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CTPYKTypa h1M3n4eckom BCeNIEeHHOW; MO MaTepuanam U3gaHusa
Dewey B. Larson "Quasars and Pulsars"

MNPEAUCJIOBHUE

BeposiTHO, HET Bonpoca, BOSHUKAIOIIETO Yallle, B OTBET HA MIPE3EHTALIMI0 MOEH HOBOM
bu3UYECKON TEOPUH B KOJIJIEHKaX B TEUCHHUE TTOCICTHUX HECKOIBKHX JIET, YeM ITOT: UYTO
MOJKET Ballla TeOpHs CKa3aTh 0 kBazapax? KoHeuHo, kak oO1mias pu3nyeckast TeOpusi, OHa
MMEET MHOTO YTO CKa3aTh O KBa3apax, HO, K COXKaJICHUIO, TAaHHBIX HAOJIIOICHHUH 332 S TUMHU
00BEKTaMH HE JIOCTaTOYHO, YTOOBI BKIIOUHUTH 3aKIIFOYUTEIILHOE CPABHCHHE TCOPUH C
HaOII0ICHUSIMHU, KOTOPBIE ObI TTOKA3aJIH, YTO TO, YTO HOBAs TCOPHS JOJDKHA CKa3aTh O
KBa3apax, SIBJIICTCS IIPaBUIBHBIM IIPEICTABICHHEM (DAKTOB, a HE IMIPOCTO €IIIE OTHO
JOTIOJTHEHHE K ypOXKaro crekysuuid. [locnegnrne n3aMeHeHns yinydllnii 3Ty CUTyalui0 O4€Hb
CYIIECTBEHHO, U TEIEPh S YyBCTBYIO, YTO MPUIILIIO BPEMSsi, YTOOBI IPEACTABUTH MOIPOOHBIIM
OTBET Ha CaKpaMeHTaJbHbIN Bompoc. JJis Xopoiiero ToHa st 100aBUJI HEKOTOPbIE 3aMeUYaHus O
nyJibcapax, KOTOpbIe OOBIYHO aCCOLMUPYIOTCS C KBa3apaMmH, MEPeI0BOM aCTPOHOMUYECKOM
"TailHOW'" Ha JaHHBIM MOMECHT.

DTO AOHKHO OBITH MOAXOSIIEE BpeMsl, 4TOOBI TTOKA3aTh, YTO €CTh (pU3UYECcKas TeOpHusl, TerepPhb
JOCTYITHASL, KOTOPAst MOXKET JIaTh MOJTHOE U TTOCIIEIOBATEIHLHOE 0OBSICHEHNE BCEX BHOBD
0OHapyKEHHBIX ACTPOHOMHUYECKHUX SIBIICHU, BKIIFOYasi KBa3aphbl U MyJIbCAPhl, TOCKOJIbKY
pacTeT 0CO3HAHUE B ACTPOHOMHUYECKHUX KPYrax, 4To OObIYHbIE (PU3NUECKHE TEOPUU HE CMOTIIN
OTBETUTH Ha HOBBIE OTKPbITUS. Kak dpen Xoiin HeJTaBHO BHICTYIIUI B JICKIUU TIEpeT
Koponerckum Actponomuueckum OO1iecTBOM, 00111asi HeaIeKBaTHOCTh TPAIUIIMOHHBIX
TEOPUI B 3TUX HOBBIX 00JACTSAX MPU3BIBACT K "paIuKaATILHOMY NIEPECMOTPY 3aKOHOB (PU3UKHU".

Jlnst TOro, 9TOOBI IIpe3eHTaIus Obljla MMOHSATHA JIJIS T€X, KTO He 3HACT, WJIM HE JIOCTaTOYHO
3HAKOM C MOEH MpeAbIayIeh myonuKaiue, st Oyay mpociexuBaTh pa3BUTHE OT KOHIIEIIIUN
BCEJICHHOM JIBMKEHMS, HA KOTOPOU BCSA TEOPETHUYECKask CUCTEMa OCHOBAHA, J10 KBa3apa, YTOOI
MOKa3aTh, 4YTO MOCJIE TOTO, KaK KOHILIETIIUS "MBUKEHUS " 3aMEHMIIa HECOCTOATEIHHYIO
KOHIIEIIINIO BCEJICHHON MaTepHH, CyIlIECTBOBAHUE KBA3apOB U ITyJIbCAPOB SBIISIETCA
HEOOXOUMBIM CJICACTBHEM, XOTSI M BEChbMa OTJAJICHHBIM CJIEJICTBUEM, UTOOBI OBITh
YBEPEHHBIM, HO OJIHO3HAYHO HEM30eKHbIM. M3105)keHNE OYyIeT MOX0XKE Ha TO, YTO
npeacrasieHo B «Ilocie HploToHaY, 3a MCKIIIOUEHUEM TOTO, YTO TEMa IPaBUTALIUH,
SIBJISIFOLLENCS. OHOW U3 OCHOBHBIX SIBJIEHUM BCEJICHHOM, U LIENb BHIBOJOB, B CIIy4ae KBa3apos,
Oynet GoJiee T0JITOM.

DTOT IUIaH Mpe3eHTanu OyAeT OCHOBAH Ha (yHIAMEHTE, KOTOPBIH OBLIT B MOMX MPEABITY IIUX
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KHUTaX, B YaCTHOCTH, «CTpyKTypa Pusndyeckoil BceneHHoi», HO B CBSI3U C TEM, YTO IIPOIILIO
JIBEHAILIATh JIET, C T€X MOP, KaK Oblla HallMCaHa 3Ta KHUTA, €I OJIUH B3IJIS]] HA CUTYaIHIO,
0e3 COMHEHMUSI, SIBJIAETCS ONpaBAaHHBIM. B TO e BpeMsi, sl IpOJ0JKIII MOU UCCIIEIOBAHUS B
3TOM 00J1aCTU, U Y MEHS ObUIO MPEUMYIIECTBO O0CYKACHUS U MEPEIUCKU C OOJIBIIINM
KOJIMYECTBOM JIFOAEN, KOTOPbIE HHTEPECYIOTCSI MOMMH BhIBOJAMHU. B pe3ynbTare, MHE yAal0Ch
MPOSICHUTD PsiJl KPACOK, KOTOPBIE ObLIM paHee HECKOJIBLKO TyYMaHHbI, U APYTUe CPEACTBA JIs
MTOHUMAHHMS aCIIEKTOB TEOPHH, KOTOPBIE JaIM HAauOOJIBIIINE TPYAHOCTH JJIS T€X, KTO B3sJI Ha
ce0s1 00513aTeNIbCTBO CJIEI0BATh JIOTHYECKOMY Pa3BUTHIO.

Bce cymectByromue pusnueckue TEOpUU OCHOBaHbI Ha MPEANOI0KEHUH, YTO BCEJICHHAsI, B
KOTOPOH MBI )KUBEM, ABJIIETCS BCEJICHHOW MaTE€pUH, B KOTOPOU (PyHIaMEHTaIbHBIMU
CYIIHOCTSIMU SIBJISIFOTCS "'3JIEMEHTAPHBIC EMHULIBI MAaTEpUH, CYLIECTBYIOIINE B PAMKAX,
IPETyCMOTPEHHBIX B MPOCTPAHCTBE U BPEMEHU. DTa KOHLENIMUS HE BbIICPKUBAET KPUTHKH,
NOTOMY YTO C€ii4ac U3BECTHO MHOT'O CIIOCOOOB, B KOTOPBIX MaTEPHs MOXKET OBITh MpeBpallieHa
B HE-MaTEPHIO, U, OYEBUIHO, YTO TO, YTO MOXKET ObITh U3BMEHEHO BO YTO-TO PYTO€, HE
ABJISIETCSI OCHOBHBIM. OU€BHUIHO, AOJKEH ObITh KaKOW-TO OOUINI 3HAMEHATENb, JIEKAITUI B
OCHOBE 3TUX KOHBEPTUPYEMBIX JIMII. ITO HE TOT BOIIPOC, HA KOTOPBIM MOTYT ObITh 3aKOHHBIMU
pasHble OTBETHI. Eciin MaTepus sBIIIETCSI OCHOBOM BCEIEHHOW, KAK COBPEMEHHAs TEOPUS
IPEIOoJaraer, TO OHa He MOXET ObITh U3MEHEHA BO UYTO-JIM00, KpOME KaK B HEKOTOPBIE JIpyrHUe
dbopmbl maTepun. I Ha060poT, eciau MaTepusi MOXKET OBITh IPEBPAIllCHA B HE-MAaTEPHI0, KaK
MBI TEIEPb 3HAEM, TO 3TO HE OCHOBHAs COCTABJISIOIIAs BCEICHHOW, M 00bIYHAs (pU3ndecKas
TEOpHs OCHOBAHA Ha JIOKHOW Npeanocbuike. HeT cnaceHus oT 3TUX XONOJHBIX U KECTKUX
(akToB.

KoHnenmus "Matepun', ciae10BaTelbHO, TOJDKHA OBITh 3aMEHEHA, M ¢IMHCTBCHHAS JTOCTYyITHAs
aNbTEPHATHBA, 3TO IMMOHATHE BCEJICHHOH, B KOTOPOU (PyHIaMEHTATLHBIMU JIMIIAMH SIBJISTFOTCS
€IMHUILIBI JBKCHHS, @ HE ¢AMHUIIBI MaTepuu. [[pUHATHS KOHLIETITUN BCEICHHOM JIBUKCHUS HE
n30eXaTh; 111 OOIBITUHCTBA 3TO MOXKET OBITh TOJBLKO OTJI0KEHO. 3HAYEHHUE ITOTO IyHKTA
3aKJIF0YAETCS B TOM, YTO B3aUMHBIEC CBSI3M MEXy MPOCTPAHCTBOM M BPEMEHEM, Ha KOTOPBIX
MOSI HOBasi CUCTEMa TCOPUH OCHOBAHA, SBJISIIOTCS HEOOXOAUMBIM CJICACTBHEM KOHIICTIITMI
"nekenus". [locie 3Toro npecraBieHus: IPUPOIbl BCEICHHOM, B3aUMHBIE CBSI3U
PUHUMAIOTCS aBTOMATHYSCKH.

ApI‘yMeHTBI B IIOJIB3Y Bzaumnoit CI/ICTeMBI, KOTOPBIC ObLIN MMpEaACTAaBJICHBI B MOUX
MpCaAbIAYIINX Hy6J'II/IKaIII/I$IX, MOXHO ITIOABITOXHUTDH TAKNUM 06p330MI

Cy1ecTByIolIe TeOpUH, M0 CIOBaM BbIAAIOMIETocs (PU3HKa, 3TO "MHOXKECTBO PA3IUYHBIX
9acTei, KOTOPbIE HE MOAXOAAT APYT K APYrY OYEHb XOPOLIO, YTO AA€T HENPABUIILHBIE OTBETHI,
WJIM OTBETHI HE HA BCE, KOTOPBIE BOZHUKAIOT .

B3anmuas Cuctema sSBIsSETCS MOJTHOCTHI0O HHTETPUPOBAHHON TEOPETUICCKON CTPYKTYPOH,
MOJIYYEHHOU M3 OJTHOTO IEJIOCTHOTO KOMIUIEKTa OCHOBHBIX MOJIOKEHU, ’TO UCTUHHOE U
TOYHOE TIpeicTaBlieHrne GU3n4eckux GakToB B 00JIaCTH, B KOTOPOH OHA JI0 CHX TOP
PUMEHSIETCS, CIIEIOBATEIHHO, OHA MOYKET PACTIPOCTPAHSITHCS Ha BCe GU3HMUECKUE 00JIaCTH.

[ToaTOMy OBLIIO OBl OYEHB BHITOAHO 3aMEHUTH ATOW HOBOM KOMIUIEKCHON CUCTEMOW TEOpHH BCE
MHOKECTBO Pa3JIM4YHBIX JE€TAIEH U IJIEMEHTOB.

Taxk kak 3Ta paboTta agpecoBaHa MUPOKOMY KPYTY YUCHBIX, KOTOPBIC 3aMHTEPECOBAHbI B
(bu3HUeCKUX MPUHITUIIAX, JIEKAIINX B OCHOBE MX 00JIaCTH CIIENIMATU3aIlNH, & HE TOJBKO WU B
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OCHOBHOM JIJIsl aCTPOHOMOB, 51 B3sJ1 KaK MOXHO OOJIbIIIE JaHHBIX HAOMIOJACHUN U IPYTUX
CIPaBOYHBIX MAaTEPHAJIOB, B OCHOBHOM U3 KHUTH «KBa3u-3Be3anbie 00beKTh, ke dpu u
Mapraper Burbidge, u nuxina crateii B Scientific American, BMecTo TOro, 4ToObI 00paIarbes
K OpUTHHAJIAaM JIOKYMEHTOB, MHOTHE M3 KOTOPBIX HE JOCTYIHBI JJIs1 HIMPOKOTO yuTaTens. Jms
TOT0, YTOOBI N30€KATh MMyTAHUIIBI B PA3BUTUU MBICITH, IPU BBOJIE MACCHI OOBICHSIOIINX
JeTasei, s Obl TAKXKE MPEAON0KII, YTO JIFOOOH YUTATENb, KOTOPbIA HAMEPEH PACCMOTPETh
KBasap B JIETAJIAX, OyIeT IOCTATOYHO 3HAKOM ¢ padoToit Burbidges mnu ee 3KkBHUBajIeHTOM, U
3HAaKOM C TEPMUHOJIOTHEHN, B KOTOPOM 3TU U APYTUe AUCKYCCUU O KBa3apax BbIPAXKEHBI.

[TyOGnukamus HOBOM KHUTH JIa€T MHE BO3MOKHOCTH BBIPAa3UTh CBOIO IIPU3HATEIHFHOCTD 32
MHOTOYHCIICHHBIE 3aMEUaHUs U TIPEIOKECHIS, KOTOPBIE S ITOJYYHIT OT JIFOJCH BO BCEX YaCTsIX
mupa. M3-3a 60J1b1110r0 00beMa KOPPECTIOHICHIIMN, MOW OTBEThI HA MUCHMEHHBIE COOOIICHUS
HE BCer/1a ObUIM TaKMMH, KaK XOTeJIOCh ObI, HO 5T XOUy 3aBEPUTh BCEX, KOTO 3TO KacaeTcs, 4TO
3Ta TIOMOIITh OblIa OYEHB TOJIE3HOM, U ATO OKa3aJio TITyO0OKOE BIMSHHUE HAa HAIIPaBJICHUE MOHX
YCUIINN.

M. Jlapcon, nexadps 1970 r.

BBEJIEHUE

B 1950 roay uznydenue B paanoauana3one, mpoucxosiiee B M-31, Gompias ciupaibHas
rajakThka B AHapomese, 0b110 oOHapyx)eHo B O6cepBaropuu [[oapeni-03HK. DTo mepBoe
HAOII0JICHUE PATUOU3IIYUCHUS OT BHETAJJAKTHICCKOT0 HCTOUYHHUKA, OBLIIO HHTEPECHBIM 1
BaKHBIM COOBITHEM CaMo I10 ceOe, HO OHO OBLIO Topa3io 0oJiee 3HAYMMBIM B TO BpeMsi, OO
3TO OBLI IIEPBBIH IIar B CEPHH COOBITHI, KOTOPBHIC COBEPIIHMINA PEBOIIONHIO B raJJaKTHICCKOM
actpoHomuu. HaBepHOe HE OJJHO MOIpa3/IeICHUE YEJIOBEUECKOTO 3HAHUS MPEXK/E HE UMEIIO
OTIBITA TIPUHSATHUS CTOJb YAUBUTEIBHBIX M IPAMAaTUICCKUX OTKPBITUH B CTOJIb KOPOTKOE BpEMsl.

Pannousnyuenust or AHAPOMEIBI OUE€Hb TOX0XKHU HA TO, UTO IPOUCXOUT B HAIIIEH
CcOOCTBEHHOM TaJIaKTUKE, ¥ 3TO HE BBI3BIBAJIO HOBBIX MPOOJIEM CYIIECTBEHHOTO XapakTepa, HO B
1951 rony ropaszno 0osiee CUIBHBIN paauo ucToYHUK, Cygnus A, ObLJT OTOXKIECTBIICH C JIETKOU
rajJJakTUKOM, KOTOpasi, HACKOJILKO MOYHO ONPEACIUTh, HAX0AUuTCs Ha paccTtossHun 700
MUJIJTMOHOB CBETOBBIX JIET OT Hac, Ooisiee uem B 300 pa3 manplie, yem crnupaiu "AHapoMennbl”.
J11st TOro, 4TOOBI IEpeAaTh TAK MHOTO YHEPTUH HAa TAKOE KOJIOCCATbHOE PACCTOSIHUE, UCTOUYHUK
JOJKEH OBITh YPE3BbIYaHO MOITHBIM, 1 aCTPOHOMHYECKOE COOOIIECTBO, TAKUM 00pa3oMm,
0Ka3aJ10Ch JIUIIOM K JIMILY C MIEPBOM HOBOM 3arajouHoii npoodsemoii: Kak MoxeT Takoe
OTPOMHOE KOJUYECTBO AHEPTUU OBITh MOTYYEHO?

Curyanuu, kak oHa crosuia B 1960 rony, 6su1a noaseaena llteitn6eprom B 3TUX CoBax:
"mpoOsema, CBSI3aHHAs C CYIIECTBOBAHUEM ATUX PAJUOTATIAKTHK, SBISIETCS OJTHOM U3 CaMBbIX
3araJloyHbIX B Mupe... B HacTosee BpeMsi, 10 BCEH BUIMUMOCTH, Y HAC HET JIa’K€ CAMBIX
AJIEMEHTAPHBIX OCHOB JIJIsl IOCTPOEHUSI TEOPUU BHETATAKTUYECKUX PAAUOUCTOUHUKOB' .

B Onwkaiiiiiie n1ecsiTh JIET, MOCie BhISIBICHUS MEPBON PaIUOTaIaKTUKH, TIPOU30IILIO
MOCTETIEHHOE YJIYYIIIEHHE PAI0acTPOHOMHYECKOT0 000pYA0BAHUS U TEXHUKH, a 3TO, B CBOIO
ouepeib, MPUBEIIO K JOBOJIBHO OBICTPOMY pOCTy MHPOpMalUu U3 HabmoaeHui. Tricsun
JUCKPETHBIX PAJMOMCTOYHUKOB ObLIIM OOHAPYKEHBI U MPOJA0HKAIOT HAXOIUTHCS C TTIOCTOSIHHO
YBEIMYMUBAIOMIEHCS TOUHOCTHI0. OnTHYecKast UICHTU(PUKAIIKS STUX HCTOYHUKOB SBJISICTCSI
TPYIHOU 3a7a4eii, 1 1uia 6oJjiee MeICHHO, HO KaK KOJIMYECTBO, TaK M TOYHOCTh ITUX
uACHTU(UKAINN HEYKIOHHO pociia. OcoOEHHO 3HAYMMbIN BBIBOJ B 3TOT NIEPHO/T 3aKIIFOYAJICS B



TOM, YTO OYEHb 3HAYUTEIBHOE YUCIIO PAJHOTAIAKTUK UMEIOT JIBa LIEHTPA PaHOU3ITyYCHHUS,
PacoJIOKEHHBIX HA IPOTUBOIOJIOKHBIX KOHLAX FaJaKTUKU. DTO MPEANO0JIaracT BO3MOXHOCTh
B3PBIBHOT'O BbIOpOCa, a B 1962 roxy Palomar u Lynds Ha JIukckoit oOcepBaTopun cMoriu
o0ecreyuTh ONTHYECKHUE 10KA3aTENbCTBA B3PbIBA, BUJUMO MPOU30UIEAIIEr0 OKOJIO JBYX
MWUIAOHOB JIET Ha3aJ B rajakTuke M-82.

31ech ObUIM CaMble YIMBUTEIBLHBIE OTKPBITHS: COOBITHE B MUJUIMOHBI, @ BO3MOXKHO, U B
MUJUTAAPBI pa3 0oJiee YHEProeMKOe, YeM YTO-TM00 KOoTaa-In0o0 mpexe oOHapyKEHHOE B
Tr000i# Touke BeeneHHo#. Ho 3To He pemmiio mpob6ieMbl paioTraNakTHK; OHO JIUIIIh
ycyryomio taiHy. " Jlake Ha 3TOM paHHEH CTaJMH pacciieI0BaHus, Mbl HAXOJIHM, YTO
paauKaIbHO HOBBIE UJIEH HEOOXOAUMBI JIJI1 TOTO, YTOOBI YUECTh OTPOMHBIE YHEPTHH,
BOBJICUECHHBIE B 3TU COOBITHSA", - cooOmmmi1 Sandage, ¥ OH MPOI0JIKA TOBOPUTH: "0YEBUIHO,
YTO TPAJUIIMOHHBIC UCTOYHUKHU YHEPTUH HE SBISIOTCS JOCTATOYHBIMH, UTOOBI OOBICHUTH
SIBJICHUSI, KOTOPBIE MbI HA0JI01aeM, U HEKOTOPBIE COBEPIIICHHO HOBBIE SHEPreTUUECKHUE
MIPUHIIUTIBI, BO3MOXKHO, JTOJDKHBI OBITH pa3padoTaHbl".

Jlaxxe Kor1a 3TH cJ10Ba OBbLIM HAMKMCAHBI, CIEIyIOIIas IJ1aBa, B TaiiHe, y>Ke pa3BOpaynBaIach.
Sandage panee oOHapyXHJI CTpaHHBINA 00beKT, 3G 48, CHUIIbHBIM HCTOYHUK PAaJIMOU3ITYUCHHUS,
KOTOPBII MOSIBUJICS KaK 3B€3/1a, HO UMEJI CIIEKTP BeChbMa OTJIMYHBIN OT JI000# M3BECTHOMN
3Be31bl. B 1963 1. npyroil ananoruunbiii 00bekT, 3G 273, ObUT OTKPBIT COTPYAHUKAMH,
paboratommu B ABcTpanuu. TuiarensHoe uccienopanue crekrpa 3G 273 Palomar
BBISICHWJIO, YTO CIIEKTpaJbHbIE IMHUU ObLTN cMenleHbl Ha 16% k kpacHbiM. HoBoe
uccnenoBanue crnekrpa 3G 48 0OHapyKUIIO aHATOTUYHOE, HO €11l OoJbIee KpacHOe
CMEIICHHE.

YacToTsl cBETa OT BCEX JAJIEKUX TFAIAKTUK CMEIIEHBI B CTOPOHY KPACHOTO TaKUM 00pa3oMm, u
€AMHCTBEHHOE O0BSICHEHUE CABUTA TO, 94TO 3TO dhdexT Jlomnepa, n3-3a IBMKCHUS UCTOUYHUKA
U3JIy4EHUs, I0X0KEee Ha U3MEHEHNE TOHA CBHUCTA yIalsronierocst napoo3a. CMmenieHus B
rajakTUKax, IpHU YBEJIMUCHUH PACCTOSIHUS OT 3€MJIH, 1Ay YBEIUYEHUS CMEIICHUS B MPAMOM
3aBUCUMOCTH OT PACCTOSIHUS B TOM CTEMEHU, KaK MOTJIO ObITh OMPEICIICHO B TO BpeMsl. ITU
raJlaKTUKU JBUXKYTCSA HAPYXKY, MOJAIbIIE OT HAC HA OTPOMHOM CKOPOCTH, U JIBUKEHUS
CTaHOBSTCS ObICTpee U ObICTpee Ha OOJIBILIMX PACCTOSHUAX. MBI MOKEM, TAKUM 00pazoM,
OTIPENICNIATh PACCTOSIHUE J0 FAJaKTUKU UK JPYTOT0 CBETSAIIETOCs 00BEKTa M0 €ro KpaCHOMY
CMEIIICHUIO, U €CIIA TAKUE K€ OTHOIIEHUsI TpUMEHUTH K 3G 48, co cmemienneM B criektpe 37%,
ATOT "KBa3u-3BE3/IHBINA" PAJIMOUCTOUYHUK YKA3bIBAET HA TO, UTO OH SIBJISCTCS OJTHUM M3
HamOoJee OTIaJICHHBIX 00BEKTOB, KOTOPHIE 0 CUX TOP 3aMEUEHbI, MIJLTUAP/Ibl CBETOBBIX JIET
B KocMoce. Ho B TakoMm citydae, 3TOT CpaBHUTETHHO HEOOIBIION 00BEKT, U JPYTHE TAKOTO K
poJia, JOJKHBI U3JIy4aTh OOJbIIE SHEPTUH, YEM JICCSITKU KPYIMHEHIINX U SPUAUIIX TraJakTUK
BMECTE B3SITHIE.

CymectBoBanue 3tux QSS, KBa3u-3B€3AHBIX HCTOYHUKOB, WJIM KBa3apOB, HE OOBSICHUIIO
rajakTUYeCKui B3pBIB WIH paauoraiaktuky. HaobopoT, oH nmpocTo 100aBuUil elie 0J1H acleKT
9TOM TaWHBI.

Eme B 1959 rony, 3a10,1ro 70 nepBOro OTKPBITHS B3PbIBAIOLIUXCS TANAKTUK, CACIAHHBIC
Palomar, mepBast KHUTa HACTOSAIIEH CEpUH, BRIIBUHYIA HOBOE OOBICHCHHUE CTPOCHHS MaTCPUH,
U TI0Ka3aja, 4To Ha 3TOM OCHOBE aTOM BEILECTBA, C YUETOM OIPEACICHHBIX OrPAHUYCHUH,
JIOCTUTasi KOTOPBIX, BEIHYK/IAET MAacCy aToMa BEPHYThCA B KUHETUYECKYI0 3HEeprut0. OaHO U3
ATUX OTPAHUYEHUM, KaK ObLIO MOKA3aHO, TOCTUTACTCS B UHTEPhEpaxX CTApEUIINX U



KPYHHEHIINX TaJIaKTHK, CJIEI0BATEIbHO, HAa ONPEIETICHHOM 3Talle €€ CyIeCTBOBAHMS,
3HAYMTEJIbHAS YaCTh MAcChl TAKMX TAJIAKTUK MTPeoOpa3yeTcsi B SHEPIUI0, 1aBasi HUMEHHO TO
SABJICHHE, KOTOPOE U HAOJIIO1aJIN ACTPOHOMBI.

JlanpHelilee pa3BUTHE TEOPUU NTOKA3aJ10, YTO B3PbIBbI TAKOI'0 POAAa HEM30€:KHO OyayT
CONPOBOKIATHCH 3HAYMTEIbLHBIM KOJMYECTBOM JHEPruu U3JIyYeHUsI HA PAIMNOBOJIHE, U
nyOnukamus 1959 roga npenckaszana, 4To paguou3aydeHue - Haunbosee BEPOITHBIN MyTh,
Yyepe3 KOTOPBI 3TU B3PhIBAIOIIUECS TAJAKTUKU JOJLKHBI IPOUTH. O0IIMe XapaKTepUCTUKU
IIPOYKTOB B3phIBA OBLIN TaKXKe MPEICKa3aHbl, C 0COOBIM aKIIEHTOM Ha TO, YTO 3TH MPOYKTHI
MOTYT OBITh ABYX Pa3HbIX BUJIOB, OJIMH BIIOJHE HOPMAJIbHBIM B MaTEPHAILHON Cpeie, Apyron
KpaliHe HEHOPMAJIbHBIM.

Ha ocHoBe 3T0li HOBOY CHCTEMBI TEOPUH, KBa3apbl HE MAHBSIKHU WM CIIyYalHbIE SBICHUS; OHU
HEMOCPEICTBEHHO Ha IVIABHOM JIMHUU [IUKJIMYECKOTO MpoIecca, KOTOPBIN MpeIcTaBiIseT co00M
OCHOBHOE JICHICTBHE BCEJIEHHOM, U UX CYILIECTBOBAaHHUE U CBOMCTBA MOTYT OBITh MOITYYEHbI
TEOPETHUUECKH U3 He O0Jiee yeM MOCTYJIMPOBAHHBIX CBOMCTB MPOCTPAHCTBA U BPEMEHHU.

OTHoOIlIEHHE aCTPOHOMOB K HOBOM CTPYKTYPE TEOPHUH, UTO 37€Ch 00CYKAAETCS, HE SABIIAETCS
VCKIIFOYEHUEM W3 IIPaBUJI. JTa TEOPUS SKBUBAIEHTHA, C ACTPOHOMHYECKON TOYKH 3PEHUS,
HOBOMY MHCTPYMEHTY MCKJIFOUUTEIbHON MOITHOCTU U YHUBEPCAIBLHOCTH, TO €CTh, OHA JAET
noIpoOHYI0 KapTUHY aCTPOHOMHUYECKOMN BCEIECHHOU U3 YUCTO TEOPETUUECKUX UCTOUYHUKOB,
MOJIHOCTBIO HE3aBUCUMBIX OT JIF0OOH MH(OpMaIuu, MOJYyUYeHHON B pe3yJibTaTe HaOMIOJCHUH, 1
ATO JIOJKHO OBITH OCOOEHHO MPHUATHO, TOTOMY YTO 3TO HE HAKJIaJAbIBAET OIPaHUYCHUH,
npucyumx guznyeckum npudopam. Ho uem MorHee HHCTPYMEHT, TeM O0JIbllie OMMO0K OH
HAXOJUT B yOEKICHUSX aCTPOHOMOB U JIPYTUX YJICHOB YEJIOBEYECKOU packl. To, 4YTO OHU XOTST
- 3TO CBOETO poja Maru4yeckyro (Gopmyiry, KOTopasi O3BOJIUT PEUIUThH UX MPOOIEMBI U
OOBSICHUTH ralaKTUUECKUE B3PBIBBI, paIUOTATAKTUKH, KBa3aphl U Ap., 0€3 KaKuX-ITnu0o
paauKaIbHBIX BIUSIHUN HA YTO-HUOY/Ib IPYroe, HE 3aTparuBasi CyleCTBYIOIINE
acTpoHoMu4eckue obsactu. Tak 4To coxpaHseTcs, C OJHON CTOPOHBI, psij podeM Oe3
OTBETOB; C JIPYrOil CTOPOHBI, OTBETHI HA IPOOIIEMY, O€3 UX PUMEHEHHS.

Ceituac MbI UMEEM BO3MOXHOCTh TPUMEHUTHh HOBBIE TEOPETUUECKUE CUCTEMBI K aCIEKTy
"kBazap', XOTs CUTyallus JOCTATOYHO CIIOKHAsI, TPEOYIOIast MOTHOM MIKAJBI TEOPETHIECKOM
Koppekunu. CylniecTBYOIIHI HPOKUI CIEKTP CTPOUTEIBCTBA CIEUATIBHBIX TEOPUI
KBa3apoB, PaJUOTAJIaKTUK, WA raJaKTHUYECKUX B3PBIBOB, KAK U30JIMPOBAHHBIX SIBJICHUM, U
(daHTacCTHYECKUI aCCOPTUMEHT "cymep-3Be3n’”, "KBapKoB" U TOMY MOJ00HOTO, BEIIIEI U3
TEOPETUUYECKUX CHeKysui. Ho ueM OombItie MBI y3HaeM O TIpeIMeTe, TEM MEHBIIIE MECTa
ocraercs s crnekynsaunil. Kak Xapnoy llenny 3amMeTun o Teopuu mporuCcxXoxKICHUS
BCEJICHHOM, * (pakThl ObUTH BparoM Nel kocMoronnueckux Teopuil. Eciiu Obl MbI HE 3HANK Tak
MHOT'0, HAM MEHbIIIE€ MPULLIOCH ObI OOBSICHITH .

[TockonbKy 3Ta TEOpHs IaeT MOJHOE KaueCTBEHHOE OOBICHEHHE KBA3apOB U CBA3AHHBIX
SIBJICHUM — TaJIAKTHYECKUX B3PBHIBOB, CBEPXHOBBIX 3BE3]], OCTBIX KAPIUKOB, IyJIbCAPOB, U T.1.:
Ka3aJI0Ch OB, TPUIILIO BPEMSI, YTOOBI OTMaXHYTHCS OT TEOPETHUUECKOM MayTUHBI U PUHATH
HOBBIW B3] HA MUP, B KOTOPOM MBI KHUBEM.

XOTs1 OCHOBHAs 11€J1b IPE3CHTAIUH, YTOOBI IPOJIEMOHCTPUPOBATH, UTO HOBAsI CTPYKTypa
TEOPHUH JAET MOJHOE KaUeCTBEHHOE OOBSICHEHHUE CYIIECTBOBAHUS U CBOMCTB KBa3apoB, U
HaXOJUTCs B IIOJIHOM COTJIACUU C KOJIMUYECTBEHHBIMU PE3YyJIbTaTaAMU, ITOJIyYEHHBIMU U3
aHaJM3a BBIBOJIOB, PE3YJIbTAThl, HEOOBCHUMBIE HA OCHOBE TEKYIIIUX TEOPHUI KBa3apoB, Oy1yT



HUMCTb CUJIbHOC BJIIMAHNC HA PAA AOIMOJTHUTCIBHBIX HBHGHHﬁ, KOTOPBIC B KaKOM-TO CTEICHU
CBA3aHbI C KBa3apaMHu.

[TepBblit 13 00BEKTOB, TEMIEPh U3BECTHBIX KaK ITyJIbCapbl, ObLIM OTKPBITHL B 1967 roay rpymnmoi
actpoHoMOB B KeMOpupke, KOTOpble MTPOBEIIU CIIEUaTbHOE UCCIIeIOBAaHNE KBa3apoB.
[Tynbcapbl UCITyCKAIOT U3JIyYEHUE HAa PAUOBOJIHE, YTO OOBSICHSET, TOYeMY OHU ObUIH
HEOXKUJIAaHHO HalIeHbI B 00CIIEIOBAHUHU KBa3apOB, U UX XaPAKTEPHON 0COOCHHOCTHIO SIBIISICTCS
TO, YTO OOJIbIIIAsE YACTh U3IYUCHHUS, MTOTy4YeHa B (hOpME PEryIsIpHBIX UMITYJIbCOB. Kaxkmbrit
MyJIbcap UMEET CBOM COOCTBEHHBIN PUTM UMITYJIBCOB, KOTOPBIH MOJICKUT HEKOTOPHIM
OTJIETTLHBIM KPATKOCPOYHBIM KOJICOAHUSIM U TTOCTETICHHOMY yIJTMHEHHUIO CO BpEMEHEM, HO B
OCTaJIbHOM YJIMBUTEJILHO NOCTOSIHHBI. CaMblil JJIMHHBIA UHTEPBAJI, I0KA U3BECTHBIMN,
n3mepsercs B 3,5 cekyHbl, a caMblii KOpoTkui B 0,033 cexynapl. [locmennss onenka
noxyudeHa st mysibcapa NP 0532, KoTopsliif pacmnonokeH B EHTpe KpaOOBHUIHOM
TyMaHHOCTH, TOUKA, KOTOPasi UMEET BaXKHOE TEOPETUUECKOE 3HAUYCHUE, KaK Mbl YBUIUM, KOT/1a
OyJ1IeM IPOBOJUTH TEOPETUUECKOE UCCIIEI0BAHNUE.

(ceituac HaiaeH myabcap ¢ yactotor 0,0016 cekynasl; mpuM. alexfl)

Kaxk u kBazapsl, Mmyiabcapbl HE BIIUCHIBAIOTCS B CYIIECTBYIOLIYIO CTPYKTYPY aCTPOHOMUUYECKUX
TEOPHH, ¥ 3aHITHIM B 3TOM cdepe Aaxke TPYJIHO pacCyk1aTh 00 ITUX 00beKTax, 6e3
npuBJiedeHUs (PaHTACTUUECKUX KOHIETIINHN, TAKUX KaK "HEUTPOHHBIEC 3BE3/IbI" WU
"rpaBUTALIMOHHBIN KOJUIAIC", YUCTO CIEUUATIbHBIE COOPYKEHHUSI, KOTOPBIE MO CYIIECTBY
SKBUBAJICHTHBI BO BCEM, KPOME A3bIKa, HA KOTOPOM OHH BbIpakeHbl. CTaTyC MOMBITKA
00BsICHEHUS HAOJII0/JaeMbIe CBOMCTB MyJILCAPOB HA OCHOBE COBPEMEHHOM aCTPOHOMUYECKON
MbIcid, 01T osiBesieH B utorax Goddard Space Flight Center na cummnosuyme 1o
KpaOOBHIHOW TyMaHHOCTH B UtoHE 1969 roaa B aTux cinoax: “IIpupoaa mynbcapoB, MOKaIyH,
OJTHA M3 CaMbIX HETIOCTIKUMBIX aCTPOPU3NIECKHUX MPOOITIEM ITOTO CTOJICTHS .

JIN3AWH BCEJIEHHOM

OOBIYHO TE€, KTO HAXOJAUTCS B TECHOM KOHTaKTe C 0OCTAHOBKOM BJIOJIb TPAHUIIBI (PU3UIECKUX
3HAHWH, CYIIECTBYIOIICH B OpraHu3Me (pU3nIecKux TCOPUH, MPU3HAIOT €€ JATICKOH OT
ynoBieTBoputenbHoi. Kak Beipaxaercs: Puuapn @etinman: “Cerogs Hamm Qu3nyeckue
TEOPHUH, 3aKOHBI (PUZUKHU, €CTh MHOKECTBO PA3IMYHBIX JETaleH U MPEAMETOB, KOTOPhIC HE
MOJXOMSAT APYT K APYTY OYEHB XOPOIIO. ... Y HAC BCE 3TO CJIABHBIC IPUHIUIIBI U U3BECTHHIC
¢dbakThl, HO MBI HaxXoAUMCs B Oefe”.

Teneps, mouemy Mol B 6e1e? [ 1aBHBIM MPENATCTBUEM, KOTOPOE CTOUT HA IMyTH CTPOUTEIHCTBA
OoJee aJieKBaTHOM TeOopuH (HU3UIECKON BCEICHHOM SIBIISETCA TO, YTO COBPEMEHHAs HayKa HE B
COCTOSIHUM ONPENICTTUTh, 9YTO COOCTEHHO CTPOUThH. [Ipex e, ueM Mbl CMOKEM IMTOCTPOUTD
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TOYHYIO TEOPUIO U3 HUYETO, MbI JIOJKHBI UMETh, IT0 KpaliHEW MEPE, JOCTATOYHO XOPOIIYIO
UJICI0, TOCKOJIBKY 3TO MIPUPOAA BEIIEH, O KOTOPBIX MbI PACCYKIAEM.

[IepBbi€ CTO THICAY JIET, UJIN TAE-TO TAK, CYIIECTBOBAHUS YEIIOBEUECKOM paChl, CYIIECTBYOIIAS
KOHILIETIMS 3aKJI0YaIach B TOM, UTO 3TO BCEJIEHHasA 1yXxoB. KOHEUHO! peanbHOCThIO, B
COOTBETCTBHH C 3TOM TOUKOM 3pEHUSs, SBISIOTCS HE PU3NUECKHE OOBEKThI, HO IGMOHBI U 1yXH,
KOTOpbIE OOUTAIOT U YIPABJISIOT dTUMH 00BbEKTaMU. DTa KOHIIENIHS "TyX0B" HE COBCEM
MEpTBA, Ja)Ke CETOAHS, HO IpeBHUE [ peKu MPUILTN K HOHUMAaHHUIO, YTO 3TOTr0 OBLIO
HEJIO0CTaTOYHOM, YTOOBI CIPAaBUTHCS C HOBBIMH 3HAHUSIMH, KOTOPbIE OHM HAKaIJIMBaJIl B CBOUX
NUOHEPCKUX YCUIIMSX I10 JIMHUM TOTO, YTO MBI Ceuac Ha3bIBA€M HAYKOW, U OHU
UHULMHAPOBAIA U3MEHEHUS B MBIIIJIEHUH, YTO, B KOHEYHOM CUETE, IPUBEJIO K 3aMEHE
KOHUEINN BCEJIEHHOMN TyXOB Ha KOHIIETIINIO BCEJIEHHON MaTepUu: BCEJIICHHAs!, B KOTOPOM
0a30BBIMH CYLIHOCTSIMU SIBJISIFOTCS 3JIEMEHTAPHBIE YACTULBI MATEPUH, CYILIECTBYIOIINE B
IPOCTPAHCTBE WIH CPEJIE, MPeyCcMaTpUBAIOIIE MPOCTPAHCTBO U BpeMs. DTO KOHLEMLHUS,
KOTOpas JISKUT B OCHOBE BCEH Halllell COBpEeMEHHOM (PU3NYECKON HAYKH.

CeroaHsi Mbl BO3BpaliaeMcs K TOYHO TaKOU K€ CUTYaIH, C KOTOPOU CTOJIKHYJIUCH
ApHCTOTEND U €r0 COBPEMEHHHKHU. ['OCIIOACTBYIOMIAS KOHUEILUS PUPOIbI BCEICHHOM
cloMaHa. XOTs 3TO, Ha CaMOM JIeJIe, €Ille He SIBIISIETCS O0IenpU3HAHHBIM, TJIaBHBIM 00pa3oM
IIOTOMY, YTO HUKTO HE XOUYET PEIIaTh BONPOC KOHIENIMH "MaTepuu "' BCEIIEHHON, KOTOPBIN
OBLI MOJTHOCTHIO CHECEH COBPEMEHHBIM OTKPBITUEM, YTO MaTEPHUsi MOXKET OBITh ITPEBpAIllcHA B
He-MaTepUIo, 1 HA000poT. B peakiuu "aHHUTUIAIUU" MEXY 3JIEKTPOHOM M IMO3UTPOHOM,
Harpumep, 3TU JBE YaCTHUILIbI, KOTOPbIEC MPU3HAIOTCS B KAYECTBE MATEPUH, TaK KaK OHU
00Jagat0T Maccoi U IPyruMU CBOMCTBAMH MAaTE€pPUAJIOB, MOJHOCTHIO IPEOOPA3yOTCs B
U3JIy4YEHUE, KOTOPOE HE UMEET CBOMCTB MaTtepuu. OUEeBUAHO, YTO AEMOHCTPALUS
npeoOpa3oBaHus MaTEPUU U HE-MATEPUHU - ITO HEOTIPOBEPKUMOE JI0Ka3aTENbCTBO TOTO, UTO
MaTepus He SIBJISEeTCS OCHOBOM. TaM JTOKeH OBITh KAKOM-TO OOIIMI 3HAMEHATE b, JICKAIIIHN B
OCHOBE 000X KOMITOHEHTOB. OTHAKO YYEHBIE HEOXOTHO C 3TUM PACCTAIOTCS, XOTS KOHIICTIITUS
BCEJICHHOW MAaTEPUU YK€ HE BBIACPKUBACT KPUTUKH, U PAHO WJIU IMO3JHO C HEW NPUAETCA
paccTaTbesi, M C TOM YacCThIO CYIIECTBYIOUIEN TEOPUH, KOTOPAs MOJHOCTHIO 3aBUCUT OT 3TOU
KOHIIEITLIVH.

[TockosbKy MBI onayiv B 6€/1y, ¥ MBI 3HaeM MOYEMY, CIETYIOIIUNA BOMPOC, KOTOPHIHA
BO3HUKAET: UTo MBI OysieM nenaTth ¢ 3TuM? UTO MOYKHO TTOCTAaBUThH HA MECTO ATOTO
W3BPAIICHHOTO MPEJICTaBIeHUsI O BcesieHHOM MaTepun? Kak Hu cTpaHHO, Haubosiee BepOsTHIN
OTBET Ha ATOT BONPOC ObLT M3BECTEH Ha MPOTHKEHUU BEKOB. [[aBHO OBLIO MOHATO, YTO
HEKOTOPBIC OYEHBb CYIIECTBEHHBIC MPEUMYIIECTBA OyAyT HAUUCIATHCS, IIPH 3aMCHE
KOHIIETIIMY ""MaTepuy " Ha KOHIICIINIO BCEJICHHOM JBUKEHHUS, B KOTOPOU 0a30BBIMHU
CYIIHOCTSIMU SIBJISIFOTCSI € IMHULBI IBUKEHUS, @ HE €IMHUIBI MAaTEPUH.

Kaxk 3ametunu MHOTHE TIpebIAyLIIME UCCeIoBaTeNu, (hu3nyeckast TeOpHsi, OCHOBaHHAs HA
KOHIICIIH "NBHKEHHS" Moria ObI OBITh KOMIUIEKCHOM, TO €CTh, OHa MOJKET OXBATHIBAThH
TaKue SIBJICHUS, KaK paJuaius 1 JICKTPUUIECTBO, KOTOPbIE SBJISIOTCS CMYIIAIOIIMMU Ha
CErOAHAIIHUHN JE€Hb B TCOPUHU "'MaTepuu', MOCKOJIbKY OHU HE SIBJISIIOTCA HU MaTepuei, HU
4YacThIO CPEJibl, B KOTOPOU BEIIECTBO, KaK MPEANO0JIAraeTcs, CyleCTBYET.

Konuenius "nBrxeHns" MOXKET JaTh HAM TaKOTO poja ciusHue. B 3ToM ciyvyae, KOHIENIUs
"BYOKEHUS "' MPUBOIUT HAC 3HAYUTEBHO OJIFKE K KOHEYHOMY TIOHUMAHHIO (DU3UIECKOM
BCEJICHHOM. EClM MBI MOCTYIMPYEM BCEIEHHYIO MAaTEPUH, MBI Cpa3y K€ CTATKUBAEMCS C



BOIIPOCOM, a YTO TAKOE MaTepus?, BOIPOC, HA KOTOPBII HUKOT1a HE OBLIO IMOJTHOCTHIO
yIOBJIETBOPUTENIBHOIO 0TBeTa. HO MBI JyMaem, 4yTo y HaC €CTb HHTYUTUBHOE IOHUMAHUE TOTO,
YTO TAKOE JBUKEHUE.

[Touemy Torja HET AOCTYMHBIX TEOPUI HA OCHOBE KOHIENUMH "nBrkeHus"? OTBeT
3aKJIFOYAETCS B TOM, YTO COTHU JIET KPOMOTIMBBIX YCUIINNA KOMIIETEHTHBIX YUCHBIX U
dbunocodo, Takux, Kak DAAUHTITOH, ['000c¢, JlekapT, a Takke MHOKECTBA MEHEE M3BECTHBIX
JIOJICH, He UMEJIH yCIiexa, U padoTaromas TeOpHs BCEICHHOM ABHMKEHUS HE Obla MOCTPOCHA.
DTH paHHHE UCCIICAOBATEIN HAaYaIk ¢ PyHTaMEHTAIbHON MIPEAOCHIIKH OHATHS " IBIKCHHS",
MPENOCHIIKH, YTO MBI JKUBEM BO BCEJICHHOM JIBUKECHMS, YTO OJIHA YHUBEpCAIbHAs IPUYHMHA
BCEX «BEIIEH» - €CTh JBUKEHHE, - TOBOPUT 1'000C, HO OH OOHAPY U IPEMSATCTBUE, KOTOPOE
HE CMOT MPEOJI0NETh, U UX HanOOoJIee SHEPTUUHBIC YCUIIUS OKa3aJIUCh O€CIIOIHBIMU.

Kirod, OTKpBIBIIHI ABEPH JJISI CTPOUTEIBLCTBA TOUHON U BCEOOBEMITIONICH (hHU3UIECKON
TE€OPUHU, OCHOBAHHOM HA KOHLIENIMH "ABUKEHHUS" 3aKIIIOYAIICS B OMPEACIICHUHN IPENSATCTBUS,
KOTOPOE MPErpa)kaaio yCUiIus Npeaplayux ucciaegonareneii. [Ipyunna, nouemy OHH BCe
npUOBUTH B TYIIHK, MPEXKIEC YeM OHU MPOJABUHYINCH OYCHB JAJIEKO, KaK MBI TEIIEPh
oOHapy’KMBaeM, UTO BC€ OHU He CMOIJIM 0CO3HATh, YTO MePeXo/1 0T BCeJIEHHOH MaTepuu K
BCEJICHHOM ABMKEeHUs TPeOyeT BHECeHUSI M3MEHEHNH B olpe/iesieHre MPOCTPAHCTBA U
BpemeHu. OObIYHOE ONpEIeNICHNE MaTEPUH, KaK IPUHATO B HACTOsAIIEE BpeMs (PU3UUECKOM
HayKoOM, HE ONPEAEISAECT NPOCTPAHCTBO U BpeMsi. Clie1oBaTeNbHO, KOT/IA Mbl YKa3bIBAEM, YTO
MaTepus ABJISECTCSI OCHOBHOM COCTABIISIFOIIECH BCEJIEHHOM, MbI JIOJIKHBI ONTPEJECTUTD
IPOCTPAHCTBO M BPEMEHSI HE3aBUCUMO JPYT OT JIpyTa. DTO TO, 4YTO U ObLIO caenaHo. EcTh
MHOT'0O MHEHUN OTHOCUTEILHO JeTaJIel, 0COOEHHO B OTHOIICHUU MTpoCcTpaHcTBa. OHO
a0COJIFOTHO M HEMOKOJIEOMMO, €CTh JIM TaKasl Belllb, KaK MyCTOE MPOCTPAHCTBO, BO3MOXKHO JIU
TO, YTO MPOCTPAHCTBO U BPEMS B3aUMOCBS3aHbl, U TaK J1aJie€, HO IJIaBHAs MBICJIb OCTAETCS TOM
JK€: MPOCTPAHCTBO U BPEMsI, IO MHEHHUIO YUCHBIX U MUPSH, KOHTEUHEDP WU CPEla, B KOTOPBIX
dusnyueckue sIBJICHUS UMEIOT MECTO.

“ B TO Bpemsi Kak SHEPTUH M YACTHIIBI MPUXOJAT U YXOIAT, IPOCTPAHCTBO U BPEMS JIEKAaT
HENOIBM>KHBIMHU, TTPEIOCTABIISASA CLEHY, HAa KOTOPOM akTepbl urpatot csou poaun”. (K. W. Ford)

Ho xorma mbl yka3zpiBaem, 4TO OCHOBHOM COCTABJIAIONIEH BCEIICHHOMU SIBIISIETCS IBUKECHUE, MBI
0oJIbIlIe HE MOYKEM CO3/1aTh HE3aBUCHUMOTO OTIPEICJICHHS TPOCTPAHCTBA U BpeMeHHU. J[BruKeHre
ONpeEsAeTCs KaKk OTHOIICHUE MEX/TY MPOCTPAHCTBOM M BPEMEHEM, U OIICHUBAETCS Kak
CKOPOCTB WJIM OBICTPOTA, B MATEMAaTHICCKOM BBIPAKCHHH 3TOTO0 OTHOIICHHUS. Y paBHEHUC
JBYKEHUS B CBOEH Tmpocteiimeit hopme nmeeT Bua v=s/t. Kak BugHO 13 310 HOpMYIIBI,
CTaHJIAPTHOE OMpPEACICHNUE IBMKCHHUS B TEPMUHAX MPOCTPAHCTBA U BPEMEHU, SIBJISCTCS TaKkKe
OTpeieICHHEM BPEMEHH U MPOCTPAHCTBA B TEPMUHAX JBUKECHUS, TO €CTh, B JBUXKCHUH,
POCTPAHCTBO U BPEMS - ATO JIBA B3aUMOIOTIOJHSIONIUX aCleKTa ABUKEHUSI, © HUYETO
OoJbIIIE.

Bo BcenenHo#, Matepuu, IPOCTPAHCTBO M BPEMS UMEIOT JIMIIb OTPAHUYEHHOE 3HAUYCHUE B
OTHOIIECHUU JBUKCHUS, UTO HE MEIIAET UM 00JIaJ]aTh APYTUMH acCTIEeKTaMU B CBSI3U C
SBJICHUSIMH PA3JIMYHOTO XapakTepa. Ho Bo BcelleHHOM ABUXKEHUS, T BCe (DU3UIECKUE
O0OBEKTHI U SIBJICHUS - 3TO MPOSIBJICHUS JIBUKEHUS, POJIb POCTPAHCTBA U BPEMEHHU TOJBKO B
nBKeHUH. [I0CKOIbKY HET HUYETro, KpOME JIBIKCHHSI, OHU HE MOTYT 00J1a/1aTh KAKUMH-TTHO0
CBOMCTBaMU, UM KAKUMH-IUOO 3HAYCHUSIMU, KOTOPHIX OHU HE UMEIOT B JIBM>KEHUU. B
YAaCTHOCTH, OHU HE MOTYT COCTABJIATh KOHTEHHEP WIIUA CPENy JJIsl IBUKEHHUS, TOTOMY YTO



JBYOKCHHE HE MOXET ObITh (poHOM st camoro ceOst. [ToBcroay BO BCEICHHOM JIBUKCHHSI,
IPOCTPAHCTBO M BPEMS - 3TO JIBa B3aMMOJIOTIOJTHSIOIINX aCIIeKTa, U OHU HE HMCIOT HHOTO
3HAYCHUS B JIIOOOM CiTydae.

3T0 TO, T1Ie MPEABIYIINE UCCIEAOBATENN CACNAIN OMUOKY, 4YTO HE TTIOMEIIAJI0 UM BBIIOIHAThH
CBOM 3aJ]a4M. DIJIMHITOH U JPYTUe paHHUE CTOPOHHUKHU KOHIENIUH "IBUKEHUA'"", € IMHUIIBI
JBUKEHUS TOCTABWJIM HA MECTO YaCTUIl MAaTEPUH, U TIO-IIPEKHEMY PACIIONOKWIN UX B TEX Ke
IPOCTPAHCTBEHHO-BPEMEHHBIX PAMKaX, KOTOpbIe CHOPMUPOBAIIN TIPEATIOCHUIKH IS
TUMIOTETUYECKOU BCEJICHHON MaTepUU, U OHU HE CMOIJIM YBUAETh, YTO 3TO HECOBMECTUMO C HX
omnpeesieHHeM ABUKEHUs. IHTepeCcHO OTMETUTh, YTO HEKOTOPbIE U3 3THX YUEHBIX
JNEUCTBUTEBHO JTOCTUTIIM TOUYKU MOHUMAHMUS, YTO TPAJUIIMOHHBIE B3TJISIIbl HA OTHOIICHUS
MEXy IPOCTPAHCTBOM M BPEMEHEM JIOJIKHBI ObITh U3MEHEHBI. Ha B3risy D quHrroHa okasan
JIOBOJIHO CHJIBHOE BJIIMSIHUE OJIMH U3 €ro mpeaiecTBeHHKoB, Kiuddopa. On ormeTun, uro
"Knmuddopa 6611 yOex1eH, 4TO MaTepus U IBIKEHUE MaTepUU ObUIM acCTIEKTaMU KOCMHYECKON
KPUBHU3HBI U HUUYEro 6ojee". 3/1ech Mbl BUAMM IIPU3HAHUE TOTO (DaKTa, YTO KOHIIETIIIUS
BCEJICHHOM JIBM)KEHUS TPEOYeT MpsIMOI U TECHOM CBSI3U MEXK]y ITPOCTPAHCTBOM, BpEMEHEM U
JIBMYKEHUEM, a HE HE3aBUCUMOCTH, 4TO CYIIecTByeT B "BemiecTBe" BcesieHHOU, HO Kimuddopn u
DIIMHTTOH OBLIH €IlI€ HE B COCTOSIHUU OTONTH TaK JaJIeKO OT MOHSTHS MPOCTPAHCTBA, KaK
KOHTEHHEepa WM yCTAaHOBKU I PU3NYECKUX COOBITHH, TO, UTO MOTJIO OBbI OBITh «U30THYTHIMY.

Korna Mbl, HakOHEL, MIOPBEM C KOHLENIUEN "MaTEPUN', U IPUMEM ONPEICIICHHE
IPOCTPAHCTBA U BPEMEHH, HEOOXOUMOE B KOHIICIIIUU BCEJICHHOM JABUXKEHUSI, IEPBOE
CJIEJICTBHE, YTO HA OCHOBAHMWH 3TOM KOHIIENIIMHY "NBM>KEHU" €CTh 00II1e B3auMHEBIE CBSI3HU
MEXy IPOCTPAHCTBOM U BpeMeHEeM. BOT MBICIIb, UTO SBJISIETCS IBHO a0OCYPHON B KOHTEKCTE
npeobianaroniero oopasza MeluieHus. Ho uCTuHa B TOM, YTO 3TH OOIIETIPUHATHIC B3IJISIIBI
IIPOCTO CylIecTBA KoHUEeNnuuu "mMarepun’. [Ipy 3ToM mocTynupyeTrcs, 4To NOCIETHUMHU
COCTaBHBIMU YaCTSIMHU BCEJICHHOM SABJISIOTCA '"'3JI€MEHTApHbBIC €IMHUIIBI" MAaTepUH, TO €CTh
JOJDKEH OBITh KOHTEHHED, WK Cpefia, B KOTOPBIX 3TO BEIIECTBO CYIIECTBYET, U
IIPEATOJIaraeTcs, YTO MPOCTPAHCTBO M BPEMSI IIPECTABIISIOT COOOM TaKyIO CTPYKTYPY.
CoBpeMeHHbBIE TIPE/ICTaBICHUS O IPUPOJIEC MPOCTPAHCTBA U BPEMEHH, TAKUM 00pa3oM,
MPOAUKTOBAHBI TOCIIOJACTBYIOIIEN KOHIIENIIUEHN, C KOTOPOU MbI U iMeeM zeno. Koraa mbl
3aMEHSIeM KOHIICTIINIO "MaTepuu' KOHIIEIIINEH BCEJICHHON IBUKEHMS, KaK CIICICTBUE,
HAXOJIUM, YTO MbI JOJIKHBI IEPECMOTPETH TPOCTPAHCTBO U BPEMS, MPOCTO KaK JIBa
B3aUMOJIOTIOJIHSIFOLIMX aCIMEeKTa ABUXKEHUSI, TO, YTO ObUIO paHEe HEMBICIUMbBIM, TETIEPh
CTaHOBUTCS HEM30€KHBIM. CKOPOCTh, 3TO MEpa JIBUKEHUS: O0JIbIIIEE TPOCTPAHCTRO -
AKBUBAJICHT MEHBIIIET0 BPEMEHHU, U HA00OPOT.

Kpowme Toro, 3To He mpOCTO MaTeMaTHUECKHE OTHOLIEHHUSI; 3TO 00IKeE CBA3U. Y paBHEHUE V=s/t,
KOTOpPOE TOBOPUT, YTO CKOPOCTh paBHA MPOCTPAHCTBO JEIEHHOE HA BPEMS, MOXKET OBITh TAKXKE
HaMMCcaHo B 00OpaTHOI opMe, YTO OTHOCUTENbHASA CKOPOCTh paBHA BPEMEHH pa3IeICHHOMY Ha
paccrostaue. Jlro0as u3 3Tux AByX (HopM, B paBHOU CTEMEHU ACHCTBUTEIHHOE MPEACTABICHHE
OTHOLIEHUS, TAKUM 00pa3oM, OUEBUAHO, YTO IPOCTPAHCTBO U BPEMSI IOJJOOHBIE CTPYKTYPBHI,
pa3IMYarOUIUECS TOJIBKO B TOM, YTO OHH CTOST BO B3AMMHOM OTHOILLIEHUH APYT K APYTY.
JIto6oe neiicTBHE, KOTOPOE MOXKET MMPUMEHATHCS K OJTHOMY, aHAJIOTUYHBIM 00pa3omM
IPUMEHSIETCS B OTBETHOU pOopME K IPyromy.

