kM/c 1 3aTtem 1o mepe
yaasienusi ot CoJiHIIA CTala OMATh YMEHBIIATHCS, HO HA TOM e paccTosHuu oT CoJHIa HE OCTHUIIIA OMSATh 26
KM/c, T.K. FOnuTep yxe yneren 3a npesenbl pUCyHKa U IPaKTUUECKU HE IPUTATUBaI KOCMUYECKUH anmapar.

Boob61e-To, 3a cyer rpaBUTallMOHHOrO MaHeBpa okouio Onurepa, kak NUIIYT B CIPAaBOYHHUKAX, MOXKHO
YBEIIMYUTH CKOPOCTh KOCMUYECKOTO arapara MaKCUMyM Ha 42 KM/c, HO MHE Ha/10 ObIJIO TPOCTO TMTOKA3aTh
IPUHIUIHATIBHYI0 BO3MOXHOCTb TAKOTO YBEJIMUYEHUSI CKOPOCTH TEJ U IPHU 3TOM Ha/l0 ObLJIO IOCIEe MaHeBpa
MONACTh OYE€Hb TOYHO Ha OpOUTY OIM3KYI0 K paaunycy CosHila, KOTOPOE TOXKE IBUTAIOCh, IPUTSITHUBASCH
IOnuTepom n kocMuueckuM anmnaparom (Toibko KOmnuTep neren cam no cede, T.K. B 3TOH Iporpamme TpeTbe
TEJIO CYMTACTCS] HE3aBUCUMBIM) ITO3TOMY sI HE CTaJl BEDKUMATh U3 STOTO BBEIYMCIUTEIHLHOTO SKCIIEPUMEHTA BCE,
410 MO>XHO. Ho 1 600 KM/C 3TO TOKe XOpOILIUil pe3yIbTaT Mpu YCIOBUH, YTO HaYallbHasi CKOPOCTb armnapaTa
o6bu1a Tonbko 10 xkm/c. [Ipu aTOoM oOpaimaro Baiie BHUMaHuE Ha TO, 4To rpu o0sere CoiHIa MPaKTHYECKH He
ObUIO rPaBUTALIMOHHOIO MaHEBPa, T.K. pacyeTsl g Ben B MCO ConHeuHoii cucteMsl, rae ckopocts CoHIa
ObLIa OYEHb MAJICHBKOM. A, eciu y4decTb, uTo COJHIE IBUKETCS OTHOCUTENIFHO [IEHTPA FaJIAKTUKU CO
CKOPOCTBIO B HECKOJIBKO COTEH KM/C, TO IIOCJIE€ IPaBUTALIMOHHOT0 MaHeBpa 0kos10 CoJHIIa CKOPOCTh HAILETo
KOCMHYECKOT'0O anrapara B TaJJaKTHYECKOW CHCTEME KOOPMHAT YBETMYUTCS HAa HECKOJIBKO TIOPSIIKOB O0JIbIIe,
4yeM OT I'PaBUTALMOHHOI0 MaHeBpa okoso Onurepa.

U, ecnu k 3TOMY el1ie 100aBUTh, YTO Mbl MOXKEM BBITMOJIHATE MOCJIE0BATEIEHO HECKOJIBKO IPaBUTAIIMOHHBIX
MaHEBPOB M OKOJIO 3BE3]] ropa3/io MaccuBHee Hamero CoJHIA, TO TEOPETHYECKH MBI MOKEM PAa30THATh Halll
KOCMMYECKHH armapaTt 10 CKOpOCTH Topa3io 00jble CKOPOCTH cBeTa. Jla Jake MpocTo MPoJIeT OKOJIO OYEHb
MaCCHBHOM 3Be3/1bI HITH €IIe JTY4Ile YSPHOU JBIPHI, KaK 3TO OBLIO B HAIIIEM BBEIYUCIUTEIILHOM IKCTIEPUMEHTE
npu nposiere okosio CoHIa, yKe cpa3y MOKET J1aTh CKOPOCTh ropasio 0oJiblle CKOpOCTH cBeTa. M mpu sToM
HaM HU KTO HE 3alpelaeT U Py pa3roHe Teja AIEKTPOMarHUTHBIM BO3/ICHCTBHEM BBIITOJHUTH aHAIOTUYHBIH
3JIEKTpOMAarHuTHHIN MaHeBp. Ho 1715 Havyana aBaiiTe moCMOTPUM MTOYEMY Mbl HE MOKEM IIPH MPSIMOM
AJIEKTPOMArHUTHOM BO3JICHICTBHU Pa30THATH TeJa JI0 CKOPOCTH OOJIBIIE ATOTO SJIEKTPOMArHUTHOTO
BO3/ECHUCTBUS, YTO Mbl M HAOJIOJaeM B HAILIMX YCKOPUTEIIAX JeMEHTapHbIX yacTull. Kak s nmucain, 3T0 MOXXHO
00BsCHUTH aHanoruei apdexra napnenus Berpa B mapyca. M 06 stom ke numiet Jlnanrzao ®an [62], koTopwlit
BBITOJIHWJI HATYPHbIE SKCIIEPUMEHTHI Ha JIMHEHHOM YCKOpPHUTENE 3JIEKTPOHOB JUIsl 10Ka3aTeIbCTBA ATOTO
YTBEPIKICHHUSI.

"Omo noxooice na cayuail mexcoy cunoi empa u 100KoU N0O NAPYCAMU. CKOPOCMb T0OKU NOO NaApycamu
HUK020a He Modcem Obimb pagHa ckopocmu eempa. I10ckonbKy, eciu ckopocmy 100Ku 00Cmu2aem cKopocmu
géempa, s¢hghexmuenas cuna eempa, oericmeayouas Ha 100Ky ¢ Hapycamu, pe3ko ymenvuiaemcs. bonvuioe
KOJIUYeCmeo CUbl empa pacxooyemcs 3ps. B cnyuae anekmpomacnummnoeo yckopenus oagaiime Ha3vi8amby
smo “aenenuem c =V ",

C coxajneHreM BBIHYKICH 3aMETHTb, YTO TEOPETUUYECKasl 4YacTh €ro padoThl HE JIe3eT HU B KaKue BOpOTa, a BOT
MOJIy4E€HHBIE UM DKCIIEPUMEHTATbHBIC JAHHBIE MPOCTO OECIEHHBI, T.K. YHUKAIBHBI (OOJIBIIE TAKUX
SKCIIEPUMEHTOB HU KTO HE JIeJiall, a, €CJIH U JieJiajl, TO MOTYYeHHbIE pe3ynbTaThl He myOaukoBan). KonkpeTHo
OH BBINOJHWJI TPU HKCIIEPUMEHTA. B epBOM OH pa3roHsI My4YOK AJIEKTPOHOB U MPOJIETHBIM METOI0M U3MEPSLI
UX cKkopocTb. Bo BTOpoM oH GoMOapanpoBall My4yKoM 3JIEKTPOHOB CBUHIIOBYIO MUILIEHBb 1 U3MEPSII €€



TEMIIEPaTypy. A B TPEThEM OH pacCMaTPUBAJ TPACKTOPUIO JIBIXKEHUS PA30THAHHBIX 3JICKTPOHOB B MATHUTHOM
ToJIe TIOCTIe UX BblIeTa U3 ycKopuTens. U, eciau B mepBbIX ABYX SKCHEPUMEHTaX eMY YAaJlOCh MOJAOTHATH CBOIO
TEOpHIO 1o Oojee-MeHee MPaBIOoNoJ00HBINA PE3yNIbTaT, TO B TPEThEM HKCIIEPUMEHTE Y HETO pacyeTHbIE
JAHHBIC OTIMYAIOTCS OT HaOI01aeMbIX B 19 pas. [Ipu 3ToMm 1 elie yauBIsAioCh Kak Yy HETO TIPH TaKO#
0e3rpaMOTHOI TEOPUH MOTYUYHIIUCH MPABAONOJ00HbIE pacUETHbIE JaHHbIE B IEPBBIX JABYX SKCHEPUMEHTAX, T1Ie
pacxoskieHue ¢ HaOII0JaeMbIMH JaHHBIMU He 0oJiee yeM B 2,5 pa3a. 3a OCHOBY CBOEH TEOpHH, KOTOPYIO OH
Ha3BaJl ''TAIMUIICCBCKOMN PEISITHBUCTCKON MEXaHUKOW'', OH B3sUT (hopMyITy DUHIITEHHA ISl pacyeTa
KHHETHYECKOM SHEPTUH JIEKTPOoHOB (9), T1ie ucnonb3yercs dhopmyna (10-2) mist pacyeTa mornepevHor Macchl
DiHIITEHA, XOTS U3 TEOPETUUECKUX COOOPaKEHUH B TMHEHHOM YCKOPHTENE Ha/10 OBLJIO UCTIONB30BATh
bopmyny uMeHHO st ipoaoibHO# Maccehr (10-1). Ho ceiiuac 0 Takoil MeJIouH y)Ke HU KTO HE BCIIOMHHACT U
BCE HMCIOJB3YIOT BhIpaxkeHue (10-2), KoTopoe Ha3bIBAIOT MPOCTO PENIATUBUCTCKOM Maccoi. A aBTop
AKCIEPUMEHTOB M300peIt Jake CBOIO (GOpMYITy s pelaTUBUCTCKOM Macchl (10-3).

Ek= (m - m0)*Vs"2 9)

m|[=m0/(1- (V/VS)"2)"L,5 (10-1)
m_| =m0/ (1 - (VIVs)*2)"0,5 (10-2)
m=m0/ (1 + (V/Vs)*2)"0,5 (10-3)

B nepBoMm sKcrieprMeHTe OH MCIIOIH30Bal HEOOIBIIYIO YHEPTHIO, 3aTPAYCHHYIO Ha Pa3TOH AJIEKTPOHOB, YTO
MIO3BOJIMJIO MTOJTYYUTh MY 3aMETHYIO pa3HUILY CKOPOCTEH MpH pa3HOW SHEPIUH, 3aTpadeHHON Ha HX Pa3ToH.
Ota ckopoctb VNab B Tabi. 4 npuBeaeHa B 0JIIX CKOPOCTH cBeTa VS, TJIe MbI BUIUM, YTO OHA PACTET HE
IPSIMOITPOTIOPIMOHATIFHO 3aTPaYeHHON Ha Pa3roH JIEKTPOHOB SHEPTUH, T.€. MBI IBHO BHIUM, 4T0 KI1J]
yckopuresst menbiine 100%. Ho, eciau KIT/] paccunthiBath 10 3HEpruu 3iekTponoB EK1, koropyro gaer ms
3TUX CKOpocTel popmyia (9), kKoTopas B pasBepHYTOM BUze OyaeT BhINIsAAeTh Kak (11-1), TO MbI BUAMM, YTO Y
Hac nonyyaercs KIIJ[ naxxe 6ombiie 100%, 1.e. 3Ta hopmyna sBHO He npaBuibHasi. [loaToMy aBTOp
PacCUMTBIBACT SHEPTHIO AeKTPOHOB EK2 st HabmomaeMbIx ckopocTeit o n3o0peTeHHoit uM popmye (11-2),
YTO MO3BOJIAET MOJYIUTH O0Jee-MeHee peanbHbli pe3ynbtat 1 KI1J] yeckopurtens. Bot Tonbko, koraa aBTop
HEePEXOUT KO BTOPOMY 3KCIIEPHUMEHTY, OH MIOYEMY-TO HCHONb3yeT He hopmyny (11-2), a popmyny (11-3), rae,
BO-TIEPBBIX, KHHETHYECKAs SHEPTHSI 10 KJIACCHYECKON (pOpMyJie Y HEro oYeMy TO BBIUYUCIIIETCS yxke 0e3
JBOWMKHM B 3HAMEHATEe, a, BO-BTOPBIX, €ro UCXOAHOE ypaBHeHue F*dX= m*V*dv noapa3ymeBaer Hannuue
u3BecTHOM 3aBucuMoctu F(X), a y Hero "adpdexr C-V" naet 3aBucumocts F(V), 9TO SIBIISETCS MPUHIUITHATEHBIM
MOMEHTOM, Ha KOTOPOM s OCTAHOBJIFOCh HIKE. A B pe3ynbrare 3Ta popmysa (11-3) mo3Bosnser nonyduTh
Jlnanr3ao ®@aH mpueMIIEMBII PE3YIBTAT ISl €T0 BTOPOTO IKCIIEPUMEHTA, HO TIPH STOM HaOJIr01aeTCs ssBHAs
MOJITOHKA TEOPUH 01 HYKHBIN pe3yibTar.

Ek1= mO*Vs"2*(1/(1 - (VIVS)2)"0,5 -1) (11-1)
Ek2= mO*Vsh2*((1+(V/Vs)A2)"0,5 -1) (11-2)
Ek= m*VA2= mO*VA2 / (1+(V/Vs)A2)20,5 (11-3)
Ekd= mO*VA2 / 2 (11-4)

[ToaTomy naBaiiTe He OyaeM oOpalaTh BHUMaHMsI HE BCe TeopeThuueckue (paHTa3uu aBTopa 3TUX
9KCIIEPUMEHTOB U PaCCMOTPUM TOJIBKO CAMHU €r0 IKCIIEPUMEHTAIbHBIE JaHHBIE. A 3[1€Ch Y HAaC NpU
UCIIOJIL30BAHUHM JJIs pacyeTa KuHeTHnueckoit sHepruu Ek3 kmaccuueckoit popmyast m0*VA2 / 2 toxe
II0JIy4aeTCsl HE OYEHb XOpOIIUH pe3ynbTar, T.K. B nepBoM onbite KIIJ[ nomyuaercs 100,1%. Teopernyecku
MO>KHO OBbUIO ObI IOMYCTUThH TAKOW CTONPOLIEHTHBIN PE3yJIbTaT, COCIABIIMCEH Ha MOTPENTHOCTH U3MEPEHUS
ckopocTH, HO 11 ckopoctu V= 0,313*VSs 5 cunTaro 3To HeAOMyCTUMBIM, T.K. 371ech siBHO KI1J[ nomkeH ObITh
MeHblIle. M0KHO, KOHEUHO, €1lle IOCMOTPETh KaK y aBTOpa OIpEelIsiachk SHEPIUs, 3aTpaueHHasi Ha pa3roH
AJIEKTPOHOB, HO, K CO’KAJICHUIO, sl HE HaIlIe]l HE TOJIbKO HUKAKUX JaHHBIX 10 3TOMY BOIPOCY, HO Ja’K€ ONMCAHNE
KOHCTPYKLIMH JINHEMHOTO YCKOPUTES, IPUMEHSBLIET0CsS UM B SKcIiepuMeHTax. [103ToMy NpuxoauTcs TOJIBKO
rajgaTh ¢ 4YeM 3TO MOKET OBITh CBsi3aHO. 11 BOZMOKHO, UTO B 3THX SKCIIEPHUMEHTAaX HEeNPaBHIBLHO OINpeelisiach



U DHEPI'Usl, 3aTpaueHHasl Ha pa3roH U caMa CKOPOCTb JIEKTPOHOB, T.K., CYZs 10 YPOBHIO TEOPETHYECKON
MOATOTOBKU aBTOPa CTaThH, Y HETO HE BBICOK U YPOBEHb 3KCIIEPUMEHTAIbHOM moAroToBkU. Ho moiaHOCTRIO
OTpHULATh PE3YJBTAThl ATUX IKCIIEPUMEHTOB, KOHEUHO-KE, HEIIb34, T.K., HECMOTPSI HA BO3MOKHBIE
MOTPEIIHOCTH, KOTOPBIE OBICTPEE BCEI0 HOCUITU CUCTEMAaTUYECKUIl XapaKTep, KaueCTBEHHO MOJIyYeHHbIE
JaHHbIE SIBHO YKa3bIBAlOT HA TO, UTO HE BCSA DHEPTrUs, 3aTpayeHHAasi Ha Pa3roH 3JEKTPOHOB, IEPEXOIUT B UX
KHUHETUYECKYIO SHEPTHUIO.

Tab6nuia 4. Habmromaemast ckopocTts aekTponoB Vnab/Vs nipu pasuoii sHepruu E, 3arpadueHHoi Ha X pa3roH
JMHEWHBIM YCKOPUTEIIEM, U PAa3JINYHbIC pPacYeTHbIC 3HAYEHUsI KWHETHUYECKON Hepruu 31ekTpoHoB Ek1 u Ek2
IIPU 3TOW CKOPOCTH, MoiyueHHble JInanrzao ®@an no gpopmynam (11-1) u (11-2), a Takke KHHETHYECKAS
sneprus Ek3, Ek40 u Ek4, paccuntanHas MHOIO 110 Kitaccuueckoit hopmyie (11-4), mis nabirogaeMoit
ckopoctu Vnab/Vs u pacuernoit Vras/Vs, 3HadueHrEe KOTOPO MOITY4EHO PH MOJICITUPOBAHUH Pa3roHa
AJIEKTPOHOB Kak Oe3 ydera addexra C-V Ek40, Tak u ¢ yuerom storo addekxra coracHo popmyie (12-1) Ek4.

E, MsB 0,025 0,035 0,045 0,055 0,065
Vnab/Vs 0,313 0,369 0,412 0,449 0,480
Ek1, M>B 0,0270 0,0388 0,0498 0,0609 0,0715
KIIA1, % 108 111 111 111 110
Ek2, M»B 0,0244 0,0337 0,0417 0,0491 0,0558
KITA2, % 97,8 96,2 92,6 89,4 85,9
Ek3, M»B 0,02503 0,0348 0,0434 0,0515 0,0589
KIIA3, % 100,1 99,4 96,4 93,7 90,6
Vras/Vs 0,313 0,370 0,420 0,464 0,504

Ek40, M>B 0,0250 0,0350 0,0450 0,0550 0,0650
KI1/140, % 100,0 100,0 100,0 100,0 100,0

Vras/Vs 0,281 0,326 0,363 0,395 0,423
Ek4, M>B 0,0202 0,0271 0,0337 0,0399 0,0458
KI114, % 80,7 77,6 74,9 72,5 70,5

A BOT mouyemy 3TO NMPOUCXOAUT JIaBaiiTe ceifuac u momnpodyem pazo0parbes U UL STOrO MPUMEHUM Ha
MpaKTHKE 3TOT camblii "3 ekt C-V", 0 KOTOPOM U TOBOPHUT aBTOP CTaThH. B cBoeii padoTe [68] s momyumi
dopmyny (12-1) cunbl AeWCTBYIOIIEH HA pa3rOHAEMBIH IEKTPOH, KOTOpasi yYUTHIBAET CKOPOCTh IBUYKECHHSI
MPOOHOTO Tea, UCXOIS U3 3TOTO caMoro 3P QeKTa, M KoTopas Kak pa3 U MPUMEHUMA JUTST JAHHBIX
HKCHEPUMEHTOB, /1€ Y HAC HCTOYHMK I10JIs1 IOKOUTCS, a TPUEMHUK (MpoOHOe Tesno) aBuxercs. M cornacHo 3Toi
dbopmyne, eciii CKopocTh poOHOTOo Tenma V=VS, To Ha Teno He OyAeT eldCcTBOBaTh HUKAKas CHIIa, a, €CIIN
poOHOE TeNo MOKOUTCS, TO Ha Hero OyzeT aelcTBoBath cuia FO, T.e. paccunTanHas st CTATHYECKOTO CITydasi.
JIJ1st HaIero JTMHEHHOTO YCKOPUTEIIS, KOTOPBIA MBI OyZieM paccMaTpuBaTh HE KaK, HApUMep, WHAYKIIMOHHBINA
YCKOPUTEIb, T.K. HAM HEU3BECTHA €r0 KOHCTPYKIIHUS, a IPOCTO KaK YCKOPUTEIbHYIO TPYOKY MpsSMOTo JeicTBus,
KOTOpBIE YCIICIITHO MTPUMEHSIIOTCS ITPH HAaNpsbKeHusx U B 5 MB, sta cuna onpenenutces kak FO=E / L. 3aech
SHEprus, 3aTpadeHHas Ha pa3roH yacTull E Oyner paBHa paboTe o pa3roHy YacTHIl, a MOCIEAHAS MO
OTIpe/ieNICHUIO BbluncisieTcs Kak cuiia FO yMHOXUTD Ha MyTh L, T.e. Ha AJIMHY YCKOpUTENs. A BOT aBTOP 3TUX
HKCIEPUMEHTOB IIOYEMY-TO MMOCYUTAN, YTO €My 00Jiee BBIFOJTHO PaCCUUTHIBATh cuily F He o gopmyie (12-1), a
o ¢opmysie (12-2) 1 000CHOBBIBAET OH ATO TEM, YTO MEXKy SHeprueH (padoToif) U CHUIION TOJDKHA
CYIIIECTBOBATh KBaJpaTUYHas 3aBUCUMOCTb OT CKOPOCTH. ITO, KOHEYHO, OUYEHb ''cMenas’ TMIoTe3a, HO 4TO He
clienaenib, YToO0bI MOIOTHATH CBOIO TEOPUIO MO HY>KHBIN pe3ysbTaT (BOT TOJBKO MOHM PacueThl JUIsl IEPBOTO



IKCIIEPUMEHTA JIAIOT MIPU 3TOM, T.€. TIPU MCIOIB30BaHUU €ro popmyisl (12-2), eme MEHBIIYI0 CKOPOCTh, YeM
o opmyie (12-1), T.e. pe3ysnbTaT M0 CPaBHEHUIO C HAOII01aEMOI CKOPOCTHIO TIPH 3TOM YXY/IIIIACTC).

F(x) = FO*(1 — V/Vs) (12-1)
F(x) = FO*(1 — V/Vs)"2 (12-2)

[TosTomMy He OyneM OoJibllie TEPPOPHU3UPOBATH aBTOPA "'TAMIICEBCKOM PEISTUBUCTCKOM MEXaHUKH ", a
MIOCMOTPHM, YTO Y HAC TOJIYYUTCS, €CITH MBI CHITY, JCHCTBYIONIYIO HA PAa3rOHAEMOE TeJI0, OyAeM BBIUUCIATH 110
dbopmyne (12-1). BriBecTu 3/1€Ch TEOPETUUECKYIO 3aBUCUMOCTD Y HAC HE MOJMYYUTCs, T.K. U1 3TOTO HaM HaJl0
3HATh KaK y HAC M3MEHACTCS CUJIA, ICHCTBYIONIAs Ha JJICKTPOHBI WK B QYHKIMK BpeMenu F(t) nin B pyHKIMN
npoiinenHoro mytu F(X), a eme nydie, eciii HaM OyIeT U3BECTHA CPEMHSS CUJIA 110 ITYTH, T.K. TOT/Ia MBI O4CHb
MIPOCTO HaWJIEM SHEPTHUIO IEKTPOHA B KOHIIE Pa3roHa, Kak MPOU3BeIeHUE 3TOM CUIIbl HAa TPOAeHHbIHN myTh. Ho
y HacC €CTh TOJIBKO 3aBUCUMOCTD (12-1) 1uist 3Toi cHJIbl B DYHKIIMU CKOPOCTH AiekTpoHa F(V) moatomy st Oymy
3Ty MPOCTEHIIYIO 33]]aUKy peliaTh YUCICHHBIMU METOJaMi. MHOTHe, HaBEpPHOE, B MIEPBLIi pa3 CTOIKHYIIUCH C
TEM, 4TO, KOT/Ia TOBOPST O CHJIE, TO HAJIO0 BCEr/la YTOUHSITh O KAKOW CHJIE HIET PeUb, T.K. CPEIHSS CHJIA 110 TYTH
pa3roHa AJIEKTPOHA OYEHb Jake HE paBHA CpelHEl CHIie IO BpEMEHH pa3roHa, a B y4eOHUKAaX MaTeMaTHKO-
(U3MKK IO YMOJTYAHUIO BCETa UCIOIB3YIOT TOJIBKO CHITY 3aJJaHHYIO B (YHKIIMU OT BPEMEHH, HO B TIPUPOJIC
TaKUX CHJI HE CYIIECTBYET, T.K. OHHM BCET/a 3aBUCIT OT KOOPAUHAT (TMIepEeMEILeHNI) U CKOPOCTEM, a HE OT
BpeMenu. K Tomy ke, paboTa y HaC 10 onpeielieHHI0 paBHa pou3BeneHuto F(X) Ha nmpoiiieHHbIH TyTb.
[TosTOMy st BKpaTiie OCTAHOBJIIOCH Ha 3TOM BOIIPOCE U BOCIPOM3BeAy pHc. 37 U3 CBOCH cTapoit pabotsr [74], rue
s PACCMOTPET YAap YIPYroro mapa B )KECTKYIO CTEHY.
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Puc. 37. 3aBucumocTts cuibl yaapa F u ckopoctu mapa V B pyHkiun Bpemenu t u ero aedopmarun X.
BocnpousseneHo u3 pabotsi [74].

3neck y Hac map Maccol 1 Kr, xkecTkocTh KoToporo 10 kH/mM, ynapsiercs B creny co ckopoctbio 10 m/c. [Tpu
ATOM MakcuMalibHas nedopmarus mapa Oyzaer 0,1 M, a MakcuManbHas cuila B msTHE KoHTakTa Oyner 10 kH *
0,1 m= 1000 H. IIpu sTom cuna ynapa B pyHKIIMH POHAEHHOTO mIapoM myTu (nedopmarnuu mapa) F(X)
OTPa3UThCS ABYMS MPSIMBIMU JTUHUSIMH (ITpH JedopMaluy 11apa U pu OTCKOKe, T.€. Koraa nedopmanus 0yaet
YMEHbBIIATHCS). A BOT BpeMs Bcero yaapa npu 3tom oyzaer 0,0314 ¢ u B pyHkImMu Bpemenu yaapa ata cuia F(t)
OyZeT U3MEHSThCS 10 MapadboIruecKoi 3aBucuMocTy. M, eciu Mbl Tenepb MOCYUTAEM CPEIHIO CHITY yAapa 1o
BpPEMEHHU yzapa, To y Hac nonyuutcst 637 H, Ho cpeanss cuiia B GyHKUMU fedopmanuu mapa oyaer Toiasko 500
H u Tonbko 1o atoii cpeaneii cuiie F(X) 1 1o myTH, B TeUeHHE KOTOPOTO OHA ICHCTBOBAA, pacCueT
COBEpPILIEHHOH €10 paboThl JacT NpaBUIbHOE 3HAYCHUE KWHETUYECKON SHEpruy 1mapa 10 yaapa, 1.e. 50 H*m. U
AHAJOTHYHO y HAC OyIyT U pa3Hble CKopocTH aedopmarnuu 1rapa B GpyHkuun Bpemenu V(t) u B QyHKIwH
npoiinenHoro mytu V(X). [a, B TeX peaKux ciydasx, Korja HaMm He TpeOyeTcs SIBHOe 3aaHne criibl Kak F(t)
w F(X), T.e. Korna Ha TeJa JAeiicTBYeT Bcera MOCTOsIHHASL CHla, HA 9TO MOYKHO He o0palath BHUMaHHs, HO B



HAaIlIeM SKCIIEPUMEHTE y Hac KaK pa3 TOT CIyd4aid, KOr/1a 3TO HAJ0 yYUTHIBaTh, @ B TAKOM CIIydae Mbl MOKEM
PELINTH ATY 3aJ]a4y TOJIbKO YMCICHHBIMU MeTofaMmu. W Ha puc. 38-1 BbI BUIKTE pe3ybTaThl 3TOTO pacyera,
KOTJIa sl MOJICIIUPOBAJT MTPOIECC PA3TOHA DIICKTPOHOB B JIMHEHHOM YCKOPHUTEIIE MPH ICHCTBUM Ha HUX CHITbI F(V)
paccunTanHou 1o popmyie (12-1). Pe3ynbTaThl 3TUX BEIYUCIUTEIBHBIX SKCTICPUMEHTOB OTPAKCHBI B
MOCIIEAHEH CTPOKe TadI. 4, T/Ie MBI BUJUM, YTO PacUeTHBIC 3HAYCHUS CKOPOCTEH MOTYUHUIHCh HEMHOTO
MEHbIIIe, YeM HalJIr01aeMble, HO SHEeprus 371eKTpoHoB EK4, paccunTanHas MOJHOCTHIO IO KJIACCUYECKOM
(dbopMyIie gana mpu 3TOM BIOJHE peanbHble 3HaueHus: KI1/14 mst yckopuTens.
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Puc. 38-1. 3aBucumocTts cuitbl F, gelicTByrommil Ha 3JIEKTPOH, U €ro CKOpocTd V B (PyHKIMH BpeMeHH t u
NPOMCHHOTO UM B ycKopuTene myTu X. ClieBa pu HanpspKeHUH Ha KoHIax yckoputens 0,025 MB, a cripaBa
0,055 MB. Macmita6 ckopoctu 20 (Tbic.kM / ¢) / cM. Cxpuninor nporpammsl Galileyl.

A, ecnu He yUHUTHIBaTh ATOT 3 dekT, To Kimaccuueckuit pacuet nact KII/I yckoputens 100%, 9To u oTpakeHo B
tabu. 4 nus sHepruu nektpona Ek40. Takum oOpa3om, X0Tst Obl KAYECTBEHHO, MO PACUEThI COBIAIAIOT C
HaOII01aeMBbIMHU TaHHBIMU. HEMHOTO Xyke y MEHSI ITOJIyYMIIACH PE3YIbTATHI ISl BTOPOTO SKCIIEPUMEHTA (CM.
Tabm. 5), rae omubKka pacyera (WM OLIMOKA B AKCIIEPUMEHTANIBHBIX JIaHHBIX ) IPUMEPHO TaKas ke, HO 3/1eCh He
OYEHb XOPOIIO pacuyeTHBIE TaHHBIE TT0 TEMIIEpAaType HarpeBa MUIICHA OTPAKAIOT HAOII0JaeMble JTaHHBIE TaKe
Ka4yeCcTBEHHO, XOTs nosrydyeHHbIi no HuM KIIJ[ oTpakaet nux kauecTBEHHO BIIOJIHE MPHIIMYHO. A BOT
TeMIIepaTypa HarpeBa MUIIEHU B MOMX PacdyeTax OCTAeTCs MPAKTUYECKH OJMHAKOBOH, T.K. BO BCEX OIBITAX, KaK
3TO clieAyeT U3 puc. 38-2, 3JIeKTPOHBI B IpoIiecce pa3roHa ObICTPO Pa3rOHSAIOTCS MPAKTHUECKH 10 CKOPOCTH
CBETa U JAJbIIE UX CKOPOCTh HE PaCTeT.

Ta6nuia 5. Habmogaemast temrniepatypa HarpeBa muineru dTnab mpu 6omOapanpoBKe ee 3JeKTpOHaMH C
pas3Holi sHepruu E 3aTpadyeHHoil Ha UX pa3roH, U Habaromaemsblit ipu 3ToM KII/I yckopurens, a Tak e
pacueTHble 3HaueHus 3Toi TemnepaTtypsl dT1, dT2 u dT4, nonydyeHHble pu pa3HbIX BapuaHTax pacueTa
TEOPETUYECKON CKOPOCTH 3JIEKTPOHOB.

E, MsB 6 8 10 12 15
dTnab, rpax 0,25 0,30 0,32 0,34 0,35
KIIH, % 10,03 9,03 7,70 6,82 5,62
dT1, rpan 2,52 3,36 4,20 5,04 6,35
dT2, rpan 0,130 0,141 0,142 0,143 0,145
KI1A2, % 5,89 4,44 3,56 2,95 2,38
dT4, rpan 0,106 0,106 0,106 0,106 0,106
KI1/14, % 4,258 3,194 2,555 2,129 1,703
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Puc. 38-2. 3aBucumocts critbl F, 1eCTBYIOIIMI Ha 3JIEKTPOH, M €ro CKOpocTH V B pyHKIMU BpemeHu t u
IIPOHJEHHOI0 UM B ycKopuTese myTu X. CieBa npu HapsbKeHUU Ha KOHLax yckopurens 6 MB, a cripasa 12
MB. Macrira6 ckopoctu 20 (Tbic.kM / ¢) / cm. CkpunioT mporpammbl Galileyl.

[Tpu 3TOM pacyer aBTOpa CTaThH IO ero Teopuu [uis 3HaueHus dT2 MOXKHO HEe paccMaTpuBaTh, T.K. TaM
IPOCMATPHUBACTCS sIBHAS MTOJTOHKA, a €ro pacueT 1o Gopmynam Ditamreiina aas dT1 BooOie oTopBad oT
peanbHOCTH, T.K. TaM mosrydaercs npocto cymaciueanmid KI1J] (s ero gaxe cuurats He crain). [loatomy s
PEIIWII IepecunTaTh JaHHbIe, KOTOPbIe TOJDKHBI monydarbes cornacHo CTO. it 3Toro s cMoaenupoBa
MPOILIECC PA3TOHA IEKTPOHOB COTIIACHO (GOPMYJIaM, OTPAKAIOIIMM POCT UX WHEPIIMOHHOW MacChl C POCTOM
ckopoctu corsiacHo ¢popmynam (10-1) u (10-2). I[Tpu 3TOM BBITIOIHIII SKCIIEPUMEHTHI B IBYX BapuaHTax (He
CUUTasl BApHAHTOB IPOOIBHON U MONEPEYHO Macc). B mepBom BapuaHTe 51 pacCUUTHIBANI YCKOPEHHE
3JIEKTPOHOB 10 BTOpoMy 3akoHy Hetotona mmo popmyie Ditnepa dV/dt= F/m, rae m Ha kax oM mare pereHus
Opanack paccuntanHas o gopmynam (10-1) umu (10-2). A Bo BTOpOM BapHaHTe sl pACCUUTHIBAT MO (popMyIie
Herotona d(m*V)/dt=F, rue Beipakenus s yckopenus dV/dt (10-11) u (10-12) st momyuw ¢
UCIIOJIb30BaHUEM MaTeMaThuueckoro nakera Maple. B o6oux ciydasix, Korja UMITyJIbC BBIYHCIISIICS H C
MCTIOJIH30BaHUEM MPOJIOIBHON MACCHI M C MCIIOJIb30BAaHUEM IMOTIEPEYHON MACChI, BRIPAKEHUS ISl YCKOPEHHS
3JIEKTPOHA MOJIYYHJIUCH TI0BOJIBHO TaKH TPOMO3JIKHE, HO PEIlIEHUE STHX YPABHEHUH YUCIIEHHBIMU METOJaMH
TaK e, KaKk ¥ YTOYHEHHE Ha KaXJIOM IIare peeHus peITHBUCTCKON MacChl TP UCIIOJIB30BAHUY JIJIsl pacyeTa
yCKOpeHu# Gpopmyiibl Ditniepa, He IpeCTaBisieT HUKAKUX CI0XKHOCTe!. 1 B pe3ysbrare s Mosyyui1 JaHHbIE A1
nepBoro skcrepumenTa Jlnanrzao @ana, KOTopble OTpakeHsl B Ta0d. 4'. A U3 3TUX JTaHHBIX Mbl BUJUM, YTO
pacueTHasi CKOPOCTh IEKTPOHA MPH UCTIONIb30BaHWH ypaBHeHus: Herorona d(m*V)/dt= F, koraa mbl B
BBIPKCHUU [T UMITYJIbCa HCIIOJIb3yeM mornepeunyo Maccy (10-2), coBmagaer co CKOpOCThIO MOTYyYSHHOMU TI0
ypaBHenuto Ditnepa dV/dt= F/m, koraa Mbl HCIONb3yeM [Uisl pacdeTa HHEPLUOHHONW MacChl JJICKTPOHA
bopmyny amst pacdera npoaosibHoi Macesl (10-1).

m || =m0/ (1 - (VIVS)*2) L5 (10-1)
m_| =m0/ (1 - (V/Vs)*2)"0,5 (10-2)

dV/dt= F*VSA25[1 - (VIVS) 2] H{mO*[VsA2*(L - (VIVS)2)A2,5+3*VA2%(1 - (VIVS)"2)M,5]}  (10-11)
dV/dt= F¥VsA2*[1 - (VIVS) 2172 I{mO*[VsA2*(L - (VIVS)M2)ML,5+VA2*(1 - (VIVS)A2)M0,5]F  (10-12)

dV/dt= F*[1 - (VIVS)A2]2.5 [{mO*[1 + 2*(V/Vs)*2]} (10-11)
dV/dt= F*[1 - (VIVS)*2]A1.5 / mO (10-12))



Tabmuua 4'. Habnronaemas ckopocts anekTponoB VNab/Vs npu pasHoii sHeprun E, 3arpaueHHOi Ha UX pa3roH
JIMHEWHBIM YCKOPHUTEIIEM, U pa3lINuHbIe pacyeTHBIC 3HAYCHUS UX cKopocTH Vras/Vs, momy4eHHbIe pH
MOJICTTMPOBAaHHMH Tpoliecca pa3roHa no ypasuenusm Ditnepa dV/dt= F/m u no ypaBuenusm Helorona
d(m*V)/dt= F, korza B BelpaxkeHuu s umiryiasca (HpioToOH) vtk utst pacyeta HHEPTHOM Macchl (Ditnep) u st
pacdera KHHETHYECKOM SHEPTUH AJIEKTPOHA 110 Gopmyrie (9) UCIIONB3yeTcs POAOIIbHAS PEISTUBUCTCKAS Macca
m|| 1 momepevHast M_|_, a Tak ke KJIaCCHYECKHI pacyeT ¢ UCIoiIb30BaHueM MO, T.e. MacChl HE 3aBHCSILEH OT
CKOPOCTH 3JICKTPOHA, ¥ KOTJ[a €ro KUHETHYECKasi SHepIusi paccuuThiBaeTcs o Gpopmyse (11-4).

E, M>B 0,025 0,035 0,045 0,055 0,065
Vnab/Vs 0,313 0,369 0,412 0,449 0,480
Vras/Vs (m0) 0,313 0,370 0,420 0,464 0,504
KIIJT Ditnep, % 100,0 100,0 100,0 100,0 100,0
Vras/Vs (m]) 0,302 0,352 0,394 0,430 0,461
KIIJ1 Diinep, % 314,9 321,0 327,2 333,5 339,8
Vras/Vs (m_| ) 0,309 0,364 0,410 0,451 0,488
KI1JT Ditnep, % 105,2 107,3 109,6 112,1 114,6
Vras/Vs (m)) 0,285 0,327 0,361 0,388 0,412
KI1JT HetoTom, % 2767 269,8 263,7 258,4 253,6
Vras/Vs (m_| ) 0,302 0,352 0,394 0,430 0,461
KI1JT Hetoron, % 100,0 100,0 100,0 100,0 100,0

Boree Toro, eciiu ObI 51 BOCIIOJIB30BAJICS IS B3SITUS IIPOU3BOIHBIX KAIBKYJISATOPOM Ha caiite
https://www.wolframalpha.com , To 3To ctano Okl 04eBUIHO U O€3 PEIICHUs ITUX YPaBHEHHIA, T.K. BEIPAKECHHS
MPOM3BOHBIX JUIS pEalTbHBIX 3HAYCHUH TEPEMEHHBIX, KOTOPBIE MOy4aroTcs Ha 3ToM caiite (10-11") u (10-12°)
BBITJISIAT TOpa3io 0ojiee KOMIAKTHO. B pe3ynbpraTe Mbl BUIUM, 4TO, HAIIPUMED, ITPH UCITIOIH30BAHUH B
BBIPKCHUH I UMITYJIbCa TIONIEPEYHON MACChI, €CITU YIIPOCTHTh MOe ucxoqHoe Bhipakenue (10-12), To y Hac
HOJIYYHUTCSI TO JK€ BBIpaXKEHHE JUTs yeKopeHus 31ekTpoHa (10-12"). A u3 3Toro BeIpaeHHs SICHO BUIHO YTO,
KOTJIa MBI pacCMaTPUBAEM Pa3TrOH AJICKTPOHA C JACHCTBUEM Ha HErO CHIIbI B TOM JKE HAIPABICHUH, YTO OH
JBUKETCS, TO HAJI0 UCTIONIh30BaTh B ypaBHEHUH Diliiepa npoaonbHyto Maccy (10-1), BenuuuHy KOTOPOiA MBI
YTOUHSIEM Ha Ka)XKJIOM IIare PelieHus, HO BRIPAKCHUE JUTS ATOMH e TPOI0TbHON MacChl UCIIONb3YETCS U B
BeipakeHnH (10-12') monaydeHHOM IpH MUCTIONB30BAaHHUH ISl ONIPE/ICIICHHS YCKOPEHHS DIICKTPOHA YPaBHEHUS
HeroTona, korna Mel ipu muddepenimpoanun d(m*V)/dt ucrnons3oBanu 115 BRIpaXKEHHUS UMITYJIbCA
nonepeunyto maccy (10-2). U npu 3ToM pacdeT KHHETHYECKO# SHepruu 1o Gpopmyie (9), Kak 3To ciaeayeT u3
TaHHBIX Ta0I. 4", maet Oojiee-MeHee peabHbIC 3HAYCHHsI TOJBKO B TOM CITydae, KOTJia MbI HCTIOJIb3YeM B HEH
nornepedHyro maccy. bonee Toro, pacuer o ¢popmyie (9) ¢ UCTIONB30BaHUEM ONIEPEYHON MACCHI (TaK XKe, KaK
U KJIACCHYECKHIl pacyeT, T.€. C UCIOJIb30BAaHUEM HEM3MEHHON MAaCChl) TIOJIHOCTBIO MOITBEPIKIACTCS PACUETOM
paboThI BHEITHHUX CHJI IT0 pa3roHy 3JieKTpoHa coriacHo hopmyie (11-5), rae F(t)*V(t) ato MrHoBeHHast
MOIIIHOCTh BHEIIHUX CHJI, a Ot 3T0 MHTEpBa BpEMEHH B TEUEHHE KOTOPOTO 3Ta MOIIHOCTh YBEINYMBAIA
KWHETUYECKYIO DHEPTHIO AJIeKTpoHa. Y MeHs B mporpamme Galileyl stor maTepBan 3agaercs Kak mar
YHUCIIEHHOTO pelieHus TUu(PepeHIINaTbHBIX YPaBHEHUH, OMUCHIBAIOIINX JABHKCHUE JIEKTPOHA M MOJTYYECHHBIX C
UCIIOJIb30BaHUEM Kak ypaBHeHus: Hprorona d(m*V)/dt= F, Tak u ypaBuenus Ditnepa dV/dt= F/m.

A= Sum (F()*V/(t)*dH) (11-5)



Tabnuua 4". Kunernueckast 3HEprus 3JEKTPOHA IIPU €ro pa3roHe B YCKOPHUTENE IPU SHEPTUH, 3aTpaueHHON Ha
pasron 0,025 M»sB, paccunTanHas o ckopocTd Vras, moJlydeHHOU B Ta0J1. 4', KOraa 3Ta SHEPTus
paccuuThiBaeTcs ¢ ucnoiab3oBanueM dopmyn (9) u (11-4), a Takke paboTa BHEIIHUX CHJI IO PA3TOHY
AJIEKTPOHA, paccurtanHas mo popmyie (11-5).

Vras 9 11-4 11-5

(m0) Ditnep 0,313 0 0,025 0,025
(m||) Ditnep 0,302 0,0787 0,0233 0,025
(m_|) Diiep 0,309 0,0263 0,0244 0,025
(m|]) Heroron 0,285 0,0692 0,0207 0,025
(m_|_) Hetoron 0,302 0,0250 0,0233 0,025

Takum 00pa3oM, eciu MblI IosTydaeM AudQepeHIraIbHOe ypaBHEHHE, ONUCHIBAIONICE IBIKEHUE AIICKTPOHA
BJIOJIb JIMHUH JICHCTBHSI PA3TOHSIONICH €ro CHIIBI, TO KHHETHYECKYIO DHEPTHIO HAJIO BCETa PACCUUTHIBATH C
UCIIOJIB30BAHUEM IOTIEPEUHON MACCHhI, a, KOTJ1a Mbl TIoTy4aeM JudhepeHIInabHOEe ypaBHEHHE, OITHCHIBAIOIIICE
3TOT MpoLEecC, TO B popMyIie Diiepa HaJl0 UCTIONB30BaTh MPOIOIBHYIO Maccy, a B popmyne HeroToHa
MOTIEPEYHYI0. A BOT, KOT/Ia Ha 3JIEKTPOH OyJeT AeiCTBOBATh CHIIA TIEPIICHIUKY/ISIPHAS CKOPOCTH €ro
JIBUKCHHSI, HAITPUMEP, TPU €T0 IBIYKEHUU 110 OKPYKHOCTH BOKPYT SIpa, TO 3/I€Ch MOJydaeTcsi, 4To B (hopmyrie
Ditnepa HaI0 MCIIOJIL30BATh MOTIEPEUHYI0 MAcCy, HO BOSHHUKAET BOIIPOC - KAKYIO )K€ B 3TOM CJIy4ae Maccy HaJo
UCTOJIb30BaTh B popmyiie HproTOHA, YTOOBI B OKOHYATEILHOM BHJIC TIOJYYUTh IMONEPEUYHYIO Maccy. T.e. MbI
BHJIUM, YTO MOHATHE PEIIITUBUCTCKON MAaCCHI SIBJISICTCSI OYCHD YCIIOBHBIM, XOTSI MHE MOTYT BO3Pa3UTh, UTO B
BBIPXKEHUH JIJIS1 PEISTUBUCTCKOTO UMITYIIbCA HET HU MPOJIOJILHOM HU MOMEPEYHON MacChl, a €CTh TOJIbKO
PEIATHBHUCTCKASI Macca, KOTOpasi IMEET BhIPAXKCHHE COBIAIAOIIEE C TIOMEPSUYHON MaCCOM, a OTH BBIPAKEHUS
JUTSL IPOJIONIBHOM U TIOTIEPEYHOMN MacChl MOSBISIOTCS TOJIBKO Mocie AudepeHnpoBaHns UMITYIbCa B
BEKTOPHOM BHUJIC H SBIIIOTCS aHAIOTAaMH WHEPIIMOHHOM MAcChl P MCIIOIB30BAaHUH BTOPOTO 3akoHa HeroToHa
B (hopmynupoBke Diinepa. Ho, TyT s MoOTy cienaTh BCTPEUHOE BO3pAKEHHE - a OTKY/Aa OHO BOOOIIIE B3SJI0CH ATO
BBIPKEHHE JIJISl PEIATUBUCTCKOTO UMITYJIbCa. bricTpee Bcero, oTBETOM OyieT - cMoTpu naparpadst 8 u 9 Bo
BTOpPOM ToMe Kypca usuku Jlanaay (Teopus mons) [41]. Ho, eciiu MbI TOCMOTpUM 3TH miaparpadsl, TO
BOIIPOCOB Y HaC BO3HHUKHET elie Ooublie, T.K. Jlanmay moiaydaer BeIpaKeHHE IS PEISITHBHCTCKOTO UMITYJThCa
HE TOJIBKO C UCIONIb30BaHUEM MpeoOpazoBanuii Jlopenna uz nokoserics MCO B aeuxymiytocs MCO, HO U ¢
MCIOJIb30BaHNEM TIPHUHIIAIIA HAUMEHBIIIETO JCHCTBHSI, TJI€ Y HETO UCIONIb3yeTcs PyHKIMS Jlarpanxka.

