®dusznyeckas cymHocts CTO
A K. IOxumen, Anatoly.Yuhimec@Gmail.com

B mannOl paboTe mokasaHo, 4To cneyuanvras meopus omuocumenvrocmu (CTO)
A. DiiHIITeiiHa, BONPEKH TOMY, YTO CKa3aHO Yy Hero, (hakTHYeCKH IOCTPOCHA B
COOTBETCTBUH C npejacrasiaeHusmu I'.A. JlopeHua. Jlornuecku npaBUIbHO BBICTPOEHHAs
€€ TpPAaKTOBKA HE COJEPKUT HU IIPOTUBOPEYMM, HM MapagokcoB. M riaBHOe — OHa
OTKPBIBAET MYTh K MOCTPOSHHUIO TEOpUHU 3PHpa, a CICIOBATEIbHO, U (PU3UKHU TOJCH U
3JE€MEHTapHbIX 4YacTul. QPusuueckas cywHocms CTO 3akimrouaercs B TOM, 4YTO,
MIOCTPOUB MO ONpPeAENEHHBIM MpaBuiaM unepyuanvuyto cucmemy omcuéma (MCQO), Mbl
YK€ YUCTO TEOPETUUECKUM MYTEM MOKEM U3YydaTh aOCO0mHble IBUKEHUS B IPUPOJIE.
OTO, Ope)kae BCEro, Kacaercs CKOPOCTEH, COM3MEPUMBIX CO CKOpPOCTBIO CBeTa. A
MMEHHO C TaKOM CKOPOCTHIO PEAIbHO IMPOTEKAIOT KaK 3JEKTPOMArHUTHBIE SIBJICHMS, TaK
Y TIPOUCXO/IST Pa3JINYHbIC IBHXKCHHSI HA MUKPOYPOBHE.

Bgenenue.

Kak xopo11o u3BecTHO, TOCTPOCHUEM TEOPUHU, KOTOpas mocie padoT A.
OWHIITENHA CTana Ha3bIBaTbCS CHEYUATbHOU meopueti OMHOCUMETbHOCMU
(CTO), em€ 3a0ar0 10 HEro 3aHUMAJCS TOJUIAHJICKUN (PU3UK-TEOPETUK
I''A. Jlopenn. OH cuuTai, 4TO TEOpHsS MNOJDKHA CTPOUTHCS HA OCHOBE
npeacTaBiieHnii 00 aOCOMIOTHO HEMOJBMKHOM TpocTpaHcTBe HbioTOHA U
00 abCcomoTHO TekymeM BpeMeHu. Ho Tak Kak yxe mociie CO3AaHus
OIITHUKH, & TIOTOM M AJIEKTPOJUHAMUKHN (PU3UKH MIPHUIILTA K HEOOXOJUMOCTH
«BaTOJIHUTBY Nnycmoe TIPOCTpaHCTBO HhI0TOHA HEKOTOPHIM MaTepUaTHHBIM
abpupoM, TO B HEM U CIEIOBAJO paccMaTpUBaTh MPOTEKAHUE BCEX
(bU3UYECKUX MPOIECCOB.

YtoObl coryiacoBaTh pa3padaThbIBa€MyI) TEOPHUI0 C pe3yJbTaTamMu
U3BECTHBIX K TOMY BPEMEHHU IKCIIEPUMEHTOB, JIOpeHIl MpHUIIEN K BHIBOIY,
4TO BeCh dDUp 6 yerom CcIeAyeT CUUTATh HEMOJBHKHBIM, & CKOPOCTh
pacnpoCTpaHEHUs CBETa OT TOYKM H3IY4YEHHUs, PaBHO Kak W JPYTHUX
BOJTHOBBIX DJIEKTPOMArHUTHBIX TIPOILIECCOB B HEM, MOCMOAHHOU W HE
3aBUCSIIEH OT CKOPOCTH JABMIKEHUS UX UCTOYHUKA. JTOT BhIBOA JlopeHua o
HETOJABMKHOCTH 3PUpa 6 yerom KazaJlics CIHUIIKOM TPOTHBOPCUYUBBIM U
MaJIOBEPOSITHBIM. D(Up A0JKEeH ObLI, C OJJHOM CTOPOHBI, Kaxk Obl 00J1a1aTh
KOJIOCCAJIbHOW YIPYTOCThIO MU, B TO € BpeMsl, HE OKa3bIBaTh HUKAKOTO
COMPOTHUBJICHUS ABMXKeHUI0 Tel B HEM. K Tomy ke JlopeHily mpuIioch
cAenaTh € U JONYUIEHUE O COKpawjeHuu IIIMHBI T€l U O 3amMeOdneHuu
X00a 4acoB MPH UX COOCTBEHHOM (abcoomHom) ABWKEHUH B ddupe. D10
MO3BOJIMJIO  PACIPOCTPAHUTh  W3BECTHBIH B MEXAHUKE  NPUHYUN
omnocumenvrocmu (I110) nHEpIMATBLHOTO IBUKEHUS, YCTAHOBJICHHBIN €111¢
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B cBo¢ Bpemsa [. Tanmmieem uisi MEeXaHMYECKUX IPOILIECCOB, U Ha BCE
ONTUYECKHE U JIPYTUE DIIEKTPOMATrHUTHBIC SBJICHHUS.

[10, no cymu, rmacuit 0 TOM, 4TO (PU3NYECKUE SBJICHUS IO OTHOUIECHUIO
K JIBIDKYILEUCS C TOCTOSHHOM CKOPOCTBIO UHEPYUATLHOU CUCmeMe
omcuéma (UCO) mnposiBISAIOTCA TOYHO Tak ke, kak eciu Obr UCO
HaxoJujJach B aOCOJIOTHOM IOKOE OTHOCHTENbHO 3¢dupa. Ho mis sToro
NPUILIOCh BBECTH e€mi€é OJHO HOBIIECTBO. B aBmxyielcs cucmeme
omcuéma (CO) Hy)XHO OBLIO co2nacoéams NoKazanusi IPUMCHIEMBIX B HEH
Pa3HOMECTHBIX YacoB MO BCeMy €€ MPOCTPAHCTBY C MOMOIIbIO CBETOBBIX
CUTHAJIOB, YYWTBHIBas BpEeMsI MX pPacCHpOCTpaHEHUsI OT TOYKU K TOUKE.
Co0OcTBEHHO mobKko nocie smozo oHa u cranosuiacs MCO.

M xoTs OBIII0 U3BECTHO 3apaHee, YTO CKOPOCTh CBETA HE MOCTOSHHA TI0
otHoueHuto k cucmeme xoopounam (CK) nmBuxymeiics MCO, cBepsis
MOKa3aHUs Pa3HOMECTHBIX YaCOB B HEH, 3Ty CKOPOCTh MPHUIILIOCH TIPUHSTH
paBHOM BelWYMHE AaOCOJIOTHOM CKOPOCTH CBETa ¢ B HEKOTOPOU
HEMOABWXHOU B aupe abconromuoul cucmeme omcuéma (ACQO), KOTopyto
MOJKHO OBLIO MPEICTABUTh Ce0€ JIHIIb MblceHHO (YUCTO Meopemuiecki).
IMeHHO 3TO, BMECTE C TEM, YTO OBUIO MPHHATO YXKE paHee, U MO3BOJIHIIO
coxpanurts [10.

Cucmemy coenacosanubix MEXIYy COOOM pPa3HOMECTHBIX 4YacoB B
aprxkymuxcas  MCO, NOo3BOJSIONIYIO  BBIIOJHATh — pecucmpayuu  ux
NOKa3auwuii BO BCEX TOUYKaxX cucTtembl, JIOpeHIl Ha3Bal «MECTHBIM
BpEMEHEM», T.€. YCI06HbIM, B OTIMYHE OT pedaibH020 AOCOTIOTHO TEKYIIETO
BpeMmeHu meopemuyeckou ACOQO. Ilocnennioro JlopeHi Ha3bIBall MPOCTO
noxosiweticss CO, HO Mbl Oynem Ha3biBaTh €€ U Aanbiine ACO.

Uto 5T0 OBUIO JEWCTBUTEIBLHO TaK, BUIHO U3 CICAYIOIIMX CJIOB
dbpannysckoro yuénoro A. Ilyankape. B cBoém poxnane «Hacrosiee u
Oynymee marematudeckoit ¢usuku» B Cent-Jlynce B 1904r. on Tak
nepeckaspiBacT paccyxkiaeHus Jlopenma: «lIpemcraBum cebe  aByX
HaO0aTeNeld, KOTOpPHIE XOTSAT BBIBEPUTh CBOM Yachl C ITOMOIIBIO
ONTHYECKUX cUTrHajioB. OHM OOMEHMBAIOTCS CUTHAJIaMU, HO, TaK KaK UM
M3BECTHO, YTO PACHPOCTPAHCHUE CBETA HE MTHOBEHHO, OHU MOCHUIAIOT UX
nepekpectHo. Korma B myHkT B mnpuxoaut curhan u3 myHKTa A, TO
HaXOJAIIMECSd B HEM Yachl JOJDKHBI MOKAa3bIBaTh HE TO BpPEMs, KOTOPOE
MOKa3bIBaJM 4Yachl MyHKTa A B MOMEHT OTHPABJICHUS CUTHaja, a BPeMs,
YBEIIMYEHHOE Ha MOCTOSHHYK), PAaBHYI [JIMTEIBHOCTH MEPEAAYU.
[Tociie 3Toro vacel orperynupoBasbl. M 1€MCTBUTENBHO, OHU MOKA3bIBAOT



OJIMHAKOBOE BPEeMsl B OJIMH U TOT k€ (PU3MYECKUI MOMEHT, HO TIPH OJTHOM
YCIOBUH, YTO 00a MyHKTA - HENOJBIKHBI. B NPOTHBHOM Ciydae
JUTATEIBHOCTD Mepeaayn OyIeT He OJHOM M TOM K€ B BYX HAlpaBJICHHUSX.

Yacel, OTperyaupoBaHHbIC TaKMM 00pa3oM, He OyayT IOKa3bIBaTh
ucmunnoe épems.. OHH TOKAa3bIBAIOT TaK HA3bIBAEMOE MECMHOE GpeMsl.
OnHU U3 HUX OTCTAIOT. DTO HE MMEET OOJBIIOrO 3HAYCHHMS, ITOCKOIBKY Y
HAC HET CPEACTB 3aMETUTh 3TO. ... TakuM 00pa3oM, Kak 3TOro Tpedyer
NOPUHIAIT  OTHOCHUTEIBHOCTH, Yy HaOmomaresis He OyaeT HHKaKon
BO3MO)KHOCTH Y3HATh, HAXOIUTCS M OH B TOKOE€ WM B aOCOIIOTHOM
JIBIOKCHHM. ...

Wtak, B mocieaHee BpeMs MPHHIUAI OTHOCHTEIBHOCTH MYXKECTBEHHO
orcrosutn.» [1. c. 565-567].

JlopeHny Takke myTéM MmojOopa HaAmEN M ONpeAes€HHYI0 (QopMy
peodpa3oBaHuii IPOCTPAHCTBEHHBIX M BPEMEHHBIX KOOPAUHAT Pa3IM4YHBIX
moueunwvix cooermuti ot ACO k aBmwxkymeics NCO. Dtu npeobpazoBaHus
MO3BOJISUTH COXPAHUTh OJHY U TY Ke (opmy usuueckux 3aKkoOH08, KaK 10
otHomeHnro Kk ACO, Tak W 1o OTHoueHuto K aABwkymeiica HMCO.
BrocnenctBun oHU OJIyYWIIM Ha3BaHue npeoopazosanuti Jlopenya (I11).

JlopeHtl, KOHEYHO, TOHUMAJT HEKOTOPYIO MCKYCCTBEHHOCTH TIOCTPOCHUS
cBOci Teopun Ha TO BpeMsi. OTHAKO OH HAAESUICS, YTO B OyAyIIEM yaacTcs
BCE TPHUHSATHIC AOMYIICHUS, YKE KOC8EHHO OIMPABIIMECS HA HM3BECTHHIC
(dakThl, KaKk-To 000CHOBaTh W Oosee cTporo. M To, 4TO TEOpHUs XOPOIIIO
COTJIaCOBBIBAJIACH C IKCTIEPUMEHTOM, BCEJISIIO HAMEKIY, UTO OTO PaHO WM
MO3/THO YAACTCS CIEJaTh.

Ho tyr B 1905 r., HeoxuIaHHO IS BCEX, MOSABISETCS CTaThs
IIPAKTUYECKA HUKOMY HEW3BECTHOrO B TO Bpems A. OuHmTenHa «K
AIEKTPOJAMHAMHUKE JBMXKYIIMXCSA Tem». B Hell BrepBbie  JaéTcs
CHUCTEMAaTHYECKOE U ITPAKTUUYECKHU MOJIHOE U3JIOKEHUE TEOPUM, Ha3BAHHOU
no3zxe CTO. Jlanee Bce cchlmku Ha A. DifHIITEHHA OyIyT NaHbl MO €rO0
«Cobpanwuro Hayunsix Tpya0B» (CHT) B 4-x Tomax [2].

[TocTpoeHue 1000 HaydHOM TEOPUU OMUPAETCS, MPEXKAE BCEro, Ha
XOPOIIIO YCTAaHOBJICHHBIC ONBITHBIE (DaKkThI. M, TeM HE MeHee, B TEOpHUH KOe-
YTO BCE K€ MPUXOAUTCS npeodnonodxcums (T.€. TOCTYJIUPOBATH). ITO HEUTO,
TOXKE CBSI3AHHOE C HAIIMM OIBITOM, HO BCE € B ONPEACIEHHOW MEpe U
HECKOJIBKO OOMbICIeHHOe HaMH Kak HE UMEIOIIEe CTPOroro H
OJHO3HAYHOTO J0Ka3arenbcTBa. HO mocTynarel B T€OpuH - 3TO T€, XOTH U



HE JIOKa3aHHbIE CTPOro, HO KpailHe HEOOXOIMMbIE 3BEHbsS, 0€3 KOTOPBIX
MOJIHOIEHHYIO TEOPHUIO MOCTPOUTHh HUKAK HEJIb3sl.

Co BpeMeHeM IPUHSATHIE MOCTYIATHl MOTYT OBITH CTPOTO JOKA3aHbI WU
OTBITHBIM TyTEM, WM TEOPETUYECKH, W CTaTh YK€ TOJHOIICHHBIMU
¢daktamu, uto eme 6osaee ykpenuT Teopuro. Ho ecnu kakoit-nu6o mocrynar
HE OMPAaBJIAETCs, TO YK€ TEOPHUIO CIEAYET MmepecMoTpeTh. JKenaTenbHo BeE
’Ke, UTOOBI TaKUX NPeononodiceHuti B TEOpUU ObIJIO KaK MOKHO MEHbIIE. A
TaKk Kak enié M CeroJHd akaJeMuueckas HayKa BHYIIAET BCEM, YTO
siHINTEHOBCKass TpaktoBka CTO mocTtpoeHa Ha npumsmuu 6ce2o auub
08yx nocmyaamog (A 3TO CTaBUTCS €d B 3aciyry), To OyjaeM 10 XOay
U3JI0’KEHUS OTMEYaTh, YTO HA CAaMOM JIeJIe 3TO JIalieko He Tak [3].

Camo moctpoenne CTO y DUHIITEHA HECKOJIBKO HEOXHUIAaHHO. OHO
HAYMHACTCS C YCTPAHEHUS U3 TEOpUH aOCOIIOTHOTO MPOCTPAHCTBA, BMECTE
C Kak ObI 3amOJHSAIOMUM €ro 3QupoM, U abCOTIOTHO TEKYIIEro BPEMEHH,
YTO YK€ Ha TO BpEeMsl cyumaiocv ocHosou pusuku. Ilpunumaemcs, 94To BCe
TeJa, a TAKXKe DJIEKTPOMArHUTHBIE MOJISI CYIIECTBYIOT Ha PaBHBIX B MOJIHOM
nycmome. lIlycrora Oe3rpaHuyHa, HEWTpajibHa M BCE JIBIDKCHHS B HE
HOCST JUIIb omHocumenvhbll Xapakrep. Ha 6aze moboro TBEpaoro tena,
€CJIM OHO Ogudicemcsi 0€3 YCKOpeHHUs (T.€. IO UHEPIIMU) MOYKHO MOCTPOUTH
NCO, npuroanyto A U3y4eHHs! pa3IMUHbIX (PU3HMUECKUX SIBJICHUI, KpOME
rpaBUTAIMH, KOTOPAs MOKa MPOCTO UCKII0YEHA U3 PACCMOTPEHHUSI.

VYaKe 37eCh MbI TOJDKHBI OTMETHTD MOsABICHUE nepeozo (1) nocmynama,
4TO peanvbHOoe MUpo8oe HpoCmpaHcmeo ABisercs nycmomoit. Otcrona
cobcmeenHoe JBWXEHHE JIOOBIX (U3MUECKHMX OOBEKTOB B peaJbHOM
MHUPOBOM TPOCTPAHCTBE ympauusaem 6CAKULl CMbICl, U BCE UX ABWKCHUSA
00va671AI0MCS TN OmHocumenbHulMu (TI0 OTHOLICHHUIO IpYT K apyry). U
3TO yKe émopoii (2) BBOOUMBIN B Teoputo nocmyaam. C Ipyroi CTOPOHBI,
mobas MCO B Teopum cTpouTcss Ha 0Oase Tena, ABUXKYIIETocs Oe3
yckopenus. Ho Tak 3TO € W €CThb XapaKTEepPUCTUKA COOCHEEHHO20
IBUKEeHUs Tena. U TyT HaluLo yxKe JiocuyecKoe npomueopeuue B TEOPUH.

JIrobass UCO Bkiouaer B cedsa kEcTkyro mnpoctpaHcTBeHHy0 CK,
Pa3MEUEHHYIO C IOMOIIbI0 OOUIENPHUHITOrO 3TajJOHA [JIMHBI, a TaK¥kKe
(U3UYECKYIO CHUCTEMY u3MepeHusi BPEMEHH, KaK CyuTadl OWHIITEWH.
[Tocneqnsis mpeanoJiaraeT HaJIMYMUE B JIFOOOW MHTEpECYoleld Hac TOYKe
CK HemoaBMKHBIX M TaK)Ke OOIICTIPUHSATHIX ITATIOHHBIX YacOB, TOKA3aHUS
KOTOPBIX CBEPEHBI MEXKIY cOOON TeM ke crocodom, uto u y JlopeHua, ¢



MOMOIIIBI0 CBETOBBIX cHUTHaNOB. Ilpolenypa cBepkM YacoB Has3BaHa
KCUHXpOHU3ayUell ux xo0a» N cuumaemcs, 4To TMOCIe 3TOTO BCE Yachl B
NUCO «uoym 6 ¢pasze» [2, 1. 1, c. 149]. U xorsa DHHIITEHH HUYEro Oojee K
TOMY HE JJOOABIISIET, BCE XKE MONUANUBO NPEeOnoaacaemcs, YTo eclii Obl Mbl
MOTJII OKHHYTh BCE€ Yachl B CUCTEME «MTHOBEHHBIM B30POMY, TO 8 JH0001
Momenm yBUIEAM Obl HAa HHUX 0OUHAKOGble TIOKA3aHUsS, YTO W JAaéT
BO3MOXKHOCTh B CHCTEME€ u3Mepsims BpeMs JOaxe IO TMOKa3aHUAM
pa3HOMeCTHBIX 4acoB. OHAKO cyumamv, 4YTO BCE PA3HOMECTHBIE Yachl B
NCO uodym 6 gpaze — 310 ouepennoit nocmynam (3).

Eciu cHOBa BCHOMHHUTBH Takylo >K€ MPOILENYpY CBEPKH 4YacoB Yy
Jlopenia, To Tam, kak ckazaHo y Ilyankape, yacel uayt B aze nuuib B CO,
nokoseics B a¢upe, T.e. uib B ACO. A Bo Bcex apuxymuxcs MCO
OHU BOBce He udym 8 ¢paze. Kak ckazano y Ilyankape, «0JHU U3 HHX
orcraioT». ®pa3a He coBceM yaauHa. [loaToMy MOSICHHM, YTO peub B HEl
pearbHO UAET O TOM, YTO HNOKA3AHUs PA3HOMECTHBIX YacOB BOBCE He
CUHXPOHU3UPOBAHLL, A C TIOMOIIBIO CBETOBBIX CHUTHAJIOB  JIUIIb
oTnpeneEHHBIM 00pa3oM ynopsaoouensl (COTIACOBAHbBI) MKy COOOM.

IToka3zaHusi pa3sHOMECTHBIX YacOB 10 X00)y aOCOJIOTHOTO JBHXKCHUS
NCO uMerT HEKOTOpBI 3aKoHOMepHbll cO8ue TO OTHOUIEHUIO APYr K
Ipyry. M 5TOT cABUT B MOKa3aHUSX PA3HOMECTHBIX YACOB 3aBUCHUT KaK OT
PACCTOSIHUS, PAa3ACNAIONIETO Yachl, TaAK MU OT CKOPOCTH COOCHMIBEHHO20
(abcomotoro) aemxenus MCO [4]. Tem cambiv ACO ué€TKo BBIZICTICHA W3
Bcex apyrux Bo3moxHbiX MCO [5]. B He#t Bce ¢usuueckue sBACHHUS U
CYIIECTBYIOT CaMHM I10 ce0e M JICUCTBUTEIBHO MOTYT KaK Obl HAOIMIOAATHCS
U U3MEPSIThCA B DJTOM CBOEM CaMOCTOSATEIIBHOM CYIIECTBOBAaHUU C
MOMOIIIBI0 OOMIECMPUHATHIX ATAJOHOB JJIMHBI U BPEMEHU. DTO TO3BOJISET
O0OBEKTHUBHO OIHUCATH KaK Obl HabI0Oaembie SIBICHUS MaTEMAaTUYECKHU.

[Touemy 37ech caemaHa OroBopka «Kak Ob»?  DTO  OYEHb
CYIIECTBEHHBIH ~ MOMEHT,  KOTOPBIA  TpeOyeT  JOMOIHUTEIbHBIX
pPa3bsACHEHUN.

Bo-nepsrix, Hu B ACO, Hu 1em 6osee B nuxymeiics MCO, Mbl He
MOXEM peanbHo HabIodams MpoTeKarollee IBJIeHUe 6cé cpazy. s atoro
MBI JOJDKHBI ObUIM OBl 00J1alaTh BO3MOJXKHOCTBIO 6 000U MOMEHm
OXBaThIBaTh BCE SIBJICHHE YIOMSHYTHIM BBIIIIE «MTHOBEHHBIM B30POMY,
KOTOPOTr'O PeajbHO y HAac HET. BOT MO3TOMY HaMm M HYXHBI B K&KJIOM TOUKE
CK 4acsl, CBEepeHHBIE C TOMOIIBIO0 CBETOBBIX CUTHAJIOB. Toraa peajibHO Mbl



CMOXEM B JII000HM cucTeMe pecucmpuposams JHIb ONPEICIEHHBIE
moueynvie cobbimus, XapaKTEPU3YIOIIUE H3y4aeMoe SBJICHHE B €ro
nposiénenuy N0 OTHOUIECHUIO K JaHHOW CUCTEME. 3aTeéM IO BBIITOJIHEHHBIM
perucTpanusaM Juiib B meopemuyecku muicaumoiu ACO Mbl MOTIU OBl
cellaTh KapTUHKU SIBJICHHUS B pa3Hble MHTEPECYIOLIUE HAC MOMEHmbl, a
YK€ 110 HUM U C/IeJIaTh HEOOXOAUMBIE U3MEPEHUSL.

Bo-BTOpBIX, MOKHO CKa3aTh, YTO, HAONIO/AAs MO CHECIAHHBIM KakK Obl
MIHOBEHHBIM KapTHHKaM Kakue-nmubo sBineHus u3 ACO, Mbpl K caMuM
SBJICHUSIM HHMYEr0 HE «IOAMEIIMBaeM». A BOT IpPU aHAJIOTHMYHO
BBIMIOJIHEHHBIX «HAOJIIOICHUSAX» SIBICHUA MO PErucTpanusM TOYEHHBIX
coObrtnil n3 asmxymuxcs MCO ckazarb 3toro yxe Henb3si. B UCO yxe
HET eO0uHbIX BPEMEHHBIX MTOKA3aHUI 10 €€ OTHOCUTEIIBHOMY IIPOCTPAHCTRBY.
N3MeHnn1ch He TOJBKO €€ OOIIENPUHATHIE ATAJIOHbI JJIMHBI 1 BPEMEHHU, HO
MPOCTPAHCTBEHHBIE U BPEMEHHbIE KOOPAMHATHI U3-3a CO8U2A NOKA3AHUL
yacoe BHONb HampasieHus aBwkeHuss CK oOpasyior Ttenepp B Hel
HEKOTOPYIO HEPA3IEIUMYI0 IPOCTPAHCTBEHHO-BPEMEHHYIO KOHCTPYKIUIO.

OTO M €CTh TO, YTO HECKOJBKO IMO3XE ObLIO HAa3BAHO NMPOCMPAHCMEO-
épemsn (I1-B). Temeph COOCTBEHHBIE MPOCTPAHCTBEHHBIE W BPEMEHHBIE
XapAKTEPUCTUKU «HAOII0IaEMOr0o» (PU3HUECKOTO SIBICHHUS HEM30EKHO Kak
OBl «CMEIIMBAIOTCS € TPOCTPAHCTBEHHO-BPEMEHHBIMU XapaKTEPUCTHKAMHE
camoit koHCTpykiuu MCO (¢ e€ 11-B), u3 xoTopoit oHU «HAOIIOIAIOTCA U
usmepstoTes» [6]. OmHako mpu ATOM, OMKUCHIBAs «HAOIIOIAEMOCY SIBIICHHE
MaTemMaTHuecku, B cooTBeTcTBUM ¢ [IO MbI momydaem Ty *e ¢popmy
@uzuneckux 3akonog, uto u B Teoperudeckoir ACO.

Uro ke kacaercs noaxona JUHIITENHA, TO y Hero Bce MCO mwviciamesn
(uHAYE nocmynupyromces) cosepuieHno oourakogvimu (nocmynam 4). Bee
OHM, 1O CyTH, muiciamces Kak ACO (UMEIOT Kaxaash c8oé OJHOPOAHOE U
M30TPOITHOE MTPOCTPAHCTBO U C80€ €IMHOE BPEMSI), HO MPHU ITOM SIKOOBI BCE
BMECTE CYIIECTBYIOT U MEPEMEILIAIOTCS B 1YCHMOM MHUPOBOM MPOCTPAHCTBE
OTHOCHUTEJIBHO JIPYT JIpyra Ha paBHbIX. Kak mogyepkHysa OH B OJHOU W3
MOCJICTYIOIITUX CBOMX PabOT, «JIBE CHCTEMbI HE MOTYT OTJIMYAThCS OJHA OT
JPYTOM...HEJNeno OTBOJIUTH OCOOYIO pOJb OJHOM M3 CHCTEM, cuuTas eé
HETIOIBYDKHOM TI0 OTHOIICHHIO K 3dupy» [2, T. 1, c. 145].

DTOT nocmynam NOAKPEIUISIETCA €IIE€ W CHACTAHHBIM OWHINTEHHOM
npuMeudanuem: «B nmanpHeieM Mbl Bceraa OyJeM HESIBHO TperoJiarath,
91O (paKT MpUBEACHUS B JIBMIKEHHWE U OCTAHOBKH JIMHEWKH, WJIM YaCOB, HE
M3MEHSET HM JUIMHBI JIMHEWKH, HU X0Jia 4acoB» (TaM ke, mpumedanue 10,



c.152). To ectb 310 Yy¥ke namwiii nocmyaam (5), 4YTO u3MeHeHue
c0OCMEeHHO20 IBUKEHUS He U3MeHsem HY Tella, HU XOJ] 4acoB.

«Urak, Teopust JlopeHna, OCHOBaHHasi Ha THUIIOTe3e JPupa, He
YAOBJICTBOPSIET MPHUHUUITY OTHOCUTEIBHOCTH», - JIEJNACT 3aKIOYEHUE
OunnmTelH. M Heckombko nanee: «Takum 00pa3oMm, BO3HUKAET BOIPOC:
HEJIb3d JIM COrJlacoBaTh OCHOBHBIE TOJNOXEHUs Teopun JlopeHua c
MPUHLHAIIOM OTHOCUTENBHOCTU? [IepBbIM HIaroM K 3TOMY SIBISIETCS OTKa3
OT TUNOTE3bl dPUpa...HEeNb3sl CO3JaTh YJIOBIECTBOPUTEIBHYIO TEOPUIO, HE
OTKa3aBIIMCh OT CYIIECTBOBAHHUS HEKOEH CpEIbl, 3alOJIHSIOLIEH
IIPOCTPAHCTBOY (TaM ke, ¢. 145-146).

To, uyTo mocienHuil BBIBOA DUHINTEHHA CYOBEKTUBHBIA U COBEPIIECHHO
HEBEPHBI, Mbl YBHIWM W3 JaJdbHEWIIEro u3jIokeHus. Ho modemy oH
CIeJan CBOE 3aKIII0YEHUE, UTO «Teopust JIopeHa, OCHOBaHHAsl Ha TUIIOTE3€
adupa, HE YIOBIETBOPSET MPUHLUUIY OTHOCUTEIBHOCTH», OCTAETCS
3arajgkoi. MimenHno storo JlopeHil U JoOWJICS B CBOEHM TEOpHUM, HA YTO U
ykazain [lyankape. 1 ero cinoBa npuBeaeHsl Bbllle, X0Ts caMm JlopeHn, kak
3TO HU CTPAHHO, ITOTO HE OCO3HAIL.

Wrtak, mepeHecss Bce (PuU3NUECKUE SIBICHHS B COBEPIICHHO H)yCHmoOe
MIPOCTPAHCTBO U TMOJIHOCTBHIO YpaBHAB B IpaBax Bce 0e3 uckimtoueHus UCO,
OWHIITENH CTpouT cBOKO TpakToBKY CTO, kak cuuTaercs, HUCXOAS U3
CIEAYIOIMNX ABYX NpUHIUNOB. OJIMH W3 HUX HA3bIBACTCS MPUHYUNOM
nocmosincmea cxkopocmu ceema (IIIICC) (6 nocmynam), a BTOpOH -
npunyunom omuocumenvrocmu (I10) (7 nocmynam). BoT xak oHH
chopMyIMpOBaHbI yke B epBoi ero padote no CTO:

1. «Kaxngpiii ayd cBeTa JABUXKETCS B «IOKOSIIEHCS» CHCTEME
KOOpAMHAT C ONPEAeIEHHOM CKOPOCThIO V, HE3aBUCUMO OT TOrO,
UCITYCKAETCS JIM ATOT JIy4 CBETA MOKOSIIIIUMCS WIIN JBHKYIIUMCS TEIOM.

2. 3aKOHBI, IO KOTOPBIM U3MEHSIOTCSI COCTOSTHUSL (PU3HUUECKUX CHUCTEM,
HE 3aBUCAT OT TOrOo, K KOTOpPOW W3 JBYX KOOPAWHATHBIX CHUCTEM,
JBIDKYIIUXCS OTHOCHUTENIBHO JAPYT Apyra paBHOMEPHO U TMPSIMOJIUHEIHO,
9TH U3MEHEHHSI COCTOSHUS OTHOCATCs» [2, T. 1, ¢.10].

OTU 0ea npuHyuna WMEIOT B JApyrux padorax OWHIITEHHAa W
HECKOJbKO WHBIC GopMyaupoBku. M ecnu  ¢GopMynnpoBKa BTOPOTO
MPUHITUIA JTOCTATOYHO TOHSTHA W HE BBI3BIBACT 7MOKA OCOOBIX BOMPOCOB,
TO C MEPBBIM HE BCE TakK 4YETKO. bojiee TOro, OH HE WMEET YETKOMU
OJTHO3HAYHOUN (HOPMYITUPOBKUA HHU B OJHOM W3 paboT DitHmITeliHa. Mbl HE



OyJZieM 3/1eCh OCTaHABJIMBATLCS HA 3TOM Bompoce 0oJiee MoaApoOHO, TaK Kak
OH Y€ PacCMOTPEH aBTOpoM B padote [7]. Ho MBI 00s3aTENBHO JOJKHBI
31€Ch YTOYHUThH, YTO O3HAYAET y OWHINTEHHA MOHSATHE «IOKOSIIASCS
CUCTEMa KOOpJIMHAT.

Tak kak Bce WMCO o0O0bsABICHB ODUHINTEHHOM COBEPIICHHO
0OUHAKOBbIMU W TIOJIHOCTBIO PAGHONPABHBIMU, 3 HUKAKOU OelicmeumenbHo
nokosinieiicss MCO (xak mpicniumast ACO B Teopun JlopeHna), ¢ €ro TOUKu
3peHus, ObITh HE JOJKHO, TO OH BBOJUT IMOHSITUE VCIOBHO TOKOSIIECHCS
HCO. IToaToMy 3TO CJIOBO U B3ATO UM B KaBbIYKU. 1 x0T 6e3 Takoit UCO
B TPAKTOBKE TEOpUU OOOWTUCH HEBO3MOXHO, ¥mMoO HYKHO NMOHUMATh IO/
ATUM MOHATHEM, DUHIITEHH HE CYUTAET HY>KHBIM OOBSCHSTH CIEIHATBHO.

Bcé Bpoae Ob1 1 Tak moHATHO U3 kKoHTekcTa. 10 Ta MCO, B KOTOpOUH
HaxXoJATCA CaMU HaONIOJATeNM CO CBOMMH HEMOJBUKHBIMHU MPUOOpaMH,
HETMOJBWKHBIMU CUHXPOHU3UPOBAHHBIMHU 3TAIIOHHBIMA YacaMHu MO BCEMY
«MPOCTPAHCTBY OTCUETA», HEMTOABUKHBIMU 3TAJIOHAMH JIJIMHBI, C TOMOIIBIO
KOTOPBIX pa3MEUEHbl OCH KOOpPJIMHAT CHUCTEMBI, C HEMOJABUKHBIMU
npoOHbIMU TenaMud M T.J. OJIHAKO, €Clid TPUCMOTPETHCS K YCIOBHO
HenoaBkHOM MCO moBHUMATENbHEE C YYETOM TOrO, YTO YKE CKAa3aHO
BBIIIIE, TO JErKO yBUAETh, 4To Takasgs MCO nuyem ne omauuaemcs OT
Mbiciiumoit ACO B Teopun Jlopenua. Cyaute camu.

Cuuraercs (T.e. Mwvlcaumcs), UYTO B  «IOKOSIICHCS CHUCTEME»
OWHINTEHHA CBET PACHpPOCTPAHSIETCS OT TOYKH CBOETO 3apPOXKICHHUS C
MOCTOSTHHOW CKOPOCTBIO ¢ BO BCEX HaIpaBJICHUSX, HE3aBUCHUMO OT
JBIDKEHUS €r0 MCTOYHMKA. Touyka 3apoKIEHUsi CBETOBOIO (PpOHTA MpHU
ATOM CUUTACTCS (T.€. OIATH KE MbLCIUMCS) OCTAIOMIEHCS Ha CBOEM MecCTe, a
caM pacipoCTPAHSIOMUNCS GPOHT MBICIIUTCS chepuueckuM (nocmynam 6).
To xe camoe mbicautcs U B ACO.

Tak Kak CKOpOCTh CBE€Ta B «IIOKOSIIEWCS CHUCTEME» BO BCEX
HaIpaBJICHUSX cyumaemcs OCTOSHHOM, TO U cuumaemcsi, 4To BCE 4achl B
HEH MocIie MX SK0Obl CUHXPOHU3AYUU PEANBHO «uayT B (aze» (nocmynram
3), a cnepoBatensHo, B CO muiciumes u edunoe (T.€. abcoiommoe) BpeMsL.
To xe camoe Mmbicnurcss U1 B ACO. Ho ecnu y Jlopenna B ACO 310 BCE
MBICIIUTCS Ha 00beKMUBHOU OCHOBE M BO3MOXHO JIMIIH MO OTHOIICHHUIO K
HEMOJABW)XHOMY B 1EJIOM 3Gupy, TO y DHHIITEHHAa BCE 3TO CTAHOBUTCS
cyey6o ycnosHvim (T.e. cyeybo CyObeKmu8HO MbICIUMbIM), TaK KaK, C €Tr0
TOYKH 3pEHMSI HUKAKOro MaTepuanbHoro 3dupa Her (nocmynam 1), a Bce
WCO HuuyeM He OTAMYAIOTCS ApyT OT Apyra (nocmynam 4).



HaGmronast U3 «mokosimencss CUCTeMbDy ODWHINTEHHA 3a JBIDKYIIEHCS
OTHOCHUTENbHO He€ kKakon-1ub6o MCO, MoXHO yBUIETH BCE TO K€ cCamoe,
yro u npu HaOmoaeHuun u3z ACO B teopuu JlopeHma. Oto u pas3Has
ckopocth cBeta oTHocutenbHOo CK nBmxkyeiics MCO, u cokpaiieHue
pa3sMepoB TeN, U 3aMEJJICHHE XOJIa 3TaJOHHBIX 4acoB B HeuW. Ho ecnu B
teopun JlopeHma 3TO BCE HOCHUT peanvbHbili XapakTep, TO B TEOPHUH
OWHIITETHA  3TO  JOJDKHO  BOCIPUHHUMAThCA  KAK  HEKOTOpbIE
«kuHeMaTrueckue 3pdextoy (nocmynram 5). Ho xoraa Mel paccMaTpruBaeM
3aMKHYTBIA IIUKI ABUKEHUS KaKUX-THOO ITAJIOHHBIX YaCOB OTHOCUTEIHHO
YCIIOBHO HEMOJBMXKHBIX, TO «KHHEMaTtuyeckuit s¢ddext» Bapyr naér
peanvHoe OTCTaBaHWUE JIBUTaBIIMXCS 4YacoB. M 3T0 mnpuBogutr K
OOLIEN3BECTHOMY  HepazpemmmmMoMy B pamkax TpaktoBku CTO
OWHIITEMHOM «Iapajokcy ¢ 4acamm». B Teopum JlopeHuna Ttakoro
IapagoKca MPOCTO HE CYHIECTBYET, TAK KaK JBMKYIIHMECS YaChl OTCTAOT OT
HETIOJBH>KHBIX PeaIbHO.

N3 ACO B teopun JlopeHIia MOKHO TaK)XKe YBHUJIETh, UTO OOBEKTHUBHO
OJIHOBPEMEHHBIE COOBITHS, MPOUCXOJAIIUE B PA3HBIX TOYKAX PEATBHOIO
¢dbuzmyeckoro mnpoctpancTBa (3dupa), yke HE OYIyT B0CHPUHUMAMbCA
TaKOBBIMU I10 OTHOIIEHUIO K ABMKyIIencs NCO. B Hell MBI y:)KE HE MOKEM
OMPENICNIUTh, KaKUE K€ COOBITUS JCHUCTBUTEILHO OJJTHOBpEMEHHBI. [1loaTOMY
B gBuwxyuercs HMCO ecTb TONBKO YCl08HAs  OINHOBPEMEHHOCTH
pecucmpayuy PasHOMECTHBIX COOBITUN B €€ «MECTHOM BpeMEHH». A Tak
KaK 3TO Ype3BblYaliHO BakKHbIM MOMEHT B CTO, OT KOTOPOTO 3aBUCHUT U BCS
€€ TPAKTOBKA, TO Mbl OCTAHOBUMCS Ha HEM HECKOJIBKO JETAIbHEE.

[Tokazanuss uvacoB B jBwxkyuerdcs WMCO, pacnosioKeHHbIE 1O
HaIpaBJICHUIO €€ a0COIIOTHOrO JIBHKEHUS, UMEIOT OMPEACIEHHBIN CIBUT
M0 OTHOIIEHUIO Jpyr K apyry (momuHute y Ilyankape : «OgHu w3 HUX
orcraioT»). [loaTomy, eciam B kakoW-1uO0 Touke | 4Yachl MOKa3bIBAIOT,
HalpyuMep HyJIeBOe BpeMsi, TO B KakoW-TubO Jpyroil Touke 2,
HaxoJsIencs Briepean oT Touku 1 mo xoxy abcomotHoro asmwxkenus MCO,
yachl emié He JIONUIM J0 HyJeBOro BpeMeHH. OHU OTCTalOT MO CBOUM
MOKa3aHUSAM OT 4YacOB B TOYKE | B 3aBUCHMOCTH OT PACCTOSIHUSI MEXKIY
TOYKaMHu U abcomoTHOM ckopoctH aBmwxkeHuss MCO. U ecnu B Touke 1 B
HYJICBOM MOMEHT BpPEMEHU NPOU30UAET HEKOTOpoe COOBbITHE, TO
«OJTHOBPEMEHHBIM» C HUM B TOuke 2 OyIeT cuumamwvcs TO COOBITHE,
KOTOpO€ MPOU30UAET B HEM JIMIIb 4YE€pe3 HEKOTOPOE BpeMs, Koraa u eé
yacel OyJyT TOKa3bIBaTh HyJieBoe BpeMs. To ecTh yKa3aHHBIE COOBITHS B
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Toukax 1 U 2 B CBOEM CaMOCTOSITEIbBHOM Cyuecmeoganuu 0ObEKTUBHO He
aensaomes onHoBpemeHHbIMU. Ho B camoit UCO onu ycrogno cuumaromest
TaKOBBIMHU, TaK KaK U B TOUKE 1 ¥ B TOUKE 2 MPOUCXOAAT NpU 0OUHAKOBHIX
nokazanusx 4acoB (B JAaHHOM cilydae Mpu HyJeBbIX). C Opyroil CTOpPOHBI,
NEHCTBUTENBEHO 00bEKMUBHO 00HO8peMeHHble COOBITHS B TOUKaX 1 u 2 yxe
HE OynyT cuumambcs B HEHW OJHOBPEMEHHBIMU (WM BOCHPUHUMAMNMBCA
TaKOBBIMH), TaK KaK H3-3a YKa3aHHOTO BBIIIE CJBUTa B MOKa3aHUIX
Pa3HOMECTHBIX 4YacoB OyAyT MPOUCXOJUTh B ATUX TOYKAX NPU PASHBIX
NOKA3aHUsX 4acoB B HUX.

A B Teopuu DUHIITEITHA OJHOBPEMEHHOCTh PA3HOMECTHBIX COOBITHIA
BOOOIIE ympauueaem BCAKUU 00bEeKMUGHbIY XapaKTep, TaK KaKk O Heu
MOYHO TOBOPHTH JIMIIb 110 OTHOWIEHHIO K Tou, mi nHOoM MCO. [la u camo
noHsAtue «BpeMs» B TpakToBke CTO OWHIITENHOM YTpayumBaeT CBOU
OOBEKTUBHBIN, He3aBUCUMBIA HU OT Kakux CO cwmbici. OHO MOJHOCTBIO
3aBucut ot CO. U, ¢ 0qHON CTOPOHBI, KAK Mbl YK€ TOBOPUJIM BBIIIE, B
yciioBHO HenoaBmkHOW MCO oHO HUYEM HE OTIMYAeTCs OT abCOIIOTHOTO
BpeMenu B ACO B teopun JlopeHia. A, ¢ Ipyroit CTOpoHbl, HabI01as1 U3
yenosno HenoaBuxHoM MCO 3a aBmKylieHcs, Mbl BUIUM, 4YTO X00 €&
ATAJOHHBIX YAaCOB €IIE HE ONpeAeiseT «BpPEeMs», MPUTOJHOE JIA
MaTeMaTHUeCcKoro omnucanusa spiaeHuii B »stoii MCO, Tak Kak 371ech
«BPEMEHHBIE TMPOMEKYTKH» MOTYT OIpPEICTATHCS U Yepe3 CUCmEMY
(U3KMUECKOi perucTpaliuy Moka3aHuil pa3HOMECTHBIX YacoB [8].