Ha nepBblii B3risi1, 3T0 yTBEPKICHUE MOKET IIOKA3aThCS IPOTUBOPEYMEM C OIIBITOM, TaK KaK
Ha0JIt0/1aeMble CBOMCTBA MTPOCTPAHCTBA HE MTOX0XKHU Ha HaOJt01aeMble CBOMCTBA BpeMeHu. Ho
MBI YBUUM, KOTJ]a TPUCTYIIUM K TEOPETUUYECKOM pa3pabOoTKe, 4TO 3TU pa3iinyus B IBUKEHUU,



B KOTOPOM IIPOCTPAHCTBO U BPEMsI OKa3bIBAIOTCS CBSI3AHHBIMU, a HE M3-3a KaKUX-JIH00
(dakTHyecKux pa3nuuuii Mexxay HuMmu. Hanpumep, Bpemsi, TO-BUIUMOMY, SIBISETCS
IpOTrpeccHeil, Toraa Kak mpoOCTPaHCTBO, KAKETCs, CTALIMOHAPHO, HO MBI OOHAPYKHUM, YTO HAIlle
IpeCTaBICHUE O MPOCTPAHCTBE, UCKAXKAETCS HAILIUM OCOOBIM MOJIOKEHUEM, U UTO
IIPOCTPAHCTBO, HA CAMOM JIEJIE€, Pa3BUBAETCS B TOM K€ MOPSAJKE, KaK U BpEMS.

Kpome Toro, Msl pu3HaeM Tpu U3MEPEHUS IIPOCTPAHCTBA, HO BPEMsI KaKETCsI OTHOMEPHBIM:
JUHEWHas Mporpeccus U3 MpoILIOTro B HACTOsIIEE U B Oyaylee. DTO NpeCTaBICHUE O
BpPEMEHHU, TOXO0KE, OATBEPKIAETCS, B yPaBHEHUH JABIKEHUS, KaKk V=s/t, B KOTOPOM S - 3TO
BEKTOpPHAs BEJIMYMHA, a t - 3TO CKajsApHas BeJMunHa. Ho 0qHOMEpPHOCTH, HA CAMOM JeJe, He
BBITEKAET U3 CKAJSIPHOTO XapakTepa TepMUHA. T0, 4TO TEKyIlasi MbICIIb YIIyCTHJIA U3 BUIY, YTO
CKOPOCTb WJIM OBICTPOTA, B KOHTEKCTE COBPEMEHHOT'O UCITOJIb30BAaHUs, BCET/Ia CChIIAETCS Ha
CKOPOCTb B IMMPOCTPAHCTBE (CYIIECTBOBAHUE JBM)KEHUS BO BPEMEHH HE NMPU3HAETCS] COBCEM), U
ypaBHEHUS, KaK OOBIYHO BBIPAXKAIOTCA, CIEA0BATENbHO, YPABHEHUS MPOCTPAHCTBEHHOU
CKOpOCTH. B Takux ypaBHEHUSX, 000 TePMHUH, NPEACTABISIOIINNA BpeMs - 00A3aTeJIbHO
CKAJIAP, TAK KaK BpeMsl He HMeeT MPOCTPAHCTBEHHBIX pa3MepoB. CKalspHbIe
XapaKTepUCTUKH, TAKUM 00pa3oM, HE UMEIOT HUKAKUX MOCIEACTBUNA B OTHOUIEHUH U3MEPEHUS
BpeMeHU. ToT (akT, 4To Mbl CHOCOOHBI HAOIIOAATH TOJIKO OJTHO U3MEPEHUE BPEMEHHU, TaKXKe
HE UCKJII0YAET CYIIECTBOBAHMS APYTUX U3MEPEHUM, KOTOPbIE HEIIOCPEACTBEHHO HE
HaOJI01at0TCS.

Mpl1, TakuMm 00pa3oM, MPUIILIH K 3aKJIIOYEHHUI0, YTO IBUKEHUE TPEXMEPHO. ITO MEPBOE U3
HECKOJIBKUX MPEATNOJIONKEHUN, YTO MBI OyJI€EM UMETh, UTOOBI ONPEIECTUTh CBOMCTBA
IPOCTPAHCTBA U BPEMEHH B KQUE€CTBE aCIEKTOB JBMKECHUS, C TEM, YTOOBI 3aBEPIIUTh
dbyHIaMeHT 17151 00111el PU3nIecKoi TeOprr, OCHOBAaHHOMN Ha KOHIICTIIIUY BCEJICHHOM
JBIDKEHUS. TOJIBKO elie 0/1HO (PU3UYECKOE MPEIITOI0KEeHHE TpeOyeTcs: NPearnoaoKeHue, 4YTo
JBUKEHUE, U, CIIEA0BATEIIBHO, MPOCTPAHCTBO U BPEMSI, CYIIECTBYIOT TOJBKO B TUCKPETHBIX
equHunax. Kak yxe yka3plBanoch, KOHUEHINS "IBMKEHUS' caMa yCTaHABIMBAET B3aUMHBIC
CBSI3M MEXK]ly IPOCTPAHCTBOM U BpeMeHeM. BMecTe ¢ TpeMst mpeanonoKeHUsIMU,
BBINICYTTOMSHYTBIC AJIEMEHTBI TIPEACTABISIIOT co00i dyHmaMmenTansHbie [locTynaTel HOBOM
cuctemsl Teopun, Bzanmuoi Cuctemsl, Kak OHa ObliIa Ha3BaHA, TOTOMY YTO KITFOYCBBIC
MO3UIIMHU BO B3aUMHBIX OTHOILIEHUSIX MPOCTPAHCTBA-BPEMEHHU B TEOPETUUECKOUN CTPYKTYpE.

W3 3THX OCTYNaToOB, KaK OCHOBEI, BCSI CTPYKTYpa Teopuu Oblia pazpaboTaHa METOI0M
JIeAYKIUH, 0e3 BBEJCHUS KaKUX-JIN0O JTOTOJHUTEIBHBIX OTPaHUICHUH JIFOOOT0 poa, u 0e3
UCIIOJIb30BaHUS KaKoi-TnOo nH(opMaIuu, Noy4eHHON U3 HaOmtoeHui. B cimyyae o0beKToB,
KOTOPBIE SBJISIOTCS OCHOBHBIM MPEIMETOM OOCYKJICHUS B 3TOM U3JIaHWU, KBa3aphl U
MyJIbCAphI, KaK CaMO CYIIIECTBOBAHUE, TAK U CBOMCTBA ATUX OOBEKTOB, OBUIH MOTYUYEHBI
TEOPETUYECKH U3 TIOCTYIMPOBAHHBIX CBOWCTB MPOCTPAHCTBA M BPEMEHH, HE TTpUOeTas K
MIOMOIIY APYTHX UCTOYHHUKOB. [loCcTymaTel MOTYT OBITH BEIPAKEHBI CJICTYIONTAM 00pa3oM:

ITepsoiit @yHnamenTanbabii [locTynar: @usnyeckass BceJIeHHAs COCTOUT TOJBKO M3
OTHOI'0 KOMIIOHEHTA, ABHKeHH S, CYIIECTBYIOLIEr0 B TPEX U3MEPEHUAX, B JMCKPETHBIX
eJUHHMLAX, H ¢ IBYMSA B3AUMHBIMH aCIIEKTAMM, IPOCTPAHCTBOM U BPEMEHEM.

Bropoit @ynnamentansnbiii [loctynar: @u3nyeckas BCeJICHHAsA COOTBETCTBYeT
OTHOILIEHHUAM O0OBIKHOBEHHON KOMMYTATHBHONH MAaTEMaTHKH, €¢ BEJMYMHbI SBJISIIOTCSH
a0CcoIOTHBIMH, U ee reomeTpusi EBkiangosa.

L[GJ'IB IMPC3CHTAIWHU HAa MOCICAYIOIINX CTpaHUIaX, IPOACMOHCTPHUPOBATDL, UYTO KBAa34aphbI,



MyJIbCapbl, U ACTPOHOMUYECKHE SIBJICHUSI, C KOTOPHIMU OHU CBSI3aHbI, TOAPA3yMEBAIOTCS B ATUX
MOCTYJIaTax.

Cawmpblil IepBBIil, BOIPOC, KOTOPBIN CTOSUI B TEPMUHOJIOTMH, KAK OCHOBHYIO COCTABJISIOLILYIO
BCEJICHHOM CIIeJyeT Ha3BaTh: "MPOCTPaHCTBO-BpeMa" uiu "neuxenue". OpUruHaabHbIN
BBIBOJI, KaKk ykazaHo B «HoBbIit B3ry1s/1 Ha [IpocTpancTBO 1 Bpemsiy», ObLT B MOJIB3Y
UCII0JIb30BaHUs MOHATHS "TIPOCTPAHCTBO-BpeMS '

“Jr1o0 npencrapiseTcs Leaecoo0pa3HbIM, UTOOBI BEIOPATh T€ YCIOBUS, KOTOPbIE OYyT
Han0oJiee MOHATHBIMU B KOHTEKCTE CYIIECTBYIOIIUX, UTO OYJIeT CIIOCOOCTBOBATH OOBSICHEHUIO
HOBOM TEOPETHUUECKOU CTPYKTYPHI IJIsl JIUI, KOTOPbIE 3HAKOMBI C paHee NPUHITHIMU UICSIMHU.
[ToaTOMY MBI TOJKHBI CKa3aTh, UTO BCEJICHHAs UMEET TOJIbKO OJIMH KOMIIOHEHT, U B
HACTOsIIIIee BpeMs, MbI OyJIeM Ha3bIBaTh 3TOT KOMIIOHEHT IMTPOCTPAHCTBO-BPEMS, IPU TOM
MOHUMAaHUH, YTO 3TOT TEPMHUH SKBUBAJICHTEH JABUKEHUIO, TPUHATOMY B CaMOM 00111eM
CMBICIE”.

OpnHum n3 (HakTOpOB, KOTOPHIN BBICTYNIAET B 3TOM CUTyalluH, SIBJSETCS IIUPOKAS
HECIIOCOOHOCTh K TOHUMAHUIO CYIIECTBOBAHUS ABUKEHUS, KOTOPOE HE SIBISIETCS ABUKEHUEM
4ero-1100, a OCHOBHBIM JIBH)KEHHEM, YTO SIBJISIETCS CHHOHMOM IPOCTPAaHCTBA-BPEMEHH.
OcHOBHas MpUYMHA OPUTHHAIBHOTO PEIICHUS, TPU3HATH, YTO OTHOLIEHUE MEXKIY
IIPOCTPAHCTBOM M BPEMEHEM, IIPEACTABIECHHOE BBIPAKEHUEM ''TIPOCTPAHCTBO-BPEMS'" - ATO
JNBIKEHUE, a HE KAKOE-TO CYIEP-IIPOCTPAHCTBO, B KOTOPOM BPEMS UTPAET KBa3H-
IIPOCTPAHCTBEHHYIO poJib. JIro0ast cBSI3b MeKAy NPOCTPAHCTBOM U BPeMEHeM - 3TO
JABHKEHHE.

MHorue o1 yBepeHbl B TOM, YTO JBHKEHHUE - 3TO BCET/IA IBM)KEHUE YETO-TO, U UTO BCE
OCTaJIbHOE HEBO3MOXHO. HO Te, KTO Tak cuuTaer, NpUMEHSET IPUHIIUIT, KOTOPBINA JEUCTBYET
TOJIBKO B MPUJIOKEHUU K BCEJIEHHON MaTE€pUH, U EMY HET MECTa BO BCEJICHHOM JBUKCHMUS.
Ecnu 6a30BbIMU CYIIHOCTSIMH BCEJICHHOM SIBJIIFOTCSI MaTepHUalibHbIE "Belin", a IBUKEHHE - ITO
coOCTBEHHOCTD TeX "Bellel", To, KOHEUHO, BO3PAXKEHUS SABIISIOTCS MPABUIbHBIMU, MAaTEPUS -
3TO TO, YTO JIOTHUECKH /10 ABUKEHUS, 1 HE MOXKET ObITh HUKAKOTO ABUKEHUS 0€3 ABUKEHUS
yero-to. Ho ecnu 310 BecelleHHast ABUKEHUS, B KOTOPOUM MaTEpHs - 3TO CUCTEMA ABUKEHHUI, TO
€CTb JIBUKEHUS JIOTUUYECKHU 10 MAaTepUH, TaM JOJKHBI ObITh MPOCTHIE IBHKEHUS, PEXKIE YEM
NOSIBATCA JBHKEHUs Matepuu. CieaoBaTeslbHO, CYIECTBOBAHUE 3TUX MPOCTHIX ABMKECHUI HE
TOJIBKO JIOTHYHO, HO ¥ BaXKHO BO BCEJICHHOM ABMKEeHUA. CleayeT OTMETUTh, B 3TOM CBA3H, YTO
MaTeMaTHKa JIBHKEHHSI MATEPUH, B PABHOM CTENEHH IPUMEHUMA K IMPOCTHIM JIBHIKEHHUSIM,
MIOCKOJIBKY YpaBHEHUS, TAKHE KaK V=s/t HE UIMEIOT TEPMHHA, MPEACTABISIIONIETO "9TO-TO",
JIaXKe €CJIIM OHO OTHOCUTCA K IPEMJIOKEHUIO O YEM-TO.

MHorue apyrue 0coOOEHHOCTH HOBOM TEOPETUUECKON CUCTEMbI, HECOMHEHHO, MOTYT OBITh,
Jla’Ke HEBEPOATHBIMH, Ha TIEPBBIN B3TJISA, HO CJIEIyeT MOHUMATh, UTO dTa NIepBas peaKius -
pE3ybTaT MOMBITKYA BIIMCATHCS B HOBBIC UJIEU B CTPYKTYPE CYIIECTBYIOIIUX HJICH, HA OCHOBE
KOHIIEMIIMY "MaTepun'", IpUHUMAsi BO BHUMAHUE, YTO JJI TOTO, YTOOBI MPUNTH K TOHUMAHUIO
TEOPHUH, HEOOXOUMO TIPOCMOTPETh KaXAYIO JAeTalb B KOHTEKCTE KOHIICIIIUM " IBIKCHUS" .
D10 moTpedyeT OnpeIeICHHON IMCUXUYECKON IEPEOPUEHTAIINH, YTOOBI OBITh YBEPEHHBIM, HO
ATO BPSJI T BO3MOXKHO, HE HapyIiasi HEKOTOPbIE PEIbLIyIIHe YOCKICHUSI.

"Matepus'', KoTopasi BBICTyIIaeT B 3aKoHe TArorenus Hororona - onun u3 "¢axkros
(pusnyeckoro Ha0/0AeHUA'", a He TEOPeTHYECKH ONpeaeseHHOEe JTUI0. JTOT BOIPOC
JNEMUCTBUTEILHO UMET MECTO B (PU3NUECKOM MHUPE, HO €r0 MPUPOAA O CUX MOP CITYHKHUT
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IPEIMETOM 3HAUYNUTEIHLHOTO PACXOXKICHUS BO B3TJIsAIaX. AHAIOTHYHEIM 00pa3oM, (OTOH CBETA,
KOTOPBIN BXOJUT B TEOPUIO (POTOANEKTPHIECKOTO 3(PheKTa U pa3TuIHBIX ONITHIECKIX
OTHOILICHUI HE SBIIAECTCS TEOPETUUECKU ONPEACICHHBIM JIMIIOM; 3TO Ha0JI01aeMO€ SIBJICHUE,
Ybsl UICTUHHAS MIPUPO/Ia MIOHUMAETCS JIMITb BEChMa CMYTHO. DTOT'0 CMEIIECHUS TEOPUU U
HaAO0JII0ICHUI Helb3s n30eXkaTh, oKa (pU3nyecKast HayKa HaXOAUTCS B CTaJAMH, KOTJa MHOTHE
Ha0JIt01aeMble SIBJIEHUS TOJKHBI paCCMAaTPUBATHCS KaK HEMOAAAI0NIMECs aHAIIU3Y, U,
CJI€0BATENbHO, CTAIM PacCMaTPUBATHCS KaK XapaKTEPUCTUKHU BCEX TEOpU. BaKHO OTMETHUTB,
yT0, B3aumuas Cucrtema He sIBISETCS KOMIIO3UTHON Teopuel 0OBIYHOTO TUIIA; OHA SIBIISETCS
YUCTO TEOPETUUECKOU CTPYKTYPOil, KOTOpasi BKIItOUAET B ce0sl HE IMITUPHUUECKHI XapakTep.

Hanpumep, "kocmoc" 3Ta cucrtema cuenana He GU3NUECKUM MPOCTPAHCTBOM; 3TO
TEOPETUUYECKOE MPOCTPAaHCTBO. KOHEUHO, TOUHOE COOTBETCTBUE MEXKy HUMHU, KOTOpOe Oy IeT
POJIEMOHCTPUPOBAHO B XOJI€ PA3BUTHS, 03HAYAET, YTO TEOPETUUECKOE MPOCTPAHCTBO
SIBJISIETCS MPABANBBIM U TOUHBIM MPEJICTABICHUEM PEaTbHOTO (DU3UUECKOTO MIPOCTPAHCTBA, HO
BaKHO MTIOHUMATh, YTO MBI UMEEM JIEJIO C Pa3BUTHEM TEOPETHUUYECKON CYIIHOCTH, a HE
dbuzudeckoro nuia. BaxHOCTh ’TOr0 MOMEHTA 3aKJIFOYAETCsl B TOM, YTO B TO BpEeMs, KaK
dbuzudecknii "kocmoc", kak "Marepus" u apyrue puznuecKue MpeaMeThl, He MOXKET ObITh
OTpeJIeNIeH C TOYHOCThIO M YBEPEHHOCTHIO, TaK KaK HE MOKET ObITh HUKAKOW TapaHTUH, YTO
HaIIM HAOIIO/IEHUS JAIOT HaM TOJIHYIO KapTUHY, MBI BCETJ]a 3HaeM C YeM UMEEM JIeJi0, KOTa
TOBOPUM O TEOPETHUECKOM MPOCTPAHCTBE. 37€Ch, HEOMIPEACIEHHOCTH HE CYIIECTBYET B JIIOOOM
cinydae. TeopeTuyeckoe MpOCTPAHCTBO SBJISIETCS TOJIBKO TEM, KaK Mbl €0 ONPEICTUIN, HU
OoJbllle, HU MEHBIIIE.

To ke camoe BEpHO ISl BCEX 3JIEMEHTOB, KOTOPHIE MOMAIAI0T B OCIEAYIOIINE TEOPETUUECKUE
pa3paboTku. [lockoIbKy OCHOBHBIE AJIEMEHTHI TEOPETHUECKON CUCTEMBI SIBHO OMPEICTICHbI, UX
MOCJIEJICTBUS BBISBIISIFOTCS ITyTEM JIOTUUECKUX YTBEPKACHUN U MATEMaTUUECKUX MPOIIECCOB,
BBIBO/IbI, KOTOPBIE OBLIN JOCTUTHYTHI OHO3HAaYHO. KOHEYHO, BCeraa CyImecTByeT
BO3MOKHOCTbB, UTO HEKOTOPBIE OITMOKH MOTYT OBITh JIOMYIIIEHBI B 1IN YTBEPKICHUMH,
0COOCHHO €CJIM ATO OYCHb JIJTMHHAS 1I€Tb, HO B CTOPOHE OT 3TOH BO3MOXKHOCTH, KOTOpas
HAaXOJIUTCS HA MUHUMAJIbHOM YPOBHE B PAHHEW CTaJIMU PA3BUTHSI, HET BOIPOCOB O UCTUHHOM
MIPUPOJIE U XapaKTEPUCTUKAX KAKUX-JTHMOO TCOPETUUECKUX JIUI] UIIN SBJICHUM, KOTOPBIE
BO3HHKAIOT.

B otnuuuu ot HetoTOoHA, KOTOPHIN OBLT HE B COCTOSIHUM OTIPEICIIUTh, IOYEMY OH BBIBEI
COOTBETCTBYIOIIUI 3aKOH TPABUTAIIMN, Mbl TOYHO 3HAEM, IOUYEMY Halll TECOPETUUECKHUI aTOM
MaTepuu UMEET IpaBUTAlMIO. He cylecTByeT COMHEHNM, HU B CTPYKTYPE, HA B CBOMCTBAX
3TOr0 TEOPETUYECKOTO aTOMa, TaK KaK 3TO MOCIEACTBUS, KOTOPBIE Mbl MOXKEM BBIBECTH U3
HaIlIMX OCHOBHBIX IIPEIIOI0KEHNN OTHOCUTEIIBHO CBOMCTB IIPOCTPAHCTBA U BpeMEHU. Takas
YBEPEHHOCTh HEBO3MOKHA B ClIy4ae KaKON-11M00 TE€OpUH, COACpKaIleH SIMIUPUIECKUE
3JeMeHThI. B HacTosiee BpeMsi, HOMyJIsipHas TEOPHST aTOMA MPOLLIA JUTMHHBIN Ty Th
U3MEHEHHM ¢ TeX BPEeMEH, KOTla OHa OblIa BriepBhie chopmyaupoBana bopom u Pezepdhopaom,
W HET rapaHTHH, 4TO JabHEUITUX H3MEHEeHn He OyeT. HanpoTtus, BceoOIiee nmpru3HaHme
HEJIOCTAaTKOB 3TOM TEOPUH, CIOCOOCTBYET MHTEHCUBHOMY MOUCKY MYyTEH U CIOCOO0B
IIPUBEJICHUS €€ B 00JIe€ TECHOE COOTBETCTBUE C PEATbHOCTBIO, M TEKYIIas JUTepaTypa MnojaHa
IPEIJI0KEHUN 110 IEPECMOTPY

TonbKO MOTOMY, UTO MOCTYJIUPYEMbBIE CBOMCTBA MPOCTPAHCTBA U BPEMEHU TEOPETUUECKOU
CYIIIHOCTH, TPEOYIOT T€X e CBOICTB, KaK M3BECTHAS MAaTE€pHs, OHA JIOJDKHA CYIIECTBOBATh B
BHJie aTOMOB. [loTOMY, UTO MOCTYIMpy€EMbIE CBOMCTBA MMPOCTPAHCTBA U BPEMEHU JAIOT Pa3HbIC



BU/IbI ATOMOB, 3TH Pa3JIMYHbIe BUIbI (POPMHUPYIOTCS B CEPUU, B KOTOPBIX KaXKIbIH JJIIEMEHT
OTJINYAETCS OT MPEABIAYIIETO Ha OJHY €AWHHULY ABMKEHUSA. [loTOMY, 4TO OCTYyJIMpyEMBIE
CBOMCTBA IPOCTPAHCTBA U BPEMEHU TEOPETHUECKUX IEMEHTOB JOJKHBI UMETH OIPEIEICHHBIE
XapaKTEpUCTHUKHU, CEPUU AENATCA B rpynnsl. [loToMy, 4TO OCTynupyeMble CBOMCTBA
IIPOCTPAHCTBA U BPEMEHH KaXKJIOMY TEOPETHUECKOMY DJIEMEHTY JAIOT ONPEICIICHHbIE
(u3nuecKre CBOMCTBA, 3HAYEHHUSI MOT'YT ObITh PACCUMUTAHBI, UCXO/S U3 OCHOBHBIX (PaKTOPOB,
KOTOPBIE MPUMEHSIOTCS K KaXKI0MY 3JIEMEHTY B CHILY CBOETO ITOJIOKEHUS B aTOMHOU CEpUU U
rpynie. IToroMy, 4To nocTynupyemMple CBOWCTBA MPOCTPAHCTBA U BPEMEHM KaXK 1IN
TEOPETUUECKUN AIEMEHT CTaBsT, B COCTOSHUN OOBEANHEHNUS, B HEKOTOPbIE KOHKPETHBIE MECTa
C IpYTUMH 3JIEMEHTAMHU, 3TH TEOPETUUECKIE KOMOMHAINY, WU COSAUHEHNUS, JOKHBI
o01aaTh 0COOBIMU CBOWCTBAMU TOM e MPUPOIBI, KaK U T€, KOTOPbIE MPUXOASITCS Ha
OTJEJbHBIC 3JIEMEHTBI, © MOTYT ObITh PACCUUTAHBl TAKUM e 00pa3oM.

Jliist neneit HacTosIIe paboThl, 3TO 0OCYKICHHS HE HYKHO NMPOBOJAUTh. AHAJOTUYHBIM
o0pa3oM, Hallle pacCCMOTPEHHE IPYTUX PU3NUECKUX 00JIaCTE - U3ITYyUEHHUs, ANEKTPUUECKUX U
MarHUTHBIX SIBIEHUH, paIMOaKTUBHOCTD U T.J., OyJIET OrpaHUYEHO BOIIPOCAMHU, KOTOPbIE
UMEIOT NPSMOE OTHOILLIEHUE K KOHKPETHOH 1IeJIU 3TOM paboThl, HO ClIeyeT IOHUMATh, YTO B
KaX10M U3 3TUX o0NacTel, pa3BUTHE MOCIIEICTBUI MMOCTYIUPYEMBIX CBOWCTB IIPOCTPAHCTBA U
BPEMEHHU, IPOU3BOJUT TOUHBIE TEOPETUUECKUE AHATIOTH HAOII0JaeMON KapTUHBI SIBJICHUH,
IPOUCXOSIINX B IaHHOM 00J1aCTH.

Kpome Toro, TeopeTnyeckoe noBeAeHNE KPYITHBIX COBOKYITHOCTENW MATEPHUH OIIPEIEIACTCA
ATUMH K€ OCHOBHBIMHM MocTyjaTaMu. [locTyaupyemblie CBOMCTBA MPOCTPAHCTBA U BPEMEHU
ONPENEIAIOT CYIIECTBOBAHUE TEOPETUUECKUX 3BE3/l, 3BE3/IHBIX CKOIICHUM, TalaKTHK,
TEOPETUYECKUX TyJIbCAPOB U KBA3apOB, U CBSI3U MEXAY STUMHU U APYTUMHU OCOOCHHOCTSIMU
TEOPETUYECKOU ACTPOHOMUYECKOM BCEJIEHHOU. Te ke CBOKMCTBA MPOCTPAHCTBA U BPEMEHU
ONPEACIAOT CTPYKTYPY HAMMEHBILIETO TEOPETUUECKOTO aTOMA, TAK)KE ONPEIEIAs CTPYKTYPY
KPYHHEHIINX TEOPETUYECKUX TANAKTHK. TakuM 00pa3oM, HET BO3MOKHOCTH JIJISl HACTPOIKH
WK M3MEHEeHUs JII000H TOUKH cucTeMbl. TeopeTnueckas BceJieHHAs, HA BCEM IYTH OT
aToMa /10 FaJIaKTUKH ¥ 0T )OTOHA 10 KBa3apa, ABJIAETCHA ONpeaeIeHHON 0CHOBHBIMU
NMOCTyJaTaMU.

Oco0eHHOCTH ATOM BCEIEHHOM, MOJTyUYE€HHbIC U3 TEOPUH, ObUIH MPOBEPEHBI HA
COOTBETCTBYIOIIMX (PYyHKIMIX HaOI0gaeMOM (hU3NYECKOM BCEIICHHOM B ThICSYaX OTJICIbHBIX
CJIy4daeB, B Pa3IUYHBIX (PU3MUECKUX TOJISIX, U HA B KAKOM ciiydae He Obu1o KoH(uukTa. Besne,
IJIe TOCTaTOYHO HAOIIOATEIHbHOM U AKCIIEPUMEHTATBbHON HH(GOPMAIIMH, YTO MTO3BOJISET
o0ecreuuTh co/iepKaTeIbHOE CpaBHEHUE, OBIJIO IOCTUTHYTO COTJIAlIEHUE, WIIH, TI0 KpaitHel
Mepe, HUKaKOW HemoclieI0BaTeIbHOCTU. B 00111eM, 3TH cpaBHEHUsT ObLITM MHOTOYHUCIICHHBI U
JOCTaTOYHO JUBEPCUDUIIUPOBAHBI, YTOOBI CHU3UTh BEPOSTHOCTh KOH(IMKTA MEKITY ABYMS
CUCTEMaMHU, B JTIOOOM OTHOIIICHUH, IO HE3HAYUTEILHOTO YPOBHS, 000CHOBEIBASI yTBEP)KICHUE
0 TOM, 4YTO TEOPETUYECKAs BCEJICHHAS ABJSAETCH HCTUHHBIM M TOYHBIM NPEACTABJICHUEM
(pakTHUyeckoi pU3UECKON BCEJICHHOM.

MHoroe U3 TOro, 4To HOBasi TECOPETUUECKAS CUCTEMA JIOJKHA MPEIJIOKUTD, €IIE TOTECHIUA, a
HE TOTOBBINA MPOAYKT. OTBETHI, KOTOPBIE OHA CIIOCOOHA MPEIOCTABUTh, HE IPUXOISAT
ABTOMATHYECKHU; OTCICKUBAHUE TTOAPOOHBIX IMOCIEACTBHI OCHOBHBIX ITOCTYJIATOB, TpeOyeT
THIATEILHON U KPOMOTIMBOK PabOTHI, M JOJTHH TIEPUOJ pacClIeIOBAaHUIN M UCCIICAOBAaHUN
JICKUT BIIEPEIU. A TTIOTOMY, 3TH TEOPETUYSCKHUE Pa3pabOTKU SBJISIOTCS MTOJTHOCTHIO
HE3aBUCHUMBIMH OT KaKUX-TMOO TaHHBIX HAOIIOICHUI, TEOPETUUECKUX BBHIBOJOB B OTHOIIICHUHU



TeX 00JacTe, KOTOpBIE ABISAIOTCSA HEHAOII0JaeMbIMHU, HJIM TOJIBKO YaCTUYHO M3BECTHBIMH,
MOTYT OBITh TaK € TOYHBI, KaK T€, KOTOPbIE OTPAXKAOT U3BECTHBIE sABJIEHUA. OTCYyTCTBUE
OrpaHUYEHMI B BUJE HAOIIOIEHN, 0COOEHHO Ba)kKHAsl TeMa, KOrJa Mbl 00s13yeMcs
PaccCMOTPETh TEOPETUUYECKHM CTATyC TaKUX OOBEKTOB, KAK KBa3aphl U MYJIbCAPHI.

MNPOCTOE JIMHEVHOE JIBUKEHUE

OcHoOBHas MPEAMOCHUIKA 3TOW PabOTHI, 3aKITI0YAETCS B TOM, YTO (pU3NUYECKAsi BCEJICHHAS - 3TO
BCEJICHHAS ABKECHUSA. 3a/1adya MOCTPOCHUS LIEJIOCTHOM TEOPUHU 3TOM BCEJIECHHOW, U3 KOTOPOU
MBI MOKEM TOJIyYUTh OOBSICHEHHE KBa3apOB U MYJILCAPOB, CJICIOBATEIILHO, YMEHBIIIACTCS 10
OTPEICNICHHS TOJIBKO TOT0, KaKUe BUJIbI ABMYKEHUN BO3MOXKHBI, U TIPU KaKUX 00CTOATEIbCTBAX
MOKET IPOUCXOUTH MEPEX0/1 OJJHOTO B Jipyroe. B kauecTBe 0a3bl, Mbl BBIPA3WIIN OOLIHE
CBOMCTBA JBMKEHUS B BUJIE IBYX (PYHIaMEHTAJIbHBIX MOCTYJATOB, U C 3TOT'0 MOMEHTA MbI
OyJIeT IpOCTO pa3BUBATh HEOOXOAMUMBIE MOCIEICTBHS 3TUX TTOCTYJIATOB.

[Ipexne Bcero Mbl 3aMETUM, YTO JBWKECHUSA, KAK OHU ONPEACIICHBI IS LEJIEH ITUX
IOCTYJIATOB, I10 CBOEH CYTH MPOTPECCUU. DTO COTTIACYETCS C OOBIYHBIM XPECTOMATHUITHBIM
ONPENEIICHUEM JABUKEHHUSI, KOTOPOE UCIIOIb3YET BBIPAKEHUE "TTIOCTOSSHHOE U3MEHEHHE", NN
€ro SKBUBAJIEHT, HO MBI UCTIOIb3yEM TEPMHUH "Tiporpeccus”, 4ToObl MOTYEPKHYTH TOT (aKT,
YTO, XOTS JBUKEHHS CYLIECTBYIOT TOJIBKO B TUCKPETHBIX €IUHUIAX, 3TO HEMPEPHIBHBIN
npoLecc, a He psAll NpbDKKOB. EquHUIA ABMKEHUS SIBISETCS celu(DUUECKUM pa3iesioM
IPOIrPECCUH, U €CTh MPOTPECCUH, AAXKE B IPEEsIax 3TOro OJ0Ka, IPOCTO MOTOMY, UTO TAKOBa
IPUPOJIa 3TOr0 OPUIMATIEHOTO JIUI[A; €IMHULA SIBISIETCS €UHUILIEH TPOrpeccuu.

ITockonbKy BpeMs SIBJISIETCA JUIIb OJJHUM U3 aCIIEKTOB JIB)KEHHSI, OHO TOXE MPOrPECCUPYET.
B cBs3u ¢ 3101 nnporpeccuelt, OyaeT y100HO BBECTH MOHATUE MecToNo0xeHus. Jrobas
Ha3HAY€HHas 4YacTh BPEMEHU POrPECCHH, pa3Mep KOTOPOH OyeT 3aBUCETh OT 00CTOSATENBCTB,
SBJISIETCSI MECTOIIOJIOKEHUEM BO BpeMEHU. B 00111eM HCIIoNb30BaHNUN, TAKOM KaK
MECTOTOJIOKEHHE, BbIpakaeTcs B popme, Haripumep, 1492 roxa, Teneps gaBaiite
IPOrHO3UPOBATh MOCIEAYIONIEE Pa3BUTHE, IPU3HABAS, UTO 3Ta pa3pabOTKa MO3BOJIUT BHISIBUTH
CYILIECTBOBAHME B PU3NUYECKON BCEIEHHON HEKOTOPBHIX KOHKPETHBIX (PU3NYECKUX JIUIL,
KOTOpBIE, JIJIsl HAITKX T1ejIei, Mbl OyJieM Ha3bIBaTh "00beKThI". Eciiu Takoi 00BEeKT
CYIIECTBOBAJ B MOMEHT BPEMEHU MeCTONOIOKEeHUA 1492 roJ1, a HE MEXaHU3M, C TTOMOIIbIO
KOTOPOT'O OH MOYKET U3MEHHUTH CBOIO MO3ULUI0 OTHOCUTEIBHO BPEMEHH, MBI IIPU3HAEM, YTO
100 net crycTst 00beKT Oosbliie He OyaeT HaiiaeH B 1492 roay, HO OyAeT CyniecTBOBaTh B
JIPYTrOM MECTOIONO0KEeHUH, 1592 roa. ITo 1 ecTh nepBasi KOHIEMINS BPEMEHU
MecTonoJ0xeHus. Ho ecny Mbl B3TJIIHEM Ha CUTYaLUIO C APYrOl TOUYKHU 3pEHUS, OUEBH]THO,
9TO 10001 0OBEKT, KOTOPBII HE UMEET HE3aBUCUMOTO IBUKECHHSI, TOJIKEH OCTaBaThCs B TOM
xe mecte. Takum o0pa3oM, Mbl UMEEM JIPYTO€ MOHATHE O MECTE, KOTOPOE MbI OyJIeM Ha3bIBATh
a0COJIIOTHOE MECTOMNOJIOKEHNE. B puHIIKIIe, MBI MOKEM CKa3aTh, YTO JIFOOOW OOBEKT,
KOTOPBIN HE UIMEET CAMOCTOSITENBHOTO IBH>KEHHSI IO OTHOLLEHUIO KO BPEMEHH, OCTAE€TCsl B TOM
e aOCOTIOTHOM MECTOIOJI0KEHUH BO BPEMEHH, U IEPEHOCUTCS BO BPEMEHU KaK MPOrpeccusl.

CuTtyanus cxosa C JJOJKON Ha peke. Mbl MOKEeM yKa3aTh MOJI0KEHHUE TAKOW JIOAKH OJTHUM U3
IBYX MyTeil. Bo-nepBbIX, Mbl MOKEM HANTH €€ CO CChUIKOM Ha KaKyr0-TO TOUKY Ha Oepery
peKr. DTO MbI HA30BEM €€ KOOPAMHATHBIM MECTONOJIOKEHUEM. KpoMe Toro, Mbl MOXeEM
yKa3aTh MECTOIOJ0KEHUE JIOJIKH OTHOCUTEIHHO PEKHU, AOCOIFOTHOE MECTOMOJIOKEHUE, KAK MBI
€ro TOJbKO 4YTO onpenenuin. Eciu noaka 6e3 MoTopa, U3BMEHEHHUs KOOPIUHAT
MECTOIOJIOKEHUS OTPEICIACTCS UCKIIIOUUTEIHFHO CKOPOCTHIO TEUEHUSI BOJIbI, & HE KaKOH-TH00



0COOEHHOCTBIO caMOi HUTIONKU. Eciu 1o/ika cama HaxoAUTCs B IBUXKCHUU, U3MEHEHUE
KOOPAMHAT MECTOMOJIOKEHHUS], SIBIISIETCSI CYMMOU CKOPOCTH MOTOKA U JABUKEHUSI JIOJKH 110
OTHOULIEHUIO K PEKE.

[To npuurHe B3aUMHOM CBSI3U MEXK/y MPOCTPAHCTBOM U BPEMEHEM, BCE, YTO OBLIO CKa3aHO O
BPEMEHU B MPEAbIAYIIEM 00CYKICHIUH, B PABHOW CTENEHU TPUMEHUMO K IPOCTPAHCTRBY.
[IpocTpaHCTBO, KaK U BpeMsl, SIBJISIETCS ACTIEKTOM JIBMXKEHUS, U, KaK BPEMsI, OHO
porpeccupyeT. 31ech, 00BEKT, KOTOPHIN HE UIMEET CAMOCTOSITEIHHOTO JIBHXKCHHUS TI0
OTHOIIEHUIO K MPOCTPAHCTBY, OCTACTCSI HA TOM K€ a0COFOTHOM MPOCTPAHCTBEHHOM MECTE, U
UJET BJOJIb MO MPOrPECCUU MPOCTpaHCcTBA. Kak 3TO MpoUCXOaUT, OOJIBIIMHCTBOM PEAMETOB
HAIIEro MOBCEAHEBHOIO OIbITA, IO OTHOLIEHUIO K MPOCTPAHCTBY, 3TO HE MPU3HAHO, HO €CTh
JIOCTATOYHO JOKa3aTEIbCTB €T0 CYIIECTBOBAHMUS, KAK Mbl BCKOPE YBUJIUM.

Eme onHuM ciecTBUEM B3aMMHOM CBSI3UM MEXK]Ty ITPOCTPAHCTBOM M BPEMEHEM, SIBJISICTCS TO,
YTO KAl OJIOK MPOCTPaHCTBA SKBUBAJICHTEH OTACIHHON eIMHUIIE BpeMeHH. B
MPUMUTHUBHBIX WM OJHOOOPA3HBIX JBMKCHHSX, CIICIOBATEIILHO, Pa3BUTHE ITPOCTPAHCTBA U
MIPOTPECCUs BPEMEHH MTPOUCXOIAT CIyYaiiHO. DTOT MPOIECC MPOUCXOIUT PAaBHOMEPHO,
IOTOMY UYTO KaKJlasi €IMHHUIA TPOCTPAHCTBA (M BPEMEHHM ) SKBUBAJICHTHA KAaKOH-TH00 €TMHUIIS
BPEMEHHU (WJIA MPOCTPAHCTBA), U, CIEAOBATEIBHO, BCE €UHUILIBI IPOCTPAHCTBA (M BPEMEHHM )
OJIMHAKOBBI. DTO MPOUCXOJIUT 32 €AUHUILY CKOPOCTH, OJIHA €IMHUIIA TPOCTPAHCTBA 3 CAUHUILY
BPEMEHHU, U HAPYXKY, TOCKOJIBKY YBEIMUEHUE MPOCTPAHCTBA COMPOBOKIACTCS YBEIUUCHUEM
BpeMeHU. JIr00ii 00beKT, KOTOPbIA He HMeeT CAMOCTOATEILHOI0 ABUKEHHS 110
OTHOIIEHHUIO K NPOCTPAHCTBY UJIM BPEMEHHU, OCTAETCS B TOM :Ke a0COJIIOTHOM MecCTe
NMPOCTPAHCTBA-BPEMEHU.

Eme ogHoM 1ose3H0M aHAJIOTHEN, CPABHUBAKOILIECH PACIIMPEHUE CUCTEMBI IPOCTPAHCTBA-
BpPEMEHU U aOCOTIOTHOM CUCTEMBI OTCUETA, MOXKET OBITh pactIupstontuiics map. Pacmupenue
TPEXMEPHOTO 0OBEKTA CTAHET eIle OONBIIeH aHAIOTHEH, U 3/IeCh HE JOJIKHO ObITh HUKAKHX
TPYAHOCTEN MPU IKCTPANOJISIIANA TOCTUTHYTHIX BBIBOJOB OT ABYX JI0 TPEX U3MEPEHHUI.
CasizanHbIe ¢ GU3UYECKUM 00BEKTOM 0€3 HE3aBUCUMOTO JBHKEHUS, MBI MOKEM
BHU3yaJIM3UPOBATH MIATHAMH KPACKM HA MOBEPXHOCTH LIApHKA. PaccTossHuE MEXAY 3TUMHU
MSATHAMU TTOCTOSIHHO PACTET, KOT/Ia Iap paCIIUPSIETCs, HO 3TO HE CBSI3aHO C KAaKUM-JTH00
(aKTUYECKUM JIBUKEHUEM TSATHA. Y BEIMUCHHUE PACCTOSIHUS SIBJISIETCS COOCTBEHHOCTHIO
CHUCTEMBI PaCUIMPAIOLIECTOCS 111apa, B KOTOPOH MATHA PACIIOI0KEHBI.

Ecnu, B TonosiHEHKE K MSITHAM, CYLIECTBYIOT HEKOTOPbIE OOBEKTHI HA TOBEPXHOCTH
BO3JIYLIHOTO IIAPUKA, KOTOPBIE MOTYT CAMOCTOSTENIBHO MIEPEBUIaThCS, MyXH, HAIIPUMED,
UCTHHHBIM MEPUJIOM HE3aBUCHUMOTO JBIKEHUSI MyXHU He OyaeT HabIoaeMoe yBeInYeHHe
PACCTOSIHME MEXy 3TUMH 00BEKTaMU, HO CYMMa, Ha KOTOPYIO HaOIIOJAETCs pOCT MO MPUUNHE
pacmupenus mapa. [loaToMmy o4eBUAHO, YTO JTH00asi HENOABMXKHASI CHCTEME OTCUETa, AT HaM
COBEPILIEHHO UCKAKEHHYIO KAPTUHY TOTO, YTO MPOUCXOAUT. ATPUOYTHI ABUKEHUS OOBEKTOB,
TaKHX, KaK OKpAILLEHHBIE MSTHA, KOTOPbIE HE MOTYT U HE IBUTAIOTCS, 1aI0T HaM a0COIIOTHO
HepeaIbHbIN yUeT IBUKEHUS JIF000ro 00BbEKTa, KOTOPbII MMEET HE3aBUCUMBIE JIBUKEHUS. [
IIPABUJIBHOW OLIEHKH CUTyallMy MbI JIOJKHBI MCIIOJIb30BaTh IBMXKYLIYIOCS CUCTEMY OTCYETA.

dusnueckas CUTyalns aHAJIOrnYHast. Mbl )KMBEM BO BCEJIEHHOW, KOTOPasi MOCTOSIHHO
pacmmpsiercs. 1 31ech, kak Ha TOBEPXHOCTH PACHIMPAIOLIErOCs [Iapa, UC0JIb30BaHUE
HETIOJIBUKHOW CUCTEME OTCUETA JACT HAM COBEPIIEHHO NCKAKEHHYIO KAPTUHY TOTO, YTO
npoucxoaut. Kak v B ciiyyae paclIUpsIOMIErocs mapa, Mbl MOKEM MOJYYUTh UCTUHHYIO



KapTHHY TOJIBKO C ITIOMOIIbBIO I[BH)Kym@ﬁCﬂ CHCTEMBI OTcueTa. MbI JOJIDKHBI B34ATb
pacmiMpeHUC, KaK Hally HNPUBA3SKY U OIIPECACIIATL KOJINYICCTBA OTTyAd.

DTO HE 03HAYAET, YTO ABUIKEHUE 110 OTHOIIEHUIO K HEMOABUKHON CUCTEME OTCUETA HE UMEET
3HaueHus s Hac. HaoGopoT, Takue ABMKEHUS, KaK MPaBUIIO, HAIllA TJIaBHAs 3a/1a4a B
IIOBCEAHEBHOM kM3HU. HO crapaTscs yUuThIBaTh HAJTMYUE U BEJIUYMHY OTHOCUTEIIBHOIO
JBW>KEHHUS TAKOT'O POJA, HA OCHOBAHUH KAKUX-TO THIIOTETUYECKUX CBOMCTB OKPYKAOLIUX
¢bu3nuecKX 0ObEKTOB, B TOM e KaTETOPUH, UTO MBITATHCS 34 CUET JBUKEHUS HETIOABUKHOM
JIOJTKH, TI0 OTHOIICHUIO K TOYKE Ha OE€pery, y9uThIBaTh MOCPEICTBOM KaKOTO-TO UMYIIIECTBA
camoii 1oaku. B 060ux ciydasix CUTyaIuio MOKHO MPOSICHUTH, TOJIBKO MPU3HABAs, YTO
dbuznyeckre 00BEKThl HAXOISATCA B IBUKYIIICICS CUCTEME - B OJTHOM ClTydae TeUeT peKa, B
JIPYTOM PACHIUPSETCS BCEJICHHAS.

Cy1iecTBEHHBII MOMEHT 3/I€Ch 3aKJIF0OYAETCS B TOM, UTO OCHOBHOE OJTHOO0Opa3HOE JIBHIKCHHC
BOBHC Ha CAMHUILY CKOPOCTH, OJHA ¢IMHMIIA IPOCTPAHCTBA B CIMHUILY BPEMEHH, (PU3HUCCKH
SKBUBAJICHTHO BOOOIIE HUYEMY; 3TO JAHHOCTb, OT KOTOPOM BCSI PU3HUECKAS IEITCIbHOCTh
pacrpocTpaHseTcs, CHCTEME 0TCUYeTa, B KOTOPOM BCS TaKas ACATECIbHOCTD, WU SBJICHUS,
MOTYT OBITh B3aUMOCBSI3aHBI. JIJIs1 TOTO, YTOOBI MOTJIN OBITh (PU3UYCCKHE SIBJICHUS, TOJKHO
OBITh HEKOTOPOE OTKIIOHEHHE OT 3TOTO 0a30BOr0 €AMHOOOpa3Hs, HEKOTOPOE IMepEeMEIICHHE,
OJIMH-K-OJTHOMY OTHOIIIEHUS MTPOCTPAHCTBA-BPEMEHH, JTMOO B CTOPOHY YBEITUICHUS
IIPOCTPAHCTBA B HECKOJBKO Pa3, ¥ CyMMa 3TOTO CMEIIEHUS onpenensieT MacmTadbl. OCHOBHBIC
(du3HUeCcKre BEMMYNHBI U3MEPSIOTCS HE OT MAaTEMAaTHIECKOTO HYJISA, & OT 3TOTO
IIPOCTPAHCTBEHHO-BPEMEHHOTO OTHOIIICHHMSI.

DT0 noHATHE "MIepeMeIIeHUIl" B IPOCTPAHCTBE-BPEMEHH, KAXKETCSI, MPEJICTABISIET HEKOTOPBIE
TPYJAHOCTH JIJISL TE€X, KTO HE CICAUT 32 Pa3BUTHEM TCOPUH, HO BCE, UTO HEOOXOIUMO 3/1€Ch
3HaTh, TO UMETH B BUY, YTO, KOTJIa Mbl UCIIOJIb3YEM TEPMUH "TiepeMenieHue", Mbl TOBOPUM O
ckopocTH. Eciu BBl UMeeTe B BUIYy CKOPOCTh, TOYEMY HE CKa3aTh CKOpPOCTh? [IpuunHa B TOM,
YTO CMEIICHUE SBJISETCS HE TOJBKO CKOPOCThIO, 3Ta CKOPOCTh U3MEPSAETCS EPEMEIICHUEM OT
HEMPUBBIYHON TOUKHU OTCUETA.

Kak 3TOT TepMUH HCTIONB3YETCS B JTAHHOM JIOKYMEHTE, MECTO WJIA BPEMS CMELICHUS
U3MEPSETCS OT EAUHCTBA, 3TO OTKJIOHEHUE OT OJIUH-K-OJHOMY OTHOILIEHUS ITPOCTPAHCTBO-
BpEMS, UTO TIPEICTABIIAECT COOON eMHUILY CKOPOCTH. Takum o0pa3oM, 3TO OTKIOHEHHUE OT
TOTO, YTO MBI Ha3bIBa€M (PU3UUYECKUM HYJIEM, HJIU, BOBMOXHO, 00JIee TOUHO, HEUTPaTIbHOMN
TOYKH, a HE U3 MATEMaTHIECKOTO HYJIS, 9YTO TIPEICTABIIAECT COOON CHCTEMY, OT KOTOPOI
CKOpOCTh 00bIYHO U3MepsieTcsi. KpoMe Toro, n3ydeHne OCHOBHBIX (PU3HUECKUX SIBIICHUI B
3HAYUTEIIBHON MEpE 3aBUCUT OT OINPEICICHUS BIUSHUS MTOCIE0BATENBHBIX JOTIOJIHEHUN
€JIMHUI] TPOCTPAHCTBA U BPEMEHHU, JJIsI CYHIECTBYIOIINX JIBUKEHHM, U TOATOMY 3TO JOJKHO
OBITh YJIOOHBIM J1J11 pa0OThI C KOJIMUECTBAMU, KOTOPBIE U3MEPSIIOTCS B TAKUX €ITMHUIIAX.

Kak moryT 3T nepemenieHusi B ipoCTPaHCTBE-BPEMEHH CYILECTBOBATh, KOTAa KaxK/1as
€MHUILIA IPOCTPAHCTBA BCEr/la SKBUBAJIEHTHA eauHuIle BpemMeHu? [lockonbKy mporpeccus -
CKaJISIp, TOJIbKO BapUallK, KOTOPbIE MOTYT HIMETh MECTO B CKaJISIPHOM HAIIPaBJICHUU: HAPYKY
(MOJI0KUTENBHBIE) WIIM BHYTPb (OTpULIaTeNbHbIE). ECM BpeMs U MPOCTPAaHCTBO Pa3BUBAOTCS
HapyXy, COOTHOLIEHUE coxpaHseTcs. To ke camoe BEpHO, €CJIM OHU 00a IPOIBUTAIOTCS
BHYTPb, WM €CJIM OJIUH UJIET HAPYXKY a Ipyroi BHYyTpb. Ho ecTh ellie 0/jHa BO3MOXKHOCTb.
OuH 13 KOMIIOHEHTOB MOKET UMETh aJIbTEPHATUBHOE CKAJSIPHOE HAIMIPABJICHUE TAK, YTO
HEraTUBHOE Pa3BUTHUE OJHOUN €AUHUIIBI ’TOTO KOMIIOHEHTA, OTMEHSIET MTO3UTUBHYIO



IPOrPECCUI0 IpealIecTByomero 06joka. Cepusi TaKMX pa3BOPOTOB, TAKUM 00pa3oM, IPUBOJIUT
K 00pa30BaHUIO €IMHUIIBI IBHXKEHUS, B KOTOPOHM N €IMHUI] TPOCTPAHCTBA (MJIM BPEMEHU )
CBSI3aHbI TOJILKO C OJIHOW €IMHUIICH BpEMEHHU (WJIM MPOCTPAHCTBA). Y TBEPKICHUE B3aUMHOIO
MOCTYJIaTa 3aKJIF0YAETCsl B TOM, UTO HECKOJIBKO €IMHUI ABUXKEHUSI, N €IMHULL OJTHOTO
KOMITOHEHTA, 9KBUBAJICHTHBI 1/n €IUHUILL IPYTOrO.

Koneuno, 310 HE 0053aT€NbHO CBUACTEIBCTBYET O TOM, YTO MOJAO0HBIEC MPEBPAIICHUS
IIPOUCXOMAT; 3TO MPOCTO 03HAYAET, YTO OHU MOTYT UMETh MeCTO. Kak yka3plBaJloCh B Ha4aJIe
3TOM IJ1aBbl, 3a7]a4a CTPOUTEIIBCTBA TEOPUU BCEIICHHOM JBUKEHUSI, SIBJISIETCS, 110 CYTH,
BOIIPOCOM 00 OTpeIeTICHUHN TOT0, KAaKWe U3MEHEHUS IBUKEHUI MOTYT CYIIIECTBOBATh U KaKUe
CIEeACTBUS BhITEKaIOT. TeopeTnueckas BCelIeHHas, TAKUM 00pa3oM, SIBJISIETCS OMUCAHUEM
BO3MOKHOCTEM, a He PakToB. OKOHYATEIbHAS MPUBSI3KA K PEAIbHOCTH MPOUCXOAUT MPHU
YCJIOBHH, UTO TO, YTO MOXKET CYILIECTBOBATh B TECOPETUYECKOUN BCEIICHHOM, COBNAJAET C TEM,
YTO CYIIECTBYET B peAIbHOU (PU3HUECKON BCEIICHHOM.

B 10 Bpemst kak cyiecTBOBaHHE MepeMenieHui 00bICHEHO, MOCTYIAThl HE TIPEIOCTaBISIOT
KaKUX-TM00 CPECTB, C MOMOIIBIO KOTOPHIX TaKHE MEPEMEIEHUS MOTYT OBITh CO3/IaHbI WA
YHUYTOXEHBI. TakuM 00pa3oMm, CYIIECTBYIOIINE MEPEMEIICHUS UMEIOT XapaKTep MOCTyIaToB;
OHH SIBJISIIOTCS. OCOOCHHOCTBIO BCEJICHHOM, a HE TPeIMETaMH, Pa3BUBAIOIIIMMUCS U3
JKCIUTyaTaluy (PU3MYECKUX MpoleccoB. B HacTosee Bpems, o01iee KOJIM4ecTBO TaKUX
nepeMeIeHU, clIeI0BaTeNIbHO, JOJKHO OCTAaBaThCsl HEM3MEHHBIM (HO OHO MOKET OBbITh
MU3MEHEHO HEKOTOPBIM BO3JIEHCTBUEM HM3-3a MPEAEIIOB (PU3NUECKOI BCEIEHHOM, €CIIN TAKUE
BO3JICUCTBUS CYIIECTBYIOT KOHEUHO, YTO BBIXOJUT 32 PaMKH JaHHOUM paboThI). 371eCh 3aKOH
COXpaHEHHS IPUCYTCTBYET B CAMOM OOIIEM BUJIC.

Ecny n3meHeHns B CKAIAPHOM HANPABJICHUU 3aHUMAIOT MECTO B IIPOCTPAHCTBE TAK, 4TO N
€MHULl BPEMEHU CTaJli aCCOLMUPOBATHCS C OJHOW €IMHMIIE IPOCTPAHCTBA, B PE3YJIbTATE
WU3MEHEHHUE TT0JI0KEHUS B POCTPAHCTBE. MeCTo, Kak MPaBUiIO, UMEET PA3BUTHUE N €TUHUI]
IPOCTPAHCTBA 32 N €UHUI] BpEMEHH, U3MEHsISI TOIBKO OANH 010K. MBI pa3zdbepem Takoe
U3MEHEHHE MECTAa HAXO0XKJICHHUSI, KaK JBUKEHUE B TPOCTPAHCTBE. TyT MOXKET ObITh KaKOWU-TO
CMBICJI B MCIIOJIb30BAHUY Ha3BaHMS ''MPOCTPAHCTBO' mepeMemeHni, KOraa 3TOT KOMIIOHEHT
OTKJIOHAETCSI OT HOPMaJIbHOM CKOPOCTH IporpeccupoBanus. OaHako, YUCThIN 3PDEKT
CMENIEHUS ITOr0 KOMIIOHEHTA 3aKII0YaeTCsl B TOM, YTOOBI YBEJIMYUTD YUCIIO €AMHUI] BPEMEHH,
OPUHUMAIOLIUX YYacTHE B 0COOOM SIBJIEHHH OT OJHOTO JI0 N, TO €CTh 1/n, 4TO B CyIIHOCTH,
n00aBIIIeT KOMIIOHEHT AaThl MM BPEMEHH B IBM)KEHHE, B TO BpEMsl, KaK MPOCTPAHCTBEHHBIH
KOMIIOHEHT ocTtaeTcs enunuueit. [loatomy, Oyner y1o0HO Ha3bIBaTh 3TO cMelleHHeM
BpeMEeHH, TaK KaK, KOrjaa Mbl J0OaBJsieM CMEIEHUE BPEMEHH, Mbl 100aBIIsieM BpeMs, U KOr/ia
MBI 100aBJIsIEM CMeLlleHre MPOCTPAHCTBA NepeMelleHuil, Mbl 100aBJsieM IPOCTPAHCTBO.

[TockonbKy Tpe/ieTbHast BETUYMHA KOJIMYECTBa 1/n MPOCTpaHCTBEHHOM cKopocTH - 1/1,
OUYEBHUHO, UTO JIBUKEHHE B MPOCTPAHCTBE HE MOKET OCYILIECTBJISATHCS € YMCTOM
CKOPOCTHIO 0oJible equHnIbl. OHAKO, ’TO HE 03HAYAET, YTO HET YUCTON CKOPOCTHU OOJIbIIIE,
4YeM €JIMHHUIIA, ITO MPOCTO 03HAYAET, YTO TAKUE CKOPOCTHU - HE MPOCTPAHCTBEHHBIE CKOPOCTH.
3TO CKOPOCTH BO BPEMEHH, U OHU PE3yJIbTAT U3MEHEHUS TOJI0KEHHUSI BO BPEMEHH, a HE
U3MEHEHHE MOJI0KEHUS B MPOCTpaHCTBe. Bce 3TO BhITEKaeT aBTOMAaTUYECKU U3 B3aUMHOIO
OTHOILIEHUS] MEXY NPOCTPAHCTBOM U BPEMEHEM.

N3 3TOrO0 TaKkKe cieayeT, UTo BCE, YTO OTHOCHUTCS K MPOCTPAHCTBEHHON CKOPOCTH, B paBHOM
CTEIEeHU BEPHO i1 00paTHOM (BpeMeHHOI), ckopocTH n/1. MBI MOXeM cka3aThb, 4YTO



NIEPEMEILECHHS] B IPOCTPAHCTBE BBI3BIBAIOT JIBM)KEHUE BO BPEMEHH, YTO ITPUBOJNT K
VU3MEHEHHIO MECTOITOJIOKEHHS BO BpEMEHU. TaKoe ABMKEHHE HE MOKET UMETh YUCTYIO
CKOPOCTh MEHbBIIIE €IUHUIIBI, TAK KaK MpeesbHOe 3HaueHne konnyecta n/1 pasuo 1/1.

OTH MPOCTHIE ABMKEHUSI, KOTOPhIE ceiuac Haxo/asTCs Ha PACCMOTPEHUH, 110 CYyTH, SBIISIOTCS
ckaysipHbpIMH. K coxkalieHuto, 3T0, Kak IMpaBujIo, HE MIOHITO, YTO TAKUE CKAJISPHBIC JIBUKEHUS
cymiecTByl0T. B camom fiene, 0ObIuHBIN YIEOHHUK TI0 PU3HUKE UTHOPUPYET CKAJISPHBIC
JBIDKCHUS BOOOIIIE M IBMOKCHUS (CKOPOCTH), BMECTE CO CBOCH OCHOBHOM IIPOM3BOIHOM,
YCKOPEHHUEM, THITMYHBIC PUMEPHl BEKTOPHBIX BeIMUMH. CKaJIIPHBIM acIIeKTaM dTHX
BEKTOPHBIX JABKCHHH HE yIesIeTCs JOKHOS BHUMaHue. Hamprumep, CKOpocTh OTIMYaeTCs OT
opIicTpoTHl. HO cymiecTBoBaHME ABMKEHUS, KOTOPOE HE UMEET HEOTHEMIIEMOTO HAMPABICHUS
HE YIIOMHUHAETCH.

