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HpeﬂﬂaFaQMaﬁ KHHUTQ TTOCBAIIECHA CUCTEMATUYECKOMY KPUTHUYEC-
CKOMY aHaJU3y OCHOB TEOPUHU OTHOCUTETHHOCTH. (JCHOBHOE BHUMAa-
HUE yAeJI€HO HOBBIM JIOTUYECKUM ITPOTUBOPEYINAM KpI/ITI/IKyeMOﬁ TEO-
pun, MOCKOIbKY HAJIUUNE MOIOOHBIX TPOTUBOPEYNN CBOIUT K HYJIIO
IeHHOCTH J1I060#t Teopuu. B kwuure momapobmo paszbupaiorca MHOTHE
CIIOPHBIE U [IPOTUBOPEYUBLIE MOMEHTHI JAHHON TEOPUU U CJEICTBUI
13 HeE; NPOAEMOHCTPUPOBAHA, JIOTUIECKAs U (DU3UIECKAT HECOCTOsI-
TeJTbHOCTD (DyHIaMEHTAILHBIX MOHATHI CIeNuaJIbHON 1 00111eil Teo-
pyur OTHOCUTEC/JIBHOCTU, TaKWX KaK IPOCTPAHCTBO, BpeMd, OTHOCH-
TeJIbHOCTh OJHOBPEMEHHOCTU U JAp.. KHura comepKuT KpuTuIecKuii
AaHAJM3 WHTEPIPETAINN SKCIEPUMEHTOB, UMEINX OTHOIIEHNEe K
BOBHUKHOBEHUIO W YTBEPXKJICHUIO TEOPUU OTHOCUTEJILHOCTH. TaK-
’K€ B KHUTE MOIPOOHO MPEJICTABICHA KPUTHKA TUHAMUYIECKUX TTOHS-
TUMR TEOPHUH OTHOCUTEJIbHOCTU U ITOKa3bIBaCTCA ITPOTUBOPEINBOCTL 1
HEeODOCHOBAHHOCTDL Ka3aJjoch Obl “paboTatorero” pasjeia dTOH Teo-
puu — PEeAATHBUCTCKON TUHAMHUKH.

Hacrositiiee uzjianne JIOTOMHEHO PSIOM HOBBIX 1apaJIOKCOB, a
TaKKe PACIIUPEHO 0OCYXKICHUEM CBABAHHBIX C PACCMATPUBAEMOL Te-
MaTUKOW BOIIPOCOB U 60Jiee MOAPOOHBIM aHAJIM3IOM HEKOTOPBIX IIPO-
TUBOPEYUIA.

Kraura moxer okazaThCs mMOIe3HOM U MHTEPECHOH /i CTYIASHTOB,
aCIUPAHTOB, TIPeNogaBaTesieil, HayIHO-TEXHHYECKUX PAOOTHUKOB U
BCEX, KTO CaMOCTOATEJIbHO 33aAYMbIBACTCA HaA beH,Z[aMeHTaﬂbeIMI/I
npobiemamu (QU3UKH.
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OT m31aTeIbLCTBA

Dra kuura mpomgokaer ceputo “Relata Refero” (mociosubrit mepe-
BOJ| — PACCKA3BIBAIO PACCKAZAHHOE).

Ilox sTum rpud oM U31aTEILCTBO TPEIOCTABISET TPUOYHY aBTO-
paM, 9TOOBI BBICKA3ATH MyOIMIHO HOBBIE UEH B HAyKe, 000CHOBATH
HOBYIO TOYKY 3PEHUSs, JOHECTU 0 ODIeCTBA HOBYIO MHTEPIIPETAIINIO
W3BECTHBIX YKCIECPUMEHTAIBHBIX JAHHBIX, etC.

B cmope pasubix TOYeKk 3peHus TOJIBKO pelenue Besnnkoro
cynbu — Bpemenu — MOXKeT CTaTh PEeMIaionuM M OKOHYATEIbHBIM.
Cawm ke mporiecc noncka VcTrHbI XOPOIO XapaKTepu3yercs U3BecT-
HBIM BBICKA3BIBAHIEM APHUCTOTEJS, BHIHECEHHBIM Ha OOJIOKKY HACTO-
AIEH CeprUn: ABTOPUTET YIUTEA HE JOIKEH JOBIETH HAJ YyICHUKOM
¥ TIPENsSTCTBOBATH TOUCKY HOBBIX ITyTEl.

Mpgpr mameemcst, aTo mybIMKyeMble B 9TOM CEPUHM TEKCThI BHECYT,
HECMOTPsSI Ha CBOE OTKJIOHEHWE OT YCTAHOBUBIIHUXCS KAHOHOB, CBO
BKJIaJ B mo3Hanue VCTUHEL.



IIpeaucaoBue K 4eTBEPTOMY
13 1aHIIO

3pu 6 xopennv!
(Kosvma IIpymwxos)

CobBITHS TOCTETHErO AECITUIETHS CBUIETENBCTBYIOT, 9TO B Mu-
pe HayaJiach akTuBHasA ¢aza nporuBocrosguus lobpa u 3ua, Ilpas-
net u Jlxxku. B rakoii curyanum “pacnmimBare’ eHbru, 3apaboTaH-
HBbIE TI0TOM U KPOBBIO HAIIIEr0 HApOJa, Ha IOJIEPKKY JIZKETEeOpHuii
MpPOCTO aMopaJibHo. HampoTus, cuTyarius J01KHA CIIOCOOCTBOBATH
MOBBITIIEHNWTO JIMTHONW OTBETCTBEHHOCTH KaXKIOTO YIEHOTO 3a JOCTO-
BEPHOCTBH U MPAKTUYIECKYIO MPOBEPAEMOCTb €ro pe3yabraTos. Ilopa
yKe “Bblre3ars n3 yaobuoro dyriagpa’ u Jesarh CBOi Irpak IaHCKUi
BBIOOD.

Yerpéproe m3maHme JOMOMHEHO AHATH30M TAKWX HOBOMOIHBIX
BBIJIYMOK, KaK TEMHas MaTepusi, TEMHAs 3HEDPIUs, I'DABUTAIMOH-
HBIE BOJTHBI, AaHAJN30M P18 COBPEMEHHBIX SKCIIEPUMEHTOB, 8 TaK¥Ke
U3JI0’KEHNEM HOBBIX KJIFOUEBBIX I1aPAJIOKCOB, PACIIUPEHO DoJjiee 110-
IPOOHBIM OOCY2KICHUEM Psijia, HIOAHCOB M AJIBTEPHATUB, JOIO/THEHO
0/IpOOHBIM Pa3bsCHEHUEM HEKOTODBIX IIPEXKHUX IPOTHBOpeunii. B
HOBOM W3JIAHUU J00aBJIEHB! JUTepaTypHble cchlIkE [160-207], BRITIO-
gatonye ase paborel asropa [160, 177].

Mapt 2023 .



IlpeaucaoBue K TperbeMy
3 IAHNIO

Moé deso — crazamo npasdy,
a HE 3aCTMAGAAMD GEPUMD 6 HEE.
(?K.-2K. Pycco)

Caedyem omrasveamsbes 0m moz20, 4mo NPedcmasAemca
AOHCHOIM U WATNKUM, 0aAHCE ECAU HAM HEYEM 3AMEHUMD €20.
3abayorcdenue ocmaémen 3a0AYyHcIeHUEM HEZABUCUMO

0OMm MO20, CMABUM AU MbL HE €20 MECTO UCTUHY UL HEM.
(Boavmep)

C MoMeHTa TOsBICHUS MepBoro u3nanus Kauru [133] yxe mpo-
mén Hemaseiit cpok — 14 ger. Curyarus B Poccnu HeMHOTO yiryd-
HIWJIACh B IIJIAHE BO3MOXKHOCTEH OOCY2KJIEHUsI MOJHSTBHIX B KHUIE
BorpocoB. Ha mekoTOphix KOHMEPEHIUIX CTAIN JIOIMYCKATHCA JIUC-
KYCCHOHHBIE JOKJIAABI 0 IPUHIUINAIBLHBIM BOIIPOCAM € KPUTHUKOH
COMHUTEJIbHBIX TeOpuii (Teopuii OTHOCUTEIFHOCTH, BOJIBINIOro B3phI-
Ba, PEIATUBUCTCKON KOCMOJjorum u sip.). Hekoropere Bnoae odw-
IraJbHbIe KypHaJIbl (paBnaa, moka He mpoduibibie PAHosckue)
CTaJIn HY6J'[I/IKOBELTB KPUTUYICCKUE CTATbU W aJIbTCPHATUBHBIC HUJICH.
Mmuorue nepecraji 60s8ThCS UMETH COOCTBEHHYI) TOUYKY 3pPEHUS U
BBICKa3bIBaThH €€ nybsimano. Koe-rje Ha 1moCTOSHHON OcHOBE pabo-
TAOT CEMUHAPHI, e MOYKHO 0OCY/IUTH HOBble HADAOOTKHU U WJIEN, B
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8 HPEJNCJIOBHUE K 3-MY U3JTAHIIO

ToM uncie HyHIAMEHTAILHOTO Xapakrepa. Tak 9To B IeaoM mpo-
[IeCC OCO3HAHMSI ¥ OCBOOOXKIEHNSA OT CaMOOOMaHa, IyCTh MEIIEHHO,
HO WAET. 33 MPOIIE/IIee BPEMsl aBTOP TOXKE OMyOJUKOBAJ JOMOJ-
HUTEJIBHO PsiJi CTATell B AHIVIOS3BIYHBIX KypHAJAX W MaTepuaJiax
MezK1yHapoHbIX KoHdepennuii [134-138,152-155], a yx KoamndecTBo
OOITeHNs C POCCUNCKUMU U 3apyDeKHBIMU UCCJIEI0BATENAMU OBLIO
upocro orpoMubiM. Takxke asropoM B [201] KpaTKo M3JI0KEH X0/
AHTUPESATUBUCTCKOM OOPHOBI C MOMEHTA BOBHUKHOBEHUS TEOPUit OT-
HOCUTETHHOCTH, BHITUCAHBI MHOTHE THICIYIN UMEH YECTHBIX UCCJIEI0-
BaTeJ—[eI;'I7 KPUTHUKOBABIINX 9TU TEOPWU M JaHbl CCHIJIKM Ha THICAYN
KPUTHIECKUX TTYOJUKAIUIA.

K YUCJTY KDUTUKOB T€OPUN OTHOCUTEC/JIBHOCTU TPUHAIJIC2KAT MHO-
rue u3BecTHbIE (DUITOCOdBI, MATEMATHKN U (DU3UKM, BKJIOYAS JIBE-
HaaaTh Jgaypearos HobejeBckoit npemun, T.€. JIFOAH, BHECIITHE IIH-
OHEpCKUuil BKJIaJ B pa3BUTHE HAyKW (a He TOJHKO MUCABIINE W TIe-
penuchbiBaBime yuebuuku). Tuca0 uMEHUTBIX TPOTUBHUKOB 00CY K-
JlaeMOli TEOPUH COIOCTABUMO C YUCJIOM €€ MMEHUTBIX CTOPOHHUKOB,
TaK UTO ABTOPHUTET TYT ABHO He cynbs. He BepwbTe, OyaTO OBI KPU-
TUKW TEOPUW OTHOCUTEIHHOCTH OTBEPTal0T KAaKHUe-TO HADJIIOIaeMBble
apdexTrl. [IoHATH TPOTUB Yero »Ke MbI BBICTYIIAEM JIede BCErO Ha
caeayroriem pumMepe. Ipencrapbre cebe, 9T0 KOMIYH 3aKIUHACT O
Bocxone Cosmita. Mbl He roBopuM, Oyaro #e yBuanM Bocxoaa CostH-
oa. Mbl TOJBKO YTBED2KIA€M, YTO 3aKJUHAHUA KOJAYHA HE MMEIT
HUKAKOrO OTHOIIEHUS K 9TOMY BOCX0O/y. 1Teopust OTHOCUTENIBHOCTH —
9TO 3aKJIMHAHUS KOJIYHA, KOTOPbIE BOBCE HE MMEIOT OTHOIEHUS KO
BceM TeM dddekTam, 00bsiCHEHNE KOTOPBIX IPUITUCHIBAET HCKJIIO-
YUTESFHO cebe caMoi Teopusi OTHOCHTENBHOCTH. Takum 00pasoM,
HET [IPUYUH OTBEPTaTh BO3MOXKHOCTb COOCTBEHHOIO aHAJIN3a JTaAHHOM
TEOPUU U UCKATH peabHbIe TPUINHBI 1 KOHKPETHBIE MEXAHU3MbI SB-
sieanii. Heobxoanmo mOMHUTE, 9TO, HATPUMED, B MaTeMaTuKe HEeCKO-
HeuHoe (!) Y10 MoATBEP K AeHIH He MOTYT MEPEBECUTH JTazKe OTHOTO
OITPOBEPZKEHUA. BOT IOYEMYy PeJATUBUCTAM CTOUT NMOAYMATh UMEH-
HO HAJI TEMU MPOTUBOPEUYUSIMH, KOTOPbIE 0OHAPYKUJIU OITIOHEHTHI,
a HE COPEBHOBATHCA B KOJMYECTBE CIIYUAER, TJ€ TPOTHBOPEUNST UMU
[peIHAMEPEHHO COKPBITHI. 1loMCK MCTHUHBI BCEra MpeJinogaraer ce-



HPEJNCJOBHE K 3-MY U3JTAHUIO 9

pbé3HO€ OTHOIIIEHME K BO3PazKeHUAM OIIITOHEHTOB.

Tlozunmsa UctuaHOr0 y48HOrO MPEeKpPacHO OTPAXKEHA B CJIEIYIO-
meM Bbicka3biBaHuu. KTO X04er BbIsIBUTH UCTHUHY, TOT HE Me-
Hee yCep/HO uIleT €€ u B yOe>KIeHUAX UJIN HPEeII0JI0KEHN-
X OpoTuBHUKA. .. OH cTapaercda MOMOYb MPOTUBHUKY Hali-
TU JJisi €ro MbICJIA CJIOBA, KOTOPbie HauboJ/iee TOYHO BbI-
paxkasu 6b1 eé. OH mhITaeTCcd MOHATH MPOTUBHUKA JYyUIIIe,
4eM TOT caMm cebsi nonumaer. BmecTto TOro, 4TodbhI NCIIOJIb-
30BaTh KaXK/Ibili c/Ja0bIii MyHKT apryMeHTAIIM MPOTUBHUKA
JJ1S HU3JI02KE€HU S, PA3BEHYAHUS U YHUYTOXKEHUS TOTO /JIeJ1a,
KOTOpPO€ OH OTCTAaWmBaeT, yYACTHUK MMPEJIMETHON JUCKYCCUU
NpuJIaraerT ycujims K TOMY, YTOObI M3BJIeYb U3 YTBEPZKJE-
HUU OPOTUBHUKA BCE TO IEHHOE, UTO MOMOXKET BBISBJIEHUIO
uctunbl. (T. Korapbunbckuit)

Muorwe Jin 0THOCATCA K TMOUCKY VICTHHBI 1 K METOJaM BeleHus
quckycenn, Kak Wcerunanabie yuénbie? He crour BOocnpuHUMAThH 00-
CyXKJeHWe HayJIHBIX TEOpPUil B JAyXe >KUBOTHBIX WHCTUHKTOB — KOH-
xypernnn B Gopnbe “3a mecro mon Comamem” lasaiite mompobyem
oTOTH OT TOPOYHOHN MpakTuky “3amMeranus npobsem nox KOBED”
u, HA0OOPOT, CTaHeM YecTHO cooOmaTh 00 MMEIImXcsa B (busnmde-
CKUX TEOPUSIX HECTBIKOBKAX, MPOTUBOPEUHUsIX C JApyruMu haxramu
WJIW TIPOBEPEHHBIMU TEOPUIMU, 0 HEAJTOPUTMUIECKUX TTPHUEMaX, JI0-
TOJTHUTEIbHBIX TunoTe3ax ad hoc, mepeménubIx usnueckux, Gu-
JIOCOCKUX, METOOJOTHIECKUX WM MaTeMaTHIecKuX mpobeMax.
Korna stu mpobsiembl Oy1yT 9€CTHO BhICBEUEHBI, TO JIt0D0IT mccie10-
BATEJSb CMOXKET TIONBITATHCS WX PEIUTh; U €CJIN 3TO HE CMOXKET C/1e-
JIaTh HAIIe [TOKOJIEHUE, TO HABEPHSIKA CMOTYT CIEJATh [TOCJIEYIOITIE
moKoJIeHus. BaykHo, 9T00BI KaXKI0MY HOBOMY TTOKOJIEHUI) HE TTPUXO0-
JIAJIOCH € HyJIst “IIOJIIIOJIBHO BBIKOBBIDUBATH 9TU NPOOJJIEMbBI H3-T10]]
KOBPa”, & MOKHO OBLIO ObI caMble MOJIOJBIE U CAMBIE TTPOIYKTUBHBIE
TO/IbI COCPEIOTOUNTHCA Ha ux obgymbiBanuu u pemtennn. (Hampu-
MEp, MaTeMaTUIeCKUe KHUIM ¢ 3arJIaBUEM, HAUMHAROIIMMCS CJIOBaA-
vu “Hepeménanbie mpobdaemMsbr . ..”"7 Bceraa BIAOXHOBISIOT, B OTINYNE
OT HBIThST HEKOTOPBIX “BBITAIOIMINXCS’ (DU3UKOB O KOHIIE HAYKH. )

IlepBoiit BapuanT KHUTM ObLI HANWCaH, B OCHOBHOM, TE3UCHO,



10 HPEJNCJIOBHUE K 3-MY U3JTAHIIO

KpaTKo (MHOTHE IMYyHKTBI MOXKHO OBLIO ObI JOMOJHATH U PACITHCATH
110 06béMa, OTIEBHOM cTaThi). Ho OH 6bLT H3/10KEH TaK, 9TOOBI JTH0-
0011 YeT0BEK CMOT TIOHATH CYIECTBYIOIHe npodaemMbl, 66110 ObI TOTE-
KO kejanne. 1 XoTs MaTepraJbl, M3/I0KEHHbIE B IIEPBOH BEPCUN KHU-
', HE OTEPsLIN CBOEH aKTyaJlbHOCTH (M HUKAKOi Marepuas He ObLt
HCKJTIOUEH M3 HOBOII BEPCHHN ), TeM He MeHee ObLIO PEIIeHO BBILYCTUTD
HE CTEPEOTUITHOE U3JIaHUE, 8 PACIIMPEHHYIO U JOIIOJHEHHYIO BEPCUIO
kuauru. Jlanuoe u3nanue TOTIOTHEHO U3JI0KEHUEM HOBBIX KJIFOUEBBIX
napajiokCoB, JOOABOTHBIMY JINTEPATYPHBIMU CCBLIKAMHU (B TOM YHC-
ne B obomx IIpeauciosusx), pacmmpeno 6osee moapoOHbIM 006Cy K-
JEeHHEeM Pala HIOAHCOB, COIIYTCTBYIOIINX MOMEHTOB M aJIbTEPHATHB,
JIOTIOJTHEHO TIOIPOOHBIM Pa3bsICHEHNEM HEKOTOPBIX MPEXKHUX MPOTHU-
BOpeunii. DTO CHEIAHO M3 pacdéra MPEAB3SITOr0 MPOYTEHHUS KHHUTH
peasSTUBUCTAMA. Pa3yMeTcs, ec/ii y HUX BO3HUKHET XOTs Obl Majieii-
1ee KeJaHne pa3odbpaThes B CYIIECTBE MOTHIMAEMBIX IPOOJIEM.

Y aBropa Her Hu Maseiiieil Gu3MIECKOl BO3MOKHOCTH yHEeaUTh
B 46M-JTH00 TIECTh MIJIIHAD/IOB KuTeseil 3eMn (JaKe 1Mo OHOI ce-
KyH/I€ HA KazKJ0r0 — B uTore Oyzer 60/IbIie 4e/10Be9eCKOil Ku3HM! ).
Jla n Takoit HEeJOCTMKUMOI T[€/IN He CTABUTCSA. PaszyMeercs, KarK bt
JE/IOBEK MMEeT IIOJHOE IMPaBO CIEJaTh CBOI COBCTBEHHBIN BHIOOD 33
KOTOPBIH m OymerT oTBeYaTh, B TOM 9UHUCJE, BHIOOD “TIPOJOIKUTH Ba-
pUThCca B cOBCTBEHHOM COKY’. X0Teg0Ch ObI TOJBKO HATIOMHUTH, 9TO
“K TITOpaM BCET/Ia TTPUIATAIOTCS XOMYT, Y3/IeUKa U KHYT . A B OCTA/Ib-
HOM BCE 9T0 — JIMYHLIA BEIGOp uemopeka! U g yBaxkaio U IpHHEMAIO
JTF000# BBIDOD, JUIIE OBI OH OBLT OCOBHAHHBIM.

[Ipucrymnas K KpETHIECKOMY aHAIN3Y 00€NX TeOpHii OTHOCHTE /b
HOCTH, 2K€JTal0 BCEM OCTABATHCH YECTHBLIMU XOTs ObI 110 OTHOIIEHWIO
K camoMy cebe. Urak, B no6polit myTh moncka Vcrmms:!

Hos6ps 2017 r.



IIpeaucioBue Kk mepBoOMYy
13 TaHIIO

Moum podumenam — dobpwim,
YECTIVHBIM, MYOPOIM U HCUSHEPAOOCTHBIM AI00AM,
NOCBAULGEMCA IMG KHU2G

X0oTsT TOCTHKEHUST TEXHUKU B TPOIIEINEM BeKe OBITH BeChMa
BICYATIAIOIMUMU, CJICAYET TIPU3HATH, YTO JOCTUXKEHNA HAYKHU 6LI.HI/I
ropasio CKpoMHee (BONPEKH OKOJIOHAYUIHOI peksame). Bee stu mo-
CTM2KEHUSA MO2KHO OTHECTHU CKOpEee K yCUJINAM IKCHECPUMEHTATOPOB,
WHXKEHEPOB u u3obperareedl, ueM K “npopbiBaM” TeOpETUYIecKoil (hu-
auku. lennocts “obbsicaennit post factum” obmenzsecrra. Kpowme
TOro, KEeJaTeJbHO PeaJbHO OINEHUTH ‘TIOTEpU” OT MOJODHBIX “IIPO-
pbiBoB” Teoperukos. CamMast TyiaBHas “moTeps’’ MPOIILION0 BEKA — ITO
yTpaTa eTMHCTBA U B3ANMOCBSI3H BCell (DU3UKH, TO €CTh INHCTBA Ha-
YUHOIO MUPOBO33PEHUS U TOIX01a K pasHbiM obsractsam usuku. Co-
BpeMeHHas pU3UKA SIBHO IpejcTaBJisier coboii “JIocKyTHOE 0j1edio”,
KOTOPBIM IBITAIOTCS TPUKPBITH HEOOO3PUMBIE “Kydn’ Pa3spO3HEHHBIX
WCCJIeIOBAHMI M HECBABAHHBIX (PakTOB. Bompexn MCKyCCTBEHHO O~
JIEPKUBAECMOMY MHEHHIO 0 TOM, YTO OCHOBOI COBpEMEHHON (hU3MKN
ABJIAIOTCA HECKOJIBKO XOPOIIIO ITPOBEPEHHBIX (byH,Z[aMeHTaﬂbeIX TEO-
DWHii, CIUIIKOM YK 9acTO MPOCIeRMBatoTcest rumoressl ad hoc (mis
KOHKPETHOTO YaCTHOTO SIBJIEHUS) U HAYKOOOPA3HBIE KOPPEKTUPOBKH
pacuéToB B “HYKHYIO CTOPOHY” — KaK y CTYIEHTOB, IOJIIVISHYBIINX B
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12 HPEJNCJIOBHUE K 1-MY U3JTAHIIO

3apanee W3BECTHBIN OoTBeT 3amaun. [Ipenckazaresnbras cuaa (pyHIa-
MEHTAJbHBIX TEOPUH B IIPAKTUIECKUX MPUIOKEHUSK OKABBIBAETCS
Omska K HyJai0 (BOIPEKHM yTBEDXKICHUAM “IIOYMEHOB OT HayKu').
B nepsyio ouepess 3TO OTHOCUTCH K CHEIUAJIBHONR TEOPUU OTHOCH-
TEJTBbHOCTH: BCE NMPAKTUYECKN MPOBEpseMbie ‘€€’ pe3y/IbTaThbl ObLIH
noJjiyueHbl Jubo 0 co3jlaHus 3TO# Teopuwu, Jinbo 6e3 UCI0JIb30Ba-
Husi €€ mjell (4acTo €€ NPOTUBHUKAME) U TOJIBKO II0TOM yCUJINEM
“cobmpareneit”’ ObIIM “TIPUTTMCAHKBI” K €€ JTOCTUKEHWSIM.

Kazamoch 6b1, TeOpusa OTHOCHUTENHHOCTH MPOYHO WHTETPUPOBA-
JIACh B COBPEMEHHYIO (PH3MKY W HE CTOUT “KomaTbca’ B €€ yHIa-
MeHTe, a JIydIlle JOCTPAWmBaTh ‘BepxHue 3Taxu 3panus . Ha kpwu-
THKE 3TO}l TEOPHUH MOXKHO TOJBKO “IMINKK HAOWTH’ (BCIOMHHM O
nocranopjernu [pesugnyma AH CCCP, mpupaBHSBIIEr0 KPUTHKY
TEOPUU OTHOCHUTEJBHOCTH K W300pETEeHHI0 BeIHOTO JBuraTesis). Co-
JIMJIHBIE HAY9HBIE YKYPHAJIBI TOTOBBI 00CY K IATh KAK TUIIOTE3hI, KOTO-
pble HE MOTYT OBITH IPOBEPEHBI B OJIMKANIINN MUJTHAD/, JIET, TAK U
T€ THIIOTE3bl, KOTOPhIE HUKOIIA HE CMOTYT ObITh IIpoBepenbl. OjiHa-
KO, 00CY2K/1aTh IIPUHITUIINATHHBIE BOIIPOCHI TEOPUN OTHOCUTEJIbHOCTH
OepéTcst Jasieko He KaXKAblfl HaydHBIN KypHaa. Kazamock Obl, cu-
Tyanus J0JXKHA ObITH TPOTHBOMO/IOKHAA. 1[0CKOIBKY OCHOBBI 3TOIH
TEOPHUH MPENONA0T He TOJABKO B BY3ax, HO U B IIKOJIE, TO [P BO3-
HUKHOBEHUM MAJEHITNX COMHEHWH BCE BOMPOCHI TOJIKHBI CEPHEIHO
U TOApOoOHO 0OCYKAATHCSI HAYIHONH OOIIECTBEHHOCTBHIO, ITOOBI “He
HUCIIOPTUTH MOJIOIBIE YT .

OHaKo, CYyIECTBYeT HEMHOTOUYUCEHHAS, HO O9€Hb AKTUBHAS U
OYeHb BBICOKOTIOCTAB/IEHHAsI YaCTh HAYIHON SJIUTHI, KOTOpas BEJET
cebst CTPAaHHO 3aKOMpoBaHHBIM 00pa3oM. C caMbiM CEPbE3HBIM 110-
KPOBUTEJbCTBEHHBIM BUIOM OHHU MOTYT 0OCYXKIATH “XKEJITHIX CJIOHOB
C PO3OBBIMHU XBOCTHKAMHU~ (CBEPXTSIZKEJIbIE YACTHUIILI BHYTpU JIYHBI,
ocTaBImeca 06sa3aTebHO mocae bosbimoro B3psiea nian 94T0-TO TO-
XO¥Kee), HO MPH TONBITKE OOCYIUTH TEOPHUI0 OTHOCHTETHHOCTH OHH,
KaK M0 KOMAHJIe W3 IUHOrO IEeHTPA, AefICTBYIOT TaK aKTHUBHO, Oy/I-
TO C HUX CHUMAIOT HUXKHee Oeb€ U TaM MOXKeT OBITh 0OHAPYKEHO
Kakoe-To “pommmoe maTHo”. Bo3aMOoXkHO, mM TPoCTO “IpUKa3aH0 CpodU-
HO TPOMWTE’ ¥ OHHU BCE CMENTHBAIOT C TPSI3BI0, TACTO JTAYKE HE TNTAsT
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pabor (crasa Bory, aBropa noka muny/a cus ama). A Beab Jobas,
JaxkKe caMasl OQUO3HAas KPUTHKA, MOMKET COJEep:KaTh KaK0e-TO palld-
OHAJILHOE 3ePHO, CIIOCOOHOE YIYUIINTE UX XKe COOCTBEHHYI TEOPUTO.

Teopus OTHOCUTETHFHOCTH TPETEHIYET HA POJb HE MPOCTO TEO-
pur (HampuMep, KakK OJWH W3 METOJ0B PACIéTa B MPUJIOKEHUH K
TEOPHUH JEKTPOMATHETU3MA), & HA POJIb MEPBOTO TPUHIINANA, JarKe
“IIepBOBEPXOBHOr0” MPHUHITAIIA, CIIOCOOHOI0 OTMEHSITE JIIOObIe Ipyrue
IPOBEPEHHbIEe IIPUHINUNBI U IIOHATHAA: IPOCTPAHCTBA, BPEMEHH, 3a-
KOHBI coxpaHenusi u T.j.. Cyie/IoBATEIbHO TEOPUsI OTHOCUTEIBHOCTH
JOJIZKHA, 6bITb I'OTOBA K 60.}166 TINATC/JIBHBIM JIOTUYCCKUM U IKCIICPH-
MEHTATBLHBIM IMpoBepKaM. Kak 6ymer moka3aHo B HACTOAIIEH KHUTE,
JIOIMYECKON 1IPOBEPKU JlaHHAs TEOPUs HE BblAEPKUBAECT.

Teopust oTHOCHTEIBHOCTH OOPA3HO TPEACTABJSET TIPHUMED TaK
HA3BIBAEMBIX HEBO3MOXKHBIX KOHCTPYKINi (BHIHECEHHBIN HA 000K~
KY JaHHOM KHUTY HEBOBMOXKHBIN KyD 1 T.;[.), KOT4a KaXK bl JIOKAJTb-
HBIN 3JIeMEHT HENPOTUBOPEYUB. JIOKANBHBIX MaTeMaTHIECKUX O~
60K paccmarpuBaeMad reopud He cogepxkur. OIHAKO, KaK TOJIbKO
MBI CKakeM, 9TO OyKBa t O3HAYAET peajbHOe BPEM:A, CPa3y MOXKHO
IPOJOJIKUTL KOHCTPYKITUIO B OOHAPYKUTCA IPOTHBOpeune. AHAI0-
TUYHAA CUTYyallud ¢ MIPOCTPAHCTBEHHBIMU XapPAKTEPUCTAKAMMI U T.1..

Hac posiro mpuydatoT K MBICJIH, YTO MOYXKHO XKHUTb C HapaJioOK-
caMm, XOTsI TTePBOHAYATIBHBIE “TIAPATIOKCHI TEOPUN JOBOJBLHO TTPaB-
JIOTIO/I00HO OBLIM CBEJIEHBI PEJIATUBUCTAMHU [POCTO K HEKOTOPHIM
“crpannocTsiM”. Ha camoMm fesie Kaskablit HOpMAJbHBI Ye/I0BEK TI0-
HUMAET, 9YTO €CJIM B TEOPpUHN TPUCYTCTBYET ,Z[eI‘/JICTBI/ITeJ'[bHOG JIOT -
YecKoe MMPOTUBOpEeYne, TO HAJ0 BBIOUPATh MEXKIY JOTHKON, HA KO-
Topoit basupyercs BCst HAayKa, U 9TO# gacTHOM Teopueii. OdeBuIHO,
4TO BBIOOD HE MOXKET OBITH Ce/IaH B IT0JIb3Y JacTHON Teopun. men-
HO TTO9TOMY JdaHHAA KHUTd HAYUHACTCH C JIOTUICCKUX HpOTI/IBOpqu/Iﬁ
TEOPUU OTHOCUTEJTHHOCTH U JIOTMYECKUM BOIIPOCAM 3JIECH Y/EJIEHO
OCHOBHOE BHUMAHUE.

JIrobasa dusngeckas Teopust, OMUCHIBAIONIAS PeaJhHOE STBICHHE,
MOKeT OBITh KCIEPHMEHTAJILHO IPOBEpeHa 1o Tumy ‘ma-mer’. Pe-
JATUBUCTHI TaKXKeE CbOpMa.HbHO DOOACPZKUBAIOT IIOAXOJ: 9TO IKCIIe-
PUMEHTAJILHO HENPOBEPSEMO, TO He cylecTByeT. llockoyibKy Teopus
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OTHOCUTEJILHOCTH [O/KHA TEPEXONUTh K KJIACCUIeCKoi (pusnke mpu
MAaJIbIX CKOPOCTSIX (HAOpUMED, JIT KHHEMATHKH), a KJIaCCHICCKU
pe3ysibTaT OfHO3HAYEH (He 3aBUCUT OT CHCTEMbl HADJIIOMEHHS ), TO
YACTO PEJISTUBUCTBI CTPEMATCH J0KA3aTh OTCYTCTBHUE IPOTHUBODE-
qnii CBOEH TEOpWMM IIYTEM CBEJICHHUS MAPAIOKCOB K €AMHCTBEHHOMY
PE3YIILTATY, COBIAIAIONIEMY € KJIACCHIECKNM pe3yapTaToM. Tem ca-
MBIM 9TO $IBJSIETCS NPU3HAHUEM SKCIEPUMEHTAJIBHON HEeOOHADYKU-
MOCTH KHHEMATHIeCKUX 3(PhHEKTOB TEOPUHU OTHOCUTEIHHOCTH, a 3HAa-
YHUT UX PEAJIBHOTO OTCYTCTBHSA (TO €CTh MePBOHAYAIBHON TOUKH 3pe-
Hug JIopeHra o BCIIOMOTATE/IHLHOM XapaKTepe BBEIEHHDLIX DeJIATH-
BHCTCKUX BEeJUYNH). MHOTHE CIOPHBIE MOMEHTHI DEJISITUBUCTHI TTbI-
TATCH “00bICHATE  COBEPITEHHO MO-PA3HOMY: KAXKJIOMY TTO3BOJIEHO
JIOIyMaTh CAMOMY HECYIIECTBYIOIINE JIETAJN “IJIAThS [OJIOT0 KOPO-
Jist”. DTOT (DAKT TOXKE ABJIIETC KOCBEHHBIM MTPU3HAKOM HEOHO3HAU-
HOCTH Teopuu. PeIaTHBUCTBI IBITAIOTCS YBEJIUYUTD 3HAYUMOCTD CBO-
efl Teopum, COIJIACOBLIBAA C HEW KaK MOXKHO 0OJIbIe Teopuil, B TOM
YHCIIe 13 COBCEM HEPEJIATUBUCTCKUX obstacTeil. ckyccTBeHHOCTD 110-
100HOM r100a/IMCTCKOM “MayTuHbI B3aAMMOCBS3EH OUeBU/IHA.

Kpome pessiTHBICTOB TEOPUIO OTHOCHTENHHOCTH 3aIUIIAIOT (Kak
moJjie JIesiTeIbHOCTH) MaTeMaTHKH, 3abbiBast, 9T0 y (HU3HKU — CBOU
3aKOHBI. BO-TIEPBBIX, TIOITBEPKAAEMOCTE HEKOTOPBIX KOHEUHBIX BhI-
BOJIOB He [OKA3bIBACT MCTHHHOCTH TEOPUHU (TaK:Ke KAaK W3 BEPHO-
ctu Teopembl Pepma BOBCe He CIeAyeT MPABMIHLHOCTD BCEX TOKA3a-
TeJIbCTB”, TIPeJICTAaBJIeHHBIX 3a 350 Jier, win u3 HabJIF0IaeMOro JIBU-
JKeHWsl 3BE3J] M ILJIAHET HE CJIEyeT CYIECTBOBAHWE XPYCTAJIBHBIX
cdep). Bo-BTophIX, ake B MAaTeMaTHKE CYIIECTBYIOT JOMOJTHATE b
HBIE YCJIOBUsI, TPYJHO BbIpAa3uMbie B (DOPMYJIAX, KOTOPbIE YCJIOXK-
HAIOT [OUCK pelleHuil (HampuMep, yCJIoBUe: HalTH pElIeHUs B Ha-
TYypaJIbHBIX dnciax). B dpusuke momobHbIil (hakT BBIpAYKAETCsT, Ha-
npuMep, ToHsTHEM “‘(DU3UIECKUit CMBICT Besmaun . B-Tperbux, eciun
MaTeMaTHKa MOXKeT UCCJIEI0BATh JI0ObIe 00HEKTh (KAaK PEATBHO CY-
IIECTBYIONME, TAK U HepeasbHbIe), TO (hU3MKA 3AHUMAETCS TOJTHKO
[IOMCKOM B3aMMOCBSI3€ll MEXKJTy PeaJbHO U3MEPUMBIMU (DUBUUECKU-
Mu Besmunnamu. KoHEYHO, MOXKHO PeaTbHy0 (DU3NIecKy0 BeInvn-
HY Pa3JI0yXKUTh B KOMOUHAINIO HEKOTOPBIX (PYHKITUI WU OICTABUTH
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B HEKOTOPYIO CJAOKHYIO (PYHKITHIO U “COUMHATE” CMBICJ 9TUX KOMOH-
namwmit. Ho 310 He Gosee, 1eM MKOJIbHBIE MATEMATHIECKUE YITPAZKHE-
HU$ HA [I0/ICTAHOBKM, HE UMeloIe K hU3nKe HUKAKOI'O0 OTHOIIEHHU S
HE3aBUCUMO OT CTEeHH CJIOXKHOCTH.

OcraBum HA COBECTH “TMOYMEHOB OT HAYKW WX KeJTaHUe 00MAHbI-
BaTh WK OBITH OOMAHYTHIMU (B JIMYHBIX WHTEPECAX) U MOMBITAEMCST
HecrpucTpacTHO MPOAHAIN3UPOBATH HEKOTOPhIE COMHUTEIbHBIE MO-
MEHTHI TEOPHH OTHOCUTEIHHOCTH.

3aMernM, 4TO B TE€UYEHHE BPEMEHU CYIIECTBOBAHUS TEOPHUHU OT-
HOCUTEJIbHOCTA HEOJHOKPATHO IOSABJSINCh CTaThbU C I11apa/loKca-
MW, KPUTUKOHN PETATHBUCTCKUX IKCTIEPUMEHTOB, JEJTAJINCH TOTHIT-
KU CKOPPEKTUPOBATH 3Ty TEOPUI0, BO3POAUTE Teoputo adupa. OnxHa-
KO, KPUTHKa HOCHUJIA, KaK MTPaBUJIO0, JaCTHBIN XapaKTep, 3aTparnBas
JINITb OTJIeJIBHBIE aCTEKTHI 9TOH Teopuu. ToIBKO B KOHIIE MPOIILIO-
TO BEKa CYNIECTBEHHO YBEJMYUUINCH MOTOK KPUTUKN W €€ KavdecTBO
(Ha3BaHWs cTaTeil W KHWUT, TPUBEJIEHHBIC B KOHIE JAHHOW KHUTH B
CIIUCKE JINTEPATYPBI, TOBOPAT caMu 3a cebst).

Hasmo mpusHaThest, 9T0 B OTJIUYHE OT KPUTHKH, CYIIIECTBYET TTPO-
deccuonaabaas QyHIAMEHTAIBHAA ATOJIOTETUKA TEOPUH OTHOCH-
reprOCTH [3,17,19,26,30,31,33-35,37-41,158,159]. Ilosromy ocHOB-
Has IeJib, KOTOPYIO CTAaBU/I mepes coboit aBTop, ObLIa ClIemyromast:
JIaTh TIOCAEI0BATE]BHYIO CUCTEMATHIECKYI0 KPUTUKY TEOPUH OTHO-
CUTECJIbHOCTH, OIUDAACH MMEHHO Ha XOPOIIMYI0 aIlOJIOTEeTUuKY HdaH-
Hoit Teopuu. Citejtyst o0IIENPUHSATON HETJIACHON TPAJIUITNH, OCHOBHAS
YaCcTh JAHHON KHUT'H ITPOILIA IIPOBEPKY B PELEH3UPYEMbBIX MEZK IyHa-
POAHBIX Hay4IHBIX )KypHaTaX (GALILEAN ELECTRODYNAMICS,
SPACETIME & SUBSTANCE). B pesysbrare nocrapjieHHast 3a/1a-
14 [TOCTEeHHO BLITIOJIHAETCs, HadnHas ¢ pabot |48-55], re moapobuo
PaCCMOTPEHBI SKCIIEPUMEHTHI, JIeXKAIUe B OCHOBAHUN TEOPUHU OTHO-
CUTEJIbHOCTH, 6a30BLIe KUHEMATUYECKUE ITOHATHUA CHeL[I/IaJIbHOfI TEO-
PUM OTHOCUTEIHHOCTH U ODOIIEH TEOPUU OTHOCUTEIBHOCTH, JTUHAMU-
HYeCKUe MOHATHUA U CJICACTBUA peHHTI/IBI/ICTCKOﬁ JNHAMWKH. Cpe;u/l
OOIIEro MOTOKa KPUTHYECKUX PAbOT MPAKTUYECKU He BCTPEUAJIUCH
paboThl 10 PEIATHBUCTCKON JAMHAMHUKE. JTOT (PAKT ABUJICS OIHOI
U3 OCHOBHBIX IIPUYNH HANUCAHUS JAHHON KHUTH.
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Hacrosmas xkaura asagerca obobirmernem omybJIMKOBAHHBIX Pa-
6ot ¢ enuabix nosuiwii. (Kpome Toro, TOHKOCTH JIOTHKH BCETIA JTy 9~
e BOCIIPUHUMAIOTCS HA CBOEM DPOJHOM si3bIKe.) KarKbiil cOMHU-
TeJIBHBIH YHKT TEOPUU OTHOCUTEIBHOCTU Mbl Oy/IEM CTApaThCs, 110-
BO3MOXKHOCTH, OOCYIUTH HE3ABUCUMO OT JPYTUX, YTOOBI KAK MOYKHO
[oJjiHee yBUJETh BCio “KapTuHy abcypnaa’. OnHAKO, B IEJsX SKOHO-
Mun 00bEMA, KHUIA HE COJEPKUT NATUPOBAHUN OOCYKIAEMbBIX MO-
MeHTOB n3 yuebunkon. [loaromy npenrnosaraercs HEKOTOPOE 3HAKOM-
CTBO UMTATENIsI C OCHOBAMH TEOPUH OTHOCHTEIbHOCTH. Kpome Toro,
B KHHUTE YaCTO ODCYXKIAIOTCS HE TOJHKO ODIMENPUHATHIE TPAKTOB-
KU TEOPUHN, HO U BO3MOXKHBIE “DEIATHBUCTCKIE AJbTEePHATUBEI . DTO
CHEeJIAHO HA CAYyYail, €C/IN Y KOr0o-HUOYIbh BOBHUKHET WCKYIIeHUEe CJie-
JIATH B COMHUTEJIBHBIX TPAKTOBKAX WHON PEIATUBUCTCKUI BBHIOOD U
OOAIIPABUTE TEOpuio oTHOCHTE bHOCTH. “MoucTp” maBHO MEPTB, U
OXKUBJISITH €I'0 He CTOUT — TAKOBO MHEHUE aBTOpA.

Buibop nocsieioBare/ibHOM JIOTMKY U3/I0KEHUS JTAJIEKO HE ITPOCT:
Jutst JTF000T0 BOIIPOCA BO3BHUKAET YKeJIaHUe U3JI0KUTh B OJIHOM U TOM
JK€ MEeCTe KHUTHU Cpal3y BCe COMYTCTBYIOIIUE HIOAHCHI, UTO TTPOCTO
HEBO3MOYKHO BBITTOJTHUTE. ABTOD HaJeeTcst, 9TO €CJAU Y JIUTATeN s
XBaTUT CUJI W TEPIEHUS JOUNTATH KHUTY [0 KOHIA, TO OOJBIINH-
CTBO 3KCIPOMTHBIX BOTPOCOB W COMHEHUI OymeT TOC/Ieg0BaTeIbHO
3akpbiTo. CTpykTypa KHuru ciaenywomas. B Iyiase 1 mpencrasiiena
KPUTUKA PEJATUBUCTCKUX MOHSITUI BPEMEHU, TPOCTPAHCTBA W MHO-
UX JPYTUX ACIEKTOB PEJIATUBUCTCKON KnHeMaTuku. [rasa 2 moces-
meHa Kputuke ocHOB obmmeit Teopun ornocureapaoctu (OTO) u pe-
JATUBUCTCKOM Kocmosornu. B I'naBe 3 mambl 3aMedannsad K SKCIIEPH-
MEHTAJIbHOMY 0D0CHOBAHUIO TeOpun OTHOCUTEAbHOCTH. [Ipr 9TOM MBI
He OyJjieM 10/IpoOHO PacCMaTPUBATH OIBITHI, UMEOIINe OTHOIIEHUE
TOJIBKO K 3JIEKTPOMATHETU3MY UJIU PA3IUIHBIM YaCTHBIM TUITOTE3aM
sdmpa (310 cama mo cebe OrpoOMHAST TEMA), & MPOAHATUIUPYEM HC-
KJIFOUNTEIHHO OOIIHE OIBITHI, 3aTPArUBAIOIIIE TOJBKO CaMy CYTh pe-
JIATUBUCTCKOW KMHEMATUKY U ANHAMUKH. [/1aBa 4 COMEpKUT KPUTH-
Ky JUHAMUIECKUX TIOHSITHUI CIIEIUATBHON TEOPUU OTHOCHTEBHOCTH
(CTO), pe3yibTaToOB M HHTEPOPETAIMIT PETATUBUCTCKON TUHAMUKH.
K xaxx7oit riraBe jganbl Kparkue BoiBogbl. B Ilpuioxkennn A (mobas-
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JIEHO K 3-My M3aHUI0) AHATU3UPYIOTCS MATEMATUIECKUE TICEBI0/10-
Ka3aTeIbCTBA HeOOXOIUMOCTH CYIIECTBOBAHUA HEKONW WHBAPUAHTHOM
ckopoctu. B octampubix [Ipumoxkennax paccMaTpUBaAIOTCI IACTHBIE
TUIIOTE3BI.

Cenrsi6opn 2003 1.



I'maBa 1

Kunnemaruka crenmnajabHOI
TEOpPUUN OTHOCUTEJILHOCTU

1.1 Bseaeune

O6wrano cranmaprabie yaeoauku o CTO maunnaiorcs ¢ onucaHust
SIKOOBI CYIIECTBOBABINETO KpU3uca (PU3UKU U SKCIEPUMEHTOB, IPE-
[ECTBOBABIIMX BO3HUKHOBeHUIO 1 yrBepxKaeauto CTO. Oxnako, cy-
mecrsyer Muenue [38], aro cozmanme CTO — 310 uwncro reopern-
gecKuil “mpopbIB”, HE HYKJIABIIHUICIT B 3KCIIEPUMEHTATHLHOM 0DOCHO-
BaHUU. ABTOpD He COTJIACEH C TOI00HBIM MHEHWEM, TaK KakK (PU3nKa
puU3BaHa B MEPBYIOD OUYepENlb O0BbSICHATH PEATBHO CYIIECTBYOIINI
MWD U HAXOAUTH B3AMMOCBA3U MEXK Ty HADJIOMAEMBIMU (M3MePAEMbl-
ME) bu3NIeCKUMY BeandnHaMu. TeM He MeHee, Mbl HAYHEM KHHTY
He ¢ aHATM3a YKCIEPUMEHTOB, & C TEOPETHIECKOTO PACCMOTPEHMST Pe-
JISTUBUCTCKOM KuHEMATHKHU. Jlejo B TOM, 9TO OJHO U TO yKe HabJIi0-
JlaeMoe STBJICHNE MOTYT TIBITATHCA COBEPITEHHO TO-PA3HOMY WHTEP-
IPETUPOBATH HECKOJIBLKO Teopuii (Tak Bcerga 66110 u Oyaer B husn-
ke). Ognako, npu 0GHAPYKEHUM JIOTMYECKUX IIPOTUBOPEUNii KaKoii-
HUOYIb TEOPUU OT HeE TMPUHATO OTKA3LIBATHCA. B mcTopwu pusnkm
WHTEPIPETAIuU MHOTUX SBJEHUI MOCTOSHHO MeHsInch. U He cTouT
JYMaTh, UTO B 9TUX W3MEHEHUSIX MTPOIIEATINI BeK ObI MOCTIETHITM.

B nouru pexsiaMHOI [MOJIEp:KKE TEOPUH OTHOCHUTEIbHOCTH, B
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yuebHUKaxX 00IIell 1 TeOpeTuIecKoil (PU3NKM, B HAY THO-TIOTY/ISIPHOMN
JINTEPATYPE BBIJIBUTAETCS PAJI TE3UCOB: “O MPAKTUYIECKON BaxKHO-
CTH TEOPUHU OTHOCHUTEIBLHOCTH , “O IMHCTBEHHOCTH W 0DOCHOBAHHO-
CTU BCEX MATEeMATHYECKHUX BBIKJIAJIOK U CJEJCTBUI U3 9TO# Teopuu”,
“o mpocToTe u 3seranTHOCTH PopMysa’, “O TOSHON MOATBEPIKIAEMO-
CTH TEOPUN DKCIEPUMEHTaMu’, “00 OTCYTCTBHH JIOTUIECKUX IIPOTH-
Bopeuwnit”. Eciu ocraBuTh 10Ka B CTOPOHE BOIPOCHI JMHAMUKHU Y-
ctut (orm Gy yT paccmorpenst B Lnase 4), a paccMaTpuBaTh TOJIHKO
KUHEMaTUYeCKNE TIOHSATHS, TO HYJIeBas “IPAKTHIECKasd 3HAUNMOCTD
TEOPUN OTHOCUTEILHOCTH OUYEeBHUIHA. EIUHCTBEHHOCTH W TEOPETH-
Jeckasi 0B0OCHOBAHHOCTH PEJIATHBUCTCKON KUHEMATHKU TAKXKE MO-
*)eT ObITh TojBepruyTa comuenuto [58,65,102,111,132,144,145,148-
151,156,157|. B [48-50,52,134-138,152-155] onpo6HO mMpoaHa n3upo-
BaH Psj] JIOTUIECKUX TAPATOKCOB, KACAIOIMUXCS Oa3MCHBIX TOHSITHI
BpPEMEHHU, IIPOCTPAHCTBA, OTHOCUTEIBHOCTU OJIHOBPEMEHHOCTH U TI0-
Kaz3aHa MOJHAS JTOTHIECKasT HeOBOCHOBAHHOCTD CIIEIMATBLHON TeOpun
oraocurenbaocT (CTO). Takzxe Tam 6bLTa ITOKA3aHA COBEPIIEHHAS
sKcrepuMenTaabiag HeobocnoBannocrs CTO (srum Boupocam mo-
ceamena [1aBa 3 HACTOSAIIEH KHUTH) W KAK HEKOTOPAs JTIEMOHCTPa-
1IAsT HEETWHCTBEHHOCTHU PEIIEHHUsT OMMMCAHA BO3MOXKHOCTH JaCTOTHOM
napamerpusanun Beex Bbikaaok CTO (Takas napamerpusanus He
6bLJ1a, OCHOBHOI TIEJIBI0 IUTHPYEMBIX paboT; oHa OyIeT MpeicTaB/IeHa
B IIpunoxenusix B u C B kKagecrBe 4acTHOI runoressl).

B nannoil rnaBe Oyier moApoOHO MpeJCTaBIeHa KPUTUKA KUHE-
Marngeckux nousruit CTO u obpaineHo BHUMaHue HA Pl “LpaBIo-
moAobHbIX” ommboK n3 yueOHHKOB. Bcé 310 3acTaBiser BepHYTLCS
K KJIACCUYECKUM MOHATUSM ITPOCTPAHCTBA U BPEMEHU, KOTOPbIE B~
Ho copmysiuposad emg HeioTon B cBoux Mamemamuyeckus Hava-
AGT HAMYPaALHOT Pusocopuu, GiiecTsine oboOIUB pabOTHI MPETITIe-
CTBEHHWKOB (B MEPBYI0 09€peab JAPEBHUX I'PEKOB). IL0CKOIBKY pe-
JISTUBUCTBI, CTPEMSICh BO UTO OBl TO HI CTAJIO PA3PYIIATh MTPEKHUE
npejcraBaenns (IPUANPAACH, B OCHOBHOM, K CJIOBY “abCOTIOTHOE”)
u Jirob0oit eHO# YTBEPANTh HEUTO ‘CBOE HOBOE U BEJIMKOE’, CAMU HE
CMOTJIU JaTh HUKAKUX ONpEeeIeHui TOHITHIM BPEMEHH, IPOCTPAH-
CTBA U JBUXKEHUS, & TOJIBKO MAHUITYJTUPOBAIN C YIIOMAHYTHIMHU CJIO-
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BaMM, TO CTOUT BO BBEACHUU JaTh XOTA 6bI KpaTKne KOMMEHTapun
10 HprOTOHOBCKHM K/IACCHYIECKNM TOHSTHSIM [28].

Heroron, ncxoausmmmit n3 npakTwyecKux moTpebHoCTel ecTecTBO-
3HAHUS, OCO3HABAJ, YTO YIIOMSIHYTHIMU ITOHATUSIME TPEKPACHO “BJia-
JIEIOT M IIPAKTUYECKU [0Jb3YIoTcst” Jt00ble »KUBbIE CYIIECTBA, Ha-
npuMep, HaCeKOMble (HeCmOCOOHBIE TI0 MHEHUIO JIIOfeH K abCTpaKT-
HOMY MbIieHnto). Crie0BaTe/IbHO, STH TOHSITHST OTHOCATCS K OC-
HOBHBIM, TO €CTh HE OTIPEeesIgeMbIM Yepe3 IT0-1100 TOHATHAM. 3Ha-
YUT, MOXKHO JIaTh TOJbKO MEPEUYUCJIEHNe TOro, UTO OYIeT mogpasy-
MEBATHCS IO/ ITUMHU MOHSATUIMHE WU UCIOIB30BATHCA HA MPAKTH-
Ke, U BBIJIEJUTH Ty abCTPaKInio, KOTopasd OyAeT M0/Ipa3yMeBaThCs
B UJeaIN3NPOBAHHBIX MaTeMaTHIeCKUX BhIKIa Kax. [Tosromy Hero-
TOH YETKO OTJe i abCOJIFOTHOE, HCTUHHOE, MATEMATUIECKOE BpEMs
WJIN JJIATEILHOCTE (BCE 9TO B IAHHOM CJIy9ae IPOCTO CHHOHUMBI!) OT
OTHOCUTEJILHOT'O, KasKyIIerocsi Ui 0ObLIeHHOT0 BpeMenu. Takum 06-
pa3oM, BpeMst 03HaA4YaeT MATEMATHYECKOE COLIOCTABIJIEHNE JIJIUTEBbHO-
CTU KCCJIEJYEMOT'O IIPOIECCA C JINTEBHOCTHIO STAJIOHHOTO IIPOIEC-
ca. Bo3MOXKXHOCTE BBEIEHUST €IMHOTO BPEMEHU B KJIACCUYIECKON (hu3u-
K€ HAITPAMYIO He ObLIa CBA3aHA C OUEeBUIHON KOHEUHOCTHIO CKOPOCTH
nepegaun curaaioB. CKopee moJiyIeHne enHOr0 BpEMEHH CBSI3aHO C
YBEPEHHOCTHIO B BO3MOXKHOCTD [TEPECTETa BPEMEHU C 33 IaHHOM MPaK-
THYECKON TOYHOCTBHIO W3 MeCTHOro (JiokajbHOro) spemenu. CoBep-
MIEHHO aHAJOTHIHBIM 00pazom Hbioron oTmennmn abCOMIOTHOE TPO-
CTPAHCTBO OT OTHOCUTEILHOTO, BBIJIEINI A0COMIOTHOE U OTHOCUTE/Ib-
HOE MECTO U pasjiesini abCOJI0THOE 1 OTHOCUTEIbHOE JiBUKeHue. Fe-
JI OJTHOH W3 IeJiell HAyKW CUYUTATh IIOUCK ITPUYNHHO-CEICTBEHHBIX
CBA3ell dABJICHUN, TO BAKHbLIA NO3UTUBHBIA MOMEHT KJIACCUYECKO-
ro Mojxo/ia 3aKJI0YaeTCd B OTJeJeHUN OD0bEKTa HCCJIE/I0OBAHUS OT
ocraabuoii Beenmenmnoit. Hanmpuwmep, B momassiioreM GOJTBITHHCTBE
cayJaeB “IBUKEHUE 7133 HAOIIOAATEsIsT HE OKA3BIBAET 3aMETHOTO
BJIMAHNSA HA KOHKPETHBIN MPOTEKAIINI MpoIece, U yK TeM Gojee
Ha, BCIO ocTaBinyiocd Bceemennyio. Komeuno, GhIBAOT “KazKyimecs
adpberThl”, HO OT HUX OOBIYHO U3DABIAIOTCS TPATYUPOBKOH npubo-
POB, TIEPECIETOM H T.ZI., 9TODBI COCPEIOTOIUTHCA UMEHHO HA HUCCJIe-
nyemom rporiecce. Kitaccuyeckne noHSTHS KUHEMATHKU (hakTude-
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cku W OblIM BBejeHbl HbIOTOHOM /s ONpejiesieHnsi He3aBUCUMBbIX
OT MCCENYEMOTO TPOIECCa PENEPHLIX TOYEK M TAJIOHOB. ITO CO-
37261 6a3y JUd €IMHOTO ONMCAHMS CAMBIX PA3/JNYHbIX (PEHOMEHOB,
CTBIKOBKHM Da3HBIX 00JacTell 3HAHUS W YIPOIIEHUs onucanus. la
M UHTYUTHUBHO KJIACCUYECKUE I[OHATHUS COBIA/AIOT C TE€M, YTO JAHO
HaM B OINYIIEHUSAX, U He MOJB30BATHCSI 3TUM — BCE PAaBHO, UTO CH-
anrbed “xouuThb Ha yiax’. Iloaromy, eciu BAPY!' B HEKOTOPOM OLIMCa-
HUW HEKOE BPEMS HAYMHAET 3aBUCETH OT KAKOT'O-TO MPOTIECCa, 3HAUNT
BCETO-HABCETO ObLT BLIOPAH HEMPABUJIBHBIN 3TAJIOH WM eIy TaHbI
nouATHd “Bpems’ u “vyachk’’. MHOrOBEKOBOE pa3BUTHE HAYKW TTOKA3bI-
BAET, UTO KJIACCHUIECKUE TIPEJICTABICHIUS KMHEMATHKHU (HAYABIINECS
0pOPMIATHCS eE IPEBHUME TPEKAME) HE TIPUBOAAT HU K BHYTPEH-
HHAM JIOTHYeCKUM ITPOTHBOPEYHNAM, HH K MPOTUBOPEIHSAM C 3KCIEPH-
MEHTaMH.

Ilepeitaém Teneps K ToMy, 9TO ke “HaTBOpPUIKN B 3TON 0obsacTu
PEeIATUBUCTEL U PACCMOTPHUM JIOTHYECKHEe IIPOTUBODeUUs OA3UCHBIX
mouaTuit npocrpancTsa u BpeMmenu B CTO. Hauném ¢ mouarusa Bpe-
MEHH.

1.2 PeaaruBucrckoe BpeMsa

J1st HagaJIa 3aMeTHM, KaK [IPOIIE BCEro JOKA3aTh OMMHO0IHOCTD K1~
HEMATUYIECKUX TOHATHH TEOpWHu OTHOCUTETbHOCTH. JIma pesysibTra-
TOB THIA “Ja-HeT’ TOJBKO OIHO W3 PA3HBIX MOKA3AHMNA ABYX HAO/I0-
maresieii Morio Obl ObITH BepHBIM. Cle10BaTEIBHO, KAK MUHUMYM
OJINH 13 ABHKYIINXCsS HaO/I0aaTe el Obl1 ObI HEIpPaB BO B3aUMOKC-
kJoUaronmx MaeHusK. OHAKO, CUTYAIUIO BCErJa MOXKHO CeJaTh
CHUMMETPHUIHON OTHOCHTEILHO TPETLEro, ITOKOSIIErocs HabJIro1aTe-
qs. Torga ero mokasaHus 6yIyT COBIATATE C KJIACCHIECKUM (TIPOBE-
perrbiM Tpn v = () PE3YBTATOM, U K 3TOMY DPE3YJILTATY JOJIKHBI
6bLIM OBl TIepeiiTH TMOKA3aHWA U [IEPBOT0 U BTOPOTO HADIOATENs.
()ZLHELKO7 BCJICACTBUE OBUMKEHUA KaK II€epBOTro, TaK W BTOPOro Ha-
6II00aTe IS OTHOCUTENLHO TPETHLEr0 HAOII0IaTe N d, TOKA3AHAA BCEX
Tpéx nabsrogaresneit OynyT pa3andHbIMU. BCieacTBIe CHMMETPUIHO-
CTH CUTYAIlMU HEIPaBLIMU OKA3LIBAIOTCS KaK IIEPBLIH, TaK U BTOPOIi



22 I'JIABA 1. KHHEMATHKA CTO

HAOIIOATEN b, & BEPHBIH Pe3yabTaT (KJIACCHYECKWil) OMUCHLIBAECTCH
TOJILKO TPEThUM, HMOKOAMMCs HabmonareeM. VIMEHHO Tak IOKa-
3BIBA/IACH TPOTUBOPEIMBOCTh NOHATUSA Bpemenu (0HO HeoOparumo!)
B MOAUMUIMPOBAHHOM Tapaokce Om3uernos [48,51] u mpoTuBope-
YUBOCTH OHATHS “OTHOCUTENBHOCTE OHOBpeMerHoctu” [50]. (Bame-
THM, YTO THArpPaMMa IPOCTPAHCTBa-BpeMent [33| ue Mensier Gusuky
J1a2Ke 00BIYHOIO MAPAJIOKCa OJIM3HEIIOB: BCE JIONOJTHUTEIBHOE CTape-
HUe 3eMJIsTHUHA BO3HUKaeT BHe3arHo (!) mpw nepemene JBUIKeHUsT
KOCMOHABTA, B JIaJbHEl TOUKE W TOJBKO TeOMEeTPUYECKH BhIparKaer-
Csl KAK CMEHa JIMHUI OJIHOBPEMEHHOCTH ).

Amanns Teopum OTHOCHTEILHOCTH HAYHEM C TPAJAUIAOHHOTO
KJTACCHYIECKOTO TTapaIOKCa OJIM3HETIOR

Knaccnueckmit mapaaokc 6Jim3HENOB

Ob1men3BecTHOE TPABIOION0OHOE “00bsIcHeHne” TPASUIINOHHOrO Ta-
pajiokca OJIN3HEIOB COCTOUT B YKA3aHWHM HA, HECUMMETPUUIHOCTE CH-
Tyaluu: JBe CUCTEMBI OTCUETA HESKBUBAJEHTHBI BCJIEJICTBUE HAJIH-
UHsT YCKOPEHUsSI V OJHOrO U3 OJM3HEIOB MPU PA3BOPOTE €r0 PAKeThI.
K coxanenuto, “marusi MmareMaTuku’ (C MPUBJICICHUEM CMEHBI JIU-
HUM OJHOBPEMEHHOCTH WX BEPOil B OOIIYI0 TEOPHUIO OTHOCHTEIBLHO-
CTH) THITHOTH3UPYET MHOTHUX HcCaeqoBareseil. OHAKO OTHUX UTD C
MaTEMATHYCCKUMHNU CUMBOJJIAMU HEJOCTATOYHO OJIA CbI/I3I/IKI/I: CbI/ISI/IKa
3aHUMAETCS TIOUCKOM IIPUYWH SBIEHUN, MEXAHU3MOB UX PeaTU3AINN
1 PUBMIECKUM CMBIC/IOM UCIOAB3YEMbIX Bejnand. Menno stum du-
3UKa OT/IndaeTcd oT Maremaruku. Pazbepém posib yCKOpeHuit.
Hamomunm, 910 pesgTuBUCTCKOE COOCTBEHHOE BpEMs JIH000T0
0o0'beKTa He 3aBUCUT OT CKOPOCTU JIBUKEHUsI CAMOI'O 3TOr0 OObEK-
Ta, AaHAJIOTMIHO KJAacCHIecKoMy BpeMmenu. [lycTh mepBhiil GnsHer:
OCTaJIC B MHEPIUAJIBHON CHCTEME OTCUYETa 63 TpaBUTAINN, BTOPOI
ke OJIM3HEI — KOCMOHABT-ITyTEIeCTBEeHHUK. Bo-TIepBhIX, BCIIOMHUM,
ato coracuo yuebnmkam CTO, Mo MHeHWI0 KaXKJIoro u3 Opa-
THEB, 70 YCKODeHust (10 pa3sopora) Apyroit Gpar 1o/keH OBITH
MoJioxke. OTMETHM 9TO HG4AAbHOE COCMOAHUE — N0 yCKoperus. Bo-
o0I111e, BO BpeMsI BCETO TI0JIETA, 3a UCK/IIOUEHIEM BPEMEH YCKODEHUI,
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curyarust 8 CTO mosHOCTRIO cuMMeTpuyHa [ist 060X OJITH3HEN0B
(Takoe TOJIOKEHWE f1eJT TIpUHUMaeTcst yaebaukamu). CienoBaTe/ib-
HO, [T0 MHEHHIO KAaYK/0T0 U3 OpATheB yBeJMYeHNEe BO3PACTA JAPY-
roro 6para J0JI2KHO ObITH MeHbIE, YeM COOCTBEHHOE YBeJMYeHUe
BO3PACTa 3a 9T (HEYCKOPEHHBIE) 9acTu moséTa. Tak Kak yCKOpsiics
TOJIbKO OPAT-KOCMOHABT, TO (COTJIACHO PEIATUBUCTCKUM YIeOHUKAM )
MMEHHO OH U OObSIBASETCS MOJIOXKE Opara-j1oMOcea 1IPpU BCTPEYe.
1o Komeunoe cocmosarue. Ho MOCKOIBKY OMOJIOKEHNE (JBUIKEHWE
cobCcMBENH020 BpEMEHH BCIISATH) HEBO3MOXKHO, TO 33 BPEMsl YCKOPe-
HUsT OJIMBHEI-KOCMOHABT HE MOT CTaTh €Ié 60Jiee MOJIOIBIM, TeM 10
YCKOPEHUsT, 9TOOBI TIOMEHSTH CBOIO PA3HUIYy B BO3pacTe ¢ HpaTom
(o muenuro Gpara-oMocesa) ¢ IICA Ha MUHYC (BCIIOMHHTE OTMe-
YeHHOE paHee “HavdajbHOE COCTOSHUE 10 YCKOPEHWs ). 3HAUWT, €C-
g BepuTh B pesyabratel CTO, 6par-goMoces JOKEH MOCTapeTh
HAMHOTO GoJibinie Gpara-KOoCMOHABTa (ITOOBI KOMIEHCHPOBATH Ha-
JAIBHY O TTPOTUBOIIOJIOYKHY IO PA3HUILY B BO3PACTE 10 MHEHUIO OpaTa-
KocMOHABTA). [I0CKOJIBKY € TMHCTBEHHBIM BO3/ICHCTBHEM OBLIO YCKO-
penwme, TO, C TOYKHU 3peHus OJIM3HEIA-KOCMOHABTA: YCKOPSETCS OH
cam, a crapeer-to Owictpee apyroit 6par! (He 3anpernts sm xoc-
MOHABTAM ¥ CIIOPTCMEHAM YCKOPATHCS, ITOOBI BCE BOKPYT MEHDIIE
crapenm?) B 4ém ke mpuanna mog06HOTO “aBIeHIsI-HA-PACCTOSTHIN !
Ha u MexaamsM oTcyTCTByeT (yCKOpeHue OJIn3Hera 2 He MOXKET BJIN-
ATh HA PACCTOSHWM Ha cTapeHue 6imsnena 1).

Bo-BTophIx, Kak BUIHO W3 PUCYHKA 1.1, IJTMHBI yYACTKOB C YCKO-
penusivu |OA|, |BC|, |CB| n |AO| M0XKHO Jijisi pasHbIX [OJIETOB Bbl-
6paTh OMHAKOBBIMU (3a(bUKCHPOBATH), & JJIMHBl YIACTKOB MOJIETA
¢ GOJIBIION OJMHAKOBON 1I0CTOsIHHOT ckopocTbio |AB| u |BA| cyuie-
CTBEHHO MEHAITH /I PA3HLIX MOJIETOB. HampmMep, B omHOM Cirydae
BBRIOpaTh NOJET Ha paccTosHue 50 CBETOBBIX JIET, & B IPYTOM CJIyYae
— #a 100 ceeroswix jer. OYeBUIHO, YTO OAHO U TO K€ yCKOpe-
HUE He MOXKeT OObICHUThL PA3HYIO DA3HUIly B BO3pacTe ABYX map
6usHenos (to —t1 ~ 50 et u ty —t3 ~ 100 €T COOTBETCTBEHHO NMPU
v — c¢). llnade repsieTcd NPUYUHHOCTB: YCKOPEHUE BEIb OJHO U TO
JKe, a €ro BIAUAHHE PA3/IMYHO s PA3HBIX map OausHenos! PassuBas
9TY MBICJIb, MOYKHO TIOCTOSTHHO MEHSITh 3HaK ycKoperus (< v >= ()
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Puc. 1.1: Poab yckopenwuii B mapaiokce OJIM3HEIIOB.

u OyJIeT TTPOU3BOJIBHOE JOMOJTHUTEIbHOE CTapeHne (Toraa He UMERoT
cvbicaa opmyast CTO pns 3amMejjieHust BpeMEHH ¢ TTOCTOSTHHOM
CKOPOCTBIO).

B-Tperbux, 6Gpar-moMoces] MOXKeT NMPUHATHL yJ9acTHe TOJbKO B
YCKODEHHBIX JABHXKEHHsX: Tya Ha ydacTkax |OA| u |[AK|, u obpar-
HO. DTH YYACTKH TOJHOCTHIO UJIEHTHYHBl AHAJOTMYHBIM yYaCTKaM
npuxkennst 6para-kocmonasra: ryga |OA| u |BC|, obparno |CB| n
|AO|. Bpar-moMoces MOKeT CTapTOBATh B PACUETHBIN MOMEHT ITPO-
JiéTa OpaTa-kocMoHaBTa uepe3 Touky R. B pesyabrare Oymer nabiro-
JIATHCsI TOJIBKO CMeIlleHne BpeMEeH! Hada/la YCKOPEHHBIX JBUKEHHUIA.
CuteioBaTeIbHO, KJIYEBOE OTIMYNE B YCKOPEHUSIX MCUE3aeT, TaK KaK
06a 6m3Hera OB BOBJICYEHBI B OJMHAKOBBIE (II0 UX COOCTBEHHBIM
BDEMEHAM ) YCKODEHHbIE JIBUZKEHMUSI.

B-ueTBEpPTHIX, NPEIONIOKUM TeNepb JAPYrylo curyanuto. Ilep-
BbIii Opar ocraércs Ha 3eMyile W HaXOJAWTCS 107 JedCTBUEM IIPH-
BBIYHOI CHJIBI TsizKecTH (YCKOpeHue cBoOOHOrO maienus g). Bropoii
Opar yCKOpsieTCsl ¢ TAKUM Ke YCKOPEHWeM g TOJIbKO Ha, yYacTKaxX
|OA|,|BC|,|CB| n |AO|. 3amernm, 9T0 PENSITHBUCTCKNAE CKOPOCTH
MOTYT OBITH JIOCTUTHYTHI TIPU TAKOM YCKOPEHWW 33 BPEMS MOPSAIKA
rojia. O9eBUIHO, YTO 3a 3TOT I'0J YCKOPEHHOTO JIBUXKEHUsI He TIPO-
M30HIET HU YCKOPEHHOIO CTAPEHUsI, HU yCKOPEHHOTO OMOJIOXKEHU.
CureioBareIbHO, HAa KOCMOHABTA YCKOPEHHe g BJMSIET TOJbKO Ma-
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JIVIO 9aCTh ero nojiéra. bpar-momoce Mor OBl Jaxke Ha BpeMs paB-
HOMEPHOI'O II0JIETa, CBOETO Opara-KOCMOHABTA YIAJIATLCSI B KOCMOC,
9TOOBI HE UCIBITHIBATH NPUTSXKEHNE M &, TOTA CUTYAIUs st
HEX ObLaa OBl MMOJHOCTLIO MAEHTUYIHON, BEIb COLJIACHO ODIINei Teo-
pyun OTHOCHUTEJIBHOCTH BJIUAHUEC I'DaBUTAIAN C BEJINYNHOR g " BJIWA-
HHe YCKOPEHNs g 9KBHUBAJEHTHLI. KTo Ke Tereps OyaeT Mosoxke? Bo
BCEX PACCMOTPEHHBIX PAHEE CJydasix OTCYTCTBYET MEXaHU3M BJIHsI-
HUSA YCKOPEHUsT OHOTO W3 OJM3HEI0B Ha BO3PACT APYTOro OJIM3He-
ma. Takum o6pa3oM, COBIAJEHHE MaTeMAaTUIECCKUX CHMBOJIOB C 3a-
paree Tpebyembimu pesyabratamMu CTO — we Gojee weMm TOTOHKA,
¥ IepBOHAYAJIBHOE “00bACHeHNe” TMapaIoKca OJH3HEOB ¢ IOMOIIBIO
yckopenns (ditamreitn, [Taymm, Bopn, Jlays) moxer 6bITh cano B
ILLILHBIA ApXUB KyPLE30B HCTOPHU HAyKH.

YCKOpeHHs ¥ CKOPOCTH MOTYT OLITH PA3/INYHLl Y PA3HBIX KOCMO-
HaAaBTOB B IPOIIeCCe MX ABUXKEHNA, HO BCerJa MOXKHO OPTraHU30BaTh
BCTPeYy B OZHON TOUKE, M 0 MHEHHIO KarXJ0r0 BO3PACT OMHOIO H
TOrO 2Ke 00bekTa Oymer pazsuden, uro Heseno. [lonpodubrit anaan3
TEOPHH OTHOCUTEILHOCTH IPOIOJIKIM TellePh PACCMOTPEHNEM BHIO-
M3MEHEHHOIO 1apPaI0KCa OJIM3HEI0B.

MoandunnpoBaHHbIil TapaJoKC OJN3HENOB

[IpegBaprTelbHO HATTOMHUM, 9TO B KJIACCHIECKON (hU3MKe Pe3y/Tb-
TaThI, TIOJIyUYEHHBIE OJTHUM U3 HAOJOIaTeN e, MOTYT ObITh UCIOJIB30-
BaHBI JTIOOBIM ApyruM HabmogaTeeM (B TOM 9UCIe U UCCIeI0BaTe-
JISIMU, BOBCE He YIaCTBOBABIIUME B 9KcrepuMmenTe). [losromy Harra
1eb B JIAHHOM Caydae — COPMYINPOBATD TAKYH CHMMETPUIHYIO
ITOCTAHOBKY 33/[a4u, 9T00bI OTBET OBbLI OYEBUIEH U3 3/PABOI'0 CMbIC-
na. Pengrusncrsr ke, mocrostHHo (1) oTpekaromimecst 0T 37paBoro
CMBICIA W BEPSIIIE BO BCEOOITHOCTH OTHOCUTEIHHOCTH, TTPOCTO 0bs-
3aHbI OBLIM OLI TOIJA PACCMOTPETH W COMOCTABUTEL MEXKIY CODOIL:
1) m pe3y/sbraThl KCIEPUMEHTA I KaXKJ0T0 N3 YIaCTHUKOB, 2) U
DEJISITUBUCTCKUE TIPEJICTABICHUS (PACIEThl) KazKJOr0 yIaCTHHKA O
pe3ynbTaTax HAOIIOMEHWI M PACIETOB KAXKIOTO IPYTOTO HAOIIOma-
tesst! TonbKo TOTMa PEAATHBUCTBI CMOTTH BBl TTOKA3aTh OTCYTCTBHE
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IPOTUBOPEYNi U HADTIOAEMOCTD CBOUX PEIATUBUCTCKUX I(PHeKTOB.
O/1HaKO MOYEMy-TO OHU HE CTPEMSITCS B 9TOM BOIIPOCE K yCTaHOBJIE-
auto VlcTtuHbl, & Te HEMHOTHE, KTO MPOIEJbIBAI MOLO0HBIN aHaun3,
Jinb0 KOHCTATUPOBAJIM OTCYTCTBUE PEIATHBUCTCKUX PDEeKTOB s
cxeM ¢ aByMmst Habmomarensvu (u 3asBasau 06 3ToM), b0 obHApPY-
’KUBaJIN HAJIMYME TPOTUBOpeUnii 1pu GoJibiieM ducsie Hab/oare-
aeli (nanbosiee gecTHbIE U GECCTPAIIHBIE JIaZKe EPEXOJN/IN B JIArePhb
KPUTUKOB TEOPUU OTHOCUTETHLHOCTH ).

HexoTopbie peigTUBUCTHI TIPEIHAMEPEHHO TIYTAIOT BpEMs COOBI-
THA W BpeMd ToJiydenund wH(popMalmu 0 coobitun. [losTomy caema-
€M TaKKe TPeJIBAPUTETbHOE 3aMeUaHe OTHOCUTEIBHO “DeITTUBHUCT-
CKOIf MKOHBI” — MeTO/1a CHHXPOHHU3AINN JifHimTeiina. /laxe npesuss
NPUMUTHUBHAS HAyKa HE OIYCTWIach Obl J10 Opejia mapHOro corJia-
COBAHMS BPEMEHH, TaK KaK J1000il MeTo/| oapHoil CHHXPOHUBAIUH
HCIIOTB3YET HEKOTOPOE TEOPETUIECKOE MPEJICTABIeHNE (U 3aBUCUT OT
nero). Hanpumep, eciiu B ipeBHUE BPEMEHA AP, YIIEANHUH B J1a/1b-
HUH TI0XO0JT, IOJIYYa/l U3BECTUE O POXKIEHUN ChIHA, & TOHEI J00upaJsics
JIO HETO MOJITO/Ia, TO IAPh, ECTECTBEHHO, MOHNMAJI, UTO CBIH DOJIMJICS
HE B MOMEHT TOJTyYeHUsI M3BECTHS, & TOJITO/1a Ha3a l (omubKy yaasa-
JIOCh M30€eraTh MOTOMY, UTO JIFOJIN UCIOIb30BATIH JIJI 00bEKTHBHOTO
oTCY€Ta BpEMEH! He3aBUCUMBbIH OTIaJIEHHBII NCTOYHUK CUTHA-
aoB — Counnge). B cybbekTuBucTckoM MeToge DHHIITEHHA BpEMsT
JUTst TIPOCTPAHCTBEHHO pas/e/IeHHbIX HAO/II0/aTes el TaK»Ke BbICTaB-
JISIETCSsT HE B MOMEHT IpuéMa CHUTHAJA, 3 PACYETHBIM Iy TEéM (HHAUE
[OJIyYMJINCh OBl 1IOJI3YIIME YAaCOBbIE 105CA B 3aBUCUMOCTH OT pPac-
CTOsTHWSI, U HUKAKON cuaxponusarun). Cama CUHXpPOHH3AIM JWH-
mrefiHa 3apaHee MOCTY/JINPYeT PaBEHCTBO CKOPOCTHU CBETA B
JIFODBIX /IBYX IIPOTUBOINOJIO2KHBIX HallpaBJieHusax. boJjee Toro,
HUKAKOU CUHXPOHUBAINNA HA CAMOM Jieje He TPOUCXOMNT: KaXKIbIii
W3 YYACTHUKOB MCKYCCTBEHHO MPUITACHIBAET JIPYTrOMY YUIACTHUKY
BpeMsd II0 CBOMM PAacY€TaM U Jajiee XKUBET C 3TOI BepOil B cBoeit
rosioBe. UI Bce MBIC/EHHBIE SKCIEPUMEHTHI AHAJIU3UPYET Ha OCHOBE
9TO#1 Bepbl, T.e. COOCTBEHHBIE JIAHHbIE CPABHUBAET C COOCTBEHHBIMU
xe pacuéravu! Kakag yx 1y obbexTuBHOCTH?! IlycTh mepshiit u3
B3aUMHO TOKOSIIUXCs HAOJII0]aTeseil TTOChLIAET CUIHAJ BTOPOMY O
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TOM, 9TO OH BBICTABWUJ HYJIEBOC BpeMd B MOMEHT OTIIPABKHN CUTHAJIA.
[Tonyuwus curnaj, BTopoit HabJ/IIOIATENL €€ HE MOYKET BBICTABUTH
HUKaKoe corjiacoBantnoe Bpems! [TosToMy OH MTHOBEHHO OTpaXKaer
9TOT CUTHAJ 0OPATHO, 3AIIOMHUB BPEMS 110 CBOUM HECUHXPOHU30BaH-
HBIM 4YacaMm. lernepsb, mOJyduB CBOM COOCTBEHHBIN CUTHAJJ 00PATHO,
[ePBbIi HAOJIIOATE/h 10 CBOMM YacaM MOXKET PACCYUTATDH BPeMs
HOJIyYeHUsl CUT'HAJa BTOPbIM Habuonarenem, HO (1) upu ucnonb3o-
BaHUW TUTMOTE3bl M30TPOMUN CKOPOCTU CBeETa (T.e. O PABEHCTBE
BpeMeHU PACIpPOCTPAHEHUs CBETA TYIa U BPEMEHU PaCcIpPOCTPAHEHUS
cBeTa 06paTHO), pasjesus nporresimiee Bpems mnonosam (27/2 = T).
A 5Ty runoresy cromso Gbl TPOBEPUTH SKCIEPUMEHTANBHO (MHAYE
MAHHBIN METOM CHHXPOHU3AIMN — UCKYCCHO BHeApEHHAaa mepedpasn-
POBKa MOCTYJIATa O TOCTOSTHCTBE CKOPOCTH cBera). [list Toro, urto-
ObI BTOPOI HAOIIOMATE/H BCE-TAKW CMOT BBICTABUTH KAKOE-TO COTJIa-
COBAHHOE BpeMsi, ITEPBbhIi HABII0IATE b TOXKE MI'HOBEHHO OTPayKaeT
cBoii curuaj. VI TOJIBLKO MOJIyYWB 3TOT JBAXKJIbI OTPAYKEHHDBIN CHT-
HaJI, BTOpPO#l HAOII0/AaTe/ b MOXKET PACCYUTATD, KOIJa OBLIO HyJle-
BO€ BpEMs II0 4acaM [epBOro Habsromaresids u Tekyinee Bpems 317
(2T/2 =T = T + 2T = 3T'), v BHICTABATH CBOW YaCHI 110 9TUM pac-
qéTaM, T.e. CMOXKET CHHXPOHU30BATh BpeMs. Ilpu sToM on TOXKe 10J-
JKEH BEPUTh B TUIIOTE3Y M30TPOIMHOCTH CKOPOCTHU CBeTa. Ternepsb y
obomx Ha gacax Oymer crosTh 31. B manpmeiineMm, Korma Mbl 6ymem
TOBOPUTH, UTO BpPeMsl B3ANMHO MOKOAIUXCST PA3IETEHHBIX HADTFOIa-
TesIell CHHXPOHU30BaHO (TI0 DUHINTEIHY ), MBI OyIEM TTOIPA3yMEBATD,
YTO TPOJEIAHa UMEHHO TaKas Mporeaypa. (Xors, ecim CymecTByer
3¢dup, U OH UMeeT HEHYJIEBYIO COCTABJISIONIYI0 CKOPOCTU BJOJIb JIU-
HUW, COeJUHSAIONIEN 3TuX HabJaromaTeaeii, 70 Oyger 0TCyTCTBOBATH
H30TPOIUST CKOPOCTHU CBETA.)

Ilepeiiném Temepsb k camomy mapagokcey. IlycTs aBe KooHUM 3eM-
JsH A u B HaxomsaTcst B KOCMOCe Ha OOJIBITIOM PACCTOSHUY JPYT OT
apyra (Puc. 1.2). ITocpenune vaxomurcst Mask O. OH HOCBLTAET CHUT-
HAJI, C TPUXOJOM KOTOPOTO € KAXKION KOJOHWW CTAPTYeT TO OJTHO-
My KOCMHYECKOMY KOpabro ¢ GJu3HernoM. 3aKOHBI YCKOpeHus (J171st
JOCTHKeHUsT GOJIBIIOl CKOPOCTH) 3apaHee BHIOMPAIOTCS OJMHAKOBBI-
mMu. B MomenT mposiéra ¢ 60JIbII0# OTHOCUTEIBHON CKOPOCTBI0 MUMO
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Puc. 1.2: MogudurmpoBaHHbIil TapaIoKC OIN3HEIIOB.

IpyT Ipyra (Bo3je MasKa) [0 MHEHUIO KazK/I0r0 KOCMOHABTA JIPYTOil
Jo/KeH ObITh Oosee MOIOABIM. HO 9TO HEBO3MOXKHO, TaK KaK OHU
B 9TOT MOMEHT MOr'yT cdoTrorpadupoBaTh cebd n Ha 00paTHOI CTO-
POHE 3anKcaTh CBOM BO3pacT (ujm gazxe 06MeHsaTbes (pororpadusvu
mudposbiM MeTonom). He GyryT ke TIpU MOCJIE Iy FOIIEM TOPMO-
JKEHUU OJIHOTO M3 KOCMOHABTOB Ha poTorpacdun apyroro KOCMo-
HABTA MOSABIATHCS MOPIIMHBI (3TO K BONPOCY O POJM YCKOPEHWI B
napajiorce GJIM3HEIOB).

DTOT MMApajOKC MOXKHO eIié Hojiee yCHJIUTb, ecjau CHOpPMYyIu-
poBaTh €ro Kak TapajioKc OTHOrO0K, MockoabKy B CTO mexima-
pPUPYETCS HE MEePEHOC Havaja OTCYETA BPEMeHW (HAanpuMmep, Kak B
JaCOBBIX TIOsICAX HA 3eMJie), a W3MEHEHHEe CaMOro XOJa BPEMEeHH
(mmarensrOCTH). 3aKOHBI YCKOPEHUd (PA3TOHA) W MOCIEYIONIIE 0~
CTOSHHBIE CKOPOCTH IBHKEHHS paKeT 3apamee BLIOPAHLI OJUHAKO-
BbIE. HyCTb Tenuepb C Ka)K,Z[OI‘/JI KOJIOHUUN CTapPTyeT CeMbd KOCMOHAB-
TOB, U IIYCTL CPa3y IIOC/e NPEKPAIIEHN BCEX YCKOPEHHDIX JIBIKEHMI
Ha KaXJI0M Kopabsie poamiock mo mjagenity. [lokogmmecs oTHOCH-
TeJHHO MasgKa Hab/IogaTesn B ToUKax Ao 1 By MOryT IOATBEPAUTD
daxT MOABJIEHNsT COOTBETCTBEHHO M ieHIes 1 u 2. Bpems tpéx mo-
Kostimuxcs Habsroparesneit (Ag, By, O) 6bL10 3apaHee CHHXPOHU30Ba~
HO (HAITPUMED, OTTUCAHHBIM BBIIIIE METOIOM DIHINTENHA), U, B CIydae
HEOOXOAMMOCTH, 00IIee HAYAI0 OTCUETA BPEMEHW MOXKeT OBITH pac-
JETHLIM 06pa30M COBHHYTO Ha, OJUHAKOBYIO BEJIUYHHY, HAIpUMeEp,
OpPU TIOJy9€HUH CUTHAIA (110 COOCTBEHHBIM 9aCaM KazKI0r0 HADJII0-
naresisi). A B MOMEHT POXKICHWS MJIAJICHIIEB BpeMsi CHHXPOHU3YETC ST
yKe OJjid BCEX TMATN YIACTHUKOB! HyﬂeBOfI OTCYET BpeMeHu yCTaHaB-
JUBAETCS I KazK/IOr0 U3 JIBYX MJIAJICHIIEB-KOCMOHABTOB (BpEMsI
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ByZleT mpOCTO OTCUUTBHIBATH WX BO3PACT), /i 000MX CBUjETEseli-
Habsrogareneit 8 Toukax Ag u By (OHE CIBHTAIOT CBOE HAYATIO OT-
CcuéTa BPEMEHU HA HOJIb U MOCHLIAIOT CUTHAJ HADJIOMATE IO HA MAIKe
0 TOM, Ha CKOJIbKO HAJO0 CIBHHYTH CBOE HAYAIO OTCIETA BPEMEHH) U
JUT HADJIIOATE IS HA MasiKe, KOTOPbBIM CABHHET CBOE HAYAIO OTCIE-
Ta BPEMEHHU T032Ke, TI0C/Ie MOJIYIeHns CUTHAIA 00 3TOM (1 0 TOM, Ha
CKOJIBKO HAJI0 CABUHYTH Hauaa0 orcuéra). OpHAKO 1iaHera 3emiis
JIOCTATOYHO OOJIBINAs, W BCETA MOXKHO HANUTH TOTO, KTO OBLI POXK-
JIEH IMEHHO CTOJIBKO JieT HazaJl (Koryma Habsonarenn 8 Ag u By yBu-
JIeJTn POJKIEHUE MJIAJIEHIIEB-KOCMOHABTOR) M JIOCTABUTEL €r0 HA Ma-
K (B KQUeCTBE TPETHEro MJIAJICHIA-TIOMOCEIA CO CBOMMU JTE€TCKUMMU
dbororpaduavm u Guorpaduaeckumu Bugeozanucsayu). MiaageHtbi-
KOCMOHABTHI BBIOMPAIOTCS JJId CPaBHEHUs] BO3pacToB. Bes npejibl-
Jaymas ucropust asuxkenns (10 Touek Ay u By COOTBETCTBEHHO)
JUTsl HUX He CyTiecTByer. MutajeHITbl OTJINYa0TCs TeM, 9TO BCE Bpe-
M¢ IBUTAJINACH APYT OTHOCUTEIBHO APYra C MOCTOSHHON CKOPOCTHIO.
o BcTpedn Ha MasKe OHU [POJIETEH [0 CPABHEHUIO JAPYT C JApY-
I'OM OJIMHAKOBBIA IIyTh KaK C TOYKW 3PEHUsI HAOJIIOIATEId HA MASIKE
(d = |OAg| = |OBy|), Tak n ¢ TOYKN 3peHUsT KaXKJOTO U3 HUX Ha
CBO# MPOUJEHHBIN TyTh. ITO YUCTHIN ONBIT UMEHHO JIJIsi CPDABHEHUS
JUTATETHLHOCTH TTpoMexkyTKoB Bpemenu u mposepku CTO. Ilycrs, Ha-
npuMep, noyieT pebérKa 1 ¢ MOCTOSHHON CKOPOCTHIO TPOI02KaICs 18
JIET TIO JacaM, HAXOAAIIUMCA B MEPBOi pakere. Torma ¢ TOUKM 3pe-
vusi CTO nepsbiit pebéHok Oyer paccykaaTh Tak: “Bece 18 ser Mo-
efl >Kn3Hu BTOPOH PEOEHOK ABUTAJICH OTHOCATEIBHO MEeHH C OOIbITOMN
CKOPOCTbBIO, 3HAYUT €r0 BO3PACT J0JKeH ObIThL MeHbIne Moero”. Ecan
2Ke BIOOABOK OH HAYHET OTCYNTHIBATHL BO3PACT BTOPOTO pebEHKA OT
MOMEHTA [IPUXO/A CUIHAJIA U3 TOYKHU By, TO Oyjier cauTarh, 4To 101~
2K€H yBUJETH IIPU BCTPEUE BO3JIE Masgka “MmyajeHiia ¢ cockoit”. Toq-
HO TaKKe 0 TepBoM pebénke Oymer ayMarTh BTOpoit pebénok. Omna-
KO, BCJEACTBUE MOJHOW CUMMETPUN ABUKEHUS PE3YIbTAT OUEBUICH:
BO3PACT TakuX “KOCMOHABTOB’ OysieT OJMHAKOB (YTO W MOJTBEPINT
MOKOSIIIHUIiCS HADTIONATETh HA MasiKe).

TIponeras masgk 6e3 O0CTAaHOBKM, KOCMOHABTHI MOTYT COTOTPa-
duposaTh cebs, MOAINCATHL BO3PACT U OOMEHATHCsT PoTorpadpuaMmu
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undpoBbiM MeTonoM. Heyxenn aumo va dpororpadum 01HOr0 KOCMO-
HaBTa CTAHET CTAPETHh BO BPEMsl TOPMOXKEHHSI BTOPOTO KOCMOHABTA?
Kpowme Toro, 3apanee HEM3BECTHO, KTO K€ M3 KOCMOHABTOB 33X0YeT
JBUTATHCS ¢ YCKOPEHWEM, 9TOObI Pa3BEePHYTHCA W JOTHATH APYTOro.

Brupouem, kaxkapiii MOXKeT fajiee MPOIOKUTH CBON TPEKHUIMA
OyTh U JIOTIOJIHUTH €r'0 PaBHBIM NPOI/IEHHBIM MYTEM, Pa3JeTasICh U3
€JIMHOIO I[IEHTPA, U J0JIETETh C IIOCTOAHHON CKOPOCTHIO J10 To4YeK By
1 Ag COOTBETCTBEHHO, YTOOLI HaKe CyMMapHBIM IpOiIeHHblil UMK
myTh OBLT 9BHO OJWHAKOBLIM. TaK KTO K€ M3 HUX OyaeT Mojoxe?
Wnu onu He JABUTAIUCH JPYT OTHOCUTEIBHO nipyra’

HeKOTOpLIe PEIATUBUCTBI-MATEMATUKN TIPEANTOYUTAIOT TIOATO-
HsITh pacuérel o pesyiasraTrel CTO ¢ ucnosb3oBanueM mpeobpazo-
Bauwnit Jlopenma. s aToro y Hux ects maBe xurpoctu. llepras — co-
KPBITHE CMBICIA UCIIOTb3YEMBIX (PUBNYUECKUX BEJIUYUH: YaCTh U3 HUX
ABJIACTCHA HEIIOCPEACTBCHHO U3MEPAEeMbIMU JJId OJHOTO KOHKPETHO-
ro (buKCupoOBaHHOIO HAOJIOATEA, & BOT JApyrast 9acThb JJjis 3TOr0
ke HabJTFo1aTe s — BCETO JIUIThL PACUETHBIE BETUYINHBI, YKE 3aBA3aH-
uele Ha Bepy B CTO. Takum obpazom, 3T0 coriacoBaHue ¢ CAMUM
co6oii no npasuwiam CTO sBiisiercst ICEBIOHAYYHBIM MAB0XU3MOM.
st maHHOTO MapajoKCa MepBasi XUTPOCTb HE ITPOXOJIUT, TaK KakK
YYACTHUKM BCTPEYAIOTCH B OAHOM Touke. Bropas xurpocTh CBs3a-
Ha C TIEPEHOCOM HAYAJLHOTO BPEMEHU JIJIsT BEUHO CYIIECTBOBABIIIIX
9acoB (MHOTJA WX KOOpAWHAT) B mpeobpasoBanusx Jloperma. Dra
XUTPOCTH B JAHHOM IMaPaJOKCe TaKXKe He IMPOXOANT, TaK KaK HEJIb3d
[EPEHECTN HAYAJIBHOE BpEMs HA3a] — MJIAJIEHIa ITPOCTO TOT/Ia eIé
He OBLIO, 713 U BIEPET HeJIb3s — €10 BO3PACT BOOUHMIO BUJIEH TOUHO. B
KJIACCUYECKON (pU3UKe TMOHSATHE BPEMEHU HETPOTHBOPEIUBO U JIOYC-
KaeTCA KaK IIOIIapHOe, TaK WU KOJIJICKTUBHOE CpaBHEHME IIPOIICAIIero
BpeMenn (win mokazanuii 9acos). B CTO s1o yxe He Tak. Curyarus
IpeJle/IbHO OYEeBUHA JJid CUMMETPUYHON 3a/1a4U.

[) Ceoé cobeTBeHHOE BpeMsi KayKIbIil YIACTHHK CMOXKET H3Me-
purh (yBueTh) 3a BpeMms OmbITa 1O HapydHbIM uacam. OHO Oymer
OJIMHAKOBBIM JIJIsT BCEX TATH HabJro1aTe el mpu mpojiére KOCMOHAB-
TOB MUMO MasKa (M1 JKe IPU TPOJIETE NMU YIAIEHHBIX HAO/TH01ATE-
Jeii B Toukax By m Ay cOOTBeTCTBEHHO), WHAUE OBl HAPYIIAJICS CaM
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MPUHITATT OTHOCUTETHHOCTH, T.€. BOBCe 0TCyTCcTBOBa/Ia Ob 6aza CTO.

IT) D70 ke cBOE 1 ayK0€e COBCTBEHHOE BPEMsI OHU yBUJIAT CBOUMHU
rrazamu pu Berpede. Ho nasiee, nanpumep, nepBbiit pebEHOK 10J1-
2KEH BBIACHUTH M CpaBHUTH, Kakumu coriacio CTO gosnKHbI ObITh:

III) pacuérHoe BpeMsi, SIKOOBI TIPOIIIE/IITIee HA MasKe, “TIOKa MasIK
JIeTuT K pebérKy 1 co CKOpOCThIo V7,

IV) pacuérnblit Bo3pact pebéHKa 2, ToKa OH jeren K pebenky 1
€O CKOpOCTBIO V , 5,

V) Kakoit BO3pacT eMy caMOMY MOPUIUIIET PEOSHOK 2,

VI) kakoit BO3pacT eMy camMoMy TPUIHIIET HAOII0JATE b Ha Ma-
sIKe,

VII) kakoit Bo3pacT pebéHKy 2 mpunuiier HAGIIOIATe b HA Ma-
qKe,

VIIT) kakoii BO3pacT HAG/IIOIATENO0 HA MasiKe mpumumer pebé-
HOK 2.
I/I Ha TaKHWe BOCEMb BOIIPOCOB J0JI2KE€H OTBCTUTDH Ka)K,HbeI n3 y4dacTt-
HUKOB 3KCIIEPUMEHTa. B pesyabrare JJIst KaXKJ0r0 yIacTHUKA Pac-
YETHBIE W SKCIEPUMEHTATbHBIE BPDEMEHA PA3/NIaoTcs (He BCe Ofu-
HAKOBBIE); HAIPUMED, TIPUCYTCTBYIOT TAKHe, KaK

d d d(l+v%/c?)?

"oy’ Yo
¥ JIpyTHe, W MPOTHBOPEYAT XOTsS Obl YLUM-TO HAOIIOIEHAAM WA
OXKUTAHUSIM.

Y0661 n36€26aTHh TAKOTO PEIITUBUCTCKOTO KPIOYKOTBOPCTBA, Oy-
JIeM CpaBHUBATH OYEBHUHBIE C TOYKN 3PEHHsS KaXKJA0r0 HabJIIomaTe-
Jisl 110 JIF00OI TeOpUU MOJOBUHKH OT 1e0r0. VTak, 1mycTh KarKIblii
O/THOT'O/TKa-KOCMOHABT IIPOJIETE C OJWHAKOBOW IOCTOSHHON CKO-
POCTBIO PACCTOSHUE MEXKAY B3AUMHO MOKOAIIMMUCT CBUIETEISIMI-
nabsrogarensivu B roukax Ag n By (a omHOrOIKA-10MOCE T KU OKO-
j0 Masika O). Bynem ormedars y HAOI0OMA€MO# BEJTMIUHBI TIEPBBIM
HIUDKHUM WHIEKCOM TOTO, KTO HabJIFO/IaeT, a BTOPHIM HYKHUM HH-
JIEKCOM — 33 KeM OH HabJIomaeT IpH ONPEeIeSeHAN 3TOH BeJIMINHEL.
Benwawser mocsie BeTpeun y Magka OymeM OTMEUaTh elné IMMTPUXOM
ceepxy. Torma t1, to2, sz — cobeTBeHHOE BpeMsi (equiv BO3PACT)
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npu BCTPEYe OJHOTOA0K BO3JIE€ MASKA, COOTBETCTBEHHO KOCMOHABTA
1, xocmonasTa 2 u gomocena 3. CBoé cobeTBeHHOE BpeMst (BO3pacT)
KayKJIBI 13 HUX YBUJUT B 3€pKaJje, a BpeMd KaxKJ0TO JAPYyroro yBHU-
AT Ha ero juie (Mo KOJMIeCTBY MODIIHH), T.e. WH(DOPMAIINS IKC-
NepUMEHTAIbHAS W ITpOBepsieMasi, a He pacuéruas. Hampumep, Bce
CMOTPST Ha KOCMOHaBTa 1:

t11 = to1 = t31,

aHAJOTMYHO, KOTIa BCE TPOE CMOTPAT Ha, BTOPOTO WJIH TPETHETO OJ1-
HOI'OIKY:

too = t12 = t32, t33 = t13 = la23.
Benencreue cummverpun 3amaun st KOCMOHABTOB 1 m 2 (oTHOCH-
TeJILHO CBUJIETEIS-TOMOCE/IAa 3 HA MasiKe) MMEeM:

t31 = t30.

Hasnee: kocmonast 1 jetur k Masky (gomoceay 3), HO ¢ Takoil xe
0 MOJIYJII0 CKOPOCTBIO JIOMOCE]T 3 JIETHT K KOCMOHAaBTY 1, cirejona-
TeJIHHO

t13 = t31,

nHa4e HapyH_[a.HCH 61)1 CaM IIPUHOUII OTHOCUTC/JIbHOCTHA (T.e. 6a3a I
CTO). Anasorudno, Ipu ONUCAHUN OTHOCHTEJIBHOTO IBUKEHUST KOC-
MOHABTa 2 U AoMoOcena J:

tog = t30.

Taxum 06pa3oM, Bce BpemeHa (BO3PACThI) OKA3AINCH OJNHAKOBBIMA:
KaK COOCTBEHHBIE, TaK M BHAMMBIE JIOOBIM HaOJIIOAATE EM IO OTHO-
LIEHWIO K JIIODOMY JPYIOMY YHYACTHUKY:

t11 = to1 = t31 = tag = t12 = l32 = t33 = t13 = t23 = 7p.

C rouknm 3penns CTO 510 KaK MUHUMYM CTPaHHO (BCe COOCTBEH-
Hble U HaOJIF0JaeMble IPYTUMU YIACTHUKAMU BPEMEHA OKA3bIBAIOTCS
OJIMHAKOBBIMI, HECMOTPS HA TO, YTO TPHU CUCTEMBI JBUTAJUCH OTHO-
CUTEJILHO JIPYT JIPYTa C PA3HBIMU CKOPOCTSMU, 3HAYUT OHU JIOJI2KHBI
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ObLIN OBITH CBSI3AHBI PEIATUBUCTCKUMEU (DOPMYJIAME), HO OCHOBHOE
TMPOTUBOpEYNE He 37eCh, TaK KaK 9Ta CHTYaIlds — BCETO JIUITL HAI
BBIOOD TrsiTH HAGMOMATE el (u cuHXpoHM3aun Bpemenn ). [Iporuso-
pednst MpOABISIOTCA JaJbIle, KOTJa MOJET KOCMOHABTOB 1 m 2 mpo-
JoKUTCs 710 Touek By u Ag, coorBercTBento. C TOUKYM 3peHUs JIHO-
60ro m3 9TUX TPEX yIaCTHUKOB (HAGJIIO/ATEseil) BTOpas MOJOBUHA
IyTH JJisi HETO PABHA IIEPBOI MIOJIOBUHE IIyTH, CKOPOCTH HE IIOMEHSI-
JTaCh, OTCIOIA CJIETYeT

/ ! !
t11 = t11 = 70, tog =to2 =7, 133 = t33 = T0.

Ho Bemns ¢ Toukm 3penwns Jyiroboro u3 stux nabsogaresneii Ha a000-
o JApyroro HabJIIo/IaTe Isd, TOT TaKKe IMPOJIETUT BTOPYIO HOJIOBUHY
CBOEI'O 11T, PABHYIO 1IEPBOM 110JI0BUHE 1IyTU C TOH! 2Ke CaMO#l CKOPO-
CTBIO, 9TO W TIPeXKe (Jake eC/M BEPUTHh B PETATUBUCTCKOE COKPa-
IIEHNE PACCTOSTHUN, TO BTOPas TTOJOBUHA COKPAIIEHHOTO ITyTH paBHA
MEepBOi MOOBUHE COKpammEnHoro mytn). Orciona

/ / / /
t19 =t12 =70, toy =121 =70, t13 =1t13 =70, t33 = t31 = 7o,

/ /
t23 :t23 = 70, t32 :t32 = T70-

Takum 06pazoM, BCe JEBATH HOBBIX BEJUYWH )i BTOPOI TOJOBUHBI
SKCIIEPUMEHTA ONSTh OKA3aJIUCh PABHBIMU MEXKTy COOON U paBHBI-
MU NPEKHUM JIeBATH BEININHAM IEPBOIf IMTOJIOBUHBI OMBITA, YTO HAM
 TpebOBAIOChH. 3aMETHUM, UTO HEKOTOPhIE PABEHCTBA MEXKIY STUMU
JIEBATHIO BPEMEHAMU MOYKHO OBbLI0 OBI 3aIUCaTh U3 TTPUHITATA OTHO-
CUTETbHOCTHN WJIM W3 CUMMETPHUHN 33/1atn:

/ / / / / / / /
Uig = toy, t31 =113, to3 =139, 131 = t3m.

Nmennro 3TOT peanbHbIil BO3PACT KOCMOHABTOB 1 u 2 3adUKCHUpYIOT
(BOOUMIO yBHASAT) HEMOABMKHBIE HAbIOMATE M B Toukax By u Ay,
coorBercTBeHHO: T = t11 + t)y = 279 = To = tog + thy (HOCKOIBKY
vackl B By, Ag 1 O 6bLu 3apaHee CHHXPOHU30BAHBI, 9TH HEMTOIBUK-
Hble HaOJIOJATENN COODIAT TOMOCETY 3 JaHHOE BpEMS OKOHYAHUS
VHePIUATLHON YaCTU YKCIEPUMEHTA, & OH CMOXKET MOAHATHL POTO U
BUJICO3AINCH CBOEH JKU3HU B TOT MOMEHT).
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A Tenuepb AJid BTOpOﬁ ITOJIOBUHBI HAIITET'O OIIBLITA BCIIOMHUM PeJId-
THBUCTCKIE CKA3KH TTPO OOBIYHBIH MapaoKe OJIM3HEI0B, KOTIa OJTHH
u3 HUX ocTaércs Ha 3emste (B HAIIEM CJIydae 9TO JOMOCes 3), & BTO-
poit jeruT Ha pakere (B HAIEM CJIydae 9TO KOCMOHABT 1 mm 2 —
000#1). Bo Beex yueOHMKAX yTBEPKIAETCS, 9TO MOKA MOJET 1IPO-
TTOJIZKACTCSL C TIOCTOAHHOM CKOPOCTBIO (/10 pa3BOPOTA € YCKOPEHHEM ),
€ TOYKH 3peHus JJoMoceta 6osiee MOJIOJBIM OyjieT KOCMOHABT, & ¢ TOY-
KU 3peHus KOCMOHaBTa 0oJsiee MoIoabIM Oymer momocen. Bosee Toro,
[0 PENSITUBUCTCKUM (POPMYJIAM JIONKHBI PA3THYATHCT BETUIHHDI

thy # tg 7 thg, lhy 7# thy 7# thy, tyy 7# t39 # 33

[Monyuunock npoTuBOpevne: PacI€éTHOE PETATHBACTCKOE BpeMs He
UMeeT HUKAKOI'0 OTHOIIIEHUsI K PeaJbHOMY BpeMeHU, (DUKCUPYEMOMY
Bcemu yuacTHuKaMu pooumto! Takum o6pas3oMm, Haauune HEHYJIEBO
OTHOCUTEJILHOM CKOPOCTU WHEPIMAJIBHBIX CUCTEM HE MOXKET CaMo 110
cebe TpUBECTU B PA3HOMY XOJ1y BPEMEHH: JJisd 9TOr0 1ceBroddpdexra
HET HU OObEKTUBHBIX IPUYUH, HU MEXaHU3MOB peasm3aiiuu. HKcim
JKe PEJIATUBUCTHI MBITAIOTCA BMECTO OOBEKTUBHON PeabHOCTH Taii-
HO TIOJCYHYTH HAM CKOJIB3SIINE TaCOBBIE TOSICA, 3ABUCSIINE OT Me-
HSIIOIIETOCA PACCTOSHUS MEXKIy HAOJJIIIATENIMU, TO KAKOe YK TYT
BeJIMUME JIXKEeTEOPUH — 3aCTaBUThH paccmarpueath Mup B "kpuBoMm
zepkaje Tpomns"?

PaccmoTrpum Temeph BUIOM3MEHEHHBIN Mapasoke “n 6mn3HEIoB”
(Puc. 1.3). Ilycrb OHE OTHPABJIAIOTCS B TMOJET B PA3HBIX HANPAB-
JIEHUSIX U3 OfHOro TeHTpa O Tak, 94TO BCE YIVIBI Pa3/jiéra B JTHOOBIX
HAPHBIX COYCTAHUAX PA3IUIHBI (HEIPABUIBHBIN N-yroJabHUK). ['pa-
duk ckopocreii u yckopenuii 3apaHee OnpeesiéH OJnHAKOBBIM (paKe-
THI BCEr/la “HaXoAaTcsa’ Ha HEKOTOPoit cdepe ¢ nmearpom O). Bemen-
CTBHUE BEKTOPHOTO XapaKTepa BEJUYUH BCE OTHOCUTENBHBIE CKOPO-
CTY U YCKOpEeHHst OyIyT MOTAPHO pasfaudHbl. [1o MHEHIIO HEKOTOPOTO
BBIODAHHOTO KOCMOHABTA KAXKBIl APYTO# JOJIKEH COCTAPUTHCS HA
pasHoe BpemMd (M TaK C TOYKH 3PEHUs] KAXKJOTO), 9TO HEBO3MOKHO
(omsITH 10 W TIOCJIE KAXKIOT0 OJMHAKOBOIO YCKODEHUSs KayKJIblil KOC-
MOHABT MOxker cebst cdororpaduposars). C Apyroit CTOPOHBI, s
OCTaBIIErocst B 1eHTpe (n + 1)-ro GimsHena cxema, MOJTHOCTBIO CHM-
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Puc. 1.3: Ilapamokc n 61u3HEIIOB.
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Puc. 1.4: Tlonér o cuMmmerpuyHO CxemMe TUIa, IBETKA.

MeTPUYHA U BO3PACT OpaTheB-KOCMOHABTOB Oyaer ommHaxkoB. [Ipo-
CTEUIUN JaCTHBIN CIyYall MoJIydaeTcs, ecau oguH 6par ocTaércs B
OEeHTpe, & ABa APYTUX PA3JeTAl0TCA B IPOTUBONOJIOXKHBIX HAIIPABJIIE-
ausix (mog yroom 180°). 3amernm, uro caMa 1o cebe ujiesi BBEICHUs
B HEKYIO D0Jiee CIIOKHYIO CXeMy MOJIETa TPeThero HadrogaTesis Obua
npeiozkeHa panpire (cuM. [156]).

Paccmorpum 60s1ee 1101pobHO 110/I00HYI0 CUMMETPUYHYIO CXEMY
nosiéra tumna rneerka (Puc. 1.4), BRIIOYAOILYO TPSIMOJHHEHbIE 0T-
PE3KM ABUXKEHUA C MOCTOAHHOM CKOPOCTBIO (I/IHepL[I/Ia,HbH])Ie y4acT-
Ku). JIBUKeHne Kaxa0il pakeTbl COCTOUT U3 OATH yIacTKoB. Crap-
Tyst w3 0mHOTO meHTpa O ¢ OJIMHAKOBBIM TI0 MOJYJI) YCKOPEHUEM
(HampuMep, g) BIOJb MICHTHIHBIX METeTb (YCKOPSAOIINE YIaCTKH
1), pakeThl OIATL TPOJETAIOT TOT Ke camblii exunblii menTp O. Coe-
JTOBATETHHO, BPEMsl, 3aTPAYCHHOE KazK 10 pakeToii (i uin j) Ha mpo-
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XOXKJCHUEC TaKUX PA3TOHHBIX YYaCTKOB, 6y,ZLeT OINHAKOBLIM KaK C
TOYKHU 3PEHUs MOKOAIIErocs Hab/I0/1aTes s B IEHTPe, TaK U ¢ TOYKH
3peHmus J1000ro u3 KOCMOHABTOB: t1; = t1;. Jlasee pakeTs! geTar pas-
HOMEDHO W MPAMOJIHHEHHO (HHepIuaabHble 0Tpe3Ku 2). 3areM oHH
Pa3BOPAYIUBAIOTCA 110 MACHTUYIHBIM IIOBOPOTHBIM IT€TJIAM (y‘{aCTKI/I
3). s HOBOPOTHBIX IIeTeJb TaKXKe JIETKO JI0Ka3aTb, 4To t3; = t3;,
TaK Kak J1obas U3 1eresb MOXKeT OblTb 1I0JIy4YeHa U3 APYroil 1eriu
WA U3 TIeTesTh 1 ¢ MOMOIIBI0 HEKOTOPOTO TaPAJLIeIEHOTO TEPEHOCa, 1
moBoporta. Jlajmee pakeTsl ONATH JIETAT PABHOMEPHO U TPAMOJINHEN-
HO (WHEpIMAaIbHbIE OTPE3KH 4 COBIAAAIOT C OTPE3KAMM 2, TOJBHKO
JBUZKEHUE TTPOUCXOAUT B oOpaTrHoM mopsnke). Hakowner, msmxkenune
3aBEPIIAETCS MOCTIE TTPOXOXK IEHNS TOPMO3HBIX METe/Th (y9aCTKI Tpa-
eKTOpUE H COBOAJAOT ¢ ydyacTkamu tpaekropun 1). Topmoxenue
OCYIIECTBJISIETCST B ODPATHOM TOPSIIKE 0 OTHOIEHWIO K Pa3COHY:
tsi = t5; = t1; = t1;. Cxema IIOJIHOCTBIO CHMMeTPHUYHa, 3HATUT, 00-
miee BpeMd ABUXKEHUA JId BCEeX KOCMOHABTOB 6y,£[eT OJHHUM M TEM
xke: t; = t;. [lonarno, 4To BIIIECKa3aHHOE OTPAKAET OJJHOPOHOCTD
¥ M30TPONUI0 npocTpancTBa. 1[0CKOIBKY ABMXKEHME KAXKIOW pakKe-
Thl COCTOUT U3 rZ[BI/I}KQHI/II?I O ITUM TATU yIaCTKaM, TO Mbl OKOHYa-
TEeTLHO TIOJIYUAEeM JiJTsl ABUMKEHUH M0 TMPIMOJTUHEHHBIM TPAEKTOPHU-
M (MHEPIMATBLHBIM yaacTKaM): to; + ta; = toj + ta; A7 M0OBIX @ 1
j. OnHaKO, CKOPOCTh — 3TO BEKTOPHAS BEJIHYUHA U OTHOCHUTETbHAS
CKOPOCTH 3aBUCKT OT BeiOOpa ¢ u j. Jla u penarusucrckaa dpopmyna,
OTpazKalolas 3aMelJIeHIe BPEMEeHH, COAEPKUT TONbKO KBaIpaT OT-
HocurenbHOi ckopocru. Ciegosarensho, cornacao CTO, xoxn Bpeme-
HU JIOJIZKEH OTJIMYATHCS JIJIsi PA3HBIX KOCMOHABTOB, YTO IMIPUBOJIUT K
IPOTUBOPEYNAM KaK MEKAYy CaMUMU KOCMOHABTAMHU, OJHOBPEMEHHO
CTapPTOBABIINMU U (PUHHUIIHPOBABIIAME, TaK U C JAHHBLIMI CTAIIHO-
HapHOro Habawmaresns. Takum obpazom, camo 1o cebe HaIUIHe OT-
HOCUTEIBHON CKOPOCTH HE MOYKET ObITH MPUYWHON 3aMe JIEHN BPe-
menn. [lonbITkY “00bsicHeHNsS” PA3INIHBIX BAPHAHTOB KJIACCHIECKO-
IO TIAPAIOKCA OU3HENIOB C MOMOIIMBI0 UCKYCCTBEHHO BBIIYMAaHHBIX
BCIIOMOTATEBHBIX JUATPAMMOK BBITVISIISIT HAWBHO: OMSITh PEIATH-
BUCTBI XUTPAT U HE PACCMATPUBAIOT PEIICHUA Ha IIpeaAMeT OTCYT-
CTBHSI TIPOTUBOPEYHIl ¢ TOUKH 3peHus Beex Habsrogaresel (Heyzke-
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JI KTO-TO W3 HUX Oy[IeT YTBEPKIATh, 9T0 npeobpa3oBanus JIopenta
HEIOCTATOYHBI, & JIUArPAMMBbI AT HedTo Oosibinee? ). Ousnka u Ma-
TEeMATHKa, “MATKO TOBOPdA’, CJAerkKa pasubie Hayku. MoxKeT KOTo-TO
U CMOXKET 3aMHTEPECOBATh — KaK IPU 9TOM MEHSIIOTCS MJIM BPAaIla-
0TCH POMOMKY, TTapaJLIeIOrPAMMBI, TPEYTOJbHUKHA U APYTHE TUCTO
reoMeTpuYecKre PUCYHOUKU, HO BCE TU PEKOMEHIAIMY 110 [ICEBJIO-
HayuHOMY HaykooOpasaomy crnaceruto CTO HAIOMUHAIOT TOpAEIH-
Byto MHCTPYKIINIO “Kaxk neroit msiTKO#, 06€pHYB HOTY TBAYKIBI
BOKPYT IIIeH, TIOYECATH TPABOE YXO U BHI3BATH IIPHU STOM Te€ YKe OIITy-
mernst (MX HaI0 TOJBKO 3aPaHee BBISICHUTE), YTO W Yy HOPMATLHOTO
gesoBeka” (yI0BIETBOPSIIOIIErO CBOK MOTPEGHOCTD HOJIee eCTECTBEH-
meiM 06paszom). Ho maxke npm Takom “cocrosruu gen’ obpamaer Ha
cebs BHuMaHue chaenyromuil dpakt. B kiaccudeckoit dhusuke Jjiroboii
JIOTUYECKU HerOTI/IBOpeLH/IBbeI IyTh MNPpUBOAUT K OJHOMY W TOMY
Ke 00BEeKTUBHOMY Pe3y/IbTary (KarK bl HAOII0AaTe b MOXKET Pe/T-
craBuTh cebe paccyxkenus: JI000ro Apyroro Hab/rOmaTe d U TaxKe
Bocnosib3oBarbesa umu). Uuoe gemo B CTO: HekoTopbie m3 coBep-
MEHHO OAHOTUIIHBIX paCCY)K,ZLeHI/H;‘I IpUxXoAUTCA IIPOU3BOJIBHO 1TOCTY-
JINPOBATh HEBEPHBIMU (TO eCTh B])I60p IyTU TOJATOHATH TOJ KJIAC-
CUYECKHE DE3YIBTATHI). 3aMevyaTe/IbHAST TeOPUsl TIOyIaeTcs: “3/1ech
YHUTaeM, 3/1eCh HEe UUTAEM, 3[IeCh MEPEBOPATUBAEM TAK, 3€Ch BHIBO-
paduBaeM 37aK’ W, KaK TOETCS B MIECHE, ‘a B OCTAJIBHOM, TPEKPACHAs
MapKu3a, — BCE Xopotio, Bcé xoporno”. CocTpsanano XuTpoyMHO.

ITapagokc BpemeHn

IMepeitaém Temepb K NapaoKCy BPEMEHU JIJIsl JIBUKYIIUXCS CUCTEM.
Yacro jyig ero “pasperienust” UCHoJib3y0T npeobpazoBanus JIopen-
a: OHU MTO3BOJISIIOT COMOCTABUTE OJHOMY MOMEHTY BPEMEHU ¢ IIETbIH
KOHTHHYYM BpeMer t’. 3aMeTuM, 4To ecii Mbl CBePsieM TPOMerKyTKI
BpEMEHH, TO MPOIeIypa CHHXPOHU3AIUNA HAadaIa OTCIYETa BPEMEHU
HeBaxkHa. [lycTh nmeem 2 napsl gacos ((1,2);(17,27)), koropsie oju-
HAKOBO IPOCTPAHCTBEHHO Pa3JeIeHbl U CHHXPOHU30BAHBI MONAPHO
B cBomx cucremax K m K' (Puc. 1.5). Hanpumep, cuaxpoHusanus
MOXKeT ObITh MpOBeJieHa OECKOHEYHO YIaJEHHBIM UCTOYHUKOM, Ha-
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K 1
K’ 27 17
- -

Puc. 1.5: Tlapagokc Bpemenu: moment ¢t = 0.

XOJIAIIEMCS Ha, TIEPIEHINKYIAPEe K TIOCKOCTH Beex 4-x wacos (6osee
oIpobHO 3T0 OyIeT N3JI0KEHO fajiee B naparpade 06 ycTaHOBJIEHUH
enmHOTO abCOMOTHOTO BpeMeHu). Toraa s JIOBIX IPOMEXKYTKOB
nMeeM

Aty = Aty, At = At (1.1)

Onxnaxko, mo hopmysaaM mpeobpazosannii JIopeHIia B MOMEHT COBITa-
JIEHUST 9aCOB C TOYKW 3pEHUs JIBYX HabsromaTesedi (BOmM3n 9acoB) B
cucreme K nmveem (Puc. 1.6):

At < Aty, Ath > Aty, (1.2)

TO ecTh HepaBeHCTBO (1.2) mpormBopeunt pasencrsy (1.1). Anaso-
rugroe nporusopedne ¢ (1.1) nmomyunrces, ecau 3anucarh HepaBeH-
CTBa C TOYKM 3pEHUsI IBYX HabJomareneil (BOIU3M JacoB) B CHCTE-
me K'. ByayT pazindnbivMy Jaxke 3HaAUeHNs PA3HOCTH IPOMEZKyTKOB
Bpemenn. TakuMm o6pa3oM, 3TH deTbipe HabII0AaTe s IPH MOCIe Y-
0Ielt BCTpede B OIHOM TOUKe 1 00CY K I€HUM PE3YJILTATOB HE CMOTYT
JIOTOBOPHUTLCA MeXKAy coboil. ['ne ke 06 bLeKTUBHOCTDL HAYKU?
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Db

K’ 2’ 1’

K

Puc. 1.6: Tlapanokc spemenn: momentT t = 7.

ITapagokc aaTNnOOOB

Ommmbounocts CTO oveHb TPOCTO JTOKA3BIBAETCS BCEH KU3HBIO Ue-
JIOBeYecTBa Ha TiaHeTe 3eMiisd. PaccMoTpuM 3JleMeHTapHOoe JIOTHYe-
ckoe nporuopeune CTO — mapamokc aaTuno108. /IBa anTumoma Ha
9KBaTOpEe (HAPUMED, OJUH 4YeJ0BeK — B Bpaswium, a apyroit — B
MNuoHe3MM) OTIMYAIOTCSA T€M, 9TO 33 CYET BPAIEHUA €M OHU
JMBUKYTCA JAPYT OTHOCUTENBHO APYTra B KarKJIbIif MOMEHT BpPEMEHW
¢ nocrosiHHON 110 Mosysto ckopocrbio (Puc. 1.7). CueoBaresbHo,
HECMOTPS Ha OYEBUIHYIO CHMMETPHIO 3a/1a49u, KaXK b U3 HUX T0JI-
ZKEH 1IoCTapeTb uJin IIOMOJIOAECTH OTHOCUTEJIbHO JAPYyTroro. MemaeT
Tarorenue? Yb6epéM ero u IOMEeCTHM KaXKJIOI0 U3 HAIMX “KOCMO-
HaBTOB” B Kabuuy. Bpems ma Takoil “kapycenn”’ KasKIbIii CMOXKET
YCTaHOBUTH (KaK M Ha 3eMJje) 10 HANPABIEHUIO Ha HEMOJBUKHYTO
OTHOCHTENBHO TMEHTPa KapyCean JATEKYI0 3BE3Y U 10 TIEPHOIY COb-
CTBEHHOrO BpaieHusi kapycenu. OUeBUIHO, TeUeHWe BpeMeHu Oy-
JeT ONWHAKOBBIM JJIs1 0b6onx “KocMmoHaBToB”. CHHXpPOHHU30BATL Bpe-
M$ MOXKHO PACYETHBIM METOJIOM, 3HAd Mepuoj obparterus (310 BCé
He MPUHITUNHATBHBIC, & TEXHUIECKHUEe BOMPOCHI). YBEJIUINM JINHEH-
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Puc. 1.7: Tlapasokc anTuioios.
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HYIO CKOPOCTH ¥ — ¢ Jijid ycuaenust 3dpdexra, HampuMep, ITO0k 110
dopmysam CTO paszsuna B xoxe Bpemenu ‘Haberana’ 100 jer 3a
opmu rox. Memaer nenrpobexnas cuna (yckopenue)? Bymem yse-
JMIUBATh PAJUyC Kapycemn R Tax, arobnr v?/R — 0 (mampmmep,
arobbl gaxke 3a 100 jer naTerpaabubiii 3dpdexkT oT TAKOro ycKope-
HUst ObLTT HA MHOTO ITOPSAJIKOB MEHBIIE, YeM CYIIEeCTBYIOMIAasd TOUHOCTD
ero I/I3MepeHI/IH) . TOI‘ILa HI OJIMH 9KCIICPUMCHT HE OTJIMYIUT JIBU2KCHU A
AHTUIIOJ0B OT HpHMOJ’IHHeﬁHOFO, TO €CTh HEMHEPIINAJIBHOCTHL CUCTE-
MBI HE CMOXKET OBITH OOHAPYXKEHA IKCIEPUMEHTAJBHO 3a BCE Bpe-
M¢ MPOBEMIEHUS OMbITA. BOPOTHCH PEISITUBUCTAM 33 HEOOXOIUMOCTH
NPUHIATTHATBHON HHEPINAJIBHOCTH CUCTEMBI HE CTOUT, TaK Kak Hec-
npejiesibHas CTPOrocTh “3apybaer” mobyio Teopuro. Hamomumm, 910
JIaZKe B TAKOM CTPOTOif HayKe KaK MaTeMaTHKa (HampuMep, Ipu 060c-
HOBaHUMU TE€OPUHN ,ZLeI;’ICTBI/ITeJIbeIX LH/IC‘Q.H) UCIIOJIB3YyCTCA IMMOHATHUE &
— CKOJIb YT'OJTHO MAJIOTO Halepéll 3a/laHHoro Yucia. B Haiem ciaydae
JUTST CTPOTO MaTEeMaTUIeCKOT0 [TEPEX0a OTHOIIEHNE IEHTPOOEKHOTO
ycxopenus v2 /R K MeHTPOGE:KHOMY YCKOPEHHIO Ha 3eM/Ie a, MOYKeT
OBITH CHEJAHO MEHbIIe JIFDO0 CKOJIb YIOJHO MaJION BEJIMYUHBI € 34
cuér BBIOOPA GOMBMOTO paganyca “kapycenn’ R (mampumMep, MOXKHO
B3aTh £ ~ 10719 i e ~ 107190 a Bear Bee ombiter CTO BBITONHE-
Hbl Ha 3emite ¢ € ~ 11). A nasee, eciu Bbl BepUTe B OTHOCHTETHHOCTH
(mubo cormacao CTO, nmubo cormacuo Lammiern — 6e3pazandHo, 1m0-
CKOJIbKY Mbl CPpaBHUBaEM ,ZLJ'[I/ITG.HBHOCTI/I), TO ABUXKCEHHUEC OJHOTI'O M3
AHTHUIIO0B MOYKHO MTapaJuIeJIbHO IEPEHECTH TTOOIMKE K JIPDYTOMY aH-
THUIIOAY W BOBCE 3a0BITH TIPO MOJeNb Kapycean. QUeBUmaHO, UTO Jjis
JIFOOBIX JIBYX HPAMOJIMHENHBIX JIBUXKEHUM C OJUHAKOBBIMU TI0 MOJLY-
JIFO, HO IIPOTHUBOIIOJIOZKHBIMHU II0 HAIIPABJICHUIO CKOPOCTAMM, BCEr1a
MO2KHO TIPO/JIESIaTh U OOPATHYIO MBICJIEHHYIO OIEPAIUI0: COBEPIINTH
mapasiIeTbHBIN MEPEeHOC OHON N3 TPAEKTOPHH Ha DOJIBIITIOE PACCTOsI-
Hre R — 00 U coOeMHNTh IBUKEHUsT HEKOTOPOit “Kapycenrnbio”. MTax,
Uepe3 HeCKOJIBKO JIeT “OKUB maruenT uau MEpTe’? U k1o BaMm GostbIie
upasurcs, bpazuner; nin Uanoresuen? [ogHas cumverpust 3a1aqm
u nosueiit nposaa CTO. 3amerum, BoobIIe TOBOPs, YTO €AUHBIN Xa-
PaKTep BpeMEHM OTMeHdeT MPUHIUIINAIBHOCTL BOIIPOCA O €ro CUH-
XPOHM3AIUHU: 9achl MOXKHO, HAIPUMEDP, HOCUTHL ¢ coboil. ComHeHns
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0 TMOBOY “mOYTH WHEPIHAILHOCTH MBUXKEHUN OYIyT 00CYXKIEHBI
nmanee B [mase 3. A U1 TeX peNsITUBACTOB, KOTOPBIE “IPUHITHITAAb-
HO” ByIyT IBITATHCA 3AKPLITH I71a3a cebe u IPYyTruM HA BO3MOXKHOCTH
nepexoia x GoJibiuM R, MOXKHO TpPEJIOKUTH BOUCATH B OKPYZK-
HOCTH 0OJIBINIOTO PAIMyCa PABUILHBIN N-yroabHuk (n > 3; B Kax-
JIOM yTJIe PACIOJIOZKEH HEOIBUKHBIN HAOIIOATEeNb) U PACCMOTPETD
Teleph yKe YUCTO MPIMOJIMHENHBIE JIBUKEHUS PAKET ¢ KOCMOHABTA-
MY BJIOJIb CTOPOH 3TOTO N-YTOJBHUKA (J1aske OJJMHAKOBBIE TIET/IN /ISt
Habopa OJMHAKOBBIX CKOPOCTEH ¢ IMOMOIIBIO0 OJUHAKOBBIX ‘3eMHBIX”
YCKOPEHW ¢ MOYXKHO OJMHAKOBO MPUCTHIKOBATEH K YIJIAM 3TOrO 71
yroabauKa). OUeBUIHO, UTO JJisi HEMOABIZKHOTO Hab roaaTes st (Ha-
NPUMED, B TEHTPE OKPYKHOCTH) BCE 9TU WHEPIHUAJBLHBIE CHCTEMBI
paKeT COBEPIIIEHHO PABHONPABHBI U XOJI BPEMEHU B pakerax Oyuer
O/INHAKOB, HECMOTPS HA, JIBUYKEHNE PAKET APYT OTHOCTUTENHHO JIPY-
ra. 3/1ecb Mbl TAKKE MOKEM HAPUCOBATH OUEBUIHYIO CAMMETPUIHY O
cxeMy TUMa “riBeTKa” JJId BO3MOXKHOCTU OJHOBPEMEHHOTO CTAPTA U
bunnIIA KOCMOHABTOB B TieHTpe OKpy:kHOCTH (CcM. Pue. 1.8).

