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Jlormueckume oCHOBBI

B sroii 1y1aBe paccMaTpUBAIOTCS MCXOJHBIE MOJOXKEHUS TEOPUH OTHOCH-
TeJbHOCTU. Mbl HAUHEM ¢ 00CYXK/ICHUS U3MEPUTEIbHBIX [IPOLEIAYDP, KOTOPbhIE
HEOOXO/IMMO IIPOBECTH, YTOOLI COIJIACOBATH €JIUHUIIBI JIJINHBI U BPEMEHU, UC-
MOJIb3yeMble pas3andHbIiMiu HabJogaTeasivu. OTaegbHo OyayT PacCMOTPEHb
HEIOABUXKHbBIE OTHOCUTEJILHO JAPYT JIPyTa HAOJ01aTeu 1 HabJIIoaTe i, Ha-
XOJISIIUECS B PA3JIUIHBIX MHEPIUAJIBHBIX CHCTEMAaX OTCUETA.

KutoueBoit paszen riasel — “IIpeobpasosanus Jlopenua’. TIpuBeieHHbIi
B HEM BBIBOJ| HE sIBJISIETCsI OOIIEM3BECTHBIM, XOTsi OH M u3BecteHn Oojiee 100
sier. [Ipu nomoiu npeodbpasopanuii Jlopeniia Oyaer 1oJ1y4eH 3aKOH CJI0XKEHMSI
CKOPOCTEil U BBISICHEH CMBICJ (DYHIAMEHTAJIbLHON KOHCTAHThI C. JIJIs1 TTOJIHOThI
KapTUHBI PAacCMaTPUBAETCI TaK»Ke TPaJUIMOHHBIA BBIBOJI, OCHOBAHHBIA HA
nocryare (Ha CaMOM JieJie TeopeMe) O MOCTOSTHCTBE CKOPOCTH CBETA.

IToce sToro Mul mepeitjieM K OOIUM BOIPOCaM aKCHOMATHUIECKOT'O OCHO-
BaHUsI (DUBUUECKUX TEOPHil, IIPOUCKOKICHUIO (DYHIaMEHTAJbHBIX KOHCTAHT
1 chOpPMYJIUPYEM NPUHUUN NAPEMEMPULECKOT HENOAHOMDL.

Kpowme nipeodbpaszosanuii Jlopeniia, BaxKHYIO POJib B T€OPUU UTI'PAIOT BbIpa-
YKEHUsI JIJIsI PeJIATUBUCTCKOM SHEPIUU U UMITYJIbCA. MBI OJIYyINM BX U3 JOCTa-
TOYHO ODOIKX COODparKEHUil, IIPOaAHATU3UPOBAB IIOHATHE HHEPTHON MAaCCHI.

Y100b!I OILyTUTH BO3MOXKHYIO OIPAHUYEHHOCTH TEOPUHU OTHOCUTEJIbHOCTH,
CTOUT NMPOUUTATH Pa3nes “ 3a eparnuuel ussecmnozo’, XOTd B HaJbHEHIeM o
HaM He rnoHajoourcsd. [lociennne Tpu pasjesia IaBbl HOCAT UCTOPUUECKUIA
XapaKTep U, MPH KeJIAHWHU, MOTYT ObITH TPOIYIIEHbI.

PEJIATNBUCTCKUN MIP

Cepreit C. CrenaHoB

[locnenuioro Bepcuio JIOKYMEHTa MOXKHO HalTH 110 aJpecy
http://synset.com. Bee 3ameuanust u mpejyioxkenus: mpocbba mpu-
celaaTh 1o noure phys@synset.com. [lewars: 2011-04-04
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14 I'VIABA 1.
1.1 Henoasu>kHble HAOJIIOJATEIN

e Ousndeckne MpoIecchl TPOUCXO/ISAT B TPOCTPAHCTBE U BO BpeMeHu. s
orpejiesIeHUst ATUX MOHATHI HEOOXOIMMbI HEKOTOPbIE U3MEPUTEIbHbBIE MTPOIIEe-
JlyPbl, KOTOPBIE TO3BOJIST MEPEHTH OT OULYIIEHUH K 9rcjaM. DTO HEIPOCTO
1 TpeOyeT MPUBJIeUEHUS MHOXKECTBA, sIBHBIX WJIM HESABHBIX ITPEJIITOJOKEHHI.
Hawm nocTosinHo 1ipuiéTcsi TOBOPUTH O HAOJIIOIATEISIX, aKTUBHBIX “yUaCTHU-
Kax’ (puznyueckoit Teopuu. XoTs OKPYKAIONUN MUD SBJIsI€TCH O0'HLEKTUBHbBIM,
(buzmka, B KOHEUHOM CUYETE, CO3MAETCA JIJIsT OOBICHEHUS U MAaKCUMAJHLHOTO
CHYKeHHU “CyObeKTUBHOCTH 4esioBedecKux ornryenuit. [losromy nossienue
B TEOPUHU TOJ00HBIX “BUPTYyaJIbHBIX peasu3alnii Haiero “A”, ckopee Bcero,
HeuzbexxHo. EcrecrBenno, aru “A” MoryT ObITh 1IPEJICTABIEHDI U HEKOTOPbIMU
IprbOpaMu.

Bocnpusitue Bpemenn dopmupyercs Ojiarogaps 9eg0BevecKoi namami,
(bukcupyrorein OKpyKaIne N3MEHEHUST. DTH XKe U3MEHEHUST CJIyKaT MepOif
n3MepeHus: BpeMenn. Haubosee yo0HBI JIJ1sT 9TONO MOBTOPSIONINAECS MTPOTIEC-
CBbI, BpEMEHHAas JIJIUTEJTbHOCTH KOTOPBIX MOXKET OBITh MPUHATA OJINHAKOBOIA.
[Touck “npaBusibHBIX” YACOB IMPOUCKOAUT Ha, MPOTIKEHUU BCEH MCTOPUM Ye-
joBedectTBa. OJIHAKO 9TO TAKOE MPABUJILHBIE YAChl, ¥ OTKYJIa Mbl 3HAEM, UTO
BpEMEHHAs JITUTETLHOCTD MOBTOPSIONIMXCA MPOTieccoB onnakosa? Ilpn oT-
BeTe Ha, 9TOT HEIPOCTON BONPOC HamboJee KOHCTPYKTUBHBIM OKa3bIBAETCS
NPUHYUN. NPOCTNOMDL:

Bpewmst oripejiesieHo TakuM 00pa3oM, 4TOObI JIBUXKEHUE BbITJISAJIEIIO
MPOCTHIM. [42]

Hampumep, Mbl HEe CTaHEM CTPOUTH MOJEJHU, OObACHSIONINE CI0XKHOE OBe-
JIeHHEe TeJl M3-3a HepaBHOMEDPHOI'O BpallleHus 3emJju. Mbl mpocTo o0bsaBUM
COJIHEUHbBIE Yachl IJIOXUMU U OYJIEM UCKATDH JPYToii, DoJiee MoAX0oAsImi, pan-
HOMEPHBbI 1IpoLece (HALPUMED, B MUKPOMUDE).

HauboJsiee TpocTbIM SABJISAETCS JIBUZKEHEE ¢ MOCTOSTHHON CKOPOCTHIO (B TOM
quciie u ¢ HyJaesoit). B coorsercrBum ¢ nepsbiM 3akoHoM HbioToHa 910 PO~
UCXOJIUT, KOIJIa OOBEKT JIOCTATOUYHO YJIAJIEH OT OCTaJbHBIX M MOXXHO CUU-
TaTh, UTO HA HEIO HE OKA3LIBAETCS BHEIIHUX BO3AEHCTBHUI. DTO pasHomeproe
JIBUYKCHHUE JIOJI?KHO COIJIACOBBIBATLCS C PAGHOMEPHOILM XOJIOM dacoB. Kpome
9TOI'0, CKOPOCTh 00'bEKTa U3MEPSIeTCsi OTHOCUTE/ILHO HADJIIOJIATE s, KOTOPHIH
caM He JIOJI2KEH ObITh 10JIBEPXKEH BHEITHUM BO3eiicTBusiM. B 9ToM citydae ero
HA3bIBAIOT MHEpIHaJbHBIM. HepaBHOMEPHOCTD JBMXKEHMS MOYKET BO3HUKATD
n3-3a “TJIOXUX  4YacoB, HEMHEPIMAJIbHOCTU HaDJIOJATeNsT UM BO3AEHCTBUS
Ha OO'bEKT HEKUX CUJI. TakKuM 00pa3oM, 4acChl, JIBUKEHUE U CUCTEMA OTCUETA
— 3TO TPH €JIMHBbIE CTOPOHBI OJHONI MeJIaJIu.
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Mbr He OyjileM KOHKPETH3UPOBATh YCTPOUCTBO YaCOB, UCIOJIb3YEMbIX JIJIsi
n3MepeHusi BpeMeHu. bbiio Obl yao0HBIM 00bsIBUTH 3TH YaChl aTOMHBIMU,
CHSIB BOIIPOCHI, CBSI3aHHBIE C COIJIACOBAHUEM €JIMHUIL M3MEPEHUsI BPEMEHU
Mexk 1y HabsrogaresssMu. OJHAKO TOrJa MbI BBIHYXKJICHBI IPUBJICUDL NpUH-
wun mostcdecmeennocmy MUKPOOObEKTOB, T.€. IIOCTYJIAT U3 JIPYIOil TeOPHUHu.
Taxkast “cmech” Teopuii He 0Y€Hb XOPOIIa, ¢ AKCUOMATHIECKONW TOUKHU 3PEHUSI.
[Tosromy Oyjiem cunrTarh, 4TO yCTPOHCTBO 4acOB pa3/inuHbiX HabJifojaTes e
MOXKeT OTJInYaThCcs. TeM He MeHee OHU TAaKOBbI, UTO CBODOJHBLIE TEJIa JIBU-
YKYTCsl OTHOCUTEJILHO CBOOOJIHBIX HAOJII0/IaTe el ¢ TTOCTOSTHHOW CKOPOCTHIO.

B jasbHeitem gacto OyaeT ujru pedb 0 COObITHSX, TTPOUCXOISAIIUX B JTaH-
HBII MOMEHM BPpEMEH! B HEKOTOPO# mowke IpocTpancTBa. [ToaTomy, Kpome
PABHOMEPHOCTHU XO0J1a, Mbl HaJIeJIIeM dachl CBOMCTBOM TOYEUHOCTU U CIIOCOO-
HOCTBIO OECKOHEUHO OBICTPO “THKATEL . DTO UJICAJTU3AINS 1 HEOOXOIUMO OBIThH
I'OTOBbIM K TOMY, 4TO Ha MUKPOYPOBHE IOHHATUE ‘MOMEHT BpeMeHu Ilepe-
CTaHET COOTBETCTBOBATH peasibHOCTH. OjiHAKO 3Ta mpobJieMa OyIeT UTHOPH-
poBaThcs. Takyke OynaeT UTHOPUPOBATHCSA (DAKT BO3JIEHCTBUST HA OOBEKTHI B
nporecce u3Mepenust (4To Beerjia MPOMCXOAUT B KBaHTOBOM Mupe). Hako-
Hell, UTHOPUPYeTCcss oOpaTHOe Bo3/eiicTBIE Ha HAOJII0IaTe sl B IPOIEcce ero
B3auMoJieiicTBusA ¢ oObeKTaMu. Hampumep, HabsoaTe/b MOXKET U3MEHUTD
CKOPOCTh 00'bEKTa, OCTABINUCH B “TOi Ke~ TOYKe MPOCTPAHCTBA.

[TpocTpancTBEeHHBIE OTHOIIEHMST MOXKHO U3MEPSTh, €CJU €CTh ITAJOH, KO-
TOPBIi 110 OIIPEJIeJCHUIO NMeeT HeU3MEHHYO JINHY. Kak Mbl yBUJIUM B JIaJib-
HeiiieM, XKECTKe JIMHeHKY BO3MOXKHbBI TOJIbKO B HEKOTOPOM IPHUOJIMKEHUH.
DTO €O3JIaéT M3BECTHYIO TPYAHOCTH, OJIHAKO ceiidac Mbl He OyJeM Ha 3TOM
ocTaHaBIUBATHCs. IIycTh JuHeliKa Beerja HelmoIBUKHA, HEU3MEHHA, I PACIIO-
JIOXKEHA B HEIIOCPEICTBEHHON OJIM30CTH OT HAOJIIOgATES.

Nmest gachl n IUHEHKY, MOXKHO U3MEPSITh CKOPOCTh N YCKOPEHHUE JIBUKYIIIe-
rocsi oobekra. st usmepenust ckopocru v = (xe — x1)/(ta —t1) HEOOXOAUMO
IIPOBECTH JIBA OTCUETA BPEMEHH B JBYX TOUKAX IPOCTPAHCTBA. YCKOPEHHE I10-
TpedyeT Tpu TaKuX U3MepeHus, 1 T.)1. B mpuHIune Bce 3T U3MepeHusT MOXKHO
IIPOBOJIUTH W ITPW TIOMOIIH OJHUX JacoB. B 3TOM ciiydae oHM PacroiaraTcs
MEKJIy JIBYMS JIETEKTOPaMH, KOTOPBIE MOCBHLIAIT K dacaM HEKOTOPbIE CHUT-
HAJIBI [IPU IPOJIETE MUMO HUX 00bekTa. Jlarke ecim CKOPOCTH 9THX CUI'HAJIOB
HEM3BECTHBI (M, BO3MOYKHO, PA3JIMIHBI), YMEHBITEHUEM DACCTOSTHUS MEXK Ly
JIETEKTOPAMU 9Ty HEOTPEJICJIEHHOCTH MOXKHO JIeJIaTh CKOJIb yroHO MaJioil. C
MaTeMaTHIeCKON TOUKM 3pEeHUsT CKOPOCTh — 9TO BEJMYHHA, OIpe/IeJIEHHAs B
JIAHHO} TOYKEe IIPOCTPAHCTBA M BPEMEHM, BOBHUKAIOIIAs B pe3yJibTare Ipe-
JIeJIHOTO Tiepexojia. Bripouem, 310 emé ojiHa ujieaaunsalins, 6e3 KOTopoil Mbl
HE MOXKEM CYJIUTh O PABHOMEPHOCTH JIBUXKEHHUSI.
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e [IpejicTraBuM IPOCTPAHCTBO, 3aIOJHEHHOE MHOYKECTBOM HaOJIIOJIaTeIeil.
Hekoropbie n3 HUX HEMOABUYKHBI OTHOCUTEIHLHO JIPYT IpyTa W 00Pa3yioT Cu-
cmemy omcuéma. Fciau ckopocTu 0ObEKTOB, HE 10JIBEPKEHHBIX BHEITHEMY
BO3JICHCTBUIO, OTHOCUTEJILHO HAOJIIOAATE el MOCTOSHHBI, TO TaKas CUCTEMa
OTCYETA HA3BIBACTCSA UHepuuarvrot. ‘Biarogapsa’ HabIOgaTEIIM B KaxK 10t
TOYKE CUCTEMbI OTCUYETA HAXO/ATCS “dachl’ 1 “JinHeika . s mojyuenus eju-
HOW KapTUHBI IPOUCXOISAIINX B IPOCTPAHCTBE COOBITHI HAOJIOAATE N JTOJIK-
HbI COIVIACOBATh €JIMHUIILI u3MepeHuil. Hauném ¢ eiuHmI CKOpoCTH.

[IycTh Kaxaplit 13 HabJIIOgaTE e TOC/IeI0BATEILHO OIPEIEsieT CKOPOCTh
pPaBHOMEPHO JIBUXKYIIErocst 00bekTa, IpoJieratoliero muMo. HabJiroaresin
MOTYT JIOTOBOPUTKCsI, UTO 9Ta CKOPOCTH paBHa 1 M/c. B pesynbrare msamepe-
HUil 11oJ1y4daeTcs ooIas euHuna ckopoctu. CooTBEeTCTBEHHO, HEIIOIBUKHbII
O00'bEKT TIO ONpEJIJIeHNI0 UMEET HYJIEBYIO CKOpPOCTh. IIpejmosaraercs, 9To
[IOBTOPEHME B JlaJibHEHIIeM 1MO00HBIX SKCIIEPUMEHTOB ¢ 00'bEKTAMU, UMEIO-
IIIUMHU JIPYTUe CKOPOCTH, NMPUBOJUT K COBIAJICHUIO PE3YJIbTaTOB U3MEpPEHMii
pa3anaHbIX HabJoaaTesel. e 9roro He nmpomcxoauT, HeoOXOINMO Tepe-
CMOTPETh METO/bl U3MEPEHUsI JIJTMHBI, BPEMEHH, WJIM UCKATH TPUIUHY H3Me-
HEHUsI CKOPOCTH.

Kak Temnepb coryiacoBaThb 110 OTJICJIbHOCTU 3TAJIOHBLI JIIMHBI U BpPeMeHHU !
MoxxHo mepeMecTuTh UX B MPOCTPAHCTBE, OOMEHSIBIIMCH KOTASIMIA STAJIOHOB.
Oj1HaKo X0Te0Ch Obl M30e2KaTh TAKOW POIE/LyPhl N3-3a MOTEHITMAJIbHON J1e-
dopmanuu npubOpPOB IpKU U3MEHEHUH NX CKOPOCTH, BO3HUKAIOIIEH npu “me-
penocke”. [Ipocreiimmii criocod coriacoBaHust €JIMHNALL BpDEMEHH B paMKaXx Me-
XaHUKN — 9TO TOCHIIKA OOBEKTOB € OJMHAKOBBIMU CKOPOCTSIMH OT OJIHOTO
HAOJII0/IaTe s KO BTOPOMY ¢ HEKOTOPOi MeproniHocThio. [Ieprno mochbLikm
MOYKET OBbITH TPUHST 32 €JIMHUILY BPeMEHHU (JIeBbIi PUCYHOK ):

u
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Ecan €INHUIIbI CKOPOCTHU M BPEMEHU COI'JIaCOBAHDI, H&6JHOIL&T€JH/I ImoJry-

Yal0T B CBOE PACHOpsIKEHWE W OJIMHAKOBbIE €JIMHUIbI JUIMHBI. EcTecTBeHHO,
OHU JIOJIKHBI YOeTUThCs, YTO HAXOAATCA B OJHON CHCTEeMe OTcYeTa, T.e. UTO
paccTosiHue MEXKJy HUMU Hen3MeHHO. JIjIst 9TOro OHM MOT'yT MCIOJIH30BaThH
“paduoroxayuonnoiti memod’. TlepBbiit HADIIOJATEb OTIIPABJISIET B HAIIPAB-
JIEHUH BTOPOTO OO'BEKT € MOCTOSTHHOM CKOPOCTHIO U (MTPaBbBIil PUCYHOK BBIIIIE).
[Tosryaus ero, Bropoit HabJ/IOAATEb OTIIPABIISIET 00HLEKT 00PATHO ¢ MOt Jice
cKOpocThio (¢ o6parHbiM 3HakOM). [lepBbiit HabsOIATEH U3MEDsIET TPOMe-
KYTOK Bpemenn At Mex Iy oTIpaBjieHHeM 00beKTa W MOJyUIeHHEeM ero 00-
parHo. Eciau mpu moBropennn sToro skcuepumenTa At Oyjaer HeH3MEHHBIM,
TO PACCTOSTHUE MEXK Iy HADJIOAATE/SIMA MOXKHO CIATATH MOCTOSTHHBIM.
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3aMeTuM, ITO uzomponHocms (OIUHAKOBOCTH BCEX HAMPABJICHMUIT) MPO-
CTPAHCTBa IPHU TUX SKCIEPUMEHTAX He HCIOJIb3YeTCs, XOTs IoJpa3yMeBa-
eTCsl THEPIUAJIHHOCTD cUcTeMbl. CKOPOCTH OTIPABJISEMOr0 00paTHO 00hHEK-
Ta KOHTPOJIMPYETCsl KaK BTOPBIM, TaK ¥ MepBbIM HabJiropareseMm. Iloaromy
JIOIIOJTHUTEJIbHAA THIIOTE3a O PaBeHCTBE CKopocTeil “Tyma’ u “obparHo’ He
Tpebyercd. HeobxommMo TOTBKO UX MOCTOSTHCTBO.

Mo>kHO HpOBECTH 3TOT »Ke IKCIEPUMEHT B “liepeBepHyTOM  BHJE, KO/
€ro HaYMHAET BTOPOR HabJIIOJaTe)ib, a 1EePBbli OTIPaB/isieT 00beKT 0bpaT-
HO. Bropoit HabrogaTesnsb JOMKEH 1o do20680pEHHOCMU TIOJYIATh TAKYIO YXKe
Bpemernyio jaureanbiocth AT = At or ornpaBku 00bEKTa, 0 €ro MmoJryve-
HUsT. DTO eIié OJINH CIoco0 COrIacCOBaHUST €JIMHNIL BDEMEHU, KOTOPbIi JI0JI2KEH
IPUBECTU K TEM K€ Pe3yJabTaTaM, uTO U IIePHOUIecKas IOChLIKa 00bEKTOB.

Kpowme einHuIL JUIMHBL 1 BpeMeHHU, HabJIro1aTe/ M HeoOX0uMa CUHXPOHK-
3alKsl Hadasa OTcaéra BpeMenu. JJist 5Toro MoXKHO MOBTOPUTD ITPE LIy I
9KCIIEPUMEHT, HO [PH 3TOM HM3MEPSITh HE TOJLKO MHTEPBAJ BPEMEHU, HO U
abCOJIFOTHBIE BpEMEHHbIe 3HAUEHUs KarKJI0ro coobiTus. IlycTh mo yacam mep-
BOTO HaOJIIOIaTEsIsT OTTIPABJIeHE 00HEeKTa MTPOU3OIIIO B MOMEHT BPpEMEHH 1.
DTOT 00BEKT, UMEsT CKOPOCTH U, JOCTUTAET BTOPOTO HADJIIOATEST B MOMEHT
Bpemenu 1’ 110 ero jokaabHBIM dacaM. OObeKT, OTIpaBJisieMblii 00paTHO C TO
»K€ CKOPOCTBIO, IIPUOBIBACT K IIEPBOMY HAOJII0JIaTe/ 0 B MOMEHT to. ITo ompe-
JIEJIEHUIO CKOPOCTH U B TIPEITION0KEHUN OTHOCUTEIHHOW HEMOBUYKHOCTH Ha-
OJrroIaTe el JJINTEJIbHOCTD JABUXKEHUsT 00 beKTa B 00€ CTOPOHBI JIOJI2KHA ObITh
OJIMHAKOBOI1, IIO3TOMY:

_t1+t2 s T
="7 ’ )
tl . tZ t24 <
0: P . ' L |

Cootrnorenue T = (t1 +t2)/2 nozBosuT HAbGIIOIATENSIM BEIOPATH HAYAJIO OT-

cdeTa BPEMEHU €IMHBIM 00Pa3oM. 3aMeTUM, 9TO 3HAYEHUE CKOPOCMU U 00
eKTa, MCIOJb3YyEeMOro JIJisi CHHXPOHU3AIUU JacoB, poau He uepaem. Cremys
QIHIITENHY, JIJIs1 MOJI0OHON TPOIeayPhl UCIOJIb3YIOTCS CBETOBLIE CHUI'HAJIBI.
OJ1HaKO, KaK MblI BUJIUM, KOJIb Y2K HaOJIO/IaTe/ I YMEIOT U3MEPTh CKOPOCTD,
9TO He 00sizaTesibHO. BoJsiee Toro, Bce ONMMCaHHBIE BbIIIE MTPOIELYPbl UMEIOT
CMBICJI, €CJIM OHU JIAIOT OJMHAKOBbBIA PE3YJIbTaT HPU 4100017 CKOPOCTH 00bEK-
Ta, & He TOJILKO JIJI HEKOW BbBIJICJCHHOM.

[Tpeanosaraercst, 9T0 MPOIEAYPHI COTTIACOBAHWS €IWHUIL JJIWHBI U BpEMe-
HU, & TaK>Ke CUHXPOHU3allMs HavaJia OTCYETa BpeMeHu 00J1a/1af0T C60UCMEOM
mpansumuerocmu. Ecin mabmonarenn A cormacoBas ¢cBou npubopnl ¢ B, a
B zarem nposén anasornunoe cornacopanue ¢ C, to A u C' rakxke 0Ka3bIBa-
IOTCS COTJIaCOBaHHBIMU. B pesysbrare Bce HAOJIOAATENN B JIAHHONW CHCTEME
oTCUYeTA UMEIOT eJIMHOE BPEMst U €JMHUILBL JITHBI (CKOPOCTH).
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e YT0ObI U3MEpSITH CKOPOCTH OOBEKTOB, HAOJIIOMATE/IIM HEOOXOAUMa, JIK-
rejika. OJIHAKO MBI MPEJNONAraeM, YTO OHA CKOJIb YTIojHa MaJiast (Habo1a-
TeJIb B JJAHHON TOYKE MPOCTPAHCTBA MbICJUTCS Kak Todednblit). st usmepe-
HUs OOJIBIINX PACCTOAHMI IIPOINE BCEro UCIOJIH30BATDH “PaIUOJIOKAIIMOHHbII
METOJI” C IIOCBIJIKOW ¥ BO3BpAIIEHHEM HEKOI'O OObEKTa C IIOCTOSHHON CKOPO-
cTbIO u. K€ 3HaueHue posiu He UrpaeT, OJHAKO JIOJIYKHO ObITH U3BecTHbIM. Eciin
Iy TemecTBie Tyja 1 odparHo juinTest Bpemst At, To mpoiijeHHoe 00beKToOM
PACCTOsIHUE B OJIHY CTOPOHY 110 onpejeenuio paao L = u At/2. Hanomuunwm,
YTO HEM3MEHHOCTH BO BPEMEHW 9TOTO PACCTOSTHUS STBIISIETCS CBUIETETHCTBOM
OTHOCUTEJIbHOW HETOJ[BUXKHOCTH HADJIIOIaTe 1€l .

Pazinunblie napsl HabJfogaTe el MOI'yT B3MEPHUTh IIOA00HBIM 00Pa30M pac-
CTOAHMS JIPYT MEXKJY JPYyroM. MHOXKeCTBO 3HaUEHUN STHX PACCTOAHMI He
MOXKeT OBITH TTPOU3BOILHBIM U OIPEJIE/ISIETCST TEOMETPUIECKUMI CBOCTBAMM
npocrpaHcTBa. KUIlOUeBbIM CBOMCTBOM SBJISIETCS PA3MEPHOCTL NPOCIPAH-
cmea. st e€ u3MepeHns MOXKHO IIPOJIESIaTh CJIEIYIONLyo Ipoieaypy. Pac-
CMOTPUM MHOYKECTBO TOUYEK, PABHOYIAIEHHBIX OT JAHHOW. DTO NOBEPLHOCIING
(cdepa), 1 110 ONPEJIETIECHUTO TIPEJITIONATACTCSE, YTO €& PASMEPHOCTH Ha €JINHH-
Iy MEHbIIIEe, YeM Pa3MEepPHOCTh BCEro IPOCTpaHcTBa. Ha 3Toil oBepXHOCTH MbI
CHOBa MOXKeM BbIOpaTh (PUKCHPOBAHHYIO TOUKY U PACCMOTPETh MHOXKECTBO
TOYEK HG NOBEPTHOCMAU, PABHOYAAJEHHBIX OT IEHTPaIbHON ToukM. [TomyanT-
Csl OKPY?KHOCTh. K€ pa3zmMepHOCTh CHOBA Ha €JMHUILY MEHbIIE, YeM y ChephI.
Cuuraercs, 9To JlaXke Ha MUKPOYPOBHE I0JI00HAS IIPOIIEIypa PAHO UJIN MO3/1-
HO 3aKaH4YMBaeTCsd ¥ (PUHAJIHLHOE MHOXKECTBO TOUYEK OyJIeT KOHEUYHBIM. UuC/I0
BBIITOJIHEHHBIX UTEPAIUil U PABHSITHCSA PA3MEPHOCTH IPOCTPAHCTBA

a B

3 A

Mbl HOCTYJIUPYEM, YTO HPOBEJIEHUE 110I00HOI0 U3MEPEHUs PA3MEPHOCTH 1IPO-
CTPAHCTBA B PA3JIMUHBIX €r0 TOUKAX OYIeT IPUBOJAUTD K OJJMHAKOBBIM Pe3YJ/Ih-
tTataM. JIpyruMu cjioBaMu, Pa3MepHOCTH MTPOCTPAHCTBA ABJSETCS ero IJIo-
6aJibHOl XapakTepucrukoil. Kak nzsecTHo, Hallle IIPOCTPAHCTBO TPEXMEPHO.
Kpowme crioco6a, onmucanHoro BBIIIE, BO3MOXKHO COBMECTHOE U3Y4YeHHe Ieo-
METPUH IPOCTPAHCTBA U €ro pasMepHocTH. HanpuMmep, ecam Ha €BKJIMIOBOI
naockocmu (2-MepHOe POCTPAHCTBO) eCcTh 4 TOUKM, He JIeXKalllne Ha OJ[HOM
LIPSIMOIA, TO PACCTOSIHUSL MEXKJLy HUMU He MOI'YT ObITb 1IPOU3BOJILHBIMU. Bbl-
me paccrognue AD 3aBUCUT OT OCTAJLHBIX NMATH paccroanuii. Ecin xe stu
TOUKM JIEZKAT HE B MJIOCKOCTH, TO MOJ0OHON CBA3M yKe He BO3HUKACT.



JOI'MYECKHNE OCHOBBI 19

Bropoe BakHOE CBOMCTBO “IIyCTOro’ HMPOCTPAHCTBA — DTO €r0 U30MpPon-
Hocmub. VI3mepsisi CKOpocTh HEKOTOPOTO 00heKTa, HADJII01aTe/ N Oy YaioT He
TOJIbKO €6 BEJMYMHY, HO U Halpasjenue (Bekrop). Mbl Byjem caurarh, 4T0
“BbIJIJICHHBIX HAIIpABJICHWH B IIPOCTPAHCTBE HET, T.€. BCE OHU PABHOIIPABHBI.

Tperbe €BORCTBO HMPOCTPAHCTBA — €ro 0dHOpodHocmsb. JIoOble dKcIepu-
MEHTBI, MPOBOJAIINECT B PA3JUIHBIX TOUKAX MPOCTPAHCTBA (pa3IHIHBIMU
HabJIIOIATEIISIMK ), JIOJPKHBI TPUBOJIUTH K OJMHAKOBBIM PE3YJIbTATAM.

B cuy M30TPOINHOCTH IPOCTPAHCTBA OKPYXKHOCTH MOXKHO DPasJIe/IuTh Ha
paBHOE YUCJIO “CeKTOPOB”, BBEJs IMOHsTHE yrja. [Ipu 3TOM TMOJIHBIA yroJ
OKPY2KHOCTH B paJiiaHaX NPUHUMACTCSA 33 27. YTJIBI U PACCTOSHUS TI03BO-
JISIIOT U3ydaTh CBOMCTBa reoMeTpuu mnpocrpancrsa. Hampumep, eciau cymma
YTJIOB TPEyTOJIbHUKA, 00PA30BAHHOTO TpeMsi HaOJIOJaTe IS IMI, PaBHa, 27, TO
TAKOE MPOCTPAHCTBO SIBJISIETCS €6KAUIOBVIM.

Ha camowm jiesie 0IHOPOIHOE M M3OTPOITHOE TPOCTPAHCTBE MOXKET 00/1a/1aTh
TPeMs BUJIAMU I'€OMETPUU, OTJIUUYAIOIIMMUCS 3HAKOM KPUBU3HDL NPOCMPAH-
cmea. Eciin cymMa yriioB B TpeyroJibHUKe OOJbIe 27, TO 9TO IPOCTPAHCTBO
TOJIOXKUTETHLHOW KPUBU3HBI, & €CJIM MEHbINe — OTPHUIaTehHO. B ety omgHo-
POJIHOCTH 1 M30TPOITHOCTH TPEYTOJbHUKH ¢ OJINHAKOBBIMU CTOPOHAME OY/IyT
UMeTh OJIMHAKOBOE OTKJIOHEHHE OT 27, T.e. KPUBU3HA IIOCTOSHHA B Pa3HBIX
HaIIpaBJCHUIX M TOUYKaX IIpocrpaHcTBa. Harsiabiit mpuMep OJHOPOIHOIO
M30TPOITHOTO TTPOCTPAHCTBA, MOCTOSTHHON TMOJIOKUTEJIHHON KPHUBU3HBI — 3TO
2-MEpHOEe [IPOCTPAHCTBO Ha IOBEPXHOCTU CQEpHhl.

B nepsbIx riaBax Mbl OyJieM CYMTATh HAIe HPOCTPAHCTBO 3-MEPHBIM WU
eBKJIUJOBLIM. B jajbHeiinmeM OyneT paccMOoTpeH Oojiee obmimii ciaydaii. B
€BKJIMJIOBOM IIPOCTPAHCTBE MOXKHO BBECTH JICKAPTOBY CHUCTEMY KOODJIMHAT.
st 3Toro ojuH u3 HabJOaTe el 00bSIBISETCS HAXOMAIIMMCs B “HadaJje’
cucrembl orcuera. C KaxkJbIM HaOJIIOJIATEIEM CBA3bIBACTCS TPOHKA UNCE
{z,y, 2}, Koropbie HazbIBaOTCs Koopduramamu. OHA 3a7a10T €0 MOJOKEHIE
B TPOCTPAHCTBE. DTH TPU uncia “Hymepyior” Habsojgareseil (MM TOYKH
IPOCTPAHCTBA, B KOTOPBIX OHU HAXOJSATCS).

B eBKJIMJIOBOM TTPOCTPAHCTBE MOJI00HYI0 HYyMepaluio MOXKHO BbIOPaTh Ta-
KM 00pa3oM, 49TO KBaJPaT PACCTOSTHUS MEXKJIy JIIOObIMHU JIBYMsI TOYKAMU

{xb Ui, Zl} n {1'2, Y2, 22} 6y,H‘eT paBeH:
(22 — 1)+ (y2 — 11)* + (22 — 21)°.

