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Kparko uznaraorcs siaeMmenrapuabie Boupocsbl CrenualibHON Teopun OTHOCU-
TEJIbHOCTH, U3ydaeMble B Kypce obmeil dpusuku MockoBCkOro pusmnko-rexum«e-
CKOTO MHCTHUTYTa (TIePBBIi CEMECTD).

Hekoropbie BOLPOCHI, HE sABJIAOMUECs 00:3aTe/IbHBIME, HO BbI3bIBAIOLIUE UH-
repec y crynenros (B Tom aucie upeapicropus CTO), soimecenst B [Ipunoxenus.

IIpennasmageno g crymeHToB 1 Kypca.

© I'OY BIIO «MockoBckuit (hu3uKO-TEXHUYECKUHA UHCTUTYT
(rocymapcrBeHHBIN yHUBEpCHTET)», 2009

Myaper, DiiHinreiin urparb Ha CKPUIIKE MOL.
Ho cnaBy mpunecsio emy apyroe:

Teopuu ero MOr/Iu HOHATH JIUIIb JBOE —
Ou cam, na Bpemenamu Bor.

H.K. Poccemmep

EcrecTBenHbIe CJI0KHOCTH, BO3HUKAIONIUE IPU 3HAKOMCTBE C OCHOBAMH
TEOPUU OTHOCHTEJIbHOCTH HA IIEPBOM KypCe, yCyryOJIsIOTCs 3aTPy/IHEHUsI-
My ¢ 10a60poM noaxouseii sureparypol. B kypce Cusyxuna [1] coorser-
crByfomuit Marepuasn oraecér B IV tom (Onruka); nzinoxenne PeifHmana
[2] He camIKOM XOpOIIO coryacyercs ¢ mporpaMmoii Kypcea; y Kurrens [3]
BeJINK 00BbEM pa3zesia, MOCBSIIIEHHOIO PeJISITUBUCTCKUM BOIIPOCAM.

B nacrosimem nocobum ciesiana mOIbITKA JOCTATOYHO KOMIIAKTHO H3-
JIOXKUTDH djIeMeHTapHble Bonpochkl YactHoil min CrenuaabHOi TEOpUH OT-
nocurenprocTr (CTO), usygaemsle B Kypce obmmeit ¢uszukun MoCKOBCKOTo
dbusuko-rexuuyeckoro uncruryra (B pasgene Mexanuka, 1.e. B 1€pBOM Ce-
mecTpe).

B Teoperutveckoil 4acTu aBTOp B ONPEJIEIEHHON Mepe CJIe/I0BAJI JIOTUKE
KUTTEeJIeBA WU3JI0JKEHNUs; B 1OA00pe 3a/a4 MCIOJIb30BAaHbI PAa3pabOTKN Ka-
deapor.

HekoTopble BOIIPOCHI, HE SIBJISAIONINECS 00s3aTeIbHBIMY, HO HEPE/IKO BbI-
3BIBAIOIME MHTEPEC Y AKTHBHBIX CTYAEHTOB (B TOM YUC/IE MPEIBICTOPUS
CTO), sbinecennt B [Ipusioxenus.

Mexannka lamunes—HbioToOHA — TEOpWsA ABUZKEHUS T CO CKOPOCTSI-
MU, MAJBIMH 110 CDABHEHUIO CO CKOPOCTHIO CBETA. JDTO €CTECTBEHHO, TaK
KaK 3Ta MEXaHWKA ¥ BO3HHUKJIA U3 000O0IIEHUs Pe3yJIbTaTOB COOTBETCTBYIO-
X HabJogennit 1 dKcrepuMenToB. CrernuaabHas TeOpust OTHOCUTEbHO-
CTU ONKCBHIBAET JIBUKEHHUSI CO BCEBO3MOXKHBIME CKOpocTsiMu. OHa Kak Obl
sABJIsieTcst 006001enneM Mexannku HbioToHA, MM KOHKpeTHee — IIPUHITUIA,



orHocuresbHOCTH [asiniies; u €€ OCHOBHOII MHCTPYMeHT — HpeoOpa3oBa-
uus Jlopenna — ob6obmenue npeobpazosanuii lanmies. B srom cumbicie
CTO MOXKHO CYNTATH «MEXAHUIECKOW» TEOpHUEil, T.e. TeOpueil, OTHOCAIIEH-
Cs K MEXaHUKE.

Ucropuuecku, onnako, CTO Bo3HuKIIA U3 HOTPEOHOCTEH TEOPUH JIEK-
TPOMArHUTHBIX siBienuii. Heciydaitno ocHoBomosraraoias crarbsd JHH-
wreitna (1905) nazbiBasach «K ssiekrpoauHaMuke JIBUXKYIIUXCS TeJL>.

OcHOBHBIE ypaBHEHUs IJIEKTPOINHAMUKN — ypaBHenusi Makcsesia —
HE YJaBaJIOCh COTJIACOBATH C mpeobpa3oBanusamu [asmies.

[ombiTky m3MeHnTh ypasHenus MakcBesia Tak, 9YT00bI OHU HE BXOIUJIN
B IIPOTHBOpeYne ¢ npeodbpa3oBanusavu [amunes, oka3aanch OECILIOIHBIMH.
[TorpeboBasioch n3menenne mpeodpa3oBaHNUIA.

DTHUM, OJHAKO, JIEJI0 HE OrpaHndImioch. Korga Mecro npeobpasoBaHmii
Tasiuses okoHYATENIbHO 3aHsau IpeobpasoBanus Jloperna (cm. [Ipuioxke-
Hue 1), BBIACHUIIOCH, YTO HEOOXOAUM KOPEHHOH [epecMOTD IIPeICTaBICHU
0 CBOMICTBaX MPOCTPAHCTBA U BpeMenu. lIpunuiocs orka3zarbcs OT HBIOTO-
HOBBIX IPECTABJIEHHUN O CylnecTBoBanuu abCOJIOTHOIO BpeMeHu u abco-
JIIOTHOI'O MPOCTPAHCTBA, 3AIIOJHEHHOIO, Kak cuyurasa ¢dusuka XIX Beka,
HEIMOIBUKHBIM OTHOCUTEIHHO 3TOr0 abCOIIOTHOTO TPOCTPAHCTBA, CBETOHOC-
HBIM 3(PUPOM — CPe/I0it, B KOTOPOil paCIpPOCTPAHSIIOTCS JJIEKTPOMATHUTHBIE
BOJIHBI, B TOM YHCJI€ CBET.

* k%
'&% CUHGILI/IaJIbHaH TEOpUsA OTHOCUTEILHOCTH DHH-
N IMITeliHa HAYMHAETCS C MPOBO3IJIAIIEHUS ABYX IO~
, yly CTYJIATOB.

S Ilocrynar I. HukakumMu onmbITaMu HEBO3-
' MOXKHO YCTAaHOBUTb, KaKas N3 WHEPIHAATIb-

9 HBIX CHCTE€M HEIOABHUXKHA.
?QVW / lammmeit yrBepKaaa TO ke camMoe, HO TOJIb-
- f KO B CBSA3M C MEXAQHWIECKHMH OmbITaMu. Ecin
N / ‘ 2K€ 3TO CIPABEIJIUBO JJisi JIFOOBIX OIBITOB, MOHS-
P THE HENOJBUXKHOM CHUCTEMbI IIOJIHOCTHIO Tepsier

cMbIci. HbIOTOHOBO HEnoasuKHOE, abCOMIOTHOE MPOCTPAHCTBO MONPOCTY
HCYE3aeT.

3a01HO MCUe3aeT 3AMOHSIONAs ITO TPOCTPAHCTBO CPEIA, CITyKAITAs
MEPeIATINKOM JIEKTPOMATHUTHBIX BOJIH:

«Ditamreitn u3raan s¢up!>

ITo Ditnwreiiny, 3/1eKITPOMAIHUTHBIE BOJIHDBL (B 4aCTHOCTU, CBET) Pac-
MPOCTPAHSAIOTCS B mMycToTe. Ul OHM TOXKe He JAal0T BO3MOKHOCTH OTJIMIUTH
«a0OCOIIOTHYIO CHCTEMY OTCUETa>.

IToctynar I1I. CkopocTh cBeTa B ITyCTOTE OJHAa M Ta >Ke BO BCEX
MHEePHUAIbHBIX CHCTEMAaX OTcYéTra: ¢ = inv.

Ecsu nepssiit mocTynar ToJbKO pacmiupser chepy AefiCTBUs MPUHIIATIA,
oTHOCHUTEIbHOCTH [asmiiesi, TO BTOPO#t sIBHO MIPOTUBOPEYUT IPEICTABICHNU-
SIM KJIACCUYECKON MEXAHUKHU O IIPOCTOM BEKTOPHOM CJIOXKEHUU CKOPOCTEii.

Bropoit nocrynar maér BO3MOKHOCTH HOJy9UTh OCHOBHON MHCTPYMEHT
CrenuabHOI TeOpUU OTHOCUTEIBHOCTH — Npeobpadosanus Jloperua.

Paccmorpum niBe cucrembl KoopauHaT: K, KOTOPYIO HHOTAA Oy1eM Ha3bI-
BaTh HENOJBUKHONW mim JaboparopHoil, m K', ABMXKyIIyIOCS OTHOCHTEb-
mo K co ckopoctpio V.

g ynobersa Hanpasum ocu = 1 ' 10 sekropy V. Ilycrb B HEKOTOpbII
MOMEHT BpeMeHu ocu y u Yy, a Takzke ocu z U 2z’ cosuajaior. B sror mo-
MEHT TIPOMCXOIUT BCIIBIIIKA B OOIEM JIjIsT 00€NX CUCTEM HadaJje KOOpPINHAT,
¥ W3 3TOM TOYKN HAYMHAET PACIPOCTPAHSTHCH CBETOBAsA BOJHA. [Ipmmem
MOMEHT BCIIBIIIKU 33 HAYAJIO0 OTCYETA BPEMEHU B OOEHX CHCTEMAX.

Wraxk, Benblimka npou3onuia B MOMeHT Bpemenu ¢t = 0 B TOYKE € KOOP-
gunaramu r = y = z = 0, a Takke B MoMeHT BpeMenu t° = 0 B TOUYKe
¢ koopguHaramu ' = 3’ = 2z’ = 0. [l npOM3BOJIBHOTO MOMEHTA BPEMEHH
noJjiozkenue chepudecKoil BOJHbI (3TO OJMH U TOT K€ (HPU3NIECKuii 00bEKT)
OTHCHIBAETCS B JIBYX CHUCTEMAX YPABHEHUSIMU

.’L‘2 +y2 + 2’2 —_ 02t2; (x/)Z 4 (y/)2 4 (Z/)2 —_ 02(t/)2. (1)

Eciu cupasemusbl npeobpazosanus Lanuies © = o’ + Vi, y = v/,
z =2, t =1, 10 oba pasencrsa (1) He MOIYT ObiTb BbIIOJHEHbI OJHOBDE-
merHO. [To-BumuMomy (TIpw HameM BHIGOPE HANPABJIEHHS OCel ), PABEHCTBA
y =1 Uz = 2 COXpaHAIOTCA. YUHUTBIBASA 3TO OOCTOATENLCTBO, BHIUTEM
0HO U3 Apyroro paseHcTBa (1). Mbr moydaeM, 9To JOMKHO OBITH BBITIOJ-
HEHO COOTHOILEHHE

:L‘2 _ 62t2 — (.’L'/)2 _ 02(t/)2. (2)

OueBuHO, HeJb3si 00OUTUCH TPEOOPAZOBAHUEM T, HAJAO HPEOOPA30BbI-
Barb u t. HoBble npeobpa3oBanusi JTOJZKHBI yJOBJIETBOPATH JIBYM KPUTEPH-
SIM.

Bo-niepBbix, TaK KaK BCE CHCTEMbI PABHOIPABHbBI, MEPEX0O U3 HEKOTO-
Poit cucTeMbl B JIIOOYIO APYTYIO JOJKEH OMUCHIBATHCS OHUMU U TEMU K€
dopmysnamu (co ceoum 3uadenuem V), a AByKpaTHOE IPUMEHEHUE peobpa-
30BaHuil ¢ 3aMeHOi Ha BTOpOoM 1mare +V Ha —V [0JI2KHO BO3BpaIaTh HAC
B UCXO/HYI0 cucremy. Takum CBORCTBOM MOTYT 00J1aiaTh TOJIBKO JIHHEHHbIE
mo = u t npeoOpa3oBaHU4.



Bo-Bropsix, upu V/c — 0 311 upeobpaszoBanust JONKHbL EPEXOAUTDH
B npeobpazopanus [anuies, ClIpaBeIMBOCTb KOTOPBIX JIJIsi MAJIbIX CKOPO-
CTeil He MOXKeT ObITh MMOIBEPTHYTa COMHEHHMIO.

[Tonpobyem mpocreiimee: x = ' + V', t =1t + Az’. [loncrasum stm
BbIDAzKEeHUsl B JIEBYIO 4acTb (2):

22— Pt = () 2Vt + V() — (ct')? — 2472t — 2 A% (2))?.
Ecin mpunsats A = V/c?, re. t =t/ + (2'V/c?), monyuanm
V2 V2
22— 2t = (2)? <1 - 0—2) —A(t)? (1 - ?> .

Tenepsb HETPYAHO 10raJaTHCs, KAK BBIIVISIAT «IIPABUJIbHBIE> IIPEOOpa-
30BaHusI, npeobpadosarus Jlopenua:

"+ VY '+ o

e= Tl oy =z 1= 2D (3)
2 2
1-% 1-%

u obpaTHbBIE TPEOOPAZOBAHUSA

Vv
/ ‘T_Vt, / / — =z

v= e V=Y =T
V1-% V1-%

ITpeobpazosanus (3) — (4) — yacTHbI caydail Tak HA3LIBAEMON IPYII-
bl TpeobpasoBanuii JlopeHita, BKIIOYAONMIEN emné MOBOPOT CUCTEMBI KOOD-
JWHAT OTHOCHUTEJIHHO Hadaja Oorcdéra. /lobaBuM K 9TOU TpyIme mepeHocC
HavdaJla KOOPJIMHAT W HOJy9MM [OJHbIA HaOOp npeobpasoBanuit CTO —
rpyuny I[lyankape. Mbl orpanutuMcs ciry4aeMm, ONMUCHIBAEMBIM COOTHOLIE-
Huamu (3) — (4), u B JasbHeliieM UMEHHO UX OyJeM Ha3blBaThb LIPeobpa-
soBanusimu Jlopenna (IIpJI).

Hamnbomee sneuarasiomniee ciencraue IIpJI — omnocumeavrocms od-
HOBPEMEHHOCTNU, PA3HECEHHBIX B MpOCTpPaHcTBe cobbitmit. Ecimm aBa co-
Obirusi A 1 B npou3oiiiy OJIHOBPEMEHHO B OJHON TOYKE IIPOCTPAHCTBA,
TO B Jit000# cucreme koopaunar t4 = tp. KoHKperHbie 3Ha4eHusd, HAIPHU-
Mep, tA 1 t;‘ MOTYT ObITh PA3/IUYHBIMU, HO B KAXK/I0# CHCTEME OCTAHETCs
CIpaBeIuBbIM PaBEHCTBO tjg = t;‘. Ecnu ke npu t 4 = tp OKaxKeTcs, 4TO
T4 # xp, TO B JTIO00H APYro# cUCTeMe, KaK 9TO ¢ OUEBUIHOCTHIO CJIEIyeT
u3 [IpJI, t/, # tg.

[Toyemy 910 MATEMATHYECKH OYEBHHOE ODCTOSATEILCTBO A0 DUHIITEH-
Ha, OCTABAJIOCh He3aMedeHHbIM? Jla BCE Mo TOil 2Ke TpuYnHe: OJHOBPEMEHHBI

(4)

COOBITUS MJIM HET, «PElIaercsy B aOCOIIOTHOM [POCTPAHCTBE 10 OTHOIIE-
HUI0O K aOCOJIIOTHOMY BPEMEHH, & B JIIODOH JApyroil cucreme OHH TOJIBKO
«KaXKyTCsi» OJTHOBPEMEHHBIMU UM HeOmHOBpeMeHnubiMu. Ho ecm abcommor-
HOI CHCTE€MBI HET, HET U AOCOJIOTHON OTHOBPEMEHHOCTH.

Ucdyesaer HE TOIBKO abCOTIOTHOE TPOCTPAHCTBO, NCIE3aeT U a0COJIOT-
HOe BpewMms, KoTopoe, 110 Hpiorony, Teuér «Bcerma oauHakoBO, 6e30THOCU-
TeJbHO K 4YeMy-jinbo BHemHemy». Bpemsi CTO 3aBucur or cucrembr O1-
cuéra. 3aBUCAT OT CHCTEMbI OTCYETA U MPOMEKYTOK BPEMEHU MEXKIY IBY-
Msi COOBITHUSIMU, U PACCTOSTHUE MEXKIy nByMms Toukamu. B mexanwke [asu-
sesi—HbIOTOHA KOODIMHATHI TOYEK 3ABUCAT OT CUCTEMbI OTCYETA, HO PaC-
crosaue mMexay toukamu A(za,ya,z4) u B(xp,ys, 2B):

(24 —25)? + (ya —yp)> + (24 — 25)° = I = v

— ot cucrembl He 3aBucut. B mexanuke CTO 3ra Besimduna nepecraér ObiTh
vHBapuaHTOM. He3aBHCHMBIM OT CHCTEMBI OTCUETA CTAHOBUTCS HHTEP-
BaJl MEXJy COOBITUSIMU, ONpenessieMblii 1 coObituil A(xa,ya,24,t4)
u B(zp,yB,2B,t5) COOTHOMEHTEM

S2AB = 02(tA - tB)2 —(za — xB)2 — (ya — yB)2 — (24 — 23)2 = inv.

Bpewms cranoBuTcst B 0/1uH Psiji ¢ IPOCTPAH-
CTBEHHBIMM KOODJMHATAMU WJIM, KaK CKa3aJl
MuHKOBCKWMIT, «IIPOCTPAHCTBO CaMO 1o cebe u
BpeMsI caMo 110 cebe MOrpyrKaloTcsl B PeKy 3a-
OBeHMsI, & OCTAETCS XKUTD JIUIIIH CBOCOOPA3HBII
UX COIO3».

OTO HpPOSBJISIETCS] OCOOEHHO HATJISIIHO, ec-
g, caenys Munkosckomy (1908), B KadecTse
9eTBEPTOI KOOPJAWHATHI BBHIOpATh HE © Kak
takoBoe, a tct. Torna wmurepBas 3anuinercs
B cHUMMETPpUIHO# (opme:

e rp =, Tg =Y, T3 = 2, T4 = ict.



Cy1recTByeT JIHUIIb TO,
YTO MOXKHO U3MEPUTD,
B3BECUTb M COCHUHUTATD.

