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This work is used as a General application for other works on the propagation of waves in Galile-
an space.

The main task of this work is to solve General issues related to the propagation of waves in Gali-
lean space. When considering this question, it is assumed that the source of the wave is not a point ob-
ject that propagates a spherical wave, but is the source of a monochromatic wave that fills the entire
space. It is also assumed that the time of the wave source and the distance are synchronized with the
time and distance of the GP.

The word "Galileo"is very often used in the work. This word is perhaps the main one in this work.
Galilean space, Galilean standard, Galilean metric. The practical physical model for the application
(use) of these words and phrases is a fixed solid (air, liquid, solid) medium — an absolute reference sys-
tem (ASO) in which the wave propagates, and where this "air" medium is located is an empty absolute
Galilean space. In itself, this medium is not an absolute inertial frame of reference, it can nahzoditsya
in a state of arbitrary motion in the GP. But for propagating waves as independent entities when em-
bedded in Galilean space, this is the current Galilean ASO.

A wave in a continuous medium (ASO) of Galilean space (GP) can only propagate at one specific
speed — the speed of sound. Once the waves are defined as entities, they can be considered separately
from its basis, forget about the existence of the material basis for its existence, leaving only the essen-
tial points of this fact. They are the frequency and speed of wave propagation. In this case, the wave as
an independent object itself determines the ASO. In addition to waves, there may be non-wave objects
in it, the speed of movement of which is not limited to the speed of sound. But they are not considered
in this work.

The word "relativistic"is hardly used. This is the next level of abstraction of the independent exist-
ence of the wave.

(Translated by Yandex Translator SJunexc—IlepeBoaunk)
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OTa paboTa Mcnonb3yeTcsa kak obliee npunoxeHue ang Apyrux paboT, NOCBSALWEHHbIX
pacnpoCTpaHEHMIO BOSH B ranuneesoM NpoCTPaHCTBe.

[(MmaBHOW 3agayen aTon paboThl ABNSIETCA pelleHne obLmx BONPOCOB, CBA3aHHbIX C pac-
NPOCTPaHEeHNeM BOSH B ranurneeBoM MNpocTpaHcTBe. [1py paccMoTpeHun O4aHHOro Bonpoca
npegnonaraeTcsi, YTO UCTOYHUK BONHbI HE SABMSIETCH TOYEYHbIM OOBEKTOM, pacnpoCTpaHsto-
LWMM chepryeckyto BOSHY, a SIBMSIETCA MCTOYHMKOM MOHOXPOMATUYECKOMW, 3amnosiHSAoLEN
BCE MPOCTPAaHCTBO, BOSMHLI. Takke npeanonaraeTcsl, YTO BPEMSI UCTOYHMKA BOMHbI U pac-
CTOSIHUS CUHXPOHU3NPOBAHbI C BpEMEHEM U paccTtosaHnem IT1.

B paboTe o4yeHb YacTto ucnonb3yeTcs crnoBo "ranuneeBo”. IMEHHO 3TO CroBO — MoOXa-
nywn, rmae-Hoe B aTon paboTe. NanuneeBo NPOCTPAHCTBO, ranunees 3TanoH, ranunesa MeT-
puka. NpakTnyeckon unanyeckon Moaesnbio Ans NpUMeHeHNs (MCNonb30BaHNA) 3TUX CIIOB U
CNOBOCOYETaHMI SBMASETCA HEMNOABWXHASA CNMowHasa (BO3ayLIHas, Xuakas, Tsepaas) cpena
— ACO, B KOTOPOW pacnpoCTpaHseT-Cs BOMHa, a To, rae HaxoauTcs aTa "Bo3gyliHas" cpeaa,
eCTb NycToe abContoTHOE ranuneeBo nNpo-ctpaHcTBo. Camo no cebe aTa cpeaa He ABndeTcs
abconTHOM MHepUManbHOM CUCTEMOM OTCYETa, OHA MOXET Hax304MTCs B COCTOAHUM Mpo-
n3BonbHoro ApwxkeHna B M1, Ho ans pacnpocTpaHaoWmMx-CA BOSTH KaK CaMOCTOSTENbHbIX
CYLLHOCTEN NPU BNOXEHUN B ranuieeBo NpOCTPaHCTBO 3TO HacTos-Lwee ranuneeso ACO.

BonHa B cnnowHon cpeage (ACO) M MoxeT pacnpoCTpaHATbCS TONbKO C OAHOW onpe-
AEeNeHHON CKOPOCTbI0 — CKOPOCThLIO 3BYKa. Mocne Toro, kak onpeaeneHbl BOSHbI Kak CyLUHO-
CTU, X MOXHO paccMaTpuBaTb OTAESIbHO OT ee OCHOBbI, 3abbiTb O CyLEeCTBOBaHUN MaTepu-
anbHOW OCHOBbI ANsl €e CyLleCTBOBaHUS, OCTaBMB TOJSIbKO CYLLECTBEHHbIE MOMEHTbI 3TOro
drakta. IMn aBna0TCA YacToTa M CKOPOCTb pacnpoCcTpaHeHUs BOSHbI. B 9ToM cnyyae BorHa
Kak camocToaTenbHbI 06bekT camo on-pegensiet ACO. Kpome BOSH, B HENM MOIyT CyLLEeCT-
BOBaTb W He BOSHOBblE OObEKTbI, CKOPOCTb [ABU-XXEHUS KOTOPbIX HE OrpaHn4yeHa CKOPOCTbIO
3Byka. Ho B gaHHOM paboTe OHM He paccMaTpuBatoTCS.

[MpakTnyeckn He ncnonb3yeTcs CroBO "penaTUMBUCTCKOE". ITO — Cneayowmnin ypoBeHb
abCTpak-unmn caMoCTOATENBbHOMO CyLLLECTBOBAHWS BOJTHbI.
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COKpaLLIeHMﬂ n apyrume cornaweHus

*)

A — abcontoTHoe,

B — Bpems,

" — ranuneeso,

N — nHepumanesHoe,

K — koopanHaTbl, KBaHTOBas,
M — mexaHuka, MeTpunyeckoe

H — HbIOTOHOBO, HeuHepuunanb-
Has,

O — oTcyeTa, OTHOCUTENbBLHOCTMH,
obuias,

M — npocTpaHCTBO,

P — penatnBucTckas,

C — cuctema, cneuunanbHas,
T — Teopusi, TEH30pbI,

@ — dumsuka,

Y — yacTHasg,

AlB — B ¢ abcontoTHbIM BPEMEHEM N NPOCTPAHCT-
BOM.

ACO (ANCO) — abcontoTHasa (MHepumarnbHas) cucTe-
Ma oTcyeTa,

Bl — BONTHOBOE NPOCTPaHCTBO,
M — rannneeBo NPOCTPaHCTBO,

MCO — unHepumanbHaa cuctema oTcyeTa — Koopau-
HaTHas C.0., NOfy4YeHHas U3 UCXOOHOro oOpTo-
HOPMUWPOBAHHLIM JIMHENHbIM NpPeobpa3oBaHU-
eM koopauHaTt u TeHsopos (JIMTK),

JINTK — nuHerHble npeobpa3oBaHUsi TEH30POB U KO-
opAauvHar,

MIT1 — meTpuyeckoe ranmneeBo NPOCTPaHCTBO,
B — npocTpaHCTBO—BpPEMS,

MNTK — npeobpasoBaHnsa TEH30POB 1 KOOPAWNHAT.
CO, c.0. — cuctema oTcyeTa,

CK, c.k. — cucrtema koopauHar,

(n)T.4. — (1) Tak panee,

(n)T.n. — (1) TOMY Npoune,

B T.4. — B TOM 4ucne,

T.3. — TOYKA 3peHnA.