SHavennst KOOpJAWHAT HAYAJIa CACTEMBI OTCUETa MPUHUMAIOTCS HYJIEBBLIM.
Jlobapyienue K KoopjuHaTaM MOMEHTa Bpemenu {t,z,y,z} HO3BOJAET I10JI-
HOCTBIO MJIEHTUMUIMPOBATH J1I000€ cobvimue, POUCXO/isiinee B HEKOTOPOi
TOYKE MPOCTPaHcTBa {x,y, 2} B JAHHBII MOMEHT BpeMeHH t.
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1.2 HWMuepnuajbHbIe CUCTEMBI OTCUETA

e [lepeiiiém Tenepnb K HAOIIOAATEISIM B PA3AUYHOLE WHEPIIMAJIbHBIX CHCTE-
Max orcuéra. s mpocToThl OyieM TOBOPUTH O JABYX TaKUX CHUCTEMaX, 000-
sHadag onHy OykBoii S, a sropyio S’. Hac nnrepecyer ¢Ba3b MexXK 1y 3HAUCHHU-
sIMM KOOPJIMHATHI 1 MOMEHTa BPEMEHU HEKOTOPOI'0 COOBITHS, HAOJII0[aeMOr0
U3 KaxkJION cucreMmbl oTcdera. PaceMarpuBast OJJHOMEPHBIN ciydail, 0003Ha-
IUM KOODJMHATY M BpeMms coObiTust Jyist Habsonareseii B .S kak {x,t}, a
Juist Habuoiareneit 8 S’ coorsercrenno, kak {z',t'}. Ceasn oznauaer cy-
IIECTBOBAHUE HEKOTOPO# (DYHKIIMOHAJIBLHON 3aBUCUMOCTH:

v = f(x,t,v), t'=g(x,t,v). (1.1)

3aMeTuM, 9TO HAJIMIHe TaKOi CBA3U ABJIsIeTCS aKCHOMO# Teopun. Ecnm yroj-
Ho — Akcromoit [TosnaBaemoctn Mupa. Pesynbrarsr HaO0eHI, TTPOBEIEH-
HbI€ B PA3JIMUHbIX CUCTEMAaXx, JOJKHBI ObITh MEXK/ly CODON KaK-TO CBSI3aHBI.
[Ipennonaraercs, aro dyuxiun f(x,t,v) u g(x,t,v) 3aBUCIT OT OTHOCUTE/b-
HO¥ cKopocTu cucteM v. Boobire roBopst, B 3Ty CBsI3b MOIJIa ObI MOTACTh, Ha-
pUMEP, TEMIIEPATYPA, KaXK 00 U3 HADJIOAaTe /e, OJIHAKO B KHHEMATHKE MbI
CIUTAEM, UTO JIJI MMOJTHOTO ONMUCAHWSA HEKOTOPOTO COOBITUS JIOCTATOYHO W3-
MEpPEHHUs ero KOOP/IMHATHI U MOMEHTa BPEMEHH, a €JIMHCTBEHHBII ImapaMerp,
OTJIMIAIONINI WHEPIWAJIbHBIE CHCTEMbI, — 9TO WX OTHOCUTEJIbHAST CKOPOCTD.

Hrobbl cpaBHeHMe PE3yIbTATOB W3MEPEHUN MMEJIO CMBICT, HabJIIoIaTe
B pa3HbIX CUCTEMax OTCYeTa, KaK W B OJIHOM, JIOJ2KHbI COLJIACOBATH CBOU
€JIMHUIIBI JIJINHBI 1 BDEMEHU.

Haunem crosa ¢ exunun, ckopoctu. [IpegcraBurenn AByX cucreMm oTcuera
MOT'YT JIOTOBOPUTLCS CYUTATH OJMHAKOBON UX 0MHOCUMENbHYI0 CKOPOCTD V.
Ecusin ocu cucrem HanpaBiieHbl B OjiHY CTOPOHY, TO jiiist HabJojaresist B S (CM.
JIEBBIii PUCYHOK) CKOPOCTH cucreMbl S’ Oyjier paBHa v, a jjis HAOJOaTe st
B S’ ckopocTh S, cOOTBETCTBEHHO, —U (MIPaBbIi PUCYHOK):

[TojaepkHEM, 9TO 9TO HE TIOCTYJIAT, & UMEHHO CITOCOD COTJIACOBAHUS €JIMHUIL
CKOPOCTHU. XOTsI B HEM 3aJI02KeHa 1jiesi 00 SKBUBAJIEHTHOCTU BCEX MHEPIIHAJIb-
HBIX CUCTEM OTCYETA.
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Jlist corytacoBaHmsI €IMHUIL JJIUHBI HAOJII0aTE/Id MOI'YT Pa3MECTUTh CBOU
JIMHEHKY TIePIEeH MK YJISIPHO JIBUKEHUIO (BJI0JIb OCH Y) U COBMECTUTH UX JPYT
¢ gpyrom. Obpas3HO rOBOPsi, 3TO O3HAYAET, ITO HADJIIOATE/h, HAIIPUMED, CH-
creMbl S’, mposieras MIMO “3a60pa’, pacIoNOKEHHOTO B CUCTEMe S, TPOBOJIHAT
Ha HEM JIBe JIMHUH, [1apaJljieibHble OCH X, BBICOTOIO B OJIMH MET]P, OCTaBJISS
TeM caMbiM MH(OPMAIMIO O CBOEil ejuHuIe JUInHbL. BMecTo 3abopa MOXKHO,
KOHEYHO, MCIIOJIb30BATh JIBE JICTAIIUE MapalleJIbHO OCH T dacTuiibl. Kpat-
Jajilee pacCTOSHIE MEXK/ Iy NX TPAEKTOPUAME B 00EHX CHCTEMaX MOXKET ObIThH
MPUHSTO 338 €JIUHUTHOE.

CoryacoBaB MepIleH UKy pHbIE K JBUXKEHUIO eIUHUIIbI JIJINHBI, HAOJII0/1a-
TEJIM MOI'YT CUUTATH, UYTO MEXKJIy HUMH COIJIACOBAHBI U JIIOObIE JIMHEHKH. VX
YBEPEHHOCTH OCHOBAaHA Ha U30MPONHOCMU TTPOCTPAHCTBA B KaXK10# crucTeme
OTCYeTa U BO3MOXKHOCTU “MEJIJICHHOI'O  II0BOPOTA JinHEeeK 0e3 ux jedopma-
TN,

mest coryiacoBaHHbIC €MHUIILI CKOPOCTH M JIJIMHbI, HAOJIIOJATeIH TeM Ca-
MBIM COIVIACOBBLIBAIOT M €IMHUIBI BpeMeHn. Hauasio orcuera BpeMeHr MOKHO
IPUBSA3ATL K HEKOTOPOMY COOLITHIO, HAIIPUMEp, COBIAJICHUIO HAYAJ CHCTEM
x = 2’ = 0, cuuras, aro B 3roT MOMentT t =t = 0:

£(0,0,v) = ¢g(0,0,v) = 0.

Cdopmysupyem renephb Baxkuoe csoiicrso dyukuuit f(x,t,v) u g(x,t,v).
Ecnu paspemnts ypasnenust (1.1) orHocuresbHo & u t, Mbl 110ayuuM 00-
PATHYIO CBA3b (OT MITPUXOBAHHBIX BEJMIUH K HEIITPUXOBAHHBIM). [Ipu aToM
bYHKIMU doasichbl OKA3ATHCS MEMU JHCEe CAMbLMU, 8 CKOPOCTh — M3MEHHUTD
3HAK:

= f(z,t,—v) t =g, t', —v).

DTO JIOCTATOYHO CUJIbHOE TpeboBaHUe, U OHO UMeeT IIyOOKuii cMbici. Fc-
xojiHbIe TIpeobpasoBanus (1.1) MOKHO MHTEPIPETHPOBATE C MO3UIUN HABJIIO-
narenst B cucreme S. OH m3MepsieT KOOPAWHATHI W BPEMsT HEKOTOPOTO CO-
Obirust (,1) 1 1pu OMOIIKM PEodPa3oBaHuUil “BbisiCHSET”, KAKOBbI 3HAUCHUSI
M3MEePEeHHii TOTo e COOBITH B cucreMe S’, IBUKyINeiics OTHOCUTENILHO HEro
co ckopocTbhio v. ObpaTHble IIPeodpPa30BaHUs PEIIalT ITY XKe 3a]1ady, HO C
nosunyun Habmogarens B S'. OgHako, B CUIIy COHAIPABICHHOCTH OCEH T U

“—v”. Tlosromy 1rpuxo-

x', U1 HEero CKOpocThb cucreMbl S Oyjer paBHa
BaHHBbIC U HEINITPUXOBAHHBIC BEJIMYUHBI MEHAIOTCA MECTAaMHU W COBEPIIACTCS
3aMeHa v — —v. Bo BCEM OCTAJBHOM (PYHKUUOHANDHAA POPMA TTPEOOPAZO-
BaHW JIOJKHA OBITH 9KBUBAJEHTHOW. DTO SIBJISIETCS OTPaYKEHUEeM MPUHIINATIA

OTHOCUTEJIBHOCTU (TO}K,D;QCTBGHHOCTI/I BC€X MHEPIHNAJIbHBIX CHUCTEM OTquTa).
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e [Ipumepom npeodbpasoBaHuii MEXK/Iy JIBYMsI HHEPIHAJbHBIMUA CHCTEMAMU
cay»at npeobpazoBanus [amuiesi. B kiaccrndeckoit MexaHuke Mbl TPEJIITO-
JlaraeM, 4TO BPeMsl MMeeT OJMHAKOBBINA TeMII X0J1a JJIsi BceX HabJIogaTesei
t" = t. Ilycrs JBe cucTeMBbl OTCYETa PACHOJIOKEHbI TaK, UYTO UX OCH X Ta-
paJUIeIbHBL IPYT APYTY, U B MOMEHT BpeMenu t = t = ( Haudaya cucrem
coBnaaioT. Torma KoopuHATHl 1 BPeMsi HEKOTOPOI'o COObITHsI, HADJII01aeMO-

I'0 U3 KaXKJIOfl CUCTEMbI, CBS3aHbI MEXK/1y COOOH CJIeyIonnM 00Pa3oM:

%
I f——> Co0O
vt S ig h/o bITHE

. AT

X
Ecrecrsenno, [anuieit ne 3amuchiBa 1moj00HBIX 1peobpaszoBanuii. Owu

S

MOSIBUJIUCH 3HAUYUTENBHO Mo3Ke. OJIHAKO eMy HpPUHAJIEKUT (POPMYIUPOB-
Ka NPUHYUNG OMHOCUMEAbHOCTU, U3J0KEHHasd B KHuUre “/Iuajiorm o JIByX
es 9

PJTABHEHIITX CHCTeMax MUpa — IITOJOMeeBoil n KorepHukoBoi” (1632 r.). Mbr
LIpUBEJIEM €€ C HEKOTOPbIMU COKPAIlEHUSAMMU:

YeuHuTECh ¢ KeM-JIM00 M3 Jpy3eil B MPOCTOPHOE TOMEICHUE IO
naJ1yboit KaKoro-HuOy1b KopabJis, 3allacuTech MyXaMu, 0abouKaMy 1
JIDYTUMU TTOA00HBIMI MEJIKUMW JIETAIOIINMIA HACEKOMBIMHE; TTO/IBECH-
Te, jajiee, HaBEPXY BEJEPKO, U3 KOTOPOro Bojia Oyjier najarh Karis
3a Kalljleil B JIPYTroil COCyJ C y3KUM TOPJIBIIIKOM, ITOJ/ICTaBJICHHDII
BHu3y. [loka KopabJjib CTOUT HEMOJIBUKHO, HAOJIIOaliTe MTPUIEKHO,
KaK MeJIKHe JIeTAIOIne »KMUBOTHBIC C OJHON M TOH K€ CKOPOCTLIO
JIBV2KYTCsl BO BCE CTOPOHBI MOMEIIEHHUsI; BCE TAJAI0IINe KAIJIK OTa-
JIyT B MOJICTABJIECHHBIN COCY/l, ¥ BaM, Opocas KaKoi-HUOY/Ib MPeIMeT,
He npujiercs OpocaTh ero ¢ OoJibIeil CUJIoi B OJIHY CTOPOHY, YeM B
JIDYTYIO, €CJTM PACCTOsSTHUST Oy/IyT OJIHA W Te »Ke. 3acTaBbTe Terepb
KOpabJIb JIBUTATHCS ¢ JTIOO0 CKOPOCTHIO, U TOTVIA (€CIH TOJBKO JIBH-
»Kenue OyjieT paBHOMEPHBIM 1 6e3 KauKH B TY U JIPYTYIO CTOPOHY ) BO
BCEX HA3BAHHBIX STBJICHUSIX BbI HE OOHADYXKUTE HU MaJjei1nero m3me-
HEHWMSI ¥ HU 110 OJJHOMY M3 HUX HE CMOXKETE YCTAHOBUTH, JIBUXKETCS
71 KOpabJIb UM CTOUT HEMOJ[BIKHO. |3]

HacTo roBopsT, UTO IPUHIMUI OTHOcHTEeJbHOCTH [asuies chopmynupoBan
TOJTLKO JIJIT MEXaHWIEeCKUX CUCTEM, TOIJIa KakK JWHINTEHH pacipOoCTPaHWUI
ero Ha Bce (pu3MUecKue sIBJICHUs. DTO HE COBCeM BepHO. Kak Mbl BujmMM,
[ajiniieit cauTa, 9TO B MHEPIHAJBbHBIX CHCTEMaX OTCUeTa OJMHAKOBLIM 00-
pa3oM MPOTEKAIOT BCe siBJIeHns, daotce buonozuneckue ~~. OH He pas3Iensi
(bmsuKy Ha MexaHuKy ¥ npoune siBjaeHust. Jjist Hero, 1Mo Bcei BUAMMOCTH, He
obL10 Jaxke pusnku. OH TPOCTO Pas3MBIILILI O Tpupojae Mupa.
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e [Ipeobpazopanus ['anuies obaal0OT 2pynnosvIMU C80TUCMEAMU. DTO
O3HAYaeT, 9TO CyIIeCTBYeT eJMHUIHOE MpeobpasoBanme, oOpaTHOEe, U KOM-
1O3UIKS 1peodbpa3oBaHUil CHOBA, SABJIAETCs 1TPE0OPa30OBAHUEM.

Enmnnuanoe npeobpasosanue coorsercreyer v = 0. B arom cayuae 2’ = x
u t' = t, T.e. ABE CHCTEMBI OTCUETA COBIIAIAIOT.

Ob6patHoe mpeobpasoBaHue HECJOKHO 3aMUCATh, 00paTuB ypasaenus (1.2):

x=a + ot
t=1t.

B pesynbrare, Kak u JIOJXKHO OBITH, MOJYyYalOTC Te »Ke Mpeodpas3oBaHus
[ajingiesi, HO ¢ 3aMeHO v — —.

Kowmnosuust npeobpasosanuii o3nadaer ciejyioliee. Paccmorpum Tpu nnep-
IHAJbLHBIE CHCTEMBI OTcueTa S1, So n S3. Ilyers Sy IBMAKETCsT OTHOCUTETLHO
S1 €O CKOPOCTBIO V1, & S3 OTHOCUTEILHO S9 CO CKOPOCTHIO Vo, ITorsgTHO, UTO B
9TOM CJIydae TPEThsl CUCTEMa JIBUYKETCS OTHOCUTEJILHO MEePBOil ¢ HEKOTOPOId
CKOPOCTBIO V3:

ONORERONORNNONO A

[TpeobpazoBanus [anuies Mex 1y mapaMu CUCTeM OYJyT UMETh BU]I:

To = 1 — U1l T3 = Tg — Uals r3 = 1 — U3ty
ta = 11 ts = 19 ts = 1.

Bce a1 cOOTHOIIEHUS, B CUAY PAGHONPABUA CACTEM OTCUETa, UMEIOT OJ[MHa~
KOBbIil BUJI, Pa3JiM4asACh JUIb 3HAYEHUEM OTHOCUTEJIbHONW CKOPOCTHU.

[TojicraBiisist IepBYIO cUCTEMY BO BTOPYIO M CPaBHUBAsH C TPEThEN, HECJI0XK-
HO YOeJUTHCsI, 9TO CKOPOCTH U3 HE TPOU3BOJIbHA, & CBA3aHA, C U] U V2!

VU3 = VU1 + V2.

DTO IPOCTOE IPABUJIO CJIOKEHKSI CKOPOCTEl BBITEKAET U3 Mpeodpas3oBaHmii
lasmness. Ero MoxXHO Tak»ke 1OJIyYUTh, pacCMaTPUBasg TOJLKO JIBE CHCTE-
Mbl U HEKOTOPLIA 00bEKT, JIETSAIMIA OTHOCUTEJILHO HUX. B Hamem ciydae B
Ka4eCTBE TaKOro 00bLEKTa BLICTYIIAJa TPEThsl CUCTEMa OTCUYETa.

['pynnoBbie aKCHOMBI SIBJISIOTCS OYeHb CUILHBIMU TPEeOOBAHUSIMEU U IIPU
HECKOJILKUX JIOTMOJHATEILHBIX TPETION0KEHUAX TTO3BOIAIOT HANTH SBHDIA
Bu byukiuit f(z,t,v) u g(z,t,v) B gjocrarouno obieM ciydae. DTUM Mbl
ceiiuac n 3aiiMeMcs.
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1.3 IIpeob6pa3oBanusa JlopeHia

YcTaHOBUM BUJI IIPEOOPa30BaHUil MEXK/ 1y Pe3y/abTaTaMu HaOJII0IeHUsT HEKO-
TOPOTO COOLITUS B JABYX MHEPIMAJIBHBIX cucTeMax orcdera S u S’

' = f(x,t,v), t'=g(z,t,v). (1.3)

Yrobw! HaliTH hyHKIMK f ¥ ¢, HATHEM 3a/1aBaTh MOCIEI0BATEIHLHOCTD aKCH-
OM, KOTOPBIM OHU YJIOBJIETBOPSIOT.

Axcmoma 1. Ilpeobpasosanus (1.3) asaaomes nenpepuenvimu,
dugpdpepenuupyemomu U 83aUMHO-00HO3HAYHBIMUL.

DT0 TpebOBaHME SIBJISETCS OUEHb €CTeCTBEHHLIM M, XOTS OHO Cy»KaeT KJIacC
BO3MOXKHBIX (PYHKITUI, TeM He MeHee, OCTaBJigeT ero DoJjiee YeM IIUPOKKUM.

Axcuoma II. Ecau cxopocmu deyx c60600nbir wacmuiy, pasHs, 6
cucmeme S, mo onwu 6ydym pasuvl u 6 cucmeme S’ .

DTa aKCHOMa MPUBOJUAT K TOMY, UTO IIPEOOPA30BAHUsS KOOPJUHAT U BpeMeHU
JIOJI?KHBI ObITH JINHEHHBIMU (DYHKIIMAMMU:

' = Ax + Bt, t'=Dux+ FEt, (1.4)

rjie koadpdunuenrol A, B, D, E Moryr 3aBucerb 0T OTHOCUTEJILHOR CKOPOCTH
CHUCTEeM OTCYETa v, HO He 3aBUcAT oT T u t. CTporoe J0Ka3aTeJbCTBO ITOrO
yTBepKIeHus puBe/ieHo Ha cTp.410 (< Hy), oqrako ceiigac ero MOXKHO TIpo-
IYyCTUTh, TeM 6oJjiee, YTO OOBIYHO JJMHEHHOCTDH TPeodpa30BaHuil He JIOKa3bIBa-
0T, & MOCTYJUPYIOT, CChLIASICh HA, OJHOPOJIHOCTD IIPOCTPAHCTBA U BPEMEHHU.

B nupeobpazosanusix (1.4) 3abuKcMpoBAHO HAYAJIO OTCUETA BDEMEHU TAKUM
obpaszom, uTobnl npu t = t' = 0 mauana cucrem copnajauan: © = x’ = 0.

B cuity nporie/iypbl COrIacoOBaHUsI €JIMHUIL CKOPOCTH MbI CIMTAEM, ITO TOU-
ka ' = 0 cucrembr S’ IBMXKETCS OTHOCHUTENILHO S 10 TpaekTopuu: r = ut.
[Topcrasisist o' = 0, x = vt B neppoe ypasuenue (1.4), noayuaem B = —v A.
Ananornuno ¢ = 0, ' = —vt’ B ypasnenusx (1.4) nator —vt’ = Bt u
t' = Et, orkyna B = —v E. Beeném GyHKIUM OTHOCUTENBLHONR CKOPOCTH
v(v) = A = E uo(v) = —D/E. B pesyibrare npeobpazoBaHust Mex Ly
CUCTEMAMU OTCUYETA IPUHUMAIOT B/

/

r = 7(0) [37 - Ut]?

" = ) [t —o(v)z].
st onpejesienust Gynknuii y(v), o(v) Ham norpebyercst JIOHOJHUTEIbHAST
undopmaIms.

(1.5)
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TpeTbH aAKCHOMa BbIPa2Ka€T NPUHUUTL OTNHOCUTMEADHOCTU U ABJIAETCA KJIIO-
4YeBO KaK B TEOPpHUHU OTHOCUTEJIIbHOCTHU, TaK U B KJIACCUYECKON MeXaHUKe:

Axkcuoma III. Huepuyuanrvrvie cucmemvt omeuema pasHonpacH.

Paccmorpum tpu cucremsr S1, So u S3. Ilycts Sy nBUXKETCST OTHOCUTEIHHO
S1 €O CKOPOCTBIO V1, a S3 OTHOCUTEILHO S9 CO CKOPOCTHIO V.

ONORENONOLRRONO

Obosraunm [gepe3 x1 U t1 KOOPAWHATY W BPEMsi COOBITHSI, HADJIOAAEMOTO B
S1, M aHAJIOTUYHO Jijist So 1 S3. 3anuiiem 1mpeodpasoBaHus:

To = 1|r1 — vty ] T3 = Yolry — vats]
to = m[t1 —o1a1] ts = 7Y [ta — 09 19),

rie v1 = y(v1), 01 = o(vy1), u 1. [logcraBum (9, ty) U3 MEPBOi CHCTEMBI BO
BTOPYIO:

T3 = 2N [(1 + U20'1) ry — (Ul -+ UQ) 3 ] = 3 [331 — Us tl]
ts = mml(l+uviog)ts — (o1 +02) 1] = W[l — o371].

Bropble paBeHCTBa B KaxKJIOM YPaBHEHUU IIPEJICTABIIOT cODOM 11peobpaso-
BaHME MEXK/JIy CHCTeMaMu OTCUYeTa S n S5, KOTOPBIE JIBUXKYTCS ¢ OTHOCHTE b
HOW CKOPOCTHIO V3. DTU YPABHEHUs JOJIXKHBI BBITIOJHATHCS MTPU JIIOOBIX T1 U
t1. Ecsiiv npupaBusiTh KO3(M@UIIMEHTHI 1IPU T1 B 1IEPBOM YPaBHEHUU CUCTEMbI
1 TIpHU t; BO BTOPOM, TO TOJIYYIAIOTCS CJIEAYIONIHE COOTHONIECHNSA:

¥3 = (1 4+ v201) 7172

1.6
73 = (1 4+ vio2) 7172, (1-6)

13 KOTOphIX caeayer 1+ voo; = 1 + vi09, nin:
o(v) = o(vz) = o = const. (1.7)

U1 (%

Tak KaK CKOPOCTU U1 U Vg — IPOU3BOJILHBIE HE3G6UCUMDLE BEIMIUHBI, TO O —
9TO HEKOTOPasl KOHCTAHTa, €JUHas JIJIs BCEX MHEPIHMAJIbHBIX CUCTEM OTCUe-
Ta. YucjioBoe 3HaUeHne KOHCTAHThI (v U €€ 3HaK 0e3 JIONOJTHUTE/IbHBIX aKCUOM
UJIM 9KCIIEPUMEHTOB 3apUKCUPOBATH HEJIb3s. JIOrMUecKn BO3MOXKHbI TPU TE€O-
pun ¢ @ > 0, a =0 n a < 0. Bce onn nuMeroT nmpaBo Ha, CYIIECTBOBAHUE W HE
cojlep>KaT MPOTUBOpeUnii, Xors ciaydail a < 0 nmeer J0BOJHHO HEOOBIUHBIE
dbusnueckue cuegcrsus (< Csz). Coayuait a # 0 siisiercst 6osiee ob1uM, dem
a = 0, Tak KakK COJNEp:KUT TOCJIEIHIH B IIpejese MaJiblX 3HAUeHU! .



26 I'JIABA 1.

Tpebopanue paBHONIpPAaBUS NPUBOJNAT TAKKE K TOMY, 9TO IIEpPexoj OT S K
S’ (1.5) bymer Takum ke, kKak 1 or S’ k S. Jpyrumu cioamu, obparHoe
peobpasoBaHue ¢ TOYHOCTBIO J0 3aMEHbl U > —U JIOJDKHO COBIAJIATh C
npsimbiM. Hampumep, /j1st KoopauHaThl [cM. mepBoe ypasraerue (1.5)]:

?)

r=y(-v)l' +ot] =)y - av’]z,

rJe BO BTOPOM PaBEHCTBE HojcTasaeHo ', t' u3 upsmoro npeobpasoBaHust
(1.5) u yureno, 1to o(v) = av. B pesynbrare:

1
—v)v(v) = ——m—. 1.8
W0y () = 7= (18)
Jl1si oKOHYATeJIbHOIO olpejie/eHns: PyHKIUN fy(v) HaM IoTpedyeTcs erné
OJlHa aKCHUOMa.

Axcuoma IV. Ilpocmpancmeo 6 unepuuasoMvls cucmemar om-
CYUEMA U3OMPONHO.

DTO O3HAYAET, YTO TIPU OOPAICHUU OCeil 00enX CUCTeM, T.e. T —> —T 1 &’ +—
—2!, npeobpazosanus (1.5) He JOIKHBI U3MEHUTH cBoero Buja. [Ipu rakom
OOpaITIeHNN CKOPOCTh MEHSIET 3HAK, U — —v, mo3ToMy, st (1.5):

—x' =~v(—v) [z +vt].

Ono cuosa nepeiigér B (1.5), Tosbko ecim y(v) Oyger derHoil dyHKIped
ckopocru: Y(—v) = y(v). Do nozsosser naittu y(v) = 1/v/1 — av?. Tlo-
JIOXKUTEJIbHBIA 3HAK IIPU M3BJEYCHHU KOPHs BbIOpaH, 4TOOLI [P HYJIEBOi
CKOPOCTH TOJIyYaJIUCh TOXKJIeCTBEHHbIE peobpasosanus, T.e. y(0) = 1.

B cuiejytonnieii riiaBe Mbl paccMOTpuM 3D PeKT COKPAIEHUs JIJIMHBI CTEPHK-
Hsi ipu ofiHOBpeMeHHOM (At = () u3aMepeHun KOOp/IMHAT ero HAuaJIa U KOHIIA.
Pesysibrar aroro usmepennst Ax’ = (v)Ax He j0JKeH 3aBUCETH OT HATIPAB-
JIEHUsI CKOPOCTH, OTKY/Ia TaK»Ke cJjiejyer 46THocTh dyHukiuu v (v).

Takum obpaszoM, pyrkyuonasvrad @popma Tpeodpa30OBaHUST MEXKIY Ha-
OJI0JaTeIIMU JIBYX MHEPIUAILHBIX CHCTEM OTCUETA, MOJHOCTHIO OLpPeIesisi-
eTcst ¢ TOYHOCTHIO JIO KOHCTAHTHI (v. BhisicHenue eé 3nauenus u 3HaAKaG — 9TO
y2Ke BOILPOC 3KCLepUMeHTa bHbii. PyHjaMeHTajbHasd KOHCTaHTa, ( MOLJIA,
OKa3aThCsl W HYyJIEBOH, ojHako B HameMm Mupe ona Gosbiie myis. [TosTomy
yJI0OHO BbIpa3uTh ‘" depe3 KOHCTAHTY “'C’, UMEIOILYI0 Pa3MepHOCTb CKOPO-
ctu: o = 1/c?. B pesyabrare:

) w—ut o t —vx/c? (1.9)

: :
V1—v%/c? V1—v%/c?

D1 npeobpaszoBaHus YIOBJIETBOPSIOT C(POPMYJUPOBAHHBIM BbIIIE UETHIPEM

AKCHOMAM U TOJIOXKUTEJILHOMY BBIOOPY KOHCTAHTBI (V.
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st aKcnOMaTH9IecKoro 3alaHns 3HAUYCHUs] KOHCTAHTLI (hyHIaMEHMaAND-
Hot cxopocmu “C’ HEOOXOAUMbBI JOTOJHUTEILHBIE aKCHOMbBI. Tak, KJjaccude-
cKasi MexaHuKa Takxke ormpaercs Ha akcuombl (1)-(IV), ognako jobasisier K

HUM CJIeJIyIOIee YTBEePKIeHUE:

Axcuoma V. Ecau dsa cobvmus odnospemenv, 6 00not cu-
cmeme omevema, mo onu 6ydym odnospemernnvl U 6 410001 dpy201.

Oprospementoctb cobbiruit (At = 0, caegoarenbio At = 0) npuBoguT K
3HAUEHUIO ¢ = 00 (cTp. 76) u mpeobpazoBanusiM [asuest:

¥ =x — vt t =t

Akcuowmbt (I)-(V) nosroctbio onpenensior dbyukuuu f(z,t,v) u g(x,t,v).
Ec/in Mbl 0TOpOCUM TIATYIO aKCHOMY, TO KOJIMYECTBO MH(POPMAITUN YMEHBITNT-
Csl ¥ MbI TOJIy9UM HENoJHy0 Teopuio. OJIHAKO 3Ta HEMOJHOTA 3aMeYaTe h-
HBIM 00Opa30M OT'PAHUUMBAETCS TOJBKO IOABJIECHUEM HEOIpEeIessgeMOoil KOH-
CTAHTBI “C’, T.e. IPUBOJUT K NAPAMEMPULECKU Henoanot meopuu. B sTom
CMBICJIE TIsiTasi aKCnoMa 00J1aJlaeT MUHUMAJbHBIM KOJMYECTBOM COJIEpPIKa-
TeJbHOI MHMOPMALIUH.

3aMeTuM, UTO Mbl HE TOJILKO BbIBEJIU IpeobpaszoBanus JlopeHiia, HO TaKxKe

MIPOJIEMOHCTPUPOBAJIH, UTO

meopusA OMHOCUIMEADHOCTIU HENPOTNMUBOPEYUBA, ECAU HENPOTNUBOPE-
wywuea kaaccudecrkaA MEXAHUKA.

DTo caenyer u3 TOro, 4To npeobpasopanua Jlopenna u Lamuies ocHOBAHBI
Ha OJMHAKOBOM TOJIMHOYKECTBE akcnoM. Ta win mHast Teopema (dbopmyiia)
TEOPUU BCErJia BLIBOJUTCS U3 HEKOTOPOH Ipyibl akcuoM. Kora jise Teopuu
MCIOJB3YIOT OJIMHAKOBOE MHOXKECTBO AKCHOM, TO M TEOPEMBI, CICYIONINe U3
HuX, OyayT oguHakoBbIMM. Hampumep, myctb u3 akcumom A; m Ao caemyer
nekoropas Teopema 1. Tak Kak JApyrue akCUOMbI He HCIIOJIL3YIOTCH, He BayK-
HO, B paMKaxX KJIACCHYCCKO MW PEJATUBUCTCKON (DPU3UKN TIPOBOJIUTCA ITOT
BLIBOJL. Ecsm m06b1e mogo6HbIe BBIBOJILI B KIACCHICCKONH MEXaHUKe He TPUBO-
JIAT K TPOTHBOPEYUNsIM, TO OHU TeM DoJiee He Oy/LyT IPUBOJIUTEL K TIPOTHBOPE-
UM B TEOPUU OTHOCUTEJILHOCTH, KOTOPas UCIOJIb3yeT MeHblie akcruoM. Ko-
J1a OJIHA U3 TEOPHH (KJIACCHUeCKast MEXAHUKA) HENPOMUBOPEUUBHM 00PA30M
JI00ABJIAET HOBYIO aKCHOMY, TO IIOABJISETCA BO3MOMKHOCTD BLIBOJUTL HOBBIE
TEOPEMbl KOTOPBIE YMEHBINAIOT MPOU3BOJI UCXOHON OrpaHMYEHHON CUCTEMbI
(Harpumep, yTBEPKJIAIOT, U4TO ¢ = 00).

[ToHuMaTh A02UMECKY10 HENPOMUGOPEUUGOCTS TEOPUA OTHOCUTEJLHOCTH
OYeHb BarKHO, TaK KaK BLIBOJIbI, KOTOPLIE Mbl OyJeM W3 Heé MoJIydaTh, OKa-
JKYTCsl O4eHb HepUBLIYHBbIMU. TeM He MeHee, JIOPMYeCKUX TPOTUBOPednii OHK
COJIePKATh He MOTYT, TaK KaK HEIMPOTUBOPEUNBLI HAIITN NCXOIHBIC TOCTYIATHL.
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L4 CDYH,ILELMGHT&HBH&H CKOPOCTBb YHCJIEHHO COBIIaJa€T CO CKOPOCTbLIO CBETa:
¢ = 299792458 M /c.