P. Jlexapm

B nonbiTkax onpenesnTb, YTO TAKOE BPEMSsi, Mbl HE CJIHMIIKOM JIAJIEKO
yuum ot Biaxkennoro Aerycruna: «91 mpekpacHO 3HAI0, YTO TAKOE BPEMSI,
TOKa, He AyMai0 00 3TOM, HO CTOMT MHE 3aJyMaTbCsi — W BOT s yXKe He
3Hal0, UTO JKe Takoe BpeMsi». /laxke HpIOTOH He cMOT CKa3aTh O CyITHOCTU
BpeMeHH Hud4ero 0oJiee BHATHOIO, 9eM TO, YTO OHO <«MHAYE HA3BIBAETCH
JJIATEIbHOCTHIOY.

IIpocTpancTBo 1 Bpemst — Haubosee o0IIue HOHATHT (PU3UKU, UX HEBO3-
MOXKHO OHpeseauTb 1o Apucrorenio — ykasarb OoJiee 00Iiee MOHATUE U
OTJIMYUTESIbHBIE IPU3HAKYU OlpeesseMoro. Pusnyueckuil IHIUKIIONE1ue-
CKHil cI0Baph [7] onpeziessier BpeMsi KaK OCHOBHYIO )OPMY CYIIECTBOBAHUS
MAaTEPHUH, BBIPAXKAIOIIYIO MOPSI0K CMEHBI siBJICHUIA. ¥ BbI, KAK MbI YBUIUM
qyTh mo3xke, B Mupe CTO maxke «mOpsSIOK SABIEHU» MOXKET 3aBHUCETH OT
CUCTEMbI OTCYETA.

Crenys nyxy [exkapta, monpobyem «OMpeIeInThby BPEMs U PACCTOSHUE
(LpocrpaHCcrBO) Yepe3 HpOLeLyPbl UX U3MEPEHHUs.

HeHOHI/IMaIOH_II/Ie JIIOOAU 3adBJIAIOT:
II03BOJIbTE, BBl II€PEBEPHY/IM HaIIN
IOHATHS O BDEMEHU U IIPOCTPAHCTBE.
¢l 661 ckazas Ha0bOPOT: y BAC He ObI-
JI0 YETKUX U OLPEAE/IEHHBIX IIOHATUI
BpEMEHU U IPOCTPAHCTBA.

OUHIITENH UX JaJ.

JI.U. Mandeavuwmam

Ha mepBbrit B3rI41 MPEICTABIASIETCS JOCTATOYHO OUYEBUIHBIM, KAK HAJIO
U3MEPATh TPOMEXKYTKHA BPEMEHU U PACCTOsiHusA. « HamBHOMY> DHHITITEHHY
9TO HE Ka3aJI0Ch OYEBUIHBIM. AHAIM3 [IPOLEAYDPbl U3MEPEHUN — OJHO U3
BaKHeHIuX JocTukenuit diinnrreitna. [Tonpobyem BocipoussecTu ero pac-
CY2K/IEHUS, UCIOJIb3Ys, OIHAKO, COBPEMEHHbBIE TAJOHBI €IMHUI] BDEMEHU U
JJTAHBI.

Urak, Hauuém c TOro, 4ro «BO3bMEM» H30TOI LE3U C ATOMHOI Mac-
coii, pasuoit 133. Bynem nabsozars ero usnydenue. «Orcuanraem» 9yTh
Gosibliie AeBaTH MUJLIMApAoB (Touno — 9192631 770) «mnepuogoB usiyde-
HUS, COOTBETCTBYIOIIETO TEPEXOY MEXK/Y NBYMS YPOBHSIMU CBEPXTOHKOMN
CIPYKTYPbl OCHOBHOI'O COCTOsIHHsA aroMay (CJ1e10Bal0 Obl OTMETUTb — LO-
KOSIIIErOCs AT0Ma), U CKaXKeM, 4TO LPOLLIA €JMHULIA BDEMEHU — CeKyH/IA.
PaccraBum mo cucteme oTCYETA JaChl M BBIBEPUM UX XOJ IO STOMY 3TAJIOHY.

Hamo emé cornacoBarb HA9aI0 OTCIETA BPEMEHU — CHHXPOHH30BATH
yacel. [Ipumem 3a obpaser, Hanpumep, 4achl, HAXO/ANIUECHd B HAYase KOOD-
mmHAT. KazKIplil «XpaHuTe b BpeMeHn» TOILIET OT CBOWX YacOB CBETOBOM
CHUTHAJ B HaYaJ0 KOODJWHAT, TPUMET OTPAKEHHBIN OT Hadasa KOOPIAWHAT
curnas u 3adukcupyer spems 060ux cobbiruil (OrLpaB/IeHUs CUIHAJIA U
ero Bo3spalleHus) 10 csoum dacam. Korja 6yjer nosyuena undopmanus
0 BPEMEHU [IPUXOJIA FTOI0 CUCHAJA B HAYAJIO0 KOOPAMHAT (110 HAXOASIIUMCs
TaM HTAJIOHHBIM YacaM), MOXKHO Oy/IeT COrJIacoBaTh MOKA3AHUS YACOB, T.K.
B cooTBercTBUM ¢ mocTyiaarom Il Bpems pacmpocrpanenusi curaaja K 00-
pasiy u 00paTHO OJHO U TO KeE.

3amMeTuM, 9T0 HPOLEAypPa, HPeLyCMATPUBAIONIAT CUHXPOHU3AIMIO Ya-
COB II0 BPEMEHU IIPUXO0/a CATHAJA M3 TOYKHU, HAXOJAIIEHCs HA CepeJuHe
OTPe3Ka, COEIUHMAIONIEr0 CUHXPOHU3YEMbIe YacChl, HAM HE IOJXOIHUT, TaK
KaK MBI ellé «He HAyIUJINCh M3MepATh paccrosuusas. lloctymar II momo-
KeT HaM 3TOMY HayJIUTHCH.

Tak Kak MbI y2Ke 3HAEM, 9TO TAKOE CEKYH/Ia, OTMETUM TOYKH, PACCTOs-
HUe€ MEXK/y KOTOPbIMHU CBET [IPOXOUT POBHO 33 OJHY CEKYH/IY, U OyiaeM cuu-
TaTh 910 paccroguue pasubiM 300 Muumonam (TouHo — 299 792 458) eu-
HUIL JJIUHBI — METPOB.

Temepp B HaIme#l cucTeMe UMEIOTCA HEMOBHKHBIE YAChl W JIMHEWKH.
B 060t apyroit cucTreMe MOXKHO MPOBECTH Ty K€ MPOIEIypPY, U 9achl U
JIMHEWKY BTOPOU CUCTEMbI OTCYETA JIO/KHBI ObITh HEIIOABUKHBIMUA OTHOCH-
TEJIBHO CBOE# CUCTEMBI.

Toraa, coryiacHO EPBOMY IMOCTYJIATY, BCE COOBITHUS, TTPOUCXOIAIINE BO
BTOpOIi cucreme, OyayT TPOUCXOAUTH TOYHO TAK K€, KAK MPOUCXOIAT B aHA~
JIOTUYIHON CUTyalnu COOBITHS B MIEPBON CUCTEME, €CJIH H3MEPEHHST IIPOU3BO-
JSTCS «CBOUMH» 9aCaMH H JIHHEHKaMH, T.€. HeIIOABUKHBIMUA OTHOCHTEIHLHO
BBIOPAHHON CUCTEMBI OTCYETA.

Henoapukubie JsuHEdKU J1aI0T BO3MOXK- Q}

HOCTB MPOU3BOAUTH BIPAMYIO 00OMEPHI TOJIHKO \

HETOIBUKHBIX TTPeaMeToB. Kak ke u3mMepurhb /@
JUIMHY JBUXKYyIIErocs crepxkusa? Bexars ¢ ju-
HEUKOI B PyKaxX pAJIOM CO CTEpP2KHEM HeJIb3d:
TeM CaMbIM Mbl Obl (DAKTHMYECKH II€PeluId B APYIYIO CHCTEMY OTCYETa,
WMEHHO B Ty, B KOTOPO# CTepyKEHb HEMOIBUKEH.

OWHINTEHH TpeaIaraeT CAeAyIOMyI0 MpOIeaypy. 3adUKCUPYEM OJIHO-
BpeMeHHO (t4 = tp) IOJIOKEHUs KOHIIOB CTEPXKHS; [OJIaraeM, 4TO CTep-
2KE€Hb OPUEHTUPOBAH 110 OCH T, BJOJIb KOTOPOi HAIIPABJIEHA €0 CKOPOCTb.

Torma x4 —xp = | ecTb JyIMHA CTEPXKHSA B CUCTEME, OTHOCUTEIHBHO KOTOPOit
o gsuxkercd. [Ipu smoM ero mjimna B «CBOeil» cucreme (IIMHA HEMOABUK-



HOI'O CTEPXKHsl) PABHA

U'=a) — 2, = TATIE _py—

B~ ’—1_\/_22

rze GyKBaMu «raMMasy 0003HAUEHDI PEIATUBUCTCKUAE MHOXKUTEIH (MA0PEHY-
daxmopw): T = (1 — V?/c?)"1/2 nna pemxymeiica cucrembr oTcaéra u
v = (1 =v?/c?)~Y? pna camoro crepxus (B JAHHOM CJIydYae COBIAJAIO-
e, T.K. CKopocTy cucreMbl V' u crepkas v pasibt). O6br14no, 0603Ha4as
gepe3 ly JJIMHY HEMOABUIKHOTO CTEPKHs, MHAYE HA3BIBAEMYIO €ro «cob-
cmeeHHOU» OAUHOU, TIOIYIeHHOE COOTHOIIEHNE 3AMMCHIBAIOT B BUJIE

lo =~l. (5)

Ormerum Tpu 00CTOSATENHCTBA. BO-mIEPBBIX, MOMEHTHI (DUKCAIINN TIOJIO-
JKeHWsI KOHIOB CTepKHA B cucreme K’ He coBnamaior: 'y # t. 10, onuHa-
KO, HE UIPAeT POJIH, T.K. B 9TOH CHCTEME CTEPXKEHb HELOJBUKEH, Ty u 2'g
HE 3aBHUCAT OT BPEMEHH.

Bo-Bropbix, T.K. I' 1 7 Bcerga 6oJbllie enuHUIbI, COOCTBEHHAS JJIHHA
CTep:KHSI MakcHMaJjibHa. VI3MepeHust ero AuHbI B J1000i JIpyroi cucreme
JAIyT MEHBINYIO BEIUIUHY. ITOT 3D (HEKT HOCUT HAZBAHUE PEASTTIUBUCTTL-
ckoz20 cokpawenus daun (coxpauienue Jlopenua—Puriykepanbia).

B-rperbux, JumHa JBUXKYIIErOCS CTEPXKHS, M3MEPEHHAs 110 JUHIITEH-
HYy, HE COBIIaJaeT C ero «BUJIUMMOW» JJIMHOU, C TON JJIMHON, KOTOPYIO MbL
HpuIrca n Obl CTEPyKHIO DU HEIOCpeICTBeHHOM HaOsonennu. Korma Mbt
CMOTDUM HA CTEpXKE€Hb, TO OIIEHWBAEM €ro JJIMHY IO IOJIOKEHUIO KOH-
LIOB CTEPKHS, OLPEJIEsISeMOMY CUIHAJIAMU, OJHOBPEMEHHO HPHUIIEIIHMHA
K HaM; npouneiypa iHinreiina Tpedyer, 4robbl AJIMHA OHEHUBAIACH C 10~
MOIIIBIO CUTHAJIOB, O{HOBPEMEHHO HCXOSAIIIX U3 TOYEK, PACCTOSHUE MEXK Ty
KOTODBIMU MbI U3MepsieM. PaccMoTpuM 3T0 pasiindne HA IPHUMepe.

Bamaua 1. (8.3 [6]). Crepxkens muunbl | (B 71abOpaTOPHOil cHCTEME KO-
opm/IHaT) JIBUKETCS BJIOJIb HEIOJABUKHOM MAaCIITAOHON JIMHEHAKH CO CKO-
pocrbio v. PoToarmaparoM, HAXOIANIUMCS HA TOH Ke JIMHEHKe, IIPOU3BO-
nurcs dororpadupoBanue crepxHs (C HPEHEOPEKUMO MAaJIbIM BPEMEHEeM
Bouiepzkku). Kakoit okaxercs jyna crepxus na dororpaduu?

Hupivu cioBavu: kakoBa OyeT pa3HoCTh 3HAYeHHIT X Ha JITHEKe BO3JIe
u300parkeHuii IByX KOHIOB crepxkusa? Beab 310 u ecrb «Buaumas» («ka-
JKYIIASCS» ) JUIMHA CTEPAKHSL.

Vv Paccmorpum mis onpenenéHHOCTH CJlydail, KOI/Ia CTePXKEHb JIBUKET-
cst K porokamepe. CpaBHUM OPOLEAYPBI HOJy4deHus (POTOCHUMKA B JBYX
CUCTEMAaX OTCYETa: JIADOPATOPHOM U CBA3AHHOMN CO CTEPXKHEM.

10

v —_—
A B AN
A B V)
~ ~ ~ ~N N~ N N N A \L‘
L | | | | | | |
Ta zp X

Hauano orcuéra Bpemenu B obenx cucremax (t = t' = 0) Beibepem B MO-
MEHT BBIXOJA W3 TOYKH A CUTrHAja, KOTOPBIH MONAIET B OTKPBITHIA 00b-
€KTHB U CO31acT m3o0parkenune 31oi Touku. CHUrHAJ, BBIXOAAMMWA B 3TOT
MOMEHT U3 TOYKM B, MomaaéT Ha eIé 3aKPBIThI 00beKTUB. B OTKPBITHIHI
O00bEKTUB MONAAET CUIHAJ, UCIYIIEHHbIH TOYKON B B MOMEHT, KOrja Mu-
MO He€ IPOXO/UT CUIHAJ, CO3AIONIMI n300pakenne T09Ku A: najibiie um
[IPEJICTOUT OJMHAKOBBIN IIyTh, OHA OJIHOBPEMEHHO LOJOMIYT K KaMmepe u
oba momaIyT B OTKPBITHIH 00bEKTHUB.

ITycTh Hawama koopauHAT 06emx cucrem & = x' = 0 B MOMEHT MCITyCKa-
HUs TOUKON A «Hy>KHOI» mopnmu m3nyuernus (t = t' = () HaxomaTcs Kak
pa3 B Touke A. Eciin cobcrBeHHas JJIMHA CTEP2KHSA PaBHA [g, TO B CUCTEME,
CBSI3aHHOH CO CTEP2KHEM, MPOXOXKAEHUE ITOH moprmeit Touku B u usiyde-
HUE «HY?KHOH» MOPIWH W3JIy9eHUsT TOIKOH B mpom3oiaér B Touke ' = ly
B MoMeHT Bpemenu t' = lp/c. Koopaunary 51010 cobbitus B 1a00paTOpHOi
cucTeMe nojrydaeM us3 nepsoit popmyibt (3):

lo + 21 1+2
00 1_§>lo(!)~

C

= lBI{I'q =

B :lo

2
v
1-=

Tak Kak KOOpJWHATA TOYKHA A Ha CHUMKE pPaBHA HYJIO, MOJIYYEHHOE
3HaQYE€HNEe rp U €CThb BUANMAAd JJIUHA ABUZKYHIIETOCA CTEPZKHA (3TO MOZKHO
IINCaTh U 663 KaBbIY€K, T.K. UIMEHHO TaKHM MBI €TI0 yBI/I,ZLI/IM), 1 OHa 60.HbIHe
ero cOOCTBEHHOM JITUHBI, 9€T0 HUKAK HE MOXKET IIOJIYy IUThCS [P U3MEPEHUHI
1o Ditntnreitny. s yaausiomerocs CrepKHs JOCTATOYHO TOMEHITh 3HAKH
nepes v/c¢ noj, KOpHEM, ¥ MbI [OJIyYMM JIJIMHY MEHbIIE [y, HO OlSTh-TaKu
HE COBIA/AIONIYIO C [. A

Cokparenne IuH — ABJI€HHE B3aUMHOE. B CBSI3W ¢ 3THMM BO3HMKAIOT
KarKyTIHecs MapajjoKChl. PaccMoOTpuM OfWH U3 HUX.

Bagaua 2. (Cwm. [18]). Yepes «uenan» jymubl | = 8 ¢B. ¢ (CBETOBBIX Ce-
KYH/1) [IPOJIETAET CO CKOPOCTHIO v = 0,6 ¢ «<kapanai», COGCTBEHHAS JIJIHHA,
KOTOpOTO paBHa [y = 10 cB. c.
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Mozker Ji BeCbh KapaHJAIl OKA3aThCs BHYTPU eHaJa?

HES y QK’B
A B -

— —
C —— D ol D
[\% I%JX/

%)

v Paccvorpum coObITHs B cUCTEME OTCYETa, CBI3aHHOMN ¢ merasioM. [leradr
HEIMOJBUKEH, ¥ KOOPIMHATHI €ro KOHIOB x4 = 0, xp = [ = 8 c¢B. ¢. djuna
JIBH2KYLIETOCS KAPAH/IAIIA PABHA

Kapangam kak pa3 MOxkeT «BTUCHYTbCd» B lleHas. Byaem Bectu KunO-
CbEMKY COOBITHI Kamepoii K, paciioI0KEeHHON CUMMETPUIHO OTHOCHATEIb-
HO ToueK A u B, 4ToObI Ha KaxKIOM KaJpe IIOKA3aHUs 4dacoB 4 U tp
ObLM OMHAKOBBI. TOrIa B HEKOTOPBI MOMEHT Bpemenu ¢ = 0 MBI MOXKEM
3aKpbITh 3aCAOHKH A v B u 1osydurTb KaJp, Ha KOTOPOM JIJIMHHBIA Ka-
PaHAIl HAXOJAUTCS BHYTPU KOPOTKOIO IeHAJA. 3ACJAOHKY B HaJ0 TyT XKe
CHOBA OTKPBITH, YTOObI B HEE HE Bpe3aJsicd rpudeiib, 1 HaM HE [IPUILIOCH
paccMaTpuBaTbh HEPABHOMEDHOE JIBUXKEHUE.

Teneps cdororpadupyem mporecc mpoJéra KapaHIalra, depe3 MeHaJl
B CHCTeMe, CBA3aHHOI ¢ KapaHJAIIOM.

Kamepa K’ npukercsa BMeCTe ¢ KAPAHIAILIOM — TaK 3TO BbINJIAIUAT
B «cucTeMe neHaJja». B HOBO# cucreme Kamepa K’ HemogsuzkHa, HELO/IBU-
2KeH U KapaHJalll, KOOPJUHATHL €0 KOHIIOB

re =0, ap=1Ilp=10cs. c.