1) *MNpwu ncnonb3oBaHuu 6onee Yem ogHom GyKBbI.
2) BblgeneHue kpacHbiM LIBETOM B (hopMyfie MOXeT 0603Ha4yaTb pPaBHbIA HYS0 3NIEMEHT

bopMynbl NN BblpaXXeHUs1.

3) lNo ognHakoBbIM BEPXHEMY M HMDKHEMY MHOEKCaM MpoM3BOAMTCH cBepTka (CyMMUpO-
BaHWE) COOTBETCTBYIOLLMX INIEMEHTOB (MO NpaBuny SMHLLTENHY).

4) Mo uHaekcy B ckobke TUNa "g" unm "®" ceepTka He BLINONHSETCH, HO OHa NpUBSA3aHa
K COOTBETCTBYHOLLEMY TEH30PHOMY USN OPYroMy UHAEKCY "(PYHKLMOHANBHO" .

5) ®opmart ccbinok Ha dopmynbl: Omuoka! McToUHHK CChUIKH He HaiiaeH.. [1pyn Heobxo-
ANMOCTU yKa3aHUS Ha KOHKPETHYI0 CTPOKY bopMyribl npumMeHseTcs oopmaT Ommoka!l
HcToYHNK CCHIJIKHM He HaiigeH..N, F4e N — HOMepP CTPOKM bopmyrnbl, Ha4YMHas ¢ 1 (egu-
HUUbI), NPUYEM 3Ta HymMepauusa NpoaoskaeTca N Ha JanbHenwmne He HyMepoBaHHbIe

doopmyInbl.
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Yto Takoe Habnopatens B husmke

B akagemundeckom cnoBape https://dic.academic.ru/.../Habnogatens "Kto Takon Habnto-
natenb?" pacTonkoBbIBaeTCH Tak:

HabnropaTtenem HasbiBalOT TOro, KTo crneamT rnasamu 3a Kem-nubo vnm 4em-nunoo,
CMOTPUT YTO-nnbO.

Ha6nropgatenem HasbiBalOT TOro, KTO NpoeccMoHanbLHO cneauTt 3a Tekywmmmn cobbl-
TMAMM, 4TOObI AaTb MM OLIEHKY U NpeAcKasaTb, YTO MOXET Npon3onTun B BygyLiem.

Habnropatenb — 3TO YenoBek, KOTOPOro nocbinarT HabngaTe 3a KAKUM-NMBO Bax-
HbIM cObBbITMEM UK CUTyaumen, ocobeHHO Ans Toro, YTobbl NpocneanTsb 3a TeM, YTOObI BCE
NPOLUSIO KaK HYXHO.

HabniogaTtens (uccnegoBartens, nabopaHT, akCcnepuMeHTaTop U T.4.) B n3unke B LWIK-
pPOKOM ObITOBOM CMbICIE SABMNAETCS YESIOBEKOM, OKPY>XEHHbIM npubopamun Ons namepeHus
(BO3MOXHO, OnncaHusl) napaMeTpoB (PU3NYECKOrO IKCNEePUMEHTA UK pe3ynbTaToB APYroro
TMnNa gedatenbHocTu. 3aecb Habnogartens BMecTe ¢ npubopamm eCTb 4OCTAaTOYHO KOMMNAKT-
HbIN OrpaHUYEHHbIN B pa3mMepax 0b6bekT homo sapiens, pernctpupyrowmnm pesynbTaTbl Mo-
CTaBMNEHHbIX UM 3KCNEPUMEHTOB U MHTepnpeTupyowmnn ee. M ata ponb Habnogartensa npak-
TMYECKM COBNagaeT C BblENPUBEAEHHbIM OnpeaeneHneMm.

Ho nouemy "4TO"?

Bbi dymaeme - smo Habmodamernb? KoHeyHo — Oa. Ho 8
usuke Habrrodamersnb - amo He ob6si3amesibHO "cMompsi-

~noon

npucMampusarowul"” 4esoeex.

~non

wud"”, "Habrmmodarowui”,

A cuuTato, 4TO B (pU3MKe 3TO COOTBETCTBYET OYEHb
OorpaHM4yeHHOMYy NoAXo4y K MOHMMaHUK TOro, YTo Takoe "HabnogaTens"'. Takon "Habnwoga-
Tenb", KoHevHo, asngaetca "KTO" n B cuny orpaHM4eHHOM CKOPOCTM M obbema nonyyeHus
MHopMaLumM nony4vaeT "UckaxXeHHy" nHpopmauyuio. B yacTHOCTKU, NpU N3yYeHUN 3aKOHOB,
passepTbiBaowmnxca B NCO, "ToyedHbIn" mnccnegoBatenb nonyyvyaet MHOpPMaUuio He u3
NCO, a n3 HekoToporo "n3oTponHoro" "BMOMMOro KOHyca OAHOBPEMEHHbIX M9 Hero cobbl-
Tmn". A ato BoBce He VICO. N 30ecb BO3MOXHbI MPOSBNEHUS HEKOTOPbLIX napagokcoB. Ha-
npumep, Bo3bMemM adpdekT Jonnepa. MNpu npnbnmxkeHnn NCToYHMKa ceeTa (Mnn 3BykKa — YTO
npusBblvyHeEe 1M Bonee 3HakOMO BOMbLLUMHCTBY Ntogen) K HabngaTento Yactota Nnosy4aemoro
curHana noBsblIWAeTCH, NPy yaaneHun - noHmxkaeTcda. Hekotopble "pa3ymHble Habnogartenn"
BCEPbE3, pearbHO UHTEPNPETMPYIOT 3TO Kak peanbHoe "yCKopeHue 1 3ameasieHne CKOpOCTH
TeYeHusi BpeMeHn", nytas n NpoTUBONOCTaBMSAS e€e PENATUBUCTCKOMY 3aMeanNeHunto BpeMeH
B aBmxywmxca NCO. "PenatnBncrckomy" osHavyaeTt npu 60nbLon, npubnmxatowencs K cKo-
pPOCTU CBETa, CKOPOCTU ABWXKEHUA Tena.

[Ons meHs "Habntogatens" — 3TO CaMo NPOCTPAHCTBO C €ro abCTpakTHOM MaTtemaTunye-
CKOW No3HaBaTeSIbHOW CTPYKTYPON M 06006LLEHHBIM NO3HAKOLWMM pa3ymMoM, B KOTOPOE BXOAMUT
Kak MMHUMYM cucTeMa KoopaumHaTt (Mnu cuctema otcyeTta) ¢ onpefeneHHbIMU B Hew (Bo-
YXEHHbIMM NN HEPA3PbIBHO CBA3aHHBIMU C HEWN) M3ydYaeMbiMK "MaTepuanbHbiMn" o6 bekTamu,
c "MeTpukon", onpegensowen nx Bammomenctesme un gsmxeHue. A adpcekt [Jonnepa He
NpoCTO 3(PPEKT NO OTHOLLEHWUIO K OrPaHNYEHHOMY ObITOBLIMW BUAMMbBIMU BOOYMIO CMbICIIAMM
Habntogartento, a apdekT rnobanbHbin ANst BCEro NpOCTpaHCTBa B LENOM M HE 3aKaH4iu-
BalOLLMNCA onncaHHbIM Bbllwe 3addekToM. U/ B TO e BpeMda B 9TOM BUOMMOM 3phekTe Tak-
XXe 3aKryaeTcs ero CMbich.