Y1100HO TaK ONpeaesuTh eMHUIb BpeMeHu, 9100l ¢ = 1. Hanpumep, MOxKHO
B KauecTse “HOBOM cexyH bl BbIOparh 1/299792458 yacrb “0ObIMHON CeKyH-
nbl” B cucreme CU nim CI'C. Bee dhopMmysibl TeoOpr# OTHOCUTEILHOCTH B STOi
cucTemMe euHuIl OYIyT BBITVISIAETH Topas/o npoile. Hanpumep, npeodbpaszo-
Banus JIopeHia, B KOTopbie JJo0aBjeHa HEN3MEHHOCTDb HEPIeH MK YISPHON K
JIBIKEHUIO KOODJMHATHI (“JTMHUM Ha 3a00pe”), UMEIOT BUJI:

, t—vx , T — vt ,
t = Niwsra r = Vi Yy =uy. (1.10)
Ecin B HekoTOpoit hopmysie Mbl XOTUM “BOCCTAHOBUTH KOHCTAHTY “C’, TO
BEJIMUMHBI, UMEMIINe B CBOEH pa3sMepHOCTH BpEMsi B HEKOTOPOW CTerneHw,
JIOJI?)KHBI YMHOXKAThCs Ha “c’ B TOM ke crenenu. Hampumep, jisg Bpemenu t,
ckopoctr U = dx/dt m yckopenus a = d*x/dt* cosepmaioTcs cieayionime
3aMEeHbI:
u a
t— ct, U —, a— —. (1.11)
c c
Hajee Mbl OyjieM IPUIEPKUBATHCS CUCTEMbI eIMHUI], B KoTopoit ¢ = 1. Jls
BCeX (PUBMUECKUX BEJIMUMH, KOTOPbIE OYIyT MOABJISTHCSA B IIPOIECCE TOCTPO-
€HUST TEOPUH, OKA3BIBAIOTCST CIIPABEJIMBBIMU TTPOCTHIE TTPABUJIA 3aMEHbI, M0-
no6ubie (1.11). Ba cuér nojaxoisiero Bbibopa CUCTEMbl CJIMHUIL Mbl CYIIle-
CTBEHHO YIIPOCTUM MAaTEMAaTHKY, He “moTepsB’ IPHU TOM (YHIaMEeHTaJbHOM
KOHCTAHTHI ¢, TAK KaK OHAa MOXXeT ObITh JIETKO BOCCTAHOBJIEHA MPHU MOMOIIH
npasui (1.11) u um nogobubix (M. npusoxenue S, crp.451).
Emé onHo ympoirenue cBA3aHO ¢ BBeJeHHEM OD03HAUEHUN IS PesIsiTH-
BUCTCKIX (PAKTOPOB:
1 r_ 7= 1
(V) =T

IIpu v = 0 dpaxkTOp ¥ paBeH eIMHUAIIE, a IPH U — 1 CTPEeMUTCs K OECKOHEIHO-

cru. IIpu masibix ckopocTsax v u I' MoryT ObITh passioxkeHbl B psiji Teitiopa:

~1+02+3v4+ FN1+3UQ+15U4
TRy T e Y27 ] TG

C ramma-(hakToOpoM 9acTo IPUJIETCS COBEPINAThH PAa3INUIHbIe ajJredpaniecKue

MaHUITYJIAINNN, II0O3TOMY HpI/IBe,Z[éM HEKOTOpbIE TO2KJIECTBa..

1 -1 2
poiot o opoazlo v
y v 14+~ v+1

I[IPOBEPUTDHL KOTODPLIE IIpejlaracTCd B Ka4Y€CTBE€ HECJIO2ZKHOI'O YIIPpaKHCHM .
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e [Tosiyunm obobIIeHre IpeodbpazoBanuii JIopeHiia jijist Mpou3BOJILHOIO Ha-
npaBjeHus cKopocTu. Ilyerh nadano cucremnbl S’ IBUXKETCSA CO CKOPOCTBIO V
OTHOCHTEJILHO MHEPIUAJILHON cucreMbl S (IIepBbIi PUCYHOK ):

-V

PucyHOK BBIMOJTHEH B JIBYMEPUH, HO JIBUXKEHUE TPOUCXOIUT B 3-MEPHOM TTPO-
cTpancTBe. Habmioaresm coryiacoBbIBAIOT €IWHUIBGI BPEMEHH [PU MOMOIITH
COTJTAITIEHWST O PABEHCTBE MOYJIEiH OTHOCUTEILHOW CKOPOCTH, & €IUHUITHT JI/TH-
HbI — “CpaBHUBas JIMHEHKU B IEPHEHJMKYJISPHOM K CKOPOCTH HAllPABJIEHUN.
DukcnpoBatue 3HATCHUH KOMIOHEHT V = {Ug, Uy, v} (IpoeKImii Ha ocH)
O3HAYAET BBIOOD OMpEJIESIEHHO OpUEHTAIINN KOOPJAMHATHBIX OCeil ¢ TowHO-
cThio J10 Bpatenust BOKpyr v (< Cq)| ). Huist nabsonaresst B .S’ KOMIIOHEHTbI
CKOPOCTH HadaJia CUCTEMBI S UMEIOT 0OpaTHBIH 3HAK.

Ha TperbeMm puCyHKe MpeJCTaBICHO pa3jIoKeHue pajmyc BEKTOpa I IO
JIByM BekTOpam T, u r . [lepBbIit 3 HUX HampaBjeH BIOJb CKOPOCTH V, a
BTOPOH €il NMEePIeHIUKYJISIPEH:

r=r,+ry, ry=—J-V.

JlmuHa BEKTODA, T, OIPEAesIsieTcsl IPOEKIMeil T' Ha, e JMHUIHbIA BEKTOD BJIOJIb
HalpaBJjenus ckopoctu v /v. O e 3a1aér Hanpasiaenue 1. Jajee, v = Vv2
— JIJINHA BEKTOPa OTHOCUTEJILHOM ckopocTu. [1o100H0e pasiioxKeHue 1mo3Bo.isi-
er 3ammcarh npeodpasoBanus JIopeHia Juis KaxK 0 KOMIOHEHTHI:

t'=~(t—vr), r =~(r, — vt), =1,

JleificTBUTENILHO, T, HAIPABJIEH BJIOJL V U UI'PAET POJIb & B OOBIYHBLIX Mpeod-
pasoBanusx Jlopenia. AHAJIOrMYHO T' | TEePHEeHINKY/ISPEeH CKOPOCTH U UIPAET
pOJTh Y. YUUTBIBas, 9TO I’ = T+’ , 3aMeHss I'| Ha T — I}, HECTIOKHO 3alTH-
caTb 1Ipeobpasosanus Jlopenna B Buje:

t' =~ (t—vr), ' =r— vt +Tv(vr). (1.12)

MoXXHO TPOBEPUTH, UTO OOpATHBIE TPEOOPA30BAHUS MOJIYUAIOTCS TePecTa-
HOBKOII IITPUXOBAHHBIX W HENITPUXOBAHHLIX BEJUUYMH MeCTaMU W 3aMeHO
v — —v. Ecim v = {v,0,0}, 10 u3 (1.12) caeayror (1.10). Kak mbl yBujnm
B CJIeJIyIONIEl TiaBe, COBIaJIeHUE OTHOCUTEbHBIX CKOPOCTE, BOOOIIE rOBOPSI,
He O3HAUaeT MapaJlieIbHOCTh Oceil KoopuHaT oboux cucrem. IIpeobpasosa-
rus Jlopenra B hopme (1.12) suiib 03HATAIOT, ITO HAOJTIONATEN BBITIOJHUAIH
OTMMCAHHYIO BBITIE MTPOIEYPY COTTIACOBAHUST €TUHUIL U3MEPEHUSI.
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1.4 CioxeHue ckopocTeii

e Paccmorpum siBe uHepiuaibuble cucreMul orcuéra S u S, [lycrs ux ocu
x n T HanpaBJeHbl HAPaJUICILHO JAPYT K JAPYTY OTHOCHTEILHOR CKOPOCTH.
Ckopocrb cucrembl S’ ornocuTebHO S paBHa, v, & CKOPOCTDL S OTHOCUTEJILHO

S’, coorsercrBenno, “—v”:

KitoueBbIM IOHATHEM KHHEMATHKHU dABJdAeTcA cobvimue. llpeimnonaraercs,
9TO OHO MMEET CKOJIb YIOJHO MAaJble JUIMTEJIbHOCTL U JIOKAJIU3ALUIO B IIPO-
crparcree. CobbITre XapakTepusyercs 1noJjoxenuem {T, Yy} 1 MOMEHTOM Bpe-
menu t. Habmonarenm B KaxKJIOil CECTEMe OTCUeTa PEruCTPUPYIOT MOJ00-
HOE COOBITHE 10 CBOMM IIpubOpaM, nosydast snadenust {t,z,y} jus S u
{t', 2"y} nna S'. Hanomuum, uro nabsogaresn CriocoOHbI POBOJUTEL U3-
MepeHUst TOJILKO B CBOEH HEelocpeICcTBeHHOi okpecTHocTh. [To3ToMYy KaxK j1yto
CUCTEMY OTCYETa MbI IIPEJICTAB/IsIEM “3aII0JTHEHHON TaKMMU HAOJIOIATEISIMU.
Jannoe cobplTHe perucTpupylor asa Habmogarens B S u S’, Koropble Haxo-
JIATCA B TOM MecTe, IJle IPOM30IILIo cobbiThe. Biarosaps nponeaypaM CuH-
XPOHUBALMU U COLVIACOBAHU €JIMHULL BPEMEHH 110J1y YeHHbIe UMK HaBJII01eH U sl
OyJlyT HEIPOTUBOPEUNUBO BOCIPUHATLHI U JIPYTUMU COOPATHAMA U3 UL CUCTEM
orcuera. CTOUT MOMHUTH, 4TO 3PQPEKTH TEOPUN OTHOCUTEIHLHOCTU TIPOSB-
JISTIOTCSL TIPUA OOJIBIINX CKOPOCTSIX, W JIJIel HOJIYYEHUs 3aMETHBLIX OTJUYHil OT
KJIACCHYECKOIl KMHEMATUKH YaCTO IOTPEOYeTCs M3ydaTh OOJILIINE PACCTOs-
nud. [TosToMy BBeJieHre MHOXKeCTBa HAOJII0aTe el OKA3bIBACTCS JOCTATOTHO
[1OJIC3HDBIM.

OO6BLIYHO TIpeICTABISCT UHTEPEC CPABHEHWE HAOMIOACHUI He eJMHUYHOrO
COOBITHS, & HEKOTOPOIO MPOIECCa. ByjieM cunuTaTh, 4To HPOLECC COCTOUT U3
JIBYX TOCTIEIOBATEIBHBIX COOBITHII: €ro HavaJa B MOMEHT BpeMeHH ti (B cu-
creme S) U KOHIA B MOMEHT to. COOTBETCTBEHHO, €0 JIOKAJU3AIHS B PO~
CTPAHCTBE TakXKe Xapakrepusyercs jiByMst Toukamu {1, y1} u {xo, y2 }. Un-
TePBaJ BPEMEHK MEXK/1y COOBITUSIMU M PA3HOCTU KOOPJIMHAT PABHDIL:

At =ty — 4, Ar = x9 — 7, Ay =ys —y1.

st KaxKjioro u3 9Tux JIByX COObITUIT MOXKHO 3alucarh peodbpazoBanust JIo-
peHIla ¥ BBIYECTh UX JIPYT U3 JIpyTa.
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B cuiy auneitHOCTH 1IpeoOpa30BaHUil U IIOCTOSHCTBA CKOPOCTH U JIJIsl IIPH-
pallleHnii cripaBeJIMBbI TPeodpPa30BaHus JJOPEHIIEBCKOTO BU/IA:

At — vA Az — vA
At/ = %, A.Q?/ = %, Ay/ = Ay (113)

YacTto MBI OyIeM 3alMCLIBATL BCE COOTHONICHUS JIUIA 2-MEPHOTO NPOCTPAH-
crBa {x,y}, IOMHSI, 4TO B CUJIy CUMMETPUH CBSI3h POEKINET BEKTOPOB HA OCh
z OyJleT Takoil e, KaK U Ha OChb Y.

PacemoTpuM JIBIKyImiicsa 06bekT. MOXKHO M3MEPUTD €ro MOJIOXKeHue, T.e.
KOOPJIMHATEHI {T1,y1} B MOMeHT Bpemenu l1, a 3areM nosioxenue {Ts,ys} B
MoMeHT BpeMert to. [To onpesesennio mpoekimm ero ckopoctn U = {uy, uy, }
B cucreme S paBHbI

Ax Ay
— Kta Uy = Kta

v, aHaJorudno, co mrpuxamu B S’. Ecin ckopocrh 00beKTa 110CTOsIHHA, TO

Uy

BeJNUNHA WHTEPBaJja BpeMeHH POoJid He urpaer. [l nBumKenus ¢ mepeMen-
HOW CKOPOCTBIO TIpejnosaraeTcs, 9to At CKoJb yrofHO MaJs (MTpOM3BOjHAS
KOOD/IMHATHI 110 BPEMEHH ).

3 npeobpaszosanwmii jiyist ipupartennii (1.13) HECTOKHO HANTH CBSI3b MEK-
Iy CKOpOCTAME 0ObeKTa Jiia Habaronareneii B cucreme S n S’

, Uy — ;o uyV 1 —0?
U, = ———\ u, = ———. (1.14)
1 —wu,v 1 —wu,v

ObparHble 11peodpa3s0BaHMsT CKOPOCTH MOJIYUYAIOTCS HPSIMBIMU BbIYUCJICHUsI-
mu. Bripodewm, B cuily 9KBUBAJIEHTHOCTH HHEPITHAILHBIX CHCTEM OTCUIETa MOK-
HO Cpa3y M3MEHUTh 3HAK y CKOPOCTH U W MMEPECTABUTH MECTAMU MITPUXOBAH-
HbIE ¥ HEIITPUXOBAHHDBIC BEJINUNHDI:

/
ul, + v u, V1 — v

Uy = Uy =
Y 1+ v

— T 7 1.15

1 + 'U//x'U, ( )
Ecim, wanpumep, mbr crouM ma neppore u u' = {u,u,} — 3T0 CKOPOCTH
MyXU OTHOCUTEJILHO 10€3J1a, KOTOPbI JIBUXKETCSI CO CKOPOCTBIO U, TO CKO-
POCTH MyXH OTHOCHTEJILHO HAC OY/IeT CKIAIBIBATLCSA U3 JBUYKCHUS TI0C3/1a 1

JBUKEHUS MyXU. B Kjaccuueckoil MexaHHKe 3TO CJIOZKeHUe UMeeT BUJI:
/
Uy = U, + U, Uy R Uy,

B Teopun 0THOCUTEIIBHOCTH HOI00HBIE COOTHOLIEHH A — JIUILL HEKOTOPOE 1IPU-
OMrKeHue, clpaBejyInBoe J0 TeX M0p, HOKa CKOPOCTHU M0e3/[a U MyXH MHOT'O
MeHbIle (pyHIaMeHTanIbHOi ckopocTn ¢ = 1. Hem OblcTpee aBuKeTcs My-
Xa WM 110e3J1, TeM CHJbHee ‘ciioxkenne” nx ckopocreit (1.15) orsmuaercs ot
KJIACCUIECKOTrO.
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e [lonpakTuKyemMmcsi B BOCCTaHOBJIEHUN (DYHIAMEHTAJIbHON KOHCTAHTHI C.
Jist Becex ckopocreii HeoOXOMMO CJIeJIaTh 3aMeHy U — v/¢, 0ITOMY Peod-
pasoBaHUEe CKOPOCTEH, HAPUMED, BJIIOJIb OCH T IIPUHUMAET BUJIL;

u

T — uuv/c?

Paccmorpum 00bekT, JIBUKYIIUICH BJI0JIb OCU T ¢ PYHIAMEHTaJIbHOW CKOPO-
croio u, = ¢. Torma B npyroit cucreme S’ ero ckopocTh Oyjer paBHa:

, c—v
d=——-=c.
1—cv/c?

Takum obpazoM, OObEKT, ABUXKYIINNACI CO CKOPOCTbIO, paBHOI “C’, B OJHOI
cucreMe oTcuera, OyneT UMeTh Ty »Ke CKOPOCTh M B JII00O# APyToit cucreme.
[Tosromy “c” MOXKHO Tak»Ke Ha3BAThb UHBAPUAHMHOT CKOPOCMHIO.

[Ipu momormmu npeobpasosanuii (1.14) mecnoxuo (< Hg) mposepursb, ato

KBaJIpaT JJIHHBI CKOPOCTH U2 = Ui‘HLZ 1Ipeodpas3yeTcs CJIeIyIINIM 00Pa3oM:

e _(;2_) &)_2 ), (1.16)

rjie U-V = U, U — HPOEKIUs CKOPOCTH 00bEeKTa U Ha CKOPOCTb CHUCTEMBI V.
Eciin B oj1HO# cucreme orcuera 00beKT JIBUKETCS B ITPOU3BOJILHOM HAIPaB-

2

jleHnn ¢ PyHIAMEHTAIbHON CKOPOCThIo U2 = ¢ = 1, T0 1 B Jpyroil nuepu-

aJIbHOI cucTeMe W2 = 1, mosToMy “c’ dBJIfeTCs MHBAPUAHTHON CKOPOCTBHIO
HE3aBUCUMO OT €€ HallpaBJICHUS.

[TonobHast MHBAPUAHTHOCTH OOBIYHO B Ka4eCTBE IOCTYJIaTa KCIIOJIb3yeTCsi
npu BbIBOJIe TpeobpasoBanmii Jlopenma (eM. ciemyrormuit pasmen). OpHako
9TO, HA CAMOM JIeJie, CAedcmeue TEOPUU OTHOCUTELHOCTH, MPUIeM OJTHO U3
HanboJ/1ee HEOOBITHBIX W HEITPUBBITHBIX JIJIsT HAIIErO OOBIIEHHOTO OIThITA.

3aluiiem 1npu HOMOIIM BEKTOPHBIX 11peobpazoanuii Jlopenna (1.12), crp.
29, npeobpa3oBaHue JJist CKOPOCTH TAKXKe B BEKTOPHOM Bujie. Paznenus Ar/
na At', monydaem:

,  u—v+TITv(vua)
B v (1 —uv)
[Ipu oMoty JBORHONO BEKTOPHOIO MPOU3BEJIeHNsI (TOXKIECTBO “6al] MUHYC

u

(1.17)

1ab”, ¢rp.374) 910 1peodpaz’oBaHUe MOXKHO HEPEIHUCATh B TAKOM BUJIE:

u,_u—v—l—[vx[vxu]]f‘/v.

1.18
1 —uv ( )

Eciu ckopocth cucrembl orcuéra S’ mapasienabHa CKOPOCTH TeJa, TO MpPo-

uzBeerne v X u = 0 u (1.18) coBuajaer ¢ 0JHOMEPHBIM TPEOOPA3OBAHUEM
CKOpPOCTH B10JTh ocu x (1.14).
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e OyHjaMeHTa bHAS WHBaApUAHTHAS CKOPOCTb “C’ SIBJISIETCs TaKXKe Ipe-

JIeJIbHO BO3MOYKHOM CKOPOCTBIO JIBUXKEHUs “‘MaTepuabHoro’ obbekra. B ca-
MOM Jiejie, TyCTh HalJofare/ib B cucreme S €03/aéT CBOEro KJIOHA U OT-
MPABJISIET €r0 B MOJIET CO CKOPOCThIO v (cucrema Si). [lepsorit kioH cozmaer
BTOPOTO U “OTHPABJISET” €ro ¢ TO YK€ CKOPOCTBIO 0mHuocumenvio cebs (cu-
cremMa Sy), u T.J. J10 GeckoredHocTH. B Kitaccuueckoil Gpusnke n-rhiii KJIOH
OTHOCUTEJILHO CUCTEMbI S UMeJ1 Obl CKOPOCTD U, = N U, KOTOPasi IPU 1. — OO
TaK»Ke CTPEeMUJIACh Obl K O6CKOHETHOCTH. B pesiaTuBUCTCKOM MHUPE CKOPOCTD
n-roro u (n — 1)-ro KJIOHOB OTHOCUTEJILHO CUCTEMbI OTCUeTa S CBAZAHBI CJIe-
JIYIOIIUM 00pa3oMm:

SI SZ S3 un
S = P v Up_1 + U

v Uy = —
0 T T T T T \n

Ecan nporabynupoBarh 3T0 cooTHOIIEHHE, HauuHast ¢ ug = 0, v = 1/2, To

noJiyauTes rpaduk, MpUBEIEeHHbIl Ha pucynke cripaBa. CKOpoCTh U, TpH
n — 0o crpeMuTcs K ¢ = 1. XOTs Uy, MOCTOSIHHO yBEJIUIUBAECTCS, OTHOCHU-
TeJbHO HabJomaTe s B S Kaxjgass nobaBKa CTAHOBUTCS BeEé MenbIrne. [Ipn
N —r 00 MOXKHO MOJIOXKUTb Uy = Up—] = Use U HOJIYUUTH ACUMITOTUYECKOE
3HAYEHWE, HE 3aBUCSIIEE OT Uk Usy = (Uso + V) /(1 + s v), OTKyA Us = 1.

Haiijiém siBHYTO 3aBUCUMOCTD Uy, OT M. 3aKOH cJioxkeHus: ckopocreit (1.15)
MOKHO 3aIMCATDh CJEIYIOMNUM 00pa3oM:

l+u, 14u, 14w

l—u, 1—u, 1—v

Beonst 2unepboaruueckuti apxmanzenc (crp. 402), numeem:

1.1
ath(u,) = ath(u),) + ath(v), rie  ath(v) = 3 In . v
-
[Tosromy ath(u,) = n ath(v), wiu:
1 —w" 1—w
Up = ——, w = < 1
L+ wn I+

[TousaTHo, uTo nmpu n — oo, u, — 1. Popmyna CIOKEHUST CKOPOCTEl, 3aIH-
caHHas IIPHU IOMOIIU TUIEPOOJINIECKOTO apKTaHIeHCa, UMeeT BarKHBbII Ieo-
METPUYECKUI CMBICJ, KOTOPBIH MbI 0OCY/IMM TTPU PACCMOTPEHUN MPOCTPaH-
cria Jlobauesckoro (crp. 320).
Kpome paccMOTpEeHHOI'0 MBICJIEHHOI'O SKCIIEPUMEHTA ¢ KJIOHAMH, CYIIEeCTBY-
(A

IOT TaK2Ke BECKUE dHEPreTUYeCKue IIPUIUHbL IIPEJIeJIbHOCTU CKOPOCTH ~C’; KO-
TOpbIe OyJIyT PACCMOTPEHbI Yy Th TO3KeE.
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e [Ipu nomormu npeobpazosanuii (1.13) Hecnoxknuo (< Hs) mposepursb, ato
JUIsT JIIOOBIX JIBYX COOBITHIL CJ1e1yIo1as KOMOMHAIINS IPUPAIICHIi HMeeT O/11-
HAKOBOE 3HAYCHUE JIJIsT HAOJII0/IaTe el N3 PasudHbIX NHEPINAJIBLHBIX CUCTEM
orcyera:

(As)? = (At')* — (A2)* — (Ay)* = (At)* — (Az)” - (Ay)™.

Bennuunna As HA3LIBACTCS UHMEPSAAOM MEXKTY COOLITUSIMU U SBJISETCS UH-
sapuarmonm rpeodpaszopanuit JIopeniia.

Eciu B Hekoropoit Touke (x1,y;1) HPOM30IILIIA BCIbIIIKA CBETA, PACIPO-
CTPAHSIONIAsACS B BUjie CHepUIecKoii BOJTHBI (B IIIOCKOCTH — OKPYZKHOCTB) CO
CKOpPOCTRIO ¢ = 1, T0o 3a BpeMst At eé pagnyc R craner paBubiM At:

y yr » 2

§ R? = (Az)*+(Ay)?* = (A1)

Crenosarennio, (As)? = 0, 1 Takue WHTEpPBAIB HA3LIBAIOTCS C6€Mon0006-

Hotmu. CBETONOI00HBIE MHTEPBAJIbI BO3HUKAIOT MEXK/LY COOBITHSIME, KOTOPHIE
MOKHO CBSA3aTh PACIPOCTPAHSIOMUMCH ¢ PYHIAMEHTAJILHON CKOPOCTHIO CHUT-
HajoMm. CBeTornoo0HbI WHTEPBaJ paBeH HYJIIO [ Beex Habsrogareseii. Io-
9TOMy cepuyeckasi CBeToBasi BOJHaA OyJeT BbINIsiIeTh cPepruieckoii us Jo-
00l MHEPIUATLHON CHCTEMbBI OTCUETA.

Ecmm (As)? > 0, To unTepsan Has3bBaeTca epemenunodobmvim. B dact-
noctn, ecim Ar = Ay = 0, ro As paBen Bpemenun At, mporneieMy Ha,
HETO/IBUXKHBIX B JlaHHO# cucreme dacax. CoObITHSI, CBsI3aHHBIE BPEMEHHUIIO-
JIOOHBIMKM HUHTEPBaJaMH, MOI'YT ObITH COEJIMHEHBI CUI'HAJIOM, PACIPOCTPaHsI-
FOITIAMCST CO CKOPOCTBIO U, MEHbIIeH euHuIpl (¢ = 1):

(As)? = (AH)? — (Az)? — (Ay)? = (A1)~ (1 — u?) > 0,

rjie u” — KBajpar ckopocru nepemenienus na Ax, Ay 3a spemst At. Ecre-
CTBEHHO, CBOICTBO BPEMEHUIIOI00HOCTH NHTEPBAJIA ABJISeTCS NHBAPUAHTHBIM
CBOMCTBOM JIJIsT BCex HaOJIIo1aTesIei.

Haxonern, ecin (As)? < 0, To unTepBa HAZBIBACTCA NPOCTNPANCINGECHHO-
nodobnvim. Jsa cobbrts, 1 KoTopeix (As)? < 0, Heb3s CBA3ATh CBETOBLI-
MU CUTHAJIAMK WU “OOBIYHLIMU YaCTUIAMHU, UMEIOIIUMU CKOPOCTH MEHbIIIE
dyH1aMeHTaIbHOI.

MuBapuaHTHOCTH MHTEPBAJIA UMEET 1yIyOOKUI reoMeTpuiecKuit cMbicii. Be-
auanHa AS SIBJISIETCS pACCTOSTHIEM B IICEBI0EBKINI0BOM 4-MEPHOM IPOCTPAH-
cTBe - Bpemenn. [logpobHee reomeTputieckme acmekThl TEOPUN OTHOCHTEIHHO-
CTU Mbl PACCMOTPUM B CJIeJIYIOIIEH IJIaBe, a ceiffuac cjesaeM emié HeCKOJbKO
3aMevaHnii 00IIero xapakrepa.
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e OObEKT, JIeTAININ CO CKOPOCTHIO, CKOJIb YIOJHO OJIM3KON K (PyHIaMeH-

TaJbHOW CKOpoCcTH “C’, KAYeCTBEHHO OTJIMYAETCsI OT OObEKTOB, NMEIOIINX B

TOYHOCTU CcKOpocTh “¢’. Hanpumep, npeobpazosanust Jlopenna npu v = ¢
obparaTca B 06CKOHEUHOCTh. IDTO IPUBOJIUT K TOMY, UTO C OObEKTaMHU,
UMEIOIIUMHI CKOPOCTD “C’, HEJIb3sI CBA3aTh MHEPIHUAJIbHYIO CHCTEMY OTCUETA,

HAIIOJIHEHHYIO HaOJIFO/IATe/ISIMU, YacaMu U JIMHEHKaMU.

Haiir mup Briojine Mor ObITh YCTPOEH Tak, 4TO B HEM BOODIIE Obl OTCYTCTBO-
BaJil 00bEKThI, CIIOCOOHBIE JIBUrAThCs cO cCKopocThio “c’. Ha camom jsiere, 310
ObLI0 OBI OOJIee ecTecTBEeHHBLIM. B TakoM Mupe “c’ sBJisijiach Obl [IPEJIC/IbLHOIA,

HO HGILOCTI/DKI/IMOfI HUKAKIM OO'bEKTOM CKOPOCTBIO.

OJ1HAKO, 1I0-BUJAMMOMY, Halll MUD YCTPOEH MHA4Ye, U B HEM CYyIIECTBYIOT
IPUHIMIKRATILHO OTJUYHBIE OT OCTAJbHLIX OOBEKTOB CYIIHOCTH, JBUZKYIIU-
ecst ¢ PyHIAMEHTAILHON CKOPOCTBIO. X CaMbIM BasKHBIM NPEJCTABUTEIEM
sasercs cger. OH Jaer HaM BO3MOXKHOCTb M3Yy4aTh yJIAJCHHBIC IPEAMETDI,
a 6aromaps csery, ucrnyckaemoMmy CoJIHIIEM, CYIIECTBYeT »KU3HL Ha Halleii
mwiaxere. [Ipu BBICOKO# SHEPIUM Mbl BOCIPHHIUMAEM CBET, KaK 9acTHIbI ((o-
TOHBI), & TIPU MAJIOH — KaK BOJIHBI (3JIEKTPOMAIHUTHOE M3JIyUdeHNte).

Kpowme cBera, MOryT CyIIecrBOBaTh U JIPyrUe CYHHOCTH, JBUXKYIIUECS C
¢dyHmaMenTaabHOI cKOpocThio. Hampumep, 10 cux mop HaJeKHO He yCTa-
HOBJIEHO, €CTh JIM y HEATPUHO Macca, U BIIOJHE BEPOATHO, UTO ITO TOXKE
“cBeTorno00HbII” 00beKT. CO CKOPOCTHIO CBETa, 1O BCEil BUJIUMOCTH, PAC-
IPOCTPAHSIETCS IPABUTAIIMOHHOE B3aUMOIEHCTBIE, 1 T.]I.

[IpuHIUIIAIBLHOE OTJINUNE CBETOIOI00HBIX 00BEKTOB OT “00BIYHBIX B TOM,
YTO, OJINH Pa3 POJMBINKUCH TAKUME, OHA TaK U TTPOXKUBAIOT BCIO CBOIO ‘PKU3HB .
Ix Heib3si, HE YHUITOXKHUB, 3aTOPMO3UTH M OCTAHOBUTH. OHM HE MEHSIIOT
CBOIO CKOPOCTh. Peub, KOHEUHO, HJeT O JABMXKEHUN B BakyyMme. B Berrectse
CKOPOCTb CBETa CTAHOBUTCS MeHbIle. OJIHaKO (paKTUIECKH 9Ta CKOPOCTH SB-
JISIeTCst YCPeJIHEHUEM CKOPOCTH padauynulx (HhOTOHOB, mepensiydaeMbix (“c
3aJ1epkKoit”’) aromamu Berecrsa. Mexty aromamu GOTOH JIBUKETCs CO CKO-
pocthio c¢. “HekBanToBasi” KapTHHa TOTO »Ke MIPOIECCA CTPOUTCS Ha OCHOBE
CYMMUPOBaHNsT MHOXKECTBA BTOPUIHBLIX BOJIH, BO3SHUKAIOIUX TPK KOJeOAHNN

3aPAXKEHHDBIX 9aCTHUIL BEIIECTBaA SJIGKTpOMaFHI/ITHOﬁ BOJIHOiA.

Pa3 BO3MOXKHBI CBETOMOMOOHBIE OOBEKTHI, KAUECTBEHHO OTJINIAIOIINECT OT
OOBIYHBIX, TO MOXKHO JIOIYCTUTb U CYIIECTBOBAHKE TaXWOHOB. Taxuomn — 3TO
00'bEKT, CITOCOOHBIN JIBUTATHC ObIcTpee (pyHIaMeHTa bHOoil ckopoctn “c’. B
[PUHIKIE, KAK ¥ CBET, OJINH Pa3 TAKKUM POJUBIINACH, TAXKOH OCTAETCS TaXMO-
HOM Bce BpeMs. Ero ckopocTh MOXKeT npubJInKaThCsa K CKOPOCTH ¢ ceepry,
HUKOIJIa e€ He jocTturas. Jlomyinenue cyiecTBOBaHUs TaXUOHOB IIPUBOJIUT K

OYeHb HEOOBIYHBIM CJIEJICTBUSIM, U Mbl UX TI0K& pacCMaTpuBaTh He OyJieM.
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1.5 AxkcuomMaTruka DUWHIIITEIHA

ObcyxaeHne JOrniIecKuX OCHOB TEOPUU OTHOCHTEILHOCTH OyeT HemoJ-
HBIM 0e3 pacCMOTPEeHUs] TPAJIUITHOHHOTO II0J/IX0/1a, BOCXOISIIEro K DiHIITei-
ny. Cam Ditamreitn B 1905 r. B crarbe “K ajieKTpojimHAMIKE JIBAXKYIIAXCS
resr” chopMyIMPOBaIL CBOM LOCTYJIaThL Cjiejyoum obpasom [8]:

1. 3aKoHBI, IO KOTOPBIM H3MEHSIIOTCS COCTOSHUST (BPU3UUECKUX CHU-
CTeM, He 3aBUCAT OT TOr'0, K KOTOPOW U3 JBYX KOOPJMHATHBIX CH-
CTeM, JBUXKYIINXCA OTHOCUTEJBHO JIPYT JpyTra PaBHOMEPHO W Mpd-
MOJIMHEIHO, 9TU U3MEHEHUHA COCTOAHUA OTHOCHTCH.

2. Kaxxipiit 1ya cBeTa ABUXKETCs B “TIOKOsIeiicsa’ cucrteme KOOp/in-
HAT C OMPEJIEIEHHON CKOPOCTHIO ¢ HE3aBUCUMO OT TOT'O, UCITYCKAETCS
JIA OH TOKOSIIIIUMCST WJIM JIBUYKYIITUMCST TEJIOM.

Bropoit nocrynar 4acto nmoHuMaloT He coBceM BepHO. [losromy rnpusejiém
MOSICHEHUsT caMOTo JDUHINTEHA, KOTOpble OH caenaj B 1921 r. B JieKnusx
“CymnHocTb TeOpUH OTHOCUTETHLHOCTH -

...MOKHO CYHATATDL YCTAHOBJIEHHDLIM, UTO CBET, KAK 9TO BBLITCKACT U3
ypasHenuii Makcpesia - Jlopeniia, pacipocrpaHsieTcst B IyCToTe CO
CKOPOCTBIO €, 10 KpailHeil Mmepe, B OlPee/ICHHON NHePIUaJIbHON Cu-
creme KoopjuHat K. B cormacuu co crienuabHbIM TPUHITUIOM OTHO-
CATEJIbHOCTU MBI JIOJIPKHBI CYUTATH, YTO ITOT IMPUHIMUIT CIIPABE/IJINB
TaK»Ke U B JIIOOOH JIpYroit MHEPIMaJIbHON cUcTeMe.

Cawm 110 cebe BTOpOii OCTYJIaT SIBJISIETCS JJOCTATOTHO “0e300u, 1HbIM . Ddup-
HbIE TEOPUH KaK Pa3 MPEJoJarajn HAJAUNe TAKOH MOKOSIIEHCsT CHCTeMbl
(ruhenden Koordinatensystem, o Qitnmreiiny). [Ipu sToM npoBogniacs ama-
JIOTHsi ¢ PacnpoCTpaHeHneM 3ByKa B Bozjayxe. Ecinm Hab/ogaTesh HeroBr-
YKEH OTHOCHUTEJILHO BO3JyXa, TO CKOPOCTb 3BYKa, JIjIsi HEI'O MOCTOSTHHA, ¥ HE
3aBHUCUT OT CKOPOCTH UCTOUHUKA 3ByKa. CyIMeCTBEHHBIM SIBJISIETCS BBIICJIEH-
HOCTH CHUCTEMbl OTCYETa, CBSI3AHHOW cO cpenoit. B joboit npyroit cucreme
CKOPOCTh 3BYKa, Oy/leT WHOW ¥ 3aBUCHT OT HAIPABJIEHUS €r0 PacipocTpaHe-
HUST 3BYKA.