ITockoJBKY MBI CpaBHHBAEM XOJ BPEMEHH (& HE HAJAI0 OTCUE-
TA BPEMEHM), MOYKHO BOCIOJIB30BATHCA PABEHCTBOM XOJa BDEMEHH
JUTST JTIOOBIX B3aUMHO TIOKOSIIIIAXCST 00BeKTOB. Toraa Momenb Kapy-
CesIv JIETKO MOXKeT ObITh 0600IeHa Ha Ciy4ail IJI0CKUX JIBUKEHNH
JIBYX OOBEKTOB € TIPOU3BOIBHBIMI CKOPOCTSIMI KAK TI0 BETHIHHE TAK
¥ [0 HATIPABJJEHUIO. DTO TUCTO FeOMETPUIECKAs TPUBUATBHAS 3312~
qa (cMm. Pue. 1.9). Hampumep, mycrs MBI nMeeM JBa 00bEKTa, KO-
TOPBIE COBEPIIAIOT TPAMOJMHEHHBIE JBUMKEHNS, N300PaKEHHbBIE HA
puc. 1.9 Bektopamu ckopocreit AA, u BB,. llycts 31 cKOpOCTH
PAaBHBI 10 MOJIYJIFO U II0 BeJIMYWHE OJM3KH K CKOPOCTH CBETa U — C.
Bribupaem B mpocTpaHCTBE TPOU3BOJBHYIO TOUKY (O W TPOBOIAM
OKPYKHOCTD € IMEHTPOM B Touke O ¥ TAKUM pauycoM R, 9TobObI T1eH-
TpobeXkHOe YCKOpEeHue OBLIO MEHBITe HeKOTOPOH HAmepé T 3aIanHoi
MaJIoli BEJIMYMHEL £, (HAIPUMED, CYIIECTBYIOIIEH TOUHOCTH H3Mepe-
Hus yekopennit): v2 /R < g,, To ectb R > v? /e, . TIposogum mpsamyio
AA, nepriennukyasapuyio AA,. Yepes Touky O npoBOIuM TPSIMYIO
A, A,, napannensnyto npamoit AA,. B Touke mepecedenus Hareit
OKDY2KHOCTH M [JJAHHON IIPsAMOIl NpoBOAMM BeKTOp A, A., paBHBbIil
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N
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Puc. 1.8: Jlpyrast cuMMeTpudHasi MOJIETb MOJETa TUA “ITBETKA.
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Puc. 1.9: Mogens kapycenn st IPOU3BOJILHBIX IIOCKUX JIBU2KEHWH.
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0 MOJLYJIIO ]AA | u mapasrenbHbI AA CDaKTquCKI/I MBI IIPOCTO
COBEPIITIN MTAPAJLIEbHBIN EPEHOC JIBUKEHU ST AA IIponenas ana-
JIOTHYHYIO IPOLenypy ¢ asuxenuem BB, momyuum B, B, . Teneps
00a JIBU2KEHUS HAXO/IATCs HA OJIHOM OKPYKHOCTHU U C CYIIEeCTBYIOTIEH
9KCIIEPUMEHTATBHON TOYHOCTBIO HE MOT'YT OBITH OTJIMYUMBI OT UHEP-
1IMaJIbHOTO JBU2KeHus. BejepcrBue 049eBUIHON CUMMETPUN 3aJ1a4H,
BpeMsl Jijis TAKUX JBUXKYIIUXCsS 00BEKTOB OYJET Te€db OJUHAKOBO.
Hampumep, AAUTEIBHOCTH BPEMEHN MOYKET M3MEPSIThCS TePUOIuIe-
CKUMU BCIIBITIIKAMH, TPUXOISIITUMEI U3 1IeHTpa oKpyKHocTH O. Bo3b-
MEM Terephb TTPAMOIUHENHOE IBUKEHNE, XaPAKTePUIYIOIIEeecs BEKTO-
powm cxkopoctu CC|, napastensubiMm AA|, #Ho ¢ npyrum momyaem. Co-
BepIINM TAPAJLIETBHBIA TePEeHOC TBUKEHUS 1 LOJLY LM ( C,C; (upu
9TOM B3AT pajuyc okpyxuaocTH |OC,| = R|W|/\A Ac]). B stom
caydae MBI BHJIUM, 9TO /1Ba OObEKTA (XapaKTepI/BonumeCH CKOPO-
crssvu A, A, n C,C;) 6yayT ABUTATHCS BIOJIb KOHIIEHTPHIECKHUX YT
okpyzkHocreit A;a u C,d, ocraBascs Apyr OT APyra Ha OLUHAKOBOM
PaCCTOSIHUH BJIOJTH pauycoB okpyxHocreit. (Ha puc. 1.9 Tosbko mis
HAIVISITHOCTH W300PasKeHbl OOMBINNE JYTH, TO €CTh YBEJUUEHBI YTJI0-
BBIE MephI; Ha CaMOM JeJie, BCe MyTH TI0 YTJIOBOHM Mepe OyayT oueHb
MAaJIbl ¥ HEOTJIMYUMBI OT TPSIMOJUHEHHBIX yIacTKOB). Omarh Bpe-
M MOXKET “OTMEPATHCST MEPUOANIECKUMHU BCIBITITKAaMu u3 1eaTpa, O
(CKOIBKO CBETOBBIX cep OyaeT MpOXOANTE depe3 oKpyxkHOocTh C,d,
CTOJIBKO ke OyIeT IPOXOJUTh U Yepe3 OKPYyKHOCTb A, a — cBeToBBIE
cdeprl HUTIE “He OPSIIyTCsd, He HCUE3aI0T, He KOHICHCUPYIOTCI U He
nobasasrorcs’). O4eBUHO, 9TO I TAKMX OOBEKTOB BPEMST TAKIKE
Hyser Teub 0MHAKOBO. [Ipu 3TOM MBI MOXKEM MPOJIOIKHUTL OKPY K-
HOCTDL, HPOXOIOMIINYIO Yepe3 TOUKY C’s, n B J1000i HOBOM TOYKE ITPO-
BECTHU BEKTOD ﬁ , KACcaTeJbHbINl K OKPYKHOCTH U PABHBIN 110 MO-
JLYJTEO |C@ |. Owsirb 06beKThI, ABUKYIIHECs: CO cKopocTsimMu D, D. n
Cg—C'; , HAXOMIATCS Ha, OJHOW OKPYKHOCTH U, BCJIEJICTBUE CHMMETPUN
3a/Ja9u, BpeMs s HUX OyIeT Teub ONMHAKOBBIM oOpaszom. B urore,
Ha HpuMepe JBUAKEHHH CO CKOPOCTAMMU A, Ay m D, D, wim B,B, n
C,C,, MBI TOKa3aJIH, YTO BPEMS COBEPIICHHO HE 3aBUCHT HU OT BeJIH-

YWHBI, HA OT HATPABJIEHUS CKOPOCTH TLJIOCKOTO ABUXKEHUA 00BHEKTOB,
a TeuéT OMMHAKOBBIM 00pazoMm. [lepexos K TpEXMEPHOMY JIBUKEHUIO
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Puc. 1.10: dpuxenust 1o KpyroebsiMm opburam.

JIJIsi TOYEYHBIX OObEKTOB TaKXKe COBepIIaeTcd djemeHTapho. Bua-
4aJjie OJIUH U3 BEKTOPOB CKOPOCTH LIEPEHOCUTCS K HadaJ/ly BTOPOIO
BeKTOpa. Terneph 4epe3 3Th MEePECEKAIONINECsT MPSIMbIe TTPOBOIUTCS
IJIOCKOCTH, B KOTOPOH y2Ke MOYKHO BBITTOJTHUTEL BCE ONMMUCAHHLIE Pa-
Hee rmocTpoenns. Takum 06pa3oM, BpeMd COBEPIIEHHO HE 3aBUCUT OT
B3aUMHOIO JIBUKEHUS WHEPIUAJIBHBIX CHCTEM.

KpyroBsoe nBurkeHme paker

Paccymorpum emg onun kirogeBoii mapagokc. IIpeacrasbre cebe, aTo
JIBE OJTMHAKOBBIE PAKETHI (MM CITyTHUKA) CBSI3aHHO JIETST 10 OJMHA-
KOBBIM KPYTOBBIM OpOuTaM BOKPYT 3B€3/1bl. OUEBUJIHO, 9TO COIJIACHO
CTO (ma u ob61reit TeOpUN OTHOCUTETBHOCTH ) BPEMS T€IET OAUHAKO-
BO B 00eMX CHCTeMaxX CBSI3aHHBIX JPYT C APYroMm paker. Paccmorpum
rerreph BTOpyio curyanmnio (Puc. 1.10): MBI pazgennam pakeTs u mo-
BepHy/M OJHY U3 opbuT Ha 180° OTHOCHTEIBHO TTPOU3BOJIBLHOTO THa-
verpa. Temepb pakeTbl ABUXKYTCA BAOJL TEX YKe opbuT ¢ TeMu Ke
CaAMBIMM CKOPOCTSIMHU, HO BPAIIATCd BOKPYT 3BE3/IbI B POTUBOIIO-
JIO?KHBIX HAIIPABIEHUSAX, BCTPEUASICh IBAXKIBI 32 KaXKIbIH 060poT (B
roukax A u B). OueBugno, 9ro Biustane 3pdexkTos obreil Teopun
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ornocurepaocTn (OTO) Ha x0m Bpemenn mas 00eMx paker OCTa-
Jiock Hem3MmeHnHbiM. Ho Bozuuk/o nporuBopedne ¢ piausuuem CTO
Ha XOJI BPEMEHU: Teleph PAKEThl ABUXKYTCS JPYT OTHOCUTEJb-
HO Apyra BCE BpeMsl ¢ HEHYJIEBOM CKOPOCTBHIO (BCIIOMHUTE DPEJIsiTH-
BUCTCKYIO (DOPMYJLy, BKJIIOYAIONIYI0 KBajgpar ckopocrn). Kakne yx
TaM HAHOCEKYHILI, TYT “MOJOIUALHLIMA s00UKaMu’ IIONaXUBaer!
[Mockosbky 4ncao 060POTOB MO2KET OBITH HPOU3BOJIBHBIM, OCTAETCS
TOJIBKO PEIuTh, KoMy mpucyantsh “Inapubiii mpus” — octarhed 60-
siee MostoabIM? ToMy, KTO ABUKETCS TTPOTHB WU IO YaCOBOI CTPEJ-
ke? U oTkyga cMoTpersh? QakTUUECKT OUEBHTIHO, ITO 33298, TTOJTHO-
CTBIO CUMMETPUYHA, U HUKAKOM PA3HUIILI BO BDEMEHU CYIIECTBOBATH
He MOXeT. 1o o3Hadaer, uro rtakoii sddexr CTO, kak 3amejse-
HUE BpPEMEHH, MOJHOCTbIO oTcyTcTByeT. lleHTpoberkHoe yckopeHue
(nemHepImaTbHOCTE) MemaeT pexatusuamy? Her mpobrem! TTycrs
JInHEelHAsT CKOPOCTH paker O6Jim3Ka K CKOpocTu cBera. byrnem yse-
JIMIUBATH pajuyc opdbur R Tax, 9T00bI OTHOIIEHHE EHTPOOEKHOTO
yCKOpeHus pakeT ¢ /R K IeHTPO6esKHOMY YCKOPEHHTO Ha TOBEPXHO-
ctr 3eman a, ObLIO MEHBITIE JTI000 HAMePE/] 3aJaHHOM BETMINHEI £.
Hampumep, MoxkHO BHIGparsh € ~ 10719, A Benpn Bce siko6BI TTOITRED-
JKJTAOTIIE PEIATHBU3M PE3yIABTATHI MOJYUEHBl Ha 3emie ¢ £ ~ 1!
Onsarh pelaTUBUCTAM HE CTOUT BOPOTHCS 3a abDCOIOTHYIO WHEPIIH-
anbHOCTh, uHavue y CTO BoBce He ocTaHeTCd Aayke MPEIMeTa JIid
HCCaAea0BaHMiA!

Ilapamokc pacnuiieHHOU JMHEHKN

Benomuum srokasarenscreo anuses (METOZOM J1e/IeHMs 11E70T0 HA
YacTH) TOTO (DAKTa, 9TO YBEJIUUCHUE MACCHI TeIa BJBOE HE MOXKET B
JIBa pa3a yBEJUUNTH YCKOPEHUE ero majeHus, u cpOpMyInpyeM Ta-
PAIOKC PACTWIEHHON JWHEHKW. PacCMOTpUM YeThipe MIAEHTHIHBIX
muaeiikn (Puc. 1.11). das HADISTIHOCTH TOKOSIIasics JnHeiika A
JIEXKWUT Ha CTApTe, a TTOKOAIMIASCS JWHelHKa B jexnT Ha (UHUAIIE.
Jluneiika C' 6yner 1BUraThCs B TEUEHUE FKCIIEPUMEHTA, OYIydu pac-
IUJIeHHOW Ha jBe pasHble dactu (1 u 2), a rakas ke JjuHelika D
Oyser B TeUYeHME SKCIIEPUMEHTA JIBUTAThCS KakK elunHoe 1ejoe. Bee
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Puc. 1.11: Tlapasgokc pacuuieHHOM JImHEAKN.

BaKOHBI JIBU2KEHUS 3apaHee BLIOPAHLI OquHAKOBbIME. CHada a pac-
CMOTPUM OTIEJBLHO JBUKeHne TepBoit mosopuab! jgumeiikun C' — 1.
OTa JIMHEWKA HAUNHAET JIBUTATHCA C TOCTOSHHBIM YCKOPEHUEM, 10-
cturaet OOJIBITION CKOPOCTU V', JIETUT ¢ TAKOH MOCTOAHHONW CKOPO-
CTBIO U TIepecekaeT (DUHUIIMHYIO JUHUK F CBOMM TIPAaBBIM KOHIOM.
[Mpeamomoxkum Temepsb, 9TO BTOpas momaouna JuHeiikn C' — 2 Ha-
YUHaeT ABUrAThCA OQHOBPEMEHHO C IIepPBOI HNOJIOBUHON U NBUKETCH
o rem xke cambiM 3akoHaM (uro u C' — 1). Torga eé npasblii Ko-
nen nepeceuét muanio O B MOMeHT nepecedenns gpunnnra F nepsoit
mostopuHON smHeiK C' — 1. 9T0 OYEBUAHBIN PE3YIBTAT: CUTYATIHS
€O BTOpPOU 10JIOBUHKOMN JinHeliku C' — 2 OTJIMYaercsd 0T CUTYAIUH C
nepBoit mosoBuHKOM JuHetiku C' — 1 TOJIbKO TapaJsijielbHbIM IEPEHO-
COM Ha4aJla KOOPJAHHAT, TaK KaK IIPpaBblil KOHeL II0JIOBUHBI JTUHEAKY
MEPEHOCUTCs TTapaJiensbHo ¢ guaun S #a aunuio O. Ho s #epas-
pesamHoi jimueliku D curyarnusa OyaeT COBEPINIEHHO WHOMN, TaK KakK
JIMHEWKa JocTuraeT (PUHUIIA KaK eIuHoe 1ejoe. MeeM jornueckoe
nporuBopedre. Bo-1epBbixX, OTKy/Ia JMHEKA MOXET 3HATh O CBOEM
pazpese? Bo-BTOPBIX, pa3pe3 HYJI€BOil MUPUHBI HE MOYKET COIJIACHO
CTO mupeBpartuThca B HEHYJIEBOUW MPOCTPAHCTBEHHBIN 3a30p. Kpo-
Me TOro, JIMHEHKa MOYKeT OBITh pa3jie/ieHa Ha [POU3BOJIBHOE YUCIIO
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qacTelt ¥ TPOCTO HEBOBMOKHO OYIeT MOATOHKOM (MbICﬂeHHbIﬁ COBUT
st cniacenust CTO) m36aBUTBCS OT BCeX BOSHUKAOIIUX 3a30POB OJI-
HOBPEMEHHO.

EnunHoe abcosrroTHOE Bpems

[Mongarue Bpemenu mupe, veMm pa3MepHbiit KoM UImenT TponopIy-
OHAJILHOCTHU B 3aKOHAX MpeoOpa3oBaHus, U UMEET ropasjo OoJbiiee
OTHOIIIEHNE K JIOKAJbHONW HEeobpaTuMOoCTH mporeccoB. Bo-mepBhix,
OJ/IHO3HAYHAS IPUBS3KA BPEMEHU K JIBUKEHUIO Teja He YUUThIBA-
eT BHYTPEHHUE MTPOIECCHI, KOTOPBIE MOT'YT ObITH HEM30TPOIHBI, ITPO-
TeKaTb C Pa3HBIMHU “CKOPOCTAMU’ U XapaKTepU30BaTH JIOKAJIHHYIO
HEeoOpaTuMOoCTh (Kazk/as Takas “CKOPOCTh’ MO-PAa3HOMY CKJ/IaiblBa-
eTCA TEOMETPUIECKU CO CKOPOCTBIO TeJa KaK IeI0ro). Bo-BTOPBIX,
TMPUBS3KA BPEMEHU TOJBKO K CKODOCTH TIEPENadn JIEKTPOMATHUT-
HbIX B3aUMOJCHUCTBUI HEe YUUTHIBACT APYTIUE BO3MOXKHBIC B3aUMOIeH-
cTBHst (KOTOPBIE MOTYT PAaCIpPOCTPAHAThCS B BaKyyMe) u (hakTuae-
CKU O3HAYAET 3JEKTPOMATHUTHYIO IPUPOY BCeX stBaeHuil (abcosio-
TH3AlUs 3JIEKTPOMATHUTHBIX B3anMozeiicTeuit). O ToM, KaK MOYKHO
BBECTH enmHOe abCcoII0OTHOE BpeMs OymeT CKa3aHO HUKe.

IMpu BBeseHMM TOHATHS COOCTBEHHOTO BpemeHu ((harTuaeckn
CyOBEKTHBHOIO BPEMEHW) METOIMYECKH BaYKHBIM KAXKETCs CJIey-
tortuit MmoMmeHnT. CobCcTBEeHHOE BpeMsi 4y»KOTo 00beKTa HaJl0 HE BhI-
YUCAATE (0 HAIIAM COBCTBEHHBIM IIPABHJIAM), a “CIPOCHTH’ Yy HETO
camoro. Torga paccmorpum caepyrommit sxcepument (Puc. 1.12).
[IycTe Hab/rOMaTE/ b PACIIONOKEH B HEIOJBUKHOI cucreme S B TOY-
ke O, rje noMemngn Masgk. Masgk CUTHAJIUT KaXKJIyH CEeKYHJIYy U B
WUTOre YUCJIO BCIbIeK [N PAaBHO YUCJIY MPOIIEIINNX CEKYH/] B TOUKE
O. IlycTh KOCMOHABT (ABUKYIIAACA cucrema S’) cTapTyer u3 TOUKH
O. Torpa, npu yaajgernun oT Toukn () KOCMOHABT Oy1eT BOCIPUHU-
MAaTh BCIIBIIIKU pexke (¢ MeHbINei 9acToToil), gem 110 crapTa (pakTu-
YEeCKH — 3aMejIeHne BpeMenn Maska). OHaKO, IPU MOCTeAYIOIEeM
npubIMKEHUH K MasgKy BCIBIIIKH, HA000pOoT, OyayT Hojiee YacThIMH,
yeM J10 cTapTa (Terneps — yCKopeHue BpemMenu magka). [Ipu v < ¢ oge-
BUJIHO, YTO KOCMOHABT He MOXKeT 0OOTrHATH HU OJHY BCIIBIIIKY U HE
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Puc. 1.12: Obmen curnajgaMu cobCTBEHHOTO BPEMEHMU.

MozKeT oboiiTH HI 0Hy U3 Bembiiek (cdep cera). Takum obpasom,
HE3aBUCAMO OT TpaduKa CBOETO JBUKEHUA W TPACKTOPHUN, TIPU BO3-
BpaleHnu B T0YKy O KOCMOHABT BOCIIPHUMET POBHO N BCIBIIIEK, TO
€CThb BCE BCIIBITKH, KOTOPBIE M3 Tydns Madk. CregmoBaTesbao, Kax-
JIBIi W3 9TUX JIBYX Hab/I0mare el moarBepauT, 9To mporuio N ce-
KyH1 Ha Magke. Ecam kocmouaBT Ha KOpabjie Takyke Oymer mMeTh
MasiK ¥ CHUTHAJIM3MPOBATL O YUCJIE€ CBOUX IPOIIEIIINX CEKYHI, TO
OTHOCHTEIHHO BPEMEHM KOCMOHABTA, TAKKE HE BOZHUKHET PA3HOTJIA-
cuit. Curyanus 0Ka3bIBaeTCS ITOJTHOCTHIO CHMMETPUYIHON (HALIPUMED,
I7IsT Tapajiokca 6msuenon). [lpu BeTpede B 01HOM TOUKe Bee chephl
CBETa MepPEeceKyT TPOTUBONOJIOKHBIX HABII0gaTenell (Ynucao nx me

MOXKET HU JJOOABUTHCS, HU YOABATHCsT). DTO 9UCJI0 paBHO N - IHCTY
MOPOIIEITNX CEeKYH/ /i 060mxX HADJII0IaTe e,

Paccmorpum Teneps Bonpoc 00 yCTaHOBJASHUYU €UHOTO abCOTIOT-
Horo Bpemenu. (EcrecTBenno, ecin m3amepars BpeMsi OHEHUSMHI CBO-
ero cepima, To OHO OylerT CyObeKTUBHBIM M 3aBUCETH OT BHYTPEH-
HEUX U BHeIIHUX ycJosuii.) [lomeiTka BBeCTH COBCTBEHHOE “97IEKTPO-
MAarHuTHOE BpeMst’ ¥ aOCOMIOTH3UPOBATHL €TI0 — ITO BO3BPAT B IIPO-
mnoe. OaHAKO, Jaxke TOTIa, HECMOTPS HA MU3EPHYI0 CKOPOCTDH TTe-
penaun wHbOpManuu (HapuMep, ToJTyOHHON MOYTOi ), JFOAN MOTIIH

CHUHXPOHU30BBIBATHL BPpEMAd, TaK KaK ITOJIb30BAJINCH OT/I[&J'[éHHbIM nuc-
rounnkoM curuasos (Comnre winm 38é3161). IlpencraBum cebe ciremy-
foruit Mbicaenublii 9xcrnepument (Puc. 1.13). VianéHubiii mCTOYHUK

S, HaXOIAMAHCA Ha CEPeTMHHOM MEPIeHINKYIsIpe K OTpe3ky AB,
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Puc. 1.13: Deckomeuno ymaaéHHBIM WCTOYHUK s yYCTAHOBIEHWS
eIMHOT0 abCOTIOTHOIO BPEMEHH.



52 I'JIABA 1. KHHEMATHKA CTO

[epPUOANYIECKH TOChLIaeT curiasbl (¢ nepuogom 1), B mMomenT npu-
Xofa curHajga B ToYKy O 1Ba perucTpupyromnmx ycrpoicrsa (1 u
2) HAYMHAIOT JBUTATHCHA 3€PKATBLHO CHMMETPUYHO (CO CKOPOCTSMU V
u —v), orpaxasacs or A u B ¢ nepuogom 27. CKOPOCTH ¥ MOZKET
EbITh TPONU3BOJILHOI (3a cuér Beibopa paccrosnus |AB|). Hecmorps
Ha TO, 9TO B KaXKIbIFI MOMEHT BpEMEHH YCTPOWCTBA ABUKYTCI JPYT
OTHOCHUTE/IBHO JIPYTa CO CKOPOCTBIO 20 (KPOME TOUEK OTPAKEHUs),
CUTHAJIBI 6y,ZLyT BOCITPUHUMATHCA OJJHOBPEMEHHO B MOMEHT HpOﬂéTa
roukn O (Tam ke MOXKHO TIOMeCTHTh Hab roaaresst 3). Bpewms, onpe-
Jesiéanoe TakuM 06pazomM OyeT equHbIM (B Touke O) s BCEX TPEX
Habmonareneit. st Toro, 9Tobbl ¢OeIaTh CAEAYIONIAN IIar 3ame-
THM, 9TO JJIsT BBIBOjA hopmysa mpeobpazsosanus CTO mocrarouno
pPacCMOTPETh OTHOCHUTEBHOE JBUKEHHUE BIOJTh OJHON HpsMOii (Tak
KaK PacCMaTPUBAIOTCA MHEPIMAIBHBIE CHCTEMBI). 3a CI6T BBIOOPA
6oaprioro paccrosiausg |[SO| MOXKHO TO0OHUTHCsI, 9TOOBI PA3HUIA BO
BPEMEHN MEXK, 1y MpuXo0oM curHasa B Touky O u B Touku A u B
ObLTa MeHbIle JIIo00H Hamepés 3aJaHHoli BeTMINHBI. B pesysabrare
C 3aJAaHHONW TOYHOCTHIO BpPEMsi Oy/eT OIMHAKOBBIM /[IjIsi BCEI'O BbI-
6pannoro orpeska AB HEe3aBUCUMO OT CKOPOCTE JABUKEHUA HADIIO-
maresneit 1 u 2. Takum obpazom, OECKOHEUHO YAAJEHHBIA UCTOTHUK
CUTHAJIOB, paCHOﬂO}KeHHLIfI NEePHUEHANKYJJTAPHO K HAITPABJIECHUIO OT-
HOCUTETLHOTO JIBUKEHUSI CHCTEM, MOYKET BBITTOJHSITL POJb 9acoB,
ONPENENAIOMUX e MHOe aBCOMIOTHOE BpeMs (OJMHAKOBOE — HE3ABU-
CUMO OT WHEpIHMAJBHON cucTeMbl oTcuéra). Bompoc 06 m3MeHeHwMn
HaOJI02eMOT0 HAMIPABJIEHHS TPUX0/Ia CUTHAA Oy1eT U3JI0KEeH HU-
ke (ITO0OBI HU ¥ KOTO HE BO3HUKJIO UCKYIIEHUS “IPUTSIHYTh 32 YIIn’
abepparuio, TKOObI OTPAKAIOIITYI0 M3MEHEHNE HAIPAaBACHUd (DPOHTA
BOJIHBI ).

JonmosTHuTEIbLHBIE 3aMEeYaHUSA

Crenytomiee MeToanueckoe 3amevanne. [{oHsSTHE BpeMeHN CTAHOBUT-
Cst OTPAHUYEHHBIM, €CJIU TTOJIb30BATHCS METOJOM DUHIITENHA J/Id €ro
CHHXPOHUBANN. BO-TIepBbIX, U3 ABYX HE3ABUCHUMBIX TEPEMEHHBIX —
KOOP/IMHAT U BPEMEHU — OCTAETCI He3aBUCUMOMl JIMIIb OJTHA U3 Tepe-
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Puc. 1.14: CeeroBble 4achl.

MEHHBIX, B TO BpeMd KaK APYyTrad CBA3aHa C COCTOAHUEM JIBUKEHUA
(cyObeKTUBHM3M) ¥ CBOWCTBAME CKOPOCTH CBeTa ([I0YeMy, HallpuMep,
HE 3BYKa WJIN HE CO CKOPOCTHIO 3eM/IH U T.11. ). BO-BTOPBIX, TIOCKOIBKY
JIUIST OIIpeJIeIeHdsT CKOPOCTH HeOoOX0IUMO HE3aBUCHMOE OIpPe/IesIeHIe
KOOPJMHAT W BPEMEHH, TO CaMa CKOPOCTh CBETa CTAHOBHTCS HEOTIPe-
JeJISIeMOil BeJIMIMHON (HEM3MEePUMOii, MOCTYINPYEMOii).

Kak xke 100641 pegTuBucThb BO3UTHLCA ¢ HepaboTaomuMu n306-
perenuamu! OpanM u3 Takux “Bemuknx” mepaboraromux m3obpere-
HUIT TEOPUU OTHOCUTENILHOCTH SIBISIOTCH CBETOBBIE 9achl (3a 100 jer
HUKTO JlakKe He MpoboBaJI TIOCTPOUTDL OIBITHBIN 0Opaser; U HUKOTIa
He Oyzmer mhITaThest 310 caenars!). I He moTromy, 9TO HEBO3MOXK-
HO CO3/IaTh U/EAJIBHO TIJIOCKUE, WIeaTbHO MapasjiebHble, U1eaabHO
oTpaKkaromue 3epKasa. A mOTOMY, 9TO MBI HE CMOXKEM HabII0TATh
“TUK-TAK” cboky, kak sTo omuckiBaer CTO. Yacer “padborator” mo
nepBoro “TUKA” u nepecrator ObITh “UIASHTUIHBIME, TAK KAK O-
ToH B MoMeHT peructparmu “TUKA” gomken mpoB3anmMomeiicTBo-
BaTh. Tem He MeHee, BepHEMCS “K HAIUM PEISITUBUCTAM, KOTOPHIE
JUTST TEMOHCTPATIAY 3aMeIeHNs BPEMEHN JacTO MOTh3YIOTCSI CBETO-
oM dacamu 35| (Puc. 1.14). OnHako, TOYHO Tak:kKe MOXKHO pac-
CMOTPETH TIEPUOIMIECKN OTPAKAIONLYIOCS 9ACTHUILY (MU JIyHIIe 3BY-
KOBYIO BOJIHY) CO CKOPOCTBIO % <& € W TOJYYIUTH MPOM3BOJBHOE 3a-
memgienne Bpemenn 7o/4/1 — v2/u?. M3BecTHO, 9TO OPTOTOHAILHBIE
KOMTIOHEHTBI CKODOCTH MOT'YT OIHUCBHIBATHCS HE3ABUCHUMO: MOPU30H-
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TaIbHOE IBUXKEHWE CO CKOPOCTHIO V OTHOCHTEIbHO MPubOpa HUKAK
HE CKAXKETCS Ha BEPTUKAJBHBIX KOJEOAHUSX YACTUIBI C ITPEeXKHe
CKOPOCTHIO U. Bompoc sKCrieprMeHTaIbHOI0 000CHOBAHUSA [TOCTYJIa-
Ta MOCTOAHCTBA CKOPOCTU CBeTa Oyjer mpoaHa/ju3upoBan B [JaBe

3.

Samemyienne Bpemern B CTO gaBisgerca ne Gosee, deM KaxKy-
mmMcst 3pdexrom. Hamomunm, 910 7715 3ByKa JAIUTETHHOCTD TYAKa,
TpyOBl Af TakKe 3aBUCUT OT CKOPOCTH TPUEMHUKA OTHOCHTETHHO
ncrounuka (TpyObl), HO OTCIO/IA HUKTO HE JIEJIAET BHIBOJIOB O 3aMe/l-
JieHnu Bpemenu. ejmo B ToM, uTo “perrtenue’ HabII0ATENS JBUTATh-
C4 C TOU MM WHONA CKOPOCTBIO HUKAK IIPUYUHHO HE CBA33HO C IIPO-
reccaMn M3JIyUYeHust 3ByKa (Ja U ¢ JIPYTHUMHU TpOIeccaMu B TpyGe).
ITycTs meBer; HEMPEPBIBHO MOET TECHIO B MOKoAMIelica aTMocdepe, a
ero Opar-6m3Her OyJeT ABHUIaThCAd OT IEBIA IOYTH CO CKOPOCTHIO
3ByKa Us: o] = v/vs & 1, a 3arem Oymer ABUraThCd K MEBILY (C TeM
JKe OTHOIIIeHUEM v ). XO0Ts mecHs 6y/1eT NCKayKeHa, HO HUKTO eI He
zadurcupoBaJs bosee ObICTPOro crapenus nesna. llycrb Temnepb Mbl
9TOM K€ TMEeCHEN MpPOMOIYJUpPYeM CBET BJIOTOHKY Opary-O/m3Herry,
YJIETEBITIEMY Ha paKeTe MOYTH ¢O CKOPOCTHIO CBETA, HO ¢ TEM IKe
9UCJIOBBIM 3HaUeHneM ag = v/c = «; &~ 1. Tenepn Gpar-6ausHer
OyIeT CAYIIATh 3Ty XKe UCKaKEHHyIo mecHo. [lodemy xke cuTyanmst
JOJIKHA U3MEHMTLCH W Opar-IoMOoCces JOJXKeH mocraperb! A ecau
HEKOTOPBIT YKUBOH Opranu3M OyIeT XapaKTepHU30BATHCS OTPEIETEH-
HOHM 9acTOTOI M3JIyUeHWNs, OTINIaIoINIeil ero OT MEPTBOTO OPTAHMU3-
Ma, TO HeyZKeJIU W3-3a BAIIero IBuKenus (u3-3a 3¢ derra Jomnepa)
CHaUAJIa Bbl KOHCTATUPYETE CMEPTH OPTaHW3Ma, d 3aTeM er0 BOCKPe-
menne? Wam Hy:XKHO TOCTYIMPOBATH M3MEHEHWe OObEKTUBHBIX Xa-
PaKTepUCTUK 00bEKTa, HE CBSI3aHHOIO C BAaMU LIPUYUHHO?

Creaem 3aMedanus O MOBOIY METOJa CHHXPOHU3AIIUU BpEMe-
Hu Ditammreiina. TpaH3UTHBHOCTS CHHXPOHU3AIINE BPEMEHN METOL0M
DitHIITEiHA UMEET MECTO JIJi TPUBUAJIBHOTO CIydasi TPEX B3AUMHO
NOKOAIMXCA TOUEK. Femm ke Touknu (He Ha OJHON NpPSIMOit) TpUHAT-
Je¥KaT CHCTeMaM, JIBUXKYIIUMCA APyl OTHOCUTEJbHO APYyra B pas-
HBIX HANPABJIEHUSX (HE MapasIesbHO), TO MPOIEAYPa CHHXPOHU3A-
MW MOXKeT CTaTh HeOIpeAeJEHHON: JIId KaKOI'0 MOMEHTa BpPEMEHU
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CUNTATh YaChl CHHXPOHU30BaHHbIMU! JIIs Hadaja mpoIeaypsi, eé
OKOHYAHUS MJIN NPOMEX)yTouHOoro momenta? [lake 1jisg Touek Ha
OJIHOM NPSAMO MeToj JWHINTEHRHa OIMPAETCA Ha COBEPIIEHHO HE
IIPOBEPEHHOE B IKCIEPUMEHTaX II0JIOKEHWE O PaBEHCTBE CKOPOCTH
CBETa B OJIHOM U IIPSIMO IIPOTHUBOIIOJIOKHOM HanpasieHusx. PakrTu-
YeCKHU, CHHXPOHU3AIUs OKA3bIBAETCH JIMOO HAIIOJOBUHY PACUYETHOMN
IpOLEeyPoit, ubdO MHOTOMTEPAIMOHHBIM IIPOIECCOM, TAK KAK CHH-
XPOHUZAIAST TTPOBOAUTCS TOJBKO JIJIsT IBYX BBIOPAHHBIX TOUEK. DTUX
HEJOCTATKOB JIUIIEH METOJl CHHXPOHU3AINK C TTOMOIILIO YAAJIEHHO-
ro MCTOYHMKA Ha cepeuHHOM Teprenankysspe [48]. Ou nossosaser
9KCIIEPUMEHTAIBHO (8 He pacdyéTHO), 6e3 JTOMOJTHUTETHHBIX THIIOTE3
CHHXPOHU30BATH BPEMd C 3apaHee BHIOPAHHON TOYHOCTHIO CPa3y Ha
BCEM JJAHHOM OTpPe3Ke (Jla’ke Ha IUIOCKOM YIacTKe).

Ilepeiiiém Teneps K enuHuUIIAM U3MepeHus BpeMmenu. Pazymeer-
cs1, /I W30JUPOBAHHOTO SBJIEHUSI B PAMKAX HEKOTODOl MaTeMaTH-
YeCcKon MOJECJIN J'[IO6bIe TPUBBIYHBIC BEJIUYMUHLBI MOXKHO OIMUCHIBATH
B DA3HBIX EJIMHUIIAX M3MEDPEHUsI ¥ B Pa3HbIX Macmrabax (Kak pas-
HOMEPHBIX, TAK ¥ HEPABHOMEDPHBIX, HAIIPUMED, B JIOTAPUMMUATECKOM
maciirabe). B 0CHOBHOM 3T0 ompe/iesisieTcst Kak yI00CTBOM OMTHCAHST
JUTST JIAHHOM MOJenu, Tak 1, B caydae 0OOBIIEHUS, BO3MOXKHOCTHIO
MCIIO/Tb30BAHUS TEX K€ BEJUYNH JJIsi APYTUX (PUBHIECKUX ABJICHUI
U MaTeMaTHYECKUX MOjeseil (CThIKOBKA pasHbIx obsacTeil dhusnukm).
Onnako, capkasm Teitopa u Yuiiepa [33] o “cBsmenHbix ennannax’”
COBEPIITEHHO Hea leKBaTeH. KOHeUHO, MOYXKHO BBECTH TEPEBOIHON KO-
sdduruent s Bpemenn B MmeTpbl. Ho npu 9T0M OH He 00s3aH ObITDH
CKOPOCTBIO CBETA, &, HATIPUMED, MOXKeT OBITH CKOPOCTBIO TEIeX0Ia.
O0e HazBaHHBIE CKOPOCTH COBEPIIEHHO OJMHAKOBO HE MMEIOT OTHO-
IEHUs K 3BYKOBBIM, TEILJIOBBIM SIBJACHUSAM, K THIPOAMHAMUKE U KO
MHOTEUM ApyruM obsactam usuku. Moxuo BOODIIE BCE BEJIUIHHBI
BBIPA3UTH B METPAX: Maccy, 3apsa u T.71.. OJHAKO, BCe 3TH “Da3HBbIE
MeTPBI”

1) He ckagbIBAIOTCA,

2) He B3aMMO3aMEHSIEMBI,
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3) MOSIBJISIOTCS OY€Hb PEJKO B HEKOTOPBIX COBMECTHBIX KOMOH-
HAIAX, 13 U

4) 1 pA3HBIX ABJEHWI OHA U TA, YK€ KOMOMHAIINS HETIPUTO/THA.
(HampuMep, mHTEpBAT UMEET OTHOIIEHUE TOJBKO K 3aKOHY DACIIPO-
cTpaHeHud CBeTa B mycToTe). MOXKHO BCe BEIMYMHBI CIIEIATH Oe3pas-
MepHBIME (1 33 BceMu (GU3NIECKUMHU BEJTMIHHAMHA TPHUJIETCS CJIEINTh
oraensro). Ho B mobom ciaydae dhusuka HE CTAHET MATEMATHKOIL.
QPuzuka He U3yUIaeT BCe WILIFO30PHbIE KOMOUHATOPHBIE “MUDBI” ypaB-
HEHWiT, & TOJBKO TO OTHOCHTEIBHO MAJI0€ WX KOJUIECTBO, KOTOPOE
peaym3yercsi B mpupoje (OCHOBHBIE BOIPOCHI (DUBMKHU: KAKHE B3ad-
MOCBA3HU PEAJIU3YIOTCH B IIPUPOJE, ITI0YEeMY U KAKOBBI CJICACTBUS U3
9TOr0).

1.3 OTHOCUTEJITLHOCTH OTHOBPEMEHHOCTN

[Tocie KpUTHKH GA3UCHOrO TOHATHST BPEMEHH ITPOJIOJIKUAM aHAIH3
JIOTHIECKAX OCHOB 3TOH TEOPHHM W PACCMOTPHUM BCIHOMOTATEIHHOE
OHSATHE “OTHOCHTENbHOCTL OAHOBpeMeHHoCcTH . HamoMHNM MbICTeH-
mbiit sxcnepument u3 CTO. Ilycts mo xejes3noil gjopore efer moess
A'B’ co ckopoctbio v. B mosiorho xenesnoit goporu (C) HAnpoTus
nearpa noesga C' (B Mmoment cosnagenus touek C' = C') nonaa-
er mosaus. Torja B cucreMe, CBA3AHHON C JIBUXKYIIUMCS TIOE3/I0M,
BCIIBIIIKA JOCTUrHET oxHoBpeMenHo Touek A’ u B’, B To Bpems Kax
JJId HETIOABUKHOT O Ha6J‘[IO’Z[aTe.H§[ BCHBITITKA JOCTUTHET OJHOBPEMEH-
Ho ToueK A u B (¢ cepenunoii B Toure C'), HO K 9TOMY MOMEHTY
touku C'u C' (cepesuHbl OTPE3KOB) pasoiiyTca HA HEKOTOPOE pac-
crogare. OIHAKO, U B KJIACCUYIECKON (bu3uke BO3MOXKHA 1M0I0OHAS
curyanus, ecau nadopManuio uz rouek A’ B', A, B Mbl 3aX0TUM T1e-
pellaTh B HOBYIO euHyI0 Touky D (mam, Haobopor, u3 Todkn D B
trouku A’, B'; A, B) ¢ HEKOTOPO#i KOHEIHOH CKOPOCTHIO v, (TP 3TOM
CTO u nocTosiHCTBO CKOPOCTH CBETA HE OyJIyT MIPATh HUKAKON PO-
).

MOKHO TPEIIOKUTL  CAEIYIONYI0 MEXaHHYECKYI0 MOJIEJb
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(Puc. 1.15). Tlycrb 4 Marepuasbhble Toukn (63 CHiibl TszKecTn) “ra-
AT’ €O CKOPOCTBIO ¥, TOMApHO HaJ TOUKOH C' (PsIoM ¢ TIOJTOTHOM
JKeIe3HOM moporn) u Hag nerTpoM moesna C’) KOTOpBI K MOMEH-
Ty magenusa “mogbener’ Kk touke C” pagom ¢ Toukoit C. Ilycrs B
touke C' M B NEHTPE NOE3/18, YCTAHOBJEHBI MJICATBHBIE OTPAKATENN
(paBHOGEIPEHHBIE TPEYTOJBHUKHA C YIJIOM TIPU OCHOBAHUU v = 7 /4).
Torpa 1Be 4acTUNB, OTPABUBIINECS HA, IOJOTHOM KEJIE3HOM J0poru
(B Touke ('), MOJETAT B pa3Hble CTOPOHBI CO CKOPOCTHIO U, W OJHO-
BPEMEHHO JocTUTHYT Touek A u B (B knaccuke |AB| = |A'B|).
Hast sroro norpebyercs Bpemsi t = L/v,, tae 2L - jawHa 10€3-
na. /Ipe mpyrue 9acTHUIIBI, OTpa3suBIINECS HaJ HenTpoMm moesma C')
OyayT ABUTATHCS OTHOCHUTEIBHO KEIe3HOH MOPOTH CO CKOPOCTAMU
v/ = v, + (v/tana) = v, + v Buepex u v’ = v, — v Hazax. 3a TO
JKe caMoe BpeMms t mepBasi U3 9TUX YaCTUll MpoigéT myTh (Brepen)
L’ = vt + vt, a MOCKOJILKY T10€3]] IPOUIET nyTh v, TO YaCTHUIIA JIO-
crurner Toukn A’. Ananornano, ays Bropoit wacruner L’ = v, t —vt;
cJIeIoBaTeNbHO, OHa gocturaer toukn B'. Takum o6pasom, coObiThe
— majieHne TOYEK Ha OTPaKkareau — OyJIeT OJHOBPEeMEHHO 3aduKCu-
POBAHO BO BCEX YETHIPEX TOYKaX: Kak B Toukax A m B (wam xemes-
HOit moporoit), Tak u B Toukax A’ u B’ (max noezmom). Do caydai,
KOT/Ia, TOYKHW, TMASAIONME HAJ TTOE3/I0M, YYACTBOBAIM B €r0 WHEP-
MHAJTLHOM JIBMKEHUHU. Kcam e BTOpas mapa ToYeK Oyher majaTh
(HA/ TIOJIOTHOM 2KEJIE3HOM JOPOTH) CPasy HAJ| HEMOJABUKHON TOUKOT
C”, TO TpeyroJibHBIN OTpaxkareyab y mnoesja (TOJLKO y HEro) JoJ-
KeH MMEeTh CJICAYIOIWEe YTJIbI IIPpW OCHOBAHHWHW: TIPOTUB ABUZKEHUA
noe3na a3 = 0,5arctan (v, /v), a B HAIPABJIEHUN JBIKEHUS TT0€3/1a
ay = /2 — a3. B 3TOM C/rydae 4acTUIbI MOIETST NAPAJIeTbHO 0=
e3/ly ¥ JOCTUTHYT €ro KOHIIOB OJJHOBPEMEHHO (HO HE OJHOBPEMEHHO
co Bropoit mapoit yactun!). Ecau xxe Mbl x0THM, 4T00BI BCE YETHIPE
MaTepuaJIbHbIE TOYKN “TIPOJIETE TN OJHOBPEMEHHO HaJ COOTBETCTBY-
romuvn roukamvu A’ B/, A, B, TO yIiIbl Ipu OCHOBAHNUU OTPAKATES
(y moesza) enié o/IKHbBI ObITH YMEHBITEHBI HA YTOJT arcCos R —

\/v? + 02
(ecsim yCTaHOBUTH MJIOCKHU{T BOJTHOBO/I, TO Mapa IaCTHIl HAJ TI0E30M
e Oyzmer “nomHUMATHCH” CJAMITKOM BBICOKO, a OyIeT JIBUraThCd Ia-



58 I'JIABA 1. KHHEMATHKA CTO

c A
v=—f’ \ | o | D)
A B
"1? ?VL t<0
A
A c B
v;_%é_}v
ve— \ o ] D)
A : : B
v, Loy =0
1-&%6%— 1
A c B
Voo o - ”73 i 77777777777777777 O—}V"
AN
ve—f7 | [ o ] D)
: N Ly
Vi i i ¥
e o=
A C B

Puc. 1.15: Mexannmueckass MOeIb OTHOCUTEIRHOCTH OHOBPEMEHHO-
CTH.
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pasIebHo moe3my ). Kak BUIHO, MEXaHMYECKMe AHATOTM BO3MOKHBI
JIIsT CaMBbIX PA3HBIX CATYAIIWit.

MozKHO CKa3aTh, 9TO ITO J[Ba pa3HbIX cobbITH. Tak Bejib u B CJ1y-
Yae CO BCIBIMKOM cBera (MosHEei) ux Toxke aBa. [eficTBUTeNnbHO,
IIYyCTh BCHBITKA CBETa TTPOUCXOAUT B MOMEHT COBIAJEHUA IMEHTPOB
O u O cucrem S m S’, IBMKYIIUXCA IPYT OTHOCHTEIBHO IPYTa CO
ckopocThio V. B mekoropsiit MmomenT Bpemenu t > 0 ppoHT cBETa
Hymer HaxoUThcA HA cdepe X OTHOCUTEILHO TleHTpa O B cucreme
S u wa cdepe ¥/ ¢ menrpom O’ B cucreme S’ (4TO KasKeTcda HEBO3-
MOXKHBIM). OIHAKO, HUYErO yIUBUTEIHHOTO (IPOTHBOPEUHS C KJIAC-
cuueckoil (hU3UKOI) 3/1eCh HeT, NOCKOBKY HADMIONATENh B CHCTEME
S 3aduKcupyer cBeT HEKOTOPOH OJHON YAaCTOTHI W, B TO BPEMsi KakK
nabrogaresns B cucreme S’ 3aduUKCUpyeT TOT Ke CBEeT, HO JPYyroii
vyacrorel W (Beaegcrsue addekra omnepa). A s1o yiKe 1Ba ujeH-
THMUITUPYEMO PA3HBIX COOBITHS: TPU BCTpede HADIIOIATEN BCETIa

CMOT'YT CPaBHUTHL Pe3y/IbTaThl N3MEPEHUd w 1 w'!

Pazbepém Temeps mogpobHee MBICTEHHBIN 9KCIIEPUMEHT, “IeMOH-
CTpUPYIONTHH’ OTHOCUTETHHOCTD OJHOBPEMEHHOCTH: MTYCTh BCIIBITIKA
cBeTa HMPOMCXOAUT B MOMEHT coblajenus tentpos O u O nBuxKy-
MIIXCA ApyT OTHOCUTENbHO apyra cucrem S u S’ B Touke O = O'.
Coruacno CTO 3a Bpemsa At = t, —t,, 1o yacam cucremsl S cBeT
mpoiigér paccrosinue c(t, — t,,) or merrpa O. 3a Takoe xe BpeMst
At = t, — t,, mo gacaMm cucreMbl S’ TOT XKe CBET MPOUIET PACCTO-
auue c(t, — t,,) or nerrpa O'. CorsacoBanne HAYAIBHBIX BPEMEH
He BAWSET Ha Pas3sHoCTh BpeMeH At n MOXKeET OLITH TMPOBEIEHO KaK
0 DKCIIEPUMEHTA, TaK U I0Cje Hero JjiiodbiM Meromom. Hampumep,
MOXKHO HCIOJIb30BATH OECKOHEYHO VAAJEHHBIH NEPUOIUUECKUH UC-
TOYHUK, paCHOHO)KeHHbIﬁ NEePUEHANKYJIAPHO HAIPABJICHUIO JIBUZKE-
Husi. MOXKHO 3apamee TOTOBOPUTHCS O BCIBIMIKAX TI0 YACAM CHCTEMBI
S (manpumep, MepUOMIECKN KaxK bl MAJIHOH JIeT), a cucremy S’
“opranm3oBarh’ 3a MIHOBEHEE 0 BBIODAHHOI 3apaHee BCIBIIKHI (B
pazzesie 1.7 6yaer paccMOTPEH CBI3AHHBIN C 9TUM IIAPAIOKC HEJIO-
KaJILHOCTH ).

Benovuum, aro ocroBHas mosiokuTenshasg unes CTO cocrosiia
B KOHEUHOCTH CKOPOCTHU Tepeadn B3aUMOJCHCTBUN. DTy Ke U0
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Puc. 1.16: [IpotuBopevunsa OTHOCUTENIHHOCTH OTHOBPEMEHHOCTH.

BBIDAYKAET TeOPUA OJUIKOMEHCTBUS W OTPAKAET TOJEBON TOIXOJ
(uepe3 ypaBrenusi MakcBesra): ¢BETOBOI (DPOHT OT MCTOYHUKA 10
HpI/IéMHI/IKa IpoXoauT MOCJACJOBATEIBHO BCE ITPOMEXKYTOYHBIC TOYKN
IpocTpaHcTBa. VIMEHHO ¢ 9THM CBOMCTBOM IIPUXOIUT B IIPOTHBOpPE-
qKe MOHSTUE OTHOCUTEbHOCTH OnHoBpemennoctu (Puc. 1.16). s
JIOKA3aTeJbCTBA 3TOTO MBI BOCIIOJIB3YEMCS JBYMSA YTBEPKICHUIMUI
u3 CTO: 1) omHa u Ta ¥Ke BCHOBIMIKA CBETA OJJHOBPEMEHHO JOCTUTAET
JBUKYIAXCSA JPYT OTHOCHUTENBHHO APYra HADIIOAATEeseH, HeCMOTDSI
Ha, TO, 9TO 32 BpeMsI MPOXOXKICHNST CBeTa HAOIIOIATE N IPOCTPAH-
CTBEHHO Pa30#IyTCa APYT OT JAPyra HA HEKOTOPOE DPACCTOsTHuE; 2)
kuHemaruaeckue dpopmysabl CTO (13 yaeOHUKOB) COMEPKAT TOTHKO
KBaspar ckopoctu. IlycTh, HATpUMED, TEPBLIN HADIOIATENbL B CH-
creme S’ IBHZKETCS IO HAITPABJICHHAIO K MCTOYHUKY BCIBIIIKHA C MAJION
CKOpOCTBIO ¥ ~ 10% M /c. TToCcKOJIbKY paccTosiHue /10 TOUYKH BCIBIIIKA
BEJINKO (MUJIJTMOH CBETOBBIX JIeT), TO 3a MWIIHOH JieT 06a HabJIio-
naresis pazoitayres Ha 6osbIIoe paccrosHue ~ 2 - 10'7 wm. To dop-
myaam CTO Bpems mpuxoja curHasa s KaxkKIoro HabJIrogaTess
Oyaer oaIMHAKOBLIM. B Kakoi#l TOUYKe MPOCTPAHCTBA MEPBLINA HAOIIO-
Jaresib “MponycTu/i’ CBeTOBO (PPOHT i BToporo Habmogaread! A
ecan OBl OH BeCh MIJIJINOH JIET JIepzKaJjl 3epKajo, a 3a 1 CeKyHmy 10
npuéma curaaia yopas ero? Ilo-MHEHNIO BTOPOTO HADIIOAATE/ST CUT-
HaJI OTpaXKEH IePBLIM HalJIIoJaTeseM Ie-TO BlIepean. A 4To oTpa-
JKaJT TIepBhIil HAOIAaTe kb, €CIH €10 TPUDOPEI eITE He PearnpoBAJIN
Ha BCOBLIIKY? AHAJOIHYHO, TPeTH HabJII0IaTe b MOXKET YIAJIATHCS
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OT BTOPOTO C TOi K€ CKOPOCTHIO, HO HAIIPABJIEHHONH OT MCTOYHUKA.
VBumnuT au Tpernil HabJIIogaTe b CBET, eC/IA BTOPOM OyaeT nepKaTh
3ePKAJI0 MUJLJIMOH JieT 6e3 OMHON CeKyHIbI!

C omnoit cToponbl, TOCKOJIBKY B popmysibl CTO BXOAUT TOIBKO
KBa/IpaT CKOPOCTH, TO BTOPOU HabJoaTe b OyAeT CYuTaTh OJMHA-
KOBbIM BDEM IIOJYYICHUA CUT'HAJIA NEPBBIM U TPETbUM Ha6ﬂf0,£[aTe-
sgem. MoXHO ITOTOBOPUTHCA 00 OTTIpaBaeHun 0e3 3aaep>KeK TOT0J-
HUTETHHO CBOUX CUTHAJIOB TIPHU MOJYICHUN KAaXKJIBIM HAOI0gaTe eM
MCCTeAYEeMOTO CUTHAJA. 10T1a, ec/in pacuéThl BTOPOTo HabII0IaTe s
BEpHBI, OH JIOJI2KEH OJHOBPEMEHHO MOJIyYUTh CUIHAJIBI OT [MEPBOTO U
Tperrero Habsrogareneit (3agada cummerpuana). OmHAKO, € APYTOi
CTOPOHBI, COIJIACHO ypaBHeHuaM MakcBesuia cBeT pacipoCTpaHsdeTr-
Cd HETIPEPBIBHO W BTOPOH HAOIIOMATEb MOJYYIAT CUTHAI OT TEPBO-
10 OJTHOBPEMEHHO C T€M, KAK U CaM YBUJIUT UCC/IEIYEMBbIil CUTHAJI.
[To-muerWI0 BTOPOro HaOJIIOIATENS CBET K 9TOMY BPEMEHU €I He
JIOTIEST 710 TpeThero Habsrogaress. Takum obpazom, BTopoi HabJIIO-
JlaTesb MPUXOAAT B IIPOTHBOPEYME caM ¢ coDoi: mepBhle PacuérThbl
o dpopmysiam CTO nporuBopedaT BrOpbIM pacdéTaM 110 YpaBHEHU-
saMm Maxkceeta. O4eBUIHO, UTO BCHOBIMIKY HAOIIOAATEN YBUAAT HE
O/THOBPEMEHHO, a TIOCJIEI0BATEBHO, TOCKOIBKY TTPOCTPAHCTBEHHBIH
yTh CBETa €JIUH: UCTOYHUK, NEPBBIA HAOIIOMATENb, 3aT€M BTOPOIL,
¥, HAKOHEIT, TPeTuil HabI0JaTe b,

JonoysaurenbHo 3aMmeruM, 4yro gazke B pamkax CTO nmonaTue
OTHOCHTEJILHOCTH OJHOBPEMEHHOCTH CHUILHO OFPAHUYEHO: TPAI0KI-
MO TOJIBKO K JIBYM M30JIMPOBAHHBIM COOBITUAM (HET TI€PECeKarONIX-
Cd IIEPBONPHUYNH, HET IIEPEeCEKAIOIINXCA IMOCIeIeHCTBHN 1, BOODIIIE,
HUKAKKE JOMOJHUTE/IbHBIE (DAKTHI HAC He mHTepecyloT). Ha camom
Iejie, JAaxke JJjis 9THX BBIOpAHHBIX TOYEK CBETOBbLIE KOHYCA HMEIOT
Imepecedenns, He TOBOps yiKe 000 BCeX MHBIX TOYKAaX B IPOCTPaH-
CTBE U BO BpeMeHU. B JeficTBUTEIbHOCTH Mbl UMEEM CILIONIHbBIE [1e-
IV TPUYMHHO CBSI3AHHBIX (UM He CBSI3AHHBIX) COOBITHIA, TIPOXOIAIINX
¢ MHOXKECTBOM TIEPECEUEHUI Uepe3 KaXK Ay TOUKY MPOCTPAHCTBA U
BpEMEHM (JTaJIeKO He KayK/asi TPUYMHA BBI3BIBACT HACTYILJICHUE CO-
OTBETCTBYIOIIETO CJIEJICTBUS CO CKOPOCTHIO CBera). U Best 9Ta peassh-
Has (pasHoMaciTabHas!) BpeMeHHasi CeTKa B3aNMOCBsI3aHa I BCE-
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ro mpocrpancTBa. CieqoBaresibHO, B OOIEM CJIyYae MbI HE MOYKEM
OMEHSITH (BBIGOPOM CHCTEMBI OTCUETA) MOPSATIOK CICTOBAHUS Taske
NPUYMHHO HECBABAHHBIX COOBITHIT (I/1e-TO 3TO BCE PABHO OTPA3UIOCH

Obl).

1.4 IIpeobpa3oBanuga JlopeHma

CrenaeM HECKOJIBKO 3aMeUaHuii 110 MOBOY npeobpasoBanuii Jloper-
1a. B oHOM U3 MOIX00B K BBIBOJY 9TUX MPeoOpa30BaHUN UCIOTB3Y-
0T CBETOBYIO cpepy, BUJIMMYIO M0-PA3HOMY JJI JIBYX JABUKYIITIXCS
cucTeM (BCIBINIKA TPOU30IILIA B MOMEHT COBHAJIEHUST IEHTPOB CH-
crem), b0, 9r0 HaKTUIECKH OJHO M TO K€, UCTIONB3YIOT TIOHITHE
uHTepBasa (n30b6paxkaer Ty ke cdepy). Permenne cucreMbl ypaBHe-

HHM

24yt = AP (1.3)
iyl ta = Y (1.4)

npeJicTaBasgeT coboil MpocTo TepecevueHne NBYX MOBEPXHOCTeH U HUl-
gero 6osee (Puc. 1.17). Tlpu ycmosun y = y1,2 = 21 370 OyayT TO-
BEPXHOCTH C(hEPBI U SJUIUIICOUA BPAIIEHUS C PACCTOSTHUEM Ut MEK-
ay nenrpamu puryp. OgHAK0, 370 (DAKTHUIECKH APYTrast 3aJada —
3aJ1a9a O JIBYX BCIBIIIKAX: MOKHO HaHTH TEHTPHI JTAHHBIX BCIBIIIEK
JUTsT TI0HOT0 MOMEHTa BPEMEHH, TO €CTh PEIUTh 0OpaTHYIO 3aa9y.

B apyrom momxome k BbIBOAY npeobpaszoBanuii Jlopenma wnrmier-
cs Takoe mpeobpa3oBaHWe, KOTOpoOe TepeBoauT ypasaenue (1.3) B
ypasuenue (1.4). O4eBuHO, 4TO /sl YETHIPEX IIEPEMEHHBIX TAKOE
npeobpa3oBanne He €UHCTBeHHOE. Bo-11epBhIX, OT/Ie/IbHOE TIPUPaB-
HUBaHWE Y, = ¥, 2, = 2 IPEJICTABIAET COOOM JIUIIH OTHY U3 BO3MOK-
HBIX THUIIOTE3, TAKXKEe KAK U TPeOOBAHWE JTUHEHHOCTH, B3AMMHOMN O
HO3ZHAYHOCTH, 0OPATUMOCTH U T.1.. (lomosHuTEeIbHAST BO3MOKHOCTD
9acTOTHON mapaMerpusaruu onmcana B [Ipunoxennax B u C.) Bo-
BTOPBIX, Jitoboe TTpeobpa3oBaHme CBETOBBIX MOBEPXHOCTEH BOBCe He
JeTepMUHUDYeT peobpasoBanue 00HEMOB (B KOTOPBIX MOTYT ITPOUC-
XOJIUTh HEJEKTPOMArHUTHBIE busmieckue mporecchl). Hampumep,
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Puc. 1.17: Bajaua 0 AByX BCIIBIIITKAX.
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K
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Puc. 1.18: ITporuBopeyust KOHTUHYYMa CBETOBBIX Cdep.

CKOpPOCTH 3BYKa TOXKE€ He 3aBUCHUT OT JBUKEHUS WCTOTHUKA, HO HU-
KaKuX TI00AIbHBIX BBIBOIOB OTCIOMA, HE CIIEIYET.

B nrobom ciay4aae npeobpazosanus Jlopenna B CTO dbusuyecku
OTMCBIBAIOT JIBAa OOBEKTA, & HE ONWH. B TPOTUBHOM CJIydae JIerko
npuiitn Kk nporusopeunto (Puc. 1.18). TlycTs mpomsomnuia BCOBIIKA
cBera. BoimeauMm BMecTO CBETOBOU cdepbl OAUH JIyY, MEPIEHIUKY-
JIFPHBIT B3auMHOMY apukenwio cucrem K n K’ (mycth ocrambuas
CBETOBasl SHEPIHsl Cpa3y MOTJIOMIAETCsT BHYTpU cucreMbl). [Iperpa-
UM IIYTH JIYYY Ha 60.HBH_[OM PaCCTOAHNM OT IMEeHTPa AJUHHBIM 3€pD-
KaJIoM Z (BZI0JIb JTMHUW, TTAPAJIICTBHO JTMHU B3aUMHOTO JTBUZKEHUST
cucrem). Torpa wabmomarens B cucreme K 4epes HEKOTOPOE BpeMs
zadukcupyer oTpaxk€nHblit curaas. llycrs curaas 6yaer mogHOCTBIO
noryontéH. OHAKO, APYroil HADJIFOAATE b, IBUTANIANCS BMECTE C
cucremoit K/, Takzke 4epe3 HEKOTOPOE BPEMS YJIOBUT B JIPYTOil TOUKe
IPOCTPAHCTBA CUTHAT (IIYCTh TOXKe MOTJIOTUT ero). Ecam B3sTh “KoH-
TI/IHyyM77 CUCTEM C PA3HBIMHW B3aMMHBIMU CKOPOCTAMU U, TO CUTHAJI
MOXKeT OBITH YJIOBJIEH B JiF00O0i Touke npsiMoii. OTKyIa ke B3sIach
JIONOIHUTEIbHAs sHeprusa! Dr1o Beunbiil gpurarens CTO mepsoro
poma?

3aMeTuM, UTO eC/Ii HEKOTOPOe MATEMATHIECKOe YPABHEHUE OKa-
3BIBAETCH WHBAPUAHTHBIM OTHOCHTEBHO ITpeobpazoBanuii Tumna J1o-
peHIia ¢ HeKOTOpoil KOHCTAHTOM ¢/, TO 9TO BCEro HABCEr0 03HAYAET,
ITO CPEIN YACTHBIX PEIIeHnH JAHHOTO YpPABHEHUsT eCTh “TOBEPXHO-
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¢TI’ BOJIHOBOTO THIIA, CIIOCODHBIE PACITPOCTPAHATHCST CO CKOPOCTHIO
. Tlpu sroM nazke y BLIOPAHHOIO ypaBHEHHUs] MOIYT OBIThH €IlE u
JIpyrue 4YacTHbIE PEIleHHusd CO CBOMMM MHBAPHUAHTHBIMU 11Peobpazo-
BaHUSIMMU, He TOBOPsI yKe 00 MHBIX MAaTeMaTUIeCKNX YPaBHEHUIX, TO
€CTh JIJIsi MATEMATUKN HUKAKMX ODIEMATEMATHYECKUX BBIBOJIOB W3
daxTa nHBapraHTHOCTHU He cienyeT. ToIbKO PelsSTUBACTLI MBITAI0T-
Cs U3 YACTHOI'O HBJIEHMS “Da3/lyTh MbLIbHBII 11y3bIPb’.

1.5 Ilapagokchl cOKpallleHns PacCTOSAHUIA

[Tepetiném Tenepsb K TPOCTPAHCTBEHHBIM MOHATHAM. [I0CKOIBKY BCE
BeiBOIbI CTO citefiyioT 13 WHBAPUAHTHOCTH MHTEPBAJIA, TO U3 JI0Ka-
3aHHOTO BBIIIE paBeHcTBa dt = dt’ 1 U3 pesIaTUBUCTCKOrO PaBEHCTBA
¢ = constant (ecau B Hero Beputh) modydaem dr = dr’ U MOXKHO
66110 OBl frajiee He pacCMaTpUBaTh HOHATHe npocTpancTrea. OnHako,
Jutst popMupoBaHus HanboJiee TOJHOM TOYKU 3PEHUs MBI DyjieM, 110
BO3MOYXKHOCTH, PACCMATPUBATh B KHUTE KAYKIBIHT CIOPHBIIT MOMEHT
HE3ABUCUMO OT OCTAJIbHBIX.

Cokpamenne jqaua B CTO He MOXKeT oTpaykaTh PeabHOTO (hu-
3uvecKoro agpeKTa, MOCKOJBKY OJUH U TOT 2Ke 00'beKT BUJIEH Pa3-
HBIM HaOTIOATEIsIM T10-Pa3HOMY (HEOOHLEKTUBHOCTS). Kpome Toro,
MEePEXo/] OT OJIHON CHUCTEMBI OTCUETA K JAPYTOil MOXKET MPOUCXOIUTD
JIOBOJTLHO OBICTPO M 3TO Cpasy 0TPaXKagock Obl Ha BCedt (1axke Gecko-
HeuHoit) Beemennoit, uro sBHO mporusopeunt 3amuiiaemomy CTO
IPUHIUIY KOHEYHON CKOPOCTH IIepPeladu B3auMOAeHCTBUMA, a 3HAYUT
¥ npuHnmny npudnaaocTu. CjeoBaTesibHO, 0I06HOE COKPAIEHUE
— 9TO HE 60ﬂee, HeM BCIIOMOT'aTeJIbHbIC MaTCMATUYCCKME BLIKJIQJAKN C
BeJIMYMHAMU, HEKOTOPbIE U3 KOTOPBIX HE UMEI0T (PU3NUECKOr0 CMbIC-
sa. IlpuBnevenne peasbHOTO (PUBNIECKOTO MEXAHU3MA K 00bACHE-
Huto nporecca cokpaienns qH B CTO HEeBO3MOXKHO, TaK KaK CO-
KpalleHne JOJKHO UMETh MECTO Cpaldy TpH Jitoboit ckopoctr v # 0.
B neficTBUTENIBHOCTH e SICHO, YTO B MPOIECCE YCKOPEHUsT 00BEKT
MOXKHO HE TOJIbKO TOJIKATh, HO W TSAHYTH 3a cob0il U TOr/a BMECTO
COKPAITEHUS] NMEJIOCH OBl PACTSKEHNE (IKCIEePUMEHTATBHO OOHADY-
kumoe! ). Ilpn MeIeHHOM MOCTOSTHHOM YCKOPEHUH 3TO MOCTOSHHOE
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COCTOAHNE PACTAZXKEHUA OCTAaBAJIOCH 6bI OJMHAKOBLIM B T€UCHUIE BCe-
ro BpeMeHu yckopeHus. Takum obpa3oM, COKpalleHne HUKOTIa He
HaTHETCS.

Mockoasky CTO cpasy u co3maBagach Kak “Urpa co CBETOBBIME
3aiiauKaMu DUHIITelHA B aDCOIFOTHO IyCTOM IPOCTPAHCTBE”, TO JIH0-
Oble MCEBIOTAPATOKCH ¢ HCITOJIB30BAHUEM DJIEKTPOMATHUTHOTO OIS
(TOKOB ¢ KOHTAKTaMM, JIA3€POB, CBETOBBIX JIyUell ¢ 3epKaJaMi U T.]1.)
JIETKO Pa3pemnuMbl, 1 PEIATUBUCTDI XUTPO IPEIMOJHOCAT UX KaK AKO-
651 orcyrcTBue nporupopeunit 8 CTO. s aroro onn npocTo coBep-
[IAIOT MOAMEHY W BMECTO PEaJIbHBIX TapPaI0KCOB ‘pazduparoTr’ Takue
BBIIYMAHHBIE WU “TOMOJTHEHHBIE UMH IICEBIAOMAPAIOKCH CO BCSIKHU-
MU 3JEKTPUIECKUMU KOHTAKTaMU, TKOOBI 3(DDEKTHRIMYU B3phIBAMU
u 1.7. Tak aTo OyabTe BHUMATEILHBI K TaKOMY momiory! A remepn
mepeiIEM K KOHKPETHBIM TapaJIoKCaM COKPAITCHUST JIJTHH.

ITonér Boonb oceit kKoopaAmHAT

C 3TOro KJII09eBOTO MaPaIoKCa JaxKe MOXKHO OBLIO ObI HAYATh KHU-
Iy, HO aBTOp BbIOpaJ 60jiee MPUBBIYHBIN BCEM TMyTh. A CyTh 3aKJIIO-
YaeTcs B TOM, 9TO HEKOTOpble (DU3NKM 3a yriybjaenueMm B dhopMma-
JIN30BAHHBIE JIETAIN MEePEeCcTaJu UyBCTBOBATH, UTO JIODOE FaCTHOE
dbusnveckoe siBJIEHUE COCTABISET JHUIIb YaCTh €J{UHOr0 LEeJIOro.
ITpencrasbTe cebe Tpu pakeTbl ¢ KOCMOHABTAME, KOTOPBIE JIETEJIN 110
HAIIPABJIEHUIO K Hauaay koopaunatr. OjHa pakeTa JBUTAJIACh PaB-
HOMepHO B0JB ocu X co ckopocthio 0,99c B Teuenne 100 seT 1o
YacaM MOKOSIelcss CuCTeMbl KoopnHaT. Bropast pakera JIBUTajach
paBHOMEpHO BI0b ocu Y co ckopocthio 0,9999c B Teuenme 1000
JIET 1[I0 4YacaM HadaJja KoopjuHat. Tperbs 2Ke pakera JieTesaa pas-
HOMEPHO BJIOJL ocu Z co ckopocThio 0,999999c B Tewenme 1 mmi-
JINOHA JIET TI0 9acaM B HAYAJEe KOODAMHAT MOKOIIeHCs cucTeMbl. U1
BOT 3TH TPU PAKETHI OJHOBPEMEHHO MIPOJIETAIOT HAYAIO0 KOODIAWHAT
(uro mpm 3TOM OBLIO 0 HAa4YAIA IKCIEPUMEHTA: KAK, KOTJa U OT-
Ky/la CTapTOBaJIM JAHHBIE PAKETHI, KAYKJbIH MOXKET PACCIUTATH 10
TON TEOpUM, B KOTOPYIO OH JIMYHO BepuT). B MOMeHT mposéra enu-
HOTO HaYaJia KOOPJUHAT BCE KOCMOHABTHI U HAOJIOIATENH B HAYAJE



1.5 HAPAJIOKCHI COKPAIIIEHNST PACCTOSIHUI 67

KOOPJWHAT CMOTPAT Ha OKPYXKAIIYI nxX eaunHyi BcesieHHyrO,
a 3areM OOMEHMBAIOTCS pajinorpaMMaMu o6 YBUIAEHHOM B OJUH U
TOT »Ke MOMEHT BpPEMEHU B OJIHOM M TOH »Ke TOYKe Mpo-
crpauncrsa. llokosiimuiica wabsronarens HyaeT JUIE3PETh TPUBBIY-
Hyt0 BceM “Beunyio Bceesennyio”. Ecau Beputs CTO, 10 KOCMOHABT
IepBOil pakeThl 3asBUT, OyATO Bed Beenennasi cxkajiack BJOJIb OCH
X B 10 pa3, KocMOHABT BTOPO#l pakeThbl 3asdBUT, YTO BCs Bcesen-
nag ObL1a cxxkara Baogb ocu Y B 100 pa3, B TO BpeMst KAaK KOCMOHaBT
TpeThell pakeThl HyIAeT yTBEPKIaTh, IYTO TA ke camas BcesieHHas
cokparuaack Baoab ocu Z B 1000 pa3. Heyxenn KTo-TO moBepur B
mooOHbBIN Opes: JBUKEHNE paKeThl CXKaJjo Bcio Hairy Bceenennyo?
N 310 6e3 xakoro-uubyas Gu3nIeckoro MexannsMa. PennkapHarms
Hapora Mronxayzena! Vin #e Best Beeennas cikamach, a TOMBKO €6
vacrb (coorsercrerno 100, 1000 u 1000000 cBeroBbix Jier), 4ToObI
sIBHO HE TOJBOJIUTbH NPUHIIUI NpUuYuHHOCTU! W TOSBUIICS PAa3PHIB C
ocranbHO# yacThio Beenennoit? Jlioboit BapuaHT — OueBMIHAS PeIs-
TUBUCTCKAs YEIyXa.

Taxum 06pazoM, PegTUBUCTCKIE NPEOOPAZ0BAHNUA OIIPEIEISIOT
JIWTITh BCIIOMOTATEIbHBIE OYKOBKH, HO HE PEAJbHBIE KOOPIUHATHI, a
B peaJbHOCTH 2Ke mosaydaerca dr = dr’. U ongarhb, IOCKONLKY BCe
BoiBOIbI CTO cjieyroT n3 MHBAPUAHTHOCTH HHTEPBAJIA, TO, ECIU Be-
PUTH B PEIATHBACTCKOE PABEHCTBO ¢ = constant, nonxydaem dt = dt’
¥ MOXKHO OBLTO OBI HE paccMaTpuBaTh n3MeHenue spemenu. O HAKO,
JJI TIOJTHOTHI B3TJIAda Ha TEOPUIO OTHOCUTEJIBHOCTHU MbI TTPOAOJIZKUM
M3yUeHne MOJHON KapTHHBI abCcypaa, HaBSI3LIBAEMON 3TO# Teopueii.

ITapagokc kpecta

[IycTe HA TBEPIOH TIOCKOCTH JIEXKUT TOHKAS IIACTUHA OOJIBIINX
pa3MepoR, n3 KOTOpoii Beipesan nebosbmoii kpect (Puc. 1.19). Tycrs
JUIMHA KPecTa MHOTO 60JIbIIe MMpUHBL nepekitaauasl |AD| > |BC|.
HyCTb KpeCT CKOJIB3UT TOPU30OHTAJIBHO II0 IIJIACTUHE TakK, qTO6bI B
KJIACCHYIECKOH (hU3HKe OH 3aHsI CBOIO HUIY (HAIPUMED, yIIas B Heé
1OJ1 JIEHCTBUEM CHJTBI TSXKeCTH ). Boibepem 0THOCUTETbHY 0 CKOPOCTh
JIBUZKEHHS V TaKyt0, 9TOOBl COMJIACHO PEISITHBUCTCKUM (hOpMy/Iam
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Puc. 1.19: ITapagokc kpecra.

JIMHA COKPAIIAJIACH B Ba pasa (mmu Gosee). BameTnm, 410 IEHTD
TSZKECTH KPecTa (TOUKa 0) HAXOUTCS TAKXKE U B IEHTPE ePEKJIa i~
HbI. CJ’[e,ZLOBaTe.HbHO, BEPTUKAJIbHOC ABUXKCHUE KPeCTa (Ha/:[eHI/Ie nJjn
[OBOPOT TIE€PE/THEr0 KOHIIA) BO3MOXKHO TOJIBKO, ecau: (1) mentp o u
BCsl TIEHTpasibHas JuHug nepekaaauanl (O'0”) maxonarcs Ham my-
CTBIM TTPOCTPAHCTBOM, U (2) Hr oxna u3 touek C, D, E, F ne umeer
omopbl. C TOYKHU 3peHns HaOIIOATETST Ha KPECTe OH MPOCKOIBL3HET
YKOPOTUBHIYIOCA B JIBa pPa3a HUITY, TaK KaK BCErJa Ha IJIACTHUHY
ommpaeTcst au00 MepeKaa ruHa ¥ OOWH U3 KOHIOB, 00 00a KOHIIA.
MsBecTHbIil (HOKYC ¢ MOBOPOTOM CTEPXKHS 3/I€CH HE MPOXOAUT (3TY
3a/1a1y MBI pas3bepém uuzke). OTHAKO, ¢ TOUKH 3pEHUsT HAOJII0IATe s
HA, MJIACTHHE KPeCT (CTABIMil B /1B Pa3a MEHbBINE) yIAJET B HUIILY.
Takum 06pa3oM, Mbl UMEEM JIBA PA3JIUYHBIX COOBITUs: TAK OBLIO JIK
najienne (ToJY90K O II0CKOCTh) uiau Her? U uro craser ¢ Haboa-
TeJIeM, OKA3aBINUMCs B Hule (pa3maBut ero win Her)? Viu, 910081
CIACTHUCH, EMY HAJII0 CPOYHO YCKOPUTLCS IO CKOpPOoCTH Kpecra?! Vim
Ha10 okaszarhesa BOmsn kouna A'H' (wmm D'E'), xyna we mocraner
yKopoTuBIIniicsa Kpecr? Ecaum KTo-To y:K 04YeHb X0ueT mepedopMmy-
JITPOBATH TOT MAPATOKC KaK MapalOKC CYIIECTBOBAHUS, TO, TOMHS
3aMedaHue IpeIblAyIero maparpada o pejasTUBHCTCKUX “JIEKTPO-
MAT'HUTHBIX HO/I[MGH&X”, B3pPbIBaATE/Ib AOJI?KCH HAXOAUTHCA IIOJ ILIa-
CTHHOM, & KHOIMOYHBIN KOHTAKT MOT OBl 3aMbIKAThCS IO ILJIACTHHOM
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B IIEHTPE KPECTOOOPA3HON HUIIH TOJHKO IEHTPOM TsXKECTH KPECTa
IIPU €r0 BO3MOXKHOM I1a/IeHUN.

dobaBo4HbIE MAPaJOKChI 1 CTPAHHOCTH

Omnurmmem apyroit mapamokc. [lycTs u3 mIacTHHBL BBIPE3AH KPYT, KO-
TOPBIIl HAYMHAET BPAIAThCS OTHOCUTEJBHO CBOEro meHTpa. Beies-
CTBUE COKDAIEHUS JJINH HADJFOIATe/ b HA, ILUIACTUHE IO/DKEH YBU-
JIeTh [IPOCBET U MPEMEeTHI 33 IJIacTHHON. B To Bpemsa Kak HabJro1a-
T€JIb Ha KPyTe JOJIZKEH YBUJACTH, KaK ILJIACTUHA HAEC32KACT Ha KPYT.
HewnneprinaapHOCTh CHCTEMBI HE UMeET 3HAYEHUS, TAK KAK YCKOpDE-
nue v2 /R gaxe mpu v — ¢ MOKeT ObITh MEHbIIE J11060i HAePE | 3a-
MTAHHOW BEJIWIUHBI TIPpH BhIOOpe mocTtaTouno 6osbimoro R. [Toapobo
reoMmeTpus Kpyra Oymer paccmorpena B [naBe 2, mocsariénuoit 06-
et TeOpuH OTHOCUTENLHOCTH. [10o06HbIE TPOTUBOPEYUNS TTOKA3HI-
BAIOT JIOTUYECKYI0 HECOCTOATEIbHOCTb TPUBLIYHON TEOPUN OTHOCH-
TEBHOCTHU (TEPSIeTCS TPEICKAZYEMOCTh — OCHOBA HAYKM).

BameruM emé ofHy “cTpaHHOCTL’ (mapagokc paccrosHuii). [lo-
CKOJIbKY COKpAITeHNe IJINH 00'bEeKTOB CBI3BIBAIOT CO CBOHCTBAMMI Ca-
MOTO TIPOCTPAHCTBA, TO COKPAIIATHCS JOJIKHO TaKKE U PACCTOSHUAE
710 obbekTa (HE3aBUCHMO OT TOTO, MPUOJUKAEMCA MbI K OOBEKTY
uin ynaasemcst or #ero!). CienoBareqbHO, OPU JTOCTATOIHO GOJTB-
1107 CKOPOCTHU PAKETHI (U — €) MBI MOZKEM HE TOJIBKO PACCMATPUBATH
yaaaéHHble 3BE3/1bI, HO U JIOTPOHYTHCA J0 HUX PYKOIi, BE/lb B HAIIEH
CODCTBEHHOM cucTeMe OTCUETA HAIN PA3MEPhl He MEHsIFoTCst. Kpome
TOro, yjeTas 0T 3eMJ/IU B T€YEHUE JJIUTETbHOTO BPEMEHHU C DOJIBIINM
yckoperneM (CTO He HaKIAIBIBAET OTPAHUYEHUN HA YCKODEHUE),
MBI OKaKeMCd OT Heé Ha paccTogHuu ‘omHoro Merpa’. B kaxoi xe
MOMEHT HabJIFOIATE b, HAXOIAIINICT Ha PACCTOSHUE STOTO CAMOT0
“ommOro MeTpa’ yBHIUT PEBEPCHOE (TO €CTh 00PATHOE — POTHB JIeki-
CTBHsT DEAKTUBHBIX JIBUTATENEH) TBUKEHUE PAKETHI?

BosmvoxHOCTL BREMEHNST aDCOTIOTHOTO BPEMEHN TaK>Ke OIMPOBEp-
raer JIOTUYecKn mapaJjokcaibhible BoiBobl CTO o 3amMeyiennn Bpe-
MEHH, OTHOCHUTEIBHOCTH OJHOBPEMEHHOCTH M, KPOME TOTO, O COKpa-
IEHUU PACCTOSTHUMN, TaK KaK Telephb crocod OTHOBPEMEHHOIO U3Me-
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Puc. 1.20: Nnno3un pemenHoii mepeaatn.

pEeHUS PACCTOSTHUN HE 3aBUCHT OT JBMKeHUsi 00bekToB. Hampumep,
IyCTh TOHKWH 00beKT (HAIpUMED, BBIPE3aHHBIN U3 GyMaru KOHTYD-
HBII TOPTPET) CKOJIB3UT C IPOU3BOJIBHON CKOPOCTHIO 110 (HOTOILIEH-
ke. Torga gamaa 3TOTO 00bEeKTa OYyAeT COBIAJATE C JJIHHON ero ¢o-
TOTEHH, €CJIH OUYeHb KPATKOBPEMEHHOE OCBEIEHNE IIPON3BEICHO Hec-
KOHEUHO yaaJeHHOl (hoToBCIbINKOM. MOXKHO HCIOB30BATH TPOCTO
OTIAJIEHHBIN UCTOYHNAK IIPH YCIOBHH, ITO (PPOHT BCHBIIMKN JTOCTUT-
HET TIJIOCKOCTY B MOMEHT TIPOJIETa OO BEKTOM CEepeMmHHOT0 TIEPIIeH TH-
KyJIsipa, OIMYIIEHHOTO W3 HCTOYHUKA HA TIOCKOCTH (OTSITh HO-TTOBOTY
“ax00b1 moBopoTa” ppoHTA BOHBI — cMoTpH 11.1.7 nasee).

Cokpalrenne pacCTOsTHUI 10 00 BEKTOB TaK¥Ke TPOTUBOPEUUBO 110
npyroit mpuumre. Jlazke Tpu ABMIKEHUH CO CKOPOCTHIO TIENTEX0TA PAC-
CTOSHWE 10 OTIAJEHHBIX TAJAKTHK JTOJKHO 3aMETHO COKPAIATHCS.
OnHaKO HampaBJ/eHHE TAKOTO COKPAIIEHUS SBJISETCS HEOIPEeIeaeH-
HbIM. ECan aBrKymmiica mermexo B3rIsSHeT Ha TaJakKTHKU, YAETHT
JIM OH 33 MpeJie/ibl 3eMJIU, WU, Ha0DOPOT, B3IJISJIOM [IPUTIHET JIPY-
ryfo rayiaktuky’ JI000it u3 pe3yabTaToB — CILIONTHAST MUCTHKA.

Crpannas Bemb npu cokpaitennn Aaun B8 CTO npoucxogur c
pemennoii epenaueit (Puc. 1.20). C rouku 3penust HabroaTesei,
HAXOJATIMXCA HA KAXKJ0HW M3 JABYX CBOOOIHBIX TOJOBWH PEMHSH, TIH-
JIMHAPUIECKHAE BAJIbl JOJIKHBI IPEBPATUTLCA B SJLIUICONIAILHLIE
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IUIUHAPBI U TOBEPHYTHC: TPOTUBOIIOJIOYXKHBIE OT KAaXKJA0T0 HADJII0-
Jarensd TOYKHA OOJBIINX IOIYOCeH SJIINICOB JOJXKHBI COMU3UTLCS
(onsgTh MOMy9aem HeoObekTHMBHOE onucanue). Hanpumep, HEOOHEK-
TuBHBIMHU OKasbiBaiorca B CTO mimHbl BepxHel W HUKHEH 00BN~
HbI pemud. [IpoTuBopedne )e MoaydaeM ¢ TOUYKHA 3PEHUST TPETHErO
nabsrogaTens Ha HemoaBu:kKHON crammue. C 0gHOM CTOPOHBI, BaJIbl
JOJDKHBL COMM3UTHCs APYT ¢ gipyroM. C Jpyroit CTOPOHBI, HEMTOIBU K-
HBIE OTIOPHI, YAEPKUBAIOIINE OCH BAJIOB JOJKHBI OCTAThCA HA Me-
cre. Ha gém ke 6yayT mep:kaThbest ocu BaaoB? Tak cokparmaercs Jam
peasbHOE TPOCTPAHCTBO? UTO HYXKHO MCKYCCTBEHHO TOCTYJINPOBATD
mra cpouroro cmacerus CTO: pasHble BIOKEHHDLIE HPOCTPAHCTBA
IUI BAJIOB ¥ OIOP W M3MEHEHWE 00bLeKTUBHBIX XaPAKTEPUCTUK PeM-
Hs1 (pacTSKUMOCTH)?

HOHBITK& CIIpATaThCA OT O6'bHCHeHI/IH MEXaHU3MOB COKDAaIlCHU A
JUinH 33 obInyto dpasy Tuna “9To KuHeMaTudeckuii 3(pdeKkT camo-
0 IPOCTPAHCTBA HEYIaTHA W3-3a HEOIPEACJCHHOCTH “HAIIPABICHUS
cokparrenns’ (K Kakoif Touke mpoctpanctsa’). [eficTBuTesbHo, Ha-
Jaa0 oTcuéra (HabJIOMATENsT) MOXKHO MOMECTHTH B JIFOOYIO TOUKY
HEeCKOHETHOTO MPOCTPAHCTBA KAaK BHYTPHU, TAK W JIEBEE WJIN TIpPaBee
00beKTa, U TOTIa BeCh 0OBEKT, KpOME COKpaIleHusi, OymeT emg me-
PEMEIATHCA K JAHHOM MPON3BOILHOM TOUKE. ITO Cpa3y JAOKAZBIBAET
MPOTUBOPEYNUBOCTD WJIM HEPEAJTHHOCTH JanHoro addexra. He sicho,
K KaKOMY KOHITy OTPE3Ka JOJKHO MPOUCXOIUTH COKPAIIEHUE ITO-
0 OTpEe3Ka, €CJM JIBUKYINASCSH CUCTEMA C JABYMs HaOJIIOJATe IaMU
(ABMKYIIUMHACS) HA KOHIAX OTPE3Ka CO3JaHa UMITYJILCHO. He mo-
2KeT CIIACTU CHUTYAIIHIO 1 dpasa o “B3anMHOMN 0JHO3ZHATHOCTH IIPe0h-
pazosanuii Jlopenna”. DToro COBEPIIEHHO HEJOCTATOUYHO. B3auMHast
0/IHO3HAYHOCTH HEKOTOPOI'0 MAaTEMaTUYECKOI'O IPE0OPAZ0BAHNA 1103~
BOJISIET UCIIO/H30BATH €T0 s yA00CTBa PACcUIETOB, HO ITO BOBCE HE
03HAYAET, UTO JH60Ee B3AUMHO OJHOZHATHOE MATEMATHIECKOE TTPE0D-
pasoBanue ob1aaeT PU3NIECKUM CMBICTIOM. TakKe CTpAHHBIM SB-
JISTETCS TIPOIIECC OCTAHOBKHU COKPATUBINUXCS Tesl. BOZHUKAIOT BOIPO-
ChI: B KAKyI CTOPOHY BOCCTaHAB/IUBAIOTCS WX pa3Mmepbl! Kyia ne-
JIOCh COKPAITEHNE MMPOCTPAHCTBA, €CAU 33 ITUM TEI0M HAOJIIOIAIN
pasHble yIaJiéHHbIEe HAOIOMATE N
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Puc. 1.21: Cronpkenne BHYTPH CIHIBUUA.

3amauu 0 TOHKHUX CTeP2KHAX

Pazbepém mompobHO 3amady O CKOJBXKEHUHW TOHKOTO METPOBOTO
CTepZKHSI TI0 TOHKOI [JI0CKOCTH, nMeroITeil MeTpoBoe oreperue [106]
(eMm. [33], ynpaxuenue 54). Becbma crpamno, 4to 110601t 06beKT 101
JKEH COKPATUTHCS, MOBEPHYTHCS WU “IIPOTHYTHCS U COCKOJIB3HYTH
WMEHHO Tak, 4Tobb! Jitoboi 1enoit cractu CTO or mporuBopeunii
(ogHAKO, TaKOi MOIXO] — KOCBEHHOE MPU3HAHWE TPUHIIUIHAATBHOMN
neobHapyxkuMocTn Kunemarnyecknx sddexros CTO). Kakoe oTHO-
[IEHNEe MOXKET MMEeTh peasibHas KECTKOCTh CTEPXKHS K JAHHOM 3a-
nage? Hukakoro! Ilycrs creprkeHb CKOJIB3UT MEXKIY JABYMSI [LIOCKO-
cTaAME (COHIBUY), 9TOOBI B IIPOrube yIacTBOBasIa TOJIBKO CBOOOIHO
BHUCSINAsT HAJl OTBePCTHEM JacTh crep:kHs (Pme. 1.21). Yk econ B
ykoporusmieecs 710 10 cm (B 10 pas) oTeepcTre MOXKET “NPOrHY ThCS
U COCKOJB3HYTH METPOBBIM CTEPKEHb, TO TOUHO TaKKe “IPOTHY/ICS
1 COCKOJIB3HYT OBl M KUJIOMETPOBBIN CTEPXKEHBb (KOTOPBIN Ternephb
HE JIOJI2KEH TPOBAJIMBATLCS HU B KJIACCHUYECKOW (DU3WKe, HU JTayKe
B CTO B cucreme orcuéra muockocTn). JleknapaTuBHOE yIIOMUHA-
HEE CKOPOCTH aKyCTHIECKUX KOJIebanuii (1 MeXaHu3Ma yCTaAHOBJIE-
HUsI PABHOBECHST ) — 9TO “IPaBaonog06Hoe” COKpbITHE mpaspl. [1ycTh
UMEIOTCs J[Ba OJIMHAKOBBIX PEAJIbHBIX T'OPU3OHTAJBHBIX CTEPXKHS HA
opuoit Beicore (Puc. 1.22). Tlepsbiit CTEPKEHDb CKOJIB3UT MPUKATHIM
K CTOJIy U HayuHaeT B MOMeHT ¢t = () OJJHMM KOHIIOM CBEIIUBATHCH
BHU3. B 910T MOMeHT (¢ = 0) BTOpPO# CTEPKEHb HAUMHAECT CBOGOIHO
nagarh Ban3. QueBuaHO, yTO Ajs J060T0 MOMeEHTa BpeMenu ¢t > 0
BTODOil CTEP:KEHb CMECTUTCS BHU3 (YMAJeT) HA 3HAIUTETBHO GOJTh-
mree PacCTOsTHUE, YeM MPOTHETCS KOHEI MepBoro crepxkHga (a dak-
tuaeckn CTO neiTaeTcs 3aMeHUTb PEAJBHOE TEJI0 TEJIOM C HYJIEBOi
KECTKOCTBIO). [l aHam3upyeMbIx 3a/1a4 PEIATUBUCTCKIE CKOPO-
CTH MOTYT TOJBKO YMEHBIIUTH BJIUSHUE YKECTKOCTU 110 CPABHEHUIO
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CO CJIydaeM MaJbIX CKOpOCTeil, emié Hosee mpubiinzKas peajibHoe Te-

7z

Puc. 1.22: 2KécrrocTh u mporub cTepKHs.

JI0 K Mozenu abcomrorHO TBEpAOoro Tena. JlefcrBurenbuo, mporubd
CTEDXKHS TPOUCXOJUT B HALPABJIECHUU, MEPIEHIUKYISIPHOM K Peis-

TUBUCTCKOMY IBUKEHUO. C1eTOBATENIbHO, 33298 AHATOTHIHA, 33,13~
4e 0 CKOJIb2KEHUU MaCCUBHOI'O T€JIa 110 TOHKOMY JIbJIY HA PEKe: IpPH
MAJIBIX CKOPOCTSIX TEJIO MOYKET TPOBAJUTECS (MIPOJIOM JIbJa 38 CUET
ero mporuba), a mpu JOCTATOIHO GOIBITUX CKOPOCTIX JBUIKEHUS Te-
JIO CMOYKET CKOJIB3UTD TI0 JIbJTY HE MPOBAIUBASICH (TPOrud JibjIa MaJ).
CKOPOCTH aKYCTHUECKUX KOJebaHmit MHOTO MEHBITE CKOPOCTH CBETA.
CrenoBaTenbHO, IO CPABHEHUIO CO CTATUYECKUM CJIYYAEM MOJIEKY-
JIBI CMEIaioTcst B Tederne 3HGHEeKTUBHO MEHBITET0 BPEMEHU, B pe-
3yJibTaTe Mporud OKa3biBaeTCs MEHbITUM. BO3bMEM TOJIUHY HUK-
Hel IJIOCKOCTH Ha OJIHY MOJIEKY/Ly OoJibllle, YeM cMeleHue nporuba
cTepxkHs (/71T KOHKPETHOTO 3apaHee BhIOpaHHOro marepuasa). Ha
BTOPOM KOHIIE OTBEPCTHS CJleJIaeM OYeHb I10JIOINH CKOC IIJIOCKOCTH
(Puc. 1.21), 9T006bI TaHHBII CTEPXKEHD MOT IIPOIOIKATE CKOTbKEHUE
o miockocTu (6e3 octaHoBKY). QUEBUIHO, UTO €CTH TPU HEPEJISTH-
BUCTCKAX CKOPOCTSIX CTEPKeHb He “COCKONB3HET B peanbroe 10-Tm
CaHTUMETPOBOE OTBEPCTHE, TO TeM 6oJiee TIpu OOTBIHX (PeTATHBUCT-
CKHMX) CKOPOCTSIX CTepXKeHb He “COCKOIb3HET” B (SKOObBI) yKOPOTHB-
meecst 1o 10-tu canTUMeTpOB oTBEpcTHE. UTO BYIET TPOUCKOAUTH C
toukn 3petust CTO mpu Bcex MpeRHUX XapPAKTEPUCTUKAX TLIOCKO-
ctu ¢ 20-TH CAHTUMETPOBBIM WJIM KHJIOMETPOBBIM cTepKHeM? A eciin
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MBI [IPH IPEKHUX MEOMETPUYECKUX XAPAKTEPUCTUKAX IKCIIEPUMEHTA,
OyaeM 6paTh pas3Hble MATEPUAJIBI JJis CTEPIKH (OT HyJIEBOH 10 Mak-
cumMabHOM xécTkocTn)? OUeBUIHO, ITO IPU TOYHON MOATOHKE BCEX
IapaMeTPOB JJIsI OJHOTO CJIydas HEBO3MOYKHO YCTPAHHUTDL IIPOTHUBO-
peune jg BCeX OCTaabHbIX (pasubix) cayuaes. na cnacenns CTO
HY?KHO JIHOO IIOCTYJIMPOBATEH, YTO YKECTKOCTL B SKCIEPHMEHTE IIe-
pecraia ObITh 06bEeKTUBHBIM CBOHCTBOM MarepuaJsos (a 3asucur ad
hoc ot mabr0aTE ST, TEOMETPUYECKUX PA3MEPOB U CKOPOCTH ), JTNHO
MOCTYJIMPOBATD, YTO BTOPOi KOHEI[ 0OTBepCTUs moanpbiruBaeT ad hoc
“HyKHBIM 06pazom”. OmpaBabIBAeT Jin IeTh IO [00HbBIe cpeacTBa’

Ananormynas 3aja4a 0 IIPOXOXKIECHUM JIETSINEro BAOJbL ocu X
TOHKOT'O CTEDXKHsI (Telephb yzKe He MPUKATOrO K MJIOCKOCTH) 9epes3
HHUIITY TOTO 2Ke padmepa (MeJIEHHO HAE3XKAIOIYI0 BIOIb OCH Z ) BO-
LA Jlazke B MONyJIsSpHYO guteparypy [6]. Pensrusncrer “yerpans-
0T’ TPOTUBOPEYNE B MOKA3aHUAX HAOIIOAATE el C MOMOIIBIO TI0-
BOPOTA CTEP:KHS B IMPOCTPAHCTBE (TOrJa CTEPKEHb B JIIOOOM CJIy-
gae npoiAeT uepes HuNly, KaK U B Kaaccu4ieckoii dpusuke). OmHako,
MOBOPOT He oTMmensieT Jlopenmosa cokparrenus. [logcsernm mutmy
CHU3Y BJIOJIb OCH Z TApaJUIeJbHBIM IIYYKOM Jiydeii (Hampumep, oT
VAAIEHHOTO UCTOYHUKA). Bysiem ¢ 6OIbIIOi CKOPOCTHIO TIPOITYCKATH
dOTOMIEHKY BBICOKO CBEPXY HAJ HHUIIEH, MapasaeNbHo TIIOCKOCTH,
HO TIEPIEHAUKYJIAPDHO B3aUMHOMY ABU2KEHUTO CTEPZKHA 1 IIJIOCKOCTH,
T0 ecTb BroJib ocu Y (Puc. 1.23). Torma, HecMOTpsT Ha TPOXOXK ICHIE
crepxkust, pesyasrar B CTO BCE paBHO OyIeT pasHbIM g PA3HBIX
uHabsonareseiir. B kinaccuueckoil puznke Moy IuaIoch Obl OJTHOE 3a-
remueHre POTOIIEHKY B MOMEHT ITPOXOXKICHWS CTEPXKHS depe3 Hu-
1ty (910 6b1710 6bI OTMEUEHO MOTHOCTHIO TEMHBIM YYIaCTKOM HA CBET-
noit mosoce). Takoe xke nosroe 3aremuenue 66110 661 8 CTO ¢ Touku
3peHus HaOIOfaTe s HA CTepXKHe (TaK KaK HUIA COXXMETCT U I0-
BepHéTcs). OHAKO, ¢ TOUKM 3pEHUs] HAOIIOMATEs Ha TIACTHHE (U
HA TIJIEHKE) CTEPIKeHb COKparuTcs u nosepuéTcs. CrenoBaTenbHo,
[IOJTHOT'O 3aTeMHeHus He Oyaer Hukorga. Krto xe mpas?

[lockobKY PeSATHBUCTCKAM YTOJI MTOBOPOTa CTEPYKHS OJHO3HAYT-
HO 3aBUCHAT OT OTHOINEHWS CKOPOCTEH BHOJbL ocu X W BAOJL OCH
Z, ceoBaTebHO, CHTYAITHIO AJIEMEHTAPHO TEPeIeaaTh B TapaIoK-
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Puc. 1.23: “IloBopot” crepxKHs.

cabay0. J1st 9T0T0 MyCcTh APYTOil MaJIEHBKNM CTEPKEHD | CKOTB3UT
CO CKOPOCTBIO v, TO mepBoMy crepxkuio (Puc. 1.24, ciaesa). Habutio-
Jarejin Ha 000MX CTEPXKHSIX 3adBAT 00 OTCYTCTBUHU 3a30Pa MEXKTY
crepxusgymu. Oauako, B coorBercrBun ¢ CTO, ana nabsogaress Ha
mracTuHe OOJIBITION cTepXKeHb L ¥ MaJblil cTepyKeHb [ 6yayT moBép-
HYTBI Ha PA3JIUYIHbIC YIJIBI OTHOCUTEJIbHO TIJIACTUHBI. I/I3-3a pa3Jjm-
YU B CKOPOCTAX ¥ W v, MaJjblii CTEPXKEHb OyIeT TOBEPHYT BBEDX
OTHOCHUTENIHHO GOJIBIITOTO CTEPIKHS, U TIOSTBUTCS 3230D MEXK Y CTEPHK-
usimu. Wmeem nporusopeune. Ero MoxKHO einé 6osiee yCUIUTh, €CHH

Puc. 1.24: TTapagoKc CKOMB3SIIINX CTEPKHEIH.
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MPUMEHUTEH METOJ, JEJEHUs IEeJ0r0 Ha 9acTu. PaccMOTpUM CHada-
JIa, CTepyKeHb | Kak enuHoe 1iej10e. 1Torna mepBast oJIOBUHA CTEPIKHS
[ Bymer mpumogHATAa HA HEKOTOPYIO BBICOTY HAaJ CTEep:KHEM L, 1Mo
KOTOPOMY TPOMCXOJHUT CKobKenue (cm. Pue. 1.24, copasa, moso-
BUHA CTEPXKHS — IMYHKTHPOM). PaccMOTpUM Teneph Apyryr CUTya-
U0, KOT/1a MAJIbIli CTEPXKEHDb PEAIbHO Pa3/leiéH HA JBE MOJOBUHKH.
B rTakom ciyuae curyarus CO BTOPOMl HOJOBUHKONW MaJIOr0 CTEPIK-
HsT OyIeT TOJTHOCTHIO AHAJIOTUYIHA MAPAJLIETLHOMY TTEPEHOCY HATAIa,
nepBoit motoBuHKN cTepxKHs. Clie10BaTeIbHO, 3TU TIOJOBUHKN OKa-
JKYTCS 33 JHUMU KOHITAMU Ha OOJIBIIIOM CTEPIKHE, HO TTPOCTPAHCTBEH-
HO paznenénnbiMu (Puc. 1.24, copasa, crutomtHoit suawmeit). [1o106-
Has CUTYAIHst CTPAHHA, TeM, UTO HYJIEBOH pa3pes JOJIKEH OCTABAThHCH
uysieBbiM B CTO mpu jr06BIX MOBOPOTAX M YMHOMXKEHUSAX HA PEsis-
tuBucTcKuit pakrop. Ha camom mere, MBI eIié Cjerka MOABITPAJIT
CTO, nomecTuB MOJOBUHKH MAJIOr0 CTEPXKHs HAM OOJIBIIINM CTEPK-
uveM. [puunna nporuBopedus cocrour B ToM, uro B CTO BoBCe Her
TBEPABIX TEJ, HEIPOHUIIAEMbIX I ApyTrux Tes: Bes “dusuka” CTO
“BBIBOJIATCST’ MCKJIFOUATEBFHO C WCIIOJIh30BAHUEM BCIIBIIIIEK CBETA, 4
BCITBITIIKA CMTOCOOHBI TTPOHWKATH JAPYT CKBO3b Apyra. B pesysabrare,
JI7IsT COTVIACOBAHUS CBUJIETEBCTB MTPOM3BOJILHBIX HAb/II0IaTes el (Ha-
NpUMED, B TEHTPE CTEPKHS ), HEOOX0MMO OBIIIO ObI TPEITION0KNTD,
9TO HMEHHO B 9TOM MECTEe CTEPIKHU MTPOXOJISIT APYT CKBO3H ApyTa (ab-
CYPIHOE HECOOTBETCTBUE PEJIATHBUCTCKAX MAHUITY A U peabHO-
CTH).

Hekoropbie 3ameuyannst 0 COKpPAIeHNN JIJINH

PaccMmoTpum J101I0/THUTETBHO PeaTUBUCTCKUN 3 deKT CoKpareHuns
paccrosiHuil (Tapa oKe MerexoIoB). 3apanee “I0roBopuMcst” 0 cJie-
Jyiormem MbicaenHom skcnepumente (Puc. 1.25). Iycrs magk, pac-
[IOJIOYKEHHBIN TTOCPEJINHE OTPE3KA, MOCHLIAET CUTHAJ K €ro KOHIAM.
Jlmnna oTpe3ka mycTh OymeT MUJITHOH CBETOBBIX JjieT. B MOMEHT mpu-
X072 BCIBIIIKY J[BA, TIEIIEX0/1a HA KOHIAX OTPE3Ka HAUMHAIT UJTH C
OJIMHAKOBOM CKOPOCTHIO B OTHY, 3apaHee BLIOPAHHYIO CTOPOHY, BIOH
OpaAMOIi, collepzKalllell JaHHBbIM OTPE30K, WU UJYT HECKOJIBKO CEKYHJI
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Puc. 1.25: ITapaJiokc IByX TEIIEXO0]IOB.

(mepexOHBIN TIPOIECC JIJIUTCS JIOJU CeKYH/IBI U HE MOYKET UTPATh B
SABJIEHUN HUKAKO# 3aMeTHON posm). JIBmkymmiica oTpe3ok (cucre-
Ma JIBYX MEIIeX0/0B) JOJZKEH COKPATUTHCSI OTHOCUTETBHO KOHIIOB
HEIMMOJABU2KHOT'O OTPE3Ka Ha COTHU KHJIOMETPOB. O,ZLHaKO, o1 oaun
U3 TEIIEX0I0B 32 3TU CEKYHIBI He “yaeTuT  Ha COTHU KUJIOMETPOB.
PazopBarbcs mocpenmte BUKYIANCST OTPE30K TOXKE HE MOT, TAK KaK
npeobpazoBanus JlopeHiia HenpepblBHBL. Ll »Ke COKpaTujicsd 3TOT
orpe3ok? U Kax 3T0 MOKHO OOHAPYKHUTD!

DTOT mapaJioKC MOXKHO erié ycuanrh, ejb CTO He HakabiBa-
eT NPUHIUIINAIbHBIX OrpaHuYeHut Ha yckopenune. Ilycrs ojiHa pake-
Ta, HAXOJUTCS HA PACCTOAHUN B OJHY CBETOBYIO CEKVHIY OT ajbda-
HenTaBphl, a BTOpas TOYHO TaKas YKe PaKeTa HaXOIUTCS Ha, PACCTOs-
HUU B OJIHY CBETOBYIO CEKYHJIY OT ILIAHETHI 3eMJid. DTU JIBE B3AUMHO
TTOKOAIITHAECT PAKETHI COCTABJISIFOT OJHY CHCTEMY OTCUETa, a CHCTEMa
Comane (3emiist) — anbda-llenTaBpa cocTaBisier BTOPYIO CHCTEMY
orcaéra (C JOCTATOYHON TOYHOCTHIO CUMTAEM OOBEKTBHI TOXKE B3a-
HMHO TIOKOSITIIAMUCST ). YCJIOBHsS SKCIEPUMEHTa OTOBOPEHBI 3apaHee,
BpeMs CHHXPOHM30BaHO. B 3aMaHHbBI MOMEHT BpeMeHu 00e paKeTh
OJIHOBPEMEHHO YCKOPSIOTCH NPUMEPHO B TEUYEHUE OJHOW CEKYH/IbI B
Halpas/ieHnn 3eMin (dyTh-u4yTh MUMO) U JIOCTUIAIOT TAKOH CKOPO-
ci v & ¢ (Bropas pakeTa — mpsMO BOJH3M 3e€MJIN), UTO PaCCTOs-
HUE MEXKJIy PaKeTaMU COKPAIIAeTCsl 0 MOJYTOpa MeTPOB (Beb ITO
AKOObI KuHeMaTnaeckuit apdext camoro mpocrpanctsal). A paccro-
SIHUsI JIJIsT TIEIeXO0I0B Ha TIIaHeTe 3eMJIst OCTAIuCh mpexkuumMu. To-
T7a, B MOMEHT TPOJETa O/mKaiiell pakeThl HAJ TOJIOBON IIEIexXo-
Jla, OH CTapTyeT HABCTDEUY JaJibHell pakeTe, MPOXOIUT 33 CEKYHITY
2 MeTpa, OCTaHABIWBAETCH W pasBopaunBaercs. CONIACHO pesiTH-
BUCTCKUM CKa3KaM OH JOJIXKEH YBUJETH XBOCTHI 0bemx paxer. Obe
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PaKeThl B 9TOT MOMEHT HAUHMHAIOT TOPMOZUTHCS W 32 CEKYHJY OCTa-
mapauBalorTcd. Ho Bean 3a Tpy ceKyHIDI IOJETa pakeTbl He MOIJIH
OpoTH paccTosHue HGOJIBINEe, YeM TPH CBETOBBIX CEKYHIIBI. SHAUUT,
OPHUMEPHO Ha TAKOM PACCTOSHHH IIEpBasl PakeTa JOIXKHA OLITH OT
asbga-llenraspel, a Bropas pakera — ot 3emu. [lomygaercs, aro
3a 9Ty CEKYHIY TOPMOKEHHS IIEpBasl PaKkeTa IOJ2KHA XBOCTOM BIIE-
pén yserersb (BepHyTbhCsi) K anbda-lleHTaspe Ha paccTosiHue 0KOJIO
4 CBETOBBIX JIET, T.€. CO CKOPOCTHIO B COTHW MUJLIMOHOB pa3 OhICTpee
ckopoctH ceeTa! Bompeku coOCTBEHHBIM MOCTYJIATAM. ..

Mot “ompaBmanmst” pPeASTUBUCTCKOTO cokpartenuss aanH Dok
[37] paccyxmaer cremyrommm obpaszoM. B HemogpuikHOW cucreme
u3mepenue qmuHbL (pakTuaeckun (HUKCUPYeMOil KOHIIAMU OTPE3KA)
MOXKHO IIPOBOJUTEL HEOIHOBPEMEHHO, & B ABUKYIIEHCsS CHCTeME HY K-
HO IIPOBOAUTE OJHOBPEMEHHO. I/I3 MHBAPUAHTHOCTH MHTEPBAJIA

(Ta — 2p)? — A(ta — tp)? = (¢}, — 2)% — (¢, — t})?

npu Beibope t, = t,t, # t, moaydaem |r, — xp| > |z, — x3|. Ho
Tora moueMy Obl TTPOU3BOJILHO HE BHIOpATH t, = tp YTOOBI eqWH-
CTBEHHBIM 06PA30M MOIYIUTh OOBLEKTUBHYIO JUIHHY |T, — 2|7 Cytie-
CTBOBAHUE TPOIECCA M3MEPEHUsI JIJINHBI (KOHIIOB OTPE3Ka), HE3aBHU-
CHMOTO OT BPpEMEHU M OT IMOHATUA OJHOBPEMEHHOCTHU AJIA CO6CTB€H-
HOM CHCTEMBI OTCYETA, TOKA3LIBAET MOTHYI0 HE3ABUCUMOCThH BPEMEHN
¥ TPOCTPAHCTBEHHBIX XaPAKTEPUCTUK B 3TOH cucteme. [Touemy ke
JITST IPYTOM, ABWKYIIEHCS CHCTEMBI JOKHA BO3HUKHYTH KAKasa-TO
BTOpPad JOIIOJTHUTE/IbHAA CBA3b KOODAWMHAT U BPEMCHH, KpOME KHWHEe-
MATHIECKOTO TTOHATHS CKOPOCTH !

Hesepubim siBsisiercst muenune Manensirama [19] o rom, aro ner
“neficTBUTEIbHOM JJIMHBIY W €0 [PUMEp C YIVIOBOM Mepoil mpejme-
Ta. YTJIOBAasl Mepa MpeIMeTa 3aBUCAT He TOJHKO OT Pa3sMepoOB Tpe/-
MeTa, HO W OT PACCTOSTHUS J0 HETO, TO €CTh OT JBYX MapaMeTpoB.
CretoBaTebHO, €€ MOYKHO CeTaTh OJHO3HAYHON TOJBKO eCIN 3a-
GUKCHPOBATHL OJWH MApaMeTp — PACCTOsHWE M0 mpemamera. Hewep-
HBIM SIBJISIETCST W €70 BBHICKA3BIBAHWE, 9TO MPH JII0OO0M crtocobe m3me-
pPeHus JTHH JBMKYTIAECST TO-PA3HOMY CTEPXKHN 00JIATAI0T PA3IN-
HO¥T AytmHO#. Hampumep, Bo3MOXKHA TIpoTie Iy pa n3MepeHust (IIpsiMoro
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CPABHEHHUS ) MPEIBAPUTETHLHO TTOBEPHYTHIX MEPIEH UK YIAPHO OTHO-
CUTETHHOMY JIBUKEHUIO CTEpKHeH. 3aTeM CTep:KHU MOYKHO TOBO-
padanBaTh MPOW3BOJBHBIM 0OpazoM. OHU BOOOIIE MOTJIM M JIEHHO
BpaIlaThCst, ITOObI B MOMEHT COBMAJICHUST OKA3aThCs TTEePIIEH/TNKY-
JIApHBIMU ABM2KeHuto. Toraa sror cruocod paxe B CTO cosepiiento
He 3aBUCUT OT OTHOCHUTEJIHLHOTO JIBUKEHUS.

HexkoTopbie peIaTHBUCTBI CIUTAIOT, 9TO BOODIIIE HET COKPAICHIA
JUIMH — €CTh TOJBKO TIOBOPOT, HANPUMED, I1d Kyba (TO €CTh OHM He
MOTYT OJJHO3HAYHO JIOTOBOPUTHCS Jazke MexkIy coboit). Orcyrcrsue
peasibHOrO TTOBOPOTa Kyba (M TO, 9T0 3TO TOJBKO KAXKyImiics 3¢h-
bekr) Jlerko oKa3aTh, ecau Kyb OyaeT JeTeTh NPUzKaTBIM K TOTOJ-
Ky. Boobiie roBopsi, paccrosinue 10 00bEKTOB, NX BUIUMYIO CKOPOCTH
U pa3Mephl JlayKe C MOMOIIBI0 CBETA MOXKHO OIPEe/IATh HECKOJIbKHU-
MU “HEPOTUBOPEYNBLIMU. caMuMu 1o cebe crmocobamu. Hanpumep,
Jlarke JIJIs €JIMHCTBEHHOI'O HABJIFO/IATEIs: 110 YIVIOBBIM pPa3MepaM, 110
ocpeménnocTH, 10 3¢ dexry Hommnepa. Ho mosyuenne pa3abix 3HaUE-
HU 7151 OAHOM 1 TOM Ke PU3NIECKOH BEINUNHBI BOBCE HE OTMEHSIET
€JIMHCTBEHHBIE NCTUHHBIE 00 bEKTUBHBIE XAPAKTEPUCTUKH TEJIa U €r0
JBMKEeHNs (T10J] KOTOPBIE IPAyUPYIOTCS TPUOOPHI ).

CTO nbiTaercss “KynuTs” HEITPOTUBOPEYUBOCTH €€ ONpee/IeHIs
JUTWH Iy TEM 0TKa3a 0T 00 beKTUBHOCTH Psia APYTIuX PU3NIECKUX Be-
simann. OHAKO, CO BpeMeHeM 3T0T (POKYC He MPOXOJIUT — OHO HEeoO-
parumo. OTMETHM CTPAHHYIO BEIlb: B CMBIC/IE 00PATUMOCTH (IIPH TIe-
pexojie 0T OHON WHEPIUAIBLHON CUCTEMBI OTCIETA K APYToit u obpar-
HO!) JMHeliHBIe TpeobpaszoBaHust JIOPEHIa COBEPITIEHHO KBUBAIEHT-
HBI JIJI KOOPAMHAT u jyig Bpemenu (obparumbr). [TosTomy crpanno,
KOIJIa pa3HUIla B pa3Mepax Tejl UCUe3aeT MPU BO3BPAIEHUH B IEP-
BOHAYAJIBHOE COCTOSTHUE (HAPUMED, Mad OJU3HENOB), a PA3HUIA B
MIPOTIIE/IIIIEM BPEMEHU OCTAETCS.
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1.6 PenaruBucrckuii 3aKOH CJIOXKEHUsS CKOPO-
cren

HaHOMHI/IM, 9TO KMHEMATHUKa HE 3aHNMaeTCAd TTONCKOM ITPUYNH JIBU-
JKEHMsI, & YTBEPKIAeT, HAIPUMeD, CIeIYIONIee: eCIU CKOPOCTH 3a-
JaHbI, TO MOXKHO HAWTU PE3Y/IbTAT CJOKEHUs CKopocTeit. Bormpocs
JUHAMUKE YacTHIl (OHA 3aHNMAETCS IPUIMHAMH JIBHZKEHH) Tpely-
10T OT/IeNbHOrO pacemorperust (cum. [nasy 4).

CenaeM renepsb 3aMevaHte 0 OBOAY PEIATUBUCTCKOIO 3aKOHA
CJIOJKeHHsI cKopocTeil. Jljist IBYX CHCTEM, HElOCPEJICTBEHHO YUacT-
BYIOIIIMX B OTHOCUTEJIBbHOM ABU2KEHUUN, HE BO3SHUKAECT COMHECHUA ITPN
OIIPEeJIEIEHNH X OTHOCHTETBHON CKOPOCTH (HM B KJIACCHIeCKOil dhu-
suke, un B CTO). Ilycrs cucrema S, ABMMKETCH OTHOCUTEILHO CH-
CTeMBI S| CO CKOPOCTBIO V,,; AHAJIOIHMYHO, CUCTEMA S, JIBUKETCS OT-
HOCHUTEJIBHO S| CO CKOPOCTBIO U, ,. O6e 311 cKopocTH HAD/IIOAATEb B
cucreMe S| MOXKeT SKCIepUMeHTaJIbHO u3MepuTh. Paxrudecku, pe-
JISTUBUCTCKUIL 3aKOH CJIOKEHUS CKOPOCTEH OIpe/iesisieT OTHOCUTE -
HYIO CKOPOCTH TOT'O ABHMXKEHUsI, B KOTOPOM TOT HAOJIIOJATETh CaM
He ydacTByeT. CKOPOCTH JIBHUIKEHHUS CHCTEMBI S, OTHOCHTEJBHO S,
OTTPEIETUTCS TaK:

0, = 212 (1.5)

Uwvenno B TakoM Buje (XOTs OOBIYHO BBIPAXKAIOT VU, Uepe3 v,, U
U23) PaCKPBIBACTCA NCTUHHAYA CYTh 9TOTI'0 3aKOHA: OH 'OBOPUT O TOM,
KaKyI0 OTHOCHTEJIbHYIO CKOPOCTh CUCTEM S, U S, OyaeT perucTpupo-
Barb Hab/rojaress B S, ecau OyueT 110/1b30BAThCs LIPABUIOM DifH-

mTefiHa, 1T CHHXPOHW3ANNY BPEMEHN W U3MEpPeHus JIHH. A ecin
CKa3aTh MpIMO, 6€3 JUIIOMATHIECKUX BBIBEPTOB: “3aKOH” TOBOPHUT
0 TOM, KaKyl0 OTHOCUTEJIbHYIO CKOPOCTh cucrteMam S, u S, “nupex-
THBHO” JTOJIKEH TPUMHCATH “cienoil’ HabsogaTenb B cucreme S,
aro6bl He faii Bor He monBectu “egmHCcTBeHHO BepHOoe yuenne” CTO
(TmosTB3yFoIIIeecst UCKYCCTBEHHO BBIIYMAHHBIM METOIOM DifHIITEHHA
JIs CUHXpOoHM3anuu Bpemenn ). PakTUIeckn Mbl ONATH WMeeM “3a-

KOH Buammoctn”. ([LJ1st cirydasi BO3MOXKHO# TapaMeTpuvecKoi 3aBu-
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CHIMOCTHU CKOPOCTH CBE€Ta OT HaCTOTBI 9TO BhIPpazKeHUE 6yﬂeT U3MEHE-
HO — cM. llpunoxkenus B u C.)

Paccmorpum  criemytomiee  merommueckoe 3amedanue. Becbma
CTPAHHBIM JJIsI KAHEMATHIECKUX [TOHSITHI ABIIETCI HEKOMMYTaTHB-
HOCTH PeJISATUBUCTCKOIO 3aKOHA CJA0XKEHUS CKOPOCTEH it HEKOJI-
JIMHEAPHBIX BeKTOPOB. CBONCTBO HEKOMMYTATHBHOCTH (WM TO, 9TO
npeobpaszosanust Jlopenia 6€3 BpalleHuil He COCTAB/IAIOT IPYIILY)
CJIETKa yHOMI/IHaeTCﬂ JINTITb B HEKOTOPBIX yLIe6HI/IKaX TeOpeTI/I‘{eCKOﬁ
dusukn. OpHako, HaIpUMEP, B KBAHTOBON MEXaHHKe aHaJIOCHYIHOEe
CBOHICTBO CYITIECTBEHHO MEHSIET BeCh MaTEeMaTWUYeCKUil anmapar u
PUBHIECKH BLIPAKAET OJHOBPEMEHHYIO HEH3MEPHUMOCTEH HEKOMMY-
TI/IpyIOH_LI/IX BE€JIMYUH.

W3 0b1m1ero pelsTHBHCTCKOrO 3aKOHa, CJIOXKEHUs] CKOPOCTEl

(vive)vi /v +vi 4+ /1 — v}/ (vy — (viva)vi/v?) (1.6)
1+ (V1V2)/62 ’

V3 =

BUJIHO, UTO PE3Y/IBTAT 3aBUCUT OT MOPSAIKA Tpeobpa30BaHmsI: HAIPHU-
Mep, B CJIydae TOCJIeI0BATEIbHOCTH

+u1i, —v1d, +vaj, —vaj,

e i u j — OpThl TPAMOYTOIBHON CUCTEMBI KOOPIWHAT, MOy IaeM HY-
JIEBYIO UTOTOBYIO CKOPOCTb, & JIJIsI IPYTOTO TOPSAJIKA TE€X K€ BEJIMINH

+o1i, +v2j, —v1i, —v2]

MOJIYYUM HEHYJIEBYIO CKOPOCTh, KOTOPast BECbMa, CJIOYKHO 3aBUCUT OT
ckopocTeii v1 u vy. locaegoparenbroe npuMmenenue mpeodpa3oBanmit
(mBrKeHuUit) vii U voj MpUBOAUT K

vy = v1i+ /1 — v?/c2vqj,

a B APYTrOM HOPAAKE Vo U U1l MPUBOTUT K

v =wj + /1 — v3/cuii,

TO €CThb ToJiydaeM pasnble BekTopa (Puc. 1.26).
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Puc. 1.26: Iapamnemorpammsr ckopocteit 8 CTO.

Yo ke B TAKOM CJydae MOXKET O3HAUYATh Pa3JIOXKEHUE BEKTODA
CKOPOCTH Ha, KOMIOHEHTHI? Bo-TIepBhIX, TEPEHOC TTPOCTENIITNX KJTac-
CUYIECKUX METOJIOB PACIETOB (KOMMYTATHBHOW aarebphl) Ha pesisi-
TUBUCTCKHE ypaBHEeHUsl (HEKOMMYTATHMBHBIE) HEIIPABOMEDEH: JIasKe
pellieHrie BEKTOPHBIX yPABHEHUH TOKOMIIOHEHTHO TPEOYET JOIMOTHU-
TEJIbHBIX MOCTYIATOB, YCJIOKHEHUNH WK pazbsicHeHuit. Bo-BTophIX,
HEBO3MOYKHO MPOCTOE MPUMEHEHWE METOMOB KJIACCUIECKON (PU3NKN
(IPUHITUIIA BUPTYAJBHBIX MEPEMEIIEeHNi, BADUAIIMOHHBIX METOIOB U
T.71.). [punuiocs 661 gaxke HOb “UHIMBUYAIU3UPOBATE: KOJUHIE-
CTBO “HY/IEBBIX  BEJIUYNH, COCTABJIEHHBIX W3 HEKOTOPOW BEKTOPHOI
KOMOWHAIMY JIOJIKHO OBITH PABHBIM KOJUYECTBY “HYJIEBHIX BEJIU-
YMH, COCTABJIEHHBIX U3 3ePKAJIbHON BEKTOPHOI KoMOunanuu. Cieio-
BATeIbHO, W Teopus (QGIYKTyaluii TakKe HYXKIaJach Obl B OO/
HUTeJIBHOM obocHOBaHuu. TakuM 06pa3oM, BOIIPEKHU TE3UCY “O MPO-
crore u saeraataoctn CTO” aaa npaBUIBHOTO 0OOOCHOBAHUS JTAYKe
OPOCTEHIINX NPOTEAYP NPUILIOCH OBl BBOJUTH MHOXKECTBO HCKYC-
CTBEHHBIX YCJIOXKHEHUI U pasbsacHenuii (1ero Her B yueOHUKAX).

Paccmorpum ormdeckoe mpoTUBOpPEYUNe PEIITUBUCTCKOTO 3aKO0-
Ha CJIOXKeHWd CKOPOCTElN Ha IMpuMepe ogHoMepHOro caydad. [lycts
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Puc. 1.27: 3akoH cjioKeHUsi CKOPOCTeH U IIPOTUBOPEYUNE BECOB.

UMeeM BeChI, UMeIue (GpopMy TOPHU3OHTAIBHOTO Kejoda ¢ TOpH-
30HTAJIBHON TIOTIepedHOl 0Chio mocpenune xemoba. Ilo xemoby Oy-
JIyT KATUTHCS JIBA, OJUHAKOBBIX IIAPUKA MACCHL 1M B PA3HBIE CTOPOHBI
ot ocu (Puc. 1.27). Yrobe! noka uzbexars 06CyKaeHnst CBONCTB pe-
JISTUBUCTCKONW Macchl mocTynuM Tak. llycTs TpeHue ocu BECOB OT-
CYTCTBYyET BCIOAY, HUCKJIIOYad TOYKY TOPU3OHTAJIBLHOTO TIOJTOZKCHUA
(“méprBas Touka”). B 9TOM MOI0KEHUE TTOPOT CHJIBI TPEHHS HE TT03-
BOJISIET CABUHYTHCS BECAM 32 CYET BO3MOXKHON MaJioil pa3HOCTH pe-
JATUBUCTCKUX MAcCC (MeZXK/Iy IapaMu), HO 3TOT IIOPOT IyBCTBUTE/Ib-
HOCTH HE MOXKET BOCIIPENSTCTBOBATH BPAIIEHUIO BECOB (C “MEPTBOI
TOoYKN”) PN OTCYTCTBUW OJHOTO U3 mapos (ecan ol ynazaér). [lycrs
CKOPOCTH IITAPOB B CHCTEME BECOB OJMHAKOBHI TIO0 MOJy/0. Torma B
9TON CHCTEMe ITapbl OJHOBPEMEHHO JOKATATCH O KpPaeB W yHaayT
BHU3, TAK UTO BECHI OCTAHYTCS B TOPU3OHTAJIBHOM TOJIOXKeHUU. Pac-
CMOTPHUM TeNephb TO Ke JIBUKEeHUEe B CUCTEME, OTHOCUTETBHO KOTOPO
BECHI ABMKYTCA cO cKopocThio V. Ilyers Tosmpko V. — ¢, a v < vy,
TIe Vg — CKOPOCTDh 3ByKa B Marepuase xemoba. Torma Becs: MOXKHO
CIATATh aOCOJMIOTHO YKECTKUMU (MTHOPUPOBATH AKyCTHIECKHE BOJ-
Hb1). COrJIacHO PEIATUBUCTCKOMY 3aKOHY CJIOYKEHUsI CKOPOCTeit

V—wv V+w

T —oV/e2’ 2= 14+0V/e?

JBuKenne cpegHeil TOUYKH CO CKOPOCTHIO

v+ 1—v?/c?

2 1-02V2/c <V
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BCEra OTCTAET OT JABMKEHWS BeCOB. Takwm 06pa3oM, MEPBBHIM CBa-
JINTCA IAPUK, IBUKYIITUNACS IIPOTHB HAIPABICHNASA IBIXKEHHA BECOB.
B pesynbrare paBHOBECHE HAPYIIUTCA W BECHI HAYHYT BPAITATHCH.
Wmeem mpoTHBOpedne ¢ JAHHBIMA IIepBoro Habmromarensd. Uro Oy-
IeT ¢ HADII0ATENeM, €CJIU OH OyIeT CTOATH IO HMPaBOM YacCTHIO
BecoB?

MoryT 2im npeobpa3oBanus JIOpeHIIa ONMUCHIBATD [TOC/IEI0BATE /b
HbIe IIepPexoabl OT OJHOU MHEPUMAJIbHON CUCTEMBl K JPYrOd M OT-
BeUAeT JIM PEIATHBUCTCKUI 3aKOH CJIOXKEHUsI CKOPOCTEH peabHBIM
u3meHeHusM ckopoctu! Koneuno, mer. [ljst Havajga HamoMHUM, Ka-
KOM CMBICJ BKJIAIBIBAETCS B PEIITUBUCTCKUN 3aKOH CI0KEHUST CKO-
pocreii. OH AO/MKEH JOKa3bIBaTh, YTO CAOXKEHHUE ABUXKEHUIA He MO-
JKeT IIPUBECTH K CKOPOCTH, DOJIbINeil cKopocTh cBeTa. Kak B TakoM
CIy9ae MOYXKHO CKJIJBIBATEH JBUKeHUs ! Hampumep, 0THOCHTENBHO
3BE31 ABUKETC Halta 3eMitst ((aKTHIecKu CYIecTBYeT epBast IBU-
KYIIAICA CUCTEMA OTCYETA), ¢ 3eMJIM B3/IETAET KOCMUYECKHUi KO-
pabib ¢ GoJibInoii cKopocThio (bakTudeckn “co3gana’ BTOpas JBU-
KYIIASICS CUCTEMA, OTCYETA), 3aTEM € ITOr0 KOCMHUYECKOrO KOpab-
JIT B3JIETAET CJIELyIOmasi pakera (TpeTbs CUCTEMa OTCIETA) U T.I..
VIMEHHO 3TO JOMKHO UMEThCS B BHIY IO MOCTIEIOBATEILHBIM IPH-
MeHeHneM TipeoOpazopanmii. Torma oTmamaer, HApUMep, BOTPOC O
TOM, KaKyI0 CKOPOCTH B 3aKOHE CJIOXKEHHUsI CKOPOCTel CUYNTaTh mep-
BOI, & KAKYI0 BTOPOii (3T0 BAXKHO J/Isi HEKOMMYTATUBHBIX TIPEOGpa-
30BaHMmit). B 3T0OM CMBICIE U TPUBOIMINCH BCE TPUMEDPHI BHIIIE.

Paccvmorpum Temeps mpeobpazopanus JlopeHma g Tpon3BOJIh-
HBIX HAIIPABJICHUN JBUKEHUS:

r —r+1<1—1>(rV)V+Vt
VR vEe Vi-vije’

_ i+ (rv)/c?

t .
V1-V2/c?

Jlerko mpoOBEPUTH, UTO HOC/IEJOBATEIFHOE IPUMEHEHNE PeJISTTHBUCT-

CKOTO 3aKOHa CJI0KeHns ckopocreii (1.6) K Besmannam

vii, vej, —vi1i—wv2y/1 —v}/c?j (1.7)
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maér mHohb. IlpuMenHuM K TPOM3BOJIBHOMY BEKTOPY ' = xi + yj mo-
caes0BaTe/IbHO peobpasoBanus JlopeHIa ¢ TeM Ke HabOPOM CKOPO-

creit. Umeem:
T+ Ult

———1+Yj,
V1—vi/c?
t+ zvy/c?

V1—02/c2

ry =

t1 =

Hastee nmeem:

x + it .+y\/l—v%/c2+v2t+xv1vz/02.
1 J
V1—v?/c? V1=0v2/c2\/1—v3/c?

. t+ zvy /e + yva/1 — v? /2 /c?
92 = :
272 7/ 2
NN
Broipakenuss nasg r3 u t3 He OyaeM BBIIACBIBATL B FBHOM BH-
JIe BBUAY UX rpomosakocTr. OIHAKO, UCITOMB3ys rpaduaecKue mpo-

rpaMMbl MOXKHO yOeJUTbCs B CJAEJIYIONIUX CBOHCTBAX:
1) B HOBOII cucTEME HAUAIBLHOE BPEMs JECMHXPOHU30BAHO B JIHOOOI

ro =

TOYKEe MPOCTPAHCTBA, KPOMe HadaJ a KOOPANHAT.

2) IIpoMeKyTKY BpeMEHN W3MEHUNCE: dtg # di, TO €CTh MBI TTOMAJH
He B TTEPBOHAYAJIBHY IO TTOKOSTITYFOCS CUCTEMY, & B HOBYIO JIBMKYIILYTO-
ca cucremy. CregoBare/ibHO, KAK MUHUMYM, B YUeOHUKAX HE COBCEM
TOYHO PACKPBIBAETCS CMBICIT TpeodpazoBanuii Jlopenta wim peasTu-
BUCTCKOT'O 3aKOHa CJIOXKEHUA CKOPOCTeHl.

3) OTpeskn OKa3LIBAIOTCA HE TOJBKO M3MEHEHHOM JJIMHBI, HO U TI0-
BEpHYTBHIMU. B 3TOM Jierko ybeauThCsi, €cjid HAUTH YHUCJEHHO YTOJI
TIOBOPOTA, TO €CTh PA3HOCTH

a = arctan ys[z(1),y(1), 1] — y3[2(0),y(0), 1] |

z3le(1),y(1), 1] — w3

8
—

(=)
~—
<
—

(=)
~—
S

— arctan
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MoKHO CKOJBKO YIOIMHO MaTEMATHIECKH OOLACHATHL ST CBOWCTBA
[ICEBIOEBKINIOBOCTHIO METPHUKH, OTHAKO (PH3WIECKH BCE IIPOCTO.
DT CBOWCTBA JJOKA3BIBAIOT HEOOBEKTUBHBIN (& TOJBKO KaXKylI[uii-
cs1) xapakTep npeobpasoBanuit JIopeHIa U PeIATHBACTCKOTO 3aKOHA
CJIOKEHUS CKOPOCTEeN M WX HECOTJIACOBAHHOCTb Mexky coboii. Jleii-
CTBUTEJILHO, ITOCKOJIBKY MbI TIOCJIEI0BATELHO TIEPEXOUIN OT OJTHOIM
MHEPIUAJIBHON CUCTEMBI K JPyroif, a IMOBOPOT 03HAYAET HEMHEPIIU-
aJbHOCTH cucteMbl, T0 CTO cama BBIXOAUT 3a paMKu COGCTBEHHOM
MPUMEHUMOCTH, TO €CTh IPOTUBOpeUnBa. Eciu 661 3TOT MOBOPOT OBLIT
peaTbHBIM, TO 9TO 03HAUAIO OB HEOOHEKTHBHOCTD MTOHATHS MHEPIIH-
aJIbHON CHCTEMBI (TaK KaK pPe3ysIbTar 3aBuces Obl 0T crmocoba mepe-
X0J]a K JIAHHOH CuCTeMe) W, KaK CJIeJCTBHE, 00 OTCYTCTBUM CAMOi
6azel gst cymecrsoBannsg CTO.