OnHako, 1o CBOEH MpUpPOAE, CKAISIPHBIE ABUXKEHUS CYIIECTBYIOT, JaXK€ B TOBCEIHEBHOM
KU3HU. ECIIM MBI pacCMOTPUM JIBM)KCHUS MATSH HA TTOBEPXHOCTH IIAPUKA, Mbl OOHAPYKUM,
YTO OHHU JIOBOJIBHO CHUJILHO OTJIMYAIOTCS OT OOBIYHBIX BEKTOPHBIX JBWKCHHUN. ITO 03HAYACT,
YTO OHU HE UMEET HAIIPaBJICHUS CBOEr0 COOCTBEHHOTO JIBUKEHHUS, YTO MO CBOEH CYTH
SIBJISICTCS CKaJISIPHBIM. Bee HampaBieHus, YTO MOTYT OBITh OTHECEHBI K HUM B KOHTEKCTE
OIPEICIIEHHON CUCTEMBI OTCYETA, 3TO CBOMCTBA 3TOM CUCTEMBI, & HE JIBUKCHUA.

Takue gaBIEHUS, KaK JBUKEHHUE MSATEH HA MIOBEPXHOCTH PACHIUPAIOLIECTOCA 11apa,
HE3HAYUTEJIbHBI B )KU3HH YEJIOBEKA, U TPOBAJI MIPEIBIAYIIUX UCCIIEIOBATENEH, HE YICIABIINX
CEpPhE3HOE BHUMAHUE CKAIIPHOMY JABUKEHHIO, TIOATOMY BIIOJIHE MOHATEH. TeM HE MEHee, Mbl
IPUXOJIUM K BBIBOJY, UTO OCHOBHbBIE IBUKEHHS BCEJIEHHOM, 10 CBOeil MpPUpPo/Ie, SIBJISIIOTCS
CKAJISIPHBIMH, B HOPMAJIbHOM NPOCTPAHCTBEHHO-BPEMEHHOM nporpeccuu. Hampumep,
IPOCTO HAPYKY, 0€3 KAKUX-TMOO0 TOTIOJHUTEIHHBIX OTOBOPOK, U CTATYC CKAJISIPHBIX
ABMKEHUI, TAKAM 00pPa30M, H3MEHSIETCSI HA BONIPOC 3HAYEHHUS BeJUYUHbI, OJHOTO U3
OCHOBONOJIATAIIMX (paKTOPOB, UMEKIIMX NPUHIHMNIKAJIBbHOE 3HAYeHue. [locmenyronue
MOJIOKEHUSI B 3TOW KHUTE, MOKHO YETKO MOHSTh, TOJIBKO €CJIM MPU3HAETCS, 4TO 004,
MPOCTPAHCTBEHHO-BPEMEHHAs IPOTPeCcCHs U TpaBuTalus (KoTopas OyAeT onucaHa B
CIEAYIONIUX IaBax), MO CBOEH MPUPOJIE SABJISIOTCS CKAIIPHBIMH.

B T0 BpeMs kak ckassipHas BEJIMYMHA, 110 ONPEACIICHUIO, HE UMEET HallPaBIICHUS, B
IIPOCTPAHCTBEHHOM MJIM BPEMEHHOM CMBICIIE 3TOr'0 CJI0BA, OHA UMEET TOJBKO BEJIUUHHY,
KOTOpast MOXKET ObITh KaK MOJOKUTEIBbHOMN, TaK U OTPUIIATEIHHOMU. YTOOBI 3aBEPIIUTD
ONPENETICHNE TAKOW BEJIMYNUHBI, MbI JIOJKHBI YKA3aTh HAIPABJIECHUE 3TOTO CKaJsApa, a TAKKE
YUCJICHHYIO BEIMYMHY. B paMKkax TpeXxMepHOU CHCTEMBI OTCUETA, 3Ta BEJIMUYUHA, €CIIU 3TO
JBIKEHUE, TAKXKE MPUOOPETAET MPOCTPAHCTBEHHOE MJIM BPEMEHHOE HAMPABJICHUE.

3TO NOJIHUMAET JPYTOi BOMPOC B OTHOIIEHUH TEPMUHOJIOTUHU. B nepBoil myOiauKkanuu 3Toi
cepHH, TEPMUH "HanpaBiieHHe" ObLT UCTIOJIB30BAH B TPEX PA3JIMYHBIX MPUIOKEHUSAX, B TOM
YUCJIE, IBA TOJIBKO YTO yKa3aHbl. TEXHUYECKH 3TO B MOPSAIKE, TAK KAK CIOBO "HampaBieHue"
MMEET IIMPOKHUH CIIEKTP 3HaUueHU. HO HEKOTOpBIE UhTaTENN OTMETHUIIM, YTO 3TA IIPAKTHUKA
MMeEET TEHICHIIUIO BBI3bIBATH OIPEAECIICHHYIO ITyTaHUILY, U OHU IIPEUIOKUIIN UCIIOIb30BaTh
TPH pa3InyHbIX TepMuHa. OTHAKO, PA3JIMYHBIE CMBICIIBI, B KOTOPBIX 3TOT TEPMUH
UCIIOJIb3YETCSl, HE MTOJIHOCTHIO HE3aBUCHMBI, U 110 3TOM MPUYMHE, 0KA3aJ0Ch L1eeCO00pa3HbIM
IPOJOJIKUTh UCIIOJIb30BAaHUE "HANPABIECHUA" BO BCEX TPEX MPUIIOKEHUSX, HO I00aBUTh
HEKOTOPBIE JIOMOJIHUTEbHBIE UICHTH(PUKALNH, YTOOBI UX pa3iaudark. [loaTomy MbI Oyaem
TOBOPUTH O BEKTOPHOM HaIlpaBJiI€HUH, CKAISIPHOM HaIlpaBiIeHUU (BHYTPb WIH HAPYXKY) U



POCTPAHCTBEHHO-BPEMEHHOM HAIPaBJICHUH (B CTOPOHY OOJIBIIETO0 OTHOUICHUS WU B
HECKOJIBKO pa3). ['1e TepmuH "HampaBiieHre" UCMoNb3yeTcst 0€3 KaKuX-Tu00 OTpaHuICHUH,
CJIEQYET MMOHUMATh TOJBKO B CMBICJIE BEKTOPHOI'O HAITPABJICHUS, HAIIPABIICHUS CO CCHUIKOM Ha
TPEXMEPHYIO CUCTEMY KOOpIUHAT.

Ha sToM ocHOBaHuM, Kakue-1n0o KOHKpETHbIE OJIOKH, B HOPMaJIbHOM Iporpeccuu
IPOCTPAHCTBA, UMEIOT CKAJIIPHOE HAIpaBJIEHUE HApYKy. B KOHTEKCcTE MPOCTPaHCTBEHHOM
CUCTEMBI OTCUYETa, OHU TAaK)KE UMEET BEKTOPHOE HApaBJI€HUE B TPEXMEPHOM MIPOCTPAHCTBE,
KOTOPOE Mbl MO’KEM Ha3BaTh, Haripumep, AB. Ecnu ckansipHoe HaripaBieHne MEHSETCS B
KOHIIE 3TOro 0J0Ka, B MOpsAIKe, 00CYKJaeMOM paHee, U Ha CeAyIouieM OJ0Ke MPorpeccupyer
BHYTpb, B BEKTOPHOM HAIMPaBICHUH TAK)Ke MPOUCXOANUT PEBEPC, TO €CTh, HAIIPABICHNE
JNBHKEHUS IO OTHOILLIEHHIO K IIPOCTPAHCTBEHHOM cucTeMe oTcyera tenepb BA. Curyanuto
MO>KHO CPaBHUTH C IBIKEHHUEM aBTOMOOWJIS,, KOTOPBIN HE TOJIBKO 00J1a/1aeT BEKTOPHOI
HAIPaBJICHHOCTbHIO, TAKOM, KaK CEBEP WM 0T, OH TAKKE UMEET CKAISIPHYIO HAPABIEHHOCTh B
TOM, YTO OH MOXKET €XaTh KakK Brepe. (MOJIOKUTEIbHOE), TaK U Ha3aJl (OTpUIlaTEIbHOE),
HE3aBUCUMO OT BEKTOPHOT'O HAMpaBJIEHUs], B KOTOPOM OH IpojBuraetcs. Eciiu aBToMoOMIIb
HaXOAMUTCS HAa OYEHb Y3KOU JJopore, 0 aHAJIOTUU C OJJHOMEPHBIM Kojie0aHuEM MPOCTPAaHCTBA-
BpPEMEHHU, OHA €JIET BIEpe B IPOJIBUKEHUH HA CEBEP, a 3aTEM, €CJIM OH U3MEHUT CBOE
CKaJISIpPHOE HAIlpaBJIEHUE, TO €CTh, IOE/IET Ha3all, OH MPOJBUIaeTCs Ha IOT.

BoccranoBieHue CKaasipHOTO HANpPaBIECHUS IBUKEHHUS, & TAKKE HAIIPaBJICHUS IO OTHOLIEHUIO
K HETIOJIBMKHOM CUCTEME OTCYETA, IPUUMHA IEPEMEHHON MMPOTPECCUM KAKIO0N €AUHHULIBI,
4TOOBI OTMEHUTH BCE A (PEKTHI MPEIIECTBYIONMIETO 0JI0KA, M YUCTOEC U3MEHEHUE HAXOXKICHHUS,
B TEUEHHUH JIBYX €AMHMUII LIUKJa, paBHO HYJ0. HanpasneHnue pa3Bopora, TakuMm 00pa3om, B
pe3ynbTaTe KojieOaHusi MECTOTIONI0KEHHS B TPEXMEPHOM MPOCTPAHCTBE, SABIISIETCS
CTAI[MOHAPHBIM B IUIOCKOCTU KOJICOaHUSI.

31ech MBI UMEEM TIEPBBIN Ppuznueckuii 3P e, mepBoe JUI0, C KOTOPHIM MBI CTAIKUBAEMCS B
HAIUX TEOPETUUECKUX pa3padOoTKax, KOTOPOE MOXKHO BBLAEIUTH U3 001iero ¢pona. Ho 3To He
00BEKT C HE3aBUCUMBIM JIBHkeHUEeM. [loMumo konebaHuit, KOTOPbIE HE MPUBOJSIT K YUCTOMY
M3MEHEHUIO MECTOIOJIOKEHHUS, ITOT 00BEKT HE UMEET BO3MOXKHOCTH JIBUKEHUS 110
OTHOIIICHUIO HU K IPOCTPAHCTBY, HU KO BPEMEHHU, U MIOFTOMY, OH JIOJXKEH MOCTOSIHHO
OCTaBaThCs B TOM ke a0COJIFIOTHOM MECTe NMPOCTpaHCTBa-BpeMeHu. Kak BeITeKaeT u3
PEALIECTBYIONIETO 00CYKIEHUS, 3TO 03HAYAET, YTO OH MIPOTPECCUPYET HAPYKY
OTHOCHUTEJILHO HEMOABUKHON CUCTEMBI OTCYETa C eAMHUIIeH ckopocTu. [lockobKy KonebaHue
CMEILEHHS] UMEET OPUTHHAIBHBIN pa3Mep, BHEIIHEE IBUKEHUE TPOUCXOIUT B IPOCTPAHCTBE,
NEPIEHAUKYIIPHOM KOJIEOaHHUIO.

KonkpeTHbIl XapakTep BOCCTAHOBIICHHS B OKPY KalOIEel cpejie He SABISETCS caMo co00it
pPa3yMEIOIUMCS, HO Mbl MOXXEM YTOYHUThH, OTMETUB, YTO U3MEHEHUS, UJTU JTIO0bIE ApyTrue
U3MEHEHUSI B IBUYKEHUH, SKBUBAJICHTHBI HAJIOKEHUIO BTOPOTO JBUKEHUSI HA OPUTUHAIL. DTO
BTOPOE JIBUKEHUE 00513aTEIbHO UMEET aCMEKThl MPOCTPAHCTBA U BPEMEHU, CIE0BATEILHO,
OHO TpeArnojaraer, o KpaitHeit Mmepe, 1Mo 0JJHOM eIUHUIIE KaX10r0. Pa3BopoT, uiu Apyrue
U3MEHEHHUS IBMXKCHUS B IPOCTPAHCTBE (M BPEMEHHM ), CJIEA0BATENIbHO, HE MOTYT OBITh
BBITIOJIHEHBI MEHEE YeM 3a OJIHY €/IMHUILY BpeMeHH (M1 MpocTpancTBa). Kaxkapiil pa3BopoT,
M03TOMY, HAUMHAETCA B CEPEAMHE SAMHUIIBI U OYIET 3aBEpIICH B CEPEIUHE CIACAYIONIEH
eauHuUIbl. KoMOnHaIusa KonebaTeIbHOTO TBUXKEHHUS, B OJHOM U3MEPEHHH, C BHEIIIHEH
POrPECCHEN B MEPIICHIUKYIIPHOM U3MEPEHUH, UMEET (POPMY CHHYCOHUIBI B TPEXMEPHOM



IPOCTPAHCTBE (M BPEMEHH).

D

Heobxoanmo npu3Hath, 4TO OTCYTCTBYET 00111asi CUCTEMa OTCUETa, B KOTOPOU BCE
IPOCTPAaHCTBEHHBIE BETMUHUHBI MOTYT OBITh CBSI3aHbI (HE CYLIECTBYET OOIIEH CUCTEMBI OTCUETA
JUIS BCEX BPEMEHHBIX BEIMUUH. B 3TOM M MOAOOHBIX TUCKYCCUSIX, CCHIIASCh, B YACTHOCTH, HA
IPOCTPAHCTBO, CIEAYET MOHUMATh, YTO TE K€ COOOpaKECHHs MPUMEHUMBI TaK)Ke KO BPEMEHH,
0 MIPUYKHE B3aUMHOI1 cBsi3u). [IoHsATHE MpOoCTpaHCTBA KaK CpeJibl UM OHA, B KOTOPOM
¢usnyeckue 0ObEKTHI CYIIECTBYIOT, KAK OHO MCIIOJIb3YETCs B TCOPETUUECKON CHCTEME
HproToHa 1 DiiHIITEHHA, JOIKHO ObITh YHUUYTOKEHO, €CIIM Mbl IPUHUMAEM UJCH0, YTO MBI
’KUBEM BO BCEJIEHHOU BM>KEHMSI, HO MBI MOYKEM CO3JaTh TPEXMEPHYIO CUCTEMY OTCYETA, YTO
ABJISIETCS], 110 CYILIECTBY, SKBUBAJIEHTOM "aOCOIMIOTHOrO pocTpaHcTBa" Hbl0TOHA, HO TOJIBKO
JUISI IOCTYTNATeNIbHOTO JBUKEHUA. ECIi Mbl HAUHEM C pacIioioxKEHUs B IPOCTPAHCTBE, KaK
OBLIO paHee onpeiesieHo, U OyieM HabIoAaTh IepeXo/l MPOCTPAHCTBA-BPEMEHHU OT ITOU
TOYKH, Mbl HAHJIEM, UYTO OHO MOKET OBITh MPEJCTABICHO B BUI€ paclIupsitonieiics chepsl, ¢
HaYaJIbHOM TOYKOM B LIEHTpe. AOCOIIOTHOE MECTONOJIOKEHUE HaYalbHOU TOUKH OYJIeT TJIe-TO
Ha MOBEPXHOCTH c(heprl paanyca X, MOCIe X eIUHUL IPOLIEIIIET0 BpeMeHU. MBI MOXEM 3aTeM
BCTaBUTh TPU NEPIECHINKYJISIPHBIE OCH B ATy cepy, TEM CaMbIM, CO3/[aB TPEXMEPHYIO CUCTEMY
KOOPAMHAT, B KOTOPOH MBI MO’KEM OTOOpaXkaThb MECTOIOJIOKEHUS B IPOCTPAHCTBE.

AHaJIOrM4YHasi CUCTEMa OTCUETa MOXKET OBbITh OMpEIeNieHa B JIIDOOM JPYroM MECTe, KaK IEHTP,
HO ecyii cdepa C IIEHTPOM B TOUKE A MPOAOJIKAET PACIIUPATHCS, OHA, B KOHEYHOM UTOTE,
JIOCTUTHET 00JIaCTH C IEHTPOM B MECTE HaxoXJIeHus B, U, TakuM 00pa3oM, yCTAaHOBUT
OTIPE/ICJICHHBIC CBS3U MeX Ay HUMU. JIr00as U3 TaKUX CUCTEM, SIBIISICTCS] YHUBEPCAIbHON
cuctemoit orcyeta. OJIHaKO, 3TO TOJIBKO CUCTEMAa OTCYETA, U OO0JIbIIIE HUYETO, 3TO TOJIBKO
CIIpaBOYHAas CUCTEMA JJIsl HOCTYIATEIbHOTO ABUKEHHUSI. 3HAUEHHUE 3TOTO 3aKIIF0YAETCS B TOM,
YTO MPOCTPAHCTBO, KOTOPOE BCTYIMAET B KOJIeOAHUE, TOIHKO YTO OMTMCAHHOE, HE MOXKET OBITh
NPEACTABIECHO B YHUBEPCAIIBHOM cHCTEME OTCUeTa. BUOpHpYHOIIMii annapaT sBJIAETCH
IOPUAUYECKUM JIMLOM, TO €CTh ONPEAEJEeHHBIM MEeCTOM, YTO U CUCTEMa 0TCYeTa, HO
ABHKEHHSI, U3 KOTOPBIX OH COCTOMT, ABJSIOTCH MOJTHOCTHI0O HE3ABUCUMbBIMHU OT
NPOrpeccuy NpPOoCTPaHCTBA.

[To3znuee, B xo1e 00CYXI€HUSI, MBI CTOJIKHEMCSI C IOPA3UTEIbHON WILTIOCTpaliueit 3Ton
HE3aBUCUMOCTH MPOCTPAHCTBEHHOTO ACTIEKTa PAa3IMUHbIX BUI0B JBMKEHUS. CylIECTBYIOT
ornpe/ereHHble KOMOWHAIIUU JBUKEHUM, KOTOPHBIE, 10 CYIIECTBY, SBISAIOTCS HE OoJiee, YeM
MOOMJIBHBIMU TOJPA3ACICHUSIMHI IPOCTPAHCTBA, U MbI HAlJIEM, YTO OHH CIIOCOOHBI
IEPEMEIATHCS YEPE3 MATEPHUIO, KOTOPAsl, B CBOKO OUYEPEIb, 3AHUMAET MECTO B
NOCTYIIATEIbHOM MPOCTPAHCTBE. [[J151 TEX, KTO NPUBBIK AYMAaTh O IPOCTPAHCTBE B TPEXMEPHOM
U3MEpEeHHUH [Tl (PU3UUECKUX COOBITUM, TaKask UAes MOKaXETCsl COBEPIIEHHO aOCypAHOM, HO
3TO TOJIBKO MOTOMY, YTO PA3BUTHE MBILJIEHUS HA OCHOBE BCEJIEHHON MaTEpHUH, IPUPABHSIO
"KocMoOC" K IPOCTPAHCTBEHHOMY aCIIEKTY IOCTYIIATEIbHOrO ABMXKeHNs. Kak ToIbKo 310
MOHSTO, YTO OOBIYHBIN "KOCMOC" SIBIISIETCS MPOCTO CUCTEMOM OTcUeTa JjIsl MOCTYyHaTeIbHOTO
JBUYKEHUS, U YTO aCHEKT MPOCTPAHCTBA JPYTUX BUAOB JIBUKEHUS HE 3aBUCUT OT



HOCTYHaTeHBHOfI CHUCTCMBI OTCUCTA, 9Ta TPYAHOCTH MCYC3ACT.

MO0HO BCKOJIb3b YIIOMSIHYTb, YTO MPOCTPAHCTBEHHBIE aCIIEKThl BUOPAIIMU U BpaIIEHUS, C
KOTOPBIMHU MBI CTAJIKUBAEMCS B HAIlIEM MTOBCEAHEBHOM OIIBITE, MOTYT OBITh CBSI3aHbI C
JNBUKEHUSIMU IPOCTPAHCTBA, TAK KAK ATU JBUKEHHS TOTO KE pOJa, KAK MOCTyNaTEIbHbIE
JBUKEHUS (PU3NUECKUX 00BEKTOB, PA3TMYAIOIIMXCS TOJIBKO B HAMPABIEHUH. DTO HE TaK B
KOPOJIEBCTBE MPOCTHIX 0A30BBIX ABUKEHUHN, KOTOPHIE MBI ceiiyac paccMarpuBaeM. Konebanus
HE BCErJla MOX0KH Ha CKAJISIPHYIO MPOTPECCHI0, U3 KOTOPOW OHU MOJIYUYEHBbI. DTH JIBUXKEHUS
COBEPIIIEHHO MHOTO XapaKTepa, BKIt0Uas HEKOTOPhIC BayKHbBIE (PaKTOPHI, TAKUE KaK MECTO HIIN
BpeMs IIEPEMELICHHS Y U3MEHEHHUS HAIIPABJIEHUSI, KOTOPBIE COBEPIIEHHO OTCYTCTBYIOT B
0JIHOOOpa3HOM ITPOCTPAHCTBE-BPEMEHHU.

[TockosbKy pa3BUTHE BUOPUPYIOIIETO anmapara siBJaseTcsl JIUIIb BHEITHUM, 0e3
HEOTHEMJIEMOT'O BEKTOPHOTO HAIIPABIICHUS, HAITPABIICHHUE 110 OTHOLIEHUIO K TPEXMEPHOU
CUCTEME KOOPJMHAT OYJIET ONpPEENSIThCS COBEPIIEHHO clly4aitHo. Clie1oBaTeIbHO, €CIH
HECKOJIbKO TaKUX €JIMHHUII MOSBIIAETCS OJHOBPEMEHHO B OJJHOM U TOM K€ reorpaduyeckomM
MECTe, OHU OyIyT pacrpeiesieHbl paBHOMEPHO TI0 BCceM HampasiieHusiM. [lepBoii HabmrogaemMoit
0COOEHHOCTHIO TEOPETUYECKON BCEIICHHOM SIBIISIETCS, TAKUM 00pa3oM, siBJIeHHE, B KOTOPOM
OCHIJITUPYIOMIUE 0OBEKTHI MOSBISIOTCS B Pa3IMUHBIX MPOCTPAHCTBEHHBIX MECTaX U
JIBUTAIOTCSI HAPYXKY, U3 3TUX MECT, BO BCEX HAMPABICHUSIX C MIOCTOSHHON CKOPOCTBIO, IPH
ATOM, TPACKTOPUS JBUKECHUS TPUHUMAET (POPMY CUHYCOU/IBI.

Tak kak pa3nuYHbIE YEPTHl TEOPETUUECKOM BCEJICHHON pa3paboTaHBbl mIar 3a 1M1aromM ot
OCHOBHBIX IOCTYJIaTOB CUCTEMBI, Mbl XOTHUM CPABHUTbH 3TU TEOPETUYECKUE BO3ZMOKHOCTH C
COOTBETCTBYIOIUMH (PYHKITUSIMU HAOIIOaeMOM (PU3NYECKON BCETIEHHOM, YAaCTUYHO, B
KauyecTBE MOMOIIU K YeTKOMY TOHUMAaHUIO Pa3IUYHbIX TOYEK B pa3paboTke, HO Ooiee
KOHKPETHO, B Ka4€CTBE JIEMOHCTPAIIMU TOTO, YTO TEOPETUUECKAsI BCEJICHHAS! €CTh UCTUHHOE U
TOYHOE TIPe/ICTaBlIeHne (DAKTUIECKON (pu3mueckon BcesleHHO!. [IepBbiii BOITPOC, KOTOPHIN MBI
BCTPEYAEM B 3TOH CBS3H, SIBISETCS BONPOC uaeHTUGUKanuu. MiMeHa pa3nuyHbiX QyHKITHMA
SIBJISIFOTCS] YUCTO MPOU3BOJILHBIMU, U TIO3TOMY HEBO3MOXKHO YCTAaHOBUTH MPSIMYIO B3aUMOCBS3b
C Ha3BaHUSIMU, HO MbI MOKEM OINKCATh HAOIIOJaeMy0 (YHKIIUIO, CBSI3AHHYIO C ’TUM HUMEHEM,
U MbI MOXKEM TaK)K€ OMUCHIBATh TEOPETHUUECKUE (PYHKIIMHU B OTHOILIEHUH TOTO, B KAKOM
nopsiike 3Ta QYHKIUS MOXKET MPOSBUTHL ce0s1 Tipu HaOmtoaeHnn. Ecnu unentudukaus
npaBUJIbHA, JIBA OMUCAHUS OyIyT COBIIA/IaTh.

OOBIYHO HICHTH(HUKAIUS - OTO MPAKTUYSCKU OUCBUIHBIN (akT. OUeBUIHO, HAIPUMED, Ha
OCHOBAHHH OIMCAHUS, YTO OCIIMJUTAPYIOIIMMH €IHHHUIIAMH, KOTOPBIE MBI 00CYK1aeM,
saBisiroTCst GoToHBI. [Iporiece smMmuccnn u ABMKEHUS dTUX (POTOHOB MU3ITyUCHUS, U
MPOCTPAHCTBEHHO-BPEMEHHBIE OTHOIICHUSI KOJICOAHUH, SIBJIIIOTCSA YaCTOTON MU3ITyYCHUSI.
[IpocTpaHCTBEHHO-BpEMEHHBIE COOTHOIIICHUSI OJIMH-K-OJTHOMY BHEIIIHEH TPOTPECCUU -
CKOPOCTbh U3JIy4YeHUs, 00Jiee NU3BECTHAS KaK CKOPOCTh cBeTa. JIBOMHOMN acleKT u3ly4eHus, B
KOTOPOM (POTOH, KaK Ka)XeTCs, UHOT/a JACHUCTBYET KaK YacTHUIla, a UHOTAa KaK BOJIHA, ObLI
0COOCHHO 033/IaUYMBAIOIIECH MPOOIEMOi, HO TeTIeph BUIHO, UTO €CTh OYEHB MTPOCTasi IPUINHA
JUIS1 3TOM IBOMCTBEHHOCTU. POTOH BeeT cedsl Kak 4acTua (TO eCTh, JUCKPeTHasA
e/IUHUIIA) BO BPeMsl U3JIyYeHH sl U MOTJIOIIEeHUsI, TOTOMY YTO 3TO JUCKPeTHAs eIUHHUIIA.
OH nyTenecTByeT, KAK BOJIHA, OCKOJIbKY COYeTAHNE CBOMX COOCTBEHHBIX
K0J1e0aTeIbHBIX IBUKEHUH C IMHEHHBIM (HAPYKY) ABUKEHHEM B IIPOTrPeccum
NMPOCTPAHCTBA-BPEMEHU, MIPOUCXOAUT B (JopMe BOJIHBI.



Eme Gonee cnoxxnast mpobsieMa, B 1oJIe U3JIyYSHHS, 3TO BONpoc o0 Hocutene. CyiiecTByer
JIOCTaTOYHO JIOKA3aTEIbCTB, YTO U3IyUCHUE MYTEIECTBYET KaK BOJIHA, HO HA OJHO W3 HUX HE
CIIOCOOHO MPUHSITH JIE000I croco0, B KOTOPOM BOJTHOOOPA3HOE IBUKEHUE MOKET
pacnpocTpaHAThCs 0€3 MPOBOIHUKA MITH YETO-TO CO CBOMCTBaMHU cpeabl. OHAKO BCE TOMBITKH
0OHApYKHUTh CYIICCTBOBAHUE CPEJIbI HE YIAIHNCh, U TEOPETUKHU MPHOCTIIH K TEM JKE
YCTPOHCTBaM, UTO U TIEPBOOBITHBIN YeoBeK. OHU M300pen JeMOHA, YTOOBI 3a00TUTHCS O
MaTepUH, TUIIOTE3Y, KOTOpas He MOXKET OBITh ONMPOBEPTHYTA, IIOTOMY YTO HE MOXKET OBITh
npoBepeHa. [ umoTes3a, 4To caMo MPOCTPaHCTBO 00JIaaeT CBOMCTBaMH cpenbl. Pa3BuTue
Cucrtembl Teopuu perraet 3TOT BOIPOC HEOKUAAHHBIM, HO OYEHBb TPOCThIM ImyTeM. OHa
MIOKAa3bIBAET, YTO CPea He HYKHA, IOTOMY YTO U3JIyUeHHe, KaK TAKOBOE, HA CaAaMOM JieJie
He JBU:KeTcsl BooOmie. Kaxpiit hoTOH ocTaeTcsi B aOCOIOTHO TOM K€ MECTe, B KOTOPOM OH
BO3HHUK, M €TO HECET HApYyKy MPOTPECCHs MPOCTPAHCTBA-BPEMEHHU.

[Tonxons k BOIpocCy, MOYEMyY 3Ta CKOPOCThb, CKOPOCTh CBETA, JOJKHA OCTaBaThCA HEU3MEHHOM,
HE3aBUCUMO OT CUCTEMBI OTCUETA, MBI BCTYMaeM B 00J1acTh, KOTOpasi UMEET HEOObIYaiHO
BBICOKYIO SMOLIMOHAJIIBHOCTh B HAYYHOM MUpE. [ 0CIIOACTBYIOIIAS TEOPHUS], TEOPHUS
OTHOCHUTEJILHOCTH, 3aBOEBaBIas BCeoOIIee MPU3HAHUE TOIBKO M1OCIIE IPEOJOICHUS CUIIbHON
OMIO3UI1H, YACTUYHO Ha OCHOBE HAYYHOT'O0 OCHOBAHMSI, TAKOT'O KaK CyLIECTBOBAHUE
"mapaoKCcoB", KOTOpbIE MOTYT OBITH OOBSCHEHBI TOJBKO IPU UCIOJIB30BAaHUU HEKOTOPBIX
CPEICTB JI0BOJIbHO COMHUTENBHOTO XapakTepa, HO, B OCOOEHHOCTH, Ha TOM, YTO 3Ta TEOpUs
KOH(IMKTOB KPEIMKO JACPKUTCA 3a UHTYUTUBHBIE OHATHUSA. [loToMy 4TO B XapakTepe caMux
apryMEHTOB UJET CIIOP MEKy CTOPOHHUKAMH U IPOTUBHUKAMHU TEOPUHM OTHOCHUTEIIBHOCTH,
KAK ¥ QaHAJIOTUYHBIE CIIOPHI 110 ITOBOY 3BOJIFOLMH, ITOXOKHUM HA CIIOP MEXKIY HayKOU U HE
Haykoil. B pe3ynbrare, TEHACHLMS B HAYYHBIX Kpyrax, COCTOUT B TOM, YTOObI COMKHYTh PSI/Ibl
U YTBEpPKIaTh KaTeropuyecku, ¢ I'elizeHoeprom, 4yto “oHa (T€OpUsi OTHOCUTEIBLHOCTH) CTaja
NOCTOSIHHOM HEJBUKMMOCTBIO TOYHOM HAyKH, KaK KIIACCUYECKOW MEXAHUKHU, TaK U TEOPHUU
Tera’.

XOTs TeX, KTO CYUTAET CUTYAIMIO TIOTUYHON 1 OECIIPUCTPACTHOM, O0JIee CKIOHHBI IPUUTH K
BBIBOJY, IIOX0XEMY Ha 3TO u3 beprmanna:

“Kak u Bce Apyrue Te0puH MPUpPOIbl, TEOPHsI OTHOCUTEIBHOCTH HECOMHEHHO TPEOYIOT
MOAU(PUKALIUU, U, BOZMOXKHO, JJaXKe MOJTHOM 3aMeHbI, Korja (GakTUUeCKUe 3HaHUS YEJIOBEKa O
(u3MUECKOl BCEIEHHON YBEIMYMBAIOTCS .

BriBosibI, Ci€TaHHBIE B JAHHOM JOKYMEHTE, SABJISIIOTCS OJIHOCThEO HEOOXOIUMBIMU U
HEN30€KHBIMU MOCJIEICTBUSMH MOCTYJIUPYEMBIX CBOMCTB MPOCTPAHCTBA U BPEMEHU, U OHU
SIBJISTFOTCS TIOJTHOCTHIO HE3aBUCUMBIMU OT BCETO, YTO MBI MOYKEM CIIyYallHO HE 3HATH O
dakTuyeckon puznueckoit BceneHHor. Ho nake HECMOTps Ha TO, UTO HOBBIE TAHHBIC HE ObLITU
MOJTYYEHBI U3 JIAHHBIX HAOJIOJICHUM, CPAaBHEHUE C YCTAHOBJIECHHBIMU (PU3NUECKUMHU (PaKTaMu
MO0Ka3aJ10 TOYHOE COOTBETCTBUE MEXKIY TEOPUEH U ONBITOM TaM, IJie KOppesiuii Obuth Obl HE
BO3MOXHBIMU, U IOOTOMY MBI OIIPABJAHHO YTBEPKIAEM, YTO YUCTO TEOPETUUECKAs
BCEJICHHAsI, ONPEICIIEHHAsI TOCIEACTBUAMU IIOCTYIUPYEMBIX CBOWCTB IPOCTPAHCTBA U
BPEMEHU, 3TO UCTUHHOE U TOYHOE MpEACTaBICHHE PaKTUUECKON (PHU3MUECKOI BCEICHHOM.
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Hanpumep, nepBbiii pu3nuecKuil Ipouecc, KOTOPbIM BBILIET U3 TEOPETUYECKON pa3pabOTKH,
ObLJIa porpeccus MpoCTpaHCcTBa-BpeMeHH. OUEeBHIHO, UTO 3TO 00ECIEUUIIO HEMETIEHHOE
00BSICHEHHE CKOPOCTH pa30eraHusl JajleKuX ralakTuk. TakuM o00pa3om, 3TO KBaIU(pUIUPYyETCs
KaK TOYHOE MpeACTaBIECHUE HAOII0AAEMOr0 SIBJICHUS PELECCUU.

BaxxHol 0COOEHHOCTBIO ATOI HOBOM TEOPUU SBIISECTCS IIUPOKOE MPEACTABICHUE MPUPOIbI
BPEMEHH, UTO MOAPAa3yMEBAETCS B KOHIIENIMU BCEJICHHOMN ABUXKEHUS. TpaguliluOHHOE
NpEeACTaBICHUE O BPEMEHH SIBIISIETCS CTPYKTYPOM, KOTOpasi U3MEPSETCS YacaMu, HO HOBast
TEOPUSs, OCHOBAHHASI HA KOHIETIINY "IBUKEHUA" TOBOPUT, YTO YAChl MEPSIOT TOJIBKO BpEMs
nmporpeccud, a He o01ee Bpemsi. ITO SKBUBAJICHTHO M3MEPEHUIO MPOCTPAHCTBA B JIaJICKOM
rajiakTUKe, €CIU Obl Mbl U3MEPSIIN ABUKEHUE 00BEKTA TOJIBKO M3-3a PELIECCUU, U HE BUJIETU
HU OJIHOTO JABUXKEHUSI OOBEKTa B TPEXMEPHOM IIPOCTPAHCTBE, 3aHUMAEMOM TaTaKTUKOM.
Hammx yacoB BpeMeHM J0CTaTOYHO JJIA 1I€JIeH, KOT/1a Mbl UMEEM JIeJIO HE C OY€Hb BHICOKUMU
ckopocTsiMu. Ho eciii MBI yJIydIIMM Hallld HHCTPYMEHTHI 10 TOYKH, T7I€ MBI MOKEM
0OHApPYKUTH OBICTPO JIBIKYIIHECS OOBEKTHI B TAJIEKOM rajlakTUKE, Mbl HAIEM, 4TO
WHCTPYMEHT, caM I10 cebe, He JaeT HaM MPaBHJILHOW MEPbl H3MEHEHHUS TTOJIOKEHUS TAaKOTO
o0bekTa. YTOOBI MOTYYUTh NIPABUILHBIA OTBET, MbI TAKXKE TOJKHBI IPUHSTH BO BHUMAaHUE
JIBUYKEHUE B TPEXMEPHOM MPOCTPAHCTBE, MPOCTPAHCTBE KOOPIAUHAT, KAK MBI 3TO HA3bIBAEM.

[1o npuynHEe B3aUMHOI CBSI3M MEKy POCTPAHCTBOM M BPEMEHEM, TaKasl )K€ CUTyalus
CYILIECTBYET U B OTHOLIEHUU U3MEPEHUS BpeMEeHH. B 00BIYHOI OBCETHEBHOM KU3HH,
€MHCTBEHHOE BPEMsI, KOTOPOE MbI JOJLKHBI IPUHATH BO BHUMAHHE 3TO BPEMS 4aCOB, TOTOMY
YTO U3MEHEHUS MOJIOKEHUSI B TOM, YTO Mbl MO’KEM Ha3BaTh KOOPJAMHATHBIM BPEMEHEM,
aHAJIOrOM KOOPAMHATHOT'O MPOCTPAHCTBA, MPEeHEOPEKUMO Masbl. Ho Ha BBICOKHX CKOPOCTSX
JIBUKEHUSI, KOOPJIMHATHOE BPEMs CTAHOBUTCS BakHBbIM (pakTopoM. Ha ckopoctu cBera,
JIBUYKEHUE BO BPEMEHU MIPOUCXOJIUT B TOM K€ TEMIIE, KaK U B IPOCTPAHCTBE, C
koaddunrerntom 1:1. Eciau nBa ¢poToHa uznmydaroTcsi oHOBpeMeHHO u3 Touku O B
IIPOTHBOIIOJIOKHBIX HaIlpaBlICHUAX. B KOHIE €IMHUIIBI BpEMEHU OHM JIOCTUTHYT ToueK A u B
cooTBeTcTBEHHO. [0 HpI0TOHY, OTHOCUTENIBHASI CKOPOCTH YIaJ€HUs, KOTOpast UMEET MECTO B
IPOCTPAHCTBE, JABE €IMHMIIBI TPOLLIEIIIEr0 BPEMEHH Pa3/IeIuTh HA OJIHY €AMHUILY
IPOCTPAHCTBA, B PE3YyJIbTATE JBE €AUHULBI CKOpOocTH. HO sKcriepuMeHTanbHble TaHHbIE
MOKa3bIBAIOT, YTO €CJIM 3TA OTHOCUTENIbHASI CKOPOCTh MOKET U3MEPSTHCS, OHA OKA3BIBAETCS
OJIHOW €TMHMIIEH, a HE ABYMS €IMHUIIAMU, TO €CTh, CKOPOCTb CBETA IIOCTOSIHHA, HE3aBUCUMO
OT CUCTEMBI OTCUETA.

DKCNEPUMEHTAIBHOE OTKPBITHE MTOCTOSTHHOW CKOPOCTHIO CBETA, C/IEAI0 HEeEHCTBUTEILHBIMHU
oTHomIeHUs HbI0TOHA Ha BHICOKUX CKOPOCTSIX, U HEOOXOUMO ObLIO pa3zpaboTaTh HOBYIO
TEOpUI0. DUHIITEHH, paboTas B KOHTEKCTE BCEICHHOW MaTepUH, MOCBSIIAET ce0s
YTBEPKIICHUIO, YTO BPEMsI - 3TO TO, UTO U3MEPSAETCSA YacaMH, U TaM OKa3aJiCsl TOJIbKO OJINH
OTBET: OTKa3 OT ujien abcomtora. Ero pemenne mpobieMbl ObUTIO B yTBEPKICHUH, YTO
BEJIMYHMHBI TPOCTPAHCTBA U BPEMEHHU U3MEHSIOTCS aBTOMAaTUYECKHA B 00hEME, HEOOXOTUMOM
JUTSI TIOJTYYEHUsT HEOOXOAMMOTO pe3yIbTaTa.

Pesynbratel 310 pabOTHI yKe ceifuac MOKa3bIBaOT, UTO TUIOTE3a DIHIITEHA HE SABIISIETCS

"€ TMHCTBEHHO BO3MOXHBIM ITyTeM", 4TOOBI peIIUTh MPoOIeMy. ITO MOKET ObITh €AMHCTBEHHO
BO3MOXHBIM CIIOCOOOM pENICHHS MPOOJIEMBbI B TIpeiesiaX BCEICHHOM MaTepuu. B KOHTeKCTe
BCEJICHHOM JIBUKEHHS €CTh U APYrOM IyTh. Pa3BUTHE, OCHOBAHHOE HA KOHLEIUN
"nBUKEHMS", TOKA3aJI0 CYIIIECTBOBAHHUE ACIEKTa BCEJICHHOM, 4O CUX MOP HEU3BECTHOTO -



CymeCTBOBAHUC KOOPJAUHATHOT'O BPEMCHU.

Heo0xoammo moHuMaTh, 4TO ¢ TOYKH 3peHHs (OTOHA, €CTh JIUIIL TpocTpaHcTBO OA,
cooTBeTcTBYMOMEe Bpemsi OA, KOMIIOHEHTHI POTPECCUU TTPOCTPAHCTBA-BPEMEHH, KOTOPHIC
OTBEUAIOT 32 ABW)KCHHE A. UaChl, CIIEIOBATEIILHO, 3apETrUCTPUPOBATN TOIBKO BpeMs OA.
[TpoctpanctBo OB HEe BXOAMT B MPOTPECCHIo A, 3TO €IWHUIIA KOOPJAUHATHOTO MPOCTPAHCTBA,
KaK OOBIYHO Tpu3HaeTcs. Touka HOBOTO OOBSICHEHHE 3aKIF0UAETCSA B TOM, UTO TO KE CaMOe
BEPHO U JUIsl COOTBETCTBYIoMIEro BpeMenu OB. DTo eme oiHa equHUIA BpEMEHH, U B
OTHOIIEHUU (OTOHA A - 3TO €MHUIIA COTIIACOBAHHOTO BPEMEHH, €IMHUIIA, KOTOpas HE
y4acTBYET B Iporpeccuu A.

B xoHTEKCTE HEMOABUKHOM CUCTEMBI OTcueTa BpeMeHHu, OA kak u OB sBisttoTcs
VMHTEpBAJIaMH B KoopanHaTHOM BpeMeHu. Ho OA - uHTEpBan BpeMeHH, yepe3 KOTOPbIN
nporpeccust HeceT PoToH A, XOTs OH JBIKETCA 0T O B IPOCTPAHCTBE, M 3TO MHTEPBAJL,
KOTOPBIM 3aperucTprpoBaH Ha yacax A. Bpemennoii unrepan OB, uepes kotopsiit hoToH B
nepeMeniaeTcs ciydyaiHo, He UMeeT oTHoIIeHus K mporpeccun OA goToHa A, ¥ OHO HE
3apeructpupoBano Ha yacax A. HaoGopot, yacel B peructpupyer untepsan spemern OB, 310
BpeMsi, BOBJICUEHHOE B JIBIKeHUE QoToHa B, a He untepBan Bpemenu OA. Takum oOpazom,
4achl 3aPETUCTPUPOBAIIA TAKOE KOJIUYECTBO BPEMEHU, KAKOE€ U JIOJDKHBI, TAK KaK CKOPOCTh
IIPOTPECCHUN BCETIA €IMHUIA, HO HE 3aPErUCTPUPOBAIIM IOJHBIM HHTEPBAJI BPEMEHHU, 110
KOoTOopoMy 00a (oToHa paz0berainch, KOrjaa OHU JTOCTUTIN TPOCTPAHCTBEHHOTO PACTION0KEHUS
A u B cootBercTBeHHO. Ha maHHOM 3Tane oHW pa3AesieHbl Ha IBE €AUHHUIIBI IPOCTPAHCTBA, U
OHM TaKXe pa3/ieJICHbl Ha IBE€ €IMHUILIBI BPEMEHH, U YPABHEHUE JABM)KEHUS UMeeT Bui 2/2=1,
YTO corjlacyercsi ¢ HabmoaeHusaMHu. Ha HU3KUX CKOPOCTAX, KOOPAUHATHOE MPUpPAILIEHUE
BPEMEHH, KOTOPOE HE YUACTBYET B IPOTPECCHUU, HE PETUCTPUPYETCS YaCaMHU, TaK KaK Ha
OOBIYHOM CKOPOCTH MOBCETHEBHOM KU3HU OHA HUUTOXHA. ECTh HEKOTOpBIE HaOII0JaeMble
dbusnueckue sIBICHUS, B KOTOPHIX 3D (PEKT ABIAETCS CYyIIECTBEHHBIM, U B IPUMEHEHUHU K 3TUM
SIBJICHUSIM, KOOPJIMHATHBIE TOTIOJIHEHUS K YacaM JIat0T T€ K€ MAaTEMATUYECKUE PE3yJIbTAThI 10
TEOPUU OTHOCUTEIBHOCTH. DTH MaTEMaTUYECKUE PE3YJIbTAThI YaCTO N300paKAIOTCS B TEKYIIICH
JUTEpaType B Ka4eCcTBe "0Ka3aTEIbCTB" CIIPAaBeAJIMBOCTH TEOPUH OTHOCUTEIBHOCTH, HO 3TO
Takas CIIy4ailHOCTh, KOTOpPYIO ynoMsHyn Dingle: mprem, moka3bIBaIOLINil, YTO TEOPUS MOKET
OBITH TTpaBa, KaK JI0Ka3aTEIbCTBO TOTO, YTO ATO MPABUIILHO.

Takoe cB0OOIHOE paccy kIeHHE Bceria He0OOOCHOBAaHHO MPAKTUKOM, HO ellle 0oJjiee HEJTOTUYHO
3asBJICHUE, C/IETAHHOE JUIsl CIEUAJIBHOW TEOPUU OTHOCUTEIBHOCTH, KAK MAaTEMaTUYECKHE
OTHOILIEHUs1 ypaBHeHU# JlopeHla, pe3yiabTaTbl, KOTOpble ObUIN MOJYyY€Hbl HE3aBUCUMO OT
TEOPHUH OTHOCHUTEIBHOCTH. OHM NPEAIECTBOBAIM TEOPUHU U HE3ABUCHMBI OT HEE. DWHIITEHH
pPEeIOCTaBUI MPABIONOA00HOE O0BICHEHUE 3TUX SMIIMPUUECKU BBISIBICHHBIX OTHOLIEHHM, YTO
He O6osiee HayuyHOE 00BSICHEHUE, U3 JOCTYITHBIX paHee, HO ¢umocodcku Oomee mpuemiieMoe s
00bIIMHCTBA yueHbIX. HalmrogaeMbie COOTBETCTBHSI pa3IUYHbIX SBJICHUIN HE MOATBEPKAAIOT
JIeHCTBUTENHHOCTh O0BsICHEHUS DiHIITEHHA . PazHuUIa MEXIY STUMH TEOPUAMHU 3aKITIOUAETCS
TOJIBKO B X COOTBETCTBYIOIINX OOBSICHEHUSIX POUCXOKIEHUS HAOII01aeMbIX 3(PPEeKTOB.

be3 comHenusi, MHOTUM OyJIeT TPYAHO MOBEPUTH B TO, YTO OCHOBHBIC (DYHKIIMHU BCEIICHHON
MOTJIM OCTaBaThCsl HE3aMEUCHHBIMH MOCIIC TOCTUKEHUS (PU3MUECKON HAYKOW TaKOW BBICOKOM
CTaJuu MIPOJBHKEHHUS, YTO B HACTOsAIIEe BpeMs nipeodianaer. Ho cieayer mOMHHUTE, 9TO BCe
y>K€ JIOCTUTHYTBIE PEe3yJIbTaThl, MOJyYeHHBbIC (U3MICCKON HayKOM, ObLIM OCHOBAHBI HA
KOHIICTIIIUY BCEJICHHOM MaTEPHH, KOTOPasl, KaK ceiiyac M3BECTHO, ABJISCTCS OMMOOTHOM,
CJIeIOBATEILHO, IPEACTABIISIET COOOM JTydIlee, 9To HayKa CMOTJIa JOCTHYh B paboTe C



HEIPAaBWJIBHBIM MPEAIIOI0KEHUEM. DTOT MPOLUIBIMA ONBIT HE B KOEH MEPE HE OrPAHUYMBACT
BO3MOKHOCTH NPABUIILHON TeoprH. COTIIaCOBAHHOE BPEMS ABIISETCSA TOJIBKO OAHOM U3 YUCia
paHee HEeM3BECTHBIX (pr3MuecKuX (GyHKIIUN MEPBOCTETIIEHHON BaXKHOCTH, KOTOPBIE OBLITN
BBISIBJICHBI B CBSI3U C PA3BUTUEM ONMCAHUSI BCEJIEHHOM ABMKEHMA. [Ipeapinynas
HECTIIOCOOHOCTH pa3anyaTrh ATH SBJICHUS IPOCTO YacTh LIEHBI, YTO HayKa 3aIulaTuia 3a
IIOCTPOECHUE CTPYKTYPHI €€ TEOPUHU HA HEMPABUIIBHOW OCHOBHOWM KOHUEIIIHH.

BPAIIATEJIBHBIE IBUKEHUSA. MATEPUSA

J1o cux mop MBI UMEITH JIEJI0 TOJIBKO C TMHEHHBIMU JIBKEHUSIMU. BpaiareabHoe BHKEHHE
TAK)Ke pa3penraeTcsi B TeOMETPUHN TPEXMEPHOTO MPOCTPAHCTBA (M BPEMEHH), HO, TIPEXKIC YEM
BpAIICHUE MOXKET IPOUCXOIUTh, TaM JOJHKHO OBITh HEUTO, YTO MOXKET BpaIIaThCs,
CJIeIOBaTEILHO, BpamaTejbHble IBHKEHHS He MOTYT OBbITh MOJy4€eHbI HEMOCPEACTBEHHO
U3 IBHKEHUsI B POTrPeCcCUM NMPOoCcTPaHcTBa-BpeMeHU. CyIecCTBOBAaHUE OJHOMEPHBIX
OCIWJUIMPYIOIIMNX €IUHUIL], JOTOHOB, B HACTOSIIEE BpeMsl 00ecreunBaeT HeooXoumMoe ""uTo-
T0". Hameit cienyromeit 3agaueit Oy1eT U3y4uTh TECOPETUUECKUE aCTIEKThHI BpalieHus PoToHA.
CHayana MbI paCCMOTPHUM XapaKTEPUCTHKHU BPAIATEIILHOTO JIBIKEHUS KaK TAKOBOTO, a 3aTeM
cnenuanbHble PYHKIMH, KOTOPBIE BHITEKAIOT U3 TOTO (aKTa, YTO 3TO POTOH, KOTOPHIi
BpallaeTcs, a He YTO-TO JIPYTOe.

BaxHpIM MOMEHTOM BpAILEHHS SBIETCS TO, YTO OH COBEPIIAET Pa3BOPOT BEKTOPHOTO
HaIpaBJICHUS JBM)KEHUS, 0€3 pa3BoOpOTa CKaJIsipHOro HampasiieHus. Kak yka3biBaoch paHee,
Kavaromascs nporpeccus (poToHa IBHKETCS BIEPE] HA OJIHY €AMHMILY, a 3aT€M Ha3aj, [0 TOU
K€ €IMHUIIE, Ha3a/ B CKAJSIPHOM HalPaBJIEHUH, KOTJa OH Pa3BOPAYUBAETCS B BEKTOPHOM
HanpasieHud. Ho 00beKT, KOTOpbIi BpaliaeTcst BOepe, Npo0JKAET ABUTaThCs BIEPE,
HE3aBHCHMO OT U3MEHEHHI B BEKTOPHOM HANPABJIEHUHU, KOTOPBIE MPOUCXOAAT. PazHuna
MEXIY STUMU JABYMs CUTYallUSIMU MOKET OBbITh MOJAYEPKHYTa BO3BpPALICHUEM K
aBTOMOOUIIbHOM aHanoruu. Ecnu 3Ta MaiivHa nepuoinyeck MEHsIeT HalpaBiieHUe, ABUTasICh
B34/l ¥ BIIEpE]] TI0 TOMY K€ MyTH, KaK U B CIy4yae paHee, CIUIOMEeTp OyAeT perucTpupoBaTh
HYJIEBOE TIEPEMEIICHHE, MTOCIIE JTI000T0 KOJIMYECTBA MOJHBIX ITUKIOB, IPUHUMAas BO BHUMAaHUE,
YTO €CJIM aBTOMOOMUJIb OYJIET NIBUTAThCS 1O KPYTY, 3TO AACT TOT )K€ PE3yibTaT, B IIaHE, YTO
KaX/IbIi MOJHBIN IIUKI OyJeT CTaBUTh €T0 TyJAa, OTKy/Ja OH Havajl, HO CIIHUJIOMETp OyeT
POAOJIKATh YBEIMYMBATH IaHHBIC, yKa3bIBask MPOOET BIEPE/.

Jliist Gosiee TeCHOM aHaJIOTUH, ITaBaTe Terephb MPEANnoa0KUM, YTO STOT aBTOMOOMIIb €JIET 10
MOBEPXHOCTH OUYEHb OOJIBIIIOTO BO3AYIIHOIO MIapa, U JOMYCTUM, YTO CITUJIOMETP CBS3aH C
MEXaHHU3MOM IIIapa TaKUM 00pa3oM, YTO MOJIOKHUTEIbHbBIE BETUYUHBI CITUOMETP
PETUCTPUPYET, KOT' /A IIap pACIIUPATHCS, B TO BpEMsS KaK OTPULATEIIbHBIE, KOTJa CKUMAETCS.
Haxonen, npeanonoxum, 4To JMHEWHBIN IyTh, B OJTHOM CJIy4ae U IPOTrPECCHsi, B IPYroM,
YETKO OIpPEENICHb COOTBETCTBYIOIMMHU MOMeTKamMu. HezaBrucumo oT Toro, aBTOMOOHIIb
JBUXKETCS BIIEpE]l WM Ha3aJ MO0 JIMHEWHOMY IYTH, WM JBUXKETCA 110 KPYTY, OH OCTAETCS HA
OKpalIEHHOM II0JIOCE, TO €CTh, OH OCTAETCS B TOM € MECTE Ha MOBEPXHOCTH mapa. Ho
JMHEVHOE JBMXKEHUE HE JEIaeT HUKAKUX U3MEHEHUN B pa3Mepe 1apa, ClieI0BaTeIbHO,
PACCTOSIHHE MEXTy OpUTHHAIBHBIM aBTOMOOWIIEM U JTFO00M IPYTOil aHAIOTHYHON MAITMHON
Ha MOBEPXHOCTH IlIapa OCTAETCSI HEM3MEHHBIM, TOTJIa KaK JBUXKEHHUE TI0 KPYTY BBI3BIBACT JINOO
pacumpeHue, 100 COKpalleHue Iapa, B 3aBUCUMOCTH OT TOTO, OH JIBHXKETCS BIIEPE1 WU
Hazaja. B aTom cityuae paccTosiHue MEXy JOOBIMU IBYMsI TAKUMH MalllMHAMM YBEJIMUYUBACTCS
WJIM YMEHBIIAETCS, XOTS KKl OCTAETCA B ONPEICICHHOM MECTE Ha TOBEPXHOCTH I1Apa.



B guznueckoit cutyaruu, 3TOT MEXaHU3M HE MEHEE CJIOXKHBIM, HO BIIOJIHE MOXOXK.
KonebatenbHoe nBukeHnE (POTOHA, KaK JABM)KEHUE Ha3aJ U BIIEpE aBTOMOOMIISI, UMEET
CKaJISIPHYIO PaBHOZEHCTBYIOIYIO, pAaBHYIO HYJIIO, HO BpalllaTeJIbHbIE IBUKEHUS (OTOHA
COXPAHAIOT T€ K€ CKAJIIPHbIC HAIPABJICHUS IOCTOSIHHO, TAKUM 00pa30M, U3MEHSS PACCTOSIHUE
MEX]Ty 3TUM U BCEMH JIPYTMMH BpallaroluMucs (poToHaMu, Kak KpyroBO€ JIBUKEHHUE
aBTOMOOMJIEH Ha MOBEPXHOCTHU LIapa, B paMKaX MPUHATHIX YCIOBUI U3MEHEHHsI paCCTOSHUS
MEX]1y HUMU.

OJIHO BaXXKHOE Pa3IMYME MEXKIY JIBYMSI CUTYallMAMU 3aKJIF0YAETCSI B TOM, YTO BpaIllCHUE
¢dboTOHA MOXKET UMETh MECTO TOJILKO B OTPHUIIATEILHOM (BHYTPb) CKaJISIPHOM HaIlpaBJICHUH.
JI1s1 oObsicCHEHUs 3TOTO (PakTa HEOOXOAMMO YUUTHIBATH OIPAHUYCHUS JJIsl BpaIaTeIbHOTO
JBUKEHUsSI 00bekTa. BpaleHue Ha eJUHUILY CKOPOCTH, BO BHEIIIHEM CKAJISIPHOM
HAINPABJICHUU HE UMeEET CMbICJIa, TAK KAK eIUHMYHAS BHEIUHASA CKOPOCTH PaBHA
¢pusnyeckomy HyI10, GU3MIECKUIT IKBUBAJEHT BOOOIIE HUYEr0, H 3TO HEJIb3Hl OTJIUYHUTH
OT He BpameHus. /[BrkeHne mo00ro Buaa B KOCMUYECKOM MTPOCTPAHCTBE HA CKOPOCTH
OOJBIIIe €TUHUIIBI HEBO3MOXKHO, KaK MbI YK€ OTMETHIIN, U TIOCKOJIbKY HET JPOOHBIX EAMHHUII,
Hapy>KHOE BpaiieHrne (HoToHa MOTHOCTHIO UCKITI0OUeHO. Ho BpalieHue Ha e IMHUITY CKOPOCTH,
BO BHYTPEHHEM CKaJSIPHOM HaIpaBJICHUH UMEeT (PU3UUECKUN CMBICI, OHO YHUUTOXKAET
BHEIIHEE JIBUKEHHUE TPOTPECCUU U CHUKAET YUCTYIO0 CKOPOCTh 10 Hys1. Kpome Toro, MOKHO
UMETh OJIMH JOTIOJIHUTEIbHBIN OJIOK BHYTPEHHETO JBUKECHUS, ABE €IMHUIIBI B 1IEJI0M, 0€3
MIPEBBILICHUS MIPEAECIBHOIO 3HAYECHUS CKOPOCTH. DOTOH, CIEA0BATEIBHO, BBIHYKICH
BpAIIaThCs BO BHYTPEHHEM CKAJISIPHOM HAIPABJICHUM.

Bpamaromutics potoH, Takum oOpazoM, IepeBopavyMBaeT HOPMAILHYIO BHEIITHIOO
MPOTPECCUI0 U ABUKETCA BHYTPb B IPOCTPAHCTBE KO BCEM MPOCTPAHCTBEHHO-BPEMEHHBIM
MeCTaM, KakK eclii ObI OHO OBLIO PACIIOIOKEHO Ha BO3YIIHOM IIape. ITO BHyTPeHHee
ABHMKEHUE KAXKA0T0 OTAeIbHOr0 0JIOKA He MOKET ObITh 00HAPYKEHO JHObIM NPAMbIM
U3MepeHHeM, HO TAK KaK BCe Takhe Bpamawinuecss GoToHbI IBUTAIOTCA BHYTPb,
BHAMMBIM 3((EeKTOM JBHKECHUS SABJISIETCH TO, YTO KAK/bIi JBUKETCH B CTOPOHY KO BCeM
APYT¥MM, CJI0BHO OHH BCe MPOSIBJISIIOT B3aUMHOE NPUTSKEHHE.