[TosToMy mpe/oarajoch CyIecTBoBaHne HEKOTOpoil cpejbl (adupa), B
KOTOPOH PACIPOCTPAHSETCst CBET (3JIeKTPOMArHuTHbIe BOJIHbI). Cuurasocs,
YTO ypaBHeHUs1 MaKcBesia OTHOCATCS K CHCTEMe OTCUETa, HelOIBUXKHOM OT-
HOCUTEJILHO 9TOi cpenbl. COOTBETCTBEHHO, 3HAYEHWE CKOPOCTU CBETA, CJie-
JIoOBaBIiee 3 ypaBHennit Makcpesia, OTHOCHIIOCH K HETOJBUXKHOM cucreme
OTCYETA.
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Takum 0Opa3oM, KJIFOUEBBIM B aKCHOMATUKE DUHINTENHA, SBJIACTCA 00b-
eJIMHeHNe BTOPOro MOCTYyJIaTa U MPUHIUIE OTHOCUTEILHOCTH. DTO MPUBOINAT
K COBEPIIEHHO HOBOMY M OY€Hb CHUJIBHOMY YTBEPXKJICHHUIO:

CKOpOCTb CB€Ta OJIMHaKOBa 60 6Cexr CUucCreMax oTcyeTa.

To ecTh HE3ABUCUMO OT TOI'0O, KAKUM 00PA30M CBETOBOI UMITYJILC OBLI CO3/IaH,
M3MEPEHHE er0 CKOPOCTU PA3JIMIHBIME HAOJIOATE/ISIMEI (JIBUKYIIIUMUCS OT-
HOCHUTEJILHO JIDYT JIpyTa) OyjieT IPUBOJUTL K OJHOMY M TOMY Ke 3HAYCHHUIO.
DTOT HOCTYJIAT HPOTUBOPEUUT “KJIACCUICCKOR MHTYHUIUU , BOCIUTAHHONR HA
raJjinjieeBOM 3aKOHE CJIO)KeHHUsi ckopocteil. TeM He MeHee, OH BepeH U, Kak
MbI BUJICJIN BBIIIIE, CJIEJIyeT U3 3HAUUTEJHhHO 00JIee eCTeCTBEHHbBIX MCXO/HBIX
HOJIOYKEHUT, ec/ii 0TKA3aThCs OT aKCUOMbI aDCOJIFOTHOCTH BPEMEHHU.

Ob0benrHeHNE JIBYX MOCTYJIATOB (paKTHIECKH O3HAYAJJIO0 OTKa3 OT ddupa,
KaK HEKOMl CpeJibl, B KOTOPO#l pacupocTpaHnsercd cBeT. lelicTBUTeIbHO, TPpUH-
I[UIT OTHOCUTEJIbHOCTH UMEET CMBICJI TOJIBKO JIJIsi “ITIyCTOrO MPOCTPAHCTBA , B
KOTOPOM HEJIb3¥ YCTaHOBUTH BbLJICJIEHHOCTH TOW MJU WHOW WMHEPIUAJJIbHON
cucreMbl orcuéTa. IIpu nBuKeHUU B BO3JyXe MK 3pupe OECCMBICEHHO TO-
BOPUTH O paBHONpaBnun cucrem orcuéra. OcoberHHo, Koraa OCHOBHBIMK O0h-
€KTaMU TEOPUU OKA3bIBAIOTCS CBETOBbIE UMIIYJILChHI, PACIIPOCTPAHSIONINECS B
3TOU cpeJie.

3aMeruM, UTO B paMKax aKCHUOMATHUKKM DUHINTEHHA B NPUHIUIE MOXKHO
IOBOPUTH HE O CKOPOCTHU CBETa, a O CYIIECTBOBAHUU MaKCHMaJIbHO BO3MOXK-
HOM CKOPOCTH JITOObIX 00'BEKTOB B 1IpUpojie. Keju 31y ckopocTbh 0003HAUUTH
yepe3 “c’ U CUMTATh, UTO 3Ta (PYyHJaMEHTaJbHas KOHCTaAHTa €JINHA, JIJIsI BCeX
PABHONPAGHYLT WHEPITUAJBLHBIX CUCTEM OTCUETa, TO MbI MPUAEM K “TIOCTYJIaTY
MOCTOSIHCTBA B €I'0 CUJILHON (POPMYJIUPOBKE.

Ho Ditumreiina u Jlopewnrr, u Ilyankape moaydaJn npeodpa3oBaHIsT MEXKITY
CHUCTEeMaMU OTCUYETa U3 cOOOparkKeHUil MHBAPUAHTHOCTH ypaBHeHHi Makcsej-
na. Vcropudeckast BaxkHOCTH paboThl Diinmreiina 1905 1. cocTosiia B TOM,
YTO OH OI'PAHUYUJICS TOJIBKO OJIHUM (PaKTOM, CJIEJIYIONUM U3 3JIEKTPOMATrHUT-
HOII TEOPHUU: CYIIECTBYIOT 3JIEKTPOMArHUTHBIE BOJIHBI, PACIPOCTPAHSIIOIUECS
CO CKOPOCTBIO CBeTa. B 3ToM cMbiciie ero mocrpoenus ObLiu OoJiee OOIIUMHU.
Korjia Mbl TOBOpUM O (PyHJIAMEHTAJILHOW KOHCTaHTE MaKCHUMaJIbHOW CKOPO-
CTH BMECTO CKOPOCTHU CBeTa, HAIIKM IOCTPOEHUsT CTAHOBSITCS elnné OoJiee 00-
My, Mbl He IPUBSI3BIBAEMCA K TEOPUH KOHKPETHOI'O B3aMMOJICHCTBYS UK
KOHKPETHOMY areHTy, JIBUKYIIEMYCs 8 MOouHocmu ¢ PyHIaMEeHTaJIbHOW CKO-
pocTbio. XOTsi, KOHEUHO, PEJIII0IAraeTcs, YTO TaKOl areHT JIOJIXKEH ObIThb.
3aMeTuM, U4TO B IIPUBEJIEHHOM paHee cIiocobe BbIBOjIA IpeobpasoBanuii JIo-
peHIla Takoil areHT He TpeboBaJsicsa. OH MOT Jlaxke He CYIIeCTBOBAaTh B IIPUH-
1uIe, ecjii Obl B Mupe He ObLI0 OE3MACCOBBIX YaCTHIL.
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e PaccmoTpum Temnepb BbIBOJ, IIpeoOpasoBanuii JlopeHiia, ocCHOBaHHbI Ha,
CUJILHON BEPCUU TIOCTYJIaTa O TOCTOSTHCTBE CKOPOCTH CBeTa. Dyjem, ciejyst
QitHIITElHY, Pe/IoIaraTh JUHEHHOCTH TPeodpa30BaHuil, NCX0/Is1 U3 “ c601-
Ccmea 00HOPOOHOCTIU, KOMOPOE Mbl NPUNUCHIEAEM NPOCMPAHCNEY U BPEME-
H'. DUHINTENRH JIJIsI COIJIACOBAHUS €JIMHUIL JIJIMHBI MEXK/Ly JIByMsI CUCTEMaMU
OTCYETa MpeJinosaraeT, YTo KOs HEeOABUXKHOI KECTKOM JIMHEHKN CUCTEMbI
S pasroHseTcs 10 CKOPOCTHU U, CTAHOBACH 3TAJOHOM JJinHbL B cucreme S'. 3a-
METHM, 9TO aDCOJIFOTHO »KECTKHMX JIMHEEK He OblBaeT, U IPU YCKOPEHUU OHU
MoryT jiechbopmupoBaThes. [Ipobiiema HECKOILKO yIPOIAETCs, eCJIN JIMHEHKa
[IPU pa3roHe paclioJiaraeTcsd MepreHIMKYJIAPHO BEKTOPY YCKOPEHUs U BCe eé
TOYKU 00HOB8PeMEHHO TIONYUIAIOT OJuHAKOBOE yecKopenue. Ilocie mocTukeHust
HEOOXO/IMMOI CKOPOCTH YCKOPEHUE CTAHOBUTCS HYJIEBBIM. B CHIy H30TPOITHO-
CTU MPOCTPAHCTBA B MHEPIUAJILHON cUcTeMe OTCUETa JIMHEHKa MOXKeT ObITh
HOBEPHYTA BJIOJIb JIIOOOI'O HAllPABJIEHUS.

Tem me MeHee, DUHIITENH IpeAIoNaraeT, 4To KOOPIUHATEL § 1 Y Oceil,
KOTOPBIE TIePIeH IUKYJISAPHBI CKOPOCTU, MOT'YT OBITH OTJIUIHBIMU:

Y =n(v)y,

rie 1n(v) — HekoTopas uérHast (B cuity uzorponun) (yHKIws ckopocTu. Tak
KaK HabJII01aTesId PABHOIPABHLL, TAKOE YK€ COOTHOLICHUE J0J2KHO OLITh ClIpa-
BEJIJINBBIM U JIJIsi 0OPaTHOTO 1TPeodpas3oBaHus, TTOITOMY:

y=n(—v)y =n(-v)nv)y  =>  n(=v)nk)=n’()=1.

Tak kak npu v = 0 jo/KHO ObITH 7(0) = 1, MBI IPUXOJNUM K BBIBOJLY O TOM,
gyro 1) = 1, ciieoBaTebHO, KOOPAUHATDI, MEepHeHIUKYIspHble OTHOCHTE/ b
HOI CKOPOCTH CUCTEM OTCUYETA, HE U3MEHSIOTCS.

SanuiieM JauHeliHble Tpeobpa3oBanus JlopeHna B cieayoIieM Buje:

t/:’Y(t_O-x)v a:':’y(x—vt), y/:y:

rie v = v(v), 0 = o(v) — neusBecrubie QyHKIMU ckopocTr. Kak u pamblie,
cauTaeM, 9ro Havdaso cucrembl S (Touka &’ = 0) JBUKETCs 110 TPACKTOPUH
x = vt, a HAYAJI0 CHCTEMBI S, COOTBETCTBEHHO, 1O TpaekTtopun ' = —vt’. B
HavYaJ bHbI MOMeHT BpeMenn t' = ¢ = () HagaJyia cucreM OTCYETA, COBIAIAIOT.

[Ipeanonoxum, uro B Moment t' =t = 0, nanpumep, B Touke = 2’ = 0,
y = ¢y = 0 upoucxomur Benbimka csera. Cdepuueckas cBeroBast BOJHA B
KasKJI0i cucreMe OTcuéTa OyleT UMeTh ypaBHeHUsI:

3;‘2 i y2 — (025)27 513/2 4 y/2 — (Ct/)Z.

B cuiy nocrysiara 1MoCTOSHCTBA CKOPOCTU CBeTa PaJjiuychl 00EUX CBETOBBIX
cdep (TouHee, OKPYKHOCTEIH) YBEIHIUBAIOTCS ¢ OJMHAKOBON CKOPOCTBIO C.



JOI'MYECKHNE OCHOBBI 39

[TogcraBuM B ypaBHeHue cBeToBoil cdepnl cucrembl S’ nnuHeinble 1peod-
pa30BaHmUs KOOPJAUHAT U BpeMeHH. Bo3BO/is UX B KBaJpaT, HAXOJNM:

Via? — 2y%vat + i 4yt = A2 (ct)? — 292t oat + ot e,
Yrobbl nostyunsioch ypasienue cepbl B cucreMe S, NepeKpécTHbIe YieHbl
ot JI0JIXKHBI COKPATUThCs. 11o9TOMYy:

v
o= —.
C2

Cobupas caaraembie npu o2, y* u t2, umeem:
V(=) i + 7 =7 (1 = 0P /) (ct).

YuuTbiBas ypaBHeHUe CBETOBOW cdepbl B cucreme S, NPUXOAUM K CJIELyIO-
IIeMY COOTHOIIEHUIO It (DYHKITHH 7Y:

v (1 —v?/c?) = 1.

Tak Kak npu HyseBoii orHocuTebHOM ckopoctr ¥(0) = 1, npu usBjedenun
KOPHs He0OXOMMO BhIOpATh 3HAK IIIOC. B pe3ysibrare 1moJiydalrcs HCKOMbIE
npeobpasoBanus Jlopenna:

. t—ovz/c? , x — vt , ,
:—7 x :—7 y :y7 < :Z7
V1—v%/c? V1—v%/c?

rje Mbl J100aBUIN TTPE0OPA30BaHWs JIJIsi BTOPON NMEPHEHIUKY/ISIPHOR K Ha-
HPaBJICHUIO JIBUXKEHUs ocu 2. PaccyXjieHust st Heé COBEPINEeHHO aHaJ 0T~
HBI OCH Y.

3aMeTuM, 4TO IpHU BbIBOJE peobpasoBannii JIopeHiia ObLI IpUHIUIIHAJICH
y4€T 110 KpaiiHeil Mepe JIByX IPOCTPAHCTBEHHBIX M3MepeHuil. Eciu O6bl BMe-
cTO cBeTOBOM cdepbl (MK, KakK BbIIE, OKPYKHOCTH) Mbl PACCMOTDEJIH JBU-
YKEHUE CBETOBOI'O MMILYJIbCA TOJIBKO BJOJIb OCH T, YJIaJa0Ch Obl HaiiTu (DyHK-
muto o(v) = v/c?, no ne y(v). EcrecTBenno, TeOpHs OTHOCUTEIHLHOCTH MO-
yKeT ObITh pa3BUTa W JIJIT OJIHOMEPHOTO MpocTpancTBa. OIHAKO B 9TOM CJIy-
qae MOCTYJIaTa, MOCTOSTHCTBA, CKOPOCTH CBETa CaMOro 10 cebe HeJ0CTaTOIHO.
HeobxomuMo 1c110/1b30BaTh, B COOTBETCTBUU ¢ IPUHIIUIIOM OTHOCUTEILHOCTH,
I'PYIIIOBBIE cOOOparkeHus, MOJ00HO TOMY, KaK 9TO OBLIO CJIeJIaHO B pa3jelie
“IIpeobpasosanus Jlopenud’'. B wactnocTn, 115 KOOpauHaT T, T’ 3amucbiBa-
ercst obparTHoe 1peodpazoBaHue U 110C/Ie 110JICTAHOBKU B HEI'O HIPSAMOI'O 110J1Y-
yaercd Bujl GyHKIUU . OHAKO BMECTO KOMIIO3UIME IIPeoOpa30oBaHuil JIJis
TPEX CUCTEM OTCYETA, KOTOPOE a0 HaM B paszesie 1.3 GyHKINO 0, MOXKHO
MCIIOJIB30BATH MOCTYJIAT TOCTOSTHCTBA CKOPOCTH CBETA BO BCEX MHEPIIMAIbHBIX
cucTeMax OTCUYETA.



40 TVIABA 1.
1.6 IlpuHIuN napamMeTpuveckoii HEMOJHOTHI

TpysHO HEpeoneHUTh 3HaYeHne (PyHIaMEHTaJIbHbIX KOHCTAaHT ¢ U A B CO-
BpeMmerHo (usnke. OHU ONPEIESIOT CTPYKTYPY OCHOBHBIX (POPMYJI PeJisi-
TUBUCTCKON M KBAHTOBON Teopuil. VIX duc/ioBble 3HAUEHMST 3aJ1a10T MaCIITa-
Obl sABJICHUI, Ha KOTOPBIX OKA3bIBAIOTCS CYIIECTBEHHBIMHU COOTBETCTBYIOIIIHE
MONPaBKU K Kijaccuieckoit mexannke. C ¢yHpaMeHTaIbHBIMA KOHCTAHTAMA
CBSI3aHO MHOXKECTBO BOIIPOCOB, MOJIHbIE OTBETHI Ha KOTOPbIEe HEM3BECTHDI:

e [Jouemy MBI HE MOXKEM BBIYHCJIMTHL 3HAUEHUsT PYHIAMEHTAJbHBIX KOH-
CTAHT, HE 00PAIAsACh K SKCIEPUMEHTY ?

e [louemy dpyHpaMeHTAIBLHBIE KOHCTAHTHI MOSIBJISIOTCS B OoJiee o0Iux du-
3UIECKUX TEOPHSIX, HO OTCYTCTBYIOT B KJIACCHIECKON (pusnke?

e BosmoxkHbI Jin (pyHIaMeHTaIbHbIE KOHCTAHTBI, OTJIMYHbIE OT ¢ U h, u
COOTBETCTBYIOIME UM ODOOIEHMST KJIACCUIECKOH MEXaHUKH !

e Koneuen jin HaOOp BOBMOXKHBIX (DYHIAMEHTAJIbHBIX KOHCTAHT !
e He usmensirorest in “koHcTaHTHI CO BpEMEHEM !

YTOIHUM, 9TO Mbl TOHUMAEM 1101, (PYHIAMEHTAJTHHBIMU (DUBUIECKUMEU KOH-
cranTaMu. B Hacrosmiee Bpemst (pu3mKa COCTOUT U3 TPEX TECHO CBI3AHHBIX
MeXK/1y coDOii JacTeii:

1) Cmpyxmypa: SJIEKTPOH, KBAPK, ATOM,...;
2) Bsaumodeticmeue: 371€eKTPOMAIHUTHOE, CHIIBHOE, . ..;
3) Mexanuka: pesITUBUCTCKAsI, KBAHTOBASI.

[Toy TepMuHOM “MexaHMKa MbI IOHUMaEM He “MeXaHu4IecKue sBJICHUs KJ1ac-
cuveckoil (pu3mku, a odIKre CBOMCTBA MPOCTPAHCTBA U BPEMEHU, BJIUSTHUE
U3MEPEeHUsi Ha OO'bEKThI U T.JI., TO €CTh BCE TO, 4TO JIE2KUT B OCHOBE Beex u-
3uvueckux Teopuit. MexaHuka 3a/1aeT 3aKOHbBI, KOTOPLIM HOIUHHSIIOTCS JII0ObIE
CTPYKTYPHBIE €IMHUIILI 1 B3aUMOAeicTBrsT MexK 1y HuMu. Ona sipisiercst (pyH-
JIAMEHTOM, Ha KOTOPbIH ONUPAIOTCS JIBE JPYI'Ue 4acTh (PU3NUECKOTO 3J1aHus.
Hanpumep, TpuHIUIBI TEOPUU OTHOCUTEIBHOCTH OIPAHUYUBAIOT KJIACC BO3-
MOXKHBIX B3auMojieiicTBuit. OJTHO U TO 2Ke B3aUMOJICHCTBIE BOSHUKAET MEXK LY
PA3JIMYIHBIMU CTPYKTYPHBIMU €JIMHUIIAMU, MHOIOOOpa3ue KOTOPhIX U COCTAB-
Jisier ocHoBy Hatero Mupa.

YeyoBuMcs B aJibHEHIIEeM MTOHUMATDL 110]1 (PYyHIaMEHTAJIbHBIME KOHCTaH-
TaMU T€ KOHCTAHThI B (PU3NKE, KOTOPbIE OMPEJCISIOT CTPYKTYPY (OPMYII
TEOPUil, IPUMEHUMBbIX KO BceM (popMaM MaTepuu U BUjlaM B3auMOJIeHCTBU.
OTU KOHCTAHThHI 33/1al0T CBOICTBA MEXaHUKHU.
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Ceiivac HaM U3BECTHBI TPY TaK¥e KOHCTAHTHI: (DYHIaMEHTAJIbHAA CKOPOCTh
¢, nocrostnnas [Inanka 7, u, no-sumMomy, KoHCTaHTa IpaBUTAiN Grpas. 3a-
PsiJi AJIEKTPOHA, MACChI JIEMEHTAPHBIX YaCTHI] U JIpyI'He BakKHe#e napa-
METPBI He SBJIAIOTCA (PYHIAMEHTAJBHBIME 6 YKA3GHHOM GHIULE CMBLCAE.

Tak, K npumepy, roBops 0 KOHCTaHTe “C’, OOBIYHO YIOTPEOJIAIOT TePMUH
“ckopoctb cBera’. IIpu sToM 1101 OJHUM Ha3BaHUEM OOBEUHSIOT JBE ITPUH-
LUIIAAJIBHO PA3JIMIHBIE KOHCTAHTBI: CKOPOCTDH PACIIPOCTPAHEHMS 9JICKTPOMAL-
HUTHBIX BOJIH B BaKyyMe “Cy;/, M (yHJaMEHTaJbHYI0 CKOPOCTb “c’, ompe-
JICJIATONIYI0 CTPYKTYPY TEOPUH OTHOCHUTEJHLHOCTH. 10, UTO CKOPOCTH 3JIEK-
TPOMArHUTHOR BOJIHBL “Cyy 7y COBIAJAET 1O 3HAYEHUIO ¢ (DyH/IaMEHTaILHOM

CKOPOCTBIO “C”, SIBJISIETCS CBOMCTBOM OJIHOI'O U3 CYIECTBYIOIINX B3aUMO/IEii-

CTBHUI1, TOI'JIa, KAK KOHCTAHTa, “C’ olpejie/iseT PEeJIATUBUCTCKYIO TEOPUIO, CIIpa-
BEJJIBYIO JIJIst JIIOObIX (popM Marepuu. B dacTHOCTH, 9TOOBI U3MEPUTDH 3HA~
qerue (PyHJAMEHTAJIbHON CKOPOCTH, HET HEOOXOIMMOCTH MPOBOJIUTH JIEK-
TPOJMHAMUYECKUE SKCIEPUMEHTHI. J[0CTaTOYHO CPpaBHUTH pPe3yJbTaThl JIIO-
ObIX HAOJIIONEHUI B JBYX CHCTEMax OoTcueTa M u3 npeodpaszoBanuii Jlopenma
onpejesuTh 3nadenue “c’. Jlaxe eciu Obl (POTOH MMEJ OTJUUHYIO OT HYJIs
Maccy ¥ He CyIeCTBOBAJIO JIPYTUX O€3MACCOBBIX YaCTHUIl, TEOPHST OTHOCUTETh-

HOCTH C KOHCTAHTOH “Cc’ OT 3TOro Obl HE U3MEHUJIAC.

Mpbr Oyjiem HazbiBaTh napamerp “c’ pyHJaMeHTaIbLHON (PU3MIEcKOit KOH-
cranToil. B 1o ke Bpemst “c,, /", coBlajas ¢ Hell YMCIIeHHO, sIBJISIeTCS JIMID
apaMeTpoM OJIHOIO M3 B3AMMOJICHCTBUIL, CBA3aHHBIM C HYJIEBO# Maccoii ¢o-
ToHa. B aTom cmbiciie “c,, /" dynnamentanbhoit ne asisterca. Ecrecrsenno,
onpejiesienue “ne pyHjaMenTasbuas’ He JOJDKHO yMAJIATh BAXKHOCTH “Coy /yy -

B kisaccumueckoit MexaHuke (pyHiaMeHTaJbHble KOHCTAHThI OTCYTCTBYIOT.
Tounee, nx 3HaUeHne TpUBHAIbHBIM 0Opa3oM bukcupoBano (0 umm 00). ['pa-
BUTAIMOHHAS KOHCTAHTA Grpap, KAK U CKOPOCTH CBETA, MPUCYTCTBYET B KJ1AC-
cu4ecKoit puszmke, HO CBOM (PyHJAMEHTAJbHbBIA CMbIC/ IPUOOPETAET TOJIHLKO
B COBPEMEHHBIX TEOPHUSIX IIPOCTPAHCTBA ¥ BPEMEHHU.

Mexannku, 0000IIAIOIINE KIACCUIECKYIO TEOPHUIO, HE OTMEHSIIOT, a JIMIIb
OIPAHUYUBAIOT 00JIACTh €€ npuMeHuMocTu. FEciu pyHjamMenTaj bHble KOH-
CTAHTBI YCTPEMUTh K UX IPeJeJbHBIM 3HAUYEHHUsSIM, TO OoJiee OOIHe Teopuu
HePeXoIAT B KJACCHICCKYIO PU3UKY. B 9TOM COCTOUT CMBICI NpuHuuna co-
omsememeus. OH, eCTECTBEHHO, HE O3HAYAET, 9TO JII0OO0E sIBJIEHNE UMEET CBOM
KJaaccudeckuit anajor. OHaKO MPEeeMCTBEHHOCTh HOBBIX TEOPUIA JIOCTATOYHO
BBICOKAsl, U BCEIJIa MOXKHO C(OPMYJIHPOBATH YCJIOBUs “TIIABHOIO IIepexoja’
OT HOBBIX KOHIENHi K craphiv. DopmasibHOe 3MeHeHre 3HadeHnit (yH1a-
MEHTAJIbHBIX KOHCTAHT (MX YMEHbIICHUE WJIM YBEJINYEHUE) SBJISIeTCsT OCHOB-
HBIM HHCTPYMEHTOM TaKOI'o Mepexoja.
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e llTak, moueMmy BO3HUKAIOT (DyHTAMEHTAJIbHbIE KOHCTAHTHI B COOTBETCTBY-
fore UM Oosiee obrmre Mexanuku! OTBeT Ha 3TOT BOMPOC CBsI3aH C aKCHO-
MaTHYEeCKUM aHaJM30M OCHOBaHuil pusnueckux reopuit. B maremarnke ak-
CUOMATHIECKUN METOJT UCTIOTB3YeTCs cO BpeMeH EBKnma, OMHAKO BOIPOCAM
AKCUOMATHUKHU CTAJIU YJICIATh CEPbe3HOe BHUMAHUE TOJILKO II0CJIC TOABICHUA
HEEBKJINJIOBOM TeOMETPUN U 1TapaJIOKCOB B TCOPUU MHOXKECTB.

BoJiee 1Byx ThicsiuesieTnii pogOJIKAJINCEH TOMBITKHA JIOKA3aTEIHLCTBA, “Tisi-
TOI’ aKCMOMbI O IlapaJuie/ibHbiX B reomerpun Epkiuja. st aroro BbiBo-
JIAJIOCH MHOYKECTBO TeOpeM, He 3aBUCSIIUX OT ITOH aKCHOMBI, — “HjieabHasl
reoMerpusi’ 1o TepMmuHosioruun Bosu. B pesysibraTe BO3HMKJ/IA HOBas TEOPUS
— HEeBKJIMJIOBA, T€OMETPHSI.

B orsimune ot reomerpun EBkinjia, B ee popMmysiax MosiBasieTcss KOHCTAH-
Ta A — KPUBU3HA POCTPAHCTBA, 3HAYECHUE KOTOPOW HE MOXKeT ObITh Haiije-
HO W3 MCXOJHBbIX akcuoM. IIpm A — 0 (opMy/bl HeeBKJIMIOBOI reoMeTpuu
ePEXoIAT B COOTBETCTBYIOINE TEOPEMbI €BKJINJI0BOI Teopun. bosee Toro,
Jl00aBJIeHNe TISITON aKCMOMBI aBTOMaTHIecKn (pukcupyer 3Haqdernne A = 0.

HeeBkinjioBa reomerpust okasaJsiach, o-BUIMMOMY, [IEPBO Teopueil, B KO-
TOPOit (pyH/IAMEHTAJIbHAST KOHCTAHTA, A, OLPEJIEIIoNnias eé CTpyKTypy, BO3-
HUKJIA B pe3yJibTaTe yMEHBIEHUS UCXOTHON aKCUOMATHIECKONH NH(DOPMATIIH.
ADCOIOTHO aHAJIOTWIHA, CUTYaIUsT U B (PU3NKE.

CucremMa axcuoM JH000OI TeopHH JIOJKHA 00J1a/IaTh TPeMsi CBOWCTBAMU:
OBITh He3aBUCUMOT, HeNPOMUBOpeUsot U noanot. IlosHoTa 03HAUYAET, YTO
JII000E yTBEPIKIEHUE MOXKET ObITh JIOKA3aHO UJIM OIIPOBEPIHYTO IPU MOMOIIH
HCXOJIHBIX aKCUOM. B 3Tux repmuHax Kjaccudeckast (pu3uKa, 10 OTHOLIIEHUIO
K yHIaMEHTAJIHLHBIM KOHCTAHTAM, SIBJISIETCsT TTOJIHOW, TOT/Ia KaK PessTH-
BUCTCKasi Teopust — Het. [lelicTBuTe/ibHO, yTBEpXKAeHus Tuia ¢—299792458
M/C WK ¢ = 00 JIeJIyKTUBHO HEJb3sT HU JIOKA3aTh, HU OMPOBEPIHYTH (HE
cTaBst, KOHEYHO, COOTBETCTBYIONIErO SKCIepuMenTa). B 1o e BpeMmsi, B Kiac-
CUYECKON MexaHuke “reopemMa’ ¢ = OO CJIejlyeT U3 aKCUOMbI abCOJIFOTHOCTH
BpeMenu (nsirast akcnoma u3 pasgeda “ IIpeobpazosanus Jlopenya”).

To, 9T0 B T€OPUU BO3HUKAET KOHCTAHTA, 3HAYCHUE KOTOPOH HEBO3MOXKHO
BBIBECTH U3 MCXOJHDBIX aKCHOM, MBI HA3LIBAEM NAPAMEMPUUECKOT HENONHO-
mot meopuu. HermosiHoTa BO3HUKAET IIOTOMY, UYTO B YPE3aHHOI CHCTEME aKCH-
OM COJIEPXKHUTCSI MEHbIIe NH(OPMAIMH, 9€M B UCXOLHON. Y MEHBIIEHNEe KOJIU-
yecTBa MHPOPMAIUU HeU30€2KHO IPUBOJIUT K HEIIOJHOTE B BbIBOJIAX TEOPUU.
DTa HEINOJHOTA MOXKET OBITb MUHHUMAJIbHA B TOM CMBbICJIE, UTO BCe (PYHKIIH-
OHAJILHBIE COOTHOIITEHUST TEOPUN BBIBOJISATCS U3 MCXOJIHBIX aKCHOM, W JIAIIh
KOHEUHBI HADOP KOHCTAHT OCTAETCsl HeopeiessieMbiM. Be3ycioBHO, TepMuH
“akcromaTuueckas nHdopmMmalus’ TpedyeT Oojiee aKKypaTHOI'O OIPeIeIeHUsI.



JOI'MYECKHNE OCHOBBI 43

Knaccmieckass MexaHWKa MOCTe aKCHOMATHIECKOTO ONMUCAHUS OCHOBHBIX
nousituit (ITpocrpancrso, Bpewmsi, Macca, Cocrosinue, u T.J1.) CTAHOBUTCS JI0-
CTaTOYHO (POPMAJILHON MaTEMaTUUYECKON Teopueil, cucremMa akCuoM KOTOPO
JIOJI2KHA YJIOBJIETBOPSATH YCJAOBUIO ITOJTHOTHL.

OcCHOBBIBasICh Ha KJIACCUIECKON MeXaHUKe, MOYKHO JIeIyKTUBHBIM 00pa3oM
IOCTPOUTH HAOOP HMapaMeTpUYecKy HEMOJHbIX Teopuii. [Ijist 3Toro Heobxomu-
MO OTKa3aTbCs OT HEKOTOPOI'O 1OJMHOXKECTBA aKCMOM KJIaCCUYecKoi (usu-
k. B arux Teopusix (MexaHuKax) posib (pyHIaMEHTATbHBIX (DU3HIECKUX KOH-
CTAHT OyJIyT UI'PATh KOHCTAHTHI, TPOUCXOXK IEHNE KOTOPHIX CBS3aHO C HEIOJI-
HOTOM, BO3HUKIIIEH B pe3ysibrare yMeHbIeHus ucxoHoi nudopmaruu. [pu
IpeaeJbHOM 3HAYeHNN 3TUX KOHCTAHT MBI CHOBA MPUXOJAUM K KJIACCHUIECKOU
Teopun. [losrydaercs Kak ObI MPUHIIUAIT COOTBETCTBUS HAOOOPOT:

U3 KAACCUMECKOT (PUBUKU, OMKA3VIGAACH OM HEKOMOPHLIT AKCUOM,
MOIHCHO 680L600UMDb HOBVIE, boaee 0buLue meopuu.

[TomobHbBIH e lyKTUBHBIA IIyTh CO3/IaHUs “HOBOI (DU3UKHU  SIBJISETCS UCKJIFO-
YUTEJIbHO 3aMaHIMBbIM. ECTECTBEHHO, HE BCE BO3MOXKHBIE BbIJyMAHHBIE TEO-
pPUU JIOJKHBI Peajin30BbIBaThCst B HameMm Mupe. OHako npy OMOIIN TPUH-
IUIIa TapaMeTPUIECKON HEMOJHOTHI MOXKHO CTPOUTL TEOPHUHU, KOTOPLIE Ytce
codepoicamcs B AKCHOMATHIECKOM Oasnce KJIaccudeckoil (pusuku (mosryda-
FOTCsT M3 HEKOTOPOIO TMOJMHOXKECTBA aKCHOM KJaccuieckoii Mexanuku). He
UCKJIIOUEHO, 4YTO 110100HbIe “JledpopMaliun’ UCXOJIHBIX JIOTMYECKUX CTPYKTYP
Hen30€:KHO JIOJ?KHBI BO3HUKATD B PEAJbLHOCTH U IIPHU JOCTATOUYHO TOUHBIX U3~
MEPUTEJbHBIX BOBMOXKHOCTAX PAHO MJIK II03/IHO Oy 1yT oOHapy:KeHbl. Teopusi,
KOTOpasl YJIOBJIETBOPSAET MPUHIIUITY COOTBETCTBUSI, HE MOXKET ObITH OIIPOBEPT-
HyTa. JKCIEPUMEHT CIIOCOOEH €€ TOJILKO MOATBEPIUTD. VI3MeHeHneM KoHCTaH-
ThI, JIeYKallleil B OCHOBE TaKOil TEOPUH, BCEI/Ia MOXKHO OTOABUTATH €€ 3(pdek-
ThI B 00JIACTH, HAXOJSIILYIOCS 3a MPeIeIaMi SKCIIEPUMEHTAILHOW TOUHOCTH.

B nociegnee BpeMsi MIXPOKO pacIpPOCTPAHUIICA »KAPTOHHBINA TepMuH “Teo-
pusi Beero”, 1oji KOTOpbhIM T10J[pa3yMeBaloT CO3/aHne eJIMHOI TeOPUH, OXBa-
ThIBAIOIIEH BCEe M3BECTHbIE B3auMojeiicTBus. EcrecrBeHHO, NapaJuiebHO C
9TUM HEeoOX0auMO cTpouTh “Teopuio Beero” ornocurenbuo ¢gynmzamenTta pu-
3UYECKOT0 3JlaHudd, T.€. MEXaHUK, OTPAHNYABAIOIIAX CBOUCTBA 3TUX B3aUMO-
peiicteuit. C TOYKYM 3peHUsT TTPUHITATIA, TTAPAMETPUIECKON HEMTOTHOTHI TaKast

Teopus Bcezo bydem nocmpoena us Huuezo.

