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O JIMHEMHOM D®®EKTE B OIILITE MAVKEJILCOHA

[ITeiproB E.N. (sht99@mail.ru)

Kazanckuit ®usuko-Texnunuecknuit MTHCTUTYT

B 1927 r. B muckyccuun Ha koHbepenimu B [lacamene (Kamudopuus [1]), mocsieHHOM
sKcniepuMenTy Maiikenscona—Mopinu, X.A.JIopeHI TOAHAT BOIPOC O BaXXHOM poJin 3(h(eKToB mepBoro
MOpsAZIKAa O OTHOIIEHUIO CKOPOCTH 3eMJIH K CKOPOCTH cBeTa. Peub muia o Tex ombiTax, rae (U3MKd U
aCTPOHOMBI MBITAINUCH BBIACIUTH COCTABISIONIYIO IBM)KEHUS 3€MJIM B ONTHUECKUX U IJIEKTPHUECKUX
sBineHussX (cM. B [2] ero BeIcTymsieHHe B mepeBoje B.A. AIOKOBCKOro). becruiofHOCTh BCeX 3THX
MIOTIBITOK TPHUBEJIA €T0 K IITyOOKOMY yOEXKISHHIO, YTO ATOT JMHEHHBIN 3((PEeKT HUKOTAa He MPOSBUTCA B
HKCIEPUMEHTAX 110 U3MEPEHUIO CKOPOCTH 3E€MIIM MIPH IMOMOIIH MPOBOJAMMBIX Ha Hel onbIToB. K TOMYy e
B 9TO BpeMsl BCEM OBbUIO M3BECTHO, YTO B HMHTEP(HEPEHIIMOHHOM ONbITe MaliKkelbcoHa MpPU MOUCKE
3(HUPHOTO BETPa, BBI3BIBAEMOIO ABIKEHHEM 3€MJIM, OKUIAJOCh MPOSBICHUE TOJIBKO KBAJAPATHYHOTO
addekra, KOTOphlii Ha 4 TIOpsAKa BEIHMYUHBI cnabee uHerHOTo. OMHAKO MOXKHO TOKa3aTh, YTO B 3TOM
ONbITE TPU COXPAHCHMM NPUHATON TOTJa MOJEIM MEXaHWKHU lanuiess MOXKET MpPOSBIATHCA TaKKe
TUHEeHHBI 3(@dekT, KOoTOopeld  MOXeT OBITh Kak ciabee KBaJpaTHYHOTO, TaK W 3HAYUTEIHHO
MIPEBOCXOUTH €TO B 3aBUCUMOCTH OT HACTPOUWKH HHTephepomeTpa MaiikenbcoHa.

JlonmycTUM,U4TO B PaBHOMEPHO JABKXKYIIEHCS CHUCTEME KOOpIMHAT ecTb 3(UpHBIA BeTep ¢
MPOU3BOJIBHBIM BEKTOPOM cKopocTH V.. OTHOCHTENbHAs CKOPOCTh CBETA B TAKOM CHCTEME KOOpIMHAT
C' cBs3aHa TOrJa C BEKTOpaMH aOCOJIFOTHOM CKOPOCTH CBeTa B 3pupe C M CKOPOCTH I(PUPHOTO BETpa

—_ ~
U3BECTHBIM BEKTOPHBIM cooTHomenneM C=C+ V. Moayns 3TOro BeKTOpa IPEACTABISAET COOOM

3HAUEHUE OSTOM OTHOCUTEJIBHOM CKOPOCTH, KOTOPOE 3aBUCUT OT yIyla h MeXAy HalpaBICHUSIMU

pacrpocTpaHeHusl CBeTa U 3(HUPHOro BeTpa, U uMmeeT Bua [1]
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¢ =c(1+ 2bcosh +b?)"? (D),
rae b=vg/c

Oto oOuiee BhIpaXEHHWE MPUTOJHO IS JIIOOBIX CUTyaluil. B yacTHOM ciydae mpu NpoBeAeHUH
ombiTa MaiikenbcoHa HHTEpEepoMeTp, CXxeMa KOTOpOro mpuBeAeHa Ha pucl , moBopauyuMBaioT B

TOPU30HTAIIBHOM IUIOCKOCTH, T.€. BOKPYT 3€HUTHOM OCH, OPTOTOHAJIBHON IUIOCKOCTH PUCYHKA..
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+
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MHKPOCKOII