[Monpobyenm pazobparbed, moueMy Ke TPAKTOBKKA W3 yIeOHUKOB
[PUBOJST K HECOTVIACOBAHHOCTH JIBYX BbIPAXKEHUIl: PEJISITUBUCTCKOTO
3aKOHA CJIOXKEHUd CKOpocTeil u mpeobpazosanwnii Jlopenra, HecMoTpst
Ha, TO, UTO II€pPBOE BBIpaKeHHeE BBIBOAMTCS n3 BTOoporo. Hamomuamm
9TOT BBIBO/I HA [IPUMEPE OJHOMEPHOTO B3AUMHOIO JIBUYKEHUS CUCTEM
K n K’ (zamerbre, uTo B y4eOHUKAX PaCCMaTPUBAETCS TOJBKO !
oflHOMepHBIH cayuaii). Uexons u3 nmpeobpazosanmii Jlopemia

x+ Vit i+ Va/e?

= ==
NEiovge T iovee

nenum muddepennuan dry Ha dty ¢ yaérom onpenenenuit v = dx/dt
u v] = dry/dt) 1 noaygaeM:
v+ V

T T Ve

OTcroza BUIHO CJIeyIoIee:

1) mabsoaTesib HAXOIUTCS B IIEHTpE CUCTeMbl K U m3MepsieT pac-
CTOSIHWE X JI0 MCCJIe/lyeMOro TeJia B cBoeil cucreme K.

2) OH CcUMTAeT BpeMs t eIMHBIM B CBOEH CHCTEME M OMPEIE/IsSeT CKO-
pocth Tesia B cBoeit cucreme v = dx/dt.

3) ou usmepsier ckopoctb —V cucrembl K’ ornocurensuo K, moJib-
3ysack ceouM (1) BpemeneMm ¢, m cunuTaeT OTHOCUTETBHBIE CKOPOCTH CH-
cTeM B3aUMHO 0OpaTHBIME 110 HampasJjenuto. Huuero jpyroro sror
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HabIIOLATETh U3MEPUTE HE MOXKET: WTOTOBasd BEJIUYINHA CKOPOCTH U1
ABJIACTCH BBIYUCIACMON BEJIUYUHOM.

Takum 06pazom, Mbl IpUXOAUM K TpakToBKe [49], m3moxkenHoil pa-
Hee: PeJATUBUCTCKUI 3aKOH CJIOXKEHWS CKOPOCTel ONpeenseT CKO-
POCTBH TOr0 OTHOCHUTEJIBLHOTO JIBUXKEHWHA, B KOTOPOM CaM Hab/II01a-
TeIb He yIacTByer. DToT 3hdEKT He PeaTbHbIi, a KaKymuicsa (Ko-
raa nosb3yemca onpegenéunubimu npasutamu CTO). o cyru dop-
MYJIbI Mbl HE MOXK€M IIPOCTO IEPENTU KO BTOPOH IOJACTAHOBKE JIJIA
OTIpeie/IEHUsT V2, XOTA (DOPMAJIBHO B BBIPAYKEHUE PEISITUBUCTCKOTO
3aKOHA, CJIOKEHNS CKOPOCTEH MOXKHO TIOC/IEI0OBATEIHHO MOACTABIITH
CKOJIBKO YTOJHO BeJWYNH CKopocTeit. B caydae cioxenns mBuzKe-
HU BAOJIb OAHON NPAMON KJIACCHYECKOEe CBOMCTBO KOMMYTATUBHOCTH
COXpaHgeTcsd U MPOTUBOPEYHNE OKA3LIBAETCI 3aByaanmpoBaHHBIM. Ho
€CJT BEKTOPA CKOPOCTH HEKOJJIMHEAPHBI, TO IYHKT 3) OKa3bIBAETCH
HeBEPHBIM U CPa3y TPOABISIETCSI TPOTUBOPEINBOCTD U HECOT/TACOBAH-
HOCTH 3aKOHA CJI0XKEHWs CKOpOcTeil u npeobpaszosanuii Jlopemnia.

B paccmoTpennoMm pamee mpuMepe MOXKHO TOCTYIHUTHL II0-
apyromy: Oy/ieM MCKATh IOCJIEI0BATEIbHOCTDL TPEX npeobpazoBanuil
CKOPOCTeii, COXPAHSIOIIYIO NePBOHAYAJIBLHOE BPEMs B rpeodpazoBa-
Hugx Jlopenmna Hem3MeHHBIM. TOorJa JIerko MPOBEPUTH, YTO BMECTO
(1.7) moxer GBITH B35TA €JANHCTBEHHAS [1OCJI€I0BATEIHHOCTb:

vii, v2j, —v1y/1—v3/c%i — voj. (1.8)

OHako, BO-TEPBBIX, MOBOPOT OTPE3KOB OCTaéTcst. Bo-BTOPBIX, HO-
BRI HAOOP CKOPOCTEH HE Y/IOBJIETBOPAET B JAHHON MOCIETOBATE b=
HOCTH 3aKOHY CJIOYKEHUST CKOPOCTEH, TO eCTh (PaKTUIECKHU TOMEHSLICS
MOPSZIOK TIOJICTAHOBKM CKOPOCTER U1 M V2 B 3AKOH CJIOXKEHUSA CKOPO-
creit (YTO HE COOTBETCTBYET CYTH 9TOrO 3aKoHA). Takmm obpazom,
TMPOTUBOPEYHS BCE pABHO He yeTpaHaAoTces. OMHUM M3 TPOSBICHUN
nporuopeunBoctu CTO gapasercs mpeneccust Tomaca: wexons us
MOCJTEIOBATEIBHOCTH WHEPIMATBHBIX CHCTEM (IBUKYIIUXCS TPSMO-
JIMHEHHO 1 PABHOMEDHO) BAPYT B UTOTE MOJIYYa€TCs BDAIIEHNE TTPE/I-
Mera (IPUHOWOWAJIBHO HeHHepIuaabHoe JBukKenne). Takum obpa-
30M, TIEPeX0 OT M3JAraeMbIX B CTAHIAPTHBIX yueOHUKAX mpeodpa-
soBanuii Jlopenna B “maremarnieckom mpoctpanctse” 1+ 1 (¢ + z)
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K mpeobpasoBanuam Jlopenma B “mpoctpamctse”’ 1 + 2 wam 1 + 3
COZIEPKUT (PUBWIECKHUE TPOTUBOPEUNS.

MHor#e HHTYUTHBHO MOHATHBIE CBONCTBA (DU3UIECKUX BEJTUIMH
Tepsitor cBoit cmbicai B CTO. Hampumep, oTHOCHTEIbHAS CKOPOCTH
mepectaét ObITh MHBAPUAHTHON. YaCTHILI, BRIIETAIOIINE BIOIbL O
HOM mpsaMoil ¢ pasubiMu ckopocTamu obpasyor B CTO cioxkubrii
“Beep ckopocTeit” st ABUKYIeicda cucteMbl. 30TpomHoe pacipe-
nenerue 110 ckopoctsiM B CTO nepectaér 6pITh TAKOBBIM JIJIst APYTOit
ABWKYyIIeiica cucrembl. Hukakoro 3agsasemoro ympornenus 8 CTO

Ha CaMOM JJeJie HeT.

[Mockoarky CTO nmemaer ymop Ha mMomapHbIi 0OMEH CUTHAJIAMW
(o Ty pajapHBIX CUTHAJIOB) W CHHXPOHU3AIIUIO, TO CAMO [E€OMET-
pUYECcKOe CJIOKEHWE CKOPOCTEHl CTAHOBUTCS BHYTPEHHE TPOTHUBOPE-
YUBBIM. DTO B Teopuu HbioToHA, SBIAIOIIEHCS MO-CYyTH MaTeMaTH-
YeCKOI HaJCTPOUKON HaJl PEATbHOCTHIO, MBI MOTJIM YUCTO MaTEMaTH-
YEeCKU U3 OJIHOM TIOCTOSTHHON cKopocTH (06beKTa 1) BBIYeCTh APYTYTO
HNOCTOSTHHYF0 CKOPOCTH (06beKTa 2) M MOy9uTh MOCTOAHHYK) OTHO-
CUTEJILHYIO CKOPOCTH 00bekTOB 1 u 2. Teneps mnpeycraBbre cebe, 910
9T 0O'bEKTHI ABUKYTCS 110 CKPEIUBAIOIIUMCS IPAMbIM (BCIIOMHUTE,
HAIIPUMED, KAK OJINH aBTOMOOWJIb JIBUKETCS 110 JOPOT'e, & BTOPOit aB-
TOMOOUIB JIBUZKETCSI 110 MOCTY HaJ| 9TOH s0poroit). Yrobbr t000ii u3
9TUX aBTOMODHUJIEH MOT OTC/IEXKWBATHL PAIaPOM JIBUYKEHUE IPYTOTO
aBTOMOOMJISI, €r0 Pajiap JOKEH BPAIAThCS, T.€. M3MEPUTETbHBII
npubop OyaeT HAXOAUTHCI B APYTOil — HEMHEPITUAILHON CUCTeME OT-
cuéral

Nz CTO BoBce He ciieiyeT HEBO3MOXKHOCTE CKopocTelr v > c¢. U
JTI00ABJIEHUE O TOM, ITO 9TO OTHOCUTCHA TOJBKO K CKOPOCTH TEPEIATH
CUTHAJIa — MCKYCCTBEHHOE /100aB/ieHne (BBU/ly HAJIUYINA OYCBUIHBIX
KOHTPIPUMEDPOB K PACIIUPEHHOMY TOJIKOBaHWo). OnHAKO, Taxke ¢
moI00HBIM T06aBIEHHEM OCTAETCS HEJOCTATOUHO JETEPMUHUPOBAH-
HBIM TIOHATHE curHada (nHdopMmarun). HampumMep, moydast curaast
OT BCHBIIMIKA CBEPXHOBOI, Pa3Be MbI HE YBEPEHBI, 4TO TaKad »Ke WH-
dopmarus “conepRuTcs’ Ha JHAMETPAIbHO TPOTUBOMOI0KHOM Pac-
CTOSHUW OT CBEPXHOBOII, TO €CTh MBI 3HAEM 00 9TOM CO CKOPOCTBHIO 2¢7
Wnwu sro we uadopmanus? Caenosarensro, B CTO moxker uMersbes
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Puc. 1.28: Obmen curxasiom.

BBU/Iy TOJIBKO WHMOPMAINs HAa MaTEPUAJBLHOM HOCHUTEJE JIEKTPO-
MarHUTHON TPUPO/IbI, PACITPOCTPAHSIONIASCH B BAKyyMe [TOCJIEI0Ba-
TeTbHO Yepe3 BCe TOUKU MPOCTPAHCTBA, OT UCTOUYHUKA JI0 TPUEMHNKA
CUTHAJIA.

CrenaeM OIHO 3aMedaHNe MTO-TOBOAY “YAUBUTEIBLHOCTH PEis-
TUBUCTCKOT'O 3aKOHA “CJIOKEHUsT’ CKOPOCTEH, MO3BOJIAMIIEI0 00Me-
HUBATHCH CBETOBBIM CUTHAJIOM JIa2Ke KOIJa ajaredbpanmdeckasi CyMMa
CKOpoOCTeil oka3bIBaercs bosbiie ¢. ObpaTuM BHUMAaHUE HA OYEBUJ-
HBII (PaKT: CUTHAJBI JIjid 0OMeHa WH(OpMAaIueil TOTKHBI TTOCHLIATh-
cs1 005132 TEILHO B HANPABJIEHUN 00'bEKTa, & HE B MPOTHBOIOJIOKHOM
wanpasiaeann. [losTomMy HET HUYETO YIUBUTEJHHOTO B OOMEHE CHT-
HAJIOB, KOTJIA U B KJIACCUYIECKOM CYyYae B PE3yabTarTe (POPMaTLHOTO
CJIO?KEHHSL CKOPOCTEl OKA3BIBACTCA V) +V, > VUsignal- L1ycTh apa camo-
Jiéra BasteraroT ¢ aspoapoma O co ckopoctamu 0, Qvgpyng U pasiera-
IOTCsI IPYT OT JIPyTa B MPOTUBOMOJIOXKHBIX HApaBaeHussX ocu X (1o
€CTh C OTHOCUTENBHON CKOPOCTHIO 1, 8Vsound). BO3ZMOXKEH i1 MK Ty
HUMH OOMEH 3BYKOBBIME cuTHaJsamu! Pagymeerca!l Tak kak 3ByKO-
Basi BOJIHA PACHPOCTPAHSAETCS B BO3AYXE HE3ABUCUMO OT CKOPOCTH
UCTOYHUKA S] B MOMEHT HCIIYCKAHWs CUTHAJA, TO MEPBBIN CaMOJIET
(mocmaBimmii curaast) Gyaer J0TOHSITH (DPOHT BOJIHBI, PACIIPOCTPAHS-
OTUHCS B TOJIOXKUTEILHOM HAMPABACHUN Ocu X , & BTOPOil CAMOJIET
Hymer “copeBHOBaTBHCS’ € (PPOHTOM BOJHBI, PACIPOCTPAHSIONTUMCS
B oTpuraresbHoM Hanpasaenun ocu X. O0a caMoséra JBUNKYTCS
Me/IJIEHHEE, YeM PACIPOCTPAHSIOTCS COOTBETCTBYIOIIME OIKaitime
kK HuM yuactku ¢ponrta soabl (Puc. 1.28). Takum obpasom, cym-
Ma CKOPOCTEH B PEaJIbHOCTH COTOCTAB/IAETCsS (CIOKHBIM 00pa3oM)
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HE CO CKOPOCTBIO 3BYKAa, & C BEJIUYMHON 2Vsoung (& g CBETA — C
BEJIMINHOMN 2¢).

OueBnaHO TaKXKe, ITO (PUBUIECKOE OTPAHUICHWE HA BEJTUTHHY
CKOPDOCTH HE MOYKeT HAKJaJbIBATHCI MATeMATHKON (TOT (hakT, uTo
10/ 3HAKOM PaMKaja B HEKOTOPHIX BhIPAKEHUHAX OyJ/IeT CTOATH OT-
puriarebHas BesmarHa). Hago mpocTo BCMOMHHUTB, 9TO Bee Hop-
vyl CTO momywers! ¢ nCmoap30BaHmeM 00OMEeHa CBETOBBIME CHT-
HastaMu (MeTOJ] CHHXPOHU3anuu JitHmreitna). Ecan ke Teso cpasy
JIBM2KeTCs ObICTpee CBeTa, TO ero MpPOCTO HE CMOXKEeT JIOIHATH CHI-
HaJI, TIOCJIAHHBIN BJIOTOHKY. AHAJIOTUYHO MOXKHO BBECTH CHHXDOHH-
3aIMI0 C TOMOIIBIO 3BYKa (1 Takzke Oy ryT 0cOBeHHOCTH B (DOPMYJ/IaX),
HO OTCIO/Ia BOBCe He OyJIeT CJIe0BaTh HEBO3MOXKHOCTL CBEPX3BYKO-
BbIX CKOpocteii. CKOpOCTh PacupoCTpAaHeHUsT BO3MYIIEHUH (3BYKO-
BBIX WJIM CBETOBBIX) B CPEJIe HUKAK HE CBA3AHA CO CKOPOCTHIO JIBU-
JKeHUs HEKOTOPOT'O TeJIa CKBO3b 3TY CPeJy.

1.7 JobaBouynas kputuka Knaematukum CTO

Hauném ¢ obmmx 3amevanwnii. ['pynmossie coiicrBa mMaTeMaTHve-
CKUX ypaBHEHHWII, KaK MpeodPa30BaHUsl ¢ MaTEMATUIECKUMHA CHMBO-

JIAMU, HE UMEIT COBEPIIEHHO HUKAKOIO OTHOIIEHUS K KaKUM-1ub0
duzrYecKUM IMIPUHIIATIAM WU [IOCTYJIATaM, TO eCTh IPYIIIIOBbIE CBO¥-
CTBa MOTYT OBITH HalIeHBI H€3 JOMOTHUTEIBHBIX (DU3UIECKUX TUIIO-
te3. Hampumep, npeobpazosanus Jlopenria, oTpaykaroIme TPyIIo-
Bble CBOMCTBA ypaBHeHMii MakcBesia B mycTore (MIu KJIacCHIecKoro
BOJIHOBOTO YDABHEHUS, B TOM HYUCJIE B aKyCTUKE), BOBCE HE CBA3AHBI
¢ BBesiénHbIM B CTO mocTysiaToM mMocTosiHCTBA CKOPOCTH CBETA MJIN
¢ TIPUHITUTIOM OTHOCHTEBHOCTH.

Teopust OTHOCUTEBHOCTH — ITO (PAKTUIECKHU “TeOpPUs BUIAMO-
cTH’: 9TO MbI YBUJIUM B SKCIEPUMEHTE, CJTH B €r0 OCHOBY (¢ 0606-
[IEHWEM Ha CBOWCTBA MPOCTPAHCTBA U BPEMEHH) MOJIOKUTDH 3aKOHBI
3JICKTPOMATrHUTHBIX B3aMMOICHCTBUI (a6COJH0TI/13aLU/I${ 3JIeKTpOMaAr-
HUTHBIX $IBJICHUIT). AHAJIOTMYIHO MOXKHO MOCTABHTH BOIPOC O TOM,
KaK OyIyT BBITJIAAETH gBJeHUS, HAOIIOTAaEMbIe C TOMOIIBIO 3BYKA
u ap. Pazymeercsi, KOHEYHOCTH CKOPOCTH MEPEIAYU TEX MU WHBIX
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S S’

Puc. 1.29: ITapaiokC HEJIOKAIBHOCTH.

B3amMMOJERCTBUN BUIOU3MEHSIET sIBJICHMS, HAOJIFOaeMbI€e ¢ TTIOMOTITHIO
31X B3ammMmomeiicTemit. Ho aT0 He Mermaer memarh eInHbIE 3KCTPa-
MOJIANAN JI7IsT TPUBSI3KA K MPOCTPAHCTBY U BpeMeHu (abCOTFOTHBIM
KJIACCNYECKUM dQHSquCKHM HOHHTI/IHM) JJId ¢ JUHOTO OIIMCAaHUA MH-
pa, He OrpaHNYEHHOT'0 HUKAKUMU BCEOOIITMMHU TUITOTE3aMM.

HerororoBo npocTpancTBo 06/1a3€T BAXKHBIM CBOHCTBOM: CHCTE-
MbI C MEHBIITUMHU PA3ZMEPHOCTAMU MOIYT 00JIa/IlaTh AHAJOTUYHBIMU
cpoficrBamu. Hamnpumep, BeKTOP MOXKET ObITH BBEJAEH HE TOJIBKO B
TPOCTPAHCTBE, HO W Ha TpsiMoit u Ha miockoctu. B TO mpocrpan-
CTBEHHBIE BEJIMYMHBI He 00J1aaf0T BEKTOPHBIMU CBOHCTBAMU (TOJTh-
KO 4-BEKTOpA), TO €CTh HET HEMPEPHIBHOTO MPEJETHHOIO MEPEXOIA K
KJTACCHIECKUM BeanauHaM (“oYTH BeKTOp” — BEKTOP).

B kauectse ciexmyromiero 3aMedanus ONWINEM TAPAIOKC ‘HEIO0-
xkasipHOCTH . 3aMeruM, uTo Bee dopmysbl CTO JokaabHBI, TO €CTb
He 3aBUCAT OT HpeJbIcTOpun ABuzKenus. Ilycrs cucrema S’ jnpuzker-
€ CO CKOPOCTBIO V OTHOCHTENBbHO cucteMbl S. B menrpe O B Mo-
MEHT COBIaAeHus ¢ meHTpoM O’ MPONCXOIUT BCIBIIKa CBeTa. IlycTh
3a BpeMmsd t B cucreme S BOJIHOBOW (DpPOHT HOCTUTHET TOUKU A, a B
cucreme S” coorsercreenno Toukn A (Puc. 1.29). Coobmum mpu-
EMHUKY curHaga B cucteme S, Haxopsmemycs B Touke A; = A’
UMIYIBCHO CKOpocTh V. [lojmyuyaercss aro (hbpoHT BOJIHBI cpa3y Iie-
pemectuics B Touky A’ (Benn Temeps mbl B cucreme S’). Tak e xe
Haxo/micsd PPOHT BOJIHBL B OJIMH U TOT Ke MOMeHT BpeMenu? M3me-
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Hnsioch Bpems B Ay = A’? A ecsim MbI yepe3 MTHOBEHUE OCTAHOBUM
npuéMunk B A7 Bpemsa BoccTanoBuTcd, a (ppOHT BOIHLI OIISATEL BEP-
wérca B A7 A mabmronarens 3abymer, 9TO BHUAES BCHBIMIKY CBETA?
Torma arobnl yBumersb Oyayimee Hamo ObicTpee maBurarbes?! To, 9ro
nabsonaresnb B A; He BCE BpeMs aBurajca smecte ¢ cucremoit S
HUYEro He O0bACHAET, TaK KakK B A’ MOXKeT HaXOmIuThLCa Apyroil Ha-
O/10/1aTe)b, KOTOPBI BCE BpeMmsl jBurajcs Bmecre ¢ cucremoii S’
[Monywaercst, uTo onWH w3 HUX yBUAWT COObITHE, & BTOPOH — HeT?
Hcuesaer 06LEKTUBHOCTL HAYKH.

MoxHo m00aBUTL CAEAYIONIEE BCIOMOTATEILHOE 3aMedaHHUe.
JIBu>keTcst i BOJTHOBO# TTaker (CBET) B BAKYyMe CO CKOPOCTBIO CBe-
ta? Ecim ma, To MBI He MOXKeM pa3sOuThb ero Ha OTAE/JbHBIE HMITYIb-
CBI C TTOMOIIBIO CTPODOCKOIA: BCIEJACTBAE COKPAIEHUS JJINH JITHHA
KaXKJ0T0 UMIIYJIbCA W JJANHA KaXKJIOr0 IPOMEKYTKA MEXKIy HUMH
J0/IKHA ObITh Hy/1eBO# (4r0 mporusopeunt onbity). Ecam xe cawm-
TaTh Pa3Mephl MOy IeHHBIX UMITYJIbCOB (CHTHAJIOB) M IIPOMEXKYTKOB
KOHEUHBIMU B HOKOSIIIEHCs cucreme (;1abopaTopHoit), 10 B cOOGCTBEH-
HOII cricTeMe OTCYETa BOJHOBOTO HAKEeTa i UMILYJIbCHI U IPOMEXKYTKH
JOJIKHBI OBITH OECKOHEUHBIMU (KaK TOTIA COMOCTABUTEH UMITYJIBC W
NPOMEXKYTOK, ry1e oH orcyTcTByer? ). [lo-cyTw 9170 BOIpPOC 0 TOM, Ma-
TepHAJIEH JIK CBET U IPOCTPAHCTBO MEXKIY MMIIYILCAMHE?

Crestaem Teneph 3aMedYaHue OTHOCHUTEIBLHO U3MEHEHUs] HAIpaB-
JIGHUsT BUIWMOTO JBVXKEHUSI YACTHUI] WM BUIUMOTO HAMPABICHUS
[OJTy Y€HHsT BOJHOBOTO CUTHAJIA (BCIOMHIM, HATIPUMED, abeppariuo)
pu mepexosie B ABmKyIytocsa cucremy orcuéra. B CTO stor ase-
MEHTapHbBIN Kjaccudeckuil hakT MpeCTABAIIOT KaK [IOBOPOT BCErO
BOJIHOBOI'O (PPOHTA HA, HEKOTOPGIH yrosi. [Ipu aToM BOSTHOBOIM DpOHT
COOTBETCTBYET TOYKAM CBETOBOIl cdepbl /jid OJHOI0 MOMEHTa BpPE-
venu. Hanmomunm, aro 8 CTO BosHOBOI (DPOHT B OAWH U TOT ¥Ke
MOMEHT BPEMEHW Da3JIMdeH JJIst JBUKYIIUXCS APYT OTHOCHTENHHO
Ipyra cucreM (MMEHHO BCJIEJCTBUE W3MEHeHUs Xona BpeMenn). O -
HAKO, MPEABICTOPHUS ABUKEHUA PETUCTPUPYIOIIETO TPUOopa He BXO-
aut v B oxHy bopmyy CTO. Bee dopmynsr CTO sokanbabl (B HUX
He yYaCTBYET WHTErPAbHBIA MyTh) U HE MOTYT YYHTHIBATEH, 9TO 32
BpeMs TOJIETA Jiy4ya U3 JAJEKOil rajakTuku Hab/IroaTel b Ha 3eM-
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Jie MULJIMOHBI Pa3 BPAIAJICS BOKPYT 3eMHOI ocu, BOKpyr CoJiHita
¥ MHOTO pa3 BOKPYT IenTpa Hamero Mieunoro Ilytu. @otomn, se-
THH.[I/IIZ B IIPOCTPAHCTBE MEXKAy UCTOYHUKOM M HpI/IéMHI/IKOM HUKaK
NPUYMHHO HE CBHA3aH C JBUXKEHUEM INPUEMHUKA WU UCTOYHUKA B
9TOT MOMEHT BpemeHu. B3ammo ieficTBue perucTpupyoiero mpudo-
pa ¢ POTOHOM ITPOUCXOJIUT TOJBKO HEIIOCPEJICTBEHHO B MOMEHT IIPH-
éma curunasa. Her Hukakoro pazjaudns, uMe i jiu NIPUEMHUK BCE Bpe-
MsI HEKOTOPYIO CKOPOCTh V W 0Ka3aJICAd B JAHHOW TOYKE MPOCTPaH-
CTBA B MOMEHT TpUEMA CHUTHAJIA, WU OH “‘CTOsI’ B JAHHON TOUYKE
MPOCTPAHCTBA, & 33 MTHOBEHHUE JI0 TOJYUYEHUs CUTHAIA TPUOOPEN
Ty ¥Ke CKOPOCTH V (pe3yiabTaT B3aumojeiicTsus ¢ dhoToHOM Byser
B 000mMX Cioydasix OJMHAKOB). Takum obpazom, jist camoro pak-
Ta TOJy4YeHUs CUTHAJA UMeeT 3HadYeHre TOJbKO TPHUIIET i (POTOH
B JaHHOE MeCTO mpocTpaHcTBa. OQUeBMAHO TaK¥kKe, UTO CKOPOCTH B
JIAHHOM MeCTe IPOCTPAHCTBA HE M3MEHUT camoro pakTa IpUxXoa
curaana (a TOMBKO ero 4acTory — cornacuo 3ddexry Tomnepa). Ec-
Jin Obl 3aBuces caMm GakT IOJydeHUs CUI'HAJIA, TO 4TO OBl TOTa
O3HaYa I8 MOJCTAHOBKA BeyimanH B (hopmysty Jlomnepa B 0JiHOM U3 cu-

crem? Crie0BaTeIbHO, HUKAKOTO PEeaJhHOTO TTOBOPOTA BCETO (DPOH-
Ta BOJIHBI (BBIPAKAIOIIEro (haKT MPUXO/Ia CUTHAJA) OBITH HE MOXKET.
D10 JoKaNbHBIE (B maHHON TOUke) Maremarwueckuii (mmuddepen-
IUAJIbHBII) CrToco6 onmcanust HAGIIOIAEMOr0 HAPABJICHUS TIOJTY Ie-
uusg curaana. [oHaTs 9TO TPOCTO, €N HCIOIBL30BATH AHATOTHIO
¢ 0DOIEen3BeCTHBIMU TPUPOIHBIMU SIBJICHUSMEU — JIOXKJIEM WU CHE-
rom (Puc. 1.30) Ecsin B 6e3BeTpeHHy0 MOro/y Bbl B3IVISIHETE CTPOTO
BBEPX HA Ty4y, U3 KOTOPOil HAYMHAET UJTU J0¥K/Ib, TO Bbl YBUJHU-
Te MAJEHNE Ha BAC KAIlE b TOYHO CBEpPXY (HAIPABJIEHUE MOJTyYeHUs
“curnana’). Ecnm e Bbl Gexknre (& JIytile BCIIOMHHTE [IOE3/KY HA
MAIllMHE B CHEXKHBIH JIEHb), TO HANDPABJIEHUE MPUJIETA Kalesb (Ha-
npaBjieHne nojgydennst ‘curnana’) OyJer Jameko BIEPer 10 X0y
JBIDKEHUST U MOXKET Jake He COBIAJIATh ¢ peabHoi Tyueiir. OgHako,
TOPUBOHTANBHBINA (DPOHT 10K 1t MO0 HocTur 3emun (hakT moTyde-
Hus “curHasa”), mbo HeT, W OT BaIllero JBWXKEHWS B JIAHHON TOUKe
3eMHOI oBepXHOCTH 9T0T (pakT He 3apucut (cMm. puc. 1.30).

PaccmoTpum caemytommit Kiro4ueBoit MBICTEHHBIH SKCIIEPUMEHT.
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Puc. 1.30: Namenenune HamrpapeHnst BOCIPUHUMAEMOTO TBUXKEHUA.

IIycTs HA OrPOMHOM DPACCTOAHWUU (B JECATKH HJIA COTHH CBETOBBIX
Jer) oT 3eMHOrO Habmomaresnss (mpmémuuka P) HaxommTcs Hero-
JIBVYKHBIF MOIITHBIN UCKYCCTBEHHBIT HCTOYHUK S, W3JIYIAIOIIAH CBET.
Ilycts ¢ IBYX TPOTHBOIMOJIOXKHBIX CTOPOH OT 3TOTO WCTOYHWKA HA
OPSAMON JTUHUW, TEPTEHINKYAAPHON K JIMHUN NCTOYHWUK-ITPUEMHNK,
PAaCIIOJIOYKEHBI JBE HEOIBUKHEIE 3BE3/Ibl HA PACCTOTHUAX B 1 CBETO-
Boit roj (cM. Puc. 1.31). JTaHHBIA MCTOYHUK UMITYJIICHO YCKOPSIETCS
B T€YeHUe OJIHOM CeKYH/ bl B HallpaB/IeHUU IEPBOI 3Be3Ibl 10 CKOPO-
ctu, 6imskoit k ckopoctu ceera (CTO He HAKTaABIBAET OrPAHUIEHWH
HA YCKODEHWE), 3aTeM JIETHT € 9TOH ITOCTOSHHON CKOPOCTBIO OJHY
CEeKYHJy B HallpaBJICHUM IIePBOH 3Be3/bl, [10TOM MUMIIYJIbCHO 3a Ol-
HY CEKYHJIy 3aMe/jIgeTcd 70 II0JHOI OCTaHOBKU, CTOUT HEIO/IBUZKHO
OTHY CEKYHJY, TOCJIe Yero YCKOPIeTCca B TPOTUBOIIOIOKHOM HAIIPaB-
JIEHUU OIATH IIOYTHU JO CKOPOCTHU CBETa, JIETUT C TOH 2Ke 110 MOJYJIIO
MIOCTOSHHOM CKOPOCTBIO OJIHY CEKYH]Y, 3aMeJIJIIeTCd B TeUeHUN O/I-
HOM CEKYHIbI 1 OCTaHABJIMBACTCH Ha MEPBOHAYAJIBHOM MECTE CTapTa.
Ilocoe sToTO BCE NelCTBUSA MPOJOIKAIOTCA B TOM Ke MOPAAKE, HO
y2Ke B HallpaBJICHUU BTOPOH 3Be3/bl: 0JHa CeKYyH/a — Pa3roH A0 CKO-
pocTu, 6JIM3KON K CKOPOCTH CBeTa, OJHA CEKYHJa — IOJIET C TOM ¥Ke
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MTOCTOSTHHOWM CKOPOCTBIO, €IMé OJTHA CeKYH/I — 3aMeJIEHHe BILIOTh 10
OCTAaHOBKM, 1 CEKYHJ/y CTOUT HA MECTe; 3aTeM, BCE B HAIPABJIEHUN
TOYKM CTAPTA: CEKYHIHBIN PA3rOH, CEKYHIY JETHUT C BOIBINOH T0CTO-
SIHHO¥M CKOPOCTBIO U 3a CEKYH/Iy OCTAHABJIMUBAETCS B TOUYKE EPBOHA-
JaIBHOTO cTapTa. Hac MHTEpeCYT y9acTKH OCTAHOBOK W TOJIETA C
ITOCTOSIHHOM CKOPOCTHI0. (QUeBUJIHO, UTO Y4YaCTOK, 3aTPOHYTHIN I10-
JIETOM HAIIEro UCTOYHUKA HE IPEBLIIITAECT B JIJIMHY IMIECTU CBETOBbBIX
CEeKYyH/I. HO CPpaBHEHWIO C COTHAMU CBETOBBIX JIET 10 MCTOYHUKA 3TO
Takas MaJiasg BEIUUNHA, UTO TOYHOCTH COBPEMEHHBIX 3€MHBIX TejIe-
CKOTIOB 6y/IeT TTPOCTO HEJOCTATOUHO /I ODHAPYKEHUT TaAKOTO yTJI0-
BOTO PACCTOAHUS. A 9TO JKe JTOIKHO OBITH ¢ TOYKH 3PEHUST TEOPUN
OTHOCUTENBHOCTH! Beb peSIaTUBUCTBI BEPST, UTO B (DOPMYIBI BXO-
JIUT OTHOCHUTEbHAS CKOPOCTh. B 3TOM ciiyyae yrosa abeppanuu npu
JBIKEHUN CO CKOPOCTHIO, OITM3KOIM K CKOPOCTH cBeTa, OBLT OBl O/In-
30K K 45 rpajgycam. Mbl 661 He pocTo ¢ 3eMJIl yBUJIEJU OTPOMHBIE
110 HpOTH}I{éHHOCTI/I CBeTANneCd IMyTn TOro MCTOYHUKA, & MCTOYHUK
mpobma 6Bl HACKBO3L 00€ 3BE3/bI, Ja U BOODIE BCe 3BE3LI HA IIPd-
MO¥ JIMHUE CBOErO MOJIETA BIJIOTH JI0 PACCTOSHUN B HECKOJIBKO COTEH
CBETOBBIX JieT Tyha 1 obparHo! BaMm He CMEITHO 0T PeIsaTUBUCTCKIX
bpemmeii?! Takum 06pa3oM, 09eBUIHO, ITO B HOPMYIy abeppariun
BXOJINT TOJIBKO JIOKAJIbHAS aDCOIOTHAS CKOPOCTh MPUEMHNUKA B TOU-
Ke IpnéMa CHrHasa (I B MOMEHT 9TOrO IPHEMa CHTHAJA).

Paccmorpunv  Temeph HEKOTOpBIE CIEKYIATHBHBIE TOCTPOCHUS
CTO. Tak, nepeaspubim B CTO spigerca paccMoTpenue 6eCKOHEYT-
HBIX CHCTEM, HAIIPUMED, MPOBOIHUKA C TOKOM P “00bACHEHNN 10~
SIBJICHUST JIOMOJTHATEBHOrO 06bEMHOTO 3apsaia (urpa Ha OeCKOHed-
HOCTsIX). B 1efiCTBUTEILHOCTH TPOBOJAHUK MOXKET ObITh TOJIBKO 3a-
MKHYTBIM (KOHEYHBIM). B 9T0M Ci1y9ae 00bacHEHNEe HE TOTBKO METO-
JUYEeCKU CJ0KHO, HO U TIPOTHBOPEYNBO. PaccMOTpuM KBaJpaTHYIO
paMKy C TOKOM, HAIPUMeD, CBEPXIPOBOAAINy0. Bemnuanna 3apsiia
KaXKJIOTO 9JEKTPOHA W MOHA WHBApUAHTHA, 0DIee KOJIMIecTBO Ha-
CTHUI] TOXKe Henm3MeHHo. Kak e TOTa MOKeT N3MEHUTHLCH TIIOTHOCTh
zapsiyioB? PaccMoTpuM JIBUKEHUE JIEKTPOHOB € TOYKHU 3PEHUA “‘CH-
crembl nounoii pererkn” (Puc. 1.32). Cornacuo CTO “smexrponnast
pamMKa’ JI0JIKHA YMEHBIHUTHCS B pa3Mepax (COKpAIeHHue JJINH W3-
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Puc. 1.31: Pengrusucrckue dbanraszuu npo abepparuo.
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1.7 JJOBABOYHAA KPUTHKA 97

32 JIBUJKEHWS 3JIEKTPOHOB HA KAXKJOM MPAMOJHMHERHOM YYaCTKE).
Kazamoch 6b1 BCaeacTBHE CUMMETPHHN 331891 “9I€KTPOHHAS PaMKa’
IOJIZKHA BOWTH BHYTDD “monHOM pamkwn’. Torga Mbr umenn 061 BOJIM-
3W IPOBOJHUKA CTPAHHO HECHMMETPHYIHOE MoJIe (JIUTIOJIBHOTO THUIIA).
Kpowme Toro, npu 601611101 CKOPOCTH 3JIEKTPOHOB OHM MOTJIN OB OKa-
3aThCsd C MOHAMU 110 PA3HBIE CTOPOHBI OT HaO0AaTed. COoBEPIIEHHO
HEMOHATHO, KAK TAaKOH nepexos uepes Habsrogaress (I€pIeHmKy-
JIAPHO IBUKEHUIO 9acTuIl!) Mor 661 mponsoiitu? U 3a caér Kakux cu
YJEPKUBATUCH OBl BMECTE B MOTOKE 3aPsI?KeHHBIE 3JIEKTPOHBI (a1
WOHBI) W HE PA3JIETAINCH Obl B pasHble cToponbI? Jlaxke ecnm mis
OJIHO¥ CTOPOHBI KBaJpaTa BOCIIOJIb30BATHCS IOJTOHOYHONW HEOIpe-
nenéanocthio CTO (kK KaKOMYy KOHITY TIPOUCXOIUT COKpAIIeHue? ), To
BCe BOIIPOCHI OCTAITCA IS JIPYTUX CTOPOH KBaJIPaTa.

Ilycts cymecTBYIOT TpH TOKOSIIHECT WIAEHTUIHLIE CHCTEMBI, B
KaKJIOU 9KBUIUCTAHTHON TOYKE KOTOPBIX CUHXPOHU30BAHbBI TPOE Ha-
COB, IPUHAJIEKAIINX STUM TPEM Pa3HBIM cucTeMaM. V mycTh IByM
cucTeMaM COOOIIAI0T PABHBIE IO MOYJIIO, HO ITPOTUBOIIOJIOXKHBIE 110
HaIIPaBJIEHUIO CKOPOCTH OTHOCUTEJIBHO TpeTbhell IoKodleiica cucre-
Mbl. CrparuBaercsi, Kak OYJIyT COOTHOCHThCS TMOKA3aHUS BCEX TPEX
JaCOB B KaXKJO0¥ TOoUKe BCTpedn! Bemb cUMMETpUsS OTHOCUTEIBHO
TpeTbell CHCTeMbl TAPAHTUPYET OJUHAKOBBIE MOKA3aHUS YacoB MEp-
BOM W BTOPOI CUCTEMBI, HECMOTPA HAa WX B3aWMMHOE JIBUKEHWE.

Cucrema wacoB m gmaeek CTO cHekygTaTHBHA TEOPETHIECKN
" HeynobHa TpaKTHYeCKH, TaK Kak MPEIIoJaraeT, 94To BCe CBee-
HUS COOMPAIOTCA W AHATM3UPYIOTC (MHTEPIPETUPYIOTCs!) KOTIa-TO
mo3:ke. OJHOZHATHOCTD B3AMMOCBSI3H KJIACCHIECKUX HBIOTOHOBBIX
¥ PEeaSTUBACTCKUX JIOPEHIIOBBIX KOODJMHAT HE O03HAYAET ABTOMA-
TUYIECKYIO HEIPOTUBOPEUYUBOCTDL MOCTEAHUX (B 3TOM, (DU3UIECKOM
CMBIC/TE, COCTOUT OTINYHe (DU3NKU OT MareMaTnku ). Hanpumep, npu
AIPOANHAMUICCKUX MCCIACI0OBAHNAX BMECTO CKOPOCTU CBETa MOXKHO
6pLT0 OB MCTIONIB30BaTh BO Beex hopmyrnax (tuma CTO) ckopocThb
3BYKa B BO3AYyXE W PACCMATPUBATH ABU2KCHUA Ha BeM.He B ITOKO4A-
MEMCST BO3IYXE € TO3BYKOBBLIMHU CKOpPOCTIMHU. O THAKO, TPOTHBOPEUH-
BOCTBH TO00HBIX Tpeobpaszosanuii “a s CTO” (nns Bpemenn) cpa-
3y 6bL1a ObI OOHADPYIKEHA HA OMBbITE. DTO JEMOHCTPUPYET OITACHOCTD



98 I'JIABA 1. KHHEMATHKA CTO

dbopMaThbHO-MATEMATHIECKAX AHATOTHUN [T (DU3UKH.

OmuboYHOCTh PEJIITUBUCTCKON HJIEW O 3aMeJJIEHUN BpPEMEHU
OYEBU/HA, BEIb B (POPMYJTY BXOIUT TOJBKO KBAIPAT OTHOCATEIBHOM
ckopoctu (3ddeKT He 3aBUCHT OT HAIPABJIEHUsI CKOPOCTH). Bo3b-
MéMm 4 ojimHaKoBbIX 0bbekTa. IlycTh BTOpoil 00beKT jIBUKETCH OT-
HOCHTEIBHO [IEPBOI0 ¢ HEKOTOPOH CKOPOCTBIO Vi3, TOIJA €r0 BpeMs
3ATOPMOXKEHO OTHOCUTENBHO BpEMEHU TepBoro obbekTta. [oBopure,
9T0 00beKTUBHBIN 3 dEKT (HATOMHUM 3HAYEHUE CJI0BA “00HEKTUR-
HBII: 9 dekT, He 3aBUCSIITHA OT IPUCYTCTBUS U CBOMCTB HabAIOmA-
Tesst, HE B3aMMOJEHCTBYIOMEro ¢ uccaeayembim obbekrom)? Tlycrs
TpeTuit 0OBEKT JIBUKETCH OTHOCHTEJBHO BTOPOrO B MPOU3IBOJIBLHOM
HAPABJEHUN € MPOU3BOJBHON CKOPOCTBIO Va3, TOTA, AHAJJOTHI-
HO, €r0 BpeMsi 3aMeJIJIEH0 OTHOCUTEILHO BPEMEHHU BTOPOI0 0ObEKTA.
Onsite 00bekTuBHBIN 3(hexT? Bo3bMEM 4eTBEPTHIN 00BEKT 1 TOME-
CTUM €ro HENOJBU2KHO PsiJIOM C mepBbiM 00bekToM. He Oyrnem maxe
CIIOPUTH, C KAKOM CKOPOCTHIO JABUXKETCS Y€TBEPTHIT OOBEKT OTHOCH-
TeJIbHO TPETHEro, BaXKHO TOJIBKO, YTO B OOIIEM CiIyyae 3Ta CKOPOCTh
HEeHyJIeBas. A, 3HAUNT, OTATH UMEEM “O0LEKTUBHOE PETSITHBUCTCKOE”
3aMeJlJIeHe BPEMeHN YeTBEPTOTO 00beKTa OTHOCUTE]HHO BPEMEHU
Tperbero obbekTa. TakmMm obpaszom, dt; > dig > dts > diys. Ho
Bemb dt; = dit4, Tak Kak UeTBEPTHIA W TEPBBIT 00BEKTHI B3AWMHO
moxosTes! [Togobubit abcyp oy anica n3-3a (haHaTuIHON BEPHI B
€JIMHCTBEHHOCTh W HEMOTPEITUMOCTE MEeTO/Ia TIOMAPHON CHHXPOHU3a-
unn Dinmreiina. O0beKTUBHOCTE YILIBIBAET H3-II0J HOT' M OCTAETCS
b0 peraTuBuCcTCKui 3PdeKT KaKuMOCTH, TUO0 IMCTO PACIETHBIE
koMbOuHarun (“ribiByIIue 9acosble mosica”). e yixk TyT 10 3agBiis-
emoro Besmuusi? Jlajiee, s ABUKYIIUXCA CUCTEM TOYEMY-TO SIKOOBI
JIOJI2KHO HADJTI01aThCA COKPAIIEHME CAMOI'0 IPOCTPAHCTBA — TaK
HA3BIBAEMBI KuHeMaTudeckuii 3¢ derT. Kak e 370 MOXKHO ompese-
JINTH CKOPOCTh 3TOTO CAMOTO ITyCTOTO MPOCTPAHCTBA OTHOCH-
TeJIbHO TOTO WM WHOTO ABUKYIIErocss HabJIoAaTe st I BEIUUCTIe-
HUST TAKOTO COKPAIeHnsi? 3AaTeHTOBAHO JIM YCTPOMCTBO OMPEIes-
FOITIEE CKOPOCTH ITYCTOTHI? DTO JIOIKHO OBITH NeHNAJIBLHOE n300peTe-
ure! OHO MOIKHO, HABEPHOE, TTOJIB30BATHCS MOBBIMEHHBIM CIIPOCOM
y PAWHEKOB — TPOCTO TOMIBLHBIN ammapaT Oymer!
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Crenaem Temeps HECKOJIBKO 3aMeuanuii obiero xapakrepa. Bes
knremarnka CTO cienyer w3 WHBApMAHTHOCTH HMHTepBasa dr? —
Adt? = inv. OgHaKo, MBI BUAUM, YTO 3TO BHIPAKEHHE 33IIHCAHO
JUTsl IIyCTOTO TPOCTPaHCTBa. B cpeje cKOPOCTH CBETA HEITOCTOSIHHA,
MOKET OBbITh AaHU3OTPOIIHA, Aa U HE JIF0O0H YaCTOThI CBET MOXKET Pac-
IIPOCTPAHATHCA B IAHHOI KOHKPETHOI cpe/ie (BCIIOMHIM TIPO 33Ty Xa-
HUe, NOIVIOEeHne, OTpaxKenue, paccesitue). Hu B ogaoM pasnene dbu-
3UKN CBOWCTBA SBJIEHUN B OyCcTOTE HE MEPEHOCATCA aBTOMATUYECKU
HA SIBJICHUST B JIPYTUX Cpefax (HAPUMEp, B XKUJIKOCTSIX — THJIPOJIN-
HAMWYECKWe W JIPYyTHe CBONCTBA; B TBEP/BIX TeJaX — yIPYTHe, 3JIeK-
TPUYECKHE U JpPYTHE CBOHCTBA), TO €CTh OHU HE JETEPMUHUPYIOTCS
cBoficTBamu mycToro mpocrpancTsa. U Tonsko CTO nmperergyer Ha
noaobHoe Bceobimee “KIOHAPOBAHUE CBOMCTB.

Boobie rosops, cBoiicTBa cBeTa, BHyTPEHHE TPOTUBOPEUNBHIC U
B3anmouckarodatoniue, B CTO npocro 3anoctyaupoBansl. [losTomy
HeLPAaBOMEPHBIM siBJistercst yrBepKienne Poka [37] o Tom, uro ceer —
HoJiee IPOCTOE sABJIEHUE, YeM JinHelKa. He cTouT npeBo3HOCUTH poJib
CBETOBBIX CUTHAJIOB U BCE, YTO HAM “IPUBUAUTCH  C TIOMOIIBIO CBETA,
CYNTATH BEPHBIM, WHAYE TPHUILIOCH Obl YAMHYIO JIOXKKY B CTAKaHEe C
BOJIOI CUMTATH M3JOMAHHOMN (TO, 9TO 5TO HE TaK, JIETKO yCTAHABIIN-
BaeTCS TeOMETPUIECKN B ITPOCTPAHCTBE MyTEM MPSIMBIX M3MEPEHni
KOODJIMHAT BCEX “TOYEK BBIXOAA” JIOKKW K TDAHHIAM YKUTKOCTH).
Knaccuueckoe Bpems (wim BpeMsi, JeTEPMUHUDPYEMOE GECKOHETHO
VAAJEHHBIM UCTOYHUKOM HA CEPEJIMHHOM IEPHEHUKYJISPE K JIMHUH
JBUKEHNS) 00/1a1a6T BasKHBIM [TPENMYIIECTBOM: Mbl 3apaHee 3Ha-
eM, YTO OHO Be€3Jle OJINHAKOBO U He TpebyeTcd JeaTh HUKAKUX Pac-
JETOB WM PACCYKJICHUN, 3aTPArUBAKIINX TPEIBICTOPUIO TPOIECCa
win cBoiicrBa npocrpancrsa. Pakruuecku CTO B KayecTBe 0HOTO
U3 9TAJOHOB UCIOIB3YeT CKOPOCTh cBeTa. HamoMHUM, UTO B KJIaCCH-
YEeCKOW KMHEMATHKE J[BA TAJIOHA: J/IuHbI 1 Bpemenn (“cdopmynupy-
eM” oueBHIHLIE “3aKOHLI MOCTOSHCTBA ITAJOHOB: JIMHA dTamoHa 1
M MOCTOSTHHA ¥ PaBHA OJHOMY METPY, JJINTEIHHOCTH TajoHa 1 cex
ITOCTOSIHHA ¥ PaBHA OJHON ceKyH/[e, a yxK “Bemukum 3akonom [lo-
CTOSTHCTBA PEIATUBUCTCKOTO STAIOHA” BCE YK MPOXKYyKKamu ). [10-
CKOJIbKY BBEJIEHUME ITAJOHA — FTO OIPejeseHrne, TO ero CBOCTBA He
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nojiexkar obcyzxkenuto [19]. B pesysbrare BCE, 4TO CBSI3aHO € pac-
npocTpatnenueM ceeta, nepecraér 8 CTO 6b1Th IpeporaTuBoii OnbITa.
A rak kak Bce Bbikjagku B CTO Hammcanbl TONMBKO JJid COOLITHIA
— penbinek cgera, To CTO okazbiBaeTcst JIOrMYeCKH HEIIOC/Ie10Ba-
TebHON (HE TOBOPst O TOM, 4TO “MCHO/IB30BaHuE” CBOHCTB CBETA B
BaKyyMe I'0JIOCJIOBHO PACIPOCTPAHEHO HA BCE WHbIE “HEBAKYYMHBIE”
SIBJICHUS ).

B kuure ®eiinmana [35| rosopurcs ¢ capkasmMom o dbumocodax
" 3aBUCHMOCTH DE3YJIHTATOB OT CUCTEMbI OTC‘LIéTa7 HO HE HO,Z[LIép-
KHUBAaETCs, 9TO, HECMOTPs Ha J0OVI0 “KaKUMOCTB”, IPEeIMEThl IMe-
0T PeasibHble 00bEKTUBHBIE XapaKTePuCTuKu. Hampumep, desoBex
¢ GOJIBIIIOTO PACCTOSHUS MOKET Ka3aThCsT PA3MEPOM ¢ MYPaBbsi, HO
9TO He 03HAYAET, UTO OH JAECHCTBUTEIHHO yMEHbIIH/ICH (BCe mpubo-
pBl TIPUHSATO TPAJYHPOBATL UMEHHO TON OOBEKTHUBHBIE XapaKTepH-
CTI/IKI/I). Paccny/:LeHI/Ie 06 OTHOCUTEJIBHOCTH BCEX BEC/INYUMH KazKETCH
npasgonoobubiM, HO (!) Kak Tosbko Bpems B CTO crano oTHOCH-
TEJIbHBIM, a CKOPOCTb B3aHMOﬂeﬁCTBHH KOHeqHOﬁ, CaMO 11oHdATne 0T-
HOCUTEbHOM BETUIUHBI IS TPOCTPAHCTBEHHO Pa3IeTéHHBIX 00beK-
TOB CTAHOBHUTCSI HEOTIPEIEJIEHHBIM (3aBUCHUT OT MYTH COEJTUHEHUs, He
CBSI3AHO MPUYUHHO, 3aBUCUT OT CUCTeMbI Haboaenus u T.1.). Onpe-
JeaeHne BCeX BeJIUUNH OTHOCUTEILHO “TaaéKnX 3BE31 GeCCMBICIeH-
HO, TAaK KaK Mbl BUIUM “HUKOT/Ia HE CYIECTBOBABIIYIO PEATLHOCTE .
Hampumep, a-tienTagpa Obl1a B 9TOM MECTE M ¢ TAKAMHU CBOMCTBAMHI
4 roma Haza I, APyTHe 3BE3/bI ObLIN TAKUME JECATKA U COTHHU JIeT Ha-
34T, & OTTAJTEHHBIEC TAJAKTHKYA — MAJITAAP/BI JeT HA3a I, T.e. CHTHAJ
OBLI TOCTAH UCTOYHUKOM, KOT/a HAOJIIOATeN kb eIIE He CYIIeCTBOBAII,
a MPUHSAT, KOTJA, MOXKET OBITh, y2Ke He CYIECTBYeT caM 9TOT UCTOY-
Huk. Torma OTHOCUTENBHO Yero oUpeie/IsiTh Beaudunbl?! fcHo, 4ro
OTHOCHTEHHBIE BEIMIUHBI MOTYT OMPEIETITHCI TOMHKO TI0 OTHOIIIe-
HUO K JIOKAJTBHBIM XapAKTEPUCTUKAM MPOCTPAHCTBA (€IMHCTBEHHAS
MI'HOBEHHAA TTPUYNHHAA CBHSB).

Boobie, To, uro menaer CTO B KuHeMaTHKe HA3BIBAETCH “IIO-
JIydenne n300pazkeHuit ¢ MOMOIIBIO BCIOBINIEK cBeta’. M3BecTHO, 9TO
I/I306pa)KeHI/IH MOTYyT 6bITb YBEIUYIECHHBIMU, YMEHbLIICHHBIMW, MHU-
MBIMU, HCKAXKEHHBIMU (B KPUBOM 3epKaJie), HO HU B OJIHOM pasJiese
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Jusukn, kpome CTO, Ha ocHOBe Takmx M300paKEHUI He JTe/TaeTcs
BBIBOJT 00 M3MEHEHWHM CBOWCTB CAMUX TIPEMETOB, HA0OOpOT, HIET-
¢ Cocob TPATYHPOBKE JIJTsT U3BJIEUEHUST PEATbHBIX cBejeruii. Bee
rpomkue “npocrpaHcreenHo-pementbie” 3ddexkter CTO u OTO —

duKIHIS.

Baxnoe 3ameuanne KacaeTcs IMOHATUSA OTHOCUTEIHLHOCTH, KOTO-
poe maxxe Borio B Haszpanue Teopun CTO. Bompekn nnesim lan-
Jtest 06 m3osmpoBannocTr cucrtembl, B CTO ocyrecrsisiercss obMen
CBETOBBIMU UMITYJIbCAMHU MEXKJy cucTeMamu. [loHsaTHEe OTHOCUTE/Ib-
voctu fosejgeno 8 CTO mo abeypa u yTparuio GpusndecKuil CMBICIT:
hakTHIECKN BBIJEISETCST CHCTEMa ¢ HECKOJIbKAME 00beKTamMu (Kak
IPaBIIIO, ABYMS ), & BCS OCTAIbHAS PeanbHas BeeleHHas yaaasaeTcs.
Ecin yxk Bozmoxkuo B CTO mocrysiuposats moq0bHYI0 abCTPaKIIUio,
TO TeM H0JIee MOXKHO TTPOCTO TTOCTYIMPOBATE HE3ABUCUMOCTE TTPOITEC-
COB BHYTPH BBIJIEJIEHHON CHCTEMBI OT CKOPOCTU JIBUKEHUS CUCTEMBbI
OTHOCUTEJILHO ocTasimeiics ot Bceit Beenennoit “nycrors’”. Ho, ma-
2K€ HECMOTPs Ha Takoe abcTparupoBaHue, ‘peajbHbIX’ OTHOCUTE b
HBIX BEJIMYUH I Tell (Tj;, Vij U T.J.) BCE PaBHO He mosBuTcs. Jleii-
CTBUTEJIBHO, OTBETHAA PEaKIUA TeJla Z Ha TOMIBITKY WM3MEHUTH €T0
COCTOSTHUE OTPEeNIFAeTCs JOKAJIBHBIMU XapaKTePUCTUKAMU: COCTOsI-
HUEeM Teja ¢ W ToJjeil B JaHHON TOUYKe mpocTpaHcTBa. Ho mpomc-
HMIEJIITHE C TEJIOM ¢ U3MEHEHUs] CKaXKyTCd Ha JIPYTUX TejaX j TOJIb-
KO 4epe3 HeKOTOpele mpoMexxyTku Bpemenu At;. Taxum obpaszowm,
BCe M3MEHEHUs] BEJIUYUH JOJIKHBI OMPEIETIIThCI OTHOCUTEJBHO JIO-
KaJIbHOTO MecTa (Wi JIOKAJIbHBIX XapaKTePUCTHK). A 9T0 U ecTh
nposiBjaeHust abcosoTHoro npocrpancrsa Hetorona. Bompoc o ToM,
CYIIECTBYIOT JI B 3TOM aDCOJIIOTHOM MPOCTPAHCTBE BBIJIEIEHHOE Ha-
[IPaBJICHNE M BBIIEICHHOE HAYAI0 OTCUETA (IBUKYIIEECs MU TOKOs-
IEeECsT) — 9TO COBEPINEHHO IPYToii Bonpoc. B abcTpakTHBIX (MOIe/Th-
HBIX) TEOPUAX OH MOYKET ObITH TOCTYJIMPOBAH, HAPUMED, U3 COO0-
paxkennii yaob6CcTBa TEOpPUHU, a NI HAIIEH €INHCTBEHHON peasbHOl
Bceenenno#t mommken permaThca sKcmepuMeHTaabHO. [lTorarme abco-
JIIOTHOT'O BpEMEHU B Kjiaccudeckoit HbroToHOBO# puznke Toxe HBLIO
npeneabHo Y€TKUM. BpeMsa m01KHO OBITH PABHOMEPHBIM U HE3ABUCH-
MBIM OT Ji0OBIX HaOJIFOJJaeMBIX B cUCTeMe siBjieHuil. IMeHHO TakuM
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CBOMCTBOM 00/1a71a6T BpeMd, CHHXPOHU3yeMOe OECKOHETHO yIaseH-
HBIM IEPUOINIECKHM HUCTOIHUKOM Ha, CEPEINHHOM MEePIEHIUK YIsIpe.
Ecnm ke Bare BpeMst 0Ka3a/0Ch 3aBUCIIIM OT MPOTECCA, SHATUT,
BCEro-HaBCero BbI BbIOpaJsu He ToT dtaston. (Hamporus, 8 CTO Bpe-
M$ HE dBJIACTCH HE3aBUCUMON BEJIMUYMHON: OHO CBA3aHO C COCTOAHNEM
JBUZKEHNS CUCTEMBI V U ¢ KOOPAWHATAMHU, HAIIPUMEP, COOTHOIIEHN-
em 2t? — r?
HaJaja OTCIETa BPEMEHU TTPOU3BOJIeH. ljIsT emMHOTO OTUCAHUS SIB-
JICHU#l W COMOCTABUMOCTH DE3YIbTATOB MACIITAOBI (€JIMHUIIBI U3Me-
peHust) st BCEX CHCTEM JI0JIKHBI OBITH OJJMHAKOBLI. PaBHOMEPHOCTH
X0/1a, BpEMEHI aBTOMATHYIECKH 00ECIeYnBaeT HAMOOIBIIYIO IPOCTO-
Ty ONMCAHNY dBJIECHUNA 1 JJIA 6a3I/ICHOI‘O TTOHATHUA BPEMEHU II03BOJIIET
BBECTH €r0 3TAJOHHOE OIpeIe/IeHHe.

= constant.) Jljis paABHOMEPHOTO X018 BPEMEHU BBIGOD

B sirobom ypaBHeHUU ABukeHUst OyKBa ¢ — 3TO HE caMO BpeMs
(ne ero dpumsmueckoe m3MepeHue), a BCEro JHMINb NapaMerTp, CBA3bI-
BaIOIINUil JJIMHY IIyTH, HPONJEHHOr0 KOHKPETHbIM O00bEKTOM
(cBETOM, UEJIOBEKOM, 4epenaxoii) ¢ ero KoopauHaToil B (pukcu-
pOBaHHOI cucTemMe KoopawHAT (T.e. BepeH B3rasAn JIopenna Ha
HOBBIE BBOJUMbBIE “KOOPAMHATH KaK HA BCIOMOTATEIbHBIE TApaMeT-
por!).

B CBOUX arvuTanudax 3a TeOPUI0 OTHOCHUTE/JILHOCTHU pPEIATUBU-
CTBI COBEPINAIOT CJIEAyIOIIe ABA HPeJHAMEPEHHbIX II0JI0ra.
Bo-1iepBbIX, OHE YMBIMIJIEHHO THITAIOTCA CO3IATh WLIIO3UI, OYATO
BpeMsl W 9achl — 3TO OJHO W TO Ke. 3310aro 10 CTO-ImHBIX BbI-
JIYMOK, KOTJ[a BBIBEPEHHBIE Yachl n3 EBPOIBI MONaju HA JDKBATOD,
0Ka3a/10Ch, YTO OHUM CTaJU CHJIBHO OTCTABAThH, IPUUEM ITO ObLIU HE
MI/I(l)I/ILIeCKI/Ie HaHOCEKYH/IbI, & BEJIMYUHBI, 3dMETHbIC IPAKTUICCKU 3d
cyrku. CnaBa Bory, 4To HM OJHOMY HIMOTY, €CJIA OHU TOTA ObI-
Ji, HE TMPUILIO B [OJOBY, UYTO BpeMs Ha JKBATOpE UAET “HACTOIBKO
CyIecTBeHHo mo-apyromy’. EcrecTrBoncnbiTaresn cpasy ke ompeie-
JIMJIN KOHKPETHBIN (PUBNYIECKUil MeXaHU3M, BJIUSIONINN Ha KOHKDET-
HOE YCTPOHCTBO 9acoB. TOYHOCTHL YACOB, BHICOKAA WM HU3KAL, TAK-
JKe He WMeeT HUKAKOrO OTHOIIEHWS K caMoMy Xoiay Bpemenu! Bo-
BTOPBIX, PEJAATUBUCTHI YMBIIIJICHHO TIBITAIOTCA CO34aTh MHECHUE, 6y,ZL-
TO CHHXPOHU3AIUS BPEMEHU U OOMEH CUIHAJIAMU B [POTIECCE OMBITA
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— 9TO OZHO U TO Ke. Tak, Mpu BBEICHNN TPUTOPUAHCKOTO KAJICHIAPT
HbLIa Tpon3BeieHa CHHXPOHI3aIsa BpeMerr. Ho HUKTO Tpu 9TOM He
n30bpeTas; MaIuHy BpeMeHn, He Jetaa coobmars Amekcanapy Ma-
KeJIOHCKOMY, B KaKOoM Tojy 10 PoxkmecTBa XpHCTOBa OH POJWICT U
1.71.. [IpocTo, ecm nekoe “duznaeckoe moHaTHE MPETEeHIYeT HA “Ha-
VYHOCTB ', TO JIJId HErO BCETIA CYIECTBYIOT MaTeMaTuIecKrue hopMy-
JIBI 1 MeTOJIbI Tiepecaéra. VI cuaxpoHn3aimsa MOXKeT ObITh IPOBEIeHA
b0 70, OO BO Bpems, AuOO TOCIe OmkiTa, JUD0, BOODIIE, METO-
moM mepecuéra. Tak, 717 AByX OOBEKTOB MEXKIY KIACCUICCKUMU U
PEIATUBUCTCKUMU BEJIMYMHAMU CYyIIECTBYET B3aMMHO OJHO3HAYHAA
MaTeMaTHIeCKas CBsA3b (BO3MOXKEH Mepecdér). DTor hakT 3aMeTHI
A. Tlyamkape m paccMaTpuBa/ HOBblE KOHIEMIMU W peobpas3oBa-
HUsI BCETO JIUIIb KAK OJIHO W3 BO3MOXKHBIX COIVIAIIEHUN, HApDABHE C
upeabitymmmu (eM. [24], pabora “Tlocnennune mbican”, Tuasa 1T u
KomMenrapun B Koune kuuru — cratbio M., [lanosa, A A. Tankn-
na u A.C. [Mubanosa). OnHAKO HOBBIE PETSATUBUCTCKUAE KOHIEIIIUN
qacTo MafoT cOOoi TPY OMUCAHUU TPOCTPAHCTBEHHBIX JBUKEHUN He
BJI0JIb OJIHOM HPAMO#l U npu 9ucjae 00beKTOB OOJIbIIeM JIBYX.

CrenaeM emné HECKOJILKO METOINYECKIX 3aMedannii. Boobime ro-
Bopst, 8 CTO wmeron cpaBHeHUS sIBJEHWI B ABYX DPa3HBIX WHEPITH-
AJIBHBIX CHUCTEMAaX MPEJIoJaraeT, YTo 0be 3TU CHUCTEMBbI CYIIECTBO-
Basin GeckoneuHO m0Jr0. OHAKO, BCEra WHEPIUATLHBIE CHCTEMBI
“npuBst3aHbl’ K KOHKDETHBIM TeJIaM M CYIIECTBOBAJIN JIUIIb KOHEY-
Hoe Bpemsd. Torjia B KaxK/10M KOHKPETHOM CiIy4ae Tpedyer nsydeHus
BoImpoc: “cTépJiach’ JIk y2Ke IPeIbICTOpUsi 00PA30BAHNS STUX CUCTEM
(eé BaustamE)?

CoBepIleHHO HeaJeKBATHBI JefCTBUTE/IHLHOCTH €BKIAIOBLI aHa-
aoruu ¢ npoeknusmu B [33|. IIpoekuus — 910 ammib abcrpak THBIR
cItocod OIMMCaHUs, CaM K€ IpeaMeT IIPH IIOBOPOTaX HE M3MEHSEeTCs.
B CTO, nanporus, upyu U3MEHEHUN JBUXKEHUS HADIIOAATE/I MIHO-
BEHHO MEHSIOTCS XapaKTePUCTHKU 00bekTa, (yaaaéHHoro!).

Bompekn nckyccTBeHHO TTOAAEPKUBAEMOMY MHEHUTO, TTPEIETLHO-
ro 1epexojia 0T PeJSTUBUCTCKON MeXaHWKHW K KJACCHYECKOH Mexa-
HUKE HE CyIIeCTBYeT (J1si HEKOTOPBIX BEJIMYMH HET jaxke npubsn-
skéunroro mepexoal). Tak, mpeesbHBI Tepexo/] 0T Mpeobpa3oBaHmii
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Jlopentia K mpeobpazosammam [anmaes qia spemenn t = t' + vx'/c?
MOKA3bIBaeT, 9TO0 HbIOTOHOBCKasT MEXaHMKa — 9TO He IPOCTO IIpe-
JIesT MaJblx ckopocredt 3 = v/c < 1, a Tpebyerca apyroe ycio-
Bue: ¢ — oo. Ho Torma g muormx Bennawmd B CTO Her mpemesn-
HOTO [Iepexo/ia K K/JIACCHMYeCKUM BeJaudnHaMm (cM. HuzKe). A Bejb B
KJIACCHYIECKOll (pu3nKe ¢ # 00: €€ KOHEeUHOe 3HavueHne ObLIO OIpe-
apeneno emé B 17 Beke! Kro-To mogymaer, 4ro 910 He3aMeTHas 110-
npaBKa u OygeT COBEPIEHHO He MPaB: HATIPUMED, C YIETOM JIBUXKE-
HIAST 3eMJIH OIMHUOKa MPH UCCAeI0BAHUU ILayToOHA MOXKET HOCTHraTh
30 - 50 - 15’)0000000/3000002 = 2,5 CeK; a Ha PaCCTOSTHUN MaPCeKa
noxyunTcss 10000 cek — coBceM He HAHOBEJTMYINHBI.

CBoiicTBO MAaKCHMAJIBHON OJTHOPOIHOCTH TTPOCTPAHCTBA-BPEMEHN
MOxKeT ObITb aTpubyToM Jinb0o UIEAJbHONO0 MATEMATUYECKOTO IPO-
crpancTBa M Bpemenu Hprorona ((hakTHIecKu ABISIONIErocs “Hal-
CTPOIiKOii cBbIme”), 60 MOJETHFHOTO MPOCTPAHCTBA (HAIPUMED, C
HEB3AMMO/JIEACTBYOIMMMI Ha PACCTOSITHUN MATEPUAJbHBIMU TOYKaA-
mu). llompiTka ommpaThCs Ha HA3BaHHOE CBONCTBO B TEOPUH OT-
HOCUTETHHOCTH KaK Ha MPUHINUIHAJIBRHOE CBOWCTBO PEABHOTO TPO-
CTPAHCTBA W BPEMEHU SIBJISIETCS MCKYCCTBeHHOI. Bo-mepBbhix, maye
B 3eMHBIX Macmrrabax Mbl HE MOXKEM ITPOU3BOJBHO MEHSATH TOUKH
MPOCTPAHCTBA, MOMEHTHI BPEMEHU, HAMPABICHUS OCEH M CKOPOCTH
WHEPITUAJBHBIX CUCTEM: BCIOMHUM OTPAHUYEHHOCTH 3E€MHOTO IIPO-
CTpPAHCTBA, BpallleHne 3eMn, IPAaBUTAIMOHHOE 1oJe, BaugHue Jly-
HBI, 9JIEKTPUIECKOE, MATHUTHOE, TEMIIEPATYPHOE T10J1s1 U Ap.. U 3o
JIOCTUTHYThIE pPeajbHbIE MPAKTHIECKHE OUPDAHWYEHNs, A HE IPUH-
[UNNUATBHBIE OIPAHUYEHUS [JIe-TO HPU PEJIATUBUCTCKUX CKOPOCTSIX
n orpomubiX MmacmrTabax Bceemennoit. Bopouem, B macmradax Bcee-
JIEHHO} C peajibHBIMU O0'beKTaMU U I'DABUTAIMOHHBIMY TIOJISIMU ITO
CBOHICTBO TakKxXKe He TOJITBEPKIAETCS (MOJEIb PABHOMEPHOTO “7Ke-
ne” He onmuchIBaeT peanbHyio Beemernyio). Bo-BTophix, Kpome Buma
yDaBHEHU, pEIleHre MaTeMaTHIeCKNd elié AeTePMUHUPYETCs Tpa-
HUYHBIMA U HAYAJIBHBIMU YCJIOBUIMU. DTO TAKXKE TPAKTUIECKU, HA
pPeaJIbHbIX KOHEUHBIX MaciiTabax, MpensiTcTByeT JrObIM CABATAM U
n3MeHeHusM (JTnb0 Hy2KHO JOTIOJHUTETEHO MEHSATh HAKIAIbIBAEMbIe
yesopust). Kak ¢ mperersusimu TO MOAXOMUTE K CYIIECTBYOITIM
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HeJIMHENHBIM CBOMCTBaM ¥ ypaBHenusiM? Jlaxke caMo moHsgTHE “OT-
HOCHTEIBHOCTE He JomycKkaerT 0000Ienns (CKopee CyKeHue) st
PeasibHOrO IPOCTPAHCTBA C TAroTeHueM (910 noguepkusan Pok [37]:
TEepPMUH 00IIast TeOPUsT OTHOCHTETLHOCTH Hea[eKBATEH ).

[Ipunmun orHOCHTETBHOCTH (B JH060M OpME) MpPE/noIaraer,
9T0 “HE BBIIVISbIBAS 3a [PEeJIe/ibl CUCTEMbI HEJIb3s ODHAPYKUTH €€

paBHOMEpPHOE IBUKeHre. PanbIiie poih BCEMPOHUKATOIE CpeIbl st
BOBMOXKHOTO ODHAPYKEHUS TAKOTO JBUMKEHUS BBITOJHSLT 3hup. 3a-
METHUM, PeUb Ija He 00 obHApyKeHuw abCOTIOTHOTO MBUXKEHUA, &
TOJIBKO JIBUMKEHUST OTHOCUTEIbHO 3(Upa, TO €CTh “He BBITVIAIbIBAs
HAPYXKY MOZKHO 6}31.)'[0 CPaBHUTDL 3TU ABUZKEHUA (S,ZLQCB nMeeTcd B BU-
Jly TOJIbKO BBIYHC/IUTETbHAS BOSMOXKHOCTE, TAK KaK C 3(OUPOM HeJIb-
351 CBA3ATH CUCTEMY PENEepPHBIX TOueK u 31asonoB). Ho maxe ¢ “orme-
HO#T” 3cbupa 1o COBpEMEHHBIM IIPEICTABIEHISIM OCTAETCS “KaH 1T
C aHAJIOTUYHbLIMU CBOHCTBAMU — T'PaBUTAUOHHOE I10JI€ (HpI/IHHI/IHI/I—
aTbHO HedKpaHupyemoe). Hampmmep, n3 aHH30TpONIUN PETHKTOBO-
IO M3JIy4YCHUd, IIPU JAOIOJHUTEJbHON IMIIOTE3e O PABEHCTBE CKOPO-
CTU PACIHPOCTPAHEHUS TPABUTAIMOHHBIX B3aUMOEUCTBUN M CKOPO-
CTU CBETA, MOYKET CJIeJ0BATh aHU30TPOIUS TPABUTAIIMOHHOTO TOJIS
(Bcenponmkatoniero). Takum 00pa3zoM, HEPABHOIPABUE WHEPIUA/Tb-
HBIX CHCTEM B MakpomaciiTabax MoxkKeT OBITH B IPUHIIAIE 00HAPY-
JKeHO “He BBITVIS/IbIBAs HADYKY Ja’Ke B JOKAJIbHON Touke. Teoperu-
YECKHU DTOTO MOXKHO M30eKaTh [PU TUIIOTE3E, UYTO CKOPOCTh I'paBU-
TAIMOHHBIX B3AMMOEHCTBUH MHOTO HOJIBITTE CKOPOCTH CBETa, TOTIa
U3OTPOIHA MOTJIa Obl YCTAHOBUTHCS, & HA TPAKTHKE — TO IIpepora-
THUBA OIIBITA.

Caenaem emgé 01HO BCIOMOTATEIbHOE 3amevanne (Hab/roenue).
CKOJIbKO CyIIECTBYET PA3HBIX BAPUAHTOB TEOPUU OTHOCUTETLHOCTH?
Eciu mocnyimare win mOYUTATh, YTO TPOMATAHANPYIOT 3AITUTHUKN
PeaATUBU3MA, TO MOXKHO CAeJIaTh BBIBOJ, 9TO UMeEeTCA HECKOJIBKO CO-
BEPIIIEHHO PA3JINIHBIX HECOBMECTUMBIX JIPYT C IPYTOM Teopuii (4To
PEIATUBUCTDI IPEAINOYIUTAIOT HE 3aMeIaTh U HEe CIIOPUTDL APYT C APY-
rOM — TYT y HUX Kpyrosast mopyka ¢ “uarepecom”). Kogmaectso Teo-
puit 3aBUCUT OT CIAEAYIONNX AJbTEPHATUBHBIX BHIOOPOB:

- CKOPOCTDH CBETa HE 3aBUCUT TOJBHKO OT CKOPOCTHU JBUMKEHUST HCTOU-
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HUKa CUTHAJIa UKW 2Ke€ HE 3aBUCHUT TaKXKe W OT CKOPOCTHU ABU2KCHUA
MIPUEMHUKA;

- MACCa 3aBUCUT OT CKOPOCTH JIBUZKEHHsI, WK Ke ‘Macca ecTb Mac-
ca”, 1 OHA HE 3aBUCHUT OT CKOPOCTH JBUKCHUS;

- pengTuBHCTCKUE KuHeMaTwdeckue 3HderTsl 00LEKTUBHBI U Ha-
O/TI0aeMBbl HJIH 2Ke He HADJII01aeMBbl;

- HEKOTODbIC PEIATUBUCTDBI KATECIOPUICCKU YTBEP2KAAIOT, YTO HEJIb-
351 ucnoab3osark CTO mpu vaauyann 1060l rpasuTannn wian 11000t
HEWHEPIHAJBHOCTH, JPYTHe OCO3HAIT, U9TO 6€3 BO3MOXKHOCTH TPH-
OMMKEHHBIX PACIYETOB JF00asT TEOPUST MEPTBA;

- CKOPOCTB CBETA TOCTOSIHHA VI K€ 3aBUCUT OT TPABUTAINHU (MHO-
714 BPEMEHH );

- 8 OTO npuHIMInaJIbHO HET 3aKOHOB COXPAHEHUS, NN YKE MOXKHO
[MOJIYUUTH TIOJIEBYI0 BEPCHUIO;

- 175 OTIpeJie/IeHUsT M3MEHEHU JIJIUH W X013 BPEMEHU HAJI0 UCIIOJIhb-
30BaTh IPsiMble TTpeobpaszoBanust JIOpeHIa, WK XKe sl 9TUX Teiei
MO2KHO MCIIO/Th30BaTh 0OpaTHbIie ipeobpa3osanus Jlopenna, u T./1. u
T.I1..

OueBuHO, YTO YNCJIO BAPUAHTOB TEOPUHM OTHOCUTEIHHOCTH COCTARB-
aser 2V, rme N — umcsno pasgudHBIX agbTepHATHB. Tak 3a Kakoii
K€ M3 OrpOMHOTO MHOZKECTBa 2N BapWaHTOB BOIOIOT PEJIATUBUCTHI
KaK 33 OYepeaHoe “equHCTBEeHHO BepHoe yuenne’? Hampumep, mo mo-
CJIeZIHEMY TIYHKTY (mpsiMble nim obpaTable npeobpasoBanus JIopeH-
12 UCIOJIb30BATD, T.€. OyAeT HAXOUThCs HAOJIIOATENb B TTOKOSIIEH-
Csl T IBVKYTIEHCst cucTeme) B y9e0HUKAX CYIIECTBYIOT BCE Y€ThIPe
BapmaHTa, 9T0 HazBano O.E. AkumoswsiM “mapajgokcom mrrpuxa’. B
3TOM IIPUMeEPE PEAATHBUCTHI HCKPEHHE HE MOHUMAIOT 3JICMEHTAPHOMN
Pa3HUIBL: JUId 0OBEKTUBHO CYIIECTBYIOIIET0 MUPA BOBCE HE OJHO U
TO 2Ke — “Bbl YJIMHWJINCH, WK K€ Bair buamsuer, ykoporujcs . Ile-
pedpaszupyst U3BECTHBIN aHekI0T Tpo HaroJsieora u ero JIJIHHHOTO
MapIraga — COBCEM He OJIHO U TO XKe “TIomHAThCs Harosieony Ha 11bI-
MOYKY 33 KHUTOW, UK YKe YKOPOTUTH MapIla/ia Ha eIy TOJOBY
3a €ro HeoCTOpOXKHOe cj0B0”. U BOT B Takoe “MpPOKPYCTOBO JIOKE”,
JIUIIAONIECE T'OJIOBBI, TE€OPUHA OTHOCUTECJIBHOCTHU TMHITACTCA YJIO02KUTH
COBpPEMEHHYIO (DU3UKY.
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1.8 BmuiBoasl K I'tase 1

Hamnast ['maBa 1 6p11a mocBsIena o01edn3nIecKuM BOTTPOCAM 1 CH-
CTEMATUYECKONH KPUTHUKE PEISTUBUCTCKON KuHemaTtuku. [Ipm srom
MOAPOOHO aHATN3UPOBAIOCH MHOMKECTBO JIOTHIECKUX U METO e~
ckux nporuopeunit CTO. Eciu 6B1 912 Teopus copepkajia TOJIb-
KO MEeTOIMNYECKNe HEeTOYHOCTH, TO MOXKHO OBLIO ObI €8 OTKOPPEKTH-
pOBaTh, BBECTHU JIOTOJHUTEJIFHBIE PA3bACHEHNS, YTOUHEHNs, 106aB-
JICHUA U T.1.. (),ZLHELKO7 HaJ/JIn4uune JIOTUYECKUX HpOTI/IBOpeLH/H‘/JI CBOOUT
“na Het” Jirobble pe3ysbrarhl J0b0it Teopun u CTO 31eck He MoxkeT
6bITb NCKJIDUYEHUEM (XOTH Ha IIPpaKTHKE Ha,6J'[IO,ZLaeTCH YK CJIMIIKOM
nerpeboBaresibHoe orHorenne Kk CTO 1o cpaBrenuto ¢ Jji0boit 1py-
roit Teopueii).

Kpatko pesiomMmpyem Bcé BhImecKazannoe. B macTodeli TiaBe
ObLIN JeTaJbHO TPOAHAJIN3UPOBAHBI TaKne DA3NCHBIE TTOHATHS Kak
“mpocTpancTB0”, “BpeMs’ ¥ “OTHOCUTEIBHOCTH OJHOBPEMEHHOCTH .
Jlormueckast HECOCTOATENBHOCTE DazoBoro nousTust spemeru B CTO
6pLIa TTOKAa3aHa HAa OCHOBE CJIEAYIONIUX ITPOTHBOPEUnii: MO IudUIIm-
POBAHHOTO TAPAA0KCca OJIM3HENOB, N OJU3HEIOB, MaPaOKCa AHTHIIO-
JIOB, TTapajiokca BpeMenu u np.. Jlasee 6bLIa IpOIEMOHCTPUPOBAHA
BO3MOXKHOCTB BBEJIEHUS €IUHOTO abCOJIOTHOTO BPEMEHU HE3aBUCH-
MOTO OT CKODOCTH JIBUXKEHHS CUCTEM C [OMOIIBIO MEPUOIUIECKOTO
HECKOHEUHO YAAJEHHOINO MCTOYHUKA, PACIIOJIOKEHHOTO MEPIEHTUKY-
JISIPHO TJIOCKOCTH (JIMHWUN) JBUKEHNU.

3areM Ha MHOTOYMC/EHHBIX HpUMeEpax Oblia ITOKa3aHA IIPOTH-
BOPEYUBOCTH PEJISITUBUCTCKOrO MOHATUSL JJIMHBI (JIBUKEHUE KPECTa,
pacuuIeHHON JIMHEHAKHU, BPalllecHUe KPyTra, COKPAIleHue PACCTOAHUNA,
peMeHHas mepeiada, Heompe e iEHHOCTD HATTPABIECHUsT COKPAITICHUS,
pamMKa ¢ TOKOM 1 a1p. ). [1oapo6HO GBI PACCMOTPEHBI TIPOTHBOPEYUS
CTO prg 33729 CKOJIBYKEHUSA CTEPKHS O TLJIOCKOCTH, TOBOPOTA Jie-
TAMIET0 CTEPKHS, TAPATOKC HEJOKAJTHHOCTH, TMPEIEJbHBIN MTePexo;T
K KJIACCUKE U T.JI..

B I'imase 1 6b11 06Cy 2K 1EH UCTHHHBIN CMBICJT TpeoOpazoBannii J1o-
pPeHIla ¥ MHBAPHAHTHOCTH MHTEPBAJA, 1T0JAPOOHO PACCMOTPEHO IIPO-
TUBOpEYNE ‘OTHOCUTEJTHHOCTU OJIHOBPEMEHHOCTH IIOJIEBOMY TIOJXO0-
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Jly, OTIMPAOIIEMYCsT Ha KOHETHOCTE CKOPOCTH PACITPOCTPAHEHWS B3a-
umozeitcTBuii. Taxxke moapobHO 0OCYKIEHBI TPOTUBOpPEUNa Ipeod-
pazoBanuit JIopeHIa ¥ PEIATUBUCTCKOTO 3aKOHA CJIOXKEHUS CKOPO-
creit. Kpome Toro, B ['taBe 1 monpobHO KpuTUUecKn 00OCYKIaeTCs
FI/IHep6OJ_H/I3a]_[I/IH CaMOI'0 HOHATUS OTHOCUTEJILHON BEJIMYUHBI 1 CBOM-
CTBa OJTHOPOJTHOCTU ITPOCTPAHCTBA-BPEMEHHU.

Nroroserit BeiBoa I'mapel 1 3akirogaerca B HEOOXOIMMOCTHA BO3-
BpaTa K KJIaCCUYIECCKUM 6&3I/ICHBIM TTOHATUAM TIPOCTPAHCTBA W BPE-
MEHU, JUHEHHOMY B3aKOHY CJIOXKEHUsI CKOPOCTEH U KIACCHIECKOMY
CMBICJTY BCEX TTPOU3BOJHBIX BEJIUINH. BOHpOCbI IKCIIEpUMEeHTaJIbLHO-
ro obocuopanus kuHemMaTuku CTO u BOMPOCH! PEISTUBUCTCKON TH-
HaMuK# OyayT TmoapodHO pacCcMOTPEHbl cooTBeTcTBeHHO B [maBax 3
u 4. B caenyrotreii ryiaBe Oy/1yT 3aTPOHYTHI BOTTPOCHI KMHEMATUKH
HEHHEPIINAJIBHBIX CHUCTEM.



I'maBa 2

OcHoBbI 001IeiT Teopun
OTHOCHUTEJIbHOCTH

2.1 Bsenenue

B mpeapiaymieit rase GbLIa J0Ka3aHa JIOTUUECKAsT MPOTHBOPEYN-
BOCTH KWHEMATHWKHU CIENuaabuoit reopun ornocureabaoctu (CTO).
DTO 3aCTABIIET BEPHYTHCS K KAACCHYECKUM TOHATHAM MTPOCTPAH-
ctBa u Bpemeru. [1oCKOIBKY peasTuBuCTH 3agaBiasaiT, uro CTO
SIBJISIETCST TIPEJIETBHBIM CIyIaeM obmiefl TeOpur OTHOCHTETHLHOCTH
(OTO) B oTCyTCTBHE TPAaBUTAIMU, TO CPA3Y K€ BOSHUKAIOT COMHE-
Husi u B crpasejyiuBoctu kunemaruku OTO. B ornuuue or CTO
OTO comepKuUT AOBOJBHO WHTEPECHBIE WJEU, HAIPUMED, TPUHITAI
9KBUBAJIEHTHOCTHU BBIPAYKEHHBIH Yepe3 uzeio “reomerpusarun’. (3a-
METHUM, 9YTO HEBCPHOCTH recOMETPpHU3alNN JJICKTPOMATIHUTHBIX 1noJieii
Cpa3y OUYEBHIHA: OMBIT MTOKA3LIBAET, UTO HEHTpAJbLHDIE YACTHUITHI
HEe UYBCTBYIOT “3JIEKTPOMATHUTHOE HCKPHBJIEHWE MPOCTPAHCTBA.)
Ecmu 661 6aszuc OTO 6611 Bepen, OTO morna 61 nperenioBarh
Ha CTATYC HAYYHOW TUIIOTE3bI O TMOMpaBKaX K CTATHIECKOMY 3a-
Koy tarotenuss Hwiorona. OHAKO 9TO HE TaK W TeOpUs Tpa-
BUTAITMY JOJKHA CTpoWTCcst Ha Apyroii ocaose. OTO m cwsa3an-
HBbIE C HEHl TumoTe3y OOJIBIIOTO B3PBIBA, PEJATHBUCTCKYIO KOCMO-
JIOTUIO, MCCJAENOBaHUs TaK Ha3blBaeMOW TEMHON MaTepuu, TeMHON
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QHEPTIUU M T.II. IMOYEMY-TO TPAJUIUOHHO OTHOCAT K HepeﬂOBOﬁ Ha-
yKe. DTUM HCCIEJOBAHUSIM IOCBSIIEHO OIPOMHOE KOJIMYECTBO CTa-
reii [41,178,181,182,185-187,194,195,198-200], a Tak>Ke KHHUI, KOH-
depennuii, nepegad u duabmoB. CrnpaBeyInBOCTA Paju HAJIO OT-
meruth, yro OTO, B ormane or CTO, Hukoraa we 6bL1a obienpu-
3HaHHOII OezasibTepHATHBHON Teopueil. [loTok cupaBemuBoOil Kpu-
THKM 9TOH TEOPUHU He MPEKPAIIAJICH ¢ CAMOI'0 HAYa/a €€ BO3HUKHO-
senns [18,141,157,160,165,166,176,180,183,184,188-193,202]. Cyuie-
CTBYET HECKOJbKO XOPOIIO TMPOJABUHYTHIX aJbTEPHATHBHBIX TEOPUii
(nanpumep, [11,18,157]). Xors mbl He Oygem aHaIM3upoOBaTH KPO-
Me OTO unble Teopun, caegayeT 3aMeTUTh, 9TO TEOPUH, “UT'DAIOITHE”
B U3MEHEHHEe CBOMICTB IPOCTPAHCTBA W BPEMEHM WM MMEHOIINEe CBOUM
[peJiebHBIM CydaeM penstuBuctckyto kuaemaruky CTO yxe oge-
BHIHO COMHHUTECJ/ILHDI.

OcuoBnas 1eab HacTodrmed [1aBel 2 — KpuTUKa OA3UCHBIX TI0-
asruit OTO. 3aeck Gymer TpOAEeMOHCTPUPOBAHA JIOTHIECKAsT TTPO-
THBOPEYNBOCTL MOHATHI TpocTpancTBa u Bpemern OTO. B [nase 2
AT 33 IIaroM MOKA3bIBAIOTCH TPABIOTIOI00H0 CKPBIBAEMbBIE OIITHOKH
U CTIOpHBIE MOMEHTHI U3 yueOuukoB [3,17,39]. Kpome obrmenpusnan-
ubix maTepnperaruit OTO MbI Oyzem TakKe pacCMaTpPUBATH HEKO-
TOpBIE “PEJISTUBUCTCKUE AJbTEPHATUBRL”, YTOOBI TPUKPBITH BO3MOXK-
HBIE JIaz3eiiku [jTst cracerus 1ol Teopun. OOCYKAAIOTCS BOMPOCH!
CUHXPOHU3AIMKU BpeMeHu u npuHiun Maxa, obpalnaercs BHUMAHIE
Ha, comuure/babie caepcrBusg uz OTO.

2.2 Kpuruka ocHOB o00Ieii Teopun OTHOCHU-
TEJIbHOCTU

Mmuorwe Tpynroctu OTO obien3BecTHb:

1) mapymen npuaun coorsercTBug (6€3 BBEJIEHNUsS] NCKYCCTBEH-
HBIX BHEIIHNX YCIOBUI He CYIIeCTBYeT MPeaelbHOro Iepexona K CIy-
varo 6e3 rpasuTanum);

2) OTCYTCTBYIOT 3aKOHBI COXPAHEHUS;

3) OTHOCHTEILHOCTD YCKOPEHHIT IPOTHBOPEUUT IKCIIEPUMEHTATb-



2.2 KPUTHKA OCHOB OTO 111

HBIM akTaMm (BPAAIOIMNECT KUJAKOCTH B KOCMOCE HMET (hopMy
9JUTATICOUIOB, B TO BpeMsi KAK HEBDAIIAOIINECS — I1apa);

4) cymIecTBYIOT CHHTY/ISIPHBIE DEITeHHsI.
(O6brano, m0b6asg TEOPUA CINTAETCH B TOJOOHBIX CJIydasiX HETPUME-
HUMOIi, HO TEOPUsI OTHOCUTETLHOCTH JIJIst COXPAHEHUST CBOEr0 “Bceod-
mero xapakrepa’ HaYMHAET CTPOUTHL (paHTacTrIecKue 00pasnl: 4ép-
HBIX TP, BosbIioro B3pbiBa U T.1..)

O61mue 3amedyaHus

Paccmorpum obmue nperenzuu k OTO. Hauném ¢ muda “o neobxo-
auMocTH KoBapuaunTHocTH . O HO3HAUHOE pertenne Jdoro audde-
PEHIINABLHOTO YPABHEHUST OTIPEIeIsieTcsl KpoMe (DOPMBI YPABHEHUS
emé 3aJaHneM HAYaJIbHBIX ¥ /MU PPAHUIHBIX yCaoBwii. Ecin orn He
BaJIAHDBI, TO B OOIEM CIydae KOBAPUAHTHOCTE JIMOO HUYIETO HE OMpe-
Jlesster, TUh0 TpW N3MEHEHHN XapaKTepa PEIIeHnsT MOXKeT TTPUBECTH
K uzmueckoit Gecembicsure. Ecin e 3a1ar0mcsa HadaabHble 1/ Wiin
TpaHHYHBIE YCIOBHsI, TO TPH TOJACTAHOBKE PEIeHU MBI TOIyIaeM
TOXKJAECTBA, KOTOPbIE M TaK OCTaHYTCA TOXKAECCTBAMU IIPpU .HIO6LIX
TMPABUIBHBIX TTpeobpa3oBaHuax. Kpome Toro, mist Jr060ro permeHus
MOXKHO IIPpUAYMAThb YPAaBHCHUA, NHBAPDUAHTHbBIC OTHOCUTE/JIBHO HEKO-
TOPOTO 33TAHHOTO MPEOOPA30BAHNUsI, €CIU OMpeIeEHHBIM 00pa3oM
MOMEHSITh HAYAIbHBIE /UM TPDAHUYIHBIE YCIOBHSI.

Yacro B OTO ucosib3yores aHAJIOTAR ¢ TOITPOCTPAHCTBAMH,
HAPUMeEp, WCIOJB3YIOT CBEPHYTHIA Trockuit smct. OaHAKO, TOI-
TMPOCTPAHCTBO HEMb3sT PACCMATPUBATL OTAETBHO OT MPOCTPAHCTBA
B 1emoM. Hampwmep, mpu CBEPTHIBAHWHA JWUCTA B IUJINHIDP OOBIIHO
TMEPEXOIAT JJIsT YA0OCTBA B MUINHIPUIECKYIO CHCTEMY KOOPMHAT,
OJTHAKO 9TO MATEMaTHIeCKOe TPeoOPA30BaHMe BOBCE HE BIWSIET HA
peasbHoe TpEXMEpHOe TPOCTPAHCTBO W peaTbHoe KpaTdaiiiee pac-
CTOsTHUE.

HpOCTOTa AKCHUOM W MUHUMAJIBHOCTH UX KOJIMYECTBA eme HE Ta-
PAHTHPYIOT MPABUIHLHOCTL PEIIEHUsT: Jaske JT0KA3aTh IKBUBAIEHT-
vocts perernit OTO — Tpymras 3a7a4ua. KognaecTBo mpemochLIok,
C OJHON CTOPOHBI, JOJIKHO OBITH JOCTATOYHBIM JIJTsT TTOJTYIEHUST TTPa-
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BUJILHOI'O OJHO3HAYHOTO PEIeHnd, 1, C APYroii CTOPOHBI, JIOJIZKHO
obecreunBaTh IMMPOKIE BO3MOKHOCTH BBLIOOpA MaTeMaTHIECKUX Me-
TOJIOB PeIIeHnsi U COMOCTaBaeHns (y MATEeMATUKN — CBOU 3aKOHbI).
B OTO, napsany ¢ UCKyCCTBEHHBIM YCJIOKHEHHEM MaTeMaTHIecKHX
poieayp, PakTU4eCKn BBEJIEHO JIOIOJIHUTE/IBHOE YUCI0 “CKPBITHIX
[OJTI'OHOYHBIX IAapaMeTpOB” N3 KOMIIOHEHT MEeTPUYECKOI'0 TEH30Da.
Tak xkax peanbHoe nosie u Mmerpuka B OTO nmemspecrabl u Tpedy-
IOT OTIPEJIESIEHNST, TO PEIYJIHLTAT MTPOCTO TTOATOHSIETCS M0/ HY KHBIN C
MCTOTB30BAHUEM MAJIOTO UHCIa PEATHHO PA3HBIX OMBITHBIX JAHHBIX
(BHAYAIE MOATIAHY/IM B OTBET, & MOTOM “C YMHBIM BHIOM’ CYUTAEM,
9TO BCE TAK U JIOJKHO OBITH B TEOPUN).

Eciu 8 CTO penanach xoTs OBl MOIBITKA SKCIEPUMEHTAJIBHO
MOITBEPIUTD MOCTOAHCTBO CKOPOCTH CBETA U TEOPETUUECKHU JOKa-
3aTh paBeHCTBO mHTepBasoB, To B OTO maxke Takux MONBITOK He
cnenano. [Tockompky B OTO B ob11teM caydae He UMeeT CMBICTA ff dl,
TaK KaK pe3yjJbTaT MOXKET 3aBUCETH OT MyTW WHTETPUPOBAHUA, TO
MOTYT HE UMETh CMBICIA BCE HHTETPAJIBHBIE BEJTUUUHBI U BBIKJIAIKHI,
HCTIOJIB3YOITNE HHTETPAJIHI.

MHOKECTBO BOTIPOCOB 3ACTABIAET COMHEBATHCS B TTPABUILHOCTH
OTO. Ecau obiiekoBapuaHTHOCTE ypaBHEHUH HEOOXOuMa U OJTHO-
3HAYHA, TO KAKON MO2KeT ObITh IPEe/bHbBIN MePexo/ K KJjaccude-
CKUM YPaBHEHUsIM, KOTOpbIE He OOIIEKOBApUAHTHBI? B uéM CMBICT
TPABUTAIIMOHHBIX BOJIH, €CJIM TOHSTHE SHEPIUu U €€ IJIOTHOCTH B
OTO ne onpeneneno? U1 9ro (B orcyTCTBHE TOHSITHSI SHEPIUN) BbI-
pazkaer TOTJa TPYIIIOBas CKOPOCTH CBETA W KOHEUHOCTH CKOPOCTH
nepejadn CUrHaJIOB?

Cremennb OOMTHOCTM 3aKOHOB COXPAHEHWS HE 3aBUCUT OT CIIOCO-
6a ux mosTydeHus (C MOMOINbBIO Mpeobpa3oBanuii u3 GU3MIECKUX 3a-
KOHOB WJIH U3 CHUMMeTpuii Teopuw). [losydenne HHTErpaJbHBIX Be-
JIMIUH W WCIOJIB30BaHWE WHTETPUPOBAHUA IO TTOBEPXHOCTU MOZKET
OPUBOJUTL K WHBIM DPE3y/abTaTaM B CJIyYae JBUMKEHUS MOBEPXHO-
ctu (HampuMep, Pe3ysIbTAT MOXKET 3aBUCETH OT MOPAIKA TIPEIE/Th-
HBIX repexoznoB). Orcyrersue B OTO 3aK0HOB COXpaHEHUs SHEPTHUH,
UMITYJIbCa, MOMEHTA KOJNYECTBa ABU2KEHUA U IMEHTPA MaCC, KOTO-
pble TTOATBEDPKIEHBI MHOTOUYUCIEHHBIMU SKCIIEpUMEHTaMU U pabo-
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TAIOT HA TPOTSKEHWH BEKOB, 3aCTABJISET BEChMa CEPBbE3HO COMHE-
Barbcd B OTO (ceaysa NpUHIUIY HENPEPBHIBHOCTH W TPEEMCTBEH-
Hoctn passutusi Hayku). OTO ke moka emé Huuem cebs He 3ape-
KOMEH/JIOBaJIa, KPOME TVIODAJTUCTCKIX TPETEH3WH Ha MPUHIIUTNATBEHO
9KCIIEPUMEHTATBHO HEIIPOBEPSIEMYT0 TEOPHUIO BOJIOTIN BeegenHoit u
HECKOJIbKUX BEChbMa, COMHUTEJBbHBIX IIOJIOHOK 0] CKYJIHYIO JKCIIe-
pumenTanbayio 6a3y. Emé 6osbine 3actasiger comueBarbes B OTO
caeayrommii (pakT: s OJHONW W TOW K€ CHCTEMBI (Hpnq'éM TOJIb-
KO “0CTpOBHOrO” THIIA) ¢ WCIOJBb30BaHHeM BekTopa Kusinara wHo-
2 MOYXKHO BBECTH HEKOTOpoe 10106me nousTus sueprun. OHako,
IIPU 3TOM HYKHO MOJIB30BATHCA TOJIBKO JTHHENHBIMYU KOODIUHATAMH,
HO HE/b3d, HAIPUMED, TMOJAPHbIMA. He MOkeT Ke BCIOMOTATEeTb-
HBII MaTeMaTUYeCKU amapar BJAUATH HA CYIIHOCTbL OJIHOW W TOH
xe puzuueckoil peauannbl. V, HAKOHEI, HEIOKAIN3YyEeMOCTh DHED-
PUU ¥ BO3MOXKHOCTB “CaMOIPOU3BOJILHOIO” €€ HECOXPAHEHUS JIazKe B
macmrabax Beenennoit (310 HENPUKPHITHI “BedHbIN gBUTATE/L”) 3a-
CTABJIAIOT TOJHOCTBIO 0TKa3aTbcst oT OTO u ymbo nepecmarpuBaTh
KOHIIEIUIO “C Hyss”, InbOO UCIO/IB30BATH WHBIE PA3BUBAEMbIE IO/~
xonnl. Ilepeiigém Temepnh 0T 00IMX 3aMedannit K D0Jiee KOHKPETHBIM
BOIIPOCAM.

I'eomeTpus mpocTpaHcTBa

Bompoc 0 BO3MOXKHOCTH W3MEHEHWsT TEOMETPHM MPOCTPAHCTBA B
OTO cosepiienno HekoppekTeH. KoOHEUHOCTH CKOPOCTH Iepeiadn
B3aMMOIEHCTBUN MOXKET MOMEHSTH TOJBKO (PUIUIECKUE, a HE Ma-
Temarudeckne 3akoHbl. He Oymem Ke Mbl yTBEPXKIATh, UTO HMPAMast
He CYIIECTBYET, TAK KaK I €& MpOBeJieHNs B OECKOHEUHOCTD JTa-
JKe CO CKODOCTBIO CBeTa MoTpebyercss GecKOHeYHOe BpeMsl (aHAJIO0-
IUYHO IS TJIOCKOCTH W TTPOCTPAHCTBA). MaremMaTuaeckuii CMbICT
TTPOU3BOIHBIX TOYKE HEe MOMKET TOMeHAThCA. OJIHA U3 TeMOHCTpATIHi
OTO “o HensbeKHOCTH W3MEHEHUS TE€OMETPUN B HEWHEPIHATIBHOMN
cucreMe”’ COCTOUT B CAEIVIONIEM: BO BPAIAIOIIEHCS crucTeMe 0TCIE-
Ta, BCJICACTBUEC COKPAIICHUA JIJINH, OTHOINEHNE JIJINHBI OKPYZKHOCTHN
K e€ nuaMeTpy OymeT MeHbIe 7. 3aMeTHM, UTO HUKTO He CMOT Ha-
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pHCOBaTHL i JAHHOTO CAydas “HOBYIO TEOMETPHIO’: HEBO3MOXKHO
uz0bpazuThk HecymecTByoomee. Ha camMoMm jiejie He MOMEHSIETCS He
TOJIbKO MCTHUHHALA, HO Jaxke Hab/romaeMas reoMmerpusd: He OymeT ke
MaTeMaTuvdecKad JIMHUS NEePEeIBUTATLC WU MeHATHCS P HaIleM
JNBUZKEHUW. XOTS B TEOPUH OTHOCUTE/ILHOCTH PAJIUYC, TEPICHITKY-
JISIPHBIN JTBUKEHUIO OKPYKHOCTU, MEHSTHCS HE JIOJI2KEH, TEM HE Me-
HEee NPEIIOJI0KUM BHAYAIE, 9TO OKPYKHOCTH OYJIET JBUIaTHCA Pa-

anaabHo. [lycrs mMeeM TpW KOHIIEHTPUYECKUX OKPYKHOCTH TOYUTH
oauHakoBoro pajuyca (Puc. 2.1). ITomectum Ha HuX HabMIOmATETCH
¥ TpOHyMepyeM mnx mo mopaaky or mentpa: 1, 2, 3. Tlycts Bropoit
Habsonaress Oymer HemoaBwKeH, a 1-it w0 3-# BpaIlar0Tcs BOKPYT
meraTpa O 1Mo U MPOTHUE YaCOBOM CTPEJIKH ¢ OJUHAKOBOI YTJIOBOH CKO-
poctrio. Torma, BeaeaCcTBHE PAa3IUtTINs OTHOCUTEILHBIX CKOPOCTEN 1
COKpaITennst minH HabmogaTen moMenssoTes mectamu. O1Hako, Ko-
I3 OHW OKAaXKyTCd B OJIHON TOUKE MPOCTPAHCTBA OHU YBUAAT Pa3-
uyio kapruny. JleficrBurensro, 1-it mabaomaresb yBUAUT CIETYIO-
Iiee paciioioKeHue OT meHTpa: 3, 2, 1, B To BpeMs Kak 2-it HabJIto-
naresib yBuanT uHON mopsaok: 1, 3, 2, u Tosbko 3-it Hab/I0maTE b
YBUIUT TepBOHAYabHYI0 KapTuny: 1, 2, 3. Nmeem mporusopedme.
IIpeamonokuM Temepsb, UTO W3MEHUTIACH TeOMETPHsS BPAIIAIonieiics
mirockocTu. OHAKO, 9TO TOTA TPEANOUTHTEhHEe: BEPX WUIN HU3?
Banava Beb CUMMETPUYIHA, KY/a K€ BBITHYJIACH IIOCKOCTL! Ecan
CIIEJIATh TIOC/IEIHEe TIPEINOMIOKEHNE, YTO NCKPUBHIIICH pagnyc (Kak
MEHSIeTCsT BUJIMMOE JIBUYKEHUE B HEHMHEPIHATIBHOW CHCTEME), TO 2-
it HabJIIO/|aTeNh YBUJNT €0 HEMCKPUBJIEHHBIM, a 1-i u 3-i Byayr
CUYUTATH €ro “UCKPUBJIEHHBIM B pa3Hble CTOPOHBI. Takum obpazom,
TP HAOIIOIATE IS BUAAT B OMHON U TOM 2K€ TOYKE JJIsi OITHOTO W TOTO
JKe TIPOCTPAHCTBA PA3HYI0 KAPTHUHY, CAEI0BATENLHO NCKPUBJIEHTE He
00beKTUBHO (M He MOXKET OBbITh OOBEKTOM HAYYHOIO M3YUYEHUS).

Bparmatorasics OKpy»KHOCTEH JIOKA3BIBAET MPOTHBOPEYUBOCTH
uneit CTO u OTO. [eitcTBuTeibHO, COTIACHO yUeOHUKAM, TEPIEH-
JUKYJIAPHBIN JBUKEHUIO pajanyc He uamensiercs. CJie10BaTEIBHO,
OKPYKHOCTH OCTAHYTCS Ha CBOMX MECTAX HE3ABUCUMO OT JIBUIKCHMWS.
TMocagnm HA HEMOABUKHON OKPYKHOCTHA SKBUIUCTAHTHO HaOIIOTA-
TeJiell ¥ JJaJIUM TOUYETHYO BCIBIIIKY U3 IEHTPA OKPYKHOCTH, 4TOOBI
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Puc. 2.1: TeomeTpusa Bpammarormeiics OKpYKHOCTH.
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Puc. 2.2: 9xBugucranTHble HAOIIOIATEN HA OKPY2KHOCTH.

HAOJII0/|aTes I HAHEC/IH TIITPUXH HA JIBUAKYIILYIOCH OKPY2KHOCTb B MO-
MeHT npuxosa curtana (Puc. 2.2). Besencrsue cumvmerpun 3a1a4m,
MITPUXMW TaKZXKe 6y,ZLyT SKBUANCTAHTHBIMU. HpI/I TOCJIEAYIOMNX I1e-
PUOIMYECKUX BCIBIKAX KAXK/BI HAO/II0/IaTe b IOITBEPIUT, YTO B
MOMEHT BCHBIIIKKX MWMO HCI'O IIPOXOJUT MITPUXOBAA METKa (HpI/I CO-
OTBETCTBYIOIIEH ePUOAUIHOCTH BCIIBIIIEK ), TO €CTh JJIHHBI YIacT-
KOB HEMTOMIBIKHON U BPAITAIOIIUXCS OKPYKHOCTEH paBHbI. [Ipu ocra-
HOBKE OKPY2KHOCTHU METKWN OCTaHYTCA Ha CBOEM MeECTeE. qI/IC.HO QKBU-
JUCTAHTHBIX METOK (paBHOE UYhCJy HabJrojaTesieii) He W3MEHUTCS.
CremoBarenbHo, B HEMOABUKHOM CIYYae JJIMHBI YIACTKOB TAKZKE
pasHbl. Takum 06pa30oM, HUIKAKOTO COKPAIEHUs JINH (1 W3MEHEeHUsT
reoMeTpun) He OBLIO BOBCE.

PaccmorpuM omgarh BOMPOC O TEOMETPUM NPOCTPAHCTBA, HO C
JIPYTOi CTOPOHBI. DTOT BOMPOC COBEPIIEHHO 3alyTaH eIleé co Bpe-
ven laycca, KOTOPBIH XOTen OMpeAeasaTh TE€OMETPHUI0 € TOMOIIHIO
CBeTOBLIX Jiydelt. He MOKeT Ke OrpaHUYEHHOCTH TOTO WJIM WHOTO
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Aﬁ L RB

C

Puc. 2.3: “T'eomerpust TpeyrojpHuka’.

OTIBITA BJIMSITH HA WICAJTHHBIE MATEMATHIECKUE TTOHSTHS. 3aMETHM,
uto ceer B OTO aBumkercd gake He MO KpaTUalIneil TUHUNA: BMECTO
npusnuna Pepma 6 [ dl =08 OTO umeenm [17]: 6 [ (1//goo)dl = 0,
TJe JoB — METPHYECKHI TeH30p. eM ke B TaKOM CIydae BBIIeIeH
ceer? Hacto B yuebHUKaX “0O60CHOBBIBAETCST HEOOXOIMMOCTH HU3MeE-
HEHWS TE€OMETPUU CASHAYIONMM 00pa3oM: 9T00bI CBET BBIUYEPTHI 3a-
MKHYTBIH TPEyroJbHUK B TPABUTAIMOHHOM IT0JI€, 3epKaJIa JTOJTXKHDI
ObITH MOBEPHYTHI HA HEKOTOPBIM YTOJI, B PE3y/jbrare CyMMa YIJIOB
TpeyrojbHuKa Oy/er oraudarbcs or 7. OHaKo, JJid 0600 Toued-
HOTO TeJla U 3-X oTpakareseii B moJie Tszkectn (eMm. Puc. 2.3) MoxHO
zanucarh cymmy “yrios”:

L L
Z B; = m+ 4arctan g—z — 2arctan 9—2
2vg vy

[Tonygaercs, aTo TeoMeTpust OJHOTO U TOTO Ke MPOCTPAHCTBA, 3a-
BUCHT OT ycjaoBwii onbita: or L n vg. IlockonmbKy yros a mexy
seprasaMu A ¥ B TakKe MOXKHO MeHATh (HA HAIlleM PHUCYHKE OH
Hynesoit o = (), Moay9aeM BO3MOXKHOCTH UCKYCCTBEHHOTO MU3MEHEe-
HUsI TEOMETPHUH B IMUPOKUX IPEJIENaX. 3aMETUM, YTO IEPEMEHHBIE
mapameTrpel o u L ocrarorcd u g cBeTa. B mogobHbBIX “mpaBmomo-
IOOHBIX” JOKA3aTEIbCTBAX O HEOOXOAUMOCTH H3MEHEHH IeOMEeTPHI
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2

Puc. 2.4: TIposemenne mpsaMoil B 10JI€ TAKECTH.

HE HOﬂqépKI/IBaIOTCH HEKOTOPbIC MOMECHTHBI. BO-l'[epBbIX7 KaK B OIIBITE
€ MaTepUaJTBHBIMU TOUKAME, TAK U CO CBETOM I'€OMeTPUS “BbIYepUH-
BaeTcs’ He MIHOBEHHO, a IOCJIEI0BATENbHO B TEUEHWE HEKOTOPOTO
BpeMeHn. Bo-BTOPBIX, /st YCKOPEHHBIX CHCTEM YacTHIBI (M CBET)
JIBMDKYTCH B BaKyyMe HPSAMOJIMHENRHO 110 3aKOHY nHepIuu u, pakTu-
YecK’, Ha 9TO JIBUKEHNE aJIUTUBHO HAKIAIbIBASTCS IBUKEHNE TPa-
HUIL 3TOH YCKOPEHHOM cucrembl. Bee yribl majenus (B 1abopaTopHOi
CHCTEME) PAaBHBI COOTBETCTBYIOIIAM YIJaM OTPAXKEHUS U “TeOMeT-
pust yrjoB” He MeHsieTcs coBepinerno. [Ipocro dhurypa momyuaer-
Cd HE3AMKHYTON 3a CUET JBUKEHWS TPAHUIl. B-Tperbux, pojb Irpa-
HUII COBEPITIEHHO He PACKPBIBAETCA TIPHU ONPEeIeIEHUN COOTHONTEHMH
MEXKy [JIMHAME PeanbHbIX Tea. Hampumep, eciu BCe TOUKK pPeaib-
HOT'O T€J1a HOJBEPXKEHbI AEHCTBUIO OAUHAKOBON YCKOPAIOIIEH CUJIBI,
TO B3AMMHOE COOTHOINEHWE JJINH u yraoB (“reomerpus’) ocraéres
HeN3MeHHBIM. [em Ke YCKOPEeHWIO TOIBEPXKEeHBI TOJBKO T'DaHUIIH,
TO BCE peajibHble U3MEHEHUS PA3MEPOB TeJI IIPOUCXOAT TOJIHKO [IPH
B3amMoJieficTBuu ¢ rpanuriamu. B j060M ciaydae MOXKHO MPOBECTH
EBxsmnoBel npsvbie simann. Hampumep, 1j1a npoBeneHus rOpU30H-
TaJbHON MPAMON B TPABUTAIIMOHHOM II0JIe BO3BMEM JBA OJINHAKOBBIX
nuHEBIX crepxkHs (Puc. 2.4). Toueunyto omopy [I7s IEPBOTO CTEPK-
HsT YCTAHOBUM MMOCPEINHE CTEPXKH. B pe3yibrare mporuda CTeprHst
obpazyeTcst BHITTYKJIad BBEpX JnuHus. /IBe TouedHbIe OMOPHI JJisT BTO-
POTO CTEP2KHA YCTAaHOBUM Ha YPOBHE ABYX OIIYCTUBIIMUXCA KOHIIOB
nepBoro crepxHs. B pesynprare mporuba BToporo crepKHs 06pasy-
€TCd BBIMTYKJIasd BHU3 JIMHUSA. Cpe,Z[HHH JIMHUA MEXKAY 3TUMU ABYMA
BBITHYBIIIUMHUCS CTEPKHAMU ONPeeNsIeT TPAMYIO JINHATO.
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HpI/IHI_II/IH 9KBHUBAJICHTHOCTHA

[Mepetiaém Temeps K cieaytomemy BaxkuaoMy mousatuio OTO — sxBu-
BaJIEHTHOCTHU I'PABUTAIIMOHHOIO T10JIsi HEKOTOPOU HEMHEPITUAJIBHOCTH
cucreMbl. B oryinume 0T JIHOOBIX HEMHEPIMAJBHBIX CHCTEM I'DaBUTA-
IIMOHHOE T10Jie 00/1a/1aeT YHUKAJIBHBIM CBOMCTBOM: BCE JBUKYIIHUECT
00BEKTHI OTKJIOHAOTCA B HEM K OJTHOMY 1IeHTPY. Kein 3anyctuth nBa
JIyda MeXKIy JABYMs UIEAJbHBIMU TaPAJIeJbHBIMI 3epKaJIaMU ep-
MEeHINKYJISPHO K 3epKaJjiaM, TO B UHEPIHAJIBHON crcTeMe OHU OyayT
HECKOHEYHO JIBUTATHCS MAPAJISTbHO APYT APYTY. AHATOTUYIHAS CH-
Tyaiys OyJeT IpU YCKOPEHNN B HEMHEPIUAIBHON CHCTEME, eI 3€p-
KaJla, OPUEHTUPOBAHBI MTEPIEH UK Y/ISIPHO HAPABICHUI) YCKOPEHW.
Hanpotus, B rpaBUTAIMOHHOM TI0JI€ TIPU AHAJOTUYHON OPUEHTAIINN
3epKaJl Jyuu HauHyT cOukarbes (Puc. 2.5). M yx eciam kakoii-To
addekT Oyer uaMepeH 3a BpeMst HAOJIOJEHNS, TO, BCaeAcTBUE O60JIb-
110¥ BEJIMYUHBI CKOPOCTHU CBETA, HAJNYINE UMEHHO I'PABUTAIIMOHHOTO
10715 (& He HeHHEPIMAJIBHOCTH) TaKKe MOXKeT ObITh HAeHTHMUIITDPO-
Bauo. OUeBUIHO, UTO YUUTHIBATH UCKPUBJIECHNE 3ePKAJ HE CIEIVET,
TaK KaK KPOMe TPABUTAIIUOHHBIX CHUJI CYIIIECTBYIOT APYTH€e CUJIBI, KO-
TOPBIE MOTYT VAEP2KUBATH B3AUMHYI0 KOH(MUryparuio 3epkajt. Orin-
ure cPepuIecKoil CHMMETPHUH OT TIJIOCKOH MOXKEeT ObITH YCTAHOBJIEHO
¥ I C1abbIX IpaBUTAInOHHLIX mosieii. BoiBog OTO o BosMoxkHOCTH
MCKJIFOUEHUsT TPABUTAITMOHHOTO TOJIS /I HEKOTOPOH WHEPITHAIBHOM
CHUCTEMBI B TEYEHHE BCEIO BpEeMeHM HabJIIO/IeHUsi B OOIIEM ciiydae
HEBEPEH.

IlpwHIMT SKBUBAJEHTHOCTH TPABUTAIMN W YCKODPEHUS] MOXKET
MMEeTb OTHOIIIEHWE TOJIbKO K OJHOU TOYKE MPOCTPAHCTBA, TO €CTb
HEPEAJIEH: 3T0, HALPUMED, YK€ NPUBOJUIO K HEBEPHOMY BBIUUC/IE-
HIO OTKJIOHEHWs JIyda CBeTa B MOJIe TATOTEHNs (TOJBKO IIOTOM DiiH-
mreitH moAnpaBua Koddduiuent B aBa pasa). [IpuHIMn sxBuBa-
JIEHTHOCTH nHepTHOH un Tsxkesioi Macc B OTO Moxker 6BITH CTPOTO
cbOpMyYIMPOBAH TOXKE TOJBKO JIJIsT OJTHOTO OTJIEJBHOTrO Testa (Tak Kak
OTO ekjaouaer B3aNMOCBA3b MPOCTPAHCTBA-BPEMEHN U BCEX TEJI, TO
on mepeasien B OTO). [losromy dbuzmaeckn OTO ne MoxkeT mMeTh
IPEemesIbHOTO TIePexona HYU K OJHON HEPeIaTWBHUCTCKON Teopun (a
Juis (bOPMATFHO MaTeMaTHIeckn ). Bee muneiinbie Tpeobpa3oBanust
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Puc. 2.5: Conmmxernne mapaiiebHbIX Jydeii B TPABUTAITHOHHOM TT0-

JIe.
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CTO u OTO orHOCATCE K TIyCTOMY MPOCTPAHCTBY, TAK KaK PEaIb-
HBIE TeJTa (Jazke B KAUeCTBE PEIEePHBIX TOUEK) BHOCAT HEJTMHEHHOCTH
B cpoiicTBa mpocrpancTsa. [losToMmy pasiuuwne gBjienuii nmpu mepe-
X0JIe B JIPYI'YIO CHCTEMY OTCUETa JOJKHO U3YyIATHCS CTPOrO B OTHOMN
TOYKE TIPOCTPAHCTBA W BpeMenn. Ho Kak B OJHY TOUKY MOMECTHUTH
IByX pasubix nabmogareneit? Chemosarenbio, Bce 3amaun CTO n
OTO moryr HOCUTH TOJBKO NPUOJIMKEHHBIN MOJEIBHbBIA XapakTep
(6e3 rnobaamnzma).

Her nudero yamBuTe sbHOrO B TOM, ITO OJTHA M TA JKE BEJIUINHA —
MacCca — MOZKeT y4aCTBOBATh B PA3HbIX ABJICHUAX: KaK Mepa UHEPTHO-
CTU TIPU BO3AEHCTBUM JIIOOBIX CHJI, BK/IIOUAs TPABUTAIMOHHbBIC, W KAK
TATOTEIONAsd Macca (HampuMep, JBIZKYITANHCS 3apsiy] CO3/IAET U JIeK-
TPUYECKOE U MarHUTHOE 110J1€). BOmpoc 0 TOYHOM pPAaBEHCTBE Tpa-
BUTAIIMOHHON W MHEPTHON MacC COBEPIICHHO HaAyMaH, IIOCKOJbKY
9TO PAaBEHCTBO 3aBUCUT OT BHIOOpA YUCJIEHHON BEJIMYUHBI TPABUTA-
IMOHHON nocTodgrHo . Hampumep, B ciyvuae mpomopIuoHaIbHOCTH
Mg = QM BCE 3aKOHBI OYIYT TeMH Ke, HO C IPyTUM OIpesesIeHn-
eM I'DaBUTAIMOHHOMN TTOCTOSHHON v/ = 0427. He crour nckars 370CH
MHCTHKY B CTPOUTH 06pa3bl NCKPHUBIEHHOIO IpocTpaHcTBa. IloacTa-
HOBKA OOHOW W TOW K€ BEJIMYMHBI KAaK AJId TATOTECIONEeN, TaK U JIJId
MHEPTHON Macc npouspojurcd He TojibKo B OTO, HO u B Teopun Tsi-
rorerns Hprorona. IIpocto 3ro onbitHbii dakT (BepHee, Haubosee
IPOCTOM BBHIOOD BEJIMIMHBI 7).

Korga rosopsr [37], uro dopma ypaBHeHUiT 3aBUCHT OT CBOACTB
IIPOCTPAHCTBA-BPEMEHH, TO B 9TOM €CTb HeKOTopas cueKyndaius. Co-
3I2ETCS BIeYaT/IeHne, YTO Mbl KaK-TO MOYKEM H3MEHHUTH 3TO CaMoe
IIPOCTPAHCTBO-BpEMS JIJIsl TPOBEPKU JaHHON 3aucuMmoctu. Ha ca-
MOM Jieie Mbl UMeeM BcejleHHYIO B equHCTBEeHHOM uqmcile. IlombiTka
OTO ycnoxuuTh 1060€ JacTHOE (JIOKAJBHOE) sIBI€HHE J00aBIEHN-
eM CJI0KHOCTH Beeli BeesienHoil He siBJisieTCs HO3UTUBHOMN J1/1d HAYKH.
Ipyroe neno BEIOOP JIOKAJBHBIX KOODAWHAT JIJIsI MaTEeMATHUIECKOTO
OLIMCAHUS JIOKAJILHOIO $BJIEHMs (B 9TOM CJly4ae KOHKDETHbIE CUM-
METPUY SIBJIEHUS YIPOIIAIOT OMUCAHNE), ¥ TJI00AIM3M ONATH HUA MTPH
qéM.

Wcnonb3oBanne nemHepimajibabix cucrteM B OTO BHYTpenHe



122 I'JIABA 2. OCHOBBI OTO

MpOTUBOPEYNBO. JleiicTBUTENBHO, BO BPAIAIOIIEHCS CHCTEME J0CTa-
TOYHO yJaJIEHHBIE OOBEKTHI OYJIYyT JABUTATHCA CO CKOPOCTHIO, BOJIb-
et ckopoctu ¢Bera, a Benb CTO u OTO yreepxmaror, 910 BUIH-
MBbI€ CKOPOCTHU JIOJIZKHBI ObITh MeHbIle ¢. OIHAKO, IKCIEPUMEHTAJIb-
HBbII pakT: ¢ororpadus Heba ¢ Bpamaroieiics 3eMan MOKa3bIBa-
eT, 9TO HabJIIOIAeTCs BUAMMOE TBEPIOTEIBHOE BpaleHue (K/IacCh-
geckoe). cnonp3oBanue Bpamaoomieiica cucrembl (Hanpumep, 3em-
JIV) He TPOTUBOPEYNT KJIACCUIECKOT (br3mKe Ipu JII000M pacCTOAHUY
obbexkTa OT 1eHTpa, B TO BpeMs kKak B OTO BenununHa KOMIOHEH-
TBI o9 CTAHOBUTCS OTPUIATEJIBHOI, & 3TO HEJOIyCTUMO B JAHHOMN
Teopuu. Kak e ObITb ¢ HAOIIOJEHUSIMU B 3eMHON aCTPOHOMUM !

Bpema 8 OTO

[Touarwue pemern B8 OTO Takke 3amyTaHo o npejenaa. Uro ke 3To
38 CHHXPOHW3AIUSA YaCOB, €CJIN OHA BO3MOXKHA, TOJBKO BIOJb HE3a-
MKHYTBIX JUHA? V3MeHenne MOMEHTa Ha9aIhHOTO OTCIETA BpeMe-
HI TIpH O6XO/I[€ IO 3aMKHYTOMY HOYTHU — 9TO dBHOE IIPOTUBOpEYNE
OTO, rak kak mpu BOJIBINIONH CKOPOCTH CHHXPOHU3AIINNA MOXKHO CJe-
JIATh MHOTO TO/00HBIX OOXOJ0B ¥ MOJYYATh MPOU3BOJILHOE CTape-
HEE WiIn oMojoxenue. Hampumep, mpeacraBuB BakyyMm (IIycToTy)
Bpamaeiica (ecan camu OyJeM JABUraThCs 10 KPYTY ), Mbl MOKEM
MOJTYIUTD PA3HbIe PE3YIBTATH B 3ABUCAMOCTH OT MBICJIEHHOTO TIPeI-
CTaBJICHUA.

Eciu va Mraosenue moBeputh B 3apucumocTh Bpemenu OTO or
PABATAIIMOHHOTO TOTEHITHAIA W IKBUBATECHTHOCTDL TDABUTAINHN 1
HEMHEPIMAIBLHOCTH (yCKOPEHHUs ), TO JIErKO HOHATh, YTO TOIJIA BPE-
MsT 3aBUCEJI0 OBl OT OTHOCUTEIBHOTO YCKOPEHUs (pPacCIIupeHHOe TOJI-
koBaHue). JleficTBUTEIHHO, PA3HBIM TPABUTAIIMOHHBIM TTOTEHITHAIAM
JOJIZKHBI TOTIa COOTBETCTBOBATH PAa3HBIE YCKOPEHHBIC ABUKECHUA U
naobopor. Ho oTHOCHTENBHOE YCKOpeHWe MMeeT BEeKTOPHBIN Xapak-
Tep (m “cuparars” ero HEBO3MOXKHO), TO €CTh PACIIMPEHHOE TOJIKO-
Baunune OTO — enuncrBenHo BO3MOXKHOEe. Mcnonb3ys momguduiiupo-
BaHHBINA napajoke 6umsHeros [51], serko joka3arh HE3aABUCHMOCTH
BpeMeHH OT ycKopeHHus B pacmmpentoM TonkoBannu OTO. Ilycrs
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Puc. 2.6: Ilosiér 6/1M3HENOB C YCKOPEHUEM.

JTBa, ACTPOHABTA-OIM3HEIA HAXOAATCS HA OOIBITIOM PACCTOTHUN IPYT
ot apyra. Ilo curaany masika, paciosioKeHHOrO TTOCPeIHe, 3TH aCT-
POHABTHI HAUMHAKT CJAETATHCS K MagKy C OJMHAKOBBIM YCKOPEHUEM
(Puc. 2.6). [Tockoaeky B OTO Bpemst 3aBUCAT OT YCKOPEHUST U YCKO-
peHre HOCUT OTHOCHTENBHBIN XapakTep, KayKblil W3 acTPOHABTOB
Hyaer cuurarh, uTo ero Hpar-6simsHer 6osee mostonoi. [lpu BeTpe-
ue BO3Je MasiKa, OHH MOryT oOMeHsiThcs drororpadusamu. OHAKO,
BCJIEJICTBUE CUMMETPUN 33/1a91 PE3YJIbTAT OUYEBUJIEH: BPEMHA TEUYET
B YCKOPEHHOW CHCTeMe TaK 2Ke KaK W B HeyckopeuHoii. Jla u xkpome
TOTO, KAXK/Iblil U3 ACTPOHABTOB (MOYKHO €Il U TPETHET0 IOCATUTH Ha
MasgiKe) MOTYT TOCBLIATh JAPYT JAPYTY CUTHAJBI O KazKJOM CBOEM JIHEe
poxaerns. Jlo BcTpedn BO3Ie MasgKa WX BCEX TTEPECETET OMHAKOBOE
KOJIMYIECTBO CBETOBBIX cdep (cmpsitarbest chepam Herze). Heyzke-
JIA, TOJIYYMB 33 MHUHYTY /10 BCTPEYH “resierpamMmy’ O HATHIECATH-
jgletun Oparta, Apyroit 6par Oymer Mo3ApaBisTb €ro ¢ HATHJIETHEM
(moxkeT, mpoBepuThCa y okysucta)? Ecan camrars rpaBuTAIIMOHHOE
oJie 3KBUBAJEHTHBIM yckoperuto (cormacao OTO), To momydaem,
UTO IPOMEXKYTKY BPEMEHU He 3aBUCSIT OT HAJTHUHS IPABUTAIIMOHHOTO
nosisgt. Hampumep, pacimmpeHHoe TOJKOBAHUE O 3aBUCUMOCTH [IPOMe-
JKYTKOB BPEMEHM OT YCKODEHUS JIETKO OMPOBEPTAETCA CJETYIOTINM
obpazoMm. Bo3bMEM HECKOJIBKO YesIOBEK B PA3HbIX YaCTAX 3EMHOIO
mapa. Ec/in Bocmoib30BaThCs 9KBUBAJIEHTHOCTHIO TPABUTAIIMOHHOTO
TTOJISE U YCKOPEHUST, TO JJI UMUATAIUHU TPUTSKEHUST 3eMJTU OHU JTOJIK-
HBI YCKOPSATHCS OT MEHTPa 3EMJIN, TO €CTh B PA3HBIX HAPABICHUIX
(BekTOpa yckopenwmii GyayT paznmuarscs wHampasaenusmn). Coemo-
BaTeJIBHO, BCE OTHOCUTEJIbHBIE YCKOpeHUst OyayT pasubiMu. OdeBu-
HO, UTO BCJIEJCTBUE CUMMETPHY 33,1291 BO3PACT BBIOPAHHBIX JIHOEH
He OyJleT 3aBUCETH OT UX MECTOIOJIOKEHUS.
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Puc. 2.7: Cunxponusarus BpeMeH! Ha JIMHUN JIBUXKEHUS.

CriejtaeM HECKOJIBKO 3aMeYaHUil OTHOCUTEIBHO METOHa CHHXPO-
HU3aIINN BPEMEH C TTOMOIILIO YAAJTEHHOTO TEPUOAMIECKOTO UCTOTHN-
Ka, PACIIOJIOXKEHHOTO TIePIEeHJMKYIISPHO Jprxkernto resa [48]. Hau-
HEM C NHEPIMAJBHLIX CUCTeM. BO3MOXKHOCTE CHHXPOHU3AIINN BpEMe-
HU Ha OI'PAHUYECHHBIX yYaCTKaX IIYTU IIPEA0CTABIAE€T BO3MOXKHOCTD
CUHXDOHU3AIMY BpeMeHu 1o Beeit uann apukennd (Puc. 2.7). Jeit-
CTBUTEILHO, €CJIN JJISI KaXKJIOTO OTPE3Ka NMeeTCd TPOM3BOILHO Va-
JIEHHEBIN TePUOIMIECKUH NCTOYHUK [V, TTOCKLIAIOMUH nHMOPMAIINIO:
CBOIl OPAJKOBEIT HOMep [V;, KOJIMYECTBO HPOIICJIINX CeKYHT 7
(Hagaro oTCUéTa BPEMEHW HE COTJIACOBAHO C JAPYTUMU UCTOYHUKA-
MHE), TO HaBIIOATEN HA CTBIKAX OTPE3KOB MOT'YT COIOCTABUTDH Ha-
9a/10 OTCUETa BPEMEHHU NCTOYHNKA CJIEBA U NCTOYHUKA cripasa. [lepe-
JlaBasi [IOCJIE/I0BATEIBLHO ITY UH(MOPMAIIUIO OT IEPBOT0 HABJIFOIaTeN st
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K TIOCTETHEMY, MOXKHO YCTAHOBUTH €MHOE HAYAIO OTCUYETa BPEeMeHN
(camo ke BpeMsi, Kak moKa3aHo B I'taBe 1 nmeeT abCOTOTHBIN CMBICIT
[48]).