Otum “Huuero” sBjsercs TO, UTO OCTACTCA B aKCHOMATHKE KJIACCUUECKO
pusKMKHM, KOrja BCe aKCHOMBI, MMEMIHe MUHUMAJbHYIO aKCHOMaTHIECKYIO
nHbOPMaIHIo, OTOPOIIEHbI, 1 Bee (hyHIaAMEHTaIbHbIE KOHCTAHTHI (B CHJLY T2~
paMeTpruyecKoi HeHOJIHOTbI) BOBHUKJIM B TaKO# 0DOOIIEHHON MEXaHUKHU.
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1.7 HuepTHadg Macca

e [Jocyie mpocTpaHCcTBa U BpeMEHH Macca — HanboJiee 3arailoaHoe CBOMCTBO,
xXapakTepusymiiee o0beKThl OKpy»Katoiiero mupa. VMcaak Hproron orpejie-
JIMJT MACCY CJIEJIYIOIITM 0Dpa3oM:

KomnmiectBo Marepun (Macca) eCTh Mepa TaKOBOi, yCTaHABINBaCMAS
TPOTIOPTIHOHAIBHO IIOTHOCTH U 00bEMY €. [4]

B nanbHeiineM 3To ompejiesienne HeoIHOKPATHO MOIBEPTaIOoCh KPUTHUKE, TaK
Kak 0oJiee eCTECTBEHHO BBITJISIIUT OIpejiesieHre TJI0OTHOCTU Yepe3 Maccy u
obbém: p =m/V. Tem ne menee, Jijist TeJ1 OJMHAKOBON MJIOTHOCTH BBHIYHUCIIC-
HUE MACChl Yepe3 UX 2e0Mempu1eckue XapaKTePUCTUKU BBITJISIIUT JTOCTATOY-
HO NpuBJIeKaTEIbHBIM. Eciin Obl cyiecTBOBa M (DyHIaMEHTAIbHBIE YaCTHILbI,
o0Jiajiatolme oJIMHAKOBOM Maccoii, TOrIa BIIOJIHE 10100 Obl OlpejiesieHue,
aHajiorudHoe onpejenennio Hprotona. Hanpumep, ¢ 3apsjgom cutyaimst 0o-
CTOUT UMEHHO TaKuM 0bpazoM. OJTHAKO MTOKa He CYIECTBYET MOCJIeI0BATEh-
HBIX TEOPUil, BBOJSIIMX KBaHTOBAHWE MacC YaCTHI] 10JJ0OHO KBaHTOBAHMUIO
UX 3apsiJioB.

Macca B kauecTBe KO3 PUIMEHTa BXOJIUT B PA3JIMIHBIE COOTHOIICHUS KJIac-
cuveckoil MexaHnku. Tak, eciii U, a — 3TO CKOPOCTh W YCKOPEHUE YaCTHILhI,
E, p — kuneruveckasi sHeprusi u umiyJibc, a F — cusa, koropas jeiictByer
Ha YACTHUILY, TO BO3MOXKHBI CJIEJIYIONINE “OIpe/e/eHnsl WHEePTHON MacChl:

ma = F, mu = p, m = 2F /u’.

CKOpOCTh M yCKOPEHWEe CBOASATCS K KWHEMATHWKe, a CJIeJ0BaTeIbHO, K N3Me-
peHuio JyuinHbl 1 BpeMenu. [loaTromy B jiuHaMuke OHUM SBJISIIOTCH “XOPOIIO~
OIPEJICIEHHBIMU BeJIMUMHAMU. DTOIO HEJIb3s CKa3aTh O CHUJIe, UMIIYJIbCE U
sueprun. Ckopee, ux HY2KHO OIPEJE/ISITh IPU TOMOIIHM MAacChl. MOXKHO IOIIbI-
TAThCs UCKJIFOUUTH JIMHAMUYECKHE BEJIMUUHBI U3 Ollpejiesiennst Mmacchl. [lycThb
CYIIIECTBYeT 3TAJIOHHAsI CHJIa, OJUHAKOBO JIHCTBYIONIAs HA JBE PA3JIMIHBIE
MaccChl My 1 Meo. B KauecTBe TaKkoii CHIbl MOXKET OBITH BHIOpaHa, CUJia BO3/Ieii-
CTBUSI M€PBOI YACTHUIIBI HA BTOPYIO, paBHast ¢ 00paTHLIM 3HAKOM BO3JIEHCTBUIO
BTOpOil yacTuipl Ha nepsyto (3-if 3akon Hptorona). B pesyibrare 3akombl
HbioroHa nNpuBOASAT K COOTHOIIEHHIO 1M1a] = —Mody, KOTOPOE OJIHOBPEMEH-
HO OKa3bIBAETCsI 3aKOHOM JUMHAMUKHU U OIpPEJIeJICHMEM MaCChl YaCTHUIbI.

Mpbr pacemorpuM Jipyroii criocob orpejiesieHnst MacChl, OCHOBaAHHbIN Ha 3a-
Jlage yIpyroro coyjapeHusi u coodparkeHusix cuMmmerpuu. VHeprabie cBOii-
CTBa MaCChI IIPOSIBJIAIOTCS IIPH HONBITKE U3MEHUTH CKOPOCTh 00beKTa, To0b!
ero CKOPOCTh M3MEHUJIACh, HEOOXOIMMO HEKOTOPOE BO3JICHCTBUE CO CTOPOHbI
JIDYTUX TeJI, HAIIPUMED, B Pe3yJibTaTe UX CTOJKHOBEHMUS.



JOI'MYECKHNE OCHOBBI 45

PaccmoTpum Be pasiaudHble YaCTUIBI, KOTOPbIE CTAJKHUBAIOTCS, a 3aTeM
pasjeTaTcsd, IBUrasiCh BIIOJIb OJHON psiMoit. Eciin qacTuib! mocse cToakHo-
BEHHSI OCTAJINCh “TeMU K€, TO Mbl HA3bIBAEM TAKOE CTOJIKHOBEHHUE YNPY2UM.

Axkcuoma I. Ilpu yupyrom cTosiIKHOBEHUHU JBYX Pa3IUIHBIX YaCTHIL
CYIIECTBYeT CUCTEeMa OTCHETa, B KOTOPOH CKOPOCTH YACTHIL IMOCJE
CTOJIKHOBEHHUsI MEHSIIOT CBOI 3HAK, HO HE aDCOJIIOTHYIO BEJIMUMHY.

HeiicrBuTeIbHO, € Y 9acTuilbl A B HEKOTOPO# CHCTeMe OTCUETA, IO CTOJIK-
HOBEHUSI CKOPOCTH U1, & IOCJIe —Ug, TO, ABUrasICh OTHOCUTEJILHO 3TOU CUCTE-
Mbl C IIOJIXOAAIIEH CKOPOCTHIO U, MOXKHO YPABHATH 9TU CKOPOCTU 110 MOJLYJIIO:

@ u; e @ -U; @ . U

B Takoii cucreme, B CUJIy CUMMETPHUHU, OKAXKETCsI HEM3MEHHBIM 1 MOJIYJIb CKO-
poctu dactuiibl B. [logo0HOE ¢BOMCTBO CUMMETPUN YIPYTOrO CTOJKHOBEHUS
MOXKHO CBSI3aTh C 00pamumocmvio epemenu. JeiicTBUTEIbHO, €C/IA IIPOKPY-
TUTh B 00paTHOM HalpaBJIeHUU (PUIbM 00 TOM COYJIAPEHUHN, Mbl HE JIOJIXKHbBI
3aMETUTh HUKAKOM pa3HUIlbl HU B CKOPOCTSIX, HU BO “BHEILIHEM BU/JI€ YACTHUII,

Axkcuoma II. Kaxjas gactuia xapakTepusyercs: BeIeCTBEHHbIM
CKaJISIPHBIM TTaApaMeTpoM (Maccoii). DTu mapamMerpbl OMPEIessioT
CKOPOCTH U1, Uz TP YIPYTOM CUMMETPUIHOM CTOJIKHOBEHWH.

Ecan maccol gactunnl A u B paBHBI M1 U Mo, TO CIPABEJINBO CJIEIYIONIEE
NPasuUNo YNoPAA0UUBAHUA:

myp < mao, ecyin Uy > U9;
mi = Mo, €CJIn U1 = U9;
mi > mo, ecJin ur < uy.

OHako 910 onpedesenue He AT M3MEPUTETbHBIX WHCTPYKIWH JIJIsT BHIUNC-
JIEHU s aDCOJIIOTHOI'O 3HadYeHust Macchl. Heobxoumo 3ajiaTh HEKOTOPYTO Dy HK-
o me /my = F(uq, us), HO3BOJILAIONLYIO OJIyYaTh OTHOLIeHHE Macc. To, 4To
MACChl BXOJISIT B BUJIE OTHOITIEHWST T2 /1M1, MOYXKHO MOTHBHPOBATH (HO He JI0-
Ka3aTh) MPU OMOIIIU CJIEJYIOIIEr0 MbICJCHHOIO KCIIEPUMEHTA

[d— +~—B 4] [B—

a— W T, g g W 4p— "
| | : |

[Iycts KyOuKM ¢ momMeTkaMu A SKBUBAJIEHTHBI JIPYT JAPYTYy W OTJIUIHBI OT
KyOuKOB B. 9Tu cBO#iCcTBa yCTaHABJIMBAIOTCS MPU MTOMOIIU TPABUJIA YIIOPSi-
jounBanusa. CTOJKHOBEHNE BEPXHUX U HIXKHUX KYOUKOB OyJIeT TTPOUCXO/IUTH
ouHakoBbIM 0bpasoMm. C apyroit croponnl, napbl Kyoukos AA u BB MoxKHO
paccMaTpuBaTh Kak eJiMHbie 00beKThl, UMEIOIIUe BJIBOE DOJIbIIe “‘MaTepuu’ .
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B pesysbrare OyjeM cUuTaTh, 9YTO CIPABEJIJINBA,

Axkcuoma III. [IponopnuonaibHOe yBeJMUEeHNE MACC HE M3MEHSIET
3HAYEHUsI CKOPOCTEH YaCTUIl IPU UX YIIPYTI'OM CTOJKHOBEHUHU.

OrHolenue mace ABYX 9aCTHIL JOJI2KHO COIVIaCOBBIBATHCHA C aHAJIOI'MYHbIM
OTHOII€HUEM, IIOJIYYEHHBIM IIPpHA CTOJIKHOBEHHUU C APYIMMH YaCTUIaMMH. I1o-
9TOMY HOTpe6yeM, YTOOBI BBITTOJIHAIACH AKCUOMA mpaH3UuMmueHoCINU:

Axcumoma 1V.
€eCJIn @ :F(ul,u2), n @ :F(UQ,U3), TO @ :F(ul,u3).
mq m2 mq
HepBbIe JBa COOTHOUICHUS — 3TO OHUPeeJICHUA (bYHKL[I/H/I F. B TPETbEM CKO-
POCTb U3 Ma dCe, 9TO U BO BTOPOM OTHOLICHUU mg/mg. DTO 0O4YeHb CUJIBLHOE
TpeboBanme. Mbl HIPOUJIIIOCTPUPYEM €ro Ha 3KCIepUMeHTe, B KOTOPOM CHa-

yaJia crajkusatorcesa yactunpl C' u B, a 3arem A n C:

U; Us -U> : up -U; u o -U; Us [Z5;
d— O— ; —0 (80— ~—@ e— (8
B :

[Tycts A u B juKyTcsi ¢ TeMu ke CKOpocTsimu, 1to u B orcyrcrBue C, a
CKOPOCTh U3 110j100paHa Tak, 4T00bl BbIIOJIHSIJIOCH YCJIOBUE CUMMETPUIHOCTH
paziéra C' u B nocie ux crojgkHoBeHusi: mg/mse = F(ug, us). Ecau 3avem,
npu croskaoBernr A u C'| 911 4acTUIbI PA3BEPHYT CBOU CKOPOCTH, TO YaCTH-
na C' OKaXKerTcst B CBOEM MEPBOHAYAJIBHOM COCTOSIHUU, JIBUIAsiCh BIIPABO CO
CKOPOCTHIO uz. PUHATIBHASI KADTHHA SKBUBAJEHTHA cuTyaruu, Korjia C' Booo-
11e He y4acTBOBaJIA B CTOJKHOBeHUN, & A 1 B CTaJKUBalOTCs B COOTBETCTBUM
C OTHOIIEHUEM UX MACC. VI3 TPaH3UTUBHOCTH CJIEJLYeT, 4To

F(Ul, UQ)F(UQ, U3) = F(Ul, U3).

Macchl B 9T0 COOTHOIIIEHHE He BXOJAT U CKOPOCTH U3 SIBJISIETCS TIPOU3BOJIb-
HO (eﬁ COOTBETCTBYET IIPOU3BOJILHAST MacCa mg). Ona He 3aBUCHT OT U7, Ug,
O3TOMY JIJIst HEé MOXKHO 33/1aTh HEKOTOPOe (PUKCMPOBAHHOE 3HAUEHUE, Ha-
npumMep, ug = 0. Cregosarennio, bynkuus F(uy, us) sBIsieTcs OTHOIICHAEM
aByx ojuHakoBbiX dynkuuit F'(uy,0)/F (us,0), 3aBUCAIMX OT Uy U Us:

Z—j = F(uy,ug) = %

B paMkax KJIacCHIecKoil MexaHuKW Jijisi onpejesenust byakiyn f(u) jo-

(1.19)

CTATOYHO TTOTPEOOBATEL, 9TOOBI MACcCa He 3aBUCENIa OT CJIMHWIL U3MEPEHNUA CKO-
poctu. Hanpumep, npn m1060it ckopoctn npocMorpa puiibMa 0 COylapeHun
qactuil (1.19) J10/KHO TPUBOUTD K OJTHOMY W TOMY K€ OTHOIIEHUIO Mgy /M.
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Eciu B dynkinun f(4) HeT HUKAKMX JPYTUX HAPAMETPOB ¢ PA3MEPHOCTHIO
Bpemenu (Hanpumep, dbyHIAMEHTAJILHON CKOPOCTH ¢!), TO cripaBe/inBa;

Axkcuoma V.
mo f()\ ul)

my f(>\ U2)’

rjie A — IPOMU3BOJILHBIN HapaMeTp, He 3aBUCAIIUN OT CKOPOCTeil 1 Macc. DTO
YCJIOBHE TIOJTHOCTHIO otnpejiensier suj pyukiwn f(u). deiicrBurensio, Bo3b-
MEM [IPOU3BOJIHYTO 110 A o1 ypasaenust myf(Auy) = mof(Aug) u pasjesnnm
e€ Ha MCXOJIHOE YpaBHEHUeE:

f(Aup) uy _ f(Auz) ug
f(Auq) f(Aug)

Bribepem A = 1/uy u BBeiém obosnauenust x = uy/us u a = f'(1)/f(1). Dro
JnacT caepyroiee nuddepeHiuaibHoe ypaBHeHne:

flx) a _ o) f g
o) > f(x) = fo-a%

rie fp — KoncranTa uHrerpuposanus. CraenoBaTenbHO:

1/a
mo  uf mz/ o
= —, NN e =

Bribop mapamepa a NMpPOU3BOJIEH W CBOJIUTCS K deopmauut, wraivl Macc:
m — m®. B upocreiiiem ciydae a = 1 nosiydaem ciiejyroiiee olpeie/ieHue:
d—— (1.20)
my U2
Taxum 0Opa3oM, CBOIRCTBO TPAH3UTUBHOCTH OIEPAITUN U3MEPEHUsT MACChI 1
€€ He3aBUCUMOCTD OT €JIMHUI] U3MePEHUsT CKOPOCTU MOJHOCTHIO OIPEIEIIIOT
(¢ TOYHOCTBIO J10 CcTeneHHol JedopMalni) CBsi3h CKOPOCTEH 4acTull U OT-
HOIIEHUsT UX Macc. MoKHO 3aduKcHpoBaTh MacCy HEKOTOPON YaCTHILbl KaK
9TaJoH. Torma Macchl OCTAIbHBIX YACTUIL BHIPAXKAIOTCA B JOIIX STAJOHHOIM
MaCChl TIPU MOMOIIN CUMMETPHYHOTO CTOJKHOBEeHUsT 1 cooTHommenus (1.20).
Coziepkanne 3TOro pasjiesia He MPETEeHJIyeT Ha IOCTPOEHUE IOC/Ie0Ba-
TEJIbHOI aKCHOMATUKU UNEPMHOT MACCh, B KIaCCHIECKO MexaHuke. 10, 9To
Jobas JacTUIa “CONPOTUBJISIETCS M3MEHEHUIO €€ CKOPOCTH, siBJIseTcs (pyH-
JlaMeHTaJIbHBIM cBoOiicTBOM Harero Mwupa. Ha panHoMm ypoBHe noHummanHwmst
€ro 3aKOHOB Mbl [IPUHUMAEM 9TO CBOMCTBO, KaK IKCIEPUMEHTAJIbHbINA (DaKT.
OHO gBJIsIeTCsT TAKKM 2Ke OCHOBOIIOJIATaIONUM, KaK U CYIIEeCTBOBAHUE IIPO-
CTpaHCTBa W BpeMeHn. be3 Macchl MexaHMKa OKa3bIBAETCsI JIOCTATOYHO Oe/I-
HOM MaTeMaTUu4YeCKON Teopueil, ONMChIBAIOIIEe HeB3anMO/ICHCTBYIOIINE MaTe-
pUaJbHBIE TOUKH.
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e PaccmorpuMm Temepb YaCTHBIN CJydail CHMMETPUYHOIO CTOJKHOBEHHS
JIBYX OJIMHAKOBBIX YaCTHIIL;

00 U U nocne u
@— ~—B) L —@

Kpowme obpaTuMocT BpeMeHH, CYIIEeCTBYeT enlé oinH crocod “00bsCHeHHST
COXPaHEHMsI MOJIYJIsl CKOPOCTE#l 4acTull Iocje MX CTOJKHOBeHus. IIpejro-
JIOXKWM, 9TO HEKOTOpas (PYHKIHS K6adpama CKOPOCTH IIPHU YIPYTOM COyjia-
PEHUN OCTAETCsl HEM3MEHHOU. DTa (PYHKIUS Ha 3ape e€ BBEeJeHHUS MOITUIHO
Ha3bIBaJIaCh YKUBOI CUJION, OJIHAKO CO BpeMeHeM cTaJia boJiee IpO3auiHO UMe-
HOBATLCs dHeprueii. B cmily m30TPOMHOCTH TPOCTPAHCTBA, IHEPTHS JOJXKHA
3aBUCEThL OT KBajlpaTa BekTopa ckopoctu E = FE(u?) u, coorsercrsenno,
OBITH cKajJsapoM. Fecau cymMMmapHas “KuBasi cuja’ TejJl B IPOIECCe YIPYyTo-
I'0 CUMMETPUYHOI'O CTOJIKHOBEHUS COXPAHSETCS, TO MOJYJIU CKopocreil u-
HaJIbHBIX YaCTHUI[ HEe U3MeHsATCsi. KcrecTBeHHO, Jijisi 00bsiCHEHUsI U TaK “‘ode-
BUJIHO CUMMETPUIHOIO” 3KCIEPUMEHTa BBEJICHIEe HOBOM CYIIHOCTH BbILJISIUAT
HeHy>KHbIM. OJITHAKO OHa, OKa3bIBAETCSA OUYEHDb II0JIE3HOH, KOr/a TaKoil siBHO
CUMMETPUN HeT.

[IpunaB onpeiesienne My, = Malls U NPeJNoN0HCUG, ITO SHEPIUsT TaCTH-
1Bl IPOHOPIHOHANBHA eé Macce F = m g(u?), MOXKHO HOTyIUTH ABHBIH BT
dgyHKIMU g Tpu oMol TpeodpasoBanmii [ajmies u cieayolieil akCHOMBbI:

Axcmoma VI. Macca — 910 cobcTBeHHas XapaKTEPUCTUKA YACTUIIDL.
Ona ofguHAKOBasI JIJIsI BCeX MHEPHHUAIbHBIX HaOJIIomaTe e,

PaccmoTpum 3aK0oH cOXpaHeHUs SHEPTUU JJIsT CAMMETPUIHOIO YIPYTOT'O CTOJIK-
HOBEHWST YaCTHIL C MaCcCaMy 1M1 W My U3 CUCTEMBI, ABVXKYIIENCS ¢ Npou3cosb-
HOT CKOPOCTBIO V. CKOPOCTH B 3TOI CUCTEME U3MEHSIIOTCS U —> U—V, & MaCChI
— HeT. [loaToMy 3aKOH cOXpaHEHUSA SHEPTHU UMeEeT CJCTYIONII BUT:

ma gl(ur = v)°] + ma gl(—uz — v)’] = m1 gl(—u1 — v)*] + ma2 gl(uz — v)?].

B3sB nponsBogHYIO 110 ¥ U MOJ0XKUB v = 0, ¢ yU4éTOM My U1 = Mo Ug TIOIY-
qaeM:

1(,.2 1(, 2 1(,,2 1(,2
my g (uy) ur = my g (uz) ug => g9 (uy) = g (u3) = const.
Tak KaK MacChl COKPATHJINChH, B CHJIY UX MPOM3BOJBHOCTH U] W Uz — TAKXKE
IIPOM3BOJILHBIE U HE3ABUCUMbIE BeJTMIUHBL. [109TOMY MOC/Ie/[HEE COOTHOIIEHNE
BBILOJIHSAETCST TOJIBKO, €CJIM OHO paBHO KoHCTaHTe. CliejloBaTesibHO, (hyHKIUs
g(u?) nuneiina Mo KBajpaTy CKOPOCTH.
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3akoHa COXpaHEHHUs SHEPIUU HEJOCTATOYHO JJis IOJHOTO “00bsSCHEHUS
CUMMETPHUN CTOJIKHOBEHUST OJJMHAKOBBIX TeJI. TaK Kak F 3aBUCHT OT KBaJIpaTa
CKOPOCTH, HE 3allpelieHa CUTyallnsi, KOrJia MOCae CTOJKHOBEHUsI 00e dacTu-
I[bI [TOJIETSIT B OJIHY CTOpPOHY. [l0aTOMYy Tpebyercs emé oHa COXPaHAOIIAsICs
BEJINUMHA — UMIIYJIbC, KOTOPBI y2Ke 3aBUCUT OT HAIIpaBJeHUs CKOpocTH. Ero
BIJI MOXKHO IOJIYUNTH W3 3aKOHA, COXPAHEHUsI SHEPIUU IIPHU MTOMOIIK TPeod-
pasoBaHuil [ajmiest 1 MHBAPUMAHTHOCTU MACChl. 3AIMIIEM BbIPAXKCHHUE JIJIst
CYMMAapHO# SHEPIUK HECKOJIbKUX JaCTHIl, JBUXKYIIAXCA CO CKOPOCTIMU U;:

5 u;
m; — = const.
- 2

(3
BLI60p MHOKATES TP MU B CIydae yIpyroro CTOJIKHOBEHISA MTPOM3BOJICH,
v OH TIoJIoxKeH paBubiM 1/2. JTiist Habsiioaresist, JIBUXKYIIET0OCs CO CKOPOCTHIO
V OTHOCUTEJIbHO “HEINOJIBUXKHON CUCTEMbl OTCUETA, B KOTOPOW MPOUCXOJIUT
CTOJIKHOBEHNE, CKOPOCTH BCEX YaCTHUI U3MEHSATCA Ha BeJU4IuHy V. B cumy
paBHOIIpaBUs WHEPIUAJbLHBIX HAOJIOaTes el SHePrus JOIKHA COXPAHATHCS
B JI1000#1 cucreme orcuéra, HoaTOMy:

Zml(uz_v Zm@ —|—VZmZuZ—|——ZmZ—const

i
HepBbIﬁ 9JICH IIOCJI€ S3HaKa paBEHCTBa fABJIACTCA KOHCTAHTOI B CHUJIy 3aKOHa

COXPaHEHUA IHEPTUMN. Tak kak CKOPOCTBb V IIPpOU3BOJIbHA, JOJI2KHBI TaK>Ke
COXPaHATHCA CYMMa,prIfI NMITYJIbC 1 MaCCa CUCTEMbI:

g m;u; = const, g m; = const,
i i

st ¥X BBIBOJIA, MOXKHO B34Tb IPOU3BOJHYIO II0 V OT 3aKOHA COXPAHEHUSI.
[TpupaBauBast v = 0, MbI [OJIyIUM 3aKOH COXPAHEHUs] CYMMAPHOIO MMITYJIb-
ca. Emeé ojna npousBojiHasi 110 V JIacT 3aKOH COXpaHeHUsi Maccehl. Hcim Obl
SHEPIUs 3aBUCeIa OT KBaJpaTa CKOPOCTH HEJIMHEHHBIM 00pa3oM, TO npu 6bi-
NOAHUMOCTU JTUHEHHBIX Tpeobpa3oBannii ['ajuniest y HaC BO3HUKJIO ObI HE
TP 3aKOHA COXPaHEHUsI, a DOJIbIIIE.

B 3akoHax mpuCyTCTBYeT OJUH U TOT K€ MapaMeTp, XapaKTepU3yIOInii
JacTuIly, — eé Macca m. B acTHOCTH, COXpaHEeHNEe UMITYJIbCa, IIPU CUMMEeTPU -
HOM YIIPYTOM CTOJKHOBEHUU MPUBOJUT K MTOJIYIEHHOMY BBIIIE OIPEJIEICHUIO

KJIACCUYECKOM MaCChI:
mo Uy
miu] — Moy = —MU] + MUY => _— = —.
mi U2

BaKOH COXPAHEHUST SHEPIUU TIPU ITOM BBIIOJHAETCH ABTOMATHUECKU HE3A6 -
cumo o1 asnoro suja dbynxiuu £(u?).
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1.8 PeagaruBucrckue 3aKOHbI COXpPaHEHUSA

e [lepeiiiéM Tenepb K peIITUBUCTCKOM JUHAMUKE, HO 3318 JUMCs CHATAJIa
BOTTPOCOM: “9TO MPOUCXOJIUT, €CJTU coyaapenne neynpyzoe?” Hanpumep, mycrh
JIBE OJIMHAKOBBIE YACTHUIBI ¢ MACCAMU M, JIBUXKYIIMECH CO CKOPOCTSIMHU U 1
—, CTAJIKUBAIOTCsI, 00pa3ys JacTuiy maccoit M:

00 _ nocie

e @

13 coobparkennit cuMMeTPUH CJIEyeT, 9TO CKOPOCTH Pe3yJIbTUPYOMei Ja-
crunbl M pasna Hymo. Her ocnoBanuit camrarh, 9TO OHA JIOJKHA HAYATH
JIBUTATHCS BJIEBO WJIM BIIPABO. DTO Ke CJEAYeT W3 3aKOHA COXPAHEHUS MM-
nyiabca B Buge p = mu g(u?), roe g — nponsBoabHast GyHKIWS.

C TOYKM 3peHusT KJIACCHYECKOW MEXaHWKH, JOJKHA TaKKe COXPaHSATh-
ca Macca: M = 2m. Onnako, Tak Kak (bUHaJbHAsI YaCTHUIA HETOJBUXKHA,
KJacCuIecKas KWHeTHIecKas SHEprus He coxpaHsercd. HavdagbHble dacTu-
bl JIBMXKYTCs, 00Jiajias “YKUBON cujioi’, Torja kak (puHajbHas YacTHUIlA B
JIAHHOM crcTeMe OTCUéTa HUKY/ 1A He JIBUraeTcst. [Ipu aToM ropopsT, 4To 3Hep-
I'Usl IBUXKEHUs HaUaJIbHBIX YaCTHIL IIepelllia BO “BHYTPEHHIOI SHEPIUo Teja
M. Buyrpennsis sneprus MOXKeT XapaKTepU30BaTh CTeleHb HarpeBa Ui Jie-
dopmanun BozHUKITEr0 00beKTa. st €6 KOHKpeTH3aIuu Mbl BhIHY K I€HBI
CTPOUTH HEKOTOPYIO Modeav cmpyrxmypo. dactuil. Hanpumep, caurarh, 9To
TEJIO COCTOUT U3 MHOYKECTBA MAJIEHHKUX YaCTHICK (ATOMOB), HAXOJSIIUXCS B
MOCTOSTHHOM JIBVXKeHun. [Ipu coymapennn CKoOpocTh 3TOT0 JIBUKEHNsT BO3Pac-
TaeT, u HavaJibHas ‘KuBas cusia’ Kak Obl KOHCEPBUPYETCs B BUJIE TTOBbIIIEHUS
“YKUBO# CHUJIbIT aATOMOB.

HecmoTpst Ha TO, 9TO TaKasd KapTHHA JJis OOJBIIMHCTBA OOBHEKTOB Hallle-
ro Mupa abcosiroTHO BepHa, XOTeJI0Ch Obl, YTOObI PACCy K IeHUs HE 3aBUCEJIN
OT TIOJTOOHBIX JIeTaJiell yeTpoiicTBa JacTull. MexaHuKa U 3aKOHBI COXPaHEHUS
YHUBEPCAJIBHBI ¥ JOJKHBI OBITH IPUMEHUMBIME B K OECCTPYKTYPHBIM 00bEK-
TaM, HAIPUMED, MOYEUHbLM YACMUYAM. B 3TOM caydae MbI MPEJIoJaraeMm,
9YTO B PE3yJIbTaTe B3aUMOJIEHCTBUST UCXOIHBIX TOUEUHBIX OO'bEKTOB OHU HCUe-
3al0T, & BMECTO HUX TOsBJIsgeTcd HoBas dacturna M. Kyna ke B 9ToM ciydae
“yxoauT” XKuBasd cuia’

ObpazoBapiasicss gactuia ¢ Maccoit M MoxkeT B gajibHEReM yIacTBO-
BaTh B HOBBIX CTOJIKHOBEHHUSIX, M HAKOILJIEHHAs B HEH SHEPIMS NCXOJHBIX KOM-
TIOHEHT JIOJI?KHA HEKOTOPBIM 00pa30M MpOdABIAThCA. [0 cUX MOp MbI CUNTAJIH,
YTO IHEPTHUsT TeM OOJIbITIE, 9eM DOJIBITIE CKOPOCTH JacTHUIHI 1 e€ Macca. Bripa-
wenue tuna F = mf(u?) upn monoronno pacrymeit dbyuknun f apiagercs
MAaTEMATHICCKOH 3AMMCHIO 3TOTO YTBEPKJICHUS.
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MaccuBHas gactuia umeeT 06JbITYIo SHepruio. [louemy ObI “TTOTEpAHHOMN
JKU3HEHHON cujie He repexoanTh B mMaccy Tesa? Ceifgac Mbl JOJIKHBI ClIe-
JIATH PENIUTEJIBHBIH IIar U CHPOCUTH: “OTKY/Ia U3BECTHO, YTO IIPU HEYITPYTOM
CTOJIKHOBEHUHU Macca coxpansiercs?’ Hukakme apryMeHTBI oOIero IjaHa K
9TOMY He BeJlyT. Bosiee Toro, obpasoBaBlIyIOCs B IIpoIecce yjapa YaCTHILY,
OYEBU/IHO, HEJIh3sT PACCMaTPUBATh, KaK MPOCTOE CJIOXKEHWE JIBYX HAaTabHBIX
qacTuil. BOBHUK HOBBIN O0BEKT, U €10 MaCCa MOACEM OTIIHIATHCSA OT CYyMMbI
MACC UCXOTHBIX UACTHII,

Ecin 310 Tak, TO Mbl MOYXeM ‘cracTu’ 3aKOH COXPaHEHUsI SHEPIUuu Ipu
HEYIPYTOM CTOJKHOBEHWM, CIUTas, YTO KHHETUYECKasi SHEPIUsl HE MCUE3aeT,
a MPUBOJIUT K YBEJMICHUIO MACCHI, UTO MPOSIBJIAETCS B JAJbHEHIINX SKCITe-
puUMeHTax ¢ HOBOI Jactuneil. HamomuuMm, 4To B (DyHKIUU SHEPTUHW HET HU-
4ero anpuopHoro. Mbl BBesin €€, 4To0bl 00bSCHUTH HEM3MEHHOCTh CKOPOCTH
HOCJIE YIIPYTOTO CUMMETPUYHOIO CTOJTKHOBEHUS YACTHUIl. DTa (DYHKIM KBa/I-
paTa CKOPOCTH TOCTATOYHO pou3BosbHa F = mf(u?). B wactnocTn, Hudaro
He 3alpertaeT eé Heny.ae6020 snavenua npu u = 0. B satom ciaydae, B cuiy
IIPONU3BOJILHOCTU €MHUI] U3MEPEHUsT SHEPIUKU U MACChl, MOYKHO TOJIOYKHUTh,
nanpumep, f(0) = c¢?. B cucreme enumun ¢ = 1, B KOTOpPo#l MBI paboTaeM,
SHEPTHs HENOABUKHOM JacTuIlpl Oyjer paBHa eé macce F = m. Vmenno B
Ty IHEP2UI0 NOKOA TTPEBPATUIUCH “FKUBbIE CUJIbI MCXOJHbIX dacTuil. Dop-
Mmysna E = m wim, Tounee, ' = mc?, craja cuMBOJIOM HAayKH JIBaLATOIO
Beka. K& nociecrBus rpaninosnel. Best sueprernka (1 He TOJIBKO aTOMHAST ),
B KOHEUYHOM CUéTe, 00yCJIOBJIEHA STUM COOTHOIIEHUEM.