Pucl. Nnrtepdepomerp Maiikenbcona

[Tpu nmocrarouno ObIcTpoM moBopoTe (Hampumep, MeHee 1 MHH 3a MOJNHBIA 00OPOT) IMOJIOKECHUE
3eMiM B MPOCTPAHCTBE MPAKTUYECKU HE yCIeBaeT M3MEHUThCS. [loaTomy mpoekuus 3¢pHUpHOro BeTpa

Ha TOPU30HTAJIBHYIO IUIOCKOCTh TAK)XXE COXpaHSAET CBOM 3HaueHHWe V U HalpaBlIeHHE, a yroua J
(Mex Iy BeKTOpOM V | OJHUM M3 IUIed uHTepdepomerpa) wusMeHsercs. UToObl HAaWTH OTHOCUTEIHHYIO
CKOPOCTh CBETa Ha KaXIOM W3 MyTel cBeTa B MHTEpdepoMerpe OT JIto0oi TOYKH | A0 TOYKH |,

BeIpakeHHe (1) MOKHO WCIIOJB30BaTh MOATAITHO MPH 3aMeHe B HeM Vo Ha V M h Ha ;i (yron

MEXIy BEKTOPOM V M HalpaBJICHUEM JIyda Ha JAaHHOM y4acTKe myTH). Ha pa3muuHbIX ydacTKax

uHTephepomerpa yroma J ji Pa3IMUYCH K OH MOXKET OBITh BBIpaXXEH 4Yepe3 OJMH U TOT ke yroa J. Ha

3TOM PUCYHKE KOHIIEBOE 3€pKaJIo 2 MOBEPHYTO HA MAJbIi yroia & A MoJydeHHUs MHTep(epeHInOHHBIX



M0JIOC KOHEYHOW HIMPUHBI OT JIydeH, Yroa MeXAy KOTOPhIMM IOCJe OTpaXeHHs Ha 3epkaje 2 u

TOJIyIpO3pavHoOi miacTuike 1 pasen 24 .

Bpemss npoxoxkaeHus cBETa B KaXJIOM IUlede JUIMHOM L ji OT HaYaJbHOM TOYKHM | [I0 €r0 KOHIIA

(Touka 1) paBHO

, L“ , 2\—1/2
tji :Ljilcji :TgHZbcosti +b H mpu b=v/c )

HOCKOHBKY b MPAaKTUYCCKU BCCraga MHOTO MCHBIIC CAWHUIBI, 3TO BBIPAKCHUC MOXHO YIIPOCTUTDH,

pa3lIoKMB €ro B psl MO MajoMmy mapamerpy O, KOTOpblii B ckoOkax BeIpaxkeHus (2) paBeH
2
2bcosJ ji +Db". 3arem nmocne npeneGpekeHus BceMu 4ieHaMH, COlepXKaluMu b B kybe u ¢ Goiee

BBICOKHMMHU CTCIICHAMM, MOKHO ITOJIYYHUTH
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Pa3HOCTh MHTEpPBAJIOB BpEMEHM MEXAY HHTepdepupylonMH Jy4aMd B HHTepdepomerpe

MaiikenbcoHa, Kak HM3BECTHO, paBHa Dt =(ty, +t,)- (t;3+ty). OHa Moxer OBITH OmNpenelncHa ¢
HUCIOJIb30BaHUEM BhIpaxkeHus (3) mocne ompejeneHus J, Ha  Pa3sIMUHBIX y4acTKaxX MYTH CBETa: OT
MOJTYIIPO3pavyHON MmiIacTUHKU 1 10 3epkana 2 J,, =J, Ha oOpatHOM 1yt J,, = (p- J)+2a, B IpyroM
iede (Ha ydactke 13 ) Ji3=p/2-J u 1pu oOpaTHOM XOA€ B 3TOM Iuleue J,, =(3p/2-J). bes

L,=Lis=L
YMEHBIIEHUSI OOIIHOCTH MOKHO MOJIOXKHTh, YTO MHTEp(epoMeTp MMeeT paBHbIE Iieyn 12~ 13 :

L,=L

bonee toro, u3-3a manoctu yria a MOXKHO CYMTATh 21* [locne HCMOJB30BAHUS BCEX ITUX

napamMeTpoB B BhIpaXEHUU (3) U MPOCTBIX TPUTOHOMETPUUECKUX MPEOOPA30BaHMI MOKHO MOTYUUTh
Lo ,3L
Dt =b—[2sinasin(J - a)]+b 2—[0052(.] - a)cos2a +cos2] | 4
c c

Taxast 3ameprkka mocie mpeHeOpekeHUsl BO BTOPOM WICHE BEIMYMHON a M3-3a €r0 MaJOCTH MPUBOJUT