Tax Bot, A1 cBeneHus rpagomana Jlanaay, B MexaHuKe Takue 0a30Bble MOHATHUS KaKk Macca, UMITYJIbC U
KMHETUYECKasi SHEPIUsl (II0JIOBMHA KUBOM CHJIbI) MOSIBUIMCH B HayKe 3a70iro 10 nossiueHus CTO u naxe
3aJ10JIT0 70 nosiBieHus Jlarpankuana ¥ MpuHIUIIA HAMMEHBUIETO IEHCTBUS, a TO3TOMY UMEHHO MOCJIEeTHUE
MOTYT OBITh MOJTYYEHBI C UCIIOJIB30BAHUEM MACCHI, UMITYJIbCa U KHHETHYECKOU YHEPruu, a He HaoOopoT. Ho
Jlannay cnenys cBoemy JTHOOMMOMY NPUHIUITY HAUMEHBIIIETO JEHCTBUS YXUTPSAETCS HE TOJIBKO MOIyYUTh U3
Jlarpan>xnana BeIpaXeHHE JUIsl PEIATUBUCTCKOIO UMITYJIbCA, HO 1aXKE CIEJaJl ITOIYTHO BETMKOE OTKPBITHE O
TOM, 9TO Macca TeJ 9TO OKa3biBaeTcs OykoBka "a" B ero Jlarpanxuane. A KOHKPETHO OH B TIEPBOM TOME CBOETO
Kypca Gusuku (MexaHuka) Hamucal

"...m.e. pynxyusa Jlazpandica 6 paccmampusaemom ciyyae npAMo RPONOPYUOHANbHA K8AOPAMY CKOPOCHU :
L=a*V"2. ... [locmosmnyio a npunsamo obosnauyams kax M/2 ... Beruuuna M nazvléaemcs maccou
mMamepuanbHoU mouxu."

[TpaBna B mocnennem u3nanuu ero Mexanuku [40] OykoBky "a" yOpaiu ¥ 9TO €ro BETUKOE OTKPHITHE
OTMEHUIIH, HO BOT €T0 BBIBOJ ()OPMYJIBI PEIATHBUCTCKOTO HMITYJIbCa C UCTIOIB30BAHNEM IIPUHIIUIIA
HAaMMEHBIIETO JACWCTBUS, KOTOPBIH s ceiiuac pacCMOTPIO, IPOI0JIKAET 3paBCTBOBATh. A HAYHEM MBI C TOTO,



YTO MPUHIIMIIA HANMEHBILETO ACUCTBHS B IIPUPOIC HE CYLIECTBYET B 1000 popmysuposke [70], koux
CYIIECTBYET OrpOMHOE KoanuecTBo (Jlannay nmpu BbiBoJie (pOpMyYIIbl pEISITUBUCTCKOTO UMITYJIbCA UCIOIb3YET
JIBE CaMBbIX MEPBBIX (popMynupoBku Ditnepa u Jlarpanka, koropsie 6butn 200 J1eT TOMY Ha3ax U OT KOTOPBIX
BCE YK€ JaBHBIM-JaBHO OTKA3aJIUCh, T.K. B HUX CJIIMLIKOM SIBHO BUJJHA OIIMOOYHOCTb 3TOT0 NPUHLIUIA, U
MEPBBIM OT HETo OTKa3ajics caM Diijiep, KOTOPBIN U 1l IEPBYIO0 MATEMaTHYECKYIO (POPMYITHPOBKY ITOMY
HNPUHLUIY). XOTs, COIJIACeH, YTO YMCTO MATEMATUYECKH ATOT IPUHLIUI JIaKE B ATUX MEPBBIX (POPMYIHMPOBKaAX
co0III01aeTCsl B OIHOPOHOM IIOJIE, T.€. B II0JI€ aHAJIOTUYHOM IIOJI0 IUIOCKOTO KOHJEHcATopa. A, Hanpumep, B
cepuuecKux MoJisix, KOTOpble B IpUpoJe BcTpeyaroTes B 99,9% ciydaes, Wiin Npu HATMYUKU TPEHUS 3TOT
MPUHIUI HE COO0aeTcs, T.€. (PaKTUYECKH OH ABJSETCS YUCTO MAaTEMaTHUYECKUM MPUHIIUIIOM, KOTOPBIHA
0a3upyeTcs TOJIbKO Ha OJTHOM YaCTHOM IpUMepe IBUKEHUS B OJHOPOIHOM I10JIe U 0€3 TpeHusl.

Ho nomyctum, 4yTo yacTuiia y Hac ABMXKETCS B OJIHOPOAHOM 110JI€ U 0€3 TpEeHHUs, KOT/Aa 3TOT MaTeEMaTUYECKUI
MPUHIUIT coOro1aeTcs. A TyT Mbl BUIuM Y JIaHnay sSiBHYIO OIIMOKY, KOTJIa OH JICUCTBHE 1O Diliiepy
IIPUPABHUBACT K IEUCTBUIO 110 JIarpan:Ky, HO BMECTO KUBOW CUJIbI HCIIOJIb3YET KHUHETUUECKYIO dJHEpruto. B
bopmynupoBke Ditiepa JeicTBrE ObLIIO PaBHO MHTETPATY MO MYTH OT UMITYJIbCA YaCTHIIB, T.€. OT M*V*ds.
Jlarpanxy nis npugaHust BUAMMOCTH (PU3NYECKOM OCHOBBI CBOEMY MaTeMaTUYECKOMY METOTy YMEHBIICHHUS
KonuecTBa AudQepeHnanbHbIX YpaBHEHUN, ONMCHIBAIOIINX TTOBEIEHUE CHCTEMBI, 3Ta (POPMYJIUPOBKA HE
oAxouia (X0Ts, Kak OH caM )K€ U MUIIET, ’TO MOKHO ObLIO clieNaTh U 0€3 MPUBJICUYEHUS ITOr0 IPUHIINIIA) U
03TOMY OH 3aMeHmI S Ha V*dt, a B pe3yabTaTe y HEro moaydnics HHTErpaj o BpeMeHu oT M*VA2*dt, t.e. y
Jlarpanxa Hukakoit GpyHkiun Jlarpanxa He ObUTO, T.K. Y HETO IO/ MHTETPAJIOM OblLiIa )KMUBasi cuja (yABOSHHOE
3HaYeHUE KUHETHUECKOH sHeprun). A B pe3ynbprate y Jlarpanka nelicTBrue ObUIO YMCIEHHO PaBHO JEHCTBUIO Y
Diinepa, a y Jlangay aeiicrBue o gpopmysie Jlarpamka moydaercs B ABa pa3a MEHbIIE IeHCTBUS 110 Gopmyrie
Diinepa, HO OH NpH HaxoxAeHuu Jlarpamxkuana (8-2*) cuutaer ux paBHbIMH. TakuM 00pa3oM, HAXOKICHHE
Jlannay Beipaskenus st pyHkuuu Jlarpamka (8-2*) u3 KOTOpOit OH OTOM HAXOAUT BBIPAKEHHE JUISI
PEISTUBUCTCKOTO UMITyiibca (9-1%) sBHo omnbouHo. M naxe, eciiu MpeanoioknTh, YTO PH pacyeTe IeHCTBUS
1o Jlarpan)Xy OH UCIIOJIb3YET BhIpaKEHUE I PENATUBUCTCKON KHHETUUECKON S3HEPTUHU, TO, BO-TIEPBBIX,
IIoYeMy IIpHU pacyeTe ACUCTBUS 110 DUJIEpy OH MCIIOIb30BaJl BEIPAXKEHHUE IS KIIACCUYECKOTO UMITYJIbCa, a BO-
BTOPBIX, Ky/la B TAKOM CJIy4yae JIeJ1ach SHEPTUs TOKOS U MOYEMY PEISITUBUCTCKUI MHOXKHUTENIb OKa3ajcs B
YHCIIUTEINE, @ HE B 3HAMEHATEIIE.

B o0mieMm, nonydaetcs, uro GpyHkIuio Jlarpanka npu pacuete AeicTBus no JlarpaHxy oH Bce TakH ONpeaesser
0 KJIACCUYECKOW KMHETUYECKOM SHEPruu Tena, a TOr1a 3TO JAelcTBHUE He OylleT paBHO ACHCTBUIO 1O Diepy.
Be13piBaeT yausneHue u to, uyto y Jlanaay neiictsue no Diinepy u no Jlarpanxy nosydyaercs To
MOJIOKUTETHFHON BEIMUUHOMN, TO OTPUIIATEIILHOM, T.K. Uy Dilsiepa u 'y Jlarpan»ka 3To Obls1a CTPOro
MOJIOKUTENbHAS CKalsipHast BenuuHa. bonee Toro, y Jlannay Mbl BuauM aeiicteue o Diinepy B ero ¢popmyie
(8-1*), xak mHTEerpas o myTu ot ds, T.K. V y Hero no4eMy-To crajia KOHCTaHTO#, a IMEHHO CKOPOCTBIO CBETA,
U BMecTe C M BbIHECEHA 3a MHTerpall. JIannay cMyTHO OOBSICHSIET 3TO TEM, UTO OH paccMaTpUBaeT JelcTBre
JJIs1 YaCTHUIIbI HBI/I}KYHIGI\/'ICSI IMpU OTCYTCTBUH BHCITHUX MoJIeH M BHEITHUX CHlJI, T.C. )IBI/I)I(YHIGI;'ICSI
NPSMOJIMHENHO 110 MHEPLIUH, T.€. C TOCTOSHHON CKOpocThIo. Ho Tora He MOHATHO MoYeMy YacTHLA ABUKETCS
CO CKOpPOCTBIO CBE€TA U IPUYEM TYT BOO6HIG MMPUHIHXIT HAUMCHBIICTO )ICﬁCTBHSI, T.K. OTOT ONPHUHIOUII ITO3BOJIACT
OIpEIeNINTh UCTUHHBIHN MyTh (TPACKTOPHIO) YACTHIIBI IIPU BO3JICHCTBUM Ha Hee pa3IMyHbIX cuil, a Jlannay
3aJ1aeT 3TOT MyTh (IIpsiMast JIMHUS) B YCIOBUSX 3aJaui, T.K. Y HETO Ha TeJIO He IeUCTBYIOT HUKAKUE CHIIBI.

—
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M * CA2 * (1-VA2/cA2)M0.5 (8-2%)
m* V / (1-VA2/c72)70.5 (9-1%)

=]
1l

Hy, nomyctum, uto 3ta pynkuus Jlarpanxka y Jlannay 1eldCTBUTENBHO OTpaskaeT KHHETUUECKYIO YHEPTHUIO Tela
B ero cooctBennoit CO co 3HaKOM MUHYC, TJIe €r0 COOCTBEHHOE BpeMsI COTJIACHO MOIYyYeHHON UM hopmyIie
(3-1*) oymer dt*(1-V~2/c"2)0.5, rae dt Bpems B ucxoaHoi UCO. Ho ckopocThk TO Tena B €ro COOCTBEHHOM
NCO Oynet Bceria paBHa HYIIO U TaKUM 00pa3om, eciu y Jlannay B ucxoanoit MCO Jlarpamkuan, paBHBII
KHHETHUYECKOW dHepruu Tena, obut m*V/A2/2, ro B UCO aBmKyIerocs Teia oH OyaeT paBeH HYII0, T.K. HYIO
OyIyT paBHBI U KHHETHYECKAs DHEPTHUS U UMITYJIbC. M 006 3TOM mucan cam DUHINTEHH, KOT/1a pacCMaTpUBal



Borpoc o0 "peanbHOCTH" KMHETHUECKOM dHepruu B pasubix MCO [11 ctp. 620]. CnenoBartenbHo, BCe 3TH
pasriaronbscTBOBaHuA Jlanaay o 3amemyienun Bpemenu B MCO nBuxyIierocs tejia He UMEIOT HUKaKoro
OoTHOIICHUS K ero Jlarpamkuany (8-2%), a, cie1oBaTelbHO, U K BBIBOAY U3 HETO (JOPMYIIBI PENIITUBUCTCKOTO
uMItynbea (9-1%), rae mosBiaseTcs peISTUBUCTCKHUM YJICH, OTPaKArOITUi 3aMe/IJICHHE BPEMEHHU B JIBIKYIIICHCS
NCO, t.e. B UCO paBHOMEPHO 1BUXKYLIErocs Tena. M Takum o0pa3oM, BbIpaXeHHUE ISl pESITUBUCTCKOTO
umnynsca B CTO B34TO NpOCTO € MOTOJIKA WM, HUHAYe TOBOPS, BBIBOA (POPMYJIbI PENATUBUCTCKOIO UMITYJIbCa C
MTOMOIIIBIO PA3IMYHBIX MATEMATHICCKUX MAHUITYJISIIHA U PAa3TOBOPOB O MIPHHIIMIIE HAUMEHBIIIETO JCHCTBUS U O
npeoOpa3zoBanuax JIopeHia npocTo MOJA0THAH MO/ HYKHBIM pe3ybTaT.

A Tenepb JaBaiiTe elle NPOBEPUM YTBEPKACHUE PENATUBUCTOB O ToM, 4To B CTO cobumonaercs 3akoH
COXPaHEHHSI ATOTO PEISATUBUCTCKOTO UMITYJIbCA M C/IETaeM MBI 3TO Ha MPOCTEUIIIEM NIPHMEpPE, a IMEHHO Ha
ynape AByX a0COIIOTHO YIPYTuX LIapoB, KOTJa He OyJeT Cuil TPeHHUs He TOJIBKO BHYTPH IIApOB, HO U HA UX
MOBEPXHOCTH TPH MPOCKATIB3BIBAHUN OJHOTO IIapa 110 IPyroMy, T.K. Mbl paCCMOTPUM He JI0OOBOM yJap JIByX
mapos, a mox yriaom 90 rpamyco. Benp, kax st mokasai B crathbe [74], B KJIacCHUECKOW MEXaHUKE Takas Mepa
MEXaHU4YECKOH (POPMBI IBIKCHHS MaTEPUH KaK UMITYJIbC SBJISIETCSI BO MHOT'OM HCKYCCTBEHHOM, @ TIOJIHOLIEHHOM
Mepoﬁ SABJIACTCA TOJIBKO SHEPTHA. A BOT B peJ’IfITI/IBI/ICTCKOf/’I MCXAaHHUKC, KaK YTBCPIKAAIOT €€ all0JIOreThl, 3aKOH
COXpaHEHHsI SHEPTUH He COOIII0AACTCS U MO3TOMY €IMHCTBEHHON MEpOil MEXaHNYeCKOW (POPMBI JIBHIKCHUS
MaTepuu SBISETCSA TOJBKO UMITYJIbC, KOTOPBIA COXPAHAETCA U B PEISTUBUCTCKON MexaHuke. [Ipu 3ToM n
UMITYJIbC, ¥ KHHETHYECKYIO SHEPTHUIO OyIeM PACCUUTHIBATH C HCIIOIB30BaHUEM ITONIEPEYHON MACCHI, T.€., KaK
ceiiuac IpUHATO TOBOPUTH, IPOCTO PEIATUBUCTCKON MAcChl, a BOT YCKOPEHHUs 1IapoB Oy/1eM pacCUuThIBaTh C
UCHOJIb30BaHUEM 2-T0 3akoHa HploToHa B hopmympoBke Ditnepa, Korjia y Hac OyJeT UCIOIb30BaThCs
IPOJIOIbHAS Macca IIPU pacyeTe YCKOPEHUs BJIOJIb CKOPOCTH LIapa U MOIEpedHasi Macca IpHu pacyere
YCKOpPEHHS B IIOTIEPEYHOM HaIpaBJIeHUH, T.€. Bce coraacHo Tpedoanusim CTO.

U Tak. 3agaaum [uid IBYX MIApOB IUAMETPOM 1O | M OIMHAKOBBIE MACCHI IIAPOB 10 1 KT ¥ OAMHAKOBYIO
xecTkocTh mapoB 1o 400 H/M, a BOT ckopocTh 1-ro mapa, KOTopblii OyJaeT JBUraThCs BIOJIb ocH X, 3agaaum 1
M/C, a 2-T0 1mapa, KOTOphIi OyaeT ABUraThes BAOIb ocH Y, 3a1aaumM 10 m/c. HauanbHbIi HMIynbe CUCTEMBI
mVO0 u HauankHast SHeprust cucrembl EQ (cMotpute Ha ckpunmote nmporpammel Galileyl wa puc. 39-1 B
HIDKHHMX OKOIIKax CrpaBa) OyayT B COOTBETCTBUH ¢ popmyaamu (9-1%) u (11-1), coorBercTBenHo 11,59 kr*m/c
n 62,38 JIx. A BOT mocJie yaapa oHd OyAyT, COOTBETCTBeHHO, 11,94 kr*m/c u 65,62 Ik, T.e. y Hac 3/1eCh He
co0JIt0JaeTCsl He TOJIBKO 3aKOH COXPAHEHUs SHEPTUHU, HO M 3aKOH COXPAHEHUS PeJIATUBUCTCKOTrO uMIyibca. U
eme OoJee yapydaromas KapTuHa OyJeT, €Clii Mbl Oy/IeM pelIaTh 3Ty 3a/a4y Uit OY€Hb )KECTKUX IIapoB, KOT/1a
BpeMs ynapa Oyaer oueHb ManeHbKUM. Cpa3y CKaxy, 4To B yueOHHKaX Bbl HE HaiifieTe He TOJIbKO
PENSTUBUCTCKOTO PEIICHUS 3TOH 337]auu, HO JTaKe KIIACCUIECKOTO PEIICHUs, T.K. B TIOCIICAHEM ClTydae
pelaercs 3a7aya yaapa JIByX aOCOJIOTHO )KECTKUX LIapoB, KOTJa MPUHUMAETCsl BpeMs yapa paBHOE HYJIIO,
XOTSI 3TO SIBHO a0CYpJIHOE pelIeHHuE, T.K. B 9TOM CIIydae IMOJIyJaeTcs CHIla yJapa paBHasi 0€CKOHEUHOCTH.
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Puc. 39-1. Ynap aByx abcontotHo yrnpyrux mapos corsiacHo CTO. Ckpunmiot nporpammbl Galileyl.

Ho ¢ ucnons3oBaHneM 3aKOHOB COXPaHEHUSI UMITYJIbCA U YHEPTUU CHCTEMBI, a TaK )K€ HEM3MEHHOCTH BEKTOpa
CHWJIBI yZlapa IpU BPEMEHH yAapa paBHOM HYJIIO, CTAHOBUTCS BO3MOKHBIM MOJYYUTh KJIACCHUECKOE
AHAIMTUYIECKOE PEIISHUE 3TOH 3a1a4uu, KOTJja CKOPOCTH IIAPOB MMOCIIE yaapa noiaydarorcs mo 7,1 m/c (cM.
crathio [74]). EcTecTBEHHO, YTO 3TO HE MPABHIBHBIA OTBET, HO aBTOPHI YICOHUKOB HE YMEIOT TPAMOTHO
MOJICTTUPOBATh TIOBEJIECHUE CUCTEM, KOTJIa JIJIsl BCEX PEATbHBIX CUCTEM BO3MOXKHO TOJIBKO YHCICHHOE PEIICHHE
cucteM quddepeHIHaTbHBIX YPaBHEHHH, OMUCHIBAIOIINX 3T CUCTEMBI, U TO3TOMY PEIIAIOT pa3inyHbIe
MpUOIKEHHBIC YPaBHEHHSI IPUOIMKCHHBIMI METOAaMHU, KaK | 3aBeIlal UM 3TO Jenarh Jlannay. A, eciii Mbl
pElIUM YUCIEHHBIMH METO/IaMU He MPUOJIMKEHHOE, a pealIbHOE OIMMCaHUE Mpoliecca yaapa JByX MIapoB, TO Mbl
MOJIy4rM TocTie yaapa ux ckopoctu V1=2,625 m/c u V2=9,701 m/c u HamipaBJieHbl OHU OYIYT TaK, KaK
MOKa3aHO Ha MpaBoM CkpuHIIoTe mporpammbl Udar23 Ha puc. 39-2. U nipu 3ToM y Hac OyayT COOIH0AaThCs
KJIACCUYECKHE 3aKOHBI COXPAaHEHUSI UMITYJIhCa U SHEPTUU CHCTEMBI TaK K€, Kak 3TO OyJeT Mpy aHATUTUICCKOM
pelieHry B yueOHUKaX, U UMITYJIbC CHCTEMBI U €€ DHEPTHUS JI0 | 1ocie yaapa Oyayr, coorBerctBeHHo, 10,05
kr*m/c u 50,50 Ix. U 3Ti 3aK0HBI OyIyT COOII0OIaTHCS TIPH JTFOOO0H KECTKOCTH IIapOB, HO CKOPOCTH IIIAPOB
moclie yaapa Bcerjaa OyayT pa3Hble, a, €CIIU Mbl 33J1aIUM OOJIBIIYIO KECTKOCTh IapoB, Hanpumep, 4* 1077 H/wm,
KOTJa Bpems yapa OyJeT o4eHb MaJIeHbKHM, TO MBI IIOIy49uM ckopocTH mapoB V1=7,095 m/c u V2=7,118 m/c,
410 O65M3KO K 3HaueHuto V1= V2=7,1 m/c, koTopoe moiydyaercs Npy aHAIUTUYECKOM PEIICHUU ITON 3a]a4 B
y4eOHUKAX MpU OECKOHEYHO OOJBIION )KECTKOCTH ImapoB. U 3T 3aK0HBI OYAYT COOIOAATHCS JaKe B TOM
cllydae, KOTJja Mbl IPU MOJIETTUPOBAHUY Tpoliecca yaapa Oy/ieM yMEeHbIIAaTh HHEPLUUOHHYIO MacCy 1IapoB Ha
BEJIMYMHY TOM WX 9acTH, 4TO cIe()OPMUPOBATIACH TIPH yIape U HE JBYDKETCS TOJT ICUCTBHEM CHJI HHEPIUH,
KOTOpBIE MIPEOI0JIEBAIOT IPOTUBOACHCTBYE CHIIBI BO3HUKAIOIIEH B MSTHE KOHTAKTA I1apOB.

=Q =0.059 cek =0.111 cek /

Puc. 39-2. Aaumanus 5TanoB mpoliecca KJIacCHIeCcKoro yaapa IByX adCOTIOTHO YIPYTHX MIapoB 1Mo yriioM 90
IpajJlyCoB, TJI€ KPaCHbIE U CUHHE JIMHUU OTPAXKAIOT TPAEKTOPUHU M CKOPOCTH IIAPOB B Pa3HbIE MOMEHTHI
BpEMEHH yzapa (KacaHue, cepeiHa Mpoliecca yiapa U BbIXOJ U3 CONPUKOCHOBeHUs ). Bocmponsseneno u3
pabotsI [74].

A BOT NpH PENSTUBUCTCKOM PEIICHUH YTOW 33[]a4M Y HaC HE TOJIBKO OYyAyT MOTy4aThCsl pa3Hble CKOPOCTH
IIapOB TIOCIIE yAapa MpH Pa3HOH KECTKOCTH MapOB, HO M BO BCEX CITydasX He OYIyT COOTIOAaThCS HA 3aKOH
COXPaHEHHUS UMITYJIbCa CHCTEMbI HH 3aKOH COXPaHEHUsI SHEPTUHU cUcTeMbl. Kak s yke mucal BhIIie MpH
xecTtkoctu mapos 400 H/M Mbl mostyduum umnynbsce cuctemsl 11,94 kr*m/c u snepruro 65,62 Jx npu ckopocTsx
mapoB V1=2,701 m/c u V2=10,003 m/c. A, eciau MBI 33aIUM KeCTKOCTh I1apoB 4*1077 H/m, To MBI IOTy4uM
pu MojenupoBaHuu 3Toro nporecca V1=7,901 m/c u V2=7,616 m/c ut mV=12,52 xr*m/c u E=68,02 Ik, T.e.
OTKJIOHEHHE OT HauanbHbIX 3HaueHud MV0=11,59 kr*m/c u E0=62,38 /I Oyner emie OombIe, T.€. TYT HE
MTOMOJKET JIaXKe JIOMYIICHUE O TOM, YTO BpeMsl yaapa OyZeT oueHb MaJeHbKUM M BEKTOP CHJIBI yJapa He yCIeeT
3a BpeMsl yaapa MOBEPHYTHCS Ha 3HAYUTEIbHBIN yroi. M maxe, ecim Mbl paCCMOTPUM BapUaHT, KOTJa Y HAC He
TOJIBKO UMITYJIBC U SHEPTHsI OYAYT OMPEEIATHCS C UCIIOIH30BaHUEM MTOMIEPEYHON PEIISTHBUCTCKONW MaCChl, HO



Y YCKOPEHMs, KaK BJOJb CKOPOCTH IIAPOB, TAK M B MONIEPEYHOM HANIPABIIEHUH, TO M B 3TOM Cllydae He OyayT
COXPaHATHCSI HM UMITYJIbC HU dHEPrus cuctembl. Hampumep, npu sxectrocTu mapos 400 H/M Mb1 momydnm
mV=11,49 kr*m/c u E=61,38 [ npu V1=2,721 m/c u V2=9,716 m/c. Takum oOpa3om, SIKCIIEPUMEHTATIHLHO HE
MOATBEPKIAETCS 3aKOH COXPAaHEHUs PEISITUBUCTCKOTO UMITYJIbCa HU NIPU KaKUX BapHaHTaX UCIOJIb30BaHUS
PENSATUBUCTCKOM MacChl B MOJCIIMPOBAHUH TpOIIEcca yaapa JIByX IIapoB.

A, 3akaHuuBas 3T0T pazdop ¢pokycoB CTO ¢ pensaTUBUCTCKIMHU MacCOi, UMITYJIbCOM U HEPTHUEH, ciaenyer
C/IeTIaTh BBIBOJ O TOM, UTO BCE 3TH BEIMUYMHBI HE UMEIOT K JCMCTBUTEILHOCTH HUKAKOI'O OTHOIICHHUS, @ POCT
CKOPOCTH YacCTHII, HAIIPUMEP, FJIEKTPOHOB B HAILLIEM YCKOPUTEJIE 3aMEIJISAETCS TI0 MEPE YBEIMUEHUSI CKOPOCTH
HE OT pOCTa PEIATHBUCTCKON MHEPIIMOHHON Macchl, a ObIcTpee Bcero ot "ddexra C-V". U, kak Mbl BUAUM 110
NPUBE/ICHHBIM aBTOPOM CTaThH [62] sKCIIepUMEHTABHBIM JJaHHBIM 3TOT "3 dekt C-V" neficTBUTENBHO
Ha0It0/1aeTCsl, T.K. HU CKOPOCTb 3JIEKTPOHOB B IIEPBOM SKCIIEPUMEHTE, HU TEMIIEpaTypa MUILIEHU BO BTOPOM
9KCIIEPUMEHTE, HE PACTYT IPSIMOIIPOIIOPLHUOHAIBHO SHEPTUHU 3aTPAUYEHHON YCKOPUTEIIEM BCIIEACTBUE HATUUUS
y yckoputens KII/. bonee Toro, Mbl BUAMM, 4TO ¢ pocTOM 3Hepruu yckopurens ero K11/ ymenbiaercs u
TakuM 00pazoM 3((HEeKTUBHBIN Pa3TrOH AIIEKTPOHOB MPOUCXOJUT TOIBKO IO CKOPOCTH 3HAYUTEIHHO MEHBIIIE
CKOpPOCTH CBE€Ta, a IOTOM IMPH MPUOINKEHUH CKOPOCTH IEKTPOHOB K ckopocTu ceeta KIIJ[ magaer no nyns. 1
Ha puc. 38-2 MBI BUANUM, YTO IIPU OOJBIINX 3HAUYEHHUIX HANPSDKEHUH Ha KOHIIAX HAIIETO YCKOPUTEIS TPSMOTO
JEHCTBHS, Y HAC AJIEKTPOH OBICTPO HAOMPAET CKOPOCTh OJIM3KYIO K CKOPOCTH CBETA U J1ajiee YKe He
pasronsiercs. A, ClieI0BaTeNIbHO, YHEPTUS JICKTPOHOB NpU O3rpaHUIHON SHEPTUH, SIKOOBI 3aTPAYCHHON HA UX
pasroH, Bce paBHO HE MOKET MPEBBICUTH 3HaueHre M*Vs"2/2=0,2555 MsB. 1 Hukakoro pocra
PENSTUBUCTCKON MacChl IPU 3TOM HE HAOIIOIAeTCA, T.K. YHEPTUs, TOMIE/IIAs Ha HarpeB MUIICHH, IPECTAET
pacTu Ha JaHHOM KOHKPETHOM YCKOpHTENe yxke mocie npumepHo 15 MaB. Ho, yunTeiBas HU3KUN HAyYHBIN
YPOBEHb aBTOpA STHX IKCIIEPUMEHTOB, KeJaTeJIbHO X TOBTOPUTH OoJjiee TmaTensHo. TeM Goee uTo camu
SKCIIEPUMEHTHI He c0XkKHbIe. K ToMy ke, y aBTOpa OTCYTCTBYET ONHMCAaHUE YCKOPUTENS U TO3TOMY MHE
MPUILLIOCH MOJIETUPOBATh pabOTy MPOCTENUIIETO JIUHEHHOTO YCKOPUTEIS, T/I€ Y MEHS MOJIy4aeTcsl, YTO
CKOPOCTH pa3roHa AJIEKTPOHOB HE 3aBUCUT OT JUIUHBI 3TOTO JIMHEHHOTO YCKOPUTEIIS.

A, BO3BpAIAsCh K SKCIIEPUMEHTY C 3JIEKTPOMAarHUTHBIM MaHEBPOM, MBI TETIEPh MOXKEM CKa3aTh, YTO
TEOPETUYECKH OH BO3MOKEH Jaxke ¢ yueToM "3 dexra C-V", T.K. 3TO TOJIBKO MPHU yAAJIEHUU TPOOHOTO
3apsDKEHHOTO Tella OT MAaCCHBHOTIO 3aps/ia MpH MpojieTe BOIU3U Hero, OyneT 3ToT 3G dexT. A npu
NpUOIMKEHUH TPOOHOIO TeJla K MACCUBHOMY Telly, CO31aBa€Mblii ITOCIEIHUM MOTEeHIMaN, OyAeT
npUOINKATHCSA K IPOOHOMY TEJly M TO3TOMY HUKAK HE CMOXKET OTCTaTh OT MpoOHoro Tena. boxiee Toro, ¢
yueroM "a¢dekra C-V", naxke 6€3 3eKTPOMarHUTHOI'O MaHEBPA, Mbl MO’KEM Pa30TrHATh IPOOHOE TEIO J10
CBEpXCBETOBOM ckopocTH. Benb, korna npoGHOe Teno OyAeT NpubInKaThCsl K MACCUBHOMY 3apsDKEHHOMY Telly,
KOTOpO€ OyJeT MOKOUTHCS, KaK 3TO y Hac ObUIO C KOCMUYECKUM anmnapaToMm, npuommkaomumcs k ConHiy,
poOHoe Teno OyaeT MPUTATHBATHCS K HEMY C OJIHOM CHIIOH, a, Korjia OyieT yAalnsaThes, To OyaeT
MIPUTSTUBATHCS C IPYroi CUiION, KOTopasi Oy/ieT MEHbIIE IEPBOW CHIIBI. A, €CJIH TEJIO0 IPU ITOM MOJIyYUT
CBEPXCBETOBYIO CKOPOCTHIO, TO MOIYYAETCA, YTO CHJIa IPUTSKEHUS MACCUBHOTO 3apsyKEHHOTO LIEHTPAILHOTO
Tea BooOIe He OyIeT ero TOPMO3UTH MPH YAAJIEHUH OT LEHTPalIbHOro Tena. Takum 00pa3oM, pa3InyHbIX
BapUaHTOB Pa3roOHa MPOOHOTO TeNa 0 CBEPXCBETOBOM CKOPOCTH MHOT'O, HO, UTOOBI MX BCE pean30BaTh, HAJl0
MIPOBECTH €I11€ MHOT'O Pa3INYHbIX SIKCIIEPUMEHTOB, UTOObI YTOUHUTH HEKOTOPHIE TEOPETUYECKNE MOMEHTHI UeM,
COOCTBEHHO T'OBOPS, 51 U 3aHUMAIOCh MTOCIIeIHUE JIeT aecsaTh. Ho yxe ceifuac MOXKHO OJJHO3HAYHO CKa3aThb, YTO
CIIyX{ O TOM, YTO HUKAKOE TEJIO HE MOXKET JBUTATHCS CO CKOPOCTHIO 0OJIbIIIE CKOPOCTHU CBETA, CUIBHO
IpeyBeInYeHbl U 0a3UPYIOTCS TOJIBKO Ha He3HAHUM MEXaHUKHU U CBATOM Bepe B mpeoOpa3oBanus Jlopenma. Hy,
Y HaIOCJIEeNIOK, TaBalTe PAaCCMOTPHUM €IIe OJIUH meAeBp daHTa3uil DUHINTEHHA, KOTOPHII pacCMaTpuBaeT
AIIEMEHTAPHBIH IPUMEpP C Pa3TOHOM sIyKa ¢ mapamu [16 ctp. 482] u genaeT BBIBOA, KOTOPBIH HUKAK HE
OCHOBBIBAaeTCs Ha 3TOM IIPUMEpE.

"TIpedcmasum cebe AWUK, HANOTHEHHBII WAPaMUL; NYCMb AWUK U Wapbl NOKOAMCS 8 Haulell cucmeme
Koopounam. Ymoobvl npueecmu e2o 6 0sudiCcenue, Ymoowvl YEeIULUMb €20 CKOPOCMb, Mpebyemcs HeKomopas
cuna. Ho 6yoem nu sma cuna npouzeooums mo e camoe yeeaudeHue CKOpoCmu 3a mom iHce NPOMeNCYmoK
8peMeHU, eciu Wapwvl 8 Aujuke 6y0ym ObICmpo 08ULAMbCA NO 8CeM HANPABLEHUAM, NOOOOHO MONEKYIaM & 2dase,
CO CpeOHUMU CKOpoCmAMU, OausKuMu Kk ckopocmu ceema? Tenepsb Oyoem Heobxoouma 60IbWAsS CUA, MAaK Kax



603pOCUUAsl KUHemu4eCcKas sHepcusl umapoes ycuiueaen conpomueilenue AuuKda. 3H€p2uﬂ, 60 6CAKOM ciiydae
KuHemu4ecKkas sHepcusl, cConpomueiiaenics O0BUIICEHUIO MAK aHce, KakK U eecomasd maccd. "

A 3t1a panTazus DHHIITEIHA TEM XOpolIa, YTO €€ MOXKHO 3JIEMEHTapHO IIPOBEPUTH SKCIIEPUMEHTAILHO, YTO MBI
ceifuac u cnenaeM. Ha puc. 40 BbI BUIUTE AUIMK C AOCOJIFOTHO KECTKUMHU CTEHKaMH, B KOTOPOM HaXOJISATCS 1B
ynpyrux mapa. Mel ¢ BaMu 3a1aeM pa3alMyHble HayaJlbHble CKOPOCTH IIApOB (HAIIPABJICHHBIE B Pa3Hble
CTOPOHBI) OTHOCUTEINBHO SIIIIKKA, KOI/1a OHU HAaXOATCS BIUIOTHYIO JPYT K JIPYT'y B €r0 CEpEeUHE, HAIpUMeED, €
IIOMOILBIO B3pbIBA U MIOTOM pa3roHsAEM SIIUK, IPUKIAIbIBasl K HEMY IOCTOSIHHYIO cuity. Illapel mpu sToM
yAapsOTCS WIKM B CTEHKHU SILIMKA WIN APYT B APYra, a Mbl CMOTPUM KaKyr0 3HEPIHIO Mbl 3aTPATUIIM JUIsl TOTO,
YTOOBI pa30rHaTh SALIMK C IIapaMu OT KaKOH-TO HayaabHON CKOPOCTH (B JaHHOM pacyeTe Ha PUCYHKE OHA paBHA
HYJII0) TIPY Pa3IMUHBIX HaualbHBIX CKOPOCTSIX I1apOB, T.€. IPU pa3HON HauyalbHOW SHEPrUU cucTeMBl. B
JAHHOM IIpUMepe Macchl MapoB OblIHM 10 1 KT, @ Macca suuka 10 Kr ¥ BHEIIHAS Cuila, pa3roHsouas AumK
obuta 1 H, Hy a ckopocTh cBeTa, Kak BO BcexX mpuMepax 3anana 20 m/c (XoTs oHa TyT U He HyxHa). Ja, u3
rpaMKOB MbI BUJTUM, YTO C POCTOM CKOPOCTH SLIMKA pacTeT U 3aTpauyeHHas YHEPIUs Ha yBEJIMYEHUE €T
CKOpOCTH Ha | M/C, HO U3 ATHX K€ TPaQHUKOB MBI BUAHMM, YTO POCT CKOPOCTH SIIIIMKA HUKAK HE 3aBHCUT OT
SHEPI'UH IIapOB, HAXOAIMXCA B SAIIMKE, T.€. OT HAYaJIbHON 3HEPTUU CUCTEMBI.
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Puc. 40. 3aBucMMOCTh CKOPOCTH LIEHTPA Macce SIIUKa ¢ Iapamu (YepHast KpuBasi) B QyHKIIMU OT BPEMEHU
pa3roHa Mpu BO3/CHCTBUH Ha SIIMK MOCTOSHHOM CHIIBI, KOTOPAasi COBEPIIAET PadOTy MO pa3roHy sIIUKa
(3eneHast KpuBasi) ¥ yBEJIMYMBACT KHHETHYECKYIO YHEPTUIO CUCTEMBI (CHHHIE KPHUBBIE) OT HAYaJIbHOTO 3HAYCHUS
sHepruu (KpacHbIe TOPU3OHTANIBHBIC MTPsIMbIe TIpU opanHaTax 0 u 10 cM) B IByX BapHaHTax pacyera, KOraa
CKOPOCTH IIAPOB B Hayalle pa3roHa ObLIM PaBHBI HYIO M KOTJa OHU ObLIH 10 10 M/C OTHOCHUTENBHO CTEHOK
SIIAKA ¥ OBUTH HAMPAaBIICHBI B pa3Hble CTOPOHBI. MacimTab 1y Bpemenu 1 ¢/cm, mist ckopocetu 0,5 (M/c)/cem, a
aust oHepruit u padots! 10 J[x/cm. Ckpunmot nporpammsl Galileyl.

3/1ech TOJIBKO HAJ0 MOACHUTD, YTO KPUBAsi CyMMapHOW SHEPTUU CUCTEMBI ITPU HAaYaJIbHOM CKOPOCTH IIAPOB
paBHOM HYJIIO HE BUIHA, T.K. COBMAJIa ¢ KpUBOW pabOThI BHEITHUX CHJI, T.€. C 3€JICHON KPUBOMW, HAJOKUBIICHCS
Ha Hee, YTO U JIOJDKHO OBLIO OBITh, T.K. CyMMapHasi KHHETHUYECKasi YHEPTHs CUCTEMBI B Hadalle pa3roHa Oblia
paBHA HYJIO, @ CKOPOCTH IIApOB OT yJiapa B CTEHKH SIIHUKA TOTyYaIuCh HEOOJbINE U TTO3TOMY TOTSHITHATBHAS
SHEPTHs YIpyrou AepopMaIuu mapoB Obljia HE3HAUUTEIHHONW U CyMMapHasi SHeprus Obljia MPAaKTUYECKU paBHA
TOJBKO KHHETUYECKOU sHeprur. Ho BOT mpu HauaabHBIX CKOPOCTX mapoB 10 m/c 3Ta CHHSSA KpuBas yxe
HUKAK HE COBIA/IACT C 3€JICHOH, T.K. HAUMHACTCS HE OT HYJIEBOTO 3HAYCHUS, U TIPU ITOM UMEET OOJIbIITNE
MIPOBAJIBI M3-3a TOTO, YTO 5 BEIBOJWI Ha TpaUK TOJIBKO KUHETUYECKYIO SHEPTUIO CUCTEMBI, @ B T€ MOMEHTHI,
KOr/Ja Mapsl yAapsuIMCh IpYT B Apyra WK B CTEHKH SIIIUKA, TO YaCTh STOM SHEPIHH MEPEX0Iniia B
MOTEHIIMAJIbHYIO SHEPTHUIO YIIPYToil nedopManny mapoB, KOTOPast IPH 3TOM CKOPOCTH OblIa OYEHb



3HAYUTENbHOM. VI B Te MOMEHTBHI, KOT'1a CKOPOCTH COYAAPSIONIMXCS MApOB ObLIN MPAKTHYECKH PaBHbI, T.€. OHH
IIPAKTUYECKH OCTAHABJIMBAINCh, TO KHHETUYECKAsl SHEPTUs CUCTEMBbI ObUIa paBHA KHHETUYECKON SHEPTHU
SIIKKA, T.€. yMEHBIIAJIACH 10 BEJIMYMHBI SJHEPTUU 3aTPAYE€HHOM Ha pasroH. Ho, eciiu OTMETUTH B IIporpamme
4eKOOKC <+ MOTEHLMAIbHAs SHEPTUs>, TO 3TUX NPOBAJIOB HA Ipa(uKe CyMMapHON 3HEPTUM CUCTEMBI HE OyeT
Y CHHSAA KpHBast OyAeT UATH CTPOrO UACHTHYHO 3€JICHOM KPUBOM, HO CO CMEIIEHHEM Ha BEJTMUMHY HauyalbHOM
SHEPIUU CUCTEMBI, a IpauKU U3MEHEHUSI CKOPOCTH LIEHTPA MAaCC CUCTEMbI COBIIAAYT B 000MX BapHaHTax
HayvalbHOHM cKOpocTH mapoB. Takum 00pa3oM, Kak BUANUM, PE3YIbTAT NOIYIAETCs TOT e CaMblid IpH JII000i
HAYaJIbHOM DHEPIUU CUCTEMBI M ITI03TOMY Pa3roBOPBI O MacCe MOKOS U O PEAIbHOM Macce Tella 3TO TOJIBKO
¢danTazun DiHIITEIHA, a, CIIe0BAaTENIbHO, HE HAZI0 PACCTPANBAThCs, €CIM BB HE IOHUMAETe CMbICIIA
3HAMEHUTOU GopMyisl E=m*c/ 2.

A Tenepsb AaBalTe pacCMOTPUM HEKOTOpbIe Apyrue teoperndeckue "3arorynunsl”" OTO. [Ipu paccmoTpenun
BbIIIe 4acTHOTO [1O MBI CTONKHYIIUCH ¢ TPOOIEMOH, KOT/1a ABMYKEHHE TeJl IIPU OOJIBIINX CKOPOCTSIX HIIH B
CWJIbHBIX I'paBUTAIMOHHBIX MOJIAX corsiacHo OTO1 sBHO BBITTIAIUT KakK TO HeecTeCTBEHHO. [loaToMy MHe
MPUIIIOCH B AKCIIEpUMEHTax 1o 3¢ ¢exty Jlomiepa ¢ moTeHnuataMu Wid Ipu KPyroBOM JIBHXKECHHH, KOTa JIBa
TeJa BO3JICHCTBYIOT JIPYT Ha ApyTra, 3a/1aBaTh MAJICHbKUE MACChI TEJI, YTO JJAJI0 MalleHbKHE HadallbHbIE
CKOPOCTH 3THUX TeJl ¥ MIO3BOJIMIIO MOJIYYUTh PE3YIbTaThl HE3HAYUTEILHO OTIMYAIONINECS OT PE3yJIbTAaTOB 10
JOPYTUM TEOPUSM. A SKCIIEPUMEHTHUPYS MPU TPOU3BOIHHOM JABUKEHHUU JBYX Tell C Pa3IMYHBIMU HauaIbHBIMU
CKOPOCTSIMH M MaCCaMH TEJI sl B OTHOM W3 BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB TOIYYMI OY€Hb 3aHUMATEIbHYIO
KapTUHKY (cM. puc. 41). 3neck B HauanbHbI MoMeHT npu X1=200, X2=100, Y1=250, Y2=200 ckopoctu Ten
obutn 3aganbl VX1=0 u VX2=2 m/c (VY1=0, VY2=0) u npu 3T0M CKOpOCTh 1-r0o TejIa NpUHYAUTEIHLHO
ocTaBajach paBHOI HYIIO, T.€. TENO 2 IBUTANIOCh B CTATUYECKOM c(hepruuecKoM IoJie co3aBaeMOM Maccoii 1.
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Puc. 41. TpaekTopust ABMKEHUS MAacChl M2 B IIEHTPATHLHOM IT0JIE CO3aBaeMOM HETOIBIKHOW Maccor m1l
cornacHo OTO1 u rpaguku U3MEHEHUS CO BpEMEHEM PacCTOSHUS OT M2 10 eHTpaibHoro Tena R u cunbr F12
(10 aOCOFOTHOM BEJIMYMHE) ¢ KOTOPOM 3Ta Macca M2 MPUTATUBACTCS IEHTPATBHBIM TEJIOM. 371eCh ObLTH
mactrradbbl ML= 20 m/cm, MT= 5 c¢/cm, MF= 0,5 H/cm. Cxpunior nporpammer Galileyl.