Takum obpazom, Oyjiem Jlajiee CUMTATh YCTPOWCTBO HAIlEro MUPa TaKO-
BBIM, UTO MAacca YacTHUIbI, BOZHUKAIOIIEH MPU HEYNPYIUX CTOJKHOBEHUSX,
yBeJIUIUBaETCA. JIpyrumMu cioBaMu, SHEPTUs JIBUKEHUA HUKY/Ia He Hcue3a-
€T, a TOBBITIIaeT MHEPTHBIE CBOMCTBA HOBOTO 00beKTa. B HacTOsIIIIee Bpemst 9T0
BBIIJISIAT 00JIee YeM eCTECTBEHHO. XOTsI JIEIKO ObITh YMHbBIM, KOTIJIA, [TPABHJIb-
HBI OTBeT y:ke n3Becren. CJioyKHee, eCciu ero HUKTO He 3HaeT. Hacrosmast ke
CWJI&, MBICIIN TTPOSIBJISIETCsT, KOTJIA OTBET W3BECTEH, sIBJIAETCST OOIIETPUHSATHIM,
abCOJIIOTHO TIPUBBIYHBIM, ¥ 1IPA 9TOM HEBEPHbBIM.

Haiiném obmee BoIpaskenne s sueprun £ = mf(u?) ¢ nosumun Teopun
orHOCUTeNbHOCTH. EinHcTBenHoe, gero Mbl OyieMm TpeboBaTh OT (DYHKIHH f —
970 eé HeHysieBoe 3Hauenue npu Hysesoit ckopocru: f(0) = 1. Kpowme sroro,
Mbl, KOHEYHO, CUUTAEM CIPABE/JIMBbIMYU PEJIATUBUCTCKUNR 3aKOH CJIOXKEHUSI
CKOPOCTEl U aKCHOMY UHBAPUaAHMHOCMU Macchl. HamoMauM, 4TO mapamerp
M STBJISIETCST XapaKTePUCTUKON JaCTUIBI U JIOJIPKEeH ObITh OIMHAKOB JIJIST BCEX
MHEPIMaIbHBIX HaO oaresei. s yecranosiennst Bujia GyHKIMU f 1poBe-
JIEM HECKOJIbKO MBICJIEHHBIX 9KCIIEPUMEHTOB.
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e PaccMoTpuM Heynpyroe CTOJKHOBEHHE JIBYX OJMHAKOBLIX YaCTHIL C MaC-
caM¥ 1M, KOTOPBIE JBUKYTCS CO CKOPOCTAMU U HaBCTpedy Apyr apyry. I[lycrs
9TO JIBUYKEHUE [POUCXOUT BJIOJIb OCH Y (IIEPBBIi PUCYHOK HUXKE). DTO XKe
CTOJIKHOBEHHE PACCMOTPUM B cucTeMe OoTcuéra S’, NBUXKyHIeHca 6.4e60 CO
CKOPOCTHIO “—v" (BTOPOIl PUCYHOK):

S W 5 Z
T

B jBukylineiicsi cucreme Bce 4aCTUllbl HPUOOPETaloT I'OPU30OHTAJILHYIO CO-

@_U.

CTABJISAIONLYIO CKOPOCTH U, & BEPTUKAJbHAS Y UCXOJHBIX YaCTHI[ U3MEHSIETCsI
B COOTBETCTBUH C IPABUJIOM cJioxKeHus ckopocreii (1.14), crp. 31. Tak kak B
HeToJIBIKHOI cncreme U, = 0, u, = Fu, 10 uy = Fuyv'1 —v? n uj, = v.
[TpeAnoaoKnum, 4TO CyIIECTBYET COXPAHSIONAACT BEJMINHA, TPOTIOPIIO-
HaJIbHAST MACCE TeJIa, YMHOYKEHHON Ha HEKOTOPYIO (DYHKIMIO KBaJIpaTa CKOPO-
ctu E = m f(u?). Yuureisas, uro u’

SHEPTUU B ABMXKYyINefica cucreme S’

= u%—l—u;, 3aluIleM 3aKOH COXPaHCHUA

2mf(v? +u*(1 —v?)) = M f(v?).

B nenoasuzknoii cucreme (v = 0) umeem M = 2m f(u?). Iojcrasnss maccy
M w oboznavas & = u?, y = v2, IPUXOIUM K cieiyiomieMy dyHKIHOHAIbHO-

MY yPaBHEHMIO:
fla+y—2y) = f(2)f(y).

st ero pemenust BO3bMEM NPOM3BOAHYIO 110 Y u nosoxkum y = 0. Beens
koucraury a = f'(0), moayuum muddepenrmanbroe ypasuenue (< Hy):

1

fi(x) (1 =) =af(z) => f(x):m7

rjie JUis BhIOOpa KOHCTaHThl nHTerpupoBatus yureno, uro f(0) = 1. Takum
00pa3oM, sHeprus, Kak (PyHKIMS CKOPOCTH, UMEET BUJL:

m
E=——". 1.21
(1 —u?)e (1.21)
st ornpejiesieHust 3HAUYEHUST G Mbl JIOJKHBI OyjieM ellé pa3 HOKPYTUThCS
BOKDPYT CTAJIKUBAIOIIUXCA YaCTHIIL.
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HYCTI) CKOPOCTH YaCTHUIll HallpaBJICHbI BAOJIb OCHU I, a ABH2KYIIaACA BJIEBO

cucrema orcuéra S’ mMeeT CKOpoCTh U = —u:
S u g
: u U : 1+u?
00: Mm—  ~—m) : m—=» m)
nocrne: (M) @_“,

B asmxymeiica cucreme S’ cKOpocTh IIpaBoil 4acThIpl OyJIeT paBHA HYJIIO.
Huist sieBoit wacTupl 3 npaBuia ciaoxkenus u, = (u—wv)/(1 —uv) cv = —u
umeem 2u/ (1 +u?). Tlosromy, ¢ yuérom (1.21), 3akoH coxpaHeHust SHEPIUN B
cucreme S’ IpUHUMAET BUJI:

m M 2m

T 421+ T d-@r (1w

rJie BO BTOPOM paseHcrse jiist M cHOBa 110JICTaBJIeHO BhipazxKeHue Jijisd 3aK0o-
Ha COXpaHeHHs B HENOABHXKHOI cucreMe orcuéta M = 2mf(u?). Ilposoma
sJIeMeHTapHbIe ajrebpandecKue MpeodpasoBaHus, MOy YaeM:

(14 u*)? + (1 —u?)?** = 2.

D70 BbIpasKeHUE JIJIsi IPOU3BOJILHOM CKOPOCTH U BBITOJIHSIETCS, TOJBKO €CJI1
a = 1/2 (mocraTouHo MOMOKUTE U = 1).
Takum 00pa3oM, OKOHIATENLHOE BBIPAXKEHHE JIJI SHEPIUU NMEET BHI:

E=—r (1.22)
V1—u?
Onuncannoe BBITIE CTOJKHOBEHWE BJOJH OCH & MOXKHO TaK>Ke PacCMOTPETh
B CHUCTEME OTCUYETa, KOTOpast JIBUKETCsI BIIOJb OCH X C MPOU3BOJILHOW CKO-
pocthio v. B kauectse ynpaxkuenus (< Hs) nperaraercst Haiitu dbyHKImo-
HaJIbHOE YpaBHEHUE W €TI0 PellleHue Jjis STOTO CJyvas.

Obparum BHuManne, aTo npu U = () sHEprust Teja paBHa ero macce. He-
JIM 7K€ CKOPOCTh CTPeMUTCst K eunuiie (dbyHIaMeHTajbHOW CKOPOCTH), TO
SHEPI'usl CTPEMUTCs K OECKOHETHOCTH. JTO IIPECTABISIET cODO dHEpTreTHtIe-
CKYIO IIPUYUHY HEBO3MOXKHOCTHU JIOCTUKEHUsI “OOBbIUHBIMHU YACTUIIAMU CKO-
pocTn csera. B Kiaaccmueckoil Mexanmke sHeprus jgsmkenus E = mu?/2
IIPU YBEJAUYEHUU CKOPOCTU HEOI'PAHUYEHHO PACTET, OJHAKO BCErja OCTaeTCsd
KOHEUHOM. PegTuBrcTCKOE BBhIpaXKeHue JJIsd SHEPIuu, KaK U Mpeodpa3oBa-
nnst Jlopenna, currymasipro (6eckornedrno) npu |u| = 1. Dro ozmavaer, 4ro
JIUTsT PA3rOHA MACCUBHON YaCTHIIBI JIO PyHIAMEHTAJbHON CKOPOCTH TIOTPEDo-
BaJIOCHh ObI OECKOHEUHOE KOJIMUEeCTBO SHEPIUN.
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e BocrosibzoBasmtuch popmyitoii (1.16), cTp. 32, 3amuiiem BhIpayKeHue Jijist
SHEPTUU B CHCTEMe OTcuéTa S, IBUXKYIIEcs CO CKOPOCTLIO V:

g m m-(l—u-v)
VI w? Vw21V
Bsejst oboznauenne
mu

p= Vi (1.23)

BbIpa2KeHue JJjigd SQHEPI'MU B CUCTEME S/ MOKHO 3aIliCaTh B 00Jiee KOMIIAKTHOM

BUJIE:
E—v
=" (1.24)
V1 —v?2
IIycth y HAC ecTh MHOXECTBO CTAJKHBAIOIIMXCS YaCTUIl. B Cujy NPUHIIN-

118 OTHOCUTEJIbHOCTH SHEPIUs JIOJXKHA, COXPAHSITHCS B JIOOON MHEPIUAIbHON
CUCTEeMEe OTCUETA:

1

1o n ocjie CTOIKHOBEHUsT 3HAUEHNE 9TOr0 BhIparKenus He u3mensiercs. Cywm-
Ma sHepruit F; B cucreme S Takxke coxpaHsiercsi. robbl 9TH JiBa 3aKOHA, OJ1-
HOBPEMEHHO BBINOJIHSIJIACH, HEOOXOUMO, B CHIIY NPOU3680AbHOCMU CKOPOCTH
V., BBIIOJTHEHNE 3aKOHa COXPAHEHU NUMITYJIHCA:

Z p; = const.
i

Taxnm 00pa3oM, U3 3aKOHa COXpaHEH!sT SHEPTUU 1 TpeodbpazoBanuii JIoperIa
CJeJlyeT 3aKOH COXPAHEHMST UMITYJIbCA.

3aKOH COXpaHEeHUsI MACChl NIPU CTOJKHOBEHHUSIX B PEJISITUBUCTCKOM MUPE
OTCYTCTBYET, TaK KaK ero “IOIJIONaoT 3aKOH COXpPAHEHUs SHEPIUH U ITOHU-
MaHWe MACChl, KaK SHEPIUU TeJjla B CUCTEMe, Tie OHO TToKouTCsl. EcrecTBenHo,
[O-TIPEXKHEMY BO3MOXKHBI YIPYTI'Ue CTOJKHOBEHMSI, IPA KOTOPHIX MACChl Y-
CTHUIL He n3MeHsroTcss. OTHAKO IIPpH HEYIIPYTUX CTOJKHOBEHHUSIX SHEPIUs CTaJl-
KUBAIOIINXCA YACTUI[ MOXKET IEePeXOJUTh B MacCy pe3yabTupyomux. [lis
YIPYTOro CHEMMETPUIHOTO CTOJKHOBEHUS, PACCMOTPEHHOIO B IIPEIbILYIIEM
pasjiesie, COXPaHEHUE UMITYJIbCA IPUBOUT K CJICAYIONIEMY PEJISTUBUCTCKOMY
00O0OIIEHIIO OIIPEJIEIEHIST MACCDI:

my up/+/1—u?
mi o wug/\/1—ud

ObpaTum emié pa3 BHUMaHWE Ha TO, YTO MaCCa YACTUILHI SIBJISETCS €€ “JIntd-

HbIM” [IapaMeTPOM U OJIMHAKOBA JIjIst BCexX HabJIrojaresieil, He3aBUCUMO OT UX
OTHOCUTEJILHOW CKOPOCTH.
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o Anasornunoe (1.24) mpeobpasoBaHne MOKHO 3aIMCATD U JIJTsT UMITYITbCA.
Pacemorpum siBuxkenune cucrembl S’ Bjosib ocu x, Tak uro v = (v,0,0).
Dueprust (1.22) n umiysibe (1.23) cBsizaHbl IPOCTHIM cOOTHOIIEHHEM P = E u,
II03TOMY JIJISI HPOCKIMK MMITY/IbCA HA OCh & MMEEM:

p;:E’u’—E_UpI Ur —V 1 —ovu, u,—v pr —VE

- : E : -
CoVI=0? 1w VI—v? 1—wv  V1T—0

rae Mbl CHa4daJla BOCIIOJIB30BaJIUCh Hp606pa30BaHI/IeM JJIg SQHEPIrunm U I-KOM-

IIOHEHTBI CKOPOCTH, 3aTeM JBaxKJbl dopmysoit p, = Eu,. TouHo Tak »xke
HAXOUTCsI IPeoOPa30BaHKe IIPOEKIIMN UMITYJIHCA Ha OCh Y:

E —uvp, uyvV1—0? El—vux
. — —_— U —_—
/1 — 2 1 —u,v 1 —vu, Y Py,

TakuM 0OpasoM, IIpU OTHOCUTEJNLHOM JBUKeHuu cucreM S u S’ Brosib mna-

A A
py—Euy—

paJuIeJIbHBIX OCell T 1 x’ 1peodpa30BaHus SHEPIUU U UMILYJIbCA UMEIOT CJie-
JYIOIUIA BUJI:

E_pr /_px_UE /I /o
m? paj - m; py - pya pz - pz

CpaBHuM ux ¢ npeobpazopanusimu JIopeHia:

(1.25)

y t—vx , x — vt , ,
—ﬁa x_ﬁa y =Y Z =z

Kak BujiHO, cyliecTByeT 3amedare/ibHas CUMMETPUs, BbIPAXKAIOIIAsICs B TOM,
aro 1eTBépra { E, py, py, p.} npeobpasyerca Tak ke, kak u {t,x,y, z}. 1o
COBTIQJICHNE HE CJIyYailHO. DHEPTUs U UMITYJIhC SIBJISIOTCS KOMIIOHEHTaM” 4-
BekTopa umitysbca p¥ = {E, p}. [logpobuee Mbl paccMOTPUM TOT BOIPOC B
TpeTheil TIaBe.

[To ananornu ¢ BekTopHbIMHU TpeobpazoBanusmu Jloperma (1.12), cTp. 29,
JUTST SHEPTUU U UMITYJIHCA MOYKHO HAITUCATD:

E'=~(F - vp), p'=p—wWE+Tv(vp). (1.26)

Cunras, uro p = mu f(u?) n ummyabe coxpansercs, dbynkmmio f(u?)
MOXKHO TaK>Ke IOJIyYUTh U3 PEJIATHBUCTCKOIO 3aKOHA CJIOXKEHUST CKOPOCTEI.
151 9TOro HeobXOJAMMO PACCMOTPETh CTOJKHOBEHHE JIBYX OJMHAKOBBLIX Ua-
CTHIL C UX TOC/IELYIONMM CJAUIIaHneM. 3aKOH COXPAHEHUs UMIIYJIbCa 3alIUChI-
BAETCS N3 CUCTEMbI, JIBUXKYIICHCA NEPIEHJINKYIAPHO CKOPOCTSIM MCXOJHBIX
YaCTUL C HEKOTOPOU ITPOU3BOJIbHON CKOPOCTBHIO U (< H6).
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1.9 3a rpaHuieii n3BECTHOTO

Kapruna 6e3 paMKu — JIMIIb KYCOK XOJICTa, CBEPHYTBLI B pyJsioH. Bosee
MOJIHOE TTOHUMaHWe (DU3UIECKOI TEOPUU BO3SHUKAET TOJIHKO TOT/Ia, KOTJIa, CTa-
HOBSITCS SICHBIMUM IPAHUIILI €€ IPUMEHUMOCTH. Mbl ucroib3yem nedpopmaib-
HBIIl aKCHMOMaTHIEeCKM MOJX0J K dusumdeckuM TeopusaM. OCHOBBIBasCH Ha
HEM, IIOIIPOOYeM IIPUMEPUTH K 3aMedare/ibHoi KapTuhe “Teopus OTHOCUTE b
HOCTHU Pa3JIMIHbIE PAMKHU.

Hab6Jiroaresn, onucanibie B IEPBBIX pas3jiesiax, SBJAITCA “OecTeeCHbI-
mu”. OHU TIPOBOJMJIN M3MEPEHWs, He U3MeHsisi cBoiicTB dactuil. Ha camom
JleJie, 3TO HEBO3MOXKHO B npuHiuie. Ecjim 00beKThl UMEIOT OU€Hb MaJICHBKY IO
SHEPIUIO ¥ MMITYJIbC, TO WX CBOHCTBA MOJUUHSIIOTCS KBAHTOBBIM (BOJHOBBIM)
3akoHOoMepHOCTsAM. OObeJIMHEHNE TUX TPEJICTABICHUH ¢ MUPOM OOJIBITTUX
CKOPOCTEH IMPUBOJUT K TaK Ha3bIBAECMOU KBAHTOBOU TEOPUU IIOJIS, JICXKAIICH
B OCHOBE COBPEMEHHBIX METOJIOB aHaJINu3a MUKPOCTPYKTYpbl Mupa.

OpHako jake B paMKax 9TOH TeOpPWH B KaU4eCTBE OCHOBHOTO TTPWHITUIIA, NC-
110J1b3yeTcst i HepeHIupyeMoCcTb BeJIMYNH, 3aBUCAIIUX OT X U t. MbI cunra-
€M, UTO IIPOCTPAHCTBO U BpeMs — HellpepbiBHbIE U ‘Tyankue . Tem He MeHee,
HEeOOXOIMMO B J11000if MOMEHT OBITH I'OTOBBIM K OCJIA0JIEHHIO 3TOr0 0a30BOI0
npuHIUIA, 3au0KkeHHoro B Akcromy I (crp. 24).

Bropasi akcrnoma, KOTOpPYIO Mbl IIPUMEHMUJIM JIjIs BBIBOJIA IIPEoOpa3oBa-
auit JIopertia, HecMOTPsT Ha CBOIO OYEBUIHOCTH, BBHITJISIIUT HECKOJIBKO NCKYC-
crBennoit. Ona HeobxouMa, Jijisi 0OOCHOBAaHUS JTUMHEHHOCTH TPeodpa30BaHuil,
1 €6 MOXKHO CYITIECTBEHHO YCUJIUTDh, 3AMEHUB CJIEIVIOIMNUM YTBEPIKICHUEM:

Axcuoma II’. Ecau wacmuua deusicemen pasromepro 6 cucme-
me S, mo eé deusicenue 6ydem pasromepnvim u 6 cucmeme S .

HecioxHo BueTh, 9TO 9TO HE UTO WHOE, KaK Onpedesenue MHEPIUATHHBIX
cucTeM OTCUYéTa. YJIMBUTEJILHO, HO TOJIBKO 3TOW aKCUOMbBI JIOCTATOYHO JIJIst
onpejiesieHnst (PyHKIIMOHAJIBLHON 3aBUCUMOCTHU OT X U t Ipeobpa30BaHMi MeXK-
JIy JBYM$I MHEPIUAJBbHBIMHU CUCTEMaMMU:

,  A()r+ B(v)t , D)z +E(v)t
14a)r+bv)t 1+a)z+bv)t

x

Takue jpodHO-JIMHEHbIE TPpeodpa30BaHus C OJIMHAKOBbIM 3HAMEHATE/IEM Ha-
3BIBAIOTCS npoekmusHuLmu. B reomerpun sTo Hambosee obiue mpeodpaso-
BaHWS, TEPEBOMAIINE YpaBHEHWE TpPSMOil & = Ty + ut CHOBa B MpPSIMYIO
' = xp + u't’ (< Hy), crp.415. Oun XopoIo u3BECTHbI CO BPEMEH CO3J1a~
HUS TPOEKTUBHON T€OMETPHUHN.
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['pymnnoBoii xapakTep IPOEKTUBHBIX IIpeodbpazoBanuit ormeudas Codyc Jiu,
a B MPUMEHEHNN K 3aJia9e 00 WHePIHAJIbHBIX HADIIOATEsIX X BIIEPBhIE 3a-
nucasn Ouynnn Opank u Lepman Pore B 1911 . [17]. Opnnako cunrysisip-
HOCTb, BO3HUKAIOIAs MpKU OOpAIeHUN 3HAMEHATEJsl B HOJIb, BBIHY/IMJIA UX
OTKa3aTbhCs OT JlaJibHelInero anagu3a 31oil reopun. Ceituac sBosorus Bee-
JIGHHOI M CyIIeCTBOBaHKE B HEl BbIJIEJIEHHOI'O MOMEHTa BpeMeHu, Korja “Bceé
BO3HUKJIO, CTaJId OCHOBOW HAIlIUX KOCMOJIOIHYecKuX ipejicrapjienuii. [Tosro-
My HaJIUUule CUHTYJISIPHOCTH sIBJISETCSI, HA CAMOM Jiejie, JJOCTOMHCTBOM TaKHX
1peobpazoBaHMii.

Cpasuuresibro uejgasuo ([49],[50]) npu momornyu akcMoM, aHAJOIMYHBIX
TeM, KOTOPbIE MbI HCIIOJB30BaJIK B pazjese 1.3, ObLIN MoJIydYeHbl ABHbIE BbI-
paxkeHusd Jiisi (PYHKIMA CKOPOCTH, BXOJANIUX B JIPOOHO-JIMHEHHbBIE IIPeod-
pa3oBaHus, ¥ MPOAHAJN3UPOBAH UX (usmdeckuit cmpicsa. [Ipu 9ToMm, Kpome
byHIAMEHTAJIBHON CKOPOCTH €, BOBHUKJIA €IIE OJIHA KOHCTAHTA A:

I 7-(t—?}$/62) 2 = '7'(x_vt)
1+ zv/c— (7 — 1) Aet’ 1+~ xv/ec— (v — 1) Aet’

riey = 1/4/1 —v?/c?. B unciuresie 91ux COOTHOIIEHUH HAXO/SATCs 1IPEodpa-
soBanusd JlopeHta, a 3HaMeHaTe b 00OpaIaeTCs B €JIMHUAILY IPU CTPEMJICHUN A
K HYJII0. DTO K€ [IPOUCXOJUT IIPU OTHOCUTEJILHO MAaJIbIX PACCTOAHUSIX U Bpe-
MEHaX, YJAJEHHBIX OT TOYKM HadaJbHOH cuuHxponusanuu dacos £ = &' = 0
npu t = t' = 0. OnHako, Korja Mbl IepexouM K KOCMOJOIMIEeCKUM MAaCIITa-
6aM, 3HAMeHaTeJ b HAUMHAET UIPATh CYIIECTBEHHYIO POJib.

Puznaeckuit CMbIC 1T000HOr0 0DOOIIEHNST CTAHIAPTHO! PEJIsITUBUCTCKON
TEOPUH JIOCTATOIHO TPOCT. [0 CUX 1OP MbI IPEJIOIarajn, 9TO HaIle IPo-
CTPAHCTBO TIOCKOE (eBKJNI0BO). OHAKO 0a30BbIe TEOMETPUICCKUE TIPHH-
IIUIIBI OJTHOPOHOCTH U M30TPOIUHU JOIIYCKAIOT BOBMOXKHOCTH CYIIECTBOBAHMS
POCTPAHCTB C TTOCTOSIHHOW KPUBM3HOI. Ecm B TakKOM 1poOCTpaHCTBE MOJTY-
YUTH HPEOOPA30OBAHUST MEXK 1Y MHEPIUAIbHBIMU HAOJIIOATEISIMU, TO OHU OKa-
JKYTCsl JIPOOHO-JIMHEHHBIMHU, & KOHCTaHTa A OyJeT MMeTb CMBIC/ KPHUBU3HBI
npocrpancTsa [51].

B npocrpaHcTBe ¢ MOCTOSTHHON KPUBU3HON BpEMs, JlaXKe JIisd Henodeusic-
HHLZ OTHOCUTEJIBHO JIPYT Jpyra HabJiogaTesieii, Te4éT pa3iniHbIM 00Pa3oM.
OTO HPUBOJUT K TOMY, YTO YACTOTa HCIIYIIEHHOIO CBETa CTAHOBUTCSA TEM
MEHBITE, YeM JIAJIbINe NCTOTHNK HAXOMUTCS OT HAOJIOAATE . Y IUThIBas N3~
BECTHBIN 9MIIMPUYECKUT 3aKOH KPAcHOI'o cMeleHus Xa0bJia u onpejiesieHHbIe
CJIOXKHOCTH CTaHJAPTHOM KOCMOJIOTUIECKO MOJICJIN, TAKOE IIPOCTOE CBOCTBO
MTPOEKTUBHOW TEOPUU OTHOCUTENHHOCTH TpedyeT MPUCTAIHLHOTO W3yUIEHUS.
Mpb1 BepHEMCST K 3THM BOIpPOCaM Mpu OOCYXKIEHUH KOCMOJIOTHHA BO BTOPOI
YaCTU KHUTH.
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e /laxke B paMKax JIMHEHHBIX peoOpPa30BaHnii BOSMOXKHDLI PA3IUIHbLIE Ba-
puaHThI 00001IeHUsT TTpeobpazoBanuii Jlopenia. Hanpumep, orkazasiimch ot
AKCHOMbI U30TPOIHOCTH, MOKHO nostyauTh (< Hg), crp.415 caenyromue co-
OTHOIICHUST:

, c+ov\"  x—ot y c+ov\" t—owvx/c
xr = =

cC—v \/1—1)2/02’ C—v \/1—1)2/02’

rjie (4 - HoBast (pyHJaMeHTaIbHast Oe3pasMepHasl KOHCTaHTa, XapaKTepu3yio-

I1asi HEU30TPOIIHOCTD MPOCTPAHCTBa. Eé ImpoucxoxjieHne Tak»Ke CBS3aHO C
YMEHbIIIEHUEM aKCHuoMaTu4ueckoi uHdopmalmu. Xors OOJILITUHCTBO HADJIIO-
JATeJbHBIX (PaKTOB CBUJIETEILCTBYET B II0OJIb3Y U30TPOIHOCTH, UHOT/IA, MTOSIB-
JISIIOTCS COODINEHMS O BO3MOXKHOI cJj1aboii Hem3oTponHocT Haieir Beesen-
HOli. Eciim oHu moaTBepAsATC, UMeeT CMBIC JleTajbHee TTPOaHaAIU3uPOBATH
1apaMeTpuyIecKy HeloJHbie 00001enus npeodbpazoBanuii JlopeHia, BO3HUKa-
IOII[Ue TIPU OTKa3e OT aKCHOMbBI M30TPOIHOCTU. B dacTHOCTH, 3TUM Ipeobpa-
30BaHMSAM MOXKHO IIPHUJIATh KOBAPpUAHTHBIM TPEXMEPHBIH BUJI C BEKTOPOM BbI-
JIEJIGHHOT'O HalipaBjieHus. Boobiie, paccMorperHue 3-MepHOTO 1TPOCTPaHCTBA,
CYIIECTBEHHO PACIIUPSET BOBMOXKHOCTHU 110JIyYeHuUsi DoJiee 001X 1peodpaso-
Bannii Jlopenna.

Oprako jgake JJIst OJIHOMEPHOTO CJIyUast BCE BOBMOXKHOCTH HE UCTEePITaHbI.
Hanpumep, crour odparurh BHUMaHWE HA KCIOJb3YEMYIO HAMHU IPOLE/LYDY
COTJIACOBAHMA CJIMHAI, CKOpocTH. TpeboBanne v/ = —v gBIACTCA €CTECTBEH-
HbIM, HO HE €JIMHCTBEHHO BO3MOXKHbIM. OTKa3 OT HEro M OT M30TPOIHOCTH
MPOCTPAHCTBA, ITPUBOJUT K CJIEJIYIONUM MTPeoOpa30BaHUIM:

P =y (z—vt), At =v-(1+2(v/0)]t —va/c),

rie
_ 1 c+(e+vV1i+e)v g
V1+2e(wfc) = (/)2 |e+(e—VIteD)v|

a & — Tperbd (i)YH,Z[‘a,MeHTaJIbHaH KoHCTaHTa. Ecan ona oriandna or HYyJIA, TO

g

CKOpPOCTL CHCTEMBI S oTHOCHTEaLHO S’ paBHa:
;L —v
1+ 2ev/c

DTOT pe3ynbTaT MOJYyIUIn yxKe ynomuHasimecs Boiie @pank n Pore. B
TaKNX 0DOOIIEHHBIX TPEOOPA3OBAHKSX BOSHUKAIOT JBE BbIJIEJIEHHBIC NHBAPU-
AHTHBIE CKODOCTH €1 U C2, PaBHbIe ¢1 9 = ¢-(e£V/1 + €2) u coBnajaoniue ¢ “c’
npn € = 0. Orkas ot v/ = —v genaer HabmOIATEICH “HECUMMETPUIHLIMA 1
JIOJI2KEH 00s13aTeJIbHO COIIPOBOXKIAThCsI HOBBIM OIIPEJICJICHIEM COIVIaCOBAHUS

CINHUIl USMEPEHUA CKOPOCTH.
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Haimr Mup pesiaTUBUCTCKUIA, TIO3TOMY C OIIPEJIeIEHHON TOTHOCTHIO IIpeodpa-
3oBanust JIoperIia B HEM OJHO3HAYHO BBITIOJIHAIOTCA. B crity mpuHIuma coor-
BETCTBHUsI OHU 1IEPEXOJIAT B IpeobpazoBanusi ['ajusest Ipu MaJjibiX CKOPOCTSIX
uan npu ¢ — 0o. OiHaKO, B CUJIy TOT'O YK€ IPUHIINAIIA COOTBETCTBUSA, BO3MOXK-
HbI OoJiee 0DIIIe TEOPHUH CO CBOMMU (DyHIAMEHTAJIbHBIMU KOHCTaHTaMu. [Ipu
CTPEMJIEHUU ITUX KOHCTAHT K HEKOTOPHIM MPEEThHBIM 3HATCHUSIM J0AMCH b
BO3HUKATh lpeoOpasoBanust JIopenna. Hapyiienue npunimiia coorBeTcrsus
SIBJISIETCSL CUJIBHBIM 3BPUCTUYICCKUM MOTHBOM OTKa3a OT HEKOTOPBIX TEOPHIi.
Hampumep, HeT HUYEro HEBO3ZMOXKHOTO B CYIECTBOBAHWH BbHIJIEJIEHHON CH-
cTeMbl OTCYeTa — abCOJIIOTHOIrO npocTpancTBa. OJHAKO 3Ta abCOJIOTHOCTH
JIOJI?KHA OBITH “MaJIeHbKOI U MPOSIBISITHCA TOJBKO B MPEJIEIbHBIX CJIYJasiX.
[ToaTOoMy BIIOJIHE JIOIYCTHM aHAJMU3 CJIEJICTBUI, BO3SHUKAIOIINUX IIPpH OTOpa-
CBIBAHWU WJIM OCJIAOJICHNY TIPUHIIUITA OTHOCUTEJIHLHOCTH (TPEThsi aKCHOMA,).
[1aBHOe, 4TOOBI B PE3yJIbTarTe BBIIOJIHSIICA IIPUHIMII COOTBETCTBUSI U IHIPU
IpeJie/IbHOM 3HAUEHUN COOTBETCTBYIOIEH (pyHIaMeHTaIbHO! KOHCTAHTDI 110~
JydaJnch npeobpaszosanns Jlopenia, a 3arem n ['ajanies.

Teopust oTHOCUTEILHOCTH B CBOEil 0a30BO# (POPMYJIUPOBKE — ITO TEOPUS
IIJIOCKOT'O 3-MEepPHOI'0 €BKJIMIO0BOTO IIPOCTPAHCTBA ¥ OJHOMEPHOIO JIMHEHHOIO
BPEMEHH, JIOIOJHEHHbBIX IPUHITUIIOM OTHOCUTEJIbHOCTH. KpuBu3Ha npocTpaH-
CTBa, a TOYHEe, KPUBU3HA O0BEIMHEHHBIX MPOCTPAHCTBA W BPEMEHU MOXKET
BO3HMKATDH 1PU BO3JEHCTBUN Ha HEIO MAaCCUBHBIX 00bekTOB. CBODO/IHBIE Ya-
CTUIIBI B TAKOM IPOCTPAHCTBE MO-TIIPEXKHEMY JABUXKYTCA 1O KpaTJIaiIliuM Iy-
TsIM, OJIHAKO TeIePb, B CUJIY KPUBU3HbBI, STH IIyTU OKA3bIBAIOTCS “U3OI'HYTbI-
Mu”, T.H. 2eodesuneckumu auansivu. [Tosromy “npobnbie” 4acTUIBI B OKPeCT-
HOCTHU MACCUBHOTO TeJIa, IBUXKYTCS 110 TPACKTOPHUSIM, HEPEJIITUBUCTCKU TIpe-
JleJl KOTOPBIX COOTBETCTBYET Teopuu rpaBurtaiuu Hbiorona. DTa Kpacubas
Teopust, mocrpoeHHas AandbepTom DitHIITEiHOM U, HE3aBUCUMO OT Hero, Jla-
BuioM ['mibbeprom, nosyunsia HaszBanue “O01mast Teopust OTHOCUTEIHHOCTH
(OTO). ITogpobuee ona paccmaTpuBaeTcst BO BTOpoil dactu Kuuru. 1o aroro
MOMEHTa Hallle IPOCTPAHCTBO CUUTAETCS ILJIOCKMM EBKJIMJOBBIM IIPOCTpPaH-
CTBOM, & BPeMsl — OJITHOMEDPHBIM, OJHOPOHBIM U U30TPOITHBLIM.

Mger 6yem B panbheiinieMm uzberars Tepmuna “OTO”, HaszwiBast eé Teopueit
rpaBuTanuu JiHmTeiiHa. Tak:Ke peJIko Ha CTPAHHUIAX ITOH KHUI'M BCTPETHUT-
cst repmu “Crierpasbhas reopusi orrocuresbroct” (CTO), Tak Kak B Hero
OOBITHO BKJIQJIBIBAIOT CJMIIKOM Y3KWit cMbIC/. B gacTHOCTH, canTaeTcs, 4To
CTO ne MOXKeT ONUCHLIBATH HEMHEPIMAJIbHBIE CHCTEMBI OTCUETa, U TOJIHLKO
OTO nozsoJiger 310 cjenarb. Mbl ocTapaeMcst pa3BesiTh 3TO 3a0J1yKIeHHe
B 6-i1 TUtaBe.
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1.10 Hewmnoro ucropun

e llcTopuueckue OCHOBBI TEOPUU OTHOCUTEJILHOCTU U3JI0XKEHBI BO MHOXKE-
crBe KHUT. V3 PyCCKOSI3BIUHBIX MCTOYHUKOB MOYKHO MTOPEKOMEHI0BATH, Ha-
upumep, [5],]6]. CyuecrByior Takke cOOPHUKK OCHOBOLOJIATAIONIMX PAOOT 110
Teopun orHocuTesabHoCTH |7],[8]. TlosTomy mamt meropmaecknii 0630p Oymer
odeHb KpaTkuM. Kpome 001en3BecTHbIX (PakTOB, Mbl KOCHEMCsI BOIIPOCOB,
KOTOPBIE OOBITHO HEJOCTATOYHO OCBEIIEHBI B JINTEPATYPE.