K CMEILEHUIO UHTEP(EPEHIIMOHHON KAPTUHBI B TPOCTPAHCTBE, BBIPAXKEHHOMY B JI0JISIX TTOJIOCHI

DN :TE =qsin(J - a) + pcos2J ©F

(0]

L . —_ 2 L
rae aMImATyAasl (= 2bI—S|na , p=3b I—COSZa , a T, u | -Tepuoa U JIrHa BOJIHBI HCTOYHHUKA

CBCTA, UCIOJB3YCMOI'O B OIIBITC,



W3 3TOro BBIpaXECHUS BUIHO, 4YTO KpoMe KBaaparudyHoro 3ddexra (BTOpPOil UIEH) B OIBITE
MaiikenbcoHa J0JDKEeH NPOSBIATHCS U 3(DdeKT nmepBoro nmopsiaka (MMHEHHBIM 0 b mepblil wien). [Ipu
3TOM XapaKTEepHO, YTO JTOT WIEH MPEIACTABISAET COOOM MEePUOANYECKYIO0 BEIMYMHY JUIS KaXIOTro
MOJTHOTO 000poTa MHTEpdepoMeTpa, B OTJIMYME OT BTOPOrO YJIEHA, KOTOPBIM MpPEICTaBIsET COOOM
BTOPYI0 TapMOHHMKY IO yIrily. 3HAQU€HHE yIila a H3-3a CBOEH MaJIOCTH INPAKTUYECKHM HE BIUSET Ha
aMIUIUTYy KBaJpaTUYHON KOMIIOHEHTBI, HO B TO )K€ BPEMsI SIBISAETCS KPUTUYECKUM AJI HAIWYMS WIH
OoTCyTCTBUS JMHEWHOro 3¢d¢ekra. Hampumep, mpu a=0 (Ipu NOJyYEeHHH NOJOC OCCKOHEYHOM
IIMPHHBI), KaK BUAHO U3 (OPMYJbI, JTUHEHHBIN S(PEKT MOJHOCTBIO MCUe3aeT. AMIUTUTYAA JTHHEHHON
KOMIIOHEHTBl ¢ II0 CYTH J€Jla CBsi3aHa C LIMPUHOM II0JIOCHI, YTO 3HAYUTENIBHO YIPOLIAET IIpoLecC
M3MEPEHUs, TaK KaK hcYe3aeT HeoOXOIMMOCTh MU3MEPATh BO BPEMs SKCIEPUMEHTA OYEHb MaJble YIJIbI.
JIeWCTBUTENFHO, MOXHO HCIIOJNB30BaTh  M3BECTHOE U3  JU(QPAKIMOHHOM ONTHUKU BBIPAKECHUE

2dsin(e/2) =1, rme d-mepuon pemieTkd (MOJHAS IIWPHHA IOJIOCHI), a €- Yroia Mexay

UHTEpOEPUPYIOUIMME JydamMu. B Hamem ciydae €=2a UMbl  HUMeEeM q= ba . Kak orcroga

BUJIHO, MPH YMEHBIICHUH HIMPUHBI TOJIOCH JTUHEWHBIH 3(PQEKT yCHUIMBaeTcs, a U3 CONOCTaBICHUS

aMIUIATY; B wieHaxX BelpaxeHus (5) cmemyer, uto npu  d=—-  o06a umeHa CpaBHHBAIOTCS IO

3b

Benmunbe. Hampumep, npu b=10" u | =0,640*cM  (kenThlii CBET) STOT MOPOT HACTYIAET IPH
mmpuHe nonockl  0,2cm. [lanbHeifiee yMEHBbIICHHE TEPHOJA PEUICTKH MPUBOIUT K 3HAYUTEIBHOMY
npeo6aiaHuio JTMHEHHOTO 3¢ (deKTa Hal KBaApaTHYHBIM. DTO MO3BOJIMT UCHOIB30BaTh HHTEphEpOMETp
C BBICOKOW YYBCTBUTEIBHOCTBIO, HO C KOPOTKUMH IUICYAMH, YTO 3HAYMUTEIBLHO OOJErduT TpOLEecC
yCTpaHEHUs Tapa3UTHBIX MPUYMH BIUSHHUSA Ha CMelleHHe moioc. Hampumep, mis HEOOIBIIOrO
unreppepomerpa ¢ wiedamu L=100CM npu HacTpoiike Ha mosockl ¢ mupunaoit d =0,0lcM oxumaemoe