W3 pucyHKa BUIHO, YTO IPU NPUOIMKEHUH TPOOHOTO Teja K EHTPAIbHOMY HEMOABM)KHOMY Tey HaunHAIOTCS
"gyneca B peniete", T.K. CUJIa MPUTSHKEHUS] TIPU PACCTOSIHUU MEXY TEIAMHU MEHEE YeM TP pajnyca
[IBapummnpaa (rpaBUTALIMOHHBIX pagnyca) RQ cMeHsieTcsl CHIION OTTAIKUBAHUA U TEJIO 2 CHaJalia
TOPMO3HTHCS, @ TOTOM HAYMHAET yaanaTbes ot Tena 1. [lepBast MbIcab, KOTOpast MEHS IIOCETHIIA, ITO OBLIO TO,
YTO 3TOT, MSTKO roBopst, "3 dext" nim ouepeanoit mapanokc TO ¢ mosiBIIEHUEM CHII OTTAIKMBAHUS CBSI3aH C
TE€M, YTO IPUMEHEHHBIE MHOIO JJISl pacyeTa CUJl ypaBHEHHUs SBIISIOTCS YpaBHEHUSIMM 2-T0 MPUOJIMKEHUs (1ocie
ypaBHeHH HploTOHA, KOTOpBIE ABIAIOTCA 1-M MpUOIMKEHUEM) WITH, KaK eIle TOBOPAT, SIBJISIOTCS 1-M



MOCTHBIOTOHOBCKHM MPUOJIMKEHUEM. A BCE 3TH NPHUOIMKEHHS TPUMEHSIOTCS TOToMY, uTo ypaBHeHHst OTO He
HMEIOT B O0IIEM BUJIE TOUYHOTO PEIIEHUs, XOTs, KaKk yTBepxkaatoT 3HaToku OTO, 17151 HEKOTOPBIX YaCTHBIX
CITy4aeB Mbl MO>KEM MOJYYHUTh TOYHOE perieHue. [103ToMy s penut Ucroib30BaTh B pacyeTe NOTEHIHAIOB
ypaBHeHUs aBmwkeHus Ten coriaacHo OTO2, koropsie ucnonb3oBaiu corpyaauku JPL (Jlabopatopus
PEaKTUBHOT'O JIBYKEHHS, KOTOpas siBisieTcs noapasaenenuem HACA), npu pacuere apemepun DE40S.
BbInonHm1 Takoi e BBIYUCIUTENIbHBIA HKCIIEPUMEHT U ¢ PACYETOM CUJI IT0 UX YPAaBHEHMSIM, HO PE3yJIbTaT
MOJTYYHJICS TOT e caMblid. Toraa, 4ToOb!1 Oosiee IeTaabHO pa3odpaThes ¢ 3TUM "dy0oM B pemieTe" s BBITOTHIII
BBIUUCIIUTENbHBIN SKCIIEPUMEHT, KOI/ia IpoOHOe Teslo OyeT NpUOINKaThCs K LIEHTPAIbHOMY Telly CTPOTro 10
panuycy (BIOJb OCH a0CIKCC), T.K. B HAYaIbHBII MOMEHT OHO Mmokouyock. Pesynbrat mpu X1=100, X2=150,
Y1=100 u Y2=100 BbI BuguTE Ha pUC. 42.
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Puc. 42. TpaekTopus ABMKEHHUS MacChl M2 B LIEHTPAIBHOM I10JI€ CO3/JaBa€MOM HEMOJIBUKHOIM Maccoit M1
cornacao OTO2 mpu VX2=0 u VY?2=0 u rpaduku n3MeHeHHs O BpeMEHEM paccTostHuS R oT Maccsl M2 110
neHTpanbHoro Tena ml, cunel F12 (mo abcontoTHOM BenMUnHE) ¢ KOTOPOM 3Ta Macca M2 MPUTITUBACTCS
[EHTPATBHBIM TeJIOM, cKopocTH VX2 u yckoperuss AX2 maccbl M2 (pUCYHOK U TpadUKu CIBUHYTHI IO OCH
OpJAMHAT Ha +5 cM, a OTCEYKH Ha OCH abcuucc 0003HAYar0T BpeMsl, KOrqa Macca M2 umena paanyc paBHbIH
TPeM rpaBUTAMOHHBIME paguycamu RQ). 3neck Obuti MacmTadbl ML= 10 m/cm, MT= 1 c/cm, MV=1 (M/c)/cm,
MA= 0,2 (m/c2)/cm, MF= 0,5 H/cm. Ckpunior nporpammst Galileyl.

371eCch MBI ICHO BUJIUM, YTO BCE 3TU YyZEca IPOUCXOAT B IPOMEXKYTKE MEXKTy OTHUM U TPEMs pajinycamMu
HIBapimuiabaa, T.€. B O4€Hb CHIIbHBIX MOJISX, IJ€ JeHCTBUTEILHO HE PEKOMEHIYIOT IPUMEHSTh YpaBHEHUS
JIBMKEHUS TIEPBOI0 TOCTHBIOTOHOBCKOTO MpHOIkeHust. Ho, Torna Bo3HUKAeT BOIPOC a MPU KaKMX KOHKPETHO
CKOPOCTSIX M HaIIPSKEHHOCTSIX MOJIEH MOKHO MCIOJIb30BaTh B TEOPETUUECKUX pacdeTax ypaBHeHuss OTO?2.
Hanpumep, MO>XHO 7111 X OBIJIO UCIOJIB30BATh MPH pacyeTe CMEIEeHHs epurenust MepKypusi, IJie OHU JAl0T
MIOJIHOE cMelIeHHe 572 yril.cek/BeK U aHoMalbHOe 43 YyIJI.CEeK/BEK, a TaK e MPHU pacyeTe CMENIeHUs TepruacTpa
nsoiHoro myibscapa RSR B1913+16, rae onu patot 4,23 rpan/roa. [losToMy s peru cpaBHUTH YCIOBUS IPU
KOTOPBIX 51 IPOBOJINI BBIYMCIUTENbHbBIE SKCIIEPUMEHTHI C YCIOBUSIMH, B KOTOPBIX HAXOJUTCS IBOMHOMN MyJbcap
RSR B1913+16, rae u paccTOsIHUS MEX/Ty TellaMH MEHBIIIE U CKOPOCTH Topa3/io 0oJbIle, YeM Y MJIaHET
ConHe4HOM cuCcTeMbl. A YCTIOBUS TaM OBLITM TaKHUE - MacChl 3Be3/1 mpuMepHo 1,4 maccer CorHIa,
MaKCHUMaJIbHbIE HX CKOPOCTH B MOMEHT MaKCHUMalbHOTO cOnmmxenus 450 km/c, T.e. B 15 pa3 Gosblie, yeMm y
3emun, a MUHEMaJIbHOE paccTostHre 740 THIC.KM, T.€. MPUMEPHO B JBa pa3a OoJbIie, ueM OT 3emin 110 JIyHBI.

Ja, 3T0 neCTBUTENHHO 00JIeE KECTKHE YCIOBHS, YeM Obuth Y Hac B COJTHEYHOU CHCTEME MPH pacueTe
cMenieHus nepurenus Mepkypusi, HO HACKOJIbKO OHU COOTBETCTBYIOT YCIOBUSAM HAIIUX IKCIIEPUMEHTOB C
KpPYTOBBIM JIBMKEHHEM JIBYX MacC BOKPYT X IIEHTpa Macc, Iie 5 3a7aBajl MacChl T€JI B YCIOBHBIX €AMHUIIAX 110
1 kr, rpaBUTanMoOHHas moctosiHHas Obuta 100 H*M2/c"2, a yenoBHBIN paguyc, IO KOTOPOMY OHH BPaIIaliuCh



BOKpYT 00I11ero IIeHTpa Macc, 3afgaBaics 50 M. Eciu nmepeBecT 3TH YCIOBHBIE €UHHIIBI B peaibHBIE, TO, YTOOBI
MOJTYYUTh TE K€ IMapaMeTpbl, YTO ObUIN Yy MyJbcapa U €ro KOMIaHbOHA B MOMEHT MX MaKCHUMaJIbHOIO
cOMMKEHMsI, HaM HaJl0 33/1aTh IPU YCIOBHBIX Maccax Mo 1 Kr rpaBUTAliMOHHYIO ocTossHHYI0 K=0,056 u
ycinoBHBIN paauyc 15. Torma Mbl moimyunM mMaccsl 3Be31 1o 2,83* 10730 kr u ux ckopoctu 1o 458 km/c ipu
paccTosiHuM MeX1y HUMHU 450 ThIC.KM, YTO COOTBETCTBYET ITapaMeTpaM CaMUX IyJIbCapOB, €CJIU HE CUUTATh
paccTosIHUS MKy HUMH, KOTOPOE PACCUMTAHO MHOW HE MPU JABMXKEHHUH 110 JLIUITUYECKON opOuTe ¢
HKCIEHTPUCUTETOM, KaK HaOIIoJaeTcsl y myJbcapa, a mo okpyxHocTH. [Ipocreiimmii pacuet mokaspiBaeT, 4YTo
HaNpsHKEHHOCTh I'PaBUTALMOHHOIO I10JIs1 B HALIMX NpUMepax Obuia B 1786 pa3 Oosibliie, 4ueM B CUCTEME
nBorHoro myibscapa PSR B1913+16, T.e. Mbl IPOBOAMIIN BBIYMCIUTEIbHbBIC SKCIICPUMEHTHI B 0U€Hb CUIIBHBIX
HOJISIX, TJ€, OBICTpEee BCEro, HAllle TOCTHBIOTOHOBCKOE IPUOJIMKEHNE U HE IOJDKHO paboTaTh.

Ho, Torna ocraercs Bompoc a npu Kakiux KOHKPETHO CKOPOCTSIX U HANPSXKEHHOCTSX MOJIeH MOXKHO
HCIOJIB30BaTh B TeOpeTHUYECKUX pacuerax ypaBHeHHS OTO2 1 OTBETUTH HA ATOT BOIPOC MOKET TOJIBKO TOYHOE
pemenre ypaaenuit OTO. Toraa st BCMOMHMI, 9TO JIET AecaTh Ha3aa Cepreit Xaptukos [55] mpucelian Mae
CBOE pEIICHUE, KOTOPOE SBJISETCS TOYHBIM PELUICHUEM, HO JUISl YACTHOTO CIIy4as, T.€. Ul ABMKEHHS TPOOHOTO
TeJa B CTAllMOHAPHOM C(hepruuecKOM MoJie, KOTOPOE CO3/1aeTCsl HEMOBUKHBIM TEJIOM, M PEIIUIT TOCMOTPETH,
410 OyJeT MPH TOYHOM PELICHNH, Ha KOTOPOE HE HAJIOKEHO HUKAKMX OTPaHHYEHHA HU T10 MOJISIM HH T10
CKOPOCTSIM. DTH €r0 YpPaBHEHUS 5 IPUBOXKY HUKE B TOM BUJE, KAK OHU y HEro MOJMYyYUIIHCh U TJIe Y HETO
UCHoJb3yeTcst KoadduireHt h, Ho B yueOHHKaX 00BIYHO UCTIONB3YETCS Apyroi koadduiment Rg=2*G*M /
C"2, T.e. TPaBUTALIMOHHBIN paguyc U Mo3ToMy Bee dhopmyibl ypaHeruit OTO, KkoTopble 00CyKAanuch Ha
Actpodopyme narTcs ¢ ucnoib3oBanueM RQ, Hampumep, cMoTpuTe BOT 310 coodiienue ulitkanasklone
https://astronomy.ru/forum/index.php/topic,168956.msg4622273.html#msg4622273 .
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Puc. 43. TpaekTopusi ABMKEHUS MacChl M2 B IIEHTPATHLHOM I10JI€ CO3aBaeMOM HEMOIBHKHOM Maccoit ml
cornmacio OTO3 u rpaduky U3MEHEHHUS CO BpEMEHEM pacCcTOSHUSA R 0T Macchl M2 110 EHTpaIbHOTO Teja M1,
cuiibl F (110 aGCOMIOTHOM BETMUMHE) C KOTOPOM 3Ta Macca M2 MPUTATUBACTCS LEHTPAIBHBIM TEJIOM U CKOPOCTH
VX u yckopenust AX maccel M2 1o ocu adcuiuce. Ha 1eBoM prucyHKe IBM)KCHUE HAUMHACTCS U3 COCTOSTHUS
nokos, a Ha mpaBoM npu VX2=0 u VY 2=5,6 m/c. 1 pucyHok u rpadyiKu CIBUHYTHI IO OCH OpJMHAT Ha +5 cM, a
Macmtads! 0t ML= 10 m/cm, MT= 1 ¢/em, MV= 1,2 (m/c)/cm, MA= 0,2 (m/c2)/cm, MF= 0,5 H/cem. Tpu


https://astronomy.ru/forum/index.php/topic,168956.msg4622273.html#msg4622273

3TOM JIBE OTCEUKH Ha OCH abCIIMce 0003HAYAIOT BpeMsl, KOT/Ia YaCTHIa UMeJIa PaaryC PaBHBIN CHaYaIa TpeM
pamuycam IlIBapiimmiasaa RQ, a motom ogaomy. Ckpurior nporpammbl Galileyl.

W, xax BUIHO U3 puc. 43, pe3ynbTaT 110 3TOMY pelleHII0 XapTHKoBa, KoTopoe Oyaet y meHst OTO3,
AEHCTBUTENFHO OTJIMYACTCs OT npuomkeHHoro pemrenus mo OTO2, T.k. Teneps mpoOHOE Teno gosetaeT 10 RQ
Y OCTaHaBJIMBAETCS, T.K. M B 9TOM CIly4yae MOSIBJIICTCS CHila OTTaNKuBaHus. [Ipudem ona OynerT u, eciau npoOHoe
TEJI0 HAYMHACT JBIDKEHHUE CTPOTO MO PAANYCY U3 COCTOSHHS MOKOS M C HAYaJIbHOM TaHTCHIMAILHOM
ckopocThio. M mpu 3ToM Temno "npuzemiisiercsa” Ha RQ oueHb-0YeHb MEIJICHHO U 32 OECKOHEYHO OOJIBIION
POMEXYTOK BpeMeHH. VIHTepeCHO 37eCh TakXKe U TO, YTO CHJIa OTTAIIKUBAHMUS MOSBISCTCS HE B OJJHOM U TOM
K€ MECTe, a 3aBHCHUT OT TOTO, OTKY/a TEJIO Ha4aJio CBOE MaJIeHUe, HO B JIIOOOM CITydae TeJo IJIaBHO
NpU3EMIIICTCS Ha TPAaBUTAMOHHBIN panuyc. Ho u3 Toro, 4ro s 3Ha10 Mpo rpaBUTALIMOHHBIA PaanyC, KOTOPBIH
omnpenenser B OTO ropuzoHT COOBITHI, CIEAYET, YTO MPOOHOE TENO HE MOXKET BBUIETETh U3 c(hepsl C ITHUM
paarycoMm, a BOT, YTOOBI OHO HE MOTJIO 3aJIeTeTh BHYTPb, 3TO JUIL MEHS 4TO-TO HOBeHbKoe. Hampumep, unraem
B [41 cTp. 400, 402].

"B necssazanHoll ¢ menom 2anuneedol Ha beckoneunocmu cucmeme omcuema (mempuka (100,14)) paouyc
YEHMPAaIbHO20 meia He Modicem Oblmb MeHbuie Rg. Omo 3uauum, umo no uacam t yoaieHHo2o Habmooamens
PAOUYC CHCUMATOWe20Cs Mead TULb ACUMIIMOMUYECKY NPU 1->00 CIPEeMUMCcs K 2PaAsUMayuOHHOMY pAoOuycy. ...
IIpu R-> Rg cunvl msecomeHusi Cmano8amces o4elsb 00IbuuMU,; NIOMHOCMb Jice mea (a ¢ Helo u 0asjieHue)
ocmaemcs KOHeYHOl.

... Xoms CKopocmb HAOII00AeM020 U36HE COHCAMUSL ACUMNIMOMUYECKU cmpemMumcs K HyJiro, CKopocmbs v

nada}omux uacmuy, USMEpPEerHas 6 ux cobcmeenHoM 6peMeERU, Hanpomue so3pacnmaem, CmpeMACb K CKoOpocmu
L1}

ceemd.

"/locmucnys (no cobcmeenHomy pemMeHu) epasumayuoHHo20 paouyca, meio 6yoem npoooadcamy
COHCUMAMbCAL, NPUYEM 8Ce e20 YACMUYbl OOCMUSHYM YEeHMPA 34 KOHeYHOe COOCMBEHHOe 8peMsl;, MOMEHM
naodeHus Kaxcoot nopyuu eeujecmed 8 YeHmp npeocmasisaem coool UCMUHHYIO 0CODEHHOCMb
NPOCMPAHCMBEHHO-8PEMEHHOL MempuKy."

Taxum 00pa3oM, MOITy4aeTcsl, 4T0 BO BPEMEHHU U KOOPANHATAX YAAJICHHOTO B OECKOHEYHOCTh HA0I0aTers,
rze OyzeT eBKJIN0Ba T€OMETPHSI U €CTECTBEHHOE BpeMsl, OyAeT HaOIr01aThCsl OAMH IPOIIECC, a BO BpEMEHU U
KOOpAMHATax HaOII0JaTeNs], HaXOASIIErocs Ha MaJarolleM Teje, Iae OyaeT HeeBKIN10Ba FEOMETPUS U He
OyzeT 0OBIYHOTO BpeMeHH, OyeT Halmo1aThCsl Apyroi mpouecc. BoT Toiapko, Kak Mbl BUJUM Ha puc. 43, npu
npuOmmkeHnd K RQ y Hac 1o BpeMeHH yJajieHHOro Ha0Jt01aTenst, BOIPEKU YTBEPKICHUIM JlaHay, CHITbI
TATOTEHMS HE CTAHOBATCS OYEHb OOJBIINMH, a NMAJAr0T 10 HYJISI U TIepe] 3TUM elle U HaOII0Jal0TCs CUITbI
OTTaJKMBaHUs, YTO HUKAK HE COOTBETCTBYET (paHTa3usAM JlaHnay npu HaOJIOIEHUH 33 ATUM MIPOLIECCOM U3
TOUKHU yJaneHHoOH B OeckoHeuHOCTh. Hy, nagno, Tyt Teopetukn OTO siBHO HadaHTa3MpOBaJIM, HO a KakK ke BCe
TaK/ OHU Y3HAJIH, YTO B COOCTBEHHOM BPEMEHU MAJaI0ILIEro Teaa oHo npeojoneer RY. Haunnaro pasouparbes
U BBIICHAETCS, YTO U3 OJHOM U TOM ke MeTpuku llIBapummiabsaa 0ka3slBaeTCs MOKHO IIOJIYYUTh 1B
COBCPUICHHO PAa3HBIX PCHICHUA - B CTAHAAPTHBIX KOOPpAUHATAX, T.€. TO, YTO MbI paCCMOTPCIIM, U B KOOpAHWHATaX
Jlemetpa, T.€. B COOCTBEHHOH cHCTEMe KOOPAMHAT, I'/ie TeYeT cOOCTBEHHOE BpeMsi. VI BOT 3TO JiIst MEHSI OYEeHb
HUHTEPECHO, T.K., €CJIM HAOII01aTh 3@ 3TUM IIPOLECCOM B CUCTEME KOOPIUHAT IPUBSA3aHHON K MAJA0LIEMYy Tely,
rze y Hac 0yzaer Teus "coOCTBEHHOE BpeMs'", TO HEMTOHATHO KaK MbI TYT CMOXEM OIPEIEIUTh CKOPOCTh HAIETO
Tena, eCIM OHO B ATOW cUCTeMe KoopauHaT OyneT Bce BpeMst MOKOUThes. 3HaToku OTO roBopsT, 4TO MBI 3TO
crenaeM HaOIIro/1ast TOPU30HT COOBITHH, HO KaK MOKHO HAaO0aTh TO, YTO MBI HE MOXKEM YBUJETh, OHU HE
TOBOPAT.

B o01em, st pemmi pa3o0patbes ¢ 3TUM BOIIPOCOM, HO 3aCTPsI YK€ Ha OMPECNICHUAX ISl PA3INYHBIX CUCTEM
KOOpAUHAT, T.K. BBIACHWIOCH, YTO KOOPAUHATHI B OTO OsIBaroT CTaHAApPTHBIC, I'aYCCOBLI, TAPMOHUYCCKUC,
CO6CTB€HHBI€, HeMeTpa uT.Ao. BoTt TOJIBEKO YETKOTO B OJHO3HAYHOI'O ONPEACICHUA AJId OTUX KOOPAHUHAT, KPOME
TOT'0, YTO rayCCOBBI KOOPJMHATHI KPUBOJIMHENHBIE, 51 TaK U HE NoJ1yun oT 3HaTokoB OTO. A u3 pemienus B
KoopauHaTax Jlemerpa, KOTOpOE MO3BOJISET TEIy MPEOI0ICTh IPaBUTAIIMOHHBIN paauyc, koropoe aan VIadTK
https://astronomy.ru/forum/index.php?action=dlattach;topic=168956.0;attach=1140020 , s Tak u HE cMOT
IMOJIYYHUTH OTBETEI HA CBOU BOITPOCHI, XOTs A€l BCE TaK, KAK OH MHC U pCKOMEHO0BAJI BOT 31CCh


https://astronomy.ru/forum/index.php?action=dlattach;topic=168956.0;attach=1140020

https://astronomy.ru/forum/index.php/topic,168956.msg4641155.html#msg4641155 , A KOHKPETHO Y MCHS
MOJTYYHIJIach MPOCTO Kakasi TO abpakagadpa, KOTOPYI MOKHO IMTOCMOTPETh BOT B 3TOM (haiiie
https://astronomy.ru/forum/index.php?action=dlattach;topic=168956.0;attach=1150647 , rae npuBeacH KOA
IS pEIICHNUS C UCTIOJIb30BaHUEM MaTeMaThuueckoro makera Maple u monyuuBiuiics pe3yabTat, HO caM (aiia
3TOrO PEIICHUs Sl BBUIOKWI ¢ paciupenuem .ntml, uro0br ero MoxHO ObLIO TOCMOTPETH B JIFOOOM Opaysepe, a
HE TOJIBKO TeM, Yy KOTO ecTh makeT Maple. A KOHKPETHO 3/1eCh 51 MOITYyUHI Take 1Ba Tu(depeHIInaTbHbIX
ypaBHEeHHsI BToporo nopsaka st R(t), XoTs Hy)KHO TOJIKO OJIHO, T.K. HCM3BECTHAs IEPEMEHHas! TOJILKO OJHA,
HO PEIICHHUE ITUX YPAaBHEHHH JJaeT HE MOIJAIOIIUICS OCMBICICHHIO pe3yabTat (puieM 00a ypaBHEHHS Al0T
OJIMHAKOBBIN pe3ynbTar). Eciu 3a1aTh HaYaIbHYI0 CKOPOCTh TPOOHOTO TEJIa PaBHOM HYJIIO, TO OHO TaK U OyaeT
BCE BpeMsI IIOKOMTCS, a HE TaJlaTh Ha IICHTPAJIBHOE TENO. A, €CJIH 3a/1aTh HAYaJIbHYIO CKOPOCTh IaJICHHS HE
PaBHYIO HYJIO, TO TPOOHOE TEJO 32 2,5 C MPOJeTaeT HECKOJIBKO MUJUIMMETPOB U PEUICHUE MOCTE JOCTIKEHUS
BEPIIUHBI TapadoIIbl MPEKPAIIAETCsI, T.K. IPOrpaMMa BbIIAET OIIUOKY.

[Tpu sTom 3HaTOoKH OTO na)ke HE MOTYT IOTOBOPUTHCA IO OJTHO3HAYHOIO ONpeesieHUs] HAPsSX)KEHHOCTH IO,
9TO0BI, HAapUMEp, 10 Gopmyre DitHmTelHa (5-3) BEIYUCIUTD YaCTOTY TUKAHBSI YaCOB HA TOBEPXHOCTHU CEpPhI
IPaBUTAIMOHHOTO pajnyca, T.K. Y HUX [OJIy4aeTcsl, YTO TaM HAIPSHKEHHOCTD IMOJISE MOXKET OBITh Jja’ke MEHbIIIE,
4YeM Ha NOBEpXHOCTU 3eMiiu. M B 3TOM cMbICiie OU€Hb IOYYUTEIbHO 03HAKOMUTHCS C "HayqyHOU" THUCKycCHel
3natokoB OTO B Teme 0 ropu3oHTax YepHbIX AbIp https://astronomy.ru/forum/index.php/topic,172031.0.html ,
KOTOpasi OTIIOYKOBaJIach oT Moei TeMbl o ypaBHeHusiM OTO, rae onu ynpekatot apyr apyra B Hesnanue OTO
(BepHee cKazaTh MaTEMaTHKHU) U Ha TIOJTHOM Cephe3e pacCyKIal0T IPUMEPHO O TOM K€, KaK M CXOJIacThl IaBHO
MUHYBIIUX JHEN ""CKOJIBKO YE€pPTEH MOMECTUTCS Ha KOHUYMKE UIJIbI ', XOTSl CaMH K€ M COIJIAIIA0TCSl, YTO 3TO
HEBO3MOXKHO MpoBepuTh. U mipu 3TOoM, y onHux 3HaToKOB OTO monyyaeTcst OIuH OTBET, a Y IPYTUX Jpyroi
OTBET U TIOITOMY UX CITOp 00 3TOM JTUTCS yxke Oosiee yem Ha 30-TH cTpaHHUIAX U KOHIIA €My HE BUJTHO.

A, KaK s moHs1 U3 001eHus ¢ 3tuMu 3HaTokamu OTO, BBIXOAUT, UTO OHU B 33jjau€ ABM)KCHUS TEla B KAKOM-TO
nosie penraroT He qudepeHranbHoe ypaBHeHHne BToporo nopsijka it R(t), koropoe otpaxkaer 2-0ii 3aK0H
HeloToHa, T.€. OTpaXkaeT IMHAMUKY JIaHHOTO MpoIiecca, a KaKhe-TO a0CTPaKTHbIE MATEMAaTUYECKUE YPaBHEHHUSI.
W, Hampumep, €clii Mbl BO3bMEM YHCTO T€OMETPUYCCKHE YPABHEHHS KaKoi TO GUTypsI (IUTHIICA HITH
IUKJIOHIBI), TO MBI, PEIiasi uX, MOJY4YUM KaKOi TO OTBET, HO 3TH YPaBHEHHUS COBEPIICHHO HE OyIyT OTpaXkaTh
¢du3nyeckoe cosepkaHue MPOIECCOB, KOTOPbIE MPUBEIHN K ABMKEHHIO TEJ [0 3TUM TpaeKkTopusim. U, eciu
3aJ1aTh pa3Hble YpaBHEHUS JIJISl OMMCAHUS 3TUX T€OMETPUUECKHUX (DUTYD, TO MBI U MOITYYUM pa3Hble pelIeHUs
3THX ypaBHeHUi. U 311ech MaTeMaTHKO-(DU3UKH IPOCTO MCIIOIB3YIOT CBOM OMBIT B KJIACCUYECKON MEXaHHKE,
I7le OHM U300pEeTal0T pa3IMyHbIE JarpaHKUaHbl, a IOTOM MOIY4al0T U3 HUX Pa3JInYHble YpaBHEHUS IBUKEHUS,
a B OTO oHM n300peTaroT pa3iIuyHble METPUKU U TOTOM IOJIyYarOT ¢ X MOMOIIBIO Pa3IMYHbIEe PELICHUS U3
OJIHO¥1 U TO¥t e hopMyJIbl sl pacuera naTepBaia ds. [Ipuyem y HUX MOTydaeTcs, 4TO U B KOOPMHATAX
Jlemerpa (umu Kpyckaiy), T.e. ¢ HCIIOJIBb30BaHUEM JIPYrOil METPUKHU, KOTOPasi, KK OHH YTBEPIKAAIOT,
HakpbIBaeT o0nacTu U Bbile Rg 1 H1ke Rg, y HUX pelieHue npu najeHuu YacTUIlbl U3 OeCKOHeUHOCTH 10 Rg
COBIIQJIAET C TEM, UTO s IPHUBEN Ha puc. 43, r1ie mocie NpoxoxaeHus yactuuen 3*Rg Ha Hee TOUHO Takke
HA4YMHAIOT JIEHCTBOBATh HE CHJIbI PUTSKEHMSI, & CHIIbI OTTaJIKUBaHUs. Takum 00pa3oM U B 3TUX KOOPJAWHATaX
pelIeHre YUCTO FeOMETPUIECKOM 3a1auu, BeITeKatommei u3 ypasueHuit OTO, Hukak He 00BbsACHSET (PU3NIECKOM
CYTHU IPOUCXOSAIINUX MPU 3TOM IPOIIECCOB, T.€. HAOII0JaeMOT0 OTTAIKUBAHMSI IBYX Macc.

W, ecnu MBI IO METPUKOW MIOHMMAEM CBOWCTBA MPOCTPAHCTBA-BPEMEHH, KOTOPHIE OTPAXKAIOT HANIPSKEHHOCTh
TOJIsI, B KOTOPOM COTJIAaCHO KaKUM-TO 3aKOHAM JIMHAMHKH (TTyCTh 9TO OyAeT, Hampumep, 2-oi 3aKkoH HproToHa)
JBUKETCS MPOOHOE TEJO, TO, ECTECTBEHHO, YTO IIPH Pa3HBIX METPUKAX MBI MTOYUYUM pa3HbI 0TBEeT. Hampumep,
IIpH ABVXKCHUHW B OAHOPOAHOM I10JI€ U ITPU ABUKCHHUH B HCHTPAIBHOM CUMMETPUYHOM II0JIC. HoBTOM TO M1
BeCh (DOKYC, YTO MBI pelllaeM 3aJaqy JABHKECHUS TeJla BCE BPEMS B OJJHOM U TOM K€ IIEHTPATbHOM
CUMMCTPHUYHOM IIOJIC U IIO3TOMY TYT HE MOXKCET OBITh HUKAKUX Pa3HBIX METPHK B KaKUX OBl KOoopauHaTax Mbl HE
3aJlaBajyl HAMPSHKEHHOCTh 3TOTO MOJIs (XOTh B MOJISIPHBIX, XOTh B JICKAPTOBBIX, XOTh B JlemeTpa). A y Hac
MOJTY9YaeTCsl, 9TO 331l CBOMCTBA OJTHOTO U TOTO K€ MPOCTPAHCTBA-BPEMEHHU B OJHUX KOOPAMHATAX -
MOJIY4YHJIM OJHO PCHICHUC, a 3aJdJIM UX B APYTIUX KOOpAWHATAX U MOJTYUIUJIIN COBCPUICHHO APYTOC pCHICHUC.
[TorTOMy MHE 3Ta BO3HS C pa3HBIMA METPUKAMH HAIIOMHHACT rajaHue Ha Kkodernou rymie. [lomyunnm
pe3yiabTat MOXO0KHU Ha TO, YTO MbI HHOIr'Ja Ha6n1011aeM HJIK nIpearnojaracM, 4YTo Tak JOJIKHO 6BITI>, 3HA4YUT
yrajganu. A, eciu He MOJIyYUIIU HYKHBIA pe3yJIbTaT, TO MPOI0JKAEM rafaTh JaJblie.
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Her, Hy, s He Tako#l yk 3acTapenblii KOHCEpBaTOpP, YTOOBI CXOIY OTMETATh BCE aIbTEPHATUBHBIC MOAXObI JJIs
onucanus sBacHuii mpupoabl Tuna CTO unmu OTO, u qake Hanucan crateio [76], Tae mpemmoKuI CBoi
MOAXO0/, HO IIPU 3TOM HAJ0 BCETJja ONMMPATHCSI HA OCHOBHBIE 3aKOHBI MexaHuku. Hanpumep, y ['epuia B ero
mexanuke [57], rae, kak u y Ditamteitna 8 OTO, HeT 1axe yIIOMHHAHUSA HA O KAKUX CHJIaX, TeJla TOKE
JBUKYTCS TI0 T€0JIE3UNYECKUM, HO Y HETO B OCHOBE €r0 MEXaHUKH BCE TaKH JIKAT YpaBHEHUS TUHAMUKH, a HE
obmuii 19, KOTOPHIiA, K TOMY K€, CBEJICH DUHINTEHHOM K 00IIell KOBapUaHTHOCTH ypaBHEHUM. Beap y Hero B
OTO Her gaxxe yIOMUHAHUS O KaKUX JHO0 3aKOHAX JUHAMHKH, KOTOpPbIE ObI OTpaxaiii (hu3ndecKoe
coJiep>KaHue paccMaTPUBAEMBIX MIPOLIECCOB, a TOJILKO rojiasi TeOMETPUS U HE MPOCTO TeOMETPHS, a BUPTyaIbHas
TEOMETpHS, T/Ie HET HUKAKOTO MPOCTPAHCTBA, & €CTh TOJIBKO MPOCTPAHCTBO-BpeMs. B 001ieM-To, ¢ 3TiM
cornamiatores gaxe cropoHHukr OTO u BOT 4To nuIeT ouH 13 Hux [58].

"Mbi 3Haem mpu KaHOHUYecKue meopuu 2pasumayuu: 00Ha 0CHO8aHa Ha sakonax Kennepa u ypagnenusx
Ilyaccona, opyeas na 3axonax Hetomona. Tpemwvsa meopus - OTO. Ona nocmpoena Ha ocHOge 2eomempuu
Pumana ¢ npocmpancmeenno-epemennom mupe u 2ceomempuu Jlobavescko2o 8 npocmpauncmee cKopocmell.
... [loouepknem, umo nepsas KanHoHu4eCcKas Meopust 2pasumayul CNPAasedIU8a MoabKo 0/ NPOOHLIX meil U
umo macca npobHo20 meia 6 ee ypagHeHus He exooum. Heneno Ovlio 661 npumeHams 5my meopuio K
08UMNCEHUTO DBOUHBIX 36€30.

... Brazooaps mpyoam Jlobauesckozo, omkpuvisuieco Heegkaudosy ceomempuio, mpyoam I aycca, cozdasuiezo
BHYMPEHHION0 2e0Mempulo nogepxrHocmei, u Pumana, o6oowusuieco pesyromamul 1 aycca Ha MHO2OMEPHDBILLL
cyuail, cmana 603MONCHOU Mpembsl KAHOHUYecKas meopus epagumayuu. Mol paccmompum ee 8 motl mepe, 8
KaKoul oHa anano2udua nepgoti meopuu. "Pensmusucmckuil” dce ananoe 6mopoti meopuu epasumayuu
HeuzgecmeH."

3aTo HaM OTJIMYHO U3BECTHO, YTO KUHEMATHYECKUE 3aKOHBI Kemiepa Hu Kak He ABISAIOTCS UMEHHO 3aKOHAMU
IIPUPO/IBI, A ABISAIOTCA IPOCTO UMUTATOPAMH, KOTOPBIE YAOBIETBOPUTEIBHO allIPOKCUMHUPYIOT
HKCIEpUMEHTAIbHbIE JaHHBIE JJI YaCTHOI'O ciyyasi, T.e. A JaHHOU "KoHcTpykuuu' ConaHeuHol cuctemsl. U
aBTOp CTATbU MPSIMO IUIIET, YTO OHU HE MPUMEHUMBI U1 000N "KOHCTPYKIMU" CUCTEMBI Tell, HAIIPUMEp, IS
NBOMHBIX 3Be3[. [loaTOMy, eciiu B COJTHEUHYIO CUCTEMY 3aJI€TUT KPYITHOE TEJIO U3BHE, TO IUIAHETHI YXKE HE
OyAyT B 3TOT MOMEHT ABUTAThCS MO AJUIMIICAM, KaK IPEANUCHIBAIOT 3aKOHbI Kerepa, a HeKoTopble pu 3TOM
B0OOIIe MOKKUHYT Haury CosiHeuHyto cucteMy. Ml TOYHO Tak ke MPUMEHEHHUE B 3TOM Cllyyae UJIH, Harpumep,
JUI TOBEACHUS TeJ BOJIM3U YepHOM JbIphl, pacueToB 1o ypaBHeHUsIM OTO Toxxe He mpuemMiemo, T.K. OHa He
ABJIAETCS AMHAMHUYECKOM Teopuei. U naxke cmemenue nepurenus Mepkypus, Koraa KpyImmHOe TeJIO ykKe
nokuHeT COJIHEUHYIO CUCTEMY, HE OyeT cooTBeTCTBOBaTh pacueram mo OTO, T.K. 3TH ypaBHEHHS
MIOATOHSUTUCH TI0J] CYIIECTBYIOLIYIO "KOHCTPYKLMIO" COJIHEYHO! CUCTEMBI, @ B HOBOM "KOHCTPYKIUH"
ypaBHeHust OTO Hazio OyAeT MOATOHSTH M0/ HOBYIO T€OMETPHUIO UX TPACKTOPHUH.

Ho s mymaro nepurenuit Mepkypus He CHIIBHO OT 3TOI'O PACCTPOUTCS, a BOT Hallla IUTaHETa 3eMJISl MOYKET 3TOTO
pacuera 1o OTO He nepexuTh yke IpU CyIEeCTBYIONIEH KOHCTPYKIIMHU COTHEUHOM CHCTEMBI, €CIIU MbI
B3/1yMacM IIPUMEHUTh Pacd€eThl 10 ATON TEOPUH, HAIIPUMED, JJIs HAILIErO BO3AEHCTBUSA HA HHOPOAHOE TEJIO,
KOTOpO€ MpHuoImKaeTcs K 3emiie, 4To0bl K3MEHUTh €r0 TPACKTOPHUIO U U30€KaTh CTOJKHOBEHUS C 3eMIIEH.
KcraTn, no cooOuieHusM B pecce ceifuac Kak pa3 Takoe TeJo U Npuoimkaercs K 3emie (Booo1e-To,
pa3iMyHbIe Teja MOCTOSHHO 3TO JIETAl0T) U 5 OBl Ipeanoyes, YTo0b! AJIs M0J0OHBIX PacyeTOB UCIIOJIb30BAIN
nuHamu4deckyro Teoputo Herorona, T.k. OTO He nMeeT HUKaKoro OTHOIIEHUS K MexaHHuke. K ToMy ke TOUHBIX
pemenuit B OTO, gaxke 1151 CHCTEMBI COCTOSIIICH U3 ABYX TeJ, BooOIIe HeT, modTomy OTO siBisieTcst mpocTo
UTPYLIKON Il MAaTeMaTHKO-(U3UKOB, a IPU MPAKTHUYECKUX pacueTax B npenenax CoJHeyHON CHCTEMBI ceifuac
MIPaKTUKHU BCEr/la MOJb3YI0TCS 3aKOHOM TroteHus Hetotona. Ho, ecniu Bam oueHb XxoueTcsi, 4TOObI pacueTshl
IS cyliecTByomeil koncTpykiuu ConHeuHoi cuctemsl otpaxainu 3¢dexrsr OTO, To MoxkeTe 6e3
MpUMEHEHUs yMornoMpaduTenbHbIX popmyn OTO ucnonab3oBaTh dJeMeHTapHbIH 3aKk0H HbI0TOHA ¢ monpaBKoit
Xomna, T.K. OH OyZIET B 3TOM Cilydae AaBaTh TOT ke 3ddekt (cm. Tabum. 10), kak u ypaBHenus OTO.

Ho 3T0 n3o0perarensCcTBo, T.€. BhICAChIBAaHUE U3 MAJbIA PA3INYHBIX (PU3NUYECKUX 3aKOHOB, HAYAJIOCH €Ille 10
coznanust TO 1 KBaHTOBOM MEXaHMKH, T.K. YK€ K KOHILY 19-To Beka MaTeMaTUKO-(pU3UKH OKOHYATEIEHO
3ayIIHIN B CBOMX 00bsATHsAX pusuky. U epir [57 ctp. 28] mo aromy moBoay maxke Hanucan ""Ho k konyy 19
cmoaemus guzuxa omoana npeonoumenue opy2omy cnocody mviuiienus” . I1loaromy, Kornaa, HapuMep,



BBISICHIIIOCH, YTO W3 JIarpaHkKuaHa MoTeHInanoB Bedepa momydaercs: abpakanadbpa, TO MaTEMAaTHKH POCTO
3asBUJIM, YTO 3/1€Ch JIOJKEH OBITh Ipyroi garpamxuan [68]. Jla, n300peTeHHbIH UMU JIarparKUaH JaBajl
TCIICPb HYXXHBIC 3HAKU B BBIPAKCHUU, HO TCTICPh NOJIYYAJIOCh, UTO 06]]_[3.51 CUJia MPUTSKCHUA CTalla CUJIOHN
OTTAJIKUBaHUS. BOT TOJIBKO /711 MATEMATHKOB 3TO YK€ OBUTO HE BaKHO M Ha ATO HE 00pamaim HUKaKoro
BHUMaHM:, T.K. B paMKax UX MaTCMAaTHYCCKUX HpeIICTaBJIeHI/Iﬁ TCIICPb MTOJIY4aJIOCh TO, YTO UM HYKHO. A s BOT
yMa He MPUIOKY JJaKe TI0 TIOBOIY TOTO OTKY/Ia B3sUICS Y HUX ATOT HOBBIN JIarpaHkuaH. JloraasiBatoch TOJIBKO,
9TO €T0 MPOCTO BHICOCAIH U3 MajbIla, T.K. y MATEMATHKOB II€TTb BCET/Ia ONPaBAbIBAET cpeacTBa. U, Hanmpumep,
korna [ImaHK MmoAroHsT TEOPETUYECKHA BEIBOJ] CBOETO CTATHCTUYECKOTO PACIIPEICICHUS YHEPTUN U3ITyICHUS
a0COJIFOTHO YEPHOTO TeJa IO YAaCTOTE U3MYUYCHHUS, IO SKCIIEPUMEHTAIILHBIC JaHHBIC, KOTOPBIX 51 TOPOOHO
paccMoTpe B ctatbe [75] To OH gaxe He CTECHSSICh IPSAMO TaK U IHCA, YTO

"... 51 3HAN, WMo IMa npodema umeem QYHOAMEHMAIbHOe 3HAYeHUe 015 (PUSUKU U 5 3HATL YOPMYY, KOomopas
80CHPOU3B00UM pACHpedeieHUe IHEPSUL 8 HOPMATbHOM CReKmpe; meopemuieckoe 00vsacHeHue Q0INCHO ObLIOo
ObLIMb NO YMOMY HALLOEHO 000U YeHOoll (BBIICICHO MHOWN), U HUKAKASL YeHAa He OblLia Obl CIUUKOM 8bICOKA. ..."

[TosTOMY, KaK HCTHHHBIN JBOCYHHK, YTOOBI JIIOOOH IIEHOM MOTyYHTh OTBET, KOTOPBIN COBIAAET C TE€M, YTO JIaH
B KOHIIE 33J]Ja4uHHKa, OH CTaJ MPOCTO MOAOUPATh pa3audHble POPMYJIbI IJI1 SHTPOIUH, O YEM OH MPSMO MUIIET B
CBOEH CTaThE « ... 51 8 KOHYE KOHYO8 NPUCMYNUL K NOCMPOEHUIO NPOU3BOTIbHBIX YPAGHEHUL OJisl SHMPORUU ...
Ocobenno npugnekameibHO 00OHO U3 NOCMPOEHHBIX MHOK blpadiceruli...». Y 31ech Obl 1 00paTHI Bale
BHHUMaHHUE Ha CII0BO "npou36obHeix', T.K. TOYHO TaK K€ U y DUHIITEHHA Mbl BUJIUM 3TO BOJILIEOHOE CIIOBO,
KOT'/Ia OH TOBOPHUT O KOBAPUAHTHOCTHU "8 00wem gude no OmHouleHuro K 1000ou 3amere npocmpaHCcmeeHHo-
8DeMeHHbIX nepemerHblx ", T.€. TIOIyJaeTcs, UTo K "npoussonvrou” 3aMeHe, KOTopas MO3BOJISIET 3aHUMAThCS
MOJITOHKOMW pellIeHus 3a7auu MoJ1 HYXKHbII pe3ynbTaT. KctaTh, koraa s mucai 3Ty ctarbio o [Tnanke, To s
omnupascs Ha OQUITHAIEHYIO TOUYKY 3pEHHS [0 3TOMY BOIIPOCY, KOTOpast yTBepxkaana, uro 1o Ilnanka He ObL10
o0111ei 3aBUCMOCTH OIKCHIBAIOIIEH 3TO paclpeiesieHue SHepTuu, a Oblia TeopeTrueckas Gopmyna Buna,
KOTOpas OTHCHIBaJIa €ro TOJIBKO B 00IIEM BUIE, a TeopeTndeckas popmyia Penest XOTh 1 OnUCHIBaa €ro
JeTalbHO, HO TOJILKO MPH MAJIbIX YaCTOTaX U3IY4YEHUs, [IOATOMY B CTAThe 5 €Ill€ CHIIBHO MPHYKPACUI 3aCIyTH
aTOro mestens. Ho mo3xe s 03HAaKOMUIICS ¢ HEKOTOPHIMU OPUTHHAJIBHBIME Pab0TaMU TOTO MEPHO/Ia U BBISICHHII,
YTO SKCIIEPUMEHTAIBHBIX (popMyn mogo6HbIX (hopmysie [1naHka B TO BpeMs ObLIO OIPOMHOE KOJIMYECTBO.