Tenepb MBI TOTOBBI ClieNIaTh HEKOTOPHIE WACHTUPUKAIMA. B TOM ke mopsijke, Kak U paHblIe,
MBI OIIpEAEIISIEM BPAIIAIIUICA (POTOH, C HEKOTOPBIMHM UCKIIYEHUSIMH, KOTOpPbIE MBI
00cyauM mo3ike, kak aroM. KossiekTUBHO, aTOMBI 00Pa3yl0T MaTepPHUI0, 2 BHYTPEHHUE
ABHKEHMS, 32 CYET M3HAYAJIBHOI0 CKAJISIPHOI0 XapaKTepa BpallleHUsl, [PABUTALUIO.

Kak u B ciryyae u3nyueHus, pa3BUTHE 3TOM HOBOW M TOUHOM TEOPUU PEIIaeT, Ka3aioch Obl,
HEIMPEOAO0INMbIE TPYAHOCTH, KOTOPBIE 0 CHX MOP CTOSUIM HAa IIyTH NOHUMaHUS
IrpaBUTALIMOHHBIX SBJICHU. [Iponcxoxaenue rpaButanny, Tenepb oueBuaHo. Kpome Toro,
PUPOJIa 3TOTO TPABUTAILIMIOHHOTO JIBUKEHUS OOBSCHSET Crielu(pUUIECKUE XapaKTEPUCTUKU
ABJICHUS, KOTOPbIE ObUIM HEMOHATHBIMU JUIS IPEABIAYIINX uccinenoBareneil. Hackomabko
MO>KHO OIIPEJIEINTD U3 HA0JI0IEHUH, TpaBUTALUs JEHCTBYET MTHOBEHHO, O0€3 BMEIIaTeIbCTBA
Cpelbl, ¥ TAKUM 00pa3oM, €ro MocjieICTBUS HE MOT'YT ObITh CKOHCTPYHUPOBAHbBI MJIK U3MEHEHBI
KakuM-1100 o6pazom. Ho Bce monbITkH 00BACHUTH 3TH OCOOCHHOCTH, B MPEABLIYIIIX
¢usnyeckux Teopusax ObUIM HACTOIBKO OECIUIOAHBIMU U O€3HAICKHBIMU, UTO 3a/1a4a Oblia
naBHO 3a0poiieHa. B TedeHre MHOTHUX IE€CATUIIETHI, BCE TEOPETUUECKUE Pa3pabOTKH B 3TOM
005acTH, ObUIM OCHOBAHbI HA TOM MPEINOCHUIKE, YTO, 10 HEM3BECTHON MPUUMHE, (PU3nYecKue
HAOJIIOICHMS] 1al0T HaM JIOKHbIE CBEJIEHUS, YTO, HECMOTPS Ha BCE€ HAOIIOEHUS, TPABUTALIMS
JOJDKHA PACIIPOCTPAHATHCS HA KOHEYHOM CKOPOCTH, Yepe3 MOCPEAHUKA, UIH YTO-TO CO



CBOMCTBaMHU Cpeibl, M UTO "aHTU-TPABUTAIL[MOHHBIE "' MEPBI, BEPOSATHO, OYAYT BOZMOXKHBIMH,
€CJIM TaKOW MeToJ Oy1eT OOHapy KeH.

Pesynprarel Bzanmuaoi CucTemsl Tereps NOKa3bIBAOT, YTO 3TH 3aMEYAHMS HE BBOJST B

320y /IeHHE; OHH JAIOT HAaM UCTUHHOE MPEAICTaBICHIE O CUTyallui. MTHOBEHHOE JIEHCTBUE,
OTCYTCTBHE MTOCPEITHUKA, U HEBO3MOKHOCTh aHTU-TPABUTALIUH, BCE OOBSICHIETCS TEM, UTO
IpaBUTALMA - OTO HE AEWCTBHE OJHOM MACChl HAa APYIYIO, KaK OTO Kaxkercs. B peanbHOCTH,
Ka>K/Iplil aTOM MaTEpUH, CIEAYs CBOUM IyTEM, HE3aBUCUMO OT BCEX JIPYTUX, PU ITOM SIBHOE
B3aMMOJICHCTBHE - ATO UJUTIO3USI, CO3/IaHHAsl TEM, YTO BCE aTOMBbI JIBUJKYTCSI BHYTpPb B
IPOCTPAHCTBE OJTHOBPEMEHHO, CJIEIOBATENbHO, KaXK/IbIM IBUIKETCA B CTOPOHY KO BCEM JPYTHUM.
Her pacnpocTpanenust BO3aeHCTBUS OAHOTO HA IPYTOro, 1 HET HEOOXOJUMOCTH B CPEJICTBAX
JUIS TIepeiadn Takoro dddekra.

O06a, BHelIHEE BUKEHHE (POTOHA U BHYTPEHHEE IBUKEHUE aTOMa - CKaJIIpHbIE ABMXKCHUS
OJIHOT'O M TOTO k€ 001ero xapakrepa. EcTb o1HaKo pa3HuIla, B TOM BHUJIE, B KOTOPOM 3TH JIBa
JBUKEHUS MPOSIBIISIIOTCSA B TPEXMEPHOM ITPOCTpaHCTBE. B 000uX cilydasx HampaBieHUue
JBUYKEHUS, CO CCBUIKOM Ha TPEXMEPHYIO CHCTEMY KOOPJIHUHAT, ONPEEISETCS CIy4ailHo,
MIOCKOJIbKY CKaJSIPHOMY JIBM)KEHHUIO HE CBOMCTBEHHBI BEKTOPHOE HarpaBieHus. Hanpasnenue
IBUXEHUS (DOTOHA OIpeAeAeTCS B MOMEHT SMUCCUH, U TaK KakK 3TOT (POTOH ocTaercs
MOCTOSIHHO B a0COJIFOTHOM MECTE, HET HUKAKUX U3MEHEHUH, eclid (DOTOH CTAKUBAETCS C
IOpEenATCTBUEM. ATOM, C IpYrol CTOPOHBI, IBUKETCS B ONIO3UIMH K IPOCTPAHCTBEHHO-
BPEMEHHOM MPOTPECCHUM, U CIIEOBATEIBHO, TOCTOSIHHO MEPEXOAUT OT OJITHOM €TMHUIIBI
IPOCTPaHCTBA-BpEMEHH K apyroi. Kaxoe Takoe uaMeHeHue abCoIOTHOIO MECTOIOJIOKEHUS
IpearnoiaraeT HOBTOPHOE ONPEAEICHHE CKAISIPHOIO TPOCTPAHCTBEHHOI'O HAITPaBJICHUS
JIBUKEHUS U B JOJTOCPOYHOM NEPCIEKTUBE, ABUKEHUE KaKOr0 aTOMa PacpoCTpaHsIeTcs Ha
BCE€ IIPOCTPAHCTBEHHBIE HAIIPABJICHHUS], TO €CTh, ATOM JBUXKETCS B IPOCTPAHCTBE BO BCEX
HanpaBieHusX. 3 reoMeTpruueckux cooOpakeHuid, Mbl IOJTydaeM, 4TO Ha paccTosHUU d oT
aToMa, IBUXKEHUS pacipenessiioTcs no chepuyecKkoi MOBEPXHOCTH paauyca d, 1 4acTh 001IEero
JBUKEHUSI, HAIIpaBJIeHHAs Ha €IMHUILY TPOCTPAHCTBA HA ATOM PACCTOSIHUM, 3aBUCHUT OT
COOTHOIIICHHUS TUTOIIAIU €IMHUIIBI K O0IIeH MIommaau cepudecKkoi MoBEpPXHOCTH, KOTOPOE
03HAYAET, 4TO OHO OOPATHO MPOMOPIHOHANBHO d°. DTO 3HAKOMOE HAM OTHOIICHHE OOPATHBIX
KBaIpaToB: (BUAUMBIN) 3(h(PEeKT NpUTSHKEHHS], 00paTHO MPOMOPIIMOHATIbHBIN KBaIpaTy
PacCTOSIHUSI.

I'paBuTanys, Kak MpaBUiIo, MOAAETCS B TEPMHUHAX CUJIbL, & HE B TEPMHUHAX JBUKEHUS, U
JKEJIATEJIbHO YCTAHOBUTD CBSI3b MEXKIY 3TUMHU JBYMS NOHATUAMU. [l 3TOTO, 1aBaiiTe
PacCMOTPUM CUTYAIUIO, B KOTOPOW OOBEKT IBHKETCS B OJJHOM HANPABICHUH C ONPEIETIEHHOM
CKOPOCTBIO, U OJTHOBPEMEHHO JIBUTAETCS B MPOTUBOIIOJIOKHOM HANPABJIECHUH C PAaBHOU
CKOpOCThI0. UNCTOE M3MEHEHUE NOJIOKEHUSI O0BEKTA PABHO HYJIIO, U BMECTO TOT'0, YTOOBI
CMOTPETh Ha CUTYAIIUIO C TOYKH 3PEHUS IBYX IIPOTHUBOIOIOKHBIX JBUKEHUN, MBI MOXKEM
CKa3aTh, UTO OOBEKT HEMOABUKEH, U YTO 3TU YCIIOBUS MPOU3OILIN U3-3a KOH(PIUKTA JBYX CUJ,
CTPEMSILUXCS BbI3BATH IBUKEHUE B IPOTUBOIIOJIO0KHBIX HarpaBiieHUsAX. Ha 3Toil 0cHOBE MbI
OMpENEIIIeM CUILY, KOTOpas MPOU3BOJUT IBUKEHUS, KaK IPOU3BEICHUE MACChl HA YCKOPEHHUE.

B nacTosiiee BpeMst CyIecTBYeT OHATHE ONPENEIIEHHOTO IPeiesia CKOPOCTH, KOTOPask MOXKET
OBITH JOCTUTHYTA B IIPOCTPAHCTBE, HO MOHSATUE CUIIBI HE COJIEPKUT U HaMEKa Ha JIto00e Takoe
OTrpaHUYCHUE, U €ro CyIIECTBOBAHUE HE MOATBEPXKACHO. JTO, B CBOK OYEPENb, IPUBEIIO K
HEKOTOPBIM 3a01yKJEHUSM OTHOCUTEILHO MOBEAECHHSI COOTBETCTBYIOLIUX BEJIMYHMH.



OcHoBHas omKOKa, B JaHHOM ClIy4ae, B IPEIINOJI0XKEHUH, YTO CUIIa, IEHCTBYIOIIAs Ha
YCKOPEHHE MACChI, OCTAETCS MOCTOSHHOW HE3aBUCUMO OT CKOPOCTH Macchl. Eciin Mbl
IIOCMOTPHUM Ha 3TO MPEATNOTI0KEHUE TOJIBKO C TOUKU 3PEHUS CUJIbL, KOHIEITLIHS
IPEACTABIISIETCS COBEPIIECHHO JIOTMYHOW. HO KOrma Mbl CMOTPUM Ha CUTYAlUI0 B HCTHHHOM
cBeTe, KAaK HAa COYeTaHHe IBUKeHHMI, 2 He OCPEACTBOM MCKYCCTBEHHOI KOHUeNIUN
CHJIbI, CPa3y BUIHO, YTO He CyLIeCTBYeT TAKO0#l BelllH, KAK MOCTOSIHHAS CHJIA.
[IpocTpancTBEeHHO-BpEMEHHAs IPOTPECCHS, HAIIPUMEP, UMEET TEHACHITNIO OOy IaTh
00BEKTHI K TPUOOPETEHUIO CKOPOCTU €IMHUIIBI, U CIIEIOBATEIbHO, MBI TOBOPUM, YTO 3TO
OKa3bIBACT €MHUILY CUJibl. HO 04eBHIHO, YTO TeHIeHIIUS NPUAABATH €AMHUIY CKOPOCTH
00bEeKTY, KOTOPBIH y’ke HA BBICOKOH CKOPOCTH, He IKBMBAJIEHTHA TEHACHIMH NPUAATH
eIUHMIy CKOPOCTH MOKOSIIEMYCH Tesy. B orpaHMUMBarOInX yCIOBHAX, KOTJa Macca yxKe
MMEET €IMHUILY CKOPOCTH, CHJIa TPOCTPAHCTBEHHO-BPEMEHHOM MPOTPECCUHU YKE HE BIIUSET,
TaK KaK €€ BEJIMYMHA PaBHA HYJIIO.

[To ananoruu, Mbl MOXEM PaCCMOTPETH CIIy4aid, KOrJa EMKOCTb 3aIll0JIHEHA YaCTUYHO BOJIOM.
Ecnu eMKoCTh Bpamaercs, CKOpOCTh BpAIlEHHs BOABI IIOCTENIEHHO cpaBHUBAaeTCs. IIpu HU3KHUX
CKOPOCTSX IIOTOKA, YCKOPEHUE IPUMEPHO NOCTOSIHHO. Ho ake eciim HeT HUKAaKUX U3MEHEHUH,
13 KOTOPOTo 3Ta "KOHCTAaHTA" CHJIbI BPALIEHUs HCXOIUT, YCKOPEHUE YMEHBIIIAETCS, IIPU
OPUOIMKEHUU K MIPEEITy CKOPOCTH EMKOCTU. AHAJIOTMYHBIM 00pa30M, HCTOUHHK
"KOHCTaHThI" CUJIbI B COBPEMEHHBIX (PU3NYECKHUX IKCIIEPUMEHTAX - SJIEKTPUUECKUI
NOTEHIIMAI, MOKET OCTaBaThCAd HEU3MEHHBIM, HO 3((EKT CHIIbI YMEHbBIIIAETCS, TOCKOJIBKY
npees OrpaHUYeHHs] CKOPOCTH MPUOIIMKAETCS.

Od4eBuHO, HA ’TOM OCHOBAHUH, YTO MOJHBIN 3P HEKT F000H CHIIBI JOCTUTAETCS TOIBKO TOT/Ia,
KOT/Ia OH OKa3bIBAETCS Ha TEJO B MOKOE, U, 4TO d(PPEeKTUBHAS COCTABIISIOIIAS CHIIBI TIPH
JIEUCTBUY HA OOBEKT B IBIKCHHH, SIBIISICTCS] (QYHKIIMEH pa3HUIIBI B CKOPOCTH. OOBIKHOBEHHBIC
3€MHBIE CKOPOCTH HACTOJIBKO HU3KHE, YTO COOTBETCTBYIOIIEEC YMEHBIICHUE AEHUCTBYIOIIECH
CHUJIBI HUYTOXHO, U B 3TUX CKOPOCTSIX, JIEKTPUUECKUN MOTEHIIUAT MOKHO CUUTATh
MOCTOSTHHOM CHJION. DKCIIEPUMEHTHI TOKA3bIBAIOT, OJTHAKO, UTO YCKOPEHUE OBICTPO
YMEHBIIIAETCS HA OY€Hb BHICOKOM CKOPOCTHU Y MPUOIMKAETCS K HYJIIO, 2 CKOPOCTh MAacCChl, K
KOTOPOM MPUMEHSIETCS CHIIa, OJIM3Ka K €UHUIE. Teopusi OTHOCUTEIIBHOCTH O0BSCHSIET
AKCIEPUMEHTAIIbHBIE PE3YJIBTATHI MIPEAIOIIOAKEHUEM, UTO MACCA YBEIIMUUBAETCS CO CKOPOCTHIO
Y CTAHOBUTCSI OECKOHEUHOM B €IMHMITY CKOPOCTU (CKOPOCTh cBeTa). B TeopeTnueckoi
BCEJICHHOM, 3TO 00BsICHEHUE HE SBISETCS MPUEMIIEMBIM, U Macca - BEJIMYMHA IMOCTOSTHHAS, HO
TOTO K€ pe3yjIbTaTa MOXKHO JTOOUTHCS MyTeM CHIDKCHHS 2(PGEKTUBHOCTH CHUJIIBI, IPU
YBEIIMYEHUH CKOPOCTU. B MaTeMaTnueckux TepMUHAX, MPeAebHOe HyJIeBOe 3HAYeHHE a, B
BbIpaskeHuu a=F/m (4T0 Ha caMoM JeJjie onpeaessieTcss IKCIEePUMEHTOM) He U3-3a
0eCKOHEYHOro 3HAYeHHUsI M, HO U3-32 HYJIeBOi BeJnuuHbI F.

BriBOJ1, KOTOPBII MOXKHO clieNIaTh, 3TO TO, YTO UCIIOJIH30BAHUE TTOHSATHS CHJIBI JOJKHO OBIThH
OCTaBJICHO, HO HAJIJIe)Kalllee BHUMAHUE CJICTyeT UCIIOIb30BaTh B MPABUJILHOM MPHUJIOKEHUH.
[TouTHn TO’XE MOKHO CKa3aTh U 00 UCIOJIL30BAaHUU MOHATHS "criia TsokecTH'". Kak yxke
CKa3aHo, TaM, HAa CAMOM JIeJIe, HET TaKOW BEIIM KaK Cuja, ICTUHA B TOM, YTO OJJHA Macca He
BIIMAET Ha JIpyryro. Ho B pamkax onpeaeneHHOro orpaHuueHMs IOBEJEHUSI MacChl, OHU BEAYT
cebs Tak, Kak eciii Obl OHU OKa3bIBaJM B3aMMHOE MPUTSKEHUE, U paboTa ¢ HUMHU, HA ITOM
OCHOBe, SIBJISIETCS YIOOHOMU, TPAKTUYECKOH U 1iesiecoobpasznoit. [loatomy, B x01€
MIOCIICYIOIIETO O0CYKICHHUSI, MBI OYJIeM CJIeI0BaTh OOMICTIPUHATON IPAKTUKE, U 00paIiaThCs
C TpPaBUTALlMEN KaK C CWJIOH, JEUCTBYIOIIEH MEXy MaCCaMH, 3a UCKIIFOUEHUEM CIIy4acB
MPU3HAHUS €€ UCTUHHOTO COCTOSIHUSI.



BaxxHo umeTh B BUJly, OJJTHAKO, UTO TPABUTALIMOHHAS CUJIa, C KOTOPOU MbI OyZleM UMEThH JIEJI0,
HE peabHas cuiia. DTO TOJIBKO "Kak Obl" CHJIa, M OHA HE UMEET BCEX CBOMCTB peaIbHOMN CHJIBI.
B gactHOCTH, 3TO HE BiIeUeT nepeady Wiu pacrpocTpaHeHue. "'I'paBUTalinOHHbIC BOJIHbI'",
YTO ceifiyac TaK ycepAHO UILYTCS, MOJHOCTbIO OTCYTCTBYIOT. ['paBuTaninonubie 3QheKTol
M3MEHEHHS "KakK Obl" TPAaBUTAIIMOHHBIX CHUJI, KOHEYHO, MOTYT ObITh OOHapY>KeHbI. Bee

3¢ }exTr rpaBUTAIIMN TOSIBISIOTCS MTHOBEHHBIMU, M HET HUKAKOTO BPEMEHHU B3aUMOJICHUCTBUSI.
Tak Ha3pIBaeMble "aHTU-TPABUTAILIMOHHBIE" YCTPOMCTBA JOJKHBI OCTABATHCS 32 UEPTON
Hay4HOH (paHTacTUKU. B peanbHO )KU3HU, MOTYT OBITh TOJBKO IPABUTAIIMOHHBIE YCTPOICTBA,
C OIPOTUBOMOJIOKHO HAMIPABJICHHBIM JIBHYKCHUEM.

Crenyromunii aCeKT BCEMUPHOTO TATOTEHHUSI, KOTOPBIA Mbl XOTUM PacCMOTPETH - BIMSHUE
KOHIIEHTpaluu Maccol. COIIacCHO HOBOM TEOPUH, KaXJasi Macca JABHXKETCSI PABHOMEPHO
BHYTpPb IIPOCTPAHCTBA BO BCE IIPOCTPAHCTBEHHO-BPEMEHHBIE MeCTONOI0KeH . Kaxnas
€IMHULIa MACCBI 3aHUMAECT J1BA MECTOIIOJIOKEHMS: B IPOCTPAHCTBE U BO BPEMEHU.

I'paBuTaIMOHHOE MPOLECCH] B MATEPUAIBHON BCEJIEHHOMN BBI3BIBAIOT CKOIUIEHUE MAaTEPUH B
IPOCTPAHCTBE, B TO BPEMsI, KaK IIPOrpeCCHUsl BPEMEHU MO-TIpexKHEMY OECKOHTpOJIbHA. B
pe3yJibTare, aTOMBI BEIIECTBA SBIIAKOTCA CTPYNIIMPOBAHHBIMUA B KOCMOCE, HO IIMPOKO
pa3z0pocaHHbIMU BO BpeMeHU. COBOKYITHOCTb N €MHUI] MacChl, TO3TOMY 3aHUMAET N
IIPOCTPAHCTBEHHO-BPEMEHHBIX MECT, 1a’K€ €CIIA BCSI COBOKYITHOCTH MOJKET 3aHATh IIPUMEPHO
OJIHO MeCTO HaxokaeHus. ['paBuTaus ABUraeT JitoOble Ipyrue Macchl, B peaeaax
JNEUCTBYIOIIUX JIMMUATOB, HA KaX0€ U3 3TUX IPOCTPAHCTBEHHO-BPEMEHHBIX MECT
CaMOCTOSITENIbHO, U 0011Iee JBUKEHHUE K N-€AMHULl MacChl, IO3TOMY N-pa3 JABMKEHUHN K OJTHOM
€MHULIE MACChl, 3aHUMAIOLIEN ITO MECTO MPOCTPAHCTBA-BPEMEHH.

Teneps MBI TOTOBBI HAYaTh PACCMOTPEHUE JIeTalleld aTOMHOTO BPAIlleHUsI, B KOTOPBIX
IpaBUTAIM, 3TO TOJIBKO OJMH acnekT. OUeBUIHO, C CAaMOro Hayaja, 4To (POTOH, OTHOMEPHOE
Kosie0aHue, He MOXKET BpalllaThCsl BOKPYT cBoel ocu. Takoe BpailieHne 0y1eT HEOTIMYUMO OT
He BpaieHusi. Ho oH MOoXeT BpamaTbcsi BOKPYT OJTHOM MJIM 00€UX OCeH, MepIeHIUKYISPHBIX
JUHUU KoJieOaHuii B ee cepeaune. OHO U3 TaKUX BpallleHUH MOPOXKIAeT IBYMEPHYIO QUTYDY,
nuck. Bparenue nucka B ApyroM U3MEPEHHH, TEHEPUPYET TPEXMEPHYIO GUrypy, chepy.
ITocKoJIbKY 3TO HCUEPIIBIBAET IOCTYIIHBIE BAPUAHTHI, JAIbHEHIIEE BPALLIEHUE B TOM K€
CKQJISIPHOM HANpaBJIE€HUU HEBO3MOXKHO, 1 OCHOBHBIE BpAILICHUS “d/1pa’” aToMa, IO3TOMY
JIBYMEPHBI.

Ho naxe ecnu ganpHemme moBOPOTHI TOTO K€ pOJia HE BO3MOKHBI, BPAILICHUE MOXKET
MPOUCXOIUTh B OOPATHOM CKAJSIPHOM HalpaBJIE€HUU BOKPYT TpeThel ocu. [lockombky, B
OCHOBHOM, JIBYMEPHBIC BPAILCHUS PACIIPEICIISIIOTCS 110 BCEM TPEM U3MEPEHUSIM ITPOCTPAHCTBA,
oOpaTHbIe BpallleHUsI He TPEOYIOTCS JIsl TEOMETPUUECKON CTAaOMILHOCTH, U TTIOATOMY 3TO
TOJILKO BO3MOKHOCTh, @ HE HEOOX0IMMOCTh. BpaiarensHblie IBIKEHHS aTOMa, TAKUM
00pa3oM, COCTOST U3 IBYMEPHBIX BpAIICHHM, ¢ MM 0€3 OJJHOMEPHBIX BpallleHU B
IIPOTUBOIOJIO)KHOM CKASIPHOM HAaNpPaBJICHUMU.

Enie oivH Ba)KHBIM MOMEHT 3aKJIIOYAETCS B TOM, YTO J1BA OTAEIbHBIX IBYMEPHBIX BPAILLCHHUS
MOTYT ObITh OOBEUHEHBI B OJJHY Pu3nyecKyro eaununy. [lpupony 3Toii KOMOMHALIUKA MOKHO
HaTJIAIHO NPOMJUIFOCTPUPOBATH Ha IBYX KaPTOHHBIX JAMCKaX, UMEIOIMX oomui quametp C.
Huametp A Ha qucke, nepneHAUKYIsipHbId C, mpeacTaBiseT coooi OJHY TMHEHHYIO
BUOpaIuio, U IUCK A siBsieTcs: GUrypou, MOpoKIEHHON OJJHOMEPHBIM BpAIIEHUEM 3TOTO
KoJjiebaHus BOKpYT ocu B, mepnenaukyispHoit k A u C. Bpanienue BTopoi JTuHEHHON
BUOpaIu, npeacTaBiIeHHoON qTuaMmeTpoM B, Bokpyr ocu A, co3naet auck B. O4ueBuaHO, 4TO
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NEepBUYHbIE BpAIIEHUs], PEJICTABJICHHBIC HA AUCKE A, MOTYT MOJYYUTh JOTOJHUTEIBHOE
BpallleHHe BOKPYT OCHU A, U TIEPBUYHOE BpallleHHUE, MPeCTaBICHHbIE TUCKOM B, MOTyT Takke
OBITH MOBEPHYTHI BOKPYT ocu B 6e3 momex B 11000i1 TOUKe, 0 TE€X MOp, MOKa BpallaTeIbHbIe
CKOPOCTH PaBHBI.

31eck, OMATH K€, BTOPhIE BPAIAOIINECS CUCTEMBI HE SIBIISIFOTCS. HEOOXOAMMBIMU JITIS
ctabuiabHOCTH. Takum oOpa3om, eciii BTOpoe ABYMEpPHOE BpallleHHne 100aBIseTcs K OJHOU
€AMHUIIE BpallleHUs, COOOpaXeHUsI BEPOSTHOCTU TPeOYIOT J0OABUTH MEepEeMEIEHUs JIsl
reHepaly BTOPOH Bpalllaloleicsi CUCTEMBI, a HE J00aBIISITh UX K CYLIECTBYIOIMM BpallleHUsI.
KoMmOuHanmu ¢ ofHUM JIMIIb IBYMEPHBIM BpAILLlEHUEM, CIIEI0BATENbHO, OTPAaHUYEHbI TEMH,
KOTOpBIE€ HE UMEIOT OOJIbLIE, YEM OJHY €AMHUILY BPALATEIbHOTO MEPEMEIICHNUS.

Jlist ynoOcTBa, B OCHENYIOLEN JUCKYCCUH, JKEJTATEIbHO BBECTH KAKYIO-TO HOBYIO
TEPMUHOJIOTHIO JUISI ONIPEIEIICHUS] PA3IMYHBIX XapAKTEPUCTHK aTOMHBIX BpalleHUu. Mel
HA30BEM OJJHOMEPHBIE BPALLIECHUS - JIIEKTPUUECKUMH BPALIEHUAMH, COOTBETCTBYIOIIHNE OCH -
ANEKTPUUECKUMU OCSIMU. AHAJIIOTMYHBIM 00pa3oM MbI OyjieM 00palaThbesi C IBYMEPHBIMU
BpAILICHUSIMU - MAarHUTHBIE BPAILIEHUS, BOKPYT MarHUTHBIX oceil. Ecnu nepemenienus B 1Byx
MAarHUTHBIX U3MEPEHUSX SBIISFOTCS HEPABHOMEPHBIM BPAIIECHUEM, OHO PACIPENEIIAECTCS B BUJE
3JUTUIICOU/IA, ¥ B 3TOM CIIy4ae BpallleHUEe, KOTOPOE IEUCTBYET B ABYX HANPABICHUAX
chepounia, OyaeT Ha3bIBATHCSA OCHOBHBIM MarHUTHBIM BpaIlleHUEM, JIpyTue OyIyT
IIOJYMHEHHBIM MAarHUTHBIM BpalieHneM. HazHaueHue 3Tux BpallleHUN, KaK JIEKTPUUECKUX U
MarHUTHBIX, HE YKAa3bIBAET HA HATMYNE KAKUX-TTHOO AJICKTPUICCKUX MIIM MAarHUTHBIX CHIT B
CTPYKTypax, 0 KOTOPBIX c€HYac UAET peub. ITa TEPMUHOJIOTHS IPUHATA TOIBKO ITIOTOMY, YTO
3TO CIY>KUT HE TOJBKO HAIlIUM HBIHEIIHUM LEJIAM, HO U CO3/IA€T MTOYBY ISl BBEICHUS
3JIEKTPUYECKUX U MATHUTHBIX SIBIICHUM B TAIBHEUIIIEH CTaIUHN PA3BUTHS.

Ceifuac MbI JIOJDKHBI ONIPEJCITATH 3T KOMOWHAIIUY BPAIICHUS KaK XUMHUECKHUE 3JICMCHTHI,
COOTBETCTBYIOIIINE KaXKIOMY BpallarmIieMycs 010Ky onpeneneHHoro tuna. s ynobcrsa, B
CCBhUIKAX Ha Pa3JIMYHbIe KOMOMHAIIMYU BpalllaTebHbIX ITepeMelIeHIH, 3anuch B popme 2-2-3
OyJIeT UCTIONIb30BaThCs B 00CY AeHUH (TpH MU PHI) XapaKTEPUCTUK pa3Mepa CBUTa B
OCHOBHBIX MAarHUTHBIX, TIOJYMHEHHBIX MATHUTHBIX U DJIEKTPUUYECKUX BPAIICHUSIX
COOTBETCTBEHHO.

Crnenyer OTMETUTD, YTO BEIMYMHA TPUHUMAEMasi B KAYECTBE €IMHUIILI MAarHUTHOTO
nepeMelleHHs], HECKOJIbKO MPOU3BOJIbHA, KAK BEIMYMHA TPUPOCTA ITOTO IBYMEPHOTO
NepEeMEIIEeHHs], C TOUKHU 3pEHUs1 0a30BOT0 BpaIICHUS, JIEKTPUYECKOTO BpaIIEHUs, SIBIISETCA
nepeMenHoi. Ha 0f1HOil e[UHMAIIe MEPHOTO YPOBHSI, PA3JIMUHsl HCUE3aI0T, TO €CTh, 12 paBHoO 1, a
MarHUTHbBIE CMEILICHUS] PABHO3HAYHBI AJIEKTPUUECKUM cMelleHus M. OJIHaKo, B TEX
BpaIIaTeIbHBIX KOMOMHAIMSX C JBYMSI MAarHUTHBIMH BPAIIEHUSIMHA, KOMOWHAIIUU, KOTOPHIE MBI



pPU3HAEM KaK aTOMbI MaTepuu, 00a BpallleHus JOJKHBI UMETh OJJMHAKOBYIO CKOPOCTbh, YTOOBI
n30exaTh IOMEX, U I0ITOMY TpeOyeTcsi SKBUBAJICHT ABYX OT/AEIbHBIX OJI0KOB, 4TOOBI CO3AATh
CTPYKTYpPY OAHOM LIEJION €TMHUIIBI MATHUTHOT'O BpaleHusl. 1o OyaeT yao0Ho aJis
OTpeJICTICHHS 3TOr0 TBOMHOTO 0JI0Ka, KaK 0JI0Ka MarHUTHOTO BpAIllEHUs] B MATEPUATTbLHOM
aToMe, COXpaHssl €IMHbIC HATYPaIbHbIC SUHUIIBI DTIEMEHTAPHBIX KOMOMHAITUH.
DIIEKTpUYECKUN (OAHOMEPHBIE) SKBUBAJIEHT N MATHUTHBIX (IBYMEPHOM) €AMHULL, TAKUM
06pa3oM, OIPEIeICHHBIN [T ATOMAa MAaTEPHH, PaBeH 2N°.

B COOTBETCTBUH C 3TOM 2n? CBA3BIO MEXTy MarHUTHBIMH H 3JICKTPUICCKUMHU SIUHUIIAMHU,
HE0OXO0/IMMO YUHUTHIBATH HEKOTOPHIE MATEMATHICCKUE XapaKTEPUCTHKH TTPOTPECCHH
IPOCTPAHCTBA-BPEMEHH. Y HAC UMEETCsI MEPBBIM OJIOK, MOTOM ellle OJMH aHAJIOTUYHBIN OJIOK,
elle OJIUH, U TaK JaJiee, BCEro JI0 KaKUX-JTM00 KOHKPETHBIX N eauHull. OTCYTCTBYET TEPMHUH CO
3Ha4YCHUEM N, 3TO 3HAUCHUE 0ToOpa)kaeTcs ToJabKo B obmieM. [IporpeccupoBanue
NepeMEISHUH 10 IPYroMy MaTeMaTHYECKOMY XapaKkTepy, KOT/1a TOJIbKO OJUH U3
IIPOCTPAHCTBEHHO-BPEMEHHBIX KOMIIOHEHTOB IIPOTPECCUPYET, OCTAIBHBIC (PUKCUPOBAHBI HA
equnune. [Iporpeccus 1/n, manpumep, 1/1, 1/2, 1/3, u Tak nanee. Pazsutue obpatHbeix 1/n -
1,2,3... n. 31eCch KOJIMYECTBO N - OIPEACICHHOE, HO HE MOJHOC. AHAJOTHYHBIM 00pa3oM, Koraa
MBI HAXOJ/IMM, YTO SJICKTPUICCKUN SKBUBAJICHT MAarHUTHOTO CMEIIIEHUS N paBeH 2n%, 510 He
OTHOCHUTCS K 00IIEeMY, OT HyJIS IO N; 3TO SKBUBAJICHTHO TOJHKO N-HOMY WICHY.

Tak Kak IBUKEHUE ABJISIETCA OTHOIIEHUEM MMPOCTPAHCTBA, BPEMEHU, CKOPOCTH,
CylecTBYIOIHUEe (HU3NIECKUE EUHUIIBI, TO €CTh IONOJHUTEIbHBIC IBUKEHUS IPYTOTo THUIIA,
TpeOyIOT CMEIEHNsI, TPOTUBOIIOIOKHOTO HAIPABJICHHUIO IPOCTPAHCTBA-BpeMeHU. [ e
IIEPEMEILEHNS] UMEIOT OJTHO HaIIPaBJICHHE, TOIIOJIHEHUE ITPOCTO U3MEHSIET KOJIUYECTBO
CYIIECTBYIOIINX TUIIOB JBW)KEHUS. Bpammaroniuecs y3ibl, COCTaBIAIOIIME aTOMBI,
CJIE0BATENBHO, MOTYT UMETh JINHEWHOE MPOCTPAHCTBO IEPEMEILCHUM, BPALLICHUS C YACTBIM
NIEPEMEILCHUEM BPEMEHH, UM JIMHEWHBIM IIEPEMEIICHUEM BPEMEHH, BPALLICHUS C YUCTHIM
nepemelieHreM npoctpanctaa. [lociaeansss koMOMHaALUs, OJTHAKO, HE SIBJISIETCS BEILIECTBOM, U
HACTOsIIIee 00CyX)AeHUE OYJET COCPEAOTOUEHO HA KOMOMHAIMSAX C YACTHIM BpallleHUEM
cMmenleHus: BpeMeHu. Eciii He yka3aHo MHOE nepeMelleHre, JaHHbIe Oy1yT CChLIaThCs Ha
cABuUr BpeMmeHu. Eciau nmpocTpaHCTBO nepeMenieHni CyIecTByeT, OHO OyJIeT OnpeeieHO
yTeM 3aKJIF0UeHUs UHPOpMAIIUU B CKOOKH.

I'nansa cHayana Ha Te KOMOMHALWY, KOTOPBIE UMEIOT HYJIEBBIE 3JIEKTPUUECKUE IEPEMEILICHHS,
€IMHULIa MAaTHUTHOTO cMeleHus: Bpemenu paBHa 1-0-0. DTo eauHUYHOE CMENIeHHEe TPOCTO
HEUTpaAIN3yeT OCHUUIMPYIOIIYIO €IMHULY IPOCTPAHCTBA NEPEMEILCHMI, U B PE3yJIbTaTE
BpalieHus 0J10Ka, NoJy4aeM KOMOMHALIMIO C YUCTHIM CMEUIEHUEM HYJISA, TO €CTh,
BpallaTebHbIN SKBUBAJICHT HUYEro. JloMoTHEHNE OJTHOM € IMHUIIBI MATHUTHOTO CMEILIEHHUS
BpPEMEHH MPOU3BOIUT KoMOuHamuio 1-1-0. 3To coueranne mo-npekHeMy He UMEET CBOMCTB,
KOTOPBIE MbI IOHUMAEM, TaK KaK 3TO €CTh TOJILKO OJMH COBMEIIEHHbIN 3 ()DEKTUBHBIN
MarHUTHBINA OJIOK, CIIe0BaTENIbHO, TOJBKO OJIHA MATHUTHAsA cucTeMa BpauieHus. [lepsoe, uto
TpeOyeTcs 11t KOMOMHAIMK, KBATU(PUIUPYEMON KaK BEUIECTBO, €IE OJIHA EUHUIIA
MarHUTHOI'O CMELIEHUS, YTO JaeT cuctemy 2-1-0, kotopas MoxeT ObITh HASHTUPUIIMPOBAHA
KaK 3JIEMEHT rens. [J[onoaHuTeNbHbIE €UHULBI MATHUTHOIO CMEILEHUS JAI0T Psijl 2JIEMEHTOB,
KOTOPBIE MOKHO XapaKTepU30BaTh B KAYECTBE MHEPTHBIX Ia30B. [loaHas cepus npeacraBieHa
HUKE.



Displacement Element Atomic No.
210 Helium 2

220 Neon 10

3-20 Argon 18

330 Krypton 36

2

4-30 Xenon
4-4-0 Radon 86
5-4-0 Unstable 118

Yuco BO3MOKHBIX KOMOMHAIIUM BpaIlleHUH 3HAYUTEIILHO BO3pacTaeT, KOraa JJIEKTPUIECKOe
CMelIeHre 100aBIsSeTCsl B ’TH MAarHUTHBIE COYETAaHUs, HO KOMOUHAIINI, KOTOPhIE MOTYT
pEaIbHO CYIECTBOBATh B KAYECTBE 3JIEMEHTOB, OTPAHUYEHBI BEPOATHOCTHBIMUA OTHOLLIEHUSIMMU.
MarauTHoOe nepemMeneHUE N YUCIEHHO MEHBIIE, YEM 3KBUBAJIECHTHOE 3JIEKTPUUYECKOE
IIepEMEILCHUE 2n% M COOTBETCTBEHHO SIBISIETCS O0IIee BeposTHBIM. JIt000# mpupoct
NepPEeMEIICHHUSI, CIIEOBATEIbHO, CKOpEe T00ABISIETCS] K MArHUTHOMY BPAIICHUIO, €CIIH 9TO
BO3MOJKHO, YEM K 3JIEKTPUUYECKOMY BpPALIEHUIO. ITO 03HAYAET, YTO POJIb JIEKTPUUECKOTO
CMEUICHUS OTPAHUYMBAETCS 3aII0JIHEHUEM IIPOMEKYTKOB BPEMEHU MEKIY
MOCJIEIOBATENBHBIMHY JIOTIOJITHEHUSMU MAarHUTHBIX CMEIICHUN.

Ha 37011 0CHOBE MOKHO BUJIETH, UTO €CJIM B aTOMHOM BPAILICHUU HE YYACTBYET HUYETO, KpOME
BPEMEHHU, NIEPEMEILECHUS CEPUU JIEMEHTOB HAUNHAOTCS ¢ HAMMEHbIIEH MAarHUTHOU
KOMOUWHAIIMU Telvs, U DJIEKTPUUECKOe CMEIIIEHNE BPEMEHHU yBEIMUMUBACTCS, 1Al 3a I1arom,
I0Ka OHO HE JOCTHTHET 6JI0Ka 2n°, 4T0 IIPUBEAET K KOHBEPTALIMU ITUX 2n° enuHUL VU3MEpPEHUS
B OJIHY JOIOJHUTEIbHYIO €IMHUIY MATHUTHOI'O CMEILEHUSI BPEMEHH, MIOCJIE YETO CO3JAaHUE
ANEKTPUUECKUX CMEIIEHUN Oy 1eT BO3OOHOBICHO. JTO TIOBEICHHE, OJTHAKO, U3MEHSET TOT
(baKT, 4TO ANEKTPUUYECKUE CMEUICHUS B MATEPUH, B OTIMYUE OT MAarHUTHOTO CMEILIEHUS], MOTYT
MPUHUMATh PA3JIMYHbIC HATPABIICHUS IPOCTPAHCTBA-BPEMEHHU.

Kak ynomunanocs panee, 4ucToe BpalieHUe CMEIICHUSI BpEMEHU TpeOyeTCs i TOTO, YTOOBI
IIPOM3BECTU TE CBOMCTBA, KOTOPBIE MPUCYIM MaTepuu. 13 3TOro ciienyer, 4To MarHuTHbIE
NIEPEMEIICHUS], KOTOPBIE SBIISIOTCS OCHOBHBIM KOMIIOHEHTOM BCETO, JOJKHBI OBITh TAaK)Ke
cMmernieHneM BpemeHu. Ho rmoka Gosbiiias 4acTh BpEMEHHBIX KOMIIOHEHTOB, HAPABIICHUE
CHUCTEMBI B IIEJIOM, MOXET yAOBIETBOPSITH TPEOOBAHUSIM YHUCTOTO MEPEMEIICHUS BPEMEHH,
JIayKe MPHU HAJTUYUUA KOMIIOHEHTOB JIEKTPUUYECKOTO CMELIECHHS, ’TO BPEMEHHBIE ITEPEMEILICHUS.
Takum 00pa3om, yBEIMUUTh YUCTOE BPEMS IEPEMEILICHHUS, 10 ONIPEACICHHON CyMMBI,
BO3MOKHO JTU0OO MyTEM MPsIMOTO J0OABIECHUS HEOOXOAUMOTO KOJTUYECTBA €IMHUI]
AIEKTPUUYECKOTO CMEIEHUsI BpEMEHHU, TMOO0 MyTeM JT00aBJICHUSI MATHUTHOT'O BPEMEHU
MEPEMENIEHHUS], U TOT/Ia MPOU3BECTH ATANTALIMIO K KEJTAEMOMY TPOMEKYTOUYHOMY YPOBHIO
nyTeM J00aBICHUSI COOTBETCTBYIOIIEIO KOJIMUECTBA €AUHUIL MPOTUBOIIOIO0KHO HAMPaBJICHHBIX
AJIEKTPUYECKUX NIEPEMENICHUN TPOCTPAHCTRA.

Kakoii u3 3TuxX BapuaHToB OyJeT NMPaKTUUYECKH Mpeo0aaaTh, 3TO OMATh-TaKd BOIPOC
BEPOSATHOCTU. MBI OSTydaeM, 4TO YUCThIC IEpeMeIeHHs OyAyT YBETUYCHBI ITyTEM
NIOCJIEOBATENBHOTO IOOABIECHUS JIEKTPUYECKUX CMELIEHUI BpeMeHU 10 n° eaquHul. Jlanee,
BEPOSITHOCTU MPAKTUYECKU PABHBI, U aJbTEPHATUBHBIN MEXaHU3M CTAaHOBUTCS OoJee
BEpOSITHBIM. TakuM 00pa3om, BO BTOPOI MOJIOBUHE KaX10M I'PYIIbl, HOpMaJIbHbIN 11a0JI0H
BKJIIOYAET B ce0s1 0OaBlIeHHE OAHOW €JMHUIIBI MATHUTHOTO NIEPEMEIIICHHS] BPEMEHH, a 3aTEM
CHUKEHUE UTOTOBOIO CMEIIECHUSI 100aBICHUEM JIEKTPUUYECKUX NEPEMEIICHHUI MPOCTPAHCTBA,
JBUTasCh BBEPX 110 aTOMHOM CEPUHU.



ITo o npuunHe, HAUYUS AIEKTPUUYECKOT0 IIPOCTPAHCTBA IIEPEMELEHUHN, KAK KOMIIOHEHTA
ATOMHOT'O BPAILEHUs], DJIEMEHT C YUCTBIM IIEPEMEILCHUEM MEHBIIE, YEM Y I'eIus, CTAHOBUTCS
BO3MOJXKHBIM. DTOT 3JIEMEHT, 2-1-(1), KOTOpHIi MBI OnpeAessieM Kak BOJOPO, 00pa3yercs
yTeM IpUOaBIEHUS €AUHULIBI AIEKTPUUYECKOTO IPOCTPAHCTBA MIEPEMELLIEHUH K TeJIHI0, U,
TakuM 00pa3oM, B CYIIIHOCTH, BBIUYUTAHUS OJTHOTO BPAIICHUS U3 SKBUBAJICHTA YETHIPEX
equnuI] (Boime 1-0-0 ), koTopeiMu renuii o0iamaer. Bogopos siBisieTcst IEpBbIM B
BOCXOJSIIEM PSITy 3JIEMEHTOB, U IO3TOMY MBI MOKEM J1aTh €MY aTOMHBIA HOMEDP 1. ATOMHBIN
HOMeEp JH000r0 APYroro 3J1eMEHTa PaBEH €ro 3KBUBAJIEHTY 3JIEKTPUUYECKOIO CMELIECHUS
BPEMEHM MEHEE JIBYX CAUHULL.

OpHa eMHUIIA AIEKTPUUYECKOTO MEPEMEIICHUST BpEMEHH, T00aBICHHAs K BOJIOPOY, YCTPaHSET
AJIEKTPUIECKOE MTPOCTPAHCTBO TIEPEMEIICHHUIA 1 3aCTaBJISET COYETaHNE BEPHYTHCS K TEIHIO,
aTOMHBIA HOMEP KOTOporo 2, komOuHaiwus 2-1-0. 9To cMenieHue SBIseTcs OAHON eUHUIIEH
BBIIIIE TIEPBOHAYALHOTO YPOoBHA 1-0-0 B KayK7JOM MarHUTHOM M3MEPEHHH, U JII000e
JalibHENIIIee yBEeIMUYEHNE MATHUTHOTO CMEIIeHUs TpeOyeT BTOPOro 0JIoKa B OJJTHOM U3
u3Mmepenuid. [Ipu N=2 snekTpuyeckuii 5KBUBAJIEHT MarHUTHOTO OJI0Ka - 8, U clieayromias
rpymmna, cie10BaTelIbHO, COAEPKUT BOCEMb 3JIEMEHTOB. B COOTBETCTBUU C PUHITUIIOM
BEPOSATHOCTHU, TIEPBHIE YETHIPE dJIEMEHTA TPYIIIBI TIOCTPOCHBI HA OCHOBE MarHUTHOTO
BpAILlEHUS TeHs, C MOCIEAYIOMUM JAOMOIHEHUEM IIEKTPHUECKOTO CMEIICHUS BPEMEHH.
YeTBepTHIN IIEMEHT, YIIIEPO], MOXKET CYIIeCTBOBATh TAK)KE C HEOHOBBIM TUTIOM MAarHUTHOTO
BpAIllEHUs ¥ YETHIPHMS €AMHUIIAMH DJIEKTPUIECKOTO MPOCTPAHCTBA MepeMeIeHu# (4To, Mo-
BUJIUMOMY, U JIa€T JIBa BUJa MOJICKYJI yIyiepoja, ainmas u rpadur; npum. alexfl).
[Tocnmemyromnue mark CBsi3aHbl ¢ COKPAIIEHUEM JIEKTPUUECKOTO MPOCTPAHCTBA TIEpEMEIICHUN
710 HeoHa, 2-2-0, korza Bce MpOCTPaHCTBO NepeMellleHnit OyaeT TuKkBuaAnpoBano. Crienyromiue
AJIEMEHTBI, BKJIFOUEHBI B 3TY IPyHILY:

Displacement Element Atomic No.
2-111 Lithium 3
2-1-2 Beryllium 4
2-1-3 Boron 5
2-1-4

Carbon 6
2-2-(4)
2-2-(3) Nitrogen 7
2-2-(2) Oxygen 8
2-2-(1) Fluorine 9
2-2:0 Neon 10

Cy1ecTByeT U Jipyrasi 1ojio0Has rpymnmna ¢ OJJHON JOTOJHUTEIbHOW eIMHUIEH MarHUTHOTO
nepemenenus. Korna sta rpynmna O6yaer 3aBepiieHa g0 saeMenTta 18, aprou, 3-2-0, MarHuTHbIE
CMEIIEHUSI IOCTUTHYT YPOBHS JABYX €IMHHUII, BBIIIEC BpPAIICHUS B 000MX MarHUTHBIX
U3MEpEHHUX. B 1essX MOBBIIIIEHUS BpaIICHHs B JIIOOOM HaIlpaBJICHUH, TOMOJHUTEIBHBIN OJI0K
2x3% i 18 euan AIEKTPUUECKOTO MEepEeMEIeHNs, He TPeOyeTCsi. ITO MPUBOIUT K TPYIITIE
u3 18 351eMeHTOB, KOTOPBIE PA3IMYAOTCA TOJIBKO B TOM, YTO MAarHUTHOE NIEPEMEIIEHUE HA
€UHUILYy OOJIbIIIE.

DddexTuBHBIC MATHUTHBIC CMEIIICHUS Jlajiee maroM n=4, B OJTHOM U3MEPCHUH,
CJIeIOBATEIBHO, CYIICCTBYET 32 WicHa B KaXKIOW U3 IBYX TpyHil. TOJBKO OKOJIO MTOJIOBUHBI U3
3JIEMEHTOB BTOPOU M3 3THX I'PYIII, HAa CAMOM JIejIe, ObUIH ONPEICICHBI, HO TCOPETUICCKUE
COOOpaXECHHSI 03HAYAOT, YTO IPYIIIA MOXKET OBITh 3aBepIIcHA IIPH OJarONPHUSATHBIX YCIOBHUSX.
Komo6unarus 5-4-0 na 4 eqununibl Boiie 1-0-0 B 000ux MarHuTHBIX u3MepeHusax. Kak ykazaHo



B MPEJBIAYIIUX MyOJIUKAIUSIX, T aTOMHBIC BpallleHUsI ONTMCaHbl 00Jiee JIeTalIbHO, ATO Mpee,
HA KOTOPOM BpallaTeJIbHbII XapaKTep ABUKEHHUSI TEPAETCS U NMepeMelleHust
BO3BPAIIAIOTCS K JIMHEITHO# ocHoBe. [IpeaiecTByromuii anemenT, 5-4-(1), arToMHBINH HOMEP
117, caMblii TSKENBIN JIIEMEHT, KOTOPBIA MOXKET OBITh CTAOUIIBHBIM MPU CaMbIX
OJIarOMPUATHBIX YCIIOBUSIX.

Tpu 3HaYeHNs BpAIATeIbHOIO IepeMelieHus, KOTOPbIe XapaKTEePHBI AJIsl KAaJKI0TI0
3JIEMEHTA, SIBJISIOTCA HHAUBUAYAJIbHBIMH (pakTOpPamMu, B 00111eM, U B Pa3JIUYHbIX
MOAU(PUKANMAX, HA KOTOPbIE OHU PACIIPOCTPAHSIOTCH B ACCOUMAUM C APYTUMH
3JIeMeHTaMM, KOTOpbIe oNpeAe/IsiloT 3HAYeHUs1 CBOMCTB dJieMeHTOB. Hanpumep, kornaa
COOTBETCTBYIOIINE 3HAUCHUSI 100ABISAIOTCA B YpaBHEHUS, TOKA3aHHbIE B IEPBOM KHUTE 3TOU
CepHH, TO pe3yJbTaT OyIET COOTBETCTBOBATh MEKATOMHOMY PACCTOSIHUIO. AHAJIOTUYHbBIC
MaTeMaTUYECKHUE OTHOIIEHHUS, HEKOTOPbIE U3 KOTOPHIX YKe ObLIN OIyOJIMKOBAaHbI, JPYTHUE €Ille
OKUJIAIOT MyOJIMKAIUH, TIO3BOJISIIOT PACCUYUTHIBATH MHOTHE JpyTrue GU3NUeCKUe CBOMCTBA.
B03M0:KHOCTH BBIBO/IA 3THX TEOPETHYECKUX BbIPasKeHH i, BOCIIPOU3BOASIINAX
Ha0J/1101aeMble 3HAYEHHUS B CTOJIb MHOTHX PA3JIHYHBIX 00/1aCTAX, YOeauTeJIbHOe
A0KA3aTeJIbCTBO 000CHOBAHHOCTH TEOPETHYECKOM CHCTEMbI, U3 KOTOPOil OHM ObLIH
MOJIy4YeHbl, HO IPEIMET, K KOTOPOMY OHH MPUMEHSIFOTCS, HE UMEET MPSIMOT0 OTHOIIECHHUS K
LEJIM HACTOALIETr0 U3/IaHUs, IOATOMY 3T MaTEMaTUUYECKUE BBIPAKEHUS HE OyIyT 371€Ch
paccMaTpUBaThCA.

Jlaxxe 6€3 3TO OrpOMHON MAacChl JOTIOJHUTEIbHBIX MMOATBEPKACHUN, BOIPOCHI, KOTOPBIE YiKe
o0CyKJanuch, 601ee 4eM JT0CTaTOUHbI, YTOOBI [T0Ka3aTh, YTO B OMMCAHUU MPUPOIBI U
OCHOBHBIX XapaKTEPUCTUK aTOMOB MaTEPUH, HOBAs TEOPETUYECKASI CUCTEMA ABJISIETCS TOYHBIM
npeacTaBieHueM (puznueckux GaktoB. ONATh ke, pa3BUTHE TOCIEACTBUN MOCTYIUPYEMbIX
CBOMCTB MIPOCTPAHCTBA U BPEMEHH, TPUBEJIO HAC K COBEPIICHHO HOBOMY OOBSICHEHHIO BaXKHBIX
0COOEHHOCTEH (PU3NUECKON BCEICHHOM, U CHOBA Mbl OOHAPYKHBAEM IOJTHOE COTJIaCHe C
HaOmoaeHusIMU. Bo BcesleHHOI IBUKEHUsI, AaTOMbI MATEPUH — 3TO KOMOMHALMHU
ABMKEHUM, U HALI AHAJIU3 NOKA3bIBAET, YTO YUCJIO0 PA3JIUYHBIX THIIOB ATOMOB
(3/1eMeHTOB), KOTOpPBIE, KAK M3BECTHO CYLIECTBYIOT, H PACIIOJIOKEHHE ITHX 3JIEMEHTOB B
rpynmnax, onpeaejJsiommx uX CBOHCTBA, ABJIACTCH TOYHOM KONMEH YUCIA U
PACIIOJIOKEHHSI BPAIIATEIbHBIX KOMOMHALIUI, KOTOPbIE, TEOPETHYECCKH, MOT'YT
CYLIECTBOBATH BbILE ONPEAEJIEHHOT0 MUHMMYMa.

B 3710l BcesleHHO# ABUKEHM I, KOMOMHALIMM BpPallleHUsl, KOTOPbIe MOTYT CyllIeCTBOBATH
HUKe MUHMMYMAa, He00X0AMMOTr0 JJI1 KBATU(PUKAIIUN, KAK ATOMbI MaTePUH, SIBJISIOTCSA
cy0aTroMHBIMHU YacTuuamMu. Ha 310l ocHOBe, cy0aTOMHBIE YaCTHIBI - HE COCTABJISIIOIIHAE
aToMa, KaKk BUISAT UX COBPEMEHHbIE TEOPUH, OHU ABJIAKOTCS HEMOJHBIMUA ATOMAMM.
CocTosinue Bcex (pu3nuecKuXx Jull, Kak, He 0ojiee, YeM KOMOMHAIMS ABUKEHHH,
SABJIsIETCH (PAKTOPOM, O0OBACHAIOIIAM B3aMMO3aMEeHsIeMOCTb 3TUX Jul. Eciu Marepust
SIBJISIETCS 0230BBIM DJIEMEHTOM, OHA HE MOXKET OBITh NMPeoOpa3oBaHa B ABUIKEHUE WIIA UTO-
HUOY b emie. Ho oHa MoXeT ObITh KOHBEPTHPOBAaHA B JBMKECHHE; CJIEI0BATEILHO, OHA HE
SIBJISIETCSI OCHOBHOM. DTO MPOCTO HEOCTIOPUMBINA (PaKT, KOTOPBIN PYIIUT KOHIICHIUIO "MaTepHUH

Bo BcesieHHoit ABHKCHUHA, I'T€ MATCPUSA €CTh IBUKCHUA, CY6aTOMHI>Ie YacTuIhbI -
ABUKECHU, paiuanus - ABUKCHU, U JMHEeHHOe U3MEeHEeHHe MNO3UIIMH - IBHKCHUSA, I'TC UTO
HAaXO0AUTCH U 9YTO OHO AeJjJaeT - IBHKCHUS, BCC c[)n3nqec1<0e, 4TO MOXKET ObITh



npeo0pa3oBaHO BO YTO-JIH00 APyroe puznyeckoe, MyTeM COOTBETCTBYIOIINX MPOIECCOB,
BCE 3TO CBOJMTCH K MEHSTIOIUMCSI (hopMaM JIBHKEHUSI.

“MokeT OBbITh, HAKOHEII, YEJIOBEK JIOMET 10 TOTO YPOBHS TOHUMAaHHUS, TJIe OTCYTCTBYET
YETKOE pa3srpaHUYEHUE MEXKITY TEM, UTO ObLIO U YTO MPOUCXOUT, KOTI/1a KOMIIOHEHTHI MUpPA U
B3aMMOJICCTBHE 3TUX KOMIIOHEHTOB JIpYT C ApyroM, Heotanuumele uiaen” (K. W. Ford).

Ha, loxktop dopa, OHO TakK U €CTb.

PASPYIIAIOIIEE OTPAHUYEHUE

XOTs NpeabIAYIIKe rIaBbl ObLUTN MOCBSIIEHBI PACCMOTPEHUIO OCHOB (DU3UYECKOTO
CyLIECTBOBAHMS, & HE HAIIPABJICHBI HEMTOCPEICTBEHHO HA aCTPOHOMHUYECKHE SIBIICHUSA, KOTOPHIE
SBJISIFOTCSI TPEIMETOM HAIIIETO pacclieJOBaHuUs, OHU, TEM HE MEHee, U3JI0KEHbI B 00X
paMKax aCTpOHOMHYECKOTO MHUpa. OHM MOKa3aJIk, YTO KOHLENIIUS BCEIICHHOUN IBUKEHUS
MPUBOJIUT HETIOCPEICTBEHHO K OOBSICHEHUIO CYIIECTBOBAHUS OOIIIMX CBOMCTB MaTepUH, U3
KOTOPBIX COCTOSIT 3B€3/Ibl U TAJTAKTUKH, BCEMUPHOIO TATOTEHHUSI, KOTOPOE YIPABIIAET UX
Cynb0aMu, U3ITy49EeHHs, IOCPEACTBOM KOTOPOTO MOJTyUYeHa Harla HHGOpMaIHs B OTHOIIICHUN
3TUX 00beKTOB. [l09TOMY y HAC eCTh OCHOBA JjIs OOIIEH ACTPOHOMHYECKOW TEOPHH.