OueBuiHO, YTO HADIIOAAEMAS CKOPOCTD MEPEAUN CUTHAJIOB CHH-
XPOHU3AIUU HE CKA3BIBAETCs Ha ONPEJEIEHUN JJINTEJHLHOCTH Bpe-
MEH: MMILYJIbChI (HAIIDUMED, CBETOBBIE C(DEPBI MJIM YACTHUIIbI), OTME-
JAOIIe YUCI0 TPOIIEAITNX CEeKYHII, OYyAyT SKBUANCTAHTHO 3AT0JI-
HSTH BCE MPOCTPAHCTBO, U CKOJIBKO UX UCITYCKAET UCTOTHUK, CTOJIBKO
ke Oyer jmocturarh KonedHoro Habsmogarens. (Mbr ve 6oru, 9T06bI
BBOJINTH “HAYaJI0 BPEMEH: BpeMs yiKe UAET CBOUM YEpPEIOM W HUJIET
paBHOMEpHO.) Jlaxke ec/im CuuTaTh BUIUMYIO CKOPOCTH PACIpPOCTpa-
HEHUsT CUTHAJIOB ¢ = ¢(T), TO, HE3aBUCAMO OT IIyTH CBETA, KOHEIHOTO
HabroaTeNnst (MMEIIEro Hy/IEBY 0 KOMIIOHEHTY CKOPOCTH B HATIPAB-
JICHUW MCTOYHUKA) OYIeT JOCTUTATH TO YHCI0 chep, KOTOPOe UCITyC-
Kaer UCTOYHUK (IIPOCTO ¢hephbl MOTYT T/1e-TO NPOCTPAHCTBEHHO CIy-
MATHCS WM Pa3pekarhbes). Bpems, Kak JIUTeIbHOCTD, Oyaer BOC-
MMPUHUMATHCS OJMHAKOBbIM. Takum o0pa3oM, MOJHAS CHHXPOHW3A-
1IMsi BO3MOXKHA U [PU HAJUYUU MPOCTPAHCTBEHHBLIX HEOJHOPOIHO-
creit (TpaBUTAIMOHHOTO TTOJIA).

HamomuuMm Teneph JBa M3BECTHBIX OIMBITA, CPOYHO OTHECEHHBIX
pensrruguctavu B moib3y OTO. B omeite Xedens-Kurtuara nee
aphl 1E€3UEBBIX YACOB IYTEIIECTBOBAJM HA CAMOJIETAX B 3aIIaTHOM
¥ BOCTOUYHOM HAIPABJEHUSX W WX MOKA3AHUS CPABHUBAJIUCH C ITOKO-
UBIIAMECA dacaMu (OpU 3TOM YIUTHIBAIACH “‘CKOPOCTHAs 100aBKa’
CTO, a B T'nase 1 nacrosmeit Kauru OBLIO TOKA3AHO €€ OTCYTCTBHE).
B ompire Ilaynma u Pebku ¢ nomormbio addexra Méccbayspa ompe-
JEJISLICA CABUT 9aCTOT (DOTOHA MPU MPOXOXKJICHUU UM HEKOTOPOTO
IIyTH B BEPTUKAJIHHOM HAIpaB/IeHUN KaK BBEpX, Tak u BHu3. B du-
3UKe He MPUHATO JBAXKIbl YIUTHIBATL OJHO U TOXKE BAUAHUE. ICHO,
UTO YCKOPEHWE W TPABUTAINS BHIPAYKAIOT HEKOTOPYIO CUJLY, BJIUsI-
IOIITYI0 Ha pas3uble mpoiiecchl. Ho 10 6yner obuit pesyabTar aeil-
cTBUSA UMeHHO cujl. Hampumep, He BCAKYIO Teperpy3Ky BhIIEPKUBA-
eT YeJ0BeK, MAATHHKOBBIE HACTEHHBIE Yachl B HEBECOMOCTH HJITH HE
OyayT, HO 9TO HE O3HAYAET, IYTO BPEMST OCTAHOBUIOCH. [losTOMy Tpy-
6eiii ombiT Xedens-Kurruara KoHCTATUpYET TPUBHAJIBHBIN (DaKT,
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9TO IPABUTANNA W YCKOPEHME KAKNM-TO 00pa30M BIUSIOT HA ITPOITEC-
CBI B I[E3UEBBIX ATOMHBIX YaCaX U BBICOKAA OTHOCUTEIbHAS TOUHOCTD
9THUX YaCOB JJisT (DUKCUPOBAHHOTO MECTa COBEPIINEHHO HU TPU YEM.
Kpowme Toro, uarepnperamnus onbiTa Xedeas-KnTruHra mpoTuBope-
ant “00bgacuenuto” onbiTa [laymnma m Pebku, rme mpesmosaraiocs,
9TO 9aCTOTa H3AYIeHHd “B €AUHNNAX COOCTBEHHOTO BPEMEHH aTo-
ma” [3| He 3aBucuT OT rpaBUTALMOHHOIO 110Js. Kpome Toro, Hajo
uMeTh B BUAY emé oany Heompeaenérroctsh OTO: masxke B orcyT-
CTBHUE CPEHETO MO/ g MOT'YT CYIIECTBOBATH HEM3MEPUMBIE OBICTPHIE
daykryanum noag (Co CKOPOCTBIO, TTPEBBINTAOINIEH MHEPIUATHHOCTE
M3MepUTEeNbHBIX MprbopoB). Takast HeOMpeaeaEHHOCTD GyIeT cyIie-
CTBOBaTH TIPH JIE0O0M g: Tak Kak 1o (popmyaam OTO Bpems 3aBucur
OT TPABUTAIMOHHOI'O TIOTEHIINAJA, TO JayKe MPU HYJEBOM CpEJIHEM
< g > 3bdekTuBHBIN ToTeHTMAT OyAeT oTimdeH oT HyJss. Mox-
HO JIU TPUIYMaTh, XOTs Obl TEOPETHUYECKH, TOUHBIE YaChl, KOTOPHIE
MOXKHO HOCHTB € c0H0ii? BO3MOKHO, BPAIAOIINACT MAXOBUK C MET-
KOl (JIJIsT OTCYTCTBHsI TPEHUsI — Ha CBEPXIIPOBOAIIEIT TOIBECKE) 1 C
OCBIO, HAIIPABJIEHHON BJIOJIb I'PAJUEHTA TPABUTAIMOHHOrO 1015 (1jm
BJIOJTh PABHOIEHCTBYIOIIEH CUJIBI [T HEMHEPIUATBLHBIX CUCTEM ) MOT
OBl OTCUNTHIBATE TOUHOE BpeMs. [lo kpaiiHeit Mepe He BUIHO IBHBIX
MPUYIHUH U MEXaHU3MOB M3MEHEHUsT CKOPOCTH BPAIEHUsST B 9TOM CJIy-
vae. Koneuno, /ijist c1abbIX TPABUTAIMOHHBIX TOJIEN TAKWe Jachl HA
COBPEMEHHOM >Tare OYIyT MeHee TOYHBI, YeM Ie3nueBhie. BHe cBa3u
€ KPUTUKON TEOPUU OTHOCUTETBHOCTU BBICKAYKEM THIIOTE3Y: PACIIal
OTJEeNBHBIX ATOMOB MPOUCXOIUT AHUZOTPOITHO U ITA AHUIOTPOIHS
MOXKeT OBbITh NpPUBS3aHA K HAIPABJIEHUIO MOMEHTa aroma. B srom
CIy9ae MOXKHO YIOPSJIOYNTH MOMEHTBHI M 3aMOPO3UTH aTOMHYI) CH-
cremy. Torma moxkasaHnns Takux “3aMOpPOKEHHBIX” I1€3HEBLIX 9aCOB B
PPABUTALMOHHOM [10J1€ OY/AYT 3aBUCETHh OT WX OPUEHTAIUN.

Bepuémcst Temeph K CHHXPOHM3YIOIMIMM CUTHAIAM (HAITPUMED,
I OMHOBPEMEHHOTO M3MepeHus JThH). st mpsiMOTHHEHHO J1BU-
Kymelicd YCKOPEeHHOM CUCTEMBI MOXKHO MCIOJb30BATH CHUTHAJBI OT
VAAJIEHHOTO MCTOYHWKA, HAXOIAIIEroCsd IEPHeHJUKYIAPHO JUHUK
IBVKEHW, & I8 y9acTKa OKPYXKHOCTH UCTOYHUK MOYKET HAXOANTh-
cst B e€ 1eHTpe. DTU ciydan PakTUIeCKU OXBATHIBAIOT BCE HEMHEPITH-
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aJbHBIE B KeHns Oe3 rpasutarym. (Kpome Toro, frst TpOu3BOIBEHO-
T0 TJIOCKOTO JBUKEHUS MOYKHO BOCTIONB30BATHCS YAAJTEHHBIM TTEPH-
OJIMYECKUM UCTOTHUKOM , HAXOJIATIMMCS Ha TIePIEH IUKYIsIPe K TLI0C-
KOCTHU JIBUZKEHUsI. ) [T peasbHOro TPAaBUTAIIMOHHOTO TI0JIst ¢cheprde-
CKMX TE€JI TIPU TTPOU3BOJIBHOM JBUKEHUH BJI0JIb SKBHUITOTEHIAATBHBIX
TTOBEPXHOCTEH MOYKHO TIOIB30BATHCS TEPUOTTICCKUMHI CUTHATAMHA 13
LHEHTPA IPABUTAIMOHHOTO HOJIS.

3aMeTnM, 9TO JJId JOKA3ATETLCTBA MTPOTHBOPEINBOCTH BBIBOIOB
CTO u OTO 06 u3meHneHnn JJIUH U TPOMEKYTKOB BPEMEHHU JOCTa-
TOYHO, YTOOBI TOYHOCTH HACATBHOTO (KJIACCHYIECKOTO) HM3MEPEHUs
STUX BEJWYHWH MOTJIA TPUHIUTIHUAILHO TMPEB30HTH BEIUYUHY TPE-
ckazpiBaemoro CTO u OTO saddekra. Hanpumep, npu ucnosbzo-
BaHWN CHHXPOHU3YIONIEr0 MCTOYHUKA Ha CEPEMHHOM MEPIEH MK Y-
Jisipe K JIMHUU JBUKEHUS IS TOYHOCTH BPEMEHW CHHXPOHW3AIIAN
umeem: At ~ [2/(8Rc), rae | - ayuHa OTPE3Ka € CHHXPOHH30BAH-
HBIM BpeMeHeM, R - paccTosinne g0 CHHXPOHHU3YIOIIEro NCTOYHUKA,
TO €CTh MOYXKHO yMeHbInaTh At HE TOJBKO BBIOOPOM OOJIBIIONO pa-
JINyca CBETOBOI cdephbl, HO M BHIGOPOM MAJIOTO YIACTKA JTBUKEHWS
l. TTo dopmymam CTO o cokpalieHun BpeMeHU nMeeM JJIs aHaJI0-
ruanoit Bemunuer: At = [(1 — /1 — v?/¢?) /v. Ecam npu koneaHOM

R w 3anmanHOil CKOPOCTH v BbIOpaTh Takoe [, YTOOBI BBITOJIHSIOCH

HEPABEHCTBO
1/(8Re) < (1 — /1 —0v%/c?)/v, (2.1)

TO BBIBOJIBI PEJISTUBUCTCKAX TEOPHUI OKA3BIBAIOTCH HEBEPHBIMU.
Jlnsg cucreMbl, IPOU3BOIBHO JABMXKYIIEHCS BIOTH pajauyca (rpo-
BEJIGHHOTO OT TIEHTPA MPABUTAIMOHHOTO TOJIs1) /I CHHXPOHU3AIUN
MOKHO HCIIOJIB30BaTh CBODOIHO MATAIOIINH TTEPUOINIECKAN NCTOU-
HUK Ha IIEepIeH/IUKyJidpe K JuHuu apuxkenud. Ilpu stom R HaI0
BLIOPATH TaKoe, 4TOOBI TMOJe MPAKTUYECKW HE MEHSJIOCHh (3a CUér
3aKPyTJIEHUs YKBUIIOTEHIIUATLHON CEPHI) HA 9TOM PACCTOAHUM, W
coorBercrBytomee [ w3 (2.1) BOIM3U TOYKH, Ky/Ia ONYIIEH TEePIeH A~
kyasp. CrenoBarenbro, BeiBoasl OTO MoryT GBITE OMPOBEPTHYTHI
u B 3ToM cayuae. g naubosiee BayKHBIX YaCTHBIX CJIy4IaeB “Bceod-
mme” BeiBoABl CTO u OTO o cokpallieHun paccTosSHUT Kak CBOI-
CTBO CaMOT'0 IPOCTPAHCTBA HeBepHb. B camom obiem ciydae Ka-
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KeTCd MHTYUTUBHO BIIOJIHE OYEBUAHLIM, YTO MOXKHO HafTH TakKoe
PACITOJIOKEHNE TTEPUOJIMYECKOr0 UCTOYHUKA, YTOOBI CUIHAJ TIPUIIIET
[EPIEHUKYJISIPHO JBUYKEHUIO U 4TODbI CylecTBOBaIM Takne R u [
u3 (2.1), koropsie omposeprator pesynbsrarsl OTO. Her coseprierno
HUKAKOM HeOOXOAMMOCTH B “DasMa3aHHO’ crucTeMe OTCIETa U TPOu3-
BOJIBHO HJIYIIUX 4acax: JiIob00e M3MEeHEHUE PEAJIbHBIX JIJIMH JIOJIKHO
O6'bHCHHT])CH PeaJIbHBIMU CHUJIaAMH; BCETI/Ja BO3MOXKHO BBECTU CUCTEC-
MY B3aMMHO HETOJABUXKHBIX TEJI U €JTUHOC BPEMA (XOTH 6]31 METOJ0M
nepecuéra). TakuM 06pa3oM, TPOCTPAHCTBO U BPEMsI JIOJXKHBI OBITH

I‘II)IOTOHOBI)IMI/I7 HE 3aBUCAIITMMU OT IBUXKCHUA CUCTCMDBI.

HexkoTopsie ciaencreug OTO

[Tepetiném Teneps Kk MmaremarudeckuMm Merongam OTO u ciaemscTBusM
sroit Teopuu. Urpor co cBoiicTBaMu TPOCTPAHCTBA-BPEMEHN TPUBO-
aat K Tomy, uro B OTO o BormpocoM 0Ka3bIBaeTCs IpUMEHEeHe Ba-
PHAIITMOHHBIX METOAOB: BEJIMYUHBI ABJIAIOTCA HE 3 JATHBHBIMY, IIPE-
obpazoBanus JIopeHila HEKOMMYTATUBHBI, HHTEIPAIbHBIE BEJIMUHHBI
3aBUCAT OT IIyTH WHTECTPUPOBAHMSA, JakKe HE ICHO KaK MOXKHO CYH-
TaTh (PUKCUPOBAHHBIMU KOHEYHBIE TOYKU, ECTU PACCTOSTHUST PA3INI-
Hbl B Pa3HbIX CUCTEMaX OTCUETA.

HesokamsyeMocTs (HESKpaHUPYEMOCTD) TPABUTAIMN TTPHBOJIUAT
k Tomy, uro B OTO mna majmmvmsi 3aKOHOB COXPaHEHWs (TOJIhb-
KO B CHCTE€MaX OCTPOBHOIO THUIIA) MPUHITUIINAATHHO BasKHBI YCIOBHUS
Ha HECKOHEYHOCTH (€BK/IMI0BOCTH BC/IEJACTBUE OTCYTCTBUS MACC HA
beckoneunoctu) |37|. Kaccuueckuit moaxos 6ostee mocienoBaresen
U IOJIE3€H B TEOPETUUYECKOM U IMPAKTUYICCKOM IIPUIOXKCHUU: JHEpP-
CHUsl OTIPEIesIeHa C TOYHOCTHIO 0 MOCTOAHHOM, TaK Kak (pu3nmdeckmit
CMBICJI UMe€eT TOJIBKO JIOKAJIbHOE U3MEHEHUE SHEePTUU MEXKIY NBYyMI
Toukamu mepexoma. CremoBaTebHo, YCIOBUI Ha OECKOHETHOCTH HI
IpU 9€M.

Bosbinioe comuenne BhI3bIBAET NPOIEAypa JUHEApu3anuu B 00-
IEM BUJIE, TAK KAK OHA MOXKET ObITh TOJBKO WHIUBUIYAJIBHOM. ['0-
BOPUTCA O CTPEMJICHUM K IIPOCTOTE, & Ja’Ke BPEMEHW BBOOAT IBA
THITA: KOOPJAUHATHOE U cOOCTBEHHOE. HacTO MPOU3BOIUTCS TIOIIOHKA
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MOJ/T W3BECTHBIM WM MHTYWUTHBHBINA (K/JTACCHMYECKM) pe3ynbrar. Tak
OJTMH W3 3HAKOB BBIOMPAETCS MPHU PACIETE OTKIOHEHWS JIyUIa CBETA,
AHAJIOIMYHO, JJIs JABHzKeHns nepurenusi Mepkypus [3] du/dp moxer
HMeTDb JIBa, 3HaKa, Kakoil BoiOpaTh? He roBopst yke 0 TOM, 9TO TIpo-
u3BOAUTCA Aeaenne Ha du/dp, a 9Ta BeMUMHA MOXKET OBITh U HyJie-
Boit. [lurmeTcss 0 CIOYKHOCTH TPOCTPAHCTBEHHO-BPEMEHHDBIX CBSI3€l,
a B MTOre OYEHb JOJIFO MEPEXOJAT K IIPUBBIYHBIM MATEMATHIECKUM
KOOPJIWHATAM, WHAYE HE C 9EM COTTOCTABUTH PE3yJbTATHI. 38 9TO JKe
nia 6opeba? 3a Haykoobpasue?

o cmx mop Her JOCTATOYHBIX SKCIIEPUMEHTAJLHBIX JOKa3a-
TeJILCTB TOTO, KAKOBA, CKOPOCTh TEPEIAYH TPABATAIMOHHBIX B3AHMO-
JeficTBrit: 6oJIbIe, MEeHbIe WK B TOYHOCTH PaBHA CKOPOCTH CBETA
(aro mocrymupyercs B OTO). Hanpumep, 0CHOBBIBASCH HA, JTAHHBIX
naburoaennit, Jlamnac u [lyankape [24,87| canrtanm, 910 CKOPOCTD Te-
pejlauy rpaBUTAIIMOHHBIX B3aUMOJEMCTBUN HA HECKOJIBKO MOPAIKOB
IIPEBLIMIAET CKOPOCTH CBETA.

Teneps mo-moBoy 3KcrepumenTagabHoro obocuopanus OTO.
O6BI4HO, TaXKe eCJIU eCTh COTHS PA3HBIX JAHHBIX, HE BCEDIA CTPOUT-
cs1 TeOpUs — JAHHBIE TIPOITe cBecTr B Tabanmy. B cayuae xe ¢ OTO
MBI uMeeM “Bennkyo Teopuio TPEX ¢ MOJOBUHON HAO/IIOIeHuit”, n3
KOTOPBIX Tpu — puknud. 110 mOBO Iy OTKIOHEHUST CBETA B TPABUTAIIN-
OHHOM I[I0JIe OT MPSIMOJTMHENHOTO JIBUKEHUsI HAJ0 CKA3aTh CIEIYIO-
mee. Bo-mepBhix, Kak 0TMe4UaaI0 OOJIBITUHCTBO YKCIIEPUMEHTATOPOR,
KOJIMYECTBEHHOE TIO/ITBEPK IeHne 3 deKTa CyIecTBEHHO 3aBUCHT OT
Bepbl KOHKPETHOro 3KciepumenTaropa. [logpobuee o Tom, uT0 )kKe B
JeRCTBUTENIBHOCTH U3MEPUJT JIOPJ, DJJIMHTTOH, MOXKHO HPOYUTATDH B
crarbe I'. Buenkosa [202]. Bo-Bropsix, yxe n3 kiaaccudeckoii dhop-
Myl ma = ymMr/r3 ciemyer, 4To m060it 06LEKT, JazKe HyJTeBoit
¥ OTPUIIATEIBHON Macchl, OyJeT majarTh B TPABUTAIMOHHOM IOJIE.
B-tpersux, ¢ uem, cobcTrerno, cpasauBaeTcs sddert? C abcosor-
HO TycThIM TipocTpancTeoM? Emé 8 1962 rony rpynna KopoaeBckux
ACTPOHOMOB 3asBWJIA, UTO OTKJIOHeHme Jyda ceeta BOam3w Conm-
11a He MOXKET paccMarpuBarThed Kak noiareepxkienne OTO, tak Kak
y Commara cytmectByer arMocdepa, MPOCTUPAIONIASACT Ha OTPOMHOE
paccrosaue. HamomuuMm, uTo sgBiienne pedpakin yIUTHIBAETCS s
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3eMHOI aTmMocdepbl aCTPOHOMAMHU V2Ke O4YeHb maBHO. Emé Jlomo-
HOCOB ODHADYKWJI OTKJIOHEHWE Jiyda cBeTa B armocdepe Benepsr.
Jlnst mosicuerHud, mpencTaBbTe cebe crekyaanuyio cdepy. Ecrecrsen-
HO, 9TO MapasuIiebHble Jydn (0T JaJEKuX 3BE3]T) OyIyT OTKIOHATHCS
B HEM K TOEHTPY. TaKaH CUCTEMaA BCEM 3HAKOMA KaK OIITUYECKAA JIUH-
3a. [lomobuas curyanus Oymer u mis ra3oBoit cdepbl (arMocdeps
Counna). JIjst TOUHOrO pacuéra OTKJIOHEHMsI Jiy4a CBETa B DaBU-
TAIMOHHOM TT0JIe HYYKHO y9ecTh Hajandne armocdepbt CoHIa u To,
YTO HAMUYNE TPATUEHTOB TJIOTHOCTH M TEMIIEPATYPhI HA TIYTH JIyYa
BBI3BIBAET M3MEHEHWE MMOKA3ATENs TPETOMIIEHUS CPEIbl U, CIeI0Ba-
TeJIbHO, UCKPUBJIEHHUE JIyda cBeTa. V yK ecjin Ha PACCTOSTHUM COTHU
MeTpoB BO/M3HM 3eMHOM TOBEPXHOCTH 3T M GEKTH BLIZBIBAIOT MU-
pPaxK, TO He YIUTBIBATE UX [IJIs1 JIy4a OT 3BE3JIbI, ITPOXOJILAIIEr0 BOIM3N
CoJiHIla MIJITHOHBI KHJIOMETPOB — 9TO UUCTAs CIEK YIS

Cwmemenne niepuresinst Mepkypust — 3¢pekr, KOHEUHO, KPACUBbIIT
(HO B €IMHCTBEHHOM SK3eMILISIpE — HE MAaJIO JIU JiJIsd “IPUBJICUCHUST
nayunoi reopun”?). ITosromy, 6b110 ObI MHTEPECHO HABIOAATH €10
BOJIM3U TBEP/IBIX Tesl (HAIPUMED, JJI CIyTHUKOB BOJIM3W ILJIAHET),
9TOOBI MOXKHO OBLJIO OTHO3HAYHO OIEHUTH ero BenduHy. lesro B ToMm,
aro CoJIHIle He FBIIETCH TBEPIABIM TeJOM U JBUKenne Mepkypust
MOXKET BbI3bIBaTh Ha COJHIE MPUINBHYIO BOJTHY, KOTOpas MOXKET B
CBOIO OUEPEeb BANATH Ha cMernerne nepurenus Mepkypus. (B 3asu-
CUMOCTH OT CKODOCTH IEPEJAadd IPABUTAIIMOHHBIX B3aUMOJEHCTBUI
u “rugpomuHamudeckux’ cpoiicts CoJIHII BOIHA MOXKET KakK olepe-
JKaTh, TAK W OTCTaBaTh OT jaBuzKkeHus Mepkypus.) B sobom ciryaae
HEODXOIUMO 3HATH CKOPOCTH MEePeIadn I'PABUTAIIMOHHBIX B3AUMOIET-
CTBUl /71T BBIYUCJIEHUS BJUSHUS TPUJIUBa 0T MepKypusi U Jpyrux
[JIAHET Ha Xapakrepuctuku opduthl Mepkypusi, 4T00bI MOKHO OBLIO
OTJEJINTD IUCTO “IPaBUTAIUOHHLIN 3P deKT 00IIell TeOPHUU OTHOCH-
TesibHOCTH (ecytu 3ToT “ancthiit” adhdexT BoobIne CyImecTByer).

[Ipu pacuére 8 OTO cmemennst nepuresiust (13 CTPOTOTO PEITIe-
HUSL JIJIST €IMHCTBEHHON MPUTATHBAOMIEH TOYKM) CO3AAETCS BII€9IaT-
JIEHUE, UTO Mbl 3HaeM TOUYHbIE MAacCChl acTpoHOMUYecKnX Teji. Ha ca-
MOM jiejie, ecyir Mbl mostb3yemcst OTO kak mompaBkoit kK Teopun Heto-
TOHA, TO CHUTYyaI[Usi TPOTHUBOIOJIONKHAS: CTOUT 3a/1a4a [0 BUIUMOMY
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JBUKEHU) TIJIAHET BOCCTAHOBUTH X TOYHBIE MACCHI, YTOOBI MTOTOM
nogacraButh ux i nposepku OTO. Ilpencrasum cebe, aro opbura
IJTaHeThl — Kpyroeasi. B 9ToM caydae cpasy OUYeBHIHO, UTO TEPHOJ
Bpailtienus B Teopuu HeioToHa yKe OyeT B34T ¢ yU€TOM HEBUIUMOII
nperieccuu, TO eCcTh nepenopmuposan. [losromy B Teopuio HeroTo-
Ha y2Ke BXO/ISIT [MepeHOPMUPOBaHHbIE Macchl. 1l0CKOIBKY mompaBKu
OTO Bo MHOrO pa3 MeHbIIE BO3MYIIAMIIIErO BIUSHUS BCEX ILIAHET
¥ BJIVSHUST HECPEPUIHOCTH, BOCCTAHOBJIEHWE TOUYHBIX MACC B 9TOM
CJIOYKHOI 3a/1aue MHOTUX TeJT MOYKET CYIIECTBEHHO U3MEHUTH OMUCa-
HUEe BCell KapTUHBI JABUMKEHUS. DTO HUTJE HE YITEHO.

Boobtie roBopsi, cuTyaltns ¢ ONACAHWEM CMENTEHHUS MePUTETHsT
Mepkypusg TunwdHA g OOBEACHUA PEIITHUBUACTOB. Bo-mepBBIX,
obbaBisgercd, uTo 3¢ddexT ObLI IpecKa3aH, X0Td JUHIITERH cpaB-
HUBAJI €ro C U3BECTHBIMU DEIYyJibTaTaMN HpI/I6ﬂI/I}KéHHbIX pacqéTOB
Jlamnaca, momyvennpiMu 3a0aro 10 OTO. Hazaeroch, KaxK et ge-
JIOBEK IIOHUMAET OIPDOMHYIO Pa3HMILY MerK/y “lipejicKa3ars’ u “0bb-
ACHUTH 3aHuM duciaoM” (BcnomunM anekgor or Peitavana). Bo-
BTOPBIX, TIPENECCHsT OBIIA U B KJIACCHIECKOH (DU3MKE: TIO JTaHHbIM 19
BEKa HWTOTOBad BEJINYWHA ITPpEIECCHUU 3a CUET BJIUAHUA HEKOTOPBIX
JIPYTHX IIIAaHeT pacunThIBaTach Kak H88”, a memocraromas pacaér-
Hag BesJmunHa OblLaa Bcero okoso 43", To ecrb cocrapisia Maslyio
MOMPAaBKy. (3aMernM, 9To 110 HEKOTOPHIM TaHHBIM 20 BeKa yKa3bIBa-
ercsa ofIad BeSMYINHA MPEIECCHH TTOYTH HA TOPANOK GOMbITad, HO
npu 3rom coxpansgerca uz OTO penmuuna B 43" — “raby”; BrupoueM,
9TO MOXKeT OBITb 1 OomevYaTka — He OyaeM TPUANPATHCA M0 MeT0YaM
K 1/3 or “orpomuoii skcepumMenTaabuoit 6a3er OTO”). B-tperbux,
TOYHbBINI pacqéT B 3a/1a9€ MHOTHUX TeJI JaKe COBpEMEHHaAd MaTeMaTH-
Ka [MOKa BBITTOJHATH He B COCTOAHUW. B KIaCCHIeCKOM CIydae pac-
YéT MPOBOJUICS KAK CyMMa HE3aBUCHMBIX TOMPABOK OT BJIHSTHIS
OTAEMBHBIX TIaHeT (B nonmapuom B3anmogeiictsun CosHie u niane-
Thl CYMTAJIUCH MATEPUATBLHBIMU TOUYKaMU). ECTeCTBEHHO, B KJIACCH-
YECKOM CJIy4ae MTOrOBbIi pedynbrar (yxke Gosee 90 npomeHTos oT
Habro1aeMoro!) MoxKeT ObITH emé yaydineH npu yuaére Hecdepud-
noctu Cosana (9xcnepumenTanbabiil GakT!), BAUSHES BCEX MLIaHeT
(m masteix Test) CosHedHOI cucTeMer u Toro (dakra, aro CosHie — He
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TBEPIBIN 00HEKT (MaTepUATbHAS TOYKA) W €r0 JIOKAJIbHAS [IJI0THOCTh
B PA3HBIX CJIOSX IPOCTO 00si3aHa, “OTCAEKUBATH  BJIUSHUE OCTAJIb-
HBIX JBYDKYIUXCA TIAHET (HA TOM IyTH OpuBjedenuns Gojee pe-
AJIbHBIX KOHKPETHBIX (PUBUUECKUX MEXAHU3MOB BIIOJHE MOXKET I10-
JIyauThCst HegocTatommiit masbiit a3ddexr). Ho To, uro aekmapupy-
0T PEJIATHBUCTDI — YMY HEMOCTHRUMast crekyadmusa!l Oun “naxoqar”
sbdekr (HpuIéM TONBKO STOT MAJBIA MPOIEHT), PACCMOTPEB JIBU-
JKEHUs JIMIG JIBYyX MarepruaibHbix Touek — Comnra u Mepkypus.
[Ipoctute, a kak Bama OTO nmoakoppekTupyer yKe HaliIEHHYIO 13
KJIacCuKH D0JTbITyI0 yacTh 3dderrta? Bourecsk canrars? Torga o Ka-
KOM “OaecTsieM coBnageHnn’ Bul TBepauTe? UmMcTad MOATOHKA IO
Kemaemoe!

Ja u pabora ocHOBaTe sl PEJISITUBUCTCKOTO “O0bsICHEHUs] CMe-
menus nepurenust Mepkypus [41, crp. 439-447| copepxkur ssemen-
TapHble MaTeMaTuueckue ormubku. Tak, KJIaCCUK He 3aMeTHs, 9To
NpUMEHEHNEe M3BECTHON u3 aJredpnl Teopembl Buera o cymme KOp-
Heil aarebpandeckoro ypaBHEeHUsT K BBIBEJICHHOMY (C MaXUHATIASIMN)
KyOMUeCKOMY YPAaBHEHUIO [IPUBOJUT K YCJIOBUIO

1 1
—=artat+—, > ata=0, = ¢g=m,
a a

TO €CTh HUKAKOTO CMEITeHNs 3 “pacaéros’ DUHIITEHA HE CIeIyer.
BoJtee nogpobHo pazbop crarbu DFHINITEHHA MOXKHO MPOYUTATH B
[146].

[Ipoobpa3z “aéphoit apipbl” B perennn Jlaiiaca, KOrjia cBeT, [IBU-
JKYTIAHACS TTaPAJIIeIBHO TIOBEPXHOCTH, HAUUHAET KAK NCKYCCTBEHHBII
CIyTHUK 3eMJIM JIBUTATHCS 110 KPyTy, omtungaercd or ueit OTO. Hu-
9TO HE BAIPEIAET CBETY C JIOCTATOYHO OO/IBINOH SHEPIUEil TOKUHYThH
TeJIO IEePHeHIUKYIAPHO ero nopepxuoctu. Her comuenus, 4ro Ta-
K¥e JIy9r OyIyT CyNIeCTBOBATH (M [0 BHYTPEHHUM TMPUIWHAM U IO
BHEITHIM ): HAIPUMEP, TAQJAI0IINe U3BHE JIYIU 110 3aKOHY COXPaHe-
HUsI SHEPTUU CMOTYT HAOPATh SHEPIUI0 U TPHU OTPAKEHUU TOKUHYTh
Takyio “aépuyio aeipy’. [Iporie BMecTo mpuB/iedeHns TPOTHBOPEUIN-
BBIX CBOMCTB CBETa PACCMOTPETDH “TaJieHre” 3/IeMEeHTAPHON TaCTHIIb,
HATTPUMED, 3JIeKTPoHA. OCTAdTCs In I HETO BO3MOYXKHOCTE YIIPYTO-
IO OTPaKEHWUsl, WK TAKYIO BO3MOXKHOCTH (1151 criacerust OTO) Hy K-
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Puc. 2.8: llanenue wa “aéphyto aeipy’.

HO TTOCTYJIATUBHO 3aHpeTI/ITb? EC.HI/I TaKyIO BO3MOXKHOCTH BCE 2Ke He
BaAIperaTh, TO PACCMOTPUM Ceayromnwit mpotece. [lycts smekTpon
HauYWHAaeT MaJaTh C HYJIE€BOIl HAYAJIbHON CKOPOCTBIO M3 OTIAJIEHHON
roukn A (mampumep, ¢ paccrograusg 100 a.e.) HAa OUYE€Hb MACCHBHOE
reno (Puc. 2.8), koropoe norsiomaer “nocaeaue u3bbirounbie 6n-
JKaii1ine MOJIEKYJIbI” U CTAHOBUTCH “9€PHO IbIPOil” 32 MIHOBEHUE J10
TOrO, KaK HAIll 31eKTpoH mepeceuér [IIsapummibaosy cdepy (or-
MedeHHYI0 Ha pucyHke kak B). Paccrosmne |OB| mias warssiHo-
CTH M300paKeHo CUJILHO PACTSHYTHIM. [T0CKOMBKY 38 MTHOBEHHE 10
CTOJIKHOBEHWS 3JIEKTPOHA € MOBEPXHOCTHIO “uépHoit Abipel” O 3TOT
“00beKT” OB YCTOMYMB U HU CKOPOCTb, HU YCKOPEHHUE STOH MOBEPX-
HOCTH HE MOTYT MTHOBEHHO CTaTh O9€Hb 6OJ'H:)H_H/IMI/I (,Z[a " CTOJIKHOBE-
HEE MOIJIO MPOU30UTH C JIeTAINEeH HABCTPEUY TEIUIOBOH YacTHIeit),
TO TIPU yIPYTOM CTOJKHOBEHUW BBIODAHHBI HAMHU JIEKTPOH IIOJIe-
TUT K TOYKe A ¢ TO# ¥Ke CKOPOCTBIO, 9TO OH TPUOOPEST 10 CTOJK-
HOBEHHUs. Y TBEPXKJIAETCA, 9TO OH He cMokKer 1peojojiers Isapir-
mmaeA0By cdepy B. llycts on ocranoButcs B Touke C' (HampuMep,
Ha paccroguuu 10 KM or 1enTpa “rera”’). Ecan seimomHsiercs 3a-
KOH COXpaHeHWsT 3Hepruu, To Tak Kak B Toukax A m C CKOpoOCTb
9JIEKTPOHA PAaBHA HYJIFD, TO €r0 MOTEHIINAJIbHAS IHEPTUs] B TOUKE
A roxe paBHa norTeHnuaabHONi sHeprun B Touke C. CiemoBaresb-
HO, Mexk Ty Toukamu A u C' HET TPaBUTAIMOHHOTO TOJIA (CHJIBI TPU-
TSDKEHNUST), MHAYE TOTEHIINA/ JIOJIKEH ObLT ObI MOHOTOHHO yOBIBATH.
Onrako paceMmorpenne curyannn ducto ¢ nosunuit OTO maér emé
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xyammit pesysabrar (cm. Hmke). “HYéprbie apipe’ B OTO — mosHag
MucTuKa. Ecau B34Th JAJUHHBIA CTEPXKEHb, TO NPU JBUKEHUN €ro
MAacca yBeIUmUIuTCd, a pazmepsl ymenbmarcs (cormacao CTO). Yro,
obpaszyercs “aépnasg apipa”’? Bee mebo cTaHeT 3amoJHEeHHBIM “I€pHDI-
MU JbIpaMu’; ecu OBICTPO JABUTATHCS. A BeJib 9TOT NPOIECC ObIT OBl
veobparum o OTO. Hanpumep, Jijist ObICTPO JBUKYIIETOCH CBETA
000# 00bexT Beesennoit — uéphast nbipa (Kak ke cBer BooOIIe erg
cymecTByer?).

Hanomuanm mekoTopeie obmenssecthble perrenus: 1) ITTsapir-
IITUIb/IOBCKOE  PEIeHNe ONUCHIBAET CTATHYECKOE IEHTPATBHO-
cummerpudHoe “rosie” B mycTore (3aMeThM, 4TO TEMIIePATYPHBIE Xa-
PAKTEPUCTUKH OTCYTCTBYIOT, TO ecTb 1 = 0K); u 2) akcmaibHO-
cuMMeTpuYHag MeTpuka Keppa ompemenser IPaBATAIMOHHOE “To-
Jie” BpalmaroIerocsi kojurancapa. Hanudue ocobennocreit njin MHO-
TOCBA3HOCTU PEIICHUA O3HATACT, YTO KAK MUHUMYM B 9TUX O6.HaCTHX
pertennie HenpuMeHuMo. Takas cuTyarus UMeeT MECTO C IEPEMEHOIH
CHUTHATYPBI HTPOCTPAHCTBA U BPEMEHH [1Jid “IEPHOIL IbIPbI. B PEIIEHUH
[IBapuiu/ibia 1 He CTOUT UCKATH KAKOT0 J1O0 NCKYCCTBEHHOTO (hu-
Jocodpexoro cmbicaa. Puandeckas: ocoberrocTs B perenun 1Bapir-
mMuJIbaa Opu T = Tg HE MOZKET 6BITB yCTpaHeHa YUCTO MaTeMaTH-
YeCKUMU TTpeobpaszoBaHusgMu: TpubaBIeHne B 9TOH ToUKe 6eCKOHEY-
HOCTH C APDYTUM 3HAKOM — 9TO MCKYCCTBE€HHAA UT'Da Ha 6eCKOHe“IHO-
CTSIX, & JIJIsT TaKOf mpoTeyphl HyKHa (usndeckast ocHoBa. (Bean He
YCTPAHSIIOT ke B (DU3NKe BCe 0COOEHHOCTH B HYJI€ MCKYCCTBEHHBIM
npubassieraneM «exp (—Ar)/r, tae A - bosbinas BeauanHa?) 3ame-
M, 9o Haiigenroe B.A. Pokom (B rapMOHMYECKMX KOOPAMHATAX )
CTpPOTO€ pEIleHre yPaBHEHUH T'DABUTUIIMOHHOIO IOJId DJUHINTEHHA
AMeEeT CHUHIYJAAPHOCTDL IIPU APYIOM 3HAYCHUU 1" = Tg/2 (uro cBue-
renberByeT 0 Heopnozuadnoctu OTO). Bosee Toro, cymectByer eré
pemtenne B. Ilaymu ¢ cuHTYIspHOCTBIO IpH 1 = 1g/4 (He CIMIIKOM
JIM MHOTO HEOJHO3HAUHBIX cuHrynaspuocreii?!). Tamee, Bo Bpamao-
meiicst cucreme xkoopauaar OTO He ymoBieTBOpSET TPHUHITUIY CO-
OTBETCTBUSA: B NPEJIESie He MEPEXOANT K KJaacCuaeckoii dusuke (He
HOSIBJIAIOTCST CHJIBI HHEPIIUH ).

Haxe nuz OTO cuenyer HeHab/I01aeMOCTb “déPHBIX JBIP”: Bpe-
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Mg obpasoBanug “9€pHON ABIPEI’ OYHAET /I HAC, KAK OTIAJTEHHBIX
Habro1areseil, 6eCKOHEIHBIM (Jazke ecyin Obl MBI JJOXK TAIACH “KOH-
ma Csera”, Hu omHOW “gépHOil mBIpBI’ He ycmeso Obl 00pa30BaAThH-
cs1). A TIOCKOJIBKY KOJITIATIC HE MOXKET 3aKOHUUTHCsI, HE MMEIOT CMBIC-
Jla pellenus, paccMarpuBaromnme, 6yaro yxke Bcé npomsoriio. Pas-
JIeJIEHHOCTD COOBITUIN /71 BHYTPEHHEr0 U BHeIHero Hab/ojaress
OECKOHEYHBIM BPEMEHEM — 9TO He “KpaiiHuil npuMep OTHOCUTEIbHO-
CTM XO/a BpeMeHW’, a IJEeMEHTAPHOE MPOSBJIEHNE MTPOTHBOPEINBO-
ctu [IBapumuibI0BCKOTO PENIeHUs. DTOT Ke (PaKT JTeMOHCTPUPY-
er “memotHoTa’ cuctem permennti. He sicHo, 9T0 cTamer ¢ 3aKOHOM
COXPAaHEHUs 3aps/ia, ecau B “4épHyio AbIpy”’ Vitaér Goibiie 3apsiioB
ojiHOTO 3HaKa? MucTudeckoe OmMUCaHWE ‘METPUUECKUX TTPUINBHBIX
cu’ [39] mpu mpubmkeHnn K “aépHoit ApIpe” HEMPABOMEDHO, TaK
KaK 9T0 03HAYAJIO ObI, 9TO TPAMEHT TPABUTAIMOHHON CUJIBI B TIpE/Te-
Jlax TeJia Benuk, a Bee mwiern OTO ocHOBaHBI HA TPOTUBOMO/IOMKHBIX
npeanonoxkennsx. Merpuka Keppa npw Hajuumu BpaleHus: Tak-
JKe HalIgIHO noKasbiBaeT HecoctosTenbHocTsh OTO: ona marema-
TUYECKU CTPOrO JA8T HECKOJIBKO (PU3UUECKU HEPEAJbHBIX PEIeHU
(Te e oneparun, uto n s [IIBapummILI0BCKOil METPUKY HE Cria-
caror moJioxkenne). Takum obpazom, Takoit obbekr OTO kKak “gaép-
HBIE IBIPBI HE MOXKET CYIIeCTBOBATH W JOJI2KEH ObIThH TIEPEHECEH U3
cdepnbl HAyKW B 00j1acTh HeHnayuHoO# bantactuku. Bes Beenennas
CBUIETEILCTBYET, UTO MUP YIUBUTEIBHO YCTONUNB, YACTO JTUHAMU-
YeCKH, HO OECKOHEUHBIX KOJUTAIICOB HE OBIBAET (CKOpee MpOM30HIeT
B3PBIB). BCE 3TO COBEPIIEHHO HE OTMEHSIET BO3ZMOYKHOCTB CYIIECTBO-
BaHUSI CBEPXMACCUBHBIX (HO JIUHAMWYECKH YCTOWYIHBBIX) OOBEKTOB,
KOTOPBIE BIOJTHE MOTYT TPOABJISTEHCS PAgoM 3(DhekToB (HampuMep,
aKKperueii, u3jydenneM u ap.). s 9Toro BoBce He HYKHBI (haHTa~
aun OTO. He HyKHO TaK2Ke UCKATH [IyTH UCKYCCTBEHHOTO CIIACEHUSI
OTO B Buze “ncnapenust 9UEpHBIX ABIP”, TaK KaK TaKOH BO3ZMOMKHO-
cru crporo B OTO mpocTo HeT (CKOPOCTH CBETA HEMPeoJIonMa), a
BOT B KJIACCUKE, HATTPOTUB, HET HUKAKUX MPOHJIEM.

OTO coaepkuT 60JIBITIOE YUCTO COMHUTETbHBIX [IPEIITOCHLIOK U
pesyabraToB. llepeuncimm wexkoTropoie n3 uHux. Hampumep, Ttpebo-
BaHUE JIJIS MaJIBIX CKOPOCTEN TakyKe W CJIabOCTU I'PDABUTAIIMOHHOTO
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IOJId COMHUTE/JIBHO: €CJIN TOCAANTD allllapaT Ha MaCCUBHYIO TIJIAHETY,
HEYKEeJIH OH HE CMOXKEeT CTOATL WIH MeJJeHHO JBurarbcesa’! Heyxe-
JIM, HECMOTPs Ha TeMIeparypHbie (hJIYKTYyalluu HE HAHIYTCAd MOJIe-
KyJIbl C MaJLIMHA CKOopocTamu? Tak:ke paccMOTpeHHe IIeHTPaJIbHO-
cummerpuaroro mojist 8 OTO He nmeer PUMIECKOTO CMBICTA: T0-
CKOJIbKY CKOPOCTb MOXKET OBITh TOJIbKO PaIuaJIbHOI, TO HE MOXKET
OBITb HE TOJILKO BPAIEHUN, HO Ja2K€ PEAJbHBIX TEMIEPATYPHbBIX Xa-
pakTepuctuk, 10 ecth 1 = 0K. Ilose B mosocTy HE TOIYyUAIOT €11~
HBIM 00pa30M, a IPOCTO MOCTYIUPYIOT ABE pa3Hble KOHCTAHTLI, YTO-
ObI He OBLIO 0CODEHHOCTE.

Nznyderne rpaBUTAImOHHBIX BOJIH i 1aPabOIMIeCKOTO JIBU-
KeHus (C IKCIEHTPUCATETOM € = 1) MpUBOAUT K GECKOHETHOI moTe-
p€ HEePTUN U MOMEHTA UMITYJIbCA, 9YTO IBHO IPOTUBOPEYUUT OIBITHBIM
JTAHHBIM.

Qaxruwaeckn OTO MOXKeT TPUMEHATHCA TOJBKO MPU CAAOBIX TT0-
JISIX U c1abbIX BPAIEHUSIX, TO €CTh B TOi ke obsractu, uro u Heroro-
HOBA, TEOPUHA TATOTEHWs. BCIOMHUM, YTO aHAJOTHYHOE B3AWMOIEH-
CTBUE MKy ABUKYIIUMUCS 3apPAJaMi OTJINIAETCSI OT CTATHIECKO-
ro 3akona Kysmona. [losromy, npexe 9eM OpPUMEHHATh CTATHIECKUit
3aKoH TaroreHus HeioToHa, €ro HaJ0 MPOBEPUTH JJIS JABUKYITUXCS
TeJl, & ITO — LIPEPOIATUBA OLIBITA.

ObcymuM eré ouH TPUHITHITHATLHBIN MOMEHT, KACAOITHHCT 0T-
vocuresbHocTu Beex Besmaun B OTO. 3akonbl, 3amnMcaHHble IPO-
CTO KaK YpaBHEHWd, CAMU T0 cebe HUYIero He ompeaensior. s
perenus JII000M 3aMa9M HYXKHO €I 3HAHWE KOHKPETUKH: XaPaK-
TepucTUK Tena (Macca, ¢popMma U T.J.), HAJaJIbHBIX U/WIH FPaHUY-
HBIX YCJOBUH, XapaKTEPUCTUK CuJjl (BEJMUYMHA, HAIPABJIEHUE, TOY-
KU OPUIOXKEHUd U T.71.). PaKTHIecKu 3aaf0Tca “pernepHble TOYKN”,
OTHOCHTENIHHO KOTOPBIX U M3YYAIOTCS MOCTEAYIONIINe N3MEHEHUsT Be-
JuanH (TTOJIOKEHNsT, CKOPOCTH, YCKOPEHUSt W T.n.). [IpuHIumnma/b-
Hasl OTHOCHTETHHOCT Beex Beanawd B OTO mpoTuBopednT onbITaM.
IMoceytomas NCKyCCTBEHHAS TTOMBITKA BBIBOJUTH yCKOPEHUs (Um
BpameHH;{) OTHOCHUTEJIbHO JIOKAJIBLHON re01e3nYeCKOl NHEePIINaJAbHON
JIOpEeHIOBOI CHCTEMBI — 3TO MPOCTO TOTOHKA K €IWHCTBEHHO Da-
HOTAOIM ¥ 9KCTIEPUMEHTAIBHO TPOBEPEHHBIM KOOpaAnHaTaM abco-
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motaoro npocrpanctsa (OTO oprammyeckw Huyero mogo06HOTO He
copepxur [18]).

I'paBuTanMoHHAS ITOCTOSHHAS HE HBJIAETCS MATEMATHICCKOM
KOHCTaHTOi, a ucnbiThiBaer Bapuanun [9]. CienoBarenbHo, naHHasT
BEJIMYMHA, TAKXKE MOXKET YUHTBIBATD ITOIPABKH K CTATHYECKOMY 3a-
KOHy TsiroTeHust HproToHa (HApUMED, HE MPOBEJEHO AHATM3A ITUX
BJUSHUIT TIpU pacudére cMmerienns nepureanss Mepkypus). Hamom-
HUM, 9TO TIpU (PUHUTHOM JIBUKEHUM (HATPUMED, TEPUOIUIECKOM ) B
CBSI3AHHOMN CHCTEMe MHOIHX TeJT MOTYT HabJII0IaThCsd Pa3IndHbIe pe-
30HAHCHBIE SBJICHUS, BBHIPAXKAIONIMECT B COTJIACOBAHHBIX KOPPEKTH-
POBKaX mapaMeTpoB opouT (0COOGEHHO ¢ yI6TOM KOHEUHBIX Pa3MEepPOB
rest — HecdepuaHoCTH UX (DOPMBI U/ Uil PACHPEIEICHNsT MACC).

Boobiie ropopst, mpuHIUT OJM3KOMEACTBAS MOMKET OKA3ATHCS
JJTsT TPABUTAIINH TIOJIE3HBIM (& MOXKET U HeT, B 3aBUCHMOCTH OT CKO-
POCTH Nepeiaun TPABUTAIMOHHBIX B3aMMOEHCTBHI) TOJIBKO B Orpa-
HUYEHHOM YHCJIe CIy9aeB: Iph ObICTPBIX (U — ¢) JBUKEHUAX Mac-
CuBHBIX (OJHOTO TOpsi/iKa) Tea BOAM3U aApyr apyra. ABTOpy Hens-
BECTHBI ITOJO0HBIE IIPAKTUIECKIAE IPAMEPDL.

OiHO# TeoOMeTpU3ANNK SIBHO HEJIOCTATOYHO, YTOOBI OMUCATH JH-
HaMUKy Tejl. BO3bMEM HECKOJIBKO MMAPUKOB OJMHAKOBOIO Pa3Mepa:
BO3IYIIHBIN, AEPEBAHHBIN, YKeJde3ublit, cBUHMNOBLIN. IlycTh onm Ha-
YMHAIOT OJHOBPEMEHHO CBOOOIIHO Ma/IaTh B BAKYYMHOI KaMepe, a Ha
JTHE 10/ HUMU YCTAHOBJICHBI KHOIIKK IyCKa (TUIBOTHHBL, HALIPUMED )
C TPYXRWHAMU OJWHAKOBOU 60bIoil kécTtkocTu. Torma, HECMOT-
psi HA TIOJHOCTBHIO OJMHAKOBYIO KUHEMAaTHKy jBrkenust (x;(t) =
zj(t),vi(t) = vj(t),ai(t) = a;j(t)), cpaboTaer TOIBKO Ta KHOIKA, HA
KOTOPYIO YIIET CBUHIIOBBIN MIAPUK. DTO TAKXKE JOKAZBIBAET, UTO
CHUCTEMBI €JIMHUI], B KOTOPBIX CYIIECTBYIOT TOJBKO €IUHUIIBI U3ME-
pennst (pasmepuocru) [L| u |[T] — mecamonocrarounsr. Heobxoauma
eJIMHUIA U3MEPEHUS, “BKJIFOYAIONIAsT MaTepUaIbHOCTE Halero Mu-
pa. Takoii ejuuuieil Moxer ObITh eauHuUIA Macchl [M].

TMomgxox OTO x rpaBwTalun yHUKAJEH: 3aKPBIThCS B KaDWHE
sira, HACTAYXK/IAACH TTaJIEHUEM, U HE 3HATH, YTO Yepe3 MIHOBEHUE
pacmmbémbest. Koneuno, B peaqbHOCTH CUTYAIIAST WHAS: MBI BCETIA
BUJIUM, KyJIa ¥ KaK MbI JIBUKEMCS OTHOCUTEIBHO TPUTIATUBAIOIIETO
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nenTpa. Bonpexku Teitnopy u Yusiepy 910 u ecTh BTOpad “gacturia’,
BMecTe ¢ HabJoIaTesieM — epBoii ‘aactuiieit”. IMeHHO 1Mo3TOMY 9H-
CTO TEOMETPUYECKUN MOAX0l K TPDABUTAIMHN SIBJISIETCS BPEMEHHBIM
OTBETBJICHUEM Ha TIyTH (DU3UKK (XOTs, KAK PACIETHBI WHCTPYMEHT
MOZKET KOTJa-HUOY/Ib OKA3aThCs M0JIe3HbIM ). VI JIBYM IyTernecrBeH-
HUKaM B mpurde u3 KHUTH [33] (4K0OBI JeMOHCTPUPYIOIINM [TOIXO]T
reOMETPUM MCKPUBJIEHHOTO IPOCTPAHCTBA) HY?KHO “COBCEM HEMHO-
ro”: JKeJaHne JBUTATHCA OT 3KBATOPA UMEHHO BJIOJIbH MEPUANAHOR 0
IIIAPOBO#i MOBEPXHOCTH 3EMJIH, & Y OCTAJTBHBIX MTATH MUJLTUAD/IOB Ue-
JIOBEK MOYKET He 0Ka3aThCsl TAKOTO KeJlaHus. B oTimuane oT KeJaHust
MyTEIIECTBEHHUKOB, CKOJTBKO OBl BBl HE TIOXKEIA N He TIPUTATUBATHCS
K 3emye wim CosHIly 1 6€3 yCUaus yeTeTh B KOCMOC, BAIETO Ke-
JlaHus sBHO HejocTarouHo. llomobHoe siBeHNe U OTPAKAET TOHATUE
cunbl (B TAHHOM CJIy4ae CHUJIbI TSxKeCTH). [eoMeTpusi He MOXKET OT-
BETUTHb Ha BONPOCHI: CKOJBKO THUIIOB B3aUMOJIEHCTBUS PEAJH3IYETCS
B IPUPO/IE, TOYEMY TOJBKO OHH, MOYEMY CYIIECTBYIOT JIOKAJTM3OBAH-
HBIE MaCCBhl, 3apsijibl, YACTHUIIBI, TIOYEMY CUJIA TAKECTH MPOIOPIINO-
Ha/IbHA UMEHHO BTOPOH CTEIEHU PACCTOSHUSI, TOYEMY T€ W/ WHBIE
KOHKPEeTHBIE (PU3WIECKNE TTOCTOSTHHBIE PEAJIN3YIOTCA B TIPUPOJIE U HA
MHOTHE JpyTrHue. DTU BOIPOCH — IPEporaTnea (pu3uKu.

2.3 Kpuruka pengaTuBUCTCKOl KOCMOJIOTUN

Teopuu spositoniuu BeesieHHON HaBCer[a OCTAHYTCS THIIOTE3AME, TaK
KaK HU OJIHO M3 ITPEII0I0KEHNH (1a2ke 06 M30TPOITHOCTY U OJ[HOPO/I-
HOCTH) HE MOXKeT ObITh IPOBEPEHO: “TABHO YIE N 1 JBUKY -
Cd 1I0€3J] MO2KHO JOIHATh TOJIbKO B JPYIOM MeCTe U B APYyroe Bpe-
ms”. OTO mpunuceiBaer cebe paspelienne psjia MapaoKcoB (rpa-
BUTAIIMOHHOTO, (hOTOMETpUIecKoro). HamoMHuM, 4TO rpaBUTAIIMOH-
HBIN TIAPATIOKC COCTOUT B CJEAYIOMEM: Jid beckoreunoit Beeaenmoit
PaBHOMEPHON TJIOTHOCTH HEBO3MOXKHO u3 ypapHenus llyaccona mo-
JIY9UTH OHpe,ZLeJ'[éHHbIe SHAYCHUA JJIAd T'PABUTAMNMOHHOTO YCKOPEHUA
rest. (Kakoe oTHOIIEHWE K PEATBLHOCTH WMEIOT YHCTO MATEMATHYIE-
CKM€ HEOIPENeJEHHOCTH C YCJAOBUSAME Ha, OeCKOHeYHOCTH B (husu-
geckoit Mojiesn?) Hamomanm Takke cyTh (DOTOMETPHIECKOTO mapa-
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JIOKCA: 7ist HECKOHEYIHO CYIEeCTBYIOMEH (CTanumoHapHoii) GeckoHed-
noit Beenennoit 6e3 yaéra morIomenns U IpeodpasoBaHnus CBeTa ap-
KOCTH HEDA JOIZKHA PABHATHLCSA CPEIHER siPKOCTH 3BE31 (ONATH MHO-
IO HEPEATbHBIX MPEIINookeHnit). OMHAKO U B KJIACCHIECKOH bu-
3UKe 6])I.HI/I OIINCaHbI BOSMOXKHOCTHU DEIICHUA HO,Z[O6HBIX IapaJOKCOB
(HampuMep, ¢ MOMOIIBIO CHCTEM DPA3HBIX MOPSAKOB: cdep DMIeHa,
crpykryp lapsabe u ap.). OueBuano, uro Beenennas ne apisiercs
pa3mMazaHHoO cpefoit M MBI COBEPITTEHHO He 3HAEM €€ CTPYKTYPY B Iie-
JIOM, YTOOLI YTBEPXKAATH O BO3ZMOXKHOCTH PeaIH3allul YCIOBUI s
noI00HbBIX MapasokcoB (ckopee, Haobopor). Hanpumep, dhoromerpn-
veckuil mapagokc Ounbepca Jerko IOHSTH Ha OCHOBE AHAJIOIHH C
OKEAHOM: CBeT IOTJIOIAETCS, PACCEMBACTCS W OTPAYKAETCS TTOPITHsI-
MU U Ha ONPeNeJEHHYIO IIYOUHY CBET IPOCTO EPECTAET IPOHUKATD.
Koneuno, ams pazpexenunoit Beemennoit Takag “riybuna’ orpomua.
Onnako, CBeTAIINECs 3BE3ALI NPEACTABISIOT COOOM TOBOILHO KOM-
MaKTHBIE, JIAJIEKO OTCTOAIIHIE JPYT OT Ipyra o0bekThl. B pesyabrare
B MHTEHCHUBHOCTDL CBETa HOYHOIr0 Heba BHOCHT BKJIAJ JIMIIL KOHETHOE
quCI0 3BE3/1 (HE rOBOPS y2Ke 0 TOM, YTO B T€OPUU HAJ0 yHUECTh emé
n sdpdext Hommepa, a eme jaydrre — SKCIePUMEHTAJIbHBINH (HaKT —
KPacCHOE CMEITEHHUE).

ITo-toBOAY KpacHOrO CMEIEHUsd B CHEKTPaX aCTPOHOMUUIECKUX
00BbEKTOB CHTyallnd He 10 KOHIA onpenenénnas. Bo Bcenemmoii cy-
MeCTBYET 3HAUUTEIbHAS 10/ OOBLEKTOB, Y KOTOPBIX PA3HBIE YIaCT-
KH CIEKTpa HMEIOT COBEPIIEHHO pasjndHoe cMelenne. Boobie ro-
BOps, MOCKOJIBKY PACCTOSIHUE JI0 OTHAJICHHBIX OOBEKTOB MPAMO HE
onpeiesgercs (BbIUC/IsieMblii De3yIbTaT 3aBsA3aH HA ONpeIeTCHHbIC
I‘I/IHOTe3bI), TO CBA3bIBATH €ro C KpaCHBIM CMEIICHUEM — TOXKE I'MIIO-
Te3a (B KOTOPOIl HEM3BECTHO, 9YTO MOXKET ObITH mpoBepeno). Hampu-
Mep, pacmupsitoiiasics Beemernnas u 6e3 OTO mnaér xkpacHoe cMmerre-
uue corsiacuo 3¢dpdexty Jomnepa. Kpome TOTo HyKHO y9ecThb, 9TO B
KPaCHOE CMEIIeHNe U HAIIOIHEHNE TaK HA3BIBAEMOTO PETHKTOBOIO M3~
JiydeHust OYJeT JaBaTh BKJIAJ SJIEeMEHTAPHOE PACCESTHUE: BCIIOMHUM,
uro apdpext Komnrona maér sosmsl ¢ X > \g. Cmemenne unmit B
IPaBUTAIMOHHOM [10JI€ [IPEKPACHO IPECKA3BIBAJIOCH JIAXKe MEXaHU-
CTUYECKAMHE MOIEIAMHA U3 OOIINX SHEPreTUIeCKUX COODparKeHuit.
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Boobirie roBopst, Teopust Boabimoro Bapwisa Bei3kiBaer Bosbime
comuenns. [loMumo HaHATBHBIX BOIPOCOB: YTO B30PBAJIOCH, Ky/Ia W
koria (Besb HEe OBLIO HU MPOCTPAHCTBA, HU BPEMEHW, HU MATEDUH),
BO3HUKAET BOIPOC: & Kak 2Ke ObITh ¢ BeiBogaMu OTO o 4€pHBIX JbI-
pax (HENpeosoIMMOCTHIO TIPeAeabHOM ckopocTu cBera)? Beab Bee-
JIeHHAs JTOJKHA ObLta OBITH B HYJIEBOH MOMEHT YE6pHOI IBIpoil (1a
U HE TOJIBKO B 9TOT MOMEHT, d B T€UEHUE HEKOTOPOI'O MEPUOJIa BPe-
menn). Kak xke 6biTh ¢ orpanndenusmu OTO, Beab Tenepb BMeCTO
TAKOTO OOPA3HOTO OMUCAHUS CYKATUS B UEPHON ABIpE MBI IKCIEPH-
MEHTaJIbHO HaDIIoIaeM moscemMecTHoe pacimupenne? MaTEpecHo, Ha-
BEPHOE, COUMHSTH TO, YTO HEJIb3sI MPOBEPUTH (TOJBKO HE CTOUT Ha-
3bIBATH 9TO HAYKOIi).

[Mepetiném x creaytoneMy TPUHIATHAILHOMY BOTIpOCY. ABIsger-
¢ JIU TLJTFOCOM TO, UTO PACIpejiesieHe U ABIKEHIe MaTepUu He MO-
ryT ObITH 3ajaHbl IpowsBoabHO? W mpaBmabHo am 3107 B 0obimem
CJydae 3TO O3HAYAET HPOTHMBOPEYMBOCTH TEOPUU, TAK KAaK KPOME
[PABUTAIMOHHBIX CUJI CYIIECTBYIOT U JAPYTHe CUJIbI, CIIOCOOHBIE Tie-
pemeriate MaTepuio. C IPaKTHIECKOW TOYKN 3PEHUS 3TO O3HATAET,
9TO MBI JOJIZKHBI 6bI.HI/I 1 B HAYAJIbHBIA MOMEHT BpeMeHn 3aJaTh BCe
pacnpenenenus “npaBunbabiM 1 OTO” obpazom. Torma we K “mo-
MEHTY TBOPEHUsT” JI MbI TOJIXKHBI OTHOCUTE o7 U Kakue MpUHIUITHI
JIOJIKHBI OBITH OJIHO3HAYHO JIETEPMUHUPOBAHHBIMU JIJIA TAKOT'O BbI-
6opa? 3uanuit Tpebyercs GombIle, YeMm JObIe BO3MOXKHBIE 0XKU/Ia-
uust ot npejckazaauit OTO. [lox BonpocoMm OKazbIBalOTCd BO3MOXK-
HOCTBH TOYECYHOT'O OIMHUCAHUA M TeOpUsd BO3MyH.[eHHI71, Bedb UTOI'OBLIC
BEJIMYMHBI TOXKE HE MOryT ObITh Ipou3BojibHbIMU. [lpucoesunenue
K CHCTEME YPaBHEHHUI COBEPIIEHHO HEM3BECTHOTO YPABHEHUsI COCTO-
STHUS 03HAYAET MCKYCCTBEHHOE YCIOKHEHWE CBI3bI0 MAKPO- M MUK-
POYPOBHEl U 0TPaykaeT BO3SMOKHOCTH TIPOU3BOJIbHBIX TIOJITOHOK (Ha~
npuMep, BHIOPACHIBAETCS TEMIIEPATYPHAA 3aBUCHMOCTS). BO3MOK-
HOCTB JT0OABJIEHUS KOCMOJIOTHYIECKOHN TIOCTOSTHHO B YpaBHEHUsT DiTH-
IMTefiHa — 9T0 KOCBEHHOE MPU3HAHWE HEOJHO3HAYHOCTH ypPaBHEHWMI
OTO u BO3MOXKHOCTH IPOU3BOJIA. Y 2K €CJIU C TAKOH TOUYHOCTHIO BCE
MOXKHO 33JIaBaTh, TO TOYEMY MPOM3BOJBHBIM 00pPa30M He 33/1aBaTh
[IEPBOHAYAJIBHOE PACIpEeIeHIe U IBUKEHIE MaTEPUU.
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OTmernM Tak»Ke COBEDIIEHHO HANPACHYI0 nonbITKy B [141] o1-
BJICUBCS HA JUCKYCCHIO O TKOOBI HEOOXOIMMOCTH PA3IHIATh CHCTEMBI
KOOp/MHAT (HeBECOMbIE — MATeMATHUKA) M CUCTEMBI 0TCUéTa (MaTepu-
anbHbIe). MaTemMaTnka — 9T0 U €CTh YHUBEpPCAJbHAs HAYKA /IS OIH-
canus JIOOBIX sIBJICHWI U CPABHEHHs] UX MEXKy cObOil; OHA He BHO-
CHUT BO3MYIIEHUIT B (DU3UIECKHUE MPOTIECChI. 3aUeM K€ HCKYCCTBEHHO
HAIPY2KaTh UCC/IEYEMbIil MPOIEeCe MACCUBHOM cucremoii (mononan-
TeJIbHBIMI 0GbEKTAMM), KOTOPas Ha CaMOM JleJle HUKaK He CBsi3aHa
¢ stuM nporeccom? Kak 370 MOXKET TOMOYb HANTH MPUYUHY W Me-
XaHU3M MCCITETYEMOTO STBICHW

IIpuanuno Maxa

[Mpunnmn Maxa 00yc/I0BIeHHOCTH WHEPTHOHN MACChl 1 aOCOTIOTHOCTH
VCKOPEHUA JEeHCTBUEM JIAJIEKUX 3BE3]T TaK:Ke COMHUTENEH, TaK KakK
00baCHIeT BHYTPEHHME CBOMCTBA OJHOTO TeJIa Uepe3 CBOMCTBA apY-
rux teji. Koneuno, unes cama no cebe kpacuast. Eciau canrarh, 9T0
BCE B MUPE B3aUMOCBI33HO U CYIIIECTBYET HEKOTOPOE UIATHHOE TI0JI-
HOe ypaBHEHUE COCTOsIHUs, TO JIF0B0e CBOMCTBO TeJI J0JIZKHO OIIpE/ie-
JIIThCH BJMSHUEM Beeil ocrasbhoit Beenennoit. Oqaako, Torga npu-
NJI0CH Obl KaXK/IyI0 YACTHUILY CUYUTATH WHIUBUIYAJIBbHON. DTOT MyTh
MOPOYEH JjId HAYKHW, WAYIIEeHl OT MEHBINEro 3HAHWA K OOJIbIIEMY,
TaK Kak “Heyib3g 00bdaATh HeobbsaTHoe”. llpakTuyecku, ecjiu y4uecTb
HEPABHOMEPHOE PACIPEIEIEHNE MACCHI (B KOMIIAKTHBIX 00bEKTAX) 1
Pa3HbIe BEJIMNYUHBI CUJI TIDUTAZKEHUA OT 6,HI/I}KHI/IX n JaJIbHUX O6’beK—
TOB, TO TIOJIYYHIOCH OBl CILIOIIHOE “Iéprafmbe” BMECTO PABHOMEPHOTO
BpallleHnd MJIN PaBHOMEPHOT'O ABUM2KCHUA TI0 MHEPIIUU.
Ilpuatunuaabao opuHimn Maxa He MoxkeT ObITH IPOBEPEH: KaK
yaaJjienne Bcex Tea m3 BceneHHo#, TaK M MCKYCCTBEHHOE yCTPEMJIe-
HUE IPABUTAIMOHHONA HOCTOAHHON K HYJII0O — HUYErO HE MMEIOIIne C
peasbHOCTBIO abcTpakiuu. OIHAKO, SKCIEPUMEHTAIBHO MOXKHO OI1e-
HUTDH BAUgHWE “maaékux 38317, cunTas Maccy BcelreHmoii cocpeao-
TOYEHHOI B OCHOBHOM B KOMITAKTHBIX 00beKTax. Cuiia NpuTsa:KeHus
3Be31bI ¢ Maccoit mopsaka maccel Cosana M ~ 2 - 1030 kunorpamu,
HaxojdAelics Ha paccTostHUN B 1 cBeTOBO# rog ~ 9- 101° METPOB IK-
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BUBAJIEHTHA JEMCTBUIO IPYy3a Maccoit BCETO mgy ~ 25 rpaMM HaXOd-
merocs Ha paccToganu 1 MeTp. Bocmonb3yeMest moka COMHUTETBHOM
Teopueit Bobmoro B3peiBa u OyaeM CINTaTh BPEMs CYIIECTBOBAHUST
Beenennoii ~ 2-10'° jrer. Jlazke ecim 651 3BE3/16I PA3JIETAINCE CO CBE-
TOBOI CKOPOCTBIO MbI uMesti Obl pasmepst Beesrennoit ~ 2-10'° csero-
BbIX JieT. CunraeM CpejiHee paccTOsiHuE MEXKY OsuKalimmMu 3B€3-
namvu 1 cBeroBoit rozx. Mpl HAMEPEHHO YyBEIMYMBAEM BCE BEJIMYUHBL,
HarprMep, Maccy Beenennoit u eé miotHocTs p ~ 1033 /10%4 ~ 1072
r/cM® (Tounast IIOTHOCTE BeeeHHoil Hem3BecTHa, HO 8 OTeHmBa-
for kKak p < 10728r/cm®). Yurém Temepn, WTO TMpHW yjaseHun Tew
JpYT OT JIpyTra BABOe, CHJIa YMEHBITIaeTcs BUYeTBepo W T.J.. llompo-
OyeM MMUTHUPOBATL CUIY BO3eiCTBU BCeli Beenenmoit B HEKOTOpOM
HampasJjeHnd. Jlaxke ecyii cCUUTATh CPEJIHEE PACCTOSTHIE MeXK Ty OJ1u-
KalmuMu 38€371aMu B 1 cBETOBOI T0J1, TO HA paccTodHuu B 1 MeTp
HY?KHO TIOMECTHTH MacCy B rpaMMax (cymmupyem 10 2 - 1019)

Mo ~25(1+1/4+1/9+---) =25 1/n® ~ 257°/6 < 50.

®akrmaeckn Kodddunment 72/6 BLIpaxkKaeT HEKOTopoe 3hheKTHB-
HO€ yBEJIMYCHUE TIJIOTHOCTU HA JIMHUN Ha6,HIO,ZLeHI/IH. Z[J'IH MMUTAIIUN
meiicTBug “Beeil BeeneHnol” MOKHO B3ATDH TOJACTYIO METAJLIHIECKYTO
cdepy C BHEITHUM pAanycoM 1 MeTp ¥ TOJIMWHY B HAIPABICHUN K
[EHTPY CIeaTh TepeMeHHON (MOXKHO Jarke JJisi MMUTAIWN HEOJT-
HOPOIHOCTEH CAeMATh UTOJBIATYI0 CTPYKTYPY BOIN3YM BHYTPEHHETO
pajuyca).

[Iycts Tonmmua crromnuoit cdepnr 0,6 Merpa, TO eCTb OT IEH-
tpa no 0,4 merpa — Huma, a gajee no 1 merpa — metanna. Torma
macce My upu wiornocru ~ 8,3 r/ em® OyaeT COOTBETCTBOBATD ITHU-
JuHApuYecKuil croabuk pasmycom ~ 0,35 cm. B peasbHOCTH MBI
JMIOJKHBI yUeCTh BJIUSHEUE 3BE3] B KOHYCE, a He TOJIBKO B IUJINH-
ape. XOTst MbI TAKXKE HMEEM IMapOBOil META/IMIECKUNl KOHYC, TeM
HE MEeHee OIeHUM TOPSIKU BeJudnH. Pa3obbéM KOHYC Ha IUIUHIPH-
9eCKUe CJIOM, BOBHUKAIOIIIE 10 Mepe BOB/IEUEHNA HOBBIX CJIOEB 3BE31]
(Puc. 2.9). Kax/p1it HOBBIH ¢j10#t OymeT G0JIbIIe TPEIBIIYIINErO CJIOST
Ha 6 3B€371. PaccTogrms oT 1eHTpa 10 OmKaiImeil TpaHnIbl KayK 10-
O CJI0sI 3BE3T MOYKHO HATH 13 1071001sT TpeyroNbHIKOB: R; /1 = i/r.
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R

Pwuc. 2.9: IIpuanun Maxa u Biuanmne Bceemennoii.
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Torga umeem R, = /i?(1 4+ r2)/r. CegoBarenbHo, MONpaBKa K Mac-
ce My (cymvmpyem 1o 2 - 1019) maitnérea xax

1 6 |

~ My(146-10"%log (2-10') | ~ My(1 4+ 0,02).

Takum obpaszom, HaIel KOHCTPYKIINK C JUXBOW XBATAET [Jid yIETa
neticreus “Beeit Beenennoii”. Koneuno, eciiu Beenmennast 6eckoned-
Ha, TO TIOJyYeHHBI!l TapMOHWYECKHUH DA pa3oiiIeTcss W KOHCTPYK-
npusi Oyner veajgekparHa. Onuako 3ro nporusopeunt Kak OTO, Tax
n COBPEMEHHBIM B3TJIdJaM U Ha6.HIO,Z[aTeJ'[beIM JAHHBIM.

[TomecTuMm Tereps BHYTPH cdepsl Mapuku Ha npykuHe. Js u3-
Oexxanns m0H0UHBIX I(PHEKTOB BO3AYX MOXKHO U3 KOHCTPYKIIUN OT-
Ka4yaTh U JIONOJHUTEIHHO W30JUPOBATE IMAPUKUA OT Cepbl TOHKUM
cocynom. Ecau mayars Bpamars cdepy, To coriacHo npuHiuiny Ma-
Xa JI0JI2KHA, IOABUTHCA 1TeHTPOobeKHas CHUJla U IAPUKK Pa30f1yTCs.
[Ipu sTOM TeHTpObEKHAS CUIA AOMKHA OBITH TAKON Ke, KaK ec/iu
OBI BpAIIAINCEH CAMT MTapUKU. KaxKeTcst BIOIHE 0YEBUIHBIM, UTO 3TO
HEBO3MOYKHO, TaK KaK Takoil achdekT 6611 Ob1 JaBHO 3aMeueH. Takum
06pa3omM, MBI BO3BPAITAEMCA K abCOMIOTHBIM TTOHATUIM YCKOPEHUSI,
MacChl, TPOCTPAHCTBA U BpPEMEHU, onpeesiéHHbIM eré HproroHoM.
OHAKO ONKUCAHHBINA OILIT MOI ObI OKa3aThHCS IOJIE3HBIM /I OIPee-
JIEHUsI TTONPABOK K CTATHUIECKOMY 3aKOHY Tsrorenust Hotorona. IIpu
9TOM IMAPUKU JOJIZKHBI UMETH JOCTATOIHYIO CBO60,Z[y nmepeaBuraTbCa
U BpaIaThCd, TaK KAK HEW3BECTHO 3apaHee HAIpaBJIeHUE JefcTBUS
TIOIIPABOYHBIX CUJI 1 MOMEHTOB CHJI.

Boobr1rie roBopst, 06yCI0BJICHHOCT CAMOTO TOHATHA MACChI (1 CHLIT
HHepHI/H/I) JeiicTBeM Bcell ocTaJbHOil BceeleHHOE MOXKHO 3JIeMeH-
TApPHO OMPOBEPTHYTH. BepéM 11BOe OJMHAKOBBIX BECOB W CTABUM WX
psioM. Bepém gBa Kybuka oJUHAKOBOTO pa3zMepa, HO CIIeJaHHBIX 13
Pa3HBIX BEIIECTB: U3 IICHOIIJIACTa U U3 CBUHILA (OHI/I 6y,£[yT OT/INYaTh-
cst mo Macce B 11350/10 = 1135 pas). IlocraBuM oxnme KyOuK Ha
OJIHU BECHI, a BTOPOil KyOWK Ha Apyrue Bechl. F.CTeCTBEHHO, BECHI TIO-
Ka3bIBAIOT pa3Hblil Bec KyOuKoB. Bel roBopuTe, 4T0 3TO ONpEIeeHO
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neiicrBuem Beeil Beenennoii? IIpekpacuo! Ocrapiisem Becbl Ha MecTe,
a Kybukuy o9eHb ObICTPO MeHsieM MecTamu. Ecrecrsenno, aro bf Bee-
JIEHHAS HE OTPA3MJIACh 3€PKAJIBHO OTHOCHUTEJBHO IIJIOCKOCTH, Pas/ie-
JISTFOITIEH 7TBOE BECOB (HE OTPA3MINCh 36PKAIBHO CO3BE3/IUsT, 3eMJIsT He
CTaJ/1a BPAIATHCA B IPOTHBOIIOIOXKHYH0 CTOPOHY | T.J1. ), & MOYEMY-TO
Macca (Bec) liepeMecTuiIach BMECTE CO CBOUM KyOukom. Muo-
POKPATHOE BBIIIOJHEHUE 9TOMN OIEPALUY ITPUBOJIUT K OJIMHAKOBBIM pPe-
gysabTaTaMm. Takum obpa3om, Macca oTpaKaeT JIOKaJIbHOE CBOWCTBO
KOHKPETHOT0 00beKTa, a BJUsSHUE Bcelt BeemeHHO HA KOHKDETHOE
MECTO MPOCTPAHCTBA HUYTOXKHO, W Kpacusbie Opennu Maxa ¢ mpe-
TeH3uell Ha BCEOOITHOCTh TOYKE MOXKHO CJIATh B ApPXUB UCTOPUH.

2.4 Témuasa marepud U TEMHAA SHEPTULA

Hamomuum, 9T0 BBIBOI O CyIIECTBOBAHWE TAaK HA3LIBAEGMON “TEéMHOM
Marepun’ OBLT CJ€JaH TOJbKO HA OCHOBE KOCBEHHbBIX IIPU3HA-
KOB TIOBEJIeHNsT aCTPOMU3NIECKIX 00 BEKTOB 110 CO34aBAEMBIM MMU
IpaBUTAIMOHHBIM Y dexTaM. Bompekn cOBpeMeHHBIM TEOPUIM, 9TO
ObLIU CJIEIYIONIME IPU3HAKK: AHOMAJIBHO BBICOKAsi CKOPOCTb Bpallie-
HUS BHEITHUX 00/1acTell ramakTuk (KoTopas He yOhIBaeT Kak RY 2,
a, HAIIpUMep, /I TYMAHHOCTH AHIPOMEILI OCTAETCS IPUMEPHO II0-
CTOSIHHOI); OIEHKA MAaCChl IaJaKTHK 1O JIBUKEHUIO CITyTHUKOB Ta-
JIAKTHK ¥ OJIM3KOPACIOIOXKEHHBIX IIAPOBBIX CKOILIEHWI;, 3BE3IHAS
Macca IINITAIECKUX TATAKTUK HEIOCTATOTHA [IJId YASPXKAHU Ta-
3a; OIEHKA MAaCChl CKOILIEHMH rajakThK, [I0 TPABHTAIIMOHHOMY JIMH-
3UPOBAHUIO. A, MOXKET, BCE-TaKM CaMU TEOPUM U OLEHKU OIMHOOYHbI
(3TO MOTYT OBITH OTKJIOHEHHST OT 3aKOHA MPUTSI?KEHNsI, UJTH BJIUSIHUE
orBepruyToit cpeapl — adupa [179])7 C oxHO# CTOPOHBI, HOCTY/IH-
pyercs, 9T0 TEMHag MaTepus He B3aMMOEHCTBYeT CO CBETOM, HO, C
JIPYToil CTOPOHBI, TAK KAK OHA B3AMMOJIEUCTBYET C BEIIECTBOM CHJIa~
MU TPABUATAINN, TO, BOMPEKHU TOCTY/IATY, ‘CBET UCIyCKAETCS OTTY/Ia,
rlIe eCTh TEMHOE BEIlleCTBO .

Wcenenoparme 400 3837 B paguyce g0 13000 cBeTOBBIX JeT OT
Connna He BBIIBHAM HAJIWYHMS KaKOil Obl TO HEM ObLIO “TéMHOA Ma-
repun”, T.e. BOM3M 3eMiH € MCKaTh OecrosiesHo (a Jasbiie — 9TOo
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He npoBepsiemble anTazun). CremoBaTeNbHO, CYIIECTBYIOT KAKHUE-
TO TPOOJIEMBI C COBPEMEHHBIMU TEOPHUAME MPHU 3KCTPANOJISIIIUUA HA
OoJibITIe paccTodnusd, TUH0 KAKMe-TO MapaMeTPhl HEMPABUIHHO OITe-
HUBATCS [ yIaJEHHBIX 00bEKTOB.

B kauecTBe KaHIMAATOB HA POJIb “TEMHON MaTepuw’ HAPALY C
PeAbHBIMU TTPEJITIATAIOTCST COBEPIIEHHO Mudmieckne (CymecTBoBa-
HEUE KOTOPBIX OCTAETCsl HA yPOBHE BEPHI) OOBEKTBI: YEPHBIE JIBIPHI,
KBApPKOBBIE 3BE3DI, (J-3BE3/IbI, IIPEOHHBIE 3BE3/IbI, IEPBUIHLIE IED-
HBIE JIBIPBI, TLTAHKOBCKUE YEPHBIE ABIPHI (MakcuMoHbl). C TéMHOMN
Marepueil CBA3BIBAIOT BBIIyMaHHBIE MTPOOGJEeMbl BoJbIoro B3phIBa
U PEeJITUBACTCKON KOCMOJOruu. Ha 9Ty pojib mpejjaratr (haHTa-
CTUYECKNE YACTHUIBI, BBIIyMAHHBIE [IJIsi CIIACEHUs] KAKOM-JTub0 JIzKe-
HAY9HON Teopuu: aKCUOHbI (sIKOObI pematomue “npobiemy”’ CuabHO-
ro CP-mapyiennst B KBAHTOBOIT XpOMOIUHAMUKE ), MupUICCKHE “Cy-
IEePCHMMETPUYHLIE” YACTUIIBI, TaKKe KaK (pOTUHO, TPABUTUHO, XUATT-
CUHO, CHEUTPWHO, a TaK»Ke CKA30YHBbIE TOMOJOTHIECKUE TedeKThI
IPOCTPAHCTBA-BPEMEHHN, BBIAYMAHHLIE B PAMKAX IICEBIOTEOpHUn “da-
30BBIX MEPEXO0B BaKyyMa npu pacmmpennn Beemennoit” (Marnut-
HBIE MOHOIIOJIM, KOCMHYECKIE CTPYHBI, JIOMEHHBbIE CTEHKH, TEKCTY-
pbI).

Eciin rémuast MaTepust HAXOAUIACh BHAYAJIE B TEPMOIUHAMUIE-
CKOM PABHOBECUU C YACTHUIIAMU KOCMUYECKOU MIa3Mbl, TO, KaK Ke
TeMIlepaTypa MOTJIa yIacTh, YTOOBI MPEKPATUIOCH 3TO B3AUMOIEH-
creue? st HapyieHns: yCTORYUBOrO PABHOBECHS HYXKHBI BECHMa
BECKWE MPUYIUHBI (U ITefiCTBEHHBIE MEXAHU3MBI).

[lo noBojly CKpPBITOI MAacChl: MPOTUBOpEYNE BO3HUKAET, €CJAU B
pacuérax HeOECHON MEXaHWKHN YIUTHIBATH TOJIHKO BUIMMBIE B OIITHU-
YeCKOM jlnaraz3one o0bekThl. OIHAKO, j1azke Ha npuMepe CotHedHOi
CHUCTEMBI MBI BUIUM, 9TO KpoMme camoro CoJHIa (CBETSIIErocst) cy-
[MECTBYIOT €I¢ TIJIAHETHI CO CIYTHUKAME, aCTEPOUIhI, METEOPUTHI,
METEeOpHI, COJTHEUHDBIN BeTep, Mblb, ra3 u T.J. TakuMm obpaszoM, Ta-
JIEKO HE BCd Macca B TPOIECCe YBOTIONHN 0OI3aHa COCPETOTOTNTHC
B 3B€3/max. Beerma cymecTByeT cenapaTpuca, OTAESIONIAs TPOJIET-
HBIC TPACKTOPUU OT 3aXBAUEHHBIX, Jd W Ha 3aXBA9YCHHBIX TPACKTO-
pusix JIUIIb MaJjiasg 9acTh YaCTUI CIIOCOOHA MONACTb B IEHTP, Tak
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KaK OCHOBHOE JIBMYKEHWE B 3TOM CIydae He TMPAMOJUHEHHOe, a KPY-
roBoe (JUTHITHIECKOE). 3HATUT, acTPOMU3NIECKAT TACTh 00CY XK Ta-
eMoit Tpob teMbl MOKeT OBITH CBA3aHA C HEBEPHON OIEHKON PeaThLHOMN
MacChl 1 €€ IBOJIFOINH, & TAKXKE C UCKAYKEHWEM 3aKOHOB, MOJIyYeH-
HBIX B JIaOOPATOPHBIX YCAOBUAX, HPHU IKCTPAIOJISIITUN Ha OOJIBIITHE
paccrogaus. KocMmosiornaeckyto 4acTh IpobiiemMbl BOODIE HE CTOUT
00CY2KJIaTh BCEPBES, TAK KAK 9TO UYUCTO THIIOTETHIECKAS 00aCTh.

CrenaeM 3aMevaHuWs 110 TMOBOAY TaK Ha3bIBaeMOil mpobiieMbl
[IuKKYM (MACCH CKOMIEHMIT raTlakThK ). Mbl BUIMM TOJIBKO JTy4eBble
TPOEKITNH Ha OECKOHETHO YIAIEHHYI0 chepy. MBI He 3HaeM TOUHO HI
paccrosHus 10 0ObEKTOB (CI€I0BATEIHHO, U UX B3AUMHOE PACIIOJO-
JKEHIE), HU UX OTHOCHTETbHBIE CKOPOCTH (J1azKe JIydeBasi TPOEKITHsT
CKOPOCTH OTIPEIETAETCS ¢ BEPOil B HEKOTOPbIE TUTIOTE3bI), HE 3HA-
eM 33 MUJUTHAP/IBI JIET OTKY/a, Ky/JIa U KaK MepeIBUraJInuCh (JIeTesn)
00BLEKTHI, & 38 MH3EPHOE IT0 KOCMUYECKAM MACITTabamM BpeMs HADIIO-
JeHust (BpeMst CyIIEeCTBOBAHIS HAOJIIOIATETHHON aCTPOHOMUM ) TIPAK-
TUYECKH HEBO3MOXKHO MPEJICKA3ATH JAIbHEHIIYI0 SBOJIOIUI STUX
00bexkToB. Tak uTo npobiemMa MOKa YUCTO IUITOTETUYECKAS.

Taxk HazpIBaEMOE TPABUTAIIMOHHOE JWH3WPOBAHWE — 3TO, B
MEPBYIO OUepe/b, OOLIKHOBEHHBIE TA30BBIE JIMH3BI (PA3yMeeTCsl, CBs-
3aHHBIE C OBIIEl MACCOit 00HLEKTOB, BKIIOYad 1 Maccy ra3a). OmHako,
TakKe OOMBIINYI0 POJIb UI'PAIOT I'PAJIMEHTHI IIJIOTHOCTH U TeMIIEPATY-
pBI Ha TIYTH Jyda. 3aMeTHM, UTO JIYYH, MaJafoIIie Ha 3eMJI0 OT
KaXKJIOI'0 TAaKOro KpaiiHe ynajéHHOro obbeKTa, UMEIT O4YeHb Y3-
KYIO HAIPaBJICHHOCTDb U IIPOXOAAT CBOH KOHKDETHBIN, IIpaKTUYe-
CKH JIMHEHHBIH MyTh C ONTHYecKO# miuHoil myTH s - n(s). Ograko
B OJHY TOYKY MOTYT IIOIIACTh JIy4W, HNPOIIEAIIHE 110 PA3HOMY IIy-
tu. [losTOMy HeT HUYEro YIUBUTEIHLHOTO B MOJYyYEHUH DPA3IUIHOTO
BUIa 4€TKUX m3obpaxkenuit. Jlec Jlaliman-anbda Kak pa3 u cBUIe-
TEJIBCTBYET, YTO Ha MYTHU JIY9ad MOTYT BCTPETUTHCHA CaMbI€ Pa3HbIE CO-
CTOsTHWSI BelecTBa (B JaHHOM cJiydae ra3a Boaopoja). Kakum obpa-
30M Ha TaKHNX PACCTOAHUAX MOZKHO OIIECHUTH, 9TO CYyHICCTBYCT HEKAA
“HoBas” (TéMHAsT) MaTepHs, A €IIé TPOBEPUTh, UYTO OHA HE YIACTBY-
€T B CUJIBHBIX BSaHMOﬂeﬁCTBHHX (,ZLa 1 B QJIEKTPOMATHUTHBIX TO)Ke)
— ocraéred 3aragkoii. UTobbl MOATBEPIUTH TAKOE HEYYACTHE, HAJO
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TOYHO 3HATH BCE YCJOBUS HA MYTH Jy4a W UMETh CTPOTYIO TEOPHUIO
BCEX BCTPEYATOIITAXCS COCTOSTHUT!

Témuast sHeprusi BbIIYMAaHA TOJBKO JJIsi TOTO, UTOOBI “00bsc-
HUTH' aKOOBI yCKopsitorieecst paciupernne Beemennoii. Cama-To Tu-
[OTEe3a PACIIUpPEHUsi — yKe TOJHBIN Opes, a y»K Korjga Owiao obHa-
pykeHo, 4To 6osiee ypasaéHHble 00beKThl MMeroT OoJibIllee KPACHOE
CMEITEHNEe W 3Ta 3aBUCUMOCTb HEJWHelHasi, cpa3y HeoOX0oauMo Obl-
JIO 0TOPOCHTE JIOXKHYIO TUIIOTE3Y PACITAPEHUsT U TIePeiTH K TeOpPUH
[IOKPACHEHUSI CBETA 33 CUET PACCedHUs U 3aTyxaHus BoJH. Jlomoaau-
TEJIbHO HY?KHO yHU€CTh HEPTeTUIECKOE (IPABUTAIIMOHHOE) CMEIEHIe
YACTOTHI IPU [IPEOJIONIEHUH CIJIbl TPABUTAIIMH OT U3JyYaoNIero 00b-
eKkTa (Ha HAIPABJIEHUE JIy4a 0T 60J1€€ CHJIbHO NPUTSITHBAIOIINX 3BE3]1
U TaJlakKTUK K MeHee mpurarnsaiomei 3emye). Takxke HeoO6X0uMO
yYEeCTb, YTO MYyTh OT 3BE31bI M0 3eMyin Oy/leT HE NPIMOJIMHEH-
HBIM, a “KOJeOommMcst’ B 3aBUCHMOCTH OT TPAJUEHTOB TLIOTHO-
CTH W TEMITEPATYPHI U HAJWYMUSA Ta30BbIX objactreii. U dem Gosibie
paccrogaue 0 obbekTa, Tem OoJbie OyAeT pasHuIla MeXKAy IIpsi-
MOit JimHUeH u AuHOH myTH Jyda (Kak, HAIPAMED, BO3DACTAOIIAs
pa3HUIA MEXKY JIJTMHAMU CUHYCOMJIbI U MPAMOii). DTO U eCTh Bare
[ICEBJIOPACIITHPEHIE.

Hukaknx 6pegoBLIX TEPMUHOB THMA, “YpaBHEHNE COCTOSIHUAS IS
TEMHO Heprur’ BBIAYMBIBATH HE TpebyeTcsd, Tak KaK MPaBo HA CY-
IIECTBOBAHWE WMEET TOJbKO TEPMWH ‘ypaBHEHHWE COCTOSIHUS BeIle-
crBa (marepun)”’. U1 BOBCE He MMeET CMBICA CyMMHUPOBAHUE MACCHI
PEATLHOTO BENIeCTBA W BBIIYMAHHBIX (COTVIACHO OMMOOYHBIM PACIé-
TaMm) Macc TéMHOM marepun u TéMHON sreprum (7!). A BOT CKpbiTas
Macca, KOHEYHO K€, BCEIr/la €CTh, IPOCTO 00g3aHa ObITh, TaK KAK B
BUIMMOM JTMAIIA30HE MBI (PUKCUPYEM JIUIIB YaCTh PEATbHON MaTepun
(BemmecTBa,).

Bejmunna kpacHOTO CMEIeHust TPOIIOPITHOHAIBHA OIITUYECKON
JJIWHE TYTH, KOTOPBIH mTpormén cBer. IHTeHCHBHOCTD CBETA, TIPO-
IIEIIIEro Yepes3 Cpey, nagaeT HeTMHEHHO (SKCIIOHEHITHATBHO OT Pe-
AJIBHOrO IIyTH), OTOMY OLEHKHM Pacumpenus BeegeHnoii no ceeru-
MOCTHU CBEPXHOBBIX I, HEBEDHBI.

3aMeTuM Tak)Ke, UYTO U3MEPEHUs] MUKPOBOJHOBOI'O W3/IyYeHUS
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Bceenennoit (onmaTh MCKyCCTBEHHO OBLT BBIIYMAH TEPMUH — TAK Ha-
3pIBaeMoe “pernkToBoe maayuenne”’) comyrankoMm WMAP nokasaso,
uTo Harma Beesernast — miockag, T.e. coryiacHo “OpurBe Okkama’” He
cTomsio m300peTarh HOBYIO CYIIHOCTL — “KPUBH3HY HPOCTPAHCTBA-
BpeMeHn’, TaK KaK BIIOJHE JOCTATOYHO KEBKIMIOBOM TeOMeTpHH.
Takxke mer mmkakoit Heobxommmoctu B OTO m BbLIyMaHHON! KOC-
MOJIOI'MYEeCKOM 11OCTOAHHOM.

3aMernM, 9TO TUIOTE3a O TEMHOM MaTepuu HUKOI/A HE TIPe-
CTaBJIAJId HUKAKUX 3KCIICPUMEHTAJJIbHBIX ?:.HELLIGHI/IP'I7 JJId KOTOPBIX
OHA TIPeJIHA3HAYAACEH, & UMEHHO aHOMAaJIbHOE KPACHOE CMeIEeHNe Ta-
JIAKTHUYCCKHX 3BE31. qHCHeHHO TOYHOE 1 MHBAPUAaHTHOE BO BPpEMEHU
[Ipe/ICTaB/IEHNE AHOMAJBHOTO KPACHOI'O CMEIEHUs] [aJIaKTUIeCKUX
3Be3)L gocruraercs B [192], HO 1yrTeM 3aMenbl clenuasbHOR Teopuu
OTHOCUTENIHHOCTH W300THOCUTETLHOCTHIO.

2.5 I'paBuTaITMOHHBIE BOJIHBI

[lepeiiném Terepb K 0BCYKIEHUIO TAK HA3BIBAEMBIX I'DABUTAIMOH-
HBbIX BOJIH. HpOCTpaHCTBO n BpEMd — ITO KaTeropum, KOTOPbIE HC-
MOJTH3YET IeJIOBEUECTBO [T OMUCAHUS W3MEHAIOIIeca (IBUKYIIel-
Cs1) MaTepuH; TO HAII CIOCOO MO3HAHMSI MUPA, HAIIA OPTaHU3AI
(cTpykTypa) MBIIUIEHAS. A y2K IPOCTPAHCTBO-BPEMS — 9TO BOBCE
HECYTIEeCTBYIOMN “00beKT’, TaKXKe KaK U €ro MeTPUKa — 9TO JIUIIh
MaTeMaTUIeCKas aDCTPAKIU B TaKOW BBIIYMAHHON MICEBIOTEOPUN,
kak OTO. C apyroii cTOpOHBI, TPABUTAINS MOXKET UMETh TOJIEBYIO
Ipupoay m MaTepUuaJbHbIE HOCUTEIN] B 9TOM CJIy9dae€ I'paBUTAITUOH-
HBI€ BOJTHBI BIIOJTHE MOTJIH OBl CYIIECTBOBATH (HE MMest HHKAKOTO OT-
nomernnst K OTO). OaHako CKOPOCTh MX PACIPOCTPAHEHUS 3apaHee
HeuszBecTHA. 10, 4TO UX He MOTYT OOHADYXKUTH YK€ MHOI'ME JeCs-
TUIeTHS, CKOPEE CBUJETEIBCTBYET B TIOJIb3Y UX OTCYTCTBHUA (nX “OT-
KpbiTue”, cresiantoe 1o/ 3aka3 obcepparopusimMu LIGO, Mbr 06cynnm
HO3/HEE).

3aMernM, 9TO YIIOMUHAEMbIe B 3TOU CBA3M TeMIIbl COJTUMKEHUS
CHUCTEMBI TBOMHBIX 3BE3/T 32 KOPOTKUI TTEPHO,T HADIIOIEHNS OTTpeie-
JIUTH HEBO3MOYKHO (CJIMIIKOM BEJTUKH HETOYHOCTH OTPEIETICHIS BCEX
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napaMeTpoB CHCTEMBI). BCepbé3 TOBOPUTH O TOM, YTO MOXKHO 3a-
durcrpoBarh cOnmKeHne TBOHHBIX 3BE371 (Iy/IbCcapoB) Ha 2,5 mioiiMa
B JIEHb MOXKET TOJIBKO JIZKEYUEHBIH (12 emé Oyaro 3T0 MPOUCXOJNT
nmenno B coracuu ¢ OTO). TaltMuHT TyIbCAPOB MOXKET JIUIIb CBU-
JIeTEJILCTBOBATE O HEOIHOPOJHBIX MPOIECCaX HA CAMUX YIhCapax U
B Cpejle PaCIpOCTpaHEHusi CUrHaja Jjio Habsronarens. Hu onno us
9TUX SIBJEHUN HUKAK He KOHTPOJIMPYECTCA U HE OIUCBIBACTCA TEO-
pueit na 100%. daxke naa mameit 6umkaiimeit spesap — Comrma —
He cymectsyer Teopun Ha 100% TOUHO MpescKa3bIBAIONIEH BCe TIpo-
[IECChI, HATTPUMeEpP, BCIBIMKA. Tak»Ke pacripoCTpaHeHre TaCTHIl OT
STO# BCIBIIIKHU JI0 3eMJIU ONHUCHIBAETCA BecbMa Npubmkénno. Ye-
10 YK€ 3TU TCeBOYIEHbIe XBACTAIOTCA 0 HAMHOTO HoJiee yIaTéHHbBIX
obbexTax?! Boobie ropopst, HEPHOANTIECKOE U3MEHEHIE PACCTOSHIS
MEXKJY TATOTEINMMHU 00beKTaMu HAB/TIOIAETCS TTOBCEMECTHO (BCe-
r1a, KPOME IHCTO KPYTOBBIX JBHMZKEHHT), B ToM dncye B CoTHETHOM
cucreme. A or Gmkaiiimux obbekToB 3hderT HosKeH ObITh Hosee
3aMETHBIM. DTO — BO-IIEPBBIX.

Bo-BTopBIX, pacuéThl, BHIIOJHEHHBIE JlammacoM To CKypITyIés-
HBIM HAOJIIOMEHUAM 3 JABUKEHUEeM JIyHbBI, TTOKa3a/ii, 9TO CKOPOCTH
paclIpocTpaHeHusl TI'PaBUTAIUA HA MHOI'O IIOPAIKOB IIPEBOCXOIUT
CKOPOCTh CBETA, 3HAYUT, CKOPOCTb PACIPOCTPAHEHUHA T'PDABUTAITUOH-
HBIX BOJIH TOXKE MOYKET OKa3aThCsd MHOI'O OOJIbIIIE, UeEM C.

B-1tperbux, KosebaHusi, BbI3BAHHBIE CHJIAMU HEDABUTAIIMOHHOM
Ipupoabl B J'[a60paTOpI/H/I, MOTIJIN 6bI NMETH ,ZLI/IHOJ'[LHBH?I (a He KBa/J-
PYIOJIBHBIH) XapakTep, T.e. SHEPTUsI BOJHBI ObLIa ObI OOJIbIINE, a 3a-
TyXaHne — MCHbIIIE.

B ueTBépThIX, 2 pasBe JoKa3aHO, 9TO HOPMYJIA JIJTsT SHEPTUN BOJTH
E = hw (nnu nmmynsca p = hK) mepectaér neiicTBOBATDH JIJId IKOOBI
6e3maccoBoil rpapuTanun’ Ecau e, TO cronao Obl 0XKuaaTh ropas-
J10 6oJiee 3aMETHBIX PE3YJIBTATOB UMEHHO OT ObICTPO BUOPUPYIOMINX
MAaCCUBHBIX ITPEIMETOB B TaD0PATOPHBIX YKCIEPUMEHTAX, YEM OT MU-
dugeckux B3aMMOIEHCTBIIT 06s13aTebHO ¢ (MuUIECKOiT) IEPHOI
ABIPOii.

B-tiarwix, gr00ble m3MeHeHns MOXKHO 3a(UKCIPOBATH TOJIHKO TTO
OTHOLIEHUIO K 4eMy-TO. Tak, Kojnebanus U3MEPLAIOT M0 OTHOIIIE-
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HUWIO K CTAIMOHAPHOIN cucTeMe (Hampumep, npubOpoB, 3TATOHOB U
ri.). OnHako ecan 6bI Kosebasach caMa METPHKA, TO CHHXPOHHO
HU3MEHAJIINCH 6bI pa3Mepsl BCEro, B TOM YHC/I€ XaPAaKTECPUCTUKU H3-
MEpPUTEJIBHBIX TpubopoB. B pesysibrare HUKAKOTO OTHOCUTEIBHOIO
u3MeHeHus 3aPUKCHPOBATH ObLIO GBI TPOCTO HEBO3MOXKHO (OOpara-
10T Ha cebsd BHUMAHUE TEepIeHIUKYIIPHbIE CXeMbI ONBITOB M0 THUITY
nnrepdepomerpa MalKeabCOHa, ¢ MOMOIIBIO KOTOPBIX 9aCTO Jea-
0T JIOKHBIE BbIBOﬂbI). A TMOCKOJIBKY PEJIATUBUCTHI TPUPABHUBAIOT
CKOPOCTH PACTIPOTPAHEHUS FPABUTAIINY K CKOPOCTHU CBETA, TO IJIEK-
TPOMATHUTHBIC XaPAaKTEPUCTUKU TOXKE 6bI TOACTPAaNBAJIMCH TIOJ W3-
MEHEHWE, CBA3AHHOE ¢ TPABUTAIINEH, W ¢ TTOMOIIBIO JTEKTPOMATHHT-
HBIX u3aydeHuit (ydeit) Toxke Henb3s ObLIO OBl OGHAPYKUTH Ta-
kue u3Mmenennsd. Takum obpazom, o6HAPYKUTH Kojebanus “camoro
MPOCTPAHCTBA-BPEMEHN HEBO3MOXKHO MPUHIIMIINAILHO, & BOT BO3-
MYTIEHUS TeOMU3TICCKON TPUPOILI JETKO (PUKCUPYIOTCS, ITO | 0~
kasbiBaeT npaktuka, T.e. OTO He npu uém.

B-1miecthix, cepb€3HO TOBOPUTH O BOBMOXKHOCTY (PUKCAIIUN WU3ME-
menug Merpuxu B 10721 — 10723 paz MOryT TOJBKO OTbSBICHHBIC
JKeydEHble, HO0 HET BeJIWYWH, M3MEpPSEeMBIX UeJ0BEUYeCTBOM C Ta-
KO TouHOCTBIO (I060TO cTymenTa 1-ro Kypca oTnpasuan Obl mepe-
CJIaBATH TEOPHUIO OMIMOOK), W HUKAKAsl CTATUCTHKA 3/I€Ch HE MOXKET
V3MEHUTH CHUTYAIIHIO.

Pengrusucter npunuceiBaior cebe PpyHKIMU geMuypra, HaDIIO-
JAIOIIET0 33 HAIIMM MUPOM CO CTOPOHBI U JIJIst TPaBononobust (Me-
XAQHWYIECKHU MTEPEHOCH AHAJIOTHIO C KJIACCUIECKUM HE3aBUCUMBIM Ha-
OJIr0/TaTEIEM ) OMUCHIBAIOT sIBJICHUS UMEHHO TakK. B peasbHOCTH XKe
J000# HabMomaTe b (1 Ipubop) ABJISIETCS 9ACTHIO HAIEro Mupa (1
TOYHO TaK 2Ke [MOJIBEPZKeH BeeM Bo3jeiicTBuaM ). Takum obpaszoM, HU-
Kakue Koyebanust mpocrpancTa-spemenn (cormacao OTO s1o u ecthb
AKOOBI TPABUTAIIMOHHBIE BOJIHBI) HE MOTYT OBITH B TPUHIUIE 00HA-
DY?KeHBI HE3aBHCHMO OT YCTPOiicTBa “merekTopa”’ (TpaBHTAIMOHHAS
AHTEeHHA, Jla3epHblil maTepdepomMerp MaiikebCoHA U T.11.), & TO, 9TO
JIETEKTUPYETCsl, OObICHSETCA PEAJBLHBIME JIOKAJBHBIMY MU3MEHEHHU sI-
MU BHYTpY TPUOOPOB, BHI3BAHHBIMHU M3MEHEHUSIMU PEATbHBIX (DU3U-
YEeCKUX AapaMeTpPOB (HampuMep, TeohU3NIECKUX U KOCMUIECKUX ),
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HO HUKaK He Muduaeckoro "mpocrpancrsa-Bpemvenn'. Ckopee Ha-
000pOT: KOPPEJIAIINs BOJHOBBIX JBUKEHUN C JIBUKEHUSIMU TAXKETBIX
MACCUBHBIX 00BEKTOB 03HAUA/I ObI MATEPUAIBLHYIO (CHIOBYO, TIOJIE-
BY0) MPHUPOJY PABHTAIMOHHOIO TOJIS M OMpPOBEpTrasa Obl BBIBOJIBI
OTO o Merpuueckoil Mpupojie TPABUTAINOHHBIX BOJIH.

NzBectro, uTo rpasutarmontbie BosHb B OTO momkub 06/1a-
JIATh HYJIEBOIl SHEpTHel (IIOCKOJbKY MOHATHE SHEPTHH ACCOIHHPO-
BAHO C TPAHCIANMOHHON cuMmmerpueit). OJHAKO PENATUBUCTBI, KaK
UCTUHHBIE JI2KEYYEHbIe, UTHOPUPYIOT 3TOT (PAKT U IIOCTYyHAIOT IIPO-
IT[e: OHU BBIYUTAIOT U3 TUIOTETUUIECKY OTTPEIEIEHHON KOHETHOM Mac-
Chl TUIIOTETUYECKN OHpe,Z[eJ'[éHH])Ie Ha4Ya/JIbHBIC MACChl 1 YMHOXKaIOT
Pe3y/ILTAT HA ¢2, T.e. BBOAAT OUEPEIHYIO HEIPOBEPSEMYIO THIIOTE-
3y, OyITO BCsT YHEPT U B3AUMOIeHCTBYA YHOCUTCH TPABUTAITMOHHBIME
Bosinamu. Ha oHe MHOMOYHMC/IEHHBIX BBICOCAHHBIX U3 MAJIbIIA THIIO-
Te3, OJHOI I'UIIOTEe30i MEHbIIe, OJHONi DOJIbIIE — Yero MeJOYUThHCH!

Ncropus ¢ 9k00bI OTKPBITHEM CPABUTAINMOHHBIX BOJTH U TTOJTyYIe-
HUEM 3a 3T0 1ceBnooTKpbiTre HobemeBckoit npemMun 6yaeT jeT uepes
100 cumrarbes mozopom, noxgerte Bpemén Jxxopgano Bpyro (Tak
KakK He OBbLI0 HUKAKON yrpo3bl XKU3HU JJId TeX, KTo mnpejas Ucruny
pajau serer u ciasbl). UT0 ObLIO U3MEPEHO TOYHO B 9TOM “IKCIEpPU-
MeHnTe”?

1. CymecTBoBaHMe YEPHBIX JIBIP — THIIOTE3A;

2. cy1iecTBOBaHUE TPABUTAIMOHHBIX BOJIH — THUIIOTE3A;

3. OTO - cxopee rumoresa, Ue€M TEOPHUS;

4. cKOpOCTb PACIPOCTPAHEHUS] TPABUTAIINN COBIIAJAET CO CKOPO-
CTBIO CBETA — THIIOTE3a;

5. MECTOHAXOXKJIEHNe NCTOYHUKA BO3MYITIEHUI — IUIOTE3a;

6. paccrosiume 70 ‘mcrounmka’ 0KOJ0 1,3 MUIIHAPAA CBETOBBIX
JIET — TUIIOTE3A,;

7. IPOUBOIILIO CJIUSIHUE ABYX UEPHBIX JIBIP — THIIOTE3a;

8. y arux “neip” mMaccer 36 u 29 COIHEUHBIX MACC — JBE TUIIOTE3HI;

9. Macca HOBO# “nbIpbl” U €€ apaMeTp BpAIleHUus] — IUI0Te3a;

10. KoMMYIECTBO WITYIEHHON SHEPIUNA — TUIOTE3A.

Tax kakast ke BeIMYMHA ObLIA HE THIOTETHYECKOH (pacaéTHO-
[OJITOHOYHON [0/ TEOPHIO), a m3MepsieMoii u KoHTposupyemoit? Hu
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ogpual Tak Kakas yKe U3 9TUX MHOTOYHUCEHHBIX THIIOTE3 MOTJIa, OBITH
TTPOBEpPEHa B 3TOM JIZKEHAYIHOM sKcrmepuMenTe?! Hukakast!

Ob6paiaer Ha cebd BHUMaHUE, YTO TPAKTUYECKH OJHOBPEMEHHOE
naburoaenne (2016 roja) 3TOro BO3MYIIEHHs  HEKOTOPOTO 3JIEKTPO-
MArHUTHOTO CHUTHAJA OBIIO MCTOJKOBAHO KaK COBIAIEHWE CKOPOCTH
TPaBUTAITHOHHON BOJHBI CO CKOPOCTBIO CBETa. A BOT MPHUXOJ raMMa
M3JIyIeHns Ha HEeCKOJIBKO CeKYH/I I03Ke HeKOTOPOoro curaata B 2018
rojly y2Ke He MCTOJIKOBBIBAETCS KaK paszjinyune 3TUX CKopocrei. Bor
Takasl MOJATOHOYHAS JIXKEeHayKa!

Ecsn 611 euEUYHOE OTKPBITHE T'PABUTAIMOHHBIX BOJIH OBLIO HE
3aKa3HBIM ([IOCTAHOBOUHBIM ), & PEATBHBIM, TO HAOIIOIAIUCH OBl 10
nobusie “orkpoitua’ (100% Koppessuu) 1jist MHOTHX COOBITHI, CBs-
BaHHBIX ¢ TEM, 9TO Ceilivuac HA3bIBAIOT YEPHBIMU JBIPAMU, HEHTPOH-
HBIMW 3BE3JaMu, mysabcapamu. QIHAKO, 3TOTO Her!

I'paBuTanmoOHHbBIE BOJIHBI HE MOI'YT OBITH ONPE/IEIEHBI Ha, HCKPUB-
JIEHHOM MHOr000ODa3Uu UMEHHO U3-33 KPUBU3HBI, TAKKE KAK ypaBHE-
Hust MakcBesaa MOTYT OBITh OTpeJieIeHbl UCKIUNTEIBHO HA TLI0C-
KOM TIPOCTPAHCTRBE.

2.6 BrpiBoabl k I'naBe 2

Hamnas I'mapa 2 6p01a mocssimena kputnke OTO. 31eck 66110 BbIge-
JIEHO MHOXKECTBO OPOCAOIINXCS B TJ1a3a COMHUTETBHBIX MOMEHTOB U3
yuebnukop o OTO, HaunHasi ¢ 06IUX MOJIOKEHUN 0 KOBAPUAHTHO-
cTH, 6a30BBIX (PU3MIECKUX TTOHSITHUIX W KOHUIAS D0O/Tee KOHKPETHRIMH.
[ToapobHo npoBejIEHO JT0OKA3ATENBCTBO HEU3MEHHOCTH M€OMETPUHU BO
Bpatatomeiics cucreme. O6Cyxk1eHa HeODOCHOBAHHOCTE W ITPOTUBO-
peunBocts B OTO npunnuna skeupasenTaoctu. IIpogemoncrpupo-
BaHA MPOTUBOPEYUBOCTD MMOHATHST BDEMEHU U €r0 CHHXPOHU3AIINY B
OTO. Hns nanbojiee MHTEPECHBIX YACTHBIX CYyYaeB MOKA3AHBI CITO-
coOBI CHHXPOHU3AIINN BPEMEHH U OJJHOBPEMEHHOT0 M3MePEHUsT JIJIUH.
B TtaBe 2 mokaspiBaeTcst HEM3MEHHOCTH TEOMETPUU MPOCTPAHCTBA
u obcyxkaaercs: posib rpanutl. COMHUTETbHBIE MOMEHTHI [TOITYEPKHY-
ThI KaK JIJIsT METOJIOB, TaK U Jiyisg MHOTOUnC/AeHHBIX caegcTeuit OTO.
[Toapo6Ho paccMOTPEHBI TPOTUBOPEINBOCTD MOHITHS “IEPHBIX ABIP”,
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HTIBapIimmab0BCKOTO PEIeHnsT U MHOTUX JIPYTUX PEIeHuil u Cie-
creuit OTO. Taxkxe obcyxaén npunimn Maxa 1 ero BO3MOXKHas
poBEpKa.

Nroroseiit BEIBO 1JIaBbI 3aKJIIOYAETCS B HEOOXOIUMOCTHU BO3BPa~
Ta K KJIaCCUIECKHUM ITOHATUAM IIPOCTPAHCTBA U BPEMEHHU U IIOCTPOe-
HUW TEOPUU I'PABUTAIUU HA 3TOU HPOYHON OCHOBE.



I'nasa 3

JdKcHnepuMeHTAJIbHbIE
OCHOBBI T€OPUHU
OTHOCUTEJIbHOCTH

3.1 Bsenenue

B mpenpiaymux rimaBax 3HAYATEILHAS YaCTh KPUTUKH TEOPUU OTHO-
CUTEJIBHOCTH 6&3I/IpOBaJ[aCb Ha TaK HA3bIBA€MBbBIX MBICJICHHBIX 3KCIIE-
pumenTtax. CuemaeM OIHO TPHBAAILHOE 3aMeYaHIe, 9TOOBI Y KAKOT'0-
uubynb “mobpoxkenarena’ CAydaiiHO He BO3HUK aOCYDPIHBIN BOIPOC
0 TEXHUYECKOH OCYIIECTBUMOCTH M SKCIEPUMEHTAJIBHON TOTHOCTH
MBICJIEHHBIX 3KcnepuMenTos. OO6menpunaro co sBpemén Lajmies,
9T0 KOHCTPYKIUS MBICJIEHHOIO SKCIIEPAMEHTa HUCIOJIL3YeT IMOHATUSI
¥ TIpaBUJIA HEKOTOPOW KPUTMKYeMOIl TeOpuu M JIEMOHCTPUPYET MX
BHYTPEHHIOIO MPOTHBOPEYNBOCTL. B pe3yibrare OKa3bIBAETCA, UTO
BOBCE€ HET BCJIMYUHBI, KOTOpyIO MOZ2KHO COIIOCTaBUTDH C IKCIICPUMECH-
ToM. Jlormueckoe poTuBOpeUne CTAaBUT (DUHATHLHYIO TOUKY B Pa3BU-
THU JA1000i Teopun. TeMm He MeHee It TTOJHOTH KAPTHHBI PACCMOT-
peHre TeOpUu OTHOCUTENHHOCTH OyIeT TPOIOJIXKEHO C IKCIIEPUMEH-
TaJbHON TOYKU 3PEHUSL.

B sroit riiaBe Mbl OyjieM aHAIN3UPOBATH PeasbHBIE SKCIIEPUMEH-

155
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Thl U ITOKaZKEM O]_HI/I6OLIHOCTB MHTEPIPpEeTAINN 3TUX OIBITOB TeOpHeﬁ
OTHOCUTEJILHOCTH. JJIst MHUITHAIIUN TTPOIIECCa PA3MBIIILIEHUS HAJT Pe-
JIATUBUCTCKUMHU IKCIIEPUMEHTAMU PACCMOTPUM HAEr, KOTOPbIE MOT-
au 661 “nourn #e KoHdsmkroBars” ¢ CTO (HO mOTOM HOCTENEHHO
MbI ,ZLOI‘/JI,ZLGM u ao KpI/ITI/IKI/I)

Beenenwe I'napel 3 HAUHEM ¢ TTABHOTO JJIA TEOPUU OTHOCHUTEJh-
HOCTH BOIIPOCA: TIOCTOSAHHA, JTH CKOPOCTh ¢Bera?! Kasamock 6b1 oTBET
Ha 3TOT BOIPOC y2Ke ObL 1an B ombiTe Maiikesbcona-MopJu o u3y-
YeHUIO BJJINAHNA ABUXKCHHA BeMJ'[I/I Ha CKOPOCTH CBETaQ (HaHOMHI/IM
TaKKe aHaJJOTHYHbIE ONTHYEeCKue dKcrnepuMenThl Mopiu, Kennemu-
Topuyaiika, Benckuil skcrepument JIxxyca u gpyrue [7,61,83]). 3a-
MeTuM, 9T0 ObLIH TOMBITKE CKoppektupoBars CTO [79,97,116] u
BO3pouTh Jlopennosckyto reoputo adupa [1,42,64,95,108,119].

OHakKo, TEpMUH “TIOCTOSTHHBIA 03HAYAET HE3ABUCUMOCTD OT Bpe-
MEHU, IIPOCTPAHCTBEHHBIX KOOPAWHAT, HANIPABJICHAA PACIPOCTPaHE-
HUsT CBeTa, (PU3MIECKUX CBOUCTB 00IaCTH pacIpocTpaHeHus (HaIpu-
Méep, HAJIWYMS TPABUTAIINM) M, HAKOHEI, OT CBOMCTB CaMOro CBeTa.
Heobxonumo HekoTopoe ycumiue, 9Tobbl J1aTh HEPEIB3ATHIN OTBET
Ha, BOIIPOC: YTO 2Ke MOTJIO ObITh OnpeiesieHo B uarepdepomerpe Maii-
kesbcona? OTMeruM, 4T0 HUKaKas CKOPOCThb B onbiTe MaiikesbcoHa
HE MEepsIeTCst BOBCE, a U3MepsieTcs PasHOCTh (a3 jyueil (a 0 cKopo-
CTU MBI MOXKEM CYJAUTH JINITH KOCBeHHO). I‘Ia,l_[OMHI/IM7 9TO JBa CBC-
TOBBIX JIy49a JBUTAJUCH BO B3AMMHO TEPIEHIUKY/ISIPHBIX HAPaBJIe-
HUSIX. 3aMeTHM, OJIHAKO, caeayomee. UTo0bl n3bekaTh CHHXPOHU-
3allMi BPEMEHHBIX MHTEPBAJIOB B PA3JIMYHBIX TOYKAX, 008 CBETOBBIX
JIy9da ABUTAJINCH 110 3aMKHYTBIM TPACKTOPUAM (B ABYX B3aMMHO T1€P-
HEeHNKYIIPHBIX HalpaBieHusax). Cie1oBaTebHO, (DAKTHIECKH MBI
MMeeM JIeJI0 TOJBKO ¢ HEKOTOPO “cpesHeil” I MPOTHBOIOIOKHRBIX
HAIIPABJIEHUI CKOPOCTHIO CBETA.

VaurniBasg BBIMIECKA3aHHOE, KA3aJ0Ch ObI, Pe3y/JbTaT DKCIEPHU-
MenTa MaiikeabcoHa MOXKeT ObITh ChOPMYJIUPOBAH CJIEAYIONIAM
obpazom: cpeHsisi CKOPOCTb CBeTa (QUKCHPOBAHHONW UaCTOTHI s
JABYX MPOTUBOIOJIOXKHBIX HAIIPaBJIEHU B HEKOTOPOH cucreMe OTCUé-

Ta He 3aBUCHUT OT JABUWKEHWA 3TOH cucrembl. Ilo Kpafineit Mepe aBa
BOIIPOCa BO3HUKAIOT B CBSA3W ¢ pe3ysbTaToM Maitkenbcora-Mopain:
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(1) TlocrosiHHa JiM CKOPOCTH CBETA HE3ABUCUMO OT HAILIPABJIEHUS er0
pacrnpocrpanenns k; = k/k nim ona anmzorponna: ¢ = c¢(kp)? Dror
BOIMPOC MOXKHO HECKOJIBKO PAaCHINPUTH: 3aBUCUT HUJIM HET CKOPOCTH
CBETa OT MPOCTPAHCTBEHHBIX KOOpJAWHAT I W Bpemenu t?7 OHaKo,
HO/I[O6H]:)I€ BOIIPOCEI C TOYKH 3PCHUA TeOPUHN OTHOCHUTECJILHOCTU HaXO-
JISITCS 38, IIPeJIelaMi COBPEMEHHBIX TEOPETUIECKUX U MTPAKTUIECKIX
BO3MOYKHOCTEH, TIOCKOJIBKY 3aTPArMBAIOT 1IPOOJIEMY CTPYKTYDbI IIPO-
CTPAHCTBA KakK TAKOBOTO. 371€Ch 3TH BOTPOCHI HE OYIyT 06CY K IATh-
Csl, TIOCKOJIbKY UX 9SKCIEPUMEHTAJTbHAS MPOBEPKA C TOYKH 3PEHWUST
CTO Tpebyer “HGazoBoit cucTeMbr”, 0013 JAOIIEH HEIJTEKTPOMATHUT-
HOI IPUPOIOHA IJIs U3MEpEeHUs PACCTOAHUN U CHHXPOHU3AIIAN Bpe-
MEHMN.

(2) CymectByer 6osee MpaKTHIECKHUi BOITPOC: 3aBUCHUT JIH CKOPOCTh
cBeTa B BaKyyMe OT XapaKTepucTuk camoro cera? B uactHOCTH,
BO3MOXKHA, 3aBUCHMOCTH OT 9aCTOTHI W, T.e. ¢ = c(w).

Ousnaeckuii (pumocodekuii) CMBICT TOCTOTHCTBA CKOPOCTH CBE-
1a (n3 yaebuukos 1o CTO) cuepyromnii. Ilycrs cser cuocoben pac-
MPOCTPAHATHCA B BaKyyMe 0e3 mpoMeRyTouHoi cpenl. [lockombky
CHCTEeMa OTCYETA HE MOXKET ObITh TBEPIO “IpMBA3aHa’ K IIyCTOTE, TO
6e3pas/inaHoO, ¢ KAKOH CKOPOCTHIO OTHOCUTENBHO BaKyyMa JIBUKET-
ca Hama cucreMa. CegoBaTelbHo, CKOPOCTh CBETA TI0 OTHOTIIEHUIO
K HaIlleil cucreme JOJIZKHA 6bITb HE3aBUCHUMa OT ABUZKCHHA CHCTEC-
MBI, (XOTd moYeMy-To Jpyrue 9acTUIBl MOTYT JBUTATHCS B BaKyyMe
¢ caMbiMu pasaugHbiMu cKOpocTamu!) OMHAKO, BOSHUKAIOT CJIETYH0-
e Bompochl: 1) M3MeHsfoTCd T CBOMCTBA BAKyyMa, KOT/Ia B HETO
BHOCATCs1 "acTurbl (hoToHbI)? 2) KAKOB MEXAHU3M DPACIPOCTPAHEe-
HUS 97IeKTPOMArHUTHBIX Kostebannii B BakyyMe? HacTHBIE THIOTE3HI
JUI OTBETA HA 9TU BOIPOCHI OyayT npejicrasiensl B [Ipunoxenunsix

BuC.

Yro e B JAeHCTBATEIHLHOCTH MOTJIO OBITH ONPENESEHO B CYIIIe-
CTBYIOIINX 3KCIIEpUMEHTaxX Oy/eT JeTaJbHO TPOAHAJIU3UPOBAHO B
nmamuoi rirase. B pesysnbrare Oymer mana nmogpobHas KPUTUKA PeJid-
TUBUCTCKOW WHTEPIPETAITNN PsIa W3BECTHBIX 3KCIEPUMEHTOB W Ha-
GJIFOTaTeTBHBIX JTAHHBIX, HEAJIEKBATHO OTHECEHHBIX B moab3y CTO
u OTO (uTobbl HE pas3ipazkaTh PEJSTHBUCTOB, MBI He OyIeM pac-
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CMaTPUBATL T€ OIILITHI, KOTOPBIC ABHO IIPOTUBOPEYUJIN TCOPUU OT-
HOCHTEJIbHOCTH U OOBIYHO MrHOpUpYIoTest anosoreramu T0). Exann-
CTBeHHAas Kas3ajoch Obl “paboraromas dacts’ CTO — numamuka —
Oyzer 1moapobHO paccMoTpeHa B caenytomieit Lirase 4.

3.2 Kpuruka pejdaTUBUCTCKOI WHTepPIIpeTa-
U PsAia SKCIIEPUMEHTOB

Useectro, uro CTO onupaercs Ha aBa mocryaara: (1) mocrynar mo-
CTOSIHCTBA CKOPOCTH CBeTa M (2) MPHHIMI OTHOCUTEIBHOCTH, KOTO-
pBIil pacipocTpanéH Ha 3JIEKTPOMArHUTHBIE siBjieHUsi. B KadecTse
OJTHOTO M3 OCHOBHBIX JTOKA3aTE/bCTB CIIPABETUBOCTH IPUHITAIIA, TT0-
CTOSHCTBA CKOPOCTH CBETA CUYUTAIOT OTPUNATE/IbHBIE SKCIIEPUMEHTHI
Mo OOHAPYKEHNTO HPUPHOTO BETPa.

CunxpoHU3aIUs BpeMeH! 110 METO/Iy DUHINTEHHA TPUBHOCAT UC-
KYyCCTBEHHBIE OT'DaHUYCHUA JarKe B NN IKCIICPUMEHTOB. ()LIGBI/I,Z[HO7
9T0 B CHIIy 06PATHMOCTH OTHOCHTEIBHOrO JIBHKeHus (—v + v = 0)
JUIST 3aBUCHMOCTH CKOPOCTH CBETA OT CKOPOCTH IBUKEHUS CHCTE-
MBI MOYKET CYIIEeCTBOBATH TOJIBKO HEUETHBIN apdert. O1HAKO, CKO-
pPOCTH CBETa THITAIOTCA OMPENEISITh KAK CPETHIO CKOPOCTH JIJIst
JBYX B3aHMHO MPOTHUBOMOJIOKHBIX HAMPAaBICHU (110 3aMKHYTOMY
nyru). Ce10BaTe/IbHO, €JIMHCTBEHHAS K/IACCUIECKasl JIUHEeHHAs 3a-
BUCUMOCTBH OT CKOPOCTU JABUKECHUA CUCTEMblI B3aUMHO MCKJIIOYaeTCA.
Takum 06pazoM, MOZOOHBINR MOAXOM yiKe MOIMEHSIeT cODOil MmocTy-
JIAT MTOCTOSTHCTBA CKOPOCTHU CBETA, KOTOPBIH HYKHO OBLIO TPOBEPHUTH
SKCIIEPUMEHTAIBHO.

Huxxe Mbl mpoaHau3upyeM, 4TO JIOJIZKHO MOJIy9aThCd B JKCIIE-
pumenTax Maiikenbcona-Mopan u ApYTUX € TO3UIUA TYCTOTO TTPO-
cTpaHCTBa (TOYHEE TPUHIUINA OTHOCUTENLHOCTH Lammses). 3ame-
THM, 9TO 3apaHee TPEAN0oIaraTh YTo-1ub0 0 IBUKEHUN 3eMJIN HEJb-
3s; BO BpeMmena lajmyied TaKWe OMNBITHI, HAMPUMED, MTOKA3AIU ObI,
qro 3emiist TTOKOUTCs. Boobire roBops, Ipexie YeM HUCHOJIb30BAThH
“npubop”, ero HajAO UCIBITATH W OTTPAIYUPOBATH B JAOOPATOPHBIX
YCJIOBUSIX, 9TOOBI 3HATH, YTO YK€ OH U3MEPSET, & TO MOJYyYaeTCs KaK
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B aHEKIOTE:

-“Ilerska, npubop...”

“Tpu!”

-“Yero Tpu?”

“A gro “npubop”?”’

IlpescraBbre cebe, 9TO y KOro-TO BO3HUMKJ/A OBl “Teopus’, 4TO
M3-33 BPAIEHUS 3€MJIM BOKPYT CBOEH OCH JTOJIKEH HADIIONATHCA
MOCTOSIHHBI BeTep BIOJb mapasuieneii mopsaka 400 m/c. Hagamm
ero u3MepsiTh (QIFOTepaMu ¢ BEPTYIIKAMUA U BBISCHUIOChH, UTO BETEP
MTOCTOSTHHO MEHSIeTCsl KaK 10 HATPABJIEHWIO, TaK W 10 BEJUYNHE B
OTPOMHBIX MIPEJIEIaX B 3aBUCUMOCTH OT BpeMeHu u Mecrta. U3 3roro
caesranau Obl “HAYIHBIN BHIBOM , UTO Ha 3€MJIE BOBCE HET aTMOC(EDHI.

TTockobKY KHUTA TIOCBAIIEH KOHKPETHO KPUTUKE TEOPUN OTHO-
CUTEJbLHOCTH, TO, B IIEPBYIO OYEPE/Ib, MBI Oy/IeM 3aTparuBaTh 00IIe-
MPUHSTHIE COBPEMEHHBIE MPECTABICHUS TEOPUH OTHOCUTENTHHOCTH,
XOTsI KPATKO KOCHEMCS M HEKOTOPBIX 3(PUPHBIX BO33PEHUIA.

OmnsiT Maiikenbcona-MopJan

[Ipexme, yeM m3aaraTh TPABUALHBIA MOAXOA K AHAJN3Y JAHHOTO
onbita (4TO GyJET CAEeTaHO B CAMOM KOHIIE TEKyIIero naparpada),
IPOCTO HEOOXOANMO, IJIs IMOHHMAHMS, ODCYIUTEL DS COIYTCTBYIO-
X TOHKOCTEH W BO3MOXKHBIX MHTEPIIPETANI TeOPUH SKCIIEPUMEH-
Ta, U ero Pe3yabTaToB. DMUPHYI KOHIENIUIO Mbl 00CYIUM HUXKE, a
ITOKa 6y,£[eM aK]_[eHTI/IpOBaTb BHUMAHUWE Ha HpHHHHHe OTHOCUTEJIBHO-
CTH B BaKyyMe, TaK Kak jjs Bcex napaaokcoB CTO u pesynbraTon
JIAHHOW KHUI'M HE BaXXHO, BakKyyMm y Hac miu 3dup. Ilockosbky B
yueOHNKaX HaM HaBS3bIBAIOT CHALHO YIPOIIEHHYIO M HECKOJIBLKO HC-
KaXKEHHYIO Teopuio paborsl mHTepdepoMerpa MaiikeabcoHa, a u3
TPUOIMKEHHBIX PE3YIBTATOR ITOTO SKCIEPUMEHTA, JTeJTAI0T TJI00A h-
HBIE BLIBOJBI, TO JJIsI 3aTPABKHU MBI IOABIIPAeM yUeOHUKAM, BPEMEH-
HO ITIOBEPUM B TAKOM MIeaIM3NPOBAHHBIA HHCTPYMEHT B PACCMOTPUM
PEe3yAbTATHI, KOTOPBIE MOXKHO OBLITO OBl OXKUIATH C TOYKH 3PEHUS
NpPUHIMIIA oTHOcuTeabHocTr Iasmmies. MU3secrHo, 4ro cBer mpo-
ABJsIET ce0d B PA3HBIX SIBJACHUIX JU00 KaK JACTHIR, JTHOO KaK BOJIHA
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Puc. 3.1: Kopuyckynstpras mo/ienb otibita MaiikesibcoHa.