Bo3HUKHOBEHUE W CTAHOBJIEHNE TEOPUU OTHOCUTEILHOCTU OBLIO CBSI3aHO C
Pa3MBIIIJICHUSIMEI O MPUPOJIE CBETA. DTO U MOHATHO, TAK KaK CBET SIBJISET-
cst caMoit OBICTPO pacipocTpaHsitoleiics cybcraHmeil, JJOCTYITHON Herocpe/i-
CTBEHHOMY BOCHpusiThio. Jlojroe BpeMsi c4uTasioch, 9TO €ro CKOpOCTh Oec-
KOHeYHa. [[Jis1 9Toro ObLIN BeCKUEe apryMeHThl. TpPaeKToOpus CTPEMHUTETHLHO
JIeTs et cTpesibl bosiee “TipsiMast’, d4eM “u30rHyTast TPaeKTopust OPOIIEHHOTO
KaMHsi. JIyam cBeTa MMEIOT BU/JI MJICAJHHBIX MPSIMBIX, TTOITOMY HUX CKOPOCTH
MBICTHJIACH OUYEeHb OOJIBINOH 1, BIIOJIHE BO3MOXKHO, OCCKOHETHOIA.

Tem ne menee, yxe Lamuneo ammieit moitancs (pasa, 6e3ycerito) -
MEPUTH CKOPOCTh cBera. Yjajgoch 3ro Tosibko Onady Pémepy (1676 r.) B
pesysibrare HaOJIIOJIEeHNs] U3MEHEHUsT BUJIMMOIO Teprojia, 0OpalleHus CIyT-
HukoB HOnurepa mpu jpmxkennn 3emsn BOKpyr Couinina. PakTHIecKH 3TO
ObLIO TIepBoe IposiBjeHue 3pdekra Jlomiepa, B KOTOPOM B KauyecTBe YacTO-
Thl CUTHAJIA BBICTYIIAJI0 U3MEHEHWE TeMIIa Teprojia OOpaIleHns] CIyTHUKOB.
Anasnornunoe 3HaueHne ckopoctu cera nosyans Jxkeiive Bpamu (1727 1)
13 aHagn3a abeppanuu (CMeIeHns ) MOJOKEHUsT 3Be3/] B MPOTECCe TOTO XKe
npmkennst 3emsn. [ogpobree 06 sadpdekre abepparun u apdexre dommepa
OyJjer ujTu pedb BO BTOPOii riase. [Ipsmoe jiaboparopHoe uamepeHnue CKopo-
cTu cBeTa BrepBble ObL10 mpoBeseHo Apmanom Unmosmrom Jlyn @uszo (1849
I.), yCTAHOBKY KOTOPOT'O Mbl DACCMOTPUM B CJICJIYIOIIEM Pa3Jielie.

Hernpocro ObL10 1OHSATH UM “BHYTpPEHHEE YCTPOWCTBO CBETOBOI'O CHUI'HAJIA.
Honroe BpeMs KOHKYPUPOBAJM KOPIYCKYIApHAs W BOJTHOBas TUIOTe3bI. Vc-
MyCKaHUe CBETSIIUMUCS TeJIaMU “CBETOBBIX KOPITYCKYJ , JIETAIIUX CO CKOPO-
CTHIO CBETA, OTJINTHO YKJIAIbIBAJIOCH B TTPUHIUITHI TEOMETPUIECKON ONTHKHA.
CBeToRBOII JIyd MBICJHUJICS “TpaeKTOpHei” MHOYKecTBa TaKux KOpIycky/. O
Hako B 1818 r. Ortocren ®penHesb, OCHOBLIBAsSICH Ha BOJHOBON THIIOTE3€ U
Oostee paHHUX pesybratax Xpuctuana ['toiirerca (1679 r.) u Tomaca Fura
(1800 r.), obbsichu sierne gudpakiui, KOTOPOE B PAMKaxX KOPITYCKYJIsip-
HO#t Teopun 00bsiCHUTH ObLIO 1IPOdJIeMaTUIYHO. BbLI0 HOKa3aHO, YTO 3aKOHbI
reOMETPUUIECKON ONTUKU TaK>Ke MOI'YT OBITh YCIIEIIHO IOJYyYeHbI U3 BOJIHO-
BBIX MPEICTABICHUIA.
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Cnycrs monBeka Jlxkeiimc Makcesesn (1861 1.) 066K B MaTEMATHIECKYIO
dbopmy pesyibrars! skcepumentoB Maiikia @apajes (1831 ). U3 ero ypas-
HEHW CJIe0BaJI0, 9TO TaKne Pas3IndHbie SBICHUS, KaK JeKTPU3AIns Pac-
YECKW U NPUTSKEHUE METAJIJIOB MArHUTHON PyJ10#, SABJISTFOTCS TPOSIBJCHUSIMU
OJTHOTO 3JIEKTPOMATHUTHOTO B3auMoeiicTBus. OKazajaoch Tak»XKe, 4TO ypaB-
Herust MakcBesia JIOMYCKAIOT pelleHnsi B BUJE SJEKTPOMArHUTHON BOJIHBI,
pacipocTpaHsifoleiics co ckopocTbio cseta. [logobHoe obbeguHenne CTosb
Pa3JIMIHbIX SIBJCHUI W OObsSICHEHUE HPUPOJIbI CBETA, EPUOJIUICCKUMU KOJIE-
OAHUAMU SJEKTPOMATrHUTHOTO MOJIA OBIJIO CAMBIM 3aMedaTeTbHbIM TEOPeTH-
YecKuM JlocTukeHueM co Bpemen pabor Mcaaka Hriorona no Teopun rpasu-
rTanuu. BosiHOBasi npupojia cBera, craja OOIIenPUHSITOM.

PacnipocTpanenue BOJTH Ha BOJIE WK B BUJIE 3BYKOBBIX KOJICOAHWI B BO3/TY-
Xe ObLIO XOPOIIO U3BECTHO U n3ydueHo. CKOPOCTh BOJIHOBOIO “CHI'HAJIa~ OTHO-
CUTEJIBHO CPe/ibl (BOJIa, BO3JYX) MOCTOSIHHA U OPEJEJISAETCs TOJIBKO (hu3ne-
CKMMU CBOMCTBAMU CPEJIbl. DTa CKOPOCTh HE 3aBUCUT OT CKOPOCTU UCTOTHUKA,
CHUTHAJIA, HO 3aBUCHUT OT JIBUXKEHUs HaOJII0[aTe st (MPUEMHIKA, CUTHATIA) 0~
HOCUMEALHO CPedvl. DTO CYHMIECTBEHHO OTJIMYAET PaclpOCTpPaHeHWe BOJH B
cpejiax OT KOPIYCKYJISIPHBIX CHT'HAJIOB, CKOPOCTh KOTOPBIX 3aBUCHT OT JIBU-
YKEHWST U UCTOUYHUKA, U TTPUEMHUKA.

OTHU aHAJIOTWH MPUBEJM K BOBHUKHOBEeHUIO KoHnenuu Muposozo sgupa —
Cpejibl, B KOTOPOi PacipoCTPaHsIeTcss CBeT. AHAJOTUIHO BETPY MPHU JIBUXKE-
HUU B BO3/LyXe, OKIJIaJu OOHAPYKUTh 3(PUPHBIA BETEP NPU JIBUKEHUU 3€M-
JIN CKBO3b 3Ty cyOcTanmio. MHOrouncaieHHbie SKCIIepUMeHThI, TTPOBeIeHHbIE
Annbeprom Maiikenrhconom n dusapaom Mopsn, adpupHbii BeTep obHapPy-
JKUTh HE CMOTJIM. DTO OBLIO CTPAHHO, TaK KaK 3eMJIsI JIOCTATOIHO OBICTPO
JIBU2KETCST B TIPOCTPAHCTBE, TIO KpaiiHeir Mepe, obpatasch Bokpyr CoJtHIIa.

st 06bACHEHNS 3TUX PE3YJIBTATOB OBLIO MPENPUHITO MHOXKECTBO yCH-
quit. Hanpumep, npeanosaraiock, 9To 3¢gpup, MOA00HO BO3IYyXY BHYTPH Ca-
MOJIeTaA, YBJICKACTCS MPU JIBUKEHUKM 3EMJIM B MPOCTPAHCTBE, MOITOMY HEIO-
JIB2KEH OTHOCUTEJIBHO SKCIIEPUMEHTATOPOB Ha, eé moBepxHocTH. s mpoBep-
KU 9TOI UJIeN SKCIepUMeHTaJbHble YCTAHOBKHU MOJHUMAJUCH B TOPbBI, OJHA-
KO Jlaxke JIE'KOIro 3(pUpPHOIro Berepka OOHApPYKUTh He yjaJjoch. Konnernms
MwupoBoro acdupa TecHO CBsA3aHa C CYNIECTBOBAHUEM BBIJCJICHHON CHCTEMBI
orcuera. Ha 3emiie, OGsiaronapst BO3ayXy, Mbl ©IMEEM KPHUTEpHUii “abCoOTIOTHO-
ro 1mokosi . C MUPOBBIM 3(DUPOM TaKKe MOYKHO CBSI3aTh BBIJIEJICHHYIO HETO-
JIBIOKHYIO cucremy orcdera. 11omobHast BbIIEIEHHOCTH BO3/LyXa 00YCI0OBICHA,
CYIIECTBOBAHUEM CaMOil 3eMJIM, OTHOCUTEILHO KOTOpO# OH HemoaBu:keH. B
ciaydae ¢ 3pupoM He OYeHb MOHATHO, YTO OOYCJIOBJINBAET €0 BbIJIEJEHHOCTD,
T.€. OMHOCUMEADHO “e20 U novemy Henojsuxken adup (< Cq).
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e Kpome 3KCIEepUMEHTOB ¥ Pa3MbIIILIeHUN (DuaIocodpCcKoro xapakrepa o
npupojie Muposoro sadupa, Havaach padora M0 MaTeMaTUuIeCKOMY aHaJIu-
3y ypasHenuit Makcsesuia. JItoObie ypaBHenust U3k, HallpuMep, 3J1EeKTPO-
MaTrHUTHOI'O B3aUMOJICHCTBUSI, 3aBUCAT OT CBOMCTB IIPOCTPAHCTBA I BPEMEHH.
Koneuno, ocoznanue 31oro pakTa IPUXOJIMJIO OUYEHb [TOCTEIIEHHO.

B 1900 r. /I>xozedom Jlapmopom u B 1904 r. Xenapukowm Jlopeniiem ObLin
IOJIYUEHbBI IIPEoOPa30BaHus KOOPJAUHAT, BPEMEHU U 3JIEKTPOMAIHUTHOI'O I10-
Jisl, KOTOpbIE OCTaBJIsin ypaBHerns MakcBesia Hen3MeHHbIME (KOBApUAHT-
HbIMK). D1u 1peobpasoBanust, ¢ nojadn Aupu [lyankape, crasu HasbBaTH
npeobpazosanuamu Jlopenua. Cam JlopeHiy ObLI npuBepKeHIieM Teopuu Mu-
poBoro s¢upa. Hanpumep, cokpaliienue JIIMHBI, KOTOPOE CJIEJIOBAJIO U3 €ro
TEOPHUH, OH WHTEPIPETUPOBAJI, KAK PeajbHOEe CXKATHe JTUHEHKN B Pe3y/IbraTe
9JIEKTPOMArHUTHOIO B3aUMOJICHCTBUsI €€ aTOMOB ¢ 3(PUPOM.

[Tyankape, Mo-BunMOMY, TEPBBIH 9€TKO OCO3HAJ (PUBNIECKUIT CMBICT ITUX
peodpaszoBanuii 1 ¢cHOPMYJIUPOBAJ HPUHIMI OTHOCUTEJIbHOCTH U MHBAPU-
AHTHOCTU CKOPOCTHU CBETa OTHOCUTEJILHO PAa3JUUHbIX MHEPIUAJIbHBIX CUCTEM
orcdera. Kpome 3T0T0, OH MHTEPIIPETHPOBAJT TTPE0OPA30OBAHUST, KAK TTOBOPOTHI
B 4-MEpPHOM MPOCTPAHCTBE-BPEMEHH, TTPEJIBOCXUTUB 9TO TIOHITHAE, BBEJICHHOE
no3uee [epmanom Munkosckum (1908 1.). Tem e menee, paborst [Tyankape
HOCHJIM XapaKTep yCOBEPIIEHCTBOBaHUs JIEKTPOMATIHUTHOI Teopun JIopeHIia
1 OBLIW JIOCTATOYHO CJIOYKHBIMU B MATEMATUIECKOM TLIaHE.

B 1905 r. B Annalen der Physik Boinia saamennrast pabora Anndepra DitH-
mreina “K asiekTpojnnaMuke JBuxKymmxcs tesia . Hecmorpst Ha “ajiekTpo-
JiInHaMKUuecKoe’ Ha3BaHue, B CraproBoM paszjeie ‘Kunemarudeckas 4acrb’
nnpeobpasoBanus JlopeHia ObLIM IOJyUeHbl 0e3 sIBHOI CCBLIKKM Ha ypaBHE-
rust Makcresa. Beisos 0611 oueHns mpocT n nMes (hopMy aKCHOMaTHIECKOTO
0/IXO0 14

“JlanpHe#me coobparkKeHus OMUPAaTC Ha TPUHITUI OTHOCUTEIHHO-
CTH ¥ Ha IPUHIAI TOCTOAHCTBA cKopoctn ceta’ |7].

Takast ipocToTa M OOITHOCTH OblJIa JIEPKO BOCIPUHSITAa MHOTMMHU COBPEMEH-
HUKaMU 1 (PaKTUIECKU 03HAYaJIa POXKJEHUE HOBOW TEOPUU HPOCTPAHCTBA U
BpeMmenu. PenstuBucrckast pusnka sBUIACH IEPBLIM IPUMEPOM 0DOOIIEeHMS
mexanuku Hprorona. C 1905 1., B paMKax mapajurMmbl, IpeJJIOXKeHHON DitH-
IITEeHHOM, T€OPUST OTHOCUTEILHOCTH HaUMHAET ObICTPO pas3BuBaThes. DyHia-
MEHTAJILHOCTL CKOpocTu cera ¢ = 299792458 m/c co BpemeneMm craJia Ha-
CTOJILKO OoueBHu iHA, 9TO ¢ 1983 roja eé 3HaueHne ObLIO NPUHATO KaK TOUHOE,
Tenepb eIMHUIA JITUHBI ONPEJICJISIETCS, KaK PACCTOsIHNE, Ha, KOTOPOE PaCIpo-
CTpaHSETCS CBET 3a €JIMHUILY BPEMEHU, CBA3AHHYIO ¢ YaCTOTON U3JIydeHus B
aTome 1e3usi (BCE TOro JKe CBeTa).
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e PacckakeM Tenepb UCTOPHIO, KOTOpas HE CTOJb IMMPOKO M3BecTHa. 21
cenTsiopsi 1910 rojia Ha cobpaHun HEMEIKUX HATYpPaJUCTOB U Bpadeil Biaju-
mup Mruarosckuii coodiiaer o BbiBojIe peodOpasoBanuit Jlopeniia, ocHoBaH-
HOM Ha I'DYMIOBBIX coobpaxkenusix [15]. B cmenytomenm rogy B Annalen der
Physik myonukyercs anajornanas padora @ununmna Ppanka u ['epmana Po-
te [17], obobimatomast pesysbrarsl Mruarosckoro. Onu obparu/iv BHUMAHKE,
qro HauboJjiee 00Ul BuJi 11peodPa30BaHuil MEXK/1y JIBYMsI MHEPIUAJIbHLIMU
HAOJII0/IaTe/IsIMI UMeeT JIPOOHO-JIMHERHbBIN BT, U OJIYIUIN ABHbIN BUJI 0000~
MIEHHBIX TPeodbpa30oBaHuil B KJacce JUHEHHBIX (DYHKIIWI.

K 1910 romy aBropurer DifHINTEiHA CTAHOBUTCS OUEHDb BEJIUK 1 PAOOTHI, B
KOTOPBIX, 110 CYTH, CTPOUTCS BepHAas aKCUOMATHKA, TEOPUH OTHOCUTETLHOCTH,
OCTAIOTCSI TPAKTUYIECKN He3aMeIeHHbIMU. EJIMHCTBEHHOE YIIOMUHAHNE O HUX
B LOIYJISAPHbIX yuyeOHukax MoxkHO Haiitu y Bosibdranra Iayiu B “Teopuun
orrocuresnprocTr [11]. OiHAKO OH HECKOTBKO CHUXKAET 3HAYNMOCTL paboT
Urnarosckoro, @panka n Pore u nurmer:

OTHOCHTEIHLHO 3HAKA, BEJNIUHBLI U (DU3UIECKOTO CMBICIA (r CKa3aTh
Ha OCHOBE BBICKA3aHHBIX IIOJIOXKEHMI HUYEro HeJjib3si. Takum obpa-
30M, U3 TEOPETUKO-IPYIIIOBLIX COOOPAXKEHMH MOXKHO TOJIYIUTD JINIIb
BHELIHMI B (DOPMYJI IIpeodpa3oBaHusi, HO HE MX (PU3MIECKOE CO-
JIepXKaHHE.

[ToHsTHO, 9TO 9TO HE TaK, W, HAi s U3 MOJYUIEHHBIX MPEOOPA30BAHUI 3aKOH
CJIOXKEHMsI CKOPOCTEH, HECJO0XKHO BBISICHUTL CMbICJ KOHCTaHTbl ¢ = 1/4/a,
KaK MaKCHMaJbHO BO3MOXKHOM M MHBApUaHTHON cKOpocTu. To, 9To 3Ta, CKo-
POCTH SIBJISIETCST CKOPOCTHIO CBETA, U3 TPYTIMOBBIX COOOPAKEHU, KOHEUHO, He
CJIEJIYET, HO OHaA €10 U He ABAACNCA. SHAK (v U €€ BEJUINHA JICHCTBUTEIHHO
CJTY?KaT TPeJIMETOM IKCIIepUMEHTAJNbHBIX nccaenoBannit. akTuiecku, cyie-
CTBYIOT JiBe (pusmiecKkue BozMoKHOCcTH ¢ @ > 0 u o < 0. B namem Mupe
peajin30Bajiach MmepBasi BO3SMOXKHOCTh, XOTsI BTOpasi TAKXKE HE COJEPKUT B
cebe Hukakux nporusopeunii (< Cz) u BrosHE MOIIA Obl KMETH MECTO.

Unest o Tom, uro nipeodpasoBanusi JIopeHiia MOryT ObITh MOJIYUYEHBI TOJHKO
U3 TIPUHIUITA OTHOCUTEJIbHOCTH, O€3 UCIOJIb30BAHUST BTOPOTO MOCTYJIaTa DiiH-
mTeifHa, MHOTOKPATHO MepeoTKphiBatach [18]-[25]. Ocobo neobxommmo orme-
tuTh Kaurn |14],[12]. Boobrtie, mosyenne u3 o01mx coodpakenuii HOBbIX TEO-
puii siBJIsieTcsi OueHb yBJeKaTe bHON 3a1aueir. B 1999 r. B paborax [49],[50]
ObLI0 HalijleHo 0000IIeHe 1peobpasoBanuii JIopeHiia B pesyJibrare JjajabHeii-
IIer0 YMEHBINeHNsT YNCIa aKCHOM ¥ TPOSICHEH UX (DU3UIECKUIT CMBICT. DTN
peobpa30BaHUsT €CTECTBEHHBIM 00PA30M BO3HUKAIOT B MPOCTPAHCTRBE TIOCTO-
SIHHOU KPUBU3HBI [51] U IPUBOSAT K JIIOOOIBITHBIM KOCMOJIOIMYECKUM CJIE]I-
CTBHUSIM.
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1.11 Teopuda u 3KCIIepuMEHT

o Qusuueckue TEOPUU CO3JIAI0TCs JIJId ONKMCAHUs peajibHOro Mmupa. Ka-
KOIi Obl KpacuBOil HU Oblila TEOPUst, 0€3 FKCIIEPUMEHTAIBLHbBIX T10JITBEPK JICHU I
oHa Jinib ocraéres Teopueil. Ha 3ape ¢Boero BOSHUKHOBEHUsI TEOPUST OTHO-
CUTEJIbHOCTHU IIOJATBEPXKIAJACh JIUIIb HEOOJBIINM YKUCJIOM SKCIIEPUMEHTOB,
CBSI3AHHBIX C M3MEPEHWEM CKOPOCTH CBETA B PA3JIMIHBIX YCJIOBUsIX. 3a WC-
KJIOYEHUEM CAMOT'O PEJISITUBUCTCKOIO 00'bEKTa — JIEKTPOMATHUTHON BOJIHBI
— J1100BIe JIpyrue JOCTYIHbIE CKOPOCTU OBLIM CJHUIIKOM MaJeHbKUMU, ITOOLI
OITBEPAUTD 3P (PEKTHl HOBOI TEOPHH.

Ceituac curyalus nnast. Teopust OTHOCUTENIHHOCTH (DAKTUIECKH CTaJia WH-
JKEHEpHO# Haykoii. biiarojiapst pasBuTuio yCKOPUTEJbLHON TEXHUKU 11051BU-
JIACh BO3MOYKHOCTH Pa3rOHATH OUEHb JIETKUE YaCTUIlbI, TAKHEe KaK JIEKTPOH,
MTPOTOH, si/Ipa aTOMOB JIO YJIbTPAPEISITUBUCTCKUX CKOPOCTEH. DT IKCIEPH-
MEHTBI SIBJISIIOTCSI PYTUHHBIME, €K€JIHEBHO BBITIOJIHSIIOIUMUCS Ha, YCKOPUTE-
JISIX BO MHOTUX HAyYHBIX IeHTpax. Hu B olHOM 13 HUX He OBLIO 0OHAPYKEHO
HUKAKMX OTKJIOHEHUI OT OCHOBHBIX CJICJCTBHUIl TEOPHHU.

[Tpexkjie BCero 9mo OTHOCUTCST K PeIATUBUCTCKON jauHamuke. CooTHoTte-
HUST JIJIsT 9HEPIUKA W MMILYJIbCA BBIMOJHAIOTCA ¢ OIPOMHO# TouHOCTHIO. C nX
IOMOITBIO TIPOUCXOJIUT PACIET TPEKOB (TPAEKTOPHUil) MUKPOUIACTHUIL B HJICK-
TPOMarHUTHBIX 10JisAiX. Ha ocHOBe 3TUX PacuéroB OLpeJeIA0TCsS TeXHUIe-
CKHE TapaMeTpbl YCKOPUTE/IEH, MacChl YaCTHI[ U JIPYTHEe WX XapaKTePUCTHU-
K. PeiaTuBuCcTCKIE 3aKOHBI COXpaHEHUsT TO3BOJISIIOT O0bSICHATH MHOXKECTBO
peaKIuii, IPOUCXOISIIIX [IPY B3aUMOJICHCTBUN SJIeMEHTAPHBIX TaCTHII,

YCKOpUTENN SIBJISIOTCS TaK»Ke MOJUTOHOM 110 TTPOBEPKE W TPAKTHIECKO-
My HCIIOJIb30BAHWIO HEIOCPEICTBEHHbIX CJIeJICTBUI npeobpa3oBannii JlopeH-
11a. BeIcOKMe CKOpoCTH, IOCTUTAaeMbIe B YCKOPUTEJISAX, C BICOKONH TOYHOCTHIO
II0JITBEPKJIAI0T TaKOe HEOOLIYHOE CJICJICTBHE TEOPUU OTHOCUTEJIbHOCTHU, KaK
3aMeJJIeHHe BPEMEHU B JIBMXKYIIeiics cucreme orcuéra (crp. 77). Muorue
YACTHUIBI UMEIOT 0YeHb KOPOTKOe CpejiHee BpeMs »KU3HU, OJTHAKO OHO YBEJIH-
YUBAETCS B TOUYHOM COOTBETCTBHH C IPEJICKA3AHUEM TEOPHUH, €CJIU IaCTUIBI
obicTpo srkyTes [43]. dpyroit addexr — “cxxarne”’ obbekra B HalpaBse-
Huu Jprkenns (crp. 90) — rpebyercst jist 00bsICHEHUST TPOIECCa CTOJKHOBE-
HUsI S17IeP, KOTOPbIe IPU BBICOKUX CKOPOCTSIX IIPUOOPETAIOT “OJIMHOOOpa3HY0
dopmy.

He crout 3abniBaTh 1 0 HaydHOM cuMBOJIe X X-BeKa, BbIPAXKEHHOM B (pOp-
mysie £ = mc?. Bes snepreruka, B KOHEYHOM CUéTe, OCHOBAHA Ha 3TOM COOT-
Homennn. OTrpoMHasi SHEPTHs, “XpaHsIAsgcsa B Maccax JacTHIl, UMeeT Kak
MUPHYIO, TaK ¥ BOGHHYIO peajn3aluio B (opMe aTOMHOTO W BOIOPOIHOTO
OpYKHsI.
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BarkHO MOHMMAaTh, YTO HE CYIIECTBYET “TJIABHOI'O , KPUTUUIECKOI'O DKCIIe-
pUMEHTa, TOJITBEPXKIAI0NIEr0 TEOPUI0 OTHOCUTEILHOCTH. TeM 0oJjiee TaKuMu
9KCIIEPUMEHTAMK HE SIBJISIIOTCS UCTOPUYECKH BaXKHbIE OIbIThI KOHIA XIX-1o,
HadaJia, XX-ro BeKa. Halra Bepa B cripaBeInBOCTb TEOPUN OTHOCUTEIHHOCTH
OCHOBBIBAETCS Ha CAMOCOIVIACOBAHHOCTH OI'POMHOIO UKCJIa, SKCIIEPUMEHTOB U
Teopuit, KOTOphle BO3HUKJIM Ha Da3e PesiTUBUCTCKONR (PU3UKH.

Haupumep, obbejiunerne Teopun OTHOCUTE/IbHOCTH, KBAHTOBONR MEXaHUKHU
1 3JIGKTPOJIMHAMUKKE MaKcBeJiia IpUBeso K CO3IaHUI0 K8AHMOGOT INEKMPO-
Junamuru. E€ cBoiicTBa onpenessiorest TpeMst GU3nIeCKUMIA KOHCTaHTaMW —

w0

CKOPOCTHIO ¢BeTa “¢’, nocrostnnoit [lnanka “h” n 3apsijiom sexkTpona “e”. x
Oe3paszMepHOe OTHOIIEHNE HA3BIBACTCS NOCMOAHHOT MONKOT CMpPYyKmypol:

2

a= % — 1/137.035999 679(94).

[Tpejckazanusi 9T0i TeOpUK TMOATBEPKIAIOTCS Ha SKCIEpUMeHTe ¢ (paHTa-
CTUYIECKON TOYHOCTHIO. [IpuBeIEM JUIL OJUH TPUMEp. BOJBITHHCTBO 3J1e-
MEHTapHbIX YacTUIl 00J1aaeT CIIMHOM — COOCTBEHHBIM MOMEHTOM BPAaIleHHUs.
Ecan gactuiia 3apsikena, TO y Heé BOSHUKAET MArHUTHBIH MOMEHT, T.e. OHa
CTAHOBUTCS MaJICHbKUM MarHuToM. B3anmojieiicTBrue MarinTHOroO MOMEHTa, C
BHEIIHUM MarHUTHBIM II0JIEM TI03BOJIET ero u3MepuTh. bes yuéra adpdekron
KBaHTOBOI 3JIEKTPOJMHAMUKK MOYXKHO JIOCTATOYHO JIETKO PACCUUTATh 3HAUE-
HUE MAarHUTHOTO MOMEHTa. TaKo# pacdéT HEMHOTO OTJINIAETCST OT U3MEPEHHO-
ro 3HAYEHUSsI, TOITOMY BO3HUK TEPMUH GHOMANDHOLT MAZHUMMHDLT MOMEH.
cnonb30Banne KBaHTOBOM SJIEKTPOIMHAMUKY IIPU ITOMOIIM TEOPUU BO3MY-
IIIEHWsT 110 KOHCTAHTE (v TIO3BOJISIET YTOTHUTH TeopeTndeckne pacuérwl. [Ipu
9TOM COIJIACHE TEOPUHU ¥ IKCIIEPUMEHTA, ITPOUCXOAT HA YPOBHE OTHOCUTE b
noit o6k 10712, VI B 5TOM, B KOHEYHOM CUéTe, 3aCJIyra PesITHBUCTCKOMN
TEOPUH, JIezKalleil B OCHOBE KBAHTOBO# dJIeKTpoiuHaMuku! AHAJIOrmIHO, OJra-
rojiapsi TEOPUMU OTHOCHUTEJIHHOCTH, YCIIENTHO Pa3BUBAIOTCS acTPOMU3NKa U
KOCMOJIOTHst. DMMEKThI TEOPUH OTHOCUTEJIbHOCTH YUUTBIBAIOTCS B CUCTEMAX
CIIyTHUKOBOI'O IO3UIMOHUPOBAHUSA, U T.JI., U T.II.

Bcé 3ro, KOHETHO, He 03HATaeT, ITO TeOPHsT OTHOCUTEIHHOCTH SIBJISIETCST NC-
TUHOW B 1nocJjejHeit nucrannuu. Haobopor, KpaiiHe MHTEpeCHO OOHAPYXKUTh
npeJiesbl €€ TPUMEHUMOCTH, 38 KOTOPBIMH, BO3MOXKHO, CKPLIBAETCSI HOBASI,
emié bosiee nuTEpecHas dpuszuka. OJHAKO B JIOCTYIIHOM IIOKa SKCIIEPUMEHTAJ b
HOW 00JIaCTH TEOPHsi OTHOCUTEIHHOCTH OTJIMIHO paboTaeT, u He CyIIeCTByeT
JIDYTOil TEOPHH, KOTOPast TaK K€ YCIEITHO MOTJIa Obl OObsICHUTH G6CE MHO-
oicecmeo HAKOILUIEHHBIX K HACTOAIIEMY MOMEHTY 3KCIEepHUMEHTAJbHBIX JTaH-
HBIX. PaccMOTpM HECKOTHLKO 9KCIIEPUMEHTOB, ChITPABITNX BayKHYIO WCTOPH-
YEeCKYIO POJIb TP BO3HUKHOBEHUHU W CTAHOBJICHUU TEOPUU OTHOCUTETHHOCTH.
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e OJITHUM U3 CAMBIX 3HAMEHUTHIX OIMBITOB, MPOBOJIMMBIX HA 3ape CO3/IaHUs
TEOPUH OTHOCUTENHHOCTH, OBLIT 3KcepuMenT Asibbepra AGpaxama Maiikesn-
cona (1881 r). B 1o Bpewmsi rocriojicrBoBasia Teopust aGupa u Crosiyia 3ajada
oTipeJieJIeHNs] CKOPOCTU 3e€MJIM OTHOCUTEJILHO CUCTEMbBI, B KOTOPO# 3dup mo-
kKousicsa. B ombire Maijike/nbcoHa Jiyd cBeTa MpU MOMOITYU MOJYIIPO3PATHOTO
sepkaJia M pasjensiercs Ha JjBa jayda. OHM TPOXOJAAT OJIMHAKOBBIE MYTH B
JIBYX TEPIICH/IMKYJISPHBIX HALPABJICHUSIX, OTPaXkasiCh OT 3€PKaJi, BO3BPaIlla-
I0TCA 0OpaTHO, MOCJIe Yero CHOBA, CKJIAJbIBAIOTCA. [IpuBeéM pacdéT 3Toro
OTTBITA C TOYKHU 3PEHUST CUCTEMBbI, CBABAHHON ¢ “3dpupom’.

[Tycrh ckopocrh cBeta paBHa ¢, a ycraHoBka (unmepgpepomemp Matixenn-
cona) JieTuT depe3 3Up o CKOPOCTHIO U B NOPU30HTAJIBLHOM HAIPABJICHUH.
[To reopeme Iudaropa snya ceera B “BeprukajbHoM’ Hampasienun (“Tysia-
99 .
00paTHO”) JIBUXKETCsl B TedeHue BpeMeHu t, (Bropas KapTHHKA BbIIIe):

2L, /c
V1—v2/c

HpI/I JABU2KEHWHNU B I'OPU3OHTAJIbHOM HallpaBJICHUHX JIYyY CBETa 110 XOLY JIBHUZKE-

(ct)? = L} + (vt)® => t, =2t =

HUsT 3eMJIH TPOXOUT OOl Ty Th (3epKaJjo oT Hero ‘yberaer”), a mpoTUB
X0J1a, — MEHbIIIN:

2L, /c
1 —v?/c?

Ctl = Lx + Utl,

=> ty =11 + 1o =
CtQZLx_UtQ o 1+2

Semuisi JBUXKETCsI, 10 Kpaiineir mepe, Bokpyr CoJiHIIa €O CKOPOCTHIO U =
30 ku/c. ITostomy orHomenue v/c ~ 10~* maso, n 3HaMeHaTENN B BBIpa-
KEHUAX ISt t, U t, MOXKHO Pa3iokuTh B psj. Tak kak 1 —z ~ 1 — x/2,
al/(1—x)~1+x, nia pasnocru Bpemén At = t, — t, umeem:
2L$(1+v_§) _Q_Ly(lJrv_Q) _ 2(Ly — Ly) +2Lx—Ly v?
c c c 2c2

c c 2

At ~

“TopusonTajbHast” 9acTh MAKCUMYMa CBETOBOI BOJIHBI TIPUXOJIUT K HAOJIIO A~
reJito Ha At 11032Ke, yeM “BepTuKaJbHas 4acTh. IIpu X cjioXKeHnn BOZHUKAET
onpejiesiéHHas nHTep(dEepeHInOHHAasT KapTHHA.
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Eciu ycraHOBKY MeJIeHHO BpalllaTh, TaK, YTOObI BEPTHKAJIbHOE M I'OPH-
30HTAJHLHOE TIJIET0 MEHSIINCH MECTaMU, JIOJIXKHO MTPOUCXOAUTH M3MEHEHWEe WH-
TepdEePEHIIMOHHON KAaPTUHBI, KOTOPOE IO3BOJISIET BBIYUCIUTH CKOPOCTH V.
OJ1HaKO KCIIEPpUMEHT IIPUBEJ K OTPUIIATELHBIM PE3yIbTaTaM, T.e. CKOPOCTh
U B IIpejiesiaX dKCIePUMEHTAJIbHBIX OIINOOK OKa3aJiach paBHOI HYJIIO.