CMEIICHHE M3-3a dPUPHOTO BeTpa cO CKOpPOocThio 30KM/C MOXKET COCTaBUTh 2 TMOJIOCHI IPU MOBOPOTE

O — (4] o
unteppepomerpa Ha 180" u3 mepBonauansHoro monoxkenus ¢ yrmom J =90 . Ilpu TOM Ke JUIMHE
ieya 3TO CMEIICHUE MOXET OBITh 3HAYMTENILHO YBEJIUUYCHO TPU NATbHEHIIEM YMEHBIICHHH HIUPHHBI
nosocel. [Ipu 3TOM Ui pErTHCTpAllid CMEHIEHHS HMHTEP()EPEHIIMOHHON  KapPTHHBI HEOOXOIUMO

HCIIOJIb30BATh YK€ HE TEIIECKOII, KaK 3To Aenanu MalikeinbcoH, Musuiep U Ap., @ MUKPOCKOIL.

Bonee Toro, ans mpoBeneHust 3TOTO OIBITa COBCEM HE 00s13aTeIbHO UCIOIb30BAaTh CXEMBI C BO3BPATOM
Jay4a, T.e. UMEHHO HHTepdepomerp MaiikenbcoHa. MOXHO HCIONB30BaTh JIOOYIO CXeMy, KOTopas
HanOoJsiee ynoOHA sl TOJMY4YEeHUS HHTep(EepPEeHUUMOHHBIX KapTUH C BBICOKOH MPOCTPaHCTBEHHOMH
yacroroil. Hanpumep, misa uarepdepomerpa Maxa-Lienaepa npu moBopoTe IIIyXoro 3epkajia Ha Yroi a
pacder ¢ UCHOJb30BaHMEM BbIpaxeHus (3) ans uHTEep(EpUPYIOUIMX Jy4ell C  YIJIOM MEXAy HHMHU

e =2a IpUBOJUT K



2

DN =bFLsin(J - a)+3b L sinzasin2( - a) (6).

[TockonmpKy yros mOBOpOTa 3€pKajla a OObBIMHO Man  (Hampumep, sl BUAMMOTO CBeTa MpU
YMEHBIIEHUH IMPHHBI TI0JIOCH! Jaxe 10 SOMK oH He npeBocxoauT 10 °paauaHa), TO BTOPON 4lIeH, Kak
BUJHO U3 3TOH (OpMYIbl, IPAKTUYECKH HE OKAa3bIBACT BIMSHUS Ha CMeIIEeHHE HWHTep(hepeHIIMOHHON
noJiockl. [103ToMy MBI 371€Ch MO’KEM UM MpeHeOpeyb M0 CPABHEHUIO C MEPBBIM, T.€. HMEET MECTO YUCTHIN

JTUHEUHBINA Y PEKT.

B muckyccun Ha koHbepeniuu B I[lacamene [1] JI.Mwusuiep npeamonoxui, 4To HAOJIIOJaCMbIH UM
paHee B €ro dKCIEpPUMEHTE MOJHO-TIeproandeckuii 3pdekt Toxe ObUT CBA3aH C HAJIMYUEM H(PUPHOTO
BeTpa. OHaKo, HE 0CO3HABAs €ro JIMHEHHOTO XapaKTepa U3-3a HEMOHUMAaHUS €ro NPUpOJIbl, OH TOrAa HE
HCIIOJIb30BAJI €r0 I OIIPEAEIICHUs CKOPOCTU BETPaA, a CTapaJICs YCTPAHUTh €ro BO BPEMs IKCIIEPUMEHTA,
KaK U BCE APyrue A0 HEro. [[eHCTBUTEIBbHO, UMEETCS MHOI'O BHELIHUX IPUYUH IS MOSBJICHUS IIOJIHO-
NEPUOMYECKUX CMEIICHUH WHTePPEepPeHIIMOHHON KapTHHBI (HEpaBHOMEPHBI HAarpeB JeTaiei
YCTaHOBKHM, MarHUTOCTPHKIIHSA, eopManuu U 1p.). [1o3ToMy Bce uccienoBarenu crapaiuch H30aBUTHCS
OT ATUX IAPAa3UTHBIX cMelleHui. [Ipy TIaTenbHOM yCTpaHEHUU BCEX Mapa3suTHBIX nIpuunH y [[.Muiiepa
Bce ke 3TOT 3(P(PeKT ocTaBaics U eMy IPUXOTUIOCH TPOBOAUTH TAPMOHUYECKHM aHAIHU3 ISl BbIICICHUS
KBaJIpaTUYHOW KOMIOHEHTHI [3,4]. VY Hero mpu 3TOM He M3MEPSsUIUCh HH YroJl MOBOPOTA 3epKall, HU
HIMPHHA TI0JIOC, HO, KaK OH OTMETHJI BO BpeMs JUcKyccuu [1], 3To cMmemieHue ObLUIO HEBETUKO, KOT/Ia Ha
paccrostauu 10cM HabIr0#a710CH NATH MOJIOC, T.€. IIMPUHA MOJOCH  Obula mpuMepHo 2cM. Mcmonb3ys
takoe 3HauyeHue B (5) npu umHe wieda ero uaTepdepomerpa 64m u ckopoct 30KM/C, MOKHO MOTYIHUTh
JUISL OKUJTAEMOM B €0 CIIy4ae aMIUIMTYAbI JIMHEHHOW KOMIIOHEHTHI CMEIIEHUE MoJIoc ¢ = 0,32 MmoJIoCHI.
XOTA HpU TAaKUX YCIOBUSAX 3TO 3HAUEHUE MEHBIIE AMIUIMTYAbl KBAJPAaTUYHONW KOMIIOHEHTHI B
sKCepuMeHTe Muiiepa, BKJIaJ €ro Bce ke OblT TOCTATOYEH /IS CKaXeHus oOmeil kpuoi. [loatomy