(dbpasa 0 KOPIYCKYJISIPHO-BOJTHOBOM JIyaJIi3Me He MMEeT HHKAKOTO
OTHOIIEHWS! K PACCMATPUBAEMOMY BOIIPOCy ). Bragase npeamomoskum
KOPITYCKYJISPHYIO Tpupoay csera. Torga Momesib mHTEPGEPOMETPA
Maiikenscona-Mopiu MoxkeT OBITH IPeICTABICHA B BUIE ABYX €Y
C OJTHUM UJI€AJBHBIM OTPaskKaTejeM B IEHTPE YCTAHOBKH U JIBYMSI OT-
paxkarensamu Ha kKounax myied (Puc. 3.1). Ilycrs ase wacrumml, 18u-
KYIIHECS TTAPALIEIBHO IPYT APYTY CO CKOPOCTHIO V1 (OTHOCHTETBHO
“MUPOBOI cucTeMbl 0TCUETA”), MONAJAIOT B IAHHYIO yCTAHOBKY, KOTO-
past caMa JIBUYKETCsT CO CKOPOCTBIO V (OTHOCHTEJIBHO TO¥ Ke caMoii
cucrembl), ipu 9rom v1 > V. Torga B Touke (1 CKOPOCTH 4aCTHIL
OTHOCUTEJIbHO ycTaHoBKu Oyiaer vy — V. llocie orpakenusi B 1eH-
Tpe YCTAaHOBKU vacTuiia 1 Oymer IBUTATHCA B TEPIEHIUKYISPHOM
HATIPABJIEHUU C TOH Ke caMoii (110 MOZYJII0) CKOPOCTHIO v1 — V' OT-
HOCUTEJBHO YCTAHOBKHU. JaCTHUITRI 0TPa3siTCd OT KOHIIOB I1J1€d OJTHO-
BpeMeHHO. Tax yKe OHU JOCTUTHYT OJHOBPEMEHHO Kak TouYku O, Tak
u Touku O1. Hukakoii pasHocTu CKOPOCTel 3TUX ABYX YACTHUIL JIJIs
IBYX B3aWMHO MEPIEHIUKYJIAPHBIX HAmpasjenuit e bymer uab/ro-
JIaThCsl, HE3aBUCUMO OT ckopocTteit v u V. Takum obpazom, ecitu cuu-
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TaTh CBET MTOTOKOM YACTHIL, TO dKCcrnepuMenThl Maiikenncorna-Mopn
(Kennenu-Topunaiika, Tomameka, Bonua-Bpyesuaa u Mosaanosa u
,ZprI‘I/Ie) HE MOIVIN JAaTh HUKAKOT'O IMOJIO2KUTEJIBbHOI'O PE3yJbTaTa. I/I
970 6bLI0 OBl C TOYKHU 3PEHUs JIFOOOTO MPUHITUIIA OTHOCUTEBHOCTH,
B TOM YHCJIE, MAJIMJIEEBCKOTO.

IIpentonokum Temeps BOTHOBYIO Ipupojy ceera. llo anasorum
C TIPO3PAYHBIMEU CPEJAMU, B 3TOM CIYUae CKOPOCTb CBETA MOYKET 3a-
BUCETH TOJTHKO OT CBOWCTB cpesnl (3dbupa mam (husngaeckoro Baxyy-
Ma; PEIATUBUCTBI BEPAT B IYCTOTY) ¥ BHYTPEHHUX XapaKTEPUCTUK
CaMoro PaCIpOCTPAHAIOIIETOCA CBeTa (9acTOThI, AMILTUTYIbI). FEeam
CBET IPEJICTABJISIET COOO BOHY, TO CKOPOCTh MCTOYHUKA U3MEHSET
TOJIBKO 9acToTy. Takmm 00pazoM, /i JaHHON 9acTOThI W CKOPOCTh
cBera c¢(w) HE 3aBUCHT OT CKOPOCTH HCTOYHUKA. 37ECh MMEETCS B
BUJLY CJIEIYIOIIEE: CBETOBBIE BOJIHBI OJIHON YaCTOTHI TOXKIECTBEHHBI
JpPYT JApPYyTy; U €CJIU Mbl BOCIPUHUMAEM CBET YaCTOTHI W, TO COBEP-
MEHHO 0e3pas3InyHO, U3JIYydasics JU OH UCTOYHHUKOM CPasy ¢ ITOM
CaMOM 4YaCTOTOM MM XKe U3JIydasIcd ¢ 4acTOTOd wi, HO BCJICACTBHUE
JBUKEHUST MCTOYHUKA, JACTOTa W3MEHWTach w1 — w (3ddexr To-
repa). B oboux ciayuasix nsmepsiemasi Beauunna ¢(w) Gyger opHOI
u Tofi xe. Bepuémcs Temepnb K onblTaM Matikenbcona-Mopan u apy-
ruM. TToCKOIbKY Tamaronnii CBeT, CBET, MPOIIEIITN TOHKYIO TLIa-
CTUHY, W CBEeT, OTPa’KEHHBII OT 3epKaJjl, UMeIOT B OJHONW W TOU IKe
cucreme HABJIIOEHUS OJTHY M Ty K€ 9acTOTy (3TO IKCIEPUMEHTATh-
uelit baxt, uzsectaslit 10 CTO), To cKOpocTh cBera ¢(w) ocTaBaIach
IIOCTOAHHOM A1 IBYX TIEPHEeHAUKYJIADHBIX HaHpaB.HeHI/Iﬁ " 3KCIIe-
PUMEHTBI HUYEro He MOIVIM OOHApYKUTh. JKciepumeHT Taycona c
ABYMA OANHAKOBBIMHU JIa3€PAMU TAK2KE HUYETO HE MOT O6Hapy}KI/ITb,
MIOCKOJTBKY [IPH CBEJCHUN JIydeil B €UHYI0 KapTUHY (B OJHOM Ha-
MPaBJIEHUN) YACTOTHI CTAHOBATCS OJWHAKOBBIMU W HUKAKUX DEry-
JapubiX Ouenuit me Oymer Habmaomarbed. Takwum 06pazoM, MOMBIT-
K& UCKATh U3MEHEHUsI CKOPOCTU CBETa MPH SKCIEPUMEHTAX C OTHOM
hUKCUPOBAHHON YaCcTOTON HEBepHA 1O cBoeil cyru. KamucrBennas
3aBHCAMOCTH, KOTOPYIO MOYKHO TIBITATHCSI OOHAPYXKHUTH, €CTh c(w):
BCEe Apyrue 3aBUCUMOCTHU MOTL'YT BONUTHU TOJBKO OIIOCPEeJCTBOBAHHO,
gepes adpdekr Hormnepa. Takum obpazom, eciu cauTaTh CBET BOJ-
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Puc. 3.2: Cxema unrepdepomerpa.

HOi1, To 9KcrepuMmenThl Maiikenbcora-Mopaiu (Kennenn-Topumaiika,
Tomameka, Bonu-Bpyesuua u Mosuanosa u gpyrue) ongarb He MOT-
JI 1aTh HUKAKOI'O IIOJIOXKUTEIBLHOTO pe3y/braTa. M 91o 6110 6b1 C
TOYKHU 3peHUs JI0O0TO TPUHITUIA OTHOCUTEIBLHOCTH, B TOM UHCJIE,
TaJINIEEBCKOTO.

Nrak, ec/iv peIaTUBUCTDI BEPAT B IyCTOE TIPOCTPAHCTBO U CTPOTO
HYJIEBOIl pe3ysbTar onbiTa MalikenabcoHa, TO /i ero obbsICHeHUs
BIIOJTHE JJOCTATOYHO MTPUHIUIIA OTHOCHTENbHOCTH [ammes (u He HAIO0
n300peTaTh HOBBIE CYITHOCTH).

g Merojmyueckux Iejieil paccMOTPUM HEKOTOPBIE IIPABJIOIO-
nobubie omubku u3 yuebunkos. Korma ¢ “kjraccuieckoii TO9KHM 3pe-
HUsT UCXOJIAT U3 TUIIOTE3b] HEIIOBUKHOTO HEeYyBJIeKaeMoro 3upa, To
JITST pacIéTa pa3HOCTH BPEMEH X0/1a JIyueil B unTepdepoMerpe 00bId-
HO PUCYIOT CTPaHHy0 cxemy [35], mst KoTOpO#i He jeficTByeT 3aKoH
OTpazKeHWsl: yToJ TaJeHusl He paBeH yriay orpaxenus (Puc. 3.2).
DTO MPOTUBOPEUYUT IKCIepuMeHTaM. Kak MUHUMYM TOTIa HEOOXO-
MO OOBICHUTH MEXAHU3M TAaKOI'0 OTKJOHEHUsI W ONPEJE/IUTh ero
B/IMSIHUE HA SKCIEPUMEHT (3TO MOXKHO ObLIO OBl CI€IaTh, MPEIno-
JIOXKUB CJI0YKEeHHe CKOPOCTH CBETA CO CKOPOCTHIO 3epKaJjia nHTepde-
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POMETpA 10 KJIaCCHIeCKUM 3aKoHaM ). He MOHATHO Takke, KAk yTa-
JlaTh yroji, obecneduBaroniuii uHTep(EPEHIIN0 OJHOTO U TOTO K€
sayua. [locko/BKY BCe JaHHBIE PETHCTPUPYET TOJBKO HAOJIIOmATEND,
JBIKYIIANCS BMECTE C MHTEP(EPOMETPOM, TO HA CAMOM JIejie HAJI0
AHAJIN3UPOBATH OIBIT UMEHHO € TOYKHU 3PEHUS TOr0 HADII0IATe N s
[50].

Fcan Temeps mpuHATH THHIOTE3Y O CYIIECTBOBAHWHU 3dupa, TO
CKOPOCTh CBETa 3aBUCUT OT CBOWCTB 3TOi cpenbl (10 aHAJOTHU CO
3BYKOM). TOr/ia OUEBMIHO, 9TO CKOPOCTH CBETA, HE MOYKET CKJIAThI-
BAThCSI CO CKOPOCTBIO JBUYKEHHS UCTOYHUKA (TYJI OT CBEPX3BYKOBOTO
CcaMoJIETa, PACTPOCTPAHSIETCA C TMOCTOSHHON CKOPOCTBIO, (DUKCHUPY-
eMoii cpejioii W, B pe3yJbTaTe, CaMoJIET omepexkaeT 3BYK). Takike
OY9EeBUIHO, 9TO IMOCKOJIBKY CBET B3aI/IMO,Z[eI>'ICTByeT KaK C BeIIeCTBOM
(paccemBaeTcss WM TOTJIONMIAETCSI ), Tak U ¢ 3dupom (pacmpocTpa-
HAETCsl B HEM), TO JOJKHO HAOJIONAThCA U B3aumogeiicteue 3¢bu-
pa ¢ BemecTBOM. A B peIATHBUCTCKON WHTEPIPETAITNN TeJIW OTBITA
Maitkebcona-MopJin peno/iarajioch HEBEPOsTHOE: 2KECTKAs “npu-
BsI3Ka” cBeTa K 3(Upy BMECTE C IOJHBIM OTCYTCTBUEM B3aMMO,Ieii-
crBust apupa ¢ Tegamu (6e3 ypieueHust 3emiieil, yCTaHOBKOi), T.e.
HaBsI3BIBAJICS CIydail HeMOIBUKHOTO 3dupa. EcrecrBenno, B cayuae
YACTUIHOTO yBJIedeHust 3hupa (& 1JIs Psifia JJOKAJIBHBIX ONBITOB B y3-
KOM TIOTPAHUYHOM CJI0€ yBJjedeHue 3(upa MOXKET ObITh MPAKTHIECKT
MIOJTHBIM ) TeOpHUsl yCaoKHsAeTcss. OIHAKO 9TO HUKAaK HE OMPOBEpraer
runoresy 3hupa (PETATUBUCTHI XK MPEJIaraiT JefCTBOBATh KAK B
AHEKJIOTe PO MbAHUILY 10/ (POHAPEM: MCKATH HE TaM, I MOXKHO
HaiTH, a TaMm, IJ1e JIerde UCKaTh).

Msb1 e Oyyem o0Cy:KjaTh pe3y/ibrarbl T€X OIbITOB, B KOTO-
pbIX BMecTO mHTep(MEPEHIIMOHHON KapTUHBI CPABHUBAJACH WHTEH-
CUBHOCTH TIOJIOBMHOK TIO 3aTEHEHUO (J1azke €CJIU YTBEPXKIAETC ST, UITO
4yBCTBUTEJILHOCTH BBINIIE — 3TO BCE PABHO, YTO CPABHUBATH CPEJI-
HIEE TEeMIIEPATYPHI TI0 ABYM OOJTBHUIIAM, BKJIFOUasi MOPIH ), & CAETaeM
HEKOTOPbIE 3aMeyaHus, KaCaIOINecs TePBOHAYAIBHON WAeH WHTeP-
depeHInoHHOr0 OBITa C TOUYKN 3PEHUs I(PUPHBIX KOHIIETIH. 3ame-
THM, YTO BCEr/IA MOXKHO TaK CJIerKa II0KOPPEKTHPOBATE KO3 duIiu-
enT yBjedenns Ppenesisd, 9To0bI ONBITH U 1-10 U 2-1'0 TIOPSIJIKA IO/~
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TEEPKJANTUCH C TPAKTHYECKOH TOUHOCTHI0. CTIpaBeyIMBOCTH PaIu
HAJI0 OTMETUTH, 4TO ONbIT MalikeabcoHa U ero aHajaoru (HeCMOTDS
Ha CITOPBI TI0 YCTPOHCTRY mpubopa 1 TeOpUH) BCETa yBEPEHHO ¢ y4é-
TOM BO3MOYKHBIX OIIUGOK JaBaJl HEHYJIEBYIO CKOPOCTb 3(UPHOTO BeT-
pa [94,95]. Mapunos [90,91], Cunbsepryc [115] Hauwm BepHyto KO-
POCTBH OTHOCHTENBHO PEJMKTOBOTO M3JIydennsd. TONbKO pU SKPaHU-
POBAHUE META/IMICCKIM KOKYXOM PE3YJIbTAT OKA3bIBAJIC OJIM3KUM
K Hy/JaeBoMy. /s 06HLEKTUBHOCTH BCIIOMHHWM, 9TO B HACTOSAIIEE Bpe-
MsI BCE TPUOOPBI BAKYYMUPYIOT (JeJAI0T JIOKAIBHO 3aKPBITOH CucTe-
Moit). A, Hampumep, JIOKabHAs CKOPOCTh 3BYKa B CAJOHE CAMOJIETA
OCTaHEeTCS TIOCTOSAHHON (He 3aBUCAIIEH OT HAPYYKHOTO BETpA) JarKe
IpU CBEPX3BYKOBOM JIBUZKEHWH CaMOJ18Ta. JpUpHAT TOUKA 3PEHUS
He NMPOTHBOPEYUT MOJIYUEHHBIM pe3ysibraTaM: ysiedenne Dpenesis
JUTsE METAJJIMYECKUX TeT — TOJIHOe (JJIsi METAJJIOB BepHA 3JICKTPO-
nuraMuka Lepra), a 3HaIuT 3OUP MOKOMTCA OTHOCHUTETBHO MPHGO-
pa (JIOKAIBHO) BHYTPH METAJIMYECKOIO KOXKYXa U UCKATH (PUPHBIH
BeTep BHYTpH — GeccMbIcaeHHo. Eig oun MOMeHT 0BbIMHO 3amali-
YUBACTCS PEIATUBACTAMU. BCsl COBOKYIHOCTD ONBITHBIX JAHHBIX 110

OTITUKE CBUAECTEILCTBYET O BEPHOCTU TTPUHITUIIA FIOfIFeHcaZ KaxKJ1asd
TOYKA, JIO KOTOPOW JONLIA BOJHA, SIBISIETCS UCTOUYHUKOM BTOPHWY-
HBIX BOJTH. J/lake B OTCYTCTBHE METALINIECKON SKPAHUPOBKH, JOCTA-
TOYHO TOHYANIIEH MJIACTHHKY CTEKJIA (UM BO3yXa B MEPBOHAYATH-
HBIX 9KCIIEPUMEHTAX ), 9TOOBI HY?KHO OBLIO YYUTHIBATE TI€PEN3Tyde-
HUE CBETa 3TUMU JIOKATBLHO TTOKOAIMMUCS 3JIeMeHTaMi. B pesymbra-
Te peasbHO HabIIOMaeMast CKOPOCTh B 9(DUPHOM KOHIEIIUN TOIKHA
OBITH 3aBEIOMO MEHBIIIE CKOPOCTH JIBUYKEHUS 3eMju 110 opbure. la
U C KaKOW CTaTH COCTABJSIONAS CKOPOCTH (PUPHOTrO BETpa, Kaca-
TeJIbHAS K 3€MJie, JIOJKHA COBIAJATh C OPOUTAIBHON CKOPOCTHIO?
DpupHas KOHIEIIUST MPEJIIOJIAraeT, 9T0 BCe BEIECTBa, COCTOAT U3
sdwmpa (B ToM uncie, 3emnst), u 3eMJIst JIETUT HE CKBO3H HETIOBHIK-
HBIH 9up, a UMeHHO 3(pUPHBIE BUXPEBLIE JBUMKEHUsT OTBETCTBEHHDI
3a Bpammenns 3emym BOKPyYT cBoeit ocn n CostHIla (MMEHHO TTO9TOMY
3aMEJITIEHNsT JBIKEHUST TIAHET TPAKTUIECKW HE3AMETHBI JayKe 3a
ThicaueneTus ). Ce0BaTebHO, KACATETbHAST COCTABISIONIAA CKOPO-
CTH 3(UPHOTO BETPA MOYKET OKA3aThCS TOPA3I0 MEHBIE OpOUTATD-



3.2 KPHTHKA PEJIATUBUCTCKHUX OIIBITOB 165

HOil ckopocru 3emun. U He HamO g SIKOOBI ONPOBEPIKEHUA TAKOM
HJIed OPHUILIETATHh CIONa BEJIUYHHy abeppalnn: OHa OCTAHETCA TOH
JKe, TAK KaK PErucTPUPyeTcd TOMbKO M3MEHEHUEe BUJIUMOTO Ha-
npaBJjieHUsI HA UCTOYHUK B HPOTHBOIIOJIOXKHBIX TOYKaX Op-
ournbl. OuHo Majienbkoe 3amedanue. Eciau 3¢pup orBercTBeHeH He
TOJIBKO 32 Iepeady 3JeKTPOMATHUTHOIO M3JIyYeHHs, HO U 3a I'pa-
BUTAIMIO, TO OCHOBHAs COCTABJISIONIAS IPUPHOrO MOTOKA JIOJIZKHA
OBITH BEPTUKAIBHOI!

Emé ogma ommbka — 3T0 KOraa BMECTO BOJIHOBOTO OIMUCAHUS MH-
TepdepeHIn HaM TIO/ICOBBIBAIOT ONUCAHNE JIBUKEHUsI JIOMKH (TBED-
J0r0 00beKTa), ynopHo (mocrynarenbHo) rpebyineil B BRIOpAHHOM
HampapyeHnn (T.e. coseprnareil pabory). Crenyrormas TpaBIono-
nobrHas ommbka — 9TO ONMUCAHWE OIBITA TAK, OYATO OH OmpemesseT
ckopocTh jprxkennd 3emiin. Uurepdbepomerp Mailikesbcona He cio-
cobeH m3MEPATH CKOPOCTh. XO0Tst mHTepdepenmonnas Kapruaa (pop-
MUPYeTCs BCJIeICTBUE paszHOCTHU (a3 Mpuineanux Jjgyueit, narepde-
pOMeTp He m3MEpPSeT J1axke Pa3HOCTb pa3: oH crocober 00HAPYKUTH
TOJIBKO H3MeHeHne 3T0il caMoil pasHocTH (pa3. A Jajbline HaunHAOT-
Csl MHTEPIIPETAINH — OT UET0 3TO U3MEHEHHUE MOTJIO ObI TPOU30HTH.

BamMeTuM, 9T0 ecJiu Obl TOIIMHA TTOJTYTTPO3PATHOTO 3epKaja, (M,
COOTBETCTBEHHO, KOMITEHCUPYIOIIEH TIACTUHKH ) GbLIA CTPOTO PABHA
HYJIFO, TO CTPOTO paBeH HYJIFO ObLI ObI U pe3yJibTaT onbiTa Maiikeb-
cora. /leqo B TOM, 9TO B TAKO# YIPOIEHHON Cxeme BIWAHUE MTPO-
JOJTBHOM (BI0JTH BRIOPAHHOTO TIeYa HHTEPGhEPOMETPa) KOMIOHEHTBI
CKOPOCTHU Ha a3y BOTHBI BIOIb 9TOTO MJIEYA CTPOTO OOHYIICTCS 3a
caér adpderra Honmaepa [132|. Tak mpomcxoauT mOTOMY, 9TO HC-
TOYHHMK U IIPUEMHUK BOJIH HAXO/ATCS B OJHON M TOH Ke BUKYIIE-
ca cucreMe (Ha Kakoit KO3 QUIUEHT HAZ0 YMHOXKHUTH JaCTOTy MPH
BBIXO/I€ U3 UCTOUHUKA, HA TaKOM Ke KO03(DPUIIMEHT HAIO TOAETUTD
4aCTOTY npw BXoj€e B npuémuuk ). C Apyroit CTOPOHBI, BAUSHUE MEp-
MEeHIUKYIAPHO# (K 3TOMY Ke IIedy ) KOMIOHEHTBI CKOPOCTH Ha a3y
BOJIHBI BIO/Ib MEPIEHIUKYJIAPHOTO TII€Ya TOXKE ODHY/IAeTCH 3a CUET
sdderTa abepparuu (JIBUKeHHE Jyda OOPATHO MOCJTE OTPAKEHUS
KOMIIEHCHUDYECT U3MECHCHUNE BbISBAHHOE ABU2KCHUEM JIy4da JO0 OTpazKe-
Hus [132]). Ecin 651 KOMIEHCHpYOIIas IaCTHHKA OBLTa CIOCOOHA
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BO BCEX CJIy4asX COBIA/ATH C BIUAHUEM IIJIACTUHKH TTOJTYITPO3PAUHO-
ro 3epKaJia, ToO CyMMapHbIil 3 deEKT M0 yKa3aHHBIM IPUYUHAM TOMKE
6bLT OB cTpOTO HyIeBBIM. OTHAKO 9TO HE TaK.

HamoMHIM, 9TO B OHOM 9KCIEPHMEHTE MOXKHO IIPOBEPUTH TOJIb-
KO OJIHY 3aBUCHMOCTH, U TO [PHU YCJAOBUU, U9TO BCE OCTAJIHHOE yKE
JeTepMUHAPOBAHO. Kcan BBl 9KCIIEpHMEHTAIBLHO IIPOBEPSIETE HEKO-
TOPYIO B3aMMOCBSI3b MEXKIY IMapaMeTPaMM, TO BEINYNHBLI BCEX ITUX
TapaMeTPOB U BCE YCJIOBUA OIBITA JOJI2KHBI OTIPEAC/IATHCA HE3aBUCH-
MBIM 06pa3oM (110 yzKe MOATBEPKIEHHBIM PaHee OTbITAM U OTIPaJIy-
upoBaHHLIM Tpubopam). JlasaiiTe Temeps MBICIEHHO BEPDHEMCS B Te
BpeMeHa U HEIPEeIB3ATO IOCMOTPHAM Ha YCTPOHCTBO U BO3MOXKHOCTH
€aMoro MCIOB3yeMoro marepdepomerpa. Kakme TOIBKO BO3pazKe-
HUsI HE TIPEIbsIBJIAIOT PEIATUBUCTHI K ontbiTaM Maiikenbcona — Mop-
g u, ocobenno, Musiepa. A jasaiiTe nogbirpaeM pessTusucTam!
l'opopure, maraurocTpukiua’ Koneuno! U emé ecThb 371eKTPOCTPHK-
WS, TeMIIEPATYPHBIE HEOIHOPOIHOCTH I/Ied HHTEPEPOMETPA U CPe-
JIBI, PAJHOMETPUIECKHe CUJIbI, TPABUTAIIMOHHbBIE HCKAKEHNST (DOPMBI
mpubopa ¥ MyTH JIyda, HEHHEPIHATLHOCTh. A 9TO OBLIO M3BECTHO
po CKopocTh cera ¢? Jla Huyero: CKIagbIBAETCS WJIM HE CKJaIbl-
BAaETCs CO CKOPOCTBIO MCTOYHUKA, CKJIAJIBIBACTCS MJIM HE CKJIA bIBA-
eTCs CO CKOPOCTHIO TTPUEMHNKA, KaK BeIET cebst B (PU3MIECKIX TTOITX
Semiin, kKaxoBa e€ Hanbosiee TouHas BesandnHa?! YTo ObLIO U3BECTHO
PO OKUJTAEMYI0 CKOPOCTh v! ToxKe HUYero TO9HO He U3BECTHO. UTO
U3BECTHO [P0 JUIMHBL 11ed nHTepdepomerpa? [la Toxke HUYEro e
N3BECTHO: C TOYHOCTLIO OO0 ,ZLO.HEﬁ JAJIMHBI BOJIHBI CBETa OHU HE U3MEe-
PSIIOTCH, a €CJIU IPH IBUKEHIN BO3MOXKHO COKpAIEHNe JJINH, TO KaK
MIPpOBEPUTH PABCHCTBO IECPHEHANKYJISIDHBIX I1JI€Y TPU KOHKPETHOM
yruie moopora? 1lpy Ha/w9Yuu rpaBUTAMOHHOIO U JIPYTUX TI0JIell Ha
HEeMHePIMAIbHON 3eM/ie (BBIIyMAHHAS PEJSITUBUCTCKAS TeOMETDHST
BBIAYMAHHOT'O TIPOCTPAHCTBA AOJIZKHA I/ICKpI/IBJ'[HTbCH) MBI HUKaQKUM
0bpazoM He MOXKEM MPOBEPUTH TOUHYIO MEPIEHINKYJIAPHOCTD TL1eY
naTepdepoMeTpa, TapaIeIbHOCTD U TMEPIEeHINKY/IIPHOCTD 3€PKAJ.
O4eBnIHO, YTO HUKAKUX TOIHBIX KOJUIECTBEHHBIX IOATBEPIKICHII
TAKOW IKCIEPUMEHT JIaTh HE MOXKET (CJIUIIKOM MHOTO HEOTIPEIeEH-
HOCTEl — He W3BECTHO, YTO W YeM MPOBEPSAETCs ). DTO HE KPUTHYIE-
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CKUI 9KCIIEPUMEHT, U HEeJIb3d JeJaTh W3 Hero r100aTbHBIE BBIBOIHI.
N tem He MeHee KOe-4TO MOKHO W3BJIEYb JaKe U3 TAKOI'0 yIepOoHoro
OTIBITA.

JlaBafiTe Teneps mocrapaeMcs 4ecTHo, 6e3 nnrepuperauit cpop-
MYJIIPOBATh, YTO K€ TOYHO IIPOUCXOIUIO B MO/ IOOHBIX SKCIIEPUMEH-
Tax (a He TO, UTO HAM YCHUJIEHHO TIBITAIOTCS HABSI3ATH PEJISITUBUCTHI,
YBOJIsl HAITIU TJIa33 B CTOPOHY OT JIEHICTBUTEIHHOCTH ).

1. Hazmo 6buto momkpydwBaTh MUKPOMETPUYECKHUI BUHT, UTOOBI
noiiMaTh WHTEPhEPEHITMOHHYI0 KapTUHKY (MHOT/IA KapTHHKA ITPO-
maaaa mpsaMo B MPOIECCe M3MEPEHUsT, TOTIa, ONATh HOIKPY IUBaIN
BUHT).

1. Ilepuon usmenenust nHTepdEPEHNUOHHON KAPTHHELI YACTO HE
copuagan ¢ 90° wam 180°. Bosiee Toro, Ha TakMX NEpUOIAX UACTO
JLIS CPEJIHEro CMEIEHUs 110J10¢ Hab ronanach JuHeiiHast TeHeH s

ITI. OrcyrcTBOBaa JUHEHHAS 3aBUCHMOCTE AMILIATY/IBI CMEITTe-
HUSI TI0JI0C OT YIJIMHEHUS TIYTH JIydell ¢ TTOMOIIBIO0 3ePKaJI, T.€. KaJe-
CTBEHHO BHMMasi KAPTUHA W3MEHEHUH MaJ0 MEHSAIACh (OJHAKO pe-
JISTUBUCTBI M3-3a JIOKHOU TEOPHH JIAHHOT'O OMBITA JIEJAIT OTCE/IA
WCKYCCTBEHHBIN BBIBOJ 00 yBEJWYEHUN TOIHOCTH HYJIEBOTO PE3Y/Ib-
Tara).

IV. Tlosenenne naTEpdEPEHITMOHHON KAPTUHBI MEHSIOCH (MHO-
[JIa 3AMETHO) MPH 3aKPBITUN WHTEPGhEPOMETPA UK 3AM0THEHUN €10
JPYTUM Ta30M.

Onwupasich Ha BCe 3aMeYaHUs, CeIaHHbIe B 9TOM Taparpade, Mbl
Terepb MoXKeM chOpPMYyJIMPOBATD, UTO YKe HYKHO TPUHATH BO BHUMa-
Hue, 9T00BI MOCTPOUTH NPABUILHYIO Teopuio nanrepdepomerpa Maii-
KeJTbCOHA (& M3 TMOJOOHBIX OIMBITOB MOYXKHO OBLTO W3BJEYb KOJUUC-
CTBEHHBIE PE3YJIbTATHI).

1. UzBecTHO, uT0 mHTEpdEPEHIINsT BO3MOXKHA TOJTBKO s JIyUIeit
u3 OIHOTO MCTOYHUKA ((DUBWKH j1azke HE MOTJIN JOOUTHCS HECKOBKO
JnecaTuaeTuii nHTepdEepeHIm OT IByX WIEHTUIHbIX Jiasepos). Cie-
IIOBATEBHO, UCTOYHUK TOJI2KEH OBITH TOUYEIHBIM U MOHOXPOMATHATE-
ckuM (MHaAtYe, 1T TPOTKEHHOTO [IBETHOTO UCTOYHUKA BMECTO JTBU-
JKEHMsI TIOJI0C KapTUHKA MoxkeT “meimars”’). Takum o6pasom, B mpa-
BUJIbHOM Teopuy ABa Jiyda 00si3aHbl UCXOAUTHh U3 OAHON TOYKU
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(yrouHeHue jasiee B ImyHKTE 3.).

2. 9Tt XkKe aBa Jy4da obg3aHbI mpuiiTu B OAHY (puKcu-
POBaHHYIO TOYKY HA CETYATKY I/1a3a WU MaTpUIly oToarmnapara
WJIN BHJIEOKAMEDDI (OHU U ONIPEJIEISIFOT, HAIPUMED, HAXOIUTCs B 3TOM
TOYKE MAKCUMYM WHTEHCUBHOCTH WM MUHUMYM ). B OHy TOUKY MO-
IyT OPWIITH HECKOJIBKO Trap Jydeil! (mouemy — yTodneHwe Jajee B
nyHkTe 3.)

3. HaBsi3piBaeMoe HaM OmucaHue Xoza Jydeil uCKaxKeHo (Iro Bcé
PaBHO, YTO BMECTO M3y4YeHHUs CBEPX3BYKOBOI'O CAMOJIETA PACCKA3BI-
BaTh 0 OyMazKHOM JETCKOM CaMOJIETUKe). Y ueOHMKM OmmubOuHO n300-
paskaoT MeI0 Tak, OyaTO WAET OJWH €IWHCTBEHHBIM JTYIUK BIOJH
nepsoro 1reda narepdepomerpa (T.e. mpu o = 0) U OH pazIeIsIeTcs
Ha JIBA JIy9Ia Ha TOJyTpo3padnoil mracture. QmHaKo i KOHKpPeT-
HOTO mHTepdepoMeTpa (T.e. MPH BCEX HE TOYHO OMPEIEISIeMbIX, HO
(bUKCMPOBAHHBIX pa3Mepax yCTPONUCTBA W YIaax 3epKajg W ILIa-
CTHH) TPU TPOU3BOJIBHOM yTJIe MOBOPOTA (¢ 3TO MPOCTO HEBO3MOK-
Ho. Haobopor, Harma 3aa9a ¥ COCTONT B TOM, UTOOBI HANTH, UTO 33,
JIVIH yIOBJAETBOPSIoT myHKTaM 1. u 2.7 Heobxomumo pemmuts obpar-
HYIO 33/1a9y: BBIYUC/INTD, 1101 KAKUMHA PasHbiMu yraamu o1 (p) # 0 u
a2(p) # 0 JOMKHBI CTAPTOBATH U3 TOYCYHOIO UCTOUHUKA JBA JIyda
(3amMerbTe: 9TU yrJIbl O-PA3HOMY MEHSIOTCsl [P [I0OBOPOTE MHTEP-
depomerpa), aTOOBI BCETIA TIOTAAATH B OJHY U Ty Ke (DUKCUPOBAH-
HYIO TOUKY MaTPHIIBI BUJEOKaMephl. B 370 TOUKe HAC WHTEpecyeT
N3MEHEHNe PA3HOCTH (Da3 MPUITIEANTHX Jy9deil B 3aBUCHMOCTH OT yT-
Jla TIOBOPOTA (. 3HAYUT, HAM HAJ0 BOCCTAHOBUTH BECH ITPOIIIE I
My Th J7Id KaXKI0T0 Jyda. Bech myTh AeNTCA Ha yIACTKN OTeBUTHEI-
MU [PEMSATCTBUSIME ([OBEPXHOCTSME, TPUBOSIINMU K OTPAZKEHHUIO
1 IPEJIOMICHAI0 — 3€PKAJaMy ¥ TJIACTHHAME ). Ha Kaz oM ydacTke
i 9TU JIyUU JBUZKYTCS TOJ DA3HBIMHU YIJIAMHU, CJI€JI0BATEJILHO, JIy-
qu oTmganTes dacToramu: wh (@), wh(p). s kaxaoro ayda Gyer
pa3Hoe yBJIeUeHNe; BHYTPH IJIACTHH HYKHO y4YeCTb YaCTOTHYIO JTUC-
nepcuio: njwi(p)], njws(p)]. B pesyabrare pacuéros ans pazHocru
a3z moyIaeTCs CANIITKOM TPOMO3KOE TPAHCIIEHIEHTHOE ypaHeHne,
KOTOPO€ MOYKHO PEIIaTh TOJIBKO IUCICHHO.

Teoperudeckuit uror 6yner ciaenytomuii. Kak y»ke roBopuiocs,
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P HYJIEBON TOJIUHE BCEX IJIACTUH CMEIEHUE TI0JIOC OTCYTCTBYET.
C pocTOM TOIIIUHBI IJIACTHH aMILINTYAd CMEIIEHNT MeHIeTCd KBa-
BUMEPUOIUIECKN; C YBEJIUUCHUEM BEIUYUMHBI MTOKA3ATENA IIPETOM-
JIEHHsSI BeIUYNHA P(EeKTa TOXKE MEHIeTCd KBAa3UIEPHOINIecKr. B
obremM cydae CMEMIeHWe COCTABJISIET MAJIyIO OO OT OXKHU/IABIIe-
roCs PEeSTHUBACTAMHA TaK HA3BLIBAEMOIO KBaJIpaTUIHOrO ddexTa.
ViajnuuneHnve nmyTu HE NPUBOAUT K BO3PACTAHUIO TOYHOCTH, a JIUIIh
K HEDOIHITIM KBA3UTTEPUOSUTECKITM M3MEHEHUSTM BEJINIUHBI CMETITe-
aug. YTobsl caenaTh KOJIMIECTBEHHBIE BHIBOIBI N3 PEATLHOIO 9KCIIe-
pumMmenTa, HeoOXOAMMO KaK MOXKHO 00Jiee TOUHOE OIpPEee/IeHIe BCEeX
VIIOMAHABIINXCS XaPAKTEPUCTHK YCTPOHCTBA.

Taxum obpazom, onbiT Maitkerbcona - Mop.iu e CBuIeTeIbCTBY-
eT B IMOJIb3Y TTOCTOSHCTBA CKOPOCTH CBeTa W He ONMPOBEPTaeT KaKue-
b0 KJIACCHYIECKNE TMPUHITUIIBI, CKOpee HA0bOpoT: OH eré pa3 moj-
TBEPKJIAET TUIOTE3y yBaedeHns PpeHeass U KOCBEHHO CBHUJIETEhb-
CTBYET B IO/Ib3Y HAJWYUT HEKOTOPOTO JIBUKEHUS IPupa.

AbGepparug, onbiT PU30 U APYTHUE OMBITHI

Kaxwe e sKCTepuMEHTHI HE MOTYT OBITH HUKAK 00bLICHEHBI, KPOME
npusjiederns CTO? Hauném ¢ HEKOTOPBIX BCIOMOTATEIBHBIX 3aMe-
vanuit. Mbl He OymeM MOmpoOHO KACAThCST KBAHTOBOH JTEKTPOIIH-
HAMUKW, TTIOCKOJIBKY €€ TPeJICKa3arebHas TOYHOCTh MaJji0 3aBUCHT
ot Tounoctn (Ac/c) ~ 1078 (910 TIpM ABEAKEHUN TPUEMHWKA; TP
JIBUYKEHUM YK€ UCTOYHMKA CKOPOCTh CBETa BOODIE MOKET OCTaBATh-
sl TIOCTOSIHHOM, TaK K€ KaK, HAIIPUMED, CKOPOCTh 3BYKa ), HO HIKTO
Jlazke 7 He TBITAICS CUUTATH CKOPOCTH CBETA HE KOHCTAHTOM.
SBnenne 3BE3HON abeppalluu MPEKPACHO 00bICHAETCA KJIACCH-
yeckoii husukoii [23] u ompeesisieTcs CAeAYIOMUMY IBYMsI TTPUHIIN-
MUATBLHBIMA (DAKTAMU:
(1) u3MeHeHWEM B TEYEHHE TOJA CKOPOCTH CHCTEMBI HAOJIIOIEHUS,
B OCHOBHOM, BCJIEJICTBHE OPOMTATHHOTO BpalieHus 3emu (3TO Co-
CTOSTHEE — abCOIOTHOE W HE 3aBUCHT OT CKOPOCTH TPSIMOJTHHEHHOTO
JIBUKEHWUS WHEPIMAJbHON CUCTeMbl WM HAIW9ust PUpa Ul Jpy-
roif cpesbl), u
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(2) mpAMONMHEHHBIM PACTIPOCTPAHEHNEM JIy4a CBETA, MEXKLy HCTOY-
HUKOM W TPHEMHUKOM B WHEPIMAJbHBIX CHCTEMaX (IJIsT KOPITYCKY-
JISPHOY T€OPUM — 9TO CJIEJACTBUE HHEPTHOCTHU JBUKEHUST TACTHUI] CBE-
Ta, & JJIsi BOJHOBOI Teopun — 310 cyejcTeue npunnumna ['roiirerca).

Emé pas mamoMumM, 9T0 upx “BXOAe” B HAIl H3MEPUTEIbHDIH
npubop CBeT mmeer (PMKCHPOBAHHOE HANpPABJEHME W 4YacTOTy (HE
BayKHA [PEJILICTOPUS MPOTECCa: JIBUKEHUE UCTOUHUKA, CPEJIbI, TIPU-
€MHUKA), U UMEHHO C 9TUM “KOHKPETHBIM CBETOM’ MPOBOJASITCS BCE
uzmepenus. OnblT Pu3o He sABIAETCH KPUTHUECKUM, TAK KaK JIOMYC-
KaeTr 3alliCh JIJIsi CKOPOCTU CBETa B CPEJe

- ),

a U3MepEeHus IPOBO/INJIUCD /118 KOHKPETHOH (DUKCUPOBAHHO 4acTO-
THI W, TO €CTh He ObLI0 comocTaBiaeHnst u(wi) ¥ u(ws2), 9TO B OHBITE
Pu30 cperarh HEBO3MOXKHO.

[IpuBneyenne BpeMeHU KU3HU MIOOHOB JIJIs JOKA3aTEIbCTBA
CTO — uncras cuexyasing. Co30aTh ABe UHEPIUAILHBIE CHCTEMBI,
ABVMKYIIIAECA IPYT OTHOCUTEIHHO JAPYyTa C PETATUBUCTCKUMA CKOPO-
CTSIMU TIOKa HE 0 CUJIaM COBPEMEHHOMY dejioBeuecTBy. U He cromT
MaCKHPOBATh COBEPIIEHHO APYTYIO PEAJBbHOCTD IT0J TAKOH JKCHepu-
MeHT. Bpems kuzuu HecTabWIbHBIX YaCTUIL JOJKHO 3aBHCETH OT
yCIoBmit mx o6pasoBanns (1axke CTabUIBLHOE SIIPO MOXKET CTATh BO3-
OyKAEHHBIM MJIM HeCTabMIbLHBIM, JTUO0 MOYKET IIPOon30iiT, Ha0b0poT,
peKOMOMHAIMS W T.JI.), & YCJIOBUA 0OPA30BAHMUS MIOOHOB HA BBICO-
Te 20 — 30 KM TIpH CTOJKHOBEHUN BBEICOKOIHEPTETUIECKIX KOCMUe-
CKUX JIy4eil ¢ aTOMaMy a30Ta U KUCIOPOIA OTJIUIAIOTCA OT YCIOBHIA
ux obpazoBanus B Jjiaboparopuu. He rosopst o ToM, 4T0 Ha pa3HBIX
BBICOTAX HE OBLIM M3MEPEHB! TaXKe CKOPOCTU MIOOHOB, YCKODEHUS 1
MHTEHCUBHOCTU UX ITOTOKOB. I/I3MepeHI/IH xXe, HpOBe,Z[éHHLIe Ha YCKO-
PUTEJIAX, CKOPEE CBUIETEIBCTBYIOT O BJIUSHUEN YCKOPEHU U IOJIei
HA KOHKDETHBIA MPOIeCcC pachaja KOHKPETHBIX 9YacTHIl (3TO TOXKe
[0Ka3aTe/b JABOWHBIX CTAHIAPTOB PEJIATUBUCTOB: TO OHU 3a Majeii-
Y0 HEMHEPIIHABHOCTE ToTOBBI 0TchitaTh K OTO, a 10 oHu “HeBUH-
HO” 3aKPBIBAIOT IJIa3a HA [POMA/JIHBIE YCKOPEHUS HA YCKOPUTEJSAX U
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HENPUMEHUMOCTh caMoil unepuuasibuoil ugeosorun CTO kK Takmm
MICeBI000bSICHEHNSIM, KOT/1a 970 HampasseHo Ha 3amuty CTO). “Mro-
onHoe JokazaTeabcTBO” Bomio B yuebuuku no CTO ¢ cepemuanr 30-
X ro/10B. Yepes HECKOTBKO JeT OBLIO 0OHAPYKEHO, ITO, BO-TEPBHIX,
MIOOHBI 00Pa3yI0TCa MPAKTUIECKU Ha JI0601 BHICOTE, U, BO-BTOPBIX, €
YBEJTMIEHNEM JHEPTUN WX MPOHUKATOIIAS CIIOCOOHOCTE CYTIECTBEHHO
Bozpacraer. Tem HEe MeHEe, PESATUBUCTCKOE TICEBII0I0KA3ATEIBCTBO
He ObIIO WCKIIYEHO W3 yUIeOHWKOB, W WM TTPOJOJIKAIOT MOPOYUTH
TOJIOBBI CTyJeHTaM (K BOMPOCY O HAYYHON STHKE).

T'unoresza Purna

CupaBeyInBOCTH PaJyu OTMETUM, YT0 JlaxKe DaJiucTUuYecKast IUIo-
re3a Purna [174] (1o cyimecTBy 9710 KJIACCHYECKUT 3aKOH CJIOKEHMNSI
CKOPOCTEil J7isT KOPITYCKYJI) HEe TaK JIETKO MOTJIa ObI OBITH OMPOBEPT-
HyTa B Hauase 20-ro seka. [Tpuseném kparko BeiBOJ 13 [29] u qaanm
HEKOTOpBIE 3aMevanusi. BpeMs Tpuxoja CHIHAIA OT 3BE3IBI — CIIyT-
HUKA TeHTPAIBHON 38361, HAXOQAIIENHC S Ha paccTosHuu L, Tpu 3a-
xojie B TeHb t| = L/(c—v), a pn BBIXOE M3 Tern ty = S+ L/(c+v),
rae T - mepuos opdMTAIBHOTO ABUKeHnd. llosaras Ajst 3aMeTHO-
ro a(dekra (nBOlHAA CHCTEMa CTAHOBATCS BUJMMOIN KaK TPOHHAs)
t1 = tg, nosyunm L = T(c? —v?)/(4v). Jlna juamerpa opbuTh ume-
eM D =Twv/m. Eciu « - yros nabmonenus, 1o o ~ tana ~ D/L, u
Tak Kak v < ¢, umeeM a = 4v%/(nc?). Peanbhblie ckopoctu nabiiio-
naeMbix cryTHUKOB v < 350 km/c. B pesysbrare, st HabJ01eHIsT
momo6HOro sddexra AomKHO GBTh o <K 2 x 1078  pammam (uro
IIPEBLIMTAaCT TOYHOCTH COBPEMEHHDBIX TeHeCKOHOB).

Koneuno, 31or BBIBOJ JI0BOJIbHO I'PyOBIt. B BhIpakenuu s to
T

HY’KHO TucaTh 1z BMECTO 3, TJie T - J0JId TIePUOoJa, KOTa CITy THUK
HaXOOUTCsT B TeHU; Bcerga T <K %, 9TO YBEJIWYUBAET TIPEAEIHLHYIO
TOYHOCTH . Kpome Toro, PUKCHPOBATL ¢ MOMOINBI0 (hboTorpadun
B HACTOAdIIEee BpeMd MO2KHO OY€Hb KOPOTKHE MTPOMEXKYTKU BPEMEHN
(ecJti HKCTIO3UIINST TIO3BOJISIET ), TO €CTh MOXKHO MUCATH tg—t] = %+y,
e y < T, 9To erg yBeJImanBaeT mMpefebHy0 TOUHOCTh. OIHAKO,

CKazkKeM 1 B OIlIpaBJaHNe HECKOJILKO 3aMeYaHWit.
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Puc. 3.3: Oupenenenve yyacTka TeHU.

(1) Uccnenosanme ty > t HEMPOAYKTHBHO, TaK KaK BCE HADJIIOIA-
eMble 3aTMEeHUs OyJIyT MEPUOJANYECKUME W MBI He CMOMKEM HHUKAaK
NPOBEPUTH: JNEHCTBUTENBHO JTM Mbl HAO/II0MAeM TPOHHYIO (Man uer-
BEPHYIO W T.JI.) CHCTEMY HJIH 9TO TOJBKO BUTMMOCTb.

(2) B nporecce gBrKeHus CIlyTHUKA, 110 OPOUTE BPEMs IIPUXO/Ia CUT-
HaJTa B TOYKY HAOJIIOIEHWs TLTABHO MEHSIETCs (peasibHbI 00bEeKT —
CIlyTHMK ¥ €r0 BHIMMBbII 00pa3 He COBHAAIOT), YTO NCKAKAET OIPe-
JleJleHne peasibHOM OPOUTHI U BeJIUIUHBL L.

(3) BesreicTBre TOTO, UTO CBET MPOXOIUT HEOTHOPOIHYIO cpey (ar-
Mocdepy, 1a 1 KOCMUYECKOE TIPOCTPAHCTBO) W3BECTHBI SIBJIEHUS MeP-
HAHWA U Aucnepcun. ITo0bl COKPATUTH UX HETATUBHOE BIUSHUE CJIe-
JyeT HABJII0IAT TIOTHbIE (& HE YACTUYHBIE) 3ATMEHUS U KeTATETHHO
€ UCKYCCTBEHHBIX CITYTHHUKOB 3€MJIH.

(4) TlockorbKy HaM GyJeT JTOCTYIIHA JTUITH TPOEKITUI JIOCKOCTH Op-
OUTBHI, TO B OOIIEM CJIydae Mbl HE MOYKEM I'apaHTHPOBAHHO OIEHUTH
qnay yuacrka vean x (Puc. 3.3). Bpems jnsuzkenust B TeHu Gymuer
Pa3JUYHBIM B 3aBHCHMOCTH OT HAOpPaBJIeHWs Ha Habomaresns (Ha
Bemiio). CienoBaTesbHO, HyKHbI OPOUTHI ¢ CUMMETPUYHON OpUEeH-
Tanuel, ¥ TOYHOCTH ONpeeseHns “Iaed’ MpOeKIun OpOUTHl U Pas-
MepoB 060MX TeJ HAKJIAJAbIBAET OTPAHUYEHUs Ha (PACIETHYIO) TOU-
HOCTPH OTIPEJICTIEHNS BPEMEHN TIPUX01a CUTHAJIOB.

(5) BeiImre yKe TOBOPUIOCH, UTO He CYIIECTBYET abCTPAKTHO CKOPO-
cru cBera, a ByayT HAGIIONATHCS KOHKPETHbIE BenduHbl ¢(w[v]) u
c(wa[—v]). CraegoBaTebHO TOYHOCTD ONpe/eseHns 9acToT (Aw/wp)
HAKJIA/IBIBAET OIPAHUYEHNs] HA TEOPETHYECKYIO0 OMEHKY TOYHOCTH
(Ac/cy) m, coorBercTBenno, Ha (At/t).
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CamMoe MpUHIMIHATBHOE 3aMEYaHIe CIeTYIOIIEe.

(6) Ceer ompeleIEHHON YACTOTHI Wy M3IYUIACT HE OOBEKT, JIBUKY-
muiicss Kak I1e0e CO CKOPOCTBI0 V, & XAOTHYECKH JIBUIKYIIUECS
C TEIIOBBIMU CKOpPOCTSIME dacTuilbl. CJieoBaTeIbHO, OIPeIeTuTh
3a/I€PKKY PACYETHOrO BPEMEHM OT CKOPOCTH OObEKTa KaK Ie/i0-
IO HEBO3MOXKHO, IOJIB3YSICh JIIOOBIME XapaKTEPHBIMU B MUKPOMAaC-
mrabax dacroramu (JIMHUSAMU M3JydeHus). TOJbKO €Cjau y CILyT-
HUKa rpaduK CrHekTpaabHoil mHTeHCHBHOCTH [ (W) MMeeT HEKOTO-
py10 XapakTepHyto dhopMy (Hampumep, MaKCUMYM I (w1)) 1 ecam
on maentudunupyemo ormuaerca (no dpopme) or rpadpuka Crek-
TPAJILHONW WHTEHCUBHOCTH OCHOBHOMN 3Be3/bI, TO HAOJIOIEHNE 38 U3~
MEHEHHeM CIeKTpajabHO# uHTeHcuBHOCTH [(w,t) HA BbBIIEIEHHOI
wrasatomeii (1) gacrore wi(t) (KOTOpas COOTBETCTBYET MaKCHMYMY
Iz (wi(t))) mMormo 6bl j10Ka3aTh MM ONPOBEPIHYTH GAJIMCTHYe-
cKyro Tunoresy Putra.

Hackosibko n3BeCTHO aBTOpY, B TAKOM KJIOYE JIETAJBLHOIO aHa-
JIN3a ACTPOHOMUYECKUX JIAHHBIX He TPOBOAMIOCH. ajee crout yiro-
M$HYTb, 9TO THIOoTe3a PuTia /s ABOMHBIX CUCTEM IIPEICKA3bIBAET
Kpome (HazoBoii eIé 1 AMILTUTYIHYIO MOTYJIATINIO TPUXOSIIEr0 CUT-
Hata (B (PUKCUPOBAHHON TOUKE MPOCTPAHCTBA BCJIEJCTBUE DPAZHOM
CKOPOCTH PAIPOCTPAHEHUSA CBETA TTPOUCXO/ISAT MYIbCAITHH HHTEHCHB-
HOCTHU W3-32 HAJIOXKEHWS CBETa, WCIYIIEHHOTO0 B Pa3Hble MOMEHTBI
Bpemenn). Ilpu sToM gem GoJibIe paccTosiHie 10 ABOHHON CUCTEMBI,
TeM OTHOCUTEIbHAS WHTEHCUBHOCTE MYTBCAINI YBEIUINBALTCS; TAK-
’Ke (710 HEKOTOPBIX TIPEIEJIOB) YBEJININBACTCS U IACTOTA My ThCAIIHIA.
Hekoropsie apropsi [29] paccmarpuator “cyiecrBoBanne’ KBazapos
U IyJIbCAPOB KaK JI0Ka3aTe/ibcTBO runore3nl Putia. leficTBurenbHo,
MAaJIOCTh MX IIEPUOJIOB My ibcanuil (MHOr1a MEHee CeKYH/Ibl) TOBOPUT
0 KOMITAKTHOCTH 3TUX OO0BEKTOB, 8 MOIIHOCT U3JIydeHus (C yIeToM
UX YIAJIEHHOCTH) TOBOPUT 06 obpaTHOM. JIM60 HAZO OCHOBATEIbHEE
mpoBepaTh runoTely Putia, mudo octaéres BepuTh PaHTACTUIECKIM
(HempoBepsieMbIM) COBpeMeHHbIM BepcusiM. la u cioxkuOoCTH 06pa-
boTku pamapubix Habarogenuit Bemepnbl 3acTaBagiorT 3ayMaThCa O
BO3MOXKHOCTH HAJUYUs ¥ CBETA MHEPIIUAIBHBIX CBONCTB.

Heobxomumo coenmars HECKOIBKO 3aMeYaHHil MO0 MOBOAY 3KCIIE-
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pUMEHTa C CHHXPOTPOHHBIM M3sydeHuem [167|, riae yreepxaercs,
OyaTo OH OIpoBepraeT HAIUCTUIECKYIO TEOPUIO.

1) ckOpOCTH BOODIIE HAIPAMYIO HE U3MEPAETCS;

2) MOYEMyY-TO CIUTAIOTCS U3BECTHBIMU CKOPOCTH U MYTh 3JEKTPOHOB
OT OJIHOTO JI0 JIPYrOTO KBaJpaHTa (a COTJIACHA JIM ¢ 9TUM KBAHTOBAS
MexXaHuKa?);

3) BO BTOPOM C/Iydae MCIOJIb3yeTCsl NPOX0KEHUE TOHKO 111acTuH-
KW ¥ OTPakKeHne OT 3epkaja (KAaKOBO BJAWSHUE HA TOTHOCTH?);

4) crpaHHO HecHMMeTpHYHBIMU BBIOpambl myTu: I L = 580 cm, II
Lo+ L3z =205+ 210 = 415 cwm;

5) CKOPOCTB 3JIEKTPOHA TIOYTH HE OTTHIAETCS OT ¢, U HE MOXKET ObITh
unentuduupyemMa ¢ TpedyemMoil SKCIepuMEeHTOM TOYHOCTHIO;

6) mo cyTH, pedb BOBCE HE UAET O GATMCTHIECKOI THIIOTE3€, & CKO-
pee O BIAUIHUU MEPEU3/YIeHUd aTOMOB;

7) B 0bouX Caydasix OOHAPYKUBACTCS TPEIBECTHUK — (DPOHT;

8) Hem3BECTHO BpeMsi peakiu (POTOyMHOXKUTENEH Ha pasHbie (hoTo-
HBI W BJIMSIHUE HECUMMETPUIHOCTHU OITbITA;

9) TaxzKe s/ BTOPOro KCIEPUMEHTA — IPUMEPHOE COBMEIEHUE 3eP-
KaJIa U TTPU3MBI;

10) HeT MpsAMOro CpaBHEHUsI €THHCTBEHHO BO3MOYKHON 3aBUCUMOCTH
c(wr) m c(we).

Takum 06pazoM, JaHHBIA IKCHEPUMEHT BPSIN C OJHOZHAYHOCTHIO
MOXKeT ObITh WHTEPIPETUPOBAH KAK OMPOBEDKEHUE TUIOTe3hl PuT-
1a.

OpHako, 3aIuTa Win pa3zBUTHE TUNOTE3bl PuTiia He sBseTCs
neakio HacTosmel Kunru. [logpobHee 03HAKOMUTHLCA C OYEHB WHTE-
pecabiMu unesMu B. Puriia, B ToM ducie ¢ ero 6a/uIMCTHIECKO
runoTesoii, MoxxHo B [203].

OnsiT Canngka

[MpsaMbIM  TOKA3ATENIHCTBOM HETOCTOSHCTBA CKOPOCTH CBETA € 7
constant (1 KOCBEHHBIM CBUETETbCTBOM KJIACCHICCKOTO 3aKOHA CJI0-
JKEHUs CKOPOCTEd ist cBeta) sibagercs onbiT Canbaxa. Hamomuamm
€ro CyTh: 110 KPal0 BPAIAIOIIErocs ¢ yIJIoBoit yacToToii {) nucka ObI-
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B

Puc. 3.4: Onerr Canpaka.

JIM YCTAHOBJIEHBI YeThIpe 3epKaJia (TouHee TPU 3epkaja B u ojHa
wractuaa H — cm. Puc. 3.4). Jlya ceera paszbusasics (mwractunoit H )
Ha JIBa Jy4a, OJIMH M3 KOTOPBIX IBHATAJICHA MPOTUB YaCOBOM CTpEJ-
ki (II0 HAIpaBIEHHUIO BPAIIEHUS), a JAPYrOil — [0 YacOBOH CTpe-
ke. Ilpn BeTpede mydeil Bo3HMKaTA MHTEPMEPEHIMOHHAST KAPTHHA.
Cwmerenne mosioc (3a CU€T pa3HUIIBI BO BDEMEHH TIPUX0/ia CUTHAJIOB)
okazamock pasEbIM: Az = 8Qr?/(c\). O9eBuaHO, 9TO HEMHEPIHATH-
HBII XapaKTep BPAIEHUs CUCTEMBI ¢ 9acTOTOM §) He ABJISIETCS 3/1eCh
OTIPEJIEJISIIOIIINM MOMEHTOM: HUKTO €Ilé He BH/Ie] B BaKyyMe NCKPHB-
JIEHHOTO CBeTa (MEXK/y JBYyMsl OTPA’KEHWSIME JIyd CBETA JBUKETCH
IpsAMOJIHHENRHO). TeMm He MeHee PACCMOTDPHM CJIEAYIONIAN MBICTIEH-
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HBIH 9KcepuMent. [IpencraBum cebe, 9TO PAINYC AUCKA CTPEMUTCS
K OECKOHEYHOCTH I — 0O, HO TaK, 9TOOLI BeanduHa {2r = v 0cTaBa-
sgack mocrosgranoit. Torma nmeem ) — 0. CrenoBarebHO, BETUUNHA
yckopenus §2°r 6ymeT CTpeMHTLCS K Hy/0. BoiGepem Takoil paju-
yC 7, 9TO00BI yCKOpEeHUEe OBLI0 HAMHOTO MEHBINE JI000i HAmepe 3a-
JTAHHOI BEeJTMYIUHBI (HAIIPUMED, CYIIECTBYOIIEi SKCIePUMEHTATBHO
rounocru). Torja HUKTO HE CMOXKET OTJIMYUTHL 3Ty “IOYTH UHEPIU-
AIBHYI0” CHCTEMY OT WHepnuaabHoi. Eciu npu sToM yBemnanBaTh
YHCI0 PABHOYIATEHHBIX 3epKaj (N — 00), TO TpsiMble JINHUN (CBe-
TOBBIE JIy4H) MEXKIY 3epKajgamMu OyyT TpUbIMKaThCa K OKPYKHO-
ctu aucka. B pesysnbrare mMeeM BBIpajKeHUe I CMEIIEHHUsT T0JI0C:
Az = alLv/c, rae a - koHcTaHTa JJist BbiOpantuoro ceera (A), L - ayn-
Ha OKpyzKHOCTH. Besecrsue 0ueBuIHON CUMMETPUN SKCIIEPUMEHTA
spdext Oymer agmurTuBen o L, m ero BeIUYWHY MOXKHO OTHECTH
K efunauie JUMHbL. “KyMmyassTuBHbIN 3¢hhEKT yeKOpeHus Jjis BbI-
OpaHHOrO TPAMOJJUHENHOTO yYaCTKa MOYXKeT OBbITh CAeJaH MEHbIIe
Jir0boit Hanepén 3ajannoit Bequunbbl. Takum obpazoM, Jjs Besu-
YKMHBI CMeIeHust 1010¢ uMeem: Az ~ v/c (HEKOTOpbIE M3MEHEeHUs
) TPUBOAAT K COOTBETCTBYIOIIMM W3MEHEHUSIM v, Tak Kak v = Qr
— KoHeuHasi BeqnunHa). Cjie0BaTeIbHO, BPEMs PAaCIPOCTPAHEHUST
CUTHAJIA JTMHEHHO 3aBUCUT OT CKOPOCTH JBUYKEHUS CUCTEMBI, TO €CTh
¢ # constant.

O 6eaxHoOM 3dupe 3aMOJJIBUTE CJIOBO

Cremaem BcmoMoraTebHOE 3aMedanue 1o 1moBoay sdwupa. OTKpo-
BEHHO I'OBOPs, BbIIyMbIBAHME TOMHMO “abCostoTHOM mycrorsl” (6e3
dusngecKux CBONCTB) APYTUX HOHATHI THIA “Du3ndecKkuii Bakyym”
(obramarorero (hU3HIECKUME CBONCTBAMI) HECTTPABEJIUBO 110 OTHO-
MIEHNWIO KO MHOTMM TPEITECTBYIOIIUM MCCIEI0BATEIAM (TIJIArnar),
TaK Kak JJIs MOJ0OHBIX TTOHATHH y2Ke ecTh TepMuH — “achup”. Toabko
mepes acpupom ObLIa MOCTABIEHA 33/1a9a: CPa3y O0bLIACHUTE Ha PO-
CTOH W HAIVIAIHON MOJE/NN BCE ONBITHI WIN “YIAJIUTLCA CO CIEHBI .
JanbHeiimee passurtue (GU3NKKM BBEIO WHYIO TPAKTUKY (BCIIOMHUM
JIyaJi3M CBeTa, KBAHTOBYIO MexaHuKy [139] u 1p.): mpoTHBOpeUIHBbIE
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cBoficTBa HU3NIECKNX 0OHEKTOB MM HBJIEHWH TIPOCTO CTAJM [TOCTY-
JIUpoBaTh Kak (haxT 6e3 0ObsCHEHUS U peasbHON HAIJIAIHON Mo/ie-
su. Hanpumep, mmeercst MOIEIb TBYXKOMITOHEHTHOM YKUIKOCTH /TSt
OMVCAHWS TPOTHBOPEUINBLIX CBONCTB CBEPXTEKYUEro reying (TedeHune
63 BA3KOCTH 9epe3 KAUJLISD U HAJININe BA3KOCTHU IIPU BPAIIEHUN ).
PeanpHoCTh faseka oT Mojesn, HO Mojienb paboraer (mosesnas). 1
TOJBKO OT Teopuu 3pupa peITUBACTH Tpeboaan 60bIero. XoTs
Ha CaMOM JieJie JJisi BCeX Moeseit acupa, O0ObABIEHHBIX PEIITH-
BUCTAMU HEPEAJbHBIMHU, CYIECTBOBAJIN AHAJOTHH, ACHCTBYIOIINE B
npupoze (a Wero kazamoch Obl TPEGOBATH GOMBIIETO OT MOJETU? ).
Hampumep, HET HUYIEro yAWBHTEILHOTO B TOM, YTO CKOPOCTH CBETA
MOYKET OCTaBATHCS OAMHAKOBOW IIPU M3MEHEHWHW MJIOTHOCTH dupa:
CKOPOCTDb 3BYKa B BO3IyXe Tipu 1 = constant ToXkKe He 3aBUCUT OT
IIJIOTHOCTHU BO34YyXa. HeT HIYET0 IIPOTUBOECTECTBEHHOTO M B TOM,
YTO TUIOTHOCTE 3upa Mozxker cyrecTsenHo (Bcero B 60000 pas) yse-
JINMYUTHCA B6JII/ISI/I ITOBEPXHOCTHU BeM.HI/I 10 CPpaBHCEHHUIO C KOCMOCOM!
IUIOTHOCTb aTMOCQEPBl yBEIUYUBAETCS HA MHOI'O TOPSJIKOB 00Jib-
me. Mogens Crokca — 310 Moueib 0e3 armocdepbl. Maremarnte-
CKUE TPYAHOCTH MOJenn (TPEOI0KEHNEe GE3BUXPEBOTO HECKMMAE-
MOTO JIBUYKEHUSI) COBEPIIIEHHO HU TIPU YEM: DEabHOE, OTIMCHIBAOIIEE
TMPUPOJLY, PEIeHne MOXKET 0Ka3aThCsa Ou3kuM K HafigerHoMy CTOK-
coM (IPOCTO UCTHHHOE CTPOrO€ pEIeHhe HEeJMHEHHOrO ypaBHEeHUs
B 9aCTHBIX IMPOU3BOAHBIX 6e3 prOH_LeHI/Iﬁ HaHTH MaTeMaTUudeCKn I'o-
paso cioxuee). CopaBeyTIBOCTH PaJId OTMETHM, ITO ceffaac CyIre-
CTBYIOT JIOBOJILHO pa3BuThle KoHuerun sdupa (sanpumep, [1,8]) u
XOPOIIIO Pa3BUTHIN MaTEeMaTHIECKHI MOAX0, UCIIOIb3YIOIIit hup-
Hble npeacrasienns [142].

IlepeitnéM Temepb K JApYyrAM KOHKPETHBIM BOIIPOCAM K A M
KPATKHE KOMMEHTAPHANA K HEKOTOPLIM H3BECTHBEIM JKCIIEPUMEHTAM.
Abepparust B mycrom npoctpatcrse 6e3 CTO Oblia mpoaHaJ n3upo-
BaHa BLIIIE KaK C TOUKU 3PEHHs KOPIIYCKYJISPHON, TaK U BOJIHOBOIA
Teopun. Pesymbrar Oymer aHAJOTHYHBIM W C TOYKKA 3PEHUST TEOPUU
HenoaBuKHOro adgupa. [loaroe yeaegenne 3dgpupa cpenoil HEIOHITHO
Ipu IMOCTEIIeHHOM yMeHb]_HeHI/H/I IJIOTHOCTU CPEeabI (HaHpI/IMep, B Ta-
3ax). [losroMy rumoresy moHOrO yBiIedeHUs Upa HUKTO BCEPHE3
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(kpome penaruBucToB) He obcyxman. laxe ecau Ob1 a3dbup ysie-
KAJICS MOJIHOCTBIO TBEPJABIMYU U JKUJAKUME TeJIAMU, aHaJu3 ObL1 Obl
HE TIPOCT: HeobXoamM0o OBLTO OBl pazpaboTaTh TEOPUIO TTEPEXOIHOTO
CJI0ST MEXKJIy TeJaMU M TEOPHUI0 MOTPAHUYHOTO HPUPHOTO CJIOS JIJIs
ra3oB B 3aBUCMMOCTH OT IJIOTHOCTH Ta30B (Harnpumep, B onbire Maii-
KeJbCOHA Pedb HUKAK He Morya Obl uaru o 30 KM/cek — opburasib-
HO#t ckopoctu camoit Semmn). Orako, Gpusnka 1OULIa UHBIM Iy TEM
n emé Operenb BBET KO3(MDOUIMEHT, TTOKA3BIBAIOIINN, YTO B OTTH-
YECKU TPO3PATHBIX CPEJAaX MOYKHO TPENOIAraTh JIUIb TaCTHIHOE
yBiedenne 3dupa. OHO mpakTHIecKu (C JOCTUTHYTONH TOTHOCTHIO) He
MeHsieT abeppaluio IIPU 3aI0THEHUN TPYOBI BOMOH, 9TO OBLIO MOKa-
3an0 camum PpeHesieM (3aMeTuM, 9TO TPU HEBEPTUKATBLHOM HADJIIO-
JIEHUU HYXKHO YYUTBIBATH YI'0JI IPEJTOMJIEHUS JIyUeil B cpeiax 3a1oJi-
HEHWs ), HO, BOOOIIE TOBOPSI, BCE MOJOOHBIE BOMPOCHI OTHOCSITCS YKe
He K Teopuu abeppaiuu, a K Teopuu pedpaxnuu. EInHCTBEHHBIH
CIydait, KOT/Ia MpaBOMePHO 06CYXKJIaTh THIIOTE3Y MOJTHOIO YBJIEUe-
Hust 3dupa — 370 JJId ONTUIECKN HEPO3PAYHBIX CPef (MEeTaJslioB).
Mozker 310 MHTYWTUBHO 4yBcTBOBaJs Lepli, Korya ¢ camMoro Hada-
JIa, OTKA3AJICS PACCMATPUBATH OMMTHYECKHE SIBJIEHUST C TOUKHU 3PEHUSI
CBOEH JIEKTPOIMHAMUKY (ITOTOMY HEITPaBOMEPHO TPUMEHEHHE pPe-
JSATUBUCTAMU €T'0 TEOPUU JIJII NAIJIEKTPUKOB C IEJbI0 JTUCKPEIUTA-

n).

Ombir TpoyTrona u Hobsis He TpoTHBOPEUNT TPUHITUTY OTHOCH-
TeJbHOCTH lasmiied B mycToOM IIpocTpaHcTBe. Boobime roBops, Bce
OTIBITHI C JUIJEKTPUKAMY HE TTPOTUBOPEYAT MPUHIIANY OTHOCHTE b=
Hoctu [asmiesi, Tak Kak 9acTh IMyTH CBET (BEpHEE II0JIE) MPOXOJUT
B IIyCTOTE MEXK/y aTOMaMM, a JPYIYH 9aCcTh IIyTH CBET MOTJIOIIA-
eTCsd W Meper3aydaeTcsa aroMaMu. s Teopun 4acTUYHO yBJIEKae-
MOro 3dupa (ecau HeT MeTaJIHIeCKOil SKPAHUPOBKU) BCETIA MOXK-
HO C TMPAKTUIECKONH TOUYHOCTHIO OMPEAeTUTh KOI(DPUIIMEHT yBIIEUe-
Hrust OpeHests, TOATBEPKIAIOMINICS /I ONBITOB W IEPBOr0 U BTO-
poro nopsika (IIpaBaa, 9acTo TOYHOCTH OKA3BIBAETCS HEBEJNKA, W
Ha, IIPAKTUKE BBOIUTCS OOJIBIINE OJHOIO “IOATOHOYHOTO” KO3hduIm-
enra). Onbir Poynanga dhakTuyeckn 10Ka3a/1, 9TO C TOUKM 3PEHUs
Teoprun 3pupa — 3PUP MOJHOCTHIO YBIEKAETCSI METAJLIOM, & C TOY-



3.2 KPHTHKA PEJIATUBUCTCKHUX OIIBITOB 179

KW 3pEHUs IPUHIINIA OTHOCUTENbHOCTH ['ajinjies OnbIT JT0Ka3aJl K-
BUBAJICHTHOCTH JBIZKYIIUXCS 3apsiZioB TOKY. B ombitax (Penrrena)
DitxenBaabaa 1 Bunbcona dpaxtwdeckn mosyden OpemeseBckuii Ko-
sdduruenT yBiaeueHus B JIUJIEKTPUKAX.

OmnbiTt Kennean-Topraaiika

Nurepdepomerp Kennemu-Topumaiixka oramuaica or umaTepdepo-
MeTpa MaltkesmbcoHa TOJBKO TEM, UTO JTHHBI TMEPIEHIUKYISTPHBIX
mwied cpasy Obn BeIOpanb!l HepaBabiMu. OnHAKO, 15T WHTEPdhEpeH-
ITHOHHOM KAPTHHBI BayKHA TOJIHKO Pa3HUIA X074 Jydeil o OTHOIIe-
HWIO K JIJIAHE BOJTHBI HCIIOJB3YEMOTO CBETA ([0 OT JTMHBI BOJI-
Hbl). KpoMe Toro, TOUHOCTE W3MepeHust JIHH 1€ HHTepdepoMeTpa
(nanpumep, waTepdepomerpa Maiikenbcona) Beerja MEHbINE Jn-
HBI BOJTHBI MCITOJIB3yeMoro cBeta. CiieoBaTeIbHO, BOMPEKT MHEHUTO
[38], oubir Kennenu-Tophjiaiika MpUHININAIBHO HUYEM HE OTJIMYa-
eTcd oT onblTa Maiikenbcorna-Mopsm. [loaToMy Bce 3aMedanus, yKa-
3aHHbIe 71 onbITa Maiikenbcona paHee, OyayT obImmMu Jjist 060UX
9TUX onbITOB. Ecim ncxoaurs m3 neseit skcnepumenta (06 obHapy-
JKEHUW BJWSTHUS JIBUKEHUST CHCTEMBI MHTEpepoMeTpa Ha CKOPOCTh
cBera), TO oleHKa aBTopoB v < 15 kMm/c Bosee ajekBaTHA, YeM 3a-
sABJIsieMasi B yaeOHUKAX, XOTs TOXKe HeBepHa (cM. HuKe). Bosbmas
CTAOUILHOCTD TI0 TEMTIEPATYpe, HA9WHAA ¢ HEKOTOPOTO Mpejiesa, He
UTPAeT POJIH, TaK Kak mpu Jroboii T = constant (T # 0) Bcerga cy-
MeCTBYIOT TeMneparypHbie diykTyanuy u Kojaebanus KPUCTaLIn-
qeckoit pemerkn 6azpl. CaMoe TyIaBHOE, Pa3/INIHbIE CKOPOCTH CBETA
¢(w) (eMHCTBEHHOE BO3MOXKHOE OTJIMYME — CMOTPH BBIIIE) HE CPaB-
HUBAJIUCDH /IS Pa3HBIX 9aCTOT W, 9TO U HEBO3MOXKHO OBLIO CeaTh
B TOM06HOM OTBITE. KpoMe TOTOo, I MyCTOTO MPOCTPAHCTBA OCTa-
JOTCST B CHJIE BCE KJIACCUUECKHE PACCYXKAEHWS JIJIT WHEPIHUATBHBIX
CHCTEM, TO €CTh COBJIIOAeTCS TPUHIIAIT OTHOCHTEIbHOCTH [auiest
[48]. Obmiee 3ameuanne 0 MeTANIIMYECKON IKPAHUPOBKE jist 9Dup-
HOW MOJeI TPUMEHNMO M K 3TOMY OombITy. Takum o6pazom, mgazke
K O6Hapy}KeHI/HO ABUKCHUA BeM.HI/I BCE IIepeYmrcC/IeHHBIC OIIBITHI HE
HMEIOT OTHOTIIEHHST.
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OmnsiT AiiBca-CTuirysaa n nonepednslii 3 ekt Tonae-
pa aaga cpepuyuecknx BOJTH

[Tepeiiném Temepn kK ombiTy Atica-Crmmysiaa. 3aMerum, 9TO cam
Aiisce 6b11 nporuBHukoM CTO u 06bsicHsL OUbIT € H03uLuii 3hupa,
(3HAYUT TaK TOXKE MOXKHO HHTEPIPETHpPoBaTh). Boobme, ama CTO
XapaKTepHO “BATUTh” BCE B CBOIO “Ky4y” (BEPOSITHO, YTOOBI COUTHEE
BeINIsAAeTh) un “nosasars” CTO co Bcemm Teopusvmu (azke He 110
KOHI[a TIPOBEPEHHbIMH ), Aeas sui, aro ecan CTO “noroner”, To u
“Bca Hayka moToneT’. Boobire TOBOPs, B OTWYNE OT IJIEMEHTAPHOMN
reopun 3ddekTa Hommepa, onpegeserre 9acTOTHON 3aBUCUMOCTH B
NPOU3BOIBHON KOH(DUTY DAY — TIPEPOTATUBA OTBITA, (M MPUILIETATH
CIOJTa JTOTIOJTHUTEIBHY IO TUIIOTE3y O BPEMEHH — OOJIbINAsT HATSIKKA).
@akruveckn, onbiThl AfiBca-Crunysna maxke B uiaeane (ecau mpe-
HeOpedb peaslbHBIMU OCOOEHHOCTSIME TTPOIECca) ONPENeIsiin Obl He
nonepeunsiii acbdexr Homnepa, a sacddexr domrepa maia aByx Ha-
npasienuit, 6u3kux K 0° u 180°, To ectb 3dhdexTri, biuzkue K
MPOMOJIBHBIM. DTHU OTBITHI SB/ISIIOTCS KOCBEHHBIME, TAK KAK BEJIWTH-
Ha (HKO6bI peﬂHTI/IBI/ICTCKOﬁ) TIOIIPAaBKW — BbIYUCIAEMasd BEJIMYINHA
(kpome TOTO, CpaBHWBaeMasi OT PA3HBIX 0OJACTEH, UTO MPUBOIUT K
JonosHuTenbHOM acuvmerpun). OubiThl [22] mokasaau CyiecrBeH-
HBIE CHCTEMATHYECKUE OTKJOHEHUS OT PEJISTUBUCTCKOTO BbIPAXKE-
aust (10 60+10%). Crenosarensro, 3bderT MOXKeT OmpeneaaTbes
He cTOJIBKO JlomiepoBCKUM BBIparKeHUEM, CKOJBKO OCODEHHOCTHIO
peakiuii B mydukax. Kpome yIOMUHAHUS JPYTUX aJbTEPHATHBHBIX
OIBITHBIX JaHHBIX [22,120], HaauM HEKOTOPYIO KPUTHKY DPacCMaT-
PUBaCMOro IKCIIEPpUMEHTA. PGHHTI/IBI/ICTBI OIIACBIBAIOT 9KCIIEPUMEHT
TaK, Oyaro momepednblii ¢ dexT lomnepa BocmpuHuMaeTCsa OT OfI-
HOIl TOYKM YCTAHOBKW B OMPEJEJEHHBIN MOMEHT BpPEMEHH (MOMEHT
npOoJIETa CEPEMHHOTO TIepIeH Kyasapa). Ha camMom jere Bocnpunu-
MaeMblil CUTHAJ — 3TO WHTErpaJibHasi CyMMa OT pa3HbIX obJacTeii
M3JIy9eHns 32 PAa3HOE BPEMS, Ja eIlé W He TMEPIEHINKYIIPHBIX TBH-
KeHUIo (Ky/a, HalpuMep, jJeaach abeppariusi?), To eCTh U3yIaeMblil
spdexT npeacTapageT co00it HEKOTOPOE “CJIOKHOE Cpeanee” MeK Iy
JIBYMs nponobHbIMI addexTamu dornepa.
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Pensrusucter anga sadpderra Homnepa 8 CTO coseprmaror ote-
pPEeIIHOM TOJJIOr: OHKM pPAacCMATPUBAIOT TOYETHBIE CBETOBBIE BCIIBIII-
ku (T0 ectb cdpepuUecKre BOJIHBI!), HO PE3yJBTATHl CPABHUBA-
0T ¢ kjaccudeckuM addexTom Jlorrepa g naockonapaitess vl
6804n. OUEBUIHO, UTO [IJIs TIJIOCKOTIAPALIETHFHBIX BOTH HHKAKOTO TIO-
nepedanoro agdexra lomrepa He cymecTByer (i He CTOUT PEIATHBU-
CTaM HaJyBaTh 37eCh kN ). Ho ecim KTo-TO HE IIOHUMAET PA3HUILbI
MKy CPEePUIECKUMI U MJIOCKOTAPAJIIETFHBIMIA BOJHAME, TO, TO0-
BUIMMOMY, OH HE TOHUMAET HU (DU3NKU, HU MATEMATHKN (HATPUMED,
Ha ypOBHE 8 KJacca COBETCKO cpesiHell MKOJIBl MOXKHO CTPOTO Hail-
TH TOYHOE PENIeHne CAEIYIONEit 3a1a4uu: Koaeb iomniics BBepX-BHI3
TMOTLIABOK BO30YXKIAeT KPYTOBBIE BOJHBI HA BOJE; KAKOE KOJIHYIE-
CTBO MaKCUMYMOB BOJIH B €JIMHUIY BpeMeHH OyJeT (hDUKCUPOBATH Ha-
OII01aTe b, ABUKYIIUICS 110 HEKOTOPOH JIMHUM HAJ TOBEPXHOCTHIO
Bo/b1? ). Hexkoropbie mepunernu, CBsi3aHHBIE C MCTOPHEH OTKPBITHS
dbopmyaer Tornepa ast cdepudecknx BOTH (M KIACCHIECKOTO TIOTIE-
peanoro sdderra lomiepa) pasHbIME JTOABMA U TPOTHBOIEICTBUS
9TOMY OTKPBITHIO U3/102keHbl B yuebnuke [132] u [204]. B oriuane or
VKA3aHHBIX UCTOYHWKOB MBI WCCJEAyeM He JJIUHY BOJIHBI, a Oymem
ucKaTh Hojiee TPUBBITHYIO XAPAKTEPUCTUKY — U3MEHEHWE YaCTOTHI
[pU JIBUYKEHUH UCTOYHUKA W /UM IPUEMHMKA.

PacemorpnM BHaTaIE cdepraecKue BOJIHBI, BO30yK/1aeMble ABH-
XKYIMMCST TOYEYHBIM VNCTOYHUKOM B cpejie (Hampumep, 9T0 Mo-
JKeT OBITh 3BYK WJIM KPYTH Ha Boje). IlycTs mokosmmiicss mpuémMunk
curnanos Haxoxurcst B Touke R (Puc. 3.5). Ecin 661 ncrounuk Beé
BpeMd noxouscd B Touke (), TO HaIpaBJICHUE PACIPOCTPAHEHUS CAT-
HAJI0B n300pasuioch Obl junueil OR (jjiMHy BOJIHBI MOXKHO Onpe-
JeUTh, pasfenus paccrogaue |OR| Ha YHCIO COBEPIIEHHBIX KOJe-
OaHnii 33 BpeMs IPOXOKICHIUS JAHHOTO PACCTOSHUS ). AHAIOTMIHAST
cuTyanus 0bL1a ObI IS HCTOYHHUKA, IIOKOSIIEr0Cs B HEKOTOPO Apy-
roit Touke ¢. IlycTe Teneprs HCTOYHUK IBUKETCA IPIMOIHHENHO € TI0-
CTOSIHHOI CKOPOCTBIO V. BeIOepeM yC/IOBHO B KaueCTBe HCCIIeAYEMOI0
CHTHAJIa y9aCTOK JIJIMHOM paBHOI AJIMHE BOJIHBI U JOTOBOPUMCH, ITO
OyzleM caenuTh 33 TOUKOM, COOTBETCTBYIOUIEH HAYaIy ITOT0 CHTHA-
7a (/1711 PAaBHOMEPHOT'O JIBHZKEHHSI COBEPIIEHHO PABHO3HATHO MOXKHO
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Puc. 3.5: 9dpdexr Homaepa mpu ABMKEHUH UCTOUHUKA.

6as10 OBbI CIeUTh 33 JBUKEHUEM CPEIUHBI UIH KOHIIA 9TOTO YCIOBHO
BBIJIEJIEHHOTO YJYaCTKa). B MOMEHT Havasa OTIPAaBKU CHUTHAIA WC-
TOYHMK Haxoaucd B Touke O, a B MOMEHT Hadajia IpUEMa ITOr0 JKE
CUTrHAJIA TPUEMHUKOM MCTOYHUK HAXOJUTCH B TOYKE j. Yrou 6 Kax
oberuno B Teopun apdexra Jommepa — “yroa MexIy CKOPOCTHIO U
JinHuel HabJI0/IeHus, n3MEPEeHHbI B cucteMe mpuémunka’. V3 p3aun-
MOCB$I3H CTOPOH TPEyTOJIbHUKA (PACCTOAHUIA, MU, JI/TUH BOJTH — €CJIN
JUIMHY KaKJ0W CTOPOHBI pa3/e/iuTh Ha Yuciao N COBEpIIEHHBIX 32
9TO BpeMs KOJIeDaHuil) JIerkKO ONPEeJe/uTh U3MEHEHUE ePUOIa BOC-
IpUHUMaEMBIX Kojebanwit T o cpasnernio ¢ nepuojiom 1’ Koseba-
Huii mokoserocst B Touke O ucrounnka (rne T =t¢/N, T' = t'/N).
JLast 3TOr0 BOCMIOIB3YeMCsT TEOPEMOH KOCUHYCOB:

(ct)? = (vt)® + (ct')?* — 2(ct’)(vt) cos (1 — 6).
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C
\

Puc. 3.6: 9ddexr Jdonaepa mpu ABUNKEHNN TPUEMHUKA.

Pemrag 310 KBagpaTHOE YpaBHEHHE OTHOCHTEIBHO ¢/, mMeeM

t' =t(1/1 — p%sin?0 — Bcosh),

rie, Kak o6br9HO, 5 = v/c. B utore mis u3MeHEHUsT 9aCTOTHI MOy~
qaeM CJIEeJIYIONIee BhipaxKeHue:

/
Vv =

v
V1 —BZSin29—Bc059.

IIycts Ternephb cdepuueckne BOJTHBI BO3OYKIAIOTCS B CPEJE TO-
KOSIIIIUMCsI MCTOYHUKOM j, a TPUEMHUK JIBUXKETCS PSIMOJIMHERHO
C TIOCTOSIHHOH CKODOCTBIO V M B MOMEHT HaJaja MpUEMa CHUIHA-
na Haxogures B Ttouke R (Puc. 3.6). AHasormdHo, BOCIIOJB30BaB-
IMICH /1A JTAHHOTO TPeyTOMbHAKA TeopeMmoil Kocumycos (ct')? =
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(vt")2 + (ct)? — 2(ct)(vt') cos (m — 0) w paspenTHB KBaJpPaTHOE YPaB-
HEHUEe OTHOCUTENBHO 1/, HalijéM:

_t\/l—BQSiHQG—i—ﬁCOSQ
— e _

B urore dopmysa acpdexra Homnepa aisa chepudeckux BoJiH Oyjier
HUMETh BU:

t/

vV =v(y/1— B2sin®6 — Bcosb).

W3 camoit nporeaypsl nojiyderns (pOpMYJibl CIAejyeT €€ BEPpHOCTh
npu J100bIx paccrosansax. Gakruaecku yros 0 v OTCIEKUBAET aB-
TOMATHYECKH PACCTOSTHUE MEKYy UCTOYHUKOM U TPUEMHUKOM, TaK
KaK, B OTJIMYME OT CJAydas TIOCKOTAPAJIETBHBIX BOJH, 3TOT YIOJI
MEHSIETCsI B TTPOTIecce ABUKeHNs. B moyaennoit hopMmyite HaC pex-
Jle Bcero mHTepecyeT TOT (PAKT, UTO I CPeputuecKux BOJIH CYIIIEe-
crByer mornepednslit addexrr Jomnepa (ecan moacraButh B hopMy-
Jbl @ = 7/2), NOJTHOCTBIO COBNAMAIONIN C PETATUBUCTCKUM BBIDA-
kernneM. Ilpn o HOBpeMEHHOM JIBMKEHWH MCTOYHUKA U TPUEMHNKA
s dext Hommepa aast chpepuecKux BOJH UMEET BUI;

, V( 1-— ﬂ% Sin2 91 — ﬁl COS 91)
v = .
1-— ﬁ% sin? Oy — By cos O

Teneps BepHEMCs K “HammM peastusuctam’. [locaeannm n3 peasTu-
BHUCTOB, KTO 3aIMCHIBAJ OJIHY PEJATHBUCTCKYIO (DOPMYILY OJHOBpDE-
MEHHO BKJIFOYAIOIIYIO ¥ JBVKEHUE MCTOYHUKA W JIBUKEHUE TPUEM-
uuka, 6ot Makce Jlays. [lorom, BuiaTh, pesssTUBUCTDI TOHSIN IPU-
TUBOpEUNEe OJHOBPEMEHHOTO yaéTa 000MX JBUKEHUN caMoil UIe0/10-
W PEJISTTUBA3MA, HO HE JOTOBOPUJINCH KAKYIO YK€ U3 JIBYX (POPMYJI
octaBuTh (Beab y A. Diinmreiina wx nse!l). B pesysnbrare B jmre-
paType y pasHbIX aBTOPOB BCTPEYAIOTCH pasHbie (popmysbl. Kpome
TOT0 HEMOHSATHO, KaK OJHA pejisiTuBucTckast hopmysia adexra o-
mjiepa MOTJIa Obl IPY TTPEAeIbHOM [TePexoie OIHOBPEMEHHO TaTh JIBE
kiaccuaeckue (opmyasl adderra Jdomnepa (Beab, Hampumep, 1s
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3ByKa 00€ OHU IKCIEPUMEHTAJBHO TTPOBEPEHBI U TAf0T Pa3HbIE Ha-
GIr0/TaeMble Pe3yJIbTATH)?

Tlo-cyTwm, Mbr oty ann nonepeunsniit achdext Hommepa mia cde-
PUYECKHX BOJIH, KOTODBIH CyIIECTBYeT U IJI CBETa M B aKyCTHKe!
B pesynbrare B onbite Aiipca-CTuimysia [y peasbHOTO HCTOUHUKA
Oyaer HAGIIOMATHCA CMEIIEHne B KPacHy obaacth (6osbine Bpe-
M AeficTBuUs Takoil cMermeHHol 4acToThl) n 3bdexT momnKen 3aBu-
CeTh OT PACCTOAHHUs O TOUKH Habsrogenund. Jla m KTo cKazaJi, 94To
JIIST CBeTa JIOJIXKeH HalJrogaThea Kiaaccnaeckuit addext lommepa
JUTST TIOCKOMAPAJIIeIbHBIX BOH? Beab adderT mMeer Kjaccute-
CKHUIi BUJ TOJBKO B CIyYae UHCTO BOJTHOBOTO ABMXKEHHSA. Ecam ke
CBET — 9TO HE COBCEM BOJIHA, TO MO2KHO TTOJIYIUTH UHBIEC BhIPDaAXKEHU A,
B TOM unciie u peastusucTekue [60]. Takum 06pazom, JaHHBIN OOBIT
TOXKE He MOXKeT OBITH 6€30TOBOPOTHO OTHECEH K ONMBITAM, TOATBED-
KIAMOMNM peaaTuBucTcKoe 3amennenne spemenn B CTO.

Hekoropsie pensrusuctsl [38,107] BBIAESAIOT TPU KJHOYEBBIX
onbita (Maiikenscona, Kennenu-Topumaiika un AjiBca-Crutysia),
KOTOpBIE AKOOBI ¢ OJHOZHAUYHOCTHI) MPUBOALT K MTPEOOPAZ0BAHMAM
Jlopentia (6aza mag CTO). OnxHako, MBI BUIUM, 9TO BCE TPU IKCIIE-
puMenTa He saBsatoTCs gokasareababivu. CTO “noBucaer B mycrore”
JlaKe C 9KCIePUMEHTAJbHON TOUKYM 3PEHUS.

JlonmosiTHUTE IbHBIE 3aMeYaHUSA

Hauném ¢ obmux 3amedanuii. CrupaBeiiuBoCTy pajyd HaLO OTMe-
TUTH, UTO IPUHITAI OTHOCUTEIBHOCTH JaKe I MeXaHWIeCKNX sIB-
JIGHUH HUKOIJIA HE HNPOBEPSICA C MAKCUMAJIBHON YKCIIEPUMEHTAIb-
HO# TOYHOCTBIO. ECju MMOBEPUTH B OTCYTCTBHE BCEIPOHUKAIOIIETO
adupa, TO AHAJOTUYHBIMUA CBOHCTBAMU 00JIaaeT TPABUTAIMOHHOE
noste. Kak 661 Hun Burascs Hab/IogaTe s Ha 3emye (TIpu mpsiMoJIn-
HellHOM PaBHOMEDHOM JIBUWKEHUN WM KPYTOBOM JBUMKEHWHN TIO TIO-
BEPXHOCTHU 3€MJIH ), CHJIA TSYKECTH OyJIeT MEHSTHCS 110 BEJTMIWHE TN
HAaIPaBJIEHUO, YTO MOYXKeT ObITH OOHAPYXKEHO TTPU CPABHEHUU KOJIU-
YECTBEHHBIX 3aKOHOMepHocTell B 3kcmepuMmenTax. CreqoBaTesbHO,
3adB/IdEMble TUIIOTETUYECKUE IKCIEPUMEHTHI MO ObI OBITH MIPO-
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J€JIaHbl TOJIBKO B OTCYTCTBUEC TATOTCHUA WJIN 2KE€ IIPU CTPOTO CUM-
METPHUYIHOM PpAacCIpeneJeHun Bceil BcesleHHON OTHOCHTEILHO TOYKH
wabmonernd. Ho mpm Hammany OBUKYIUAXCA T TaKasd CTPOTAs
“KOMITeHCAINsT TSICOTEHUsT MOIVIa OLI OLITL TOJILKO B OJHOH TOUKE.
Bo Bcex peanbubIx cirydaax HaOIIOJAIOTCS a0COIOTHBIE N3MEHEHUS
cocTosiHUsE (CKOPOCTH, YCKOPEHUSI U JP.) OTHOCUTEIBHO TOYKH IIPO-
CTPAHCTBA, KOTOPYIO B JIAHHBI MOMEHT IIPOXOIUT UCCIELYyEeMbIH 00b-
exkT. Kpome ToT0, CIeayeT mpu3HaTh, 9TO CTPOTOE TOHATHE WHEPITH-
AJHLHON CHCTEMBI B 3KCIEPHMEHTAIBLHOM ILTAHE JOJIXKHO OBITH pac-
MIAPEHO ¥ PACIPOCTPAHEHO HA “MOYTH WHEPIMAJIBHBIE CUCTEMBI, TO
€CTh Ha, CHCTEMbI, HEOTIUYINMbBIE B Mpeaeaax CyIIECTBYIOIEH Tod-
HOCTHU OT CTPOT0 MHEPIUAJILHBIX CUCTEM B T€YEHHE BCET'O OIIbITA. B
OPOTUBHOM CJIy9ae 9TO HMOHATHE OBLIO Obl JHIIEHO IPAKTHIECKOTO
MPUIOXKEHNST W OKA3aJI0Ch Oecrosie3ubiM st hmsuku. Hampumep,
SICHO, UTO BCe 6€3 MCKJIIOUEHUs “DEJIATUBUCTCKUE” OIBITHI IPOBEIE-
HBI Ha HEMHEPIHUAJbHON 3emye (HEMHePIUAIBLHOCTD 3eMJTH 3JIEMEH-
TApHO JIOKA3bIBaeTCs MaaATHHKOM DyKO) W €CJiu MOIXOUTH COBCEM
CTpOro, TO HEJIb3d AJid UX O6T)HCHBHHH OPUBJICKATH ITPUHOWUIL OT-
nocurenbaoctn CTO (Gecipenenbruast CTporocTs “crasut Kpect” Ha
J0boM pasnene dbusuke).

Caenaem emg onno obmiee 3ameuyanue. OmmbOYHOCTH TEOPUN OT-
HOCUTEJBHOCTH HHUKAK HE CBsI3aHa C HAJUYUEM WU OTCYTCTBUEM
Bcex Tex 3¢gpdekTon, Koropeie CTO mbITaercss onucarsk W CIEKYIH-
poBaTh Ha 3TOM (TakKzKe KaK OTMEHA XPYCTAJbHBIX c¢dep He oTMe-
HSIET peasbHO HAO/I0JaeMoe JIBUKeHne 1aHer). Hamo 9éTko oT-
JIeJIsiTh JIBa BOIPOCA: CYIIECTBYET JIM CaMO siBJIEHUE U BEPHA WU
HET HEKOTOpas TeOpHs, IMIPUINCHIBAONIA €IMHCTBEHHON cebe 00b-
sgcuenue 3toro gpjenud. [lo Tem “npumumHam”’, KOTOpbIEe 3adBJIEHBI
B CTO, HUKAKUX 3KCTPAOPAUHAPHBIX 3(D(DEKTOB MPOCTO HE MOXKET
ObiTh (coBokymHOCTE nostoxkernit u BoiogoB CTO HecoBmecTHA, TO
eCTb JIOTWYeCKH mpoTuBopednBa). Ecin ke kakoi-to sdderr Ha-
OrroTaeTCd, TO HAJIO JIJIsT HETO MCKATh JPYTYI0 PEaTbHYI HTPUIHHY
(obbsicHenme, mHTEpHpeTanuio). Kaxgas Teopusi COIEpKUT psif “ec-
i’ KOTOPBIE JOJKHBI TPOBEPATHCH dKCIepuMenTaabio. Hampumep,
MOZKET JIM MpH peasjbHOM (!) M3MEHEHHH CKOPOCTH OOBEKTa M3Me-
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HATHCA TeYEeHHE HEKOTOPBIX Iporeccos B HEM? B npunIimmne, MOXKer.
Hamnpuwmep, nepsoe “ecin’™: cymiectByer 3hup; BTropoe “eciu’ HEKO-
TOPBIl TTPOIECC 3aBUCAT OT CKOPOCTH OTHOCHTENBHO ITOTO 3Dupa.
Ho Torma oTHocHTe bHAST CKOPOCTDH JBYX CHCTEM HaOIOmeHus Oy-
JIeT COBEPIITeHHO Hu npm uéMm. Tak eciu mepBas u BTOPasi CHCTEMA
JIBUZKYTCS B TMTPOTHBOIIOJJIOKHBIE CTOPOHBI C OJHHAKOBOM CKOPOCTHIO
OTHOCUTEJILHO 3(PUPaA U, TO AHAJOIUUHBIE IIPOIECCH B 9TUX CUCTEMAX
OyayT TPOTEKATH OMMHAKOBO. F.C/IM YKe TPeTbs CHCTeMa JIBUYKETCS B
Ty K€ CTOPOHY, YTO W MEepBasi, HO CO CKOPOCTHIO 3V OTHOCUTEIHHO
sdupa, TO, HECMOTPS HA TY YK€ CAMYI0 OTHOCUTETBLHYIO CKOPOCTH 20,
TIPOTIECCHI B TPeThell W MepBoii cucTeMax OyIyT pa3indaTheda. B mam-
HOM CJIy9ae HapyIIAeTCs CaM MPWHITAI OTHOCUTETHHOCTH (M YK TeM
6oaee CTO). Takoe B mpuHITHITE TOKE BO3ZMOKHO, HO JOJZKHO ITPO-
BEPATHCSL TOJBKO B XOJI€ 9KCIEPUMEHTOB (C TpeOyeMoil TOUHOCTHIO
9TOr0 HUKTO €ITE HE CIIesTa).

Emg onmo 3amedanme, Kacaromeecst IKCIePUMEHTATBHBIX Pe3YTh-
TaToB. Pazbpoc JaHHBIX B KaXK0OM U3 SKCIEPUMEHTOB 110 H3MEPEHUTO
CKOPOCTH CBeTa KaK [PaBuo BbICOK. A 3agsiaseMbie B CTO manenn-
KHe JIOMYCKH TIOJIYIAI0TCA TOJIBKO TTOCIEe OMPe/IeIEHHON cTaTuCTr Ie-
ckofi 06paboTku (TO €CTh TMOATOHKHU TI0J| YKEJTAEMBIE DE3YJILTATHI).
DTO yKe NPUBOJAMIO K KOH(MYy3aM: 00bSABISEMOe PEIATUBUCTAMHI
HanboJiee BEPOSITHOE 3HAYEHUE CKOPOCTU CBETA JIBAXKJIbI W3MEHSIJIN
C SIBHBIMH BBIXOJIAMH 32 IIPEJIEJIbI 3asBJISIEMBIX JTOMYCKOB (cM. [25]).

SaMernM, UTO B KOCMOCE JUCIEpCHsi CBeTa Obliaa oOHapy KeHa
JTaBHO |5]. 3amasapIBaHme BOJTH PA3HBIX IacTOT B KOCMOCE GBLIO 06-
HapyxkeHo Tuxoseim 1 Hopamanowm [170]. B pa6ore 48] 6buia npes-
nmoJIozkeHa gucnepens ¢(w) B BakyyMme (9ta runoresa 6yaer paccMoT-
pena B [Ipunoxkenusx B u C). MoxkHO nmpusecTu mpumep, KOTa Jin-
HUU W3JIYYEHUsT MOABUINCH CIOYCTS 2 MeCIa Tocie 00HApYKEHHsT
PEHTIEeHOBCKOI Benbiky [13], 4To Takxke MOXKeT MMeTh OTHOIIEHHe
K JUCIIEPCUN CBETA B BAKyyMe.

Knaccuaeckuit 3ak0H CI0KEHWS CKOPOCTEH WMMeEeT OTHOIIEHWE
TOJIFKO K IMTOCTYIIATEeJHLHOMY JABMKEHWIO Tes. Kcian »Ke mMeeTcs ermé
u KoJsiebaTenbHOe JBWXKEHNE, TO B OOINEM BUE HUYETO OIMPEeIe/IeH-
HOTO O CYMMApHO# CKODOCTH CKa3aTh HEJb3sl (JayKe JJist Hepess-
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TUBUCTCKUX CKopocreii). Hanpumep, cKOpoCTh ygapa MOJIOTOYKA O
KaMepTOH HUKAKOTO OTHOIIEHWS HEe UMeeT K CKOPOCTU pPaCIpOCTpa-
aaommxced BoiH. C Kakoil 661 OTHOCUTE/IBHOW CKOPOCTHIO HU JIETEIH
HeCJYaCTHAST ITHYKA U CAMOJIET (Jlaske CO CBEPX3BYKOBOI) UM KaKOM
OBl IIyTh OHM HYM WIPOILIN, IOCJIE CTOJKHOBEHUS CKOPOCTH 3BYKA B
cajione camoJiéra Oyser paBHoit 330 METpPOB B CEKYH/y — CKOPOCTH
3ByKa B BO3jyXe (OUEBMJIHO, 9TO CKOPOCTb 3BYyKa BHYTDHU CaJIOHA
caMoJieTa, OmpemeidaeMas Kak vs = AV, OyJIeT TOCTOSHHOMN, He3aBu-
CUMO OT CKOPOCTH TMOJETA CaMOJIETa; aHAJOTUYIHO, CKOPOCTh CBETA,
ompezessieMas BHyTpu npmbopa Kak ¢ = AV = constant, ne 3a-
BUCHAT HHU OT KaKWX NIBWXKEHWU BHe mpubopa, HO STO HEe OTMEHSEeT
Toro pakTa, 9TO ecaum TPUEMHWK OyIeT JBUTATHCI HABCTPEUY JIy-
49y, TO UX BCTpEYa MPOU30IIET paHbINEe, T.€. UTOTOBAS CKOPOCTb,
ompesesseMas KakK CYMMAaPHBIA MyTh, J€JIEHHBIN HA BpeMs, Oyaer
(S1+ S2)/t = ¢+ v, > ¢). Emé npumep. [lycts qauHHBIH cTepKeHDb
ABUZKETCHA 10 MTOBEPXHOCTU BOJbI MEPIICHINKYJIAPHO CBOE€ AJInHe CO
CKODOCTBIO V1, & TOYEYHBII UCTOYHUK [I€PEJ] CTEPXKHEM BO30YXKIAET
BosiHbl. Toryia yacTh Ly TH 9TU BOJIHBL OY/lyT UJITH B IIOKOSIIENRCs OT-
HOCUTEHLHO CTEPKHS BOJIE CO CKOPOCTHIO Vg, & 9aCTh MyTH — B BOJIE,
moKoATIElcs OTHOCUTEBHO Oepera. B pesysibrare cKOpoCTh BOJIHBI
Oy/ieT JIeXKaTh MeXKIy Uy + v1 1 vy (1 Bymet, BoobIe roBopst, PyHK-
mueil paccTosiHus 0 ucrounuka). Chrepyromwii mpumMep. JIokaabHast
CKOPOCTH 3BYKa OTHOCUTEIBLHO CAMOJIETa B CAJIOHE CAMOJIETA C JBIP-
KaMu OyJieT 3aBUCETh 0T CKOPOCTH YCTAHOBUBIIIErOCS TOTOKA, BO3/TyXa
BHYTDH CaJIOHA CaMOJIeTa (HEKOTOPBIH aHAI0r Ko duimenTa, yBie-
genns Openess).

Becbma crpaHHbIM SBJILETCH TUIIMYHOE “yBEJIMYEHUE TOYHOCTH
npu crarucrudeckoit obpaborke nanapix B CTO. 910 o3Hagaer, 4To
NCKYCCTBEHHO BLIOMPAIOTCA JAHHBIE W WCCIEAYIOTCS 3aBUCUMOCTH,
3aBEJOMO YKJIA/IbIBAIOIIMECS B JAHHYIO Teopuio. Bo-nepBwix, Ham-
Oosiee BepOATHBIE 3HAYEHWS PA3HBIX (DUBMUECKUX BEJTUIHH MOTYT
OBITH COBEPIIEHHO HECBA3AHHBIMY TMPHIWHHO IPYT € APYTOM JTarKe
B OTJEJbHBIX aKTaX B3aMMOJCHCTBUs (BCIIOMHUM Da3jindue MEeXKIy
NCTUHHBIM 3HAYEHUEM W CPEIHNM, HamboJIee BEPOATHBIM WIn -
eKTUBHBIM 3HAYECHHEM B KOHKDETHOM Mporiecce m3Mepenusi). Bo-
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BTOPBIX, s CyHIeCTBEHHO HeJIMHENHbBIX Bpra}KeHI/Iﬁ n3 paBeHCTBaA
cpeux (mim 5hdeKTHBHBIX) 3HAYEHHI BeCbMa HEIPOCTO M3BJIEYb
3adBJ/ideMble COOTHOIMCHUA OJid MCTHUHHDBLIX (1\/[1—‘HOBeHH]:)I)(7 njm IIpu-
YMHHO CBS3aHHBIX) BeJIMYMH. TaKOro aHain3a JAHHBIX (IKOOBI MOJI-
reepxkgaronmx CTO) nurge He BeTpevaercsa (Bejb HYXKHO IPUBJIe-
KaTh Teoputo hIyKTyalruit B 9T0M ciydae). B-Tperbux, Haio obpa-
TUThb BHUMaHUE Ha CJICAYIOINE MATEMATUYICCKUEC CbaKTbI:

1) crarmcTuueckoe ycpemHeHue TePUOMYIecKoit (DyHKIUM ¢ Hewms-
BECTHBIM TIEPHOJIOM TI0 JPYTOMy mepuoiay (HeBEpHOMY, HAIPUMED,
KOrJla HE YYUTBIBACTCA BKJIQT MMEPENITY YCHU A aTOMaMI/I) MOXKET JaTh
B pe3y/IbTaTe HYJIb WM BEJMYMHY, MEHbIIE HCTHHHOI;

2) MOmBITKA OMPEENEHUs MEPUOAMIECKON 3aBUCHMOCTH Ty TEM BbI-
JIeJIEHUsT HETPABUJIBHO yTaJIaHHON WM CIBHHYTOM TapMOHUKN JAET
Hyib [ cos(wt) cos(wit + a)dt = 0 i 3aHmKeHHy 0 Beqmanty. Bos-
MOYKHO, HElPaBUJIbHASL CTATHCTHIECKasi 00paboTKa JaHHBIX U €CTh
Ta TPUYUHA, 10 KOTOPO, HECMOTPS HA 3HAYNTEIbHBIE OTKJIOHEHMS
KayKJIOT0 U3 OTJEeJbHBIX M3MEDPEHWH OT HYJIEBOIO YPOBHs, B DsJie
oublToB (Tuita MaifikesbCoHa) 10CIe CTATUCTHYECKOH 06paboTKu 110~
JIy9aroTCcsi BeChbMa, MaJible KosiebaHusi BeJndnH (BCIOMHUM aHAJIN3,
mpoBe¢HHBI Mustepom B cBoux ombitax [95]).

Nccnenosats kakoe-uubynb sIBJEHWE C TOMOIIBIO0 TOHKOTO 3¢-
dexra Méccbayspa odenb “‘momuo”. (IHAKO, BECbMa CTPAHHO COOT-
HOCUTH BJIUFAHUE TEMII€PATYPblI Ha CABUT pe3OHaHCHOﬁ HaCTOThI C
sddexTom 3ameienust Bpemenu CTO B onbire [layana u Pebru —
9TO YUCTaA CIIEKYJIAdINsA. XOTH TEMIIEPATYPHbIC USMECHCHUA B 6OJ'[b—
el UM MEHbINEN CTeleHn BJIMAIOT Ha Bce 0e3 MCKJIIYeHus (u-
auueckue sapjenus, HO Bpems CTO coBepiieHHO HU npu 98M JJIst
sIBHO KJIaCCU4YeCKoil objacTu uccienoBanus. B nmporuBHoM ciyuae,
€CJIU COBCEM UYThb-UyTh MPOIOIKUTD TVIODATBHYIO MIPETEHIUIO Pes-
TUBUCTOB B 6/IM3KYI0 00/1aCTh — /10 TLIaBaeAns obpasna (Korma cam
9 dEKT UCUe3HeT), TO UTO HYKHO JTeKJAPUPOBATH B STOM CJIyUae:
BpeMs 3aKOHYMJIO CBOI Oer, BpeMms CTAJI0 CHUHTY/JIAPHBIM WA WHON
bpen? Crarucruyeckuii aHa M3 B TeMIepaTypHbIX onbiTax llayHma
u Pebxu — meno Toxke BecbMma comuuTENbHOE. Onpemessercd BJu-
sSHUEe TeMIepaTyphl (BepHee €€ M3MEHEeHuil) Ha CIBUT 9acToT (mpu
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gém 31eck crapenue?!). HamomamM, 9T0 TemMneparypa XapakTepu-
3yeT pasbpoc ckopocTeil BHyTpu oOpasma. Kak ke MOXKHO IpHIIN-
cerBaTh 3hdexrT 06pasny Kak mnesomy? Boobie cTpaHHO CBI3BIBATH
xo7 BpeMenu ¢ 3ddexkrom donsnepa uin BeiOUpaTh B KAUECTBE UHIU-
KaTopa X0ja BPeMeHN HEKOTOPYH) YACTOTY KOHKPETHOTO MPOTECCa.
HeficTBUTENBHO, YCTh UMEETCsl CUCTEMA, COCTOSAIIAs 13 OOJIBIIOro
YMCJIa ATOMOB, BO3DYXK/IEHHBIX C MOMOIIBIO YAaCTOTHI Wi. Beidepem
WHAWKATOPOM X073 BPEMEHU B 3TOM 00pa3iie 1acToTy wi. Korma aro-
MBI HAYHYT ME€PEXOIUTH B OCHOBHOE COCTOSIHUE, OHU OYIYT U3/1y9aTh.

HaiinyTca Tak:ke aToMbI, KOTOPBIE, HATPOTHUB, OYIYT MOTJIOMATE (HO-
TOHBI U HEKOTOPBIE M3 HUX MCIBITAIOT JTaXKe MHOTOKPATHOE TTOTIOIITe-
HUE. B pe3yabTaTe B CUCTEME JOIIOJHUTEC/ITBbHO MMOABUTCA APyTad Ya-
cToTa (axKe HECKOJBKO pa3Hbix dactor). Ho, ocHOBBIBasich Ha 3TOM
daxTe, abCypaHO CUNTATH, 9TO BPEMS U3MEHUJIOCH aXKe JJIs ITHUX
n30paHHBIX ATOMOB, HE TOBOPS yKe 00 TPUMHCHLIBAHUN W3MEHEHWsT
X0/1a, BpeMeHu Bcemy 00pasiy u yK Tem 6ojiee BCeM CHCTEMaM OT-
caéra, ¢ KOTOPBIME MOXKHO MBICJICHHO CBSI3aTh HAIll 00pasers (IMEeHHO
rakue riobasuzanuu uctoas3ytor CTO u OTO).

Cremyroriiee METOAMIECKOE 3aMEUAHNE KACAETCA TACTO COBEPIa-
€MOT0 PEJISITUBUCTAMH TOJIJIOTa TEPMUHOB (OIUH U3 “MeToI0B” camMo-
yTBepxKaenus myTéM obmana). Tak, 4ieHbl, CopepKame BeJIMIuHy
B 3HaMeHaTese (HampuMmep, v/c U Ip.) OHU CTaJd HA3bIBATH “peJisi-
TUBUCTCKUMU ', XOTsI B KTACCHIECKOM CJIyUIae TO00HbIE UIeHBI TOXKE
TaCTO TIPOABJIAIOTCA WU, KoK MUHUMYM, HeO6XO,ZLI/IMO CpaBHUBATH aHa-
JINTUYECKUE BBIPAKEHUST JIJIsT AHATOTHIHBIX YIEHOB B KJIACCHIECKOM
U PEIATUBUCTCKOM ciaydaax. [logobuasa curyanmusa obmana nMesia Me-
CTO B cJIy9ae paJapHbIXx Habmomennii Benepsl, korma 6611 paciyImen
ciyx o sskoOb1 HOBOM (!17) moaTBepxKmernn CTO, xoTa Ha gene muc-
[OJIB30BAJINCH 9UCTO Kaaccuiaeckne dopmynsl (cm. [118]).

Bazsosrie onsirer OTO

XoTs HACTOSAIIASA TIaBa HE MOCBAIIEHA O0IIEH TEOPUHE OTHOCHTEBHO-
ctu (OTO), rem He MeHee (M3-32 3aABIAEMOTO PEIATUBUCTAME €JINH-
CTBa TEOPUU OTHOCUTEILHOCTH) JIJisl IOJTHOTHI KAPTUHBI TPEJICTABUM
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JOTIOJTHATEIFHO HEKOTOPBIE KPUTUIECKUE 3aMeTaHusd K IKCITEPUMEH-
TaM. BecbMa CTpaHHO, U4TO B OJHUX CAyYasiX PEISITUBHUCTHI YTBED-
KT 00 9KBUBAJTEHTHOCTH ONMUCaHus (HampumMep, onbita Canbs-
ka) kak B pamMkax CTO, Tak u ¢ UCHIOIB30BAHHEM HEMHEPIHATHHOM
cucrembl B pamkax OTO, a B qpyrux ciydasix, BOIPEKH 3agABISIEMO
SKBUBAJIEHTHOCTU I'PABUTAIIMOHHOTO TI0JIsi U HEMHEPIIUAJIBHOCTU CH-
crembl, CTO pgaér measekBaTHO MaJiblii pe3ysbrar (HAIPUMED, Jisd
cvemennst nepuresnst Mepkypus).

Onwir Xedens-Kurunra obbasien kak noarsep:kpaiommii OTO.
OzHAKO 3TOT BBIBOJ OBLT TIOJYU€H Ha OCHOBE MaJsoil (OmsATh ype3aH-
HOIT) BBIGOpKHU. JIpyrue mcciepoBaTem, MOy YUBIIIe JOCTYI K TEM
K€ TIEPBUYHBIM JAHHBIM CJIEIaJIA TPSIMO ITPOTUBOIIOJIOXKHBIN BBIBOJI.
[Tpu sTom ombir Xedeng-Kurrunra ObLT UCTOAKOBAH B MOAL3Y 3a-
BHCHMOCTH BPEMEHH OT TDABUTAIMHU (WHTEepIpeTanusi (hakKTUuIeCKn
O3HAYAET U3MEHEHNE CaMOil HeCyIeil 1acTOThl TeHepaTopa B IPaBU-
TaronHoM mosie). OHAKO, B TaKOM CJIydae OH IMPOTHBOPEUHUT WH-
Tepuperaiuu onbita [laynna-Pebku, riue cuanranocsh, 9To reneparop
JTAéT OIHY U Ty K€ 9aCTOTy Ha JIF000ii BbIcOTe (1 KAKON-TO U3 OIIBITOB
HY?KHO UCKJTIOYATH W3 “KOMUJIKK’ TEOPUH OTHOCUTETBHOCTH ).

HexoTopbie pensgTuBuCThI ¢ TIEHON y pTa, AokasbiBatoT, uro GPS
o 1HOCTHI0 moaTBepK Aat0T BhiBoABI OTO (1 CTO, ara kyun). Ka-
KO€ OTHOIIIEHUE ITU “Teoprn”’ UMEIOT K IPUBBIYHON BCEM TPUAHTYJIs-
1un (ONPeIEIEHNI0 CTOPOH TPEYTOJBHUKOB 10 MOJ00UI0), KOTOPYTO
u3yvasn B 7-M Kjacce oObIYHON coBeTcKoil cpemueit mkosbl?! (/la
n K CT&6I/I.HBHOCTI/I YaCTOThl U Op6I/ITbI CIIYTHUKOB 3THU IICEBA0TEO-
pun TOXKe He MMeT oTHomeHusd.) Hermmoxo 6b10 6b1 TeopeTnkaM
Ha BpEeMs IIEPECTATb TBEPAUTH ‘9T0 JOJKHO OBITH’, “BRITAINUTD Ba-
Ty u3 yinei” u MOCIymaTh TeX, KOr0 OHU CaMU HA3BAaJIU CKPOMHBIM
U HE3aMETHBIM CJI0BOM “Habsomarens’ [144|, arobsl y3uaTh, a “aro
Ke ecTh Ha camoM sesie”’. Beab mmenno stu “nabsogaresn’ yaacTBO-
BaJI B CO3JIaHUM “TIpenMyIecTBeHHol cucrembl orcuéra” (WGS-84,
[13-90, TJTOHACC, NAVSTAR GPS), sonpekn nocrymaram CTO
BBOJIMJIM TIONPABKHU HA JIBUYKEHUE [MOBEPXHOCTU 3EMJIU OTHOCUTEh-
HO HABUTAMWOHHBIX CITYTHUKOB U T.II. HeKOF,Z[a IPAKTUKAM (FeO,Z[eSI/I—
cTaM, WHIKEHepaM, m300peTaTesisM, IKCIEPUMEHTATOPAM) CJIYIIAThH
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“0bbacHeHU 3aIHIM TUCIOM OT TEOPETUKOB” ) W IPUXOIUTCA UM JIeii-
CTBOBaTh KaK B IOCJIOBUIE “IIPO JIAOIIYI0 cobaky u mapoposd”. Tax
BOT, TerepaTopsl cryTHUKOBBIX cucreM NAVSTAR GPS macrpamnsa-
o1 Ha 3emiie Ha vacrory 10,22999999545 MI't, urober Ha opbure
gacToTa reaeparopa nosbicuaack 10 10,23MTI't B ctporom coorser-
crBun ¢ uzpectabiM emé 10 CTO sdpdexkTom DTBerna, T.e. MHOr0JIET-
HIE HaBUT'aIMOHDbIC 9KCIICPUMEHTBI OIIPOBEPTalOT erZLI/IHI/ILIHbII‘;I OIIBIT C
“merarormmu camosiéramu’. Takyke MOKHO MOYNTATH, HAMPUMED, B
[205] To, uro mumer Ron Hatch, asrop 6ostee 30 marentos mo GPS,
KOTOPBIH pstMo yTBepxK AaeT, aro GPS nmportuBopeunT Teopun 0THO-
CUTEJIbHOCTH.

I'paBuTanmnonHoe CMeIeHne B [33] TOJIKYETCA C SHePreTHIeCKUX
[O3UIINIL, a KyJa 2Ke UCUYEe3JI0 3aMeJlJIEHUe BPDEMEHU B ITI0JIE TsizKe-
cru? TlonbiTKa W30ABUTHCS OT PEJSITUBUCTCKON “PAZHOTOJIOCHUIIBI
npeanpunsaTa B [21]. Oxxako, “obbscHeHne” pe3yabTaTOB OIBITA B
JIAHHOW Crarbe ¢ 1moMOmBI Mogenu audra (obaagaromero HyJe-
BOIl HAYAJIBHON CKOPOCTBHIO) COBEPIIEHHO HEOOOCHOBAHHO, ITOTOMY
HEJIB3sT CUNTAThL comocrasjenue onbita [laynma-Pebku c¢ ombiTrom
Xedeng-Kurrunra B mob3y IPaBATAIIMOHHOTO M3MEHEHUS XO1a Ta-
coB (BcrmomuuM, uto coracto OTO rpaBuTanmoHHOE TOJIe JIOKATh-
HO “BBIK/IIOUEHO” B cBOGOAHO magatomemM jaudre). Teno B Tom, 91O
Bce popmyabt CTO u OTO nokanbubl. PakTiyeckn, B JaHHOHN cTa-
The PEJSTTUBUCTHI TBITAIOTCS “CO3/aTh’ MBICTIEHHO €IWHBIN 00bEeKT
€ TOMOIIBI0 HECKOHEYHO OBICTPBIX CUTHAJOB. MoxKer ju TOT DaxT,
9TO MPUEMHUK CEHYAC KAKUM YIOTHO 00pa30M ABUTAETCA BHYTPH J1a-
fGopaTopuu MOBJUATE Ha IOJYUEHHBII OT -TleHTaBpa 4uepe3 4 roja
doron? Koneuno, ner! Beanp u CTO cumraer, uro curnan (poron
U €ro BJIMSHUE) PACIPOCTPAHIETCA CO CKOPOCTBIO CBeTa (IPEIBICTO-
pust Ipotiecca He BKto4YeHa HU B oxHy dhopmyray TO). Tlosromy mbr
HE AOJIZKHBI CUNUTATh CKOPOCTH .HI/I(bTa B HaYaJbHBIA MOMEHT paB-
HO¥t Hyst0 TTpHU “obbscHenun”’ onbita llaynna-Pebxu. Haobopot, Mbr
JMOJIZKHBI COOOTIUTEL CBOOOMHO TafameMy JudTy Takyo CKOPOCTH
(oHa He BAWsieT HA YAAJEHHBIH (DOTOH), YTOOBI B MOMEHT IpUEMA
dorona “npubop” (BoCHpUHMMAIOIHMIT ATOM) HAXOMUICA B TOM Ke
MeCTe, 9TO W PEAJbHbBIN MOKOSIIUICH aTOM, U TOYKE UMEJ HYJEBYIO
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ckopocTh. fAcwuo, uro addext Homnepa Oymer Ttorma um mpm 49éM,
TaK KaK OH 3aBUCHUT TOJBLKO OT CKOPOCTH, a He oT yckopenwus. Oba
aTOMa 6y,ZLyT HaXOAUTHCA COBEPIIECHHO B OAMHAKOBOM ITOJIOZKEHUU U
pPa3IHYIne COCTOUT JIUIb B TOM, 9TO Y OJHOTO €CTh OTOpa CHHU3Y, a
y Broporo — Her. Ho Beih ecim MrHOBEHHO yOpaTh OMOpPY HUYErO HE
mozxker m3mennTbest B CTO (cormacuo adderty lommepa). Omgraxko,
JUJISE 9TOr0 KOHEYHOI'O COCTOsIHMS (DOTOHBI MOXKHO ObLIO Obl TI0C/IaTh
¢ pasuoit “rybmus’’, TOo ecthb 3dderT OblT ObI T OJTHOTO W TO-
ro e coctosiHus (Mecra) pasabiM. CrezoBaTesbHO, HAOTIOIaeMblii
3ddekT — 3TO BAWSHUE HE MECTa, HAXOXKIEHWS BOCITPUHWMAIOIIETO
aToMa, & WMEHHO W3MEHUBIIHXCS CBOHCTB camoro dgporona. Kpacwe-
er mmenno (GOTOH (a He “crHeeT MecTo npuéma”), YTO BIOJHE MOXKET
OTIACHIBATBCST B KJIACCHIECKUX TEPMUHAX TOTEPH SHEPTUH U U3Me-
HEHUs peasbHON 9acToThl (hoTOHA (& HE HADJIOJAEMON YaCTOTHI).
[Ipusenennoe B [21] “06bacuenne” OTO sroro cMmerenns: B TepMu-
Hax “NOCHHEHWS SHEPIreTUYECKUX YPOBHEH MOMJIOIIAIONIEr0 aTromMa’
BECHbMa, COMHUTETHHO 1 0 APYTUM coobpaxkenusam. [lockoapKy pedn
ueT 00 OTHEIBLHOM aToMe, TO JaHHbIN 3PdeKT He MOXKeT ObITh “Xa-
pakrepucrnkoit mecra’ (wacos OTO). Hampumep, aTtombr raza Bee-
raa (KpoMe MOMEHTa CTOJKHOBEHUs) HAXOMSTCS B CBOOOTHOM Taie-
HUW W HAKAKOTO CMeIeHns B JaHHOM MecTe He HabIo1amoch 061, B
JKUJTKOCTSIX W TBEPIBIX TEIAX ATOMBI TOXKE HAXOIATCS B JTBUKEHUN
(naxe mpu T'— 0). CiemoBaTebHO, BMECTO YETKOTO CMEIIEHUS JIH-
Hun (3MEKT CHIBHO TyBCTBUTEJIEH JayKe K CKOPOCTSIM B HECKOJIb-
KO cM/c) Haburoganock 6bl CIJIONIHOE pa3MasbiBanue juaun. Ho B
JII0OOM CTydae ToJIydaercs: He “BCeodIuil IpaBUTAINOHHBIH 3 dexT
OTO” |21], a addexr, 3aBucsiuii 0T y4acTByOIIUX B JAHHOM 1IPO-
1mecce KOHKPETHBIX HePeISITUBUCTCKUX MEXaHH3MOB. XOPOIIO TIps-
TATHCA 38 pe30HAHCHBbIE 3DdeKThl (HajndIne JuHUE U3/1y4enus), a
eCJIM MBI PACCMOTPUM TIEPEXOIBI B HEMPEpPBIBHBIN crekTp? OTKyIa
HEIPEePLIBHLIHA CIOEeKTP 3HAEeT IIyTh, NpoiigeHunii dporonoMm? A ecim
YUeCTh, UTO HE KaXKIbIfi (POTOH, “‘ymaBmimit’ Ha, aTOM, TOTJIOIIAET-
¢, & 9aCTh POTOHOB BCETA MPOJIETAET TO CaMoe “IOCHHEBIIee Me-
cro”, KoTopoe ux oxuaaa0? A ecam Boobire Her cpean? Hanpumep,
nyctb hoToH nokugaeT “aépuyto nvipy”’. Jletur on cebe ¢ HemsMmeH-
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Puc. 3.7: Perpetuum mobile OTO.

HOI SHEprueil, a MecTa, KOTOPbIE OH IIPOJIETAET MO J0Pore, BCE “‘cruHe-
o1 u cuneror”. IIpekpacuas mossust! B ¢pusmke He MOXKeT CUATATHCS
O6'bHCHeHI/IeM U MaHUITYJIATUA C MATEMATUYIECCKUMU CUMBOJIaMU (Ha—
npuMep, yciaoBue 6e3MaccoBOCTH B TperheM “obbsicaerun’ [21] — He
6onee, wem rumoresa). To, uro obbacuenmne ombita [laynna-Pebku
BEPHO UMEHHO B T€PMUHAX SHEPTUU (MEHSETCsI SHEPrusi U, 3HAUNT,
gacrora (POTOHA), SICHO M3 CJIEAYIONIETO MBICJEHHOIO SKCIIEPUMEHTA
(Puc. 3.5). IlycTs B TpaBUTAIIMOHHOM T0JIE € BHU3Y ITPOAHHUTUIHPO-
BaJIU 3JIEKTPOH ¢ T03UTPOH. OTpasuM JiBa MOy IUBIIUXCST (DOTOHA
BBepx. llycTb BBEpXy onsaTh MpOU30iAET POXK/EHUE Tapbl YACTHII.
Ecnu sueprusg ¢hoTOHOB HE MEHSIACH TPH TMOABEME B TIOJIE TIKECTH
(BcmoMHUM OOBIYHBIH BO3IyX HA 3eMJIe), TO KaK e MblI €3 3aTpar
SHEPTWH TOJHSIN YACTUIIBI B TIOJIE TIXKECTH HAa OOJIBIYIO BBICOTY
(cooBmmam M JOMOJHUTENBHYIO MOTEHIUATBHYI0 SHEPruio)? 1o
BedHLIN aBuraresnn? Ilomobnoe mporuBopedne Oyner emé 6ojee BbI-
paxkeHHBIM (M 6€3 MCIOJIB30BAHUS BCIOMOTATEBHBIX OTPaXKEeHHil ),
€CJI BHU3Y UCIOJIb30BATh PEAKITNI0 NHOTO THUIA — KOT/Ia W31y 9aeTCs



3.2 KPHTHKA PEJIATUBUCTCKHUX OIIBITOB 195

O/IMH TaMMa-KBAHT, & BBEPXY — COOTBETCTBYIOINIYIO ODPATHYIO peak-
LIHIO.

BecbMma crpaHHO BBINVISAAT HEKOTOPHIE 3asIBJIEHNS PEIATHBUCTOR
0 BO3MOXKHOCTH U HEOOXOJMMOCTHU 3KCIIEPUMEHTAIBHOTO OIIpE/Iese-

HUS “gKOOBI CyIEeCTBYIOIEr0” MCKPUBJIEHUS MPOCTPAHCTBA (B Ha-
mieit equaCTBeHHON BeenmenHoit!): a oTHOCHTEIBHO Yero, cOOCTBEHHO,
u3MepsieTcs Takoe ucKpusjierne? Begn sxcrepuMenT Mox)eT 3aduK-
CHpPOBaTh TOJILKO IIPOUCXOISIININE N3MEHEHNA ¢ (PUSHIECKIMU BEJIM-
quHAMU (METOJ CONMOCTABIEHHs! ¢ YTAJTOHHBIMU 3HAUCHUSIMU ).

Cospemennsbie “noarsepkaenus’ OTO

B o630pe [198] madocHo mporaranaupyoTcs HeKne HOBbIE “‘ycrexu”
no nposepke OTO. Tak, B [194] 06cy2kaeTCst IPUHIIUIL SKBUBAJIEHT-
HOCTH MAacCC, SKOOBI € yI6TOM SHEPTUU I'PABUTAIIHOHHOMN CBS3H (110 3a-
JIEPIKKE JTA3ePHOTO CUTHAJIA, TIOCTAHHOTO C 3eMJIN W OTPAXKEHHOTO OT
Jlyubr). TIpoGsiemMa coBEPIIEHHO HayMaHa U OT “OrPOMHOCTH Pa3Me-
poB” He 3aBUCHT, TaK KaK PaBEHCTBO MACC YiKe 3aJI03KEHO B KOJIAYe-
CTBEHHOE OTIPEJIEIEHIE BeJIMUMHBI TPABUTAIMOHHON TOCTOSTHHOM (/12
U 9HEpIrus TPABUTAIMOHHON CBSI3M HOCHT JIOKAJIBHBIN XapakTep, pas3
y2K MPOBO3IJIANNIAETCA TPUHIMI Oyin3kogeiicTus ). [Ipusieuenue xe
KOCMHUYECKUX MACIITabOB CKOPee yXy/IIIaeT J1e/10, BCIeCTBIHe HEKOH-
TPOJIMPYEMOCTH MHOTHX TTapaMeTpos. Tak, B KOCMOCe IPUCyTCTBYeT
cpelia U MOJisl, BIUAIONINE Ha PACIPOCTPAHEHHEe CHTHAJA; HE pere-
HA TOYHO JaxKe 3aJada TPEX MarepuajbHbix To4ek, a B CosHeu-
HOIl cucTeMe 9uC/io 00BLEKTOB elé OOJIbIe; TOUHbIE 3HAYEHUS] MACC
ACTPOHOMUYECKHUX OOHEKTOB HEM3BECTHBI; BCE OOBEKTHI HAXOISITCS
B JIBUKEHNY (He WHEPIMAJLHOM) U UMEIOT CI0XKHbIe (HeTOUYeUHBIE)
bopMBI; HE YIUTBIBAIOTCS TeOMU3NIECKIE TTPOIIECCHI (HAPUMEp, HeT
TOYHOI TEOPUM TPUMBOB, & OHU MPOSB/IAIOTCA HE TOJBKO Ha BOJE,
HO W HA TIOBEPXHOCTHU CYIITH).