B 0opb0e ¢ TakuMHu SIBICHUSIMU, KaK KBa3apbl U MyJIbCapbl, Mbl OyeM 3a00TUTHCSI HE CTOJIBKO
0 MPUPOJIE, IPOUCXOKIECHUH, U TIOBEICHUH PA3IMYHBIX CyOBEKTOB aCTPOHOMUYECKON
BCEJICHHOH, CKOJIBKO O IpOILeccax, C MOMOIBIO KOTOPBIX 3T 0OBEKTHI, B KOHEUHOM CYETE,
YHUUTOKAIOTCSA, ¥ POYKTaX, [IOJy4aeMbIX B PE3YyJIbTAaTe UX YHUUTOXKEHHS. DTHU MIPOLIECCHI,
KakK MbI Hai{JleM, IPUBOAST K YHUUTOXKEHHUIO CaMOIl MaTepuu, ¥ O3TOMY HEOOXOIUMO
paciiMpUTh Hallle BHUMaHKUE Ha CTPYKTYpPy MaTepuH, YTOOBI OMPEEIIUTh TPAHULIbI, B KOTOPBIX
3Ta CTPYKTypa JOCTUTAET 3TUX MpeaenoB. /[ 3Toro KpaTko B3IJITHEM Ha HEKOTOPbIE
JOTIOJTHUTENIbHBIE BUJIbI IBU>KECHHUS.

Opnnum u3 HanboJiee 3HAUUMBIX OCOOCHHOCTENH HOBOM CHCTEMBI SIBIIIETCS TO, UTO YHCIIECHHBIE
3HAUEHUS MOSBIIAIOTCS B CAMOM Haydalie TEOpETUYECKUX pa3zpaboTok. YuciaoBas Moienb
ATOMHOTO BpAILICHHS], HATPUMEP UIET HOTA B HOT'Y C JIOTUYECKUM Pa3BUTUEM, KaK
IIOCTENIEHHOE OIMCAHUE TEOPETUUECKON BCEIICHHOM. [[711 HEKOTOPBIX LENEH, ITU
MaTeMaTHYeCKHUe OTHOIIIEHUSI He0OX0oANMBI. B nccnenoBannm cBOMCTB MaTEpHH, HAIPUMED,
YUCJIOBBIE 3HAYEHHUS CBOMCTB Pa3IMYHbBIX BEIIECTB - IEPBUYHAS LIE€JIb, U OJUH U3 IJIaBHBIX
apryMEHTOB, B IOAJEPKKY JECUCTBUSA TEOPETUIECKON CUCTEMBI, 3aKJIFOYAECTCSA B TOM, YTO OHH
CIOCOOHBI 1aBATh NPABUJIbHbIC 3HAYECHUSA OT YMCTO TEOPETUYECKHUX NMPEANOCHLIIOK, B
OCHOBHOM M3 Pa3JIMYHbIX aTOMHbIX KOMOMHAIMI, He Ipuderas K "pusnyecKum
KOHCTAaHTaM'"', MOJIy4YeHHBIM M3 IMIIMPHUYECKUX u3Mepenuii. Ho 1 nenei npencraBneHus
B ATOM KHUT€, MATEMAaTUYECKHE ACTIEKThl TEOPUH HE UMEIOT 3HAYEHUS, U ISl TOTO, YTOOBI
COXPAHHUTh TEKCT KPATKUM M MO CYLIECTBY, KaK 3TO BO3MOYKHO, MAaTEMATUYECKHUE TUCKYCCUU HE
ObLIM BKJIIOUEHBI. ECITM BOZHUKAIOT BOIIPOCHI, CBSA3aHHBIE C MATEMATHUKOM, CIEAYIOT CChUIKM Ha
IPEABIIYIINE KHUTH 3TOW CEPUU.

BaxHpIM MOMEHTOM JABM)KEHUM SIBJISETCS TO, UTO Mbl HE HaOJII01aeM UX TaK, KaK OHU Ha
CaMoOM JIeJie CYIEeCTBYIOT. Mbl Ha0J10/1a€M X TOJBKO B KOHTEKCTE KAKOW-TO KOHKPETHOM
cUCTEMBI oTcyeTa. B npenpiayniem paszaeie, HampuMep, Mbl OTMEYaJH, YTO BHYTPEHHEE
JBUYKEHUE B IPOCTPAHCTBE COOOUIAETCS MATEPHAITy COBOKYITHOCTH T'PABUTALIMEH, U HE MOXKET
ObITh OOHAPYKEHO JIOOBIM HEMOCPEACTBEHHBIM 00pa3oM. Bee, 4To Mbl MOXkeM Ha0II0AaTh, 3TO
JBUKEHUE KAKOU-TO APYroi COBOKYITHOCTH. AHAJOTUYHBIM 00pa3oM, Mbl HE Ha0JII01aeM



CKAJIAPHOTO ABUKCHUS ITPOIPECCUU B €I'0 HCTUHHOM XapaKTCPEC, KaK BHCITHCE IBUKCHHC, 0e3
HaIIpaBJICHUA, Mbl BUAUM 3TO KdK BHCIIHCC IBMKCHHUC I'AJIAKTUK U JPYTIUX O6T>€KTOB, K
KOTOPBIM OHO OTHOCUTCA, HO Mbl BUJIUM 3THU O0OBEKTHI YAABIOMUMHACA OT HAC B KOHKPCTHBIX
HaIIPpaBJICHUAX. Hamm cucremsl oTCcucTa, CJICA0BaTCIIHLHO, Hp€O6p33y1-OT CKAJIAPHBIC IBUIKCHUA
B ABHBIC BCKTOPHBIC IBHKCHMA.

Manepa, B KOTOpOM HaIlpaBJICHUE, HE SBIIAIONINECS HEOTHEMIIEMBIM CBOMCTBOM CaMOT0
JIBUKEHUS, MOKET OBITh NMEPEJAHO C MOMOIIbIO CUCTEMBI OTCUETA, XOPOILIO BUHA HA AaHAJIOTHU
pacmmpsoerocs mapa. J[BUeHue MsTeH, Ha TOBEPXHOCTH 111apa, SABJISIETCS 110 CBOEH
OpUPOJE CKAISIPHBIM, BCE MsITHA OYIyT IBUTaThCs BIEPE BO Bcex HampasieHusx. Ho eciiu Mbl
OyJieM paccMaTpuBaTh 3TO MPEAJIOKEHUE B KOHTEKCTE TPEXMEPHOM CUCTEMbI OTCUETA,
ONPEIEIAOIENR KOMHATY, B KOTOPOM IIap paclIMPSIETCs, 10 CYyTH OJUHAKOBBIE IBHKEHUS 3THX
IISITEH, CTaHyT pa3HbIMU. Eciii map JeXUT Ha M0y, TO K IPUMEPY, OJHO IISTHO JBHUYKETCS Ha
3amnan, Apyroe nepeMenaeTcs Ha CeBeEp, B TO BPEMs KaKk TPEThe JBIKETCSA HAa BOCTOK. Touka Ha
MOJTy HE JIBIKETCS BOOOIIIE.

Teneps HaM HY>KHO MIPU3HATh, YTO HA OCHOBAHHUH 3TOTO K€ TpeOoBaHUs, GU3NUECKUIN OOBEKT,
TaKoOM, KaK aTOM WJIU COBOKYITHOCTh MaTE€pPUU, MOXKET UMETh MO OIPEIEIICHUIO BEKTOPHBIE
JBIDKEHUS, B KOTOPBIX HAMPABJICHUE B OTHOIICHUH 000N TPEXMEPHOM CUCTEMBI KOOPAUHAT
SIBJISIETCS. HEOTHEMJIEMbIM CBOMCTBOM JBIKEHUS. JIydllie BCEro Mbl MOKEM ONPEICIUTh CTaTyC
TaKOI'0 JIBUYKEHHUS C yY€TOM TOT0, YTO HEOOXOIUMO JIJIsi €ro MPOU3BOJICTBA, HAUMHAS C
(u3MUECcKOro SKBUBAJIEHTA IPOCTPAHCTBEHHO-BPEMEHHOM MPOTPECCUU B TPEX U3MEPEHHUSIX.
DTa cuTyalusi MOKeT OBbITh MpeJICTaBICHA B BUJIE TPEYTOJIbHOM UarpaMMBl, T/1€ Kaxaas
BEpIIMHA TPEYTOJIbHUKA YKa3bIBAET CKOPOCTh B OJJHOM U3 Tpex udmepeHuid. [leproe
TpeboBaHMEe, KOTOPOE AOKHO OBITH BBIITOTHEHO ISl TOTO, YTOOBI IOCTUYh OMPEICIICHHON
e — yopaTh BHENTHEE ABMKCHHUE, B KAXKIOM U3 IBYX U3MEPEHUH, 10 HYJIS, IyTEM
n00aBIICHUS €IUHUIL ABUKEHUS BHYTPECHHETO POCTPAHCTBEHHOTO HATIPABJICHHUSI.
PesynbTupytoniee ABUKEHHUE, 3TO TPOCTPAHCTBEHHO-BPEMEHHAs TPOTPECCHs], KAK MBI €€
HaA0JII0/1aeM B KOHTEKCTE HalIel TPEXMEPHOU CUCTEMBI OTCUETA - OJJHOHAMPABICHHOE
JUHEIHOE MepeMenIeHue HEMOCPEICTBEHHO HapyXKy, OT MecTa HaOJ0IeH . 31€Ch Mbl, KaKk
HaOJII0/IaTeNH, B TOM e TOJIOKEHHUH, YTO U TISITHO Ha BO3AYIITHOM IIape, MECTO, KOTOPOe
3a()MKCUPOBAHO B CUCTEME OTCUETA U, TAKUM 00pa3oM, HE UMEET COOCTBEHHOTO JIBUXKCHHS.

JIOTIOJIHUTENIbHBIN BUJ ABUKEHUS, B OMIMO3UILIUU K TPOTPECCUU, OyAET 1aBaTh HYJIEBOI
YPOBEHB MTPOCTPAHCTBEHHOW CUCTEMBI OTcueTa. KoHeuHoe BpeMsi u3MepeHust
OJIHOHAMPABJIECHHOTO MEPEMEILICHUS TEHEPUPYET JTUHEUHBIC IEPEMEIICHUS B IPOCTPAHCTBE.
DTO 0OBIUHBIE BEKTOPHBIC JIBHKCHUS HAIIIETO MOBCEIHEBHOTO OMNbITa. JIJ1s1 HAIUX 1eneit HeT
HEO0OXO0IUMOCTU 0OCYKJICHUS ATOTO TUIIA IBUKEHUS, HO B JajJbHEHIIeM, Hac OyAeT
UHTEPECOBATh, UTO MIPOUCXOIUT, KOT/Ja YBEIUUCHUE TPOCTPAHCTBA MEPEMEIICHUN (MIIH €T0
SKBUBAJICHT) JIOBEJIET CKOPOCTH JJIsl ABMIKEHUS B IPOCTPAHCTBE IO MAKCUMAJILHOTO Tpesera.
N3 npeamiecTByo1ero onucaHusi TEOPUU OUYEBUIHO, UTO CKAJIIPHOE JOTIOJHEHUE K CKOPOCTH
MPOUIET KypC U3MEHEHUH, OITMCAHHBIX paHee, M, B KOHEUHOM CUeTe, €CJIU JOTOJTHECHUS
IPOJI0JKaTh, BO3BPATUTCS K HEUTPAIIBHOMY YPOBHIO.

Takum 00pa3om, Mbl pACCMOTPEIU TPU OCHOBHBIX THIIA IBUKEHUS: OJJHOHAIIPABICHHOE
JUHENWHOE (CKAISIPHOE U BEKTOPHOE), OJTHOHAIIPABIICHHOE BPAIlICHHUE, U JINHEITHAsE BUOpaLIMs
nBikeHus. OJJHAKO CYIIECTBYET €11le€ OJHa BO3MOXKHasi KoOMOUHaIus. Mbl oOpaTtumcs K
PacCMOTPEHHIO YETBEPTOT0 OOIIEro TUIa: BUOPAIMOHHOE BpallleHUE, BpalllaTeIbHOE
JBIKEHHUE, KOTOPOE MEPUOAUIECKA MEHSIET HaMpPaBJICHUE.
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JIBMKEHUS 3TOrO THUIIA UTPAKOT CPABHUTEIBHO HE3HAYUTEIBHYIO POJIb B HALIEM IIOBCETHEBHOM
OMbITE, U, B OOIIEM, Mbl HE HAXOJJUM Pa3HULbI MEXK]ly BpalllaTeIbHON U JIMHEWHON
BUOpaIMsAMU, 4TOOBI OIPABAATH 0COObIE pa3nuunsd MKy HUMHU. OJIHaKO, HA ypOBHE aTOMOB U
YacTHII, BIUSHUE BpAIATEIbHON BUOpALIUK COBEPIICHHO OTJIMYAETCS OT TMHEHHON BUOpALIMH.
[IpuuriHa B TOM, YTO aTOM WJIM CyOAaTOMHAs 4aCTUIIA, 3TO, B OCHOBHOM, Bpallatoluics OJI0K.
Pe3ynbraTrom ciioxkeHus TMHEHHOW BUOpAuy C ABMKEHUSIMU PA3IMYHOIO TUIIA, SIBISETCS
nepeMelieHre Bpallarolerocs 0J10ka, HO BpaliareiabHasi BUOpalys - 3TO JBUKEHHUE OJTHOTO U
TOTO K€ OOIIETo XapaKTepa, Kak TO, YTO MPECTABIIAET OO0 0a30BYIO CTPYKTYpPY
NOJIpa3JIeIeHus], K KOTOPOMY OHO IIPUMEHSIETCS, CIE0BATENBHO, PE3YJITATOM CIIOXKEHUS
BpaliaTeabHON BUOparu OyeT n3MEHEHHEe Bpalaronierocs 01oka.

Kak BbIBEZIeHO paHee, TpexXMepHoe BpalleHne aToMa, Ha CaMOM JieJsie, COCTOMT M3
JABYMEPHOI0 BpallleHUsl U 0JTHOMEPHOI0 BpallleH!sl B IPOTHBOIOJIOKHOM CKAJSIPHOM
HanpaBJieHuHd. BpamarenbHas BuOpaius o0s13aTelIbHO JOJKHA ObITh IPOTUB BpaIllCHMUS],
CJIeI0BaTEIbHO, MOXKET ObITh JIMOO OJTHOMEPHOM, 1100 AByMepHOH. OgHOMEpHas
BpaliaresibHas BUOpalys, KOTOpasi CyIIECTBYET B TEOPETUUECKOM BCEICHHOM, MOXKET OBIThH
OTOXJECTBJICHA C (PU3NYECKUM SBJICHUEM, U3BECTHBIM KaK dJIEKTpUYecKuid 3apsa. Takoit Tun
BpAIICHHUS JIETKO BO3HUKAET MOYTH B JIIOOOM BEIIECTBE, UM CyOaTOMHOM YacTHUIIE, U MOXKET
OBITh OTJENIEH OT ATHX €AMHHUII C TAKOU ke JIerkocThio. [Ipn HU3KKX TemmepaTypax
OKpY’Karolllen Cpebl, TAKUX, KaK Ha MOBEPXHOCTH 3€MJIH, SJICKTPUUECKUN 3apsi,
CJIEIOBATENBHO, UTPAET POJIb BPEMEHHOTO MPHUIAaTKAa K OTHOCUTENBHO MOCTOSIHHBIM CHCTEMaM
BpAILlaTENbHOTO ABM)KECHUS.

Kpome Toro, n1BymepHbIe BpaiateibHble BUOpAIINH, MPUMEHUTEIBHO K aTOMY WJIW YacTHUIIE,
UMEIOT TaKoM ke d3(DPEKT, U MBI MOKEM OMPEACTUTh ITOT 3PhEKT HU3NIECKUM SBIICHUEM,
W3BECTHBIM KaK MarHeTu3M. Mbl OyJIeM HCII0JIb30BaTh TY K€ TEPMUHOJIOTHIO, HA3bIBAS ATY
BpallaTebHY0 BUOPAIMI0O MATHUTHBIM 3apsiJiOM, XOTsI IOHATHE "MarHUTHBIN 3apsn”
HECKOJIBKO HEITPUBBIYHO JIJII COBPEMEHHOTO MBIIIUICHHUS B 3TOH 00JIacTH.

3aps, Kak MpaBUiIo0, TPOTUBOIOJIOKHOTO MTPOCTPAHCTBEHHO-BPEMEHHOTO HAIIPABIICHUS
BpAILIEHUS1, KOTOPbIE OH U3MEHSET, M0 TEM K€ MPUUNHAM, KOTOPBIE pACHPOCTPAHSIIOTCS HA
n00aBJICHHBIE IBMKEHUS B 11eJ10M. Takum oOpa3oM, BpallleHHE CO CMEIICHUEM BpEMEHU
OOBIYHO CO3/AeT 3apsij B MPOCTPAHCTBE MEPEMEICHH, 1 HA000pOT. Tak Kak AJIeKTpUUECKHUE
U3MEPEHUS BPAIlIEHHUSI MOTYT OBITh KaK B MIPOCTPAHCTBE, TaK U BO BPEMEHH MEPEMEIICHUS,
3JIEKTPUYECKUE 3apsiAbl IPOCTPAHCTBEHHO-BPEMEHHOTO HAIIPABIICHUS TAK K€ BO3MOKHBI.
JAByMepHbIe BpalleHusl B MATEPUAJIbHOU BCEJICHHOM, € IPYroid CTOPOHBI, BCEI1a HMEKT
nepeMelnieHUsl BpeMeHH, IPOCTO MOTOMY, YTO 3TH BpPallaTeJIbHbIe COeINHEHHS C
ABYMEPHBIM CMeLlleHHEeM BPEMEHH TO, YTO MbI Ha3bIBaeM MaTrepuei. HopmanbHblii
MAarHMTHBIN 3apsifl, CIEA0BATEIbHO, UMEET MPOCTPAHCTBEHHOE HAIIPABIICHUE.

TepMHUHBI TOJIOKUTENBHBIA U OTPULIATEIBHBIN JIJIs1 OOLIEr0 UCIOJIb30BAHUS CO CCHUIKOM Ha
AJIEKTPUYECKUI MarHeTu3M, OyZeT BBOJUTH JTOTIOJIHUTEIbHYIO IIyTaHUILY B CUTYaLlMI0, KOTOpas
OYEHb CJIO’KHA, B JIYUILIEM CIIy4ae, 3TU yCJIOBUS OyyT yUUTHIBAThCS B UX OOBIYHOM 3HAYEHUH,
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KOI'/Ia OHU MCIOJIb3YIOTCS B 3TOU padboTe, AaKe €CIIU TaKOE UCIOJIb30BAHUE SIBISIETCS
HECKOJIBKO HE B CBETE TEOPETUUYECKUX BbIBOIOB. Ha 3TOi OCHOBE, MOJOKUTETBHBIN 2JIEMEHT
(KOTOPBI UMEET INEKTPUUECKOE CMEILIEHUE BPEMEHN) UMEET MOJIOKHUTEIbHBIN 3aps (
IPOCTPAHCTBO MEPEMEILEHUI ), TOT/Ia KaK OTPUIIATENbHBIN 3JIEKTPOXUMUYECKUHN JIEMEHT
(KOTOpBIN UMEET IEKTPUUECKOE CMEILEHHE MPOCTPAHCTBA) UMEET OTPUIIATENbHBIN 3aps (co
CMelIeHrneM BpeMeHH). B o01enpuHsTol nmpakTuke, TaKuM 00pa3oM, 3TO TPUPABHUBACTCS K
"MONIOKUTENBHBIM" U "OTpHIIATEILHBIM" 0003HAYEHUSIM, C HOPMAJTLHOM
NOCJIEIOBATENBHOCTHIO IOMOJIHEHUM IBHJKEHU, 8 HE YKa3aHHE MPOCTPaHCTBEHHO-BPEMEHHOIO
HaIpaBJICHUs NEPEMEILEHU, YTO BO MHOTOM OyJIeT y/100Hee.

Tak kak pe3yJIbTaToM SBJIsIEeTCS MOAU(HUKAIMSA 0a30BOT0 BPAIICHUS, KOJUICCTBO 3aPsII0B,
KOTOpBIC aTOM MOJKET IPUOOPECTH, WU CTETIEHb HOHMU3AIINH, KaK 3TO €Ile Ha3bIBAOT,
OTPaHUYEHO YHCIIOM €IUHUI] BPAIIICHHS, B COOTBETCTBYIONINX MPOCTPAHCTBEHHO-BPEMEHHBIX
HaIpPaBJICHUSIX, KOTOPHIE CYIIECTBYIOT B aTOMHOM CTpyKType. OTpuiiarenbHas HOHU3aUs
OTPaHUYHMBAETCS HU3KUM YPOBHEM, TaK KaK HETaTUBHBIN MOBOPOT d(hPeKkTUBEH HE Oosiee YeM
Ha HECKOJIbKO enuHuIl. [Ipesien monoKuTeapHOM HOHU3AINH SIBISETCS aTOMHBIM HOMEPOM,
KOTOPBIH MpeIcTaBIseT OO0 00IIee YUCTOE KOTMIECTBO SUHUI] BPAIIICHHS CMEIIICHHUS
BPEMEHHU B aTOME.

JJIeKTpUUYeCKasi HOHU3ALUA MOKET ObITh MPOU3BeIeHA MHOTHUMH CIIOCO0aMM, TaK KaK
TpeOoOBaHUEM, YTOOBI ITOT NMPOLECC HAYAJICH, SBJISIETCS, 10 CYLIECTBY, 10CTATOYHOE
KOJIMYECTBO YHEPTrUHU MPHU COOTBETCTBYIONIUX YCJA0BHSIX. Bo BCelleHHOM, B LIEJIOM,
npeobiagaeT MpoIecc TepMUISCKON HOHU3aluK. TeruioBas Wik TepMUIECKast YHEPTUsI
SIBJISIETCS] IMHEHMHBIM JBHKCHUEM MATEPUAIBHBIX YACTUIl, U TOATOMY 3TO IPOCTPAHCTBO
nepemMenicHuii. B pamkax nmpouecca HOHU3AIUHU, 3TO JIMHEHHOE MPOCTPAHCTBO
nepeMeleHnid npeodpasyercs BO BpalmaTeJbHOe NPOCTPAHCTBO MepeMenieHuii, Hin
NOJIOKUTEbHBbIN 3apsa. Korjga TeMneparypa noBblimaeTcsi Bce 00JblIe U 00JIblIIe,
MPOCTPAHCTBO NMEPEMENIEHUN CTAHOBUTCS JIOCTYIIHBIM JJIs1 MOHU3ALNH, U CTETIEHb HOHU3AIUU
aToOMa MOJHUMAETCS, TOCTUTasi MOMEHTA, KOrJia OH MOJHOCThI0 HOHU3UPOBAH; TO €CTh, KAXKI0€
U3 €ro MoApa3eiCHUN epeMeIleHNs] BpEMEHU MPUOOPEINO MOT0KUTEIIbHBIN 3apsi/l.

Ecnu temnieparypa, rnociie nojiHo HOHU3aluMy aToMa, IIPOAOJIKAET PACTH, Pa3pyLLIUTEIbHBIN
JUMUT, B KOHEYHOM CYETE, IOCTUTAET TOUKH, TJIe 00IIee MPOCTPAHCTBO MEPEMEIEHUN, CyMMa
MOHU3AIMU U TEIJIOBOM YHEPTUH, paBHA CMEILIEHUIO BPEMEHU, BBITECHSETCS OJTHA €IMHUIIA U3
MarHuTHOTO BpaieHus. [I[poTHBOMOIOKHO HANIPABICHHbIE BPAILIEHUS] HEUTPATU3YIOT IPYT
Jpyra, ¥ BO3BpaIalOTCs K TMHEWHOW OCHOBE, YHUUTOXAasl 3Ty YaCTh aTOMHOU CTPYKTYphI. C
yBEJIMYEHUEM aTOMHOTO HOMEpPa, MPU MaKCUMaIbHON MOHU3AIMH, BO3PACTAECT KOJIMUYECTBO
TEMJIOBOW SHEPTUH, HEOOXOAUMOE JUIsl TOTO, YTOOBI IOBECTH 0011ee TPOCTPAHCTBO
nepeMeIeHU aToMa MOJHOCTHIO 0 Pa3pyUIUTEILHOI0 TUMHUTA, U 3PHEKT 3aKI0uaeTcs B
TOM, YTOOBI YCTAaHOBUTD MpPeEJE TEMIIEPATYPhI JJIs KKJIOT0 dJIEMEHTA, CBS3aHHBIN C aTOMHBIM
HOMEPOM.

DeKTpUUYecKuil 3apsijl BCEeTia paccMaTpuBaiICs Kak 0JTHO U3 HauboJiee 3aralouHbIX
OPUPOJIHBIX SIBJICHUIA, U OTBET Ha BOIIPOC, UTO K€ ATO TAKOE U KAaK 3TO MPOUCXOIUT, ObLT OUEHB
aKTyaJIbHBIM JI0 T€X MOP, TOKa COBpeMEHHbIE (M3HUKH He "perin mpoliaeMy yTBEpKICHUEM,
YTO BOIPOC HE UMEET OTBETA, YTO MBI ITPOCTO TOJKHBI IIPUHSITH OTBETCTBEHHOCTD, KAK
JAHHOCTH Npupoasl. Ha camoMm nese, HeT HU4ero TAMHCTBEHHOI'0 MJIHM 330TePUYECKOro B
3JIEKTPUYECKOM 3apsifie, 3TO IPOCTO BU ABMKeHHs. HO Hao nOHMMATh, YTO MBI
IIPUYACTHBI K 9TOM TOUKE 3PEHHUS], KaK TOJIBKO Mbl IPUHUMAEM KOHIIENINIO BCEJICHHOU



JABUXCHMUS. B Takoiu BCCHCHHOﬁ, BC€ OOBEKTHI U SIBJICHUS TO IMPOABJIICHUA ABHXCHUWA, U
G,Z[I/IHCTBGHHBIﬁ OCTaIOIHHfICH BOIIPOC, HA KOTOpBIﬁ HYKHO OTBCTUTH B OTHOIICHHUUA
QJICKTPUYICCKOI'O 3apsaa, KaKOM 3TO BUJ ABUXKCHMUA.

Kax TosbKO MBI pelnig 3TOT BOIPOC, TPUXOAUT IOHUMAHHIO TOTO, YTO 3JIEKTPHUYECKH I
3apsil — OAHOMepHasi BpamartejibHasi BUOpanusi. CTAHOBUTCSI OYEBUIHBIM, UTO JIByMEpHas
BpallareibHas BUOpalus TOH ke MPUPOJIbl, TOJKHA TAKKE CYIIECTBOBATh, U YTO 3TO
MarHuTHBIN 3apal. ToT GakT, 4TO HEKOTOPhIE BEIIECTBA MOTYT ObITh HAMAarHUYEHBI, TO €CTh
HAXOJATCS B COCTOSIHMM, KOTJ]Ja UX MAarHUTHOE MOBEICHUE ABJISIETCS] AHAJIOTOM AJIEKTPUYECKOTO
NOBEACHUS 3apsia, YTO XOPOIIO U3BECTHO, U YTO JBUKEHUE AIIEKTPUUECKOT0 3apsiia
IPOU3BOAUT MOAOOHBIE MATHUTHBIE SIBJICHUS, HATOJKHYJ (PU3UKOB Ha MPEANOI0KEHUE, YTO
BCE MarHUTHBIE SABJICHUS CBSI3aHbBI C ABMKYIIUMUCA 3apsiiamMu. B cBeTe HOBOM nH(OpMaIuy,
OUYEBHJIHO, UTO OJIHU U T€ K€ (PAKTOPBI, KOTOPBIE CO3/Ial0T OAHOMEPHYIO (JIEKTPUUECKYIO)
MOHM3AIMIO, TAKXKE CIIOCOOHBI TPOU3BOIUTH IBYMEPHYIO (MArHUTHYIO) MOHU3ALIUIO, U 3Ta
MarHUTHas HOHU3ALIMs, CIIeI0BATEeNIbHO, IPUCYTCTBYET BE3/1€, I/Ie UMEIOTCS OJaronpusTHbIC
YCIIOBUH.

Korna »To nmporcxoauT, mojgoKuTeIbHAS MAarHUTHAsI HOHU3AIUs (POCTPAHCTBO
nepeMeIeHN) COOTBETCTBYET OOIIEH MOJOKUTEIBHOM SJIEKTPUUECKON MOHUBAINH, U 3TO
HOPMAJIBHO JIJI1 MaTEPUAIBHOTO aTOMa, C €r0 YUCTHIM MEPEMELICHUEM BPEMEHH, KOTOPOE
UTPAET JIMIIb HE3HAYUTEIbHYIO POJIb B 36MHBIX SIBICHUSX, XOTS 3TO, B OOJIBIIEH CTENEeHH,
OCHOBHOH (haKTOp B HEKOTOPBIX APYTUX MecTax. [[puarHO#M 3TOM KaxyIIencss aHoMaauu
SABJISIETCA MPOLECC, KOTOPBIM MPUBOAUT K IMTPOU3BOJICTBY OTPULIATEILHOW MATHUTHOM
VOHU3ALMHU B TAKUX KOJIMYECTBAX, UTO MOJIOKUTEIbHAS HOHU3ALMS, KaK ITPABUIIO,
uckitouaercs. s 0ObSICHEHHS 3TOTO MPOIiecca Mbl BEpHEMCS K CyOaTOMHBIM YaCTHUIIAM.

XoTs Bojiopoi, ¢ komOuHaruen 2-1-(1), siBasieTcs nepBbIM COUETAHUEM BpAIEHUS C

3¢ PeKTUBHBIM TTEpEMEIIICHIEM B 000X BpalllaTeJIbHBIX CUCTEMaX, U, TAKUM 00pa3oM, EPBbIi
MaTepuaJbHbBIN AJIEMEHT, cepus 00iee MPOCTHIX SAUHUIL MOKET OBITh CHOPMHUPOBAHA TTyTEM
00aBJICHUS AJIEKTPUUECKOTO MTPOCTPAHCTBA UM BPEMEHH NIEpEMEISHUsI K BpalllaTeIbHON
0a3e HEHTPOHOB.

Displacement Particle

1-1-1 Unnamed

1-1-0 Neutron

1-1-(1) Meutrino

1-01 Positron

1-0-0 Rotational base
1-0-(1) Electron

Kak yka3piBasioch B MpeAbLAYIICH TUCKYCCHH, U, KaK 3HAYCHHS MIEPEMEIICHUN B TaOIuUIIe
HarJIsAHO TIOKa3bIBAOT, Cy0ATOMHBIE YACTHILI HMEIOT CJIOKHbIE IBHKEHHUS OTHOTO U TOTO
Ke 00111ero XxapakTepa, Kak aToMbl MaTepPHH, HO He UMeIOT 3(PPeKTHBHOIO NepeMeleHHs
B IBYX BPAIIAIOIINXCHA CHCTEMAaX, YTO SIBJISIETCS CBOMCTBOM MaTepHu. DJIEKTPOH,
HampuMmep, He umeeT cMenieHus (Boimie 1-0-0) B MarHUTHBIX U3MEPEHUSIX, U €T0 BaXKHOM
0COOCHHOCTBIO SBJSIETCS TOJIBKO OJIHA €AMHMIIA TPOCTPAHCTBA MEPEMEILICHUI B
AIIEKTPUYECKOM M3MEpeHUH. B He3apsiskeHHOM BelllecTBe, 3TA YACTHULA ABJAETCS, 110 CYTH,
HHYeM, KpoMe Bpamawiierocsi 6;10ka npocrpancrBa. Kak TakoBoii, OH He MOKeT
ABUTaThCS Yepe3 OTKPbITOE MPOCTPAHCTBO, TIOCKOIBKY OTHOIIIEHHE MMPOCTPAHCTBA K



MIPOCTPAHCTBY, HE SABJISECTCS ABUKECHUEM, HO OH MOKeT NPOMTH CKBO3b MATEPHIO, TAK KAK
MaTtepus SBJISETCA YACTHIM [IEPEMEIICHUEM BpEMEHU. BHYTpH MaTepuu, JBHKYIIUECS
AJIEKTPOHBI U3BECTHBI KaK dJIeKTpuueckuil Tok. Kak u o060 qpyroii Bpamaromuics 010K,
AJIEKTPOH (C BpallaTeIbHbIM MPOCTPAHCTBOM MEPEMEILEHUI) MOKET IPUOOPECTH
ANEKTPUUYECKUH 3aps/l, B JAaHHOM clly4yae OTpUIaTeNIbHbIN (cMenleHue). B 3apsizkeHHOM
COCTOSIHUM, YACTHIbI ABJIAKTCH HEUTPAJIbHBIMH € POCTPAHCTBEHHO-BPEMEHHON TOYKH
3peHusi, M IO3TOMY MOTI'YT CBOOOJHO ABUIaThCA B JH000i MaTepHH WJIN MPOCTPAHCTBE.

Yacrtuiia, KoTopasi IpecTaBisieT 0COObI HHTEPEC B ATOU CBSI3U, HA3bIBAETCSI HEUTPUHO.
[TepemerieHust TOM YaCTUIIBI, KaK MOKa3aHO B TabJIUIaX, ABISAIOTCS KoMOuHamuei 1-1-(1), ato
03HAYaeT, YTo YyucToe 3PpPpeKTUBHOE NepeMenIeHre 3TO KOMOMHaUK paBHO HyJt0. Kak
UMerolllee OJTHOMEPHBIE U IBYMEPHBIC BpallleHUs, HEUTPUHO CIIOCOOHO B3STh dJIEKTPUUCCKUN
WJIM MarHUTHBIN 3apsij], HO HA OCHOBE BEPOSITHOCTHBIX COOOPaKEHUN, MAarHUTHBIN 3aps]l UMEeT
PUOPUTET, U MPU COOTBETCTBYIOIIMUX YCIOBUAX, YACTUIIA TPUOOPETAET OJIHY €AUHUILY
MOJIOKUTEIBHOI'O MarHUTHOTO 3apsija. DTO €IMHULA TPOCTPAHCTBA NTEPEMELICHUIN U
3apsHKEHHBIN HEUTPUHO, TIO CYIIECTBY, SABJISICTCSI HUYEM, KpOME MOOMIIBHOTO YCTPONCTBA
IIPOCTPAHCTBA, IIOX0XKEr0, B ’TOM OTHOLIEHUH, Ha 3apsj dJIeKTpoHa. Kak u nociennuii, oH
MO’KeT CBOOOHO MePeABUTaThHCH B MATEPUH, HO OTCTPAHEH OT IBUKEHUs B
NPOCTPAHCTBE, IPOCTO ITOTOMY, YTO OTHOLIEHUE IIPOCTPAHCTBA K IIPOCTPAHCTBY, HE SBJISIETCS
JBUKEHHUEM.

HeliTpuHo 00pa3yroTcsi B 3HAUUTEIBHBIX KOJTUYECTBAX B HEKOTOPBIX OOIIUX (PU3UUECKHUX
npoleccax, ¥ MOCKOJIbKY OHH CBOOOIHO MEPEMENIAOTCs Yepe3 MPOCTPAHCTBO U MAaTEPHIO, B
HE3apsDKEHHOM COCTOSIHUU, TaK KaK MX YACTOE CMEILIEHUE PABHO HYJIIO, KaKI0€ TEIO BO
BCEJICHHOM MOJBEPraeTcsl HEMPEPHIBHOMY OTOKY HEUTPHUHO, BO MHOTOM TaKUM k€ 00pa3om,
KakK OHO IOJIBepraeTcs HenmpeprIBHOW OoMOapaupoBke (poToHamu n3nmyueHusi. Bpems ot
BpPEMEHH, OJIMH U3 ATHX HEUTPUHO MPUOOPETAET 3apsijl, IPH MPOXOKICHUH Yepe3 MATEPHIO, U
KOTI'/Ia 3TO MPOUCXOIUT, HEUTPUHO MOMAAET B JIOBYLIKY U HE MOXKeT yOexaTh. KoHueHTparus
3apsKEHHBIX HEUTPUHO B BELIECTBE, IOATOMY PACTET, IOKA MAaTeprall CTAHOBUTCS CTapIlIe.

Pasuuny, Mexxay cuTyanuen 3apspKeHHBIX HEUTPUHO U 3apsifia DJIEKTPOHA, CIIEyeT OTMETUTD
CIIELHAJIBHO. B TO Bpemsi, KaKk 3T JB€ YaCTHULbI aHAJIOTUYHBI 0 TAKOW CTEIIEHHU, YTO Kaxas
€AMHHIA IPOCTPAHCTBA U, CJIENOBATEIBHO, MOKET IIEPEMEILATHCS TOJIBKO Yepe3 BEILLECTBO,
3apsJl AJIEKTPOHA MOXKET YyOEKaTh OT 3TOI0 OIPaHUYEHUS, IyTEM NIPUOOPETEHUS
JOTIOJIHUTENIBHOTO 3apsaa. HapamuyBanue KOHIEHTPALUMKU JJIEKTPOHOB TAK/KE HAPAIUBAET
CHJIBI, KOTOpbIE, KaK MPaBUJIO, TOJATOTABIMBAIOT HEOOXOAMMBIN 3apsijl, YTO, B KOHEYHOM UTOTE,
0CBOOO0XK/IAET NEKTPOH. 3apsKEHHBIA HEUTPUHO, C APYTOM CTOPOHBI, MOXKET BBIMTH TOJIBKO
NIOTEPSIB CBOM 3apsifl, HO IMIOCKOJIBKY UAET AAIbHENIIEE YBEINUEHNE KOHIIEHTPALUU ITUX
YaCTHUL], HApaALUBAIOTCS CUIbI, CTPEMSALLUECS IPEIOTBPATUTE BO3ZMOKHOCTD ITOTEPSTH 3apsii,
YTO CTAHOBUTCS BCE O0Jiee JAIEKUM.

J1s TOr0, YTOOBI OLICHUTh 3HAYEHHUE 3TOT0, HEOOXOIMMO MPU3HATH, YTO B3aUMHbBIE CBS3U
MEXy IPOCTPAHCTBOM M BPEMEHEM, AT KAKUE-TO ABMKEHMS 4aCTHUILE, CO CCBUIKOW Ha aToM,
B KOTOPOM OHa PACHOJIOKEHA, JKBUBAJICHTHBIE BO3BPATHO-ITOCTYIATEILHOMY JABUKEHHIO
aToMa B OTHOLIEHUM 4acTULbI. [I0CKOIBKY 3TN NBHKEHUSA SKBUBAJICHTHBI, OHU JOCTUTAOT
paBHOBecHs. B Toil cutyanuu, KOTOPYIO MBI ceiiuac paccMaTpuBaeM, BpaiareabHas BUOpaus
HEUTPHUHO SKBUBAJIEHTHA U B PAaBHOBECHH C B3aMMHOM BpalllaTelbHOM BUOpalKeil atoma, B
KOTOPOM 3TH HEMTPUHO PacIooKeHbl. Tak Kak 3apsJ B HEHTPUHO SABJIAETCH MATHUTHBIM
NPOCTPAHCTBOM IepeMeleHHUi, ero NPUCyTCTBUE 3aCTABJIAET aTOM NIpHOOpeTaTh



MArHUTHBIH 3apsaa €O CMCIICHUEM BPEMECHH. OTO ABJISIETCS IMPOTUBOITIOJIOKHOCTBIO
MMPOCTPAHCTBCHHO-BPEMCHHOT'O HAIIPABJICHUA OJIA 0OBIYHOI'0 MATHUTHOTO 3apsaaa, 4To
Ka3aJIoChb 6BI, HC3HAYUTCIIbHAA pasHUlld, OJJHAKO, B JAHHOM CJIy4ac, 5TO UMCCT NAJICKO MAYIINUC
IMOCJIICACTBHA.

OO0ObIKHOBEHHbIE MATHUTHBIE 3aPA/IbI IBJISIIOTCS BHEIIHUMH 10 OTHOLIEHHUIO K
MaTepUaJIbLHOM Cpele, B CTPYKTYpe ABYMEPHOIr0 NPOCTPAHCTBA MepeMellleHU i, Ybel
CYLIHOCTBIO SIBJISIETCS YMCTOE CMellleHHue BPEeMEeHHU, M MI03TOMY OHHM UTPAIOT
CPABHHUTEJbHO HE3HAYUTEJIbHYIO POJIb B SIBJEHUAX MATEPUAIbHON BeesieHHOM. C npyroii
CTOPOHBI, 3TO JIBM)KECHUE COBIIA/IaeT ¢ 0A30BBIM JABYMEPHBIM BpallleHHEM aToMa, 3a
UCKJIFOUEHHUEM TOTO, UYTO OHO BUOPAIIMOHHOE, a HE OJHOr0 HamnpasiieHus. Cie1oBaTeabHO, OHO
no0aBiseTcs, U, B HEKOTOPOM CMBICIIE, CIIMBAETCSI C aTOMHBIM BpaIllCHUEM, U UMEET TaKOM ke
oOmuit 3¢ (hHeKT, Kak SIKBUBAJICHT JOMOJIHUTEIHLHOTO BPAIIATEILHOTO MTEPEMEIICHUS] BPEMEHHU.

BMecTo TOro, 4To0bI cO31aBaTh NMOBEAEHUE APYIOro poaa, Kak, HapuMep, MOCTYNaT
HOHBbI UJIM HAMArHM4Y€eHHbIE YACTUIILI B 00BIYHBIX ATOMAX, IBYMEPHOIi 3apsi/i, B CBSI3HU C
HAJIUYMeM HEUTPUHO, MPOCTO 100aBJIAeTCH K BeJIMYMHAM HOPMAJIbHBIX CBOMCTB aTOMOB.
1o »TOi1 mpUYKMHE MBI HE UCIIOJIB3YEM TEPMHUH ''MAarHUTHBIN 3apsif’, CChUIAsICh HA 3TO
JBIDKEHUE, HO OyieM Ha3bIBaTh €ro "TpaBUTAIMOHHBIM 3apsgoMm". Hanbomnee 3ameTHbIN

3¢ deKT rpaBUTAIIMOHHOTO 3apsijia - yBeJIMUeHUe Macchl aToma. Kak orMedasioch paHee,
€IMHHUIIa MAaTHUTHOTO BpaIlleH!s SKBUBAJICHTHA JBYM HaTypaJbHBIM €AUHHUIIAM, U OJIOK
rPaBUTALMOHHOTO 3apsijia, KOTOPBIN ABJISETCS MPUPOIHON STUHUIICH, TOITOMY PABEH
MOJIOBUHE €MHUIIBI B MaciTabe BpamieHusl. ATOMHast Macca 0OBIYHOTO aTOMa - JIBAXK]IbI
aTOMHBIN HOMEp Z, ¥ KaXKJasl eIMHAIIA TPAaBUTAIMOHHOTO 3apsiaa G, 100aBiIseT OJUH aTOMHBIN
BeC ycTpoiicTBa. YKCio euHuUIl 3apsija, KOTOPbIe aTOM MOXET MPUOOPECTH, SIBISETCA
MIEPEMEHHBIM, ¥ KaXJIbli HOPMAJIbHBIA aTOM, aTOMHOT'0 Beca 27, TO3TOMY COMPOBOKIAETCS
PAJIOM M30TOIOB, C aTOMHBIM BecoM 27Z+G.

B nHamieit MecTHON OKpy>Karollen cpelie pa3InyHbIE U30TOIbl XUMUYECKHUX 3JIEMEHTOB, KaK
IPaBUJIO, BOZHUKAIOT B (PUKCUPOBAHHBIX MIPOIMOPILUSIX, U CPEIHUM U30TOMHBIN BEC 2JIEMEHTA
IPU3HAETCS AaTOMHBIM BECOM 3TOT0 IeMeHTa. OJHAKO, KaK BUHO U3 BBIILIEH3JI0KEHHOTO,
CYLIECTBYIOIME M30TONHBIE MPONOPIUH He NPUCYIIHM CTPYKTYpe caMoil MaTepuu, a
SIBJISIIOTCH Pe3yJIbTATOM YPOBHSI MATHUTHOM MOHM3AIlUH, CYIECTBYIOLIEr0 B MECTHBIX
ycjaoBHsX. B MecTax, rie MarHuTHbIE CTEIIEHH HOHU3ALUN Pa3Hble, N30TOIHBIE MPOIIOPLIUN
OyIyT TakXe OTIMYaThCS.

MBI MOXEM BBIBECTH U3 TEOPETUUECKHUX MPUHIIUIIOB, CBA3aHHBIX C OUEHb MOJIOABIM
BEILIECTBOM, UTO TaM MarHUTHAs CTEIICHh MOHU3AIIMHU paBHA HYJIIO, U30TOINOB HET, a aTOMHBIN
BEC KXKJIOTO XMMHUUYECKOT0 3JIEMEHTA, €r0 YaCTOTHOE 3HaUY€HUE, paBHO 2Z. 311eCh, BCe
BpalaTejJbHble KOMOMHAIUU (3JIEMEHTOB M CYy0ATOMHBIX YaCTHI) , BO3MOKHbIE HA BCEM
MyTH, OT JIeKTPoHA 10 117-ro 3j1eMeHTa, ABJATCA CTAOMJIbHBIMU. B 5TOM MoJi0/10M
BEIIIECTBE, TSAKEIbIC AJIEMEHTHI TOCTOSIHHO CTPOSITCS U3 JIETKUX B MIPOIECCE 3axXBaTa
HEUTPOHOB, M HET YHUUTOKECHUS WM JIETPAJIAllMU SJIEMEHTA, IT0Ka OTPAaHUYEHUE aTOMHOIO
Beca 236 (aToMHBII Bec HecTaOmIBHOTO AemMenHTa 118) He gqocTturaercs.

Ecnu 3T0 BemecTBo nepeaaTh B 00J1aCTH BEICOKOTO YPOBHS MOHU3AIMHU, TAKUE, KaK Ha
MOBEPXHOCTH 3€MJIH, B €€ HBIHEITHEM COCTOSIHUM, HEKOTOPbIE aTOMBI TPUOOPETYT
rpaBUTAIIMOHHBIE 3apsibl. V3 TeopeTrueckux coodpaxeHuii, ObU1o OnpeeseHo, YTo B JH000i
MOMEHT, MATHUTHBIN YPOBEHb MOHU3ALIUU YBEIMYMBAET HOPMAJIbHYIO MAcCy 3a CUEeT
pUOOPETEHHS TPABUTALIMOHHBIX 3apsAI0B, B IPOLIECCE TOCTHKEHUSI PABHOBECHSI C 3apsiIaMH.



KonuuecTBeHHbIE OLICHKH, OMTYOJIMKOBAHHBIE paHEE, TAKKE MOKA3bIBAIOT, UTO HA OJHY
€JIMHUIlY YPOBHS MOHU3AIMHU, KOTOpas Ha YPOBHE MECTHBIX YCIOBUM, HOPMaJIbHbBIN aTOMHBIN
MIPYBEC MPAKTUUYECKU HA HYJIE HA KOHEYHBIX 3JieMeHTax ¢ 3 1o 20 anement, 10 Ha 40 snemMeHTe,
23 na 60 snemente, 41 Ha 80 anemenre, 54 Ha 92 snemenTe, u Tak ganee. Korma npupoct 54
nobasiseTcs K aToMmHOMY Becy 184, oObpIyHOTO aToMa 3eMeHTa 92, o01as Macca CTaHOBUTCS
238, uto BhImIe TIpenena 236. Takum oOpa3om, B 3TON OKPYIKAIOIIEH cpesie, dJIeMeHT 92, ypaH,
¥ BCE HAJl HUM, TCOPETUYSCKH, HECTAaOMIBHBI U pacnagaroTcs ¢ BeIOpocoM Macchl. HekoTopble
3JIEMEHTBbI, HeMOCPEACTBEHHO MO/l HOMEPOM 92, MOI'yT NpeBbIIIATH CTA0OUIBLHBIN Npeae.,
MOTOMY YTO BEPOSATHOCTH AHAJOTMYHA TOMY (PaAKTOPY, KOTOPbIH M03BOJISIeT UCTIAPEHUs,
NMPH OTHOCHUTEJIBLHO HU3KHUX TeMIlepaTypax.

DTOT mpolece pacnana, KOTOPbIi 3aHUMAET MECTO B TEOPETUUYECKON BCEICHHOM, MOXKET ObITh
CBSI3aH C HAOJI0/IaeMbIM SIBJIEHHEM, KOTOPOE MBI Ha3bIBaEM PaJIMOaKTUBHOCTHIO. [Ipu epBom
PACCMOTPEHUHU, OJTHAKO, MPEACTABISACTCS, UTO CYIIECTBYIOT PACXOKIACHUS MEKITY
TEOPETUUECKUMU XapAKTEPUCTUKAMU MPOLECCA U TEMH, KOTOPbIE HAa CAMOM JIeJie
HaOmomaroTcs. [lomydenne TeopeTHuecKoro pacmaja 4eTKo TpedyeT, YTOOI 3TO ObLT B3PHIB,
cOOBITHE MHUITUUPYETCS, KaK TOJIBKO BEIIECTBO JOCTUTACT JIUMUTA CTAOMIBHOCTH U
IPOJ0JIKAETCS A0 3aBeplleHus npoiecca. Habmonaemas pagnoakTUBHOCTb, C IPYroi
CTOPOHBI, KaK MPEACTABISACTCS, PSIJl HE3ABUCUMBIX COOBITUM, TPOUCXOIAIIUX B CITydailHOM
NOPsIIKE, ¥ YaCTO BBIXOJUT Ha O4YeHb JoJruii nepuos Bpemenu. "Half-life" (momypacman)
HEKOTOPBIX U30TOIMOB YpaHa, HapUMep, MPOUCXOIUT MUJUTUOHHI JIET.

B xoHTekcTe coBpeMeHHON (PU3HMKH, ATH JBa ONMCAHKS COBEPIIICHHO HEMTPUMHUPHUMBI, HO B
oTBeTHOM CucTeMe, paiHOAKTUBHDIN B3PbHIB SIBJISIETCA 00PATHBIM 00BIYHOMY B3pPbIBY, TO
€CTh, 3TO TOT K€ MPOILIECC, C B3aUMO3aMEHSIEMBIMH ITPOCTPAHCTBOM U BpeMeHEM. B 00bIYHOM
B3pPbIBe, IeCTBHE HAYUHACTCH B OJJHOM UJIM HECKOJIbKHX TOYKAX COBOKYITHOCTH U
PACHPOCTPAHSAETCHA BOBHE B IPOCTPAHCTBE C BHICOKON KOCMHYECKOM CKOPOCTBHIO. KaxibIii
aTOM COBOKYITHOCTH OCTa€TCsl B CBOEM MEPBOHAYAIBHOM COCTOSIHUU 10 TEX MOP, MOKa
JEUCTBUE MPOLIECCA HE JOCTUTAET MECTA B MPOCTPAHCTBE, KOTOPOE ITOT aTOM 3aHUMAET, MOCIIE
Yero aToM WUJIM MOJIEKYJia BIAPYT pacrnajaercs. B3pbiB B 11e10M, MpUHUMAET (HOpMY CEpUU
OTJICJIbHBIX B3PBIBOB B Pa3HBIX MECTaxX B MPOCTPAHCTBE, BO30YK/1asl MOCIIEI0BATEILHO HOBBIC
MecTa B MPOCTPAHCTBE C KOHEUYHOU CKOPOCTHIO.

B pagnoakTHBHOM B3pbIBe, 1eiiCTBHE HAYMHACTCH B OJHOM WJIM HECKOJbKHUX TOYKAX B
COBOKYIHOCTH M PACHPOCTPAHAETCH HAPY’KY BO BpeMEeHH HA BHICOKOH 00paTHOM
CKOPOCTH (TO eCTh, MeAJIEeHHO). Ka)XIbIi1 aTOM COBOKYITHOCTH OCTA€TCSI B CBOEM
MEPBOHAYAIBLHOM COCTOSIHUM JI0 TE€X IOP, MOKa AECHCTBUE MPOLIECCA HE TIOCTUTAET
MECTOMOJIOKEHUSI BO BpEMEHU, KOTOPBIE 3TOT aTOM 3aHUMAET, MOCJIE YEr0 OH HEOKHUIAHHO
pacmaniaercs. B3pbIB B 11€710M, ClIeI0BATENIbHO, MPUHUMAET (hOPMY CEPHUH OTIEIbHBIX B3PHIBOB
B Pa3HBIX MECTAaX BO BPEMEHH, BO30YXkasi OCIEA0BATEILHOCTh MECT BO BPEMEHHU Ha
KOHEUHOM 00paTHOM ckopocTh. C y4eToM NMoJAMeHbI BpeMeHeM MPOCTPAHCTBA, 3TO
ONMCAHUE PAJUOAKTUBHOIO B3PbIBA, COBNA/IAET C ONUCAHMEM NPeIbIAylIero 00bLIYHOI0
B3pbIBa.

Takum 06p2130M, PAaAHO0aAKTUBHOCTb, KAK MbI €€ Haﬁ.moz(aeM, ABJACTCHA PE3YJIbTATOM
nmpomJjaoro yBeJIM4YCHUSI MATHUTHOI'O YPOBHS NOHU3AIlUH. Hakxonienne HeﬁTpHHO
ABJACTCH NIOCTOAHHBIM U HGOﬁpaTI/IM])IM, CJIICOOBATCIIBHO, JlaJIbHEUIIICE YBCIIMYCHUC
JAaHHOI'O YPOBHS IMPUBCACT K PAAHOAKTUBHOMY pacCliaay Ha JCIKUEC 3JICMCHTEI. Tak Ke, Kak
CYmeCTBOBaAaHUEC MAKCUMAJIbHOI'O 3HAYCHUA KOMGI/IHaIII/II/I 3J1€KTpI/I‘leCKOﬁ HOHHU3AIIlUU "



TeNnJI0BOM IHEPTHHN YCTAHABJIMNBACT MPEACT TEMIICPATYPbI IJIA MaTEPHUHA, CYIIECTBOBAHUE
MaKCHUMYMa MArHUTHOM HOHHU3AIIMH YCTAHABJIUBACT HpeI[eJIbeIﬁ BO3pacCT Bemiecrea.

B nmocnenyromux rinaBax OyayT paccMaTpUBaThCs MPOLIECCHI, KOTOPBIE BHI3BIBAIOT
OIIPENIECIICHHBIC arperaTHhle COCTOSHUS BEIIECTBA, OBBIIAIOIINAE BO3PACTHBIE U
TEMIIEPATYPHBIE OTPAHUYCHHUSI, U XapAKTEP MOCIEACTBUM, KOTOPbIE BO3HUKAIOT. B moaAroroske
3TUX 00CYKJEHUM, Mbl KPATKO B3IVISIHEM Ha HEKOTOPBIE BUJIbI ABMKEHUI, KOTOPBIE MPOLLLIN
IOYTH MUMO Ha IMPEABIIYIIMX CTPAHULAX, IOTOMY YTO OHU HE UTPArOT HUKAKOM POJIU B
U3BECTHBIX (PU3MUECKHUX SBJICHUIX MOBCETHEBHOMN KU3HU.

Kaxk 6pu10 oT™Meueno B ['maa IV, koMOuHaImu BpaniaTeaIbHbIX IBUKEHUH, KOTOPBIC OBLIN
UACHTU(UITMIPOBAHBI KAK aTOMBI, MOTJIU OBITh MO0 JIMHEHHBIM MPOCTPAHCTBOM MEPEMEIICHUH,
BpAILICHUEM CO CMELICHUEM BPEMEHH WU JIMHEUHBIM [IEPEMELICHUEM BPEMEHH, BPALLICHUEM B
IIPOCTPAHCTBE MEPEMEIICHUM, OHAKO, MIOCIIEAHEE HE SIBIISIETCS BelecTBoM. Hac celtuac
UHTEpECyeT BOIMPOC, UTO ATO HAM JAET. 3/1eCh HE MOKET ObITh HUKAKMX COMHEHUH Ha 3TOT
cueT. [TIoCKkoIbKyY 3TO SBISETCS TOYHOM KONIMEW aTOMOB MaTEPUH, 3a UCKIFOUEHUEM TOT'O, YTO
MIPOCTPAHCTBO U BPEMSI MEHSFOTCS MECTAMU, OUEBHUIHO, UTO OHHU SAABJIAKTCH ATOMAMHU
00pPAaTHOI0 THIIA MATEPHUH, CBA3AHHOI0 ¢ 00BIYHOM MaTepHuell Tak xKe, Kak
MOJIOKUTEJIbHBIH 3apsi/l CBA3aH C OTPULATEIBLHBIM 3apsiIoM. MBI MOTJIH OBl COCIIaThCs Ha
HUX, KaK Ha "00paTHy0 MaTepuio" WM "B3aMMHYIO MaTepUI0', HO €CTh MHOTO KpUTEPHUEB
WHBEPCHH, KOTOPHIE BECbMa OTJIMYAIOTCS OT HAIIPABIICHHS IPOCTPAHCTBA-BPEMEHHU, U JJI TOTO,
YTOOBI OBITH KOHKPETHBIM, MPEACTABISETCS 1EI€CO00pa3HbIM UCIIOIB30BaTh OoJiee
HeUTpanbHbIl TepMuH. O003HaYeHHE "KOCMUYECKUI", ClieI0BaTeNIbHO, OYIET MPUMEHSTHCS KO
BCEM SIBJICHUSIM OOPATHOTO TUIIA, KOTOPHIE HE SIBISIOTCS (KaK MOJIOKHUTEIIbHBIE 3aPSIbl,
HAIpUMep) OOIMMHU XapaKTEPUCTHKAMU MAaTEPUATBHOTO CEKTOPE BCETICHHOW. ATOMBI
00paTHOr0 THUIIA COCTABJIAKT KOCMHYECKYI0 MaTepuio. TepMuH "aHTu-MaTepus’ HaXOAUTCS
B 001I1eM MCITOJIB30BAHUH, HO 3TO MOJAPa3yMEBACT CKOPEE OTPHUIATEIBHYIO, YUeM 00paTHYIO
0OBIYHOM MaTepuH, U TOITOMY HEYMECTEH.

AHTH-MaTepus ObLia JIIOOUMBIM MTPEAMETOM CIEKYJISLUU B MOCIEAHHUE I'O/Ibl, KaK B CEPbE3HOM
HAy4YHOU JIUTEepaType, Tak U B Hay4yHou (pantactuke. neHTudukanms HEKOTOPHIX "aHTH-
yacTull" (HE BCE U3 KOTOPBIX SBISAIOTCS KOCMUYECKUMU, UCXO/ISl U3 HAILIETO ONPEICIICHHUS)
UMEET, KOHEYHO, C YYETOM 3TOM CIEKYJISIUU OLIYTUMBIN XapaKTep, MOCKOJIbKY
npeoOpa3oBaHKE YACTUIl MATEPUHN U UX AaHTUYACTUI] JAET YIHEPTUIO MTPU UX KOHTAKTE APYT C
JIPYTrOM, U MOKHO MPEANOI0XKUTh, YTO TAKOW KOHTAKT MOKET CTaTh MOIIHBIM UCTOYHHUKOM
sHepruu. JIrobrumMoe ycTpoiicTBO SHEPTUH HAyUYHO-(PAHTACTUUECKUX T'€POEB - IPEBPALICHHIE
MaTEpUHU B SJHEPTUIO, MO3BOJIAS KOHTAKT aHTHU-MATEPUU C KOHTPOJIMPYEMON CKOPOCTHIO.
ACTpOHOMBI OBUIH B paBHOW CTENEHU 3aMHTPUTOBAHBI 3TOM HI€EH, U TPOU30ILIO0
NOCTYJINPOBAHME CYIIECTBOBAHUS AHTU-MAaTEPHUU.

be3 coMHeHuMs1, acCTPOHOMBI U TIPE/IaHHbIE Hay4YHbIE (paHTACThl OyIyT HEAOBOJIBHBI TEM, YTO
B3anmuas Cuctema J10KHA CKa3aTh O TaK Ha3bIBaeMOW aHTU-MaTepuu. OOpaTHOE BEIIECTBO,
KOCMUYECKasi MaTepus, Kak MbI €€ Ha3bIBaeM, MOJICKUT 0OPATHOM, UITM KOCMUYECKON
rpaButanu. OHa He 00paTHAasi, B TOM CMbICJIe, YTO ATOMbI ABHKYTCH He BHYTPb, a
HApPYKy B IPOCTPAHCTBE, a B TOM CMBbICJIE, YTO ATOMbI ABHKYTCSI BHYTPb BO BpeMeHH, a
He B npocTpancTBe. [lox BmusHrEeM 3T0# 00paTHOM "Kak Obl" CHITBI, KOCMHYECKHE aTOMBI
uMerT (opMy MaTEpUH, KaK U MaTepUalibHbIe aTOMBI, HO 3TH arperaThl JIOKAJIU30BaHbI BO
BPEMEHHU, a HE B IPOCTPAHCTBE. ATOMBI KaXKJIOTO arperara coOpaHbl BO BpEMEHU, HO OHU
IIUPOKO pa3dpocaHbl B mpocTpaHcTBe. [[03TOMY MBI BecTpeuaeM UX B KOCMOCE HE KaK



raJlJakTUKH, UJIM B Ka4C€CTBC TOIJIMBA, IMIOAXOAAIICTIO AJIA 3alIpaBKU KOCMHUYCCKUX KOpa6H€fI,
HO, HHOT'ZIa KaK OTACJIbHBIC aTOMBEI. AHTI/I-MaTepI/II-O, KaK Ir¢HepaTop SHCPIUHU, IMMpruAaACTCA
IMOCTAaBHUTH HaA ITOJIKY BMCCTC C aHTU-TPABUTALITMOHHBIMHU yCTpOﬁCTBaMH.

