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Hpe,[[ﬂa.Fa.eMaH KHHWTa TTOCBAIIEHA CHCTEMATUYECKOMY KPpHUTHUYe-
CKOMY aHaJu3y OCHOB TEOPUHU OTHOCUTENbHOCTU. OCHOBHOE BHUMA-
HUE yAEeJI€HO HOBBIM JIOTUYIECKUM TTPOTUBOPDEINAM KpI/ITI/IKyeMOf/'I TEeO-
puHn, MOCKOIBKY HAJUUNE MOJOOHBIX TPOTHBOPEUN CBOIUT K HYJTIO
IIEHHOCTH JTI000it Teopwu. B kHure moapobuo paszbupaiorcss MHOTHE
CTIOPHBIE W TIPOTUBOPEUUBBIE MOMEHTHI JAHHOW TEOPUHU U CJeJICTBU
"3 Hee; MPOJEMOHCTPUPOBAHA JIOTUUIeCKast U (pU3UIecKast HeCOCTOsI-
TeJILHOCTH (DYHIAMEHTAILHBIX MOHATHI CIEIUAILHON 1 00IIeil Teo-
P OTHOCUTE/JIBHOCTHU, TaKMX KaK ITPOCTPaHCTBO, BpeMdA, OTHOCH-
TEJIBHOCTH OJHOBPEMEHHOCTH U Jp.. KHura comepKuT KPpuTuIecKuit
aHAJM3 WHTEPIPETAINN SKCIEPUMEHTOB, UMEIONNX OTHOIIEHHEe K
BO3HUKHOBEHUIO W YTBEPXKICHWIO TEOPUU OTHOCHUTEJIHHOCTHU. Ta.K-
JKe B KHUTE MONPOOHO TPEeICTaBIeHa KPUTUKA JUHAMUIECKUX TTOHS-
TUN TEeOPUN OTHOCUTEJIBHOCTU M TTOKAa3bIBACTCA ITPOTUBOPEYNBOCTH 1
HEeOOOCHOBAHHOCTH Kazasoch Obl "paboTtarorero'pasmena 9Toit Teo-
pUH — PEIATHBUCTCKON NUHAMUKMN.

JlanHas KHHUTA MOXKET OKAa3aThbCs WHTEPECHOH s CTYIEeHTOB,
ACMUPAHTOB, MPENOogaBaTeseil, HayIHO-TEXHUIECKNX PADOTHUKOB U
BCEX, KTO TPOCTO 3ayMBIBACTCS CAMOCTOATETHLHO HA DYyHIAMEH-
TaJabHBIMEU TTpobIeMaMu (pU3NKM.
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IIpeaucinosue

Moum podumenam — dobpwim,
YECTHBLM, MYOIPBIM U HCUSHEPAIOCTIHBLM AI00AM,
NOCBAULAEMNCA IMA KHU2G

XOTH JOCTM2KEHUYA TEeXHUKW B TIPOIIEAITIEM BeEKe 6]31.7[1/1 BeCbMa
BIEUYAT/ISIONUMHA, CJIEIYeT MPU3HATH, UTO JOCTUIKEHNUST HAYKU OBLIN
ropaszo CKpomHee (BONMPEKN OKOJIOHAyTHOI peksame). Bee st mo-
CTUKEHUS MOYKHO OTHECTH CKOpee K YCHJIHSIM SKCIEPUMEHTATOPOB,
WHXKEHepOB U n3obperaresieii, ueM K "mpopeiBaM ' Teoperudeckoii hu-
sukn. Lennocrs "oObsacuennii post factum'"obmenssecrna. Kpowme
TOTO, JKEeJATEeJBHO peajhbHO OIeHuTh '"morepu'"oT momobHBIX "mpo-
poiBoB" Teopernkor. Camast raaBHast "morepst' TpoIIoro BeKa — 3To
yTpaTa €INHCTBA W B3aWMOCBSI3W BCeil (DU3NUKH, TO €CTh eIWH-
CTBA HAyYHOTO MHUPOBO33PEHUS W TOAXOJA K PA3HBIM 00/IaCTsIM
duzuku. CoBpemennas (pusnka FBHO NpeACTaBasIeT coboit 'yoc-
KyTHOE OJIesJI0 KOTOPBIM TIBITAIOTCS MPUKPHITH Heobo3puMble "Ky-
un'' pazpo3HEHHBIX WCCJIETOBAHUN W HECBI3aHHBIX (akToB. Bompe-
K1 UCKYCCTBEHHO TOAAEPKUBACMOMY MHEHUIO O TOM, YTO OCHOBOTI
COBPEMEHHO# (DU3NKU SABJAIOTCS HECKOJBKO XOPOIIO TPOBEPEHHBIX
dyHIAMEHTATBEHBIX TEOPHil, CIUIIKOM YK UACTO MPOCTEKUBAIOTCS
runore3bl ad hoc (711 KOHKPETHOTO YaCTHOTO SIBJIEHWsT) W HAYKOOO-
pa3Hble KOPPEKTUPOBKY PACYETOB B "HYKHYIO CTOPOHYAK Y CTYIEH-
TOB, TIOATJIAHYBIINX B 3apaHee M3BECTHBIN OTBET 3a1a49u. Hpe,ﬂ;CKa—
3aTenbHas Cuia (PYHIAMEHTATBHBIX TEOPHil B MPAKTUUECKUX TIPU-
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JIOYKEHUSAX OKA3BIBAETCA OJM3Ka K HYJI0 (BOMPEKH yTBEPKIEHUSM
"moymenos ot Hayku"). B mepByto ouepesib 9T0 OTHOCUTCS K CIIEIH-
AJIbHOT TeoOpnn OTHOCUTEJIBHOCTU: BCE TPAKTHYECKU ITpOBEPpAEMbIC
"ee"pe3ysbTaThl OBLIM TTOJYUEHBI JUO0 0 CO3JAHUS STOM Teopuu,
60 6e3 MCHoIb30BaHNsT ee nieil (4acTo ee IPOTUBHUKAMMU) U TOJIb-
K0 moToM ycuaueM "cobupareneit"obu "puncanbl"'K ee OCTHKe-
HUAM.

Kazamocs 0b1, TeOpUS OTHOCHUTE/IHHOCTH TTPOYHO WHTETPUPOBa-
JIachb B COBpeMeHHYI0 Gu3uky u He crouT "komarbes"s ee dyHIa-
MEHTe, a JIy4Ille JOCTpamBaTh "BepxHue dtaxkn 3manusa’. Ha xkpu-
TUKE 3TOI TEOpUuM MOKHO TOILKO "mumku HabuTh'(BCmoMHUM O
moctanosennn [Ipesuguyma AH CCCP, mpupaBHSBIIET0 KPUTHKY
TEOPUU OTHOCUTENTHLHOCTH K M306perennio seanoro asurarens). Co-
JIUTHBIE HAYYHBIE YKYPHAJIBI TOTOBBI 00CY K IATh KAK TUIOTE3bI, KOTO-
pbIe He MOTYT OBIThH MPOBEPEHBI B OJIMKANIINN MULIMAPT JIET, TAK 1
Te TUMOTe3bl, KOTOPhIe HUKOTIA He CMOTYT OBITH TTpoBepenbl. OiHa-
KO, O6CY}K,Z[&TB TTPUHIOUITNAJIBHBIE BOITPOCHI TEOPUHN OTHOCUTEJIBHOCTN
Gepercs JasieKo He KaxKblii HaydHbIH KypHaa. Kazamoch ObI, cu-
Tyanusd JOJI2KHQ 6EITB TTPOTUBOIIOJIOKHAA. HOCKOHbe OCHOBBI 3TOM
TEOPUU MPENONA0T He TOJBKO B BY3ax, HO u B IIIKOJIE, TO TIPHU BO3-
HUKHOBEHUU MAJIEHIITNX COMHEHUI BCE BOMPOCHI MTOJKHBI CEPHE3HO
u TTOIPOOHO OOCYKIATHCA HAYTHON OOIECTBEHHOCTHIO, U4TOOBI "He
UCIIOPTUTH MOJIOJIbIe ayIiu'.

OpnHako, CymecTByeT HEMHOTOUYHUC/TEHHAs, HO OUYeHb aKTUBHAS U
OY€Hb BBICOKOIIOCTABJIEHHAAd YaCTh HaquOﬁ 9JINTHI, KOTOPad BeIeT
cebst CTpaHHO 3aKOAMPOBAHHBIM 00pazoM. C caMbBIM CEPBE3HBIM IT0-
KPOBUTE/JILCTBEHHBIM BUJIOM OHU MOTYT O6CY}K,Z[&T]) "}KQ.}ITEIX CJIOHOB
C PO30BBLIMU XBOCTHKAMU' (CBEPXTSIXKE/bIE YACTUIBI BHYTpH JIyHBI,
ocraBimecs: 0bs13aTebHO mocje Bosbimoro B3peiBa win 9T0-TO MMO-
XOKee), HO TIPH MOIBITKE OOCYIUTH TEOPUID OTHOCUTETHHOCTH OHH,
KaK [0 KOMAaHJe U3 eJUHOTO IEeHTPa, JeHCTBYIOT TaK aKTHUBHO, OY/I-
TO C HUX CHUMAIOT HU)KHEe 0eIhe W TaM MOXKET OBITh ODHApyKe-
HO Kakoe-TO "pommmoe maTtuo". Bo3moxkHO, nM mpocTo "mpukazamno
CPOYHO I'POMUTHL"M OHM BCE CMEIIMBAIOT C I'PA3LI0, YACTO JaYKe He
umnrasi pabor (craBa Bory, aBropa moka muHysTa cust darma). A BeIb
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mobast, mayke camasl OMO3HasT KPUTUKA, MOYKET COIepKaTh KaKoe-
TO PalMOHAIBHOE 3epHO, CIOCODHOE YIYUIIUTh UX YKe COOCTBEHHYIO
TEOPHIO.

Teopwsi OTHOCUTENILHOCTH TPETEHIYET Ha POJIb HE MPOCTO Teo-
pun (HAmpUMep, KaK OJUH W3 METOJOB pacdyera B MPUIOKEHUH K
TEOPUU 3JIEKTPOMArHETU3MA), & HA POJIh MEPBOrO TPUHIIATA, JTasKe
"epBOBEpXOBHOTO " MTPUHITHTIA, CITOCOOHOTO OTMEHSITh JTI0ObIE IPYTHe
MPOBEPEHHBIE TIPUHIANEI W TTOHATUA: TMPOCTPAHCTBA, BPEMEHU, 3a-
KOHBI coxpanenus u T.1.. Cjie0BaTeIbHO TEOpus OTHOCUTETBHOCTH
JOJIZKHa 6BIT]) TOTOBa K 60.}'[66 THIATEIBHBIM JIOTUYECKUM U1 3KCIIePpU-
MEHTAJILHBIM TpoBepkaM. Kak Oymer moka3zaHo B HACTOAIIEH KHUTE,
JIOTUYECKO! MPOBEPKU JaHHAS TEOPUS HE BbIAEPKUBAET.

Teopust oTHOCUTEILHOCTH 00pPa3HO TIPENCTABISET TPUMeEP TakK
HA3BIBAEMBIX HEBO3MOYKHBIX KOHCTPYKIHNi (BHIHECEHHBIH HA 00JI0K-
Ky JaHHOUW KHUTY HEBO3MOXKHBIN KyD u T.;[.), KOTJIa KaK/IbIl JIOKAIhb-
HBIH 9JIEMEHT HEMPOTUBOPEUHB. JIOKAIBHBIX MATEMATUIECKUX OIITH-
60K paccmarpuBaeMasi Teopus He cogep:KuT. OIHAKO, KaK TOJIBLKO
MBI CKarKeM, 9TO OYKBa ¢ O3HAYaeT peajbHOe BpeMs, CPa3y MOXKHO
MPOIOJIKUTH KOHCTPYKIIWIO W OOHAPYKUTCS TIPOTUBOpeune. AHaJo-
TUYHas CUTyalys C MPOCTPAHCTBEHHBIMU XapPaKTEPUCTUKAMU U T.I..

Hac moiro mpmydaroT K MBICIH, 9TO MOYKHO YKUTH C TapPaI0K-
caMu, XOTsl IepBOHavYaIbHbIe "TapaJoKchl' Teopun JOBOIBLHO TTPAB-
TOIOTOOHO OBLIN CBEIEHBI PEJIATHBUCTAMHU IIPOCTO K HEKOTOPBIM
"crpannoctam". Ha camoMm jieie KarxKblil HOpMaJILHbBIA YeI0BeK 110-
HUMAET, YTO €CAM B TEOPUU HPUCYTCTBYET IeHCTBUTEILHOE JIOTH-
JecKoe MpPOTHBOPEYre, TO HaI0 BLIOMpATh MEXKIy JOTHKOM, Ha KO-
TOpoit ba3mpyercst BCsl HayKa, U 9TO# dacTHO# Teopueii. OdueBuIHO,
9TO BRIOOP HE MOXKET OBITH CIeJIaH B MOJIb3Y YaCTHON Teopuu. Mmen-
HO TIOTOMY JaHHAas KHUTA HAUUHAETCS C JIOTMIECKUX TTPOTHBOPEUNiA
TEOPUH OTHOCUTEILHOCTH W JOTMYECKHM BOIPOCAM 37IECh YIEJIEHO
OCHOBHOE BHUMAHUE.

JItobast pusmaeckast TeOPHsi, OTMMCHIBAIOIIAS PeaThbHOe sIBIEHME,
MOKET OBITH IKCIEPUMEHTAJBHO TIpoBepena mo tumy "mga-uet'. Pe-
JISTUBUCTHI TaKKe (DOPMAIBHO MOIIEPKUBAIOT TOLXO: UTO 3KCITe-
PUMEHTAJIHHO HEIIPOBEPSAEMO, TO He CyImecTByeT. [10CKoIbKY Teopus
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OTHOCUTETHHOCTH JOJIPKHA TIEPEXOAUTH K KIACCUIECKOH (pusnke npu
MAaJIbIX CKOPOCTSAX (HAIpPUMEp, I KHHEMATHKH), a KJIACCUIECKUit
pe3ysIbTaT OfHO3HAa4YeH (He 3aBUCHT OT CHCTEMbI HAOJIIOIEHUS), TO
YACTO PEJSITUBUCTBI CTPEMATCS JOKA3ATh OTCYTCTBHUE MTPOTUBOPE-
qmii CBOEW TeOpUHU TIyTeM CBEJEHWsST MapaJOKCOB K eJIMHCTBEHHOMY
Pe3yAbTATY, COBIAJAIOIIEMY C KJIACCHIECKUM pe3yabraroMm. Tem ca-
MBIM 3TO SIBJISIETCS] TPU3HAHWEM IKCIIEPUMEHTAJIBHON HEODHAPY KU-
MOCTHU KUHEMATHIECKUX 3(PHEKTOB TEOPUN OTHOCUTETHHOCTH, & 3HA-
YUT WX PEATHHOTO OTCYTCTBUSA (TO €CTh MEPBOHAYAIBHON TOYKM 3pe-
Hust JIOpeHIa 0 BCIIOMOTATE/IbHOM XapaKTepe BBEIEHHBIX PeIsiTH-
BUCTCKUX BeJUYNH). MHOTHME CIIOPHBIE MOMEHTHI PEIFATUBUCTHI TIhI-
TafoTCst "0OBICHATE" COBEPITIEHHO TIO-PA3HOMY: KasKIOMY MTO3BOJIEHO
JIOTyMAaTh CAMOMY HECYIIECTBYIONINE JAeTaan "MmiIaTbs rojgoro Kopo-
Jst" . DTOT (bakT TOYKE SIBJISIETCS KOCBEHHBIM MPU3HAKOM HEOIHO3HAT-
HOCTHU Teopuu. PeITUBUCTEI MBITAIOTCS YBEJIMIUTD 3HATUMOCTE CBO-
eif Teopum, COTJIACOBBIBAS C HEl KAK MOXKHO OOJIbIIE TEOPHii, B TOM
YUCJIE U3 COBCEM HEPEIATUBUCTCKUX obsacTeit. VIcKycCTBEHHOCTD TM0-
Io0HOI robaanucTckoil "mayTuHb " B3anMOCBsI3€it OUeBHUIHA.

Kpome pesisiTHBICTOB TEOPUIO OTHOCUTEILHOCTH 3aITUIIAI0T (Kak
MoJie JIeITeIbHOCTH) MATeMATHKM, 3a0bIBasg, u4To y (GU3UKH — CBOU
3aKOHBI. Bo-TIepBBIX, MOATBEPKIAEMOCTh HEKOTOPBIX KOHEUHBIX BbI-
BOJIOB He JIOKA3bIBAET MCTHHHOCTH TEOPUHU (TaK:Ke KAK M3 BEPHO-
ctu Teopembl DepMma, BOBCE He CIEAYeT MPaBWILHOCTE BCeX " ToKaza-
TeJILCTB IPEeACTABICHHBIX 3a 350 jIer, mim m3 HabIIoIaeMOoro IBH-
JKEHUsT 3BE3MI W TLJIAHET He CJIELYeT CYIeCTBOBAHWE XPYCTATHHBIX
cdep). Bo-BTophix, qaxke B MaTeMaTHKe CYNIECTBYIOT JTOMOTHATE b-
HBIE YCJIOBUS, TPYIHO BBIPA3UMbie B (HOPMyJsax, KOTOPHIE YCI0K-
HSIOT MOUCK perieHnii (HampuMep, yCJIoBUe: HAfiTh peleHns B Ha-
TypaabHBIX unciax). B dbusnke mogobubiii hakT BhIpaskaercs, Ha-
npuMep, mousaTueM pusnaeckuit cMmbic Beanunu". B-tpeTbux, ecin
MaTEMATHKA MOYKET UCCIEIOBATDH JTI00bIe 00bEKTHI (KaK PEeAThHO Cy-
MIECTBYIOINE, TAaK U HepeaJbHbIe), TO (DU3NKA 3AHUMAETCA TOJIHKO
MTOMCKOM B3aMMOCBSI3€il MEXKIy PeasbHO M3MEPUMBIMU (DUBUTECKU-
My BemmauHAMu. KOHEYHO, MOYKHO peaabHyI0 (DU3NIECKYIO0 BEeTMIH-
HY Pa3JI0XKUTh B KOMOWHAIIO HEKOTOPHIX (DYHKITNAN WU TOICTABUTH
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B HEKOTOPYIO CJIOKHYIO (DYHKINIO W "' COUMHATH" CMBICT 9THX KOMOU-
unanuit. Ho 30 He Gostee, yeM MKOTbHBIE MATEMATUYECKIE YITPAYKHE-
HUS Ha TOJCTAHOBKHU, He MMEIOIe K (BU3NKe HUKAKOTO OTHOTIEHWST
HE3aBUCHMO OT CTENeHU CJIOYKHOCTH.

OcraBum Ha coBecTH "TIIOYMEHOB OT HAYKHU'"UX YKe/TaHne OOMaHbI-
BaTh WM OBITH OOMAHYTHIMU (B JIMUHBIX WHTEPECAX) U MOMBITAEMCS
6eCcpuCTPaCcTHO MPOAHAIU3UPOBATH HEKOTOPHIE COMHUTEILHBIE MO-
MEHTBI TEOPUN OTHOCUTETHHOCTH.

SamMeTuM, UTO B TE€UEHUE BPEMEHU CYIIECTBOBAHUS TEOPUH OT-
HOCHUTETHHOCTH HEOTHOKPATHO TMOSBJSINCH CTAThU C TapajgoKca-
MU, KPUTUKON DPETATUBUCTCKUX IKCIEPUMEHTOB, AEJAJTUCH IMOIBIT-
KU CKOPPEKTUPOBATE 3Ty TEOPUIO, BO3POANTH Teopuio sdupa. OnHa-
KO, KPUTHKa HOCWUJIA, KaK TTPABWJI0, YACTHBIN XapaKTep, 3aTparnBasd
JINIIG OTAEIbHBIE aCIeKTHl 3To# Teopun. TOIBKO B KOHIIE MPOIILIO-
0 BeKa CYIIECTBEHHO YBEJIWYU/IUCH MOTOK KPUTUKHW W €€ KadeCTBO
(Ha3BaHug crareil W KHWUT, IPUBEJEHHbIE B KOHIE TAHHON KHWTH B
CITUCKE JINTEPATYPHI, TOBOPAT CaMu 3a, ¢est).

Hamo nmpusnarhes, 9T0 B OT/IMYHE OT KPUTUKH, CYIIIECTBYET MIPO-
deccuonanpras GyHIaMEHTAIbHAS aloJOTeTHKa TEOPUU OTHOCH-
renbrocTH [3,17,19,26,30,31,33-35,37-41|. Ilosromy OCHOBHAs EJb,
KOTOPYIO CTaBUJI Tepes coOOi aBTOp, ObLIA CAEIYIONas: JaTh I0-
CJIe0BATEIBHYI0 CUCTEMATHYECKYIO KPUTUKY TEOPUU OTHOCUTE Tb-
HOCTH, OTMHPAsiCh WMEHHO Ha, XOPOIIyI0 aloJIOTeTHKY JAaHHOW Teo-
pun. Crenyst oOIIETPUHSATON HETJIACHON TpPa UITN, OCHOBHAS YaCTh
JAHHOI KHWIM TIPONLIA TPOBEPKY B PEIEH3UPYEMBIX MeXKIyHa-
POIHBIX Hay9HbIX KypHanax (GALILEAN ELECTRODYNAMICS,
SPACETIME & SUBSTANCE). B pesyibrare nocraBieHHas 3a/1a-
4 MOCTEMEHHO BHITIOTHAETCS, HaunHas ¢ pabot [48-55], rae moapobHo
PaACCMOTPEHBI SKCITEPUMEHTHI, JIeyKalllhe B OCHOBAHUU TEOPUU OTHO-
CUTEBbHOCTH, 0A30BbIe KHHEMATHYECKNE TIOHSITHS CIIeNNaIbHOM Teo-
pUU OTHOCUTEJBHOCTH W ODIIEil TeOpun OTHOCUTETHLHOCTH, JTUHAMU-
YeCKUe MOHATHUA U CJICJCTBUA peJIHTPIBI/ICTCKOﬁ JUHAMHWKHN. Cpe,ZI;I/I
00IIero MOTOKa KPUTHIECKUX PAbOT MPAKTUUECKN HE BCTPEUYATHUCH
paboThl [0 PEASTUBUCTCKON JIMHAMUKE. DTOT (PaKT FABUJICS OHOM
13 OCHOBHBIX TMPUYUH HAMUCAHUS TAHHON KHUTH.
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Hacrostiast xaura, siBjsiercss 00o0IIeHneM OmyO/TMKOBAHHBIX Pa-
6ot ¢ equnbix mosurwmit. (Kpome Toro, TOHKOCTH JIOTHKHU BCETIA, JTy U~
n1e BOCTIPUHUMAIOTCS Ha CBOEM DPOJHOM s3bIKe.) KarKawlit cOMHU-
TEJIbHBI MTyHKT TEOPUN OTHOCUTEIBHOCTH MBI OYIEeM CTapaThCs, TMO-
BO3MOYKHOCTH, OOCYINTEH HE3aBUCUMO OT JPYTUX, 9TOOBI KAK MOYKHO
mojiHee yBUIEeTh BCio "kapruny abcypaa'. OgHAKO, B IEIIX IKOHO-
Mun 06beMa, KHUTA He COAEPYKUT MUTHPOBAHUI 00CYKIAEMBIX MO-
MeHTOB u3 yuebHuKOB. [loaToMy mpeamosaraeTcs HEKOTOPOe 3HAKOM-
CTBO YMTATE]IsI ¢ OCHOBAMW TEOPUW OTHOCUTEILHOCTH. Kpome Toro,
B KHHUTE 9aCTO 0OCY’KIAI0TCsI HE TOJBKO OOIENPUHATHIE TPAKTOBKH
TEOPUHU, HO U BO3MOYXKHBIE ''DE/IITUBHCTCKUE aJbTEPHATHBHI". DTO
C/Ie/IAHO Ha, Cy9ail, eCiin y KOTO-HUOYIbh BOBHUKHET UCKYIIEHUE CIe-
JIATH B COMHUTEIHHBIX TPAKTOBKAX HHOW PEISITUBUCTCKUI BBHIOOD
¥ TOAIIPABUATEL TEOPUIO OoTHOCUTeNIbLHOCTH. "Mouncrp' 1aBHO MepTB U
OYKUBJISITH €r0 He CTOUT — TAKOBO MHEHHUE aBTOPA.

Bribop mocieroBaTe1bHOM JIOTUKN W3I0KEHUST JAJIEKO HE ITPOCT:
JIJTsT JTIOOOTO BOIIPOCA BO3HUKAET KEJAHUE U3T0KUTH B OJHOM U TOM
JK€ MeCTe KHHWTHM CPa3y BCe COMYTCTBYIOIINE HIOAHCHI, UTO MPOCTO
HEBO3MOYKHO BBITIOJTHUTE. ABTOD HAIEETCS, UTO €CIU Y UUTATEJs
XBATUT CUJI U TEPIEHUs JOUYUTATH KHUTY JO KOHIA, TO OOJIBITHH-
CTBO IKCIIPOMTHBIX BOTPOCOB W COMHEHWII Oy/IeT TOC/IeI0BATEHHO
zakpbiTo. CTpykTypa KHurH caegyomas. B [tase 1 mpencrasiena
KPUTUKA PEIATUBUCTCKUX MOHSITUI BPEMEHU, MPOCTPAHCTBA W MHO-
TUX JIPYTUX ACIEKTOB PENIATHBUCTCKON KuHemaruku. [J1aBa 2 mo-
CBsillleHa KPUTHKe O0CHOB 00mieit Teopun orHocurenbroctn (OTO) u
pengaruBucTCKOl Kocmosiornu. B I'maBe 3 mamer 3amevanusa K dKCITe-
PUMEHTATFHOMY O0DOCHOBAHUIO TeOpUH OTHOCUTENhHOCTH. [Ipu aTOM
MBI He OyIeM TopoOHO PACCMaTPUBATH OMBITHI, UMEIOITHE OTHOIIIE-
HUE TOJBKO K 9JEKTPOMATHETU3MY WJIN PA3TUIHBIM GaCTHBIM THIIO-
re3aM adupa (3To cama mo cebe OrpoMHast TeMa), a MPOAHATU3UPYEM
UCKJTIIOUUTEBHO OOIIHE OMBITHI, 3aTPATUBAIOIINE TOJTHKO CAMy CyTh
PEe/IATUBUCTCKONM KMHEMATUKN U NUHAMUKHU. [71aBa 4 COMEpKUT Kpu-
TUKY AWHAMUYECKUX TOHSITUN CIeNUaIbHON TeOPpUN OTHOCUTETHHO-
cru (CTO), pe3yabTaToB m WHTEPHPETANWiT PETATUBUCTCKON JTMHA-
Muku. K KaxXjgo#t riaBe maHbl KpaTKue BbIBOALI. B IIpumoxkenusx
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I'maBa 1

Knnemaruka crenmuajibHOI
TeOpUU OTHOCUTEJILHOCTU

1.1 Bseaeunne

Oo6wruno crapgaprabie yaeoruku 10 CTO HAYNHAIOTCS C OTHCAHUS
SIKOOBI CYIIIECTBOBABITIETO KPU3NCA (DUBWKN W SKCIIEPUMEHTOB, TPEI-
MMECTBOBABITIX BO3HUKHOBeHUIO 1 yTRepKAeanio CTO. Oxrako, cy-
mecrByer MHenue [38], uro cozmanne CTO — 310 umcro Teopern-
veckuil "POPHIB HE HYKIABIMUICT B 3KCIEPUMEHTATIHHOM 00OCHO-
BaHUM. ABTOD HE COTJIACEH C MOJO0HBIM MHEHWEM, TaK KaK (PU3MKa
MPU3BAHA B TIEPBYIO OUYEpeIh OOBICHATH PEAThHO CYIIEeCTBYIOIINM
MWD ¥ HAXOJUTh B3aMMOCBS3HM MEXK Iy HAO/II0IAeMbIMU (M3MepsieMbl-
M) bu3MIeCKUMU BeudnHAMU. TeM He MeHee, Mbl HAYHEM KHUTY
He C aHAIN3a YKCIEPUMEHTOR, & C TEOPETHIECKOTO PACCMOTPEHUST Pe-
JISTUBUCTCKOM KMHEMATHKU. J[eJ0 B TOM, U4TO OHO U TO ¥Ke HADJIIO-
JIAEMOE SBJIEHNE MOTYT THITATHCS COBEPIIEHHO TTO-PA3HOMY WHTED-
MPETUPOBATH HECKOJILKO TeopHii (Tak Bcerma ObLI0 U Oyaer B dpusn-
ke). Ograko, mpu 0OOHAPYIKEHUN JIOTUIECKUX TPOTUBOPEUNii KaKoii-
HUOYIbL TEOPUM OT Hee TPUHSTO OTKA3BIBATHCA. B MCTOpHU (pU3MKM
WHTEPIPETALINA MHOTUX SIBJIEHWI MOCTOTHHO MeHsaanch. U we crour
JIyMaTh, 9TO B 3TUX M3MEHEHUSIX MPOIIEANTNI BeK ObLI MTOCIEIHIM.

B mouTtm pekmaMHOl MOMIEPIKKE TEOPUH OTHOCHTEIHLHOCTH, B

12
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yueOHUKAX 00IIeil 1 TeopeTndecKoil (pu3nKm, B HAY THO-TIOMYITPHOTT
JINTEPATYPE BBIABUTAECTCS PSIJ TE3WCOB: "O MPAKTUUECKONW BAYKHO-
CTH TEOPUM OTHOCUTEIHHOCTH "0 €IMHCTBEHHOCTH U 000CHOBAHHOCTH
BCEX MATEMATHYECKUX BBIKJIAJOK W CJEICTBUN M3 9TOH Teopun "o
MpOCTOTE W 3JIEraHTHOCTU (hopMy.a "o MOTHON TOATBEPKIAEMOCTH
Teopuu HSKcmepuMeHTaMu "0b6 OTCYTCTBUM JIOTHUYECKUX MTPOTUBOPE-
qnit". Kcim octaBuTh TOKa B CTOPOHE BOMPOCHI JWHAMUKHU YACTHII
(omm GyayT paccMmorpenst B [1ase 4), a paccMaTpUBaTh TOJIBKO KIHHE-
MATUYECKNEe TTOHATUA, TO HYJIEBAA "Hpa.KTI/ILIeCKaH 3HAYUMOCTH T€O-
pun orHocurenbHocTn " ouesnna. EuHcTBEHHOCT 1 TeOpeTrndecKast
000CHOBAHHOCTD PEIATHUBUCTCKON KMHEMATHKN TAKKe MOXKET OBIThH
nojsepruyTa comuennio [58,65,102,111]. B [48-50,52] noapo6Ho npo-
AHAJMBUPOBAH PSIT IOTHIECKUX TTAPATOKCOB, KACAIOIIUXCS OA3NCHBIX
MOHSATHI BPEMEHMU, TTPOCTPAHCTBA, OTHOCUTETHHOCTH OJHOBPEMEHHO-
CTH ¥ TIOKA3AHA TMOJHAS JIOTHIECKAs HEODOCHOBAHHOCTH CITEITHATE-
Hoii Teopun orHocurenbHocTn (CTO). Takxke Tam Oblia nMokazaHa
COBepIlleHHasl dKcrepuMenTaibuas HeobocuoBanuoct CTO (srum
BOITPOCAM TIOCBsIEHa [1aBa 3 HACTOAIIEH KHUTH) U KaK HEKOTOPast
JIEMOHCTPAITAS HEETUHCTBEHHOCTH PEIEeHNsT OTIMCAHa BO3MOYXKHOCTD
qacToTHON mapamerpusanuu Beex Buikaan0k CTO (Takas mapamver-
puzanust He ObLIa OCHOBHOI IEJIRI0 IUTHPYEMBIX paboT; oHa Oymer
npejcrasieHa B [IprioKeHnsxX B KA4eCTBE YACTHON TUIOTE3BI).

B mammoit rmaBe Oyzaer moapoOHO MpeaCcTaBIeHa KPUTUKA KUHE-
varuuaeckux mouaruit CTO u obpareno BHUMaHUWe Ha psij 'TpaB-
nmoromobubIX "ommbok w3 yuebHUKOB. Bee 310 3acTaBiisier BEpHYTH-
Cs K KJIACCUYECKUM MOHSTHSIM MPOCTPAHCTBA W BPEMEHM, KOTOPHIE
aBHO copmyauposan eme HeoTon B ceonx Mamemamuueckux Ha-
YAAAGT HAMYPaAvHoT Punrocopuu, Oaectaire 060OITUB pabOThl TPeI-
MIECTBEHHUKOR (B MEPBYIO OYEPEeh IPEBHUX IPekoB). [TockoabKy pe-
JISTUBUCTDI, CTPEMSICH BO UTO OBI TO HE CTAJO PA3PYUINTh MPEKHIE
npejicTaBaenns (Ipuaupasich, B OCHOBHOM, K CJIOBY "abcosrornoe")
u JII00OI IeHOi yTBEpAUThH HEYTO "CBOE HOBOE M BEJIUKOE CAaMU He
CMOTJIM JaTh HUKAKWUX OMpPeIeJeHNH TTOHITHIM BPEMEHH, TPOCTPAH-
CTBa W JBUXKEHUS, & TOJIHKO MAHUYJIUPOBAIN C YITOMSIHYTHIMU CJIO-
BaMU, TO CTOUT BO BBEJIEHWM JATH XOTS OBl KPATKME KOMMEHTAPUN
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1o HbIOTOHOBCKMM KJIACCHYECKUM MOHSTHSM [28)].

HproroH, ncxonupmmmit u3 Tpak TUIECKUX TTOTPEOHOCTEl eCTECTBO-
3HAHWST, 0CO3HABAJI, UTO YIIOMSIHY THIMI TTOHSITUSIME TPEKPACHO "BJTa-
JIEIOT W MTPAKTUIECKHU MOIB3YIOTCA' TI0ObIe YKUBBIE CYIIEeCTBA, HATIPH-
Mep, HaCeKoMbIe (HECTTOCOOHBIE MO0 MHEHWIO JIHOJell K abCTpaKTHO-
My MbILiennio). CeoBaTebHO, ST MOHITHS OTHOCATCSA K OCHOB-
HBIM, TO €CTh HEOIPeIe/sIEMbIM Yepe3 UuTO-JTU00 MOHSTHSIM. 3Ha-
YUT, MOXKHO JIATh TOJBKO MEPEUHNCJIEHUE TOTO, UTO OYIET MOApasy-
MEBATHCS MO, TUMU MOHATUIMU WU UCIOJIH30BATHCS HA TPAKTH-
K€, W BBIJEIUTH Ty aOCTPAKIINIO, KOTOPas OyIeT Mompa3yMeBaThCs
B U/IATU3UPOBAHHBIX MaTeMaTUIeCcKuX BhIKIa KaxX. [loaTomy Hbro-
TOH YeTKO OTIAEIUI abCOMIOTHOE, HCTHHHOE, MATEMATHIECKOE BPEMST
WM JJTATEJILHOCTD (BCE 9TO B JIAHHOM CJIydae MPOCTO CUHOHUMEBI!) OT
OTHOCHUTEILHOTO, KaYKYIIErocs Win OObIIeHHOr0 BpeMenn. Takum 00-

pa3oM, BpeMsi O3HATAET MATEMATHIECKOE COMTOCTABIEHNE I TUTETHHO-
CTH MCCEAYEMOTO TPOIECCa C JIUTETHHOCTHIO STAJOHHOTO TTPOIEC-
ca. Bo3MOXHOCTL BBEIEHNS €IMHOTO BPEMEHN B KJIACCHIECKOM (hu3n-
Ke HAMPAMYIO He ObLIa CBSI3aHa, C OUEBUIHON KOHETHOCTHIO CKOPOCTH
nepegaun curuaajioB. CKopee moiyueHne equHOr0 BpeMEeHH CBI3aHO C
YBEPEHHOCTHIO B BO3MOXKHOCTD [IepEeCUeTa BPEMeHH C 33 TaHHOM IpaK-
TUYECKON TOYHOCTHIO M3 MecTHOro (yokanabaoro) spemenu. Corep-
MIEHHO AHAJOTHIHBIM 06pa3oM HBIOTOH oTmesns abCOTIOTHOE MPOo-
CTPAHCTBO OT OTHOCUTEIHLHOTO, BBIIEINI aDCOTIOTHOE U OTHOCHTE b=
HOe MECTO U pa3/e/n abCOTIOTHOE U OTHOCUTEIbHOE JABUKeHue. Kc-
JIn O,ZI;HOI7I n3 Heﬂeﬁ HaQYKW CHUTATH MOUCK TTPUYIUHHO-CJICICTBEHHBIX
CBdA3ell dABJEHUN, TO BaKHBI MO3UTUBHBIA MOMEHT KJIACCUYECKO-
O TOAXOIa 3AKJI0UAEeTCsT B OTIAEJIEHUN ODBEKTa WCCIEIOBAHWUS OT
ocraibHO Beemennoit. Hampumep, B mogaBagromeM OOTBITHHCTBE
caydaes "aBurkeHune T1a3 HabJromare/Isi'He OKa3bIBaeT 3aMETHOTO
BJIMSTHUS HA KOHKPETHBIN MPOTEKAIOIIHIIT IPOIECe, U YK TeM Dojiee Ha
BCio ocrapiryocs Beemennyto. Komeuno, oprBatoT "Kaxymmecs 3¢-
dexTbI HO 0T HEUX OOBIYHO W30ABISIOTCS TPATYUPOBKOI MPUOOPOB,
IIepecueToM M T.J., YTOOBI COCPEIOTOUYNTHCA MMEHHO Ha HCCIELye-
MOM TIpo1ecce. K.T[aCCI/ILIeCKI/Ie IIOHATUA KNHEMATUKN (baKTI/ILIeCKI/I n
OBLIBI BBeIeHBI HBIOTOHOM i1 OTpeie/ieHusT He3aBUCUMBIX OT HC-
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CJIETyeMOTO TIPOTIECCA PEMEPHBIX TOUEK W ITAJTOHOB. JTO CO3/mAeT Oa-
3y JIJist € TUHOTO OTIUCAHUS CAMBIX PA3TUIHBIX (DEHOMEHOB, CTHIKOBKI
pas3HbIX obJiacTell 3HaAHWS 1 YIIPOIeHns onncanns. Jla n MHTynTUBHO
KJTACCUYIECKHUE TIOHSITUS COBIAIAIOT C TeM, YTO JAHO HAM B OIILyIIe-
HUAX W HE TTOJIB30BATHCA ITUM — BCE PAaBHO, 9YTO CUJIINTHCA "XO,ZI;I/IT])
ma ymax". MHOrOBEeKOBOe pa3BUTHE HAYKU MOKA3BIBAET, UTO KJIAC-
CmYeCKune mpeacTaB/JIeHUA KMHEeMAaTUKN (HaLIaBH_H/IeCH O(bOpM.T[HTI)CH
ere JPEeBHUME T'DeKaMu) He TPUBOJAST HU K BHYTPEHHUM JIOTHUE-
CKUM MPOTUBOPEYUAM, HA K MPOTUBOPEUYUAM C IKCIEPUMEHTAMM.

[Tepeitmem Tenepb K ToMy, 4TO Ke "HarBopuau'"s 310t obgacTu
PEIATUBUCTHI W PACCMOTPUM JIOTUYIECKUE TTPOTUBOPEYMA 6aBI/ICHBIX
nousaTuii nmpocrpancrea u Bpemenu 8 CTO. Haunem ¢ mousaTus Bpe-
MEHMN.

1.2 PengarmBucrckoe BpeMsa

Jlig Havasta 3aMeTuM, Kak TPOIIE BCEro MTOKA3aTh OMMUOOUYHOCTh KH-
HEMaTUYIECKUX TOHSITHI TEOPUH OTHOCHUTeNIbHoCTH. [ljIst pesyabra-
ToB Tuna "ga-mer" TOJBKO OIHO M3 Pa3HBIX MOKA3AHUA ABYX HAOJIIO-
nmareseit Morsio Obl ObITH BepHBIM. CJleIOBATENBHO, KAK MUHUMYM
OJIMH M3 JBVXKYIIUXCS HADIIOAaTe el OBl ObI HEITpaB BO B3aWMOUC-
KJTIOYAIONTIX MHeHnsX. OJHAKO, CHTYAIMIO BCETIA MOXKHO CIETATh
CUMMETPUYHON OTHOCUTEIBHO TPETHEro, MOKOSIIIErocst Hab/IogaTe-
ng. Torma ero mokaszanus OyyT COBHAJATH C KJIACCHIECKUM (ITPO-
BepeHHbIM Npn v = () PE3YJIBTATOM W K 3TOMY DPE3yJIbTaTy JOJIKHBI
OB OBl TEpelTH MOKA3AHUS U MMEPBOTO W BTOPOTO HADJIIOIATEIS.
OnxHako, BCIEICTBUE IBUYKEHUsT KaK TEPBOr0, TaK W BTOPOrO Ha-
BJIIOATETS OTHOCUTETHHO TPETHETO HADJIIOIATENs, TIOKA3AHNS BCEX
Tpex Hab/rromaresieit OyayT pa3audHbiME. BeeacTBre CMMMETPUIHO-
CTHU CUTYyaIi¥ HEMPAaBBIMUA OKA3BIBAIOTCSA KaK MEPBBIH, TaK W BTOPOt
HAOTI0IATE/b, & BEPHBI pe3y/abTaT (KIaCCUYECKUil) OMUCHIBACTCS
TOJIBKO TPETHUM, TOKOAIINMCS HabromareaeM. VIMEHHO Tak MoKa-
3BIBAJIACH TPOTHBOPEYMBOCTEL MOHATHS BpeMenn (0HO Heobparumo!)
B MoaudUIMPOBAHHOM Tapajokce Gnsuenos [48,51] u nporusope-
IMBOCTH MOHATHS "OTHOCHTETHHOCTH ogHoBpeMentocTr [50]. (3ame-
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THM, 9TO JuarpamMmmMa pocTpaHcTBa-spevenn [33] e mensier dusnky
Jlaxke 0DBIMHOTO TIApa oKca OJU3HEI0B: BCE JOMOTHUTEIBHOE CTape-
HUE 3eMJIsTHUHA, BO3HUKaeT BHesamno (!) mpw mepemene aBmkeHust
KOCMOHABTa B JlajIbHEil TOUKe M TOJBKO MeOMeTPHUUYEeCKN BBhIpazKaeT-
Cs KaK CMEHa JIMHWI OJTHOBPEMEHHOCTH).

[TompobHbIit aHAIN3 TEOPUN OTHOCUTEILHOCTH HATHEM C BUJIOU3-
MEHEHHOT'0 TTapaoKca OJIN3HEI0B.

MoandunmupoBaHHbIit TapaJg0KC OJIN3HEIOB

[IpenBapuTebHO HATOMHUM, YTO B KJIACCHIECKON (DU3UKE PE3Y/Ib-
TaThl, MOJyYeHHBIE OJHUM W3 HaDIIomaTeseil, MOryT ObITh HUCIOJIb-
30BaHBI JIIOOBIM JIPDYTUM HaG/rogaTesieM (B TOM YHCIE W UCCIE0-
BATEIIMU, BOBCE HE y9aCTBOBABIMMMHU B 3kcrepumente). [Tosromy
HAIIA TeJTh B JAHHOM CIy4ae - ChOpMYIMPOBATH TAKYH CHMMETPUY-
HYIO MTOCTAHOBKY 33/[auM, 9TO0BI OTBET ObLI OYEBHJEH W3 3/PABOr0O
CMBICTA. PeisiTHBHUCTEI 7Ke, mocToAHHO (!) oTpekaronmecst oT 37paBo-
rO CMBIC/IA, JOJIZKHBI OBLIH OBl PACCMOTPETh PE3YJIbTATHI (pa3HbIe) C
TOYKHU 3PEHUs BCeX HAO/II0JaTe ell, yaacTBOBABIIIX B 9KCITIEPUMEHTE
U COMOCTABUTH UX MEXKTy CO00ii, UTOOBI JOKA3ATH OTCY TCTBUE TTPOTH-
BOpeunii U HabJII0IaeMOCTh CBOMX PEAATUBUCTCKUX P dhekTon. Q-
HAKO MOYEeMY-TO OHU HE CTPEMSITCS B 9TOM BOIPOCE K YCTAHOBJIEHUIO
Uctunel, a Te HEMHOTHE, KTO MPOJE/ILIBA MOMOOHBIN aHaIn3, TUOO
KOHCTATUPOBAJIN OTCYTCTBHUE PEISITUBACTCKUX 3(PDEKTOB [JIsT CXEM C
JABYMsT HAOIIOHaTe My (M 3asBJIsLIN 00 3TOM), TMO0 0OHADY KUBAIH
HAJIMYWe TIPOTUBOpeUnii mpu GosIbIneM ducie Haboaarenedi (Hanbo-
JIee YeCTHBIE U GeCCTpalllHble JTayke MEePEXOIN/IN B Jlareépb KPUTHKOB
TEOPUN OTHOCUTETHHOCTH).

ITycrs aBe KomoHuM 3emystH A u B Haxomsitcst Ha, GOJIBITIOM pac-
crostamn ipyr ot apyra (Puc. 1.1). Tlocpeaune naxomurcs mask O.
OH mochLTAET CUTHAJ, C MPUXOJOM KOTOPOTO C KAXKIOW KOJOHUHU
CTApPTYET TI0 OJHOMY KOCMUYECKOMY KOPabJIto ¢ OJIM3HEIOM. 3aKOHBI
yCKOpeHus (J1sl JOCTUKeHUsT GOJIBINO CKOPOCTH) 3apaHee BBIOUpa-
FOTCA OJIMHAKOBHIMU. B MOMEHT mpoJieTa ¢ DOJIBITION OTHOCUTETHLHOM
CKOPOCTBIO MUMO JIPYT ApyTa (BO3je MasgKa) MO MHEHUIO KayKJIOr0
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— A —

Puc. 1.1: MoandwmmpoBaHHbIit MapaIoKke OJIN3HEIOB.

KOCMOHABTA, JIPYToiil JoJIKeH OBITH Hosee mMoJionbiM. Ho 310 HEBO3-
MOXKHO, TaK KaK OHU B 9TOT MOMEHT MOTYyT choTorpacdupoBaTh cebst
1 Ha OOpATHOW CTOPOHE 3aIMCcaTh CBOW BO3PACT (WM Jaxke oOMe-
HaThest pororpadusvu mudpossiv Merogom). He GymyT xe mpu mo-
CTeYIONIEM TOPMOXKEHUU OHOTO M3 KOCMOHABTOB Ha (poTorpacun
IPYTOTO KOCMOHABTA TOSIBIATHCSI MOPIIWHBI. Kpome TOTO, 3apamee
HEU3BECTHO, KTO M3 KOCMOHABTOB 3aX0UeT JBUTATHCS C YCKOPEHUEM,
9TOOBI PA3BEPHYTHCS U JOTHATH JAPYTOTO.

DTOT MAPATOKC MOXKHO €Ille YCUIUTh, eC/ii C(hOpMYIUPOBATH €10
kak napagokc ognoronok. (Bexs 8 CTO nexmapupyercst He nmepenoc
HaJaja OTCUETA BPEMEHU, HAPUMED, KaK JacOBbIE MOsica HA 3eMiie,
a M3MeHeHHne JINTeJILHOCTH X0/1a BpeMenn). [lycThb Ternephb ¢ KaxK 10it
KOJIOHUW CTAPTYET CEeMbsl KOCMOHABTOB U ITyCTh CPa3y IOCJIE MPeKpPa-
IEHNsT BCEX YCKOPEHHBIX JIBUKEHWH (yCKOPEHUs 3apaHee BBIOPAHBI
OJIMHAKOBBIMM) HA KAXKJIOM KOPaOJe POIUIOCH TO MJIAJEHITy. DTh
MJTQJIEHIIBI U BBIOUPAIOTCS /I CPABHEHWS BO3PAcTOB. Best mpesni-
JyIIas ucTopust asuzkenust (10 Touek A u By COOTBETCTBEHHO) 115t
HUX He cymecTByeT. PakT pOXKIEHNT KaXKI0TO MJIAIEHIIA MOTYT TOJ-
TBEPANTHL Hab/ogaTe/n B Toukax A1 u By. MiaJeHbl OTIn4aTcs
TeM, 9TO BCE BPEMsl JBUTAJUCH JAPYT OTHOCUTEIBLHO JIPYyTa C MOCTO-
SIHHOI CKOpOCThIO 2v. /lo BCTpeun OHU MPOJIETAT OJWHAKOBBIN MyTh
|OA1| = |OBj|. 9T0 9UCTHIit ONBIT UMEHHO [T CPABHEHUST [ITTATE b
HOCTHU MTpoMeXYyTKOB BpeMenu u nposepku CTO. Ilycts, Hanpumep,
MOJIET C TIOCTOSTHHOM CKOPOCTHIO MTPOJOJIXKAJICS 15 JieT 1o yacam, Ha-
xoxgmuMcs B mepBoit pakere. Torga ¢ Touku 3perns CTO mepssrit
peberok Oymer paccyXIaTh Tak: Bce 15 jeT moeil Ku3HU BTOPOit
peOEHOK BUTAJICS OTHOCUTEIBHO MEHs C DOJIBINIOI CKOPOCTHIO, 3HA~
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9UT €ro BO3PACT J0JI2KeH ObITh MeHbIIe Moero. Ecin ke B1ob6aBoK OH
HaYHEeT OTCUYNTHIBATEL BO3PACT BTOPOTO PpeOEHKA OT MOMEHTA, IIPIXO/Ia,
CUTHAJIa U3 TOYKHU B1, TO OYIET CUnTaTh, 9TO JOJXKEH YBUIETH MPU
BCTpede Bozje Maska '"miamenra ¢ cockoit". Touno takxke o mep-
BOM pebenke Oyaer aymarh BTOpoil peberok. OmgHAaKO, BCIEICTBUE
TTOJTHON CUMMETPUN JIBUKEHUS PEe3yJIbTaT OUEBHUIEH: BOZPACT TaKUX
"kocmouaBTOB" Gy IeT OMHAKOB (YTO M MOATBEPAUT HAOIIONATETH HA

MasKe).

HamomunM o6bscHenne KIacCHYECKOrO MapajioKca OJIM3HeroB
(ommu - KOCMOHABT, APYTOii - 3emysann). CanTaercs, 9ro 3TH IBA
GJIM3HEIa HEPABHOIPABHBI, TIOCKOJIBKY TOJBKO OJIUH U3 HUX YCKOPSLI-
cst (MmerHo oH m 0ObsBIsIETC Gostee MooabiM ). Ho Bean 10 yckope-
HI 10 MHEHHIO KaXKJI0r0 OpaTa 6071ee MOIOIBIM ITO0IKEH OBITH IPY-
roit. [Ipuuem paxkTraeckn, eciam OMH YCKOPSIETCsI, TO APYTOit cTape-
er 6bicTpee. (He 3amperurs i KOCMOHABTAM ¥ CIIOPTCMEHAM YCKO-
PATHCsT, 9TOOBI BCE BOKPYT MeHbIne crapenm?) Pasymeercs:, "oObsac-
Henne' 1axke KJIACCHIECKOr0 IMAPATOKCa OJM3HEIOB COAEPKUT IIPO-
TUBOPEYINA. }30—1‘IepBbIX7 BCE€ MOXKHO Je/IaTh CUMMETPUYIHO, KOCMO-
HABTBI MOTYT KCIIOIH30BaTh (hoTorpaduu J0 U MOCIe YCKOPEHU u
JaXke ocymecTBuTh ooMen (ororpadusymu B mentpe (He OyayT Xe
mna wa dpororpadun mamenarrea?!). Bo sropeix, "oobacuenne ne
MOXKeT ObITh U B yckopenun. OOpaTuMcs onsaTh K MOTUMDUITAPOBAH-
HoMmy mapagokcy Ommsuenos (Puc. 1.1): ¢ ommoit m Toit ke GO/
II0iT TOCTOAHHOIT OTHOCUTEJILHON CKOPOCTBHIO MOXKHO JIETETh pa3Hoe
BpeMsi, HAIPUMEP, 33 CYET PA3HOTO TMEPBOHAYAIHLHOTO PACCTOSTHUST
|AB|, a ycKOpeHHUsI MCIOJB30BATH OMMHAKOBBIE. Hampuwmep, BbIOe-
PeM 3TH yCKOPEHHUsI PABHBIMHU yYCKOPEHUIO CBODOIHOTO IMAIEeHUsT Ha,
Semste. Torma pasroH [0 PEIITUBUCTCKUX CKOPOCTEH 3aHUMAET I0-
psaka roga (a BECh MyTh MOXKHO BBIOpATh Topasmo Goabmmm: 100
w1000 cBeToBwIX JsieT). OUeBUIHO, YTO 33 STOT TOJ YCKOPEHHOTO
JIBUKEHUST He MPOU30iIeT HU YCKOPEHHOTO CTApEHUs, HU YCKOPEH-
HOTO OMOJIOKeHus (0cobeHHo ecm "HeuastHHO " BCIOMHEUTE 13 001IEei
TEOPUHU OTHOCUTETLHOCTH 00 9KBUBAJIEHTHOCTH YCKOPEHHOM CUCTEMBI
" CUCTEMbI B TTOJIE€ TAXKECTU: MbI Be€JIb TEIeph nMeeM yCJ/JIOBUA, aHa-
JIOTUYIHBIE CAMBIM OOBIYHBIM 3eMHBIM yesioBusiM!). Tlogywaercs, aro
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OJIHO W TO K& yCKOpeHme (M0 BEJIMYWHE W BPEMEHW CBOEro JeHCTBUS
HA OJMHAKOBBIX orTpe3kax |AAj| u |BBi|) MOXeT BBI3BATH pa3HOe
crapeHune Jjist moarouku moj dpopmyssl 3ameyennst spemenu CTO
— B 3aBUCHMOCTH OT BPEMEHU MPEIBIAYINEro JBUKEHUs C TTOCTOSH-
HOIi oTHOCHTEIbHOI cKopocThio (100 wan 1000 ser), To ecTh MMeem
OTKa3 OT MPUYUHHOCTH. PA3BUBasg 3TY MBICTH, MOXKHO TOCTOSTHHO
MeHATH 3HaK yckoperusi (< v >= 0) u OyieT MPOU3BOJBLHOE JIOMOJI-
HUTETBHOE cTapenue (Torga He umeioT cmbica dpopmynst CTO mis
3aMe/IEHNsT BPEMEHU C MOCTOSTHHON CKOPOCTHIO). B-Tperhux, ycko-
pennda n CKOpOoCTru MOTYT 6LIT]) Pa3/In9IHbI Y PAa3HBIX KOCMOHABTOB
B TIPOIECCe WX JIBUZKEHWsI, HO BCErJa MOYKHO OPTAaHM30BATL BCTPETY
B OJIHOI TOYKE M MO MHEHWIO KaXKJI0r0 BO3PACT OJHOIO U TOTO JKe
0o0bekTa OYJIeT Pa3aInteH, IYTO HEJIETO.

PaccmoTpuM, HampuMmep, BHIOU3IMEHEHHBIH Mapagokc "n 6/m3-
weros" (Puc. 1.2). ITycTh OHM OTHPABISIIOTCSA B MOJIET B PA3HBIX Ha-
TMpAaBJIEHUSIX U3 OHOrO IeHTpa O Tak, U4TO BCE YIVIBI pa3Jjiera B JO-
OBIX MAPHBIX COYETAHWSIX PA3IMYHBI (HEMPABUIBHBINA N-yTOJLHUK ).
I'padur ckopocTeit m ycKopeHUil 3apaHee OMpee/eH OIUHAKOBBIM
(pakernr Beerma "maxomarcsa''ma mexoropoit cdepe ¢ mearpom O).
Benencreue BeKTOPHOrO XapakTepa BEIUYUUH BCE OTHOCUTETHHBIE
CKOPOCTH W YCKOPeHUs Oy/IyT MOTapHo pa3andHbl. [1o MHEHWIO HEKO-
TOPOTO BBIOPAHHOTO KOCMOHABTA KaXK/IBIi IPYTOil TOJI?KEH COCTa-
PUTBCS HA pa3Hoe BpeMsi (M TaK ¢ TOYKM 3PEHHs] KaxKJOro), UTo
HEBO3MOXKHO (OHHTB A0 1 TI0CJIE KaKI0ro OJWHAKOBOTO YCKOPEHUA
KayKJIbIii KOCMOHABT MOXKeT cebsi cororpaupoBarh).

[TombiTku " 00bsicHEHUS " PA3TUIHBIX BAPUAHTOB K/IACCUIECKOTO
mapagoKca OJTU3HEIOB C TOMOIIHI0 NCKYCCTBEHHO BBITYMAHHBIX BCIIO-
MOTATETHHBIX JUATPAMMOK BBITJISIISIT HAUBHO: OMATH PEISITUBUCTHI
XUTPAT U HE PACCMATPUBAIOT PEIICHNS Ha MIPEeIMeT OTCYTCTBUAS MPO-
TUBOpeUNii ¢ TOYKM 3peHUs BCeX HabJomareseil (HEyKeau KTO-TO
u3 HUX OyJeT yTBep:KaTh, 9To mpeobpasoBanus JlopeHia HegocTa-
TOYHBI, & JAMArPAMMBbI Jaf0T HeuTo Gosbmee?). Pusuka n Marema-
THKa, "MSIrKO TOBOPS CJIerKa pa3Hble HayKu. MoxKeT KOro-To 1 CMO-
KeT 3amHTepeCOBaTh — KaK TPU 3TOM MEHAIOTCA WJIN BPAIlalOTCA
POMOUKHU, TMApPAIIETOrPAMMBI, TPEYTOJIBHUKNA U JPYTHE UUCTO Teo-
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Puc. 1.2: TTapamokc n 61u3HEIOB.

METPUYECKUE PUCYHOUKH, HO BCE 3TH PEKOMEHIAINN TIO MCEBIOHA-
yaroMy Haykoobpaszuomy cracermio CTO HamoMwHAIOT TOPAETNBYIO
NMHCTPYKIUIO "Kaxk JeBoit maTkoii, 06epHYB HOTY JIBaXKIbI BO-
KpPyT men, movYecaThb MpaBO€ YXO W BbI3BATH IMPU 3TOM T€ 2Ke OIILy-
meHnst (MX HaJI0 TOJBKO 3apaHee BBISICHUTH), UTO W Y HOPMATHLHOTO
veoBeka (y0BIETBOPSIOIETO CBOIO TIOTPEGHOCTH G0JIee €CTECTREH-
HBIM 0b6pazoMm). Ho maxke mpu takom "cocrostaun genobpamaer Ha
cebs BamManme ciaenyomuit dpakt. B kiraccmueckoit pusuke s1r060it
JIOTUYECKN HEeMPOTUBOPEUYUBLIN MYTh MTPUBOIUT K OJHOMY U TOMY
JKe 00 LEKTUBHOMY Pe3y/IbTaTy (KaxK bl HAOI0JATEh MOKET MPe/I-
CTAaBUTH cebe paccyKaeHus: JO0TO IPYyroro HabIIOIATETT U TaXKe
Bocmosib3oBaThbess umi). Uuoe memo B CTO: Hekoropwie m3 coBep-
MIEHHO OJHOTUITHBIX pa.C(Zy}K,ZI;eHI/Iﬁ TPUXOAUTCA TTPOU3BOJIBHO TTOCTY-
JIMPOBATH HEBEPHBIME (TO €CTh BBIOOD TYTH MOATOHATH TMOJ KJIac-
CUYECKME Pe3y/TbTaThl). 3aMedaTe/bHAs TEOPUS TTOMYdaeTCs: '371eCh
YUTAEM, 3/16Ch HEe UNTAEM, 37eCh MEPEBOPAYNBAEM TaK, 3/6Ch BBIBO-
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K2 1
K ! 2’ 11
-—O—— -

Y

Puc. 1.3: Tlapamokc Bpemenn: moment t = (.

paumBaeM 31ak ', Kak Toercst B mecHe, "a B 0CTaILHOM, TTPEKPACHAST
MapKm3a, - Bce Xopoiro, Bce xopoirno". CocTpsamnano XUTpoyMHO.

IIapagokc BpemeHn

[Mepeiimem Temepb K TMApaIOKCy BPEMEHW IS TBUIKYIIUXCS CUCTEM.
Yacro mist ero "pazpertenns" ucnoas3yior npeobpazosanust JIoper-
1[a: OHU TTO3BOJIAIOT COTIOCTABUATH OJHOMY MOMEHTY BPEMEHH ¢ IeJThIi
KOHTHHYYM BpeMeH t’. 3aMeTuM, 4To ecIi Mbl CBepsAeM MPOMerKyTKI
BPEMEHU, TO TPOTEIypa CUHXPOHUIAIMKN HAYAJIA OTCUETa BPEMEHU
HeBakHa. [lycTh nmeem 2 mapsl vacos ((1,2);(1°,2°)), koropsie ou-
HAKOBO TPOCTPAHCTBEHHO PAa3eNeHbl M CHHXPOHW3OBAHBI TOTIAPHO
B ceomx cucremax K w K’ (Puc. 1.3). Hampumep, cuuxpoHu3zaryst
MOKET OBITH TPOBEJIEHA OGECKOHEYHO YIAJEHHBIM MCTOUHUKOM, Ha-
XOJAIIEMCS Ha TIEPIEH MK Y/IAPE K TIOCKOCTH Beex 4-x uacor (Gosee
TTOIPOOHO 3TO OYIET U3M0KEHO Hajiee B maparpade 06 yCTaHOBIEHUN
eIMHOTO abCOIOTHOrO BpeMenn). Torma Jis JIIOOBIX MTPOMEKYTKOB
nMeeM

Aty = Aty, At) = Al (1.1)
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Y

Puc. 1.4: Tlapagokc Bpemenn: MOMEHT t = t1.

Onxmaxko, o dopmysaaMm mpeobpazoBanuii JIopeHia B MOMEHT COBMa-
JIEHUs 9aCOB C TOYKU 3peHusl IBYX Habomarenel (BOJIM3M 4acoB) B
cucreme K nmveem (Puc. 1.4):

At < Aty, Ath > Ato, (1.2)

To ecth HepasencTro (1.2) mpormsopeunt pasencrBy (1.1). Amaso-
rugnoe nporusopeune ¢ (1.1) momyuwnres, ecau 3ammucaTh HEPABEH-
CTBA C TOYKM 3peHust IBYX Habsonaresnedl (BOJM3M 4acoB) B cucre-
me K'. ByayT pasauaHeIMu gazke 3HAYEHUS PA3HOCTH IIPOMEKYTKOB
Bpemenn. TakuM 06pa3oM, 3TH 9eThIpe HAOJIIOJATENS TIPU MOCIETY-
I0IIElt BCTPeYe B OIHO# TOUKE 1 00CYKIEHUN PE3YJILTATOR HE CMOTYT
IOTOBOPUTHCS MEXK Iy coboil. [me ke 00beKTUBHOCTDL HAyKU?

ITapagokc aHTHUIIOIOB

Ommubouarocts CTO oueHb MPOCTO JOKA3BIBAETCS BCEH KU3HBIO de-
JIOBEUECTBa Ha TaHere 3eMyd. PaccMOTpuM s/ieMeHTapHoe JIOTHde-
ckoe nporuopeune CTO - mapamokc anTunogos. /IBa anTumoma Ha
9KBaTOpe (HAIIPUMED, OJUH UeJOBeK — B Bpaswium, a apyroii — B
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Muonesnn) OTIMYAIOTCS TEM, 9TO 3a CYeT BPAINEHUS 3eMJIN OHU
JIBUKYTCST IPYT OTHOCUTEJHHO JIPYyra B KaXKIbIE MOMEHT BpeMeHU
¢ ToCTOsIHHOM 110 Mozyso ckopocthio (Puc. 1.5). Cuenosarennho,
HECMOTPST HA OUEBUIHYIO CUMMETPUIO 33J1a4M, KAXK/IbII U3 HUX T0JI-
KeH TIOCTapeTh WJIN TTOMOJIOAETH OTHOCUTEJIHBHO JIPYyTOro. MemaeT
Tsirorenne? YOepeMm ero u moMecTUM KaxKJ0ro u3 HAIMMX "KOCMOHAB-
ToB"B Kabuuy. Bpemst Ha makoit "kapycenn'"kaxkabrii cMOXKeT ycra-
HOBUTH (KaK M HA 3eMJjie) T0 HAIPABICHUIO HA HEMOJBUKHYIO OT-
HOCHUTETHLHO TEHTPa KaPyCeTn MaJeKyio 3Be3/y W MO Tepuoay cob-
CTBEHHOTO BpalleHust kapycean. QUeBUIHO, TeUueHWe BpPEMEHU Oy-
IeT OMMHAKOBBIM 7 0boux "kocmonasToB". CHHXpOHM30BATHL Bpe-
MsT MOYKHO PACYeTHBIM METOJ[OM, 3Has Mepuoj obparmenust (3To Bee
He MPUHIUNHATbHbIEe, & TEXHUYECKUEe BOMPOCHI). YBEJIUUINM JINHEi-
HYIO CKOPOCTb v — ¢ Jjis ycujaeHusi 3dderra, HATPpUMED, IT00bI
o ¢popmysram CTO pazuura B xome spemenu "waberasa"100 jet 3a
onmu roz. Memaer nentpobexkuas cuna (yckopenune)? Bynem yreu-
4EBaTL paamyc Kapycemn R Tax, utobsr v2/R — 0 (mampmmep, dTo-
661 maxke 3a 100 et waTErpa bHbIl 3MEKT OT TAKOTO YCKOPEHWS
OBLT HA MHOTO TIOPSITKOB MEHBIIe, UeM CYIECTBYIOIAst TOUHOCTh €ro
I/ISMepeHI/IH). TOF,Z[& HU OAWH IKCIIEPUMEHT HE€ OTJIMYUT JABUKEHUA aH-
TUIIOJ0B OT HpHMOHHHeﬁHOFO, TO €CTh HEMHEPINAJIbHOCTH CHUCTEMBbI
HE CMOXKeT OBITh ODHAPYKEHA IKCIEPUMEHTATBHO 33 BCE BPEMSI ITPO-
BCICHUA OIIbITA. BOpOTBCH peIATUBUCTAM 3a HeO6XO,Z[I/IMOCTb TTPWH-
IATHATBHON WHEPIUAJIBHOCTH CUCTEMBI He CTOWT. HamoMHuM, UTO
JaXKe B TAKO! CTPOroi HayKe KaK MaTEMaTUKa (Haan/IMep, mpu oboc-
HOBAHWU TEOPUHN JEeHCTBUTENIBHBIX UHCET) UCIOIB3YETCS MOHATHE €
- CKOJIb YTOIHO MaJIOro Halepes 3aJaHHoro Jucia. B Hamrem ciydae
JIJIsT CTPOTO MaTEeMATHIECKOTO MTEPEX0/1a OTHOIIEHHE TIeHTPODEKHOTO
ycropenust v2/ R K MeHTPOGEKHOMY YCKOPEHHIO Ha, 3eMTe G, MOKET
OBITH C/IeJTAHO MEHBIIEe JII000N CKOJIb YTOMHO MAJION BEIUYUUHBI € 32
cuer BHIOOpaA Gosbmoro pajmyca "kapycean" R (Hanpumep, MOXKHO
B3aTh € ~ 10719 wmm e ~ 10719 a Beaw Bee ombiter CTO BEITONHE-
HBI Ha 3emte ¢ € ~ 1!). A masiee, ec/iv BBl BepUTE B OTHOCUTEIHBHOCTE
(mu6o cormacuo CTO, mbo cormacno Tamnrero — 6e3pa3maHO, MO~
CKOJIbKY MBI CDABHUBAEM JIJIUTEIHLHOCTH), TO JBUYKEHHME OTHOTO U3
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Puc. 1.5: TTapamgoxc

AHTUMOIO0B.
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AHTHUTIOA0B MOYKHO TapaJLIEIbHO MEPEHECTH MOOJIMKE K IPYTOMY aH-
THUIOAY U BOBCE 3a0BITh MPO MOjeNb Kapyceau. Q4UeBUaHO, UTO s
JIIOOBIX JIBYX TPSIMOJIMHENHBIX IBUKEHUI ¢ OJWHAKOBBIMU TI0 MOIY-
JTI0, HO TPOTUBOIOJIOKHBIMU IO HAIPABJIEHUIO CKOPOCTSIMHU, BCETIA
MOXKHO TIPOJEIaTh U 00PATHYIO MBICJEHHYIO OTEPAINIO: COBEPITATH
mapasiIeTbHBIN TEPEHOC OTHOM U3 TPAeKTOpUil Ha HOJIBINIOe PACCTOsI-
Hrne R — 0o u coeimHnTh ABUKEeHNsT HeKOTOpoii "kapycennio". MTak,
uepe3 HeCKObKO JieT "xxup marumenT uau mepTs"? U kTo Bam GoJibIe
upasurcst, bpazutern wim Uuanonesner? [lorrast cumverpust 3a1aqu
u mostabrit mposas CTO. 3amernm, BoobIIE TOBOPSI, UTO EIUHBIN Xa-
pakTep BpeMEHU OTMeHsIeT TMPUHITUIUAJILHOCTH BOMPOCA O ero CHH-
XPOHUBAIMK: YaChl MOXKHO, HAIPUMeEDP, HOCUTH ¢ coboit. CoMmHeHwmst
mo moBoay "mouTu''MHEPIMATBEHOCTH JBUXKEHUN OyIyT 0OCYXKIEHBI
nmasee B [mase 3. A 771t TeX peJIITUBUCTOB, KOTOPBIE " TPUHITUITHAJIB-
HO"OYAYT TMBITATHCSA 3aKPBITH TUIa3a cebe U JAPYTrUM Ha BOZMOKHOCTH
mepexosa K OoJbImM R, MOYKHO TPEIJIOKWUThH BIUCATH B OKPYK-
HOCTH DOJIBITIOTO PaJNyCca MPABUIBHBIH N-yrOIBHUK (n > 3; B KakK-
JIOM yTJIE PACTIOIOKEH HETOBUKHBIN HAOIIOIATENh) U PACCMOTPETH
Ternepb yKe UUCTO MPSIMOJIMHEHbIE JBUKEHUS PAKeT C KOCMOHAB-
TAM¥ BJIOJTH CTOPOH 3TOTO N-YTOJbHUKA (J1a’Ke OJMHAKOBBIE TIETIIN
It Habopa OJMHAKOBBIX CKOPOCTEH C MOMOIIBIO OJNHAKOBBIX ''3eM-
HbIX " YCKOpEHUt ¢ MOXKHO OMHAKOBO MPUCTHIKOBATH K YIVIAM 3TO-
ro n-yronabauka). OUeBnIHO, 9TO /1S HEMOJABUIKHOTO HAOIIONATE s
(HampuMep, B IEHTPE OKPYKHOCTH) BCE TH WHEPIHAJIbLHBIE CHCTE-
MBI PAKeT COBEPIIEHHO PaBHOMPABHBI U XOJ BPEMEHU B pakerax 0y-
JIeT OJWHAKOB, HECMOTPSI HA IBUKEHUE PAKET APYT OTHOCTUTETHHO
apyra. Mbl TakKe MOYKeM HapUCOBATH OYEBHIHYIO CHMMETPUUHYIO
cxeMmy Tuma "1BeTKA'" 71 BO3MOXKHOCTH OJHOBPEMEHHOTO CTapTa U
buruTa KOCMOHABTOR B TeHTpe OKpyskHOCTH (CcM. Puc. 1.6).

[TockobKY MBI CDABHHBAEM XOJ BPEMEHH (a He HAYAJI0 OTCUe-
Ta BPEMEHH), MOYKHO BOCIIOJB30BATHCS PABEHCTBOM XOJa BDEMEHU
IUTs JIFOOBIX B3aMMHO TOKOAIMMXCA 00BHEeKTOB. Torma Momesrb Kapy-
CeJIN JIETKO MOYKeT OBITH 0DOOINEeHa Ha CAydail MIOCKUX IBUKEHMI
JIBYX 00bEKTOB C MPOM3BOJIBHBIMI CKOPOCTSIMU KaK 110 BEIUINHE TaK
7 TI0 HAIPABJIEHHIO. DTO YNCTO FeOMETPUYECKas TPUBUAJILHAS 3312~
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N

~0

Puc. 1.6: Cummerpnunas Mmomenb "muperka'.

ga (cMm. Puc. 1.7). Hampumep, mycTh MBI mMeeM JBa 00beKTa, KO-
TOPBIE COBEPINAIOT TPSIMOJUHEHHBIE IBUKEHUSA, N300ParKeHHBIE HA
e T a7
puc. 1.7 Bekropamu ckopocreit AA; u BBp. Ilycts 3mu cropocTn
PABHBI TIO MOJYJIIO W TIO BEJTUUNHE GIN3KM K CKOPOCTH CBETA U — C.
Bribupaem B mpOCTpaHCTBE MPOU3BOILHYIO TOUKYy (O W TPOBOIUM
OKPYKHOCTb C IMEHTPOM B Touke O ¥ TAKUM PaauycoM R, aTobObI 11eH-
TPOOEKHOE YCKOPEeHWe OBLIO MEHBITIe HEKOTOPOit HAMepe T 33 JaHHOM
MaJIol BEJINUUHBI £1 (HAPUMED, CYIIECTBYIOIIEH TOUHOCTH H3Mepe-
Hust yekoperwit): v2 /R < g1, To ecth R > v? /1. TIposoam mpsivyio
AAy meprierukyaspayio AA;. Yepes Touky O MpOBOIUM MPSMYIO
A3 Ay, mapamnenpayo npsimoit AAs. B Touke mepecedenust Hareit
_—
OKPY:KHOCTH U JaHHON IPsMOil mpoBoauM BeKTOp AzAs, paBHDL
—_— Lo
o momymmio |[AAp| u mapamnensubiit AA;. PakTUIECKH, MBI TPOCTO
—_—
COBEpIIIN apasLIeabHbIi meperoc asmxerns AA;. Ilpogenas ana-
E— =
JIOTHIHYIO TIPOTIEAYPY ¢ mBmkenumeM BBj, nomxyunm BsBsy. Temepn
00a JBUYKEHUST HAXOISITCS Ha OJHOM OKPYKHOCTH U C CYIIECTBYOIIEH
9KCIIEPUMEHTATBHON TOYHOCTHIO HE MOTYT OBITH OTIUIUMBI OT HHEP-
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B,

Puc. 1.7: Mogens kapyceu /st TPOU3BOIBHBIX TLJIOCKUX JIBUKEHMIA.

IMUAJTBHOTO JBUKEHNS. BCIeIcTBre OYeBUIHON CUMMETpUN 3aJIaun,
BpeMs JIJI TaKWX JBUKYIINXCA OOHEKTOB OyIeT Tedb OJMHAKOBO.
Hamnpuwmep, amnTelbHOCTE BPEMEHU MOXKET U3MEPATHCS MEPUOTIIe-
CKVMM BCITBIITKAMH, TIPUXOJATIIIME U3 IIEHTpa OKpyKHOCTH O. Bo3b-
MeM Tereph TPSIMOJIMHEITHOe IBIKEHIe, XapaKTePU3YIOIIeecs: BEKTO-
POM CKOPOCTH C’—C’{, mapasIeTbHBIM AA, , HO ¢ apyruMm momyaem. Co-
BEPIMM TapaLIeabLHBIH epenoc asuxkenus n nogyanm C3C5 (npm
9TOM B34T pajuyc okpyxuoctu |OCs| = R|C—'3—C’_5>|/|M|) B stom
C/Iydae MBI BHJMM, 9TO JBa 00beKTa (XapaKTepu3yIOIIUEecs CKOPO-
CTAMU M n C_%,_C'_g:) 6yIyT IBUTATHCS BIOJb KOHIEHTPUIECKUX JTyT
okpyxuocteit Asa n Csd, ocTaBasich IpyT OT APyTra Ha OJNHAKOBOM
PaCCTOSHUM BIOJIb pajuycoB okpyxkuocreit. (Ha puc. 1.7 rosibko mis
HATISTHOCTH M300PayKeHbI HOJBINNE JYTH, TO €CTh YBETUIEHBI YTII0-
BBIE€ MepHI; Ha, CAMOM JIeie, BCe AYTH 10 YIVIOBOH Mepe OYyayT OueHb
MaJibl ¥ HEOTJTHMYUMBI OT TPSMOJUHEHHBIX ydacTKoB). Omsarh Bpe-
Mst MOXKeT "oTMepsiThest' epronraeckuMu BCIbITTKamMu u3 meaTpa O
(cKOTBKO CBETOBBIX Chep OyIeT MpoXoAuTh Yepe3 OKpyKHOCTH Csd,
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CTOJIBKO YKe OyIeT MPOXOANThH W Yepe3 OKPYKHOCTh Asa - cBeTOBBIE
cdeps! HUrAe "He NPAYyTCs, He NCUE3aI0T, He KOHISHCUPYIOTCA 1 He
nobassores"). OueBnaHO, 9TO I TAKUX 00HEKTOB BPEMS TaK¥Ke
Oymer Teub 0UHAKOBO. IIpu 3TOM MBI MOXKEM MPOIOIKUTL OKPY K-
HOCTH, MPOXOAAILYI0 uepe3 Touky Cs, u B JII0OOH HOBOI TOUYKE MPO-
BECTH BEKTOD ITDEZ , KACaTeJIbHBIM K OKPYYKHOCTH U PABHBIN IO MO-
JTYJIEO ]CTC’Q[ OnsiTh 00'BEKTHI, IBUKYIIHECS CO CKOPOCTSIMI ZTDQ "
C_’;:,—C'_g,) , HAXOJIATCS Ha OTHON OKPY’KHOCTHU U, BCJEJCTBUE CUMMETPUN
3a/a4u, BPEMs [IJId HUX OyIeT Tedh OJNHAKOBBIM 0Opasom. B urore,

Ha npuMepe aBuxkeHuii co ckopocramu AzAs u D3Ds wim B3Bs n
m, MBI JTOKA3aJI¥, IYTO BPEMsI COBEPITIEHHO He 3aBUCUT HU OT BEJIU-
YUHBI, HA OT HAIPABJIEHUsT CKOPOCTH IIJIOCKOTO JBUKEHUST 00HEKTOB,
a TeUYeT OJMHAKOBBIM obpaszoMm. [lepexom K TpexMepHOMY JBUKEHUIO
I TOYEYIHBIX OOBEKTOB TAKXKe COBEPINAeTCs 3JIeMeHTapHo. Bua-
Jajie ONUH W3 BEKTOPOB CKOPOCTHU MEPEHOCUTCS K HAYAIY BTOPOTO
BeKTOpa. Terneph uepe3 3TH MEePEeCeKAONINeCs: MPSIMbIe TPOBOJUTCS
IJIOCKOCTH, B KOTOPOil yKe MOXKHO BBIMOJHUTH BCE OMUCAHHBIE pa-
Hee nocTpoenusi. Takum 06pa3oM, BpeMst COBEPITIEHHO HE 3aBUCUT OT
B3aUMHOTO JIBUYKEHUST HHEPITUAJBHBIX CHCTEM.

Ennnoe abGcosroTHOE Bpems

[TousTre Bpemenu mmupe, 1eM pa3MepHbIil K03DMUIUEHT TPOITOPIIHU-
OHAJBPHOCTHU B 3aKOHAX MPE0OPA3OBAHUsSI, U UMEET TOpa3/1o OoJibIlee
OTHOIIIEHWE K JIOKAJIBHON HEOOpaTMMOCTH TPOIEeccoB. Bo-mepBhix,
OJTHO3HAYUHAS MPUBS3KA BPEMEHU K JBUKEHUIO Teja He YUIUTHIBa-
€T BHYTPEHHWE TPOIECCh, KOTOPhIE MOTYT ObITH HEM30TPOITHBI, TPO-
TEKATh C pa3HbIMEU "CKOpPOCTSMU'"M XapaKTepu30BATH JOKAJBHYIO
HeoOparnMocTh (Kaxkaas Takast "CKOpOCTh''To-pasHOMy CKIaIbiBa-
eTCsl TEOMETPUYECKU CO CKOPOCTBIO Teja KaK Ie0ro0). Bo-BTOpBIX,
MPUBSI3KA BPEMEHUW TOJBKO K CKOPOCTH TIEPeIadn JIeKTPOMATHUT-
HBIX B3aUMOJEHCTBUN HE yUUTHIBACT APYyTrUe BO3MOXKHbBIE B3aAUMO/Iei-
cTBUs (KOTOpPBIE MOTYT PACIPOCTPAHATHLCSI B BaKyyMe) u pakThde-
CKM O3HAYAET 3JEKTPOMATHUTHYIO TPUPOJLY BCEX siBJIeHMI (abCo.Iro-
TU3AIUS JTeKTPOMATHUTHBIX B3anMojeiicTsuii). O TOM, KaK MOYKHO
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Puc. 1.8: Obmen curaajaMu cOGCTBEHHOTO BPEMEHH.

BBECTHU eJHOe abCOJIIOTHOE BpeMs OyIeT CKa3aHO HUKe.

[Ipu BBesEeHWN TOHSTHS COOCTBEHHOTO BpeMeHu ((baKTUIecKu
CyOBEKTUBHOIO BPEMEHM) METOAMYECKHM BAYKHBIM KayKeTCs CJIeLy-
foruit MoMmeHT. CoOCTBEHHOE BpeMsl Uy:KOro OObeKTa HaJ0 He BbI-
quCaAThH (0 HAMMM COOCTBEHHBIM TpaBmiaam), a "cipocuts'y HEro
camoro. Torma paccmorpum ciemyiommuii skcepument (Puc. 1.8).
[TycTs HAbIIOMATETH PACTONIOXKEH B HEMOABUKHON crucreme S B TOU-
ke O, rme moMerneH Masik. MasgK CUTHAJIAT KaXKIyi0 CEeKYHIYy U B
UTOTe YUCTO0 BCOBIEK N PaBHO UUC/TY MPOIIEANTNX CEKYH B TOUKe
O. Tlycth KoCMOHABT (ABIKyIIascsa cucrema, S’) cTapTyer U3 TOUKH
O. Torma, npu yrasenun orT Touku (0 KOCMOHABT OyIeT BOCIPUHU-
MaTh BCIBIIKY Pexke (¢ MeHbIeil 9acToroit), gem 10 crapra (dakru-
YECKM — 3aMejienne BpeMeHu Masika). OJHaKO, MPHU MOCTIe Iy IOIeM
TpUOIMKEHNN K MasiKy BCIBIIIKU, HA000pOT, OyayT Hojtee dacThiMu,
yeM J10 crapTa (Ternepb — yeKOpeHue BpeMern Maska). [lpu v < ¢ oue-
BUJIHO, UYTO KOCMOHABT HE MOXKEeT 0DOTHATH HU OIHY BCIIBIIIKY U He
MozKeT 0boiiTi Hu ofHy u3 Bembimek (cdep csera). Takum obpazom,
HE3aBUCUMO OT rpadrKa CBOErO JBUKEHUSI W TPACKTOPWH, PU BO3-
Bparennn B ToUKy 0 KOCMOHABT BOCIIpUMET POBHO N BCIIBINIEK, TO
€CTb BCe BCIBIIIKHU, KOTOPbIe W3ayuni Masgk. CjieToBaTebHO, KaXK-
BTt U3 3TUX JABYX HaO/IIOmaTes el moaTBepauT, 9To npornio N ce-
KYHJ Ha Maske. KCam KOCMOHABT Ha KOopabje TakKe OyIeT MMeThb
Masik ¥ CUTHAJIU3WPOBATH O YHCJIE CBOUX IMPOIIEIITUX CEKYHI, TO
OTHOCUTE/THHO BPEMEHU KOCMOHABTA, TaKKe He BOSHUKHET PA3HOT/IA-

29
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Puc. 1.9: Beckoneuno yma/ieHHBI UCTOYHUK IS YCTAHOBJICHUS €11~
HOTO abCOTIOTHOTO BPEMEHH.

cuit. Curyanus 0Ka3bBaeTCsl MOJHOCTHIO CHMMETPHYHOI (HApUMED,
JUTs mapaiokca om3nenos). [Ipu BecTpede B 07HOM TOUKe BCe chephl
CBeTa TEPeceKyT MPOTUBOMOJIOKHBIX HabG IoaTe el (dncio ux e
MOXKeT HU JOGABUTHCS, HU YOABUTHCS ). DTO YUCIO paBHO N - IHCTY
MPOIEIINUX CeKYH/T JIjIs 000uX HaADII0IaTe el

PaccMoTpuM Temeps BOIpoc 06 yCTaAHOBIEHUN eIUHOTO abCOJTIOT-
noro Bpemenu. (EcrecTBenno, ecim n3mepars BpeMst OUEHUSIMU CBO-
ero CepiIa, TO OHO OyIeT CYOBLEKTUBHBIM W 3aBUCETh OT BHYTPEH-
HUX ¥ BHeNTHUX yciaorwit.) ITonbiTka BBecTH coberBenHoe "3ekTpo-
MarHuTHOe BpeMsi''u abCcoI0TH3MPOBATH €r0 — 9TO BO3BpAT B IMPO-
mtoe. OHAKO, Jayke TOrIa, HECMOTPST Ha MU3EPHYI0 CKOPOCTH ITe-
penaun uHdopManuu (HapuMep, roJyOHHON MOYTOl ), JIFOIM MOTIIH
CUHXPOHU30BBIBATH BPEMsI, TAK KaK MO/IH30BAIUCH OTIAJEHHBIM HC-
rounnkom curaanos (Comrne nmm 38e3ap1). [Ipeacrasum cebe ce-
naytomuii MbIceHHbli skcnepument (Puc. 1.9). Vianenusiii mctod-
HUK S, HaXOISIIIUICS Ha, CEpEeINHHOM TEPIEHINKYIAPE K OTPE3KY
AB, nepuognvecKu mochLIaer curuansl (¢ mepuogom 1'). B moment
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npuxoia curaasa B Touky O 1Ba perucrpupyronmx ycrpoiicrsa (1
U 2) HAUWHAIOT JBUTATHCS 3€PKAJTBHO CHMMETPUYHO (CO CKOPOCTS-
Mu vV u —V), orpaxasack or A mw B ¢ nepmogom 27. Ckopocth v
MOXKeT OBITH MPOM3BOIBHOI (3a cuer BbIOOpa paccroguus |AB|).
Hecmorpst Ha TO, 9TO B KaKIblii MOMEHT BPEMEHU yCTPOICTBA JIBU-
JKYTCsI IPYT OTHOCUTEIBHO JIPYra CO CKOPOCTBIO 20 (KpOMe TOUYeK
OTParKEHNUs ), CUTHAJIBI OY/IyT BOCTIPUHUMATHCST OJHOBPEMEHHO B MO-
MeHT mposieta, Touku O (TaM Ke MOXKHO MOMECTUTH HAGJIIOIATE st
3). Bpewms, onpezgenennoe Takum o6pa3oM Oymer egmHbIM (B TOUKe
O) nmng Beex Tpex mabmogareneii. [ Toro, 9TobBI CaenaTh cie-
IVIOMIMIA Iar 3aMeTHM, UTO JJIs BBIBOZA (POPMYJI IPEOOPAZOBAHIST
CTO mocraTo4Ho PacCMOTPETh OTHOCUTENHHOE ABUYKEHUE BIIOJb OJ-
HOIT MpsiMO#i (TAK KAaK PAaCcCMATPUBAIOTCS WHEPIUATBLHBIE CHCTEMBI).
Ba cuer Bribopa Gosbioro paccrostaust [ SO| MOXKHO 10GUTHCST, YTO-
ObI pa3HUIla BO BPEMEHH MEXKY MPUXOIO0M CHTHAIa B TOUKy O U B
Toukn A u B ObL1a Menblite 11000i Hanepes, 3aJaHHOl BeIndYrHbl. B
pe3yabTaTe C 3aJaHHON TOYHOCTHIO BpeMs OyaAeT OIMHAKOBBIM IS
BCEro BLIOpPaHHOIO orpe3ka AB He3aBUCMMO OT CKOPOCTEH IBUYKe-
Hust Habsromareneit 1 u 2. Takum obpazoMm, HECKOHETHO yaaeHHbBIi
MCTOYHUK CHUTHAJIOB, paCHOHOH(eHHLIﬁ HepHeH,Z[I/IKy.TIHpHO K HallpaB-
JIEHUIO OTHOCUTEJIBHOTO ABUXKEHUA CHUCTEeM, MOXKET BBITIOJIHATH POJIb
YaCOB, ONPENEJSIIONINX eJINHOe abCOMIOTHOE BpeMs (OJMHAKOBOE —
HE3ABUCUMO OT WHEPIMAILHON CHCTEMbI oTCYeTa). Bonpoc 06 m3me-
HEeHNM HaOJII0IAeMOr0 HAIIPABICHUS MPUXOJIa CHUTHAJIA OYIeT H3J0-

JKeH HrxKe (ITOOBl HU y KOTO He BO3HUKJIO UCKYIIEHWs 'TIPUTSIHY ThH
3a ymm'"abeppariuio, sKoObl OTPAYKAOIITY 0 M3MEHEHNe HATPABIEHUST
dbponTa BOTHBI).

,Z[OHOJIHI/ITQJIBHI)IQ 3aMevdYaHnud

Cnenytoriee MeTomdeckoe 3amedanue. [loHsgTHE BpEMEHU CTAHOBUT-
CsT OPPAHWYEHHBIM, €CJIU MTOJIB30BATHCS METOIOM DIHIIITEHA, I ero
cuaxpoHu3anun. Bo-mepBhIX, N3 IBYX HE3aBUCUMBIX MTEPEMEHHBIX —
KOODZIMHAT W BPEMEHW — OCTAETCST HE3aBMCUMOM JINTITH OJTHA W3 TTepe-
MEHHBIX, B TO BpeMd KaK Jpyras CBS3aHa C COCTOSHUEM JIBUKEHUS
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Puc. 1.10: CeroBble 4achl.

(cyObeKTMBH3M) M CBOHCTBAMM CKOPOCTH CBeTa, (Movemy, HapuMep,
He 3BYKA WU He CO CKOPOCTBIO 3eMJIH U T.J.). BO-BTOPBIX, MOCKOIBKY
TSt OTIPEJIEIEHNsT CKOPOCTH HEOOXOMMO HE3ABUCUMOE ONpPEJIe/IeHne
KOODJMHAT M BPEMEHH, TO CaMa CKOPOCTBb CBETa CTAHOBUTCS HEOIPE-
JeSIeMOoil BeTMIMHON (HEM3MEePUMOIt, TOCTYIMPYeMOoi).

Kaxk ke 11004T peiaTHBUCTBI BO3UTHCA ¢ HepaboTaAIOIMMu n300-
pererusavu! Ogunm n3 takux "Bemukux"HepaboTaonmx n306pere-
HUiT TEOPUU OTHOCUTELHOCTH SIBISIOTCS CBETOBBIE Jachl (3a 100 et
HUKTO JaXkKe He TpobOBaJI MOCTPOUTH OMBITHBIN 00pa3err u HUKOTIA
He OyJeT ThITaThCs 3T0 cAenars!). VI He moToMy, 4TO HEBO3MOXK-
HO CO3/aTh UIeAJTHHO TIOCKNE, WIATLHO TAPALICThHBIE, NIeaTHHO
OTparKaoIne 3epKaja. A MOTOMY, UTO MBI HE CMOYKEM HabJIIOIAThH
"TUK-TAK"c60ky, kak 3to ommmceisaer CTO. Hacer "paborator" mo
mepsoro "THUKA"u mepecraior OBITHL "MAEHTUYHLIMU TaK KakK ¢o-
ton B MomenT perucrpainu "TUKA" jomken npos3zanmoeiicTBo-
BaThb. Tem He Menee, BepHEMCs "K HAIUM PEJSITUBUCTAM KOTODBIE
JUTST TEMOHCTPAITNN 3aMeIJIEHUsT BPEMEHH 9aCTO MOIB3YIOTCS CBETO-
Beivu gacamn 35| (Puc. 1.10). OxHako, TOYHO TakyKe MOYKHO pac-
CMOTPETh TIEPUOMUECKH OTPAYKAIOILYIOCS YACTHUILY (MJIH JIyUIIe 3BY-
KOBYIO BOJIHY) CO CKOPOCTHIO U < € U TIOJYYUTh POU3BOJILHOE 3a-
mezienne Bpemenn 7o/v/1 — v2 /u?. M3BecTHO, 9TO OPTOrOHAILHBIE
KOMTIOHEHTBHI CKOPOCTHU MOTYT OIMNCHIBATHCA HE3aBUCUMO: TOPU30H-
TaJIbHOE JBUXKEHUE CO CKOPOCTBIO V OTHOCUTENBHO TPUOOpa HUKAK



1.2 PEJISITUBHNCTCKOE BPEMS 33

HE CKaKeTCqd Ha BEPTUKAJIBHBIX KO.}Ie6aHI/IHX HaCTUIbI C Hpe}KHeﬁ
CKOPOCTHIO U. Bompoc skcmepuMeHTag bHOr0 000CHOBAHUS TTOCTY/Ia-
Ta MOCTOSTHCTBA, CKOPOCTH CBeTa Oyaer mpoaHaam3upoBaH B [1ase

3.

Bamegnenne Bpemenn B CTO gapasgercs me 6ojee, deM KaxKy-
mmmMcst 3 dexkrom. Hamomuanm, 910 1711 3ByKa JINTEIHHOCTD IYIKa,
TpyObl At TakyKe 3aBUCUT OT CKOPOCTH MPUEMHHUKA OTHOCHTEIHHO
nucroununka, (TpyOBI), HO OTCIOJIA HUKTO HE JIEAET BBHIBOJIOB O 3aMe/l-
sennn Bpemenu. Jleo B ToMm, uto "pererue Habr0gaTE ST IBUTATH-
Csl ¢ TOW MJIM WHON CKOPOCTHIO HUKAK TMPUYNHHO HE CBA3AHO C MPO-
HeccaMu M3JIydYeHns 3ByKa (Ja w ¢ ApyruMu mpoueccamu B TpyGe).
[TycTh meBelr HEMPEPBIBHO TOET MECHIO B MOKodmeiics arMocdepe, a
ero 6par-6m3Her; HymeT ABUTATHCS OT TEBIA, MOYTH CO CKOPOCTHIO
3ByKa Us: o] = v/vs & 1, a 3arem OymeT IBUTATHCA K MEBILY (C TeM
JK€ OTHOIIEHUEM (v ). XOTsl ECHsT Oy/IET NCKAYKEHa, HO HUKTO eIle He
zacdukcupoBas 6osiee HBICTPOTO cTapenust mesna. 1lycTs Temeps MbI
9TOM Ke TecHell MPOMOIYIUPYEM CBET BIOTOHKY OpaTy-O/nm3Herry,
VJIETEBITIEMY Ha pPaKeTe MOUTH CO CKOPOCTHIO CBETa, HO C TEM IKe
YHUCJIOBBIM 3HavYeHneM oo = v/c = a; ~ 1. Tenepn Gpar-6ausnerr
OyIeT CAyIaTh 3Ty »Ke MCKAKEHHYIO TMecHIo. [loueMy »Ke CUTyarmst
JTOJIKHA U3MEHUTHCST U OpaT-IoMOoce] JOKeH moctapeTh? A ecin
HEKOTOPBIH KWBOH Oprann3m OyaeT XapaKTepu30BaThCA OMPEIeIeH-
HOI 9aCTOTON U3JIyUYeHHUd, OTJINYAIOIIEH ero OT MepTBOr0 OPraHnu3Ma,
TO Hey¥Kequ m3-3a Bamero jBukennst (m3-3a 3ddexra lommiepa)
CHAYaJIa BBl KOHCTATHPYETE CMEPTh OPraHu3Ma, a 3aTeM ero BOCKpPe-
H_IeHI/Ie? I/I.T[I/I HY2?KHO TIOCTY/JIUPOBATH M3MEHEHUE O6’])€KTI/IBHLIX Xa-
PAKTEPUCTUK OOHEKTA, HE CBSIZAHHOTO C BAMU MPUYUHHO?

Cremaem 3aMedaHus MO MOBOIY METO/A CHHXPOHUBAIUU BpEMe-
Hu DiiHiTeliHa. TpaH3WTUBHOCTH CHHXPOHUBAINNA BPEMEHU METO-
JIOM DUHINITEHA UMeeT MeCTO i TPUBUAJBHOTO CAydasi TPeX B3a-
UMHO TIOKOAIIUXCS TO4YeK. Ecam ke Touku (He Ha OHON TpPAMOiL)
MTPUHAJJIEXKAT CACTEMAM, JBWKYIIMMCS JIPYT OTHOCHUTEIHHO JIpyTa
B PA3HBIX HANPABIEHUAX (He MapaJiiebHo), TO TPOIEIypa CHHXPO-
HU3AIIN MOXKET CTaTh HEOMpeJe/IeHHOM: s KaKOTO MOMEHTa Bpe-
MEHU CUYUTATh Yachl CUHXpOHW30BaHHBIMU! [l1g Havama mporery-
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PBI, €e OKOHYAHUST WU MPOMEXYTOIHOro MoMmeHTa! Jlayke st To-
YeK Ha OJTHON TPsIMOit MeTo I DIHINTeHA ONUPALTCA HAa COBEPITEHHO
HEMTPOBEPEHHOE B YKCITEPUMEHTAX MOJIOYKEHUE O PABEHCTBE CKOPOCTH
CBETA B OJIHOM U TIPSIMO TIPOTUBOIOIOKHOM HampaieHusx. PakTu-
9eCKM, CUHXPOHMW3AINsT OKA3LIBAETCS JMDO HAIOJOBUHY PACUIETHO
MPOTIEIYPOit, JINOO MHOTOUTEPAIMOHHBIM TTPOIECCOM, TAK KaK CHH-
XPOHUBAIWS TTPOBOAUTCST TOJIBKO JIJIsT IBYX BBIOPAHHBIX TOUYEK. DTUX
HEJIOCTATKOB JIUIIEH MeTOJ CHHXPOHUBAIUNA C MOMOIIBIO YIAJTEHHO-
ro MCTOYHNKA Ha CepeAnHHOM Teprenanky/spe [48]. Ou nossosser
9KCIIEPUMEHTAIHHO (& HE PACYeTHO), 6e3 JOMOJHUTEHHBIX THITOTE3
CUHXPOHU30BATH BPEMsI C 3apaHee BHIOPAHHOW TOYHOCTBHIO CPa3y Ha
BCEM JIAHHOM OTPE3Ke (/1a’Ke Ha TJIOCKOM y9aCTKe).