Benr nelictButensHo, «BpeMsi» B kaxaoi HMCO y DJiiHmreiiHa
OMPENIEIAECTCS COBOKYNHOCMbIO NOKA3AHUL BCEX €€ HEMOJBHKHBIX YaCOB
M0 BCEMY €€ «IPOCTPAHCTBY OTCuU€Ta». Ha 3TO M caM OH HEOJNHOKPATHO
ocobo oOpaiaer Hamie BHUMaHue. Ho ckazaTh mpu 3TOM, 4YTO ITO
OTHOCHUTCS TOJIBKO K ABMKylienca MCO, Mbl HE MOKEM, TaK KaK y HETO BCE
NCO monHOCTBIO paBHO3HAYHBI, 4 CaMO HUX JBWXKEHHUE JHIIb CYry0o
otHocuTenbHOe (nocmynam 2). U To, 4TO MOHSATHE «BPEMs», a BMECTE C
HUM U TIOHATHE «OJHOBPEMEHHOCTH» Pa3HOMECTHBIX COOBITHUH He umerom
00BEeKMUBHO PeabH020 CMbICIA - ITO ONATh KE CIEIyeT NpU3HaTh
O4YepEIHBIM nOCHY1amom (8).

Uro xe kacaercs moaxona JlopeHra, To U TyT y HEro Bc€ OOCTOHUT
onaromonyyno. B nHenoaBmwxkHoi ACO BpeMs eduno U €ro X0l (U3HIeCcKH
OIPEEIIIETCS XOI0M JFOOBIX HEMOABMKHBIX 3TAJTOHHBIX 4acoB (peaibro
uoym 6 ¢haze). I1oaToMy Bce CBEpEHHBIE C TIOMOIIBIO CBETOBBIX CHTHAJIOB
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4achl MO0 BCEMY HEMOABUKHOMY B II€JIOM IIPOCTPAHCTBY B JIIOOOW MoMmenm
(T.c. 00BEKMUBHO 00HOBPEMEHHO) IOJDKHBI TIOKA3bIBATh OJHO M TO JKE
8pemMa UMEHHO KaK MOMeHm. A «MECTHOE BPEMS» B PEAIbHO JIBIKYIICHCS
NCO neicTBUTEIBHO @u3uyecku COCTABISIET COBOKYNHOCMb HNOKA3AHUL
BCEX €€ YCI06HO CHUHXPOHU3UPOBAHHBIX YACOB, T.C. PEAIbHO HE UMEIOUWUX
eo0unblX nokazanuti 1Mo Bcell cucreMe. Ho TOIBKO OHO M MPUTOIHO IS
MaTEMaTUYECKOr0 OMHUCAHUS SIBJICHUN IO OTHOIICHUIO K JABUKYIIUMCS
NCO, uro6s! popma 3TOr0 onucanus ObUTa TAaKOH K€, KaKk U MPU ONTUCAHUU
B ACO (IIO). A HaM UMEHHO 3TO U HYKHO, TaK Kak 3T0 U OyzaeT Ta ¢popma
OIMCaHMS, KOTOpas M OTBEYACT CAMOCTOSATCILHOMY (T.C. 0ObEKmMusHOMY)
CYIIIECTBOBAHUIO SIBJICHUM.

B TpakTtoBke CTO DiiHIITEHHOM «KMHEMaTHuecKuil 3pdexr» (nHaye,
«PENATUBUCTCKUI 3(PPEeKT») OTCTaBaHMS X00d IBHXKYUIUXCS 3TaJOHHBIX
4acoB OT YC/I06HO HENMOJBW)XHBIX YaCOB YAaCTO HA3bIBACTCH «3aMEIJICHUEM
xona BpemeHn» B ABmxkyuercs MCO. Ho Mbl He BHpaBe AellaTh TaKOE
3aKJIIOUEHUE, TaK KaK X00 uacoge y DWHLITEMHA — 3TO BOBCE He XO0O
«epemenuy. JlaTh ompeneneHWe, YTO €CTh UMEHHO XOJ (WM TEYeHHE)

BpeMeHU B TpakToBke CTO OWHIITEHMHOM, HEBO3MOKHO. TOYHO Tak ke
OOCTOMT JI€JI0 U C «MECTHBIM BpeMeHeMm» y Jlopenua. [loatomy JlopeHn u
Jal eMy Takoe Ha3BaHHWE B OTJIMYHME OT MCTHHHOTO (MHAYye, 0O0beKmMusHo
mexyujezo) spemenu ACQO.

W, nakoneu, nocieaHee. CBsA3b NPOCTPAHCTBEHHBIX W BPEMEHHBIX
KOOpAMHAT OT ycsioBHO ABwxkymieicas MCO K ycloBHO HEMOABUKHOW Y
DWHINTENHA BhIpa)KaeTcs yepe3 Te ke rmpeodpazoBanusi, uTo U y JIopeHiia.

Breire mbr yke ynomsiHynu o ToM, 4to B CTO sBneHune rpaBuTanuu
(w1 TATOTEHWE TN JPyr K JAPYyry) BPEMEHHO ObUIO TMPOCTO
npourHopupoBano. Ho nocine coznanus ceoeut TpaktoBku CTO DitHIITENHH
peliyl YCTpaHUTh W 3TOT mpoOern. Tak kak B MpUPOJE MMEHHO H3-3a
rpaButan  peanbHbix MCO He cymecTByeT B MNPUHIUIE, TO JTY
CNeyuaIbHylo UICATN3ai0 OH M TBITAICS HCKIIOYUTh. 10 €CTh HYXEH
OB HECKOJBKO Oojee o06wuti TOAXOA K TOCTPOCHHUIO  TaKou
byHIaMeHTaJIbHON TEOpUH, Kakoi okazanach yxe co3ganHas CTO.

[ToaTomy 3amymanHoe kak Obl pacmmupenrie CTO u ObUIO Ha3BaHO
DUHIITEHHOM  oOweti  meopueti  omnocumenvHocmu  (OTO). U
pa3zpabaTbiBacmasi Ooisiee oOmras Teopus Obula Ha3BaHa TaK BOBCE HE
CJIy4aitHO, XOTsl €€ Ha3BaHWE BIOCJICJCTBUU M CTAIM CUUTATh HE OYCHD
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yaauHbiM. Pa3 HUKakoro abCOIIOTHOTO JIBUXKEHHUS, KaK CUUTaN DWHILITEHH,
B IIPUPO/JIE HE CYIIECTBYET, a ero TpakToBka CTO u mocTtpoeHa umenno Ha
9MOM, TO U HY’KHO BCE U JAJbIIE CTPOUTH, ONMHPASICH JHIIb HA ABUKECHHE
OTHOCHUTEJIBHOE.

Ho, kak ™Mbl Temepbp 3HaeM, HHUKAKOrO0 o00we2o NPUHIUIIA
OTHOCHTENFHOCTH y OUHINTEHHA HE MOIy4dmioch. Pa3paboTka HOBOM
TeopuH MOTpedoBana BBEJACHUS M HOBBIX NPUHIMMNOB. HO MBI HE cTaBUM
CBOEH 1IEJIbI0 paccMaTpuBaTh MX B JaHHOW paboTe, a JIMIIb HATIOMHHM,
YTO, B KOHEYHOM CYETE, MNPUILUIOCH BCE KE BEPHYMb 6 Meopuio
MaTepualbHbIA 3(GUp, TaK Kak MNPUPOLYy OOMaHyTh HENb3s. A pa3 OH
CYILIECTBYET B mpupojie, To noaxeH ObiTh U B CTO. OHa XOTA U ABJISIETCS
HEKOTOPOU HJIcanu3alyen pealbHOTO CYIIECTBOBAHUS BEIICH U SIBIICHUM,
HO HE HACTOJIbKO, 4YTOObI OTOpBaTh HUX IMOJHOCTBIO OT CaMOM HX
MamepuanbHOU OCHOBHI.

Henb3ss B Teopun CBOAUTH BCE K MOJHOM 3aBHCUMOCTH OT CHUCTEM
OoTCY€Ta, Kak 3To U craenaHo B TpakToBke CTO OJitnmreitnom. Ilpupoay
HEJb3 U3yUUTb, CBOJISl BCE JIMIIH K a0CTPAKTHBIM OTPAXKEHUSIM €€ SBJICHUM
Ha Te Wik uneie cucmemst omcuéma (CO). B KOHEUHOM CUETE MBI TOJKHEI
NEPENTH K SIBJICHUSIM B UX CAMOCTOSITEIBHOM 0053aTE€NIbHO MamepuaibHoM
cymecTBOBaHUM. KOHEYHO ke, 1 DWHINTENH NOHUMAJ 3TO, a MO3TOMY U
Harucan B 1920 r. B cBoéMm otBeTe (prtocody Peitxenbaxy, uto: «Cucrema
KOOPJIMHAT TMPEJCTABISAET COOOM BCEro JIMIIL CPEJCTBO OMHCAHUS U cama
no cebe He UMEET HUYEro OOIIEero C OMUCHIBAEMBIMU MpeaMETaMU. ITOU
CUTYyalluM BIIOJHE COOTBETCTBYET TOJIBKO OOIIEKOBApPUAHTHBIA CHOCO0
(bopMyIMpOBaHMs 3aKOHOB MPHUPOABI, KOO TPH BCAKOM APYTOM CIIOCO0OE
BBICKA3bIBAHUSI O CPEJCTBAX OMHUCAHUSI CMEIIMBAIOTCS C BBICKA3bIBAHUSIMU
00 ornuceiBaeMOM Tipeamete» [2, T. 1, ¢. 690].

Kaxoi1 >xe BBIBOJ CIEAYyET U3 BCEro 3/ech U3i0xeHHoro? Ilo MHeHHIO
aBTopa, OH oO4eBUJIeH U mpocT. B TpakroBke CTO DJiiHIITEtHOM €ro
yenosno noxoawasacs VICO u ectb HUYTO MHOE Kak mwvicaumas ACO B
teopun Jlopenua. «Ilokosmascs» MCO Bcerna Ha ocHoBanuu [10 ycrosno
noomensiem coboro ACO. Y BbiOpacbiBaTh 3GUp U3 TEOPUHU, PABHO KaK U
BC€ OCTaJbHOE, YTO C HHUM CBSI3aHO, OBUIO CEpPbE3HOW OIIMOKOM
OiiHmTenHa. [loueMy oH ne ucnpasun €€ nocie cozganus OTO, ocraércs
3aragkod. A To, 4yTo B cBoeil TpakToBKe CTO DHWHIITENH OTKazajics OT
meopemuyuecku mviciumou ACO U OT pPaccCMOTpPEHUs SBJICHUH MO
OTHOUIEHUI0O UMEHHO K HEeW KaK K meopemuyecku HeoOXOOUMOU OCHO8e
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CaMOCTOSITENIBHOTO CYWecmeoganus IBIICHUN, U IPUBOJUT K LIEJIIOMY PSIAY
HEJIOTMYHOCTEH U K mapagokcam [9].

K coxanenuto, cam JlopeHII B CBOE BpeMsl IMOYEMY-TO HE CyMeEI
IIPOBECTH MOCJIEOBATENIBHO CpPAaBHEHUE CBOErO0 M JUHIITEHHOBCKOIO
TPaKTOBaHUs TEOPUH, KaK 3TO CIEJIAHO B JaHHOU padoTre. OH nuilb cAeman
3aMEYaHHe, YTO TO, KaK TPAKTOBATh JAHHYIO TEOPHUIO, ECTh «IEJI0 BKYCa».
N TtpakroBka CTO DOWHMITENHOM, HECMOTPS HAa MHOTOYHCIICHHBIC
JIMCKYCCHUU U TIONBITKU €€ ONMPOBEPKEHUS, OJIepKana BEpX U COXPAHIETCS B
oQUIMATbHBIX HAYYHBIX Kpyrax v B yUeOHUKAX, & TAK)KE CIIPABOYHUKAX IO
bu3HMKe U 10 Cceil IeHb.

CerogHsi, 4TOOBI, HAKOHEI, MOKOHYUThL C OTUM 3aTSHYBIIMMCS
HEeJI0Opa3yMeHHeM B Hayke, 4yToObl BepHyTh CTO e€ MarepuanncTHuecKyro
OCHOBY U T€M CaMbIM PACKpPBITh JO KOHIIA BCE €€ UCTUHHBIC BO3MOXKHOCTH,
TPAaKTOBKY TEOpUU cedyem usmeHums. Jlnsi 3TOro, Npexie BCETO,
CI€AyeT MPOCTO OCO3HATh, YTO BONPEKH TOMY, UYmMO U KAK CUUmMAl
OuHInTeNH, yxke cywecmsyrowas CTO gaxmuyecku nocmpoena Ha
CJIEAYIOIIMNX MOCTYyaTax:

1. PeanibHOC (puznueckoe npocmparncmeo CTO mamepuanvro, B IEJIOM
HEMOJBW)XXHO, OOHOPOOHO U  U30MPONHO, A TOITOMY  JIIOOBIE
AJIEKTPOMArHUTHHIE BOJIHOBBIE MPOIECCHl B HEM PaCHpPOCTPAHSIOTCS OT
TOYKA U3JIy4YEHUsS BO BCEX HANPaBJIEHUAX C IOCTOSHHOW CKOPOCTHIO,
HE3aBUCHUMO OT JBMKEHUS X UCTOUHUKA. DTO U ecTh IIICC.

2. Ilo oTHOMICHHIO K 000 peanvro aBwxkytieics MCO, mocTpoeHHOM

[0 ONpEACNEHHBIM MpaBWwiaM, (U3HUECKHUE SBICHHUS Yepe3 aHalu3
perucTpanuii  TOYEYHBIX COOBITMM B €€ «IPOCTPAHCTBE-BPEMEHUY
MPOSIBIISIIOTCS. B TOM k€ opMe, KaK U MPOSABISUIUCH Obl MO0 OTHOLUEHUIO K
TeopeTnuecku Mbicaumoil ACO, HEMOJABUKHON B peajbHOM (PU3UYECKOM
MpoCcTpaHCcTBEe. ITO U ecTh [10.

Kpome TOro, Ha OCHOBaHMM aHajiu3a OMNbBITHBIX JAHHBIX IO
71a00paTOPHBIM U3MEPEHUSM CKOPOCTH CBETA, a TAKXKE JAaHHBIX MO paboTe
YCKOpUTENEH BJEMEHTAPHBIX YaCTHI[ HW3BECTHBIE «PEISTUBUCTCKHE
s PexTh»  cleayeT NpPU3HATh  PealbHbIMU — 3AKOHAMU ~ VU3MEHEHUS
bU3MYeCKUX TeN M HUKIMYECKUX MPOIECCOB, CBSI3aHHBIX C HUMH, MPHU
pealbHbIX HM3MEHEHUSAX COOCMBEHHbIX JBIWKEHUN (U3MYECKUX Tel B
peabHOM (PU3UUECKOM MTPOCTPAHCTBE.

B opropokcansHoli TpakToBKe CTO BCe HEOpa3yMeHHs] HAUMHAIOTCS C
OTPULIAHUS ~ MAaTEPUAIBHOTO  HEMOJBHKHOTO 6 YeloM  PEaJbHOro
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(bu3MYecKOro NpOCTPAHCTBA, C OTPULIAHUS cOOCmEeHHbIX (M B ITOM CMBbICIIE
abcontomubix) IBUKCHUN B HEM U C TIOJIHOTO YPaBHUBAHUS B MpaBaxX BCEX
6e3 uckimoueHus: MCO. CoBeplieHHO HE BEpPHO OOBSCHATH BCE B TEOPHUH
Tak, 4To eciau Mbl Haxogumcss B MCOI1, 1o B Kakoi-mbo Ipyrou,
IBIOKYyIIEHcst oTHOcuTelbHO Hac MCO?2, BUIMM COKpalleHUue pa3MepoB Tel
BJIOJb JBWKEHHUS C OJHOBPEMEHHBIM YyBEIMYEHHEM MX MACChl H
3amenieHne xona e€ yacoB. A eciau Haxogumcsi B UCO2, to yxe B UCO1
BHUJIUM BCE TO KE CaMOe€, HO YK€ 10 OTHOIIEHUO K TesiaM 1 yacam B UCO2.
N Tem camMbIM CBOJUTH BCE K MPOSBISIIOUIUMCSA TPU ITOM CYry0o
KHHEMaTH4eCKuM 3(PdexraM, [KOObI CBS3aHHBIM C  HEOOBIYHBIMH
CBOMCTBaMHU MPOCTPAHCTBA U BPEMEHH, a TaKXK€ PACIPOCTPAHECHUS CBETA.
Takoe «00bsICHEHNE» MPUHIIMITHATBLHO HEMTPABUIIBHOE 1O CYUjecmay.

Kak BugHo w3 chopMyaupoBaHHOTO TOJdbKO urto Bbime [10O,
MPaBWIbHOE OOBSCHEHHE AOJKHO ObITh ciaeayrommuMm. U uz UCOI1, u u3
NCO2, nenas BcE B HUX Kak U B Teoperuyecku Mbicaumon ACO, Mbl Ha
paBHBIX MpaBax MO3HAEM TO, Kak (PU3MYECKUE SBJICHUS CYIIECTBYIOT U
Pa3BUBAIOTCS CaMH 10 ce0e B CBOEM «CaMOCTOSITEIbBHOM CYIIECTBOBAHUID)
B peajbHOM (PU3UUECKOM MPOCTPAHCTRE.

A noatoMy u kaxayro aswkyunryrocsa MCO HyXHO TOXe€ BOCIIPUHUMATh
kak ¢uszudeckoe seienue. 1, ecnu MCO aBumxeTcst (aOCOMIOTHO), TO B HEH
00bEeKMUBHO peasibHO COKPAIAlOTCS pa3Mephbl TeJl BIIOJb HaIpaBICHUS
aOCOJIIOTHOTO JIBIDKCHHS, W 3aMEUISIIOTCA ITUKIMYECKHUE IIPOIIECCHI,
BKJIIOYAs M XOJ JTAJIOHHBIX YacOB, U M3MEHSIETCS Macca Tell, © MHOIO€
npyroe. Bc€ aTo mprobperaet xapaktep PU3NUECKUX 3AKOHO8.

Nneanuzamnus, npunsras B CTO, kacaerca He Tonbko MCO, HO U TOTO,
YTO pealibHOE (PU3MUECKOE MPOCTPAHCTBO B HEU cuumaemcsi 0OHOPOOHbIM
u uzomponuvim. Kak tenepp mzBectHo u3 OTO, ero MoXHO cuMTaTh C
MPpUEMJIEMON TOYHOCTBIO TAKOBBIM TOJIBKO B 00JIACTSX C TPaBUTAIIMOHHBIM
MOTEHIIMAJIOM ONM3KUM K Hym0. OrpoMHbIE KOCMHUYECKHE MAacCChI
MU3MEHAIOT YKa3aHHbIC XapaKTEPUCTHUKH MPOCTPAHCTBA, YTO HM3MEHSET U
CKOPOCTb CBETa, a TAaKXK€ MPUBOJUT K IEIIOMY Py APYTuX (GUIUIECKUX
abdextoB. Ho CTO kak B ompenenéHHOW Mepe aOCTpakTHas TEOpHs
JOJDKHA OBITH MOCTPOEHA MMEHHO Ha TOM, 4TO €€ peanvHoe u3uueckoe
NpOCMpPaHcmeo CUUTACTCS abcoaromubiM. TO €CTh OHO CUHUTAeTCA
HETOIBW)KHBIM, OJHOPOHBIM U U30TPOIHBIM.

Urtak, BBoguM ACO u c €€ MNOMONIIBI0 CTPOMM TEOPHUI0 CaMbIM
HaTJISITHBIM 00pa3oM, HAaUMHAsI C PACCMOTPEHHSI PaCIIPOCTPAHEHHUS CBETA.
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1. U3mepenune ckopoctH cBera B aprxkyvinencs NCO.

PaccMoTpuM mpoliecc M3MEpPEeHHs CKOPOCTH CBETa B JBIKYILIEHCSA
NCO, xak Obnl HaOmomas 3a 3TUM H3 TeopeTudecku MmbuiuMon ACO,
HEMOJIBM’)KHOW B peaJlbHOM MHPOBOM IpocTpaHCcTBe. CErojiHs CUHUTaeTCA
MPUHITUITHATHHO BO3MOXKHBIM CBs3aTh Takyto cucteMy (ACO) co chepoit
HEIMOJABMIKHBIX 3BE3I.

Bnauvane paccMOTpuM U3MEpPEHUE CKOPOCTH CBETA BIOJIb HANPABIICHUS
neumxennst UCO. Ilpu stom Bepuémcs B 1 XX Bek u OyaeMm cuuTarh, Kak U
CUMTAJIM TOTJA, YTO JBIKCHHE NaXKE C JOBOJBHO OOJBIION CKOPOCTHIO
HUKaKk He BiuseT Ha Hamy CO, Hu Ha e€ CK, Hu Ha xox e€ yacoB. 1 Tak
KaK BC€ peajbHbIe JaOOpaTOpPHBIC YCTAHOBKHU ITOCTPOCHBI HAa HM3MEPEHUU
CKOPOCTH paclpOCTpaHEHUs] CBETa B 3aMKHYTOM IIpolecce, TO H
PacCMOTPUM €ro ABMXKEHUE OT TOUKHU A 110 Touku B u Hazan, puc. 1.1.

1

y
P ctV
Uqo [ -V >V —»
o 4 § B x'
0 ACO X

Puc. 1.1. Ha6monenne n3 ACO 3a u3MepeHHeM CKOPOCTH CBETa B
npwxkymieics MCO Bponbp otpeska AB=I', KOTOpbIMi HaXOAWTCA Ha
HaIpaBJICHUU CKOPOCTH V.

Kak MBI MOXeM MpeanoyioKUTh TEOPETHUYECKH, peajbHas CKOPOCTh
cBeTa MO OTHOWEHWI0 K aBwxkyieics CK Oyner pa3HOl B pa3HbIX
HarnpaBJieHUsiX. B HanpaBienun ot 4 Kk B oHa dakTtudecku (10 U3MEPEHUI0
B ACO) OyaeT C-V, Tak Kak co CKOpocThio V aBrxkeTcs: cama MCO u cBer
JIOTOHSIET TOUKY B, a B oOpaTHOM HampaBieHuu OyAeT c+V, TaKk KaK CBET
JBIKETCS HaBcTpeuy K Touke A. CoOCTBEHHAsi CKOPOCTh PacpOCTpaHEHUS
ceeta B ACO OT TOUKHM HU3Iy4deHHs] A, a TOTOM U OT TOYKU OTpaxkeHus B
paBHa c.

PeanbHoe BpeMmst (OnumenbHocms) TBUKEHHUS CBETA, KOTOPOE MOXKHO

obu10 Ob1 M3MepuTh B ACO, B IIpsIMOM HampaBjieHUH OyIeT At, = . A

peanbHOE BpeMs €ro JBIKCHHS B OOpaTHOM HalpaBlIeHUU OyIeT

’

I
At, =——. Tornma ob1iee BpeMst IBH>KEHUS CBETa COCTABUT
C+V

I’ I’ 2l’
At =

- = . 1.1
Cov  C+v c (L-v?/c?) (1.1)
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Bo3bpMéM TOUYHO Takoi ke oTpe3ok |' Bmonb ocu V' u Toke onpeneanm
BpeMsl IBUJKEHHUS CBETOBOIO (PpOHTA B 3aMKHYTOM ILIMKJIE C TOYKU 3PEHHUS
ACO, puc. 1.2. B camoit UCO cBet uznyuaercs B Touke O' 1 HarpaBisieTcs
K Touke A (mosoxxeHue a). Ho daktuueckn Kk Touke A CBET JIBUKETCS CO
CKOPOCTBIO ¢ MO HakKJIOHHOW mnpsimMoil (monoxkeHue 60). Iloatomy ero
CKOPOCTh JBIMDKEHHUS BIOJb ocH Y' Oyner ¢’ —v? . OTpasHBIINCH B TOYKE
A, cBeT BO3Bpamaerca Hazaj B TOUKy O' Takke MO HaKJIOHHOW MPSMOU CO
CKOPOCTBIO ¢ (TIOJIOKEHHE ). A €r0 CKOPOCTh BJIOJb OcH V' cHOBa OyAeT
Ve? —v? . Ero oOliee BpeMsl IBUKEHHS B 3aMKHYTOM IIMKIIE COCTABUT
o

Je2—v? c1-viic?
AV AY' V' Y

A
1y
vV— X

— (' (O 1nCco °
d a o6 ¢ ACO X

At (1.2)

Puc. 1.2. Habmonenne n3 ACO 3a u3MepeHHeM CKOPOCTH CBETa B
neuxytiercss MCO Baonb orpe3ka O'A=1", KOTOpbIA HaxXOaUTCs Ha ocu V'
Y HAIPaBJICH MEPIICHIUKYIISIPHO CKOPOCTH V.

N3 (1.1) u (2.1) MBI BUAUM, YTO BPEMEHHBIC TTPOMEKYTKU TOJTYYaIOTCS
paszneie. Ha atoT dakt ykazan B cBo€ Bpems [[.K. MakcBemn u ormetu,
YTO TPU JOCTATOYHOM TOYHOCTU DIKCIEPUMEHTA OH MOXET OBITh
UCITIOJIB30BaH JUIsI ONPEeICHHs] aOCOTIOTHON CKOPOCTH JIBHXKCHHS 3€MIIU B
e€¢ naBwxkeHuu 10 opbOute Bokpyr ConHIa, a MOXET U B CamMoM
npoctpancTBe. Ho Tonpko B 1881 1. amepukanenr A. MailkenbCoH cMOr
peanu3oBaTh 3Ty ujer0. OaHako MPOBEACHHBIN AKCIEPUMEHT OKa3aJiCs IS
BCEX HEOXKUJaHHBIM. CKOPOCTh CBETA U BAOJb JBMXXCHUS 3EMJIU U TTONEPEK
ATOr0 JBWXKEHHS MPAKTUYECKU OKa3alach OAWHAKOBOW. T.e. pe3yibmam
Obl1 makum, KaK eciu 0bl IKCnepuUMeHm nPoGOOUICA HE 8 OBUNCYULEIICA
cucmeme, a ¢ mvicaumoit ACO.

OTKpBITHIN 1151 MeXaHu4YecKkux sBjiaeHui 110 HeoXuIaHHO TPOSIBUIICS U
B DKCIIEPUMEHTAX CO CBETOM, a 3HAUUT, €T0 MOXKHO OBIJIO PACTIPOCTPAHUTH
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U Ha JIpyrue DJICKTPOMATrHUTHBIC SBJICHHUS. JTO OTKPHITHE TpeOOBalIO H
CBOETO 0ObscHenus. VI Toraa JIopeHIl pemnu, 4To Tpy IBMKEHUH B ddupe
3a CYET B3aUMOJCHCTBUSA C HUM Jaxke TBEpAbIe Tena, a 3HauyuT u CK u3
HUX, COKPAIAlI0T CBOM MPOAOJIBbHBIE Pa3Mephl, MPUUYEM TaK, YTO CKOPOCTh
CBETa B 3aMKHYTOM IIUKJIE €r0 JBMKCHUSI IOJDKHA OCTABAThCS MOCTOSHHOM.
DTy ke ujier BbicKa3zal He3aBucUMO OT Jlopenua u I'. Ounxepansa. U
ITO 0OBACHANLO NPUYUHY PE3YTHTaTOB IKCIIEpUMEHTa MaiikenbcoHa.

WMuorga nake B HAy4YHOW JIMTEpaType NHUIIYT, YTO KJacCHuecKas
busuka ompuyana U3MEHEHHE pa3MepoOB TBEPIBIX TeN MpH IBIWKeHUU. U
3TO HEe coBceM BepHO. OHa BCEro JMIb MCXOAWJIA M3 TOTO, YTO MpPH
JIBMKCHUHM TBEPAbIE TeJa JHUIIb HW3MEHAIOT CBOE TMOJOXKCHHE B
IPOCTpaHCTBE. A Tak Kak 3(Qup cuumaincs HE TMPOCTO HEBUAUMBIM, HO U
MPAKTHUECKH OecmenecHbiM, TO U He B03HUKAN 60NPOC O €T0 BIUSHUHU Ha
pasMep Ten npu ux aBwkeHur. Ho yxke mocne co3nanus dIeKTPOAUHAMUKH
CTaJIO SICHO, YTO 3/1€Ch (DU3UKHU YIyCKaIOT HeuTo BaxkHoe. Okazaiaoch, 4TO
MPOCTPAHCTBO  3AIMOJIHEHO  DJIEKTPOMAarHUTHBIMM  TOJSIMM U Teja
HEU30€KHO  Kak-TO  B3aUMOJEHCTBYIOT ¢  Humu. Ilostomy B
npeanosaoxkeHun JlopeHna o COKpallleHWH Tell NpH JIBUKEHUU HE ObLIO
YEero-TO COBCEM YK HEOKUAHHOTO.

@®opmyner (1.1) m (1.2) momcka3bBalOT W BEIWYUHY TPeOyeMOro
cokpainieHus. YtoObl o0e ¢dopmynbl AaBadd OJHY U Ty K€ BEIUYUHY
CKOPOCTH, HYXHO, YTOOBI pa3Mephl TN NpPH JIBUKEHUU COKpAIAINCh B

HaIpaBJICHUU JIBWKEHUA B y =1/+/1-v*/c’ pa3. Torna, eciim B ACO oTpe3ok

AB=I1, To B UCO mpu Takoil »*e peasbHON NPOTHKEHHOCTU OH Oyner
n3MepeH Kak |'=1/+1-v?/c* . To ecTb OH OyJeT YUCIEHHO OOJIBIIE, TAK KAK

U3MEPSETCA TOKE COKPAUJEHHBIM ITATTOHOM JIJTHBI.
Tornma peanbHOE BpeMsi JIBW)XEHUS CBETa, KOTOPOE€ MOXKHO OBbLIO ObI

I! [1_ 2 2
u3meputh B ACO, B psSIMOM HampaBJIeHUH OyAeT At _IVi=vie (3mech

y>K€ YYTEHO COKpalleHUE JUIMHBI TBEPIBIX TeNl BIOJb HampaBieHus V). A
pearbHOE BpeMsl €ro JBI)KEHHsT B OOpaTHOM HampaBlieHUH Oyner

I'v1-v?/c?
At, =——————— . W obmiee Bpemsi IBI>KEeHHS cBeTa coctaBuT He (1.1), a
C+V
C2cl'V1-vi/cE 2l
c*—v? cV1-v2/c?
Teneps MbI BUAUM, 4TO 00a BpeMeHHBIX mpomexyTka (1.3) u (1.2)
OyayT Mexay coO0K peanibHO PaBHBI. DTO TOBOPUT O TOM, YTO PEaJbHO

At

(1.3)
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CpEIIHSASI CKOPOCTh CBETA B 3aMKHYTOM IIMKJIE IBHOKEHHS YK€ JTOJKHA OBITh
YUCIeHHO NocmosAHHOU TpU u3MepeHuu B JBwxkyieics MCO B mobom
HarpaBieHud. Ho mpu 3ToM BelMyuHa 3TON CpeAaHel 3a IUKI JIBHXKEHUS
OTHOCHTEJILHOW CKOPOCTH MOJIyJaeTcs He ¢, a Kak BuaHo u3 (1.2) u (1.3)

c, =cvl-v?/c*. (1.4)

Ho u3 (1.4) BuAHO U TO, YTO M3MEPEHHAas CKOPOCTh CBeTa ObuIa OBl
HIKE coocmeennol ckopocTu pacupoctpanenus ceera B ACO. U peanbHO
oHa OyJeT paBHa ¢ TOJIbKO s ciydas, korga V=0. A 3To ciyuaid, koraa
TOYKA W3IYy4YeHUs OCTAETCsl HEMOJBMKHOM B pealbHOM (HU3NYECKOM
MPOCTPAHCTBE KaK TAKOBOM, a CUCTEMA OTcuéTa peanbHO siBisiercss ACO.

OpHako TpuU H3MEPEHUU B peanbHOM IKCIEPUMEHTE, T.€. B
neuxyuiercs MCO, Mbl BCE K€ uucieHHo nonyuaem 3HAYEHHUE CKOPOCTH
CBE€Ta ¢, KOTOpPO€ W COOTBETCTBYET €€ 3HAYEHHUIO, MOJYYECHHOMY U3
anekTpoanHaMuku. [IpaBma, ¢ JOCTaTOYHOM TOYHOCTBHIO TAKUE W3MEPECHUS
CKOPOCTH CBeTa OBbUIM BBIMOJHEHBI MalKkeabcoHOM JHIlh B 1926 .
(c=299796+4KkmM/cek), a moToM M ecmé Oosiee TOYHO amepukaHiem K.
BeHCOHOM ¢ COTpyIHHMKamMM MHOro Jer coycts B 1972 1.
(c=299792456,2 +1,2 M/ceK).

[loaTOMy, XOTd W C MHOTOJETHHM OINO3JaHUEM, HO BCE Xe& C
HEU30€KHOCTBIO CIEAYET MPEANOJIOKUTh TO, YTO JIOpeHI MpeamnoaoKui
y)Ke Torza, uTto U uacel B Asuwxymencas UCO zameonsiom ceoil xo00, T.€.

AU'=Aty1-v®/c®, Thoe At- HeKoTOopas OaumenbHOCMb, OTCUATAHHAS
yacamu ACO, u At'- 3Ta )€ JJINTEIbHOCTh, HO YK€ OTCUMTAHHAA YacaMu
HCO.

Bosspamaemcst k dopmynam (1.2) u (1.3) u 3aMeHHM B HUX TOKa3aHUS
gacoB ACO Ha moka3anusi coOcTtBeHHBIX 4YacoB MCO, B kotopoil u
NpoBOAMTCS  m3MepeHue. Torma ob6e  QopMynsl  maagyT  HaMm
At’=Atm=—2|’ 1-vi/c =2—|', UJIN 2—Il=c.

cvl-v?/c® ¢ At'

Jpyrumu cioBamH, coOcmeeHHble W3MEPEHHS CKOPOCTH CBETa B
nerokyiericss MMCO, BBIMOJHEHHBIE C JOCTAaTOYHOM TOYHOCTBHIO, BCErjaa
OyayT maBaTh HaM €€ YUCJIICHHOE 3HAYEHHUE C. DTO U eCTh nposasenenue I10
B 3TOM IIPOIIECCE CO CBETOM, C 3AKOHOM €r0o pPacIpOCTpaHCHUS, B TOMH
bhopMyIUPOBKE, KOTOPAsi HOOUEPKHYMA GblULe.

Bort Tak, BO-TiepBbIX, Y HAC peaibHO NOSABULOCH UIMEPEHHOEe YUCIEHHOE
3HAayeHUue CKOPOCTH CBeTa B BakyyMe. Bo-BTOpBIX, U3MEpPEHUS] CKOPOCTHU
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CB€Ta MaﬁKCHbCOHOM, a 1moroM U VBEHCOHOM MOXXHO CUHTaTh
OKCIICPUMCHTAJIbHBIM JOKA34dTCIbCTBOM pealbH020 COKpauieHusa TCJ1 IIpU
JABHKCHHNU B 3(1)I/Ipe H peajlibHOo20 3ameoneHus X0da ABMKXYIIUXCA 9aCOB.

2. PeaibHBIE M3MEHEHUSI TEII IIpHu X a0COJIFIOTHOM ABHWKCHUU.

[IpoBeneHHBIN aHAINA3 NPUBOAUT HAC K OJHO3HAYHOMY 3aKJIFOYEHUIO:
pa3 Mbl BCErjaa, HE3aBUCUMO OT JBW)KECHMs Hamled 1a0opaTopHOi
YCTaHOBKH, IIOJIY4YaeM B DKCIIEPUMEHTE IOCTOSHHOE 3HAYEHHUE CKOPOCTHU
CBETa, TO HAallla YCTAHOBKA B HAIIPaBICHUU COOCTBEHHOI'O JIBUYKEHUS
JOJDKHA COKpauiamp CBOIO NPOTSHKEHHOCTh B 3aBUCUMOCTH OT CKOPOCTH
CBOETO JBMKEHUS, a HTAJIOHHBIE Yachl C TaKUM K€ KO3(DPHUIMEHTOM,
JOJDKHBI 3amMe0namsp JIUTEIBHOCTD CBOEr0 HUKIMYECKOro IpoLecca.

Ho Jlopenn cokpanieHue NpoTsSKEHHOCTH TBEPABIX TEN U 3aAMENJICHUE
X0Jla 4acoB IpH HUX coOCMEEeHHOM JBW)KEHUU TPUHAN yxe Torma. U B
pa3pabaTbIBaeMOll TEOPUU BCE CTAJO COTJIACOBBIBATBHCS C OMBITOM. Tem
caMbIM YK€ Torza OblI CAeNlaH MEpBBbIA 1ar K NPUMHPEHUI0 MEXaHUKHU C
AIEKTPOIUHAMUKOM.

Kpome Toro, yxe B koHue XI1X Beka (pU3MKH NPUILIM K BBIBOIY, YTO
JaKe B COCTOSIHUM a0COJIFOTHOrO IOKOS JH00O€ TEJIO CONIEPKHUT B cede
OTPOMHBIN 3amac BHYTPEHHEH »Heprum E,=m,c?, Tae m,- Macca MOKOs
tena. Toraa, 4ToObl TEIO CTAJNO JBUTaThCs, K HEMY CJIEAYET MPUIOKHUTh
CUILy, KOTOpasi COOOUIUT €My BHEIIHIOIO CKOPOCTb V U COOTBETCTBYIOIIYIO
ell KMHETHYECKyo dHepruto. Ho Tak kak cuna F =d(mv)/dt, TO Ipu 5TOM
BO3PACTAET HE TOJBKO CKOPOCTh TEJIA, HO M YBEIMYMBAETCS €ro Macca, a
NOJIHAasE DHEPrus craHeT paBHa E=mc’. Ecimm k Temy ¢ maccod m,
JIBUKYLIEMYCS CO CKOpPOCTBbIO V, M Jainee MpHUKiIaabiBaTh cuiy F, To
SHEpPrus Teja CTaHeT BO3pacrarth Mo 3akoHy dE =F-Vdt. Torma MOXHO
d(mc?) _q. d(mv) . 2.1)

dt dt
Ecnu o6e yvactu ypaBHeHus (2.1) yMHOXHUTH Ha 2M, TO €ro MO>KHO
d(m?c?) d(m’
et dt
A Tak Kak npu ckopocTd v=0 Macca NOKos Tesa m,, To nocrosiuHas C

3aIliCaTh, YTO

2
NepenucaTh B BUC v) . Orcroma m’c> =m*v* +C ., (2.2)

ompexenurcs kak myc’. W ypaBHenue (2.2) s3ammmieTcss B BHUJIE

m2c? =m?v? +m,’c?. V3 HEro HEMoCPEACTBEHHO CIEAYET, YTO



20

m
M= e (2:3)

OTtcrofa »NEKTpOJAMHAMUKA U MEXAHUKA MPUBOAWINCH YK€ K TOJIHOMY
COIJIACHIO, YTO U OTMETHII B cBoUX «Jlekuusax» P. ®@eitaman [10].

3. [TocTpoenne naeprmanbubix cucteM orcuera (M1CO).

JlopeHn1l Takxe MpUIIEN K BBIBOAY, YTO HE3aBUCUMO OT MPUMEHIEMOMN
CK mpu paccMOTpeHHH B HEW JIBHIKEHHI, COU3MEPHUMBIX MO CKOPOCTH CO
CKOPOCTBIO CBETa €, MBI YXE€ HE MOXEM OOXOAUTbCA BHU3YyaJIbHOU
perucrpanuerl BPEMEHHBIX MOMEHTOB C MOMOIIBK) BCErO JIMIIb OJHUX
yacoB. Yacel JOMKHBI OBITH MpakThuecku BO Bcex Toukax CK, a ux
NOKa3aHusl HEOOXOIMMO COTJIACOBATh MEXy cO00l C MOMOIIbIO CBETOBBIX
CUT'HAJIOB C YYETOM BPEMEHU UX PACIPOCTPAHEHHUs OT TOYKH K TOUKE.

Takum oOpazom, nrobas unepuuanbHas CK cranoBurcs UCO moavko
nocne mozo, Kak B HEM CO3[1aHa cucmema pEerucTpaluy noKa3aHul 9acoB B
K0 e€ Touke. Kak yxke ObUIO CKa3aHO BbIlIE, Y DWHIITEIHA Takas
nporeaypa CBEpPKH IIOKa3aHWM pPa3HOMECTHBIX YacOB B KaKOW-THOO
uHepuanbHo aBrkynieiics CK Ha3zBaHa «cunxpouusayuetl ux xooa». Y
JlopeHiia oHa Ha3BaHa MPOCTO CUTHAIBHOM MPOUEAYPON c8epKuU NOKAZAHULL
yacoB. Hambonee mpocToil crnoco® mpoBeAeHHs] CUTHAIBHOM MPOLEAYpHI
COTJIaCOBaHMS MEX Iy COOOM MOKa3aHUil pa3HOMECTHBIX 4acoB B 00011 CK
(W (14% 01115078

Hnsa xaxno toukn CK, rae ycTaHOBIICHBI 4achl, ONMPEAEsAeTCS €€
paccrosinue | oT Hawama koopaumHAT €€ ke ATaTOHOM. Yachl B KaKIOM
TOYKE 3apaHEe YCTAaHABJIMBAIOTCA Ha mnoka3zaHus t=I/c. Jlnga Hayama
KOOpAMHAT 3TO0 OyAyT HyJieBble Noka3zaHus. OJHOBPEMEHHO C 3aIyCKOM
X0/la 4acoB B Hayajge KOOPAMHAT 3ECh KE€ NPOU3BOLAAT HMITYJIbCHYIO
CBETOBYIO BCHBIIMIKY. Korma cBeToBOil (pOHT, pacnpoCTpaHssCh OT
BCIIBIIIKY, JOCTUTAeT KaKyl-IMOO TOYKY C YacamH, 4achl B HEH TYT ke
3amyckaroTcs B xona. llocie oxoH4WaHWsA mpoULERyphl, UMES cucmemy
pecucmpayuy NOKa3aHut pazHoMeCmHuslx yacos, nokosimasicst B agupe CK,
craHoBUTCsE ACO. IIpoBeas TOUHO TaKyrO k€ CUTHAJBHYIO NPOLEIYpPY B
uHepruanbHo ABrkyercs CK, Mbl moayuum npocro HekoTopyro HMCO.
[TokaxkeM 3TO KOHKpPETHO, puc. 3.1.

Ha puc. 3.1 moka3aHo OJHOBPEMEHHOE TMPOBEJACHUE CUTHAIHLHOU
npouenypbl B abcoioTHO mokosimeics u aswxymercs CK. Hauana
KOOpJIMHAT O0EuX CUCTEM B MOMEHT @ COBMNAJAalOT U B ATOM TOUYKE
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BCITBIXMBaET cBeT, Yackl B O u O' 3amyckaroTces B X0 ¢ HyJs1. Uepes BpeMs
At=t,=1/c no yacam B O B3auMHoe noynoxenue CK nmokazaHo B MOMEHT 8.

CBeToBOU (POHT 0O6beKMUBHO 00HO8pemenHo nocTuraet Touek A, A', C,
C', B, B', /I, I'. Hacel B 3TUX TOYKax cCpa3y € 3alyCKalTCi B XOJI C
3apaHee YCTAaHOBJICHHBIMU HadaJbHBIMU MOKa3aHUsMU. [lokakeM, KaKuMu
OyAyT 3TH TTOKa3aHUA.

A%
K' c to —V X a
K A | | A B X
ve Ty
C
X'B\t's:
NCO A o) B' v—» kX' 0)
ACO A O X
Vio xgp/tg
4—
JINpIE

Puc. 3.1. @) HauanbHbIii MOMEHT MTPOBECHUSI CUTHAIBHOM MPOLIETYPHI
OJIHOBpEMEHHO B abcomoTHO nokosimencs K n apmwkymieiicsa K' cucrtemax.
0) B3anmHoe nosoxxenne CK B HEKOTOpBIE MOMEHT t, =l/c mo yacam B

touke O; cBeTOBOM (POHT OJTHOBpeMeHHO nocturaet touek A, A', C, C', B,
B, 1, 1.