Tanee, umeercs psj coMmHeHuii u o pesyiabraram [186, 187], uc-
MOJIBL3YIOIMM PaIUOuHTEP(MEPOMETPBI CO CBEPXIUHHOM Oa30ii. Hu
OJINH M3 SKCIIEPUMEHTOB HE SIBJISIETCA MPAMBIM (& JIUITL WHTEPIIPe-
rarsimu). Tounast macca CosHila HemwsBecTHA. A KTO MOMKET Ompe-
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JenTh TOuHBIE paccrosHus g0 COJHIA WM [0 anmapaToB, eCu
TOYHBIA TyTh Hem3BecTeH (OH OymeT He MPAMOJUHEHHBIM, TaK Kak
3aBUCHUT OT Haau4ust KOpoHbI COJHITA, XapaKTEePUCTHK TLIa3MEHHOM
cpenpl pacnpocrpanenus)? Kak nias anmHHONW 6a3bl MOXKHO OIpe-
JeUTh TOYHOCTb Pa3HOCTH X043 Jiydeill ¢ y4yeéTroM HeollpeesieHHO-
CTU BCEX YIVIOB, HAJUYUS TPAJUEHTOB ILJIOTHOCTH W TEMIIEPATYPHI
mwiasmbl! Hu 0iHO 13 BpeMEH 3aJIepKKU T HEJIb3sl HPOKOHTPOJIM-
posath (T.e. BCE 3aBs3ano Ha Bepy!). Tak kak daszosasa 3ameprrKa
ue moguntsiiack OTO, bbL1a BeIAYMaHA ‘“TPYIIIOBas 3a/1€pKKA’ 1
MOJITOHKHU PE3YIBTATOB (TAKOH YKe MENN CIeJ0BAMA CTATUCTUIECKAST
obpaborka). MHoOrme mpeacTaBIeHns O MPOIeccax HOCHIH MOJETh-
HBIT XapaKTep, HO Pa3 BBOAUTCS CTOJBKO MOJEJEH, TO UTO YKe TOTIa
9eM TpoBepsieTcs ! AHATOTHIHO, HE CJAUITKOM JTH MHOTO TIApaMeTPOB
“nposepsier” OfMH OLBIT C Ja3epHoil ganbHOMerpuedi Jlyabs: B [199]7
[IpoBepsiemasi BeuauHa TOXKE J0JKHA OBITH OJIHA [IPU BCEX OCTAJIb-
HBIX M3BECTHbIX napamerpax. [lo nosoxay geknapanuii [200], rue ne
[PEJIOCTAB/ISIIOTCS [IEDBUYHbBIE JIAHHBIE, TOXKE MOXKHO CJIeJIaTh Pl
zamedanuii. 3emist v JIyHa He SIBJISFOTCH MHEPIUAJIbHBIMY CHCTEMa-
MU (JBUIKYTCS B TPOCTPAHCTBE YCKOPEHHO); HUKAK HEIb3sT MTPOKOH-
TPOJIUPOBATE PACCTOSTHUE JI0 OTPaYKaTesJ el 1 OCTOAHCTBO CKOPOCTH
ceera (CBOWCTBA CPe/Ibl PACTIPOCTPAHEHUS MEHSIOTCS); HE YINThIBA~
0TCA HE (pOpMa MacC yIACTBYIOIIHX OOLEKTOB, HI TeOdPU3NIECKUE
nporecckl. Kcratn, mpo pagapHble HabI0aeHNS Bernepbl, KOTOphIe
HONTBEPKIAIOT KJIACCUICCKYI0 (DU3NKY (KIACCHIECKU 3aKOH CJI0-
JKeHHUsl CKOpocTeit) MOoXKHO npountars B [196, 197).

B [178, 182] s “nokazareabcTs” UCHONb3YETCsl MUKPOBOJIHOBASI
cucrema cBsa3u Ha 6opry KA Cassini. HecmoTps ma Takoe pa3noob-
pa3ue MeTOJ0B, HEJOCTATKN TO OAHH M T€ 2Ke: HEU3BCCTHbI TOYHbIC
pacipejiesienrsi JI0THOCTH, TEMIIEPATYPhI, MOJIeil B I1a3Me, CJIej10-
BATEJIbHO, HEM3BECTHO TOYHOE £48(W), U T.J. U T.II.

Terneps 0 “mokazaresbcTBax” ¢ MOMOIIBIO myhcapos [181, 185,
195|. He nonsiTHO, Kakasi U3 TUIIOTE3 3/1Ch KAKYIO THIIOTE3y POBe-
psieT: Belb YCTPOMCTBO IYJIbCAPOB, PEKUMBI U MEXAHU3MBI, UX OP-
OUTHI U PACCTOAHUS JI0 HUX - JIUIIH IPEIIOJI0KEHNU; My Th 0 HUX U
CBOICTBA CpeJbl PACIPOCTPAHEHUs] TOXKE HEW3BECTHBI. ToUHOrO pe-
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meHnst 337291 N Tes HeT HU B OJHON TEOPHW, AarKe JJId 3-X MaTe-
puaJbHBIX ToUYeK. B [181] ncnonb3yorest HEKOTOpbIe KOMOWHAITNY U3
napamerpos (OYKOBOK), HM OJIHA M3 KOTOPBIX HE MOXKET OBITH TOYHO
POKOHTpOIMpoBaHa. [Kakast ke 910 mposepka (a TeM GoJiee ToKa3a-
TeJIbCTBO) !

MHorouucjeHHble 3asiBJeHHBIE “OKCIIEPUMEHTAJIbHBIE TPOBEPKU”
OTO TpebdyroT “pasHbIXx METPHUK”, ITO MOIPA3YMEBALT “OKCIIEPUMEH-
TaJbHYIO IPOBEPKY’ B KaXKJIOM PEAJTHHOM CJIYYae: MATEMATUIECKYTO
CXEMY, COCTOAIIYIO B BBIOOPE METPHUKH, KOTOpasg ODECIednBaeT xKe-
JIaeMblil pe3yabTar (MCKYCCTBEHHAS TIO/NOHKA).

Pestomupyst kpuTnky 6a3uca T€OPUN OTHOCHTEIBHOCTH, CIEIYeT
BBIBO/I O HEOOXOMMOCTH BO3BpaTa K KjaccudeckuM HbioToHOBCKIM
TMOHSATUSIM TPOCTPAHCTBA U BpeMeHnu. MBI Tak»ke BO3BpaIaeMcs K
KJIACCHIECKOMY JIMHEHHOMY BEKTOPHOMY 3aKOHY CJIOKEHUsT CKOPO-
CTEH I 9acCTHIL.

Emié pa3 o ckopocTu cBeTa

Jlist Hagasia HeoOXOAMMO METOMUIECKHN OMPEIETUTHC, UYTO YKe TIOHU-
MaTh [IOJ CKOPOCTLIO TaKoro “00bekTa” Kak cBeT. Pasymeercst, meTo-
ANMYEeCKHU TIPEATIOYTUTE/JIBHBIM ABJJIACTCA KJIACCHYIECKOe OIIpeJesIeHIe
CKOPOCTH, KaK OTHOIIEHWE MPOHIEHHOr0 MyTH K IPOIIEIIIEMY TPO-
mexyTKy Bpemenn V. = AR/At, tak kak 910 onpejieseHne coep-
IIIEHHO He MCKaKkaeT ‘00beKkT’ B mporecce ero apuxkenns. Ho ompene-
JIEHUE CKOPOCTH CBETA, Uepes MPOU3BEIEHNE JIJTMHBI BOJIHBI HA 9aCTO-
1y V = Av cpa3dy ke BBI3bIBAET HECKOJIBKO BOIPOCOB. Bo-miepBhIX,
MbI HCIIOCPEACTBEHHO HE BUMNM CaM IIPOTECC 3JICKTPOMATI'HUTHBIX KO-
nebanmit (B oT/IMYne 0T MeXaHndecKnx Kosebamuit). CrrenoBarensHo,
MBI 3apaHee He MOXKeM ObITH abCOJIIOTHO YBEPEHBI B TOM, 00J1agaeT
s caMm “00bexT” BOJIHOBBIMHU CBOMCTBAMU, WU K€ BOJIHOBBIE CBOM-
CTBA, JIAIIb POSIBJISIIOTCS (TEHEPUPYIOTCST) B IPOIIECCE €r0 B3anMO-
IefCTBUA C M3MEPUTEIbHBIM TpubopoM. Bo-BTOpBIX, BhIUHCTEHHAS
BTOPBIM CITOCODOM CKOPOCTH — HTO CKOPOCTH HEKOTOPOI'O BOJHOBOTO
mporiecca BHY TP HAIIEero n3MepuresibHOro npubopa. Cienosa-
TeJTbHO, HEOOXOIUMO €INIE JI0KA3ATh, YTO CKOPOCTh JBUXKEHUS HAIIIETO
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“obexTa’ (cBETA) BHE MpUbOpa COBIAMAET C ITOH CKOPOCTHIO BHYTPH
npubopa (B apyroit cpese!). McaepnpiBaomux 10Ka3aTelbCTB, KaK
HaM BUAWUTCHA, ITOKa HET.

[MonsgTre CKOPOCTH B KIACCUYIECKOM (PMBMKE UETKO OMPEIETEHO
(moxkHO mazke 'AV BCIOMHUTS ), U TOIBKO /IS “TAMHCTBEHHOTO areH-
ta 007 — cBera” MMeETCs MHOKECTBO “naciiopros” (COIACHO PesIsiTu-
BUCTaM): “BesinKas’ TOCTOsHHAsT (KOTOPO HaéTest “pesisiTuBHCTCKAST
npucsira’); KOOPAWHATHAS CKOPOCTDH (3TO KOTVIA PEISATUBUCTBI HY HU
KaK He CMOTJIM CIIPSATATH HEOOXOIMMOCTH KOILYHCTBEHHOTO € + v) —
9TO ¢ Heé B3dATh; (azoBast CKOPOCTH (0 KOTOPOit paboTaroT reo/1e3un-
crbl [144], onTuKy pacduTHIBAIOT MUKPOCKOIIBI U TEJIECKOIIbI, aCTPO-
HOMBI PACUYUTHIBAIOT PePAKINIO U JIp.); TPYNHOBast CKOPOCTh (KO-
TopyIo “c coxasenneM” BBE Paselt m KOTOPYIO MPAKTUKHN IOYTH HE
UCIIOJIB3YIOT, HO KOTOPYIO YacTO PEISTUBUCTHI OObIBIIAIOT “HACTOS-
meit”; ecyiv, KOHEYHO, OHA “‘CIydaiiHO” HE OKA3bIBAETCHA OTPUIIATEhb-
HO¥T Wt 2Ke GOIbIIel, YeM Ha3HAadeHHAs MU KOHCTaHTa). CIutontHoe
“BOK3aJILHOE IIYJIEPCTBO C TPEeMs CTAKAHUMKAMU : YIaJla/l - HE yra-
J1aJt.

XoTst BOIIPOC O CKOPOCTH CBETA OBLI W3JI0KEH BhITTe, CHOPMYJIIn-
pyeM 6ostee YETKO 3aKOH CJIOKEHUsT CKOPOCTel JIIsT CBETOBOTO CUTHA-
Ja (1 9MCTO KOPIYCKYJISPHON M 9UCTO BOJHOBON MOJENN CBETA)
Ha TIPEMepe OJHOMEPHOTO JBuKeHus. Och HAMpaBUM OT WCTOTHMU-
ka K npuémuuky. [lycts Ha paccrogann L 0T IPUEMHUKA MCTOIHUK
HACIYCTHJI JIYY CBeTa, OTIUYAIoIIUica HEKOTOPOH YacTOTHON Xapak-
TePUCTUKOHN wq. Torma, BO3MOXKHBI IBE CUTYAIIWH.

1) HesaBucumo OT TPHUPOIBI CBETA, MPH IBUKEHUU MTPUEMHUAKA
CUTHAa CO CKOPOCTBIO ¥ OTHOCHTENHHO HCTOYHUKA CBETA CKO-
poctb mosryuenust curaasa (L/t) 6ymer onpenendarbCs reoMeTpuae-
ckoit cymmoit c¢(wp) — v, a YacTOTa BOCIPUHUMAEMOrO CBeTa Oy-
JIET OTIPENeNIThCA TTPOCTEHIIINM KIacCHIeckuM 3akonoMm Jlommepa
w = wo(l —v/c). Bopoc 0 ToM, KaKyto JOKAJIbHYIO CKOPOCTH (KO-
T3 BCE M3MEPEHUd MPOBOAATCI BHYTPH MPUEMHUKA (DUKCUPOBAHHBIX
pa3MepoB) OyIeT PEeruCcTPUpOBATh MPUEMHUK, COBEPIIEHHO IPYTOii:
9Ta BECJIMYINHA MOXKET 3aBHUCETHh OT IIPUPOJBLI CBETA (BOHHa? TOYEYHAA
JacTuia? JacTHUIA ¢ BHYTPEHHHMHU CTEIEHSMH CBOOOMBI?), YCTPOii-
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CTBa MIPUEMHUKA, YACTOTHI W W T.[.

2) Ilpn ABWZKEHWM WCTOYHWKA CUTHAJIA CO CKOPOCTBIO U PE3YJIbTar
3aBUCUT OT MPUPOIBI CBeTa. KCan CBeT mpejcTaBisger coDOil mMOTOK
YaCTHUI, TO OIATH IIoJIyYaeM JIUHeHHbIA KIaCCUYeCKUi 3aK0H CI0XKe-
Hus ckopocredi ¢(wg) + v. B cayuae, ecim cBer npegcrasisier coboii
BOJIHY, MbI (PAKTUYUECKU UMEEM JIeJI0 CO CJIOYKEHHUEM IOCTYIaTeIbHO-
Iroun KO.He6aTe.HbHOI‘O ABUXKCHUA U TCOPETUK HE MOXKET B dBHOM BU-
Jle HaTmcaTh 3aBucuMocThb c[w(v)] n 3akon Tomtepa. s sesmanb
CKOPOCTH MOXKET OBITh B NPUHIIUIIE HAlIEHA CBI3b C XapPaKTEPUCTH-
KaMm ‘cpennbl pacmpoctpatnenus’. HamomunwM, 9To, HampuMep, CKO-
pPOCTBb 3BYKa B r'a3axX MOXKET OBITh BBIPAXKEHA Yepe3 CJEAYIONINe Be-
JIMYUHBL: MOJIEKYIAPHBIA BeC ra3a, TeMIeparypy, NoKa3aTe/lb aJua-
6aThl; 1 TBEPJABIX TEJ MPOJIOJIbHAS U TONEPEeYHasi CKOPOCTH 3BYKa
BBIPAYKALTCS Yepe3 IIOTHOCTE, MOy 16 FOHTa 1 koagdurtiment [yac-
COHA; JJIs YKUJIKOCTeN HY>KHO 3HAHUE HEKOTOPBIX SMITUPUIECKUX KO-
spdurmentos. OHa W3 BO3MOXKHBIX THIIOTE3 O CKOPOCTH PACIIPO-
CTpaHeHUs CBeTa B BakyyMe Oy/er Bbickazana B llpumoxenusx B u
C, rie mpeanoaraeTes, 9TO Ha MPOIECC PACIPOCTPAHEHUS CBETA OC-
HOBHOE BJINAHUE OKA3BIBAIOT BUPTYAJIbHBIC 3JIEKTPOH-TIO3UTPOHHBIC
mapel. B OTHOIIEHWM YacCTOTHI: TOJIBKO B TpeJeae MaJbIX KoJeda-
HUI gacToTa onpeeanTcs n3 3akona Jomsepa w = wp/(1 —v/c). B
caydae MpPOU3BOJIBHBIX PACCTOSHWI, HAPABJIEHUN JIBUMKEHUS, MPO-
W3BOJBHBIX TIOJIEH, BO3MOXKHOIO Hajwmdus >PUpa WA BHYTPEHHEH
CTPYKTYDBI CBeTa (HAJIWYIHS JONOJHUTEJBHBIX CTEHeHeH CBOGOIbI)
BCE€ 3aBUCUMOCTU MOTYT CyHI€ECTBEHHO YCJIOZKHUTHCA. TaKI/IM o6pa—
30M, KaK olIpelie/lecHie 3aKOHa CJI0XKEHUd CKOPOCTeH, TaK U CaMOU
CKOpOCTH CBeTa (ONaTh — HE JIOKAJIBHON, BHYTPH NPUEMHUKA, & B
BaKyyMe MeXKJIy HCTOYHHKOM u mpuémuukoM!) u 3akona /lomepa B
00IIEM CJIydae SBJISIeTCS NPEPOrATUBOM OIBITA.

Boobite roBopst, ckopocTh ¢BeTa He MOXKeT OBITH MOCTOTHHOMN X0-
Ts1 OBl TOTOMY, YTO CKOPOCTH — 9TO BEKTOPHAsl B&JIMIMHA (MMEET Ha-
npasyenne). Tak, Ipu OTPaKEHUAX OT 3ePKAT CKOPOCTH MEHSAETCS.
Ecu e pesiTHBUCTHI IBITAIOTCS TOCTYINPOBATEH COXPAHEHNE MOIY-
JisT CKOPOCTH CBETA, TO TIPU OTPAYKEHUSTX MOIYIATCT HECKOHEUHBIE
yCKopeHns. YeM Ke 3TOT CHHIYSPHBIA pe3yanbTar JIydire?
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Ormernm Jr06ombITHBIE (DakThl. CKOPOCTD CBETa MPETHAMEPEHHO
BoiOpana B CTO MakcnmMaapHOW CKOPOCTBIO (HEMPEOIOTUMON T'pa-
Hﬂueﬁ). PengaruBucTckuit 3aKOH CJIOXKEHUS CKOPOCTEH YCTPOEH TaK,
9T0OBI CyMMapHasi CKOPOCTh BCErja MoJIydasach He 00JibIlle CKOPO-
CTH CBETA, T.e. Ha, CBETOBO MOe3/] HEBO3MOXKHO OBLTO OBbI cecTh. [Ipu
9TOM €CJIU OJIHY M3 CKOPOCTEeH Mbl BHIOMPAEM PABHOM ¢, TO UTOrOBasd
CKOPOCTB TOKe DyjieT paBHA ¢ HE3aBUCUMO OT HAIPABJICHUS] BTOPOI
ckopoctu. To ecTh CO CBETOBOIO TOE3Ja TaKKe HEBO3MOYKHO OBIIO
6b1 coiitu. OmHAKO ecu Jijid MU(PUIECKOT0 MUPA TaAXUOHOB MBI CpPa-
3y BBIOEpPEM CKOpPOCTH, DOJIBbINIE 9eM CKOPOCTH CBETA, TO BCE PABHO
[OJIYYUM BEJIMYUHY MEHBIYIO CKOpocTH cBeta. [Ipw aToM TOUuHO Ta-
KYIO 2K€ UTOTOBYIO CKODOCTH MOZKHO TIOJIYy9IUTH eH_Le " IIpU CJIO0KEeHUN
JIBYX CKOPOCTE#l, KazK/Iast U3 KOTOPBIX MEHbBIIE CKOPOCTH cBeTa [155]:
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Hampumep, perdaTuBUCTCKOE CIOXKEHNWE JBYX JBUXKEHHUI CO CKOPO-
CTSIMU BeJIMYIMHOM 2¢ 11aéT NTOroByto CKopocTh 4c¢/5, Tak xKe, Kak
U CJIOXKEHHUe JBYX CKopocteii Besmaunoil ¢/2. Takum obpasom, BO3-
HUKAEeT HEOJHO3HAUHOCTH: HAOIIONAEM JIi Mbl HEKOTOPYIO YaCTHILY,
06pa30BaBIIYIOCA IIPH JOCBETOBOM PAacCIaje PeaJbHON JaCTHUILI U3
HAIero MUpa, WM BUAUM CBEPXCBETOBOH pacmal MudUIeCKUX Ta-
XHMOHOB, KOTOPbIE Bpojie Obl HEBO3MOXKHO YBUIETH. BechMa cTpaHHO
TaKKe, 9TO CO CBEPXCBETOBOI paKeThl HEIb3d OBLIO OBl 3AIyCTUTH
BIIEPE] CBEPXCBETOBOI 30H — OH OBl MPOOMI KOPIIYC PAKETHI, II0JIe-
TEB C JIOCBETOBOU CKOPOCTHIO HA3a/l OTHOCUTELHO PAaKETHI.

3.3 BriBoasl k I'maBe 3

[Tockonbky usnKa SBISETCS B MEPBYIO OUEPEIb IKCIEPUMEHTAb-
HO¥ HAYKO 1 BOJILITNHCTBO y4eOHNKOB HAYMHAETCH MMEHHO C SKCIIe-
PUMEHTaILHOTO “000CHOBaHUS TEOPUH OTHOCHUTEIBHOCTH, TO CYIIE-
CTBOBa/Ia HEOOXOMMOCTh (HECMOTPSI HA HAJWYUE JIOTUIECKUX TTPO-
6esiop CTO) mpoaHATH3UPOBATE PEISITHBHCTCKYIO MHTEPIPETAIIIO
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P18 9KCIIEPUMEHTOB M TIOKA3aTh €€ OMMO0IHOCTE (pedb He UaeT 00
OMUOOYHOCTH CAMUX TOJYUYEHHBIX B ONBITaX JAHHBIX: SKCIIEPUMEH-
tarop Bcerma npas!). B namnoit Tnase 3 qis mycToro mpocrpancTsa
(¢ yaéToM MpUHIHIA OTHOCHTEIBHOCTH) OBLIN TOAPOGHO MpOaHAIN-
BUPOBAHBI € KOPMYCKYJISIPHON W BOJHOBON TOYUEK 3DEHUSA IKCIEPH-
MeHThI, npuBeme K yreepxkaenuto CTO. Ilokazano, uro Bce 11
SKCIIEPUMEHTBI MOIVIM JIaTh TOJBKO “HY/€BOW pe3y/ibrar’, Tak Kak
eIMHCTBEHHO BO3MOXKHASI 3aBUCUMOCThH CKOPOCTH CBeTa ¢(w) He nc-
CJe70BaIACh BOBCE. 3aTeM ObLIH TPOAHAJTU3UPOBAHBI T€ IKCIIEPU-
MEHTBI, KOTOpbIe aK00B monTeepxkaator CTO, n man psm meTomde-
CKUX 3aMeYaHuil.

T'maBa comepxkuT Kak o0IMe 3aMeTaHNs TI0 YKCIEPUMEHTATLHOMY
000CHOBAHUIO MIPUHIIUIIA OTHOCUTEIBHOCTH, TeopusiM 3hupa, CTaT-
CTUYEeCKON 0OpaboTKe MaHHBIX W JAPyrue, TaK U KOHKPETHOE KPH-
THyeckoe obcyxkiaenue abepparuu, onbiToB Maiikesbcona-Mopiiun,
Kennenu-Topunatika, Aiisca-Cruysia u Apyrux. 37ech MOKa3aHA
COBEpIIIEHHAS HEAIEKBATHOCTb UHTEPIIPETAINI STUX OIBITOB B PaM-
kax CTO. B xonme rmaBnl o0cyxkaersr Takue sxcrepumeatsr OTO
kak ombIThl Xedens-Kurrunra u [layana-Pebkn n mokaszama meBep-
HOoCcTh wHTepnpeTanuu 31ux onbiToB B OTO. lannasa riasa mpojie-
MOHCTPHPOBAJIA COBEPIEHHYIO SKCIEPUMEHTAJIBHYIO HEODOCHOBAH-
HOCTBb T€OPHUHU OTHOCUTETHLHOCTH.



I'maBa 4

JIlmnaMuka cnenuaJJabHOI
TeOPU OTHOCUTEJIbHOCTH

4.1 BsBenenue

B mpeasraymux rapax 6bu1a 0Ka3aHa TPOTHBOPEUYNBOCTE KUHEMA-
ruueckux nousTuit CTO, neobocnosarnnocts OTO, HeBepHOCTHL pe-
JIITUBUCTCKUX WHTEPITPETAITNI Psiia KIFOUEBBIX 9KCIIEPUMEHTOB (/1a-
’K€ €CJIM TIOCJIe TOTO OTHOCHTHCH K TEOPHUH OTHOCHTEJHHOCTH KaK
K MHEMOHUYECKOMY TPABUJY, TO YK CJIHIIKOM OHO T'DOMO3JIKOE W
HepasyMHOe). XOTg 3TOr0 BIOJTHE JOCTATOYHO, YTOObI NCKATEH WHBIE,
OT/IMYHBIE OT PEJISTUBUCTCKUX, WHTEPIPETAIuU HaDII0IaeMbIX $B-
JIeHuit, TeM He MeHee gaHHag [maBa 4 JOMONHIET BBITIEYTOMIHYTYIO
CUCTEMATUYIECKYIO KPUTUKY TEOPUU OTHOCUTEbHOCTH. Jleso B ToM,
9TO BCE yU4eOHWKM, HAYMHAZA CO IIKOJBLHBIX, HACTPAMBAIOT HAC HA
U110 TaK HA3bIBAEMOI'O IIPOTPECCA, OCHOBAHHOI'O HA yCIIEXaX COBPE-
MEHHOU HayKH, OAHAM U3 OCHOBAHUHN KOTOPOUA PEKJIaAMUPYIOT TECOPUIO
OTHOCHTENIHHOCTH, TOYEMY-TO YIIOMWHAS TPW 3TOM ATOMHYIO GOM-
6y u ycxkoputenn. OIHAKO JaKe 37eCh CUTYAIMA JAJIEKO He TaKas
yx Gesobnaunas (X0Ts TEOpeTHKM (DAHATHYHO BEPAT, YTO TOJHKO
“KprodKu’, KOTOpBIE OHH MHIIYT, UMEIOT CaMOe HEIOCPEICTBEHHOe
OTHOIIIEHUE K JIEHCTBUTENIBHOCTH]): [0 “UeaJbHbIM TEOPeTHIECKUM
pacuéraM HU OJUH YCKOPHUTE/Ib HE BBIXOJIUT HA MTPOEKTHYH) MOIIl-
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HOCTb — B TPAKTUYECKUX KYPCax U WHXKEHEPHBIX pacdérax B 6OJb-
IIAHCTBE CJYYaeB MOJb3YITCS (DEHOMEHOJIOTHIECKIMU (HOPMYIaMu
¥ “TOJITOHOYHBIME mTapaMerpamu u (paxkTopamu. OCHOBHAS I1€/1b Ha-
cTodIeil TyIaBbl — I0Ka3aTh, YTO JaKe B €JMHCTBEHHOM Ka3aJI0Ch Obl
npakruyeckoM pasgene CTO, a UMEHHO B PEJATUBUCTCKON JUHAMU-
K€, CYIIECTBYET MHOXKECTBO BOIIPOCOB, 3aCTAB/ISIOIINX COMHEBATHCS
B 000CHOBAHHOCTHU PEJIATUBUCTCKUX MJIEH U MHTEPIPETAIUU PE3Y/Ib-
TaTOB.

N3Bectro dunocodckoe BrICKA3BIBAHIE, YETKO MPUMEHUMOE K
CTO: “MbI BUAUM B 3KCIIEPUMEHTE TO, UTO XOTUM TaM yBuaers . [lom-
TOTABIUBAIOT TTOI00HOE OTHOINIEHNE U YCYTYyDITIOT CUTYAITHIO Teope-
TUKH, KOTOPBIE “BapsSTCs B COOCTBEHHOM COKY” HW B JIIOOOM 3KCIIEpH-
MEHTE€ TOTOBbBI BUAETH JIMIIb IIOATBEPXKICHHUEC CBOUX MaHI/IHyJ'[HLU/Iﬁ
¢ MaTeMAaTHIeCKUMU CHMBOJAME (XOTS aBTOD TOXKE MPUHAJIEKUT
k reopernkam). CymecTByomme HeonpeaeeHHOCT Teoprun (KCTa-
Tu TmareasbHo Mackupyembie B CTO) mo3BOIAIOT B 3HAYUTETHHBIX
npejieiax BapbUPOBATh MHTEPIPETALNI0 IKCIEPUMEHTOB. A jmajiee
HEIO/THOTA SKCIEPUMEHTOB MaCKUPYeTCd ‘HYKHbIM 00pazom” Impo-
BEJIEHHOI CTATUCTHIECKO “noaronkoit” nanueix (“obpesanuem” maH-
HBIX 1107l YKEJAEMBIH Pe3yJIbTaT).

Ilpu BBIBOZIE ypaBHEHWT JBUMKEHUS IJTEKTPUIECKOTO 3aPSia U
YPaBHEHUI TOJIA B Kypcax TeOPeTHYecKO# (PUBMKHU IBITAIOTCS CO-
3/1aTh WLTIO3UI0 OaHo3HaqHol “unuannn’. Ho B Takom ciydae ypas-
HeHusiMU JIF0OBIX 1101t Ob1iu 661 ypaBHeHuss Makcpeura, a Bce CH-
Jibl Obutr 661 JlopenmoBa Tuma u nMesim ObI B CTATUYECKOM CJIyYae
B 3akoHa Kysona. [lyid rpaBUTAIIMOHHOTO TI0JIsi TaKas aJbTepHa-
tuBa obmeit reopun ornocurenproctn (OTO) Moxker 06CyKAATHCS
(¢ HEKOTOPBIMU JIOTIOTHEHUAMU U u3MeHeHuaMn ). OHAKO, B 0011eM
cAydae CUTYAIWS WHAs: HAPUMED, sIIEPHBIE CHAJIBI He TPOTOPITHO-
Haabael B2, CyIecTByeT MHOKECTBO KOHTPIPHMEPOB PABIHIHBIX
nojeit u cui. CrietoBaTeIbHO, TeopeTudecKas (hU3WKa, B TOM UNC-
ste noaxon CTO, He MOXKeT UCKIIOUYUTENHHO U3 CBOUX COOCTBEHHBIX
MPUHIIATIOB J€TEPMUHUPOBATH BCE CYIIECTBYIOIINE SABJIEHUS. DTO UC-
KJIIOUnTeIbHAA npeporatuBa onbita. (Kpome Toro, sKcmepumenTa-
TOP JI0JI2K€H OBITh TPUHITUITHAIBHO TOTOB K TOMY, 4TO Jitobasi Teopust
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MOXKeT 0Ka3aThCsl HETOYHOW MJIH JIa’Ke HEBEPHOI. )

Yinusnser Takxke amnoJioreruyeckas pekjgama CTO. Hampuwmep,
nadocuoe yreepxkaerue [40] o Tom, 4To “cOOTHOIIEHIE MEXKILY Mac-
COU ¥ HEPTHEN JIE2KUT B OCHOBE BCEH siJIEPHOM SHEPTETUKYU HE MMe-
er 1o coboil OCHOBaHUS HU B UCTOPUYECKOM, HU B IPAKTUIECKOM
[jiaHe. TO COOTHOIIEHUE HE MMeeT HUKAKOIO OTHOIIEHUHA HU K OT-
KPBITHIO JIEMEHTAPHBIX YaCTUI U PAINOAKTUBHOCTH, HUA K N3y IYEHUIO
CHOHTAHHOT'O W BBIHY2KJEHHOTO pacnaja djaep ypaHa, HU K onpeje-
JIEHUI0 CTADUIBbHOCTU $Jiep, HU K YCTAHOBJIEHUIO BO3MOXKHBIX Ka-
HAJOB SIIEPHBIX PEAKITNH W BO3MOMKHOCTU MPAKTHUIECKOTO BBHIOOPA,
MEXKJy HAMHW, HU K TEXHOJIOTHUN Pa3/leJeHUus U30TOIOB, HU K IIPaK-
TUICCKOMY HUCHOJIB30BAHUIO BbI/ILeJII/IBLHefICH QHEeprum m T.m.. TaKI/IM
o6pa3oM, COOTHOIIEHNE MEXKIY MACCOH M SHeprHeil He MMeeT OTHO-
LIeHWd HU K OJHON KJ/IIOUEBOI CTaAuu PAa3BUTHUA AAEPHOR 3HepreTu-
Ku. Jayke K OIpeIESIEHNIO BLIIEISIeMOM SHePTUN B KOHKPETHOH 13-
BECTHON PEAKIMU 3TO COOTHOIIEHHE HE MMEET OTHOIEHUs (KaK ITO
HE ITapajoKcaibho). [loroMy 4ro mcTopudecku BCE IMPOUCKO/IIO B
nHOM (06pATHO) TMOCIeI0BATEIHHOCTH: BHAYAME ODHADYIKUBATIACH
HEKOTOpasl peakInd, KOTopasd JeTeKTUPOBAJIaCh MMEHHO MO BbIIe-
JIEHUIO SHepPTUH. A j1ajee MOXKHO BBOJIUTD PA3JIUIHBIMHU CIIOCODAMM
pacuérubie PYHKITMH — KOMOWHAIIMY U3 MATEMATHIECKUX CHUMBOJIOB.
Henocpencreenno ompefennTs U3MeHeHNEe MACCHl B TMPOUCXOAAIIEH
SITEPHON peakIum, KakK MPABUJIO, BOOOIE HEBO3SMOXKHO TEXHUUIECKH.
JaxKe ecam MOIB30BATHCI COMHUTEILHBIMI TEOPETUIECKIMI MHTEP-
npeTanudaMu, TO HOIBITKA OIIPpEeAC/INTh U3MEHEHUE MACChI ITOJIYYNT-
Csl CJIUIITKOM TPYOBIM U JOPOTOCTOSIIUM YI0BOJIbCTBHEM. TakumM 00-
pa3oM, COOTHOLIEHUE MEXK/Iy MacCoil u sHeprueil urpaer B LIPaKTU-
9eCKOM IUIAHE POJIb IIKOJIBHBIX MATEMATHYCCKHX YIPaKHEHUH Ha
obpaTHbIe MOJCTAHOBKN, TaK KaK YKeJAeMbIil pe3yabTaT yxK 00s3a-
TeIBHO TOJYIUTCS W3 PACUETHBIX JMAHHBIX, CBEAEHHBIX B TaOIHITY
post factum. B mpunIiune, MOKHO HAyUYUTbCS OPUEHTUPOBATHLCS B
Mupe, cMOTpst Ha €ro oTpazkenue B “kpuBoM 3epkase Tposa’ (uepes
OpU3MY PEISTUBUCTCKUX TICEBIOTEOPHit), HO CTOUT JIH TaK YCJIOK-
HATH KU3Hb UeJIOBEYECTBY, Jd EIME TMPHU ITOM TPEIUTh, 003bIBaT
Mup KpuBbIM?
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Cuaenaem npeasapurenbHoe kiodesoe samedanune. C dbumocod-
CKOIl TOYKW 3pEHHUS OYEBHIHO, UTO TEOPHsl OTHOCHTEIBHOCTH (¢ €€
abcostoTn3anueil MOHATHSI OTHOCUTEILHOCTH ), JlayKe ecyin Obl He Obl-
Jia JIOYKHOI, B IpHUHIUIE He Moryia Obl ObITh Hosiee obIeil Teopueit,
UeM KJIACCUYECKas MEXaHWKa, B KOTOPO# PUCYTCTBYIOT SIBHBIE TIPHU-
MepBI HEIOCTATOYHOCTH OJHUX OTHOCHUTEIHHBIX BeqndnH. U 310 He
TOJILKO MIPUMED 3AKPBITHIX U OTKPBITHIX CUCTEM (SIBJIEHUsI B TPIOME
u Ha manybe xkopabas ornmaaiorces). Hamwuue, momumo kuHemaTn-
YeCKUX, JTIOOBIX TUHAMUYIECKUX XaPAKTEPUCTUK, “TPUHAIICKANTNX
KOHKPETHOMY O0ObEKTY, Cpa3y WHINBWIyAJU3UpyeT mporecc. Pac-
CMOTPUM 9JIEMEHTAPHBIH MKOJBHBIH TpuMep. 1lycTsh mapuk veyupy-
ro magaer Ha 3emaio. OTHOCUTENbHAS CKOPOCTh — OJHA W Ta ¥Ke 1
JUTS TIIAPUKA U JJId 3eMJIH, TaK KakK ‘“TIpUHAJIERKUT 060uM 00bek-
Tam. Onpene/inM KUHETUYIECKYIO YHEPTUR), [TEPEITENITYI B Tell-
j0. IlogeMy e MBI TOfCTaBIsIeEM B QOPMYIY Maccy IIapukKa, a He
Maccy mianersl 3emyisi? TOIBKO MOTOMY, 9TO MHAYE C OUEBUTHOCTHIO
nosryunsics 6bl HeaieKBaTHO 00J1b10# pesynprar? Ha sroMm mpumepe
BUJIHO, YTO MTPAIOT POJIb TOJBKO JIOKAJBHO ab0COTIOTHBIE CKOPOCTH
(Torma oba OTEeTa CTPOTO JAIOT OJIHO W TO YK€ W He 3aBUCAT OT
Harero Beibopa). [Ipu ncmoib30BaHnn K€ OTHOCUTEIBHON CKOPOCTH
MOYKHO TOJIYYHUTH JIUITh MTPUOJNKEHHBIN 0TBET, HO TOJHKO C I10-
MOTITHI0 MACCHI TTAPHKA.

4.2 Inaamuydeckmue nmoHaTua CTO

WNrak, mepeitgém Temepb K 0oJiee CIOKHOMY BOIIPOCY O JUHAMUIYE-
ckux nouarusx CTO. Kasamoch 0bl, 9T0 B PEISITHBUCTCKON KUHE-
MaTHKe HeT IPAMBIX IKCIIEPUMEHTAIbHBIX CPABHEHUN (PU3MIECKUX
BEJIUYMH JJIsT ABYX CHCTEM, ABIKYIIMUXCS IPYT OTHOCHTEILHO ApPyra
(TOTbKO COMHUTENbHBIE WHTEPIPETANNN), & B PEIATUBUCTCKON /M-
HAMWKE BCE B TOpsiIKe (110 JIOTWKE PEIATUBUCTOB — pPabOTAIOT Ke
yckopurenn). [lompobyem pazodparbes ¢ UHAMAIECKUME TTOHATHS-
MH, XOTsI ObI IOTOMY, ITO PEASITUBACTCKAS JUHAMNIKA B COBPEMEHHOMN
nHTepnperanun amnoaoreros CTO onupaercs Ha COBEPIIEHHO HEBEP-
HYIO PEJIATUBUCTCKYIO KHHEMATHKY.
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Haurém ¢ obmmx 3ameuannii. Bectipenensroe pacmpocTpaHeHne
ujien orHocuTenbHocTH Beex Beauund B CTO coBepiienHo HeE0BOCHO-
BauHo. /leficTBUTE/IbHO, ITYCTh BA TeJIa HAXOAATCI HA PACCTOIHUN T
JIpYT OT JpyTa, uMesi OTHOCUTEIBbHYI0 cKopocTh V. Torga pesyiabrar
B3aUMOJIECTBUS 3TUX TEJ B MOMEHT ¢+ dt He OnpeiesisieTca Ha3BaH-
HBIMU XapaKTEPUCTUKAMU, 3 3aBUCUT OT BCEU HPEIBICTOPUU JTBUKE-
Husi. [TockobKy BO3AEHCTBIE PACIPOCTPAHSIETCS ¢ KOHEYHOM CKO-
POCTBIO, TO Ha MEPBOE TEJI0 B MOMEHT {1 OyaeT BIUATH HE peajbHOe
BTOPOE TeJI0 (B MOMEHT t1) CO CBOUME KOOPJMHATAMH U CKOPOCTBIO, &
HEKOTOPBIH ero “o0bpas3” m3 nmpemplayIreil TOYKA TPASKTOPUN, OTKY/Ia
ycIesio noittu Biusgane K MoMeHTy t1. Takum obpazom, grobast dhusu-
yecKasi BeJIMUUHA, (HATPUMED, CHUJIa) HEe MOXKET 3aBUCETH TOJBKO OT
OTHOCUTEJILHOM CKOPOCTU B TOT YK€ MOMEHT BpeMeHU. K inHCcTBeHHOE
HCKJTIOUEHNE COCTABJSIET JIOOOBOE CTOJKHOBEHWE TOUEUHBIX YACTHUIL,
npu Kotopom r = (. CienoBaresibHO, MO0 HYKHO IIPUMEHSTH 60-
Jiee CJIOXKHBIC YPABHEHUS BMECTO JIOKAJTBHBIX JTudepeHIna bHbIX
ypaBHeHuil (YIUTBIBATH IPEIBICTOPHUIO ), TUOO0 OTKA3BIBATHCS OT UJICH
OTHOCHUTEJILHOCTH BCeX BenmduH. Jlaxke camMo moHaTre “OTHOCUTE hb-
HOW CKOPOCTM B JAHHBIA MOMEHT BPEMEHW CTAHOBUTCHA HEOIpeIe-
JIEBHHBIM, TIOCKOJIBKY JTI000€ peaabHOe BAUSHUE OYIET OMpeaeasdThCs
XapaKTEPUCTUKAMY B TIPEJIIIIECTBYIOIIIE MOMEHTHI BpeMeHU. A BeJb
CTO oprannvecku He 3HaET abBCOTIOTHON CKOPOCTH (TOJTHKO OTHOCH-
TeNTbHY0). DTO yxke mpuBoamao K koudysy. Hanpuwvep, DitHmrreiin
dakTrvecku cuuTas, 9TO 3BE3/IHAS abeppalusd 3aBUCUT OT OTHOCH-
TesibHO ckopoctu 3emun u 3Be3xabl ([41], 1.1). Oxnnako, ombir 10-
Ka3bIBAET TOJIBKO 3aBUCUMOCTH 3BE3/IHOH abeppaliud OT CKOPOCTH
Bem/iu, a CKOPOCTHb 3BE3JIbl HE BJMgeT Ha JaHHbBI 3phdeKT BoBce.
HecmoTps ma rpoMannbeil pa3bpoc cKOpocTeit 38831, abeppalius Ha,
Bemite pukcupyercs OJUHAKOBOM Jiisi Beex 38831, Kyma ke perach
OTHOCHTENIbHAST CKOPOCTh? DaKTUIECKH, yKe ITOT (haKT SBISIETCS
ompoBepKeHreM mepBoHavanbHol Koumeniuu CTO. fsHoe mpoTu-
BOpeune ¢ HaubOIBINM “TIPOKOIOM” MOy IAETCH JIJId CIIEKTPOCKOIIH-
YeCKU NBONHBIX cucTeM. Tak Kak rmepuosibl 00paIeHus TakuX JBO-
HBIX 3BE3/1 MaJIbl, 8 CKOpOCTH Bejiuku, 10, corsiacio CTO, stu 38é3161
JIJIsT 3eMHOT'O HabJIIO/IATE IS JOJI2KHBI Ha TPOTUBOIMOJIOKHBIX YIaCT-
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KaX Op6I/ITbI OTJIMYIATHCA OT CBOCTO IMPOTUBOITOJIOZXKHOT'O ITOJIOZKECHUA
HA JIECSTKY YIJIOBBIX CeKyH T (abeppaliusi, HAIPUMED, Kak ¥ TIPU JIBU-
keann 3emun 1o cBoedt opbure). OmHAKO TAaKUX “NPBIRKKOB” HUKTO
HHUKOTIa He 3a(pUKCAPOBAJI.

Ananoruunoe onposepxkenne CTO mosmyuaercst B 337a19e 0 Ka-
TYIIKE B MAIHUTHOM I[10JI€: JIBUYKEHUE KATYIIIKW CPa3y UHIYIUDPYET B
Hell TOK, a JIBUKEHME MArHUTA, (COTJIACHO KOHEUHOCTH CKOPOCTH B3a-
UMOJIefiCTBHUIT) — TOTBKO depe3 HeKoTopoe Bpemsda. Her cummerpun
3a/[a9M U 3aBUCUMOCTBH TOJIBKO OT OTHOCHTEIBHOW CKOPOCTH SIBHO
HEJIOCTATOTHA..

TlousaTue maccenl

[lepeiigém Temeps K H60Jiee KOHKPETHBIM JUHAMUIECKUM TTOHSITHSIM.
Haunéwm ¢ nonsrug “maccer”. Yrober koppextao B CTO BBecTH HOBOE
duznUIecKoe MOHATHE “MaCChl OBUKYIIEroCs Teja’ Hy:KHO BHAUAJE
OTPEAEIUTE MPOIEAYPY W3MEPEHUs MOMOOHBIX IBUIKYIIUXCI Macc,
HezapucuMmyto ot Jiroboit Teopun. (W 8 OTO mia “maccer Tena B
T'PaBATAIMOHHOM HO.He”: oTJIM4Ynue FpaBI/ITaL[I/IOHHOﬁ MaCCBhI OT MHEPT-
HOIt, Bomipekn cobcTBeHHOMY mocTynary.) [Ipuaénm 910 10/KHO OBITH
WMEHHO U3MepeHe, a He TTePecydeT, HalIpuMep, depe3 OnaTh-TaK! T0-
cTysupyemMyto bOpMyITy it SHEPTUH UJIu UMITyabca. VHade Teopus
nbpITaeTCs “‘cama cebs yaepRuBaTh 3a BOJOCHI . Taxkoit mporeaypbl
uamepenus ansg CTO nHe cymecrByer.

Dusmueckoe MoHITHE “Macca’ He UMeeT MPSMOT0 OTHOIIEHUS KO
BCeM TeM dopmysiaM (MaTeMaTruKa), B KOTOPbIE MOYKET BXOIUTE OYK-
Ba “m”. g 6a3ucHOro mOHATUS MACChl CYIIECTBYET €IUHCTBEHHO
4éTKOe — Taj0HHOoe ompejenenue. OHO onpeJiegerT MacCy UMEHHO B
COCTOSTHUH TIOKOsI (HAITPUMED, JIJIsl STAJIOHA JJINHBI TOXKE CYIIECTBY-
10T ycaoBug — TeMneparypubie). I me crout “msobperarsh BeaocH-
nex’. B AaBukeHUM Macca MpOCTO HE ONPEIessieTcs, XOTs OyKBa m
MOKET BXOIWTh B CaMble PasHOOOpasHbie (POPMYJIbI, COMEPAKAIIIE
v,a n T.a.. 9to pazuasie Bemu! [loaromy ompenenemnne smeMeHTap-
HOTO TIOHATHS MACChI 4epe3 0oJiee CIMKHO OIPeIe/aeMble TTOHATHS

SHEPTUU U UMIYJIbCA (3aBUCAIINE OT TEOPUN, WHTEPIIPETAIHH, COCTO-
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Puc. 4.1: Ilentp macc TpyboI ¢ sapaMu.

SIHUSI CUCTEMBI ¥ JID.) — 3T0 (DU3UYECKUil HOHCEHC (XOTs, BO3ZMOXKHO,
MHOT/Ia ¥ KOPPEKTHBIN MaTeMaTuaeckn). Tak MoxHO “moittr” 10 ab-
Cypa U HPOCTOE IOHSATHE CKOPOCTH OlpeiesstTh Kak v = pc?/E.
Bamernm, uro 060 SKCIEPUMEHT, B TOM UYHCJIE U3MEPUTETLHBIN,
JIOJIKEH OBITH TTPEeJeBHO YETKO OTPEIe/IEH B OTHONIEHUU BCEX YCJI0-
Buil ero nposegenus. A Boobie rosops, “obbacHenus” 1 “onpeesie-
ausi” Teopermyueckoii dusuku (Hanpumep, B CTO) wacto mpemcras-
JIFI0T CODOM 0TX0m OT (PU3WIECKOTO TOHUMAHUST W HAYKOOOpaszHOe
OPUKPBITHE CYTH BETWYUH 33 (9aCTO KOPPEKTHBIMH) MATeMaTHYIe-
CKUMU TTPEOOPA30BAHUAMMU.

ITouaTue meHTpa Macc

Jlaxke Takoe HpocToe moHdTue Kak “neHrp macc cucremb’’ B CTO
CTAHOBHUTCS HEOJHO3HAYHLIM TIPYW B3aWMHOM JIBHKEHUU COCTABHBIX
gacreii cucrembl. Tak B [33] paccmarpubaercs “napajokc LeHTpa
Macc”’: B cucTeMe OTCUETa pAKeThl OJHOBPEMEHHO C JBYX KOHIIOB
BHYTpPb TPYObl BBLICTPENUBAIOTCA JBA OJMHAKOBBIX IYIIEUHBIX SIJI-
pa, a KOHITBI TPYOBI TYT K€ HAMJIYXO 3aKPBIBAIOT 3arayrrkamu A
u B (Puc. 4.1). B kinaccndeckoil dbusvke HUKAKUX TPOTHBOPEUMIA
HE BO3HWKAET: IEHTP MAacC B JII000H cucTeMe oTcuéTa BCerma Oymer
COBIAJIATEH C IEHTPOM TPYObl. OH MOXKET OBITH ONpEJeEH PA3HBIMU
crocobaMu, a WMEHHO: B3BEIIMBAHWEM W MPAMBIM PACIETOM (MaC-
ca W pPACCTOSTHUsI MHBAPUAHTHBI B KJIACCHKE), KAK [EHTD HYJEBOTO
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UMITY/TECA, KAK IEHTP OapuOHHOrO 4uciaa (ducaa HyKJIOHOB B 9]I-
pax), Kak IEeHTp IPaBUTAIMOHHOTO MpHUTsKeHus. [lorsTre meHTpa
Gapuonnoro yncsaa B [33] 06bsapisercs “HenpPOAYKTUBHBIM”, TaK KaK
MUPOBas JINHUSI TOTO IIEHTPA OKA3BIBAETCS HE CBSA3AHHON C 3aKO-
namu CTO (to ecrb mpocto mm nporusopeunr!). B CTO rpasura-
IIMsi OPraHUYECKU He BKJIFOUeHA u cjenoBaso 6ol nepeittu k OTO, a
B KHure [33] aeksiapupyercs o copnajeHun B 1aboparopHOil cucre-
Me IEHTPa IPABUTAIMOHHOTO MPUTSKEHUS C CePeAMHON TPYyObhI (HO
IIPU 9TOM HCCJIEYeTCst “IIeHTp HyJIeBoro nMmmyabca’). OHako, cpa-
3y MOCJIE€ TIEPBOTO CTOJKHOBEHUS C 3ATIYIKON (HEO HOBPEMEHHOTO
B J1a00pPATOPHO# CHCTeME) TIPUXOIUTCS OTKA3AThCs OT YHUBEPCATb-
HOCTU CTO 1 BCIIOMWHATH O KOHKPETHOM MEXaHU3Me KOMIIeHCAaIlrun
(nma crnacerusst CTO) — 06 akycTudeckux BOJTHAX B Tpybe u mepe-
HOCE UMM 3Hepruu (MacChl). DTH BOJHBI, PACIIPOCTPAHAIONIMECT OT
KOHIIOB TpYOBI 3aTeM racaT Apyr apyra. Ho Beap Torna npuaérces mo-
CTYJIMPOBATH PA3HYI CKOPOCTb aKyCTUIECKUX BOJH B PA3HBIX CUCTE-
Max JJIg JBYX MPOTHBOIOJJOKHBIX HampaBaennit. A ecam Mbl Gymem
MEHATH MaTepuaJi Tp}I6bI 1 TCOMETPUYICCKUE XaPAKTEPUCTUKU IKC-
mepumMenTa? A ecan TpyObl HET BOBCE, €CTh TOJIHKO 3aTIYIIKH OUEHb
HOBITO MACCHI, & UyBCTBUTEIbHOCTD JIOKAJTBHBIX TPDABUTAIIMOHHBIX
u3MepeHuit OyeT TMO3BOJISThL ONpeaeaaTh ABmkenue anep? Kak B
MEPEUNCTCHHBIX CIyYasdX ObITh ¢ MEXAHU3MOM KOMIIEHCAITHN ]

Ecan B ganHoil 3aa4e Mbl Gy1eM OMpeieiaTh MacCy Mo nepejia-
Ye UMIYJIbca Ha 3ariyikax A w B winm mapasaesbHbIX UM TPemsT-
crBusix (“npomosibHag’ Macca), TO MOJTyIuM HEKOTOPYO OJIHY MUPO-
BYIO JIMHHUIO MeHTpa Mace. Ecan ke Maccy onpeaenars o TaBIeHUT0
Ha JIHO TPYObI (OT rpaBUTANM; OT JEKTPUIECKON CUJIBI JJisl 3apsi-
JKEHHBIX /1D WK OT MAarHUTHON CHJIBL JJTs siZIeP-MAarHUTOB U T.J.),
TO yist 9TOi (“monepevnoit”) Macchl OyayT IPYrre MUPOBBIE JIMHUM.
Boobie, 8 CTO Bce a1 MupoBhIie TuHUK OYIyT Pa3TuvHbl. Kakwme-
TO HYZKHO TIOCTYJIUPOBATH HE MMEIOIIUMI CMBICTA (HEITPOIYK THBHBI-
mu gyist CTO), B KAKUX-TO CIydastx MEPEXOUTh K KOHKPETHBIM Me-

XaHU3MaM, “00bACHSIONUM TPOTUBOPEYNE, 3 B KAKUX-TO CJIYJasIX
MOCTY/IMPOBATHL W3MEHEeHne OObLEeKTHUBHBIX XapakTepucTuk. Hampu-
Mep, TYCTh 3aIVIYIIKA JEPKUTCA 3a MacCUBHYIO Tpyby ¢ ycumimem,
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9yTh OOJIBITINM, TeM MOXKET OBITh COPBAHA SA/IPOM C “DEIATHBUCT-
CKOif” Maccoit B cucreMe oTcuéra pakernl. Torma B 1abopaTopHOi cu-
creme OfHO U3 sanep (renepsb ¢ GobIel “peaTUBUCTCKON MACCOit)
BIObET 3ariymky. Tak >xup HabJ0OJATE b C33JM STOH BaryIyIIKu
nan MépTB? Wm onats g cmacenns CTO HyKHO MOCTYTMPOBATS,
4ro mpejest yjaepxkanus 3amtyinku B CTO He siBjigercs: 00 beKTUBHOIM
XapaKTepUCTUKOH (3aBucur o1 cucrembl orcuéra)? A ecim Ha KOH-
nax Tpyosl Ha JiHE OYAYT “JIOBYNIKN, 9TOOBI B CHCTEME PAKEThl Mac-
ca (“momepedHast peaTUBUCTCKAs”) ObLIAa Iy Th-4yTh HEIOCTATOYHA,
9TO0BI AP0 TyHAa MPOBAINUIOCH. ToTna CHOBa B J1abOpPaTOPHO CH-
creMe O7lHO U3 sep (¢ GoJIbIneit “pesIITHBICTCKON” Maccoii) mpoBa-
gutcd. Onars noctyaupyem miast cracenns CTO mamemnerme mopora
npourocTu? 3aMeTbTe, YTO TPUIAETCA TOCTYIUPOBAThH pa3Hbie TOPO-
rOBBIE XAPAKTEPUCTUKN: TPOJIOIBHBIE U TOTEpedHble (BOOOIIE, TeH-
sopubie). He commkom s Bestuka riena CTO — riena moctympoBaHust
yTPaThl MHOXKECTBA OOBEKTUBHBIX XapakTepuctuk! He caurmkom jm
MHOTO 1pobJjieM, BOIIPOCOB U IIPOTUBOPEYHil “Ha ITyCcTOM MecTe”, TaM,
L€ B KJAaCCUIeCKOil husuke BCE ObLIO 3jieMeHTapHo? A Beib o1 110-
usrrust nenTpa Mace CTO oTkazaThCsd HE MOYXKET — HA HEM OCHOBAH
DIHIITEHOBCK WL BBIBOJ] SKBUBAICHTHOCTH E = moc? it “Macchl
TOKOsT .

Cuaser B8 CTO

CTO He paér HMYEro IOJE3HOIO B KMHEMATHUKE U JJid JUHAMUYe-
ckux moHsTuii. Ilojiydaercsi, 4To BCE 3TO OrPOMHOE YHCJIO JOIOJ-
HUTEJIbHBIX CJIO2KHOCTEH BO3HUKAET TOJIBKO W3-3a TOTO, UTO IJIEK-
TpoMarHuTHag cuia JlopeHna “ciioxKHO” 3aBUCHT OT CKOPOCTH (Min
OT YCKODEHWs, €CJIN TBITAThCS €€ AeHCTBUE CBECTH K KJIACCHUIECKO-
My BTOpoMy 3akony Hprorona)?! Cremaem HEGOMBINOE JTUPUUIECKOE
orcryrenne. OT KaKUX BEJUYUH MOTYT 3aBUCETH CHJIBI (U B UéM, C
obmwmx mozunnii, ormane moaxoa08 Apucrorens w Herorona)? Bsa-
UMOJIEHCTBHE T MPUBOJUT K U3MEHEHUsM B cocTosiuuu Tesi. Heob-
XOJUMO BBIOPATH WHANKATOP TOTO M3MEHEHHUs. APUCTOTE h CUNTAT
OCHOBHBIM COCTOSIHUEM MOKOH U B Ka4eCTBE WHINKATOPA BBHIOPAJ Ha-
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6aromaTh 3a CKOpocThio Brkennst rena v = f(t, r) (Beswanny f(¢,r)
Apucroresb cBsi3a7 ¢ CHIIOl, BBI3BIBaoINeil neuzkenue). Ecam 10-
BOJILCTBOBATHCA co3epranuem, To Beibopa v = f(¢, r) BunosHe mocra-
To9YHO. OTHAKO, €CTH TBITATHCA CO3/IABAThH JUHAMUKY JBUKEHUST, TO
ITOCJ/Ie MBICJIEHHBIX ONBITOB Lajimjiest crajo sCHO, 9T0 ApPUCTOTEIEBO
TMTOHATHE CUJIBI HE OTBEYUAET MeHCTBUTEILHOCTH. XOTd, YK €CTH ObITDH
COBCEM TOYHBIM, 3TOT BbIBO/l IPUBA3aH K BEPE PEJIATUBUCTOB HepBOﬁ
BOJIHBI — TIOCjaenoBaresieit [annnes B HaJuame MyCcTOro MPOCTPaH-
crBa (cam [amuneii paccMaTpuBaT TOJIBKO W30JUPOBAHHBIE WICHTHY-
HBIC CUCTEMBI M HE PACTTPOCTPaHAT CBOIt IIPUWHIAII, B OTJIMYME OT €ro
“IceppomnocaesoBaTeIel”’, Ha B3aUMOIPOHUKAIOIIHE CHCTEMBI OTCIE-
ta). [Ipu nammaun s¢pupa AprcToTesies MOKOH JIOKATBHO TPUBA3AH K
3¢upy, KOTOPLIi B 1IeJI0M BOBce He 0043aH OLITH “DAaBHOMEPHO HEIIO-
,ZLBI/I}KHBIM”, HO MOXKET HaXOAUTHhCA B CJIO?KHBIX BUXPEBbBIX ABUXKCHH-
sx. Hampumep, cymectsyer Teopust BuxpeBoit nuaamMukn CoaHedHoM
CHUCTEMBbI M Cujia TPeOyercsd TOJIbKO i TOJIePyKAHUS JBUKECHUS,
OTJIMIHOTO OT pPaBHOBeCHOTO. OHAKO B TLTAHBI HACTOAIIEH KHUTH
HE BXOJWT AHAIN3 BUXPEBON JMHAMUKH, II09TOMY MbI Oy/I€M I10JIb-
30BaThCA O6H_Lel_[pI/IH9[TbIMI/I Ha JaHHOM 3STalle TTOJIOXKCHUAMMH. H])IO—
TOHOB BBIOOP crocoba OMMCAHUST BIAUMOMENHCTBUST TeJ JPYyroil — B
KaveCTBe WHANKATOPA NW3MEHEHUs COCTOSIHUST Tej1a OEPETCS ero yeKo-
penme. Ilo-cyTu, Bropoit 3axon Hoiorona npeacrapiser coboit omnpe-
JleJieHre MOHATHS “cria’ U ¢ TOUKM 3pennd (QyHKITMOHAIHHON 3aB1-
CHUMOCTH CUJIA U YCKOPEHUE COBIMAIAIOT ¢ TOYHOCTHIO JI0 PA3MEPHOTO
koaddunmenta (maccor). B umeane, 31oT cnocob onucaHus ABUIKe-
HUs (B MPUBBIYHOM HAM BHje) 3amuchiBaercs Kak ma = F(t,r,v).
Opnako, npobjieMa HAXOXKIEHUsT IBHOT'O BBIPAXKEHUS] TAKUX “Hie-
anbablX’ cun F ts caydast mpon3BOIBHOTO PACTIONOKEHWSA U JTBU-
2KCHHA NMCTOYHMKaA CHUJI U CPEAbl, HAIIpUMED, NCXOJAd 13 3HAHUA CTa-
TUIECKUX BBIPAYKEHWIT [IJIsT CUJI, He perrera a0 cux 1mop. Ilpupoga He
BCET/Ia ¢ JETKOCTHIO PACKPBIBAET HAM CBOM CEKPETHI: BMECTO MJI€ATb-
HOT'O BBIPpazKEHUA CUJIBI TPUXOAUTCHA TIOJIB30BaThCA TEeM, 4YTO HaXOJI1UM
F(t,r,v) =Fi(t,r,v,...). [losTomy, BoOGIIE TOBODSI, PEATHHBIE CHJIBI
JOJIZKHBI OTIPEACTIATHCA M3 OIIbITA. I/I3BQCTHBI CUJIBI

F =const, F=F(t), F=F(r),
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F=F(t,r,v), F=F(dr/dt®)

U T.J. B CAMBIX Pa3HBIX KOMOMHAIHIX. 3 0600IIEHHON 3amncu
F =F(t,r,t,...,d°r/dt>,..)

BUIHO, 9TO J00As TMPOMBBOAHAS, B TOM UHC/IE W BTOPad, HUYEM He
BBIJIEJIEHA ¥ TOJBKO SKCIEPUMEHT MOXKET ONPEIETUTh PA3HOBU/IHO-
CTH CUJI, PEANM3YIOIIUXCsl B NPUPOJE (HAIPUMED, BCIOMHUAM [PE/I-
Joxkennyio Bebepowm zamoaro g0 CTO dopwmyimy, rie cujia 3aBucea
TakXkKe OT yCKOopeHus ). Ham 371ech BaXKHO TO, UTO PEISTUBHCTCKOE
ypasHenue jsuxkenus ¢ cusoit Jlopenna F (¢, r, I') Moxer ObITh 3amm-
CaHoO KaK KJIacCcuiecKuii BTopoii 3akon Hetorona ¢ cuoit F(t, r, 1, ).
Bropouewm, eciiu BepuTh B PEIATHBUCTCKOE BBIPAXKEHWE [T CHJIBI,
TO B Ka4eCTBE aJbTEPHATUBBI MOXKHO BBOJIUTH TPEOOpa30BaHUS JIJ1st
NPONOJBHON W MEePIEeHNKYISIPHON K CKOPOCTH TeJla KOMIIOHEHT CH-
76l (HO y2K HUKAK HE CTOUT BBOJAUTH MUDUIECKIE TTPOJOJBHYIO U 0~
[EePEYHY0 MACCh), MM MOYXKHO CPa3y 3alucaTh KJIACCUIECKn BTO-
poit 3akor HetoTona F = ma u cBa3b HOBOIt cuibl F co craTndeckum
BhIpaxkenuem cusibl Fo:

F = /1—v2/2[Fy — v(vFy)/c.

He crout Tak:ke mpeyBeInInBaTh BO3MOXKHOCTH METOIOB MOy YeHWST
BhIpazkeHnit m3 yHKOuH Jlarpamka, Tak Kak 3Ta (DYHKINA caMma
OTIPENIEJISIETCST C TOYHOCTHIO JIO HEKOTOPOTO PA3JIOKEHUS U HE MOYKET
JEeTePMUHAPOBATD IIPUHITAIIBI.

Meroanaecku coBepiiieHHO HemoHATHBIM BbitysgauT B CTO npe-
obpa3oBaHme CHUJI IIPHU IEPEXOE OT OFHONW CHCTEMBI OTCYETA K IPY-
roi#i. Hampumep, paccMOTpHUM IBa OAMHAKOBLIX II0 MOIYJIIO 3apsiia
+e u —e, HAXOJAMNXCA HA PACCTOsTHUU T ipyT or apyra (Puc. 4.2).
B cucreme orcuéra, CBA3AHHON ¢ MOKOAIMMMUCS 3aPATAMU, MEXKITY
HIME JeHCTBYeT 3jeKkTpudeckas cuia F = e? / r2. TlocmorpuM Te-
mepb Ha T€ XKe 3apsigbl U3 CHCTEMBI, IBUTAIOMIEHCS CO CKOPOCTHIO
v/ IeprneHuKyISpHO JMHUN, COeAMHsONeH 3apaabl. B 3Toil cucre-
Me 3apsi/ibl JeTAT napasutesso apyr apyry. Cormacao CTO [17,32]
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Puc. 4.2: TlapanmensHO JeTAINe 3apsaTbl.

Telepb MeKJy 3apdjaMu J1efiCTByeT CUJIa

F' = Ge?/r?, e G =1/1-v?%/c2.

C kakoii ¢pu3HYecKol BeJUIUHON cBA3aTh KosddumuenT npeobpa-
zoBanud G7 3apsan 8 CTO unpapuanren. Ilepnenukyisipuoe 1Bu-
JKEHUTO PACCTOsHMe 1 Toxke He m3Mmenserca. Heyxenu cuasr B CTO
YTPauUBAIOT CBOU pusnyeckue npuannbl! Biné ojHa cTpaHHOCTD: ec-
JI CKOPOCTH HAOIIOnaTe/id V' UMEET COCTABJISIONIYIO BIOJIb JIMHUH,
COEJIMHSIONIEH 3aps/ibl, TO CUJa, JEHCTBYIONIAd HA 3apHA/ibl, UMEET
KOMIIOHEHTY, MEPHIEHUKY/ISIPHYIO K JIMHUM, COCJMHSAIONICH 3apsijibl
(TO ecTh KapTUHA JABUKEHUS CYIIECTBEHHO MEHSIETCH).

CoBepiiieHHO HEOOOCHOBAHHBIM SIBJISETCS MHEHME DUHIITEeHHA O
TOM, UTO HEe3apsKEHHBbIE TeJIa JOJKHBI MO JefiCTBUEM CHUJI BECTH
cebst Tak ke, KAK U 3apsi?KeHHbIE: sIKOOBI BCe CUJIbI JOJIKHBI TTPE0D-
Pa30BBIBATHCS OAUMHAKOBBIM 0OpazoM. Emé A. Ilyankape nucas, 9To
MBI HE MOKEM ITPOU3BOJILHO “OTCOEIMHUTEL HEKOTOPYIO CHJIY OT OJl-
HOTO T€JIa U MPOMU3BOJILHO “IPUCOSINHUTE K JIPYTOMY TEIy. YK €C-
JI HEKOTOpasi Crja, (HaIpUMep, 9JeKTPUIecKast) TeHCTBYET Ha OTHN
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Tea (3apayKeHHBIE) M BOBCE HE JIEHCTBYET Ha Apyrue Tesa (Hesaps-
JKEHHBIE), TO TeM 0oJiee He OUEBUIHO, YTO 3aBUCHMOCTH OT CKOPOCTH
npu mpeodpPaBOBAHUAX BCEX CUJI JOJIKHBI ObITH OAUHAKOBBL. Jaxe B
pamkax CTO sro ouepesHast HUYEM He MOATBEPKIEHHAS THIIOTE3A.
BosmoxkHo, mpeobpaszoBanne CUI MMeEeT OTHOIIEHWE TOJBKO K €IH-
CTBEHHOMY YaCTHOMY CJIydaio — cuie Jlopenmna. /la m To 37ech ecThb
uroancol. Hanpumep, npu mepexojie K ABMKYITIEHCS CUCTEME BEJIU-
YHa MArHuTHON CUABI MOXKET O6paTI/ITBCH B HYJIb. STO TPOABJIEHU A
YCJIOBHOCTU PA3IETCHUS €IMHOM CUJIBI HA JIEKTPUIECKYI0 U MATHUT-
HYIO CHJIBI, HE TaK J'[I/I? Torzpa 3a9€eM TaKOe BHUMAHUE 3a0CTPATH HA
MHBAPUAHTHOCTH TIPY TPEOOPA3OBAHMSIX YCJIOBHO BBIJETEHHBIX 9JIEK-
TPUYECKNX M MAUHUTHBIX mosteit (1 cuir)?

Boobimie rosopsi, cama upes mpeobpasoBaHUs CUJI MPU MEPEXO-
Jle OT ONHOW CHCTeMBbI HAOIONEHUST K APYTOH CHCTeMe TPeCTABII-
er co00il HOHCEHC JIJTsT BCeli 9KCIepUMeHTaabHOH (busnukn. leitcTBu-
TeIbHO, HaMUCaHne apabckux rmudp HA IUHAMOMETPE HE 3aBUCUT OT
JMBUZKEHWS HAOJIIOMATENs, TO eCTh MOKa3aHWs JHHAMOMETpa, (HUK-
CUPYIOIIETO CUTY, He M3MEHATCa OT Apmkennd wabmogarend. Cuia
JleficTByeT MEXJIy “HCTOYHUKOM' 3STOI CHJIBI U KOHKPETHBIM “00b-
eKTOM”’ €€ IPUJIOKEHUS, & JIBUKEHNE KAKMX-TO ITOCTOPOHHUX IJIa3
3/1€CHh COBEPITIEHHO He TIPU 9éM (TO €CTh CHJIa MOYKET OTPENETATHCT
TOJIBKO CBOWCTBAMHU MCTOYHUKA, OOHEKTA U UX B3ANMHBIM JIBUYKEHMU-
em).

Duepruga n nmiyiasc B8 CTO

Hauném ¢ 3aMevyaHmust 0 TOBOIY €IUHUI W3MEpeHusi. Bripaskenne
MIIYJIbCa U QHEPTUN B €IMHUITAX MaCChl HE MOXKET JaTh HUYETO TI0-
JIEBHOTO, TaK KaK STU BEJUYUHBI HEB3aUMO3AMEHSIEMbI, 9HCJIO COB-
MECTHBIX OTleparnyii ¢ HuMu (1 KOMOWHAIWIT) OrPAHUYEHO W BCE PaB-
HO 33 HUMHW TPUXOJNUTCS CJEIATH KaK 33 Pa3HBIMU (DUBHIECKUMH
BEJIMYMHAMU. CTOI/IT JI1 BHOCUTDH IIyTaHUIY B AOCTATOYIHO XOPOIIIO
COTJIACOBAHHBIE €MHUITBI pa3MepHOCcTel?

Asnserca nu eguncreenubiM noaxos CTO K penaTuBuCcTCKOR qu-
mamuke? Bosce ner! B kimaccmueckoit pusnke pasgenenne dHEPTUN
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HA KUHETHIECKYIO W MOTEHIHATHHYIO MOYXKET OBITh TOBOJBHO YCIOB-
vbiM. Hanpumep, B crarucrudeckoil (bu3uKe npu OMUCAHUU JIBUZKE-
HUST B HEMHEPIINAIBHBIX BPAIAOIINXCI CUCTEMaX K TTOTEHITHATBLHOM
sHepruu (baKTUIECKN OTHOCSIT CPEJIHIOI KuHeTHIecKyto (1) sHepruto
JIBUKEHUS] CUCTeMBI: u3 vy, = (1p obpasosana E = mQ?p?/2. Cyue-
CTBYET JPYroil MOYyYUTEJSbHBINA MPUMED W3 TUJIPOJIMHAMUKU, KOTJA
BBOJUTCs TOHsATHE npucoeuuénnoi (“acpdexTusnoit”) maccwr s
OTIMCAHMTS TBUKEHUS TeIa CKBO3h Cpemy. fICHO, IT0 HACTOSIIAT Mac-
ca He U3MEHUJIACH B 3TOM cjiy4ae. ToOUHO TakKe U B PEJISITUBUCTCKON
MEXaHNKe HOBag “‘CKOpocTHas” J[00aBKa K YCKODEHWIO MOXKeT OBIThb
CBsI3aHA C MMOTEHITNAJIBHON SHEPT el Tesla, a KHHETUIECKY0 SHEPTUI0
TeJTa MOYKHO OCTABHUTH HEM3MEHHOW M PACCMATPUBATL KJIACCHIECKHe
ypaeuenust Herorona, Ho ¢ apyroit “addexkrnroli” cuioit u nocro-
SAHHOW MaCCOM M.

Bompekn yreepxkienusym CTO o BaxkuOCTH M HEOOXOLUMOCTH
BBeJleHUs 4-BEKTOPOB, JaKe JJisd TPEX B3AUMOEHCTBYIONINX YACTHI]
BBIPAYKEHUS

E=Y"m0c0, P =Y miyy0),

e
() — 1

N
\/1—v?/c?

HEe COCTABIAOT 4-BEKTOpa W He COXPAHSIOTCA. CITOKHOCTH BBIZBI-
BaeT M BBCACHUEC HOTeHHI/IaﬂbHOﬁ SHEeprun B3aI/IMO,ZLeI>'ICTBI/IH YaCTHIL.
Heyxenu CTO — sro Teopusi aByx ten?! e e 3asiBisemasi Bce-
06IIHOCTD (YHUBEPCATBHOCTH)? AHAJOTMYHBIE CJIOKHOCTH BOZHUKA-
10T Ipu TocTpoennn (pyuknnit Jlarpanxa n laMuabrona st cucreMm
B3aUMOEHCTBYIOIIMUX YACTULL.

[IpemepHbIi TEpexoT K KAACCAYECKONH SHEPTHH TOXKE TMPOTUEO-
peuans. Buime roBopusiocs 06 ycioBunm Takoro mepexojga ¢ — oo. Ho
TOT/Ia He TOJBLKO SHEPTHsT MOKOsI, HO 1 Jobast sueprus Oyaer E = oo
B CTO. He aBngerca mocieqoBaTebHOM W 3aUChL PEISITHBUCTCKO-
ro uMmysasca B dopme [26] P = m(dr/dr), Tak kak dr orHOCHTCS
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K HENOJBIDKHON cucTeme orcuéra, a dr (COOCTBEHHOE BpeMs) OTHO-
CUTCA K JBUKYIIEHcs cucreme (Temy).

[IpenenpHBIi IEepexos K MAJIBIM CKOPOCTAM /IS MHOTHX BEJIAIIH
MopoxaeT psy Bonpocos. CorjacHo TPWHIMITY COOTBETCTBUSA BCE
POPMYIBL TOJZKHEI IEPEXOANTE K HBI0TOHOBY BHIY, KOI'a CKOPOCTH
mepeadn B3aUMOIEHCTBUN TTPEAmoIaraeTcss OeCKOHeTHOM (HaHpI/I—
Mep, dyurnms Jlarpamxa, geficrsue, smeprus, QpyHKIAg [aMuib-
toHa u jp.). Ognako, Mbl Bugum [17], 9o 510 He Tak: 4-CKOPOCTH
nepexonuT B Habop derbipéx wmces (1,0,0,0) u Hudero He o3HAUA-
eT, 4-yCKOpeHne — TOXKe; UHTepBaJ S — 00 W BeqinaunHa d.S 3aBUCHT
OT IOPAJKA MPEJENBHOIO IEPeX01a; CTPEMATCA K HyJeBOMY Habopy
KOMIIOHEHTBI 4-CHJTBI U T.JT.. DTO HALJISAIHO TIOKA3LIBAET, 9TO BCE YITO-
MSTHYTHIE PETATHBACTCKAEC BEJIMIUHBI U BHIPAYKCHUS HE MOTYT NMETH
CaAMOCTOATENLHOTO (PU3UIECKOTO CMBICIA.

YpaBHenusa Makcsesia

Crenyromiee KpaTkoe 3aMedaHNWe KacaeTcsd ypaBHeHuit Makcpessa
(copemennoit, obmenpuuaToit mx (hopmer ). Hamomuawmm, 9To onu mo-
JIyueHbl (PeHOMEHOJOTHYECKUM 0OODIIEHNEM OMBITHBIX (DAKTOB DU
MAaJTBIX CKOPOCTSAX (B3dTa aHAMOrHs ¢ ruapognaamukoii). Cremosa-
TeJIbHO HE CTOUT OYKUJATh, YTO OHU YI'a/IaHbl B OKOHYATEIBLHON (hop-
me. Ypasuenus MakcBenna (Wim BOJHOBOE yPaBHEHHE) ONPEEisi-
10T (Ha30BYI0 CKOPOCTh, B TO BPEMs KaK y TEOPUU OTHOCHUTEJBHOCTH
ecTh “nperersus’ HA MAKCUMAJBbHYH) CKOPOCTH CHTHAJIOB (TPYIIIO-
BYIO CKOpOCTH). PaKTUIECKH, MBI BCETJA MMEEM JeJI0 € KOHKDET-
HBIM CBE€TOM, IIO3TOMY 3ITOT (baKT AO0JIZKEeH 6bITb OTME€Y€H HEKOTO-
PBIM MHJIEKCOM: BMECTO C HY?KHO NUCATh MapaMETPUYECKYIO 3aBUCH-
MOCTh ¢(w) W BOJTHOBOE ypaBHeHue Oyier ypaBaeHueM s Oypbe-
TapMOHUKHA. HOCKOH])Ky COBPEMEHHBIE allOJIOTEeTHI PEJIATUBU3Ma OT-
Ka3bIBAIOTCA OT HAMVISTHOCTA W NPUHIUIWAILHON HEOOXOAMMOCTH
MOJeIel CPebl PACTPOCTPAHEHUST CBETA, TO HEOAHO3ZHATHBIM CTa-
HOBUTCH TIyThb 0000mIeHnst ypapreruit Maxcsesia gaxke jaa “abco-
JIFOTHOH IIyCTOTHI” B CJy4ae HEMOHOXPOMATHYECKOTO CBETa, HE T'0-
BODPs y2Ke O TIepexo/ie K PeaTbHbIM HeJUHEHHBIM cpelaM (BKITF0Iaio-
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UM CBOHICTBA “MEKMOJIEKYJISIPHOM TYCTOTHI ', MEXaHNU3MBbI TTOIJIONE-
HUsS U TIEPEN3/IydeHrs] CBeTa MOJIEKYJIaMu U T.01.): 6e3 dusngecknx
MPUHITATIOB, YUCTO W3 MaTEeMATHIECKuX CoobparkeHuit Takmx 0600-
MEHUI MOYKHO BBECTH CKOJILKO YI'OJHO U BCe OHU OYy/IyT PaBHOIIPAB-
wel. TpeboBanme mupapmanTHOoCTH ypasuenmit Makcpesia orHOCH-
TeJIbHO TTPE0OPA30BAHUN KOOD/MHAT U BPEMEHU BECbMa 3bIOKOE, TaK
KaK TI0JId ¥ yPABHEHUS J7IST HUX MOYKHO BBECTH MHOYKECTBOM CITOCO-
60B, UL OB M3MEPsIEMbIe BO3JIEHCTBISA 9THX TOJIeH COOTBETCTBOBA-
JIM peasbHO HADIIOMaeMbIM B 9KCIEpUMeHTaX BeanunHaMm. Tak, Ha-
npunmep, B [81] mokazaHo, 9To CyIIECTBYIOT HEJIOKAJILHBIE TIPE0OPa30-
BaHUs TOJIEl, COXpaHsoIme ypasHenns MakcBesia ¢ Hem3MeHHbIM
BpemeneM. B [14] nokazano, 910 MOXKHO BBECTH HEJIMHEHHbIE U HEJIO-
KaJbHBIE TTpeobpa3oBaHusi, ITOOLI IPU OIPEAEIEHHBIX TpaHCcEOp-
MAIUIX TOJel yPaBHEHUS MO OBLIN MHBAPUAHTHBI OTHOCUTEIHHO
npeobpazosanuit l'anuines. UupapuanTHOoCTh ypaBHeHuit Makcsesuia
OTHOCHTEIbHO KOH(OPMHBIX Hpeobpazosanuil Toxe nspecrna [163].

Hewmmnoro ncropuu. Ilepsbie nuBapuanTHbIe Tpeobpa3oBaHus s
ypasuennii Makcsesia (u BosiHOBOro ypapuenwusi) Hamén B. @oxr
[172]. OHu BBITIA AN CaeAyIONIM 00pa30M:

o=z — vt, y/ = y/Q(v), 7= Z/Q(U), t'=1t— xv/cz;
1
V1—0v2/c2

[IpeobpazoBanust Jloperiia B COBpeMeHHON ¢OpMe BLIBOININCH
JIx. Jlapmopom (“Ddup n marepus”, 1900), a nozmuee X. Jlopen-
ueMm u A. [lyankape. [lepponadainHo OHE MMEIH CJIEIYIONIMA BII;:

Q=

o =n)QW)(x —uvt), ¥ =n)y, 2 =n()z
t' = n()Q)(t — zv/c?),

rie 1(v) — npomsBoJibHAsT PYHKIHsT CKOPOCTH, HO 3areM X. Jlopenir u
A DiHIITEHH pelmin, 9To MOCIe10BaTe/IbHOE IPUMEHEHNE TIPSIMOTO
1 o6paTHOrO Mpeobpa3oBaHust IKOOBI He JO0JKHO HIHYEro MEHSTH (a
KaK 2Ke Torja “1oruka’ ¢ moCae Iy oMM napajgokcoM 6m3aenos?!),
u u3 9TuX coobpaxenuit 1(v)n(—v) = 1 TPOU3BOIBHO PUPABHSIIN
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n(v) = n(—v) = 1. Ogro3naunocTu BLIGOPa 37€ch Het. Tak, HANPH-
Mep, B pabore [162] apTop memaer 6ostee sornunblii BeIGOp: Eciu BBl
OepéTe B KA4eCTBE 3TAJOHOB HEe (PUKCUPOBAHHYIO JIMHEHAKY 1 X0/ Bpe-
MEHH, a XapaKTePUCTUKH cBeTa, T.e. L(v) u t(v), To HAaJ|0 yIUTHIBATE
ux uaMmeHenwue uz-3a sdpdekra Homnepa. Ou Boibupaer

o=/

_ 1
T 1-v/c’

B pe3yJbTaTe IOy IaeM:
n(v)Q(v)

a 9TO YUCTO KJIACCUIECKUN MHOXKUTeNb! Bo-11epBbixX, 0H 3aBUCHT OT
3HAKA CKOPOCTH (MPUOJMKAEMCA WM yIAIIeMCst). A, BO-BTOPBIX,
YUIUTBIBAET ociabenne 3(pdeKTUBHON CHITBI, €CTIU MBI YIATTEMCS OT
MCTOYHUKA BO3TEHCTBIS, M HAITIA CKOPOCTD OJIM3KA K CKOPOCTH Tepe-
JAYH 9TOTO (3JEKTPOMATHATHOTO) BO3JICHCTBYS, UTO JOJIKHO OBITH
OYEBUHO YKe U3 371paBoro cMbicaa!l Tak 94T0 HUKAKOH OHOZHATHO-
CTH ¢ MHBAPUAHTHOCTBIO ypasHeHuii Maxcsesia (i BOJHOBOTO ypaB-
HeHUsI) HET U B rnoMmuHe!

[IponemoHCcTpUpYEM METOIUYECKOE ITPOTUBOpPEUYNE OBIIEIPUHS-
TBIX TIpeobpazoBanwnii 1ia mosieii. [lycTts nverorcs nBa HeCKOHETHBIX
HE3aPSAXKEHHBIX MMapaJule/ibHbIX TpoBoja. LlycTs B 0oboux mnposomax
QJICKTPOHDbI ABU2KYTCA B OAHOM HAIIPpABJICHUU C IIOCTOSAHHOMN CKOpPO-
CTbIO OTHOCUTEJIbHO MOJOXKUTEIbHO 3apSKEHHOI'O 0CTOBA, TO €CTh
UMeeM OJMHAKOBBIE TLIOTHOCTH TOKOB j. Torma jjis Jjaccumaeckoro
CJIy4dad B BBIDAXKEHUN JIJIA TTOJIAd BEJIUYUHA

JjdV =en(vy —v_)dV

SIBJISIETCST MHBAPMAHTOM, TO €CTh Tos1e H | ¥ BO3/IEHCTBIE STOTO OIS
HE 3aBUCHUT OT CKOPOCTHU ABUXKEHUA CUCTEMBI. ZLHH PEIATUBUCTCKOTO
Ke paccMorpenust (tak Kak E = 0) nmeem

_

H - L
* V1—=0v2/c
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TO €CTh TIOJIE 3aBUCUT OT CKOPOCTH JBUKeHus Habmogarend. Omxna-
KO, CJIECAVIOIIHE 1B CIydasd OYEeBUIHO PABHOIPABHEI:

(1) cucrema co CKOPOCTBIO Vops = 0, TO ecTh HABIIOAATENb TOKOUTCS
OTHOCHTEJILHO OCTOBA, 8 9JIEKTPOHBI JABHKYTCS CO CKOPOCTBIO V, I
(2) cucrema ABUKETCS CO CKOPOCTBIO Vops = V, TO €CTh HABTH01aTe b
MOKOUTCS OTHOCATEJBHO 3JEKTPOHOB, & OCTOB ([OJIOKUTEIbHBIE HO-
Hbl) JBUZKETCH B IPOTUBONOJIOKHOM HANPABJIEHUN CO CKOPOCTHIO —V
(ToT e cambrit TOK). Perarusucrckas ke hbopMyna 1aéT s 3THX
cydaeB pasHble 3Hauenust H | (u BosmeiicTBuii moseit), aro abeypa-
Ho. Kpome Toro, COBEPIIEHHO TTPOTHBOPEUNBBIM OKA3BIBAETCS OTIHCA-
wre B CTO mepexonoB oT 0/1HO# MHEPIHMAIBHON CUCTEMBI K JAPYTOil
JTT TPEXMEDPHON CHTyarnuu ¢ HEeHeHTPATLHBIMI TOKAME (HATPUMED,
C TYIKAMHU 3apsi?KEHHBIX JACTHIT).

Pazbepém Temeps ‘TpuHIMIHAIBHBIN BOMPOC 00 WHBAPUAHTHO-
cru ypaBHennit Makcpesia, mupoko pa3pekaaMuposannbiii 8 CTO.
B yuebnuke [32] k cucreme dyHaMeHTANBHBIX YPABHEHUTT 9/IEKTPO-
ITUHAMHUKA OTHOCITCA CJIEAYIONINE YeThipe ypaBHeHusd B audpdepen-
nuaJibHOM hopme:

47 10D
tH= —j+ ——
ro ¢ + c Ot’
10B
tE = ———
o c ot’
divD = 47p,
divB =

OnHaKo 9Ta CHCTEMa BOCHMH YDPAaBHEHHI B KOODAMHATHON ¢opme
OYEBUHO HENOCTATOYHA Jjisi onpenesnenust 16-tu Benwuann (¢ yuaé-
roMm Becex kommonenT) E, D, B, H,j u p. Heobxonumo, Takxke BBe-
CTY B ypABHEHUST XapaKTepUCTUKY cpejbl. C yaéToM CyIecTBOBAHUS
HEeJIWHEWHBIX, HEOIHOPOIHBIX, HEM30TPOITHBIX CPeJl CAeIaTh 9TO B 00-
IeM BHJe He TIPeICTaBAIETCS BO3MOXKHBIM. TOJBKO B ONpee/ TEHHBIX
mpeesiax MOXKHO BBECTH YaCTHBIE MOEIbHBIE TTPEICTABICHNS O JIU-
HEeHHBIX 3aBHCUMOCTSIX:
D =c¢E,

B =uH,
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j=AE

u 106aBUTH eiié 9 ypaBHEHU ¢ TpeMst HOBBIMU HEM3BECTHBIMU (DYHK-
MUAMY €, f4, A (MM TIOCTOSTHHBIMA — JIJIsl MOJIE/TbHBIX 38124 ), XapaK-
rTepusytonumu cpeay. O eInHON MHBAPUAHTHOCTH MOCJIEIHUX TPEX
ypaBHEHUI HE MOXKeT WITH u peun. HamoMunMm, HampuMep, O CyIe-
cTBOBaHUU (PEPPOMArHETUKOB U CETHETOIJIEKTPUKOB, JIJIS KOTOPBIX
HaOJIIOMAI0TCA SIBJICHUS TUCTEPE3UCa, TO €CTh XOJ[ ITPOIECCa 3aBU-
CUT OT €ro mpeabicTopuu. B nociieHux Ciydasix MoBeJeHue BOOOIIe
He omuchiBaeTcs audepeHrnnanibHbIMU ypaBHeHusaMu. MoXHO i
“pazmyBarh MbBLIBHBIN Ty3biph CTO” TONBKO Ha WHBAPUAHTHOCTH
JacTH W3 MOJHON cucTembl ypasHennii? Ouesmmgro, Her! Tax MoKHO
ObL10 ObI W3 JTIOHOr0 ypaBHEHUS BBHIACIUTH MPOU3BOJILHBIE KYCOIKH
U CHEKYJUPOBATh HA WHBAPUAHTHOCTHU STUX cjaaraeMbix. Kpome To-
ro, mpeotpazosanus Jlopenna (runepbomaeckuii mOBOPOT) MEHAIOT
COOTHOIIIEHUST MEXK/Iy YIJIaMU, CJIEJOBATEIBHO, W3MeHeHne (HopMbI
CJTOXKHBIX TPAHUIL JO/KHO OBITH YITEHO MPHU MEPEX0Ie MEXKTY JIBU-
KYMUMUCH cucTeMaMmu orcuéra. Takum o6pa3oM, IOJHAS CUCTEMA
ypaBuenuit MakcBenia B mpOU3BOJILHBIX CPE/IaX HE MOXKET ObITH MH-
BapUAHTHON OTHOCUTEJbHO KAKOI'0-TO €uHOr0 (hU3ndecKoro mpeod-
pazoBaHUsI.

[Tepsbie veThIipe ypaBHEHWA MOTYT TPEACTABIATH CAMOCTOATE b
HBIIl WHTEPEC TOJBKO MPU PACCMOTDEHUN moJielr B mycrore. OaHa-
KO WHBAPUAHTHOCTH ypaBHenuit MakcBesaaa B mMycTOTE OTHOCHTEh-
HO nipeobpa3zoBanmii JIopeHIla COBEPIIIEHHO HUYEr0 He O3HAYAET JIJIs
npyrux gapjenunii. Bo-nepBeix, ypasuernus Makcsesia — 3T0 ypas-
HEHUS [IJIs TI0Jieil B IyCTOM NPOCTpaHCTBe. B TakoM mpocTpaHCTBe
MBI MOXKEM OTPE€3aTh IIOJIOBMHY OTPE3KA M yBEJMYUTH €€ BIBOE —
[OJIyYUM TakKoil ke orpe3ok. IlosTomy B mycroM MareMaTudeckoM
MPOCTPAHCTBE MOYKHO TOJB30BATHCA JIIOOBIMU CUCTEMAMU OTCUYETA,
HEITPOTHBOPEYNBHIMU TEOMETPUSMEU U TTEPEBOIHBIMU KO(DDUITHEH-
TaMU. DTO MOYKET ONPENEIIThCS TOJBKO JUIIB YI00CTBOM MaTeMa-
Tuaeckoro onucanusi. O HAKO, MBI HE MOYKEM TTPOCTO pa3pe3aTh Ku-
BOI OpraHu3M U YBEJIUYUTH €r0 BJBOE [10J] MUKPOCKOIIOM — OPTaHU3M
ympér. Hammaue B mpocTpancTBe peanbHbIX (PU3NIECKUX TE/T U TI0-
Jiell 3a/1aéT ecTeCTBEHHBIE PEIlEPHBIE TOYKHU, XapaKTepHble MacIITa-
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OBl ¥ B3aWMOCBA3W MEXKIy OoObexkTamu. Bcé 910 ompesnenser OT/In-
4hsi peasibHOTO (DU3MIECKOr0 MPOCTPAHCTBA OT MYCTOrO MaTeMaTH-
YECKOTO MPOCTPAHCTBA. BO-BTOPBIX, CBOMCTBO HEKOTOPBHIX B3aWMO-
JlefCTBUIl pacIPOCTPAHATLCS B BAKYYMe CO CKOPOCTBIO CBEeTa He Jie-
TEPMUHUPYET CKOPOCTH PACIPOCTPAHEHUST B3AUMOICICTBU B CpE/IE.
HecmoTpst Ha OrpOMHYO POJIb 3JEKTPOMATHUTHBIX B3AUMOJIEHCTBHIA,
BO3MYIIEHUS B CPEAAX PACIPOCTPAHLAIOTCI CO CKOPOCTHIO 3ByKa. [1o
OJIHOM KOHCTAHTE C, OTHOCAIIEHCH K BAaKyYyMY, HEBO3MOXKHO OIIpe/jie-
JUTH (77151 HAIIEro “3JIEKTPOMArHUTHOTO” MUPa) CKOPOCTH 3BYKa W
CBeTa B Tazax, XXKUIKOCTSX W TBEPIABIX Tenax. He scHO, Kak B M30-
TPOIMHOM TTPOCTPAHCTBE MOIJIA ObI BOSHUKHYTH aHU30TPOIIHS PEATh-
HbBIX TBép,ZLbIX TEJ. Bce 9T W MHOTHUE JIpyTrue CBOMCTBaA BbIXOOAT 3a
mpe/iesibl TpuMeHnMocTH ypaBaernit Makceeata B mycrore (CTO
JKe MpearaeT KJIOHWPOBAHWE CBOMCTB MYyCTOTHI HA BCE CBOMCTBA
MaTepuaTbHbIX Tea u cpef). CienoBaTe/bHO, TOATOHATE CBOWCTBA
BCETro MUPA 10/ MHBAPUAHTHOCTL ypasHeHuit Makcsesiia B mycToTe
— caumrkoMm 3apbiiiennas nperensus CTO. B-tperbux, pazbuenue
€JIMHOIO 110 CBOEMY JEHCTBUIO IO/ HA DJIEKTPUIECKYI0 U MArHUT-
HYIO 9aCTH JJOBOJBHO YCJIOBHO U B 3HAUUTEJBHON Mepe TPON3BOJIBHO.
[TosToMy MHBAPpUAHTHOCTE ITUX MUCKYCCTBEHHO BBIJCJCHHBIX YacTei
He MOXKeT mMeTh pernaiomniero saauennst. Hamnuane kosddunmenTon
P, €, 1t (3aBUCSIIUX OT KOODJIMHAT, BPEMEHH, CBOCTB CBETAa U Jp.)
mia ypasueruit Makcpesia B cpefe [e/aeT 9TH yPAaBHEHUST HEWH-
BapUAHTHBIME OTHOCHTEIBHO TipeobpasoBanuii Jlopenma (win onsarsb
HY>KHO OTMEHATH 00HLEKTUBHOCTH XaPAKTEPUCTHK CPEIBI ).

Baxnoe zameuanune. Camu 1o cebe ypaaenus Makcejia Mo-
ryT npuobpectu Gu3NYUEeCKuil CMBICI TOJIBKO MOCIE TOr0, KaK Oymer
ykazaH usndeckuii crocod u3MepeHus BBEJIEHHBIX XapaKTePUCTUK
noseit. Ha cerompsarmamii ners TakuM “3aMBIKAIONIAM ypaBHeHreM”
ABJIACTCH yPaBHEHUE IBUXKEHU A 3aPAKEHHBIX YaCTHI] 10, JefCTBIEM
cunel Jlopenna. HamoMHuuM, 9T0 B pa3Hble TEPUOIbI BPEMEHU B Ka-
YeCTBe JIEKTPOMATHUTHOM CHJIBI cia JIopertia Obl1a He e uHCTEeH-
moit. Cpenn HanbosIee W3BECTHBIX BBIpaXKeHUH OBLIN: cryia AMrepa,
cunia Bebepa u muorme apyrue. Eciu 661 coBpeMeHHAT 3IEKTPOIN-
HaMUKa UMEJIa CaMOCOTJIACOBAHHBIN XapaKTepP, TO, MOCKOJIBKY MOJIs
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IPOABJILIOTCA 10 UX CAJIOBOMY BO3IeCTBUIO, BEIPAXKEHUE JJIST JJIEK-
TPOMArHUTHOW CHJIBI JOJIZKHO OBbLIO ObI BHIBOJUTHCH W3 ypaBHEHMI
Maxkcsesia, a He BBOAUTHCA UCKYCCTBEHHO. Takoe BhIpaKenune Ob1I10
nostydeHo B [149] u oHo oTIMUaeTCst OT BhIpaKeHUst CUibl JIoperta.
MoKHO Tl CINTATh BHIparKeHNe J7sT CHJIbl JIOpeHTa MPUHITNINAh-
HO CTPOI'MM M HENPOTUBOPEYUBBIM B KAYECTBE 3JIEKTPOMATrHUTHOM
cuiibl? Tlo-Bugumomy, Her! XorTsi TOCTUXKEHUST COBPEMEHHOH J1€K-
TPOAUHAMUKHN OOIEN3BECTHRBI, HAL0 OTMETHTH W HEKOTOPHIE CITOp-
ubie MoMeHTHI [140]. Bo-mepBbix, nazke B COBDEMEHHOMN 3JIEKTPOINHA-
MUKE JOMOJHUTEJIbHO BBOAUTCA TOPMOXKEHUE U3JIy9eHUEeM, KOTOPOe,
OJIHAKO, IPUBOJUT K HECCMBICIEHHOMY CAMOIIPOU3BOJILHOMY YCKODE-
HUIO 3aPs/10B (OrPAaHMYMBAEMOMY JIUITH MOCTYJIATUBHO ITyTEM HAIO-
JKEHUsl YCIOBUIT Ha BEJUYHHBI 1M0Jielt). Bo-BTOPHIX, caMO BOZHHKHO-
BeHue KBaHTOBOI Mexanuku [139] roopur o Tom, uro cuia Jlopenna
HE OIUCHIBAET aJEKBATHO MOBEJEHNE 3aPSI0B HA aTOMHBIX MAaCIITa~
bax. B-tperbux, /T M3BECTHOTO SABJIEHHST Apeiidba IacTul] HECKOJIhb-
KO CTPaHHO, YTO €r0 CKOPOCTh

OKa3bIBAETCs He 3aBUCHINENA OT BeJIMYWUH 3apd/ia, MacChl, 1 CAMUX Be-
JUYUH TI0JIei, & 3aBUCHIICHA TOJBKO OT OTHOIICHUS BEJUYWH II0JIEH
E/H. Takuwm o6paszom, cucrema quddepeHnnaibHbIX yPABHEHUT CO-
BpPeMEeHHON 3JIEKTPOANHAMUKNA W €€ MPeACTaBIeHu HEe MOYKeT pac-
CMaTPUBAThCA KAaK IIPUHOUIIMAJIBHO CTPOras U IOJHOCTBE) CaMOCO-
[JIACOBaHHAasI, CIIOCOOHAS HAIAraTh OTPAHUYICHNA Ha, JIPYTHE Pa3ae/Ibl
du3uKM.

JonosTHuTEIbHBIE 3aMEYaHUA

B knmaccudeckoit pusuke BCe MOHATHS UMEIOT YETKO OMPEIeTEHHBIHT
CMBICJ U He HAJI0 UX MOJAMEHATH cypporataMu. IIycTh peasaTuBucTh
BBIJlyMBIBAIOT CBOMM HOBBIM TOHATHSAM (BEPHEE COYETAHUSIM CHM-
BOJIOB) WHbIE HA3BaHUsI. PeIITHBHCTCKOE ONpeneseHre KOOPAUHAT
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Puc. 4.3: Tentp unHepiuu CUCTEMBI ¥ PABHOBECHE.

neHTpa uHepruu [17]:
R — > Er
> F

He mMeerT (PpU3UUIECKOTO CcMbicjaa, Tak Kak B CTO menTp wHeprwm
OJIHOM M TOH K€ CUCTEMBI JNBUKYIINXCS JACTUIL OKA3ZBIBAETCS pPa3-
JIMYEH B PA3HBIX CHCTEMAX OTCUETa. SHAYUT OH HE BBITIOJIHSIET CBO-
ero (byHKIIMOHAJBHOIO Ha3HAYEHUS IIeHTpa paBHOBecus. llycTs Mbl
MMeeM MaCCUBHBIN TJIOCKU SIUK, B KOTOPOM JIBHKYTCA MaCCUBHBIE
mapuku. llycrs B KnaccuaeckoM ciryyae MeHTp UHEPIUU BCEil cucTe-
MBI B IIPOIECCE ABUKEHUS U CTOJKHOBEHWS ITAPOB BCEIIa COBIAIAET
C 1eHTpoM siiuka. Torjga B KJaCCHUYeCKOM CJIydae Mbl MOXKEM €ro
yPaBHOBECHUTDH (HAIPUMED, B MOJI€ TAKECTH 3E€MJIU MM UHOM I10J1€)
Ha omope Masoro cedenns (Puc. 4.3) u paBHoBecue 6y/1eT COXpaHATb-
ca. B CTO, vampoTus, ecjiu Mbl TOJIBKO TOCMOTPUM HA, 9TY CUCTEMY
3 OBICTPO ABMKYIMEHCA PEIITUBUCTCKON PAKETHI, TO IEHTP WHEP-
1IN MOXKET OKa3aThCsl HE HAaJ OTOPO U paBHOBecue OyneT HApyIIle-
HO. 3ameuaresbhas 06bekTuBHOCTE CTO: uT0ORI He HAPYIIATE PaB-
HOBECHUE TLJIA3MbI B YIIPABJISEMOM TEPMOSIJIEPHOM CHHTE3E, pOchHa
PEJNIATHBUCTCKUM PAKeTaM He JIeTATh W He TOT/ISIbIBATE 38 DKCIIe-
pumvenTom (Bor, okasbiBaercst, mouemMy TepMOsiT CTAJ HEMOIbEMHOT
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“aépHoit IBIPOi” — passeTanuch TyT Beakue!).

PensgruBucrckas cBsi3b MACChl U SHEPIUHM HA CAMOM Jiejie HUYe-
1o TPUHIIUIHAJBHOTO HEe oTpaxkaer. JlelicTBUTEeNBHO, KIACCHIECKOe
BBIpasKeHNEe KHHETHIECKOH SHeprun

va

E =

¥V PEJIATUBUCTCKOE BBHIPAZKEHHE
1
of 1 4
V1—v2/c?

HUYEM CYIIeCTBEHHBIM (KauecTBeHHO) He orimgarorcs. O6e 3tu Be-
JIMYUHBI SBJILAIOTCH PAacY€THbIMKU BesmunHamu. [TombiTKa M3MepuThH
STH BEJMYUHBI (TO €CTh TPAIYUPOBKA MPUOOPA) 3ABUCUT OT WHTEP-
IpeTaIny TEOPUH, TAK KaK 9TH BEJINYINHBL He MOTYT ONPEAeNIThCS U3
cpaBHeHHd ¢ 3TaJoHOM. I[OCKOTBKY B PEIATHBUCTCKOE BLIPAaXKEHUeE
SHepPrun

E =mc

m02

N

KpPOME MAacCChl BXOJISIT U JIPYyTHe BEJUIWHBI, TO TPU JHOOBIX BO3MOXK-
HBIX B3aMMOCBA34X MaCCa W 9HEPTUA OCTaHYTCA DPA3HBIMHU (HeSKBI/I-
BAJICHTHBIMU, HE3aBUCUMbIMI) BejmunHaMu. Jlaxke 1j1g Tak Ha3bIBa-
emoit “smeprun nmokos” E = mc? He MOXKeT WATH Pedb O B3AUMHBIX
[PEBPAIEHNIX MacChl U dHeprun. Jlejgo B TOM, 9TO MpU aHHUTHUIIS-
nun (€IMHCTBEHHBIN KAHIUAAT HA TOM00HBINA TPOIece) obpasyrores
doroHbI, jid KOTOPBIX ‘Macca JsuxxkeHus’ mocryaupyercs B CTO
1o Toit ke camoit popmyiie. CiieoBaTEBHO, U B 9TOM CJIyUae pedb
uET IPOCTO O B3aUMHBLIX IIpeBpallieHusx 4dactuil. He roBops yke
0 TOM, 4TO “SHEprus MOKos — 3T0 TojbKo Tunore3a CTO, tak xax
TeopUd MTPUBOJUT BCE K TOI YKe HeOTpeleeHHON KOHCTAaHTe, KaK 1
B KJIACCUYECKO# (pusmKe.

Ob6paruM BHUMAHWE TAKKe Ha HEMHBAPUAHTHOCTE (DOpMYysIhl ' =
mc? B pamkax CTO: Macca UHBapUAHTHA, CKOPOCThH CBETa — TOXKeE.
OpmHako sHeprus mupeacrasiser coboil 4-sekrop. Eciau monbrrarbes

BKJIIOYUTDL B 9HEPIHIO TeJla KHHETHYECKYIO 9HEPIHuIO €r0 MOJIEKYVJI,
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JBUTAFOIIUXCSA C PA3SHBIMI CKOPOCTAME V;, TO NPU MEPEX0je B JIBU-
KYIIYIOCS CUCTEMY TH CKOPOCTHU OyJIyT MO-PA3HOMY CKJIABIBATHCS
€O CKOPOCTBIO TeJia, KaK Mesioro. B pesyabrare B3aMMOCBA3h OKA3bI-
BaeTCs HAPYIIEHHON U B HOBOI cucTeMe dTa (HOPMYyIa OKA3BIBAETCS
MIPOCTO PEJITTUBACTCKUM OTIPEJEIEHNEM HEKOTOPO# “OykBbl F”.

CTO nbiTaercst ¢ TPUHIUITHAJIBHBIX [TO3UIIH “BOEBATH C BETPSI-
HBIMH MEJLHUIAMK : HAIPUMED, C MOHSTHEM abCOTIOTHO TBEPIOTO
tesa. OHAKO, B KJIACCHYECKOH (DU3MKe HUKTO HE BKJ/IaJIbIBaET OYK-
BAJBHOTO CMBICTA B aDCTPAKITHIO abDCOJFOTHO TBEPIOTO Tesa. Beem
OYEBHUHO, YTO abCOJIIOTHO TBEDJIBIX Tej He ObIBAaeT Jayke [pPU COo-
BCEM HEPEJISITUBUCTCKUX CKOPOCTsIX (OTMETHM POJIb yCKOPEeHuil, Tou-
Hee CuJji, B 9TOM BOIIPOCE, BCIOMHUB OOBIYHbIE CTOJIKHOBEHUS] MAIITWH
Ha joporax). [IpocTo mpu onucaHun HEKOTOPHIX JBUKEHUIT BIUSHUE
nedopMariuii MpeHedpPeRKMMO MaJI0 U HECYIIECTBEHHO JIJIsT W3yda-
€MOTO SIBJIEHUsI U TOT/Ia, TOJIbKO JJIs YIPOIIEHUS MATEMATHIECKUX
BBIKJIAJOK, WCIOJIb3YyeTcs abcTpakima abCOoTIOTHO TBEPIOTO TEJIa.
CTO mbITaercst NPUHIUNHAIBLHO CUUTATH JIEMEHTAPHBIE TACTUIIHI
rTodeunbivMu [17] u cpasy ke crajikuBaercst ¢ APYToil IPUHIUIINAIb-
HO#t TpoBJIEMOt — CUHTYJISIPHOCTBIO Psiia BEJIUYUH.

Tlepeiiném Temepb HEMOCPEICTBEHHO K 3aMEUAHUSAM TI0 PEIATH-
BUCTCKO} JMHAMUKE (T€OPUH CTOJKHOBEHWH W 3aKOHAM JBUZKECHUSI
3aPSIKEHHBIX YACTHIL).

4.3 Kpuruka oOIEenpuHATON WHTEPIPETAIINN
peJIATUBUCTCKON JTUHAMUKU

Mg nagana, Bo uzbekaHnue psijia HeJ0pa3yMeHuii, He0OX0UMO Cjie-
JIATh HECKOJIBKO 3aMeYaHuil KacaTelbHO PEJTATUBUCTCKON MEXaHUKN.
Bo-miepBhix, mogTBepKI€HTE C YKCIEPUMEHTAIBLHON TOYHOCTHIO 3a-
KOHOB JIBUKeHUsI (KOHEUHBIX HAOIOIAEMBIX PE3YJBTATOB) BOBCE HE
MOYKET SIBIATHCH JOKA3aTETHCTBOM U OITPABIaHUEM BCEX METOMOB, C
TTOMOTITHIO KOTOPBIX MOXKHO TIPUHTH K 3TUM pe3yabTraTaMm. B HayTHoi
TEOPNH KaK KOHEYHbIE PE3YIbTAThI, TAK W HCXOMHBIE TTOJOXKEHWT 1
MPOMEKYTOUHBIE PACCYZK/IEHUS] U BBIKJIAJIKHU JIOJKHBI OBITH BEPHBI
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camu 1o cebe! Bo-Bropbix, u3 ommnboYHOCTH OCHOBHBIX II0JIOXKEHMT
CHEUAJIBHON TEOPUHN OTHOCUTEJIBHOCTH O IIPOCTPAHCTBE W BPEMEHU
BOBCe He CJjIeflyeT BO3BPAT K KJIACCMYECKON MeXaHWKe CO CTaThde-
CKUMH CHJIAMH JIJIsT ONHCAHUA PEAJBHOTO IBHXKEHHSA YACTUIL. DTO
IBé HUKaK HE CBs3aHHBbIE Teopuu. Kjaccwmdeckas MEXaHWKa — ITO
MOJEIbHAS TEOPHs; OHA MIPEIIIOIaraeT: Teaa adCOTIOTHO TBEPILIMHE;
CTOJIKHOBEHUSI JIBYX MaTepuasbHbIX TOUeK (pakruuecku, jByx ab-
COJTIOTHO TBEPABIX YMPYTUX TMApPOB, PAANYChl KOTOPHIX B TIpeiesie
YCTPEMJIEHBI K HYJTI0) aOCOTIOTHO YIIPYTUMU; KUHETHIECKAsT SHEPIHsT
7 MMITYJIBC TTIOJTHOCTBIO COCPEAOTOYCHBI B JBUZKECHUN TEJIa KaK I[1eJI0r0
1 0OMeH MMU IPOUCXOANT MTHOBeHHO. Hu Kiaaccmdeckass MexaHHuKa,
HE TeOpHUd OTHOCUTEIBHOCTH HE M3Yy4alOT IPOMECChl BHYTPU CTAJ-
KHABAIOIIMXCS JaCTHI];, IpH OOJBIINX CKOPOCTSX IOSIBIASIETCS JIMIIh
JOMOJTHUTEIbHBIN BOIPOC 00 yuéTe KOHETHOCTH CKOPOCTH TEePeIadn
B3aMMOJIENCTBUIA.

EcrectBento, 910 y4éT KOHEYHOCTH BPEMEHW MEpPeadu U Pac-
IPOCTPAHEHUA B3aUMOJCHCTBUAN NPUBOAUT K HU3MEHCHUIO PEaJjbHO
uabsrrogaeMoro neuzkenus yactuil. [logpiasgercs fonoHuTE IbHAS 3a-
BUCHMOCTb BEJHIUH OT CKOPOCTH, HAIpuMmep, g 3(hPeKTUBHOM
macebl (rounee st dbdexTuBHON cuibl). KauecrBeHHO 910 MOXK-
HO IOHATH U3 CJCAYIOIICH 3/JIeMEHTaAPHON MEeXaHUCTUYCCKON MOAeIun.
PaccmarpuBaeM omHOMepHBIH caydail. IIycTh MCTOUYHUK TTOCTOSTHHO
7 pPaBHOMEPHO MCIYCKAET OJUHAKOBBIE YACTUIBI, JETAIIue ¢ HeKOTO-
poit TTOCTOAHHON CKOPOCTBIO U1 BIOJIb HEKOTOPOH mpamoii. B xakoe
OBI MECTO ITOM MIPSMOTT MBI HE TTOMECTHIN TTOKOSIIIIeeCst TpoHHOE TeJIo,
Ha, HEro Oyzer JeifcTBOBATH MOCTOSIHHAS CHJIA JTaBJeHns (0T HaJeTa-
o1mx gacTun). Fcau ke mo3BoMTh TPOGHOMY TEJTy JBUTATHCS OT
HCTOYHUKA CO CKOPOCTBIO V', TO UHCJIO JOCTHUTAIONINX €0 JacTHUIl B
€/INHUITY BPEMEHU YMEHBIMUTCA. MHOXKUTEIb, YIUTHIBAIOMINIA JTaH-
HOE BJIMSHNE IIPH JOCTUTHYTOH cKopocTu V OyIer CJIeryToImM:

b
1—V/v'

DTO MOXKHO WHTEPIPETUPOBATEH KaK yMeHbIeHune 3 hekTuBHOM Cu-
JIBIL TIPU JIBUKEHUU Wik yBejauuenne 3hdekTuBHoi Macchl. JlaHubrit
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sderT — cTporas BeauunHa 6€3 BCAKUX TPUOIMKEHHBIX Pa3J0Ke-
uuit! Ona MoXkeT GBITH SKCIEPUMEHTATBLHO U3MEPEHa B OUeHb IITHPO-
KOM amana3one ckopocreti V u vy. Kazamgocs Obl, pa3 Teopus OTHO-
CUTEIBHOCTH MPETEH/TYeT HA COBEPIIEHHO IpYyToii adbdeKrT (BbI3BaH-
HBII COBEPIIEHHO APYTUME IIPUYMHAMME ), TO BHAYAIE HAJ0 ObLIO Ob
V4IeCTh 9TOT BCIOAY HaOJIIomaeMblil “Mexanmdeckuii” 3¢p@eKkT u 00b-
SICHATDH HE BCE HKO6bI PEIATUBUCTCKOE NU3MECHEHUEC BEJIMYUHDBI, a TOJIb-
K0 pazuocTh (!) Hab/II0IaeMOr0 M3MEHEHNS U YIOMSTHYTOTO KJIACCH-
qeckoro 3gdexra. Tak 4T0 TYT PESATUBUCTHI IBHO “TOYKATHUYIAIN
n 3axamann guttaee’. B mpenene V' — v, Korma cBobogHOoe TpobHOe
TeJI0 YCKOPUTCS TOJT JIEHCTBUEM 3TUX 9acTull, 3pheKTUBHAS Macca B
JAHHOM MEXaHNMYEeCKOM IKCIIEPpUMEHTE CTPEeMHUTCAd K 6eCKOHeLIHOCTI/I
(mpaBwmibHEe CKa3aTh, 3bdEKTHBHAS CHJIa CTPEMUTCS K HYJTIO).

PaszymeeTcst, BBIBOIUTH KOJMYECTBEHHBIE 3aBUCUMOCTH W3 9TOM
KJIACCUYECKON MEXaHUCTUIECKOW MOJE/TN HEeIb3d, TaK KakK CaMmu
CTOJIKHOBEHUsI HeJIb3sl CYUTaTh abCOIOTHO YIPYTHMH U MIHOBEH-
HbIMMU. HaHOMHI/IM TOJIBKO, 49TO CYIIECTBYET KJIaCCUYICCKad MOJEC/Ib
Jlopenta (medopmupyemblil map), KOTOpas ONUCHIBACT JIUHAMUKY
aeKTpoHa (m . m my|). BoaMoxKHO Taxyke MOTydeHIe KIaCCHIecKo-
T0 YpaBHEHUA ABUKEHUA 9aACTHUI] Ha ITYTU HEJIOKAJIBHOCTU UJIN HEJIN-
ueiinoctn [14,15,81]. Penstuuctckue 3hdeKThl MOKHO TakiKe M0
JIy9aTh, TPEAIOJI0XKUB n3Menerne 3hQPEeKTUBHOTO 3apasa. B miaHb
HACTOSIIIEH KHITH He BXOJUT aHAJN3 BCEX BO3MOKHDIX albTePHATHB-
HbBIX HyTeﬁ Pa3BUTUA MEXaHUKU 1 BbI60p MEXKAY HUMU.

Tlepeiiném Temeps HEMOCPEACTBEHHO K PEISTTUBUCTCKON JIMHAMUA-
ke. CTO coBeplieHHO HENOCIEIOBATEIbHA IIPH PACCMOTPEHUN YCKO-
peruit u, poobire, quHaMuku dacturl. [Ipeobpasosanus Jlopenma, u3
KoTopbIX cieayer Bes CTO, He MOryT Hak/IaIbBaTh OrpaHHIEHHI
Ha YCKOPEHMS TeJl U Ha M3YYeHHEe YCKOPEHHBIX cucTeM. OIHAKO, B
oM ciayuae pstr HecThikoBok CTO ¢ axcmepumMenTom craj ObI CInTII-
KoM 3aMeTHEIM. [Tosromy CTO HCKyCCTBEHHO AeKJIapUPYET, UTO U3Y-
YeHHe YCKOPEHHBIX (HEeMHEepIHUAJbHBIX) CUCTEM — 3TO MPEPOraThBa
OTO. Ho nociaemoBaTenbHOE IIPUMEHEHHE 3TOH AEKIAPAINH OCTa-
Busio 661 or CTO rosbko camu npeobpaszopanus JlopeHla 1 3aK0H
CJIOKEHUsT CKOPOCTeii (TO €CTh 9acTh KHHEMATHKH). UT06bI MO THATD
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“spaunmMocTs’ Teopuu, caadaga B CTO ¢gpopMaasHO MaTeMaTHIeCKH
BBIUUC/ISIIOT 4-YCKOpeHue, a 3aTeM (hOpMaTbHO “BHIBOJSTCS ypaBHE-
HUSI PEeSITUBUCTCKOM amHamMnukn. Ho kKak ke OBITH ¢ mpeobpas3oBa-
aueM cmi? B sToM ciiydae Bonpekn coOCTBEHHON JeKIapalliy IPH-
XO[UTCA MTPeoOPA30BBIBATE OJIHY YCKOPeHHY10 dactuity (mpu v # 0)
B “npyry” yckopennyto gacruily (mpum v = 0). IIpeobpazosamue
QJICKTPOMATIHUTHBIX oJiefi Toxke IPOTUBOPECYUT 3adBJICHHBIM CaMO-
OTPAHWYEHNSM, TaK KaK TOJIsT, BBEIEHHRIE ODIMETPUHATHIM 00Pa30M,
OTPAYKAIOT TOJBKO JEHCTBIE 3JIEKTPOMATHUTHBIX CUJT (CHIOBOIT 1101
x0) u HEuero Gosee. Kazamoch 6b1 “3HAMMMOCTE” TEOPUM MOYKHO
OOAHATH, 00bsIBUB dKBUBaJAeHTHOCTH moaxonoB CTO u OTO. Ox-
Hako, B page 3agad upumereraue CTO u OTO npusoaur K pasHbiM
KOJTMIECTBEHHBIM PE3YIbTATaM. DTH HECTHIKOBKHU MPUBOJISIT K HEOD-
XOJUMOCTH JKEPTBOBATH KAKON-TO M3 PEJSITUBUCTCKUX Teopuii (Bep-
Hee 0benMn).

O noarBep:kagaemocTu 3aKkoHOB coxpanenua CTO

Jlaiexo He TaK OJHO3HAYHBI, KAK MPEICTABIIIOT PEJITTUBUACTEI, MO~
reepiennst CTO sineproit buszukoit u GU3NKoii 3jIeMEHTAPHBIX Ya-
CTHIl. 3aMeTHuM, 94TO OJHO YPABHEHWE MOXKET IPOBepsiTh He Gojee
OJIHOM 3aBUCHMOCTH M€Ky (PU3NIECKUMHU BETHIUHAMU (BCITOMHIM
ITyankape). Ilpu 9T70M BCe BXOAgmume B 9TO ypaBHeHHE (DU3HIECKUE
BEeJIMUNHDI JOJ2KHBI OBITH 3apaHee OIpeIeeHbl He3aBUCHMBIM 00-
pa3oM, mHade 3TO OyJeT He 3aKOH, & MOCTYJATHBHOE OIPEJIe/eHIe
HEKOTOPOI HEM3MEPeHHO! BenInHbl. [[01TBepK Tat0TCd JIU PeIATH-
BUCTCKHE 3aKOHBI COXPaHeHNA! JacTo IPOCTO MOCTYJIUPYIOTCS CBOM-
CTBa HOBOHM YaCTUIILI, HAIIPUMEDP, MOCTYJIUPOBAHNE CBONCTB IIPOUC-
XOJIUT BCETJa TpU 00pa30BAHUY WU YUIACTUHN HEATPATHHBIX YACTHII.
MozkeT nMEHHO MO3TOMY TAaK MHOTO YACTHIL PA3BEIOCH (4TOOBI TIpH-
KDBITH TUTaThe “rosioro KopoJs”’)? Pacemorpum mompobHo pasbupa-
eMyIo ¢ Tenbio gevorcTpanun “BozmoxkHocTer” CTO peaknnio u3
KkHUry 33):

H?(6picrperit) + H? (nokosmmiics) — H' + H3.
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Jaxke i Takoit “memoHCTpamonHOi” peakiuu (T/e, Ka3amsochk Obl,
BCe BEJINYMHBI JOJIKHBI ObITH H3MEPEHBI U BCe HaIaHChI OJIZKHBI CXO-
JTHCsT) OKA3bIBACTCH:

1) HEBO3MOXKHO W3MEPHUTh KHHETHIECKUE IHEPTHH BCEX YUACTBYIO-
TITUX 9ACTHUI], CIEA0BATEIBHO, 3AKOH COXPAHEHNS YHEPTUN HE TTPOBE-
pen;

2) B nojHOM OajaHCe YHEPrUM-MMIIY/IhCA YUACTBYIOT HECKOJIBKO
ypasuernii CTO, koropwie (a priori) emgé He mposepenst (B pe3y/ib-
TaTe MPOBEPSEMbIE BETMINHBI CTAHOBSTCS TTPOCTO TOCTYITHPOBAHHBI-
)3

3) B BBIpaKeHUU OaTAHCA UMITYJIECOB UMITYJIBCHI TIPUXOJUTCS UCKYC-
CTBEHHO BBIJEIATH 110 HANPABICHUSIM U HET TAPAHTUU, YTO BHIIE-
JIEHHBIE YACTUIIBI TPUHAJIEZKAT OJHOMY M TOMY K€ aKTy B3auMO-
JeicTBrs (U emmg He Pa3/IeIeHbl 10 MECTY W BDEMEHH 00pa30BaHusd );
4) HeT TakKe JOMYCKOB HA YIJIBI PAa3/JéTa JacTHUIl, UTO JEJAET CO-
MHUTEILHOM YKA3aHHYIO B KHAr'e OTHOCHTEILHYIO TounocTh 2 - 1070
(Besb mazke SHeprus JEHTPOHA W3MEPEHA TOJBKO C OTHOCHTETHHOM
rounocrbio 10731);

5) HemoCpesCTBEHHO CaM MNPOILECC JIOOOTO CTOJKHOBEHWSI, 0CODEH-
HO Tipy HOJIBINUX yIJIaX Pa3JéTa JYacTHull, MPeICTaB/asieT coboil yeKo-
peHHoe JBMKeHne 3apskeHHbx gactut. CiemoBaTesnHo, COTIACHO
COBPEMEHHBIM MPEJICTABICHUSIM BCEra AOKHO HADIIOAATHCS HEKO-
Topoe manmydenne. OaHAKO, KPOME CJIYYIaeB HETIOCPEICTBEHHONW pe-
PUCTPAIUU MaMMa-KBAHTOB, HUTJE HE BCTPEUYAETCS YUIET IHEPIUU U
VMITY/TBCA BO3HUKAIOIIErO mojsd. Takum 00pa3oM, Hamanc B 3aKOHAX
coxpaneHnus He npoBepeH. IIpocTo BesimanaaM, He N3MEPEHHBIM HE3a-
BUCHMBIM 00Pa30M, IIPUIMCAHO TAKOE 3HAYEHHUE (3AMOCTYIMPOBAHO),
uT00bl He ObL10 npotuBopeunit ¢ CTO. U a1y cnsomnuyo 1emnb 1mo-
crysimpoBaruiit CTO mbrraercst Tpoo/KuTh 10 HECKOHEIHOCTH.

HeKOTOpre PEIATUBUCTCKHNE PEIIEeHNd U CJIeJCTBUA

Paccmorpum nmapajioke npeobpazoBanus cui. llycrs Mbl mmeem npa
TIOKOATIINXCS PA3HOMMEHHBIX 33apdAja €1 W €2, PA3ETEHHBIX JIBYyMS
IapaJlIebHBIMU [JOCKOCTIAMU, HAXOAAIMIMMUCA JPYT OT Jpyra Ha
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Puc. 4.4: Tlapagokc npeobpazoBaHus CHUI.

paccroganu L (Puc. 4.4). BeneacrBue npursykenust apyr K Apyry
3apsAalbl HAXONATCI Ha MUHAMAJILHOM PACcCTOSHUA L Ipyr oT IOpy-
ra. (Oum HaxonaTcs B 6€3pa3/JIMIHOM PABHOBECHHU 110 OTHOIIEHUIO K
cucreMe miockocTeit.) IlocraBum Ha TIOCKOCTH TOJ] KAXKIBIM 3apsi-
JIOM METKY WJIU IOCTaBuM psijiom nabsronaresneit. Bygem nabsronars
TEePh 3a 3TOW CUCTEMON 3aPAI0B N3 PETATUBUCTCKON PaKeThl, IBU-
JKyIeiica co CKOpocThio V. Ilycrn 6 — yroa Mexkay BeKTOpaMH Vv
u L. Onpenensist 3/IeKTPOMATHUTHBIE CHJIBI, JEHCTBYIOIIIE MEXKITY
STUMU 3apsi/laMi B CHCTEMe OTCUYéra pakeTwl [17], 6ymem mHTEpeEcO-
BaTbCAd TaHI€HIIUAJIBbHBIMUA COCTABIAIOINMA CUJI, T.€. KOMIIOHCHTAMHA
CHJI BJIOJIB TUTocKocTel. Ha 3apsayn e peficTByer cuia
erea(l — v?/c?)(v?/c?) sin 6 cos O
L2(1 — v2sin? 0/c2)3/2
CiretoBaTe/IbHO, 3apsiibl CMECTSITCA U3 CBOEr0 MEPBOHAYAIBHOTO 110-
sgoxkerns. Ilycrs maper 6yayT uMeTh OrpoMHBIE 3apaianl, L Oymer
masio (L — 0), a v 6yzner Bequko (v — ¢). [lycTs Habmomarenn yaep-
ZKUBAIOT IMapbl TOHEHBKUMUW HUTOYKAMMH. HOpByTCH JIN OHI/I? OTBeT
BaBUCHAT OT CHUCTeMbl Habamomerus. KTo xe w3 mabaogaresneit mpas?
Taxum obpazom, umeem odepegroe nporusopeune CTO.
PaccMoTpuM Teneph HEKOTOPLIE YacTHLIE 3aadn. MeTogudaecku
IapPpaJOKCAJIBHBIM ABJIACTCA OIIUMCAHNE NBU2KCHUA SapH}KeHHOﬁ € 4a-
CTHIBI MACCHL M B IHOCTOSHHOM OJHOPOIHOM 3JIEKTPUUIECKOM II0JIE

Fr =

£0. (4.1)
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E, = E (cu. [34]). deiicTBurensHo, B KIACCHIECKO (DU3HKe TPaeK-
TOpUSL IPU vy = vy — Hapabora:

T = eEyQ/(QmOUS),
a B CTO — nennas aunams
2
E
T = MMoc (cosh Y| 1).
el movoC

Ho npu 6obiux ¢y pegsiTUBUCTCKAsT TPAEKTODHUs OJIM3Ka K IKCIO-

HEHTE, TO eCThb aBjgeTcsd 0ojee KpyToit, uem napabosia. Kak ke ObITh
¢ uzeeit 06 yBeJMUYECHUN WHEPIHH (MACChI) Teaa co CKOpocThio? Ec-
JIN Ja2Ke CAUTATh, 9TO, HECMOTPA Ha HECKOJIBKO 60ﬂbmy}0 KPYTU3HY,
YACTUITA TBUKETCS IO TPACKTOPHUY MeJJIEHHEee, TO 38, CIET KAKUX CHJT
oHa 3ameaymIachk 1o ocu y? Bens cuna Fy, = 0 u 8 CTO ona roxe
He II0sABUTCH: Fé = 0. Ja u BemMunHa HA9aIbHON CKOPOCTH Uy = U
MOKeT ObITh HEPEJIATUBUCTCKON (1 OCTAHETCsl TaKOBOiA).

CTpaHHbIM gBIgeTCd GATAHC SHEPTUN TSI PETATHBUCTCKON pa-
KeTH [33]:

m cosh 6 + Ms cosh(df) = M;.

[Tpu Gosbimoit ckopocru BeIGpoca (6 = tanh(v/c)) st KoHeUHBIX
sHadenuii Hadagnnoi Mp um Komeumoit Ms Macc IOJIKHO OLITL BLI-
MOJTHEHO YCJIOBUE: MACca OTAENbHOrO BeIOpoca m — 0 (maa mempo-
tusopeuansoct CTO). Oarako, 9Ta BeTMIUHA OMIPEIEISIeTCI TOTBKO
TEeXHUYECKNM YCTPOUCTBOM PaKeThl: HET IPUHINAIINAJIbHBIX OUPDAaHN-
YeHUnH.

OmuH U3 BHIBOAOB DitHinreitna coornomenus E = mc? neno-
cTaTo4HO 0D60CHOBaH. B 9TOM BBIBOJIE IIPOIIECC IIOTJIOMIEHUS TEIOM
JBYX CHMMETPHUUYHBIX MMIYJIbCOB CBETA PACCMATPUBAETCS C TOUKH
3penud AByX HabJIOmATE e, IBUKYIUXCS APYT OTHOCUTEILHO APY-
ra. llepsbiit HabJIFOIaTEB TTOKOUTCST OTHOCUTEIBHO TeJa, & BTOPOi
nasrkerca neprerankyasapuo ceery (Puc. 4.5). B CTO nmonyuaercs,
YTO CBET 3apaHee /I0JI2KEeH 3HATH O JBUKEHUN HaOJII0/IaTe I UMEHHO
CO CKODOCTBIO U M TaK MOJYyYHTHh MMIIYJbC, 9TOOBI B 3TOH BTOPON
CHUCTEME CKOPOCTb TeJjia He U3MEHUJIACh, & W3MEHUJIACh TOJbKO €ro
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Puc. 4.5: K BeBoy dopmyitel E = mc?.

Mmacca. Kak ke ObITE ¢ ombiTamu JlebeneBa o maBieHnn cBera (U Co-
BDEMEHHBIM OOIIENPUHATHIM IIPEJICTABIEHUEM ), KOIJIA IIPU IePe1ade
CBETOM HUMILYIHCA M3MEHIACh UMEHHO HabromaeMas CKOpOCTh Te-
ga? A uro 6yner ¢ UMIYIBCOM, €CJTU MBI 6yIeM MMeTh abCOTIOTHO
NOTJIOIAIoIINe HEPOBHBIE (CKommennbie) mosepxuoctu? [To npusomu-
MBIM PHCYHKaM HEMOHSITHO TAK:Ke, UMEEM JIM MBI JIEJI0 ¢ PEATLHBIM
MOTIEPETHBIM CBETOM (MO/IE/TBIO, IPUHATON HA CErOAHSIITHNN JIeHb, B
toMm uncsie u B CTO) mwin ¢ MECTHYIECKAM MTPOIOJIBHO-TTONEPETHBIM
ceerom (st criacerust CTO).

Becbma crpanmbim B copemennoit Bepcun CTO gaBnsgercs pas-
JITINE MaCChl COBOKYITHOI'O U3JIy9€HUA B 3daBUCUMOCTU OT UMITYJIBCA
CUCTEMBI:

(E1 + E2)2 (P + P2)2
m = \/ 1 — 5 . (4.2)
c c

A ecsim MbI GyZIeM MEHSITH UMITYJIbC (HATPABJICHHE) OTAETBHBIX (DO-
TOHOB 3epKajiamu’ ByaeM onpeaensaTs Tpu 3TOM [IEHTP TPABUTAIAN
cucreMbl. e o Oy/eT JIOKaIn30BaH U KaKoBa Oy/1eT CTPYKTypa mo-
Jist BOmm3u? Heyxemu 3ToT 1eHTp OyJeT CKaKaTh, NCUE3aTh U MOSTB-
asaThesd BHOBR? Bocmobssyemcest npusenennoii hopmysaoit CTO (4.2)
JUTST OTIPEJIEIEHNsT MAaCChl COBOKYITHOI'O W3JIYUEHHUS JIBYX (POTOHOB,
PA3JIETAIOIIUXCA [0/ TTPOU3BOJIBHBIM YIJIOM, ¥ PACCMOTPUM U3JIyde-
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4

6

Puc. 4.6: Macca kombuHamm GOTOHOB.

Hue, pacxoggameecs u3 oguoro nenrpa (Puc. 4.6). Torpa B 3aBucn-
MOCTH OT MONAPHON I'PYHMIUPOBKN (DOTOHOB MOXKHO IOJYINUTH Pas-
HYIO COBOKYTIHYIO MacCy Beeit cucrembl (s “obbsacuenus” BCEX BO3-
MOKHBIX BapHalliil MAacChl He MPUIETCS JIM UCKYCCTBEHHO BBOIUTD U
orpunarenbabie Macchi?). A B OTO Hy»KHO yunTHIBATH IPEIBICTO-
DHIO DOXK/JIEHUST M3JIYYeHUsI 115 OlpeIeIeHns JIOKAJU3AINN er0 11€H-
TPpa I'PaBUTANWU U YIUTHIBATH BCIO HEU3BCCTHYIO ITPOCTPAHCTBEHHO-
BPEMEHHYIO CTPYKTYDY JIEKTPOMArHUTHOTO II0JIsI JIJIsI TIPABUJILHOTO
OIIMCaHWdA COBEPIICHHO WHOI'O ABJICHHUA — I'DaBUTAIIUMN. BeCKOHeLIHO
cioxuo! 11 Bo ums dyero Bcé 3107!