ITepeitmem Temeps Kk emwHUIAM W3MepeHUs Bpemenu. Paszymeer-
Csl, JJIsI U30JIMPOBAHHOIO SBJIEHUS B PaMKaX HEKOTOPOW MaTeMaTH-
YeCKON Mojiesin JTI0Oble MPUBBIUHBIE BEJIMUWHBI MOYKHO OMUCHIBATH
B Pa3HBIX €JIMHWIAX M3MEDPEHUs W B Pa3HbIX Macmrabax (Kak pas-
HOMEPHBIX, TAaK U HEPABHOMEPHBIX, HATIPUMED, B JIOTAPUMDMUATECKOM
macmrabe). B 0CHOBHOM 3T0 ompesensercs Kak ymo0CTBOM Omuca-
HUST I JTaHHOW MOJEIH, TaK U, B CJydae ODOOIIEHUs, BO3MONK-
HOCTBIO MCIIOJIB30BaHUA TEX K€ BEJIUYNH [IJId JIPYTUX d)HBI/I‘IeCKI/IX
SIBJIEHUIT M MaTeMaTHIeCKUX Mozeseil (CTBIKOBKA PA3HBIX 0bJacTeil
dbuzukn). Oxnaxo, capkasm Teiinopa n Yumtepa [33] o "cesmen-
HBIX eIMHUIIAX' COBEPIIIEHHO HeaJieKBaTeH. KOHEUHO, MOXKHO BBECTH
epeBogHON Ko buImeHT 11t Bpemenn B MeTpbl. Ho mpm 3TomM oH
He 00s13aH OBITH CKOPOCTBHIO CBETA, a, HAIIPHUMEpP, MOKET OBITH CKOPO-
cthio merrexoma. O6e Ha3BaHHBIE CKOPOCTH COBEPIITEHHO OJMHAKOBO
HE MMEIOT OTHOMICHUSA K 3BYKOBBIM, TETIJIOBBIM ABJICHUAM, K THUIPO-
JUHAMUKE U KO MHOTUM JApyrum objacTsaM (puzuku. MoxKHO BOOOIIE
BCE BEJIMYUHDBI BHIPDA3UTH B METPaAX: MaCCy, 3apdAd U T.I.. O,Z[HaKO, BCeE
ot "pasHbie MeTphl"

1) we ckraapIBaOTCH,

2) He B3aMMO3aMeHsIEMBbI,

3) MOSBIAIOTCS OYEHb PEJIKO B HEKOTOPBIX COBMECTHBIX KOMOW-
HaIUAX, Ja 1

4) st pa3HBIX ABJIEHUI OTHA U Ta ¥Ke KOMOMHAIST HETPUTO/IHA.
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(Hampumep, MHTEPBA MMEET OTHOIIEHWE TOJHKO K 3aKOHY PaCIpo-
CTpaHEeHus CBeTa B wycrore). MoXKHO BCe BEJMUNHBI CIeaaTh Ge3pas-
MEPpHBIMHT (I/I 3a BCeMU (bl/ISI/ILIeCKI/IMI/I BeJIMIYMHaMUW TPUIAETCA CIIe-
TUThH oTAenpH0). Ho B moGoMm ciayuae dusmka He CTaHET MaTeMma-
Tukoil. Pu3nKa He W3ydyaeT BCe WILII030PHBbIE KOMOMHATOPHBIE M-
poi''ypaBHeHUi, a TOJBKO TO OTHOCUTEIBHO MaJioe UX KOJIUIECTBO,
KOTOPOE PeAn3yercss B mpuposie (OCHOBHBIE BOMTPOCH! (DU3MKH: KaK1e
B3aMMOCBSI3U PEATN3YIOTCS B IPUPOJIE, TOUEMY U KAKOBBI CJIEICTBUS
W3 9TOTO).

1.3 OTHOCUTEJIBHOCTH OTHOBPEMEHHOCTU

[Mocme xpuTrkm GA3WCHOTO TIOHATHST BPEMEHW MPOIOIKUM AHAINS
JIOTHYECKUX OCHOB 9TOW TEOPUU U PACCMOTPUM BCIIOMOTATETHLHOE TT0-
ustre "oTHOCHTEIRHOCTH OmHOBpeMeHnHOCTH". HamoMHUM MBICTEH-
worit axcnepumenT u3 CTO. [lycts 1o xeje3Hoit mopore efer moesn
A'B’ co ckopocteio v. B monmorao kenesnoit moporu (C') marmpoTus
nearpa noezna C' (B Moment cosmajenust touek C' = C') monama-
er mosamst. Torma B cucreme, CBA3AHHOW C ABVKYIIUMCS TTOE3L0M,
BCIIBITITKA JOCTUTHET ogHoBpeMenHo Touek A’ u B’ B To Bpems Kak
JUTST HETTOJBUKHOTO HADTIOIATESTST BCITBIIIKA, JJOCTUTHET OJHOBPEMEH-
Ho Touek A m B (¢ cepenmuoii B Touke C), HO K 3TOMY MOMEHTY
touku C' u C’ (cepesuHbI OTPE3KOB) PA3OHIyTCsS HA HEKOTOPOE pac-
crostare. QIHAKO, U B KJIACCHYECKON (DU3UKe BO3MOXKHA I10J00HAs
curyanus, ecan nadopManuio u3 Touek A’ B’ A, B MBI 3aX0THM I1e-
pesaTh B HOBYIO eamHyio Touky D (mmwm, maobopor, u3 touku D B
rouku A', B', A, B) ¢ HEKOTOPOIi KOHEYHOM CKOPOCTBIO v1 (TIPH 3TOM
CTO u moCTOSTHCTBO CKOPOCTH CBeTa, He OyIyT UrparTh HUKAKOH pPo-
m).

MoKHO —TIPEIJIOKUTH  CAEAYIONIYI0 MEXaHUIECKYI0 MOJIEh
(Puc. 1.11).

[Tycts 4 marepuanbubie Toukn (63 cuanl Tskectn) "magaor' co
CKOPOCTBIO ¥ TOMApPHO Haj TOUKOi C' (psioM C MOJOTHOM YKeJe3-
HOW ;[oporI/I) 1 HaJ, [IEHTPOM IT0e3/1a C’, KOTOPBII K MOMEHTY I1aJ1e-
aus "moaxbeger"k Touke O pagom ¢ Toukoit C. Ilycrs B Touke C
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Puc. 1.11: Mexaandeckast MOIe/Ih OTHOCHTEIHHOCTH OIHOBPEMEHHO-

CTH.
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U B IEHTPE TI0€3/1a YCTAHOBJIEHBI MJEAJLHBIE OTpaykarean (pPaBHO-
OelpeHHbIe TPEYTOJBHUKN C YoM Tpu ocHoBauuu « = 7m/4). To-
rIa B YaCTHUIBI, OTPA3WBIMECT HAJL MOJOTHOM YKEJIEe3HOW J0pPOTH
(B Touke ('), MOJETAT B pa3Hble CTOPOHBI CO CKOPOCTBIO U] U OJTHO-
Bpemenno gocrurayt touek A u B (B xnaccuke |AB| = |A'B'|).
g sroro morpebyercst Bpemst ¢ = L/vy, tae 2L - nawHa moes-
na. JIge npyrue dacTHIbl, OTpasuBIIueca HaJ HeHTpom moeszga O,
OyIyT JBUTATHCS OTHOCHTENIBHO YKEJIE3HOW JTOPOTH CO CKOPOCTSIMHE
v = v + (v/tana) = vy + v BHepex W v — V1 — v HA3AA. 3a TO
JKE CaMoe BpeMs t mepBast M3 3TWX YaCTHIl Npoiiger myTh (Brepen)
L' = vt + vt, a TOCKOMBLKY TOe3 ], MPORJeT MyTh vt, TO YaCTUIA J0-
cruraer Touku A’. Amasmormuno, mya BTopoit wactuns L — vt — vt;
CIIeIoBaTeBLHO, OHA JocTHrHeT Toukm B’. TakmM 00pazom, COOBI-
THE — TAJIEHNe TOYEK Ha OTPAYKATETW — OyJeT OJHOBPEMEHHO 3a-
(buKCHpoBAaHO BO BCEX YETBHIPEX TOYKAX: KaK B ToUukax A m B (Haz
JKeJIe3Hol oporoit), Tak u B Toukax A’ w B’ (mag moesgom). D10
cydaii, Korjga TOUKH, A afollie HaJl TOe30M, YIACTBOBAIHN B €r0
MHEepIWATIRHOM ABWKeHnn. Ecam ke BTOpast mapa TOYeK Oymer Tma-
naTh (HaJ TOJIOTHOM YKEJIE3HON JIOpOrH) Cpa3y Haj HemoJBUKHON
Toukoit C”, To TpeyroaBHbI OTpaXKaTe b y moe3/a, (TOJIbKO y Hero)
JIOJIPKEH WMETh CJICAYIONIAE YIJIBI TIPA OCHOBAHWW: TPOTUB JBUKEHNS
noe3ma ag = 0,5arctan (v1/v), & B HAIPABJIEHUN JBUKEHUSI TT0€3/1
ay = 7/2 — ag. B 9TOM Ciydae "4acTHIBI TTOIETST TapasIesbHO 10
e37ly W JIOCTUTHYT €ro KOHIIOB OJHOBPEMEHHO (HO He OJHOBPEMEHHO
co BTOpoit mapoit wactun!). Ecam e Mbl XoTuM, 9TOOBI BCE YETHIPE
MaTepuaJbHble TOUKH "mposterein' 0JHOBPEMEHHO HAJT COOTBETCTBY-
fommmvn roukamu A’ B, A, B, To yribl IpU OCHOBAHUU OTPasKaTess
(y moe3ma) emgé JO/IKHBI OBITH YMEHBIIIEHBI HA YTOJI Arccos ——=

(ecsiu yCTAHOBUTH IJIOCKHUIT BOJTHOBO, TO MAPa YACTHI] HAJ TIOE30M
He Oymer "momHUMATHCS " CIUIITKOM BBICOKO, a OyIeT IBUTraThCs Ima-
pasIesbHo moesy ). Kak BuIHO, MEXaHMYECKME aHAIOTH BO3MOKHBI

JJI4 CaMBIX Pa3HBIX CUTYaIWi.

Mok HO cKaz3aTh, ITO ITO JBA pa3HBIX cOObITHA. Tak BeJIb U B CIIy-
9yae Co BCHBIMIKOW cBera (MosHUMeER) nx Toxke nBa. JleficTBurensHo,
IIyCTh BCIIBIIIKA CBETa IIPOUCXOJAUT B MOMEHT COBIAJCHUA IEHTPOB
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O u O cucrem S u S, ABMKYIIUXCA APYT OTHOCHTEIBHO JIpyra CO
CKOpPOCTBIO V. B HexoTopwiii MoMeHT Bpemenu ¢ > 0 GpoHT cBeTa
Oymer HaXoAUTHCsT Ha cdepe X oTHOCUTENRHO IeHTpa O B crucreme
S u ua chepe ¥’ ¢ menrpom O’ B cucreme S’ (4TO KasKeTcda HEBO3-
MOkHBIM). OIHAKO, HUYEro yJIMBUTEIHHOTO (POTUBOPEYHS C KJIAC-
CUYecKOil (DU3UKOI) 3/1eCh HeT, MOCKOIbKY HAOJIIONATEh B CHCTEME
S 3aduKCHpyeT CBET HEKOTOPOIl OJHOI 9acTOThI W, B TO BPEMsT KaK
HabmogaTess B cucreme S’ 3aduUKCHpyeT TOT Ke CBeT, HO IPYyTOii
gacrorer w' (BerencTrre addexra Jonmaepa). A 310 y¥xke aBa ujeH-
TUDUIUPYEMO PABHBIX COOBITHS: MPHU BCTPede HADIIOIATEIN BCET/Ia,
CMOTYT CPABHUTBL Pe3y/IbTaThl H3MEPEHUT w 1 w'!

Pazbepem Temeps mogapobHEE MBICTIEHHBIH SKCIIEPUMEHT, " TeMOH-
CTpUPYIOIHii" OTHOCUTENIFHOCTH OJHOBPEMEHHOCTH: TIYCTh BCITBINIKA,
CBeTa MPOMUCXOJNT B MOMEHT cobmajeHuda neHTpo O u O’ nBmky-
HIUXCA JAPyT OTHOCUTeabHO apyra cucrem S u S’ B Touke O = O'.
Cormacuo CTO 3a Bpema At = t; — tp; IO YacaM CHUCTEMEI S CBeT
npoiiser paccrosiine c(t; — tg1) or nenrpa O. 3a Takoe e BpeMsi
At = ty — tgo o "wacaM cucTeMbl S’ TOT e CBeT IpOiIeT paccTo-
aane c(ta — tg2) or menrpa O'. CormacoBanne HATATBHBIX BPEMEH
He BINLEeT Ha PasHOCTL BpeMeH At U MOXKeT OBIThL IPOBEJEeHO KaK
IO 3KCIIEpHMEHTa, TaK U IOCJe Hero JobbiM MeTomoMm. Hampumep,
MOXKHO WCIIO/Ib30BATH OECKOHEYTHO Y/IAJIeHHBIN MePUOINIECKUl UC-
TOYHUK, PACIOJIOKEHHBIN MEPIEeHIUKY/IIPHO HANPABIEHUIO JIBUXKE-
HUA. MO}KHO 3apaHee JOTOBOPUTHCA O BCIIBIIITKAX MO YaCaM CHUCTEMbI
S (mampumep, MEpUOIMYIECKU KaXK bl MUJIIHOH JieT), a cucremy S’
"oprann3osarh''3a MTHOBEHWE 0 BHIOPAHHON 3apaHee BCILIIKN (B
pasmenie 1.7 GymeT paccCMOTPEH CBSI3AHHBIN C 9TUM MMapaioKC HeJIo-
KaJILHOCTH).

BcenomunM, uro ocHorHast ostoxkurenbHast unes CTO cocrostia
B KOHEYHOCTU CKOPOCTH IepeJadl B3anMOJeUCTBUil. DTy XKe HIer0
BBIDAXKaeT TeOPHs OIM3KOIEHCTBUS W OTPAXKaeT IIOJIEBON IIOIXOT
(qepe3 ypaprenusi MakcBesia): CBETOBOH (PPOHT OT MCTOUHUKA 10
IPHEeMHUKA IIPOXOANUT MOCIE0BATEIBHO BCE IIPOMEKYTOUHbIE TOUKN
npocTpancTBa. VIMEHHO ¢ 9TUM CBOWCTBOM MPUXOIUT B TMTPOTUBOPE-
qre MOHATHe OTHOCHTeTbHOCTH onHoBpemenHoctn (Puc. 1.12). s
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Puc. 1.12: IIpotuBopednsa OTHOCUTETLHOCTH OJHOBPEMEHHOCTH.

A0Ka3aTE/JIBCTBA 3TOTO MbI BOCIOJB3YEMCA ABYMA YTBEP2KIACHUAMN
n3 CTO: 1) onHa u Ta yKe BCIBIIMIKA CBETA OJJHOBPEMEHHO TOCTHUrAeT
IBUKYIIAXCS IPYT OTHOCUTEIBHO Ipyra HaO/IIOgaTeseil, HeCMOTPs
Ha TO, UTO 3a BpeMs MPOXOXKIEHUS CBETA HADIIONATEIN MPOCTPAH-
CTBEHHO Pa30iiyTCsa APYT OT Apyra Ha HEKOTOPOe paccTosiaue; 2)
kunemaruueckue dhopmysasl CTO (u3 yueOHUKOB) COMEPKAT TOTHKO
kBajapar ckopoctu. IlycTs, Hampumep, mepBbIil HADIIOIATENDL B CH-
creMe S, JABUZKETCH IO HAITPABJIEHNIO K UCTOYHUKY BCHBITIIKHA C MaJIoi
ckopocThio v ~ 10 m/c. IIocKoIBKY paccTosHme 10 TOYKH BCITBIITKA
BeJIMKO (MWJIJIMOH CBETOBBIX JIET), TO 33 MWJLIMOH JeT 006a Hab.o-
JaTess pasoiiayTcs Ha Gosbinoe paccrosmume ~ 2 - 1017 M. o dop-
mystam CTO Bpemst mpuxoja CHTHAJIA I KayKIOTO HaDJIIOIATeNIst
Hymer omMHAKOBBIM. B Kakoii TOUKe MpOCTpaHCTBA MEPBLIH HAOJIO-
maress "mpomycrun cBeTOBOM DPOHT JIsT BTOpOTo Habogaresi? A
eci ObI OH BECh MUJIJTHOH JIET JE€p2Kaj 3epKajio, a 3a 1 CeKyHIy 70
npuemMa curtasa yopas ero? Ilo-MHEHIIO BTOPOTO HADIIOMATEST CUT-
HAJI OTPaYKeH TMepPBBIM HAOJIIOJATEeM TAe-TO BIepean. A 9ro oTpa-
JKaJl TIepBBIil HabJII0AaTe/lb, eC/Ii ero TpUOOPHI eIlle He PearunpoBaJIn
HA BCIBIMNKY? AHATOTHYHO, TPETHH HAOTIOMATEH MOXKET YIATATHCST
OT BTOPOTO C TOM K€ CKOPOCTHIO, HO HAMPABJIEHHON OT MCTOYHUKA.
Veugut u Tpernit HabIIOKaTe b CBET, €C/IN BTOPOit OyaeT aepKarh
3epKajI0 MUJIJINOH JieT Oe3 OHOM CeKYH/IbI!

C omHoit cropoubl, TOCKOIBKY B dopmyisl CTO BXOAUT TOJIBKO
KBaJIPAT CKOPOCTH, TO BTOPOIl Hab/IIOZATE b OyIeT CUNTATH OIMHA-
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KOBBIM BPEMS TTOJIYIEHUA CUTHAJJIA TEPBBIM U TPETHUM Ha.6.}'[f0,ﬂ;aTe-
jieM. MOXXHO JOTOBOPUTHCST 006 OTTIpaBIeHUN 6€3 3aJIepKeK T0MO0J-
HUTE/JIHBHO CBOUX CUTHAJIOB TIPU TTOJIYIEHUUN Ka.2KIbIM Ha6HIO,Z[a.TeJIeM
UCCTeAyeMOro curaaja. Toraa, ecjin pacieTsl BTOPOro HADIIOIATE s
BEPHBI, OH JOJI?KEH OJHOBPEMEHHO TOJIYYNTH CUTHAJIBI OT TMEPBOTO N
Tperbero HabsoaTesneli (3amada cummerpuana). OIHAKO, ¢ IPYTOii
CTOPOHBI, COTIACHO ypaBHeHnsiM MakcBesia CBeT pacmpoCTpaHsIeT-
Csl HETIPEPBIBHO U BTOPOi HAOJIIOIATETH MOJYIUT CUTHAJI OT MEPBO-
rO0 OJHOBPEMEHHO C TeM, KaK M CaM YBHJIWUT UCCJIEIyeMBbI CHUTHAJI.
[To-mHernI0 BTOPOTO HADJIIOJATENST CBET K 9TOMY BPEMEHW erne He
JIOTITe T JI0 TpeThero Habmomaress. Takum obpa3om, BTOPOit HADJIIO-
JaTeah MPUXOANT B MPOTHBOPEYNe caM C CODOi: TepBbIe PaACUeTh
o ¢popmysam CTO mporuBopevaT BTOPHIM pacderaM M0 YPABHEHU-
ssm MaxkcBesta. O4YeBUIHO, UTO BCHBINIKY HAOIIOMATEIN YBUIAT He
OJTHOBPEMEHHO, a TOCJeI0BATEIBHO, MTOCKOJBKY MPOCTPAHCTBEHHBIH
MyTh CBETA €IMH: UCTOYHWK, MEPBBIH HAD/IIOMATEH, 3aTEM BTOPOIi,
U, HAKOHEIl, TPeTHil HADOII0aTe b,

HomonauTepHo 3aMernM, uTo naxke B pamkax CTO monstue
OTHOCHUTETHHOCTH OJHOBPEMEHHOCTHU CUJILHO OTPAHUYEHO: TTPUI0KU-
MO TOJIBKO K JIBYM M30JIMPOBAHHBIM COOBITHSAM (HET MEPECeKaronmx-
Csl TIEPBONIPUYNH, HET TEPECEKAIOINXCS TMOCTeIeHCTBUN 1, BOOOIIIE,
HUKAKWE JOTOJTHUTENbHBIE (DAaKThl HAC He mATEpecyioT). Ha camom
Jefe, Jayke JjIS 9TUX BBIOPAHHBIX TOUYEK CBETOBBIE KOHYCA MMEIOT
repecevuenHusi, He TOBOPS yKe 000 BCeX WHBIX TOYKAX B MPOCTPAH-
CTBEe U BO BpeMeHU. B meficTBUTETLHOCTH MBI MMeeM CILIOITHLIE ITe-
MV TIPUYUHHO CBA3AHHBIX (M HECBSI3AHHBIX) COOBITHIA, TTPOXOISIIIINX
C MHOXKECTBOM TIepecedeHull depe3 KayK/IyI0 TOYKY MPOCTPAHCTBA U
BpeMeHM (JIa/IeKO He KarK/ash TMPUYNHA BHI3bIBAET HACTYILJIEHUE CO-
OTBETCTBYIOINIErO CJIEJCTBUS CO CKOPOCTBIO cBeTa). U Best 312 peasib-
Hag (pasHoMacirtabHas!) BpeMeHHas CeTKa B3aNMOCBSI3aHA IS BCE-
ro mpocrpancTBa. CiieoBaTE/IbHO, B ODIIEM CJIydae Mbl HE MOYKEM
MOMEHATH (BBIGOPOM CHCTEMBI OTCUETa) MOPSIOK CIETOBAHUS JTazKe
NPUYIMHHO HECBA3AHHBIX COOBITHIT (I/Ie-TO 3TO BCE PABHO OTPA3UIOCH

OBI).
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Puc. 1.13: Bagaua 0 ABYX BCIBIIKAX.

1.4 TIIpeobpa3oBanusa Jlopeniia

CreaeM HECKOJBKO 3aMeUYaHU IO TOBOTY mipeobpal3osanuii JlopeH-
ma. B 01HOM 13 TIOIX0/I0B K BBIBOY 3TUX MPEOOPA30OBAHUIN UCITOIB3Y-
0T CBETOBYIO cepy, BUAUMYIO MO-PA3HOMY JJI IBYX JABUNKYIIHXCS
CUCTEM (BCHLIH.[K& TTPOU30ITJIa B MOMEHT COBITaJeHUA IEHTPOB CHU-
crem), Jin6o, 9To (haKTUIECKU OJHO W TO YK€, UCTIOJB3YIOT TOHSITHE
unreprana (n3o006pakaer Ty xe chepy). Pemenne cucrembr ypasme-
HUN

24yt = AP (1.3)
3 +yi+ g = A
NPeJICTABIISIET COBOI TIPOCTO Tepecedenne JIByX MOBEPXHOCTeN 1 Hi-
vero 6osee (Puc. 1.13). Ilpu ycmoBun y = y1,2z = 21 970 OYAYT MO~

BEPXHOCTH CHEPHI W SJLTATICONIA BPAITEHNST C PACCTOSTHUEM VT Me¥K-
oy teatpamu uryp. OmgHaxko, 310 (HaKTHIECKH JApyras 3ajada —
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K
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Puc. 1.14: TIpornBopeunsi KOHTHHYYMa CBETOBBIX Chep.

3a/1ava O ABYX BCITBITIIKAX: MOXKHO HAUTH MEHTPHI JAHHBIX BCITHITITEK
[Tt JII000TO MOMEHTa, BDEMEHM, TO €CTh PEIuTh 00PATHYIO 3a/1a49y.

B mpyrom moaxome K BBLIBOILY IpeobpasoBanmii JlopeHa uimer-
¢ Takoe TpeobpasoBanHmue, KOTOpoe mepesoauT ypasHenwe (1.3) B
ypasuenne (1.4). O4ueBUIHO, UTO JJIsT YETHIPEX TEPEMEHHBIX TAKOe
mpeobpa3oBaHue He eIUHCTBEHHOE. Bo-IepBLIX, OTAeILHOEe IPUPaB-
HUBAHUE ] = Y, 2] = Z MPEJCTABJIAET COOOM JINIIH OTHY U3 BO3MONK-
HBIX THIIOTE3, TaKyKe KaK U TpeDOBaHue JUHEHHOCTH, B3aUMHON Of-
HO3BHAYHOCTH, ObpaTuMocTu u T.1.. ([lormosauTensHas BO3MOKHOCTE
YACTOTHOMN MapaMerpusanuu onucana B [Ipuiokennsx.) Bo-BTopbix,
JII0b0e TTpeobpa3oBaHe CBETOBBIX MOBEPXHOCTEI BOBCE HE IeTepMU-
HUpYeT MpeobpaszoBaHre 00bHeMOB (B KOTOPBIX MOTYT MPOMCXOIUTH
HE3IEKTPOMArHUTHBIE (bu3naeckue mporeccs ). Hampumep, ckopocTs
3BYKa TOXKE€ HE€ 3aBHUCUT OT IBHKEHUS MCTOYHHKA, HO HUKAKUX TJIO-
OaIbHBIX BHIBOJOB OTCIO/IA HE CJIeIyeT.

B mrobom ciayuae mpeobpazosanus Jlopenna B CTO duznueckn
OMHCHIBAIOT JBa O0bEKTa, a He ONWH. B MPOTHBHOM CjIydae JIeTKO
npuiiti K nporuBopeunto (Puc. 1.14). IlycTs mpou3omniia BCIBIITKA
cBeTa. Boigenmm BMeCTO CBETOBOU cdepbl OUH JIyU, MEPIEeHIUKY-
JISIPHBIN B3amMHOMY JBUKenuio cucrem K n K’ (mycth ocraibHas
CBETOBasi SHEPrusi Cpa3y MOTJIONIAETCS BHYTpH cucTeMbl). [Iperpa-
UM IIYTH JIYIy Ha 6OJ'IBH_IOM PaCCTOAHNM OT IMEeHTPa AJIUHHBIM 3€P-
KaJIoM Z (BJOJIb JIMHUH, TTAPAJIIETBHON JTMHUYM B3AMMHOTO [TBUZKEHST
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cucrem). Torga mabmonarens B cucreme K 4epe3 HEKOTOPOE BPEMST
zauKCcupyeT oTpaykeHHblit curaast. Ilycts curaas 6yaer moiHOCTBIO
morytoren. OHAaKO, APYTOit HAOTIOMATENb, IBUTAIOMIAICT BMECTE C
cucremoit K/, Takzke 4epe3 HEKOTOPOE BPeMS YJIOBUT B IPYTOil TOUKe
MPOCTPAHCTBA CUTHAJ (TTyCTh TOXKe moroTutT ero). Ecim B3sTh "koH-
TUHYYM' CHCTEM C PA3HBIMU B3AMMHBIMU CKOPOCTIME U, TO CHUTHAJ
MOYKeT OBIThH YIOBJIEH B 000 Touke mpsimoit. OTKyma e B3sIach
JIOTIOJTHUTE/IbHAST dHEprusa! JTo Beunslil gsuraressr CTO mepsoro
pona?

SamMeTuM, ITO eCju HEKOTOPOEe MATEMATUIeCKOe YPABHEHUE OKa-
3BIBAETCS MHBAPWAHTHBIM OTHOCHUTEILHO TIpeobpazoBanmit Tuma, Jlo-
PeHta ¢ HeKOTOPOil KOHCTaHTOi ¢/, TO 9TO BCEro HABCErO O3HAYUAET,
UTO CPey YaCTHBIX PeNIeHuii JaHHOTO ypaBHEHWsT eCTh 'MOBEPXHO-
ctu'"BOJTHOBOTO THUIA, CIOCOOHBIE PACITIPOCTPAHSITHCS CO CKOPOCTHIO
c. Tlpu 3TOoM ayke y BHLIOPAHHOTO ypaBHEHMsI MOTYT ObITh eIle 1
IpyTre YacTHBIE PEIeHus CO CBOMMHI WHBAPUAHTHBIMHU MPeobpaso-
BAHUSIMU, HE TOBOPS yKe 00 WHBIX MATEMATHIECKUX YPABHEHUSX, TO
€eCTh /1A MaTEMaTUKN HUKAKUX O6meMaTeMaTquCKHX BbBIBOJIOB U3
dakTa HHBAPUAHTHOCTHU HE cjieiyeT. TOTbKO PeIATUBUCTHI TBITAIOT-
CsT 3 YACTHOTO STBICHWST ""Pa3yTh MBLILHBIN My3bIph".

1.5 Ilapagokchl coKpanieHnus pPacCTOSHUMI

[Tepeiimem Temeps K MPOCTPAHCTBEHHBIM MOHATHAM. [l0CKOIBKY BCe
BeIBOZIbI CTO citeayfoT n3 MHBAPUAHTHOCTH WHTEPBAJIa, TO U3 0K~
3aHHOTO BBINE PaBEHCTBA dt = dt’ 1 W3 pesIaTUBUCTCKOTO PABEHCTRA,
¢ = constant (eciu B Hero BeputThb) moaydaeMm dr = dr’ W MOXKHO
ObLIO OBl J1ajiee He pacCMaTpUBaTh MOHATHE npocTpaHcTBa. OgHAKO,
JUtst (popMUpOBaHUsT HANOOJIee TOTHOW TOYKU 3PEHUsT MbI OyIeM, 1o
BO3MOYXKHOCTH, PACCMATPUBATH B KHUTE KAYKIBIM CHOPHBI MOMEHT
HE3aBUCUMO OT OCTAJbHBIX.

Cokpamenne jgaua B CTO He MOoxkeT oTpakaTh peaabHOTO (-
3UIeCKOTO 3 deKTa, TOCKOABKY OIUH U TOT XK€ 00BbEKT BUIEH pa3-
HBIM HAOIIOAATEIAM 10-Pa3HoMy (HEoOHeKTUBHOCTE). Kpome Toro,
MIEPEXO/T OT OJIHOM CHCTEMBI OTCUETA K JAPYTOil MOYKET MPOUCXOIUTH
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JIOBOJTBHO OBICTPO M 3TO CPa3y OTPAKAIOCh OBl Ha BCell (maxe 6ecko-
HeuHoit) Beesennoii, uro ssHO mporusopeunt 3amtumnaemomy CTO
IPUHIUILY KOHEYHON CKOPOCTHU IIepeJavu B3auMOAeUCTBUN, & 3HAUUT
u npuHnuny npuanaHocTH. CemoBaTebHO, MOI00HOEe COKPAIEHIE
— 39TO HE 60.7[66, 9eM BCIIOMOTraTeJIbHbIC MaTeMAaTHIeCKNEe BBIKJIAJIKHN C
BeJINUMHAMEU, HEKOTOPBIE U3 KOTOPBIX HE UMEIOT (PUINIECKOTO CMBIC-
na. [lpusiedenne peanbHOr0 (PU3MIECKOTO MEXAHU3MA K O0bsICHE-
uuto mporiecca cokparienns miua B CTO HEBO3MOXKHO, TaK KaK CO-
KpallleHne J0JPKHO UMeTh MeCTO cpa3y mpu Jiroboit ckopoct v # 0.
B peiicTBUTEILHOCTH Ke SICHO, YTO B MPOIECCE YCKOPEHUSI OOBEKT
MOXKHO HE TOJIBKO TOJKATH, HO W TSIHYTH 3a CODOW W TOT/Ia BMECTO
COKPAIIEHNST NMEJIOCHh Obl PACTsKEHNE (IKCIIEPUMEHTATHLHO OOHADY-
kumoe!). TIpu MeIeHHOM MOCTOSTHHOM YCKOPEHUHU 3TO MOCTOSHHOe
COCTOAHME PACTAXKEHNA OCTABAJIOCH 6]31 OJVMHAKOBBIM B T€YCHHE BCE-
o0 BpeMeHM ycKOpeHwus. Takmm oOpa3om, COKpallleHne HUKOTIA He
HAQYHETCHA.

IMockoarky CTO cpazdy u co3maBagach Kak "urpa co CBETOBBIMU
BafiauKaMu JIHINTeHa B aOCOMIOTHO MyCTOM MTPOCTPAHCTBE TO JIFO-
Oble TICeBI0MaPaI0KCHI C UCTIOIb30BAHIEM 3JIEKTPOMATHIUTHOTO MOJIST
(TOKOB ¢ KOHTAKTaMH, JTA3€POB, CBETOBBIX JIyUeli ¢ 3epKAJIAMU U T.].)
JIETKO PAa3pEeninMbl, U PEJIATUBUCTHI XUTPO MTPEIMOAHOCAT X KaK AKO-
661 orcyTcTBue npotuBopednit B CTO. [yt 9T0T0 OHEU TPOCTO COBEP-
MMAI0T MOJMEHY W BMECTO peaIbHBIX TMapaJoKCcoB "pasbupaior rakme
BBIAYMAHHBIE WX " TOmOTHeHHbIE UMH TICEeBIOMaPaJI0KChl CO BCSIKHU-
MU IJEKTPUIECKUMU KOHTAKTAMU, SIKOOBI 3(PHEKTHBIMU B3PBIBAME
u 7.7. Tak aTo Oyabre BHUMATEILHBI K TakoMy momitory! A remepn
mepeiijieM K KOHKPETHBIM MapaloKCaM COKDPAIEHUS JIJIVH.

ITapagokc kpecrta

[Tycts Ha TBepIOil MIOCKOCTH JIEXKUT TOHKAs IUTACTHHA OOJIBIINX
pa3MepoB, U3 KOTopoii Beipesan nebosbmoii kpect (Puc. 1.15). Tycrs
JUTHHA KPeCcTa MHOTO OOJIbITe MupuHbl mepekiaaunel |[AD| > |BC|.
[TycTh KpecT CKOJIB3UT MOPU30HTAJIBHO 110 IJIACTHHE TaK, 4TOObLI B
KJTACCHYECKOi (DU3MKe OH 3aHST CBOIO HUIIY (HAIPHUMEp, VI B Hee
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Puc. 1.15: TTapamokc kpecrta.

MOJT JIEHCTBUEM CHJIBI TSZKECTH ). BhIGEpeM OTHOCUTETHHYIO CKOPOCTh
IBHXKEHHUS V TaKyl0, YTOOBI COMVIACHO PEIITUBUCTCKUM (DOPMYIAM
JUIMHA, COKPAINAIACch B 1Ba pasa (mam Gosee). 3aMeTuM, 9TO IMEHTD
TAYKECTH KpecTa (TOUKa 0) HAXOAUTCS TAKXKe U B IEHTPE MePEKJIa -
HBI. C.}'IerZI;OBa.TeIH)HO, BEPTUKAJIbHOE ABUZKEHUNE KpPeCTa (Ha.,ﬂ;eHI/Ie njm
MOBOPOT TIEPETHEro KOHIA) BO3MOXKHO TOJIBKO, ecau: (1) mentp o u
BCsl TIeHTpasibHag juang nepekiaagnabl (O'0”) Haxomarcs Haj my-
CTBIM TTPOCTPAHCTBOM, U (2) um omna u3 touek C, D, E, F ue nmeer
ornopsl. C TOUKHK 3peHus HAOJIIOJATEIS Ha KPECTe OH IPOCKOJIL3HET
YKOPOTUBHIYIOCA B JIBa Pa3a HUITY, TaK KaK BCErJa Ha TIJIACTUHY
OIMPAETCS JAUO0 MEePEeKJIAINHA M OJUH 13 KOHIOB, JHO0 00a KOHITA.
3BecTrbiii (hoKyC ¢ MOBOPOTOM CTEPXKHS 3/I€CH HE MPOXOIUT (3TY
3aj1a1y MbI paszbepem Huzke). OIHAKO, C TOUKY 3PEHUsT HAOIIOIATE s
HA TJIACTHHE KPECT (CTaBmuii B B Pa3a MEHBINE) yIaJeT B HUIILY.
Taxum 06pa3zoM, MbI UMEEM Ba PABTUIHBIX COOBITUS: TAK OBLIO JiK

najienne (TOIYOK O MJIOCKOCTh) win Her? VI uro cramner ¢ Habo1a~
TejieM, OKA3aBIINMCs B HuIle (pa3gasut ero win Her)? Vam 4Tobe!
CIACTUCH €My HAJI0 CPOUYHO YCKOPUTHLCA 0 CKopocTh Kpecra? Mmm
Ha10 okaszarbes BOsmsn kouna A'H' (wmm D'E'), kyma e gocramer
yKOpoTuBIHiics Kpect? Ecan KTo-TO yK odeHb XoueT mepedopMmy-
JIUPOBATH STOT MAPATOKC KaK MapajoKC CYIeCTBOBAHWS, TO, TTOMHS
3aMedaHue MPeIbIIyInero maparpada o peJaTUBUCTCKUX "3IeKTpo-
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MAaromTHBIX TTOAMEHAX B3PhIBATE/Ib JOJIZKEH HaXOAUTHCA IO TIJIaCTH-
HOI, a KHOIIOYHBI KOHTAKT MOT OBl 3aMBIKATHCA IO ILIACTUHON B
IIEHTPe KPeCTOOOPAZHONH HUIIK TOJIHKO [EHTPOM TSI>KECTH KPECTa, TP
€ro BO3MOXKHOM IIa/IeHUN.

JlobaBouHbIe MapagOKChl I CTPAHHOCTU

Omummem apyroit mapamokc. [lycTs u3 mIacTUHBI BRIPpE3aH KPYT, KO-
TOPBLI HauMHAeT BPAIATLCI OTHOCUTEILHO CBOEro IeHTpa. Bemes-
CTBWE COKpAIeHUsT JJINH HaO/II0maTeIbh Ha, MIACTHHE TOJI’KEH YBU-
JIeTh [MPOCBeT U MpeaMeTHl 3a IIACTHHOA. B To BpeMsa Kak Hab/II0ma-
Te€JIb Ha KPYTe J0JIZKEH YBUIETH, KaK TIJIACTUHA HaE37KaeT Ha KPYT.
HeunepriuaJbHOCTL CHCTEMBI HE MMeeT 3HAdeHMsI, TaK KaK YCKOpe-
re v2 /R jayke Tpu v — ¢ MOYKET ObITH MeHbIIe 060l HamepesT 3a-
IAHHOW BEINIWHBI TIPpK BRIOOpe moctaTouno 6omabimoro K. IToapobmo
reoMerpus Kpyra Oymer paccMorpena B [71aBe 2, MOCBSIIEHHOR 00-
meit Teopun oTHOCUTEILHOCTH. [l0700HBIE TPOTHUBOPEYNST TTOKA3bI-
BAIOT JIOTHYECKYIO HECOCTOATENILHOCTh MPUBLIYHONR TEOPUU OTHOCH-
TEJIBHOCTH (TEPSIeTCs TTPEICKA3YEMOCTh — OCHOBA, HAYKH).

Bamerum erme oxuy "crpanHOCTh (Mapagoke paccrosamit). lo-
CKOJIbKY COKpAIlleHre JINH 00beKTOR CBSI3BIBAIOT CO CBOMCTBAMU Ca-
MOTO IIPOCTPAHCTBA, TO COKPAIIATLCI JOMKHO TaKKe U PACCTOIHNE
710 00beKTa (HE3aBUCHMO OT TOTO, MPHUOIMKAEMCS MBI K OObEKTY
wm ynangemcss ot Hero!). CremoBaresbHo, TpU JTOCTATOYHO GOJTB-
MI0# CKOPOCTH PAKETHI (U — €) MBI MOKEM HE TOJIHKO PACCMATPUBATH
yIaJeHHbIe 3Be3Ibl, HO U JOTPOHYTLCA [0 HUX PYKOM, BeIL B HAaIlei
CODCTBEHHOI CHUCTEME OTCUETa HAIN pa3Mephl He MeHSIIoTCsI. Kpome
TOro, yjaeras OT 3eM/IM B TeUeHne IJINTEJILHON0 BPeMEeHH! ¢ OOILIITNM
yckopernem (CTO me HakIajbIBAeT OTPAHWYEHUIT HA YCKODEHHE),
MBI OKaXKeMCsT OT Hee Ha paccrosaun "ogHoro merpa'. B kakoit xe
MOMEHT HabJIIOIATe b, HAXOMAIINNACI Ha PACCTOAHUUA STOTO CAMOIO
"oaroro merpa'yBuamT pesepcuoe (To ecTh 00paTHOE — TPOTUB JIeii-
CTBUsSI DEAKTUBHBIX J[BUTATEJEl) TBUKEHIE PAKETHI!

BosmoxkmocTh BBEIEHNST aDCOMIOTHOTO BPEMEHHN TaKyKe OMPOBEp-
raeT JIOTMYeCKH mapaJokcanabuble BuBoabl CTO o 3aMemmenun Bpe-
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Puc. 1.16: Witro3un peMeHHOit mepeaadn.

MEHU, OTHOCUTEIHHOCTH OJHOBPEMEHHOCTH H, KPOME TOTO, O COKPa-
IIEHUHN PACCTOSHUN, TaK KaK Telepb CIOCOO OJHOBPEMEHHOIO M3Me-
pEeHUs PACCTOSTHUIT HE 3aBUCHUT OT JIBWKeHUst 00bekToB. Hampumep,
MyCTh TOHKWH O0BLEKT (HApUMEp, BHIPE3AHHBIN W3 GyMaru KOHTYP-
HBII TOPTPET) CKOJIB3UT C TMPOU3BOIBHON CKOPOCTHIO 10 (hOTOTLIEH-
ke. Torma mmHa 3TOTO 00BEKTA OYAET COBMALATH C JJIUHON ero ¢o-
TOTEHH, €CJIA OUYeHb KPATKOBPEMEHHOE OCBEIeHNe IIPON3BEIEHO Hec-
KOHEYHO ymajeHHoil (poTorcubimkoit. MoKHO MCITOJIB30BATH MTPOCTO
OTHAJIEHHBII MCTOYHUK IMIPHU YCIOBUU, YTO (DPOHT BCIBIIIKH JOCTUT-
HET MJIOCKOCTH B MOMEHT TTPOJIETa OOBEKTOM CEPENMHHOIO MEPTIeH 1~
KyJIsIpa, OIMYIIEHHOTO U3 UCTOYHUKA HA TIOCKOCTE (OMATH MO-TTOBOTY
"sik06b1 oBOpoTa bponTa BOTHBI - cMoTpH .1.7 masee).

CokpallieHne paccTosTHU 10 00EKTOB TaK¥Ke TTPOTHBOPEINBO TI0
npyroii mpranHe. Jlayke mpu ABUKEHNN CO CKOPOCTHIO TIEIEX0a Pac-
CTOSTHUE JIO OTJAJEHHBIX TaJaKTHK JOJXKHO 3aMETHO COKPAIIATHCS.
OHako HApaBJ/IeHNe TAKOTO COKPAIEHUs sIBISETCS HeOIpe e eH-
HbIM. Ecian IBvKymmiicst merexon B3VISHET Ha TaJaKTHKH, YIETHT
JIA OH 3a TPEeebl 3eMJIN, UIH, HA000POT, B3TJISIOM MPUTSIHET JIPY-
ryio raJiakTuky? JI00oit u3 pe3yabTaToB — CIJIONTHAST MUCTHKA.

Crpannas Bemb npu cokpamennn aaud B CTO npowucxomur c
pemennoit mepegaueii (Puc. 1.16). C rouku 3penust HabI0MaTe ],
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HaXOJSIIIIXCSA Ha KayKI0W M3 ABYX CBOOOIHBIX TOJIOBUH PEMHSI, I[U-
JIMHAPUYIECKNE BAJbI JOJKHBI IMPEBPATUTHCA B SJLIHIICOUTAILHEIE
IWIMHIPBI U TOBEPHYTHCS: TPOTUBOTIOIOXKHBIE OT KaXKI0T0 HADJII0-
maresid TOYKKA OOJBIINX IOJIYOCel SJIINIICOB TOJMKHBI COMM3UTHCS
(omars momywaem weobbekTHBHOE onmcanue). Hanpumep, nHeoObek-
TuBHBIMEI OKa3biBaioTcad B CTO mimHBl BepxHeil m HUKHEN MMOJI0BU-
HbI peMHst. [IpoTuBopeune XKe MOaydaeM C TOUYKU 3PEHUs] TPEThEro
HabJromaTens Ha HemoaBu:KHON cranmie. C OSHONE CTOPOHBI, BaJIbl
IOJIKHBI COMM3UTHCT ApyT ¢ apyrom. C APyroit CTOPOHBI, HEMOIBIK-
HBIE OTIOPBI, YAEPKUBAIOIINE OCH BAJIOB JIOZKHBI OCTATHCST HA Me-
cre. Ha gem ke OyayT mepkarbed ocu BaaoB? Tak cokpalmaercs Jm
peasibHOe MPOCTPAHCTBO? UTO HYKHO MCKYCCTBEHHO MOCTYJINPOBATH
mrsa cpounoro cmacenns CTO: pasmble BIOYKEHHBIE MPOCTPAHCTBA
JLJIS BAJIOB W OIOP W M3MEHEHNE O0bEKTUBHBIX XaPAKTEPUCTUK PEM-
He (pacTaKIMOCTH)?

HOHLITKa. CIIpATATHCA OT O6’])HCH€HI/IH MEXaHU3MOB COKDaAIIleHWA
IJUH 33 obmryio dpazy Tuma "9To KuHemMaTuueckuit 3pderT camo-
r0 MPOCTPAHCTBA HEYyIauHa N3-3a HEOTPEIe/IEHHOCTH ""HapaBIeHnsT
cokparenns (K Kakoii Touke mpocrpancTsa?). leiictBurenbHo, Ha-
gaj0 oTcueTa (HAOJIIOIATENsT) MOXKHO TOMECTHTH B JIIOOYIO TOUKY
HECKOHEUHOT0 MPOCTPAHCTEA KaK BHYTPHU, TaK W JIEBee WM TIPaBee
00bEeKTa, U TOTIa BeCh 0OBEKT, KpOME COKpAIeHNs, OyIeT eIre me-
PEMEIIATHCS K JaHHOW MPOU3BOJIBHON TOUKe. DTO Cpa3y J0KA3BIBAET
MPOTUBOPEUUBOCT WM HEPEAJTHHOCTH manuoro adgpderta. He scwo,
K KaKOMY KOHILYy OTPE3Ka JOJYKHO MPOUCXOIUTH COKPAIIEHUE TO-
r0 OTPe3Ka, €CJU JBUKYINASICT CUCTEMa C JABYMS HAOIIOJATETSIMI
(mBYKyIIMUCS ) Ha KOHIAX OTPE3Ka CO3/aHa MMITyahcHO. He mo-
JKeT CIACTH CUTYAIHIo 1 (hppasa o "B3amMHON 0OTHOZHAYHOCTH IPeod-
pasosanwuii Jlopenna'. DToro coBepIeHHo HeJ0CTaTOYHO. B3anmuast
OHO3HAYHOCTH HEKOTOPOTO MATEMATHUYECKOTO TTPE0OPA3OBAHNS TT03-
BOJISIET WCIOJB30BATH €ro It yA06CTBa PACIETOB, HO 9TO BOBCE HE
O3HAYAET, UTO JI0O0E B3ANMHO OJHOZHATHOE MATEMATUIECKOE TPE0D-
pasoBanme 061a1aeT (PUMIECKUM CMBICTOM. TaK:Ke CTPAHHBIM $B-
JISTETCST TIPOIIECC OCTAHOBKY COKPATHUBIIUXCS TeJI. BOZHUKAIOT BOITPO-
CBI: B KAaKyI0 CTOPOHY BOCCTAHABIMBAIOTCA mX pazmepb? Kyma me-
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Puc. 1.17: Cronbxerre BHYTPH COHIABAIA.

JIOCH COKDAITIEHNEe TPOCTPAHCTBA, €CJIN 33 ITUM TEIOM HADJIIOIATN
pa3HbIe yIaJeHHbIe HAOJIIOIATE TN !

Ba,qaqn O TOHKHUX CTEepP2KHAX

Pazbepem mogapobHO 337294y O CKOJBYKEHHU TOHKOTO METPOBOTO
CTEPKHST 110 TOHKOIH MJI0CKOCTH, MMeroleli MmeTposoe orsepcrue [106]
(em. [33], ympaskuenuwe 54). Becbma crpanHo, 9TO 10000 00HEKT
JOJIZKEH COKPATUTHCA, TIOBEPHYTHCA WJIN "HpOFHyTBCH N COCKOJIB3-
HYTh"UMEHHO TaK, YT00BI Jt000it 1menoit cnactu CTO oT mpoTuBope-
quit (0OHAKO, TAKOH MOXOM — KOCBEHHOE TIPU3HAHWE TTPUHIUTTAATh-
HOiT HeoOHapy:kuMocTn kunemarnuecknx 3ddexros CTO). Kakoe
OTHOITIEHNE MOXKET MMETH pDeaJIbHadA KECTKOCTH CTEPXKHA K ,Z[aHHOfI
zagmaue? Hukakoro! ITycTh cTepykeHb CKOMB3UT MEXKY JBYMS TLIOC-
KOCTSMU (COHBUY), 9TOOBI B IPOTHOE yIACTBOBATIA TOJBKO CBOGOIHO
BUCSAIIAA HAJ OTBepcTHeM 4acth crepskus (Puc. 1.17). Vx ecmu B
ykoporusiieecst 10 10 cm (B 10 pa3) orBepcTre MoxeT "TPOTHYTHCS
W COCKOJIb3HYTH''METPOBBINl CTEp:KeHb, TO TOYHO Tak¥Ke "MTpOrHyJ-
Csl ¥ COCKOJIB3HYT" OBl ¥ KUJIOMETPOBBIN CTEpXKEeHb (KOTOPBIN Termeph
HE JOJI?KEH TIPDOBaJIMBATHCA HU B KJIACCUYIECKOMN CbI/IBI/IKe7 HU JazKe
B CTO B cucreme orcuera TIOCKOCTH). JleKIapaTuBHOE YIOMUHA~
HUE CKOPOCTH aKyCTHYIECKUX KOJTe0anuii (711 MeEXaHn3Ma yCTaHOBIe-
HUST PABHOBECHs) — 9T0 "MpaBaonoo6Hoe" cokpbITHe npaspl. [lycrs
MMEIOTCA JIBa OAMHAKOBBIX DEAJTBHBIX TOPU3OHTAJIBHBIX CTEPXKHA Ha
onmoit Beicore (Puc. 1.18). TlepBblii cTepKeHb CKOJIB3UT MPUKATHIM
K CTOJIy U HAUYUHAET B MOMeHT t = () OJJHMM KOHIIOM CBEIUBATHCS
BHN3. B 10T MOMeHT (¢ = 0) BTODPO#i cTepKeHbh HAYMHAET CBOOOIHO
magark BHu3. OUeBUIHO, UTO s JIOOOTO MOMeHTa BpemeHu t > ()
BTOPOIi CTEPIKEHh CMECTUTC BHU3 (YNaJer) Ha 3HAYUTETHHO 6OJTh-
Iee PacCTOsTHNE, UeM TPOTHETCST KOHEI TIepBOro cTepxkHga (a dhak-
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A

MW

Puc. 1.18: 2KecTtrocTh 1 mporud CTEPKHS.

tuaecku CTO mbiTaeTcss 3aMEHUTEH PEATHHOE TEI0 TEIOM C HYJIEBOi
}KeCTKOCTbIO). 'H.T[H AHAJIN3UPYEMbBIX 3a/1a49 PEIATUBUCTCKUE CKOPO-
CTH MOTYT TOJBKO YMEHBIITUTH BJUSHUE YKECTKOCTHU M0 CPABHEHUIO
CO CJyYaeM MaJIbIX CKOPOCTEil, ere Oosiee mpubinkas peaabHOe Te-
JIO K MOJeu abCOJIOTHO TBEpHOro Tena. JleficTBuTeNbHO, TPOrubd
CTEPXKHA TPOUCXOANUT B HANPABJICHUU, TMEPHNEHINKY/JIAPHOM K DeJId-
TUBUCTCKOMY JBukeHnio. Cjie10BaTe/IbHO, 32/1a1a AHAJTOTUYIHA 33,13~
Ue 0 CKOJbXKEHUU MaCCUBHOTO Tesa M0 TOHKOMY JIbIYy HA peKe: Mpu
MAaJIbIX CKOPOCTSIX TEJIO MOYKET TPOBATUTHCS (MTPOJIOM JIbJa 38 CYeT
ero mporuba), a mpu JOCTATOUHO GOJIBIINX CKOPOCTSAX JBUKEHUSI Te-
JIO CMOYKET CKOJIB3UTH TIO JIbJLy HE MPOBATUBASACH (MTPOTUD JIbIa MAJ).
CKOpOCTh aKyCTHUIECKUX KOJIEOAHU MHOTO MEHbBIIIEe CKOPOCTHU CBeTa.
CrnemoBareibHO, 0 CPABHEHUIO CO CTATHYECKUM CJIYIAEM MOJIEKY-
JIBI CMeIaioTCsa B TedeHne 3(M@PEeKTUBHO MEHBIIero BpeMeHU, B pe-
3yJabTaTe HpOFI/I6 OKa3bIBA€TCA MEHBIITNM. BOBBMGM TOJINIUHY HUK-
Heil TIJIOCKOCTH Ha, OJTHY MOJIEKY/Iy OOJIbIe, YeM CMeIeHue Mporuha
CTepskHs (JI7IT KOHKPETHOTO 3apaHee BLIOpaHHOTO marepuana). Ha
BTOPOM KOHIIE OTBEPCTHUS CIIEJIAEM OUEHb MOJIOTUI CKOC TIJIOCKOCTH
(Puc. 1.17), aro6bI TaHHBI CTEPKEHb MOT MTPOIOIKUTE CKOJIbKEHIe
no mytockoctu (6e3 ocranoskm). OYEBUIHO, ITO €CIM TPU HEPETIATHU-
BUCTCKUX CKOPOCTSIX CTepKeHb He 'cockonp3uer"s peasproe 10-Tu
CaHTUMETPOBOE OTBEPCTHE, TO TeM 0oJtee Ipu GOIbINX (PEaATHBUCT-
CKHUX) CKOPOCTSIX CTEpXKeHb He "COCKOJB3HET"B (SIKOOBI) YKOPOTHB-
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meecst 10 10-tu canTmMeTpoB orBepeTre. UTo Oymer mpOuCXOauTh C
touku 3pernss CTO mpu Bcex MpPeKHUX XAPAKTEPUCTUKAX TLIOCKO-
ctu ¢ 20-Tr CAHTUMETPOBBIM MJIM KUJIOMETPOBBIM cTep:kueM? A ecin
MBI TIPU MTPEKHUX TEOMETPUIECKUX XAPAKTEPUCTUKAX IKCIIEPUMEHTA,
Oyzem 6paTh pa3Hble MaTePUAJIbI JII CTEPKHS (0T HYJIEBOi 10 MaK-
CUMAJIBHOM KecTKoCTH)? OUeBHIHO, UTO MPU TOUHON TOJTOHKE BCEX
MapaMeTpoB JIJIsT OJHOTO CJAy9asl HEBOZMOKHO YCTPAHWTEH MPOTHBO-
peune JjIg BCeX OCTATBHBIX (pasubix) caydaes. s cnacenuns CTO
HY?KHO JII/I6O MOCTY/IMPOBATH, YTO 2KECTKOCTH B IKCIIEPUMEHTE TIe-
pecraia ObITh 0OBEKTUBHBIM CBOHCTBOM MarepnaJsios (a 3asucur ad
hoc ot HabTIOMATE ST, TEOMETPIUYECKUX PA3MEPOB U CKOPOCTH ), JTUHO
MTOCTY/IMPOBATE, ITO BTOPOit KOHer| oTBepcTus moanpbiruBaeT ad hoc
"myxHBIM 00pazom". OnpaBabIBaET U 1eJb MOT0OHBIE CPEICTBAT

AnajiornyHas 3ajada 0 MPOXOXKIEHUN JIETIIIEro BIOJIL OCH X
TOHKOTO CTEepXKH$ (Terephb yKe He MPUKATOTO K IJIOCKOCTH) Yepes3
HUIITY TOTO YKe pa3mepa (MeIEHHO HAE3YKAIONLYI0 BIOh OCH Z ) BO-
MIa JaXke B TOMyIgpHyio jureparypy [6]. Pemarusucrsr "ycrpa-
Hs1i0T" TPOTUBOPEUre B MOKA3aHUSIX HAOJIIOmAaTE el ¢ MOMOIIBIO TT0-
BOPOTa CTEP:KHS B MPOCTPAHCTBE (TOT/Ia CTEPXKEHb B JIIOOOM CJIy-
Jae TMPOiIeT uepe3 HUIly, KaK W B KJIaccu4deckoit dpusuke). OHaKo,
moBopoT He ormensier Jloperrosa cokparerus. [logcBerum Huty
CHU3Y BJOJIb OCH Z TApaJUIeIbHBIM IY9IKOM Jiyueii (HampuMep, OT
YJAJIEHHOTO UCTOYHUKA). Byaem ¢ 60IbIoii CKOPOCTHIO TPOITYCKATh
GOTOMIEHKY BBICOKO CBEpXY HAaJ HUIIEH, MapasiieJbHO TIIOCKOCTH,
HO MTEPHUEHANKYJIAPDHO B3aAaUMHOMY ABU2KEHUIO CTEPZKHA 1 TIJIOCKOCTH,
10 ecthb B0k ocu Y (Puc. 1.19). Torma, HecMOTpsI Ha TIPOXOXK TEHIe
crepxkust, pesyabrar B CTO Bce paBHO Oymer pasHbIM JJIsT PA3HBIX
nabsogaresneii. B kmaccutueckoit pusnke moyInaoch ObI TTOJTHOE 3a-
TEMHEHUE (bOTOH.T[eHKI/I B MOMEHT TIPDOXOXKJICHUA CTEPXKHA Yepe3 HU-
1ty (4T0 OBIIO GBI OTMEYEHO MOTHOCTHIO TEMHBIM YYIACTKOM Ha CBET-
n0ii mostoce). Taxoe ke mostHoe 3aremuenue 661710 661 B CTO ¢ Toukn
3peHnst HAOMIOMaTeNsT HA CTEpKHE (TaK KaK HUIIA COXKMETCS W T0-
BepHercs). OHAKO, ¢ TOUYKM 3peHUs] HAOIIOMATe s Ha IIACTHHE (U
HA TIJIEHKE) CTEPXKEeHb COKpaTuTcss m mosepuercs. CrenosaTenbHo,
TTOJTHOTO 3aTeMHeHus He Oymer mukorma. Kro ke mpas? Bosee mpa-
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Puc. 1.19: "IToBopor" cTepxKHs.

MATUIHONW OKA3bIBAETCS CUTYAIUS C YTJIOM ITOBOPOTA CTEPIKHSI, BEH
OH 3aBUCUT OT COOTHOIIEeHUs cKopocTeit. [IycTs mo HammeMy cTep:KHIO
C IPOU3BOJILHOR CKOPOCTBIO CKOJIB3UT JIPYLOi, MEHBIINI CTepKeHb.
Habmomarenn wa 0b6oux CTEpKHAX OyIyT yTBEPXKIATH, YTO 3a30Pa
Mex Iy crep:kusaMu HeT. OJHAKO, HAOIIOMATEb HA TJIACTUHE T0JI-
xer, crormacio CTO, Bumers CTEpKHU MOBEPHYTHIMU Ha Pa3HBIE
yroiibl. ViMeeM OUeBUIHOE JIOTUUIECKOE TPOTUBOPEYNE.

HekoTopble 3aMmedyannss 0 COKpaIeHnn AJINH

PaccmoTpum 1omoTHUTENTBHO PEAITUBUCTCKUI 3 (DEKT COKpaIieHust
paccrosiamii (mapajgokc memexoos). 3apanee "morosopumcs'o cie-
aytomem MbicaenHoM skcrepuMente (Puc. 1.20). ITycrs masgk, pac-
TTOJIOXKEHHBIN TTOCPeINHE OTPe3Ka, MOCHLIAET CUTHAJT K ero KOHI[AM.
Jlmuna oTpe3ka mycTh OyaeT MUJLIMOH CBETOBBIX JIeT. B MOMEHT mpu-
XO/a BCIBINKA JBA MEIIexXoja Ha KOHIAX OTPe3Ka HAUMHAIT U
TH C OJWHAKOBOW CKOPOCTBHIO B OJHY, 3apaHee BBIOPAHHYIO CTOPOHY,
BJIOJIb IPAMOM, copepzKalllel JaHHBI OTPe30K, U UAYT HECKOJIbLKO
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jig q jig
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Puc. 1.20: ITapamokc ABYX THEIIEX0I0B.

cekyH 1. JIBuzKyImumiicst 0Tpe3oK (cucTeMa JABYX TEIIeXOI0B) MOJIKeH
COKPATUTHCST OTHOCUTEIHHO KOHIIOB HEMOJIBUKHOTO OTPE3Ka Ha COT-
Hu KustoMerpoB. OHAKO, HU OFMH M3 IMEIIEXOJ0B 33 9T CEKYHJIBI
ue "yaerur"Ha coTHU KMIOMETPOB. Pa3opBaThcst mocpennHe JIBUKY-
IUHCS OTPE30K TOXKE He MOT, TaK KakK Mpeobpa3oBanusa JIopeHra
HEMPEPHIBHBI. [ 1€ yKe COKPATUIICST 3TOT 0TPe30K? 1 Kak 3T0 MOXKHO
0OHADPYKUTH 7

Jnst "onpasaanus penaTUBUCTCKOrO CoKpalnenus i Dok
[37] paccyxmaer cremyiomum obpa3oM. B HEmojBUKHON cucreme
n3Mepenue JIHHbL (hakTuaeckn (HbUKCHPYeMOil KOHITAMI OTPe3Ka)
MOKHO MPOBOINTE HEOJHOBPEMEHHO, & B IBMKYIIEHCS CHCTEME HY K-
HO TIPOBOJIUTH OJHOBPEMEHHO. VI3 WHBAPUMAHTHOCTH WHTEPBAJIA

(2a —a1)® = (ta — t)? = (2}, — 23) — (1, — 1;)°

npu BeIOOpe ¢, = t),t, # t, momywaem |z, — xp| > |z, — xj|. Ho
TOTIA TOYeMy OBl MPOU3BOJIBLHO HE BBIOpaTh t, = t; 9TOOBI eIuH-
CTBEHHBIM 00Pa30M TOJIyIUTh OObEKTUBHYTO JUTHHY |x, — xp|? Cytie-
CTBOBaHME TPOIECCA M3MEPEHUsT JIIMHBI (KOHIIOB OTPE3Ka), HE3aBU-
CHMOTO OT BPEMEHW U OT TIOHSITUS OJHOBPEMEHHOCTH I COOCTBEH-
HO¥ CHCTEMBI OTCYETa, JOKA3BIBAET TOJTHYI0 HE3aBUCHUMOCTEH BPEMeH!
U MPOCTPAHCTBEHHBIX XapaKTEePUCTUK B 3TOH cucteme. [louemy ke
IUTsT IPYTOii, ABUKYINEHCS CUCTEMBI TOJIYKHA BOBHUKHYTH KaKas-TO
BTOpAast TOTIOJTHUTEHHAS CBA3b KOOPAUHAT W BPEMEHU, KPOME KIHe-
MATHYECKOTO TOHATHS CKOPOCTH !

Hesepunim sipsisiercst muerne Mangenbiirama [19] o Tom, uro wer
" meiicTBUTEBHON JUHBI"'U ero mpuMep C YIJIOBOW MepOoii mpemaMme-
Ta. YIJIoBast Mepa TpeaMeTa 3aBUCHT He TOJBKO OT Pa3MepoB Tpej-
MeTa, HO W OT PACCTOSHUS JIO HETO, TO €CTh OT JABYX MApaMeTPOB.
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CrnemosareibHO, €6 MOYKHO CJe/IaTh OJHO3HATHON TOJBKO €CJIH 3a-
¢duKCHpoBaTh OUH TApAMETD — pacCTOsHUE 10 mpeamera. Hewep-
HBIM SIBJISIETCST W €r'0 BBICKA3BkIBAHWE, UTO TIPH JIFOOOM criocobe n3me-
peHus JIUH JBUXKYIIUECS MO-pa3HOMY CTEPXKHU 00JIaJAI0T pa3Ind-
Hoit aymnoit. Hanmpuvep, Bo3mMozkHa mporeaypa n3mepennst (psiMoro
CPABHEHNS) MPEBAPUTEIHHO MOBEPHYTHIX MEPIIEHTUKYIIPHO OTHO-
CUTEJILHOMY JIBUKEHUIO CTEpYKHEe. 3aTeM CTepXKHW MOXKHO IMOBO-
paunBaTh MPOU3BOJBHBIM 0OpazoM. OHU BOODITE MOTJIN M€ IEHHO
BPAIaThCsA, I9TOOBI B MOMEHT COBIAJEHUS OKA3ATHCA MEPIEHINKY-
JIApHBIMU ABrxKennto. Torma sror crnocobd paxke B CTO cosepienno
HE 3aBUCUT OT OTHOCUTEIBHOTO JBUKEHUS.

HekoTophie peIITUBUCTHI CINTAIOT, ITO BOODIIIE HET COKPAIIIEHUST
JUITMH — eCTh TOJIBKO TIOBOPOT, HAIIPUMED, I Kyba (TO ecTh OHU He
MOTYT OJJHO3HAYHO JIOTOBOPHUTHCA Jazke Mexkay coboit). Orcyrcreue
peasbHOro TOBOPOTa Kyba (MM TO, 9TO 3TO TOJBKO KayKyImmiics ad-
bekr) Jrerko gokazarh, ecau Kyb OyIeT JeTeTh MPUKATHIM K TIOTOJI-
Ky. Boobiite roBopst, paccrosiiue 10 06beKTOB, X BUIUMYIO CKOPOCTH
7 pa3Mephl JazKe C IMOMOIIBI0 CBETa MOYKHO OINPEIe]IATh HeCKOJIbKI-
Mu "HenporusopeuusbiMu''camumu 1o cebe criocobamu. Hanpuwmep,
Iayke IS €IUHCTBEHHOTO HAO/IIOIATe/Id: MO0 YIVIOBBIM Pa3MepaM, 1o
oceerrerrocTH, o 3ddexry Hommaepa. Ho momyuenne pasubix 3ua-
YeHMil IS OJHON 1 Toi Ke (PU3UUIECKON BEINUYNHBI BOBCE HE OTME-
HACT €JUHCTBEHHBIC MCTUHHBIC O6’])6KTI/IBHLI€ XapaKTEePUCTUKM TeJjIa
U ero JBWKeHwusl (M0f KOTOPbIe TPATYUPYIOTCS TPUGOPHI).

CTO mnbrraercss "KynuTh'" HETPOTUBOPEUUBOCTD €€ OTPEIe/IeHUsT
JIVH Ty TeM 0TKa3a OT 00beKTUBHOCTH Psifia APYTUX (DUBNIECKUX Be-
quand. OIHAKO, CO BpeMeHeM 3TOT (OKYC He MPOXOJAUT — OHO HE0O-
parumo. OTMETHM CTPAHHYIO BEIIb: B CMBICIE 0OpaTuMocTh (mpw 1me-
pexojie OT OTHOI MHEPIMAIBHON CHCTEMBI OTCUETA K APYTOit 1 0OpaT-
HO!) suHeliHbIe TpeobpasoBanus JIOpEHIa COBEPIIEHHO SKBUBAIEHT-
HBI JIJIT KOOpAMHAT n st Bpemenu (o6parumer). [TosTomy crpanno,
KOTJIa pa3HWIlA B pa3zMepax Tejl WCUe3aeT MpPU BO3BPAINEHUN B MEP-
BOHAYAILHOE COCTOSHUE (HANPUMED, /st OJU3HENOB), a PAa3HUIEA B
MIPOIITE/IITIIEM BPEMEHU OCTAETCS.
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1.6 PengarnBucrckuii 3aKOH CJIOXKEHHUsI CKOPO-
crem

Hanmomunm, 9T0 KMHEMATHKA He 3aHUMAETCs ITOUCKOM NPHYUH JBH-
JKEHWsI, & YTBEPXKIAeT, HAIPUMED, CIEYIOIIee: eCin CKOPOCTH 3a-
JAHBI, TO MOXKHO HaiiTH pe3y/lbTaT CJIOKeHHs! cKopocreil. Bompocer
JMHAMUKN 9acThll (OHA 3aHUMAETCsT IPUYUHAME JIBUKEHNUiT) Tpeby-
10T OTJEJBLHOTO paccmoTpenust (cMm. [maBy 4).

Cremaem Tereph 3aMevaHne M0 TIOBOLY PEISITHUBIHCTCKOTO 3aKOHA
cIoXKeHust ckopocreit. [Ias ABYX cHCTeM, HEHMOCDPEeICTBEHHO ydacT-
BYIOIIIX B OTHOCHTEIHHOM [[BUKCHHUW, HEe BO3HUKAET COMHEHUSI MPU
OTIPEJIEJIEHIN WX OTHOCHTEIBLHOM CKOPOCTH (HU B KJIACCHIECKOi (hu-
suke, Hu B CTO). [Tycrs cucrema S 1BUIKETCST OTHOCHTEIBLHO CHCTE-
MBI S] CO CKOPOCTBIO ¥12; AHAIOTUTIHO, CUCTEMA S3 JIBUKETCS OTHO-
CHTEIBHO S] CO CKOPOCTHIO v13. PAKTUIECKN, PETSITHBUCTCKUIT 3a-
KOH CJIO’KEHHsI CKOPOCTeil OIpe/ie/isseT OTHOCUTEIBHYI0 CKOPOCTh TO-
rO JIBUIKEHNsI, B KOTOPOM Hab/Iroaress cam He yaacTsyeT. CKOpocTh
JIBUZKEHUS CUCTEMBI S3 OTHOCUTEILHO Sy ONPEeTHTCS TaK:

V13 — V12
V23 = 1— U13g12 :
c

(1.5)

Nwmenno B TakoM Buje (XOTs OOBIYHO BBIPAYKAIOT ¥13 U€pe3 U1y W
’1)23) PaCKPBIBAETCA MCTUHHAA CYyTh 3TOI'O 3aKOHaA: OH TOBOPUT O TOM,
KaKyI0 OTHOCUTEJBHYIO CKOPOCTh cucTeM S3 u So OyIeT perucTpupo-
BaTh Hab/IOmATE b B S1, €CIU OyIeT MOJIb30BATHCS MPABUIOM DifH-

mITeifHa I CHHXPOHU3AIMN BPEMEHH (C TOMOIIBIO CBETOBBIX CHT-
HAJIOB) U u3Meperus JauH. PaKTHIECKH MBI ONSITH MMeeM '"3aKOH
Buguvoctu". ([as cydas BO3MOXKHON mapaMeTpUYecKol 3aBUCH-
MOCTH CKOPOCTH CBeTa OT YACTOTHI 9TO BhIparKeHue OyIer M3MEeHeHO
— cm. Ipustoxkenns.)

Paccmorpum  crenyromiee  MeToamduecKoe 3aMedaHue. BecbMa
CTPAHHBIM JJIsI KHHEMATHIECKUX MOHATHIT SIBJISTIETCST HEKOMMY TaTHB-
HOCTH PEJIATUBUCTCKOIO 3aKOHA, CJI0KEHUS CKOPOCTEHl JIs HEKOJI-
JIMHEAPHBIX BeKTOPOB. CBONCTBO HEKOMMYTATHMBHOCTH (M TO, 9TO
npeoGpasoBanus Jloperna 6Ge3 BpaIleHuii He COCTABIAIOT TPYIIILY)
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CJIErKa, YIIOMWHAETCS JIUIb B HEKOTOPHIX YICOHUKAX TEOPETUIECKO
duzukn. OaHAKO, HATPUMED, B KBAHTOBOU MEXAHUKE AHAJOTHIHOE
CBOWCTBO CYIIIECTBEHHO MeHSeT BeCh MaTeMaTWYecKWil ammapar u
du3nIECKN BBIPAYKAET OJHOBPEMEHHYIO HEM3MEPUMOCTH HEKOMMY-
TUPYIOIIAX BEJTNIWH.

W3 ob1miero pesiTUBUCTCKOTO 3aKOHA CJIOXKEHUS CKOPOCTeit

(vive)vi/vd +vi 4+ /1 —v?/2(vy — (vive) vy /v}) (1.6)
1+ (viva)/c? )

V3 =

BHUJHO, YTO PE3Y/IBTAT 3ABUCUT OT MOPSIKA TPEOOPAZOBAHUS: HATIPHU-
Mep, B CJIydae MOCIeq0BATeTbHOCTA

+U1i, _vli, +v2ja _v2ja

r7e i u j — OpThI MPSIMOYTOIBHON CHCTEMBI KOOPIUHAT, MOTYIaeM HYy-
JIEBYIO UTOTOBYIO CKOPOCTD, & JJIsT IPYTOTO TTOPSIJIKA, TeX YKe BeJTUINH

+o1i, +v2j, —v1i, —v2j

MOy IUM HEHYJIEBYIO CKOPOCTh, KOTOPAask BEChMa, CJIOYKHO 3aBUCUT OT
ckopocTeit v1 u vg. IlocieqoBarepHOe MpUMeHeHue mpeodpa3oBaHmil
(nBuzkennit) vii v V9] TPUBOIUT K

vy = v1i+ /1 — v?/c2vqj,

a B JIPYTOM IOPSAIKE Vo U v11 MPUBOIUT K

v =wj+ /1 — v3/cuii,

TO eCTh TIoJy4daeM pasublie Bekropa (Puc. 1.21).

YTo Ke B TAKOM CJIydae MOXKET O3HAYATH PA3JIOKEHNEe BEKTOPA
CKOPOCTH Ha KOMITOHEHTHI? Bo-TepBBIX, MepeHOC MPOCTEHITNX KIac-
CHYECKUX METOJOB PACYeTOB (KOMMYTATHBHON asreOpbl) Ha pes-
THBUCTCKWE ypaBHeHWs (HEKOMMYTATHBHbBIE) HEIPaBOMEDEH: JarxKe
pellienne BEKTOPHBIX yPaBHEHNUIT TTOKOMIIOHEHTHO TPebyeT 0MOJIHN-
TeJILHBIX MOCTYJIATOB, YCJIOXKHEHWH NN pa3bscHeHuil. Bo-BTODHIX,
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v
3 v
vy

Puc. 1.21: ITapamanenorpammer ckopocteit 8 CTO.

HEBO3MOYKHO TMPOCTOE TPUMEHEHWE METONOB KJIACCUYECKOH (husm-
k¥ (MPUHIMINA BUPTYAJIbHBIX TEPEMENIEHN T, BAPUAIIMOHHBIX METO-
noB u T.7.). [lpumiocs 6b1 gake HOMb "WHIUBUIYATH3NPOBATH':
KOJIMIeCTBO "Hy/IeBBIX"BeIMUNH, COCTABIEHHBIX W3 HEKOTOPON BEK-
TOPHOI KOMOWHAIINK [TO?KHO OBITH PABHBIM KOJUYECTBY '"HyJsie-
BBIX"BEJIMYWH, COCTABJIEHHBIX W3 3ePKaIhHON BEKTOPHON KOMOWHA-
nun. CrenoBarebHo, u Teoprst MIYKTYAIMil TaKKe HYKIAIACh OBl
B JIOTIOJTHUTETHLHOM 060CcHOBaHUU. TakmM 06pa3oM, BOMIPEKN TE3UCY
"o npocrore u 3jnerantHoctu CTO" 11 npaBriIbHOro 060CHOBAHMUS
JayKe TPOCTERIITNX TPOTIETYP MPHUIILIOCH ObI BBOIUTH MHOYKECTBO MC-
KYCCTBEHHBIX yCJIOKHEHWH W PasbsiCHennii (9ero Her B yaeOHMKAX).

PaccvoTpuM jiormdeckoe MpoOTHBOPEYNe PETSITHBUCTCKOTO 3aK0-
Ha CJIOXKEHUsI CKOPOCTEeH Ha MpUMepe OJHOMEPHOTO ciydas. [IycTh
UMeeM BEChI, UMeoIre (hopMy TOPU3OHTATHLHOTO YKEeI00a C ropH-
BOHTAJIBHOM MOTIepedHoil 0Cchio mocpenune xkemoba. [lo xemoby Oy-
YT KATUTHCS JIBA OJUHAKOBBIX IIAPUKA MACCHI 770 B PA3HBIE CTOPOHBI
ot ocn (Puc. 1.22). Yrobr! noka n3bexkarh 06CyKIeHNsT CBOFCTB pe-
JISTUBUCTCKOM MAacChl TOCTYNHUM Tak. IIycTh TpeHme Ocu BECOB OT-
CYTCTBYET BCIOAY, WCK/OUYasi TOUYKY TOPU3OHTAJIBHOTO MOJIOMKEHUSI
("meprBas Touka'). B 3TOM MOIOKEHUN TOPOT CUJIBI TPEHUS HE 103~
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% Q#

OOO0O
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Puc. 1.22: Bakon cioxKeHuss CKOPOCTEil U MPOTUBOPEUNE BECOB.

BOJIFET CABUHYTBHCA BeCaM 3a CYET BO3MOXKHOU MaJIO PA3HOCTU pPe-
JATUBUCTCKUX MACC (MEXKIY IIapaMu), HO 3TOT MOPOT IYBCTBUTE b
HOCTH HE MOYKET BOCIPENATCTBOBATH BPANIEHUIO BeCOB (C "MepTBoi
Touku') P OTCYTCTBUY OJHOTO U3 MApoB (ecau o ymajer). [lycrs
CKOPOCTHU TIIAPOB B CHCTEME BECOB OJMHAKOBBI IO MOAY/0. Torma B
39TOW cHUCTeMe MIapbl OJHOBPEMEHHO JTOKATATCA 10 KpaeB W yHaJayT
BHM3, TAK UTO BECHI OCTAHYTCS B TOPU3OHTAIBHOM TOJIOXKeHUH. Pac-
CMOTPHUM TeNePh TO ¥Ke JIBUKEHNE B CUCTEME, OTHOCUTETHHO KOTOPOii
BeChl ABUKYTCA co ckopocThio V. IlycTs Tombko V. — ¢, a v < vy,
TIe Vg — CKOPOCTh 3ByKa B Marepuasie »kejfobda. Torma Bechl MOXKHO
CUATATH aDCOJIOTHO YKECTKUMHU (MTHOPUPOBATH aKyCTHUECKHE BOJI-
ue1). COracHo pesSTUBUCTCKOMY 3aKOHY CJIOPKEHUST CKOPOCTEdt

V—w V+wo

V= ——————5 Vg = ———— .
1—oV/e?’ 14+ 0V/c?
JIBmkenne cpemmHeil TOYKU CO CKOPOCTHIO

v+ 1—v2%/c?
2 1-2V2/c

<V

BCErZa OTCTAET OT JABUYKEHHS BecoB. TakuM 00pasoM, IePBLIM CBa-
JINTCS IIAPUK, ABVXKYIIMIACA IPOTUB HAIIPABICHUS JIBUYKEHUS BECOB.
B pesyabrare paBHOBECWe HAPYIIATCA W BECHl HAYHYT BPAIATHCS.
HNmeem mpoTuBOpeune ¢ JAHHBIMHI MepBOro Habmomarend. dro Oy-
Ier ¢ HADJIIOZATeeM, eCIM OH OyIeT CTOATH IO TPABO TaCThIO
BECOB?
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MoryT in mpeobpazoBanust JIOpeHita OMMCHIBATEH MTOCIEI0BATEIb-
HBIEC IIepexXOAbl OT OJHOW MHepIUaJIbHON CUCTEeMBbl K Jpyroit m or-
Be€YJaeT JIn peJIHTI/IBI/ICTCKI/Iﬁ 3aKOH CJIO?KEHUA CKOpOCTeﬁ PeaTbHBIM
m3MeneHusM ckopoctu?! Koneuno, uer. /ljig Havajsa HAMOMHUM, Ka-
KO CMBICTI BKJIQJIBIBACTCA B peJ’[HTI/IBI/ICTCKI/If/'I 3aKOH CJIOKEHUA CKO-
pocreit. OH MOKEH JOKA3BIBATH, UTO CAOYKEHWE IBUMKEHW He MO-
JKeT TPUBECTU K CKOPOCTH, DOJIBIeil CKOpOCTH cBeTa. Kak B TakOM
caydae MOXKHO CKJIAIbIBATH NBUXKeHUsi! Hampumep, oTHOCUTETHHO
3Be31 ABMIKETCst Halma, 3emitst ((hakTHIecKn CymeCTBYET MepBast IBU-
JKYIIASACS CHCTEMA OTCYeTa), C 3eMJIM B3JIETAeT KOCMHUYECKHH KO-
pabsb ¢ 6osbmoit ckopocThio (bakTudecku "cozmana''Bropasi 1BU-
JKYIIASACS CUCTEMA, OTCYUETA), 3aTEM C 3TOT0 KOCMHYECKOTO KOPab-
JIS B3JIETAET CJIEYIONIAs pakeTa (TPeThsl CHCTEMa OTCYeTa) W T.]I..
I/IMeHHO 9TO AOJI2KHO MMETHCA B BUJY TOJ MOCIEA0BATE/IHBHBIM TTPU-
MeHeHHeM mpeobpasoBanuit. Torma ormagaer, HAIPUMED, BOTIPOC O
TOM, KaKyI0 CKOPOCTH B 3aKOHE CIOKEHWSI CKOPOCTeH CINTaTh Tep-
BOIi, & KAKyI0 BTOPOIii (3TO BAyKHO JJIsT HEKOMMYTATHBHBIX MPeobpa-
30BaHMit). B 9TOM CMBIC/IE M TIPUBOAMINCH BCE MPUMEDPHI BHITIIE.

PaccmorpuMm Teneps mpeobpazoBanus JlopeHIa st TpOM3BO/Ib-
HbIX Ha,HpaBJIeHI/Iﬁ JBUZKCHUA:

1 1 Vi
rn=r+ —|—-=-1|rV)V+ ———,
! V2 <\/1 V22 >( ) V1I-V2/e2

Lt V))e
Ao veeE

Jlerko mpoOBEPUTH, UTO MOCIEIOBATEIHHOE IPUMEHEHNE PeJISTTHBUCT-
CKOTO 3aKOHa CJIoXKeHWsi ckopocreii (1.6) k BeamanHam

vi, woj, —wvii—way/1 —v?/c%] (1.7)

Jaer HOJih. IIpuMeHuM K MPOW3BOJILHOMY BEKTOpY r = xi + yj mo-
cae0BaTEIbHO MpeobpazoBamus JIopeHIa ¢ Tem e HabOpPOM CKOPO-

creit. UmeewMm:
T + vt

ry = 1+yJ,
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t 4+ zvy/c?

V1—02/c2

t1 =

Hamee nveem:

T 4 vt - yy/1—v?/c? +v2t+xv1v2/62j
V1 —v?/c? V1—v}/c2\/1—v3/c? ’

. t+ vy /c? + yvg/1 — 0?2 /2 /P
2 = .
V1=v}/2\/1—v3/c?

Bripaxkenust s r3 u t3 He OyJeM BBITUCHIBATH B SIBHOM BH-
Jie BBULY WX rpoMo3aKocTu. OIHAKO, UCTOIB3Ys TpadudecKkue mpo-
TPaAMMBbI MOXKHO YOEIUTHCS B CIEIYIONINX CBONCTBAX:
1) B HOBOII cECTEME HAYAIHLHOE BPEMs JECHHXPOHU30BAHO B JIIO0O
TOYKe MTPOCTPAHCTBa, KpoMe HadaJjia KOOPJAUHAT.
2) IIpoMexkyTKM BpeMeH! M3MEHUNCH: dtg # di, TO eCTh MbI OMAIH
He B TTePBOHAYAIHLHYTO TIOKOSITITYIOCST CHCTEMY, & B HOBYIO JIBMKYTITYTO-
ca cucremy. CrenoBaTeIbHO, KAK MUHUMYM, B YI€OHUKAX HE COBCEM
TOYHO PACKPBIBAETCS CMBICT Tpeobpazosanuii JIopeHa nim peraru-
BUCTCKOTO 3aKOHA CJIOXKEHUS CKOPOCTEM.
3) OTpe3kn OKa3bIBAIOTCS HE TOJIHKO M3MEHEHHOW JJIMHBI, HO W TI0-
BepHYTBIME. B 3TOM J1erko yOeauThCst, ec/ii HAUTH THUCJEHHO YTOJI
TTOBOPOTA, TO €CTh PA3HOCTH

ro =

« = arctan y3(z(1),y(1), t] — y3[2(0),y(0), ] _
zs[z(1),y(1), 1] — x3]z(0), y(0), ]
— arctan y(1) —y(0)

MoKHO CKOTBKO yrOJHO MaTeMaTHIeCKH O0OBICHATH 3TH CBOICTBaA
IICEB/TOEBK/INIOBOCTBIO METPHUKH, OJHAKO (PU3MUECKH BCE IIPOCTO.
DTH CBOWCTBA JOKA3BIBAIOT HEOOHEKTUBHBINH (& TOJBKO KarKyI[wii-
cs1) XapakTep Mpeobpa3oBaHuii JIOpeHIa 1 pesITHBUCTCKOTO 3aKOHA
CJIOJKEHUsT CKOPOCTENl M WX HECOT/IACOBAHHOCTH MexKy coboit. leii-
CTBUTEJILHO, IOCKOJILKY MBI IIOCIETOBATENILHO MEePEXOIUIN OT OJHOM



1.6 CJIO>KEHUE CKOPOCTEIN 61

WHEPOUAJIbHON CUCTEeMBI K JPYTOii, & MOBOPOT O3HAYAET HEWHEPIN-
anbHOCTh cucteMbl, To CTO cama BBIXOAUT 3a paMKu COOCTBEHHOM
MPUMEHUMOCTH, TO €CTh TPOTUBOPEUnBa. KCIn ObI 3TOT TTOBOPOT OBLIT
PEAIBHBIM, TO 9TO 03HAYAJI0 ObI HEOOHLEKTUBHOCTD TTOHATHS WHEPITH-
AJBHON CUCTeMBI (TAaK KaK PE3yJIbTaT 3aBUCes Obl OT CIocoba mepe-
XO7Ia K JIAHHOf cucTeMe) W, KaK CJIeJCTBHe, 00 OTCYTCTBUM CAMOM
6aser mst cymectBoBarust CTO.

[Tompobyem pazobparbcs, mMoYeMy K€ TPAKTOBKU M3 yICOHHKOB
TPUBOAAT K HECOTVIACOBAHHOCTU JIBYX Bpra)KeHPIfIZ PEIATUBUCTCKOTO
BaKOHA, CJI0XKEHUsT CKOPOCTell 1 mpeobpalzoBanuit JIopeHa, HecMoTpst
Ha TO, YTO TIEPBOE BBIPAKEHNE BBIBOANTCS M3 BTOpOro. HamomuamMm
9TOT BBIBOJT HA TIPUMEPE OTHOMEPHOTO B3AUMHOTO JIBUKEHUS CUCTEM
K n K'. Ucxona n3 npeobpazosanuii Jlopenta

x4+ Vt t+Vax/c?
T = —F/7— =

Ji-vze’ T i-veje

nemnm auddepennman dry Ha dty ¢ yaerom onpegenernit v = dx/dt
u vy = dry/dty n noaygaem:

vtV
1oV /e

U1

Orcroma BUIHO ClIeayomee:

1) maburoaTesib HAXOAUTCSA B IEHTPe CHCTeMbl K U m3MepsieT pac-
CTOSTHVE X JIO MCCJIeTyeMOoro Tesa B cBoeil cucreme K.

2) OH CUMTAET BpeMs t eMHBIM B CBOEI CHCTEME U OMPEIE/ITeT CKO-
pocTh Tea B cBoeit cucreme v = dx/dt.

3) ou m3mepsier ckopocth —V cucrembr K’ ornocurensuo K, mosb-
3ysick ceouM (!) BpemeneMm ¢, m CauTaeT OTHOCUTETbHBIE CKOPOCTH CH-
CTeM B3aUMHO OOpATHBIMHU IO Halpas/aeHuio. Hudgero apyroro sror
HAOJTIOATe/ b U3MEPUTH HE MOXKET: UTOTOBAS BEJTUINHA CKOPOCTU U]
SIBJISIETCS BBITUCSIEMO# BemanHoi. TakuM 00pa3soM, MbI IPUXOIAM
K TpakToBKe [49]|, u3/0KeHHO paHee: PeNSITUBUCTCKUiT 3aKOH CJI0-
JKEHUsT CKOPOCTElt OMpeIesisieT CKOPOCTh TOTO OTHOCHUTETHLHOTO JTBH-
JKEHUsS, B KOTOPOM CaM HaDJII0IATe/Ib He yIaCTBYeT. DTOT 3P DEKT He
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peasbHbBI, a KasKymumiicst (KOTaa MoIb3yeMcst OMpe/Ie/IeHHBIMU TTPa-
sutamu CTO). ITo cyru dopMmysbl MBI HE MOYXKEM TIPOCTO TepeiiTu
KO BTOPOIl MOJCTAHOBKE JIjIsI OMPEIe/IeHUs Vo, XOTA (POPMAILHO B
BBIPpAYKEHIE PEJIITHBUCTCKOTO 3aKOHA CJOYKEHUS CKOPOCTeH MOYKHO
MTOCJIEIOBATEHHO TOACTABIISITH CKOJIBKO YTOIHO BEJIMUNH CKOPOCTEIA.
B caywae cimoxkeHMs ABUMKEHUH BIOIB OTHOM TMPIMO KJIACCHUIECKOE
CBOMCTBO KOMMYTATHBHOCTH COXPAHAETCA W MPOTHUBOPEYNE OKa3bl-
BaeTCs 3aByaJupoBaHHBIM. HO ecim BeKTOpa CKOPOCTH HEKOJITHHEe-
apHBI, TO MYHKT 3) OKA3bIBAETCS HEBEPHBIM M CPa3y MPOSIBJISETCS
MPOTUBOPEYMBOCTh U HECOTJIACOBAHHOCTH 3aKOHA, CJIOXKEHHUS CKOPO-
creit u peobpalzopanuii Jlopenrta.

B paccmorperHOM paHee TpUMepe MOYXKHO [MOCTYMHUTH T0-
JIpyroMy: OyJIeM UCKATh MOCIeI0BATEILHOCTh TPEX MPeodpa3oBaHmit
CKOPOCTeIf, COXPAHSIIOIIYI0 TTePBOHAYAIHLHOE BPeMs B Mpeodbpa3oBa-
uusx Jlopeuna mem3ameHHBIM. Tora JIerKO TPOBEPUTH, UTO BMECTO
(1.7) moxkeT OBITH B3siTa €JIMHCTBEHHAS! MOCJIE0BATEIHLHOCT:

vii, waj, —wv14/1 —v3/c%i — vaj. (1.8)

OnaHako, BO-TIEPBBIX, MOBOPOT OTPE3KOB OCTAETCA. BO-BTOPBIX, HO-
BBIIT HAOOP CKOPOCTEll He YI0BJETBOPSIET B JAHHOM MOCIEI0BATE b=
HOCTH 3aKOHY CJIOYKEHUST CKOPOCTEH, TO eCTh (PAKTUIECKN TTOMEHSIICS
TTOPSITOK TIOICTAHOBKY CKOPOCTEH ¥1 U Uy B 3aKOH CJIOKEHUS CKOPO-
creif (4TO HE COOTBETCTBYET CyTHW 3TOrO 3aKOHA). TakuM 06pasom,
MPOTUBOPEYNS BCE PABHO HE yCTpaHSioTCs. OJMHUM U3 MPOSIBJIEHUN
nporuBopeansoct CTO smastercst mpemeccust Tomaca: wexomst u3
MOCJIETIOBATETLHOCTH WHEPIUATBHBIX CHCTEM (JIBUXKYIIUXCS MPSIMO-
JIMHEITHO ¥ PABHOMEPHO) BJPYT B UTOTE MOJIY9aeTCsl BDAIEHNE TTPe/T-
Mera (IPUHINMIMAIBLHO HEHHepIHaabHOe aBukenne). Taxum obpa-
30M, TIEPeXO[ OT W3JIAraeMbIX B CTAHIAPTHBIX yIeOHUKAX Mpeodpa-
soBanuit Jloperna B "maremarudeckom mpocrpanctsel + 1 (¢ + x)
K mpeobpazoBanusm Jlopenna B "mpocrpanctse"l 4+ 2 wim 1+ 3 co-
IepXKUT (pU3MIecKre MPOTHBOPEUHSI.

MHorre UHTYUTUBHO TMOHSTHBIE CBOWCTBA (DUBUIECKUX BEJIUINH
repsaoT cBoit cmbica B CTO. Hanpumep, oTHoCHTEIbHASA CKOPOCTH
MepecTaeT ObITH MHBAPUAHTHON. JacCTHUIThI, BBIIETAIONINE BIOJIb O-
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HOW TpsiMoii ¢ pasubiMu ckopocTsmu obpasyior B CTO cioxubIil
"Beep ckopocreit" mis aBUKYyIeiicss cucrembl. M3oTpomHoe pacmpe-
nenenne 1o ckopoctsim B CTO mepecraer OBITH TAKOBBIM JJIsT IPY IO
IBmKyIeiica cucrembl. Hukakoro 3agsiagemoro ymapomtenns 8 CTO

Ha, CAMOM JIeJI€ HET.

N3 CTO BoBce He ciienyeT HEBO3MOXKHOCTH CKOpocTeit v > ¢. U
TOOABJIEHIE O TOM, YTO 3TO OTHOCUTCS TOJTHKO K CKOPOCTH TEPeTatn
CUTHAJIA — MCKYCCTBEHHOE M00aBIenne (BBULY HAJMYIUSA OYEBUIHBIX
KOHTPIIPUMEPOB K PACIIHPEHHOMY TOJKOBaHW0). OHAKO, Taxke ¢
TMOOOHBIM TOOABIEHNEM OCTAETCS HEJTOCTATOYHO JIETEPMUHUPOBAH-
HBIM ToHsITHE curHAMa (nrdopmarn). Hampumep, momyuast curaa
OT BCITBIIIKN CBEPXHOBOI, pa3Be MBI HE YBEPEHBI, UTO TAKAs YKE WH-
dopmanmst "conepkurcsa"Ha gEaMeTPaILHO TTPOTHRBOTOI0KHOM pac-
CTOSTHUW OT CBEPXHOBOI, TO €CTh MBI 3HAEM 00 3TOM CO CKOPOCTHIO 2¢7
W 1o ve undopmanna? Ciaenosarensno, B8 CTO Moxker mmernes
BBUJY TOJBKO WHQOPMAIMSA HA MATEPUATLHOM HOCHUTEJE 3JIEKTPO-
MarHUTHON TTPUPOBI, PACTIPOCTPAHSIOMIASICS B BAKYyMe MMOCTIeI0Ba-
TEJLHO Yepe3 BCe TOUKY MPOCTPAHCTBA OT UCTOYHUKA 0 MTPHEMHUKA
CUTHAJIA.

Cremaem oJI-
HO 3aMevaHue Mo-TOBOAY "yIuBHTEIBHOCTH " PEIITHBUCTCKOTO 3aK0-
Ha "cnoxkenns'" cKOpocTeil, TO3BOISIONIEr0 OOMEHUBATHCST CBETOBBIM
CUTHAJIOM JIayke KOT/a ajrebpamdeckasi CyMMa CKOPOCTel OKa3bIBa-
erca Gosbiie ¢. ObpaTuM BHUMAaHWE HA OUYEBUIHBIN (DaKT: CUTHA-
JIBI It oOMeHa mHdOpMaIineil JOKHBI MOChIIATHCST 00s3aTeIhHO
B HAIpaBJIeHUU O0bEKTA, a HE B MPOTUBOIOJIOKHOM HAIPABIEHUN.
HOSTOMY HET HUYEeTO YAUBUTE/JIHHOTO B O6MeHe CUTHAJIOB, KOTJa W B
KJTACCUYIECKOM CJIydae B pe3ysbrare (pOPMaTbHOTO CIOKEHUsT CKOPO-
cTeit OKa3hIBACTCS VU] + U2 > VUgignal- 11yCTh JIBa caMoJIeTa B3/IeTaiOT
¢ aspoapoma O co ckopocTamu 0, QVsoyng U PA3AETAIOTCS JIPYT OT
JpyTa B MPOTUBOMOJIOKHBIX Hampasiennax ocu X (TO ecTb ¢ OTHO-
CHUTEJIBHOMN CKOPOCTBIO 1, 8Ug0und)- BO3MOKEH T MesK 1y HUMEI OOMEH
3BYKOBBIME curHasamu! Pazymeercsa! Tak Kak 3ByKOBast BOJHA pac-
TPOCTPAHACTCA B BO3AyXe€ HE3aBUCUMO OT CKOPOCTHU MCTOYHUKA Sl B
MOMEHT UCITYCKaHUsI CUTHAJIA, TO TEPBBIi camMoseT (TOoCIaBIuii Cur-
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Puc. 1.23: O6MeH curnajiom.