B knaccudeckon guamke noHaTUe "HabnogaTtens" NpakTUYECKM HE UCMNOoNb3yeTcs. ATO
CBSI3@HO C TEM, YTO B HEW poNib HabnaaTensa TpMBManbHa U NPaKTUYECKN COOTBETCTBYET €€
OblITOBOMY MOHATUIO. [loXanyn, BnepBble NOHATME HeTpuBUarnbHoOro "Habnogarena" nosiBu-


https://dic.academic.ru/.../%D0%BD%D0%B0%D0%B1%D0%BB%D1%8E%D0%B4%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
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NOCb B MbICMEHHbIX (M HE TOMbKO) 3KCNEPUMEHTaAX N OOBACHEHNAX TEOPETUYECKMX MOMoXe-
HUW cneumanbHOW TeOPUN OTHOCUTENBbHOCTU JUHLWITENHA. OTO CBA3AHO C HECTaHOApPTHbLIM,
He ObITOBbIM B3rns40M Ha ee pesynbTaTbl. MHOrMe nonoxeHns NpsiMo npoTusopeyaTt bbiTo-
BbIM B3rnsgam Ha 3TU Xe MOSIOXEHUA B KNnacCu4eckon mMexaHuke. Hanpumep, Ha noHATUA
OAHOBPEMEHHOCTU U OQHOMECTHOCTU, OTHOCUTENBHOCTL BPEMEHW U NPOCTPaHCTBA, MacChl U
3Heprum un T.4. B Hen noHaTne "Habniopgatens" 6onee cOOTBETCTBYET €€ 3KBMBANEHTHOCTU
HekoTopoMy NCO, yem ToyeYHOMY 0OBbeKTY. XOTS KapTUHKN pUCYIOT ¢ obpasamu "yenoseka"
unu ero "rnasamu.

Ho Gonblue Bcero n o4eHb He TpMBMArbHO NOHATME “"HabnogaTtens" ncnonb3yeTca B
KBaAHTOBOW MexaHuke. M1 9To CBA3aHO C CyLWeCTBEHHbIM B KBAHTOBOW MeXaHWKe MOMEHTOM —
BNusHMeM "Habntogatensa” ¢ ero "akcnepMMeHTanbHbIMM YCTaHOBKaMuK" Ha cam npoLecc, Ko-
TOPbIA OHWU MccnenyoT. 1o OCHOBHOW napagvrme KBaHTOBOW MEXaHWKM — YTO cuctema Mo-
XEeT HaxoaAuTbCs OQHOBPEMEHHO B HECKOSIbKMX B3aUMOWUCKITHOYAIOLWMX COCTOAHUSX — B pe-
3ynbTaTe 9KCNepuMeHTa NosfydaeTcsl BNOSIHE KOHKPETHbIN, N TONbKO OAWH U3 BO3MOXHBbIX,
pesynbtaTt. [JanbHenwee uccrnegoBaHue, npoaneHne dKCnepuMeHTa, HEBO3MOXHO B CUIy
YHUYTOXEHUS CBOOOAHOINO HEBO3MYLLEHHOMO Pa3BUTUS CUCTEMbI B pe3yfnbTaTe U3MepeHus.
BO3MOXHO TOSMbLKO MOBTOPEHME 3KCMEPUMEHTA M MONyYeHMe CTaTUCTUYECKU pacnpenerneH-
HOM MHGOPMaLIMN O BO3MOXHbIX MCXOOaX SKCNepUMeEHTa.

JTanoH

OTanoH — aTo cpencTtso, € NOMOLLBIO KOTOpOIZ npon3BoanTCA Korm4ecrtBeHHoOe CpaBHe-
HWe CpaBHUMbIX obbekToB pearbHOCTH.

Bce, 4TO Mbl BUAMM, CrbIWMM, OLyLlaeM, B COOTBETCTBUM C HALLUMM OMbITOM MOXHO W3-
MepuUTb. ECTb pasnunyHble M3amMepumblie CBOWN-
CTBa: pacCTOAHUA NMHENHOE W YrroBoe, pas-
Mepbl, MPOMEXYTKAN BPEMEHU, CKOPOCTb, BEC
(macca) Tena, cuna n conpoTUBIIEHNE, TPOM-
KOCTb W YacToTa 3BYyKa, LIBET CBETOBOIO W3-
nyyenusa mn T1.4. Npuyem atn ceoKcTBa obna-
[aloT CBOMCTBOM MaTteMaTuyecKkown ynopsgo-
YEHHOCTU M MO OTHOLUEHWUIO K KOHKPETHbLIM
obbektam obnagaroT CBOMCTBOM MHBApPUAHT-
/ HOCTU (UNX NO [OpPYromy rOBTOPSEMOCTH).
v | CBONCTBO  YyNOpPSiAOYEHHOCTM  MO3BONSET
CpaBHMBATb pa3fnyHble 0O6BLEKTHI Mexay Co-
don.

\ |\l“‘ll\l
d
L O

il L

Takum ob6pa3om, CBOMCTBOM HaLlero NpocTpaHCTBa, BPEMEHM U MaTepuarnbHbIX 00 bek-
TOB (MaTepumn) sIBNSETCA UX CPABHUMOCTb M HA 3TOW OCHOBE - NU3MEPUMOCTb. ABCTPaKTHO 3TO
roBOpPUT O TOM, YTO paBHble Be3de paBHbl APYr APYry, U OTHOLWEHME "Gornblue — paBHO -
MeHbLUE "SBNAETCS MHBAPMAHTOM. OTO rOBOPUT O TOM, YTO, HaNpMMep, aToMbl OQHOIO M TOro
Xe BellecTBa Be3ae UMEKT OAMH M TOT pa3mep M B OAHOM M TON e 06racTn NpocTpaHCcTBa-
BPEMEHM aTOMbl OOHOMO U TOrO Xe BeLleCcTBa He MOryT oTnmdaTtbcsa Apyr oT gpyra. U paxe
bonee: nobble gBa atoma O4HOrO M TOro e BewecTBa B NobON TOYke MpoOCTpaHcTBa-
BPEMEHM CPaBHMMbI U OANHAKOBLI. BO3MOXHO, JaXe TOXAECTBEHHbI.

N3mepeHne NnponcxoanT C NOMOLLbI 3TANOHOB. OTanoOHbl — 3TO MaTepuarnbHble 06bek-
Tbl, C MOMOLLbIO KOTOPbIX NPOM3BOAATCS CpaBHEHMS U n3MepeHusi. Ho ckasatb, YTo n3mepe-
HWUS1 NapaMeTPOB OHMX U TeX e MaTepuarbHbIX OO BLEKTOB B pa3HbIX TOYKax NPOCTpaHCTBa-
BPEMEHM C NMOMOLLbIO NPOM3BOSbHBLIX 3TANOHOB AACT OAUH U TOT e pe3ynbTaT, Henb3s. Ec-
NN 3TanoH BbINOSHEH M3 MaTeEPUN C TEMU Xe CBOWCTBAMMU, YTO U U3MEPSIEMbI OOBEKT, pe-
3ynbTaT 6ygeT MHBapuaHTHbIM. Takoe COOTHOLLEHWE MeXxay CBOMCTBaMM dTarioHa U Belle-
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CcTBa roBoput 0 TOM, YTO MaTeEpPUA BCE Xe MOXEeT ObITb BTOpPUYHaA, XO0TA €ANHCTBO "I'IpOCTpaH-
CTBO-BpeMFI-MaTepVIFI" B HEKOTOPbIX acnektax MOXeT U COXPaHUTbCA. Hanpl/lmep, eclin Cbl/l-
3n4eCK OO0CTYyMNHble 3TalloH U MaTepud obnagaloT 0AMHAKOBLIMU CBOMCTBaMKU, CBOMCTBO €€
BTOPUYHOCTU OKaXXeTCA HEOOCTYMNMHbIM AINA U3AMEPEHUA.