E=c1*L"-5/eMc2/(L*T)) (13-1) Wien 1896

E=c1*L"-4,5* T"0,5 / eN(c2/(L*T)) (13-2) M.Thiesen 1900

E=cl1*L"-4 *T / e™(c2/(L*T)) (13-3) Lord Rayleign 1900
E=c1*L"-5* L*T / e™(c2/(L*T)"1,3) (13-4) Lummer, Jahnke, Pringsheim 1900
E=c1*L"-5/ (en(c2/(L*T)) - 1) (13-5) M.Planck 1900
E=(2*pi*h*c"2/L"5) / (e™(h*c/(L*k*T))-1) (13-6) M.Planck 1900

BoT Tonpko MX aBTOpHI HE cTpeMMIHCh "M000# 1eHoit", kak [1naHk, BblcocaTh U3 CBOUX CTAaTUCTUYECKUX
anmnpoKCUMAaIUi SKCIEPUMEHTAIbHBIX JaHHBIX KaKue TO TEOPHH. 37ech Bce (hOpMYIIbl 3arucanbl B QyHKIUN
JUTMHBI BOJHBI L 1 TeMniepatypsl T, a Takke cojepikat iBa amMnuprueckux kodpduuuenta cl uc2. Hoy
[Tnanka popmyna (13-5), koTopas yx oueHb moxoxa Ha Gopmyny Buna (13-1) u mostoMy 1aeT npakTUIeCKH
OJIMHAKOBBIE Pe3yJIbTATHI, Uepe3 JIBa MecALa ''HENOCHIIbHBIX TPYJOB" MPEBPATUIIACH B TEOPETHUECKYIO
dopmyny (13-6), koTopas Tenepb ColepKUT 1Ba apyrux koddunumenta h u K. K Tomy xe Bce 3ti popmysl
(13-1)...(13-5) oueHb HEYIOBICTBOPUTEIBHO AIMPOKCUMHUPYIOT IKCIIEPUMEHTATBHBIC TAHHBIC U TOITOMY OBLIO
TJIYTIO U3 HUX BBICACHIBATH Kakue TO Teopuu. M MHe ceifuac Ha/to OBl ObLIO HEMHOTO IIepepadoTaTh ITY CTATHIO
o ¢opmyse [lnanka, 9ToObI O0Jiee MOTHO MOKa3aTh UCTUHHOE JIMIIO TAKWX MOIIIEHHUKOB Kak [lmaHk,
DUHINTEHH U UM HOJ00HBIX, HO M TOT'0, UTO 5 HAIKMCal B TOH CTaThe JOCTATOYHO, YTOOBI IMTOHATh "KTO €CTh KTO"
B HayKe, KOI/Ia OH U3 MaTeMaTHKa NepekBalIuUIMpyeTcs: B MaTeMaTUKo-pu3uka. [Ipu sToM, Harpumep,
DOHHIITEHH 10X0 pa3dupalicsi B MaTeMaTHKe, HO 5 €r0 TOXKE Ha3bIBAl0 MaTEMATHKO-(h)U3UKOM IIOTOMY YTO 3TOT
TEPMUH O3HAa4aeT He TO, YTO XOPOUIMHA MaTeMaTHK PEeIIn 3aHAThCS PU3UKOMH, a TO, YTO MAaTEMATUKO-(PU3UK
cuuTaeT (U3NKY OJHUM U3 Pa3JesioB MATEMAaTUKH (a BOT (PU3HKO-MAaTEeMaTHK CUUTAET MATEMATUKY TOJIBKO



MHCTPYMEHTOM JUJIsl U3Y4EHUS 3aKOHOB Npupoabl). [loaToMy MaTeMaTuko-(pU3MKOB COBEPIIEHHO HE HHTEPECYeT
Kakoi (pu3nueckuil CMbICT HecyT Bce ux ¢popmMynbl. [ljig HUX caMoe I1aBHOE MOJYYUTh MaTeMaTHUECKOoe
pelIeHne, KOTOPOe AACT TaKOM K€ OTBET, Kak U B KOHIIE 3aJaUHHUKA.

Hanpuwmep, marematuku Tak 1 He cMoriu 3a 300 net mocie n300peTeHus A pelieHus] TEOMETPUIECKUX 3a/1a4
Ouinepom u Jlarpan:keM BapHallMOHHOTO MCUMCIICHUS Pa3pelInTh UX CIIOP O TOM BapbUPYETCs BPEMs B
BapHallMOHHOM MCUYMCIIEHUU WIN HET. A BeJb B 3aBUCUMOCTH OT 3TOT0 MAHUITYJIALIUU C OJJHUM U TEM K€
JarpaHkKHUaHOM JaayT pa3Hble YpaBHEHUS JIBUXKEHUS, T.€. 3TU YpaBHEHUs OyyT UMETh COBEPILEHHO Pa3HBbIil
¢busnueckuii cMbIch (eciu Boodme OyayT ero uMmeth). Ho MaTemaTtnkam Hekorja ObUIO 3aHUMATHCS 3TUM
MaTeMaTHYECKHUM BOIIPOCOM, T.K. IMEHHO B MaTeMaTHKe OHU OBbUIH C1a00BaThl (KpOME OTIEIbHBIX JIUYHOCTEH,
Harpumep, Ditnepa win ["aycca, KOTOPBIi MpakTH4ecKy He Jie3 B husuky). [loatomy onu mo coBety Jlarpanixa,
KOTOPBIN OH U3JI05KUII B IIcbMe JlanaMOepy, HaKUHYJIMCh Ha (PU3HKY, e JaKe CO CBOUMU CI1a0EHbKUMU
MO3HAHUSAMH B 00JIaCTH MaTEMAaTHKH OHH BBITJISIEN OONBIIUME yUYeHBIMHU Ha (oHe pu3uKOB. [a u B Hame
BpeMs Mbl BUIIMM TO Xke camoe. Harmpumep, ¢pusuku cunrtanu, uyro Jlanaay cinabo pazbupaercs B GU3uKe, HO
yBa)kaJld €ro 3a 3HaHWE MaTeMAaTUKH, a IIOCIeIHNE HA000pOT CYUTAIIU, UTO OH CJIa00 3HAET MAaTEMATUKY, HO
yBa)KaJI €ro 3a To, 4TO OH pa3zdupaercs B pusuke. X0Ts, COCTABUTh MHEHHE O TOM KaKOi OH 3HATOK (PU3UKU
MOHO TOJIBKO II0 €0 YTBEPKACHUIO O TOM, 4TO, ECJIM B MEXAHUYECKOM CHUCTEME IPUCYTCTBYET TPEHUE, TO ITO
He MexaHUKa. He MOHATHO TOJIBKO YTO )K€ B 3TOM cilydae OyJeT - XMMHUS WK Xy10’)KECTBEHHAas JInTepaTypa B
xanpe antactuku. XoTs, HeT. [lox 3T0 onpeneneHne 0YeHb MOIXOAUT KBAHTOBAsI MEXaHHKA, I HET
HUKAKOro TpeHus. [IpaBzia, TaM HET U HUKaKOH MEXaHUKH (KpOME CJIOBAa B HA3BaHUM), @ €CTh TOJIBKO
CTaTUCTHUKA.

Taxum oOpa3zomM, npu paccmorpenuu I10 Habmronareneit 00beKTa, Kak U IpU pacCMOTPEHUH NTPUHLIUIIA
HAaUMEHBIIETO JEHCTBUS, Mbl BUJUM, YTO B HEKOTOPBIX YACTHBIX CIy4asX, T.€. UJIU B OJHOPOJHOM I10JI€ WU
IIPU CKOPOCTHU PAaCHpOCTPAHEHUS B3aUMOACHCTBUS paBHON OECKOHEYHOCTH U T.JI. HEKOTOPBIE TEOPETHUECKUE
MIPUHIIMITBI MATEMAaTUKO-(U3UKOB COOJIIOJAIOTCS, HO UX HEJIb3s PacIpOCTPaHsITh Ha BCE SIBJICHUS B IPUPOJE U
IpU JTIOOBIX YCIOBUSX. A, HallpuMep, YUCTO CyObeKTUBHBIN KuHematuueckuit I10 cobmromaercs npu mo0bIx
YCIIOBUSIX, HO JIEJIO B TOM, 4TO y camoii [Ipupoasl HET HUKaKuX MPUHIIMIIOB, T.K. OHA 10 CBOEH MpHUpoe
OecpUHIUIHA. Y Hee MOTYT ObITh TOJIBKO 3aKOHBI, KOTOPBIE HAJI0 HAXOIUTh, 00padaThIBasi JaHHbIE
MHOTOYHCIICHHBIX SKCIIEPUMEHTOB, @ HE BHICACHIBATH ATH 3aKOHBI U3 PA3IMUHBIX IPUHIIUIIOB, OJTOHSS CBOU
TEOPHH I0J1 KaKOH TO OJIMH 3KCIIEPUMEHTANbHBIN (aKT, Kak, HalpuMep, JeJIaeTCs B MHOTOYHMCIICHHBIX TEOPUIX
YCHENHO 00BSICHIIOMNX aHOMaJIbHOE CMellleHue niepuresins MepKypusi, HO COBEPIIEHHO HE 00bICHSIIOMNX
aHOMaJIbHBIE CMELICHUS JJPYTUX MapaMeTpoB OpOUT IJIaHET.

A 1pu 3TOM Jaxke eciu Obl U 0TCYTCTBOBAIM Jipyrue teopu (otanunbie oT OTO), oobsicHstomuMe haxkt
aHOMAJIBHOTO CMEILIEHHs ITepurenust MepKypHsi, TO 3TO elle He SBISIIOCh Obl I0Ka3aTeIbCTBOM MPAaBUIBHOCTH
OTO u Tem Gonee He MPUBOAMIO Obl K HEOOXOAMMOCTH €€ UCII0JIb30BAHUS B Pa3IMUHBIX pacuetax. Hy, Her
ceifuac Teopuu 0OBICHSIONIEH, HapUMeEp, OOBIYHOE CYX0€ TPEHUE MEX]y TeJIaMH, XOTs TUIIOTE3
MPEIOCTATOYHO, HO 3TO HUKAK HE MEIIAeT YUEHBIM BbIUUCIATH, KOT/Ia 3TO TpeOyeTcs, BETMUNHY 3TOTO TPEHUS
corylacHo sMnupuyeckot popmyse Kymnona. A mo npoBeieHHOMY BBIIIIE TEOPETHUECKOMY aHAINU3Y HaJl0
cenaTh OJHO3HauHbIN BbIBOJ 0 TOM, uT0 CTO 1 OTO sBisIOTCS SIBHO OMMOOYHBIMH TEOPUAMHU (€CIIN HE
CKa3aTh, YTO MPOCTO OpeaOM), TOITOMY Ha/I0 3a0bITh O HUX U OIATh BEPHYTHCS K HCTOKaM, T.€. K YPaBHEHUSIM
Makcgemia n skcniepuMenTy Malikenscona-Mopiu. Y ipu 3TOM HaZi0 BBIICHUTH OTKYZA B3sUIOCh
yTBEpIKJCHHE, UTO ypaBHEHUs MakcBea 0043aTelbHO TOJKHbBI ObITh HHBAPHAHTHBI K TPE0OpPa30BaHUIO
KOOPJMHAT, CKOPOCTEN M BPEMEHH.



2.2.2 DKcriepuMeHTallbHas MPOBEpPKa O0ILEro MPUHIIMIIA OTHOCUTEIEHOCTH.

Kak MbI BbIsicHUIH BbIIIe HUKakoro odmero 110 y Difnmrreiina He 66u10 1 Best ero OTO moctpoeHa ToJIbKO Ha
MPUHIINIIE 00IIEKOBAPUAHTHOCTH, KOTOPBIA HE UMEET HUKAKOTO (PU3HMUECKOro CMbICIA, T.K. BECh €r0 CMBICI
HKBUBAJICHTEH OECCMBICICHHOMY BBICKAa3bIBAHUIO O TOM, YTO JBAXKIbI JIBA JIOJDKHO OBITH YETHIPE MM YTO CHET
JOJKEH OBITh XOJOTHBIM, T.K. OH caM corjacuics ¢ Kpeumanowm, uto jato0ble ypaBHEHUS Bcerjaa OyayT
obmexkoBapuaHTHBIME. Clie1oBaTenbHO, TeopHsi, KoTopas HasbiBaeTcss OTO momkHa Ha3bIBATHCS MPOCTO
Teopuel rpaBuTalui DUHINTEHHA, T.K. HHKAKOr0 OTHOIICHUS K TEOPUU OTHOCUTEILHOCTH OHA HE UMEET, XOTS B
HEW 1 UCTIOJIB3YETCsl HE CYIIECTBYIOLUHI B nipupojie oomuii [19 aiis nepeBoga pacCMOTpEHUS SIBJICHUS B
HeCO k ero paccmotpenuto B MCO, kotopeiit HantomuHaeT o TO. [ToaTomy, mo cyTd, Ham TYT U IPOBEPATH TO
HEYEro, HO s BCE )K€ MPOBEPIO €Ille pa3 IKCIEPUMEHTAIBHO ero oouruii [13, T.e. BBIBOJ 00 SKBHBAJICHTHOCTH
noJiel EHTPOOEKHBIX CUJT M TPABUTALIMOHHBIX MOJIEH, KOTOPBIM U MOPOAUI €r0 TEOPUIO FPaBUTALIUHU, XOTS,
PaccCMOTPEHHBIH BBIILIE MPOCTEUILINI IPUMEP C TUPOCKOIIOM, YK€ OIIPOBEPIaeT ATOT IPUHLUIL. A B KaUeCTBE
HATYPHBIX IKCIEPUMEHTOB, IOKA3bIBAIOLINX STOT IPUHIIUII U BBITEKAIONIYIO U3 HErO TEOPHUIO I'PaBUTAINH,
PacCMOTPUM TPH IKCIIEPUMEHTA, KOTOPBIE MPUBOIUT caM DiHIITerH [22 crp. 680].

"1. Bpawenue snnunmudeckux opoum naarnem oxkono Coanya (noomeepacoeno 8 ciyuae Mepkypus).

2. Hckpuenenue c8emosbix ayueti noo 0elicmsauem cpasumayuonHulx noje (0ulio noomeepicoeHo
gomoepapusmu nonnozo 3ammenus Cornya, COENAHHbIMU AHSTULCKOL IKCneouyuell).

3. Cmewenue cnekmpanbHuLX TUHULL K KPACHOMY KOHYY CheKmpa 0Jisi C6ema, npuxoosuje2o om 36e30,
001a0arwux 601bUON MACCOU (ewe He NOOMBEPICOEHO Onbimom). *

* Tenepv omo senenue noomeepaicoero nabnooenusmu. (Lpum. asm. k anain. uzo. - Ped.)"

A Ha4yHEM MBI C IPaBUTALlMOHHOTO CMEIIECHUS JIMHUM U3I1y4eHus B criekTpe CoJHIa, KOTOPOE BBITEKAET
HEMOCPeACTBEHHO U3 ero obmiero [19, T.e. HaM AJI1 3TOTO COBEPILIEHHO HE HYXKHbI YPaBHEHUS JBUKECHMUS,
koTopsle nostydaroresa B OTO, 1.e. B ero Teopun rpasuranuu. Ceiyac MULIyT, YTO SKCIIEPUMEHTAIILHBIE
JTaHHbBIE TIOJTHOCTHIO MOATBEPK/IAI0T BHIBOJI DUHINTEIHA O CMEILIEHUH JINHUN U3TyYeHHUs! B KPACHYIO CTOPOHY,
HO OCTaeTCcs BOMPOC, a Ha CKOJILKO TOYHO OHU ATO MOATBEPKIAIOT U B COOTBETCTBUHU C Kakoi (opMyJoH, T.K.,
KaK Mbl BUJIEJIN BBIIIE, TAKUX TEOPETUUYECKUX (hOPMYIJI MHOTO U Bce OHM pasHble. bosee Toro, kak numer [laynn
B 1961 rony, sKCIepMMEHTHI IO CMEILEHHIO JTMHUNA n3aydyeHus B criektpe ConHua "npedcmasnaiomcs 008016HO
neybeoumenvruimu". 1 00 3ToM xe nucan [laynu eme B 1921 roay, T.K. MOJ0KEHUE CIEKTPAIbHBIX JTUHUI
Pa3IMYHBIX ATOMOB HE TOJIBKO 3aBUCHUT OT JABJICHUS, HO U NPU UX CMEIICHUH OHU OYEHb CUJIBHO NIEPEKPBIBAIOT
JpYyT Apyra B CIEKTPOCKOIIE U TIO3TOMY TPYIHO OTJIMUUThH CMEIIEHUE OJJHOW JMHUM OT CMEILEHUs APYroil U npu
HOpPMAaJIbHBIX TO YCJIOBHSIX, a TOITOMY Y Pa3JINYHBIX aBTOPOB HKCIIEPUMEHTOB (KOMX OBLIO OTPOMHOE
MHO>KECTBO) TaKOM 00I1b1110# pa3Opoc B ux naHHbIX. KcTaty, u ceituac 3ta mpobiieMa nepeKpbITHs TUHUI
U3JTyueHHs HUKY/Ia He JIeach U B CBOei ctathe [69], korna st paccMaTpuBai M COBpEMEHHBIE SKCIIEPHUMEHTHI,
MOCBSIIIEHHbIE MTOATBEPKACHUIO POPMYJIbI PENATUBUCTCKOTO 3 dekrta Jloriepa, TO ONATh TaKU CTOJIKHYJICS C
TOM ke caMoit MPoOIeMO MePEeKPHITUS JIMHUHN N3TyUEeHHUS.

[ToaToMy, HOCTOBEPHO MOATBEPAUTH IKCIIEPUMEHTAIBHO YPPEKT TPAaBUTAIIIOHHOTO KPACHOTO CMEIIIEHUS B
CHIEKTpE 3BE3/l, KOTOPHIE K TOMY K€ WJIH YAISIOTCS OT HAC WA MPUOJIMKAIOTCS, T.€. HAOII0AeTCs eIIe U
npoonbHEIH dhdekt [Jomnepa, mpakTHUECKH HE BO3MOKHO |, CI€I0BATENIbHO, HE HAJ0 U pacCMaTpUBATh ATH
IKCIIEPUMEHTHI KaK TTOATBEPXKIACHUE WIIH ONpoBepkeHue odmiero [19 Ditnmreitna. Ho Tyt Ha moMoris
penstuBucTam npuiien [layHa, KOTOpbIN, KaK CUATAETCS, IKCIIEPUMEHTAIIBHO IMOATBEPINAIT 3TO
rPaBUTALIMOHHOE 3aMEIJICHUE BPEMEHH, KOTOPOE Ia€T CMENIEHHUE JIMHUI U3JIyYEHHUs B CIIEKTpax 3Be3/, T.K.
MOATBEPINII 3TO B 36MHBIX YCIOBHIX C UCIIOJIB30BAHUEM raMMa U3JIy4eHus. BOT TOJIbKO, KaK Mbl BBISICHUJIU B
TEOPETUYECKON YacTH, HAYKEe IMOKa HE MU3BECTHO, YTO B CBOMX IKCIIEPUMEHTAX MbITaJICS NOATBEpAUTH [layHn,
T.K. €r0 TpakToBKa obmiero I15 oramdaercs oT TpaKTOBKM DUHINTEHHA U TO3TOMY JOJIKHA COOTBETCTBOBATh
KaKOM-TO JPYroi TeOpuH. A KpOMe TOTO, COBpeMeHHast opuIlnaabHas HayKa JaeT U IPyrue BO3MOXKHBIE
TEOpEeTUUECKHE OOBSICHEHUS PE3yIbTAaTOB MOJIYUCHHBIX B dKcIiepuMenTe [layHaa v mo3aToMy HUKAK HElb3s
CKa3aTh YTO e MOJTBEPKAAIOT ATH dKCrepuMeHThI. Ho 51 Bce e paccMOTpIo 37€Ch 3TH SKCTIEPUMEHTBI, YTOOBI



€Ille pa3 NPOJAEMOHCTPUPOBATh YUTATEISAM HAYUHBIH YPOBEHb M 3TOI0 'TMUTaHTa MBICIIN", KOTOPOTO TOXE
IpociaBisieT ouIuaibHas HayKa.

Tak BoT. OH B CBOMX DKCIIEPUMEHTAX MOMEIIAJl U3Jlydaresb Ha OairHe BeicoTor H=22,5 M, a morioturens
raMma KBaHTOB CO CUETYMKOM Yy OCHOBaHHMsI OanrHu u Ha000poT. B mepBom skcniepumente (1960 ron) on
nosy4an 3HaueHue dv/V0 ¢ TouHoCThIO 10 4%, a Bo BTopoM (1964 rox) ¢ TouHocTsio 10 1%, cornacyroieecs ¢
pacuetHbIM 3HadeHHeM dV/V0= 2,45*107-15, T.¢., Kak CUUTACTCs, €r0 IKCIICPUMECHTAIBHBIC JAHHBIC TOYTH
TOYHO MOATBEPAMIN GopMyiry DitHiireliHa (5-3) Ui 4acTOThI "THKaHbsA™" YacOB, €CJIM €€ BOCIIPHHUMATh Kak
ero ¢popmyny (6-1) 11t 4acTOTHI U3ITY4ICHUS (XOTS, KaK MBI BHJIETH, 00€ 3TH (opMyibl omuOouHbIe). JlaBaiite
paccMmoTpuM, Kak ke [laynny sto yaanocs. Benp B To BpeMsi oueHb MHOTHE POBOIUIIN SKCIIEPUMEHTHI C raMma
U3Iy4YeHHEeM HcTonb3ys dhdext Meccbayspa, KOTOPBIH MO3BOJISIIT HE YUUTHIBATh OTAAYy MIPHU U3IYYCHHUH, T.€.
HE YYUTBIBATh NIepepacipe/iesieHne S HEpruK B raMMa KBaHTE U B AJIpe aToMa, KOT/Ia B KaueCTBE UCTOYHHKA
M3YYEHHUS U €r0 TOTJIOTUTENS UCTIONb30Baiu sneMeHTsl C057 u Fe57 ¢ sueprueii 14,4 xaB. Ho moutu Bce npu
3TOM MPOBOAMIIN IKCIEPUMEHTHI ¢ MeccOay?pOBCKUMU LEHTpUDyraMu, KOTOpbIE 51 OU€Hb OJIPOOHO
paccmoTpern B cratbe [69], u mo3ToMy TYT s X paccMaTpuBaTh HE Oy1y, T.K. J00ABUTh K TOMY, 4TO 51 TaM yXKe
Hamucall MHE TIPaKTHYECKU HEYero, a TOJIbKO MPUBEAY HEKOTOPHIE JaHHBIE.

Tak BOT, B 3THX 3KCIIEPUMEHTAX C MeccOayIPOBCKUMH IICHTPU(YraMu HCIOIb30BAIACH CPABHUTEIHHO
OO0JIbIIIast TMHEHHAS CKOPOCTh HAa CTEHKAX ATHX IEHTPUQYT, KOTOPAs JOCTUTAJIa COTEH METPOB B CEKYH]TY, a B
skcnepumenTe [layHia Mbl BUAUM, UTO €ro (paHTaCTHYECKOE MPUPAIICHUE CKOPOCTH raMMa KBaHTa, T.C.
3JIEKTPOMArHUTHOT'O M3JIyYCHHsI, T.€. CBETa, OBLIO 10 €ro MeTOAuKe ToJbko g*H / ¢c= 9,8*22,5/3*10"8=
7,5*%10"-7 m/c, T.€. IpOCTO MUKpOCKONIMYeckoe. M Takum 00pa3om 3To mpH nmpoaoiasHoM dddekre Jlomaepa
JaCT U3MEHEeHUe 4acToThl m3nydenus VO*Vr / c= v0*2,5%10"-15 I'u u ¢ yderom Toro, uro y Hac VO= 3,5*10"18
', momyuntest dv= 8,5*1073 I'. A BOT B 9KCIIEpUMEHTAX ¢ MeCCOAyIPOBCKMMH LEHTpH(yramu y Hac,
HaIpUMep, MPH JIMHEHHOW CKOPOCTH CTEHKH POTOPA, TJIe pa3MEIIaeTCs WIIA U3Ty4daTellb WIH MTOTJIOTUTEb,
cornacHo Gopmyne ans nornepednoro 3gdexra Jlomnepa, T.e. U3-3a peAATUBUCTCKOTO MHOXKHUTENS B ATON
dbopmyie, moxyuurtcs dv= v0*0,5*Vit"2 / ¢"2. U, eciiu Mbl Bo3bMeM ckopocTh Vi= 300 m/c, TO MBI TTOJTyIHM
dv=v0*0,5*9*10"4 / 9*10"16= v0*0,5*10"-12= 1,75*10"6 I'11, T.e. Ha Tpu mopsiaKa GoJbiie, yeM y [layHa.
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Puc. 44. a)- Cxema 1ieHTpUYTry C ICTOYHUKOM U3IIYYSHHUSI Ha OCH POTOPA U MOTJIOTUTENIEM Ha €ro CTCHKE
(BocipousBeieHo u3 pabotsl [64]). b)- 'paduik MHTEHCHBHOCTH U3JTyYEHUS MPOIICIIIETO Yepe3 MOTJIOTUTEb B
(GYHKIMH pagraibHOW CKOPOCTH JIBM)KEHHSI ICTOYHHMKA U3JTYUSHHS, KOTOPBIA HAXOIUIICS HA OCH POTOpa, IPU
mojiaye Ha BUOpATOp uepe3 KOHTAKT B PTYTHON BAHHOW MUI000PA3HOTO HATIPSHKEHHSI, KOTOPOE 3a/1aBaJI0
JMHEHHYIO CKOPOCTh MEPEMELICHUS HCTOYHUKA H3Iy4eHUs (BOCIIPOM3BEICHO U3 padboThl [63]).




A Temnephb JaBaiiTe IOCMOTPHUM Ha 3KCIIEPUMEHTAbHBIC KPUBbIE MOTJIOMIEHUS, KOTOpBIe monydmtnuch y [laynna
B J1a00paTOPHBIX YCIOBUAX U 'y UeMITHU B peaibHOM 3KCIIEpUMEHTE MPU CKAHUPOBAHUU TOTJIOTUTENS
Pa3IMYHON YaCTOTOMN M3ITydeHHUs, KOTOpasi M3MEHsJIach BCIEACTBHE MPOI0JIbHOTO ¢ dekra Jloriepa
BO3HHUKAIOIIETO MPH MEUIEHHON CKOPOCTH MEepeMEeNIeHHs] HICTOYHHUKA H3TYyYeHHUs], a 3Ta CKOPOCTh 3ajjaBajiach
IIPU TIOMOIIU TTHE30BUOPATOPOB, HA KOTOPBIE MTOIABAIOCH MMIO00PA3HOE HAIPSHKEHHUE C PAa3IMYHON 4acTOTOM U
amruntynoit. Ha puc. 44b Bbl BUanTe TaKyro KpUBYIO, T/I€ HIMPUHA JTMHUH MOTJIOIIECHHS COOTBETCTBYET
M3MEHEHHIO CKOpOCTH BuOparopa npumepHo Ha 0,6 MM/C, YTO cOrflacHO Mpo1oibHOro 3dexta Jlomiepa gact
PasHOCTh YacToT, T.€. MIUPHHY JHHUK TormomeHus, VO*(6*107-4 / 3*1078)= v0*2*10"-12= 7*1076 ' A
COIJIACHO TAaKOMW e IKCIIEpUMEHTAILHOM KpUBOH, noayyeHHol [Taynnom (cM. puc. 45) y Hero noiyumprHa
JIMHUY MOTJIOIIEHHUs OyYuiIach pHu ckopoctu Bubparopa 0,017 cm/c, T.e. nonHas LIMpUHA JTUHUN
MIOTJIONIEHUS HA MTOJIOBUHE BBICOTHI ATOM JIMHUHU, OYAET MPH PA3HOCTH CKOPOCTH BUOpaTopa B JiBa pa3a OoJIbIiie
u nonygutest VO*(3,4*10"-4 / 3*1078)= v0*1,1*10"-12= 3,9*10"6 I'w1.
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Puc. 45. Pezonanchoe norsonienne Fe57 B GyHKIMM OT CKOPOCTH IBUKEHUSI UCTOYHUKA U3TYUYEHUS U OT
COOTBETCTBYIOIIEH ATON CKOPOCTH T0OABKE K YaCTOTE MITYUSHHS 3a CUET MpoaosibHOTO dddexTa [Jorrepa
(Boctipon3BeieHo u3 pabots [31]).

Taxum 00pa3oM, eciau B SKCIIEPUMEHTAX ¢ MeccOay?pOBCKUMH LIEHTpU(pyraMu y Hac HaOJIt0JaJI0Ch CMEILIEHHE
JMHAN U3Ty9eHUs (MM TIOTJIONIEHHS ) IPY Pa3HOM CKOPOCTH HEHTPU(PYTH COU3ZMEPUMOE C IIIMPHHOM dTON
JIMHUY Ha MOJIOBUHE BBICOTHI 3TON KPUBOH, TO B 3KcniepumenTe IlayHna ¢ BeicoToi 6amHu B 21 M B mepBoM
SKCIIEpUMEHTE U 22,5 M BO BTOPOM IKCIIEPUMEHTE y HAC JOJKHO ObUIO ObITh TEOPETUYECKOE 3HAUYEHUE ITOTO
cMerieHust yactotsl 8,5%1073 / 3,9%1076= 2,2*10"-3 ot mmpunsl muHuH. T.€., rpy0o ToBOpSI, IMHKS Ha puc. 45
JO0JDKHA OBLIa TIPH TOM CMECTHTHCS Ha OJIHY MATHUCOTYIO YacTh OT cBoel mmpuHbl. Ho, risis Ha puc. 45, tae
BEPTUKAJIBHBIMHU OTPE3KaMHU YKa3aHbI U TIOTPEIIHOCTH U3MEPEHUsI, KOTOPBIE, KCTAaTH, OJIYYEHBI B
71a00paTOPHBIX YCIOBHAX, @ HE B PEATbHOM 3KCIIEPUMEHTE ¢ OaIlIHEH, 51 MOTy C YBEpEHHOCTBIO CKa3aTh, YTO
Oynp HabII01aeMoe 3HAUEHNE CMEIICHHUS YaCTOThI XOTh B IECATH pa3 00JIbIlIe, 4YeM TEOPETHUECKU
paccunTaHHOE, KOTJa JJMHUS MOTIIONMICHNS Oblila ObI CMEIeHa Ha OJJHY MATHACCITYIO OT INUPUHBI JINHUN



MOTJIOLIEHUS, TO M 3TH SKCTIEPUMEHTAIIbHBIE TAHHBIC OTIUYHO OBl YIOKUINCHh B MHTEPBAIl OTPEITHOCTEH
U3MEpEeHUsl.

A yX omnpenenuTh Mo SKCIIEPUMEHTAIbHBIM JaHHbIM [layHa cMelieHue IMHUY Ha OJHY MSATHCOTYIO €€
[IMPYHBI HY HUKaK HE BO3MOXHO. A, 4TOOBI JINHUS 3aMETHO CMECTHIIACh, XOTs OBl Ha IMOJIOBUHY CBOCH
IIUPUHBI, Kak nueT caM [layH, Hy)KHa pa3HOCTh MO BbICOTE U3Iy4arens u norioturens 6oiee 3000 M, a MbI
uMeeM Toiabko 22,5 M. [ToaTomMy, 31eck Ob1 HaI0 OBUIO MCTIOIB30BATh H30TON ZN67 y KOTOPOTO OTHOIICHUE
IIUPUHBI TUHUU K SHEPTUHM raMMa kBaHTa Oynet 5,2*%107-16, a y u3otoma Fe57 3to otHomenue pasuo 3,1*107-
13, T.e. Ha TpH MOPsIKA OOJIBIIIE, U TOT/IA JOCTATOYHO OBLIO OBI OAIIHU BHICOTOKO B 5 M. M MHOTHE
IKCIIEPUMEHTATOPBI, HarpuMep y Hac B JlyOHne u B Amepuke B Jloc Anamoce, Tak ke, kak u [Taynn B 'apBapae
B HayaJie CBOETO MCCIICIOBAHUS, IIPOBOIMIH MO00HBIN IKCIEPUMEHT UMEHHO C H30TONIOM ZN67, HO YTO TO Y
HUX Y BCEX APYKHO HE 3aJIaHJIOCh C U30TONOM ZN67, KOTOPBIM TpeOyeT HU3KUX TeMIEpaTyp, a Kajako, T.K. TaM
MO3KHO OBLIO OBl TOBOPUTH O JOCTOBEPHOCTH PE3yIbTATOB.

Ha, ITayHa roBopuUT, 4TO OH U3MEPsIT CMEILEHHE JIMHUHU B IBYX Pa3HbIX HalpaBlIeHUX (KOI/1a NOIJIOTUTEINb
BHHU3Y U KOTJ]a OH HaBEPXy) U MMOITOMY CyMMapHOe CMELIeHne OyIeT He OJIHA MSTUCOTast, a OJTHA
JBECTUIISATHAECATAs OT LIMPHHBI IMHUM NOJIOIIEHHsI, HO U 3TO 3arpeenbHoe 3HaueHue. bonee Toro, 06 oaHoiA
JBECTUTISI TUIECATON MOKHO OBIIIO OBI TOBOPHUTH, €CIH OBl M HICTOYHHK M TPUEMHHK OCTaBAJIUCh HA CBOUX
MEeCTax, a, €CJIM Bbl UX NIEPEHECHIN B IPYIHe MECTa, TO HAJIOKUTh OJIHU JIaHHBIC Ha IPYIHe YK€ HE BO3MOXKHO.
Benp 110001, KTO IPOBOAMII SKCIIEPUMEHTHI, OTJIMYHO 3HAET, UTO OBIBAET MIPOCTO MEPEABUHEID YCTAHOBKY
YyTh B CTOPOHY U Y€ MOT'YT "TOIUIBITH" 3KCIIEpUMEHTANIbHBIE IaHHbIE, a OH IIepeMellall UCTOYHUK U
MIOTJIOTHTEINb C TIOAHOXKHUS OAITHH Ha €€ BEPX, I'/Ie OHU K TOMY K€ 00BS3BIBAIMCH yXKe Ipyroi annapaTtypoit. 1
II0CJI€ ITOrO OH Ha MOJIHOM Cephe3€ HaM PaCCKa3bIBAeT, YTO C TOYHOCTHIO B 1% MOATBEPIUII CBOIO
WHTEpIIPETANI0 DUHIITEHHOBCKOTO ob1iero [19, HecMoTps Ha TO, 4TO y Hero Bce Ha rpanu ¢ornal! K Tomy xe,
KaK OH caM I10Ka3aJj, TOJbKO W3MEHEHHE TeMIIepaTyphl Ha OAMH I'PajyC MPUBOAUT K CMELICHUIO TUHUU
n3nydenus Ha V0*2,2*107-15, T.e. TOJIIBKO YyTh-4yTh MEHBIIIE, 4eM caM 3(PPEKT, KOTOPHIil OH MBITAJICS
3aukcupoBats. [Ipu 3TOM ero cemb MOTIOTUTENEH JaBau MOKa3aHUs pazinyaroiuyecs B 4 pas, T.e. oT 8*10”-
15 o 30*107-15. A 3T0 HEe BO3MOXKHO OOBSCHUTH J1aXKe Pa3HOCTHIO TEMIIEPATYp, T.K. AOMYCTUTD TO, UYTO y CEMU
MIOTJIOTUTENEH, PAaCIIONIOKEHHBIX PSAAOM, OHa OyAeT oTiauyaTbes B 9 pas, T.k. (30-8)/2,2= 9, He BO3MOXKHO. A ¢
YeM 3TO CBSI3aHO OH TaK M HE BBISCHUII, OTPAHUYUBIIUCH TOJIBKO BOT STHM BbICKa3biBaHHeM [31].

"IIpoucxooicoenue smux cO8uU208 00 CUx Nop OCMAEMCS HEACHBIM, HO HYICHO HOMHUMb, YMO 0AdICe CaMblll
oonvuwot uz Hux cocmaensem moavko 3*10°-2 om wupunvr runuu. Cama wupuna 1unuu cocmasnsiem, no-
guOUMOMY, 0K0.10 3|2 ecmecmeeHHOU WUPUHBL, YMO CEA3AHO C HeCOBEPULEHCINEOM UCOYHUKA UTU
noenomumers iU mozo u opy2oz2o."

Kcratn, TyT K€ MBI BUIIUM, YTO OH COBEPIIICHHO HE 3HAET KaKKhe y HeTro OyXyT MpOoQIN JIMHUHA MOTIIOIIEHHUS Ha
€ro ceMH MOTJIOTUTENSX, a, CIIEIOBATENIbHO, BCE €0 PACYEThI CMEIIEHUS YaCTOThI U3Ty4eHUs 10 4-M TOUKaM Ha
ATHX KPUBBIX MICAHBI BUJIAMH 110 BoJle. Besb, eciii BbI He 3HAeTe IMPHUHBI JTMHAH TTOTJIONICHHUS, TO BBl HE
MOJKET€ ONPENIEIUTh U YTOJI HAKJIOHA OOKOBBIX JIMHUM, 8 UMEHHO, HCIIOJIb3YsI 3TOT Yrojl HAaKJIOHA, OH U
paccuuThIBaeT 4-¢ TOUKH MPH PA3IMIHBIX KOMOMHAIIMAX CKOPOCTH MOPIIHS ¥ BUOpaTopa. boiee Toro, aTu
KpPHUBBIE Y HETO Ha BCEX MOTJIOTUTENAX Pa3HbIE U, CIEI0BATEIbHO, IPH pa3HbIX 3HAYCHUSX MTOKa3aHUH OyayT
JaBaTh pa3HbIe HEIWHEHHBIE MOTPEITHOCTH. W, €CTECTBEHHO, T.K. OH HE BBISICHIII IPUPOY PA3HOCTH TIOKa3aHUI
Pa3NUYHBIX MOTJIOTUTENEH, TO BOBMOXKHO, YTO U BO BPEMsI CAMOT'0 SKCIIEPUMEHTA IIUPHUHA JIMHUH MOTJIOMIEHUS
MorJia MEeHIThCS. Beb u3 nanHbIX, yTo npuBoauT Yemmnau [63], Mbl BHIUM, UTO JaXe B 1a0OPaTOPHBIX
YCJIOBHSAX IIUPUHA JTUHUU TOTJIOIIEHHS MOKET BapbUPOBAThCA B JOBOJIBHO MIKUPOKUX npenenax ot 0,4 no 0,78
MM/c (B HallleM MpUMepe pacyera, 4To MPUBEJEH BhILIE, 1 Opaji ckopocTh BuOparopa 0,6 MM/c) B 3aBUCUMOCTH
OT KOHCTPYKTHUBHBIX OCOOCHHOCTEH HalblIeHUs Ha noanoxky Co57 unu Fe57. A y Ilaynnia ona nonydniack
Jaxke B JIa0opaTopHbIX ycinoBusx 0,34 Mm/c, 9TO COOTBETCTBYET MIMPUHE JIMHUH ToromeHus 3,9 MI'.

IToaTomy Hanucano y Ilaynna Bo BTopoii ctaTthe MHOIO (16 cTpaHuIl), HO 1O CYTH BCE 3TO CKa3KH BEHCKOTO
neca. Hanpumep, oH oueHb NOAPOOHO MUILET O TOM, KaK OH BHOCHJI KOPPEKTUPOBKH B AKCIIEPUMEHTAJIbHBIE
JaHHBIE Ha PA3HOCTH TEMIIEPATYpPbl Ha U3JIydaTese U MOTJIOTUTENE, KOTOPask CUNTANACh Y HETO BO BPEMs



HKCIEPUMEHTA BIOJIHE HOPMALHOU JaXke MpH nepenajae +/- 5 rpaxycoB. Ho koMy HHTEpeCHBI 3TH
MOJIPOOHOCTH NOJATOHKH SKCIIEPUMEHTAIbHBIX JAHHBIX MO HYKHBIN pe3ysbTaT. Thl HAMIIM, 4YTO TEMIIepaTypa
cTabmIm3nupoBanack ¢ TouHocTslo 10 0,1 rpaayca, a 3To gaBano norpemHocts 2,5%107-16, t.e. 10%, u Bce. Ho,
HET, OH NPOJOJDKAET HACTAUBATh, YTO C UCIIOJIB30BAHUEM KOPPEKTUPOBKH SKCIICPUMEHTAIBHBIX JaHHBIX
n00miIcs TOYHOCTH B 1%, XOTS B aHAJIOTHYHBIX dKCIIepuMeHTax [29] aBTOpbI MOMyYHIM HOTPEITHOCTD
usmepenus 45%. EcrectBenno, [Taynay 3to He moHpaBuioch u oH Harmucan [30] "Hawe uccredosanue
nokasvleaem, 4nio u3 dKcnepumerma KpQHLMO)/ 60061146 Heb3sl cOenams HUKAKUX 3akaoveruil”.

Bonee Toro, on noy4aer aBropoB [29] kak Hag0 TOOMBATHCS HYXKHBIX PE3yJIbTaTOB M B YaCTHOCTH FOBOPHT, YTO
UM HAJI0 BHECTH B TIOJYYCHHBIC IKCIICPUMEHTAIbHBIC JJAHHBIC TEMIIEPATypPHBIC TIOMPABKH, a sI HATOMUHAKO, YTO
OTHOCHUTEIIbHAS Pa3HOCTh TEMIIEPATyp B 1 rpaayc AaeT MOrpelHoCTh TaKyko ke, Kak U HaOmonaemMbli 3 dekT.
[Tpu 3TOM KaKkyro MOTPEUTHOCTh JaeT a0COMOTHOE 3HAYEHUE TEMIIEPATyphl, a TAK)KE PA3JIMYHbIC JeopManuu
YCTaHOBKH, He u3BecTHO. Hy, aBTOpbl nociaymanucek copetoB Ilaynna u B 1964 rony npusenu HOBoe 3HaU€HUE
MOTPENIHOCTH U3MEPEHHUH ¢ YU4ETOM BCEX MOIMPABOK, KOTOPOE MOJYIHIIOCH (coriacHo qaHHbM [28]) 54%.
Takum o6pazom, ¢ BeposTHOCTBIO 99,9% sxcniepumMenTsl [layHia SBASIOTCS IPOCTO MOATOHKON
IKCIEPUMEHTAIBHBIX JAHHBIX IO HYXHBIN pe3ynbTat. [Ipu 3ToM KpoMe MaXUHAIHA ¢ TeMIIEPaTypPHBIMH
MOIMPAaBKaMH U OTCYTCTBHUEM IKCIIEPUMEHTAILHBIX JaHHBIX T10 YTJIaM HAKJIOHA JIMHUH MOTJIOMICHUS Y CEMH
MOTJIOTHTENEH MOXHO elile 3aMeTuTh, yTo KITJ[ ero 7-u moriorureseii otiauyaics B 4-¢ pa3a, a HO3TOMY HAJI0
OBLIO HE JIeTaTh BUHETPET U3 JaHHBIX HAOIOJCHNH, a MUCATh UX Pa3JENIbHO JUIs KaXKI0TO IMOTJIOTUTENS, a HE B
pexume cymmupoBanus (fold-mode), kotopslit Henosbp3yeTcess HHOTAA TPH HAOJFOICHHUH 3a MyJIbCapaMH, T.€.
HaJ10 OBLIO 3aMMCHIBATh JAHHBIC B pexxuMe noucka (seach-mode). U Toibko 3To yke B KOpHE MepeuepKUBacT
BCIO TEOPHIO ITOTO SKCIIEPHMEHTA.

ITpu 3TOM, y HEro ObLIM U Jpyrue MeJKue norpemHocty. Hanpumep, oH 3aueM-To 3a1aBai He MUJI000pa3HOe
HanpsDKeHHe Ha BUOpaTope, Kak Bce HOpMallbHbIE JIIOAH, @ CHHYCOMJAJIBHOE, U3 KOTOPOT'O ITOTOM BBIHYX/I€H
OBbLI BBIpE3aTh HETMHEHHBIE KYCKHU, YTO MIPHUBEJIO K 3HAYUTEIIHBHOMY YCIOKHEHHUIO YCTAaHOBKH, a,
CJIEJ0BATEIIBHO, K YBEJIMUEHHUIO IOTPEIIHOCTEN U3MEPEHMSI, HO BCE 3TO YXKE MEJIOUU. A BOT TO, UTO OH, HE 3Has
LIMPUHBI JUHUH TOTJIOIIEHNS CBOUX CEMU IOTJIOTUTENIEH U nMest y HuX pasHelii KII/I, 3anuceiBan
IKCIIEpUMEHTANIbHBIC TaHHbIC B pexkuMe cymmupoBanus (fold-mode) korna nanHbie ¢ pa3HbIX MOTTOTHTENCH
CBITAJINCH B OJIUH KOTEJ, 3TO IPOTUBOPEYNT BCEM MPABWIIAM INITAHUPOBAHUS HKCIIEpUMEHTOB. K ToMy ke
JAHHBIE Y HErO0 CYMMHUPOBAIKCH U MOCIIE IIEPECTAHOBKU MECTAMU UCTOYHHUKA U3JIy4EHHS U MOTJIOTUTENS, YTO,
KaK OH IUIIET, 03BOJIMIIO MOJYYUTh ABOHHOM 3(h(EKT, a ITOro HUKAK HEb3s OBLIO JIesIaTh HE 3HAs MOYEMY Y
TeOsI MOyYaroTCs TaKUe pa3Hble JaHHbIE HAa MOTJIOTUTENIX. TakuM 00pa3oM, €ro yTBEp K AeHUE O TOM, YTO OH
CMOT 4TO-TO TaM MU3MEPUTH J1a 1€ ¢ TOYHOCTHIO B 1% 3TO MPOCTO €ro (haHTasuu, a s1 CBOM BBIBOJ 110 €T0
HKCIEPUMEHTaM MOT'Y BBIpa3UTh 0/1HOM (pa3oit CTaHKCcIaBCKOTO "He Bepro”, T.K. SKCIIEpUMEHTaIbHAas 4acTh
BBITIOJTHEHA HACTOJIBKO O€3rpaMOTHO, YTO CPABHUTHCS C HEN 1O O€3rpaMOTHOCTH MOXKET TOJIBKO €ro
TeopeTHYecKast YacTh C pacueToM ero (paHTaCTUYECKOH KOMITEHCHPYIONIEH CKOPOCTH UCTOYHHUKA U3ITY4EHUS.