Ha kapanmam «HaIeBaeTcs» MeHAJ, JJIMHA KOTOPOTO Tenephb pasHa I’ =
= 1/y = 6,4 cB. c. [Iyctb B MOMeHT cpabaTbiBaHus 3aCJAOHKH A dachl,
VKPEIJIEHHbIE HA, «XBOCTE» KapaHIallla, T.€. B HAaYaje KOODIUHAT HOBOM
CHCTeMbl, HOKa3biBaloT Bpems ty, = 0. Torga cupaseiusst IIpJI B dop-

me (4). Baxpbitue 3acionku B — cobbitre, omucbiBaeMoe B cucreme K
3HAYCHUSIMHE
.IBOZZZSCB.C t():O.
12

Tloygaem mosnoxkenne 3aC/IOHKH B B MOMEHT €€ cpabaTbIBaHUsA B HOBOI
cucreme 'z = vl = 10 cB. ¢. Bacaonka B «w@énkaer» npu nopiére K rpu-
demo kapangama! Ho Beap Tak 1 JOJKHO ObITh: CPAOATHIBAHKUE 3CJIOHKI
U COBTIQJIEHUE €€ TOJIOKEHUS C MOJIOKEHINEM COOTBETCTBYIOIIErO KOHIA Ka-
pangama — cobpitusd abCOJIOTHO OIHOBPEMEHHBIE, T.K. OHU I[IPOUCXOIAT
(10 gansbiM cucrembl K) HE TOJNBKO OJHOBPEMEHHO, HO M B OJHOI TOUYKE
[IPOCTPAHCTBA.
Ho 410 B 9TOT MOMEHT MOKa3bIBAIOT Yachl D7

VI RBO vl
tlz)o:tljsozﬁ’(tBo— =2 ) ZW(O—C—2> =—6c¢ ().

Bor rme cobaka 3apbital 3a 6 cekyHI 10 cpabaTbiBaHus 3ac/JOHKA A
MBI YCIIEBAEM <IIEpe HOCOM» KapaHIAallla MEJIKHYTb 3acjaonkoit B. Ko-
HEll, KAPAHIAIIa B 9TOT MOMEHT €€ <«BBIIVISIbIBACT> M3 IeHaga. depe3
6 cexynu, korga rpudesb yKe HE HAXOAUTCHA B IIeHaje, CpadarbiBaer 3a-
cioHkKa A. B 9Toil cucTeme 3aC/IOHKM IIEJKAIOT He OJHOBpeMeHHO. Tak u
JIOJI?KHO OBITh: COOBITHS, O[THOBPEMEHHBIE B OJHON M3 CHCTEM, HO ITPOUCXO-
AAITHE B PA3HBIX TOYKAX ITOU CUCTEMDBI, B ,IprI‘OI‘/JI CHUCTeMe JTOJI>KHBbI 6bITb
HEO/IHOBPEMEHHDBIMHU. A

Bpems B pa3HbIX CHCTEMAX HAET II0-PA3HOMY, O-PA3HOMY UJIYT <«IIpa-
BHJIbHBIE» Yachl. I1yCTh B HEKOTOPBIA MOMEHT BpEMEHH t1 110 YacaM Jabopa-
TOPHOM CUCTEMBIL 4aChl, JBUKYLIMECs CO CKOPOCTBIO ¥, nokasanu t;. Yepes
HEKOTOPOE BPeMst T CHOBA CBEPUM LOKa3aHus 4acoB. Ilycrb 911 nokasanus
Tenepn to u th. B cBoeil cucTeme wacwhr HemoaBuKHLL, T.€. 5 = x). Torma
to —t1 = y(th — t}). Ilo mBEKyImMMCs YacaM HIPOIITO BPeMs

_
th—t =7y =_. (6)
2 1 y

Onsars BCmoMHUM, 9TO ¥ > 1, ¥ mpuaém K BBIBOIY, 9TO cObcTBEHHOE
BpeMs Bcerjga MUHUMAaJIbHO.

Harnsanetit npuMep 10Ka3aTeNbCTBA 3aMEJIEHNsT X0/1a BPEMEHH IS
JBH2KYIIMXCsE OObEKTOB — OOHAPYXKEHHME y MOBEPXHOCTH 3E€MJIM [THOHOB
(7-ME30HOB), POKAEHHBIX KOCMUYECKUMU JIy4aMU B BEPXHUX CJIOAX aTMO-
cdepnl. Bpems xusnu mmona — 2,6 - 1078 ¢. Ecam maxke ero ckopocTtb
O/IM3Ka K CKOPOCTH CBETA, 3a TAKOE BpPEeMs OH MOXKET IIPOJIETETh MEHee Jie-
CATKa METPOB. SHAYUT, «C TOYKU 3PEHUS TUOHA» (TO €CTh B CUCTEME OTCUE-
Ta, CBA3AHHON C ILIMOHOM) TOJILIMHA JIETsIel eMy HaBcrpedy armocdepbl
COCTABJISIET BCEr0 HECKOJIbKO MeTpoB. Ecim Te Ke coObITHsI PACCMOTPETH
B J1a00PATOPHOI CHCTEME, TO OKAXKETCS, 9TO MPU CTOJIb OOJIBITION CKOPOCTH
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IIMOHA 34 €ro COOCTBEHHOE BpeMsi XKH3HU Ha, 3eMJie MPOXOJIUT <«IPOMAJI-
HOe» BpeMd — COTHU MUKPOCEKYHJ, U [IMOH yCIIeBaeT IIPe0J0/IeThb J1eCATKYU
KHUJIOMETPOB.

Herpyauo nousars, 9T0 ¢ 9T0H TOYKH 3DEHHS Y€JI0BEKY B TE€YEHHE €ro
JKU3HU, B MIPUHIIATE, TOCTYIHBI CKOJIb YIOIHO Aasiékue myrernectsusi. Cto-
WUT TOJBKO KaK CJIeJIyeT Pa30THATHC, JIeTAIIas HaM HaBcTpedy Bcemennas
TYT K€ COKMETCH, U OKAXKeTCs, YTO «JI0 CaMOil JTAJIEKON NJIaHEeThl He TaK
YK, ApYy3bs, JaJIeKO».

Oddekr 3amenyieHnsi BpeMEHH TOXKE,

te th
@ . @ ! KOHEYHO, B3amMmeH. HamomHuM, 9TO HEro-
CPEJICTBEHHO CBEPUTD YAChI PA3HBIX CHCTEM
@ @ . OTCY€Ta MOXKHO TOJIBKO TOIIA, KOIJIA OHKU
- MIPOJIETAIOT OJHU MUMO ApYyTuX. lomycTum,
ta te MbI cBepsitr 9achl C', IBUKYIIMECS OTHOCH-

TeJIbHO cucrembl K, mocjienoBare/ibHo ¢ yacamu A u B.

B mowmenT, korga Mbl cBepsiim 9ackl A u C, 9acel B, Tak Xe, Kak 1 A,
nokasbiBasn BpeMs ¢1. OJHAKO CBEPUTH WX MOYKHO OBIJIO TOJIBKO C HEKO-
TopbiMu wacamu D, koopauHaTa KOTOPBIX (B cucreme K ) HA BeJMYIMHY UT
npeBblnata 3aaderne koopauaarsl 4acos A (u C). Herpynao noncaurars,
aro 9ackl D B 9TOT MOMEHT BpeMeHHM MOKasbBamw ¢, = t) — v(vr)v/c?.
o Bcrpeun wacoB C m B mo gacam B mpomuio BpeMs T, a [0 JacaM CH-
crembr K/ — Bpems 19 + v(7v)? ¢2 = y7. Ilomydaercs, 9ro u B cucteme K’
JIBIZKYIIAECS 9aChl (TEEPh 9TO 9achl CUCTEMBI K ) UIyT Me/JIeHHEe.

Db dexTri, cBsI3aHHBE C 3aMeJIeHIeM BPEMEHHU, OOBITHO PACCMATPUBA~
0T Ha LPUMEPE KOCMUYECKHUX I[IYTeLeCTBEHHUKOB. VIHOrma pu 9ToM Lpu-
BOJSATCS IIPUMEPHO TAKUE PACCYKIAEHMS: KAXK/blii KOCMOHABT B CBOEH Cu-
creMe JOJIZKEH CYUTATh JPYroro JABH2KYINMMCs; 3HAYMT, KAXK/bLi U3 HUX
cunraer cebst crapire. Kak mpaBuio, momo0HbIe TapaI0KChl BO3HUKAIOT U3~
3a 3a0BeHnsT PAKTA OTHOCUTEILHOCTH OJHOBPEMEHHOCTH.

Sazaua 3. (8.11 [6]). CeroBoil curnas, HOCHUIAEMBIH Ha 3eMIIIO C ILIAHE-
ot Capaxkii, Bo3spamaercs ua Capakin depe3 spemsi 27 = 30 ser. Cko-
POCTH ILUIAHETHI OTHOCUTEIHHO 3€MJIM HPEHEOPEKUMO MaJia, U €€ KaJeH-
Japb COTJIACOBAH C 3€MHBIM. 3BE30JIET JIETUT 10 HanpasjeHuio k CosrHed-
HOM cucteMe co ckopocTbio v = 0,6 c. B fenb, Korma oH MmpojieTaeT MUMO
Capakiia, Ha 3Be370JIETe pOXKIaeTca Majbuuk Banga. B Tor xe menb (1o
CapPAKIICKO-3€MJITHCKOMY KAJICHJAPI0) Ha 3eMile POXKIAeTcs Majibiuk [le-
1. Ckosbko Jier Oyaer Bane u Ilere, korma 3se3nosiér Oyzer npoJierarb
MHAMO 3eMJin?!
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Semiis Capaxki

(W)
[0 > — B

|« lo >~ |

Vv C rouku 3penusi Ileru Bcé sicno. Paccrosinue or 3emuin o Capakina
lo = T/c = 15 cB. ner. Bauga npuerur yepe3 spemsa Ty = lo/v = 25 jer.
1 310 6yzmer Bo3pact Ileru npu BcTpede. Ilockonpky Bans asurasics, ero
Bospact Oyzmer momenbine: Tp = T11/y = Ty /v = 20 Jer. A

Ho kak 3710 BCe BBITJISAUT ¢ TOYKH 3peHns Banm?

TyT o4eHb BaxKHO «KPEIKO» CECTb B €ro cucremy orcdéra. Temepp Ba-
HIO, €0 CUCTEMY U CETb «Ar€HTOB», KOTOPBIMU €My CJieiyeT 003aBeCTHUCH,
Mbl CYUTAEM HEIO/IBUKHBIMHU. 1achl areHTOB CHHXPOHU30BaHbl ¢ Banunbi-
MU 110 DUHIITENRHY.

Vv Hascrpeuy Bane serur cBsaska Capakii-3emiist JJIMHbL, KCTATH, Y2Ke HE
15, a Tonbko | = ly/v = 12 cB. zer. IIposeraer ona mumo Banu 3a Bpemst
l/v = 20 ner. Koneuno, Beab 310 Bpems nposiéra Baunu or Capakiua 10
3eMJiu 110 COOCTBEHHBIM YacaM.

Ho Ilers 3a 310 Bpems crapeer (B3pocJie-
er) Tosbko Ha 16 jer (1). O Teneps gBuKeT- /_M
Csl, U y HEro 4achl UIyT (BpeMs TEUET) MeIJIeH- w) ,,,,,
uee, vem y Banu. Ho korma xe on pommiics? —
Omnpocum arerToB. ToT aresT, KOTOPbIH PACIO-

JIO’keH B 12 CBETOBBIX rofax «Buepeans Bamm, (
ckaxker: «20 Jier Haza/J, MMMO MeHs lpoJiera- 7 (N\
Jla 3eMiis, M1 KaK pa3 B 9TOT MOMEHT, KaK s (w-f)
y3HaJ mo3xke, pomuica Bamsa. A na 3emie s _‘&L

suzen Ilerio, u on ckazan, uro emy (10 ero,
IMerunomy, KajaeHAaPIO) JEBATH JIET>.

A kro xe Buzes poxjenue Ileru?

ITo cBoemy xanenmapio Ilerss Bcrperusn Banio B Bozpacre 25 ser. Ho
IMers ppurasics, u o «Hamemy» (BanuHoMy) KajieHIapIo, €ro BO3pacT T =
= 719y = 31,25 roga. 3a Bpems T OH TIpOJIETENT paccrosgame L = T7v =
= 18,75 cB. roma, u, 3HAYUT, B MOMEHT €r0 POXKJEHUsI 3eMJIsi POJIeTAIA
MEMO TOYKKM BauwnuO# cucrembl, Haxosmeiica B 18,75 ¢B. roga or Banu,
MHMO COOTBETCTBYIOIIEro arenra. menno 3to paccrosnue B Iletunoit cu-
creme pasHo L/y =1y = 15 cB. ner. A

Banycrum emé oun 38e310s1€T. OH nposieraer MUMO 3eMJIH 110 HALIPAB-
mermio K Capakimy ¢ Toit e mo BewduHe CKOpocThio — 0,6 ¢, u B 3TOT
MOMEHT Ha HéM poxkmgaercs Dess.
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VvV llers u Qensi — «JOKyMEHTAIbHBIE> DOBECHUKHU: OHU POJIMJIUCH B OJIHO
Bpems B onaom mecre. Ha nosmyru or 3emiin k Capakiny ®@ejs Bcrpedaer
Bamio, u oHE TOXKE POBECHUKHU — UM B OIHO BPEMsi, B OJHOM MECTE HCIIOJI-
amtock o 10 jier. Ho B 9TuxX yc/ioBUsIX MOHsSITHE, CBOWCTBO «POBECHUKU»
nerpar3utuBHO: Pens ¢ [lereit — poBecuuku, Baus ¢ @eneit — poBecHUKH,
a llera c Baneii — mer...

«Ilogmuuubiey ke OJU3HEIBI, KOHEYHO, HE MOTYT, OJHAXKIBI PACCTAB-
IIIUCh, BCTPETUTHCS BHOBb, €CJIM HUA OIWH W3 HUX HE WCIBITAJ YCKOPEHUI.
DTOT BONPOC — «HACTOSAIMIMN MAPATOKC OJIU3HENOB — HEIb3s PACCMATPHU-
BaTb, HE KACAsCh IOBEJEHUS YACOB B YCKODEHHBIX cucremax orcuéra. I
KOCMOHABT BCErJa OKazkercs MoJjoxe «gomocesay (cm. [Ipuioxenue 2). A

O6parum BHHMaHUE Ha ewmg OJHO obcrosre/bcrBo. B cucreme @enu
Baust qsurasics, a BO3pacT uX 1Py BCTPEYE OAMHAKOB: 3HAYUT, 110 MHEHUIO
®eau, Bansa poauics panbire. B cucreme Banu te ke paccyKiaeHus mpu-
BOJAT K BBIBOAY, 9TO panbiine poauict Pems. Kak mbr u obemranu, gaxe
MTOPSAIOK CJIETOBAHUS COOBITUI 3aBUCUT OT CHCTEMBI OTCYETA.

Tak »ke, KaK HEIOCPEJACTBEHHOE HAOIIOIEHUE JIBUKY IIErOCs CTEPXKHS U
rPAMOTHOE, M0 DUHINTEHHY, W3MEPEHNE TAI0T PA3HbIE 3HAYEHUs €ro [IJIu-
HBI, IPAMOE HADJIIOEHNE NBUKYIIUXCSA YACOB JAIOT HE TO, 9TO UX CBEPKA
TOCJIEIOBATEIHHO C ABYMsI «HEMOIBUKHBIMUY JACAMHU.

Bazaua 4. (Cm. 729 [5], 8.29, 8.30, [6]). JBa KocMHYeCKUX KOPaOJisd JABU-
JKYTCS 10 OTHON MPAMOit CO CKOpOCThio v = 0,6 ¢ OTHOCUTEILHO IPYT JPY-
ra. Ha xazxmoM Kopabire HabJII0AI0T IPsSIMOe TeJIEBU3UOHHOE N300pasKeHne
qacoB Apyroro xKopabisa. Kak cBs3aHbI MOKa3aHUS COOCTBEHHBIX 9aCOB U
[OKA3aHUs U300PAKEHUS «IyKUX» daCOB?

Vv JlomycruMm, HabmogaTeh A B HEKOTOPBI MOMEHT BPEMEHHU MOCTaBUJI
Ha CBOMX 4aCaX TO 2K€ II0Ka3aHUe, KOTOPOEe OH BUJIEJI HA TEJIEIKPAHEe, U300-
paxkarouem dacol B, Hanpumep, tg. Ormerum, 4ro nepegarduk B nocsadn
n300paskeHne CBOMX JacOB, Ha, KOTOPBIX OBIIO 3TO MOKA3aHue — tg, C HEKO-
Toporo paccrosiuus Lg, u Mbl Ha 4dacax A BpeMmsi tg yCTAHOBHJIM dYepes3
IPOMEXKYTOK BpeMeHu L /¢ mocje Toro, Kak 3To BpeMs IOKa3aJu 4achkl B.

IToka 1o yacam B npoigér HEKOTOPOe BpeMs Ty, 10 <HELOIBUKHBIM »
qacaM cucreMbl A mpoiinér yxke Bpems T = 7. OmHAKO HAJIO y9eCcTb,
9TO KOpab/b B JBUXKETCs, U ero CUTHAJbI HPUXOAAT U3 Pa3HBIX TOYEK
cucrembl A. Eciu kopabiiu cOMUKAIOTCS, MyTh CUTHAJIA BO BTOPOM CJIydae
MeHbIIIe Ha BeamauHy vT, T.e. L = Lo—v7. Hepes Bpems L/c = Lo/c—vT/c
IIOCJIe TOr0, KaK 49achl B mokasanm ty + Tg, curaaj ob 3roM A0UAeT 110
nabmonarens A.

16

Urak, nabuaogaresnb A yBUAUT HA TEJIEBU3UOHHOM HKPAHE HOKA3AHUE
to + 7o TOrj1a, KOI/Ja €ro 4achl I0KaxKyT BpeMd

T v
to+T——:t0+’Y7'0(1——):t0+7 =to +0,570.
c c

Ha reseakpane mporiia MUHY T, a 10 9acaM A TOJbKO ToJMUuHyTh. Ya-
Cbl HA YKPAHE TeJeBUu30pa uiyT Obicrpee, yeM 4dachl B Kabune kopabus (1).

Touno Takume ke paCCyXK/IEHUsI MPUMEHUMbI, KOHEYHO, U K KOCMOHAB-
Ty B:y Hero Toxke dachl Ha KpaHe, n300parKkamieM Kopadab A, OymyT
WJITU BABOE ObICTpee COOCTBEHHBIX.

ITocne Toro, KaK KOCMOHABTHI PA3MUHYJINCH, 9aChl HA IKPAHE TOUIYT
MeJleHHee 4acoB B KabuHe. HerpyaHo 1OHSATH, YTO Telepb LPOMEXKYTKHU
BpeMeHH OyayT CBS3aHbl COOTHOILIEHUEM

B narmrem ciydae 9achl HA SKpaHe MONHIYT BIBOE M€ JIEHHEE COOCTBEHHBIX.
OtmeTnM, 94TO ITO OTHOIIEHUE HE PABHO Y U B CAydYae yaajeHus Kopadsei
APyr OT apyra. A

Yacrora curHaj OB — BeJWYWHA, OOpaTHAA TPOMEXKYTKAM BpPEMEHU
MKy JBYMS IOCTEI0BATEIBHO IPUXOAAmuMy curaanamvu: v = 1/T. 3ua-
YUT, JIJIs U3MEHEHHUS 4aCTOThI B 9TUX YCJIOBUSX MOJIYYUM: B cirydae cOJiu-
KEHUs] UCTOYHUKA U [PUEMHUKA

ale

ale

ale

ale

Mpbr monyuunin penaruBucTckue Popmysibl 1A 3P derTa, KOTOPbIit OT-
kpbut Jdowiep (1842), — cmemenus 4acToThl CUIHAJA [IPU OTHOCUTEJIbHOM
JBUYKEHUY UCTOYHUKA W HAOJIIOIATEIS.