Musiepy NpUXOAWIOCH IPUMEHATh TApPMOHUYECKUM aHAJIW3 IS BBIACIICHUS] BTOPOM TApMOHUKH.

Xortenock ObI e1ie 00paTUTh BHUMaHUE Ha paboThl [5,6], e ObuIM NpHBEICHBI KAYECTBEHHBIC KPUBBIC
UL TIOJTHO-TIEPUOJMYECKUX cMemeHud. OHM  371eCh OOBSICHSIMCH KaK CIEICTBHE HEKHX CHKaTUi
uHtepdepomerpa npu ero Bpamienuu [6]. Ecnu nmonarate, 4Tto 3TH CMeIIeHHs ObLIH CBSI3aHbI IMEHHO C
JUHEWHBIM 10 3¢upHOMY BeTpy 3(hdexrom, a He ¢ Aedopmanueil, TO NMpU MIUPUHE TOJOCH 2CM

(3HaYeHUe B JTOW PabOTe HE NMPHUBEICHO), NMPH JIMHE IUieya B 3TOM HHTepdepomerpe 26M

b =10 oxunaemas aMIUTUTY/Aa CMEIIeHUI u3-3a JuHeiHoro »(¢dexra nomkaa 0bTh 0,13 monockl. B
pabore [6] 3Ta sKCIIEpUMEHTANbHASI AMIUTUTY/AA MOJHO-TIeprouueckoro konedbanus Owpita 0,03 momocst,
YTO MNPUMEPHO B 4 pa3a MEHbIE, T.€. 3TO JOJDKHO COOTBETCTBOBATH 3HAYECHUIO CKOPOCTH 3(PHUPHOTO
BETpa OKOJIO 7KM/C. DTO MPAKTUYECKH COBMAJAET CO 3HAUYEHHEM, KOTOpPO€ OBLJIO MOJYYEHO B ATOH

paboTe U3 aHaIHM3a Pe3yIbTaTOB U3MEPEHHN IO KBaapatuaHoMy dddekry [5].



Takum o00pa3oM, JaHHBIE NPUBEICHHBIX 3/1€Ch PAacCUYEeTOB CBHJCTENBCTBYIOT O TOM, YTO B
UHTEPPEPEHIIMOHHBIX OIBITaX 0 H3MEPEHUI0 3(UPHOTO BETpa, IeNecooOpa3HO HCIOIb30BaTh HE

KBaJpaTUYHBIH, & UMEHHO JTMHEUHBINA 3PQPEKT 10 OTHOIIEHUIO CKOPOCTH 3eMJIM K CKOPOCTH CBETA.

JIureparypa
1. Conference on Michelson-Morley experiment, Astrophys. J. 1928. 68. 5. 341
2. D¢wupnsiii Betep (pen. B.A. AmrokoBckuii), M., Dueproatromusnar, 1993, 289
3. 4. K. Munnep, Ddupnsiit Betep, YDOH,1925, 1.5,177-185.

4. Miller D.C., Significance of the ether-drift experiments of 1925 at Mount Wilson, Science 1926, 63,
433-443

5. Pease F. Ether drift data. San Francisco, California: Publ. of the
Astronomical Society of the Pacific. 1930. V. XLII. 248. P. 197-202.

6. Michelson A., Pease F., Pearson F. Repetition of the Michelson-Morley experiment, JOSA, 1929, 18,
3,181-182