Conu n npeneccus Tomaca

PengruBucTbl MOCTOIHHO TOIUEPKUBAIOT, UTO MeXaHWKa HBIOTOHA
4T0-TO He omuckiBaer 1o cpapuenuto ¢ CTO. Hanpumep, B kuure
[33] paccmarpuBaercs Tak HasbiBaemasi nperneccus Tomaca (3ddexr
nosopora crepxkusg B CTO xax mpossiienne “OTHOCUTESBHOCTH OJ1-
HOBPEMEHHOCTH ) U yTBEPXKIAETC, 9TO B Mexanuke HeoToHa rupo-
CKOIl BCET/Ia COXPaHsIeT CBOIO opueHTanuio. OIHAKO, KAK HU3BECTHO
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13 KBAHTOBOW MEXaHWKM, MOMEHT CIWHA JEKTPOHA BCET/Ia HAIIPAB-
Jier jinbo 110, inbo MPOTHUB HAITpABJIEHUs] OPOUTAJIBHOIO MOMEHTA, TO
€CThb B JAHHOM CJIydae OH MEPIEeHUKYIAPEH TIOCKOCTH OpOUTHI (1
CKOpOCTH 3JieKTpoHa!). A B 9TOM OOIIEIPUHATOM CJIydae U MEXaHU-
ka Hoiorona u CTO coxpassior HalpaB/ieHUe I'MPOCKOIIA, IepIIeH-
MUKYIIPHOE MI0CKOCTU opbuThl. [loaToMy m306parkéHHble B KHUTE
[33] Mensirormecs: HaUpaB/EHUs CIIMHA HE OTBEYAIOT JEfCTBUTE b
wocru (Puc. 4.7). Ecau BcE ke NPeANoNoRNThL HAKJIOHHYIO OPHUEH-
TAIMIO CIIMHA, 3JIEKTPOHA W BCIIOMHUTH, YTO MBI MMEEM HE TIPOCTO
rUPOCKON (BPAIIAIOMMHACS MAPHUK ), & 3apSKeHHYI0 9acTHILy, 00/1a-
JTATOTTYT0 MATHUTHBIM MOMEHTOM, TO B MATHUTHOM TIOJIE 3aPSyKEHHO-
ro syipa mojl JeiicTBueM cuji Oymer HabJIIoIaThCs MPerneccus CInHa,
9JIEKTPOHA, KOTOPAas MOYKET OBITH OMUCAHA KJIACCHIECKAM 06pazoM
(HACKOTEKO BOOOIIE 00BHEKTHI MUKPOMUPA MO3BOJIAIOT 9TO CIENATH).
st KIIacCH9IecKoro OmMCaHus JAHHOTO siBIeHus (6e3 mHTeppera-
nuit CTO) meobxoauMo 3HATH BCE TTAPAMETPBI ATOMA, BKIIOYAd OPU-
eHTAITNHU CIIMHOB U MOMEHTOB. Bojiee TOTo, B KJIACCHIECKOM CJIyUae,
Jlazke [PU OPUEHTAIMU CHUHA 9JIEKTPOHA HEePIEHJINKY/IAPHO OpOu-
T€, BOZMOXKHA MPEIECCUsl, eCIM MOMEHT sIjIpa He TIePIeH UK yJIsipeH
opbute (1a u PO TOXKE MOYKET TPEIeCCHPoBaTh). B peambHoil 3a-
Jlade MHOTHX TeJl BCErJIa MPOUCXOINT COMJIACOBAHWE BCEX JIBUKEHMUIA,
BKJTIOUAsT BCe OPOUTHI, BCE TIPETIECCUH, CMETTEHUsT BCEX TMEPHUTETNER.

Cospementoe ucuoJjb3oBanue nodsrus ciuuia yacruy B CTO sB-
JISTETCST BHYTPEHHE HECOTJIACOBAaHHBIM. Jleg0 B TOM, 9TO P CTOJIK-
HOBEHHUAX YACTUIIBI IBUKYTCS IPYT OTHOCUTEILHO APYyTa U BA0OABOK
U3MEHSIIOT CBOE JBUKEHWE, 8 B JIBUKYINEHCT CHCTEME MOMEHT KOJIH-
9eCTBA JIBUKEHWsI (KaK OPOUTABHBIN, TaK U CIIHH) J0JZKEH COTJIACHO
CTO ormimyaThcs OT TOM Ke BeJIUYHUHBIL B ITOKosIeica cucreMe. Kak
JK€ CIOHH MOXKET OCTaBaTLCS MHBAPUAHTHLIM U yYAaCTBOBATEL B CTPO-
I'MX YUCJIOBBIX PABEHCTBAX (PETATUBUCTCKUX 3AKOHAX COXPAHEHU )

Kpowme Toro, mpeneccust Tomaca kak knHematmaeckuit addexT
CTO suyrpenne nporusopeunsa (cMm. [maBy 1), Tak kak mporecc
BPAIEHNST BBIXOUT 32 paMku wHeprmanbubix cucrem CTO (mpsimo-
JUHEHHOr0 PABHOMEPHOTO JTBUZKECHUS).
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Puc. 4.7: Ilpereccus Tomaca 8 CTO.
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Emé pa3 o macce

BaKkoH COXpaHEHWT MACCHI, KAK HE3aBUCHUMBIN 3aKOH, OATBEPK/1a-
eTCsl TPOMAJHBIM KOJHUYECTBOM OIBITHBIX JTAHHBIX. DJIEMEHTAPHBIE
YaCTHUIhI OO BOBCE HE MEHSIOTCH, a M3MEHSIETCH UX KMHETUICCKAsT
SHEPIUd U SHEPIrHUsi COIYTCTBYIOIIEI0 UM 9/IeKTPOMArHUTHOIO II0JIs,
aub0 MEINKOM IIPEBPAIaloTCd B JApyrue dacTuibl. QOoToH - ToXKe
9aCTUIA, KOTOPYIO MOXKHO XapaKTEPU30BATH CKOPOCTHIO M IaCTOTOH
WIn AAAHON BOMHBL. HUKaKMX TpOM3BOJLHBIX MPEBPAICHUN MACCHI
B DHEPIUIO TPOCTO HE CYIIECTBYET.

Ocrarorcs B CTO u BOIpoCHI jjist YaCTHIL ¢ HYJIEBOM MacCoil mo-
KOs1. Bo-TIepBBIX, U3 PEAITHBUCTCKUX BRIPAXKEHUH JIJIT SHEPIUN U UM-
y/IbCA BOBCE HE CJIEAYET CTPOrOro Mmepexoia K CAyYai v = ¢, My =
0. Kak, Hampumep, MOXKET BOSHUKHYTH KOHTHHYYM BCEBO3MOXKHBIX
9aCTOT W B TaKOM mepexone? Bo-BTOPBIX, ecyiu Mbl IMeeM JTUHEHHY 0
[IEIIOYKY [OC/IEI0BATEIbHO AaHHUTMIUPYIONINX U POXKTAOMIMXCST ITap
win u3 mo # 0 mosrydaeMm ¢ moMoIbio oTpaxenuit mo = 0, 1o Kyaa
HCUe3aeT TPABUTAIMOHHAS SHeprud (I10Je), HCKPUBJIEHHE IPOCTPAH-
crBa (W TyIe UX TEHTDP JOKATU3AINK Tpyu aHHurusmn)? Bompoc o
Macce Tmokosi (POTOHA B COBPEMEHHON TPAKTOBKe, BOOOIE TOBOPS,
Oecembicaer. POTOH, KaK ONPEIEJIEHHAS JACTUIIA, XaPAKTEPUIYETCSI
onpenenénnoii uactoroii w. B mokoe (w = 0) 910 GbLTa OB MAKE
HE IpyTasl 9acTHIa, IIPocTo (poTOH OB ImepecTan cymecTroBaTh. [1o-
9TOMY HE CyIIECTBYET CAMO MOHATHE MACChI TOKOs (HhOTOHA (Kak u
HOHATHUST SHEPTUH 1TOKOsT (boToHa u 11p.). C Apyroif CTOpoHBI, 1Jist pe-
AJILHOTO (DOTOHA BIIOJIHE MOXKHO OIPENENATh HE TOJbKO YHEPTUIO U
UMITYJThC, HO U Maccy. B yuebnuke [26] coBepIieHHO HEBEPHO ClIeTaH
BbIBOJl O HEBO3MOXKHOCTH CYILECTBOBAHUS YaCTULL C HYJIEBOA MaCCOi
[IOKOS B KJIACCHYIECKOi (pu3nke aKoObl IoToMYy, 9TO Ipu m = 0 jio-
Oast CIIa JOIKHA BLI3LIBATH OECKOHEUHOE YyCKOpeHue. Bo-mepBoIx, He
BCAKAd CHUJIa MOXKeT neiicTBoBaTh Ha doron ¢ m = (0. Hanpumep, npu
JIECTBUHN IPABUTAIMOHHON CHIBI HyJIeBas MacCa KOPPEKTHO ‘COKpa-
TUTCS U YCKOPEHWEe OCTAHETCd KOHEYHLIM. BO-BTOPBIX, KAK KJIaCCH-
geckad Mexaunka, Tak 1 CTO He HAK/IAIBIBAIOT IPUHIAMIHAIHHBIX
OTPAHWUYEHUH HA BEIUUNHY YCKOPEHUsI. DTO, HATPUMED, MO3BOJISIET
PaccCMaTPHUBATDH CTOJKHOBEHHS IaCTHI] K OTPaKEHNE CBETa KaK MIHO-
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BeHHBIE TpoItecchl. B-TpeTbux, wem xe gayurie seibop CTO, xorma
o1 IeHCTBUEM CHUJTBI, TI0 JIOTHKE PETSTHBUCTOB, YCKOPEHWE T CBE-
Ta ocTaéTcsi paBHbIM Hy/t0? Ecam anemmmpoBaTh K MHTYWIMA, TO B
CTO nonyuaercs 6eckorednasi macca GpOTOHA.

Ilone (BO3MOKHO HE TOJBKO IEKTPOMATHUTHOE?), KaK Mare-
puanbHasg cpema, CIocobHAd TePeHOCUTh YHEPTHIO W ODIATATD M-
MyJIbCOM, MOYKeT 00J1aaTh U Maccoil (Takast KOHIIENIHsS BHYTPEHHE
HETPOTUBOPEYUNBA, & PEATNIYETCS JTU ITa BOBMOKHOCTD — OTBET MO-
JKET JIaTh TOJBKO OnbIT). Ilosromy u aist Kitaccndaeckoit (hbusuku Her
HUYEr0 YAUBUTEIBHOTO, 9TO HEKOTOPOE TOJIe CIIOCOOHO TTEPEHOCUTD
Maccy. B aTom ciayuae mosie MOMKHO y9aCTBOBATH B KJIACCHIECKOM
BaKOHE COXPAHEHUsT MACCHI W TOT/IA Macca HYIeT COXPAHITHCS B JTEO-
Obix peakiusix. Iloje 0JIKHO y9acTBOBATH B 3aKOHAX COXPAHEHWSI
UMITY/THCA U SHEPTHUN ¥ TOTIA MOKHO HE MEHSTDH KJIACCHIECKYTO JacTh
9TUX 3aKOHOB COXPAHEHWs, OTHOCSIIYIOCA K dacTuiiam. [Tosromy u B
KJIACCHIECKON (PU3HNKe HET HUUIETO YAUBATEIHHOTO, UITO BOIOY K IEH-
HBI ATOM MOXKET BECUTH 00JIbITIe HEBO30Y K IEHHOTO UJIH TEJIO C HOTb-
mieit sHeprueit Moxker 00saIaTh GOJbIIeil Maccoi (KeTaTw, TpoBe-
PHUTH 3TO P COBPEMEHHON TOYHOCTY M3MEPEHUiT OKa HEJIb3d ). JTa
JIOTIOTHUTEbHAS MACCa COCPEIOTOUICHA B TTOJIE, KOTOPOE 3aCTaBIIET
YACTHUIBI KOJIEOATHCsSI, JIBUIATHCS 110 OECCUIOBBIM TPAEKTOPUSIM UJIN
OTCKAaKHUBATDh OT YAEPKUBAIOIIEH JaCTUIBI CTEHKH. Ecan mpeamnoto-
JKUTH 9UCTO JEKTPOMATHUTHYIO TIPUPOJLY YACTHIL U CAMOTO TTPOIIEC-
ca WX CTOJIKHOBEHWS, TO B BaKyyMe MOXKHO ObLIO OBl MCIIOJIB30BATH
PETSITUBUCTCKIE BBIPAYKEHUST SHEPTUHU-UMIYIHCA, HO TOJBKO ¢ TOU-
KW 3DEeHUsi OJIHO3HAYHBIX B3aMMOCBst3eil Besmawn. Hamo npu srom
TOMHHUTE, 9TO B 3TOM CJIYYae 3HEPTHA W WMIYJIbC XapaKTePU3YIOT
TOJIBKO JIAHHBIN TIPOIECC CTOIKHOBEHUs, TaK KaK (DaKTHYECKH 3a-
MHCAHBI C YIETOM SHEPTUU U UMITYJIbCA MO/ (SIBHO HEYUTEHHOTO W
HEBBIJIEJIEHHOTO).

Teopust cronkHOBeHuii n 3aKoHbI coxpaHeHuss B CTO

Ouenb gacto B CTO ang “yuporienus” OMUCAHUS CTOJKHOBEHUH HC-
MOJIB3YIOT MPUEM TIEpeX0jia B KAKyH-HUOY/Ib “yI0OHO TBUKYIILYIOCS
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cucremy orcaéra. OmHaKo, Takas Mporeaypa He uMeer moj coboii
HUKAKUX (PU3MIECKUX OCHOBAHMI W MPHUHITAN OTHOCATEILHOCTH IS
3aKPBITHIX MIEHTHUHBIX CHCTEM 3]/1eCh BOBCE HI TIpH uéM. Ecian mpo-

BOJISITCH PEJIITUBUCTCKUE SKCIIEPUMEHTBI HA UCKYCCTBEHHBIX TTYyJIKaX
9aCTHI, TO UCTOYHUKY (yCKOPUTENIN) ¥ PETUCTPUPYIONe Tpubopsb
[PUBSA3aHBI K 3€MJIE U OT HAIIEr0 MbICJIEHHOI'O IIPEJICTABIEHUSA YCKO-
putean u TpudOPbHI HE TOJIETAT ¢ ABMKyImmuMca Habsrogarenem. Ec-
JIM M3ydaeTcd HEKOTOPLIN mporecc B kamepe Buiabcona, To Tpeku
YACTHI TPUBSI3aHBL K cpefie (TO ecTh K Kamepe BuibcoHa), a He K
snergamemy mabsomgaresto. Hanpumep, B Kiaccwaeckoit pusnke yro
MeXK/ly TpeKaM¥ YacTUll He U3MEHUTCs OT JIBHKeHUsl Hab/IioaTe-
ag. B To xe BpeMms yroa Mex Iy CKOPOCTSIMU YaCTHIl, OCTABJISIO-
UX YKA3aHHBIE TPEKU, MOYKET 3aBUCETH OT CKOPOCTH JIBUKEHWS Ha-
omonarens. B pensruBucTckoii puzmke yT/IBI MEXKY TPACKTOPHUsI-
MU U MEXKJTY CKOPOCTSIMY YaCTHI TOKE 3aBUCSIT TIO PA3HBIM 3aKOHAM
0T CKOpOCTH aBrKeHng HaOonaresnd. [loaromy Takoit kazamocs Obi
npasononobublii ¢ Touku 3penusi CTO mepexos kK HOBOI cucreme
OTCYETA MOXKET CYIIECTBEHHO MCKA3UTh MHTEPIPETAIUI) PEIIeHUs,
TO eCTh JIFOOOH TMPOTIECC JOJIXKEH PACCMATPUBATHLCS TOJBKO B CUCTE-
Me PeaTBFHOTO HabmoaTe s (PerucTpUpYOIIero mpubopa).

Etmé oganm nckarkenneM AeifCTBUTEIBHOCTH SIBJISIETCS PACCMOT-
peHUe TPOIECCa CTOJKHOBEHUs JBYX UYACTHIl (IPUHIIANHAAIBLHO TO-
geunbix B CTO) kaxk mmockoro asmkenus. Ha camom gese maske
[OpH UCCAEIOBAHUE CTATHCTHYECKHX XaPAKTEPUCTUK TOYEUHLIX Ua-
CTHI] M3MEPUTENLHBINA MPUOOP He MOXKeT (JjIs1 MOJArOHKYM TOJ UJIe-
aJIbHYTO 3a71a9y JIBUKEHUS JIBYX TOUEK) ¢ KaxK 0 mapoil 9acTulr Jie-
TeTh M BPAIATHCA 110-cBoeMy (1o-pasnomy!) — mosioxkenue npubopa
durcuposano. Kpome Toro rouedmHbie GaCTUILI TOIKHB PACCMATPH-
BAThCSI KaK IPEeIeIbHBIA Coydaii JacTHIl peaabHOr0 KOHEIHOTO Pas-
Mepa, mHage He HabII0aaI0Ch OBl JIODOBBIX CTOJKHOBEHWH, HEIb3S
OBLI0 OBl paCCMATPUBATH CTOJIKHOBEHUSA aTOMOB U MOJIEKYJI, IIPOTO-
HBI HE UMeJIH OBl CTPYKTYPHI U T.JI.. A B 3TOM CJIydae CTOJKHOBEHUE
YACTHUIL SBJISIETCS TPUHITNIHAIBHO TPEXMEPHBIM (BEPOSTHOCTH TLIOC-
KOTO JIBUKEHUs paBHA Hys0). [IycTh, HANpUMep, aBa OJNHAKOBBIX
mrapuka (1 u 2) mpubanKaTcs pyT K APYTY 10 CTOJKHOBEHUS 10
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Puc. 4.8: Hettockoe ABUXKeHWE IBYX YaCTHIIL.

CKPEIUBAOIIUMCS B IPOCTPAHCTBE MPSIMBIM (MUHUMAJIBHOE PACCTO-
AdHUE MEXAY IPAMBIMUA MEHbBIIE AUaMeTpa mapI/IKa). Yxe ¢ camoro
HadaJIa SKCIEPUMEHTA MBI HEe MOYKEM MPOBECTHU HUepe3 ITHU 3aJaHHbIE
IpsIMbBIE TLI0CKOCTL. Tem He MeHee, BO3bMEM CEPeINHY MUHUMAJIHHO-
IO PACCTOSTHUS MEKTy CKPEITUBAIONTNMUCS TPSIMBIME (TPACKTODHSI-
MU JI0 CTOJIKHOBEHUS ) M IIPOBEEM UEPE3 HEE TEePEeCeKaAIONMecs mpsi-
Mble, IapaJiaeTbHbIe IAHHBIM TPaeKTopHusaM. Tenephb depes mepeceka-
IOIMECcd IPAMBIE ITPOXOAUT €JAMHCTBEHHAA IIJIOCKOCTH (PI/IC. 4.8).
[leHTpHI MAPUKOB ABUMKYTCA JIO CTOJKHOBEHHUS ITapaJsiieTbHO STOU
TIJTOCKOCTH: TIEHTP TEPBOTO IMapuKa ABUMKETCI UYTh BBIIIE TLJIOCKO-
CTH, & IEHTP BTOPOTO IMAPWKA — IyTh HUKe 3TOH miaockocTu. Ilocse
CTOJIKHOBEHUS TTAPUKH MOJETSAT MO JIPYTUM CKPEITHBAIOIITIMCS TTPSI-
MBbIM. OHHTB HEJIB34d Yepe3 9TU MPAMBIC ITPOBECTHU IIJIOCKOCTD. CHOBa
mpojeslaeM aHAJIOTUYIHYIO TPOIEAyPY C MapaIeJbHBIM ITePEHOCOM
IpAMBIX, Ha KOTOPBIX JieXKaT JIMHUKN ABU2KCHHA II0CJIC CTOJKHOBE-
HUs, 70 MepecedeHns mocpeande. [IpoBeném depes Iepecekaronime-
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Puc. 4.9: TpéxMepHOCTH CTOJKHOBEHUS ABYX YACTHII.

sl TIPSIMBIE TUIOCKOCTD [3 (OTSITh MEHTPHI MAPUKOB OYIyT TBUTATHCS
1O PasHble CTOPOHBI OT 3TOH MmaockocTn). OmHAKO, “IJIOCKOCTH 110
CTOJKHOBEeHUS He COBIIAIAET C “IJIOCKOCTBIO MOCJE CTOJKHOBEHUS
a IepecekaeT e€ I10j, HEKOTOPBIM YIJIOM.

Bropoit crioco6: mpoBeiéM 0HY ILJIOCKOCTH Y Yepe3 TPAEKTOPUIO
JIBUZKEHUS TEePBON 9aCTUIbl ([EePeCeKaONMecs NPsIMble €€ JBUKe-
HUSI JI0 ¥ [TOCJI€ CTOJIKHOBEHNS ), & BTOPYIO IJIOCKOCTH § — Yepe3 aHa-
JIOTHIHYE) TPACKTOPUIO JIBMXKEHUsT BTOPON dactutipl. OJHAKO, 3TH
IJTOCKOCTHU TOKE MEPECceKaroTCs 1moj| HeKoTopbiM yrioMm (Puc. 4.9).

Yro ke crmemyer m3 TpéxmeprocTn aerxkennsa! [lepsoe. He Bce
CBSA3M OKA3bIBAIOTCH JUHEHHbIME. Hampumep, maske Py MPIMOJIN-
HEHHOM PAaBHOMEPHOM JIBUXKEHUU TeJ 110 CKPEIIUBAIOIIUMCS MIpsi-
MBIM, PACCTOAHWE MEXKJIY TEJTaMU OKA3bIBACTCH HEIWHENHON (QyHK-
npeit Bpemenu. Bropoe. 3anuiieM KjaaccuuecKue 3aKOHBI COXPAHEHU ST
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UMITYJIbCa (B IPOEKINSAX) ¥ SHEPTUH:

Vig + V2 = Vi, + U9y (4.3)

vy + vy = vj, + 0, (4.4)

V1t v, = Vi, +vh, (4.5)
Do ol +uR) = D WLV ). (46
i=1,2 i=1,2

13 cucremsr (4.3-4.6) MbI BUAUM, 9TO JJIs1 TIECTH HEU3BECTHBIX BE-
TUIIH (V] Uy, V] 55 Vs Uy, V5,) AMEIOTCA BCETO HETHIDE yDaBHe-
Hust. TakuM 00pazoM, JIOJZKHO OCTAThCHA J[BA HEOIPEe/ICIEHHbIX Ta-
pamerpa B pemennu. Ecan ke cantarh IBUKeHnE MI0CKUM (yOpaTh
ypasrerne (4.5)), TO 11 OCTABIIMXCA YETHIPEX HEM3BECTHBIX Oy 1eM
uMerTh Tpu ypaeHenus. Ciie/IoBATEIEHO, IPU COITOCTABJIEHUN DeIlie-
wuit CTO ¢ kmaccuueckoit (PU3MKOM OCYIIECTBASETCS TOMEH pe-
IIEHWI U OCTAETCS TOJIBKO OJIMH HEOlpeIesIEHHbIH mapaMeTp (00brd-

HO TaKOBbIM CHUTAKT yI'0OJ1 paCCQHHHH). TaKaH IIOAMECHQ IIPUBOJIUT
K HEMPaBWILHOW WHTEPTTPeTANNA JAaHHBIX 3KCIIEPUMEHTa, 0COOEHHO
IIPU BOCCTAHOBJIGHUM HEJOCTAMOIMX BeqwuwnH. Hamnpumep, B KHHUTE
[33] nemonCTPHpPYIOTCS [BA TPEKA Pa3/IéTa YacTHIL OJMHAKOBON Mac-
ChI U 3apsifia (TOYHEe OJMHAKOBOTO OTHOIIEHUST €/m?) ¢ yrjoM pas-
néra menbmaM 90° W OTCIOA 1EJ1aeTCH BBIBOJ, O HEBEPHOCTH KJTAC-
CHYECKO MeXaHUKH. 3aluIieM BbIpazKeHUe JJist YIJIa (v MeXKJy Tpa-
EKTOPUSIMU PA3JIETAIONINXCA TACTUIL:

U e A

V@ + 03, + 0w, + v, + )

Bribepem ock Z Tax, arobbl ObLIO v1, = v2, = 0. Bripasum Temepnb
TnepemMennyio vy, u3 ypapuenus (4.3), nepeMenuyio vy, BRIDA3UM U3
ypasrenusi (4.4), nepeMeHHyIO v}, BbIpasuMm u3 ypasHenus (4.5),
a w3 ypasrenus (4.6) Beipasum BesmuwmHy v'5, (TpW 3TOM yCIOBHE
v'3. > 0 orpaHmYEBaeT OGIACTH BO3MOMKHBIX 3HATCHHH BCEX MEpe-
MeHHbBIX ). [ToficTaBuM BCE BBINIEHA3BAHHBIE BEIMYUHBI B yDABHEHUE
(4.7). B pesysibrare moayauTCs IBYXIapaMeTPUIecKas 3aBUCHMOCTD
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0T Vh, 1 véy, KOTOPYTO MBI HE BBIITUCHIBAEM BCIEICTBAE €€ TPOMO3IKO-
cti. cnonbsys rpadudeckue IporpaMMbl, MOKHO yOEeIUThCs, Y9TO
[pU 33JAHHBIX BEJIUUHHAX Uiz, Uly, U2z, U2y LOJLYyYaeTCs HEKOTOpas
HOBEPXHOCTh, MOXO0zKasg Ha BHYTPEHHIOI 4acThb IIMJINHJIpa, TO €CTh
BeJIMYMHA, COS (v MeHHeTcs B IUPOKUX mpejenax. Hampumep, jierko
[IPOBEPHUTH, YTO 3HAUCHUS

Vig = 07 17 ’Uly - 07 17 Vo = 07 77 'U2y - 07 77 ’Uix - 07 67

vh, = 0,2; ”lly =0,4; U,Qy =0,4; —vh, =0}, =+/0,14

V/IOBJIETBOPSIIOT BCEM KJIACCHMYECKNM 3aKOHaM coxpanenus (4.3-4.6).
Hnst srux 3navenuit noaygaem cos o = 0,29554, To ectb o = 72, 8°.
BaMeTI/IM: €CJIn CYUTaTh CKOPOCTH BBIPDAXKEHHBIMM B CAUHUIAX CKO-
pPOCTH CBeTa, TO MEHbIasi CKOPOCTD BIIOJIHE PEAJIbHA, JIJIsi JIBUYKEHUS
BHYTPEHHUX JIEKTPOHOB B aToMax, Haunuasd ¢ 2 > 60. la u B 0b1iem
caydae HEKTO He BHIET MOKOSIIAXCS 9JEKTPOHOB B aroMax! Yros B
90° OHOZHAYHO TOJYYIAETCH B KJIACCUIECKOH (DU3UKe TPU CTOJKHO-
BEHUU C TTOKOLAIIEHCa 9acTuIieii B CUCTEMEe PErUCTPUPYIONIEro mpubo-
pa (TospKo T/e HaiiTh Takywo gactuiy?). OnHako, u3 HabJII0IaeMOT0
yria pasziaéra B 90° BoBce He CaeayeT ¢ OJHOZHAYHOCTHIO 0OpaTHOE
YTBEPZXKJIEHUE O TOM, 9TO OJHA U3 YACTHUI] MOKOWJIACH (MaTeMaTHIe-
CKasl BEPOSITHOCTH TAKOTO COOBITUSA GeCKOHEeUHO Mmana). Takum 06-
pazom, obpaTHas 3a/a4ua BOCCTAHOBJIEHUS HEJIOCTAOIINX JTAHHBIX He
ABJIAETCA OJHO3HAYHON HpoLeAypoil HU B KJACCUYECKOH, HU B pe-
JATUBUCTCKO busmke (CyIecTByeT 6ECKOHETHOE YHUCIO0 PA3THIHBIX
HENPOTUBOPEUYMBbBIX PEIIeHuit ).

st 6osiee CTPOTOl PKCIEPUMEHTAIBHON TPOBEPKM 3aKOHOB CO-
XPaHEHUS [IPH CTOJTKHOBEHUSIX (HE3aBHCHMO OT TEOPHH) HEOOXO MO
U3yJaTh CTOJKHOBEHUS YACTUIl B BAKyyMe JJIs Y3KUX MOHOIHEpIe-
TUIECKUX MYYKOB M3BECTHLIX YaCTUIL TTPU 3aJadHHBIX YIJylaX CTOJIK-
HoBeHud. IIpu 9TOM MOTHOE MCCIeIOBAHNE TTPOIECCA CTOJTKHOBEHUS
JIOJIYKHO BKJIIOUATH B cebst MpoBEPKY OaIaHCa MO SHEPTUSAM UACTHI]
([T KaXK/I0r0 yIJla pAcCesTHUs B MTPOCTPAHCTBE), MPOBEPKY OasiaHca
MMIIYJIbCOB YACTHUII, MTPOBEPKY OaaHca ODIIero KOJIMIeCTBa IaCTHI]
B [IYYKaX JI0 U TIOCTE CTOJKHOBEHUsT (BEPOSITHOCTD PACCESHNUS ), TTPO-
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BepKy DaJiaHca BO3HUKAIONIETO M3IYyUEHUs IO YHEPIUIM W HAIPAB-
JieHusiM. EcTb emié ynBa BOIpoca, Ha KOTOPBIX OOBIYHO HE aKIeHTH-
pyerca BHUMaHue (€Ig JBe HeONPENeTEHHOCTH ): 3aBUCUT JIN Pacce-
sIHUE OT B3aWMHON OpUEHTAIMU COOCTBEHHBIX MOMEHTOB BDAIEHUS
CTAJIKUBAOIUXCsT dacTul]! M MeHstoTcst Jin COOCTBEHHBIE MOMEHTHI
BpaIlleHUs B Ipoliecce CToJKHOBeHus! B kiaccudeckoit husmke o1-
BET HA 9TU BOIPOCHI yTBEDAUTENEH (HO B KOJUYECTBEHHOM ILJIAHE
CUJIBHO 3aBUCUT OT “yCcTpoiicTBa’ MAapUKOB).

ABTOp He BCTpedYas MOJHOTO aHAJM3a KAKOro-auHo Mporecca
cronkaoBerusd B CTO corsacHo BceM BBIIIEIEPEUNC/IEHHBIM TYHK-
ram. OTCroma He Caemyer OJHO3HAYHOTO BBIBOJA O HEBEPHOCTH (B
pe/iesiax IKCIePUMEHTATBHBIX OMMUOO0K) 0OBITHO UCITIOIB3YEMBIX Pe-
JIATABUCTCKUX 3aKOHOB COXPAHEHMS B JIFOOOM IPOIIECCE CTOTKHOBE-
HUA (XOTS JI7IT MHOTHX OT/EJBHBIX CJIY9aeB 9TO BIIOJHE MOYKET OKa-
3aThCsT TaK). ABTOP TOJBKO YTBEDPXKIAET, 9TO HE CYIIECTBYET JazKe
OTACJIBHBIX TTPUMEPOB a6CO.HIOTHOFO TTOATBEP2KACHUA PEIATUBUCT-
CKUX 3aKOHOB CTOJIKHOBEHUsI (HE TOBOPSI YKe O PEKJIAMUPYEMO TJ10-
BasIbHOM TOTBEPK TAeMOCTH ).

C NpUHIMIMAJIBHO CTPOTUX MO3UIMI NPUMEHEHNE PEeTATHBUCT-
CKHUX 3aKOHOB COXpaHEHHUs K MPOIECCY CTOJKHOBEHUS B (pU3MKeE 1e-
MEHTAPHBIX 9aCTUIL BECBMa COMHUTEbHO. MOryT jii OHU COXpaHATH
CBOH BUJ HE3ABUCHUMO OT 3apsifia CTAJKHUBAIOIINXCS YACTHII, YTJIOB
CTOJIKHOBEHUS U yIJIoB paznéra’ Benb B mporiecce CTOJIKHOBEHUS
3apsiKEHHbIE YACTHUITBI UCITBITHIBAIOT yeKopenue. CrenoBaTebHo, Co-
[JIACHO COBPEMEHHBIM mpejcrasiennsM (B Tom dncie 8 CTO), Bee-
ra JOKHO HAOTI0MAThCS HEKOTOpOoe maayuenue (moge). Heyxenm
HYKHO JIeHCTBOBATEH KaK CTYAEHTHI, TTOICMATPHUBAOIINE B OTBET 3a-
JIa9n: eCIM YK NpuOOp 3aperucTpupoBat y-KBanT (“mofiMan Hac 3a
PYKY”), TO €ro Hy’KHO SIBHO YI€CTh “C yMHBIM BHIOM”. A B OCTATBHBIX
caydasx “c yMHBIM BUJOM  BEPUTH B IPaBubHOCTH popmys CTO?
[me xe “npenckasarensuag cuna’ CTO? Ha camom sesie B 3aKOHBI
COXPAHEHUS HY?KHO SIBHO JI0OABUTH 9JIEHbI, YUUTHIBAOIINE IHEPIUIO
W UMITYJIBC TTOJIS.

Boobtie roeops, emuHCTBeHHBIN CiyUail, KOT1a IpaBoMepHO 06-
CyZKJIeHNE PENATUBUCTCKIAX 3aKOHOB COXPAHEHH TP “CTOTKHOBEH-
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s1x” — 3TO B3AUMOAEHCTBIE JACTHUI] CUJIAMH JJTEKTPOMATHUTHON TIPU-
ponbl (cusoit Jlopenta). st ocTaabHBIX CIy9aeB BBITOJHEHHE Pe-
JISTUBUCTCKUX 3aKOHOB COXPAHEHWS — 9TO HEMPOBEPEHHAsS TUIIOTE3a
(cBeroBele cdeppr CTO HE MMEIOT HHKAKOTO OTHOIIEHUS K CHJIaM
HEIIEKTPOMATHUTHON npupobl). OHAKO, U B CIydae 3JeKTPOMAr-
HUTHBIX B3aUMOJEICTBUN JJIs BHIBOJA PEJISTUBUCTCKUX 3aKOHOB CO-
xpaHeHnus: Bosce He Tpebyerca aukakux uieit CTO. UssecTHo, 910
YPaBHEHWST IBUKEHUS ¢ HAYAJHHBIMU YCIOBUSIMU TIOJTHOCTHIO OTIPe-
JIEJISTIOT BCE XAPaKTEPUCTUKU JIBUYKEHUSA, B TOM UHUC/I€ WHTETPAJIBI
nBrKeHnd. TaKuM MHTErPAIOM JIBUKEHUS MOYKET ObIThH 3Heprust (HO
He Beerga). VI3 ypaBHeHUs IBUKEHUS CJIEIyeT

dP
—=F = vdP=Far. (4.8)

BeoanMm onpesienenne MOTEHITHAJIBHON SHEPTUN

U= —/ Fdr.
7o

BHaH BUJ UMITYJIbCA (STO BeJIMYMHA, BXOAAIIad B SKCIIEPUMECHTAJIbH-
HOe YpaBHeHHe JBuzkenns (4.8)), HaIpuMep, B KJIACCHIECKOM CJIydae

P =mv,
a B PEJIATHUBUCTCKOM CJIydae
P=mv/\/1—-0v%/c2,
MOKHO TIOJIYIUTh 32KOH COXPAHEHHsl SHEPIUH U3
dE = vdP — Fdr
— COOTBETCTBEHHO KJIACCUYECKUI
U 4+ mw?/2 = constant

WA PETATABUACTCKWI

U +mc?/\/1 —v2/c% = constant.
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[Tpu ycnoBum paBeHCTBA CUJT AEHCTBUA W NPOTUBOAEHCTBUSA (TpeTHii
sakoH HproToHa, rumoresa ImeHTpaibHbIX cil) umeeM: Fio = —Foj.
Torna u3 ypaBuenus asrkenus (4.8) MOXKHO IOy InTh 3aKOH COXPa-
HEHUsST UMITYJTbca (OMSITh 3TO BEJIMUNHA, BXOJSAINAS B SKCIEPUMEH-
TabHOe ypasHenue apuxkernst (4.8)): uz dPq/dt = Fig, dP2/dt =
Fy; nmosrygaem

d(Pl + Pz)
dt

Oanako, mpyu HAIMInn MArHuTHRIX ¢t Fig #£ —F91 u penatusmct-
CKUIl 3aKOH COXpaHEHWS MMIIYJIbCA YACTHI[ B OOIEM CIydae MOXKET
napymarbcs. [IocKoIbKY OOJIBITMHCTBO YaCTHI], /IaXKe MHOT'HE JIEK-
TPUYECKH HEATpasbHbBIC, UMEIOT MATHUTHBIA MOMEHT (TO eCTh Mpe/i-
CTABJSIOT cobOll He “umeasbHble Toueunble 3apsaasl CTO”, a 3aps-
JKEHHbIE MarHUTHBIE POTATOPBI KOHEUHBIX PAa3MEpOB), TO MPUMEHE-
HUe PEIATUBUCTCKOTO 3aKOHA, COXPAHEHUS NMITYIbCA B SAEPHON (hOu-
3uKe U (pU3MKe JIeMEHTAPHBIX YaCTUIl 0e3 FABHOrO yuéTa MMITYJIbCa
TOJTs COBEpITIeHHO HempaBoMepro. CegoBaTebHO, MBI ONAThH TPH-
XOJUM K HEOOXOJMMOCTH sIBHOIO yUETa UMIIYJIBCA I0JId, & 3HAYUT U
ero sHepruu, upu crojaxkaoBeHusx. (Bo3MOKHO, 3T0 HOMOKET yIIO-

=0, = P;+ Py = const.

PAIOYNTE AAEPHYIO (DU3NKY n (PUBUKY IJIEMEHTAPHBIX YACTUI] U CO-
KPaTUTh YUCIO YACTHUI-TPH3PAKOBT)

V€T cusibl peaxkrum W3y YeHnsT TAKXKe BeAET K HAPYIIIEHWIO 3a-
sibieHHBIX B C'TO 3aKOHOB cOXpaHeHUs SHEPTHH U UMIIyJIbca. OTKa-
3aThCs OT y4I6Ta ITON CUJIBI B TPOIECCe CTOJIKHOBeHMS JacTuil! Tak
BeJIb TaM 5Ta CUJIA W JOJKHA ObITH HanboJee CyIecTBeHHON (mme-
F0TCsT HOTBINTNE TTOJIS BCJIEICTBIE COTMKEHNST BBICOKOIHEPIeTHIECKUX
YACTHIL U OOJIBIITHE [TePEMEHHBIE YCKODEHUST).

MowmenT nmnynasca B8 CTO

Hecoxpanenue B 001iem ciiydyae OBIENTPUHATHIX BBIPAYXKEHU peis-
TUBUCTCKUX IHEPTUUN U UMITYJIBCa ITPU CTOJJKHOBEHUAX YaCTUI TTPU-
BOJUT TaK»Ke K HecoxpaHeHuio momenTta umnyiabca B CTO. Oxna-
KO, PEIATUBUCTCKOE BbIPDA2KEHUEC MOMEHTA NMITYJIbCaA JIETKO ANCKPeEe-
JTUTHPYETCs Ha ropas3fao Gosiee pocThix mpuMepax [8]. Bemomumm,
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- F
2

Pwuc. 4.10: Ilapagokc poIvara.

HAIPUMeEP, NapaJIoKC pbidara. [IycTh jBe paBHBIE 10 MOJIYJIIO CHJIBI
Fy = F5 = F fefictByIOT HA B3 OJMHAKOBBIX 1wieda [ = lo = [,
pacIookeHHbx 1o yriaom /2 (Puc. 4.10). CymMapHBIii MOMEHT
cus pasen Hyat0. Konerpyknust octaéres nenogpuxknoit. B kiaccu-
4eckoit prusuKe Pe3yJIbTAT COBEPIIEHHO HE 3aBUCUT OT CHCTEMBI OT-
cU6Ta U HUKAKUX HOBBIX (PU3UUYECKUX MOHSITHUI, IPOIECCOB, ABJICHUH
WM MATEMATHYIECKUX BBIKJIAI0K BBIIyMBIBATH HE HYKHO.

Nuage obcrout meno 8 CTO. Ecium KTO-TO TOMBKO B3IVISHET Ha,
9TY CHCTEMY U3 PAKETHI, JABUKYIIEHCS CO CKOPOCTHIO U BJOJIb OJIHO-
ro W3 IJIE€Y, TO OKAXKETCA, ITO CYMMAPHBIT MOMEHT CTAHET OTJINY-
HBIM OT HYyJIs. BesegcTBue cokparlienus JIHH U Tpeobpa3oBaHus CUT
nmeeM: Mgym = Flv2/c2 2 0. Poruar goJykeH HaYaTh BPaIATHCS.
Kazajocs 6b1, 0706HOE TPOTHBOpEYNE JOJIKHO OBLIO MPUBECTH K
orkazy ot CTO m BO3BpaTy K K/IaccH4Ieckoi (puszmke, maromeit ode-
BUJIHBIN ¥ BepHBIH pesyabrar. OaHaK0, pensTuBucTh (cemnys Jlays
1 3ommepdesby) nonuin uHbIM yTéM [34]. “Bo umsa” ncesgonayku
HYXKHO YEM-TO YKePTBOBaTH. [l0CKOJIBKY 31paBblil CMBIC JIJIs Peist-
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TUBUCTOB MenbIre 3aaauT, ueM CTO, To Hy)HO n306pecTn HegOCTA-
omuil 1IceBIOMOMeHT. 'Ternepb eciu BBl IIPOCTO HA YUTO-TO OIUPAE-
Tech (Ha CTEHy, HAPUMED) WU UCIO/Ib3YeTe PhIUar, TO 3amacuTeCh
JOTIOTHATEJIBHON OJIEXK/I0M: depe3 Bac MoTeder “Hedro” (sHeprus)
¥ 3Ta BEJIMYMHA MOXKET OKa3aThcst orpomuoit! Kpome Toro, moroku
(BeposiTHO, OTA?) OJHOBPEMEHHO MOTYT OKA3aThCs DA3HBIMU, €CJIH
3a BaMU IIOJICMATPUBAIOT U3 PA3HBIX JBUKYIUXCH paker. Ecim 06a
pbluara Bl Jep>KUTe CBOUMW DYKaAMW C OIWHAKOBBIM YCHJIHEM, TO
SHEPIUs U3 OJHON PYKHU TaK W yTeKaeT K OcHu u rie-To “ocemaer”. O-
HaKO, He BoJHYHTech! 3MepuTh 9T0 “HedT0” HEBOZMOXKHO HUKAKIM
criocoboM, J1a U He HYKHO PEeJIsTTUBUCTAM: 9TO BeJb He (DU3UKOil 3a-
HuMaThcda. Hyxuo mpocTo 9Tobbl OyKBEHHBIE BHIPAXKEHUS COILIUCH
C OYEBUJHBIM (W3 3PABOT0O CMBICJIA) pe3yabTaToM. Takum obpasom,
BMECTO OHOTO HPUHIIMIHAILHO HEOOHAPYKUMOTO PEITTUBUCTCKO-
ro sdekra (nHATE 0OHAPYIKIIIOCH OBl MPOTUBOPEUNE) MOJYIUTOCH
IBa TPUHIMINAIHLHO HEOOHAPYKUMBIX PeaaTuBuCTCKuX dddexTa, B
TOYHOCTHU KOMIIEHCUPYIOUX ApyT apyra. Ha muorux mopobubie ¢do-
KyCbl JeHCTBYIOT (GyKBbBI TO CXOJISITCS ), HECMOTPSL HA TO, 4TO “CyXOii
ocTaToK” BCEX MOZOOHBIX “M300peTeHmit’” — 9TO OUEBMIHBIN 3apaHee
KJIACCUYECKUHA pe3yabTarl.

DddekT Komnrona

K reopun sdpdexra Kommrona ToxKe ecTh HEKOTOPBIE BOIPOCH], B
YaCTHOCTH, K MHTEPIIPpETAINN IBYX KJIIOYEBBIX CbaKTOB IKCIIEpHUMEH-
TaJIBHOM KpUBOit: 1) paccesHUIO Ha CBOOOIHBIX MOKOAIIMXCS JICK-
TPOHAX; 2) JeK/jaapanuu HaM4aus CUabHO (7) CBABAHHBIX 3JIEKTPO-
HOB IPU SHEPrUM HATAIOIINX KECTKUX DPEHTTEHOBCKHUX JIydeil 60-
gee 1 Mev (?!). Ilo mepBomy dakTy HaIO 3aMETHTH CJIEIYOIIEE.
Bo-tiepBrix, mpu peasbHBIX TEMIEPaTypax BEPOSITHOCTH MayKe st
CBOOOHOTO 3JIEKTPOHA UMETh HYJIEeBYI0 CKOPOCTh PaBHA HYJIIO U Ha-
JI0 PACCMATPUBATH MTPOU3BOIHHBIE JIBUYKEHUS SJIEKTPOHOB (pearnHoe
pacmpesesieane). B qacTHOCTH, TWK TOJ7KEH UMETh OTHOIIEHHE He K
HYJIEBOIt, a K Haubo,/1ee BEPOATHON CKOPOCTH (& B aTOME — K CKOPOCTH
CBSI3aHHBIX 3JEKTPOHOB B aToMe, KOTOpas JOBOJBHO BeTHKa). Bo-
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BTOPBIX, OBIJIO ORI MHTEPECHO TTOATBEPANTD IPMEKT HA, SJTEKTPOHHBIX
My9IKaX HE3aBUCHMO 110 BCeM TPEM BesimdarHaM ([OJTHBIH Gastanc): mo
yIJIaM, SHEPTUIM M KOJIWYecTBY dacTuil. 11o Bropomy dakrty 3ame-
THM, 9TO IIPH 3agBJICHHBIX OOJIBIINX SHEPTHAX CTPAHHO HE BLIPBATH
0001 sekTpon (maxke BryTpennnii). Bosmoxno, sddexr Kommn-
rona (Kak u 3ddexr Méccbayspa) T0KEH PAaCCMATPUBATHCS 17T
Testa (MM aTOMa) KAK 1E10r0 M3 HEKOTOPbIX PE30HAHCHBIX YCJI0-
BUI (C yqéTOM KOHKPETHBIX MEXaHU3MOB TOTJIOIIEHUA 1 I/I3ﬂyquHH
B arome). OIHAKO, BCE PABHO OCTAIOTCST HEOTPEETEHHOCTH BIIUSTHUST
ABUXKEHUWA JJIEKTPOHOB B aTOMaX W BJIWAHUA TeMHepaTypr Ha BCe
TPU M3MepsieMble B OHOM (!) ombITe BEJUUUHBI.

Kazanoces 6bI, s 3JIEKTPOMAIHATHBIX B3AUMOJECHCTBUI MEHD-
IIe BCEro JOJKHO OBITH OCHOBAHUII COMHEBATLCS B PEIATHBACTCKOM
ypaBHeHI/H/I JABUZKCHUA

P B4V xB
dt c
U, KaK CJIEJICTBUE, B NPUMEHUMOCTH PEJITHBUCTCKUX 3aKOHOB CO-
XPpaHEHUsT JJTsd MPOTeCCa CTOIKHOBEHMA. 1TeM He MeHee CHeIaeM P
JMAJBHERINNK 3aMeUanuil 10 BOMPOCY 0OOCHOBAHHOCTH DEISTUBUCT-
ckoro onucanus 3pdexra Komnrona. Beimre yxke paccMmarpuBasics
PsLJT HEOTIPeIeJIEHHOCTEH /1J1 CTOJIKHOBEHUS IITAPUKOB — aHAJIO0ra, “O1-
Jbsapanoit” moxemn Kommnrona. Bynem anann3upoBarh OIbITHL, IPH-
BOJIMMBIE B CTaHJAPTHBIX y4yeOHMKax, Hanpumep, [27,30,40]. Same-
THM, UTO €CJTA BPEMsI COBITAIeHIST MOMEHTOB PETUCTPAINH Y-KBAHTOB
 sstextponos At > 10720 cek, TO ONBITHI He TOIHKO He JOKA3BIBAIOT
OJIHOBPDEMEHHOCTh MCIYCKAHWS YACTUIl, HO U HE IMTO3BOJIAIOT OJIHO-
BHATHO COIMOCTABUTH YACTHUILI KAKOMY-THO0 OMHOMY aKTy pacces-
Husi. Takasi TOUHOCTB HAXOIUTCS 3a TPEJETaMU JaKe COBPEMEHHBIX
BO3MOXKHOCTEH (TO €CTh 9TO OKA BOIPOC “BEPHI” M CTATHCTUKA 3/1€CH
HE TIOMOZKET).

HaswbiBars 3/1eKTPOHBI, yIACTBYIOIIHE B PACCEAHUN, CBODOTHBIMK
— METOIMYECKN HEBEPHO, TAK KAaK TOT/IA UX YUCIO JOJKHO OBIThH B
otmbiTe TOCTOAHHBIM. OIHAKO, MPUXOAUTCA CANTATH 9TO UUCTIO Pas-
HBIM B 3aBUCHMOCTU OT YIJIa PACCESHUs, & IIPU JOCTATOIHO MaJIOM
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VTJIE PACCesTHU BCE HJIEKTPOHBI “OKA3BIBAIOTCH cBa3anubiMu. Ha ca-
MOM JIeJIe BCe JIEKTPOHBI VIaCTBYIOT B Tepeatie UMIYIbCA BCIIE-
CTBHE CBOCTO JABMXKCHUA B aTOMEC 1 3a6I/IpaIOT Y 7-KBaHTa 9aCTh 9HEP-
I'UH, TAK KAK OHU B @TOMHOiI cucremMe ObLIN CBsI3aHHBIE.

Psn momenToB neoueBmaen B Teopun sddexkra Kommrona. Ha-
IpuMeEpP, KAKOBA POJIb paccesHus Ha 060/1e€ KPYIHBIX YeM 3JIEKTPOHbI
YACTHUIAX — HA s/Ipax (TO eCTh BO3MOXKHA Jin WHTEPGhEPEHTNsT 1 €8
BJISIHUE OT PACCesHHOTO Ha simpax usnydenusi?)? [louemy B 9KC-
IEPpUMEHTE C JINTUEM OTCYTCTBYET HeCMeH_[éHHaH JIMHUA (KOMHTOH,
By), Benp oHa JosKHA OBITH BCET/A, HAPUMED, OT PACCEsTHUS HA
aape? [louemy mist Bcex BEIECTB CYINECTBYET He OJIWH CMEIEHHBIN
UK, & JBa, PACIONaraloninxcs TOYTH CAMMETPUIHO OTHOCHTETHHO
HCXOMHON jauHmm?

Kpome Toro, Bce Tpekm He BH3YyaAJM3YyIOTCd KAK B HCAILHOM
TEOPHUH, a JIUIIb BOCCTAHABIUBAIOTCS € IOMOIIBI0 BCIIOMOTATETbHBIX
CPEJICTB U MHTEPIPETAIMI, TO eCTh IPU IIPOBEPKE 3aKOHOB COXpa-
HEHUs MBI UMEEM JIeJI0 CO CTATUCTUYECKUMHU Tuiore3amu. B akcre-
PUMEHTaX HEeT OIEHOK BEPOSTHOCTH JBOWHBIX paccesHuit oT obpas-
IIa, XO0Td OHa MOXKET UMETH 3aMETHYIO BEJIWYUHY, U HUTAE HE OIle-
HUBAETCS POJIb MHOTOKPATHO paccessHHOTO “ona”’ 0T Bcex vacTeit
SKCHepI/IMeHTaHBHOﬁ YCTaHOBKU!. TOLIHOCTB IKCIIEPUMEHTOB JazKe 110
ONPEJIEJICHAIO CeUeHrsT paccesiinsi HeBbicoka ~ 10% (mpuaém sto
craructuaeckag To9HOCTh!). Tlpu 3TOM BRIGUparoTCH HamboIee Tpe-
senTabesbHBIE (BBITOTHBIE JIJIsT Teopun) ciydan. Hanpumep, B onbiTe
Kpaiina, T'epraepa u Typuna uz 10000 dororpaduit Beibpano 300
caydaeB (He Maso ju?) M IEKJIAPUPYETCsl COBIAJICHNE MTAHHBIX s
ceuenusi paccesinud ¢ popmysioit Kireitna-Hummab-Tamma. B coryaae
Goaprnux Tosmua obpasnos (Koaspayr, Komoron, Hao) ouesuamo,
YTO HAJ0 YUYECTh BIAUSHEUE JBOWHBIX PACCETHUN. AHATOTUYHO OUe-
BUJIHO U3 CXEMBbI 9KCIIEPUMEHTa, YTO B OIILITE CHeHeBI/I "u Beﬂ KOJIn4e-
CTBO JIBOMHBIX PACCESHUIT TOTO YK€ TOPSIKa, YTO U OauHApHbIX. [Ipn
OTCyTCTBUUA y‘{éTa 3TOTO CbaKTa BECbMa COMHUTEJ/IbHA 3adBJIdeMad
rounocTh 17%. BobisbiBaer Hegoymenue, Koriaa B onbiTe [odrra-
Tepa JeMATCA JeKIaPATHBHBIE MONPABKY (MIOJTOHKY) BCIEJCTBUE
BiusHUS pas3HbiX dakTopos. Ilpu sToM mocsie Becex KOPPEKTUPOBOK
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(mogronok no 30%!) nexnapupyercs roanocrs 15%.

Ha camowm mese, BO BCeX BBIIENIEPEUNCTEHHBIX OMBITAX BBIIEIS-
FOTC HEe HAIIPaBICHNS PA3JETa YaCTHIl, a8 (PUKCHUPYETCAd HX IIOIa-
JlaHue B ONpeenéHHoe Mecto mpocTpancTsa. CreqoBaTebHO, TOT-
TBEPKIEHHOCTD dKcrnepuMenTamu narepnperannn CTO gocrarodno
comuurenbua. Hampumep, B ombite Kpocca m Pam3zea moutw 1mosio-
BHHA TOYEK C YIETOM 3asgBJEHHBIX IPEIE/IOB JOIMYCKOB JIEXKUT BHE
reoperuyeckoii kpusoil. Obpamaer Ha cebs BHUMAHKE TOT PAKT, YTO
[IpU BBIBEJIEHHN PErUCTPHUPYIONIEro IpuOopa M3 ILIOCKOCTH pacce-
SHWS YMCJI0 COBIIQJIECHWI B aKTaX PaCCesHusl OCTAETCH 3HAYNUTE/Ib-

HbIM: OOJIee UeM B TPW pasa mpeBbimaerT (POHOBOE 3HAUeHME. TaKKe
BeCbMa CTPAHHO CPABHUBATEL dKCIepuMeHThl CKOOETBIINHA ¢ TEOPH-
en UCHOJIb3yA OTHOIMEHNE KOJINYIECTBA 9aCTHUI, PACCEAHHBIX Ha Pa3-
mpie yrier Na¥* /N2, . Benp kaskas w3 9TUX BeIHIUH (M THCIATENH
1 3HAMEHATE/b B OTJIEIBHOCTH) €CTh HEKOTOPBIE YCPemHEHHBIE (-
derTuBHBIE) BeJHIUHBL. A Kak MOXKHO B 0611eM Buje 6e3 mpuBJede-
HIA TEOpUun CbJ'[yKTya]_[I/IfI COMMOCTAaBUTH OTHOIIIEHME CPEeIHNX BCJIUINH
(/1B SKCIIEpHIMEHTA) ¢ OTHOIIEHHEM HCTHHHBIX BeTHIHH (Teopns)?

g Gosiee mojHOTO TeopeTuueckoro obocHoBaHusi 3dhdexTa
Komnrona mykeH He OnWH KOJIUMATOD /g MAJAIONNX YACTHI, a
TPH KOJUIMMATOPA JJIs BBIJEJIEHNUS €I U KAayKJO0 BUIA PACCesH-
HbBIX 9aCTHUI] 110 Y3KUM HaIlPDABJICHUAM. Hy}KHbI TaK2Ke I[IOTJIOTUTE/IN,
ybuparoriue ¢dou. Torga ocranercs “rosbko” mpobiema puibTpaunm
BCEX 9ACTHUI] 110 dHeprusM. Takum 00pa3oM, jraxke Takoi Ka3aaoch
Ob1 uncTo penaruBucTckuii apdert xKak s¢dpdext Kommrona we sas-
JISTETCS 3KCIEPUMEHTAJBHO TIOJTHOCTBIO TPOBEPEHHBIM.

JdonmosTHuTEIbHBIE 3aMEeYaHUSA

OmnucanHasi BBIIIE BO3MOYKHOCTb HEIJIOCKOTO JIBUKeHUsI (110 CKpe-
MIUBAIOIINMCA PSIMBIM) JIasKe JTsl JIBYX TeJ KOHEIHBIX Pa3MEpPOB
MOXKET UMETH OTHOIIEHNE K 3aJade 0 CMelleHnn nepureaus Mepky-
pust (aTo HE OBLIO HUKEM MPOAHATUZUPOBAHO).

Crenaem ofHO BemoMoraTepbHOe 3aMeuanne. [Ipu BEIBOmE pess-
THBACTCKOI'O BBIPAYKEHUs [IJIg MMITYIbCA “ITOKA3BIBAETCA , 9TO HM-
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OyAbC AOJKEH OBITh HAMPAB/IEH MO CKOPOCTH, WHAade OH Oymer
HeotpeiesiéHHbIM. OIHAKO, HUKAKOW CTPOTOCTH B 3THX PACCYK/Ie-
HUGX JJIS €MHCTBEHHOI 9aCTUIlbl HET, BeJib U B cucreMe rje v = 0
HallpaBJIeHNe UMITYyJIbca ToXKe HeompeaeiaéHHoe. Kiaccumieckoe BBI-
pakeHue YISl UMIIYJIbCA CJIeAyeT W3 eBKJIWJO0BOCTA HPOCTPAHCTBA
(0THOPOHOCTH, W30TPOIHOCTH) U WHBAPHAHTHOCTH Macchl. Cremys
NPUHITANY MUHUMAJIbLHON HEOOXOAUMOCTH, MOYKHO OCTABUTH KJIACCH-
qecKoe BhIpakKeHne KaK JTsd HATTPaABJAEHU, TaK W JIJI BETUIUHBI NM-
myabca dacTurlbl. Torma Bce PeIAITUBUCTCKNAE M3MEHEHNT TTPOABITCS
B M3MEHEHUHU BhIparkeHus g suepruu. [IpocTo HALO TOMHUTE, 9TO
JUTST 3apsizKEHHBIX 9aCTHUIl TTOJe TOXKEe MOXKeT 06/1ajaTh HEHY/IEBO
sHeprueit u uMIyabcoM. CTPOro ynpyruM MOMKeT OBITH TOJBKO CO-
yaapeHue HeATPAJIbHBIX YacTull 63 BHYTPEHHUX CTeleHell CBOOOIbI.

Ewg ogro BenomoraresnbHoe 3amedanne. B kuure [33] (3aga4a 65
“UMITysIhC 6e3 MacChl’) paccMaTpuBaeTcd maaTdopMa Ha KOJTECHKAX.
Ha ogHOM €€ KOHIle HAXOAUTCS MOTOD ¢ aKKYMYJISTOPOM, KOTOPBIH
BpAINAET C MOMOIIBI0 PEMEHHOI mepenadn (depe3 BCo mwrardopmy)
KOJIECUKO ¢ JIOMATKAMW B BOJE Ha JPYTOM KOHIE miaaTdopMbl. B
pe3ynbTaTe 3MeKTPUIecKas IHEPTHT aKKYMYIATOPA TTEPEXOIUT C O
HOTO KOHTIA TTAT(OPMBI B TEIIOBYIO SHEPTUIO BOJIBI HA IPYTOM KOH-
e mwiargopmbl. Onarh Mbl IMEEM L0 ¢ HoTepeil onpeseeHHOCTI
(¢ HeoObexTHBHOCTRIO): 711 cracenust CTO pasuble Habm0MaTE N
JOJIZKHBI CAEIATH PAa3HbIEe MCKYCCTBEHHBIC BBIBOJABI O IMyTAX U CKOPO-
cTsix mepenoca sueprun (Maccel). Hampumep, cormacao CTO nabitio-
Jarenb Ha mrardopMe JOIKEH IPUITUCATH IEPEHOC SHEPrun (MacCh!)
peMenHoO# mepegade. A eciu MBI OCTABUM €My OTKPBITBIME [T Ha-
BJIFO/IEHUST TOJIBKO JIBA HEOOJIBIITNX KYCKa PEMHST, TO 9€M U KaK MOXKET
OBITH SKCIEPUMEHTATBLHO TOATBEPKIEH 9TOT mepenoc Maccol? [lo3u-
TIUST KJTACCHIECKON PU3UKY DoJIee YETKA: €CIM OJTHO TEIO JeHCTBYeT
Ha BTOPOE, TO cOBepImaeMast paboTa OTpemessseTcst TPON3BEIeHIeM
IeHACTBYIOMeH CHILI Ha OTHOCHTEILHOE IepeMernenne: A = f Fdr
nm A = [Fvdt, rae v - 510 oTHOCHTEMBHAA CKOpOCcTh. Hanpmuep,
TO/T TefiCTBUEM CHJIbI TPEHUSA JBUKYINEECS TEJI0 OCTAHABINBAECTCS.
KI/IHQTI/ILIQCKELH QHEPTnd Te/Ia OTHOCUTE/JIBHO ITOBEPXHOCTHU 6y,£[eT quc-
JIEHHO paBHA paboTe CHIbI TPEHHS W IUCJEHHO PAaBHA KOJIUIECTBY
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BLIAC/JIUBIICTOCA TEILId. 9TI/I BeJIMYMHBbI MHBAPWAHTHBI (He 3aBUCAT
OT CHCTEMBI HAOJIIO/ICHYST).

CrestaeMm Terepb METOJIMYECKOE 3aMEUYaHUE O IOJITBEPKIAEMO-
ctu pessTuBucTcKux dopmyst. TodnocTs sKCnepuMeHToB B (hbu3mke
MHUKDPOMHUPA KaK IIPABUJIO HEBBICOKA B OTJEIBHOM aKTE U3MEPEHUS.
Omako, eé NCKYCCTBEHHO MOBBIMIAIOT ITyTEM BLIOOPA “HYKHBIX [T
Teopun’ COOBITUH W TTOCTEIYIONIEH CTATUCTUIECKON 00paboTKoM pe-
3y/IbTATOB (TOJTOHKO( TIO/ Teopuio). B oTyimume oT KIACCHIECKOM
00J1aCTH WCCJIEA0BAHN, HUKTO BEJWYMHY CKOPOCTH YaCTHUI[ B pe-
JISTUBUCTCKUX OBJIACTSX CKOPOCTEH HEMOCPECTBEHHO He H3MEpSeT
(TakkKe KaK HEBO3MOXKHO MPSAMO M3MEPHUTH MACCy YACTHI], & TOJTHKO
e/m — Ia W TO TPU UCIOIB30BAHUN OMPEJCTEHHBIX TEOPETHIECKUX
MHTEPIpEeTanuii 1 COOTBETCTBYIOIMIEH MM IPaJynpOBKe mpuOOpOB).
[TosTOMy B SIBHOM BHJIE TIOJICTABUTH BEJIMYUHBI V U M B PACUETHBIE
(1) BEIMYIMHBI SHEPIUM M UMITY/IBCA U TPOBEPUTH 3aKOHBI COXPAHEHUS
CTO nenp3sa. axe ecyiu onpeesnTb SKCIIEPUMEHTAIBHO HEKOTO-
pbl€ MOYTH COXPAHSIONINECS YUCJAOBbIE BEJIMYUHBI, TO BbIJIEJUTH U3
9TUX unces HyKBeHHOE BhIPaYKEHUE JjId SHEPIUU U UMILYJIbCA MOYXKHO
MHOTHUMHI Pa3JIMIHBIMUA CIIOCOOAMU C PASHBIMU PE3YTLTATAMEA. A BEH
JTaKe U3MEPEHUs YUCIOBBIX BEJIMIUH SHEPTUH U UMITYIHCA TTPOUCXO-
IISIT KOCBEHHBIM 00pa30M (OTSITh MBI IMEEM JIEJIO ¢ TeOPETHICCKUMHE
MHTEPIPETAINAMN ).

Ecnu mexkoTopsiit 00bEKT mMeeT CKOPOCTH OOJBIIMYIO, U€M CKO-
pocTh, ¢ KOTOpO# crocobHa npuratbcss Baima pyka, TO, ecTecTBEH-
HO, Bbl He cMOXKeTe yCKOPUTH PYKO#H JaHHBIl 00beKT (BCOMHUTE
JETCKYI0 PACKPYIHBACMYO CAMOCTOSITEIEHO KapyCeJib); OTHAKO MPH
BCTPEYIHOM ABUKCHNHN CKOPOCTDH CTOJIKHOBCHU A OIIPEAC/INTCA CyMMOI'?I
ckopocreil. COBEPIIIEHHO aHAJOTUYHON Oy/IeT CUTyalus MPU IOMBIT-
K€ YCKOPUTBH 3JEKTPOMATHUTHBIM TIOJIEM YACTUIIBI, JETSANINE TOUTH
CO CKOPOCTBHIO TIEPEIavn JTEKTPOMATHUTHBIX B3aMMOIEHCTBHI (-
GEKTUBHOCTH YCKOpEHUsT OyJIeT HEBBICOKOIi); HO OMSATH TpH J000-
BOM CTOJIKHOBEHHNH YaCTHUI] CKOPOCTH 6y,Z[eT CKJIQObIBATHCA aJINUTUB-
HO. Paccmorpum citenyronuit Mbiciennbiii skcnepuMentT. [lycts Ha
OJTHOM TIPAMOl TOMEITeHbl Tpu Habmogarens — B Toukax A, B u
C. Ilpu srom Touka B maxomutcs mocpennne orpesra AC. [Towme-
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CTUM TOYEUYHBIH MCTOYHUK MEPUOIUICCKUX CUHXPOHU3IYIONIUX CHUT-
najoe O Ha cepeIuHHOM Teprenukysipe OB Ha 60bIIOM paccTo-
saunu R = |OB|. TTockosbKy BCe 4eTbipe TOYKH B3aMMHO HOKOSATCS,
TO JIJIsi HAIAX TPEX TOYEK HA IIPAMOil BBIOPAHHBIN METO ] CHHXPOHU-
zamu npuMenuM u B kjaccuke u B CTO. Buibupas paccrosinue R
JIOCTATOYHO OOJIBIITUM, MOXKHO ODECIIeUNTh 3apaHee 3aJIAHHYIO TOY-
HOCTH CuHXpOHU3anuu Bpemenu B Toukax A, B u C. Ilycrs pajno-
aKTUBHBIE UCTOUYHUKH, CITOCOOHBIE M3JTYUaTh YACTUIIBI CO CKOPOCTHIO
0,9c ToMeITeHbl B KATICYJIBI Ha KOHIAX oTpeska B Toukax A u C.
C mostyueHreM TepBOTO CHHXPOHUSHUPYIOIIETO CUTHAJA, 3aCJOHKU Ha
KallcyJiaX OJHOBPEMEHHO OTKDPBIBAIOTCS W YACTUIIBI YCTPEMIISIOTCS
HaBCTpeuy Apyr apyry (k Touke B). Habmrogarens B Touke B yBu-
JIAT, K&K MTPOCTPAHCTBO MEXKJIY JBYMsi BCTPEUYHBIMU ITOTOKAMU II0-
crogauo “cbhegaercs” co ckopocrbio 0,9¢ + 0,9¢ = 1,8¢c. C rakoit
2K€ CKOPOCTBIO CTOJIKHYBIIMECS YaCTUIBI HAUHYT “BIPBI3ATHCS YT
B apyra’ (3a cuér BeIGOpa JymHBl oTpeska AC MOMEHT CTOJIKHO-
BEHMs MOYKHO IIOJIMaJaTh II0J IPUXOJ BTOPOTO CUHXPOHU3YIOIIETO
curHasia u yOeguThCs B IIPABUIBLHOCTH PACIETA). DTO U €CTh PEAsTh-
Has CKOPOCTH CTOJKHOBEHUS UACTHUIL JI PEATHHOTO HADIIOIATES,
a PEJIITUBUCTCKUN 3AKOH CJIOXKEHUsT CKOPOCTell B JJAHHOM CJyYae BO-
00Imle He UMeeT HU K deMmy oTHomeHus. [[o-BuInMoMy, MHOXKECTBEH-
HOCTBb KAHAJIOB PeakIiuil B (hU3nKe MUKPOMUPA BO MHOTUX CJIYJasIX
SABJIAETCST (PUKTUBHON: MPOCTO Ge3rpaHnvHAS BEPa PEIIATHBUCTOB B
OTHOCHTETBHOCTD BEJWYINH (M HEOOXOJMMOCTE PACIETOB UMEHHO IO
PeNATHBUCTCKUM (POPMYJIAM) BBIHYKIAET WX MPUMUCHLIBATE DA3HbBIE
peaKINy, TTPOUCXO/ISAIINE IPU COBEPIIIEHHO PA3JIMYHBIX YCJIOBUSIX, K
PeaKIsaM, TPOU3OIIEINAM TIPU OJUHAKOBBIX TapaMETPaX CTOJKHO-
BEHUS.

Bozuukaer BOMpoc: MOYKHO Ji TTOJYYUTH CBEPXCBETOBBIE CKOPO-
CTHU 9aCTHUI] (I/IMQIOTCH B BUJY O6LIquI€ YHaCTUIbI, & HE CKa3049HbIC
“raxnonbl”), GUKCHPYEMbIe PEaJbHBIM MOKOSIIIUMCST Hab TIoaTeem?
OTBeTI/IM TaK: TTOYTU HEBEPOATHO, LITO6bI CKOPOCTHU YaCTHI] 6bI.HI/I
OrpaHUYEHBI CKOPOCTBIO CBETa (eIé TOuHee, B JyXe CKA3aHHOTO BbI-
11e — JlaxKe YABOEHHOH CKOPOCTBIO CBETA). DTO MOTJIO ObI OBITH TOJIb-
KO TIPY BBITIOJIHEHUU PsIIa YCJIOBUI: BO-TIEPBBIX, JOJKHbBI OTCYTCTBO-
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BaTh B MPUPOJE UCTUHHO 3JeMEeHTAPHBIE YaCTUIIBI; BO-BTOPHIX, BECH
MUD JIOJI2KEH 00/1a/1aTh MCKJIIOUYUTEIBHO 3JIEKTPOMATHUTHOW TPUPO-
JI0it U cTporo nmomuuHAThHCs ypapueruaMm Makcsemia. OnHako ecTh
BCe OCHOBAHWS I10JIAraTh, YTO UCTUHHO dJEMEHTAPHbBIE YACTUIIBI CY-
[MECTBYIOT, YTO B IPUPOJIE, KPOME DJIEKTPOMATHUTHBIX, TPUCYTCTBY-
0T ¥ JpyTHe BUIbI B3aWMOJCHCTBHUs (KaK MUHHMYM €Ié TpH), U
9TO JIAYKe CAMU JIEKTPOMATHUTHBIE B3AUMOIEHCTBAS HE OIIUCHIBAKT-
Cs UCKTIOUNTENHHO ypaBHeHnaMr Makcresana B cOBpeMeHHO ¢op-
Me (06 sTom mucas emé PUTIl; BCMOMHUM TakKe caM (hakT pokKjie-
Hust KBaHTOBOM Mexanukn [139,140]). B npakTudeckom mrame Mox-
HO TIPEJJIOKUTE Cileytoriee. PaccMoTpuM CTOJIKHOBEHUS HA BCTPEY-
HBIX PA3PEXKEHHBIX MYYKaX YACTHUIL, JETANNX TOUYTH CO CKOPOCTHIO
ceera. IIpu crporo j1060BOM CTOJTKHOBEHUM UCTUHHO 3JIEMEHTAPHBIX
TACTHT] ONMHAKOBOTO 3aps/a, HO CYIMECTBEHHO PA3IWIAIONINXC TI0
Macce (HampuMep, MPOTOHA U MO3UTPOHA), JOJKHBI 0OHADY XKUBATh-
Cs MEHbIIIMe M3 4acTull, paccesHuble Ha 180°, umeroniye CKOPOCTh
OJIM3KYIO K y/IBOEHHOU CKODOCTH CBeTa. Pa3zymeercs, maJeiiniue oT-
KJIOHEHUS OT CTPOTO JIOOOBOTO CTOJKHOBEHUS MPHUBOMAST K CYIIe-
CTBEHHOMY OTKJIOHEHUIO CKOPOCTH OT HAa3BAHHON BEJIUYUHBI, TT09TO-
MY BEDOSITHOCTH TAKUX COOBITHH Majia (HO OHa HeHysesas!). MHo-
FOKPATHYIO UTEPAIUIO 9TOH nponeaypsl (ananor yckoperns: Depuvn)
JIJTST TIOJTy9eHUd enté OOJIBITNX CKOPOCTeH OCYIIeCTBUTH EIME TPY/IHEe
(no BO Beesennoit Takoe BIIOJIHE BO3ZMOXKHO).

[Ipu u3yuennu CTOIKHOBEHUS C “TIOKOANIUMUCS YACTUIIAMEI BO3-
HHUKAET BOIPOC: TJIe HAILJIOCH CTOIBKO MOKOAnxXcd dacTurl! U kax
5TOT (DaKT MPOBEPEH (TaK KaK 9TO MOXKET UMETh OTHOIIEHHE K OIPe-
JTEJICHWTO YTJIOB CTOJIKHOBEHUS W PACCESTHUS, TPUTIEIHHOTO MapaMeT-
pau T.a.)?

ObparuM BHUMAHUE, 9TO SHEPIUs, [IOJIydaeMasi JacTUIeil B e/1u-
HUILY BPEMEHU MPU MPOXOIKICHUN €10 001aCTH € 3JIeKTPOMATHATHBIM
MOJIEM, U B KJIACCHYECKOM CJIyYae M B PEJSITUBUCTCKOM ciaydae [17]
magércest omHON U TOoM ke hOPMYIIoit

dt

DTO eCTh OJIHA M3 MPUIUH “OJIU3KOI0 K ycrexy’ pacuéra yCKOpHUTe-

=cEv
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-L/2 o L/2

Puc. 4.11: Cssi3b Macchl U3JIyueHus ¢ e€ sHepruei.

seit. Ilpocto ogau u Te XKe “coObITUST U TOKa3aHUs TPUOOPOB COTIO-
CTABJIAIOTCA B KJACCUIECCKOM U PEJIATUBUCTCKOM CJAyYadX PAZHBIM
IKaJaM SHepruu (eme TodHee, PA3HBIM KOMOWHAIUSAM OYKBEHHBIX
CUMBOJIOB).

CTO He uMeeT HUKAKOIO IIPUOPUTETHOI'O OTHOIIEHUS K OOBSC-
HEHUIo HaJm4ns y poroHa uMmiysibca. Jlobad yacTuia, B TOM 4ucje
¢oToH, TeTEKTUPYETCSH IPU B3AUMOJIENCTBUY C IDYTUMU YACTUIIAMH,
TO eCTh (DAKTUYIECKHT TT0 TIepeade nMIyibca. 1o coBpeMenHbIM TIpeT-
CTaBJICHUAM 3KCHEPUMEHTAJbHOW OCHOBOI JIIA ONPEACSICHUS HAJIN-
qhsT UMIYJIbCa y (DOTOHA CJAYIKAT OMBITHI Jleberera 1o M3MEpeHnto
IaBJIeHUS CBeTa. ByKBEHHOE BhIPAXKeHNe KMHETHIeCKO sneprun ho-
TOHA MOYKeT ObITh 3JEMEHTAPHO BBIBEJEHO 13 OOINEro Onpe/IeeHus
dE = vdp (u3 06mux ypasHenuii nsuxennusd). Ecim yaects, 9o ho-
TOH JIBU2KETCsI CO CKOPOCTBIO CBETA ¥ = €, TO [OCJI€ UHTETPUPOBAHUS
noryauM F = ¢p 6e3 kakux 661 1o HE 06110 Heit CTO. Oxrako, sta
bopmysia BepHa TOJBKO 71 CBeTa B BaKyyMe (a He B cpejie).

Tak:ke COBEpIIEHHO HEYIOBICTBOPUTEICH MOJIYKIACCHIECKNIA
BEIBOJT cbopmyer Ditamreitna [40]: AE = Amc?. Bo-meppbix, mons-
tue neaTpa Macce B CTO nporusopeunso. Bo-Brophix, modemy-1o 06
akyctuueckux pojsaax B CTO BcmoMwHAOT TOra, KOTAa OHU HECY-
MIECTBEHHBI (OTBJIEKAIOT OT OYEBHIHBIX MAPAIOKCOB), XOTS B JIaH-
HOM CUTYyaIluu OHU UT'PAIOT ONPENeSEHHYI0 posb. IlycTh Ha KOHIAX
opHOpoaHOH Tpy6el mawHbl L u maccet M (Puc. 4.11) maxomsrcs
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tesa A u B npenebpexumoit Maccer [40]. Bosbmém, Hanpumep, Mo-
HOMOJIEKYJISIPHBIE CJION OJHHAKOBOTO BENeCTBa. 11ycTh aToMBI ¢JI0sT
A naxongarces B Bo30yxaeHHoM cocrosaun. B [40] paccmarpusaercs
craenyromumii “Kpyroso#t nmporecce”. Baagase teo A menyckaet KopoT-
KWii CBETOBOI MMITYIbC B HAIIpaBaeHuu Teaa B. Y TBepxK 1aercs, 9To
Tpyba Kak Mejoe TMpuaéT B JABUKeHWe. DTo He Tak. llycTh mimma
L = 1 cm. UcnymieHnslit uMiy/ibc 3actaBut 110 A U30rHYThCs U
CABUHYTHCS Ha, PACCTOSTHEE TOPSIIKA MEXMOJIEKYISIPHOTO OT MOJIE-
Ky TpyOBI, yAEPKUBAIOIMNX ero. Bo3HUKHET ympyrasd Cuia, cTpe-
MAIIasgca BEPHYTH yTpadenHoe paBnosecre. B pesyabrare mo tpybde
HAYHET PACIPOCTPAHSITHCS CJAOKHAS CHCTEMa TPOIOIBHBIX U TIOTe-
peuHbIX KOebaHmii. 3a BpeMsd MOKa CBET JTOCTUTHET Teja B 3t aky-
CTHYEeCKHe BOJIHBI IpoiiayT He 60mee 107> eM (Tak KakK Vsound <K C).
AHaJIorm4yHbIi npouece noBropurcd ¢ regaoMm B. Takum obpasom, Ko-
Jiebsrotasicss Tpyba pacrsaercsi oT 1eHTpa O B IPOTUBOMIOJIOXKHBIX
HanpasjgeHnsx (B CTOpoHy Tesna A Ha 9yTh OOJIbIIEE PACCTOSHUE),
MOKa AKYCTHIECKUE BOJTHBI HE TIOTACIT APYT APYTa U HE YCTAHOBUTCS
pasropecue. Ho f1e/10 make He B 3TOM CJIOKHOM PEAJBHOM ITPOIEC-
ce. lasee [40] resio B ¢ 10orsiomgnHo#i sHeprueil npu moMOIy BHYT-
PEHHUX CHJI TTPUBOJISIT B COMPUKOCHOBEHME ¢ TesoM A, Tesio B BO3-
BPAIIAET 3HEPTHUIo Teqy A m BO3Bpamaerca Ha CBOE MeCTO (a Jash-
IIre THIYTCsT MaTeMaTHIecKue CuMBOJIbI). MuryTouky! B-Tperbux,
a KaKWM 5TO CIIOCOO0M Teio B Morio mepenars 3JIeKTPOMATHUTHY O
sHepruio Bo3Oy:xkenusi 6e3 nepenaduu uMmnyiibca? Kpome Toro, aTo
MOT OBITH TOJIBKO CBETOBOI MMITY/ILC (MHAYE 1O BTOPOMY 3aKOHY Tep-
MOJIMHAMWKHI He BCs dHeprus mepernwia 6b1 K Texy A). Ho B Takom
CJIy9ae MBI IPOCTO UMEEM B3aMMHO OOPATHYIO Mepeiady UMITYIbCa ¢
MTOMOTIIBIO CBETa W HUKAKUX II0OGATHHBIX BBIBOJIOB OTCIOMA HE CJIETY-
er. JlanHast 3a/a9a aHAJIOMMIHA KJIACCHUYECKOHN 3ajade 0 Opocanum
MdAYa B JIOJKE OT OJHOTO UeI0BEKA K Apyromy. Msd mmeer maccy,
a B TOJETe 00JIaaeT TaK:Ke HEHYIEBBIMA UMIYIBLCOM U IHEPTHE.
Be.HI/ILH/IHa MaCCBhl BXOJUT B BbIPpAXKEHUA MMITYJIBCa 1 KUHETUYEeCKOt
9HEPTUH, HO HUKAKUX OBIEBCEIEHCKUX BBIBOJIOB OTCIONA HE CJIETY-
er. To, k wemy crpemsarcs B [40], MOXKHO MOJTyYnTh rOPa30 MPOILIE.
W3 obwero soipaxkenus dEf = vdP g ceera umeem AE = cAP.
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Ecnu BBecTn knaccuueckum crocobom g GOTOHA MACCY JBUKEHUS
P = mu, To u3 v = ¢ = constant cieayer eIMHCTBEHHAA BO3MOZK-
vHocTh AP = cAm. B utore 6e3 BCIKUX MBICJEHHBIX TTPEJICTABICHII
CTO umeem AE = c?Am. OnHaKO, B-4eTBEPTHIX, STOT PE3yJIbTaT
(HezaBUCHMO OT criocoba ero MmoJy9YeHus ) UMeeT OTHOIIEeHUE TOJIBKO
K 9JIeKTPOMATrHATHO} SHEPrUuw U HU K deMy GoJiee (110 KpaiiHeii mepe,
HET JI0KA3aTEeNbCTB OOIIHOCTH PE3y/IbTaTa).

Baxxnoe 3ameuanue: B TEOpUM OTHOCUTETHHOCTH HE paboTaer
TPUHITAT HAUMEHBITero aeficTBus. Bo-TIepBhIX, MOTOMY, 9TO Mepe-
mennbie B CTO He aBASIOTCH HE3ABUCUMBIME, & CBA3aHBI BBITyMaH-
HBIM “naTepBaOM . BO-BTOPBIX, pUKCAIM TTPEIETIOB NHTEIPUPOBA-
HUsI TI0O BDEMEHHU U TI0 KOOPJIMHATAM [TPOTUBOPEYUT CAMON Uee peisi-
TUBU3MA — 3aBUCAMOCTH BEJTMIWH OT OTHOCUTENTHHON CKOPOCTH JTBH-
JKEHUsI CUCTEeMBI OTcuéra u obbekTa. Jlajgee — ¢ TOUKM 3peHUst MaTe-
MATHKW CJETYIOT MyHKTHI. B TPeThbux, U3 PABEHCTBA HYJIIO WHTETDA-
Jia JIefiCTBUSA MOYKHO TIOJyYUTh MHOYKECTBO PA3HBIX MO/I'bUHTErPAJIb-
HBIX BBIPAXKEHUH, WHTErPaa OT KOTOPBIX JaéT HOJb. B-9eTBEPTHIX,
B PEJISATUBUCTCKON BapUAaIlUu JAEHCTBUS [10J] HHTEI'PAJIOM CTOUT CKa-
JISIPHOE TIpOu3BeJieHne 4-BEKTOPOB, M3 PABEHCTBA HYJIFO KOTOPOTO BO-
BCe He 00s3aHO CJIeJ0BATH PABEHCTBO HYJIO OJHOM W3 KOMIOHEHT.
Kpome Toro, uro perrenme 0Ka3blBaeTCsl HEOIHOZHAYHBIM (¢ TOTHO-
CTBIO 710 JFOOBIX OPTOTOHATBHBIX K 04! CTaTaeMBbIX), CaMH 3TH BeK-
TOpa MOryT OBITH OPTOTOHAJBLHBI. B-NSTHIX, B peigTuBu3aMe (pyHK-
s Jlarpanka gJo/KHa COCTOSATH M3 WHBAPUAHTOB (MCTHHHBIX CKa-
JISIPOB), & OpUpaIleHne K JIoO0My 4-BEKTOPY BCErJIa OPTOTOHAJIBHO
sTomy 4-Bekropy (nosopor). Takum obpasom, B CTO jeiicrsue Bosce
HE UMeeT SKCTPEeMyMOB (0e3pa3indHO K BapHAIlUsaM — BCErJIa TOXK-
JlecTBeHHbIN HOMb). [Togpobuee 06 9roM MOxKHO Lpouurarh B [168].

ITporneaypa moucka pertennii 8 CTO myrém pasyoxkenust 1o v/c
141 yLIéTa JIUIITHh KOHEYHOT'O YMCJIa YJIEHOB Pdda MOZKET OKa3aThCd B
obrem ciayyae HeBepHOU. OTOPOITIEHHBIE WIEHBI MOTYT KapIUHA/Ib-
HO MeHaTH Buj pernerud. O61acTh TPUMEHUMOCTH TPUDIMKEHHOTO
pelleHs BO BPEMEH! MOXKET OKa3aThCd TaKON MaJioit, 9To rnpubsiu-
KEHHOE perenne He DYIeT MMeTh HUKAKOTO TeOPeTUIeCKOTO U IPaK-
THYIECKOr0 3HavYeHWsT (HO Kak 3TO OOHApPYZKUTH, HE 3Hasl TTOBEJCHUE
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ncruunaoi dynkmun?). COMHUTETHLHO TAKXKE BBIBECTH M3 MPUOJIU-
KEHHOrO pelleHus yCcpeaHEHHOoe perienne. 1 DUBUAJIBHBIN MTPUMeEp:
dbopmanbHO Ka3aa0ch 661 B cuite JlopeHia MOKHO peHebpeds Mar-
HUTHOM cuJjofi, comepzKameit v/c. OgHaKo, 3T0 HE TaK: B KJIACCHYIE-
CKOM TIPEIesIe BMECTO PEATBHOTO CPEIHETO Mpetidha JaCTHUIIBI C TIOCTO-
SIHHOM CKOPOCTBIO IEPIIEH/IUKYJISIPHO 000UM TOJIAM IOJIYYHI0CH OBl
YCKOPEHHOE JIBUKeHUE BoJib 1m0t K. B pensgruBucrckom npejgesne
[17] ckopocTh BO3pacraer Hanbosiee GBLICTPO TaKXKe B HAIPABICHUN
[E x BJ. Ilo-Buaumomy, nostomy mocrpoertbie B CTO mo HEKOTOPO-
ro [jeHa 1o v/c npubakénnble dyHKIpn Jlarpamxka MoryT npu-
BOJUTBL K IpoOjieMaM, a MOCTpoeHre TOUHOU (dbyHKIuY Jlarpamxka B
CTO npunnunuaabao npobiaemaruyaro. [IposeienneM orpaHudeHHO-
ctu pesysbraroB CTO siBagercd caMoycKOpeHUe 3apsijioB 10 Jeii-
CTBUEM DE€AKIUUN U3JTYy9ICHUA. I/IS.HyLIeHI/Ie orrpegeidercd B ,Z[aﬂbHeﬁ
30HE U HE JIOJIZKHO CUJILHO 3aBUCETH OT IPOIECCOB, IIPOUCXOJISIINX B
MacimTabax mopsiIKa PA3MEPOB JIEMEHTAPHON YaCTUIIBI: TOJTBKO TIe-
peorterka crporoctu CTO 3acraBjisger cYuTarTh 3JIEMEHTApPHbIE Ya-
CTUIIbI TOYCYHbLIMMU.

B PEISITUBUCTCKOM TepMOUHAMUIKE OJTMHA~
koBo "crporo"seiBenmennl permrenne [lranka u ambrepuarusa OTTa.
Quzuknu J0Jr0 CIOPUWIH HACYET 3TUX BHIOOPOB 10 TTPe0bpa30BAHUI0
remmepatypbl. 1o Beibpars: T — Ty /v wnn T — yTy? B urore (ans
“IJIaThst TOJIOTO KOpOJsd~ BhIOpasin u He “ropoiinek” u He “IOJIOCKY”,
a “moJiocaThiil TOPOMEK”) TOrOBOPUIINCH CYUTATH TEMIEPATYPY WH-
BapuanToM. Takum o6pazom, 310 emé pa3 J0Ka3bIBAET, UTO TEOPUS
OTHOCHUTEILHOCTH — 3TO He HAyJYHasi TEOPUsl, 4 BCEr0 JIUITh “CroBop”!
[Iporus HayKu, €CTECTBEHHO.

XoTd cIenyoIee MEeTOANIEeCKOe 3aMedaHe OTHOCATCS B IIEPBYIO
ouepenah K KHHEeMaTHke, oHo 3arparubaer Takxke m OTO u pens-
TUBUCTCKYIO auHamuky. B ([17], ctp.41) craBurcs 3amada: ompeje-
JUTH NBUYKEHUE UCCAEAyeMOil CUCTeMbl, PABHOYCKOPEHHOE MO OTHO-
ITEHWI0 K COOCTBEHHON MHEPIMAJIBLHON crucTeme (To €CTh TTOKOAIIeH-
C4d B KaxKJbli NaHHBIA MOMEHT OTHOCHUTEJIBHO MCCJIE/IyeMOW CUCTe-
MbI). y quTaTe/ A MOXKET BOZHUKHYTH eCcTeCTBEeHHbIN BOIIPDOC: HEY ZKe-
JU JBUXKEHUE, PABHOYCKOPEHHOE 110 OTHONICHUIO K OJ/IHOM WHEepPIU-
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AJIBHON CHCTEME, MOXKET OKA3aThCd HEPABHOYCKOPEHHBIM IO OTHO-
MIEHUIO K JPYTUM WHEPIUAJbHBIM cucteMam? K coxajieHuto, cuTya-
s 8 CTO okazanack mMEHHO Takoil (HaM eI oBe310, YTO TEOPUsd
OTHOCHUTEJIBHOCTH TTPAKTUYECKU HE HUCIIOJIb3YeT CTApIIUE TPOU3BOJI-
HbIE, MCK/II0Yas OIMUCAHWE W3Jy4U€HHUs], MHAYE KaKue Obl erg “Bbl-
KpyTacel” mpuriock 6b1 yBugeTh). Ho Kak ke GbITH € MPUHITUIIOM
SKBUBAJIEHTHOCTU: B OAHON MHEPLUAJILHON CUCTEME I110J1y4aeTcd K-
BUBAJIEHTHOCTH OJIHOMY T'PABUTAIIMOHHOMY TIOJII0 (TTOCTOSTHHOMY ), &
B Ipyroil nHepnuagbHON cucTeMe B TOH Ke caMOil TOYKe IpPOCTpaH-
cTBa rpasuranmmonHoe mose (dusnueckoe!) momensimocs? C kakoii
CKOPOCTBIO HAJIO JIeTeTh HAOJI0IaTe 0, 9T00bl eMy “IpPUBUIEIOCH”
Kak OyJIBDKHUKY Ha 3eMJie B3JIETAIOT CJAOBHO BO3AYIIHBIE Taphi! A
€CJIM Mbl K HEKOTOPO PAaBHOYCKOPEHHO# 110/I00HBIM 006pa30oM paxere
MPUKPENUM JUHAMOMETD W K TPYKUHE TOABECUM TPY3, TO HEyXKe-
JIU JTBUKYIIUECH TIO-PA3HOMY (HO C MOCTOSHHBIME CKODOCTSIME) Ha-
barotaresin Oy yT BUIETH, 9TO CTPEIKA JAMHAMOMETPA MOKA3BIBAET
pasmble apabckue udpor?

HanoMHMM wu3BecTHBIN MapaIoKC PeATHUBUCTCKON TOIBOIHOMN
noaku (CTO Berama nepen Bei6opom, kak “Bypumanos ocen” nepes
JBYMsI CTOTaMU CEHA): ¢ TOYKN 3DEHUsT HaOII0aTe sl Ha TTOBEPXHO-
CTW 3eMJIN TJIBIBYIIad JIOAKA JO0JIZKHA YTOHYTH U3-3d YBEJINYCHUA
CBOEIil TJIOTHOCTH BCJIEJICTBUE COKPAIIEHUs €€ JJIUHBI, 8 ¢ TOYKHU 3pe-
Hust HAOJTIOaTeNs B JI0JKe, HA00OPOT, JIOJIKA TOJZKHA BCILIBITE U3-32
YBeJIMUEHUs! [JIOTHOCTHU OKpYyzKatomieil Boel. TpeboBajioch nponsHe-
CTH KaKOe-TO “Marmveckoe HayKoOOpa3HOe 3aKIWHAHWE W PEJIATH-
BUCTBI BbIOpaju b0 CChIIATHCS HA MPOIECC YCKOpeHus, aubo Ha
UCKPUBJIEHUE ITPOCTPAHCTBA B YCUJIUBHIEMCA I'DABUTAIIUOHHOM I10JI€,
10 ecTb oAtk orociansu K OTO. o-sugumomy, nig CTO sTo Mmoxk-
HO 3aIMCATh KaK SMUTADUIO: “TYKUIACH 00bATh HEOObATHOE, HO Y
Heé HUKOIa He ObLIO JayKe CBOEro IIpeaMeTa ucciaesoanus’”. A aro-
6b1 OBLIO SICHO, UTO IPABUTAIMS B JAHHOM CJIy4Yae BOBCE HE NIPU UéM,
epedopMyIUpyeM HACTOSIINI TapagoKe To-wHOMY. [lycTh B caMbIx
OOBIYHBIX 3eMHBIX YCJIOBHSX (T.€. B ¢JIaDOM TPABUTAIIMOHHOM moJe!)
camast OOBITHAS TIOBOIHAS JIOAKA OIATOMOIY IHO MIPOIILIA ¢ TTOCTOSH-
HOI (HEpPEeTATHBUCTCKOI!) CKOPOCTBIO Ha 3aJIaHHO# (DUKCHPOBAHHOT
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rybuHe (B MPO3PAYHON BOJIE) MyTh MEXKY JBYMsi KOpabasmu. 9To
OTBET u on y:xe m3BecTeH ¢ “Touek 3penus oboux nabmomareeii’”!
A Temepk BOIPOC: UTO JOJIKHBI yTBEpkKAaTh ¢ Toukn 3penust CTO
pasHble JBUTAIOIIMECT peIdaTUBHCTCKUe HaOmomarenun! [lockoabky
kpome obmenoB mmmyabcamu cBeta CTO mmaem Gosee me 3aHmMa-
J1ach, TO, eCTeCTBEeHHO, BCE, uTo yrBepxkaaer CTO, penarusucrckume
HaOJIIOJaTe/ I U JIOJIPKHBI YBUJIETH C IIOMOIIBIO 9TOTO CAMOTO CBETA.
CrparmuBaercst: korga oun “910” yeuaar! QUeBUIHO TOJBKO TOT/A,
KOTJIa JI0 HUX JIOWIET CBET, UCIYINEHHbBIH B MOMEHT “cobbITns” (Kak
YTBEPKAAIOT PEJATUBUCTHI, MT'HOBEHHBIX CcBs13ell He CyH_[eCTByeT).
[Tycts gepes 20 Mutmapaos Jjer (Korjga yxke “Bo3MoxkHO” He Oymer
HU JTOJIKW, HU KOPab/ieit) B CTOPOHY HaIe MOABOIHON JIOMAKH C PAC-
crostaug 20 MUJLTHAP/IOB CBETOBBIX JIET TOCMOTPST JIBa HAOTIOTATE ST
(B ABUZKYIITUKCA paKeTaX) " yJIOBAT T€ CaMbl€ UMITYJIbCHI, TTIOKA3bIBA~
fomne gasékoe cobprtre. Onua n3 HabaogaTenell 6yreT IBUTAThCS
[OYTU CO CKOPOCTBHIO CBETA B HAIMPABIEHUU KYPCA TOIBOIHON JIOM-
KU, & BTOPO — MpoTUB Kypca Joakn. OKa3pIBAETCS, UTO COTTIACHO
CTO (BcaeacTBue PasHOrO PE3yJIbTATA CJIOKEHUsI CKOPOCTEd) MHe-
HUs 9TUX Habmogarenei (yToHyaa JIOJAKa UM BCIIBLIAT) JOJKHBI
oTIMYIaThCA. U BT OHM HE TOJIAKHDBI TIOBEPUTD JAYKe MPUIETEBIIEMY
CJIeIOM 3Be310IETY (¢ HEGOIBIMM 3aII03/IaHIEM, UTOOBI TOHATPACHY
HE TPEBOXKUTH PEJITUBUCTCKUI COH), B KOTOPOM IMPUIET COOOIIECHIE
“n“mostHESA”, UTO 3ajaHue JoaKa Omaromoayuno BeimogHuaa HA 3A-
JAHHOI [JIYBUHE. Kak Xo4ueTcs BepuTh PeIsSTHBHCTAM: MOKET
He yronyn emé Bacunmit samosuu (Yanaes), ecan kakoit-uubyab
MPABUILHBINH WHOMJTAHETSHIH, JETANMH B TPABUILHOE BPEMS C TTPa-
BUJIbHON CKOPOCTBIO, B3IJISTHET HA TO JABHO VIIEIIIEe COOBITHE.

Koneuno, Bce morepu obbekTusHbX Xapakrepuctuk CTO (ko-
TOpBIE TIPUBEJEHBI TOJIBKO I MOJTHOTHI KAPTUHBI) BBITJISAIAT TTPO-
CTO “CTyIeHYECKUMHU TTOATOHKAMHU TIO CPABHEHWIO C WMEIONIUMUCT B
CTO snoruwuyecknmu npobenavu u nporuBopeunsiMmu. CoBceM CTPaHHO
BBITVISIJINT PACITPOCTPAHAEMBIIT HEKOTOPBIMU PETATHBUCTAMU IITTAMIT,
6yaro CTO — 370 MpOCTO HOBasi TEOMETPHUS W yIKE TIOTOMY OHA STKO-
661 HEnpoTHBOpeunBa (reomerpuii MuOTO, a Hamr Mup oxun!). Tlo-
BUJIIMOMY, OHU OIUOJINCH B BHIOOpPE CIIENIMAIbHOCTH, €CJIU HE TYB-
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CTBYIOT JIa’Ke CaM TIpeMeT nccaenoBanug (pusnkn (pusnka 3aHuMa-
eTCsI MCCJIe/IOBAHNEM ITPUYUH SBJIEHUNH U KOHKPETHBIX MEXAHU3MOB,
HEMOCPEJCTBEHHO BAMSIONIMX HA MCCAEIyeMOe aBjenne). KOHedHo,
JUTsT TIOJIYIEHUST MATEMATUYECKOr0 PEIleHrd B (PU3NKE TaCTO UCIIOJh-
3yl0TCs npeobpaszoBanus KoopauHaT (Hanpumep, KoHdopMube). B
YaCTHOCTH, peobpaszoBanua JlopeHma (HO cO CKOPOCTBIO 3ByKal)
MOZKHO HCHOJIB30BATH /JJjid PEHICHUA HEKOTOPBIX 3a/ia4 B aKYCTUKE
(n mmenno moromy, uTo onu OymyT maBapuantom). OgHako, ecam
HEKTO OyIeT yTBep:KIaTh, UTO, Pa3 PEIIeHUs TMOJYUIAITCA BEPHBIE,
3HaguT BCa Bcemennasa “mpeobpasoBasiack’ m3 BHeITHEH 0071aCTH BO
BHYTPEHHIOIO 00J1aCTh KPYTa, TO Bee (DU3UKU MONUMYT, TJI€ MECTO TI0-
JTOOHBIM BBICKa3bIBaHUAM. FKcim ke apyroit ny O-odens Bo-obimoit
PenatuBucrckmit ¥V-yaéHniii ckaxeT, 9TO Bca BceseHnHad ciKaaach,
KOT/Ia OH XOJWJ B COCEIHIOI Oy/I0UHYI0, TO Kyda “mommeBas’ IMO-
TBEPJST 9Ty UyIlb (BUIATH 3TH GeAHATN OBLIN CHIBHO 0OICIeHb B
IIETCTBE — UM HE npowin cKa3ky “To/ibiit KOposib” Wi OHU HE TIOHSLIH,
YTO 9TA BEUHAHA CKA3KA UMEET CaMoe IIPSMOE OTHOIIEHHE K KU3HH).

C Touxku 3penust aBropa HaubOJIEe IOC/E0BATEHHON TO3UITH-
eil aBageTcd TPUHINTHAILHOE TTPU3HAHNE PEe3YIHTATOB PEeTATUBUCT-
CKOW IUHAMUKN W DJIEKTPOANHAMUKYU TPUOIMKEHHBIMEI, C TOH TOU-
HOCTBIO, KaKyl naéT sKcrmepuMeHT. He cTouT mepeoreHUBATL BO3-
MOKHOCTH YHCTO TEOPETUUECKUX METOIOB U MEPErpyKaTh (PU3UKY
raobasuaMamMu. IMEHHO 110 3T0i TpPUYHHE W TI0 TPUYUHE HEJ0CTa-
TOYHOW 0DOCHOBAHHOCTH PEIATHBACTCKUX DKCIEPUMEHTOB aBTOD HE
TIBITAETCS TIPeIaraTh aJbTePHATUBHBIX Teopuil. B mHacTodIee Bpe-
M¢ TEOPUH JOJIKHA aHAJU3UPOBATH W 0DOOIATH TE YKCIEPUMEHTHI,
KOTOPBIE MPOBEJIEHBI KOHKPETHO B 00/1aCTH BOJIBINIUX CKOPOCTEN.

Muorue KpuTWKm pemaTMBU3Ma HOTHUMAIOT TeMY IJIarnara.
JleficTBUTETEHO, CHAOXKHO ODOUTH MaHHBIN 3THUECKUi MoMmeHT. Bo-
poBckas “oruka’ (AnosoreTnKa) PeIATHBUCTOB [IACHT: “O0BUHEHNe
A. DitHmTeliHa B BOPOBCTBE Uy KNUX WHTEPECHBIX HIeH TPOTHBOPETNT
YTBEPXKAEHUIO 06 OG0 IHOCTH Teopuu oTHOCUTELHOCTH . OTHIOIL
HET: eCJIU KTO-TO YKPaJ aBTOMOOWIb, a 3aTeM ero paszbui, To dhaxr
OTCYTCTBHA PAbOTAIONEro aBTOMOOMIA HEe OTMeHgeT (haKT ero mep-
BOHAYAJBHOTO BOPOBCTBA. TaK UTO OCTAJCSI HENPHUITHBIN 0CaI0TUEK
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ot daxTa oTcyTcTBUSA B pabore A. DHHIITEHA OOIIEN3BECTHBIX CChI-
JIOK Ha, CBOUX BBIIAIONINXCA [IPEAIIECTBEHHIKOB. U T0OBI BOCIIOIHUTE
no06Hb1e HegocTaTku, B [206] nobasnen npoekr “Beex Hacrosimmx
IlepBBIX TTOMSHYTE .

Koneuno, paznuune B uHTEepriperanusax GopMys y JitHinreitna
u y JlopeHiia siBIseTcs: TOCTATOYHO cylecTBeHHbIM. Hanpumep, st
TaK HA3BIBAEMOT0 “KNHEMATHIECKOTO 3 derTa” HeT HU TPUINHBI, HI
MEXaHM3Ma ero peajn3anuy (JIeHCTBIs): ¢ 9ero 9To Besi Beenennast
CKATACH, €C/TM ABUTATHCST B3OPENTO B TOJIOBY TOIBKO OTHOMY HeEJI0-
Beky (maxke ecsm oH “myn 3emin”)? CiienoBaTebHO, TOT06HOMY h-
dekTy Her mecra B dusmke (ITO ML MATEMATHIECKUA TPIOK). Y
JlopeHria, HAIIPOTUB, HE KaXKJIbl O0BEKT CKUMAJICS OTHOCUTETBHO
KaxKJI0TO NPU B3aMMHOM JBYDKEHUH (M YK TeM 0osiee He BCE mpo-
CTPAHCTBO), & TOJBKO TOT, KTO KOHKDETHO JIBUTAJICS CKBO3b dup.
3/1eCh TPUCYTCTBYET U IPUYHHA (HAYAJIO JIBUXKEHNS ¢ KOHKDETHOMN
CKOPOCTBIO CKBO3b 3Up) 1 MeXaHu3M (B3anMozeiicreue ¢ 3pupom).
Takoit acpdexT yxke BroaHE MOXKET 00CYyXKIaATHCA B pusuke. B un-
Teprperanusx QOpMysI U COCTOUT OTauYune PUINKA OT MATEMATUKH.

[Mouemy ke wommemnmua Hpiorona saBiagercd mHambojee MPEIno-
gruteabaoi? Kiaccnueckue moHstus (Hu3MKH OPOPMUIUCH KaK
06001IIeHNe THICAYETeTHNX HAOII0IeHn J0O0POCOBECTHBIX MCCIEN0-
BaTeseil HaJl OKPYZKAMNUM MUPOM (BKJIFOUas aCTPOHOMUYIECKIE Ha-
6moenna Beenennoit). Kimaccnyeckne mpegcTaBieHns KHHEMATHKA
HE IPUBO/ISIT K BHYTPEHHUM JIOTUYECKUM ITPOTHUBOPEYUSIM WU K TIPO-
THBOPEUNAM C IKCrepuMmenTamu. VmMeer ju CMBICT 00CYXKIaTh TakK
Ha3bIBaeMble KuHeMaTwdeckue PdexTrer (Hampumep, MubHUIecKoe
COKDpAIIEHNE 1/In UCKpUBJIeHne npocrpancrsa)? Pasymeercs wer: ec-
JII CYUTATH CaMO MHPOCTPAHCTBO HUCKPUBJIAIONINMCH, TO TOYHO TaK
’K€ UCKDPUBASINCH OBl U JUHEHKW U TO00HOe MCKPUBJIEHHE HUKAK
HEe MOTJIO Obl OBITH OOHApYKEHO. VIMEHHO MOITOMY KJIACCHIECKUE
MOHSATHST BLIOPAHBI WIEAJbHBIMA (M HAMOOJI€E MTPOCTHIMU B TPAKTH-
9EeCKOM HCTIO/IB30BaHuM). MermaoT /in KJIacCuYeCKne MOHATUA “Ha-
[OJTHEHNED” peasibHON MarTepuy KakuMu-inbo cpoiicreamu? He wme-
matoT Boece! Jlroboe CBOMCTBO MaTepHH, KOTOPOE OTKPBITO WA MO-
XKeT OBITh OTKPHITO B OYAYIIEM JIETKO W OPraHUYHO OyAeT BKJIIO-
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YeHO B Kjaaccudeckyio ¢dusuky. Hanpumep, B Kaaccuueckoit dpusn-
K€ BIIOJIHE aJIEKBATHBIM sIBJISIeTCH 00CYXK/I€HNE BO3MOXKHBIX CBONCTB
scupa (a B CTO HET HUKAKOTO CMBICTA 06CY K 1ATH 3(DUP, TTOCKOIBKY
B CTO ou snmien HabsrogaeMblx cBoiicTs). B kiraccndeckoit dusn-
K€ BIIOJIHE MOTYT O0CYKIATHCA BOIPOCH TEHEPAIIUN MACChI, 3aPsI/Ia,
cTpykTypa ¢orona u T.J. Meraer jin kjaccuyueckas (hU3UKa OTEH-
HI/IaHbHOIU/I BO3MOXKHOCTH CYIIECTBOBAHUA MHOT'OYPOBHEBBIX CUCTEM U1
JaBrKennit (10 GECKOHETHOCTH BLIyOb M BIIUPH M CTOJIb YK€ Pa3HO-
obpasubix)? Toxe we memaer. [lepsorii “3akon” HeroTona roBopur
JINITH 06 naeaJibHOM HpHMOJ’[I/IHGﬁHOM JABUKCHUN BBLIJCJICHHOI'O Te-
Jia, He B3auMOJeHCTBYIOIIEro HU C KAKUM JPYTUM 00bekToM. B pe-
anpHOM ke BeeseHHOM Takas cuTyanmst CTPOro He MposiBjagercs (a
JIWIITb WHOTIA W TpUOIKEHHO). [losToMy Kakoit THIT ecTecTBEeHHO-
ro JABMKEeHUs (HANPHUMED, JBUKEHHE 110 OKPYXKHOCTH WU JPYTHE)
peanu3yeTcs B Halllell eIWHCTBeHHON DBceleHHOM 1eInKOM oIpene-
JIFETCA CYIIECTBYIONINME PeATbHBIMU B3auMoeiicreusmu. Bymer au
JUIA ONMCAHUs IBUKEHUs HaiimeHna 6ojee “S9KOHOMHAS  BalUCh, I€M
BTOPO# 3akoH Hbrorona, nokaxker Gyaymiee (rakoe “yayuarierue”; Bo-
00IIe TOBOPSI, BO3MOYKHO, HO 3TO HE BOMPOC O BEPHOCTH WJIW HEBEP-
HOCTH CaMOr0 MPUHINIA onucanus!). YpaBHEHWUs TBUKEHUST TIOJTHO-
cThi0 (!) OMpPEeNEnTIOT MATErPATLI JBUKEHUST U 9TO BOBCE HE 00T3aHbI
OBITH KJIACCHYECKUE MEXAHWIECKUE SHEPTHUS U UMIIYJIbC, BBEIEHHBIE
JLIA HEB3AMMOIEHCTBYIOMUX OECCTPYKTYPHBIX MATEPUATLHBIX TOUEK
(BCIOMHIM TIPO KJTACCUYIECKHE YK€ MIPUMEDPBI ¢ PEAJbHBIMHA JTHCCHIIA-
TUBHBIMU TPOIECCAMU, TIPO TUAPOJUHAMUIECKHE TPUMEDBI U T.I.).
Hy u nakoner, B Kjgaccuueckoit (busmke IPUCYTCTBYIOT HE TOJIBKO
OTHOCHUTECJ/IbHBIC BEJIMYNHDBI, HO 1 a6CO.)'HOTHbIe BEJIUYUNHBI (I/I 9TO 1Ipe-
KpacHO paboTaeT Ha MPAaKTHKe), 3HAYUT Kjaccuieckasd (pusmka, yxKe
apigeTcs bostee obieit Teopueit, gem Jrobdast TEOpus, HE COIEPKATIIAS
abCOTIOTHBIX BEJIUYNH.

4.4 BwBoapl K I'y1aBe 4

Hacrogamas I'ytaBa 4 6p11a TOCBAIIEHA KPUTUKE PEIITUBUCTCKOM -
wamuku. llpeacrapiensr JIornaecKkre IPpOTUBOPEYHS B 9TOM Ka3a10Ch
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On1 “paboTaroreii” u “mpoBepeHHoi” 0bJIACTH NCCIIeTOBAHMIA.

B nannoit ['naBe 4 6pL1a 1poI02KEHA KPUTUKA TIOHATHSA OTHOCH-
renbaocTH. Jlaaee 66110 TOAPOOHO 0OCYXKIAEHO PEJATUBUCTCKOE TIO-
HsITHEe MacChl W JaHa ero kputuka. [lokazana npoTuBOpeYnBOCTH
nousrug 1nenrpa macc 8 CTO. 3arem B 1iaBe jJaHa KPUTHUKE, pe-
JISTUBUCTCKOT'O TIOHATHS CHUJIbI, TPEOOPA3OBAHUS CUJI U PEJIATUBUCT-
CKOIO TOJXOMa K pasHbiM euHuiiaMm usMmepenus. [locae 91oro Obut
o6y aén ncTuHHbI cMbica (6e3 rnobammzanuun CTO) unsapuanTt-
HOCTHU ypaBHeHnuit Makceenna. B ryiaBe Takake mpecTaBiaeHa KPUTH-
Ka PEIATHBUCTCKOTO COOTHOIIEHUS MEXK Ay MacCOil 1 sHeprueit, Kpu-
THKYIOTCS TaK Ha3bIBaeMble “SKCIIEpUMEHTAJbHBIE MOITBEPKICHUS
sanepHoil PUBHKN W PACCMOTPEH PAJ JaCTHBIX 3a7a49. KPUTHUIeCKn
opuin obcyxaernr Takue acrekTel CTO Kak Macca uzyryueHus, Tax
Ha3bIBaeMas mperieccust 'Tomaca m gpyrue 3amadn. Beuta mokasaHa
COBEpIIIEHHAs HEOOOCHOBAHHOCTE ODIIENPUHATON HHTEPITPETAIIUN Pe-
JSTUBUCTCKON AMHAMUKN ¥ TOAPOOHO KPUTHUIECKH TPOAHATNIUPOBA-
ua unrepuperaius CTO sddekra Komrona.

N Toroserit BHIBOJ ITaBhI 3aKIH0YAETCS B HEOOXOIMMOCTH BO3BPA-
Ta K KJIACCUYECKON WHTEPIpPETANN BCEX AMHAMWUYECKUX MOHATHN,
BO3MOXKHOCTH KJ/IACCUYECKOW WHTEPIPETAIUU PEJIATUBUCTCKUX DPe-
meHnit 1 HeobxoammocTn H0Jiee TOJTHOTO 3KCIEPUMEHTAJIHLHOTO WC-
CJIeZIOBAHUS Psifia siBJeHnH B 00/1aCTU OOJIBIIINX CKOPOCTEIA.



IIpunoxenne A

Ananns “moka3aTesb-
cTBa” CYIIECTBOBAHUSI
NMHBAPUAHTHON CKOPOCTU

Pacemorpum mogpobuo cratkio [158]|. B sroii pabore mesmaercs mo-
TMBITKA BBIBOJA, PEJIATUBUCTCKOTO 3aKOHA CJIOXKEHUS] CKOPOCTEH, HO
TOJIBKO JIJIA MapaIeIbHLIX CKOPOCTEH, TO eCTh IPUPOIa y2Ke Orpa-
HUunBaeTcs Teopueiil. Jg Hauasa cueaeM TpeaBapuTebHBIE 3a-
MedaHnd. UTo MoxeT o3HadaTh ¢ = constant? CKOpOCTH paciIpo-
CTpaHEHUd BOJIH HE 3aBUCHUT OT CKOPOCTU ABUXKEHUA MCTOYHUKA U
B KJIaccu4eckoil ¢pusuke. [1ocToOIHCTBO CKOPOCTH CBETA, OTHOCHTEIb-
HO NpUEMHUKA (HE BHYTPH NPUEMHMKA!) HUKOTJA M HUKEM HE TI0JI-
TBEp:KIa0Ch. bosiee TOro, onpenenenne BeINIMHLI CKOPOCTH CBETA,
Pémepom o 3armenusim criyrauka FOnurepa Mo omposepraer Takoe
mocTogHCTBO. OUeBUIHO, YTO BPEMSI IOy YeHH S CUI'HAJIA 3aBUCUAT OT
JBUKEHUST TPUEMHUKA (MHAaYe B (DOpMy/Iax BOOOIIE HE MOSBIISLIOCH
Obl ¢ + v). A BhIpayKeHWe ¢ = AV ONPEJNEISAeT JIUMIbL CKOPOCTH BOJI-
HOBOT'O IPOIECCa BHYTPH 3aKPBHITOTO M3MEPUTEILHOr0 mpubopa, HO
HE CKOPOCTH PACIPOCTPAHEHUST CUTHAJIA B OKPYKAIIEM TPOCTPAH-
crBe. Bpemst n 9achkl — cOBEpINEHHO pa3Hble MOHATHsI. CHHXPOHM3a-
ord 9aCoB BOO6H.L€ HE mMeeT OTHOIICHUA K XOJYy BPEMEHU W COBCEM
He obsi3aTeIbHa, TAK KaK He MeHseT IIUTeILHocTH At. A yaK IpuMu-
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THBHBII O0OMEH CUTHAJIAMA APYT C APYTOM HAMTOMUHAET TOJIYOMHYIO
[IOYUTY CPEIHEBEKOBbsL. B oT/IHtme 0T X0a BPEMEHH, X0/ 9acoB M HX
PACCHHXPOHU3ANMS 3ABUCAT OT yCTPOHCTBA ITHX CAMBIX YaCOB.

Hasnee B sTom IlpuoxeHnn Bee CCBIIKE Ha HyMepOBaHHBIE OD-
MyJIbl OTHOCSTCS K KpuTuKyemoii pabore [158] (31ech xKesaresbHO
HMeTh 1107l PYKO#l KPUTHKYeMy[0 paboTy JJIs COLOCTABIEHUs HOp-
My.1). Asrop [158] mocrasui 1eib noKazars, 4To Haubosee obLee co-
oTHOIIEHNE (/I8 mapaJiIebHBIX CKOpOocTeit!), coBMecTrMoe ¢ IpHH-
[IIIOM OTHOCHTEIBHOCTH — 9TO 3aKOH CJIOXKEHUS

v+u
w=-—.
1+ Kuv

Kax ke mMoxker ObITH HanboIee OOIIUM TO, ITO MPEACTABISIET CO00
YACTHBIH Caydail: MOXKHO JIM B PEAJIbHOCTH TapaHTUPOBATH CTPOTYIO
napasebHOCTh cKopocreii? OueBupano, ver! s aByx ckopocreii
U ¥ v 3aJIAHHON JIJINHBI CIyYall UX IapaJsjiebHOCTH eCTh MHOXKECTBO
Mepbl HYJIb. A JJIsi HEKOJUIMHEAPHBIX BEKTOPOB PE3YJIbTAT PEJIsiTH-
BHCTCKOTO CJIOZKEHHUS YK€ 3aBHCHUT OT [OPAIKA €ro IpuMeHenus (0T
MOPSIZIKA CJIOKEHUsT CKOpOoCTeii)!

Besmunna K ~1/2 — 510 He “unBapuanTHas CKOPOCTH”, & TPaHTY-
Hasdg CKOPOCTH: CJIOXKEHUE JIBYX BEJUYNH, MEHBIIUX ITOH CKOPOCTH,
JAET BEJIMYWHY TOYKE MEHBIIYIO 3TOM CKOPOCTH, HO CJIOYKEHWe JBYX
BeJIMYMH, OOJIBIINUX 3TOW CKOPOCTH, TOXKE JAET BEIUIUHY, MEHBIIYIO
sroii ckopocru! Tonbko ecu X0Tst ObI OJHA U3 BEJIMYUH TOYHO PaBHA,
STOH TPAHUYHON CKOPOCTH, PE3YJIBTATOM “CJIOKEHUST OMATH OKAYKET-
cd 9Ta CKOPOCTh. Kak BUIUM, TOJYYUIUCH JABA JOTOJHUTE/THHBIX,
HUYEM He ODOCHOBAHHBIX TOCTYJATa O HEBO3MOXKHOCTU JIBUYKEHUS
co ckopocrsimu, Goabie, uem K ~1/2 u o cymecrsosanun crpannoit
CPAHUYIHON CKOPOCTH, C KOTOPOH HEJIb3s “CIPBITHYTE U HA KOTOPYIO
HEJIb3SI “3alphIrHYTh .

Mepwvun 3agB/iseTr 0 MeTO/e CBefeHus (DYHKIMKA OT JBYX Tepe-
MeHHBIX K (DYHKIUM OT 0HOM niepemennoii. Ho Takoe B MaTemMaTuke
HE BCErga BO3MOXKHO, 3HAYUT, 6y,ZLyT UCKYCCTBEHHO BBEIAECHbLI HEKO-
TOpPBIE JIONMOJHUATEIbHBIE TUITOTE3bI U OIPAHUYEHUS, A €IIE U Yepes
MbICJIeHHbBIe 9KcriepuMenThl! ABrop [158] 3apanee npejnonaraer Bbi-
[IOJTHEHUE IPUHIINATIA, OTHOCUTEIBHOCTH, TO €CTh, YTO MBI UMEEM JIEJI0
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C M30JIMPOBAHHBIME CUCTEMaMH (MJIEHTHYIHBIMEU cucreMamu 6e3 B3a-
HUMOJIEHCTBHS, ITO yiKe sBJIseTcs orpanndenneM [Ipuposnsr), HO npn
9TOM HINET OTKPHITYIO CBsI3b MEXK/Y OTHOCHTEJbHBIMEI CKOPOCTSIMU.
B sripazkennn (2.3) u3 [158]| oH cnenmaspHO BBEN JpyrHe IIepeMeH-
Hble, 4TO0bI He3aMeTHa Oblia CMEHA CMbBICJA IIPEJIBIIYIIEro Bbipa-
keans (2.2): obparure BHEMaHUe HA UHIAEKCH! B Bhipakenuu (2.2)
MHJIEKChI YETKO CTBIKYIOTCS MEXK/1y COBOii:

f(vCB?vBA) - UCA’

9T0 OTBeYAET (PUBUIECKOMY CMBICIY CJIOKEHHS CKopocTeii. Ecin aB-
TOP XOTeJ/I HALIMCATDH BbIPAKEHNE JJisl U , o YePe3 CMEHY 3HAKA, TO HAJIO0
OBLI0 HAIIUCATH

“Voq = Vye = f(UAB7 UBC) - f(_vBA’ _UC’B)'

Takum 06pazom, Bmecto (2.3) 10/KHO ObITH HAITMCAHO

f(_yv —l’) = _f($7y)

U HOKakKoil cuMMeTpun (2.6) OTHOCHTETHHO apryMEHTOB He CJIeyeT
HE U3 Kakux “o0mux coobpaxkenwnit”. Bojiee Toro, HaITy TOUKY 3pe-
HUSI MOATBEPKIAET TO 0OCTOSITEIBCTBO, ITO OOIUI PEIATUBUCTCKUI
BaKOH CJIOXKEHWH CKOPOCTeH Jid HEKOJIMHEAPHLIX BEKTOPOB 3aBU-
CHT OT TIOpsifiKa, cKopocTeli (HekoMMyTaTuBen!). [losTomy u yacTHbIii
caydail mapasiiesibHBIX CKOPOCTeH BOBCe He 00s3aH OBITH CHMMET-
DUYHBIM (KOMMYTATHBHBIM ).

Crnenyrommee. Hamo «értko mompasmendarh m3mMepsaeMbIe CKO-
pocTr (OTHOCHUTEIBHO M3MEPHIOIIEro Mprubopa, PaCIOJOKEHHOTO B
HEKOTOPOi cucremMe) U BBIYHUCJISIEMbIE CKOPOCTH (HE OTHOCAIINECS
K CHCTeMe, B KOTOPOil HaXOIUTCs u3MepsAouii npubop). OdueBuHo,
YTO B HaIleM CJydae CKOPOCTb U,,— 9TO BBIYHC/IeMasd CKOPOCTE,
TTOCKOJIBKY PaJIi 9TOrO W BBOAWTCS HEKOTOpas QyHKIUS f, a mepe-
MeHHBIe 3TOil PYHKINN — CKOPOCTH U, ; U Uy, — 3TO U3MEPAEMBbIE CKO-
poctu. Ho Torpa m3mepureabubil mpubOP MOXKET HAXOAUTHCST TOJIBKO
B cucreme B. CienoBarensHo, gobaBjenrne HOBOH Touku D B cTaThe
[158] mpuBogMT TONBKO K TOMY, 9TO HPOCTO ObLIM BBEJIEHLI B Bbl-
pakerun (2.7) HOBBIE BBITHC/IAEMBIE CKOPOCTH, KOTOPBIE HE MOXKET



268 HNPUJIO?KEHHUE A.

U3MEPHUTE N3MEPUTETbHEIN Mpubop B cucreme B: v,V ,, v, , 1lpn
9TOM B MEPBOM U3 BbIpaKeHUil (2.8) MOMEHsIIN MeCcTaMu U3Mepsi-
€MYI0 ¥ BBIYUC/IIEMYI0 CKOPOCTH, YTO MEHseT (DU3NIECKUI CMBICT
UCKOMO#l pacuérHoit byHKIMN. BO3MOXKHOCTE HEpeMeNnnBaHus u3-
MEPACMBIX 1 BBIYUCJIACMBIX BEJIMYNH B (29) ABJIAeTCA JOIIOJIHUTECIIb-
HO¥t puzmyeckoit rurore3oii. Mbl He MOXKeM 3apaHee IIPeJIIoJaraTh,
YTO IIPM 3aMEHE U3MEPACMbIX U BBIYUC/IACMbIX BEJIMYUH BUJI MCKO-
MOt (DyHKIIMM OCTaHeTcss mpexkHuM (OgHuM n Tem xe). Jlast Kmac-
cuveckoii pu3nky (JIMHEHHAST 3aBUCHMOCTD) BBIUUC/IsIEMasi CKOPOCTh
ﬂeﬁCTBI/ITeﬂbHO HE 3aBUCUT OT JIBUXKCHUA CHUCTCMBI Ha6ﬂIO,ZLeHI/I§[, HO
B PENATUBUCTCKOMN (pU3MKe /1 HEKOJTNHEAPHBIX BEKTOPOB 9TO yiKe
HE TaK.

OrMmeruM, 9TO B MaTeMaTHKe OTCYTCTBYET Takoe obIee CBOii-
CcTBO, 4TOOBl (DYHKIIMA ABYX TEPEMEHHBLIX OBbLIA BBIPAKEHA KaK
GYHKIMST OTHON IMepeMeHHOH, JarkKe ec/ii OHa “HelpepbhIiBHA U Aud-
depenrmupyema”’. U mpasmonogobubie dppasbl 0 “napaMerpudeckoit
3aBuCHMOCTH, “UKCAINN [IepeMeHHOH’, a TaK:Ke 3aMeHa JaCTHOI
npoussoaHoit B (2.10) Ha noanyto npoussoanyto (2.14) umeror uepto
CKPBITH dBHBIN 00MaH. Kaxkapiit 9/1eMeHTapHO MOYKET HAWTH TpUMe-
pBI, KOTIa 910 He paboraer. Takum obpaszom, (2.17) e umeer mMecra
B obIiemM cirydae, Ha KOTOPBIH SKOOBI peTeH yer “mIoKa3aTeabCTBO”
MepmuHa. A TTOCKOJIBKY MBI BUJEIH paHee, 9To cuMmMerpust (2.6) He
MMeeT MECTa B pejsaTuBu3Me, TO TeM Hojiee He paboraeT paBeHCTBO
(2.18). Torga Tepsier cMbica Bepazkerne (2.19) u mouck dynknum h.
Ha u h/ morno 661 0Ka3aThCs paBHBIM GECKOHEUYHOCTH, €CJIU TPOU3-
BOJIHAS B HYyJI€ OKaXKeTCsl HYJIEBOIA.

Hasnee, Bmecto (3.1) Hamo nmmcarh Apyrue — CaMOCOrIACOBAHHBIE
BBIPAXKEHUS:

w= f(v,u), s1=f(v,8), s2=f(v,—s).

Beipazkenne (3.5) BepHOE, TaK KaK OHO HCIIOJB3YET TOJBKO KJIAC-
CHYECKYI0 OTHOCUTENBHOCTE. OueBnmno, uro (3.6) yxke HEe COOTBET-
cTByeT mpexHuM onpejenenusm. Ho naxke eciam 3abbiTh 1po BCE,
CKa3aHHOE BBIIMIE, BKAIOYAd OTCYTCTBUE CMBICJIA B IIOUCKE h, TO IIPO-
crefimum pemennem (3.9) 6yner h'(s) = 1. 3amerum, Bo-epBbIX,
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4TO B JIOOOM CJIydae Pedb MOYKET WJTH JIUMIb 00 ONMPeIeIeHNU Bhi-
YUCJISIEMBIX CKOpocTeii. VzMepsieMble Ke CKOPOCTH 1 6e3 HAIUX Urp
C MATEMATUKON ONMPEIENSIIOTCA U3 OIbITa (TAK 9TO JIydIuii BBIGOD —
npocreiinmmii BapuanT). Bo-BTopsix, obparnte BHIMaHue, 910 Mep-
MUH 13 Bhipaxkenus (3.9) mbrtaerca 060CHOBATH HEKYHO €IMHYFO 1101
BCE CJIyYau KU3HU KOHCTAHTY. 3aMETUM, YTO UYepenaxa u 3asil] BCTpe-
TATCA B JII000M CJIydae: €CJM OJIMH WU JaxKe 00a CTOSAT, Wu JIBU-
TAIOTCA C MPOU3BOJIBHBIMU CKOpOCTsiMu. Boiopar u = 0, momyuaem
npocreiinmii BeIGOp B wacTHOM ciaydae b’ = 1. Ho camoe riaBHoe,
YTO MHTErPUPOBAHME ITON BIyMaHHOH (DyHKITUM HE JaéT HUKAKOTO
3aKOHA CJIOXKEHUsI CKOPOCTEH BCJIEJCTBHE HEKOMMY TATHBHOCTH.

Ecan onyckarb BO3MOKHOCTH 9K30THUECKHUX (PEJISTHBUCTCKUX )
peobpa3oBaHuil UCXO/sT U3 BEPBl B IPUHIMUIT OTHOCHTEILHOCTH, TO
eCTh TIPENoarast BO3MOXKHYIO 3aBUCUMOCTD DsiIa BEJUINH OT OT-
HOCHUTEJILHOW CKOPOCTH, TO IPE/IIOJI0KEHAE O 3aBUCHMOCTH 3TUX Be-
JIMYUH OT MOJTYJISI OTHOCHTEIBHON CKOPOCTH SIBJSETCs JOTIOJTHU-
TeJIbHOI runore30ii. Torga Mbl jlayke He MOXKEM ObITH YBEpEHBI B
DABEHCTBE BEJIMYKH, U3MEPSEMbIX IIPU JIBUKEHUU Tyja U 00PaTHO.
Hanpuwmep, Tor1a MOXKHO COMHEBATHLCS B TOM, 9TO B CHCTEME OTCIETA
noesna 11 (u) = To(u). Jamee, onsaTs He CTONT MyTaTh W3MepSieMBIE U
BBIUHCIIsieMble Besimanubl: BMecto (4.1) Hago (muis corsacoBaHHOCTH
¢ dyukuumeii f) mposepsars t1(v,u) — to(v, u). Paccyxaenust aBropa
OTHOCSITCS K CHCTEME JIBUKEHUS MOE371a, TO €CTh

Ti(u) = To(u) = T1(u') = Ty(u')  (4.3),
u BMecTO (4.6) MBI MOXKEM 3aIucaTh TOJIBKO
1 (07 u) - t2(0> u) =t (07 u/) - t2(0a u/)'

3areM aBTOp MOCTYIUPYET (ITO OIMSATH JIOMOJHUTEIbHAS TUIOTE3A),
9TO JAHHOE COOTHOIIEHNE OYIeT COXPAHATHLCH W B vU-cucTeMe. Mol He
6y/eM KOPPEKTUPOBATH BCE MIPOMEKYTOUHbIE (DOPMYJIbI AHAIUZUPY-
eMO#l CTaThbM, a CPal3y 3alUIIEeM OKOHYATE/IbHOE BbIPAXKEHUE

g9(v) _ ([f(=v,u) = f(v,0)] /(20)) + 1
2v [f(vv u) - U] [f(_%u) + U]
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u mpesen:
of (v, u)
k = lim g(U) — 1- 81} v=0
v—=0 2v u? ’

Ho onarb-raku, orcrojga HuKakux ocoObix dynkmnuii h' #e ciemyer.
Hasiee, aBTOp 3aMedaeT, YTO NPU OTPHUNATESHLHOM 3HaueHuu K

3aKOH CJIO’KeHWs1 CKOpocTel (5.2) MOXKeT NPUBOJUTH K PE3Y/IbTATY

| + |ul = —|wl|, ecmn |v| > (=K)"? u |u| > (~K)~'/2. Ho as-

TOP TOYEMY-TO UTHOPUPYET APYTYIO CTPAHHOCTEH MPU MTOJOKATE b

HoM 3navennu K. ['panmanas ckopocts ¢ = K ~1/2 pasusaer ssie-

HIS Ha TpU CTPAHHBIX “Mupa’:

I) v; < ¢,

II) ¢,

II) V; > c.

IIpu sTom

vt 3v<c vitce=3ce Vite=e v +V; 3V >

HO TIPU CJIOKEHUHU CKOPOCTEl, KayKJasd M3 KOTOPBIX OOJIbIIE ¢, 4Ya-

4c
crunsl “cBammBatorcesa’ B I “Mup™ 2¢ + 2¢ = 5 (TouHO Takoi XxKe

c ¢ 4e
pesysbrar Oyjaer u npu B + 5 = 3)

OueBHIHO, YTO CKOPOCTH PACIPOCTPAHEHUsI BOJTH HE 3aBUCUT OT
CKODPOCTH IBVXKEHUSI MCTOYHUKA Jjid JEOOBIX BOJH u mpu Jir0boii
CKOPOCTH X PACIpPOCTpaHeHWs! (KAKOBBIX BCTPEYACTCS MHOXKECTBO).
DTO TPOCTO CBOMCTBO BOJHOBOIO JIBUKEHUS, B TOM UHCJIE, B KIACCH-
ueckoil (puzuke. Ho nmoareep:k teHnii MHBApUAHTHOCTH CKOPOCTU CBE-
Ta B Bakyyme noka Her. Ckopocth V = A\v onpejiesser JTOKAJIbHYIO
CKOPOCTB PACIIPOCTPAHEHUs BOJTH BHYTPU U3MEPUTEJIBHOIO Ipubopa.
A ompenienenvie BEJTMYIWHLI ¢ TIO 3aTMEHUIM cyTHUKa FOmurepa Mo
CKOpee TOBOPUT O 3aBUCUMOCTH CKOPOCTH CBETA OT CKOPOCTH JIBU-
JKEHUs MpUEMHUKA. BO BCAKOM cilydae MHBIX JOKA3aTEIbCTB IOKA
HET.