Hanomaum, 9T0 1pu pacupocTpaHeHuy BOJIH B MATEPHAJIBHON cpeze
BEJINYMHY, JTOIJIEPOBCKOTO CABUTA 9aCTOTHI 3aBUCUT OT TOTO, KTO MMEHHO
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JABU2KETCsA. HpI/I JABU2KEHUN NCTOYHUKA

&
1F 3

V=

[IpY JBUXKEHUU HADJIIOIATENIS
v
V=1 (1 + —) ,
s

r7e s — CKOPOCTb, HAIIPUMED, 3BYKa B BO3Iyxe, u B 00enx GpopMysiax BepX-
HUW 3HAK OTBEYAET YMEHBINEHWIO, & HUXKHUM — YBEJIMYCHUIO PACCTOSHUS
MEXK Ty ICTOYHUKOM U HaO/romarenem. U, KouedHo, 00e 3t hopMyJIb Cripa-
BE/IJIUBbBL TOJILKO B HEPEJIATUBUCTCKOM HPUOIMKEHUH.

ITpu masibix (110 CpABHEHHIO CO CKOPOCTHIO CUIHAJIA) CKOPOCTSX BCE Pa3-
JIMYUS CKPAJBIBAIOTCS, U CJABUT Y9aCTOTHI MOXKHO MPUHATH paBHBIM Ay =
= typv/c (unu vy v/s).

Bce Topk0 uTO ipuBenéHHbIE (DOPMYIIHI OTHOCITCS K TaK HA3HIBAEMOMY
upouoiabuomy s dexry Joiepa (resa cOIMKAIOTCH WU YAALAIOTC APy
OTr Apyra, UX CKOPOCTH HAIIPABJIEHbL 110 COAUHAIOIIEH Te/1a IPAMOIL).

PaccvoTrpum npyroit Kpaitauit cirydaii: CKOPOCTh MEePIEeHIUKY/IspHA CO-
eIuHSIONeH Tera npsaMoii. Hampumep, 0qHO U3 pacCMaTpUBAEMbIX T 00-
palaercs BOKPYT APYroro mo Kpyrosoit opbure. C TOUYKM 3peHus KJjac-
CHYECKON MEXaHUKM B JIAHHOM CJIy4ae JOIJIEPOBCKOIO CABUA 9aCTOTHI HE
JIO2KHO ObITh. Paccrosinue Mexk/ly HCTOYHUKOM M PUEMHUKOM HE MEHsieT-
Cs1, BpEMsI PACIIPOCTPAHEHUsT CUTHAJIA OT MCTOYHUKA K MPUEMHUKY TaK¥Ke
HE MEHSIETCS, CUTHAJIBI IPUXOAAT POBHO Yepe3 TaKue MPOMEKYTKH BpeMe-
HU, 9epe3 KaKue OHU W3JIyIaAI0TCS.

CTO, oanako, yrBepKaer, 9TO YaChl HA <«IEHTPAJILHOM TeJIe» U HA
«CIIyTHUKE» UAyT rno-pasnomy. [Ipuémuuk 3adukcupyer boJiee HU3KYO da-
CTOTY, IPIYIEM OTHOIIEHHE YacTOT pasHo v/vy = 1/v = (1 — 32)Y/? u, ko-
HEYHO, HE 3aBUCUT OT TOTO, I'JI€ PACIIOJIOXKEH WCTOYHUK, & T€ MPUEMHUK.
CoOOTBETCTBEHHO MPHM MAJBIX CKOPOCTSIX OTHOCUTEJIBHBINA CABUAT 9aCTOTHI
B nonepeunom sddexre Jdomnepa pasen Av/v = —v2/(2¢?), To ectb ume-
eT BTOPOH mopsifioK MagocTu 1o v/c¢ (CM., OHAKO, IPWIOKEHHE 2, B TOM
quciie 3a1a4y 10).

B obriem ciryuae, eciin CKOpOCTh HCTOYHHUKA, U3JIyYaOIIero 9acToTy vy,
COCTABJISIET YTOJI (¢ C HAIPABIEHUEM HA, MUCTOYHUK, HAOJIIOJATEh BOCIPHU-
MET 9aCToTy

1
_Vol—l—ﬁcosgp'

v 62
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Bsuay roro, yro, no Jlopenuy (8 owimuue or Tanuies), npeobpasyer-
Cst, KpOME KOODJIMHAT, eIlé U BPeMs, 3aMETHO MEHSETCs 3aKOH CJIOKEHUS
ckopocreit. Ecnu B cucreme K Tero ABUZKETCS CO CKOPOCTHIO U, UMEIOTIIet
COCTABJISIOIINE [0 OCSIM KOOPIUHAT Vg, Uy U Uy, & cucTeMa K’ mBurKercs co
ckopocTbio V' BioJib ocu X, JJist COCTABJISIONIAX CKOPOCTH TEJIA B CUCTEME
K’ nonyuaem

d'  T(dz-Vdt) wv,—-V

!
v = — = = ;
Codt Tldt—Gdr] 1-Y%
2
v, = = ;
Y T [dt — Lda] 1— Yt
, dz LERYE ‘0/_22
v, = =
* T [dt — Lda] 1— Yo

Xorsa KoopauHaThl i’ 1 2’ PABHBI COOTBETCTBEHHO Y M Z, COCTABJISIOINE
CKOPOCTH TIO 3THUM OCAM B PA3HBIX CHUCTEeMaX PA3JIMYHbI, T.K. PA3JIUYAIOTCS
TEMITbl TeUYeHUs BPEMEHH.

He upencrasiisierca neoxu1auabiM PaKT, YTO €CIIH Uy 110 MOJLYJIIO PAB-
Ha CKOPOCTH CBETA €, TO 3TA BEJIMYMHA HE U3MEHHUTCH LIPU [IEePeXoJie B JIIo-
Oyio apyryio cucremy orcuéra. Beib MMEHHO MHBAPHMAHTHOCTH CKOPOCTH
CBETa, SBJISETCS KPUTEPUEM CIIPABEIJINBOCTH TTpeoOpa3oBanuii JlopeHniia.

Ecau ckopocTu ¢BeTa paBHA, HALIPHMED, COCTABIISIONAL Uy (Vg = U, =
= 0), To v; He OyZeT paBHA ¢, HO MOJIYJIb TIOJIHON CKOPOCTH KaK pa3 OKa-
2KETCA PABHBIM CKOPOCTHU CBETA.

3aKOH COXpAHEHUS WMITYJIbCA — OJIWH U3 OCHOBHBIX 3aKOHOB IIPUPOJIHI;
OH OTPaXKaeT OTHOPOJHOCTEL TPoCcTpaHcTBa. B Mupe MuHKOBCKOTO OTHOPO/I-
HOCTb IIPOCTPAHCTBA COXpaHsiercd. Buiumo, 10/KeH ObITh [O-1IPeKHEMY
CHPABE/IUB 3aKOH COXPAHEHUs MMILYJIbca B 3aMKHYyTOH cucreme. OpaHaKO
910 Tpedyer onpe/e€éHHON KOPPEKTUPOBKY BbIPAXKEHUS JIJIs UMILYJIbCA Te-
Ja.

Paccmorpum gactHbii ciaydail. JIBa ouHAKOBbBIX Tejia (Macca KazxKIoro
paBHa M) JABUXKYTCS HABCTPEUY ADPYT JAPYTY, UMes B HEKOTOPOH CHCTEME
orcuéra K pasuble ckopocru. To ecrtb vgz4 = —UzB, Vya = —vyp. llpu
CTOJIKHOBEHHH T€J1a OObEeIUHAIOTCH B €IMHOE 1iej10e — caunaiorcs. B coor-
BETCTBHUH C 3aKOHOM COXPaHEHUs UMILYJIbCa 00PA30BABIIIEECs TEJIO JIOIXKHO
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IOKOUTHCsA. B 9acTHOCTH, €ro KOOPAMHATA { Tenepb JOJKHA ObITh Heu3-
MenHoit. B siro60ii apyroi cucreme K, cobblTusi B KOTOPOIl CBA3aHbL C CO-
ObiTusivu B cucreme K npeobpasosanusivu (3) — (4), KoopauHaTa y' TOXKE
JIOJI?KHA, CTATh MOCTOSTHHOM.

Paccmorpum curyanumio 10 crojakaosenus B cucreme K. Corsacuo dop-
MyJsiaM rpeobpa3oBanus ckopocteil (7) moaydyaem

V2
’UyB\/ 1 - =
T Voon

YyB T T Von
c2
V2 V2
, Uy A 1_6_2 VyB 1 =
’UA: = —
T T Vo 1+ oo

Mopyiu y-COCTaBIAIOMMUX CKOPOCTEH Tenepb OKA3bIBAIOTCS PA3IAIHBI-
MU, U, €CJIA MBI TIONPOOYEM COXPAHUTDH KJIACCHIECKOE BHIPAYKEHUE [IJIsT M-
MyNbCa, B 9aCTHOCTH Py = MUy, CyMMapHas Y-COCTABJIAIONIAS NMITYIhCA
JIBYX 4aCTUIL, OKaxKercs He paBHOR Hysiro. Torma mocie ciaunanus odpaso-
BaBILIEECs TEJIO JO0JI2KHO MMETb OTJMYHYIO OT HyJis COCTABJIAIOLLYI0 CKOPO-
CTH 110 OCH Y.

Buanmo, Hag0 W3MEHSTh BHIPDAXKEHUE [T UMITY/IbCA, TeJIa.

s Toro 9robbl A0ramaTrhbCs, KakK MMEHHO ero HaJI0 W3MEHUTb, Pac-
CMOTPHUM CJIEAYIONIYIO TPOIEAYPY. YCTAHOBAM HA KaXKIOM U3 TEJ YaChI.
Onu OymyT mMOKa3bIBATH COOCTBEHHOE BpEMs JAHHOTO Teja. lemeph Oymem
dUKCUPOBATL KOOPAUHATY TeJia Y B PA3/IMYHbIX CUCTEMaX U3 Habopa, CBsi-
3aHHOrO coorHomenusMu (3) — (4), u ormedarsb coOCTBEHHOE BpeMs to,
KOTOpPOE COOTBETCTBYET ITOMY 3HAYEHUIO Y. SaluileM <«IMOpUIHYIO» CKO-
poctb vy = dy /dto. Tak Kak KOOpAUHATA Y HE TPEOOPa3yeTcs IPU IEPEXO/IEe
OT CHCTEMBbI K CHUCTEME, a BpeMs MbI (DUKCHPYEM MO COOCTBEHHBIM YacaM
TeJla, BO BCEX CUCTEMAX Mbl JIOJIZKHbL 110JLy 1MTh OJIHO U TO Ke 3HaYeHue v, .
Mbl 3HaeM, 94TO HPOMEXKYTKU BpeMeHu di 110 4acaM CUCTeMbl, B KOTOPOIl Te-
JIO JIBUKETCH, U IPOMEXKYTKH dtg, OTCINTAHHbBIE 110 COOCTBEHHBIM 4acaM,
cBazanbl coorHorierneM (6). IIpumenuTenpbHo K Haremy ciaydaio dity =
= dt/~.

CuleioBaresbHO, BO BCeX cucreMax Haiero Habopa sejuduna 7y dy/dt =
= dy/dty Oyser uMerb OJJHO U TO K€ 3HAYEHUE.

flcHO, 9TO PABEHCTBO HE HAPYIIUTCS, €CIU 00€ €ro YaCTh yMHOXKHUTH Ha
OJlHy 1 Ty 2Ke Bejauduny m. [Ipumenuresnbro K Haweil 3aua4e (0 caunanuu
JIBYX T€JI) 9TO O3HA4YAeT, YT0 KOMOMHAIMU YMu, Yy ABYX 4acTul] Oymyr
PaBHBIME IO MOJIYJIIO B JIO0OI cucTeme OTCYETA.
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EcrecrBenHO MMEHHO 3Ty BEJIMYUHY NPUHATH 3 Y-COCTABJIAIONLYIO UM-
nyibca. O60011as, OnpesesiuM PeJSTUBACTCKU UMITYJIbC BbIPAXKEHUEM

mv
pP=YMmU = ————, (8)

rJe v — CKOPOCTH TeJla B TOI cucreMe, B KOTOpOf/i MbI BBIYUCIAEM UMITYJIbC.

OubIT MOKA3bIBAET, YTO OUPEJETEHHDI TAKUM 0ODPA30M HUMILYJILC 00-
JlaZlaeT OCHOBHBIMHK CBOI’ICTB&MH, IpuCymuMu Be€JIMYXUHE TV B MEXaHUKe
Hroiorona: on coxpansgercs B 3aMKHYTBIX CHCTEMAaxX Te€J, & CKOPOCTb €ro
W3MEHEHNd paBHA CUJIe, NEeUCTBYIOIE Ha Teso.

[Ipexne vem mepeiiTy K OMPEIE/IEHUIO CBS3W YCKOPEHWS Teja C Jei-
CTBYIOIIEH HA HErO CHUJION, 0OpaTVM BHUMAHUE HA, BA 00CTOSTE/IHCTBA.

Bo-miepBhIx, 1 B K/IaCCHIECKON MEXAHUKE CHJia B OOIIEM C/Iydae PaBHA
He IIPOU3BEJEHUIO MACCbl Ha YCKOpEHHEe, & UMEHHO CKOPOCTU HU3MEHEHUd
UMILYJIbCA.

Bo-Bropbix, X0Ts B 3HaMeHaTe e (8) CTOUT KBAApaT MOJYJIsA CKOPOCTH,
cama 1o cebe CKOPOCTh — BEJIMYMHA BEKTOpHAsd, U 00 9TOM HeJb3s 3a0bI-
BaTh, B YaCTHOCTH, IpU AudDEPEHITMPOBAHNY BhIPAKEHWS IJIs UMITYJIHCA.
C y4érom 31ux 3aMedaHuii uMeeM

_dp dv dy
F=a =g T =
m  dv o 1 1 2v dv
= m —_—_— —_——
fi— w2 dt 2(1-%)3/2 ¢ dt
F = mya+ 57 v(va), ©)
rae a = dv/dt.

3 sT0ro BhIpazkeHus sCHO, YTO B OOIIEM CJIydae HAIIPABJIEHHE yCKOpe-
HHA a He COBIIaJaeT C HallpaBJIEHHUEM CHUJIbL F

YMHOKUB 06e 4acTh paBeHCTBa (9) CKaISIPHO HA v, MOCJIE HECJOXKHBIX
npeodpa30BaHUM Oy IUM

vF = my*(va).
HUcnosnb3ys 910 cooTHorienue, npeobpasyem (9) K Buiy

mya=F — :—2(’UF) (10)
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[Ipu 3anucu cBA3u CUJIbI B YCKOPEHHS B TAKOH (popMe HAIJISTHO BHIHO, 9TO
YCKODPEHHE B ODIIEM CJIydae HMEET JIBE COCTABJIAIONIHE: [10 HAIIPABICHUIO CH-
JIbL ¥ TI0 HAIIPABJIEHUIO CKOPOCTH (MJIM MPOTHBOIOJIOXKHO ITOMY HAIIPABJIE-
uuio, eciu vF > 0). Hanpasjienue yCKOpeHus COBIAIAET C HAIPABIEHUEM
CUJIblI TOJIBKO B IBYX Y9aCTHbBIX CJ/IyYdadX:

F =m~*a, ecu F | v; (11)

F =mvya, ecmn F 1. (12)

dcHo, 4To HUKAaKAas YACTUIA KOHEYHON (HEeHyJIeBOil) MACChL HU LIPU KAKOM
KOHe4HOM umitysbee cuibl ([Fdt) ne Moxker ObITh pasorHaHa 10 CKOPOCTH
cBera. CKOPOCTh CBETA SABJISETCS MPEIEIbHON CKOPOCTHIO i Tej. s
CUCTEM OTCYETA ITO MOXKHO OBLIO yCMOTPETH y2Ke m3 (hOpMyJ mpeodbpaso-
Banwmit Jloperna (3) — (4) (cm. Takxke Ilpmioxenue 3).

JL1st pabOThI CHJIIBI, TO €CTh JJIsi M3MEHEHNsT KHHETHIECKOW YHEPTUN Te-
J1a, COXpaHSAeTCsd BbIpayKeHume

dA =dK = FdS = Fuvdt.

OrpaHuunBasiCh CIydaeM AefCTBHS CHUJIBI BJOJIb HAIPABIEHHUS CKOPO-
cru, ¢ yuérom (11) momyduaem

dK = Fudt = m~y3vadt = m~y3vdv.

Torpa mjst KUHETHYECKON SHEPTUU UMEEM

K_T%T_m_g@_

Boipazkenune (13) Tpaxryerca Tak: sueprus Tena E = ym c? ciaraercs

U3 KHHeTHIECKOH SHepPTun U SHepruu mokos Ky = m c?.

3aKOH COXpAHEHUS HEDPIUU CIPABEIJINB WMEHHO [Jis BeIuIuHbl F.
[Ipuvuém 3TO BepHO KaK [JIsT yOPYTUX, TaK W JJIT HEYINPYTUX B3auMOIEH-
CTBUI, KOrjla IOT€PU KHUHETUYECKOH SHEepruu KOMIIEHCUPYIOTCA POCTOM
SHEPIruy I[0KOd B3aUMOJCHCTBYIOIIUX YaCTUL, WM dHEPrueil usjlydaeMblx

npu B3auMmoznelicreuu (GororoB. B Oosee obmem ciaydae, mpu poKIEHUU
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B IPOLECCe B3AMMOJEHCTBUA MACCHUBHBIX YaCTHI], HEOOXOIUMO, KOHEYHO,
YYUTBIBATD U KUHETUYECKYIO S9HEPIUIO, U SHEPIUIO II0KOA BCEX HacTUll Kak
J10 B3aUMOJefCTBUA, TaK U HOCJIe Hero.

st sneprun E ¢ nomoinbio hbopmysibl (8) MOKHO MOJIYYUTh COOTHOIIIE-
Hue

E? = (pc)? 4 (mc?)?. (14)
CBA3b UMILYJIbCA C HEPruell IPUHUMAET BH/I
Fv

Beensa obosnadenus M = mc?, P = pc, 3 = v/c, MoXKeM 3ammcaTth
COOTHOIIIEHUsI MEXK/Iy MACCOi, MMIIYJIbCOM U dHEPIHeil B HECKOIHKO OoJiee
KOMITAKTHOI (popme:

M?+ P?=F? P=EB; P=myBc=MnB.