HaJ1) OymeT TOroHsIThH (DPOHT BOJIHBI, PACTIPOCTPAHSIIONIUACS B MOJIO-
JKUTEIHHOM HaIlpaBIeHnr ocu X, a BTOPOil camoser Oymer "copes-
HOBATHCA'" ¢ (PPOHTOM BOJIHBI, PACTIPOCTPAHSIIONIAMCS B OTPUITATE b=
moM Hampasernn ocu X . O6a camosieta IBUKYTCS MeIeHHee, TeM
PACIIPOCTPAHSIIOTCS COOTBETCTBYIOMINE OJMKANIIME K HUM YYACTKA
dporra Bomaer (Puc. 1.23). Takum o6pa3om, cymMMa CKOPOCTeil B
PEaLHOCTH COTIOCTABIAETCS (CI0XKHBIM 06pPa30M) He CO CKOPOCTHIO
3BYKa, & C BEJTUUAHON 2Vsoung (2 IS CBeTA - ¢ BEJIMUIHHON 2¢).

O“IeBI/I,Z[HO TaK>Ke, 9TO d)HBPI‘IeCKOG OTPaHUYCHUE Ha BEIUINHY
CKOPOCTH HE MOYKET HAKJIAJbIBATHCS MaTeMaTHKoil (Tor dakt, uTo
IO 3HAKOM PaJWKaJIa B HEKOTOPHIX BhIPDAKEHUAX 6y;|;eT CTOATH OT-
punarebHas BeqnunHa). Hajo mpocTo BCMOMHHUTH, UTO BCe (op-
mysibl CTO mosiydensl ¢ WCTOIB30BAHUEM OOMEHA CBETOBBIMU CHT-
Hasjamu (MeToJ cHHXpoHm3anuu Ditnmreiina). Ecan ke Temo cpasy
OBUZKETCA 6bICTpee CB€Ta, TO €ro MpoCTO HEe CMOXKET JOTHATH CHUr-
HAJI, TIOCJAHHBI BIOTOHKY. AHAJOTHYHO MOYKHO BBECTH CHHXPOHW-
3aIMI0 C TOMOIIBIO 3ByKa (1 Takske OymyT ocobennocTn B (hopmyax),
HO OTCIO/Ia BOBCE HE OYIET CIeJ0BATH HEBO3MOMKHOCTL CBEPX3BYKO-
BBIX ckopocteii. CKOPOCTh PacnpoCTpaHeHusl BO3ZMYIIEHUI (3BYKO-
BbIX MNJIN CBeTOBbIX) B CpeJe HMKaK He CBd3aHa CO CKOPOCTHIO IBU-
JKEHUsT HEKOTOPOTO TeJIa CKBO3b Ty CPEJy.

1.7 JlobaBouHaga kpurtuka kuHematuku CTO

Haunem c¢ obmnx 3amedvanuii. I'pyrimoBbie cBoiicTBa MaTemaTnye-
CKUX YpaBHEHWI, KaK Mpeodpa30BaHUsd C MaTEMATUIECKUMU CHMBO-
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JIaMU, HEe WMEIOT COBEPITIEHHO HUKAKOTO OTHOIIEHWS K KaKUM-JI00
dpu3nIecKuM TPUHITAIIAM WM TOCTY/IATaM, TO €CTh TPYIIOBBIE CBO¥-
CTBa MOTYT OBITH HAAEHBI 03 JOTOJTHUTEIBHBIX (DUBUIECKUX TUTIO-
te3. Hampuwmep, mpeobpazoBanus JlopeHiia, oTpakaioiue TpyImno-
BbIE CBOHCTRA ypasHenwit MakcBeia B mycrore (Man KJIacCuIecKoro
BOJIHOBOTO YPABHEHWUs, B TOM YHCJIE€ B AKYCTUKE), BOBCE HE CBSI3AHBI
¢ seegerabiM B CTO mocTymaToM mMOCTOSTHCTBA, CKOPOCTH CBETA MJIN
C TIPUHIIUTIOM OTHOCUTETBHOCTH.

Teopust OTHOCUTEILHOCTH — 3TO (baKTHIECKH 'Teopust BUINMO-
": YTO MBI YBUJUM B SKCIIEPUMEHTE, €CJIU B €r0 OCHOBY (¢ 0000-
MIEHWEM Ha CBOWCTBA MPOCTPAHCTBA W BPEMEHU) TIOJIOKUTH 3AKOHBI

CTH

9JIEKTPOMATHUTHBIX B3AMMOJEHCTBUI (aOCOTIOTH3AINS IEKTPOMAT-
HUTHBIX $IBJIEHUIT). AHAJTOTMYHO MOYXKHO TTOCTABUTH BOIPOC O TOM,
KaK OVIyT BBIIVIAJETh sIBJIEHHUsI, HaOJIOTaeMble C IMOMOIIBIO 3BYKa
u 1ap. Pazymeercs, KOHEYHOCTH CKOPOCTHU TMEPEIadr TEX WU WHBIX
B3aUMOAEHCTBII BUION3MEHSIET SIBJISHIS, HAOII0AAaeMbIe C TIOMOIIBIO
9TuX B3amMmojeiicTeuit. Ho 3T0 He Mermaer mgenarh eInHBIE SKCTPa-
MOJIANAN [T TPUBSI3KW K MTPOCTPAHCTBY M BpeMenn (abCOTIOTHBIM
KJTACCUYIECKUM (DU3UUECKUM TIOHSITHSIM) TSI €JIMHOTO OMMCAHMST MU-
pa, He OrPAHMYEHHOTO HUKAKWMU BCEODIIMMU THUITOTE3AMHU.

HeioToHOBO IPOCTPAHCTBO 00J1a/1a€T BaXKHBIM CBOWCTBOM: CHCTe-
MBI C MEHBIINMH Pa3MepPHOCTAMHI MOTYT O00JIaaTh AHAJTOTTIHBIME
coiicrBamu. Hampumep, BeKTOp MOXKeT OBITH BBEJIEH HE TOJIBKO B
MPOCTPAHCTBE, HO U Ha mpsMoii 1 Ha miaockoctu. B TO mpocrpan-
CTBEHHBIE BEJIMUNHBLI He 00JIaJaf0T BEKTOPHBIME CBOWCTBAMH (TOJIBb-
KO 4-BEKTODA), TO eCTh HET HENPEPLIBHOTO TIPEJIEJIHLHOTO Mepexoja K
KJTaccHaecknM BeananHaM ("'mouTH BeKTOp"— BEKTOD).

B kagecTBe cienyooInero 3aMedaHns OIUIIEM MapaJgoKc "Helo-
kasbHOCTH". Bamernm, aro Bce popmysnsl CTO stokaabHBI, TO €CTh
HE 3aBUCAT OT MPeIbICTOPUN IBUKeHnd. [lycTh cucrema S’ mBmzKeT-
CsT CO CKOPOCTBIO V OTHOCHUTEIbHO cuctembl S. B mnentpe O B Mo-
MEHT COBITaJeHUA C IIEHTPOM O/ TTPONCXOJUT BCITHINITKa, CBETa. HYCTB
3a BpeMms t B cucreme S BOJHOBOW (DPOHT JOCTUTHET TOUKM A, a B
cucreme S’ coorsercreenno toukn A’ (Puc. 1.24). Coobmyum npu-
eMHUKY CHTHaJa B cucreme S, Haxomamemyca B Touke A; = A’
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Puc. 1.24: Ilapagokc HEJTOKATHLHOCTH.

UMIYIBCHO CKOPOCTh V. [losydaercs aTo (ppoHT BOJHBI Cpa3y Ime-
pemectuica B Touky A’ (Beaw Temepn mbl B cucreme S’). Tak rre xe
Haxoauacsd OPOHT BOJIHBI B OJWH U TOT K€ MOMEHT Bpemenu? M3me-
HIIOCH Bpema B Ay = A’? A ecim MBI Yyepe3 MTHOBEHHE OCTAHOBHM
npueMHuk B A17 Bpemst BoccTaHOBUTCS, a (DPOHT BOJIHBI OTSITH BEP-
mercs B A? A wmabmiomarent 3abyIeT, YTO BHUIET BCIBIINIKY CBETA?
Torma aTobwl yBUIETH OymyIIee Hago ObicTpee msurarbesi? To, aTo
HabmomaTens B A; He Bce BpeMs JBHTrajca BMeCTe ¢ cucreMmoit S,
HUYero He oObaCHsET, Tak Kak B A’ MoyKeT HaXoauThcst Apyroil Ha-
OrOaTeb, KOTOPBI BCe BpeMs JIBUTAICA BMecTe ¢ cucremoil S’

[Moxywaercst, 910 OAWH W3 HUX YBUIAT COOBITHE, & BTOpPOil — HeT?
Ucuezaer 06bEKTUBHOCTH HAYKH.

Mox#o g00aBUTEH CJAEAYIONIEE BCIOMOTATEILHOE 3aMeJYaHuUe.
JIBuKeTCs T BOJTHOBOIE TTakeT (CBET) B BAKyyMe CO CKOPOCTBIO CBe-
ta? Ecau ma, T0 MBI He MOXKeM pa3duTh ero Ha OTAeTbHBIE UMITYIh-
CBHI C IIOMOIIBIO CTPOOOCKOIA: BCJIEACTBUE COKPAIICHUS JINH IJINHA,
KazKJI0T0 I/IMHy.TH)(Za n JOJWHa KazKJI0T0 HpOMe)KyTKa Me}KrZI;y HUMMUN
JOJIZKHA OBITH HYJIEBO# (4TO MPOTHBOpEYHUT OMBITY). Ecin ke cum-
TaTh PA3Mephl TOJYUYEeHHBIX UMITYJILCOB (CHTHAJIOB) U TPOMEXKYTKOB
KOHEYHBIMU B MOKOSIIEHCst cucreme (71abopaTopHoit), To B COGCTBEH-
HOM CHCTeMe OTCUeTa BOJHOBOTO MAKETa M UMIIYILCH U IPOMEXKYTKH
JOJIZKHBI 6BITB 66CKOH€“IHEIMI/I (Ka.K TOT/Ta COIIOCTAaBUTH I/IMHy.T[bC %1
MPOMEXKYTOK, T7e oH orcyTcTByer? ). [To-cyTu 310 BOmpoc o ToM, Ma-
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TepuaJjieH JIM CBET U MPOCTPAHCTBO MEXKIY MMITYThCAMMA!

Cremaem Temneph 3aMevaHne OTHOCUTETLHO U3MEHEHUS HAPAB-
JIEHUA BUIAUMOTO JABWUXKEHUA YaCTUI[ WJIN BUAUMOTO HaAITPDaBJICHWA
MOJTy9eHUsT BOJHOBOTO CUTHAIA (BCIIOMHUM, HATIPUMED, abeppariuio)
mpu repexose B IBWXKYyILyiocst cucremy orcuera. B CTO sror se-
MEHTAPHBINH KIACCUYECKUi (DAKT TPEICTABISIIOT KaK TOBOPOT BCETO
BOJTHOBOTO (pPOHTA HA, HEKOTOPHIH yroJi. [Ipu sToM BOTHOBOI DPOHT
COOTBETCTBYET TOUKAM CBETOBOW C(ephl JJIsT OJHOTO MOMEHTA Bpe-
venn. HamomuuMm, uro 8 CTO BosHOBOI (DPOHT B ONMH U TOT Ke
MOMEHT BPEMEHUN Pa3JINYEH JJId JIBUKYHIINXCA JIPYyT OTHOCHUTEJIHHO
apyra cucreM (MMEHHO BCJIEJICTBHE M3MeHeHus Xoiaa Bpemenn). O1-
HaKO, MTPEIBICTOPUS IBUKEHUST PErMCTPUPYIONIEro mpudopa, He BXO-
aut "Hu B omuy dopmyny CTO. ®@oroH, jeTdinuit B TpoOCTPpAHCTBE
MEXKAY UCTOYHUKOM U TPUEMHNKOM HUKAK TMPUYNHHO HE CBA3aH C
JIBUKEHNEM MPUEMHUKA WM WUCTOYHHKA B ITOT MOMEHT BPEMEHH.
Bzanmogeiicteue peructpupyromero mpubopa ¢ poToHOM MPOUCXO-
JIAT TOJTHKO HEMOCPEJACTBEHHO B MOMEHT IMpHUeMa CUrHa a. HeT Huka-
KOT'O Pa3/Indud, UMeJI JIU TPUEMHUK BCE BpeMd HEKOTOPYIO CKOPOCTH
V U OKa3aJICa B JAHHON TOUYKE MPOCTPAHCTBA B MOMEHT TIPUEMa, CHT-
HaJIa, Wk OH "cTosi1"B JAHHON TOYKE MPOCTPAHCTBA, & 33 MI'HOBEHUE
JI0 TIOJTyY€HUsT CUTHAJIA TIPUOOPET TY YK€ CKOPOCTh V (pe3ysibraT B3a-
uMoIelicTBIS ¢ (POTOHOM OyeT B 000X CJIyUassX OAMHAKOB). Takum
obpasom, st camoro paKTa MOIydIeHus] CUTHAIA WMeeT 3HAUEHWE
TOJIBKO TIpUIIes1 jiu (POTOH B JTaHHOE MEeCTO mpocTpaHcTBa. OueBuI-
HO TaK>Ke, 9TO CKOPOCTHh B JaHHOM MeCTe IMPOCTPaHCTBa HE N3MEHUT
caMoro (pakTa MpUXOIa CUTHAIA (& TOJBKO €ro YaCTOTy — COTJIACHO
sbdexry Tonmmepa). Ecim 6u1 3asucesn cam haxT moaydenust Cur-
HaJIa, TO ITO ObI TOT/IA O3HAYAJIA MOJACTAHOBKA BEIUYIUH B (hOPMYITY
Hormmrepa B oguoi u3 cucrem? CireIoBaTeIbHO, HUKAKOTO PEAJTHHOTO
MOBOPOTA BCero (hpoHTa BOJHBI (BBIPAYKAOIIErO (haKT MPUXOA CHUT-
Has1a) OBITH He MOYKET. DTO JIOKAJbHBIH (B JaHHOI TOUKE) MaTeMa-
ruaeckuii (nauddepennmanbabit) cnocod onmcanust HAOIIOIAEMOTO
HATPABJIEHUsT TOJyUIeHUsT curHAMA. [IOHATH 3TO TMPOCTO, ecau wuc-
II0JIB30BATHh aHAJIOTUIO C O6meH3BeCTHLIMH TTPUPOAHBIMUA ABJICHUAMMN
— moxjiem win caerom (Puc. 1.25) Eciu B 6e3BeTPEHHYTO TTOTO/TY BB
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Puc. 1.25: 3menernune wHamnmpaBieHus BOCIPUHUIMAEMOTO TBUKEHUSI.

B3MVIAHETE CTPOTO BBEPX Ha TYy4y, U3 KOTOpOf/i Ha9MHaET AT JOXKIb,
TO BBI YBUJIUTE TIAJIEHNE HA BAC KAIEJb TOYHO CBepXy (HAlpaB/eHne
nonyvenns "curnama'). Ecim ke B Gexure (a srydrie BCioMHUTE
MOE37IKY HA MAIINHE B CHEYKHBII JIEHB ), TO HAITPABJICHNE MTPIIETa Ka-
nenas (Hanpasienne nogydenus curnama) Oyger maneko Bnepean
IO XOJTY JBUKEHUS W MOYKET JTarke He COBMAJATH C PEATHLHON Tydei.
OnHako, ropu3oHTAIBHBIH (BPOHT M0 60 goctur 3emymn (akT
nostydenus "curuasa'), GO HET, W OT BAINEro JBUMKEHUS B TAHHON
TOYKE 3eMHOI MOBEPXHOCTH 3TOT (hakT He 3aBucuT (cM. puc. 1.25).
PaccmoTpuM  Temeph HEKOTOPBIE CIEKYIATHBHBIE TOCTPOCHUS
CTO. Tak, uepeanpabim B CTO spastercst paccMmorpenne 0Oecko-
HEYHBIX CHCTEeM, HAIIPHUMep, MPOBOJHHKA C TOKOM mpu "obbsacHe-
"K' MOSIBJIEHUST JOTIOJIHUTETHLHOTO 00BLEMHOT0 3apsaa (urpa Ha 6ec-
KOHETHOCTSX ). B 1eficTBUTEIbHOCTH TPOBOTHUK MOYKET OBITH TOJIBKO
3aMKHYTHIM (KOHEUHBIM). B 9TOM ciiydae 00baCHEHHEe He TOJBKO Me-
TOANYIECKU CJIOKHO, HO ¥ TTPOTUBOPEYINBO. PaccMOTpUM KBAIPATHYIO
PAMKYy C TOKOM, HAIIPUMEp, CBEPXIPOBOIAILYI0. Bemmumma 3apsiia
KayKJIOTO JIEKTPOHA, W MOHA WHBAPUAHTHA, ODIIee KOJIMIECTBO da-
CTHIT TOXKE HEM3MEHHO. KaK yKe Torma MOKeT M3MEHUThCS TIOTHOCTD



1.7 JIOBABOYHAS KPUTHKA 69

S N o - N - - < N < I < e
j
i o g g g /g /o8 la/ 89 ¢
A 9 2 ? 2 6 2
NI i
) ! ,) !
2 »9 2 A
? 5 g
[ e N
Te .
Sl N S|
S 2 ] |
oo L
o S|
= I B
N o)
e 8 F
I g
: o
ch ) ’ > d
o OOl oloInIelIn! 4
J
o o o o o o & o o &

Pwuc. 1.26: ITapamokc paMKu ¢ TOKOM.

zapsioB? PaccmoTpum JBUKEHUE /IEKTPOHOB C TOUKU 3pEHUS ''CH-
crembl nounoit perrerkn" (Puc. 1.26). Cormacro CTO "ssekrponHast
pamka' OJIKHA YMEHBITUTHCA B pa3Mepax (COKpallleHne JJTMH 13-
3a JIBMIKEHWsI 9JIEKTPOHOB HA KarKJOM MNPSIMOJUHENHOM y9acTKe).
Kazamoch OBl BCEACTBHE CHMMETPHUM 33a4N 9JEKTPOHHAS PaM-
ka'" mo/kHa BOWTH BHYTPH "mouHON pamku". Torma mMbl wMmenn Obl
BOJIM3U TPOBOHUKA CTPAHHO HECMMMETPUIHOE TOJie (JUIOTBHOTO
tuma). Kpome Toro, npm 60/1b10i1 CKOPOCTH 3JTEKTPOHOB OHW MOTJIN
OB OKa3aThCsS C MOHAMU IO pa3Hble CTOPOHBI OT HaOogaTeas. Co-
BEPIIEHHO HETIOHATHO, KAK TAKOH mepexo| yepes Hadmonares (mep-
MEeHUKYJISIPHO JIBUKEHUIO JacTuil!) Mor 6ur mpowmsoiitu? U 3a cuer
KaKUX CHJI YIEPXKUBAIUCH OBl BMECTE B MOTOKE 3aPSKEHHBIE DJIEK-
TPOHBI (7]a ¥ MOHBI) U HE PA3JIETAINCH OBl B pasubie croponb? Taxke
eCJTM JIJIsT OTHO#M CTOPOHBI KBAIPATA BOCIOJIB30BATHCS MOATOHOTHOM
neonpeenennocThio CTO (kK KakoMy KOHILy MPOMCXOIUT COKPAITIE-
HEE?), TO BCE BOMPOCHI OCTAIOTCS JJisl IPYTHUX CTOPOH KBaJIpaTa.
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Cucrema wacoB n mreek CTO crexynsTuBHA TEOPETHIECKH W
HeyT00HA MPAKTUIECKN, TaK KAaK TPEAN0JIaraeT, YTO BCE CBEIEHUS
COOMPAIOTCS W aHAMU3UPYIOTCS (MHTEPIPETHPYIOTCs!) KOTIa-To mo3-
xe. OIHO3HAYHOCTD B3AUMOCBSI3Y KIacCHIecKnX HbI0OTOHOBBIX U pe-
JIATUBUCTCKUX HOpeHHOBLIX KOOpAWHAT HE O3HaAYa€T aBTOMaTHYe-
CKYI0 HEIPOTUBOPEUNUBOCTD MOCTEIHUX (B 9TOM, (PU3UIECKOM CMBIC-
ne, cocront oranune dbusuku OoT Maremarnkn). Hampumep, BmecTo
CKOPOCTH CBETa MOYKHO OBLIO OBI MCIOJB30BATH BO BCEX (POPMYJIax
CTO ckopocTh 3ByKa B BO3JAyXe W PACCMaTPUBATH IBVKEHUS Ha,
3eMite B MOKOSITIIEMCST BO3IYXe C T03BYKOBBIMU CKopocTsimu. O THAKO,
MPOTUBOPEUNBOCTE TOJOOHBIX TPeoOpasoBaHuii (JI1sT BpeMeHn) cpa-
3y ObLIa OBl OOHApYIKEHA Ha OMBITE. DTO JEMOHCTPUPYET OMACHOCTH
dopMaATBHO-MATEMATHIECKUX AHAJOTUN 71 (DUBUKH.

Omunbo9YHOCTh PENATUBUCTCKONR MJIeH O 3aMeJIEHUA BPEeMeHU
OYeBUHA, BeJIb B (POPMY/TYy BXOJUT TOJBKO KBAIPAT OTHOCUTEIBHOMN
ckopoctn (3bdeKT He 3aBUCHT OT HANPABIEHUST CKOPOCTH). BO3h-
MeM 4 0JMHAKOBBIX 00bekTa. IlycTh BTOpOiT 00BEKT NBUKETCS OT-
HOCHUTEILHO TIEPBOTO C HEKOTOPOil CKOPOCTHIO V12, TOTIA €0 BPeMs
BaTOPMOXKEHO OTHOCUTEJIHLHO BPEMEHHU TepBoro obbekTa. ['oBopure,
9T0 00bLeKTUBHBIN 3 derT (HamoMHNM 3HAUYeHHe CI0Ba "00HEKTHB-
woIit": abdexT, He 3aBUCAIINIT OT TPUCYTCTBUST U CBOWCTB HAO/IIOIA-
TeJist, He B3aMMOJEHCTBYIONIEro ¢ uccaeayeMbiM o6bekTom)? Ilyers
TpeTnit 00HEKT ABMIKETCS OTHOCUTEIHRHO BTOPOTO B TTPOW3BOJIHLHOM
HAPABJIEHUN C MPOW3BOJJBHON CKOPOCTBHIO Va3, TOTA, AHAJIOTHI-
HO, ero BpeMsl 3aMeJJIEHO OTHOCHUTEJHHO BPEMEHH BTOPOTO OOBEK-
ta. Onars obbekTuBHBIN 3¢ dexkT? BozbMmeMm ueTBepThIit 00BEKT 1
TOMECTHM ero HEMOJBUXKHO PAIOM C TepBbiM 0b0bekToM. He Gymem
JTayKe CIOPUThH, C KAKOM CKOPOCTBIO JIBUKETCST I€TBEPTHI 00HEKT OT-
HOCHUTEIFHO TPETHETO, BAXKHO TOJBKO, UTO B ODIIEM CIydae 9Ta CKO-
pOCTHL HeHysIeBad. A, 3HAYWT, OMATH MMeeM "0OHLEKTUBHOE PesaTH-
BHUCTCKOe''3aMe/[JIeHNe BPEMEHN UeTBEPTOro 00beKTa OTHOCUTEHHO
BpPEMeHN TpeThero obbekTa. Takum obpasom, dt; > diy > dits > diy.
Ho Benn dt; = dt4, Tak Kak 4eTBEPTHIA 1 MEPBBI 00HLEKTHI B3AMMHO
mokositcst! TlomobHbIi abeyp oIy aniIcs n3-3a GaHATHIHONW BEPHI B
eJIMHCTBEHHOCTD U HEMOTPEITUMOCTh MEeTO/[a TIOMAPHON CHHXPOHM3A~
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nuu JitamreitHa. OObeKTUBHOCTE YIUIBIBAET U3-TIOJ, HOT' U OCTAEeTCsT
b0 peNaTUBUCTCKU 3(PDEKT KaKUMOCTH, JUOO UUCTO pacUueTHhIE
komOunarmu ("mbByme gacoswie nosca'). Toe yx TyT 10 3agBIs-
eMOT'0 BeJIMYms’

Cremaem Temeph HECKOJIBKO 3aMevuaHmii obIero xapakrepa. Best
kunemaruka, CTO ciegyer w3 wHBapMaHTHOCTH nHTEpBAIa dr’ —
Adt? = inv. OgEaKo, MBI BIIEM, ITO 9TO BLIPAJKEHHE 3aIlHCAIO
JIJIsT TyCTOTO TPOCTPAHCTBa. B cpeje CKOPOCTh CBETa HEMOCTOSTHHA,
MOZKET OBITH AHM30TPOIIHA, A& U He 000 YaCTOTLI CBET MOXKET pac-
MPOCTPAHATLCS B IAHHON KOHKPETHOl cpejie (BCIIOMHUM PO 3aTyXa-
HUE, TTOTIOIIEeHNe, OTpaykenne, paccessane). Hu B ogrom pazaene du-
BHKHU CBOMCTBA SBJIEHUI B IIYCTOTE HE IEPEHOCITCS aBTOMATHIECKU
HA SIBJIEHUS B JPYTUX CPefax (HAMpUMED, B JKUIKOCTAX — IHIPO/IA-
HaMHUYeCKHe U JIPYLue CBOMCTBA; B TBEPABIX TEIaX — YIPYTHe, dJIeK-
TPUYECKHWE U JPYTUE CBOMCTBA), TO €CTh OHW HE JETEPMUHUPYIOTCS
cBoiicTBaMu IIycToro mpocrpancrsa. I Tonbko CTO mperenayer ma
nonobHoe Beceobiee "kKionnposanue' coiicTs.

Boob1ie rosopsi, cBoiicTBa CBETA, BHYTPEHHE MPOTHBOPEYNBHIE U
B3anmouck,touatoriue, 8 CTO mpocro 3amoctryaupoBassl. [TosTomy
HEIpaBOMEpHBIM siBJIseTCs yTBepx aenne Poka [37] o Tom, uTo ceeT —
6oJ1ee MpoCToe sIBJIEHNE, YeM JInHelKa. He cTonT mpeBo3HOCHTE POJTh
CBETOBBIX CUTHAJIOB U BCE, UYTO HaM "TPUBUIUTCA'C MOMOIIBIO CBE-
Ta, CINTATH BEPHBIM, MHAUE TPUILIOCH ObI YANHYIO JIOKKY B CTAKAHE
C BOJIOI CYMTATH M3JIOMAHHOI (TO, UTO ITO HE TaK, JErKO yCTAHAB-
JINBACTCA TEOMETPUYICCKN B TPOCTPAHCTBE MMyTEeM TIPAMBIX MU3MEpe-
HII KOOPAMHAT BCeX "TOoduek BBIXOAA'"OKKKM K TPAHUIIAM KIIKO-
crm). Knaccuaeckoe Bpemst (Mm BpeMst, JeTEPMUHUPYEMOE GECKO-
HEYHO YIAJEHHBIM MCTOYHUKOM HA CEPEIUHHOM TEepPIeHINKYIsape K
JIMHUN rZI;BI/I}KQHI/IH) o6na;|;a,eT BaKHBIM TTPEUMYIIIECTBOM: MbI 3apaHee
3HAEM, UTO OHO BE3/e OJMHAKOBO U He TpebyeTcs JeaTh HUKAKUX
pacueToB WU PACCYKIEHWi, 3aTPAruBalONINX MPEIBICTOPHUIO MTPO-
necca wam csoiicrBa npocrpancTrea. Pakruuecku CTO B KauecTse
OJTHOTO W3 HTAJIOHOB MCIOJIB3YeT CKOPOCTh cBera. HamomumM, 9TO B
KJTACCMYECKON KMHEMATUKE JIBa 3TaaoHa: JauHbl 1 spemenn ("cdop-
Mysupyem'" oueBuHBIE "3aKOHBI TIOCTOSTHCTBA ITAJTOHOB: ITMHA ITa-
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JIoHa, 1 M MOCTOSTHHA, ¥ PaBHA, OJHOMY METPY, IJINTEIHHOCTh 3TAI0HA
1 cex mocTosHHA W paBHA OMHON cekyHme, a yxk "Bemukum 3ako-
moMm [locTosiHCTBA PEIATHBUCTCKOTO TATOHA BCE YIITH TMPOXKY K AKA-
). TTOCKO/IbKY BBEJIEHUE STATOHA — ITO ONMPEJIeIeHNe, TO ero CBOM-
crBa He Tojyexkar obcykennto [19]. B pesyabrare Bee, 4To cBSIZAHO
¢ pacmpocrpanenuem ceeta, nepectaer B CTO 6vITh mpeporaTuBoit
ombiTa. A Tak Kak Bce BbhIKIaAku B CTO HamucaHbl TOIBKO s CO-
6eiTHit — Bembiniek cBeta, To CTO oKa3bIBaeTCS JOTUIECKY HETOCTIe-
JIOBATEIBHON (HEe roBopst 0 ToM, 4To "ucnoan3oBanne' CBONHCTE CBETA
B BaKyyMe TOJIOCJIOBHO PACIPOCTPAHEHO Ha BCe WHBIE "HEBaKyyM-
Hble" IBITeHN).

B kuure ®eitnvana [35] roopurcest ¢ capkasmom o dusmocodax n
BABUCUMOCTU PE3Y/IBTATOB OT CUCTEMBI OTCUETA, HO HE TMOTIEPKUBA-
eTCsI, 9YTO, HECMOTPsT Ha JIIOOYI0 "KaXKMMOCTH MpeIMeThl UMEIOT Pe-
aJibHble OOBEKTUBHBIE XapakTepucTuku. Hampumep, 1eoBek ¢ 60/1b-
IIIOT0 PACCTOSTHUST MOYKET Ka3aThCs PA3MEPOM C MypPaBbsl, HO 3TO He
03HAYAET, YTO OH JEHCTBUTEIHHO YMEHBIUIICS (BCE MPUOOPDI MPHHSI-
TO IPaJlyMpPOBATH MMEHHO MO/l 00HEKTUBHbBIE XaPAKTEPUCTUKY). Pac-
cyXkjieHne 00 OTHOCUTETBHOCTH BCEX BEJUUUH KAaXKETCS MPABIOIO-
no6ubM, HO (1) kKak Toabko Bpemst B CTO cramo 0THOCHTETBHBIM, &
CKOPOCTBh B3aUMO/IEHCTBUAA KOHEYHO, CaMO IMOHATHUE OTHOCUTEIbHOMN
BEJINUUHBI [T TPOCTPAHCTBEHHO PA3IEIEHHBIX 00HEKTOB CTAHOBUT-
CsI HEOTIPEJIEIEHHBIM (3ABUCUT OT Iy TH COEIMHEHMNsI, HE CB3aHO TTPH-
YMHHO, 32BUCHUT OT CHCTeMbI Haboerust u T.71.). Onpeneienne Beex
BEJINYWH OTHOCUTEIHHO " Ja/IeknxX 38e3" 0eCCMbBICTIEHHO, TaK KaK MbI
BuAMM "HUKOT/IA HE CYIIEeCTBOBABINYIO peaabHOCTh". Hampuwmep, a-
IeHTaBpa OBLTa B 3TOM MeCTe W C TaKWMHU cBoiicTBamm 4 roma Ha-
3aJI, Ipyrue 3Be3/bl ObLIN TAKWUMU JECSITKU W COTHU JIeT HAa3aJl, a
OTJaIeHHbIE TAJaKTUKU — MUJLINAPIBI JIET Ha3a., T.€. CUTHAJ OBLI
MOCJIAH UCTOYHWKOM, KOTUIA HADJII0JaTeNb eIle He CyIIeCTBOBAJI, a
MPUHST, KOT/a, MOYXKeT ObITh, y:Ke He CYIIEeCTBYeT CaM 3TOT UCTOU-
HuK. Torga OTHOCHTENIFHO Yero ONnpene/siTh BeJWnduHbl! SICHO, 9TOo
OTHOCUTE/TbHBIE BEJTUIUHBI MOTYT ONPEIEISITHCS TOJBKO O OTHOIIIE-
HWIO K JIOKAJIBHBIM XaPaKTEPUCTUKAM TIPOCTPAHCTBA, (€MHCTBEHHAS
MTHOBEHHAS TPUIMHHAS CBA3b ).
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BaskHoe 3aMedaHne Kacaercst MOHATHS OTHOCHTEIBHOCTH, KOTO-
poe mazke Borio B Hazpauue Teopun CTO. Bompeku umesam [amm-
stest 006 mzoamporanuoctu cucrembl, B CTO ocyrmecrsisiercst obmen
CBETOBBIMU MMIYIbCAME MEXKIY cucTreMamu. [loHgTHE OTHOCUTE TH-
woctu moseneno 8 CTO mo abeypma u yTparuio GpuU3ndecKuiit CMBICIT:
(bakTHUECKY BBIJEISETCS CHCTEMA C HECKOJBKUMU 0ObeKTaMu (Kak
NMPABWJIO, JIBYMSI), & BCS OCTA/IbHAS PeabHas Beenennas yaaasiercs.
Ecau yx Bozmoxkuo B CTO mocTymnpoBaTsh Mog00HY0 abCTPaKITHIO,
TO TeM H0JIee MOXKHO MTPOCTO TOCTYJINPOBATH HE3ABUCUMOCTD TPOIEC-
COB BHYTpHU BbIﬂ;e.}'[eHHOfI CUCTEMBI OT CKOPOCTH ABUZKEHUA CHUCTEMBbI
OTHOCUTE/IHHO OCTaBIIelics oT Beeit Beemennoit "mycrorer". Ho, maxe
HECMOTPs Ha, Takoe abcTparupoBaHue, '"peaabHbIX'"0THOCUTENILHBIX
BEJINYUH IS TesT (T4, Vij U T.JI.) BCe PAaBHO He mosgBuTcd. /leficTBu-
TEeJIBbHO, OTBETHaY PEeaKIInd TeJla Z Ha TIOTNIBITKY U3MEHUTH €ro COCTO-
SIHUE OTIPENIE/ISIETCS JIOKAJTBHBIMU XapPAKTEPUCTUKAMU: COCTOSTHUEM
Teqa | W TOJiell B JAHHON TOuke mpocTpancTsBa. Ho mpowuctiemme
C TEJOM ¢ M3MEHEHHUs CKaXKyTCd Ha JAPYTUX TEIaX j TOJBKO depel3
HeKoTopele TTpoMexkyTKn Bpemenn At;. Taxmm obpasoM, Bce m3me-
HEHUS BEJTUYWH JTOJKHBI OTPENe/ISIThCST OTHOCUTEIBHO JIOKATHLHOTO
MecTa (MM JIOKAJTBHBIX XapaKTEPUCTHUK). A 9TO U €CTh MPOSIBIEHWsI
abcostroraoro mpocrpancTsa Herorora. Bompoc o ToMm, cymecTByoT
JIX B 5TOM abCOJIOTHOM TPOCTPAHCTBE BBIJEJIEHHOE HAPABJIEHUE W
BBIJIEJIEHHOE HAYAI0 OTCYeTa (JBMIKYIIEeCs WM TTOKOSAIIEECsT) — 3TO
COBEPIIIEHHO JIPYTOii BOpoc. B abcTpakTHBIX (MOIENTBHBIX) TEOPUSIX
OH MOXKeT OBITh MOCTY/JIMPOBAH, HANPUMED, U3 COOOparKeuwmit ymob-
CTBa TEOPWH, & JI/Id HaIllell eTMHCTBEHHO! peasbHol Beemennoit 101-
JKEH penraThcst IKCIepnMenTaabHo. [ToHsgTre abCcoMI0THOTO BpeMeHn
B kJtaccuueckoii HbroToHOBO# (busmke TOXKe OBLIO MpEIETBLHO UeT-
kM. Bpems [O/IKHO OBITH PAaBHOMEDHBIM W HE3aBUCHUMBIM OT JIFO-
OBIX HADIIOZAEMBIX B cucTeMe sBjeHuil. VIMEHHO TaKuM CBOHCTBOM
o0/1aaeT BpeMsi, CHHXPOHU3yeMoe OECKOHETHO y/IaIeHHBIM TEPUOTH-
YECKUM MCTOYHWKOM Ha CepeInHHOM mepreHaukyspe. (Hamporus,
B CTO Bpems He sIBISIETCST HE3ABUCUMOW BEIUYUUHON: OHO CBS3a-
HO C COCTOAHMEM IBUXKEHUA CUCTEMBI V M C KOOpAWHATaM”, HAIIPpW-
Mep, COOTHOIIIEHUEeM A2 —r? = constant.) JIng paBHOMEPHOTO X012
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BpeMeHu BHIOOP Hadaja OTcYeTa BpeMeHu mpom3BosieHn. g emuro-
TO ONMUCAHUS SIBJIEHUN W COMOCTABUMOCTH PE3yJbTATOB MACIITa0bI
(e MHWUIBI M3MEPEHNsT) ISt BCEX CHCTEM JOJIKHBI OBITH OJMHAKOBBI.
PaBHOMEpHOCTE X072 BpeMeHU aBTOMATHYIECKH OOECIIeINBACT HAM-
OOJIBITYI0 TTPOCTOTY OMUCAHUS SIBJIEHWI W Jjis DA3WCHOTO TOHSITHUS
BPEMEHU IO3BOJIAET BBECTH €r0 3TAJOHHOE OIpeje/eHne.

CretaeM elre HECKOJILKO METOAUUECKUX 3aMedanuii. Boobie ro-
Bopsi, B CTO wmeron cpaBHeHWsT sIBJIEHWIT B JIBYX Pa3HBIX WHEPIH-
AJIBHBIX CHCTEMAX MPEJIO/araerT, YTo 0b6e 3TU CUCTEMBI CYIIECTBO-
Basm OGeckorHedHo 70r0. OHAKO, BCETa WHEPIHATLHBIE CHCTEMbI
"mpuBs3aHbI"K KOHKPETHBIM TeJaM U CYIIEeCTBOBAJIN JIUIh KOHEU-
HOe BpeMsi. Torga B KaXKI0M KOHKPETHOM CIIydae TpedyeT n3ydeHust
Bompoc: "crepsacek' u yiKe MpeabICTOPHS 00PA30BAHUS STUX CUCTEM
(ee Bamsime)?

CoBepIleHHO HEeaIeKBATHBI IefiCTBUTEIBHOCTH €BKJINIOBBI aHa-
qgorun ¢ mnpoekrmsivu B [33]. TIpoeknus — 370 Juib abCTPaKTHBIMH
CIIoCcO0 OTMCAHWST, CaM YKe MPeAMET MPU MOBOPOTAX HE W3MEHSIETCSI.
B CTO, mamporus, mpu U3MEHEHUN IBUKEHUsT HAOIOMATE ST MTHO-
BEHHO MEHSIIOTCSI XapaKTepruCTHKN 00bekTa (yaameHHoro!).

ITpenensuprit mepexorn ot mpeobpaszosannit Jlopenia k mpeobpa-
soamrmaM lammes (m1as Bpemenn ¢t = t/ + vx' /c?) mokasbIBaeT, ITo
HeroroHoBCKast MexaHWKa — 3TO HE TPOCTO MPEes MaJIbIX CKOPOCTei
B =wv/c < 1, a Tpebyerca mpyroe yciosue: ¢ — oo. Ho rorma mis
vuorux Beanund B CTO Her npeebHOrO mepexoia K KIaCCHIeCKuM
BesimurHAM (CM. HUXKe). A BeJlb B KIACCHUECKOl (bu3nKe ¢ # 0o: ee
KOHEUYHOEe 3HaueHue OLLIO OmpeaeseHo eme B 17 Beke!

CBoiiCTBO MaKCUMAJIBHON OJHOPOJHOCTH MPOCTPAHCTBA-BPEMEHHT
MOXKET OBITH ATPUOYTOM JUOO UILATBHOTO MATEMATHIECKOTO ITPO-
crpanctia u Bpemenu Heiorona (dbaxrmaeckn sisasiomerocs "ma-
CTPOIKO# cBBIe"), MO0 MOMENTBHOrO MPOCTPAHCTBA (HAIPHMED, C
HEB3AMMOJIEHCTBYIONUMI HA, PACCTOSHUU MATEPUATLHBIMU TOUTKA-
vwu). TlonbITKa OMupaThCs Ha HA3BAHHOE CBOMCTBO B TEOPHUU OT-
HOCHUTETHHOCTH KaK Ha MPUHIIAIHAATHLHOE CBOWCTBO PEATBHOTO MPO-
CTPAHCTBA W BPEMEHU SIBJISIETCST MCKYCCTBEeHHOI. Bo-mepBhix, make
B 36MHBIX MacmTabax Mbl HE MOYXKEM MTPOU3BOJIHHO MEHSTH TOUKN
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MPOCTPAHCTBA, MOMEHTHI BPEMEHW, HAMPABIEHUS OCeil W CKOPOCTH
WHEPIUAJBHBIX CHCTEM: BCIIOMHUM OIPAHUYEHHOCTH 3E€MHOTO IpO-
CTpaHCTBa, BpallleHre 3eMJId, TPABUTAIMOHHOE MMoJie, BiausiHue JIy-
HBI, 3JIEKTPUIECKOE, MATHUTHOE, TEMIIEPATYPHOE Mo/ U 1p.. 1 310
JIOCTUTHYTHIE PeaIhbHBIE MPAKTUYECKNE OTPAHWIEHUs, 4 He TPWH-
[MUTUATBHBIE OTPAHUYEHWUS TIE-TO TPU PEJSITUBUCTCKUX CKOPOCTSX
n orpomMHuBIX Macmtabax Bceememnoit. Brpouem, B macmrabax Bee-
JIEHHOHN C peabHBIME OOBEKTAMY W TPABUTAIIMOHHBIMHU MOJISIMH 3TO
CBOJCTBO TakKe He TOATBEPKIAETCS (MOJIETh PABHOMEPHOTO 'Ke-
ne'"me ommceiBaeT peanbHylo Beenennyio). Bo-Brophix, Kpome BuIa
YPABHEHWI, PeIeHre MATEMATHYECKY eIle JTeTEePMUHUPYETCS Tpa-
HUYHBIMA W HAYAJIHHBIMYA YCIOBUSMU. DTO TAKKE TTPAKTUIECKN, HA
PeATBLHBIX KOHEYHBIX MACIITAbaX, MPENITCTBYET JIIOOBIM CIBUTAM 1
n3MeHeHustM (/TG0 HyKHO JOTIOJTHUTETHHO MEHATH HAKJIAIbIBAEMbIe
yenopust). Kak ¢ mperensusimu TO MOAXOIUTH K CYIIECTBYOITAM
HeJIMHEHBIM CBOficTBaM ¥ ypaBHeHusiMm? Jlaxke camo moHsiTre "oT-
HOCHUTEIbHOCTE ""He JIoycKaeT 0000IIeHns (CKopee CyKeHne) st pe-
AJIBHOTO TIPOCTPAHCTBA € TsroTeHneM (1o nogdepknsasns Pok [37]:
TEepPMUH 06ITAas TeOPUS OTHOCUTETLHOCTH HEAIeKBATEH ).

[Tpunrun otrHOCUTENBHOCTH (B /11060 (hopMe) MpemoIaraer,
9TO He BBINIAABIBassQ'"3a mpenesbl cUCTeMBbl HEIb3sT ODHAPYKUTH
ee PaBHOMEPHOe JIBUYKEHWE. PaHbIe posb BCEMTPOHUKAIOMEH CPeIhl
LI BOBMOXKHOTO ODHAPYKEHUS TAKOTO JIBUKEHUS BBITIOTHI dPUP.
3amerum, peus ImuIa He 00 0OHAPYKEHUU abCOTIOTHOTO TBUKEHUSI,
a TOJBKO JIBMYKEHUsI OTHOCUTENbHO 3upa, TO eCTh "He BBITJISIIbI-
Basi"HAPYXKY MOXKHO OBLIO CPABHWUTL 3TU JIBUYKEHUS (371€Ch UMeeT-
Cd B BUAY TOJIBKO BBIYUC/INUTEIbHAA BO3MOKHOCTH, TaK KaK C 9(1)1/1—
POM HENb3sl CBSI3aTh CHCTEMY PEIMEpPHBIX TOYeK U 3TajmoHoB). Ho
naxke ¢ "ormenoii"sdupa 110 COBPEMEHHBIM IPEICTaBIEHUAM OCTa-
erca "kKammumar'c aHAJOTMYHBIMU CBONCTBAMH — TPaBHTAIMOHHOE
nojie (MPUHIUIHATHHO HeIKpaHupyemoe). Hampumep, u3 aHnz0Tpo-
MY PEINKTOBOTO W3JYYeHWs, TTIPW JTOTMOJTHUTEIBHOI THITOTE3e O pa-
BEHCTBE CKOPOCTH PACIPOCTPAHEHUs] TPABUTAIMOHHBIX B3ANMOJIEH-
cTBUII 1 CKOPOCTH CBE€Ta, MOXKET CJIeJ0BaTh aHN30TPOIINA T'PDaBUTAIN-
OHHOTO MOJIg (BCEMpOHUKAIONEro). TakuM 06pa3oM, HEpABHOIPABUE
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MHEePpIaJIBHBIX CUCTEM B MaKpOMaCHlTa6aX MOXKET 6BITB B TIPpUHIIN-
e obHapyKeHO ""He BBINISIAbIBas "HAPYKY /TaXKe B JIOKATHHOM TOUKE.
Teoperutweckn 5TOro MOXKHO W30€KATH MIPU TUTIOTE3E, ITO CKOPOCTH
TPABUTAIIMOHHBIX B3aUMOIEHCTBUIT MHOTO OOJIBIIIE CKOPOCTU CBETA,
TOTda U30TPpOoTdA MOTJIa 6]31 YCTaHOBUTHCHA, & Ha MPAKTUKE - 9TO TIpe-
pOTATUBA OMBITA.

1.8 BriBoasl K I'tase 1

Hannag ['mapa 1 6p11a mocssitera o061eduU3nIecKuM BOIIPOCaM U CH-
CTEMATHYECKONl KPUTHKE PEJIITUBUCTCKON KWHeMATuKu. lIpm 3Tom
TMOIPOOHO AHATM3UPOBATIOCH MHOXKECTBO JIOTHUYECKUX W METOUIe-
ckux nporuBopedniit CTO. Ecim 01 9Ta Teopust comeprkaja TOJIb-
KO METOIUYECKUE HETOUYHOCTH, TO MOXKHO OBITO OBl ee OTKOPPEKTH-
POBaThH, BBECTU JOTOJTHUTE/ILHBIE PDA3bACHEHUA, YTOYHEHUA, ,Z[O6aB-
merws u T.a.. OIHAKO, HAJTHYNE JIOTHYECKUX TTPOTUBOPEUNI CBOIUT
"ma, met"m06BIe pe3ymbpTaTh 000 Teopun n CTO 3meckh He MoxeT
OBITH UCKJTIOUEHNEM (XOTS Ha MPAKTUKE HADJIIOMAETCS YK CJUITKOM
HerpeboBarenbaoe orHorenrne Kk CTO mo cpasrenuio ¢ 11060it apy-
roii Teopueit).

Kpatko pestommpyem Bce BhIeckazamnHoe. B macrosmei ria-
Be OBLIM JETATHLHO MPOAHAJIUINPOBAHBI Takne OGA3WCHBIE MOHATHS
kak "mpocrparcTBo "Bpems'u  "OTHOCHUTEIBHOCTH OJHOBPEMEHHO-
ctu". Jloruueckass HECOCTOSTETBHOCT OA30BOTO MOHSITUST BPEMEHU
B CTO 6pu1a moka3zaHa HAa OCHOBE CJAEAYIONINX MPOTUBOPEUHl: MO-
INPUIIMPOBAHHOTO TapagoKca OJIM3HEeroB, n OJIM3HENOB, MapaIoK-
ca aHTHUIONOB, TAPAJOKCA BpeMeHn U 1p.. Jlamee ObLIa TPOITEMOH-
CTPUPOBAHA BO3MOYKHOCTE BBEIEHNUST INHOTO abCOTIOTHOTO BPEMEHN
HE3aBUCHMOTO OT CKOPOCTH JBUKEHUS CUCTEM C TIOMOIIBIO TTEPHOJIN-
TeCKOTO OECKOHEYHO YIAaIeHHOTO MCTOYHNKA, PACTOJIOKEHHOTO Mep-
MEeHIUKYISIPHO TIOCKOCTH (JINHWUHN) JTBUKEHUS.

BareM Ha MHOTOYHCIEHHBIX TPUMEpax ObLIa MOKA3aHA MPOTH-
BODPEUUBOCTH PEJIITUBUCTCKOTO TIOHSITUS JITUHBI (JBUYKEHUE Kpe-
CTa, BPAIEHNe KPYyTa, COKPAIEHNE PACCTOSTHIH, PEeMeHHAsT mepe/ia-
Y2, HEONPEJIEJEHHOCTh HAMIPABJIEHUS COKPAITIEHUSI, PAMKA C TOKOM 1
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ap.). Hoapobro 6eum pacemorpens: nporusopeunss CTO must 3amaqa
CKOJTBbXKEHUST CTEPIKHSI 110 TLIOCKOCTH, TIOBOPOTA, JIETSIIETO CTEPIKHSI,
MapaioKC HeJIOKAJIBHOCTH, TTPEeIhbHBIN Tepexo] K KJIACCUKE W T.JI..

B I'mase 1 66171 00CY2K/1€H UCTUHHBIM CMBICT TTpeobpazoBanuii J1o-
peHIla ¥ WHBAPWAHTHOCTH WHTEPBAJIA, MOIAPOOHO PACCMOTPEHO MPO-
TuBOpeune "OTHOCUTETHLHOCTH OJHOBPEMEHHOCTH ' MOJIeBOMY TOIX0-
Iy, OTIPAIOIIEMYCST HA KOHETHOCTh CKOPOCTH PACITPOCTPAHEHUS B3a-
nmogeiicTeuit. TakxKe mMOAPOOHO 0OCYKIEHBI IIPOTUBOPEUNS IPE0d-
pasosanwuii JlopeHIla ¥ PEIATUBUCTCKOTO 3aKOHA CJIOYKEHWsST CKOPO-
creit. Kpome Toro, B I'maBe 1 moapobuo kpurudecku 00CYKIAETCA
rUepOOIM3AIUST CAMOTO MOHSITHSI OTHOCUTETLHOM BEJTUIUHBI U CBOT-
CTBa, OJHOPOIHOCTH TTPOCTPAHCTBA-BPEMEHN.

Wroroselii BLIBOA [apel 1 3akmouaercsa B HEOOXOIUMOCTH BO3-
BpaTa K KJIaCCUYECKUM 6aBI/ICHBIM TTOHATHUAM TIPOCTPAaHCTBAa W Bpe-
MEHU, JIMHEHHOMY 3aKOHY CJIOXKEHHS CKOPOCTel U KJACCHUIECKOMY
CMBICJIY BCEX MPOU3BOAHBIX BEJIMYINH. BOHpOCbI IKCIIEepMMEHTAJIHBHO-
ro obocuoBanust kuaematuku CTO u BOMPOCH! pETSITUBUCTCKON TH-
HaMuky OymayT moapobHO paccMOTpeHbl coorBercTBeHHO B [1aBax 3
u 4. B cioegyrormieii ryiaBe OyayT 3aTPOHYTHI BOMPOCH KMHEMATUKN
HEMHEPIINAJIBHBIX CHUCTEM.
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OcHoBBI 00II1eit Teopun
OTHOCHUTEJILHOCTH

2.1 Bsegenue

B mpeapiaymieit rmaBe Oblia JOKa3aHa JIOTWYECKas MPOTUBOPEYN-
BOCTH KMHEMATWKU Crenuajbuoi Teopun orHocurenbuoctu (CTO).
DTO 3aCTaBIAET BEPHYTHCA K KJIACCHUECKUM TTOHSATHSIM MTPOCTPAH-
ctBa u BpemeHu. [TOCKONBKY peasdTuBucThl 3asBisitor, aro CTO
SIBJTSIETCST TIPEJIETBHBIM CIYYIaeM ODIMeil Teopur OTHOCUTETHLHOCTH
(OTO) B oTCyTCTBHE TPABUTAIINHU, TO CPA3y YK€ BOZHUKAIOT COMHE-
uust u B crupasegauBoctu kuaematuku OTO. B ormuawme or CTO
OTO comep:kuT AOBOJBHO WHTEPECHBIE WL, HAITPUMED, TPUHITUIT
9KBUBAJIEHTHOCTH BBIPaKeHHBIH depe3 ujeio "reomerpusanun’. (3a-
METHUM, YTO HEBEPHOCTH TEOMETPU3AINN JIEKTPOMATHUTHBIX TMOJIEH
Cpa3y OUYEBHIIHA: OMBIT MOKAZBIBAET, UTO HEHTPATHHBIE YACTHIIHI HE
9yBCTBYIOT "3/1€KTpOMAranTHOE MCKpuBaenne npocrpancrsa'.) FEc-
sz 661 6azuc OTO 611 Beper, OTO morma 6b1 TPETEHTOBATE HA CTa-
TYC HAYYHON THIIOTE3BI O MOMPABKAX K CTATHYECKOMY 3aKOHY TATO-
ternnst Hetoroma. OaHako 3T0 He TaK M TEOPWsT TPABUTAINH JTOJTZKHA
CTPOUTCS Ha APyroit ocHoBe. CTIPABEITMBOCTH PaJN HAJIO0 OTMETHUTH,
uro OTO, B orymmune or CTO, Hukorga He ObLIa 0OIIENPU3HAHHO
bezasbrepHaTuBHON Teopueil. [loToK cupaBemIuBOl KPUTHKHU STON

78
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TEOPUH HEe TPEKPAIIAICT ¢ CaMOoro HadaJa ee BosHukHOBeHUs. Cy-
IIIECTBYET HECKOJBKO XOPOINO MPOIBUHYTHIX AJBTEPHATHBHBIX TEO-
puit (manpumep, [11,18]). Xorst MbI He OyueM aHAIM3UPOBATH KPOME
OTO wunble Teopuu, caeayeT 3aMeTUTh, UYTO Teopun, "urparoriue's
M3MEeHeHUe CBOMCTB TPOCTPAHCTBA, W BPEMEHUW W MMEIOIIHne CBOUM
TpeebHBIM CIyUaeM peraruBucTckyio kuaeMatnky CTO yxe oge-
BHUJHO COMHUTECJ/IHBHBI.

OcHoBHas 1es HacTodmeil [1aBel 2 — KpUTHKA OA3UCHBIX TT0-
waruit OTO. Bxeck Gymer TPOLEMOHCTPUPOBAHA, JIOTHUECKAsT MTPO-
THBOPEUNBOCTH MOHATHIT nmpocTpatcTea u Bpemern OTO. B nage 2
IIar 3a MAaroM MOKa3bIBAIOTCS MPABIOTIOTO0HO CKPBIBAEMBIE OTMHOKN
W CIIOpHBIE MOMeHTHI 3 y4yebunkos [3,17,39]. Kpowme obienpusnan-
ubix naTepnperaruit OTO Mbr 6ygem Takke paccMaTpUBATh HEKOTO-
pbie "pesIITUBUCTCKIE aIhTePHATHBBI YTOOBI TPUKPHITH BO3MOYKHBIE
NMazeifiku J7s craceHus 3Toi reopun. O6CYKIAIOTCS BOMPOCHI CHH-
XpOHU3ANWKU Bpemenn u npunmun Maxa, obpalaercs BHUMAHUE HA,
comunTenpube caeacrsusa u3z OTO.

2.2 Kpuruka ocHOB 00IIeil Teopun OTHOCH-
TeJIbHOCTU

Mpuorwue tpyaaoctu OTO obmen3BecTHbI:

1) HApYIIEH TPUHIMI COOTBETCTBHUS (6€3 BBEJIEHUs MCKYCCTBEH-
HBIX BHEITHUX YCJIOBUIT HE CYIIECTBYET MPEIEIHHOr0 Mepexoaa K CiIy-
varo 6e3 rpaBUTAINH);

2) OTCYTCTBYIOT 3aKOHBI COXPAHEHUST;

3) OTHOCHUTEBLHOCTD YCKOPEHU TIPOTHBOPEUUT IKCIIEPHUMEHTAI b
HeIM hakTam (BpaIIAoImuecs JKUJIKOCTH B KOCMOCE UMET (Ghopmy
9JUTATICOMJIOB, B TO BPeMsl KaK HEBPAIIAIOIINECS — IIapa);

4) CymecTBYIOT CHHTYJISIPHBIE DEITeHMSI.

(O6bruno, M006ast TEOPUST CINTAETCS B MOFZOOHBIX CJYUYAsTX HEMPUME-
HUMOI1, HO TEOpUst OTHOCUTETHLHOCTH JIJIsi COXPAHEHHUsT CBOEro "'Bcenh-
ero xapakrepa''HaunHaeT CTPOUTH (baHTACTUIECKHE 00Pa3bl: Yep-
HBIX JIBIP, BOJIBIIOro B3phIBA U T.JI..)
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O061ue 3ameuanuda

Paccvorpum obmume mperersun k OTO. Haumem ¢ muda "o Heobdxo-
numocT KopapuanTHocTu'". QuHosHauHoe perenne J1r06oro audde-
PEHITHAJILHOTO YPABHEHUsI OMPEIeIseTcs KpoMe (DOpMBI ypaBHEHUS
CeIne 3aJaHneM HadaJIbHBIX I/I/I/IJII/I TPaHNMYHBIX yC.}'IOBPIﬁ. EC.T[I/I OHU HE
3aJIaHBI, TO B ODITEM CIydae KOBAPUAHTHOCTH MO0 HUUETO HE OIMpe-
Iessiet, ub0 MPU M3MEHEHUN XapaKTepa, PENeHusl MOXKEeT MPUBECTH
K dusngeckoit becempicsure. Ecmu xke 3a1ai0Tcsi HAYa bHBIE U /UK
TPaHUYIHBIE YCJIOBUA, TO TIPU TOACTAHOBKE pe]HeHI/Iﬁ MBI TIOJIyYaeM
TOXKJECTBA, KOTOPBIE W TaK OCTAHYTCS TOXKIECTBAMU MPHU JIFOOBIX
MTPaBMILHBIX TTpeobpazoBannsax. Kpome Toro, ajIst JTI0O0TO permeHmst
MOXKHO MPUIYMATh ypaBHEHWS, MHBAPUAHTHBIE OTHOCUTETHHO HEKO-
TOPOTO 33JAHHOTO MPEODpPA3OBAHUS, €CJU OMPEIeTeHHBIM 00pa3oM
IIOMEHATH HaYaJIbHBIE I/I/I/I.T[I/I TPaHUYIHBIE YCJIOBUA.

Yacro 8 OTO ucmoas3yiorcst aHaIoTuu ¢ TOAITPOCTPAHCTBAMH,
HAIPUMeEp, WUCIOJB3YIOT CBEPHYTHIN Taockuil juct. OmHAKO, TOMI-
MPOCTPAHCTBO HEJIh3sl PACCMATPUBATH OTIEIBLHO OT MPOCTPAHCTBA
B 1nejjoM. Hampumep, mpu CBEpPTHIBAHUY JIUCTA, B MUJIMHAP OOBITHO
ePexoasaT s yao0CTBa B IUINHIPUIECKYIO CHCTEMY KOODIMHAT,
OJTHAKO 3TO MATEeMATHIECKoe MpeoOpa3oBaHUWe BOBCE HE BJUSET HA
peajibHOe TpPeXMepHOe TPOCTPAHCTBO U peajhbHOe Kpardaiiliee pac-
CTOSTHUE.

HpOCTOTa aAKCHUOM 1M MUHUMAJIBHOCTH UX KOJINMYECTBa CIIe HE Ta-
PAHTUPYIOT MPABUJIBHOCTH PEIIeHUs: JayKe J0KA3aTh JKBUBAJEHT-
wvoctk perternit OTO — rpymrast 3ama4va. KosmaecTBO MpeanochLIok,
C OJTHOU CTOPOHBI, JOJPKHO OBITH JOCTATOUYHBIM JIJIsI MTOJTYUEHUS Tpa-
BIAJIBHOTO OJHO3HAQUHOTO PEINIeHWs, W, C APYroil CTOPOHBI, JTOJZKHO
obecreunBaTh MIUPOKUE BOZMOXKHOCTH BBIOOPA MATEMATHIECKUX Me-
TOJOB DPEIMeHnd 1M COTOCTABJICHUA (y MaTEMATUKN — CBOU Ba.KOHLI).
B OTO, mHapsaay ¢ UCKYCCTBEHHBIM YCJIOXKHEHUEM MATEMATHIECKUX
mpoTenyp, GakTUIECKN BBEIEHO JOMOTHUTEIBHOE THCJIO "CKPBITHIX
MOATOHOYHBIX TAPAMETPOB''M3 KOMIIOHEHT METPUYECKOrO TEH30pa.
Tax xax peasbHoe mosie u Merpuka B OTO nemzBecTHBI U TPedY-
0T OTIPEJIeJIEHNsI, TO PE3YJIHTAT MTPOCTO TOATOHSIETCS O HY KHBIH C
UCIIOJIB30BAHUEM MAJIOT0 UUCIA PEATHHO PA3HBIX OMBITHBIX JAHHBIX
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(BHAWAIE TIOATISTHYIM B OTBET, a TOTOM "¢ yMHBIM BugoM' cunTaewm,
YTO BCE TAK U JIOJKHO OBITH B TEOPUN).

Ecmu 8 CTO nenanack X0oTs OBbI TOMBITKA SKCIEPUMEHTATHHO
MOATBEPAUTEH TOCTOSTHCTBO CKOPOCTH CBETA W TEOPETUUECKU TOKa-
3aTh paBeHCTBO mHTepBajoB, To B OTO ma)ke TakuxX MOMBITOK He
cnenano. [Tockonbky B OTO B obI1IeM CiTyUdae He UMeeT CMBICTA f: dl,
TaK KaK Pe3yjJbTaT MOXKET 3aBUCETHh OT IyTU WHTErPUPOBaAHWA, TO
MOTYT HEe UMETH CMBICIA BCe WHTErPAJbHbIE BEJTUINHBI U BHIKIAIKH,
WCIOJIB3YIOIINE WHTEIPAJIBI.

MHO0>KeCTBO BOTIPOCOB 3aCTABJISIET COMHEBATHCS B TIPABUILHOCTH
OTO. Ecnu ob6ImieKoBApUaHTHOCTh yYPaBHEHUN HEOOXOmUMa W OJHO-
BHAYHA, TO KAKON MOXKeT OBITH Mpee/bHBIN Mepexon K KIaCChude-
CKUM YpaBHEHUSIM, KOTOPhbIe HE OOIIEKOBAPUAHTHBI? B uem CMBICT
TPABUTAIMOHHBIX BOJIH, €C/IM TIOHSITHE SHEPIUU U ee IJIOTHOCTU B
OTO ne onpenesneno? U1 aro (B oTCyTCTBHE MOHSITHSI SHEPIUN) BbI-
paskaeT TOTIA TPYIIIOBasg CKOPOCTH CBETA W KOHEUHOCTH CKOPOCTH
rnepejadu CUrHAJIOB?

Creners ODIIHOCTH 3aKOHOB COXPAHEHUsT HE 3aBUCHUT OT CITOCO-
6a ux mostydeHust (€ MOMOIIBIO MPeoObpa3oBaHuii 13 (HU3NIECKUX 3a-
KOHOB WJIH U3 CHUMMeTpuii Teoput). [loiydenHne HHTErpajbHBIX Be-
JIMYWH W UCIIOJIB30BaHWE WHTEIPUPOBAHWA TI0 TTOBEPXHOCTHU MOXKET
MPUBOJAUTH K UHBIM PE3yJabTAaTaM B CJAyYae JABUYKEHUS MTOBEPXHO-
cru (HampuMep, pe3ysIbTaT MOYKET 3aBUCETh OT MOPSIIKA, TTPEIETh-
HBIX mepexoioB). Orcyrereue B OTO 3aKOHOB COXpaHEHWs] SHEPTHUH,
UMITYJIbCa, MOMEHTa KOJIMYECTBa ABU2KEHUIA N IEHTPa MaCC, KOTO-
pble MOATBEPXKIEHBI MHOTOUYUCTEHHBIMU JKCIIEpUMEHTaMU U pabho-
TAIOT Ha TPOTSKEHUN BEKOB, 3aCTAB/ISIET BECbMa CEPhE3HO COMHE-
Barbcsg B OTO (citefyss IpUHIAITY HENPEPBLIBHOCTH U TIPEEMCTBEH-
Hocrn passurust Haykn). OTO xe noka emie Hudem cebs He 3ape-
KOMEH/TOBaJIa, KpOMe TVIODAJUCTCKUX MPeTeH3ni Ha TPUHITUITHATHHO
9KCIIEPUMEHTATHLHO HEPOBEPSIEMYTO TEOPHIO 300y Beenennoit n
HECKOJIBKUX BE€CbMa COMHUTE/JIBHBIX TOATOHOK MO CKYAHYIO IKCIIE-
puMenTabHyto 6a3y. Eie 6osbine 3acrasisier comueBaTbest B OTO
caeaytomumii (pakT: JJIst OJHOW U TOW YK€ CHCTEMBI (HpI/Iqu TOJIBKO
"ocTpoBHOTO''THIIA) C MCIONB30BAHUEM BeKTOpa Kusmwra wHOrIA
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MOXKHO BBECTH HEKOTOpOe mojobue mouaTus sueprun. OQHAKO, TpH
9TOM HYXKHO MO/TH30BATHCS TOJIBKO JUHEHHBIMU KOOPAUHATAMU, HO
HeIh3s1, HampuMmep, TmoaspHbiMi. He MoskeT ke BCOMOTaTeIbHBIH
MaTeMaTU4YeCKUl amnmnaparT BAUATHL Ha CYIIHOCTL OJHON U TOH Ke
dusnueckoit Beauunnbl. U, HAaKOHEI, HEJIOKAIN3YEMOCTh SHEPTUN U
BO3MOXKHOCTE "CaMOMpPOU3BOIBHOTO' e HECOXpAHEHNS TaXKe B MAac-
mrabax Bcenennoit (310 menpukpeITHIE "Bewnbiii geurarens') 3a-
CTABJIAIOT TOJHOCTHIO 0TKazaThcss oT OTO u mmubo mepecMaTpuBaTh
KOHIIEMIHIo "'c HyJIst MO0 MCIOIb30BAThH WHBIE PA3BUBAEMBIE TIOIXO0-
et Ilepeitmem Temeps or 0bmmux 3aMedanuii kK 60j1€e KOHKPETHBIM
BOIIPOCAM.

I'eomeTpus mpocTpaHcTBa

Bompoc 0 BO3MOXKHOCTM W3MEHEHWH TEOMETPUM MPOCTPAHCTBA B
OTO cosepuienno HekoppekTeH. KOHEYHOCTH CKOPOCTH Tepesadn
B3aMMONEHCTBUI MOXKET MOMEHSITh TOJBKO (PU3UUYECKUE, a HE Ma-
TemaTuvdeckne 3aKOHbI. He OymeMm Ke MbI yTBEPK/IATh, ITO MPIMast
He CYIIEeCTBYET, TAK KaK I ee TPOBeIeHns B GECKOHEUHOCTDH JTa-
JKe CO CKOPOCTBIO CBETa MOTpebyercs: GeCKOHeuHoe BpeMs (aHaIo-
IUYHO JIJISE TJIOCKOCTHM W TTPOCTPAHCTBA). MaremaTuaeckuii CMBICT
MIPOUBBOIHBIX TOYXKE HE MOXKET TMOMEHAThCsI. OHa N3 TeMOHCTPAITHi
OTO "o HemsOeKHOCTH U3MEHEHWS TeOMETPUU B HEWHEPIIMAIbHOMN
cucreMme COCTOWT B CJIEAYIOIIEM: BO BPAIAIOIIEHCS CrCTEeMe OTCUe-
Ta, BCJIEACTBUE COKPpAIICHUA JIJINH, OTHOIMEHUE IJINHBI OKPY?KHOCTU
K ee IraMerpy OyaeT MeHbIe 7. 3aMETHUM, UTO HUKTO He CMOT Ha-
pUcoBaTh JJIsI JAHHOTO CiIydast "HOBYIO reoMerpuio’: HEBO3ZMOYKHO
n300pa3nuTh HECyInecTByiomee. Ha camoMm jene He TOMEHSeTCsS He
TOJIHLKO MCTUHHASA, HO JarkKe HabII0JaeMast TeOMETpHs: He OyIeT ke
MaTeMaTH4YecKasd JIMHUS MePeIBUTATHCS WM MEHSITHCS TTPU HAIeM
JIBUKEHNN. XOTS B TEOPUM OTHOCUTETHHOCTH PAJINYC, TEPIIEHTUKY-
.T[HprIfI JABUZKEHWIO OKPY?KHOCTHU, MEHATHCA HE JI0JI2KEH, TEM HE Me-
Hee TPEIIOIOKIM BHAYAJE, YTO OKPYIKHOCTH OYIeT JBUTATHCI pa-
ANAJIBHO. HyCTb nMeeM TPpU KOHIOEHTPUYIECKUX OKPYXKHOCTU TTOYTH
onuuakoBoro pajuyca (Puc. 2.1). [Tomectnm Ha HuX HAOMIOMATETENH
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Puc. 2.1: TeomeTpus BpalaoIieiics oKpyKHOCTH.
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7 TPOHyMepyeM uX Mo mopsaky ot menrpa: 1, 2, 3. Ilycts BTOpOit
HabJTI0aTeN b Oyner HemoaBukKeH, a 1-if u 3-if BpaIamTca BOKPYT
meraTpa O 1Mo U MPOTHUE YaCOBOI CTPEIKU C OJUHAKOBO YIVIOBOH CKO-
poctoio. Torma, BemeacTBIE pa3Indnsa OTHOCUTETLHBIX CKOPOCTel 1
COKDAITEHNsT IINH HabIromaTem moMeHsroTest Mmectavu. O THaKo, KO-
T2 OHW OKAXKYTCA B ONHON TOYKE MPOCTPAHCTBA OHU YBUAAT Pa3-
nyto kaprtuny. eiicrBurensuo, 1-it Habomaress yBUIUT CIIEIYIO-
Iee pacro/iokKeHne oT menTpa: 3, 2, 1, B To BpeMs Kak 2-if HabJIro-
raTesib YBUAUT WHON mopsamok: 1, 3, 2, w ToabKo 3-it Hab/romaresns
YBUIUT MEepBOHAYAIbHYIO KapTuny: 1, 2, 3. Nmeem mporusopedwme.
[IpenmosioxkuM Temeph, YTO U3MEHUJIACH T€OMETPHUS BPAIIAIOIIENics
maockocTr. OIHAKO, 9TO TOTA TPEAMOUTHTEIbHee: BepX Wian Hu3?
3ajavua Beb CUMMETPUYHA, Ky/a K€ BBITHYJIACH MIOCKOCTh? Ecan
CIIe/IATh TTOCTIEHEE TIPEJIOIOKEHNE, 9TO NCKPUBHIIICS Pagmnyc (Kak
MEHSIeTCsl BUJIUMOE JIBUYKEHHEe B HEMHEPIMAJbLHON cucreMe), TO 2-
it HabJio/jaTesib yBUJIUT €r0 HEMCKPWBJAEHHBIM, a 1-it u 3-it Oymyr
cuuTaTh ero "uckpusjieHHBIM'B pasHble cTOpOHBI. TakuMm obpazoM,
TpW HaBJIIOATEIST BUST B OJHON U TO¥ YK€ TOYKE JIJIsi OJTHOTO ¥ TOTO
JKe MPOCTPAHCTBA PA3HYI0 KAPTUHY, CIETOBATETLHO NCKPUBIEHNE He
00BEKTUBHO (M HE MOXKET OBITH OOBLEKTOM HAYTHOTO W3y9EHWs).

Bpamaromasicss OKpy»KHOCTH TOKA3bIBAET MTPOTUBOPEUNBOCTH
uneit CTO u OTO. [leficTBUTENBHO, COTJIACHO YIEOHUKAM, MTEPIIEH-
IUKYJISIPHBIN IBUKEHUIO pajanyc He uaMensiercs. CiieoBaTebHO,
OKPY?KHOCTH OCTAHYTCSI HA, CBOMX MECTaX HE3ABUCUMO OT IBUKEHUSI.
[Tocammm Ha HETOABMKHOW OKPYKHOCTU SKBUIUCTAHTHO HAO/IIOmA-
TeJsiell U QUM TOUETHYIO BCIBIIIKY U3 [EHTPA OKPYKHOCTHU, YTOOBI
HaOJIIOATes I HAHECIN TIITPUXHU Ha JIBMKYIILYIOCS OKPY>KHOCTh B MO-
MeHT mpuxona curaana (Puc. 2.2). Bemencrsue cumMerpun 3a/1a4u,
MTPUXN TaKZKe 6y,ZI;yT SKBUJVNCTAHTHBIMMU. HpI/I TOCJIEAYIOIMNX TIe-
PUOIMYIECKUX BCIBITITKAX KAXKJIBIN HAOIIOIATETh TOATBEPIUT, 9TO B
MOMEHT BCITBIIIIKA MUMO HEro MPOXOUT IITPUXOBAst METKa (TIPH CO-
OTBeTCTByIOH_[efI TePUOANIHOCTHN BCHLIHIeK), TO €CTh OJIMHBI y9aCT-
KOB HEITOJIBMKHOI U BPAIAIOIIIXCA OKPYKHOCTeH paBHbI. [Ipu ocra-
HOBKE OKPY?>KHOCTHU METKW OCTAaHYTCA Ha CBOEM MeCTe. qHCHO 9KBU-
JUCTAHTHBIX METOK (paBHOE YHCIYy Hab/rojaresneil) He M3MEHUTCH.
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Puc. 2.2: 9xBuancranTHbie HADIIOMATETN HA OKPYKHOCTH.

Cie10BaTEIBHO, B HEMOABUYKHOM C/IyYae JJIMHBI YIACTKOB TAKIKE
paBHbl. Takum 06pa3oM, HUKAKOTO COKPAITIEHUS JIUH (1 M3MEeHEeHUs
reoMeTpun) He OBIIO BOBCE.

PaccmorpnM omsiTh BOTTPOC O TEOMETPWUW MPOCTPAHCTBA, HO C
JIPYTOil CTOPOHBI. DTOT BOMPOC COBEPITIEHHO 3AIMyTaH eIle CO Bpe-
mer [aycca, KOTOPBIH XOTesJ OMpesensTh TEeOMETPHIO C TTOMOIIHIO
CBETOBBIX Jiydeit. He MOXeT e OrpaHWYeHHOCTH TOTO WA WHOTO
OIIbITA BJIMATH Ha HWACAJBbHBIC MaTeMaTHUYCCKUE MMOHATHA. 3aMeTI/IM,
uaro cBer B OTO gBmkercs gake He MO KpaTUaiIneil JUHAN: BMECTO
npuanuna @epma § [ dl =0 B OTO nmeem [17]: 6 [ (1/4/goo)dl = 0,
rhe go3 — MeTpudecKuil TeHszop. deM ke B TaKOM CiIydae BblJeIeH
ceer? Hacto B yuebHHKAX "000CHOBBIBAETCA'"HEOOXOMMMOCTL M3MeE-
HEHWS TEOMETPHUHU CJIEIYIOIUM 00pa30M: 9TOOBI CBET BHIYEPTUI 3a-
MKHYTBIIl TPEyTOJIbHUK B TPABUTAITMOHHOM IT0JI€, 3€PKAJIA JOJPKHBI
OBITH TMOBEPHYTHI HA, HEKOTOPBINA YrOjI, B Pe3y/bTaTe CyMMa yIJIOB
TPEyroJbHUKA OyAeT OTanvYarThesa ot w. OmHaKO, it JTI000T0 TOUed-
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Aq L RB

C

Puc. 2.3: "T'eomerpus Tpeyroabauka'.

HOTO TeJia 1 3-X oTpaxkareseii B mosie tskectn (cm. Puc. 2.3) MoxHO
zanucatb cymmy "yrios':

L L
Z B; = ™+ 4arctan 9—2 — 2arctan 9_2
2vug v

[Moxywaercst, 9T0 reoMeTpHst OJHOTO W TOTO YK€ MPOCTPAHCTBA 3a-
BUCUT OT ycjoBmii ombiTa: or L u vg. [lockombKy yrom a Mexmy
sepkasiaMi A n B Takke MOXKHO MeHsATh (Ha HallleM PHUCYHKe OH
HyseBoit o = (), moayYaeM BO3MOXKHOCTH HCKYCCTBEHHOTO M3MEHe-
HUA TEOMETPpHUU B IMUPOKUX TIpeae/rax. 3aMeTI/IM, 9TO TIepeMeHHbIe
mapaMeTpbl « u L octaiorcs u ayis cBera. B momobHbIX 'mpaBaomno-
IOOHBIX" TOKA3aTEILCTBAX O HEOOXOAUMOCTH W3MEHEHUSI TeOMETPUN
HE MOTYEPKUBAIOTCS HEKOTOPhIE MOMEHTHI. Bo-TIepBhIX, KAaK B OMBITE
C MaTepruaJbHBIMHU TOYKaMHW, TaK W CO CBETOM TeOMeTpud "BBILIep-
YUBAETCA'" HE MTHOBEHHO, & MOC/IE0BATEIHLHO B TEUEHIE HEKOTOPOTO
BpeMeHu. Bo-BTOPBIX, JIsl YCKOPEHHBIX CHCTeM YaCTHILI (M CBeT)
JIBM2KYTCSl B BAKyyMe TIPSMOJINHEIHO 10 3aKOHY WHEPIUHU 1, (DAKTH-
YeCKU, HA ITO JBUKEHUE aTUTUBHO HAKJIAIBIBAETCS JIBUKEHIE TPa-
HUWII 9TOW YCKOPEHHOW CHUCTeMbl. Bce yTiibl TajieHust (B Jaboparop-
HOII CHCTeMe) PaBHBI COOTBETCTBYIONIMM yTJIaM OTPayKeHus U "Teo-
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2

Puc. 2.4: TIposegenue npsamMoii B mMoJjie TIKECTH.

MeTpust yriaos'"He MeHsiercst coBeprienHo. [Ipocro dgpurypa mosyda-
eTCs HEe3AMKHYTOMN 32 CUeT JBUYKEeHUsT Tpanutl. B-TpeThux, poJib rpa-
HUIL COBEPITIEHHO HE PACKPBIBAETCS TIPU OMPEJAEIeHNH COOTHOTIIEHU
MEXKy JJINHAMU peajbHbIX Tesl. Hampumep, ecyin Bce TOUKN Peasib-
HOI'O TeJIa IIOABEPXKEHBbI [NeCTBUI0 OJUHAKOBON YCKOPAIOIIECH CHUJIBI,
TO B3aMMHOE COOTHOIIeHWe JnH u yrioB ("reomerpus") ocraercs
HEM3MEHHBIM. KCIu Ke YCKOPEHWIO MOIBEP>KEHBI TOJIBKO TPAHUIHI,
TO BCe peasibHble M3MEHEHUsT PA3MEPOB TEeJI MPOUCXOAAT TOJBKO MpH
B3amMoJieiicTBun ¢ rpaHuraMu. B j000M caydae MOXKHO MPOBECTH
ErkumoBer mpsimble jinaun. Hampusmep, st TPOBEIEHUsT TOPU30H-
TaBHOI MPSIMOl B TPABUTAIIMOHHOM TI0JIE€ BO3BMEM J[Ba, OJUHAKOBBIX
nymaEbIX crepykas (Puc. 2.4). Toueunyio omopy J1st IepBOTO CTEPIK-
HsI yCTAHOBUM ITOCPEINHE CTepXKHsI. B pe3ysibrare mporuba cTepKHs
obpazyercsl BhIMyKJIash BBEpX JUHUs. /IBe TOUedHbIE OMOPHI JIJIsT BTO-
pOTO CTEpXKHS YCTAHOBHM HA yPOBHE JBYX OIYCTUBIIUXCSI KOHIIOB
epBOro cTep:kuda. B pe3ynbrare mporubda BTOPOro CTep:KHS 00pas3y-
eTcs BhITyKJas BHU3 JuHus. CpeaHsis JUHUS MEXKIY STUMHU JIBYMSI
BBITHYBIITUMUCST CTEPKHSIMU OMPEIEISIET TPSIMYIO JIMHUTO.

HpI/IHI_II/IH 9KBUBAJIEHTHOCTHA

[Tepeitnem Temepsb K ciaenyromemy BaxkHoOMYy moHaTrio OTO — 3xBu-
BAJIEHTHOCTH TPABUTAIMOHHOTO OIS HEKOTOPOU HEMHEePITNAJTEHOCTH
cucreMbl. B oTimmame or 001X HEMHEPIIMAIBHBIX CHCTEM TDaBUTA-
[IHOHHOE TI0JIe 00/1a7aeT YHUKAJLHLIM CBOWCTBOM: BCE JIBUKYIIAECS
00LEKTHI OTK/IOHSIOTCS B HEM K OTHOMY ITeHTDPY. Ec/n 3amyctuTs nBa
JIyda, MeXKIy ABYMS WAeaJbHBIMUA MapaJiIe/bHBIMI 3epKaJaMu TTep-



88 I'JIABA 2. OCHOBBI OTO

Puc. 2.5: Conmxkenne mapajiebHbIX JIydeil B 'PABUTAIMOHHOM IT0-

JIe.

MEeHIVKY/ISIPHO K 3€PKaJjiaM, TO B WHEPIUAIBLHONW cucTemMe OHu OymayT
HECKOHEUHO JBUTATHLCS MAPAJIETBLHO JPYT APYTY. AHATOTHYHAS CH-
Tyarus OyIeT Mpu YCKOPEHUU B HEMHEPIINAILHONW CHCTEME, eC/Ih 3ep-
KaJla OPMEHTUPOBAHBI MEPIEHIUKY/ISIPHO HAMPABIECHUIO YCKOPEHUSI.
HampoTwBe, B rpaBUTAIIMOHHOM TOJIE TTPU AHAJIOTHIHON OPWEHTAIINN
3epKaJI JIyun HauHyT commkarbes (Puc. 2.5). U yxk ecim Kakoii-To
sddexT Oymer m3mepen 3a BpeMms HaDJIIOAEHHs, TO, BCIAEACTBIE DOTb-
I10¥ BEJIMIUHBI CKOPOCTH CBETA, HAJTUYNE UMEHHO T'PABUTAIMOHHOTO
o1t (& He HEMHEPIIMATHLHOCTD) TAK¥Ke MOYKET ObITh MIeHTU(DUIIPO-
BaHo. QUEBMIHO, UTO YUUTHIBATH UCKPUBJIECHUE 3ePKa HE CJEIYET,
TaK KaK KPOMe IPABUTAIMOHHBIX CHUJI CYIIECTBYIOT JPYTUE CUJIbI, KO-
TOPBIE MOTYT YAEP>KUBATH B3ANMHYI0 KOH(MUTYpaInio 3epkaJt. OTiu-
qne chepuueckoil CHMMeTpUN OT TIJIOCKON MOXKET OBITH YCTAHOBJIEHO
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" I CaabbIxX rpaBuTanuoHabix moJieii. Beisog OTO o BosmoxkHOCTH
HUCKJIIOYEHUST TPABUTAITMOHHOTO OIS JI/TT HEKOTOPO# MHEPITHAIBLHON
CHUCTEMbI B TEUYEHWE BCErO BPEMeHW HaOJIIONEHWS B OOIIEM CIydae
HEBepeH.

[IpuanuUn SKBUBAJEHTHOCTH TPABUTAIIMM U YCKOPEHUS MOXKET
UMeTh OTHOIIIEHWE TOJILKO K OJIHOW TOYKe TPOCTPAHCTBA, TO €CTh
HEpeaJieH: 3TO, HAMPUMED, YK€ MPUBOAUIO K HEBEPHOMY BBIUUCTIE-
HUIO OTKJIOHEHWA JIY9a CBETaA B TTOJIE TATOTEHN A (TOJ'H)KO IIOTOM 917IH-
mreitn moanpasut KodhhUIMeHT B IBa pasa). [IpuHINT SKBUBa-
JIEBHTHOCTU MHEpPTHOH u Tsizkenoit macc B OTO moxkeT GBITH CTPOro
chOPMyYIMPOBAH TOYKE TOJIHKO JIJIT OJIHOTO OTIEIBLHOTO TesTa (Tak Kak
OTO BrIIOYAET B3AUMOCBSI3b TPOCTPAHCTBA-BPEMEHU U BCEX TEJI, TO
ou mepeaned 8 OTO). Tlosromy dbuzmueckn OTO me moxker mveTn
PEJIeTLHOTO Mepexoia HU K OJHON HepeIdaTUBHCTCKON Teopnu (a
s hOPMATBLHO MaTeMaTHIeckn ). Bee muneiinbie mpeobpasoBanus
CTO u OTO orHOCATCS K MYCTOMY TPOCTPAHCTBY, TaK KAaK peasb-
HBIE Tea (Jake B KAYECTBE PEMEPHBIX TOYEK ) BHOCAT HEJTMHEHHOCTH
B cBoficTBa mpocTpancTBa. [losTomy paznuune sBaeHUil mpu mepe-
XOZle B IPYTYIO CHCTEMY OTCUeTa JOJIXKHO U3YUaThCsl CTPOTO B OHOI
TOYKE TPOCTPAHCTBA U BpeMeHu. Ho Kak B OJHY TOUKY MOMECTUTH
IBYX pasHbix Habmomareneit? Caemoarennno, Bce 3amadn CTO u
OTO wmoryT HOCHUTH TOJBKO MPUOIMKEHHBI MOJIEIBHBIN XapaKTep
(6e3 rmobamm3ma).

Her auvero yamBuTeIbHOTO B TOM, UTO OJTHA U Ta YKe BEJTUUNHA —
Macca — MOKEeT y49aCTBOBATh B PA3HBIX ABJICHUAX: KaK Mepa MHEPTHO-
CTH IIPHU BO3JAEHCTBUN JIIOOBIX CHJI, BKIIOYAs IPABATAIMOHHLIE, N KAK
TATOTEIONMAS MACCa (HATPUMED, ABMKYIIMIACS 3apsiyi CO3AET U JIeK-
TPUYECKOe U MarHWTHOE 1moJie). Bompoc 0 TOYHOM paBEHCTBE Trpa-
BUTAIMOHHON ¥ MHEPTHOW MAaCC COBEPIIEHHO HaIyMaH, IIOCKOJIbKY
9TO PABEHCTBO 3aBUCHUT OT BLIOOPA UMCIEHHON BEIWYNHBI TPaBUTA-
IMOHHOH TocTognuHoM . Hampumep, B cyvuae mpomopnuoHaTbHOCTH
Mg = My, BCE 3aKOHBI OYIyT TEMU Ke, HO C JIPYyTHM ONpPeJe/IeHu-
eM TPaBUTAIMOHHOI IMOCTOAHHOI ' = a27. He crout mckars 31ech
MUCTUKY W CTPOUTH 00pa3bl MCKPUBIEHHOTO mMpocTpancTsa. [loacra-
HOBKA OJTHOW M TOW Ke BeJIMUUHBI KaK JJId TATOTEOeil, TaK U JJId
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WHEPTHOH Macc mpousBoguTcst He Toabk0 B OTO, HO U B Teopun Tsi-
rorenns Hoiorona. I[Ipocro sro ombiTHbI hakT (BepHee, Hanboee
POCTOi BHIGOP BEJMUUHBI 7).

Korma rosopsar (37|, uro ¢opma ypaBHEHHiT 3aBUCAT OT CBOWCTB
MTPOCTPAHCTBA-BPEMEHH, TO B 3TOM €CTh HeKOoTopast creky stius. Co-
37IA€TCS BIEYATIEHUE, UTO MBI KaK-TO MOYXKEM U3MEHUTH TO CaMOe
MIPOCTPAHCTBO-BPEMsT I MPOBEPKU JaHHOW 3aBucumocTu. Ha ca-
MOM jlejie Mbl uMeeM Bcenennyio B enuHcTBeHHOM uwnciie. [lombiTka
OTO ycnoxunTh J11060€ YacTHOE (JIOKATHHOE) sIBJIEHNE T00aBIeHN-
eM CJIOXKHOCTH Beeit BeesreHHoit He IBgeTCAd TO3UTUBHON [T HAYKH.
Jpyroe meno BHIGOD JIOKAJIBHBIX KOODAUHAT JJIT MAaTEeMaTHIECKOrO
OMMCAHWSI JIOKAJIBHOTO SBJEHUS (B 9TOM CJIy4Yae KOHKPETHBIE CHM-
MeTDHUH ABJIEHUS YIPOIIAIOT OMUCAHNE), ¥ TII00ATU3M ONAThH HU MPU
qeM.

UcnonszoBanne memHeprnuaabubix cuctemM B OTO BHyTpenHe
MPOTUBOPEUNBO. JleiCTBUTEIBHO, BO BPAIIAIOIIEHCS CUCTEME JTOCTa-
TOYHO y/IaJieHHBbIE 00BEKTHI OYIYT JBUTATHCSA CO CKOPOCTHIO, 6OJIB-
meit ckopoctu ceera, a Begb CTO u OTO yreepkpaior, 910 BUIU-
MbI€ CKOPOCTHU JOJI’KHBI ObITH MeHbIte ¢. OIHAKO, IKCIepUMeHTa b
HbIiT akT: dororpadust Heba ¢ BpaIAIOIIEHcs 3eMIr MOKA3bIBa-
er, 9T0 HABJIIOAETCS BUAMMOE TBEPIOTENbHOE BpalleHue (KIacCu-
veckoe). Vlcnonp3oBanne Bpamaromeiics cucremsl (Hanpuvep, 3em-
JIV) He MPOTUBOPEYHUT KIACCUIECKON (DU3MKE TP JTIOOOM PACCTOSTHIN
obbekTa OT 1eHTpa, B To BpeMs Kak B OTO BenmunHa KOMIIOHEH-
TBI oo CTAHOBUTCSI OTPHUIATENHHON, a 3TO HEIOMyCTUMO B JAHHOIM
Teopuu. Kax ke OBITH ¢ HAOIIOMEHUSIMHI B 3eMHON aCTPOHOMUM !

Bpema B OTO

[Mougarue Bpemenu B OTO Takxke 3amyTano g0 npeaena. Ito ke 310
3a CUHXPOHM3AIMS YaCOB, €C/IM OHA BO3MOXKHA, TOJBKO BJOJL HE3a-
MKHYTHIX JUHUH! 3MeHerne MOMeHTa Ha9aIbHOTO OTCUeTa BpeMe-
HU TIpA 00XOfe TO 3aMKHYTOMY IIYTH — 9TO SBHOE MPOTUBOPEUNe
OTO, rak kak Tpu OOJIBIION CKOPOCTH CHHXPOHU3AIUU MOYKHO CJIe-
JIATH MHOTO TOMOOHBIX ODXOJ0B W TOJYUIUTH TPOU3BOJBHOE CTape-
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Puc. 2.6: Ilosier 61M3HEIIOB C YCKOPEHUEM.

HUEe um oMmojoxkenne. Hampumep, mpegacraBus Bakyym (mycrory)
Bparmaoreiics (ecam caMu OyIeM JBUTAThCS MO KPYTY), MBI MOYKEM
TIOJIYYIUTH Pa3HbIE PE3YIHhTATHI B 3aBUCUMOCTHU OT MBICJIEHHOTO TIDEJI-
CTaBJIEHWS.

Ecin va mMrHOBeHHE TIOBepuTh B 3aBucuMocth Bpemernn OTO or
CPABUTAIIMOHHOTO TIOTEHITHAA U 3KBUBAJEHTHOCTL TPABUTAINA U
HEMHEPIMAILHOCTH (YCKOPEHHUST ), TO JIErKO MOHSATH, YTO TOT/IA BPE-
M$T 3aBUCETIO ObI OT OTHOCHTETBLHOTO YCKOPEHHs (PaCIIupeHHoe TOJI-
koBaume). /[efiCTBUTEIbHO, PA3HBIM TPABUTAIIMOHHBIM MOTEHI[TATAM
JIOJIKHBI TOTJ[a COOTBETCTBOBATHL PA3HBIE YCKOPEHHBIE JIBUKEHUS U
naobopor. Ho oTHOCHTEIBHOE YCKOPEHHE MMEET BEKTOPHBIH Xapak-
rep (u "crpararh"ero HEBO3MOXKHO), TO €CTh PACIIUPEHHOE TOJIKO-
Baume OTO — emmHcTBeHHO BO3MOXKHOE. Vcmonb3ys momuduiiupo-
BaHHBIN Mapaoke bnsnenos [51], jerko jokasarh HE3aBUCHMOCTH
BpeMeHH OT yckopeuus B pacimupenaoM togkopannun OTO. Iycrs
JIBa, aCTPOHABTA-OJIMBHEIA HAXOAATCS Ha, OOJIBITIOM PACCTOSTHUH JPYT
ot apyra. [To curuaay mMasgka, pacroJOKeHHOTO TOCPEIUHE, ST ACT-
POHABTHI HAYMHAIOT CJICTATHCA K MadKy C OJUHAKOBBIM YCKODEHNEM
(Puc. 2.6). [Tockoabpky B OTO Bpemst 3aBUCUT OT YCKOPEHUST U YCKO-
peHre HOCUT OTHOCHUTEJIBHBIA XapakKTep, KaxKIblil W3 acCTPOHABTOB
Oymer cuuTarh, YTO ero bpar-6auzHer 6ojee Mosnomoit. Ilpu BeTpe-
ue BO3JIe MasgKa OHU MOTYT OOMeHsIThCst (pororpadusmu. OgHAKO,
BCJIEJICTBIE CHUMMETPHUU 33JIaUl PE3YJILTAT OUYEBHIEH: BPEMS TEUET
B YCKODEHHOI crucTeMe Tak Ke Kak W B HeycKopeHHoit. /la m kpome
TOTO, Ka,)K,ZI;EIfI "3 aCTPOHABTOB (MO}KHO CIIe U TPETHEro moCaJanuTh Ha
Masgike) MOTYT TIOCBLIATH JAPYT JAPYTY CHTHAJBI O KasKJIOM CBOEM [THE
poxkaenusi. 1o BCTpeun BO3jIe MasiKa WX BCEX MMepeceverT OJNHAKOBOE
KOJIMIECTBO CBeTOBBIX chep (cmpsitathesi cdepam merge). Heyzke-
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JIM, TIOJIYYWB 33 MWHYTY 70 BCTpeun "temerpammy’o marumecsTn-
jJerun Opara, APyroit 6par OyaerT Mo3ApaB/isaTh €ro C MSITUIeTUEeM
(moxker, mposepuThcs y okysmcta)? Ecim camrarh rpaBuTanmoHuoe
moJjie SKBUBATEHTHBIM yckoperuio (cormacao OTO), To momyuaem,
TTO MPOMEKYTKY BPEMEHW He 3aBUCAT OT HAJTNYINS TPABUTAIIMOHHOTO
moJist. Hampumep, pacmupeHHoe TOJTKOBAHUE O 3aBUCHMOCTH TTPOMe-
JKYTKOB BPEMEHW OT YCKOPEHWsT JIETKO OMPOBEPTaeTCs CJIETYIOTINM
obpazoM. BozbMeM HECKOJBKO YesIOBEK B PA3HBIX YACTIAX 3EMHOTO
mapa. Ecim Bocmob30BaThCsT 9KBUBAIEHTHOCTHIO TPABUTAIIMOHHOTO
TTOJTST W YCKOPEHWST, TO JIJIsT MUTAITAN TIPUTSTKEHNST 3eMJIH OHU JTOJTK-
HBI YCKOPSATHCA OT IEHTpa 3eMJIU, TO €CTh B PA3HBIX HAMPABJIEHUSIX
(BekTOpa yckopenmit OyayT pazmuaarshca manpasiaeausmu). Craemno-
BaTEIHHO, BCE OTHOCUTEIbHBIE YCKOPEeHUs OYAyT pasubiMu. OdeBui-
HO, YTO BCJEICTBUE CUMMETPUN 3a7[a91 BO3PACT BHIOPDAHHBIX JTIOEH
He OyIeT 3aBUCETh OT WX MECTOOJIOXKEHMS.