CnepctBuem CpaBHMMOCTN N U3IMEPUMOCTU 4dABIAeTCA METPUYHOCTb MNPOCTPpaHCTBA-
BpeMeHN. OTa MeTpPpUKa BKIHO4YaeT B cebs TP NPOCTPAHCTBEHHbLIX N OOHO BpeMEeHHOE Ha-
npasneHune. 7 MeTpunyeckme CBOMCTBaA 3TOro NnpocTpaHCTBa-BpeMEHN TECHO CBA3aHbl CO
cBONCTBaMn TOM MaTepumn, KOTOpyro NPUHAIN B Ka4eCTBE 3TallOHa. npOCTpaHCTBeHHaﬂ MeT-
puKa — 3TO MEeTpUuKa, CBA3aHHad C pa3mMepamMm atoMoOB U MEXATOMHbIMMU PaCCTOAHUAMU B
00beMHbIX OObeKTax, COCTOALLUNX U3 HUX. MeTpI/IKa BpeMeHn cBdA3aHa C nepunoanyecknmMmm
npoueccamMmu, B KOTOPbIX yH4aCTBYHOT 3T Xe aTOMbI U 00beKTbI, 13 KOTOPbIX OHN COCTaBJ1E€HbI.
Ecnu ceonctBa ABYX 3TAaJIOHOB OT/IMHAKOTCA Opyr OT Apyra, To 1 noflydyeHHad C X NOMOLLbIO
MeTpPpUKa NpoCcTpaHCTBa-BpeMEHN-MaTEPUN 6y,qu pasnquoPl.

CylwecTByloliMe B HaAcCTosLLEe BPeEMSA 3TaNOHbl CBA3aHbl CO CKOPOCTbLIO pacnpocTpaHe-
HUSA (pyHOAMEHTanbHbIX B3aUMOAENCTBMIA, B YACTHOCTU, CO CKOPOCTbID pacnpocTpaHeHus
3IEKTPOMArHUTHbIX B3aMMOAENCTBUM, B KOTOPOW MOCTYNMPYETCH NOCTOSIHCTBO CKOPOCTU ee
pacnpocTpaHeHuss B BakyymMe. 3Ta CKOPOCTb MO oOnpeaernieHMio B TOYHOCTU paBHa
299 792 458 m/c. [pyras dyHaameHTanbHag MeTpuyeckas KOHCTaHTa — 9TO eavHuua Bpe-
MeHun "cekyHaa". E€ BenuunHa yctaHaBnmBaeTCca UKcaumen YUCNEHHOro 3Ha4YeHns 4yacTto-
Tbl CBEPXTOHKOIO pacLlenfieHns OCHOBHOMO COCTOSHUA aToMa ue3uns-133 npu temnepaTtype 0
K paBHbIM no onpegeneHuntio B TodHocTM 9 192 631 770. U TpeTba (pyHOAamMeHTanbHast MeT-
puyyeckas KOHCTaHTa — 3TO eauHuua maccbhl "kunorpamm”. Knnorpamm ectb egnHuua mac-
Cbl, paBHasg Macce MeXayHapo4HOro NpoToTuna KunorpamMma B COOTBETCTBUM € 3-
en KoHdepeHumen no mepam n secam (1901r).

3ameyaHue: amanoHOM MOXem 8bicmyrnamb HeKoe abcmpakmHoe Mamemamu4e-
CKOe rpocmpaHcmeo, 8 KOmopoe 8/10XkeHa MOOesb (hu3u4eCcKo20 rnpocmpaHcmaa.
Ho 0ns amoeao ceolicmea MamemMmamu4eckoa2o rnpocmpaHcmea 00/MKHbI cCoomeem-
cmeogame cgolicmeaMm peasibHo20 amarsioHa. MuHUMyM — Mempu4YeckKkoe coomeem-
cmeue. Obnacmb NPUMEHEHUsI — meopemuyeckue MOOenu U UX fpakmu4yeckue
npumeHeHusi. [Npumepbl — e8KkNUA08O NpocmpaHcmeo, rnpocmpaHcmeo MUHKOBCKO-
20, pUMaHo80 MPOCMpPaHcmaeo.

[laHHble TpakTOBKM 3TanoHoB B cooTBeTcTBUM ¢ OTO gonyckalT, YTO MeTpuka Mnpo-
CTpPaHCTBa-BpEMEHM BMOSIHE MOXET ObiTb HEe EBKNMMAOBBIM U AaXe MOXET WMETb O4YeHb
CMOXHYIO TOMOSOTMYECKY CTPYKTYPY C AblpKkaMu, TYHHENSAMU U ApYrMMK "HEeoQHOPOOHOCTS-
Mn". Ml npn aToM ocTaBaTbCs (UM HE OCTaBaTbCsl) fIoKarbHO OAHOPOAHBLIM M U30TPOMHbIM.

MoXHO BblAENUTb ABa BMAa 3TallOHOB — MaTeMaTU4YeCKUWN (UM TeopeTU4eCcKun) m
cmusnyecknn (UM NPakTUYECKUN).

CBoucTBa 3TanoHa

1) MapameTpbl, U3MEPUMbIE C MOMOLLLIO 3TArlOHOB, AOMKHbI 06f1agaTtb CBOMCTBOM aj-
OUTUBHOCTU (MHTerpupyemocTtun). [1ns napameTpa ANWHbI 3TO O3HAYaEeT, YTO NyTEM MpUKna-
AblBaHNA HECKOSNbKNX 3TarlOHOB UMW UCMOSMb30BaHUS "NMUHENKN CO LUITPUXamMmn" MOXHO onpe-
AEnUTb ONVHY NMHENHOro obbekTa, He paBHOro atanoHy. COOTBETCTBEHHO ANSA APYrMx aTa-
NIOHOB CYLLIECTBYIOT CBOU "NMHENKN".

FeomeTpuyecknmmn 06bEKTaMM NPOCTPAHCTBA SABMAKTCSH BEKTOPbI U TEH30PbI, NPOEKLUM
BEKTOPHbIX NapameTpoB Ha HanpaBrieHUss (BPEMEHHOe U NPOCTPaAHCTBEHHOE) U UX AnvHa, a
Takke nnowaan n obbembl, NOCTPOEHHbIE HAa BekTopax. Yepes HUX onpeaensieTcs reomeT-
pusi NnpocTpaHcTBa. MaTtepuarnbHble 06BbEKTbI CpaBHMBAKOTCA Yepe3 X reoMeTpuyeckme na-
paMeTpbl 1 NapameTpbl CUIMOBOrO B3aMMOAEWCTBMS UX Mexay coOOoKn, nepeBefeHHble Ha


https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D1%82%D0%BE%D0%BD%D0%BA%D0%B0%D1%8F_%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%B7%D0%B8%D0%B9-133
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A3bIK MaTeMaTUuKn. MaTepmaanble n reomMmeTpudeckme CTpykTypbl B3aMMOCBA3aHbI.