Qakrudecku 3ra GpopmMa COOTBETCTBYET HEIBHOMY BBEJIEHUIO CHCTEMBbI
€JMHUIl, B KOTOPO#l ¢ = 1, a macca, UMIyJIbC U DHEPIUsS H3MEPAIOTCH
B OJIMHAKOBBIX eauHMIAX. Hampumep, B aToMHON U sinepHO hu3nKe B Ka-
9eCTBE TAKOM yYHUBEDPCAJBHOW €IWHUIBI W3MEPEHWs MACChI, UMITYJIbCA
SHeprum OGBIYHO HCIOMb3yeTcs 3IeKTpoHBOIbT: 1 3B = 1,6-1071° JIx =
=1,6-10""2 apr.

Kpome «maccuBHbIx» 9acTull, & K TAKOBBIM
OTHOCSTCH B JAHHOM KOHTEKCTE BCE YACTHUIIBI
¢ m # 0, CyIecTBYIOT W YaCTHIIBI C HYJIEBOI
maccoit. Cpeanm Taknx 0€3MaCCOBBIX YACTHIL: 3
KBAHTbHI 3JIEKTPOMATHUTHOI'O 10JIA — (DOTOHBIL; ¥
KBAHTHI PABUTAIIMOHHOIO II0JI — I'PABUTOHBIL;
BeposATHO, HeiirpuHo. UTO Kacaercd 3TuUX 1O-
CJIEJIHUX, €CTh TOI03PEHUsl, YTO MaJIOH (MopsiI-
ka 10 3B) wmaccoit onu obnamaror. OnHAKO sic-

HBIX JIOKA3aTEJIbCTB «MACCUBHOCTU» HEHTPUHO

[I0KA HET, ¥ BO BCEX 3a/1a4aX IIPU [O/ICIETE SHED- =Z=—
MU MX MACCy CJeJyer IPUHUMATb PABHOM Hyso (CM. TeM HE MeHee 3a/a-
gy 9).

Kak merpynHo moHsATh, 0€3MaCcCOBbIE YACTHUIILI BCETIA U B JII000i cucTe-
M€ OTCYETA JBUAKYTCs CO CKOPOCTHIO CBETA, — MHAYE WX UMITYJIbC ¥ SHEPT U
[PUHUMAIOT HyJeBble 3HadeHus. OQ4ueBuIHbIM 00PA30M i GE3MACCOBBIX
gacrun nonydaem p = E/¢ (wm P = E). B wacrnocrn, y doronos E = hv
up=hv/c
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D@opmyist (8), (12), (15) BEIVIEAAT HOIHOCTHIO AHATOIMYHBIMU COOTBET-
crByomum opmynam Mexanuku HploTona, eciu 3aMeHUTb MACcCy 4acTu-
IbI HA «PEJISITUBUCTICKYIO MACCY» Myp = 7Y M U MOCTYJIHPOBATH SKBUBAJIEHT-
HOCTD (B3aMMOCBsI3b) Macchl U sHeprun: E = my, ¢?. IIpu 3TOM, KOHEUHO,
HeJ1b33 3a0bIBaTh, 4T0 cuia F' He paBHa HE TOIBLKO M@, HO U MpQ, & TOJILKO
U UCKJII0uuTebHO dp/dt, TO ecTb d(";fv) = d(vd’:w
ocobo noguépkusaercs dopmyaamu (9) — (11).

3amerum, 4r0 Cpa3y HOC/IE BbIABJICHU:A 3ABUCUMOCTH YCKODEHUS TE/a
(upu dbukcupoBaHHOM 3HAUEHMU AEHCTBYIOIEl HA HEro CHJbL) OT CKOPO-
CTH WJIM, 9TO TO K€, OT SHEPIWU UMEJH XOXKJEHHUE MOHATHS <«IIolepedHasi
Macca» — My | «IpojoJbHas Macca> — my> (cM., Kpome Toro, Ilpuiozxke-
uue 4).

) 310 0BCTOATEIBCTBO

IIpore Bcero curyaius BBINJISAUT B TOM CJIydae, KOIZa CUJa BCEe Bpe-
M [EPIEH/UKY/IIPHA CKOpocTH. B 3TOM Cilyyae sHeprus He MEHHAeTCsd, a
3HAYUT, PEJIATUBUCTCKUN MHOXKUTEJb Y TTOCTOSHEH.

3amaua 5. B onpirax 1974 r., mposenénnbix B IIEPHe, Mroonsr, ckopocTh
KOTOPbIX OTJIMYAJIACh OT CKOPOCTH cBeTa Ha 1/3 upouenra, yaepxuBaiuch
Ha KpyroBoit opbure marauTHbIM mosiem B = 85 klc.

Oupegenure paauyc OpOUTHL; CPABHUTE €r0 3HAYEHHE C TE€M, KOTOPOE
JIOJIZKHO II0J1y YUThCsl, ECJIM 110JIb30BaTbCs (POPMy/IaMu KJIaCCUIECKON Mexar-
HUKH.

Paccuuraiite cpennee qnciio 060pOTOB, KOTOPOE COBEPIIUT 10 PACIAIA,
«HOBOPOKIEHHBI» MIOOH.

Bapsan MIOOHA PaBeH dJIeMeHTapHOMY 3apdiy, T.e. e = 4,8.10710 en.
CI'CE, macca M = 105,7 MaB, Bpems xu3nan 79 = 2,2-1076 c.

v Ilo Heiorony, marnuthHas cuna evB/c nomkna 6bith pasaa muv?/R,
orcioma R = muc/eB = M/eB = 41,45 cwm.

B pesnaruBucrckoMm pacuére Hago 3aMeHHTb m Ha M, = ym. T.K. v
OJIM3KO K ¢, MOXKHO CUUTATH, 9TO

1 2
v = = ¢ ~ ‘ = 12,25,

\/@ (c+v)(c—) 2(c —v)

orcioga R = 5,08 m.

ITo Heiorony Bpems ognoro obopora T = 2w R/v, 3nadut, 4ucsio 060-
poroB N = c19/2mR ~ 250. «Pesnsrusucrckuit paguycs opbursl 6osibLie
KJIACCUYECKOT0 B Y pa3, HO ¥ BPEMsI JKU3HU MIOOHA B JTADOPATOPHOIT cucTemMe

24

orcuéra Bo3pacraer B 7y pa3. «C TOYKM 3peHust MIOOHA» B 7y Pa3 COKPAIa-
ercsd JUIMHA OKPY2KHOCTU IMKJIOTPOHA. Tak miam mHAYe, 4ucjao 000POTOB,
KOHEYHO, HE MEHAETCH. A

Kombumanua E? — P2 = M? o4eBuanpIM 00pa3oM ABJISETCS WHBAPH-
aHTOM (HE 3aBUCUT OT CHCTEMbI OTCYETA) JJIsl OTAEIBHO B3ATONH YaCTHIIBL.
Menee 04eBUIHO, YTO TAKAs KOMOMHAIMS — UHBAPUAHT U JIJisi COBOKYIITHO-
cru yacrul, (CJI0BOCOYETaHUE «COBOKYIIHOCTD YaCTHUILy BMECTO LIPUBLIYHOIO
«CHCTEMA YaCTHUI» WHOIA yIA00HO yIOTPeO/saTh BO M30eKAHUE Iy TAHUITHI
¢ cucreMamu OTCuéTa). JlOKa3aTe/bCTBO 3TOrO yTBEPXK/IEHNUs HE TIPEICTaB-
JITeT OCODOBIX TPYIHOCTEH, HO JOCTATOYHO rpoMO3ak0. Mexmy Tem, obpa-
TUM BHUMAHUE HA TOT (DAKT, 9TO BCE TEJIA COCTOAT U3 ABUKYIIUXCH OTHOCHU-
TeJIbHO APYr apyra (xors 6bl B npouecce KojebaHuil) aroMoB, aTOMbL — U3
sAJIpa U JEKTPOHOB, JAXKe KaKue-HuOy/ b IPOTOHBI UJIM [TMOHbL — U3 KBAap-
KOB (M aHTUKBAPKOB). A [0 OTHOIIEHHUIO K 9THM, CTPOrO TOBOPsI, CACTEMAM
WJIA COBOKYITHOCTSIM YaCTHUI] MbI 0€3 MaJIeHITero COMHEHNsI YBEPEHBI B WH-
BApPHAHTHOCTH Bemunubl B2 — P2,

Ucnosib30Banue 3T0ro 00CTOATEIbCTBA [IOMOIAET YIPOCTUTD PEIIEHUE
MmHOruX 33124 (cMm. takxe IIpusoxenue 5).

Bagaua 6. (Cum. 8.59 [6]). [Ipu coyapeHnH TOCTATOYHO SHEPIHIHBIX PO~
TOHOB MOKET MJITH Peaklus POX/eHUs IPOTOH-aHTUIIPOTOHHON Hapb

p+p—p+p+p+p

Oupesesiure Ha STOM [IPUMEDPE BBIMIPBIIT OT UCIOJIb30BAHUS PEAKIIUU HA
BCTPEYHBIX IIy4YKax.

Vv Ecau ocyrecTBiisieTcst peakiius Ha BCTPEYHBIX IIydYKaX, KOr/a J1adopa-
TOpHAs CUCTeMa sABJgeTcs cucreMoil nenrpa unepruu (CLU), T.e. cucre-
MOIf, B KOTOPO#A CyMMAapHBIA UMIIyJIbC YaCTUI, PABEH HYJIIIO, BCA KHHETHYe-
CKasl SHEPIHs IIPOTOHOB MOXKET [OMTH HA YHEPruio IOKOd IaPbl, T.e. IPO-
TOHBI JIOJIZKHBI OBITH PA30THAHBL 10 Heprun Ko = M.

Ecnu xe pa3orHanublii Ha yCKOPUTEIE MPOTOH CTAJKHUBAETCS C HEMO-
JIBUAZKHBIM, TPeOyeTcst 3HAIUTE/THbHO OObInasi KHHeTH4IeCKas dueprus. Han-
6oJiee BBIIOZEH CJiydail, KOrJa IPOyKThl PEAKIIUN JBUXKYTCH BMECTE, ITO
o4eBuIHO, ecau MbicsenHo nepecectb B CIII (1.e. BepHyTbcs K Bapuanty
Ha BCTpeuHbIX mydkax). B CUU wusapuant E? — P? pasen 16M?2 (My, =
=4M, Py =0).

WuBapraHT I0/2KEH MMETb 9TO K€ 3HadeHne u B JabopaTopHO# cu-
creme. Ho Takum »xe OH JO/I2K€H OBITH W /10 COYJAPEHUsd, KOTJIa OIUH U3

25



[IPOTOHOB IIOKOWJICH, 8 BTOPOM mMes 3uepruio K u uMirysibe

P=vE2-M?=./(K+M)?—-M?=+KQ2M+K).

[osnygaem 16M? = (2M + K)? — P2, orkyna K = 6M = 6K,. A

Ecnu ogna m3 gacTul, y9acTBYIOIINX B PEAKIHH, Oe3MaccoBasi, He 3a-
Oynmem, aro g neé B = P.

Bamaua 7. (8.46 [6]). B 1984 r. Gbura oOHApYKEHA HOBAsl KCH-4aCTU-
ua (§) Kak IPOAYKT paciaa HoKosmedica uncuiod-dacruupt (1) B peakiyu
T — £ + v, upuuém 3HEeprus y-KBaHTa okasaJjach papHoit F = 1,072 I'sB.
Haiitn Maccy m CKOpOCTh £-9aCTHIIBI, €CJIM MACCA TIOKOs Y -4aCTHUIBI PABHA,
M = me® = 9,46 TsB.

v CormacHo 3aKoHYy coxpaHeHus sHepruu F¢ = M — E. T.K. nncumion-
TaCThla MOKOUJIACh, UMITYJIbC KCHU-YaCTUIBL Pg paBeH UMITYJIbCYy KBaHTA,

r.e. FE. 3nauur, Mg = Eg — Pg = (M — E)? — E?, orkyna M, =
=+/M(M —2FE) = 8,32 I'sB. U3 (15) caexnyer, 4T0

P. E
§= g = 3r—F =013 (rev=0130)

B HEeKOTOpbIX CillydasX MOXKHO HE YYMTbIBATH MACCy 4aCTUL, T.e. UX
SHEPruio MOKOA. B Takux o0CTOATE/HCTBAX YACTUIBI OOBITHO IIPUHATO HA-
3bIBATh YALMPAPEAAMUCUCTLCKUMU.

3agaua 8. B 1974 r. 6bl1a OTKPbBITA HOBAS JIEMEHTAPHAS YACTHUIIA, HA3BAH-
Hasl 9apMOHHeM Wiu Jpkeil/ncu-dacruneit (J/1). B oqrom n3 onbiToB Obl-
JIM 3apEericTPUPOBaHbI POJYKTHI €8 pacnaja «Ha Jaery»: J/¢ — e~ +et.
HaiiTi mMaccy u CKOpOCTh 4apMOHUSI, €CJIM YHEPIUH JIEKTPOHA U [TO3UTPO-
Ha Obiu paBabl B = 3,1 I'sB kaxknast, a yros pa3séra 9acTur, COCTABUI

0 = 60°.

¥ Dueprusa nokos ssnekrpona pasua 0,51 MaB = 1,65-107*E. Yacruup
SIBHO yJabTpapesasTuBucrckue. Ho Torga mmiysnbC Kazkaoil M3 HUX MOZK-
HO CYATATh PaBHBIM F, W, 3HAYUT, CyMMApHBIA WMITYJIbC, T.€. MMITYJIhC
J/¢p-aacrumpt, pasen P = \/2E2%[1 — cos(m — 0)] = Ev/3. Eé sneprus co-
crapiaser 2F, macca M = E = 3,1 I'sB. Ckopocrb 0 = \/3/2 = 0,866
(v =10,866c). A
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Bompoc o Tom, MOKHO Jii TIpeHEOPETh MACCOH YIbTPAPEIATUBUCTCKOM
YACTHUIIbL, JIOJI2KEH PEIIATbCsl, KOHEYHO, B 3aBUCUMOCTH OT KOHKDETHOW 3a-
JTadH.

B cnenyromem npumepe 3Toro jesarh, 6€3yCI0BHO, HEJIb3s.

Bagaua 9. (Cwm. 8.23 [6]). Beubiuka cBepxHoBoii 38e3/61 B Bosibimom Ma-
resutanoBoM obuiake 23.02.1987 1. conpoBOXK/IaIach HA 3eMle HERTPUHHBIM
«BCIIJIECKOM », & TaK’Ke CUTHAJIOM I'PDABUTAITMOHHOM anTeHHEI. [1o yTBepXK Te-
Huio rasersl «V3Bectus» (11.03.1987 r.), 3ama3abiBaHue HEATPHHO 1O OT-
HOIIEHWIO K TPABUTAIMOHHOM BosIHE cocTaBmyio At = 0,1 ¢, OTKy1a TOJIKHO
CJI€JIOBATH, YTO HEATPUHO 00J1a1aI0T OTINIHON OT Hys1d Maccoil. [Ipuaumas
MHTEPIPETAIUIO [A3€Thl, OLEHUTE MACCY HEHTPHUHO.

Paccrosinue ;10 cBepxHoBOii 38€31b61 — 180 ThIC. CB. JIeT; TUIUYHOE 3HA-
YeHHe SHePruu HeHTPUHO, 00Pa3YIOUIUXCs IIPH BCIIBIIIKE, — OK0JIo 12 M»3B.

¥ OrTHOCHTENIBHOE OTCTABAHWE HEHTPHHO OT TPABUTAIIMOHHBIX BOJIH, KOTO-
Pble PACHPOCTPAHAIOTCH CO CKOPOCTbIO CBETa, COCTaB/IAeT
At 0,1c

R _— = . —14 _ —C —v
t 18105 mer 176107 = c

Orcrona i Macchl MeeM (CpaBHUTE C DEIEHUEM 331a9u 5):
E 2(c—v
M=—=F 7( )21,63B. A
v c
NB! K undopmarun ra3ersl HeJIb3si OTHOCUTHCS CePbE3HO0. Bhi3biBaer
0oJIbIIIOE cOMHEHNE (PUKCAIUs PA3IHINI MOMEHTOB BPEMEHH JIBYX COOBITHI
HE3aBUCUMbIMYU U3MEPUTEIbHBbIME cucTeMaMu ¢ To9HOCTHIO 0,1 ¢; 1a u cam
dakT perucrpanuy rpaBUTANMOHHBIX BOJIH HE BBI3BIBAET IOBEDUS.

P O

/

Vv {K
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IMPMNJIO2KEHIN A

1. Ho Diiamreiina

[Tepen mMexaHWKOI K KOHILY MPOIJION0 BEKA CTOSIO0 PAKTUIECKU OTHO 3a-
TpyAHeHue — o0bsacHeHue cMemenus (npemeccun) nepuresus MepKypus.
[Mepurenmii cmemaercs va 574" B cronerune (yrioBas CeKyHIA B CTOJIETHE —
TPAJAMLIMOHHAS €MHUIA B acTpoHOMMU). Bo3MylueHusiMu o CropoHbL apy-
rUX IJIAHET YAaJ0Ch 00bsacHuTh 5317, a 43" uukak e moagaBaauch. B Ko-
HEYHOM HTOTe MOJIHOe KOJIMIeCTBEHHOE 00bsacHeHue ddhdexra gasa Oomast
teopusi orHocureabHocTH (OTO) — Ditxmreiinoa Teopus Tsarorenns. Ho
k co3ganuio kak CTO, rak u OTO noucku 0ObsiCHEHUNE CTPAHHOIO MOBE-
nenus opouTbl MepKypus NpakTUYeCKu HE UMEJIU OTHOINEHUSI.

Topaz o Gosiee cepbé3nbie 3aTPyIHEHUs UCIIBITHIBAJIA, OLITHUKA.

IMoGenusiias 6Giarogaps tpysam T. FOumra (1802) u O. ®penens
(1815-1823) BonHOBas TEOpUs CBETa NPHUBETA K [PEICTABICHHIO O CBETO-
HOCHO#1 cpefe — 3dupe, 3aoJHSIONEM IIPpocTpancTBO. McxomnHo acpup mbic-
JIMJICS HeIOABUKHBIM B aDCOIIOTHOM IIPOCTPAHCTBE BELIECTBOM, B KOTOPOM
1O06HO YyUPYIUM BOJIHAM (HALPUMED, 3BYKOBbIM) PACIPOCTPAHSIETCH CBET.

HanbHeiimuit anaau3 npusén K uaesam o dacruanom (Ppenensb, 1820)
uym nosiaoM (JIxk. Crokce, 1845) «yBiedenuns 3hupa JBUKYIUMUCA B HEM
teamu. O0e rumoTe3nl, 0ObACHSS Psill ABJICHU, IPUBOIUIN K TIPOTUBOPE-
YUsAM [PU AHAJIHU3E APYTUX.