Kak u MHOrHE qpyrue HHTEpECHBIE SIBJIEHUS, B KOTOPBIX XapaKTEPUCTUKNA KOCMUYECKOIO
CEKTOpPA BCEJICHHOM MOCTAIOT Ha HAIll MaTEPUAIbHBINA CEKTOP, BBIXOJAT 3a PAMKH 3TOTO
[pEeICTaBJICHUs, HO IOHUMAaHKUE OOIIEro OTHOLICHHS MEXTY ABYMs CEKTOpaMH OyaeT
MIOJIE3HBIM B CBSI3U C HEKOTOPBIMU M3 BOIIPOCOB, KOTOPBINA OyIyT paccMOTpeHbl mmo3xke. C
LEJbIO BBISICHEHUS 3TOM B3aMMOCBSI3U, Mbl HAUHEM C IIPOCTHIX BEKTOPHBIX JBUKEHUN B
IPOCTPAHCTBE, Kak Moka3zaHo Ha nuarpamme d Ha PucyHke 3 (K coxkalleHHI0, pUCYHOK
OTCYTCTBOBAJ B UCTOUHUKE; MpuM. alexfl), u ¢ momoIipio NoJ0OHON CXeMbl MbI OYJIEM CIEIUTh
3a XOJIOM COOBITHH, KaK MPOCTPAHCTBO MEPEMELLIEHUH, TN €T0 SKBUBAJICHT, JO0ABIISIIOTCS B
nswxenue. [penpinyiee o0CyKaeHNE 3aBEPIIUIIO 3TOT MPOLIECC HA TOUYKE, TJ€ IBUKEHUS
JOCTUTIIN HEUTPANBbHOIO YPOBHS, UM (PU3NYECKOTO HYJISI, B TOUKE, I'/I€ HET IBUKEHUS, KpOMe
IIPOTPECCUU MPOCTPAHCTBA-BPEMEHU. [IepBbIN SKBUBAJIEHT MPOCTPAHCTBA NEPEMEIICHU,
YBEJIMYEH Ha COKPAIICHUH EPEMEILEHUSI BPEMEHH JI0 MPEJENIa BEKTOPHOIO JBUKEHUS,
JOCTUTAa€MOT0 33 €UHUILY CKOPOCTH. 3aTe€M, CKAJIIPHBIE POCTPAHCTBA ITEPEMEILIEHNN
N00aBIIAIOTCS 10 TEX MOP, MOKA HE JOCTUraeTcs HeWTpanbHOe cocTogHue. Llens qaHHOrO
0OBSCHEHHUS 3aKII0YAETCS B TOM, UTO M3-32 B3aUMHOM CBS3M MEX]y IPOCTPAHCTBOM H
BpPEMEHEM, BECh ITPOLIECC MMOBTOPSIETCS MOJOOHBIM ke 00pa3oM 3a mpenesaMu peruoHa
HEUTpaJIbHOTO ypoBHs. Hanmnuue 10moNIHUTENbHOTO MPOCTPAHCTBA MEPEMEIICHHUI MO3BOJISIET
CHU3UTD JIBA HEAKTUBHBIX U3MEPEHHUS 10 HYJIS JBUKEHUS BO BpeMeHU. UTOObI 00JErYuTh 3TOT
npolecc, NepeMellleHre B AKTUBHOM U3MEPEHUHU, BO3BPAILAETCS K CKAISIPHOMY BPEMEHH,
BBICBOOOXAasi MPOCTPAHCTBO MEPEMEIEHUH, YTOOBI YAOBIETBOPUTH YaCTh TPEOOBAHMIA
npeoOpa3oBaHus HEAKTUBHBIX U3MepeHuil. bonee no3aHee nobasneHne OOIBIIETO
IPOCTPAHCTBA NEPEMEILICHHUN 3aMEHSET CyMMY, B3STYI0 OT aKTUBHOTO U3MEPEHUS, U, B
KOHEYHOM CYETE, CKOPOCTh B ’TOM M3MEPEHUH NPUXOJNUT HA YPOBEHb MMOJAPA3ICIICHHUS, U
HAYMHAETCS] BEKTOPHOE JBUYKEHNE BO BPEMEHU. JTO HOPMAIBHOE JBUKEHNE KOCMUYECKOIO
CEKTOpa, IBUKEHNE aTOMOB M arperaroB KOCMMYECKOW MaTepuHu.

Pe3toMupyst Bce BBIIIEU3I0KEHHOE, MBI MOKEM CKa3aTh, YTO MPU OYEHb HU3KUX YPOBHAX
MIPOCTPAHCTBA MEPEMEIIICHU I (IKBUBAJICHT BHICOKOT'O YPOBHSI CMEIICHUS BPEMEHH )
MPOCTPAHCTBEHHASI CKOPOCTH B IByX U3MEPEHUSIX PABHA HYJIIO, a4 B TPETHEM HUKE €TUHUIIBI.
371ech BEKTOPHOE JIBH)KEHUE B MPOCTPAHCTBE BO3MOXKHO. Ha 0ueHb HU3KUX YPOBHSIX
CMEIICHUS] BpEMEHU (IKBUBAJICHT BHICOKOTO YPOBHS MTPOCTPAHCTBA MEPEMEIICHII ) BpeMEHHAs
CKOPOCTbh B JIBYX U3BMEPEHUSAX PaBHA HYJIO, & B TPEThEM HUXKE €AUHULIBI. 3/1€Ch BEKTOPHOE
JBUKEHHUE BO BPEMEHU BO3MOKHO. MeX Iy 3TUMH IBYMs KPAWHOCTSIMH CYIIECTBYET
CKQJISIPHBIM JUaNa3oH, TO €CTh, ITOCJIE TOT0, KAK CKOPOCTh B MIPOCTPAHCTBE JIOCTUTAET
eAMHMUITBL, JTF000€ JanbpHeIIee 100aBIeHe MPOCTPAHCTBA MTEPEMEICHUH, HAIPUMED, ITyTeM
BBIJICJICHUS] SHEPTUH B PE3YJIBTATE B3PBIBA, JA€T CKASIPHOE JOMOJHEHUE K MPEABIAYIIIEMY
NBIKEeHUI0. Ecu 3TO TonoHeHue SBIISIETCSL JOCTATOYHO OOJIBIIINM, YTOOBI YBEJIMUUTh
CKJISIPHBIE CKOPOCTH JI0 TOUKH, 3a MpejieiaMyd HEUTPaIbHOTO YPOBHS, MPE0Opa3oBaHue
JBIKEHUIN BO BPEMEHH, B KOHEYHOM CUETE, MMEET MECTO, KaK YMEHbIIIEHUE 00paTHOM
CKOPOCTHU Ha CPEeIHEM YPOBHE JIBHKEHMI BO BpeMeHHU. Te jxe cooOpaxeHus: IpUMEHUMBI U
HA000POT, JJIs JBUKEHHUS BO BPEMEHHU, KOTOPhIE BO3HUKAIOT HA BHICOKOM 0OpaTHOM CKOPOCTHU
C BBICBOOOXKI€HHEM OO0JIBIIOr0 KOJUYECTBA OOpaTHBIX d3HEpruu. Eciiu HeHTpasibHas TOUKa
npoiieHa, IpeoOdpa3oBaHusl IBMKEHUH, B KOHEYHOM CUETE, B IPOCTPAHCTRBE.



OTH TOYKH OyyT UMETh CYIIECTBEHHOE 3HAUYEHUE B CBSA3U C 0OCYKICHUEM Ha TOCJICTYOIINX
CTpaHMIIAX, TAK KaK MHOTOE B TEME, C 3TOr0 MOMEHTA, OyJEeT MOJYMHEHO CUIILHBIM B3phIBAM U
UX MOCJEICTBUSIM.

ACTPOHOMMNYECKASA CHEHA

3anuch NpOABUKEHUSI ACTPOHOMUYECKUX 3HaHUW OblIa, B OCHOBHOM, UCTOpHEN M300peTeHus
U MCTIOJIb30BaHMsI HOBBIX U 00Ji€€ MOILHBIX HHCTPYMEHTOB. ONTHYECKUN TEIECKOII,
CIEKTPOCKOI, (POTOIIACTUHKH, PAIHO TEIECKOIbI, (HOTOIIEMEHTHI, BCE 3TO OCHOBHBIE
yJIy4dIlI€HUs], KOTOpbIE ObLIN C/IE€TaHbl B UX CUJIE U TOUHOCTH, SIBJISIETCSI OCHOBHBIMU BEXaMHU B
aCTPOHOMHUYECKOM Iporpecce. ITo BOMPOC BechMa OOJIBIIOr0 3Ha4€HUs1, IOTOMY, UTO B
IPUMEHEHUH K aCTPOHOMUYECKHUM SBJICHUM, B3anmHas CucremMa nMeeT Bce XapaKTEpUCTUKU
HOBOI'O MHCTPYMEHTA UCKIIIOUUTEIIBHOW MOIIHOCTA U YHUBEPCAIBHOCTH.

KoneuHo, B aCTpOHOMUH MHOT'O TEOPHIA, HO MTPOAYKTHI 3TUX TEOPUI COBEPIIEHHO OTINYAIOTCS
OT pe3yJIbTATOB, MOJYYEHHBIX C HHCTPYMEHTOM, IIOCKOJIbKY OHU ONPEAEIIAIOT IPEXKIE BCETO
TO, YTO YK€ U3BECTHO, WJIM CUYUTAETCSA YTO U3BECTHO, 00 aCTPOHOMMUYECKUX sIBIEHUAX Ecimu
3TH pe3yJIbTaThl IPOTUBOPEYAT MPUHATON UIEH, TOJKHA OBITh U3MEHEHA U/Esl, a HE JaHHbIE
HaoOmoneHuil. [loguepkuBaem, uto Bzaumuas Cucrema, Kak MHCTPYMEHT, B OTJIMYHUU OT
OOBIUHBIX TEOPHH, SBIISETCS MOTHOCTHIO HE3aBUCUMOM OT TOTO, YTO U3BECTHO WJIM BO YTO
BEPAT.

3Be3/Ibl U TATAKTUKU OOHAPYKEHBI B CYLIECTBYIOLUIUX ACTPOHOMHYECKUX TEOPHSIX, TOCKOJIbKY
OHM NIOMEUIEHBI B 3TU Teopuil. OHU COBOKYITHOCTH MATEPHUH, OHH OKa3bIBAKOT
IrPaBUTALIMOHHBIE CUJIbI, OHM MCITyCKAIOT U3JIyYEHHUE, U TaK J1ajiee, IOTOMY 4TO 3Ta
uH(popmals Oblia BBeJEeHA B TEOpUU. TeopeTHYecKu OHU TeHEPUPYIOT SHEPTHIO,
HEOOXOIUMYIO JUIsl MOAIEP KaHUS U3ITyUEHUs, ITyTeM MpeoOpa3oBaHUsl MAaTEpUU B SHEPTHIO,
IOTOMY YTO 3TO TaKXke ObLIO BBEAEHO B TeOpUH. OHU COOTBETCTBYIOT OCHOBHBIM 3aKOHAM
($U3MKKM ¥ XMMHUH, OHU CJIEYIOT NpUHIMIAaM, 3a510)keHHbIM Dapaneem, MakcBeiom,
HproToHOM mmn DUHIITEIHOM, TOTOMY YTO 3TH 3aKOHBI M NpaBuia ObLTH BBEJACHBI B Teopuu. K
ATOI OTPOMHOM CyMMe 3HaHUM U MCEBA0-3HAHUM, TEOPETUK 100ABIIAET HECKOIBKO €ro
COOCTBEHHBIX MPEAMNOI0KEHHH, MOAYMHSSA BCIO MACCy MaTepHalia ero MbIIUICHUIO, 3aTEM
IPUXOJNT K ONPEIEIICHHBIM BbIBOIaM. Takas TEOpUs HE BUAUT BELIM, KAK OHU €CTh; OHA
BUJUT UX B KOHTEKCTE CYIECTBYIOIIUX HAOIIOICHN, NH(POPMALIMU U CYIIECTBYIOIINUX
11a0JI0HOB MBIIUIEHHS. MBI HE MOKEM IMOIYYUTh KBa3ap U3 TaKOH TEOPUH, IIOKA MbI HE
CO3a/IMM KBa3ap, WM HEUTO TaKOE, U3 YETrO KBa3ap MOXKET ObITh MOJIYYeH B TEOPHUHU.

C npyroii CTOPOHBI, CYIIECTBYIONIUE TIPEICTABICHUS O IPUPOIE KOCMHUUECKUX OOBEKTOB, HE
MOTYT OBITh BBEJICHBI B UHCTPYMEHT. Hemb3s cka3aTh HHCTPYMEHTY, YTO OH JIOJDKEH BHUJIETD,
WJIY TO, YTO OH JIOJDKEH 3aIlMCaTh, OH BUJAWT BELIU, KAK OHU €CTh, a4 HE KAK HAYYHOE
COOOIIECTBO CUMUTAET, YTO OHU JIOJKHBI BRITJISAAETh. ECcu ecTh KBa3aphbl, COOTBETCTBYIOIIUE
puOOPHI JOJKHBI UX YBUACTh. KaKIbIii HOBBIM aKT pacKpbIBa€T MHOTHE OITHOKHU B
M3BECTHBIX SIBIICHUSIX, B TO K€ BPEMS, 3TO CBUJETEIILCTBYET O CYILIECTBOBAHUHU JIPYTUX
SIBJICHUHM, KOTOPbIE ObUIM HE TOJILKO HEU3BECTHBI, HO BO MHOTHX CITy4asiX COBEPIICHHO
HEOXKUIAHHBIMU.

B3aumuas Cucrtema UMEET IUTI0C B TOM, UTO OHA HE 3aBUCUT OT CYILIECTBYIOIIEH HAYUYHOU
MBICJIH. 3BE3/Ibl U TAJAKTUKH, U3 KOTOPHIX COCTOUT MaTepusi, B TECOPUM MOSBIISIIOTCS HU CaMu
1o cede, Kak BBEJICHHBIE B TEOPUIO, OHU SIBJISIFOTCS CIEACTBUSIMU TEOPUH, pE3yJibTaTaMu,
KOTOPBbIEC 0053aTEIBHO CJIEAYIOT U3 TOJIBKO YTO MOCTYIUPYEMbIX CBOMCTB IPOCTPAHCTBA U



BPEMEHH. ITH aCTPOHOMUYECKHE O0BEKThI, KOTOPHIE MOSIBIIIOTCS B TEOPUU, ITPU YCIOBUU
cOOJII0/IeHUsI OCHOBHBIX (PM3MUECKUX 3aKOHOB, OKA3bIBAIOT IPABUTAIMOHHBIC CUJIbI, UCITYCKAIOT
U3ITy4eHUe, U Tak Jajiee, He MOTOMY, YTO 3T BEIIHM ObUIM BBEACHBI B TEOPHIO, HO TOTOMY, YTO
OHM SIBJIAFOTCS MPOAYKTAMH Pa3BUTHS cCaMOM TEOpHH. Bce CylIHOCTH M OTHOILLIEHHMS], KOTOPbIE
COCTaBJISIFOT TEOPETHUECKYIO BCesieHHY10 B3anmHuoilt Cuctemsl, SBISIOTCS CIEACTBUEM
OCHOBHBIX IIOCTYJIATOB CUCTEMBI. ECIM €CTh KBa3aphl, TO 3T TEOPHUS, KAK COOTBETCTBYIOLIUM
JIOKYMEHT, HE3aBUCHUMO OT KaKON-I100 MPeIbIAyIeH TEOPUH WIIN HAOII0AaTeIbHON
uH(opMaIny, NpeIcKa3bIBaeT KBa3aphl.

B HekoTOpbIX ciydasix, KapTUHA CUTYyallMy, MIOJyYEHHAs U3 3TOM TEOPUHU, OYEHb PAUKAIBHO
OTJIMYAETCS OT MPUHATOW B HACTOSIIIEE BPEMSI, HO 3TO TO, YTO MbI JIOJIKHBI OKHUJIATh OT
TEOpUHU, KOTOpasi paboTaeT B MaHepe HHCTPYMEHTA. B kaxkioM cityuae, 3Th OTBETHI,
MOJIYYEHHBIE U3 TEOPETHUECKUX Pa3pad0TOK, HAXOIATCA B MIOJTHOM COTJIACUU CO BCEMU
yCTaHOBJIEHHbIMU (hakTamu. Tak ganeko, Kak MOKHO 3TO YCTAHOBHUTH B HACTOAIIEE BPEMS,
IIOATOMY, TEOPETUUYECKAs BCEJICHHAS OINPENEISIETCA KaK HOBAsi CUCTEMA TEOPHUHM, UTO SIBIISECTCS
UCTUHHBIM M TOYHBIM MPEACTABICHUEM O (DAKTUIECKOM (PU3MUECKOr BCeIeHHOM. MBI MOXKeM
MOAXOJUTH K aCTPOHOMHUYECKOMY IOJIFO C YBEPEHHOCTBIO, YTO 3/1€Ch TAKKE, BBIBOJIBI, KOTOPHIE
MBI ntonydaeM u3 Bzaumuoi CUCTEMBI, JaayT HaM T€ K€ PE3YJIbTaThl, KOTOPBIE MBI ITOIy4aeM
U3 HaOJIOJEHUI: TOUYHYIO KAPTUHY CUTYalluH, KaK OHA Ha CaMOM JIeJI€ CYIIECTBYET,
HE3aBHUCHUMO OT TEKYILETO MBIILJICHUS B 3TOM 00JIaCTH.

CoracHO TeopuH, X0 COOBITHI B aCTPOHOMHYECKOM MHpPE, OTPEIEsIeTCs TIIaBHBIM 00pa3oM
B KOKJIOM OTJIEIHHOM ClTydyae, OCHOBHBIM KOH(JIUKTOM, MEXK/y TpaBUTaIluEH U
IPOCTPaHCTBEHHO-BPEMEHHOM Mporpeccuen, 1 3To (hakTop, YTO CO3/AAET Pa3IUYHbIE CUTYALIUH,
CBSI3aHHBIE C N3MEHEHHEM I'PAaBUTAIIMOHHOTO 3P peKTa C U3MEHEHHEM PACCTOSHUSI.
IIporpeccust npocTpaHCTBa-BPEMEHU IPOUCXOIUT BE3/E, a €€ BETUUHMHA SIBJISETCS IOCTOSHHOM,
HE3aBUCUMO OT MECTa HaXOXJAECHHS, HO IPaBUTALIMS 3aBUCUT OT OINPEJEICHHOIO MECTa, B
KOTOPOM OHA MPOUCXOIUT, KOTJa €ro 3aHUMaeT (KpaTKOBPEMEHHO), U 0CIa0eBaeT C
PACCTOSIHUEM, UTO BBIPAXKEHO B 3aKOHE OOPATHBIX KBAAPATOB, B PE3YJIHTATE U3MEHEHUS
BJIMSIHUSL OTHOCUTEINIbHBIX BEJINYMH HAa BHYTPEHHUE U BHEIIHUE ABMKeHUsA. Ha equnuie
PAcCTOSIHUS, BHYTPEHHUE IPABUTAIIMOHHBIC JBUKEHUS OOJIbIIE, YeM JBUKEHUE B IPOTPECCUU
IPOCTPaHCTBA-BPEMEHH, HO, KOT/Ia Halll 00BEKT MepeMENIaeTCsl HapyXKy, YUCThIN OanaHc
BHYTPEHHETO JIBM)KEHUS] YMEHbIIIAETCS, U, B KOHEYHOM CU€Te, JOCTUTAETCs TOUKA, IIPU
KOTOPOU BHYTPEHHUE U BHEIIHKE IBUKEHUS PaBHBL. 3a 3TOM TOYKOW rPaBUTALIMIOHHOTO
npejena, Kak Mbl €ro Oy/1eM Ha3bIBaTh, YUCTOE ABMXKEHHUE HAPYXKY YBEJINUUBACTCS J10
€IMHHULIBI CKOPOCTH, CKOPOCTh CBETA, HA OYEHb OOJIBIINX PACCTOSTHUSIX.

Ceiluac MOKHO cJIeJIaTh HEKOTOPHIE JOMOJHUTEIbHBIC CPABHEHUSI MEXKTy TEOPETUUECKUMU
BBIBOJIAMU U pE3yJIbTaTaMu HaOII0/IcHUs. ATperaTbl MaTepUH, B HallleM OJivKaniieM
OKPY>XCHUH, JBUTAIOTCS BHYTPh B MPOCTPAHCTBE MO OTHOIICHUIO IPYT K APYTY, COIIACHO
00paTHBIX KBaJPATOB CBSI3H, KaK TOTO TpeOyeT Teopusi. JIeHCTBUTENBHO, 3TO BHYTPEHHEE
JBIDKCHHUE TPABUTAIIMU SBJISIETCS IPKOM U€PTOM, UTO CYUTAETCS cCaMO COO0M Pa3yMEIOITUMCS B
HAyYHOM MBICIIH, U 4TO P DEKT sABISCTCS yHUBEpcalbHbIM. Kak 3asBjieHO B 00111eM
BbIpakeHUHU 3akoHa HpioTOHa, "KaXk/ast yacTulla MaTepUM, BO BCEJIICHHOM, IPUTSITUBAET BCE
npyrue yactuiibl". Ho Teneps, MOITHBIE ONITUYECKHUE TEISCKOMBI U APYTHUE TOCTYITHBIE
UHCTPYMEHTHI, B COCTOSIHUM 100PaThCsl 10 PACCTOSTHMH B MUJLJIMAPABI CBETOBBIX JIET, M HA
ITHX IKCTPEMAJIBHBIX PACCTOSIHUAX, 00bEKTHI, KOTOPbIE J0/KHbI IBUTATHCS 0Y€Hb
MeJIEHHO K HaM, B COOTBeTCTBHH ¢ 3akoHOM HbloToHA, 3TOr0 He AeawT. OHu



ABUTAKOTCS HAPYXKY, IOJAJIBIIC OT HAC, HA OYCHb BBICOKHUX CKOPOCTAX, YBCINIYUBAIOIIHUXCS C
PaCCTOAHUCM OO0 CKOPOCTH CBCTA.

Kpome Toro, pactipeneneHne MaTepuu BO BCEJICHHON COBCEM JPYroe, 10 CPABHEHHIO C TEM,
9YTO MOKHO OBLTO ObI 0XKHMIaTh Ha OcHOBaHMM 3akoHa HproTona. Kak BeIpaxkaeTcst OquH aBTOD:
“ IlpumeHnenue Teopun TAroTeHuss HproTOHA, B KOTOPOU NPUTSHKEHUE MEKY TEIAMU
U3MEHSETCSl 00paTHO MPOTOPIIMOHATIBHO KBAaIPaTy PACCTOSIHUS, B IPUMEHEHHH K
KPYIMHOMACIITA0OHBIM CTPYKTYpaM BCEJIEHHON TpeOyeT, 4UTOObI y BCEJICHHON ObLI LIEHTp, B
KOTOPOM IIPOCTPAHCTBEHHAs MJIOTHOCTD 3BE3/] M rajJakTUK Obuia MakcuManbHOU. [Ipu
JBUKEHUHU HAPYXKY, OT 3TOrO LIEHTPA, MPOCTPAHCTBEHHAS IIIOTHOCTh JAOHKHA YMEHbBIIATHCS,
II0Ka, HAaKOHEL], Ha OOJIBIINX PACCTOSIHUSX HE MOCIENyeT OeCKOHEUHasl 001acTh IIyCTOTHI .

DOUHIITEWH BBIPa3WI Ty e MBICIIb B CISAYIOUINX CIOBax: "3Be3Has BCeJIEHHAs JI0JKHA OBITh
KOHEUHBIM OCTPOBKOM B OECKOHEYHOM OKeaHe npoctpaHcTa". Ho 3T0 He TO, 4TO MPOUCXOAUT
Ha caMoM Jene. Tak Jajneko, Kak MOXKET OBITh ONPEAEIIEHO U3 UMEIOIIEHCS B HACTOSAIIEE BpEMS
uH(pOopMaIK, pacrpeesieHie MaTepuu BO BCEJIEHHON JOCTATOYHO OAHOPOIHO. Jjist Toro,
YTOOBI MPUMUPUTH HAOIIOAAEMYIO CUTYaLUIO C COBPEMEHHBIMU TEOPUSMHU, HEKOTOPbIE
Ype3BbIUaHbIE CIIEIUATIbHBIEC MPEIOI0KEHHS TOKHBI OBITh CIIETaHbl: BO-TIEPBBIX,
IPEANOI0KEHNE B3pbIBAa BCEJIEHHOM B I[EJIOM, TO, YTO IIBBIPHYJIO FAJIAKTUKH B MPOCTPAHCTBO C
OTPOMHOM CKOPOCTBIO, KOTOpasi ceiiuac HabI0JaeTcsl, @ BO-BTOPBIX, IIPEAIIOIOKEHNUE, UTO
camo MPOCTPAHCTBO MUCKAXKAETCA MaTEepUEl, KOTOPYIO OHA COACPHKHUT.

HeobxoaumocTs 1151 1F060T0 TAaKOTO HATyMaHHOTO M MPUYYAJTUBOTO MPEATIOI0KECHUS
ycTpaHsiercs myteM pa3Butus Bzaumuoi Cucremsl. CyiiecTBEHHBIM (DaKTOM, BBISIBJICHHBIM
IPpU TEOPETUUECKOU pa3pabOTKe, SIBISETCS TO, YTO CYIIECTBYIOT /iBa (paKTOpa, yUACTBYIOIIHE B
pacnpeneneHnd MaTepUH, a HE TOJIBKO rpaBuTanus B oquHOUKy. IIporpeccusi npocrpancrsaa-
BpPEeMEHHU BBICTYINAET B ONMO3MIUM K TPABUTALMHU, U 110 PUYHHE 0CJIA0JIeHUS
TPAaBUTALIUM C PACCTOSIHMEM, B TO BpeMsl, KaK MPOrpeccusi 0CTAETCH MOCTOSTHHOM,
CyLIECTBYET YMCTOE BHYTPEHHEE IBHKEHHE HA KOPOTKUX PACCTOSTHUSAX, M YMCTOE
BHEIIHee JIBHKeHHE HA 00JILIINX PACCTOSIHUAX. DTO OOBACHIETCS pa30eraHneM B JaJIeKUX
raJlakTUKax ¥ HaOJI01aeMbIM pacrpe/ielieHueM MaTepun. B npenenax rpaBUTallmoOHHOTO
OTpaHUYCHHUS], MaTepUs JBUKETCS BHYTPh U O0BbEAUHSIETCS B TallakTHKU. Kaxkaas u3 aTux
rajakTUK SIBJIIETCS TEM, O UeM DUHILITEWH rOBOpUI, 4TO HhIOTOHOBCKAs rpaBUTAllUS 1O KHA
npou3BOJIUTH B EBKIIMIOBOM npocTpaHcTBe. OHA SBIAETCS «KOHEYHBIM OCTPOBKOM B OKEaHE
IPOCTPAHCTBaY, B MpeJienax ee COOCTBEHHOTO TPaBUTAIMOHHOTO mpefena. Ho 3Tu ranaktukw,
KOHEYHBIE OCTPOBKH, OTAAISIEMBIE IPYT OT APYra, IOCKOJIbKY YACTOE IBMKECHUE 3a IPEAECIAMHU
TPaBUTALIMOHHOTO JIUMUTA, HAPYKY.

[IpoucxoxkaeHne ralakTHYecKON peleccuu B TEOPUH "O0JBIIOTO B3pbIBA' SBISETCS XOPOIIUM
IPUMEPOM TOTO, KaK OTCYTCTBHE KOMIUIEKCHOM OOIIeH TEOPUH MPENATCTBYET MPU3HAHUIO
BaYKHBIX aCIMeKTOB (pu3nyeckux siBieHUi. "bonbioil B3peiB" obecrieunBaeT aJIeKBaTHOE
o0BsiCHeHHE pa30eraHus TalakKTHK KaK U30JIMPOBAHHOE SIBJICHUE, O€3 CBS3HM C UeM-HUOY b elIe.
Ho 510 He maeT HaM HUKAKOTO HAMEKa Ha 3HAYUTENbHBIN (haKT, KOTOPBINA CBUIETEILCTBYET,
YTO peLeccus SBISETCS OOIKM SBICHUEM, YTO KaXKIasi €IMHUIA MAaTEPUH, KOTOpasi HaXOIUTCS
3a MpeesaMy rpaBUTalMOHHOTO MpeJena Ipyroil eIMHULIbI, OTXOIUT OT 3TOM €AUHUIIBL. DTO
HE SIBJISIETCS OYEBUIHBIM UCXO/IS U3 HAOIIOEHUI, IOTOMY, YTO BCE €IMHMIIBI MEHBIIE, YEM
raJlakTHKa, oAJIeKaT rPaBUTALMOHHBIM CHJIaM KPYITHBIX arperaToB 1, B KOHEYHOM UTOTE,
HAXOJSTCS B PABHOBECUH, a HE MPOAOJKAIOT BHEIIHEE ABMKEHUE. MExXly TeM, He IPU3HAHUE
TEOPUHU MPEACIIBHOIO PACCTOSIHUS U O0BSICHEHUS TAIAKTUYECKOHN pelieccuu, Mpea0TBpaliacT



JFOOBIE TCOPCTUUICCKUEC UCCIICAOBAHMA, KOTOPBIC MOT'JIN OBl BBIIBUTH HCTUHHOE ITOJIOKEHUE
JACII.

[IpoGiiema ckoruieHus 3Be3]] - 3TO OKa3aTeNbHbIN pUuMeEp. ITH OTPOMHBIE KJIACTEePhI 3Be3/1,
04YEeBH/HO, YICPKUBAKTCI BMeCTe IPABUTAIMOHHBIMH CHJIAMH, HO IT0YeMY 3Be3/1bl
OCTAIOTCH pa3fAeJIeHHBIMU OTPOMHBIMHM PACCTOSTHUSIMHU NMOPSAIKA HECKOJIBKHUX CBETOBbIX
JeT? ACTpOHOMHUS HE UMEET OTBETA, IOTOMY UTO OHA HE MOKET ONMPEACIUTH JIIOOYIO CHITY
TpeOyeMoil BEIMUHHBI, ICUCTBYIONIYIO B ONIMO3UIMH K TpaBuTanuu. Bzanmuas Cucrema
UACHTU(PUIUPYET 3Ty CUITY, U IPUXOJUT K OU€Hb MPOCTOMY oObsiAcHeHuto. Ka:xknasi 3Be31a
KJIACTepa HAXOAUTCH 32 MpeJeIaMi IPaBUTALMOHHOIO Ipeesia CBOMX coceleil, U
M03TOMY OTCTYyIaeT oT HUX. Ho 3TO He MOXKET MPOAOIKUTH BHEIITHUE ABUKEHHUS, B TOPSAKE
rajlakTUK, IOTOMY YTO 3TO 3aBUCHUT OT IPaBUTALIMOHHON CHIIBI (TO €CTh, BHYTPEHHETO
JBIKEHUS) KJ1acTepa B 1esioM. [1oaTromy OH nepemeniaercst Hapy»Ky TOJIBKO K TOUKE
paBHOBECHSI, I'/I€ BCE CHIIBI (IBUKEHUI) CBOASTCA K HYIIIO.

DTO Xe paBHOBECHE, MEXKAY pa30eraHrueM OTACIbHBIX 3B€3/1 U COBOKYITHBIM T'PaBUTAIMOHHBIM
NPUTSHKEHUEM, TaKXKe JAaeT 00bSICHEHUE OTPOMHBIX PACCTOSTHUN MEXK]y 3B€3/1aMH B
rajiakTUKax, siBJICHUE, KOTOPOE /10 CUX MOP HE TOJIBKO OCTAaeTCsl HEOOBSICHEHHBIM, HO TaKE HE
OBLIO IPU3HAHO, KaK HyXJaroiieecs B 00bsicHeHu:. [loMrUMO 4JIeHOB KpaTHBIX 3BE3AHBIX
CHUCTEM, KOTOPhIE TEOPETUUECKH UMEIOT 0011Iee MPOUCX0XKACHUE, HET HUKAKUX MPU3HAKOB
TOTO, YTO 3BE3IbI KOT/1a-TH00 MOIONIYT Take YMEPEHHO OJM3KO ApyT K Apyry. Takoe q1uko
HEBEPOSATHOE COCTOSIHME HE MOKET CyLeCTBOBATH CJIy4aiiHo. OHO JI0JI’)KHO UMETh
00BsSICHEHHE, U ATO TO, YTO HOBAsl TEOPETHUYECKAsI CHCTEMa 00CCIIeYnBaET.

Ho naxxe 3Be3/1b1, 0JHA WJIM HECKOJIBKO, HE OOpPEUEHBI OCTABAThCs AAJIEKO APYT OT Apyra, OHU
HE CYILLECTBYIOT B MOJHOW U30JISILIUM APYT OT APYra, KAk B HACTOSIIIEE BPEMSI MIPENOJIATaeTC .
Hamnpotus, TOT (hakT, 4TO OHU 3aHUMAIOT TO3UIIMHU PABHOBECHSI, 03HAYAET, YTO CTPYKTYpa
3Be3/1 KJIACTepa WIH lJIAKTUKH, AHAJOTHYHA KUIAKOCTH. ECTh ONpeeeHHOE KOJITUYECTBO
CBO0O/IBI TIEPEIBIKEHUS B KJIACTEPE, TaK Ke, KaK B KUJKOCTH, HO JIIOObIC HAPYIICHUS
YCJIOBUH paBHOBECHS, JIMOO JBUKEHUE TJIABHBIX €IMHMII, WJIK OT BHEIIHUX BJIUSHUMN,
BCcTpeyaeT conporuBieHue. CylecTByronias aCTpPOHOMUYECKAs! MbICIIb HE IPU3HAET 3TY
curyauuro. Open Xoi, HalpuMep, TAET TAKOM KOMMEHTapUH O BO3MOXHBIX CTOJIKHOBEHHSIX
rajakTHK:

“Jlymaro, 4yTO 3B€3/Ibl, KaK OOBIYHBIE OBITOBBIE MBUIMHKU. 3aTEM MBI JOJKHBI JyMaTh O
rajakTUKe, Kak COOpaHUM MATHBIIIEK B HECKOJIBKUX MWISIX JIPYT OT APYra, pacupeaeICHHbIX
o o0beMy, IpuMepHO paBHOMY 3emiie. OUEeBUIHO, UTO OJTHO U3 TAKUX MATHBIIICK MOXKET
POUTH MOYTHU CBOOOIHO Uepe3 Apyroe’.

Kak noka3pIBatOT pe3yiabTaThl HAIIMX MCCIIEA0BAHUN TAKOTO CTOJIKHOBEHHS, 3TO ObLIO OBl
OOJIBITIE TOX0KE HA BO3/ICHCTBHE MMOTOKA HA TTIOBEPXHOCTH MPYa, B KOTOPBIM OH TOMAaIaeT.
Tam OyzneT onpeseieHHOe KOTMYEeCTBO MPOHUKHOBEHUS B KOKIOM CIIydae, HO B JTIOO0OM
ClIy4ae, HEIOABMKHAs Macca COOTBETCTBYET CTEHE, a HE KOPUIODY.

KuakocTh, Kak CTPYKTypa 3BE€3IHBIX COBOKYITHOCTEH, TaKKe OOBSICHSET, TOUEMY 3BE3bl, WIH
IPYIIIbI 3B€3/1, MOTYT OBITh U3THAHBI U3 COBOKYITHOCTH OT B3PBIBHOM CHJIBI. DTO €Ile OJIUH
YHKT, KOTOPBIM COBpEMEHHAs TEOPHsI HE MOXKET OOBSICHUTb.

Kornma nonsito, 4To 3B€31HBIN KIIACTEP NPEAIaracT OAUH U TOT K€ BUJ COITPOTUBIICHUS B
OTHOIIICHUH PUMEHEHHUsSI CUJIbI, KaK U B BSI3KOM KHUIKOCTU, 3TO HE TIpodeMa, u 3To Oyaer



UMETh OOJIBIIIOE 3HAUYCHUE B CBSA3U C HEKOTOPHIMU U3 MIYHKTOB, KOTOPBIE OYAYT 00CYXAaThCs
IIO3XKE.

B nuanazone 3¢(eKTUBHOCTH TpaBUTAIIMOHHBIX CHJI, BCE €IMHULIBI MATEPUH JIBUTAIOTCS
BHYTpPb c€0s [10 OTHOLIEHUIO APYT K APYTY, U, €CJIU MPEAOCTABUTh JOCTATOYHO BPEMEHH, OHU
JOJKHBI cCOeMHUTCS. PaznuuHbie (pakTopbl yripaBaeHuss NIpUPOIOH COUETAHUM, U
OTHOCUTEJIbHOE HANPABICHUE JBUKEHUS, MOTYT IPUBECTH K OPOUTAIBHOMY JBUKEHUIO, & HE
(dakTHUeCKOMY OOBEUHEHUIO, NN BHEITHEE PAa3BUTUE OTIIEIbHBIX MOAPA3ICIECHUN MOXKET
IpeIoTBPaTUTh NPUOIMKEHUE, HO BHYTPHU I'PaBUTAIMOHHOTO OFPAHUYEHHUS, BCE arperarsbl, B
KOHEYHOM CYeTe, JOCTUTAKOT IPABUTALIMOHHOTO paBHOBECH. B aTuX npenenax, Takum
o0pa3oM, arperaTtbl MaT€pUH MOCTOSIHHO PacTyT. ATOMbI OOBEAUHSIOTCS B YACTUILIbI, YACTHUIIBI
coOuparoTcs B 06s1aka, o01aKka KOHICHCUPYIOTCS B 3BE3/Ibl, 3B€3/1bl YBEJIMUMUBATHCS B pazMepax
U B (popMe IPYIII U KIACTEPOB. DTU CKOIUIEHHUS PACTYT B MAJIbIX T'aJJaKTUK, U HEOOJIbIIINE
TAIAKTUKNA CTAHOBSTCS KPYITHBIMH I'aJJaKTHKaMU.

Ha paHHUX cTagusax 3TOro npouecca, BEIeCcTBO 0Y€Hb XOJI0IHOE, HO KOraa 00JIaKo IbLIH
HAa4YMHAET COKPALIAThCs, HOTEHIMAIbHASI SHEPTHsI OCTENIEHHO TPaHCPOPMUPYETCS B
KUHETUYECKYIO DHEPIUIO MOJIEKYJI, & TEMIIEpaTypa COBOKYITHOCTU HAYMHAET pacTh. B kakoui-
TO MOMEHT, B TOM IIPOLIECCE, IE-TO B IUANIA30HE, B KOTOPOM ILUIOTHOE O0JIAKO MBLUIN
cTaHoBUTCS AP dY3HOM 3BE3/0M, TeMIlepaTypa UEHTPAIbHON MACChl IOCTUTAET HUKHETO
pa3pyLIUTENBHOrO Mpeieia aTOMOB, U HAUMHAETCS BEIpa0OTKA SHEPTUU aTOMHOTO pacnaja.

Korpna 3Be3a mocturaer rpaBUTalMOHHOIO PAaBHOBECHS U CKATUE IIPEKPALAETCS, OUH U3
JBYX UCTOYHUKOB DHEPTUU UCKIIOYAETCA. TsKeIble DIEMEHTHI 3BE3/Ibl, OJTHAKO, MPUMEPHO
IPONOPLMOHATBHBI 00IIEH Macce 3B€3/1bl, UTO O3HAYAET, YTO MPOU3BOACTBO SHEPTHU OT
YHUUTOXEHUS ITUX 3JIEMEHTOB, SIBISIETCS KyOnueckoil pyHkuuen ot nuamerpa. [loreps
SHEPrUU Ha U3ITyYEHHE, C APYrOi CTOPOHBI, SABISIETCS KBaIpaTHOW (PYHKIMEN OT MOBEPXHOCTH,
TO €CTh OT IMAMETPA. 3BE3IHASI TEMIIEPATYPa, CIECA0BATEIBHO, PACTET IO MEPE YBEIMYCHUS
MAacchl, ¥ 3TO MOCIEA0BATEIBHO JENAET HOBBIE JIEMEHTHI TIOCTYITHBIMU B KAYECTBE TOILJIMBA
JUISL TIpoLiecca pa3pyLICHHUS.

[TockonbKy HU OJTMH U3 TSHKEIBIX JIEMEHTOB HE MIPUCYTCTBYET 0OJIee YeM B OTHOCUTEIHHO
HEOOJBITIOM KOJIMYECTBE, B OOBITHOM CITydae, HAIMIKE JOTIOTHUTEIBHBIX TTOCTABOK TOTIIMBA 32
CYET JOCTHKEHUS Pa3pyLIMTENBHOTO MIPEAENa - €IIe OJUH AJIEMEHT, KaK ITPaBUIIO,
JIOCTAaTOYHBIN, YTOOBI HE BBI3BATH JII0O0OE CYIIECTBEHHOE U3MEHEHUE B 0allaHCe SHEPTUU
3Be3abl. Korma gocruraercs temreparypa, CBI3aHHas C pa3pyLIUTEIbHBIM IIPEIEIOM KENE30-
HUKEJIEBBIX TPYTI 2JIEMEHTOB, CUTYyaIlUsl MEHSETCS. DTH JIEMEHThI HaXOIATCS B HEOOIBIITNX
KOJIMYECTBAX, HO OHU MPUCYTCTBYIOT B KOHIIEHTPAIIUSIX, KOTOPBIC MPEICTABISAIOT COO0H
HEMaJIYIO 4acTh OT 001Ieil Macchl 3Be3/1bl. BHE3anHoe mpuObITHE 3TOr0 OOJIBIIOTO KOJIUYECTBA
Macchl B pa3pylINTEIbHON MPEAEN, aKTUBU3UPYET NOTEHIMATIBbHBIA HCTOYHUK TOpa3io
OOJBIIICH PHEPTUH, UEM 3BE3]1a CITIOCOOHA PACCENBATh Yepe3 OOBIUHBIN MEXaHU3M U3ITyUYCHHUS.
[TepBoHavaIbHBIN BEIOPOC YHEPTUHU U3 ATOTO HCTOYHUKA, TPOBOLIMPYET CTPAITHBINA B3phIB. M3-
32 OTHOCHUTEIIBHO OOJBIIIOr0 00heMa JKelIe30-HUKEIIEBBIX JIEMEHTOB B IICHTPAIHHOM SIJIpE
3BE3/IbI, B3PBIB MPOUCXOIUT, KAK TOJIBKO MEPBHIC YACTH 3TOTO MaTepHaia mpeoOpa3yroTcs B
SHEPIulo, a OCTAJIbHbIE, BMECTE C BEPXHUM JIETKUM BEIIECTBOM, PACCEUBAIOTCS B PE3YJIbTaTE
B3pbIBa HA TCHEPUPYEMBIX CKOPOCTSIX.

OTOT B3PbIB, KOTOpBIﬁ TCOPCTUUCCKHU ITPOUCXOAUT, KOT'Ja 3BEC31d JOCTHUIaCT PA3PYHIUTCIIBHOT'O
mpcaciia JKEJI€30-HUKEJIEBOM I'pYIIIIbI, MOKET OBITH OTOXKACCTBJICH C Ha6J'IIOI[aeMBIM SBJICHHUCM,
HN3BCCTHBIM KaK CBCPXHOBA.
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CM.aHMMAIuIo

OnHuM U3 MPOJIYKTOB B3pPbIBA, SBISECTCA 00JIAKO PACHIMPSIONICICS bUIM U Ta3a, HAPYXKY OT
MmecTa B3pbiBa. C TOUKHU 3p€HUs HAIIETO OOBIYHOIO OMBITA, 3TO MOXHO pacCMaTpPUBATh KaK
BIIOJIHE HOPMAJIBHBIN PE3yJIbTAT, KOTOPHINA MBI OKHUAAEM, KaK pe3yibTaT J1t0o00ro B3pbiBa. Ho
ATO 3BE3JHBIN B3PbIB HE IPOCTO OUYEPETHON B3PBIB, 3TO B3PBIB CIIELIMAIIBHOTO TUIa. B
Ype3BbIYAIHO BBHICOKOM Temrmeparype, npeobiaaaronieii B MHTEphepe 3BE3/IbI 10 B3PhIBA,
aTOMBI MaTEPUH YK€ JBUTAINUCH C OYCHb BBICOKOW CKOPOCTHIO, M, KOTJ]a B3PHIB JOOABUI
OOJBITIOE KOTUYECTBO KHHETUIECKOM SHEPTUH, CKOPOCTH 3HAYUTEIHHOU JTOJIU HEKOTOPHIX
aTOMOB MOJHSUIUCH O YPOBHS BBIILIE €IUHUIIBI.

[Ipupoay KOHEUHOTO MPOYKTA JYUIlI€ BCETO MOXXHO MOHSTh, B3TVISIHYB Ha TO, YTO TPOUCXOIUT
C IPOJIYKTaMH B3PbIBA, PACIIUPSIONTUMHUCST BOBHE B IPOCTPAHCTBE. B KOHEUHOM cUeTe, CHIIbI
pacilMpeHus Npeo10JIECBalOTCs CUJIAMU IPABUTALUKA U COKPAILIEHUE HAUMHAETCS IO BIUSHUEM
MOCTOSIHHO MIPUCYTCTBYIOIIUX CHJI IpaBUTAIMU. B cBoe Bpemsi, 001aK0 4acTUIl BOCCTAHOBUT
CBOU cTaryc 3Be31bl. Ha 3Tare, korjga oHa BIiepBble CTAHOBUTCS BUJIHA, 3TA 3B€3/1a KPACHBIN
TUTaHT, OCTAaeTCs KpaitHe HeornpeaeneHHoW. OH ObLT )KUBOMKUCHO OMKCaH, KaK TOPSYUi
KpacHbIl BakyyM. Ho 3T0 He 3HaUuT, 4TO BEIIECTBO, U3 KOTOPOTO OH COCTOHT, JTF000€
OTJIMYHOE OT MAaTEPUH B 3B€3/1aX TaK Ha3bIBa€MOH "TJIaBHOM MOCIIEI0BATEILHOCTH", 1 HUKTO
HUKOT/Ia HE Mpeyiarail Huaero mogo0Horo. [Ipu3naercs, 94To ocoObie XapaKTepUCTUKA
KpPaCHOI'0 TUTaHTa, OTPOMHBIN pa3Mep, OTHOCUTEIILHO HU3Kask TeMIIepaTypa NOBEPXHOCTH, U
OYEHb HU3Kas IIOTHOCTh, BCE U3-3a CYILIECTBOBAHUS OOJIBIIOT0 KOJIUYECTBA ITyCTOTO
MPOCTPAHCTBA MEXK/Ty YACTUIIAMU MaTEPUH.

Our Sun

VY Canis Majoris

Hu macca, Hu 00beMHbIE XapaKTepUCTUKH aTOMOB MaTEPUH HE ObUIM U3MEHEHBI pACUIUPEHUEM
B mipocTpancTBe. Ho Korjia Mbel u3MepsieM TIIOTHOCTh, Kak m/V, TUTAHTCKOM 3BE3]1bI, Mbl
BKJIFOYaeM V MOTOMY, YTO HaIll METOJT U3MEPEHHUSI, HE TOJIbKO (PaKTUYECKUil 00bEM aTOMOB, HO
U IIyCTOE TPEXMEPHOE MPOCTPAHCTBO MEKTY HUMU, U INIOTHOCTH 3BE3/1bl, PACCUMTAHHAS Ha
ATOUW OCHOBE, YTO-TO COBEPIICHHO WHOTO TOPSJIKA, ITI0 OTHOIICHUIO K (PAaKTUYECKON TUIOTHOCTH
BEILIECTBA, U3 KOTOPOTO OHA COCTOMT.
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Curyanus B OTHOILIEHUH KOMIIOHEHTOB ITPOIYKTOB B3pbIBa, KOTOPBIE ABMXKYTCS ObICTpEe, 4YeM
CKOPOCTB CBETA, POBHO TO K€ CaMO€, 38 UCKJIIFOYEHHUEM TOr'0, UTO B 9TOM CJIy4ae, BHECIIHEE
JBY)KEHHE ITPOUCXOJUT HE B IpocTpaHcTBe. Kak 1okas3aHo paHee, Mocie Toro, Kak Oyaer
JOCTUTHYTA CKOPOCTh CBETA, JaJIbHEUIIIEE YBEINYECHNUE IPOCTPAHCTBA IIEPEMELICHUN, UITU €TI0
JKBUBAJICHTA, IPUBOJUT K ABMKEHHIO BO BpeMeHU. KOHKpeTHas CTPYKTypa 3aBUCUT OT
BEJIMYMHBI JOOABICHHOIO MIPOCTPAHCTBA NepeMeleHuil. Eciu 3To oTHOCHTENbHO HEOOIIbIINE
CKOpOCTH, /1Ba HEAKTUBHBIX U3MEPEHUS OCTAIOTCS IPOCTPAHCTBEHHO PaBHBIMU HYJIIO, &
JBHKEHUE BO BPEMEHH PABHO CKAJSIPHOMY JOIOJIHEHHUIO K IBMKEHHUIO B IPOCTPaHCTBE. Ecin
N00aBJIEHHBIE EPEMEILIEHUS JTOCTATOYHO OO0JbIINE, YTOOBI CYMMapHasi CKOPOCTb BBIILIA 32
npeeabl HEUTPaIbHOrO YPOBHS, HEAKTUBHBIE U3MEPEHUS MPE0OPA30BBIBAIOT K HYJIIO
JBUKEHUS BO BPEMEHU, U IBIXKYLIUICS OOBEKT YXOIUT B MaTEPUAIIbHBINA CEKTOP.

OOBEKT, B COCTOSTHUU C IBYMs] HEAKTUBHBIMU MU3MEPEHUSIMH B IPOCTPAHCTBE, OCTACTCS B
OJIHOM U TOM K€ MPOCTPAHCTBEHHOM MECTE, U JIH000€ AajibHENIIee IBUKEHUE TPOUCXOTUT HE
B IIPOCTPAHCTBE, a B IIEpEeCUETE MPOCTPAHCTBA, IPOCTPAHCTBEHHBIN aHAJIOT CKAJISIPHOTO
IBUKEHUS BO BpeMeHHU. [103ToMy OH ocTaeTcs Kak MACHTU(ULIUPYEMBI 0OBEKT B
IPOCTPAHCTBE, B OTJIIMYUE OT APYTUX OOBEKTOB, TOJIBKO CIMIIKOM MaJE€HbKUMN AJIs1 TAKOTO
KJj1acca 0ObeKTOB. Tak Kak Mbl HE IMEEM, Ha TAaHHOM JTalle pa3BUTUS TEOPUH, JTHOOO0r0
KOJIMYECTBEHHOTO METO/Ia OLIEHKU IPHUPALIEHUSI CKOPOCTH, TPUOOPETEHHOM MPOTYKTAMHU
B3pbIBa CBEPXHOBOM 3BE3/Ibl, U, TAKUM 00PA30M, OIIPEACIIUTh UX TEOPETUUECKH, OUEBU]IHO, U3
HAOJIIOICHMS], YTO Mbl MOKEM HJICHTUPHUIIUPOBATH UX CTATyC JBUKEHUS BO BPEMEHHU KaK
HEJO0CTAaTOYHbIN, YTOOBI JOOPATHCS O HEUTPATBHOTO YPOBHS.

BTopoif KOMIOHEHT MPOIYKTOB B3PhIBA, TAKXKE SBIISICTCS O0JIAKOM TIBLIU U ra3a,
PaCIIMPSIIOIIMMCS HAPYXKY, HO OH, B OTJIMYUHU OT IIEPBOr0 KOMIIOHEHTA, PACIIMPSAETCS BOBHE BO
BPEMEHH, a HE B IIPOCTPAHCTBE. B pe3ysbraTe 3TOro pacimmpeHus NosBIISIETCA 3BE€3/1a, B
KOTOPOM YaCTHIIbI BEIIECTBA PA3ACISIOTCS IIyCTHIM BPEMEHEM, a HE IYCTHIM IPOCTPAHCTBOM,
KOTOPOE OTAENSAET YaCTUIIbI OOBIKHOBEHHOT'O 00J1aKa MbIIM KPACHOTO TUTaHTA.

VY 3T0i1 3B€3/1bI, OTKIIOHEHUSI OT HOPMBI IIPSIMO MTPOTHUBOTIONOKHBI TEM, YTO MBI HAOII01aeM B
KpacHOM rurante. bosbliie BpeMeH! SKBUBAJICHTHO MEHBILLIEMY MECTY, T0O3TOMY
JIOTIOJIHUTENBHOE BPEMsI MKy YacTULIaMU MaTEpUN UMEET TOT ke AP (PEKT, KaK COKpallleHne
paccTosiHus MEXly 3TuMU dyactuiamu. Koraa Mel u3mepsieM 00beM, 3aHUMaeMblil 3B€3/101 B
0OBIUHOM MaHepe, pe3yIbTaThl, KOTOPBIE MBI MTOJIy4aeM, BKIIIOUYAIOT B ce0st 3 (PEeKT CHIKEHUS
HKBHUBAJICHTHOTO MPOCTPAHCTBA TaK ke, KaK M0J00HbIe U3MepeHusi 00beMa KPaCHOTO TUTraHTa
BKJIFOYAIOT B ce0st 3pdekT 0T 60IBIIOT0 KOJTUYECTBA TPOCTPAHCTBA MEXK Y YacTUIlaMU. Takum
o0Opa3oM, gaxke eciau pakThuecKas INIOTHOCTh MaTePUU, U3 KOTOPOU COCTOMT 3BE€3/1a, OJIHA U Ta
e B 000uX cITydasix, HIOMUMO OOBIYHBIX 3(h(PEKTOB TEMIEPATYPHI U JaBICHUS, U3MEPEHHAS
TUIOTHOCTH 3B€3/1 OYE€Hb CHJIBHO 3aBUCUT OT MIPHUPOJIBI PA3ICICHUS MEXIY COCTAaBHBIMU
yacTUIlaMu. 3Be3/a, KoTopas Oblja pacliupeHa BO BpeMEHH, Oelblii KapJIuK, XapaKTepu3yeTcs
OYEHb MAJIEHBKUM 00BEMOM, OYEHb BHICOKOM IIIOTHOCTBIO, U, TOCKOJIBKY OHA U3JIy4aeT ¢
MOBEPXHOCTH, HEOOJIBIIINE Pa3MEPhI 1al0T BBICOKYIO TEMIIEPATypy MOBEPXHOCTH.

Ecnu cynuTe 1o 3eMHBIM CTaHJapTaM, pacdeTHAs IJIOTHOCTh OENBIX KapIUKOB (PaHTACTUYHA, U
OHHU OB MEPBOHAYATBHO IPUHATHI C OOJBIION HEOXOTOM U TO, TOJIBKO MOCIE OTKIOHEHHUS
BCEX AJIbTEPHATUB, KOTOPbIE MOIJIM OBITh IPUAYMaHbl. B cBeTE BBIIIEH310KEHHON
uH(pOpMAIIIH SICHO, YTO 3Ta OYEHb BBICOKAs IJIOTHOCTh, HE O0Jiee ueM 00paTHas CBsI3b OUYEHb
HU3KOM IJIOTHOCTHU 3BE€3]I-TUTaHTOB. BennunHa mIOTHOCTH SIBJISIETCS, 110 CYyTH, TOM K€ B 000X



cinydasx. Pacmmpenne o0naka 4acTuil Hapy>Ky BO BpEMEHH, TAKUM 00pa3oM, SBIISIETCS MPSIMOM
IIPOTHUBOIOJIOAKHOCTHIO IKCIIAHCUU BOBHE B MPOCTPAHCTBE.

DT0 0JTHO U3 HAnOOoJIee CYIECTBEHHBIX MOCIEACTBUN B3aMMHOM CBSI3U MEXKY MPOCTPAHCTBOM
U BPEMEHEM, UTO CYIIECTBYET BO BCEJICHHOM JIBUKEHUS, TAK KaK OHO CHUMAET OCHOBHBIE
MNPENSATCTBUS, KOTOPBIE JI0 CUX MOP CTOSJIM Ha MyTH MOHUMAaHUSI HEKOTOPBIX U3 Haubosee
BAXKHBIX TIOCJICIHUX OTKPBITUNA B ACTPOHOMUHU. BOJIBIIMHCTBO U3 3TUX HEJIOYMEHUMN CBSI3aHbI C
00bEKTaMM, KOTOPBIE CIIMIIIKOM KOMITAKTHBI, €CJIU CYAUTh 110 3HAKOMBIM CTaHAapTaMm. bemnbrit
KapJuK ObLJ YHUKAJIbHBIM B 3TOM OTHOIIIEHHHU, KOTJ]a ObLI BIIEpBBIE OOHAPYKEH, HO ceiuac,
3TO TOJIBKO OJIMH U3 IMIUPOKOTO CIEKTPa KOMIIAKTHBIX 00BEKTOB, MOSBUBIIUXCS HA CIIEHE OJUH
3a IpyTuM, KOI'/la paclIMpUINCh aCTpOHOMUYECKUE 3HaHus. B ciydyae Oenoro kapiuka,
0Ka3aJI0Ch BO3MOKHBIM HaTU OOBSICHEHHE BBICOKOU IJIOTHOCTH B PaMKax TPaJUIIMOHHBIX
(bu3HUECKUX TEOPHid, HO IJIsi ’TOTO HY>KHO ObUIO KaK0e-TO HEOOBIKHOBEHHOE, U B HEKOTOPBIX
OTHOUIEHUSX MPOCTO HEIOTUYHOE, CIIEUATIbHOE MPEITOIOKEHUE. ITO JUIIH YCYTyOUIIo
TPYIHOCTH, U TIEPEKPBIIO MYTh K TEOPUU KOMITAKTHBIX OOBEKTOB B 00IIIEM, TaK KaK B BBICIIICH
CTETNIEHU UCKYCCTBEHHOE TIOCTPOCHHUE TAKOTO POjia HECTIOCOOHO K MPUMEHEHHIO B JTFO00M
CUTYaIlNH, UHOM, YeM Ta, B KOTOpOH OHa ObLIa CIIEUALHO YCTaHOBJICHA.