CremaeM HECKOJBKO 3aMeYaHUil OTHOCUTETHLHO METO/a CUHXPO-
HU3aO BpEMEH C TTOMOIIBIO YIaJIEHHOT'O MEPUOANIECKOT0 NCTOIHU-
Ka, PACIIOJIOKEHHOTO TEePIeH INKY/IIPHO JABUKeHnio Tena [48]. Hau-
HEM C MHepOUaJIbHBIX CHUCTEM. BOSMO}KHOCTB CUHXPOHU3aIIn Bpe-
MeHN Ha OTPAHWYEHHBIX YYACTKAX IMYyTH TPEeJOCTABJIIET BO3MOXK-
HOCTBb CHHXPOHU3AIINN BPEMEHH 110 Beeit innnn nemxenns (Puc. 2.7).
JleficTBUTEIBHO, €Cn JIJIsi KayKJ0r0 OTPe3Ka MMEETCsT TTPON3BOJIHLHO
yAaJIeHHbIi TepuoAndecKuit HCToUHUK [V, ToChLIaomuil nadopMa-
IIMIO: CBOIT MOPSAIKOBEIT HOMep [V, KOJIMYIECTBO MPOTIEIIINX CeKyH/
n;j (HavaI0 OTCUYETA BPEMEHHU He COTVIACOBAHO C IPYTMMHI HCTOUHUKA-
M#), TO HAOIIOATENN HA CTHIKAX OTPE3KOB MOTYT COTIOCTABUTH Ha-
JaJI0 OTCUYeTa BpeMeH! NCTOYHNKA CIeBa U NCTOYHUKA cripaBa. [lepe-
JlaBasi MOCJIEIOBATEIHHO 3Ty WH(MOPMAIINIO OT TTEPBOr0 HADIIOAATE s
K TIOCJIETHEMY, MOYKHO YCTAHOBUTDH €IMHOE HAYAJIO OTCUETa BPEMEHN
(camo ke Bpems, Kak mokazano B [1ase 1 nmeer abCOMIOTHBIH CMBICT
[48)).

Ouernro, 9T0 HAOIIOAEMAST CKOPOCTD TTEPEeIadN CUTHATIOB CHH-
XPOHUBAINY He CKa3bIBAETCA Ha, OMpPeIeJeHNN IIUTETHHOCTH Bpe-
MEeH: MMITYJILCBI (HAPUMED, CBETOBBIE C(DEPBI TN YACTHIIBI ), OTME-
JAroIIe YUCTO TPOIIEIINX CEeKYH, OyIyT SKBUIUCTAHTHO 3aI0JI-
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Puc. 2.7: Cunxponusanus BpeMeHU Ha JIMHUW JBUKEHUS.
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HSITh BCE MPOCTPAHCTBO, U CKOJIBKO WX MCITYCKAeT UCTOYHWUK, CTOJIBKO
’Ke GyJier 1ocTuraTh KoHeIHoro Habmogaress. (Mbl He 60ru, YTOOBI
BBOJIUTH "Hauasio BpeMeH': BpeMsl yiKe UIeT CBOUM UePeIoM U WIIeT
paBHOMepHO.) JlaXke ec/iu CYUTATh BUIUMYIO CKOPOCTH PACIPOCTPa-
HEHWsI CUTHAJIOB ¢ = ¢(T), TO, HE3ABMCUMO OT IyTH CBETa, KOHEIHOI'O
HabTI0IATe s (MMEIOIIEro HyJIeBY 0 KOMIIOHEHTY CKOPOCTH B HAITPAB-
JIEHUW MCTOYHUKA) OYJIET JOCTUTATH TO YHUCI0 CHEP, KOTOPOE UCITyC-
KaeT UCTOYHUK (TIPOCTO Chepbl MOTYT IJIe-TO MPOCTPAHCTBEHHO CIy-
MATHCA WM PA3PeX)arhcs). Bpems, Kak JIMTeIbHOCTE, OyaerT BOC-

MTPUHUMATHC OAWHAKOBHIM. TakuM obpas3oMm, TOJHas CHHXPOHNM3A-
I BO3MOXKHA M IPH HAJHMYIUN IPOCTPAHCTBEHHBIX HEOTIHOPOIHO-
creil (rpaBUTAIMOHHOTO TOJIS).

HamomuuM Temneph gBa M3BECTHBIX OIMBITA, CPOYHO OTHECEHHBIX
penstusucramu B moas3dy OTO. B omwire Xedens-Kurrunra nee
maphl TE3WEBBIX YACOB MYTEIIECTBOBAIN HA CAMOJIETAX B 3aIMaIHOM
¥ BOCTOYHOM HAIMPABJIEHUSIX U WX MMOKA3AHUSI CPABHUBAJINCH C TI0-
KOUBIIIMMUCS JacamMu ([P STOM YUUTHIBAIACH "CKOPOCTHAs J100aB-
ka"CTO, a B ItaBe 1 Hacrosimeit KHUTKH OBLIO JOKA3aHO €€ OTCYT-
creue). B ompire [Taymma u Pebku ¢ momorpbio adbdekra Meccbayspa
OTIPEIEISITICST CIBUT YACTOT (POTOHA MPU MPOXOKIEHUU UM HEKOTO-
pOTO MyTH B BEPTUKAIHLHOM HAITPaBJIEHWN KakK BBEpPX, Tak W BHU3. B
u3nKe HE TPUHATO ABAXKIBI YIUTHIBATH OTHO U TOXKE BiusgHue. Zc-
HO, UTO YCKOPEHWE W M'PABUTAINST BHIPAYKAIOT HEKOTOPYIO CHJTY, BJIU-
STIOTIY IO Ha, pa3Hble mporiecckl. Ho 3To Gymer obimuit pesyabrar aeii-
CTBUsST UMEHHO cujI. Hanmpumep, He BCAKYIO TIEPErpy3KYy BhIIEPKUBaA-
eT YeJI0BeK, MAITHUKOBbIE HACTEHHBIE JaChl B HEBECOMOCTH WUITHU HE
OyayT, HO 9TO HE O3HAUAET, YTO BPEMsI OCTAHOBUJIOCH. [losTOMY Ipy-
oeiit onbiT Xedesas-Kurtunra KOHCTATUPYET TPUBUATIBHBIN (aKT,
UTO TPABUTAIMS M YCKOPEHWE KAKWM-TO 00pa3oM BJIUSIOT Ha, MPO-
IIECCHI B T[E3MEBBIX ATOMHBIX UacaX W BBICOKAS OTHOCUTEIbHAS TOU-
HOCTBb 9TUX YACOB s (DUKCUPOBAHHOTO MECTa COBEPINEHHO HU TPU
gem. Kpome Toro, muarepnperarus onbita Xedenas-Kurrunra mpo-
tuBopeunt "obbsacuenuro"onbita [layumaa u Pebku, riae mpeamnosara-
JIOCh, UTO YaCTOTa W3JIydeHus "B eIUHUIAX COOCTBEHHOTO BPEMeHU
aroma"[3] He 3aBucHT OT rpaBUTAIMOHHOrO MOJA. Kpome Toro, Ha-
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0 UMeTh B BUIY elrle onny Heompeaeaennocts OTO: gaske B orcyT-
CTBUE CPEIHEro MoJjis g MOTYT CYIIEeCTBOBATEH HEM3MepUMbIe OBICTPhIE
dbaykryarmm nos (Co CKOPOCTHIO, MPEBBIMIAIOIIEN WHEPIUATLHOCTE
M3MEepPUTENbHBIX TPHOOPOB). Takast HEOMPeIEeTeHHOCTD OY/IET CyIIe-
CTBOBaTH MU JTIOO0M g: Tak Kak mo ¢popmyaam OTO Bpemst 3apucur
OT TPABUTAIIMOHHOTO MOTEHITHAIA, TO aKe TPHU HYJIEBOM CpEIHEM
< g > >bdexTuBHBIl MOTEHIIMAT Oymer oTaudYeH OT Hysad. Mox-
HO JIU TMPUIYMAaTh, XOTs ObI TEOPETUUYECKU, TOUHBIE UACHI, KOTOPHIE
MOXKHO HOCHUTH C c060ii? Bo3MOKHO, BPAIAIOMINICT MaXOBUK C MeT-
KOIi (JIJIT OTCYTCTBHMSI TPEHUST — HA CBEPXITPOBOSINET MOIBECKE) 1 C
0CbI0, HATIPABJIEHHOI BJIOJIb IPAINEHTa TPABUTAIIMOHHOTO OIS (UH
BJIOJTH PABHOEHCTBYIONMIEH CHUIIBI 71T HEMHEPIUAIBLHBIX CUCTEM ) MOT
OBl OTCUNTBIBATE TOUHOE BpeMs. [lo Kpaiiueit Mepe He BUIHO SBHBIX
OPUYIUH U MEXaHU3MOB N3MEHEHWS CKOPOCTH BPAINEHUS B 3TOM CJIy-
vae. Komeuno, 1/ist c1abbIX TPABUTAIMOHHBIX TOJIEN TaKWe Yachl HA
COBPEMEHHOM 3Tare OyayT MeHee TOUHBI, YeM Iie3ueBbie. BHe CcBs3u
C KPUTUKOI TEOPUM OTHOCUTETHLHOCTH BBICKAYKEM TUIIOTE3Y: PacIal
OTHEIbHBIX AQTOMOB MPOUCXOIUT AHW3IOTPOIHO W 9TA AHU3OTPOIIHA
MOXKeT OBITh TPUBSA3aHA K HAMPABJICHWIO MOMEHTa aroMa. B srom
CAy9Iae MOYKHO yMOPSITOYNTH MOMEHTBI U 3aMOPO3UTH aTOMHYIO CH-
cremy. Torma mokaszaHust TakKuX "3aMOpPOKEHHBIX " T[E3MEBBIX YACOB B
TPABUTAIIMOHHOM IT0JIe OYAYT 3aBUCETH OT UX OPUEHTAITHH.

Bepremcst Temeph K CHMHXPOHHM3YIOIIUM CUTHAIAM (HAIPUMED,
JIST OTHOBPEMEHHOTO M3MepeHusl JIuH). s mpsiMOIMHeRHO JTBU-
KYTIIeNcsT yCKOPEHHOW CHCTEMBI MOYKHO WCITOIH30BATh CHUTHAJIBI OT
VIAJEHHOTO HCTOYHHUKA, HAXOAAIIETOCd MepHeHIUKYJISIPHO JTUHUNA
BUKEHWSI, & /I y9aCTKa OKPYKHOCTH MCTOYHNK MOYKeT HAXOINTh-
Cs B ee TIeHTpe. DTH caydan (paKTUIeCKU OXBATHIBAIOT BCe HEMHEPITH-
anbHbIe ABrKernst 6e3 rpasutanuu. (Kpome Toro, mist nponssoabHo-
IO TIJIOCKOTO JABUZKEHU MOYKHO BOCIOJIb30BATHCA YIAJEHHBIM ITepH-
OIMYEeCKNM MCTOYHUKOM, HAXOIAIINMCS HA MepIeHIUKY/Ipe K MJI0C-
KOCTHU BUKeHud.) [ peasbHOr0 rpaBUTalmOHHOTO TI0JIst Cheprde-
CKHX TeJI IPU IPONU3BOJIBHOM JIBUKEHUH BIOJIb SKBATIOTEHIINAIBHBIX
TTOBEPXHOCTEN MOYKHO TTOJIH30BATHCA TTEPUONIECKUMI CUTHAIAMT N3
IIEHTPa TPABUTAIIMOHHOTO TOJIH.
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SaMeTI/IM, 9TO OJId JOKa3aTeJIbCTBa MPOTUBOPEYNBOCTU BHIBOIOB
CTO u OTO 06 uzmMeHeHUN JJIUH U MTPOMEXKYTKOB BPEMEHU TOCTa-
TOYHO, YTOOLI TOYHOCTH WJIEAJLHOTO (KJIACCHIECKOTO) W3MEPeHMUsI
9TUX BEJWYMH MOTJIA MPUHIUNHAAJLHO MPEB30ATH BETUYUHY MPEI-
ckazbiBaemoro CTO u OTO sddexkra. Hanpumep, npu mcrnoan3o-
BAHWN CHHXPOHU3YIONET0 UCTOYHUKA HA CEPETUHHOM MEPIIEHIUKY-
JIdpe K JIMHUW OBUZKEHUA 110 TOYHOCTU BPEMEHUW CUHXPOHU3aIlnn
mveem: At ~ [?/(8Rc), tae | - 1ymHA OTpesKa ¢ CHHXPOHM30BAH-
HBIM BpemeHeM, R - paccTrogHue 10 CHHXPOHU3YIONIEr0 MCTOYHUKA,
TO €CTh MOYKHO yMeHbIaTh Af He TOJBKO BBIOOPOM OOJIBIITOTO pa-
JINYCa CBETOBOMN Cdephbl, HO U BHIGOPOM MAJIOTO YUACTKA TBUIKEHUS
I. TTo dpopmymam CTO o cokpaleHnn BpeMeHH WMeeM JIJIsT aHaJIO-
ruanoii Besmuansbl: At = (1 — /1 — v?/¢?)/v. Ecim npu KoneaHoM

R w 3amanmoii CKOPOCTH ¥ BBIOPATH Takoe [, 9TOOBI BBITIOJIHIAIOCH

HEPABEHCTBO
l/(8Rc) < (1 —+/1—2v2/c?) /v, (2.1)

TO BBIBOJBI PEIATUBUCTCKUX TeOpI/Iﬁ OKa3bIBAIOTCA HEBEPHBIMU.
Jlnst cucrembr, IPOU3BOIBHO ABMKYIIEHCS BIOH pagauyca (Ipo-
BEJIEHHOTO OT TEHTPA MPABUTAIMOHHOTO TIOJIsT) JIJIST CHHXPOHU3AIIN
MOKHO HCIIOJIB30BATH CBOOOIHO MATAIOIIII MTEPUOTUIECKII UCTOU-
HUK Ha TEPIeHIUKY/Isdpe K JuHUM ABrKenud. lIpm srom R ®Hamo
BBIOpATH Takoe, 4TOOBI MOJIe MPAKTUYECKH HE MEHSAIOCH (3a cJer
3aKPYTJIEHNUsT SKBUIOTEHIIMAIBHON CephI) HA 9TOM PACCTOSTHUM, W
coorBercTByiomee | w3 (2.1) BOIM3M TOUKH, Ky/Ia OMYIIEH MepIIeH TH-
kyssip. Crenosarensuo, BeiBoAbl OTO MoryT OBITH OMPOBEPTHYTHI
u B 3ToM ciayuae. s manbosiee BayKHBIX UACTHBIX CIy4IaeB 'Bce-
obmmme"BeBoBl CTO m OTO 0 cokpallleHnn pacCTOSTHU KaK CBOVi-
CTBO CAMOTO MPOCTPAHCTBA HEBEpHBI. B camom obIiem ciaydae Ka-
KeTCd MHTYUTUBHO BIOJJIHE OYEBUIAHBIM, YTO MOXKHO HaAWTH TaKoe
PACIIOIOXKEHNEe TEPUOIUIECKOTO UCTOUHUKA, ITOOBI CUTHAJ TIPHUIIIET
MEPIEHUKY/ISIPHO TBUKEHUIO U UTOOBI CyIecTBOBa M Takue R u [
u3 (2.1), koropsie onposepraior pesynbsrarbt OTO. Her coseprienno
HUKaKOi HeoOXommMocTu B "'pazMaszanHoil" cucreme oTcuera u mpons-
BOJIBHO UAYyHOINX YacCaX: .T[IO60€ M3MEHEHNEe DEaJIbHBIX JIJINH JOJI2KHO
O00BSACHITHCST PEATHLHBIMU CHUJIAME; BCET/Ia BO3ZMOYKHO BBECTH CHCTE-
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My B3aMMHO HEMOJBHKHBIX TEJI W eJMHOE BpeMs (XOTsa Obl METOI0M
nepecyera). TakuM 06pa3oM, MPOCTPAHCTBO U BPEMsI JTOJIXKHBI OBITH
HeroToHOBBIME, HE3ABUCAIIMMEI OT JIBUKEHUS CUCTEMBL.

HexkoTopsie caeacrsua OTO

[Tepeitnem Temeps kK Maremarudeckum meromam OTO u crencTBusM
stoit Teopuu. Urpsr co cBoiicTBaMu MPOCTPAHCTBA-BPEMEHU TTPUBO-
st K Tomy, uTo B OTO 1oz Bormpocom 0Ka3bIBaeTCsT MpUMEHEHUe Bar-
PUAIMOHHBIX METOIOB: BEIUYINHBI SIBJISIOTCS HE aJIUTUBHBIMUI, TIPE-
obpazopauust JlopeHila HEKOMMYTATUBHBI, HHTEIPAJIbHBIE BETUINHBI
3aBUCAT OT MyTH WHTETPUPOBAHUS, JTAKe HE FCHO KaK MOYKHO CUU-
TaTh (PUKCUPOBAHHBIMU KOHEUHBIE TOUKHU, €CTH PACCTOSTHUST PA3THI-
HBI B PA3HBIX CHCTEMAaX OTCYETA.

HemokanmmsyeMocTs (HeSKpaHUPYEMOCTH) TPABUTAIMA TIPUBOIUAT
k Tomy, uro B OTO gna wmanmmumst 3aKOHOB COXpaHeHWs (TOJIh-
KO B CHCTE€MAaX OCTPOBHOIO THUIA) MPUHITUIMUATHHO BAXKHBI YCIOBHS
Ha GECKOHEUHOCTH (EeBKJIMIOBOCTH BCJIEJCTBUE OTCYTCTBUS MACC HA
beckoneuarnoctn) [37]. Knaccuuecknit mozgxos 6oJiee mocienoBaresien
U TOJIE3€H B TEOPETUYIECKOM U MPAKTUIECKOM MPUIOKEHUHU: JHEP-
TUsl ONIPEIe/IeHa C TOYHOCTHIO IO TTOCTOAHHON, TaK Kak (pu3maeckmit
CMBICJT UMEeT TOJIBKO JIOKATHHOE N3MEHEHUe SHEPTUU MEXKIy JBYMsI
Toukamu mepexoma. CremoBaTenbHo, YCIOBUsT Ha, OECKOHETHOCTH HU
IpU IeM.

Bosbiioe comuenne BBI3BIBAET TPOIEAYPa JUHEAPU3ANWH B 00-
IIIeM BUJIE, TaK KAK OHA MOYXKeT ObITh TOJHKO WHIWBUAYAJBHON. [0-
BOPUTCA O CTPEMJIEHWHM K MPOCTOTE, & JayKe BPEMEHU BBOIAT IBa
THUMA: KOOPAUHATHOE U COOCTBEHHOE. HacTo MPOM3BOAUTCS MOATOHKA
MOJI M3BECTHBIN WJIM WMHTYWTHBHBIN (Kjaccmaeckn) pesyabrar. Tax
OJTMH U3 3HAKOB BBIOWPAETCS TIPHU pacueTe OTK/IOHEHUs JIy4da CBETA,
AHAJIOTUYHO, Jist IBUKeHus nepuresus Mepkypus 3] du/dp moxer
UMeTh JBa 3HaKa, Kakoii BeIOpaTh? He TroBOpst y»ke 0 TOM, 4TO mpo-
M3BOJUTCA Jieienne Ha du/dp, a 9Ta BeJIMINHA MOKET OBITH U HYyJe-
Boii. [lummercs 0 CI0KHOCTH TPOCTPAHCTBEHHO-BPEMEHHBIX CBSI3€id,
a B UTOTe OYEHb JOJITO MEePEXOJAT K MPUBBIYHBIM MATEMATUIECKUM
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KOOpAWHATaM, MHAYE HE C 9€M COTTOCTABUTH PE3YJIbTATHI. 3& 9TOo XKe
ma 6opsdba? 3a Haykoobpazue?

Jlo cux TOp HET JOCTATOYHBIX SKCIEPUMEHTATBHBIX J0Ka3a-
TEJIHCTB TOTO, KAKOBA, CKOPOCTH MEPEIadn IPABUTAIMOHHBIX B3aMMO-
neficTBurit: 6oJIbINe, MEHbIe WK B TOYHOCTH PaBHA CKOPOCTH CBETA,
(aro mocrymupyerca 8 OTO). Hanpumep, oCHOBBIBAsICH Ha, JTAHHBIX
uabmoenwii, Jlamac u [lyankape [24,87] cunranu, 4ro CKOpOCTh Te-
pejadn IpaBUTAIMOHHBIX B3aUMOIEHCTBUI HA HECKOJILKO TIOPSIIKOB
MPEBBIIIAET CKOPOCTH CBETA.

Terepr mo-moBOAY 3KCIEpUMeHTaIbHOrO obocHoBarus OTO.
O06BIUHO, TarKe ecJii eCTh COTHS PA3HBIX JTAHHBIX, HE BCETIA CTPOUTCS
Teopusl - JaHHBIE MTPOIIe CBecTH B Tabsmuiy. B ciayuae e ¢ OTO mbr
uveeM "Beukyio TeOpWio Tpex C MOJOBUHON HAOIIOIEHUI 3 KOTO-
PBIX TPH - d)HKL[I/IH HO TTOBO/IY OTKJIOHEHUW CBETA B 'PABUTAITMOHHOM
ToJIe OT MPSIMOJIMHERHOTO NBUKEHUsT HAO0 CKA3aTh Cieayroriee. Bo-
TTEPBBIX, KaK OTMEJAI0 DOJIBITHHCTBO SKCITEPUMEHTATOPOB, KOJIHTE-
CTBEHHOE TIOATBEPKIeHIe 3 heKTa CYIECTBEHHO 3aBUCUT OT Bepbl
KOHKPETHOTO SKCIIEPUMEHTATOPA. BO-BTOPHIX, yKe U3 KIaCCUIECKOit
bopmymsr ma = ymMr/r? ciemyer, uTo mo6oii 06LEKT, MaXKe Hy-
JIEBO W OTpUIIATEIBLHON MACCHI, OyIeT MmajgaTh B IPABUTAIMOHHOM
nosie. B-rperbux, ¢ yem, cobcrenno, cpasuubaercs sddexkr? C ab-
COJTIOTHO TycThiM TpocTparcTBoM? Emte B 1962 romy rpymma Kopo-
JIEBCKUX ACTPOHOMOB 3asBUJIA, ITO OTKJIOHEHWE JIyUa CBETa, BOIM3N
ComHita HEe MOXKET paccMaTpuBaThes Kak nmonreepxkaenne OTO, rak
kak y CoJHIla cyiiecTryer arMocdepa, TPOCTUPAIOIIASICST Ha, OTPOM-
Hoe paccrosiaue. HamoMmumM, uTo sBjieHne pedpakiiuu yINTHIBAETCS
IUT 3eMHOI aTMocdepbl aCTPOHOMAMU yrke odeHb maBuo. Eme Jlo-
MOHOCOB 00HAPY KU OTKJIOHEHUE JIy4da cBeTa B arMmocdepe Benepsr.
Jl1st mosicHenwst, ipeicTaBbTe cebe cTekyaauuyio cdepy. EcrecrBen-
HO, UTO TMApAJIIeTbHbIE Tyl (0T JaJeKuX 3Be371) OYIyT OTKIOHATHCS
B Heil K 1ieHTpy. Takas cucrema BceM 3HAKOMA KAaK OMTUYIECKAS JITH-
3a. [lomobuast curyanust Oymer u ajst ra3osoii cdepnr (armocdeps
Cosana). [Ijist TOYHOTO pacyera OTKIOHEHUS Jyda CBeTa B IDABU-
TAIMOHHOM T0JIE HYKHO y4ecTh Hajnune armocdepsl ComHIa U TO,
YTO HAJUYINE TPAJUEHTOB TJIOTHOCTH U TeMIepaTyphbl HA MYTH JIyda



2.2 KPUTHKA OCHOB OTO 99

BBI3BIBAET M3MEHEHWe TTOKa3aTesisi MPEJTOMJIEHNsS CPEJIbl U, CIe/I0Ba~
TeJbHO, UCKPUBJIEHNe JIy4da cBeTa. Vl yiK ecm Ha pacCTOAHWU COTHH
MeTPOB BOJIM3M 3eMHOW TMOBEPXHOCTH ITU IP@PEKTH BHI3HIBAIOT MU-
paxK, TO He YUUTHIBATD UX JIJTsI Iy OT 3BE3/IbI, TPOXOIAIIEr0 BOIM3N
CotHIla MUJLIMOHBI KMJIOMETPOB — 3TO UUCTAsT CHEKYJISIIIHS.

Cwmemenne nepuresnst Mepkypust — 3¢} ek, KOHETHO, KPACUBbIH
(HO B €IMHCTBEHHOM SK3EMILIsIpe - He MAaJjio Jid Jist "TpUBIedeHns
nayunoit reopun'?). TTosromy, 6bI0 GBI MATEPECHO HABIIOIATE €T0
BOJIM3U TBEP/BIX TeJl (HAPUMED, JIJIS CIyTHUKOB BOJIM3M TLIAHET),
YTOOBI MOYKHO OBLIO OJTHO3HAYHO OIEHUTH ero BenanHy. /lesio B ToMm,
aro CoJIHIlE He SIBISIETCS TBEPABIM TEJIOM U JBuyKenne Mepkypus
MOKeT BbI3bIBaTH Ha COJIHIIE TPUIUBHYIO BOJIHY, KOTOPas MOYXKET B
CBOIO OYEPEJIb BIUATH Ha cMermenne nepurennst Mepkypus. (B sasu-
CUMOCTH OT CKOPOCTU TIEpeadr PABUTAIMOHHBIX B3aUMOIEHCTBUI
n "rugponuaavMudeckux ' ceoiicrs CoJIHIA BOJIHA, MOXKET KaK Olepe-
JKaTh, TAK ¥ OTCTaBaTh OT jBuKerust Mepkypus.) B mobom ciyuae
HEOOXOUMO 3HATH CKOPOCTH TepeIaii MPABUTAIIMOHHBIX B3aANMOIeli-
CTBUIA JIJIs BBIYUC/IEHUST BIUSHUS TPUINBA OT MepKypus u Jpyrux
IJIAHET Ha XapakTepucTuku opobuthl Mepkypust, 9T00bI MOKHO OBLIO
OTIEJUTH YUCTO "rpaBuTAInOHHBIN" 3] deKT 0b1eit Teopun OTHOCH-

resibHOCTH (ecau 31oT "uncrerii"addexr BoobIie cymecTsyer).

[Tpu pacuere 8 OTO cmemnenus nepuresnns (U3 CTPOTOroO perrre-
HWS JIJIST €IMHCTBEHHON MPUTSTUBAIOIIEH TOYKN) CO31aeTCs BIIEIaT-
JIEHUE, 9TO MBI 3HAEM TOUYHBIE MaCChl acTpoHOMUYeckux Teji. Ha ca-
MOM Jiefte, eciu MbI mostbayemcst OTO kak mompaskoit K Teopun Hbro-
TOHA, TO CUTYAIlHs TPOTUBOMOIOXKHAS: CTOUT 337a9a M0 BUIUMOMY
ABUZKEHUIO TIJIaHET BOCCTAHOBUTH MX TOYHBIE MaACCHI, LITO6I:I IIOTOM
moncraeuth ux ast nposepku OTO. IlpeacraBum cebe, uTo opbuta
MIaHeThl — KpyroBasi. B aToM ciiydae cpasy OYeBUIHO, UTO MEPUOL
Bpalenus B Teopun HbioToHa yiKe GyIeT B3AT ¢ yIeTOM HEBUIUMO
TIPENecCun, TO eCTh TepeHopMupoBaH. [losTomy B Teopuio HbioTo-
Ha YK€ BXOJAT TEPEHOPMUPOBAHHBIE MaCCHI. HOCKOHbe TTOTIPaBKN
OTO Bo MHOTO pa3 MeHbIIIe BOBMYIIAOIIETO BJAUSHUS BCEX ILIAHET
7 BAUsSHUST HEC(HEPUIHOCTH, BOCCTAHOBIEHNE TOYHBIX MACC B ITOI
CTIOYKHOU 33/1as1e MHOTHX TeJT MOYKET CYIEeCTBEHHO M3MEHUTDh OMUCa-
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HUe BCeit KapTUHBI JBUZKEHUA. 9TO HUTIE HE YITEHO.

Boob1e ToBOpst, CHTyaIns ¢ OMUCAHUEM CMEIIEHWs MePUreThs
Mepkypusi TunwdHA 7S MOBEIEHUST PEIITUBUCTOB. Bo-mepBhIX,
00bsaBAsIeTCsT, ITO 3 PeKT ObLT MpecKa3aH, XOTd JUHIITENHH CpaB-
HUBaAJI €ro C M3BECTHBIMU DE3YyJIbTaTaM1N HpI/I6HI/I}I(eHHLIX pacdeToB
Jlamnaca, moayuenuabivMu 3am0uaro 1o OTO. Hageroch, Kaxkaplii de-
JIOBEK TIOHMMAET OTPOMHYIO Pa3HUITy Mexy "mpeackasats''n "obb-
SCHUTH 3ajHuM uuciaoMm' (Bemomunm anekgor ot Peiimmana). Bo-
BTOPBIX, TIPEIECCUst OBLIA M B KJIACCHYECKON (bu3mke: o JaHHbIM 19
BEKa HUTOTOBasdA BEJINYNHa TIPEHEeCCHr 3a CYET BJIWAHUA HEKOTOPBIX
JpYTUX IJaHEeT pacunThiBagach Kak 588", a HejocTarolias pacder-
Hasg BeJwdwHA ObLIa BCEro Okojo 43”7, TO ecTh COCTAB/ISAIA MAJIYIO
mompaBky. (3amMernm, 4To 1Mo HEKOTOPBIM JaHHbIM 20 BeKa yKa3biBa-
eTcst 00Iast BeJTMIIHA, MTPEeCCHd TOYTH Ha MOPSI0K OOJIBINast, HO
mpu 3ToM coxpauserca u3d OTO seguuuna B 43” - "Taby"; Bupouem,
9TO MOYKeT OBITH W OTedaTKa - He OyAeM MPUANPATHCS IO MEJI0YuaM
K 1/3 or "orpomuoii srcnepumentabaoit 6a3sr OTO"). B-tperbux,
TOYHBINA pacydeT B 3a/Ja9€ MHOTHUX TeJI JaKe COBpEMEHHad MaTeMaTH-
Ka TMOKa BBIMOJHUTHL HEe B COCTOSHUU. B KJIaCCHIECKOM Clydae pac-
YeT TTPOBOIMIICS KAK CYMMa, HE3aBUCHMBIX MOTPABOK OT BIUSAHUS OT-
JEeJIbHBIX IIJIaHEeT (I/I COJIHL[G " TIJIQHETHI CINTAJINCh MaTepUaJIbHBIMN
ToukaMn). ECTecTBEHHO, B KJIACCHIECKOM CJIy9Yae UTOTOBBINH Pe3y/Th-
rar (yxe 6omee 90 mporenTos or HabIIOKAEMOro!) MoKeT ObITH ere
yaydmred mpu yuere Hecdepuanoctr COHIA, BAUSHUS BCEX TLIa-
Her (u masbix Ten) CosHewnoit cucrembr n Toro dakra, uro Cosn-
e - He TBeP/bI 00BLEKT (MaTepuasbHAsl TOUKA) U €ro JOKATbHAS
IJIOTHOCTH B Pa3HBIX CJIOSX IIPOCTO 00s13aHa "oTcaeskuBars BiIusgHue
OCTAJILHBIX JIBUKYIIUXCSA TTAHeT (Ha STOM IYTH MPHUBJICYEHHs 00-
Jiee peaJIbHBIX KOHKPETHBIX d)HBPI‘IeCKI/IX MEXAHNU3MOB BIIOJIHE MOXKET
MOJIYIUThCS HegocTaronmii Masbiii addexr). Ho To, uro mekmapu-
PYIOT PEeNATHBHUCTBI - YMY HEMOCTH:KuMast crekymanus! Oun "ma-
xoasaT"3bdexT (mpuuem TOIBKO STOT MaJIBIi TPOIEHT), PACCMOTPER
JIBUKEHUST JIUIIH JIBYX MaTepUaJbHBIX Touek - Cosaia n Mepkypus.
[Mpocrure, a kaxk Bama OTO mogkoppekTupyer yKe HailIeHHYIO W3
KJTacCUKU O0JbINyi0 YacTh 3 dekta? bourecs cunrars? Torga o Ka-
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Puc. 2.8: Ilagenune na "uepuyo abipy".

KoM "OsecTsrmem coBmageHnn'Bbl TBepauTe?! YncTas MOArOHKA IO,
xesraemoe!

ITpoobpas "uepnoit abipsl" B pemennn Jlamiaca, Koraa CBET, JIBU-
JKYTIIARCS TTapasIeIbHO TOBEPXHOCTH, HAYNHAET KaK NCKYCCTBEHHBIH
CIyTHUK 3eMJIn IBUTATHCS 10 KPyTy, orrndaercs ot ugeit OTO. Hu-
YTO HE 3AIMPEIAET CBETY C TOCTATOYHO DOJIBINON 3HEPTHeil MOKUHYThH
TeJI0 TEPIeHIUKY/IIPHO ero moBepxuoctr. HeT comuenus, 910 Ta-
K¥e JIyIu OyIyT CyNIeCTBOBATH (M MO BHYTPEHHUM TPUYUHAM ¥ IO
BHEIITHUM ): HAMPUMep, MAJA0NINe U3BHE JIYUH 110 3aKOHY COXPaHe-
HUS SHEPTUU CMOTYT HaOpaTh SHEPTUIO W TIPU OTPAKEHUN MTOKUHYTH
takyto "uepryo geipy". Ilpoie BMecTo mpuBiedeHnsT TPOTHBOPEYN-
BBIX CBOMCTB CBeTa paccMoTperh "majerne seMeHTapHOi YaCTHIHI,
HAITpUMED, 3JeKTpoHa. OCTAeTCS I TS HETO BO3MOYKHOCTD YIIPYTO-
IO OTPAYKEHWsI, JIM TAKYI0 BO3MOXKHOCTD (1151 cniacernst OTO) myx-
HO TIOCTYJIATHBHO 3ampeTuTh? Ecam Takyio BO3MOXKHOCTL BCE XKe He
3aIpenaTh, TO PACCMOTPUM CJeAyIomuii mporecc. IIycTs amekTpon
HauMHaeT MaJaTh C HYJIeBOI Hava/JIbHON CKOPOCTBIO U3 OTJAJICHHON
roukn A (mampumep, ¢ paccrosiaust 100 a.e.) HAa OUYE€HH MACCUBHOE
tesio (Puc. 2.8), koropoe morsomaer "mocstemne n30bITOUHBIE OIH-
JKAUTITIEe MOJIEKYJTbI' U CTAHOBUTCS "UepHOit ABIpoii''3a MIHOBEHIE 10
TOro, KaK Hamr 3;1eKTpoH mepeceder [[Isapummasmaosy chepy (or-
MeUeHHYI0 Ha pucyHKe Kak B). Paccrogmme |OB| masg marmsiHo-
cTr n300paKEeHO CUIBHO PACTAHYTHIM. [[0CKOIBKY 3a MTHOBEHWE 110
CTOJTKHOBEHUsI 3JEKTPOHA C MOBEPXHOCTHIO "wepHoit Abiphl"'O 5TOT
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"06bekT"OBIT YCTOWYMB U H CKOPOCTH, HI YCKOPEHUE 3TOi TOBEpX-
HOCTH HE MOT'YT MTHOBEHHO CTaTh OU€Hb OOJIBITUMIE (718 U CTOJTKHOBE-
HUE MOIJIO MPOU30NTH C JIETAIIEl HABCTPETy TEIIOBOH HYaCTHIIEd),
TO TIPU YIPYTOM CTOJKHOBEHUU BBIOPAHHBIN HAMU 3JIEKTPOH TOJIE-
TUT K TOYKE A ¢ TOil K€ CKOPOCTHIO, YTO OH NPUOOPET 70 CTOJIK-
HOBEHHUsI. YTBEPXKJIAETCsS, YTO OH HE CMOXKET mpeomosers [IIBapii-
nmabaoBy cdepy B. [lycrs on ocranosurcsa B Touke C (Hampumep,
Ha paccrosaun 10 kM ot 1entpa "tena"). Ecau BuimosHgeTcs 3a-
KOH COXpaHeHWsT 3HEepPruu, TO Tak Kak B Toukax A m C ckopocTh
SJIEKTPOHA PaBHA, HYJIIO, TO €ro MOTEHIHAJbHAsT IHEPIUsl B TOUYKE
A Toxe paBHA TOTEHIWATLHON dHeprun B Touke C. CremoBaresn-
HO, Mexkay Toukamu A m C' HET TPABUTAIIMOHHOTO TOJIS (CHJIBI TPHU-
TSYKEHWs), WHAYEe MOTEHIINAJ JOJIKEH OBbLT ObI MOHOTOHHO yOBIBATD.
Onxmako paccmorpenue curyain ancro ¢ nosunmit OTO maer emre
xyammit pesynbrar (cm. Huxke). "Hepwse gapips"s OTO — momHas
MUCTUKA. FKCIu B3STH IJIWHHBI CTEP:KEHb, TO MPU IBUKEHUU €ro
Macca yBEJIMIUTCs, a padmepsl ymenbinarcsa (cormacuo CTO). Yo,
obpazyercs "gepuast npipa? Bee mHebo craner 3amosHeHHBIM "dep-
HBIMU JIBIPAME €CJIN OBICTPO JBUTATHCSI. A BEIb 3TOT MPOIECC OBLI
661 Heobparum mo OTO. Hampumep, fj1st OBICTPO JBUKYIIETOCS CBE-

Ta 060l 00HekT Beenennoit — yepras npipa (kak ke cBeT BOOOIIE
erre CymecTByeT? ).

Hanomuum wekoropbie obmenssectanie perrerns: 1) ITIsapir-
IUIBIOBCKOE PEIEHNe ONUCHIBAET CTATUYIECKOe IeHTPATBHO-
cummerpuuanoe "mose"B mycrore (3aMeTuM, 94TO TEMIEpATypPHbIE Xa-
PAKTEPUCTUKU OTCYTCTBYIOT, TO ectb T = 0K); u 2) akcuaabHO-
cuMMeTpuYHas MeTpuka Keppa ompesessier rpaBuTainonHoe "mo-
sie''Bparaornierocss Kostamncapa. Hamumane ocobeHHOCTeH Wi MHO-
TOCBSI3HOCTH PEITIEHNsT 03HAYAET, UTO KaK MWHWUMYM B 3THX 00OJa-
CTSIX pereHue HempuMeHnMo. Takasi cuTyalms uMeeT MeCcTo C mepe-
MEHOI CUTHATYPBI MPOCTPAHCTBA W BpEMeHHU i "'epHoi Iipbl"B
permenvn [IIBapiymisia U He CTOUT WCKATh KAKOTO JIMOO HCKYC-
ctBerHOTO puaocodckoro cmbicaa. Pusndeckas 0COOEHHOCTH B pe-
mennn [[IBaprmasga mpu r = ry He MOXKeT OBITH yCTpaHeHa, IHCTO
MAaTEMATHIECKUMY MTPeoOPa30oBaHUsIMU: TPUOABIEHNE B 9TOM TOUKE
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BECKOHETHOCTH € JPYIMM 3HAKOM — 9TO MCKYCCTBEHHAs UIPa Ha Gec-
KOHETHOCTSIX, a JIsl TAKOil MpOIe/yphl HyKHA (bU3NTIecKas OCHOBA.
(Beap me ycrpansior ke B (husnke Bce OCOOEHHOCTH B HYJIE MCKYC-
CTBEHHBIM TIpHOABIeHHEM « exp (—Ar)/r, rme A - GOJIbIIas BeJInIn-
Ha?)

Haxe n3 OTO cnenyer menabaromaemMocts "vepHbIX AbIp": Bpe-
Mst obpazoBanust "depHoit IBIPHI"OYAET IJIsT HAC, KaK OTIaJIeHHBIX
HabTI0IaTe eli, 6eCKOHEUHBIM (J1ayKe eC/TH Obl MBI JIOXKTATUCEH ""KOH-
ma Ceera Hu onHON "wepHOi BIpbI"HE ycmemo Gbl 00pa30BATHC).
A TIOCKOIbKY KOJIIANC HE MOYKET 3aKOHUUTHCSI, HE WUMEIOT CMBIC-
Jla peIeHusl, PACCMATPUBAOININE OYATO yiKe BCe MpOom30ILio. Pas-
JTEJIBHHOCTh COOBITHl J/Tsi BHYTPEHHETr0 W BHEITHEr0 HAO/IIOIATEIs
OECKOHEUHBIM BpEMEeHeM — 3TO He "KpalHuil mpuMep OTHOCUTE Ib-
HOCTH XOJ[a BPEMEHU a 3JIEMEHTAPHOE TPOSBIEHUE MTPOTUBOPEINBO-
ctu [IIBapIimuabI0BCKOTO pereHnsi. ITOT ke (PaKT JeMOHCTPUPY-
er "wemosiHoTa' crcrem pertennii. He sicHo, 9TO cTaHeT ¢ 3aKOHOM
COXpaHEeHUs 3apsijia, ecau B "uepHyo npipy"yitaer 60/bIime 3apsiToB
ogHOrO 3HaKa?! Mwucrudeckoe onucanue "'MeTPUUECKUX MPUIUBHBIX
cun"(39] mpu npubmmzkenun K "4epHoii IbIpeHEMPABOMEPHO, Tak
KaK 9TO O3HAYAJO ObI, UTO IPAJUEHT TPABUTAIMOHHON CHUIBI B TIpe-
zesiax Tena Besmk, a see ugen OTO ocHOBaHbBI Ha IPOTUBOIOJIOKHBIX
npesmosioxkenusx. Merpuka Keppa npu HaIuauu BpaleHns TakKe
HATJIAJHO TTOKa3bIBaCT HECOCTOATECJIHBHOCTH OTO OHa MaTeMaTu4de-
CKH CTPOTO JIA€T HECKOJBKO (bUBMUECKHM HEPEeATbHBIX pelleHuii (Te
e omeparnn, 9To n aasa [1IBapmimmabI0BCKOT METPUKN He Claca-
10T mosioxkenne). Takum obpazom, takoii 00bekT OTO kak "wep-
HBIE JBIPHI"HE MOXKET CYIIECTBOBATH W JOJIXKEH OBITH MEPEHECeH U3
chepnl HAYKU B 06/acTh HeHayuHoU (antacTuku. Besa Bceemennast
CBUICTEJILCTBYET, 9YTO MUD YJIUBUTE/IHHO yCTOﬁ‘IHB, 9aCTO JUHAMU-
YEeCKM, HO DECKOHEUHBIX KOJITANCOB HE OBIBAET (CKOpee Mpom30iiger
B3pbIB). Bce 3T0 COBEPIIEHHO HE OTMEHSIET BO3MOYKHOCTH CYIIECTBO-
BaHUsSI CBEPXMACCUBHBIX (HO JUHAMUYECKN YCTOWYIMBBIX) O0HEKTOB,
KOTOPBIE BIIOJIHE MOTYT MPOSABIATHCA PsifioM 3bheKToB (Hampumep,
aKKpenueit, n3ayuenuem u ap.). JLas 9Toro Bosce He Hy>KHBI (DaHTa-
sun OTO. He Hy:kKHO TakKe UCKATH MyTH UCKYCCTBEHHOTO CITACEHWST
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OTO B Buge "ucnaperust Y€PHBIX ABIP TaK KaK TAKON BOZMOXKHOCTH
crporo B OTO mpocTo Her (CKOPOCTH CBETA HEPEOIOINMA), a BOT B
KJIACCUKE, HATTPOTUR, HET HUKAKUX MPOOIeM.

OTO comepkuT 6OJIBIIOE YUCIO COMHUTEIBLHBIX MPEINOCHLIOK U
pesynbTaroB. IlepeuncanM HekoTophle n3 HuxX. Hampmmep, Tpebo-
BaHME JJId MaJIbIX CKOpOCTeﬁ TaK>XKe " C.T[a6OCTI/I TPaBUTAIMOHHOTO
IIOJIST COMHHUTE/ILHO: €CJIN MOCAIUTD AIIapaT Ha MACCUBHYIO ILIAHETY,
HEYXKe/JIn OH He CMOXKET CTOATH WUJIN MEIJIEHHO ﬂBHFaTBCH? Hey}Ke—
JIM, HECMOTpPS Ha, TeMIIepaTypHbIe QIYKTyallnu He HalIyTCsI MOJe-
KyJIBI C MaJIbiMu CKOpocTsiMu? Tak»Ke pacCMOTpeHne MEeHTPaIBLHO-
cummerpuanoro mojst B OTO #He umeer (HpuU3UIECKOTO CMBICTA: TO-
CKOJIBKY CKOPOCTH MOXKET OBITh TOJBKO PaIUAJILHON, TO HE MOXKET
OBITH HEe TOJBKO BpAIEHH, HO JaKe peaJbHbIX TeMIIePATyPHBIX Xa-
pakrepuctuk, 10 ecth 1 = 0K . Ilosie B mosiocTn HE TOTyYIaIOT €11~
HBIM 00pa30M, & TPOCTO MOCTYAUPYIOT JABE pa3Hbie KOHCTAHTHI, UTO-
ObI He OBLIO 0COOEHHOCTEI.

W3znydenne rpaBUTAIMOHHBIX BOJIH I TapadOIMIecKoro JIBU-
JKeHusl (C SKCIEHTPUCUTETOM € = 1) IPUBOJUT K GECKOHETHOM ToTe-
pe HEPTUN M MOMEHTA NMITYJIHCA, IYTO TBHO MTPOTHBOPEYUNT OMTBITHBIM
JTAHHDBIM.

Qaxrugecku OTO MoxKeT TPUMEHSIThCST TOJBKO TPU CJIAOBIX TT0-
JITX M CJIA0OBIX BPAIIEHUsX, TO €CTh B TO ke obaacTn, uro n HeioTo-
HOBA TEOpUs TATOTEHHUs. BCIOMHUM, UTO aHAJOTUYHOE B3AMMOIEl-
CTBYE MKy IBVKYIIUMUCS 3aPsiIaMu OTJINIAETCS OT CTATHIECKO-
ro 3axkona Kysmona. [losTomy, mpex e ueM TpUMEHATH CTATHIECKUN
3aKoH TaroTeHus HbIOTOHA, €ro HAI0 MPOBEPUTH IS ABUNKYIIUXCS
TeJI, & 9TO — MPEPOTATUBA, OIBITA.

O6cymum erre OIUH TPUHITUTHAILHBIN MOMEHT, KaCAIOIIUICT OT-
vocurensHoCcTH Beex Beanand B OTO. 3akoHbI, 3aMUCaAHHBIE TPOCTO
KaK YpaBHEHUS, CAMU 0 cebe HU4Iero He ompeessitor. [lis perenus
JI000M 3a1a91 HY2KHO elle 3HaHWe KOHKPETUKN: XapaKTEePUCTUK Te-
na (macca, dbopma u T.JI.), HAYAIBHBIX ¥/WIN TPAHUIHBIX YCIOBHI,
XapaKTEPUCTUK CUJT (BEJININHA, HAPABJIEHNE, TOYKN TIPUIOKEHUST 1
T.71.). PakTuaeckn 3a1a10TCs "penepHbIe TOUKM OTHOCUTETHEHO KOTO-
PBIX U U3YYAIOTCSA MOCJIEIYIONIe U3MEHEHsT BeJTNINH (ITOT0KEeHNS,
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CKOPOCTH, YCKOPEHUsI " T.;[.). [TpuHIIMMIMaIRHASsT OTHOCHTEIHHOCTH
Bcex BeqmumH B OTO mpormBopeunT onbitam. [locmemyromas mc-
KYCCTBEHHas MOMBITKA BBIBOAUTH YCKOPEHUA (I/I.}II/I BpameHm{) OTHO-
CUTEJILHO JTOKAJBHOMN TeoIe3ndecKoil mHepIuaabHoit JIopeH1oBoit cu-
CTeMBI — 3TO TTPOCTO TTOATOHKA, K eIMHCTBEHHO PabOTAIONINM W 3KCITe-
PUMEHTAJIHHO MIPOBEPEHHBIM KOOPANHATAM abCOTIOTHOTO IIPOCTPAH-
crea (OTO oprannveckn Huvero 11o06H0r0 He copepxkut [18]).

I'paBUTAIIMOHHAA IIOCTOAHHAS HE GBJIAETCI MATEeMATHIECKOM
KOHCTaHTOM, a ucnbiThiBaer Bapuain [9]. CienosarennHo, JaHHasT
BEJIMYMHA, TAKIKE MOXKET YUHTBIBATH IONPABKH K CTATHICCKOMY 3a-
KOHy Tarorennsi HpoTona (HampuMep, He MPOBEIEHO aHAIN3a, ITUX
BJIWSHUN TIpU pacuere cMernenns mepurenust Mepkypus). Hamom-
HWM, 9TO TIpU (DPUHATHOM JBUZKEHUH (HATPUMED, TIEPUOIMIECKOM) B
CBS3aHHOI CHCTeMe MHOTHX TeJI MOTYT HAOIIONATLCA PA3JIHIHEIE pe-
BOHAHCHBIE SIBJICHUS, BBIPAKAIOIIMECd B COIVIACOBAHHBLIX KOPPEKTHU-
POBKaX MapaMeTpoB opouT (0COGEHHO ¢ yUeTOM KOHEYHBIX PA3MEPOB
Test — HeChHepUIHOCTH UX (POPMBI U /UJIN PACTIPEIETEHNs] MACC).

Boobitie ToBOpS, TPUHITUI OJM3KOIEHCTBUS MOMKET OKA3AThCS
JUTSt TPABUTAIN TIOJIE3HBIM (@ MOYKET W HET, B 3aBUCUMOCTH OT CKO-
POCTH TIepeiavy TPABUTAIIMOHHBIX B3AUMOJIEHCTBIIT) TOJIBKO B OTpa-
HUYEHHOM 9HCJIE CIy9aeB: TPU OBICTPBIX (U — €) JABMIKEHWSIX MaC-
CUBHBIX (OJHOTO TOPSIKA) Tesl BOIM3W IPYT JApyra. ABTOpY Hems-
BECTHBI TTOI00HBIE TPAKTHIECKUE TTPUMEPHI.

[Mogxomq OTO  rpaBuTAIMM YHUKAJEH: 3aKPBITHCI B KabUHE
JgmdTa, HACTAKIASICH MaJeHreM, U He 3HaTh, 9TO Yepe3 MIHOBEHWE
pacmmubentbes. Konedno, B peaabHOCTH CUTYAINS WHAS: MBI BCEra
BUJIMM, KyJa W KaK MBI JBUKEMCST OTHOCUTEIHLHO TPUTSTHBAIOIIETO
neuTpa. Bompeku Teitiopy u Yuiiepy 310 u ecTh BTOpast "dacTu-
I1a BMecTe ¢ Habomareaem — nepBoit "qacruneit". menno mosromy
YHUCTO TeOMETPUYECKHUI TTOIXO/T K TPABUTAIINN ABJIAETCS BPEMEHHBIM
OTBETBJIEHUEM HA MyTH (DUNKU (XOTsI, KAK PACUETHBIN MHCTPYMEHT
MOYKET KOTJIa-HuOy/Ih OKa3aThCs Mmojie3nbiM). VI 1Bym myremecTsen-
HUKaM B mpurye u3 KHUrH [33] (SKOOBI JTeMOHCTPUPYIONINM MTOIXOT
reOMETPUU UCKPHUBJIEHHOTO MPOCTPAHCTBA) HYKHO "COBCEM HEMHO-

o : 2KeJaHHue ABUTaTbCA OT 3KBaTOPa HMEHHO BJIOJIb MEPHINAaHOB
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10 TITAPOBOIT TIOBEPXHOCTH 3EMJIN, 8 Y OCTAIbHBIX MSTH MUJLINAPIOB
YEIOBEK MOYKET He 0KA3aThCs TAKOTO YKeJaHus. B oTanune oT xkeja-
HUYA MYyTEMECTBEHHUKOB, CKOJIBKO 6]31 BBI HE TTIOXKEeJIaJIN HE TTPUTATH-
BaThcst K 3emjte uau CostHITy u 6€3 yCuans yieTeTb B KOCMOC, BAIIIero
KeJTaHUd ABHO HEJJOCTAaTOYHO. HO,Z[O6H06 ABJIEHUE U OTPaKaeT TTOHA-
THe CUiIbl (B JIAHHOM CJIydae CHUJIBI TszKecTn). ['eoMerpus He MOKeT
OTBETUTH Ha BOIIPOCHI: CKOJIBKO TUITOB BSaHMOrHeﬁCTBHH peam3yeTrcad
B IPHUPO/IE, TOUEMY TOJTHKO OHU, TOUEMY CYIIECTBYIOT JIOKATM30BAH-
HBIE MAaCChl, 3apAJbl, YACTUIBI, MOYEMY CHWJIa TAKECTH TPOTOPINO-
HaJIbHAa UMEHHO BTOpOf/i CTEIMEHN PACCTOAHUA, TOYEMY T€ NJIN WHBIE
KOHKPEeTHBIEe (DUBUUECKUE TOCTOSTHHBIE PEATN3YIOTCS B IPUPO/IE U HA
MHOTHE JpyTHe. DTU BOMPOCH — MPEPOTaTUBa, (DPUBUKHM.

2.3 Kpuruka pejIaTUBUCTCKOI KOCMOJIOTUN

Teopwuu sBorOTTMN Beesmennoit HaBcerga 0CTaHyTCsS TUIIOTE3aMU, TaK
KaK HU OJTHO W3 MPE/IIOIOKEHUI (J1azke 06 M30TPOMHOCTH U OTHOPO/I-
HOCTH) HE MOXKET OBITH MPOBEPEHO: " TABHO YIIEAITH U JBUK Y I~
Cd TI0E3] MOXKHO JOTHATH TOJBKO B JPYTOM MECTe M B JAPyroe Bpe-
msa". OTO mpunuceiaer cebe pasperneHne psifa MapaIoKcoB (rpa-
BUTAIMOHHOTO, (hoToMeTprudeckoro). HamoManm, 9To rpaBuTanmon-
HBII TIAPAIOKC COCTOUT B CJEAYIOMEM: I OecKoHeuHoi Beemenmnoi
PaBHOMEPHOI MJIOTHOCTH HEBO3MOXKHO W3 ypaBHeHust [lyaccoHa mo-
JIVIATDH OINpeIe/eHHbIe 3HAUCHNS I TPABUTAIMOHHOTO YCKOPEHS
TEJI. (KaKoe OTHOIIIEHNE K PEaJIbHOCTU HUMEIOT YUCTO MaTeMaTu4de-
CKHEe HEOIpEeIeNeHHOCTH C YCAOBHUIMH HA OECKOHEYHOCTH B (DU3NU-
veckoit Mogenn?) Hanomanm takxke cyTh (hpoToMeTpnaeckoro mapa-
JOKCA: Jist GECKOHEUHO CYINECTBYIONIEd (CTanuoHapHOit) GeCKOHeU-
noit Beesennoit 6e3 yuera morsiomennst u mpeobpa30BaHUs CBETa, sip-
KOCTBb Heba, JOJIZKHA PABHSITHCS CPeJIHEl sIPKOCTH 3Be31 (OMsATh MHO-
ro HEpeaTbHBIX Mpernookennii). OMHAKO U B KIACCHUECKOi (-
3UKe 6]31.7[1/1 OTMMCaHBbl BOBMOXKHOCTHW DEMICHN A HO,Z[O6HLIX TapaJ0KCOB
(HampuMep, ¢ MOMOIIBIO CHCTEM DPa3HBIX MOPSIKOB: cdep DMeHa,
crpykryp Ilapase u ap.). OueBngno, uro Beenennast we apisiercs
pa3Mas3aHHOI Cpeoil 1 MBI COBEPIIIEHHO He 3HAEM €€ CTPYKTYPY B Iie-
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JIOM, 9TOOBI YTBEPKIATH O BO3MOKHOCTH PEATNIANNN YCIOBUHN ITst
MOTOOHBIX TTAPAIOKCOB (CKopee, Haobopot). Hampumep, doromerpn-
weckmit mapagokce Ompbepca Jerko MOHATH Ha OCHOBE AHAJIOTHN C
OKEaHOM: CBET TIOTJIONIAETCS, PACCENBAECTCS W OTPAYKAETCS TOPITHSI-
MU T Ha OTPEIEIEHHYIO TIIyOMHY CBET MPOCTO MEPECTAeT MPOHNKATH.
Komneuno, mist paspexkennoit Beenennoit takas "raybuna' orpomvua.
Oamako, CBETSIMIMECST 3BE3/IbI MPEACTABIAIOT COOON TOBOJBHO KOM-
MAKTHBIE, JAJTEKO OTCTOSIINE IPYT OT Jpyra 00bLeKTH. B pesyabrare
B MHTE€EHCUBHOCTH CBE€Ta HOYHOT'O He6a BHOCUT BKJIa/J JINIITb KOHECYHOEC
9uCI0 3Be37, (He TOBOPS y’Ke O TOM, 9TO B TEOPUHU HAJO0 YyHUECTh elre
u addekt donmaepa, a eme jgydine — 3KCIEPUMEHTAJBHBIN (aKT —
KPaCHOE CMEIIEHNE).

[To-moBOMY KpacCHOTO CMEIEHWsT B CIHEKTPaxX aCTPOHOMUUIECKUX
00BEKTOB CUTYyAINS He JI0 KOHIA onpeenentas. Bo Beenennoit cy-
IIIECTBYET 3HAYUTE/IHHASA 05T O0bEKTOB, Y KOTOPBIX Pa3HBIE yIacT-
KU CIIEKTpa MMEIOT COBEPIIEHHO Pa3IudIHOe cMerrnenne. Boobime ro-
BOPSI, TIOCKOJIBKY PACCTOSTHUE JI0 OTIAJEHHBIX O00BEKTOB TIPSIMO He
ompeienseTcs (BRIYUCAIEMBIil PE3YIbTAT 3aBsI3aH HA OMPe/IeIeHHBIe
FI/IHOTQSLI), TO CBA3BIBATH €0 C KPAaCHBIM CMEIIeHneM — TOXKe TUIIO-
Te3a (B KOTOPOii HEM3BECTHO, YTO MOXKET ObITH MpoBepeno). Hampn-
Mep, paciupsomasicss Beenennag u 6e3 OTO maer kpacHoe cme-
menne coryiacuo sddexry lommrepa. Kpome Toro myx)Ho yuecTs,
YTO B KPACHOE CMEITIEHWEe W HAIMOJHEHNE TaK HA3LIBAEMOTO PEJIK-
TOBOTO W3JIy4YeHWst OyIeT IaBaTh BKJIAJ JIEMEHTAPHOE PaCCEesTHIE:
BenomHEM, uTo 3ddext Kommnrona maer somnsl ¢ X > \g. Cmermnre-
HUEe JINHUN B TPABUTAIMOHHOM IT0JIe TPEKPACHO MPEICKA3BIBAIOCH
JayKe MEXaHUCTUYECKUMU MOJEISIME U3 OOIINX SHEPreTHIECKUX CO-
obpaskeHwmii.

Boobirte roopst, Teopust Boabimoro B3apeisa Bri3siBaeT Boabre
coMmuenud. [ToMrMo GaHAJBLHBIX BOIPOCOB: UTO B30PBAJIOCH, KyHa U
Koryia (Beb He ObLIO HU MPOCTPAHCTBA, HU BPEMEHW, HU MaTepHH),
BOZHUKAET BOMPOC: a Kak ke ObITh ¢ BhiogaMu OTO o uepHBIX JbI-
pax (HempeoaoIMMOCTBIO TPeeIbHOl cKopocTn cera)? Beab Bce-
JIEHHAsT JTOJIKHA ObLIa OBITH B HYJIEBOl MOMEHT YEPHON IBIPOit (ﬂ;a
U He TOJILKO B 3TOT MOMEHT, a B T€UeHHEe HEKOTOPOI'O MEePUOIa BPe-
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menn). Kak xe 6b1Th ¢ orpannvenusivum OTO, Beap Teneps BMeCToO
TaKOTO OOpPA3HOTO OMUCAHWS CKATUS B UEPHOI JBIPE MBI 3KCIIEPU-
MEHTaJILHO HabJ/II0IaeM moBceMecTHoe pacimpenne? VHTepecHo, Ha-
BEPHOE, COYMHSATH TO, UTO HEJb3sl MPOBEPUTH (TOJTHKO HE CTOUT Ha-
3BIBATH 9TO HAYKOIl).

[Tepeitmem k ciremyroiemMy IPpUHIUIHAILHOMY BOpoOCy. fABiser-
Cs JIU TLTFOCOM TO, UTO PACIpesesieHne U IBUYKeHNe MaTepUu He MO-
ryT OBITH 3aJaHbl TTpou3BoaLHO! W mpaBumibHOo Jn 3107 B obmmem
CAydae 3TO O3HAYMAET MPOTUBOPEUUBOCTH TEOPUHU, TAK KAaK KpOMe
TPABUTAIMOHHBIX CHUJI CYIIECTBYIOT W JIPyTHE CHUJIbI, CIIOCOOHBIE TTe-
pemertiath MaTepuio. C TPAKTUIECKONW TOUKU 3PEHUS ITO O3HAUAET,
9TO MBI JOJI?KHBI 6EIJ'[I/I 1 B HaYaJIbHBIA MOMEHT BpeMeHn 3a/1aTh BCE
pacnpenenenus "mpasunbabiM it OTO"obpazom. Torma we Kk "mo-
MEHTY TBOpeHUst"/In MbI JOJIKHBI OTHOCUTE to? U Kakve MpUHIIAIIBI
JOJIZKHBI 6BITB OAHO3HAYHO AETEPMUWHHUPOBAHHBIMU IJId TaKOT'O BbI-
bopa? 3uanuit TpedyeTcsa OOMbINE, YeM J0bIe BOZMOKHBIE OXKU/Ta-
nus or npejgckaszannii OTO. TTox BOpocoM OKa3bIBAIOTCA BO3MOXK-
HOCTBH TOUEYHOTO OMUCAHWS W TEOPUsT BOZMYIIEHUI, BEIb UTOTOBBIE
BEJIMYUHBI TO2KE HE MOTYT 6LIT]) TTPON3BOJIBHBIMHA. HpI/ICOGrZI;I/IHeHI/Ie
K CHUCTeMe YpaBHEHHUIl COBEPIEHHO HEM3BECTHOTO YPABHEHUsI COCTO-
AHUA O3HAYAECT MCKYCCTBEHHOE YC/JIOKHEHUE CBA3BIO MaKPO- U MUK-
POYPOBHEl U 0TpazkaeT BO3ZMOXKHOCTH TTPOU3BOIBHBIX MOATOHOK (Ha-
npUMEp, BHIOPACKIBAETCS TEMIIEPATYPHAS 3aBUCUMOCTH). B03MOXK-
HOCTB JTOOABJIEHUST KOCMOJIOTHIECKOH TTOCTOSAHHON B ypaBHEHUsT DiTH-
ITeifHa — 3TO KOCBEHHOE MPU3HAHWE HEOJHO3HAUYHOCTH ypPaBHEHWI
OTO u BO3MOXXHOCTH MPOW3BO/IA. YK €CJIU C TaKOW TOYHOCTHIO BCE
MOXKHO 33/1aBaTh, TO MOYEMY MPOU3BOJBHBIM 00pa30M HE 33aBaTh
MTEPBOHAYAJIBHOE PaACIpeIeeHre U IBIKEHIe MaTePUH.

IIpuanun Maxa

[Tpuaun Maxa 00yC/I0BJIEHHOCTH WHEPTHOW MACCHI U aOCOTIOTHOCTH
YCKOpEeHUs JeHCTBUEM JAJTEKUX 3Be3]T TaK:Ke COMHUTETEH, TaK KaK
00bsICHSIET BHYTPEHHME CBOWCTBA, OHOTO TeJIa Yepe3 CBOWCTBA JIPY-
rux Tea. Koneuno, uaes cama mo cebe kpacuBasd. Ecan canrtars, 9T0
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BCE B MUPE B3aNMOCBI3aHO U CYIIIECTBYET HEKOTOPOE UIeATHHOE 10T
HOe YpaBHEHUE COCTOSHUSI, TO JIF000e CBOUCTBO T TOXKHO OMpee-
JISIThCsT BJIMSTHUEM Beeil ocranbHoi Beemrennoit. OgHako, Torma mpu-
IILJIOCH OBl KAXKAYI0 YACTUILY CUUTATH WHIWBUIYATBHON. DTOT MyTh
MTOPOYeH I HAyKW, WAYINEl OT MEHBINEero 3HAHWA K OOJIbIIeMY,
Tak Kak "Heab3st 00baTh HeoObaTHOe". [IpakTudecku, ecjiu yIecTsb
HEPABHOMEPHOE PACTIPEIETIEHIE MACCHI (B KOMIAKTHBIX 00HEKTaxX)
pa3HbIe BEIMUWHBI CUJI TPUTSIKEHUST OT OJMKHUAX U JAJBHUX O0BEK-
TOB, TO MOJIYYMJIOCH OBI CILIONTHOE " epraibe BMecTo paBHOMEPHOTO
BPAIIEHUS WJIVM PABHOMEPHOTO JIBUKEHUsI [0 WHEPIUH.

[Mpuanunuaasao mpuaIUI Maxa He MOXKeT ObITH MPOBEPEH: KaK
yaasienre Bcex Tes m3 BcemeHmHoit, Tak M MCKYCCTBEHHOE YCTPEMJIe-
HUe TPABUTAIMOHHON TOCTOTHHOM K HYII0 — HUYEro He UMEOIINe C
peasbHOCTHIO abcTpakmur. OIHAKO, SKCITEPUMEHTATHHO MOYKHO OIle-
HUTH BaugHue "majmekux 3Be3n cuntas Maccy BceemeHmoii cocpejo-
TOYEHHON B OCHOBHOM B KOMIAKTHBIX 00bekTax. Cujia MTPUTSIKEHUsT
3Be3/IBI ¢ Maccoit mopsika Macesl Cosana M ~ 2 - 1030 xumorpamu,
HaXosIIeiics Ha paccrosiani B 1 cBeToBoit Tox ~ 9- 10 meTpos 9k-
BUBAJIEHTHA JEHCTBUIO TPY3a MACCOl BCETO Mg ~ 25 TpaMM HaAXOId-
merocst Ha, paccrostanu 1 merp. Bocmosib3yemcst moka COMHUTETHHO
Teopueit Bobimoro B3peiBa u OygeM CInTaTh BPEMsT CYIIIECTBOBAHUS
Beesennoit ~ 2-10'° jer. /Taske eci 6B 3Be3/15I PA3IETAICH CO CBE-
TOBOI CKOPOCTHIO MBI MMeJTH ObI pasmeps! Beesrennoit ~ 2-1010 crero-
BBIX JieT. CunTaeM CpejHee PACCTOSTHUE MEXKIY OJMKANIIIMEU 3BE3-
mamu 1 cBeToBoit Tog. MBI HAMEPEHHO YBEINYUNBAEM BCE BEIUUWHBI,
HampuMep, Maccy BcenmeHnHoit n ee IIOTHOCTE p ~ 1033 / 1054 ~ 1072
r/cv3. Yarem Teneph, WTO MPW yAATeHUH TeT APYT OT JAPyTa BIBOE,
CHUJIa YMEHBIITAETCS BUETBEPO U T.1.. llompobyeM nMUTHPOBATH CHITY
BO3MeiicTBIs Beeit Beemennoit B HeKOTOpoM Hampasiennn. /laxe ec-
JIU CIUTATH CPEIHEE PACCTOSTHUE MEXK Ty OmKaimmumu 38e31aMu B 1
CBETOBOII IO, TO HA PACCTOSTHUM B 1 METDP HYKHO TMTOMECTATH MACCy
B rpaMMax (cymmupyem o 2 - 1019)

Mo~ 25(1+1/4+1/9+--) =253 1/n” ~257°/6 < 50.

®akTraeckn Kodbdunment 72/6 BeIpazkaeT HeKoTopoe 3bdheKTHB-
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Puc. 2.9: Tlpunnun Maxa n Bimaaue Bceenrennoit.

HOe yBeJUUeHNe MJIOTHOCTU Ha JUHUHU Habmomenus. s umuranun
neiicteust "Beeit Beenennoit" MOXKHO B3SITH TOJICTYIO METAJLIUIECK VIO
chepy ¢ BHemHUM paguycoM 1 MeTp U TOJIUHY B HAIPABICHUU
K LEHTPY CIelaTh HePEeMeHHON (MO}KHO nazKe JIJIs UMUTAIAA HEO-
HOPOJHOCTEl Ce/IaTh UTOJBIATYIO CTPYKTYpPY BOJU3U BHYTPEHHETO
pagmyca).

IIycts Tommuua crtommmoit cdepsr 0,6 MeTpa, TO eCcTh OT IeH-
tpa mo 0,4 merpa — mmma, a magee 70 1 merpa — mertaan. Torma
macce My npu muorHoctn ~ 8,3 v/ cm? GysleT COOTBETCTBOBATH ITH-
JuHOApUYecKuit croabuxk pagumycom ~ 0,35 cm. B peambHOCTH MBI
JIOJIKHBI YYeCTh BJWSHUE 3Be3J B KOHYCe, a He TOJHKO B ITUJINH-
npe. XOTsT MBI TaKK€ WMEEM IMaPOBON MeTaIMIeCKuil KOHYC, TeM
HEe MeHee OIeHUM TOPSIIKYU BeJndnH. Pa3zobbeM KOHYC Ha IHIHHIPH-
decKue CJIOU, BOZHUKAOIINE TI0 MEPE BOBJIEUEHNS HOBBIX CJI0EB 3BE3]T
(Puc. 2.9). Kaxpiit HOBBI cj10ii OymeT GOJIbITe TPebIAYIIEro Ca0s
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Ha 6 3Be31. PaccrostHust oT meHTpa 10 OnyKaiTieil TpaHnIbl KayK 10~
O CJIOST 3BE3J] MOYKHO HANTH U3 Mo00ust TpeyrobHuKoB: R; /1 =1i/r.
Torpa umeem R, = +/i?(1 + r2)/r. CienoBarenbHo, MOMpaBKa K Mac-
ce My (cymmmpyenm 1o 2 - 1010) maiimerca xax

1 6 |
m0(1+1+---)<1+ZR—,?> <M0<1+6r Z;>

~ M0<1 +6-10"°log (2- 1010)> ~ My(1+0,02).

Taxwm obpa3om, HaIEl KOHCTPYKIUU C JUXBON XBATAET JJIsT yIETA
neiicteus "Beeit Beenennoit". Komeuno, ecin Beenennas 6eckomreu-
Ha, TO MOJIyYeHHBIA TapMOHUYECKUN DA pa30iiieTcd U KOHCTPYKITAS
6ymer HeagekBaTHa. OgHaKo 310 mporusopeunt Kak OTO, Tak u co-
BPEMEHHBIM B3TVISIIaM U HAOTIOMATEIbHBIM TaHHBIM.

ITomecTum Temeps BHYTPS cepsl mapukn Ha npyxuHe. o u3-
bexanns moO0IHBIX 3(PMHEKTOB BO3AYX MOXKHO M3 KOHCTPYKITHH OT-
Ka9aTh W JOIMOJTHUTEJIBHO M30JIMPOBATH MIaPpUKW OT C(i)epbl TOHKUM
cocymoMm. Ecin HauaTh Bpamarh cdepy, To corjacHo mpuHiumy Ma-
Xa JOJIZKHQ ITOABUTHCA ]_[eHTpO6e}KHaH CiJIa W IMTapuKN paBOfIﬂ;yTCH.
[Ipu sTOoM TEeHTpObEKHAST CUIa TOJKHA OBITH TAKOW Ke, KAK eCau
OBl BpaImaanch camn mapnkn. KakeTcst BIoIHe 09eBUIHBIM, UTO 3TO
HEBO3MOYKHO, TaK KaK TaKoil 3@ exT ObLT ObI JaBHO 3aMeueH. Takum
0obpa3oM, MBI BO3BpAIaeMcs K abCOJTIOTHBIM MOHATUSM YCKOPEHUSI,
MacCChl, TTPOCTPAHCTBA W BPEMEHU, OTpPeNeIeHHbIM ere HBIoTOHOM.
O1HAKO OMUCAHHBIN OMBIT MOT OBl OKA3aThCST TOJIE3HBIM IS OTIPe Ie-
JIEHUS TTOTTPABOK K CTATUYIECKOMY 3aKOHY TATOTEHUA HBIOTOH&. HpI/I
9TOM IMAPUKU TOJKHBI UMETh JOCTATOYHYIO CBOOOTY MEPEeIBUTATHCS
¥ BPAIAThCA, TaK KaK HEM3BECTHO 3apaHee HAINPaBJICHUE NEHCTBUSA
MOTPABOYHBIX CUJI ¥ MOMEHTOB CHJI.

2.4 BrniBoabl K I'imaBe 2

Hannas inasa 2 6suta iocssimiena kputnke OTO. 3eck 66110 BhIIE-
JIEHO MHOXKECTBO DOPOCAIOIIUXCS B T71a33a COMHUTETBHBIX MOMEHTOB U3
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yuebnukos mo OTO, mauwHas ¢ 0OMMX TOJOKEHUI 0 KOBAPUAHTHO-
cTi, 6a30BBIX PUINIECKUX MOHATUIX U KOHUAS 00JIee KOHKPETHBIM.
[Toapo6mHo TpoBEmeHO MOKA3ATEIHCTBO HEM3MEHHOCTH TEOMETPUN BO
Bparraorieiics cucreme. Ob6cyXKaeHa HeOOOCHOBAHHOCTD W MTPOTUBO-
peunBocth B OTO npuninma sKkBUBaIEHTHOCTH. [IpOogeMoHCTPpUpO-
BaHA MPOTUBOPEYUBOCTH MOHSITUSI BPEMEHU U €r0 CHHXPOHU3AIUU B
OTO. Hust Hanbojiee MHTEPECHBIX YACTHBIX CIYyYaeB MOKA3AHBI CITO-
cOOBI CHHXPOHW3AINU BPEMEHU W OJHOBPEMEHHOTO U3MEpPEHUsT JIJINH.
B TuraBe 2 mokasbiBaeTCsl HEM3MEHHOCTH T€OMETPUH MTPOCTPAHCTBA
u obcyX)mgaercs posib rpannil. COMHUTETbHBIE MOMEHTHI TOLIEPK-
HYTBI KaK JJIs METOJ0B, TaK U JJjig MHOTOYUCJIEHHBIX CJIeCTBUI
OTO. TlogpobHO paccMOTPEHBI MPOTHBOPEYUBOCTE TOHSTHST "dep-
HbIX JI6Ip [IIBApIIIUIBI0BCKOTO PEITeHnsT 1 MHOTUX JIPYTUX perle-
uuit u caeacreuit OTO. Takske obcy»kaen npunnun Maxa u ero Bos-
MOXKHAsI TPOBEPKA.

WToroesiit BEIBOJ, TVIABBI 3aKIIOYAETCS B HEOOXOINMOCTH BO3BPa-
Ta K KJIACCHIECKUM TTOHATUSIM MPOCTPAHCTBA U BPEMEHU U TOCTPOE-
HUM TEOPUU I'PABUTALVU HA 3TOIl IPOYHOU OCHOBE.



I'maBa 3

JdKcnepuMeHTaJIbHbIE
OCHOBBI TEOPUN
OTHOCUTEJIHLHOCTN

3.1 Bsenenmne

B Hpe,[[bIrZ[yIHI/IX TJIaBaX 3HAQUYUTEJIbHaA 9aCTh KPUTUKHW TE€OPUN OTHO-
CUTEJIBHOCTN 6&3Hp0BaHaCB Ha TaK HA3BIBAEMBIX MBICJIEHHBIX 9KCIIE-
puMenTax. CraegaeM 0IHO TPUBUAJLHOE 3aMEUaHNe, UTOOLI Y KAKOr0-
Hubyas " mobpoxkenaresisi' ciyuaiino He BO3HUK abCypAHBIN BOIPOC
0 TEeXHUYECKOH OCYIIECTBUMOCTH U SKCIIEPUMEHTAILHON TOUYHOCTH
MBICJIEHHBIX 3KcrepuMenTos. OOmenpunuaro co Bpemen lames,
YTO KOHCTPYKIIAS MBICIEHHOI'O SKCIEPUMEHTA, HCIOIL3YeT MOHATHS
7 TIpaBWJjIa HEKOTOPOiT KPUTHKYEMOI TeOpWW W JIeMOHCTPUPYET WX
BHYTPEHHIOIO IPOTUBOPEUNBOCTL. B pe3ybTare OKasLIBAETCH, UTO
BOBCE HET BEJINYUHBI, KOTOpyIO MOZKHO COIMOCTaBUTH C IKCIIEPpUMEH-
ToM. Jlormueckoe MpOTUBOpEYNe CTABUT (PUHAILHYIO TOUKY B PA3BH-
Tin J1I060# Teopun. Tem He MeHee IS TTOJIHOTHI KapTHUHBI PACCMOT-
pPEHre TEOPUM OTHOCHUTEIHLHOCTH OyIET MPOMOJIKEHO C IKCITEPUMEH-
TaJbHOU TOYKU 3PEHUd.

B sroit riaBe MBI OyeM aHAIU3UPOBATH PeabHbBIE SKCIEPUMEH-

113
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Thl U TTOKazKEM OH_H/I6OLIHOCTI) MHTEPHIPETAIUN ITUX OMBITOB TeOpI/Ieﬁ
OTHOCUTETBHOCTHU. JIjIs MHUIMAIIIHT TTPOITECCA PA3MBIIILICHUS HA Pe-
JIATUBUCTCKUMU SKCIIEPUMEHTAMNW PAaCCMOTPUM Maen, KOTOPhIe MOr-
m 661 "moutn He KoHuMKTOBaTH"c CTO (HO MOTOM MOCTENEHHO
MBI ,Z[OﬁﬂeM n 10 KpI/ITI/IKI/I)

Beegenne I'maBbl 3 HaUHEM C TVIABHOTO JIJIST TEOPUU OTHOCUTE Th-
HOCTH BOIIPOCA: MOCTOSTHHA, JTU CKOPOCTh cBera?! Kazaaock ObI oTBET
Ha 3TOT BOMPOC y2Ke ObLT 1aH B ombiTe Maiikenncona-Mopin o u3y-
YCHUIO BJINAHUA JBUXKCHUA BeM.TH/I Ha, CKOPOCTH CBE€Ta (HaHOMHI/IM
TakKKe aHAJOTUYIHBIE ONTHYecKue dKcrnepuMenTsl Mopsu, Kennemqu-
Topuaiika, Berncknii skcriepument Ixxyca n apyrue [7,61,83]). 3a-
MeTuM, 9TO GBI TOMBITKYE cKoppekTupoBath CTO [79,97,116] u
BO3poanTHL JIopeHtoBckyto Teopuio adupa [1,42,64,95,108,119].

Onrako, TepMuH ""MOCTOSTHHBIN " 03HATAET HE3ABUCUMOCTH OT BPe-
MEHU, TTPOCTPAHCTBEHHBIX KOOPIWHAT, HAPABJICHUA PACITPOCTPAHE-
HUsI CBETA M, HAKOHEIl, OT CBOMCTB caMoro ceera. Heobxomammo HEKo-
TOPOE yCujne, YTOObI JATh HEMPEAB3SThIii OTBET HA BOIMPOC: 9TO JKE
MOTJTIO OBITH OTIpesesieHo B mHTepdepomerpe Maiikenbcona? Orme-
TUM, YTO HUKAKasd CKOPOCTH B OnbiTe MalikeabCoHa HE MepsSeTcs
BOBCE, & M3MEpSeTCs Pa3HOCTh (a3 aydeil (2 0 CKOPOCTH MBI MOYKEM
CyIUTH JINIIb KOCBeHHO). I‘Ia.l_[OMHI/IM7 9TO ABa CBETOBBIX JIyYa ABU-
rajiiCh BO B3aWUMHO TMEPIEHIUKY/ISIPHBIX HAPABICHUSIX. 3aMETUM,
OIIHAKO, cJjemyroriee. UTobbl n36eKaTh CHHXPOHU3AINT BPEMEHHBIX
MHTEPBAJIOB B PA3JIMYHBIX TOYKaX, o6a CBETOBBIX JIYYa JABUTAJINCH T10
3aMKHYTBIM TPAEKTOPUSIM (B JBYX B3ANMHO MEPIEHIUKYISIPHBIX Ha-
npagsseansx). CregoBare b0, (DAKTHUECKT MBI IMEEM JIEI0 TOJIBKO
¢ HekoTopoit "cpemHeit" 71T TPOTUBOMOJIOKHBIX HAMPABICHUI CKO-
POCTHIO CBETA.

VYauThIBast BBIMMECKA3AHHOE, KA3AJI0Ch ObI, PE3Y/IbTaT IKCIEPH-
menTa MaiikeabcoHa MOXKeT ObITh CHOPMYIUPOBAH CJIEIYIONIAM
obpazoM: CpeaHsas CKOPOCTb CBeTa (DUKCUPOBAHHON YACTOTHI JIJIsT

OBYX MPOTUBOIOJJI0XKHBIX HAIPABJIEHUIT B HEKOTOPOI CUCTEMe OTCUe-

Ta HEe 3aBUCUT OT JBWXKEHUs 9Toi cucreMbl. [lo kpaiiHeit Mepe aBa
BOITPOCA BO3HUKAIOT B CBsI3M C pe3ysbratom Maitkesscona-Mopiin:
(1) TocrosiHHa 1 CKOPOCTH CBETA HE3ABUCHMO OT HAIIPABJIEHUS €10
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pacnpocrpanenusi k1 = k/k nan ona annsorponna: ¢ = c¢(ky)? dror
BOTIPOC MOYKHO HECKOJBKO PACIIMPUTH: 3aBUCUT WU HET CKOPOCTH
CBETa OT TPOCTPAHCTBEHHBIX KoopAawHAT r u Bpemenu t?7 OmgHaKo,
MOIOOHBIE BOMIPOCHI ¢ TOYKW 3PEHUS] TEOPUU OTHOCHTEIHLHOCTH Ha-
XOISATCS 3a MPeIeaMi COBPEMEHHBIX TEOPETHUYECKUX W MPaKTHIe-
CKUX BO3MOYKHOCTEl, MOCKOJIBKY 3aTPAruBaiOT MPOOIEMY CTPYKTY-
PBI POCTPAHCTBA KaK TAKOBOTO. 3MI€Ch 3TU BOMPOCHI He OymayT 00-
CY3KJIATHCS, TIOCKOJBKY UX SKCIEPUMEHTATbHAS TPOBEPKA C TOUKHU
sperust CTO Tpebyer "6az0Boil cucTembl 0013 1aI0IIEl HETIEKTPO-
MarHATHOU NPUPOAON [/ U3MEPEHUA PACCTOAHUN 1 CUHXPOHU3AIAN
BPEMEHH.

(2) CymecrByer 6os1ee MpaKTHYECKHIA BOITPOC: 3aBUCUT JIN CKOPOCTH
CBETA B BAKyyMe OT XapaKTepHUCTHK CaMoro ceera’ B wacTHOCTH,
BO3MOYKHA, 3aBMCHMOCTH OT YacTOTHI W, T.e. ¢ = c(w).

®usznuecknit (buaocodckmit) CMBICI TOCTOSHCTBA CKOPOCTH CRe-
ta (u3 yuebrukos mo CTO) cremyromuii. Ilycrs cBer crmocoben pac-
MPOCTPAHATHCA B BakyyMme 6e3 mpomexyTounoit cpeasl. [lockonbky
CHCTEMa, OTCYETa He MOXKeT ObITh TBepao "mpupa3ana''k mycrore, TO
6e3pa3IMIHO, C KAKOH CKOPOCTHIO OTHOCHTETHHO BAKYYMa JBUZKET-
csa mama cucreMa. CrenoBaTesibHO, CKOPOCTh CBETa O OTHOIIEHUTO
K Halllell cucTeMe J0JKHA ObITh HE3aBHCHMA OT JBUKEHUS CHCTE-
MBI. (XOTH TTOYEMY-TO APYTUE TaCTUIBI MOTYT ABUTATHCA B BaKyyMe
C CAMBIMHU Pa3JUIHBIMU CKOpocTsivu!) OTHAKO, BOSHUKAIOT CJIEIYIO-
mme Bompockr: 1) VI3MeHsroTest i CBOMCTBA BAKyyMa, KOTJIa B HETO
BHOCATCS JacTHIlbl (HOTOHBI)? 2) KAKOB MEXaHW3M PACIPOCTPAHE-
HUST 9JIEKTPOMATHUTHBIX Kotebanmit B Bakyyme? HacTHbIE THTTOTE3bI
JIIST OTBETA Ha, 9TU BOIPOCHI OYIYT MpeacTaBieHbl B [IpUIoKeHusIX.

YTo ke B JSHCTBUTENHLHOCTH MOTJIO OBITH OMPEIEEHO B CYIIe-
CTBYIOIINX 3KCIEPUMEHTAX OyIeT TOAPOOHO MPOaHAJIU3ZUPOBAHO B
nanHoit TiaBe. B pesynbrare Oymer gaHa moapobHAS KPUTUKA PEsis-
TUBUCTCKON WHTEPIPETAIINN PS8 W3BECTHBIX SKCIIEPUMEHTOB W Ha-
6JI0IaTEIFHBIX TAaHHBIX, HEaJeKBATHO OTHECeHHBIX B mosk3y CTO
u OTO (uarobsl HE pa3IparkaTh PEIATHBHCTOB, MBI HE OyIeM pac-
CMaTPpUBaTh Te€ OIBITHI, KOTOPHhIE ABHO ITPOTUBOPEYNIN TEOPHUH OT-
HOCHUTEILHOCTH U O0BIYHO UrHOpUpYioTcst arnoyoreramu TO). Exun-
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cTBeHHas Kazajoch 06l "paboratomas dacts"CTO — nunamuka — Oy-
JeT moapobHO paccMoTpeHa B ciaefytorrieii [ase 4.

3.2 Kpuruka peadaTuBUCTCKOI WHTepPIpeTa-
U1 pAaa SKCIIEePUMEHTOB

Nsgectro, uro CTO onmpaercs wa asa mocrynara: (1) mocrymar mo-
CTOSTHCTBA CKOPOCTH CBeTa ¥ (2) MPHUHIMUIT OTHOCUTETHHOCTH, KOTO-
PBIlf PacIpOCTPaHEeH Ha SJIEKTPOMATHUTHBIE dBIeHUs. B kadecTne
OJTHOTO M3 OCHOBHBIX JOKA3ATEILCTB CIPABEIIMBOCTH TTPUHITHAIIA TTO-
CTOSTHCTBA, CKOPOCTH CBETA CUYUTAIOT OTPHUIATEIHHBIE 3KCIIEPUMEH-
THI TI0 OOHAPYYKEHNUIO I(PUPHOTO BeTpa. Huzke MBI MTpoaHaIH3upYyeM,
9TO JIOJIKHO MOJYyYaThCsd B dKcmepuMmenTax Maiikenbcona-Mopin u
JIPYTUX C MO3UIAK MYCTOTO TMPOCTPAHCTBA (TOUHEe MPUHIUNA OTHO-
curenbHOCTH [anmies). 3amernm, 9To 3apaHee TPEINOIAraTh ITO-
uHO O JBUKEHUN 3eMJIH HeMb3sI; BO BpeMeHa [ajuiess Takue OmMbI-
ThI, HAPUMeED, J0KA3au ObI, YTO 3eMJjs mokouTcs. Boobime roBo-
ps, TIpeXKJie YeM HUCIOJIb30BaTh 'TPUOOP €ro HaJI0 WCIBITATH U OT-
PaIyUpPOBATH B JTADOPATOPHBIX YCIOBUAX, UTOOBI 3HATH, UTO YKe OH
u3mepser (a TO moaydaerca Kak B anekjore: -'"Tlerbka, mpubop... -
"Tpu!-"Hero tpu?-"A uro "mpubop"?"). [Ipeacrasbre cebe, uTo y
KOT0-TO BO3HUK/Ia OBl "Teopust 4TO M3-3a BPAIIEHUS 3eMJIH BOKPYT
CBOEl OCH JOIKEH HabIONATHLCS TOCTOSHHBIN BETEP BIOJL MApaJ-
neneit nopsizika 400 m/c. Hauanu ero wsmepsith diiorepamu ¢ Bep-
TYITKAMY W BBISICHUIOCH, YTO BeTep TOCTOAHHO MEHSETCS Kak TI0
HallPpaBJIEHWIO, TaK W TI0 BEJIMYMHE B OTPOMHBIX TIpeJejIaX B 3aBUCH-
MOCTH OT BpeMeHu u Mecra. V3 sroro caenanm ObI "BBIBOT UTO Ha
3emie BoBce HeT aTMocdephl. [I0CKOMBKY KHHUTA MOCBAIEHA KOH-
KPEeTHO KPUTHKE TEOPWUW OTHOCUTETHHOCTH, TO, B TIEPBYIO OYepesb,
MBI Oy/IeM 3aTparuBaTh OOIIETPUHSATHIE COBPEMEHHBIE MPeICTaBIe-
HUA TEOPUN OTHOCUTEJIBHOCTHU, XOTA KPATKO KOCHEMCA M HEKOTOPBIX
9(MUPHBIX KOHITEIIITHIA.
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Puc. 3.1: Koprniyckysisiprast Mozess onbita Maijikenbcona.

OmnwiT Maiikesarbcoua-Mopan

N3BecTHO, 9TO CBET TPOSIB/ISIET Ce0sT B PA3HBIX SIBJICHUSTX JUO0 KaK
JacTuIEa, b0 Kak BoJHA (dpasa 0 KOPIyCKYISIPHO-BOJHOBOM Iy~
aln3Me He WMEeeT HUKAKOTO OTHOINEHWS K PACCMATPUBAEMOMY BO-
npocy). Brawasme nmpeamosoknmM KOPIyCKyIsIPHYIO TPUPOLY CBETA.
Torma momens uaTepdepomerpa Maiikenbcona-Mopin MoxKeT OBITH
npeacTaB/IEeHa B BUAE ABYX TIJIeY C OAHUM HNAECAJIBHBIM OTpazKaTe-
JIEM B T[EHTPE YCTAHOBKH U IBYMS OTparKaTeasIMU Ha KOHIIAX TLIed
(Puc. 3.1). Tlycth aBe WaCTHUIBI, JBMKYIIUECT MAPALIETLHO JPYT
JIPYTY €O CKOPOCTBIO Vi (OTHOCUTETHHO "MHPOBON CHCTEMBI OTCYUE-
ta'), momasalT B JAHHYIO yCTAHOBKY, KOTOPas Cama, JBUKETCI CO
CKOPOCTBI0 V  (OTHOCHTENIHHO TON Ke CAMOii CHCTeMBI), TIPH ITOM
v1 > V. Torga B Touke (1 CKOPOCTH YaCTHUI[ OTHOCUTEIHHO yCTa-
moBku Oymer vy — V. Ilocme oTpaykeHns B IEHTPE YCTAHOBKU Ya-
crura 1 6ymer ABUTaTHLCS B TEPIEHIUKYISIPHOM HAITPABJICHUH ¢ TOMN
Ke caMoit (10 MOJLyJTI0) CKOPOCTHIO 1 — V' OTHOCHTEIBHO yCTAHOB-
ku. YacTuIsl oTpas3aTcs OT KOHIOB TIIeY OFHOBpeMeHHO. Tak ke
OHU JOCTUTHYT OJHOBpeMeHHO Kak Touku (O, Tak u Touku (. Hu-
KaKOW Pa3HOCTH CKOPOCTEH ITUX JBYX YACTHUI] JJI IBYX B3ANMHO
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MEePIIEHIUKY/ISIPHBIX HAIPaB/IeHU He OymeT HabJI0IaThCs, HEe3aBU-
cumo oT ckopocteit v1 u V. Takum obpa3om, ecji CINTATH CBET IM0-
TOKOM wacTut, To 3xcnepumentsl Maiikenscona-Mopan (Kennemn-
Topunaiika, Tomameka, Bonu-Bpyesnua u Mouanosa u jgpyrue) He
MOTJIN JaTh HUKAKOTO TIOJIO?KUTE/IHHOT'O PE3yJ/IbTaTa.

[IpenmooXum Ternepb BOJHOBYIO MPUPOLY CBeTa. B aToM ciryuae
CKOPOCTB CBETa MOYKET 3aBUCETh TOJBKO OT CBONCTB cpejbl (adbupa
WM BaKyyMa) W/WaM BHYTPEHHHUX XapaKTEPUCTHK CaMoro pacipo-
CTPAHSIONIErOCs CBETA. FKCIM MPUHATH TUIIOTE3y O CYIIECTBOBAHUN
9upa, TO CKOPOCTH CBETA 3aBUCHT OT CBOFCTB TOM cpebl (Mo aHa-
joruu o 3ByKoM). Torma O9eBnIHO, 9TO CKOPOCTH CBETA HE MOYKET
CKJIAJIBIBATHCS CO CKOPOCTBIO JIBUKEHUS MCTOYHUKA (TYJI OT CBEpPX-
3BYKOBOI'O CaMOJIETa PACITPOCTPAHSIETCST C MOCTOSHHON CKOPOCTHIO,
dburcupyemoit cpesoii u, B pe3yabTaTe, CaMoJeT OMepeKaeT 3BYK).
Ta.K}Ke OYEeBUIHO, YTO MOCKOJIBKY CBET BSaHMOrZ[eﬁCTByeT KaK C Be-
IECTBOM (PACCEMBAETCS WJIHM MOTJIOIAETCsT), TaK u ¢ 3bupom (pac-
MPOCTPAHSETCS B HEM ), TO JOJZKHO HAOTIONATHCA W B3aUMOJIEHCTEIE
adupa ¢ BemecTBOM. A B PENSITUBUCTCKON WHTEPIIPETAIINN OIBITA
Maiikeancona-MopJiu TpeanoaraaIoch HEBEPOSITHOE: KeCTKast "mpu-
Bs13ka''cBeTa K 3pUPy BMECTe C MOJHBIM OTCYTCTBHEM B3AMMOJIEi-
crBust adupa ¢ reaamu (6e3 yBaeuenns 3eMiieil, ycTaHoBKoii). Ecre-
CTBEHHO, B CJIy4Yae 9aCTUIHOrO yBjaedenus: 3bupa (a Jasa psaga jgo-
KaAJIbHBIX OMBITOB B Y3KOM TTOTPAHUYHOM CJIO€ yBJIeueHne 3pupa Mo-
JKET OBITH MPAKTUIECKH TIOJTHBIM ) TEOPUs yCaokKusiercss. OHAKO 3T0
HUKaK He OMPOBEpraeT rumore3y 3hupa (peTsiTHBUCTEL YKe Mpeiiara-
0T efiCTBOBATH KAK B QHEK/IOTE MMPO MbIHUILY MO (DOHAPEM: UCKATH
He TaM, IJle MOXKHO HaiiTw, a Tam, rje jerde uckarhb). Mbl KpaTko
Oynem KacaThca dOUPHON KOHIIENITNN HUXKE, & TTOKA OyIeM OmupaTh-
CsT TOTBKO Ha KJACCUYIECKUIT MPUHITATT OTHOCUTETHHOCTH B BaKyyMe,
MTOCKOJIBKY 1115t Beex mapaaokcoB CTO u pe3ynrbraTor JaHHON KHUTH
He BaXXHO, BAKYyM y HAC win 3pup.

Ecmu cBer mpepacrapiser coboit BOIHY, TO CKOPOCTH UCTOYHUKA
M3MEHSIeT TOJBKO JacToTy. Takmm o6pazoM, I JAHHON 9acTOTHI
W CKOpOCTh cBeTa ¢(w) He 3aBUCUT OT CKOPOCTH MCTOYHUKA. 3/16Ch
UMEETCS B BUY CJIEIYIONIEe: CBETOBBIE BOJIHBI OJHOM YACTOTHI TOXK-
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AJCCTBEHHDBI JIPYT APYTY; U €CJIN Mbl BOCOPDUHUMAEM CBET YaCTOTHI W,
TO COBEPIIIEHHO 0Ee3PABTMIHO, U3TYIAICT JIU OH UCTOYHUKOM CPasy C
3TOIl caMOii 4aCTOTOM WMJIM 2Ke M3JIy4aJiCd C 4aCTOTOR wi, HO BCJIE/-
CTBUE JIBUKEHUS MCTOYHWKA JACTOTA M3MEHUIACHh w1 — w (3ddekT
Hornmnepa). B obonx ciyuasix namepsiemasi Beandanna c(w) Gymer o-
HOIl 1 TO# XKe.