ITocuie BbLsicHeHUsT 3J1eKTPOMATHUTHON IPUPO/IbL CBETA, (TEOPeTUYECK —
Jx. MakcBens, 1865, mepBble 3KCIIepuMeHTaIbHBIE apryMeHTsl — L. [epir,
1889) Bompoc o cBoiicTBax u noBeaeHun 3bupa IpUobPE HOBbIH 060POT.

ITpencrasiisiach COBEPIIEHHO €CTECTBEHHOMN (MOXKHO CKa3aTh — 0YEBUI-
HO CLPABEJIMBON) [UIIOTe3a UHBAPUAHTHOCTU OCHOBHbLIX YDABHEHUI 3JI€K-
TpoguHaMuKu — ypaBuenuil Makcsesia, Xord Obl IOTOMY, 9TO OH IOJLy-
9T UX HE B a0COJIIOTHOM CHCTEME OTCUETa, a B «CJydaiiHO» JIOCTABIICHCs
eMy cucreme, CBsi3aHHO# ¢ 3emyéil. Kpome TOro, skCrmepruMeHTaIbHO ObLIa
JIOKA3aHa HE3aBUCUMOCTH CKOPOCTHU CBETa OT ABHMKEHHs MCTOYHMKA, (Wjiu
UpUéMHUKA), PAKTUIECKU €6 MHBAPUAHTHOCTD, T.6. HE3ABUCUMOCTb OT CHU-
crembl orcuéra (pewaromumu 34ech Obliu dxcuepumentsbl A. Maidikesbcona
u . Mopuu, 1887). Oba sru dakra HE COrIACOBLIBAJIUCH C 1IPeodPa30Ba-
auamu Lamnmes.

Bospoxaennas Tepiiem (1893) runoresa mosHoOro ysjedenus dupa,
coryiacysich ¢ pedyiabraraMu MafikeabcoHa, IPsIMO TPOTHBOPEYHIIA, PE3YIIb-
raram oublroB A, @u30 (1851) 10 pacupOCTPAHEHUIO CBETA B JIBUXKY LIEHCs
cpeze: Pu30 110y 9rII XOPOIIIee COIVIACHe C TEOPUEl YACTUIHOIO yBJIEIEHUS

supa.
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Hawasiuce noucku asnbrepuarusbl npeodpazosanusm [asmirest.

[TepBbiM miarm B 91OM HanpapieHun cuaenad, no-suaumomy, O. Xepu-
caiii, HO OH CBOHW pe3yabTaThl He omybaukoBaa. B 1887 r. B. ®oxt omyb-
JINKOBaJI paboTy, B KOTOPOil ObLIN IIPUBEIEHBI COOTHOIIEHUS, CBI3hIBAIO-
e KOOP/IMHATHI M BPEMsI B PA3JIMIHBIX CHCTEMAX, MMO32KE, MO MPEIJIONKE-
uuio A. Ilyankape, nazpanubie npeobpaszoBanusimu Jlopenna. Pabora ®ox-
Ta ocrajach nezamedennoi. JIxk. @uriykepanby (1892) upeijoxuin ru-
HOTEe3y COKPAIEHUs PA3MEPOB JIBUXKYIIMXCs TeJl (JOPEHIIOBO COKPALIEHUE
). Hakowerr, 8 1900 r. Ixx. Jlapmop Beinucas npeobpasoBanust JIopen-
a.

Cam I''A. Jlopenn B 1899 r. mpeio:Kujl IpeoOpa30BaHKs, HECKOJIbKO OT-
smyarotmecs or (popmbl Poxra—/lapmopa. Opnako k 1903 1. oH HE TOIBKO
<HCIPABUJI» UX, HO M CO3/AJI HA UX OCHOBE CBOIO TAK HA3BIBAEMYIO «JJIEK-
TPOHHYIO Teopuio». IIpeobpa3oBanus u3 HHCTPYMEHTA 00bACHEHHS OIbITA
MaiikenbCcoHa craan nHCTpyMeHToM dusuku B miesioM. K 1904 . Ilyankape
B OCHOBHOM 3aBepinuii co3manue maremarundeckoro anmapara CTO u ero
obocHOBaHHUE.

Yero :xe HEIOCTABAJIO JJId 3aBEPIIEHUS TEOPUH, WK YTO ObLIO JIKII-
ouM? 3ageM 1n0Ha00MICa DAHITEAH?

JInmaumu 66U HHIOTOHOBBI ADCOIIOTHOE IIPOCTPAHCTBO U A0COJIIOTHOE
Bpems. Jlo DitHmTeitHa canTa M, YTO UMEHHO TaM UAYT «B JAEHCTBUTE/Ib-
HOCTH» TIPOIECCHI, KOTOPBIE C MOMOIIbIO mpeodpa3oBanuit Jlopenma mepe-
CUYUTBHIBAIOTCS HA JIIOOYI0 MHEPIUAJBHYIO CUCTEMY OTCYETa, T.€. Ha JII00YIO
cuUCTeMy, JBUKYILYIOCH C IOCTOSHHON CKOPOCTHIO OTHOCUTEIHLHO abCOJIIOT-
noro upocrpancrsa. Tak, [lyankape dyrb panbine DifHINTEHHA TPOBO3IIA-
cui1 001uii (He TOJIbKO MEXaHUYECKUiT) LIPUHIUIL OTHOCUTE/IbHOCTY UMEHHO
KaK HEBO3MOXKHOCTH OOHAPYKEHUS IBUKEHNS OTHOCUTEIHHO 3upa, CyIIie-
CTBOBAHME KOTOPOTr0, TAKNM 00pa30M, BCE Ke, BPOJe ObI HE OTPUIAIOCH.

W Tosbko DitHinTeitH, «u3rHaB 3GUP», YCTAHOBUII IeHCTBUTEIHHOE PAB-
HOIPABHUE BCEX MHEPIMUAIbHBIX CUCTEM. DUHINTEHH pa3paboTal JOruaecKu
[IOCJIE/IOBATEJBbHYIO MPOLEAYPY U3MEPEHHs PACCTOSHHUI U IIPOMEXKYTKOB
BPEMeHH, HECOBMECTUMYIO C HbIOTOHOBbIMU aOCOJIIOTHBIMYU IPOCTPAHCTBOM
U BPEMEHEM.

B obmiem, MOXKXHO cKa3aTh, YTO JWHINTEHH BHEAPWUJ B HAYKy HOBYIO,
HEHBIOTOHOBCKYIO, PEJISTUBUCTCKYIO «HIEOJOTHUIO», CYIIECTBEHHO M3MEHUB
caM XapaKTEP HAYYHOI'O MbIIIJIEHUS.

OcnoBuble sKcnepumentaibibie obocaoanusi CTO orHOCsTCH K OnTH-
ke. Tak, onbiret ®u30 u Maiikenrbcona—Mopiu cBoasATCA K HAOJIIOIEHUIO
cmerrenns nHTepdEPEHIIMOHHON KAPTUHBI.

29



1) Ompbir ®Pu3so. Cser or ucrounuka S npoxoaur uepes unrepdepo-
METP, COCTOAIIMHA 13 MOMYpO3padnoi miacrunbl 11 u Tpéx 3epkai 31, 3o,
33. Yacrte mytu 3aHmMaer TpyOKa, 3amosiHeHHas BOaoi. uTepdepentu-
OHHasl KapTwHa HabJIomaercs B 3puresbHyio TpyOy T. Eciu Boma mpuso-
JIATCS B JBUXKEHUE, JIyd, OOXOAsAImi nHTeP(EPOMETD 10 YACOBOI CTPESIKEe
(S—IM—-3; —32—33—I1—-T), yacrb LyTU IPOXOAUT LIO HALPABICHUIO
TeYeHUs BOJIbI; BTOPOH Jiyd, 0OX0asIuil nuarepdepoMerp IpoTuB IacoBOit
crpesiku (S —II — 35 — 39 — 31 — I1 — T), 10T K€ y4acTOK MIAET NPOTUB
TEUEHUS.

31 ' | = 32
7l ¢
s ol
Y 4[ /4 33
T Bozma

Eciu adbup yBiekaercs: B0, ONTUYECKUE TJINHBL yTel [JId IBYX JIy-
g€l MEHSIIOTCSI B PA3HbBIE CTOPOHBI: [JIs ITEPBOrO MyTh yMEHBINAETC, /I
BTOpPOro — Bo3pacraer. VaTepdepeHnuontas KapTuHa, Hab/IomaeMas B
gpurenbHoil Tpybe T, mo/mKHa cMenmarbes.

Cwmemienre KapTUHBI EHCTBUTEIBHO HAOJIIO-

!' ,/' JAJ10Ch, OJIHAKO BEJIMYMHA ITOI'O CMEIIeHUsd B J1Ba
/

¢ HeOOJIbIIMM DA3a MEHbIIe, YeM PACCUYUTAHHAA

‘ B IIPEIIOJIOZKEHUU [IOJIHOrO yBJjedeHus 3dupa.

9to mpekpacuo corsacyercst ¢ Ppenesnesoit Teo-

preil YaCTHYHOrO yBJIEUEHHs], COMJIACHO KOTODOit

ko3 unpent ypiedenus (OTHOLIEHUE CKOPOCTU

” 0 sdupa K CKOPOCTH YBJIEKAIOIIErO Tea, T.€. K CKO-

__9' a?up pOCTH BOJBI) JIOJIZKEeH cocrapiaarh 1 — 1/n?, re.
0,4375 (mist Bompr n = 4/3).

2) Ombrir Maiikenbcona—Mopan. Diekrpou-

nas teopus Jlopenna nasana i kodddunuen-
Ta, yBJIEUEHUS TO K€, 9TO u Teopus Ppenesisi, pacCMaTPUBABIIETO CBET KaK
yrpyrue BoHbI. Tak Kak MOKa3aTe b MPEJOMJICHIS BO3IYyXa MAJIO OTINYa-
€TCs OT €/IMHUIBL, IIPU JIBUKEHUN 3eMJIu 3(PUp HPAKTUYECKH HE JIOJKEH
yBJaeKaThCst armocdepoit. Takum 00pa3om, JOIKEH Oy MATbCs «IPUPHBIIT
Berepy». OOHapyKeHHME ITOrO «BeTpay U ObLIO 3ajadeil ombira Maiikenb-
cora—Mopau.
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3ajia4ua OCIOKHAIACH TeM, 910 3P dekT __ 111/ B
MOKHO OOHADPY2KUTH TOJBKO BO BTOPOM T — L
MOPSIIKE 10 OTHOIIEHWIO CKOPOCTH 3eMJIn L
K CKOPOCTH CBETa. S i I 4 F

B unrepdepomerpe Maiikesibcona cser, *4» ] > - E
MLy Il 110 [y TH BIOJIb HANDABJICHUA JABU-  yono
JKeHust 3emuin (HALPUMEDP, B HEKOTODbILIl Senm
MOMEHT 9T0 MOxKeT 6biTh j1y4 [I-A-IT), npo- T A

XOOUT ONyTh «Tyda» CO CKOPOCTBIO C — U OT-
HOCHUTEIbHO HHTEPGEPOMETPA, a MyTh 00PATHO — CO CKOPOCTHIO € + v, TIe
¥ — CKOPOCTb 3eMJiu 0THOCUTeIbHO 3upa (0kos10 30 km/c). Obiiee Bpemsi:

L L 2Lc 2L v?

ct+v c—v 22— c

s sty4a, npoxogsiiero myTb 11-B-11, B 310 BpeMsi cKOpOCTh paBHA CKOPO-
cru cera ¢. OHAKO HAJI0 y9€CTh, YTO 34 BPeMsi IyTelecTBus jayda or 11
k B u ob6parno monynpospaunas miaactuna I1 cmecturcs Bmecre ¢ 3emiéit
OTHOCHUTENILHO ddupa HA paccrosaue v15. 3HAYUT, TyTh CBETA OKAYKETCs
paBHBIM v/ (2L)2 4+ (vT3)2, u MBI HOIYyYUM BpeMs

2L/c 2L v?
e R B
2= i c<+2c2)

L (v

Pasnocrh Bpemén, Takum 00pa3oMm, paBHa (2)2. ITocne moBopora
Ha 90° siyun A u B mensiiuch posisimu. Kapruna noJizkHa Obljia CMeIaTbes.

Maiikesbcon mor obnapyxkuth cmertenue nopsiaka 0,01 mosiocer. Ilep-
Bbie onbIThl (1881) oH cTaBUI HA IPUOOPE, IIE 0KUIAEMOE CMEIIEHUE JOJK-
HO 0b10 cocTtaBuTh 0,04 mosockl. OmbiThl 1887 . cTaBMINCH Ha MpuOOPE,
uMeBIeM 0a3y moOOJIbITe, TAK YTO CMEIIeHne 0XKuaaa0ch B 0,37 mMOJI0CHI.
Hakouen, oubirst Mopuu u Musiepa (1905) 10/02KHb1 Oblii 4aTh CMELIEHUEe
1,1 nostocst. Bo Beex cayuasix cmerenue (¢ rounocrsio a0 0,01 nosocst) ne
OBLIO 3aMEYEHO.

B pamkax Teopuu 3dbupa 310 CBUAETEIHCTBOBAJIO O MTOJHOM YBJICYCHUN
a¢upa 3emMHOiT aTMocdepoii, YTO BXOIUIIO B ABHOE IPOTUBOPEYHE C JaHHbI-
MU onbiTa Pus0.

Mo>kHO CKa3aTh, MOCIE/IHsIS MOMBITKA «CraceHus ddupay ObLIa Tpe-
npungra B. PurneMm, oObacHsaBIEM OoTpUniaTe/bHbIN pe3ysibrar Maiikeb-
COHA € IIOMOIIBIO TAK HA3BIBAEMON «ba/IHCTHIeCKOI rumore3pr». Eciau cko-
POCTBb CBETa CKJIAQBIBAETCS U3 BEJUYUHBI C U CKOPOCTU UCTOYHUKA, OIIBIT
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Maiikeabcona JIOMKEH JaTh HYJAEBOH Pe3y/bTaT IMPU HEIOIABUKHOM d(hu-
pe. OpHako, Kak mepBbiM cpasy ke ykazau B. je Currep, B TakoM cirydae
JOJIZKHBI ObITH ObI HADJIIOIATHCS CephE3HbIE OTKJIOHEHNA OT 3aKOHOB Kere-
pa B BUIMMOM [IBUKEHUW B CHUCTEMAX JBOWHBIX 3BE3]I.

2. «VcruHHBIE BDJIM3HEIIBI»

[Iporecchl, KOTOPbIE MPOTEKAIOT B CUCTEMAX, JBUKYIMXCs (OTHOCUTEIHLHO
UHEPIUAJIBHBIX) C yCKOPeHueM, paccmarpuBarorcsa Obieli Teopueii oTHOCH-
renpbHocTH. OJHAKO HEKOTOPbIE BOIPOCHI IIPU ONPEIEIEHHBIX OrPAHUYEHH-
sIX MOXKHO HOsICHUTD, pa3suBag ugen CTO.

IMycrs cucrema K’ «crapryer» u3 MOJIOXKEHUS, B KOTOPOM HAYAI0 €6
KOOPJIMHAT COBIAJIAET C HAYAJI0M KOOPIMHAT CUCTEMbI K, B MOMEHT Bpeme-
m t = t' = 0 ¢ yckopennem a. Torna Ha paccrosuum x = v?/2a cKOpocTh
U3MEHEHUsI MOKA3aHUs 9acoB to (X0 BpeMmeHu) cucreMbl K U CKOPOCTh
M3MEHEHUsI BPEMEHH ¢ MO 9acaM HEMOABMXKHON cucTeMbl K’ CBS3aHBI CO-

OTHOIIEHuemM dt
dt = 20 (16)

VI 2a/@
3/1eChb yMECTHBI JIBA 3aMEYaHUS.

Bameuanue 1 (geornocameeca K geiy). ®Popmyna (16) B cury
npososriianiaemoit OTO 3KBUBAJIEHTHOCTH CUJI TSTOTEHUS U CUJI MHEPIUH
CHIPaBEJJINBA, TAKKE U B OTHOPOIHOM II0JIE TSAKECTH HANPIKEHHOCTH & (T.e.
B 10JIe, TJIe yCKOpeHue CBODOMHOro najenus pasHO g). Bepuee obparnoe
yrBepxkaenue: B OTO nepBuvyHa UMEHHO 3aBUCHMOCTD XO0J1a 9aCOB OT IOJIst
rrorenus, a popmyda (16) 1nosydeHa 1epeHOCOM CBOMCTB 110Jis TArOTeHU st
HA [OJIE CUJI UHEPIWH.

Eciu BBECTH HOTEHIMAI 10/ TATOTeHUs ¢ = — [gdx miu nons cun
unepuun ¢ = [a dz, MOXKHO 3alucaTh HECKOJILKO Gosee 06mLyto hopmy.ty:

dt = dtor/1 — 2Ap/c2. (17)

SBameuanue 2. Hamo npossiars cyrybyio OCTOPOKHOCTB IIpu
uctosub3oBanuu dopmyiu (16) — (17). Bosee miu menee yBepeHHO MOXKHO
LPUMEHATH MX TOJILKO IIPU BblinojHenun yciaosua Ag < c¢2. Boobue xe
rosopsi, noste Tsizkectn OTO npunnunuaapHo oTyimuaercs or HpioroHOBa
(cm. Takxke Ilpuioxenue 4).

He 3abbiBast 06 3Tux 0OCTOATENHCTBAX, pa30epéMcs ¢ OJN3HEIAMH.

[Iycrs KOCMOHABT COBEPIIAET MEPEET € MOCTOSHHON HA I[POTAZKE-
HUM [IOYTH BCErO IyTemecTBus cKopocTbio v. Torma (ecim v < ¢)

32

Ha myru L, re. 3a Bpema T = L/v, ero uacel orcramyr Ha AT =
=T —T\/1—-v2/c? ~ Tv?/2¢*. Em@ Ha Takyio ke BeJMYUHY BO3PACTET
OTCTaBaHWE HA OOPATHOM ITyTH, W BCErO MBI MOJIy9MM DA3HUILY BPEMEHH,
pasnyito Lv/c?.

OTu paccykAeHus MPOBEJAEHBI C TOYKM 3peHud gomoceaa. 1lo MueHuio
My TEINECTBEHHUKA, TAKOE YK€ BPEMS «IKOHOMUT» JOMOCE].

OpHako B mpolecce MOJETA JOJKEH HAJIAIECTBOBATH yYACTOK ITyTH,
Ha KOTOPOM KOCMOHABT MEHHeT CKOpOCTh ¢ v Ha —v. llycrs o 3Tor yya-
CTOK IPOXOJUT € HOCTOSHHBIM yckoperueM a. C TOYKM 3peHusi 3eMHOro
HAOJII0ATEN B 9TOT TPOMEXKYTOK BPEMEHH YaChl MyTEIIECTBEHHUKA, UIYT
B coryacuu ¢ Gopmyiioit dty = dt/7, u eciu BpeMs pa3BOpOTa HEBEJIHKO,
BO3PACT KOCMOHABTA, MPAKTUYECKA HE W3MEHUTCsI, KOCMOHABT OCTAHETCS
MOJIOXKE JIOMOCEIA.