Tak xak Touku A, B, C u /I mHaxonsrca B nokosuierics CK Ha paBHOM
paccrossauu | ot Toukn O, TO Ha WX yacax 3apaHee ObLIM yCTaHOBJICHBI
nokazanus l/C. TIoaToMy B MOMEHT 3amycka B XOJ 3THX YacOB Ha HHUX
OyayT Te ke moKazaHus, 4To ¥ Ha yacax B O B 3TOT ke MOMEHT. Bce dachl
B nokoseiics CK mocine 3Toro uayT CHHXpOHHO (T.e. 8 ¢haze) u OHa
craHoBuTcst ACO ¢ abconoTHO TeKyuM BpeMmeHneM. [1o e€ pazHomMecTHbIM
gacaM, HEMPEPHIBHO PETUCTPUPYS, UTO MPOUCXOJUT PSIAOM C HUMHU, MbI
MOTJIM Obl B JIFOOOM MHTEPECYIOIINIA HAC MOMEHT 80CHpOU38ecmu KapTUHY
TOTO, YTO OOBEKMUBHO PpealbHO TPOUCXOAWIO (T.e. CYUecmeosao)
OJIHOBPEMEHHO IO BCEMY €€ KOOPAMHATHOMY IPOCTPAHCTBY. W TeM caMbIM
Kak Ovl Habmooams B JaHHBIA MOMEHT (MTHOBEHHE) BCE SIBICHHE
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nenukoM. Mmes Takue «HaOMIOAECHMS» PpA3IUYHBIX SIBJICHUI B pa3HbIE
MOMEHTBI, Mbl MOTJIM Obl YCTAaHOBUTHb M 3aKOHBI UX a0COJIIOTHOTO (CamMHX
1o cede) MpOoTeKaHus.

A Temepp MOCMOTPHUM C MOMOIIBIO «HaOmoaeHui» vepes ACO,
KaKUMH k€ OyIyT OOBEKTUBHO pEalbHO OJHOBPEMEHHBIE MOKAa3aHHUS B
pa3HbIX TOoukax Ha yacax asrkyierica CK. CMoTpum, 4TO e KOHKPETHO
MBI HMEEM.

Paccrosaue O'B' B ACO paBHO |-vt,. A Tak kak B K' coOCTBEeHHBIE

ATAJOHBI JJIMHBI KOpOYE, TO OHO OYyJIeT M3MEPEHO Kak (I-vt,)/G, tme
G=+1-v?/c*. Torma B MOMEHT 3amycka 4acoB B B' Ha Hux OyayT

v ..
IIOKa3aHusA ty, :G—to. A ¢ y4€toM TOro, 4to t, =t; =1/c, 3TH NMOKa3aHuA
-C

ty —VXg /C?
Oynyr t =B—B—. (3.1)
Y iviie?
Ha wdacax B A' mnokazanus Oyayr t) :Ig—Vto. Paccrosane O'C'
-C

paBHO /I —(Vt,)?, a Tak t,=Il/c, To I*>—(vt,)* =IG. Torma mokazaHwus

IG
yacoB B C' Oynyt t.. =—=t,G. Yacel B K' unyT 3aMeIJIEHHO B CpaBHEHUH C
c

yacamu ACO, noatoMy vacel B O' mOKaxyT t, =t,G. M Mbl BUIUM, 4TO OHU

maxue dce, kKak 1 Ha yacax B C'. Takumu xe OyqyT U MOKa3aHUS 4acoB B
touke /I'. To ectb BO Bcex miockoctax B K', mepneHAMKyIsSpHBIX
HaIpaBJeHUIo e€ abCOMIOTHOTO (coO6CcmBeHH020) BUKEHUS, OyIeT Kak Obl
cBo€ enuHoe Bpems. Ho ecnu, teneps yxe B MCO, Bpemsi eAuHO B TOJIBKO
YTO YyKa3aHHbIX IUIOCKOCTX, TO B ACO OHO enuHO 1o BceMy €€
POCTPaHCTBY. B MoMeHT, n300pax&éHHbIi Ha puc. 3.16, Bpems (TmokazaHus
gacoB) B ACO Oyner t, =t, =t, =t. =t, =I/c.

CpaBuum nokazanus yacoB MCO B Toukax A' u B' B 3TOT k€ MOMEHT

vty 1w :1%'. 31ech

BpeMeHH t, =1/c mo wacam ACO: t, -t e e

2l
E:ZI’:A’B’ ecTb coocmeennoe pacctossaue B MCO, paznensitoniee 3Tu

ToukH. Toraa cpasy ke MOXHO cienath BbiBoA: ecii B UCO, nBuxkyiencs
B adupe ¢ cobcmeenHOl CKOPOCTHIO V, Kakue-mubo aBoe €€ YacoB
paszielieHbl MO0 XOay €€ NBIDKCHUSI COOCMBeHHbIM paccTossHueM |', To
Pa3HOCTh WX TMOKa3aHUM B JIF0OOW OOBEKTHBHO pEabHBI MOMEHT OyAeT
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!

vl
At'=—. Ilpu 3TOM omcmaiom B CBOMX IOKa3aHMAX Yachl, HAXOIALIUECS
c

énepeou 1o XO1y TBUKECHHUS.

4. BeiBo1 ipeoOpazoBanuii JIopeHIia.

Ecnu na puc. 3.1 o6o3naunts koopaunaty Touku B' B UCO kak x'p, a
koopauHaty Touku B B ACO kak xp, TO, KaKk BUJIHO U3 PUCYHKA, X MOKHO
Xg — Vig
V1-v?/c?

pacctostaue O'B', nusmepenHoe stanoHom JinHbel B ACO 1 paBHOE Xg —Vi;.

CBs3aTh MEXIy cO00H Kak Xj = . 3Iech B YMCIIUTEIE CTOUT

A Ttak xak B UCO coOCTBEHHBIN 3TaNOH JUIMHBI KOPOYE, TO B HEW U HYKHO
pazznenuts nonxydyeHHoe B ACO paccrosiHue Ha yKa3aHHBIA KBaJpAaTHBIA
KOpEHb.

[Toka3anus yacoB B Toukax B u B' OynyT cBsizansl Mex 1y coO0#, Kak 1
ty —VXg /C?
V1-v?/c?

HaOmopaarens B ACO, Haxomsauuiicss B Touke B. OH paccyxnaer Tak.

nokazano B (3.1), t, = . VIX MOXeT BBIYUCIUTH U YCJIOBHBIN

Ha gacax B B Bpemsa t,. CienoBaTenbHO, CTOJIBKO BPEMEHHU K 3TOMY
MomeHTy MCO yxonuia OT TOYKM COTJIaCOBAHMS Hauyald KOOpAMHAT (pHC.
3.1a). A Tak xak B Hel yachl UYT MEJIEHHEE, TO BCE OHM YIILIU BIEpPEN Ha
BpeMms t,G. Ho yackl B B' HaxonsTcs BIiepeau 1o xoay JBHKEHUS OT YaCcOB
O' Ha paccrosiHuM (Xg —Vt;)/G Mo coOcTBeHHBIM u3MepeHusiM B K'. Torna
OHU YK€ B HaYaJIbHBII MOMEHT OTCTaBasu OT yacoB B O' Ha v(Xg —Vt,)/c’G.
CnenmoBarenbHO, B  JAaHHBIK MOMEHT OHU OyAyT TIOKa3bIBaTh

2
—VXg/C

t
t, =t,G—Vv(xg —Vt;)/c’G =2 . UTO M COOTBETCTBYET IOKa3aHHOMY

BbIIIIE€ 3HAYCHUIO.
Tak xak Touku B u B' B34Tbl npon3BoabHO, TO B Oosee oOeM BUAE

X —Vt t—vx/c’
npeoOpa3zoBaHus X'=——— 51 t'=——m——— Ha3bIBaIOTCS

N V1-v?/c?

npeobpaszosanusmu Jlopenya (I1JI). 3 HUX Takxke JErKO MOJIYyYUTh U
oOpatHbIe TPeoOpa3oBaHMUS:

(o Xawtt t:t’+vx’/cz

V1-v?/c? J1-v2ic?

OHM B TOYHOCTH COOTBCTCTBYIKOT IICPBBIM, CCJIIM YYCCTb, 4YTO JJIA

(4.1)

nerokyiericss K' ckopocTs V B HUX M3MEHMIIa cBOW 3Hak. Ho wHTEpecHO
MOKa3aTh, KaK WX MOXXET BBIYHCIUTH YycIOBHbIN HabOmogatens HCO,
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Haxojsmuicsa B Touke B'. OH paccykJaeT modytu TOYHO TaK Ke, KaK U
naomopaarens ACO B B. Brauane o0 x;.

C Toukm 3peHus HaOmMIOAaTeNns B To4yke B' Temepp yke Hadajo
koopauHat ACO ynuio OT TOYKM COIJIaCOBaHUS KOOPAMHAT CUCTEM Ha
paccTrosiHue vti,. A Tak Kak cOOCTBEHHas KOOpAMHATa TOYKH B'paBHa Xj,
TO, ciaenoBarenbHo, Touka O orctout B MCO ot Touku B' Ha paccrosHuun
(xg +Vvty) . A Tak kak tenepb yxke ACO nBHKymascs, TO B COOTBETCTBUU C
[IO cuuTaercs, 4To B HEW NPOJAOJLHBIC pPa3MEphl, BKJIIOYas U ITAJOH

JUTMHBI, COKpATWJINCh, M COOCTBEHHas KOOpaWHAaTa TOYKM B Oyner
Xg + Vg

Xg ZT' ITO ¥ MOKAa3aHO BBIIIIE.
Teneppb 0 nokazanusx 4acos B B.
Ha gacax B B' Bpems t, . A tak kak B B 4acel uayr memicHuee (c

touku 3peHus MCO), To oHM ynuiu BOepél OT HYJIEBOTO MOMEHTa Ha
Bpems tp,G. Ho udacel B B Haxomarcs c3agu MO XOAYy OTHOCUTEIIBHOTO
newkeHus: or yacop O (K npBuxercs BieBo mo otHomeHuro k K') Ha
pacCTOSIHUM X, = (XL + Vi1, )/G 1o cobcTtBeHHBIM u3MmepeHusiMm B K. Torma
OHM YK€ B HayaJbHbIH MOMEHT ObuM BHepenu dYacoB B O Ha
V(xy, —vt.,)/c’G. CiegoBaTelibHO, B JIaHHBIH MOMEHT OHH OyAyT
tg Xy /P
G

NOKa3bIBaTh t, =t,,G+V(xy +vt;)/c’G. Wmm t, Yro un

cooTBeTcTBYET (4.1).

Xots [1J] BnepBbie 1 OblIN NOTy4YeHBI JIOPEHIIEM U HOCAT €ro UMsl, caM
OH CYMTAJ WX YHCTO MaremMarmdeckum mnpuémom [11], He umerommM
(U3MYECKOro CMbICIA, TaK KaK CaM MOJYYWJI UX NPAKTUYECKH METOIOM
noadopa, 4YTOOBl TOJYYHTb OAMH W TOT K€ BHJA ypaBHEHUM
AJIEKTPOIMHAMMKHU, KaK JJIs1 HeTMOJABUKHOM, Tak 1 Jjis apuxytieics NCO.

OWHIITENH XK€ MaéT BBIBOJ JAHHBIX MPeoOpa3oBaHUI B CBOEH MepBOU
pabote o CTO, ucxos U3 ycaoBui, 9T00bI COXPAHSIIOCH TPSIMOJIMHEHHOE
MEXaHUYECKOE JBUKEHUE U YPAaBHEHHE BOJIHOBOM MOBEPXHOCTU B JIHOOOM
NCO. Ho, xak oTMeYanmu  MHOTHME  HCCIENOBATENIM  TEOPUH
OTHOCUTEIBHOCTH, (PU3UYECKUH CMBICI 3THUX MPeoOpa3oBaHUN Tak [0
KOHIIa ¥ HE OB TPOSICHEH.

Bor ogHO W3 MHeHMiII mo 3ToMy Bompocy: "BbeiBoasl OHHIITEHA
CHpaBeUIMBBI, OAHAKO Hnpeobpazosanus Jlopenya npeocmasnsom cobou
Mamemamuyeckoe cpeodcmeo U HeHaO.0aeMsbl; OHU OYEHb TOJIE3HBI, HO
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AGHO He UMEIOm YU3UUECKO20 CMbICIA. AHATOTHYHO JIEMEHT JUIHHBI (S
MUHKOBCKOTO  CIIEAyeT pacCMaTpuBaTh KakKk OYEHb HMHTEPECHOE
BBIP@XXEHHE, HO CTOJb K€ JIMIIEHHOE (U3NYECKOro cMbicia. B oboux
Clly4asiX MpaBUJIO CUHXPOHU3AIMU HEOOXOAUMO U HE JI0Ka3aHO, XOTSA U HE
MOJKET OBITh OrpoBeprayTo" [12].

Mpsr xe nonmyumnum Beimie IIJI co Bcet HarsimHOCThIO. M cTaHOBUTCSA
CaMOOYEBHUJIHBIM MX (U3NYECKUN CMBICI. A Tak Kak pa3Mepbl Tell B
neuxyuieiics UCO ymeHbIaoTcs Wb B HAIpPABJIECHUU a0OCOIHOTHOTO
JBH>KEHUS, TO OTCIOZIa Cpa3y Ke cieayer, yto Y =Y’'m 2 =17".

Moxno mnonyunth IIJl ¥ HECKONBKO HWHBIM, HE MEHEE HArJIsiIHbIM,
nytéM. [ma storo paccmorpum B ACO IBMXKYHIYIOCS CO CKOPOCTBIO V
NCO. OTHOCHTENBHOE JBUKEHUE CUCTEM ITPOUCXOAUT BIOJIb UX OCEH X-OB.
OnAarp ke i1 MPOCTOTHI OyleM paccMaTpUBaTh TOJBKO MX IJIOCKOCTH
XOVY, 4T0 HUKAK HE CKa3bIBaeTCs Ha OOIIHOCTH CaMOTO PacCMOTPCHHS.
MowmenT coBnaaenus Hauan CK npumem 3a HyJI€BOi.

Jlanee nmomyctuMm, 4TO B HEKOTOPBIH MOMEHT BpeMmeHH t 1o yacam B
ACO B Touke A €€ MpOCTPaHCTBA C KOOPJAWHATAMH X, Y TPOU3OIILIO KaKOe-
aubo cobbiTue. KoopnuHatel 3Toro ke coOwiTvsi B ABmxkytieicas MCO
obo3HaYMM X’; Y, a MOMEHT BpEeMEHH, 3a(QUKCUPOBAHHBIA B TOYKE
coOpITHs, 0003HauUnM uepe3 t”. Mckomas crucTeMa npeoOpa3oBaHMi JOJKHA
JlaTh HaM CBSI3b MEXIY BCEMM ATUMH BeluuuHaMu. M 3Ty CBA3b JIETKO
YCTAaHOBHUTHh W3 pHUC. 4.2, Ha KOTOPOM TIIOKa3aHO B3aWMHOE ITOJIOKCHUE
CHUCTEM OTCUYE€Ta U COOBITHS A B MOMEHT COBEPIIICHUS TTOCIICIHETO.

A A
Vi \%4
y yY—5A
Q’ x>=v, X
X ¢
Vit

Puc. 4.2. Bzanmnaoe nonoxenue ACO u asmxymerics UCO B MoMeHT
COBEPIIIEHUS HEKOTOPOTO COOBITHS B TOUKE A.

3a Bpemsa t UCO cmectunace BIoyib Ocu x-08 oTHOcutenbHO ACO Ha
pacctostare 007 = vt. U, mpexxae Bcero, Ml cpasy ke BHAUM, 4TO Y=Y (a,
CIICIOBATEIbHO M Z=Z), a KOOpJAWHATa X’ HAXOIUTCS U3 CJIACAYIOIIHX
AJIEMEHTAPHBIX COOOpaKEHUH.
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Tak kak B ACO o’ = x-Vi, HO pacCTOsIHUS BAOJb HAIpPABIICHUS
abcomoTHOro nBmxeHuss B camol MCO o1eHHBarOTCS YBEITUYEHHBIMHU B

—vt
1/N1-v?/c? pa3, To NG L (4.2).
Vv1-v?/c?

A Ttak kak yacel B UCO uayT meanennee B 1/+/1-v?/c® pa3 B CpaBHCHUU
c gacamu B ACO, TO 4Yacel B TOYKe o’ OyayT IOKa3bIBaTb BpeMs
t'=ty1-v?/c?. Ho wachl B X’ OTCTAIOT OT 9YacoB B 0’ Ha BETHYHMHY VX /C°
(caBur nokazanuii). Ciie10BaTeIbHO, Yachl B TOUKE X * (M B TOUke A) OynyT
nokasepiBaTh t' =tV1-v®/c? —vx'/c*. TloacTraBuM B 3TO BBIPAKCHHE

t—vx/c’

NIRVEITEE
TouHo Tak e noxydaeM u o0OpaTHbie TpeoOpa3oBaHuUs

B nocnegneMm ciiyyae BMeCTO 3HaKa «-» B BEPXHEW yacTu ApoOu Oyaer
3HaK «1+», Tak Kak ckopoctb ACO mo otHomenuto k MCO wumeer

3HaueHue x 'u3 (4.2) v moayyum, 4ro  t'=

MPOTUBOMNOJIOKHOE HampasieHue. W wmbl  yOexgaemMcss B TOM, YTO
XHvt! t'+vx'/c?
V1-v?/c? V1-v?/c?
oJinHakoBbI 110 dopme, kak it ACO, Tak u mis MCO.
Ocraercst nmuiIb MOKa3aTh, YTO U3MEPEHUE OMHOCUMENbHOU CKOPOCTH

MOJTyYEHHbIEC MPEOOPA30BAHUS X = COBEPILIEHHO

ACO, BrinonnenHoe B MCO, gaét To xe caMoe 3HaueHHUE V, HO CO 3HAKOM
MUHYC C YYETOM €€ HampaBleHUsl. JTO JIETKO CAeNIaTh, OOPATUBIIUCH €lIé
pa3 K NOCJIENHEMY PUCYHKY.

B paccmarpuBaeMblii MOMEHT BPEMEHHM HAyaj0 CHCTEMBI KOOPAUHAT

ACO HaxomuTCs NPOTUB TOYKH X . Tak kak koopauHata Touku OB ACO
paBHa Vt, To B UCO koopaunara Touku O OyAeT olleHeHa KaK

X, =-vt/«1-v?/c? . (4.3)

Tokazauus gacoB UCO B Touke x/, GyayT Ha V|X 4|/c? nenenuii Gonblrre,

yeM B Touke O’ (CIBUT MOKa3aHMi1), a 3HAYUT COCTABSIT
/c? (4.4).

Toraa ckopocTh V’oTHOCUTENbHOTO ABMKEeHUI ACO B MCO ¢ yuérom

t'=tv1-v?/c? +v

'
XO

(4.3) u (4.4) Oyner ornpeencHa Kak
r_ Xo —vt

V =—=
V1-v2/c? (tV1-v2/c? +

vvt

——)
c2y1-v?/c?

t’
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Tak Kak MPaKTUYECKHA MBI JIMIIEHBI BO3MOKHOCTH MoJb30BaThea ACO,
HaM HMHTEPECHO TaKXe y3HaTh, KaK MPeoOpa3yroTcs KOOPAUHATHI U BpeMs
Kakoro-i10o coOwiTus npu nepexojnie ot oguHoit MCO k ppyroit. Ilo cyty,
MBI Y€ OTBETHJIM Ha 3TOT BOIPOC BBIIIE, KOT/IAa MPUIILUIM K BBIBOJY, YTO
mobyro UCO wmoxHO ycroeno paccmarpuBath kak ACO. To ects
npeoOpazoBaHusl BO Bcex ciydasx mepexofoB oT oauux MCO kx apyrum
JOJDKHBI MMETh OJHY U Ty ke ¢opmy. Ho mokaxem 53TO oOmsiTh ke
KOHKPETHO W HarsiAHO. J[JI1 3TOro K pacCMOTPEHHBIM BBIIIE CUCTEMAM
orcuéta nobaBum emé oany MCO. Tenmepsr oaHy M3 HUX MBI Ha30BEM
NCOl, a Bropyro — UCO2.

[lycTh OocM KOOpAMHAT BCEX HAIIMX CHUCTEM OTCYETa OyAyT B3aMMHO
napayenbabl. MCO1 nBuxkercs Broab ocu x-oB ACO co CKOpOCTBIO Vi, a
NCO2 Taxxke IBMXKETCSA B TOM K€ HAIIPABIIEHUH, HO YXKE CO CKOPOCTBIO Vy,
npuyeM Vp > V;. JlonycTtum anee, 4To B KaKOM-TO MOMEHT BPEMEHH Havaia
CK Bcex Tpé€X cHUCTeM OTCUYETAa COBMNAIA, U HPUMEM STOT MOMEHT 3a
HyJeBor. OMNATh pacCMOTPUM HEKOTOpoe coObIiTHE A B TockocTr XOV.

Ntak, B MomeHT BpeMeHH t mo yacam B ACO mpouCXOJUT HEKOTOPOE
coObITHE B TOYKE A C KOOpJMHATaMU X W Y B O3TOH XK€ CHCTEME.
Koopnaunater storo sxe coobitust B MCO1 6ynyt X', ', a Bpems t”. B 1CO2
KOOpJIMHATHI coObITUSL X7, Y7, a Bpems t” JlaHHas cuTyanus NokazaHa Ha
puc.4.3. 13 Hero cpasy sicHO, 4To Y=Y =Yy ”, a Takxke z=2'=2".

AY AY'" LY"
y y y" A
Vv Vo
o' lo” A/ X" X’
0 X% [Xo~ x,x' >y
vit

Vol
Puc. 4.3. B3auMHOE MNOJIOKEHHE CHUCTEM OTCYETA M TOYEYHOIO
COOBITHSI B A B MOMEHT €0 COBEPIIICHUS.

Wcnonp3ys TOAyYeHHBbIE BBINIEC MPEOOpPA3OBaHMS, MOXKEM TaKkKe
X +vt’ t'+v,x'/c?
T oy ot=— 2
V1-v?/c? V1-v?/c?

X" +V,t" t_t”+v2x”/c2

22 pgt=—2t
J1-v?/c? J1-v?/c?

3almMcarb, 4ro, C OJHOU CTOPOHBI, X = ac

JIPYTOU CTOPOHBI, X =
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Orkyna moaydyaem paBeHCTBA: X +Vit'=x"+wv,t” U t'+v.x'/c? =t"+v,x"/c?.
1 2 1 2

X" 4 (VZ _Vl)t”
1-v,v, /c?

1_ (VZ_Vl)2
(L-v,v,/c?)*c?

Pemast coBMecTHO 3TH PaBCHCTBA, HAXOAUM, 4YTO: X'=

t” X”(Vz _Vl) X' — (Vz _Vl)t’

(o c’(l-vv,/c?) o 1-vv,/c?

1— (Vz _Vl)z 1— (Vz _V1)2
(1-v,v,/c*)’c? (1-v,v,/c?)*c?
' X,(Vz _Vl)
c’(l-vyv,/c?)

- .
1_ (VZ _Vl)
2\2 .2
(I-wvyv,/c%)c
Ho Ttenepp ycTtaHOBHM, KaKkuMU OYIYT OTHOCUTEIIbHBIE CKOPOCTU Vy;

newxkenna MCO2 ortHocuteapHo MCO1 wu vy, 1nBmwxkenus HCOI
otHocutenbHo MCO2.

t":

W3 puc. 4.3 BHIHO, YTO 3HAYCHUE CKOPOCTH Vo1 OMNPEACIUTCS Kak
YaCTHOE OT JICJICHHUS] KOOPJUHATHI X ,~ HA MOKa3aHUsl 4acoB t'(X;) B ITOU

touke MCO1. Yka3zaHHyI0 KOOpIMHATY MOKHO BBIPA3UTh KaK

1
J-v /et

o 2 )
A ToKa3aHus 4acoB B 3TOW TOYKe OyAyT Ha X, N1/C* IeJeHUH MEHbIIIE,

X}, = (V,t —v,t) (4.5)

yeMm B Touke O, KOTOpbIE, B CBOIO OUepelb, OyAyT PaBHBI

t) =t1-v,°/c?. (4.6)

!

X ,
Torna ckopocTs v, =————, a ¢ yuérom (4.5) u (4.6)
ty —xpv,/cC

_VomVy (4.7)

V,, = :
2 1-vy,/c?

3HaueHHE CKOPOCTU Vip OMNPENEIUTCS Kak YacTHOE OT JACJICHUS
aOCOIOTHOTO 3HAYEHUS KOOPAMHATHI X”,, HA TOKAa3aHUS 4YacoB B ITOM

touke MCO2. AOconoTHOE 3HaYeHHE YKa3aHHOW KOOPIMHATHI MOIYYHM

KaK | X) |= (vt —v,t)/y1-v,” /c? . (4.8)

2 .
A TIoKa3aHMs 4acoB OyIyT Ha |X 5{V,/C” neneHuit 60JbIie, yeM B Touke O
KOTOPBIE B OTOU TOYKE PaBHBI t) =t\1-v,”/c? . 4.9)
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| Xor

D v ie a ¢ yaérom (4.8) u (4.9)
0’ 0’ 2

Torna ckopocTsb v,, =

vV, =V,

Vp, = ———. (4.10).
1-vyv,/c
V, —V
Wrak, cpaBauBas (4.7) u (4.10), MBI BUIUM, 9TO V,, =V;, = —>——.
1-vyv,/c
Torna, moay4YeHHbIE BbIIIE 3HAUEHUsS IS X, t'u X7, t70ynyT
X" = X — Vth’ t'— V21X’ t"+ 7\/12)(”

- /1_\/212/(;2’ " = c® . X’:X"+—V12t”1 t' = ¢t .
\/].—VZIZ/C2 ’ \ll_vlzz/cz Vl_vlzz/cz

N ™Mbl AeicTBUTENBHO YyOeXkaaemMcss B TOM, 4YTO MpeoOpa3oBaHUS
KOOpJIMHAT U TOKa3aHWW 4YacoB JUIsl OJIHUX U TeX K€ COOBITHH TpH
nepexoze oT oanoit MCO k npyroit UMerOT OAHY U Ty ke hopmy. MmenHo
B CHJIy 3TOTO OHHM U HOCAT TPYIIIOBOM XapakTep, yTO ObUIO MOKA3aHO eIl
A. Ilyankape. Iloatomy Mbl MOriiM Obl M HE J€JaThb TOJBKO 4YTO
NPUBEACHHBIX BBIKJIAIOK, a MIPOCTO cOCIaThCcs Ha To, uto emé Ilyankape
ycraHoBun TOT (pakt, uro IIJI mpencraBisioT coOOl HENpPEpPHIBHYIO
MaT€MaTUYeCKyl0 TpyNIy C TEepeMEHHbIM mapaMmeTpoM V. A
cJIeIoBaTeIbHO, OOIMKA BUJl TIpeoOpa3oBaHuii, TO ecTh X (opma, Oymer
OIHOM W TOW e, HE3aBUCUMO OT  TOro, MpeodpasyeM I MBI
IPOCTPAHCTBEHHBIE U BPEMEHHBIE KOOPIUHATHI KAKMX-TH0O0 COOBITHM OT

ACO k UCO1, or ACO k UCO2, ot UCO1 x UCO2, nnm Ha060pOT.

Ha stom Bompoc ¢ mpeoOpa3oBaHUSMH KOOPAMHAT U BPEMEHU IpHU
IEPEXO0/I€ OT OAHOM CUCTEMBI OTCYETA K JAPYrOM MOJHOCTBIO MCUYEpHaH. A
320/THO MBI TIOJIYYHJIM 37€Ch U (POpMyIbl «cioxkenus ckopocteit»y B CTO
[13], xorma HamuIM Vi) U Vo1 94epe3 Vq U Va.

Kak Buaum, mpupojga ycTpoeHa Tak, YTO Mbl MOXEM OOXOIUThCS 0e3
ACO mpu pemeHnr MHOTHX (PU3MYECKHUX 3aj1ay, IMOKa MbI HE JCIacM HX
CJIMIIIKOM TJI00aJIbHBIMU.

HakoHen, nociennee, 4To cieyeT OTMETUTh YXe€ 3/1€Ch, CIEIyIOLIEe.
OOBEKTUBHO peaJbHO BCE MHUPOBBIE COOBITHS, HE3aBUCUMO OT HX
Macmtaba, MPOUCXOASIT B  OOBEKTUBHO  pEAIbHOM  (DPU3UYECKOM
MPOCTPAHCTBE M BPEMEHU KaK TaKOBbIX. HO Tak Kak Mbl BBIHYKJICHbI
U3ydaTh UX W, MPEKIE BCETO, HAOMIOAATh U MU3MEPSTh, U3 TE€X WIJIN HHBIX
JBIDKYIIUXCA CUCTEM OTCYETA, TO HAM 00S3aTENbHO CIEIYET YYUTHIBATH
TOT (haKT, 4YTO BCE HAIIM «HU3MEPEHUs» O00s3aTeNbHO CTAHOBSITCS



30

IPOCTPAHCTBEHHO-BPEMEHHBIMU M 005A3aTENLHO 110 OTHOLIEHHMIO K HAILEH
IPOCTPAHCTBEHHO-BPEMEHHOM W3MEPUTENLHOM KoHCcTpykuuu. B CTO
MOCJIe «CHUHXPOHM3alMM» 4YacoB B Jro0oi nBwkymiedics MCO Bcs e
U3MEpPUTEIbHAS KOHCTPYKLMS HEU30€KHO CTAHOBUTCS TEM, YTO MBI
Ha3bIBaeM npocmpancmeo-epems (I1-B). U sro II-B gnsa xakux-nmmi6o
pa3HBIX COOBITUH YK€ HENb3s pa3AeiuTh Ha OOBEKTUBHO pPEATbHOE
«MPOCTPAHCTBO» U OOBEKTUBHO PEATBHOE «BPEMSD» MEXKIY HHUMH, XOTS
OOBEKTUBHO PEabHO OHM CYIIECTBYIOT HMEHHO KaK OObEKTUBHO peasibHasl
NPOTSHKEHHOCTh U OOBEKTUBHO peajibHasl UIMTENIbHOCTh. JTO HArJsIHO
MOYHO MOKa3aTh HA TAKOM MPOCTOM IIPUMEPE.

Jonyctum B HeKkoTopoit MCO, nuxyieiicst ¢ abCOI0THON CKOPOCTHIO
V, B €€ Havajie KOOpJAMHAT MPOUCXOJIAT MOCIEI0BATEIBHO KaKkue-1u0o JBa
COOBITHSI C COOCTBEHHHLIM BPEMEHHBIM HHTEpBajoM At'. Eciau Temepnb
nepeTH K eAUHOMY aOCONIOTHOMY BPEMEHH, TO 3TH JIBa COOBITHS
pasfeneHsl  OOBEKTMBHO  PEAIbHBIM  BPEMEHHBIM  MPOMEKYTKOM

At=At'/v1-v?/c®, a Takke aOCONIOTHBIM OOBEKTHBHO pEabHBIM
pacctositHuem |=vAt. A no otHomeHutro K II-B camoii MCO onu He
pa3aeeHbl KIIPOCTPAHCTBOMY, a pa3eiIeHbl JIHIIb «BPEMEHEMY.

5. Kak 061 MbI BeIoaHsIM n3Meperaus B ACO.

Tak xak meopemuuecku moiciumas ACO KECTKO cBsi3aHA C
HETMOABWXHBIM 8 yenom >PUPOM, TO B HEH BCE Pa3HOMECTHBIE YacChl
MPUHITUITHATBHO JIETKO COTJIACYIOTCS C TTOMOIIBIO CBETOBBIX CUTHAJIOB TaK,
9TO B JIOOOW MOMeHm Bce OHH OyIyT MUMETb OOUHAKOBble NOKA3AHUSL.
WMuave MOXHO CKa3aTh, YTO OHU OYAYT CUHXPOHUZUPOBAHBL MEXIY COOOM
10 CBOUM NOKA3aHusM, a eme uHade — OynyT uomu 6 ¢gase. Kpome toro,
emé MOXKHO CKa3aTh U TaK, YTO €CJIM Obl MBI MOTJIM OKHHYTh BCE Yachl B
ACO «meHogeHHbIM 630pOM», TO YBUAECHH Obl Ha HUX OOUHAKOBbHIE
nokazaHusi W UX HENPEPBIBHYIO 00HO8peMeHHYl0 CMeHy. Bce »3Tu
BBICKA3bIBAaHUS PAGHO3HAYUHbL!

Tak kak Bce yacel B ACO OyayT cunxponno (T.€. 0OHOBPEMEHHO)
U3MCHATh M CBOM TMOKa3aHUS (T.€. HIMETh CUHXPOHHbIN X0O0), OTCUUTHIBASL
amanorHyo onumenvHocms, To B ACO Oyner u edounoe (MOXHO CKa3aTh,
abconomnoe) epems. ITo U ecTh abCom0THOE Bpemsi HpioToHa, nayiiee
BCerJga M Be3le OauHakoBo. Kpome TOro, B KIIacCHYECKOW MEXaHUKE
CUHMTAJIOCH, YTO JTAKE €CJTU Yachl KaK-TO JBUKYTCS, TO WX aOCOMFOTHBIN X0/
BC€ paBHO coxpansieTcs. Hukakux ocHOBaHUI CUMTaTh WHA4YEe BPOJE Obl HE
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Ob10. M1 BOT HOBBIE MPEHU3HUOHHBIE IKCIIEPUMEHTHI CO CBETOM U JIPYTUMHU
AJIIEKTPOMATHUTHBIMU  SBJICHUSIMH ~ HEOXHUJAHHO BHECIW CMYTy B
YCTOSIBIIMECS MPE/ICTABICHUS (PU3UKOB.

®u3MKU BAPYT 33 yMaUCh, Ka3aJ10Ch Obl, HAJl COBEPIICHHO MPOCTHIMU
BorpocaMu. Hampumep, a kak HaM METOJUYECKH MPaBUIBHO H3MEPUTH
CKOPOCTh JBIKEHHUSI U MPOTHKEHHOCTh TBEPJOTO CTEPXKHS STAIOHHOU
JUTMHBL Jaxe B HekoTopodt ACO, eciu ero cob6cmeerHas CKOPOCTh paBHA,
ckaxkeMm, 0,5¢? M xora y Hac takoii ACO peanbHO HET, NPUHYUNUATILHO
npasuibHoe nocmpoeHue meopuu TpeOyeT aaBaTb U HPUHYUNUATILHO
npasuibhble omeemsl Ha BCE BOZHUKAIONINE BONPOCHL. Y 3TH OTBETHI MOTYT
JIaTh JaXe MblCleHHble DKCIEPUMEHTBI, €CJIM HUX «IPOBOJUTH», IIO-
HACTOSAILEMY OCMbICIUBASL KAKITYIO JI€TAlIb.

[TocMOTpuM, Kak K€ NPUHUUIIHAAIBHO IMPABUIBHO MOXKHO H3MEPHUTH
CKOpPOCTh ObICTpO JBHKyHIerocs TtBEpaoro crepxkusi B ACO. B
KJIACCUYECKONM MEXaHUKE CYUTAIOCh, YTO ATO MOXKHO ObUIO OBbI clenaTh
Tak, puc. 5.1.

a | b X
A

Puc. 5.1. Crepxenp nBuxercs B ACO Brosib ocu X MUMO TOYKH A C
JacaMHu.

CrtepkeHb, JIMHAa KOTOPOro B cocTosiHuM mokosi B ACO u3MepeHa Kak
|, mBUOKeTCst B HampaBieHUH HeKoTopoi ocu X. Ha 3Tol ocu B Kakoi-muoo
TOYKe A 3apaHee yCTaHABJIMBAEM 4Yachl U, KOT/Ia IEPEIHUN KOHEI] CTEPIKHS
b mosiBUTCS B 3TOW TOYKE, PErHCTPUPYEM IMOKa3aHHS 4YacoB t,. 3arem

PETUCTPUPYEM IMOKa3aHUS 4YacOB t,, NMPU NPOXOXKIACHUU UYEpPE3 ITY IKE

TOYKY BTOPOTO KOHIIA @ cTepkHs. OTCrofa CKOPOCTh JABUXKEHHS CTEPKHSI

(5.1)

BBIYHCJIIAACTCA KaK vV =

a b
Bcé€ 3T0 TpuBHaIbHO, HO BCE-TaKM YTOUHHUM JIJISl IOJTHOM SICHOCTH, YTO
B 3TOM ciydae | cumraercs npomsoicénnocmvio nymu, TPOUISHHOTO
crepkieM B ACO, a t,—t, OOBEKTUBHO OYAET OIUMenbHOCHbIO ITOTO

newkeHus. M ecnu 00e BenuuuHbl omnpeneneHbl dTanioHamu ACO, To
TOJIBKO B ATOM cliydae V OyAeT peanibHOil ckopocThio cTepxkHsa B ACO, T. e.
€ro cOOCMEeHHOl CKOPOCTHIO IBHXKEHHUS.

Opnako 1abopaTOpHbIE IKCIIEPUMEHTHI IO U3MEPEHUIO0 CKOPOCTH CBETA
U UX aHamu3 C TOYKA 3pEHUsd KIACCHYECKUX MPEACTABICHUA O
COOCTBEHHOM JIB)KEHUU T M COOCTBEHHOW CKOPOCTU PacCHpOCTpaHEHUS
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CBETa IMOJCKa3bIBAIOT HaM, 4YTO HPOMANCEHHOCMb CTEPXKHS TPH
COOCTBEHHOM JIBIDKCHHHM 3aKOHOMEPHO YMEHbIIaeTcs. ToJbKO B 3TOM
cilydae IpH JIabopaTOPHOM HU3MEPEHHH CKOPOCTh PACIpPOCTpPAaHEHUsI CBETa
6 Ja0bom Hanpaénenuu OyAeT TMOJIy4aTbCs MOCTOSHHOM, YTO U
nojaTBepkaaeT ombIT. Ho Ttorma BemmuwmHy | yxke wenvss cuuTath
NPOMANCEHHOCMbIO TYTH, TpoiaeHHoro crepkHeM B ACO, nmaxe eciu
cTepkeHb u3Meputh e€ xe (ACO) 3TalOHOM B MTOKOE. DTO 3aCTaBIsIET HAC
OTKJIOHUTh Takoh cmocod wu3sMmepeHus ckopoctu V. I[loatomy Oynem
U3MEPATH CKOPOCTh IBMKEeHUS cTepxkHsA B ACO unaue, puc. 5.2.

4 b >
A | B

Puc. 5.2. Crepxens asmwxkercs B ACO mumo Touek A u B ¢ yacamu B
HUX.

Otnoxum BemmumHy | oT TOoukm A mo ocu X, puc. 5.2. Tyt yxke
npoTsokéHHOCTE AB nefictButensHo paBHa | mo stanony ACO. Temnepb
3aperucTpUpyeM BHayase MoKa3aHus 4acoB t, B TOUKE A, Korja Tam OyaeT
TOoYKa D CTEepKHs, a OTOM 3aperucTpUpyeM IOKa3aHHs 4acoB t, B TOYKE
B, xorga e€¢ OynmeT mpoxXoauTh OMATH ke Touka b. A tak kak B ACO s
BCEX Pa3HOMECTHBIX YaCOB «8peMsl eOUHO», T.€. BCE Yachl B JI000I1 MOMEHT
MMEIOT OJIMHAKOBBIE MOKazaHus (udym & gpasze), TO Tenepb yxe t, —t, aAacT
HaM O00beKMUBHO PealvbHyi0 OAUMEIbHOCHb STOTO JBUXEHUS. WM MbI
JNEHCTBUTENLHO TOJIYYUM COOCMEEHHYI0 CKOPOCTh JIBUKEHHSI CTEP)KHS B

ACO kak v=t I .

Jlanee paccMOTpUM, Kak MOXHO HW3MEPHUTh OJUHY JBUKYILIETOCS
crepxkHst B ACO. Jlyist 3TOro Mbl JOJDKHBI B KaKOW-TMOO OJMH U TOT K€
MmomeHm (T.€. OMHOBPEMEHHO) 3apETUCTPUPOBATH MOJOKEHUE €r0 KOHLIOB @
u b Ha ocu X, puc. 5.3. Iloka3anus 4acoB t, B TOUKe A W MOKa3aHUsS YacOB

t, B Touke B ogunakoBele, T.€. B ACO 00bexmueno 0THOBPEMEHHBIE.

a [ b X
A I B
Puc. 5.3. ITonoxkenne aBmxymierocs crepkus ab B ACO Ha ocu X B

HEKOTOPBI BPEMEHHOW MOMEHT t, =t;.

3aperucTprupoBaHHbIE KOOPAUHATHI TOUEK X, U Xg, a CIEAOBATEINIbHO,

npomsxcénnocms (OHa ke oauna) ABwxKymierocs crep:xkus B ACO paBHa
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X — X, =|. A U3 aHamu3a JaOOPATOPHBIX SKCIEPUMEHTOB IO M3MEPECHHUIO
CKOPOCTH CBeTa cieayer, uro | =1v1-v*/c?, (5.2)

rae I'- coocTBenHas vHA crepykHs, u3mepenHas B CK, mBrmxymieics co
CTEp)KHEM, & € — 00BEKMUGHO peaqbHas CKOPOCTh PACIPOCTPAHECHUS
ceeta B ACO oT ToukM wusnydyeHus. I oHa paBHa MOJy4YEeHHOH B
ANEKTpOoJuHAMUKe MakcBeuia CKOPOCTH pacHpoCTpaHEHUsI OT TOYKH
U3ITy4YEeHUs] DJIEKTPOMATHUTHBIX BOJH B BakyyMe. JTO WU €CTh TO, UTO
JIOJKHO Ha3bIBaThCA B cneyuanvrou meopuu omuocumenvHocmu (CTO)
npunyunom nocmosincmea ckopocmu ceema (ITIICC).

OOpatuM BHMMaHWE Ha TO, YTO, C OJIHOM CTOPOHBI, BhIpaxkeHue (5.2)
€CTh PE3yNIbTAT uzmMepenusi Onunsl cTepxkHs, nexkyierocs B ACO. Ho, c
JPYrOl CTOPOHBI, MBI TEM CaMbIM YCTAaHOBWIM U 3aKoH (WU (opmy
3aKOHA) U3MEHEHUS NpomsdicéHHOCmuy TBEPIOTO Tea MPU abCOoIOMHOM
JIBUKEHUU.

YtoObl B JaJBHEHWIIEM WCKIIOYNATH KaKyHO-THOO IMyTaHWIy B
MPUMEHEHUN TaKUX OJIM3KUX IO CMBICTY TOHATHH KaK TPOTSIKEHHOCTD,
JUIMHA, PACCTOSTHUE, pa3Mep, Pa3HOCTb KOOpAMWHAT, BeauunHa AB u 1.1,
Cpa3y ke BHECEM SICHOCTb, YTO K€ CJIeNyeT MOHUMATh MOJT KAKIBIM U3 HUX.
Bo-niepBeiX, Bce OHM OyIyT HE MPOCTO O003HAYATHCSA OOIETPUHSATHIMU
cuMBoJIaMu, Hampumep, Takumu kak |, I', L, L', Ax, u T.I., HO 1 OyayT
UMETh OIpeAeNIEHHOE YHUCICHHOE 3HadeHue. Bo-BTOPBIX, KaxKjgas Takas
YHUCJICHHAs] BEJIMUMHA Bcerja OyneT ompenereHa B KaKOH-TO KOHKPETHOM
CK, pa3medeHHO! ¢ TOMOILBIO OOIIENPUHATOrO 3TAJIOHA.