2) Hannune atanoHa npegnonaraeT, YToO Npu NOObLIX ee ABMXEHUSX, B T.4. AONYCTUMbIX
OBWXEHUAX C NOBOPOTOM, 3TasloOH He U3MEHAETCA U nocrie nepemMelleHM B KOHeYHoe
nonoxeHue npu nbom nopsiake nepemMeLleHmns ¢ noBopotamm n 6e3 HUX 3TanoH coBMme-
LaeTcsa C ApYyrMM 3TanoHOM, nepeMellaBluMMcs ApyrM nyTeM. OTO CBOWCTBO 3TarioHa
AOMMKHO obecneunBaTbCs 3aKoHaMM nNpupoabl. CUMTaeTCs, YTO 3TANOHbl OOHU U TE Xe U Ha
3emne, n Ha CornHue, n B nitobom apyrom mecte BceneHHon BO Bce BpemMeHa (B TOM CMbIChe,
YTO NPOCTbIM NepeMeLLeHNEM UX MOXHO COBMECTUTD).

3ameyaHue. OOHOHaI'I,an.I'IeHHOCmb me4dyeHus gpemMeHU 8HOCUMm C80U KOoppeKmuehbl
8 cgolicmea amarioHa: Mbl HU4E20 HE MOXEeM cKaszamb O mMOM, Ymo Criydumecs, ecriu
amarioH riepemMmeamsep o6pamHo 80 8peMeHU.

3) CywecTtBoBaHMe 3TarioHOB Takke npegnonaraet, 4yTo MpocTpaHCTBO AOMKHO 06-
nagatb AUCKPETHbIMU CBOWMCTBaAMMU, T.e. JOSDKHblI CYLLECTBOBATb AUCKPETHbIE peLleHnd
MaTepuasbHbIX YpaBHEHUA MNPOCTPaAHCTBA M BpPEMEHU. JTO nNpejnoriaraeT CyweCTBOBaHUE
NOCTOSIHHbIX UM NHBAPUAHTHbIX, HEM3MEHHbIX MaTepuarnbHbiX 06BEKTOB U/ nepnoanye-
CKMX npoueccoB. A 3TO npeanonaraeT Takke Hanumyne B 3akKoHax Npupoabl HETMHENMHOCTUN —
HENWHENHOro NPOCTPaHCTBa UMM HENMMHENHLIX MOSien B3anmMmogencTeus matepun. inn ceon-
CTBa NPOCTPaAHCTBaA M BPEMEHU 3apaHee AO0SMKHbl ObiTb MPOKBAHTOBAaHbI, KAK B KBAHTOBOW
MEXaHUKe, T.e. Y)Ke KBaHTOBble O0beKTbl AOSMKHbI 06nagaTh NMHENHbIMU (HE 06A3aTenbHO)
ypaBHEHUSAMU COCTOSHUA. [UCKpeTHblIE 00beKTbl MOryT ObITb OnpeaeneHbl U Kak TOnonorn-
Yyeckne oCobEHHOCTN NPOCTPaHCTBA.

4) MoHaTtua "Habnogatens” n "atanoH" HaknagbiBaT onpeaesieHHble OrpaHnYeHnst Ha
nayyeHue lNpoctpaHcTBa. N3yyaTb NPOCTPAHCTBO MOXHO TONIbKO METOAOM CpaBHEHUA cpea-
CTBaMM CamMOro 3TOro NPOCTPaHCTBA, C MOMOLLbIO O6BHEKTOB (3TANIOHOB) 3TOr0 NPOCTPAHCTBA,
N NPOCTPAHCTBO AOJIKHO OOnagaTtb CBOMCTBaMM, NO3BONSKIWMMU 3TaroHaMm ObiTb
aTanoHamu. [1ns 3TOro NPOCTPaHCTBO AOSMKHO ObITh B OnpeaesieHHOM CMbICHe OOHOPOAHbBIM
N M3OTPOMHbIM. OTO CBOMCTBO MO3BOSMSAET COBMELLATb 3TarloH ¢ 06beKTamMn 1 NPomM3BOANTb
N3MepeHnsa napameTpoB 0O6beKTa B pasfiMyHble BpeMEHA B pasnunyHbIX TOYKax NpocTpaHcTBa
N Pasnn4yHO OPUEHTUPOBAHHbLIX B HEN.

BonHoBasa MeTpuKa

B I'T1 BO3MOXHbI 4 (4eTbipe) Buaa METPUKU, ONUCHLIBAKOLLME ee reOMEeTPUYECKNE CBOMCT-
Ba B PasrmMyHbIX criydasx. 3710

1) 1-MepHbIN NPOMEXYTOK BpeMeHun dt = dt,

2) 3—MmepHoe paccTtosiHue dI = dr’ u

3) 4—-mepHas nMHenHas MeTpuKa — BOSIHOBas pasHoCTb a3 d¢ (MHBapuaHT pacnpo-
CTPaHEHMSA rapMOHMYECKOrO MOHOXPOMHOIO BOSTHOBOIO npoLiecca B C.C.):

dop = @ydt + w;drt = o(codt + c;drt), 1)
roe o — KpyroBas yactoTa BoOSiHbl. [lanee B OCHOBHOM ByAeT NpMMeEHATbCSA 00blbHasa YacToTa
B eanHuLy BpemMeHun: de = 2rds;

o, @ — KOBapuaHTHasi KOOpANHATHasA YacToTa (CKOPOCTb) BOJIHbI,

C — oyHOaMeHTarbHast KOHCTaHTa — MoAyrb 3-MepHOW CKOPOCTU BOSTHbI,

Co, Ci — KOBapUaHTHas CKOPOCTb BOMHbI: Coc’ + cic' = 0 (Coc® = —cic' = 1 B OPTOHOPMUPOBAHHOM
MPOCTPaHCTBE: MONb30BaTbLCA OCTOPOXHO!).

Ha ocHoBe dhopmynbl (1) BBOAUTCA 4-MepHOEe MeTpuyeckoe NoHATUE "uHTepsana", Bbl-
paxaemoe dopmyrion (3). Hago 3ametntb, 4TO MHTepBan ds n pasHocTb a3 de aBnaTCA
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4-MepHbIMU CKansapamu, 1, cnegoBaTeribHO, HU O Kakol abCoNtTHOCTM ranuneeBblX "ckans-
po" dr n dt B BI1 He MOXeT OblTb U peyun: oHN ByayT OTHOCUTENbHBbIMKU, 3aBUCMMbIMU OT
npumMmeHsiembix BOHOBbIX MCO 1 dpakTuyeckn oTCyTCTBYIOT KaK CKansipbl.

Ho HacKkonbKo 0QHO3HaAYHO OnpenenaAtTCsa PacCTOSAHUS MexXay ToYKamu npocTpaHcTBa?
M30TpOnHbIX BOMH C pa3HOCTbIO da3 (1) MoXeT BbITb MHOXECTBO — MO YacToTe m U Kosimye-
CTBY pasHbIX HanpasneHun ki. N kaxpgas u3 Hux kakum nnubo obpasom "nponget” yYepes nto-
Oble ase Touku NB. Jaxe ans ogHOM €ANHCTBEHHO BblOpaHHOM "3TanoHHOMN" 4YacToThl ® KO-
NNYeCTBO pasHbiX HanpaBneHun ki MoxeT ObITb MHOXeCTBO. U Kaxaasi U3 HUX NO U3MEHEHUIO
rasbl NMoKaxeT CBOE WUHAMBMAOYANbHOE PACCTOAHWE Mexay 3TUMM Touykamu. A paccTosiHue
MOXeT BObITb TONMbKO OAHO, EOUHCTBEHHOE N MHBapuaHTHoe. PelleHnem moxeT ObiTb BbIGOp
MaKCUMarbHOIro 3Ha4YeHUs 3TOro PacCcTOSHUA AS11 BCEX BO3MOXHbIX HanpaBfieHUI, YTO COOT-
BETCTBYET YCIOBMUIO KOMSIMHEAPHOCTU HamnpaBfieHUs BOMTHOBOrO BekTopa ki 1 HanpasneHus
Ha ueneByto TOYKY ri: Ki || ri. [0 3akoHaM fIMHENHOW BEKTOPHOW anrebpbl Ansg aToro JocraToy-
HO BblIOpaTh Tpyn Ba30BbIX OPTOHOPMUPOBAHHLIX HaNpPaBEHWs, Pa3IOXNTb BEKTOP I MO 3TUM
BEKTOpaM 1 BbIYUCIINTL €€ MeTPUYECKYI0 ANNHY L Yepes ckanspHoe npousseaeHne Ha cebs:

L(O,r) = W =/ (rH)2:t = const. (2)

Ho onsa aToro Hago opraHn3oBaTb CETKY M3 TPexX He3aBUCUMbIX 3TaroHHbIX BonH. MeTtoapl
NUHeHON anreGpbl NO3BONSAT BbiOpaTh TPOMKY TakuMX HanpaBneHun. Yepes HUX onpenens-
eTcs

4) 4—MmepHbIn nHTepBsan ds:
ds* = g;;dq'dq’ — c*dt? - dr?, (3)

rae C — cKanspHasi CKOPOCTb pacnpocTpaHeHust (OPOoHTa BOMHblI B 3TOM MPOCTPAHCTBEHHOM
HanpasneHuu,

dt — npoweawee Bpems,
dr — nponaeHHoe bpOHTOM BOSHbI 3a BpeMs dt paccTosiHue,

HecmoTpsa Ha pasnuyHble popMbl 3anMcu 1 onpeaesieHHy nx "OTHOCUTENbHOCTL", BCe
yeTblpe PopMbl "reHeTnyeckn" TECHO CBsA3aHbl Mexay cobor 4Yepe3 MEeTPUYECKUN TEH30pP.
HecmoTpsa Ha TeCHyt CBA3b, METPUKK N.3) U N.4) MOrYT UMETb N BMOJSIHE CAMOCTOATENTbHOE
3HayeHue.

YpaBHeHue BOMHbLI U ee napamMeTpbl

PacctosHue mexagy nobbiMn AByMS Todkamu M1 MOXHO U3MepuTb, NPUIOXMB ranunee-

Bbl IMHENKN MEXAY 3TUMU ABYMS TOYKaMW B OOHO WM TO Xe ranuneeBo Bpemsl, a BPeMs — C

NOMOLLbIO FanuneeBbiX YacoB (YCTPOMCTBO 3TUX 3TANIOHOB He ABMSETCA 3agadven aTton pabo-

Tbl). OCHOBHOE CBOWCTBO 3TanoOHOB — MNpu NOOOM OBMXEHUN M3 MPOM3BOSIbHOM TOYKM A B

NPOM3BOSbHYK TOYKY B aTanoH He nsmeHseT

CBOMX CBOWCTB, COBMELLAsACbL C Apyrumu (Ta-

KMMW Xe) aTanoHamu, NpoLeainmMm apyrumm

nytamu. OCHOBHOE CBOWCTBO ranureeBblX

- Time 3TaNOHOB — HE3aBUCMMOCTb MX MapameTpoB

OT CKOPOCTU C.0., B KOTOPOW OHW WCMOMb3Yy-

totca. OcHoBHOe cBouctBo [Tl — abcontoT-

HOCTb BPEMEHU MHBAPUAHTHOCTb "nnockoctn”

: OLHOBPEMEHHOCTU, YTO BblpaXkaeTca B HEn3s-

0 I ms MEHHOCTM KoopAMHaThbl "BpemMa" npu ranu-
neeBbiX NPeobpa3oBaHMsX KOOPAMHAT.

'\

Amplitude
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BornHa dopmarnbHO aBnsieTcs nepuoandeckon yHkumen csoero napametpa. [pouecc
CyLLLeCTBOBaHMA BOSH caM no cebe obnagaet MHBapuaHTHbIMKU napameTpamu. immn aBnsaoT-
cs (pasa ¢ BOmMHbI B Npou3BosibHoW Toyke 1B, HavYanbHaa gasa ¢ B Havane KoopauHaTt u
KONN4eCTBO BOSH N Mexay Nnobbimu AByMs Todkamu B. PasHocTb a3 A HENOCPEeACTBEH-
HO CBfA3aHa C KONMYeCTBOM BOJIH N

Ap = 27n,
N (4)
C2m

®YHKUMOHANbHO BOMHA B OAHOPOAHO MapaMeTpu30oBaHHOM MNPOCTPAHCTBE—BPEMEHM t
"pacnpocTpaHsieTcs"” B COOTBETCTBMU C FapMOHUYECKUM YpPaBHEHMEM

A = sing = sin2nn = sin(21w)t + gos),

Q= 2wt + QS, (5)
_?_ Ps
n_Zn_ a)t+2ﬂ.

dusnyeckn napameTp pasbl BOMHbI N TECHO CBSI3aH C BpeMeHeM t 1 4YacTOTOM ®: 3TO KO-
NMYECTBO BOJH, pasaensoLmX ABa 3HaYEHMS1 BPEMEHU — Havana 1 KoHLa oTcYeTa BpeMEHMW.
A napameTp ¢ TECHO CBsi3aH C onpeAerieHHbIM Bbille MHTepBarnoM s (3) Ans oAHon Koopau-
HaTbl t:

cdop =2rnwds = 2radt, (6)

roe o — 4yactoTa (He kpyrosas!) BONHOBOro npouecca. [lapameTp ¢ BbICTynaeT B pOfn yHU-
BepcanbHOro napameTrpa COCTOSHUA. PU3NYECKUIM CMbICIT €€ — 3aKOHOMEPHOoe yrnopsiaoye-
HME Ha MHOXeCTBe COCTosIHUK "hasa" npocTpaHcTBa.

B MHOromMepHOM NPOCTPaHCTBE MPOLECC PACNPOCTPAHEHVSI BOMH TakKe CBSI3aH C On-
pefeneHHbIM HarpaBneHVeM pacrnpoCTPaHeHUs POHTa BOMHbI U COOTBETCTBYIOLLMMM Ma-
pametpamu. [Mpy HaNMMuYMM MPOCTPAHCTBEHHbLIX KOOPAMHAT MPOM3BONibHas cBoboaHas He
U30TpOnHasa BonHa B HeorpaHuyeHHoM GeckoHedHoM [T1 pacnpocTpaHseTcs v BOOMb Mpo-
CTPaHCTBEHHbIX HaMNpaBneHWi B COOTBETCTBUM C FapMOHUYECKM YpaBHEHNEM

A(t,r') = Agsin[p+ ¢ | = Assin[2n(wpt + ") + ¢, ]:
= Agsin[2na(cot + ¢;78) + ¢, ]: &

oy’ + ;b =0,

w; = WyC;.