C TOUYKM 3peHUsT TEOPUN OTHOCUTEIHHOCTH IKCIIEPUMEHT O0'bsICHSIETCS CJIe-
JiyronuM obpazoM. Kak Mbl yBUJMM B CJeayIOLIEil rjiaBe, JJIMHA I'OPU30H-
TaJILHOTO (B HAIIPABJICHUY JIBUKEHNUS ) TJIeda HHTEPGEPOMETpa COKPAITACT ST
B \/1 —v2/c? pa3, Toryia Kak IepreHMKyJIsiPHOE T1JIeU0 HE U3MEHsIET CBOO
junny. Ecom samenurs Ly — Lyy/1 — 0?/c?) 10 3aBUCMMOCTH BPEMEH 1PO-
XOXKJIeHUs ILJIed mHTepdepoMeTpa CTaHeT OJIMHAKOBO 3aBUCETh OT CKOPOCTH
U BpallleHue He M3MEHUT MHTepdepeHInoOHHOi KapTuHbl. B cucreme ke ot-
caéTa, CBSI3aHHOW ¢ MHTEPMEPOMETPOM, CKOPOCThH CBETa 10 KaXKJIOMY ITyTH
OJINHAKOBA, TaK KaK 3pupa B TEOPUU OTHOCUTEJHBHOCTH HET.

CakaTue TeJl B HAIIPaBJIEHUU JBUXKEHUS BBE KakK rurnoresy Oujrkepasib/,
9T00BI OOBSICHUTE OTPUIIATENLHBIN pe3ysabrar onbiTa Maiikennhcorna. B Teo-
puu Jlopeniia 3o cxkarre BOZHUKAJIO B PE3YJIbTaTe JIEKTPOMArHUTHOIO B3a-
UMOJICCTBHSI 3aps>KEHHBIX YaCTHI BellecTBa u 3dupa. B Teopun xke oT-
HOCHUTEJIbHOCTH I10JI00HO€ CBOMCTBO ABJISIETCS KMHEMATHIECKUM 3(P(DEKTOM,
KOTOPBI# OTparkaeT OvYeHb O0IIre CBOWCTBA MPOCTPAHCTBA U BPEMEHH.

OnucaHHbIil BbIllI€ OIBIT B JlaJbHefeM moBTopsiics MaiikegabcoHoMm u
Mopuiu (1887 1.), Mopsu u Mumiepom (1902-1904 1) u HeM3MEHHO TPUBOJIII
K oTpuraresbaomy pesysbrary. [lpasa, emé mosxke (1928 1.) Musiep 06b-
SIBUJT O CyliecTBoBanuu “acpuproro serpa”. Ojnako ero ckopoctsb v = 10 m/c
HE 3a6UCEAG OT CKOPOCTU IBUXKEHUs 3eMJM U Obljla HalpaBJeHa IepIeH-
JIAKYJISIPHO K IJIOCKOCTH OPOMTHI. AHAJN3 €ro YCTAHOBKM BLISIBUJI HAJUUNE
CHCTEMATUIECKUX OIMUOOK, & MOBTOPEHUST 9TOTO ONbITa Ha O0jiee TOTHOMN arl-
naparype Keneju, Moocom u jipyrumu acdexra He BbIsiBUJIN.

Orpunarenbabie pe3yabraThbl onbiTa Maiikenbcona-Mopsn MOXKHO OBLIO
Obl O0BSCHUTH [TPU TTOMOIIH KOPITYCKYJISIPHO# (OaJITUCTHICCKOIT ) MOJICSTH CBE-
Ta, B KOTOPOI CKOPOCTH “CBETOBBIX KOPIYCKYJT CKJIAIBIBAETCST CO CKOPOCTHIO
YCTAHOBKKM ¥ MMeeT OTHOCUTEJILHO Heé MocTosiHHOoe 3HaueHnne. OJHAKO 5Ta
MO/JIeJTb [TPOTUBOPEYUT HAOJIOJCHUIO JBOWHBIX 3Be37 (apryment Busiema
ne-Currepa, 1913r.). ITpn KiIaccuyeckoM CJIOXKEHUH CKOPOCTEH BPAIAIOIIye-
Csi BOKPYT' 0DIIEro 1eHTpa 3B€e3/1bl, PUOJIMKAsICh, UCIYCKAIOT “KOPIYCKYJIbI
CBeTa CO CKOPOCTBIO € + v, a yAaJsisiCh — CO CKOPOCThI0 ¢ — v. Ha Oosbimmx
paccrosgHusx 6oJjiee 1mosjiHee, HO ObicTpoe “m300pakeHue’ MoKeT 0DOIHATH
OoJiee paHHee, HO MejijleHHOe. B pesyibrare BUIMMOE OBEJIEHUE JIBOWHBIX
3Be3/1 ObLIO Obl OUEHb CTPAHHBIM, OJIHAKO TOI'O HE HADJIIOAETCs.
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e [IepBbiM HAOJIIOJIEHUEM PEJISITUBUCTCKOIO 3aKOHA CJIOXKEHHUSI CKOPOCTEi
craJt onbIT Apmana Nnmosura JIyn @uso B 1851 r. Ha pucynke nmxe mpe-
cTaBjieHa cxema omnbITa. JIyd ¢BeTa OT MCTOYHMKA S IPU MOMOIIM [TOJIYIPO-
3paudHoro 3epkaJia M pazjesnsiercs Ha jaBa jgyda. OJUH U3 HUX IPOXOJIUT Iy Th
AB 1o redenuio Bojbl, a Bropoii — nyth C'D nporus reuenust. Bona, mmes
CKOPOCTH ¥ OKOJIO 7 M/c, BGeKUT 110 CTeKJISAHHON TpyOKe.

S

2N

CKopoCTb CBeTa B HELOJBUXKHON BOJIe MeHbIIe, YeM B Bakyyme u' = ¢/n, rje
n > 1 — mokazatenn npenoMyienus. [IpoumcxoanT 3To B pe3ynbTaTe MHOTO-
KPaTHOTO Tepen3/ydeHus cBeTa aTroMaMu BerecTBa. CKOpPOCTh cBeTa OTHO-
CUTEJILHO JIaDOPATOPHOM CUCTEMbI OTCUYETA OIPEJIENIACTCA PEJIATUBUCTCKUM
3aKOHOM CJIOKEHUsi CKOPOCTEi, yBEeJMUYUBasACh 110 TE€YEHUID U YMEHbIAsdCh

IPOTHUB TedeHust. B mepBoM mopsijike 1o v oHa paBHa:
u o , u'v ) u'? c 1

c? n n?
rjie npubIMKEHHOE PABEHCTBO TOJYUIEHO MOCJE PA3JIOKEHNs 3HAMEHATEIsI
[1/(1+2) ~ 1—2z]|, Tax kax ckopocTh BoAH v/c & 2- 1078 odents HebobITas,

u

menno Takasi 3aBUCMMOCTb CKOPOCTH CBETa OT 1 ¥ ¥ HabJII0/Ia/1aCh Ha 9KC-
nepuMenTe. Vamepsiach, €CTECTBEHHO, HE caMa CKOPOCTb. JI1000i MaKCUMyM
cBeTOBOM BOJIHBI jiesinTest B M Ha jiBa. ajee oHu JIBUXKYTCs C pa3IuIHbIMUA
ckopocTsiMu. [Ipoiijist OJIMHAKOBBII TyTh, OJIMH W3 MaKCUMYMOB 9yTh OTCTa-
éT OT JIPyroro, UTo U HabOJIOMAeTCs Ha UHTEeP(EPEHITHOHHON! KapTUHE MOCe
CJIOXKEHMA JIydeil OJyNpo3padnbiM 3epKajgom M.

Cam ®wus0 u jgpyrue ydéHbie JOJT0 CINTATIH, ITO STOT OIMBIT CBUIETETh-
CTBYET O YaACMUYHOM YBJIEUEHUU CBETOBOI'O 3(pUpa BOJION, U IIPU BbIIIOJIHEHUN
KJIACCHIECKOTO TIPABUJIA CIIOKEHHsT CKOPOCTEl CKOPOCTH CBETA, /M YBEJNIN-
BaeTcs He Ha v, a Ha (1 —1/n?)v. [lonobunle ceoiicTsa 3dupa, KOHETHO, 00b-
sicastioT onblT Pu3o. OHAKO TYT K€ BCTAET HOBBIN BOMPOC: KAK O0bsICHUTH
CaMO CBOMCTBO TaKOr0 YacTUIHOIO yBJIeUYeHUs pupa BOgoi? 3aMeTUM, 4TO
Teopusi Dpeneris, a 3aTeM 3J1eKTPOHHas Teopust JIopeHiia JoCcTaTOuHO JaJIeKO
MPOJIBUHYJIMCH B OTBETE HA 3TOT BOMPOC. DTO BOOOIIE CTAHIAPTHAST CUTYAIHST
¢ “o0bsicnenreM” TEX WJIM MHBIX SKCIIEPUMEHTOB 06€3 TeOPpUU OTHOCUTEbHO-
cti. B KaxkjioM ciyuae MOXKHO IPHUAyMaTbh Ty WX UHYIO TEOPUIO, OJHAKO
OHA PAHO MJIA II03JIHO HAYMHAET MIPOTHBOPEUYUTH JIPYTUM SKCIEPUMEHTaM U
[IOCTOSTHHO TPedyeT HOBBIX “3aIljIaTOK’ JIJIsi CBOEIO COXPAHEHUSI.
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e C umenem Puso cBA3aHO TAKXKE II€pBOE J1abOPATOPHOE U3MEPEHKE CKOPO-
cru ceera (1849 r.). On ncnosb30Badl ORICTPO BPAIIAIOIIEECsT KOJIECO ¢ 3yOria-
mu. JIyd cBera mpoxomil CKBO3b POMEXKYTOK MEXKJly 3yOlaMu, OTparkaJics
OT 3epKaJia ! BO3BpalaJca obparno. Ecin 3a BpeMms JIBUKEHUsT KOJIECO YCIIe-
BaJIO IIOBEPHYTLCS Ha 110J1 3y0Iia, CBEeT B IPUEMHUK HE [ONaJIall.

= -

B onbite @uszo paccrosinue J1o 3epkaJia coctanisiio 8.633 km. Kosieco nmesio
720 3y6110B. McuesnoBenne cBeta MpoU30ILIO Ha cCKOpocTr 12.6 06/c. YBenu-
YeHre CKOPOCTH BpAIeHUs B 2 pa3a CHOBa MPUBEJO K IMOABJICHUIO CBETA, U
T.J1. B pe3yJibrare cKOpocTh CBETa COCTaBUJIA

2-8.633 km - 720-2-12.6/c =~ 313000 xkm/c.

B coBpeMeHHBIX yCTaHOBKaX IMOJ00HOTO THIIA WCIOJIb3YETCs HE MEXaHU-
yeckuil “lipepbiBaTesib’ CBeTa, a JEKTPUUECKUI — TaK HasbiBaeMas AYelKa
Keppa. HexkoTopbie XKUAKOCTH IPH IPUIOKEHUN K HUM JIEKTPUICCKOTO TI0JIsT
IIPEBPAIAIOT TIJIOCKO MOJISIPU30BAHHYIO JTEKTPOMATHUTHYIO BOJIHY, KOTOPAs
Yepe3 HUX TTPOXOJUT, B JIIMIITUIECKH TTOJIsipU30BaHHY0. Kc/n e 1oJist Her,
noJisipusalins He usmensiercd. Ilycrb Ha 1yTu cBera JI0 BXOja B KUJIKOCTh
1 Ha BBIXOJI€ HAXOJSATCS IMOJSIPU3ATOPHI ¢ MEPHEHINKYAIPHbIMEI ocsiMu. Ec-
JIM BHEIIIHEEe TI0JIe OTKJIIOUEHO, TaKash CUCTEMa OKa3bIBACTCS HEMPO3PavHOil,
TaK Kak [ePBbIil 0JIsIPU3aToOp OTPE3aeT BCE BOJIHBI 33 UCKJIIOUEHUEM, HAIPU-
Mep, BePTUKAJbHO MOJSIPU30BAHHBLIX. BTOPOii, COOTBETCTBEHHO, IIPOIIYCKAET
TOJILKO TOPU3OHTAJIHHO TOJISIPU30BAHHBIE BOJIHBI. Korja mose BKOUaeTcsd,
IIJIOCKO TOJISIpU30BaHHAsT BOJIHA TTPEBPAIAETCS B SJIIUITUICCKU TTOJISAPU30-
BaHHYIO, U BTOPO 1oJjisipuzarop eé npoiyckaer. Aueiika Keppa cranosutcs
npo3padnoii. Takoil npepbiBaTe/Ib CBETA, B OTJIMYUE OT MEXaHUIECKOI'0 KOJIe-
ca, MOXKET UMeTb O4YeHb BBICOKyIo dacrory, 1o 107 + 102 nepeksouennii B
CeKYHJLY.

Ecnn ornocurensnas omubka B onbite Puso cocrasuna 5%, To ciycra
100 sier npu nmomomu sueilku Keppa ommbKa M3MepeHuil yMeHbIINIACh Ha,
5 nopsijikoB. B abcosoTHbIX BeJuurMHaX omubKa cocrapisier mMenee 1 Km/c.
HcnosibzoBanue cOBpeMEHHbIX CTaH/[@PTOB YaCTOThl YMEHbIIAeT OIIMOKY 13-
MepeHusl CBeTa eIé Ha Tpu nopsiyika, 10 1 m/c. Tak kak 3emist B Teuenune
CYTOK MEHSIET CBOIO OPUEHTAINIO, (PaKTHICCKHU TU U3MEPEHUs ABJISIIOTCS eIé
OJIHMM CIIOCODOM M3MepeHust ‘CKOPOCTU I(PUPHOTO BETpa’, KOTOPYIO MOITOMY
MOXKHO CUMTaTh MeHblied 1 m/c.
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1.12 IIpocrpanctBo u Bpema HbroTona

CospemenHnast (puznka OTKa3aach OT KOHIENINNA abCOJTFOTHOTO MTPOCTPAH-
CTBa M BpeMeHW KJjaccuueckoit ¢pusnkn HbroTona. PenstuBucrckast Teopus
IPOJIEMOHCTPUPOBAJIA, ITO MPOCTPAHCTBO W BpeMsi OTHOCHTeNbHBI. Het, mo-
BUJIIMOMY, (bpa3, MOBTOPsSieMbIX DoJiee 4acTo B paboTax 10 UCTOPpUN (pU3UKHU U
dustocodpun. OjiHAKO BCE HE TAK IPOCTO, U TTOA00HBIE yTBEPK ICHUsT TPEOYIOT
OTIPEJIENIEHHBIX YTOUHEHU (IpaB/ia, JOCTATOIHO JTUHTBUCTHIECKOTO TOJIKA,).
Tem ne menee, oOpallieHne K UCTOKAM WHOT/Ia OKA3hIBAETCsI OUEHD MOJE3HbIM
JUUTsl TIOHUMaHUST COBPEMEHHOT'O COCTOSTHUST HAYKH.

BpeMms, KaKk M3BECTHO, MOYKHO M3MEPUTH MPU MOMOIIN PABHOMEPHOI'O Ie-
puojimaeckoro mporecca. OIHaKo, He UMesT BpeMeHH, OTKY/1a Mbl 3HAEM, ITO
porecchl pasnomeprvl! OUIEeBUIHBI JOTUIECKWE TPYJAHOCTH B ONPEICICHUH
110/I00HBIX TIEPBUIHBIX TOHATHN. PABHOMEPHOCTH X018 9aCOB JIOJIYKHA TTOCTY-
JIUPOBATHCA W HA3BIBATHCA PaBHOMEPHBIM TeueHWeM BpeMenu. Hampumep,
oTIpeJiesisisi BpeMsl TIPU TIOMOIIH PaBHOMEPHOI'O U MPSAMOJUHEHHOTO JIBUXKe-
HUSI, MBI TEM CaMbIM TIpEeBpalliaeM MepBbiii 3aKoH HbioToHna B onpejesnenue
PABHOMEPHOTO XOJIa BpeMeHu. Jdachl njlyT PABHOMEPHO, €CJIN TEJIO, HA KOTO-
poe He JIEHCTBYIOT CUJIBI, JBUYKETCS TPSMOJMHEHO U PABHOMEPHO (10 STHM
qacaM). [Ipu 9TOM JBUKEHHME MBICIUTCS OTHOCHTEHHO WHEPIHAJILHON CHCTe-
Mbl OTCYeTa, KOTOpas Jijisi CBOEr0 OlPejie/ieHUs TaKxKe HYXKJaeTCs B IEPBOM
3akoHe HbroToHA M paBHOMEPHO WIYINAX Jacax.

Hpyrast TpyJHOCTH CBdA3aHa ¢ TeM, 9TO JBa OJUHAKOBO PABHOMEPHBLIX HA
JIAHHOM yPOBHE TOUYHOCTHU ITPOIECCa MOTYT OKa3aThCs OTHOCUTEJIHHO HEpaB-
HOMEPHBIMHU TIpK O0Jiee TOYHOM u3MepeHur. M Mbl HOCTOSTHHO OKa3bIBAEMCsI
nepe;; HeoOXOIUMOCTBIO BBIOOPa Bce DoJiee HaIEXKHOT'O 9TaJI0Ha pABHOMEPHO-
CTH XOJla BPEMEHM.

Kak y»xe ormMedaJioch, MpoIece CUUTaeTCsi pAaBHOMEPHBIM 1 U3MEPEHHUE Bpe-
MEHHU C €ro TOMOIIBIO MPUEMJIEMBIM JIO TeX MOp, TOKa BCE JIPYTHE SBICHUS
ONMCHIBAIOTCS MaKCUMaJbHO TpocTo. OUeBUHO, ITO TpebyeTcs ompeeseH-
Hasl CTereHb adCTPArupoBaHUs MPU 1MOJ00HOM oripejiesiennn spemenu. [Tocro-
SIHHBIH TTOMCK TTPABUJILHBIX 9aCOB CBSI3aH C HAIUM yOEXKJIEHHEM B HEKOTOPOM
O00'bEKTUBHOM CBOMCTBE BpeMeHM 00J1aJIaTh PAaBHOMEPHBIM TEMIIOM XOJIa.

HbroToH OTJIMYHO MOHUMAJI CYIECTBOBAHME TTOJ00HBIX Tpy/aHocTel. Boee
Toro, B ceoux “Hauasiax” oH u BBeJ1 OHATHUS aDCOJIFOTHOTO U OTHOCUTEIHLHOTO
BpeMeHU, 4ToObl 110J[YEPKHYTH HEOOXOMMOCTL adCTparupoBaHust, OlIpe/ie/ie-
HUST HA OCHOBE OTHOCHTEJIHHOTO (OOBIIEHHOTO, M3MEPSieMOrO) BPEMEHH €ro
HEKOTOPOI MaTeMaTuiecKoil MoJjiein — BpeMmenu abcosiroraoro. I 6 amowm ero
MOHUMAaHUE CYIIHOCTH BPEMEHU HE OTJIMYAETCs OT COBPEMEHHOIO, XOTSI N3-3a,
PA3AUNUA 6 MEPMUNHOA02UY BOSHIKIIA ONPEJICTEHHA Ty TAHUIIA.
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Obpatumca K “Maremaruyeckum Hauanmam Hatypasbnoit @unocodun”
(1687 r.) [4]. Cokpaiméntbie dhopmyanpoBKu onpejesenns Hpioronom abeo-
JIIOTHOT'O U OTHOCHTEJILHOTO BPEMEHH 3ByUaT CJICAYIONNM 00pPa3oM:

Ab6cosorHoe (MaTemaTnvyeckoe) BpeMst 6e3 BCSKOTO OTHOIIEHUS K
deMy-Jinbo BHEIITHEMY 1poTeKaer paBHoMepHo. OTHocuTesbHOE (00bI-
JICHHOE) BPEMsI €CTh Mepa MPOJIOIKUTETLHOCTH, TOCTUTAEMAsT Ty B-
CTBAMW TP MOCPEJCTBE KAKOTO-JINOO JIBUKEHWS.

CooTHoIIIeHIEe MEXK /Ty STUMU JIBYMsI IIOHATUSIMU U HEOOXOJIMMOCTH B HUX SICHO
BUJIHA W3 CJIEIYIONIETO TMOsICHEHWSI:

AbcosrtoTHOE BpeMs pa3/iniaeTcs B aCTPOHOMUK OT OOBIJIEHHOI'O COJI-
HEYHOT'O BpeMeHU ypaBHeHueM BpeMenu. V0o ecrecTBeHHbIE COJTHEY-
Hbl€ CYTKU, IIPUHUMAEMbIE [IPU OObIJIECHHOM HU3MEPEHUU BPEMEHU 3a
paBHbBIE, HA CAMOM JIeJie MEeXKJTy COOO0I0 HE PaBHBI. DTO HEPABEHCTBO
W UCIPAaBJILgETCA acCTPOHOMaMU, YTOOBI MPU W3MEpPEHUsIX JIBUKEHU
HeOECHBIX CBETUJI IPUMEHSITH DoJiee paBuibHOE BpeMsi. Bo3MOXKHO,
4O He CylecTByer (B HPUPOJE) TAKOrO PABHOMEPHOI'O JIBUXKEHMUsI,
KOTOPBIM BPeMs MOIJIO ObI U3MEpATHCs ¢ COBEPIIEHHOIO TOYHOCTBIO.
Bce JIBUXKeHUST MOTYT YCKOPATHCS UJIU 3aMeJIJISThCs, TedeHue ke ab-
COJIIOTHOI'O BPEMEHUM U3MEHSTHCS HE MOXKET.

Orrocurenbroe Bpemst HpioToHa ecTh Bpemst uaMepsieMoe, TOT/1a KaK BPeMst
abCOJIIOTHOE €CTh €r0 MaTeMaTudecKas MOJIe/b CO CBOMCTBaAMU, BbIBOJUMbIM U
13 OTHOCUTEJTLHOTO BPEMEHU MPU MOMOITH abCTparupoBaHus.

Boobiiie, roBopsi 0 BpeMeHH, MpOCTPpaHCTBE U JIBU>KeHnr, HbhIOTOH 1OCTO-
AHHO MOJIYEPKUBAET, YTO OHU IMOCTUTAIOTCH HAIIMMU YyBCTBAMU U TEM CAMbIM
SIBJISTIOTCST OOBIIEHHBIMU (OTHOCUTE/ILHBIMH ):

OrHocuTesbHBIE KOJUYECTBa, HE CyTb T€ CaMbl€ KOJIMYECTBaA, KOHUX
UMeHa UM OOBLIYHO I[IPpUJaOTCA, a CYTb JIMIIb PE3YyJIbTaTbl U3MEpE-
HUI CKa3aHHBbIX KOJMYECTB (I/ICTI/IHHI)IG nJjmn JIO}KHbIe)j [IOCTUraeMble
9yBCTBaM¥W U IIpPUHUMaAEMbIC OOBIYHO 38 CaMHU KOJIMYECTBA.

HeobxomuMocTh MOCTPpOEHUsT MOJIC/IM ATUX IOHATUN TpeOyeT BBEJCHUS Ma-
TeMaTrdecKnx (abCOJIOTHBIX) 0OBEKTOB, HEKUX HJEAJIbHBIX CYIIHOCTEH, He
3aBUCAIINX OT HETOYHOCTH TPHOOPOB. YTBepxKaeHue Hbrorona o Tom, 4TO
“abCcoJTIOTHOE BpeMsI IIPOTEKaeT PaBHOMEPHO 0e3 BCSIKOI'0 OTHOIIEHUS K UeMY-
Jn00 BHEITHEMY OOBIYHO MCTOJIKOBBIBAIOT B CMbIC/IE HE3ABUCUMOCTH BPEMEHU
or apuxkennsi. OHAKO, KaK BHUJIHO M3 NPUBEJEHHDBIX BbIlIe nurar, HbioToH
TOBOPUT O HEOOXOIUMOCTH abOCTPArupOBaHMs OT BO3MOXKHBIX HETOUHOCTEI
PaBHOMEPHOT'O XOJ1a JIFOObIX YacoB. [lJisl Hero abCoJIFOTHOE U MaTeMaTHIeCKOe
BpPEMSI SIBJISIIOTCST CAHOHMMAMMU!
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Hbioron Hurje He obcy»kjiaeT BOIIPOC O TOM, UYTO CKOPOCTb T€UEHUsI BPe-
MEHU MOYKET OTJIMYATHCS B PA3JIMIHBIX OTHOCHTEIbHBIX TPOCTPAHCTBAX (CH-
creMax orcyera). BesycsioBHo, Kilaccuyeckasi MeXaHUKa, 110jipas3yMeBaeT 011~
HAKOBYIO PaBHOMEPHOCTHb XOJla BpeMeHH Jijist Beex cucreMm orcuera. OmgHaKo
9TO CBONCTBO BPpEMEHH KarKeTcsl HACTOJbKO OUeBHU/IHBIM, 9YTO HbioTOH, 0UeHb
TOYHBI B CBOMX (DOPMYJIMPOBKaAX, HE OOCY>XJaeT ero u He (pOpMyJIupyer
KaK OJIHO U3 OIIPEJEJCHUI MM 3aKOHOB CBOEH MexaHuku. VIMenHo 1o ¢Boii-
CTBO BpeMeHH ObLIO OTOPOIIEHO TEOpHeil OTHOCUTEIHLHOCTH. ADCOIOTHOE Ke
BpeMsi 8 nonumaruy Hvromona mo-nipexkHeMy TPUCYTCTBYET B HapajurMe
COBpPEMEHHO# (DUBUKHU.

[lepeiiném Terneph K duznydeckomy npocrpancTBy Hwiorona. Ecin nonu-
MaTh 110 ADCOJIIOTHBIM [TPOCTPAHCTBOM CYIIECTBOBAHUE HEKOTOPOH BbIJIE/IEH-
HOM, MPUBUJIETUPOBAHHON CUCTEMBI OTCUETA, TO WU3JIAIITHE HATIOMUHATD, YTO B
KJIACCUIECKO MeXaHWnKe ero HeT. biectsimee onucanne ['aimieeM HeBOZMOXK-
HOCTH ONPEJICJNThH abCOIOTHOE JIBUYKEHUE KOPaDJIst — SIPKUMl TOMY TIpUMEp.
Takum 00pa30oM, PEJISITUBUCTCKAs TEOPUsi U HE MOIJIA, OTKa3aThCsd OT TOrO,
YTO B KJIACCUYECKON MEXaHUKe OTCYTCTBOBAJIO.

Tewm ne menee, y HpioToHa BOIpoc 0 cOOTHONIEHUN aDCOJIOTHOTO U OTHOCH-
TEJIbHOT'O TPOCTPAHCTBA HEA0CTaTOUHO siceH. C 0JIHO# CTOPOHBI, U JIJIsT BpeMe-
HU, U JIJIsi HPOCTPAHCTBA TEPMUH “OTHOCUTE/IbHBIA HMCIIOJIb3YETCsl B CMbICJIE
“usmepsieMasi BesquduHa’ (mMOCTHTAEMAas HAIMMU TyBCTBAMHU), a “abCoJIOT-
HBIT — B CMBICJIE “‘e€ MaTeMaTUIeCKast MOJIED

AbcooTHOE TPOCTPAHCTBO MO CAMOR CBOEI CYIIHOCTH, OE30THOCH-
TEJIbHO K 4eMy Obl TO HM ObLJIO BHEIIHEMY, OCTaeTCsl BCErjia OJIhHa-
KOBBIM ¥ HEMOJIBUKHBIM. OTHOCUTEJIHLHOE €CThH €0 Mepa MJIM KaKasi-
JINOO OrpaHMYEHHAs IOJBUXKHAS YaCTh, KOTOPasi OLPEJIE/IsieTCs] Ha-
IIIUMHU 1YBCTBAMH II0 MOJOKEHUIO €I'0 OTHOCUTEJILHO HEKOTOPBIX TeJI,
1 KOTOPOE B OOBIJIEHHOM XKU3HU MPUHUMAETCST 38 TPOCTPAHCTBO HEITO-
JIBUYKHOE.

C Jpyroit CTOPOHbBI, B TEKCTE HMPUCYTCTBYIOT PACCY:KJICHUS O MOPSAKE Ha KO-
pabJie, KOTOpble MOXKHO MCTOJIKOBATH W KaK OIKMCAHKE BbIJIEJEHHO! CUCTEMbI
oTcyera:

Eciu 2xe u cama 3eMist JIBUXKETCsI, TO HCTHHHOE abCOTIOTHOE JIBHXKE-
HUE Teja HalJIeTcs M0 UCTUHHOMY JBUXKEHUIO 3eMJIM B HEIOJBUXK-
HOM IIPOCTPAHCTBE M 110 OTHOCUTEJbHBIM JIBHXKCHUSIM KOPaOJIsL 110
OTHOIIICHHIO K 3eMJie U TeJia, 110 KOpabJIio.

Takum 0Opas3om, BBOAUTCs HOHSATHE aDCOJIOTHOTO JIBUXKEHHSI, KOTOPOE PO~
TUBOPEUNUT NPUHITAITY OTHOCUTEIbHOCTH [aunes.
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Tem He MeHee, aOCOIOTHOE NMPOCTPAHCTBO U JIBUXKEHUE BBOJATCS, UTOOBI
TYT YKe TOCTaBUTH IT0JI COMHEHNE X CYIIECTBOBAHNE:

O 1HaKO COBEPIEHHO HEBO3MOXKHO HY BUJIETh, HU KaK-HUOY/Ib HHATE
pazJjimdaTh Py MOMOIINA HAIIIMX YyBCTB OT/I€JIbHbIE YACTH ITOTO 1PO-
CTPaHCTBA OJIHY OT JAPYTOil, 1 BMECTO HUX IPUXOJUTCs OOPAIIaThCs K
U3MEPEHHUsIM, JIOCTYITHBIM 4yBCTBaM. 110 TIOJIOXKEHUSIM U PaCCTOSTHU-
sIM IIPEJIMETOB OT KaKOro-jnbo TeJia, NPUHUMAEMOrO 33 HEIlOJ[BUXK-
HOe, ompejiesisieM MecTa BoobIne. HeBo3aMOXKHO Tak»Ke OIpe e/ nThb
VCTUHHBIH UX (TesT) MOKOi 10 OTHOCUTEJILHOMY WX JIDYT JIPYTY II0-
JIOYKEHUIO.

Bo3MO0>KHO, HEOOXOIMMOCTb PACCMOTPEHMST aDCOJIOTHOIO IPOCTPAHCTBA U a0-
COJIFOTHOT'O JIBUXKEHUS B HEM CBsI3aHa C aHAJIM30M COOTHOIIEHUS WHEPITUAJIb-
HBIX U HEMHEPIUAJIbHBIX cucTeM orcuera. OOCy:Kjias OIBLIT C BPAIAIOIIIM-
Cs1 BEJIPOM, KOTOPOE HATOJIHEHO BOoi, HhioTOH mokaswhiBaeT, 9To JABUKEHHUE
BpAIEHUsT SIBJISIETCsT aOCOJIFOTHBIM B TOM CMBICJIE, UTO €r0 MOXKHO OIpe/ie-
JINTh, HE BBIXOJISI 32 PAMKHU CUCTEMbI BEJIPO-BOJA, 1O (popMe BOTHYTOH IIO-
BEPXHOCTHU BOJIbI. B 9TOM OTHOIIEHUN €ro TOYKa 3PEHHUs TaK»Ke COBIIAJAeT C
COBPEMEHHO.

Heopasymenne, BbipaxkenHoe B (ppazax, NMPUBEICHHBIX B Hadaje pasjie-
JIa, BOBHUKJIO M3-38 3aMETHBIX OTJMYUI B CEMAaHTUKE yHOTPeOJICHUsT TePMU-
HOB “abcosrorHoe” U “oTHOCUTE/IbHOE HBIOTOHOM M COBpeMeHHbIMU (hU3UKa-
mu. Ceituac, ropopst 00 abCOIOTHON CYIITHOCTH, MBI TIOJpPa3yMeBaeM, ITO OHa,
OTIMCHIBAETCST OJIMHAKOBBIM 00pa30M JiJisi pa3iudHbix Habsomaresneit. OTHo-
CUTEJIbHBIE BEIlM MOTYT BBIIVISJIETH [O-PA3HOMY JIJII Pa3JMIHBIX HabOJIrO/Ia-
Tesieit. BmecTo ke novromonosckozo “abcosIFOTHOIO IIPOCTPAHCTBA U BpeMeHu”
MbI CErojiHsi TOBOPUM ‘“‘MaTeMaThdecKast MOJIE/Ib IPOCTPAHCTBA U BPEMEHU .

HOSTOMy BONCTHWHY HACHUJIYIOT CMBICJI CBAIIEHHOTI'O IIMCaHUA T€, KTO
9TU CJIOBa UCTOJIKOBBIBAIOT B HEM.

MaremaTnueckass CTpyKTypa KakK KJIACCHICCKON MEeXaHWKM, TaK U peJsisi-
TUBHACTCKOIl TeOpur XOopoIno mu3BecTHa. CBOACTBA, KOTOPBIMHU HAJENSIOT ITH
TEOPUU MPOCTPAHCTBO M BPEMsi, OJIHO3ZHAUHO CJIEIYIOT U3 ITOH CTPYKTYPHI.
Tymannsie ke (buiocodekue) paccyxkjaenns ob ycrapesiieil “abeojroTHO-
cTH U PEBOJIOIMOHHON “OTHOCUTEILHOCTH BPS JIU NPUOJIMKAIOT HAC K pa3-
rajke ['nasnoit Taiinmb.

Teopust OTHOCUTENHLHOCTH TIO TPABY HOCUT 9TO Ha3BaHMe, TaK Kak JeiCTBHI-
TEJILHO IPOJIEMOHCTPUPOBAJIA, UTO MHOTHE BEIHU, KAXKYIIHeCs: a0COJIIOTHBIME
IIPU MaJbIX CKOPOCTSX, TAKOBBLIMU HE SIBJISTIOTCS TIPU OOJIBITTNX.
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