B-Tpetbux, NOHSATHE npomsadicéHHOCMb OOBIYHO TOHMMAETCS Kak
HEKOTOPBIA HamypanvbHulll pazmep Telaa WIH 4Yero-mudo Ipyroro Kak Obl
camoro 1o cede 6e3 npuBsizku Kk kKoHkpetHoit CK wnu cucmeme omcuéma
(CO). ITosToMy pa3mepbl pa3HBIX TeJ BCEr/Aa HaXOISATCS B 0OBEKMUBHO
PeanbHOM OOHO3HAYHOM TIO TPOTSHKEHHOCTH OTHOUIEHWUHM JAPYT K JAPYTY
(Oonbiie, MmeHblIe UM paBHbl). Ho mpu 3TOM Bcerga, MOXKET ObITh JaXkKe B
IIOJICO3HAHUU, IIOJ HNPOMANCEHHOCMbIO BCE K€ MBICIWIOCH U KaKOe-TO
BO3MOXKHOE 00bekmusHo peaivhoe (M B 3TOM CMBICIE abCOIOMHOE)
00HO3HA4YHOe YHUCJIeHHOE e€ BbIpakeHue. Ho uucieHHoe BhIpakeHue 0e3
koukpemuou CO c¢ e€é€ CK 6 mnpunyune nesosmodxcHo. IlosTomy
JIOTOBOPHUMCSI, YTO MBI BCET/a, TETepPb YXKE BIIOJIHE OCO3HAHHO, OyIeM
UMETh B BUAY, YTO 3TOT HAmMypaibHbuili pazMmep Bce ke npussizad Kk ACO u
e€ aranony, Hanpumep, Ha puc. 6 ab uMeeT Takyro ke NPOTSHKEHHOCTD Kak
AB. Ho uyepe3 ortHomienue k stanony AB u ab umeror m wucnennyio
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abcomomuyro oaurny |. Bce ocTanbHBIE POJCTBEHHBIC MPOTIKEHHOCTH
MOHATHS KOKIBIA pa3 YUCICHHO Oy/ieM CBs3bIBaTh ¢ KoHKpeTHoU CO c eé
BHyTpeHHUM dTaioHOM. I B 3Tx CO 0oHHM OyAyT UMETh U COOCMBEHHYIO
eHympenniow (T.e. OMHOCUMENbHYI0) YUCICHHYI0 IuHYy. Hampumep, B
HarreM ciaydae, eciu ¢ ab ceszare MCO, To coocTBeHHas mmmHa ab=I".

Cnenyromuii NPUHIMIHAIBHO BaXKHBI BOMPOC 3aKJIIOYaeTCs B
npaBwibHOM wu3Mepernun B ACO memna xooa (WM TPOCTO X00a)
JBIDKYIIMXCS ATAJOHHBIX 4YacoB. XOJ 3TANOHHBIX mokosiumxcs B ACO
4acoB Ha30BEM abconmomubim. C IBIKYIIMMUCS YacaMHU BCET/Ia MOXHO
cBs3aTh HeKoTOpyro CK, B KOTOpo#l OHU OynyT MOKOUTHCS. VX 3TalOHHBIM
XOJ, BOCIIPOM3BOJAMMBIN HenocpeacTBeHHO B naHHoM CK, Ha30BEM
omnocumenbHviM. OTHOCUTEIBHBIN X0/l ATAJOHHBIX YAaCOB MOXHO TaKKe
Ha3bIBATh cOOCMBeHHbIM X0A0M YacoB B ipunsToit CO.

Xo4 4YacoB XapakTEpU3YETCA uYacmomou TPUHITOrO HTAIOHHOTO
NEPUOANYECKOTO MpoLiecca U OnumenbHocmylo €ro nepuoja. Onarhb ke u3
ananuza J1abOPaTOPHBIX HKCIEPUMEHTOB IO U3MEPEHUIO CKOPOCTU CBETa
CIIEIyeT, YTO XOJ 4YacoB IMpPHU JBWKEHHH 3aMEII€TCd B OTHOIICHUU

Vv =viJ1-V?/c®, tme: V — 4yacrora xoma mnokosumxcs B ACO yacos,

MPUHATAS 32 STAJIOHHYIO; V'- 4acTOTa X0Ja JBMKYIIIUXCS CO CKOPOCThIO V
qacoB, uzmepennas noxkoswumucsa 6 ACO uyacamu. A IJINTENBHOCTH HX

MIEPUOJIOB COOTBETCTBEHHO OYAYyT OTHOCHTHCA Kak 1/v' =1/vy/1-V?/c¢® nnn

T'=T/V1-V?/c?, rae: T- mMTeabHOCTh dTaTOHHOrO nepuoga B ACO; T'-
JUIATENIBHOCTh ATajoHHoro nepuoaa B MCO, xECTKO CBS3aHHOW C
JBWKYIIUMUCS 4YacaMM, OISATh K€ usmepennas nokosuwpumucia 6 ACO

uacamu. [TorTomy, ecnu nnurenbHocTh cBoero ke (MCO) npuxeHus BAOJb
ocu X nokositmumucs B UCO vacamu Oynet n3mepeHa Kak At', TO 4achl B

ACO wusmepsaT e€ kak At=At'/yJ1-V?/c?>. BOT MBI U JOIKHBI HA2ISAOHO
MoKasaTh, Kak 3To Bc€ u npoucxoaut B ACO, puc. 5.4.

a9 UCO A —»V X
ACO A > X

6) , UCO Al _ X
ACO A B ¢

Puc. 5.4. Yacst A', nokositmuecst B UCO, ABUKYTCS BMECTE C HEUW CO
ckopocThio V B ACO Bnosb ocu X BHayajae MUMO 4acoB A (MOMEHT a), a
notom u B (MOMEHT 0).
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A nenaetrcs Bc€ n0BOJIbHO MpocTo. Korga yacel B Touke A' BMecTe co
ceoeri MCO nBmxytcs mumo yacoB ACO B Touke A, MokazaHHs 000UX
MIPUHUMAIOTCS 3a HyJieBble. A Tak Kak B ACO «Bpemsi €IuHO», TO TOYHO
TaKue K€ MokKazaHusi yacoB OynyT u B Touke B. 3artem, korma yacer A'
Oynyt yxe mnporuB yacoB ACO B Touke B, cHoBa perucrpupyem
noka3anusi ooounx. M ecan yacet UCO B Touke A' uayT MeIJIeHHEe, KaK U

yKa3aHOo BBIIIIE, TO OHU U OTCUUTAIOT drumenvHocms At' = Atr1-V?/c® .(5.3)

CJ'ICI[OB&TCJILHO, JJINTCIIBHOCT KX  IICPHOJ0B 6YIIYT CBs3aHBbI

oTHoIIeHHeM T' =T /+1-V?/c?, a 4aCTOTHI CBA3aHBI OTHOILICHUEM

V' =v1-V?/c? . (5.4)

A Tak Kak BCE 3TO JACUCTBUTEIBHO MPUCYIIE X0y ABUKYIIHUXCS YACOB,
TO 9TO U €CTh 3aKOH (WU opma 3aKOHaA) U3MEHEHHsI WX XOJAa MpH
abcomomuom JBWKEHUH. A B OoJiee oOmeM cMmeicie (5.4) - 3to gopma
3aKOHa U3MEHEHUS IMUKINYECKUX ABWKEHUN TIPH aOCOI0MHOM TBYKCHUH
WX UCTOYHUKA. M HET HUKAKOTO «3amedneHus epemenuy, Tak Kak u V', u 17,
a Takxe V u T omuecenst k nokoawumcs 8 ACO uacam (k ux abconromuomy
X00y), KOTOpbl€ U MOIJIA Obl, UMES «eouHoe 6pemsm», OTCUUTHIBATDH

abconomuvle SManioHHvle OTUMEeNbHOCMU (CEKVHObL).

6. JIsmwxvyiiasca MCO u e€ npocrpanctBo-Bpems (11-B).

Beimie U3 puc. 3 Mbl HaJISIAHO YBHJIENH, YTO Pa3HOMECTHBIE Yachl B
nerkymerics CK', cormacoBaHHbIe MEXTy COOOH C MOMOIIBIO CBETOBOIO
CUTHaja, He u0ym CUHXpoHHO, T.€. B (haze, Kak cuuTan DUHIITeHH. Takum
oOpazom, Hukakas aABwxkymiasica MCO HU mpu Kakux 0OCTOSTEIbCTBAX
«eouHo2o epemeHu» UMeTh He MokeT. A koopauHatel €€ CK u mokazanus
YCN08HO CUHXPOHU3UPOBAHHBIX PA3HOMECTHBIX 4acoB BO Bcex Toukax CK
peanbHo M MOTIM Obl 00pa3oBaTh TO, YTO HA3BIBACTCS MPOCHIPAHCHIEO-
eépema (I1-B) [6]. Ho moka ¢axmuuecku Takoe «IpOCTPAHCTBO-BPEMS»
T MbICIUMCA B TEOPHUH, TaK KaK HUKOT/A €€ He OBbLIO peaJnu30BaHO
Ha MPAKTHKE.

To, 4TO MOKa3aHO HUXE HA PUCYHKE 6.1, MOXKHO HalTH B y4EOHHKaX,
CIIpaBOYHUKAX U MHOTUX APYTUX MOCOOMAX W KHUTAX pa3sHbIX aBTOPOB IO
CTO. Otrnnume mumpe B TOoM, uro BMecTto ACO mpu 3TOM TrOBOpAT O
TIOKOAIIEHCA CUCTEMED.
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Puc. 6.1. Enunble mnoka3zaHusi Ha BCeX dYacax B MaTepuaIbHOM
npoctpaictBe ACO ©  nycmoe  OTHOCUTEIBHOE  METPUUYECKOE
npocmpancmeo-epems (I11-B) nuxymeiics MCO.

To ectp Teopernuecku mbicaumyto CO c e€ peanbHBIM Qu3uyeckum
(mMamepuanvrbim) TPOCTPAHCTBOM IMOJIMEHSIOT HEKOTOPOU CYOBLEKMUBHO
BbIJIeJIeHHON (uMHaue, Haznauenuou) CO, KOOpAMHATHOE METPUUYECKOE
MPOCTPAHCTBO KOTOPOU Mbiciumcs abCONIOTHO nyCcmbiM, HO HOKOAWUMCS.
[Ipu 3TOM OHO €1IE U 0OHOPOOHO, U UBOMPONHO, T.€. NYyCMoma HaJeIseTCs
Qusuueckumu ceovicmeamu. Y ToabK0 B HEM CKOPOCTH CBETA CUUmMAemcs
NOCTOSHHOM OoTHOcUTeIbHO CK BO BCeX HalpaBlIEHHUAX OT JHOOOM TOYKHU
u3inydeHus. IloaToMy pasHOMECTHbIE 4Yachbl SKOObI M MOTYT OBITh
CUHXPOHUUPOBAHBL MEXKAY COOOM MO CBOMM MOKA3aHUSIM TaK, YTO B JHO0OM
MOMEHT OYIyT uomu 6 ¢paze. A 3HAUNUT «BPEMS» MPHU ITOM SKOOBI OyAeT
eUHBIM (aOCOJIIOTHBIM).

B n300paxx&nnblii MoMeHT, Korja Hadajga CK o6enx cucrteM coBmanu, B
ux toukax O m O' mokazaHusi 4YacoB NPUHUMAIOTCS 3a HYJEBBIE. A
MIOCKOJIBKY B «IOKOSILIEHCS CHCTEME» BPEMS cuumaemcs eOuHviM, TO U
MOKa3aHUs BCEX APYIMX YacOB TOXKE mpuHumaromcs 3a HyneBble. Torna B
nerkymerics UCO cnea ot Touku O' yackl OyayT CENIUTh, T.€. IO CBOUM
NOKa3aHusIM OYyIyT BIEpequ Ha BeawuyuHy t, =vl'/c?, t, =v2l'/c* u T.1., a
cipaBa OymyT oTcTaBath: ti, =-vl'/c?, t), =-v2l'/c* n T.1.

Ot1o nerko mposeputh yepe3 IIJI, koTopbiMu cBsi3aHbl MEXIy COOOM
MPOCTPAHCTBEHHBIE W BPEMEHHbIE KOOPAWHATHI 00E€MX CHCTeM. Tak Juist
ty —v(-1)/c® I’

Toukn B' mokazanus udacos Oynyr t, =2 ——-—-=—, a g touku C'
V1-v?/c*? ¢
, te—vlic? vl
Oynyr t. = ————=——, U T.1. Bcs KapTHHKA B LIEJIOM €CTh HUYTO UHOE

V1-vi/¢? ¢
KaK «(MCHOBEHHbIU 630p» W3 «IOKOAIICHUCS CHUCTEMBI», OXBATHIBAIOITUI
cpasy o00e CHCTeMBI, XOTS HCIIOJIb30BaTh TAaKOW «B30p» CETOMHS B
OpPTOJOKCANIbHOU (DU3UKE 3ampeweHo, Tak ke Kak U B €€ duiocodpun. A
9TOOBI OMpAaBAaTh CBOM KAPTHUHKH, PEIIATUBUCTBI-OPTOIAOKCHI 3asBIISIOT,
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yt0 B Kaxsoi UCO ceos oonoepemennocms. To €CTh BBIXOAUT, UTO BCE Ke
MOJCHO TIOJIB30BATHCSI TAKUM «MCHOBEHHBIM 630pOM», HO TOJIBKO B TOU
CUCTEME, KOTOpasl HA3HAYEHA «NOKOAWeucs», a 3HAYAT HUMEET U CBOE
abcontomuoe BpeMs, U CBOIO YCI106HY0 a0COMIOTHYIO OJJHOBPEMEHHOCTb.
OOpaTtuM BHMUMaHHME TakKe€ Ha TO, YTO BCE IOKAa3aHUs YacoB B
«mokosienca cucteMe» B Toukax A, B, O, C, [l u npyrux cywecmeyrom
BCE Cpa3y B MMOKAa3aHHBIII MOMEHT (MTHOBEHUE), T.€. OJIHOBpeMeHHO. Toraa
u nokazanus yacoB CO B Toukax A', B', O', C', I' u npyrux cywecmesyiom
TOXXE BCE cpasy, T.e. o0HospemeHHO. A modToMy B nBrkymieiics MCO u
HET HUKAKOW CUHXpOHU3ayuu TIOKa3aHUN €€ pa3HOMECTHBIX 4acoB. OHU HE
uayT B (aze, a MOAITOMY BMECTE€ CO CBOMMH KOOpPAMHATAMH M OOpa3yroT
npocTtpancTBo-BpeMst MCO. Ono 6su10 BBeeHo B CTO mocne mosiBiaeHus
paboThl MUHKOBCKOIO U € TEX MOP MNPU3HAHO aKaJEMUYECKON (PU3UKOM.

Ho umo ¢paxmuuecku npu 3ToM npuszHaHo? A TpU3HAHO TO, YTO, BO-
nepBbIX, o00HogpemenHviMu B WNCO cuurtaoTcs (T.e. Mblcaames) Te
COOBITHS B PA3HOMECTHBIX TOUYKaX CUCTEMbI, KOTOPBIE MPOUCXOISAT TaM MIPH
O0OUHAKOBbIX NOKA3AHUAX 9acOB B HUX. BO-BTOPBIX, MPU3HAHO, YTO BJOJb
HaIpaBJICHUS JBUKEHUSI CUCTEMBI, HAIpUMEpP, Ha Oocu X', KaK Ha HallleM
pucyske 6.1, pa3 Ha Heil HE CYHIECTBYET Cpa3y BO BCEX €€ TOUKAX eOUHbIX
NOKA3AHUI 4aco8, TO AKOObI U HE CYIIECTBYET BIIOJb HEE 0OHOBPEMEHHbIX
coovimuti. Ecim  paccmarpuBaTh HylneBOM MomeHT B Touke O' Kak
Hacmoswuil, TO ClIeBa 1Mo OCH X' BCE COOBITHUS yKe OYyAYT 8 npouiiom, a
crpaBa - OHU emié 6 Oyoywem. Hactosmmii MOMEHT HWHaue Ha3bIBaCTCS
«ceuyac». A MOATOMY MPU3HAHO, YTO MOMEHT «ceiyac» no Bceid MCO He
cymectByeT. A mnockoilbky Bce HMCO cuumTaroTcs  COBEPIIEHHO
OJIMHAaKOBBIMH, TO, B-TPEThUX, MOMEHT «cCeidyac» sIkoObl HE CYIIIECTBYET B
Mupe ob6vexmusro peanvro BOOOIIE.

C apyroi CTOpOHBI, KOTJa Mbl HAXOAUMCS B «ITOKOSIIIICHCS CUCTEMEY,
To BbIXoaut, 4to npyrue MCO obGpasyror cBoé II-B He mis cebs, a ms
«mnokosimeica cucrembl». Ho eli-ro oHo He HyxHO! [louemy «He mis
ce0s»? [la motomy, uto Bce UICO HMueM apyr OT Apyra npuHyunuaibHo He
omyarorcss. U ecnm nBumxynrytocss UCO naznauums «OKOSIIEHUCS», TO
[I-B B Hell cpa3y e, Kak [0 MaHOBEHHIO BOJILECOHOW MaJIOUKH,
MpEBpaIaeTCsl B CBOU aOCOI0mMHOe IPOCTPAHCTBO U aOCONOMHOE BPEMSL.
Kpome Toro, momu€pkuBaercs, uro B kaxjaoil MCO aomkHO OBITH c60é
ocoboe ¢huzuueckoe 8pemsi, a BOBCE HE «IpocTpaHcTBO-BpeMsi»! [IpaBna,
ITO €c80€ ocoboe huzuueckoe 8pems TIPUTOTHO TOIBKO JJII «BHYTPEHHETO
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ynoTpeOaeHHs», HO YTBEPKAACTCS M TO, UTO OHO e0uHO, TaK KaK BCE YacChl
uoym 6 ¢aze. Ho ecnu Bpemst eduno, To torna Hu B kakoit ICO u Her
HUKaKOTO «IPOCTPAHCTBA-BPEMEHW», & €CTh CBOE nycmoe KOOPIWHATHOE
MIPOCTPAHCTBO U CBOE sAK0Obl eduroe (HU3N4ecKoe Bpems B HEM.

N emé nomguepkHEM Takyro AeTaib. I «IIOKOSIIENCS CUCTEMBDY OCh
X' mBwxkyueiics MCO, Oynydd HEKOTOPBIM MPOTSHKEHHBIM KECTKUM
TEJIOM, cywecmgyem 6csi cpazy. IT0 camo coboi pasymeercs. Ho
BO3HMKAET BOIPOC: a Kak Torga OwiTh ¢ JaBwxkyteiics NCO? Beab u s
HEE 3Ta OChb cywecmsyem 6cs cpazy. 'Torna U onpeesiEHHbIE HaMU BBIIIE
pasnvle NoKasanus 4YacoB B Pa3HbIX €€ TOYKAX TOXKE 00A3aHbL

cywecmeosams 6ce cpa3zy. (OIHAKO, Kak TOJbKO Mbl HA3HAYAeM
TMOKOAIICHCA CUCTEMOWN» Ty, UTO Celvac JBHXKETCS, TO B HEW BCE 4YaChl B
pazHbix Toukax MCO yxke o06sa3ambl cywecmeosamsv TPU 00UHAKOBHIX
NOKA3aHUsAX 9aCOB B HUX.

N MBI cHOBa CTOMM Mepen JAUIEMMOM: JUOO B OPTOJOKCAIBHYIO
tpakToBKY CTO 6necena nymanuya, mub0 peaqbHOCTh CYIIECTBYET TOJBKO
1O OMHOUEeHUIO K «IIOKOSIIITUMCS cucTeMam», 6o B [Ipupoae soobwe e
cywecmeyem HHUKAKOM OOBEKTHMBHOM peasibHOCTH. HO eciam yuecTh, 4ToO
caM € co3Jaresib OpTojoKcanbHOW TpakToBKM CTO yxke B 1920r.
OTKPBITO 3asiBWJI, YTO «CUCTEMa KOOPIWHAT MpPEJCTaBiIsIeT cOOO0M BCEro
JUIITb CPEJICTBO OINMMCAHUS M caMa 1o ceOe HEe MMEET HHMYEro OOIIero C
ONHUChbIBa€MbIMM Tpeameramu» [2, T.1, c¢. 690], a 2mo_3mauum, 4to

obvexmugnas peanbHocms B llpupone Bc€ xe cywecmsyem, TO OCTa€rcs
JMIIb OJTHO - NMPU3HAMb, YTO B OPTONOKCAIBHYIO TpakTOoBKY CTO BcE xe
OvlIa 8HeceHa MTyTaHULA.

OpHako DUHIITEWH TaK U HE YBUJEN CBOMX OIIUOOK, a MOTOMY JaXe B
1948r. B cBoelt cratbe «OTHOCHUTENBHOCTB: CYHIIHOCTH TEOPHUH
OTHOCHUTENBbHOCTUY», ToBOpsA 00 CTO, emé pa3 nmomuepkHyd: «OcHogHbie
pe3yibmamovl CneyuanrvbHou meopuu  omuocumenvuocmu. CriennanbHas
TEOpHsl OTHOCUTENILHOCTH MPHUBEJA K SICHBIM (PU3UYECKUM MPEICTABICHUIM
O MPOCTPAHCTBE U BPEMEHU U B CBA3U C 3TUM K BBIICHEHHIO TOr'O, KaKk
BeIyT ceOsi JBIKyIuecss MacimTadbl ¥ 4ackl. ... OHa B oOIeM BHJIE
yKazaJjia poJib, KOTOPYIO UTpaeT MUpoBas nocrosinHasi C (CKOpOCTh CBETa) B
3aKOHaX MPUPOAbI, U MPOJAEMOHCTPUPOBAJIA CYILIECTBOBAHUE TECHOM CBS3U
MEXIYy TEM, KaK B 3TU 3aKOHbBI BXOJAT MPOCTPAHCTBEHHBIE KOOPAUHATHI, C
OJTHOM CTOPOHBI, U BpeMs — ¢ APYyrow » [2, T. 2, ¢.660].
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He pasrmsanenu ommbok DWHINITEHHA aKaJeMUKH M 1O CEeW JIeHb, a
MIOTOMY BCS 3Ta IMyTaHMIIA C «ICHBIMU (PU3MUECKUMH MPEICTABICHUIMH O
MPOCTPAHCTBE U BpPEMEHW» em€ W CeroJHs CUYUTAETCA 0CcoObLMU
ceoticmeamu npocmpancmea u epemenu. KOHEUHO K€, MOCTUYL TaKue
mauncmeennvle (MUcCMuUYECKUe) «CBONCTBa» 0Ka3aloCh IOCHIbHBIM
Janeko He BceM. Ho TeM, KoMy 3TO HE yJaloch, OrOpYaThCsi HE CTOUT, TaK
Kak K CaMUM CBOMCTBAM MPOCTpPaHCTBA W BPEMEHM OIMCaHHAs
akademuveckass Nymavuya HUKAKOTO OTHOIICHUS He umeeT. Kak MbI
YBUJIUM JTQJIEE, 3TO BCETO JIMIIb, €CJIM MOYKHO TaK BBIPA3UTHCS, «CBOMCTBA»
HalllUX «HAOJIONICHUH W M3MEPEHHI» B IPOBOJMMBIX MBICICHHBIX
IKCIIEPUMEHTAX, 4T00bI B 0001 nBmxkyieiics MCO soimonssuics I10.

7. Kak I1O npossnsgercs B jaerxyvineiics MCO.

A Tenepp naBaiiTe pazOepéMmcs, a UYTO K€ 3/1eChb JEHCTBUTEIBHO
M300paXeHO Ha Hauem PUCyHke 6.1, Tie BMECTO «IOKOSIIIEHCS CUCTEMBIY,
BBejicHa TeopeTudecku Mbiciumasi ACO, HO yKe Ha 00beKmMUBHO PealbHOll
ocnose. ACO MBICJIICHHO BBEJICHA B PEAIbHOM (PU3UYECKOM MPOCTPAHCTBE.
E€ koopanHaTHOE ITPOCTPAHCTBO SBILIETCS MaTEPUAIBHON cpenoul. B aTtou
8 yenom TIOKOSIIIEHCS cpefie U MPOUCXOJAT BCe (PU3MUYECKUE SBICHUS,
kotopsle HU OT Kakux CO He 3aBucar. OHU NpOTEKAIOT MO 3aKOHAM CaMOM
[Tpuponsl. 1 eciiu ObI MBI MOTJIM HE MBICICHHO, a peajibHO MOCTPOUTH B
aToil cpene nokosigyrocs ACO, To U MOIIM Obl ¢ €€ MOMOIIBI0 U HAWTH
yKa3aHHbIe 3aKOHbl. HO peambHO y Hac Takol BO3MOXKHOCTH HeET. Bce
noctynHbie HaM CO pealibHO ABUXKYTCSI B MUPOBOM CpeEIE.

C napyroit CTOpOHBI, HaM TIOBE3JIO OTKPBITH JJIsI CeOS HEKOTOPBIN
no3HaBarenbHbli npuHIUN (I10): no omuowenuio k 1106011 dsuxcyweiics
HCO, ckopocmv Komopoit meHbuie cKopocmu ceema, @uzuueckue
AGEHUA  4epe3  AHANU3  PecUCmpAauyuil  MOYEYHbLIX  COObIMUL
RPOABIAIOMCA 8 MOIL dce hopme, KOmopyio Mbl Mo2iu Obl HAOAI00aAmb 6
meopemuuecku moicaiumoi ACO, m.e. 6 moii popme, 6 coomeemcmeuu ¢
KOmopoil OHU nPOmMeKaiom 6 peanbHoOM QuuyecKkom npocmpancmaee.

Ha ocHoBe omoco npunyuna (t.e. II0), wucnonb3dys 3axou
pacnpocmpanenuss ceema (T.e. IIIICC), MBI W TOCTPOUIU CBOIO
nerkyirytocst UCO. A meicnumas ACO no3BosisieT HaM Kak Obl yBUIETh €€
CO CTOPOHBI «MTHOBEHHBIM B30pOM», KOTOPBIM [JIsi «IOKOSIIEHCS
CUCTEMBbI» BCE ke ObLI pa3peniéH. A motoMmy, TeM OoJiee, pa3peniét u ais
ACO. 210 u ectp Ham pucyHok 6.1. VI Ha HEM HarIsAHO BUIHO WMEHHO
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TO, YTO JIOJDKHO CYyuecmeosams, HE3ABUCUMO HU OT KAKUX HA3HAYEHHbIX
HaMu «TOKOSIIIIUXCS CUCTEM», KOTOPhIE «CaMH 1O ce0e He UMEIOT HUYETro
o0lIero ¢ ONUChIBaEMbIMU  MpeaMeTamMu». B 1maHHOM — ciiydae
«OIMCBIBaEMBIM TpeAMETOM» siBiAeTcsl cama ABwxymasics MCO c eé
peansHbiM [1-B. 1 oHO B Hell mocne nposedennol Hamu «CUHXPOHU3ALNUU
X0J1a» Pa3HOMECTHBIX YaCOB 00BEKMUBHO peanbHO cyuwecmseyem OJisl ceos,
a HE C TOYKM 3pPEHUsS HA3HAUYCHHOW «IOKOALIEHCs cucteMbl». [loaTomy
Janee MmokKaxeM To, Kak HabOmonarenu B aBuxyieics MCO ucnonb3yroT
c60é 11-B v umo oHu ipu 3TOM NOTYyYaroT.

a) \%
HeO 4 1B Vb v ¢ v g _, X
ACO 4 1 B o1 G 1 ¢ 1 T  <*+—v X
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Puc. 7.1. Peructpauus B MCO oTHOcHuTenbHOTO cMemeHus Touku O ¢
e€ yacaMu.

Jns Hayanma mokakeM, Kak HaOmromarenu B jaBwkymeics HMCO
u3MeEpAT omHocumenvuyro ckopoctb ACO, koTopass Tenepb M HHUX
HaIrpaBJjeHa BJieBo, puc. /.1.

[Tocne perucTpaiii MOMEHTA @, KOTJa COBNAJAIOT OCH Y U Y' U TOUKH
O u O' 1 B cucTemMax COIIACOBBIBAIOTCS MEXKIY cOO0OM MOKa3aHUs 4acos,
Jlaliee pEerucTpUpPyeTCs, HapUMEpP, MOMEHT #, Koraa coBnaayT Touku O u
B'. B momenTt mnepBoil peructpauuu vacel UCO B Touke B' umenu
nokazanus t}, =vl'/c’>. K MOMeHTy BTOpO#l peructpaiuu Bce yachl B ACO

yuayT Boepén Ha uuciao neneHui At=1/v. A Bce dacel B UCO yuayr

BIIEpEN Ha At = AtV1-V?/c? =IN1-Vv?/c?/v. Torma B MOMEHT BTOPOK
perucTpanuu 9ackl B B' mokaxyT yxe t), =vl'/c* +1J1-v*/c® /v. A Tak KaKk
I =1'V1-Vv?/c?, (7.1)
TO MOKa3aHus 4acoB B B' OyayT t;, =vl'/c® +1'1—v*/c?)/v=1'/v. U ckopocTh
ACO otnocurensHo MCO Oyzet onpenenena kak 1'/ty, =v, T.e. makotu dsce,
Kak u abcomtotHas ckopoctsh MCO B ACO.
Kpowme toro, Tak kak yacel ACO B Touke O UMEIOT noKazaHus At=1/v,
a wyacel B B' mokaseBator t,=I'/v, TO ¢ yuérom (7.1)
t, =1/vV1-v?/c® =At/yJ1-v*/c* . C npyroif CTOPOHBI, B MOMEHT & IMPOTHB
yacoB B' B UCO uackl nokassiBanu t), =0, a B MOMEHT & poTuB 4yacoB O,

KOTOphle ynum Boepéa Ha At=I/v, 4yacei B B' mnoka3siBaror
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t, = At/+1-v?/c? . 3naunt B UCO moryTt cuumams, 9TO OHU «H3MEPHIIU

BpeMsi» JBIKCHHS 4YacoB O Kak At" =t} —t,, =At/1-Vv?/c® . «3mepuin

BpEMs» B3SITO B KaBBIUKH, I[IOTOMY 4YTO 3TO HE €CTb OAUMEIbHOCMb
IBUKEHHs, KoTopas 1o xoxay uyacoB MCO ¢aktuyecku paBHa

At' = Atv/1-v?/c? , Tak kak yacel B MCO uayt memiennee. Ho «uzmepenue»

naét obpammuvitl pesyiomam A" =At/N1-v?/c*, T.e. TEHmEpb yoice uacol
ACO xax ObI UIYT MEIIJICHHEE.

N »s10T, «mOpaxkaromuii BOOOpa)KEHHE» Ppe3ysbTaT, OPTOJOKCHI
HA3bIBAIOT «OMHOCUMENbHbIM — 3amelnieHuem epemenu». Ilpu 3TOM
JIOMyCKaeTCsl AJIEMEHTapHas OolMOKa B OIIEHKE pe3ysibTaTa. A UTO K€ MbI
BUIUM Ha camoM aeie? A BuauM TO, uTo M3 ACO MBI JIeHCTBUTEIHHO
MOTJIM OBl YCTAaHOBUTH 3aKOH 3amedleHusi Xxo0a yacos npu ogudceruu. Ho
corjlacHO npasunvio nonumaemomy 110, sma owce ¢popma 3akona
MPOSIBJISICTCS. U MO OTHOIIEHUIO K ABWxkyleics MCO yepes perucrpaiuro
TOYEYHBIX COOBITHI B Hed ¢ momompto €€ [I-B. Ilpu sTomM Ham He
nmoHabumock wHaznauams WCO  «mokosmeics cuctemoit», a ACO
«IBUKYyIIEeHCS». OHU 00beKmusHo OCTAIOTCS TaKUMU, Kak ecThb. I B 3TOM
ecsa cymo u yennocmp CTO.

Jlanee paccMoTpuM, Kak OyAeT «Hu3MepeHa JUIMHA» 3TAJIOHHOTO
crepxkHs, nokosmerocas B ACO, onsATh K€ 4epe3 PErncTpanvi TOYEUHBIX
coObIThii ¢ nomouisto [1-B nmxymeiics MCO u ux npaBWIbHBINA aHANN3,
puc. 7.2. JIns sroro B MCO HaMm Hamo 3apeructpupoBaTb 00a KOHIA
CTepkHS Tak, 4TtoObl 4Yacel MCO wumenm B TOYKaX pPETUCTpAIUH
00UHAKOBblE NOKA3AHUA. ITO TO, YTO HA3bIBAETCS B TEOPUU - «BBIMOJIHUTD
peructpaiuio KoHIoB ctepxkHsi B UCO oonospemennoy, a yepe3 3aceuku
KOOPAMHAT ¥ HAWTH «U3MEPEHHYIO JUTMHY»; BCE Kak Mbl Aenanu B ACO.

a) YJKY'

uco ¢ I ¢ X

ACO 0O «—V "X
yA

oL O I ¢ '
e [ B %((

Puc. 7.2. «M3mepenue» nz MCO «amnHb» crepxkHs OB, nmokosierocs
B ACO.

B MoMeHT a moka3zaHusi 4acoB B 0O0EHMX CHCTEMax MpPUHUMAaeM 3a
HyJneBble. Tem cambpiM yxke 3acekaeM KoHen crepxHsi O B MCO.
Bosppamaemcest k Hamemy puc. 6.1 ¥ BUIAMM, YTO B 3TOT MOMEHT & HH
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CJIeBa, HU clpaBa Ha ocu X' HET 4acOB C HYJIEBBIMU IIOKA3aHUIMHU. 3HAUUT
peanvro 3aceub 00a koHua crepxkua B MCO oonoepemenno nenwvsa. Ho Bce
gacel cupasa oT Toukd O' emé He TONUIM A0 HYJIEBBIX ITOKAa3aHUN. 3HAYUT
BTOPYIO 3aceuyky OyneM Jenatb copaBa B HekoTtopod Touke C' ¢
koopauHatoi |' mpotus Touku B ¢ koopaunatoii |, xorma gace B C' OyayT
IoKa3bIBaTh t., =0.

B MoMeHT @ vackl B Touke C' UMEIOT ToKa3aHus t. =—I'v/c’. 3HauuT K
MOMEHTY BTOpod 3aceduku dvacel B MCO poimkHBl yWTH BHEpén Ha
At'=1v/c*. A tak kak yacel ACO uayt ObicTpee, TO B MOMEHT § 4ackl B B
OyoyT TmOKa3bIBaTh g __ vl . Torma w3 Il cnemyer, dro

V1-v?/c?

,  ty—Iv/c? ,
t . A TaK KakK B 3TOT MOMCHT tC’ = 0, TO NIOACTABJISAA 3HAUYCHUC

Ir 2 I 2
t, MOJKHO 3aITCaTh, 4TO V/ZC — = vic . Otcroma I' =1V1-v?*/c? .
@-vi/c®)  1-v?/c?

To ects U3 aHanuza, BeIMOJHEHHBIX B UCO sx00b1 00HOBpemeHHbIX

3aCEUEK, Y PEISATUBUCTOB-OPTOAOKCOB CIEAYET, UYTO «KUBMEPEHHAs OJIUHA»
I' nBrOKYIIErOCsS CTeP)KHS MEHBIIIE €0 COOCTBEHHOM JIMHBI |, N3MepeHHON
B COCTOsSIHUM Mokosi. Ho Teneps Mbl HaensioHo 6udum, Kak BCE 0OCTOUT HA
cCaMoOM JIeJie, T.€. 00beKMUBHO PeanbHO.

Onarp ke 3T0 cieayer noHumarh Tak, 4to B MCO BBINOJHEHO He
usmepenue OTHOCUTEIbHON «IJIMHBDY JIBHXKYILIETOCS CTEPXKHS, a COTJIACHO
[1O ycranoBneHa gopma 3aKoHa N3MEHEHUS NPOMANCEHHOCMU TBEPIIOTO
TeJa MpU ero adCOIOTHOM JIBUYKEHUMU.

8. «ITapamokc ¢ yacamuy B CTO u ero paspeliecHue.

Kak wu3BecTHO, HamOoJiplliee KOJMYECTBO CIOPOB NpH OOCYXKICHHUH
paznuuHbix mpoOsieM TpakToBku CTO ObUIO BOKPYr Tak Ha3bIBAEMOIO
«mapajgokca OJU3HELOB», WM MpaBWbHEE BCE K€ €ro Ha3BaTh
«mapanokca ¢ yacamu». OH ITOTOMY M Ha3bIBAa€TCA MapaJoKCoOM, TaK Kak
HE MMeeT OObSICHeHHs B pamkax Tod TpaktoBku CTO, kotopyro e man
OnnmTelH. CerogHs CUUTAETCs], YTO OH AKOOBI HAIIEN CBOE pa3peleHue
B OTO. OgHako oHa HE UMEET K 3TOMY HUKAaKOT'O OTHOILICHHUS.

CyTp mapagokca B ciaeayromeM. ECaum U3roToBUTh ATaJOHBI B OJHOU
CK, a 3arem nepenarb UX B JPYTrU€ CUCTEMbI, TO HE U3MEHATCA JU OHU
npu 3ToM? HamomHuM, 4TO MO 3TOMY MOBOJY DWHINTEHH JETA€T OYEHb
BaXHOE 3ameuaHue: «B nampHeidimeM Mbl Bceraa OyaeM  HESIBHO
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npeanojarath, 4To (GakT NPUBEACHUS B IBUKEHUE U OCTAHOBKH JIMHEHWKH,
WIA YacOB, HC M3MEHICT HU JUIMHBI JIMHCHKH, HU X0Jaa 4acoB» [2, T.1,
c.152, npumeuanwue 10].

Ho 3nmech yIUBUTENBHBIM SBJISIETCA TO, YTO JaXKe ClIeNIaB YKa3aHHOE
npuMeyanne, JUHIITEHH HE BUIUT MOJTHOE OTCYTCTBUE JIOTUKHU B TOM, YTO
Yyachl MPU 3aMKHYTOM IMKJI€ JABMXKEHUS («Tyla U OOpaTHO») OTCTaHYT
dakTuuecku. ['oBopst BHavasie 0 3aMeJIJICHUU XOJla YacoB B JIBHIKYIIEHCS
CK xak 00 »ddexTe 4ucTo KuHemamuueckom, OH JHIIb OTMEYAET, UTO
«TI0JIO’KEHUE CTAaHOBUTCS elle 00Jiee TOpPa3UTENbHBIMY», YTO Yachl MOCIE
3aMKHYTOTO LHKJIA JBMKEHUS TOJDKHBI OTCTaBaTh peanbHo [2, T.1, ¢.184-
185]. UYro mopasmno DitHmTeliHa? Bo3HUKaOmMKA Tapagokc, T.C.
orcyrcrBue Joruku? Her! [Toxoxe, 94TO 3TO €ro HUIAE 1ake HE CMYILAJIO.
OH MpoCTO MPUXOJUT 8 BOCXULeHUe OT TaKUX HEeOObIYHbIX «CBOWCTBY» B
MoBeJIeHUH 4YacoB. VX X0J HE M3MEHSIETCS, HO OHM MPU 3TOM OTCTaroT!
Pa3zBe 310 HE uyn0?!

[Ipo1oKat0T BOCXUIIATHCS TAKUMU «UyAecaMu» B TPAKTOBKE TEOPHUH
OWHINTEHHOM U TO0 Cced JeHb «u30paHHbIE OOrom» (BEIb MPOCTHIM
CMEPTHBIM 3TOr0 HE TOHATh) CTOPOHHUKHU €ro TpakTOBKU. C 0COOBIM
BOCXHUIIIEHUEM OHHM H3JIaraloT BCE ATO B CBOMX KHHUTrax, yu4eOHHMKax W
CIIpaBOYHUKAX.

Ha camom e nene Bompoc Jjerko pemaercs B pamkax CTO, ecnu nath
el MPaBUJIbHYIO TPAKTOBKY W MPUHIUIHUAIBLHO MPaBUIbLHO MOHUMAThH [10
WHEpIUAbHOTO JBMXeHUs. CleayeT BCero JUllb BBECTU B PAaCCMOTPEHUE
Bonpoca ACO. B Heli Mbl U OyneM paccMaTpuBaTh JABUKEHHE JIPYTUX
HNCO, a Takke OTIEIbHO B3SITHIX YaCOB.

Tak kak, cornacHo npaswibHOM TpakToBKe CTO, yacel, ABMKyIIMECS B
ACO, 06vekmusHo peanvbHo 3aMeIJISIIOT CBOW X0/l B CPAaBHEHHH C TaKUMU
xke uvacamu, nokosmumucss B ACO, TO, COBEpPIIMB 3aMKHYTBIM LMK
JIBW)KEHUSI 10 OTHOIIEHUIO K TMOCIEIHUM, TIEpPBbIE, E€CTECTBEHHO, H
orctanyT. Ho Tenepb Mbl HarisiIHO MOKaXXeM, MOYEMy B JIFOOOM ciiydae,
KaKk Obl HM TMPOUCXOJUIO cOOCMBeHHOe IBUKEHUE DPA3JIUYHBIX YaCOB,
Bcerjga OyAyT OTCTaBaTh T€ Yachl, KOTOPBIE COBEPINAT 3AMKHYMbIL YUK
08Ud#CeHUs. OTHOCUTENIBHO JpYruX 4yacoB. M HUKaKoro mapajaokca npu 3T0M
HE BO3HHMKAET, KaK 3TO W JOHKHO OBITh, €CIIM TEOPHS CIIpaBeUIMBa U
TPAKTyeTCsl MPABUIBHO. 3aMEMJICHHE XOJa YacOB 3aBUCUT OT UX
cobcmeernnot (MHAYe, a0COIOTHOM) CKOPOCTH IBUKEHUS B COOTBETCTBHH C
u3zBectHoit B CTO popmynoii.
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B kauecTBe HarjsaHOro NprUMepa pacCMOTPUM TaKOU CIydau.

Bo3emém B ACO Ha €€ ocu Xx-OB HEMOJBHKHBIE Yackl A. B kakoii-To
MOMEHT MHMO HHX CO CKOPOCTBIO V, HaIlpaBJICHHOW BIIOJb OCH X-OB,
MIPOHOCATCS TOYHO Takue ke dachl A’. Korya oHM MOpaBHSIOTCS C YacaMu
A, cTpesiku 000MX YacoB YCTaHABIMBAIOT HA HOJIb (puc. 8.1a).

t’=0 A't:’v
t=0 A —» X a)

ACO

A’ ¢ t'=tJ1-v?/c?
t=t; Ae—>»uU g 3 X 0

X1= vty
t'=2t, /N1-v?/c* Alq__v

t=2t; Ae—_pu_X &)

Xo= Uty

Puc. 8.1. OrcraBanne 4yacoB A B WX 3aMKHYTOM IIMKJIE€ JIBHYKCHUS
OTHOCHUTEIIPHO dYacoB A':a) MOMEHT COBHAJeHHUS B OJIHOM TOYKE
MIPOCTPAHCTBA HEMOABUKHBIX YacOB A € ABWKYUIUMHUCS CO CKOPOCTBIO V
yacamu A', Bpemsi Ha 000MX Yacax MPUHUMAETCS 3a HYJIEeBOE; 6) MOMEHT,
KOTJa 4achl A 3amyCKaroTCs BIOTOHKY 3a yacaMu A’ cO CKOpOCThIO U; 8)
MOMEHT, KOTJa 4achl A JOTOHSIOT 4achl A', COBEpIIMB OTHOCUTEIBHO HUX
3aMKHYTBIN UK IBUKCHUS.

Uepes nekotopoe BpeMs t; mo wacam B ACO, korma 4dacel A’ yxe
HaxOoJATCSA Ha paccTosHUM X;= Vi ot ywacoB A (puc. 8.160), mociennue
3aIyCKalOTCA BAOTOHKY 3a yacamu A’ co ckopocteto U. CkopocTs U
BBIOMpPAETCS TaKOM, YTOOBI CKOPOCThH JBMXKCHHS YaCOB A MO OTHOIICHHIO K
NCO, KoTOopy10 MOKHO MBICIICHHO CBSI3aTh ¢ YacaMu A’, cHoBa Obljia OBl V.
U, xorja yackl A TOTOHSIOT Yachkl A', MoKa3aHusl 00EHUX 4YaCOB CPAaBHHBAIOT
U HaXOAT, 4To Yachkl A orcranu (puc. 8.16), Tak Kak MO OTHOIICHHUIO K
yacaM A’ OHHM COBEpIIAIOT 3aMKHYTBIM LMK JBWKEHUS. [lokaxkem
HarJIsiAHO, KaK 3TO MIPOUCXOIUT.