YBenuyeHne IOTHOCTH 3a CYET BHEUIHUX JIBUKEHHUI BO BPEMEHH HE UCUEPIIBIBAET BCE,
IPOUCXO/IAIIEE B 3TON MaHepe. JIro0oi nmpeaMeT COCTOSAIIMN U3 YaCTHUI] WU APYTUX CAUHUII,
OyJIeT pacuIupsATbCS M YMEHBIIATh IJIOTHOCTh, €CJIM €r0 COCTABHBIC YACTH MTEPEMEIIA0TCS
HapyKy MPOCTPAHCTBEHHO. AHAJIOTHYHBIM 00pa3oM, JII0O0H Takoil 0OBEKT MOXKET
pacIMPATHCS BO BPEMEHHU, UTO SKBUBAJICHTHO COKPAILICHUIO B IPOCTPAHCTBE U,
CJICIOBATEIBHO, YBEIMUCHHIO INIOTHOCTH. TakuM oOpa3oM, TOT e IPOoIecc, KOTOPHIH
OTBEYAECT 32 BBICOKYIO IUNIOTHOCTH OEJI0T0 KapJivKa, TOCTYIMHO OOBICHIET aHOMAJIbHO BBICOKHE
TUTOTHOCTH, TJi¢ OBl MBI UX HE HAIIUTK: B KBa3apax, B MyJbcapax, B TATAKTUYCCKUX SAPAX, U TaK
Jajee.

IHPOI'HO3bI 1959 'OJA

[Ipomyckast 00Cy>KJe€HHE MMyJIbCAPOB U HEKOTOPBIX MEJIKMX BOMPOCOB, KOTOPBIE OBLIH
YTOYHEHBI ITOCIEIHUMH MCCIIENOBAHUSAMU, OCHOBHBIE DJIEMEHTBI COACPIKAHUS MTPEABIIYIINX
IIECTH TJIaB, BKJIIFOUEHBI B IEPBYIO KHUTY 3TOM cepun, "Crpykrypa Pusndeckor Beenennon",
onmy0nrKkoBaHHY10 B 1959 roay. B To Bpems, H3ydeHHE 3KCTpa-TAIAKTUYECKUX HCTOUYHUKOB
PaAMOBOJIH OBLIO €IIE B 3a4aTOYHOM COCTOSIHUM, U TOJIBKO ISITh U3 TUX UCTOYHUKOB OBLIIN
U3BECTHBI. [ MMOTE3a rajakTHYeCKUX CTOJKHOBEHHUM ObLIa MO-TIPEKHEMY JIFOOMMBIM
00BsSICHEHHEM SHEPIHH 3TOT0 u3nydyeHus. [lepBbie mpenBapuTeabHbIe MPEaNOI0KEHUS
raJIaKTUYE€CKUX B3PHIBOB OBUIM HE CIBIIIHGI €111 [0/ WJIH JIBa, U MPOMIET elle TpHU roja,
IPEXJIe YeM KaKhe-Tn0o (pakTUYecKue J0Ka3aTebCTBa TAKOTO B3phIBa Oy yT HAWICHBI.
Cy1ecTBoBaHUE KBa3apoB ObUIO €111¢ HEM3BECTHBIM U AK€ HE 0XKHU/IAJIO0Ch.

B stux ycnoBusix, pacimmpenne GuU3ndecKoi TEOpuu I MPeCKa3aHusl CyIeCTBOBAHMUSI
B3PBIBAIOIINUXCS TATAKTUK U OTMMCAHUE OOIIMX XapaKTEPUCTHK TAKUX TAJIAKTHK, UX MMPOJTYKTOB
B3pbIBa, OBLJIO OECIPEICACHTHBIM IIaroM. JTO TIOYTH HEBO3MOYKHO JIJISI PACIIIUPEHUS
TPaJUIIMOHHON TEOPUHU B HEU3BECTHYIO 00J1aCTh, TaK KaK OOBIYHBIC TCOPUH JOHKHBI UMETh
HEKOTOPBIC SKCIIEPUMEHTAIBHBIC U HAOJIFOAaTeNIbHBIC ()aKThl, HA KOTOPBIX UX MOYKHO CTPOUTD.
YucTo TeopeTnyeckas pa3padoTKa MOoJydniia BCe CBOM BBIBOJIBI HA OCHOBE Psijia MOCTYJIATOB,
0e3 BBEJIEHUS Yero-a1nu00 u3 HaOIrOIeHUI.
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[Tpexxae, yeM MPOBECTH TEOPETUIECKOE UCCIIEeIOBaHIE 00JIaCTH, KaK OHA ceiidac eCTh MOCIe
OTKPBITUH, KOTOPBIE CTAJIM BO3MOXHBI OJ1arojapsi yCOBEpIICHCTBOBAHUIO TEXHOJIOTHI U
000pyI0BaHusl, YMECTHO OYyJIET pacCMOTPETh TOJIBKO TO, uTO B3anmuas Cucrema cMmoria
pacckazaTh HaMm B 1959 rony o sBieHHSIX, KOTOpBIE €llle He ObLTM 0OHAPYKEHBI.

MBI Buzi€nH, 4TO CTPYKTypa MaT€pun TaKOBa, YTO OHA ITOABIACTHA IIPEAEIbHOM TEMIIEPATYPE,
Y MBI BBISICHWIN, YTO HOPMAJIBHBIN XOJ1 3BOJIIOIIUY 3BE3/l, B KOHEYHOM CUETE, IPUBOJUT
KKy U3 HUX J0 Mpeesa, KOTOPbIA BbI3BIBAET B3PbIB, U3BECTHBIN Kak CBEpXHOBas. bbpuio
TaK>K€ BBIBEJICHO MPU 00CYKIECHUU aTOMHOM CTPYKTYPBI, YTO €CTh €IIe OJJHO pa3pyIlIUTEIbHOE
OTPaHUYECHHE, B CUILY BO3PACTHOTO MPEAENA, 10 JOCTHKEHUIO KOTOPOT0, TAKKE IPOUCXOIUT
pacnaji CTpyKTypbl MaTepHalia i mpeoOpa3zoBaHue Macchl B d3HEpruto. [lockonbKy
arperupoBaHKe 3TO HEMPEPBHIBHBIN MPOIECC BO BCEICHHOM, /1€ KOHTPOJIbHBIM (haKTOPOM
SBJISIETCA TPABUTALIMS, CTapENIIEe BEIIECTBO TaM, IJI€ MIPOLECC arPETUPOBAHUS JOCTUT
HauOOJBIIET0 IPorpecca, TO €CTh, B OONBIINX TalakTHKax. [[03ToMy, B KOHEUHOM CUeTe,
KaXKJ1ast U3 CTApbIX TMTAHTCKUX FajJaKTUK, JOJDKHA MOJJOMTH KO BTOPOMY Pa3pyIIUTEIIbHOMY
OTPAaHUYCHHUIO U IIPEKPATUTH CBOE CYIIECTBOBAHKUE B CUIILHOM B3PBIBE, WJIM CEPUU B3PBIBOB.

B 10 Bpems, koria He ObIJI0 HUKAKOTO KOHKPETHOTO JJOKa3aTeIbCTBA, 3TO ObLI CMEJIbIN BBIBOJI,
0COOEHHO CO CTOPOHBI TOTO, KTO HE sABJIsieTCs acTpoHOMOM. Kak cka3ano B kuure 1959 rona,

“X0Ts 3T0, MO-BUIUMOMY, HEM30ESKHBIN BBHIBOJ M3 IPUHIIUIIOB, YCTAHOBJICHHBIX paHEe, MOKHO
KOHCTAaTUPOBATh, UTO ITO KAXKETCA HEBEPOSITHBIM IIPU IIEPBOM PACCMOTPEHUU. B3pbIB 01HOM
3Be3/bl - 3TO OIPOMHOE COOBITHE; KOHIIETIIHS B3pbIBa C yYaCTHEM MUJUIMAP/AA 3BE3], 3BYUUT
(haHTAaCTUYHO, U, KOHEYHO, HET HUKAKMX CBHJIETEIBCTB KAKOTO-THM00 CIEKTPa THTaHTCKOU
CBEPXHOBOM, C KOTOPOI TMIIOTETUYECKUI B3PbIB MOXKET ObITh COIMOCTABIIEH .

TekcT nanee 0OTMEYaeT, YTO HEKOTOPHIE JTAaHHBIE, CBUICTEILCTBYIOIINE O TAKOW MPUPOJIE,
MOTYT OBITh JOCTYIHBI, ¥ YTO HA CAMOM JIeJie, 3TO ObLIT U3BECTHBIA (DEHOMEH, KOTOPBIH BITOJIHE
MOJKET OBITh PE3yJIbTATOM IraJaKTUYECKOTO B3PhIBA, XOTS COBPEMEHHAsI aCTPOHOMUYECKAS
MBICJIb HE B COCTOSIHUU IIOCMOTPETH B 3TOM CBETE.

“B ranaktuke M-87, KOTOPYIO MbI YK€ IPU3HAIN, KAK UMEIOIIYI0 HEKOTOPBIE U3
XapaKTEPUCTHK, KOTOPBIE 0KUIAIOTCS B MTOCHEAHEN CTAUN TATAKTUYECKOTO CYIIECTBOBAHUS,
MBI BUJIMM KakK pa3 T€ SIBJICHUS, KOTOPOE TEOpHs MPEACKA3BIBAET, YTOOBI OMPEACIUTD ATY
raJakTUKYy, 10 KpailHEN Mepe MPEABAPUTENIBHO, KaK Ty, KOTOpas ceivyac NpOXOAUT pe3yJIbTaT
KOCMHMYECKOTO B3pbIBA, UJIH, CTPOrO TOBOPS, IPOXOAMIA TAKOM B3PbIB B TO BPEMS, KOTJ]a CBET
BBIIIIEIT 32 TIPEJICIIbI TaTaKTUKK .

B nonosiHeHne K MpecKa3aHnuio CyIIECTBOBAHUS FaJJaKTUYECKOTO B3pbIBa, n3nanue 1959 r.
TaK)Xe JaJI0 PaBUIIbHBINA MPOTHO3, YTO OTKPBITUE ITUX B3PHIBOB OYET JOCTUTHYTO, IJIABHBIM
o0pa3oM, B pe3yJsibTaTe 0OJIBIIOTO KOJIMYECTBA U3IIYyUEHUs1, KOTOpOe OyJET MPOU3BOIUTHCS Ha
paauo BoiHe. OHOM U3 HauboJiee 3aMETHBIX YePT HACUIBCTBEHHBIX MPOLIECCOB, BIUSIOMINX
Ha BEIIECTBO, OCOOCHHO €CJIM 3TO CBSA3aHO C aTOMHBIMH NMPE0OPA30BAHUIMHU, SIBISETCS BEIOPOC
ramMmma-nydeil. O0a B3pbiBa, CBEPXHOBOI 3Be3/1bl U FAJIAKTHKH, CJI€A0BATEIbHO,
IUI0IOBUTHIE HCTOYHUKH raMmma-jaydeil. Ho 3T B3pbIBBI HE TOJIBKO MTPOLIECCHI
MaTepHralibHOro Tuma. Kak y»e o0bsCHsIIN, BEUIECTBO 3BE3/] U FAIAKTUK HAXOAUTCS OJIM3KO K
pa3aeIuTENbHON JIMHUHA HENOCPEACTBEHHO MEPE B3PBIBOM, TO €CTh ABJISETCS YCKOPEHHBIM
0oJbIIIe, YeM eAMHUIA CKOPOCTH. ['aMMa-ITydn MaTepuaibHOTO MPOUCXOKIACHUS C TITMHAMU
BOJIH B paliOHe 10" cm. EcrecTBeHHAs eAMHUIA paccTostHUS Obla OLIEHEHA MPUOIU3UTEIHHO
B 10™ cM, ¥ raMMa-BOJTHBI HAXOISTCS B palioHe HU3KUX HATYpaJIbHbIX eIUHUL. JJTMHA BOJIHBI



00paTHOrO SIBJICHUS, KOCMUYECKHE TaMMa-Ty4d, €CTh OOpaTHas BEJIMUYMHA HATYPaAIbHBIX
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enunull, uian 10° HaTypanbHBIX €IUHMII, YTO IPUOIM3UTEILHO paBHO 1 cMm. Panuanus B

JMana3oHe CAaHTUMETPOBBIX PaarMoOBOJIH B 1959 rony nana BeIBOJ, 4TO

“O0BEKTHI, KOTOPHIC TTOABEPTAIOTCS MW HEAABHO (B ACTPOHOMHYECKOM CMBICJIC) MPOIILITN ITH
(OYEHB KECTOKHUE) MPOILIECCHI, CIETOBATEIBHO, IBJIIOTCS OCHOBHBIMU HCTOYHUKAMHU
JIOKAJIN30BAHHOM JIJIMHHOBOJIHOBOM PaJnalliy, KOTOPAsi CEMYac U3y4aeTcsi B OTHOCUTEIBHO
HOBOM HayKe, paIuoacTPOHOMUH .

OOpatHbIi IpoLiece, MOCPECTBOM KOTOPOTO, COTIACHO ATOM TEOPUH U3ITYUYEHUS HA PAIUO
BOJIHE, TEHEPUPYETCSl 00paTHOE HOPMAJIbHOE paclpe/ielIeHIe SJHEPTUH, TO €CTh, TAKOM
npouecc Npou3BOJAUT TO, YTO U3BECTHO KAK ''He TemioBoe' pacnpenesieHue: B KOTOPOM
JHEPIrus yBeJNYNBACTCH € YBeJNYeHHEM JJIUHbI BOJIHBI.

“Pa):[I/IO OHCPrusd, UCITyCKacMas OOJIBIIIMHCTBOM TaJIAKTHUYECKUX Y BHETAIAKTUUYECKUX
PAaaAOUCTOYHUKOB, YBCIIMYNBACT HHTCHCUBHOCTL C YBCIIMUCHUEM AJIMHBI BOJIHEI. 910
OIMMCBIBACTCS, KaK HC TCIIJIOBOC PACIIPECACICHUC DOHCPTHUH, IIOTOMY 4YTO 3TO IIPSAMO
IMPOTHUBOIIOJIOKHO OKNAACMOMY PACIIPCACICHUIO I'OPAYUX I'a30B OT TCJId, TAKOT'0, KaK 3B€3I[a.”
(D. S. Heeschen)

Hpyroii Borpoc, uTo ObUT MOAYEPKHYT B 1959 1, uTo Tam OyeT nBa pa3IMuHbIX BUJA
IPOJYKTOB B3pbIBa. B TO Bpemsi, Kak OJUH U3 3TUX NPOAYKTOB OYIET YCKOPATHCS O CKOPOCTH
0oJbLIeH, YEM CKOPOCTh CBETA, APYroil OyAeT nepeMeniaTbCsl HapyKy B IPOCTPAHCTBE, CO
CKOPOCTBIO MEHBIIIE, YEM CKOPOCTh cBeTa. CHOBa nutarta u3 1959 kuuru:

“Korma coObITHSI TAKOTO POJia MPOUCXOAAT HA TPAHUIIE PETHOHAIIBHOM JIMHUH, JIOTUIHO
OKHJIaTh, YTO YaCTh YYACTBYIOIIUX MOAPA3ACICHUN HE CMOXKET MOJTYYUTh HEOOXOIUMYIO
SHEPruio (MU CKOPOCTH), UTOOBI MEPEUTH HA BHEIIHUE HAMPABJICHUS, U OyIET paccestHo
Ha3aja. Bo B3pbIBax CBEpXHOBBIX, HATPUMEP, Mbl OOHAPYKUJIH, UTO OJIHA YaCTh MAcChl 3BE3/1bI
Obla B3OpBaHa BIIEpe]], B MPOCTPAHCTBO, B TO BPEMsI, KaK Jpyras 4acTh ObLTa B30pBaHa Ha3a]
BO BpEMEHHU. AHAJIOTUYHBIM 00pa30M, Mbl MOKEM OKHUJIaTh HAUTU MOTOK YaCTHII, UCXOSIINX
U3 IIEHTPA B3PHIBAIOIICHCS FraTaKTUKW: MAIICHBKUM IITPUX OOJIBIIIOTO MOTOKA, KOTOPHIH
JIBUTA€TCsl Yepe3 TPAHMILYy BO BDEMEHU .

[Ipenckazanue CyliecTBOBAHUS 3THX JIBYX Pa3JIUYHbIX BUAOB MPOJTYKTOB B3pbIBA UMEET
0co0oe 3HAUYCHHE ceifuac, B CBSI3U C OTKPHITHEM KBa3apoB. Ele o/luH aneMeHT, KOTOPhIi
nproOpesr ocodoe 3HaYCHHUE TI0 MPUINHE HETaBHUX HAOIIOJCHUH, SIBISETCS aBaHCOM
OPUTHUHATHHOTO TEOPETHUECKOTO MCCIICIOBAHMS, YTO TAIAKTUYECKUI B3PHIB OyIeT
HAIIOMUHATh PAIMOAKTUBHOCTD, U, CJIEIOBATEILHO, MOXKHO OKHJIaTh, YTO OH OyJeT
MPOCTUPATHCS HA IUTENBHBIE TIEPUOJIBI BPEMEHHU U UMETh IEPUOJUYECKUN XapaAKTED.
Opurunan onucanus (B TO BpeMs THIIOTETHYECKOT0) MPOIIEcca B3PhIBA TJIACUT:

“Crapble 3B€3/1bl, COCPEOTOYEHHBIE B FATaKTUUECKOM LEHTPE, JOCTUTAIOT Pa3pyIIUTEIHHOTO
npe/esa MarHuTHOM HOHU3AMU OJJHOBPEMEHHO C aTOMaMHM, COCPEAOTOUYECHHBIMHU B LICHTPE
3BE€3/bl, KOTOPBIE JOCTUTAIOT Pa3pyLIUTEIFHOTO TEIUIOBOTO OrpaHnueHus1. B kaxaom ciyuae,
MOCJICTYFOIINI B3PBHIB TOJIKAET N30BITOK TEIUIOBOM MIJIM MAarHUTHOM YHEPTUU HAPYKY.
MarHutHbIi B3pbIB, TAKUM 00Pa30M, PACIPOCTPAHSAETCS Yepe3 rajlakTUKY TaK JKe, Kak
TEIUIOBOM B3PBIB PACIIPOCTPAHIETCS MO BCEW Macce 3Be3/1bl. XOTsl ABa MPOLIECCA B3PbIBA OUCHB
MOXOKHU, B 3TOM U B JIPYTHX OTHOIIEHUSX, €CTh OJIHO CYLIECTBEHHOE Pa3IN4Ue, KOTOPOE ObLIO
CHeualbHO YKa3aHO B MEPBOM OOCYX ACHUH pa3pyLIUTENbHOIO npeena. MarHuTHoe



pa3pylInTeNbHOE OTPAaHUYCHNE HE BICUYET MPEKPAIIeHne MarHUTHOTO BPAIICHHUS CMEIIEHUS
BPEMEHHU B IIPOTHUBOIOJIOKHO HANIPABICHHOM IPOCTPAHCTBE IIEPEMELICHMI, B MaHEPE
HEeUTpanu3anuu, YTo IPOUCXOAUT MPH TEIJIOBOM IPEJENe, HO €CTh IPEesl BEpXHENH TOUKU
OTCYETa, B MAKCHMaJIbHO BO3MOXHOM MarHUTHOM II€pEMEIIEHNN BpeMeHU. IHbIMU ClI0BaMH,
raJJakTUKH U 3BE3/bl MOJIXOAT K HYJIEBOMY IIPEJIely MarHUTHOTO CMELIEHUS, C
IPOTUBOIOIOKHBIX HanpaBieHui. Takum oOpa3oM, B3pbIB rajJakTUKU HE YBEITUYECHHAs
CYIIEPHOBAsI, 3TO B3PbIB OOPATHOTO THIIA: KOCMUYECKHUI B3pbIB. B 00bIYHOM B3pHIBE, C
KOTOPBIM MBI 3HAKOMBI, YaCTh MacChl IPEBPAIIAECTCS B YHEPTHUIO, B OYEHb KOPOTKOE BpeMs, U
3TO MPUBOAUT K PACCEMBAHUIO OCTAIBLHOW MaccChl B 00Jee 000N 00bEM MPOCTPAHCTBA, B
OTpaHMYEHHOE KOJIMUYECTBO BpeMEHHU. B KocMHueckoM B3phIBE, TPOCTPAHCTBO U BpEeMs
MEHSIOTCSI MECTAMH. 3/1€Ch YacTh MACChI MIPEBPAIACTCS B SHEPTUIO B OUEHb MaJICHHKOM
IPOCTPAHCTBE, U B PE3yJbTaTe, pacCeMBaHUE OCTAaTKa Macchl B 6ojiee O0JIbII0E KOJIUIECTBO
BPEMEHU B OTPAaHUYEHHOM 00bEME MPOCTPAHCTBA .

TeopeTnueckuii BBIBOJI, YTO KPYITHBIE TAJIAKTUKH SIBJISIFOTCS] CTAPEUILINMU, U KaK CJIEACTBHUE,
OHM SIBJISIIOTCS TEMU, KOTOPBIE B3PHIBAIOTCS, HE OBLT OKOHYATEIHLHO TOJITBEPKIACH, HO TEKYIIIECe
MHEHHE CKIJIOHSIETCSI B 3TOM HamnpaieHuu. Cleayronuii KOMMEHTapU:

“IIoCKOJIBKY B3pBIB MMPOAOJIKAET HEYKIIOHHO PACTH, YACTH TAJIAKTUKHU PAacCPEIOTOUMBAIOTCS BO
BPEMEHU U TEPSIIOTCS U3 BUAY. MOryT ObITh HEKOTOpBIE TPYAHOCTH B Pa3rpaHUuE€HUN
TaJIAKTUK, KOTOPbIE HAXOAATCS HA IIyTU BHU3 OT T€X, KOTOPBIE UCIIOIB3YIOT IIyTh BBEPX, HO TaM
J0JDKHA OBITh KaKasi-TO pa3HMIIA, KOTOPYIO MBI MOYKEM HAYYHUTbCs paclio3HaBaTh .

[TonBoas uTorm oOCy X AeHUS, Mbl BUIUM, UTO TEOPETUUECKOE UCCIIEIOBAHUE,
onybnukoBaHHoe B 1959 rony, caenano ciaeayronue NporHo3bl, NPSIMO UM KOCBEHHO:

UTo B3pHIBAIOIIMECS TaJaKTUKH CYIIECTBYIOT, U OYIyT, BO3MOXKHO, PaHO WIIH ITO3THO
0OHapy>KEHBI.

Urto paaroacTpoHOMUS HanuboJiee BEPOSTHOE 3BEHO, YePE3 KOTOPOE ATO OTKPHITHE OyAeT
CHEJIaHo.

Urto pacnpe/ielicHUE SHEPTUU B 3TOM PaJAMOHU3ITYYCHUHN BOJIH, OyIeT HE TEPMHYCCKUM, HIIH,
6omee TOYHO, 0OPATHO TETIOBOMY.

Yrto B3pHIBAIOIIMECS FAJAKTUKU OyyT TMTAHTCKUMU, CTAPEUIIMMH U KPYITHEHITUMU
raJaKTUKaMH U3 CYIIECTBYIOIIHNX.

JIBa OTJeNbHBIX BUA IPOYKTOB B3pbIBAa OYAYT MOJYUYEHBI U3 B3PHIBAIOIIUXCS TATAKTUK.
Uto onuH NpoAyKT OyAeT IBUTATHCS HAPYXKY B IPOCTPAHCTBO, HA HOPMAJIBHON CKOPOCTH.

Uro apyroii, coaepxaniuii 00JbIIyI0 YaCTh BEIOPOIIEHHOTO0 MaTepuaia, OyeT IBUraThCs
Hapy»Ky Ha CKOPOCTH, IIPEBBIIIAIONIEN CKOPOCTh CBETA.

Yro 3TOT MMPOAYKT UCUHC3HCT U3 I1OJIA 3PpCHUA.

Uto B3pbIBBI OYyT HAIIOMUHATH PAJAMOAKTUBHBIN paciaji B TOM, YTO OHU OYJIyT COCTOSITh U3
OTJENBHBIX COOBITHH, IPOJODKAIOIINXCS HA MIPOTSKEHUU JUIUTEIBHOTO MIEPHO/ia BPEMEHHU.



Uro, u3-3a 00JIbIINX BPEMEHHBIX MAacIITA00B B3pbIBa, Mbl JOJKHBI OOHAPYKUTH MHOTO
TaJIAKTUK, HAXOIAIIMUXCS B IIPOLIECCE B3PbIBA.

HeKOTOpI)Ie N3 3TUX IIPOTHO30B YXKC COBLINCH. BONBIIMHCTBO OCTAJIBHBIX Imojaydar
SHAYUTCIbHYIO IIOAACPIKKY U3 Ha6HIOI[eHI/II>'I N JOITOJIHUTCIBbHBIX HOI[TBGp)KI[GHI/IfI,
IMPOBCACHHLIX B CIICAYIOIINX I'JIaBaX.

B onHOM OTHOIIEHUH, OHAKO, UccienoBaHus 1959 rona ocTaHOBUIIMCH BCETO B LIare ot
JOCTUKEHMSI TOTIOJTHUTEIbHBIX BBIBOJOB. [10CKOJIBKY OIMH U3 IPOAYKTOB IraJIAKTUYECKOTO
B3pbIBa YCKOPSIETCS IO CKOPOCTH, NMPEBBIIIAOIIEH CBET, ObLI ClI€TaH BBIBOJ, YTO 3TOT
KOMIIOHEHT B3phIBa Oy/IeT HE BUUM. DTOT HENOCPEACTBEHHBII pe3ynbTar 3allell Tak Jajleko,
YTO MbLIb U a3 Ka3aJuch KOHEUHOH cyAb00il BCero BeiecTBa, BEBIOPOLUIEHHOI'O Ha OYCHb
BBICOKHUX CKOPOCTSIX, HO JIeJIO B TOM, YTO ObljIa YITyllleHa HEKOTOpasi BO3MOXHOCTb, UTO
0o0JbIlasl YacTh U3 MaTepHala, BBIOPOIIEHHOTO TaJJaKTHYECKUM B3PBIBOM, BBIXOJIUT B BUJIE
(parMeHTOB TraJIaKTUKH, TO €CTh HEOOIBIINX TATAKTHK, & HE MEIKUMHU 00JIOMKaMU. JTU
(parMeHTHI SABISIOTCS UCTOYHIUKOM CUJIIBHBIX TPABUTAIIMOHHBIX CHII, M, XOTS CKOPOCTH,
KOTOpBIE IPUIAIOTCS UM B3PBIBOM, MOTYT IIPEBBIIIATh CKOPOCTH CBETA, YUCTAsi CKOPOCTH,
MOCTIe BBIYUTAHUS IPOTHUBOIIONIOKHO HAMIPABICHHOMN IPaBUTAIIMOHHON CKOPOCTH, OyeT
MEHBIIIE, Ye€M CKOPOCTh CBETA B TEUCHHE OMPEICTICHHOTO TIepro/ia BpEMEHH. DTO O3HAUaeT,
YTO, HECMOTPSI Ha OBICTPO JABIKYIIHUECS KOMIOHEHTHI U3 MPOIYKTOB B3PBIBA, IPEXKIC YEM
BBIPBATHCS U3 IPABUTALMOHHOIO OTPAHUUYEHUS U YIUTH Ha CKOPOCTH OOJIbIIIE CBETA,
CYILECTBYET 3HAUUTENIbHBIM BpPEMEHHOU MEPHOJ], B KOTOPOM 3TU OOBEKTHI Oy 1yT TOCTYIIHBI
11 HaOMoIeHUs. DTH 00BEKTHI, KOHEUHO XK€, SIBJIAIOTCS KBa3apaMu, U 3TO TO, Kak OJIM3KO
TEOPETHUUECKHE UCCIIEIOBaHU MOOLUUIN K BBIIBICHHUIO X J0 TOTO, KAK OHU ObUIM HalACHbI
HaOII0JeHNeM. X04eTCsl OTMETUTH, B CBSI3U C 3THUM, YTO COBPEMEHHBIE TEOPHH JI0 CHUX TOP HE
UMEIOT Pa3yMHOT0 OOBSICHEHHS WX CYIIECTBOBaHUA. A MH(OpMaIHsl, TpeICTaBICHHAs B 3TOM
rJ1aBe, OKa3bIBAET, YTO YHCTO TEOPETUUECKUE HCCIEAOBAHNE TaJaKTHYECKIX B3PhIBOB,
npoBesieHHoe 10 1959 r., u onyOIMKOBaHHOE B TOM TOAY, paHee JItoObIX HAOII0IEHUH,
CHa0XkaJio0 Hac OONBIIUM 00bEMOM HH(OpPMALIMU, KOTOPast, HACKOJIBKO Mbl MOKEM ONPEIETUTh
Ha OCHOBE TOT'O, YTO U3BECTHO ceivac, Mo CyTH OblIa BEPHOU. DTO OUEHb BIECYATISIONINMA
pe3yJbTar.

KBA3APBI. OBIIIASA KAPTHHA

Hawnbonee oueBuaHOM 1 Hanboree SIpKOi 0COOCHHOCTBIO KBAa3apoB, SBJSETCS TO, YTO OHH
IPOCTO HE BIUCHIBAIOTCA B OOIICPUHATYIO KapTUHY BeceneHHOoM. OHM "3aragounble”,
"yauButenbHbie", "TynuKoBbIE", U Tak ganee. Jlo cux mop He ObLIO J1a’ke BO3MOKHOCTH
c(hOpMyIUPOBATH TUIIOTE3bI OTHOCUTEIBHO MPUPObI U MEXAHU3MA 3TUX OOBEKTOB, UTO
HAXOJUTCS B OTKPBITOM U CEpbe3HOM KOHGIMKTE ¢ HaOmoaaemMbiMu (paktamu. "Y Hac moka
HET peajlbHOTO MOHUMAaHUsI MHOTUX (yHAAMEHTAIbHBIX (PU3NYECKHUX MTPOILIECCOB, KOTOPHIE
paboTaroT B siipax rajiakTuk ", rooput Burbidge. Weymann aenaet cineaytoiee 3aMme4aHue:

“Hctopusi Halllero 3HaHUS O KBa3U-3BE3/IHBIX UCTOUHUKAX ObLIa OJHUM CIOPIPHU30M 3a
npyruM. J{edcTBUTENBHO, NOUTH 0€3 UCKITIOUCHHUS, KaXK/1ass HOBas JIMHUSL HaOJI0ICHUI
BBISIBMJIA YTO-TO HEOXKHUIAHHOE .



CyuiecTBytroniasi HECHOCOOHOCTb MOHATH KBa3aphl - 3TO MPOCTO HEU3OEKHBIN PE3yJIbTAT
MOMBITKY BIUCATh 3TH OOBEKTHI B Y3KYIO U TPOU3BOJIBHYIO CTPYKTYPY, pAMKaM KOTOPOH OHH
HE TPUHATIEXKAT.

Teopust OTHOCUTENIBHOCTH SIBIISETCS XOPOIIKMM IpuMepoM. Ha ocHOBE 3TOM Teopuu, Hay4YHbIE
VYupexxnenus nznoxuwin uspedenue: "Tol HE JOHKEH TyMaTh O CKOPOCTH OOJIbILEH, YeEM CBET".
Teneps maBaiite cipocum cebs, 4eM 00BACHSAETCS ITOT AajeKo uaymui 3amnpet? He umeror
HUKAaKUX (akTUYecKuX ocHOBaHMU? HeT, 3amedanusi mpocTo roBOpAT HaM, YTO HET Oojee
BBICOKOM CKOPOCTH, TaK KaK OHa OTpaHN4YeHa BO3MOKHOCTSMM OIIPEAEICHHOIO POJa IpoLecca.
SIk00OBI OrpaHUYEHHUE IO CKOPOCTH UCXOAUT U3 TEOPUH, a HE U3 HAOJI01aeMbIX (PaKTOB.

Ho Teopus mmpoko OTKpbITa AJisi cCepbe3HbIX BOpocoB. OHa Oblia criennaibHoO pazpadoTaHa
U1 TOTO, YTOOBI IPUMHUPUTH TEOPUH CPABHEHHS CKOPOCTEN ¢ HaOII0aeMbIM TIOCTOSTHCTBOM
CKOPOCTH CBE€Ta, U TaK KaK OHA 3TO JIEJIAET, 3TO IPHUHATO KaK "MOCTOSHHOE CBOMCTBO TOYHOM
HayKH'.

N3 pazeutus B3zanmHoi CrucTeMBI yxke celdac ICHO, YTO CKOPOCTh CBETA SBJISIETCS
PEAEIbHON TOJBKO B OUEHb OTPAHUYEHHOM CMBICIIE, M YTO BO BCEJICHHOM B LIEJIOM, CKOPOCTH
Oonee cBeTa, YAbTPaBbICOKHE CKOPOCTH, KaK Mbl UX HA3bIBAEM B XO/I€ MTOCIIEYIOIIETO
00CyX/IeHHUsI, TaK K€ YaCThl, KaK U Te, KTO HUXKE 3TOro ypoBHs. Ho naxe 0e3 moMoriu 3Toi
HOBOM MH(OpMAIHH, 3TO JOJDKHO OBITH OYEBUIHBIM, YTO WS CKOPOCTH OOJIBIIE CBETA,
SIBJISICTCS] PAllUOHATILHOM U Pa3yMHOM KOHIIENIMEH, HE HCKITIOYAIONEH YTO-HUOY b U3 TOTO,
YTO MbI, COOCTBEHHO, 3HACM.

Oo6menpuHATOE 00BICHEHUE BBICOKOH TUIOTHOCTH OEJIBIX KapJIMKOB HE MOXKET OBIThH
pacnpoCcTpaHEHO Ha BEIIECTBO 3BE3/l, M IIO3TOMY OHU CTOST Ha OT/ACILHOM ITyTH Pa3BUTHS,
XOTS BBICOKAS INIOTHOCTH KBA3apOB, Pe3yJIbTAaT B TOYHOCTH OJTHON M TOM e MPUYUHBI.
Cornacue ¢ Teopueii "00IbII0OT0 B3phIBa" W3-3a pa30eraHus JajleKuX rajJakTHK, TOJIbKO
peIOoTBpAaIlaeT MPU3HAHKUE CKATSIPHOTO TUIIA XapaKTepa JBUKEHUS PEIIECCUU.

Kirouom k moHMMaHUIO BCEX BOMPOCOB, C KOTOPHIMU MBI OYJIeM UMETh 3/1€Ch JI€JI0, TaJIaKTUKH,
B3PBIBBI, PAJUOTAJIAKTUKY, KBa3aPhl, U CBSI3aHHBIC C HUMH SIBJICHUS, SBJISIETCS OCO3HAHUE TOTO,
YTO BCE ATHU PE3yJIbTaThl MOMAAAIOT B BEPXHUU pa3pyIIUTEIIbHON Mpeiesl MaTepUu, U YTO B
I€JIOM, 3TH Pe3yJIbTaThl AHAJIOTUYHBI TEM, KOTOPBIE OBLITM 0OHAPY>KEHBI B HAIIIEM
UCCJICJIOBAHUM CUTYAIIMHU B HI)KHEM Pa3pyILIUTEIbHOM Mpesene. ['anmakTudeckue B3phIBbI
aQHAJIOTUYHBI B3PhIBAM CBEPXHOBBIX, JIBA OCHOBHBIX KOMIIOHEHTA raJJaKTUUE€CKUX TTPOTYKTOB
B3pbIBA aHAJIOTUYHBI IBYM OCHOBHBIM ITPOJIYKTaM B3pbIBa CBEPXHOBOU 3B€3/1bl, 1 HEOOBIYHbBIE
CBOMCTBA YJIbTPA BBICOKOW CKOPOCTH KOMIIOHEHTOB rajlakKTHUE€CKOTO B3pbIBa, KBa3apoOB,
aHAJIOTUYHBI HEOOBIYHBIM CBOMCTBAM YJIbTPa BHICOKOW CKOPOCTH KOMITOHEHTOB B3pPbIBa
CBEPXHOBOM, Oenoro kapiuka. "TanHcTBeHHBIE" KBa3aphl HE TaK TAMHCTBEHHBI, B KOHIIE
KOHIIOB, OHH MPOCTO TATAKTUICCKUH IKBUBAJICHT OEJI0TO KapJIKa.
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DTO OTBET Ha npobiieMy "KBazapa" HaCTOJIBLKO OYEBUJICH, UTO OH JIOJKEH ObLIT OBITH MOJyYeH
cpa3y ke, B 00111eM, €CJIM HE B JIETalsX, KOTJa 3T 00bEKThI ObLIIN BIIEpBbIE OOHAPYKEHBI.
OOBIYHO MPUHUMAETCS, YTO OEJIBIA KapIUK ABJISETCS MPOAYKTOM B3PbIBA CBEPXHOBOM, MPSMO
WIK KOCBEHHO. B 1aHHOM cityuae, B3pbIB 3B€3Ibl TOATOTOBMII €I OJIHY 3BE3/y C OUYEHb
cBoeoOpa3HbIMU CBOMCTBaMU. HenmaBHee cBHUIeTEILCTBA OOHAPY KU, YTO HEKOTOPHIE
TJIAKTUKU B3PBIBAIOTCS, M TIOYTH OJTHOBPEMEHHO, KJIaCC 0OBEKTOB, raJJaKTUYECKON MaCCHI, C
MHOTHMH CBOWCTBaMH, MIOXOKUMH Ha T€, YTO OBLIIM OOHAPY>KEHBI Y OCNBIX KapJIuKoB. BriBOI,
YTO 3TU HOBBIE OOBEKTHI, KBA3aphl, TAIAKTUYECKUE OENIble KapJIUKHU, CIAEAYET MOUYTH
aBToMarnuecku. Ho, TeM He MeHee, mMpupojia ITOr0 BEIBOJA HE MOXKET OBITh MPUHSTA
aCTpOHOMAaMH, TOTOMY YTO OHH MOJIBEPKEHBI MPOTUBOPEUUBBIM UJIEIM, KOTOPBIE ObLIN
MOJIYYEHBI C €IMHCTBEHHOM 11€J1bI0 0000IIEHHS B TEOPUIO YHUBEPCAIBHBIX 3aKOHOB.

JIBa Kiacca B3pbIBOONIACHBIX COOBITUM OTIMYAIOTCSA B HEKOTOPBIX JETAISAX, KaK TalakKTUKU
JOBOJIBHO CWJIBHO OTJINYAIOTCs OT 3BE€3/, U PE3YJIbTAThl JOCTUKEHUS BEPXHETO
Pa3pyLIUTENFHOTO OrPAaHUYECHUS HE COBIAIAIOT C AHAJIOTUYHBIMU COOBITUSIMU HA HIDKHEM
npesene, Ho B LIEJIOM, CUTyaIus Ta *e B 00oux cirydasx. OJuH U3 KOMIIOHEHTOB B3pbIBa
BbIOpachIBaETCSl HA CKOPOCTU MEHBIIIE, YEM CBET, U, IOCKOJIbKY ATO SIBJISETCS HOPMAJIbHOM
CKOPOCTBIO B MATEPHAIBHOM CEKTOPE BCEJICHHOM, 3TOT MPOIYKT SABISAETCA 00OBEKTOM
3HAKOMOT'0 THIA, JTOBOJIBHO OOBIYHASI COBOKYITHOCTh €MHUL, U3 KOTOPBIX B3PbIBAOIIHMICS
00BEKT ObUT IEpBOHAYAILHO cocTaBiieH. Korna 3Be31a B3pbIBaeTCs, OHA pacnafaeTcs Ha 3TH
€AVHUIIBL, U MBI, TAKUM 00pa3oM, BUAUM 00JaKO aTOMHBIX, MOJIEKYJISIPHBIX U MYJIbTH-
MOJIEKYJISIPHBIX YAaCTHUL, UCXOIAIIMUX OT MeCTa B3pbiBa. HO €CTh U BTOPON KOMIIOHEHT,
CTpaHHbI 00BEKT, U3BECTHBIN Kak Oeblii KapJIuK, KOTOPBIHA MBI OIIpeIesisieM KaK aHaJIOTHYHOE
00J1aK0 YacTHIl, KOTOpPBIE OBIIIM M3BJIEUEHBI CO CBEPXCBETOBOM CKOPOCTBIO, U ITO3TOMY
paclIMpSIOLIeecs BO BpEMEHH, a HE B IIPOCTPAHCTBE.

Hexoropeie mpoAyKTHI raJaKTUYECKOTO B3pbIBA TAK)KE YMEHBIIAKOTCS 10 pa3Mepa 4acTHll, HO
OCHOBHAs €IMHUIIA, U3 KOTOPBIX COCTOUT rajaKTUKa - 3B€3/Ibl, U, CIIEIOBATEIBHO, MaTEpHUAIL,
BBIOPOIIICHHBIN MPY B3PBIBE, BHIXOJUT, B OCHOBHOM, B (popMme 3Be3/1. BMecTo o0naka nbuiu u
rasa, raJJakTH4e€CKUI B3pBIB, CII€0BATEIBHO, MPOU3BOAUT "001aka" 3Be3/1: HEOObIINE
rajakTUKH. 371€Ch, CHOBA, KaK U BO B3PbIBAX CBEPXHOBBIX, OJIMH U3 MPOJTYKTOB
MOJTHOMACIITAOHOTO TAJIAKTUYECKOTO B3phIBAa MPUOOPETAET CBEPXCBETOBYIO CKOPOCTh, a
JIPYTOi OCTAETCA HUXKE ATOr0 YpOBHS. ['anakTuka myTemecTByeT Ha HOpMaJlbHOM CKOPOCTH,
TaKXe€ 0CTaBasCh HOPMAJIbHOU B APYTUX OTHOLICHUSX, €ANHCTBEHHON 3aMETHOU
OTJIMYUTEIILHON YEPTOU SBIIIETCA CUIIBHOE PAAMON3IIyYCHUE HA pAHHUX CTaausX. JlaHHbBIN
IPOAYKT SIBIsIETCS "paguoraiakTUKON". BBICOKOCKOPOCTHOW MPOAYKT SIBJISIETCS KBA3apOM.




JIBrKeHue Tena noj NpsMbIM YTIIOM K JIMHUM B3I, KaK U3BECTHO, MOXKET ObITh U3MEPEHO,
WIH, 110 KpaltHe! Mepe, BBISBICHO ITyTeM HAOII0ICHUS 32 U3MEHEHUEM MTO3UILIUU 00BEKTA 110
OTHOUIIEHUIO K CBOUM cocesiM. J[BIKeHHe B 30HE NMPSIMON BUIUMOCTH, U3MEPSETCS C
nomoleio 3pdexra Jonmiepa, U3MEHEHHUE YaCTOTHI U3TyUEHHUS, KOTOPOE IPOUCXOIUT, KOT1a
U3JIyvaTelb ABMXKETCS K Wi OT HaOroaarens. [lepnenaukynspHble IBHKEHUS, KBa3apoB U
JAPYTUX OTAAJIEHHBIX TaJaKTUK HE ObUIH OOHAPYKEHBI, U IIOATOMY Mbl MOKEM 3aKIIFOUUTh, YTO
CIy4aiiHbI€ IBU)KEHUS dTUX TaJaKTHUK CIIUITKOM Majibl, YTOOBI ObITh HAOJI01aeMbIMU Ha
OTPOMHBIX PACCTOSHUAX, KOTOPBIE OTAEIIAIOT HAC OT 3TUX 00beKTOB. [0 mpuunHe nporpeccuun
IPOCTPAHCTBA-BPEMEHU, OJIHAKO, ITH TAJJAKTUKHU OTIAISIOTCA IPYT OT Apyra M OT 3€MJI Ha
OOJBUIMX CKOPOCTSIX, YBEIUUYUBAIOLIUXCS B IPSIMOM 3aBUCUMOCTH OT PacCTOsIHUS. D PexT
Jlonmuiepa, B CBA3M C 3TOW CKOPOCTBIO, CABUTAETCS B CIIEKTPE K KPACHOMY, B TOM XKe
npornopuuu. [TockoapKy NpUOIM3UTENIbHOE 3HAY€HNE OTHOLIEHUS MEXIY KPACHBIM
CMEILIEHUEM U pacCTOsTHUEM (ITOCTOsSIHHAsT Xa00J1a) MOXKET OBITh MOJIY4EHO ITyTeM HAOII0ICHUS
3a OMMOKAMIIMMM ralakTUKaMH, KPAaCHOE CMELIEHUE CITYKUT CPEJICTBOM U3MEPEHHUS
PACCTOSIHUS 10 TAJIAKTHK, KOTOpPbIE HAXOASATCS BHE JOCATAEMOCTH ISl JPYTUX METOOB.

Haubonee npumedarenbHONH 0COOCHHOCTBIO KBa3apoB SIBISIETCS TO, YTO UX KPACHBIE CMELICHHUS
(haHTAaCTUYECKU BBICOKHE, IO CPABHEHHIO C TEMH, KOTOPBIE Yy IPYTUX ACTPOHOMUYECKUX
00BbeKTOB. B TO Bpems kak HauOoJblIee KPaCHOE CMEIIEHUE, A0 CUX MOP U3MEPEHHOE, TS
0ObIYHOM raslakTUKK MeHblIe yem 0,50, HEeKOTOpbIe U3 KPaCHBIX CMEIIEHUI KBa3apoB
npesbimarot 2,00, 1 gaxe caMoe HuzIiee, OyJeT OTHOCUTEIBLHO BRICOKUM JIJIsSi HOPMaJIbHBIX
rajiakTuk. Ecnu Mbl ipeninonaraeM, kak OOJbIIMHCTBO ACTPOHOMOB Celvac JeaeT, 4YTo 3TO
0OBIYHOE PEIIECCUOHHOE KPACHOE CMEIICHHE, TO KBa3aphbl JOJKHBI ObITh Hanbosee
yAAJIEHHBIMU O0BEKTaMH, KOTAa-IM00 OOHAPYKEHHBIMHU BO BCEJICHHOM.

Hamu teopetnueckue pazpabOTKH MOKA3bIBAET, YTO C TOUKHU 3PEHUS pACCTOSHUS B
IPOCTPAHCTBE, ITOT BBIBOJ SIBJsIETCA oIMO0UHbIM. B kKoHTekcTe B3anmuoit Cuctemsl,
PELIECCHUOHHOE KPACHOE CMEIIEHUE HE MOKeET mpeBbimaTh 1,00, Tak kak 3Ta BeIM4nHa
COOTBETCTBYET CKOPOCTH CBETA, HA MOJIHOW CKOPOCTHU MPOTPECCHUH, TOTO YPOBHSI, KOTOPBII
JIOCTUTAETCs, KOr/a JACHCTBUE TPaBUTAIIMU CTAHOBUTCS IPeHEOpexknuMo MaibiM. [laxke 6e3
JIETAIIBHOTO PACCMOTPEHHUSI, OUEBUIHO, YTO HAOIIOJaEMOE KPACHOE CMEIIEHUE KBa3apoB
BKJIFOYAET B €04 e11ie OJMH KOMIIOHEHT B JIOTIOJIHEHHE K Pelieccuu nepemenieHus. 13
PEABIIYIIETO ONMMCAHMS TPOUCXOKIEHUS KBa3apa, MOXKET ObITh JIETKO BUJIHO, YTO 3TO
IPEBBINIEHNE KPACHOTO CMEIIEHUS BCIIEJCTBUE HOPMAJILHOTO pa30eranusi, siBIsieTCs
pEe3yJIbTaTOM YPE3BBIYAWHO BBICOKOW CKOPOCTH, ITPUIIOKEHHOM K KBAa3apy raJlakKTUYECKUMHU
B3pbIBAMHU, CKOPOCTH, KOTOPAsI MPEBHIIIACT €IMHUILY (CKOPOCTh CBETA), U, CIEAOBATEIBHO,
MMEET XapaKTEPUCTUKU, KOTOPBIC 3HAYNUTEIIBHO OTIIMYAIOTCS OT CKOPOCTEN HUKE €IUHULIBI B
HOPMAJIbHOM JMAIla30HEe, B MATEPUAIIBHOM CEKTOPE BCEJIEHHOM.

Jist TOro, 4To0BI U3YyUUTh ATY CUTYAIMIO MOAPOOHO, JaBaiiTe 00paTUMCS K pa3InyHbIM
0a30BbIM KOMOMHAIIMSAM OJIHOHAIIPABICHHOTO JIBHKEHHUSI, IPEACTABICHHBIX B HaIIEH
TPEeyroJibHOM Auarpamme ABuxkeHus. Kak oObsicHAETCs paHee, OHH NMPEJCTaBISIOT cOO0M
HOPMAJIBHBIE IBM)KEHMS B MATEPUAIBHOM CEKTOPE, BUJL IBUYKEHHUS, C KOTOPBIM MBI
CTaJIKUBAEMCsl B HAllIEW [TOBCEIHEBHOM KU3HU. 3/1€Ch [1BA HEAKTUBHBIX U3MEPEHHUSI
OJIHOHAIPABJIICHHOTO JBUKEHUS, HOJIb IPOCTPAHCTBEHHON CKOPOCTH. B 1pyrom cekrope,
KOTOPBIM MBI Ha3bIBAEM KOCMUYECKUM CEKTOPOM BCEIICHHOM, HOPMAJIbHASI CKOPOCTh
IIPEBBIIAET CKOPOCTH CBETA, TAM CYILIECTBYET HyJIEBask CKOPOCTb BPEMEHH B JIBYX HEAKTUBHBIX
n3MepeHusax. Ui n3MeHeHus IepBOoro TUNa ABMKCHHS Ha ABVKEHHS BTOPOTO TUIIA,
HE00X0IMMO ITpeoOpa30oBaTh JBa HEAKTUBHBIX U3MEPEHHUSI OT HYJIA JBUKEHUS B IPOCTPAHCTBE



K HYJICBOMY JBMKEHHUIO BO BpEMEHH, B BHJIC TTOCIICIOBATEIHHOCTH, TAKOM, KaK MOKa3aHO Ha
Pucynke 4 (B MOeM HCTOYHUKE 3TOr0 pUCYHKA HEObLIO; puM. alexfl), uas ciaeBa Hampago.
OpnHako, B3aMMOJICHCTBUS B PETMOHE 3a MpeeiaMu HEUTpalbHON TOYKH, COKpaIaeT
00paTHYIO CKOPOCTb U COBEPILIAET ATOT MEPEX0]] aBTOMATHUYECKU. UTO TOIBKO HEOOXO0IUMO,
3TO 00ECTICUUTh TOCTATOYHOE MPOCTPAHCTBO MEPEMEICHUH (SHEPTHH ) JTsl TOCTHIKEHUS
HEUTpaAIbHON TOYKH. DTO TpeOyeT AJ00aBIeHUs BYX €IMHUIL JIBMKEHUS (IKBUBAJICHT
KpacHoro cmenieHus 2,00), mo 0JHOMY B Ka)J0M U3 JBYX HEAKTHUBHBIX HU3MEPEHHUII.

[TockoJIbKYy B yCJIOBUSIX HYJIEBOTO JABUKEHHUS B TPOCTPAHCTBE, KOTOPOE CYIIECTBYET B KAXKJIOM
HEAKTUBHOM M3MEPEHUM OJTHOHAIPABIICHHOTO JBUKEHHUS B MaTEPUATILHOM CEKTOpE,
SIBJISIFOIIIETOCS PE3YJIbTaTOM HETaTUBHOTO (BHYTPH) ABUKEHUSI, ICUCTBYIOLIETO B OMMO3UIINH K
IPOrPECCUH B 3TOM U3MEpeHUH, Y3 (HEKT ABMKESHUS, OSBUBIIUICS B PE3yJIbTaTe B3PhIBA,
oTMeHsIeT 3PHEKT OTPUIIATEIHLHOTO JBUKEHUS U Pa3peliaeT MPOrpeccuio OECIpensiTCTBEHHO.
JloGaBneHre ABUKEHUHN U3-3a B3pBIBA, B CYLTHOCTH, T0OABIEHHUE MPOTPECCUU K BHEITHUM
CKQJISIPHBIM JIBH)KEHUSIM, MOX0>KUM Ha MIPOTPECCUI0 B aKTUBHOM U3MEPEHUH, U, B TOU )K€ Mepe,
B KaKOW JBM)KEHUS COBIIAJIal0T, KPACHOE CMEILIEHHE SIBIsieTCs 100aBOYHbIM. [TocKkoIbKy BCce
3TO MPOTPECCUU HAPYKY.

B3phIB cBepXHOBOM HE ABISAETCA IOCTATOYHO CHIJIBHBIM, UTOOBI 1aTh YacTUIIAM OEJIoro
KapJMKa HE0OXOIUMYIO CKOPOCTh JIJIsl TOCTUKEHHUS 3TON CUTYalLlUH, U 3BE3bl, I0ATOMY,
COXPAaHSIOT HYJIEBYIO MPOCTPAHCTBEHHYIO CKOPOCTh B HEAKTUBHBIX U3MEPEHUSIX, BOUpast
JOTIOJTHUTEJIBHYIO SHEPTUIO 32 CUET YBEJIIMYCHUS CKOPOCTH B aKTUBHOM U3MEPEHUU JI0 YPOBHS
BBIIIIE CKOPOCTH cBeTa. [10CKOJIbKY O€IbIi KapJIUK TEPSET YIHEPTHIO ITPU B3aUMOJICHCTBHH C
IPYTUMH 00BEKTaMH, B KOHEYHOM CUETE, OH BO3BpAIaeTCs K HOPMAIBHOW CKOPOCTH.
[TorHOMacIITaOHBIN TAIAKTUYECKUI B3PbIB, OJJHAKO, FTOpa3 o 00see MOIIHBIN, 4yeM
CBEPXHOBAsI, M 3TO JIa€T KBa3apy MOCTATOYHBIE CKOPOCTH, YTOOBI HAOPATh JBE €AMHUIIBI JIJIS
BCTYILJICHUS B KOCMHUYECKU cekTop. Ho 3TO n3MeHeHue mpoucxoIuT He cpasy, U CKOPOCTb,
00pa3oBaBIIasiCsl B PE3yJIbTaTe B3pPbIBA, MOJICKUT TPABUTAIIMOHHBIM 3 (PEKTaM B TOM Ke
NOpsIIKE, KaK U B OOBIYHOM MPOTPECCUU, U KBa3ap OCTAETCs, KaK BUJAUMBIN OOBEKT B
MaTepuaJIbHOM CEKTOPE, MOKa €r0 YUCTask CKOPOCTh HE JIOCTUTHET JBYX €AUHUIL (IKBUBAJICHT B
2,00 nOmMOJHEHUSI K PEIECCUM KPACHOTO CMEIIICHMS ).

B Teuenune 3TOoro nHTEpBAIA, MOKa YUCTAsi CKOPOCTh KBa3apa HUXKE JIByX €IMHUIl B YPOBHE
VU3MEPEHHUS, TPOCTPAHCTBEHHBIE CKOPOCTH B HEAKTUBHBIX U3MEPEHUAX JOJDKHBI OCTaBATHCS HA
HyJie (TO €CTh, O0BEKT HE MOKET JBUTATHCS MMOCTYIATENBHO B KOCMOCE 00jiee YeM B OJJHOM
HAIPABJICHUH BO BPEMEHH ), U 3P (HEKTUBHAS YaCTh B3PHIBHON CKOPOCTH (B JOMOTHEHHUE K
peueccun), cieqoBaTeNbHO, J0HKHA UMETh (POPMY CKaJISIPHOTO JIOMOJIHEHHUS K €IMHUIIE
ckopocTH pereccun. Kpome peneccun, npouCXoauT ABUKEHUE BO BPEMEHH, HO TOTOMY, YTO
€CTh B3aWMHasl CBSI3b, 3TO ABUKEHHE BO BPEMEHU, UMEET MPOCTPAHCTBEHHBIN YIKBUBAJIECHT, YTO
AHAJIOTUYHO JBUKEHUIO B POCTPAHCTBE, KOTOPBIN OMPEACIISIET pa3Mep AOMOJHEHUS K
OOBIYHOM PeriecCu KPacHOTO CMEILEHHUS], MOTYYEHHOTO B PE3yJIbTaTe B3PbIBHON CKOPOCTH.

Enunaunna ckopocTy BO BpeMEHU M €IMHUIIA CKOPOCTH B TIPOCTPAHCTBE COBMAIAIOT; OHH 00€
ONPEIENSAIOTCA KaK OJIHA €IMHULIA TPOCTPAHCTBA 3a €IMHULY BpeMeHU. OTHOMEpHOE
pasziesieHre MeXAy HyJIE€BOM CKOPOCThIO B MPOCTPAHCTBE U HYJIEBOW CKOPOCTHIO BO BPEMEHH,
TaKuM 00pa3oMm, JIB€ IPOCTPAHCTBEHHO-BPEMEHHBIE (IBMKEHUA) equHUIlbl. HO, TOCKOIBKY
IPOCTPAHCTBO U BPEMI SIBIIFOTCS TPEXMEPHBIMI, 001Iee pa3aencHue cocTaBusieT 2° u 8
enunull. JIroboe BMemarenbCTBO CKOPOCTH, TAKUM 00pPa30M, MOKET ObITh BHIPAKEHO B JIBYX
dbopmax: X eIUHUI], KBMEPEHHBIX OT HYJIEBOM CKOPOCTU B MPOCTPAHCTBE, WIH, KaK 8-X IUHUIIL,



U3MEPEHHBIX OT HYJIEBOM CKOPOCTH BO BPEMEHH. DTa CUTYyallUs, C KOTOPOM MBI 4acTO
BCTPEYAEM B XMMUH, IJI€, HAIIPUMED, IIIEMEHT, TAKOU, KaK MO, UMEET OTPULIATEIIbHYIO
BaJICHTHOCTH 1, HO MOJIOKUTENBHYIO BaJI€HTHOCTh 7. B 1aHHOM ciiydae, Mbl OOHAPYKUIIH, YTO
JNBUXKEHHUsI, TOSIBUBIIKECS B PE3YJIbTATE B3PbIBA, JOJLKHBI IPOUCXOAUTH BO BPEMEHH, U OJHA
MUHHMMaJIbHas €IMHULIA 3TOTO ABUKEHHUS, KOTOPast MOKET CyLIECTBOBATh, JKBUBAJICHTHA CEMU
OOpaTHBIM €IMHUIIAM, U3MEPEHHBIX OT MIPOCTPAHCTBEHHOTO HYJIS, CIOCO0, KOTOPBIM 3TH
CKOpPOCTH BO BPEMEHHM IPOSBIISAIOTCS B SBJICHUAX MAaTEPUATILHOIO CEKTOPA.