B KOTOPOM t, I — koopauHaTbl To4ku 1B,

As — amnnuMTyga BOMIHOBOrO npouecca,

A — TekyLLee 3Ha4YeHne Hanps>KeHHOCTU BOSTHOBOIO npoLiecca,
® — YacToTa (He kpyrosas!) (NNOTHOCTbL) BOSIHOBOIO npouecca,
p — BPEMEHHAsi KOBapyMaHTHas YacTtoTa BOSIHOBOroO npoLecca,

@ — NPOCTPaHCTBEHHasi YacToTa WM HanpaBfsitoWUA KOBapUaHTHbLIA BEKTOP BOJSIHOBOIO
npotecca,
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CO, Co — KOHTpa- 1 KoBapunaHTHaa BpeMeHHadA NioTHOCTb BOJIHbI,

c' = ki-c — BEKTOpHas KOHTpaBapuaHTHasi CKOPOCTb (MMOTHOCTb) pacnpocTpaHeHUs poHTa
BOJSHbI B JAHHOM HarnpaBreHuu,

ki = c'/c: |ki| = 1— BonHOBOW BekTop (HampaBreHue) npouecca pacrnpocTpaHeHUs BOMHbI (B
AarnbHenweM MCnosb3oBaTh ee NpakTU4eckn He Byaem Unn oYeHb peako B CBA3U C TPYLHO-
BbIMNOSIHUMbIM YCIIOBMEM ee "eQMHUYHOCTN" Npy Npeobpas3oBaHUAX KOOPAUHAT U TEH30POB),

Ci — NMPOCTpaHCTBEHHAA KOBaAapnaHTHaA CKOPOCTb pacrnpoCcTpaHeHA BOJNTHOBOIO npouecca,

¢ = |¢'| =1/|ci| — dbyHOameHTanbHas (ckanspHas) (koopauHaTHas) CKOPOCTb pacnpoCTpaHeH s
BOJIHbI B 3TOM NPOCTPAHCTBEHHOM HanpaBlEHUN.

YpaBHeHune (7) y4duTbiBaeT OOHOBPEMEHHO ABUMXeHUe W Habniopartens, U UCTOYHMKA
BOJHbI. [laxke HayanbHas gasa ¢s MOXeT ObITb NMHENHOW yHKUMeN oT koopauHar (t, r'). Ho
Aaxe 9TO He uameHsieT PoOpMy ypaBHEHUS: OHa OCTaeTCH KOBapUaHTHOW UCXOAHOMY ypas-
HeHuo (7).

YpaBHeHue (7) Takke 0QHOBPEMEHHO BbipaXkaeT 3aKkoH [toMreHca ansi pacrnpoCcTpaHsio-
LLIeNCs BOSHbI: OAHOga3Has NMOBEPXHOCTb UM (PPOHT BOJSTHbI NEPNEHOMKYNAPEH K Hanpas-
NEHUNIO CBOETO ABMXEHUSA. JTO onpeaensieTca Tem, 4To dasa BOSHbI €CTb MPOEKUMS KOOpAU-
HaTbl I' TOYKM Ha BEKTOp HanpasneHus c. ATa Npoekuusa npeanonaraeT, YTo CyLlecTByeT
nepneHavKynspHas K HanpasfeHUO0 OBUXKEHWS BOMHbI 0aHOda3Hasi NocKoCcTb, Ha3biBaemas
dPOHTOM 3TOWN CaMOW BOJIHbI.

Ecnn yyecTb, 4TO nNpu onyckaHuWM NPOCTPAHCTBEHHOrO MHAEKCA 3HaK napameTpa MeHs-
eTCs1, TO NPOTUBOMOJIOXKHBIE 3HAKM NpW napameTpax «’ U « (COOTBETCTBEHHO OAMHAKOBbIE
npv napameTpax ap U @) COOTBETCTBYIOT PacnpoCTPaHEHUIO BOSHbLI B MOMOXUTENbHOM Ha-
npaBfieHnn COOTBETCTBYHOLLNX OCEN, a OANHAKOBbLIE — B NMPOTUBOMOMOXHbIX.

Bbi6op MogensHOro npocTpaHcTBa

dunsnyeckoe moaenbHoe npoctpaHcTBo 1B — cnnowHas cpega co cBonctBamm abco-
noTHocTn AUCO, B KOTOPOM pacrnpoOCTPaHATCA rapMOHUYecKne BomnHbl. Prusmyeckm ypas-
HeHue (7) BblpaXkaeT 3aKOH pacnpoCTpaHeHus BOSHbI B npocTpaHcTBe—BpemeHn ¢ AUCO.

MopenbHoe MaTeMatuyeckoe NPOCTPaHCTBO, B KOTOPOM BCe 3TO onpenensieTcs — ranu-
neeBo NPOCTpaHCTBO C BblaeneHHbiM AVICO. Bonpoc 0 BO3MOXHbIX 3HAYEHUSAX NapaMeTpoB
(Co, Ci) pellaeTca NpPoCcTo: NpeAernbHble OrpaHNYEHNs Ha Co U Cj OMKHbI CHUMATbCH — MHa4ve
TepseTca CMbICT BBEAEHUS rapMOHNYECKOro ypaBHeHus (7). ypaBHeHue (7) BblpOXaaeTcs.
MapameTpbl Co, Ci pakTUYeckn onpeaensaT MEeTPUKy NpOCTpaHCTBa—BpPEMEHU B BOSTHOBbIX
eAnHMLax — KONIM4eCTBO ATasNloHHbIX BOSH YactoTton 1 'y Ha eAnHMLY KOOPAUHATHOM Ocu t n
NPOCTPAHCTBEHHOIO HanpaBneHnsl, COOTBETCTBYHOLLEro HanpaBneHnio pacnpoCTpPaHeHNs.

JononHuTenbHbIM ycrnoBMeM MOrno 6bl ObITb CHATUE OrpaHUYeHUs €ANHCTBEHHOCTU
CKOPOCTU C B MPOM3BOSIBHOM HarnpasneHun. 3To 03Ha4yaeT, YTO B 9TOM HanpasfeHun MOrun
Obl OblTb OpraHM3oBaHbl MHOXECTBO BOJSIH C PasHbIMW CKOPOCTAMM pacnpocTpaHeHus. Ho
CHSITMEe TaKoro orpaHudeHus nnbo BoobLe NPUBOANUT K CHATUIO Bonpoca noctpoeHusd MNB — k
4yemMy Mbl CTpeMUMcs, NMbo K BbIBOPY NpUopuTeTHOro n3 Becex €. K Tomy e ecTb cnocooObl
nornyeckn 6esynpevHoro obxoga atoro Bbibopa. OHO 3aknyaeTcs B AOMOSMIHEHUW MNPO-
CTPaHCTBEHHbIX HanpasfeHun OOMNOSHUTENbHbIMU "BUPTYyanbHbIMK", "HeBUAUMBLIMW" OIS
MaKpopasmMepHoOn (PU3NKNU KOOPAMHATHLIMW HanpasneHnsasMn. B coBpeMeHHON hu3nke aTn
HanpaBneHnst MOryT ObITb LIMKNNYECKMMU C OYEHb ManbiMu paanycamu. BoaMoXxHbl 1 gpyrue
WHTEepnpeTaunn, Macknpyrowme 3T OONOMHUTENbHbIE HanNpaBneHus, Hanpumep, "6paHHble”
UNn NoTeHUnanbHbIe.

B opTOHOPMUPOBAHHOW CUHXPOHM3UPOBAHHOW CO CKOPOCTbID pacnpocTpaHeHnsa (ppoHTa
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BOJHbI C.K. Co = [Ci| = ¢ = 1. Takon c.o. aBnsetcsa AUCO, CMHXPOHM3MPOBAHHOE MO 3TanoHam
¢ BonHoBbiM AMCO. B cnyyae npoussonbHon napametpusauum B oHO MOXeT ObiTb He
HOPMUWPOBAHHBLIM, U HE TOSMBbKO B 9TOM Crly4ae — HO U Npu nepexoae npocTo B Apyroe opTo-
HopmupoBaHHoe ranuneeso NCO. Mpu nepexoge B apyroe NCO, kak nssectHo, Habnwoaa-
eTcsa adpdekT donnepa.