IIpexxne Bcero, BbIpa3uM CKOPOCTh U dYepe3 ckopocTh V. [l 3Toro
Bocnoas3yemcst popmynoit CTO «crmoxkeHUs CKOpOCTeH», KoTopas s

u-—v

T 31ech, KaKk 3TO OOBIYHO M
—uv/c

Hamiero ciydas 3allMIICTCA KaK V=

.(8.1)

NPUHSATO, Yepe3 ¢ 0003HaYeHa CKOPOCTh cBeTa. OTCIO/Ia U = Tvie
viic



45

K Tomy MomeHTy, kak yacbl A nOoroHsT yacel A’, onu npoiinyt B ACO
paccTosinue x, (puc. 8.16). s 3Toro uM nonaaooutcs Bpems t, (C TOUKH
3pennsi ACO). 3a 310 ke BpeMs 4achl A’ MPeo0JICI0T PacCTOSHUE Xp-X1. Y

X, X, —X

TOraa Mbl MOKCM 3aIllMCaTb PAaBCHCTBO
u \'

L. A c yuéroM 3HaUYeHUs

ckopoctu U u3 (8.1) Haifném, 9To X, = Torma t, MOXXHO BBIPa3HUTh

ﬁ

2 2 2
KaK t2:X X, (@+v?/c®)  1+v?/c? _ (8.2)

2
u @-v¥/c¥H2v  1-v?/c?

A Tak kak 3a Bpems t, CTpenKu 4acoB A ymutd Bhepén Ha YMCIO
neneHuid t,v1-u’/c*, TO K MOMEHTY BCTpeud ¢ yacamu A’, gacel A

HOKaXyT t=t +t,v1-u®/c®. 3/mech YYTEHO 3aMeUICHHE COOCMBEHHO20

X04da 4acCoB A 3a BpeMsI HX OBHXKCHHA CO CKOPOCTBIO U. HOI[CT&BJ'ISIH B

nocieaHee Bolpaxenue t, u3 (8.2), noaydnm t=t, +t, ElJer ;Cz) \/7

U, ecnu yuectsb 3HaueHue U u3 (8.1), To, B kKoHeuHOM cuére, t = 2t;. (8.3)

Hacer A’ 3a 310 *)€ BpeMs yUAYT BOEPEN C YUETOM 3aMEIJICHUS

cOOCTBEHHOI'O X0J1a Ha YUCJIO AEJIEHUHN t' = (t, +t2)\/1—v2 Ic?. Ac yuy€toM t;

2t
S S— 8.4
J1-v?/c? (8.4)

U otnomenne mexay t u t’us (8.3) u (8.4) Oymer t=t'vi-v?/c?. To

€CTh MbI BUIWM, YTO 4achl A OTCTajau OT 4acoB A', TaK KaKk COBEPIIWIIU

u3 (2) t'=

OTHOCHUTEJIbHO TOCIECIHUX 3AMKHYMbIY YUK JTBUXKEHUS C OTHOCUTEIHLHOM
CKOpPOCThIO V. Ho MBI JOJDKHBI TakKe 0OpaTUTh BHUMaHUE U HA TO, 4TO B
MEepPBOM YaCTU OTHOCUTENIBHOTO JBUKEHHUS YaCOB pedalbHO OMmMCmasaiu
yacel A’, HO 3a BTOPYIO 4YacTh ABWKECHHS 4achl A, JIBUTAsCh PEATBHO C
cobcmeeHHOol CKOPOCTBHIO U, TTPEBBIMIAIOIICH CKOPOCTH V, OTCTAJIA OT YacoOB
A’ PpPOBHO HACTOJBKO, KaK €ciu Obl OHU BCE BpeMs HaXOAWINCh
OTHOCHUTEJIBHO 4acOB A’ B ABUIKEHUU C OMHOCUMENbHOU CKOPOCTHIO V.

B uém cobOctBeHHO 3akmroyaeTcs mnapaaokc? Ecim ciegoBath
(dbopmasibHOM JTOTHMKe DUHINITEWHA, TO YK€ B MOMEHT BPEMEHH, MMOKa3aHHBIM
Ha purc.8.10, yacel A TOKHBI OBIIIH OBl TOKE OTCTATh OT YacoB A’, Tak Kak
M OHHM JBUTaJNCh II0 OTHOIIEHHIO K dYacaM A’ ¢ omwunocumenvrotu
ckopocThio V. Ho Benp 0OvexkmusHo peanvbno TaKOTO He Modicem Ovlmb,
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yToOBI Yackl A’ OoTCcTald OT 4acoB A, a Te, B CBOIO OuU€pe/lb, OTCTAIN OT
gacoB A’.

HManee, B TpakToBKe CTO DUHIITEHHOM CUYUTAETCS, YTO €CJIA Yachl A’
BEpHYTh Ha3aJ B UCXOAHOE MojoxeHue (puc.8.1a) ¢ Toii xe CKOpPOCThIO V,
TO TENepPb Yachl MOXHO CBEPUTH B OAHOU Touke. [Ipu 3TOM yTBepkaaercs,
4TO peailbHO CHOBA B TOM K€ OTHOIICHHHM OTCTaHYT MMEHHO 4Yachl A', Tak
KaK OHU M3MEHSJIM CBOE JIBM)KCHHUE, COBEpIlas 3aMKHYThIN 1uki1. Ho Benpb
CHOBa W T€ W JIpyTrHe OBUIM B OMHOCUMENbHOM JIBUKEHUU BCE C TOM Ke
CKOPOCTBIO V. A HHMKaKoe JIpyroe IBIKEHHUE, KPOME OMHOCUMENbHO2O0, B
OPTOJIOKCAJIbHOW TPAKTOBKE TeOopuM He mnpuszHaércs. Hammno sBHOe
Jlo2udeckoe npomusopeyue, KOTOpoe HUCKOJIBKO HE CMYTHIJIO HH CaMOIo
OWHITelHa, HU ero mnocnenosarenei. [lo cytm Bc€ 3TO nmaxke ceroaHs
oOBsICHSIETCA 3araJloYHbIMHU (Mucmuueckumu) «CBOMCTBaMU»
MPOCTPAHCTBA U BPEMEHH, HEJIOCTYITHBIMHU HallleMy OHUMAHUIO.

N3 Hamiel ke TPakTOBKH pEAIbHOE OTCTABaHWE 4YacoB A’ Mpu HX
BO3BpAIllcHUU Ha3aJ K dacam A cieayer camo coOoii. OHO IpocTo H
Haens0Ho OOBSICHAETCS cobcmeernnbim IBIKeHHEeM 4dacoB A’. Ho ceituac
MBI IOKaKEeM U KOe-UTO €IIIE.

Bepuémcsi cHOBa K HamieMy NpuUMEpPYy U CBsDKeM ¢ ydacamu A’ yxe
roropyto MCO, B KOTOpO#Hl 3TH dYachl MOKOSTCA. Torma B MOMEHT 0)
B3aMMHOE TOJIO’KEHHUE CUCTEM OTCUETa Oy/IeT TaKUM Kak Ha puc.8.2.

HUCO B's A ¢t =tV1-V?/C® X'
t=t A¢ v X  6)

ACO X =Vt /N1-Vv*/c?

Puc. 8.2. BzaumHoe mojokeHHe cUCTeM OTCYETa B MOMEHT 0) (puc.
8.1). IlpotuB Touku A HaxoauTcs Touka B' ¢ wacamu, corsiacoBaHHBIMU 10
CBOMM ITOKa3aHUsAM Cc yacamu B Touke A'. Paccrosinue x; usmeperno B MCO.

Tak kak wacel B' HaxomsTcs c3aau Touku A' (110 X0y JIBHXKCHUS) Ha
paccTossHun X, =Vt /v1-v*/c* B cobctBenHoir MCO, TO OHHM 1O CBOUM

MOKa3aHUAM HaXOISTCA BHEPEAM MOKa3aHWM 4acoB A' Ha YHCIIO NEJICHUU
paBHOe At'=vx/c*. W Torma B m300pak€HHBIH Ha puc.8.2 MOMEHT HX

noka3aHus OyayT

tr, =t + AU =t1-Vv?/c® + (V’ /Pt /[V1-V?/c® =t /N1-V?/c® , um
t, =t V1-Vv?/c? . (8.5)
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Otcroaa o noruke TpaktoBku CTO DitHmretHom Hadmoaarenu MCO,
HaxoJsluecss B 3TOT MOMEHT B Touke B', BIpaBe ciaenatb BBIBOI 00
oTcTaBaHMu xoja yacoB A oT xoma vacoB MCO. U Bpome Obl Bcé
npaBwibHO. Habmonatenn B UCO, cBg3aHHON ¢ yacamu A, JenarT CBOU
BIIOJIHE MIPABOMEPHBII BBIBOJ O TOM, YTO OTCTAJIM Yackl A', a HabIonarenu
B UMCO, cBs3anHOM ¢ dacamMu A', TOXE JIEIAlOT CBOM SKOOBI TOXE
MIPaBOMEPHBIN BBIBOJI, UTO OTCTaNIM Yachl A. U Te u apyrue sxoObl Mpasbl,
MOTOMY YTO SIKOOBI TaKOBBI «CBOMCTBa» MPOCTpaHCTBA M BpemeHu. U
COBEpILIEHHO  HECOBMECTUMBIE  BEIIM  OOBSBISAIOTCS  0OBEKMUBHOL
OMHOCUMENbHOU PUUYECKOU PEaIbHOCHIbIO.

Bor Tyr m kxpoercs HenoHumaHue uCTHHHOro cmbicia I10. Yro
MPOUCXOJUT HA caMOM Jiefie (IeMCTBUTEILHO OOBEKTUBHO PEAIbHO) MBI
Morsu Obl yBUAETh U3 peanbHoit ACO. Ho Tak kak y Hac e€ peanbHO HET,
TO Mbl JIOJDKHBI UYHCTO JIOTUYECKHM IyTEM YCTPAHUTh BO3HHUKILIEE
npoTtuBopeure. Mpl JOJDKHBI OCO3HATh, YTO TAE-TO JIOIYCKAaeM B CBOMX
pacCcyXACHUSIX IPUHLUITUATIBHYIO OIIHUOKY.

BoT TyT Ham ¢ HEOOXOAMMOCTBIO M CJEIyEeT BBECTU MmeopemuiecKu
moicaumyro ACO, Kak MbI 3TO U caenain. M3 He€ Mbl M1 BUAUM, UYTO U Yachl
B B' peanbHO oTcTanu B CBOEM Xxoz€ OT 4acoB A. A CBOW «BBIBOI» W3
cootHomenus (8.5) nabmonarenu B MCO MoryT cnenath JHIIb MOTOMY,
YTO y’K€ B Ha4aJbHBIM MOMeHT (puc.8.1a) yacel B B' Ob111 Briepeiu 4acoB B
A' Ha At'=vx /c?. [ToaToMy KX BBIBOJ BOBCE HE MpaBoMepeH. B Touke B'y

HUX HeT 3aMmepa xojna yacoB MCO, a ecThb JUITh BpeMEHHU-TI0TI00HBIN 3aMep.

[IpaBunbHbI BbIBOJ Takoi. [lo oTHOmIEHHIO K OO0 IBHIKYIIEHCS
N CO uepe3 BbINOJHIEMBIE B HEWM JUIMHHO-TI0JI0OHBIC U BPEMEHU-TI01I00HBIE

3aMephbl SIBJIICHUS MPOSBIISIIOTCS B TOM ke dopme, kax eciu Obl oHa Ovlia
peanvrou ACO. B s3tom u 3akmtouaercs ucmunnwviti cmvica 110. Tloatomy

Haomomarenu B MCO poimkHBI cKaszaTh cliemayiomee: «Mbl He 3HaeM
MCTUHHOTO COoOTHOIIeHUs xoaa 9acoB A u A', A u B'. Ho 6xaronaps 110,
KOTOPBIA U TPOsIBIISIETCA MO OoTHOoIeHuto K Hamel MCO, mbl 3HaeMm, 4to
€CJIM KaKue-JI1M00 Yachl IBUKYTCS B peaibHOM (PU3UYECKOM MPOCTPAHCTBE
C cobcmeeHHOl CKOPOCTBIO V, TO U OMCmarm peaibHo OT TOKOSIIUXCS B
ATOM K€ NPOCTPAHCTBE YacOB B COOTBETCTBUM C IMOJYYCHHBIM HaMH

COOTHOIIEHHUEM  At'=Aty1-v?/c®>, Tme At-WHTEpBal BPEMEHH II0
MOKOSIIIMMCS YacaM, a At'- 3TOT K€ MHTEPBaJl BPEMEHHU IO JBHKYIIIMMCS
qacamy.
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Kpome TOro, Tak kKax oOwvekmueHno peanbHo, Kak 3TO W TOKa3aHO B
paboTte, OTCTaBaHME XOJla BCErja NpOSBIAETCS Ha TeX yacax, KOTOpbIe
PpeanbHo COBEPUIAT 3AMKHYMbIU YUK O8UINHCEHUs TIO OTHOLIEHUIO K APYTUM
yacaM, TO 3TO U €CTb HPAMOE 00KA3AMENbCMEo UX adCcoalOmuozo, a He
MONbLKO OMHOCUMENbH020 O8udcerus. Hachl, COBEPIIMBIINE 3aMKHYTBIN
IIUKJI JBIKEHUS, OyIyT 6ceeda 0€30MMO0YHO yKa3aHbI U3 JIO00U IPyroi
MbicauMort UCO, Tak kak 3TO ¢pakm adconiomusiii. 3aMKHYTBIA LUK
JBIKEHUS CPOJHM BpAIlaTeIbHOMY JBW)KCHHIO, KOTOPOE TOXKE SIBISETCS
¢axmom TPUCYTCTBUS B MPHUPOJEC HE TOJBKO OTHOCHUTEIBHBIX, HO U
abCconOmMHbIX TBUKEHUI.

Ha »TomM cOOGCTBEHHO «IapafoKc ¢ yacaMu» («ImapaioKc OJIM3HEIIOBY)
pacCMOTpPEH CcaMbiM HarIsgHbIM o0pazoM. M B HEM HET HHUYETO
YAUBUTEIIBHOTO W HET HHMKAKOTO MPOTHUBOPEYMs, TaK KaK Yachkl MpH
cobCcmeeHHOM IBUKEHUU B PEATbHOM (PU3UUECKOM MPOCTPAHCTBE UMEIOT U
CBOM coOCmEeHHblll X00, 3aBHUCAIIUH OT HX pedanvH020 COOCMEEHHO20
nerkeHus. B toi tpakroBke CTO, KoTOpyro el gan DUHIITENH, MapaioKe
SBJIIETCSI CJICACTBUEM OTPHUIAHUS €IMHONW MHPOBOM cpeabl—dupa u
cobcmeenno2o (aOCOMOTHOTO) IBMXKCHUS PA3IMYHBIX TEJI U CUCTEM B HEM,
a TaKke HenpaBWibHOTO nonuManus [10.

9. U3smepenune maccol aBrokvinuxcs rex nu3 MCO.

BnepBele omnpeneneHue TOro, 4ro €cTtb Macca, aan HeroTtoH. OH
ompenenua €€ Kak Mepy KoyimuecTBa marepuu. Ho marepuro mpu sTom
CBSI3BIBAJI JIMIIb C BEIIECTBOM, KOTOPOE JIMIITh MEXAHUYECKHU MEPEMEIIACTCS
B IIyCTOM MpocTpaHCTBE. UeMm OoJibllle MaTepuu B KaKOM-JTMOO Teje, TeM
OHO MAacCCHUBHEE, TO €CTh UMEET OOJIBIIYI0 MACCy, YEM TO TENO, B KOTOPOM
MAaTEPUU MEHBIIIE.

Takoe mnpencraBieHHe O Macce MW MaTEpUM  SBISIETCA  YUCTO
HaTypduiocopckum, Tak Kak OHO TPSIMO CBSI3aHO JIMIb C HAIIUMH
oObIIeHHBIMU TIpejcTaBieHusMu. W xota dumocodus emé co BpemeH
ApuCTOTENSI TBITAIACH BCE K€ pa3rpaHUYMBATh MOHATUS MATEPUU WU
BEIIIECTBA, B (DU3UKE MPEJICTABICHUE O MAaTEPUH, KaK MPaBUIIO, CBI3bIBAIIN
C BCIIECTBOM BILUIOTh 10 XX croaetus. JlocTaTouyHO B 3TOM CBS3H
BCIIOMHUTb XOTs Obl Mpu3HaHue akajgemuka C.M. BaBuiosa o ToM, 4TO OH
caM 4YacTO HE€ pa3feiisul B CBOMX paboTax TMOHATUS «MaTepus» U
«BemecTBo». M maxe cerogHs MHOTHE (PU3MKK BCE €IIE CMEIIMBAIOT ATH
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noHsATUs. Bo BCSIKOM ciiydae, BO MHOTHX CTaThAX MO (DU3MKE, KHUTAX U
y4eOHMKaX HEeT YETKOTO pa3rpaHUUYEHUs dTUX TTOHATHM.

Haxe nocne coznanua [I.K. MakcBeaioM mojaeBor 3J€KTPOMarHUTHOM
Teopur (GUBNKKA TPOAODKAINA CBSI3BIBATH MATEPHIO 00S3aTEIBLHO C
BCIIIECTBOM. OJTHUM OOBSICHSIETCS W TO, YTO paccMarpuBas d>(pup Kax
HEKOTOPYI0 MAaT€pHAIbHYI0O MUPOBYIO CpPEIly, OHHU MbITAUINCh HAJECIUTh €€
CBOMCTBaMH HEKOTOPOTo BemecTa [14].

OWHINTEWH TaKXe 60 6cex CBOUMX padoTax Ha3bIBaET MaTepHe
BemecTBO. UM gaxke pemakTopel coOpaHUs €ro Hay4HbBIX TPYJIOB,
BBINMYIICHHBIX H3JaTeNbCTBOM «Hayka», HUIrAE HE claenald HHUKAKOH
OTOBOPKH HA CEH CYET.

B kimaccuyeckoil MEXaHMKE macca KaXJIOro U3 Tel NPU ABWKEHUHU U
B3aUMOJICMCTBUH, KaK Ka3aJoCh, BCEraa octaércs noctossHHon. Ho tenepp
MBI CO BCEHl OYEBUIHOCTHIO JIOJKHBI OCO3HATH, YTO TMepeaady Kakoro-amoo
KOJIMYECTBA JIBUYKCHUS OT Tejla K TEJIY MOXKHO OCYILECTBUTH JIMIIb B BUJIC
nepeaym HEeKOTOPOro KojaudecTa ummnyibca AP = AmV, a cie10BaTeNlbHO,
W TIepellaud HEKOTOpOoro KojuuecTBa Macchl Am. Ilpu sToM Macca
OKa3bIBACTCS KAYECTBEHHO OJHOM M TOH )K€ 6cezc0d, BO BCEM M IS BCETO,
yTOo O0O0JaJaeT HWMIIYJIbCOM, a 3HAYUT U dHeprued. Her Hukakoro
pa3/iesieHs] MacChl HA MEXaHUUYECKYIO U AJIEKTPOMArHUTHYIO.

HNrak, B o0OmeM ciydae, e€cid Telo aOCOJIIOTHO HEMOJABMKHO B
MPOCTPAHCTBE, TO OHO MMEET, KaK HEeYTO BHEIIHE €IMHOE W YCTOMUYHBOE,

TOJIbKO BHYTPEHHHMH MMITYJIbC P, —~=mC M €ro macca IOKOs paBHa M.

Ecnu 310 TeEno npu B3aMMOIEHUCTBUH, CKAXKEM, C APYTUM TEJIOM IOJIy4aeT
OT HEr0 HEKOTOPBIM UMITYJIbC, B PE3YJbTATE KOTOPOTO M3MEHSETCS JIMIb
BHEIITHEE a0COJIIOTHOE JABUKEHUE PacCMATPUBAEMOrO TeJa, TO €ro IMOJIHas
Macca BO3pACTa€T JI0 HEKOTOPOTO 3HAYEHUS M UM TOJHBIA HUMITYJIbC
CTaHOBUTCS paBHbIM P =mc. B TO e BpeMms, BHEIIHUWA HMIIYJIbC,

NnoJnH

CBS3aHHBIM C aOCOJIOTHBIM JBWXKEHUEM (TIEpeMENICHHEeM) Tella B
MIPOCTPAHCTBE, paBeH P, =mv, TJie V - CKOPOCTh a0OCOIOTHOTO JBUKEHUSI

Tela B IMPOCTPAHCTBE. YKa3aHHbIE HMITYJIbCHI BCEr/a CBSI3aHBI MEKIY
. 2 2 2 2 2
co6oii cootHomennem P2, = P snymp. T P snewan., 1A (MC)“=(MoC)"+(mMv)”.

mO
v1-v?/c?

HOCHGI[HGG BBIPpAKCHHUC IIOKA3BIBACT, KAK ped/lbHO U3MCHACTCA MaccCa

OTkynma m= , 9TO ¥ ObLTO MoKa3zaHo B 11. 2 (¢. 19-20).

TeJa IpHU ero coocmeennom (aOCOTIOTHOM) ABMIKEHHH B TPOCTPAHCTBE.
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[TokaxkemM, YTO TOYHO TAKYK K€ 3aBUCUMOCTb MAacChbl OT CKOpPOCTH
nosiydat u Habmonarenu B iro6oit asmxyieics MCO. Tonpko yxke npu
TOM V OyleT CKOpoCThio Tena omuocumenvro 1o MCO. Jlnga Haudana
paccMoTpuM ciiydail, korna Haomonarenu B MCO usMepsitor maccy Tena,
nokosierocst B ACO.

JonyctuMm, uyto B nBrmkymieiics MCO mokoutcs tenmo A, uMmeroniee
Maccy mokosi Mga. Tak kak 3to Teno BMecte ¢ MCO nuxercs B ACO co

mOA )
V1-v?/c?

Ho tak kak Bce Tena paccMmarpuBaeMoil UCO aBMKYyTCS ¢ OHOU U TOM ke

CKOPOCTBIO V, TO €ro OOBEKTHBHO peaiibHasg Macca OyneT m, =

CKOpOCThIO V oTHOCUTENBHO ACO M uX Macca U3MEHHWIIACh B PABHOUM Mepe
O0OBEKTUBHO peanbHO, TO it Habmomareneit B UCO macca tena A mo-
MpeKHEMY paBHA My,. To ecTh OHU cuumarom €€ TaKOBOM.

Homyctum panee, uto B ACO mnoxkourcs apyroe teno B ¢ maccoit
MoKoss Mpg. D10 Teno mist Habmopateneit B MCO mnpencraBisiercs
JOBWKYIIMMCSL CO CKOPOCTBIO V TmapamienbHo ux ocu X Ilostomy
0003HaYMM CKOpOCTh ero nBuxenus B UCO Vig.

Coobmmm Tery A HEKOTOPYHO HEOOJIBIIYI0O CKOPOCTh OTHOCHTEIHHO
NCO Tak, uToObl OHa ObLIa apayvienabHa ocH Y. O603HAYNM ITY CKOPOCTh
Via. B pesymprare sroro temo A mpuobpeno B MCO ummynsc Pjp=
MoaV §a. JlaHHas cuTyanus nokasana Ha puc. 9.1.

Yy V'
A ,
T «—- B
¢ A vVis
uco| & v—/—TX
O ACO "X

Puc. 9.1. Commxenue ten A u B nepen cronkHoBeHueM. Cutyauus
nokasaHna ¢ Touku 3penusi 1CO.

Cxopoctb Vya Tema A B ACO mpu 3TOM Oyner v,, =V,,v1-v?/c? , Tak
Kak Ay =Ay, a At'=Aty1-v?/c? . Toraa umnynsce Py Tena A B ACO Oyzer

m
Pa=mV, = oA =MyaVya = Pys. TO €CTb OyleT TakuM Ke, Kak U B

NCO.
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311eCb MBI B CBSI3U C TEM, YTO CKOPOCTH Vypn HECOU3MEPHMO MEHBIIE
CKOpPOCTH V, IpeHeOperaeM TeM, 4To abCONIIOTHAsI CKOPOCTh Tena A Kak-TO
(aKTUYECKU N3MEHUIIACh.

JonyctuMm nanee, uto Tena A u B npu cBOEM AalibHENIIEM JBUKEHUU
CTAJIKUBAIOTCSI aOCOIOTHO yMPYro TakK, YTO TeJO A TOJHOCTBHIO MepeaaéTt
cBOM wumnyiasc Pys Teny B, He H3MeHAA IIpU 3TOM €r0 HMIIYJIBC,
napaensuelii ocu x’. Torma teno B mpuobperér B ACO CKOPOCTB Vyg,

'
PaBHYIO Vg = P _ i (9.1)
0B mOB

B NCO sta ckopocTh OyIeT OLIeHEHA CIIEAYIOIUM 00pa3oM.

3a HEKOTOpOE BPEMS IIOCIE CTOJIKHOBEHUS C TelIoM A teno B npoitnér
napajuielIbHO OcH X “paccrosinue Ax’, a BIoab ocu Y’ -paccrostaue Ay’ Ilpu
sToM Bpemsi, npomemee B UCO, Oyaer oneHeHO Kak At=Ax V.

B ACO teno B Oyner nBuratrbcsi TOJIbKO BAOJb OCH Y U 32 3TO XKe
BpeMst mpoua€T paccrosiaue Ay=Ay’, a reno A Bmecte ¢ UCO yinér Boob

OCH X Ha pacCTosiHne Ax=Ax'v1-v?/c®> (puc. 9.2). CraemoareinbHO,
abCOJTIOTHOE BpeMsl JBUKCHHS Tejla B Mocie CTOJKHOBEHHS C TeioM A

OymeT At = AX/v = At'v1-v?/c? .

VA
Ayr\ll A v ,yB
Vig| < B
a) A
| - X’
o’ AX’
Va
Ay “VyB
B A
0) >V
) X
O A X g

Puc. 9.2. JIBmxenue ten A u B mocie CTOIKHOBEHUS: a) C TOYKHU
spenus UCO; 6) ¢ Touxu 3penust ACO.

Otcroia CKOPOCTh Vg HAWIEM Kak Vi =Ay'/At' =vgv1-v?/c? . Wmn,
!’

P,
MOACTAaBIS 3HauYeHHE Vig U3 (9.1), momydmm, 910 V)5 =—2-+1-v?/c?.
0B

Otkyna wmacca Tema B B HMCO  Oymer  oueHeHa — Kak

P’ P, m m
m;, =22 = yA 98 08 Yro MBI ¥ XOTEIN [IOKA3aTh.

!’

Vys Py'A\/l—v2 /e V1-v?ic?
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Tenepb paccMoTpuM OoJiee OOITMI CIydyaid, KOTJa OI[EHUBAETCI Macca
nsrxymierocss B ACO tena u3 apuwxymieics MCO. To ects Bce ycioBus
PAacCMOTpPEHHUS T€ K€, UTO U B MPEABIAYIIEM CIIydae, TOJbKO Teso B yxe He
nokoutcs, a nBwkerca B ACO, npuyéM Tak, 4TO y HEro Mo-IpeKHEMY
ckopocTh nBmwkeHus B MCO Oyner Vg, HO OHa Temepb HE paBHA V, a,
JOTyCTHM, OoJibIie mocieaHeil. Toraa cutyarys 10 CTOJIKHOBEHHS Tel A U
B B TOowHOCTM coBmajgaer ¢ TOM, 4YTO IMoOkazaHa Ha puc. 9.1. Bcé
PAacCMOTpPEHHUE AaHAJOTUYHO NPEAbIAYIIEMY, HO CIEAYEeT Y4YeCTh, 4YTO
noiHass Mmacca Tena B paBHa m, =L, rae Vyg- CKOpPOCTH

1-v,°/c?
nemkennsa teaa B ACO. Torpga, mociie CTOJIKHOBEHHUS ¢ TeJioM A, Tejo B
P P/a

yA

npuobpereT B ACO CKOPOCTh Vg5 =—— = (9.2)

Ma mygV1-v?/c?

B MCO sta ckopocTh OyJeT OlleHEeHA CIEIYIOINUM 00pa3oM.

3a HEKOTOpOE BpeMs MOCJIE CTOJKHOBEHHUS C T€JIOM A Tesio B nponaér
MapajyieIbHO OcH X' pacctosiHue Ax’, a Bosb ocu Y' -paccrosaue Ay'. [lpu
ATOM MPOMEXYTOK BpeMeHu mocie croyikHoBeHusi B UCO Oyxaer oneHeH
KaKk  At'=AXV%e. (9.3)

B ACO Tteno B nocne cTonkHOBEHUS MPOUAET BAOJb OCH Y PACCTOSTHUE
Ay. CrnenoBarenbHO, 3[1€Ch 3TOT K€ MNPOMEXYTOK BPEMEHU COCTABUT
At=Ay/vyg. Unu, moacTapisisa crofa 3Ha4eHHe Vyg U3 (9.2), MoIydnM, 4To

At=DY  Mos (9.4)

Py"A 1[1—VxB2 /c?

Tak xak B ACO Ttena A u B OBMXKYTCS OTHOCHUTENBHO APYr Apyra

Napajyie)IbHO OCH X CO CKOPOCTBIO V+Vy,g, TO K paccMaTpuBacMoOMy
MOMEHTY BPEMEHH OHH OyayT OTCTOSITH IPYr OT JApyra BIOJIb OCH X Ha
paccrossaun  Ax = ( V+Vyg)At. Tloncraiss cioga 3Hauenue At uz (9.4),

Aymg (V+V
MOJTyYUM, UTO AX = YMog ( QXB) : (9.5)
2
Piavl-Vvg /cC
, AX , V+Vg
Tak KaKk AX'=—————, a Vi, (M0 TPaBHITY «CIIOKEHUS

1+wv,, /c?

Ji-v2/c?’

ckopocteit» B CTO) to, Bo3Bpamiasch k hopmyie (9.3) nis At', Beipazum
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AX (L+vv,, /c?)
Vi-vZ/c? (V+Vye)

Aym,g (L+vv,, /¢?)
Py aV1-v?/c?\1-vg° /c?
V1-v?/c? \[1-v,g*/c? .
€ =1-v,,?/c?, TO B KOHEYHOM CUETE

ATOT MPOMEKYTOK BPEMEHHU Kak At' = , @ C Y4ETOM

bopmyiel (9.4) At'=

Ho Taxk kak 5
1+vv,/c
[ AymOB s ! /
At' = - . Torga ¢ y4€ToM TOro, 4ro Ay'=Ay, CKOPOCTb Vg
' ' 2
Piavl-Vig /cC
’ Ay' P):'A y 2 2
OIPEAETUTCS KaK Vg = A0 =——\1-v,."/c’. A oTcroga macca Tena B B
mOB

NCO Oyner olieHeHa Kak U B MPEbIAYIIEM ClTydae:

! !
m’ = Poa  PraMeg Myg
=

!’

Vys Py’A\/l—vzlc2 V-v2/c?

To ecTp MBI BUAUM, YTO COOTHOLIEHHUE, ITOJIYUYEHHOE MEXIYy Maccou
MOKOS U MOJIHOM Maccoi npu nBmwxeHun B ACO, onuHakoBo 1o Gopme u
BO Bcex MCO.

B Tex cnydasix, Koraa B3auMoJeHCTBYIONIUE Tella OOBbEKTUBHO PEAIbHO
IIOYTH HE U3MEHSIOT CBOK MACCYy MOKOsI, KOJIMYECTBO MACChI, CBSI3aHHOE C
WX BHEIIHUM JBIDKCHHEM (BHEIIHHUM UMITYJIbCOM), OCTa€TCs BO
B3aMMOJICUCTBUSAX NPAKTUYECKHM NOCTOSIHHBIM. [loaToMy mpu pacuérax,
CBS3aHHBIX C B3aMMOJICUCTBUSIMH, YJIOOHO OINEpPUPOBATh HE TOJBKO C
MMIYJIbCAMH, KOTOpBIC  SIBIIIOTCSI  BEJIMYMHAMM  BEKTOPHBIMM U
CKJIQJIBIBAIOTCA W BBIUUTAIOTCS TeomeTrpuuecku. [Ipw pemieHun MHOTHX
MPaKTUYECKUX 3aJad yJAo0Hee OmepupoBaTh C HEKOTOPOH CKAISIpHOU
BEJIMYMHOM, 3aBUCSIIIEH OT MACChl MOKOS TEJI U HUX BHEUIHEW CKOPOCTHU
JBIM>KEHUSI. DTa BEJIMYMHA HA3bIBACTCS KMHETUYECKOW SHEPruel, Tak Kak
CBsI3aHa C BHEUTHUM JIBIDKEHHEM (Tiepemeniennem) Tei. [lokaxem, 4To 3Ta
BEJIMYMHA OIPEIEIAETC HMEHHO MAacCOM, CBSI3aHHOW C BHEIIHUM
JBIDKCHUEM, a TTIOITOMY Ha30BEM ATy MAacCy KMHETHYECKOU (B OTIMYHE OT
MacChl ITOKOSI).

Ecnu nonnas Macca Tesia mpu ABUYKEHUHU paBHA M, a €ro Macca MoKos
paBHa My, TO KHHETUYECKAsi Macca OMPEECIUTCS Kak

2

m 2 1.2 myVv

Mg = ———=-My *My(L+Vv°/2¢") —my =25
V1-v?/c? 2c

[Tonp30BaThCA TaKOW BENMYMHOW OBLTO OBI KpaifHe HE yIOOHO, Tak
2,2
KaK OTHOIIEHHE V/C° OOBIYHO HUYTOXKHO Maso. [loaToMy Ha MpakTHKe
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MOJIB3YIOTCSl BEJIMYMHOMN B e pa3 Oouibliei, To ecTb Ex = mKC2 = m0v2/2,
KOTOPYIO, Kak Mbl 3HaeM, Ha3bIBAIOT KWHETWYECKOM sHeprueil. M mo
AHAJIOTHH TIOJHOM Macce NPHIMCHIBAIOT MOJNHYIO sHepruio E = mc?, a
Macce MOKOs - HEPTUI0 MoKost Eq= mocz.

Ho, xak Mbl 3HaeM, B (pU3HKE MIMPOKO MPUMEHSETCS €M W MOHATHE
MOTEHIIUAJIBHOW JHEPTruU, KOTOPOE B COBPEMEHHON TPAaKTOBKE TEOPUU
OTHOCUTEJIBHOCTH M BOOOIIE BO BCE COBPEMEHHOW (PU3UKE HE MUMEET 0
KOHIIa SICHOTO cMbIcia. Ha 3TO HEOJHOKpaTHO yKa3blBAIW MHOTHE
U3BECTHBIC Yu€HbIC (CM., Hampumep, [12]).

PaccMoTpuM U 3TO MOHSTHE, U YEro 0OpaTUMCs K MPOCTEHUIlIeMy U3
aTOMOB - aTOMY BOJIOPO/Ia.

ATOM BOJIOpPOJiIa COCTOMT M3 OJHOTO MPOTOHA M OJHOIO 3JEKTPOHA.
OHU HaxXoJATCSI BO B3aUMOCBSI3aHHOM COCTOSIHUM M, KaK U3BECTHO, Macca
MOKOSI aTOMa MEHBIIIE CYMMbl MAacC MOKOSI MPOTOHA U DJIEKTPOHA, B3STHIX
OT/EJIbHO. MeHbllle Ha BEJIMYMHY Macchl AM, MPOMOPIHUOHAIBHYIO, Kak
TOBOPAT, SHEPTHUH CBSI3H E,, aTOMa, TO €CThb AM = Ecg/cz.

DHEprus CBSI3U CUUTAECTCS BEIMYMHON oTpuuaTenbHoil. [loaTomy, yem
CUJIbHEE AJICKTPOH CBSI3aH C MPOTOHOM, TO €CTh, UeM 0oJibllie aOCOTIOTHOE
3HAYEHUE YHEPTHUH CBSA3U aTOMa, TEM MEHBIIIE €r0 Macca MOKosl.

Korna cBoOOIHBIN 3JIEKTPOH MIPHU JIBHXKEHUU 3aXBaTHIBACTCS POTOHOM
u o0OpasyeTcsi aToM, 4acTh SHEPTUM DJEKTPOHA M3iaydaeTcs. M3myuaemas
SHEPIUs - 3TO U €CTh SHEPTHUS CBA3U.

Kak ycranosuin eme B 1913r. marckuit puszux H. bop, atom mznyqaer
TOT/a, KOTJa SJIEKTPOH B CBOEM JBUKEHUM BOKPYT sApa MEPEeXOAUT
CKAaUKOM M3 OJHOTO YpOBHS JBWXEHHUS (OpOUTHI) Ha Jpyrou, Oosee
npuOMMKEHHBIN K sapy. [lpu 3TOM CKOpOCTh JABMIKEHHSI DJIEKTPOHA
Bo3pactaeT. Bo3pactaer u ero kunerudeckas Heprusi. Ho Beap atom npu
3TOM eml€ M HM3JTy4daeT 4acTh SHEPruu, a 3HAUYUT U Macchl. OTKyna ke
Oepércsa MOMOJIHUTEbHAS KUHETUYECKAsl SHEPIHs AJICKTPOHA U CBSI3aHHAS
C Hell macca na emié 3Heprus u macca ¢poTtona?

Cuuraercsi, 4TO BO3pACTaHUE KUHETUYECKOW HSHEPrUU DJIIEKTPOHA M
W3JIyYEHUE aTOMa MPOUCXOIAT 3a CUET YMEHBIIEHHUS IOTEHIMAIBHOM
9Hepauu  83aumooeticmsauss OTPUIIATEIBLHO 3apsSHKEHHOTO JJIEKTPOHA C
MOJIOKUTENIBHO 3apsiKEHHBIM siipoM. [Ipuuém, Korma 3JIeKTPOH U SIPO HE
B3aMMOCBSI3aHbI, TO €CTh TMPAKTUYECKH HE B3aUMOJICUCTBYIOT, WX
MOTEHIIUAJIbHAS HEPrusi paBHa HyI0. Korjga oHM HaxoAsTCs B CBA3aHHOM
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COCTOSIHUM, TO €CTh OOpa3yloT aToM, WX TNOTEHIMAJIbHAS SHEPIus
OTpHUILIATENbHA.

Bo3HukaeT BOIpoOC: 4TO K€ Takoe NMOTEHUMalbHas >Heprus? Kakoe
NBIKEHUE CBA3aHO ¢ Hel? [ me HaxomuTces oHAa M CBI3aHHas ¢ HEW Macca?
M kak sHeprusi MOXET ObIThb OTpUUATENbHOW? Benp MOHATHE 3HEPIUH
HEPa3pbIBHO CBSI3aHO C TOHATHEM UMITyJbca U 0e€3 MOcCieIHero
OOBEKTHBHO pealbHO He cymectByer. Ho 49ro Torma 3HayuT
OTPULIATENBHBIN UMITYJIBC U, OYEBUIHO, OTPUIATEIBHOE, CBA3aHHOE C HUM
JBYDKEHUE?

Ha Bce »Tu BOmpochl cOBpeMeHHass (Pu3MKa MPAKTUYECKH He AaET
OTBETOB.

Ecnmm cuurate, 4YTO DOTEHUMANBHAs DHEPrus - 3TO DHEPrus
AIIEKTPOMArHUTHOTI'O OJI B3aMMOJIEVCTBYIOIINX JJIEKTPOHA U SIAPA, TO OHA
JOJDKHA WMMETh ONpeAesi€HHOE 3HadeHue (a He ObITh PaBHOU HYINIO) U
TOTJA, KOrJa 3JIEKTPOH U PO HE B3aUMOJCHCTBYIOT.

Ilo MHEHMIO aBTOpA, BOIPOC UMEET ciaeayroiee pemenue. [Ipuuém ono
IIOJICKA3bIBACTCS SBJICHUEM aHHUTWISIIUU JICKTPOH - IIO3UTPOHHBIX Map.

YTO B CYIIHOCTH MPU ITOM ITPOUCXOIUT?

Korma »nexkTpoH M NO3UTPOH BJIEKTPOMArHUTHO B3aWMOJCUCTBYS
CONIMXKAIOTCS, WX TMOTEHUUAJbHAs »HHEPrusi B3aUMOJCUCTBHS, paBHasd
BHAYaJIC HYJIO, a 3aT€M, KaK CUMTAETCS, OTPULATEIbHASA, IEPEXOIUT B UX
KMHETUYECKYI0 dHepruro. Ilepexox oToT mimures 10 TeX MOp, IOKa
AJIEKTPOH C MO3UTPOHOM HE COJIBIOTCS BMECTE M HE MPEBPATATCS B (DOTOHBI.
Paznerarommuecs: OTOHBI UMEIOT JIUIIb YHEPTUIO BHEIIHETO JTBUXKECHUS, TO
€CTh KUHETUYECKYIO.

@OTOHBI € KHHETHYECKOM DHEPrued M KHHETHYECKOM MAaccou
pa3JIeTeNnCh, a KyJa Jejlach OTpULATENbHAs MOTEHUHAIbHas >Heprus? U
YTO NPOU3OLUIO C BHYTPEHHEW SHEPrHUEH ITOKOSA YacTHIl, KOTOPYIO OHH
HMENIM JI0 B3auMojeicTBug? MOKHO CKa3aTh, 4YTO TaK KaK 3a CUeT
MOTCHIIMAJIBHOW HDHEPIruy B3aUMOJICUCTBHS  pasyieTalomuecs: (POTOHBI
MOJIYYHJIA KMHETUYECKYI0 SHEPTHIO, a o0Ias CyMMa SHEPTHH YacTHI] JI0
B3aUMOJECUCTBUA M IIOCJIE B3aMMOJEUCTBUS COXpPaHWIACh, TO M BECh
BOIIPOC HA ATOM HCYEPIIaH.

Ho HeT. 37eKTpOH M TMO3UTPOH 0 B3aUMOJECUCTBUS HMEIM KaKIbIN
DHEPTUIO IIOKOS, CBI3aHHYK C MX Maccou mokos. Ilocine anHurwnsnuu
AJIEKTPOHA U TTO3UTPOHA paslieTaromuecs GOTOHBI HUMEIOT TOYHO TaKyIO XKe,
HO YK€ KHHETHMYECKYI0 DHEPIHI0 M CBSI3aHHYK0 C HEW KHHETHYECKYIO
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Maccy. CrnenoBaTelnbHO, B MPOLECCE B3aUMOACHCTBUS W AHHUTHISLUU
AJIEKTPOH - MO3UTPOHHON Mapbl BHYTPEHHSSI DHEPrus (SHEPrusi MOKOs)
B3aMMOJICHCTBYIOIIUX 3JIEKTPOHA U MTO3UTPOHA IMEpENuia BO BHEMIHIOW, TO
€CTh KMHETHUYECKYI0, HEpruto oOpazoBaBmuxcs (oToHOB. IIpnuém 3TOT
nepexo], BHYTPEHHEW SHEPIMM BO BHEIIHIOK MPOUCXOJUT C MOMEHTa
Hayajga B3aUMOJACHCTBHS DJIEKTPOHA C IMO3UTPOHOM BIUIOTH 10 HX
AHHUTWIALIMY U TIpEBpaIieHus B GOTOHBI.

Takum o0pa3zoMm, MOXXHO CAENaTh CIEAYIOIINUE YPE3BbIYAITHO BayKHBIC
BBIBO/JIBI:

1. BHyTpeHHss 3HEPrus, TO €CTh SJHEPTHSI ITOKOS, B3aNMOEHCTBYIOIUX
YaCTHII - 3TO U €CTh UX NMOTEHIMAJIbHAsl KUHETUYECKAs! JHEPTUsA, KOTOPAsi B
IIPOLIECCE IIOJIEBOTO B3aUMOJEHUCTBUSA MOXKET YACTUYHO HIIM ITOJIHOCTBIO
IIEPEXOIUTh B KMHETUYECKYIO JHEPIUI0 B3aWMOJECHUCTBYIOLIUX WIM BHOBb
00pa30BaHHBIX B PE3yJIbTAaTe B3aUMOICHCTBUS YaCTHIL.

2. Tak Kak IpH MOTEHUUAIBHOM, TO €CTh IIOJIEBOM, B3aUMOJEHCTBUU
YacTh BHYTPEHHEN DJHEPrMM YAaCTHIl MEPEXOIUT BO BHEIIHIOK, TO €CTh
KMHETUYECKYIO DHEPrUI0, TO Macca IMOKOs B3aWMOJCHCTBYIOIIMX YaCTHIL
WU3MEHSETCS B COOTBETCTBUU C PABEHCTBOM

!