Bepuemca Temepnr K ombiTamM Maiikenscona-Mopan u apyrum.
[TockosibKy TaZAOMIMIT CBET, CBET, MPOIMEIINNil TOHKYO TIACTUHY,
U CBeT, OTPa’KeHHBIA OT 3epKaJl, UMEIOT B OJHOI U TOHU ¥Ke cucTreMme
HAOTIOZIEHNST OJJHY W Ty YK€ YacTOTy, TO CKOPOCTh CBeTa ¢(w) OCTa-
BaJIaCh ITOCTOAHHOM JJIg ABYX MEPINEeHINKYIAPHBIX HaHpa.B.}IeHI/Iﬁ n
SKCIIEPUMEHTHI HUYEro He MOTJIN O0HAPYKUThH. JKcnepuMeHT Tayco-
Ha C ABYMdA OAVMHAKOBBIMU JIa3€PaMMN TaKzKe HUYIETro HE MOT 06Hapy—
JKWUTh, MOCKOJIBKY MPU CBEJIEHUN JTyUeii B eMHYI0 KAPTUHY (B OJHOM
HaHpa.B.}IeHI/II/I) JaCTOThI CTAHOBATCA OAMHAKOBBIMU N HUKAKUX DEry-
JISIpHBIX OueHuit He OymeT HAOIIOMAATHCs. TakuMm 00pa3oM, MOTMBIT-
Ka MCKaTh M3MEHEHNA CKOPOCTH CBETa MPU SKCIIEPUMEHTaX C 0,ZI;HOI7I
PUKCHIPOBAHHON YacTOTOI HeBEepHa MO CBOeil cyTu. EamHcTBeHHAS
3aBUCAMOCTH, KOTOPYIO MOXKHO TBITATHCS OOHAPYXKUTH, €CTh c(w):
BCe JpyrHue 3aBUCAMOCTH MOTYT BONTH TOJIBKO OIIOCPEICTBOBAHHO,
qepe3 s ekt Hommrepa.

s MeTogmdeckux Iejieit pacCMOTPUM HEKOTOPBIE MTPABIOIO-
nobHbIe ommbKu n3 yueOHUKOB. Korma ¢ "kaccuuaeckoit Toukm 3pe-
HUst''MCXOMAT W3 TUIOTE3bI HEMOABUXKHOTO HEYBIEKAeMoro pupa, To
[T pacyeTa Pa3HOCTH BPEMEH X013, JIydeil B mHTepdepomMeTpe 00bId-
HO PHUCYIOT CTPaHHYIO cxeMy [35], mis KOTOpoil He IeficTByeT 3aKOH
OTparKeHusr: yroJl TaJeHnst He pasen yriny orpaxenus (Puc. 3.2).
DTO MPOTUBOPEUUT HKcrmepumMeHTam. Kaxk MUHUMYM TOra HEOOXO-
JOUMO O6'])HCHI/IT]) MEXaHU3M TaKOT'O OTKJIOHEHUd W OIpPEeJae/INTH €ro
BJIMSIHEE HA SKCIEPUMEHT (3TO MOYKHO OBLIO OBl CeIaTh, MPEJIno-
JIOKUB CJI0YKEHIEe CKOPOCTH CBETa CO CKOPOCTHIO 3epKaJjia mHTepde-
pomeTrpa 1o KJIacCMYecKnM 3akoHaMm). He moHaTHO TakKe, Kak yra-
JIaTh YTOJI, O0eCIeunBaoninii HHTeP(EPEHIINi0 OJHOTO U TOTO Ke
syda. [ToCKOIbKY BCe JaHHBIE PErHCTPUPYET TOJBKO HADIIOmATENh,
JIBUKYIIUHCS BMECTe C MHTep(EpPOMeTPOM, TO HAa CAMOM Jejie Hao
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Puc. 3.2: Cxema narepdepomerpa.

AHATU3UPOBATH OMBIT UMEHHO C TOUKW 3PEHUS ITOT0 HADIIOMATENs
[50].

CuHXpOHU3AINS BPEMEHU 110 METOLY JUHITITEHA TPUBHOCUT UC-
KYCCTBEHHBIE OTPAHUYIEHUS JTaKe B UIeU SKCIIepuMeHToB. OUeBUIHO,
YTO B CHJIy OOPATUMOCTH OTHOCHTENIBLHOTO JBUKeHus (—v + v = 0)
JIUIsT 3aBUCHMOCTH CKOPOCTH CBETa OT CKOPOCTH JIBUYKEHUST CHCTE-
MBI MOXKET CYIIEeCTBOBATH TOIHKO HeUeTHBIN 3 derT. OmHako, cKo-
POCTh CBeTa THITAIOTCS ONPEIEIsITh KaK CPEIHIOI0 CKOPOCTH ISt
JBYX B3aMMHO MPOTHBOIOJJIOKHBIX HAMPABICHUN (M0 3aMKHYTOMY
nytn). CraegoBarenbHo, eMHCTBEHHAS KIACCUYIECKasi JTMHEHHAS 3a-
BUCUMOCTB OT CKOPOCTU JBUXKEHUS CUCTEMBI B3AMMHO MCKJIIOUAETCH.
Taxwm 0b6pazoM, MOMOOHBIN TOAXOM yKe TOAMeHseT CcoDOoil mocTy-
JIAT MTOCTOSTHCTBA, CKOPOCTH CBETA, KOTOPbIN HY?KHO OBLIO TTPOBEPUTH
9KCIEPUMEHTAIHHO.

Oneir Maiikenbcorna-Mopn u ero aHajJoru He MTPOTUBOPEUUT
npuaIuny [amniaes w ¢ mO3UIMil MyCTOTO MPOCTPAHCTBA TOIPOD-
HO paccMOTpeH BhIMTe. PaccMoTpuM Temeph MepBOHAYAILHYIO U0
OTBITA C TOYKHU 3peHUsT I(PUPHBIX KOHIIEMIINIA. 3aMEeTHM, UTO BCErIa
MOXKHO TaK CJIETKA MOJKOPPEKTHPOBATH KOI(DMDUIIMEHT yBIEUeHUsT
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Dpemneist, 9TOOBI OMBITHI U 1-10 U 2-T0 TOPSIAKA TOATBEPKIATUCEH C
IPAKTUYIECKON TOYHOCTBIO. CHpaBeyInBOCTH PaIu HAJO0 OTMETHTD,
9T0 onmbIT MalKeahCcoHa W ero aHaaorm (HECMOTPSt Ha CIOPHI 110
YCTPOICTBY MPHOOpPA ¥ TEOPHH) BCEIVIA YBEPEHHO C YUETOM BO3MOK-
HBIX OMMOOK JlaBaJ HEHYJIEeBYIO CKOpocTh adupHoro serpa [94,95].
Mapmuuos [90,91], Cunbsepryc [115] HALIH BEpHYIO CKOPOCTH OT-
HOCHUTEJILHO PEJIMKTOBOTO U3aydeHusi. TOJHKO MPU SKPAHUPOBAHIH
METAJLIAICCKIM KOXKYXOM Pe3YIbTAT OKA3LIBAJICA OJM3KHM K HyJIe-
Bomy. He mpuaumas 6e30roBopouro Teopuio 3dupa, TeM He MeHee
ISt 0O HeKTUBHOCTH BCITIOMHWM, UTO B HACTOSIIEE BPEMs BCe MPUHO-
DBl BAKYyMUDYIOT (JEJAI0T JIOKATHHO 3aKPBITO cucTeMoit). A, Ha-
npuMep, JOKaJIbHAsA CKOPOCTh 3BYKa B CAJIOHE CAMOJIETa OCTAHETCS
MOCTOSTHHOM (He 3aBUCAIIEil 0T HAPY’KHOTO BETPA) JIasKe MPH CBEPX-
3BYKOBOM JIBUKEHUU CaMojieTa. DMUPHAST TOUKA 3PEHUs] HE TPOTH-
BOPEUNT IIOJIyYEHHBIM pe3y/abTaTaM: yBiaedenue OpeHesns s Me-
TAJINIECKAX TeT — TOJHOE (1T METALIOB BEPHA 3JIEKTPOMHAMMY-
ka [epra), a 3HaUUT 3)UP MOKOUTCA OTHOCUTETHHO MpuOOpa (710~
KaJIbHO) BHYTPU METAJ/LIMIECKOT0 KOYXKYXa W MCKATh 3(UPHBI BeTep
BHYTpH — GECCMBICIEHHO. EIne OIMH MOMEHT OOBIYHO 3aMATIUBAa-
€TCA PEeIATUBUCTAMMU. 'Ha.}Ke B OTCyTCTBI/Ie MeTaJLJInYeCKOi 9KpaHn-

POBKM, JOCTATOYHO TOHYANIIEH TIACTUHKY CTEK/Ia (MM BO3yXa B
MEePBOHAYAJBLHBIX IKCIEPUMEHTAX ), UTOOBI HY?KHO OBIIO yIUTHIBATD
TEePENIIyIEHUE CBETA ITUMU JIOKAJIBHO TMOKOAIIMUMUCA SJIEMEHTAMU.
B pesynbraTe peanbHo HabIOmaEMast CKOPOCTh B 3(PUPHON KOHIET-
UK J0JIXKHA ObITH 3aBEJOMO MEHBIIE CKOPOCTH JIBUXKEHUs 3eMJIn
o opbure. Takum obpazom, onbiT Maiikenbcona - Mopiiu He cBue-
TEIBLCTBYET B MOJIB3Y TIOCTOSTHCTBA CKOPOCTH CBETA, M HE OMTPOBEPraeT
KaKue-Tub0 KJIACCUIeCKUe TTPUHITUIIHI.

Abepparus, onbiT PU30 U APyrue OMBITHI

Kakwe ke sxcmepuMenTsl He MOTYT ObITh HUKAK OOBSICHEHBI, KPOME
npusniedenust CTO? Haumem ¢ HEKOTOPBIX BCIIOMOTATETHHBIX 3aMe-
vanuit. Mbl #He OymeMm mOapOOHO KACATHCS KBAHTOBOW 3JIEKTPOIH-
HAMUKH, TOCKOJIBKY €€ TPEeICKA3ATebHAsT TOYHOCTH MaJj0 3aBUCUT
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ot Tounoctit (Ac/c) ~ 1078 (310 mpw ABMKEHUM TTPUEMHWKA; MPH
JIBUKEHUN YKe UCTOYHUKA CKOPOCTH CBETa, BOOOIIE MOXKET OCTaBaTh-
Cs IOCTOSTHHOI, TAaK K€ KaK, HATIPUMEP, CKOPOCTh 3ByKa), HO HUKTO
JlayKe U He MBITAJICS CUATATh CKOPOCTH CBETA HE KOHCTAHTOIA.
fBterme 3Be3aHON abeppalini TTPEKPACHO O00bICHSIETCS KIaCCH-
yeckoit pusukoii [23| u ompesengercs CAeAYIONUMA TBYMsI TIPUHITA-
MHAJTBHBIMI (DaKTAMMU:
(1) u3meneHweM B TeueHHE TOfa CKOPOCTH CHUCTEMBI HAOJIIOICHUS,
B OCHOBHOM, BCJIEJICTBHE OPOUTAIBHOrO BpaleHus 3eman (310 co-
CTOsTHIE — abCOTIIOTHOE W He 3aBUCUT OT CKOPOCTHU TPSIMOJTMHEHHOTO
JIBUKEHUST WHEPIUAIbLHON CUCTEMBI WU HAIUYUs dpUpa Win Ipy-
roii cpempl), n
(2) IpAMOIMHEHHBIM PACTPOCTPAHEHUEM JIyUa CBETa MEXKY HCTOY-
HUKOM W TIPUEMHUKOM B MHEPIUATBHBIX CHCTEMAaX (I KOPITYCKY-
JISIPHOM TEOPUU — HTO CJIEICTBUE WHEPTHOCTH JBUMKEHUS TACTHIL CBE-
Ta, a JyIst BOJHOBOI Teopun — 3T0 cieacTeue npuanuna [roiirenca).
Emte paz manomuum, uto mpu "Bxoje"B HaIl M3MEPUTEIbLHBIN
npubop cBer mMmeer (GDUKCHPOBAHHOE HANPABIEHWE W 9acToTy (He
BayKHA TIPEIBICTOPUS MPOTIECCA: NTBUKEHNE UCTOYHWKA, CPEJIbI, TTPHU-
eMHWKA), U UMEHHO C 3TUM "KOHKPETHBIM CBETOM'TIPOBOJATCS BCe
n3meperust. Onbir OU30 HE SABIAETCS KPUTHIECKUM, TaK KaK JOMYC-
KaeT 3AINCH JIJIsT CKOPOCTU CBETA B CPEJIE

a M3MEPEHUsT MPOBOANINCH /I KOHKPETHOW (DUKCUPOBAHHON 9acTO-
TBHI W, TO €CTh He ObLTO comoctaBierns u(wi)  u(wsz), 9TO B OMBITE
®u30 crenarb HEBO3MOXKHO.

[MpuBreuenve BpeMeHUW KW3IHU MIOOHOB JJIS JIOKA3ATENIHCTBA
CTO — unucras cnexkysmus. Co3mars aBe WHEPIUAILHBIE CHCTEMBI,
JBUZKYIIIAECS] TPYT OTHOCUTETBLHO JAPYTa ¢ PEIATHBUCTCKUMU CKOPO-
CTSIMU TIOKa HE 10 CHJIAM COBPEMEHHOMY dejioBedecTBy. U He cTomT
MaCKMPOBATh COBEPIITEHHO JIPYTYIO PEaJTbHOCTH ITOJ TaKOI JKCIEepH-
MeHT. Bpems KuzHn HecTabUIBLHBIX YACTHUI] JOJKHO 3aBUCETH OT
YCJIOBHIT nX 06pa3oBanms (J1aske CTabMILHOE SIPO MOKET CTATh BO3-
Oy K IEHHBIM WU HECTAOUIBLHBIM, JIMOO MOYKET TTPOU30UTH, HA0OOPOT,
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peKoOMOMHAIMST ¥ T.JI.), & YCJOBUS OOPA30BAHMST MIOOHOB HA BBICO-
Te 20 — 30 KM TIPU CTOJKHOBEHUHU BBICOKOHEPTETUYECKUX KOCMUUe-
CKUX JIy4eill ¢ aToMaMi a30Ta ¥ KUCA0POIa OTIUYAIOTCS OT YCJIOBUIA
ux obpazoBanuga B jgaboparopun. He ToBops 0 TOM, U4TO Ha PasHBIX
BBICOTAX HE OBLIN M3MEPEHBI JaKe CKOPOCTU MIOOHOB, YCKODEHUS U
WHTEHCUBHOCTHU WX MOTOKOB. I3MepeHus ke, MpoBeJIeHHbIE HA YCKO-
PUTENSAX, CKOPee CBUIETETHCTBYIOT O BAWSHWUN YCKOPEHWH W Tojei
HA KOHKPETHBIN TPOIECC pachaia KOHKPETHBIX YacTull. "MiooHnnoe
nmokasareabcTBo " Bonio B yuebuuku mo CTO ¢ cepeamnnr 30-x TO-
noB. Uepes HECKOIBKO JIeT OBLIO 0OHAPYKEHO, UTO, BO-TIEPBBIX, MIO-
OHBI 00PA3YIOTCS MPAKTUUECKN HA JIIOOOH BBICOTE, W, BO-BTOPHIX, C
YBEJIMUEHUEM 3HEPIUU WX MPOHUKAOIIAS CIIOCOOHOCTH CYIIECTBEHHO
Bo3pacraer. TeMm He MeHee, PEIATUBUCTCKOE TICEBIOI0KAZATETHCTBO
He OBLJI0 WCK/IIOYEHO W3 YIEOHUKOB, W UM TIPOIOIKAIOT MOPOIUTH
TOJIOBBI CTyZieHTaM (K BOIIPOCY O HAyUYHOIl STHKE).

I'ummore3za Purma

CrpaBeyIUBOCTH PN OTMETHUM, UTO JayKe DAJTUCTUUIECKAS TUIIO-
re3a Putna (Mo cymecTBy 3TO KIaCCMYeCKMil 3aKOH CJI0KEHWs] CKO-
pocTeii ISt KOPITYCKYJT) HEe Tak JIEPKO MO ObI OBITH OTIPOBEPTHYTA
B Havase 20-ro Beka. [IpuBesem Kparko BLIBOJ u3 [29] u gaganm Heko-
TOpbIe 3aMedanusi. Bpems mpuxojia cUrHAJIA OT 3BE3/bI — CITyTHUKA
MEHTPATBLHON 3BE3/THI, HAXOMSIIENHCT Ha PACCTOSTHUN L, TPH 3axX0/1e
B Tenb t; = L/(c — v), a mpm BBIXOe W3 Temn to = & + L/(c +v),
rie T - mepwom opbuTanbHOTO JABMKeHus . [lomarast s 3aMeTHO-
ro acddexra (aBoitHAas cucTeMa CTAHOBUTCA BUAMMON KAk TPOitHas)
t) = tg, momyanm L = T(c? —v?)/(4v). [laa amaverpa OpOUTEI mMe-
em D =Tv/m. Ecom « - yron wabonenvsi, To « ~ tana ~ D/L, u
Tak Kak v < ¢, mueeM o = 4v?/(nc?). Peambable cKopocTH HabTIO-
naeMbix cryTHUKOB v < 350 km/c. B pesysbrare, st Hab/roeHnst
no06H0T0 3ddexTa TomKHO 6HITh o <K 2 x 1078  pagmanm (uro
MPEBBIAET TOYHOCTH COBPEMEHHBIX TEJIECKOTIOB).

Koueuno, sror BeIBOI H0BOJIBHO TPYyOLIi. B BRIpakenuu mis to
HYKHO TIUCATh 1'T BMECTO %, T7e & - J0JIsl TIeprojia, KOTAa CIyTHUK
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Puc. 3.3: Oupenenenne y4acTka TeHU.

HaxXOAUTCd B TEHU; Bcerjga T <K %, 9TO YBEJIWYUBAET TNPEIeThbHYIO

TOYHOCTH . Kpome Toro, puKCHpoBaTh ¢ MOMOIILI0 (oTorpadun
B HACTOsIIIIEe BPEMsI MOYKHO OYeHb KOPOTKHE TMPOMEKYTKH BPEMeHU
(ec/Tu SKCIIO3UITUS TIO3BOJISIET), TO €CTh MOXKHO MTUCATDH to—t1 = %+y,
e y < T, 9To elle yBeJMUNBAET MpenelbHyo ToUHOCTh. OJHAKO,
CKakKeM U B ONPaBIaHUe HECKOJBKO 3aMETaHUI.

(1) Uccnenoanme ty > ¢ HEMPOMYKTUBHO, TaK KaK BCE HAOJIIOIA-
eMble 3aTMeHNs OyAyT MEePUOIUIECKUMU U MbI HE CMOYKEM HUKAK
MPOBEPUTH: JIEHCTBUTENIHLHO JIM MbI HAOJIIOIAeM TPOHHYIo (mn ger-
BEPHYIO ¥ T.JI.) CHCTEMY HJIH 9TO TOJBKO BUIUMOCTb.

(2) B mporiecce ABUKeHMsI CIIyTHUKA 110 OPOUTE BPEMS MPUXO/IA CHT-
HAJTa B TOYKY HAO/IOJEHWs TJIABHO MEHSAETCA (PeabHbI 00HheKT —
CIlyTHUK ¥ €r0 BUIUMBbIH 00pa3 He COBIAJIAIOT), YTO NCKAXKALT OTpe-
JIeJIeHNe peasIhbHOM OPOUTHI U BEJIUIUHBI T.

(3) Bemenersre TOro, UTO CBET MPOXOUT HEOJHOPOIHYIO cpery (ar-
mocdepy, 1a n KOCMIIECKOE TIPOCTPAHCTEO) W3BECTHBI SIBJIEHUST MEP-
naHus u aucrnepcuu. YTobbl COKPATUTEH X HETATUBHOE BJIUSHUE CJIe-
Jyer HabJII0aTh TOJIHBIE (a HE 9aCTUYHBIE) 3ATMEHUS U YKeJIATETHHO
C UCKYCCTBEHHBIX CITyTHUKOB 3EMJIH.

(4) TTockombKy HaM GyeT JOCTYITHA JIMNIH TTPOEKIUS MJIOCKOCTH Op-
OUTBI, TO B OOIIIEM Cydae MbI HE MOYKEM TapaHTUPOBAHHO OIEHUTH
nmHy yaactka tenn z (Puc. 3.3). Bpems apukenusi B Tenu Gyzer
Pa3JIMYHLIM B 3aBUCHMOCTH OT HANPaBJICHWsT Ha HAOMOmaresns (Ha
Bewmtio). CremoBaTeibHO, HYKHBI OPOUTHI ¢ CUMMETPUIHON OpUEeH-
Talueil, 1 TOYHOCThL onpenenrenns "maed'"npoekinun opoUTHI U pas-
MepoB 060UX TeJT HAKJ/IAJbIBAET OTPAHUYEHUS Ha (PACIETHYIO) TOU-
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HOCTH OmIpeae/IeHNA BpEMEHN TMPUXO0Ja CUTHAJIOB.

(5) Berrme yzke roBOpmioCk, 9To He CYIIECTBYeT abCTPAKTHON CKOPO-
cru cera, a OyayT HabJIIOIATHCS KOHKPETHBbIE BeandnHbl ¢(w[v]) u
c(wa[—v]). CremoBarespHO TOUHOCTE Ompe/eaenHust 9acToT (Aw/wp)
HAKJIaJIbIBAET OTPAHUYEHUA Ha TEOPETUYICCKYIO OIEHKY TOYHOCTU
(Ac/cy) m, coorBercTBenHO, Ha (At/t).

Camoe MpUHIUTHATIBHOE 3aMEUAHNe CJIEIyOIIee.

(6) Ceer onpeenenHoii 9acTOTh Wy M3Iy9daeT He 00HEKT, JIBUKY-
muiicss KaK IEeJ0e CO CKOPOCTBIO V, & XAOTHUECKH JIBUKYIIHECS
C TEIIOBBIME CKOPOCTAMHU YacTHUIbL. CJie0BATEIHHO, ONpPEIeTuTh
3a/IEP’KKY PACIETHOrO BPEMEHHM OT CKOPOCTH OOBEKTa KaK IIeI0-
r0 HEBO3MOXKHO, MOJIb3YACH JIOOBIMU XapAKTEPHBIMU B MUKDPOMAC-
mrabax JacToramMu (JIMHUSIMHM W3Iydenus). TOIBKO eCam y CITyT-
HUKa TpadUK CIEKTPATbHON WHTEeHCUBHOCTH [(Ww) UMEeT HEKOTO-
pyIo xapakTepHyio hopmy (HanpumMep, MAaKCUMYM Lq, (w1)) n eciu
oH ugenTudumpyemMo orindaercs (mo dpopme) or rpaduka Crek-
TPATBHONW MHTEHCUBHOCTU OCHOBHOI 3BE3/IbI, TO HAOMIIONEHNE 33 W3-
MEHEHUeM CHeKTPAIbHON wuHTeHcuBHOCTH [(w,t) HA BLIIEJIEHHOM
mrasaonieit (1) gacrore wi(t) (KoTopasi COOTBETCTBYET MaKCHMyMy
Iaz(wi(t))) Morio OBl 1OKA3aTh WM ONMPOBEPTHYTH OATIHCTHYIE-
ckyto rumore3y Putia.

Hackombko M3BECTHO aBTOPY, B TAKOM KJIIOUE TETATLHOTO aHA-
JIN3a ACTPOHOMUYECKUX TaHHBIX He MPOBOAWIOCH. Jlajtee crout yio-
MSIHYTh, 9TO TUIOTe3a PUTHA TS TBONHBIX CHCTEM TIPEICKA3BIBAET
Kpome (hazoBoil eIre W aMILIATYIHYI0 MOIYJISIITAIO TPUXOISAIIErO CUT-
Hasta (B (DUKCHPOBAHHON TOUYKE MPOCTPAHCTBA BCJIEJCTBUE DA3HOMN
CKOPOCTH PAIPOCTPAHEHUST CBETA, TTPOUCXOISIT TYIbCAIIMI WHTEHCHB-
HOCTH W3-33 HAJOXKEHUs CBETA, WCIYIIEHHOTO B PA3HBIE MOMEHTHI
Bpemenn). [Tpu 3TOM 9em GOJIBIIE PACCTOSTHUE 70 JABOWHON CHCTEMBI,
TEM OTHOCHUTEbHAS NHTEHCUBHOCTE MYTLCAITNN YBETNINBAETCS, TAK-
Ke (JI0 HEKOTOPBIX MPEJIE/IOB) YBEJNUNBACTCS W YACTOTA MTYJTHCAITHIA.
Hekoropnie aBropsl [29] paccmarpusator "cymecrrosanne' kBazapos
U TyIHCAPOB KaK JIOKA3aTeILCTBO MUNoTe3l Putiia. JleficTBuTebHO,
MAaJIOCTh WX TIEPHOJIOB My IhCAINii (MHOTIa MEHEE CEKYHJIbI) TOBOPUT
0 KOMITAKTHOCTU 3TUX 00BEKTOB, & MOIIHOCTH W3/IYUEHUS (C yIeTOM
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UX yJQJIEHHOCTH) TOBOPHUT 06 obparroM. JInb60o HAI0 OCHOBATETbHEE
IPOBEPATH rumoTely Puria, mmdbo ocraercs BepuTh PaHTACTHIECKIM
(HempoBepsieMbIM) COBpeMeHHBIM BepcusiM. Jla u cioknocTn o6pa-
OOTKHM paJapHbIX HabIomeHnil BeHepnhl 3acTaBasgioOT 33 yMaTbhCsa O
BO3MOYKHOCTH HAJIMYWsI Y CBETa WHEPIUAJBHBIX CBOWCTB. OHAKO,
3aIUTa WIN PA3BUTHE TUIOTE3LI PUTIIA He SIBISETC IMeabI0 HACTO-
AMEN KHATH.

OnbeiT Canbpgaka

[MpaMbIM  TOKA3ATETLCTBOM HEMOCTOSTHCTBA, CKOPOCTH CBETA ¢
constant (M KOCBEHHBIM CBUIETENIHCTBOM KIACCUIECKOTO 3aKOHA, CJI0-
JKeHUsI CKOPOCTei Jisi cBeTa) sBjgercs: onblT Cambsaka. HamoMmamv
€r0 CyTh: TI0 KPalo BPAIIAIOIIEr0Cst ¢ YTJIOBOH 9acToToil §) 1rcKa ObI-
JI YCTAHOBJIEHBI UeTHIpe 3epKaja (TouHee Tpu 3epkaja B u ojHa
mnactria H — cm. Puc. 3.4). Jlyu ceera pasbusascs (ruactunoii H )
Ha JIBa JydYa, OJUH U3 KOTOPBIX JBUTAJICA MPOTUB UACOBOH CTpes-
k1 (10 HANPABIEHUIO BPAINEHWs), a JPYroil — M0 9acoBOii CTpes-
ke. Ilpu BcTpeue sydeit Bo3HUKAIA WHTEPGEPEHITNOHHAS KAPTUHA.
Cwmerrienve mosioc (3a CYeT pa3HUIBl BO BpEMEHH TIPUX0/1a CUTHAJIOB )
oxazasock pasabM: Az = 8Qr2/(c)). OuesnaHO, 9TO HEMHEPIHATH-
HBIIl XapaKTep BPAIEHUST CUCTEMBI C IaCTOTOH ) He ABJIsSeTCs 3/1eCh
OTIpeae/IAIOIIUM MOMEHTOM: HUKTO €II€ HE BUAE/I B BAaKyyMe€ NCKPUB-
JIEHHOTO CBeTa (MEXKJy IBYMsI OTPAYKEHUSIMU JIyd CBETA JBUKETCS
npsimosinueitno). Tem He MeHee PacCMOTPUM CJIEYIOIINiT MBbICTIEeH-
HBI# 9KcmepuMenT. [Ipegacrasum cebe, UTO paguyc JTUCKA CTPEMUTCS
K OECKOHEUHOCTH T — 00, HO TakK, YTO0OhI BeanunHa (dr = v ocraBa-
nack nocrogrroii. Torma nmeem 2 — 0. CremoBaTeabHO, BEIUUNHA,
yckoperust %1 Gyer CTpeMuThCs K HYy/i0. Boibepem Takoif pasm-
yc r, 9T0OBI yCKOpeHue OBLIO HAMHOTO MeHbIIe JIF000i Hamepes 3a-
JAHHON BEJIMYMHBI (HATIPIMED, CYIIECTBYIOIIEH SKCIIepUMEeHTATbHOM
rounoctn). Torga HUKTO HE CMOXKET OTIMYUTH 3Ty ''mouTn nHEpHu-
aJbHYI" CHCTEMY OT WHEpIUAJbHON. Ecan mpu 3TOM yBeInduBaTh
YHCI0 PABHOYAATEHHBIX 3epKas (N — 00), TO mpsaMble uHun (CBe-
TOBBIE JIYUH) MEXKIY 3epKajaMu OyIyT TpUOIHKATHCS K OKPYZKHO-
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Puc. 3.4: OnpiT Canbaxka.
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CTU JUCKa. B pe3yabTaTe nMeeM BbIDaKeHue IJId CMEUIeHWd TMOJIOC:
Az = alv/c, rie o - KOHCTAHTa 7Tt BRIOpaHHoro ceera (A), L - -
Ha, OKPYXKHOCTH. BeiencTBre 09eBUIHON CUMMETPUH SKCIIEPUMEHTA
sdpdekT Oymer agauTuBeH Mo L, W ero BEIUYUUHY MOXKHO OTHECTH
kK emuuuie minHbl "KymynstusHbit"sddeKT yecKopeHUst IS BbI-
OPAHHOTO TPSAMOJMHEHHON0 YYACTKa MOXKET OBITh CIeJaH MEHBIIE
100011 Hamepes 3aJaHHON BeINYWHBI. TakwM 0Opa30M, I BEJIN-
YMHBI CMEIIeHust moaoc mMeeM: Az ~ v/c (HEKOTOpBIE M3MEHEHsT
Q TPUBOAAT K COOTBETCTBYIOIIIUM HU3MEHEHUAM VU, TaK KaK U = QT’
— koHewHast BeqmanHa). Crie0BaTEIHLHO, BPEMS PACTPOCTPAHEHUST
CUTHAJIA, JTMHEAHO 3aBUCUT OT CKOPOCTH JIBUKEHHUST CUCTEMBI, TO €CTh
¢ # constant.

O 6exmoM 3cdupe 3aMOJIBUTE CJIOBO

Crenaem BcrmoMoTaTesbHOE 3aMedanue 1o moBomy ddmupa. OTKpo-
BEHHO TOBODP#, BBIIYMBbIBaHUHE TOMUMO "abcomoTHoil mycroTsr" (6e3
busnueckux croiicts) apyrux momsitwii Tuma dbusnaeckuii Baxy-
ym" (obmamatoniero (busMIeCKUMU CBOMCTBAMHI) HECIIPABEIJIUBO 110
OTHOIIIEHUIO KO MHOTHM MPEIIECTBYIONIUM HCCIeI0BaTeIIM (TLTa~
rUarT), Tak Kak JIs MOJ00HBIX TOHSITHIT y2Ke ecTh TepMuH — "3dup".
Tonbko mepen 3¢upoM OBIIA TTOCTABIEHA 33/a4a: Cpa3y O0bICHUTH
Ha MPOCTOI W HATVISHON MOIEIN BCE OMBITHI WU " YIAJIATHCS CO CIle-
uel". JlasbHeiinee pazsuTie (DU3NKN BBEJIO WHYIO TPAKTUKY (BCIIOM-
HUM JIyaJu3M CBETa, KBAHTOBYIO MEXAHWKY W JIP.): MTPOTUBOPEIHNBbHIE
cBoiicTBa (PUBNIECKUX OOBEKTOB WK SBJIEHUI TTPOCTO CTAJIN MOCTY-
JIUPOBATH KakK (pakT 6e3 00bsICHeHUs W PeaabHONl HATJISIHOW MOIe-
. Hampumep, nMeeTcss MOIETb IBYXKOMIOHEHTHON KUIKOCTH s
OMMCAHWsT TPOTUBOPEINBHIX CBOMCTB CBEPXTEKYYEro rejins (Tedenue
6e3 BSI3KOCTHU Yepe3 KAMWIIAD U HAJTHUNE BAZKOCTH MPH BPAIEHNN ).
PeanpHOCTD Tajieka 0T MOJEH, HO Mojesb paboraer (mosesnas). U
TOJIHKO OT TEOpWW 3(pupa PeIATUBACTHI TPedOBAIN OOIBITIEr0. XOTs
Ha CaMOM Jejie i BcexX Mojeseil 3¢pupa, OObIBICHHBIX PeISTH-
BUCTaMU HEPEATbHBIME, CYIIECTBOBAIN QHAJOTHUW, JEHCTBYIOIINE B
npuposie (a Yero Kazajaoch ObI TPeGOBATH GOJIBIIEr0 OT MOJIEH?).
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Hampuwmep, Her Hudero yquBUTEIHHOTO B TOM, YTO CKOPOCTH CBETA
MOYKET OCTABATHCS OJMHAKOBOW MPU W3MEHEHUH TLIOTHOCTH 3dupa:
CKOPOCTh 3ByKa B Bo3myxe nipu 1" = constant ToXe He 3aBUCUT OT
IJIOTHOCTH BO3/AyXa. Her HHYero mpoTHBOECTECTBEHHOTO W B TOM,
9TO TIOTHOCTE 3dbupa Moxker cymectsenno (scero B 60000 pa3) yse-
JUIATHCA BOJU3H TOBEPXHOCTH 3€MJIM 110 CPABHEHUIO C KOCMOCOM:
IIJIOTHOCTH aTMOC(bepr YBEINYIUBACTCA Ha MHOTO TTOPAJIKOB 6OJI])-
me. Mogens Ctokca — 310 Mojenb 06e3 armocdepbl. MaTemarude-
CKHUe TPYJHOCTU MOAEn (TPEeoaoykeHne 6e3BMXPEBOr0 HECKIMAe-
MOTO JIBUKEHNUST) COBEPIIIEHHO HU TIPU YEM: PEATbHOE, OTIMCHIBAIOIIEE
MIPHUPOJLY, PEIIeHIe MOXKET OKa3aThCsa OJM3KUM K HaiigenHomy CTOK-
coM (mPOCTO MCTMHHOE CTPOTOE PENeHne HEJIWHEHHOr0 ypaBHEeHWs
B YACTHBIX MPOM3BOIHBIX (€3 YIPOIIEHNH HANTH MATEMATHIECKH TO-
pazmo cioxnuee). CnpaBeInBOCTH DA OTMETHUM, 9TO Ceiiuac CyIe-
CTBYIOT JOBOJBHO pas3BuUThIe KoHIemmu ddupa (Hampumep, [1,8]).

ITepeitmem Temeph K APYrUM KOHKPETHBIM BOIPOCAM W JIAIAM
KpaTKiue KOMMEHTAPUU K HEKOTOPBIM W3BECTHBIM 3IKCIIEPUMEHTAM.
Abepparus B mycrom mpocrpancTee 6e3 CTO ObLaa mpoaHaIn3upo-
BAaHA BBIMIEe KAK C TOYKU 3PEHUS KOPIYCKY/ISIPHOM, TaK U BOJHOBOMN
Teopuu. Pe3yabrar OymerT aHAJOTHIHBIM U C TOUKWU 3PEHUST TEOPUN
menoaBuKHOTO 3dupa. [logHoe yBIedenue acdupa cpemoit HETOHITHO
[IPU TTOCTEeHHOM YMEHBIEHUHN IIJIOTHOCTH CpeJIbl (HAIpuMep, B ra-
3ax). [Tosromy runoresy moHOrO yBaeueHus 3hupa HUKTO BCEPHE3
(kpome pengTuBucTOB) He 0b6Ccyxmasn. daxke eciau Ob1 3up ywie-
KaJICAd TTOJTHOCTBIO TBEPDABIMU W KUJIKUMU TeIaMU, aHaJIn3 6]31.)'[ 6]31
HEe MPOCT: HEOOXOAMMO OBbII0 OBl pazpaboOTaTh TEOPUIO MEPEXOTHOTO
CJI0ST MEXKJIy TeJIaMU W TEOPUI0 MOTPAHUIHOrO 3(PUPHOTO CJIOS JJIsT
ra30B B 3aBUCHMOCTH OT IJIOTHOCTH Ta30B (HampuMep, B ombiTe Maii-
KeJIbCOHA Pedh HUKAK He Mora Obl uarn o 30 kM/cek — opburaib-
HOit ckopocTu camoii 3emn). OHako, hU3NKa MO WHBIM Ty TeM
u eme @penenb BBea K03 UIIMEHT, TOKA3BIBAIOIINN, ITO B ONTH-
YEeCKU TTPO3PAYHBIX CPpeadaxX MOXKHO IMpearnojaraTh JINITb 9aCTUYIHOE
yBiiedenne 3hupa. OHO MpaKTUIeCKH (¢ JOCTUTHYTONH TOYHOCTHIO) He
MeHsIeT abeppalnio MPHU 3AM0THEHUN TPYObI BOIOM, 9TO OBLIO MOKa-
3ano camuM PperesieM (3aMeTuM, 9TO MPH HEBEPTUKATHLHOM HAOJTIO-
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JIEHUU HYKHO YIUTHIBATH YTOJI TPEIOMJIEHHUST JIydeil B cpeiax 3aImoJi-
HEHWs ), HO, BOOOIIE TOBOPSI, BCE MOJOOHBIE BOMPOCHI OTHOCSTCS yiKe
He K Teopun abeppamnu, a K Teopwn pedpaximn. EamHCTBEeHHBIH
CIAyYaii, KOTIa IPaBOMEPHO OOCY:KIaTh THIIOTE3Y IIOJIHOTO yBiIede-
Hust 3uUpa — ITO JJIST ONTUIECKN HEMPO3PATHBIX CPe, (METaLIoB).
MozkeT 9TO MHTYUTHBHO UyBCTBOBAJI lepll, KOrga ¢ cCaMoro Hada-
JIa, OTKA3aJICI PACCMATPUBATH ONTUIECKUE STBJICHUSA C TOUKU 3PEHUS
CBOEil 9JIEKTPOAMHAMUKH (MO3TOMY HEMPaBOMEDPHO TPUMEHEHHe pe-
JISTUBUCTAMU €10 TEOPUHU JJIsl JUIJEKTPUKOB C IEIbI0 JTUCKPEINTa-
yn).

Omneir Tpoyrona 1 Hobiis He IPOTUBOPEUNT MPUHIUILY OTHOCH-
TeapHOCTH lasmies B mycToMm mpocTpaHcTBe. Boobire rosopsi, Bce
OIIBITHI C AUIIEKTPUKAME HE IPOTUBOPEUAT IIPUHITAIY OTHOCHTE/H-
noctu lasmest, Tak Kak 9acTh MyTH CBeT (BEPHEE TOJIE) TPOXOIUT B
MIyCTOTE MEXK/Ty aTOMAaMU, & APYTYIO 9aCTh IyTH CBET MOTJIONIAETCI 1
MIePEen3JIydaeTcsa aToMaMu. I TeOpun 9acTUIHO YBJIEKaeMOoro 3pu-
pa (ec/m HET MEeTaJIMYeCcKOl SKPAHUPOBKH) BCETA MOYKHO C TIPaK-
THYECKON TOYHOCTHIO OIPeaeanTh Koddduiment ysaedenns Ppeme-
JIsT, TTOITBEPYKIAIOIIUICS IS OMBITOB W MEPBOrO W BTOPOTO TOPSII-
Ka (MpaBa, YacTO TOYHOCTH OKA3BIBAETCS] HEBETWKA U HA TPAKTHU-
Ke BBOIUTCS GostbIte oH0ro "moaronounoro " kosddunmenta). Onprr
Poynanma daxkTudeckn goKazaji, 9TO ¢ TOYKHA 3PEHHS TEOpuu 3hu-
pa — 3dup TOJHOCTHIO YBIEKAETCA METAJIIOM, & C TOYKU 3PEHUs
TMPUHIIATIA OTHOCUTENHHOCTH [ajimjiest OmbIT MOKA3aj JKBUBAJIEHT-
HOCTH JIBUKYIIUXCS 3apsanoB TOKy. B ombirax (Penrrena) Diixen-
BaJibJa u Busibcona daxruteckn moayder PpeneneBckuit Koaddu-
[IMEHT YBJIE€YEHNS B JUIIEKTPUKAX.

OmnwiT Kenneau-TopHaaiika

Nurepdepomerp Kennemu-Topugaiika oTimuascs oT wmHTEpdEpO-
Merpa MaiikeJhCoHa TOJBKO TEM, 9TO JJINHBI TEPIEeH UK YISTPHBIX
Iev cpasy ObLIU BRIOpaHbI HepaBHBIMU. OIHAKO, [JIsT UHTEPdEpeH-
[IMOHHON KAapTWHBI BasKHA TOJBKO PA3HUIA XOJa JIyUeil o OTHOIIe-
HUIO K JIJIHHE BOJIHBI WCIOJB3YEMOro CBera (M0Jsd OT JJIMHBI BOJI-
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ue1). Kpome Toro, TouHOCTE m3Mepenust JIIH 111ed nHTepdepomMerpa
(mampumep, unTepdepomerpa MaiikebCOHA) BCEria MEHbIIe JJTH-
HBI BOJIHBI UCITOJIB3YEMOT'O CBETA. C.}'[e,ZI;OBa.Te.TH)HO, BOIIPEKW MHEHWIO
[38], onbiT Kennenu-Topugaiika TpUHINIMAILHO HIYEM HE OTIHYA-
ercst ot onbiTa Maiikenscona-Mopan. ITosromy Bce Bameuanust, yKa-
3aHHBIE 75 ombiTa Maiikeabcona panee, OyayT obIuMu st 060X
9TUx onbIToB. Ecim ucxonuth 3 neseit skcnepuventa (06 obHApPY-
JKEHNN BIUSHUS JIBUKEHWUS CHCTEMbBI HHTep(EepOMeTpa Ha CKOPOCTH
cBera), TO oreHka aBTopoB v < 15 km/c Bosiee ajekBaTHA, YeM 3a-
sABJIsIeMast B yu9eOHMKax, XOTsl TOKe HeBepHa (cM. Hmke). Bombnras
CTAOUIHLHOCTH 0 TEMIIepaType, HauWHAasl C HEKOTOPOTO MpeIesia, He
urpaer poam, Tak Kak npu 060t T = constant (T # 0) Bcerma cy-
IIECTBYIOT TeMIepaTypHble (DIYKTyalluu U KOJeOaHus KPUCTAJIN-
Teckoit perretkn 6a3pl. CaMoe TiIaBHOE, PA3INIHBIE CKOPOCTH CBETA
c(w) (emmHCTBEHHOE BO3MOKHOE OTJIMYNE — CMOTDH BBIIE) HE CPaB-
HUBAJVChH TSI PA3HBIX 9aCTOT W, 9TO W HEBO3MOXKHO OBIIO CIETATH
B TMOMOOHOM OmBITe. KpoMme Toro, Jijist MyCTOTO MPOCTPAHCTBA, OCTa-
IOTCS B CHJIE BCE KJIACCHIECKWE DPACCYKIEHUS I WHEPIWATHHBIX
CUCTEM, TO €CTh COOJTIOAeTCS TPWHINUIT OTHOCUTeabHOCTH [anuies
[48]. O6iee 3ameuanme 06 MeTALINIECKOH SKPAHUPOBKE st 9DUp-
HOM MOJe/nn MPUMEHUMO W K 9TOMY OnbITy. Takum obpas3om, maxke
K ODHADYKEHWIO JIBUMKEHUS 3EeMJIM BCE MEPEUYNCTEHHBIE OTBITHI He
NMEIT OTHONIEHWA.

OmnsiT AiiBca-Cruiayana

[Mepeitmem Teneps k ombiTy Aifisca-Cruayanta. 3amMerum, 9T0 cam
Aiise 6611 poTuBHUKOM CTO U 00BIACHST OMBIT ¢ MO3UIHi ddupa
(3HAYMT TaK TOYXKE MOXKHO MHTEPNpeTnpoBarh). Boobme, mis CTO
xapakTepHo "BasuTh"Bce B cBOIO "Kyuy'(BeposTHO, UTOOBI COJHI-
Hee BBIMIAAeTh) mwin "nos3ars'CTO co Becemu Teopusivm (1axe He
JI0 KOHIIA TTPOBEPeHHbIMN ), aenas su, aro ecau CTO "noroner To n
"Best Hayka moToner”. Boobiiie TOBOpst, B OTJINYNE OT 3/IeMEHTAPHOM
Teopun apderTa Jlormriepa, onmpenenaenHne 9acTOTHON 3aBUCTMOCTH B
MPOU3BOIHLHON KOHMUTYPAIIUI — IPEPOTaTHBa OTBITA (M MPUILIETATE
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CIOZIa JIONOJTHUTENBLHYIO TUTIOTE3Y O BPEMEHU — DOJIbINAs HATSAKKA).
®akruueckn, onbiThl AiliBca-Crumysna mazke B ujgease (ecau mpe-
HEOPEUh PEATbHBIMU OCOGEHHOCTSIME TIPOIECCA) OTPEIEIAIN Obl He
monepeunsbrit 3¢ dexr lonmaepa, a adpdext lommaepa s AByX Ha-
npasyennii, 6im3knx Kk 0° u 180°, To ecth >ddexTo, Oau3KME K
MPOIOTBHBIM. DTHU OTBITHI SIBJISTIOTCST KOCBEHHBIMY, TAK KAK BETHIH-
Ha (AKOOBI PEIATUBUCTCKON) TTOMPABKYM — BBIYUC/ISEMAs BEJIMIMHA
(kpoMe TOro, cpaBHMBaeMas OT PA3HBIX 0OJACTEll, UTO MPUBOIUT K
JonoHITeIBHOI acuMmerpun). OubiThl [22] mOKa3a/n CyiecTBeH-
HBIE CHCTEMaTHYIECKHe OTKJIOHEHUsI OT PESITUBUCTCKOTO BBIPAXKE-
must (o 60+10%). CremoBarenbo, 3bdEKT MOKET OMpeesaTbCs
He cToJIbKO JIONIIEPOBCKUM BhIPayKeHNeM, CKOJIBKO OCODEHHOCTHIO
peaknuit B myukax. Kpome ymoMuHAHWS JPYIUX AJbTEPHATUBHBIX
ONBITHBIX JaHHbIX [22,120], maamM HEKOTOPYIO KPUTHKY DPaccMar-
pUBaeMoro 3KcrepuMeHTa. PeIsaTUBUCTBI OMUCHIBAIOT SKCIEPUMEHT
Tak, Oymro monepeunsrit adpdext Jomnmiepa BOCIPUHUMALTCS OT OI-
HOIi TOYKM YCTAHOBKM B OIPEEJEHHBI MOMEHT BPEMEeHH (MOMEHT
poJIETa CEPEMHHOTO TTEPIeH K yaspa). Ha camMom mesre Bocpunu-
MAaeMblif CUTHAJ — 3TO WHTErpajibHas CyMMa OT PAa3HBIX objacTeit
MBIy YEeHWsT 33 PA3HOE BPEMsI, Ja ellle W He MePIeHINKY/ISIPHBIX JTBHU-
Kermio (Kyza, HarpuMep, Jenach abepparys?), To eCTh n3yJdaeMblii
s dekT mpeacTaBasier coboit HeKoTopoe "coX)Hoe cpemHee' Mex Iy
nByMst pogobHbIMT 3ddexkTamu Jommiepa. Kpome Toro, Teopus B
CTO (u dpopmysbl) TPUBOAATCS JIJIsT TLIOCKOMAPAJIIEBHBIX BOJIH, a
dakTUIECKN Ha 9TUX PACCTOSTHUSIX MBI IMEEM TOUYEUHBIE HCTOUHUKHT,

T.e. cepruyueckne BOJHBI. BBINNWINEM IJIMHBI CTOPOH B TPEYTOJILHU-
ke: 1) mepsast cropoHa M300paskaeT MyTh CUTHAIA BAOJbL OCH Y OT
HCTOYHMKA, [0 Hadaga KoopamHar (O, rie HaXOMWICTd HPUEMHHK B
MOMEHT WCIyCKanus curaana Yy = Vggt; 2) BTOpas cropora m3006-
pakaer MyTh, MPONIEHHBINH IPHEMHUKOM BIOJIL OCH X OT MOMEHTa
HCIyCKaHWs [0 MOMEHTa TMOJIydeHns curHanga X1 = vt'; 3) Tperbs
CTOPOHA (IMArOHAJE) M300paykaer MyTh CUTHAJA OT UCTOUYHUKA 10
Toukn mpueMa Vi t'. Torma m3 COOTHOIIEHHSI CTOPOH TpeyTrOJIbHIU-
Ka MOXXHO HaWTH BpeMd 3aJeP?KKH 110 CPaBHEHUWIO C TMOKOAIIIUMCA

cayugaem: t =t/,/1 —v?/ VSQZ ” [To-cyTn, MBI IOy ININ TTOTIEPETHBIH
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s dext Honmuaepa mist chepraeckux BOIH, KOTOPHIil CYIIECTBYET U
nis ceeta (Viig = ¢) u B akyctuke (Vg = Viouna)! B pesysbrare mma
pPeabHOr0 UCTOYHUKA OyreT HAOII0IaThCI CMEIeHNe B KPACHYIO 00-
macTh (6OsbITe BpeMs JefiCTBIS TaKoi CMEIeHHO TacToTh) U 3¢-
deKT TOIKEH 3aBUCETHh OT PACCTOSTHWST OO0 TOYKW Habmomenns. Jla
M KTO CKAa3aJI, YTO /IS CBETa JOJIXKEH HAOIIOJATHCS KIACCHIECKHit
sdpdexr Honmaepa aas miockonapasieababix BoaH? Beab addexr
MMeeT KJIACCHYECKHUI BHUJ TOJBKO B CIyYae UUCTO BOJHOBOIO JIBU-
ZKEeHUdd. EC.T[I/I 7Ke CBEeT — 3TO He COBCeM BOJIHA, TO MOXKHO HO.T[yLII/ITI)

WHBIE BRIPAYKEHNUsT, B TOM uncie u pessituucrekue [60]. Takum obpa-
30M, JTAHHBIM OMBIT TOXKE HE MOXKET OBITH DE30TOBOPOYUHO OTHECEH K
OTBITaM, TOATBEPKIAIONINM PEISITUBUCTCKOE 3aMeJjIeHe BPEMeH!
B CTO.

Hekoropeie pessitusucrsr [38,107] Bblgesstior TpU K/IIOYEBBIX
onwita (Maiikenscona, Kennemn-Toprnaiika n Aiisca-Crumysna),
KOTOpBIE AKOOBI C OJHO3HAYHOCTHIO TPUBOAAT K MPEOOPA3OBAHUSIM
Jlopenna (6aza gusg CTO). OxHako, MBI BUIMM, UTO BCE TPU IKCIIE-
puMenTa He aBisiorcs gokazarenbabiMu. CTO "moeucaer B mycTo-
Te' Jajke ¢ IKCIEPUMEHTAIBHON TOUYKN 3PEHMSI.

JlomostTHUTEILHBIE 3aMeYaHUsd

Haunem ¢ obmunx 3amedannii. CrnpaBesjuBOCTH paju HaJI0 OTMe-
TUTb, 9TO MPUHITAI OTHOCUTENBHOCTH JayKe JIJIT MEeXaHUIEeCKUX SB-
JIeHU HUKOT/Ia HE TTPOBEPAJICA C MaKCUMaJIbHOM IKCIMIEPUMEHTAJIb-
HO# TOYHOCTHIO. KCu MOBEPUTH B OTCYTCTBUE BCEIMPOHUKAOIIETO
sdupa, TO aHAJOTUIHBIMU CBOWCTBAMHU 00T TPABHTAINOHHOE
nojie. Kak 6b1 HU BUTAICS HABIIOMATEb Ha 3eMiie (P TPSIMOJII-
HelTHOM PaBHOMEPHOM ABUZKEHUN WJIN KPYTOBOM [BUZKEHUU TI0 T10-
BEPXHOCTH 3eMJIH ), CUJIA TSIKECTH OyIeT MEHATHCS [0 BEJTNIUHe UK
HAIPABJIEHUIO, UTO MOYXKET ObITH OOHADPYKEHO MPU CPABHEHUHU KOJIH-
YeCTBEHHBIX 3aKOHOMepHOcTell B skcmepumenTax. CiieqoBaTesbHO,
BasBISIEMble TUMOTETUYECKNE KCIEPUMEHTHI MOTJIM ObI OBITH MPO-
JeJIaHbl TOJIBKO B OTCYTCTBHE TATOTEHUA WJIN K€ TIPpU CTPOTro CUM-
METPUYHOM paCIpeIeeHnn Bceit BceleHHO# OTHOCHTENTBHO TOUKU
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nabmonenns. Ho mpm Haanyuum ABUKYIIAXCS T TaKasg CTPOTast
"kommencanusa" TAroTenns Moriaa Obl OBITH TOABLKO B OJHON TOUKE.
Bo Bcex peanbuBIX Ciiydasx HAOIIOZAIOTCS aDCOTIOTHBIE W3MEHEHUS
COCTOAHUS (CKOPOCTH, YCKOPEHUS U JP.) OTHOCUTEJBHO TOYKH TTPO-
CTPAHCTBA, KOTOPYIO B JAHHBIH MOMEHT MTPOXOIUT UCCIETYEeMbIit 00b-
exT. Kpome Toro, ciaemayer mpu3HaTh, YTO CTPOTOE TOHSITHE WHEPITH-
aJIbHOI CUCTEMBI B QKCIMEPUMEHTAJIBHOM TIJIaHE JTOJIZKHO 6LIT]) pac-
IIIIPEHO W PACIPOCTPAHEHO Ha "MOYTH WHEPIHAJIbHBIE CUCTEMBI", TO
€CTh Ha CHUCTEeMBbl, HEOTJIMYMMBIC B TIpeJiesax CYIIeCTBYIOMIEH TOY-
HOCTU OT CTPOTO0 MHEPIINAJIBHBIX CUCTEM B T€YEHHWE BCETrO OIIhITA. B
MPOTUBHOM CJIy4Yae 9TO MOHATHE ObLIO OBl JUIIEHO MPAKTUIECKOTO
TTPUIOXKEHWsT W OKA3aJI0Ch Oecrmome3nbiM mst bmsmkn. Hampuwmep,
SICHO, 9TO BCe 6e3 MCKoUeHus "'peiaTuBUCTCKue" OTBITHI TPOBEIe-
HBI Ha HEMHEPIUaabHOH 3eMie (HemHepIuaILHOCTh 3eMJIH 9JIEMeH-
TApHO JIOKA3BIBAETCA MagTHUKOM DYKO) M eC/IU MOIXOAUTH COBCEM
CTPOTO, TO HEJIbB3d IJId X O6'bHCHeHI/IH TPpUBJIEKATH TTPUHIIAIT OT-
unocurenbaocT CTO (6ecnpesenbras cTporocTsh "craBuT Kpecr''Ha
m060M paszjene dusvke).

Craenaem erre onHO obiiee 3amedanne. OMMIO0IYHOCTL TEOPHUH OT-
HOCUTETHLHOCTH HUKAK He CBs3aHA C HAJUYUEM WU OTCYTCTBUEM
Bcex Tex 3 dexro, Koropeie CTO mbITaercst omucarh W CHEKYJIH-
pOBATH HA 9TOM (TaKKe KaK OTMEHa XPYCTAJIBHBIX chep He OTMeHs-
er peasbHO HabIOMaeMoe JBuzKenne 1aner). Hamo geTko oraensts
JIBa, BOTIPOCA: CYIIECTBYET JI CAMO SIBJIEHIE U BEPHA WU HET HEKOTO-
past Teopusi, TPUMUCHIBAOIIAS eNHCTBEHHOM cebe 00bICHeHe 3TOTO
syienusi. [lo Tem "mpuumnam koTopsie 3aspiaersl B CTO, Hukakmx
9KCTPAOPAMHAPHBIX 3D MEKTOR TPOCTO HE MOMKET OBITH (COBOKYTI-
HOCTB mojioKenuit u BeiBo10B CTO HEcOBMECTHA, TO €CTh JTOTUIECKH
nporuBopeunsa). Ecmm ke kakoi-To 3dbdekT HabI01aeTcst, TO HAI0
JJIsT HETO MCKATBH JPYTYIO PeabHyio MpuanHy (0ObsiCHeHne, HHTep-
nperaruio). Kaxmas reopust comep:KuT pas " ecim KOTOpbIe TOIKHBI
MPOBEPSATHCS IKCIEPUMEHTAIRHO. Hampumep, MOXKET JI IPH PeaJib-
HOM (!) M3MeHeHNM CKOPOCTH 00HEKTa M3MEHATHCS TEUYeHNne HEKOTO-
pbIX npolieccoB B Hem? B npunnune, moxer. Hanmpumep, nepsoe "ec-
qu": cymectByet acup; Bropoe "ecin': HEKOTOPBIH TTPOITECC 3aBUCUT
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OT CKOPOCTH OTHOCWUTEIBLHO 3TOr0 3dupa. Ho Torma orHOCHTEIbHAS
CKOPOCTH JIBYX CHCTEM HABIIONEHUs OYIeT COBEPIIEHHO HU MPU YEM.
Ta.K €CJ/In TepBad W BTOpad CUCTEMa ABUKYTCA B TTPOTHUBOIIOJIOZK-
HBbIE CTOPOHBI C OJMHAKOBONH CKOPOCTBIO OTHOCHUTETHHO 3PUpa v, TO
AHAJIOTUYHBIE TTPOIECChI B 9TUX CUCTEMaAX 6y,ZI;yT npoTeKaTh OAWHA-
KOBO. Ecin e TpeThst cucTemMa JBUMKETCS B TY Ke CTOPOHY, UTO U
mepBast, HO CO CKOPOCTHIO 3V OTHOCUTENHHO 3Upa, TO, HECMOTPST Ha
Ty JKe CAMYI0 OTHOCHUTEIHHYIO CKOPOCTH 20, TIPOIECCHl B TPEThel n
IepPBOIt cucTeMax OyayT Pa3IudaThCs. B JaHHOM CIydae HapyIIaeT-
cst cam mpuHIAI oTHOCHTEeRHOCTH (1 yK Tem Gomee CTO). Takoe B
MIPUHIATIE TOXKE BO3MOXKHO, HO JIOJIZKHO TPOBEPATHCS TOJBKO B XO-
JIe 9KCIIEPUMEHTOB (¢ Tpebyemoil TOYHOCTBHIO TOr0 HUKTO eIne He
CIIeIa).

Erme oo 3aMevanne, KACAONEecs SKCIEPUMEHTATHHBIX PE3YITh-
TaToB. Pazdbpoc JaHHBIX B KaXKIOM M3 3KCTIEPUMEHTOR TT0 M3MEPEHUO
CKOPOCTH CBeTa KaK MPAaBUIO BHICOK. A 3agBisgembie B CTO manenn-
KHUe JOMYCKU TMOJYYIAIOTCA TOJBKO TOCTE OTPEIeIeHHON CTATHCTHYe-
cKOii 06paboTKM (TO €CTh TOATOHKW TI0J| YKEJTAEMBIE PE3YJILTATHI).
OTO yXKe MPUBOAUIO K KOH(DY3aM: 00bABIIEMOE PEIITUBUCTAMUI
HanboIee BEPOATHOE 3HAYUEHNE CKOPOCTH CBETA ABAYKIBI M3MEHSIN
C SIBHBIMH BBIXOJITAMW 33 TIPEJIE/IBI 3asBISeMbIX JTOMyCcKoB (cM. [25]).

SameTumM, UTO B KOCMOCE NUCIEPCHUsI CBeTa ObLIa ODHApYKEHA
nasro [5]. B pabore [48] 6b11a npemonoxkena aucrepenst ¢(w) B Ba-
Kyyme (9Ta runoresa Oygaer paccmorpena B [Ipunoxenusix). Moxuo
MPUBECTHU TIPUMED, KOT/A JIUHUN U3JTyIeHUST MOSIBUINCE CITYCTS 2 Me-
csitfa moc/ie 0GHAPYYKeHHsT PEHTIeHOBCKOM Bembimky [13], 1To Takxe
MOYKET UMETh OTHOIEeHNe K TUCIIEPCHN CBETA B BaKyyMe.

Knaccuuecknit 3aK0oH CJI0KEHUS CKOPOCTel MMeeT OTHOIIEeHWe
TOJIBKO K TTOCTYTIATE/JIBHOMY JIBUKEHUIO TEJI. EC.)'[I/I Ke MMeeTCd errne
U KojebaTe/lbHOE JBUXKEHHE, TO B ODIEM BHUJE HUUErO OMpeIeseH-
HOTO O CYMMAapHOH CKODOCTH CKa3aTh HeIb3s (JaxKe IS Hepesis-
TUBUCTCKUX CKopocreii). Hanmpumep, ckopocTh yaapa MOJIOTOYKA O
KaMepTOH HUKAKOTO OTHOIIEHWd He MMeeT K CKOPOCTH pacHpoCTpa-
Harormxcs Bota. Kire npumep. [lycTs qauHHBIN CTEPKEHDb TBUKETCS
10 ITIOBEPXHOCTU BOJBI IIEPIEHIUKYAAPHO CBOECH JJINHE CO CKOPOCTBIO
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v1, & TOYETHBI UCTOYHWK TIEPeJT CTEPKHEM BO30YKIaeT BOJIHBI. T0-
T/Ia 9ACTh MyTU ST BOJHBI OYAYT UIATU B MOKOSIIEHCST OTHOCUTEHHO
CTEPKHST BOJE CO CKOPOCTBHIO Vg, & YaCTh IMYTH — B BOJIE, MOKOSIIIIENCST
OTHOCUTEbHO Oepera. B pe3ymbrare CKOPOCTH BOJIHBI OYIET JIeKaTh
MeXKTy V2 +v1 1 v9 (1 Oyzer, BooOIe roBopst, (pyHKIMeH pacCcTosTHIs
no ucrounnka). Chemyromuit mpumep. JIokagbHas CKOPOCTH 3BYKa
OTHOCHUTEIHHO CAMOJIETa B CAJTIOHE CAMOJIETa C JBIPKAMU OyaeT 3aBu-
CeThb OT CKOPOCTU YCTAHOBUBIIETOCS MTOTOKA BO3/IyXa BHYTPHU CAJIOHA
camosera (HEKOTOPHIi ananor Kodhdunnenta ysneuenns Openes).

BeCBMa CTPaHHBIM  ABJIACTCA TUITNTYIHOE "yBe.}II/ILIeHI/Ie TOYHO-
ctu''pu craructuueckoit obpaborke manubix B CTO. D10 o3Haua-
€T, 9TO MCKYCCTBEHHO BBIOMPAIOTCH TAHHBIE U UCCACAYIOTCS 3aBUCHU-
MOCTH, 3aBEJOMO YKJIAJIBIBAIOMINECS B JAHHYIO TeOpHio. Bo-TIepBhIX,
HaI/I60.T[ee BEPOATHBIC 3HAYECHUA PASHBIX (bl/ISI/ILIeCKI/IX BEJIMYUH MOTYT
OBITH COBEPITIEHHO HECBA3AHHBIMU TPUUUHHO JIPYT C IPYTOM JTarKe
B OTAC/TIBHBIX aKTaX BSaHMOrZ[eﬁCTBHH (BCHOMHI/IM pa3mane Mexiay
UCTUHHBIM 3HAYEHUEM W CPeIHNUM, Hanbojee BEPOATHBIM WA -
(bexkTUBHBIM 3HAUEHMEM B KOHKPETHOM NpOIEcce m3mepenns). Bo-
BTOPBIX, JIJIsT CYINECTBEHHO HEJMHEHHBIX BBHIPAYKEHUN M3 PABEHCTBA
cpenunx (mmm 3bdEKTUBHBIX) 3HAYEHWH BECHMa HEMPOCTO W3BJIEYh
3adBJIdeMbIe COOTHOMMECHUA JIJId MCTUHHBIX (MI‘HOBE}HH])IX7 njm TIpu-
YMHHO CBSI3AHHBIX) BEJIMYWH. TAKOrO aHa m3a JAHHBIX (IKOOBI O/
reepxkpaomumx CTO) maurme we Berpedaercs: (Begb HYYKHO TMPHUBJIE-
KaTh Teopuio (hIyKTyaluii B 3ToM ciydae). B-rpersux, a0 obpa-
TUTH BHUMaHNE Ha CJACOYIOINE MaTEMATUYIECKNE d)aKTEI:

1) crarucTuyeckoe ycpemHeHWe MePUOAMYECKON (DYHKIUN C HEm3-
BECTHBIM TIEPUOJIOM IO JAPYTOMY TEpuofy (HEBEPHOMY, HAIPUMED,
KOTVIA He YUUTHIBAETCS BKJIAJT TIEPEN3/TY UeHUST ATOMAMHI ) MOXKET JIATh
B pe3ysbTaTe HYIb WJIN BEININHY, MEHbITTe NCTUHHOM;

2) MOTBITKA OTPEETeHNs] MePUOANIECKON 3aBUCUMOCTH MyTeM BbI-
JIeJIeHNsT HePaBUILHO YT aHHON MWW CABUHYTONW TAPMOHUKHU JAET
Hynb [ cos(wt) cos(wit + a)dt = 0 mn 3anmKenHyI0 Bemanny. Bos-
MOYKHO, HEMPABUJIbHASA CTATUCTUYECKAsT 00pabOTKa JAHHBIX W €CTh
Ta TPUYUWHA, MO KOTOPOM, HECMOTPSA Ha 3HAUUTETHHBIE OTKJIOHEHUST
KAKIOTO W3 OTIAENBHBIX W3MEPEeHWH OT HYJIeBOTO YPOBHS, B pAJIEe
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onbIToB (THna MaiikesbCoHa) MOC/Ie CTATHCTHIeCKOH 00paboTKK 1Mo~
JY9alOTCS BECbMa MaJble KOJIeOaHNs BEJMYUH (BCIOMHUM aHAJIN3,
nposezierHbiii Musuiepom B conx ombitax [95]).

WccnenoBars Kakoe-HUOYIL SIBJAEHHE C IIOMOIIBIO TOHKOTO 3(-
dexra Meccbayspa ouenb "momuo". OgHako, BeChMa, CTPAHHO CO-
OTHOCUTH BJIMSTHUE TEMIIEPATYPHI HA CABUT PE3OHAHCHONW YACTOTHI
¢ apdexrom zamemienust spemerrn CTO B omwire ITaynga n Pebd-
KA — 9TO UUCTAsT CUEKYJSIUs. XOTS TEeMIEpaTypHble U3MEHEHUs B
GOIBITIEll UM MEHBINel CTEeNeHu BJUSIOT Ha BCe 0e3 MCKJIIOUEHUsT
dusnueckue sipyienusi, #Ho Bpemst CTO coBepIilieHHO HU MTpU YeM JIJIst
SIBHO KJIACCUYECKON 00J1acTh MccieoBanus. B mpoTuBHOM ciytae,
€CJIV COBCEM UYTh-UyTh MPOIOIKUTEH [VIOOATBHYIO MTPETEH3NI0 PEIst-
TUBUCTOB B GJIM3KYIO 00/1aCTh — JI0 TIIaBJIeHusT 00pa3ia (Koraa cam
9ddeKT ncuesHer), TO UTO HyXKHO JEKJIapUPOBATHL B 3TOM CJIydae:
BpeMsI 3aKOHUWJIO CBOil Oer, BpeMs CTAJI0 CHHTYJISPHBIM WA HUHOM
bpen? CrarmcTndeckuil aHaan3 B TeMIepaTypHBIX onbitax [laymma
u Pebxku — gemo Toxke BecbMa comHHUTETBHOE. OUpeaensercss BIH-
STHUE TeMIepaTyphl (BepHee ee M3MEHEHWil) Ha CABUT 9acToT (mpm
geM 3j1ech crapenne?!). HamoMmumm, 9ro remmeparypa XapakTepu3y-
eT pas3bpoc cKopocTeilt BHYTpu obpasma. Kak ke MOYKHO MPUITHCHI-
BaTh 3¢ ekt 06pasiy Kak mesomy? Boobiie cTpaHHO CBSIBBIBATH X0
Bpemenu ¢ ¢dekrom [lomnmiepa win BHIOUPATH B KAUECTBE WHIH-
KaTopa XOJa BPeMeHN HEKOTOPYIO YaCTOTYy KOHKPETHOTO MPOIECCA.

JleficTBUTENIBHO, TMYCTh MMEETCsT CHUCTeMa, COCTOSIIAst U3 OOJIBITOTO
9UC/Ia ATOMOB, BO30YKIEHHBIX C TOMOINBIO0 YACTOTHI Wi. Boibepem
WHINKATOPOM X013 BpEMeHU B 3TOM obOpa3ie JacToTy wi. Korma aTo-
MBI HAUHYT TIEPEXOUTH B OCHOBHOE COCTOSTHIE, OHU OYIyT W3/TyIaTh.
HaiimyTcst Takzke aToMbl, KOTOpbIe, HAIIPOTUB, OYIYT MOTJIOINIATE (Do-
TOHBI U HEKOTOPBIE U3 HUX UCIBITAIOT JaKe MHOTOKPATHOE TIOTJIOIIe-
Hue. B pe3yabTare B cucTeme OMOJHUTETBHO MOSIBUTCS JpyTas da-
croTa (J1azke HECKOJIBKO PA3HBIX 4acToT). Ho, OCHOBBIBASICH HA 9TOM
daxTe, abCypaHO CIUTATH, UTO BPEMS U3MEHUJIOCH JAXKE IS DTUX
n3OpAHHBIX ATOMOB, HE TOBOPSI yKe 00 MPUMUCHIBAHUU W3MEHEHUs
XOJIa BPeMEeHU BCeMy 00pasiy u yK Tem 0oJjiee BCEM CHUCTEMaM OT-
cueTa, ¢ KOTOPBIMU MOYKHO MBICJIEHHO CBSI3aTh HAIl 00paser] (MMeHHO
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rakue robammsanuu ucnoanzyior CTO n OTO).

Cremyioree METOIMYECKOE 3aMeUaHne KACAETCsl JacTO COBEp-
NIaeMOT0  PENSITUBUCTAMM TOJAI0ra TepMuHOB (omma u3  '"'mero-
noB"caMoyTBepKIeHust myTeM obmana). Tak, wieHsl, comepKarime
BEJINUNHY B 3HaMeHareje (HANpUMep, v/c W Ap.) OHW CTajiu Ha-
3BIBATH "PEIATHBUCTCKUMU XOTS B K/TACCUIECKOM CIydae TOA00HbIe
YJIEHBI TO2KE€ YaCTO TPOABJIAIOTCA UM, KaK MWUHUMYM, HeO6XOrZI;I/IMO
CPABHUBATH AHAJIUTHYECKNE BBIPAYKEHUS IS AHAJTOTUIHBIX UIEHOB
B KJIACCUYIECKOM W PEJIATUBUCTCKOM Ciaydasx. [lomoOHast curyarust
obMaHa MeIa MECTO B CJIYUae paJapHbBIX HAOoMeHwi Benepsl, Ko-
raa ObLT pachyten cayx o skober HosoM (17) mogreepx aennn CTO,
XOTsI Ha JIeJIe UCIOIB30BAINCH TUCTO KJIACCHIECKHE (DOPMYJIBI (CM.

[118]).

OnsiTer OTO

XO0Ts HACTOLIA TJIaBa He IOCBAIIEHa 00IIell TeOPHH OTHOCUTEILHO-
cru (OTO), Tem He MeHee (13-32 3asIBJISIEMOTO PEISITHBACTAMHI €/TIH-
CTBa TEOPUU OTHOCUTETHLHOCTH) JIJIS TTOJTHOTHI KAPTUHBI MPEICTABAM
JIOTIOIHUTEILHO HEKOTOPLIE KPUTUYUECKIE 3aMEeUAHNS K SKCIEPUMEH-
Tam. BecbMa, CTpaHHO, UTO B OJHUX CAyYasiX PEISITUBUCTHI YTBEP-
JKJIAI0T 00 SKBUBAJEHTHOCTH OMUCAHWS (HAMpuMep, ombita CaHbs-
ka) kak B pamkax CTO, Tak u ¢ MCNOIB30BAHNEM HEMHEPINATHHOM
cucrembl B paMkax OTO, a B Ipyrux ciydasx, BOIIPEKN 3asBIsIeMOit
SKBUBAJEHTHOCTH TPABUTAIMOHHOTO TIOJISI U HEMHEPIINAILHOCTH CH-
crembl, CTO maer HeajeKBaTHO MaJiblii pe3yabraT (HAIPUMEp, s
cMemenns nepuresns Meprypust).

OnpviT Xedeaa-Kuruira obbasien kax moarsepxkaatortmit OTO.
OHAKO 3TOT BHIBOJ, OBLT MOJIyYEH Ha OCHOBE MaJoii (OmsiTh ypesan-
HOi1) BBIOOPKHU. [Ipyrue mccienoBaTesu, MOy IUBIIIEe JOCTYI K TeM
JKe TIEPBUYHBIM JTAHHBIM CJIEIAIN TIPSIMO TPOTHBOMOJIOKHBIH BBIBO/I.
ITpu stom ombir Xedens-Kurtunra ObLT UCTOIKOBAH B MOIL3Y 3a-
BUCUMOCTH BPEMEHH OT TpaBUTAIuu (WHTeprperanus (hbakTUuIecKu
O3Ha4YaeT U3MEHEHUE CaMOW Hecylleil 4acToTbl I'eHepaTropa B I'pa-
BUTAIIMOHHOM Tosie). OIHAKO, B TAKOM CIydYae OH MPOTHBOPEUUT
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naTepnperanun onbita [layrga-Pebku, rme canramoch, 9T0 TeHepa-
TOp JAeT OJHY W Ty K€ YacTOTy Ha Jioboil BbicoTe (M KaKOi-TO
"3 ONBITOB HYYKHO WCK/I0YATh 13 "KOMUIKK'"TEOpUn OTHOCHUTE IH-
Hoctn). Hemmoxo Ob110 GBI TEOpeTHKAM Ha BpeMsl MEPeCTaTh TBEp-
auTh "aTo JOJIKHO OBITH "BRITAIUTH BaTy U3 yieid'"'w mocaymarh
TeX, KOTO OHU CAMU Ha3BaJi CKPOMHBIM U HE3aMETHBIM CJIOBOM "Ha-
6ronaresn'"[134], urobbl y3HaTh, a "uro ke ecrh Ha camom jese'.
Benn nmenno stu "mabsomarenn'"ydacTBOBAIM B CO3MAHHM Tpe-
nmymecrBennoi cucrembr orcuera' (WGS-84, T13-90, TJIOHACC,
NAVSTAR GPS), sonpekn mocrymaram CTO BBOaMIM monpasku
Ha JIBUXKEHUE MOBEPXHOCTU 3EMJIM OTHOCUTEIBHO HABUTAIMOHHBIX
cryTHUKOB u T.;. Hekoryja npaktukam (reome3mcram, WHXKEHepaMm,
n300peTaTeigM, SKCIEePUMEHTATOPaM) CAyIaTh "oObsICHeHns 31
HUM YUCJIOM OT TEOPETUKOB U TIPUXOJUTCA WM ,Z[ef/'ICTBOBaTb KaK B
mocJioBuIle 'po J1arornyio cobaky u maposos". Tak BoT, reHepaTopbl
crytankoBbix cucteM NAVSTAR GPS nmacrpawmsator na 3emite Ha
qacrory 10,22999999545 MI', uToObI Ha OpOUTE YACTOTA TEHEPATO-
pa mosbicnaack 70 10,23MI'1t B cTporoM COOTBETCTBUHM C M3BECTHBIM
emme 1o CTO sddexkTom DTBelna, T.e. MHOTOJETHHE HABUTAIMOHBIE
9KCIIEPUMEHTRI OTIPOBEPTAIOT €IMHUYHBIN ONbIT ¢ '"JeTaionmmn ca-
mosteramu". I'paBurarmonnoe cmernenne B [33] Toakyercst ¢ suepre-
TUYECKUX TTO3UINIA, & KY/Ia Ke UCUe3/I0 3aMe/[JIEHNe BpeMeH! B MOJIe
TsizkecTr? [lonbITKa W30aBUTHCS OT PEJISATUBUCTCKON "pazHoroocu-
mel"mpeanpuasTa B [21]. Oxmako, "o6bsicHenne' pe3yabTaToB OMbBI-
Ta B JIAHHO CTaThe ¢ TOMOIIBI0 Mogean audTa (06J1aJa0Mero Hy-
JIEBOI HAYAJILHON CKOPOCTHIO) COBEPIIEHHO HEOBGOCHOBAHHO, MOITO-
My HeJIb3sl CINTATH COmocTaB/eHue onbita [laynma-Pebku ¢ ombrrom
Xedensg-Kurtunra B Mop3y TPABUTAIIMOHHOTO U3MEHEHUS X0, Ta-
cos (BcomumnMm, uro corsacio OTO rpaBuTannoHHOe MOJIE JIOKATH-
HO "BBIK/TIOUEHO"B cBOGOAHO magatomem jmdre). leao B ToM, UTO
Bce popmyast CTO u OTO nokanbabl. PakTHYeckn, B JAHHON CcTa-
The PEJATUBUCTHI MBITAIOTCT "CO3MaTh" MBICIEHHO €IUHBIH 0O0BHEeKT
C TOMOIIBI0 HECKOHEYTHO OBICTPBIX CHUTHAJIOB. MoxkeT ju TOT hakT,
9TO MPUEMHHUK Ceifac KaKUM YTOZHO 00pa30M IBUTAETCA BHYTPH JIa-
HopaTopuu MOBAUITH HA TMOJYUEHHBIN OT a-TleHTaBpa depe3 4 roma
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dboron? Koneuno, ner! Bexp mw CTO cumraer, uro curnan (dporon
U €ro BJIMSIHWE) PACIPOCTPAHSIETCS] CO CKOPOCTBIO CBETa (IIPEBICTO-
pust mporecca He BKovYena Hu B oaay dhopmyay TO). Tlosromy mbr
He JIOIKHBI CUUTATH CKOPOCTH JudTa B HAYAJBbHBIN MOMEHT paB-
Hoit Hysi0 ipu "oObsicaenun" ombita, [layuna-Pebku. Haobopor, mbr
JTOJTI?KHBI COOOIUTH CBOOOIHO TAMAIOIIEMY JU(PTY TaKyi CKOPOCTH
(oma we BiMsier Ha ymaJgeHHBIH (HOTOH), 9TOOBI B MOMEHT TIPUEMA
dborona "mpubtop" (BocHpUHUMAONIMIT ATOM) HAXOIUJICA B TOM ¥Ke
MeCTe, UYTO W PeaJbHBIN MOKOAIINICS aTOM, W TOYKe MMesl HYJIeBYIO
ckopocTh. Zcuo, uro acdpdext Hommmepa Oymer TOrga HU MPHU H9eM,
TaK KaK OH 3aBUCHUT TOJBKO OT CKOPOCTH, a He oT yckopenus. Oba
aTOMa 6y,Z[yT HaXOAUTHCA COBEPIMTEHHO B OAMHAKOBOM ITIOJIO?KEHUW N
pasjindnre COCTOUT JIUIb B TOM, UYTO Y OJHOTO €CTh OMOpa CHU3Y, a
y Broporo — Her. Ho Benb ecii MIHOBEHHO yOPaTh OMOPY HUYIETO HE
mozker m3mennThest B CTO (cormacuo adbdekry domnmaepa). Ograxo,
JLJIE 9TOTO KOHEYHOTO COCTOSTHUsT (DOTOHBI MOYKHO OBLIO OBI TTOC/IATH C
pasuoit "rrybuHBl TO ecTh 3 GEKT OBLT OBI JJIsT OTHOTO U TOTO YKE CO-
crostamst (mecra) pasubiv. CrepoBarensno, nabmomaembrit addexr
— 9TO BJIUSIHUE HE MeCTa HAXO0XKJEHWUs BOCIPUHUMAIOIIETO aToOMa, a
MMEHHO W3MEHWBITINXCS CBOWCTB camoro (dorona. Kpacmeer mMmermHo

dboron (a me "cuneer mecro npuema''), UTO BIOJHE MOMXKET OMUCHI-
BaThCs B KJIACCHYECKUX TEPMHUHAX MOTEPH SHEPTUU ¥ U3MEHEHUS Pe-
anpHON wacToThl (horona (a He HabrogaeMoit vactorer). [Ipuseen-
Hoe B [21] "o6bsacuerne"OTO sToro cmemenns B TepMnHax "'mocu-
HEHUsI SHEPTETUIECKUX YPOBHEN MOT/IONMIAIoIero aroMa' BecbMa, Co-
MHHUTEIBHO U TI0 JAPYTAM coobpazkeHusaM. [T0CKOIBKY pedb uier o6
OTIEJIBHOM aToOMe, TO JTaHHbBI 3(hdeKT He MOKET OBITH "XapakTepu-
crukoii mecta" (vacos OTO). Hanpuwmep, aTomer raza Bcerga (Kpome
MOMEHTaQ CTOHKHOBGHI/IH) HAXOJATCA B CBO6OII;HOM IaJeHNN 1 HUKA-
KOTO CMEITEeHUsS B JAHHOM MecTe He HabII0Iamoch Obl. B xKuakocTax
n TBEPABIX TeJjlaX aTOMbI TOXKE HaXOAATCA B JIBUXKEHUUN ('B;a}Ke mpn
T — 0). CieroBaTeapHO, BMECTO YETKOTO CMEIIeHust JUHIH (3¢-
(beKT CHIIBHO TyBCTBUTETEH JaxKe K CKOPOCTSM B HECKOJBKO CM/C)
HabJII0TATOCH OBI CILIONTHOE pa3MasbiBanue Juann. Ho B 1000M Ciry-
Jae mostygaercs ue "Beeobmuii rpapuranonueiit adbdexr OTO"[21],
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Puc. 3.5: Perpetuum mobile OTO.

a 3 deKT, BABUCAIIIN OT yIaCTBYIOINX B JAHHOM MPOIECCe KOH-
KPETHBIX HEPEeIITUBUCTCKAX MEXAHU3MOB. XOPOIO MPATATHCST 33
pesonancubie 3hEKTh (HaMuIMe JUHWH U3JIyYeHns ), a €CJIu Mbl
PacCMOTpUM TIepexobl B HEMpePhIBHLIH crieKTp? OTKy/1a HempepbiB-
HBIIl CIIEKTP 3HAET IMyTh, MPOWIeHHbI (poToHOM? A eciam ydecTs,
UTO He KaxKblil (poron, "ymasimuii' Ha aToM, MOTJIOMIAETCS, a 9acTh
doToHOB BCerma mposeTaer TO camoe 'MOCHHEBITIEe MECTO KOTOPOe
ux oxumgano? A ecim Boobrme HeT cpeanl! Hampumep, mycts ¢gpoTon
mokugaeT "vepuyio Aeipy". Jletur oH cebe ¢ HEMBMEHHOI SHEPTHEId,
a MecTa, KOTOphIe OH MPOJIETAET 1o J0pore, Bee "cuueroT u cuneot".
IIpekpacuas nos3us! B dusnke He MOXKeT cUnTaThCA 00HLACHEHUEM U
MAHUMYJISIIUS ¢ MATEMATHIECKIMU CUMBOJIAME (HATIPUMED, YCIOBHE
be3maccoBocTH B TpeTheM "ob0bsacuennn'[21] — me Gosee, wem rumo-
re3a). To, uto obbsacuenune onbita [laynna-Pebkn BepHO MMEHHO B
TEePMUHAX SHEPTUH (MEHSIeTCS SHEPrusl M, 3HAUUT, 9acToTa (HhOTOHA),
SICHO M3 CJIeJIyIOIero MbicaenHoro sxcnepumventa (Puc. 3.5). Ilycrs B
TPABUTAIIMOHHOM I0JIe g BHU3Y MPOAHHUTUINPOBAJIN JIEKTPOH U TT0-
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sutpon. OTpa3nm nBa mosyauBImrxcs poTona BBepX. [lycTh BBEpXy
ONATh TMPOM3OHIET pPOXKIeHUe Mapbl dacTuil. Kcau sueprus ¢hoTo-
HOB HE MEHAJIACH TIPU TTOAbhEME B TI0JI€ TAKECTH (BCHOMHI/IM 06]31‘{—
HBII BO3/IyX Ha 3emJie), TO Kak yKe Mbl 6€3 3aTpaT SHePrUH MOHSIIN
YACTHIBI B TI0JI€ TSYKECTH Ha OOJIBIIYIO BBICOTY (COOOIMIM MM J10-
MOJTHUTETBHY IO TIOTEHIUATBHY 0 SHEPTHI0)? DTO BEUHBII TBUTATEH?
[MTomo6roe mpoTusoOpedne Oymer eme Goiee BhIpaKeHHbIM (1 6e3 nc-
MOJIb30BAHUS BCTIOMOTATE/TBHBIX OTPAKEHHit), €CJI BHU3Y UCIIOIB30-
BaTh PEAaKIWIO WHOI'O THUIIA — KOrla U3JIyYaeTCd OAVUH raMMa-KBaHT,
a BBEPXY — COOTBETCTBYIOILYIO OOPATHYIO PEAKIINIO.

BeCBMa CTPaHHO BBITJIAOAT HEKOTOPHIC 3adBJICHUA PEIATUBUCTOB
0 BO3MOYKHOCTH U HEOOXOUMOCTH HKCIEPUMEHTAJTHLHOTO OMPEeIese-

HUsT "' IKOOBI CYIIECTBYIONEro " MCKPUBJIEHUS TPOCTPAHCTBA (B HAIIel
exnacTBennoil Beenennoii!): a orrocuTensHO Wero, co6CTBEHHO, W3-
MepsieTcst Takoe UCKpubjeHue! Bemap akcmepuMeHT MoxKeT 3apukcu-
POBATH TOJIBKO TTPOUCXOAAIIINE M3MEHEHUA C (bI/ISI/ILIeCKI/IMI/I BEJINYN-
HaMU (METOJ[ COTIOCTABJIEHNUS C STAJTOHHBIMU 3HATCHUSIMHA ).

Pestomupyst kputnky 6asuca TeOpun OTHOCHTEIBHOCTH, CIEAyeT
BBIBOJ[ O HEOOXOIMMOCTH BO3BpAaTa K K/JIaCCHIeCKUM HBIOTOHOBCKIM
TTOHATUAM TIPDOCTPAHCTBAa W BPEMEHU. MEI TaK?Ke€ BO3Bpalla€MCd K
KJTACCUYIECKOMY JIMHEHHOMY BEKTOPHOMY 3aKOHY CJIOYXKEHUsT CKOPO-
CTei /I JYaCTHII.

Emie pa3 o ckopoctu cBera

[TonsiTe CKOPOCTH B KJIACCUYECKOW (PUBUKE UYETKO OIPeIeIeHo
(Mmoxkro maxe T['AUl BcrioMHMTB), W TOJNBKO [isi "TaWHCTBEHHO-
ro arenta 007 — cera'mMeercs MHOXKeCTBO "macmopros'(cormacHo
penarusucram): "Besmkas''mocrosunas (koropoit maercss "pexsTu-
BUCTCKasi Tpucsra); KOOPAUHATHAST CKOPOCTH (3TO KOTJA DPEeJIsTH-
BUCTHI HY HU KaK HE CMOTJIU CIIPSTATH HEOOXOIUMOCTH KOITYHCTBEH-
HOTO ¢ & v) — 9TO ¢ Hee B3sATH; (hazoBast CKOPOCTH (110 KOTOPOii pa-
foraroT reoze3ucTsl [134], ONTHKN PACUYUTHIBAIOT MUKPOCKOIBI U Te-
JIECKOTTBI, ACTPOHOMBI PACIUTHIBAIOT PeDPAKINIO U AP.); IPYIIIOBas
cKopocTh (KoTopyto "¢ coxasennem"BBesr Pasteit u KOTOPyIo pakTH-
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KU TTOYTU HE MCIHOJIB3YIOT, HO KOTOPYIO YaCTO PEIATUBUCTHI O6'])HB-
Jstior "HACTOSIIEH ecTi, KOHeUHO, OHa 'ciyuaiiHo'"He OKa3bIBAETCs
OTpI/IHaTeHbHOﬁ njan >xKe 60.}'[])1_[161717 YeM Ha3HaQYE€HHad MMU KOHCTaH-
ta). Cmomuoe "BOK3aJbHOE IIYJIEPCTBO C TpeMs CTaKaHUInKaMu':
yrajgan - He yragai.

XoTa BOIIPOC 0 CKOPOCTH CBETA, OBLT M3JI0KEH BBIIIe, ChOpMyII-
pyeMm 6oJ1ee 9eTKO 3aKOH CJI0KEHWsI CKOPOCTEH JI/IsT CBETOBOTO CUTHA~
na (I 9UCTO KOPITyCKY/ISPHON W YHCTO BOJHOBOW MOJIEIN CBETA)
HA TIpUMepe OJHOMEPHOro apmKerns. OCh HAIPABUM OT MCTOYHH-
Ka K npuemHuky. [lycTs Ha paccrosgaun L OT MPpUEeMHUKA UCTOIHUK
HUCIIyCTHUJI JIYY CBeTa, OTINYAIONINICA HEKOTOPOH YaCTOTHOR Xapak-
TEPUCTUKOHN wy. TOTIa, BO3MOXKHBI JIBE CUTYAIIWHN.

1) HesaBucumo OT TpHUPOALI CBETAa, MPU JBAXKEHUN MPUEMHUKA
CHTHAJIA CO CKOPOCTHIO ¥ OTHOCUTENIHLHO WCTOYHUKA CBETA CKO-
pocth mostyuenust curuana (L/t) Gymer onpemenarbes reoMeTprye-
CKOit cymMmoit ¢(wp) — v, a 4YacToTa BOCHPHHIMAEMOIO CBeTa Oy-
JIeT ONpeeaThCS TIPOCTERIINM KIACCHIeCKAM 3aKoHOM Jlommiepa
w = wp(l — v/c). Bonpoc 0 ToM, Kakyio JIOKaJIbHYIO CKOPOCTh (KO-
/13 BCE M3MEPEeHNsI MPOBOIATCS BHYTPU MIPUEMHUKA, (DIKCHPOBAHHBIX

pa3MepoB) OyeT PerucTpUpPOBATHL MPUEMHUK, COBEPIIEHHO IPYTOii:
9Ta BEJIMYNHa MOXKET 3aBUCETH OT IIPUPOJBI CBETaA (BOHH&? TOYEYHaAA
JacTuI@a? YacTUI@ ¢ BHYTPEHHUMHU CTEIeHSIME CBOOOIBIT), YCTPOii-
CTBa MTPpUEeMHHWKa, 9aCTOThI W W T.I.

2) Tlpu ABMKEHUN MCTOYHUKA CUTHAJIA CO CKOPOCTBIO U PE3YJIbTAT
3aBUCHT OT MPHUPOJIBLI cBeTa. Ecaum cBer mpejcrasisier coboil MOTOK
YACTUI], TO ONATH IOJIy4YaeM JUHEHAHBIN KITaCCUUYeCKUN 3aKOH CJI0XKe-
HUst ckopocTeit ¢(wp) + v. B cayuae, ecim cer npejcrapisier coboii
BOJTHY, MBI (DAKTHUIECKH WMEEM JEJIO CO CJIOKEHWEM MOCTYIATE k-
HOTO "N KO.T[e6a.Te.TH)HOFO ABUXKEHUA N TEOPETUK HE MOXKET B ABHOM
BHJIe HAMNCATDH 3aBUCHMOCTE clw(v)] u 3akon Hdommrepa. dnsa semn-
YUHBI CKOPOCTH MOKET OBITH B TPWHITHIE HAMIEHA CBA3L C XapakK-
TepucTrKamMu cpenbl pacrnpocrpanenust”". HamomuuMm, 9T0, Hampu-
Mep, CKOPOCTh 3BYKa B ra3ax MOXKET OBITH BBHIPAYKEHA UE€PE3 CIIETYIO-
e BeJTMIWHBI: MOJIEKYJISIPHBIN Bec ra3a, TEMITEPaTypy, MOoKa3aTeab
amnadaThl; ST TBEPABIX TE TMPOMOJbHAS W TOMEPEYHAsT CKOPOCTD
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3BYKa BBIPAXKAETCsI depe3 MIOTHOCTh, Moayb FOHra u koadduim-
ent Ilyaccona; mis KumKOCTell HYKHO 3HaHNE HEKOTOPBIX SMITUPU-
vecknx Ko3dduimentos. OHa U3 BO3MOXKHBIX MMIIOTE3 O CKOPOCTH
pacmpocTpaHeHust CBeTa B BakyyMe Oyner BbicKazaHa B [Ipumoxkenn-
X, TAE TIPEI0IaraeTCa, 9TO Ha MPOIECC PACIPOCTPAHEHU CBETA OC-
HOBHOE BJIMAHUE OKA3BbIBAIOT BUPTYaJbHBIC 3JICKTPOH-TIO3UTPOHHLIE
mapbl. B oTHOMMEHNN 9acTOTHI: TOIBKO B TIPeAeIe MaIbiX KoaebaHmii
JacToTa OmpeaeauTcs u3 3akona lommrepa w = wo/(1 — v/c). B
C/ly4ae IPOU3BOJIBHBIX PAaCCTOAHUN, HAIPABICHUN IBUXKEHUA, IIPO-
M3BOJIBHBIX TOJIEi, BO3MOYKHOTO HAJWIHs dPUPA WIN BHYTPEHHEet
CTPYKTYDBI CBeTa (HAJTWYUS JOMOJHUTENBLHBIX CTerneHel CBOGOIbI)
BCE€ 3aBUCUMOCTHU MOTYT CyHIECTBEHHO YCJIO2KHUTBHCH. Ta.KI/IM o6pa—
30M, KakK OIpeeseHre 3aKOHa CJIOXKEHUd CKOPOCTel, TaK U caMoi
CKOPOCTH CBETa (OHHTB — He JIOKAJIbHOW, BHYTPU IIPUEMHUKA, & B Ba-
KyyMe MexKjy MCTOYHWKOM u mpuemHukoMm!) u 3akoma lommiepa B
obIIeM cityvae SIBJISIETCS MPEPOTaTHBON OIThITA.

3.3 BriBoanr k I'maBe 3

[Tockonbky UMK SBASIETCS B MEPBYIO OUEpeTh IKCIEPUMEHTAb-
HO¥ HayKOW 1 DOJIBITMHCTBO yYeOHNKOB HAUMHAETCS MMEHHO C SKCITe-
puMenTaabHOrO "0b6OCHOBaHUS" TEOPUU OTHOCUTENBHOCTH, TO CYIIIE-
CTBOBaJIa HEOOXOAMMOCTH (HECMOTPSI HA HAJTWYHUE JIOTHUECKUX MTPO-
6eso CTO) mpoaHaIM3MpoOBaTh PENSITHBUCTCKYIO WHTEPIPETAINIO
psiZia SKCIIEPUMEHTOB ¥ TTOKA3aTh €€ OMMMO0IHOCTH (pedub He uaeT 00
OMTUOOYTHOCTH CAMUX MOJIYUEHHBIX B OTBITAX JTAHHBIX: SKCIIEPUMEHTA-
Top Beerga npas!). B nannoit Tnase 3 s mycroro npocrpanctsa (¢
YUETOM TPHUHIUIA OTHOCUTETHHOCTH) OBLIN MOAPOGHO TPOAHATI3N-
POBaHBI C KOPIYCKYJIAPHON W BOJTHOBOW TOYEK 3PEHUS SKCIIEPUMEH-
To1, mpuBeamine K yreepxaenuto CTO. [lokazamo, uTo Bce 3TH IKC-
MEPUMEHTBI MOTJIA JTaTh TOJBKO "HY/IE€BO# pe3y/abTaT TakK KaK eH-
CTBEHHO BO3MOYKHAsI 3aBUCHMOCTH CKOPOCTH CBeTa ¢(w) He MCCIe0-
BaJIaCch BOBCE. 3aTeM ObLIN MPOAHAJU3IUPOBAHBI T€ HKCIEPUMEHTHI,
KoTOpbIe sikoOB! TIoaTRep:kIat0T CTO, u gaH psij METOIMIECKUX 3a-

MeJaHU.
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I'maBa comep:xuT Kak 00IIME 3aMEUAHUS IO FKCIIEPUMEHTATLHOMY
00OCHOBAHUIO TTPUHITATIA OTHOCUTETLHOCTH, TeOpuaM 3upa, CTaTH-
CTUYECKO#l 0O6paboTKe MAHHBIX W APYTHE, TAK W KOHKPETHOE KPU-
THYeckoe obCyXKiaeHne abeppamun, onbiToB Maiikenbcona-Mopiin,
Kennemu-Topuaaiika, Aiisca-Cruaysia u apyrux. 3aech oKa3aHa,
COBEepIIIeHHAsT HEaIeKBATHOCTh MHTEPIIPETAINIT ITUX OMBITOB B PaM-
kax CTO. B konme rmassl 0b6cyxaens Takne srcrmepumenTs OTO
kak onbIThl Xedens-Kurtunra u [layuna-Pebku n mokazana HeBep-
HocTh mHTepnperanuu 3tux onbiTtoB B OTO. Jannasa rinasa mpoe-
MOHCTPHUPOBAJIA COBEPITIEHHYIO 3KCIEPUMEHTAILHYI0 HEeOOOCHOBAH-
HOCTBH TEOPUN OTHOCUTEJHLHOCTH.