[TosToMy, AaBaiiTe JydIie MPOBEPUM SKCIIEPUMEHTAIIEHO MO0 TUIIOTE3Y O KpUTEPUH MPpoBepKH obiero 19
DOHHIITeHHA, T.K. sl CHUTAI0, YTO 00Jiee IOTUYHO 3/1eCh ObUIO ObI B KAUECTBE KPUTEPHSI SKBUBAICHTHOCTH
UCMOJIb30BaTh HE MOTEHIMAJ, Kak DUHINTEWH, 1 He CKOPOCTb, Kak [layHn, a yckopenue. Beas, BooO1ie-To,
DUHIITEHH pu GpopMynupoBaHUH cBoero oduiero I13 as co3ganus B MOKOsIIENHCs CUCTEME TaKUX JKe
YCJIOBUI TPOBEIEHUS SKCIIEPUMEHTA, KAKUMHU OHU OBLIIM BO BpAIAIOLIEHCS CUCTEME, 3aMEHSIET CUJIbl HHEPIIMU
(ueHTpoOeKHbIE CHIIbI) JEHCTBHEM CHUJI CO3/IaBAEMbIX HKBUBAJIEHTHBIM I'PaBUTALMOHHBIM I10JIEM, KOTOPOE U
IpUJAET TeJlaM TaKue )K€ YCKOPEHUs. A, HallpuMep, Ha MOBEPXHOCTH 3eMJIH 3TO U3MEHEHHE YacTOThl OyaeT
SKBHUBAJIEHTHO HAXO0XIEHUIO B MOJIE, CO3AI0IIEM YCKOPEHNE CBOOOIHOTO Ma/ieHus §, ¥ TIO3TOMY I CUMTAIO, YTO
6onee oruuHbIM 1t [10 BeIrIsAAen Obl pacyeT 3aMeANIeHUs] BpEMEHH UMEHHO OT BO3HUKAIOLIUX MPU 3TOM
yckopeHuit. [ToaroMy paccMOTpuM elnie pas SKCIEPUMEHTHI ¢ MeccOay3pOBCKUMU TEHTPUyTraMu, T1e
MIPOBEPAITIOCH HaJIMUKe rnonepednoro ¢ ¢exra JJomepa, 00ycaoBIeHHOTO CKOPOCTHBIM 3aMEIJICHUEM BPEMEHH
cornmacHo CTO. B aTux skcniepuMeHTax, Kak s y:Ke IUcall BbIIIE, HCTOYHUK U3Ty4CHHs U ITOTJIOTUTEINb
MOMEIIATMCH TO HA OCH POTOPA, TO HA €0 CTEHKE U TaKMM 00pa30M, ObLIIO BHIIIOJIHEHO TPU BapuaHTa
JKCIIEPUMEHTOB, KOTJa U3J1y4aTesb U IMOTJIOTUTEIb ITOMELIAINCh B Pa3HBIX MECTaX pOTOPA U, KaK CIEACTBHE,



MBI UMEEM TPH Pa3HbIX PE3yJIbTaTa, KOTJa y Hac ObTO CMEIIEHHE CpelHEl YacTOTHI IMHUH MOTJIOMIEHUS OT
YaCTOThI U3JTYY€HUS B KPACHYIO CTOPOHY -1, cuHIot0 +1 1 oTcyTcTBOBas1oO 0.

1.- UICTOYHHUK- OCh pOoTOpa ---->  [IOIVIOTUTEJb- CTEHKa poTopa -1 OTO=-1
2.- ICTOYHHK- CTEHKAa poTOpa  ---->  TOIJIOTUTENb- OCh pOTOpa +1 CTO=+1
3.- ICTOYHHK- CTCHKA pOTOpa  ---->  IOIVIOTUTENb- CTCHKa poTopa 0 OTO=0

Ho ceituac opunmansHast Hayka 0OBSICHSIET pe3yJIbTaThl 3TUX SIKCIEPUMEHTOB TO ¢ ucnonb3oBanuem CTO To ¢
ucnonb3oBanuem OTO, T.e. IPUMEPHO TaK, KaK OTPAXKEHO B MOCIEIHEN KOJIOHKE. XOTS J0 CHX TMOP UAYT
CIIOPBI, KAKYIO TEOPUIO HaJ10 IPUMEHATh B Pa3HbIX BApUAHTAX, T.K. OHU JIOJDKHBI 1aBaTh SKBUBAJICHTHBIE
pe3yabTaThl IPU Pa3HOM OOBICHEHHH SIBJICHUA 3aMeIIeHus BpeMeHu. [loatomy st HabmoaaTesst
HaxXoJALIerocs B LIEHTpe BpallleHHsl LeHTpu(yru (Ha ocH), T.e. B JIopeH1eBoil cuctemMe KOOpiuHar,
pUHUMAeETCs, yTo OyzeT HabmonaThes 3ameuienue Bpemenu o CTO, a anst HaGmronaTenst HaXoAIIErocsi BO
BpallaloILEeiCcs cUCTeME KOOPAUHAT (CTEeHKa poTopa), T.e. B DMHIITEeHHOBOHN cucTeMe KOOpAnHAT, OyaeT
3amemiienue BpeMenu 1o OTO. [Ipu 3ToM pe3ynbTatr ¢ MaTeMaTUueCKOW TOUKU 3PEHUS B ITHUX OOBSICHEHUSIX
MIOJTy4aeTCsl OJJMH U TOT XK€, a 3KCIEPUMEHTAJIbHBIE JaHHBIE IIPU 3TOM AIIIPOKCUMHUPYIOTCS 3aBUCUMOCTbIO (6-
3), rue koadduiment k= 0,5 (kpome aBTopoB [65], y koTopsix moayuminock k= 0,6), u rae dv=V - v0 3T0o
CMELIEHHUE YaCTOThI MOTJIOIIEHHS K MCXOHON YacToTe UCTOYHMKA n3iydeHus VO, 3aBucsiee OT TMHEHHON
CKOpPOCTH CTE€HOK LIeHTpugyr Vi.

dvAV0= K*VA2/ch2 (6-3)

ITonpoOHO BCe HECTHIKOBKM TEOPETUUECKOTO OOBSICHEHUSI PE3YJIbTATOB 3TUX IKCIIEPUMEHTOB 51 PACCMOTPET B
cBoell crarbe [69] u moaTomy He Oyay OCTaHABIMBATHCS Ha ATOM MOAPOOHO. CKaxy TOJIBKO, YTO PE3YJIbTATHI
3TUX AKCIEPUMEHTOB OTIMYHO OOBSICHSIOTCS B paMKax KJIaCCUYECKON MEXaHUKHU, KOTJ1a Mbl IPOCTO HAXOIUM
CYMMapHYI0 CKOPOCTb U3JIy4eHHUsI, HApUMep, ¢ KOTOPOil 0HO HaOeraeT Ha ABMXKYIIHECS aTOMbI IOTJIOTUTES,
T.€. HAXOJIUM CKOPOCTb, C KOTOPOH 3TO U3ITy4YEeHHE BOCIIPUHUMAIOT aTOMBI ITOTJIoTUTENs. TakuM o0pazom,
HUKAKOro 3aMmeieHus BpemeHu HU coriacHo CTO uu cornmacHo OTO i 00bsiCHEHHS Pe3yIbTaTOB ATUX
SKCIIEPUMEHTOB U He TpeOyeTcs. Ho Mbl Bee ke mposepsieM no HuM oOmmuii 119 DitHirelina, KOTOPbIi HCXOANTT
u3 toro, yto B CTO 3T0 3aMe yIeHne BpEMEHH TOYHO €CTh U €My HaJl0 HAaUTH KBUBAJICHTHOE 3HAYECHUE B
pamkax OTO. A B cBsi3U € 3TUM, T.€. IPH pacCMOTpeHUH 3((HeKTa rPaBUTALMOHHOTO 3aMEJJIEHNS BpEMEHH, HAC
MHTEpECYeT TOJIbKO Tabil. 6, KOTOPYIO 51 COCTaBHJI, UCIIOJIB3YsI JaHHbBIE, KOTOPHIE IPUBOJIAT B CBOEH CTaThe
aBTOPBI [65] ¥ KOTOPYIO 51 TOTIOTHKI JAHHBIMU IO IIEHTPOOSKHOMY YCKOPEHHIO (B €IUHUIIAX YCKOPECHUS
CBOOOJTHOTO TaJICHHs Ha TIOBEPXHOCTH 3eMIIM) IIPH OJJMHAKOBOM JIMHEHHON CKOPOCTH CTCHOK LIEHTPU(YT B
AKCIIEPUMEHTAX Pa3HbIX aBTOPOB. A U3 3TOH TaOIMIIBI CIIEAYET, YTO MPH OAMHAKOBOM JTMHEHHON CKOPOCTH
CTEHOK LIEHTpU(YT, I1e pa3Melacs MOrJI0TUTENb U3TYUYEHUS, IPU Pa3HbIX JHAMETpax LEHTPUYT Y pa3HbIX
aBTOpOB ObLIN pa3HbIE HEHTPOOEIKHBIE CUIIbI, IEUCTBYIOIINE HA TIOTJIOTUTENb, T.€. Pa3HOE LIEHTPOOEIKHOE
YCKOPEHHUE.

Tabnuna 6. 3HaYeHUS THaMETPOB POTOPOB MEHTPUPYT R, MakcMMaNbHBIX ckopocTell VMaxX u MaKCUMaJTbHBIX
[EHTPOOEIKHBIX YCKOPEHUH AMaXx y pa3lTuYHbIX aBTOPOB B UX IKCIIEPUMEHTAX, a TaK K€ BEIMYHHA
MOJTYyYAFOIIETOCs Y HUX IIEHTPOOEKHOTO YCKOpeHHs A (B €IUHHIIAX YCKOPEHHsI CBOOOIHOTO MaIeHUS Ha 3eMIIe)
P TUHEHHON CKOPOCTH CTEHOK pOTOpoB HEeHTpudyr 200 M/c.

Asrop/mapamerp__ R,mMm  Vmax,M/c_ Amax, g V, M/c A, g A/A0
Yemmuu 1960 0,042 370 310000 200 97182 8,33
Kroraur 1960 0,093 340 130000 200 43889 3,76
Xonmenkwuii 2010 0,35 230 180000 200 11662 1,00




A, T.x. OitHIITelH B cBoel OTO npupaBHUBAET BO3AECHCTBHE HA Tejla TPABUTALIMOHHBIX MOJIEH K BO3AEHCTBUIO
MOJICH, CO3/1aBaEMbIX CHJIAMH HHEPIIHH, T.€. IIEHTPOOSKHBIMH criiaMu, TO corstacHo OTO y Hac B 3THX
HKCIEPUMEHTAX Y pa3HbIX aBTOPOB JOJDKHO OBLIO MPU OJMHAKOBOM JTMHEHHON CKOPOCTH CTEHOK LEHTPUYT
MOJTyYUThCS 3aMEIJICHHUs BPEMEHU pasinyaroiieecs B 8-Mb pa3, HO BCE aBTOPbI MOIYYUIH IIPU ITOM
OJIMHAKOBBIE PE3yJIbTATHI, T.€. 3TU JaHHBIE HE MOATBepkaatoT oomuii [13. bonee Toro, momyyaercs, 4To
pacuetsl 10 OTO ¢ 5KBUBaJIEHTHBIM LIEHTPOOEKHBIM YCKOPEHUEM JIOJDKHBI JaBaTh Pe3ysbTaT HA MHOTO
MOPSAKOB 0OJIbIIE, YeM HAOII0AaI0Ch B OKCcIIepuMeHTax. Hampumep, eciiu Mbl paccMOTpUM 1-b1id BapuaHT
HKCHEPUMEHTOB, TO IIPU pacyeTe I'PaBUTALMOHHOrO KpacHoro cMerienus cornacHo OTO y Hac yacroTa
MOTJIOIICHUS M30TOIOB V B IPaBUTAIIMOHHOM T10JI€ JIOJDKHA OMPEIeAThCs 1Mo 3aBucumMoctu (5-3%), rue Zg -
OTHOCHUTEJIBHOE CMELLEHUE CIEKTPAJIbHBIX JIMHUM, T.€. AJIMHbI BOJIHBI UJIM YAaCTOTHI U3JIyYEHUsI, KOTOpPOe
00YCIJIOBJICHO 3aMEe/UICHUEM TeMIIa TEUCHUSI BPEMEHH Ha IPUEMHUKE U3ITYYCHHUS TIO]] BIMSHUEM OIS
CO3/1aBa€MOTI'0 LIEHTPOOEKHBIMHU CHUJIAMH, TI0 OTHOLIEHHUIO K TEMITy T€UEeHHUs1 BpeMeHH BHe 3Toro noss V0. Bor
TOJIBKO Z( MOYeMy TO HaM MPEAJIararoT ONpeaessaTh no ¢popmyde (8-2), T.e. 0 rpaBUTAMOHHOMY ITOTCHIHATY,
KOTOPBIH, KaK MbI BBISICHUJIM, B IBa pa3a 0oJbllle MOTEHIIMANA IEHTPOOEIKHBIX CHJI, UCTIONB3YIOIIErocs B
dopmysie (5-3), X0Ts B HAIlIEM pacyeTe 3Ta OMIMOKA HE MPUHIIUITHAIBHA.

v=v0*(1 + Zg) (5-3%)
Zg=¢/c"2=G*M/ (R*c"2) (8-2)

U rak. Ha moBepxHocTu 3emiu coriactuo popmyie (8-2) Zg oyaer 6,95 * 107-10, uro paBHO3HAYHO JICHCTBHIO
CHJI MHEPILIMU TIPH IBUKEHHUH C YCKOPEHUEM cBOOOIHOTO majneHus 9,8 m/c"2, a ieHTpoOexHOe yCKOpEHHeE,
KOoTOpoe OyaeT neiicTBOBaTh Ha MOTJIOTUTEINb, HAIPUMED, B IKcTiepuMenTe Kionaura npu paanyce ero
neatpudyru R= 0,093 M u npu juHeiHOM ckopocTH cTeHoK nenTpudyru 200 m/c 6yxer A= V"2 / R= 430107
M/c”2. CiaenoBarenbHO, OTCIO/Ia OTHOCUTENFHOE KPACHOE CMEIIEHHE OT TPAaBUTALIMOHHOTO TTOJIS
SKBHUBAJIEHTHOTO JAHHOMY TOJIIO IIEHTPOOEKHBIX CHII, KOTJa Ha Teja OyIyT IeHCTBOBATh OAMHAKOBBIC
YCKOPEHHsI, y HaC JOJDKHO ObITh Za= Zg * A/ 9,8=6,95*10"-10 * 430107 / 9,8= 3,05*107-5. 1 monyuaeres,
YTO CMEIIEHUE JTUHUM MOTJIOMEH s OT 3aMeuieHus BpemeHr o OTO nmponopiuoHaibHOE SKBUBATIEHTHOMY
YCKOPEHHIO HAa MHOTO TTOPSIIKOB OOJIBINIE, UeM CMEIIeHUe OT 3ame uieHus Bpemenn mo CTO, kotopoe u
Ha0JII0AaI0Ch B 3KCIIEPUMEHTAaX, a UMEHHO nopsaaka 107-12. Takum o0pa3oM, U 3TOT BapHaHT
AKCIIEPUMEHTAJIBLHOTO JTOKA3aTeIbCTBA 00OOCHOBAHHOCTH 3aMeHBbI B 00111eM 113 11eHTpoOex HbIX CUll 1eHCTBUEM
CHJI TPABUTALMOHHOTO MPUTSKEHUS HE MOATBEPIKAaeTcsl IKCIepuMeHTanbHo. Ho Bo Bcex oduuumanbHbIX
y4eOHHKAX MPOJIOIHKAIOT 3asBIISTh, YTO PE3YIBTATHl PACCMOTPEHHBIX HAMH SKCIIEPUMEHTOB YOS TUTEITEHO
nokasbiBatoT cripaseyiuBocTb OTO. Keratu, Tepmun "odunmansheie yueOHUKU", T.€. 0J0OpEHHbIE B
o(puIMaNBHBIX XpaMaxX HAyKH OQHUIIMATBHBIMH CITY>)KUTEISIMU 3TUX XPaMOB, KOTOPBIE MTPOMOBEIYIOT
o(uLmaNBbHYI0 TOUKY 3pEHUs, BIIOJIHE KOPPEKTHBIN, T.K. celyac MOSBIAIOTCS U Heo(UIIMaIbHble Y4eOHUKH,
W3JIaHHbIC HA YaCTHBIE JICHBIU 0€3 BCAKOTO 0100pEHHS B OHUIIMATBHBIX XpaMax HayKH.

Emie onHMM BaKHBIM SKCIIEpUMEHTaIbHBIM Joka3aTenbcTBOM OTO cunTaercs OTKIOHEHHUE JTyuell cBeTa pu
NPOXOXKJIeHUH X BOMM3u ComHIa, T.€. MACCUBHOIO Tella, KOTOPOE MPUTITUBACT UX KaK MACChl, T.K. JIy4d HECYT
sHepruio, a sueprus coriaacHo OTO skBuBanenTHa Macce. Ho moctaTouno gake Geryioro B3risa Ha 3TO
HKCHEPUMEHTAIBHOE JI0KA3aTeIbCTBO (CM. pHC. 46), YTOOBI MOHSATH, YTO ITH HKCIIEPUMEHTAIbHbBIC JaHHbIE
JIOKA3bIBAIOT BCE, YTO YroJaHO, HO ToJbKO HE OTO. [la, 3T SKCIEpUMEHTAIIbHBIE TAHHBIE TJI0XO
ANIIPOKCUMHUPYIOTCS TEOPETUYECKON 3aBUCUMOCTBIO COTIaCHO Teopun HBIOTOHA, KOTOpas 1aeT CyMMapHOe
OTKJIOHEHHME JIy4a, T.€. Ha OTpe3Ke IMyTu npu noyiere Kk ConHiy 1 Ha oTpe3ke myth oT CoJlHIa 10 3eMiu,
tosibko 0,87 yri.cex. Ho 3T skcriepuMeHTaNbHbIE JaHHBIE C TAKUM K€ YCIIEXOM MOKHO allllPpOKCUMHUPOBATh HE
TOJIBKO TeopeTHUecKor KpuBoil cornmacHo OTO, koTopas gaeT OTKIOHEHHE Jiyda Ha 1,75 yri.cek, Wik Kakou To
JIpyroi Teopueil, kKotTopas AaeT 2,5 yIi.CeK HO U MPOCTO MPsIMOM InHUEH. TOJIbKO peIsiTUBUCTHI PA3TIIAIENu B
HUX UMEHHO 3KcIepuMeHTanbHoe foka3aTesnbecTB0 OTO. U Takoi oCTpbIi 113 y PESITUBUCTOB MOSIBUJICS
cpa3y xe nocine cozganus OTO, a aBrop padoTsl [37] 00BsCHSIET HAM KaKUM 00pa3oM UM yJIalloCh
MHOTOKPaTHO YBEJIMYUTh OCTPOTY CBOETO 3peHus. Beab naxe ceiiuac Mbl HE MOXKEM 00ECTIEUUTh TOCTAaTOYHON
TOYHOCTH TaKUX U3MEPEHUI U aBTOp paboThl [36], moapoOHO pa3odpaB Bce 3 HEKThI, KOTOPHIEC BIUIIOT HA
MOTPEIIHOCTH U3MEPEHU MPU MPOBEACHUH TaKUX HAOIIOACHUIM, AelaeT OJHO3HAUHBIN BHIBOJ O TOM, UTO TaKHE
HaAOJI0ACHNSI HUKAK HE MOTYT OBITh SKCIIEpUMEHTAIBHBIM JJOKa3aTelbcTBOM cripaBemuBocT OTO.
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Puc. 46. DxcniepuMeHTaIbHBIE JAHHBIE 110 CMEILIEHHUIO 3BE3]] BO BPEMsI COITHEUHOTr0 3aTMeHus 21 cenTsaops 1922
rojia, anfnpoKCUMUPOBAHHbBIE Pa3IMYHBIMU 3aBUCUMOCTSIMH, TJI€ IO OCH aOCLIUCC OTJIOKEHBI YTIIOBbIE
paccTosiHUs 3Be3]1 B rpagycax oT neHTpa CoiHIa, a 10 OCH OpJMHAT HAOII01aeMbIe CMEIIEHUS MX TOI0KEHUN
B YIJIOBBIX CEKYHJIaX [0 OTHOIIEHUIO K HOPMaJIbHOMY MOJIOKEHUI0. BocriponsseneHo u3 padbotst [35].

ITosToMy, BeieacTBue 60IbIINX OMIUMOOK U3MEPEHHs 1 BOOOIIE HE BUXKY HUKAKOTO CMBICIIAa PaCCMaTpUBaTh 3TH
IKCIIEPUMEHTHI, HO Ha mporpamme Galileyl s Bce e BBIOIHMIT BEIYUCIUTEIbHBIC IKCIIEPUMEHTHI C
KJIACCHYECKUM PACYETOM OTKJIIOHEHHUS JIyda U ¢ PEISTUBUCTCKUM (cornacHo popmynam OTO3) u ybenuics, yto
pesynbTaT aeuctBuTenbHO Oynet 0,87 yra.cex u 1,75 yrn.cek. Takum 06pa3om, MBI yKe U3 paCCMOTPEHHBIX
HaMH SKCIIEPUMEHTOB BUJIUM, YTO HUKAKOTO [1D EHTPOOEKHBIX CUII U CHJI, CO3/IaBA€MbIX TPaBUTALMOHHBIMU
TIOJISIMU, KOTOPBIN OBUT IMOJ0KEeH DWUHIITEHHOM B OCHOBY co3aanus ero OTO, B mpupo/ie He CyIEecTBYET, T.K.
HKCIEPUMEHTAIBHO OH, MATKO FOBOPs, HE JOKa3aH, a, cliefioBaTeNbHO, U Bea ero OTO 6a3upyercst TONbKO Ha
¢danTazuax DitHTeliHa. Ho 3T0 He MemaeT COBpeMEHHBIM MaTeMaTHKO-(DHU3HKaM MPOJ0JIKATh U TEOPETUUECKU
1 DKCIEPUMEHTAIBHO JOKA3bIBATh HaM, YTO BCE PAaBHO IPABUTALIMOHHAS TEOPUs DMHILITEIHA caMasi TpaBUIIbHAS
U3 BCEX CYIIECTBYIOIUX Teopuid. U mpu 3TOM mpoaoiKaTh CChIIaThCsl HA PACCMOTPEHHBIE HAMU
9KCIIEPUMEHTHI, KOTOPBIE, KaK Mbl BBISICHWIN, HUUETO HE JI0Ka3biBatoT. Ho y HUX B 3amace ocTajloch €Ile OJHO
JKCIEpUMEHTANIbHOE JoKa3aTrenbcTBO OTO - mo aHOManbHOMY OTKIIOHEHUIO CMEILIEHUs iepurenus Mepkypus.
BoT TOIBKO 37€Ch HY)KHOE 3HAUEHNE CMEIIEHUS NTepurenusi Mepkypus MOTyT JaTh U MHOXKECTBO APYTUX
TEOpHil TpaBUTALUH (CM. TabJI. 7, KOTOPYIO 51 BOCIIPOM3BOXKY U3 CBOEH paboThI [72]).

Tabnuua 7. AHOManbHOE CMEIICHUE TIEPUreNns BHYTPEHHUX IU1aHeT (B yrii.cek. 3a 100 ner). Bocripousseneno
13 paboThl [72] ¥ CCHIIKM MPUBENICHBI TI0 CIIUCKY JTUTEPATYPHI TOM pabOTHI.



Mepxkypuit Benepa 3emis Mapc
HaGmonenns (Hprokxom [6*]) 575,06 42,52 1162,92 1602,69
teopust Hetotona (Hetokom [6*]) 533,82 49,85 1156,95 1594,65
AnoMmanbHbIH ocTatok (HerokoM [6*]) 41,24 -7,33 5,97 8,04
teopus Xoina (Hetokom [7%]) 43,37 16,98 10,45 5,55
teopus DiiHmTelHa (Cyo00TuH [7*]) 43,03 8,62 3,83 1,35
teopus ['epOepa (Xaiimapos [8*]) 43,03 8,62 3,83 1,35
teopus Purnia (Poyssep [9*]) 41,0 8,0 3,4 -
teopust Maxa (3aiiues [10*]) 43,0 23,0 17,0 11,0
teopus 3eenunrepa (Poyssep [9*]) 41,3 7,3 4,2 6,3

[Ipu aTOM MOs Teopusi, T.e. Teopusi HproTOHA ¢ y4eTOM TUHAMUYECKOTO JIABJICHUS IPABUTAIMOHHOTO MOJIS U C
Y4ETOM 3ara3blBaHus MOTEHIIMAIOB [0 KOOPIWHATAM NP Pa3INYHBIX 3HAUEHUSX CKOPOCTU IPAaBUTALIUU U
ckopocTH Bceid COTHEUHOM CHCTEMBI MTO3BOJISIET MOJTYYUTH JIF000E HY)KHOE 3HAYCHHUE CMEIICHHSI IIEPUTCITUS
Mepkypus. [ToaToMy s ceiiuac u 3aHIT MOUCKOM CKOPOCTH T'PAaBUTAIUH U KOI(PPUIIMEHTOB TMHAMUYECKOTO
JABJICHUS, KOTOPbIE AaIyT €AMHCTBEHHOE 3HAYCHUE, KaK CMEILICHUs Tiepureaus MepKypusi, Tak ¥ CMEIICHHS
nepuacTpa JIBorHoro mnynbcapa B1913+16, T.Kk. TOIBKO 110 CMEIIEHUIO Iepurenus MepKypHs Hellb3s HallTH J1BE
HEU3BECTHBIC MHE CKOPOCTH (rpaBuTanuu U COIIHEYHON CHCTEMBI). A, HCXO/S U3 TaHHBIX Ta0J. 7, MBI BUJIAM,
YTO HUKAKOH HEOOXOAMMOCTH B CPOUHOM OOBSIBICHUH BCEMHU CPECTBAMH MaccoBOil nHpopmaiu (0COOEHHO
aMepUKaHCKUMHM) Teopuu DiHINTeiHA (cpa3y mocje ee Co3/aHus) CaMOi paclpeKpacHON U3 BCeX
CYIIECTBOBABIIHMX TOTa TEOPHil coBepiIeHHO He ObuT0. TeMm Oosiee, uTo DIHIITENHH B CBOCH cTaThe [24 cTp.
446], npuBojs HaOMO1aTebHBIE TaHHBIe HhIOKOMA 110 aHOMAIbHOMY CMEIIEHUS TIEPUTeJINEB TUIAHET, KaK TO
COBCEM HE 3aMETUJI, UTO nepurenuii Benepsl cmenaercst B Apyryro CTOPoHy, T.K. cMenienne y Herokoma
MOJIYYHJIOCH CO 3HAaKOM MHHYC U 10 3THM JIaHHBIM €r0 TEOPHs HAIPSIMYIO IKCIIEPUMEHTAILHO OMPOBEPTajiach.

Brnipouem, 310 cMmelenue nepurenust Benepsl onpoBepraer u BCce OCTaJIbHBIE CYIIECTBOBABILNE TOI/IA TEOPUH,
KOTOPBIE TOKE JABAIIN MOJIOKUTENBHOE 3HAYEHHE JIJIS1 ’TOTO AHOMAJIBHOI'O CMELIEHUs, HO TYT HET HUYETO
YIUBUTEIBHOTO, T.K. BCE 3T TEOPHH HE CO3AABAIUCH UCXOS U3 KaKUX TO (PU3MUYECKUX MPEATOCHLUIOK, a TPOCTO
YICTO MaTeMaTUYECKHU TIOJTOHSUINChH 110/ HY>KHBII pe3ynbTar AJis cMelleHus nepureiaus Mepkypus. [Ipu atom
BBI3bIBACT U3YMJICHHE U TOT (DAKT, YTO DUHINTEHH, IPUBOJIS B CBOCH cTaThe NaHHbIe HhloKOMa, KOTOpBIE Y HETO
YMHOKE€HBI Ha SKCHEHTPUCUTET OPOUT IUIAHET, HE B COCTOSIHUU PA3/AE€IUTh UX Ha 3TOT CaMbIi SKCLIEHTPUCHUTET,
9TOOBI MOMYYUTh HOPMAJIbHBIE TaHHBIE, KOTOPHIE 51 MPUBOXKY B Ta0I. 8. Jla, JleBepbe u HptokoM Kpyrom
MIPUBOJIAT JAHHBIE 110 CMELEHUSM BCEX MapaMeTpoB OPOUT IUIAHET B TOM BUJIE, KAK OHU BXOJMJIN Y HUX B
ypaBHEHUs, IPU allIPOKCUMAIIUHU JAHHBIX HAOMI0IEHUN (PU3NIECKUMU TEOPUSIMH, a 3TO JeNaeT UX TI0X0
BocnpuHuMaembiMu. Hanpumep, npu skcuentpucurete Berepst 0,0069 anHoManbHOE CMENIEHUE NTEPUrens B
TaKOM BHUJIE MMOTYYaeTCs MPAKTUIECKH PABHO HYIIIO, YTO 3aTYIIEBBIBAET TOT (haKT, YTO OHO OTPHIIATEIHHOE.
[TosToMy DWHIITENH MPUBOAUT B CTAThE AJIEE TAHHBIE U B HOPMAJIBLHOM BHJIE, T.€. B YIJI.CEK 3@ BEK, HO yiKe
0e3 naHHbIX 0 BeHepe, cchliasich Ha JaHHBIE KAKUX TO HEM3BECTHBIX aCTPOHOMOB, KOTOPBIX KPOME JTaHHBIX
Heroxoma [59] B TO Bpemst mpocTo ObITH HE MOTJIO. A KOHKPETHO OH MPUBOJIMT JaHHBIC [0 CMEIICHHIO
nepurenues a1 Mepkypusi, 3emMau u Mapca, COOTBETCTBEHHO, 45, 11 1 9 yri.cek 3a BeK, HO 3TH JIaHHbIE HE
COOTBETCTBYIOT JaHHBIM Hblokoma. Jla, mpu 3ToM ObLIH eliie 6osiee paHHHE U MeHee TOUHbIe 1aHHble JIleBepbe
(x0T, (hpaHILy3bl U3 MTATPUOTUIECKUX COOOPAKEHHUH JI0 CHX ITOP MCIOJIB3YIOT €0 TEOPHIO IUTAHET) U
DWHIITEHH YIIOMUHAET U O HEM, HO Y HErO TOYHO ObUIM HE TaKue JaHHBIE T.K., HAIpUMEp, CMEIICHHE
nepurenust Mepkypus y Hero 0bu1o 38 yrii.cex 3a Bek. [103ToMy He IOHATHO Ha TaHHBIE KAKUX aCTPOHOMOB
DUWHIITENH CChIJIAETCA B CBOEH CTAaThe, KOTAa MPUBOJUT UX B HOPMAJIBHOM BHUJIE, U IOYEMY OH IIPH 3TOM
3a0bIBaeT O NaHHBIX TI0 Benepe.



Tabnuma 8. Habmromaempie BEKOBBIE CMEIIICHUSI ITApaMeTPOB OPOUT TIJIAHET M X aHOMaJIbHBIE OCTaTKH, T.€. 6e3
CMEIIIEHUS PACCUUTAHHOTO 0 Teopur HbI0TOHA, ¢ yKa3aHHWEM JTOBEPUTEIHLHOTO HHTEPBAIA (OMUOKN) TIpH
JIOBEpUTENIbHON BeposiTHOCTHU (HanexHocTH) 90% no ganusiM HeiokoMma [59]. (cMmeleHus yriioB AaHbl B
VTI.CEK., a OKcieHTpucuteTa yBenudeHsl B 1 000 000 pa3). Bocipousseneno u3 padots [71].

CwMmenieHus napameTpoB

napameTpsl

HaOr01aeMbIe pacdeTHbIe OCTaTOK
dAlfaP1 575,06+/-1,95 533,82+/-0,78 +41,24+/-2,09
dAlfaUl -753,70+/-3,69 -758,70+/-1,31 +5,00+/-4,27
dBettal 7,14+/-0,80 6,76+/-0,01 +0,38+/-0,80
dEksl 16,29+/-2,42 20,56+/-0,05 -4,27+/-2,42
dAlfaP2 42,52+/-29,33 49,85+/-21,99 -7,33+/-36,66
dAlfaU2 -1780,56+/-2,03 -1790,69+/-2,03 +10,14+/-2,87
dBetta2 3,87+/-0,30 3,49+/-0,14 0,38+/-0,33
dEks2 -45,86+/-0,97 -46,88+/-1,16 +1,02+/-1,50
dAlfaP3 1162,92+/-7,16 1156,95+/-2,98 +5,97+/-1,76
dAlfaU3 - - -
dBetta3 -47,11+/-0,23 -46,89+/-0,09 -0,22+/-0,27
dEks3 -41,45+/-0,44 -41,55+/-0,19 +0,10+/-0,48
dAlfaP4 1602,69+/-3,75 1594,65+/-0,43 +8,04+/-3,75
dAlfaU4 -2248,44+/-6,19 -2249,37+/-2,79 +0,93+/-6,81
dBetta4 -2,26+/-0,20 -2,25+/-0,04 -0,01+/-0,20
dEks4 92,11+/-1,31 90,71+/-0,05 +1,4+/-1,31

311ech s KUPHBIM IIPUPTOM BBLIETHUI TIOCTOBEPHBIE, @ KOHKPETHO C IOBEpUTENBHON BEpOSITHOCTHIO 90%,
TaHHBIE TI0 AaHOMAIBHBIM CMETIIEHHMSIM HEKOTOPBIX TapaMeTpoB OpOHT TutaHeT. Kak BHIUM, KpoMe aHOMaITbHOTO
cmenienus nepurenues mianet dAlfaP, y nac HaGmo1at0TCst 1 aHOMaJIbHBIE CMELIEHUS BOCXOJIAIINX Y3JI0B
dAlfaU, yrioB HakioHa opOUT K mtockocTu >kaunTuky dBetta u sxcuentpucutera ux opour dEks, roe y mens
uHaekcol 1,2,3 u 4 cootBeTcTBYIOT Mepkypuio, Benepe, 3emie u Mapcy. T.e. HplokoM npuBoimiI aHOMalIbHbIE
CMEIICHHS U TI0 IPYTHM MapaMeTpaM OpOHT, HO U OHU ITOYEMY-TO aBTOPaMH BCceX (PH3MUECKUX TEOpHU
rpaBUTALMU ObUIM POUTHOPUPOBAHBI. S, KOHEUHO, JOTraIbIBAIOCh, IOYEMY OHH TaK CAealH, T.K. BCE 3TH
TeopuH (TOXKaITyld, KpoMe TEOpUH 3eeTMHrepa) HA Kak He OTPaXKalld 3TH aHOMAJIbHBIE CMEIICHUS APYTHX
napaMeTpoB OpOHT, a OHU XOTh M OBUIM HE TaKHUe TOCTOBEPHBIE, KaK MO Nepureanio Mepkypus, HO BCe-Taku
ObUTH. A, T.K. BCE 9TH 3HAUEHUS CMEIIEHUN mapaMeTpoB opOuT Obutn nosyyeHsl Hetokomom B 1895 rony,
MO3TOMY 51 TOXe 00padoTan TaHHbIE HAOIIOIEHH BceX o0cepBaTOpHii Mupa 3a miiaHeTaMu npumepHo ¢ 1800
1o 1990 rox u y MeHs HOTYyYMIINCh HEMHOTO JIpYTHe 3HAUE€HUS ATUX CMEIIEeHU (cM. Tabnuiy 9).

Tabnuua 9. HabmoiaemMble BEKOBbIE CMEIEHUS TapaMeTPOB OPOUT IJIAHET U UX aHOMAJIbHBIE OCTATKH C
yKa3aHUEM JIOBEPHUTEIBHOTO UHTEpBaja (OIIMOKH) IPU TOBEPUTEIHHON BEpOATHOCTH (HaaexkHOCTH) 90%
MIOJTy4EHHbIE MHOIO ITPU 00pabOoTKe HAOII01aeMbIX IaHHBIX, T.€. IPU CO3[AHNE MHOI0 KHHEMATUYECKOI Teopuu
rtaneT Ser0, ¥ pacueTHbIE JaHHbIE, T.€. OJYYEHHBIX HA MATEMaTHUECKOW MOJIENIU C HCIOJIb30BAaHUEM 3aKOHOB



HreroToHa. (CMelIeHns yIioB JaHbl B YII.CEK., a dKcLeHTpucuTeTa yBenuueHsl B 1 000 000 pa3).
Bocnpousseneno u3 padotsr [71].

Ounbku onpeneneHus

napamer CwmenieHus napameTpoB
pBI HaGJ'IIO,I[eHI/IH pacuer

New™* | Ser** | New* | Ser HaOJII0IeHUS pacuer OCTaTOK
dAlfaP1 | 1,95 | 3,63 | 078 | 014 | 578,04+/-3,63 529,71+/-0,92 +48,33+/-4,55
dAIfaUL | 3,69 | 411 | 131 | 000 | -433,15+/-4,11 -451,41+/-1,31 +18,26+/-5,42
dBettal | 0,80 | 0,26 | 0,01 | 0,00 | -19,84+/-0,26 -21,45+/-0,01 +1,61+/-0,27
dEks1 2,42 | 1,99 | 0,05 | 0,10 20,10+/-1,99 +20,49+/-0,15 -0,39+/-2,14
dAIfaP2 | 29,33 | 41,74 | 2199 | 12.46 | 30,37+/-41,74 57,73+/-34,45 -27,36+/-76,19
dAlfau2 | 2,03 | 342 | 203 | 007 | -996,50+/-3,42 | -1000,64+/-2,10 +4,14+/-5,52
dBetta2 | 0,30 | 0,11 | 0,14 | 0,00 -2,83+/-0,11 -2,82+/-0,14 -0,01+/-0,25
dEks2 097 | 143 | 116 | 036 | .4532+/-1,43 -48,87+/-1,52 +3,55+/-2,95
dAlfaP3 | 7,16 | 462 | 2098 | 1,27 1141,58+/-4,62 1159,43+/-4,25 -17,85+/-8,87
dAlfaUu3 - - - 13,39 - -323,40+/-13,39 -
dBetta3 | 0,23 | 0,07 | 009 | 0,00 | -4745+/-0,07 -47,16+/-0,09 -0,29+/-0,16
dEks3 044 | 041 | 019 | 0,38 | .41,57+/-0,41 -43,17+/-0,57 +1,60+/-0,98
dAlfaP4 | 3,75 | 1512 | 043 | 476 | 1582,74+/-1512 | 1588,01+/-5,19 -5,27+/-20,31
dAlfaU4 | 6,19 | 14,97 | 279 | 027 | -1028,02+/-14,97 | -1060,25+/-3,06 | +32,23+/-18,03
dBetta4 | 0,20 | 0,43 | 0,04 | 0,00 | -2939+/-0,43 -29,31+/-0,04 -0,08+/-0,47
dEks4 1,31 | 6,19 | 0,05 | 111 95,53+/-6,19 93,07+/-1,16 +2,46+/-7,35

* - pacueTHble OMOKU HbhlOKOMa 1aHbI ¢ JOBEPUTENBHOM BeposiTHOCTh 90% , T.e. Kak ObLJIO y HETO MPHU
CpenHMX OommMOKax, a OMMUOKH MO HAOIIOJAEMBIM TaHHBIM JJaHBI CIIPABOYHO.

** - Mou OLIMOKHM (1OBEpUTENBHBIE HHTEPBAJIb), TOJy4YEHHbIE [ HAOII0AaeMBbIX ITapaMeTPOB OpOUT B TEOPUHU
Ser0, s ymeHbITIII B 2 pasa, T.K. TaM OHH OTPEICIISITUCH MHOIO C JJOBEPUTEILHON BEPOSTHOCTH 95% 1
JIOBEPUTENbHBIN HHTEpBaAJ OpaJics TOra 2 CUrma, a ¢ JOBEpUTEIbHON BeposITHOCT 90% 0BEpUTEIbHBII
WHTEpBaAI Oy/IeT MpuMepHO | curMa, XOTs 3TO M HE CTPOTO, T.K. 51 IPUMEHSIT CBOIO MUHIMAaKCHYIO
CTaTUCTHYECKYIO METOJMKY 00paOOTKU JAHHBIX, a HE CTAHIAPTHYIO.

A 371€Ch MBI BUIUM, YTO JOCTOBEPHBIMH JaHHBIMH 10 AHOMAJIbHBIM CMEILIEHUSIM Yy MEHS CTaJIM HEMHOTO JIpyTrHe
JaHHBIE, XOTsI CMELEHUE NTepUreans MepKypus Tak U 0CTajaoCch JOCTOBEPHBIM, HO HEMHOI'O C IpYTUM
3HaYEHHEM. A caMO€ MHTEPECHOE 3TO TO, YTO Y MEHSI TeNeph AaHOMAJIbHBIE CMELIEHUS IIEPUTENTUEB U BCEX
OCTaJIbHBIX MJIaHeT (kpome Mepkypusi), a He ToiabKo Benepsl, kak y Hprokoma, cranu orpuniarenbHbivMi. U Tyt
HET HUKAKoro (okyca, T.K. B pa3HOE BpeMsl y Hac OyyT pa3Hble CMEIICHUs TapaMeTPOB OPOUT IUIAHET JaxkKe,
ecii Mbl OyzieM 0OpabaThIBaTh HE JaHHbIE HAOIOACHUH, a IOJTy4YeHHbIE Ha OHOM U TOU ke MaTeMaTHYeCKOM
MOJICIIH, HO C HEMHOTO JIPYTMMH HadyalbHBIMU JaHHBIMU. U, Hanipumep, B cBoeit padote [71] st qaxke mpuBOXKY
Tabmuiy 7*, rne HenpepsiBHOE MosenupoBanue uaet ¢ 1401 roga mo 2000 roxa, Ho, 06pabaThiBasi MOJTY4YECHHBIE
IIPU ATOM JIaHHBIC 3a pa3Hble IPOMEKYTKH BPEMEHH, MbI [T0Jy4aeéM HEMHOT'O pa3Hble CMELCHHS TapaMeTPOB
opouT, 1 0cOOEHHO ATO 3aMeTHO i iepurenust Benepsl. [Ipu 3ToM HagO €CTECTBEHHO y4ecTh U TOT (DaKT, UTO
B MOEM pacHopsKEHUH ObLIO Tropa3fo 0osblie HaOIoJaTeIbHbIX JaHHBIX, yeM y HplokoMa, HO OH
HCII0JIb30BaJl U HEKOTOPBIE APYTHUE JaHHbIE, HAIPUMED, IO MPOXO0KIeHUI0 Mepkypus u BeHepsl 1o nucky



Comnnia, a Taxke Oosiee paHHHE JaHHBIE, YeM s, HapuMep, faHHble Tuxo bpare, a Takxe 1pyrue MeToabl
CTaTUCTUYECKOM 00paboTku maHHbIX. Ho, kak ObI TaM HU OBLIO, @ aHOMAIBHBIC CMEIIICHUS HAOTI0Tat0TCsT ISt
BCEX HapaMeTpOB Op61/IT IIJIAHET, KaK y HLIOKOMa, TakK U y MCHA, XOTA ,Z[OCTOBCpHOCTB OTUX JAHHBIX U HC TaKas
BBICOKasI, KaK y nepureiust MepKypus.

A BOT Teopus TATOTEHUSI DUHIITEWHA CO3/1aBaiach AJIsl O0BSICHEHHS TOJIBKO aHOMAJIbHOTO CMEILICHUS
nepurenusi MepKypus U IO3TOMY BCE OCTaJIbHBIC aHOMAJIbHBIE CMEIICHUS TapaMEeTPOB OPOUT OHA COBEPILICHHO
HE OOBSCHSET, T.€. JACT PE3yJIbTaThl a0COIIOTHO T€ XKe caMble, YTO U TeopHsi HbloTOHA, Kak MbI 3TO U BUJIUM
cornacHo ganHbIM Tabmuiel 10. Cpaszy xouy 3aMeTUTb, YTO 3/1€Ch JaHHBIE, pacCUMTAaHHBIE 110 Teopun HproToHa
MOJTyYEeHbI MHOIO Ha TIOCJIETHEH BEPCUU IPOTPAMMBI U TIOATOMY HEMHOTO OTJIMYAIOTCS OT IPUBEACHHBIX BBIIIE
B Ta0J. 9, T.K. CO BpEMEHHU IMOJIy4EHUs ATHX JAHHBIX MIPOILLIO MHOT'O BPEMEHH U 5 332 3TO BpeMsi BHEC B
nporpammy SO0ISYS7 MHOTO pa3IHyYHBIX YTOYHEHHI, HO 3TO HE CHJILHO MOBIHSIIO Ha MOJTYYCHHBIC PE3YJIbTATH,
KpoMme cMmelteHus nepurenus Mapca, kotopoe BMecto 1588,01 crano 1599,26 (Takum o6pa3om, aHOMaIbHOE
cMerieHue nepurenus Mapca B Ta0J1. 9 HaJlo YTOYHUTB U OHO cTaHeT - 16,52). A BOT To, uTO s ceifuac 3agaBain
Y HayvaJbHbIE CKOPOCTH U KoopauHaThl COJHIIA, a B TJAHHBIX PACYETOB OTPAXKEHHBIX B Ta0I. 8 U 9 oHU ObLIH
PaBHBI HYIIIO, T.K. BO BCEX TCOPHSX TUTAHET MPUBOIATCS IMAPAMETPhI HX OPOUT MPH UX JBHIKEHUU OTHOCHTEIHHO
HenoiBKHOTo CoJHITA, a HE OTHOCUTENBHO 1eHTpa Macc (LIM) cucteMsbl, 3T0 3aMETHO MOBIIHSIIO HA
CMEIICHHS NIEPUTEITNEB BCEX IUIAHET, PACCYUTAHHBIX 110 TeOpuU HpIOTOHA, HO TOYEMY-TO NMPAKTHYECKH HUKAK
HE OTPa3uJIOCh OISATh TAaKM Ha CMeIleHuH repurenust Mapca (6b110 1599,26, a cranno 1599,07).