— mO
. J1-v?/c?’
r71e: My - Macca IMoKosi CBOOOTHOM, HE B3aUMOJICHCTBYIOIEH YaCTHIIBL;
M 5 - Macca MOKOs YaCTHULbI B IMTPOLIECCE B3aUMOICHCTBUS;
V - CKOpPOCTh, TpHOOpETEHHAS YaCTHUIIEH B pe3yJIbTaTe B3aUMOCHCTBUS.

3necb Cc  Henbl0  HaumOoJiee  YETKOrO  PacKphITHS ~ MMEHHO

paccMaTpUBaEeMOTO BOTIpOca MpUBEACHHAS (popMyIia 3amucaHa JIjisi cirydas
YaCTHIL], CKOPOCTbh KOTOPBIX /10 B3aUMOAECHUCTBUS PABHA HYJIIO.

3. CaMo0 MOTEHIMAIBHOE T0JIe HE 00JIaJaeT HU aKTUBHOW SHEPrueil, HH
WHEPLUHUOHHONW Maccoil, a JUIIb YIPaBIAE€T MOBEAECHUEM, KaK OTACIbHBIX
YacTUll, TaK M TIOBEJCHUEM UX COBOKYMHOCTeH (Tenamu). Hukakoit
OTPULIATENIbHON MOTEHIUAIIBHON HEPTUM HE CYLIECTBYET. JHEPTrHUsl BCeraa
MOJIOKUTEIIbHA.

4. Ecniu cHOBa BEpHYThCA K 3aKOHY HpIOTOHA O paBeHCTBE NEUCTBUS U
MPOTUBOAECHUCTBUS, TO MIPHU MOJEBOM B3aUMOJICUCTBUU YacTHUIl (U TEJ) 3TOT
3aKOH HYKHO OTHOCUTHh K KaXJOW 4dacTuue (Teny) oTAenbHo. JleiicTBue
IPU 3TOM €CTh W3MEHEHHE BHEIIHETO HUMITYJIbCa, & MPOTUBOACHUCTBUE -
W3MEHEHHE BHYTPEHHETO0 HMITYJbCca YacTHIlbl (Tena). M 3aKoH HHMKak He
HapyIIAEeTCH.
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Ho BepHEMCS CHOBA K aTOMY BOJOPOAA.

Korna snekTpoH 3axBaTbIBaeTCsl MPOTOHOM U 00pa3zyeTcsl aTOM, 4acTb
DHEPIUU IIOKOS JJIEKTPOHA IEPEXOJUT B €ro KHMHETHMYECKYH) DHEPIHUIO
JBMKCHHSI BOKPYT Spa, a 4acTh U3idydaercs B Buae (GoTona. Macca nmokos
AJIIEKTPOHA MPU 3TOM YMEHBIIAETCS HA BEJIWYMHY KUHETUYECKOW MACCHI,
npuoOpPEeTEHHON KaK CaMUM 3JICKTPOHOM, TaK M U3Ty4eHHBIM POTOHOM. To
€CTb Mdacca NOKos HJIEMEHTApHON YacTHIIbI (€€ JTOKaIU30BaHHAsl Macca) He
ABA€MCsL NOCMOSAHHOU, BOIIPEKU TOMY, KaK 3TO IIPUHATO CUUTATH CETOIHS.
DNEKTPOH U3ITy4aeT UMEHHO 3a CYET MACCHI TIOKOS.

OHeprus U3IMYy4yEHHBIX (OTOHOB - 3TO M €CTh DSHEPIUs CBA3M
oOpa3oBaBiierocsi aroma. Ternepp 3JEKTPOH HE CMOXKET YHTH OT siapa |
CHOBa CTaTh CBOOOJHBIM, ITOKA €My HE BEPHYTh M3JIYyYEHHBI UMITYJIbC U
CBSA3aHHYIO C HUM Maccy. Eciin aToM H311y4aeT BHOBb, TO 3TO O3HAYaer,
YyTO emE YacTb BHYTPEHHEH SHEPruM 3JEKTpoHa (JIOKAaJIM30BaHHOMU
HHEPruM) YaCTUYHO NEPEIUIa B €r0 KUHETUUYECKYIO0 SHEPTHIO, 4 YACTUYHO B
HHEPrUI0 BHOBb U3JIyYEHHOTO (POTOHA. DJIEKTPOH MEPEXOJUT MPH 3TOM Ha
Oonee OnM3KUHA K SApPY YPOBEHb JBWKEHUS U CBS3b €ro C SIpOM
BO3pACTaeT, a Macca JOKaJIM30BaHHAs Macca yMEHbLIaeTcs emé OoJblie.
[Tpruém, Kak MOKa3bIBAET PACUET, ANEKTPOH MPHU KAXKIOM aKTE U3ITyUCHUS
npuoOpeTaeT JAONOJHHUTENbHYI0O KHHETHUYECKYl0 Maccy (3a  CYér
JIOKJIM30BAaHHOM MacChl), pasHyro Macce u3iydéHHoro ¢otoHa (AeiicTBue
PaBHO MPOTUBOJEHCTBUIO).

Yem oTimyaercss B3aMMOACHUCTBUE JJIEKTPOH - MPOTOHHOW Mapbl OT
JIEKTPOH - IO3UTPOHHOIO B3aMMOJEHUCTBHS? DJIEKTPOH - NO3UTPOHHOE
B3aMMOJIEUCTBHE 00JIaJaeT MOJHON CUMMETPUEH B CUILY TOTO, YTO 3aps/Ibl
M Macchl TMOKOS  B3aMMOJCHCTBYIOIIMX  4YacTull paBHbl. [lpwm
B3aMMOJICUCTBUM AJIEKTPOHA C MPOTOHOM B CBSI3U C OOJBUIMM pazIudleM
UX Macc MOKOs CUMMETpPHUs B3aUMOJEHCTBUS PE3KO Hapymaercs. Tak Kak
Macca OKOs IIPOTOHA MOYTH B JIBE THICAYM pa3 OOJIbIIE MACChl AJIEKTPOHA,
NOCIEAHUNA TIOAy4YaeT NpH B3aUMOAECHCTBMM 3HAYUTENIBHO OOJBIIYIO
CKOPOCTb BHEIIHEro JBW)KEHHMS W HaMHOro OoJibllle, YeM MPOTOH
YBEIMYHMBAET CBOIO KHHETUYECKYIO MACCY 3a CUET JIOKAIM30BAaHHOW MaccChl,
a TaKXe U3JTy4aeT Ipu 3TOM (HOTOHBI.

K Bomnpocy u3zinyyeHuss aroMoM (OTOHOB MbI €lI€ BEpHEMCS HUXKE, HO
paHblle paccMOTpHUM, Kak npeodpasyrorcst B CTO cuibi.
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10. IIpeoOpa3oBaHue CU.

Cornacno HproTOHY cuia ecTb JeHCTBUE, B pe3yJibTare KOTOPOTrO
U3MEHSETCS BHEIIHUA HMMMOYJbC Teia. [Ipuuém duclieHHO cuia paBHA
CKOPOCTH W3MEHEHHs UMIyjbca Tena, T.e. F =dp/dt. B To »ke Bpewms,

o . = myV
BHEITHUIA UMITYJIbC TEJIa C MAaCCOM TIOKOS Mg paBeH P=—=2——. (10.1)

V1-v?/c?
[Ipy ManbIX CKOPOCTAX V<< C IOCJTEIHEE BBIPAKCHUE IMEPEXOIUT B
KJIACCUYECKOE P=my . (10.2)

Ecnu cBoOomHOE, T.e. TMpeIoCTaBICEHHOE caMoMy cebe, Telo
HETIOJIBIKHO B TIPOCTPAHCTBE, TO €r0 BHEUIHWUN HMITYJIbC PAaBEH HYIIIO.
Ecnu npuinoxuTh K HeMy cuily F, To OHO CTaHEeT JBUTAThCSA C YCKOPEHUEM
dv/dt u B HaYambHBIH MOMEHT CBOETO JIBMXCHHUS C OOJIBIION TOYHOCTHIO

OyZeT NoJUMHATHCA 3aKOHY HbIOTOHA, COTTIaCHO KOTOPOMY
F=P g (10.3)
dt dt
TaK Kak B 3TOM ciiydae dp =m,dv. Ho 1mo mepe Bo3pacTaHusi CKOPOCTH Tea,
a cle[0BaTeIbHO, U BHEIIHErO0 HMMITYJIbCa, €r0 ABM)KEHHE BCE OOJbIIEC U
OoJiblle OyIEeT OTKJIOHSTHCA OT 3aKoHa HeroToHA.

JleficTByromasi Ha JBIKYIIEECS TEJO CUja B OOIIEM Ciydyae MOXKET
U3MEHATh CKOpPOCTh €ro JBWXKEHHSA, Kak MO0 BEJIMYMHE, TaK M IO
HampaBieHuto. Ho B AByX KpalHHX CiIy4asiXx CKOPOCTh Te€ja HU3MEHSETCS
WIN TOJBKO MO BEJIWYHMHE, WM TOJBKO MO HampamieHuto. [lpu sTom B
KJIACCUYECKOM MEXAHMKE BO BCEX CIIydasX TeJIO B CBOEM JBUIKCHUU
MOIYMHACTCS 3aKOHY, BhIpaxxeHHOMY dopmyroii (10.3), Tak kak ero macca
CUMTAETCS HEW3MEHHOW. B pPEISITUBUCTCKOM K€ MEXaHHMKE JBa KpPaWHUX
cilydasi IeWCTBUS CHJIbI Pa3IMyaroTCsa. JTO HETOCPEACTBEHHO BBITEKAET U3
ypaBHenwii (10.1) u (10.2).

Ecnu cuna neiicTByeT Ha JBHDKYIIEECS TEIO MO HANpaBJIEHUIO €ro
ckopocTH (0003HayuM €€ ) u n3MeHser nuib €€ BeIUYHHY, ypaBHECHHE
(10.1) ¢ yuerom (10.2) MOKHO 3amucaTh Kak

F:%:moi( v ]: m__dv. (10.4)
dt dt{ \1-v?/c? (1—v2/c2)3/2 dt

A muddepeHnran BHEUTHETO UMITYJIbCA MPU ATOM 3aIUIIETCS KaK

m
dp, = Evaracs /OCZ)M dv. (10.4a)
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Ecnu xe cuna feiicTByeT Ha JBMXKYIIEECS TEIO CTPOro MO HOPMalld K
HaIpPaBJICHUIO CKOPOCTH €ro JBMKeHUs (00o3HauuMm €€ F ) u u3meHser
JIMIIb HAPABJIEHUE CKOPOCTH, YpaBHEHUE JABUKEHUS OyIeT

d m dv
L N ) (10.5)
dt  J1-v?/c? dt
TaK KaK CKOPOCTb JIBUKEHUS V IIOCTOSIHHA 110 BEJIMYMHE.
Ecimu cuna F  HampaBieHa 1o HEKOTOPBIM JIPYIHM  YIJIOM K

HAIPABJICHUIO JIBMKEHHMS, €€ CIECyET Pa3IokKNUTh Ha JIBE cocTaBsgromue F
u F, U paccMoTpeTh IBW)XEHHE Teja TMOJA JCHUCTBUEM Ka)XXJI0H U3 HHX.
HaiineHnHble yCKOpEHHS OT OTHUX COCTaBJISIIONIUX CKJIAJBIBAIOTCS IO
MPaBUJIy CIIOXKEHHUSI BEKTOPOB, UYTO W JAET PE3YJbTUPYIOIIECE YCKOPEHHUE
JIBUKECHUS TeJia MO AEUCTBUEM ITPUII0KEHHOM CHUITBI.

N3 ypaBuennii (10.4) u (10.5) BuaHo, uTo npaBuiio HeroToHA, corjlacHO
KOTOPOMY 4YHUCJIEHHOE 3HA4Y€HUE CHUJIbl, MPUJIOXKEHHOM K  Temly,
ONpeeNsieTcs] Kak MPOU3BEICHHE MacChl Tejla Ha MOJYyYEHHOE TEJIOM
YCKOpEHHeE, B 00IIeM cilydae He BhInoaHseTcs. [Ipu npogoasHOM AeicTBUN
cwibl (BelpakeHue (10.4)) mosBIsiETCS JOMOJHUTEIBHBI MHOXHUTENb

3/2

1/(1-v*/c?), B cBSI3W C 4eM BelWuuHy m,/(1-v*/c?)*’? cranum Ha3bIBaTh

IPOJOJIBHOM Maccoil Tena. A BEIWYUHY m,/~1-v?/c® Ha3BaM

nonepeyHo maccoi tena. Takoe Ha3BaHUE 6 NMpuHyune He ONPABOAHHO,
TaK Kak 00bEKTUBHO pEAIbHO Macca Teja MpU ero adCOMOTHOM JBMKEHUU
YBEJIMYMBAECTCS €IMHCTBEHHBIM U BIIOJIHE OMPENEICHHBIM 00pa3oM Hu
YUCJICHHO COBIIQJAET C TEM 3HAYEHUEM MAaCChl, KOTOpPOE€ Ha3BaHO
MTOIIEPEYHBIM.

[Toxanyi, 31ech OyIeT NpaBUIbHEE BBECTH TOHITHE KO3(duyuenma
UHEPMHOCMU MAcCCbl, KOTOPBIM IPU IONEPEYHOM JIEMCTBUM CUJIbI PABEH
CIMHHUIIC, a TPH NPOAOIBLHOM e¢ JeHCTBUM paBeH 1/(1-v?/c?). Dror
KOd(PPUIIMEHT Kak pa3 M XapaKTepU3yeT COMPOTUBISAEMOCTh MACCHI
W3MEHEHHUIO COCTOSIHHS €€ ABUKEHUS, T.€. PAaKTUUECKH U XapaKTepU3yeT eé
CBOMCTBO wuHepTHOocTH. M ecnmu B Kiaccuyeckod (pu3uke CBOMCTBO
WHEPTHOCTU MacCChl ObUIO HEM3MEHHBIM, KaK Obl HA OT Y€ro He 3aBUCSIIUM
BPOXKIAEHHBIM CBOMCTBOM MAacCChl, TO TENEPh MbI BUAUM, YTO 3TO CBOMCTBO
MPOSIBJISIETCSl TO-Pa3HOMY MPU PAa3HOM JEUCTBUM CHIIbL. VIHEPTHOCTH
MPUCYILIAa MAcCe, HO 3aBUCUT OT COCTOSIHUSA JIBMXKEHHUSI 3TOM MacChl U OT
TOTr0, KaK U3MEHSIETCA 3TO COCTOSIHUE. 3aBUCUMOCTh MHEPTHOCTH MAacChl OT
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CKOPOCTU €CThb MpSAMOE CIEACTBUE MPENEIbHOCTH B TMPHUPOJE CKOPOCTH
CBETa U TOro (pakTta, 4To JH000M Macce MPUCYII OO UMITYJILC MC.

[Tocne »TMX npenBapUTENIBHBIX 3aMEUaHUN PACCMOTPUM BOIPOC O
npeo0pa30BaHUN YUCICHHOTO 3HAYCHHS BETUIMHBI CHIIBI TIPU TIEPEX0JIE OT
onnoii UCO k apyroii.

Brauane paccMoTpuM citydaid, KOrjaa CBOOOHOE TEJIO C MacCOW TOKOS
Mo HenoaBmwxHO B ACO. Torma B MCO, nBuxymencss B IpOCTPAaHCTBE C
a0COJIFOTHON CKOPOCTHIO V B HAIPaBJICHHM CBOEM OCHU X -OB, OHO OyJeT
BOCIIPUHUMATHCSA  JIBIKYIIMMCSL CO CKOPOCTBbIO V, MPOTHUBOMOJIOKHO
HaITPaBJIEHUIO OCH X -OB.

[Ipunoxum x Teny B ACO cuny Fy, HampaBieHHyI0 MDapajuiebHO
ckopoctu aBuxkeHuss MCO. Torma teno npuaé€r B IBUKEHHUE U 33 KaXKbIU
CKOJIb YTOJHO MaJIbIi MPOMEXYTOK BpPEMEHU At OyJeT IpupaiiuBaTh B
ACO ckopocts Ha Av,. Ilpuuém Hac HHTEpecyeT IEUCTBHE CHJIbI Ha

HEIMOJABW)XKHOE B a0COJIOTHOM MPOCTPAHCTBE TENO, WU JBUKYILEECS C
OYEHb MAJION CKOPOCTHIO. [103TOMY MBI MOXKEM OrpaHUYUTHCS HayaJIbHBIM
MIPOMEKYTKOM BPEMEHHM At W HayaJdbHBIM MPUPAIICHUEM CKOPOCTH Av, .

Torma HavanmpHOE MPHUpPAIICHWE BHEIIHETO HMITyJIbca OyaeT Ap, =mAv, ,

WM, eciiy niepeiitu k nuddepeniuanam, dp, =mydv,. (10.6)
[lycts nana ompenenéHHOCTH (3TO HE UWMEET MPUHIUITHAIBHOTO

3HAUEHHUA) Av, O HANPABJICHHUIO COBIAJACT C HAMPABICHHUEM CKOPOCTH V.

Torna B UCO ckopocTh Tella HECKOJIBKO YMEHBIIUTCS U B COOTBETCTBHUHU C

o —Av
IPaBUJIOM «CJI0XKEHUs cKopocTei» OyneT v'=———->*— . To ecTb CKOPOCTb
1-vAv,/c
, . 1-v?/c?
U3MEHUTCSI Ha AV, =V-V =Av, 1Ay & Wimm, nepexoas oOT MaibIxX
—VAv, /c

KOHEYHBIX IpupalieHuil k nuddepennuanam, a Takxe ¢ y4€TOM TOro, 4TO
AV, OYE€Hb MaJji0o, MOXKEM 3aIncaTh, 4To dv. =dv(1-v’/c?). (10.7)
B cootserctBuu ¢ (10.4a) muddepenunan BuemHero umnyisca B UCO

m

W-dv;. [ToxcraBnsist B 970 ypaBHenue dv. u3 (10.7),

Oynmer dp; =

m .. dp
dp, = ——2—dv/ 10.6) dp! = ——=—. (10.
HOJYYHM, 4TO dp! o V., ac yaérom (10.6) dp! — (10.8)

Tak xak ¢ Touku 3penus HaOmogateneir B MCO Bpems B ACO Tedér
3aMeJIeHHO, TPOMEXyTKy BpemeHu At B MCO Oyaer COOTBETCTBOBATH
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IPOMEXKYTOK BpeMeHH At'=At/y1-v?/c®*. Wnm, cHOBa mepexons K

nubdepennmanam, dt =dt/v1-v?/c*. (10.9)
Torna u3 ypasuenuii (10.8) u (10.9) nony4um, 4to % = % , WIIN
=K (10.10)

Ecnu npunoxuts k cBoO0AHOMY M HenoABMKHOMY B ACO Teny cuity

F,, HaIpaBJICHHYIO [0 HOPMald K HaNpPABICHUK CKOPOCTH V U

y o
napaensbHo ocu Y MCO, TO HayanbHOE NpPHUpALICHUE BHEIIHETO
MMITyJIbCa Ap,, COOTBETCTBYIOLIEE HAYAIbHOMY IIPUPAIICHUIO CKOPOCTH

Av,3a HadalbHbIM CKOIIb YTOAHO MaJjblii IIPOMEXKYTOK BPEMEHM At
ONPENENNTCA KaK Ap, = mAv, . nu B quddepennmanbaoi Gpopme
dp, =mydv, . (10.11)
Eciu Teno mnpuobperaer B ACO HEKOTOPYIO HE3HAYUTEIbHYIO
cKopocThk Vy, To B ICO cxopocts v, Oyzer

V) = ?t/' =%\/1—v2/c2 :vy\/l—vzlc2 : (10.12)

3aeck MBI UcTioNib3oBaiu cootHomieHue (10.9) u Tot dakr, uro dy’ =dy
(moceHMiA, B CBOKO OUEpe/ib, CICAYET U3 TOTO, UTO Ay’ = Ay ).

Huddepentmpyst (10.12) mpu MOCTOSHHOM 3HAYEHHH CKOPOCTH V,
NOJyYuM, 9To  dv] = dvym : (10.13)

mO
Vi-v?ic?
ypasuenue dv, u3 (10.13) ¢ yu€rom (10.11), nomyqum, uro

dp!, =dp, . (10.14)

A wu3 pasenctBa (10.5) dp = -dv,. IloxcraBisis B 9TO

'
Tornaa ¢ yuérom (10.9) % :dd%'\/l—vzlc2 ,um F| =F +1-v?/c?. (10.15)

Jlanee paccMOTpUM clly4al, Korja CBOOOIHOE TEJIO ¢ Maccoi MoKosi Mg
gHeronBmkHo B MICO. To ectp Tenmo aBmxkerca B ACO Bmecte ¢ MCO co
ckopocthto V. Ecmum tenmepp mnpunoxutrb k Teny B MCO cuny Fy,
napajuienbHyr ckopoctH V asmxkenuss MCO, 1 moBTOPUTH B TOUHOCTH BCE
T€ K€ PACCYKIEHUs, YTO U BBIIIE B CIy4yae mMacchl, HenoaBuwxxHOU B ACO,

dp' ’ 2 2
TO Ha DTOT pa3 MOJIy4uM, 4TO dp, = % u dt=dt'/v1-v°/c® . Torma
1-v?/c?
dp, _ dp, '\
—x u F=F. (10.16).

dt  dt’
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!

Ecnn mpunoxure x Temy cuiny F/, TO moxydum, 410 dp, =dp, H
d dp!
% =%\/1—v2/c2 , i F, =F/v1-v?/c® . (10.17)

U, nakoneu, paccMoTpuM OoJiee oOIMii ciyyai, korja cBOOOHOE TEIIO
¢ Maccor mokost My asmxkercs B ICO co ckopocTero V' BIosb ocu X', a
cama CO, xak u nipexne, nuxkercss B ACO co CKOPOCTBIO V TaKKe BJIOJb
cBoeli ocu X'

[Tpunoxum k teny B ACO cuny Fy BIOJIB CKOPOCTH €r0 JIBHXKECHHS.
Torga Temo HaA4YHET YCKOPATHCA, €ro BHEIIHUNW HMIIyJIbC p, Oyder

BO3pacTaTh, U B COOTBETCTBUM ¢ ypaBHeHueM (10.4a) moxkeM 3amucarh,

qTo dpx = (]__Vzrn#)s/z -du ) (1018)

rae U — ckopocts aerxkeHus Tena B ACO. 3ta CKOPOCTh B COOTBETCTBHH C

npaBuiIoM «cioxkeHusi ckopocrei» B CTO Oyner u:%. (10.19)
+w'/c
Hudbdepenuupyst mocnegHee paBEeHCTBO MPU TMOCTOSHHOM CKOPOCTH V,
2 2
HaiaéM, 910 du =dVv’ 1-v /e (10.20)

L+w'/ct)?’

C Bo3pacTaHneM p, BO3pacTaeT W BHEWHUU nMmnyibc p. tena B MCO.

A ypasaenue (10.4a) 8 UCO npumert Bun dp! = a (V,;T;‘)/Cz)slz av'.  (10.21)

Ecmu Teno mBuxercs B MCO co ckopocThio V', TO 3a OECKOHEYHO

MaJIblil IPOMEXKYTOK BpeMeHH At oHO nporaer B MCO paccrosiHue
AX' =V'At'. (10.22)
910 paccrostane u3 ACO OyaeT u3MepeHo Kak Ax = Ax'v1-v*/c*. (10.23)
A Tak kak s HaOmogateneid 3 ACO CKOpOCTh Telna OTHOCHUTEIBLHO
NCO paBna U-V, TO BpeMs €ro JBWKEHHUS BJIOJb OTpe3ka Ax OyjeT

A= (10.24)
u-v
A wucnone3ys paBercta (10.19), (10.22), (10.23) u (10.24), naiigém,
1-uv/c?
yTo At' = At-———— . Wnu, nepexoas Kk nuddepeHnmanam,
o p bdep
1-uv/c?
dt' = dt - —=—. 10.25
Vv1-v?/c? ( )
dp, m, du

= .— . Iloxcrasnsas
A/

B 3TO ypaBHeHue 3HaueHue du u3 (10.20) m 3Havenue dt wm3 (10.25),

U3 pasenctsa (10.18) cnenyer, uto




63

dp, _ m, C(@-vIe?) (-uv/c?) dv
dt  (@-u?/c®)¥* @+w'/c?)? J1-v?/c? dt

MOJCTAaBIIsAS B IOJyYeHHOe  BhIpakeHue 3HaueHue dv' w3 (10.19) u

MOJy4YUM,  4YTO Hanee,

poBes psii Npeodpa3zoBanuii, ¢ yuétom paBeHcTBa (10.17) B KOHEUHOM

BU/IC TIOJTYYHM, UTO dp, _ dp, um F=F'. (10.26)

dt  dt’’
Ecnu npunoxuts K Teiay B ACO cuity F,, HOpMaIbHYIO K HaIIPaBJICHHIO

CKOPOCTU €ro JBM)XEHHS, TO B COOTBETCTBUU C paBeHCTBOM (10.5) mis

ACO nomy4nm, uto dp, = M gy (10.27)
Ji-u?/er

rJe p,- UMILYJIbC TeNa , IOSBUBILUKCA B PE3YJIbTaTe ICHCTBUS CHIIbL F , a
u,- HEKOTOpas HE3HAuuTEJIbHAs [0 BEJIUMYUMHE CKOPOCTh  Tela,
IpHOOPETEHHAS UM B PE3yIIbTATE ICHCTBUS CUIIBI F, .

st UCO B cooTtBeTcTBUU ¢ paBeHCTBOM (10.5) 3anuiiem, 4To

dp) = ——0___.qv,

e

TI€ p, WV, - UMILyJIbC TejTa 1 ero ckopocTh B ICO B pesynbraTe AeicTBHA

(10.28)

CHUJIBL Fy’ .

Tax kax dy'=dy, To ¢ yaerom (10.21) ckopocts v, Tena 8 UCO moxHO
dy' _dy v1-vi/e® _ - N1-vP/c?
d dt 1w/ I-wic
JAHHOE PABEHCTBO IMPHU TOCTOSHHBIX V U U, TIOJIYYUM, YTO
V1-v?/c?
1-uv/c®
Torma, ucnoaw3ys pasenctBa (10.25), (10.27), (10.28) u (10.29),
MO>KEM 3aICcaTh MOCIIe HEKOTOPHIX MPeoOpa3oBaHMIA:
dp, _~ my  (@-uwv/c?)’ y1- (v)*/c* dp, A
dt  Ji-u?/¢? (@-Vv?/c?) My dt’
nocieaHee paBeHCTBO 3HaueHue U w3 (10.17) u Toxe mnocne psana

BBIPA3UTh KaK V| = . A nuddepenuupys

dv! =dv

y y

(10.29)

MOJICTaBIsAA B

anreOpanyeckux npeoOpa3oBaHuM, MOJTYYUM, YTO

dp, _dpj V1-v?/c?

dt  dt' 1+w'/c? (10.30)

V1-v?/c?

mm F =F/ -
Tt 1ew/c?

(10.31)
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Ecou B paBenctBo (10.30) moacraButh 3Hauenue V' u3 (10.19), to B
dp, _dp, (1-uv/c?) .
dt'" 1-v?/c?’
(L-uv/c?)
N
A moacranoBka B paeHcTBO (10.30) 3nauenmss vV u3 (10.19) nmaér
dp, _dp, vi-u®/c’ i F < V1-u?®/c?
dt  dt' J1-)?/c?’ o -t

CpaBuuBas ¢opmynsl (10.10), (10.14) u (10.26), mMoxHO chaenath

KOHCYHOM BHJC ITOJIYYHUM

JIA

F =F (10.32)

(10.33)

3aKJIIOUYCHHE, YTO MPOAOJbHAs (MapasuiesibHash HaMpaBICHUIO JBUKEHUS)
COCTABIISIIOIIAS  CHJIBI, JICHCTBYIOIIEHM Ha TEIO, HMMEET OJMHAKOBOEC
YUCIeHHOE 3HaueHue, kak B a0l MCO, tak u B ACO, eciu HalpaBlIeHUs
ckopocrert nBwkenus Tena u MCO B mpocTpaHcTBe camoMm 1o cebe
napayienbHbl. Yto ke kacaercs (opmynsr (10.15) nns momepeuHoi
COCTABJISIONICH CHIIBI, TO OHa BhITekaeT u3 Qopmyn (10.32) u (10.33).
JleficTBUTENBHO, €CHM B TOCIETHUX MpuHATh, yro U=0 (teno B ACO
HenoBKHO), To u3 (10.32) momyunm Beipaxkenue (10.15), a u3 (10.33)

nonyynMm F| =F J1-(v)?*/c? .

Tak xak tesno B ACO HenoaBuxkHO, a B MCO JIBUXKETCS CO CKOPOCTHIO
V', TO, cinenoBarenbHo, U cama MCO nBuxkercs B ACO co CKOpOCThIO V' U
MOJIy4EeHHOE BbIpakeHue cooTBeTrcTByeT (dopmyne (10.15). Anamoruuno
MOXHO MoKa3aTh, uto ¢opmyina (10.17) Beitexaet uz dpopmyin (10.31) winm
(10.33), ecnu B MOCIIEAHUX MOJIOKUTH, uTO V' =0 (Teno asmwkercs B ACO u
HenoaBmxHO B UCO, a u=v). 3nech emé cienyer 100aBUTh, YTO €CIIA V U
V'HE COBMAJal0T MO HampaiieHuto, To popmyna (10.19) 3anumercs kak

V-V V' —v

Ipu VvV >V', WK KaK U = npu vV <V'. COOTBETCTBEHHO

1w/ 1-w'/c?
/ 2 2
dopmyna (10.31) 3anmmercs kak F, = F/ %, (10.31a)
2
a dopmyna (10.32) — xak F, = F/ ~r4V/€ (10.324)

J1-v2ic?’

Hcnonp3yss monydyeHHbIe Bble (OpMyNIbl s MpeoOpa3oBaHUs
MOTIEPEYHON CHIIbI, pAaCCMOTPUM Kak B TOCIEAHEM pa300paHHOM HaMu
ciydae mpeoOpasyercsi cuiia npu mnepexoae or coocrBeHHot MCO Tena
(o6o3HaunM e€ mpu HacrosimieM paccMoTpenun MCO2), nBukyiieiics B
NCO co ckopocteio U, k MCO, nBuwxymeiics B ACO co CKOpoCThIO V
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(o603naunm e€ MCO1). O603naunm Takxke nomnepeunyto cury B MCO2 kak
F',aB HUCOI kak F/. B ACO ob6o3Hauenue npexHee F, .

N3 dopmynsr (10.17) umu u3 dopmyner (10.33) a1 maHHOTO Ciydas
cieayert, uro F, = F/v1-u®/c?. (10.34)
Torma, mojcraBisst mojaydeHHoe 3HaueHwe F, B dopmyny (10.32),

1-uv/c?
noayduM, 4to F/v1-u?/c® =F F———, WK, I0ClIe 3aMeHbl U II0

Ji-v?/c?’
dopmyze (10.19) u mpocThIx anredpandeckux mpeoOpa3oBaHu,
Fl=F/y1-(V)*/c . (10.35)
CpaBnuBas paBenctBa (10.34) u (10.35), Buaum, 4To nornepeyHas cuia,
JNeWCTByIOass Ha Teno, mpeodpasyercss or codbctBeHHo MCO Tena k
moboit apyron MCO Touno Tak ke, kak u k ACO, T.e. uepe3
OMHOCUMENbHYIO CKOPOCTH JIBUKCHHUS.
®opmyner (10.26), (10.31), (10.32) u (10.33) MO3BONSAIOT MOTYYUTH
YUCJICHHOE 3HAYCHUE KaK YroJHO JCUCTBYIOIIEW Ha TEJIO CWUJIbI MPHU
nepexojyie ot Joodoit ogHoit MCO k moboit npyroit UCO. To ectb UCO
MOTYT JABUTATHCS B MMPOCTPAHCTBE IO OTHOMIECHUIO IPYT K APYTY C JTFOOBIMHU
KaK YrOJTHO HalpaBJIEHHBIMH CKOpocTsMu. [Ipu 3TOM, eciii u3BeCTHA cuila
B onHoi MCO, To mpu mnepexoae K APYrod OHA PACKIIAIbIBACTCS Ha
MPOJIOJIBHYI0O W TIONEPEYHYIO COCTABISIONIME IO OTHOIIEHHUIO K JTOU
apyroit UCO wu BHawane mnpeoOpasyeTcss Kaxkaas U3 HHUX, a 3aTeM
HAXOJIUTCS PE3YJIBTUPYIOIIEE 3HAUCHHUE.

11. N3meperne u npeoOpa3oBaHUE DJIEKTPOMATHUTHBIX ITOJIEH.

HamomHMM, 4YTO HENOABWKHBIM B IPOCTPAHCTBE 3apsal ( cCO3HAET
BOKpPYT c€0s1 TOJIbKO 3JIEKTPUUECKOE T0JIe, U3MEHSIOLIEECs 10 3aKOHY

-4 (11.1)

drg, 13

rae: E - HalpspKEHHOCTh JIEKTPUYECKOTO OIS,
&, - AUDJIEKTPUYECKas [IOCTOSITHHAS BAKYyMa,
I' — pacCTOsSIHME OT 3apsa 10 TOYKH MOJIS (3apsi CUUTAETCS TOUEUHBIM);
HaIlpaBJICHUE PaJUyC-BEKTOpA [ U1 IOJIOXKUTEIBHOIO ( HAIpPaBIECHO OT
3apsza, a 11 OTPULIATEIBHOTO ( — K 3apsny.

Ecnu moMectuTh B Takoe 10JIE HEKOTOPBIN MPOOHBIN 3apssl (o, TO CO
CTOPOHBI TOJII Ha Hero OymeT aelcTBOBaTh cuiaa F=q,E. Dra cuia

JEUCTBYET IO MPSMOM, COSAUHSIONIEH 00a 3apsiia, a HaMmpapjieHa Tak, 4To
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OJIHOMMEHHBIE 3apsi/ibl OTTAIKUBAIOTCS JPYT OT ApPYyra, a pa3sHOUMEHHBIE —
OPUTATUBAIOTCS IPYT K APYTY.

Ecnu 3apsn nBmxercss B IMPOCTPAHCTBE, TO €r0 AJIEKTPUUECKOE MOoJIe
U3MEHACTCS, a TaKXe IMOSBIISIETCSI MArHUTHOE II0JIe, KOTOPOE BMECTE C
ANEKTPUYECKUM U 00pa3yeT »SIEKTPOMATHUTHOE TMOJ€ JABUKYIIETOCA
3apsaga. lloms, ABmXKylerocs B MPOCTPAHCTBE 3apsiia, HAXOIATCA W3
ypaBHeHU MakcBeia AJig BakyyMa, KOTOpble B BEKTOPHOHM (hopMe MOKHO
3anucaTh Kak:

vV.E=£; VxE=-B.
& ot
V.-B=0; CZVxI§:1+§;
g ot

rac. p- INIOTHOCTD SJCKTPUYCCKOI'O 3apsaa,

B - MarHuTHAs! MHTKIIHS TTOJIS;
] — IWIOTHOCTH IEKTPUIECKOTO TOKA CKBO3b 3aMKHYTHIH KOHTYD;
V - HEKOTOPbIN BEKTOPHBIN onepaTop «Hala.
Penrenvie 5THX ypaBHEHUI UMEET BULL: E =V —0A4/ ot (11.2)

u B=VxA, (11.3)

rac. ¢ u A- CKaHHpHBIP'I )51 BGKTOpHBIﬁ IMOTCHIOUAJIBI 3JICKTPOMArHuTHOI'O
ITIOJIA.

[Tomy4yeHHsie perieHus 00s3aHbl yIOBIECTBOPSATh YPABHEHHSIM:

10 _ p
Vip———=-1; 114
i (11.4)
- 18°4 i
ViA- S =5, 115
c? ot? £,C° ( )
-~ 1 o0¢p
a TaKXKe YCJIOBHUIO V-A:——za. (11.6)
C

Ecnu BO Bcex TOYKAaX H3BECTHA IUIOTHOCTH 3apsanoB  p(x,y,z,t) H
IUIOTHOCTh TOKa  J(X,Y,z,t), To pemenus ypasHenmii (11.4) u (11.5),
yAOBJIETBOpsIONMKE ycaoButo (11.6), 3anumnyTcs Kak:

J‘P(Xza Y,, 2t =1,/c) av, ;
4re,l,

P(X, Y1, 2,t) =

~ 1(%,,¥,,2,,t—r.,/cC .
A(val’Zlvt):I J( 2 Z-ZME‘ZCZI’ 2 )dVZ’
0 12
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rae: o — paccTosiHue OT TOYKHM C KOOpAMHATaMH  Xi, Y1, Z;, B KOTOpOH
HAXOJATCA TMOTEHIMAIBI TMOJIsI, A0 TOYKU C KOOPAUHATAMU Xz, Y2, Zp, B
KOTOPOI MMEIOTCS 3aps/Ibl C INIOTHOCTBIO p W TOKH C TUNIOTHOCTBIO J;
dV,— muddepentman oo6béMa B Touke 2.

Torma nons E u BHaxonsrcs quddepeHnupoBaHieM IOTEHIUAIOB U
10JICTaHOBKOW MX B ypaBHeHus (11.2) u (11.3).

JJ1s TouedHOTrOo 3apsiaa, IBUXKYIIETOCs C IPOU3BOIBLHOM CKOPOCTHIO,

o) =7 1
el (1—-v, /c) Are,(r—v-r/c)

, A (X, Yy, 2,,t) =

3an. 3an.

~ qv/c?
a A(X,Y,z,t)= .
e (e TS

3an.

DTO W3BECTHBIE TAaK HA3bIBAEMbIC 3ala3JbIBAIOIIME TMOTEHINAIBI
JIpenapa-Buxepra. Mcnonb3ys OaHHbIE NOTEHIMAbI, JIOpEHI] MOIYyYWII
JUISL 3apsJia, IBUXKYILETOCs € IIOCTOSSHHOM CKOPOCTBIO V BJIOJIb OCH X,

q 1 1

X,y,Z,t)=
p(x,y ) 47z, JIv2 /& ) 172
XV e
V- +2
J1-v2/c?
~ Vv
nu A:C—Zgﬁ.

[Tpu 3ToM B MoMmeHT BpemeHU t=0 moyiokeHHe 3apsiia COBIAJAET C
HA4aJIOM KOOPJAUHAT CUCTEMBI OTCUETA.

[IponuddepenripoBaB  naHHbIE  MOTEHUMAIbl W MOJCTAaBUB
noytydeHHble 3HaueHust B ypaBHenus (11.2) u (11.3), moayuum, 4to

q (x—vt) .
E, = = (a);
A 1-V2 1S [ (x=vt)?  , L[
1-v?/c? Ty e
q y .
E = — — (6)1 (11'7)
’ 47&90\/1—V2/C2 (x —vt)? . 31
1-v?/c? Yy
q Z }
E, = _ . (8);
A 1-V2 1S [ (x=vt)?  , L[
1-v?/c? Yy

é:cizx E (11.8), i B,=0 (11.8a); B, —-7E, (11.86); B, = E, (11.8).

Ecnu paccMoTpeTh o€ 3JIEKTPUYECKOW HANpPsSKEHHOCTH B KaKOM-
1100 TIOCKOCTH, MPOXOAIICH Yyepe3 HarpaBieHHe CKOPOCTH V, HalpuMep,
B tockoctd XOV, To €€ 3HaueHne 10 MOIYJIF0 MOKHO BBIPA3UTh Kak
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q (L-v®/c?)

= Ao 2 5 372
° [1—" Sinzaj

(11.9)
c?

rze: G — yrojl My HarpaBJIeHUEM JBUKEHUS 3apsjia U PaJinyC-BEKTOPOM
F, MPOBEACHHBIM M3 TOYKM MTHOBEHHOT'O ITOJIOKEHUS 3apsiia B TOUKY
HAOJI0ICHUSI.

PaccmoTpum Teneps BOmpoc 00 M3MEPEHUH IMOJIsl HEMOJBHIKHOIO B
ACO 3apsana u3 pBumxymeiicas MCO. Ecau ckopocte MCO paBHa V u
HaIpaBJjeHa napauiesnbHo e€ ocu x', To U 3apsan B UCO aBmxeTcs ¢ ToH xe

CKOPOCTBIO, a CJIEIOBATENIbHO, €ro noyie £’ B miaockoctd X'O'Y' nomkHo

UMETh BUJ B COOTBETCTBHM C (popmynoi (11.9). Mbl mokaxkem, 4yTo 3TO
JEUCTBUTENILHO TaK, U3MEpsisi MoJjie B Hambojee XapaKTepHBIX TOYKax.
[lone wu3mepsieTcs € MOMOLIBIO ONPEAEIECHUS CUJ, JEUCTBYIOIIMX Ha
MPOOHBIE DIEKTPUUECKUE 3aPSIJIbI.

[Tycte 3apsan q auxkercss otHocuTeabHo MCO BpaBo napamienbHo eé
ocu X' (3Hauut, cama MCO naBuxkercs BiaeBo otHocutesnbHo ACO). Korna
OH NPOXOJHUT Yepe3 3apaHee HAMEUCHHYIO TOUKY A', Ha pacCTOSHUU I’ OT
He€ (r' onpeneneHo B MCO) mapamuieabHO OCsAM x' B ) OJHOBPEMEHHO (C
tTouku 3peHuss UCO) uaMepstoT co3aBaeMyto 3apsiioM HaPsSKEHHOCTb.

To ecTh 3aMepsl MPOBOJAT B ToUKax 1, 2, 3 u 4, Kak 1oKa3aHO Ha puC.
11.1, B TOT MOMEHT, KOTJa JBWXXYIIUMUCS 3apsiii HaXOAUTCS B TOuke A'.
[IpnuéM, B CHIy CUMMETPHM 3aMepbl HANPSHKEHHOCTU B TOodkax | u 3, a
TAKXK€ B TOUKAaX 2 U 4 IOJKHBI AaTh OJWH U TOT € pe3ynbTar. i Touek
2 1 4 3T0 SICHO cpa3y, a i Touek | u 3 3TO Hy»kKHO OyJIeT MoKa3aTh.

v

A

0’ X'

v

15100

Puc. 11.1. U3mepenue B Toukax 1, 2, 3 1 4 37€KTPOMArHUTHOTO MOJIs
3apsima (, aBwxkymerocss B MCO ¢ mOCTOSIHHOM CKOpPOCTBIO V. 3apsia
00BeKTHBHO peanbHO HenoaBuxkeH B ACO, KoTopas 3/1ech HE TTOKa3aHa.



69

Honyctum, uto o yacam B MCO 3apsan okazancs B TOUke A’ B MOMEHT
BpeMeHnu t'. CnengoBaresbHO, B 3TOT )K€ MOMEHT HYXHO BBINOJHATh U BCE
3aMepbl B YKa3aHHBIX TOYKAX.

Tak kak 00bekTHBHO peasibHO MCO nBHKETCS BIEBO CO CKOPOCTHIO V,
TO OOBEKTUBHO PEaIbHO Yachl B TOUKE | «cmemary, a B TOUKe 3 «OTCTAI0T»
oT yacoB B Touke A'. I B MOMeHT BpeMeHH t' 1o yacam B A’ 4achl B TOUKE
1 mokaxxyT Bpems t'+r'v/c’, a B Touke 3 — BpeMs t' —r'v/c?. Hachl B TOUKax
2 1 4 OKaXyT TO K€ BPEMs, 4TO M Yachl B A’. 3HaYUT peaIbHO B MOMEHT
BpeMeHHU t'3amepsl oI JeatoT JIMIIb B TOUKax 2 U 4.