Yro ke B 910 BpeMst HabJIIOJAeT B CBOEH cucTeMe KOCMOHABT?

Hanomaum, 49T0 1moka, 10 HamuM pacdéraM, B €ro CHUCTEME MOJIOZKE
6par, KoTopbiil cuaur goma. OJHAKO BO BpeMsi Pa3BOpPOTa B CBA3aHHOMN
¢ kopabuiéM cucreme KOOPAMHAT, KOTOPas CTAHOBUTCS HA BPEMs T yCKOPEH-
HO#, BKJIIOYAETCs TOJI€ CUJI WHepIuu. 1achbl HAXOIAIIErocss B 9TOM TIOJIE
JIOMOCE/Ta, Uy T OBICTPEe YaCOB KOCMOHABTA. 3a BPEMsi T CKOPOCTH MEHSIET-
cs Ha 20, 3HAYWT, yCKOPEHUE PABHO @ = 20/T, a PACCTOSTHUE 10 3€MJIH, KaK
MbI IOMHUM, paBHO L = vT. 3nauut, 3a BpeMsi pa3BopoTa JOMOCE]], yCIeer
[IOCTAPETH HA

Ar=717-—7 1—%27%:21/—2”
c c c

B pesysabrare npu BCTpEde, HE3ABUCUMO OT TOrO, B KAKOH CHCTEME MbI
BeIEM paccyzKJeHus, crapiie Oyg1eT UMEeHHO JOMOCE, U PA3HOCTh BO3PAC-
TOB coctaBuT Lv/c?, Kak MbI U TIOJTy4YUIN B MEPBOM BapuaHnTe pacuéra (B
3EMHOl CHCTEME OTCYETA).

PacxoxkeHue 3a BpeMsl pa3roHa IPU CTapTe U 33 BPeMs TOPMOXKEHUs
Py BO3BPAIIEHUH HA 3€MJIFO POJIM HE UTPAIOT BBUJLY MAJIOCTH PACCTOAHUS
x, Bxouguero B ¢popmyiy (16).

Koneuno, /i Toro 4To6bl NpaBUIbHLIMHA (B IEPBOM TOps#AKe 110 v2 /c?)
HOJIy YUIUCh HE TOJLKO PA3HOCTH BO3PACTOB OJIM3HENOB, HO M CAMU BO3Pac-
ThI, HaJI0 YUYECTh, YTO C TOYKU 3PEHUsI KOCMOHABTA [JJINHA, €r0 IIyTH PaBHA
L/~.

Bepnuémcs K 3aMedanuio 1, KOHKPETHO, K BOIPOCY O BJIUSHUU TI0JIsl Tsi-
JKECTH Ha XOJI, 4aCOB.
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3agaua 10. B 1976 r. rpyunna dusukos Mepuneniackoro yHusepcurera
B TedeHre 15 4acoB BO3WJIa ATOMHBIE 4aChl HA CaMOJIETe, KypCUPOBaBIIEM
Ha BbIcoTe 10 KM €O CKOpOCThIO 550 KM/4ac.

HackoabKo 1 B KaKyT0 CTOPOHY OTJINYIAJIOCH IOKA3aHUE JIeTABIINX TaCOB
OT MOKa3aHMs 9aCOB B JIaDOPATOPUHU B KOHIIE OIbITA?

Vv 3a cuér rpaBuTannOHHOrO 3P deKTa 9achl HOJKHDL ObLIA YHTH BHEPE
na semmunny Aty = t(gh/c?) = 1,1:1072¢ = 61078 ¢ = 60 nc. dbdexr
3aMeIIeHsT XO/Ia, ABVKYIIIXCA 9acoB JIoJKeH Jath Aty = —t(v2/2c¢?) =
=-1,310713¢t = —7 nc.

B wurore uacer gosikabl OblLin yittu Brepén na 53 HC, 94TO U ObLIO 3a-
(PUKCHPOBAHO B 3KCIEPUMEHTE ¢ TOYHOCTHIO 0K0JIO 1,5%. A

OTmeruM, 9TO pPU TAKO# TOYHOCTH M3MEpeHuii (IOrperHOCTh OTHOCH-
TEJILHO HOJTHOrO BpeMenu nopgika 1014 — rpusmonnas nons nponenral)
J1a0OPATOPHYIO CHCTEMY OTCYETa HEJIb3s CYMTATh «JOCTATOYHO HHEPIUA/Ib-
HO#». OIHAKO HEMHEPIUAILHOCTD, CBA3aHHAsL C BDAILEHUEM 3€MJ/IM, O/IMHA~
KOBO CKa3bIBAETCs Ha, Yacax JaDOPaTOPUK U 4acax CaMOJIETa.

Yro kacaerca noss taroreanss CoHIA, TO OHO BOOOIIE «BBIKIIOYEHO»
Guiaronapst Tomy, 4ro 3emist (a ¢ HeO u Jaboparopus, U CaMoJer) «CBO-
0O/IHO I1aIA€T» B 9TOM II0JIE, ¥ €r0 KOMICHCHPYET II0JI€ COOTBETCTBYIOMIMX
CHJ1 MHEPIIUHY.

3. Heckosbko cmocob60B «HaDJIIOIeHUsA» CKOPOCTH,
MPEBBINIAIOIIEH CKOPOCTh CBETa B IIyCTOTE

1) 3aitumk. Hukakoro mporusopednst co CTO B TOM, 9TO COJHEYHBIH
3afYMK MM HEYTO [100DHOE UMEET CKOPOCTH BBIIIE C, KOHEYHO, HET.

Horycrum, jiy4 mysbcapa «4upkaery o njanere B cucreme 7 Kura 3a
MUJITMCEKYH/LY JI0 TOIO, KAK OH IMOMAJAET HA 3eMJI0. YKe 4epe3 MUJLIUCe-
KYyHJIy TI0cjie coObITusI, ciayunBnierocst Ha 7 Kura, na paccrosituuu 11,8 cB.
ro/1a, MbI BPOZE ObI IOy YU WHMOOPMAIUAIO O HEM.

Ho, crporo rosops, Mbl uMeeM 1PaBO CKA3aTh TOJIBKO CJIEAYIOIIee: XO-
POILIO M3yYuB [IOBEJEHUE TAHHOI'O I1yJIbCAPA U 3HAs, YTO B IIOCJEIHEE Bpe-
Msl C HUM HUYErO YPE3BbIYAfHOIO HE HPOU3OLLIO (TOMY CBHUJETEIbCTBO —
OUEpeJIHOE TIPOXOKIEHUE JIyua Yepe3 3eMJII0), Mbl YBEPEHbI, YTO MUJLIUCE-
KyHIy TOMY Ha3aj 10T Jjy4 npomén mo 7 Kura. Kak dusngaeckuit daxr,
9TO TPOXOXKIEeHME COCTOsI0Ch. Ho «fopuamyeckum (akToM» OHO CTaHET
Jmib depe3 11,8 rojga, Korga MbL HOJIYyYUM TeJIerpaMMy OT TayKHUTH.

Ormerum gBa obcrogrenbersa. Bo-nepsbix, Ha 7 Kura u na 3emito npu-
IILIA pa3Hble (POTOHBI OT MYIbCAPA, HET HUKAKOTO 00HEKTA, HUKAKOTO TeJIa,
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KOTOPOE IePEMECTIIIOCH 3a MuJiucekyHay ¢ 7 Kura k 3emiie. Bo-Bropbix,
B KOHIIE KOHIIOB, MOIJIO CJIy49UTBCs, YTO KaK Pa3 B «HY2KHbBII» MOMEHT Ha T
Kwura npousonuio 3aTMenune mysabcapa, €ro 3aropoausio Kakoe-To HebecHoe
TeJI0, U MBI 4epe3 12 jieT mojyyduM He HOATBEPIK/IeHUe Halllel J0Ta/IKu, a
OLIPOBEPZKEHUE.

2) JIuneiinbie ckopocTu 3BE34. B cucreme orcuéra, cBs3aHHOl ¢ Bpala-
IOLLelics BOKPYD cBOeil ocu 3emuiéii, ckopoctu 38E3 (Tem 6osiee — apyrux
rajlakTuk) npesbimaior ¢. Ho 91a cucrema HeMHEpIMAJbHAs, & TaKUE CHU-
crembr CTO ne paccmaTpuBaert.

3) [IBe 4acTUIbI, DACCTOAHUE MEXK/ly KOTOPbIMU B HEKOTODbI MOMEHT
BpeMeHu cocrasisger 1,6 CB. CEKyHJbI, JIETAT HABCTPedy APYL JAPyry CO
ckopocThio 0,8 ¢ Kazxkmast. Uepe3 Kakoe BpeMsi OHU BCTPETSTCS?

KoneuyHno, oHU BCTPETATCS 9epe3 OHY CEKYHJIY, M CKOPOCTh UX COJIMKe-
HUsI, T.€. CKOPOCTb YMEHBIIEHUS PACCTOSHIUS MEXK Yy HUMHU, B JJAD0OPATOPHOI
cucreme orcdéTta paBHa 1,6c.

Bamerum, 910 € 31UM «3PHEKTOM» Mbl YK€ BCTPEYAIUCh B 3a7ade 1:
Bans u @ens 3a 10 ser conusuinch Ha 15 CBETOBBIX JIET.

Ho 310 HE ecTh CKOPOCTH KAKOTro-mnbo Tejia B Kakoi-mmbo cucreme OT-
C4€Ta, ITO HE €CTh CKOPOCTb OJIHOM YaCTUIIbI OTHOCUTEJILHO JIDYT'OM B CMbIC-
ge CTO. Hamo mepececTs B cuCTeMy, CBS3aHHYIO C OJHON W3 9YaCTHUIl, U
CKOPOCTh BTOPOI MOJIy4uTCsi paBHOil (31ech V' 6epércs 1o MOyJIo):

V+V
’UZI—V2

c2

= 0,9756¢.

A Bor pacuér BpemeHu B HOBOM cucreme Tpebyer cyryboil akKyparTHO-
cru. TyT nHamo wHe 3a6brTh TpU daxkTopa:

a) paccTosiHUe MEXK/Ty YacTUIaMu (MeK 1y IyHKTaMi, KOTOPbIE OHU PO~
JIETAIOT OJHOBPEMEHHO B JIAOOPATOPHOI CUCTEME OTCUYETA) MEHSIETCS;

6) BpeMs TEYET MHAYE;

n 00s13aTEIbHO —

B) B HOBOH CUCTEME 4ACTULbl HEOAHOBPEMEHHO IIPOJIETAIOT HTU CaMble
LYHKTbI, PACCTOHUE MEXKY KOoropbiMu pasuo 1,6 cB. ¢ (B siaboparophoit
cucreme (1) — cM. myHKT a).

Bupouem, MOKHO 3TO caesarh nporie (M. 3a1aay 12).

4) BsIGpOCHI 3BE3, B HEKOTODBIX CIyYasiX <10 MPSIMBIM H3MEDEHHUsIM»
UMEIOT CKOpocTH Oodibiie ¢. Paccrosaue /10 3B€3/1bl M3BECTHO; 3aMEPUIIH Y-
JIOBYTO CKOPOCTD JIBH2KEHUSI BbIOPOCA, IIOMHOXKIIJIA HA PACCTOsHUE — OOJIb-
e c!
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Ty, MmoxkHO cka3arb, ynucras reomerpusi. Hu CTO, nu naxe dusuka
BOOOIIE — HU IIPHU 9EM.

Hampumep, HarmpaBjenue BEIOPOCA COCTABJISET
yrosa 45° ¢ HalpaBjieHueM Ha 3eMJII0, & CKOPOCTb
BbIOpoca — 0,8 ¢ (cm. puc.). Torua 3a cekynuy cme-
menne «B6ox» cocrasut 0,8/v/2 = 0,57 cB. ¢, HO
POBHO HA TaKOE K€ PACCTOSHME BHIOPOC Oy/mer OJm-
e K 3emjie, U CUTHAJ W3 TOYKH B mpugér Ha
SeMJIio He Yepe3 CEeKyHJy IIOCJe HPUXOJA CUIHA-
Jga u3 Touku A, a yxke uepe3 0,43 c. Orcioma HoJy9uM <«CKOPOCTb» —
0,57 cB. ¢/0,43 ¢ = 1,33 ¢!

Onrugeckre npuMepbl 00JIEe YMECTHBI B YeTBEPTOM CEMECTPE, HO JIJIst
UX [MOHUMAHWS IIKOJbHBIX 3HAHUI BIIOJIHE JIOCTATOYHO.

K 3emie

5) ®@asoBasi ckopocTb. TyT 10CTaTOYHO MPOBO3MIAlIeHUs (aKTa, ITO
9TO HE eCTh CKOPOCTh IEPEHOCA MATEPUAIbHBIX 00BHEKTOB.

CKOpOCTh IEpeJIatiu CUrHAJIA — PPYIIIOBasi CKOPOCTh. B norsoniaorei
WY yCUIuBaIoOUlell cpejie OHa TOXKE MOKeT IIPeBbIaTh CKOPOCTb CBeTa B
myctoTe. TemM He MeHee MPOTHUBOPEYUS C TEOPUEN OTHOCUTEIHLHOCTH W B
9TOM CJIydae HeT.

6) Nmnynsc B ycumimBarorieii cpene. Hekoropas cosokyunocrs ¢ho-
TOHOB BXOAUT B TPYOKy (puC. ), 3all0JHEHHYIO yCUJIMBAIOLIEH CPeioi, u
BBIXOJIAT U3 JAPYrOr0 KOHIA TPYOKHU.

Yepes Bpems L/c mosoxkeHne UMITyJIbCa B IyCTOH TPyOKe m300pazKeHo
cupasa Ha puc. 6. Eciu cpena umeer nokasarenb mpesiomiieHus 1 > 1,
HO HE YCUJIUBAET, T.€. IPOCTO CKOPOCTH CBETA B CPEJIE MEHbIIE C, MOy UM
puc. B.

A renepb cpega ycunmBaer, HO ObICTPO HACBIIAETCS, T.€. HOCE yCUIIe-
HUs HEKOTOPO# HOPIUK U3JIyYeHHs CPEJA UCTOMIACTCS U EPECTaéT yCuJiu-
Barh. [lomyunm puc. r, u, ecim, KaK 3TO OOBIYHO ETAETCS, TTPOXOXKJICHUE
AMITYJIbCA (PUKCUPYETCs IO MPOX0XKIACHUIO 00/1acTh HAMOOJIbINEel KOHIIEH-
TpaUMu M3J1ydeHus (4T0 COOTBETCIBYET OLPE/EIEHHUIO IPYILIOBOIl CKOPO-
cru), MozxKer ObITh 110Jly4eHA CKOPOCTb, [IPEBBILAOLIAs CKOPOCTh CBETA B
nycrore. OJHAKO ¥ B 9TOM CJIy4ae HUKAKOW MATEPUAJIbHBINA O0bEKT HE HMe-
er ckKopocTtu, bosbmeii, uem ¢. OOpa3HO roBopsi, GOTOHBI, 3AHUMAIOIINE B
MoOMeHT Bpemenu tg = 0 obsactu Ag, By, Cp, Ha puc. 6 mepeMecTu/InCh Ha,
paccroguue L, u B MoMeHT ¢ = L /¢ 3aHUMaOT COOTBETCTBEHHO MOJIOXKEHMsI
A1,B1,C1. Ha puc. B ¢porounbl 3anumator mojoxkenus As,Bs,Cs, r.e. OHU
MIPOIILIA PACCTOSHUE, MeHbIee L, nX CKOpocTb MeHbIe, deMm c. Ha puc. r
COOTBETCTBYIOIINE TIOPIMK 3aHUMAIOT ToJokenusi As,Bs,Cs, HO (DOTOHbBI
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nopuuu C' «obpociuy 100aBOYHLIMU (POTOHAMU U KazKyTCs <«UCIIOJIHSIO-
muMu 00s3aHHOCTHY (POTOHOB mopiuu B.

il

AoBoCo

Haxkomerr, Hesb34a HE YIOMSAHYTH

7) Taxmousbl, x0T ObI MOTOMY, YTO O HUX R —
VIIOMAHAETCsI B HEKOTOPBIX IIKOJIbHBIX y4I€0- \%ﬁ - \/—\//:
HUKAaX, HE [OBOP: y2K€ O IOILyJIsAPHO JinTepa- <
Type, IPUIEM 3a9aCTYIO TPEIACTABICHUS O HUX AU
M3JIaraloTCA BECbMa HEKOPPEKTHO.

HeiictBurensuo, uncto dopmaabao CTO TonmpKO ycTaHaBIMBAET IPAHU-
Iy — CKOPOCTH CBETA B IIyCcTOTEe — «€6 2Ke He nepeieniny. CyimecrBoBanue
4acTull, BCeryia JBUKYIIUXCA ObICTPee CBeTa, OHA He 3aIIPeIaeT.

Ty, upasaa, BOSHUKAIOT MHUMbIE MACChI, JBU2KEHUE BCIATH BO BPEMe-
HU ¥ HEKOTOpPbIE WHBIE HK30THIecKue CBoicTBa. llo-Bummmomy, mocrarod-
HO HEIPOTWBOPEYWBA JIWINb TUIOTE3d TAXWOHOB, HE B3aWMO/IEHCTBYIOIIAX
C OOBIYHBIM BEIIECTBOM, & TOT/A HEBO3MOXKHO HU JI0KA3aTh, HA OMPOBEPT-
HyTb MX CyIIecTBOBaHue. Brpodem, rumnore3nl, KOTOPbIE HEJIb3s OIPOBEPI-
HYTb, OOBIYHO HE CYUTAIOTCH HAYYHBIMU.
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4. O aByx mMaccax

Hexopomo BBOOUTDH IIOHATHE MaCCBhI TeJIa
M =m/\/1—v2/c?, nna KoToporo
HeJIb34d [aTb ACHOI'O OIIpe/ae/IeHud.
JLydmie He BBOOUTH HUKAKOM IPYToil MacCHI,
KpOMe «MaCCbl IIOKOA» M.

A. Dunwmetn, 1948 r.

IloapobHO mOHATHE MACCHI B PEISITUBACTCKON (DU3UKE MPOAHATHIHPO-
BaHo B crarbe JI.B. Oxyns [11], u xkesal0mum 03HAKOMUTBCS C BOLPOCOM
B MOJTHOM OOBEME CJIeIyeT OOPATUTHCS K ITOM CTAThe.

Eciiu orsiiedbcs 0T 9MOLMOHAJIBHO-3CTETUYECKOI CTOPOHbI siesa (Koro-
PYIO HeJIb3s CIUTATh HE UMEIOLIEi 3HaYeHNs ), OCHOBHbIE apryMeHThl OKyHs
MMEIOT B MEPBYIO OYEpPEeb MMeJArOrnIecKuii XapaKTep.

INoguépkupanne Toro gakTa, 9T0 UMITYIHC MOYKHO 3AITHCATh KaK Mpv,
BBI3BIBAET y OOYUAIOIMINXCS HEYAEPKUMOE KEeJIaHWe CUUTATh YHUBEPCAJIb-
mpIM coornoenue F' = mya.