I's1aBa 4

JIlmHnaMuka crnenmuaJJabHOI
TEOPUI OTHOCUTEJILHOCTU

4.1 Bsenenme

B mpeasiaymmx raasax ObLIa J0Ka3aHa MTPOTHBOPEINBOCTH KUHEMA-
tuaeckux mouaruit CTO, weobocroBanunocts OTO, HEBEepHOCTH pe-
JFATUBUCTCKUX WHTEPIIPETAINI PsIjia KITFOUEBBIX SKCIIEPUMEHTOB (1~
JKe €CJIM TOC/IE 9TOTO OTHOCUTHCS K TEOPUM OTHOCHTEJIBHOCTH KaK
K MHEMOHHUYIECKOMY MPABUIY, TO YK CJIUIIKOM OHO TPOMO3JIKOE U
HepasyMHOe). XOTs 3TOr0 BIOJIHE JOCTATOTHO, YTOOBI NCKATH WHBIE,
OTJINYHBIE OT PEJATUBUCTCKUX, UHTEPIPETAINN HADIIOTAEMBIX SIB-
JIEHUIT, TeM He MeHee JaHHast [JraBa 4 JTOTOJIHSIET BBIMIEYTOMSHYTYIO
CUCTEMATUYECKYI0 KPUTUKY TEOPUU OTHOCUTeNbHOCTH. Jleso B ToM,
9TO BCe y4YeOHWKHW, HaUdWHAsl CO IMKOJBHBIX, HACTPAWBAIOT HAC Ha
UJIEI0 TaK HA3BIBAEMOTO MPOTPECCa, OCHOBAHHOTO HA yCIIEXaX COBPE-
MEHHOI HayK!, OJHUM U3 OCHOBAHUN KOTOPOI PEKJIAMUPYIOT TEOPUIO
OTHOCUTE/THHOCTHU, TTOUEMY-TO YIIOMUHAS IIPH TOM aTOMHY0 60MOy 1
yekoputeau. O HAKO /TaXKe 37eCh CUTYaIlnsT JAJIeKO He TaKas YK 6e3-
obnaunas (xoTs Teopernknu (haHATUIHO BEPAT, UTO TOJBKO "KpPIod-
KU KOTOpbIE OHU THIITYT, UMEI0T CAMOe HeTTOCPEICTBEHHOE OTHOIIEHIE
K JIeHCTBUTEHHOCTH ): 110 "maeanbHbIM TEOPETHIECKIM pacTeTaM Hit
OJTMH YCKOPUTE/Ib HE BBIXOIUT HA MPOEKTHYIO MOIIMHOCTH - B MPaK-

146
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TUYIECKUX KypCaX W WHYKEHEPHBIX pacyerax B OOJBIIMHCTBE CIyJIaeB
MOB3YIOTCS (PEHOMEHOTOTUIEeCKUMHU (hopMyaaMu U "MOJITOHOUHBI-
mu'"mapamerpavu u paxkropamu. OCHOBHAS [1€/Ib HACTOSIIIIEH TJIaBbI
— MOKA3aTh, UTO JayKe B eIMHCTBEHHOM Ka3aJI0Ch OBI TIPAKTHIECKOM
pasmene CTO, a nMeHHO B PeIITUBUCTCKON IUHAMUKE, CYIIECTBYeT
MHOYKECTBO BOIIPOCOB, 3ACTABJISIONINX COMHEBATHCS B 0OOCHOBAHHO-
CTH PEIIATUBUCTCKUX I/Iﬂ;eﬁ " MHTEPIpeTanun pe3yjIbTaTOB.

N3Bectro dwumocodckoe BBICKA3BIBAHWE, YETKO MPUMEHUMOE K
CTO: "™bl BUAMM B IKCIIEPUMEHTE TO, UTO XOTHM TaM YBUIETH'.
[TonroraBiuBatoT MOMOOHOE OTHOIIEHWE U YCYTYOJISIOT CHTYAITHIO
TEOPETUKHU, KOTOPHhIE "BapsiTcst B COOCTBEHHOM COKY'H B JIIOOOM 3KC-
MEPUMEHTE TOTOBBI BUETH JIUIE TOATBEPKIEHNE CBOUX MAHUILY-
JIAIAI ¢ MATEMATHIECKUMU CUMBOJIAME (XOTSI aBTODP TOXKE MPUHAI-
JEKUT K TeoperukaM). CyIecTByroIye HeompeIeIeHHOCTH TeOPUH
(kcratn Tmarenmsno mackupyembie B CTO) mozsonsior B 3HAUN-
TEJILHBIX TIpefesiaX BapbUPOBATH WHTEPIPETAIUI0 SKCIIEPUMEHTOB.
A rajee HeEMOJIHOTA KCIIEPUMEHTOB MACKUPYyeTCst "HyKHBIM 0Opa-
30M'"TIpOBeIeHHON cTaTucTHUecKoi "moaronkoii" mamubx ("obpesa-
HreM' TAHHBIX TOJT YKEJTAeMBIi Pe3ysIbTar).

[Ipu BBIBOJIE ypaBHEHWII JIBUMKEHUS JJEKTPUUECKOTO 3apsia U
yPaBHEHWIT MOJIS B KypCaX TEOPETUYIECKO (DU3UKU IMHBITAIOTCA CO-
37aTh WITIO3NI0 onHo3uaunoi "unuiiun". Ho B TakoM ciyuae ypas-
HeHUsIMU JIIOOBIX TT0J1eit Oblin Ob1 ypaBHenusi Makcgesiia, a Bce cu-
Jibl O Ob1 JlopeHIIOBa TwMa U UMETH OBl B CTATUYECKOM CJIydae
BHJ] 3aKOHa Ky.}'[OHa. ,D;.T[H TPAaBUTAIMUOHHOTO TIOJIA TaKad aJIbTepPHa-
tuBa obmmeit Teopun orHocuTeabHocTH (OTO) MoKeT 06CyKIATHCS
(¢ HekoTOpBIME JOTOTHERUSIMEU 1 n3MeHeHusaMY ). OHAKO, B 00ImeM
CAydae CATYAIUs WHAS: HAPUMED, sTePHBbIE CUJIBI HE MPOIOPITNO-
HaabHBl B2 Cy1ecTByeT MHOXKECTBO KOHTPIIPUMEPOB PASIUIHBIX
mosteit u cut. CrieIoBaTeIbHO, TeOpeTudeckass (pu3nka, B TOM UUC-
se monxox CTO, me MoXKeT MCKIIOUATEILHO U3 CBOUX COOCTBEHHBIX
MPUHIIATIOR JeTEPMUHUPOBATEH BCE CYIIECTBYIOIINE SIBIEHWUS. DTO UC-
KJIIOYUTEIbHAs TpeporaTusa ombiTa. (Kpome Toro, skcmepmMeHTa-
TOP AOJI?KEH 6LIT]) TPUHIINTINAJIBHO TOTOB K TOMY, 9TO .T[IO6a.H Teopud
MOYKET OKa3aThCs HETOTHON MM JfaXke HEBEPHOIA. )
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Vausisier Takxke anoJiorerndeckas pexiaama CTO. Hanpuwmep,
nadocuoe yreepxaenue [40] o ToM, uTo "COOTHOIIEHIE MEXKTY MacC-
COil W DHEprueil JIEXKUT B OCHOBE BCeil siepHOil sHepreTuku'" He
UMeeT MO cODOil OCHOBAHUSI HU B UCTOPUYECKOM, HU B MPAKTUUE-
CKOM TIJTaHEe. DTO COOTHOITIEHNE HE WMeET HUKAKOTO OTHOTIEHUS HI
K OTKPBITUIO 3JIEMEHTAPHBIX UACTUI] U PATNOAKTUBHOCTU, HUA K U3Y-
YEHUIO CIOHTAHHOTO W BBIHYXKIEHHOTO PaChaja sigep ypaHa, HU K
OTIPEIESIEHUIO CTAOUIBHOCTH SITIEP, HU K YCTAHOBJIECHUIO BO3MOXKHBIX
KAHAJIOB SIIEPHBIX PEAKINil 1 BO3MOXKHOCTH TTPAKTHIECKOT0 BHIOOPA
MeXKJy HUMU, HI K TEeXHOJOTUN Pa3esleHrs] M30TOMOB, HU K MPaK-
THUIECKOMY HUCIOJB30BAHUIO BBIJIEJUBINENHCS SHEPTUU U T.J.. Takum
00pa30M, COOTHOTIIEHNE MEXKIy MAaCCOit W dHeprueil He WMeeT OTHO-
IIeHNd HUA K OJHOHU KJIIOYEeBOHU CTaIUU Pa3BUTUA AEPHONU SHEpPreTu-
k. Jlaske K ONMPENEIeHUIO BhIJIEIsIeMO S9HEepru B KOHKPETHOMW n3-
BECTHOI PEAKIMU 3TO COOTHOIIEHNE He WMEET OTHONIEHUs (KaK TO
HU MapaoKcantbuo). [ToToMy 9TO MCTOPUYECKH BCE TPOUCXOINIO B
uHOl (06pATHOI) TOCIEIOBATEILHOCTH: BHAYAIE OOHADYIKUBAIACH
HEKOTOPasT PEAKITHsT, KOTOPasi TeTeKTHPOBATACH WMEHHO TIO BBIIE-
JIEHWIO 3Heprun. A majiee MOYKHO BBOJWTH PA3TUUHBIMU CITOCOOAMI
pacuderHbie (PYHKIINN — KOMOMHAIINNA U3 MaTEMATHIECKUX CHMBOJIOB.
HermocpectBento ompeneTh M3MEHEHWE MACChI B TTPOMCXOIATIEH
SITEPHON PeaKInM, KaK MPaBUIO, BOOOIE HEBO3MOXKHO TEXHUUIECKH.
Jlaske ecu moJIb30BaATHCST COMHUTEIBHBIMU TEOPETUIECKUMU UHTEP-
MPETAIUSAME, TO MOMBITKA ONPEIETUTh U3MEHEHUEe MACCHI MOJIYUUT-
Cs CJIMIITKOM TPYyDOBIM M JIOPOTOCTOSIINM YI0BOJILCTBHEM. Takum 00-
pa30M, COOTHOIIIEHWE MEXKIy MacCOil U SHEprueil UrpaeT B MPaKTH-
YECKOM TLIaHE POJIb IMIKOJIBHBIX MaTeMaTHIEeCKUX YIPasKHEHUN Ha
obpaTHbBIe MOJCTAHOBKU, TAK KaK YKeJaeMblil pe3yabTaT YK 00s3a-
TEJILHO TIOJYYUTCS W3 PACUETHBIX TaHHBIX, CBEJIEHHBIX B TaOJIHILY
post factum.

4.2 Jdunammnueckue nmouarug CTO

Urak, mepeitaem Temepsh K 60see CIOKHOMY BOMPOCY O JUHAMUIE-
ckux mouarusgx CTO. Kazamock ObI, 5TO B PEIITUBUCTCKON KUHEe-



4.2 JMNHAMUWNYECKHUE INIOHATHUA 149

MaTUKe HET TTPAMBIX 3KCIIEePUMEHTAJJIbHBIX CpaBHeHI/Iﬁ (bl/ISI/ILIeCKI/IX
BEJIMYNH JJIsI BYX CHCTEM, ABUKYIIUXCI JIPYT OTHOCHTEILHO APYTa
(TOJIBKO COMHUTE/LHBIE WHTEPIPETAIINN), & B PEIATUBUCTCKON JTU-
HAMWKE BCe B MOpsIKe (10 JIOTUKE DPEeJSITUBUCTOB — PabOTaioT Ke
yckopurean). [TonpoGyem pazobpaThes ¢ JMHAMUTIECKUMHU TTOHSTHSI-
MH, XOTS OBI IIOTOMY, YTO PEJIATHBUCTCKASA JUHAMUKA B COBPEMEHHOI
nuarepnperanun arnoaoreros CTO onupaercs Ha COBEPIIEHHO HEBEP-
HYI0 PEIATUBUCTCKYIO0 KHHEMATHKY.

Haunem c obrmux 3amedanuii. BecmpeenpHoe pacnpocTpaHenne
njen orHocurenabuocTr Beex seanund B CTO cosepiienHo HeoboCHO-
BauHO. JleficTBUTENHHO, TIYCTH JBA TEa HAXOISATCS HA, PACCTOSTHUU T
IpyT OT ApPyra, UMesi OTHOCUTEIHLHYIO CKOpOocTh V. Torma pesysabrar
B3aUMOIEHICTBUS 3TUX T€J B MOMEHT t + dt He ONpeIeseTcs Ha3BaH-
HBIMU XapPaKTEPUCTUKAMY, a 3aBUCUT OT BCEH TPEIBICTOPUN IBUKE-
uust. [TockobKYy BO3/EHCTBIE PACIPOCTPAHSIETCS C KOHEUHOH CKO-
POCTBIO, TO Ha, MIEPBOE TEJI0 B MOMEHT {1 OyIeT BIUSATH HE pealhbHOe
BTOpOE TeJI0 (B MOMEHT t1) CO CBOUME KOOPAMHATAMU U CKOPOCTHIO, &
HEKOTOPHI ero "obpas'"us3 mpempiayIeil TOYKN TPACKTOPUH, OTKY/Ia
ycresio 10Ty BausiHre K MoMeHTy t1. Takum obpazom, aobdas dusn-
YecKasi BeJMUNHA (HAIPUMED, CUJIA) He MOXKET 3aBHCETh TOJBKO OT
OTHOCHUTE/IHHON CKOPOCTH B TOT YK€ MOMEHT BpeMeHu. EInHCTBReHHOe
UCKJTIOUEHNE COCTABJISET JI0OOBOE CTOTKHOBEHUE TOUEUHBIX TACTHUIL,
npu koropoMm r = 0. CraemgoBarenbHo, TUO0 HYKHO TPUMEHATH 0O-
Jiee CJIOXKHBIE YPABHEHUsS BMECTO JIOKAJTBHBIX MuddepeHIina bHbIX
ypaBHeHuit (yIuThIBATH TPEIABICTOPUIO), MO0 OTKA3BIBATHCS OT WJIEN
OTHOCUTETHHOCTH BeeX BeauunH. Jlaxe camo mousTue "0THOCUTE TH-
HO¥ CKOPOCTH B JAHHBII MOMEHT BpeMeHu" CTAHOBUTCST HEOTTPEIETIeH-
HBIM, TIOCKOJIBKY JTI0D0e peasibHOe BIUSHUE OYIeT OMpeIesaThCa Xa-
PaKTEPUCTHKAMU B TPEAINTECTBYIONINE MOMEHTHI BpeMeHu. A Bejnb
CTO opranmuecku He 3HAET ABCOMOTHOM CKOPOCTH (TOJBKO OTHOCH-
TeJIbHY10). DTO yKe TpuBoAWIO K Koudy3y. Hanpumep, Diiumreiin
daKTUIeCKN CINTA, UTO 3BE3aHAsT abepparnst 3aBUCUT OT OTHOCH-
TesbHOl ckopocTn 3emsn m 3Be3zanl ([41], .1). Oxmako, omelT To-
Ka3bIBaeT TOJHKO B3aBUCUMOCTH 3BE3IHONM abeppaii OT CKOPOCTH
3emsn, a CKOPOCTB 3Be3[IbI He BuseT BoBce. HecMoTps HA TpoMa-
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HBIIT pa3bpoc ckopocteil 3Be31, abepparust Ha 3eMiie (DUKCUPYETCsT
OIMHAKOBOM I Beex 3Be3n. Kyma e meqach OTHOCHTEIbHAST CKO-
pocth? PakTUIECKH, Y3Ke 3TOT (DAKT SIBJISIETCST OITPOBEPKEHUEM TTEP-
BorauaspHON Kourernmun CTO. Ananornunoe omposepykenne CTO
TTOJIy9aeTCd B 3a/Ja49€ O KaTyHIKe B MalrHUTHOM TIOJIE: IBUKEHNE Ka-
TYIIKW CPa3y WHIYIUPYeT B Hell TOK, a JBUKEHNe MArHUTA, (COTTIACHO
KOHETHOCTH CKOPOCTH B3aUMOJIEHCTBUIT) — TOJBKO YePE3 HEKOTOPOe
Bpems. Her cuMmmerpny 3aa4un u 3aBUCHMOCTH TOJIBKO OT OTHOCH-
TeJIbHOW CKOPOCTH SBHO HEJIOCTATOYHA.

ITonarue maccnr

[Tepeitnem Termeph K 00ee KOHKPETHBIM IUHAMWYIECKUM TTOHSITH-
saM. Hauwem c momstus "maccer". Urobsr koppektao B CTO BBe-
CTH HOBOE (pMBUIECKOe TIOHSITHE "MaCChl IBUKYIIErOCs TeIa' HyKHO
BHAYAJIE OMPEIE/JUTh MPOIEIYPY U3MEPEHUS MOMO0HBIX IBUKYIIIIX-
csl Mace, HezaBucuMYyto ot J1060it Teopun. (Vo 8 OTO maga "maccst
TeJla B TPaBUTAIIMOHHOM HO.T[e": oT/im4yue Fpa.BI/ITa.]_[I/IOHHOf/'I MaCCHhI OT
WHEPTHOM, BOMPEKN COOCTBEHHOMY TocTyaaTy.) [Ipuuem 510 10/1KHO
OBITH UMEHHO W3MepPeHue, a He MePecdeT, HAIpUMep, depe3 OIsiTh-
TaK¥ MOCTYIUPYEMYIO (hOPMYJTY I/IsT SHEPTUHU WU UMIY/Ibca. VHade
Teopust MbITaeTcst 'caMa cebst yaepKuearh 3a BOoChl". Takoii mpo-
neaypel uaMmepenus g1 CTO e cyrmecTByer.

QPusnueckoe mougarue "

Macca''He mMeeT IPAMOr0 OTHOIIEHHUS KO
BCeM TeM popmysam (MaTeMaTnka), B KOTOPhIE MOKET BXOIUTH OyK-
Ba "m". g 6a3MCHOTO MOHSITUST MACCHI CYNIECTBYET €IMHCTBEHHO
TeTKOe — ITATOHHOe ompenenerre. OHO ompesessteT Maccy MEHHO B
COCTOSIHUY TOKOsI (HAIPUMED, JIJIS 9TAJOHA JJTHHBI TOXKE CYIIECTBY-
10T yCaoBus — Temmeparypubie). I ve cromt "wzobperars Besocu-
men". B gBuxkeHun macca mpoCTO HE OTpeesisercs, XOoTsd OyKBa m
MOXKET BXOJUTH B CaMble Pa3zHOOOpa3Hbie (DOPMYJIBI, COMAEPIKAIIE
v,a u T.J.. 910 pasubie Bemu! [Tosromy omnpeesnerue sjieMeHTap-
HOTO TIOHSITHST MACChl depe3 0oJiee CJI0XKHO OTpe e isieMble MTOHATHS
SHEPTUM W WMITYJIbCA (3aBUCAIIME OT TEOPUM, WHTEPIPETAIUM, CO-
CTOSIHUSI CUCTEMBI ¥ JIp.) — 9TO (DU3NUECKUil HOHCEHC (XOTsI, BO3-
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Puc. 4.1: IleaTp Mmacc TpyOBI C sIApaMM.

MOYKHO, KOPPEKTHBII Maremarmyeckn). Tak moxuo "noiitu' 1o ab-
Cyp/ia ¥ TPOCTOe TIOHATHE CKOPOCTH ONpeaenaTh Kak v = pc’/E.
Bamernm, 9To OO0 IKCIEPUMEHT, B TOM YHCJIE W3MEPUTEIhHBII,
JTOJT?KEH OBITH TIPEJIeIbHO YeTKO OTPEIe/IeH B OTHOIIEHUH BCEX YCJIO-
Buii ero nposenenns. A Boobie rosops, "obbsacuenus'u "onpegene-
nus"'reopernaeckoii pusukn (manpumep, 8 CTO) gacro npegcras-
JISTIOT cOB0# 0TX0m OT (DU3MIECKOT0 TOHUMAHUS U HAYKOOOpa3HOe
NPUKPBITHE CYTH BEIWYUH 33 (YaCTO KOPPEKTHBIMM) MaTeMaTHYIe-
CKUMHU TTPEOOPAZOBAHUIMMA.

Ilongarue meuTpa macc

Jlaxxke takoe mpocroe mouaTre Kak "mentp macc cucrembr" B8 CTO
CTaHOBUTCA HEOJHO3HAYHBIM TIDWU B3aMMHOM JIBUXKEHUN COCTaBHBIX
gacreii cucrembl. Tax B [33] paccmarpuBaercst "mapajokc MeHTpa
macc'": B cucreme oTCUYeTa PAKETHl OJHOBPEMEHHO C IBYX KOHIIOB
BHYTPb TPYOBI BBICTPEJMBAIOTCS JBA OJUHAKOBBIX MYIEUHBIX S
pa, a KOHIBI TPYOBI TYT Ke HALIYXO 3aKPBIBAIOT 3arayrmkamu A
u B (Puc. 4.1). B xmaccuueckoii (husnke HUKAKUX TPOTHBOPEUHii
He BO3HMKAET: IIEHTP MAacC B JI00Oi cHcTeMe oTcYera Beerga Oymer
COBTAJATH C eHTPOM TpyObl. OH MOYKeT ObITH OTPeIe/IeH Pa3HbBIMI
crocobaMu, a MUMEHHO: B3BEIUBAHUEM W MPSIMBIM PacyeToM (Mac-
Ca " PaCCTOAHUA WHBAPWAHTHBI B KJIaCCI/IKe), KaK IEeHTD HYJIEBOTO
UMITY/TbCA, KaK [EHTP OGAPHOHHOrO YHCja (UHCIa HYKJIOHOB B 4]T-
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pax), KaK MEeHTP IPABUTAIMOHHOTO MPUTSYKeHWs. [[OHSTHE HEHTPa
HapuoHHOro wucia B [33] obbsBisierca "HEMPOIYKTHBHBIM TAK Kak
MUPOBast JMHUSA 3TOTO IEHTPA OKA3HIBAETCA HE CBA3AHHONW C 3aKO-
wamu CTO (to ects mpocro um mporuBopeunt!). B CTO rpasura-
LIMsT OPraHUYEeCKN He BKJIIOYEHa u ciaenoBaso 0wl rnepeiitu k OTO, a
B KHure [33| mekmapupyercs o COBIAJeHWH B JTAGOPATOPHOl CHCTe-
Me IEHTPa IPABUTAIMOHHOTO TPUTSKEHNsI C CePEANHOi TPyOb (HO
mpu 3TOM uccenyercss "mentp Hysaesoro nmmynbca'). OmHako, cpa-
3y MOCJIE TIEPBOrO CTOJIKHOBEHUSI C 3arIyMiKoil (HEOJHOBPEMEHHOTO
B 1a00PATOPHON CHCTEME) TIPUXOJNTCS OTKA3ATHhCSA OT YHUBEPCAh-
moctr CTO u BCHOMUHATH 0 KOHKPETHOM MEXAHH3Me KOMIIEHCAITHN
(nyst cnacermsi CTO) — 06 akycrnyecknx BoJaHAX B Tpybe u rnepe-
HOCe UMW Hepruu (Macchbl). DTH BOJHBI, PACIPOCTPAHSIIONHECS OT
KOHIIOB TPYOBI 3aTeM racat ApyT apyra. Ho Beas Torma npuaeTcs mo-
CTYJIUPOBATEH PA3HYIO CKOPOCTH aKYCTUYIECKUX BOJIH B PA3HBIX CUCTE-
Max JjIst ABYX TPOTHUBOIOJIOKHBIX HapaBjeHnii. A ecian Mbl Oyaem
MEHATH MATEPUAT TPYOBI M MeOMETPUUYECKNE XAPAKTEPUCTUKHU IKC-
mepuMenTa? A ecim TpyOBI HET BOBCE, ECTh TOJBKO 3arVIyIIKA OYEHb
BOJIBINO MACCHI, & UYBCTBUTEILHOCTD JIOKAJTHHBIX TPABUTAIIMOHHBIX
u3MepeHuii Oymer MO3BOJISTH ONpelesTh apmkenne sinep? Kak B
TEePEINCIEHHBIX CJIyYadX 6EITB C MEXaHU3MOM KOMHeHC&HI/H/I?

Ecnu B mammoit 3amade MBI OyeM OMpeaesTh MAcCy o mepeia-
ue UMMY/IbCa Ha 3araymkax A u B win mapajiiebHBIX UM TIPersiT-
creusix ("mpososbHass" Macca), TO MOJYINM HEKOTOPYIO OHY MUPO-
BYIO JIMHUIO TeHTPa Macc. Ecanm ke Maccy ompeesisiTh 1o TaBIEHUIO
HA JIHO TPYOBI (OT IPABUTAIMN; OT SJEKTPUIECKON CHUIIBI JIJIST 3apsi-
JKEHHBIX /1D WM OT MArHUTHON CHJIBI JTst siIEP-MArHUTOB W T.J.),
To myist 3roit ("momepeunoii") Maccer GyyT Apyrue MUPOBBIE JIMHUM.
Boobrme, 8 CTO Bce i MupoBbie uHUN OyIyT pa3nandrbl. Kakwme-
TO HYZKHO TIOCTY/JUPOBATH HE UMEIOMIUME CMBIC/IA (HEMPOIYK THBHBI-
v it CTO), B KAKUX-TO CIYUAsIX MEPEXOJUTH K KOHKPETHBIM Me-
xaHm3MaM, "obbscHsomMM ' TpOTHROpEYNEe, & B KAKUX-TO CJIyJasix
MOCTYJINPOBATH U3MEHEHNe OO0LEeKTHUBHBIX XapakTepucTuk. Harmpu-
Mep, MyCTh 3aryayIKa JepKUTCS 38 MACCUBHYIO TPyOy ¢ ycmamem,
9yTh OOJIBIIM, YeM MOXKeT OBITH COpBaHAa SAPOM C "pEeTTTUBUCT-
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Call

ckoit''maccoit B cucreme orcuera pakernl. Torma B 1abopaTopHoii cu-

creMe OfHO U3 gajep (Temephb ¢ GosbIeit "pensiTUBHCTCKOI " Maccoii)
BBIObET 3amiymiky. Tak >KuB HaOJOJATeNh €331 dTOH 3ariyIiKn
i MmepTB? Wnn onsars miist cnacenust CTO HyKHO TOCTY/IMPOBATS,
aro mipesest yaepxauust 3arryimkn B CTO we siBistercst 00beKTUBHOM
XapaKTePUCTUKON (3aBUCUT OT CHCTEMBI oTcuera)? A ecin Ha KOH-
max Tpyowl Ha gHe OymyT "MTOBYNMIKK 9TOOBI B CHCTEME PAKETHI Mac-
ca ("momepeunas pesTUBUCTCKAA") ObLIA Iy Th-IyTh HEJOCTATOUHA,
9TOOBI PO TyAa MPOBAINIOCH. 10TIa CHOBA B JIaDOPATOPHON CH-
creme ofHO U3 syep (¢ Gosbmeit "pexsTusncrekoit’ maccoit) mposa-
qurcs. Onsars nocrynupyem s cnacerns CTO uzmenenune mopora
npouHocTr? 3aMerbTe, 9TO MPUIAETCS TOCTYIMPOBAThH Pa3Hbie TTOPO-
FOBBIE XapPaKTEPUCTUKU: TPOJOJIbHBIE U TOMEpedYHbIe (BOOOIIE, TeH-
sopubie). He crmmkom s Benmnka nera CTO — nena mocryamposanust
yTpaThl MHOXKECTBA OOBLEKTUBHBIX XapakTepuctuk?! He caurkom n
MHOTO TIPODJIEM, BOTIPOCOB W MPOTURBOpeUnit ""Ha MycTOM MecTe TaMm,
IJle B KJIACCHYECKOl (pusmke Bce OBLIO deMeHTapuo? A Begb OT mo-
ustust meaTpa Macc CTO oTkazarThcst HE MOXKET — Ha HEM OCHOBAH
DIHIITEHOBCK M BBIBOI SKBUBAIEHTHOCTH E = moc? mtst ""'Macchl
moKost" .

Cuner B CTO

CTO me maer HUUYErO TMOJEIHOT0 B KUHEMATHKE W IS JTUHAMUYE-
cknx nouaTuii. [Tosy9aercsa, 9To BCe 9TO OTPOMHOE HWHCJIO IOTOJI-
HUTETBHBIX CIOYKHOCTEH BO3HUKAET TOJBKO M3-3a TOTO, UTO SJIEK-
TpomarauTHas cuiaa Jlopenna "cmoxmno'"zasuceut or ckopoctu (12
U OT YCKOPEHWS, €CJIU THITATHCSI €€ JIEHCTBUE CBECTH K KJIACCHYe-
ckomy BTOpomy 3akony Heioroma)?! Cuemaem webosbioe jmpude-
ckoe orcrymierre. OT KAKWX BEJIWYUH MOTYT 3aBHCETh CHJIbI (H B
yeM, ¢ ODIMMX TO3UIMi, oTnyne moaxoaoB Apucrorens u HuioTo-
Ha)? BsamMmogeiicTBue Tes MPUBOAMT K M3MEHEHUSIM B COCTOSTHUN
ren. Heobxomnmo BBIOpAThH MHIXKATODP ITOTO W3MEHEHWSA. ApHCTO-
Te/Ib CYNTAJJ OCHOBHBIM COCTOdHHMEM ITOKOW M B KadeCcTBe MHINKa-
TOpa BBIOpAT HAOJIIOIATH 33 CKOPOCTHIO IBUKeHus teja v = f(t,r)
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(Besmunny f(t,r) Apucroress CBsI3aIl ¢ CUIION, BRI3BIBAIOIIEH JIBUKe-
uue). Ecau 10BoIbCTBOBATLCS co3eplianmeM, TO BeiGopa v = f(¢,r)
BHOJTIHE JoCcTaTo9HO. OIHAKO, €CIN MBITATHCS CO3JAaBATh JIUHAMUKY
JIBUKEHNSI, TO TIOCJIE MBICJEHHBIX OMBITOB ['anies cTano siCHO, 9TO
ApI/ICTOTe.T[eBO IIOHATHE CUJIBI HE OTBEYaAET rZI;efICTBPITe.T[bHOCTPI. XO—
TSI, YK €CJU OBITH COBCEM TOYHBIM, 3TOT BBIBOJ TMPUBA3AH K BEPe
PEIATUBUCTOB TEPBO# BOJHBI — mocaemosareneii lamnies B maanane
mycToro mpocTpancTBa (cam Lammiel paccMaTpuBaI TOJBKO U30JH-
pOBaHHBIE WAEHTUIHBIE CUCTEMBI W HE PACTPOCTPAHSAT CBOW TPWH-
LIAII, B OTJIMYKME OT ero "MCeBI0Nnoc/Ie0BaTe/ el Ha B3anMOIIPOHUKA-
fomue cucreMbl orcyera). [Ipu wamnaun scdbupa Apucroresies mokoi
JIOKAJILHO TIPWBA3aH K 3(UPy, KOTOPHI B IEJIOM BOBCE He 00sa3aH
OBITH "paBHOMEPHO HEMOABUKHBIM HO MOXKET HAXOAUTHCS B CJIOXK-
HBIX BUXPEBBIX JBIKeHUsix. Hampumep, cCyiiecTByer Teopusi BUX-
pepoit auaamukn CoOJHEYHONH CHCTEMBI W CHIa TPeOyeTcss TOJbLKO
JLIS TIOJIEPKAHNS JBUKEHNSI, OTJIMYHOI0 0T paBHoBecHoro. OqHako
B IUTAHBI HACTOAIIEH KHUTH HE BXOJMUT AHAJN3 BUXPEBOi JTHHAMMU-
KU, TTIOTOMY MbI 6y,£|;eM ITI0JIB30BATHCA O6merHHHTLIMH Ha JaHHOM
sTare MmoaokeHussMu. HbI0TOHOB BBIOOP CIOCOGA OMUCAHUS B3aWMO-
IeficTBUS TeJl APYTOi — B KavdeCTBe MHANKATOPA W3MEHEHNS COCTOSI-
Hug tena beperca ero yckopenwue. [lo-cytu, Bropoit 3akon Heiorona
TpPEeJICTaBIeT COOOil ompesenenne moHaTus "cuma'u ¢ TOUKu 3pe-
Ut PyHKIMOHAILHON 3aBUCUMOCTH CHUJIA U YCKOPEHNE CORMALAIOT C
TOYHOCTBIO JI0 pa3MepHoro Kodddunnenta (maccer). B ugearne, stor
CHOCO6 OIINCaHUA JIBUKCHUA (B TTPUBBIYHOM HaM BI/I'ZI;e) 3allUChIBa-
erca kak ma = F(t,r,v). Ognako, mpobieMa HAXOXKJIEHUs SBHOTO
BBIparkeHust Takux "umeanbHbix'cun F st cirydast Tpom3BOIBHOTO
PACTIOIOZKEHUS W IBUKEHIS UCTOYHUKA, CUJI U CPEJIbI, HATIPUMED, HC-
XOIS W3 3HAHWS CTATUIECKUX BBIPAXKEHWN JJIsT CUJI, HE PeIieHa 10
cux mop. IIpupoma He Bcerma ¢ JEerkoCTbI0 PACKPBIBAET HAM CBOU
CEeKpPeThl: BMECTO NACAJTHBHOTO BBIPDAXKEHUA CUJIBI MTPUXOANTCA T10JIb-
3oBaThCst TeM, uro Haxomum F(t,r,v) = Fi(t,r,v,...). Ilosromy, BO-
0011Ie TOBOPS, peabHbIE CHIIbI JTOJIKHBI OMPEIeIAThCA U3 OmbITa. V13-
BECTHBI CUJIBI

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

7 T.J. B CAMBIX Pa3HBIX KOMOMHAINAX. 13 00001eHHoM 3ammncn
F =F(t,r,r,...,d°r/dt,...)

BUIHO, YTO JTI00AsT TPOM3BOIHAST, B TOM UNC/IE W BTOPasi, HUIEM He
BBIZIEJIEHA W TOJBKO SKCIEPUMEHT MOYKET ONPEIeTUTh PA3HOBHUIHO-
CTM CWJI, PEaM3yIOIUXCa B NpUpoje (Hanpumep, BCIIOMHUM TPEJ-
snoxkerryio Bebepoum zamoiro g0 CTO dhopmyity, rie cuia 3aBucena
TakXkKe OT ycKopenus). Ham 31ech Ba)KHO TO, YTO PEIATHBUCTCKOE
ypasHenue asuxkenns ¢ cuiioit Jlopenna F (¢, r, I') Mmoxer 6bITh 3amm-
CaHO KakK KJIacCu4yecKuii BTopoii 3akon Heiorona c cumoit F (¢, r, 1, ¥).
Bupoduewm, eciim BepuTh B PEIATUBUCTCKOE BBIPAXKEHWE IJIsT CUJIBI,
TO B KQYECTBE aJbTEPHATUBLI MOYKHO BBOJUTH MPEOOPa3OBAHUS IS
MTPOJIOIHGHON W TTePIEHINKYJIAPHON K CKOPOCTH Tejia KOMIIOHEHT CH-
JBI (HO y2K HUKAK HE CTOUT BBOAUTEH MU(DUIECKHE MTPOJOJBHYIO U O
MEPEYHYI0 MACCHhl), WM MOYXKHO CPa3y 3almcaTh KJIACCUIECKUIl BTO-
poii 3akon Hoiorona F = ma u cBa3b HoBoit cutel F co ctatnaecknm
soipaennem cuibl Fo: F = /1 — v2/c2[Fy — v(vFy)/c?]. He cron
TaKKe MPEYBEININBATH BO3MOKHOCTH METO/IOB MOy UeHI BhIPayKe-
uuit n3 gpyaxmun Jlarpan:ka, Tak Kak 3Ta (GYHKIAS CaMa, OTpPeIes-
eTCsT C TOYHOCTHIO [0 HEKOTOPOTO PA3JIOKEHWS W HE MOYKET JeTep-
MUHHAPOBATH TTPUHITATIEL.

MeTouvecKn COBEPIIEHHO HeMOHATHBIM BhITASAuT B CTO mpe-
00pa30BaHME CUJI TIPW TTEPEXOAE OT OJHON CHCTEMBI OTCYETa K APY-
roit. Hampumep, paccMOTpuM Ba OJMHAKOBBIX IO MOIYJIIO 3apsia
+e u —e, HAXOAAIUXCSL Ha PAacCTostHuu T apyr ot apyra (Puc. 4.2).
B cucreme orcuera, CBA3AHHON € MOKOAIIMMUCS 3apSIaMU, MEXKITY
HIMH JleficTByeT saexTpuueckas cuma F o= e?/r?. TlocmoTpuM Te-
meph Ha TE JKe 3apPSAAbl W3 CUCTEMBI, ABUTAIOLIEHCS CO CKOPOCTHIO
v/ IepIeHIuKyIapHO JUHAN, COSAMHSIONEH 3apaabl. B 3Toil cucre-
Me 3apsizibl JIeTaT napaJienbro apyr apyry. Cormacno CTO [17,32]
Terepb MEXKIY 3apsgaMu JIefiCTByeT CHia

F' = Ge?Jr?, e G =4/1—-v?/c2
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Puc. 4.2: TlapanmensHo JeTsImme 3apsabl.

C kakoit Gpu3ndeckoil BeTUINHON CBI3aTh KOIMDMUIMEHT mpeodbpa-
zoauust G? Bapsin 8 CTO uuBapuanten. [leprneHankyasipHoe IBU-
JKEHUWIO PaCcCTosiHue 1 ToxXKe He m3Mmensercs. Heyxemu cunist 8 CTO
yTpadanBatoT con pusnyueckue npuanabl! Eie ogHa CTPaHHOCTD: ec-
JII CKOPOCTH HABJIIOIaTes s V' UMeeT COCTABJISIIONIYIO BIOJIb JIMHUM,
COEIMHSIIONIEN 3apsiibl, TO CHUJIa, AEHCTBYIONIAsT Ha 3apsiIbl, UMEEeT
KOMTIOHEHTY, TEPIeHINKYIIPHYIO K JIMHUN, COEIUHSIIONIEN 3aps bl
(TO ecTh KapTUHA JABUKEHWs CYNIECTBEHHO MEHSIETCS).

CoBepitieHHO HEODOCHOBAHHBIM SIBJIAETCS MHEHUE DUHIITEHHA O
TOM, YTO HE3apPAKEHHbIC TeJIa JOJ?KHBI TIOT rZI;efICTBPIeM CH1JI BeCTu
cebst Tak Ke, KAK U 3apsi’KEHHBIE: BCE CHUJIBI JOJIKHBI MPeodpazo-
BBIBATHCS OMHAKOBBIM obpazom. Eme [lyamkape mucas, 9To MbI He
MOXKEeM TPOU3BOIHHO "OTCOEIMHNUTE ' HEKOTOPYIO CHTY OT OJHOTO Te-
JIa U IPOM3BOJIBHO "TIPUCOEIUHUTL K JPYTOMY TeTy. YK ecjii HEeKO-
Topast cua (HampUMep, 3JIEeKTPUYecKasi) JefiCTByeT Ha OJHM Tesa
(3apsizKeHHBIE) W BOBCE He JEHCTBYET Ha JPYTHe Tesa (He3apsyKeH-
HBIE), TO TeM 0O0Jiee HE OYEBMJIHO, YTO 3aBHCUMOCTH OT CKOPOCTH
pu TPeobPA3OBAHUSIX BCEX CUJI JHOJIKHBI OBITH OJUHAKOBRI. /ake B
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pamkax CTO sro ouepegHast HUYEM He MOATBEPIKIEHHAS THIIOTE3A.
BoawmozkHo, mpeobpazoBanue CUI UMEET OTHOIIEHNE TOJTBKO K IIH-
CTBEHHOMY YaCTHOMY Ciydaio — cuje Jlopenma. a u To 31ech ecThb
Hioauchkl. Hampumep, mpu mepexoje K JBUXKYINEHCS CHCTEME BEH-
YMHA MArHUTHOW CUJIBI MOXKET O6pa.TI/ITbCH B HYJIb. STO TTPOABJICHU A
YCJIOBHOCTH PA3/IeJeHNs eINHOM CUJIBI HA SJIEKTPUIECKYIO U MATHUT-
HYIO CHJIBI, HE TaK .}'H/I? TOF,ZI;a. 3a9eM TaKO€ BHUMaHHUE 3a0CTPATH Ha
WHBApPUAHTHOCTU TIPU MPEe0OPAZ0BAHUAX YCJIOBHO BBIJETEHHBIX JJIEK-
TPUYECKUX W MAarHUTHBIX nosteil (v cnr)?

Boobirie rosopst, cama umgest mpeodbpa30BaHUS CHI MPU TTEPEXO-
JIe OT OTHOW CHUCTeMBI HADJIIOMEHNsT K JAPYTOil CrCTeMe TTpeICTaBIIs-
eT coboit HOHCeHC [T BCell IKCImepuMenTaabHoi (usuku. leiicTBu-
TeJIbHO, HAMMMCAHNE apadCKuX udp Ha JUHAMOMETPE He 3aBUCUT OT
IBUKEHUsT HAOJIIOJATe/ s, TO €CTh MOKA3aHWS JUHAMOMETPA, (PUK-
CUPYIOIIEro CUJIy, He W3MEHATCS OT JABUXKeHus Habmomarens. Cuma
nIeiicTByeT Mexay "mcrouHuKoM'"'3Toit CHIIhl M KOHKpPETHBIM "0OheK-
ToM " ee TPUJIOKEHNUST, & TBUKEHNE KAKUX-TO MTOCTOPOHHUX IJIa3 3/16Ch
COBEPIIIEHHO HE TTPU 9YeM (TO €CTHh CUJIa MO2KET OIIpeaeTAThCA TOJIBKO
CBOICTBAMY HCTOYHWKA, O0BHEKTA W WX B3ANMHBIM JIBUIKEHUEM ).

Quepruga u nmnyasc B CTO

Haunem ¢ 3ameuanus 1o mOBOIYy e€IWHUIL W3MepeHusi. Boiparkenne
UMITY/IHCA U SHEPTUHU B €IMHUIAX MACCHI HE MOXKET JaTh HUYEro I0-
JIEBHOT'O, TaK KaK 3TN BEJINYWHBI HEB3aNMO3aMEHACEMBbI, 9YNCJIO COB-
MECTHBIX omepanuii ¢ HuMu (1 KOMOUHATHNIT) OPPAHUIEHO U BCE PAB-
HO 3a HUMU TIPUXOJUTCA CIEJUTH KaK 3a Pa3HbIMUN (bl/ISI/ILIeCKI/IMI/I
BesimanHamMu. CTOUT /I BHOCUTH TMYTAHUILY B JOCTATOUYHO XOPOIIIO
COTVIACOBAHHBIE eIMHUIIBI PA3MEPHOCTEH?

Asnsercs mu equacTBenubiM moaxoa CTO K penssTUBUCTCKOM Tu-
namuke? Bosce mer! B kmaccumueckoit pusnke pasnenenne SHEPTUN
Ha KWHETUYIECKYIO M TOTEHIUAJIBHYIO MOXKET 6EITB JOBOJIBHO YCJIOB-
HBIM. Hampumep, B CTATHCTHYECKOH (DU3MKE TIPH OMMCAHUN JIBUIKE-
HIA B HEMHEPIOUAJIBHBIX BPAITAIOIINXCA CUCTEMaX K HOTeHH;I/IaJ[bHOf/'I
sHeprun (haKTUIECKH OTHOCIT CPEIHIO KuHetndeckyio (1) suepruio
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JBUYKEHNST CUCTeMBI: U3 v, = {1p obpaszosana F = mQ2p? /2. Cyme-
CTBYeT JPYroil MOYYUTENBHBINA MPUMEP W3 THAPOJAWHAMUKN, KOTIA
BBOAUTCS TOHsiTHE Tipucoeanuentoii ("addexkTurnoit") maccewr mis
OTINCAHUA JIBUKEHUS TEJIa CKBO3b CPeny. SICHO, YTO HACTOAIIAS Mac-
ca He U3MEHWJIACh B 3TOM CJIy4ae. TOUHO TaK¥Ke U B PEISITUBUCTCKO
MexaHnKe HOBasg '"ckopocTHas'mobaBKa K YCKOPEHHUIO MOMKET OBLITh
CBsI3aHA C TOTEHIMAJIBHONW 3HEprueil Tejla, a KHHETUIECKYIO dHEp-
THIO Tea MOYKHO OCTABUTH HEM3MEHHO# M pacCMATpUBATL KJIACCH-
veckue ypasHeHust Hprorona, HO ¢ apyroit "sddexTuBroit"
TTOCTOAHHOW MacCCOW M.

CHJION 1

Bompeknu yreepxkaernam CTO o BaxkHOCTH U HEOOXOIUMOCTH
BBeeHUs 4-BEKTOPOB, dayKe I TPEX B3aUMOIEHCTBYIONUX TACTHI]
BBIPAYKEHUST

E=3 "m0, P =3 mivi)),

rIe
(@) _ 1

,-)/ _ -
\/1—v?/c?

HE COCTaBJSIOT 4-BeKTOpa U He COXpaHsSioTCs. CII0KHOCTH BBI3BI-
BaeT W BBEJEHWE MOTEHIINATBHOW SHEPTUN B3ANMOJEHCTBIS TACTHIL.
Heyxenu CTO — sro Teopust aByx Ten?! Ime e 3asiBiseMast BCe-
OOIIHOCTH (YHUBEPCATHLHOCTD)? AHAJOMMYHBIE CJIOXKHOCTH BO3HUKA-
10T Tpu ocTpoennu (yukiwit JIarpamka n 'aMuasTona 11s cucrem
B3aUMO/ICHCTBYIOIINX YaCTULI.

[TpenepHBI MEPeXo/] K KJIACCHIECKONW SHEPTUH TOXKE MPOTHBO-
peunB. Beirre roBopumiock 06 ycoBum Takoro mepexoga ¢ — 0o. Ho
TOT/IA He TOJHKO SHEPTHUs MOKOs, HO U JT0bas sHeprud Oymer F = oo
B CTO. He amasercs mocae1oBaTeILHON W 3AMNCH PEIATHBUCTCKO-
ro mmmyiasca B (opme [26] P = m(dr/dr), Tak kak dr orHOCHTCS
K HEMOJBIKHOI cucreme orcuera, a dr (COOCTBEHHOE BPEMSs) OTHO-
cuTCs K ABMXKYyIIeiicss cucreme (reiy).

[TpenepHBI TTEPEX0OT K MATBIM CKOPOCTSIM [IJIST MHOTHX BEJIH-
9WH TOPOXKIAET Psif BOMPOCOB. Bce dOPMYy/Ibl HOMKHBI TEPEXO-
muTh K HBIOTOHOBY BHIY, KOTJa CKOPOCTH TEpEeIatn B3amMO,Ieii-
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CTBUIT mpemoaraeTcst beckoneunoii (manpumvep, dyuknus Jlarpan-
’Ka, jgeiicrBue, sueprus, dyHrnug Lamunbrona u ap.). OgHAKO, MBI
BrgnM [17], 9To 910 He Tak: 4-CKOPOCThH MEPEXOANT B HAOOP YeThIPEX
qucen (1,0,0,0) u Huuero e o3Havaetr, 4-yCKOpEHHe — TOXKE; HHTEP-
Bal S — 00 ¥ BeMUWHA dS 3aBUCAT OT TMOPSIAKA MPEIETHHOTO Ie-
PEX0/Ia; CTPEMATCAI K HYJIeBOMY HADOPY KOMIIOHEHTHI 4-CHUJIBI U T.J..
DTO HAIISIIHO MTOKA3BIBAET, UYTO BCE YIOMSIHYTHIE PEJISITHBUCTCKIE
BEJIMYNHBI U BBIPAYKEHUs HE MOTYT MMETH CAMOCTOATEILHOrO (bru3n-
YECKOTO CMBICIIA.

YpaBuenus MaxkcBesnia

Crnenyioriee KpaTkoe 3aMedaHune KacaeTcs ypaBHeHuit Maxcsesia
(cospemennoii, obmenpunsToil nx hopmbr). Hamomuanm, aTo orm mo-
JIyIeHbl (PEHOMEHOJIOTUIECKUM O0DODITIeHeM OMBITHBIX (DAKTOB MpU
MaJIbIX CKOPOCTSIX (B3sATa aHanorus ¢ ruapoguaavukoii). Caemosa-
TEJILHO HE CTOUT OXKUJATH, UTO OHU yraJaHbl B OKOHIATEIBHOM hop-
me. Ypasuenuss Makcsesia (MM BOJTHOBOE yPaBHEHUE) OIPEIeIs-
10T (ha30BYIO CKOPOCTH, B TO BPEMsI KaK y TEOPUU OTHOCUTETHHOCTH
ecTh "mperen3us"Ha MAKCUMAIBHYIO CKOPOCTH CHIHAJIOB (TPYIIIIO-
BYIO CKOPOCTH). PAKTUUECKW, MBI BCETJA MMEEM JIEJI0 C KOHKDET-
HBIM CBETOM, MO3TOMY 5TOT (PAKT MOJKEH OBITH OTMEUEH HEKOTO-
PBIM MHIEKCOM: BMECTO C HY?KHO MMNCATH MTaPaMEeTPUIECKYIO0 3aBUCH-
MOCTh ¢(w) W BOJIHOBOE ypaBHeHue Oyier ypasuenueM st Oypbe-
TapMOHUWUKN. HOCKOHbe COBPEMEHHBIE aIlOJIOTEeTHhI PEeTATUBU3Ma OT-
Ka3bIBAIOTCA OT HAIVIATHOCTH W MPUHIUNHAATBLHON HEOOXOIUMOCTH
MOJIesielt Cpesibl pacITpOCTPAHEHNsT CBETA, TO HEOTHO3HAUHBIM CTa-
HOBUTCS TIyTh 00001eHns ypasuenuit Makcseana mnaxe mis "abco-
JIIOTHOM MyCTOTHI"'B C/IyTae HEMOHOXPOMATHIECKOTO CBETA, He TOBO-
psl yKe O Tepexojie K PeaJbHBIM HeJNHEHHBIM CpeaM (BKIIIOUA0-
IIIAM CBOMCTBA "MEXKMOJIEKYISIPHOM MYCTOTHI MEXAHU3MBI TIOTIOIE-
HUSI U TIEPEN3/IyveHnst CBeTa, MOJIEKYJIaMu U T.J.): 0e3 dbusnaecknx
NPUHITAIIOB, YUCTO U3 MAaTEMAaTHIECKHX COOOparKeHmii TakKuxX 006006-
IIIEHNT MOXKHO BBECTH CKOJILKO yT'OJHO W BCE OHU OYIyT PaBHOIPAB-
ubl. TpeboBanne WHBAPMAHTHOCTU ypaBHeHuit MakcBesia OTHOCH-
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TeJILHO TTPeobpa30BaHUIl KOOPAMHAT W BPEMEHU BEChMa, 3bI0KOE, TaK
KaK TOJIsT U YPABHEHUS [IsT HIX MOYKHO BBECTH MHOYKECTBOM CITOCO-
OOB, JIATITH OBI M3MEpPsSIEMbIe BO3IEHCTBUST STUX TTOJIEH COOTBETCTBOBA-
JI peaibHO HADIIOMAeMbIM B SKCIIEpUMEHTax BeamdnHaM. Tak, Ha-
npumep, B [81] mokazamo, YTO CyIIECTBYIOT HEJOKATIbHBIE TTPeobpa3o-
BaHUS TIOJIEll, COXpAHSIONIe ypaBHeHus MaKkcBeasa ¢ Hem3MeHHBIM
Bpemenem. B [14] nokazaHo, 910 MOKHO BBECTH HEJMHEHHBIE U HEJIO-
KaJIbHbIe TTPeo0Pa30BaHUsi, UTOOBI MU ONPEIETEHHBIX TPaHCGHOP-
MaIluAaXxX 1oJieit YPaBHEHNA TIOJIA 6LIJ'H/I MHBaPWaHTHBI OTHOCHUTEJIHHO
npeobpazosanmii [ammaes.

[IposemoHCTpUpYyEM METOIUTECKOE MTPOTUBOPEUNE OOIEITPUHSI-
TBIX TIpeobpasoBanuii 11t moJieii. [lycts nmerorcst 1Ba HECKOHETHBIX
HEe3apsKEHHBIX TMapaJuIebHBIX TpoBoja. [lycTs B oboux mpoBomax
SJIEKTPOHBI ABU2KYTCA B OAHOM HaIIpABJIEHUN C TTIOCTOAHHOMN CKOPO-
CTBIO OTHOCUTEIBHO MOJIOKUTETHHO 3aPSKEHHOTO OCTOBA, TO €CTh
“MeeM OJWHAKOBBIE IJIOTHOCTH TOKOB j. Torma s K/IaCCHIeCKOrO
CAydasl B BBIPAYKEHWUN JIJIA TOJIST BEJTUINHA

jdV =en(vy —v_)dV

SIBJISIETCST NHBAPUAHTOM, TO eCTh 1osie H | 1 Bo3eficTBIe 9TOr0 MOoJIst
He 3aBUCHT OT CKOPOCTH JIBHKEHMUS CHCTEMBI. 715 peIITHBHCTCKOTO
e paccMorperns (Tak Kak E = 0) nmeem

H?

1
HJ_: 5
V1—0v2/c?

TO €CTh TIOJIE 3aBUCUT OT CKOPOCTH JIBUKeHust Habonarest. OnHa-
KO, CJEeIVIONINe IBa CAydasd OUYeBUIHO PABHOIIPABHBI:

(1) cucrema co CKOPOCTBIO Vops = 0, TO cTh HABIIOIATENb TOKOUTCS
OTHOCUTEJIBHO OCTOBA, a 3JIEKTPOHBI JBMXKYTCA CO CKOPOCTBIO V, 1
(2) cucrema IBUKETCS CO CKOPOCTBIO Vops = V, TO €CTHh HABIIOIATE T
MOKOUTCSI OTHOCHTELHO 3JIEKTPOHOB, & OCTOB (MOJIOKUTETHHBIE HO-
HBI) JBUKETCS B MPOTUBOIOJJIOKHOM HAMPABJIEHUN CO CKOPOCTBIO —V
(TOT Ke caMblii TOK). Pensrupncrckas xe dpopmysia Jaer s 3Tux
cydaeB pasHble 3Hauenus H | (v BO3melicTBuii moJteit), uTo abcypi-
Ho. Kpome TOr0, COBEPITIEHHO MPOTUBOPEUNBHIM OKA3BIBAETCS OTTHCA-
ure B CTO mepexomoB oT 0IHOM MHEPIUATBLHON CUCTEMBI K JAPYTOii
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JUTsT TDEXMEPHO# CHTyalny ¢ HeHeHTPATBbHBIMA TOKaMU (HAIPUMED,
C TyYIKAMU 3aPSIKEHHBIX TACTHUIL).

Pasbepem Teneps "npuHmpnmaibHbI"BOIpPOC 00 MHBAPUAHTHO-
ctu ypaBHeHuii Makcpesia, mupoko paspekaamupoBanubiii 8 CTO.
NuBapuantaocts ypasaeruit MakcBesia 0THOCHTENIHHO TPEOOPaA30-
BaHuit JIopeHIia COBEPITIEHHO HUYErO He O3HAYAET JJIs JAPYTUX SB-
nenwnit. Bo-mepBhix, ypaBuenns Makcsesia — 9TO ypaBHEHUS s
moJieit B MyCTOM TPOCTPAHCTBE. B TakoM MpPOCTPAHCTBE MBI MOXKEM
0Tpe3aTh MOJIOBUHY OTPE3KA U YBEJUUUTH €€ BIBOE — MOJYIUM Ta-
KOIf 3Ke 0Tpe30K. [109ToMy B IIyCTOM MaTEMaTHIECKOM TTPOCTPAHCTBE
MOXKHO TIOJIB30BATHCS JIOOBIMU CUCTEMaMU OTCYETA, HEIMTPOTHUBOPE-
YUBBIMYU TEOMETPUSIMU U MEPEBOTHBIMU KOI(MMUITHEHTAME. DTO MO-
JKET OMpPeeNIAThCI TOABKO JIUITH YI0OCTBOM MATEMATHIECKOTO OTIH-
cauusi. OIHAKO, MBI HE MOYKEM TIPOCTO Pa3pe3arh YKUBOW OpraHu3M
U YBEJWYUTH ero BJBOE TIOJ, MUKDPOCKOIIOM — OpraHm3Mm ymper. Ha-
JIMYME B MPOCTPAHCTBE PEAJBHBIX (DU3UUYECKUX TeJI W MOJel 3a1aer
€CTECTBEHHBIE PEMePHbIe TOUKH, XapAKTEPHBIE MACIIITAOB! U B3ANMO-
CBSI3U MEXKIY obbekTaMu. Bee 310 omnpenensier OTINYus peaTbHO-
ro GpU3NIECKOro MPOCTPAHCTBA OT MYCTOTO MATEMATUIECKOTO IMTPO-
crpaHcTBa. Bo-BTOPBIX, CBOWCTBO HEKOTOPBIX B3aMMOJIEHCTBUI pac-
IPOCTPAHATHCA B BaKyyMe CO CKOPOCTBIO CBETa HE JeTePMUHUPYET
CKOPOCTH pacIpOCTpaHeHusT B3amMoeiicTBuil B cpeme. HecmoTpst Ha
OTPOMHYIO POJIb 3JIEKTPOMArHUTHBIX B3aWUMOJIEHCTBUIT, BO3MYIIICHAS
B Cpefax pacIpOCTPAHAIOTCS CO CKOPOCTHIO 3ByKa. [lo omHoil KOH-
CTAQHTE ¢, OTHOCAMIEHCS K BAKyyMy, HEBO3MOXKHO ONPEIETUTH (17151
HaIero "3JeKTPOMArHUTHOrO" MIpa) CKOPOCTH 3BYKA W CBETA B ra-
3aX, JKUIKOCTSX W TBEPABIX Tejax. He sicHO, KaK B M30TPOITHOM TPO-
CTPAHCTBE MOT/Ia Obl BO3HUKHYTH AHU3OTPOIUS PEATHHBIX TBEPIBIX
Tes1. Bece 9Tv  MHOTHTE JIpyTrue CBOMCTBA BBIXOIAT 33 MPEIE/IbI TIPU-
menmMocTu ypasuennii Makcsesia B mycrore (CTO xke mpemiaraer
KJIOHMPOBAHUE CBOMCTB MyCTOTHI HA BCE CBOMCTBA MATEPUATHHBIX TeJT
u cpen). CaenoBaresapHO, MOATOHATH CBONCTBA BCETO MUPA TIOJ| WH-
BapUAHTHOCTH ypaBHeHWi MakcBesjga B MyCTOTe — CAUIIKOM 3aBbI-
menrnast mperensust CTO. B-rpersux, pazdbuenne eIuHOTO IO CBOEMY
JEHCTBUIO MO/ HA JIEKTPUIECKYI0 U MATHUTHYIO YACTH TOBOJIBHO
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YCJAOBHO W B 3HAUWTEIBLHONW Mepe mpom3BoibHO. [losTomy wmuBapu-
AHTHOCTD 3TUX MCKYCCTBEHHO BLIJIEJIEHHBIX YacTeil He MOXKEeT UMeThb
pemarormero suadenus. Hammawme koadbduimenTos p, €, i (3aBucs-
KX OT KOOPJMHAT, BPEMEHHU, CBONCTB CBETA W JIP.) JJIsl yPABHEHUH
Ma.KCBe.TLT[a B Cpeae AejlaeT 3TU ypaBHEHWUA HEMHBAPDUAHTHBIMU OT-
HOCHUTEIbHO TipeobpasoBanuii JIopeHia (Hin onsTh HyKHO OTMEHSITh
00 BEKTUBHOCTH XaPaKTEPUCTUK CPEJIBI ).

JdomosTHUTEILHBIE 3aMEeYaHUsd

B kimaccnuaeckoit (pbusmke Bce MOHATHS MMEIOT YETKO OTPeIeIeHHbIiH
CMBICJT U HE HAJ0 WX TMOAMEHSITH cypporatamu. IlycTs pesiTuBUCTEI
BBIAYMBIBAIOT CBOMM HOBBIM TTOHATUAM (BepHee COYETAHUAM CHUM-
BOJIOB) WHBIE HA3BaHUs. PEeISITUBHCTCKOE OMpEJeeHre KOODIMHAT
nenTpa wHeprun [17]:
R > Er
> FE

He uMeeT pu3nIecKoro cMbicia, Tak Kak B CTO 1enTp wmHepnun
OOHOW M TOW »Ke CHCTeMBbl JBMUIKYIINUXCA YACTHIL] OKA3bIBACTCA Pas-
JINUEH B PA3HBIX CUCTEMAaX OTCYeTa. SHAUYUT OH HE BBIMOJIHSIET CBO-
ero (PyHKIMOHAJIBLHOTO HA3HAYEHWS ITEHTPa paBHOBecUs. [IycTh MBI
MMeeM MACCUBHBIN TIJIOCKUH SIIUK, B KOTOPOM JIBUKYTCST MaCCUBHBIE
mapukn. Ilycrh B KjlaccideckoMm ciryvae MeHTp WHEPINY BCeil crucTe-
MBI B TIPOTIECCE TBUKEHUS U CTOJTKHOBEHUS 1TAPOB BCETa COBIIAIAET
¢ meHTpoM sIuKka. Torga B KIACCHIECKOM CIyYae MbI MOXKEM €ero
YPABHOBECUTH (HATIPUMEp, B MOJIE TSYKECTH 3eMJIU W WHOM IOJIe)
Ha omope Majoro ceuenns (Puc. 4.3) u paBHOBecHe GyeT COXpaHITh-
csi. B CTO, HampoTug, €Ciu MBI TOJIBKO MOCMOTPUM Ha, 9Ty CUCTEMY
13 OBICTPO JBUKYIMENHCS PEISITUBUCTCKON pakKeThl, TO IEHTP HUHEP-
[N MOYKET OKa3aThCsl He HaJI OTIOPOii U paBHOBecHe OyaeT HapyIie-
HO. 3ameuaresibHast 06beKTuBHOCTL CTO: 9T0OB HEe HAPYIIATH PaB-
HOBECHE TIJIa3Mbl B YIIPABJISIEMOM TEPMOSIIEPHOM CHHTE3€e, MPoChha
PEITUBUCTCKUM DPAKeTaM He JIeTaTh U He MOATTSIBIBATE 33 IKCIIe-
PUMEHTOM.

PengaruBucrckast ¢Bsi3b MACChI U SHEPTHH HA CAMOM J€JIe HUIe-
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Puc. 4.3: IlenTp wHepruu CUCTEMBI U PABHOBECHE.

T'0 MPUHIIUIHATBLHOTO He OTpaKkaeT. /lelicTBUTETLHO, KIaCCHIecCKoe
BBIpaXKeHNe KNHETUYIECKON SHEPTnn

N PEJIATUBUCTCKOE BBIDarKeHne

E:mc2<\/#72/62—1>

HUYEM CYIIeCTBEHHBIM (KaueCTBeHHO) He ormuatorca. Obe sTu Be-
JIMYMHBI SBJSIIOTCH pacyeTHbIMU Bejanunuamu. llonbiTka m3mepuTh
9TH BEJIMYUHBI (TO €CTh TPAIYUPOBKA MPUOOPA) 3ABUCUT OT UHTEP-
TIpeTaInn TEOPNUN, TaK KAK ITH BEJMINHBI He MOTYT ONPEIeIATHCS N3
CpaBHEHUS C 3TATOHOM. [[OCKONBKY B PEIITUBUCTCKOE BLIPAaYKEHWE

SHeprun

’I’I’LC2

V1—v%/c?

KPpOM€E MaCChl BXOAAT U APyrre BEJIUYUHBI, TO TIPDU JIIOOBIX BO3MOK-

HBIX B3aMMOCBA34X MaCCa B 9HEPIud OCTaHyTCAd Pa3HBIMHU (HQSKBI/I—
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BaJICHTHBIMU, HeBa.BI/ICI/IMBIMI/I) BEJIMYNHAMMU. ,HayKe JJId TaK Ha3bIBa-
emoit "smeprun mokost"E = mc? He MOMXKeT HATH pedb O BIAUMHBIX
MPEBPAIEHUAX MACCHI U dHepruu. /leg0 B TOM, 9TO TPU aHHUTUIS-
1y (eIMHCTBEHHBINH KAHIUIAT HA MOJOOHBINH MPOIece) obpa3yrorcs
doroubl, aast KoTopbix "Mmacca gsumxkenus" mocrymupyercs B8 CTO
o Toit ke camoii popmyste. CiieT0BATEHHO, U B 9TOM CJIydae pedb
MIIeT TPOCTO O B3aWMMHBIX MPEBPAIlEHUAX dacTull. He roBopst yxe
o ToM, uTO "sHeprus mokosaTo Togbko rumoreza CTO, Tak Kak Teo-
pyda IPUBOJUAT BCE K TOI »Ke HEeONpeJeJeHHOW KOHCTAHTe, KaK W B
KJIACCUIECKOi (bu3mke.

Ob6parnM BHUMaHWE TaK>Ke Ha, HEMHBAPUAHTHOCTH (DOPMYJIbl B =
mc? B pamkax CTO: Macca MHBApUAHTHA, CKOPOCTH CBETA — TOKE.
OxHako 3HEPrus npepcraBaser coboii 4-sekTop. Ecam monbrrarbes
BKJ/IIOYUTH B HHEPTUIO TEJa KUHETHMIECKYI) SHEPTUIO €r0 MOJIEKYJI,
IBUTAIONINXCA C PA3HBIMU CKOPOCTIMHU V;, TO TPHU TEPEXOIe B IBU-
JKYIIYIOCS CUCTEMY 9TU CKOPOCTH OY/IyT TO-PA3HOMY CKJIAIBIBATHCS
CO CKOPOCTBIO TeJia, KaK 1esioro. B pe3ysibrare B3amMOCBSA3b OKA3bI-
BAETCsl HAPYIIEHHOW W B HOBOU crucreme 5Ta (popMysia OKa3bIBAETCS

MIPOCTO PEJIITUBUCTCKUM OIpejieienneM HeKoTopoii "oykser K.

CTO meiTaeTcs ¢ TPUHITUIHAIBHBIX MO3UITHI "BOEBATEH C BETPSI-
HBIMU MeJIbLHUIIAMU': HAPUMep, ¢ MOHSITHEM aDCOIOTHO TBEPIOTO
tesia. OIHAKO, B KJIACCHIECKON (DU3UKE HUKTO He BKIAIbIBAET OyK-
BaJILHOTO CMBICJIA B abOCTPaKINI0 abCOIOTHO TBEPHOro Tema. Becem
OYEBUIHO, UTO aDCOJIIOTHO TBEPJILIX TeJ He ObIBAET Jayke MPU CO-
BCEM HEPEJATUBUCTCKUX CKOPOCTAX (OTMETHM POJIb YCKOPEHHii, TOU-
Hee CUJI, B 9TOM BOTIPOCE, BCIIOMHWB OOBIIHBIE CTOTKHOBEHWST MATITITH
Ha joporax). [IpocTo mpu onucanny HEKOTOPBIX JBUYKEHUI BJINSHIE
nedopMaruii MpeHedPekNMO MAJIO WU HECYIIECTBEHHO /ISt W3yda-
eMOT0 SIBJIEHUSI U TOTJA, TOJBKO JJIs YIPOIEHUS MATEMATHIECKUX
BBIKJIQJIOK, WCIIOJIB3YeTCs a0CTpakins abCOTIOTHO TBEPIAOTO TeJIa.
CTO mbITaeTcsd TPUHIATHAATLHO CUYUTATH IJIEMEHTAPHBIE TACTUIIHI
ToyednbiMu [17] n cpady ke CTaJIKMBAeTCs C APYTOil MPUHIUITHAIb-
HO¥1 TTPOB/IeMOit — CHHTY/ISIPHOCTHIO PSI/Ia, BEJTHIHH.

Ilepeiimem Temeph HETTOCPEACTBEHHO K 3aMEYaHWSIM 10 PEIsTTH-
BUCTCKOH JWHAMEKe (T€OPUU CTOJKHOBEHUN W 3aKOHAM [BUYKEHS
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3apsSIZKEHHBIX YACTHIL).

4.3 Kpuruka oOHIenpUHATON MHTEPIPETAIINN
PEeJIATUBUCTCKON JTUHAMUKA

st mavasa, Bo m3bekanme psaa HeIOPa3yMeHui, HeoOX0IuMO Cre-
JIATH HECKOJIBKO 3aMEYaHNN KACATETLHO PEIATUBUCTCKON MEXaHUKM.
Bo-mepBoix, mogTBEpXKAEHNE C IKCIEPUMEHTAJIHHON TOYHOCTHIO 3a-
KOHOB JIBUKEHUs (KOHEUHBIX HAOIIOMaeMBIX PE3y/JIbTATOB) BOBCE He
MOZKET ABJIATHCA JOKaA3aTE/JIHCTBOM W OIIPpaBJaHMEM BCEX METOI0B, C
TTOMOIIBIO KOTOPBIX MOXKHO TPHUHATH K 9TUM pe3yabraTaM. B HaywIHOi
TEOPUN KAaK KOHEUHBbIE Pe3YIbTAThI, TAK U UCXOIHBIE MOJIOXKEHUS W
TPOMEXKYTOYHBIE PACCYKJICHUIA N BBIKJIQAKU JOJIZKHBI 6BITB BEPHBI
camu 1o cebe! Bo-BTOPHIX, U3 OMUOGOYHOCTH OCHOBHBIX TTOJIOYKEHTH
CIeITNAIBLHON TEOPUH OTHOCUTE/THHOCTH O MPOCTPAHCTBE W BPEMEHH
BOBCE HE CJIEIyeT BO3BPAT K KJIACCHIECKONW MEXAHUKE CO CTATHIe-
CKUMU CUJIaMW JIJId OMMUCAaHWA PEaJIbHOTO ABUXKEHUA YTaCTHIIL. STO
JIBe HUKAK He CBsI3aHHBIE Teopuu. Kjaccuueckas MexXaHUKa — 3TO
MOJIe/TbHAS TEOPWST; OHA MPE/I0JIAraeT: TeIa aDCOTIOTHO TBEP/IBIMT;
CTOJIKHOBEHHS JIBYX MaTepPHAJbHBIX TOUeK (baxTudiecku, IByX ab-
COJIIOTHO TBEPJIBIX YNPYTUX MIAPOB, PAJUyChl KOTOPBIX B Mpejese
YCTPEMJIEHBI K HYJTI0) aDCOTIOTHO YIIPYTUMU; KUHETUYIECKAs] SHEPIHsT
U UMITYJIBC MTOJTHOCTBIO COCPEIOTOUYEHBI B JBUKEHUN TeJIa KaK IeJI0r0
n O6MeH MU TTPOUCXOINT MT'HOBEHHO. HI/I KJIaCCUYIeCKasad MeXaHWKa,
HU TEeOpHUs OTHOCUTEIHLHOCTH HE M3YUYar0T MPOIECChl BHYTPU CTaJ-
KUBAIOMIUXCA YaCTUIL;, TP 6OJ'IBH_II/IX CKOPOCTAX TIOABJIACTCA JINIITH
JIOTIOJTHUTE/IBHBIN BOMPOC 00 ydueTe KOHEUHOCTH CKOPOCTH TepeIatin
B3anMO/JICCTBWIA.

EcrectBenHo, 9T0 y4eT KOHEUHOCTH BPEMEHU Tepejadn W pac-
TMPOCTPAHEHUST B3AUMOJEHCTBUIl TPUBOJAUT K W3MEHEHUIO peAThHO
HaAOII0TaeMOT0 JBWKEHNST 9acTHIL. [1osBIsSIeTCST JOTOTHUTEIhHAS 3a-
BUCUMOCTb BEJUYUH OT CKOPOCTH, HANpUMep, g 3DPEeKTUBHOIM
maccel (Tounee st apdexTusHoit cunr). KauecTBeHHO 9TO MOXK-
HO MOHATH U3 CJIEAYIOIIEN 3JJeMeHTapHON MeXaHUCTAUYECKOU MOJEe/IN.
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PaccmarpuBaem omaomMepHbiit ciydait. I[lycTh mCTOYHUK TOCTOSTHHO
¥ PaBHOMEPHO HCIIYCKAET OAMHAKOBBIE YACTHIILI, JIETSIINE C HEKO-
TOPOI TTOCTOSTHHOW CKOPOCTHIO ¥] BIOJIh HEKOTOPOit mpsimoii. B ka-
KOe ObI MECTO 3TOi MPSAMON MBI HE IMOMECTHIM IMOKOAIIEeCs Ipob-
HOE TeJI0, Ha Hero OymeT AefiCTBOBATL MOCTOSHHAST CUJIA JTABJICHUS
(or maseraomux vacTuir). Ecaum xe mo3BOIUTH TPOOGHOMY TeJTy JIBU-
raTbCsd OT MCTOYHUKA CO CKOPOCTHIO ¥, TO YUCIO JOCTUTAOIIAX ero
YACTHUIl B €JUHUILY BPEMEHN YMEHBIINTCI. DTO MOMKHO HHTEPIIPETH-
poBaTh KaK yMmeHbInenre 3(pOEKTUBHON CHUIBI WU yBeJIudIeHue -
dexkTuBHOM Macchl. B mpegene v — vq, Korma cBobomHOE TIPOOHOE
TEeJ0 YCKOPUTCS IO, TeCTBHEeM YaCTuIl, S (MEeKTUBHAS Macca CTpe-
MUTCSI K GECKOHEYHOCTH (TpaBUJIbHEE CKa3aTh, dMdekTuBHasA Cruia
CTPEMHUTCS K HYJIIO).

Pasymeercst, BBIBOJUTH KOJIMYECTBEHHBIE 3aBUCUMOCTU W3 STOM
KJTACCMYECKON MEXaHUCTUIECKONH MOJENIN HEeIb3sl, TaK Kak Camu
CTOJIKHOBEHHUSI HeJIb3s CUUTATh abCOMIOTHO YIPYTUMU U MIHOBEH-
HBIMUA. HaHOMHI/IM TOJIBKO, 9TO CYIIECTBYET KJIACCUYIECKasd MOIEJIb
Jlopenra (medopmupyemblii map), KOTOpas OMUCHLIBAET JTHHAMUKY
sekTpora (m o u m)|). Bo3MOXKHO Takyke MOJIyHuente KIacCHIecko-
ro YpaBHEHUS JIBUKEHHUS YACTHUI HA TyTH HEJTOKAJTHHOCTH WU HEJIU-
ueitnocru [14,15,81]. Penarusucrckue 3dpdexThl MOKHO Tak:Ke Mo
JIy9aTh, MPEII0I0KUB n3MeHerune 3hdeKTUBHOTO 3apaga. B miranb
HACTOAIIEH KHUTH HE BXOJUT AHAJIN3 BCEX BOZMOYXKHBIX aJbTePHATHB-
HBIX HyTeﬁ Pa3BUTNUA MEXaHUKW 1 BLI60p MEXKIy HUMU.

ITepeiimem Temeps HEMOCPEACTBEHHO K PEISITUBUCTCKON IMHAMU-
ke. CTO coBepIeHHO HEMOCIeI0BaTeIbLHA IPU PACCMOTPEHIH YCKO-
permit u, BOOOIIEe, AMHAMUKN wacTuil. [Ipeodbpasosanms Jloperra,
3 KoTopbIx ciaeayer Beg CTO, me MOryT HakJIaILIBATL OTPAHIYE-
HUN Ha YCKOPEHWsI Tel W Ha M3yUeHwne YCKOPeHHBIX cucrem. Omma-
KO, B 9TOoM ciaydae pan HecTblkoBok CTO ¢ skcmepmMeHTOM CTaJ
61 koM 3aMeTHbIM. [loaromy CTO uckyccTBEHHO TEKIAPUPYET,
YTO M3y9YeHWE YCKOPEHHBIX (HEMHEPIMAIbHBIX) CHCTEM — 3TO MPEPO-
rarusa OTO. Ho mocmemoBarenibHoe MpuMeHeHne 3TOH TeKIapalnn
ocrasuyio 661 0T CTO Tonbko camu npeobpaszosanus Jlopena u 3a-
KOH CJIOJKEHUsI CKOPOCTeii (TO eCTh 4acTh KHHeMATHKN). dT00bI 01
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HaTh '"3sHaunvocTs"Teopun, cHadasa B CTO dopmanbro Marema-
TUYECKU BBIYUCIAIOT 4-yCKOpeHue, a 3areM (hOpMabHO "BBIBOISIT-
cst"'ypaBHEHUsT PEIATUBACTCKON nuHaMukn. Ho Kak ke ObITH ¢ Tpe-
obpazoBanueM cuja?! B aToMm ciaydae BOIpeKn COOCTBEHHON JTeKaapa-
IV TIPUXOJMTCS MPE0OPA3OBBIBATH OJIHY YCKOPEHHYIO 9acTuIly (nmpn
v # 0) B "npyryio"yckopennyto uacruiy (mpu v = 0). I[Ipeobpazo-
BaHWE 3JIEKTPOMATrHUTHBIX 11oJieii ToXKe TTPOTUBOPEYUT 3aABJICHHBIM
CAMOOTPAHWYEHHAM, TaK KaK IOJIs, BBEJIEHHBIE OOIIETPUHATHIM 06-
pPa3oM, OTPaKaIOT TOJLKO JEHCTBHE 3JEKTPOMATHUTHBIX CUJT (CHJIO-
BOI moxaxox) m Huaero Gosee. Kaszanock 6w "smaummocTs'reopun
MOXKHO TTOSHATH, 00bABUB SKBUBAJIEHTHOCTD moaxoaoB CTO u OTO.
Onnako, B psge 3aga4d npumenenne CTO u OTO npusoaur K pas-
HBIM KOJIMYECTBEHHBIM DE3YIbTaTaM. DTH HECTHIKOBKYU MPUBOIAT K
HEOOXOIMMOCTH KEPTBOBATH KAKOW-TO W3 PEIATUBUCTCKUX TEOPWit
(BepHee obenmm).

O moarBep:kgaeMocTu 3aKoHOB coxpanenus CTO

Jlasexo He Tak OJHO3HAYHBI, KAK MTPEICTABIAIOT PEISITUBUACTHI, IO/~
teepxaenust CTO aneproit puznkoit u pU3nKoii 3/IeMEHTAPHBIX Ta-
CTHIl. 3aMeTHM, UTO OJHO YpPaBHEHWE MOXKET MPOBEpsITh He OoJee
OJIHOI 3aBUCUMOCTH MEXKYy (DU3NIECKUME BEJIUIHHAME (BCIIOMHUM
[Tyankape). [Tpw sTOM BCe BXOAsAIIME B 3TO ypasHeHWe (hDU3UUECKUE
BEJINUUHBI JOJIKHBI OBITH 3apaHee OMpeeeHbl HEe3aBUCUMBIM 00-
pasom, mHaue 3TO OyJIeT He 3aKOH, a MOCTY/JATHBHOE OIMpeeseHne
HEKOTOPOU Hen3MepeHHO BeandnHbl. [lonTBepK Ial0TCs T pesiaTh-
BUCTCKWE 3aKOHBI COXpaHeHus1! JacTo MpoCcTo MOCTYJIUPYIOTCS CBOT-
CTBa HOBOIl YACTHUIIBI, HAIIPUMEP, IMOCTYINPOBAHNE CBOMCTB IIPOMC-
XOJUT BCErJa MPU 00PA30BAHUN UJIU YIACTUN HEHTPAJIBHBIX YACTHII.
MozeT UMEHHO TI03TOMY TaK MHOTO YaCTHI] PA3BEI0CHh (ITOOBI mMpu-
KPBITE maaTke "rosoro Koposa'")? Pacemorpum moapobuo pasdbupa-
eMyio ¢ nenabio gemoncrpaimn "Bozmoxkuocreir"CTO peakiuio n3
kuurn [33]:

H?(6s1cTpsiit) + H? (moxosmumiics) — H' 4+ H3,
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Haxxe mis rakoit " memoncrpanmonnoii peaknnn (rie, ka3zamock Obl,

BCE BEJIMYNHBI TOJIXKHBI OBITH M3MEPEHBI U BCE OATAHCHI TOJIAKHBI CXO-
JUTHCST) OKa3bIBAETCS:

1) HEBO3MOXKHO M3MEPUTh KHHETHYECKUE SHEPIUH BCEX YUACTBYIO-
X TACTHUI], CIETOBATETHHO, 3aKOH COXPAHEHWS SHEPTUH He TPOBe-
pe;

2) B noHOM 6asaHCe SHEPrUM-MMIY/IbCA YYACTBYIOT HECKOJBKO
ypasuennii CTO, koropsie (a priori) erme He TpoBepeHsbI (B pe3y/Ib-
TaTe IMTPOoBEPAEMbIEC BEJIMYUHBI CTAHOBATCA TTPOCTO TTOCTYJINPOBAHHBI-
Mm);

3) B BbIpazKeHUN GaTaHCa UMITYTHCOB UMITYIbCI TIPUXOIUTCS UCKYC-
CTBEHHO BBIJACJIATH TI0 HAIIPaBJACHUAM W HET TapaHTHUW, YTO BBIIE-
JIEHHBIE YACTHUIHI MPUHAIEKAT OJHOMY W TOMY K€ aKTy B3aNMO-
neiicTrust (U elre He Pa3/e/IeHbl 0 MECTY W BDEMEHH 00Pa30BaHus );
4) HeT Tak¥kKe JOMYCKOB HA YIJIBI PA3jera JYacTUIl, ITO JEJTAET CO-
MHITEIBHON yKA3aHHYI0 B KHUT'e OTHOCHTEILHYIO TouHOCTh 2 - 1076
(Besb mayke Heprus AEHTPOHA M3MEPEHA TOJBKO ¢ OTHOCHTETHHOM
touanocteio 1073!);

5) HemoCpeJCTBeHHO CaM TPOIECC JI0OOT0 CTOJIKHOBEHUS, OCOOEH-
HO TIPW GOMBINAX yIIaX pasjera TacTHll, TPeICTaBaseT coboit yeKo-
peHHoe JABMYKeHne 3apsKeHHbx gactuil. CresoBaTesbHo, COTTIACHO
COBPEMEHHBIM TIPEJICTABIEHUSAM BCETIA JOTKHO HAOTIONATHCSA HEKO-
Topoe mamydenne. OIHAKO, KPOME CJIyIaeB HETMOCPEICTBEHHON pe-
TUCTPAITIN TaMMAa-KBAHTOB, HUTTE He BCTPEUAETCS YUeT SHEPrUu u
MMIIY/IbCA BO3HUKAIOIIETO MoJid. TakuM obpa3om, HaaaHc B 3aKOHAX
COXpAHEHUS He MpoBepeH. [IpocTo BeImanHaM, He U3MEPEHHBIM He3a-
BUCHMBIM 00PA30M, TIPUTIMCAHO TAKOE 3HAYEHWE (3AM0CTYTMPOBAHO),
uT0b6b! He Ob170 npotuBopednit ¢ CTO. U 3Ty cromuyo 1mens mo-
crysmpoannit CTO mbrtaercss Tpogo/IKATE 0 OECKOHEYHOCTH.

HekoTopble peISTUBUCTCKNE PENIEHUS U CJAEACTBUSA

PaccvoTrpum mapajoke mpeobpazoBanus cus. Ilycts Mbl mMmeem jBa
TTOKOSITIINXCS PA3HOMMEHHBIX 3apsja €1 W €3, Pa3Jle/IeHHbIX JBYMS
TMapasIeTbHBIMUA TIJIOCKOCTSAMU, HAXOJAIIUMUCI JPYT OT JApyra Ha
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Puc. 4.4: Tlapamokc nmpeobpa3oBaHust CHII.

paccrostaun L (Puc. 4.4). Beneacrsue npursokenust Apyr K JIPyTy
3apgaabl HAXOAATCI HA MHUHHMAJILHOM PACCTOSHUN L ApYyT OT OpYy-
ra. (Oum HaxomaTCa B GE3PA3IMIHOM PABHOBECHHU TI0 OTHOIIEHUIO K
cucreme maockocreii.) TlocTaBuM Ha TIOCKOCTH MO KAXKIBIM 3aps-
TOM METKY WJIU MTOCTaBUM psiaoMm Habsomareneit. Bynem nabonars
Ternepb 3a 3TOU CUCTEeMOM 3apAI0B U3 PEJIATUBUCTCKONA paKeThbl, JBU-
JKYIIecst co CKopocThio V. Ilycre 6 — yroa Mexkjay BeKTOpaMu Vv
u L. Onpenensist 3/1eKTPOMArHUTHBIE CHJIBI, JIEHCTBYIOIINE MEXIY
9TUMU 3apgIaMU B CHCTeMe OTCuera pakeTwl [17], Gymem mHTEpeco-
BaThCAd TaHT€HIINAJIBHBIMU COCTABJIAIOIIMNMAU CUJI, T.€. KOMIIOHEHTaAMN
CUJI BJIOJIb TTocKocTeit. Ha 3apsm e nmeiicTByeT cuia
erea(l —v2/c?)(v?/c?) sin 6 cos O
L2(1 — v?sin?0/c2)3/2
CrenoBareabHO, 3apsabl CMECTATCSA U3 CBOEr0 IEPBOHAYAIBLHOIO IT0-
noxennd. IlycTh mapsl 6yayT mMeTh OrpoMHBIE 3apsambl, L Oymer
maso (L — 0), a v 6yzer Bemuko (v — c¢). [Tycts nabmonarenmm yaep-
JKUBAIOT MIaphl TOHEHBKUMHI HUTOYKaMu. IlopByTca u onn? OrBer
3aBUCHAT OT CUCTEeMBI HabmomeHuns. KTo xe n3 Habmogaresneil mpas?
Takum obpasom, nmeem odepennoe nporusopeune CTO.
PaccMmorpuM Temeph HEKOTOPBIE YaCTHBIE 3aa49n. MeToandecKn
TTapaJOKCAJIbHBIM ABJIACTCA OTNMMCaHNE JIBU2KEHWA SapH}KeHHOﬁ € Ya-
CTHITBI MACCBI Mg B IIOCTOSHHOM OJHOPOJHOM 3JIEKTPUUECKOM 0TI

F, =

£0. (4.1)



170 I'JIABA 4. JINHAMHUKA CTO

E, = FE (cm. [34]). HeiicreuresnbHo, B Kaaccuaeckoii (usnke Tpaek-
TOpHS TIPH Uy = Vg - HapaboJa:

T = eEyQ/(Qmovg),

a B CTO - nennas auHus

2 E
T = Mo¢ <cosh [&} — 1>.
eF myvoC

Ho mpu Gosbimux y peasgTUBUCTCKAs TPAEKTOPUs OJM3KA K IKCIIO-
HEHTE, TO eCTh sIBJIsIeTCs Oos1ee KpyToit, uem mapabosia. Kak ke ObITh
c uzeeii 006 yBeJUUeHUN WHEPIUH (MACCHI) Teaa co CKopocThio? Ec-
JIV JTazKe CIUTaTh, 9T0, HECMOTPST Ha HECKOJIBKO BOJIBIITYI0 KPYTH3HY,
YACTHUIA JIBUKETCA [0 TPACKTOPHUN MEJIJIEHHEee, TO 38 CUET KAKUX CHII
ona 3amesauaack no ocu y? Beaws cuma Fy, = 0 u 8 CTO onma Toxe
ne mogputcs: Fy = 0. [la n BeuamHa HATATLHON CKOPOCTH vy = Vg
MOKeT ObITh HEPEISITHBUCTCKOI (M OCTAHETCs TaKOBOIA).

CTpaHHBIM ABJIAETCA GATAHC SHEPTUU TSI PEIATUBUCTCKON pa-
kersl [33]:

m cosh 6 + Mo cosh(df) = M.

[Ipu Gosbmmoit ckopocru BeIGpOca (6 = tanh(v/c)) mnst KoHedHBIX
3HaueHni HadaabHOi Mp m KomewHoit My MacCC JOJIXKHO OLITHL BBI-
MOJTHEHO YCJIOBUE: MAacCa OTIAEeNLHOTrO BhIOpoca m — 0 (mast Hermpo-
rusopeunBoctu CTO). OHako, 9Ta BeJMUNHA OMPE/IeISIeTCs TOIBKO
TEXHUYIECKNM YCTPOWCTBOM PaKeThl: HET MPUHIINTTNAIBHBIX OTDaHU-
YeHUH.

Omme 3 BHIBOZOB DifmmmTeiina cootHomennss F = mc? wemno-
CcTaTOYHO OOOCHOBAaH. B 9TOM BBIBOIE TIPOIECC TOTJIOIIEHUS TEJIOM
ABYX CUMMETPUYHBIX HUMITYJIBCOB CBETA PACCMATPUBACTCA C TOYKU
3peHus ABYX HAOIIOMATE e, TBUKYIIUXCS IPYT OTHOCUTEIBHO JIPY-
ra. IlepBorit HabG/IIOIATEH TIOKOUTCS OTHOCUTEIHHO TeJia, & BTOPOIi
nemkerca neprenankyaapuo ceery (Puc. 4.5). B CTO nmonyuaercs,
YTO CBET 3apaHee JOJIXKEH 3HATH O JBUKEHUHN HAOJII0aTe/ T UMEHHO
CO CKOPOCTBIO ¥ M TaK TOJYyYUTh MUMIYJIbC, 9TOOBI B 3TOW BTOPOit
CUCTEME CKOPOCTBH TeJia He M3MEHWJIACh, & U3MEHUJACh TOJBKO €ro
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Puc. 4.5: K BeBony dopmyner E = mc?.

macca. Kak ke 6bITh ¢ omsiTamu JlebeeBa o qaBiaennn cseta (U co-
BPEMEHHBIM OOIIETPUHATHIM TIPEICTABIEHIEM ), KOT/IA TPH MepeIade
CBETOM WMITYJIhCA M3MEHSIACH UMEHHO HAOII0JaeMasi CKOPOCTh Te-
ga? A gro Oymer ¢ WMIYJILCOM, €CJIU MbI OygeM uMeTh abCOJFOTHO
MOTJIONIAIOIINE HePOBHBIE (CKomenHbie) moBepxuoctu? [To mpuBomun-
MBIM DUCYHKaM HETIOHATHO TaKKe, nMeeM JIM MBI IeJI0 C PEaJIbHBIM
MOTIEPEYHBIM CBETOM (MOJIE/IBIO, TIPUHATON HA CErOMHAITHUN JeHb, B
rom uncie u B CTO) wam ¢ MUCTHYECKUM TTPOIOIBHO-TIOTIEPETHBIM
ceerom (s cmacenus CTO).

Becbma crpammbiv B coBpemennoii Bepcun CTO gaBnsercsa paz-
JIMIre MaCChl COBOKYITHOT'O U3JIy9YE€HUA B 3aBUCUMOCTU OT UMITYJIHCa
CHCTEMBI:

(B1+ Ep)* (P +Po)?

7 5 (4.2)

C C

A ecim MBI GyZIeM MEHATH UMITYJIBC (HAMPABICHNE) OTIEJBHBIX (HhO-
TOHOB 3epKajaMu?! ByaeM onpemensiTh TPU 9TOM [IEHTP TPABUTAIIAN
cucrembl. [71e oH GyIET JTOKAJIN30BAaH U KAKOBA OyJeT CTPYKTYpa Mo-
Jist Bosim3u? Heyzkemu 3TOT 11eHTp OyIeT CKaKaTh, UCIE3ATH U MOSIB-
JIATHCs BHOBKL! Bocnonb3yemcest npusegennoit hopmynoit CTO (4.2)
JIIST OTIPEJIEJIeHNsT MAcCChl COBOKYITHOTO W3JIyUeHHs IBYX (POTOHOB,
Pa3IETAIOMINXCS TIO TPOU3BOIBHBIM YTJIOM, W PACCMOTPUM M3JLyde-
HEe, pacxojsmeecs u3 oxuoro tentpa (Puc. 4.6). Torma B 3aBuCcH-
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Puc. 4.6: Macca kombuHAIMM (HOTOHOB.

MOCTH OT MOTIAPHOI TPYIIUPOBKYU (POTOHOB MOYKHO TOJYIUTH Pa3-
HYIO COBOKYTIHYIO Maccy Bceii cucremsl (1st "obbsicHenns Becex BO3-
MOKHBIX BapHalllii MaCChl HE TPUIETCS JIU UCKYCCTBEHHO BBOINUTH U
orpunarebubie Macchi?). A B OTO Hy»XHO yUNTBIBATH TPEIBICTO-
PHUIO POXKJIEHUST W3JIYUEHUST JJIsT OTTPEIEIECHIUS JOKAJIUBAINN €T0 [[EH-
Tpa TPABUTAIINN U YUUTHLIBATH BCIO HEM3BECTHYIO MPOCTPAHCTBEHHO-
BPEMEHHYIO CTPYKTYPY 9JIEKTPOMATHUTHOTO TIOJISI [JIsT TPABUIHHOTO
OMUCAHNS COBEPINEHHO WHOTO SIBJEHUS — rpaBHTAINM. BeckorewHo
CI0KHO!

Cnun n npeneccua Tomaca

PeaTnBrCThl MOCTOSIHAO TOAYEPKUBAIOT, 9TO MeXaHWKa HBIOTOHA,
9TO-TO He ommchiBaeT 1o cpasuennio ¢ CTO. Hampumep, B kHure
[33] paccmarpuBaercst Tak HaszbiBaeMast mpereccus Tomaca (3dbderT
mosopoTa crep:kust B CTO kak nposiejienne "OTHOCHTETBHOCTH Off-
HOBPEMEeHHOCTH') U yTBEpPXKIAeTCs, U4TO B MexaHuke HboToHA rpo-
CKOIl BCEerja COXpaHsieT CBOI opueHTarmioo. OHako, Kak W3BECTHO
M3 KBAHTOBON MEXaHWKM, MOMEHT CITHHA JEKTPOHA BCETIA HATPAB-
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Puc. 4.7: TIpeneccust Tomaca 8 CTO.

JIeH Jiuho 10, OO0 TPOTUB HAMPABJIEHUS OPOUTATBHOTO MOMEHTA, TO
eCTh B JAHHOM CJIy4ae OH MEePHeHAMKYIAPEH TIOCKOCTH OpOUTHI (1
CKOPOCTHU 371eKTpoHa!). A B 9TOM OBGIIENPUHATOM CJIydae U MEXAHU-
ka Herorona u CTO coxpaHsioT HanmpaB/ieHue T'MPOCKOTIIa, MepIeH-
IUKYJISPHOE MIocKocTH opbuthl. [ToaTomy m3obpakeHHBIE B KHUTE
[33] Memnstommecs: HaNpaBIeHWs CIMHA He OTBEYAIOT JeifiCTBUTE b
wocru (Puc. 4.7). Eciu Bce e TPeANoIoKUTh HAKJIOHHYIO OPHEH-
TAIMIO CIMHA, 9JIEKTPOHA W BCIIOMHHUTH, YTO MBI WMEEM He MPOCTO
PUPOCKON (BPAIIAIOMIKICS MAPHUK), a 3apIkKeHHYI0 YacTHILy, 006J1a-
JTAIOILY 0 MArHUTHBIM MOMEHTOM, TO B MArHUTHOM TIOJI€ 3aPSI?KEHHO-
ro sapa Mof JAeficTBUeM Cujl Oyaer HAOIIOIATHCS TPEIecCus CIIUHA
9JIEKTPOHA, KOTOpas MOXKET OBITH OMUCAHA KJIACCUYECKUM 0Opa3oM
(HACKOIBKO BOOOIIE 0OHEKTHI MUKPOMUPA MO3BOJISIIOT 3TO CIEIATH).
JIJ1g KJTACCHYECKOro OMUCAHWS TAHHOTO siBeHus (6e3 MHTepIpeTa-
it CTO) HeobxoamMOo 3HATH BCE TTAPAMETPHI ATOMA, BKJIIOYAas OPHU-
EHTAIINN CIIUHOB M MOMEHTOB. Bojiee TOro, B KJIaCCUIECKOM CJIyUae,
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Take TPU OPUEHTAITMU CIHWHA, JJIEKTPOHA, MEPIEeHIUKY/ISIPHO 0POu-
Te, BO3BMOXKHA MPEIEeCCUs, eCIU MOMEHT apa He MEPIeH/ UK y/ISIpeH
opbure (fa m SIPO TOKE MOKET TPENECCUpPoBaTh). B peanbHO 3a-
Jlade MHOTHX T€JT BCETa MPOUCXOJUT COTVIACOBAHUE BCEX JBUYKCHMIA,
BKJIIOYAs BCe OPOUTHI, BCE TPEIECCHH, CMEIIEHUST BCeX MEePUTeINes.

Cospemenntoe ucnoas3oBanue nmousitus cnuna gacrui] B CTO as-
JITETCS BHYTPEHHE HEeCOTTACOBAHHBIM. /€10 B TOM, YTO HPU CTOJIK-
HOBCHUAX YaCTHUIIbI 'B;BI/IH{yTCH 'B;pyl—' OTHOCHUTEIBHO ﬂ;pyr‘a n B,Z[06a.BOK
U3MEHSIOT CBOE [IBUZKEHHUE, a B JBWKYIIEHCS CHCTeMe MOMEHT KOJIU-
YECTBA JIBUKEHNs (KaK OPOUTANBHBIN, TaK M CITUH) JOJZKEH COTJIACHO
CTO ornmuaThCa OT TOi K€ BeJUINHBI B MOKogAMeiica cucreme. Kak
7Ke CIITMH MOXKET OCTaBaThCA MHBAPUAHTHBIM 1N y‘{aCTBOBaTb B CTPO-
I'UX 9UCTOBBIX PABEHCTBAX (PETATUBUCTCKAX 3aKOHAX COXPAaHEHUs)?

Kpowme toro, mpereccuss Tomaca Kak KuHeMaTHdecKuii adpdexr
CTO suyrpenne mpormsopeunBa (cm. Lmasy 1), Tak kax npomecc
BPAIEHNST BBIXOIUT 3a paMku wHepimaabubix cucreM CTO (mpsimo-
JIMHEHHOrO PABHOMEDPHOTO JIBUYKEHUS).