OOBEKTUBHO pealibHas HaNPSHKEHHOCTh 3JIEKTPUYECKOrO IOJISI B
Toukax 2 U 4 mo Moaymo B cooTBercTBuM c dopmynon (11.1) Oyaer

E,,= %, TaK Kak JJisf TO4eK 2 U 4 paccTosHue OT TOYKU A’ paBHO I''n
T Amegr

B ICO, n B ACO. C npyroi CTOpOHBI, U3MEPEHUSI CUJIbI, HAIIPABJICHHOW 110

HOpMain K HanpasieHuto ckopoctu V, B MCO um B ACO cBd3aHbI
1

J1-v? /2
anekTpuyeckoro moit B Toukax 2 u 4 B MCO mo mopymoo nmamyt
Bu __ 9 1
J1-v2ie?  Amsr? 1-viye?
KOoTOpoe Mbl mnonyuuMm 1o ¢opmyne (11.46), ecnu ydectb, yTO ISt
ananornyHoro ciay4as B ACO x=0 u z=0. Vnu MOXHO CpaBHUTH TaHHBIN

COOTHOLIEHHEM F/ =F, Torma wu3MepeHus HaNpPsHKEHHOCTU

E),= OTO 3HA4Y€HUE COOTBETCTBYET TOMY,

pe3ysibTaT ¢ TeM, 4yTo MbI noiay4duMm mo ¢opmyrne (11.9) npu 3HaueHun
a=rl2.

B Touke 1 HanpsKEHHOCTH E; (PaKTHUECKH M3MEPSIOT TOT/AA, KOTJa B
Touyke A' yachl MOKa3bIBAIOT Bpems t'—r'v/c*, a 4acel B | mpu 3TOM
nokasbiBatoT BpeMms t'. Torna gaktuyecku Touka 1 OTCTOMT OT 3apsiia Ha
paccrosiau 1, puc. 11.2.

DTO pacCTOSTHUE MOXKHO OINPEICINTh KaK I, =r'v1-v?/c* +vAt, (11.10)
rae At- Bpems B ACO, HeoOXoauMoe JIJis TOTO, UTOOBI TouKa A’ JOCTHUTIIA
3apsia.

3a Bpemsi At uyacel B MCO yliayT Brepén Ha At'=r'v/c®. A Tak Kak

At = At'/NJ1-v?/c? | To, moacTaBiss 310 3HaueHue B (11. 10), momydmm:

rv’ 1 r
r=rv1-v?/c* +

¢ J1-v?/e? J1-vEic?

!’
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| —
r'vi—-v?/c?

O NCO ve— RS
O ACO - X

Puc. 11.2. Tak Beirnsaut B ACO uszmepenue nosis, nposogumoe B MCO
B e€ Touke 1. M3mepeHue BbINOJHSETCS, KOrjna Touka A' ABIKyIIEWcs
NCO ¢axtruecku emé He AoLLIA 0 3apsiaa.

CJ'ICI[OB&TCJ'IBHO, 3HAa4YCHUC HaHpH)KéHHOCTI/I QJICKTPHUYICCKOIO IIOJIAA B

TOYKE B MOMEHT 3amepa OyneT E, = g > = g —(@-v?/c*). U TakuM xe
Are N, Arer
Oyner 3mayenue E; B Touke 1 m B MCO, tak kak F'=F. To ectsb

' q 2.2
E, =———@0-v"/c?).
! 47rgor'2( )

B Touke 3 snekrtpuueckyro HanpsxéHHocTh E; B MCO wu3Mepsror
(haKTHUECKH TOT/Ia, KOTa B TOUke A’ 4achl MOKa3bIBAIOT BpeMs t'+r'v/c’.
Yacel B 3 mipu 3TOM MOKA3bIBAIOT BpeMsl t', a TOYKa 3 OTCTOUT OT 3apsAjia Ha
pacCTOosiHUM I, KOTOpoe paBHO I,. [loatomy E;=E/ u uzmepennoe B MCO
moJie, Kak W CJEJ0BaJI0 OXKWIATh, O0JaJaeT IEHTPAJbLHON CHUMMETpHEH
OTHOCHUTENBHO 3apsifa. U B obmem Buae Gpopmyna ais HanpsokEHHOCTU E
B JII000H TOYKE TOJIA, OTCTOSIIEH OT 3apsijia Ha PacCTOSHHUHM ', Oyner
q 1-v?/c?)

47Z_gor12 V2 . 3/2 °
1-— Sin“e’
C
!

NBW)KEHUS 3apsAna W paamyc-Bektopom ', wusmepenHbii B HCO.

UMETh BUJ E' =

IZIe o'~ yToJI MKy HallpaBICHUEM

Hamnpasnenue E' Takke paJdalibHO OT MTHOBEHHOTO (C TOYKHU 3pEHUSA
NCO) nonoxxeHus 3apsga Juisl MOJIOKUTEIbHBIX 3apsiiOB U K MTHOBEHHOMY
MOJIOKEHUIO 3apsiia IJis1 OTPULATEIbHBIX 3apsJIOB.

Takum oOpazom, dekTpudeckoe noiie HemoasmwkHoro B ACO 3apsna B
nexkyiericss UCO BoclpuHUMAETCsT TOYHO TaKUM K€, KaKuM SIBIISETCS
AIIEKTPUUECKOE TI0JIe JBWXKYLIErocs B MpocTpaHcTBe 3apsaa. Ho
JIBIDKYIIUNUCS B TPOCTPAHCTBE 3aps]l CO3Ja€T M MAarHUTHOE TMOJie C
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MarHUTHOM MHIYKIMEN B, M3MEHSIOIEHCS B IPOCTPAHCTBE BOKPYT 3apsa
IpU TMOCTOSTHHOM CKOPOCTH IMOCJEIHEr0 IO 3aKOHY B COOTBETCTBUM C
BoipakeHnneMm (11.8). Tlokaxkem, 4YTO HECMOTpsS Ha TO, YTO BOKPYT
HEMOJABM)KHOTO B  MPOCTPAHCTBE 3apsja MAarHUTHOTO TIOJIA  HET,
Habmoaatenu B MCO Takoe mone ooHapy»kaT. [Ipuyém oHO A HUX TaKkKe
OyZeT NOTUMHATHCA TOMY K€ 3aKOHY, UTO W IpH JBH>keHuH 3apsiaa B ACO.

HanoMH#M, 4TO MarHMTHOE MOJIE JIEUCTBYET TOJBKO HA JBHKYIIUNCS
3apsi (Ha30BEM €ro MPOOHBIM U 0003HAYUM () C CHIION

F, =0,V xB, (11.11),
re V'- CKOpOCTh JIBMKEHHUs NPOOHOro 3apsija B MarHUTHOM noiie. Cuia
F, HaIpaBjleHa [0 HOPMald K HAIPaBIEHUIO CKOPOCTH V', T. €. OHa
TOJBKO mMOBOpauuBaeT Bektop V'. M3 (11.8a) BHUAHO, YTO MarHuTHas
WHYKIUS TIOJIS HAa JIMHUUW JIBUKEHUS 3apsijia paBHa HYJIIO, TaK KaK BEKTOPbI

V u E HaxoJsTcs Ha ojiHOM mpsimoii. CriesioBarelbho, U cwia F,, , B UCO

B Toukax | u 3 Ha puc. 11.]1 Takxe paBHa HyIIO.
MaruuTHOE TI01e B}, B Toukax 2 u 4 ¢ yuerom (11.8,6) u (11.7,6) no
MOJIYJIIO TOJKHO OBITh paBHO B), = q v/t (11.12)
T Amer® J1-v?/c?

M HaImpaBJICHO UL IIOJOXXHTCIBHOIO ( 110 4acoOBOU CTpPCIIKC, CCJIN

CMOTpeTb 110 HaHpaBHeHI/IIO JABUXKCHU S 3ap$[,[[a, a I OTpI/IHaTeJ]LHOFO q
—

HaIIpaBJIEHO NIPOTHUB 4acoBOW cTpesiku. Torga cuwia F,, B Toukax 2 u 4 ¢

yaétom (11.11) m (11.12), ecnu V' mapamiensHa V, JIOJDKHA OBITH T10

!/ 2
MOJIYJIIO paBHA F&2,4=47ngq°r,2 \/1Wv20/c2 (11.13)
o _

U NI OJHOMMEHHBIX 3apsiOB HalpaBieHa K 3apsay (. YOemumcs, 4To
Takas cuia B Toukax 2 u 4 nns HaOmonarens B UCO cymectByet. s
aToro Bocmosb3yeMcs dopmynoit (10.31a) u3 paznmena o mpeodpa3zoBaHUU
CUJL.

JerictButenbHo, eciii B ACO B Toukax 2 u 4 Cuja B3aMMOJCHCTBUS

MEXKly HEMOABUXHBIM ( U (o, ABUKYIIUMCA CO CKOPOCTBIO U =%,
-w'/c
10 MOJYJX paBHa F = 4% ~, To B ICO B coorBercTBHU C (hOpMYIOM
&,
_ ' 2
(10.31a) cuna Gyper F/ =% (=wW/c) (11.14)

Aregr'® J1-v?/c?
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Bpiiie Mbl y’k€ yCTaHOBWIM, YTO B TOUKax 2 M 4 CyLIECTBYET
AIEKTPUYECKOE II0JIE, AEHUCTBYIOILIEE KaK Ha HEMOJBWIKHBIM, TaK U Ha
JBYDKYIITAKUCS TIPOOHBIN 3apsiy (g C CHIION

12 _ ! _ qqo 1
Fra —quz,4—4 3 —. (11.15)
7l \1-v? /¢

Torma, Beruntas u3 cymmapaou cuibl (11.14) cumy (11.15) nomydum

_gqq,  w'/¢c?
brer 1—v2/c?

3HaK «MHUHYC» IIOKAa3bIBACT, YTO IIOJYYCHHAd CHJIa II0 HAIIPABJICHUIO

CWJIIy MarHuTHOro B3auMozeucrsus F,,,=F —-F/,, =

IPOTHUBOIIOJIOXKHA 3JIEKTPUYECKOM M B JAaHHOM CIIydae SIBJISETCA CHIION
NPUTSHKCHUS (3apsIbl OTHOUMEHHEIE).
Kak BHIuM, IOJly4€HHOE BBIpa)KCHUE IS CHIBl F,, IO MOAYIIO B

TOYHOCTH coBmnagaeT ¢ BbipaxeHuem (11.13), u nabmomarenu B MCO
CUMTAIOT 3Ty CWJIy MAarHUTHOW, TaK KaK OHa [JIEWCTBYET TOJIBKO Ha
JIBIDKYIIUNACS B MX CHCTEME 3apsji TOYHO TaKUM >K€ 00pa3oM, Kak M
peanbHasi MarHuTHas cujla JIGMCTBYeT Ha OOBEKTUBHO pPEaIbHO
JBIDKYIIMICS B IPOCTpaHCTBE 3apsl. [103ToMy OHM CUMTAIOT, YTO B TOUKAX
2 u 4 cylmecTByeT MarHUTHOE IOJIE C HaNpsDKEHHOCTBIO, KOTOpas H3
BbIpakeHus (11.11) mo Moxynio omnpeaenurcs Kak

B£4:|F1\’/I’2,4|: q . vic
Togic Amer J1-vi/c?

MarHuTHOE TOJie B TOYKax 2 U 4 COOTBETCTBYET BhIpaxkeHuto (11.12), a B

. To €CTb, KaK Mbl U TOBOPHJIM BBIIIC,

IIEJIOM OHO COOTBETCTBYeT popmyte (11.8).

Jlanee paccMOTpUM HM3MEpPEHUE MOJS JIBHXKYIIETrOCs B MPOCTPAHCTBE
3apsina B «cooctBeHHoi» MCO. N3mepeHre cHOBa MPOBOJIUM C TTOMOIIIBIO
IpOOHBIX 3apsiioB (jp TOro K€ 3HaKa, yTo U 3apsan (. CHoBa ompenenseM
CUJIy B3aMMOJEHCTBHS MEXAY 3apsaMu B pa3HbIX TOYKax BOKPYT 3apsjia
Y 110 BEJIMYHUHE CHJIbI ONIPEAEIISIEM BEIUYHUHY TOJIS. JJonyCcTHM, 4TO 3aMephI
OCYUIECTBIISIIOTCA B TOUKax 1, 2, 3 u 4, kak noka3ano Ha puc. 11.3 (kapTuna
¢ touku 3peHuss ACO). UCO BmecTe ¢ HEMOABUXKHBIM B HEH 3apsaoMm (
nerxkercss B ACO co CKOPOCTBIO V.

Tak kak mons E u B 00NAmalOT ILEHTPAIbHOM CHMMETPHEN
OTHOCHUTEJIBHO 3apsiia (|, Mbl Cpa3y MOXKEM CKa3aTh, UTO 3aMephl B TOUKax 1
U 3, a TaK’Ke B TOUKaxX 2 ¥ 4 1anyT ONMHAKOBBIE pe3ybTaThl. B Toukax 1 u
3 B ACO wmexnay 3apsgaMud JEWUCTBYET TOJBKO SJIEKTpUUYECKas CHJia
OTTAJIKMBAHUSA, TaK KaK 3apspl OJMHAKOBOro 3HaKa. E€ BenuunHy Hailném



73

Kak F,=qE,, Tme E,- HanpsmKEHHOCTh SICKTPUYECKOTO —IOJIS,

co3/1aBaeMoro 3apsiioM ( B Toukax 1 u 3 (¢ Touku 3penuss ACO).

Va V'
A

Z}
o) ICO v—— > X
o ACO X

Puc. 11.3. I3mepeHne 37eKTpOMarHuTHOTO OIS B Toukax 1, 2, 3 u 4
¢ Touku 3penust ACO.

W3 Beipaxenus (11.7a) wam (11.9) mis touek 1 1 3 (o, =0° U a, =180°)

MOJy4uM, 4TO E, ,= q ~(1-v?/c?*). B 1o e Bpems musa Touek 1 m 3
’ r
0
r=r'v1-v?/c’ u Tora cujia B3auMOIeHCTBHS OyneT F , = 2 B — .
’ TE ¥

Taxoii xe pesynbrar Oymer moayuen u B MCO, tak xak F'=F. U

anekTpuueckoe nose B Toukax 1 u 3 B MCO Oyner usmepeHo kak

_Fs_ g
0, A4ne,r'”?

1,3

B Toukax 2 u 4 8 ACO mexnay 3apsaiaMu JEUCTBYIOT IO COEAUHSIONIEN
UX TPSIMOM DJJEKTpUYECKass Cuja OTTAJIKWBAaHWA WM MarHUTHas CHJIA

NPUTSHKEHMUSL. DJIEKTpHYecKasl Cuia pu 3ToM pasHa F,,, =Q,E,,, rae E,,-

HaMpPsHKEHHOCTH AJIEKTPUUYECKOTO TMOJIs, CO3/1aBaeMOro 3apsiioM ( B TOUKax
2ud4.
N3 Beipaxenus (11.76) wimu (11.9) nnsa Touek 2 m 4 (o,=90° u
a, = 270°) MOJIYIHM, YTO E,.= q . ! : (11.16)
Arer J1-v?/c?
A Tak kKak JuI1 To4eK 2 M 4 r=r', TO cuila DJIEKTPUUYECKOIO
a9 1
Arggr® 1-v?/c?
MarnutHas cujia TPUTSIKEHUs] B TOYKax 2 U 4 B COOTBETCTBUM C

(11.11) u (11.12) 6yzer

B3anMoJielicTBus Oyner F ,, =
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F — qu 1 ﬁ .
M2,4 47Z_gor12 \/1_V2/CZ CZ

Torna cyMMapHas Cuiia B3auMOJECUCTBUSA MEXIY 3apsiiaMu B TOUKax 2
u 4 cocraBut F,,=F, ,,—Fy,, = %ﬂ—vzlc2 . A Tak Kak Ui JaHHOTO
' ’ ’ e F

1 o
ciydyass F/ =F ————, TO CyMMapHas cuja B3aUMOJICUCTBUS MEXIY

V1-viiet’

r 1 _ qu
sapsifamu ¢ To4uku spermst UCO Oyner F, =F v dmeg

3apsanel U (o B MCO HenoaBWXHBI M CyMMapHas CHJIa HUX

B3aMMOJICUCTBUSL B Toukax 2 W 4 OyAeT BOCHOpHUHATA KakK cuia
AIEKTPUYECKOTO B3aUMOACHCTBHS, W HANPSKEHHOCTh JJIEKTPUYECKOTO

!

F
TOJIs B 9THUX TOYKAX OMPEACIUTCS Kak Ej, = 2% q

Q  Ame,r?

Wrak, snexrpuyeckoe nojue B MCO B Toukax 2 U 4 TOUHO TAKOE Ke, KaK
u B Toukax 1 m 3. W MBI MOXeM cienarb o0Iiee 3akitoueHue, 4To JUIs
HaOmomareneld B «cobctBeHHo» MCO 3apsima ero aieKTpUyYecKoe IoJie
MPEACTABIACTCS CPEPUUECKH CUMMETPUYHBIM, TO €CTh TOYHO TaKUM XK€,
KaKUM SIBIISIETCSl DJIEKTPUYECKOE TMoJie HenoAsmwxkHoro 3apsga B ACO.
MarunutHoe none ang Habmoaareneit B UCO y 3apsiia OTCyTCTBYET.

[Tokaxxem, uto u Ha aABWXKyIUiica B UCO npoOHBIH 3apsi CO CTOPOHBI
HETOJBI)KHOTO 3apsiga OyAeT NeMCTBOBATh Ta K€ AJIEKTpUUecKas cuia, a
MarHuTHOM cuiibl He OyaeT. [ aToro mpobHOMY 3apsiy, CKaKeM, B TOUKE
2 UCO coobmmm ckopocTh V' B HampasieHuu ckopoctu V. Torma 8 ACO

v+V

ATO OyIeT CKOpPOCTh U= ————
M p 1+w'/c?

U CyMMapHasi ACHCTBYIOIIAs CO CTOPOHBI

q Ha (o cuna no ¢opmyne Jlopenua cocraBut F,=q,(E,+0xB,). n,

nojcTaBiss croaa 3Hadenus E, u3 (11.16) u B, u3 (11.12) ¢ yuérom Toro,
9TO r=r', W TPOBEIs DJIEMCHTApHBIC anreOpandecKue YIpOIICHUS,
noxyyuM, yto B ACO
F2=qo( q : 1 _u_\Z/ q 2 1 j: qqoz(l—uv/cz).
Azegr® J1-viic?  C Amegr® J1-viic? ) Amsyr® \1-v?/c?

3nas peictByromyo B ACO cuny u ucnons3ys dopmyny (10.32), B

. , (1—uv/c?) o . .
COOTBETCTBHUHU C KOTOpoH F, =F/ ﬁ HaujaeM, 4TO JCUCTBYIOIIAS B
1-vi/c
NCO cuna 6yner F, :%. N yGexnaemcs, uro s Habmromareneii B
el
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NCO co cTopoHbl HENOABUKHOTO 3apsi/ia, KAK Ha HEMOJABUKHBIN, TaK U Ha
JIBWXKYIIUNACS — 3apsAl, JCWCTBYET TOJBKO  CHJIA  DJIEKTPUYECKOTO
B3auMOJIeHicTBUS. MarautHoe mosie B «cobctBeHHoW» MCO 3apsiia He
oOHapyxkuBaeTcsi. M ™Mbl BHOUM, YTO OIMCAaHWE DJICKTPOMATHUTHBIX
SIBJICHUI U3HAYAJIHFHO UMEET MHBAPUAHTHYIO (opMy 1o oTHOmeHuo K [1J1.

12. Usnyyerne u noraolineHue (hOoTOHOB HEMOABHXHBIM B
ACQO aToMoM.

Kax MbI y>xe roBOpuiIH BhIIIIE, JTI000E TEJIO C MACCOM TOKOSI My UMEET U
BHYTPCHHIOIO YHEPIHIO MoC’, a CIEI0BATEIBHO, U HEKOTOPBIil BHYTPCHHHI
uMItysbc MoC. Tenepsp ke, nocie nsmeHeHus TpakToBku CTO, MBI TOJKHBI
OCO3HAaTh, YTO 3TY MACCY )CI06HO20 TOKOS W 3TOT BHYTPEHHHMI HMMITYJIbC
TEJIO0 UMEET, OYIy4d MOKOAWUMCA YUCMO 6HeuiHe VMEHHO B PEallbHOM
npoctpaHcTBe. To ectb, Oyayun B 1esoM HenoJaBWkHbIM B ACO, moboe
TEJIO B TO K€ BPEMsI COXPAaHSIET U HEKOTOPOE MHTEHCUBHOE BHYTPEHHEE
nBukeHrne. Ho MOKHO cka3aTh U Tak, 4TO TEJO 00JalaeT nomeHyuaibHou
Kunemuyeckou 3Heprueid. Ho ¢ nenpio ynpouieHust 0yaemM roBOputhb, YTO
TeNo 001aaeT MpoCTo MOTEHIMANbHOM sHepruel. [Ipuuém, ono obnamaer
ATOW 3HEPTHEN HE3aBUCHUMO OT MECTa CBOETO HaXOXACHMS, COXpaHssl €€ B
ceoe.

N ecnu B Kiaccuueckod (u3MKe MOTEHUUANbHAS SHEPIrHUs W
KMHETHYECKasi ObUIM COBEPUIEHHO pa3HbIMU (hOopMamMu SHEPrUH, XOTS U
MOTJIM TEPEXOJIUTh APYr B JIpyra, TO TENepb Mbl JOJKHBI COBEPLIEHHO
4ETKO OCO3HATh, YTO B OCHOBE 6cex (OPM SHEPruu JECKUT KUHETHUYECKas
sHeprud. TeruioBas, XMUMHU4YECKas, 3JEKTPOMArHUTHAasT W JAPYTHE BHIbI
SHEPrUM — 3TO BCErO JMIIb MPOSABIECHUE DPA3HBIX (HopM KUHETUUYECKOU
SHEPrUH, KOTOPAsl U3HAYAIBHO MOAbKO maxkosou W siBasercs. I Hukakou
OTpULATEIBHOU (POPMBI SHEPTUU MPUHIUIUAIBHO OBITH MPOCTO HE MOXKET,
TaK Kak Bce (POPMbI SHEPTUU CBSI3aHbI TOJBKO C JIBM>KEHHEM. M TOnbKO B
KaKOM-JIN0O KOHKPETHOM pacy€Te MOKHO JIUIIb YUCHO YCI08HO TIPUHSTH
HEKOTOPBI HYJIEBOW ypPOBEHb JHEPIHH pacCMaTpuBaeMon (HU3UIECKOU
CUCTEMBI, OTHOCUTEIBHO KOTOPOIO0 MOXKHO OIISITh K€ JIMILIb YUCTO YCAOGHO
BBECTH PAaCYETHOE 3HAUECHHUE OTPULATEIIBHON SHEPTUN.

MBI 3HaeM TakXe, YTO KBAHTHI AJIEKTPOMArHUTHOTO MOJIS — (POTOHBI, HE
uMes MacChl IOKOSI, TaK KaK CYHIECTBYIOT JIMIIb B IBUSKEHUH CO CKOPOCTBIO
C, HIMCIOT HEKOTOPYIO MacCy M ¥ HMITyJIbC MC, a TaKke dHepruo mc’. U
rOBOPUTh, 4YTO (POTOHBI SBISIOTCS 0€3MAaCCOBBIMU YacCTHIAMHU TOXE
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IPUHIUIINAIBHO HE BEPHO, TaK KAK MX Macca TOYHO Takas K€, Kak U y
4acTULl ¢ Maccoil mokos. Macca oToHa 3aBUCUT OT €ro 4acToThl. bynem
TOBOPUTH, YTO (POTOH 00JIaJAET JMILb BHEITHEH KUHETUYECKON HHEpPrHeEH,
WM MPOCTO KMHETUYECKOM dHeprueu. UM ecim mHOrzma roBopAT M HMUUIIYT,
9TO (POTOHBI — ATO MPOSIBICHHUE SHEPTUU B YHCTOM BHJIE, TO MPU ITOM
HY’KHO UMETh B BUAY, UTO 3TO U €CTh IPOSBICHHE KaK Obl UICXOAHOW, WM
NIEPBUYHOM KMHETHYECKOW »HEpruu. J[pyruM IposiBICHHEM aHAJIOTHYHOU
(GopMbI PHEPruM SBIAIOTCA Bce BHJbI HelTpuHo. Ho emé pa3 xouy
HAIlOMHUTb, U 3TO CIEAYET UMETh B BUIY, UTO 6ce20d UCXOJHBIM, MPEXK/IE
BCETO, SIBJIIETCS UMITYJIBC MC, @ SHEPTUsS €CTh YK€ HEUTO IPOU3BOJHOE OT
UMITyJIbCa, YIOOHOE€ HaMm ig Hamux pacyéTtoB. C NOMOIIBIO TOHITHS
DHEPIUMU MbI 3HAYNTEIBHO YIIPOUIAEM U CBOW U3MEPEHUS, U CBOU PACUETHI,
TaK KaK 3aMEHSIEM BEKTOPHBIE BEJINYUHBI CKASIPHBIMH.

N3 teopun 31EMEHTAPHBIX YACTHI] CETOAHS TaKKE€ XOPOLIO M3BECTHO,
YTO IPYU B3aUMOJCHCTBUM YACTHUIl OJIHU U3 HUX MOTYT HMCYE€3aTh, & BMECTO
HUX TMOSBJISAIOTCA HOBbIE YacTUlbl. M3 (POTOHOB pOXKIAIOTCS 3JIEKTPOH-
IO3UTPOHHBIE MAphl, & MPU AHHUTWISILUKU TOCIECIHUX BHOBB POXKIAKOTCSH
¢dotonbl. [Ipuuém BO BcexX 3THX B3aMMOJEHCTBUAX COXPAHSIOTCS Macca,
VMITYJIBC,  CJIEIOBATENBHO, U DHEPIHUs, a TAKXKE PsJ APYTUX BeIU4YuH. Beé
3TO, BMECTE B3STOE, M JAET OCHOBAHWE CYMTATh, YTO Macca Jt000il
AIIEMEHTApPHOM YacTHUIbl, a TaKXKe JO00ro Apyroro (U3MYECKOTO Tela
KayecTBEHHO O/1Ha U Ta k€. Kpome Toro, aTa pusnueckas xapakTepucTUKa,
KOTOPYIO MBI Ha3bIBaeM Maccoi, ececoa coxpansier B ACO B TOW WM HHOM
dopMe CBOE IBMKEHHME CO CKOPOCTBIO ¢, a ClelOBaTelIbHO, 00Jjaaaer
uMiyascoM MC. Ecnu macca 6 yenom nokoutrcs B ACO, €€ NBHKEHUE C
UMITYJIbCOM M,C HEKOTOPHIM 00pa30M JIOKAJIM30BaHO B MpocTpaHcTBe. OHO
KaK Obl BHYTPEHHE U BHEIIIHE YPAaBHOBEILIEHO (CaMOOPTraHu30BaHo). UTOOBI
Macca nmokost crayna Asuratbesi B ACO ¢ HEKOTOPOM CKOPOCTBIO V, OHa
JOJKHA TIOJIyYUTh HEKOTOPBIN BHEIIHE HEYPaBHOBEIICHHBIN UMITYJIbC.

Beime MbI yke TOBOpPMIM TakKe, 4YTO HHMKAaKOW ApYyrol nepeoauu
UMITyJIbCa, KpOME KaK B BUAE AMV B MpHUpPOJE HE cylecTByeT. To ecTh
UMNYIbC O6e3 Maccyl He nepedaémcs.

Ecinu npu B3auMonencTBUM C IPYTMMU TEJIAMU Macca IOKOsl KaKoro-
anb0 Tena HE M3MEHSETCS, HO TeJlO, BHAyaje HaXOJUBILIEECS B TOKOE B
ACO, HauMHAeT BUTAThCS C HEKOTOPOW CKOPOCTHIO V, TO 3TO O3HAYAET,
YTO NPU B3aUMOJECMCTBUU OHO MOJIYYMJIO HEKOTOPBIA BHELIHUM HMITYJIbC
Amv u ero Macca go3pociaa. Ilpu 3Tom ero o01mas Macca craia
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m=m,+Am, a o6 uMmIysbc ctan Mc. Kpome Toro, Bceraa BbIOIHIETCS
COOTHOIICHHE (m,c)* + (mv)? = (mc)> (12.1)

CootHomenue (12.1) BbIIONHSAETCS I KaXJA0ro Tejaa, HUMEIOIIETo
Maccy MOKOSl, PU €r0 B3aUMOJICUCTBUU C JAPYTUMHU TEIaMU Oe3 uUMeHeHUs.
maccovl nokosi. BzaumopeilicTBue 0€3 HM3MEHEHHS MacChl MOKOS MOXKET
MPOUCXOJIUTh, HAMPUMEP, KOrJa Teda HEMOCPEACTBEHHO CTaJKUBAIOTCS
MEXIy Cc000i, OOMEHMBAIOTCS KHHETHYCCKOW HSHEpruei, a 3HaA4YuT U
MacCOM, M TYT K€ pacXoJATcs B MpocTpaHcTBe. Ho TakuM ke MOXKeT ObITh
B3aMMOJICHCTBUE M MEXIy YacTUIlaMH, HalpuMep, MEXITy CBOOOIHBIMU
aneKkTpoHaMu M (oToHaMU. Ho HYXHO ydecThb TakKe, 4TO Macca IOKOs
IIPU B3aMMOJICHCTBHUSIX MOXET H3MEHSThCS, a cooTHomeHue (12.1) mis
KaXJOTO YYAaCTHHKA B3aUMOJCHCTBUSA IIOCIE B3aUMOJCHCTBUS OCTaETCs
BEPHBIM BCET/Ia.

B3auMoseiicTBHE TENI M YaCTHUIl C N3BMEHEHHEM MX MacChl MIOKOs BCET1a
NPOUCXOIUT  4Yepe3 ux  ¢u3udeckue 1oias  (Mpexae  BCero,
AJICKTPOMArHuTHOE W rpaBUTaiMoHHOE). [Ipu mojeBoM B3aMMOIEHCTBUH,
MIPOUCXOJIAIIEM Ha PACCTOSHUU, 8ce20a U3MEHSIETCS Macca IOKOS CaMHuX
B3aMMO/ICHCTBYIOITUX O0BEKTOB, YACTUYHO MJIU MOJTHOCTBIO MEPEXOs B UX
BHEIIHUI UMIMYJIbC, WM HA00OPOT, KOTJ]a BHEITHUNA UMITYJIbC MIEPEXOUT B
Maccy nokos. M BCE 3TO Mg KaXAOr0 yYaCTHHKA B3aUMOJICHCTBUS
IIPOUCXOINUT B COOTBETCTBUH € COOTHOIIeHHeM (12.1).

Brimie B kauecTBe nmpumepa MojeBoro B3auMoACHCTBUS C U3MEHEHUEM
MAacChl TIOKOSI Mbl YK€ HAa3bIBAIM 3JEKTPOMArHUTHOE B3aUMOJCHCTBUE
AJIEKTPOHA W TMO3WTPOHA BIUIOTH J0 uX aHHurwisinuud. Korga
B3aUMOJICHCTBYSI OHU COJIMDKAIOTCS, TO CKOPOCTh KaXJAOro W3 HHUX
BO3PACTACT 3a CUET MEPEX0/ia BHYTPEHHEN MOTEHIIUATIBHON KUHETUYECKOU
SHEPIUM BO BHEIIHIO KWHETHYECKYIO 3Hepruto. [Ipu sToM Macca mokos
KaKJIOW YaCTHUIbl HEMPEPHIBHO YMEHBIIACTCA. 3aKIIOUUTEIbHBIM aKTOM
TaKOTO B3aMMOJCHCTBHS SIBJISETCS IOJTHBIM MEPEeX0] MACChl MTOKOS 00euX
JacTUIl B OOpa3yroIHecs MpH ATOM raMMa KBaHTBI C HUX YK€ BHCIIHCH
KUHETUYECKOW SHEPTUECH.

IIpu oOpaTtHOM Tporecce pOKACHUS AICKTPOH-TIO3UTPOHHON Maphl U3
raMMa KBaHTa AJICKTPOHHAs W MO3UTPOHHAs MACChl TIOKOSI 00pa3yroTcs U3
Macchl BHEIIHETo uMityibca kBaHta. CooTHouenue (12.1) BeimonHseTca u
JU1s 00pa30BaBILIETOCS AJIEKTPOHA, U JJISI TO3UTPOHA.

Takum oOpazom, yke 3/1eCb Mbl BUIUM, YTO HUKAKOW OTPHUIATEIHHON
MOTEHIIUAJIBHOW SHEPTUU HE CYUIECTBYET. DHEPrUsl BCErAa MOJIOKUTEIbHA
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U IPUHLUIHNAIBHO SABJIIETCS KUHETUYECKOM, TaK KakK BCErja CBs3aHa C
UMIYyJIbCOM MC. A ¢usnueckue OOBEKTBI C MAacCOW IMOKOSI CIIOCOOHBI
HNOTEHLUPOBATh €€ B ceOe U B OOLIEM ClIydae UMEIOT KaK [MOTEHLINAIbHYIO,
TaK U KHHETUYECKYIO SHEPTHUIO.

®opmyina (12.1) noka3pIBaeT, YTO CIOKEHUE BHYTPEHHETO M BHEIIHETO
VMMITYJIbCOB Y D3JIEMEHTAPHOM YacCTULBI IMPOUCXOIUT TE€OMETPUYECKH, a
BHYTPCHHUHM  JIOKQJIU30BAHHBIA  MMIYJBC  JIEKUT B  INIOCKOCTH,
NEPIEHANKYJIIPHOM HAINPaBICHUIO CKOPOCTH  BHEIIHETO JIBH)KCHHS,
puc. 12.1. To, 4TO MOKa3aHO Ha PHUCYHKE, MOYKHO Ha3BaTh IIOJIHOM
MMITYJIbCHOM JHUArpaMMOM 3JIEMEHTAPHOM YacTUUBI IPU €€ NBUKECHHUHU B
ACO, X0Ts YMCTO BHENIHE OHA UMEET JIMIIb UMITYJIEC MV.

Moc mc

%

Puc. 12.1. Ilonnas umnynbCcHas AuarpaMma 3JIEMEHTAPHOM YaCTHIIBI
nipu €€ nBrkeruu B ACO.

VY onexkTpoHa, Kak W Yy BCEX JPYTrUX YacTUI[ C MAaccoi TOKos,
BHYTPEHHHUI UMIyJIbC M,C CBsi3aH ¢ ero cnuHoM. M Temeppb MOHSATHO, YTO
CIIUH DJJIGKTPOHA MOXKET JUOO0 COBIAJaTh C HAMpaBICHUEM BHEITHEH
CKOpOCTH, JIMOO MMETh MPOTHUBOMOJIOXKHOE HampasieHue. [IpaBma, camo
MOHSATHUE HAMPABJICHUS CIIMHA YUCTO YCIOBHOE.

N3 dopmyner (12.1) cpasy xe cienyet uzBectHoe u3z CTO BeipaxkeHue

mO
JiI-vi/c?

N3 neé Ttarxke cinemyer dopmyna [upaka nns sHEpruM CBOOOTHOM
pensTuBUCTCKON yacTuilsl. Ecinu Bce wiensl B popmyne (12.1) yMHOKUTH

JJI1 MaCChl AIBMIKCHU 4aCTHULBI UJIX TCJIa: M=

2 2 _ 2.2 24
Ha ¢” , TO cpa3zy nosyuum: E° = cp™+m,°c,
rae: £ — noaHas 3Heprus 4acTHULbL, a p — €€ BHEIIHUI UMITYJIbC.

Teneps paccMOTpUM BOIIPOC U3ITyYeHUs (POTOHA aTOMOM, TTOKOSIIIUMCS
B ACO.

JlomycTuM, 4TO aTOM HUMEET MacCy MOKOsi M, U u3iaydaeT (OTOH ¢
Maccoil Am’3a c4Y€T moTepu 4acTu CBOEW Macchl mokosi Am,. Ho Ttak kak
(GOTOH 3apOoKIascCh B3aMMOJICUCTBYET C TMOPOJUBIIUM €r0 aTOMOM,
CO00IIIasi eMy HEKOTOPYIO CKOPOCTh V, TO TIPH 3TOM TEPSIETCS M HEKOTOpas
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JI0JI €r0 Macchl U uMnyJbca. Ero ummnynbc cranoButcst Amc. IMiynbcHbie
JMarpaMMbl pe3yJibTarta rpoiiecca U3IyyeHus Mmoka3aHbl Ha puc. 12.2.

/mc . . mv
a) b >
mv
6)
m'oc ¥ mc

Puc. 12.2. MiynibCcHBIE qUarpaMMbl Pe3yJIbTaTa MPOLECCa U3ITYUECHUS
atomoM, mnokosimuMcss B ACO: @) BHEWHS HMMITYJIbCHAsl JuarpaMmma
U3Jy4YEHUS; 0) IOJHAS UMITYJIbCHAs TuarpaMMa aToMa Mociie U3Iy4eHHUs.

IIo 9TOMY MMPOHCCCY MBI MOJKCM 3aIIUCATh CICAYIOINUC PAaBCHCTBA!

Macca MOKOsI aTOMa MOCJIE U3ITYYEHHUS my=my—Amg;
II0JIHAs Macca aToMa I10CiIe U31y4eHUs m=my—Am;
BHEIIIHUHN UMITYJIBC aTOMA ITOCJE U3ITyYECHUS mv = A mc;

coorromenue (12.1) mst atoma mocie m3ayderns (M',c)” + (mv)? - (mc)?.

[Toncraisis Bce 3HAYCHUsI B TOCICAHEE YPaBHCHHE W Pa3pelIdB €ro

OTHOCHTEIBHO MacChl U3y4aeMOro (POTOHA, MOTYIHM:
Am=Am,(1-Am,/2m,).

Kak wu3BecTHO, Macca ()OTOHA M YACTOTa €ro BOJHOBOTO TMpoIecca
CBSI3aHBI ypaBHEHHEM Amc’ =hv, (12.2)
rae h — nocrosiHaas [lnanka. Torma muis 4acToThl U3Iy4€HHOTO (poTOHA V
Oynem umethb: v =v,(1-Am,/2m,), e V, —4acToTa (OTOHA, €CIIU CUUTATh,

YTO Macca H3JIy4aroulero aroMa OECKOHEYHO BEJIMKa B CpPaBHEHUM C
Maccoi n3my4€HHOTO (HOTOHA.

WTak, MBI BUJIUM, YTO HE BECh BBICBOOOXKTAIOUIUICS MPHU H3TYyUYCHHUH
BHYTPEHHHUI uMITyIbC mepenaérces (oroHy. YacTh ero mnepexoamT BO
BHEIIHUW UMITYJIbC U3JIyYMBIIErO aroMa. Ho Tak Kak MpakTUYECKH BO BCEX
ClIy4yasX M3Jy4eHUsT aTOMOB Am,<<m,, BO BHEIIHUA HMIYJbC

V3JIyYHUBLIETO aToma NEPEXOJIUT  HUYTOXKHO Maras 4acTh
BBICBOOOIMBIIIETOCST BHYTPEHHETO uMmmyibca. [losTomy Oyaem cuuTarts,
yTt0o HenoABMXHBIN B ACO aTtoMm u3ny4yaeT (OTOH C 4acToTon v,. HazoBém
ATy 4YacTOTy COOCMBEeHHOU 4YacTOTON u3NydeHus HenojswxkHoro B ACO
HMCTOYHHKA.

[Tornomenue ¢dorona HenoaBuxkHbBIM B ACO aToMOM MPOUCXOAUT
aHAJIOTUYHO TMPOLIeCCY M3IydeHHUs, HO B oOpaTHOM mopsjke. DOToH ¢



80

Maccod AM mpH €ro NOTJIONIEHWH aTOMOM IepefaéT IMOCIEAHEMY BEChH

cBoil ummynsc Ame. Atom B ACO mpuoOpetaetr ckopocts V. Ilpu stom

Macca ()OTOHA MEpPEexXOJUT TIJIaBHBIM 00pa3oM B Maccy IIOKOS aToma,

yBenuuuBas mnocienHion. Ho gacte €€ 3a cu€T CBOEro MMIyslbCa H

coo01IaeT aToMy CKOpocTh V. M1 B 3TOM mporecce BBITOTHSIIOTCS 3aKOHBI

COXpaHEHUS MAacChl, BHEIIHEr0 M IMOJHOTO HMIYJIbCOB, a TaKXKe

cootHomenue (12.1) ms mornorusiero ¢oToH aroMa. B aTom ciydae Mbl

MO’KEM 3aIHCaTh CIEAYIOIINE PABEHCTBA:

Macca IoKosi aToMa Iocjie noriomenus (potona mM',= my,+ A m,, rae

Amy- yacTh Macchbl POTOHA, EPELIEALIasi B MACCy ITOKOS aTOMa;

MOJIHAs Macca aToMa Ioclie MorjaomeHus Gorora M = m, + Am;

3aKOH COXPAHEHUS BHEUTHETO UMITyJIbca MV = AMC;

coorHomenwe (12.1) s mauHoro cinygas (M',c)” + (mv)? = (mc)?.
[ToncraBnsisi Bce 3HaYEHUS B IOCJEAHEE YPAaBHEHHME U Pa3pelluB €ro

OTHOCHUTEJILHO Macchl, IIepeuie/eil B Maccy MOKOsl aToMa, ¢ y4€TOM TOro,

Am

4yTo Am, = Am, IIOJIy4YuM: Amy=———.
1+ Am/2m,

13. M3nydyeHue aroMOM OpH JIBUKECHHH, 3aMEUICHHE XOJa
yacoB B JaBmxyieiics MCO u adbdext domaepa

Tenepb MBI MOATOTOBJEHBI K TOMY, UYTOOBI PacCMOTPETh HM3Ty4CHUE
¢dotona atomomM, amxyummcs B ACO co ckopoctbio V. Ho panblie Mbl
JIOJKHBI TTIOKAa3aTh, YTO U3JIyYEHHE ATOMOM BCET/Ia MPOUCXOUT 32 CUET €ro
Macchl MoKos. Jlokaxem 3To.

HeiictButenbHo, aroM, JaBwxkymuidcs B ACO, wuMeer Kpome
MMOTCHIIMAJIBHOM KUHETHUYECKOW DJHEPrMM €€ M YHUCTO BHEIIHIOK
KMHETUYECKYI) DHEPrUI0, 32 CUYET KOTOPOW OH U HMMEET CBOW BHEIIHUU
HMMITYJIbC mv. Ho »3TOT wuMmOyJbC BMECTE€ C COOTBETCTBYIOIIUM
KOJIMYECTBOM MACChI MOJHOCTHIO WJIM YAaCTUYHO aTOM CIOCOOCH TepATh
TOJIBKO TIPU TPSIMBIX B3aUMOJEUCTBUSX C JpPyrUMHU Teilamu. Eciu
JOMYCTUTh, YTO aTOM CIOCOOCH W3Iy4aTh 3a CY€T OSTOH Macchl
CaMOTPOU3BOJILHO, TO TOTJAa JIOJDKHA OBITh BO3MOMKHA CJEAYIOIIAs
CUTYyaIlusl, yCIOBHO M300pak€HHas Ha puc. 13.1.

a) mv

[
»

0) my”~  TAmMC
Puc. 13.1. Buemnuit ummnyiasc aroma a0 (a) u nocne (6) u3nydeHus, a
TaK)Ke UMITYJIbC (POTOHA.
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I[J'IH I/I306pa}KéHHOFO cilydad Mbl JOOJDKHBI 3allucaTb CJICAYIOIIHC

mO
paBEHCTBA: M= —>— (13.1)
Vv1-v?/c?
m=——o (13.2)
JI-(vV)2/c?
Am=m-m’, (13.3)
mv=m'v'+Amc. (13.4)
Tornma u3 (13.4) cnenyet, 4uTo Am = mv——m'v’ A moacTaBiisisg croga M w3
(13.3), mosyunm Am = m'v-+ Amv—mv’ Otkyma Am=m' VoV (13.5)

[MoxcraBmss (13.1), (13.2) m (13.3) B (13.5), MOXKHO 3ammcarh, 4To

m, ~ m, _ m, (v—v’j
V1I-vi/c? \1-(v)?ic2 Ji-)2ictle-v)’
J1I-(V)?Ic? -V
Ji-v2i¢? c-v’

HanpHelimast 1enouka npeoOpazoBaHuid Takas. Ilocie Bo3BeaeHus

WM yIIpoIas

CZ _Vr2 B (C_V!)Z

c2-v?  (c-v)?’