ITpu 3TOM 5 3a/1aBaJ1 M TOTJa U ceifuac HayaJbHbIE JaHHBIE JUISI MOJIEIIMPOBAHUS PACCUUTAHHBIE 10 MOEH
teopuu Twutanet Ser0, T.K. He oueHb goBepsto ddemepunam DE405, u k ToMy ke 1o 3TuM 3pemepuaam
NIOJTy4aroTCs HaualbHbIe JJAaHHbIE /U1 BO3MYIIEHHBIX OPOUT IIJIAHET, @ MHE IIPU CPAaBHEHUH Pa3IMYHbIX
BapHaHTOB PacyeTOB OOJIbIIE MOIXOAAT HAuaIbHbIC JAHHBIE PACCYMTAHHBIC TI0 HEBO3MYILIEHHBIM
UIMITUYECKUM OpOUTaM, KOTOpble U AaeT Mos Teopus miaHet Ser0. Ho celiuac MHe HaJi0 CpaBHUTH CBOM
pacuet o OTO c pacuerom JPL, a oM 3a1aBanu HE TONBKO HaYaJIbHbIE KOOPJIMHATHI U CKOPOCTH IIJIAHET, HO U
HayvalbHbIe KOOPAUHATHI M ckopocT CoJlHIIa HE paBHbIE HYJII0, KOTOPBIE OHU METOJIOM "ThIKa" oJj00paiu Ha
28,0 urons 1969 rona u teneps OT 3TOr0 MOMEHTa BPEMEHU MOJIETUPYIOT JABM)KEHUE TUIAaHET U B Oyaylliee U B
npolioe. A JAearoT OHU TaK MOTOMY YTO 10 33JaHHBIM ITapaMeTpaM OpOUT IUIaHEeT, KOTOPbIE OMPEeAEIISIOTCS
MIPH WX JABIKEHUH OTHOCHTENBbHO COJHIIA, pACCUUTATh aHATUTHYECKH TOYHO KOOPAWHATHI H CKOPOCTH TUIAHET
10 (PU3NYECKUM TEOPHSIM, TJI€ UX KOOPJMHATHI U CKOPOCTH PACCUUTHIBACTCS MPU MX JIBUKEHUU OTHOCUTEIHHO
IIEHTPa MacC CUCTEMBI, He BO3MOXHO. U st naxe caenan B nporpamme SoISys7 cnenmansayto Gpopmy 20, rue
paccMaTpHBal0 pa3iMyHbIe BAPHAHTHI TAKOTO pacyera, KOTOPhIe aHATU3UPYIO B cTaThe [71].

Takum oOpa3om, 4TOOBI MO JaHHBIE ObUTM MaKCUMaJIBLHO COMOCTAaBUMBI C JaHHbIMU JPL, 51, HaunHas mporecc
mojenupoBanus ¢ 1,5 suBaps 1801 roxa ans cpaBHUTENBHBIX pacyeToB B Ta0u. 10, 11 u 12, paccunTsiBai 1o
cBoelt Teopuu miaHeT Ser0 mapamerpsl OpOUT IJIAHET Ha ATY ATy U 110 HUM KOOPIWHATHI H CKOPOCTH TIIAaHET
OTHOCHUTENIBHO HENOABMKHOTO COJIHIIA, a TOTOM 10 3TUM KOOPAMHATaM M CKOPOCTSAM HaXOJUJ U Ha4aJIbHbIE
KoOpauHAaThl M ckopocTr ComHia. M X0Ts, Kak BbI BUAMTE HUKE, Y MEHSI KOOPAUHATHI (B THIC. KM) M CKOPOCTH
(8 M/c) CosHIla OTYy4al0TCs MPAaKTUYECKU Te JK€ caMble, uTo JaroT U agemepuisl DE40S, HO KOOpAHATH U
CKOPOCTH IIJIAHET Y MEHSI IIPH 3TOM HCIOJIb3YIOTCSI pacU€THBIE U /I HEBO3MYILIEHHBIX OpOUT Ha 000
MOMEHT BPEMEHH, a B 3(eMepuAax OHU MOJYYArOTCs I BO3MYIICHHBIX (OCIIIUTMPYIOUINX ) OPOUT U C
MOJITOHKOW HAaYaJIbHBIX JaHHBIX IPU MOJAETUPOBAHUYU TOJBKO JJISl OJTHOTO KOHKPETHOTO MOMEHTA BPEMEHHU.

Ser0 X=961,08 Y=-70550 Z=-2258 VX=12626 VY=8,415 VZ=-0,379
DE405 X=961,28 Y=-70529 Z=-22,61 VX=12618 VY=8405 VZ=-0,379

Bonee Toro, utoOn1 qanHbIe B Ta01. 10 OBLTH MAaKCUMAIBHO COMTOCTABUMBIL, 51 CEMUac laxe mepeaenat
buHaTBEHYIO Bepcuio mporpaMmMbl S0ISys7m4 riae 3amennn ypaBaenust OTO1, KoTopbie ObLIH MOTYYCHBI
HPOGBIHIGBBIM AJId CUCTCMBI U3 NIBYX TCJI U TAC YJICHBI C YCKOPCHUAMU 6BIJ'II/I 3aMCHCHBI UX 3HAYCHUEM I10
Hsrotony, Ha ypaBuenust OTO2, monyuenusie Moiiepom [54], KOTOpbIE HCIIOIB30BATUCH ITPH CO3/IaHUEC



sapemepun DE40S, yTo mpuBeno K HECKOJIBKO APYTHM WIEHAM ¢ CyMMaMH Macc. X0Ts, KaK MOKa3ajll pacyeThl
Ha nporpamme Galileyl, rie ecTb BO3MOXKHOCTB UCIIOJIB30BaTh 00a BapUaHTa YpaBHEHHH, PACXOK/ICHHUS B
pe3ynbTarax nojydaroTcs HesHauntenbHble. [Ipu aToM, 3HaueHus cmernenus napamerpa dAlIfaU3 B taba. 10,
11 u 12 He mpuBenensl, T.K. B 3moxe J2000 mo 3TuM gaHHBIM U3-32 OYEHh MAJIEHBKOTO yIJIa HAKJIOHA IIIOCKOCTH
opOUTHI 3eMJIH K IIOCKOCTH (PMKCHPOBAHHOM SKJIMIITUKU €TO HEJb3s BBIYUCIUTE TOYHO. A B rpade "HproroH"
3HaYCHHE aHOMaJILHOTO cMmerieHus nepurenues dAlfaPanomal (co 3Be310ukoii) mpuBeIeHO U3 Ta0. 7
paccuntanHoe Cy06oTunbM 1o OTO, a st OCTaTbHBIX KOJOHOK KaK pa3HOCTh MEXKAY IOJHBIM CMEIIEHUEM
HEpUT eI, PACCYMTAHHBIM 110 YKa3aHHOW TEOpHH, U CMeIlleHHeM 1o Teopuu HeroToHa.

Tabnuma 10. BekoBble cMmelieHns: napaMeTpoB OpOUT IUIAHET IIPU JOBEPUTENBHOM BEPOSTHOCTH (HAIEKHOCTH)
95% npu 06paboTke pacueTHBIX AaHHBIX 32 200 JeT, MOTYYSHHBIX Ha MAaTeMaTUYECKUX MOJIEIAX KIaCCHYECKOM
teopun Herorona, ¢ nonpaskoit Xosuia u OTO2 (pu nosHOM pacuere U Ipu ype3aHHOM, KOI'/la KOOpAUHATbI
ConHila HaXOAATCs 110 KOOPAWHATaM IUTaHeT oTHOcuTenbHO LIM cucTtemsbl), Koria HayalbHbIe JaHHbIC IS
MOJICIIMPOBAHUS PACCUUTAHBI 110 TeopuH maneT Ser(). A Takke st IPUBOXKY JaHHBIE, KOTOPBIEC TIOTYYEHBI MHOIO
pu oOpaboTke maHHbIX u3 d3hemepua DE405, kotopsie Toxxe nmoaydensl B JPL ¢ ucnonszoBanrnem OTO2(1IM).

rapaMeTpbl

Heroron

XoJn

0oTO2

OTO2(IIM)

DEA405

dAlfaP1 yri.cek. /Bex
dAlfaPlanomal
dAlfaUl yra.cek. /Bex
dBettal yrir.cek. /Bek
dEks1*1000000 /Bek

528,40+/-0,18
43,03*
-450,66+/-0,03
-21,47+/-0,01
21,10+/-0,27

571,15+/-0,19
42,75
-450,69+/-0,03
-21,47+/-0,01
+21,10+/-0,27

571,36+/-0,18
42,96
-450,69+/-0,03
-21,47+/-0,01
+21,10+/-0,27

571,36+/-0,18
42,96
-450,69+/-0,03
-21,47+/-0,01
+21,10+/-0,27

572,07+/-0,38
43,67
-450,70+/-0,03
-21,43+/-0,01
+20,56+/-0,17

dAlfaP2 yri.cek. /Bex

46,76+/-19,79

62,11+/-19,77

55,39+/-19,81

55,39+/-19,81

45,48+/-25,23

dAlfaP2anomal 8,62% 15,35 8,65 8,65 - 1,28
dAlfaU2 yri.cek. /Bek -992,69+/-0,18 | -992,67+/-0,15 | -992,65+/-0,18 | -992,65+/-0,18 | -999,34+/-0,07
dBetta2 yri.cek. /Bek -2,81+/-0,03 -2,81+/-0,03 -2,81+/-0,03 -2,81+/-0,03 -2,79+/-0,00
dEks2*1000000 /Bex -49,64+/-0,84 -49,63+/-0,84 -49,64+/-0,84 -49,64+/-0,84 -48,77+/-0,81
dAlfaP3 yri.cek. /Bek 1135,23+/-15,12 | 1145,39+/-15,12 | 1139,07+/-15,12 | 1139,07+/-15,12 | 1154,58+/-8,06
dAlfaP3anomal 3,83* 10,16 3,84 3,84 19,35
dAlfaU3 yri.cek. /Bex - - - - -
dBetta3 yrii.cek. /Bex -46,74+/-0,01 -46,74+/-0,01 -46,74+/-0,01 -46,74+/-0,01 -47,07+/-0,01
dEks3*1000000 /Bex -42,24+/-0,70 -42,24+/-0,70 -42,24+/-0,70 -42,24+/-0,70 -42,22+/-0,70
dAlfaP4 yri.cek. /Bek 1599,07+/-3,65 | 1604,58+/-3,60 | 1600,50+/-3,55 | 1600,50+/-3,55 | 1603,13+/-4,83
dAlfaP4anomal 1,35% 5,51 1,43 1,43 4,06
dAlfaU4 yri.cek. /Bex -1054,87+/-0,66 | -1054,64+/-0,49 | -1054,75+/-0,69 | -1054,75+/-0,69 | -1056,28+/-0,14
dBettad yri.cek. /Bex -29,11+/-0,02 -29,11+/-0,02 -29,11+/-0,02 -29,11+/-0,02 -29,15+/-0,02
dEks4*1000000 /Bex 95,87+/-2,00 95,88+/-2,00 95,87+/-2,00 95,87+/-2,00 92,67+/-1,63

Kak BuanMm, 3/1€Cch OYTH UJICATHHO COBIMAIAIOT CMEIIEHHUS BCEX MapaMeTpOB OpOUT (KpoMe TIEPUTEITHEB)
paccunTaHHbIe Kak 1o Teopur HeroToHa Tak u mo OTO ¢ Temu, uro nosmyvarores u3 a¢emepua DE40S5. A Bot
3HAYEHUS CMEICHUH TIepUTENTUEB TUTAHET, TOTy4eHHbIC MHOIO Ha TOYHO TaKOH K€ MaTeMaTHYeCKON MOJIENH,
gyto u 3pemepunsl DE40S, T.e. ¢ ncnonp3oBanuem Tex ke cambix ypaBHeHnH OTO, oTiMyaroTcst OT JaHHBIX
oTpaxkeHHbIX B ademepunax DE405. U ¢ uem 3T0 cBSI3aHO TPYAHO OJTHO3HAYHO CKAa3aTh, T.K. MOJTHAS] METOIUKA
MOJIYYEHUS ATHX dPEeMEPHU]] COCTABISIET KOMMEPUECKYIO TailHy, KOTOPYIO 3HAIOT TOJIBKO HECKOJIBKO




corpynHukoB JPL, a To, 4TO OHM MUITYT B OTYETAX IO CO3MaHUI0 3TUX dPemepu [52, 53] 3To Oonbiieit 4acThio
0aHaTbHOCTH, KOTOPBIE M TaK BCEM M3BECTHBI. M, eciu cipocuTh UX O TOM IOYEMY TaK MOJIy4aeTcsi, TO OTBET
OyzIeT 3apaHee U3BECTEH - WM MOJTHOE MOJTYaHUE WIIH BeXJIUBBIA TyMaH HU O 4eM. S, HampuMep, CTOIKHYJICS C
ATUM, KOT/Ia UCKaJI JIaHHbIE HAOJI0IeHNI 3a TBOMHBIM TysibcapoM PSR B1913+16, koTophie sSIKOOBI TTO3BOJIUIIN
OTIPEICTUTh, YTO €ro MepuacTp cMernaercs Ha 4,23 rpaayca 3a roJ, a BOT aBTop padotsl [60] Ha caiite, CCBUIKY
Ha KOTOPBIU 5 J]aM HUXKeE, IMHIIET, 4To oH 3a7ai T.D. Moyer [54], koTopslii 1 Harmucain opUITHaIbHYIO
nokymenraiuio JPL, HecKoIbKO BOIMPOCOB MO MOBOY MOMyYeHHBIX UM ypaBHeHH OTO u pe3ynbraT ObLI
Takou " nomyuun oOun 8edcausvlii omeem, npexncoe wem OH YCmajl Om MeHs, HO OH He M0O2 OelCMBUMENbHO
CKA3amo MHe, Cuumaem Jiu OH, 4mo paziuyus, Ha KOmopble sl YKA3dJl eblule, 00IHCHbI OblMb Mam, UL OHU eCib
U3-3a OUUOOK AnNPOKCUMAYUU 8 NOJIYYEHUU €20 8blpadtCceHUs".

Takum 00pa3oM HUYETO HaM y3HATh y COTPYAHUKOB JPL He momyduTcst mosToMy monpodyeM pazo0parbcst
camu. Pa3HOuTEeHUI B NCIIONIB3YEMBIX Maccax IuIaHeT y MeHs ¢ JPL HeT, T.K. 1 B CBO€M MOJEIH UCIOJIb30BaI TY
KE CaMyl0 CUCTEMY Macc, YTO U OHM, & TO OOCTOSITEILCTBO, YTO OHU IIPU 3TOM JUIsl "OHTOB" YUUTHIBAIU U
BO3JICHCTBUE HA MJIAHETHI HECKOJIBKUX MHOT/IA MPOJIETAIOIINX KOMET U KPYITHBIX aCTEPOUI0B, IPAKTHYECKU
HUKaK HE MOTJIO TIOBJIHATh JaKe HAa TEKYIIHE TPACKTOPUH IBUIKCHUS TUIAHET, T.€. KOT/Ia 3TH O0BEKTHI ObLIH B
npenenax COMHEYHOM CUCTEMBI, U YK TeM 0oJiee He MOTJIH MOBIUSATH Ha BEKOBBIE CMEILIEHUS TapaMeTPOB UX
OpOUT, KOTOPBIE MPOSIBIISIOTCS TOJIBKO TPH IMIOCTOSSHHOM BO3JICHCTBHU 3THX O0OBEKTOB Ha IaHeTsl. [la, TyT,
HaBepHOE, Oy/IeT Kakoe TO BO3JIEHCTBUE OT MOsiCa aCTEPOUIOB PACIIONOKEHHBIX MEX Iy opOuTamu Mapca u
IOnurepa, HO HE TyMato, YTO OHO OYAET TaKUM 3aMETHBIM. XOTs, pu Ooraroi ¢aHTaszuu, T.K. 001as Macca
3TUX aCTEPOMI0B HAM COBEPIIEHHO HEU3BECTHA, MOKHO IPUHATH TAKYI0 MacCy 3TOr0O KOJbIIa aCTEPOUIOB, YTO
UX BO3/ICHICTBUE HA TUIAHETHI CTAaHET OYCHb JJaKe 3aMEeTHBIM. Vi BOT, Hampumep, OHU YUUTHIBAIOT U MTOTPABKU
BO3HUKarommue ot cxatusi ColHIa, HO coryiacHo pacueraM KnemeHca naxe JUisl CMELIEHHS TIepUrenus
Mepkypus 310 nact Toabko 0,01 yrioBoil ceKkyH/bl 3a BEK.

[ToaTOMY 51 IPEANOIOKUIL, YTO PA3HBIE JAaHHBIEC Y HAC MOT'YT IIOJIy4aThCs OT TOro, 4To B JPL ncnonb3oBanu
YPE€3aHHYI0 MaTEMAaTHUYECKYIO MOJeb COJTHEUHON CUCTEMBI, T.€. IOCTYIMPYIOLIYIO TO, YTO LEHTP Macc
CUCTEMBI U €€ KOJIMUECTBO JIBUKEHHS OCTAIOTCS CO BpEMEHEM Hen3MeHHbIMU. [a, Tak OyneTr B TOM ciyyae,
eciu y Hac Oyzer cobmoarbes 3-uit 3akoH Hetotona, Ho B OTO, Kak 3T0 oTpaskeHO Ha pHc. 25, OH He
coomonaercsi. A cozaarenu u d3pemepun DE (HACA) u apemepun EPM (UITA PAH) B cBoux otyerax [54, 61]
IUIIYT, YTO OHU MozennpoBany 1o ypasHeHusIM OTO tonbko nenxeHue miuaHeT COJHEYHON CUCTEMBL, a
KOOpAuHAThl M ckopocTy COoJHIIA TOTOM pacCUUTHIBAIM U3 YCIOBUS HEMOJBUKHOCTH LIeHTpa Macc CoTHEeUHOH
CHCTEMBI. A, €CITU MbI IPH MOJIETMPOBAHNU OyzieM 1o TeM ke ypaBHeHUssM OTO BBIUUCIATH, KaK U JJIS TUIAHET,
yckopenus u CoJiHIIa, a MOTOM TOYHO TaK)Ke, B COOTBETCTBHH ¢ MeTo/IoM Pynre-Kyrra, OyzneM BbUuCIATh
HOBBIE CKOPOCTH U KOOPJMHATHI BceX 00beKTOB COJIHEUHOM CUCTEMBI, @ HE TOJIBKO IUIAHET, TO Mbl YBUJIUM, YTO
LIEHTP Macc CUCTEMbI HEe OYJIET HETIOABMXKHBIM, a OyJIeT CMelaThCsl, Kak MoKa3aHo Ha puc. 47a, TJe NpuBeIeH
rpaduK ero CMeIeHus 1o JIByM OCSIM KOOPAMHAT B IMJIOCKOCTH SKIUNTHKH 3a 40 siet. U npu 3TOM y Hac OynyT
MEePUOANYECKH U3MEHSThCS HE TOJIBKO MOJHast 3Heprus cuctembl dEsys, HO 1 ee MOMEHT KOJIMYEeCTBa IBUKEHUS
B T1ocKoCcTH ximnTuku dMKDsys.



Puc. 47. I'paduku u3meHenus co BpemereM ot 1 stuBapst 1981 roga (MaciTab mo ocu adcimcc 2 roga/cm)
KoopauHat neHtpa macc Comrevnoit cuctembl mo ocu X (AXCMSsys) u o ocu Y (dYCMSYS) B ThiC.KM, a TakxkKe
sHepruu cucrembl AESYS (KMHETHYECKas TUTIOC TIOTEHIIMAIbHAS) B MPOIIEHTaX ¥ MOMEHTA KOJHUYECTBA
JIBMDKCHHUST OTHOCHUTEIILHO IIEHTPa Macc CHCTeMBbI B TutockocTH sxuntikrn dMKDSYs B mporienrax. a, b, ¢ -
HavaJbHbIC JaHHbIC paccurTanbl o Teopun Ser0. d - HavaibHbIC JaHHBIC paccunuTaHbl Mo 3demepuaam DE405.
b - MmoxenupoBanue o Teopun HerotoHa. @, d - MoaenupoBanue 1o ypasHenusm OTO. € - MogenupoBaHue 1Mo
ypaBaeHHSIM OTO TOJBKO IUIAHET, 2 KOOPAUHATHI ¥ cKopocTH COJIHIIA PAaCCUYUTHIBAIOTCS U3 YCIIOBUS
HETIOIBMYKHOCTH IIEHTPa Macc CUCTeMBbI. MaciTalb /it BCeX mapaMeTpoB Ha pUCYHKax &, b, ¢ 6bu1 1*107-7
TBHIC.KM HJIH TIPOLIEHTOB, a Ha pucyHke d or 611 1¥107-3. CKpUHIIOTH TporpaMmbl SOISys7mb.

A BOT, €CJIM MBI CMOJIETTUPYEM JIBIKEHHE 00heKTOB COTHEYHOM CHCTEMBI 0 3akoHaM HpIOTOHA, TO MBI, KaK U
MOJIOKEHO (CcM. puc. 47b), yBUIIUM, UTO Bce IpauKu JiexkaT Ha OCH aOCIIHCC, T.€. OTKIOHEHUS TOJ0KEHUS
IIEHTPa MacC CUCTEMBI WJIM U3MEHEHHUE €€ DHEPTUU U MOMEHTA KOJIMUECTBA JIBW)KCHUSI €CJIH U €CTh, TO
HE3HAYUTENbHbIE U 00YCIOBICHBI TOJHKO HETOYHOCTBIO pelieH s, a 3-uif 3akoH HproToHa mpu 3TOM Oyer
BBINIOJHATHCA. I K TOMY 7K€ OTCIOZIa MBI MOKEM CJIeNIaTh BBIBOJ O TOM, 4TO cam MetoJ Pynre-Kytra st Hamen
CUCTEMBI C 33/IaHHBIM 1IarOM MHTETPUPOBaHMS | yac BbIJIAET BIOJHE yCTOWUYMBOE pemienue. Jla, u, eciu Mbl
cmoenupyem Hamry COTHEUHYIO cUCTeMY 10 ype3aHHou metoauke JPL (cm. puc. 47¢), TO MBI TOXKE TTOJTYIHM
rpa UKy HYJIEBBIX OTKJIOHEHHH MOJOKEHHSI IICHTPAa MAacC CUCTEMBI, YTO €CTECTBEHHO, T.K. MBI U3 3TOTO
YCIIOBUSI M HAXOAMIA KOOpAUHATHI U ckopocTu ConHua. Ho TyT BO3HHMKaeT BOIPOC - a UTO 7K€ 3aCTaBUIIO
corpyaHuKoB JPL nmpuGernyTh K CTOJIb HEKOPPEKTHOMY METOy pacueTa aBuxeHus Comaia. Beas oHM Morian
TOYHO TaK K€, KaK U 5, BBIUUCIATD 10 TEM K€ YpaBHEHUAM U ycKopeHus: ColHIIa M TOTOM €ro CKOPOCTH U
KOOpPJMHATHI, @ He U300peTaTh HEKOPPEKTHYIO METOIMKY pacyeTa ero CKOpOCTeil 1 KOOpAUHAT.



A 00BsicHsIeTCS 3TO 0OYeHB MpocTo. Kak MbI BuauM Ha puc. 47d, eciiu Mbl 3a1a1uM HadalbHBIC JTaHHBIC IS
MozenupoBanus u3 dgemepua DE40S, To y Hac cMenieHne 1ieHTpa Macc 1mo ocsiM X U Y Oyzer Ha 4-¢ mopsiaka
0oJIbIlIe, YeM IIPH pacueTe HauyalbHBIX TaHHBIX TT0 Moel Teopuun Ser(). A oHU B CBOMX ddeMepuax MPUBOISAT
JlaHHbIE 0 KoopAuHaTax 1iaHeT u ConHia B cranaaptHoi snoxe J2000, T.e. B HEMOABUKHOM CHUCTEME
KoopauHaT 3aduxcupoBanHoii Ha 1 stHBaps 2000 roga, HO T.K. LIEHTP Macc CUCTEMBI (Y HUX 3TO HA4aJo
CUCTEMBbI OAPUIICHTPUYECKUX KOOPIUHAT) MIPHU 3TOM OyJIeT MOCTOSIHHO CMEIIAThCs, TO BMECTE C HUM B TOM
CUCTEeME KOOpJUHAT OyIyT CMEIaThCsl M KOOpAUHATHI TutaHeT U COJHIIA, T.€. OHU OYIYyT MOJy4aThCs yXKE HE B
crangaptHoi snoxe J2000, rie 1mo moJIoKeHUM 3Be3]] 3apUKCUpOBaHa MIIOCKOCTh SKJIMIITHKU B KOTOPOW MBI
ornpesesieM KOOPIMHATHI TUIAHET 1Mo ocsiM X U Y, a HanpaBJieHHe 0CH X COOTBETCTBYET HAIIPaBJICHUIO C 3eMIIN
Ha CoJlHIIe IpU BECEHHEM PaBHOJCHCTBUU.

3a To BpeMsi, KOT/la y TPEKOB 3aKPEMUINCh 0003HAYEHUS B SKBATOPUAIBHON CHCTEME KOOPAUHAT (TIPUMEPHO
400 neT 10 H.3.), TOUYKA BECEHHET'0 PABHOJCHCTBUS 3HAYUTEILHO CMECTHIIACh OT CBOETO MEePBOHAYATILHOTO
MOJIOXKEHUs (HaIlpaBJjeHUE Ha MEPBYIO 3Be€3/Y B co3Be3iue OBHA, KOTOpasi HAXOJIUTHCS HA KOHUMKE pora
Oapana) U ceifuac HaXOJUTCs yKe B co3Be3aue Prib, HO BO n30exaHue MyTaHULbl B Pa3IMYHBIX CHUCTEMaX
KOOpJUHAT (IIOJIIPHON U JIEKapTOBOM) HampaBieHHe ocH X MPOoI0JDKalT 0003HavyaTh 3HakoM OBHa, T.€.
OpUMEPHO BOT Tak . DT0, KOHEYHO, TOHKHO OTOPUYHTH JIFOOUTENIEH aCTPOIOTHH, T.K. JIFOIH, POIUBIIHECS
2000 et Hazan, HaripuMep, 1 STHBAps MO OJJHUM 3HAKOM 30/MaKa, ceiiyac CUUTAIOTCS pOAUBIIUMUCA | sHBaps
MO APYTUM 3HAKOM 30/MaKa, HO JJIsi aCTPOHOMOB 3TO MPUBOAUT TOJBKO K TOMY, UTO, 3Hasi KOOPIAWHATHI 3BE3],
MIPUBE/ICHHBIE B OMMCAHUSIX JIPEBHUX aCTPOHOMOB, B UX CUCTEME KOOPAMHAT, UX HAJ0 MPOCTO MEPEBECTH B
COBPEMEHHYIO CUCTEMY KOOPJIMHAT, H3MEHUB HAKJIOH SKJIUNTUKY U HampaBieHue ocu X. [Ipu aTom, ecnu Mbl
W3MEHUM TOJIOKEHUE B HaIlel rajakTuke Bced COTHEYHOM CUCTEMBI, UTO IIPEANOoJaraeT CMEIeHre ee eHTpa
Macc B MPOCTPAHCTBE, TO HaMpaBiIeHHe OCU X TOXe He OYAET YK€ TOUHO COOTBETCTBOBAThH HANPABICHUIO HA
TYy’Ke 3Be€3/ly, KOTOpasi y Hac OTBEYAET 3a HarpaslieHHe 3Toi ocu. Ho, kak MbI BuauM Ha puc. 47d, y Hac
CMEINICHHUE IIEHTPA MacC 1O OCH Y COCTaBIIIET TOJIbKO puMepHo 5*107-3 Thic.kM 3a 20 e, T.€. gaxe 3a 2000
JIeT y Hac eHTp Macc cmectutes Ha 500 kM, a MbI 1ake Tipu cMmerneHn 3emin Ha 300 MiTH.KM (TTOJIOKEHUE B
JIBYX TMPOTHBOIIOJIOXKHBIX TOUKaX Ha ee opOuTe) MoxkeM 3aUKCUPOBATh HAITUMH MPUOOpPaAMH U3MEHEHHE B
MOJIOXKEHUH TOJIBKO CaMbIX OJIMKAaNUIIINX K HaM 3Be3]], KOTOPhIE MOXKHO MEePEeCYUTATh 0 MajbliaM OJHOU PYKH.

Takum oOpa3om, pu OTNpeieSIeHUH KOOPANHAT IUIaHET B CTaHJAPTHBIX 3Moxax, Hanpumep, J2000, Mbl BriosHe
MO’KEM CUHUTAaTh, YTO OapHLeHTp Halel CoJHEeYHON CUCTEMBbl HETIOABUXKEH, UTO U AeNatoT coTpyaHuku JPL, u
3TO MO3BOJISIET UM MOJIy4YaTh OapUIIEHTpUUECKHE KoopaAuHaThl TutaneT 1 ConHua B cTanaapTHoi snoxe J2000.
U pe3ynbTaThl OTpaxeHHble B Ta01. 10 npu pacueTe MHOMO 10 ype3anHoi metoauke JPL, T.e. BapuaHT
OTO2(LIM), HarnsqHO MOKA3bIBAIOT, YTO CMELICHUS TapaMeTPOB OPOUT IIJIAHET, KOTOPBIE ONPEAEIAIOTCS MIPU
UX JIBUKEHUH I10 3JUIMIICAM OTHOCUTENIBHO HEMOABMKHOTrO COJIHIIA, OJIydaroTCs TE K€ CaMble, YTO U 110 MOEH
noytHOM Metoaunke moaenupoBanus Comueunoit cucrembl OTO2. Xots, Boo6mie-to, [IM ConHedHnol cucteMbl
Ha caMoM JieJie (COTJIaCHO JaHHBIM MO PETMKTOBOMY M3JIy4EHHIO0) IBHXKETCS ropas3zio ObIcTpee, 4eM OH
CMEILIaeTCs COMIACHO HAILUM pacyeTam, T.€. CO CKOPOCThIO B COTHH KM/C, T.€. IOIPEIIHOCTh OT TaKOTO pacyera
Oyzet ropaszo 60sblie, HO, HEe 3Hasl JOCTOBEPHBIX PACCTOSHUM /10 3BE3]1, MBI BCE PABHO HE MOXEM 3TO yUYECTb.
Bot ToipK0 npu 3TOM 00a BapuaHTa pacdyeTa y Hac He COBMAJAIOT C JaHHBIMU, KOTOPBIE 51 Oy
oOpabartbiBast koopAMHATHI Tu1aHeT U ConHia paccuntanHble o 3gemepunam DE40S. [TosTomy naBaiite
BBITIOJTHUM BBIYUCIIUTEIbHBIE SKCIIEPUMEHTHI 10 TEM Ke TeopusaM, 4To B Ta0a. 10, HO ¢ HaYaIbHBIMU JAHHBIMU
JUI. MOZIETTUPOBAaHUs, T.€. C KOOPAMHATAaMU U cKopocTsMH IutaHeT u ConHa noiaydyeHHsIMU Ha 1 siHBaps 1801
rozaa He 1o moeit reopun Ser0, a BozpMeM ux u3 3emepus DE40S. Pe3ynbTaThl 3THX BEIYHUCIUTEIBHBIX
SKCIIEPUMEHTOB MOCIIE CTATUCTUYECKONH 00pabOTKU MOMyYEHHBIX Ha Pa3IMYHbIX MOJIEISIX KOOPAUHAT IJIaHET U
Connna npuBeneHs! B Ta0u. 11.

Ta6nuua 11. BekoBble cMeleHHs TapaMeTpoB OpOUT IJIAHET MPH TOBEPUTEIHHON BEPOSITHOCTH (HAZECKHOCTH)
95% npu 06paboTke pacueTHBIX AaHHBIX 3a 200 JIeT, MOTYYEHHbIX Ha MATEMAaTUYECKUX MOJEIAX KIaCCHYECKOM
teopun Hetorona, ¢ nonpaskoit Xosuia u OTO2 (npu noaHOM pacueTe U IpU ype3aHHOM, KOI'1a KOOPAUHATHI
ConHila HaXOAATCs 110 KOOPAWHATaM IUTaHeT oTHOcuTeabHO LIM cuctemsbl), Koria HayalbHble JaHHbIE IS
MoJiepoBaHus B3ATH U3 3pemepun DE40S. A Ttakke st IpUBOXKY aHHBIE, KOTOPBIE TOIYYEHBI MHOIO MIPH
o0paboTtke manHbIX U3 dhemepun DE40S5, kotopsie Toxe nomydensl B JPL ¢ ucnonszoBannem OTO2(LIM).



apaMeTpol Hetoton Xonn 0oTO2 OTO2(IM) DE405
dAlfaP1 yra.cek. /Bex 529,05+/-0,38 571,86+/-0,37 572,02+/-0,38 572,05+/-0,38 572,07+/-0,38
dAlfaPlanomal 43,03* 42,81 42,97 43,00 43,02
dAlfaUl yri.cek. /Bex -450,70+/-0,02 | -450,74+/-0,03 | -450,69+/-0,04 | -450,71+/-0,01 | -450,70+/-0,03
dBettal yri.cek. /Bek -21,43+/-0,01 -21,43/-0,01 -21,43+/-0,01 -21,43+/-0,01 -21,43+/-0,01
dEks1*1000000 /Bex 20,56+/-0,17 +20,56+/-0,17 +20,56+/-0,17 +20,56+/-0,17 +20,56+/-0,17

dAlfaP2 yri.cek. /Bex

36,96+/-25,20

52,19+/-25,23

45,60+/-25,20

45,58+/-25,22

45,48+/-25,23

dAlfaP2anomal 8,62* 15,23 8,64 8,62 8,52
dAlfaU2 yri.cek. /Bex -999,38+/-0,05 | -999,36+/-0,08 | -999,41+/-0,09 | -999,37+/-0,06 | -999,34+/-0,07
dBetta2 yrii.cek. /Bex -2,79+/-0,00 -2,79+/-0,00 -2,79+/-0,00 -2,79+/-0,00 -2,79+/-0,00
dEks2*1000000 /Bex -48,77+/-0,81 -48,76+/-0,81 -48,77+/-0,81 -48,77+/-0,81 -48,77+/-0,81
dAlfaP3 yru.cek. /Bek 1144,07+/-8,02 | 1154,32+/-8,04 | 1147,98+/-8,03 | 1148,01+/-8,00 | 1154,58+/-8,06
dAlfaP3anomal 3,83* 10,25 3,91 3,94 10,51
dAlfaU3 yri.cek. /Bex - - - - -
dBetta3 yrii.cek. /Bek -47,07+/-0,01 -47,07+/-0,01 -47,07+/-0,01 -47,07+/-0,01 -47,07+/-0,01
dEks3*1000000 /Bex -42,20+/-0,68 -42,23+/-0,70 -42,22+/-0,70 -42,20+/-0,70 -42,22+/-0,70
dAlfaP4 yri.cek. /Bek 1601,75+/-4,88 | 1607,24+/-4,89 | 1603,15+/-4,88 | 1603,14+/-4,82 | 1603,13+/-4,83
dAlfaP4anomal 1,35% 5,49 1,40 1,39 1,38
dAlfaU4 yrii.cek. /Bex -1056,39+/-0,15 | -1056,27+/-0,15 | -1056,45+/-0,07 | -1056,31+/-0,26 | -1056,28+/-0,14
dBetta4 yri.cek. /Bex -29,14+/-0,02 -29,14+/-0,02 -29,14+/-0,02 -29,14+/-0,02 -29,15+/-0,02
dEks4*1000000 /Bex 92,66+/-1,63 92,67+/-1,63 92,66+/-1,63 92,66+/-1,63 92,67+/-1,63

Tenepp MBI BUIMM, UTO NIPH TAKOM 33JJaHUHU HAYAJIBHBIX JAHHBIX JJI1 MOJEIUPOBAHMS TYT YXKE HE TOJIBKO
CMEIICHUS BCEX apaMeTpoB OpOUT (KpoMe TIEPUTETHER) COBMAIAIOT IPH MX PacUeTe I0 JIF0O0M TeOpHUH, HO U
CMELIEHUs IEpUTeINeB TpeX IIaHeT (Kpome 3eMiIn) paccuuTaHHble 1o o6oum Bapuantam OTO toxe
COBIAJIAIOT C TEMH, 4TO 3a10keHbl B apemepuibl DE405. A BOT 3T0 04eHb OA03PUTENBHO, T.K. PACUETHI 10
ob6oum Bapuantam OTO natot u B Ta6n. 10 u B Tabn. 11 ogrHaKOBBIE 3HAUEHUSI AaHOMATBHBIX CMEIICHUN
nepurenues. [la, naxxe Teopust Xoiia, XOTh U 1a€T pe3ybTaThl, KOTOpbIE HE cOBNaAaoT ¢ pacueToM o OTO,
HO OHa B 00eHX Ta0IHIaX JaeT TOXke MPUMEPHO OJAMHAKOBBIE 3HAUEHUS, T.K., BOOOIE-TO, BETUYHNHA
aHOMaJILHOTO OCTaTKa MPAaKTUYECKU HE JIOJKHA 3aBUCETh OT TOT0, IO KAKOW TEOPUU MbI 33JJa)I1 HaYaJIbHbIE
nansble. [1oaToMy, 4TOOBI HCKITIOUUTH BEPOATHOCTB TOT'O, YTO 37€Ch Ha Pe3yIbTaT MOIJIO MOBIUATH TO, YTO B
tabs. 10 3aaHbl HauYaIbHbIE JAHHBIE 10 HEBO3MYIIEHHBIM NapaMeTpaM opOuT Teopun Ser(, a B Tadiu. 11 onun
3aJ]aHbl JUIsl BO3MYIIEHHBIX opouT 1o DE405, MHe NpHUIIIIOCh BBIMOIHUTD €I1I€ OJHY CEPHIO KCIIEPUMEHTOB
(cM. Tabm. 12) ¢ HauaIbHBIMU JAHHBIMHU, PACCYUTAHHBIMU 110 TeopuH maaHet JPLO, KoTopoit MOXKHO
noJp30Batbes B MHTEpBatie ¢ 1800 mo 2050 rozsl, 1 pacueTa napaMeTpoB HEBO3MYIIICHHBIX OPOUT IJIaHET.

Tabnuua 12. BexoBble cMelIeHNs TapaMeTpoB OpOUT IJIaHET MPU JOBEPUTEIHHON BEPOATHOCTHU (HAIEAKHOCTH)
95% nipu 06paboTKe pacueTHHIX AaHHBIX 3a 200 JIeT, MOJYyYeHHBIX HAa MATEMAaTHUYECKUX MOJIEISIX KIaCCHUECKOM
teopun HeiotoHa, ¢ monpaskoit Xosuia u OTO2 (npu noHOM pacueTre U pU ype3aHHOM, KOI/1a KOOpIUHATHI
ConHula HaXOAATCS 110 KOOPAMHATaM IUTaHET OTHOCUTENBHO [IM cucTtemsl), Koraa HadajabHble JaHHBIE AJIs
MOJICTTUPOBAaHMS paccUUTaHbl o Teopuu miaHeT JPLO. A Takke s npuBOXKY TaHHBIE, KOTOPHIE MOTYYEHBI MHOIO
npu o0paboTke gaHHbIX U3 dpemepun DE40S5, koropsie Toxe nomydensl B JPL ¢ ucnonszoBannem OTO2(LIM).




rmapaMeTpbl HeroTon Xon 0102 OTO2(ILIM) DE405
dAlfaP1 yra.cek. /Bex 528,35+/-0,19 571,13+/-0,17 571,30+/-0,18 571,30+/-0,18 572,07+/-0,38
dAlfaPlanomal 43,03* 42,78 42,95 42,95 43,72
dAlfaUl yra.cek. /Bex -450,56+/-0,02 | -450,60+/-0,03 | -450,58+/-0,03 | -450,58+/-0,03 | -450,70+/-0,03
dBettal yrir.cek. /Bek -21,47+/-0,01 -21,47+/-0,01 -21,47+/-0,01 -21,47+/-0,01 -21,43+/-0,01
dEks1*1000000 /Bex 21,11+/-0,28 +21,11+/-0,30 +21,11+/-0,28 +21,11+/-0,28 +20,56+/-0,17
dAlfaP2 yra.cek. /Bex 46,95+/-19,82 62,62+/-19,82 55,55+/-19,82 55,55+/-19,83 45,48+/-25,23
dAlfaP2anomal 8,062% 15,32 8,60 8,60 - 1,47
dAlfaU2 yri.cek. /Bek -992,60+/-0,18 | -992,57+/-0,18 | -992,57+/-0,18 | -992,58+/-0,18 | -999,34+/-0,07
dBetta2 yri.cek. /Bek -2,82+/-0,03 -2,82+/-0,03 -2,82+/-0,03 -2,82+/-0,03 -2,79+/-0,00
dEks2*1000000 /Bek -49,71+/-0,85 -49,70+/-0,85 -49,71+4/-0,85 -49,71+/-0,85 -48,77+/-0,81
dAlfaP3 yra.cek. /Bex 1135,08+/-15,00 | 1145,26+/-14,98 | 1138,98+/-14,98 | 1138,98+/-14,98 | 1154,58+/-8,06
dAlfaP3anomal 3,83* 10,18 3,90 3,90 19,50
dAlfaU3 yri.cek. /Bex - - - - -
dBetta3 yri.cek. /Bek -46,73+/-0,01 -46,73+/-0,01 -46,73+/-0,01 -46,76+/-0,01 -47,07+/-0,01
dEks3*1000000 /Bex -42,22+/-0,72 -42,234/-0,72 -42,22+/-0,72 -42,22+/-0,72 -42,22+/-0,70
dAlfaP4 yri.cek. /Bex 1598,47+/-3,83 | 1603,88+/-3,84 | 1599,85+/-3,80 | 1599,85+/-3,80 | 1603,13+/-4,83
dAlfaP4anomal 1,35% 5,41 1,38 1,38 4,66
dAlfaU4 yri.cek. /Bex -1053,78+/-0,46 | -1054,21+/-0,73 | -1053,99+/-0,48 | -1053,99+/-0,48 | -1056,28+/-0,14
dBetta4 yrii.cek. /Bek -29,08+/-0,02 -29,09+4/-0,02 -29,09+4/-0,02 -29,09+/-0,02 -29,15+/-0,02
dEks4*1000000 /Bex 96,44+/-1,97 95,85+/-2,00 95,84+/-2,00 95,84+/-2,00 92,67+/-1,63

ITpu 3TOM, HaCKOJIBKO s MOHKUMAIO, cOTpyaHUKHN JPL momyunnu 31y Teoputo mianet JPLO oOpabatsiBas naHHBIE
ceoux 3¢emepun DE405 u mostomy 3ta Teopust JPLO qomxHa MakCHMaIbHO COOTBETCTBOBATH ATUM
ademMepuiaM U, CII€0BaTEIbHO, B HEM JOHKHBI OBITh OTPaKEHbl aHOMaJIbHbBIE CMEIIEHUS EPUTe/INeB TUIaHeT
TOYHO TaKHe K€, KaK OHM IOJIy4atoTcs pu 00paboTKe MHOIO JaHHBIX U3 3TuX 3demepua. Ho, kak cienyer u3
TaHHBIX Ta0u1. 12, Mbl 3TOrO HEe BUAMM. bosnee Toro, Teneps y Hac o gaHHbIM 3pemepust DE40S He TonbKO
aHOMaJIbHOE CMEIIEHNE NEpUreNust 3eMJI He COOTBETCTBYET TOMY, UTO AOJKHO ObITh cornacHo OTO, Ho u

aHOMaJIbHbIE CMeleHNs nepurenneB Benepsl 1 Mapca Toke He COOTBETCTBYIOT JaHHBIM U3 3dpemepusr DE40S.
W nomyyaeTcsi, 4To MpH 3a/laHuU HAa4aJbHBIX JIaHHBIX JJI MOJIEIHPOBAHUS 110 JHO00H TEOPUHU MBI IOJTy4aeM Ha
MaTemMaThuueckoi Mmoaenu COoMHEUHOM CUCTEMBI ¢ UCTIOIb30BaHUEM ypaBHEHUM OTO nMeHHO Te aHOMasbHbIE
CMeEILIEHHUs IEPUTENINEB IJIaHET, KOTOPBIE U JOKHBI ObITh cornacHo OTO, HO AT 3HaUEHUSI HE COOTBETCTBYIOT
TOMY, 4TO OoTpaxeHo B 3emepunax DE40S. Takum obpazom, 3Tu ademepu bl He TosibKo onpoBepraior OTO,
HO U SIBHO HE COOTBETCTBYIOT HM KaKOi (pM3NYECKOM TeOpuH, T.K. B HUX HE IPOCMATPUBAETCA HUKAKON
3aKOHOMEPHOCTH B AaHOMAJIBHBIX CMEIIEHUSAX IIEPUTEIINEB TUIAHET.