Emie pa3 o macce

3aKoH COXpaHEeHWs MAacChl, KAK HE3aBUCUMBIN 3aKOH, MOATBEPKIA-
€TCA TPOMaJHBIM KOJMYECTBOM OIBITHBIX JaHHBIX. SHeMeHTapHBIe
YACTUIBI TUOO BOBCE HE MEHSIOTCS, 8 U3MEHSIETCT UX KUHETHIeCKast
SQHEPTUA W SHEPruyd COMYTCTBYIOHIECTO MM SJIEKTPOMATHUTHOTO TIOJIA,
b0 MEJUKOM TPEBPAINAIOTCA B Apyrue dacTuilbl. PoTOH - TOXKe
JaCTNIA, KOTOPYIO MOYKHO XapaKTePU30BATh CKOPOCTHIO W TaCTOTOHM
WM AIUHON BOSHBI. HUKAKWX TPOM3BOILHBIX MPEBPAIEHUN MaCChI
B SHEPTUIO TPOCTO He CYIIECTBYET.

Ocratorcst B8 CTO u BOITPOCHI 15T YACTHIL ¢ HYJIEBOW MaCCOii mo-
KOs1. Bo-TIepBBIX, N3 PETITUBUCTCKUX BBIPAXKEHWIT 119 SHEPTUN U NM-
y/IbCa BOBCE HE CJIeAyeT CTPOTOTO Mepexoia K CIAYIa U = ¢, My =
0. KaK, HallpuMep, MOZKeT BO3HUKHYTH KOHTUHYYM BCEBO3MOXKHBIX
YaCTOT w B TaKOM mepexonie? Bo-BTOPBIX, €C/IN MbI IMEEeM JIHHEHHY FO
[EMOYKY II0CIeJ0BATC/IbHO AHHUTUIUPYIOIUX U POXKTAIOIINXCA I1ap
nn w3 mg # 0 moydaeM ¢ MOMOIIBI0 oTpaykennit mg = 0, TO Kyaa
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MCYE33eT TPABUTAIMOHHAS SHEPrust (TI0J1€), MCKPUBJIEHUE MTPOCTPAH-
crBa (¥ IJie WX TEHTP JIOKAJIU3auu npu anaurmisiun)? Bompoc o
Macce TOKOsT (DOTOHA B COBPEMEHHO! TPAaKTOBKE, BOODIIE TOBODSI,
Hecembicen. POTOH, KaK OMPEIeTeHHas YaCTUIA, XapaKTePU3yeTcs
onpesenenHoi yacroroit w. B mokoe (w = 0) 310 Gbuta OBI JAXKe
He Jpyras YacTUIa, TPpocTo (POTOH OB TTepecTas CyIecTBOBATh. [1o-
9TOMY HE CYIIECTBYET CaMO MOHSATHE MACChl TOKOst (hoToHa (Kak m
MOHATHS SHEPTUH MoKost (porona u 1p.). C Apyroit CTOpoHBI, 1Jist pe-
aJIBHOTO (DOTOHA, BITOJIHE MOYKHO OTIPENe/IsiTh HE TOJIBKO SHEPTHUIO U
MMITYJILC, HO M Maccy. B y4ebHuke [26] coBepiieHHO HEBEPHO CliesiaH
BBIBOJT O HEBO3MOYKHOCTH CYIIECTBOBAHUS UACTHUIL C HYJIEBOH Maccoi
MTOKOSI B KJIACCUIECKON (bm3mke IKoObI moTomy, uTo mpu m = 0 Jiro-
Hast cuta TOJTPKHA BBI3BIBATH HECKOHEUHOE YCKOpeHue. Bo-mepBhIx, He
BCsIKas CHJIa MOXKET feiicTBoBaTh Ha hoTon ¢ m = (. Hampumep, mpu
JEeHCTBUM TPABUTAITMOHHON CUJIBI HYJTEBAS MaCCa KOPPEKTHO "COKpa-
TUTCS"' M YCKOPEHUE OCTAHETCsT KOHEYHBIM. BO-BTOPBIX, KaK KJIACCH-
yeckast Mexannka, Tak 1 CTO He HAKIAJBIBAIOT TPUHITUIAATHHBIX
OTpaHWYEHWI Ha BEJIUIUHY YCKOPEHUsI. DTO, HAIPUMED, MO3BOJISIET
pPACCMATPUBATEH CTOJKHOBEHUS YACTHI U OTPAsKEHNEe CBETa KAK MTHO-
BeHHBIE TpoIecchl. B-rpersux, yem ke Jiyurie Beibop CTO, korma
OJT IeCTBUEM CHJIBI, IO JIOTHKE PEJIITHBUCTOB, YCKOPEHWE I CBe-
Ta OCTaeTCs PaBHBIM Hy/i0? Ecim anesmnpoBaTh K WHTYUIAHR, TO B
CTO nonywaercst beckoneunast Macca (poToHa.

[Torre (BO3MOXKHO HE TOJBKO 3JEKTPOMATHUTHOE?), KaK Mare-
puasbHasi Cpejia, CHOCOOHAs MEePEHOCHTh SHEPrHio U 00/1a/[aTh MM-
IyJIECOM, MOZKeT 00JIaaTh M Maccoii (Takas KOHIIEMIINS BHYTPEHHE
HENPOTUBOPEYNBA, & PEATM3YeTCsl JIM 3Ta BO3ZMOXKHOCTh - OTBET MO-
JKeT JTaTh TOJIBKO ombIT). [TosToMy n m1st Kraccmaeckoit (hU3nKu HeT
HUYEro yIUBUTEIHHOTO, 9TO HEKOTOPOE I0JIeé CIIOCOOHO MEePEHOCUTH
maccy. B arom ciydae mosie TOMKHO yIACTBOBATH B KJIACCHIECKOM
3aKOHE COXPAHEHMsI MACChl M TOTa Macca OyIeT COXPAHATHCS B JIIO-
6BIX pPeakKmmax. HO.T[e JOJIZKHO y49aCTBOBATH B 3aKOHAX COXPaHEHUA
MMITYJIbCA U SHEPTUH U TOT/IA MOYKHO HE MEHSITH KJIACCHIECKYO 9aCTh
9THUX 3aKOHOB COXPAHEHUsI, OTHOCAIILYIOCA K dacturiam. [losromy u B
KJTACCHIECKO (bM3MKe HET HUYEro YANBUTEILHOTO, UTO BO30YIKIEH-
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HBIIf ATOM MOYKET BECUTD 0OOJIBITIE HEBO30Y K AEHHOTO UJIN TEJIO0 C HOJIH-
el sHeprueil Moxker 006JaTATh GOJIBIIEHi MAccoil (KeTaru, mMpoBe-
PHUTH 3TO TP COBPEMEHHOT TOYHOCTH M3MEPEHWH MOKA HETb35T). JTa
JIOTIOJTHUTE/IbHAST MACCa COCPEIOTOUEHA, B MOJIe, KOTOPOE 3aCTAB/ISIET
HaCTUIIBI KO.T[e6aTbCH, ABUTATHCA 110 66CCI/IHOBLIM TPaeKTOPUAM WJIN
OTCKAKWBATEH OT YJAEPXKUBAOIIEl YacTuiibl crenku. Ecmm mpeamnosio-
ZKUTH 9UCTO JIEKTPOMATHUTHYIO TTPUPOAY YaCTHUIL 1 CaMOTO TTPOIEC-
ca UX CTOJIKHOBEHUSI, TO B BaKyyMe MOXKHO ObLIO OBl MCIIOJIH30BATH
PEIIATUBUCTCKNE BbIPDaKEHUA IHEPTrUU-UMITyJ/IbCa, HO TOJIBKO C TOY-
K1 3peHnd OJHO3HaAYHBIX B3aMMOCBSI3eii BeJIMYNH. Ha;go Ipu 3TOM
MIOMHUTH, YTO B 9TOM CJIydae SHEPrUus U UMIYIbC XapaKTepU3yroT
TOIHKO MTAHHBIN TPOIECC CTOJIKHOBEHWS, TaK KakK (PaKTHIECKW 3a-
MUCAHBI C YYETOM SHEPIUM U UMITYJIhCA MOJS (SIBHO HEYUYTEHHOTO W
HEBBIJIEJIEHHOTO).

Teopus cronkHoBeHuii u 3aKoHbI coxpanenus B CTO

Owuens gacro B CTO gys "ynpormienust" omcanust CTOIKHOBEHUI UC-
TMOTB3YIOT TPUEM Tepexojia B KaKy-HUOYIb "yI00HO IBUKYIITYO-
csa'"cucremy orcuera. OHAKO, TaKas TPOIETypa HE UMEET MO/ CoOOM
HUKAKUX (bl/ISI/ILIeCKI/IX OCHOBAHUMN 1 TTPUHITATT OTHOCUTE/IIBHOCTHU JIJIfA
BAKPBITBIX UIEHTUUHBIX CUCTEM 37eCh BOBCe HuU npu dem. Ecan mpo-

BOJATCA PEJIATUBUCTCKUE IKCIIEPUMEHTHI Ha NCKYCCTBEHHBIX ITyYKaX
YACTUI[, TO UCTOYHUKY (YCKOPUTENN) W PErUCTPUPYIONIHE TPUGOPHI
TTPUBA3AHBI K 3eMJ'[e " OT HAIIErO MBICJIEHHOTO TMIPECTABJIEHUA yCKO-
puTesin U TpUOOPHI HE TOJETIT C ABUKYIIUMCS Habogareaem. Ec-
JIN M3yJaeTCsi HEKOTOPBIA mporecc B Kamepe BuiabcoHa, TO Tpeku
YACTUI] TPUBS3AHBI K cpene (To ecTh K Kamepe Buibcoma), a He K
nersmemy Habmomareno. Hampumep, B Kiaccnaeckoit pusnke yros
MEXKJy TpEeKaMU YaCTUIl He W3MEHUTCS OT JBUKEHUsT HaDJII0IaTe-
Jist. B TO Ke BpeMsl yrojl MeKy CKOPOCTSIMU YACTHUIL, OCTABJISIO-
X YKa3aHHBIE TPEKN, MOXKET 3aBUCETH OT CKOPOCTU ABUZKEHUA Ha-
boromaresns. B penaTuBucTcKoit husmKe yribl MeKIy TPAEKTOPHSI-
MU 1 MEXKJy CKOPOCTAMU TaCTUI] TOKE 3aBUCAT TIO PA3HBIM 3aKOHAM
OT CKOpOCTH JBUKeHus Hab ogarensd. [loaTomy Takoit Ka3amoch ObI
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npasgononobuniii ¢ roukn 3penns CTO nepexoj K HOBOI cucreme
OoTCUeTa MOXKET CYIIECTBEHHO HCKA3UTh MHTEPIPETAINIO PEIIeHNs,
TO €CTh JII0DOI MPOIIECC MOJIXKEH PACCMATPUBATHCS TOJBKO B CHCTE-
Me peasibHOr0 HaOIIomATeN s (PEruCTPUPYIOIIEro Tpubopa).

Eie oganm mckaxkenneM IefiCTBUTEILHOCTH SIBISTETCS PACCMOT-
peHne TPOIEeCca CTOJKHOBEHUS JBYX YACTHIL (TMPUHIUMHAIBLHO TO-
geunnsix B CTO) kak mmockoro aemxenwsi. Ha camom mene maske
IIpY MCCIETOBAHNNA CTATHCTUYECKAX XAPAKTEPUCTUK TOYEUHBIX Ua-
CTHI[ U3MEPUTEIbHBI MPUOOp He MOXKeT (JJIs MOJATOHKH TIOJ W/Ie-
ATBHYIO 33149y JIBUKEHUS JIBYX TOYEK) C KarKJ0i mapoii qacTurr jie-
TeTh W BPAIIATLCS T0-CBoeMy (To-pasnomy!) — mostoxkenne mpubopa
dukcuposano. Kpove TOro TouedHbIe YACTHUIHI JOXKHBI PACCMATPH-
BAThCA KaK MpeIeIbHBI CIydail JacTUIl peaabHOr0 KOHEIHOTO Pas-
Mepa, WHade He HabII0ZAI0Ch OBl JTOOOBBIX CTOMKHOBEHWH, HEIh3sT
OBLIO OBl PACCMATPUBATEL CTOJKHOBEHUS ATOMOB M MOJIEKYJI, IPOTO-
HBI He UMEJIU OBbI CTPYKTYPBI U T.J1.. A B 3TOM CjIydae CTOJIKHOBEHWE
YACTHUI ABJISIETCS TPUHIUIHATBHO TPEXMEPHBIM (BEPOSTHOCTD TLIOC-
KOTO JIBUKEHUST PaBHA HY/10). [lyCcTh, HApUMED, JABA OJMHAKOBBIX
mapuka (1 u 2) npubamKkaTcs Ipyr K APYTy I0 CTOJKHOBEHUS IO
CKPEIUBAIOIINMCS B TIPOCTPAHCTBE TPAMBIM (MUHUMAJIBLHOE PACCTO-
STHUE MEXK/y TIPSAMBIMU MEHBITIE JTMaMeTpa MIapuKa). YiKe ¢ Camoro
Hava/Ia SKCIEePUMEHTa MBI HE MOYKEM IIPOBECTH Uepe3 STU 33, TaHHbLIE
TpAMBIE€ TIJIOCKOCTh. TeM HE MeHee, BOSbMeM Cepe,ZI;I/IHy MUWHUMAJIBHO-
IO PACCTOSHUS MEKJTy CKPENUBAIOIIUMUCS TPIMBIMU (TPAEKTOPUsI-
MW JI0 CTOJIKHOBEHWSI) W TIPOBEJIEM YE€PE3 Hee MEPECEKAIONIMECs TPs-
MBbl€, TIapaJlIe/IbHbIE JAHHBIM TPaeKTOpusaM. Temeps uepes mepeceka-
IOINECs MPSIMbIE TTPOXOJIUT €JINHCTBEHHAs I0CKOCTh v (Puc. 4.8).
LleHTphl MAPUKOB ABMXKYTCA 10 CTOJKHOBEHHUS MAPAJLICJIbHO ITO
TIJIOCKOCTH: IEHTP TEePBOTO IMMapuKa JIBUXKETCA q9yTh BBIIIIE TIJIOCKO-
CTH, a IIEHTP BTOPOTO IMAapHKa — IyTh HUXKe 3TOil miockoctu. ITocae
CTOJIKHOBEHUS IAPUKHI MOJIETIT [0 IPYTUM CKPEITUBAOIINMCS IPSI-
MBIM. OHHTB HEJIB3d Yepe3 3TU MPAMBIE TIDOBECTU TTIJIOCKOCTh. CHOBa.
IpOeaaeM AHAJOTHIHYIO MPOIEAYyPY C HapaIeJIbHBIM IIEPEHOCOM
TPAMBIX, Ha KOTOPBIX JIeKaT JIMHUNW ABUKEHUA TI0CJI€ CTOJIKHOBE-
Hud, 0 [epecedenns mocpemuue. [IposemeM depes mepecekaroIue-
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Puc. 4.8: Hemockoe ABUXKeHUE IBYX YACTHII.

CS IPSIMBIE TIOCKOCTE 3 (OMSITh MEHTPHI TMAPUKOB OY/IyT JBATATHCS
MO pasHble CTOPOHBI OT 3TOi maockocTn). OmHaKo, "MIOCKOCTH 110
cToJIKHOBEHMA "He coBmataer ¢ "MIOCKOCTBIO TOCIEe CTOJIKHOBEHUS &
MIEPECEKAeT ee T0J] HEKOTOPBIM yTJIOM.

Bropoit crioco6: mpoBeneM OHY MJIOCKOCTH Y Uepe3 TPAEKTOPUIO
JIBVZKEHUsT TIEPBOil 4acTubl (MepeceKalommecs IpsMble ee JIBUKe-
HUSI JI0 ¥ TTOCJIE€ CTOJIKHOBEHUS ), & BTOPYIO TLIOCKOCTH 0 — Yepe3 aHa-
JIOTUYHYIO TPAEKTOPHUIO IBUYKEHUsI BTOpO# wactunbl. OQHAKO, 3TH
MJIOCKOCTH TOXKe TIePeCceKatoTes 1Mo HeKoTopeiM yriiom (Puc. 4.9).

Yo ke cieayer u3 TpexMepHoctu npuxkenusi? [lepsoe. He Bce
CBSI3M OKA3bIBAIOTCH JWMHEHHbIMU. Hampumep, mayke mpu mpsMOJIn-
HEHHOM pPaBHOMEPHOM JIBUXKEHUU TEeI MO CKPENIUBAIIINMCS Ipsi-
MBIM, PACCTOSHUE MEXKTy TeJaMU OKA3BIBAETCH HEJUHEHHON (hyHK-
nueii Bpemenu. Bropoe. anuieM KjiacCu4ecKue 3aKOHbI COXPAHEHMS
UMITY/THCA (B MPOEKITHSIX) ¥ SHEPTHH:

Vig + Vo = VY, + Vh, (4.3)

vy + vy = V), + VY, (4.4)
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Puc. 4.9: TpexMepHOCTH CTOJKHOBEHUS ABYX YACTHII.

Vi + v, = V), + v, (4.5)

2 2 2
Z (’U?z + vi2y + U’L2,Z) = Z (v/ix + v/iy + v/iz)' (46)
i=1,2 i=1,2

13 cucrembr (4.3-4.6) MBI BUIWM, 9TO JIsl TECTH HEM3BECTHBIX Be-
T (V)5 Uy, V)55 Vg Uy, V9,) TMEIOTCA BCETO HUETHIDE yDaBHe-
Hust. Takum obpaszoM, JIOJKHO OCTaThCs JBa Heolpe/e/eHHbIX Ta-
pamerpa B pemiennn. Ecm ke cuntaTh IBUKeHHE TI0CKuM (yOpaTh
ypasuenue (4.5)), TO 71T OCTABIIUXCS YETHIPEX HEM3BECTHBIX Oy1eM
uMerh Tpu ypasuerus. CrreoBaTebHO, IPH COMOCTABICHUN PeIlie-
auit CTO ¢ kaaccuueckoit (PU3MKOIN OCYIIECTBISETCS TOAMEHa Pe-
IeHNit 1 OCTAETCA TOTBKO OJMH HeOompe/eeHHbIH mapaMerp (0Obrd-
HO TAKOBBIM CUHTAIOT YrOJI paccesuns). Takas MojMeHa MPUBOIUT
K HENPaBU/ILHOI MHTEPIPETAN JTaHHBIX SKCIIEPUMEHTa, 0COOEHHO
[IPY BOCCTAHOBJIEHNH HEIOCTAIOMNX BeaudnH. Hampumep, B KHUTE
[33] memoncTpUpYOTCS JBa TpeKa pa3siera YacTHIl OJNHAKOBOW Mac-
CHI U 3apsiga (TOUHee OJMHAKOBOTO OTHOINEHNS €/m?) ¢ yIIoM pa3-
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seta MerbimM 90° n OTCIOmA eTaeTCsT BHIBOL O HEBEPHOCTH KJIac-
CUYECKOI MEXaHUKU. JAMUIIeM BhIPAYKEHUE /IS YIJIa, (¢ MEXKJIy Tpa-
eKTOPUSAMU PA3JIETAIOMINXCI YACTUIL:
o o o
V7,.Vs,. + V7, Vs, + V7,0
lx "2z 1y “2 12%2z
cosa = v =Y . (4.7)
12 /2 12 12 12 12
\/(U 1x+vly+vlz)(7}2x+v2y+7}2z)

Bribepem och Z Tak, uTobbI OBLIO V1, = Vo, = (. Beipasum Temnepn
TNEePeMeHnyIo vy, u3 ypaphenns (4.3), IepeMennyio vy, BRIDA3UM 13
ypasuenusi (4.4), mepeMeHHyio v}, BbIpasuM u3 ypasHenns (4.5),
a w3 ypasuenns (4.6) Beipasum Bemmamny v'5, (Tpw 3TOM yCIOBHME
v Sz > 0 orpaHnuYmBaeT 00JACTH BO3MOMKHBIX 3HAUEHWH BCEX MEpe-
MeHHbIX ). [TogcTaBuM BCe BBIIEHA3BAHHBIE BEJWMYUHBI B yPABHEHUE
(4.7). B pesysibraTe MoaydnTCs IBYXIApPAMETPUUIECKAs 3aBUCHMOCTE
oT V), W véy, KOTOPYIO MBI HE BBITTUCHIBAEM BCIEJACTBAE €€ TPOMO3IKO-
ctu. Ucnonb3ys rpadudeckue mporpaMmbl, MOKHO yOEIUTHCS, ITO
IpU 3aJaHHBIX BEJHYHHAX Uiz, Uly, U2z, U2y MOIydaeTcs HEKOTOpas
MTOBEPXHOCTH, TIOXOYKas Ha BHYTPEHHIOID YaCTh IWINHIPA, TO €CTh
BEJINUMHA, COS (v MEHSIETCsT B MIHPOKUX Tpejenax. Hampumep, jerko
MTPOBEPUTH, UTO 3HAUECHUS
vig = 0,1; vy, =0,1; w9, =0,7; wy =0,7; Ulu =0, 6;
I . I . r_ . ro_

Vo, = 0,27 vy, =0,4; vy, =0,4;  —vh, = vy, =+/0,14
YZIOBJIETBOPSIIOT BCEM KJIACCHYECKNM 3aKOHaM coxpaHeHwust (4.3-4.6).
s atux 3uavenuit moaydaem cos o = 0,29554, To ecth o &= 72, 8°.
3aMernM: ec/ii CAUTATh CKOPOCTH BHIPAYKEHHBIMU B €IWHUIIAX CKO-
POCTH CBeTa, TO MEHbITIAasi CKOPOCTh BITOJTHE PeAIbHA, JIJIsT JBUKEHUST
BHYTPEHHUX JIEKTPOHOB B aToMax, Haunuas ¢ 2z > 60. /la u B 06mmem
CIy4uae HUKTO HE BUIEN MOKOAIINXCSA 9JEKTPOHOB B aroMax! YToul B
90° OZHO3HAYHO TOJIYYIALTCI B KJIACCUIECKOH (pU3WKe TPU CTOJKHO-
BEHUH C TMIOKOSIIENHCS JaCTHUIEl B CHCTEME PErHCTPUPYIOIIEro Mpubo-
pa (TospKO /I HaiiTh Takyio dactuiry?). OgHAKO, n3 HABJII0IAeMOT0
yria paziera B 90° BoBce He CemyeT ¢ OJHO3HAYHOCTHIO 00paTHOEe
YTBEpXKEHHE O TOM, YTO OJHA U3 YACTHUI] MOKOWIACH (MaTeMaTHIe-
CKasl BEPOSITHOCTH TAKOTO COOBITHSI GECKOHETHO majsa). Takum 00-
pas3oM, obpaTHas 33]a9a BOCCTAHOBIECHIS HEJTOCTAIONINX JAHHBIX He
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ABJIAETCA OJHO3HAYHOU MIPOLEAYyPOil HU B KJIACCUYECKOU, HU B pe-
JFATUBUCTCKON (busuKe (CyIecTByer 6ECKOHEUHOe UUC/I0 PA3TUIHBIX
HEMTPOTUBOPEIMBLIX PEIIEHNIH ).

st GoJsiee CTPOTOit IKCIIEPUMEHTATHHOM TPOBEPKU 3aKOHOB CO-
XPAHEHUS IPU CTOJIKHOBEHUAX (HE3aBUCHMO OT T€OPUN) HEOOXOIUMO
M3yYaTh CTOJKHOBEHHMS YACTHI[ B BAKyyMe I Y3KHX MOHOIHEpre-
THUYECKUX TYYKOB W3BECTHBIX UACTHI] MPU 3aJaHHBIX yTJIaX CTOJIK-
HoBenud. IIpw 3TOM MOJIHOE MCCIETOBAHKE MPOIECCA CTOJIKHOBEHIS
OJIPKHO BKJIIOYATH B ce0sT TPOBEPKY DaJiaHCca M0 SHEPTUsIM YaCTHII
(7151 KazK 700 yIjIa paccesiHrsi B MPOCTPAHCTBE), TPOBEPKY GaIaHca
WMIIY/JIBCOB YACTHIL, MTPOBEPKY OATAHCA OOIIEro KOJIWIecTBa, TaCTHI]
B IIyYKAaX JI0 U TOC/e CTOJKHOBEHUsI (BEPOSITHOCTH PACCESHNUS), TPO-
BEepKYy OaJiaHCca BOZHUKAIOIIETO W3JIYUEHUs 110 SHEPTUSIM U HAIPaB-
JeHnsaM. EcTh erme nBa BOmpoca, Ha KOTOPBHIX OOBIYHO HE aKIEHTH-
pyercst BHuManue (eme JBe HeONPeeIeHHOCTH): 3aBUCUT JIN PACCe-
SHAE OT B3AaWMHOI OPHEHTAITMN COOCTBEHHBIX MOMEHTOB BPAIIEHHS
CTAJIKUBAIOMNXCA JACTUIL! V MEHSIOTCS i COOCTBEHHBIE MOMEHTHI
BpAallleHNs B MPOIEcce CTOJAKHOBeHus? B Kaaccuueckoii pusmke or-
BET Ha STHU BOMPOCHI YTBEPAUTE/NEH (HO B KOJUUYECTBEHHOM ILIAHEe
cnabHO 3aBucuT OT "yerpoiicTra apuKos).

ABTOp He BCTpedas MOJHOTO aHAJN3a KaKOTro-JIHOO0 MPOIecca
cronkaoBerust B CTO coryiacHO BCeM BBIMIETIEPEUNCTEHHBIM TYHK-
ram. OTCloma He CaeayeT OJHO3HAYHOTO BHIBOJA O HEBEPHOCTH (B
npesieax IKCIEPUMEHTATBLHBIX OMUOO0K) 0OBIMHO UCTIOIB3YEMBIX Pe-
JISTUBUCTCKUX 3aKOHOB COXPAHEHUsI B JIIOOOM IMPOIECCE CTOIKHOBE-
HUA (XOTH JJIA MHOTUX OTAEC/JIBHBIX CIIYYIa€B 3TO BIOJIHE MO2KET OKa-
3aThCsl Tak). ABTOP TOJIBKO YTBEPXKIAET, U4TO HE CYIIECTBYET JazKe
OTAC/JIBHBIX TTPUMEPOB a.6CO.T[IOTHOFO TTOATBEPKACHUA PEIATUBUCT-
CKHUX 3aKOHOB CTOJIKHOBEHUs (He TOBOPSI YKe O PEeKJIAMUPYEMOii Io-
BasIbHOI IO TBEPIK IAEMOCTH ).

C mpuHNUNUATBLHO CTPOTUX MO3WINI MPUMEHEHUE PEeTTTUBUCT-
CKUX 3aKOHOB COXPAHEHWs K MPOIECCY CTOJKHOBEHUS B (DU3UKE DjIe-
MEeHTapHBIX JACTHUI] BEChbMa COMHUTETbHO. MoryT /i OHM COXPAaHATD
CBOW BWJ] HE3ABUCUMO OT 3apsA/a CTAJTKUBAIONINXCA YACTHIL, YTJIOB
CTOJTKHOBEHUsI W yTJIOB pazjiera? Beab B mpoliecce CTOJTKHOBEHUS
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3apsiyKeHHBIE YaCTHUIIHI UCIBITHIBAIOT yeKopenne. ClenoBaTeanHo, Co-
[JIACHO COBpEMEHHbBIM mpeicrasienusaM (B Tom uncie 8 CTO), Bcerma
JIOJIZKHO HAOMIOATHhCsT HEKOTOPOe n3myuenue (nose). Heyxenn myx-
HO JIeiCTBOBATEH KaK CTYIEHTHI, MOACMATPUBAIONINE B OTBET 33 IaUmn:
ecm y» Tpubop 3aperucrpuposan y-ksanT ('moifivMan mHac 3a py-
Ky'), TO ero HyKHO SIBHO y4ecTh "¢ yMHBIM BUIOM". A B OCTaIBHBIX
caydasix 'c yMHBIM BUIOM'"BepuTh B mpaBmibHOCTE dopmyr CTO?
[me xe "mpemckazarenpuas cuaa'"CTO? Ha camoMm mee B 3aKOHBI
COXpPaHEHUA HY?KHO 9BHO rZI;O6a.BI/ITb YJICHBI, YINTHIBAIOIIINE IHEPTUTO
" UMITYJIBC TIOJISA.

Boob1re ToBOpst, €IMHCTBEHHBIH CJIyUail, KOTIa PaBOMEPHO 00-
CyXKJIeHUE PEISITUBUCTCKUX 3aKOHOB COXpaHeHWsl mpu 'CTOJIKHOBe-
HUSXTO B3aWMOIEHCTBUE UYACTHUIL CUIAMU SJTEKTPOMATHUTHONW MPH-
pomsr (cmnoit Jloperna). Ins ocTanbHBIX CIydYaeB BBITOJIHEHUE De-
JISTUBUCTCKUX 3aKOHOB COXPAHEHUs] — 3TO HEMTPOBEPEHHAS THIIOTE3a
(ceeroBeie cepbr CTO HE MMEIOT HUKAKOTO OTHOIIEHUS K CUJIAM
HEdIeKTPOMArHUTHON Tpuposel). OHAKO, U B CIydae 3JIeKTPOMAr-
HUTHBIX BBaHMOﬂeﬁCTBHﬁ IJIA BBIBOJA PEIATUBUCTCKUX 3aKOHOB CO-
XpaHeHust BoBce He Tpebdyercss uukakux uzgeit CTO. M3sectHo, uTo
YpaBHEHWA NBUZKEHUA C HAYaJIBHBIMU YCJIOBUAMUW TTOJTHOCTHIO OTIpe-
ACJIAI0OT BCE€ XapPaKTEPUCTHUKW ABUZXKEHUA, B TOM YUCJIC WHTETrPaAJIbI
nBrzKennst. TAKUM MHTErpajoM JIBUKEHUS MOYKET OBITH SHeprus (HO
He Beerga). VI3 ypaBHEHNS JBUKEHUS CJIETyeT

dP
—=F = vdP =Far. (4.8)

BBoaum ompemesieHne mMOTEHITHAIBHON SHEPTHN

U = —/ Fdr.
o

BHag BUJ UMIYIbCa (ITO BEJUUNHA, BXOJASINAS B SKCIEPUMEHTAJb-
HOe ypaBHeHue Jprxkenns (4.8)), HanpuMmep, B KJIACCHYECKOM CITyvae

P =mv,

a B PEJIATUBUCTCKOM CJIy4dae

P=mv/\/1—v2/c?,
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MOZKHO TIOJIYYUTh 3aKOH COXPAHEHWs! SHEPIUN 13
dE = vdP — Fdr
— COOTBETCTBEHHO K/IACCHYECKMUiT
U 4 mwv?/2 = constant

WA PENATABUCTCKUNA

U+ mc?/y/1 —v2/c% = constant.

[Tpw ycoBMM paBeHCTBA CUIT JEHCTBUS W TPOTUBOAEHCTRIS (TpeTHit
3akoH HpioToHa, rumoresa meHTpaabHbix cui) umeem: Fig = —Foy.
Torma n3 ypasuenust aprzkennst (4.8) MOKHO TTOJIyUUTE 3aKOH COXPa-
HEHUsl UMITYJIhCa (OMATh 9TO BEJUYWHA, BXOJAIIAS B IKCIEPIMEH-
TasibHOe ypasHernue apukenus (4.8)): uz dPq/dt = Fi, dPo/dt =
Fy; momyuaem

d(Pl + P2)

dt

Opamako, mpyu HATUIUU MArHUTHBIX cusl Fio # —F91 u penarusuct-
CKUIT 3aKOH COXPAHEHWS MUMITYJIbCA, JYaCTUI] B OOIIEM CIydae MOXKEeT

=0, = P1+Py=const.

HApPYIIATHCA. [T0CKOTBKY GONBINMMHCTBO YACTHII, TaXKe MHOTHE JJIeK-
TPUYECKHU HEATpaJbHBIE, UMEIOT MATHUTHBI MOMEHT (TO eCTh MpeI-
CTABJISAIOT cO00it He "uneanbubie Toueurbie 3apsiabl CTO a 3apsiken-
HBIE MATHUTHBIE DOTATOPBI KOHEUHBIX PA3MEPOB), TO IIPUMEHEHHe Pe-
JIATUBUCTCKOTO 3aKOHA COXPaHEHWdA MMITYyJIbCa B H,Z[epHOfI (1)I/IBI/IK€ n
duzUKe TEMEHTAPHBIX YACTUI] HE3 IBHOTO YUETa MMITYJIHCA TTOJIS CO-
BepIeHHo HenpasoMepHo. ClaegoBaTeaIbHO, Mbl OISTH MPUXOIUM K
HEOOXOINMOCTH STBHOTO yUeTa UMITYILCA MO, & 3HAYUT U €ro SHep-
rum, npu CToAKHOBeHUsX. (B0O3MOXKHO, 3TO MOMOXKET yHmopsiiounTh
saaepuyio GU3NKy U (PUINUKY SJTEMEHTAPHBIX YACTHI[ U COKPATUTH
YHUCI0 YACTHI-TPU3PAKOB?)

YUeT cuibl peakIuu W3IYyUeHns TaKXKe BeJeT K HAPYIIEHUO 3a-
sieyieHHbIX B CTO 3aK0HOB coxXpaHeHus SHEPTun U uMiyabca. OTka-
3aThCs OT ydera 9TOH CHJIBI B TPOIECCE CTOJIKHOBEHUsT YacTulr! Tak
BEeJIb TaM 3Ta CUJIa U JOJKHA OBITH HAMOOJee CyNIEeCTBEHHON (mMe-
F0TCsT GOJIBITIHIE TTOJIST BCJIEACTBYE COMKEHUST BHICOKOIHEPTETHIECKUX
YACTUI] U OOJIBIINE MTePEMEHHbBIE YCKOPEHHST ).
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\Y

Pwuc. 4.10: TTapamokc peraara.

MowmenTt umnyiabca B CTO

Hecoxpamenne B ob1miem ciaydae OOIIENPUHSITHIX BBIPAYKEHUN PeJIsi-
TUBUCTCKUX IHEPTUU N MMITYJIbCa TTPU CTOJIKHOBEHUAX YaCTUIL TTPU-
BOJUT TakxKe K HecoxpaHeHmtoo MomenTta mMmmyabca B CTO. Onna-
KO, PEIATUBUCTCKOE BbIPDazKEHNE MOMEHTa MMITyJ/IbCa JIETKO ANCKDPe-
JTUTUPYETCS Ha Topas3fo OoJsee mpocThiX mpuMepax [8]. Bemommm,
HampuMep, MapaIoKC puryara. IlycTs 1Be paBHBIE IO MOIY/IIO CHJIBI
Fy = F, = F feiicTByioT Ha JBa OQMHAKOBLIX InTeda l| = ly = I,
pacriosioxkenubix oz yriaom /2 (Puc. 4.10). CymMapHbIii MOMeEHT
CUJI paBeH HyJ0. KOHCTpYKIHsT oCcTaeTcss HEMOABMKHOI. B k1accu-
TecKoi (bU3NKe PE3yIBTAT COBEPITEHHO HE 3aBUCUT OT CHCTEMBI OT-
cYeTa U HUKAKWX HOBBIX (DU3MIECKUX MOHATHUI, TPOIECCOB, SIBJICHUI
NN MaTEMATUYIECCKNX BBIKJ/IAIO0K BBIAYMbIBATH HE HY?KHO.

HNuaue obcrout meno 8 CTO. Ecan KT0O-TO TOMBLKO B3IVISHET Ha,
9Ty CHCTEMY W3 PaKeThl, IBUKYIIEHCT CO CKOPOCTHIO ¥ BIIOJb OJTHO-
o M3 ILI€Y, TO OKAYKETCs, UTO CYMMAapHBIH MOMEHT CTaHeT OT/INY-
HBIM OT HYyJIs. BeieacTsue cokpalerus JInH 1 Tpeodpa30BaHus CHU
mveeM: My = Flv? /02 # 0. Poruar mo/ikeH HAYATh BPAIIATHCS.
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Kazamock 661, momobHOE TPOTHBOPEUNE TOIKHO OBLIO TTPUBECTH K
orkazy ot CTO u Bo3BpaTy K KJaccu4ueckoit pu3uke, JAOIIEH oue-
BUJIHBIN 1 BepHBIH pesyabrar. Oarako, perstusucter (cremys Jlays
u Sommepdenby) monum uubiM myTem [34]. "Bo nmsa'ncesqonayku
HY?KHO 9€M-TO KEPTBOBATH. HOCKOHbe 3,[[pa.BbII7I CMBICJI IJIA PeJIsd-
TUBUCTOB MeHbIre 3uaunt, ueM CTO, To HYKHO n3006pecTu HeI0CTA-
IOIINi TICEeBIOMOMEHT. 'Termepsh ecanm BBI MPOCTO Ha UTO-TO OTHpae-
Tech (Ha CTeHy, HAIPUMep) WU UCIOJIb3yeTe PhIUar, TO 3amacuTech
JIOTIOJTHUTELHO 018K 101: Yepe3 Bac noreuer "meuro' (smeprus) u
9Ta BEJIMIMHA MOYKeT 0Ka3aThcs orpomuoit! Kpome Toro, moroku (Be-
POSITHO, TIOTA?) OHOBPEMEHHO MOTYT OKA3aThCs PA3HBIME, €CJIU 33
BaM¥ TIOJICMATPUBAIOT U3 PA3HBIX IBUKYIUXCs paker. Kcmu 06a poi-
Jara BbI JEPXKUTE CBOMMU PYKAMU C OIMHAKOBBIM YCUJIUEM, TO SHEP-
IUsl W3 OFHON PYKW Tak W yTekaer K ocu u rae-to "ocemaer". On-
HAKO, He BoJHyiTech! MI3MepnTh 910 "HEUTO"HEBO3ZMOKHO HUKAKIM
CIocobOM, JTa W He HYKHO PEISITUBUCTAM: 9TO BeIh He (PU3NKO 3a-
HuMaTbest. Hy»KHO mpocTo YT0OBI HYKBEHHBIE BBIPAYKEHUsS CONLINUCH
C OUEBMJIHBIM (M3 3/IPABOTO CMBICJIA) Pe3yabTaroM. TakuM obpasom,
BMECTO OJIHOTO MPHUHITUIHAJIBHO HEOOHAPYKUMOTO PEISITUBUCTCKO-
ro adpdexra (nHAUE OOHAPYIKUIOCH OBI MPOTUBOPEYWE) TIOIYUUIOCH
IBa, MPUHIIATINAIHHO HEOOHAPYKUMBIX PEIATUBACTCKIX dhdexTa, B
TOYHOCTH KOMITEHCUPYIOMUX APYT apyra. Ha MHOrHX m0100HBIE DO-
KYChI JefiCTBYIOT (OYKBBI TO CXOISITCS ), HECMOTPST HA TO, 9TO ''Cyxoit
ocTaToK"Bcex mO00HBIX "M300peTEeHNITO OUEBUIHBIN 3apaHee KJiac-
CAYECKUI Pe3yJIbTarT.

Oddekr Komnrona

K Teopun sdpdexra Komnrona Toxke ecTh HEKOTOPHIE BOMIPOCHI, B
YACTHOCTH, K WHTEPIPETAIN IBYX KJIIOUEBBIX (DAKTOB SKCIIEPUMEH-
TaJBHON KpUBOil: 1) paccestHuio Ha CBOOOJHBIX MOKOSIIIUXCS JJIEK-
TpoHax; 2) JAeKJIapanuyu HAJIn9Iust CUJIbHO (7) CBA3AHHBIX 3JEKTPO-
HOB TIPU SHEPruH TAJAIONINX YKECTKUX PEHTTeHOBCKUX Jydeil 6o-
nee 1 Mev (?!). TTo mepBomy dakTy HaIO 3aMETHUTH CJIELYOIIEe.
Bo-1iepBbIX, TpH peajbHLIX TEMIIEPATyPaX BEPOATHOCTDL JTayKe JJIst
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cBODOIHOTO 3JIEKTPOHA WMETh HYJIEBYIO CKOPOCTH PaBHA HYJIIO W Ha-
710 PACCMATPUBATE TPOU3BOJIbHBIE JBUZKEHUS 3JIEKTPOHOB (peasbHoe
pacnpegenenne). B 4acTHOCTH, MUK JIOJKEH WMETH OTHOIIEHNE He K
HYyJIEBOIt, & K HanboJiee BEpOSTHON CKOPOCTH (& B aTOME — K CKOPOCTH
CBSI3AHHBIX 3JIEKTPOHOB B aTOME, KOTOpas JOBOJIBHO BEIWKa). Bo-
BTOPBIX, OBLTO OBl UHTEPECHO MOATBEPIUTDH 3D MEKT Ha, TEKTPOHHBIX
MyYKax HE3ABMCUMO 110 BCEM TPeM BeqmanHaM (MOJIHBIH Galanc): mo
YTJIaM, SHEPTUSAM W KOJUYECTBY dacTuil. Ilo BTopoMmy ¢dakTy 3ame-
THM, 9TO TP 3asIBJIEHHBIX OOJIBIITINX SHEPTUSIX CTPAHHO HE BHIPBATH
0007t 3mexTpon (naxke BHyTpennuii). Boszmoxkno, sddext Komn-
rona (kak u 3hdexr Meccbayspa) TOKEH PACCMATPUBATHCS IS
Tena (MM aToma) Kak Meaoro W3 HEKOTOPHIX PE30HAHCHBIX YCJIO-
BHii (C y4eTOM KOHKPETHBIX MEXAHW3MOB MOTJIONIEHWS W W3JTy YeHUsT
B arome). OIHAKO, BCE PABHO OCTAIOTCST HEONPEIENEHHOCTH BJINSHUS
JIBUKEHUST 3JIEKTPOHOB B aTOMAaX W BJIMSHUS TEMIIEPATYPHI Ha BCE
Tpu u3Mepsiemble B 07HOM (1) OIbITE BEJMUUHBL.

Kazanoch 661, 1JisT 97€eKTPOMATHUTHBIX B3aNMOIEHCTBUN MEHB-
1€ BCEro JOJIXKHO OBITH OCHOBAHU COMHEBATHCS B PEISITUBUCTCKOM
YPABHEHUY JTBUYKEHUST

® B+ N xB

dt c
M, KaK CJIeJICTBUE, B MPUMEHUMOCTH PEIATHBUCTCKUX 3aKOHOB CO-
XpaHEeHUsI JJIsT TPOIecCa CTOJIKHOBEHWs. TeM He MeHee CIeaaeM Psij
JAJTHHERTIINX 3aMEUaHU MO BOMPOCY 0OOCHOBAHHOCTH PEJISITUBUCT-
ckoro ommucanus dddexra Kommrona. Beimre yxke paccMmarpuBaics
PSIT HEOTIpEIeIEHHOCTE I/TsT CTOJIKHOBEHUS [ITAPUKOB — aHa/0Ta "ou-
JIbSIPIHOM"
BOJIMMbIE B CTAHJAPTHBIX yueOHWKax, Hampumep, [27,30,40]. 3ame-
THM, 9TO €CJIN BPEMSI COBITAIeHIsT MOMEHTOR PErHCTPAIINH Y-KBAHTOB
1 a1exTporoB At > 10720 cex, TO OIBITHI He TOJIBLKO He JOKA3BIBAIOT
OHOBPEMEHHOCTH WCIYCKAHUS TACTHUI], HO W HE TO3BOJSIOT OJIHO-
BHAYHO COTOCTABUTH YACTHUI[HI KAKOMY-JIHMO0 OJHOMY aKTy pacces-
uns. Takas TOYHOCTH HAXOIUTCS 33 TPEIETAMHI TaXKe COBPEMEHHBIX
BO3MOXKHOCTEl (TO €CTh 3TO TTOKa, BONMPOC "Bephl''M cTaTncTuka 3/16CH
HE TIOMOKET).

vomenn Komnrona. Bymem ananm3upoBaTh ONBITHI, MpU-



4.3 KPUTHUKA PEJTATHUBUCTCKOH JUHAMUKI 187

HazbiBarh 3/1eKTPOHBI, yIaCTBYIOIINE B PACCESTHUN, CBOOOTHBIMMT
— METOAMYECKN HEBEPHO, TAK KAaK TOT/Ia UX UUCIO JOKHO OBITH B
OIIBITE TTOCTOAHHBIM. O,Z[Ha.KO, TPUXOAUTCA CUUTATH 3TO YUCJIO Pa3-
HBIM B 3aBUCHMOCTHU OT YIJIa PACCESHUs, a MPHU JOCTATOUYHO MajOM
yTJIe paccestHusT BCe 3JIeKTPOHBI "okasbiBatorcs " cBsizanabpivu. Ha ca-
MOM JIejie BCE HJIEKTPOHBI YUACTBYIOT B TIEpeavue UMITYIbCA BCIE-
CTBHE CBOCIo ABUXKCHUA B aTOME 1 3&6I/IpaIOT Y 7-KBaHTa 9aCTh 9HEP-
U, TaK KaK OHU B QTOMHO crucTeMe GBI CBSI3aHHBIE.

Pan momenToB meoueBnmen B Teopun dddekra Kommromna. Ha-
mpuUMep, KAKOBa POJIb pacCesHus Ha 00Jiee KPYIHBIX €M 9JIeKTPOHBI
qacTHUIAX — Ha syipax (TO €CTh BO3MOXKHA JIM MHTEPMEPEHINST 1 ee
BJIWSIHEE OT PaCCesTHHOrO Ha gapax maayuennsa?)? [louemy B 3KC-
TepuMeHTe C JINTHEM OTCYTCTBYET HECMEUICHHAsd JIMHUA (KOMHTOH,
By), Benb oHa J0JKHA OBITH BCEria, HAIIPUMEpP, OT PACCEsHUS Ha
sape? [Toyemy st BCex BEIECTB CYINECTBYET He OIWH CMEIeHHBII
MUK, a [IBA, PACIO/IATAONIAXCS TOUTH CHUMMETPUYIHO OTHOCUTEHHO
UCXOIHON JTUHAN?

Kpowme Toro, BCe Tpeku He BU3yaJM3yIOTCA KAK B WIEATHHOIM
TEOPUH, a JIUITb BOCCTAHABIMBAIOTCST C MTOMOIIBIO BCIIOMOTATETHHBIX
CPesCTB U WHTEPIPETAINil, TO eCTh IPHU MPOBEPKE 3aKOHOB COXpa-
HEHUA MBI MUMeeM J1eJI0 CO CTATUCTUYCCKUMU TUIIOTEC3aMMU. B IKCIIEe-
pUMEHTaX HeT OIEHOK BEePOATHOCTU JBOWHBIX PACCEsTHUN OT 0Opa3-
Oa, XOTdA OHa MOXKET MUMETh 3aMETHYIO BECJIWYUHY, U HUTJAE HE OIle-
HUBAETCI POJIb MHOTOKPATHO paccesauHoro "dowua'oT Bcex wacrei
SKCHepI/IMeHTaJ[bHOf/'I YCTaHOBKMH. TOLIHOCTI) 9KCIIEPUMEHTOB [da2Ke 110
OTPEJIETIEHUIO CeueHnsl paccessHust HeBbicOKa ~ 10% (mpuuem 510
crarucTryaeckas To9HOCTR!). TIpn 3TOM BRIOUpaOTCs Hanboee Tpe-
seHTabeIBHBIE (BBITOIHBIE JIJIS Teopun) caydan. Hampumep, B ombiTe
Kpositaa, lepraepa u Typuna uz 10000 dororpadmit Beibpamno 300
ciydaen (He Majo Jn?) W JIEKIAPUPYETCs COBMAJIEHUE TAHHBIX s
cedenus paccestaus ¢ popmynoit Kneitra-Hummuaer- Tamma. B ciyuae
bobmmx roamuma 06pasnos (Koaspaym, Kommron, Yao) ouesuano,
YTO HAJO YUECTh BIAUAHWUE JBOWHBIX PACCETHUN. AHATOTHIHO OUe-
BUJHO U3 CXEMBI SKCIIEPUMEHTa, 9YTO B OTIbITE CHeHeSI/I n Beﬂ KOoJin4ue-
CTBO IBOMHBIX PACCESTHUIT TOTO Ke TOPSIIKA, UTO U OfuHApHBIX. [Ipn



188 I'JIABA 4. JINHAMHUKA CTO

OTCYTCTBUM y4eTa, 3TOro (pakTa BEChMa COMHUTEIHHA 3asIBJISEMAast
TouHoCTh 17%. BoI3biBaeT Hemoymenue, Korma B onbiTe Lodrmrai-
Tepa JENAI0TCA JEeKJTaPATUBHBIE MONMPABKA (MOATOHKM) BCJIEJICTBUE
BJIMSIHUSA Pa3HBIX (HPakTOpoB. [Ipm 3TOM mocse Bcex KOPPEeKTHPOBOK
(moxrowok o 30%!) nexnapupyerca rounocrs 15%.

Ha camowm nere, BO BCEX BBINIENIEPEUNCTEHHBIX OMBITAX BBIIES-
IOTCA He HaNpPaBJIEHWsT PA3JIeTa YACTWIL, a (PUKCHPYETCS WX Mora-
JAHUEe B OMpeJeNeHHoe MecTo TmpocTpancTBa. CremoBaTebHo, TOI-
TREPKAEHHOCTH dkcnepumentamu naTepnperannn CTO mocrarodaro
comauTenbua. Hampumep, B ombiTe Kpocca m Pamzesa mourn mosto-
BUHA TOYEK C YyYETOM 3asIBJICHHBIX TPEHEJIOR JIOTYCKOB JIEKUT BHE
TeopeTuuecKoit Kpusoit. Obparmaer Ha cebs BHUMAHUE TOT (DAKT, ITO
TIPU BBIBEJIEHUN PETUCTPHUPYIONIEr0 MpudbOpa W3 MIOCKOCTH Pacce-
STHUST 9MCJI0 COBMANEHWI B aKTaX PACCESTHUST OCTAETCS 3HAUNTE/Ih-
HBIM: OOJIee YeM B TPU pasa MPEBHIMAeT (poHOBOE 3HaUeHMe. Takke
BECHMa CTPAHHO CPaBHMBATH 3KkcrepumenThl CkobeabInHa ¢ Teopn-
el MCIOIBL3YS OTHOIIEHNE KOJUIECTBA, YACTHUI], PACCESTHHBIX Ha, pa3-
wbre yrnt Nad© /N 1285 . Beap xaxkmas n3 9TuX BeMauH (M 9UCIUTENH
U 3HAMEHATE/b B OTJIEJIHHOCTH) eCTh HEKOTOPBIE YCpeJHeHHbIe (-
dbexTuBHBIE) BeMuMHBL. A KaK MOXKHO B 00IIeM Buje 6e3 npus/ede-
Hus Teoprn (BJIYKTYAIHi COTOCTABUTE OTHOIIEHNE CPETHUX BETMINH
(7Ba 9KCIIEpHMEHTA) C OTHOIIEHWEM MCTHHHBIX BeJWduH (Teopust)?

s Bojee TOJHOTO TEOPETHUIECKOTO obocHOBaHUs 3ddexTa
Komnrona mykeH He OAWH KOJJIMMATOP I MAJAIOIINX TACTHUIL, &
TPU KOJUIUMATOPA [I/IsT BBIJETEHNUS €Ie W KaXKJOTO0 BUIA PACCESTH-
HBIX YACTHUIL IO Y3KUM HampaseHusM. HyKHbI TaKKe MOTJIOTUTEH,
youpaioriue ¢poun. Torma ocranercs "roasko" mpobiema dpuabTpamun
BCEX YACTHUI[ MO 3HeprusM. Takum obpa3oM, Jazke Takoil Kazaaoch
6b1 wucTo pensruBucTckuit 3dpdert kak addext Komnrona ne sB-
JISTETCST IKCIIEPUMEHTAIBHO TOJHOCTHIO TPOBEPEHHBIM.

,Z[OHOJIHI/ITQJIBHI)IQ 3aMevdYaHnud

Ornmcannas BBIIE BO3MOXKHOCTH HEIJIOCKOTO JIBUKEHUsT (M0 CKpe-
IUBAIOIIAMCS TIPSIMBIM) JIayKe JJIsl JIBYX TeJl KOHEUHBIX Pa3sMepOB
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MOZKeT MMEeTHh OTHOIIEeHNE K 3a/a9€¢ O CMEIIEHNN TIePpUTreInd MepKy—
pust (4TO HE OBIIO HUKEM TIPOAHATM3INPOBAHO).

Cremaem omHO BCmoMoraTeabHOe 3amedanue. llpum BeIBOIE pe-
JISTHBUCTCKOTO BBIPAYKEHUST JJIsT UMITYJIBCA, " TOKA3BIBAETCS UTO WM-
OyJbC JOJ’KeH OBbITH HAMpaBieH IO CKOPOCTH, WHadYe OH Oymer
HeonpeaeaeHHbIM. OIHAKO, HUKAKON CTPOTOCTH B 3THUX PACCYKIe-
HUAX JJI eIUHCTBEHHOM YacTHUIBl HeT, BeJlb U B cucteMe rjae v = (0
HampaB/eHNe WMITYJIhCA TOXKE HeompenenrenHoe. Kiaccudaeckoe BbI-
paKeHUe I UMIYJbCa CJAeIyeT U3 €BKJIMIOBOCTH ITPOCTPAHCTBA
(OZIHOPOIHOCTH, M30TPOMHOCTH) U MHBAPUAHTHOCTH Macchl. Ciemyst
TPWHITAITY MUHUMAJIHHOW HEOOXOTUMOCTH, MOYKHO OCTABUTH KJIACCHU-
JecKoe BhIparkeHne KaK J/id HAITPaBJIeHUsd, TaK U /19 BeJTUINHBI UM-
myJIbca dacTuiibl. Toraa Bce Pe/TsITUBUCTCKUNE N3MEHEHUS MTPOSTBITCS
B WU3MeHEeHWN BhIpaXKeHud Mg dHeprun. [IpocTo Ham0 TOMHUTE, ITO
I 3aPSyKEHHBIX YACTHUIl TI0JIE TOXKE MOYKeT 00/1a/1aTh HEHYJIeBOit
SHEprueit u uMIyabcoM. CTPOTO YIPYTUM MOXKET OBITH TOJBKO CO-
yIapenne HeHTpaabHBIX JaCTUIl 663 BHYTPEHHUX CTEreHeil CBOOOIHI.

Eme oxHo Benomoraresnbroe 3amevanne. B kuure [33] (3agaqa 65
"ummysc 6€3 Macchl") paccMaTpuBaercs miaTdopMa Ha KOJTeCHKaX.
Ha ommnom ee KOHITE HAXOIUTCS MOTOP C aKKYMYJISITOPOM, KOTOPBIi
BPAIAET C TIOMOIILIO PEMEHHON Tepesaun (depe3 Beio maardopmy)
KOJIECHKO C JIOTIATKAMU B BOJE Ha JPYroM KOHIE MiIaTdgOopMbl. B
pe3ysbTraTe 3JeKTPUTIECKast SHEPTHsT AKKYMYIATOPA TEPEXOJANT C OJI-
HOT'O KOHITA MJIAT(OPMBI B TEIIJIOBYIO HEPTUIO BOIBI HA JIPYTOM KOH-
e wiardopmbl. OngaTh MBI IMEEM A0 C OTEPEil ONpeIeIeHHOCTH
(c meobbekTuBHOCTBIO): st criacernss CTO pasuele HabMIOTATETH
JOJIZKHBI CAEJIaTh Pa3HbIe MCKYCCTBEHHBIE BBIBOABI O IIyTAX M CKOPO-
crsix mepenoca sueprun (maccer). Hampuwmep, cormacao CTO mabitro-
narens Ha maaTdopMe JIOIKEH MPUITUCATH TMEPEHOC SHEPTun (Mac-
CbI) DEMEHHOI mepeavue. A ecim MbI OCTABUM €My OTKDPBITBIMU JIJIsT
HADJTIOIEHIST TOJTBKO JBA HEOOJBITNX KYCKa PEMHS, TO B UYeM W KaK
MOYKeT OBITH SKCITEPUMEHTAILHO MOATBEPKIEH 3TOT MEPEHOC Mac-
cui? TTo3umusa Kaaccuaeckoil (pusnkm HoJiee YeTKAS: €C/IN OTHO TEJIO0
IeficTByeT Ha, BTOPOE, TO COBEpITaeMasi paboTa OTpenessseTcs mpo-
U3BEJEHNEM JEeHCTBYIONEH CUIBI HA OTHOCUTEJHHOE MepeMereHme:
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A= [Fdr wm A = [Fvdt, rae v - 9T0 OTHOCHTETBHAST CKOPOCTb.
Hampumep, mox JeficTBIEM CHJIBI TPEHHS JBUXKYIIEECS TEI0 OCTa-
HaBJINBAETCHA. KI/IHeTI/IquKaH QHEPTrd TeJIa OTHOCUTEJIHHO ITOBEPXHO-
ctu Oyner YHCIeHHO paBHA pabOTe CUJIbI TPEHWs U YUCIEHHO DaBHA
KOJIMYECTBY BBIJCIUBIIECTOCA TEILIa. 9TI/I BEJIMYMHBI MHBAPWaHTHBI
(He 3aBHCAT OT CHCTEMBI HAOIIONEHNS).

Crenaem Temepb METOAMYECKOE 3aMEUYAHUE O MTOATBEPHKIAEMO-
cT PeaaTuBUCTCKUX (Hopmysr. TOUHOCTH SKCIEPUMEHTOB B (DU3UKE
MUKDPOMUPA KAK MPABUIO HEBBICOKA B OTIEJHHOM aKTe M3MEpPeHUs.
OnHako, ee UCKYCCTBEHHO MOBBIMIAIOT MyTeM BbIOOPA "HYKHBIX /I
Teopun'" COOBITHIT U TTOCIEIYIOIIEN CTATHCTHIECKOH 00paboTKOI pe-
3y/bTATOB (TIOJTOHKOM MO/ Teopuio). B oTimume oT KIaccuueckoii
00IacTH MCCAeSOBAHUSI, HUKTO BEJWYWHY CKOPOCTH YACTHUI[ B Pe-
JISTUBUCTCKUX OOJTACTAX CKOPOCTEl HEMOCPEICTBEHHO HE U3MEpPsieT
(Ta.K}Ke KaK HEBO3MOZKHO TIPAMO U3MEPUTH MaACCY YaCTUIL, & TOJIBKO
e/m — Ja | TO TPU UCIOIH30BAHUU OMPEIETeHHBIX TEOPEeTHIECKIX
WHTEPIPETAnii 1 COOTBETCTBYIOIIEH MM I'DaJyWpOBKE MPUOOPOB).
[TosToMy B IBHOM BHJE MOJCTABUTH BEJIMUUHBI V U 11 B PACUETHBIE
() BETMYUHBI SHEPTUN W UMITYJTHCA U TPOBEPUTH 3aKOHBI COXPAHEHUST
CTO menw3sa. Jlaxke ecqu ONpenenTh SKCIEPUMEHTATHHO HEKOTO-
pble MOYTH COXPAHSIIONINECS YMCJIOBbIE BEJIMUUHBI, TO BBIJIETUTH U3
ATUX YUCEJI 6yKBeHHO€ BbIDazKEHUE JJIsd SHEPTUN U NMITYyJIbCa MO2KHO
MHOTHUMY PA3JINIHBIMUA CIIOCOOAMY C PA3HBIMHU Pe3yIbTaTaMu. A BeIh
JdazKe M3MEPEHNA YNCJIOBBIX BEJINYUH IHEPTUU U UMITYJIHCa ITPONCXO-
JAT KOCBEHHBIM 00pa30M (OTISITH MBI IMEEM JIEJI0 C TeOPETHIeCKUMU
WHTEPIPETAIUSMH ).

Ecnmu mekoTophiit 00bEKT WMEET CKOPOCTH OOJIBIIMYIO, Ue€M CKO-
pOCTh, € KOTOpOii crocobHA MBUTATHCS Barra pyka, TO, eCTecTBeH-
HO, BBl HE cMOXKeTe yCKOPUTH PYKOil JTaHHBIN O0BEKT; OJHAKO ITPHU
BCTPEYHOM JIBMKEHNN CKOPOCTH CTOJTKHOBEHUS OTPEIETUTCI CyMMOit
ckopocreii. CoBepIeHHO aAHAJOTUYIHON OYIET CUTYyaIUs MPU MOTMBIT-
K€ YCKOPUTH 3JICKTPOMATrHUTHBIM TIOJIEM YaCTUIIbI, JICTAIIUE TTOYTU
CO CKOPOCTBIO TIEPeIaun SJIEKTPOMATHUTHBIX B3aUMOeHCTBUil (-
bexTuBHOCTH yCKOpeHUst GyeT HEBBICOKOIM); HO ONATH TP J1000-
BOM CTOJIKHOBEHUM UACTHI] CKOPOCTH OYIEeT CKJIAIbIBATHCS A IUTHUB-
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vo. Paccmorpum ciremyromuit MbICIeHHBIN 9KkcepuMentT. [lycts Ha
OIHON TPSMO#i TIOMEINEeHBI TPU HabmogaTenss — B Toukax A, B u
C. TIpu srom touka B naxomurcs nocpeaune orpeska AC. ITome-
CTUM TOYEYHBI MCTOYHUK MEPUOTUIECKUX CHHXPOHU3YIONIUX CHUT-
wasioB O Ha cepeanHHOM TepreHAnKY/Isspe OB Ha 60IBITIOM PaccTo-
saunn R = |OB)|. [TockoIbKy BCe YeThIpe TOUKHM B3ANMHO TOKOSTCS,
TO JI/IS HAIUX TPEX TOYEK Ha MPSIMON BHIOPAHHBIN METO]] CHHXPOHU-
zanuu npuMmenuM u B kjaaccuke u B CTO. Bribupas paccrosaue R
TIOCTATOIHO OOIBITAM, MOYKHO 00ECIevunTh 3apaHee 3aJaHHYI0 TOU-
HOCTH cuHXpoHm3amun Bpemeru B toukax A, B u C. Ilycrs paamo-
AKTUBHBIE UCTOYHUKH, CIIOCOOHBIE U3TYyYaTh TACTUIIBI CO CKOPOCTHIO
0.9¢ momerreHBl B KaICyJIbl Ha, KOHI@X oTpe3ka B Toukax A u C.
C moJstyueHneM TepBOro CHHXPOHUBUPYIOIIEr0 CUTHAJIA, 3aCJTOHKU Ha
KallCyJ/IaX OAHOBPEMEHHO OTKPBIBAIOTCA W YaCTUIBI YCTPEMJIAIOTCA
HaBCTpedy apyr apyry (k Touke B). Habmomgarens B Touke B yBu-
AUT, KaK TTPOCTPAHCTBO MeEXKIAYy ABYMA BCTPEYHBIMU TTOTOKAMWU T10-
crostaao "cbhemaercs''co ckopocthio 0.9¢ + 0.9¢ = 1.8¢c. C Takoit ke
CKOPOCTHIO CTOJIKHYBINHMECS YACTHUIIBI HAYHYT "BUPBI3ATHCS IPYT B
apyra'(za cuer BbiOOpa MmHBL 0Tpe3ka AC' MOMEHT CTOJIKHOBEHUS
MOXKHO TIOJTaIaTh IO MPUXOJ BTOPOTO CUHXPOHUI3YIOIIErO CUTHA-
na u yOeauThCS B MPABUIBHOCTH PAcYeTa). ITO W eCTh PeanbHas
CKOPOCTH CTOJIKHOBEHUST TACTHUIT [IJIsT PEAJTBHOTO HADIIONATENS, a pe-
JISTUBUCTCKUI 3aKOH CJIOYKEHUsI CKOPOCTEl B JAHHOM CJIydae BOOD-
IIe He UMeeT HU K 4ueMy OTHomieHus. [lo-Buammomy, MHOXKECTBEH-
HOCTH KQHAJIOB PEAKINil B (pu3mKe MUKPOMHUPA BO MHOTHX CJLyUasIX
siBJiieTCsT (PUKTUBHOI: MPOCTO OE3rpaHUIHAsT BEpa PEISITUBUCTOB B
OTHOCUTE/IBHOCTH BEJINYUH (I/I HeO6XO,Z|;I/IMOCTB pacdeToB MMEHHO I10
PEATUBUCTCKUM (DOPMYJIaM) BBIHYKJIAET WX MPUMHUCHIBATH PA3HbIE
peaKnomn, ITPOUCXOAAIINE TP COBEPMIEHHO PA3JINYHBIX YCJIOBUAX, K
PeAKIUsaM, MPOU3OIIENITUM TTPU OJIMHAKOBBIX TTapaMeTpax CTOJIKHO-
BEHUA.

BOSHI/IKa.eT BOTIPOC: MO2KHO JIX TIOJIyYUTH CBEPXCBETOBBIE CKO-
poctu dacTur (MMEITCsT B BUIY OOBIUHBIE YACTHIBI, & HE CKA30U-
ueie "raxnonnt"), bUKCUpyeMBIe PEATBHBIM MOKOSIIIUMCS HABTIO/a-
tesieMm? OTBETUM TakK: TMOUTH HEBEPOSITHO, UTOOBI CKOPOCTU YACTHIL
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OBLIM OrPAHMYEHBI CKOPOCTHIO CBETa, (EIIe TOYHee, B JyXe CKa3aH-
HOTO BBINIE — JIa’Ke YIABOEHHOW CKOPOCTBHIO CBETa). DTO MOTIO OB
6BITB TOJIBKO TIDW BBITIOJTHEHUW DsIIa yC.}'[OBPIfI: BO-TIEPBBIX, TOJIZK-
HBI OTCYTCTBOBATH B MIPUPO/I€ UCTUHHO 3/IeMEHTAPHBIE TACTHUIIBI; BO-
BTOPBIX, BECb MUP JOJIKEH 00/IaaTh MCKIIOUUTEIHLHO 3JIEKTPOMAr-
HUTHOI TPUPO/IOH U CTPOrO MOMUNHATHCA ypaBHeHusSM Makcsesia.
OxHako ecTh BCE OCHOBAHUSI TOJIAraTh, UTO WCTUHHO SJIEMEHTApP-
HBbIE YACTUIIBI CYMIECTBYIOT, UTO B MPUPO/IE, KPOME IEKTPOMATHUT-
HBIX, TPUCYTCTBYIOT U APYrue BUJBI BBaHMOﬂeﬁCTBHH (KaK MWHU-
MyM €IIe TPHU), W 9TO JaKe CAMH 3JEKTPOMArHUTHBIE B3anMOJEli-
CTBUS HE OTMHUCHIBAIOTCS UCKIIOUUTEIBHO ypaBHeHusSMU Makcpesa
B coBpemennoii ¢popme (06 3rom mmcan eme Putiy; BCmoMHEMM Tak-
Ke caM (baKT POKJIEHWs] KBAHTOBOW MeXaHWKH). B mpaxTuaeckoMm
TIaHe MOYKHO TPEJIOKUTE CJIeayiomee. PaccCMOTPUM CTOJIKHOBEHUST
HA BCTPEYHBIX PA3PENKEHHBIX MyJIKAX YACTHUI, JIETSIUX MOUTH CO
CKOPOCTBHIO cBeTa. IIpu cTporo JI060BOM CTOTKHOBEHUN MCTUHHO 16~
MEHTAPHBIX YACTHUI] OJUHAKOBOTO 3apsijia, HO CYIECTBEHHO pa3Jiu-
YAIONMXCS TI0 Macce (HampuMmep, MPOTOHA W MO3WTPOHA), TOJIKHBI
0OHAPYKUBATHCS MEHBIINE U3 YaCTHUIl, paccesHubie Ha 180°, nmero-
e CKOPOCTh OJM3KYIO0 K YIBOEHHOU CKopocTw cBera. Pasymeercs,
MaJIeiiline OTKJIOHEHHUSI OT CTPOTO JI0OOBOTO CTOJIKHOBEHUS TTPUBO-
JISIT K CYINECTBEHHOMY OTKJIOHEHUI0 CKOPOCTH OT HA3BAHHON BejH-
YMHBI, TIO3TOMY BEPOSITHOCTH TAKWX COOBITHIT Masia (HO OHa HeHyJe-
Bast!). MHOTOKpPATHYO UTEPAIMIO ITOi MPOIEayPhl (AHAJIOT YCKOPe-
arst epmn) JIst TTOJTy9eHnst erne DOIBITIX CKOPOCTEH OCYIIECTBUTE
erme TpyznHee (HO Bo BceseHHOI Takoe BITOJTHE BO3MOXKHO).

[Ipu uzyvenun CTOJKHOBEHUS ¢ "MOKOSAIUMUCS " TaCTUIIAME BO3-
HUKaET BOIIPOC: TAe HAIJIOCHh CTOJIBKO TTOKOAIIUXCA LL‘:]JCTI/H_[? I/I KaK
9TOT (haKT MpoOBepeH (Tak KaK 9TO MOXKET UMEeTh OTHOIIEHUE K OMpe-
JTeJIEHNIO YTJIOB CTOJKHOBEHUS W PACCESTHUS, MPHUIEILHOTO MapaMeT-
pau T.1.)7?

Ob6parnM BHUMaHWE, UTO SHEPTHUSI, MOJIydaeMast JacTUIEH B eu-
HUIY BPEMEHN [P TIPOXOKICHUN €10 00JACTH € JIeKTPOMATHUTHBIM
[OJIEM, U B KJIACCHYECKOM CJIydae M B PEISTUBUCTCKOM ciydae [17]
maercst oHOi 1 Toit ke dopmynoii (dEy,/dt) = eEv. 910 ecThb 01-
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-L/2 (0] L/2

Puc. 4.11: CBa3b MACChl U3IYIEHUS C €e SHEPTHeil.

Ha w3 mpwawH "Oau3koro K ycrnexy''pacdera yckopureneit. [Ipocto
ofmuu U Te ke "cobbiTusg"u moxkazaHus MpUOOPOB COMOCTABIISIIOTCS B
KJIACCUYIECKOM U DEIATUBUCTCKOM CJIyYadX Pa3HbIM IMMKaJJIaM JHEP-
run (eme TouHee, Pa3HBIM KOMOMHAIINAM OYKBEHHBIX CHMBOJIOB).
CTO He mMeeT HUKAKOTO MPUOPUTETHOTO OTHOIIEHUS K OOBSIC-
HEHWIO Hajan4us y dporoHa umiysibca. Jlobas vyacTuiia, B TOM YUCIe
dOTOH, TETEKTUPYETCsT TPYU B3AMMOIEHCTBAN C APYTUMU GaCTUIIAMMA,

TO eCTh (PAKTHYECKH 10 IIepefade UMIIYIbCa. 110 COBpeMeHHBIM IIpeI-
CTABJIEHUAM JKCIEPUMEHTAJIBHOW OCHOBOW IJIA ONpPEIeJeHUdA HaJIN-
UM MUMIIYILCA Y POTOHA CJIY:KAT OMIBITHI JIebemeBa IO M3MepeHuio
JIABJIEHNS CBeTa. ByKBEHHOE BHIPaKEHNE KHHETUIECKON sreprum ¢o-
TOH& MOXKET OLIThL 3JIEMEHTaPHO BBLIBEIEHO U3 ODIINEro OIpee/IeHns
dE = vdp (u3 o6umx ypasuenwii qeuxenust). Ecin yuects, ato ¢dho-
TOH JBUKETCS CO CKOPOCTBIO CBETA ¥ = ¢, TO IOCJIE HHTErPUPOBAHIS
nostyunm F = ¢p 6e3 kakux 061 To HE 66110 At CTO. Oxrako, sra
dbopmysa BepHA TOIBKO JIst CBETA B BaKyyMe (& HE B CpeJie).

Takyke COBEpIIeHHO HeyI0BJIEeTBOPUTETEH MOIYKIACCHIECKUI
BEIBO, bopmysr Ditamrreitna [40]: AE = Amc?. Bo-nepsrix, mons-
tue reaTpa Macc B CTO nmporuBopeunso. Bo-BToOphIX, mOUEMy-TO 00
akyctuaecknx BoaHax B CTO BCIOMMHAIOT TOT/A, KOTJA OHU HECY-
MIECTBEHHBI (OTBJIEKAIOT OT OYEBMIHBIX MAPaJIOKCOB), XOTS B JIaH-
HOIl CHTyaI[ii OHM UTPAIOT OMPEIETCHHYIO POJhb. IycTh Ha KOHIIAX
omuOpoaHOit TPyOer mawabl L w maccer M (Puc. 4.11) maxomsrcs
rena A u B npeneGpexkumvoii Maccel [40]. Bosbmewm, mampumep, Mo-
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HOMOJIEKYJISIPHBIE CJIOW OJMHAKOBOTO BemlecTBa. [IycTh aToOMBI CJI0st
A maxozsitest B Bo30Oy:kaeHHoM cocroguuu. B [40] paccmarpuBaercst
caenytommii "kpyroroii mpomecc". Buauane teo A wmcmyckaer Ko-
POTKUil CBETOBOI MMIIYJILC B HANpABAeHUU Tejaa B. YTBepxKmaaeTcs,
aT0o TpyDa Kak Ieoe MpUuIeT B JBUKEHUe. DTo He Tak. [lycrh aiu-
Ha L = 1 cm. VcnymeHasiit MITyIbC 3aCTABUT TEIO A M30THYTHCS
U CABWHYTHCS HA PACCTOSTHUE TIOPSIKA MEXMOJIEKYISTPHOTO OT MO-
JIEKYJT TPYOBI, yIepKuBAOIMMUX ero. Bo3HuKHET yrnpyras CUia, CTpe-
MSIIIAsiCsd BEPHYTH yTpadeHHoe paBHoBecre. B pesynbrare mo tpybe
Ha9HET PACHPOCTPAHATHCA CJIO?KHadd CUCTEMa MPOJOJIBHBIX MW TIOTIe-
PEeUHBIX KosTebaHuii. 3a BpeMs OKa CBET JOCTUTHET Tejia B 3tu aky-
CTUYECKWe BOJIHBI TTPOHIYT He Oosee 107° cum (Tak Kak Vgoung <K C).
Amnamornumsiii mporece moBTopuTes ¢ TeoM B. Takmm obpasom, Ko-
jebutrotasicst Tpyba pactsinercst oT meHTpa O B MPOTUBOIMOJIOKHBIX
HATPABJIEHNAX (B CTOpOHY Tena A Ha TIyTh OOJbIee PACCTOSHUE),
TTOKa aKyCTUYIECKNEe BOJIHBI HE MMOTACAT APYT APyTa N HE YCTAHOBUTCA
paBuoBecue. Ho feto make He B 9TOM CJIOXKHOM PEATHHOM TIPOIEC-
ce. Tasee [40] Teso B ¢ mOrIOIEHHO SHEPTHeil TIPU TTOMOIIN BHYT-
PEHHUX CHJI TIPUBOJSAT B COTPUKOCHOBeHWE ¢ Tesiom A, Teno B Bo3-
BPAIAET SHEPTHUIO TeJy A W BO3BPANIAETCA HA CBOE MECTO (a JasIb-
1€ MUITYTCA MaTeMaTHdeckne cuMBosibl). Munyrouky! B-Tperbnx,
a KaKuUM 3TO CIOCODOM Teio B MOTJIO MepeaTh 3JIeKTPOMATHUTHY O
SHEPTHUIO BO3OY K aeHust 6e3 mepegaqun ummyabca?! Kpome Toro, sTo
MOT BBITH TOJIBKO CBETOBOI UMITYJIBC (MHAYE IO BTOPOMY 3aKOHY Tep-
MOJIMHAMUKN HE BCsl dHEprus nepenuia 6u1 k Texy A). Ho B Takom
CAydae MBI POCTO UMEEeM B3aMMHO ODPATHYIO MEPEIaty UMITYIBCA C
MTOMOIIBIO CBETA M HUKAKUX TVIOOAIBHBIX BBIBOJOB OTCIONA HE CJIETY-
er. /lanHas 3a7ava aHAJOTUYHA KJIACCUYECKON 3ajade 0 OpocaHuu
Ms9a B JIOJKE OT OJHOTO YeI0BeKa K JApyromy. Msd mmeer maccy,
a B mojieTe 00JIaAeT TaKKe HEHYJEeBBIMU UMIYJILCOM U SHEpPTUeil.
Be.}'[I/ILII/IHa MaCChl BXOAUT B BBIDAZKEHUA MUMITY/IHCA 1 KUHETUYEeCKO
SHEPTUH, HO HUKAKUX OOIMEBCEJIEHCKUX BBIBOJOB OTCIO/A HE CJIETY-
er. To, kK wemy crpemsrcst B [40], MOXKHO TIOJyUUTE TOPA3JIO0 TPOIIIE.
N3 obmero soipaxenunss dE = vdP jis csera nmeem AE = cAP.
Eciu BBECTH KIACCHIECKUM CTIOCOOOM 115t (DOTOHA MACCY ITBUKEHUST
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P = mwv, To u3 v = ¢ = constant cienyer eaquHCTBEHHAS BO3MOXK-
moctb AP = cAm. B urore 6e3 BCIKIX MBICTEHHBIX TTPEICTABICHIH
CTO umeem AE = ¢2Am. OaHaKo, B-4eTBEPTHIX, STOT PE3YJILTAT
(He3aBHCUMO OT CIIOCOGA €ro TOJIyUeHUsI) UMEET OTHOIIEHUE TOJTHKO
K 9JIEKTPOMATrHUTHON SHEPIUU U HU K demMy Hojiee (r[o KpaliHnei mepe,
HET JI0KA3aTeJbCTB OOIIHOCTH PE3Y/IbTATA).

[Tponemypa mouncka pemtennii 8 CTO myrem pasyioxenus mo v/c
¥ ydera JIWIb KOHEYHOTO YHC/Ia YIEHOB Psifia, MOYKET OKa3aThCs B
obrem ciyuae HepepHoit. OTOPOITIEHHBIE WIEHBI MOTYT KapAWHAb-
HO MeHsITh Buj pertenns. O6acTh TPUMEHUMOCTH TPUOJINKEHHOTO
pEeITieHrst BO BDEMEHN MOXKET 0Ka3aThCsl TaKO¥ MaJjIoi, 910 mpubdJIu-
JKEHHOE peIeHne He 6yIeT UMeTh HUKAKOTO TEOPETUUECKOTO ¥ IMPaK-
TUYECKOrO 3HAYeHWs! (HO KaK 3TO OOHAPYYKUThH, HE 3HAs TOBEJEHUE
ucruunol dyukipn?). COMHUTETHLHO TAKyKe BBIBECTH U3 MPHOJIN-
JKEHHOTO PEIeHUsT YCPeIHeHHOe pernenne. TpUBUAIbHBIN MpUMep:
dopmanbHO Kazagaock 6b1 B cuse JlopeHiia MOXKXHO mpeHeOpeds Mar-
HUTHOW CWJION, COZeprKalneit v/c. OxHako, 3TO HE TaK: B KJaCCUYe-
CKOM TIPEJIEIe BMECTO PEATTHHOTO CPEIHEro Mpeiiha TaCTHUIIBI ¢ TIOCTO-
STHHOW CKOPOCTBIO TIEPIIEHINKYJISIPHO 0DOUM TMOJISIM TIOJIY IHJI0CH OB
YCKOpEeHHOe JBMKeHune BIosb moasd K. B penstusucrckom mpesere
[17] ckopocTh BO3pacTaer Hambosiee GBHICTPO TAKXKe B HANPABIEHUN
[E x B]. ITo-Buanmonmy, nmosromy mnocrpoertrsie 8 CTO 10 HekoTopo-
ro wiena 1o v/c npubamkenabie GyHKIuK JlarpaHxa MOTYT TpH-
BOAUTH K TIpobJiemMaM, a mOoCTpoenne TOIHONW dyHkinn Jlarpamka B
CTO npunnunuasHo npobaemarudno. [IposBiaeHneM orpaHnIeHHO-
cru pegyiabratos CTO siBasteTcst caMOyCKOpeHWe 3apsiioB TOJ, JAeii-
CTBUEM PEaKINN W3aydenus. M3ayuernne ompesenseTcs B JaabHei
30HE ¥ HE JOJIXKHO CUJIBHO 3aBUCETH OT MPOIECCOB, TPOUCXOISIINX B
MacITabax MOpsiIKa pa3MepoB JEMEHTAPHON YACTUIIBI: TOJTBKO TTe-
peonenka crporoctn CTO 3acraBisier cauTaTh 3JIEMEHTAPHBIE Ya-
CTHUITBI TOUEUHBIMMA.

Xors crreyromiee METOINIECKOe 3aMedanne OTHOCHTCS B TTEPBYIO
ouepess K KHHeMATHKe, oHO 3arparusaer Takxke u OTO u pens-
THBHCTCKYIO guHamuky. B ([17], ctp.41) craBurcs 3amada: omnpese-
JINTH JIBIKEHIE HMCCIIeIyeMOil CHCTeMBI, PABHOYCKOPEHHOE II0 OTHO-
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MMEeHNI0 K COOCTBEHHOMW MHEPIMAILHON crucremMe (To €CTh TTOKOATIIEH-
Cd B KaXKJbIii TAHHBIE MOMEHT OTHOCUTEJbHO MCCJIeyeMON CUCTe-
MLI). y YUTATEI9d MOXKET BOBHUKHYTH eCTeCTBEHHBIN BOTIPOC: HEYy2Ke-
JI JIBUKEHUE, PABHOYCKOPEHHOE M0 OTHOIIEHWIO K OJHON WHEepIH-
AJIBHON CHCTEME, MOXKET OKa3aThCsl HEPABHOYCKOPEHHBIM MO OTHO-
MIEHUIO K JPYTUM HHEPIUAJbHBIM cucTeMaMm?! K cokaeHunio, cuTya-
st 8 CTO okazanach nMeHHO Takoii (HaM eIe TToBE3JI0, 9TO TEOPHUsT
OTHOCUTE/THLHOCTU TPAKTUIECKU HE HUCIOIB3YeT CTAPIINEe TPOU3BOJI-
HBIE, MCKJIIOYasl OMUCAHWE W3JIy4YeHWs, WHaUe Kakue Obl elne "BbI-
KpyTach!'mpuniock 661 yBugaeTh). Ho kak ke OBbITh ¢ TPUHIUIIOM
SKBUBAJEHTHOCTU: B OJHON WHEPITUAJBHON CHCTEME TIOTYIAeTCS K-
BUBAJIEHTHOCTH OAHOMY T'DaBUTAIUOHHOMY TIOJITO (HOCTOHHHOMY), aB
JpyTroil nHepIuaIbLHON CuCTeMe B TOH »Ke caMO#l TOUKe IPOCTPaHCTBA
rpasutanuonHoe nose (dusnaeckoe!) momensiiocs? C Kakoit cKOpo-
CTBIO HAJIO JIETETh HADJIIOAATE 0, UTO0B! eMy "mpuBuIe/10Ch " Kak Oy-
JIBDKHUKU Ha 3eMJie B3JIETAIOT CJIOBHO BO3YINHBIE MIaphi! A eciu
MBI K HEKOTOPOI PABHOYCKOPEHHOI MOI0O0HBIM 00pa30M paKeTe mpu-
KpenuM JUHAMOMETD U K IMIPYKWHE ITOABECUM T'DY3, TO HEYZKE/IN JIBU-
KYIIUECS TO-PA3HOMY (HO C MOCTOSTHHBIME CKOPOCTSIMU) HABITIO/a-
TEeJan 6y,ZI;yT BUOETH, 9YTO CTPEJIKa JUHAMOMETPa TTOKa3bIBaCT Pa3HbIe
apabckue mudpbr?

HamoMHMM M3BECTHBIN MapagoKC PETATUBUCTCKON TOIBOTHOMN
nonku (CTO serana nepes, Boibopom, kak "Bypumanos ocen''nepen
JIBYMsI CTOTAMU CEHa): ¢ TOUKHU 3peHus HabII0aTe s HA TTOBEPXHO-
CTU 3eMJIN TUJIBIBYIIad JIOJAKa JO0JIZKHa YTOHYTH M3-3a YBEJINYECHUA
CBO€Ii IVIOTHOCTHU BCJIEICTBHUE COKPAIICHUS €€ IJINHEL, a C TOUKH 3Pe-
HUsT HAOJIIOAATE ST B JIOAKE, HA0DOPOT, JIOJKA JOIXKHA, BCIIBITEH U3-32
yBeJIMUeHUs IIOTHOCTH OKpY:Karolieil Bonbl. TpeboBaaoch mponsHe-
CTH Kakoe-TO 'Marmdeckoe HaykooOpas3Hoe 3akauHaHUe''n pesrsiTu-
BUCTHI BRIOpA/M OO CCHIIATHCSA Ha, MPOIECC YCKOpeHus, Jubo Ha
UCKPHUBJICHUE IIPOCTPAHCTBA B YCUIMBIIEMCS TPABUTAIMOHHOM IIOJIE,
10 ecthb omsiTh orocaaan K OTO. Tlo-sugumonmy, mgast CTO 310 MOXK-
HO 3amucaTh Kak snutaduio: "TyRuaach 06bITh HEOOBLITHOE, HO Y
Hee HUKOT/IA He ObLIO JayKe CBOero MpejaMera uccaegopannsa’. A daro-
OBl OBLIO SICHO, UTO FPABUTAIIASA B JAHHOM CIy4ae BOBCE He IIPU UeM,
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epedopMyInpyeM HAaCTOSAIINI TapaJloKe Mo-uHOMY. [1ycTh B camMbIx
OOBIYHBIX 36MHBIX YCJIOBUSAX (T.e. B CJIaOOM TPABUTAIIMOHHOM mOJIe!)
camMast OOBIYHAST TIOABOIHAST JIOAKA OJIATOITOLY 9HO TIPOIILIA, C TTOCTOSTH-
HOIT (HepeTaTuBUCTCKOl!) CKOPOCTBIO HA 3aTAHHO (DUKCUPOBAHHOM
riyOuHe (B MPO3PAvHOil BOJIE) MyTh MEXKIY ABYMsl KOPaOgasiMu. 1o
OTBET wu on y:xke uzsecren ¢ "Touek 3penns obonx nabomareseii"!
A rereps BOTPOC: YTO AOJKHBI yTBep:KaaTh ¢ Toukn 3penust CTO
pa3Hble JBUTAONINECST peasTuBucTCKue Habmomarenu’! Ilockoabky
kpome obmeroB mmmyabcamu cBeta CTO mmaem Gosee mHe 3aHMMAa-
JIaCh, TO, €CTECTBEHHO, Bce, uTo yreepykaaer CTO, pensgrusucrckue
HAOJTIOMATEN I U JOJIYKHBI YBUIETH C TOMOIIBIO 9TOTO CAMOTO CBETA.
CuparmuBaercst: korma ouu "910"yBuasit? OQueBUIHO TOJIHKO TOTIIA,
KOTJIa JI0 HUX JONIET CBET, MCIYIIEHHbIH B MOMEHT "cobbiTus" (Kak
YTBEPZKAAIOT PEIATUBUCTHI, MTHOBEHHBIX CBsa3ell He CymeCTByeT).
[Iycrs wepes 20 mmimapaoB jer (Korma yke "Bo3MOKHO'HE Gy-
JIeT HU JIOJKW, HU KOpabJ/ieit) B CTOPOHY HaIlei MoBOIHON JOAKN C
paccrosaus 20 MULIUAPAOB CBETOBBIX JIET TIOCMOTPAT JiBa HADJIIO-
JdaTesrd (B JABUZKYIITUXCA paKeTaX) " YJIOBAT T€ CaMble MMITYJ/ILCHI,
MOKa3BIBalOIe Jajgeroe cobbirume. Oama u3 Habmaiomaresnaeil bymer
JIBUTATHCSA TIOYTH CO CKOPOCTHIO CBETAa B HAIPABIECHUU KypCa, TOJ-
BOJHOI JIOZKY, 8 BTOPOil — MpOTHB Kypca JoaKu. OKa3bIBAETCSI, ITO
cormacio CTO (BesencTBre pasHOrO pe3y/bTaTa CJIOKEHUS CKOPO-
creit) Muenust 3Tux HAbIIOAATENEH (YTOHYIA JIOJKA WM BCILIBLIA? )
JTOJTI2KHBI OT/IMIaThCs. U BeJb OHU HE TOKHBI TOBEPUTH [TaXKe TPH-
JIETEBIIEMY CJIEJIOM 3BE310/1eTy (C HEGOMBITIM 3aM031aHIEM, YTOOBI
MOHATIPACHY HE TPEBOXKHUTH PEIFATUBUCTCKUN COH), B KOTOPOM CO-
o0ImaeTcst, YTo 3aJaHue JIoAKa Oyaromosydno BeimoaHmIa HA 3A-
JJAHHOII I'VIYBUHE. Kax X0o4eTcst BepUTh PeTSTHBICTAM: MOMKET
He yronyn eme Bacunwii Usanosnu (Yamaer), ecim kaxoii-auOy1n
MPABUIBHBIN MHOIJIAHETSIHIH, JETANNN B TPABUIBLHOE BPEMSI C Ipa-
BUJIBHON CKOPOCTBHIO, B3TVISTHET HA TO JABHO YIIEIIee COOBITHE.

Koneuno, Bce nmorepu ob6mekTurabix xapakrepuctuk CTO (ko-
TOpBIE TIPUBEIEHBI TOJBKO I MOJTHOTHI KAPTUHBI) BBITJISIIAT MTPO-
cTo "CTyIeHIeCKUMU MOATOHKaMU'' 0 CPABHEHUIO C MMEIOIINMUCS B
CTO nmoruveckumu mpobesamu u mpotuBopeunsmu. CoBceM CTpaHHO
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BBITISIUT PACITPOCTPAHSIEMBIT HEKOTOPBIMU PEJISITUBUCTAMH TITTAMIT,
6ynro CTO — 3T0 MpOCTO HOBAsI TEOMETPHUST U Y2KE TIOTOMY OHA, STKO-
6b1 HemporuBOpeunBa. llo-BuauMomMy, OHU OMUOINCHL B BBIOOpE CIie-
IUATHHOCTH, €CJIM HE UYBCTBYIOT JayKe CaM TPeIMeT UCCJIETOBAHUS
dbusnkn (pusnka 3aHUMAETCS MCCIETOBAHNEM TIPUYUH SIBJIEHUI 1
KOHKDPETHBIX MEXaHU3MOB, HEMOCPEJICTBEHHO BJIUSIONINX HA MCCTIE-
nayemoe stienne). Koneuno, st moyv9ennst MaTeMaTuaeckoro pe-
meHus B (pU3MKe 9acTO UCIOIB3YIOTCA MPeodPa30BaHUsT KOOPJAUHAT
(manpumep, koudopmubie). B wacrnocrn, npeobpasosanus Jlopenna
(HO CO CKOPOCTHIO 3ByKa!) MOXKHO MCIOIB30BATH JIJIST PETIEHUST HEKO-
TOPBIX 3314 B aKyCTHUKe (M MMEHHO MOTOMY, YTO OHU GYIyT WHBAPHU-
aaTom). OHAKO, ecam HEKTO OyJIeT YTBEPKIATH, 9TO, Pa3 PENeHust
MOy 9ai0OTCs BEpHBbIe, 3HAUNT Bcs Beenennas "mpeobpaszopasiachk'u3
BHEITHEe# 00/1acTv BO BHYTPEHHIOIO 00JIACTh KPyTa, TO BCE (PUIMKHU
MOMMYT, 16 MECTO TIOJOOHBIM BBICKA3bIBAHUSIM. KC/Iu e Apyroit Hy
O-ovens Bo-ombmoit PenrsituBucrekuit YV-yuaensrit ckaskeT, 9TO BCS
Bcenennas cxxajiach, KOTJa OH XOOWJI B COCEIHIOID OYIOUHYIO, TO
kyua "mogamesan"moaTBepaAT 3Ty 4ymb (BUAATH 3TH OeHATH ObI-
JIU CUJIBHO OOJIe/IeHBbl B JIETCTBE — UM He Mpoduu ckazky "losbrit
koposib').

C Toukm 3peHns: aBTopa HaMbOJEe TOCIETOBATENBHON MO3UITH-
el STBJISIETCST MPUHIINTTHAIBHOE TTPU3HAHNE PE3YIBTATOB PEISATHBUCT-
CKOHl TUHAMUKY U SJEKTPOJNHAMUKHU TPUOJTUKEHHBIMU, C TOW TOU-
HOCTHIO, KAKyI0 JaeT 3KkcmepnMenT. He cTomT mepeoreHnBaTh BO3-
MOXKHOCTH YHCTO TEOPETUYECKUX METOJ0B U TMeperpykarb (hUu3mKy
robaanaMamu. VIMEHHO TI0 3TOH TPUYWHE W TI0 TPUIUHE HEI0CTa-
TOYHOI OOOCHOBAHHOCTU PEJISITUBUCTCKUX SKCIEPUMEHTOB aBTOD HE
MBITAETCS MTPEJIaraTh ajJbTePHATUBHBIX Teopuii. B wacrosiee Bpe-
MsI TEOPUS JOJIKHA aHAJU3UPOBATH U 0000MIATH Te SKCIEPUMEHTHI,
KOTODBIE TPOBEIEHBI KOHKPETHO B 00JIACTH OOJIBIIUX CKOPOCTEIA.

4.4 BeBoasl Kk I'naBe 4

Hacrosmas I''taBa 4 6b11a TOCBAIIEHA KPUTUKE PEJTATUBUCTCKON -
wamuku. [IpeacTaBiens Torudeckne TPOTUBOPEUNsT B 9TOH KAa3a10Ch
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661 "paboraromeit"

B nannoit ['maBe 4 6b11a TPOIOIKEHA KPUTUKA TIOHITUS OTHOCH-
TeapaoCTH. Jlasmee ObLIO MOAPOOHO OOCYKIEHO PEeIATUBUCTCKOE T0-
HITHEe MACChl W JaHa ero Kpuruka. [lokazaHa TpPOTHBOPEUMBOCTH
nousitus 1enrpa macc B CTO. 3arem B 1y1aBe jJaHa KPUTHKA pPe-
JISTUBUCTCKOTO TIOHSITUST CUJTBI, TTPEOOPA3OBAHUS CUIT U PEJTTUBUCT-
CKOTO TIOAXOMA K Pa3HbIM eamHutiaM n3mepenns. [locse amoro 6611
obcyxaeH ncTnHHBI cMbIca (6e3 rmobanm3anmn CTO) mrBapmanT-
voctu ypasuenuit Makcsesia. B raBe tak»ke mpejcraB/iena KpUTH-

Call

n "nposepennoii" obacTu Uccae0BAHNIA.

Ka PEJIATUBUCTCKOTO COOTHOIICHUS MEXKJy MaCCOit M sHepruei, Kpu-
TUKYIOTCS TaK Ha3bIBaeMble ''SKCIepuMeHTATbHBIE MOITBEPIKICHUST
sAJIepHOil pusuku'n paccMOTpeH s YaCTHBIX 3aja4d. Kpurudyecku
6oL 00cyKaenbl Takue acmekThl CTO kak mMacca u3IydeHus, Tak
Ha3bIBaeMast Tpereccust Tomaca u Ipyrue 3aladn. Beira mokas3aHa
COBepIleHHAsT HEOOOCHOBAHHOCTE ODIIEPUHITON NHTEPIIPETAIINT Pe-
JISTUBUCTCKOM AUHAMWKN ¥ TTOAPOOHO KPUTHIECKN TTPOAHATIN3NPOBa-
ua unrepnperarus CTO sddexkra Komnrona.

W ToroBhIit BHIBOA IIaBhl 3aKII0YAETCS B HEOOXOIMMOCTH BO3Bpa-
Ta K KJIACCUYECKON WHTEepPIpeTarui BCeX JUHAMUYIECKUX TOHSITHIH,
BO3MOYKHOCTHU KJIACCUYECKOIT MHTEpupeTaunumnm pPEeIATUBUCTCKUX De-
meHnit 1 HeoOXoAnMOoCTH 0oJIee TTOJTHOTO 3KCIEPUMEHTAILHOTO WC-
CTeOBAHUS PsIA SIBJIEHUN B 00J1aCTH OOJIBITUX CKOPOCTEIA.



IIpunoxenme A

Bo3sMmoxxkHaga gacTorTHad
ImapaMeTpu3alsd

B Ipunoxkenusx Oymer pacCMOTPEHO HECKOJBKO YACTHBIX THIOTE3.
OHu TpakTUYeCKN He CBSI3AHBI C KPUTUKOW TEOPUH OTHOCUTEJBHHO-
CTH, M3JIO’KEHHOIT B OCHOBHOW 4aCTW KHWUTHW, Pa3Be 4YTO JTeMOHCTPH-
pyior HeeauucTBeHHOCTH ox0ma CTO u BOBMOXKHOCTH YaCTOTHOI
mapaMeTpusaly BCeX BBIKJIAIOK. B mamuoit kuure llpumoxkenus
TOJIBKO Ha 3TO W TIPETEHAYIOT, TMOCKOJIbKY HCIIOJIHB3YIOT HEBEPHbIC
merossl CTO (ux ommbOYHOCTH TOKA3aHa B OCHOBHBIX IVIaBaX KHU-
run). C ujessMu, M310KEHHBIMI B MIEPBBIX JIBYX TPUIOKEHUsIX (TLIIOC
JacTh aHasm3a omnbiTa Maiikenbcona u3 [1aBbl 3), aBTop mBITAICS
MPOOUTHCST B HECKOJIBKO ODIIEen3BeCTHBIX KypHAIOB ¢ 1993 mo 1999
rog. Pabora qubo AUMIOMATHYHO HE pacCMAaTPUBAIACH CPaly, JIu-
60 mpuUxOLUJI MpUMepHO Takoil oreer: "HukTo HEUYero momobHOTO He
OOHAPYKUJI B TEOPUU OTHOCUTETHHOCTHA U KBAHTOBOW 3JIEKTPOINHA-
MHUKE, & TOYHOCTh IpeJIcKa3anuii 3rux reopuii orpomua’. Kak Boob-
ITe TEOPETUK MOYKET UTO-ub0 OOHAPYKUTH HOBOE (& HE 00bACHATD
"saguum unciaom")? OH JOKeH MpeanosioKUTh HEKOTOPBIH (dhakT
n TPOBEPUTH CJIEACTBUA M3 CBOETO TTPEIITOJIO?KEHWA. HO HUKTO 1N HE
TBITAJICS TTPEANOI0KUTH BO3MOXKHOCTD 3aBUCUMOCTHU CKOPOCTH CBETA
OT 9aCTOTHI. K TOMY 2Ke pedb IllJIa O TOYHOCTU Ha OJWH-IABa TMMOPAI-
Ka TPEBBIMIAIONIEHl COBPEMEHHYI0 TOYHOCTH SKCIEPUMEHTOB. Takas

200
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TOYHOCTH MOYKET OBITH JOCTUTHYTa B OjnKaiiiiiee BpeMmsi, a BEIb B
du3HKe cephLe3HO 0OCYKIAIOTCA YKCIEPUMEHTBI, TPEOYIOIIHE TOUHO-
CTH Ha HECKOJIBKO JTECSITKOB TTOPSIAKOB BRITIIE coBpeMerHoit. Hakowerr,
aBTOPY HAJ0ET0 TPATUThL BPEMs W OH PEIJ MPOBEPUTH, UTO KE
9TO 3a Takasl BEJUKAsl TOYHOCTH TEOPUM OTHOCUTETHLHOCTH (3a0HO
BCIIOMHWB CBOIO CTYJEHUECKYIO HEYOBJIETBOPEHHOCTH STOW TeOpH-
eit). B pesynbrare nosuiack nepsas u3 COOCTBEHHBIX KPUTHUECKUX
crarei, a Temeph W 3Ta KHUTa. Tak 4TO BO BCEM €CTh CBOU TLTIOCHI 1
MUHYCHI.