JEBOM M TMpPaBOM YacTed B  KBagpar VU

(c —=V)(c+Vv) (c-V)? c+v _c-V —
(c —v)(c+v) (c-v)®’ cC+v  c-Vv’

c’+ov —cv—wW =c®—cv +cv—wW, i 2¢v' =2cv. OTKyaa v =v.
N torma m=m, a Am = 0. DTo u 03HAYaeT, YTO MU3IYUYEHHUS 32 CUET
BHEIIHEW KNHETUYECKON SHEPTUU HE TPOUCXOIUT.

Temepbr MBI MOXKEM BEpPHYTHCS K PACCMOTPEHHUIO BOMPOCA H3ITYUCHHS
atomoM, ABumxymmMces B ACO co ckopocteio V.

Ecnu atom wu3my4yaeT moj MPSMBIM YIJIOM K HamlpaBICHUIO CBOETO
JBUKEHUS, TO COOTBETCTBYIOIIUE ATOMY CIIy4ar0 UMIYJIbCHbIE JUArpPaMMbl
n300pakeHsl Ha puc. 13.2.

ATom BHavase 3a cu€T CBOEH MacChl MOKOS M3NydaeT (JOTOH ¢ Maccoi
Am,. Ho Tak kak OTOH TyT k€ B3aUMOJIEHCTBYET C CAaMUM aTOMOM, TO €ro
Macca yMEHbIIaeTcs U cTaHOBUTCA AM. Macca aroMa nocie u3jrydeHus m'
u ero ckopocth V'. I HarsiAHOCTH BEKTOp MV 7 OTKJIOHEH OT BEKTOpa
MV, XOTs peaqbHO OH MPAKTUYECKH HE OTKIJIOHSETCS M3-32 HECOM3MEPUMO
OOJBIIEH Macchl aToMa B CPABHEHUU C U3Ty4aeMbIM (DOTOHOM.
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AMC & MV’ mock mtc
a) > 6)
AmcY »m’

Puc. 13.2. VmnynbCHblIE auarpaMMbl aToma, HW3JIYYalollero Mo/l
OpsIMBIM ~ YIJIOM K HampaBJIEHUIO CBOETO JBIDKCHHS: @) JuUarpaMmma
BHEIIIHUX HMITYJILCOB; 0) UMITYJIbCHAs JUarpaMma atoMa B IIEJIOM I0CJIe
W3JTyYEHUS.

B aTom ciyyae MokeM 3anmucaTh CIeIyIOUMe paBeHCTBA:
Macca MoKosl aToMa MocJjie U3IydeHus: M’y = My—A my;
MIOJIHASl Macca aToMa MocJie U3aydeHuss m' = m-Am;
KBaJpaT BHEIIHErO UMITYJIbCA ATOMA MTOCJIE U3ITYyYECHUS

(m' V')’=(mV)?*+ (A mc)*
cooTtHomienue (12.1) nus atoma nocsie u3aydeHus
(m', ) + (M'V')? = (m'c)>.

[loacTaBnsiss Bce 3HAUEHHUS B IMOCJIEIHEE YPaBHEHHUE M Pa3pELIUB €ro
OTHOCUTEIBHO MAacChl HM3Iy4yaeMoro (oToHa, C YYETOM  3aBUCUMOCTH
Macchl M OT M, ¥ €€ CKOPOCTH, MOIYyIUM: Am = Amy(1—Am,/2m, W1-V?/c? .
COOTBETCTBEHHO, JUISI Y4acTOThI W3Iy4€HHOro (oroHa C¢ yu€tom (12.2)
HONYyIuM: v = v,(1—Am,/2m WN1-VZ2/c?.

[IpakTiyecku Bcerna MHOXKHUTENIb B CKOOKaX MOKHO CUMTATh PaBHBIM
enuHuue. Torma coOCTBEHHas 4acTOTa M3IYYEHHS JBIXKYILErocs aToMa
oymer: v, =v,v1-V?/c?. (13.6)

PaccMoTpuM wu3iydeHue (QOTOHa aTOMOM B HampaBlI€HUU CKOPOCTH
cBoero aBuxeHust B ACO. CoOTBETCTBYIOIIUE 3TOMY CIy4Yar0 UMITYJIbCHbBIE
JarpamMmbl H300paxeHsl Ha puc. 13.3.

a) mv

I i
» »
e

0) mV’ Amc

Puc. 13.3. BHewmHui#l uMIysnbc aroMa 10 H3Iy4yeHus (a) U mocie
u3nydyenust (6), a Takke wummnyinbc ¢GortoHa. IlonmHas wuMmmynbcHas
quarpaMMa aToma Moclie M3JIy4eHHUs Takas e, KaK U B NpelblaylieM
cllydae.

I[JIH 9TOro ciiydas, aHaJOIrM4HO MIpCAbIAYHIEMY, MOXKCM 3alliCaTb
CJIeaAyronme paBCHCTBA:
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Macca MoKOosl aToMa Mocie U3aydeHuss M’ = My—A m, ;
MOJIHAs Macca aToMa MocJie U3JIydeHuss m' =m-Am;
BHEIIHMI MMITyJIbC aTOMa Hocie u3rydeans m'V' = mv - A mc’
cootHouenue (12.1) qyist atoma nocie U3aydeHus

(m',)* + (m'V')? =(m'c)>.

[ToncraBnass BCE B MOCHEAHEE YpPABHEHHE, C YYETOM 3aBHCUMOCTH
Maccbl M OT €€ Macchl MOKOSI U CKOPOCTH, BHAUalle MOJYYHM:
V1-V?/c?

1-V/c
V1-V?/c?
1-Vic

Ecnu ke arom wu3iy4aeT B HaIpaBJICHHH, MTPOTHBOMOJIOKHOM
HAIpaBJICHUIO CBOEro JBIDKEHHUSA, TO 4YacTOoTa W3JIy4YeHHUs OyJeT:
Vv, V1-V?/c? .

1+V/c
B o0Omem e ciywyae 4acTtoTy u3iydeHus nasrkynierocs B ACO

1 \/2/n2
MCTOYHHUKA MOKHO BBIPAa3UTh GOPMYJIO: v =v, #, (13.7)

1-—cosa
c

rae o — yroia MCXKAy HallpaBJICHHUCM JBHWXXCHHA HWCTOYHHKA U

Am = Am,(1— Am,/2m,) . A, B KOHEYHOM CU&Te, YacTOTa U3ITyUCHUS

ONPENENUTCS KaK: v =V,

HaIlPaBJICHUEM U3ITYUYEHUS.

Kak BugHO W3 mocnemneit (Gopmyiibl, yacToTa BOJHOBOTO IpoIlecca,
CBSI3aHHOTO C u3NydyeHueM (oToHOB ABIKyIMHUMCS B ACO HCTOYHUKOM,
3aBUCUT OT HAIIPABIICHUS] HU3JIYYEHHS B COOTBETCTBUHM C KJIACCUYECKUM
npuHuunoMm Jlomiepa, HO OTJIMYAETCS OT TMOCIEIHEr0 TMOCTOSHHBIM

MHOXHTENIEM +1-V?/c®>. W MBI BHAMM, 4YTO COOCTBEHHAs YacToTa
u3llydyeHus aroma npu ero ABwkeHnu B ACO yMeHbIIWIACH POBHO
HACTOJIbKO, HACKOJIBKO 3aMemisieTcs "BpeMs" B YCIOBHO ABMIKYILIEHUCS
NCO B tpakToBke CTO DliHmTeitHOM. Tak Kak 4yacToTa 3TajJOHa BPEMEHU
B asrxkyuienca MCO 3amemisieTca mouno max dce, 4aCTOTa UBIIYUYEHUS OT
MOKOAIIETOCS B HeW ucTouHuka Oymer oreHeHa B camoi MCO mouno
makotui e, Kakou oHa OyJIeT B CiIyyae U3Jy4eHUs aTOMOM, MOKOSIIITUMCSI B
ACO. Jlpyrumu cioBamu, ecinu B a0OcomoTHO naBrkyteiics MCO mpu
pasmeTke e€ "ocoboeo ¢huzuueckoeo spemenu” (BhIpakeHUE DUHINTEHHA)
MBI UCTIOJIb3yeM €€ N3MEHUBIIUICS 0OBEKTUBHO PEATbHO 3TAJIOH BPEMEHH,
TO mpu ATOM B cucteme coomogaercs [10. B smom cmwvicie MOXHO
CUuTaTh, 4TO B ABMXKYyIIeca MCO 3amensisieTcs HE TOIBKO XOJ1 €€ 4acoB,
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HO M TEUEHHE CaMOT0 )CI08HO20 BPEMEHHM, €CIIM Mbl MU3MEPSEM €ro Io
oIHUM U TeM ke yacaM B MCO.

Takum oOpa3oM, MbI MOKa3aJid, YTO X0O0 COBPEMEHHBIX ATaJOHHBIX
yacoB B ABmkymelica HMCO u3MeHseTcss 00bekmuHo  peanbHO
(3aMeIsIeTCs) ¥ 3aBUCHUT OT coOcmeenHotl (MHaYe, a0COFOTHOM) CKOPOCTH
nemxernst UCO B peanbHOM (PU3MUYECKOM MPOCTPAHCTBE.

B HacTtosimiee Bpems, KaKk HM3BECTHO, B KAa4e€CTBE JTAJOHA BPEMEHU
NPUHATA CEKyHAAa — €IWHUIA BPEMEHHM, paBHasi IO JJIUTEIbHOCTH
9192631770 nepuogaM H3Iy4€HHUSI, COOTBETCTBYIOIIETO MEPEXOIY MEKIY
JBYMsI CBEPXTOHKMMH YPOBHSMU OCHOBHOTO COCTOSIHHUSI aTOMa LIE3HUs.
ATOMBI SIBIIAIOTCA TPAKTUUYECKH HACATBHBIMU YacaMH, a BCE OCTaJIbHBIC
4achl CBEPSIOTCS C YACTOTOM MX (aTOMOB) U3JIyYECHUS.

Tenepp paccMOTpUM 10 KOHIL@ BOIPOC, CBSI3aHHBIA C MPOSIBICHUEM
pensituBuctckoro addexra Jlomepa B pa3HBIX Cioy4asx JIBHXKCHUS
MCTOYHUKA W IPUEMHUKA CBETA.

Wrak, momydyenHast Boime dopmyna (13.7) maér Ham 4acToTy CBeTa,
KoTopass Oyner BocmpuHsTa HenoABWkHBIM B ACO HaOmomareisemM OT
JBIDKYIIETOCS. UCTOYHUKA B 3aBUCUMOCTH OT HAMpPABJICHUS W3IY4YEHUS, a
cieoBaTeabHo W HaOmoaeHusa. Ho ecian MCTOYHHMK CBETa HEMOABUKEH B
ACO, a npuéMHUK, BOCIPUHUMAIONTUN CBET, IBUKETCS CO CKOPOCThIO V,
TO YacTOTa BOCIPUHUMAEMOIO CBETa v Takke OyJeT 3aBUCETh OT yria
MEXy HalpaBlieHHEM JBWIKEHUS W HalpaBieHueM HaOmoaeHus. Kpome
ATOT0, YaCTOTa BOCIPHUHHMAEMOIO HM3JTyUYECHHS BO3PACTET B CBS3U C TEM,
4TO COOCTBEHHOE BpeMs B JIBIXKYILIEHCS cucTeMe OTcuéTra 3ameasieHo. B
olleM ciiydae 4actoty V', BOCIHpUHUMaeMyro ABwxkymuMmca B ACO
MPUEMHHUKOM OT HEMOABUKHOIO MCTOYHUKA, U3JIYHAIOIIETO C YaCTOTOU Vv,

\Y
1+ —Cosa
MOKHO BBIPa3UTh GOPMYIION V' = vy ——Se (13.8)

)
N1-V?/c?
rIe «- YroJl MeXKIy HamlpaBIeHHEM JBIWKCHHA NPUEMHHKA U

HaIpaBJICHUEM OT IPUEMHUKA Ha UICTOYHUK CBETA.
Ecnu npuéMHUK IBUXKETCA MPSIMO HAa UCTOYHUK CBETa, T.€. yroil a= 0,

To opmymna (13.7) npumer Bung v' = Vo% = vo‘/% :
1-V</c -

C npyroil CTOpOHBI, €Cld UCTOYHUK cBeTa ABmkeTca B ACO mpsiMo Ha
HEMOJBW)XHBIA MPUEMHHK, TO, BOo3Bpamiasick K Qopmyne (13.7), gactory
BOCIIPUHUMAEMOI0  NMPUEMHUKOM  CBE€Ta  MOXKHO  BBIPA3uUTh  Kak
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, Vv1-VvZ?/c? 1+V/c
=V, =V, .

1-V/c 1-V/c
COBIIAZAIOT, TO €CTh YaCcTOTa BOCIPHHHMAEMOIO MPHEMHHUKOM CBETA HE
3aBUCUT OT TOIO [ABIDKETCS 1M MCTOYHHK MPSIMO Ha NPHEMHUK, HIIH

U MBI BUIHM, YTO o0a BBIPAKCHUA

JBUKETCS MPUEMHUK MPSMO HA UCTOYHUK.

Jlerko Takke MOKa3aTh, YTO OJAMHAKOBBIM OyJET BBIpaKEHUE IS
BOCIIPMHUMAEMOI 4acTOThI U B TOM CJIy4ae, KOI/1a HCTOYHUK yJIajseTcs OT
HenoaBwkHOro B ACO mnpuéMHUKa, WIM HA00OpOT, KOIJIa MNPUEMHHK
ynansgercs oT HenoABWXKHOro B ACO HMCTOYHMKA IO CBSI3BIBAIOIIECH KX

npsAMOU. BeIpakeHne npuMeT BUI v' = v, 1/1_\/ fc
. - 0 -
1+Vl/c

Ecmu HenmogBwxsbli B ACO npuEMHUK TPUHUMAET CBET OT
JIBIDKYIIETOCS UCTOYHMKA IO yrioM 90° K HaIMpaBJICHUIO JIBHXKEHHUS, TO,
Kak Mbl yKe Tokasanu Bbime (cM. dopmyny (13.6)), wyacroTa

BOCIIPUHUMAEMOTO CBeTa OynmeT v, =v,v1-V?/c*. DTOT ke pe3yiabTar

cnienyer u u3 dopmynsl (13.7). K sddexry Jlommepa oH HHUKAKOIO
OTHOILIEHUSI HE UMEET, TaK KaK CBSI3aH JIUIIb C YMEHbIICHHEM COOCTBEHHON
YaCcTOThl MCTOYHHMKA. A TO, YTO JCHUCTBUTENBHO MOYKHO HAa3BaTh
nonepeyHbiM 3 dexTom Jlorepa nposBiseTcs TOraa, KOrjaa JBHKYIIHICS
B ACO npuéMHHK BOCIIPHHUMAET U3IyYECHHE, UAYIIEE OT HEMOABUKHOTO B
ACO wunCTOYHMKA NEPNEHIMKYJSPHO HAIPABICHUIO CBOETO JBHUKCHHS.

Torza u3 dopmysst (13.8) cienyer, 4to v/ = ———0 (13.9)

NIRRT

U cpasy MoXeT moka3arbCsi, UTO 3TO pa3jIudyue pe3yJbTaTOB TOBOPUT O
HETMOJHON O0OpaTUMOCTH B3aMMHBIX OILICHOK B PacCMaTpUBAEMbIX JBYX
CIy4asx, ¥ 4TO €ro MOYKHO HCIIOJIb30BaTh ISl BBISBJICHHUS aOCOIIOTHOTO
nemwxkennsa B ACO. Ho 310 He Tak.

PaccmoTpum Gosee BHUMATENIbHO Mocheauuid ciydail. Korma B kakoi-
mu6o UCO, pewxymelics B ACO co ckopocTeio V, HaOII0IaI0T WIH
BOCIIPUHUMAIOT W3JIyYeHUE OT HETIOIBH>KHOTO WCTOYHHKA
NepreHIUKYJIIpHO HampasieHuto JaBwkeHuss HMCO, To dakTudecku
m3nyyeHne B ACQO HampaBlIeHO HE MNEPHEHIAUKYISIPHO, a TOJ YrioM

/4 .V "
a==+ arcSin— K HamnpaBJICHUIO ABWKEHHS NpuéMHUKa (cM. puc. 13.4). To
c

€CTh BOCIIPUHUMAEMOE NMPUEMHUKOM H3IyY€HHE TOJKHO uMeTb B ACO
TaKO€ HAMpaBJICHUE, YTOOBI MPOEKIUS €r0 CKOPOCTH ¢ Ha HaIpaBJICHUE
newkeHuss MCO paBasmace Ob1 V. Torma mo otHomenuto k MCO
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u3llydeHue OyAeT MOCTynaTh NEPIeHAUKYJISIPHO K HANpaBJICHHUIO €&
JIBUKEHUS.

\Va

NCco X'
_>V

MV v

ACO

Puc. 13.4. I3 ACO BuaHO, YTO W3JIy4€HHE OT HENMOABMXHOro B All

ucTouyHuka, BocnpuHumaemoe B MCO nepnenaukynspHo k €€ ocu X/,
¢daktryecku B All nBukeTcs K Heil oA yriom o.

B arom ciywae ¢popmymna (13.8) maér
Vv
1+EC0805 1-V?2/c?

=YV, =YV
“Vi-viiee C-vire?
pe3ynbTaT, Kak u o ¢popmyite (13.6).

v/ =v,¥1-V?/c?, TO €cTh TOYHO TaKOH Ke

Uto6sl B UCO npuHuUMaTh U3Iy4YeHUE, UIyIIee IECUCTBUTEIHLHO IO
HOpMaJIM K HampaBlIeHUIO ee nBuxkeHusa, npuéMHuk B MCO cnemyer

c
HaIpPaBUTh MOJI YTJIOM « = arcty y [ 9TOMY HallpABIICHHIO (cMm. puc. 13.5).

NCo

Yy Vv
S

ACO

Puc. 13.5. I3 ACO BuaHO, 4TO €ciu Mbl XOTUM BociipuHuMars B UCO
n3nydyeHue oT HemnoJBuxkHOro B ACO HCTOYHUKA ACHCTBUTEIBHO MO
MPSIMBIM YTJIOM K HANpaBJICHUIO €€ IBMXKCHHUS, TO JOHKHBI HAOIIOIaTh €T0
MO YIJIOM (L.

B »Tom ciyyae npuéMHHMK BOCIPUHUMAET H3IYYEHHE C YaCTOTOM
coriacHo dopmyne (13.9). Ilpu 3TOM creayer OTMETHTh, YTO YKa3aHHBIM
yron o onpenenén B ACO. B camoit UCO on OyneH oOleHEH Kak

' \4 ,
o' =arcCos—, Tak kak ¢ Touku 3penuss MCO kapTuHa mpuéMa u3IydeHus
c

BBITVISIAUT Tak, Kak Moka3zaHo Ha puc. 13.6.
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Uco X'

»
»

Puc. 13.6. Uznyuenue ot nenoosudcnoco B8 ACO ucrounnka B8 UCO
HaOmomaercss nmoa yriaom o'. [Ipy 3TOM HCTOYHMK BOCIPUHHUMAETCS Kak
JIBVKYIIIUHCS.

C npyroit ctoponbl, eciu aeiictBurenbHO B ACO mnpuHHMATh
u3llydeHue ot dsudicyujecocsi B ACO UCTOYHMKA TaK, KakK MMOKa3aHO Ha PUC.
13.6, To WacToTa BOCHPHUHATOTO CBeTa corjacHo (opmyne (13.7) Oymer

V1-V?/c?  W1-V?/c? Vo

=v = . To ectp, yacTroTra OyHeT
“1-V?Ic? \1-v?/e? s

V=y,

V
1-—cosd'
c

BOCIIPHHSITAa TOYHO TaKOH ke, Kak U 1mo Gopmyiie (13.9).

Takum oOpa3om, MBI BHUIUM, YTO U B ITOM ClIy4ae H3MEpPEHUs
MOJIHOCTBIO OOPATUMBI.

Paccmotpum  emé pa3  ciywaid, KOTJa CBET H3JIy4aeTcd W
BocripuHuMaetcst B kakou-mmoo MCO. omyctum, uro MCO aBuxercs B
ACO co ckopoctbio V B HampaBlieHUM CBOed ocu x-0B. Ha 3Toif ocu u
paCIOJNIOKEHbl HEMOJABWKHO HUCTOYHUK U TpuEMHHUK cBeta. IlycThb
WCTOYHUK HU3JIy4aeT CBET B HANPABJICHUM CBOETO aOCOIIOTHOTO JIBHKCHHUS.
Torma B coorBercTBUU ¢ (opmynoit (13.7) B ACO cBer OyaeT HUMETh

1-Vic
Ho Ttak xak npuéMHuk B ACO JBHXKETCS U CBET JIOTOHSIET €ro o

(13.10).

!’
4acToTy V' =V,

psIMOM, TO BOCIIPUHUMAEMasi 4acToTa B COOTBETCTBUM ¢ (hopmyoii (13.8)
Cc yuérom (13.10) onpenenurcs kak

, , 1-Vlic V1-V?/c*(1-V /c)
vV =V :VO =V,
Ji-viicz T@a-vieWi-v2ic?

Takoit >xe OyAeT BOCHpPUHSATAs dYacToTa M TPU JIIOOOM JAPYyrom

B3aMMHOM pacnoJioxkeHuu HenoABWKHbBIX B MCO ucrounuka u npuémMHuka
ceeta. Tonmpko Beakuil pa3, korma B ACO B CBOEM CaMOCTOSATEIHLHOM
CYIIECTBOBAHMM CBET HUIAET OT MCTOYHMKA K NOPUEMHUKY HE MO
HaIpaBJICHUIO WX OOIIEro JIBIKEHHUS, a TMOJ HEKOTOPHIM YIJIOM K HEMY,
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cieayeT UMETh B BHAY, 4To 3HadeHue 3toro yria B ACO u B UCO Oyner
Pa3IMYHBIM, KaK 3TO y>K€ U ObLIO TTOKA3aHO BHIIIIE.

Takum o6pazom, s HaOmomarene B 6o MMCO coOGcTBeHHAs
4acToTa U3JIY4YEHHUS v, BO BCEX HAMPABJICHUAX OCTAETCS TOYHO TaKOU Ke,

Kak u st HaOmonarenei B ACO.

N, nHakonen, momyctuMm, 4Tto B camou auxyuiencs MCO HUCTOYHMK
CBETa JIBMXKETCSI BJIOJb OCH X-OB CO CKOPOCTBIO U', UMesl aOCOJIIOTHYIO
ckopocTh naBmxkeHus B ACO paBnyro U. Haiiném, kakoi OyaeT 4dactora
cBeTa, BocnpuHumaemas HaomonarensimMu B MCO noa pa3HbIMU yriamMu K
HaITpaBJIEHUIO CKOPOCTH U'.

Ecnu npuéMHUK HW3IIydeHUs PACHOJIOKEH Ha OCHU X-OB U HCTOYHHK
MPUOIMKAETCS K HEMY, TO YaCTOTa BOCIIPUHUMAEMOIO CBETA OIMPEEITUTCS
CJIEIYIOUTUM 00pa3oM.

Tak kak uctounuk uznydeHus: asuxercas B ACO co CKopocThio U, TO
yactoTa u3nydeHus B ACO BIoJib OCH X-OB B COOTBETCTBHUH C (HOPMYIIOif
(913.7) coctaBur Vv =v, A-w'je’ v01/1+U/C : (13.11)

1-ul/c 1-ul/c

[Tpuémuauk npmxercs B ACO co ckopocThio V. 3HA4YuT, o Gopmylie
(13.8) ¢ yuérom (13.11) u TOrO, 9TO MO HOPMYJIE «CIOKEHUS CKOPOCTEI»
_u-=V
S 1-uv/c?’
npUEMHUKOM CBeTa OyJieT:

!

4acTOTa BOCHPHUHUMAEMOro HemnoAaswxkHeiM B HMCO

u-Vv

14, — v

Ve 1-V/c _ (1—V/c)(1+u/c)_v cz(l—uV/cz)_V 1+u'/c

Ji-vziee PV@+Viod-ulc) Y, u-V “Vi-u'lc’
c’(l-uv/c?)

Ecin ke HCTOYHWK yhayisercs OT NPHEMHHKA, TO IPOJICITaHHBIC

aHAJIOTMYHBIM  00pa3oM pacu€tel i BocnpuHuMaemon B MCO
.. , 1-u'lc "
IPHEMHIKOM YaCTOTEL JAIOT BRIPAKEHHE V'=Vy, [ - Ecan npuémuuk
+u'/c

NPUHUMAET OT ABMXKYIIETOCS HMCTOYHWKA H3ITyuyeHWE, HAMPaBICHHOE IO
HOpPMAaJIA K OCH X-OB, TO 4YaCTOTa BOCIPUHUMAEMOTO H3ITyIeHUS Oy 1eT

Vv =v,W1-u?/c®. JlaHHbIl cilydyail BHepBbIe ObUT TMOJATBEPKAEH
sKkcnepuMeHTanbHo B 1938 1. AiiBcoM n CTWIy?]UI0M B ONBITaX C
KaHaJOBBIMU JIy4daMH aTOMOB BOJOpOJa, JBUTABIIUMUCS CO CKOPOCTHIO
mopsimka 10° cm/c u 6bur HasBam momepeunsiM 3(dextom Jlormiepa.
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Ha3Banue HeymauHoe, Tak Kak UMEHHO cyTry0o BoJiHOBOH »¢dexT Jomnepa
MOTEPEYHBIM OBITH HE MOXKET.
Bce Tpu mnocnenmHux BeIpaxkeHUs s v oboOmatorcs popmynoit

, Vv1-u?/c?

V' =v,—————, KoTopas anamorunyHa ¢dopmyne (13.7) ¢ Toil nuib

1—U—C03a
c

pasHuIEeH, 9YTO B HEH B3ATa CKOPOCTh U'-CKOPOCTH JIBHKEHHUS MCTOYHHKA
usnmydenust, onpenenéHHas B MCO, u «- yrom Mexay HampaBICHHUEM
JBYDKEHUS! HCTOYHHKA W HAIIPaBIICHUEM U3JIy4CHUs, TaKXKe ONpeeaEHHbIH
B NCO.

Ecin B UCO nBukeTcss HE MCTOYHUK, @ NPUEMHUK H3ITy4YEHMs, TO B
o0mieM ciyyae BOCIpPUHUMAaeMasi UM 4acTOTa ONpPENeNUTCs Mo (Gopmyiie

!

u
1+ —Cosa
' c

Vi=y,——,
VJ1-u"?/c?

onpenenénnas B ICO, a «- yron B UCO Mmexny HanpaBlIeHUEM IBUKECHUS

rac U’-CKOpOCTB JABHKXCHUS HpI/IéMHI/IKa H3JIYYCHUA,

npuéMHUKA W HampaBlIieHHWEM OT TpUEMHUKA Ha HCTOYHUK. JlaHHas
dbopmyna ananoruuda popmyse (13.8). 1 mbl emi€ pasz yoexxaaemcs B TOM,
yro B nBwkynieiica MCO Bce sBJICHUS OIMUCHIBAIOTCS W YHUCIECHHO
OLICHMBAIOTCS TOYHO Tak ke, kak U B ACO B HX €aMOCTOSATEIHLHOM
CYILIECTBOBAHHH.

BHuMaTenbHBINA YATATETh OYCBUIHO YK€ OTMETHJI, YTO BBIIIC B HAIITUX
pacdérax 4acTOTHI M3IIYYCHHS, KaK OT HEMOABM)KHOTO HCTOYHUKA, TaK U OT
JBIDKYIIETOCS, Mbl HaxXOJWJW BHA4ajle BEIMYMHY MAacChl HM3Iy4acMOTO
dboToHa, a MOTOM MEPEBOAWIM €€ MO MU3BECTHON (PopMysie B €ro 4acToTy.
To ecth 00a pacuéra, Kak B KOPIYCKYJSIPHOH GopMe, TaK U B BOJHOBOM
dopme unentuunbsl. 1 mMbl BunuM, 9to sddext omnepa, cuuTarommiics
YHCTO BOJHOBBIM, UMEET U YHCTO KOPIYCKYJISIPHOE OOBSICHEHUE.

10. MsmeHenue »HtanoHa uiMHLI B JBwxyaiencs MCO u
COKDAIIICHHE TEJ IIPU JIBUKCHHUM.

[TokaxxeM, 4TO STalOH JJIMHBI, COCTOAIIUNA U3 Ny DIEKTPOMATHUTHBIX
BOJIH JJIMHOM 4, TO €CTh UMEIOIIUHN B IBUXKYIIEHCs co ckopocThio V. MICO
IpU HEMOJABIKHOM B HEH MCTOYHHKE BOJIH COOCTBEHHYIO JIMHY NoA,, B
ACO ¢ HENoOABMKHBIM B HEH HCTOYHMKOM OyIeT UMETh IJIUHY

n,A,v1-v?/c®>. To ectb smanon Oaunbt TpH aOCOTIOTHOM JIBHIKCHUH

MNpETECPIICBACT peaibHoe COKPAIllCHUC.
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JlomycTuM, YTO UCTOYHUK 3JEKTPOMATHUTHBIX BOJH HAXOJIUTCS HA OCH
X'-06 B UCO B Touke A u umeer ¢ Touku 3peHuss ACO coOCTBEHHYIO

4acTOTYy M3NydeHUss v =v,41-v?/c®, (14.1)

IJIe V, — 4acTOTa W3JIYYEHHUs ITOr0 K€ MCTOYHUKA, HO HEMOJBHKHOTO B
ACO. HM3znydyeHue HampaBisAeTCs BIOJIb OCHM X', JOCTUTaeT TOYKU B,
orcrosiiel or A Ha pacctossHUM Nod, B MCO, oTpaxkaercas B Heil u
BO3BpAIAeTCs B A, TIe W PErUCTpUPYETCsl 2N, STAJOHHBIX JTMH BOJIH,

puc. 14.1. To ecTb 3T0 cTOSYUN BOJHOBOM MPOLECC C COOCTBEHHOM JJIMHOM
Not, B UCO

< M/ >
NCO fg=c ce X'

B —v

< J X
\ noﬂoxll—vzlczr\

Puc.14.1. /IBm>xeHue 3TanoHHOro BOTHOBOTro m3nydyeHus B CO.

ACO

HNHaue roBOps, 3TO HEKOTOPOE YCTPOWCTBO, BOCIHPOM3BOJIAILEE B
npou3BoJibHO JBMKylIehcss MCO oOuenpuHaThlid CeroAHs ATAIOH JIJTUHBI.

Ecmu gmuna AB B ACO Oymet n,A,v1-v®/c?, TO BpeMs JBIIKCHHS

M3JIyYCHUS B 3TOM ke cuctemMe oT A 110 B cocTaBur:

2 2
{, = noAvl-ve/c , (14.2)

c—-V

Tak Kak Todka B yXOOUuT OT HU3ITYyUYCHUS. BpeMH KC ABVIKCHUSA HU3JTYUCHUSA

Ny A, v1-v?/c?

ot B 1o A Oyner t, =
C+V

(14.3)

TaK KaKk TOYKa A JBWXKETCS HaBCTpeuy usnydeHuto. OOIiee xe Bpems
JIBUKECHHSI U3JIYYCHHUS BO BCEM 3aMKHYTOM IIMKJIE COCTaBUT t=t +t,. C

.. 2n, 4,
yuérom (14.2) u (14.3) ot0 Oymer t=—"Y—. A Tak Kak A,/c=1lv, ,
cvl-v?/c? of "
0 t=— 2l (14.4)

veVl-v?/c? .

Tornma oOuiee KOJIMYECTBO BOJH B 3TOM MPOLIEcCe C YYETOM COOCTBEHHOMU
qacToThl 3nydeHus Oyaer n=w. C yuérom (14.1) u (14.4)

2n
n=vJl-v?/c? ———% __ =2n..
’ veVl-v?/c? ’



91

CrnenoBarenbHO, JBWXKYIIMWCS  OTAlOH  JJIUMHBI  JEHCTBUTEIBHO
CTaHOBUTCS KOpoue HenoABWKHOr0O B ACO. DTO M3BECTHOE JIOPEHLIEBO
coKpaujeHue OIUHbL, 3aBUCSIIEE OT AOCONOMHOU CKOPOCTU JBUKEHUS.

[TokaxkeM Tak)ke, 4TO TAKOTO COKpAIICHHS HE OyJIeT MPOUCXOAHTH C
JTAJIOHOM, eclid ero pacnoyiokuTs B MCO mnepneHauKyiIsipHO K
HaIpaBJICHUIO JBWXKEHUSA, puc. 14.2a. Torma HEHCTBUTENBHBIA ITyTh
JIBH>KCHUS AJIEKTPOMArHUTHBIX BOJIH OT TOYKM A 10 Touku B u Hazan B
ACO Oyznet TakuM, Kak TokazaHo Ha puc. 14.206.

_B B
ﬁx 1;
a) Tlc 0) c
No o No g
c c
HUCO \ —>V X' NCO v —» .’X'
A g ACO X

Puc. 14.2. JIBuxeHue 3TaJoOHHOTO U3NydeHus oT A 1o B u Hazan: a) B
NCO u 6) B ACO.

3nech Ha puc. 14.30 MBI BUIUM HaYaJIbHOE M KOHEUHOE ITOJOKCHHUE
TOYKU A, a TaKXKe TMOJIOKEHUE TOYKA B B MOMEHT NPUHSITHUS U OTPAKEHUS
u3inydeHus. M3 3Toro pucyHka TakXe BHUIHO, UTO BpeMs JBH)KCHUS
m3nydeHus or A 10 B u ot B 10 A npu HECOKpamEHHOM 3TaJOHE JJIMHBI
r]0/’1’0 — nO/lO — nO a
Jer—v? ci-viic? vl-vEic?
BpeMsl MOJIHOTO 3aMKHYTOI'O IIMKJa B JiBa pa3a Ooibire. M obmiee yucio
2n,

voVl-v?/c?

OyJIeT OAMHAKOBBIM U PABHBIM t=

BOJIH COCTaBHUT N =12t =v,+1-v*/c? =2n,, YTO U TpeOOBaAIOChH

J0Ka3aThb.

TBEpable Tenma, KaKk M BJEMEHTapHbIC YaCTULbl, UMEKOT B CBOECHU
OCHOBE HEKOTOPYIO CJIOKHYIO KOPITYCKYJSPHO-BOJHOBYIO TPUPOAY U
M3MEHAIOT CBOIO JUIMHY NpPH JABMKEHUM W PA3IUYHBIX MOBOPOTAX B
MPOCTPAHCTBE TOYHO TaK K€, KaK U BOJHOBBIC ATaJOHBI JJIUHBL. TBEpHOE
TEJIO - 3TO TOXE HEKOTOPbI npoyecc, HEKOTOpas ¢opma B01HOB8020
osuncenuss [15]. W ecnmum JlopeHna ympekaid B TOM, 4YTO OH
0€30CHOBATEIbHO TIPUHST BO3MOKHOCTh TaKOTO TOBEJACHHS TBEPABIX TET
py UX a0COJIIOTHOM JBWIKEHWUHW, WM THITAICS OOBSCHUTH ATO CHUIIOBBIM
B3aMMOJICUCTBHEM Tel ¢ dS(Qupom, TO TeEmeph MbI BUIUM, UYTO UX
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COKpallleHue J0kazaHo. M s 3Toro He HY>KHO paccMaTpuBaTh HUKAKOTO
WX CHJIOBOTO B3aUMOJCHCTBHS C HEMOABMXKHBIM 3(dupoM. M3BecTHbIC
omnbIThl MankenbcoHa - Mopiau U Apyrux UX MOCJIEI0BATENIEN CO CBETOM
MOKHO CYHUTATh 3SKCIIEPUMEHTAIbHBIM IOATBEPKIACHUEM COKPAILCHUS
pa3MepoB TBEPABIX TEJ TP MX aOCOTIOTHOM JBUKEHUH.

3aKkJIrOUYEHHE.

CTO mnonBepramach KpUTHKE C MOMeEHTa €€ co3naHus. l[Ipuuém
noJiBeprajach KpUTHUKE HE TOJIbKO €€ TpaKkTOBKa, a U cama e ¢u3nueckas
cyTb. VI 110 OTHOIIEHUIO K caMOi Teopuu 3TO ObLIO HecnpapemmnBo. Ho,
KOI/Ia 3Ta TEOpUsl BMECTE€ CO BCEMl KBAHTOBOM (PU3MKOM MO3BOJIMIA
COBEPIINTh BEIMYAWIINE NPOPHIBBI B MO3HAHUU MATEpUU, B IO3HAHHUU
B3aMMOIIPEBPALICHUN pa3Iu4HbIX (QOpM €€ ABMKEHHUSA, HE NpHU3HATh €€
OBLJIO MPOCTO HEBO3MOMKHO.

OpHako Ta mucmuueckas 1o CBOEH CyTH TPAKTOBKA, KOTOPYIO €i Ja
OVWHIITENH, HE MO3BOJIMJIA UCIIOJIb30BaTh BCE €€ UCTUHHBIE BO3MOKHOCTH.
VYcTpaHuB U3 TEOpUM caMy €€ MaTepuaIbHyI0 OCHOBY — 3(Qup, DUHIITEHH,
0oJjiee 4yeM Ha CTO JIET, 3aKpbUl MyTh K OCO3HAHUIO UCMUHHO20 CMbICAA
CTO. A oH Kak pa3 ¥ 3aKIIOYAETCS B TOM, YTO TOJIBKO C €€ IMTOMOIIBI MBI
MOXEM PACKpPbITh HCTUHHYIO KapTUHY TOT0, KaK Pa3BUBAIOTCS Pa3JIMYHbIC
(dyHaMEHTaJIbHbIE SIBICHUS MPHUPOABI B CBOEM O00OBEKMUBHO pearbHOM
CYLIECTBOBaHMU. PacKphITh uepes ux abconomusie HOPMbI IBUKEHUS KaK
JBIKEHUS eOUHOU MATEPUAIIbHOW MHUPOBOUM CpeJlbl, KAKOBOW U SIBISETCS
W3THAHHBIN U3 Teopun >dup [16].

CTO nocTpoeHa Ha OCHOBE MBICIIEHHBIX 3KcriepuMeHTOB. Ho HuKorga
eml€ Ha npakTuke HU onHa MCO He cTpowsachk Tak, Kak B CaMOW TEOPHUH.
OpHako JIOTMYECKH BBIBEPEHHOE IOCTPOCHHE PA3JIMYHBIX MBICICHHBIX
(du3NYECKUX IKCIEPUMEHTOB Ha OCHOBE BCEX paHee IOJYyYEHHBIX 3HAaHUMN
MO3BOJIIET MOJy4YaTh T€ HOBBIE (DyHAAMEHTaJIbHbIE 3HAHUS, KOTOPbIE MbI
HUKOTJa Obl HE cyMmMenu NoidyuyuTh Ha npaktuke. Ho 0e3 mpasunvholl
TpaktoBkM CTO MBI He cymeeM [0 KOHLIa pa3o0paThCsi C TEM, 4TO
MOJIy4aeM B CBOMX (PYyHJIaMEHTaNIbHBIX 3KcnepuMmeHTax. He cymeem naxe
KOPPEKTHO MOCTaBUTh 3TH SKCHEPUMEHTHI M 3a/JaTh MPUPOJE HYXKHBIC
BOIPOCHI.

Ho, x coxajnenuto, 10 CUX MOp HAlllK TJla3a ObUTM MPUOTKPBITHI JIHUIIb
yacTU4YHO. HOBBIA MOAXOA K TMOHMMAHHUIO TEOPHHM IO3BOJMUT YBUIETh
MHOTO€ W Jy4lle, U [IyO)Xke, a TakkKe YBHIETh T€ TOPbl «HAYYHOTO»
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Mycopa, KOTOPBbIM CEroJHsi TaK 3axJlamJieHa TeopeThudeckas (Qu3HKa.
MO>XHO C yBEpEHHOCTbIO CKa3aTh, YTO CErOAHS B (PU3MKE HACTYyMaeT 3pa
byHIaMEHTAIBHOTO TO3HAHUS 3@upa, TaK HE3ACIy)KEeHHO U3 Heé
W3THAHHOTO.

N3 ucnpasnenHoit TpaktoBku CTO ¢ HEOOXOIUMOCTBIO BBITEKAET, UTO
BeCh 2QUp KaK eAuHas MaTepualibHasi cpela 6 yeloM MEXAaHUYECKU
HernoABMkeH. OHAaKO B KaXKJJOM CBOEM MHUKPO O0OBEME OH BCE KE UMEET U
HEKOTOpbIE  MEXaHWYecKkue (PyHIaMEHTaJbHble MHUKPO  JBWKCHUS
OTHOCHUTEJIBHO TOJI0KEHUSI YCIOBHOTO PAaBHOBECHUS. JTH MUKPO JIBHXKECHUS
nepenaroTcss B 3GUpe OT TOYKM K TOYKE, 3aXBaThbiBas BCE MHPOBOE
MPOCTPAHCTBO. M Tak Kak M3 OMbITa MBI 3HAEM, YTO BCE BUJIUMbBIE (POPMBI
JIBIDKCHUSI B TIPUPOJIC HOCIT OMPEACIEHHBIN 3aKOHOMEPHBIN XapakTep, TO
U3 3TOT0 C HEOOXOJUMOCTBIO CIEAYeT, YTO CaMH MHUKPO JBWXKCHUS
00s13aT€NIbHO JIOJDKHBI OBITh CTPOr0 HUKIMYECKHMMHU. TOJBKO Takue
JBIDKEHUS MOTYT HaXOJUTHCA MEXKIY COOOW B CTPOro 3aKOHOMEPHBIX
oTHomeHUsIX. OTCIO/la Takke BBITEKAET, YTO HX PACIHpPOCTPAHCHUE B
MIPOCTPAHCTBE 00s13aTEILHO HOCUT BOJTHOBOM XapaKTep.

Takum 00pazoM, enasusiil BeiBoA 13 CTO 3akimroyaercss B TOM, 4TO BCE
BUJIUMBIE (DOPMBI JIBMOKEHUSI B TIPUPOJIE €CTh PE3yJIbTaT B3aUMOJICUCTBUSA
AJIEMEHTAPHBIX 80HOGbIX (POPM ABUKEHHS B 3dUpE MO BCEMY €ro 00bEMY
(mpoctpancTBy). U3 nnemMeHTapHBIX BOJHOBBIX (DOPM JBHXKCHHUS BHAudalie
CTPYKTYpPUPYIOTCSI T€, C KOTOPBIMH Mbl CBSI3bIBAEM CYILIECTBOBAHUE
AJIEMEHTAapHbIX 4YacTull. bonee cioxkHbie (HOpPMBI BOJTHOBOTO JABUKCHUS
00pa3yloT aTOMBI, J1ajiee MOJIEKYJIbI, Ta3bl, )KUJKOCTH, TBEPBIC TENa U T. 1.
BIUIOTh J0 OOBEKTOB KOCMHUUYECKHX MaciiTtaboB. [losToMy coBcem He
ciyyaiiHO (pyHIameHTandbHas (pU3MKa CcTajla HE MPOCTO KBAHTOBOM, HO U
6071HO60U. 1 3TO OJIHOCTBIO COTIIACYETCS C TEM, K 4yeMy enlé B KoHIe X1X
cToneTus BILIOTHYIO mogomén I'.A. JlopeHir.

Jlannasi pabota SBISIETCS PE3yabTATOM HECKOJBKO TMepepaboTaHHOMN
pykonucu aBtopa: A.K. HOxumen. ®dusnueckasi CylIHOCTh CIEHHAIBHOM
Teopun oTHocuTenabHOCTH. Kues, 1987, 118c. JlenonnpoBaHHas pyKOMUCH
B YkpHUUHTU (Kue) , No 1178-Yk87. bubn. omucan. B yka3zareie
BUHUTU «/len. nayun. padbote», 1987r., Ne8(190), 6/0 838.
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