A BOT, HaIIpUMEpP, aHOMAJIbHbIE CMEIIICHUS IIEPUTeIINEB, pACCUMUTaHHBIE IO Teoprr HbIOTOHA ¢ TONTpaBKOil
XoJa, XOTh HE3HAYUTENBHO U OTJIMYAKOTCS IIPU pacueTe HAYAJIbHBIX JaHHBIX [0 BCEM TEOPUSAM IUIAHET, HO
KpyroM nomydatorcs npuMepHo 43, 15, 10 u 5 yri.cex 3a Bek, T.€. MPOCIIeKUBAETCS sIBHAS 3aKOHOMEPHOCTD B
AHOMAJIbHBIX OCTATKaXx, T.€. MPOCIekKHBacTCs 3B PEKT, KOTOPBIN JaeT cama Teopusi. A HEMHOT'O 3aBbIIIICHHBIC TAHHBIC
110 aHOMAJIBHBIM CMENIEHUIM TiepurenneB Benepsol, 3emiu 1 Mapca 1o CpaBHEHHUIO C TEM, YTO JIA€T TEOPHUS
OTO, 00BsCHsIETCS TEM, YTO ATO CIHIIKOM MPOCTOE PEIICHHE BOMPOCAa AaHOMATBHBIX CMEIIIEHUH TIepUTEITNEB
maHeT. M ata mompaBka k 3akoHy HeloTOHa paccuuThiBasiach XO0JUIOM TOJIBKO M3 HAOIIOaEMOTO 3HAYCHUS
AHOMAJIBHOTO CMELLEHHS niepurenuss MepKypusl, T.€. Kak TEOpUsI OHA TOKE, KAK U MHOTHE IPYTHUE TEOPUU TOTO
BPEMEHH, CO3/IaBaIach sl O0BSICHEHUS UMEHHO aHOMAJIBHOTO CMEIIeHus niepurenust Mepkypus. B pesynbrare



X0yt MOAyYusI HYyKHOE 3HaYECHUE CMEIICHUS IEPUTENUs [IPU TI0Ka3aTelie CTENEH! Yy pajinyca B TEOpUU
taroteHust Herotona pasaom 2,0000001574. Ho HerokoM mpu anmpoKcUMaIuy HaOMIoAaTeIbHBIX TaHHBIX
MCIOJIB30BAJ 3Ty TEOpHUIO ¢ mokaszareneM creneHu 2,0000001612, yTo mO3BOIMIIO €My MOIYYUTH Ooiee
KOPPEKTHBIE TaHHBIC TI0 HAOJII0/IaeMbIM UM aHOMAJIbHBIM CMEIIICHUSIM TIEPUTEITUEB BCEX TIJIaHET.

Taxum o6pazom, Bonpocs! k coTpynHukam JPL Toibko MHOXATCS, T.K. TENEPb HE OHATHO HE TOJIBKO TO,
KaKoBa e y HUX MaTeMaTuyeckas MoJieib COMHEUHON CUCTEMBI, HO U TO, KaK OHU YXUTPHJIUCH MMOJTYYUTh
TaKue 3HaYEHHUs CMEIIEHU ITapaMeTpOB OPOUT TUTaHET B cBoe Teopuu 1uianet JPLO, kotopas momkHa ObITh
MOJTy4YeHa MPOCTO CTAaTHCTUYECKON 00paboTkoi anubx U3 3demepun DE40S. Benp noigydeHHbIe MHOIO MIPH
3TOM CMENICHUS MapameTpoB opout B Tabi. 10, 11 u 12 oueHb 1axe OTIIMYAIOTCS OT TEX, YTO MOTYIHIH OHH,
T.€. OT JaHHBIX B KoJIoHKe DE405. U 31ech, HanpuMep, pe3ko OpocaeTcs B Ti1a3a To, 4to COTpYAHUKU JPL st
cMmerenus nepurenus Beaepsr B cBoeit Teopun mnanet JPLO (manekc "0" o603Ha4aeT, 4TO B TEOPUHU HE
OTpa)KEeHbI IEPUOINYECKUE BO3MYIICHHUS OPOUT OJTHUX IJIAHET OT BO3ACHCTBUS Ha HUX JPYTUX IUIAHET)
MPUBOJAT 3HAUEHUE CMEIIeHUs nepurenus Benepsr 9,66 yrii.cex/Bek. Bo-mepBbix, 04eHb CTPaHHO KaK OHU
CMOTJIH MOJIYYUTh 3TO 3HaYEHHE, T.K. S 110 JAHHBIM HX e ddeMepun noayuni 45,48 yri.cek/Bek, a, BO-BTOPbIX,
UX 3HaueHue Hanpsamyto onposepraer OTO, T.K. TyT aHOMaJIbHBIN OCTaTOK OyJeT OTPULIATEIbHBIM IIPU
BBIUUTAHUU CMEILEHUsI PACCYUTAHHOTO 110 Teopur Hpl0TOHA ¢ TI0OBIMU HauaIbHBIMU JAHHBIMU JIJIS
MoJienupoBanus, a cornmacio OTO aHomanbHBIE OCTATKH CMEIICHUH IEPUTeNINeB BCEX TUIAHET JODKHBI OBITH
MOJIOKUTEIIBHBIMU. A €llle Y MEHSI BO3HUKAET BOMPOC O TOM, KaK OHH MOJTYYHIIN 3aBUCUMOCTH O BEIUYHUHE
panuycoB OpOUT IJIAHET, KOTOPBIE SIBISIOTCS YPABHEHUSIMHU PErPECCUH, aHATOTUYHBIMH TEM, YTO ObLTH
nosiydeHbl HbIoKOMOM U MHOI0, U TIO3BOJIIOT BBIYMCIUTH "Ha0It01aeMble’ mapaMeTpbl OpOUT TUTaHET Ha
3aJlaHHYIO J1aTy.

Hanpuwmep, y MeHs ipu MOJICIIMPOBAHUH JBMKECHUS T1aHeT COIHEYHOM CUCTEMBI IO BCEM CYIIECTBYIOLIIM
o(uLmaIbHEIM TEOPHUSM OOJIBIINE [TOJYOCH IUIAHET HUKAK HE U3MEHSIOTCSL, 4YTO BOOOIIE-TO U JOJDKHO OBITH,
T.K. BO BCEX ITHX TEOPHUSIX CKOPOCTh TPABUTAIIUH MTOJTydaeTcs Ae (akTo paBHOU OeckoHeuHOocTH, X0Ts B OTO
OHa JIeKJIapupyeTcs paBHOI ckopocTH cBeTa. CienoBarenbHO, IpH 00paboTKe JaHHBIX HAOIIOIEHUH ¢
WCTIOJIB30BAHUEM JUISI TOTO COBPEMEHHBIX (PU3MUECKUX TEOPHI U HE BO3MOXHO TOIYIUTh dpeMepu s, rae
OyzeT OTpaXxeHO U3MEHEHHUe OOJIBIINX MoTyocel amumncoB opouT miuaner. Ho cotpynuuku JPL, oOpabaTsiBas
pacyeTHbIe JaHHbIe, KOTOPbIE OHM MOJYYHIIN Ha CBOCH MaTeMaTHYeCKOl MOJIeNTH, KAKUM-TO 00pa3oM MOJTyqaroT
M3MEHEHHE CO BpeMEHEeM OOJIbIINX MOJyOCeH MIaHeT U ATU UX U3MEHEHHUS] OHU OTPAXKarOT B CBOMX TEOPHUSIX
rmaneT JPLO na 250 nmet http://ssd.jpl.nasa.gov/txt/p elem_tl.txt (¢ 1800 mo 2050 rox) u va 6000 et
http://ssd.jpl.nasa.gov/txt/p_elem t2.txt (c -3000 o +3000 roxa). [a, 51, 06pabateiBast JaHHbIE HAOIIOACHUH,
MIPH CO3JIaHUH CBOEH KMHEMATHYEeCKOH Teopuu mianeT Ser() Toe MOMydriT HalTH9Irue H3MEHEHUH B OOJIBIINX
MOJIyOCSIX TIAHET, HO 5 IPH 3TOM HE MCIIOIb30Ball HUKAKYIO (PU3UYECKYIO TEOPUIO U TOITOMY MOJTyYeHHAs
MHOI0 Teopus miiaHeT Ser) MOXKET oTpaxaTh U HaOIt01aeMble U3MEHEHHsI OOJIBIINX MOJIyocel. A KOHKPETHO
pu 00paboTke MaHHBIX HaOmoAeHui Ha uHTepBasie oT 1800 no 1990 roxos, s AelicTBUTENBHO TOMyUn [72],
COTJIACHO TIPUBEICHHBIM HIDKE alpOKCUMAIIHSIM, JJISl pacdeTa BCeX ImapaMeTpoB OpOUTHI 3eMJIH 3HAYCHHE
CMeLIeHUs U 711 0010 mosyocu R3 1, COOTBETCTBEHHO, JUIs €€ YIiIoBOi ckopocTH Wsr3.

Ser0

AlfaP3 =102,93254 + 0,31711 * dT (rpagycsr)

AlfaU3 =354,88111 —0,24154 * dT (rpamycsr)

Betta3 =-0,00014 — 0,01318 * dT (rpamycsr)

Eks3 =0,016709 — 0,00004157 * dT

Alfal.3 =100,46422 + 35999,37125 * dT -0,0010632 * dT"2 (rpamycsl)
Wsr3 = 628,307602 — 0,000032869 * dT (paauansi 3a Bek)

R3 =149618,177 + 0,005235 * dT (ThICSYH KUITIOMETPOB)

JPLO


http://ssd.jpl.nasa.gov/txt/p_elem_t1.txt
http://ssd.jpl.nasa.gov/txt/p_elem_t2.txt

AlfaP3 =102,93768 + 0,32327 * dT (rpamgycsr)

AlfaU3 =0 -0 * dT (rpamycsr)

Betta3 =-0,00002 — 0,01295 * dT (rpamycsr)

Eks3 =0,01671 —0,00004392 * dT

Alfal.3 =100,46457 + 35999,37245 * dT (rpamxycsr)
Wsr3 =628,307578 — 0 * dT (paamansl 3a Bek)

R3 =149598,260 + 0,84074 * dT (TBICSYH KHIOMETPOR)

Y acTpOHOMOB MPUHATO HA3BIBATH TAKHUE ANIIPOKCUMAIINN, KOTOPHIE TIO3BOJISIOT BEIYUCIUTH TApaMeTPhl OpOUT
IUTAHET Ha 33J]aHHYIO JaTy, TEOPUSIMH IIJIAHET, KOTOPbIe MHOT/AA elle T0OaBISIOT JaHHBIMU 110 IEPHOANYSCKUM
BO3MYIICHUSIM (TaKue TEOpUU 51 0003HAYAI0 WHACKCaMU | MK 2, KOTOpPBIE OTPAXKAIOT MOJIHOTY yueTa
MEPHOJNYECKUX BO3MYIIEHUH ), T.€. 10 OTKIIOHCHUSIM OT CTPOTO AJUTUNTHICCKUX TPACKTOPUNA UX JTBUKCHHS
BOoKpyr ColHIIa, BBI3BAaHHBIX BO3/IEHCTBUEM Ha 3TH IUIAHETHI Ipyrux mianer. Cpa3y 3ameuy, 4To B
ademepuiax, KOTOPHIE, TI0 CYTH, SABISIOTCS Tabmuamu, Harmogooue tadymi [Itonemes wim Kemepa, Mbr
MoJIy4aeM He MapaMeTpbl OpOUT, IO KOTOPBIM IIOTOM HaJI0 BBIYUCIISATH KOOPIUHATHI U CKOPOCTH ILIAHET, a
Cpa3y UX KOOPJIMHATHI U CKOPOCTH U HE JUIS HICATHHON AIUTUIITHYECKON OpOUTHI, a BCETIa Il BO3MYIIICHHOM.
A B Moeii Teopuu TUTaHeT (Tak ke, Kak B Teopun JPLO) MbI momy4aem HEBO3MYIIIEHHBIE TapaMeTphl OpOUT, T1IE,
cootBeTcTBeHHO, AlfaP, AlfaU, Betta, Eks, R, Wsr u AlfalL 3To monoskeHre nepurens miIaHeThl |
BOCXO/ISIIIETO y3JIa, YTOJI HAKJIOHA OPOMTHI K SKIIUIITHKE, €€ YKCIICHTPUCUTET, BETMYMHA OOJIBIION TOJTYOCH
AJUTUTICA, YTIIOBAsi CKOPOCTH U yroJl TIOJIOKEHHUST CaMOM TIUTAHETHI Ha ATy, KOTOPasi OTCTOUT OT JaThl
crannaptaoi smoxu J2000 Ha Bpemst dT B 10TMaHCKUX CTOJIETUSX 110 COJTHEYHOMY BpeMmeHH, T.e. mo UT
(BcemmpHOE BpeMsi), a He 1o ddeMepuHoMy BpeMeHH ET (B COBpEMEHHBIX TUHAMUYECKIX TEOPHUSIX
UCTIOJIB3YEeTCsl MaTEeMaTHYECKoe, T.¢. dapemepuanoe, Bpems ET).

Ja, mo cMeuieHusaM OONBIINX MOIYoced Y MEHs NOJYYMIIUCh OY€Hb HEHAEKHbIE TaHHbIE, KpOME OpOUTHI
3emiiy, T.K. UX BeJIMYMHA U3MEHSETCSI OUEHb HE3HAUUTENbHO U TPeOyIOTCs O0bIINE IPOMEKYTKH BPEMEHH,
4TOOBI MOJIyYUTh HAJIeKHBIE JaHHbIe. A, Hanpumep, HplokoM npu coznanue cBoeit Teopuu miaHet (New0)
JaXXE HE CTaJI CBA3bIBATHCA C UBMCHCHHUEM 0O0JIBIINX HOJ'IYOCGI\/’I W IPUBCII UX SHAYCHUSA TJIA cBOEH TECOpHUHn
HEM3MEHHBIMH BEJTMUYMHAMH, XOTs HAXOJIWJI OH uX 1o 3akoHaMm Kerepa u3 Wsr, a a5 3T0ii BETMUUHBI OH
IMPUBOJAUT 3aBUCUMOCTH, IO KOTOPBIM OHA U3MCHACTCA U OH YUYUTBIBACT 3TO B PpaACUCTC yIJia IOJOXKCHUA
IUTaHeTHl Ha 3aJaHHyto faTy. Ho u3menenus Wsr y Hero nojqy4ymsinch Takue MaJleHbKUE, HapuMmep, A7 3eMiin
-1,953 * 10"-7 (pan/Bek)/Bek (cpaBHUTE C MOJyYUBIIUMCS y MeHs -3,287*107-5 (pan/Bek)/Bek), 4TO OH IPUHSAI
3Ha4yeHus R 115 Bcex miiaHeT HEeM3MEHHBIMU CO BPEMEHEM, T.K. STUMH U3MEHEHHUSIMH MOKHO OBLIO
Hp€H€6p€LII>. A BOT ABTOPBI COBPEMCHHBIX TeOpI/Iﬁ IJIAHET MPUBOJAT 3aBUCUMOCTU C OT'POMHBIMHU U3MCHCHUAMU
R, HO 0TKyza oHU OepyT 3TH 3aBUCUMOCTH JJIs1 MEHsI OOJIBILION CEKPET.

Hanpumep, aBropst Teopun JPLO miis nntepBana B 250 net nms 3emin (cM. Belie annpokcumanuu JPLO)
IIPUBOJIAT 3HaueHHe n3MeHeHue R pasnoe 0,84074 Thic. KM 3a BEK, HO IIPU 3TOM YIJIOBasi CKOPOCTb 3€MIIH Y
HUX HE U3MEHAETCS, 4TO Mbl BUANM Ipu pacyere Alfal.3, T.k., eciu Obl OHA U3MEHSIIACH, TO B ATOU
anmpoKCUMAITUH T0JDKEH ObI ObuT osiBUTHCS wieH ¢ dT/2. bonee Toro, ux usmenenue 0,84075 Thic.kM/BEK
0oJiee 4eM B CTO pa3 0oJIbIle, YeM MOJTYyYUIIOCh Y MEHS MPU 00pabOoTKe JaHHBIX HAOMIOIeHUH (HE pacyeTHBIX ), a
umeHHo 0,005235 Teic.kM/Bek. BOT TONBKO 1 yMa He MPUIIOXKY, KAK OHU MOTJIU IOJIYYUTh TaKU€ 3aBUCUMOCTH,
T.K. 1 HE TOJIbKO Ha MaTeMaTU4YECKOM MOJieNu ¢ ucnonb3oBaHueM ypasHeHuid OTO, Ho 00padoTaB U UX JTaHHBIE,
MOJTy4YeHHbIE Ha TAaKOil ke MojienH, T.€. JaHHble 3pemepus DE40S, He 06HapyXUi HUKaKOT0 U3MEHEHUs HU
Wsr Hu R, T.K. 3TH 3HaYeHUS OKa3aJIMCh 3HAYUTEbHO MEHbIIIE CTATUCTUYECKUX MOTPEIIHOCTENH U TIOITOMY S
Ja’ke He BKIIIOUMII 3TH JaHHble B Tabnuisl 10, 11 1 12. A eme MeHs 31ech YAMBIISET IOYEMY Y HUX U3MEHEHUE
R uMmeroT gaxe pazHble 3HaKU B pa3HbIX TEOPUSX, T.K. B CBOEH e Teopuu maHet JPLO ayis mHTepBaiia BpeMeHu
B 6000 et 1u1s TOi ke 3eMiIM aBTOPBI JAIOT YK€ OTPULIATEIbHOE 3HAUEHHE, XOTs HAa MHTepBaie B 250 jieT OHO
OBUIO MOJIOKUTENBbHOE. KOHKPETHO OHM al0T TaKyro 3aBUCUMOCTb



R3 =149597,897 — 0,00449 * dT (TBICSYH KUIOMETPOB)

XoTs, KaK s mUcall paHee, Ha Pa3HbIX MPOMEKYTKAaX BPEMEHU JEHCTBUTENHHO JaHHBIC 10 CMEIEHUSIM
apaMeTpoB OpOUT OYAYT OTIMYAIOIINECS, HO BCE PAaBHO TaKOM PE3yNbTaT SIBISIETCS [TOJ03PUTENBHBIM. A, T.K.
JUIS JTFOJEH MJI0XO MPEACTABISIOUINX BEIMUUHY ACTPOHOMUYECKON €AMHULIBI, B pa3MEPHOCTU KOTOPOH BCE 3TH
3HAauYEHUS NpUBEJEHBI B opurnHanax treopui JPLO, rae oHu co MHOTUMU HYJISIMH Ka)yTCsl HE3HAUUTEIbHBIMU,
TO JIJISl HATJISTHOCTH JTaBalTe MOCYMTaeM KakoBa Obuia Okl opOuTta 3emiu mo 3TuM 1ByM Gopmynam 10 miH. et
tomy Hazaz s reopun JPLO (250 net) u 2 mupa. et tomy Hazaxa mist reopun JPLO (6000 ner). [la,
9KCTPANOINPOBATh HA TAKUE MHTEPBAJIBI [10 3TUM TEOPUSIM HEJIB3sI, HO JUIsl 3JpaBOT0 CMbICIIA MOJIE3HO
IIOCMOTPETH, 4TO NoayuuTcs. M B cBoeil pabore [72] g npuBOXKY JaHHbIE, Te Y MeHs A 10 muH. et
nosrydaercst 65,5 MIIH. KM., T.€. IPUMEPHO CETOIHSAIIHsS opouta Mepkypus (57,9 MiH.KM.), a 1711 2 MIIp. JIeT
nosrydaercst 239,4 MITH.KM., T.€. IPUMEPHO CeroAHsmIHssE opouta Mapca (227,9 MiIH.KM.), UTO HE OYE€Hb TO
BSDKETCS C UMEIOIIMMUCS y HAac HaOII0JaTeNIbHBIMU TaHHBIMU. XOTSI, IO JAHHBIM OTJIOKEHUN MOJUIIOCKOB B
CIIOSIX OTJIOXKEHUH, CHOPMUPOBABIINXCS MHOTO MIJIJTHOHOB JIET TOMY Ha3aJ, MOKHO CKa3aTk, 4TO opOuTa
3emun ObLIa ropa3 o0 MeHblIe cerofusauHe. Ho TyT HaMm nHTEepecHo To, uTo 00€ 3TH 3aBUCcUMOCTH i R3
OBUIM TIOTYYEHBI UMU HE TIPU 00pabOoTKe HAOIIOIaTeNbHBIX JAaHHBIX, a MPH 00pabOTKe pacYEeTHBIX TaHHBIX,
KOTOpBIE OBLIIN MOJTY4YEeHBI HA OAHON U TOM ke MaTeMaTnueckoi mojenu ConHeuHoM cucteMbl. Takum oOpa3om,
HE TOJIbKO COBEPIIEHHO HEMOHITHO Kak coTpyaHuku JPL momyuunu cBoro teoputo manet JPLO, T.k. oHa siBHO

MIPOTUBOPEUYUT UX JAaHHBIM B 3pemepunax DE40S, Ho 1 To Kak ObUIM MOTyYEHBI 3TU dPeMepHUIbl TOKE HE
MTOHSITHO.

Tabnuua 13. BexoBbie CMEIICHUS IEPUTENTUEB IIAHET NP JIOBEPUTEIHLHON BEPOSATHOCTH (HaASKHOCTH) 95%
pu 00paboTKe pacueTHBIX AaHHBIX 3a 200 JeT, MOTYyYeHHbIX Ha MaTeMaTUYECKON MOJENH KJIacCuYeCKO
teopun Hrtotona (B ctpoke dAlfaP (HetoToH)), KOria HauaabHbIE TaHHbBIC )11 MOJEIHUPOBAHUS PACCUNTHIBAIICH
o Teopusm rianet Ser(, JPLO u Gpanuce u3 ademepun DE405, 1.e. paccuntsiBanucs no Teopun JPL2, a Tak
ke 1mpu 00paboTKe TaHHBIX HenocpeacTBeHHo u3 3gemepun DE40S (B crpoke dAlfaP (DE405)) u
IIOJIy4aroIMeCs U ATOM aHOMaJbHbIe cMelleHus nepurenues miaHet dAlfaPanomal (DE40S5). B ctpoke
"dAlfaPanomal (Teopus)" mpuBeeHO 3HAYCHUE AHOMAILHOTO CMEIIICHHSI TEPUTCITUEB U3 Tab. 7, T.e.
paccuutanHoe o OTO npu ananuTuyeckoM perieHn Cyo00THHBIM.

napameTpbl HZIZ{H;SZIQ Mepxkypuit Benepa 3emuis Mapc
dAlfaP (DE405) 572,07 45,48 1154,58 1603,13
Ser0 528,40 46,76 1135,23 1599,07
dAlfaP (HerotoH)
JPLO 528,35 46,95 1135,08 1598,47
JPL2 529,05 36,96 1144,07 1601,75
Ser0 43,67 -1,28 19,35 4,06
dAlfaPanomal (DE405)
JPLO 43,72 -1,47 19,50 4,66
JPL2 43,03 8,52 10,54 1,38
dAlfaPanomal (Teopwus) 43,03 8,62 3,83 1,35

Benp, ecmu cymmupoBarts B Tabnuie 13 mannbie Tabmui 10, 11 u 12, To U3 Hee siCHO BUAHO, YTO JaHHEIE,
KOTOpBIE MIPUBEACHHI B 3TUX 3(eMepuaax, SBHO MOIYICHHI ¢ UCIoNib3oBaHueM He ypaBHeHui OTO, T.k. o
STUM YPaBHEHMSIM Y HAC MOIYYaJIUCh B 3TUX TaOJIMIIaX COBCEM APYTrve aHOMAJIbHBIE CMEIICHUS IEPUTETHEB
IJIAaHET, KOTOPBIE MOJHOCTHIO COTTIACYIOTCS CO 3HAYEHUSIMU, PACCUMTAHHBIMUA aHAJTMTUYECKH 10 ITOU TEOPHH,
T.e. ¢ nanabpIMu dAlfaPanomal (teopus). A maHHBIE, KOTOPBIE MTOTYYAIOTCS P 00pabOTKe JAaHHBIX U3 dheMepu/T
DE405, T.e. dAlfaPanomal (DE405), naxe npu 3aaHiu HayaabHBIX JAHHBIX IPU MOJACIUPOBAHUH /IS pacueTa



cMereHus o Teopun HeroToHa 1Mo 3tuM ke 3dgemepuam, T.e. BapuanT JPL2, matoT He TO 3HAUCHIE aHOMAIBHOTO
cMeteHus nepurenus 3emiu, uro teopust OTO. A npu 3alaHUU ITPU STOM HAYalIbHBIX JaHHBIX 110 Teopusam Ser() u JPLO
MOJTYYarONIUecs aHOMaIbHbIE CMEIICHUsI HU KaK He cOOTBETCTBYIOT Teopun OTO mys Bcex uranet (kpome
Mepkypus). U Takum o6pa3oM mnosydaercs, 4YTO €CJIU BCE K€ COTpYAHUKHU JPL ncnonb3oBaiu B CBOEH
MareMmatnueckoi Moaenu ypasaeHus OTO, To um Hajo OBLIO MPU ATOM KaK TO "HAXUMHYHUTH'", YTOOBI
MOJYYHThb T€ JAHHBIE, YTO OHU NPHUBOIAT B dpemepunax DE40S.

Ho kak IMEHHO OHU MOIJIM "HAXUMHUYUTB" 17151 MEHS OIATh TAKU OUY€Hb HEMOHATHO, T.K. €CJIM Obl OHU IIPOCTO
HCIOJIb30BAJIM B MaTeMaTuieckoi Mozenu He ypasHeHusa OTO, a kakue To Ipyrue ypaBHEHMsI, KOTOPbIE JAlOT
NOXO0KUH 3¢ deKT, To 1orKHA OblIa ObI TPOCMATPUBATHCSA 3aKOHOMEPHOCTh 10 AaHOMAJIbHBIM CMEILIEHHUSIM BCeX
IUIAHET, KaK, HalpuMep, MbI 3TO BUIMM IIPU UCIIOJIb30BaHuU Teopun Xowta. U, Hanpumep, S.L. Moshier
Harmwucai cBoro nmporpammy DE118i http://www.moshier.net/ , rae on ucnons3yet He ypauerus OTO. A, T.x.
emy ripu 3Tom nomorainu corpynauku JPL J.G. Williams u E.M. Standish, To Bo3mMoxHO, 4TO OHU MOICKa3aIIH
€MY OCHOBHBIE MOMEHTBI, OTPAXKEHHbIE U B X OPUTMHAIBHOM IpOrpaMMe, Ha KOTOPOH CO3/1aBaIUCh UX
ademepuapt DE118. A B koze daiina ssystem.c nporpammbl DE118i s BuXy pacueT KOOpAWHAT, CKOPOCTEH 1
ycKopeHu# minaHet no HetoTony, a 3aTeM ujeT BolnoaHeHue pyHKuuu reltiv(yw, v), KoJl KOTOpoil IpuBeIeH B
¢aiine reltiv.c , HO 1 Tam He HaxoxKy ypaBHeHne OTO u3 otyetoB coTpynHukoB JPL, koTopoe nomkeH ObuT ObI
UCIOJIb30BaTh aBTOP IporpaMmel. Kcratu, s1 B 3TUX NOJO3pEHHSIX HE OJIMHOK U Ha OJIHOM U3 CaliTOB BOT B 3TUX
nByx temax https://space.stackexchange.com/questions/35019/why-are-jpl-using-this-expression-to-emulate-
schwarzschild-orbits u https://space.stackexchange.com/questions/23408/how-to-calculate-the-planets-and-
moons-beyond-newtonss-gravitational-force kak pa3 u o06cyxaaercs To, Kak corpyaHuku JPL moriu
ucnoib3oBarhk He ypaBHeHHe OTO, KOTOpoe OHM IPUBOAT B CBOUX OTYETaX, a KAKME-TO MOIPABKH, HAIIpUMep,
MOJTYYCHHBIC OJTHMM M3 YYaCTHUKOB 00CykeHus B padore [60] u npu 3ToM y cOOECeTHUKOB BO3HUKAIOT
BONpPOCHI U K camomy ypaBHeHHI0 OTO corpynuukos JPL, koTopoe OHM SKOOBI UCIIOJIB30BANIN (TyMaHHBIN
otet T.D. Moyer na Bonipocst H. Agerhall st yxxe npuBoau Bbiie).

[Tpu sTOM, MAKe, €CNIK yUecTh TO, YTO aHOMAJIbHOE 3HAYeHHe cMelieHus nepurenus 3emnu (10,54) npu pacuete
HavyaJIbHBIX JAHHBIX TIO TE€OPUH JPL2 MOMy4YMIIOCH OT BO3JACHCTBUS MOsICAa aCTEPOUIOB, KOTOPHIH 51 B CBOCH
MaTeMaTUYeCKOW MOJIENIN HE YUUTHIBAJI, TO HEMIOHSATHO MTOYEMY ATO MOBJIHUAJIO HA CMEILIEHHUE NTEPUTeNHs 3eMIn
Y HE TIOBJIUSJIO Ha cMeleHue nepurenus Mapca. Beap 3To paBHOCHIIBHO HCTIOIB30BaHUIO B MATEMATHUECKOM
MOJIETIH IPYTOi TEOPUU U MIOATOMY JTOJKHO OBIJIO OTPA3UThCA HA CMEIIEHUSIX MEpUTeTUeB BeeX MiaHeT. bonee
Toro, Mapc pacrosioxeH faxe OJukKe K ’TOMY MOSICY aCTEPOUIOB U MIOATOMY BO3/ICHCTBUE HA HETO JOJIKHO
OBITH e1ile OoJblle, YeM Ha 3eMJII0, HO MBI 3TOTO HE BUIUM, T.K. Y HETO IIPH STOM CMEIIeHHe 110 dpemMepuaam
DE405 1,38 moutu coBmasio ¢ paccuuTaHHbIM aHanutudecku 1,35. Hy, a To, 4To 3a7aHue Ha4aJIbHBIX TaHHBIX
JUTSL MOJIETTUPOBAHUS IO IPYTUM TEOPHUSM J1a€T COBEPIICHHO APYrUe 3HaYEHUs aHOMaJIbHBIX CMELIEHUN
MepUTeNIneB MmIaHeT (kpome MepKypus) 3To BOOOIIE 3a TPaHbIO MOETO MTOHUMAaHHUS, T.K. 3TO JEHCTBUTEIHHO
JOJHKHO TIOBIIMATH HA PE3yNbTaT, HO, KaK MBI BUAMM B Ta0I. 13, 9T0 BIMSHUE MUKPOCKOIIUYECKOE, T.K. ¥ IPU
pacuere HayaabHbIX JaHHBIX 0 Teopuu Ser( u mo Teopuu JPLO MbI odydaeM MpuUMepHO OJIMHAKOBBIE TaHHBIE.

B o01iem, ocTaBUM Ha COBECTH aBTOPOB UX MAHHIYJISIIIH TO3BOJIMBIINE OTYYUTh UM BBIIIETIPUBEICHHBIC
3aBHCHMOCTH MX TCOPHUH IUIAaHET U JaHHBIC OTpakeHHbIe MU B deMepuaax DE405, 1.k. 310 Bce paBHO He
cnacaer OTO. Benp, kak cneayer U3 AaHHBIX Ta0l. 14, 3HaUeHUsT aHOMATbHBIX CMEIIEHUH MePUTEITUEB TUIaHET,
MOJTyJaronuecs: Ha MaTeMatudeckor Mozenu CoJTHEYHOW CHCTEMBI, CO3/TaHHOM C MCTIOJIb30BaHUEM YPAaBHEHUI
OTO, odeHp ganeku OT TOTO, YTO MBI HAOMIOAaeM Ha camoM Jene. CKaxKy TOIbKO, YTO TOKa Y Hac
JEHCTBUTEILHO CIIMIIIKOM Maji0 TOYHBIX HAOIIOJATEIbHBIX JTAHHBIX 32 TIaHeTaMu Hamie COJTHEUHON CUCTEMBI,
9TOOBI OTYYUTH IO HUM JIOCTOBEpPHBIC JaHHBIE TI0 CMEIICHUSIM IapaMeTpoB opouT rianet. U, Hampumep,
BeIpakenue s AlfalU3, mpusenerHoe Boiiie B Moeit Teopun Ser(), moaydeHo He Mo HAOMI0AaTeIbHBIM JaAHHBIM
3a nocaeanue 200 net, a B3ITO MHOIO U3 Teopuu Ser(+, T.e. MOJIYy4eHO U M0 JAaHHBIM JIPEBHUX aCTPOHOMOB
(xoTst 6ostbIIe pacuyeTHBIM ITyTeM). CBsI3aHO ATO C TEM, YTO IO HAOMIOAATEIbHBIM JaHHBIM nocieqaux 200 net
OTIPEACTUTh TOYHO 3aBUCUMOCTH [isi AlfaU BBHIY O4YeHb MaJIeHBKOTO yTiia HAKIOHA OPOUTHI 3eMITH K
mockocTH SKunTuKky J2000 He Bo3moxxkHO. M corpyanuku JPL Toke HE CMOTIIIM 3TOrO CAENaTh MO AaHHBIM,
IIOJIyYEHHBIM Ha X MaTeMaTHYECKON MOJIENH, I03TOMY Ha UX caiiTe, rae npuseaeHa teopus JPLO na 250 ner,
nanubie o AlfaU3 Toxke 0TCyTCTBYIOT, XOTSI OHH ecTh B X Teopur JPLO nHa 6000 ser, rie 3ToT yrou


http://www.moshier.net/
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https://space.stackexchange.com/questions/35019/why-are-jpl-using-this-expression-to-emulate-schwarzschild-orbits
https://space.stackexchange.com/questions/23408/how-to-calculate-the-planets-and-moons-beyond-newtonss-gravitational-force
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paccuuThiBaetcs o 3aBucumoctu Alfal3 =-5,11260389 — (0,24123856 * dT, 4T0 COOTBETCTBYET MOTYICHHOMY
MHOI0 BeIpakeHuto AlfaU3 = 354,881105 — 0,241542 * dT, 1.k. -5,11260389 rpaxyca sto u 6ynet 354,8873962

rpaayca. [loaToMmy roBoputh ceiigac o ToM, 4TO JaHHbIe HaOI0AeHUH 3a m1aHeTaMu COJHEYHOM CUCTEMBI
MOATBEPKIAIOT KaKyI0 ObI TO HU OBLIO TEOPHIO MTOKA PAaHOBATO.

Tabnuma 14. HaGaromaeMble 1 paccuuTaHHBIE IO TeOprH HbI0TOHA 3HAUEHUS BEKOBBIX CMEIICHUN ITEPUTECITHEB

IUTAHET C JIOBEPUTEIHLHOM BEPOSITHOCTHIO (HaiexHOCTHI0) 90% mpu 00paboTke qaHHBIX mpuMepHO 3a 200 erT.
Hab6mronaembie nanHbple B3ATHI 13 Tabuuil 8 u 9, a pacueTHbie U3 Tabi. 10, Te JOBEpUTEIbHBIN HHTEPBAI
YMEHBIILIEH B JBa pa3a, T.K. B Ta01. 10 npuBeneHbl JaHHBIE C JOBEPUTEIBLHON BEPOSITHOCTHIO 95%.

rapaMmeTpbl aBTOp Mepkypuit Benepa 3emis Mapc

Hreroxom 575,06+/-1,95 | 42,52+/-29,33 1162,92+/-7,16 1602,69+/-3,75
dAlfaP (mabmromenviss)
O aun 578,04+/-3,63 30,37+/-41,74 1141,58+/-4,62 1582,74+/-1,82
dAlfaP (pacuet HeroToH) Oaun 528,40+/-0,09 46,81+/-9,91 1135,23+/-7,51 1599,07+/-1,82
Hreroxom 46,66+/-2,04 - 4,29+/-39,24 27,69+/-14,67 3,62+/-5,57
dAlfaPanomal

O nun 49,64+/-3,72 | - 16,44+/-51,65 6,35+/-12,13 - 16,33+/-16,94

dAlfaPanomal (teopwust) DUHIITENRH 43,03 8,62 3,83 1,35

Taxum 00pa3oM, coBepiIeHHO He TIOHATHO odeMmy nMeHHO OTO momKHa cUMTaThCS CaMOi MTPABUIILHON
TeopHel rpaBUTALIUH, XOTs, KaK Mbl BUJIEJIH, HE TOJIBKO €€ TEOPETUUECKasi OCHOBA SIBHO HE BBIIEPKUBAET
HUKAaKOW KPUTHKH, HO U HaOII0aTeIbHbIE JaHHBIE TI0 BCEM TPEM AKCIIEPUMEHTaM MPEI0KEHHBIM
OHHIITEIHOM He OATBEPKJIAIOT €€, a JJaHHbIE 110 AaHOMaJIbHBIM CMEILIEHUSIM BCEX MapaMeTpoB OpOUT IJIaHET
naxe 6ombiie onposepratoT OTO, yeM 10Ka3bIBaIOT €€ COCTOSTENbHOCTh. [103TOMY He 3psi aCTPOHOMBI-
MIPAKTHUKH, BO-MIEPBBIX, MATKO roBOps, He oueHb oBepstoT OTO, a, BO-BTOpHIX, pacyeTsl 1o popmynam OTO
ropasJio cioxHee, uem 1o popmyne HeroToHa 1 ocoO0eHHO, Kora Mbl pemaeM 3anady N Ten. A, koraa Mbl
paccmaTpuBaeM ypaBHeHust OTO nopsaka ¢4, T.e., YTOOBI y4eCTh B HUX SHEPIHIO IPaBUTAIIMOHHBIX BOJIH, TO
BBIBOJI 9THX ypaBHEHUH Oo0Jbllle HATOMUHAET (PUIIbM y’KacoB, YeM MaTeMaTHYeCKHUe TPeoOpa3oBaHusl.
IToaTomMy nBMKEHMS U BCEX IUIAHET U KOCMUYECKHUX allllapaToB MPOAOJIKAIOT JeNaTh o Teopun HproToHa,
XOT$1, KOHEUHO K€, €CTh U A(eMepu/Ibl IUTAHET CO3JaHHbIE B JIAOOpaTOPUH peakTuBHOTO ABMkeHus (JPL,
noapasneneaue HACA) u coznanubie B nabopatopuu [TuteeBoii (moapasaenenue UITA PAH). Ho atu ux
sacemepunsl DE u EPM uHTEpECHBI TONBKO B IJIaHE ABUKEHUS TJIAHET 32 HECKOJIBKO CTOJIETUH, T.K. Ha
OO0JIBIIINX MPOMEXYTKaX BPEMEHH (COTIIACHO JTaHHBIM Taldil. 1) 1oBepus K 3TUM 3eMepuaM HUKAKOTO HET, a
Ha MaJbIX TPOMEKYTKAaX BPEMEHH MPH TEOPETHUYECKHX pacueTax (cormacHo tadi. 10, 11 u 12), He oyeHb
MOHATHO KaKMe ke apaMeTpbl OPOUT IUIAHET U X MACC HAJ0 UCMOJIb30BaTh B TOUHBIX pacueTax, HalpuMmep,
P ONPENIETICHUH CKOPOCTH IPaBUTALMU. A BOT Bpeia OT 3TUX d(heMepH 1 MHOTO, T.K. ceiiuac OHM CUUTAIOTCS
ne-(hakTo ITATIOHOM U IOATOMY AEJI0 AOXOAMT JAaXe O TOr0, YTO HEKOTOPbIE aCTPOHOMBI OpPaKyloT JaHHBIE
CBOMX HAOJIOJICHUH, €CITH OHU pacXoasaTcs ¢ naHHsIMU ddemepun DE405, u, Gotee Toro, Take COPEBHYIOTCS
YbH JJaHHbIE HAOII0ACHUH OOJIbIIIe COOTBETCTBYIOT PACUETHBIM JAHHBIM 3THX d(peMepu/.

3/1ech K€ HaJl0 CKa3aTh M 00 aHOMAJILHOM CMEIIEHUH TTepruacTpa J1BoHoro mynbscapa PSR B1913+16, kotopoe
ABIISICTCSA TAKUM K€ BaKHBIM, €CJIM He OoJiee BayKHBIM, oATBepskaeHneM BepHoctu OTO, 1.k. 3a 310
noareepxkaeHue Teinopy n Xancy naxe namu B 1993 rony HoGeneBckyro npeMuto, XOTsl aCTpOHOMaM U He
MOJIOXKEHO 32 OTKPBITHE HEOECHBIX TEN JaBaTh 3Ty npemuto. [loaromy dhopmynupoBka Ob1a 30 omxpsimue
HO8020 MUNa Nyibcapos, oasuiee Hogvle 803MONCHOCMU 8 uzyyeHuu epasumayuu’ . Ho Moil ananmus
MIPUBE/ICHHBIX B JIUTEPATYPHBIX HCTOYHHUKAX JAHHBIX, & TAK )K€ CAMOCTOSTEIbHAS 00pa0b0TKa MEPBUYHBIX
JAaHHBIX HAOIIOJICHUH 32 TUM ITyJIbcapoM [68, 73] mokasanu, 4To CMeIIeHue ero nepuactpa Ha 4,23 rpagyca 3a
TOJ] SIBJISIETCS YMCTO PACYETHBIM 3HAYEHUEM MOTy4eHHBIM 110 popmynam OTO, T.K. HUKaKuEe HMEIOIINECs



HaOJI0AaTeNbHbIE JaHHBIE 3TO HE MOATBEpkAatoT. M u3 obmienus, kak ¢ Baiicbeprom, Tak u ¢ 1pyrumu
acTPOHOMAaMH, KOTOpPBIE BeJTM HAOIIOECHHS 32 STHUM IYJIbCApOM, sI OKOHYATEIFHO TOHSII, YTO 9TO 3HAYCHUE HU
KaK He MOXET OBbITh Ha0II01aeMbIM 3HaYEHHEM, T.K. ITOCJIE OTKPBITHS 3TOTO IyJIbcapa Bce HaOIIOICHUS 32 HUM
BEAyTCs He B pekuMe moucka (Search-mode), a B pexxume cymmupoBanus curnana (fold-mode). A B atom
cllydae He TO 4TO 0OHapyXUTh HaOII01aeMOe 3HaUeHHE CMEIIEHUS IepracTpa, HO Jaxe 3a(puKCUpoBaTh caMm
CHT'HAJ MOKHO TOJIBKO CIIy4aifHO, T.K. CHTHAJ B (haiiyie JaHHBIX TaKHX HAOIIOACHUH He OyeT BUICH, €CIIH MBI
HE yraJlaeM ero repuo]i B MOMEHT HaOJII0ICHUs. XOTS BBIHY)K/ICH IIPU3HATh, YTO B OJTHOM (paiiiie JaHHBIX
HaOmonennit Jluka MaHdecTepa JeHCTBUTEIFHO POCMATPUBACTCSL CUTHAN ITyJIbCapa, HO 3TO MPOU3O0IILIO
MOTOMY, YTO IMPOCTO CIYYailHO COBIAJIO HA0JII0aeMOe B JAaHHBI MOMEHT BPEMEHH 3HAa4CHHE MePUOa
UMITYJILCOB ITyJIbCapa ¢ €ro 3Haue€HHEM, 3aJaHHBIM U1 CYMMHPOBAHHA. A MHE, K COKJICHHIO, TIOKA HUKAK He
yIaercst TOOUThCS IOCTYIA K MPUWIMIHOMY PaHOTEIECKOITY, YTOOBI IPOBECTH HAOIIOICHHUS 32 STHM
myJIbcapoM B pexkume (search-mode).

Taxum 00pa3oM, MBI BUJIUM, YTO aMEpHKaHIIbI, Kak ¢ apemepunamu DE40S5, Tak u ¢ 1BOMHBIM IylbcapoM
B1913+16, B oTiimuue OT aHIJIMYaH, KOTOPBIE XOTs ObI TOBOPAT ''Xailyin Jalkiu', BOOOIIE BPYT B HAIIYIO, HE
IIPEIbABIAS HUKAKUX J0Ka3aTeIbCTB, T.K. CHUTAIOT, YTO Mbl 00s13aHBI UM BEPUTH Ha ci10BO. 1 Bce 31O
aMepHKaHIIbI 1e1a0T, KaK BCeria, BO UMs 0Jaroi Lenu, Ho B JaHHOM Clly4yae He JUIsl IPOJBM)KEHUS CBOCH
CaMO MPaBWIBHOW IEMOKpATHH, a I IPOJABUKEHHSI CAMOM ITPAaBUIILHOM Teopuu rpasuranuu. Jla, ceiiuac
CYLIECTBYET U MHOXKECTBO OYEHb CIOXKHBIX 3K30THUECKUX 3KCIIEPUMEHTOB, KAaK, HAIIPUMED, HALIYMEBLINH
skcniepuMmeHnT KomeiiknHa, paccMoTpeHHBII MHOIO B cTaThe [73], e gqaxxe croponnuku OTO 3ametwiiu, 4To
HaOJr0AaTeNNbHbIE JaHHbBIE IPOCTO MOAOTHAHBI O] HY>KHBIA Pe3y/bTaT, UM SKCIEPUMEHT ¢ HOHAMH JIUTHS,
paccMOTPEHHBIN MHOIO B cTaThe [69], rlie BBISICHSETCS, YTO CAMU aBTOPbI 3TUX 3KCIEPUMEHTOB I1JIOXO
IIOHMMAIOT, YTO ¥ KaK OHM JIEJIAI0T, HO IIPU 3TOM, €CTECTBEHHO, PE3YJIbTaT BCE IOIYYat0T TOT, KAKOM U HY>KEH.
U gem cnokHee CTaHOBSTCS COBpeMEHHbIE dKcriepuMeHTHI 1o ipoBepke CTO umu OTO, Tem Gombire
HOSIBJIICTCS. B HUX BO3MOXHOCTEH JJIs1 MPOU3BOJIBHON MHTEPIIPETALMK HAOII0aeMbIX B 3KCIIEPUMEHTaX
3HAYEHUH pazIu4HbIX apaMmeTpoB. [103ToMy paccMOTpeHHBIE MHOIO TPH 3KCIIEPUMEHTANIBHBIX OITBEPKACHUS
OTO, Ha koTOpBIE yKa3aj ele caM DUHIITENH, SBJISIOTCS U ceiidac caMbIMM I1aBHbIMU. Ho, Kak MbI Buaenu
BCE ATH TPH JI0KA3aTEIbCTBA HE TOJBKO HE JIOKA3bIBAIOT 3KcnepuMenTanbHo OTO, HO axe U OMpoBEpraror ee.