Bozuukaer myranuna ¢ ynorpebjieHreM CIoBa «Maccay: Macca MOKOs,
Macca JBU2KEHUs, OHA, YK€ «PEeJIITUBUCTCKASA MACCay, & BCTPEYAIOTCH eé u
[IPO/IOJIbHASA U IOIEPEYHAA MACCHI.

YeyryOmagiorcs CI0KHOCTH, CBA3aHHBIE C HEAIMTHBHOCTHIO MACCHI
(«maccbt nokosi» ). Haupumep, asa onunaxosbix Gorona, snepruu E kax-
JIbIii, PA3JIETAIOTCS B IIPOTUBOIOJIOXKHBIE CTOPOHBI. VIMITy/IbC paBeH HYJIIO,
cymmapuasa macca dorono M = 2F. 9to uro? PenaruBucrckas macca,
MACCa JIBUKEHUST UM MaCcCa IOKOst, KOTOPOH HeT y OTAebHOro ¢hoToHa?

Haubomee HempusTHO, YTO PEISTUBUCTCKYIO MAaCCy YaCTO TPAKTYIOT
KaK IIOJIHBII SKBUBAJIEHT I'DABUTAIMOHHON macchl. Mexy Tem, corsiacHo
OTO, cuia, geficrByomias Ha TEJIO B IPABUTAIIMOHHOM I10JI€, CAMA 3ABUCUT
OT BEJIMYUHBI ¥ HAIIPABJIEHUS CKOPOCTH TeJIa.

Tak, B KBA3UHBIOTOHOBCKOM CJIy4ae, KOIZa B [I0JI€ HEIIOABUKHOI'O TeJIa
maccel M aBuMKeTCS JaCThIla, UMEIoasi dHepruio F, Ha Heé neiicTByer
cuia

F=-GML[(1+ ) - (rp)B)

Ecnu Becnomuuts dbopmyity (10), HETPYAHO NOHSITH, YTO BTOPas COCTAB-
JISIOIAs CHJIbI BBI3OBET YCKODEHUE, HAIIPABJIEHHOE 110 CKOPOCTH, 3aTO Iep-
Basl COCTaBJISIONIAs B OOIIEM Cillydae U CO3JAET PaJuajibHOe YCKODEeHHe, U
€T BKJIAJ B YCKOPEHUE, HAIPABJIEHHOE 110 CKOPOCTU. DTa CJIOXKHAsL CUTY-
alys OTpaXkaeT TeH30PHbIA XapaKTep I'PaBUTAIMOHHOIO [I0JId U He IOJJ1a-
€TCA MCTOJIKOBAHUIO C TOYKH 3PEHUA HAJUYUA y YaCTUIbl YHUBEPCAJIbHOM,
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HE3aBUCUMOU OT HAIIPABJIEHUA CKOPOCTH, 'PABUTAIMOHHON Macchl. s 6e3-
MaccoBoll vacruupl (Haupumep, ajs HOTOHA) CHIIA B ABYX LIPOCTEALIMX
cllydadx paBHa

r_ { GME/c*r? upu 7 || B;
T 2GME/c*r? upu r 1 3.

Ecam TpakTOBATH 9TH BBHIPAKEHUSA KAK IPOU3BEICHIE I'PABUTAIMOHHON
Macchl porona Ha MHOETE, GM/r?) To Macca B OJHOM Cilydae paBHA
E/c?, a B npyrom — 2E/c? (1).

[TousiTve «pessiTUBHCTCKAs Macca» yKe MHOTO JIET He YIOTpeOJIsiercs
B HAy4YHBIX paboTax, He BCTPEYAETCS OHO TaK:Ke B y4eOHOIl JIuTepaType 1o
Teoperndeckoii dbusnke, HAIpUMED, B W3BeCcTHOM Kypce Jlanmay [10].

B yuebrukax obrero Kkypca pu3uKu 3TO IMOHIATHAE IPOIOIZKAET IITHPOKO
HCIIOJIb30BATHCS, XOTS PErYIAPHO BCTPEIAIOTCS XaPAKTEPHDBIE OTOBOPKH.

B «®eiinmanoBcKux JieKusX 10 husnkes [2] uziioxKenue ouupaercs Ha
3aBUCHMOCTH MaCChl OT CKOPDOCTH U TE€M He MeHee OTMEeYaeTcs, I4To «dop-
mysna m = mg/+/1 —v?/c? ovenn penko ynorpebisercsa. Bmecro sToro
HE3aMEHUMbIME OKA3bIBAIOTCH [IBA COOTHOLICHUS» — Jajiee CJIeayioT dhop-
myuist (14) u (15) o Hameil mymepanyu.

Bosbiioe BHEMaHUE yIETIEHO «PEJIATHBHCTCKOM Macce» U 9KBUBAJIECHT-
HOCTH Macchl u dHepruu B kuure Kwurrens [3]. Mexnay tem, Ha c. 404
gnraem: «Bmecro ypasuenus (9) [r.e. BMmecro M (v) = M~] nmxe Gyner
[IPUBEJIEHO JIPYTOe YPaBHEHNUE, ... KOTOPOE IIPOIIE IPUMEHSITH».

B kypce Cusyxuna [1] pejsTuBucrcKas Macca yloMUHAETCs, HO B UJ1eli-
HO CBA3aHHOM € y4eOHUKOM 3ajadHuke 1oj pei. dkossesa [5], opnum u3
aBTOPOB KOTOPOTO siBJisieTcsi CUBYXUH, XOTsI M YHOTPEOIAIOTCS CHHOHUMUY-
HO IIPOCTO «Maccay 0e3 MUTETOB U «MACCa IIOKOsI», CIIEI[HAILHO OrOBOPEHO,
YTO «HUKAKOW JIPyro#l Macchl HU B (DOPMYIMPOBKAX 3a/1a4, HA B DEIIEHUIX
HE BCTPEYAETCS».

Busumo, BcE ke DifHinTelH 1paB, U «Jydile He BBOJUTH HUKAKON JIpy-
rofl MacChl, KPOME «MAaCChl HOKOZ» M.

5. HNuTtepBaj, 4eTbIPEXBEKTOPHI U reoMerpusanud OU3UKT

VuBapraHTHOCTD MHTEPBAJIA, MEXKY COOBITHSIME, OYE€BHUIHO, O3HATAET, ITO
BeJWYMHA S2, B UACTHOCTH, HE MOMKET H3MEHATh 3HAK HpH Hepexoie M3
OJIHOH CHUCTEMBI B APYTYI0. DTO JEJIUT MHOXKECTBO 3HAYEHUI WHTEPBAJIOB
Ha JIBa CYIIECTBEHHO OTJIMYAIONIUXCH KJIacca.

Orpanuuumcs Koopaunaramu T u ¢ (nepexoxn K 4 KoopAuHATAM OY€BU-

nen). Ecim s2 = ¢2(At)? — (Ax)? < 0, MBI IOJXOAAIIUM BHIGOPOM CHCTEMBI
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OTCYETA MOXKEM <IIPUBECTU» JIBA COOBITUS K OJHOMY MOMEHTY BPEMEHHU:
B takoii cucreme (s')? = —(Az')? < 0. [louarno, uro Takue cOObITHHA
HE MOTYT OBITH CBSI3aHBI MPUYMHHO-CJIEICTBEHHOM CBA3bI0. BO-TIePBBIX, BO
BTOPOI CHCTEME OHHU MPOUCXOIAT OJHOBPEMEHHO B Pa3HBIX TOYKAX IPO-
CTPAHCTBA, U, 3HAYUT, CUIHAJ O HEKOEM COOBITUU JOJIKEH JIOCTHYb MECTA,
IJIe COBEPIIAETCs €ro CJIeJCTBUE, MIHOBEHHO. BO-BTOpBIX, B 9TOM Cilydae
MOYKHO HaWTH CHCTEMY, [JIe paHbIle coBepiiaercs cobbitue A, HO MOXKHO
HaliTy U cucremy, rae cobbirue B emy mpeamecrByer. Takue WHTEpBAJIbI
Ha3BbIBAIOT 7POCMPAHCIMEEHHONO0IOOHBLMU.

B ciyuae 52 > 0, 1ao60poT, COOLITHS MOXKHO CBECTH K OJHOMY MECTY,
IJIe OHM [IPOUCXOJIAT B PA3HBIE MOMEHTBI BDEMEHHU. JTO, B YaCTHOCTH, O3HA~
4aer, 4To OJHO U3 HHMX MOXKET ObITb CJejCcTBHeM Jpyroro. ZcHo, 4ro B
9TOM CJIy4ae COOBITHS HEBO3MOXKHO «II€PECTABUTH» BO BPEMEHU; B JIIODOI
cucTeMe KOOpauHAT cOObITHe A Mpou3oUIET paHbiie, YeM B, eciii UMEHHO
OHO IIPOUBOIILIIO paHbIe XOTd Obl B OJHON u3 cucrem. Takue MHTEPBAJIbI
HA3bIBAIOT 8pemMeHUNn0dobHbiMU (Wiin 8PeMEeHHONOJ0OHBIMUY).

IlpuBeném nBa npumepa, KOIJA HMCIOJIb30BAHUE IOHATHS HWHTEPBAJIA
MIO3BOJIAET CYIIECTBEHHO YIIPOCTUTH pPeIIeHre 3a/1ad.

3azmaga 11. Crepxkenb mpoJietaer ¢ OOJBIIONR CKOPOCTHIO MUMO METKU,
pacmosiozkeHHOi B 1aboparopHoit cucreme orcuéra K. 3BecTHo, 9TO Bpe-
Msl TPOXOXKJIEHUSI CTEP’KHsS MUMO METKH paBHO At = 3 HC MO 4YacaMm CH-
cremel K mw At' = 5 Bc mo 9acaMm cucrembl K, CBA3aHHOHA CO CTEPIKHEM.
Oupenenure COOCTBEHHYIO JJIUHY CTepxKHs (T.€. ero jyuny B cucreme K').

v Paccmorpum gBa COOBITHST — COBMEIIEHUE ¢ METKOH MEepeIHero W 3a/1-
HEro KOHIIOB CTEPKHS — B JBYX CHCTEMAaX KOOPIUHAT.

B cucreme K 31mm cOOBITHS MPOUCXOIAT B OJHOW TOYKE, W HHTEPBAJ
MezKJly HUMH onpejenserca pasencrsom s = (cAt)%. B cucreme K’ pac-
CTOSIHUE ME2K/Iy TOYKAMU, B KOTOPBIX IPOMCXOJAT 9T COObITHUS, KAK Pa3 U
ecth cobcTBenHas jynHa crepxkus, T.e. (s')2 = (cAt')? — (Ip)2.

B cuy nHBapHaHTHOCTH HHTepBasa s> = (s')2. I OKOHYaTe bHO TIOTy-
aaem lo = [(cAt')? — (cAt)2]1/2 =4 cB. uc=1,2 M. A
Sagaua 12. BcnmoMHEAM 9acTHUIBL, JIETAIIAE HABCTPETY APYT APYTY CO CKO-
pocramu 0,8 ¢ kaxaas oraocurenbHo 3emyu (IIpusokenue 3, npumep 3).
B HeKOTOpBIi MOMEHT BpEMEHW OHM HAXOIWJIWNCHL HaJ myHKTamu A m B,
paccrogHue Mex/ly KoropbiMu (B j1aBOpaTOPHOll cucreMe) cocraBisiio | =
= 1,6 cB. ¢, u BCrperuuch onu 4depes Bpemsa At = 1 ¢ — 1o yacam Jj1abo-
PaTOPHOII CUCTEMBI.
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Yepes kakoe BpeMs OCJIE MPOJIETa, K IPUMeEpY, HaJl TOYKO#i A coorser-
CTBYIOIIAs YACTULA BCTPETUTCS € JPYrO#l — IO CBOUM 4Hacam?

V¥ B s1aboparopHoil cucreMe paccTosiHue OT TOYKU A 110 MecTa BCTpedud —
/2, npomexkyToK Bpemenu Mexay cobbirusvu — At. B cucreme orcué-
Ta, CBABAHHON C JacTHIeil, COObITHS — TPOXOXKIeHNe TOYKU A u BCTpeda
YaCTHI, — OJHOMECTHBI. VI3 MHBApMAHTHOCTU WHTEpPBAJA HEMEIJIEHHO IO-
JIydaeM UCKOMOE BPeMs:

PP —Pi
C

=0,6 c.

To ke camoe, KOHEYHO, [TOJIyIA€TCsI U U3 COOTHOLIEHUS MEXkKy <«JIabo-
PaATOPHBIM» U COOCTBEHHBIM BpeMeHaMu: ty = /7. A

EC.HI/I BBIIIACATH Hpeo6pa30BaHI/IH I/IMHy.HbCa nu 3HepI‘I/II/I
Py =T(p. —VE/P), p,=py, p.=p., FE =T(E—-Vp,),

HETPYHO YBHUIETH TOJHYIO aHAJIOTUIO C TPE0OPA30OBAHUIMU [IJIsi KOOD/IU-
HAT ¥ BPEMEHU MPU COTIOCTABJIECHUN:

. E
T—=Pe, Yo Py, 2P, o4 (mmict —i—).
c c
Takwue, npeobpalzyembie «10 Jlopeniry», koMOuHaIMKU UMEIOT 0bOIIEe HA-
3BAHUE — YeMbPELGEKMOpPo, (TOJIBKO YTO Mbl BBINUCAJU 4-BEKTOD HM-
nysnbca-sHepruv win 4-umnysbe). OueBUIHBIM AHAJOIOM MHTEPBAJIA, WH-
BAPUAHTOM JIJIst JAHHOTO 4-BEKTOPA CJIYXKHUT BEJIMYUHA 1MC:

4
(me)® == i,
i=1

A€ pi — Pz, Py, Dz ZE/C

ITomo6HBIM 0OpPA30M BBOAATCS TAKXKE 4-BEKTOPBI CKOPOCTH, YCKOPEHUSI,
cuiibl. Vcnonmb3oBanue 4-BeKTOPHOTO (pOpMaIn3Ma, MOXKET 3aMeTHO 00Jer-
YUTH PEIeHne MHOTUX 33,39, B OCOOEHHOCTHU JIOCTATOYHO IPOMO3IKUX.

Tak, UCO/IB3Ysl MPUBEIEHHDBIE UyTh BBIIIE MPEOOPA30OBaHUs st 4-UM-
11yJIbCA, COBCEM HETPY/JHO HOKA3aTh MHBAPUAHTHOCTH Bejmuunbl B2 — P?
JIJIsl CUCTEMBbI, COCTOSIIEH U3 ABYX YACTULL, JBUXKYIIUXCS [MAPAIIIEIBHO OCH
x (M mapajuenbHo ', KOHEYHO).
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IMycrs umnynbest (Py) u snepruu yacrun (E) paBHbl COOTBETCTBEHHO
Py, P, u Ey, E>. B cucreme K unsapuant pasen (E1 + F2)? — (P, + P)?.
Beeném qyist cokpaienus 3anucu obosuagenue B = V/c. Torma

Pll :F(Pl —BEl); Ei :F(El —BPl);

IMosyyaem s unBapuanTa B cucreme K':

(B + Ey)* — (P + Py)? =
=T%{[(E, —BP,) + (E1—-BP,)]> — [(P, — BEy) + (P, — BE,)]?} =
=T*(1-B)[(E1 + E2)* — (PL + P2)*) = (By + E2)* — (P + P»)?,

4YTO, KaK FOBOPHUTCS, U TPeboBajIoCh J0KA3aTh.

B o ke Bpems npuMmenenue npeodbpasoBanus ckopocreii (7) ¢ nasbHeii-
mumM pacuérom sesmuud E' u P’ jaxe jjig sToro 1pocrefiliero ciy4dast
[IPUBOIUT K BECbMa IPOMO3IKAM MIPEOOPA30OBAHUSIM.

PaccvoTrpum emé onay 3amaty.

3amaua 13. Ilpu 6oMOapaupOBKe IPOTOHAMHU HEIOJIBUKHBIX sJIEp H30-
Tomma renus SHe cymMMapHas DOTHAS SHEPIHS JBYX WACTHIL B CHCTEMe HX
IeHTpa WHepnuu paBHa F = mpc2 - 2/5. Onpenennre CKOPOCTH IIPOTOHOB
B s1abOPaTOPHOiL cucTeMe OTCYéTa.

Vv Bgeném obo3nadeHusi: CKOPOCTH MPOTOHA — (3, €ro peIsTUBUCTCKUN
bakrop — v, k=3 un =2V5.
nBapraHTHOCTD YHEPTUU TTOKOS TAET

(v +k)? =267 =n®.
Tx.v3(1-3%) = 1, umeem 14+2ky+k? = n?. Orcionay = (n?—k?—1)/2k =
= 5/3 u, nakonen, 5 = 4/5. A

O/ iHaKO, HA B3IUIsLJ] ABTOPA, B PAMKAaX Kypca obiei (pu3uku 1mepBoro
CeMecTpa BPsiJl JIM [EJIECO0DPA3HO yIeIATh YEeThIPEXBEKTOPAM MHOIO BHU-
MaHUS.

* kX

Yerpipéxmeproe mpocrpancTBo I, MUHKOBCKOIO U 9eThIPEXBEKTOPHBII
dopmammsm Crernua bHO TEOPUH OTHOCHUTEILHOCTH — IEepBLIE IIard Ha
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nyru reomerpusdanuu pusuku. JlanpHeilimnue mary He 3acTaBUIn CeOs
KJIaTh: UCKPUBJIEHHOE, PUMAHOBO npocrpancreo OOmeil Teopur OTHOCHU-
resibHOCTH DitHmTeiina (1915), nonbirku (npaBga, MajONPOILYKTUBHBIE)
CBe/I6HUS 3JIEKTPOMATrHETU3MA, K TEOMETPUN H-MEPHOTO MPOCTPAHCTBA-BPE-
menu (D. Kueiin, 1901; T. Kanyua, 1921; O. Kueiin, 1925) u rak jasee
BILIOTH 210 reoMerposunamuku Jk. Yuiepa (1960) u coBpeMeHHbIX 1IO-
nbITOK cBecTu (u3uky K reomerpuu B 11-MEPHOM HPOCTPAHCTBEHHO-BPE-
MEHHOM KOHTUHYYMeE.

Ecnu nocreuane 0KaXKyTCs yAadHBIMU, TTOATBEDINTCH BBI3BAHHBIN ii-
dopueit or reopuit iinmreiina adopusm A. Daaunrrona: «B mupe Her
HUY€ero, KpOMe NCKPUBJIEHHOI'O [IPOCTPAHCTBAY. BripoyeMm, «HeT HUYEro HO-
BOroO 1o/ costareM» — emé B 1870 r. arrmmiickuit maremaruk Y. Kiauddops
ckazaut: «/I3Menenne KpUBU3HBI MPOCTPAHCTBA U €CTh TO ABJIEHHUE, O KOTO-
POM MBI TOBOPUM KaK O JABUKE€HUU MATEPHUU ».
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