C 1.3. MaTemMaTukn ypaBHeHue (7) ecTb ckanspHaa pyHKums ot koopauHar B, a B kave-
CTBE napameTpa CKanspHon yHKUUN MMeeM CKansipHOe Npou3BefeHne HEKOTOPOro BEKTO-
pa — BEKTOpa HanpaBfieHus1 pacnpocTpaHeHnsa 2nw(Co, Ci) Ha KoopauHaTtel Todkn B nntoc
NpPou3BoSibHas HadanbHad asa, 4YTO npeacrtaBnseT cKanspHyw dasy rapMoHUYECKON
dyHKUMK. Pa3 aTo ckansapHoe nNpousBedeHue, TO Y Hero eCTb MeTpU4eCcKUn TeH30p, 1 one-
paumn NogHATUA — onyckaHus nHaekca. Pas mbl umeem B Buay M1, TO paspelleHbl TOSbKO
ranuneesbl NpeobpasoBaHna KoopamHat. Pas Mbl B HeW BBENN METPUKY — TO 3TO ranuseeso
mMeTpuyeckoe npoctpaHctso (FMI1). B gononHeHue kK cBouM "3akOHHbIM" MeTpukam — "npo-
MEXYTOK BpeMeHUn" n 3—mepHoe "pacctosiHue”. B metpudeckom M1 meTpnyecknin TeH3op u
Apyrue TeH3opbl NpeobpasytoTcs no npasunam npeobpasoBaHUs TEH30POB ranuneesa npo-
cTpaHcTBa — 6naro, 4To OHa BrMomnHe onpegeneHa. Ml B Hel onpegeneHa onepauus nogHsa-
TUSI—OMYCKaHWUs MHOEKCOB TEH30POB M CKaNspPHOro npomssedeHnsa ¢ UCNofib30BaHMEM 3TOro
METPUYECKOro TEH30pa.

BonHoBble 3TanoHbl ABASTCSA OAHOPOAHLIMU U U30TPOMHbLIMU. M 3TO CBOMCTBO B N060M
NPOCTPaHCTBE BbIMOSHAETCS aBTOMATUYECKN: ANMMHA BOSHbI 3TanoHa, U3MepeHHasi B Nltobom
HanpaBfieHMn, paBHa camon cebe, nNpu NdbLIX PU3NYECKUX OBMKEHUSAX, NEepeMeLLeHnaxX «n
MaTemaTuyeckmx npeobpasoBaHusix koopauHaT. T.e. oHa obnagaet CBOMCTBaMKU 3TasioHa.
To e camoe OTHOCUTENBHO CKOPOCTM pacrnpoCTpaHeHus BOSHbI C. [laxe ecnv OHM Ha ca-
MOM [erne He U30TPOMHbl U HE OQHOPOAHLI C T.3. APYrMX BUAOB 3TanNoHoB. [nsa nosaBneHus He
N3O0TPOMNHOCTN M HE OOQHOPOAHOCTU HEOBXoAMMO "N3MepATL" BONMHOBLIE NAapaMeTpbl KakKMMK
TO APYrMMW, HE BOJSTHOBbLIMU, 3TanoHamu. Npumepom He nsoTponHoro B ana BOnHbI ABns-
etca [Tl rannneeBa CKOPOCTb BOSIHbI B HEN NMOAYUHAETCS ranuneeBy NpaBusly 3akoHa Crio-
XXEHNSA CKOPOCTEN U CKOPOCTb BOSMHbI B pasHbix MCO B pasHbIX HanpaBneHusix (B T.4. NpoTu-
BOMOJSIOXHbIX) MOXeT ObITb pa3nuyHon. Ho ecnn He 3HaTb O cywecTBoBaHuM [T1 — TO Mbl 06
3TOM MOXEM U He AoragaTbCs.

OTO CBOMCTBO MOXET reHeTU4eckn nepexoantb 1 K NB 1 NpoaBnATLCA B €e CBONCTBAX.
Hanpumep, BonHoBon aTanoH gnvHbl B MCO aBnsieTcsa HanpaBieHHbIM 3TarloHOM, 3aBUCK-
MbIM OT HanpaBneHns pacnpocTpaHeHus BoSHbl. HO ecTb cnocob npoBepku He U30TPOMHO-
CTV ONs NPOTUBOMOMOXHbBIX HanpaBfeHUN BEKTopa pacrnpocTpaHeHus cobCTBEHHbIMU BOI-
HOBbIMW 3TanoHaMW: CPaBHUTb 3TanoOHbl AMVHbI B ABYX NPOTUBOMNOSIOXHbLIX HanpaBreHnsx
noAcyeTOM KOnuMyecTBa MPOTMBOMOSIOXHO HanpaBfieHHbIX BOSTH MeXAy OAHVMWU U TEMU Xe
BblAeNeHHbIMU TOYKaMK. DTO CBOMCTBO no3sonsdeT BbiaBUTb BoniHoBoe AVCO. Ho He Bcerga
3TO CBOWCTBO MOXeET cpaboTaTb, M 3TO CBOMCTBO 3aBMCUT OT TuMa NpocTpaHcTeBa. B opTo-
HopMupoBaHHoM AMCO BomHa pacnpocTpaHsaeTcst U30TPOMNHO, B KOTOPOM € = 1 B nitobom Ha-
npaBneHunn.

YpaBHeHue (7) O3Ha4aeT, YTO 4YacToTa o SABNAETCA YHMBepCasnbHbIM NapamMeTpoM BOISI-
Hbl, ONPeaensaLnM B3aMMHY0 CKOPOCTb M3MEHEHWST BOSTHOBOIO MpoLecca BO BPEMEHHU, C —
yHUBepcanbHas yHAaMeHTanbHas CKOPOCTb, NMapameTp Cp — KOBapWaHTHAs CKOPOCTb ee
pacnpocTpaHeHns BO BPEMEHHOM HanpaBsfieHuW, Ci — KOBapuaHTHas CKOPOCTb ee pacrnpo-
CTpaHeHUs1 BO BCEX BO3MOXHbIX HanpaBneHusx. B cBA3n ¢ Tem, 4To BCe 3TM napameTpbl
BKMNIOYaOTCs B 0000LLAOWNIN NX KOBAPUaHTHLIN BEKTOPHLIA NapamMeTp (Co, Cj), BCE OHU U3-
MeHsTca npy nepexoge B apyroe MCO no npasunam npeobpasoBaHuns Bektopos. [peob-
pa3oBaHWsA KoopaMHaT I' U BEKTOPOB C' 1 ¢; (1 TeH3opoB) B [T1 Npon3BoaATCA B COOTBETCTBUM
¢ hopmynamm



Appendices to works on Galilean space
MpunoxeHusa k paboTam o0 rannneesoM NPOCTPaHCTBE
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roe Vn — ckopocTb HoBo MCO OTHOCUTENBHO UCXOAHOM.

YacTtoTta o ocTtaeTcs MHBAPUaHTHbIM NapamMeTpoM B CUITY €€ rnobanbHom CKandapHOCTH,

a hasa o, HECMOTPS Ha CBOI CKanapHOCTb, Npeobpa3syeTcs No 0cobbiM NpaBunam, T.K. OHa
3aBUCUT OT TOYKM Hayana koopauHat. EcTb elle oguH MHTepecHbIt napameTp — 1 (eauHuua),
KoTopasi MHoraa nosiBnsieTcs B ypaBHeHUsX. MHorga oHa cBs3biBaeTCs C NapameTpoMm Co = 1
KaK HeBMOUMbIA MyNbTUNNUKATUBHBIA MHOXUTENb NP NapaMeTpe t ~ Cot UMK Kak anemeHT 1
= cov®, M B TaKMX cryyvasix OHa JOIhKHa NpeobpasoBbIBATLCH COOTBETCTBYIOLLIMM CMOCOBOM.
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