BriBo1BI

1. DHUHIITEHH NPU CO3IaHUU CBOEH TeopuH OTHOCUTENHHOCTH (TO) MOCTOSIHHO MyTal CBOM TUHAMUYECKUT
npuHImn oTHocuTenbHocTH ([10) Habnroaareneit 00beKkTa ¢ AMHAMUYECKUM TIPUHIIAIIOM SKBUBATCHTHOCTH
(ITD) ycnmosuii mpoBeaeHus dKcriepuMenTa ["anumnes u HeroToHa, a Tak ke cenain He TPaBUIbHbBIE BBIBOJIBI 110
npuMeHeHnto kuHemarudeckoro [10 HaGmronareneit oo0bekTa KonepHrka, T.€. COBEPIIEHHO HE MOHUMAII O YeEM
MHACAJK €0 MPEANeCTBeHHUKU. W, KaK ciieicTBHE, OH OUYEHb CIIeM(PUISCKH TTOHUMA TO YeM 3aHUMAaeTCS
Hayka (U3uKa, a UMEHHO OH cumTal (kak Jlarpawxk u ['aMuibToH), yTO (PU3HMKA 3TO OJUH U3 Pa3IeioB
MaTeMaTHKH, T.€. ObUT HE (PU3UKOM, @ MAaTEMaTHUKO-(HU3UKOM, U TT03TOMY co3aanHbie UM Teopur (CTO u OTO)
SIBIITFOTCSI YUCTO TEOMETPUUECKUMU TEOPUSMHU, T.€. TEOPHSIMH HE UMEIOIUMHI HUKAKOTO OTHOIIICHUS K (PU3HKE.

2. CTO u OTO He ABISAIOTCS, KaK ceiyac CUUTACTCS, IBYMsI COCTaBHBIMU YacTsmu ofHou obmieit TO, T.x. OTO
HE UMeeT HUKakoro oTHomeHus K TO, 1 eTMHCTBEHHOE, YTO UX 00BEAMHSIET 3TO TEOMETPUICCKUN TTOAXO K



OIMCAHMIO SABJICHUN NPUPOBI, KOTOPBIH HE UMeeT HUKaKoro oTHomeHus K ¢usuke. [Ipu stom OTO sBnsercs
MPOCTO €I OJTHOM TEOpPUEH TPaBUTAIIMH, ONTUPAIONIEHCs Ha DUHIITEHHOBCKUH oOuii [1D ycnoBuit
npoBeAeHus KcrepuMenta, a CTO, nocTpoeHHas Ha DUHIITEMHOBCKOM YacTHOM AuHamuyeckom [10
Ha0IroaTeNNe 00BEKTa, IBISETCS MPOCTO UTPYIITKON SISl MaTeMaTHKO-(U3UKOB, T.K. BOOOIIIE HE UMEET
HUKAKOTO OTHOIICHHS K pu3uke. bonee Toro, T.K. mepBas (npensapurenbHas) Gopmynuposka [10 Oblna mo3ixe
3aMeHeHa DHWHIITEHHOM HOBOM (OKOHYATENHHOM) (hOPMYIUPOBKOM, TO OH MpH 3TOM noxopoHui cBoro CTO,
T.K. B 3TOI BTOpOM pepakiuu y Hero yacTHbli I10, Ha koTopom noctpoena CTO, npeBparuics B yacTHbIN [19.

3. B npupoae He cymecTByeT HUKakux nuHamuyecknx 110 nabmogareneir 00bekTa B (POpMYITHPOBKE
DWHITeHA (HU 4aCTHOTO, HU YacTHO-0011ero, Hu 00miero). [Ipudem, kak kinaccudeckux [10, Tak u
penstuBuctckux [10, a mostomy Hu CTO Hu OTO, 6azupyromuecs Ha quHamuyeckux [10, He UMEIOT Mo
c000I0 HUKAKOH TEOPETUYECKON OCHOBBI U SIBJISIFOTCS NICEBJIOHAYYHBIMU TeopusiMu. bosee Toro, oomuit I10 e
chopmyaupoBaH DUHIITEHHOM JAaKE TEOPETHUECKH U TIOITOMY HEJIb3sl TEOPHUIO TATOTEHUS DUHINTEHHA
HasbiBaTh o0miei TO, 1.e. OTO, T.x. oHa 6a3upyercs Ha ero obmiem 13 (KoToporo B mpupoie TOKE HE
CYLIECTBYET), a pa3roBopbl 0 ToM, 4yTo OTO Ga3zupyercs Ha npuHIUIE 00IIEH KOBAPHAHTHOCTH YPaBHEHUM, 3TO
He OoJiee, 4eM pa3roBOPbI, T.K. 3TOT MPUHIIUII HE TOBOPUT HU O YEM, KPOME YTBEPKIACHUM MOA00HBIX
BBICKA3bIBAaHUSAM O TOM, YTO CHET XOJIOJAHBIN, a BOJA MOKpas.

4. Kunemarnueckuii I10 nabmonareneit oobexta (I10O KonepHuka) B npupojie CylecTByeT 1 OH M03BOJISET
HaM 3HAYUTEIBHO YIPOCTUTh MHOTHE KHHEMATUIECKHE PACUETHI, KaK /Ul HHEPIUAIBHBIX CUCTEM OTCYETa, TaK
U JUI HEMHEPIHAIbHBIX, TJI€ MBI BMECTO a0COTIOTHBIX CKOPOCTEH TEJ UCIOJIB3YEeM MX OTHOCHTEIILHBIE
CKOPOCTH, HO IIPH UCTIOJIH30BAHNHU HE BUANMBIX, a PEATbHBIX KOOPIUHAT Tell. XOTsI OH MOXKET OBbITh
UCIIOJIB30BaH | ISl TPOBEICHHUS NPAKTHYECKUX PACYETOB JaXKe M0 BUIUMBIM KOOPIUHATAM, €CIIH CKOPOCTH Tell
U CUCTEM OTCYeTa ropas/io MEHbIIE CKOPOCTH Iepeaul CUTHAJIA OT 00BEKTOB 0 HAOJIIOAATelIsl, YTO IPUBEIET
K HeOOJIBIIION MOTPEIIHOCTH PE3YNIbTaTOB pacyera. To ke caMoe MOXKHO CKa3aTh U O YaCTHOM JTMHAMUYECKOM
10O, rue ckopocTH 0OBEKTOB U CHCTEM OTCYETA TOJKHBI OBITH €Ille M TOPa3/i0 MEHBIIIEe CKOPOCTH
B3aUMOJICHCTBHS MEXy TeJIaMH, HO IPUMEHATh €r0 MOYKHO TOJBKO Il MHEPIMAIbHBIX CUCTEM OTCUETa U
MMEHHO JUTSI IPAKTHYECKUX PAacdeTOoB, a He IS TOTydeHus: GopMyn GpU3HIecKiX 3aKOHOB.

5. 1O onHOBpeMEHHOCTH HAOIIOACHUH B IPUPOJIE CYILECTBYET U JaBHO MPUMEHSETCS B KJIIACCHUECKON
Mexanuke, a B CTO u OTO oH oTcyTcTBYET (BepHEe cKa3aTh, IPUCYTCTBYET, HO TOJIKO Ha CIIOBaX, T.K. B
(bopMynax HUKaK HE OTPAXKEH).

6. I10 oO6bekTa HaOIIOAEHMS (IPUHILIMIT CUMMETPUHN) B IPUPOJIE OTCYTCTBYET, M03TOoMY BbIBoA CTO o Hannuue
TAKOro MPHUHILUIA OIINO0YEH.

IlociecinoBue

[Tocne nanucanus crateu "D ekt Jomnepa", rae s yke IKCIePpUMEHTAIBHO JoKa3aJl OTCYTCTBHE B IPUPO/IE
naxke yactHoro quHamuueckoro [10, Ha kotopoMm 6aszupyercs CTO, M0oxkHO ObUTO OBl M HE TTUCATh ATY CTAThIO,
T.K. OTCIO/Ia BBITEKAJIO, YTO B MPUpPO/IE He cymiecTByeT u obmero 10, Ha koTopoM, sikoOsl, 6a3upyetcst OTO,
T.€. nony4daercs, 4to U CTO u OTO sABISAIOTCS aHTUHAYYHBIMU TEOPUAMH, T.K. HE TIOATBEPKAAIOTCS HU
TEOPETUYECKH HU SKCIIepUMEHTaIbHO. Ho B 3TO#1 cTaThe 51 BCce-Taku Jemal ynop Ha paccMoTpeHuu 3¢ dexra
Jlomepa u mpu 3TOM caM He O4€Hb YEeTKO IMpeICTaBisil cede pusmdeckyro cyth yactHoro [10, mostomy s



perm 6osee oapoOHO paccmoTpeTh Bee cymecTByronue [10 u Beitekaromue u3 Hux CTO u OTO, T.k. s Bce
paBHO HE MOTy ceiyac MPOJIOJKUTH CBOIO OCHOBHYIO HAYUHYIO paboTy MO ONpEAesIEHUI0 CKOPOCTH
rpaBUTAIMU. DTO BAXKHO €IE U TOTOMY, UTO 3TH TEOPUU ceiyac SIBISIOTCS YK€ HE MPOCTO HAYYHBIMU
TEOPHUSMH, a MPEBPATUIIUCH B penuruio. [1oaToMy g HaZeroch, YTO JaHHAs CTaThs HE TOJIBKO MOMOTJIa BaM
pazobpatscs ¢ paznuuabive [10, HO 1 TOMOTJIa JTy4Ille MOHATh CETOAHSIIHEE TTOJI0KEHUE JIeN B HayKe, TIe
pasiuuHble opranuzoBaHHble mpodeccuonansubie rpynmsl (OI1D), ucnonb3ys cBoe BIMSHKUE, HABA3BIBAIOT
HAYYHOH OOIECTBEHHOCTH CBOU PEJIMTHO3HbIE B3IJIsIIbI HA ONMUCAHUE sIBIeHUH npuposl. Itu O
O00BEMHSIOT B OCHOBHOM MaTeMaTUKO-(hU3MKOB, T.€. IIApJIaTaHOB OT HAYKU, KOTOPbIE CIEI[HAIIbHO COMBAIOTCS
B CTaM (CEKTHI), YTOOBI OBLIO JIETYE 3aIIUIIATh CBOM PEITUTHO3HbIE B3I bL. Y Hanpumep, ogra OINT
cobpanace B LIEPHE, a npyras B pamkax npoekra JIMT'O. ITpu 3ToM MaTeMaTuko-pu3nKamMu s Ha3bIBaIO
YUEHBIX, KOTOPBIE CUYUTAIOT (PU3UKY, T.€. HAYKY O 3aKOHAX MPHPOJIbL, IPOCTO OJHUM H3 pa3JesioB MaTeMaTHKH,
Kak, Harpumep, Jlarpanx u ['amMmiibToH, a Gu3NKo-MaTeMaTHUKaMU 51 HAa3bIBal0 YYCHBIX, KOTOPbIE CUUTAIOT
MaTEMaTHKy TOJIbKO HHCTPYMEHTOM JJIsl U3YUYEHHUs 3aKOHOB IIPUPO/IbI, KaK, Hallpumep, cuntan HproToH.

[Tpu 3TOM 3ammuTa MaTeMaTUKO-(PU3UKaAMH CBOUX PEIMTHO3HBIX B3TJISA0B 3aKIIOYACTCS U B TIPOBEICHUH
9KCIIEPUMEHTOB, BBIr0AHbIX 3TUM OIII', 1 B mHTEpIIpeTanNy pe3yapTaToB YKe IPOBEIECHHBIX YKCIIEPUMEHTOB B
pamkax teopuii 3amuiaeMbix 3tumu OIIl, u B 3anpere Ha MyOIMKaLMIO CTATEH, HE OATBEPKIAIOLINX UX
Teopun. 1, XoTs B mociieiHee BpeMs yxe MOsIBUIIOCh MHOTO cTarel (cnacu6o MHTepHeTy), KOTOpble HarIsIHO
nokaspiBatoT omrbouHocTs MHOTUX Teopuit (CTO, OTO, kBaHTOBas MEXaHUKa), KOTOPbIEC 3aLTHIIAIOTCS
pasnuunbiMu OIII', HO 51 HaEIOCh, UTO U ATY CTAThIO 51 HAITUCAJ HE 3PSl U OHA IOMOJKET YUTaTeNsIM Oosiee
HArJSTHO YBHJIETh OIIMOOYHOCTD STHX TEOPU. A HAYYHOMY UCTEOIUIIMEHTY, T.€. ydacTHuKam 3tux OIIL,
koTtopsie mpocto "Bepyrot" B CTO u OTO 6ecnone3no 4yTo To 00BACHATH WK JOKa3bIBaTh, T.K. BEpa HE
JI0Ka3bIBaeTcs, a MPOCTO NPUHUMAETCS WK HeT. Bot, HanpuMmep, ceiiuac Bech NOJUTUYECKUM HCTEOIUIIIMEHT
3arazia CBATO BEpyeT B TO, UTO BO BCeX MX Oeqax BMHOBaTa Poccus TOJIBKO MOTOMY, YTO OHA OTCTauBAET IpYyrue
B3TJISIbl HA YCTPOICTBO Hamiero mupa. M moatomy num 6ecrone3Ho JoKa3blBaTh, YTO Mbl HE BMEIIMBAJIUCH B
BbIOOpH! Tpammna, win He TpaBuian CKpumnanel, uiv He IPUYacTHbI K XUMUYECKOH aTake B CUPUHCKOM ropojie
Jyma u 1.1. 1 T.I.. M Bce TOUHO TaK K€ IPOUCXOAUT U B HAyKE, HO 3TO HE 3HAYUT, YTO HE HAJIO BECTU
IIPOCBETUTENIBCKYIO pabOTy Cpeiy TeX, KTO MOKa MOJIOJ M HE SIBJISETCS] HU HAYYHBIM, HU MOJIMTHYECKUM
UCTEOIUIIMEHTOM, T.K. B KOHIIE TO KOHIIOB CO BPEMEHEM MOJIOJIbIE JIFOJIU CaMH CTaHYT ATUM HCTEOIUILIMEHTOM,
HO Y>K€ HE OTPABJICHHBIM S71I0M BpaHbsl.

Hy, a rmo0anbpHBIM, €clTi TaK MOKHO CKa3aTh, BBIBOJAOM, KOTOPBIA MOKHO CIIENaTh MO 3TOH CTaThe, SIBISIETCS
TO, UTO ceryac COBpEMCHHAA HayKa OIlATh HAXOAWUTCA B TOM K€ TYIIUKE, I'/IC OHA U Obuta B Hayaiie 20-1o Beka.
Tak, 4TO y COBpEMEHHBIX YUEHBIX MOKa eIle paboThl HE MOYAThIi Kpaii, Kak B MEXaHUKE U B KBAHTOBOU
MEXaHUKE, B KOTOpOf/i, KCTaTHu, HET HHUKaKOH MCXaHUKH, TaK U B SJICKTPOJUHAMUKE. HOSTOMy II0CJIE TOI'0, KaK s
B CJIEJIYIOIIEH CTaThe pAaCCMOTPIO BOMPOCHI MO IKCIIEPUMEHTY MaiikenbcoHa-Mopiu, s OnsTh 3aiMYyCh
BOIIPOCOM OTIPE/ICIICHUS CKOPOCTH TPABUTAIIHH, T]I€ IPAKTHUECKH Oetoe mATHO. [Ipr 3TOM HEKOTOPHIH
MaTepual 1o KCnepuMeHTy Maiikenscona-Mopiau MOXHO MTOCMOTPETH U B 4-0i1 peaakiuu cratbu "D et
JHomuiepa", HO ceifdac s penru ero nepepadoTarh U JOTOIHUTE, YTOOBI H3JI0KUTH 3TO BCE B OTJIEIBHOM CTAaThE,
IJIe PACCMOTPIO U HE KJIACCHUYECKYIO TeopHto nHTepdeperun. [Ipu 3Tom, He BIaBasch B OAPOOHOCTH, MOTY
CKa3aThb, YTO BBIBOJBI OYyT MIPUMEPHO TakHe, 4YTo nHTephepomeTp MalikenbCoHa U HE MOT ONPENIEIHUTh
a0COJIOTHYIO CKOPOCTh 3E€MIIH.

[Tpu 3TOM 31, Kak Bcer/ia, BHIKJIAIbIBAIO HE TOJILKO HCIIONHsAeMbIe (aiibl mporpamm Dopler6 u Galileyl,
KOTOPBIC T UCIIOJIL30BAJI IPY HAITMCAHUN TON CTaThH, HO M UCXOAHBIN KOJI ATHX IPOTrPaMM, KOTOPBIC
HaIKCaHbI HAa MPOCTEHIIIEM s13bIKe TIporpaMmmupoBanust Visual Basic 6 u moatoMy ¢ KogoM pasdoepercs aaxe
YeJIOBEK HE 3HAKOMBIH ¢ TIporpaMMupoBanrueM. TeM OoJjiee, 4To y MEHS B KOJIC OYCHb MHOTO KOMMEHTApHUEB. A,
€CIIM KTO-TO YBUJIUT, YTO MPUBEJACHHBIE MHOIO B CTaThE WU B KOJI€ TPOrpaMM (HOPMYIIBI, 4EM-TO OTIUYAIOTCS
OT TOTO, YTO JOJKHO OBITH coriacHo TO, To mycTh OH MHE 00 3TOM cooOmmmT. U, eciu y MeHs Tam
oOHapykaTcs KaKue TO OIMMOKHU WM HETOYHOCTH, TO S 3TU 3aMEUYaHUs MPUMY ¢ OJIar0JJapHOCTHIO U
00s13aTeIHFHO OTPaXKY MX B CICAYIONIEH PEeIaKIIuy 3TOU CTaThU. A celuac s XOuy BBIPa3UTh OJaroJapHOCTh
BCEM, KTO MHE TioMoraJi pa3ouparscs ¢ ypasaerusm OTO. Do JIpobsiies ¢ popyma SciTecLibrary, benos ¢
Bounbiioro ¢popyma u ulitkanasklone ¢ Actpodopyma.



P.S. Kak u B mpenpiayIieit cratee, s ONATh X04y 00paTUTHCS KO BCEM, KTO UMEET JJOCTYI K 000PYAOBaHUIO JIJIs
HaOJII0JICHUH 32 MyJIbCapaMH, MOCOACHCTBOBATH MHE B ITPOBEACHUHN HAOJIIOICHHH 3a JBOMHBIM ITysibcapoM PSR
B1913+16, T.k. MHe [T JanbHEieil paboThl 0 ONpeeNeHHIO CKOPOCTH IT'PaBUTALMU HYKHBI IEPBUYHBIE
(chIpBI€) HAOMIOAATENBHBIC JAHHBIC 10 ATOMY ITyJIbcapy B pekuMe noucka. [Ipobiema B ToM, 4TO, KakK s
BBISICHIJI, CBIPBIX JIaHHBIX TTOJIyYCHHBIX B PeXKHUME roucka (Search-mode), Hu y Koro HeT, T.K. II0CIIE OTKPBITHSI
3TOTO ITyJbcapa 3a HUM IMOCTOSHHO BEIIMCh HAOJIFOCHUs, HO TOJBKO B pesxume cymmupoBanus (fold-mode). A
3TOT PEKUM COBEPIICHHO HE MPUMEHHUM I HaOII0AeHUS 32 IBOMHBIMH MyJIbCapaMH, T.K. HE TIO3BOJISIET
MOCTPOUTH JJaXKe AIEMEHTAPHBIN rpayK JTy4eBbIX CKOPOCTEH, HO KaK HU "'CTpaHHO", MO3BOJIMI MOIYYUTh
HoGeneBckyro npemuio. A BOT HaOIIOAEHUS B PEKUME ITOMCKA MTO3BOJMIIN ObI HAM IMOCTPOUTH 3TOT IpauK U
Toryia Obl MBI 0€3 BCAKHMX 3ayMHBIX BBIYMCICHUN HATJISIHO YBUAETH NOBepHYIcs i coriaacHo OTO nmepuactp
sToro nyiabscapa Ha 180 rpanycos 3a 40 jet, T.e. ¢ MOMEHTa OTKPBITHS 3TOT0 IyJIbCapa, UM HET. A KpOME 3TOro
MBI OBl YBUJIETH U3MEHMIICS JIU TIEPHUO]T OOpAIICHUS 3TOTO ITyJIbCapa B MEHBIIIYIO CTOPOHY, Ha BETUYHHY
npenckaspiBaeMmyro OTO, nin B 60bIIYI0 CTOPOHY, COITIACHO MOEH KOHIENIIMU y4eTa CKOPOCTH IPaBUTAIHH
IIpY B3aHMMOJICHCTBUH Macc, Korja OyaeT HaOI0AaThCs 3ana3/iblBaHue MOTCHIIMAIIA 10 KOOPIMHATAM.
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Kpome 3T0ro MOKHO CKa4aTh U 3Ty cTaThio B (hopmare .dOC

1-a1 penaknus http://modsys.narod.ru/Stat/Stat_Est/PrincipyOtnldoc.zip


http://iopscience.iop.org/0370-1328/85/3/317/pdf/0370-1328_85_3_317.pdf
https://ru.wikipedia.org/wiki/Эквивалентность_массы_и_энергии
http://modsys.narod.ru/Stat/Stat_Est/Dopler6.html
http://modsys.narod.ru/Stat/Stat_Est/Dopler6.html
http://modsys.narod.ru/Stat/Stat_Est/Princip2/princip21.html
http://modsys.narod.ru/Stat/Stat_Est/Princip2/princip21.html
http://modsys.narod.ru/Stat/Stat_Est/Anomal/Anomal1.html
http://modsys.narod.ru/Stat/Stat_Est/Kinematik/Kinematik1.zip
http://modsys.narod.ru/Stat/Stat_Est/Obzor1.html
http://modsys.narod.ru/Stat/Stat_Est/Udar/udar.html
http://modsys.narod.ru/Stat/Stat_Est/Udar/udar.html
http://modsys.narod.ru/Stat/Stat_Est/Plank/plank.html
http://modsys.narod.ru/Stat/Stat_Est/Matopisanie1.html
http://modsys.narod.ru/Stat/Stat_Est/PrincipyOtn1doc.zip

[Tpunoxxenue 1
VYpasuenust OTO st cuctembl N Tenr B mepBOM IMOCTHBIOTOHOBCKOM MPUOIMKECHHH.

Briepsbie ¢ konkperHbiMu ypaBHeHusiMu OTO s cTonkuysics B 2014 rony, koraa Ha ¢popyme SciTecLibrary
(http://www.sciteclibrary.ru/cgi-bin/yabb2/YaBB.pl?num=1400127682/700#725 ), rae o6CyKaaanuch
noteHuains! Jluenapa-Buxepra, J[poOslieB npeasioxkui MHE paccMoTpeTh U noteHnuainsl OTO cormacHo
YpaBHEHHSIM [TOCTHBIOTOHOBCKOTO MIPHUOJIMKEHHUS, KOTOPBIE OH HOIY4rI U3 Jarpamkuana Jlangay (106,17%*)
[41] B 3amaue N ten. U yxe Toraa s 0OpaTiii BHUMAHUE, YTO Y HAC B CHIIbHBIX TPABUTAI[HOHHBIX MOJISAX MO STHM
YPaBHEHHSIM ITPH HEKOTOPBIX YCIOBUSIX BMECTO CHJI IPUTSHKEHHUSI MTOSIBIITIOTCST CHITBI OTTaNIKUBaHus1. Ho, Torna
sl HE CTaJl yIIIYONIAThCS B U3YYCHHE TPUYMHBI TAKOTO CTPAHHOTO MOBEACHMSI TEJ, & IPOCTO UCIIOIB30BAN B
pacuerax Takue IpUMeEphI, KOTJa HalPsHKEHHOCTh TPaBUTAIIMOHHBIX T0JIel ObuIa ciiaboil, Hanpumep, pu
paccmotpennu B crathe [69] adpdexra Jlomiepa, T.K. BCe 3TH CTPAHHOCTHU B MOBEJACHUH TEJ s TOT/Ia O0BSICHSI
TeM, 4TO 3T0 He TouHble ypaBHeHus OTO. Benp mpu BbIBOJIE CBOETO JIarpaHkuana JlaHaay caM MUIIET, 4TO 3TO
TOJIBKO TTOCTHBIOTOHOBCKOE MPUOIIMKEHHE [Tl CTIA0bIX MOJICH M TOYSUHBIX MAaCC, MOJIYYCHHOE UM C TOYHOCTBIO
70 4JIeHOB 1/CM2. A 1ist pacCMOTPEHHBIX MHOKO IPUMEPOB 3TU (OPMYITBI IaBAIH YIOBIECTBOPUTEIIbHBIIH
pe3yiabTar. HampumMep, npu UCMob30BaHUe UX B Tporpamme SOISYS7 st pacueTa aHOMaIbHOT'O CMEIICHHUS
nepuresins Mepkypusi, OHO MOJIYYHIIOCh y MeHs 572,76+/-0,32 - 529,71+/-1,83 = 43,05+/-2,15, uto 61au3K0 K
BEJIMYMHE HAOII0IaeMOT0 3HAUYCHUST aHOMAJTLHOTO CMEIICHHSI, KOTOPOE 10 MOUM HaOJII0IaTEIIbHBIM JIAHHBIM
cocrasisieT 578,04+/-7,25 - 529,71+/-1,83 = 48,33+/-9,08, a 570 3HaYEHHE B CBOIO OYEPEIb OJM3KO U K JAHHBIM
HaOJIIOICHUH IPYTUX aBTOPOB.
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Puc. I11-1. Ckpuninor coobuienus J{poosimesa ¢ popyma SciTecLibrary.

Ho BoT, KOra s 3aHsjIcs pacCMOTPEHHUEM NMPUHIIMIIOB OTHOCUTEIBHOCTH, TO 3/1€Ch yXKe Helb3s1 ObLJIO CChUIATHCS
Ha pe3yJbTAThl, MOJYYCHHBIE ITPH TAKOM pElIeHHH. Belb MHE 3/1eCh HY>KHBI OBUTH YK€ 3HAUUTEIBHBIE CKOPOCTH
TeJ, KOTOpble OYAYyT NPH UX JIBUKEHUU B CUIIBHBIX TPAaBUTALMOHHBIX MOJIAX. [103TOMY s pemmni mocMoTpeTh
Kakue OyayT pe3yabTaThl MPU UCTIONh30BaHuu ypaBHeHUH OTO, KOTOpHIE UCTIONB30BAIA COTPYIHUKH
Jlaboparopuu peaktuBHoro amwxenus (JPL, NASA) npu coznanne nmu spemepun DE40S u coTpynHuku
nabopatopuu [TutseBoit (UTIA PAH) mpu cozpanune umu 23¢emepun EPM 2000. O1tu ypaBHEHUS TPUBOAATCS,
HarpuMmep, B otyerax [52, 53, 61] 1 B HEKOTOPBIX IPyrux oT4eTax, HO KPYroM MAET cChUIKa Ha paboty Moiiepa
[54], B KOTOPO#i, KaK s IOHSI, 3TH YPaBHEHHS U ObLUTH MOJIy4eHbl. [103TOMY 51 03HAKOMHUIICS C 3TOH paboTON U
BBISICHIJI, YTO 9TH ypaBHEHHsI ObUIH MoNTy4eHbl MoiiepoM u3 ero narpamkuana (52*), XoTs 1 OH TIpH STOM TOXKe
MTOCTOSIHHO CChIIaeTcst Ha paboTel [27, 66].
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Ho, ecinu mb1 cpaBHuM narpamkuansl Jlanaay (106,17*) u Motiepa (52*), To MbI yBHIMM, YTO OHH BCE TaKU
OTJINYAIOTCSI, XOTs ¥ JIaHaay TOXe IpH BBIBOJIE CBOETO JIarpaH)KuaHa ccbliaeTcst Ha pabdory [27]. U, eciu
orcyrcTBUe y JIaH1ay mpennociaeIHero YieHa B jJarpanxuane Moiiepa MeHsl He OYeHb OECTIOKOUT, T.K. YJICHBI C
maccamu B ypaBHeHusix OTO, KoTopble s IpUBey Jaiee, y HUX U MOJYYHIHCh pa3Hble (BOT TOIBKO

JIpoOblieB yTBEPKIAET, YTO JABa MPEANOCIeIHUX wieHa y Moiiepa uAeHTUYHBI OTHOMY MOCIEAHEMY YJIEHY Y
Jlannay http://www.sciteclibrary.ru/cgi-bin/yabb2/YaBB.pl?num=1544253477 , T.k. OH IOJIY4YHI CBOU
ypaBHEHUS JUIs B3aUMOJICHCTBUS TOJIBKO JBYX MAacc), TO BOT TO, UTO BTOPO# WiCH B Jarpamxuane Jlannay, rie
€CTh TOJIBKO CKOPOCTH MEPBOTO Tela i, OTIMYaeTCsi OT TPEThero 4ieHa B arpamkuane Moiiepa, rie ectsb u
CKOPOCTB TIEPBOTO TeJa | ¥ BTOPOTO |, MHE OY€Hb MOJJO3PUTENBHO. Beb, €ClTi MbI TOCMOTPUM Ha YJICHBI B
ypaBHeHHs1X OTO, xoropsle noxyunian JpoOsimeB u Moiiep U3 3THX JIarpaH>KUaHOB, 3aBUCSIIUE OT CKOPOCTEH,
TO OHU MIOYEMY TO Y HUX MOJYYWINCh OJIMHAKOBbIE. /[po0bIIeB MHE MOAPOOHO pacnucall MouyeMy Tak
MOJyYHIIOCh, a bessieB moATBepInIL, 4TO ¢ YUCTO MaTeMaTHUECKOW TOUKH 3peHus J{poObIiieB BBITOIHUII
peoOpa3oBaHus MPaBUIBHO.
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Puc. I11-2. IIpeobpazoBanue J{poObIIeBbIM TPETHETO WiICHA B Jarparkuane Moliepa Bo BTOpOii 4iieH B
narpanxuane Jlannay.
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Ho, He cMOTpst Ha Bce 3T pa3bsICHEHUS s TaK U HE TIOHsUT OTKyAa y JpoOsiesa B ypaBHeHusix OTO
MOJIYYHIIACH YICHBI CO CKOPOCTHIO BTOPOTO TENA J, T.K. Il MEHS 3TO €ro MpeoOpa3oBaHKe BBITIISAUT MPOCTO
(dokycom, KOTOpBIH BO3MOXKEH TobKo eciu Va=Vh. [Toaromy s 1axe mepenucai ero pe3yabTaT B OJTHUX
0003HaueHHS, YTOOBI OBUIO 0O0JIee YETKO BUIAHO PA3IMUUe MEXKYy UCXOIHBIM BBIPQYKCHUEM H KOHEUHBIM U3
KOTOPOTO BBIXOAUT, 4T0 Si= Sj. 31ech k03 HUIMEHT Y IPUHSAT paBHBIM eIMHHILIE, a, Hanpumep, Wi y Moiiepa
paBHO Mi*K, rae mi ato macca i-ro tena, a K rpaBurarnionHas mocrosiuaas. [Ipu stom y Jlanaay 3Hak
CYMMHPOBAHHUS CO HITPUXOM O3HAYACT, 4TO "dosdicen bbimb onyuen wien ¢ b=a wiu c=a", uro B 0003HaUYCHUSIX
Moiiepa OymeT 03Ha4YaTh, 4TO JOKEH OBITH OMyIEeH wieH ¢ j=i u K=i uwiun K=j.
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Ho, xak 061 TamM OHO He OBLIO, s pelIiI OOIbIIe HE pa30UPaThCS B TOHKOCTSIX ATOTO0 MaTEMATHUECKOTO (OKyca,
T.K. MEHS ceiiuac MHTepeCcyeT TOJIbKO TO HACKOJIBKO OTIMYAIOTCS Pe3yNIbTaThl MOJTYYEHHbIE MHOIO IO
ypaBHeHusiM OTO1, 1.e. momyyennbM poOsimeBsiM, u 1o ypaBHeHusM OTO2, T.e. momyueHHBIM Moiiepom.
OTU ypaBHEHUS B BEKTOPHOI 3aIMCH BBITIIAIAT HE MEHEE TPOMO3/IKO, UM JIarpaH>KUaHbl U3 KOTOPBIX OHU
NOJIy4eHbI U, HanpuMmep, y Moiiepa ypaBHEHHUE ISl pacyeTa YCKOPSHUH Macchl I-ro Tena OyIeT BhIMIIAACTh Kak
(35*), koTopoe uaeHTHYHO ero ypasHenuto (54%), ecnu npuHAThH y = 1.
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B Takom Buze pabotaTh ¢ STUMHU ypaBHEHUSIMU HEBO3MOKHO, TIOATOMY $ mocie ¢okyca J[pobbiiesa ¢
IpeoOpa3oBaHUEM CYMM, HE HAJIEsICh HA CBOM MaTeMaTU4YeCKHe CIIOCOOHOCTH, IMOMPOCUI €0 CaMOT0 paclucaTh
€ro ypaBHEHHE B BEKTOPHOM 3aIlMCH IO TPEM OCSM KOOPJMHAT, a ¢ ypaBHeHHeM Moifepa (35*) MHe B 3TOM
nomor bernsieB u B pe3ynbTaTe yCKOpEHHE Tea Mo OJHON U3 oceil y Moiiepa OyneT BeImsiieTh Kak (35-X).
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I/I, CCJIM MBI ITOCJIC 3TOI'0 BBIMMOJIHUM OIICPAIUIO CKAJIAPHOT0 NPOU3BCACHHU S BEKTOPOB, TO YPABHCHU A
JpoGrimeBa u Moiiepa OyayT BBITVISIAETH €111e 0ojiee TpoMo3ak0. Hampumep, TONbKO A1 CUCTEMBI U3 IBYX
Macc U TOJIBKO IO ABYM OCSIM KOOPJMHAT ypaBHEHUS B TOM BHUJIE, KaK UX npuBeln JpoOsiiieB, OyAyT BBITISAAETh



TakK, KaK IaHO Ha HUKETPUBEJCHHOM CKaHe. 371eCh Macca U KOOPAMHATHI TIEPBOTO Tela X, Y, M, a BTOporo
X, Y, M u BBenneHsI 0003HaUYEHUSA

r=x—X, y=y-Y, r =22+ g2
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B Takom Buje TpyaHO cpaBHMBATh ypaBHeHuUs JpoOsiieBa 1 Moiiepa, 4TOObI BBIICHUTD, YEM K€ OHU
OTJIIMYAIOTCSI, TO3TOMY $1 3aMKcajl 3TU UX YPAaBHEHUS B TOM BHJIE, KaK OHH IIPUBEACHBI HIKE, YTOOBI OHU
3aIlMCBIBAIMCH UIEHTHYHO U JUIs ypaBHeHHH [{poOsieBa u s ypaBHeHUI Moiiepa u TOIbKO HEKOTOphIE
koa¢dunmenTs! OblIM pa3HbiMU. Hampumep, kak s yxe nucai Bolie, y Jpoosiiiesa u y Moliepa noiyuninch
pasHblie K03 urmeHTsl K2, KOTOpbIe 3aBUCAT OT Macc Tell pacCMaTpuBaeMol CUCTeMBI, a Koadduimentst k6 n
k8, KoTOpbIe MK 3aBUCAT OT YCKOPEHHH j-X TEJ WM YMHOXKAIOTCS Ha 3TH YCKOpeHus, y JIpoObiiieBa BoooIe
OTCYTCTBYIOT. HO, KaK OH MMIIET, T.K. y HETO OBIJIO BCETO JIBE MACCHI, TO OH 3TH YCKOPEHUS HaIel M0 3aKOHY
TaroTeHuss Hpl0TOHA ¥ TOTOM OTpasuit 3TO Bo3jaeicTBe B Koaddunuente K2. JIroOuTem moBO3UTHCS ¢
(dbopmMynaMu MOTYT MPOJOJKUTE 3TO YBJIEKATEIbHOE /Il HUX 3aHATHE BBIBOJA YPAaBHEHUN ABMKEHUS U3
narpamkuanoB Jlangay u Moiiepa. A s pennt 0oJibiiie He pa30upaThCsi B TOHKOCTSX MAaTeMaTHIECKUX
npeoOpa3oBaHui, a MPOCTO Ha KOHKPETHBIX YMCICHHBIX PUMepax MPOBEpUTH OyIyT JIM pelIeHus o
ypaBHeHUsIM [[poObiieBa u Moiiepa HAEHTUYHBI, €CITU MBI OyZIeM paccMaTpUBaTh CUCTEMY U3 JIBYX Macc.
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A HayaTh aHANIM3 IBYX CHUCTEM ypaBHEHUH s pEIIMJI C IIPUMepa pacueTa aHOMaJIbHOTO CMELICHUSI IEPUT eI
Mepkypusi, T.K. 10 00€MM CUCTEMaM YpaBHEHUH s [10JIyyall OJMHAKOBbIE pe3yibTarhl. U, neficTBuTeNbHO,
pasHuLa B pacyeTe Cuil, JEHCTBYIOIUX 110 OcU X, B OAHOM U3 nojioskeHnid Mepkypust u CosHia, Iie OHU OyayT
yepe3 100 maroB peuieHust ypaBHeHud MetogoM Pynre-Kyrra ¢ ux HauanpHbIMU AaHHBIMH Ha 1,5 auBaps 1801
rojia, MoJiy4aeTcss HHWITOXKHOMU, a BOT IS IPUMEpa ¢ JBOMHBIM ITyJIbcapoM oHa yxke Oyaet npumepro 0,0002%
(Toxxe uepe3 100 maroB perieHus ¢ 3aJJaHHBIMU U1 HUX HadaJlbHBIMU JaHHBIMU). Ho, eciin Mbl paccMoTpum
IIPUMEp C IBUKEHUEM JIBYX OJMHAKOBBIX MACC 10 OKPYKHOCTU BOKPYT MX LEHTPa Macc, KOTOPbI MbI
paccMmatpuBaiy npu nposepke yactHoro I10 To, kak Mbl Bugum Ha puc. [11-3, pasauna B pacuere cui
B3alMOJICHCTBUS MEXKIY ABYMsI OJMHAKOBBIMU MaccaMH CTaHOBUTHCS yxKe 0oJiee 3aMETHOM, XOTS B 3TOM
npuMepe y Hac ObUIM erle He OoJbIIre yeKopeHus Tel. Ha BepXxHeM pucyHKe HadaibHbIe JaHHbIE 3aJIaHbl IIPU
VX1=VX2=0, a Ha HI>KHEM pHUCyHKe, Korna VY 1=VY2=0, 4To COOTBETCTBYET IBUKEHHUIO MACCHI 2
OTHOCHUTEIJIBHO Macchl 1, Kak H300paxxeHo Ha puc. 32, Tie ciaeBa HayajdbHbIE CKOPOCTH 3aJaHbl 10 OCH OpJUHAT,
T.e. korga VX1=VX2=0, a cnpaa 1o ocu abcrucc, 1.e. korga VY1=VY2=0.

Q Golileyl Form3 AHanus pasandni B ypassenuax OTO1 w OTO2 g=NEc X
Flk2] / F12) FIkE] £ F[12] FlkB] / F[12]

|2 28136075039553E04 |0 0 SumdTO1/F(12). % [0.022813

|1.26725216164983E-04  [1.2499999671692605 ™ + |B74999140261621E-03  SumOT0O2 4 F12). % [0 gagazt
Fxlk2] / F[21) FxIkE] /£ F[21) Fx[ka) / F[21)

|2 28136075039553E04 |0 0 SumdTOT /F(21). % [0.022813

11.267252161649836-04  [1.2499999671592E-05 W + |-5.74999140261621E-03  SumOTOZ /F(21). % .0 851076

g Golileyl Form3 Ananus pazaudnii B ypaenennax OTO1 w OTO2 .. =NHC] X
Flk2] / F(12) FlkE] / F(12) Felk] / F[12)
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Puc. I11-3. OTHOMIEHNE YaCTEH CUITBI B3aMMOICHCTBHUS MEKIY JBYMS MaccaMu BIIOJIb ocu adcimce FX12 u
FX21, 3aBucsiue ot koddpduirentos K2, k6 u k8, B momsx obrieii critsl ux B3anmoseiicteus F12 u F21, a
TaKXe UX CyMMapHOE BO3JIeiiCTBHE B MpoleHTax oT oomux cui F12 u F21 B mpumMepe KpyroBoro JBUKEHUS
JIBYX MacC OTHOCHUTEIBHO UX 00IIero IeHTpa Macc. Ha BepXxHeM pHCYHKE HavyaabHbIC YCIOBUS 3aaHbl TIPH
VX1=VX2=0, a na mmkxaem xoraa VY1=VY2=0. Ckpunmors! nporpammsr Galileyl.

Ho, eciiit MBI paccMOTpUM IpUMep, KOT/Ia y Hac ObLIM OOJIBIITNE U CKOPOCTH M YCKOPEHUS Tell, KaK, HalpuMep,
ObLUIO Ha pucC. 26, TO pa3IMuUs MEXI1y paccueToM 1o ypaBHeHusM JlpoOsiiieBa 1 Moiiepa cTaHyT O4eHb
OOJIBLIIMMH U 3TO pa3nuyue OyAeT 3aMEeTHO yKe 0e3 aHanu3a OTAEIbHBIX COCTABISIONIMX CHIT B3aUMOACHCTBHS
MEX/Ty TeJIaMH HEMOCPEICTBEHHO 10 rpadukaM ux nu3MeHneHus (cm. puc. [11-4). Takum oOpa3om, ypaBHEHHUS
JIpoObliieBa MPUHIMITHATBHO OTJIHYAOTCS OT ypaBHEeHUit Moiiepa, T.k. K03hduimeHT K2 y Hero He y4uThIBacT
BJIMSIHME BCEX Macc U OTCYTCTBYIOT K03 duitnerTsl K6 u K8, KoTOpbhIe yUHUTHIBAIOT YCKOPEHHUS J-T'O Tea.
ITostomy s B iporpamme Galileyl ocrasiaro pacuets! u o ypaBueHusM Jpoosimesa (OTO1) u mo ypaBHEHHSIM
Motiepa (OTO2), a B nporpamme Solsys7m4, rae s ucnons3oBai ypaHenus OTO1 st ux ceiiuac 3aMeHII HA
ypaBuerust OTO2 u mo3ToMy BBIIOXKY Ha CBOEM CaiiTe U MCIIPaBICHHYIO IporpaMmy Solsys7mb.
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Puc. [11-4. TpaexTopun JBMXEHUS Macchl 2 U Macchl 1 Mozenupyemsle o ypaBHeHusM OTO1 BBepxy u no
ypaBHeHUssM OTO2 BHM3Y U BO3HUKAIOIIKE IIPU STOM CHIIBI (C pPa3BEpPTKON [0 BPEMEHU) BO3AEMCTBHS Macchl 1
Ha maccy 2, T.e. F12, u maccel 2 Ha macey 1, T.e. F21. Ckpunmot nporpammsl Galileyl,

P.S. Ceituac 51 cunrato, uto 6ojiee KOppeKTHBIMU ABIsIOTCS ypaBHeHUs: OTO2, T.e. monydeHHbsle Moiiepom, Ho,
€CJIM KTO-TO 3aUHTepecyeTcs BbIBOIOM ypaBHeHUH OTO B 1mepBoM MOCTHBIOTOHOBCKOM MPUOJIMKEHUN U
CMOXET JI0Ka3aTh, YTO U3 Jarparwxkuana (52*) umenno Moiiep nonyuun ypaBHeHue (35%*) ¢ omubkamu, a He
JIpoOblIieB, WK YTO JarpaH;KuaH y Hero JA0JKEeH ObITh APYTUM U TOT'/1a, ECTECTBEHHO, U YPAaBHEHUS TOTy4YaTcst
JpyTHUE, TO 5 TOTOB U3MEHHUTH CBOIO TOUKY 3pEHHSI Ha TO, KaKie YpaBHEHUS SIBIISIOTCS 0oJiee MPpaBUIIbHbIC -
nosiydeHHble [IpoOblieBsIM Mo Jarpanxuany Jlanaay wnm nonydennbie Moitepom 1o ero narpanxkuany. Benp,
Kak 51 yxxe nucan, H. Agerhall mpu o6cyxnennn va popyme ypasHeruiit OTO2 BOT B 9THX IBYX TeMax
https://space.stackexchange.com/questions/35019/why-are-jpl-using-this-expression-to-emulate-schwarzschild-
orbits u https://space.stackexchange.com/questions/23408/how-to-calculate-the-planets-and-moons-beyond-
newtonss-gravitational-force kak pa3 u muIIeT, 9T0 y HETO BO3HUKIIM BOMPOCH K Moliepy Mo BBIBOLY ITHX
YpaBHEHUM, HO MTOCIEAHUH TPOCTO BEKIMBO OTIHMCAJIICS HUUETO HE OTBETUB €EMY KOHKpPETHO. Tak 4To BOIpOChI
BO3HHUKAIOT HE TOJIBKO y MeHs K J[poOsimeBy kak oH nmonxydwi ypasHeHus OTO1, Ho u y apyrux mronen K
Moiiepy o ToM Kak oH noxy4uii cBou ypaBHeHust OTO?2. [ToaToMy BOIIpoc 0 KOPPEKTHOCTH MPUBEIEHHBIX
MHot0 ypaBHeHU OTO1 1 OTO2 nyst mepBOro NOCTHHIOTOHOBCKOTO MPUOJIMIKEHUS OCTAETCSI OTKPBITHIM.
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