MepmuH mpejjaraerT OMpeieiasTh BeauduHy K 13 BhIpaKeHUs
(5.3), 3abwiBag, uTo B cucreme B TOMLKO JBE CKOPOCTH SIBJIAIOT-
Csl U3MepSieMbIMU: Vg, U Vg ,.llo cyTu, Beipaxkenune (5.3) sBisercs
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oTIpe/ieJIeHNEeM He U3MepseMoil B cucTeMe B BeJWUNHBI CKOPOCTH
Uy ,- A OIHO BBIpayKeHHE He MOXKET OJHOBPEMEHHO OIPEIETIATH JIBe
Hen3BeCTHble BEeIWUUHBL: U, , u K. Arop npejgnaraer “cupocuTs’
o BesqdnHe v, , B cucreMe A. CTpaHHad IOJIydaeTcd OTHOCHTEIIb-
nocts! [logemy-To MBI HE MOXKEM TIOBEPUTDH HAOTIOAATEIO B CHCTEME
A 0 TOM, 9TO OH 3HAET O HE M3MEPSIeMbIX HAMU JTHHAX U BpeMe-
HAX B €ro cucreme (3T0 HEBBIMOJHO C TOYKM 3PEHUs Pa300/adeHus
peﬂHTHBI/ISMa). I/IX MbI HKO6LI JOJIZKHBI CaMW BBIMUCJIATE IO MCKYC-
CTBEHHBIM PEJIATUBUCTCKUM TIpaBuiaM. Ho mpu 9TOM JOJKHBI CIIETIO
BEpUTH B NoKazaHus Habsogarens B cucreme A o ckopocrax. B o6-
meM, ‘37ech YUTaeM, 31eCh He dnTaeM’, ... M KaK IOETCS B IecHe
“a B ocTambHOM TIpekpacHas Mapkm3a, BCE XOPOIO, BCE XOPOIIo”
(r06oit tienoit cracaem CTO)! Boobrie roBopst, MeTO CHHXDOHI3a-
1AW C TOMOIIBI0 HECKOHEUHO YAAJTEHHOTO HCTOTHWKA HA CEPeIMHHOM
MEPHEH UK YJIsipe K JIMHUU JIBUYKEHUsT OJITHO3HAYHO MIPUBOIUT K KJIAC-
CUYECKUM BEeJIMYUHAM (HpOCTpaHCTBeHHbIM, BPEMCHHBIM M XapaKTe-
DUCTHKAM JIBUYKEHUSI).

Crenaem Tak»Ke KpaTKue 3aMedaHus 10 ‘000CHOBAHUIO pPeJIsiTh-
BUCTCKOTO 3aKOHA CJIOKeHUsI B pabote [159]. Tpebosanust 0 ToM, 9TO
obparHoe K JUHEHHOMY MPEoOPA30BAHUI0 TPEOdPA3OBAHNE U ITPOU3-
BeJIeHNe TPeobPaA30BAHNH COXPAHAIOT COOTBETCTBYIONTYIO CTPYKTYPY
(COCTaBHHIOT prHHy), ABJIAIOTCA JOIIOJIHUTC/IbHBIMI Tpe6OBaHI/IHMI/I
(n 11 HEKOJLTMHEAPHBIX JIBUKEHUI He BBITOTHsA0TCs ). Koraa Tep-
JIETIK U TOBOPHUT 06 OJHOPOTHOCTH MPOCTPAHCTBA, HO TIPU HTOM IThI-
TaeTCs NCKYCCTBEHHO BBECTH HEKOTOPHIE CTPAHHBIE TPe0OPa30BaHNS,
TO CTOMIO OB CHAYAIA OTBETUTHL HA BOMPOC, UTO HAJO OKUIATH OT
[apaJsUIeIbHBIX MEPEHOCOB I TaKoil BbLIyMaHHOH “dusukn”’ (Kak
uzbexars napajokcos). B Beipaxenun (7.6) KOHCTAHTa MOKET 3aBU-
CeTb OT JIPYIUX KOODJWHAT: Y1, 21. Cam Bux mpeobpaszosanus (7.7)
SIBJIETCST TUTIOTE30#: VK ecjii TOBOpUTH 00 0DOOINEHUN, TO MOTYT
OBITEH TTEPEKPECTHBIE 3ABUCUMOCTH KOODIMHAT.

Hanee, 3amena TOMBKO & — —,V — —U MEHSET OPHUEHTAITHIO
Tpoliku H6a3ucHbix BekTopoB. CiienoBaTesbHO, 9TOOBI HUYETO HE U3-
MEHHUI0Ch B (hopMynax mpeobpaszoBanns (KaK JKeaaeT aBTop “m1oka-
3aTesbeTB”), HEOOXOANMO TOMEHATh MeCTaMu Y <> z (3TO cpasy



272 HNPUJIO?KEHHUE A.

3aMETHO /g HemapoBoro obbexTa). I1og BOIPOCOM OCTAETCS COB-
magenne GhopMbl IPAMBIX B 00paTHBIX IpeobpazoBanuii. Bosbimme
npobyieMbl ¢ “TPYNIOBBIME CBOMCTBAMHU BO3HUKAIOT IIPHU IIEPEXOIE
K HEKOJUIMHEapHbIM BEKTOPaM, TaK 9TO BCE TH MATEMATHUYECKUE
YHIpPazKHEHUA BBITVIAJAT NCKYCCTBECHHBIMMU.

Hakonerr, 3aBUCHMOCTb MACChl OT CKOPOCTH SIBJISIETCS HAJLyMaH-
HOII: HEe Macca PacTér CO CKOPOCTbIO, a 3ddexTuBHas cuia yooiBaer
npu TPUOJIMKEHNN CKOPOCTH Tejla K CKOPOCTH MEPEeIadn B3aUMO-
nelicTeuii (cKopocTH mepegadn umiyabca)! B kiraccuueckoii dbusmke
TOYXKE CYIIIEeCTBYeT Takoe yMmenbirenue 3(pdexkTuBHol cuabl. Takmm
obpasom, pabora [159] Takke He MOXKeT OBITH MPU3HAHA CTPOTOMN
B IIJIaHE O6OCHOB&HI/IH peﬂHTI/IBI/ICTCKOﬁ MHBAPUAHTHOCT W 3aKOHQ
CJIOZKEHNS CKOPOCTEH.



Ilpniaoxxenne B

Bo3MoxxkHagd gacToTHAY
ImapamMeTpu3alis

B nocienyromux Ilpuioxkenusx Oyaer pacCMOTPEHO HECKOJIBKO
vacTHBIX runore3. OHU MPAKTUIECKN HE CBA3AHBI C KPUTUKON Teo-
PUM OTHOCUTEIbHOCTH, N3JI0YKEHHON B OCHOBHOW YacTH KHUTH, PA3BE
UTO JIEMOHCTPUPYIOT HeeawHCTBeHHOCTH moaxofga CTO u Bo3MOXK-
HOCTBb YaCTOTHOW MapaMeTPU3aliuu BCEX BHIKIAIOK. B JaHHOil KHUTE
[Mpunoxkerwnst TOJIBKO Ha 3TO W MPETEHAVIOT, MOCKOJIBKY HMCIOIB3Y-
10T HeBepHble MeTo6l CTO (ux omub0IHOCTD JOKA3aHA B OCHOBHBIX
rmaBax kaurn). C ugesavu, u3I0KEHHBIME B CIEYIOMUX JABYX MPH-
JoKeHnsX (IUTI0C YacTh aHaau3a onbita Maiikesscona n3 Inassr 3),
ABTOPD IIbITAJICA HpO6I/ITbCH B HECKOJIBKO O6H_[eI/13BeCTHbIX KYpPHaJIOB
c 1993 1o 1999 rox. Pabora sinbo numioMaTuvuHO HE PACCMATPUBA-
Jlach Cpasy, aubo mpuxoaui npuMepHo Takoit orser: “Hukro Hudero
110/106HOTO He 0OHAPYXKUJI B TEOPUU OTHOCUTEJHLHOCTH U KBAHTOBOM
9JIEKTPOANHAMUKE, & TOYHOCTH TPEJCKAZAHUN ITUX TEOpHil OrpoM-
na”. Kak Boobmme Teopetnk Moxker 9ro-mubo 06HapyKuTh HOBOE (&
He 00bICHATD “3agunM gncgom”)? OH J0/IZKEH TPeNOIOKNATh HEKO-
TOPBIH PAKT W MPOBEPUTH CJAEICTBHUS W3 CBOETO MPEITTOI0KEHMS.
Ho HukTO m He TbITAJICS TPEIIOI0KNATE BO3MOXKHOCTD 3aBUCUMO-
CTH CKOPOCTH CBE€Ta OT YaCTOTHI. K TOMY 2K€ pe€4Yb IIjia O TOYHOCTHU
Ha OJIMH-I[BA TOPSIKA [IPEBBIIAIOINIEH COBPEMEHHYH TOUYHOCTDH KC-

273
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mepuMeHTOB. Takasa TOYHOCTH MOXKET OBITH AOCTUTHYTA B OJmKaii-
ee BpeMsi, a Belb B HU3NKe CEPHEIHO 00CYKIAOTCH IKCIIEPUMEH-
ThI, TPEOYIOIE TOYHOCTA HA HECKOJIBKO IECATKOB MOPAIKOB BBIIIE
coppemennoit. Hakouer, aBropy Haj0ejl0 TPaTUTh BpeMs U OH pPe-
[IUJT IPOBEPUTH, UTO 2KE TO 33 TaKas BEINKAsd TOIHOCTH TEOPUH
OTHOCHUTETHHOCTH (320/THO BCIIOMHUB CBOIO CTY/ICHUECKYIO HEYIOBIIE-
TBOPEHHOCTHL 3TO# Teopueit). B pesynbrare nosisuiach neppas us
COOCTBEHHBIX KPUTUYECKUX CTATel, a Temeph W 3Ta KHUra. TaK 9To
BO BCEM €CTh CBOU ILTIOCHI I MUHYCHI.

[Tepeiiném Temepb K 00CYKIEHUIO BO3ZMOYKHON 3aBUCUMOCTH CKO-
poCcTH cBeTa OT YacTOTHI. V3BECTHO, YTO TPH BHECEHUU YACTHI] B
BAaKYyM B HEM MPOUCXOAAT PA3IUUHBIE ITPOIECCHI, TAKME KAK TOTdB-
JICHUE BUPTYAJbHBIX Map (JacTHUI@A-aHTHIACTUIA); MHOTHE TTPOIEC-
CBbI B3aWMOIeHCTBIAA MOTYT OBITH OTTMCAHBI C UCIOJIB30BAHUEM TAKUX
BUPTYaJIbHBIX Hap. B rpoiiecce cBoero pacnpocTpaHeHUs CBET TaK-
7K€ BJIMFET HA CBOWCTBA BakyyMa (B YaCTHOCTH, JIOJKHA UMETH Me-
cTo moJigpu3anus Bakyyma). CaeqoBaTe bHO, 0 MPUHITAITY B3aNM-
HOCTH JIOJKHO OBITH 0OpaTHOE JAeficTBIE MOJISPU30BAHHOTO BAKYyMa,
Ha TIPOIIECC PACTIPOCTPAHEeHNs CBETA. B pe3ysibrare CBET Onpe/enén-
HOIl 9acTOTHI OymeT pacopoCTPaHATLCS Yepe3 BaKyyM Kak ‘cpemy”
C HEKOTOPOI1 TTPOHUIAEMOCTBIO £, JeTEPMUHUPYEMOH caMuM PaCIIpo-
CTPAHSIIOIIUMCST CBETOM, TO €CTh ¢ = c(w).

Nzsectro, aTo obobienne ypasuenwit Makcsesia myTéM sBHOTO
J106aBJIEHUS MacCOBOI'O WIEHA B MAKCBE/JIOBCKUH JIArDAHKUAH TTPHU-
BOAMT K ypasHeHusiM [Ipoka B npocrpancree MuHKOBCKOrO (110 €O-
BPEMEHHBIM IPEJICTABICHUAM ). DICKTPOMATHUTHBIE BOJIHBI, PACIIPO-
CTPAHAOIINECS B CPeJe, M3MEHSIOTCS €0 U 9TO BIUAHUE BhIPAXKACT-
csl B reHepanuu MaccuBHBIX (otoros [100]. Haxe B mpeamonokenun
OCTOAHCTBA (PA30BOI CKOPOCTU BO3HUKAET YACTOTHAS 3aBUCUMOCTH
(mucnepenst B BAKyyMe) IPYIIIOBO CKOPOCTH CBETA:

vg = (dw/dk) = c\/w? — p?c? w,

3JIECh [t - Macca TMOKost (DOTOHOB. B JaHHBIX MPUIOKEHUSIX, OJHAKO,
He OyayT 0OCYKIATHCS BOMPOCHI TEHEPAINH MACCHI U TEOPWH 3apsi-
na. OcHoBHAsI 11e/Tb — OTPa3UTh HEKOTODPhIe (hU3NIECKUE BOIIPOCHI,
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KaCAIIUecs caMoit CKOpOCTH CB€Ta.

Cpasy Boznmkaror Bonpocer: 1) Kak mMoxker ObITh OleHEHA Wjn
n3MepeHa w-3asucumocts?! 2) [lovemy oma 70 cux mop He obHApPY-
keHa, 1 3) KakoBbl MOTYT OBITH CJICICTBUS U3 HEE?

CylIecTByIOT pa3IuYHbIE METOJbl M3MEDEHUs] CKOPOCTU CBETA,
HAIIPUMEDP: aCTPOHOMHUYECKHE METOJIbl, METOJl MPEPBIBAHUIA, METOJI
BPAIAOIIETOCS 3EPKAIA, PAAUOTEOIE3UIECKUIT METO, METOJ| CTO-
A9UX BOJTH (PE30HATOP), METOJ| He3aBUCUMBIX u3MepeHuiit A u v. B
HACTOsAIIee BpeMst mocseuuit u3 Metonos [59,67| saeiserca manbosree
TOYHBIM; UMEHHO 9TuM MeTosoM Bropo CraHgaproB u3Mepser CKo-
POCTB CBETa, C TOYHOCTHIO 0 BOCKMOTO 3HaKa. OIHAKO, HA 9TOM MYy TH
CYIIECTBYIOT pUHIUTIHAIBHBIE TpyaHOoCcTH [7]. Kpowme Toro, cremyer
OTMETUThH, 4YTO /’.‘[&HHBH‘/JI METOA TIPUHIOUIINAJIBHO OT'PDaHWYeH: OH MO-
JKeT OBITH CBsI3aH JIMOO ¢ JIOKAIBHOW (BHYTpH mpubOpa) CKOPOCTHIO
cBera, OO MOYKeT He MMETh COBEpITEHHO HUKAKOTO OTHOIIEHUS K
CKOPOCTH CBETa, €CJIU CBET BOOBIIE HE SBJISIETCS IUCTOU BOJIHOM. [1o-
yeMy JPYIHMe METO/IbI Hea eKBaTHbI (j1/1s 00HApY KeHus ¢(w) 3aBucH-
MOCTH) $ICHO W3 TPEJBIYINUX TJIaB U IS OJHON YACTHOW THIOTE3bI
OymeT MPOSICHEHO maJibliie u3 HacToAmux 1lpumoxerutii.

Hasee mb1 6yaem ciaenoars Meromam CTO (3abyaem Ha Bpems,
9TO OHM HEBEPHBI, & AT Jh “3hdekT BuauMOCTH i ABYX
CHCTeM OTCUYETa TIPH JOTOJHATEILHOM YCIOBANW — YCJIOBUU BBIOOPA
MeTO/1a CHHXpOHM3an Ditamreiina). HamoManm, 9To mpu BBIBOjE
crepcreuit CTO (Hanpumep, 3aKOHOB TpeoOPa30BAHMUSI) UCIOIB3Y-
erca nonaTue unrepsana ds? = c*dt? — (dr)?. 3xech HEOOXOAMMO
clemaTh JIBa METOIMYECKUX 3aMedanus. Bo-mepBbIX, Make paBeH-

crBO mHTEpBAIOB ds? = ds’> — 910 He Gosee, UeM OjHA W3 MPAB-
JIOMOIOOHBIX THIOTE3, TaK KaK JIOCTOBEPHONW OCTAETCs €MHCTBEH-
Hag Touka As = 0 (ecqam mpexamosaratb ¢ = constant). Hampu-

Mep, MOKHO ObLIO OBl TTIPUPABHUBATH JIOObIE N-€ CTenenu (N - Ha-
Typasbhoe): ¢"dt" — dz"™ — dy"™ — dz" w nonyuarsk paznaudsbie “bu-
suueckue 3akons”. W xe cautars ¢ = ¢, no ¢ = ¢ — 02, 1o
ectb V' = vy/1 —v?/c? (Kaxymasics CKOPOCTh B3AMMHOTO JIBUZKe-
HUS PA3/IUYHA 18 pasHbix Habroaareneit). Takoit BRIGOD mpuBOAMT

K COBIIQJIEHUIO PEJISTUBUCTCKOTO TPOJoJibHOro addekrTa Homnepa ¢
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KJIACCUIECKUM BhIpakerneM. 110100 HbIE 9K30THIECKIE CUCTEMBI MO-
ryT OBITH B TOI 2Ke CTeleHu BHYTpeHHe corytacoBanabiMu, uro u CTO
(T.€. TONIBKO 1T ABYX BBIJIEJIEHHBIX 00BEKTOB!), M TOJLKO KCIIEPH-
MEHTBI MOTYT MPOJIEMOHCTPUPOBATE, KaKoii u3 BeIOOPOB — He GoJiee,
geM Teopermueckoe maMmbinienne. Mbr He Oynem 06CyK1aTh 371€Ch
BCe T10/I00HbIE SK30TUIECKUE TUIIOTE3HI.

Bo-BTOpBIX, IPK UCTIOIB30BAHUE WHTEPBAJIA HE TOIEPKUBACTCS
CJACAYIOIIUNA MOMEHT: HUCHOJIB3yeTCd KOHKPETHBIU CBET, UAYIIUNA U3
OJIHO# TOYKHU B APYTYIO, TO €CTb B UHTEPBAJI HAJO MOJICTABJISTE BbI-
paxxenue ¢(wj, ;). Ho B TakoM cirydae nponopriioHaIbHOCTh HWHTED-
BaJIOB (M3 y4eOHUKOB) MIPUBOJIUT K HEOMPEIETEHHOMY COOTHOIIEHUO:

a(ly, wa, va)

= a(lig, wig, v
a(ly, w1, v1) (Li2, w12, vi2),

U HeJIb3si 000CHOBATH Jla2Ke PABEHCTBO UHTEPBaJoB. OIsiTh BOSHUKA-
eT HeO6XO,Z[I/IMOCTb O6pa,TI/ITbCH K OIIbITYy, TaK KaK 3TO COOTHOIIIEHNE
CBSI3AHO C “Hem3BecTHBIM” 1MOKa 3aKoHoM Jormiepa. Takum obpazom,
TEOPETUYECKHE [IOCTPOEHM S, UCXOIHAIINE TOJIBKO U3 CBOUX CODCTBEH-
HBIX [IPUHITAIIOB HE 9BJIAI0OTCH OtHO3HaYHbIME. [lockosibKy obrmenpu-
uaTeiit BeiBoa CTO (MeTosm) MpUBOAUT K HEKOTOPBIM CJIEICTBUSIM,
SAKOOBI TIOITBEPIKIAEMBIM 3KCIIEPUMEHTAIBHO (HATPUMED, C HEKOTO-
POit TOYHOCTBIO IS TMHAMUKHU JACTHUIL! ), GyeM OIMpAThCs Ha HETO,
HO BUJIOW3MEHHMM €ro ¢ y4éTOM BO3MOXKHOIT 3aBucnmoctu c(w).
Du3nvecKn 3TO O3HAYAET CAeAyioliee. DBuamMblili pe3yabTaT
HEKOTOPOI'0 M3MEPEHUS 3ABHUCUT OT IIPOIEYDbl U3MEPEHHus, a pac-
Y€THBIH PE3y/JbTAaT — B YaCTHOCTH OT METOJIa CUHXPOHW3AIUU BpE-
MEHU AJid PA3HBIX CUCTEM. COI‘.H&CHO naee JaHHOTO IIPUJIOZKEHU S HE
CyIecTByeT “e/lMHOI CKOPOCTHU IEPEeIadyn 3JIEKTPOMArHUTHBIX B3au-
mozeiicTuil” (a TobKO ¢(w)). Ecam nyst cuHXpoHn3anmm BpeMeHHBIX
WHTEPBAJIOB COTJIACHO DWHIIITENHY UCTIOIB3YETCA CBET OMPE I IEHHOM
YACTOTHI W, TO PEIYIABTAT SKCIEPUMEHTOB OyIeT 3aBuCeTh 0T w. Ha-
[PUMeEp, eCJiM B CHCTEME IIPOUCXO/INT HEKOTOPBIN MPOIECC C Xapak-
TEePHON 4aCTOTON Wy, TO €CTECTBEHHO UCCJIE10BATh CUCTEMY C IOMO-
mbio ¢(wg) (MMEHHO Tak, KAK W pacrnpocTpaHsierca curaan). Ecmm
JIBE CUCTEMBI JIBUKYTCsI JPYT OTHOCUTETHHO JIpyra, To B hopmMyIax
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HOSTBATCS J1Be BesmanHbl: ¢(w) n ¢(w’) maas Kaxkmoit cnereMbr, Tak Kak
OJIMH U TOT K€ CBeT 00J1a/IaeT PasHbIMU YaCTOTAMU B CHCTEMAX, JIBH-
JKYIIUXCS IPYT OTHOCUTENBHO APyTra. B 9TOM C/lyuae BEIMYMHBL W 1
w’ eBst3aHBl APYT ¢ ApyroM Beaencreue adgdekra Jomiepa (cmorpu
Huke). VIHTepecHO OTMEeTHTH Cje/yromee 06CTosaTenbeTBo. Kcau B
cucTeMe MPOUCXOJAT MPOIECCHl ¢ PA3JUYHBIME XapaKTePHBIMU Ya-
CTOTAMHU W;, TO, BCaAeACTBUE ¢(w;) 3aBUCUMOCTEl, JIBUKYIIUECS APYT
OTHOCHUTETHHO JIPyTa HAOIOATE N YBUIAT B OJHONW TOYKE PasHble
KapTuHB coObITHI (BUAUMBIH 3ddekT). B nagpHedmmx BBIKIaIKAX
Mbl Gyjiem caepoBarh ananornu ¢ [4,17].

[Tycts W' - 9acTOTa PaCIpOCTPAHAIONIErOCA B CUCTEME CATHAJIA.
Hosncrasnss c(w') (BMecTo ¢) B BRIpaskenne nHTeppana ds'? s cob-
cTBeHHoOf cucrembl u c¢(w) B ds? = c2dt? — dx? — dy? — dz? nna cu-
crembr HabmOMeHns, 3 ds® = ds'? ciemyer, uro cOGCTBEHHOE BpeMst
(dr' = 0) MOXKHO OIPEJEUTD CAEAYIONUM 00pa3oM:

, (B.1)

a dopmyna g cobCTBEHHONW IIWHBI OcTaércs B cuae. Emé pas
MOAYEPKHEM, 4TO 3T0 Bce — Juiib “apderts Bumumoctn’. B jo-
O0M MaTEMaTHIECKOM BLIPAYKEHUHN CJIAraeMbie Win KOdPOUIMEeHTHI
MOXKHO TIO OIpeJIEEHHBIM [IPABUJIAM TIEPEHOCUTb U3 JIEBOU B Ipa-
BYIO 9aCTh 1 HA000POT (BCE TaKue BBIPAXKEHNs SKBUBAJIEHTHBI). T0-
IJla KaK ONPEJEIUTh: BPeMs YCKOPHUJIOChH y OJHOIO WK, HA00OpOT,
3aMeJTUI0Ch Y JIPYroro HabmogaTensd (a jjuHa yBEeIUIuaach Ujn
yMmenbiiack)? Ilpocro, ecin 661 Bam ckazanu, uro Bame Bpems
3aMEJJII0Ch OTHOCHTEIBHO OAHOIO O0bEKTa OfHUM 00pa30M, & OT-
HOCHUTEJIbHO JIPYTUX 00BEKTOB — IIO-UHOMY, TO Bbl ObI cpasy mouys-
CTBOBAJIN OPEIOBOCTH DECKOHEUHOTO UHCAA MOMODHBIX OECIIOIe3HBIX
“cBemernuit”. Ho xorma pengaruBucThl roBOpgaT, 9TO ¥ Bac BCE B 110-
psiKe, MIPOCTO “YTO-TO Yy KOI'O-TO TMIE-TO JAJEKO...”, MHOTHE Cpa3y
YCIOKAWBAIOTCA U MPOMOJIZKAIOT MaJIbIle CAYIATh “CKa3Km .

g BeiBosia ipeobpaszosanuii JlopeHiia ucoib3yemM BpallieHue B
IJIOCKOCTH tX:

z =2’ coshp + ¢(w')t' sinh ¢,
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c(w)t = 2 sinh ¢ + c(w' )t cosh .

Torna ¢ ucnonszosanneMm tanhy = (V/c(w)) npeobpaszosanus Jlo-
PEeHIIa CBOASITCS K

7 + Mvt/
_ v P C R ) (B.2)
V1=V2/c(w)?’ 1-V2/c(w)?’ ‘

rae V' - ckopocTh cucTeMbl. 3amuceiBas dr u dt B Boepazkennu (C.2)
u Haxoxa dr/dt, noaydaeM peobpazsoBaHUS JIsi CKOPOCTH:

2
C(WI)U +V % 1= V/
)" o ()
v 14 U;V ’ Y 14 v'xV ’
c(w)e(w) c(w)e(w)
vl 1 — V,2
’ c(w')’
Vy = W (B?))
14 YV
c(w)e(w')
Jliis mBVKEHUsT BAOJIb OCH & MMeeM
CC((;v)) oV
v= - TV (B.4)

c(w)e(w’)

Buano, 9T0 MakcuMaibHAag BUAMMAs CKOPOCTh Oyaer Vg, = c(w),
rJle W - 9acToTa CBETA B COOCTBEHHON crucTeme. 3aMeTHM, YTO BCE
GOPMYIBI TPUBOIAT K KOPPEKTHOMY 3aKOHY KOMITO3HITUU TIPU JTBU-
JKEHWU BJIOJIL TIPsAMOit (npeobpaszosanus ot cucrembl A k B u or B
kK C' maér ToT Ke pe3ysabrar, 9To u npeobpasosanue ot A k C'). Ha-
IIOMHUM, 9TO, COTJIACHO OCHOBHO# yacTu KHUTHY, BEJIMYNUHDBI t/ n .’I]/ B
dopmynax (C.1), (C.2) He UMEIOT CAMOCTOATETHHOTO (DUBHIECKOTO
CMBICJIQ (OHI/I ABJIAKOTCH (bI/IKTI/IBHbIMI/I BCIIOMOI'aTE€JIBHBIMU BEJINYU-
namu). @opwmymna (C.4), mo ananoruu ¢ bopmysoii (1.5), MoxkeT 6BITH
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nepenncCaHa B BHUJE

(w)
U13 7y V12
vas = 1_5(1?312 (B-5)
c(w)e(w)

B sroii (hopme nanbosnee Bumna €€ cythb (Kaxkynmiics apdext). Pop-

MyJ1a
v'\/1—=V?2/c(w)?sind’ B.6
O B0
(@) + v’ cos
OTIMCHLIBAET N3MEHEHNE HAPABIECHUSA CKOPOCTHU. PEeIATHBACTCKOE BhI-
paxkenue i abeppaluu CBeTa CoXpaHsiercst (mojcTaHoBKa v/ =
c(w')). Ha Beakwit cydail HATIOMHAM, 9TO DEISTUBUCTCKOE BBIPa-
JKeHue Jijist 3BE3HOoM abeppanun sBisiercd npubiamkénasiM. Coxpa-
HSIFOTCS TaK»Ke rmpeobpazoBanug 4-pekTopoB. OTCIOmA CIEAYIOT Mpe-

06pa30BaHia 9eTHIPEXMEPHOT0 BOJHOBOTO BekTopa k' = (%, k):

tanf =

10 _ V i1
kO _ C(Lu') kO w
0 — 9 0 — 9
1 V2/e(w)? c(w)
10— W 1 wcosa

B pesyabrare monyuaem acpdext lommepa

el T VP
c(w) I—Lcosa .

c(w)

BameTum, 9T0 0TCIO/IA C/IEIyeT 3aBUCUMOCThL CKOpocTn cBeTa (w # 0)
OT JBUYKEHWsI CHCTEMBI (PA3IMIHBIM CHCTEMAM COOTBETCTBYIOT pas-
raEbie 4acToThl w'). OnHako, Kak GyJeT MOKA3aHO B CJIEAYIONEM
[Ipunoxkenun, 3TorT 3hdeKT TpeHeOPEIKUMO MaJl JIJid OINTHIECKON
obstactu. PengaTuBucTsl yTBEPKAAIOT, UTO BhIpaxKkenue ms 3pdexra
Jorurepa cofIepKUT OTHOCUTEIBHYIO CKOPOCTh. DTO HeBepHO. Ilycrh

(B.7)
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B HEKOTOPOI TOYKE Ha 3eMJIe MPOU3OIIEN B3PHIB U KPATKOBPEMEH-
HO BBICBETUJIACH HEKOTOpad JUHUA n3aydenud. [lycts mpnéManK Ha
ITayTone ynosun curnasn. B kakoit MoMeHT onpeaenars 3Ty Mudude-
CKYI0 OTHOCUTE/IbHYIO CKOPOCTH! Belb B MOMEHT BCIIBIINIKHA TPUEM-
HUK MOT HE CMOTPETb B CTOPOHY 3eMJIM, 8 B MOMEHT ITPUEMa, CUTHAJIA
y2Ke He CYIIeCTBYeT UCTOYHUKA, /13 U 3eMJIs [TOBEPHYJIACH 00pATHOI
croponoii. /laxke B 0TCyTCTBHE CPE€JIbl BMECTO OTHOCUTEIbHON CKO-
pPOCTH TOIYyYW/Iach ObI Pa3HUIA abCOTIOTHBIX CKOPOCTEH B MOMEHT
HCIYCKAHWS U B MOMEHT MpHéMa CUrHAsa (& 9T0 He OJHO U TO XKe!).
A uTO MMeeM B PEAJIBHOCTH — JIOJIXKEH TIOKA3aTh OIIBIT.

BexTop sHeprum-mMmiysibca mpeobpasyercd ClAeayrormM obpa-
30M:

/ Ve c(w)

>+ ; €—=~+ VP,
P, = cwelw) ) . (B.8)
L /1= V2c(w)? V1= V2/c(w)?

Ecau crnenoparh maee MaHHOTO TMPUIOXKEHHUsT, TO TOJKHA OBITH

fo/ee TeCHasd aHAJOIMA MEXK/ly PacIpOCTPAHEHUEM CBETA B CPEJIE M
B BaKyyMe.

(1) Pasiu4vHble MAKETHI BOJH PACILIBIBAIOTCA B BAaKyyMe IO-
pasHOMYy.

(2) Hucnepcust cBeTa B BaKyyMe HAK/IAIbIBAET MIPUHIAIHATBHBIE
OT'paHWYCHUA Ha CTEIICHDb ITapPaJIJICIbHOCTHI ﬂyqeﬁ.

(3) Mwmeercs puccunanus CBeTa B BaKyyMe, TO €CTh UHTEHCUB-
HOCTB CBETa YMEHBITACTCA IT0 MEepEe eT0 PaCIpOCTPAHEHNS B BaKyyMe.

(4) Cser “crapeer”, TO €CTh 4aCTOTA CBETA YMEHBIIAETCS MPH
PACIIPOCTPAHEHNH B BAKyyMe. DTO SABJIEHUE MOKET MMETh OTHOIIE-
Hue K napajokcy (Oubbepca) “nouemy uebo He nbLiaer?” u BHOCUTH
CBO#1 BKJTQ/l B KPACHOE CMEINEHUE, TO €CTh BO3MOXKHA KOPPEKITUS KOH-
nenmun passuTHa Beenennoii. ITockonbKy dhakTuaeckn peds uaet 0o
ATBTEPHATUBHOM OO BACHEHNN KPACHOTO CMEITIEHHsT, TO 3TOT 3P PeKT
OKa3BbIBAETCS OYEHD MaJl U MOATBEPANUTD €0 B JTaOOPATOPHBLIX HCCIIE-
AOBAHNAX Ha COBPEMEHHOM 3Talle He IIPEeACTaBIACeTCA BO3MOXKHBIM:
KpaCHOe CMEIIeHne JJUHUH KOCMIIECKIX 00BEKTOB UTaK JETEKTUPY-
eTCda H&I/I60ﬂee TOYHLIMHM OIITUYCCKMMU METOJaMH W 3aMCTHLIM OHO
CTaHOBUTCA JIUIID JIJI OYeHb OTJAJEHHBIX OOLEKTOB, TAKUX, YTO PAC-
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CTOSIHUE JI0 HUX Y2Ke He OTPeesieTcs Jaxe 1no Haze opbursr 3emin
(0 TPEYroBHUKY); HAOMHUM B 9TOH CBSI3H, UTO BEJHIUHA MOCTO-
anaof Xab0s1a yke KOPPEKTUPOBAIACH HA TTOPATOK.

TTpu mepexoze kK KBAHTOBON DJEKTPOIUHAMUKE BO BCEX BLIKJIA/I-
KaxX HeoOXoJmMa MOJCTaHOBKa ¢ — c¢(w). Hampuwmep, srta 3aBucu-
MOCTB TIOSIBJISIETCST B COOTHOIIIEHUN HEOTPeIeTeHHOCTel

APAt ~ h/c(w), Az~ h/mc(w),
B YCJIOBHUH /ISl BO3MOKHOCTH KJIACCHIECKOTO OTTMCAHS

he(w)

1> Cae

U BO MHOIHUX JIpyrux hopMysiax.

CyiecTBeHHO M3MeHTIOTCs OPMYIIBL, omm-
CHIBAIOTINE W-33aBUCUMOCTE. B KadecTBe TpUMeEpa PacCMOTPUM HC-
IyCKaHue u moriomienue (poToHOB. B pesy/brare mosBiisieTcs HOBBI

K03 durment
1

1_ dln c(w)
dlnw

B BBIPAXKEHUN 111 9ncyia, PpoToHOB Ny 33 aHHON MOJISIPU3AITIH:

B:

N 87730(w)21 B

k=75 hab,
U B COOTHOIIEHWH JI7Tsl BEPOATHOCTE! (MOTIOMIEHNS, BBIHY 2K ICHHOTO
u crontannoro mimydenns) dwl = dwi?? = dw,]B. Bemuanna B

MOSIBJISIETCS TAKKe B BBIPAXKEHUSX JJisT KO DUIMEHTOB DUHIITITEN-
Ha.

Ucmons3yst mocranoBky ¢ — c¢(wy) AJist COOCTBEHHBIX KoJieba-
HUI OIS, TIOJIydaeM BhIpaskenne Jiist Oyphe-KOMITOHEHTH (DOTOH-
HOTO MpOoIaraTopa:

2mi

Dy = 70(0%)2 exp (—iwg|7]).
Wi
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Haiiru D(k?) 6e3 smroit sasmcumocTn c(w) HeBO3MOWKHO. SIBHas
dbopma w-zaBrCcHMOCTH HEOOXOMMA TAKZXKE TS MOy 9€HUsT OKOHYa-
TETbHBIX BBIPAXKEHUIT JI/I PA3IMYHBIX CeYeHuii (pacCessHus, POXKIe-
HUsI Tap, Paciajia u T.71.). B kauecTBe mepBoro npub/mKeHnsi MOKHO
CIIeJIATh TOJACTAHOBKY ¢ — ¢(w) B M3BECTHBIX (POPMYJIAX.



ITpnaoxkenne C

O BO3MOXKHOM MeXaHU3MeE
JaCTOTHOM 3aBUCHUIMOCTHI

Ncxoas n3 moryKIaCCHIecKoro MojIxo/1a MOMBITAEMCsA OIEeHNTD ¢(w)-
3aBUCUMOCTH 110 aHaJOruu ¢ OnTukoi. PakTudecKku, 3TO OJHA U3
BO3MOXKHBIX THUTIOTE3 O PACIPOCTPAHEHUN €K TPOMATHUTHBIX KOJIE-
Harmit B BakyyMme. BymeMm omuCHIBATH BAKyyM KakK HEKOTOPYIO CH-
CTEeMY, COCTOSAIIYI0 U3 BUPTYAJbHBIX (pPEaJbHO HE CYIIECTBYIOIINX )
map “gacturna-anTuydactuia’. B oTcyTCcTBHE peasbHbIX YaCTHIl BUD-
TyaJIbHBIE YACTHIIBEI HUKAK HE TPOSBISIOT cebs (peaabHO He CyIre-
CTBYIOT) B BakyyMe. B 06/acTh pacnpoCTpaHEHUsT CBETa BOSHUKAIOT
KoJiebaHust BUPTYaJbHBIX 1ap. Pacnpocrpanenue cBeTa MOXKET ObIThH
OTIMCAHO KaK MPOIECC MOCIeN0BATENLHOTO B3ANMOIEHCTBUS ¢ BUPTY-
a7bHBIME ITapamu (KosebarenbHoe Bo3Oy kaenne). Hanbospee Bin-
aane (Koaebanus Jerko Bo30yXKAAITCA) OKA3BIBAIOT HaUIerdaifinme
BUPTYAJIbHBIE 3JIEKTPOH-TIO3UTPOHHBIE TAPHI. [103TOMY yUINTBIBATHCSA
OyayT TOJIBKO TH ITaPHI.

IMockonbky Kosebarwmsa B aTOMe WIH B TOBUTPOHWUN SIBJISTIOTCS
npuMepaMn KoJiebaHWil peasibHLIX YacTHUIl, OHU HE MOTYT OIpeJie-
JIGTh COOCTBEHHYIO YacCTOTy KOJebaHwit BUPTya bHBIX map. Mmeer-
Cs IMHCTBEHHAS YaCcTOTa, KOTOpasi MOYKET COOTBETCTBOBATH BUDPTY-
anpHO (HE cymecTByromeit 6e3 Bo3byxaenus) nape. CobcrBennas
YacToTa MOYXKeT OBIThb OIpejieJieHa KaK 9YacToTa, COOTBETCTBYOIIAS

283
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POXKJICHIIO 3JIEKTPOH - TIO3UTPOHHOMN Taphl Wy = 2mec?/h, rae me
- Macca s7ekTpoHa. llpn TakoMm onmcaHUN Pa3yMHO MPENOJIOKUTE,
9TO 3JIEKTPOH W MO3UTPOH B BUPTYaJIBHON Tape JTIOKAJIU30BAHBI B O/I-
HOIT ¥ TO Ke ToUKe (mapa peajbHO He CYIEeCTBYET — MOJIHAS aHHU-
runsanus ). enoap3ys KaacCuIecKy 0 MOAEb OCIUISTOPOB, MOKHO
3aIKUCaTh CIAEYIOINee BhIpaxKeHue Jiid a30BOil CKOPOCTU CBETA:

Ve =n —ix, (C.1)

c(w) =

‘o
\/g’
N fe?/me
(wE — w?)? + dw?y?

n? —x*=1+4r (Wi — w?),

Nfe?/me
(W — w?)? + dw?y

ny = 4w FWY-
Ocraércst onpeaenuTs Beauanssl ¢g, v u N f. [Ipu Beibope Besu-

YMHBI 7y COMHEHUH He BO3HWKAET: OHA OMPEeedeTcd TOPMOXKEHNeM

u3yaenneM (eMHCTBEHHO BO3MOXKHBIN BBIOOD B BAKyyMe):

e2w?

7= 3mecd’

[Ipu 3TOM MBI MOYXKEM HCCJIEIOBATH TOJBKO Te 00JIACTH, IJe KJiac-
CYeCKad 3IJTCKTPOJUHAMUKA BHYTPEHHE HEIIPOTUBOPEYNBA U eH_Le
HECYIIIECTBEHHBl KBAaHTOBbIC 3(MdeKThl, T0 ecTh w <K wp/137 u
A > 3.7 x 1071 em > Ry, tne Ry = €2/(mec?) - pammyc siek-
rpona. Benmuunna N f o3nHavaer Takoe YHCIO0 BUPTYabHBIX T1ap B
eIMHUIE 00bEMA, KOTOPOE JAOCTATOYHO i ODECIIeUeHmsI TPOIecca,
pacrnpocrpanenns cera. PaxTuyecku pedb uJET 06 onpeseseHun
pa3MepoB KBAHTA CBETA U KOJUIECTBA BUPTYAJBHBIX TACTHUIL, 3a7eHi-
CTBOBAHHBIX B HEM. OYeBUIHO, YTO MOPSALOK IPOJOILHBIX PA3MEPOB
KBaHTa | ~ A. YT0OBI 06€CIeYnTh HEMPEPHIBHOCTDh N3MEHEHHST 016
E v H MoxHO npeAnooKuTh, 9TO “BemecTB0” BUPTYAIbHON mapbl
“pazmazano” Baosb Beero kBauTa (cM. Puc. C.1) u Bpamaercs ¢ Ja-
CTOTOH W BOKPYT JIOKAJIBHOH OCH (NMEPIEeHUKYIAPHON K MLJIOCKOCTH
pHECYHKa U nepecekaoreii ocs C').
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77777777/ SRR R A7

Ry

—RONOQOUKIOUAXNOOE / L

Puc. C.1: Pacupocrpanenue cBeTa Kak II0C/AEI0BATE/bHA TOJIIPU-
3a1st BaKyyMa.

ObnacTb, 3aHUMaeMasd OTHOM mapoit
umeer pasmepst: (2Ry, 2Ry, R;), tae Ry = A/I, I - ancao “pazma-
3aHHbIX” map. [l0CKOIbKY Cpe/THsIst KHHeTHYIeCKast SHeprus (SHeprust
MATHUTHOTO TI0JIsT) PaBHA CPEJHEN MOTEHINATLHON 3HEprum (Hep-
[HH JEKTPUIECKOT0 TOJIs), TO YuCI0 I MOYKHO HAlTH M3 pAaBEHCTBA

21e?/(2Ry) = hw. Torma

2mce? hw?

' hw?Ry / 8mce? Ry

Okonuare/bHoe npubanKEHHOE BblpazkeHue st bespasMepHoii da-
30BOM CKOPOCTHW CBETA MMEET BWI:
2 2 2
_ hegw (wg —w?)
o 4e? (Wi — w?)? + 4w?y?

(C.2)

Orcrona Bugao, uto ¢9 = ¢(0). PazoBast CKOPOCTH CBeTa yOBIBAET €
DPOCTOM 4aCTOTHI.

Cremnaem vekoTopsie orenku (cm.(C.2)). g yasrpaduorerosoit
obmactm: (Ac/cy) ~ —0,5x 1075 (5 Bummmoit o6mactr achexT mpe-
nebpexnmo man). [pn w ~ 1018 cex ™1 addext (Ac/cy) ~ —1,4 x
107°. Bimsaue npmkenns 3emsn m3-3a sddexra Jlommepa BHI3bI-
BaeT Jaxe s yawrpaduoserosoil obaacru sddekr (Ac/cy) ~
—107'0 (mpeme6pexknm); a Ha rpaHnIe 06IACTH TPEMEHHMOCTH TaH-
woro ommcanns (w ~ wo/137) umeem: (Ac/co) ~ —3,6 x 1077, Uc-
no/b3ys BeIpakeHne c2k? = w?e, ana rpymmosoit ckopoctu U, =
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(dw/dk) nmeem:
d(wy?)
Ugi = Cp.
dw

I'pynmnoBast ckOpoCTh TakkKe yOBIBAET C POCTOM YACTOTHI, TPAKTUUE-
cku coBmaad ¢ ¢pazonoit ckopocThio. Hanbosbiiee oTinane wx apyr
OT JIpyra JIOCTUTAETCS Ha I'pAaHUIlE TPUMEHUMOCTH JIAHHOTO ONKCA-
aust (st w ~ wo/137) u cocrasnger 0,01 mpomenTa (a B OTHOIIE-
HIH K cg - opaaka 2 X 1077). 3aMeTuM Tak:Ke, 9TO HCHOJIb3yeMbIe
BBIIIIE MaJIble Pa3MepPbl KBAHTA CBETA JOBOJIBHO 0G0CHOBAHBI (IO CO-
BDEMEHHBIM [Ipe/cTaBiernsM). Takoit KoMmakTHBINH 06bekT Oymer
B3aI/IMO,ZLeI>'ICTBOBaTb KaK Iej10€ U IIPAKTUIeCKN MI'HOBEHHO C .HIO6LIM
00bEKTOM MUKPOMHUPA, & STU CBOHCTBA (PAKTUUECKHU TPUXOJIUTCS 110-
CTYJINPOBATh B KBAHTOBON MexaHuke (HApuMep, 1pu 00baCHEHUU
dorosddexra mmm s dexra Kommrona).

CoBpemMeHnHbIe ODIENPUHSTHIE YKCIIEPUMEHTAIbHBIE BO3MOXKHO-
CTH HEJOCTATOYHBI JJIs OTIPEIeSIEHUST W-3aBUCUMOCTH CKOPOCTH CBE-
Ta B BUAUMON obiacTu (Kak W BAUsTHUS TBHKeHust 3emun). Tem e
MEHee MPEeJICTABUM HEKOTOPBIE 0O0Iue COODpaXKeHns OTHOCUTENHHO
skcrepuMenToB. Heobxonumo mocraBuTh caMy I1eib — ODHAPYKUTH
w-3aBuCuMOCTh ¢(w). VI3Mepenus J0KHBI ObITH NPAMBIE, TOCKO/Ib-
Ky JI00Oli TIepecyér BOBJIEKAET ONPEJIEIEHHBIE TEOPETUYECKIE TPE-
CTaBJECHUS O paccMaTpuBaeMoM Imporiecce. B wacTHOCTH, IKCOEPH-
MEHTBI AOJIZKHBI BBITOJIHATHCA B BaKyyMeE, TMOCKOJIBKY YUCTO TEO-
peruveckuil pacdér B3aMMOJEHCTBUSA CBETA C BEIIECTBOM HE MOXKET
OBITH TOYHO BBITIOJIHEH. B 00meM ciydae B3amMOmeiCTBUE C MaTe-
pueil 3aBUCHAT OT YaCTOTHI CBeTa w. B yacTHOCTH, 3epKaa JOJIKHBI
OTPAXKATH PA3JINIHBIE TT0 YACTOTE W BOJHBI MO-PA3ZHOMY (KpPOME TO-
ro, OTpaskeHne — He MTHOBEHHBIH mporiecc). [lepecuér, cBs3anHblil ¢
npeobdpPa30BaHUEM CBETd, HE YUUTHIBAET BO3ZMOXKHYIO W-3aBUCHMOCTD
CKOpOCTH cBeTa. B obieM ciiyvae, npepbiBaHue Jiyda CBeTa U3Me-
HSIET BOJIHOBOW IIAKET W, CJIEIOBATEIBHO, €ro CKOpoCcTh. [lockojib-
Ky CBOOO/IHBIE 3apsizKEHHDbIE JACTHUILI MOI'YT IIOBJUATHL Ha 9 deKT,
HEOOXOANMO M30eraTh METAINIECKOH SKPAHUPOBKH.

Jlis MeToma mpephIBaHn HeOOX0IMM OMHOBPEMEHHBIN CTAPT JIy-
Yeil ¢ pa3sHbIMM YaCTOTAMHU U aJeKBATHAs TOYHOCTH OIpEJeIeHUs
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BPEMEHHBIX [TPOMEXKYTKOB, KOI'/[a BOJTHOBOW (ODPOHT MPOIAET Orpe;,ie-
JéHHOe paccTogare. M, aTbTepHATHBHO, MOYKHO UCKJIIOYATD CIIEK-
TPATBHYIO JIMHUK) W3 CMECH JIBYX CIEKTPATLHBIX JUHUN (/1a3ephi)
¢ TMOMOIIIBIO IIpepbiBanust. II0CKOIbKY OTpakeHne — He MTHOBEHHBIHT
IIPOIIECC 1 3ABUCHUT OT YACTOThI CBETA, CTAHAPTHAS IPAKTUKA Y11~
HEHUS IIyTH € IOMOIIBIO 3€PKaJl COBEPIIEHHO He IIOXO/INT, JTUOO0 7Ke
YUCI0 OTPAXKEHUTl I KazKJ0ro Jiyda cBera (Jiist KaxKI0i pas/iud-
HOIT wacToThl!) mo/KHO ObITH paBHbIM. [locieaHee 3amedanne npu-
MEHUMO TaKxXKe K MHTephepoOMeTpHIecKoMy MeToTy. Paznendgem gy«
(w1) Ha nBa ay4a. [Tepsriil syy npeobpasyercs (B wy) B HaYaIe My TH
L, a Bropott nya — B Koute nytu L. IIyTs L MoxKeT maMendaTbed. Ec-
JIM CYIIECTBYET 3aBUCUMOCTH ¢(w), TO MHTepQEPEHIMOHHAST KAPTUHA
JTOJIZKHA MeHAThC ¢ m3MeHenneM L. OHAKO, MMeIOTCS TEXHUIecKHe
TpyaHOCTH n3MeHenns L 6e3 BOZMYIIEHUIA.

ACTpOHOMUYECKHUE UCCITEOBAHUS JIJTST JIOBOJBHO IMTHPOKOTO CITEK-
Tpa w; MOTYT TIOMOYb O6HApPYKHUTH ¢(w)-3aBuCHMOCTL. MOXKHO Ha-
6JII0IaTE €O CIYTHUKA HECHHXPOHHOE TOSBJICHUE U WNCYE3HOBEHUE
CIIEKTPAJIbHBIX XaPaKTEPHBLIX (DOPM B ABOMHBIX CHCTEMAX BO BPEMSI
nostHoro 3arMmenus. OTHAKO, 171 OOJIBIINX PACCTOSHUN HET TIOJIHOM
YBEPEHHOCTH, 9TO CBET JAeHCTBUTEIHHO MPOXOAUT Yepe3 BakyyM (6e3
rasa, mIa3Mbl, ObLTH U T.11.). HeobXomum MOTOTHUTETbHBIN MaTeMa-
Tuueckuii anamms ¢(w;) A8 w;, 9T06BI OGHAPYKUTH W-3aBUCUMOCTD
c(w).

Hawubosibimuii waTepec npejcrasisier cpapaenne c¢(w) s Buw-
MOt objacTy W JIJid PEHTTEHOBCKUX min y-jyueit. Hackonbko u3s-
BECTHO, JIJId 9TUX JBYX TOCJEIHWX 00J1acTell HET YKCIePUMEHTAIb-
HBIX JaHHBIX. OIHAKO, JIJI SKCIIEPUMEHTOB C Y-JIyIaMU UMEETCH P
rpysHocredi (cum. [7,59,67| mis Haubosiee TOYHOrO LIPU BOJHOBOM MO-
JIeJTA CBETA, METOJa MPSIMBIX HE3aBUCHMBIX M3MEDEHuit \ u V), 1a u
HEeT II0JIHOM YBEPEHHOCTU B YUCTO BOJIHOBOM LIpUPOAE CBETA.

HanbGosiee obmumii Bonpoc maHHoro IIpumaoxKeHWsl 3BYYUT TakK:
OCTAIOTCH JIU CBOMCTBA BaKYyMa HEU3MEHHBIMU IIPU BHECEHUUW B HETO
gacturl (poronos) win Her. Ecn cBoiicTBa BaKyyMa H3MEHSIFOTCS,
TOr/Ia JOKHO ObITH M 00paTHOe BiugHUe (TMPUHIUN B3aWMOIEH-
CTBHsT) HA MPOIECC PACIPOCTPAHEHUsT YacTHUll (CBeTa). 3aBUCHMOCTD
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¢(w) — 9TO HEKOTOPOE MPOSIBJIEHNE JTAHHOTO TPUHIIATIA.

Taxuwm obpazom, B [Ipusoxkenustx 66171 BhIBEIEHBI COOTBETCTBY-
torre (hOPMYJIBI JIIA CJIEACTBUI ¢(W)-3aBUCMMOCTH, OTHOCSIIMECT K
CTO, xBaHTOBOI1 2JIEKTPOAUHAMUKE, OITUKE U T.J1.. JLs obHapyxKe-
Hust camoro dakra ¢(w)-3aBUCUMOCTH HYYKHbI [1€JI€HAIIPABJICHHBIE
nccmenoBanns. MakcuMarbHbIN 9 dDeKT moKen HabIIOgaThCs A5
BBICOKOTACTOTHON obmactu. HecmoTpst Ha cepbé3HbIe 3KCIEPUMEH-
TaJIbHBIC TPYIHOCTHU, BO3MO2KHBIE PE3YJIHTATHI MTPUHIIUTINAJIBHO BaXK-
HBI ¥ UHTEPECHBI.

31ech 06CYKIAICH OIMH U3 BO3MOXKHBIX MEXaHW3MOB, TPUBOIS-
muit K ¢(w)-3aBUCHMOCTH JIJIST BOJTHOBO# MOJIEJIN CBETA, HO HAIIOM-
HUM, 9TO HE CYIIEeCTBYET KPUTHIYECKUX SKCIEPUMEHTOB, OITPOBEPTa-
FOIUX KJIACCUYIECKUH 3aKOH CJIOYKEHUST CKOPOCTEN J1arKe JIJisi KOPITYC-
KyJISIPHOM MOJeNM CBeTa, He TOBOPS yKe 0 BOJTHOBOI mojesau. Jle-
JIO B TOM, 4TO JIJIsi CBETA CJEAYIONINE TPU 3ABUCUMOCTHU SIBJISIOTCS
OJIHO3HAYHO B3aMMOCBSI3aHHBIMU B BOJIHOBOH Mojenu cera : ¢(w)-
3aBUCHMOCTD, 3aKOH Jlomiepa 1 3aK0H CI0KeHU cKopocTeit. Tombko
3HAHUE JIFOOBIX JIBYX U3 YTUX 3aBUCUMOCTEN OIIHOZHAYHO OIIPEIe/Isier
TpeThio. [yt BOJIHOBOI MOEN TPOIIECC PACTPOCTPAHEHUST JIEKTPO-
MATHUTHBIX KOJIeOaHUil (CBeTa) B BaKyyMe MOXKeT OBITh OMHUCAH Kak
MOCJIETOBATETbHOE BOSHUKHOBEHIE KOJIe0aHI BUPTYaJbHBIX YaCTHIL
(map), BbI3bIBaEMOE caMuM pacrmpocrpansormmcest cserom. (IIpasza,
JIJIg PACCMOTPeHHO B 9ToM [Ipusoxkennn Mo1e/1n BOSHUKAET BOIIPOC
00 pazjuuusxX B CBOMCTBAX CBETa, BO3HUKAOIIUX DU AHHUTHIIAINN
0oJiee TSKEIBIX YACTHUIl, W POJIU WHBIX BUPTYAJbHBIX map wmiam 00
“3/IeMEHTApHOCTH 3JIEMEHTAPHBIX JACTHII).
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3aMedaHns 0 HEKOTOPbIX
TUIoTe3ax

Hekoropbie pensgTuBuCTCKU HACTPOEHHBIE ABTOPHLI, YyBCTBYS HEI0-
crarounocTs win nporusopeynsocts CTO u OTO, genann nonbiT-
K1 0000MNUTEL JaHHBIe Teopuu. Ecgu OTHOCHTENBHOCTH — TaK YK
BO BCEM, XOTSI OTHOCHUTEJHLHOCTH YCKOPEHWH MPOTHBOPEYUT OMBITAM
(Bosla BOo Bparmatoriemcst 6ake Ha Kopabse npuobperér dbopmy ma-
pabosona; ONHAKO BPAIAOIAACT ¢ ITOM BOJAONH KaMepa He 3a-
CBUJIETEJIBCTBYET, 9TO MOBEPXHOCTH BOJABI B Oake IIoCKasi, a Oyi-
TO OBl OKpyZKamuii okean npuodbpén dhopmy napabomonna). Ecmam
PEeJISITUBUCTHI- TICEB/IOPA3BUBAJIBIIUKY BHEJAPAIOT aHAJOTHH C Ma-
TepUaJbHBIME CBOHCTBAMM, TO TOXKE — IMPETEH3UsT HAa BCeohbemie-
moctb. Tak, aBrop [175] qobaB/ger 171t MpOCTPAHCTBA CBOHCTBO KPY-
uenusi. GanTazupoBarTh, Tak (anrazuposars! Tpaauimonnse mpo-
Maraf ucThl PegTUBIU3MA HAKWHYJIUCH HA TOTO aBTOPa COBCEM HE
MTOTOMY, UTO TaK OBLIO HEIb3s paHTA3npoBaTh. OHU TTOUYBCTBOBAIN
yrpo3y CBOeil ycTosBIneiics Haykoobpa3Hoil jJjormMe n ceoemy 6Jiaro-
noyanto. Benpb MOABISIOTCS COMHEHUsI W JIOMOJTHUTEIbHBIE BOIIPO-
ChI K TEOPUSIM OTHOCUTEILHOCTH. ECaMm MCKPUBIEHHOCTH MPOCTPAH-
cTBa 110 (PAHTACTUIECKOMY BOOOPAXKEHUIO PEISITUBUCTOB MOXKET 3a-
CTaBUTH O6'beKTbI HUCIBITBIBATH IIPUTAXKEHUE, TO MOXKHO eH_Le 60ﬂee
MaTepPUAJN30BATH TPOCTPAHCTBO, J06aBUB €My TAKOE CBOWCTBO TBEP-
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IBIX TeJI, KaK yIPyroCcTh K KpydueHuio. IIpaBmga IKCIePUMEHT MOKa-
3BIBAET, UTO TEJO JIIOOOrO COCTABA, MJIOTHOCTH WM MaCChl MOYKHO
3aCTaBUThH BPAIATHCS C HYKHOW HaM CKOPOCTBIO B JIH0DO# TOUYKe
IPOCTPAHCTBA (M yII0Bas CKOPOCTD GYIeT 0CTABATHCS MOCTOSHHOT ),
WM MEHSTH 9aCTOTY BpalleHus, Kak uam 3absaropaccyanrca. Kak
JKe TaK: MCKPUBAEHHOCTH MPOCTPAHCTBA TKOOBI CHJIOBBIM 00Pa30M
BJIMAECT Ha ABU2KCHUEC TEJI, & 3aKPYYCHHOCTHL — HeT? HeT CBA3U 97T0-
ro cBoOficTBa ¢ MarepuaabHbIMUI 00bekTaMu. OcTagrcs TOJBKO (aH-
TA3UPOBATH HACUYET HOBBIX HECYIIECTBYIOIINX CBONCTE MaTepUATBLHO
mecymecTytomero mpocrpaacrsa OTO. T'eomerpuzanus — 310 BO-
ob1me nnes-puKC s MCeBJIOMaTEeMaTHKOB. He 4yBCTBYIOT OHE T10-
HATHUE CUJIbI. He TTOHUMAIOT, YTO B HEBECOMOCTHU YJUTKA WU MYXd
MOTYT € OJTMHAKOBOH JETKOCTHIO TOI3TH TI0 SI0I0KY WJIH TPYIIE B JITO-
Oy10 CTOPOHY, M HUKAKAT T€OMETPHUs ITUX O0BEKTOB UM HE MOMEXA.
Hy me MoyKeT reoMeTpusi caMa 1o cebe JIeTepMUHUPOBATH MOHSTHE
cugibl! A KOTjIa OHU PUCYROT TeOMETPHUI) TPUTSITUBAIOIIET0 IPABUTA-
IMIOHHOTO TIEHTPA, OHU UCIOIB3YIOT TICHXOMIOTHICCKU 0OMAH: JTI060-
My 9€JIOBEKY IOJICO3HATE/IbHO KaXKeTCsl, 9T0 B My BCE Majaer ca-
MOCTOSATEJIHHO (TAKOB OTIBIT YeJI0BeKa C mpuTszkenneM 3emin). Ma-
TEMATUIECKOE WCIIONHEHE UAEH TEOMETPU3AIMN B JAHHOW TeOpHUH
TOYKEe HAWBHOE: OIUH U TOT YK€ METPUIECKUN TeH30P YeTHIPEXMEPHO-
r0 TPOCTPAHCTBA-BPEMEHHU ;) OMUCHIBAET W MOTEHITHAJIBI 3JIEKTPO-
MATHUTHOTO IIOJIfl, W IMOTCHIINAJIBI TPABUTAITUOHHOTO IIOJIA; HO BE€Ab
CBO#ICTBA PEAJIbHBIX (DU3UIECKUX TOJIEil pasHble (SKpaHUPYeTCs — He
IKPAHUPYETCA, 3aBUCUT UJIN HE 3aBUCUT OT CKOPOCTHU U T./I[.), n pas3-
HBIE TIOJIsT MOTYT JeficTBOBATH cOBMeCTHO! B mpubamkennn crabbix
noJieii mosyvyarTces He ypasHenust MakcBesia, a M3BECTHBIE DaHee
pe3y/IbTaThl TPABUTOMArHETH3MA (9TO, B TPUHIIAIE, HHTEPECHO, HO
9TO HE reoMerpusdalind, 1 Jijid 3T0T0 HE HY2KHA HUKaKasd Teopud OT-
HOCHTETHHOCTH).

Patory [164] MOKHO cUUTATH BEPITHHON PEJISITHBU3MA, €€ JIOTH-
YEeCKUM 3aBEpPIIeHNEeM. OHa BBOOUT IIOHATHEC OpI/IeHTI/IpyeMOﬁ TOYKHN
(1eTBEPKY OPTOHOPMHUPOBAHHBIX BEKTOPOB) M HAXOUT CBSI3b OPUEH-
TaIUy C KOOPAWHATAMY COOBITHA B YETHIPEXMEPHOM TPOCTPAHCTBE.
B pesysbraTe MCIOIBL30BAHUA TAKUX WHINBUIYAJIU3NPOBAHHBIX JI0-
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TTOJTHUTETBHBIX MAPaMeTPOB IMOSBISETCSI BO3MOXKHOCTD YCTPAHEHUST
HEKOTODBIX apaJI0KCOB, CBI3aHHBIX CO BpeMeHeM. UecTHO ToBOps,
JlaKe y TPAAUIIMOHHBIX TEOPHUil OTHOCUTETBHOCTH HET CBOUX TIPEIMe-
TOB WCCJIEOBaHUs (HE CUUTATH 7K€ PEATHHBIM TO, YTO HCKYCCTBEHHO
HasHaumau cebe penarusuctsl!). [ToaTOMy BECbMa COMHUTETBLHO, 9TO
y Takoil GoJiee CJIOXKHOU MaTeMaTU3UPOBAHHOI TEOpUM MOXKET II0-
SIBUTHCS CBOsT 001aCTh nccaeoBanusd. CAUITKOM YK UCKYCCTBEHHOMN
BBITJISIAT TEOPHst (/13 ¥ COMHUTENHHON, Pa3 MPEIeTLHBIMYU CITy Jasi-
mu 00bsBisitorcst CTO u OTO). Xorst aBTOp yTBEPKIAET, UTO ¥ €10
TEOPUN UMEIOTCSI SK30TUIECKUE TPUMEHEHWsT, 00'bICHEHU S BBITJISA ST
“OpUTAHYTBHIMI 3a YK’ “TapauiebHBIMI, & HE TPUIUHHBIME, T.€.
CBA3b €T0 MATEMATHKU C PEATbHOCTHIO He TPOCTeRuBaeTcs. Tak,
aBTopsl [175] u [164] “mpursaruBator 3a ymu’ nHeprons Tomunsa.
XOopoIrmo u3BeCTHO U3 KyPCOB ODIEll M TEOPEeTUIECKON (PUIWKMU, ITO
3a CUéT BHYTDEHHUX CHJI 3aMKHYTasi CUCTEMA MOYKET Pa3BEPHYTh-
cs Ha JIEOOOH YyrosT OTHOCUTENBHO MEHTPaA MacC (4ToObI mpu 3TOM B
KOHEYHOM IOJIOYKEHUHU OTHOCUTEJIBHOE PACIIOJIOXKEHNE YacTell cucre-
MbI OCTAJI0CH IEPBOHAYA/ILHBIM ). OJHAKO 9TH aBTOPBI yTBEPZK IAOT,
UTO 3aMKHYTasT CHCTEMa MOXKET CAMOCTOSITETHHO BBIZBATH TTOCTYTIA~
Te/TbHOE IBUIKEHWE IEHTPa MAcC. XOPOIIO M3BECTHO, UTO BCE MHEP-
IIOUBI JIBUYKYTCA TOJIBKO TIPU HAJUYUKM TPEHUS MOKOS W OTOPHOM
MOBEPXHOCTH WJIN JIMHUN (33 CUET AHW30TPOIMN CHJIBI TPEHUST TIOKOST
BCJIEICTBIE U3MEHEHUS BECa JABUXKYIUXCS 9acTeil TP YCKOPEHHBIX
TBUKeHnsX ). Ecam 661 aBTOpBI GBLIH TpaBbl, TO Tsara (YCKOpEHHe
U CKOPOCTH) 3aMETHO yBEJWYUBAIUCH OBl IIPU MOMENIEHUH UX KOH-
CTPYKIIUU Ha ILJIOCKOJOHKY B BOJIE, IJIe OTCYTCTBYET TPEHUE ITOKOS.
OHaK0 aBTOPHI axKe He THITAI0TCS TPONETATH TAKOH MPOCTOMN OTIBIT
(a 3aMEHAIOT €ro MBEBJOPA3ZHOOOPA3NEM OMBITOB, TJE MPUCYTCTBY-
er TpeHme MoKosi). Be3 omopHoil moBEPXHOCTH M TPeHus HOKOs (B
KOCMOCE, VIV TIPH TTapaboTnaecKoil TPACKTOPUH CAMOJIETA, MMMUTH-
DYIOIIe#i HEBECOMOCTD) TAKOW WHEPIION]| He HAYHET JBUTATHCS IO
CTYTATETBHO. DJIEKTPOIUHAMUIECKNE CAEICTBUAS TAKYKE BBITJISAIST
“npuraHyTEIMEI 33 yiu’. KoHeYHO, coBpeMeHHasi 3JIEKTPOANHAMU-
Ka nMeeT MHOro HeperéHubix npobiaem [140] u TpysHBIX BOIPOCOB,
B TOM 4HCJIe, HE J0 KOHIA IPOSCHEHBI BOIPOCHI B3aHUMOJIEHCTBUS
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HEMHEPIUAJBHBIX TPUOOPOB U HEMHEPITUAIBHBIX 3 TEKTPOMATHUTHBIX
cpen (06beKTOB), HampuMep, Bpamammxcs. [logemy Torma y aBTo-
pa [164] se moayumiaochk 0606IeHne NTEKTPOJANHAMUKA HA IPOU3-
BOJIBHOE HEeMHEepIHaabHoe ABuKenne? McemenoBaTh Takue BOMPOCHI
JI7TST BPAITAIOTNXCS OO BbEKTOB MOXKHO M B PAMKaX 3JEKTPOTUHAMUKA,
a He TOPOJIUTEH 0YepeTHOE MHOTOMEPHOE, TETIeph YKe OPUEHTUPYEMOE
TYJOBUIIE. XOTS BO3MOXKHO, YTO B 3TOM JaCTHOM CJIy9ae BPAICHUST
OTBET TIOXOXK Ha TIPAB/TY, TAK KaK B KJIACCHIECKON IJTEKTPOIMHAMMA-
Ke XOPOIIO M3BECTHA aHATOTHS MKy JEHCTBUEM MATHUTHOTO TTOJIST
u BpatenneM. CTpaHHO TPUMUCHIBATE TKOOBI CBEPXITPOHUKAIOIIEMY
JMEeHCTBHIO HOBOTO M3AYUEHUS TJIABHYIO POJIb B TPAHCMYTAIAN SITEp,
TaK KaK TOra HAJ0 O0bLSICHUTL BJWSHUE HA 9TOT HEYJIOBUMBIM (hak-
TOp TeMIIEpaTyphbl OMBITOB, Marepraaa jaekrpoga (Pd, Ni, Fe ...)
1 (haKTyPhl €ro MOBEPXHOCTU (M MHOTOTO 9E€ro JAPyroro WHIWBULY-
aJBHOTO ¥ IJIOXO HOBTOpseMOro). Kpome akageMuvecKnx 3ajadex
¢ MaKpOOOBLEKTAMM, KOTJA MBI CAMU 337aéM BCe YCIOBHUd, TaKe B
KJIACCHIeCKOM (bU3HKe MBI 9aCTO He 3HAEM TOUHbIE HAYATbHDIE U TPa-
Hugnble yeaosus. A B reopuu [164] mam norpeboBasiocs Obl 3HATH 10O~
pazo GOJILITEE YUCI0 JAHHBIX (J/1s1 CTATHCTHYECKOH dbusnky, saep-
HOM (bu3uKu, (PUBNKN SJTEMEHTAPHBIX YACTHUIL U MHOTUX JPYTUX 00-
JIACTEI), YTO JIeaeT HEBO3MOXKHBIM MPAKTHIECKOE MCIOTH30BAHUE
peJiaraeMoil poIeyphbl (OCTAHETCsT TOJBKO UIPATh € MOMOIIBIO
[ICeBIOMATEMATUKY B UTPY ‘9TO HA UTO MOXOXKE' ¥ CBATO BEPUTDH B
CBOW MHTEPIIPETAIINH ).

Takum o6pazom, B paborax [175] u [164] HaM TOICOBBIBAIOT UTDY,
OTOPBAHHYIO OT peanbHOCTU (HAhAHTA3MPOBAHHYIO (€3 Kakux-1mbo
OPEJNOCBIOK — Ha IIyCTOM MecTe) ¢ OGe30CHOBATENBHO YCIOKHEH-
HOI MaremaTukoil (nycrh naxke oOpMaIbLHO BO3MOXKHOI), y KOTO-
poit caencTBuii — “c ryJIbKUH HOC, & KOJIMYECTBEHHO NPOBEPSIEMBIX
pesyabraTos “muéM ¢ oraém He HalTH . Ilockosbky 0bobIIeHTEM pe-
JISTUBU3MA 3aHUMAETCS OTHOCUTEIBHO MaJIOe UWCI0 JIFOAEi, U 3TH
TEOPUU HE 3ACTABJSIOT yUUTh B 1Koje U BY3ax, moapobHbIil ux
pazbop He BXOAWT B TLIAHBI HACTOSIIENR KHUTH.

Hamee B namaoM ITpuokeHn MBI C/TETKa, KOCHEMCST HEKOTOPBIX
HM3BECTHBIX TUIIOTE3, TOXKE He CBA3AHHLIX HAIIPSAMYIO ¢ OCHOBHOM 1a-
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cThio KuHuUrH. Hauuém ¢ obcyxaerns rpasutarun. OIuHAKOBAs 3a-
BUCHUMOCTB OT PACCTOSIHUS JJIs TPABUTAIIMOHHBIX U SJIEKTPOMATHUT-
HbIX CHUJI IIOATAJIKHMBACT K HeBepHOﬁ MBICJIM O €JWMHOM MEXaHMU3Me
JeficTBUS 3TUX cuil U “0ObscHeHUW’ T'PABUTAIUU YEPE3 DJIEKTPO-
marauTHoe 1oJsie. OHAKO, 9TO MPOTUBOPEYUT ONbITAM (HAPUMED,
He 00HAPY?KEeHO SKPAHUPOBaHNe rpaBuTanun). ['paBuTamORHbIM CH-
JIaM HEBO3MO2KHO IIPUITUCATH TaK2Ke BaH—,ﬂep—Ban’[bCOB TUII, TaK KaK
TOTA TOJIXKHA Oblaa OBl CYIECTBOBATEH JAJBHOIEHCTBYIONAs CHJIA,
c1abo yObIBarONIasg ¢ pacCTOsTHUEM (dTOOBI MOJIYYUTh KBAJIPATHY-
HYI0 3aBUCMMOCTH B 3HAMEHATe e, KakK B 3akoHe Hbiorona), a eé
HeT. HeBepHoil siBjisieTcs U TOTBITKA CUMMETPHU30BATH I'PABUTAIIAIO
TyTéM BBeJIeHWd ‘MACCOBBIX 3apdan0B” C Pa3HbIMU 3HAKAMU. | paBu-
TalUs TPOSBJISIETCS TOJIBKO Yepe3 CUjbl mpuTsKenus. [lomumo 6a-
HAJIBHOTO BOMPOCA: “a T/1e YKe aHTUTPABUTAINA ! CYIIECTBYET TPUBH-
aJIbHOE OIIPOBEP2KEHUE “3apsiioBoro” moaxo/a. PaceMorpum 60Jbioe
Tesio, HanpuMmep, 3emitr0. [lycTs oHa “BapsikeHa’”, HampuMep, “moJio-
JKATEIBHBIM MACCOBBIM 3apgJioM”; a TeJjia, KOTOPble OHA IIPUTHATHUBA-
eT, 3apsaKeHbl “‘OTPUTIATENBHBIM MaCCOBBIM 3apsagoMm’. Paccmorpum
obparnsrit mporiece (Puc. D.1). Byaem orpeisats ot Semun Goabimue
00JIOMKM W YHOCUTH UX JAJIEKO B KOCMOC. 3BeCTHO, UTO 0OJOMKH,
IIOJHATHIC C BeMJ'[I/I HE yJIETal0OT CaMt B KOCMOC, a CTPpEeMATCA yIaCTh
obparno #Ha 3emio. CrenoBaTebHO, TOMOKUTEIbHBIN “3apsin’ 101-
JKEH TIOCJIe KaXKO0r0 TAKOT0 IPOIecca “CTeKaTh’ Ha OCTAIOILYIOCS
Bemtto. Ilpu sToM ero KosmaecTBo GyIer Bo3pacTarh (JJ1si COXpaHe-
HUS CyMMapHOro 3apgana). [locieanuii ocrapmmiics 061oMok A Gy-
JIeT NPUTHATUBATE Teja ¢ DOJIBIIell CUJIoi, YeM BCs IIepBOHAYAIbHAS
3emiist. DTO HPOTUBOPEYUT IIPOHOPLUUOHAILHOCTH IPABATALKOHHOMN
CUJIbI KOJINYECTBY BerecTBa. Kpome Toro, uMeeMm Jpyroe mpoTHUBO-
pedne: ecjim Mbl PA30PBEM ITOCHEJHUE OCKOJIOK A ¢TpOro momojam,
TO KaKad TIOJIOBUHA AJOJIZKHa CTATh HOJIO)KI/ITQJ'[I)HOI‘/JI7 a KaKad OTpu-
ATeILHON? MM TPU PA3PBIBAHUU MOIOJAM YaCTU OTTATKUBAIOTCS
JIPYT OT ApyTa W MOJIy9InTCsa anTurpasuranusa’ (XoTs HagIuane uiam
OTCYTCTBUE AHTUTPABUTAIINU MOYKET OBIThH HE CBA3AHO C HAJUUNEM
WU OTCYTCTBUEM OTPUIATEIbHBIX MaCC.)

Ckopee Bcero, NoNbITKA GOPMaATHEHO-MATEMATHYECKOTO OIIUCAHUS
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Puc. D.1: IIporuBopeune “3apsam0Boii” rpaBUTAINN.

IpaBHUTAINN, KAaK KBAJAPATHIHOTO 3(DheKTa 3IEKTPOJINHAMUKH, OKa-
JKETCsl IPOTUBOPednBoii. Jlejio B TOM, 4TO OUBIT [IOKA3BIBAET aJ1/1H-
THBHOCTB KaxKJI0r0 U3 3(PeKTOB, T.€. 3aBUCHMOCTH JIOJZKHBI OBIT OJI-
HoBpeMeHHO (1) JiMHEHBIMM ¥ 110 3apsijiaM M 110 MaccaM KazKJ0ro
tesia. Jlarke Ha ypoBHE MUKDPOYACTHI[ U MOJIEKY/J HEBO3MOXKHO CBsi-
3aTh ONHO3HAYHOM 3aBHCHMOCTBIO MACCy W 3apsijl, & MaKPOCKOIIHU-
9eCKHe Tesla BOOOIIe MOKHO 3apsS/JUTh PA3HBIME CIIOCOOAME Pa3HbIM
KOJIIECTBOM 3aPsl/I0B, PA3/IE/IUTh Ha TPOU3BOJILHBIE TI0 MACCE TACTH
(oamHAKOBO maJAKoe B BAKYYMHON TPYOKe COrJIACHO MBICTEHHBIM
ombITaM lasmres:, 9T0 HONTBEPK/IAETCS IKCIEPUMEHTAIBHO). B pe-
3y/IbTaTe, MOKHO [IOIYYUTH COBEPIIEHHO HPOU3BOIBLHOE COOTHOLIE-
HIE MEXKy O/IHOBPEMEHHO JeiicTBYmuMI KyT0HOBCKIME U IpaBH-
TalMOHHbIMU custaMu. Kpome Toro, 1mojobHble TUII0Te3bl HUKAK He
BCKPBIBAIOT MEXAHU3M CaMOT'0 B3anMOJIEHCTBHS (1eM, Ka3aaoch Obl,
U JI0JI2KHA 3aHUMATHCs (DUBKKA).

Hesepnast monsitka OTO reomerpusauni rpaBUTAINN TPOBOIIH-
pyer MONBITKY eOMETPU3ALUN JIPYTUX HOJefi, HapuMep, 97eKTPo-
MarHuTHOTrO. OMUO0YHOCTE TOI HeN OUeBHIHA: KPOME 3apsiKeH-
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HBIX 9ACTHI[ CYIIIECTBYIOT HEHTPAIbHBIE UACTUIIBI, KOTOPBIE HE “IyB-
CTBYIOT” 3apsi/IOB, IOKA He CTOJIKHYThCs “B j106” ¢ gactuteii. Ciero-
BATEIbHO, B OJIHOM W TOM K€ MECTE IMPOCTPAHCTBA OHA IACTUILR J1e-
MOHCTPUPOBaJIa ObI 3JIEKTPOMATHUTHOE UCKPUBJIEHIE TPOCTPAHCTBA,
a gpyrag Obl JOKa3bIBaIa OTCYTCTBHE KPUBM3HBI. B0obOIe rosops,
BCe pPacCMOTPEHHBIE BBIIIE MeTO bl (POPMAJBHOIO CBE/IEHUs] OJTHOM
HEeU3BECTHOM CUJ/bl K APYIOM HEU3BECTHOM CUJIC UJ/IU ABJICHUIO, 110-
BUIUMOMY, MAJIO TTPOAYKTUBHBI [IJId HAYKH.

BoJtee mosiezabiMu J1JTsT TPAKTUYECKUX TTPUIOKEHUH MOTYT OKa-
3aThCd pa3andHbIe 0000IIeHNs CTATUIECKON Teopun TaroTennsd Hb-
TOHA C UCIIOIB30BaHueM MaKCBeIOBCKOTO MOAX01a (CM., HATpUMeD,
[157], [11]). Kpowme Toro, cymiecTByer eingé ofHa W3BECTHAS HHTEPEC-
Hast Mojeb. K coKaJIEeHUI0, HAC TTOCTOSTHHO HACTPAUBAIOT HA BBHICO-
KOMEpPHOE OTHOIIEHNE K MEXaHUCTUICCKUM MOje M. A 9T0 Hempa-
BuibHO. llomo6HbIE MOJIE N — €UHCTBEHHbIE, KOTOPbIE MOXKHO CO-
3/1aTh, “NIOTPOraTh pykamu’ u ybenuTbCsd B UX pabOTOCIOCOOHOCTH.
OHu NOHATHBI BCEM — OT IIKOJBHUKA JI0 3HAMEHUTOI'O YYEHOI'O, U
06CyKIaTh WX MOTYT BCe (B OTJIMYHE OT MOJEEH, “MOTHOCTBIO J0-
Ka3aHHBIX CPEJIN yUEHBIX OTJENBHO B3TOH HayaHoi mkoss’). Kon-
KPETHO, YIOMSHYTasl MOJeNb COCTOUT B caexyiormeM. [Ipeamonara-
eTcs, 9To BO BcesieHHO# paBHOMEDHO BO BCEX HAIPABJIEHUSIX JI€Ta-
0T 09eHb MaJeHbKIE HeHTpaJbHBIE YaCTUIB! (“THCCAZKEHBI; ABTOD
— LeSage) n mepesator CBOM MMITY/IBC IPH YIPYTHX CTOJKHOBEHUSIX C
reamu. [IBa Tesia 0TOpachIBaIOT APYT HA IPYTra TeHb (MU IOy TEHb )
¥ B pe3ysbTaTe IPUTITHBAIOTCA APYT K JAPYTY € CUIOH 06paTHO mMpo-
MOPIMOHATBHOM KBajpaTy paccrogaus. Ecres ogro “Ho”. Ilockosbky
MPOTOHBI U JIEKTPOHBI HEITPO3PAUHBI JIJIsl 3TUX THUIIOTETHIECKUX Ta-
CTHIT, TO Jyisd TeJ OOJIBIINX pa3MepoB (PaJnyCcoOM MOPSATKA THICT
KIJIOMETPOB 1 60Jiee) MOKET HAOIOIAThCSI OTKJIOHEHNE BHIPAKEHUST
JUTST CUJTBI OT TTPOTIOPIIMOHAIBHOCTH Pou3BeAernio Macc. CyrecTBo-
BAJIO €ITIE OJTHO BO3PAYKEHUE: TEMIIEPATYPA T'a3a JTUCCAKEHOB JOJIKHA
OBITH OUEHB BEINKA W BCeJeHHast J0KHA “TOpeTh’, Tak Kak Tep-
MOJIMHAMUYECKOE PABHOBECUE JIOJI2KHO OBLIIO OBICTPO YCTAHOBUTHCH.
OHAKO y7Ke MOSBUIMCH PasHble MoanduKaImy 310 Teopun: 1) smc-
CazKeHbI MOTYT OCTOSTHHO HOTJIOIMIATHCS TeTaMi (KOTOPbIE TIPU 3TOM
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MOCTOSTHHO “pacTyT”); 2) TMCCAZKEHBI MOTYT TPAHCHOPMUPOBATHCS B
TaKne JaCTUILI, KOTOPBIe TOKUIAIoT Tejao. K coxkalennio, moaTsep-
JAUTH UJIU OIIPOBEPTHYTH 3TO B MIPAMBIX IKCIICPUMEHTAX TMOKd HEBO3-
MOXKHO. JlayKe B IKCIEPUMEHTATBHOM TIJIaHe ¢ TPaBUTAIINel He BCE
sicio. Hampumep, HeT npenu3moOHHbIX M3MEPEHU 110 BANAHUIO B3a-
UMHOI'O JBUKEHUS TeJI W UX BpallleHud Ha JeHCTBYIONIYI0 MEXKIy
HUMUK CUJIY TIIPpUTAXKEHUA. Cy]_T_[eCTByIOT THUIIOTE3bl O BJIMAHUNA I'DABU-
TAIlW HA WHEPTHYIO MacCy (I/I, cjieI0BaTeJIbHO, Ha WHEPHUaJIbHBIE
CUJIBI, HATIPUMED, BOSHUKAIOIINE TTPY BPAITEHUN BOTUKa). [pn ompe-
JeJeHnY, HATPUMeD, BeJTMUNHBI ITIEHTPOOEKHOM CHIHI BOSHUKAET BO-
npo¢ (Kak TPOSIBIEHNE MPUBUTHIX HAM DEJISITHBHCTCKUX ITAMIIOB):
OTHOCHUTENILHO 4ero omnpesensdercs Bparienne? CyIecTByeT mpakTu-
geckuil croco® MPUHITUIUAJIBHOTO ONPEeJIeIeHUsT NHEPITHATBHOR CH-
CTEMBI. HOCKOJ’[be OIIpeaesjinTb MO2KHO TOJIBKO M3MEHEHHE COCTOA-
HUsT (HAIIPUMED, PACTIZKeHHe TPYZKUHBI MEXK/TY JABYMs BPAIIAOIIN-
MUCS MAPUKAME) OTHOCUTEIHLHO HEKOTOPOTO JAPYTOr0 IPEIbIIYIIETO
COCTOSIHUSI, TO MOYKHO TOJIbKO YTBEPKIAaTh, 9TO PACTsizKeHne (BBI3bI-
BaeMoe HEeHTPOBeKHOM cuiioii) Gyer MUHUMA/ILHBIM 1IPU HEKOTOPOM
9acTOTE BPAIEHNsT (€CTECTBEHHO, C yUETOM BO3ZMOYKHOTO M3MEHEHUST
HAIIpaBJIeHUsT Bpallienus). K 310 “cocTosHne MUHIMATBHOTO Pac-
TsKeHU COXPAHAETCH HE3ABUCUMO OT OPUEHTAIIUN OCU BPAIICHUSI,
TO MBI UMeeM WHePIHAIbHY0 cucTeMy. Bompoc o ToMm, 6yxer ju 310
TeJINOIMEeHTPpUnYeCKad NI NHad CUCTeMa HEe MOXKeT 6bITb pemrer 9ucTo
TEOPETUIECKHU JJisl Halleil equHcTBeHHO Beenennoii (abecTrpakTHble
TEOpPeTU3UPOBAHUS 00 ymajleHWy MOYTH BCeX Tesa m3 Bceemennoit me
OCyIIeCTBUMBI TpakTudeckn). OdeBuano, uro mo dbopme (Marema-
TquCKOﬁ) MHEPIUOHHBIC CUJIBI HE USMCHATCA U O6Cy>KLLaTb MOZKHO
TOJILKO 3aBHCHMOCTBH caMoil MHePTHON Macchl oT TpasutTanuu. llo-
BUJINMOMY, K&KaH—JH/I6O n3dMepuMad 3aBUCUMOCTDb I/IHepTHOfI MaCCBI
OT HAIPABJICHUHA BEKTOPa PE3YJIbTUPYIONIEA I'DABUTAIUOHHONA CUJIBL
BDSJ JIM BO3MOXKHA (MHAUE, MPHU BPAIEHUM YKUIKOCTEl B HEBECO-
MOCTH He MOTJIN ObI HAOIOIATHCS SJLIUIICON IR BpaLLLeHI/IH). CxoJib-
HUOYIb CYIIECTBEHHASA 3aBUCUMOCTDH OT MOJIYJIsS BEKTOpPA PE3yIbTH-
PYIOIElt TPaBUTAIMOHHON CUJIBI TOXKE MaJIOBEPOSTHA, WHAaUe pacde-
ThI JIBU2KEHUsT KOMET, aCTEPOUJIOB U METEOPUTOB OTJINYAIUCEH OBI OT
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OOIMIENPUHATHIX JAHHBIX HA TOPSAKA (HAPUMED, TI0 3AKOHY COXpPa-
HEHHsSI UMIIYJIbCA TEJIO, VIAJIIIONIEecss OT MACCHBHBIX TeI — 3eMJIH,
CosHna ¥ T.21., yBeTMUnBaI0 Obl CBOIO CKOPOCTH, & 9TO He Tak). s
00CyKIeHNA 3aBUCHMOCTH WHEPTHON MAaCCHI OT BEIUIUHBLI CyMMap-
HOI'0 TPABUTAIMOHHOIO TOTEHIMANA (9TOOBI €r0 BAPUAIUK [IPY JIBU-
JKEeHNH Ha OOJIbIINEe PACCTOSHUS OBLIM HE OUeHb 3aMeTHBI) HeoOXo-
JIIMO CHagaJIa OTIpeAeanThb ¢ 001medumocodekoit n obmednsmaeckoit
TOYEK 3PEHUST, KAKOB MOYKET OBITH CMBICJI 9TOTO HYJIEBOTO YPOBHSI T10-
TeHIIMaJIa U KaK €ro YCTAaHOBUTH B HaIllel e IMHCTBEeHHOM Beemernott
(aTOOBI Cle/IaTh KAKWE-TO KOJMIECTBEHHbBIE ONEHKN ). 110-BugmMOMYy,
9Ta BO3MOXKHAS 3aBUCUMOCTD HHEPTHO MaCChl TOXKe He MOXKET OBITh
cunbHOM (cM. obcyzkmaenne npuniuna Maxa B gannoi kaure). Ho B
obImeM ciIydae ZAaHHBIM BONPOC IPHHIUIAAILHO MOXKET OBITH PEIéH
TOJIKO OTBITHBIM TyTéM. P KOCMOJIOrmydeckux mpobaem mMor Ob
OBITL TEOPETUIECKH Pa3pelled B IPeanoa0KeHnn 00 orpaHndeHHo-
CTU pajiyca IPaBUTAIMOHHOIO B3anmoeicrsus [143], Ho nposeputs
MTaHHYIO0 THIIOTE3y IIOKa He IIPEICTABISIETCd BO3MOXKHBIM, TaK KakK
3 dEKT CTAHOBUTCS 3aMETHBIM TOJIBKO JIJIsT aCTPOHOMUYIECKH DOJTh-

mux paccrogauii. Tak 4T0 Teoprud rpaBUTAITMN HAXOAUTCS TOYTH B
TOM K€ COCTOSHUHU, B KaKOM ocTaBu1 eé HpioToH. DTa 06/1acTh KIET
CBOEro BAyMYHBOrO uccaenoparesis. CocrosiHue jges B 310 0b1acTh
JIOCTATOYHO YETKO W C YYBCTBOM FOMOpA HM3JI0XKEHO B cTaThbe ‘bu-
prosibKu 1 GuTroabKH BecemupHoro tarorenns’ B [207]. 3aeck aBrop
MOAMETHI CTPAHHYIO BEIlb. IOYEeMY TaKOH “TOUHBIA M KJIOIeBOit”
SKCIEPUMEHT, TIPOBEAEHHBINT MHOT'O CTOJIETHI Ha3aJ IyTh JU He Ha
JIEpPEBSHHOM 00ODYIOBaHUH, HE [OBTOPHAIT HE TO YTOOBI B KaXK /IO
mikojie uian BY3e, HO faXke B KPYIHEHIITNX MUPOBBIX YHUBEPCUTETAX
Wi HayuyHbIX TeHTpax? B obieM, eciiu nodnTaere JaHHYI0 paboTy
MMEHHO C TOYKU 3DEHUs KPUTUKY, He nozxkaseere (2 yuxK 3a/lyMaeTech
TOYHO).

HecnvoTpst Ha HeryiacHbBIN 3alperT 3aHUMATHCS MPUPOIOI CBETA,
YCUTAS, TPEeJIPUHIMAEMBIE B 9TOM HAIPABJEHUN, AAI0T HHTEPEC-
Hble W0kl [147]. 37ech Ke MBI JINIIb KPATKO YIOMSIHEM JpyrHe
JOTIOJIHATENFHBIE THIIOTE3bI, MBITAIOIHECST OTBETHTH HA BOTIPOC “9TO
Ke TpejicTapiser coboit ceer?” llocrynupoBaHue KOPIyCKYJISPHO-
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Puc. D.2: Mogenn crera.

BOJIHOBOIO JyaJn3Ma HE JIO/DKHO NapaJu30BaTh UYEJI0BEUECKYIO
MbIC/Ib. OboiiTuch 63 KOPITyCKYJISPHBIX CBOUCTB CBETA HEBO3MOKHO.
A IIOCKOJIBKY UMUTHUPOBATH C TIOMOIIbIO 9aCTUL BOJTHOBBIC cBO#icTBaA
JTOBOJIBHO MPOCTO (BCIIOMHUMM peaJsibHbIE ABJICHUS: 3BYK B BO3JyXe,
BOJIHBI HAa MOpe W T.1.), TO MHeHne HpiooToHa 0 ToM, 4ro “cBET —
9TO CKOPee KOPIYCKYJIbI, 9eM BOJIHBI , U cefiuac akTyaabuo. Ho ceer
MOXKET TPEJCTABIATE CODOM W UUCTYH BOJHY WU K€ OBITH deM-
TO TPOMEXKYTOTHBIM 1 00/1TaTh CJI0XKHONW BHYTPEHHEH CTPYKTYPOii.
Bcé s10 mosBosster crponth passmmdaHele Mogenun ceera (Puc. D.2).
Hampuwmep, cBer mMoxker ObITh OmmcaH Jaxke MTPOJAOJBHON BOJIHOM
(HeCMOTpsT HA OTBITBHI 0 TOJIAPH3AINN), €CIH YACTHUIIBL, U3 KOTO-
PBIX OH COCTaBJIeH, 00JIa AT OPUEHTUPOBAHHBIMI CBOticTBaMu. Vm
OH MOKET OBITH IIPE/ICTABIEH HEKOTOPLIM II0J00MeM “Bpallarormeii-
ca mecrepérakn’. [Ipm 9TOM 37eKTPOMArHUTHOE BOJIHOBOE BO3Eil-
CTBHE HA CPEIy WU npubop MOXKET ObITh CBSA3AHO C YIJIOBON 4acTO-
TOM BpallleHus “MIecTepéHKN’ W JaKe IPUBOIUTH K COOTHOIIEHUIO
Av = ¢ = constant. Onnako, Takag JoKaabHas (BHyTpu mpubopa)
CKODPOCTB CBETA ¢ MOXKeT ObITh COBEPIIEHHO HECBA3AHHON CO CKOPO-
CTBHIO JIBUYKEHUS “NIECTEPEHKH KAK TE0r0 (CKOPOCTHIO TIPOXOKIe-
HEsT CBETOM 33JIAHHOTO IIyTH B IPOCTPaHCTBe). B mpeamonoxkennn o
HATMIU COOCTBEHHOTO BpalleHust (pOTOHA, ¥ KIACCHIECKOTO 3aKOHA
coxkenusi ckopocreit B [60] 6611 mosyuen addekr lomrepa, cos-
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Ha,Z[aIOH_[I/Iﬁ C peIdTUBUCTCKHUM B IIpegesiax COBpeMeHHOfI TOYHOCTHU
u3MepeHuit (10 BToporo mopsaka mo v/c). Haxe mo-nosoay obime-
npuU3HAHHBIX OnbITOB JleGemeBa (0 CylEeCTBOBAHNY JABIEHUs CBETA)
y pdsia nccaemoBaTenett eCTb COMHEHUsT: BO-TIEPBBIX, TTOYEMY-TO HEKO-
TOPBbIEC KOMETBI JICTAT XBOCTOM K CO.HHL[y7 BO-BTOPBIX, OCHKHX IMOKa-
3BIBAIOT KPAWHIO MaJoCTb 3TOT0 3dderTa, a ropaszio O0/IbIIYIO
BeIMUMHY pajuoMerpuieckoro 3ddekra. K coxasennio, BOmpocsl,
KaCaIomecyd MPUpPoabl CBE€Ta TaK¥Ke HEeJIB3d CAUTATh PEIMEeHHBIMA HU
B MPAKTHYECKOM, HU B TEOPETHUECKOM Tiane. OHM TOXKE KIYT CBO-
€T0 MCCTeTOBATETS.

Bonee kpymrag Tema, KOTOPO#l MbI TPAKTUIECKU HE KACAIUCH B
HACTOsIIEel KHUT'e, OTHOCUTCH K MpobjieMaM B OCHOBAHUSIX 3JIEKTPO-
muuamuky [140]. Xors B mpakTHYECKOM IITaHe JOCTUZKEHUs B 00J1a-
CTU 3JIEKTPOJIMHAMUKY JIEICTBUTEILHO OI'POMHBI, TEM HE MEHEe Tap-
MOHUM B 0BIIenpuHATON Teopuu He omtymaercs [20]. Muorue kycku
TEOPHUHU BBINJISJIAT UCKYCCTBEHHO “TIPUCTBHIKOBAHHBIMU® JIPYT K JIPY-
ry. Ilo xpaitneit mepe B METOIMYECKOM IJIAHE 3/1€Cb €CTh HaJ 9eM
nopaborars. Ecu ucxoaurs n3 Bepuoctu juddepennuaibHoit ¢pop-
MBI ypaBHeHnit MakcBesia, TO BMECTO CHIbl JIOpEHITA CTPOTO I0-
Jydaercsi WHoe “3aMbikaroiee ypasaenue” [149] co cBonmm nHTepec-
HBIMHU peITieHnsMu. MBI eIé TOJBKO KpaTKO yIoMsiHeM 00 mHTepec-
HOI mee HOBOTO AKCHOMATHIECKOTO TOAXOMA K TEKTPOIUHAMUKE
[12], o cymecTBOBAHUN TOMBITOK BO3POJIUTH SJIEKTPOIMHAMUKY ['ep-
na u 0606mwmTh cuity Bebepa [89]. Hanomuum, 4ro or cusbr BebGepa
IIEPBOHAYAJIBHO OTKA3aJIMCh [0 TOW NPUYMHE, YTO MPU HEKOTOPBIX
HAYaJIbHBIX YCJOBUAX OHa HNPUBOANIA K CAMOYCKODEHWIO 3apAa0B.
B CTO Toxe 6b110 00HAPYKEHO CAMOYCKOPEHUE 3aPSI0B 110 Jeii-
CTBUEM CHUJIBI TOPMOXKeHust u3jaydenueMm, Ho or CTO mouemy-1o HeE
OTKA3aJIUCh (OMATH [IPOCJEKUBACTCS JBOMHOI crangapT). B Hacro-
sIee BpeMsi TpobJsieMa caMOyCKopeHus (i Apyrast, 6oJiee mo3Hsis
npobiemMa — yIrJIOBOH 3aBUCUMOCTH YCKOPEHWs) B PAMKAX CHJIbI Be-
Hepa 10BOJIBHO ycIelHo pernaercd. bosee moxpobao o mpobemax
9JIEKTPOJAMHAMUKI MOXKHO TpognTarh B [140].

Heso3moxuo 060iiTi x0Ta OB KPATKAM yHOMUHAHUEM PUPHYIO
TemaruKy. K HacTosmemy BpeMeHu B 3(DUPHON KOHIIENIUH CYIIle-
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CTBYeT XOPOIIO MPOPabOTAHHBIN MaTeMATHIECCKAN AnmapaT IId pe-
I[IeHUs] MHOTHX (DYHIaMEHTAJIbHBIX BOMpocoB [142]. OueBuaHO, 9TO
BCe (PUPHBIE TEOPUN SABJIIOTCH TEOPUAMHU OJIU3KONEHCTBUA U, BOOD-
IIE TOBOPS, ABJISIOTCS UMEHHO (DU3NIECKUMU TEOPUSIMU, ITBITAOIITH-
MWUCs TPOHUKHYTH BIVIyOb BeIefl U MOHATh NPUIHHBI U MEXAHW3MbI
SIBJICHU (B OT/INYHE OT ICEBIOMATEMATHIECKOTO XapaKTepa MHOTUX
COBpeMeHHBIX Teopuit). Y abuphbix Teopuil 60sbIIE BCEro BPAros
(n cpeam BBHICOKOOOPA3OBAHHBIX MOy MATEMATHKOB-TOY(DU3NKOE 1
cpeau Ge3YMHO BEpSIUX B OKOJOHAYYHYIO PEKJIAMY CIIEIHAIH-
CTOB), TPEOYIOMMX OT STUX TEOPHWH HEBO3MOXKHOTO: CPady 00bsC-
HUTh BCE CYNIECTBYIOIINE B MUDEe sIBJI€HUs (3aKpbIBasi TIa3a HA TO,
9TO BEJb COBPEMEHHBIE TEOPUHU HE TOJHKO HE OObACHWIN BCE dABJIE-
HUsl, HO U UMEIOT MHOXKECTBO [IPOBJIeM U BHYTPEHHUX TPOTHBOPEUMii

[139,140]).

H.A. KonaroBo#t gam 0630p MHOTOYHCIEHHBIX Teopuil acdupa B
ceoeit kuuke 5 “Hopaa Ppusuka’, Hacre 11. Teopuu sdupa Becbma
pPa3Ho0OPa3HbI, JlaXKe [EPEYUC/IUTDh BCEX aBTOPOB ObLIIO OBl CJI0XKHO,
MO9TOMY TIPOCTO TIPUBEIEM HEKOTOPBIE XapaKTepHble npumepbl. Ha-
npumep, 310 u ra3osbiit 3dup (B.A. Amokosckuit; T1.J1. TIpyccos),
U 9JIEKTPOH-TIO3UTPOHHBIN, nin oTouublil 3¢dup (A.B. Prikos), u
sepraucthiit 3¢pup (A M. Bakazuukos), u qomennsrii a¢dup (K.A. Xaii-
TApOB), W PasHOMMEHHO 3apsiKeHHbIH 3dup (O.O. l'opbanesuy), u
sdup, umetomuii 3apsa ogroro 3uaka (B.M. Mupkun), u TBEpabIiA
scup (E.B. I'yces), u xuakuit 3pup (B.M. Anronos), u 3dup, apis-
FOLUiCs II0THO# ckuMaeMoit Hepsizkoii cpenoit (H.A. Maruunkuii),
u MuOrHue npyrue. Yacruaku camoro 3hupa TozKe MOryT ObITh U H30-
TPOIHBIMA, U AHU30TPOIHBIME, ¥ HECKOJIBKHX COPTOB, M 00Ja/1aTh
PAJIOM CJIOKHBIX CBONCTB, U TpaHCOPMUPOBATLCA U T.1. Hekoro-
pBIE€ TEOPHUH JIOCTATOTHO XOPOIIO TPOPA0OTAHBI, KAKWE JKe HAPaB-
JIEHUST MOYKHO CEPbE3HO aHan3nposarh? OUeBUIHO, 9TO TOJIBKO CO-
BOKYIIHOCTbH 9KCIIEPUMEHTAIBHO MOATBEP2KIEHHBIX HOBbIX [IPe/I-
cKasaHui Morsa Okl MOTBEPANTH WA OIPOBEPTHYTH TY WU WHYIO
MHUKDOCKOITHYIECKY 0 TEOPHIO, WJIH 3aCTABUTH OTKA3ATHCS OT BCEX (S1C-
HO, 9TO PEKJaMHUpPyeMble OOIIENPU3HAHHON HAYKOW OTBITH HE MOTYT
paccMaTpPUBATBHC KAK KPUTHIECKHE). A TIOKAa MOYKHO CJIETATh CJe-
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IYIOHe 3aMeYanud M0 “BHYTPEeHHUM MTPOoOIeMaM HEKOTOPBIX TEO0-
puii. Eciu gactuiibl adupa criocodbubl TpaHchOPMUPOBATHCS, TO Ka-
KOB MEXaHU3M CaMOBOCCTAHOBJIEHUS W TOIEPIKAHUSA IKCIIEPUMEH-
TaJbHO BepuUIUPYEMON MJIEHTHIHOCTH U JIUCKPETHOCTU MHOTUX
obbekroB Hamero mupa? s vacrui sdupa, 06/1a1a100mux Ca0xK-
HBIMK CBOMCTBaMU, ONATh BO3HUKAIOT MPOBIEMBI OObICHEHUS STUX
CBOWCTB (MX IPUYMH M MEXAaHU3MOB BO3HUKHOBEHMsS M JIEHCTBUSA).
Hampumep, ecim Mbr paccMaTpuBaeM 9acTuilbl 3¢upa, 0bJraaaronme
zapsiaMu 060MX 3HAKOB, TO TPEKHUE HEPEIIEHHBIE BOTTPOCHI 0CTa-
FOTCST: KAKWe CUJIBI VAEPKUBAIOT KaXK bl 3apsa/l Kak eIUHOe IIeJI0e,
KAKOB MEXAHU3M IPUTANKEHUs 3aPSI0B ITPOTUBOIOJOXKHOTO 3HAKA
(TO €CTh BOIPOCHI ONSITH TIEPEHOCATCs Ha 60s1ee rybOKuil ypOBEHS ) !
[Touemy zapsaaer He HefTpasusyorcesa? u ap. Eciu xe adup — 3o
PACTATKUBAOIIHECS TACTUIBI OJHOTO 3HAKA, TO TIOUEMY HAIT MUD He
SIBJISIETCST IUCTO Ta30BBIM (HO OH CKOHJ/IEHCHPOBAH TaKKe B TBEDJIbIE
u xugkue obbektol)? st TBépmOro adupa ryaBHbIE “BHYTpEHHUE'
BOIIPOCHl — YTO YJIEPXKUBAET STO TBEp/OEe 0Opa30BaHUE BMECTe, U
O00BSICHUTE MEXAHU3M JIBUXKEHUSI CKBO3b HErO 0€3 TOPMOXKEHUS JIJIs
COBEPINEHHO PA3JIMIHBIX TI0 pasMepaM M 3HEPTUSIM 00BEKTOB OT Ta-
JIAKTHUK JI0 9JIEMEHTAPHBIX YacTHIl (7a, GOTOHBI MOTYT MTPOXOJINUTH
uepe3 KPUCTAJ, & SJEKTPOHBI JBUTATHCA B METAJLIE, HO MOJA00HOE
MPOUCXOUT B TBEPJOM TeJie TOJBKO JIJIT HEKOTOPBIX OOBEKTOB U
B OrPAHUYEHHOM Jmanasone suepruii). [unoressr macrosimero [pu-
JIOXKEHUST YIOMSAHYTBI TOJBKO JIJI TOTO, YTOOBI BO3OYAUTH MHTEPEC
UATATETS K CAMOCTOATETFHOMY PA3MBIILIEHHUIO.



SaKJII0YeHne

A ne commesarcs, Hmo ecat 6ot UCTRURG, MO MPU
Yena Mpey2osvbHUKG PaGHbE JGYM Yeaam Keadpama,
NPOTNUBOPEUUAG YHEMY-AUDO NPABY HA BAGCTND UAU
UHMEPECAM MET, KMo yoce 064adaem 6AaCMbI0, MO. . .
YueHUE 260MEeMPUL ObIA0 Obl ECAU U HE OCNAPUBLEMO,
MO BHIMECHEHO COHCHCERUEM BCEL KHU2 NO 260MEMPUL.

(Tomac I'o66¢)

Jlannasg kuHura ObLIa TOCTPOEHA KaK KPUTHUIECKUit 0030p Xoporeit
ATIOJIOTETUKY TEOPUU OTHOCUTEIbHOCTH. TSKe0 JaBaTh MOC/IeI0Ba-
TEJIBHYIO KPUTUKY TEOPHUHU, KOTOPYIO BAAJOJUBAJIN HAM B T'OJIOBY B
rpoiiecce Haiero o6pazoBaHd MHOIOKPATHO M C PA3HBIX YIJIOB 3pe-
HUsT (HAIUHAST CO MIKOJIBHOM MApTHhI): ¢ 9ero OBl Hi HAYMHAT U3JI0KE-
HEE, CPA3y JIE3YT B TOJOBY TOTOBBIE IITAMITEI OTBETOB (“IKCIIPOMTHBIE
JOMAIHue 3aroroBku”). Kpome Toro, HaliTH JIOTHKY W3JI0KEHWS,
NPUBBIYHYIO JIJIsl KaXK/0T0, TPOCTO HEBO3MOXKHO (HeeJMHCTBEHHOCTh
BaApUAHTA), TAKKE KaK ITOMECTUTEH 00CYKICHIE CPa3y BCEX HIOAHCOB
B OJTHO U TO K€ MeCcTO KHuru. [1o3ToMy aBTOop HaAEsACH HA TEPIIe/In-
BOCTb U JIOOPOKeTATeJbHOCTE unuTaresis. durare/ib, JOMEAIH 10
JIAHHOTO 3aK/IIOUEHNS CKOPEE BCEro COTJIACUTCS, UTO OOJIBIITMHCTBO
OKCIPOMTHBIX “BOMPOCOB HA MOJAX KHUTW B JaJbHEHIIEM U3J102Ke-
Hun ObLTH paspereHbl. IbITasch aIMUHUCTPATHBHO MPECETh TayKe
MaJIeRIIe COMHEHNUS B TEOPUU OTHOCUTEIHLHOCTH, OJUH W3 aKaIeMU-
KOB CpaBHILI ee ¢ Tabautieit ymuoxenus. Ilo-Bugmumonmy, ecoru 661 KTO-
TO HAITMCAJT OTKPOBEHHYIO UYIIh, HO B TPOMEXKYTKE MexK 1y abzarmamu
[IOMECTH,I IPUMEDB! U3 TaOJIUIbI YMHOMKEHHUS, 9TOT aKaJIEMUK ‘C IH-
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CTOI COBECTHIO TPU3HAI ObI “TEOPUI0” MCTUHHON W MPU3LIBAJ ObI
COMHEBAIOIINXCA MTPOBEPATD “MaTeMaruyeckue Boikaaakn’. Ho Benb
(busuka 9710 He “Kprovkn” (HE3ABMCUMO OT X UCTHHHOCTH), & TO, KaK
CBA3AHO BCE, 4TO “BOKPYT KPIOUKOB’, ¢ OKPY:KAIOIIEH peanlbHOCTEIO.
Nmenno dusuky u 3aTparuBania ganHas KEura. KakoB 2Ke pe3ysibTaT
uzjioxkenus? B kuure 66110 TPOJIEMOHCTPUPOBAHO MHOXKECTBO METO-
ANYEeCKUX U JIOTUYICCKHUX HpO6HeM Teopun OTHOCUTEC/IbHOCTH. Ha.HI/I—
qre MEeTOAMYIECKuxX “mpobseM 00bsicHenus’ MTPUBOAWT K TOMY, UTO
TEOPUIO TIPUXOTUTCS “Pa3IyBaTh’ Ha MyCTOM MeCTe. A HATHIHE JTOTH-
YeCKUX MPOTUBOPEUNil CTABUT (DUHATBHYIO TOUKY B PAa3BUTAM JIIOHOH
dusmueckoit reopuu. B I'1aBe 1 KHUTH Ha OCHOBE MBICJICHHBIX 3KCIIE-
PUMEHTOB OBbLTa, JOKA3aHA JIOTHUECKAsT TTPOTUBOPEYHBOCTh KIMHEMA-
tuku CTO. I'maBa 2 6bL1a MOCBSAIIEHA JJOTHYECKUM TTPOTUBOPETHAM
OTO. B I'nage 3 6b11a TOKa3aHa COBEPITIEHHAST SKCIIEPUMEHTATHHAS
HeODOCHOBAHHOCTHL TEOPUU OTHOCUTeNbHOCTH. IiaBa 4 jnokasbiBaer
IIPOTUBOPECUYNBOCTD PCIATUBUCTCKUX JUHAMUYICCKUX IIOHATUIA U aHa-
JIN3UPYET BO3MOYXKHOCTH KJIACCUYECKON NHTEPIPETAIUN PEIATUBUCT-
ckoft quHaMuku. TOroBBIH BBIBOJ KHUIM 3aKJ/IFOTAETCA B HEOOXO -
MOCTH BO3BPaTa K KJIaCCUIECCKUM ITOHATUAM TTPOCTPaHCTBa, BpEMEHN
¥ BCEX TPOU3BOHBIX BEJUYNH, K KJIACCHUIECKON NHTEPIIPETAIINN BCEX
JUHAMUYECKUX TTOHATHUM, BOBMOXKHOCTH KJIACCUYECKOU WMHTEepPIIpeTa-
1IN PEJISATUBUCTCKOM TMHAMUKY U HEOOXOIUMOCTH JIOTIOJIHUTETBHOTO
9KCIIEPUMEHTATBHOTO MCCJIETOBAHNS PAjIa, siBJeHni B obmactu 60h-
mux ckopocreit. Ecin apropy yrasock “cusars naBaxkjaenune CTO”,
TO JIOKaJIbHAadA [eJIb 3TOM KHUTU B 3HAUYUTEALHOMI Mepe JOCTUTHYTA.
C HEKOTOPBIMU JOMOJTHUTEIbHBIMI MOMEHTAMU KPUTHKH TEOPHUH OT-
HOCUTEJIbHOCTN W COIIYTCTBYIOIIIUX TeOpI/Iﬁ MOZXKHO O3HAKOMUTCA B
CTaThsAX U KHUTAX, /IAJEKO HE IOJTHbBII CIUCOK KOTOPBIX JIAH B KOHIIE
KHUU (HA3BaHUs POBOPSIT caMu 3a cebs).

Fcan BamMvarensno mpucMorperbea K Oymmkaiiieit oben3secT-
HO#l MCTOPWUU Pa3BUTHs UEIOBEUECTBA, TO CO3JAETCs BIIEYATICHUE,
9TO KTO-TO “TIOCTIOPUJI HA KOMEHWKY: MOXKHO JU 0OMaHyTh BCE de-
JIOBEUECTBO (M B MEPBYIO 04YEPelb “NMOTATaThCs MO3raMu’ ¢ “KBaJin-
bunmposarabME cnienmasucramu’). M 9170 0KA3a/10Ch BO3ZMOXKHBIM
JlayKe B TAKOW CPaBHUTEIBLHO TOYHON 06JIaCTH 3HAHUN KAk (pU3MKA.
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Benp emé A. DUHIITENRH yAUBISICS, YTO BCE, ¢ €M OH CONPUKACA-
€TCs NIPEBPAIAETCI XOTs He B 30JI0TO, KaK B CKa3Ke, HO B Ta3€THbI
Oym. U1 om 710 KOHITA KW3HU COMHEBAJICA B BEPHOCTH CBOETO JETHUIIIA.
Wnoe geno — Te, KTO CTOAT TENEPDb NPU TEOPUU OTHOCUTEJBHOCTH
U OBITAIOTCA aJMUHUCTPATABHBIM TIYTEM 3aKPEIUThH CBOE IOJIOXKE-
Hre HaBeku. BospméMm, Hanpumep, co3manne “Kommccun nmo 6opnbde
co Jizkenaykoit”. Kazasiocs Obl, gekaapupyercs camas OJiaras 1nejib —
OTPaUTh TOCYAAPCTBO 0T orpabJienust mapaartanamu. OIHAKO, aHa-
JIOTUIHBIX CTPYKTYP HET B OOJBIIMHCTBE JAPYTUX CTPAH U HUYETO C
UX KOIeJbKaMHU He Tponcxoant. Jla u B Hatmeit crpane Bcerga ObL1a
MPAKTUKA TTPOBEIEHUs SKCIIEPTU3 70 TPUHATUST (DUHAHCOBLIX peIie-
HOfl. A B MOefHOM TLTaHe HaydIHOe COODIECTBO CAMO MMeeT CIocob-
HOCTHU K OTCEMBAHWIO HEBEPHBIX UJEH, U YK TeM Oojiee UMMYHUTET K
mapJarancTBy. CHTyalusa OposiCHSIETC, KOTJA O3BYUWBAETCS MHE-
HUE, 9TO BCEe, KTO HE COIVIACEH C TeOopHeil OTHOCHUTEJBHOCTH — He
duzuku. Ilo g1000My WHOMY BOIPOCY MOTYT CYIIECTBOBATH PA3HBIC
MHEHUS, TEOPUH, MIKOIB W T.Ja.. A TyT BApyr Haménaca “mym 3em-
Jn” — ODCYKJIEHUIO He HOIeKuT. A Kak ke ObITh ¢ husmkamu J1o
1905 roga: oum 9To, yike He pusnku! A Kak OBITH C TeMu (DU3UKA-
MU (BKJIIOUasi OY€Hb U3BECTHBIX U Jake HobesreBckux jaypearos) us3
20-ro Beka, KTO ObLIT HE COT/IACEH C WHTEPIIPETAIUIMEI TEOPUN OTHO-
curenbrocTu?! OHEU TOXKe Bee — He husuku? Kak BoobIe Hayka MO-
JKeT pa3BUBATHC O3 CBODOIHOTO 00CY K IeHNS Ui U TTOCTEIeHHOTO
ux noHmManusi? M3BecTHO yTBEpXKJEHUE, 9TO TEOPUID OTHOCUTE/Ib-
HOCTH 33 BCIO €€ MCTOPWIO He MOHWMAJ HUKTO, TaXKe €€ CO3aTeNb.
Tak BeAp PENSTUBUCTBI C TOPJOCTHIO 3ASBJISIOT, YTO U HE HYYKHO
eé moHnManue (a4 TOJBKO MEXAHWIECKOE 3AIIOMUHAHWNE U BBIMOJIHE-
HUE ONPEIeJIEHHBIX [POIEAYP, TaK KaK IIOHUMAaHWe U HAIJIsIHOCTh
— OPMMUTHBHBI 1 HUXKe UX JocrouHCTBa). PaKkTudecKu, u3 ujuen co-
TBOPEH OYePEHON WJIOJ I CIIy’KeHusl (M JKPEIBl y¥Ke eCTh IPn
HEM).

K coxamennio, cuTyaruio ¢ Teopuelt OTHOCHTEIBHOCTH TIKETO
[OTIPABUATH C [TOMOIIBIO OT/EJbHBIX mybsuKaruit. Jlaxe ecoiu 60J1b-
IMMMHCTBO yqéHbIX nnoifimer OH_[I/I6OLIHOCTB TeOprunu OTHOCHUTEJIBbHOCTH,
“cIyTh 3TOT MBUIBHBIN Iy3bIph’ OyieT najeko He mpocro. Kcrarw,
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OBIT0 OBI MHTEPECHO TPOBECTH OMPOC Cpedan Jomeil ¢ GhU3uIeCKuM
oOpa3oBaHUEM: CYUTANT OHU HUHTEPIPETAIUU TEOPUH OTHOCUTE/Ib-
HOCTHU BEPHBIMHU WU OMHOOTHBIME! Kcu ompoc Hymer aHOHUMHBIM
(moCKOJTBKY ermé coBceM HeJaBHO 3a BbicKasbiBaaust npotus CTO
“OpraHW30BBIBAIN’ WCK/OUeHne n3 AKajeMun HayK, Ja U Perpec-
CHUBHDBIE BO3MOXKHOCTHU “HOBOI JI2KEHAYJIHOM KOMEICCHH TOXKE MOTYT
ObITh 1IPOJEMOHCTPUPOBAHBL), TO ABTOP T'OTOB IIPEJAINOJIOKUTL €10
pesyabrar. Ho 3Toro Moxer okazarhcs HegoCcTaTO9HO. HyskHO 13-
MEHUTh CaMy KYJbTYPY HAYUIHBIX OTHONIEHHUI, ITOOBI JTOCTATOTHOE
KOJIMYECTBO YUEHBIX MOTJIO OTKPBITO 33asBUTH BCJIET 3a Apucrore-
gem (“ILmaronosckum apyrom”): “UCTUHA mopoxe”, wem cTomosi-
JapoBad 3apILjIaTa (aTo COBPEMEHHBIN peMenK I/ICTOpI/II/I). OuHATLHASA
TOYKA B BOIIPOCE O TEOPHUHU OTHOCUTETHHOCTH MOYKET OBITH OCTAB-
JIEHA TOJIBKO TOT/a, KOT/a, OyaerT NpUHATO PEIeHne 0 COOTBETCTBY-
IOIIEM M3MEHEHUU [IPOIpaMMbl IpenojgaBaHus B 1mKosae u BY3ax u
U3MEHEHUU IIPOTPAMMBI 9K3aMEHOB, BKJ/IIOYad aCIIMPAHTCKUEC U KaH-
JIAJTATCKUE.

Hexkoropaga BHyTpeHHSS HEYI0BIETBOPEHHOCTE TEOPHUEH OTHOCH-
TeTLHOCTH, KOTOPas BHOCUT TPOTUBOPEYNS C 3aJ0KEHHBIM B UeJIOBe-
ka or Bora Mupoorlyiiennem, y aBropa bblia emg co CTyIeH9ecKux
Bpemén. OHAKO, TOTa HEYEro ObLIO IO CYIIECTBY BO3PA3UTH U IPHU-
XOJIMJIOCh YCBAWBATH TOT MATEPUAJ, KOTOPHIN BXOAU/ B IIPOTPAMMY.
[To-BumMoOMy, MHOTUM YIEHBIM U WHYKEHEDPAM 3aIOMHMIIACH TT0700-
Has HEYJIOBJIETBOPEHHOCTD (ABTOD 3HAKOM C MHEHHEM HEKOTOPBIX Ta-
KX YIEHBIX ). HacTo 9T0 MPUBOIUT K yTpaTe HHTEpeca K hyHIaMeH-
TaJIbHBIM pobeMaM PU3NKK U 3aMBbIKAHUN YIEHBIX HA TOH 0b1acTu
UCCIIE/IOBAHNS, T/l OHU yBepeHbl B (byHIAMEHTE HAYKM, € METOIax
¥ PE3yJIbTATAX.

Koneuno, coserckas (a teneps Poccuiickast) cucrema obpasosa-
HUS BCETAA OTJAMYAJIACh B JIYUITYI0 CTOPOHY OT 3amajHON CHCTEMBI
00pa30BaHMs TeM, 9TO JaBaja YHUBEPCAJbLHOE 3HAHNE, a He 3HAHNE
“mozamgroro tuma’. Tem He Meree, 0b6e CHCTEMBI UMEFOT OOTITIIT HEeL0-
craTok. OHM HACTPOEHBI HA YCBOEHUE CTYIEHTAMI OIPOMHOIO TIOTOKA
uadopmarmu (“IBUraTHCA B KOJ1ee”), a He HA PA3BUTHE UMH CAMO-
CTOSITEJILHOTO MBINIIEHHsT (HO BE/Ib OOJIBINAST JaCTh CYIIECTBYOIINX
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TeOpUili HE OTBETH/IM HA BCE BOMPOCHI B CBOMX 00jacTsax). A mocse
TOrO, KAK BBIYUYEH BECh MaTepuas (BCe MPaBIONOJ00HBIE OTBETHI) U
ciaHbl TpebyeMbIM 00pa30M COOTBETCTBYIONINE IK3AMEHBI, JIAJIEKO HE
y KayKJO0TO HAWIyTCA CHUJLI W KeJlaHhe BEPHYTHCH K TPOMIeHHOMY
MaTepuaJIy u XoTd Obl Jjis1 cebsd pa300paThbCsd B MCTUHHOCTH U3y I€H-
HBIX Teopuii.

Crpantoe g0, HO B y9eOHUKAX HEBO3MOYKHO HANTH YIOMUHA-
HUE O Pa3HOIJIACUSX W TeX COTHSX W ThICTYax NpobieMm, KOTOPhIe
CTOAT TIIepeJ KaXKAbIM Pa3ae/I0M (1)I/I3I/IKI/I (HpI/IHTHbIM NCKJIIDUEHUEM
spsiiorct DeffHMaHOBCKIE JIEKITUH 0 (bHU3HUKe) . DTO He (DUKCHPO-
BaHHbBIE 334U THUIA ‘9TO-HUOYIb MOCYUTATHL WM JOKA3ATH CYIIIe-
cTBOBaHUE perieHns’ (Takue MpobJeMbl OTHOCATCS CKOpee K MaTe-
maruke, a He K dusuke). Pusuka 3aHUMAETCST TEM, 9TO “CTOUT 32
ypaBHEHUAMEI : (DUBUIECKAM CMBICJIOM BEJUYUNH U 33aKOHOB, IIOCTPO-
eHueM MOJIe/Tell, MHTepIIpeTaueil 3KCIePUMEHTOB U TEOPETUIECKIX
perrennii.

NuTtepec k puzmKe MHITAIOTCS YTacUTh akKe HEKOTOPHIE KPYT-
Hble yuéHble. BpeMmsi OT BpeMeHU IOSABJISIOTCS WX BbICKA3bIBAHUS
o “buinskoM Kouie Hayku . Jleso BbiryisuT Tak, Oyjaro oHu OyjyT
OIIPEeIEISITh “CTPaTernio KOHIA , a MBI JIOJIKHBI OBICTPEe CyeTUThCS
u “ujru He 33yMbIiBasiCb cumTarh 108 ujeH B KakoM-HuOy/b Tpe-
TheM NpUOImKeHr”. ABTOP CUMTAELT, YTO CaMoe TJIaBHOE, YEMY MO-
JKET HAYIUThCST IeJ0BEK — HTO CAMOCTOSTETbHO MBICAUTE. [loaTomy
B KHUTE aBTOD HE TPEJIaraeT aJbTePHATUBHBIX TEOPHUHl K TEOPUH
oTHOCHUTENIFHOCTH. KpaTkoe ymoMuHaHne HEKOTOPHIX U3BECTHBIX TH-
nore3 mpaktudeckn 6e3 Kputukn (“KHyT’ J0KEH ObITh aJeKBATEH
[PETEH3UsIM TEOPHUH) — HE B CUET.

W mocnemnee. Xoreaoch OB moMedTaTh. MOXKET JH UTO-TO H3-
MEHUThCA B (bpU3MTIECKOM co0bIIecTBE B JydInyto cTopony?! CHada-
Jia, 03ByunM cyiectpyiomine npobsempl. K coxasennio, mporeriit
BeK [TPUBEJI K 3HAUUTEILHOMY YXY/UTIEHNIO KYAbTYPBI HAYTHBIX OTHO-
menwit. Ecin panbiine yuénbie “HUKY/Ia HE TOPOIUINCE W MOIJIH Jie-
CATIJIETHSIMA JIOCKOHAIHHO M3yYaTh OT/e/JbHBIE SIBJIE€HUSI, OCTABJS
HepeleHHbIe 3312491 ToToMKaM (BciomunM HbtoroHOBCKOE “rumnores
s He U3MBIILIA”), TO TPOIIE/ A BeK BHEC CBOM KOPPEKTHUBHL. 110~
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ABUJIOCH BBICOKOMEPHOE OTHOIICHNE K IMOHATUAM, METOAAM W HUJACAM
IpOoILIOTo. B HaIll BEK, MOJI, IOYTH BCE M3BECTHO, Pa3 MBI “HbIpsIeM’ B
TAKHE I‘J'[y6I/IHbI MUPO3JaHUd 1 JIeTaeM B KOCMOC. XOTH Ha CaMOM Ae-
Jie BOBITUHCTBO TPObJIeM “IIoJT HOraMU U BOKPYT' OCTAJIOCH HA TOM
K€ YPOBHE, 9TO M CTOJIeTHe Hazaj (a4 B Apyrux 061acTsix npocTo
TPY/HEE OTJINYUTH PEAJIBHOCTD PE3YJIBTATOB OT JIEKJIAPATHUBHBIX WH-
repruperaiuii — ceugereseit Menbine). OCHOBHBIM KPUTEPUEM OLEHKH
YUEHBIX CTAI0 KOJNIECTBO myOmKkanuii (6yaro JecsaToK MoJICOXITNX
KOPOK MOYKeT 3aMEHHUTb COUHBIN amnenbcuH). He mocieHomn poib B
sroit “criemke”’ coirpaaun u Hobesnepckue mpemun, OOHUM U3 KPUTE-
DHEB KOTOPOH BBICTYIIAET WJIIO30pHAs “HOBU3HA” (BMECTO BEUHOI
NCTUHBI). CrnpaseammBocTu pagu HAJI0 OTMETUTh, YTO 310POBbIi
xonceppaTu3Mm HobesreBekoro komurera Hadasia 20-ro Beka He T103BO-
gyt ormerutk 3roit mpemueit Hu CTO, au OTO. Tem He MeHee 0Ko-
JIOHAYJHAsT PEKJIaMa MeJJIeHHO TO0/TavnBaJia HPABCTBEHHBIE YCTOU
¥ TOJIUTHUKA “pas3fe/isail u BJACTBYI MOCTENEHHO TPOHUK/IA U B Ha-
yuHyto cpey. U3 coobmmectBa soxeit, unymux UCTUHY, nayunoe
COODIIECTBO BO MHOIUX CJIy4dasiX TPaHCHOPMUDPOBAIOCH B KOHKYPU-
PYIOILYTO KJIAHOBYIO CTPYKTYPY 0 3apadaThIBAHUIO JeHer (Tre paxke
IUTHPOBAHHAS JIUTEPATYPA IO OJTHOI TeMe He MepPeceKaeTCs ).

Yro 6BI XOTEMOCH BUJETH B njeaje?! XOTEJ0Ch, YTOOBI YIEHBIE
CTPEMUJINCH CJe/IaTh CJIOXKHOE siBjieHre 0oJjiee TIOHSITHBIM, & HE TIPH-
KPBIBATUCH 33 HAyKO0OpasneM (“3TaKHOCTE” hOPMYJT IOIKHA COOT-
BETCTBOBATDH UX 3HAYUMOCTH ). XOTEIOCH, ITOOBI yIEHBIE TPUXOIUIH
Ha CeMHWHAp He /s TOTO, 9TOORI 331aTh CBOM BOMPOC M “MOTMHUHATE”
JIOKJIQ/IYMKA, & 9TOOBI MOHSTH, YTO K€ IIPeJJIaraeT TOT WJIU UHOM
JOKJIA MUK ¥ “BMECTE € BOZOH HE BBIILICCHYTH pebénka’. XoTes0Ch,
4TOObI YIEHBIE TOTOBBI OBLTH MPH3HABATH CBOU OIUOKY (HET HIIETO
DPOKOBOTO HE B OmubKax, HU B ux npusHanwnn) u uckaaun UCTUHY
B Hayke, a He DOPOJMCH 33 CBOE MM MPU HAYKE. XOTEI0CH, ITOOBI
ABTOPBI CTATEN HE THAJIUCH 32 KOJMIECTBOM U He “pazbaBisiin’ cBou
HOBBbIE pabOTHI y2Ke paHee OmyOJMKOBAHHBIMU PE3Y/IbTATAMU. XOTe-
JIOCh, 4TOOBI U3 paboT pasHbIX ypoBHeH — Tuna: “31o 1mybJIuKoBaThH
He HYXKHO", “9T0 MOXKHO He IyOJHKOBATH’, “9TO MOYKHO OIyOJIMKO-

BaTh’, “9T0 HY»KHO OnyOJIMKOBATE U “9TO HEJb3s He onyO/IMKOBaTh ,
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— ABTOPBI CTAPAJINCH HOPOTHCA TOJBKO 32 JIBA MOCTETHUX TUTA Pa-
60T. X0Te0Ch, YTOOBI PEIIEH3EHTH OTBETCTBEHHEE OTHOCHIUCH K CBO-
eit pabore (MHAYE B OIPOMHOM MOTOKE “DA3MOKIIE JTPYKECTBEHHON
nHGOPMAITNT TPOCTO HEBO3MOXKHO Pa30bpaThcd U, KaK B aHEKIOTE,
NPUXOJUTCA BBIOUPATH, OBITH JIN YUTATEIEM WU ITUCATEIEM ). XOTe-
JIOCh, YTOOB! HAYYHBIE TITKOJIbl YIUJINCH ¥ CBOETO JIMJIEPA JIYUIIEMY, a
He XyJIIIUM BHEINIHUM MaHepaM (Tuia “91o BCé HeBepHO  — He yrajas?
TOora “3TO BCE JABHO M3BECTHO” — OMSThH HE yrajgaj! Hy TOTAa “9TO
HAKOMY HEMHTEPECHO , & MTOCKOABKY “HIKOMY’ — 9TO OINH PEIEH3EHT,
TO JAJIBINIE MOKHO CKOJIBKO YTOIHO “XOMUTDH 10 Dazapy u UCKATH IO~
Kynaress’). Moxer CTONT OTOHTH OT KOJIIEKTHBHOH 6€30TBETCTBEH-
HOCTH “TPynnbl ToBApuIeil” u mybIMKOBaThH, KTO PEIEH3UPOBAJ CTa-
ThIO, KTO U3 PEJAKTOPOB €€ PEKOMEHJIOBAJ, a B KAYECTBE ITPUJIOKE-
HUA Ha TOCJACIHUX CTPAHUIAX 2KYPHAJIA — KaKWE CTAThbU OTKJIOHCHBL
1 KeM (a, BO3MOYKHO, U BBIIEDKKHN U3 pereHsun?). XOoTeJoch, ITo-
6bI Hay4YHbIE€ 2KYPDHAJIbI 6bI.HI/I HE BbIpa3uTeJICeM MHEHUA I'JIAaBHOT'O pe-
JIAKTOPa U I0/I00PAHHOI0 MM CBOEIr0 KOJIJIEKTUBA, a IHPEICTABIILIN
,ﬂeﬁCTBI/ITe.H])HO CIIEKTD MHEHUI 110 Hay9HBIM T€MATUKAM. }(OTG.}'[OC])7
9TOOBI T/TABHBIMU KPUTEPUIMU, MPEIbABIIEMBIMI K HAYIHON CTa-
The, OBLIO OTCYTCTBUE JIOTUIECKUX TPOTUBOPEUHil, MATEMATHIECKIX
ommbOK W COrJIACHe C SKCIEPUMEHTOM (KaK 3TO TPUHSTO, HATPU-
Mep, B :)kypHaste GALILEAN ELECTRODYNAMICS). Hanuaue xe
uHOI OBIIenpuHATON (B JaHHBII MOMEHT) TEOPHU HE JIOJIKHO BJIH-
SITh HA paccMoTpeHue paboThl. XOTeJI0Ch, YTOOBI U3J/I02KEHHBIE BHIIITE
MEYThI BOILJIOTUJ/JINCH B PEAJIBHBIX ,ZLefICTBI/IHX JTIO,ZLGI;’I. 1\/[eLITELTb7 TaK

yxk o BOJIBIIOM.
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