[Tepeitmem Temepb K 00CYKIEHUIO BO3MOYKHON 3aBUCUMOCTH CKO-
pPOCTH CBETa OT YACTOTHI. VI3BECTHO, UTO TIPW BHECEHWH YACTHUI] B
BaKYyM B HEM TPOUCXOAAT PA3IUIHBIE TTPOHIECCHI, TaKNE KaK TTOAB-
JIEHUe BUPTYAJBHBIX Tap (YaCTUIA-AHTHYACTHUIA); MHOTHE TIPOIECc-
ChI BBa.I/IMO,Z[ef/'ICTBI/IH MOTYT 6LIT]) OITNMCaHBbI C UCITOJIB30BAHUEM TaKUX
BUPTYAILHBIX Tap. B mporecce cBOEro pacmpoCTpaHEHNs CBET TaK-
JKe BJAMSIET Ha CBOMCTBA BaKyyMa (B YaCTHOCTH, JOJI?KHa MMETh Me-
cTo mosgpu3alya Bakyyma). CegoBaTe/bHO, 0 MPUHITAITY B3AMM-
HOCTH JIOJIZKHO ObITH 00paTHOe JIefiCTBIE MOITPU30BAHHOI0 BAKyyMa
Ha TPOTIECC PACTIPOCTPAHEHUS CBETA. B pe3ysbraTe CBET OmMpeIeeH-
HO¥ 9acTOThI OYIET pacIpOCTPAHATHCS Yepe3 BaKyyM Kak "cpemy'c
HEKOTOPOi MPOHUIIAEMOCTHIO €, ITeTEPMUHUPYEMONH CaMUM PACIPO-
CTPAHSONIUMCST CBETOM, TO €CTh ¢ = c(w).

W3Bectro, uTo 006001IeHNEe ypaBHenwit MakcBesia myTeM siBHOTO
J00aBIEHNS MACCOBOTO “IJIEHA B MAKCBEJIJIOBCKUI JTATDAHKUAH TTPH-
BOJWT K ypasHeHusMm [Ipoka B mpocrpancrse MuuKOBCKOTO (110 CO-
BPEMEHHBIM MPEJICTABIEHUSAM ). DJIEKTPOMATHUTHBIE BOJIHBI, PACIIPO-
CTPAHSIOIINECS B CPeJie, M3MEHSIOTCS €10 W 9TO BJINSTHUE BHIPAYKAET-
csl B rerepanny MaccuBHBIX (boToHoB [100]. Taxke B mpemoioKeHnm
TTOCTOSTHCTBA, (PA30BOI CKOPOCTH BO3ZHUKAET YACTOTHAST 3aBUCUMOCTH
(mucmepcust B BAKyyMe) IPYIIOBOH CKOPOCTH CBETA:

vg = (dw/dk) = cv/w? — p?c? jw,

BIECH (L - Macca MOKOs (DOTOHOB. B JaHHBIX TPUIOKEHUSIX, OHAKO,
He OyayT 00OCYKIAThCS BOMPOCHI T€HEPAIUN MACChI U TEOPWH 3aPsi-
na. OcHoBHas TeJib — OTPA3UTh HEKOTOpbIEe (PU3NUECKUE BOMPOCHI,



202 HPUJIO?KEHHUE A.

KACAOIIIecT CaMOi CKOPOCTH CBe€Ta.

Cpasy Bosamkaror sonpoce: 1) Kak MoxeT ObITh OleHEHA WIn
n3Mepena w-3asucnmocts? 2) [Towemy oma 70 cux mop He OGHAPY-
xkena, n 3) Kakobl MOryT ObITH CleJCTBUST U3 Hee?

Cy1iecTByOT pa3audHble METOIbl U3MEPEHUSI CKOPOCTU CBETA,
HAIPpUMeEP: aCTPOHOMUYECKUE MEeTO/Ibl, METOJ MPEPBIBAHUSA, METO]
BPAITAIOIIETOCT 3epKaJja, PAIUOTEOIe3NIECKUN MeTOd, MeTOH CTO-
SUUX BOJIH (PE30HATOP), METOJ| He3aBUCUMBIX M3Mepenuit A u v. B
HACTOSIIIee BpeMsl MocIeauuii 3 Metonos [59,67| asisercs nanbostee
TOYHBIM; UMEHHO 3TUM MeTogoM Bropo Cranmapros m3Mepsier CKo-
POCTB CBETA C TOYHOCTHIO IO BOCHMOTO 3Haka. OTHAKO, HA STOM My TH
CyLIECTBYIOT IPUHIMIHAIBHBIE TpyaHocTH [7]. Kpome Toro, ciexyer
OTMETUTH, 9TO rZI;a.HHLIfI MEeTOJ] TIPUHIUITNAJIHBHO OTPaHWYeH: OH MO-
JKeT OBITH CBA3AH JINOO C JIOKATBHON (BHYTpPH MpHOOpPA) CKOPOCTHIO
cBeTa, JUOO MOXKET He MMeTh COBEPIEHHO HUKAKOrO OTHOIIEHUS K
CKOPOCTHU CBETA, ECJU CBET BOOOIIE HE SABJISIETCT IUCTON BoJiHOM. [1o-
YeMy JIpyrue MeTojbl HeaJleKBaTHBI (171 OOHApy KeHus ¢(w) 3aBUCH-
MOCTH) $ICHO W3 TIPEJIBIIYIINX [VIAB U I OJHOM YACTHON TUIIOTE3bI
Oymer MpOsICHEHO JaJIbIlie W3 HACTOAINX [Ipuioykenmii.

Hamee mb1 Gymem caepoBars meromam CTO (3abymem Ha Bpe-
Msl, UTO OHW HEBEPHBI, a JAI0T JUIIh "3ddext sugnmoctu" mist 1Byx
CUCTEM OTCUeTa MPU JOMOJTHUTETHEHOM YCIOBUM — YCJIOBUU BHIOODA
MeToa cuaXpoHm3anun Ditamreiina). Hamomuanm, 9To pu BRIBOZE
crepcreuit CTO (Hampumep, 3aKOHOB MPEOOPA3OBAHUS) HCIOIb3Y-
ercst onsiTHe wHTepBasta ds’ = c2dt? — (dr)?. 3mech weobxomIMO
cliesiaTh JBa METONWYECKUX 3aMedanus. Bo-TepBbIX, Jaxke paBeH-

ctBO mHTEpBAIOB ds® = ds’? — 310 He Gosiee, UeM OIHA W3 MPAB-
IIOIOMOOHBIX THUIIOTE3, TaK KAaK JOCTOBEPHON OCTAETCS €IUHCTBEH-
Hasg Touka As = 0 (ecam npexanonarath ¢ = constant). Hampu-

Mep, MOXKHO OBbLIO OBl IPUPABHUBATE JIIOOBIE Nn-e crTerneHu (1 - Ha-
TypaabHoe): ¢"dt" — dz™ — dy™ — dz" u mosyuars pazanunbe "du-

2
suueckue 3akoub". Wn xe cumrars t = t', no ¢ = ¢ — v?, 1o

ecth v = vy/1 —v?/c? (kaxkymasica CKOPOCTb B3AUMHOTO JIBUIKE-
HUS Pa3IYHa, I pa3Hbix Habogareneit). Takoit BeIG0p mpuBoanT
K COBIJIEHUIO PEIITUBUCTCKOTO TPOIoIbHOTO 3ddekTa ommaepa ¢
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KJIACCUYIECKUM BhIpaskenneM. [10100HbIe 9K30THIECKUE CUCTEMBI MO-
ryT OBITH B TOI YKe CTeneHu BHYTpeHHe coryacoBanubiMu, ato u CTO
(T.€. TOJMBLKO IS IBYX BBIJEIEHHBIX 00HEKTOB!), M TOIBKO 3KCIEpH-
MEHTBI MOTYT MPOIEMOHCTPUPOBATH, KAKOI 13 BHIOOPOB — He HoJtee,
deM Teopermyeckoe uambiinienne. Mbr He Oymem o6CyKIaTh 371€Ch
BCe TIOJ00HBIE SK30TUUECKNE TUITOTE3bI.

Bo-BTOphIX, TpM UCTOIB30BAHNN WHTEPBAJIA HE MOIIEPKUBAECTCS
CJIeAYIOINUN MOMEHT: UCIIOJIb3YeTCs KOHKPETHBIN CBeT, UAyIuil u3
OJTHOI TOYKHU B JIPYTYIO, TO €CTh B UHTEPBAJ HAJIO MOICTABISITH BbI-
paxenne c(wj, ;). Ho B TakoM cirydae mpornopiyioHasbHOCTh HHTEP-
BAJIOB (M3 YIeOHUKOB) TIPUBOJIUT K HEOMPEIETIEHHOMY COOTHOIIEHUO:

a(12) w2, V2)

= a(l
a(ll,wl,vl) a( 12,w12,v12),

U HEJIb3sT 000CHOBATH /TaXKe PABEHCTBO MHTEPBAJIOB. ONsiTh BOZHUKA-
eT HeO6XOﬂ;HMOCTb O6paTI/ITBCH K OTBITY, TaK KaK 3TO COOTHOIIEHUE
cBst3aHO ¢ "Hem3BecTHBIM ''MOKA 3akonoM Jlonmiepa. Takum obpazom,
TeOpeTuYecKre MOCTPOEHNSI, NCXOMISAIINE TOJIHKO W3 CBONX CODCTBEH-
HBIX IPUHITATIOB HE ABJISIOTCS OMHO3HAYHBIME. [0CKOIBKY 00ITenpu-
uareiii BeiBog, CTO (MeTos) MPUBOANT K HEKOTOPHIM CJIEICTBUSM,
SIKOOBI TIOITBEPIK TAEMBIM SKCIIEPUMEHTAIBHO (HAPIMEp, ¢ HEKOTO-
POii TOUHOCTBIO JIJIST TUHAMUKHI TACTHUIL? ), GyIeM OMUPATHCS Ha HETO,
HO BUJOU3MEHUM €ro C y49eToM BO3MOYKHOI 3aBUCUMOCTH C((.U)
Quanueckn 3TO O3HAYAET CAeAyioree. BuamMmblii pesyabrar
HEKOTOPOr'0 M3MEPEHUsT 3aBUCUT OT MPOIELyPhl W3MepPEeHNsi, a pac-
YeTHBIN PEe3yJabTAT — B YACTHOCTH OT METO/a CUHXPOHWU3AIUH BpE-
MEeHU IJId Pa3HBIX CUCTEM. COF.}'[a.CHO naee JaHHOTO MPUJIOXKEeHUd He
cyiiecTByeT "eIMHO# CKOPOCTHU TIepenaydn 3TeKTPOMATrHUTHBIX B3au-
mogeitcreuii' (a Toapko c(w)). Ecam mis chHXpOHU3AIIMN BPEMEHHBIX
WHTEPBAJIOB COTVIACHO DWHINTEIHY UCTIOIB3YETCsT CBET ONPEIeTIeHHON
YACTOTHI W, TO PE3YIHTAT SKCIEPUMEHTOB OyIeT 3aBUCETh OT w. Ha-
NpUMep, eCin B CHCTEMe TTPOUCXOJUT HEKOTOPBIN MPOIECC C Xapak-
TEepHON YacTOTOI wg, TO €CTECTBEHHO MCCIEL0BATL CUCTEMY C IIOMO-
mpio c(wy) (MMeHHO Tak, Kak W pacrnpocrpaHsiercst curaai). Eciau
JIBe CUCTEMBbI JBUXKYTCS APYT OTHOCUTEIBHO JIpyTa, TO B OpMyIax
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HOSBATCS 1Be BesmanHbl: ¢(w) u ¢(w') 11st Kax10it cncreMsl, Tak Kak
OJIMH U TOT YK€ CBET 00J1aIaeT PA3HBIMU YaCTOTAMU B CHCTEMAX, JIBU-
JKYIUXCS APYT OTHOCUTENIBHO ApyTa. B 3TOM cilydae BeIWYWHBI W 1
W' cBs3amBI APYT ¢ ApyroMm Beaeacrsue ddekra ommiepa (cMor-
pu Hke). IHTEPECHO OTMETHTE CoIeyIoniee 00CToATELCTRO. Ecmm
B CHCTEeMe MPOUCXOIAT TPOIECCHI C PA3TUIHBIMEA XapAKTEPHBIMU Ta-
CTOTAMM W;, TO, BCIEACTBHE ¢(w;) 3aBUCUMOCTEN, IBUKYIIUECS JIPYT
OTHOCHUTENLHO JAPyTa HaAOIIOJATE N YBUAAT B OJHON TOYKE PA3HBIE
KapTuHbl coObITHi (BuauMblii 3ddekt). B nambreiimux BeIKIaIKaX
MBI Gyjiem caenosarh ananorun ¢ [4,17].

[Tycts W' - 9acTOTa paCIpPOCTPAHSIIONIErOCS B CHCTEME CHTHAJIA.
Hoacrapass c(w') (BMecTo ¢) B BRIpaskenwe wHaTepBaa ds'? aas cob-
cTBeHHO# cucTeMsl n ¢(w) B ds? = c2dt? — dz? — dy? — dz? nna cu-
crembr HabmoneHNs, U3 ds® = ds’? ciemyer, 4TO COGCTBEHHOE BPEMSI
(dr' = 0) MOXKHO OIPENETUTE CIAEAYIOMUM 00pa30M:

a opmyna st COBCTBEHHON JAIMHBI OcTaeTcs B cuse. Eire pa3 mom-
YepKHEM, UTO 3TO Bce — Jjuiib "sdderTs Bugumoctu'. B srobom
MaTEMAaTUYIECKOM BBIDaKEHUHW CJjlaraceMbIe NJIN KOS(b(i)I/IL[I/IeHTLI MOXK-
HO IO OTpEIeSeHHBIM MPABUIAM MEPEHOCUTH W3 JIEBOW B TPABYIO
9acTh M Ha00OPOT (BCE TakWe BHIPAsKEHWs! SKBUBAJIEHTHBI). Torma
KaK OMPEIEUTh: BPEMsl YCKOPUIOCH Y OJTHOTO WK, HA0H60OPOT, 3aMe/I-
JIJIOCH y JIPYTOro Habmogarens (a JjimHa yBeTUIUIaCh WA YMeHb-
mumnack)? IIpocro, ecin 661 Bam ckazanu, uro Barte Bpemsa 3amMe -
JIOCh OTHOCHUTEIFHO OTHOTO 0OHEKTa OJHUM 00Pa30M, OTHOCUTETHHO
IpyTuX 00bEKTOB — MO-UHOMY, TO BbI OBI cpasy mouyBCTBOBAIN Ope-
JIOBOCTH OECKOHEYHOT'0 YMCJIa MOJO0HBIX Oecrmosiesnnix 'ceemenmii.
Ho xorma pengaruBucTBI TOBOPST, 9TO y Bac Bce B mopsijike, mpoCcTo
"YT0-TO Yy KOTO-TO TJ/Ie-TO JAJIEKO... MHOTHE CPa3y yCIOKAWBAIOTCS W
MTPOIOJIXKAIOT JAJIbIle CAyIaTh 'cKas3kn' .

s BBIBOMIA TipeobpasoBauuit JlopeHiia ucmoabp3yeM BpallieHue B
TJIOCKOCTH {X:

x = 2’ cosh i) + c(w' )t sinh ),
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c(w)t = 2’ sinh ¢ + ¢(w’)t' cosh .

Torma ¢ ucnoas3oBannem tanhvy = (V/c(w)) npeobpazosanus Jlo-
PEeHIIa CBOISTCS K

R COR e Wy Vi
+ @) Vi e @t T+ () (A.2)
1-V2/c(w)?’ 1-V2/c(w)?’

rae V' - CKOpoCTh cucTeMBbl. 3amuceiBast dx u dt B Beipakennn (A.2)
u Haxo/s dr/dt, mosydaem npeobpasoBaHust Jjisi CKOPOCTH:

V2

@) N
. c(w’) Z‘ + V o Uy 1 c(wl)Q
T Voo Yy vV )
4 L+ sy
vy 1= 2
v = L P (A.3)
L+ 55w

Jlta mBUXKEHUs BIAOJIb OCH & UMEeM

c((w)) v +V
S C) (A.4)

1 + c(w)c(w )

BujHo, 9T0 MakcuMabHAST BUAUMAS CKOPOCTH OYIeT Vi, = c(w),
re w - 9acToTa CBeTa B COOCTBEHHON cucreme. 3aMeTHM, UTO BCe
GOpMYNBI TPUBOIAT K KOPPEKTHOMY 3aKOHY KOMITOUITUH TIPW JTBU-
JKEHWUU BJIOJIb TIPsAMOit (mmpeobpaszosanust ot cucrembl A k B u or B
kK C' aeT TOT XKe pe3ysibrar, uro u npeobpasosanne ot A xk C'). Ha-
ITOMHUM, 9TO, COTJIaCHO OCHOBHOIT 9acTn KHUTH, BEJINYNHBI tl n fL'I B
dbopmymax (A.1), (A.2) He UMEIOT CAMOCTOATENLHOTO (HDU3UIECKOTO
CMBICJIQ (OHI/I ABJIAIOTCA d)HKTI/IBHBIMI/I BCIIOMOTaTEJIBHBIMU BEJINYN-
mamu). @opmyna (A.4), mo anamorun ¢ hopmyitoii (1.5), MoxKeT GBITH
nepenncada B BUOE

c(w)
V13 — mvu
v23 = 1 — _visvi

. (A.5)
c(w)e(w)
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B sroit hopme nanbosee Bugaa ee cyTh (kaxkymmuiica saddexr). Pop-

MyJTa
v'\/1—=V?2/c(w)?sind’ (A.6)

i((“;/)) V + v cos b’

OIMUCHLIBAET M3MEHEHNe HAIIPABIEHUs CKOPOCTH. PeIITHBHCTCKOE BbI-
paykeHme I abeppaluu CBeTa CcoxpaHsiercst (MmojacraHoeka v/ =
¢(w')). Ha Begkmii caydait HAOMHUM, UTO DPEISTUBUCTCKOE BHIPa-
JKeHue I8 3Be3H0i abeppaimn sipjasiercst npubmxkenubiM. Coxpa-
HSIOTCA Tak»Ke mpeobpaszoBannst 4-sekTopos. OTCIOAa CIELYIOT mpe-

06pa3oBaHMs YeTHIPEXMEPHOTO BOITHOBOTO BeKTOopa k' = (£, k):

tand =

0 V 4.1
]{70 _ kT — C(W)k ]{70 _ w
0 — 9 0 — 9
V1= V2/c(w)? c(w)
10— W 1 wcosa
Cew) T W)

B pesyawrare monygaem adpdext Hommiepa

,_ (W) V1=V c(w)?
W =w . (A.7)
clw) 1-— % CoSs &

BamMeruM, 9To OTCIO/IA CJIEIYeT 3aBUCUMOCTE CKOPOCTH cBeTa (w # 0)
OT JIBUYKEHUS CUCTEMBI (PA3IMIHBIM CHCTEMAM COOTBETCTBYIOT Pa3-
AUYHbIe 9acToThl w'). OnHAKO, Kak OyJeT MOKA3aHO B CJIELYIOIIEM
PUIOKEHUH, STOT 3DDEKT MPEeHEOPEKNMO MaJI JJIsT ONTUIECKONH 00-
JacTu. PeaTuBUCTBI yTBEPXK/IAIOT, 9TO BbIpaxKeHue s 3¢ dexTa
Jlormiepa CoIepKUT OTHOCUTEIHLHYIO CKOPOCTh. 9TO HeBepHO. [1ycTh
B HEKOTOPOIl TOUKe Ha 3eMjie MPOU30Ies B3PHIB U KPATKOBPEMEH-
HO BBICBETHJIACH HEKOTOPas JIMHUS n3aydenud. [lycTs mpueMHuK Ha
[InyTome yaoBun curaas. B kakoit MOMEHT ompeensaTs 9Ty Mudude-
CKYIO OTHOCUTEIBbHYI0 CKOPOCTH! Benb B MOMEHT BCUBIMIKKA TPUEM-
HUK MOT HE CMOTPETh B CTOPOHY 3eMJIH, 8 B MOMEHT TIPUeMa, CUTHAIA
yIKe He CyIIeCTBYyeT MCTOTHWKA, /1a U 3eMJIsI MOBEPHY/IACh 0OpATHOI
croponoii. /laxke B OTCyTCTBUE CPEIbl BMECTO OTHOCHUTETHHON CKO-
POCTHU TOJyYUIaCh ObI PA3HUIA aOCOJIOTHBIX CKOPOCTEH B MOMEHT
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UCITYCKAHWsI ¥ B MOMEHT MpUeMa, CUTHasIa (& 3T0 He OJHO U TO xKe!).
A uTo UMeeM B peANLHOCTH — OJIKEH MOKA3ATH OMBIT.
BekTop sHeprum-mmmysanca mpeobpasyercd caemayrommM obpa-
30M:
P Ve G/M VP
z T c(w)e(w) ¢ — c(w) + T (A8)

P, = , .
V1—=V2/c(w)? V1=V2/c(w)?

Ecnu cnemoBaTh ujaee JAHHOTO MPUIOXKEHUs, TO JOKHA OBITH
boJtee TecHas aHAJIOTHS MEXKIy PACIPOCTPAHEHWEM CBETa B CPee U
B BaKyyMe.

(1) Pasauunble makeThl BOJH PACILIBIBAIOTCS B BAKyyMe IO-
pa3HOMY.

(2) ducnepcust cBeTa B BaKyyMe HAK/IAIBIBAET MPUHIATHATHHBIE

OTPpaHMYEHWA Ha CTEIEeHb TMapaJIljIe IbHOCTH queﬁ.

(3) Uwmeercst muccumnanusi CBeTa B BAKyyMe, TO €CTh WHTEHCUB-
HOCTB CBETA YMEHBITAETCST IO MEPE €r0 PaCIIPOCTPAHEHUST B BAKYYMe.

(4) Cser "crapeer TO eCTh YaCTOTA CBETA YMEHbBIIAETCS MTPU PACc-
TPOCTPAHEHNN B BaKyyMe. STO ABJIEHUE MOXKET MMETH OTHOIIIEHUE K
napajiokcy (Onbbepca) "mouemy weGo He mbLTaeT?"w BHOCHTH CBOM
BKJIAJ B KPACHOE CMEIEHNE, TO eCTh BO3MOXKHA KOPPEKITHsT KOHIIET-
mun paszsutns Beemennoii. [TockogbKy (dakTHIecKn pedb UaerT 06
AIBTEPHATHBHOM OOBSICHEHNN KPACHOTO CMEIIEHNsT, TO 3TOT 3P PeKT
OKA3BIBAETCS OYEHD MAJI U TMOATBEPNUTE €r0 B JTaGOPATOPHBIX MCCTIe-
JOBaHUAX Ha COBPEMEHHOM 3JTalle He MPeaCTaBJIAeTCA BO3MOXKHBIM!
KPacHOE CMEIeHNEe JTUHUN KOCMUIECKUX 00bEeKTOB MTAK JETEKTUPY-
eTcst Hanbojiee TOYHBIMUA OTTHYECKUMHU METOJAMU W 3aMETHBIM OHO
CTAHOBUTCST JINTITH JJIST OU€HB OTHAJIEHHBIX 00 HEKTOB, TAKWX, UTO Pac-
CTOSTHUE JTO HUX yKe He OMPEee/IsIeTcs Jaxe 1mo 6a3e opOUTH 3eM/in
(o TPEYroBHUKY); HATOMHUM B 3TOH CBA3M, 9TO BEJUUUHA MOCTO-
siHHOM Xabb/1a yKe KOPPEeKTUPOBAIACh HA TOPSIOK.

ITpu mepexome K KBAHTOBOW 3JEKTPOSUHAMHUKE BO BCEX BBIKJIAI-
Kax HeoOxoimma TozcTanoBka ¢ — c(w). Hampuwmep, sta 3aBucu-
MOCTB TIOSIBJISIETCSI B COOTHOIIIEHWH HEOTIPeIe/IEHHOCTeIH

APAt ~ hfc(w), Az~ h/mc(w),
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B yCJIOBUU JJIs1 BOSMO?KHOCTU KJIACCUYIECKOTO OTMHMCaHWA

he(w)

E 1> T

U BO MHOTHX JIPYyTuX (HOpMyJIax.

CyrtectBento M3MEeHSTIOTCS dopmybL, oTu-
CHIBAIOIE W-3aBUCUMOCTH. B KadecTBe mpmMepa pacCMOTPUM WUC-
MyCKaHWe W Tor/Ioienre (hOTOHOB. B pe3yabrare mosB/IsIeTCsT HOBBIH

K03buImenT
1

1 dln c(w)
dlnw

B =
B BBIPaKeHWN It anciia GoToHOB Ny 33IaHHON MOJITPUBAIINN:

8m3c(w)?
Ny = #

LaB
B k1D,

n B COOTHOIIIECHUU JIJIA BepOHTHOCTef/'I (HOFJIOLL[QHI/IH, BBIHY2KJIEHHOT'O
u cronTanHoro matyuenns) dwl = dwit? = dw}B. Bemmuuna B
MTOSIBJISIETCST TAKYKE B BBIPAYKEHUSIX [JIsT KOI(DMDUITHEHTOR DITHITITE -
HA.

Ucnonb3yst 1m104cTaHoBKyY ¢ — ¢(wy) Jisi COBCTBEHHBIX KoJeha-
HUil OIS, ToydaeM Bbipazkenne st Pypbe-KOMIOHEHTHI (HOTOH-
HOTO MPOTTAraTopa:

Dye = el exp (~icalr])
Wik
Haittu D(k?) 6e3 aBHoil 3aBHCHMOCTH c(w) HEBO3MOXKHO. SIBHAS
dopma w-3aBUCUMOCTH HEOOXOIMMA TAKZKe JJIsT TOJIYIeHN OKOHYIa~
TEJILHBIX BBIPAYKEHU IS PA3TUIHBIX CeueHnil (paccesHusi, POk Ie-
HUS T1ap, pacnaja u T.J1.). B KauecTBe nepBoro mpubImKeHnst MOKHO
C/IEJIATH TIOICTAHOBKY ¢ — ¢(w) B M3BECTHBIX POPMYJIaX.



I1punaoxenue B

O BO3MOXKXHOM MeXaHU3MeE
JaCTOTHOM 3aBUCUMOCTU

cxomst W3 110/1yKIaCCHYecKOro MOJIX0/a TIOMBITAeMCsT OIeHNTh ¢(w)-
BaBUCHMOCTH IO AHAJOTHU C ONTHKONW. PAKTUUECKH, 3TO OTHA W3
BO3MOKHBIX THIIOTE3 O PACIPOCTPAHEHUH JIEKTPOMArHUTHBIX KOJIe-
Ganuii B BakyyMe. BymeM oOmuchIBATH BAKyyM KakK HEKOTOPYIO CH-
CTeMy, COCTOSIIIYIO M3 BUPTYAJLHBIX (PEaJbHO HE CYIIECTBYIONINX )
map "wacruna-arTnyacruna'. B orcyTcTBUE peasbHBIX UACTHI] BUP-
TyaJbHBIE YACTUI[BI HUKAK HE TPOABJSIOT cebs (peasbHO He CyIie-
CTBYIOT) B BakyyMme. B o61acT pacipoCcTpaHennst CBeTa BOZHUKAIOT
KOJIe0aHUs BUPTYAILHBIX Tap. PacmpocTpaHenne CBeTa MOXKET OBITh
OTIMCAHO KAaK TPOIECC MOCIeIOBATETHHOTO B3ANMOIEHCTBHUS C BUPTY-
aJbHBIME TTapamu (KostebarenpHoe Bo30ykaenne). Hanbosbimee Bin-
strme (Ko1ebaHust JIErko BO30Y KIAI0TCs) OKA3BIBAIOT HAWIErdaifime
BUPTYATBHBIE 3JIEKTPOH-TIO3UTPOHHBIE TIAPEL. [103TOMY yUIUTHIBATHCS
OyayT TOJBKO ITU MAPHI.

[TockombKy KOMEGAHWS B aTOME WA B TOUTPOHUU SIBJISTIOTCS
MpuUMepaMu KOJeOaHuil peabHbIX YaCTHUIl, OHH HE MOTYT OIpese-
JIATH COOCTBEHHYIO YacTOTy KojebaHuit BUpTya bHBIX map. meer-
Csl TMHCTBEHHAS YACTOTa, KOTOPas MOYKET COOTBETCTBOBATH BUPTY-
anpHOM (He cymecTByrommeit 6e3 Bo30yxkaenns) nape. CobcrBennast
YACTOTA MOXKET OBITH OMpese/ieHa KaK YaCTOTa, COOTBETCTBYIONIAS

209
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POYKIEHIIO 3TeKTPOH - MOBUTPOHHOM Maphl wy = 2m.c?/h, Tae me
- Macca 31eKTpoHa. [Ipn TakoM ommcanmm pazyMHO MPENOIOKNATD,
9TO0 3JIEKTPOH W MO3UTPOH B BUPTYAJTHHON TIape JIOKAJIU30BaHbI B O/I-
HOIT U TOIi JKe TOUKe (Mapa peasbHO He CYNIECTBYeT — TOJHAS AHHU-
rusanus ). Venoan3yst KIacCuIecKy o MOJIETb OCIMLISATOPOB, MOKHO
3aMUCATh CAEAYIOIIee BhIpaxKeHue st pazoBoil CKOPOCTU CBETA:

c(w) = 0 , Ve =mn—ix, (B.1)

N fe?/me
(w% — w?)2 4 4w?~?

n® —x*=1+4n (Wi — w?),

Nfe?/me
(wg — w?)? 4+ 4w?y

ny = 4w FW7-
Ocraercst onpefeuTh BeIUYInHbI ¢g, v u N f. IIpu BeiOOpe Besn-

YWHBI 7y COMHEHUI He BO3HWKAET: OHA OIMPEIeIIeTCs TOPMOKEeHNeM

u3yuenneM (eIMHCTBEHHO BO3MOXKHBINH BBIOOD B BaKyyMe):

e?w?

7= 3mecd’

[Tpu 3TOM MBI MOYKEM HCCJIETOBATH TOJIHKO T€ OOJACTH, TIOE KJIAC-
CYeCKasd IJIEKTPOANHAMWKA BHYTPEHHE HEIIPOTUBOPEYUBaA W €IIe
HECYIeCTBEHHBI KBAHTOBbIe 3(MderTh, TO ecTh w <K wo/137 u
A > 3.7x 107" em > Ry, e Ry = €2/(mec?) - paamyc smex-
Tpora. Bemnmumna N f o3HavaeT Takoe UNCIO BHPTYaIbHBIX TAp B
equHATE 00beMa, KOTOPOe JTOCTATOYTHO It 0DECTeveHust MPOoTecca,
pacmpocTpatenus cBera. QakKTUYECKH pedb UAET 00 ONpeIeeHnn
pa3MepoB KBAHTA CBETA W KOJMYIECTBA BUPTYAJTHHBIX TaCTHIL, 3a/1eii-
CTBOBAHHBIX B HeM. OUEBUIHO, UTO MOPSAIOK MPOJOTHHBIX PA3MEpPOR
kBaHTa [ ~ A. UT0OBI 0becneunTh HEMPEPHIBHOCTH M3MEHEHUST TTOJIei
E v H MOXXHO TPeIooRuTh, 9T0 "BeIecTBo BUPpTYabHOM Maphl
"pasmaszano"B1osb Beero kauTa (cM. Puc. B.1) n Bpamaerca ¢ wa-
CTOTO# W BOKPYT JIOKAILHOW 0CH (MEepHeHAuKYIsIPHON K MJI0CKOCTH
pHCYHKa U mepecekaiorieii och C).
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Puc. B.1: PacnpocTtpanenne cBeTa Kak IOCTeTOBATETbHAT TOJIIPU-
3ams BakyyMa.

Ob6aacts, 3aHUMaeMad OJTHOI mapoi
numeer pasmvepsl: (2Rg, 2R, R;), rne Ry = A/I, I - uncio "pasva-
saHHbIX"map. [I0CKONbKY CpeHsIs KUHeTHYIeCKast SHeprus (SHeprust
MAarmuTHOTO HOJ‘[H) paBHA CpeaHeill MOTEHIMAJIBHON SHEePTruun (SHep—
TUU 3JIEKTPUIECKOTO TOJIS), TO YuCa0 I MOXKHO HANTH M3 PABEHCTBA

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

2ce? huw?

R=—"" Nf=_—_"__
T h?Ry ! 8mce? Ry

OkonyareabHOE TPUDIMKEHHOE BbhIpaskeHue i be3pasMepHoil da-
30BOM CKOPOCTH CBETa MMeeT BU:

c(w) - heow? (wE — w?)

. B.2
co 4e? (w3 — w?)? + 4w?4? (B:2)

Orciona Bugno, uto ¢9 = ¢(0). PazoBas CKOPOCTH CBeTa yOLIBAET C
POCTOM 9aCTOTHI.

Cuenaem Hekoropsbie orenku (cm.(B.2)). g ynsrpaduonreTosoit
obmacti: (Ac/cy) ~ —0.5 x 107% (B Bummmoit obmacTi acbdexT mpe-
rebpexnmo man). [pn w ~ 10%® cex ™! adext (Ac/cy) ~ —1.4 x
10~°. Biugune nsuxKenus 3emin m3-3a sddexra Jlommiepa BbI-
3bIBaeT Jaxe Jis yibrpaduoserosoii obractu sddekr (Ac/cy) ~
—10710 (mpemeGpezkim); a Ha rpaHuIe 06IACTH TPHMEHIMOCTH TAH-
roro ommcamns (w ~ wy/137) mveem: (Ac/cg) ~ —3.6 x 1077, Uec-
nosL3ys BeIpakenue c?k? = w?e, aaa rpymmoBoit ckopoctu U, =
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(dw/dk) nmeem:
d(wy)
Ug d = Cp-
w

['pymnmoBast CKOPOCTH Takke yOBIBAET C POCTOM YACTOTHI, MPAKTUIE-
CKU COBITagas ¢ pa30Boit ckopocThio. Hanboabiee oTinyane ux apyr
OT JIpyra JOCTUTAETCS Ha TPAHUIE TPUMEHUMOCTH JTAHHOTO OMUCA-
Hust (st w ~ wg/137) u cocrasasier 0.01 npouenTa (a B oTHOIIE-
HUU K Cg - TIOPIJIKa 2 X 10_7). 3aMeTuM TakKe, UTO UCIOJIb3yeMble
BBIIIE MaJIble Pa3Mephl KBAHTa CBETa JIOBOJIHHO 0OOCHOBAHKI (MO CO-
BPEMEHHBIM TpeJICTaBIeHnsM). Takoi KOMIAKTHBIN 00beKT Gyser
BBaHMOﬂeﬁCTBOBaTb KaK I1eJjI0€ U TIPaKTUYIeCKU MTHOBEHHO C .}'[IO6LIM
00BEKTOM MUKPOMUPA, & STU CBONCTBA (PAKTUIECKU TPUXOIUTCS O~
CTY/IMPOBATH B KBAHTOBOI MeXaHWKe (HApuMep, Tpu 00bACHEHUN
dborosdbdexra nmm sdbdexra Komnrona).

CoBpeMeHHbBIE ODIIETPUHSITHIE HKCIEPUMEHTATHHBIE BO3MOYKHO-
CTH HEJOCTATOYHBI IS OTPEIEIeHUsT W-3aBUCUMOCTH CKOPOCTH CBe-
Ta B BUIUMON 06acTu (KaK W BIMSHUS IBUKeHus 3emyn). Tem e
MeHee MPEeICTaBUM HEKOTOpPhie 00Ire COOOparKeHUsT OTHOCUTETHHO
sKcrepuMenToB. HeoOXoamMo mocTaBUTh caMy Iejib — ODHAPYKUTH
w-3aBUCHMOCTD ¢(w). VI3Mepennst MOJKHBI ObITh MPSIMBIE, MOCKOJIb-
Ky Jif000ii TIepecueT BOBJIEKAET ONPE/IETeHHbBIE TEOPETUIECKIE MPeT-
CTaBJIEHWsST O PACCMAaTPUBAEMOM Iporecce. B 9aCcTHOCTH, 3KCIepu-
MEHTBI JOJ/IKHBI BBITIOJHITHCST B BaKyyMe, MOCKOJIBKY YHCTO TEO-
perudeckuii pacuer B3aMMOEHCTBUsI CBETA C BENIECTBOM HE MOXKET
OBITH TOYHO BBIMTOIHEH. B 001IeM ciydae B3amMoaeiicTBUE C MaTe-
pHUeit 3aBUCHAT OT YACTOTHI CBeTa w. B YaCTHOCTHU, 3epKaja JTOTKHBI
OTParKaTh PA3JUIHBIE M0 TACTOTE W BOJHBI MO-PA3HOMY (KPOME TO-
ro, OTpakeHne — He MIHOBeHHBII mporiecc). [lepecuer, cBazaHHbIi ¢
mpeobpa30oBaHUEM CBeTa, He YIUTHIBAET BOZMOXKHYIO W-3aBUCHMOCTH
cKopocTu cBeTa. B obiiem ciaydae, mpepbiBaHUEe Jyda CBETA H3Me-
HSIET BOJIHOBOW TIAKET W, CJIEIOBATEIHLHO, €r0 CKOPOCTh. [10CKO/IB-
Ky CBODOMIHBIE 3apsi?KEHHBIE JACTUIIHI MOTYT TOBJIUATH HA 3 deKT,
HeoOX0oMMO M30eraTh MEeTAINIeCKON SKPAHUPOBKIM.

Jl1st MeToma mpephIBAHUI HEOOXOIUM OTHOBPEMEHHBIN CTapT JIy-
Ueil ¢ pa3HBIMM YACTOTAME U aJeKBATHASI TOYHOCTH OIMPEIeeHUS
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BPEMEHHBIX TPOMEXKYTKOB, KOTJIa BOJHOBOI (DPOHT IMpoiijier ompee-
JIEHHOe paccroguue. Vim, albTepHATHBHO, MOXKHO UCKJIIOYATH CITeK-
TPATBHYIO JIMHUIO W3 CMECH JIBYX CHEKTPAJIbHBIX JUHUI (1a3ephi)
C TOMOIIbIO TmpepbiBanusd. [TocKOTbKY OTpakeHne — He MTHOBEHHBIH
MPOIIECC M 3ABUCHT OT YACTOTHI CBETA, CTAHIAPTHAS MPAKTUKA YU~
HEHWS TYTH C TTOMOIIIBIO 3€PKaJI COBEPITIEHHO He MOJXOIUT, OO0 XKe
YUCI0 OTPAYKEHWil I KasKJI0r0 JIyda CBeTa, (M1 KarKJ0i pasimd-
HOIT "acToTel!) MOKHO OBITH paBHBIM. [locTenHee 3amMevanHue TpU-
MEHNMO TaKKe K nHrepdepoMerpudeckoMy meroay. Paznessiem jiyq
(w1) Ha nBa say4a. [eprsiii yu npeobpasyercs (B wy) B HavYage MyTH
L, a Bropoit 1y4a — B koute nytu L. [IyTs L moxeT m3Mmenarsed. Ec-
JIM CYIIECTBYET 3aBUCUMOCTD ¢(w), TO WHTePdEPEHIINOHHAST KAPTHHA
TTOJIZKHA MEeHAThCS ¢ n3MeHenneM L. OIHAKO, MMEIOTCS TEXHUYIECKTe
TpyAHOCTH n3MeHennst L 6e3 BO3MYIIEeHNit.

ACTpOHOMI/ILIeCKI/Ie NCCIeJOBaHUA JIJI JOBOJIBHO MMTMPOKOTO CITEeK-
Tpa w; MOTYT TIOMOYb OOHAPYKUTEH ¢(w)-3aBUCUMOCTH. MOKHO Ha-
GII0ATH CO CIyTHHKA HECHHXPOHHOE MOSBJICHHE W HCUC3HOBEHUE
CIIEKTPAJIBHBIX XaPAKTEPHBIX (DOPM B JBOMHBIX CHCTEMAaX BO BPEMsI
moIHOTO 3arMennsd. OIHAKO, /18 GOJBIINX PACCTOSHAN HET IIOJIHOM
YBEPEHHOCTH, UTO CBET JCHCTBUTEIHHO MPOXOJUT Yepe3 BakyyM (6e3
rasza, IIa3Mbl, LA U T.7.). HeoOX0auM J0MoTHUTETbHBIH MaTeMa-
Truaecknit anasms ¢(w;) I w;, 9T0OBI OOHAPYKUTH W-3aBUCHMOCTh
c(w).

HawGosbimmii mHTEpec npejcraBisier cpaBHenne ¢(w) ist BUIH-
MOiT 00JIACTH M [T PEHTTeHOBCKUX WM ~y-mydeii. Hackombko m3-
BECTHO, JIJIsT 3TUX 00JIacTell HET IKCIEePUMEHTAIBHBIX JaHHBIX. O-
HAKO, JJIsl SKCIIEPUMEHTOB C Y-JIy4aMU UMEETCs Psifl TPYAHOCTeH (CM.
[7,59,67] nyst HanboJiee TOYHOTO PU BOJHOBOH MOJIE/IN CBETA METO/Ia
NPAMBIX HE3ABUCUMBIX U3MEDPEHUit A\ U V), 1a U HeT MOJHOH yBepeH-
HOCTW B 9MCTO BOJIHOBOI MPUPOE CBETA.

HauGostee ofmmuii BOIPOC JAHHOTO TPUIOKEHUS 3BYUHT TaK:
OCTAIOTCH JIM CBOMCTBA BaKyyMa HEM3SMEHHBIMU TTPU BHECEHUUW B HETO
gacrur| ((poronos) nam wer. Eciu cBoiicTBa BaKyyMa M3MEHSIOTCH,
TOr/Ia JOJKHO OBITH M 00paTHOEe BausiHWE (MPUHIUIT B3auMOJEii-
CTBWsI) HA MPOIECC PACTIPOCTPAHEHNs YACTHIL (CBETa). 3aBUCUMOCTH
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¢(w) — 9T0 HEKOTOPOE MPOSIBJIEHNE JIAHHOTO MTPUHIIATIA.

Takum 06pa3oM, B MPUIOKEHUAX OBITN BBIBEJIEHBI COOTBETCTBY-
1ote hopMyIIbl [Ist CIeACTBHi ¢(w)-3aBUCMMOCTH, OTHOCSIINECST K
CTO, xBaHTOBOI 3JIEKTPOIMHAMUKE, ONTUKE U T.7.. [l obHApYXKe-
Hust camoro dakra ¢(w)-3aBUCHMOCTH HYKHBI TleJeHaNPaBIeHHbIE
nccaenoBanns. MakcuMaIbHBINR 3DEKT J0MKEH HADIIOTATHCA s
BBICOKOYACTOTHOI obacT. HecMoTpst Ha cephe3Hbie 3KCIEepUMeH-
TAJLHBIE TPYIHOCTH, BOZMOXKHBIE PE3YIBLTATH TPUHITATAATLHO BaK-
HBI 1 THTEPECHBI.

31ech 00CYKIAICST OIUH U3 BO3MOXKHBIX MEXaHWU3MOB, TPUBOISI-
muit K ¢(w)-3aBUCHMOCTH JIIsT BOJTHOBO# MOJIEIN CBETA, HO HAMIOM-
HUM, 9TO HE CYIIECTBYET KPUTUYECKUX 3KCIIEPUMEHTORB, OTTPOBEpTa-
IOIMUX KJIACCHYECKUI 3aKOH CJIOYKEHUS CKOPOCTeH Jayke s KOp-
MyCKYJISIPHON MOJIeJIN CBETa, He TOBOPST YK€ O BOJHOBON MOIEJH.
Jemo B TOM, UTO JJIS CBETa CJEIVIOIINE TP 3aBUCHMOCTH SIBJISI-
IOTCAd OJHO3HAYHO B3aMMOCBA3AHHBIMU B BOJIHOBOM MOJEeJIN CBEeTa !
¢(w)-3aBHCHMOCTD, 3aKOH Jlommiepa u 3aKOH CJIOXKEHUS CKOPOCTEii.
TO.TH)KO 3HaHUE .}'[IO6LIX ABYX U3 3TUX 3aBUCUMOCTEN OJHO3HAYHO
oTpesiesisieT TpeThio. g BOMHOBOM MOe/IN MPOTIece pacipoCcTpaHe-
HUsT 3JIEKTPOMArHUTHBIX KoJiebaHuii (CBeTa) B BaKyyMe MOXKeT ObITh
ONMMCaH KakK TOC/IeI0BaTeILHOE BO3HUKHOBEHUE KOJIeDaHWii BUPTY-
AJBHBIX YacTUI (map), BBI3BIBAEMOE CAMUM PACIIPOCTPAHSIIONIMCS
ceerom. (IIpasma, 1y1st paCCMOTPEHHO# B 3TOM MPUIOKEHUH MOJIEN
BO3BHUKAET BOMPOC 00 PAa3INUMAX B CBOMCTBAX CBETa, BOSHUKAIOIIIX
TPV aHHUTUJIATINN 60.}'[66 TAXKEJIBIX YaCTUIl, 1 POJIN UHBIX BUPTYaJIb-
HBIX TIap win 00 "91eMeHTapHOCTH " 9/IeMEeHTAPHBIX YACTHIT).
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3aMedaHus 0 HEKOTOPBIX
TUIoTe3ax

B JaHHOM TIPUJIO?KEHNHN MBI CJIeTKa KOCHEMCd HEKOTOPBIX M3BECT-
HBIX THMOTE3, TOXKE He CBI3AHHBIX HAMPSAMYIO C OCHOBHOM YaCTHIO
kuuru. Hagwem ¢ obcyxkpennst rpapuranuu. OQuHAKOBasT 3aBUCH-
MOCTH OT PACCTOSIHHS JJI TPABUTAIMOHHBIX U JIEKTPOMATHUTHBIX
CHUJI TIOATAJKUBAET K HEBEPHOW MBICTH O €IUHOM MeXaHu3Me Jeii-
CTBUST 3TUX CUJI 1 "0oObsicHeHNN " TpaBUTAIINN Yepe3 SJIEKTPOMATHUT-
HOE TI0JIe; OJIHAKO, 9TO MPOTHBOPEYUT OMBITAM (HAIpuUMep, He 06-
HAPYKEHO SKPAHUPOBAHWE TPABUTAINM). | DABUTAIIMOHHBIM CHJIAM
HEBO3MOKHO MPUIHCATH TaKXKe Bau-nep-Baaancos Turm, Tak Kax To-
ra JOJIKHA, ObLIa ObI CYIIECTBOBATH JAJBHOMEHCTBYIOIIAS CHUJIA,
crabo yObIBaoIas ¢ pacCTogHueM (UTOObI MOJYYIUTh KBaIPATHY-
HYIO 3aBHCUMOCTh B 3HAMeHATese, Kak B 3akone HbioTona), a ee
uetT. HeBepHo#i ABISIETCS ¥ TOMBITKA CUMMETPHU30BATH TPABUTAITIIO
myTeM BBeIeHUs "MaCcCOBBIX 3apsimoB''c pasHbIMU 3HaKaMu. ['paBu-
TAINS TPOABIISETCA TOJHKO Uepe3 CUILI TMpUTsKenus. [Tomnmo Ha-
HAJILHOTO BOIpoca: "a rie yKe aHTUrpaBuTaIus? " cyIecTByeT TpUBH-
ajbHOe onposepxKenne "3apsiposoro ' noaxona. PaccMorpum 6ombinoe
TeJio, HampuMmep, 3emtro. [lycts ona "3apsikena mampumep, moJo-
KUTEJIBHBIM MaCCOBBIM 3apAJ0M a Tejla, KOTOPBhIE€ OHa IMPUTATUBACT,
3apsiyKeHbl "OTpUIATeIFHBIM MACCOBBIM 3apsanom'. Paccmorpum 06-

215
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Puc. C.1: IlpotuBopeune "3apsimoBoit" rpaBuTAIUN.

parusiii nponece (Puc. C.1). Byzem orpeiBars or 3eman Gosbinue
O0OJIOMKM W YHOCUTBH WX JAJEKO B KocMoc. V3BecTHO, UTO 06J10M-
KH, TOIHATHIE ¢ 3eMJIA He YJIeTaloT CaMH B KOCMOC, a CTPEMSITCS
yrmacth obparao mHa 3emmo. CrieqoBaTebHO, MOTOKATETLHBIT "3a-
paa" moJIKeH moce KaXkKJI0ro Takoro mporecca "crekars'Ha ocraro-
nyrocst 3emtio. [Ipu 9TOM ero KoJmvecTso OyaerT Bo3pacrarh (s
COXpaHEeHUsT CyMMapHOro 3apsaa). Ilocaemuuit ocTaBimiicss 06, 10MOK
A Oyzer mpuTATHBATH T C OOJIBINNEH CHUIION, UYeM BCsT TepBOHA-
JaJabHasg 3eMJIg. DTO MPOTHBOPEYUT MIPOMOPIUOHAILHOCTH T'PABHU-
TAIMOHHOW CUJIBI KOJTMYECTBY BemiecTBa. Kpome Toro, mmeem apyroe
IPOTUBOPEYNE: eC/IU MBI PA30PBEM MOCIEIHUI 0CKOJIOK A cTporo mo-
oJIaM, TO KaKasl TOJTOBUHA JOJIYKHA CTATh MOJIOXKUTEIHLHOM, 8 KaKast
OTPHUIIATENHHON? MIN IPH PA3PHIBAHUU TOIOJIAM YACTH OTTAJIKHBA-
IOTCSI IPYT OT JAPYyTa U MOJIydnTcst anTurpapuraius’ (Xorsa Haaudame
nJjm OTcyTCTBI/Ie AHTUTPABUTAIIUN MOXKET 6LIT]) HE CBA3aHO C HaJIU-
YHeM WU OTCYTCTBHEM OTPHUIATETHHBIX Macc.) HeBepHast MOMBITKA
OTO reomerpuzaliuu TpaBUTAIMK TTPOBOIUPYET MOMBITKH TeOMeT-
pHU3aIuy ApYyrux Mojeil, HAIIPUMep, dJeKTpoMaruuTHoro. Omubdbou-
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HOCTB TOM WU OUEBUIHA: KPOME 3aPIZKEHHBIX YACTHUI] CYIIECTBYIOT
HelTpaabHbIE YACTUIBI, KOTOPBIe He "1yBCTBYIOT'3aps0B, MOKA He
cTOIKHYThCst "B 100" ¢ wacTumeit. CiemoBaTeIbHO, B OJHOM U TOM YKe
MeCTe MPOCTPAHCTBA OJHA TACTHUIA JTEMOHCTPUPOBAJIA OBI JIEKTPO-
MarHuTHOE MCKPUBJIEHUE MPOCTPAHCTBA, & JApyrast Obl JTOKA3LIBAIA
OTCyTCTBUE KpUBU3HBI. B0OOOIE TOBOPsI, BCe paCCMOTPEHHBIE BBITIIE
MeTO bl (DOPMATHLHOTO CBEIEHUST OHON HEeM3BECTHON CHUJIBI K JPYTOit
HEU3BECTHOW CUJIE WU ABJIEHUIO, TO-BUAMMOMY, MAJIOTPOIYKTHBHBI.

Bosee monesusiMu 1T TPAKTUYIECKUX TPUIOKEHNH MOTYT OKa-
3aThbCs pa3aIudHbIe 0000IEeHNsT CTATUYIeCKOo Teopun TsaroTernns He-
TOHA C UCMOJIb30BaHneM MaKCBeTIOBCKOTO MOAX0/a (CM., HAITpuMep,
[11]). Kpowme Toro, cymiecTByer eile o/Ha n3BeCTHas WHTepecHas MO-
nmerh. K corkaaennio, Hac MOCTOSTHHO HACTPANBAIOT Ha BHICOKOMEPHOE
OTHOIIIEHNE K MEXaHUCTUYCCKUM MOJICIAM. A 9TO HEITPaBUJIHBHO. HO-
JIOOHBIE MOJIETN — eIMHCTBEHHBIE, KOTOPhIe MOYKHO CO3/1aTh, 'moTpo-
rarhk pykKamu'n ybeanThest B ux paborocrnocodrHocTr. OHU TTOHSITHBI
BCEM — OT IIKOJBHUKA JO 3HAMEHWTOTO YUEHOTrO, W OOCY¥KIATH WX
MOTyT BCe (B oTimume oT mogmesneii, "MOJTHOCTBIO JOKa3aHHBIX Cpe-
TV YYEHBIX OTJIEJBHO B3saTON HaywHoi mkoss"). Koukpersno, ymo-
MSIHYTasi MOJENb COCTOUT B CJEAYIONEM. [IpeamoaraeTces, 4To BO
Bcestennoit paBHOMEPHO BO BCEX HAMPABJIEHUSIX JIETAIOT OYEHb Ma-
JeHbKIe Hefirpanbible yacTuiel ("anccaxens'; aBrop — LeSage) u
mepeagaroT CBOIt UMITYJIBC TIpWU YHOPYTruX CTOJIKHOBEHUAX C TEIaMWU.
JBa meia oTOPACHIBAIOT APYT HA JAPyTa TeHb (WK MOJYTEHb) U B
pesysibTare MPUTATUBAIOTCS IPYT K IPYTy C CHjIOH 0OpaTHO mMpo-
TMOPIMOHAJBHON KBaApaTy paccrosuausa. Ecrs omno "uo". Ilockosb-
Ky TPOTOHBI U 3JIEKTPOHBI HETTPO3PAYHBI JIJId 3TUX TUIIOTETUICCKUX
YACTHI[, TO JJIsi TeJ OOJBITNX Pa3sMepoB (pPAJMyCOM MOPSIIKA ThI-
CsT9 KMJIOMETPOB 1 Gosiee) MOXKeT Hab/II0JaThCs OTKJIOHEHWEe BbIDa-
JKEHUs I CUJTBI OT TIPOTIOPITHOHATBHOCTH TIPOM3BeIeHmio Macc. Cy-
IIIECTBOBAJIO €ITe OJTHO BO3PAYKEHNE: TEMIIEPATYPa ras3a JUCCAYKEHOB
IOJIKHA OBITH OYeHb BeJIMKa, W BcelleHHast T0JKHA, 'mOpeTh Tak Kak
TEPMOIUHAMUYIECKOE PABHOBECHE JOJIKHO OBLIO OBICTPO YCTAHOBUTH-
cst. OHAKO yIKe TOSTBUINCH pasHbie MoguduKanum 31oi Teopun: 1)
JINCCAZKEHBl MOTYT TIOCTOSIHHO MOTJIOMIATHCSA TeaaMu (KOTOpBIe MpH
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sToM nocrostaao "pactyT"); 2) smccazkenbl MOryT TpanchOPMUPO-
BaThCs B TaKWe YACTHUIIBI, KOTOPBIE MOKUIA0T Teo. K coxaienuto,
TTOATBEPAUTH WUJIN OTIPOBEPTHYTH 3TO B MTPAMBIX IKCIIEPUMEHTAX TMOKa
HEBO3MOXKHO. /[arke B 9KCIEpUMEHTAIBLHOM TLJIAHE C TPABUTAIIAEH He
Bce sicHo. Hampumep, HeT MPEIM3nOHHBIX W3MEPEHWH TI0 BIMSTHUIO
B3aUMHOTO JIBUKEHUSI TeJT W UX BPAIEHUS HA JEUCTBYIOIYIO MEXKITY
HUMU CUJIy TIPUTAKEHNA. Cy]l[eCTByIOT TUTIOTE3HI O BJINAHUN T'DABU-
TAIMN Ha WHEPTHYIO Maccy (W, CJIeloBaTeIbHO, HA WHEPIHATbHbLIE
CHJIBI, HATIPUMED, BO3HUKAIOIIME MTPU BPAIIEHNN BOTIKA). [pu onpe-
IeJIeHNN, HATPUMep, BEININHBI IEHTPOOEKHOI CHJIHI BOSHUKAET BO-
npoc (Kak TpOSIBJIEHNE TPUBUTHIX HAM DPEIATUBHCTCKUX IITAMIIOB):
OTHOCUTEIHHO 9ero onpefensiercs: Bpaienne? CylecTByeT mpakTH-
YeCKUil CIrocod TPUHITUIHAIBHOTO ONPEeIeTeHUsT UHEPIIUATHLHON CH-
CTEMBI. HOCKOHbe OorrpeJe/IMTh MOKHO TOJIBKO M3MEHEHWE COCTOf-
HUsT (HAIIPUMED, PACTIYKEeHNUe TPYKUHBI MEXKTy JTBYMSI BDPAIIAIOIIN-
MUCS MAPUKaMi) OTHOCUTETHHO HEKOTOPOTO JIPYTOTO TPEIBILYTIErO
COCTOSIHUS, TO MOYKHO TOJIBKO YTBEPK/IATH, UTO PACTIKEHNe (BbI3bI-
BaeMOe IEHTPOOEKHOM CrIoit) OyIeT MUHIMATBLHBIM TPA HEKOTOPOTi
YaCTOTe BPAIEHUs (€CTECTBEHHO, C YIETOM BOZMOYKHOTO M3MEHEHST
Hanpasenns Bpaienns ). Ecam 910 "cocTosiHne MUHIMAIBHOTO Pac-
TsKeHWsT" COXpaHSIeTCsT HE3aBUCUMO OT OPHEHTAIINN OCH BPAIEHWsI,
TO MBI UMeeM WHEPIHAIbHY0 cucteMy. Bompoc o ToM, byaer jin 310
TeINOIEHTPUYIEeCKad WJIN MHasd CUCTEMa He MOXKeT 6BITI:| perrien 9m-
CTO TEOPETHUECKY JIsl Halllell eIMHCTBeHHON Beesernoit (abcTpakT-
HBIE TEOPETU3NPOBaHUs 00 yIaeHun ModTH BCex Tea u3 Beemennoit
HEeOCYIeCTBUMBI TpakTuuecku). OueBmano, uTo mo ¢gopme (Mare-
MaTquCKOﬁ) MHEPIIMOHHBIC CUJIBI HE USMEHATCA 1 O6CY}K,Z[&T]) MOXK-
HO TOJIBKO 3aBUCUMOCTH CAMOI WHEPTHO Macchl OT rpasuTaiuu. [1o-
BUIUMOMY, KaKaH-HI/I6O n3MepumMaad 3aBUCUMOCTH I/IHepTHOﬁ MaCCHhI
OT HAIIPABJIEHUsT BEKTOPA PE3YIBTUPYIOIIEH IPABUTAIIMOHHON CHUJIBI
BPAJ| JIM BO3MOXKHA (MHAYWE, TIPU BPAIEHUN >KUIKOCTEH B HEBECO-
MOCTH HE MOTJIH OBl HAOJIIOMATHCS SJLTUIICOU LI Bpatenus ). CKoJb-
HUOYb CYIIECTBEHHAS 3aBUCUMOCTH OT MOJIYJ/IS BEKTOpPA Pe3yJIbTH-

pyomeil rpaBUTAIIMOHHON CUJIBI TOXKE MAJIOBEPOATHA, MHAUYE pacye-
THI IBUKEHUST KOMET, aCTEPOUIOB U METEOPUTOB OTIUYUAJNCH OBI OT
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OOIIENPUHATHIX JIAHHBIX HA TOPAJKK (HAPUMED, TT0 3aKOHY COXPa-
HEHUS UMMY/IbCA TEJ0, YIAJSIIONIeeCsT OT MACCUBHBIX Te - 3eMJIH,
ConHna u T.J1., yBEIMIUBAIO OB CBOIO CKOPOCTD, & 3TO He TakK ). Jlist
00CYKTeHUsT 3ABUCUMOCTH WHEPTHOW MACCHI OT BEJIUYUUHBI CyMMap-
HOTO TPABUTAIIMOHHOTO TIOTEHIMA/A (4TOOBI €ro0 BapUAIN MTPH JIBU-
JKEHUN Ha OOJIBIINE PACCTOSHUS OBLIN HE OYEHBb 3aMETHBI) HEOOXO-
VMO CHaYaJ Ia OTIPENenTh ¢ 00mednaocodckoit m 0bimedn3naecKoi
TOYEK 3PEHUsI, KAKOB MOXKET OBITH CMBICJI TOTO HYJIEBOTO YPOBHSI TT0-
TEHI[MAIA U KaK €ro YCTAHOBUTH B HAIEl euHCTBEeHHOM Bcemennoi

(4TOOBI CenaTh KAaKNEe-TO KOJIMIECTBEHHBIE OIEHK]). [10-BruanMomy,
9Ta BOBMOXKHAS 3aBUCUMOCTb WHEPTHON MaCChl TOXKe He MOXKET OBITh
cuabHOl (eM. obcyxkaenne npuniuna Maxa B gannoit kaure). Ho B
obIIeM caydae JAHHBIN BOMPOC MPUHITUITHATBHO MOYKET OBITH PerreH
TOJIBKO OTBITHBIM TIyTeM. PSs KOCMOJOTHYECKUX MpobieM MOr Obl
OBITH TEOPETUUIECKY PA3PEIEH B MPEINOI0KEHNN 00 OrpaHUIEeHHO-
CTH pajinyca IPaBUTAIMOHHOrO B3anMozeiicTeus [133], Ho mposepuTh
MTAHHYIO0 TUTOTE3y TMOKa He MPEeCTaBIAeTCsS BO3MOXKHBIM, TaK KakK
3(hdEKT CTAHOBUTCS 3aMETHBIM TOJIBKO IJIsT aCTPOHOMUYIECKHW OOJIh-
mux paccrosgunii. Tak 9TO Teopus TPABUTAINNA HAXOIUTCA TOYTH B
TOM K€ COCTOSTHUH, B KaKOM ocTaBu ee HpioTOH. DTa 001aCTh K IeT
CBOET0 BIIyMYHBOIO WCCJIETOBATEIA.

Kparko ymomsHeM Temeph JIOMOTHUTETBHBIE THUIOTE3bI, IIhbI-
TAIOIMECss OTBETUTH Ha BOUPOC '"dro ke npexacrasiaser coboit
ceer?"[locTymupoBanne KOPIYCKY/ISPHO-BOJTHOBOTO JyajnM3Ma He
JIOJIPKHO TMapajn30BaTh YEI0BEUECKYI0 MBICIL. ObofiTuch, 6e3 Kop-
MYCKYJISPHBIX CBONCTB CBeTa HEBO3MOXKHO. A TOCKOJBKY WMUTH-
pPOBATH C MOMOIIBIO YACTHUI[ BOJHOBBIE CBONCTBA TOBOJIBHO MPOCTO
(BCTIOMHUM peasibHble SIBJIEHUS: 3BYK B BO3JyXe, BOJHBI HA MOpE W
T.71.), T0 MEeane HeioTroma o Tom, 9To "cBET — 3TO CKOpee KOpIyc-
KyJIBI, YeM BOJIHBI U ceifvuac akTyaabHO. Ho cBeT MoxkeT mpejcTas-
JISITH CODOM ¥ YUCTYIO BOJHY WU YK€ OBITH YeM-TO MTPOMEKYTOUHBIM
n 00/1a1aTh CI0XKHOW BHyTpeHHeil cTpykTypoit. Bce 310 mo3Bosis-
er cTpouTh pasnndnbie Mozenu csera (Puc. C.2). Hampuwmep, cBer
MOYKeT OBITH ONMUCAH Jayke TMPOJOIBHON BOJHON (HECMOTDST Ha, OTbI-
THI TI0 TIOJISIPU3AIIAN), €CJIM YACTHIBI, W3 KOTOPBIX OH COCTABJIEH,
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Puc. C.2: Monenn crera.

06/TaTAI0T OPUEHTUPOBAHHBIME CBOWCTBaMU. VI OH MOXKET OBITH
MpEeJICTaBJIeH HEKOTOpPBIM momobueM "Bparmarorreiicst mecrepenkn'.
[Tpw 3TOM 37IEKTPOMATHUTHOE BOJTHOBOE BO3IEHCTBUE Ha CPeLy WJIn
mpuboOp MOXKET OBITH CBA3AHO C YIVIOBOI YacTOTON BpaleHus "ire-
crepeHKu'" M Tayke TPUBOANTE K COOTHOIEHWIO AV = ¢ = constant.
Onmako, Takas JOKaJbHag (BHYTpH TpHOOpa) CKOPOCTH CBETA ¢ MO-
JKeT OBITH COBEPINIEHHO HECBSI3AHHOW CO CKOPOCTHIO JIBUXKeHusT "1ire-
crepeHKH"Kax 1eJ10ro (CKOPOCTHIO TPOXOXK/IEHUS CBETOM 33 JAHHOTO
MyTH B MPOCTPAHCTBE). B mpeanosokennn 0 HamInm COGCTBEHHOTO
Bpalenusa pOTOHA U KJIACCHIECKOTO 3aKOHA CJIOKEHUsT CKOPOCTel B
[60] 611 ostyuen sadbdexkt Torriepa, coBnagaommii ¢ peasiTHBACT-
CKUM B TIpEeJIeJiaX COBPEMEHHON TOYHOCTH WM3MepeHwuii (70 BTOpOro
nopsijika 1mo v/c). Jlaxke mO-TOBOJY OOIIENPU3HAHHBIX OMBITOB Jle-
bemera (0 CyIECTBOBAHUY JABJIEHWs CBETA) Y PAJA MCCAEI0BATEel
eCTh COMHEHWS: BO-TIEPBBIX, MOUYEMY-TO HEKOTOPHIE KOMETHI JIETAT
xBocTOM K COJIHILY; BO-BTOPBIX, OIEHKH TTOKA3BIBAIOT KPAWHIOI Ma-
JIOCTB 9TOTO 3 heKTa, a Topasao OOIBIIYIO0 BEIUINHY PaTUOMETPU-
geckoro adderra. K coxamennio, BOMPOCH, KACAIOIINECS TTPUPOIBI
CBETA TAK¥Ke HeNb3sT CUNTATH PENTeHHBIMIA HUA B TPAKTUYIECKOM, HU B
TeopeTnvueckoM TaHe. OHM TOXKe XKIYT CBOErO UCCIIEIOBATEIS.
Bosee kpymmas tema, KOTOPO#l MBI MPAKTUYECKHA HE KACAIUCH
B HACTOAINEH KHUTE, OTHOCUTCS K OCHOBAHUSIM 3JIEKTPOJINHAMUKH.



T'ITOTE3BI 221

XoTsT B MPaKTUIECKOM TIJIaHe JOCTUXKEHWS B 3TOH 001acTn IeicTRH-
TEJLHO OTPOMHBI, TEM HEe MeHee TAPMOHWW B ODIMETPUHSTON Teopun
He omryuiaercst [20]. Muorue Kycku Teopuu BBIDISIAT UCKYCCTBEHHO
"mpucreIKOBaHHBIME " IpYT K ApyTy. ITo Kpaiimeit Mmepe B MeToamue-
CKOM TIJIaHe 37IeCh eCTh HaJl 9eM mopaboTtaTth. Kcan mecxoqnts 3 Bep-
voctu nuddepenimanbroit popmbr ypaBaenuit Makcsesia, To BMe-
cTo cuiibl JIOpeHIfa CTPOro TMOoydaeTcs WHoe '3aMBIKAoIIee ypas-
uerne"[135] co cBomMmm mHTEpeCcHBIMHU pereHusiMI. MBI erre TOIbKO
KpaTKO yTmoMsiHeM 00 WHTEPECHOI uee HOBOTO aKCHOMATHIECKOTO
NoJX0/a K djeKTpoanaamuke [12], o cymecrBoBanun MONLITOK BO3-
pPOIUTE SIeKTpoauHaMuKy Lepria u 06obmuTs cumy Bebepa [89]. Ha-
MTOMHWM, 9TO OT Ccuyibl Bebepa mepBOHAYAIBLHO OTKA3AIUCH MO TO
MPUYIHE, UTO TPU HEKOTOPHIX HAYATBLHBIX YCJIOBUSIX OHA MPUBOIUIIA
K camoyckoperuio 3apsios. B CTO Toxe 0bLI0 00HAPYIKEHO CAMO-
YCKOpEHWEe 3apsjioB MO JeWCTBUEM CHJIBI TOPMOMKEHUS W3y IeHU-
em, 70 or CTO mouemy-To He OTKa3a/MCh (OTMSATH TMPOCTEKUBAETCS
nBOIHON cTarmapr). B Hacrosiee Bpemst mpobaeMa caMOyCKOPeHsT
(n mpyrasi, 6ostee MO3HSAST TPOOBIEMA — YTIOBOI 3aBUCUMOCTH YCKO-
peHns) B paMKax Cuibl BeGepa JT0BOJIBHO YCIEINTHO PEIaeTcs.

FI/IHOTGBBI HaCTOAIIETr0 MTPUJIO?KEHNA YIIOMAHYTHI TOJIBKO IJIA TO-
10, 9TOOBI BO3OYIUTH WHTEPEC UUTATENIS K CAMOCTOSTEILHOMY Pas-
MBIIILTEHUTO.
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JlanHas xHUTA OBLIA TTOCTPOEHA KAK KPUTHUIECKUIT 0030p XOoporeit
AIOJIOTETUKY TEOPUN OTHOCUTEIHLHOCTH. TSI7KeJI0 JaBaTh MOCIeI0Ba-
TEJILHYI0O KPUTUKY TEOPUHU, KOTOPYIO BIAJOJMBAIA HAM B TOJIOBY B
TPOITecce HAIETO 06PA30BAHNST MHOTOKPATHO M C PA3HBIX YTVIOB 3pe-
HUs (HAYMHAS CO MITKOJIBHON MapTh): ¢ Yero Obl Hi HAUUHAJ U3JI0KE-
HUE, CPa3y JIe3yT B rOJIOBY TOTOBBIE MITaMITbl OTBETOR ("sKcrmpomT-
Hble gomariare 3aroToBku'). Kpome Toro, HaAWTH JIOTUKY H3/I07Ke-
HUSI, IPUBBIYHYIO JJTs KQ¥KJI0T0, TPOCTO HEBO3MOXKHO (HEeMHCTBEH-
HOCTH BApHMAHTA), TaK¥XKe KAaK IMOMECTUTh OOCYZXKJEeHHe Cpa3y BCex
HIOAHCOB B OJTHO U TO »Ke MecTo KHuru. [loaTomy aBTOp Hajesicsa Ha
TEPIEINBOCTh U JJOOPOKETATETLHOCTh IUTATEIA. UUTATE b, JOIIE -
Uil 10 JAHHOTO 3aK/II0UYEHNST CKOPee BCErO COTJIACUTCS, U9TO 6OJIb-
IITUHCTBO 9KCITPOMTHBIX "BOMPOCOB Ha MOJsIX KHUTH''B JasibHeeM
UBJI0KeHNN ObLIN pas3perniesbl. [IbITasch aMUHUCTPATUBHO MTPECcevn
TazKe MaJIefinIme COMHEHNST B Teopnn OTHOCUTEJILHOCTU, OAWH N3 aKa-
JIEMUKOB CpPaBHII ee ¢ Tabsureil ymuoxenus. [lo-Bugumomy, ecin
OB KTO-TO HAIMCAJ OTKPOBEHHYIO UYITh, HO B IMTPOMEXKYTKE MEXKJLy
ab3araMu TOMeCTIT TTPUMEPBI U3 TADIUIBI YMHOXKEHHUS, 9TOT aKaIe-
Muk "¢ arcroit copecThio" pusHaI 061 "Teopuo" MCTUHHON U TPU3HI-
BaJI OBl COMHEBAIOIIUXCST TPOBEPATH 'MATEeMATHIECKUe BBIKIAIKU'".
Ho Benpb dbusmnka 510 He "Kproukn' (HE3aBUCKMO OT WX UCTUHHOCTH),
a TO, KaK CBSI3AHO BCE, YTO "BOKPYT KPIOUKOB C OKPYKAOIIEH peaib-
HOoCcThiO. VIMenHO U3NKy U 3aTparuBaja JaHHas KHura. Kakos ke
pesyabrar usjaoxKenusi? B KHUTE OBLIO TPOAEMOHCTPUPOBAHO MHO-
JKECTBO METOUIECKUX U JIOTUIECKUX TPODJIEM TEOPUU OTHOCUTE Tb-

222
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voctu. Hasmune meronnaeckux "mpobiem obbsiCHeHUsT TPUBOINT K
TOMY, YTO TEOPUIO IPUXOZUTCA 'pa3ayBaTh'Ha IIyCTOM MecTe. A
HaJINYne JIOTNYECKUX HpOTI/IBOpeLII/Iﬁ CTaBUT (bl/IHa.}'[BHyIO TOYKY B
paseutun J1t060it puzndeckoit Teopun. B [maBe 1 kuurum Ha ocHOBe
MBIC/JIEHHBIX 3KCIIEPUMEHTOB 6]31.)'[& JOKa3aHa JIOTUYeCKasd TTPOTUBO-
peunBocTs kKuuHemaruku CTO. ['taBa 2 OblLaa TOCBAIIEHA JOTHUE-
ckum nporuBopednsiv OTO. B Imase 3 Onlra mokasaHa COBEPITEH-
Has SKCIEepUMeHTAIbHAS HE0OOCHOBAHHOCTH TEOPUU OTHOCUTETHHO-
cru. ['taBa 4 m0Ka3bIBAET MPOTHUBOPEYUBOCTH PEISITUBUCTCKUX -
HaAMUYECKUX MOHATUN U AHAJIN3UPYET BO3MOZ?KHOCTH KJIACCUYECKOt
WHTEPIPETAIINN PETITUBUCTCKON TNHAMUKU. VITOTOBBII BBIBOJ KHM-
U 3aKJIIOYAETC B HEOOXOIMMOCTH BO3BPATa K KJIACCHIECKUM IT0-
HATHSIM TPOCTPAHCTBA, BPEMEHW W BCEX MPOUZBOIHBIX BETUYNH, K
KJTACCUYIECKONW WHTEPHPETAINN BCEX IWHAMWYIECKWX MMOHSITHIT, BO3-
MOXKHOCTH KJIACCUYECKON WHTEPIPETAIINN PETATUBUCTCKON TUHAMU-
KU ¥ HEOOXOIUMOCTH JIOTMOTHUTEIHHOTO SKCIIEPUMEHTAILHOTO UCCIIe-
JIOBAHUS Psijia ABJACHUI B 06,1aCTH OOJBITIX CKOpocTeii. Keim aBTopy
yrasaock "casars HaBaxkaenne CTO To jiokaabHAS [IeJIb 3TOW KHUTH B
BHAYMUTEIbHON Mepe mocTurayTa. C HEKOTOPBIMU JOMOJTHUTETHHBIMI
MOMEHTaMU KPUTUKWN TEOPUU OTHOCUTEJIHBHOCTU W COIMIYTCTBYIOIIINX
TeOpI/Iﬁ MO?KHO O3HAKOMUTCA B CTAThAX M KHUTAX, JAJICKO HE TI0JI-
HBII CIIMCOK KOTOPBIX JIAH B KOHIIE KHUTH (HA3BAHUS MOBOPAT CAMU
3a cebst).

Ecnu BHUMATETHLHO TPUCMOTPETHCT K OJMKaliieil obImen3Bect-
HOW WCTOPWUM PA3BUTHsI UEJIOBEUECTBA, TO CO3JAETCS BIIEUATIEHUE,
YTO KTO-TO "TOCTOpus HA KOmeiky'": MOXKHO Jin OOMAHyTH BCE te-
JIOBEUECTBO (M B MepByIo ovepens "morsrarhes mosravu''c "kBasm-
dbunuposarabvMEu criermaauctamu’"). 1 370 0Ka3a10Ch BO3MOKHBIM
Tayke B TaKOW CPaBHUTEIHHO TOYHOW 00aCTH 3HAHUI Kak (pusnka.
Bean eme A.DUHIMITEHH YAUBIANCA, ITO BCE C YeM OH COTIPUKACAET-
CsT TIPEBPAIAETCST XOTS HE B 30JI0TO, KaK B CKAa3Ke, HO B Ta3eTHBIN
6ym. I on 10 KOHITA *KU3HW COMHEBAJICA B BEPHOCTH CBOETO JIETHUIIA.
WNHuoe neso — Te, KTO CTOST TeNeph MpU TEOPUU OTHOCUTEIBHOCTH U
IIBITAIOTCS AMUHUCTPATHBHBIM IIyTeM 3aKDPeluTh CBOE MOJIOMKEHMe
naBekn. Bosbmewm, mampumep, co3ganne "Kowmmccunm mo 60opnbe co
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JIKEeHAY KO

OTrpaINTEL TOCYAAPCTBO OT orpabsenns mapaaradamu. OIHako, aHa-
JIOTUYHBIX CprKTyp HET B 60.HBH_H/IHCTB6 ,Z[pyFI/IX CTpaH M HUYEro C
MX KOIEJIbKAMHU He IPOUCXOAuT. Jla u B Hallleil cTpame BCerga ObLIa
MPaKTUKA TTPOBEICHUS SKCIEPTU3 10 MPUHITHS (DUHAHCOBBIX Perre-
Huit. A B uIefiHOM IIaHe HAydHOE COODIIECTBO CAMO MMEET CIIOCO0-
HOCTU K OTCENMBaAHWIO HEBEPHBIX I/I,Z[ef/'I, n yx TEM 60.)'[66 I/IMMyHI/ITeT K
mapaaTaacTBy. CHTyalust MpOsSCHAETCS, KOTIa 03BYYHBAETCS MHE-
HHE, YTO BCE, KTO HE COIVIACEH C TEOpHeil OTHOCUTEJIHLHOCTH — HE

. Kazanocs 6b1, mekmapupyerca camas Ojaras meib —

dusuknu. Ilo g1000My WHOMY BOTPOCY MOTYT CYIIECTBOBATH Pa3HBIE
MHEHWSI, TEOPUH, TKOJBI U T.JT.. A TyT BApYT Hammeacs "y 3eMint-
CYXKJIEHUIO He TOIeXRUT. A Kak ke ObITh ¢ pusukavu 10 1905 rozga:
OHM uTO, yKe He (pm3nknu? A Kak ObITH ¢ TeMu (hU3NKAME (BKIIOTAS
OYeHb M3BECTHHIX n jgaxke Hobenesckmx smaypearos) m3 20-ro Beka,
KTO OBLT He COTVIACEH C MHTEPIPETAIUSAMY TEOPUU OTHOCUTETBHOCTH !
Onu Toxe Bce — He buzuku? Kax BooOIIe HayKa MOXKET pa3BUBATHCS
6e3 cBODOIHOTO OOCY:KIEHNS UL M MOCTEMEeHHOTO WX IMOHUMAHUS !
N3BecTtHO yTBEpKIEHWE, ITO TEOPUIO OTHOCUTETHLHOCTHA 33 BCIO €€
UCTOPUIO He MOHWMAJ HUKTO, JaXke ee co3mareb. Taxk Beab pess-
TUBUCTHI C TOPJOCTHIO 3asAB/ISAIOT, UTO ¥ HE Hy’KHO €€ TIOHUMaHue (a
TOJIBKO MEXaHUYIECKOe 3alOMUHAHWE W BHITOJHEHUE ONPEIeTeHHBIX
MPOTIEIYP, TaK KaK MOHUMAHWE W HATVISTHOCTb — IPUMUTUBHBI U HU-
’Ke mX J0cTOMHCTBA). DAKTHIECKH, W3 WJIEW COTBOPEH OdYepeHOiM
UJIOJ ISl CTy’KeHusl (M JKPeIbl y7Ke ecTh IpH HeM).

K coxamenuro, cutyaruio ¢ TeOpwel OTHOCHTEILHOCTH TSIKETO
TIOTIPABUTH C TOMOIIBIO OTAENbHBIX myOaukaruii. /laxke eciu 60/1b-
MINHCTBO YYE€HBIX moiMmer OH_H/I6OLIHOCTB Teopnnm OTHOCUTE/IHBHOCTH,
"cIyTh 3TOT MBLIBHBIN My3bIph"Oymer mameko He mpocto. Kcrarn,
OBLIO OBI WHTEPECHO TIPOBECTH OMPOC CPedn JIIoAeH ¢ PU3NIecCKuM
0Opa30BaHUEM: CUUTAIOT OHU WHTEPIPETAIUU TEOPUU OTHOCUTE Tb-
HOCTHU BEPHBIMU WU OIrubounbiMu? Kciu ompoc Oymer aHOHUMHBIM
(mockoIBKY erme CoBceM HemaBHO 3a BhiCKasbiBanus nporus CTO
"oprann30BBIBAIN " MCKTIOUEHEe U3 AKAJIeMUN HAyK, Ja U Pernpec-
CWBHBIE BO3MOYKHOCTH "HOBO# JTYKEHAYTHON KOMUCCHN''TOXKE MOTYT
OBITH TIPOJEMOHCTPUPOBAHBI), TO ABTOP T'OTOB IMPEIMNOJIOKHUTH E€ro
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pesyasrar. Ho 3TOro MoXkeT oka3aThCs HeZOCTATOIHO. HyKHO n3-
MEHUTb CaMy KYJbTYPY HAYUHBIX OTHOIIEHWi, ITOOLI JOCTATOYHOE
KOJIMYECTBO YYE€HBIX MOTJIO OTKPBITO 3asdBUTH BCJIE 3a ApI/ICTOTe-
aem ("ILraronosckum apyrom"): "MICTUHA mopoke uem cTomo/Ia-
poBad 3apriara (STO COBPEMEHHBIN peMerK I/ICTOPI/II/I). OuHaIRLHAS
TOYKA B BOIPOCE O TEOPUH OTHOCUTEILHOCTH MOXKET ObITH ITOCTaB-
JIeHa TOJIBKO TOTIA, KOrjga OyZeT MPUHSTO Perienne 0 COOTBETCTBY-
I0IEM U3MEHEeHUH TPOTPaMMBbI TIperoiaBanns B mKkoste u BY3ax n
M3MEHEHUHW TTPOTPaMMBI 9K3aMEHOB, BKJ/IIOYAadaA aCIITUPAHTCKNE W KaH-
JUIQTCKHE.

Hexoropas BHyTpeHHSISI HEYIOBIETBOPEHHOCTH TEOPUEl OTHOCH-
TEJILHOCTU, KOTOPAs BHOCUT TTPOTHBOPEUHNSI C 3aJI0KEHHBIM B U€TOBE-
ka oT Bora MupooIyereM, y aBTopa ObLIa e1e co CTYAeHIeCKIX
Bpemen. OHAKO, TOT/IA HEYETO OBLIO MO CYIIECTBY BO3PA3UTH U TIPH-
XOIWJIOCh YCBAaWBATh TOT MaTepuaJsl, KOTOPBIA BXOAWJI B TPOTrPaMMY.
[To-BugmMoMy, MHOTHM YUEHBIM U WHXKEHEpaM 3alOMHUIACH TOI00-
Has HEeyOBJIETBOPEHHOCTH (aBTOP 3HAKOM C MHEHHEM HEKOTODPBIX Ta-
KUX y9eHbIX ). JacTo 3T0 MPUBOIUT K yTpaTe MHTEpeca K hyH1aMeH-
TaJTbHBIM TpoOaeMaM (DUBUKHU U 3aMBIKAHUU YISHBIX HA TOI 00acTh
WCC/IEIOBAHUS, TJIe OHN YBepeHbl B (DYyHIAMEHTE HAyKW, ee MeTOIax
U Pe3yIbTaTax.

Komneuno, coserckas (a remeps Poccuiickast) cucrema obpasoBa-
HUYA BCETTa OT/IMYaJ/IaCh B JIYYIIYIO CTOPDOHY OT SaHa,HHOﬁ CUCTEMBI
0bpa3oBaHMs TeM, UTO JaBajia yHWBEPCAJIbHOE 3HAHWE, a He 3Ha-
nne "mozamunoro tuma'. Tem He Memee, 06e CHCTEMBI UMEIOT OOIIIiA
HEeJ0CTaTOK. OHI/I HAaCTPOEHbI Ha YCBOCHUE CTYAEHTaMW OTPOMHOTO
noroka wapopmaruu (" aBuraThcst B Kostee), a He HA PA3BUTHE UMU
CaMOCTOATE/IHBHOTO MBIITIJIEHU A (HO BelIb 60.7[])1_[135[ 9aCTh CYIIIECTBY-
IOIIX TeOPUii He OTBETUJIM HA BCE BOMPOCHI B CBOMX 00JACTSAX). A
MOCJIE TOTO, KAK BBIyYEH BECh Marepuas (BCe mpaBgonogo0Hble OT-
BETBI) W CJIAHBI TPEGYEMBIM 00pPA30M COOTBETCTBYIOIINE SK3AMEHBI,
JAJIEKO He y KarKJ0r0 HalyTCA CUJIbL U 2KeJIaHUe BePHYThCA K IIPOi-
JIEHHOMY MaTepUaJly U XOTs ObI [Tt ceds pa30bpaThCs B UCTHHHOCTH
U3YYCHHBIX TCOPUN.

Crpannoe fe0, HO B y4eOHUKAX HEBO3MOXKHO HAUTH YIOMUHA-
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HIE O PA3HOIVIACUSIX W TeX COTHSIX W THICTIAX TPOOJIeM, KOTOPhIe
CTOSIT TIEpPeJT KAXKJIbIM pa3/e oM (busuk (MPUATHBIM UCKTIOYEHHeM
spysiiorca DelfHManoBCKme JTeKnuu 1o (busuke) . 1o He HUKCHpo-
BAHHBIE 330a9M THUIA "YTO-HUOYIb MOCYNTATHL WIM J0KA3ATh CYIIe-
creoBanme perrerns' (Takue MPOBIEMBbI OTHOCATCS CKOPEe K MaTe-
MaTuKe, a He K ¢usuke). Pusnka 3aHUMACTCI TEM, 4TO "CTOUT 3a
ypapHeHUsIME" . (DUBUUECKUM CMBICJIOM BEJTMIHH U 33KOHOB, TTOCTPO-
eHmeM MOJIEe/Ieil, MHTepIpPeTaIinell SKCIEPUMEHTOB U TEOPEeTHIECKIX
pertennii.

Nurepec K GpusnKe MBITAIOTCI YTAaCUTh JayKe HEKOTOPHIE KPYII-
HbIE yUeHble. BpeMsi OT BpEMEHU TOSIBJISIIOTCS WX BBICKA3BIBAHUS O
"oam3koMm komie Hayku'. Ilemo BeIDASAMT Tak, OyATO OHU OYIAyT
onpeaeasTh "cTpaTerumio KOHIA a MBI JTOJIXKHBI OBICTPEEe CYETUThCS
u "uaru He 33AyMBIBasCh cunTarh 108 WieH B KAKOM-HUOYIb Tpe-
TheM npubanKennn". ABTOP CYUTAET, UTO CAMOE TVIABHOE, YeMy MO-
JKeT HAyYIUThCS YeTOBEK — ITO CAMOCTOATETHHO MBICAUTE. [losTomy
B KHHUTE aBTOP HE TpejaraeT ajbTePHATUBHBIX TEOPHUil K Teopun
oTHOCUTEbHOCTH. KpaTkoe ymoMuHaHNE HEKOTOPBIX U3BECTHBIX TH-
nore3 npaktndeckn 0e3 kpuruku ("KuyT'"M0/KEeH OBITH aJeKBaTEH
MPETEH3MsIM TEOPHUH) — HE B CUET.

1 nmocnennee. Xoremoch ObI momedTarh. MoXKeT Jji 9TO-TO W3-
MEHUTHCST B (PU3UTECKOM CO0DIIecTBe B jydrnyio ctopony?! CHada-
JIa O3BYUNM CYIIECTBYIOIIHE MpobaeMbl. K cokamennto, mpormemmit
BeK MPUBEJI K 3HAUUTETHHOMY YXVAIIEHUIO KYIbTYPbI HAY YHBIX OTHO-
mennit. Bcim pambine yaersie "HUKyma He TOPOTHANCEH" v MOTIH JTe-
CATUIETUSIMHA JOCKOHAJTBHO U3YYaTh OTJAETbHBIE SIBICHUS, OCTABJISIS
HepelenHbIe 3a1a4n noromkam (Becriomanm HeioTonosckoe "rumnores
sl He W3MBIILISTIO" ), TO TIPOIIE IINnii BeK BHEC CBOM KOPPEKTHUBHI. [1o-
ABUJIOCH BBICOKOMEPDHOE OTHOMIEHNWE K MMOHATUAM, METOJaM W NUaedAM
TpoNLIOro. B HAIT BEK, MOJI, TOUTH BCE U3BECTHO, pa3 MbI "HbIpsieM''B
Takue TIyOUHBI MUPO3IAHUS U JIETAEM B KOCMOC. XOTs Ha, CAMOM JTe-
J1e BOMBITMHCTBO MpobieM "mom HoraMu u BOKPyT''ocTamoch Ha TOM
JKe YpOBHe, UTO W CTOJIETHe Ha3akg (a B JAPYyrux OOJACTSIX MPOCTO
TpyAHee OTJINYUTH PEAJIBHOCTH PE3Y/IbTAaTOB OT AEKJ/JIaPDATUBHBIX WMH-
Teprperaryii — cBuzeresieii Menbiie). OCHOBHBIM KPUTEPUEM OTEHKH
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YUEHBIX CTAJI0 KOJUIECTBO MybanKarmii (6y1To JecaTOK MOICOXIITIX
KOPOK MOXKeT 3aMeHWTh COUHBIH amenbcus). He mocsenHion poJb
B oroit "cmemke"crirpasn u HobemeBckue mpeMun, OMHUM U3 KPU-
TepueB KOTOPOil BBICTYTAET WTO30pHas "HOBU3HA" (BMECTO BETHOM
NCTUHBI). CnpasemmBocTn pajy HAZO OTMETUTH, YTO 30POBBIi
xoucepBaTu3M Hobemeckoro komurera Hadaaa 20-To Beka HE TO3BO-
st ormeruth 370l mpevueit Hu CTO, au OTO. Tem He MeHee 0Ko-
JIOHAyYHAs PeKJaMa MeJIeHHO TOJATAaYNBAJIa HPABCTBEHHBIE YCTOU
¥ MOJUTHKa "pasnensii u BIaCcTBYit' MOCTEIEHHO MPOHWKJIA W B Ha-
yuHyio cpeay. U3 coobmiectsa, sogeii, unrymux UCTUHY, nayunoe
COODITIECTBO BO MHOTHUX CJIyYasX TPAHCHOPMUPOBAIOCH B KOHKYPU-
PYIOIILY O KJIQHOBYIO CTPYKTYPY 10 3apabaThIBaHUIO JeHer (IJ1e Jaxke
IUTUPOBAHHAS JINTEPATYPA MO OJHOI TeMe He MepeceKaeTcs).

Yro GBI XOTEIOCH BUAETH B niueaje?! XOTEI0Ch, 9TO0OBI yUEHBIE
CTPEMUJIUCEH CAEIATH CJI0KHOE siBjieHne 6ojiee TIOHSITHBIM, a HE TIPH-
KPBIBAINCH 3a HayKooOpaszuem ("sraxxuocts'dhopMyn qomkHA COOT-
BETCTBOBATH WX 3HAYMMOCTH). XOTEJOCh, YTOOBI YUEHbIE MPIXO/II-
JIM H& CeMUHAp He JJIs TOro, 4TOoObI 3aJaTh CBOW Bompoc u "momnu-
HATh' IOKIAINKA, & UTOOBI MOHSATH, UTO K TpejjaraeT TOT WIn
MHOI TOKJIASYNK U "BMecTe ¢ BOMOH He BBIILIECHYTH pebenka'. Xo-
TEJI0CH, 9TOOBI yUEHBIE TOTOBBI OBLIM MPU3HABATEL CBOM OMMMOKN (HET
HIYEro pOKOBOTO HU B OMMUOKAX, HU B UX Mpu3HaHuu) u uckaau MC-
THUHY B mayke, a He OHOPOIUCH 33 CBOE MM TIPU HAyKE. XOTEI0CH,
9TOOBI ABTOPHI CTATEl HEe THAJNUCH 33 KOJIUYecTBOM u He '"pazbas-
Jstin''cBom HOBBIE PabOTHI yikKe paHee OMyOJINKOBAHHBIMU PE3YJIb-
TaTaMu. XOTeJI0Ch, YTODOBI U3 paboT pa3HbIX yPOBHeN — Tuma: "3To
myOIUKOBATH HE HYYKHO "9TO MOXKHO He MyOJNKOBATH "3TO MOKHO
OMyOJIMKOBATE ""9TO HYKHO OMyOJUKOBaTh''n "3T0 HETB3s HE Omy0-
JINKOBATH — aBTOPBI CTAPAIUCHL DOPOTHCST TOIBKO 38 JABa MOCIEIHIX
tuna paboT. XoTema0ch, YTOOBI PEIeH3eHThl OTBETCTBEHHEE OTHOCH-
JINCH K CBOeil pabore (MHAUE B OPPOMHOM MOTOKe '"pa3MoKIIeii 1py-
JKECTBEHHOM WHGMOPMAIWK' TPOCTO HEBO3MOXKHO Pa300paThcs 1, Kak
B AHEKIOTE, IIPUXOIUTCS BEIOUPATD, OBITE JIU UATATEIEM WJIH THCATE-
nem). XOTenoch, 9TO0RI HayIHBIE TITKOJIBI YUUJINCH Y CBOETO JIMEPA
JIyUIIeMy, a He XyAIIUM BHEITHIM MaHepaM (Tuma "9To Bce HeBepHOe
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yragaJ? Torga "STo BCe JaBHO M3BECTHONSTH HE yraJaj! HY TOTIA
"3TO0 HUKOMY HEMHTEPECHO & MOCKOJIBKY ""HUKOMYTO OJMH PEIeH3€eHT,
TO JaJIbIle MOYKHO CKOJIBKO YTOIHO "XOAUTH 10 6a3apy W MCKaTh 1MO-
kymaressa"). MoxkeT cTOUT OTONTH OT KOJIJIEKTHBHO# G€30TBETCTBEH-
HOoCTH "Tpymmbl ToBapuIeit' n myOIMKOBATh, KTO PEIEH3UPOBAJI CTa-
THIO, KTO U3 PEJAKTOPOB €€ PEKOMEHIOBAJ, & B KAaUeCTBE MPUIOKe-
HUA Ha MOCJACIHUX CTPpaHUIAX 2KYPHaAJIa — KaKWe CTaThbU OTKJIOHEHBI
u KeM (&, BOBMOYKHO, U BBIJIEPKKHU U3 pereHsuu?). XoTesa0Ch, UTo-
6]31 Hay49IHbBIE KYDHaAJIBI 6]31.7[1/1 HE BhIPpa3WUTEJIeM MHEHUA TJIaBHOTO pe-
MAKTOPa W TOMOOPAHHOTO WM CBOETO KOJLIEKTHBA, a TPEICTABIISIN
JIEHCTBUTEILHO CIEKTD MHEHU M0 HAYTHBIM TeMaTHKaM. XOTEeI0Ch,
9TOOBI TVIABHBIMU KPUTEPHUSIMU, MPEIbABIIEMBIMI K HAYIHON CTa-
The, OBLJIO OTCYTCTBUE JIOTHIECKUX TPOTUBOPEUMil, MATEMATHIECKIX
OommbOK W COTJIACHE C KCIEPUMEHTOM (KAK 3TO MPUHSTO, HAIPH-
mep, B )kypuane GALILEAN ELECTRODYNAMICS). Hanmuuue xe
WHOI 0BIIenpuHATON (B JaHHBI MOMEHT) TEOPUN He J0JIKHO BJIV-
SITh HA pacCMOTpeHne paboThl. XOTEI0Ch, YTOOBI M3T0KEHHBIE BBITIIE
MEYTHI BOTIJIOTUJINCH B PEAJIBbHBIX ,HeﬁCTBHHX .T[IO,ZI;efI. MeLITaTb, TaK
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