[IpocTpaHCTBEHHBIN SKBUBAJICHT JIBUKEHHSI BO BPEMEHU HE UMEET Pa3MEpPHOT0 OrpaHUYCHHUS,
TaK KakK 3TU U3MEPEHUsI HE UMEIOT HUKAKOI'0 OTHOILEHUS K MPOCTPAHCTBY, U CEMb €ANHMUII,
CJIeI0BATEIbHO, PACIIPENEISAIOTCS MOPOBHY (IO MPUHIIUITY BEPOSITHOCTH) MEXKAY ABYMS
IIPOCTPAaHCTBEHHBIMU U3MEPEHUSMH, KOTOPBIE TENEPD SBISAIOTCA aKTUBHBIMU. KOMIIOHEHT
B3pPBIBHON CKOPOCTH B U3MEPEHUU PELIECCUH, TaKUM 00pa3oM, paseH 3,50. Eciu aBmxenus
KBa3apa MpOJOKUTh, HA 3TOM OCHOBE, O TOTO MOMEHTA, KOI/1a OObIYHAs PEeLleCCUsl JOCTUTHET
€IMHULIBI, TO €CTh TOYKH, T]JI€ PELleCCHOHHAs CKOPOCTh O0JIbIlIe HE KOMIIEHCUPYETCS
TATOTEHUEM, 00111asi CKOPOCTh B IMJIOCKOCTH HOPMAJIbHOM PeLecCUy, UIIH 00I1iee CMEIIEHNE
(KoTOpOe MMEET TO *kKe YucioBoe 3HaueHue), oyaer 1,00+3,50=4,50. [TockoIbKY TOJIBKO OJTHH
ACITEKT B3PBIBHOM CKOPOCTH COBIAAAET C HOPMAIBHOM PELIECCUEN, ITPEBBIIIEHNE CMEIICHUS
KBa3apa Ha JIt000OM KOPOTKOM PacCTOSIHUU NPOIMOPLHOHAIBHO KBaIpaTHOMY KOPHIO U3
peueccuu KpacHoro cmenieHus. Takum o0pazoM, eciiu pereccus CMeIEeHus Z, 100aBIeHHOe
KPAacHOE CMEILCHHE Z"~, 3HAYCHHE 3,5 COOTBETCTBYET CAMHHIIC HOPMATBHOTO KPACHOTO
cMmenieHus. M30bITOK KpacHOro CMEIleHUs KBAa3apoB, HA JAHHBIA MOMEHT SIBJISIETCH,

1/2, 1/2
clIeJI0BaTeIbHO, 3,57 2 a oO11ee cMelieHue kpazapa z+3,5z 2

Ha »Toii ocHOBe, KOTJ1a MPEBBIMIEHUE KPACHOTO cMeleHus gocturaeT 2,00, perecCuOHHbIN
casur 0,3265, a moaHOE KpacHOE CMEIleHHe KBa3apa paBHO 2,3265. B3peiBHas ckopocTts 2,00
JI0CTaTOYHA, YTOOBI TTO3BOJIUTH KBa3apy MPOJBUHYTHCS O HEUTPATHHOTO YPOBHS B JBYX
HEAKTUBHBIX U3MepeHusix. [Ipu aToM npoucxoauT npeodpazoBaHue ACHCTBUS TPaBUTAIUU B
MPOCTPAHCTBE, OHA UCUYE3AET, U MOJTHAS B3PhIBHAS CKOPOCTH (3,5) , IIIIOC MOJIHAS peliecCust
ckopoctu (1,0), naroT kBazapy BO3MOKHOCTb MPONTH HEUTPATIBbHYIO TOUKY B OOpaTHBIN, WK
KOCMHUYECKHN CEKTOp BceneHHou. KpacHoe cmemenue 2,326, cnenoBaTenbHO, MPEACTABISET
co00ii mpejiesn, KOTOPbIA He MOXKET OBITh IPEBBIIICH (MIPU HOPMAJIBHBIX YCIOBUSX, IO KpaliHen
Mepe).

ITo utoram Tekyero roja, KpaCHoe CMELIEHUE, MPEBBIIIAIOIIEE TEOPETUUECKU MTPEAEITBHOE
3HAYEHUE, HA KaKyI0-JIM0O 3HAYMMYIO BEJIUYHHY, IOSIBUIOCH, HO COBCEM HEIABHO, a
nopasuTesbHas BenuurHa 2,877 npuHauiexkut kBazapy 4C 05.34. Oto He 00s13aTeNbHO B
IPOTUBOPEYHH C TEOPHUEH, TaM, BEPOSITHO, MOTJIM OBITh KAKME-TO MIOMEXH B IIPOLIECCe
npeoOpa3zoBaHus, YTO KaK MPABUIIO, CHUXKAET YPOBEHb KPACHOTO CMeIleHHs 10 ypoBH: 2,00,
Ha IIOCTOSIHHO# 0cHOBE 3,5z"%. Ha JJaHHBIH MOMEHT, OJHAKO, LIEIeCO0BPa3HO PACCMATPHBAT
BeJIMUMHY 2,877 ¢ HEKOTOPOU JI0JI€H CKeNTUIIM3Ma, OCOOCHHO, B CBSI3H C OOJIBIITUM OTPBIBOM, C
KOTOPBIM OHA MOSIBIISETCA B JIIOOBIX IPYTUX U3MEPEHUSX KPACHOTO CMEILICHHUS.

W3nyuenue KBa3apa U €ro JBMKEHHE, JENIAT MEXIY COOOH Ba U3MEPEHUS, ACHCTBYIOIIUX B
YJIBTPACKOPOCTHOM JMana3oHe, U, TAKUM 00pa3oM, UMEIOT IByMEPHOE PACIIPEICIICHUs, a He
TPEXMEPHOE, KaK 3TO OOBIYHO MPOUCXOIUT B TPEXMEPHOM MpOocTpaHCcTBe. BMecTo TOro, 4ro0n!
cJIeI0BaTh 0OpAaTHOMY KBaJpaTy CBSI3U, U3IyUEHHE KBa3apa TEOPETUUYECKU YMEHBIIAETCS
IPOIMOPLMOHATIEHO OOPATHOM CUJIE TOTO, YTO MBI MOKEM Ha3BaTh "MPOCTPAHCTBO KBa3zapa'",
PacCcTOsIHME, COOTBETCTBYIOLIEE MPEBBILIEHUIO KPACHOTO cMellleHus. JlaHHble HaOI0IeHuH,



YTOOBI IIOKa3aThb, 4YTO KBa3ap MU3JIy4acT B HCﬁCTBHTGHBHOCTH, 6YIIYT IMpCACTaBJICHLI B
MMOCJICAYIOIIUX I'JIaBaxX.

Wnes nBymMepHOTO pacnpeneneHus n3y4eHusi, HEICOMHEHHO, Oy/IeT COo3/1aBaTh
KOHIIENTYaJIbHBIE TPYIHOCTH ISl HEKOTOPBIX YHUTATENEH, B CBS3U C JABHEW NMPUBBIYKOU
CMOTPETH Ha MPOCTPAHCTBO, KaK HA KOHTEHHEP, XOTS ATa Ues yKe Oblja OJTHO3HAYHO
OTBEpPrHYyTAa MPH Co37aHuU HyHIaAMEHTAIBHBIX OCHOB B3anmuoit Cucremsl. XKenarensHo,
MO3TOMY, OOCYIUTh IPUPOY TOTO IBYMEPHOTO PACIIPEICIICHHS B HEKOTOPBIX JIETAJIAX,
peXkJe, YeM JIBUTAThCS JaJbIIIE C TEOPETUUECKOM pa3paboTKOil.

Hepa3zpeiBHas CBA3b MEXAY MECTONOJIOKEHUEM A M MECTOIIOIOKEHNEM B TOnbKO cKanspHasi.
Kak cxansipHas BenuurHa OHa MOKET OBbITh IPEJICTABIIEHA OJTHOMEPHO, TO €CTh KaK JIMHUS, HO
B PEAIBHOCTH, OHA HE UMEET OJTHOI0 U3MEPEHHMSI. DTO MPOCTO BeaudnHa. Pacimpsromuiics
11ap, KOTOPBIN UCIIOJIB30BAJICS PAHEE, MOKET OKa3aTh 3HAYNUTEIIBHOE COJACHCTBUE B
pPa3bsCHEHNH 3TOM cuTyaunu. Ecim Toukn A u B pacnonokeHsl Ha MOBEPXHOCTH 11apa,
TOJIBKO HEMOCPEACTBEHHOE OTHOLIEHUE MEKly HUMH - 3TO CKAJIIPHAsI BEIUYMHA,
BBIPaXKAIOIasi KOJIMYECTBO PA3AEICHUS, YTO U3MEPSAETCS, KOTAa BO3YIIHBIN 1Iap
pacmmpseTcs. 9TO KOJIUYECTBO MOXKET ObITh IPEICTABIEHO OJJTHOMEPHON JTMHUEH, HO JTUHUS
HUYEro He 100aBiseT K HalleMy 3HaHUIo cuTyaluu. [loka Mbl paccmMaTpuBaeM TOJBKO J1Ba
Mecta A u B, 6€3 npuBiieueHus Kakoi-Jinbo CUCTeMbl OTCYETA, €AMHCTBEHHOM
COOCTBEHHOCTBIO TUHUM AB sBisieTcs ee AuHa, CKaJiipHas BEJIMYUHA.

J1s TOrO, YTOOBI MPUIATh OTHOILIEHUIO MEX/Iy MECTOIIOJIOKEHNEM A U MeCTONoJI0XKeHneM B
A1000€ 3HAaUeHHE, OTIIMYHOE OT CKAJIAPHOM BEJIMYHUHBI, HEOOXOIMMO BBECTH CUCTEMY OTCUETA,
U XapakTep AAJbHEUIINX OTHOIIEHUI OyJeT BOCIIPUHUMATHCS MEKY IBYMSI
MECTOITOJIOKEHUSIMHU B 3aBUCUMOCTH OT KOHKPETHOW CHUCTEMBI OTCUYETA, TO €CTh, IO CYILECTBY,
ATO CBOMCTBO CUCTEMBI OTCUETA, & HE COOCTBEHHOCTH JIByX MecT. Kak BbIBEIeHO paHee, Takue
U3MEHEHHMS HE TOJIbKO U3MEHSIOT HAIIPABJICHHUE MPUBSI3KH K KOHKPETHOMY JIBUXKEHUIO, HO
TaK)Ke€ MOTYT MOBJIMATH M Ha BEJIMYMHY, J1aXK€ B TAKOW MEpe, YTO B HEKOTOPBIX CIIyyasx,
U300paKeHUE JBUKEHHUS CTAHET KaK HECYIECTBYIOIIETO.

JIJ1st cipaBOYHBIX TIEJI€H, MBI OOBIYHO BEIOMPAaEeM TPEXMEPHYIO CUCTEMY KOOPJIUHAT, TO €CTh,
MBI TIPOBOJIMM TPH TIEPTICHAUKYJIIPHBIE OCH, IPOXOIAIINE Yepe3 TOUKY A U, TAKUM 00pa3om,
onpenensieM uHuI0 AB B npocTpancTBeHHoM cucteme. To, YT0 Mbl BUAHM, 3TO He BelllH,
KAaK OHHU CYHIeCTBYIOT CaMH 10 ce0e, HO KAK OHM BBITJIAIAT B KOHTEKCTE Halleil
TPeXMepHOii cucTeMe KOOpaAMHAT. BMecTo TOro, 4To0bl BUIETh MECTOINOJIOKEHUE CBA3AHHBIX
MECT TOJILKO IO BEJIMYKHE, TPeICTaBIsAoNniei paccrosinue AB, Mbl Buaum nunuio AB, kak
UMEIOIIYI0 HallpaBJeHHUE, TO €CTh, MBI ONpeiesisieM B riae-To Ha moBEpXHOCTH cepbl ¢
paanycom AB. Jlro0omy NBHKEHHIO, KOTOPOE HE MUMEET HAIMPaBICHHOCTH, Mbl HA3HAYAEM
HaIIpaBJICHUE B HallleW cucteme orcuera. [1oCKobKy 3TO Ha3HAYECHHUE YUCTasl CIIy4YalHOCTb, B
JTH000M ciTydae, KOT/Ia y4acTBYeT MHOXKECTBO OT/IEIbHBIX ABUKEHUHN TAKOTO POJa, HAIPUMEDP
(bOTOHBI U3TyUYEHUs, UCXOIAIINE U3 UICTOYHUKA B TPEXMEPHOM MPOCTPAHCTBE, ITU
HaIIpaBJICHUS pACHpPEIeNICHbI [0 BCEM BO3MOYKHBIM HAIIPaBICHUSM. B 3THX yCIOBUSAX 4acTh OT
o0111ero o0beMa dHEpruu, rmoaydyaeMon B Touke B oT ucrounuka A, ooGpatHo
IIPONOPLIHOHAIIbHA KBAIpaTy paccTossHus AB.

Ho Hekotopeie ABMX)EHUS UMEIOT CBOM COOCTBEHHBIE XapaKTEPUCTUKHU HAIIPABICHHOCTH.
Hanpumep cBeT MOXKET BBIBOJIUTHCA KaK JIyd, a HE B CIy4alHbIX HanpaBieHUsX. Eciu 1o
ujeaabHbIN JIy4 (4TO-TO, YTO TPYAHO PEaTN30BaTh HA MIPAKTHKE, HO TEOPETHUECKH BO3MOYKHO)
, TO KOJIMYECTBO CBETA, MOJy4eHHOTO B B, He 3aBucut oT paccrosiuus AB. Bce BeIOpoCH



MPOUCXOIAT B 3TOM HarpasieHUH. O4eBUAHO, €CTh U Ipyras BO3MOXKHOCTh, TPOMEKYTOUHAS
MEXy JIMHEMHBIM U TPEXMEPHBIM paclipe/ieJieHneM. BrioiaHe BO3MOKHO, YTO CBET MOXKET
BBIJICNIATHCS B TAKUX YCJIOBUSX, YTO co3/iaeTcs 3QPeKT AByMEPHOCTU. JTa CUTYAIIHs, KOTOpas
TEOPETUYECKH CYIIECTBYET, KOIla U3 Ty4YeHHUE BOZHUKAET B 00JIACTH YJIbTPa BHICOKHX
CKOpOCTeH, T1ie pU3ndecKoe NeUCTBUE MPOUCXOIUT TOIBKO B IBYX CKAJISPHBIX
IIPOCTPAHCTBEHHO-BPEMEHHBIX U3MEPEHUSX, A HE B TPEXMEPHOM MIPOCTPAHCTBE WIIM BPEMEHU.
B sToM citydae, Bce TOUKM Ha OKPYKHOCTH Kpyra ¢ pagnycoM AB o1MHaKOBO BEpOSATHbBIE LIETH
(hOTOHOB, UCXOIAIINX OT YEJIOBEKA, U YPOBEHb U3IIyUEHUs, MTOTYUCHHBINA B TOUke B, 00paTHO
IPONOPIMOHAIICH EPBOM CTeNEeHH paccTosiuus AB. B nByMepHOIi BcenmeHHOM, Touka B,
Bcerja Oy/IeT B INIOCKOCTH U3ITYYEHUs, HO B TPEXMEPHOU BCEIEHHOM, ITOT CAaMOJIET MOKET
OBITH JIFOOOM OpUEHTALIMK B TPETHEM U3MEPEHUHU, U BEPOATHOCTh TOT'0, UTO Touka B Oyzaet
HAXOJIUTHCS B IJIOCKOCTH M3JTYyUCHHUS, IBIIACTCS TaK)Ke 00OpaTHO MPOIOPIIMOHATBHA TTEPBOM
creneHu paccrosinus AB.

(TocTaTOYHO MPUMEUATENICH, B 9TOM OTHOIIICHUH, MOMEHT MPEOJI0JICHHS 3BYKOBOTO Oaphepa,
T.K. MBI TOKE UMEEM TUIOCKOCTh U3IIy4deHHs; TpuM. alexfl)

VYoke mpu3HaHO, UTO CYIIECTBYIOT aCTIEKTHI U3JIYUEHHUs KBa3apa, KOTOPhIE SBIISIFOTCS
XapaKTEePHBIMU, JUIsl PACIIPEICIICHUS] MEHBIIIE YEM B TPEX U3MEPEHUAX. MHOrne
UCCJIEIOBATEIH TI0JIaratoT, YTO 3TO U3ITYYCHHE MOXKET OBITh COCPEIOTOYCHO KaK Jyd, U B €T0
0030pHOI#1 cTaThe 0 mysbcapax, A. Hewish otmedaeT "cusromme B 1Byx KoopauHaTax'", Ta e
KOHIICTIHUS, YTO MbI MOTYYHUIIA TeopeTudecku. Claea0BaTeNbHO, 1aKe €CJIU KOHIEIIUS
JIBYMEPHOTI'O pacrpeiefieHUs U3TyUYeHUS KaKeTCsl JOBOJIBHO CTPAHHOMU, B CBETE TEKYILIETO
MBIIUICHUS, 3TO HE SIBJISIETCSI COBEPILIEHHO OeCTpelieICHTHRIM. B KOHEUHOM UTOTe, AEHCTBUS
TaKOW KOHUEMIINY JOJKHBI ObITh MPOAEMOHCTPUPOBAHBI, TOKA3bIBAs, YTO OHA JAET
paBUJIbHBIE OTBETHI, U 3TO OyAET CAENaHO HA CTPAHMIIAX, KOTOPbIE MOCIEAYIOT.

Ecnu Mbl ipeAnonokuM, 4To pacipe/ieieHue OObIYHBIX TATaKTHK SBISIETCS OJTHOPOIHBIM B
IPOCTPAHCTBE, Kak Toro Tpedyer Bzaumuas Cuctema, o0111ee YUCI0 TAKMX FATAKTUK B 00beMe
pammycom d mponopuronansHo d°. [TockombKy spkocTh MeHsiercst kak 1/d%, u3 storo crenyer,
4TO pacipe/ieIeH e BIANMBIX TaTaKTHK Ha PACCTOSHHH MporopimonansHo d™°. Ksazapsr
TAaKKE MPOMCXOIAT B TPEXMEPHOM MPOCTPAHCTBE, M MX UHCIIO TAKKE IPOIOPIHOHATBHO d°,
[ToTromy uTO IByMEpHOE pacmlpe/eieHne CBETUMOCTH UX U3ITyUeHUs 3aBUCUT Kak 1/d, a He
1/d%, kaK BBITEKAET U3 MPEIIECTBYIOMEro 00CYKICHHUS, [0 IPHINHE CIyYailHOI OPHEHTAIHH
JBYMEPHOIO U3IIy4YEHUs, BUAHO TOJIbKO 1/d oT 061iero uncna d B 11000M ONpeeieHHOM
MECTOIIOJIOKEHNUHY B IPOCTPAHCTBE. Pacipeeienne BUANMBIX KBa3apOB Ha PACCTOSHUM,
ClIeOBaTENbHO, TO e oTHoueHune 1/d™°, kak u pacnpenencHue OObIYHBIX raNaKTHK.



B aToii cutyanum, koraa Mbl paccMaTpUBaeM BOTIPOC O TOM, TJ€ BUTUMBIC OOBEKTHI
PacIoJIOKEHBI B POCTPAHCTBE, HE UMEET 3HAUCHHUS, Oy1eT 0ObEKT BUAUM WIIM HE BUJIUMBIM,
IIOTOMY YTO 3Ta BEJIMYMHA YMCHBIIACTCS HIKE BUIMMOTO OIPAHUUYCHUS 110 OTHOIIICHHUIO
o0paTHBIX KBaIPATOB WIJIM IIOTOMY, YTO UX HE BUIHO BOOOIIE, IO MPUIMHE OPUCHTAITUN
IJIOCKOCTH U3yueHus. OTHOIIEHUE d» cobiogaeTcs B 00oux cirydasx. Ho korma mMel
HCCJIEyeM BOIIPOC OTHOIISHUS YHCIIa KBa3apOB K UX CBETHMOCTH, 3Ta SKBUBAJICHTHOCTD
OobIie He cymiecTByeT. Eciu Mbl yBETMIMM MOIITHOCTH HAITUX MHCTPYMEHTOB, OOBEKT,
KOTOPBIN paHee ObUT UyTh HMKE BUTUMOTO OTPAHUYCHUS, CTAHOBUTCS BUAMMBIM, HO OOBEKT,
KOTOPBI OBLT B HEOCTYITHBIX U3MEPEHUSIX, OCTACTCS HEJJOCTYITHBIM.

Ecnu ObI Bce ranakThKy ObLIM OJIMHAKOBO CBETSAIIMMHUCS, HaOMoaemas quddepenunanus mno
BEJIMYMHE, MOXKET ObITh O0BSICHEHA TOJIBKO OJHUM PACCTOSIHUEM, 1,5 OTHOILIIEHUE MEXKITY
YHICJIOM U pacCcTOsSIHUEM OyJIeT B pe3yibTaTe 1,5 OTHOIEeHHEeM MeX Ty YucioMm N u
CBETUMOCTBIO S. DTO MOXKET ObITh MAaTEMaTUYECKH TTOKA3aHO, JaKe €CJIU CBETUMOCTh OyJeT
IIEPEMEHHOM, ITOKA BapUALUU SBIISIIOTCS CIy4alHbIMU. TEKyIIHe UCCIIEI0BAHUE ITOU CBA3H,
otHomieHue logN-10gS , mOTOMY YTO COOTBETCTBYIOIIHUE TAHHBIC OOBIYHO ITOKA3BIBAIOT B
norapupMudeckoi ¢hopme, MO3ITOMY, OCHOBBIBASICh HA MPENOCHUIKE, HAKIIOH KPUBOMl 10gN-
logS 6yner 1,5 B enuHoM EBKIIMI0BOM BCEIIEHHOM.

Ho 310 nonoxkenue mnpeanosiaraeT HAIMYUE TPEXMEPHOTO paclpeiesieHus u3inyyeHus. B
cilydae OObIYHBIX TJIAKTHK, I7I€ 3TO MPEIOJIOKEHNE BEPHO, OOIIEE YUCIIO TaIaKTHK MOYKHO
HaOJI0JaTh KaK YMCIIO MOTEHIIMAIBHO BUIUMBIX, TO €CTh, JOCTATOYHO cBeTAluXcsa. O01mas
ancnerrocTs d° pomopIHOHANEHO pacpeenseTcs Ha pacCTOSHAN POMOPIHOHATHHOM
d*°. Tam, rze ects JIBYMEPHOE PaCIIPEICIICHUE B TPEXMEPHOM BCEJIEHHOW, TEM HE MEHEE,
YHCIIO MOTEHIHATBHO BUANMBIX MPOMOPUHOHANBHO d°, HO 4HCI0 PAKTHIECKH 3aMETHBIX
MEHBLIE, IOTOMY YTO B HEKOTOPBIX CIy4asix U3JIy4YEHUE HE HAIpaBJIEHO Ha AaHHOE MecTo. [1o
3TOM MPHYMHE, PACIIPE/IETCHIE BHINMBIX 0OBEKTOB HA PACCTOSHHIH POMOPIHOHANBHO d°,
KaK YKa3bIBaJoCh paHee. B 3TUX yClI0BUSX, YUCIO BUIUMBIX OOBEKTOB B JIFOOOM OrpaHUYEHUN
BEJIMYMHBI, 00PATHO MPONOPLUUOHAIBHO CPETHEMY T€OMETPUUECKOMY 3TUX JBYX 3HAUEHUU, U
HakJIOH KpuBoil logN-logS nnst kBazapoB, ciieJ0BaTENbHO, AOJKEH ObITh 2,25. DTOT
TEOPETUYECKUM BBIBO/J] IOJITBEPKAACTCS U3YUEHHEM KBa3apoB, BKIIOYeHHBIX B 3 (TpeTuii
KemOpuk) katanor, KOTOpbIi gaeT 3HaueHue 2,2.

Bonpmioe BHMMaHMe ObUIO yIEIEHO 3TOMY OTHOIIEHHIO IOTOMY, YTO 3TO MPEIIOIOKUTEIBHOE
OTHOIIIEHNE KOCMOJIOTHYECKUX MPOOJIEM, B YaCTHOCTH, aKTUBHAsA O0phOa MeX 1y
"3BOJIOLMOHHBIM " U "yCTOMYHMBBIM COCTOSIHUEM'" TEOpHH BceleHHOU. EcTh oueHb Mano
(akTOB, KOTOPHIE UMEIOT 3HAYECHUE ISl KOCMOJIOTHH, U BEIOOP MEXKAY STUMU
KOHKYPHUPYIOIIUMH TEOPHUSIMU J0JHKEH ObITh ClieJIaH, B OCHOBHOM, HE HA HAYYHOM OCHOBAHHH.
B cBoeii HacTosieit popme, Teoprs YCTOMUMUBOTO COCTOSIHUS KOH(IUKTYET C 3aKOHAMHU
COXpaHEHUs IOTOMY, UTO MaTepUsl CO3/1aHa U3 HUYETO, U MO 3TOM MpUUKMHE OHa (PUI0COdCKH
HEIpueMJIeMa JIJIsl TeX, KTO CYUTAET COXPAHEHUE B KaUeCTBE OCHOBoIonaratomero. C apyroit
CTOPOHBI, IBOJIFOLUOHHBIE TEOPUI IPEATIOJIATAIOT CYIIECTBOBAHNUE OJHOTO MJIM HECKOJIBKUX
0COOEHHOCTEH B 3BOJIIOLIMM BCEJICHHOM, KOTOPbIE HAXOASTCS BHE JOCATaEMOCTH HAYYHOTO
VCCIIEJOBAHUs, U, CIIEI0OBATEIBHO, OTBEPIalOTCA TEMHU, KOMY HE HPABUTCSI CMELLIMBAHUE
MeTahU3uKU ¢ HAyKO#. ['opbl paluOMCTOYHUKOB, YTO B 3TOM CBSI3U MPUBETCTBYETCS C
BOCTOProOM, KaK MpeJOCTaBICHIE KaKON-HUOY1b MOAAEPKKU JUIS SBOJIIOLIMOHHBIX TEOPHH,
KaKoe-TO BpeMsl Ha3a]l ObLIM B IIOJIHOM OTCYTCTBUHU.



DTH paIMOUCTOYHUKH ITOCIIC0BATEIbHO Janu 3HaueHUI0 10gN-10gS yKiI0H, KOTOPBIH
npesbimaet 1,5, caMmple nociaegHue JaHHbIE, YKa3bIBAIOT HA TO, YTO YKJIOH JUIS BCEX
pamuouctouHukoB 1,8. Takum o6pa3zoM, ecTb Oosiee ciiabble HCTOYHUKH, KOTOPBIE HE JOJIKHBI
MIPUCYTCTBOBATh B CTAIIMOHAPHON BCEIICHHOM, HA OCHOBE OOBIYHOTO TPEXMEPHOTO
pacnpeaesieHUs M3JIyUYEeHHS U3 ITUX UCTOUYHUKOB. Y TBEPIKJICHME CTOPOHHUKOB 3BOJIIOIIMOHHOM
TEOPHUH 3aKIH0YACTCS B TOM, UTO ATO MPOTHUBOPEUHE SBIISICTCS YBOTIOMMOHHBIM 3P (HEKTOM,
yKa3bIBAIOIIUH HA TO, YTO MOJIOKEHHUE JIeJI BO BCEJICHHOM OBLIO IPYyTMM MUJLIMAPbI JIET Ha3a/l,
KOTJla BO3HUKJIO U3JTy4YEHHUE, KOTOPOE MbI TEIIEPh MOIyUaeM U3 CaMbIX JaleKux 00bekToB. Ho
ATOT apTyMEHT MOJHOCTHIO 3aBUCUT OT MPEIOI0KEHUS, YTO PACIIPOCTPAHEHUE U3ITYUEHUS
SIBJISIETCSA TPEXMEPHBIM, U ceiYac eCTh JOCTATOYHO JOKA3aTEIbCTB, YTOOBI MOKA3aTh, YTO 3TO
IPEANOJIOKEHUE HE SIBISETCS IEUCTBUTENbHBIM, B IPUMEHEHUHU K KBa3apam. Hair BeIBO, 4TO
HAKJIOH KpUBOM JJIs KBa3apoB 2,25 nuiiaeT BeIuduHy 1,8 1r060r0 KOCMOJIOTHYECKOTO
3Ha4YeHUs. TOT (akT, 4TO HAKJIOH KPUBOM JJII BCEX PAIMOMCTOYHUKOB BBIIIE OOBIYHOTO
3HaveHus 1,5, Tenepb He Oosiee YeM yKa3aHWe Ha TO, YTO 3HAUUTEIbHAs YaCTh 00BEKTOB, TUIIA
"kBazap", BXOJAUT B TO, UTO MBI YK€ 3HA€M U3 HAOIOICHUM.

XOTs BOIPOC O TOM, MBI )KHBEM B CTAOUIILHOM COCTOSIHUH, WM B 9BOJIOIIMOHHON BCEICHHOM,
HaIpPSMYIO HE YU4acTBYET B IIETIOYKE PACCYXKICHUN, BEAYIIUX K 0OBSICHEHHUIO KBA3apOB U
SIBJICHUHM, KOTOPBIE COCTABJISIIOT OCHOBHOM MPEIMET 3TOM KHUTH, OH MOXET ObITh HHTEPECEH B
3TOT MOMEHT, YTOObI OTMETUTh, YTO PA3BUTHE CJIeACTBUH NOCTYyIaTOB B3aumuoii CucreMbl
NMPUBOJUT K YCTAHOBUBIIEMYCSI THILY BCEJICHHOM, KOTOPbIH, 0IHAKO, OTJINYA€eTCH OT
TeKYIIUX BEPCUil T€M, YTO OH HOCUT HMKJIUYeCKUil xapakTep. Takum oOpa3om, HET
HUKAKOTO HAPYILLIECHUS 3aKOHOB COXPaHEHMU IIPU CO3JaHUU MaTepUu. B dTON LUKINYECKOU
BCEJICHHOM, MPOYKThI pa3pylICHUS IAIAKTUK, KOTOPbIEC IOCTUTAOT MPEICIbHOTO BO3pacTa,
SBJISIFOTCSI CBIPbEM, U3 KOTOPOTO CTPOSITCS HOBBIE rajakTuku. HoBas pa3paboTka Takxke
IIPEOJ0JIEBAET IPYTM€ OCHOBHBIE TPYAHOCTH, C KOTOPBIMHU CTAJIIKUBAIOTCSI COBPEMEHHBIE
teopun. OHa 00ecTeurBaeT MyTh AJI MMOJHOTO YIAAJICHUS CTAPEHIITNX TATaKTUK U3 CUCTEMBI, a
HE MPOCTO KOHIIEMIIUIO UCYE3HOBEHUS "'3a TOPU3OHT", C YUETOM HEKOTOPBIX CEPbE3HBIX
3aMEYaHui, OHA TAKXKE J1aeT OOBSICHEHHUE PEIIECCUU TANAKTUK, KOTOpasi TpeOyeTcs, eciu
"OGoupI10# B3pBIB" OyNeT aHHYIHPOBaH. TeKyIre TEOPUH MPEIoIaraloT, YTO MOSBICHUE
HOBOT'O BEIIIECTBA CO3/IaHO "TOMYKOM'", KOTOPBIN 3aCTABJISET CTAPhIC TATAKTUKH JIBUTATHCS
HapYKy, HO OHU MOJIHOCTHIO YMATYUBAIOT O TOM, KaK TaKOW TOJTYOK MOT Obl OBITh pEeaIU30BaH.

DTO SABISIETCS CEPhE3HBIM HEJOCTATKOM COBPEMEHHBIX TEOPHUH, JaKe HE CyMEB OOBSICHUTH, KaK
OJTHA TaJlaKTUKa MOKET OKa3bIBaTh JIABJICHUE HA JPYTYIO, WU, KaK ()parMeHT rajJakKTHKH
MOKET OBITh BBIOpOIIIeH. Kak oTMedaioch paHee, roCIoICTBYIONINE TCOPUU CTPYKTYPBI
raJaKTHK, HE TIPEJAOCTABISAIOT CPEJICTB, C IIOMOIIBIO KOTOPHIX JIFOOOH "TOTIOK" MOKET OBITh
UCII0JIb30BaH MPOTUB 3BE3/THOM COBOKYIHOCTH, B KOTOPOW COCTABHBIC YACTU Pa3/ICJICHbI
PACCTOSTHUAMU ITOPSIKA HECKOIBKHX CBETOBBIX JIeT. Takum o0pa3om, BOpoc, Kak padoTaeT
MEXaHH3M, TI0 KOTOPOMY IIPOMCXOIUT BEIOPOC rajlaKTHIeCKOro pparmMenTa, JImdo
UTHOPUPYETCS, TUO0 peliaeTcs MocpeICTBOM KaKOr0-TO HAlyMaHHOTO CIEIUAIBHOTO
npeanosioxkeHus. Hai BeIBo, 4TO 3B€3/1bl B TAJIaKTHKE, HJIM CAMOCTOAITEIbHBII KjacTep,
3aHUMAIOT MO3MLIH PABHOBECHS, U, B Pe3yJibTaTe, 3B€3/lHasi COBOKYITHOCTH MMeeT 001me
XapPaKTEePUCTHKU KUJIKOCTH, YTO MPOSICHAET CUTYAIUIO U ONpeaesieT MeXaHUu3M
BbIOpoOCAa.

KoneuHo, B pe3ynbTaTe npeodpa3zoBaHus, YaCTh KUAKOCTH NIEPEXOJUT B ra3000pa3HOe
COCTOSIHHE, & COCTOSIHUE, B KOTOPOM MOJIEKYJIbI HE MOJAEPKUBAOT UX IEPBOHAYAIBHOIO
PaBHOBECHS, U JBUTAIOTCSA CAMOCTOSITENIBHO, €CJIM TOJIBKO HE OKa3bIBaTh JaBJICHUE HA MX



KOHTEWHEP. MeXaHM3M raJJakTH4eCKOro B3pbIBa MOKET ObITh JIEI'KO IOHAT, €CJIU NOHATO,
410 3(PEeKT OT B3pPbIBA IPYIIILI 3B€3/] B HEAPAX raJIaKTHKH, CO3/1aeT TO, YTO MbI MOIJIH
ObI Ha3BaTh NMy3bIpeM ''3Be3HOIO0 rasa'', cuTyanusi, B KOTOpOH 3Be3/1bl, MOIJIOLICHHbIE
JHepPruel OT B3pPbIBA, 0CTABASICH B UX MO3UIMU PABHOBECHS, IBUTAIOTCH CAMOCTOSATEIHLHO
B MOPSIIKE YaCTHIl ra3a, 0Ka3bIBasi JaBJIECHHE HA YACTH FAJIaKTHKH, KOTOPbIE HX
OKPYKaIOT.

B ux Toukax paBHOBECHS, 3B€3/bl IBIKYTCSl HAPYXKY, HA CKOPOCTH pereccuu (CKOpoCTh
CBETa), U B TO K€ BPEMsl, IBHXKYTCSI BHYTpPb, C TOH K€ CKOPOCTBIO. DHEPIHsl, IepejaHHas UM B
pe3yJbTare B3pbIBOB, CIEA0BATEIBHO, YBEIUNUMBAET CKOPOCTh HAPYXKY 10 YPOBHS BBILIE
CKOPOCTH PELECCUN, HO CKOPOCTH BBILIE €UHULIBI - BO BDEMEHH, a HE B IPOCTPAHCTBE,
IIO3TOMY 3BE€3/1bl IBHKYTCSI HapyKy BO BpeMeHH. JlaBieHue, KoTopoe oOpa3yercs Ha
IIOBEPXHOCTH, 1aBJICHUS BO BPEMEHHU, U, KOI'1a OTO JABJIECHUE TOCTUTAET JOCTATOYHO BBICOKOIO
YPOBHSI, OHO CIyBaeT YacTb CTPYKTYPBI, TaK K€, KaK B3PbIB B 3JJaHUU MOXET OTOPOCUTH YacTh
ctenbl. DparMeHT BbIOpachiBaeTCs HApyKy BO BpEMEHH, HO IO MIPUYKHE B3aUMHOM CBSI3U
MEXIy IPOCTPAHCTBOM M BPEMEHEM, 3TO BHEIIIHEE ABUKEHUE BO BDEMEHU UMEET
IIPOCTPAHCTBEHHBIN SKBUBAJIECHT, KaK YKa3bIBAJIOCh PAHEE, U OTOT IPOCTPAHCTBEHHBIN
SKBUBAJICHT '"MIPOCTPAHCTBO KBa3apa', KOTOPOE BCTYNAET B UTPY. DHEPTHS, IPUIOKEHHAS K
raJIaKTUYECKOMY (pparMeHTy, KOTOPbI CTAHOBUTCS KBa3apOM, KOHEUHO pa3/elieHa MEKIY
JBUKEHUSIMH OTACJIbHBIX 3B€3]1, B (PparMeHTe, U B IBMOKEHUH OOBEKTA B LIETIOM.
J1eCTBUTENBHO, 3HAUUTEIIbHAA YaCTh 3TOM SHEPTUHU MEPEIACTCA B TEJIO 3BE3] BO BPEMS
NOATOTOBKH B3pbIBA, IIEPE] TEM, KaK, Ha CAMOM JIeJIe, OH IPOUCXOAUT. MBI MOKEM CHENIAThH
BBIBO/I, UTO 3HAYMTEJIbHOE YHCJIO 3Be3/] B KBa3ape, MHAMBUAYAJbHO IBUTAIOTCH CO
CKOPOCTHIO, IIPEeBbILIAIOLIEH CKOPOCTH CBETA, H, I03TOMY, KBa3ap fBJIACTCHA
Pa3BOpPAYMBAIIMMCS BO BPEMEHH, 2 ITO 03HAYAET, YTO OH C:KUMAETCH B Iepecyere Ha
npocrTpaHcTBo. ClIe1I0BaTENbHO, KaK U 0esible KapJIMKH, KOTOPbIe CIMIIKOM MaJIeCHbKH e
3Be3/1bl, KBa3aphbl SIBJISIOTCH HENPONMOPUHNOHAIBHO MAJICHbKMMHU I'AJIAKTHKAMM.

DTO Ta 0COOEHHOCTh, KOTOpast Aajia UM cBoe uMs. OHM "KBa3u-3Be3/IHbIC" UCTOUHUKU
U3JTyYCHHUSI, T TIOX0KHUE Ha 3BE3/IbI, HO PACTSHYTHIC HICTOYHUKH JI0 pa3Mepa OOBIYHOM
raJlakTuku. HekoTopble aclieKThl HAUMHAIOT BO3HUKATh M3 TTOCICIHUX U3MEPEHUH C TIOMOIITBIO
CIIeIIMAJIBHBIX METOJI0B, HO 3Ta MH(POPMAITUS JIUIIb MTOATBEPKIAET TOT (PaKT, 4TO KaK
raJlakTUKH, OHU OYCHb MEJIKHE 00beKThl. Hanbonee cepbe3Hoi mpoOiemMoil B CUTyaIluu ¢
KBa3apoM, YTO PACCMATPUBAETCSI B KOHTEKCTE COBPEMEHHBIX MPEJCTaBICHUH, SIBISETCS
"mpoOaemMa MOHMMAaHUS TOT0, KaK KBa3ap U3IydaeT CTOJBKO SHEPTHH, KaK TAIAKTUKA, B TO
BpeMs, KaK UX JUAMETPhI B HECKOJBKO THICSY pa3 MeHbIIe."

Ho 310 He eauHCcTBEHHAs TpoOemMa, 3T0 MOBTOP, C KOTOPBIM MBI YK€ 3HAKOMBI. MBI 3HaeM,
4TO €CTh KJIACC 3BE€3]l, OEJIBIX KapJIUKOB, KOTOPbIE U3IY4atOT CTOJIBKO SHEPIUH, KaK OObIUHbIE
3BE€3/1bl, HO U UX JIMAMETPBI B HECKOJIBKO THICAY pa3 MEHbIIE. Tenepb Mbl HAXOUM, YTO



CYILIECTBYET KJIACC rajJakTHK, KBa3apbl, KOTOPbIE UMEIOT TE€ K€ XapaKTepUCTUKHU. Bcee, uto
HEO0OXOIUMO JJI IOHUMAaHUS, ABJISETCS MPU3HAHUEM TOTO (aKTa, 4TO ITO SBJICHUE TOTO e
poja. DTo IpaBja, YTO B HACTOSAIIEE BpEMs IPUHSATAsI TECOPUS MAJIBIX pPa3MepPOB OEIbIX
KapJIMKOB HE MOKET OBITh paclpoCTpaHeHa Ha KBa3aphbl, HO OYEBUIHBIN BHIBOJ] U3 ATOTO (hakTa
3aKJIFOYAETCs] B TOM, UTO HBIHEIIHKUE MBICIHU B 3TOI 00J1acTH, 3TO HENIpaBUIbHOE IOHUMaHue. B
oTBeTHOI Cucteme, HEHOPMaJIbHO HEOOJbIINE pa3Mephl U3-3a TOH K€ IPUUUHBI B 000UX
cilydasix. YJIbTpa BBICOKasi CKOPOCTh [EpEMEILIEHUI BO BpeMeHH, UMeeT 3PPeKT IKBUBAJICHTA
YMEHBIIEHUS! IPOCTPAHCTBA, 3aHUMAEMOI0 00bEKTOM B MaTepur. Kak yka3biBasioch panee,
KBa3aphbl BIOJHE MOKHO ObLJIO Obl Ha3BaTh 0eJIBLIMU KAPJIUKOBBIMH IAJIAKTHKAMM.

SApKocThk KBa3apoB, €I11€ 0J{HA U3 UX OCOOCHHOCTEH, SBIISICTCS TAK)KE Pe3yJIbTaTOM MX CIUIIKOM
MaJIeHbKOT0 pa3Mmepa. M3-3a CHUKEHUSI CyMMbI SKBUBAJIEHTHOTO MTPOCTPAHCTBA, 3aHUMAEMOT0
KBa3apoM, IMPOCTPAHCTBEHHAsI 00JIaCTh, U3 KOTOPOU MPOUCXOIUT €r0 U3TyUeHHUs, TOpasio
MEHBIIIE, YeM Yy OOBIYHOM TaJIAKTHKU YKBUBAJICHTHOW MacChl. XOTS B COOTBETCTBUU C
BBEJICHUEM CMEIIIEHUS BPEMEHH B CTPYKTYPY, 3TO TO, YTO OTBEYAET 32 SIPKOCTh OEIbIX
KapJIMKOB, MEXaHU3M HECKOJIbKO MHOU. 3BE€3/Ibl U3Ty4alOT CO BCEU CBOEH MOBEPXHOCTH, U
OTHOCHUTEJILHO BBICOKUW YPOBEHb U3TyUEHHs O€JIbIX KapJIUKOB Ha €MHUILY TUIOIIAI1, U3-3a
BBICOKOM TEMIIEPATypPbl MOBEPXHOCTH, KOTOPAs, B CBOIO OYEPE/Ib, SIBISETCS KOCBEHHBIM
pe3yJIbTaTOM BBICOKOW IUIOTHOCTH. B ramakTuke, 3B€3/1pl TaK JAIEKH JAPYT OT APYra, 4yTo
CYMMAapHO€ U3JIyYCHHUE OT TAIAKTUKH, IOYTH PABHO CYMME HU3Iy4YE€HUS C OBEPXHOCTH 3BE3/I.
3/1eCh KOHIENIUS TEMIIEPATYPhl IOBEPXHOCTH HE UMEET CMBICIIA, U IPKOCTh HE
TEMIIEpAaTypPHOE SIBJICHHE, a PE3YyJIbTaT KOHIIEHTPAIIUU 3B€3]] B MEHbIIIEM 00BhEME.

N3-3a pazHOOOpa3us mpoieccoB, MPOUCXOSIINUX B KBa3apaxX, 4aCTOTA UCITyCKAaeMOTO
U3JIyYEHUS PACIIPOCTPAHSIOTCS HA IIUPOKUI quana3zoH. Kak oObSICHSAIOCH B IPEABLIYIIUX
nyOJIMKALUSIX, TEPMUYECKHE U IPyrHe Mpouecchl, BJNsAA HA JUHEIHbIEe epeMelleHus
aTOMOB, T€HEPUPYIOT U3JIYy4YeHHs, KOTOPOe BHIOPACHIBAIOTCS, B OCHOBHOM, HA JJIMHAX
BOJIH, 0JIM3KHUX K eIHHHIIE IPOCTPAHCTBA (0,456)&10'5 CM), IPUHUMAsi BO BHUMaHHE, YTO
TaKHe MPOUECChl, KAK PAHOAKTUBHOCTb, KOTOPbIE U3MEHSIOT BpallaTe/JbHbIe IBHKCHUS
aTOMOB, TCHEPUPYIOT U3JIY4YEHHsI, KOTOPOE MOSABJIAKTCSH, B OCHOBHOM, B IMAIa30He IJIMH
BOJIH, 12JI€KO OT eJUHHUIIbLI MPOCTPAHCTBA. B3phIBBI 3B€3/] WIIHM rajlakTUK, 0COOCHHO
MOCJIETHUE, MPUYMHA PEOPraHU3alMU KaK MAaTEPUATIbHBIX, TAK U KOCMHUYECKUX TUIIOB, H,
CJIeIOBATEIBHO, 3TH COOBITHUS CO3/IaI0T U OUYCHB JUIMHHBIC BOJIHBI U3IIy4eHUs (Pajuo) U OYeHb
KOPOTKHE BOJIHBI U3 Ty4eHUs (DEHTTEHOBCKOTO U raMMa-JIy4H), a TaK)Ke TEeIJIOBOE U 00paTHOE
TerioBoe u3nydeHus. Korna mpubopsl 1uist HAOII0IeHN 32 O4eHb KOPOTKHUMH BOJIHAMHU
U3ITydeHust ObUTH MOJICPHU3UPOBAHBI IO YPOBHS HBIHEITHUX PATUOIEKTPOHHBIX CPEJ/ICTB,
CTaJI0 BO3MOXHO OMPEIENUTh, TOBOJIBHO TOYHO, YTO MMPOUCXOJIUT B JIIOOOM KOHKPETHOM
MECTE, aHAIIU3UPYS U3TydeHUE cMech. B caMoMm zene, HEKOTOpbIE Pe3yJIbTaThl TAKOTO POAa
YK€ BO3MOKHBI HA OCHOBE ONTHYECKUX U PATUOU3ITYYECHHM.

Bonpoc o mponcxoxaeHnn 00IbIIOT0 KOJIWYeCTBa SHEPTHUH, KOTOPAst U3ITydaeTcsl U3 KBa3apos,
OBLT O0JIBIION TTPOOIEMOM ¢ TEX MOP, KaK UX OTKPBIIN, HO HAIll BBIBOJI, YTO 3TO U3IIYYCHHE
pacmipocTpaHseTCs B IBYX H3MEPEHUSX, a HE B TPEX, YIPOIIAET MpoodIeMy O4YeHb
cymecTBeHHO. Hampumep, ecjin Mbl BUIMM, YTO MbI MOJIy4aeM OJJHO U TO Ke KOJIUYeCTBO
U3JIy4YeHHUsl KBa3apa, Kak 0T HEKOTOPBIX OJIMKANIINX 3Be3/, HO KBa3ap B MHJLJIMAP/bI pa3
AaJIblile, a 3aTeM, eCJIM U3JIyUYeHle KBa3apa pacnpocTpaHsieTcss B TPeX H3MepeHusaxX
NMPOCTPAHCTBA, KAK B HACTOsI1Ilee BpeMsl MPeANoJaraercs, KBa3ap 10JKeH UCIYyCKaTh B
MHIJLTHAP] MUJLJIMAP/AOB pa3 00Jbllie YJHEPrun, YeM 3Be31a. Ho Ha ocHOBe JByMEPHOTO
pacmpeneneHus, YTO BRIBEJICHO B TEOPETUICCKON BCEICHHOM, KBa3ap J0JI:KeH U3J1y4aTh



TOJIbKO B MIJIJIMAP/ pa3 00Jble SJHEPTrUH, YeM 3Be3/1a, YTO yIpoulaeT npodieMy yuyera
IPOM3BOJICTBA SHEPTrUM. Jlaxe B aCTpOHOMUHU, TJI€ YPE3BbIUAMHO OOJBIINE YHUCIA SBISIOTCS
OOBIYHBIM JIEJIOM, CHUKEHUE OTPEOHOCTH B SHEPTHH HA (PaKTOp MUILIHAP]IA OUYEHb
cyniectBeHeH. O0bEKT, KOTOPbIil U3J1y4yaeT JHEPrui0 MUJLIMAPAA MIWLJINAP/I0B (1018)
3Be3/1, U3JIy4aeT B MUJIJIMOH pPa3 00/1b1Ie JHEPrUM, YeM FMraHTCKUe JJITHIITHYeCKUe
raJIaKTHKH, KPyNHeiue COBOKYITHOCTH MAaTEPHH BO BCEJIEHHOH (0K0J10 10" 3Be3n), n
NbITAETCH MPOAOJIZKATH MPOU3BOJACTBO TAKOI0 KOJIOCCAJIBLHOI0 KOJMYeCTBA JHEPTHH,
siBJIsieTcs Oe3HaexkHoM 3agadeil. C Ipyroi CTOPOHBI, 00bEKT, KOTOPBIA U3JIy4aer
JHEePrur MUJLJIMAPAA .(109) 3B€3/1, JKBUBAJICHTEH, C JHEPreTUYECKON TOYKHU 3PEeHUs, He
0oJiee YeM 10BOJIbHO MAJIEHbKOI rajlakTHKe.

A HOBasi Teopusi, TAKUM 00pa3oM, 3HAYUTEIBHO COKPAIIAET KOJTUYECTBO SHEPTHH, B TO Ke
BpEMs1, IPEIOCTABISSE OTPOMHBIN UCTOYHHUK YHEPTUU IS YAOBIETBOPEHUS CHUKEHHOM
norpebHocTu. Pacnax atoma, B BepXHeM pa3pylIuTeIbHOM OTpaHUYEeHNH, Pe3yJbTaT
MOJIHOI KOHBEPCUM AaTOMHOI MacChl B JHEPTUI0, H TAK KAK MATHUTHAS HOHU3ALMS
MaTepuM, U3 KOTOPOii 3Be3/1a COCTOMT, SIBJIsIETCSl PABHOMEPHBIM 110 Beeil Macce, U3-3a
MOOWJIBHOCTH HEHTPHHO, B3PbIB 3Be3/Ibl, Y BepXHeil TPaHNIbI, TEOPETHYECKH CIIOCO0eH
npeodpa3oBaTh 0OJIbIIYI0 YaCTh Macchl 3Be3/Ibl B 3Hepru0. Crieayer TakkKe OTMETHTb, YTO
"kBazap" He 00513aH CaMOCTOSTEIHLHO 00€CTIEUNBATh CBOI0 COOCTBEHHYIO HAYAJIbHYIO MTOCTABKY
sHeprun. Kunetnyeckas HEpPrusi, YTO yCKOPSAET KBa3ap B IEJIOM M COCTABIISIONINE €T0 3BE3/IbI,
o0ecrneunBaeTcs yIbTPaBbICOKOW CKOPOCTHIO TUTAHTCKHUX TaJaKTUK, U3 KOTOPBIX KBa3ap
BbIOpachIBaeTCs, M BCE, YTO KBa3ap JAOJDKEH CAeNaTh caM, 3TO COOTBETCTBOBATh HOBBIM
NOTPEOHOCTSIM B SHEPTHUU.

MomeHTOM, KOTOPBIN TOTPeOOBaT HEMAJIO YCHIIUM, YTOOBI T€, KTO MBITAIOTCS IIOCTABHUTH
HaAOJIFOTaTeNbHBIE TAHHBIC TIO KBa3apaM B HEKYIO I[EJIOCTHYIO MOJIEIb, SBJISCTCS HATMIUE
CPaBHUTEHHO OOJBITUX KOJIEOAHWN BBIXOHOTO M3TYyUEHHUS OT HEKOTOPBIX U3 TUX OOBEKTOB B
OTHOCHUTEJILHO KOPOTKUE CPOKU. DTO HAKIAJABIBAET HEKOTOPHIC OTPaHUUYCHUS HA pa3Mephl
paiioHa, U3 KOTOPOro U3Iy4eHHUs 00pa3yroTCs, U TEM CaMbIM YCIIOKHSIOT U O€3 TOTO
HEMPOCTYIO MpoOJieMy ydeTa BETUYUHBI U3TydaeMoi s3Heprun. TeopeTuyecKkue BhIBOIbI,
JOCTUTHYTBIC B MPEIBIAYIINX MMyHKTaX, CJIeJIaji HEKOTOPhIE CYyIlleCTBEHHbIE 3amedanus: (1)
pe3Koe CHIKEHHE MOTPEOHOCTH B SHEPIuH, (2) , MOKa3bIBAIOIINE, UTO KBA3aPhl SBIISTFOTCS
OYCHb HEOOJIBIIIUMHU TI0 MPUYUHE CBOCH BHYTPEHHEH NMPUPOBL, (3) BBISIBISAIONICH, UTO
JNBWKEHUS, B paMKaxX KBa3apoB, IPOUCXOSAT CO CKOPOCThIO, MPEBBIIIAIOIIEN CKOPOCTh CBET, U
(4) ompesenenre OCHOBHOTO UCTOYHUKA SHEPTHH B KAUECTBE OOJIBIIIOTO YUCIA OTACIbHBIX
B3PBIBOB B OT/ICNIbHBIX 3Be3/1aX. KaXK bl U3 3TUX MyHKTOB MO3BOJISIET YIIPOCTUTH MPOOIEMY
00BSICHEHHSI BapHaIIAiA, U B 00IIIEH CII0KHOCTH, OHU JOJKHBI YMEHBIITUTH ATy MPOOJIEMY 10
yIpaBIsSIeMbIX pa3MepoB. ClieTyeT OTMETUTD, YTO MyHKT (4) J0CTaTO4eH, caM 1o cebe, s
TOTO, YTOOBI yUECTh HAJTUYHE BapHUAIIHA.

Eme onHO cBOMCTBO KBa3apa, YTO HaM HYXKHO OyJET pacCMOTPETh, IOTOMY YTO OHO BOWJIET B
KOJIMYECTBEHHOE PAa3BUTUE CIICTYIOINICH IJ1aBhl, BIsSETCS 3 (PEKT B3pHIBHON CKOPOCTH,
BBI3bIBAIOIINN U3MEHEHUE TIOJIOKEHHS B IPOCTPAHCTBE. 3/1eCh BaKHBIM (DaKTOPOM SIBIISIETCS
rpaButauus. B peruone ckopocreit Huxe 1,00, ckopocTu cBeTa, rpaBUTaLIUs BIUSET HA
MaTepHAIbHBINA 00BEKT ISl K3BMEHEHHSI POCTPAHCTBEHHOW CKOPOCTH, U CIIEAOBATEIBHO,
IPOCTPAHCTBEHHOE MOJIOKEHHE - ITO 00bEKT. OOBEKT, KOTOPHIN, B OTCYTCTBHH I'PaBUTAIUH,
OyJzleT IBUTaThCsl HAPYKY HA CKOPOCTU €IMHUIIBL, 10 TPUUMHE POCTPAHCTBEHHO-BPEMEHHOM
IPOrPECCUH, 3aMeJISIETCA 10 3aKOHY TPaBUTAIMU, YTOOBI HECKOJIBKO CHU3UThH CKOpPOCTh 1,00-
X.



Observed redshift 0.050 0832 1.081 1.560
HabmoaaeMoe KpacHoe CMelleHne

Motion in space JlamxeHwe 8 NPOCIPAHCTEE

Recession speed 1.000 1.000 1.000 1.000
Cxopocih peueccun

Gravitational speed 0.950 0.950 0919 0.840
[ PAENTALMOHHLIE CKOPOCTH

Net redshift 0.050 0.050 0.081 0.160
Yucroe KpacHoe cuemenne

Motion in equivalent space
AauxeHne B IKBHBANCHTHOM NPOCTpaHcIBe

Explosion speed d 1.000 1.400
BapbigHbie CKOpPOCTM

Gravitational speed 0 0
I pABUTALMOHHLIE CKOPOCTH

Net redshift ; 1.000 1.400
YWCTOE KPACHOE CMEeuIEHWe

I'pada 1 Tabnuibl MOKAa3bIBAET TEKYIIME 3HAYEHUSI 3TUX CKOPOCTEN (B HATYpaTbHBIX
eAMHUIAX) UIsl TalakKTUKK ¢ KpacHbIM cMetenueM 0,050. Dta ranakTuka nepemMeniaeTcs
HapyXy (Iporpeccupyer) Ha €IMHUILY CKOPOCTH, HO €CTh BHYTPEHHSIS IPaBUTALMOHHAS
ckopoctsb 0,950, u, B pe3ynbTare, 4ucTas npocTpaHcTBeHHas ckopocTh 0.050, kak
CBUJIETENBCTBYET KPACHOE CMEIICHUE.

I'pada 2 mpuBoaUT cooTBETCTBYIOIMIME NaHHbIe A1 KBazapa A, dparmenrta, HeJTaBHO
U3BJICUEHHOTO U3 TATAKTUKU Tpadbl 1. ITOT KBa3ap MOAICKUT HOPMATILHOM pereccuu, u
TPaBUTALIHOHHOMY JIBH)KEHUIO B INIOCKOCTH U3MEPEHUS PELIECCUH, TAK K€, KaK U TaTaKTHUKA
MPOUCXOXKIEHUS, €T0 CKOPOCTh (KpacHoe cMellleHne) BKItouaeT kommnoHeHT 0,050, paBHbIi
YUCTOW BHEIIHEN CKOPOCTH TaylakThKU. Ho KBa3zap Takke MMEET NOMOJHUTEIBHYIO BHEIIIHIOK
COCTABJISIONIYIO ABWXKECHUS, IBUKEHHUS, 00pa30BaBIIIMECs B pe3yJibTaTte B3pbiBa. [loroMy 4TO
3TO JBMXKEHUE MPOUCXOUT HA yIBTPABBICOKOM CKOPOCTH, OCTATOK I'PABUTALIUU
MIPEOJI0JIEBACTCS TOPa3I0 OBICTPEE B IUIOCKOCTH ABMIKEHUSI KBa3apa, YeM B U3MEPEHUU
HOPMAaJIbHOM PELECCUH, U BPEMS ITPOTUBOJACHCTBYET I'PABUTALMOHHON CKOPOCTH PELIECCUU
0,950 KBazapa A, 4To B ONMNO3ULIHUH K B3PBIBHOUN CKOpOCTH cocTaBisieT yxe 0,218. Uucras
B3pBIBHAs ckopocTh 0,782, u ob1miee kpacHoe cMmernienue pasuo 0,782+0,050=0,832.

[TockonbKy ABMKEHHSI 00pa30BaIUCh B PE3YJIbTATE B3PbIBA, B MOMEHT, 3TO HE UMEET HUKAKOTO
s dekra, camo no cede, Ha MPOCTPAHCTBEHHOE MOJIOKEHUE JBIKYIIErocs: oobekTa. OHaKo,
IpaBUTAIMS UMEET NPOCTPAHCTBEHHBIN 3(PPEKT, U T]Ie YacTh B3PHIBHON CKOPOCTH
OPUMEHSIETCS JJIs MPEOI0JICHUS TPABUTALIMOHHON CKOPOCTH, JIMKBUAIUS ATOTO
IPaBUTAIIMOHHOTO BO3/ICUCTBUS U3MEHSIET YUCTYIO TPOCTPAHCTBEHHYIO CKOPOCTh M, TAKUM
o0pa3oM, IPOUCXOIUT U3MEHEHUE MPOCTPAHCTBEHHOTO MOJIOXKEHHs 00BbekTa. B cinyuae
KBazapa A, cymma 0,218, oT oO1ieit B3pbIBHOIM CKOPOCTH, PAaCXOAyeTCs AJI dTOU 1eNu, U
yrcras 3¢ (heKTUBHAsI BHEILIHSS CKOPOCTh YMEHbIIAeTCs Ha ATy Beanuuny. Ho B mporecce
HEWUTpaIu3aluu rpaBuTaluu, KoMnoHeHT 0,218 u3MeHseT mpoCTPaHCTBEHHOE MOJI0KEHUE
KBa3apa (4To-To, uTo yucTas 3pPexTuBHAs CKOPOCTH HE AenaeT B cpokK). [IpocTpaHcTBEeHHBIH
3¢ (deKT Takoro pojaa JErko MOKHO YBUIETh, TAK KAK OH YMEHBIIAETCS HA MAKCUMAJIbHO
KOPOTKHE PAaCCTOSHUSA, U TaK KaK KBa3ap NepeMellaeTcs HapyKy, B 00jee OTIaJeHHbIE MECTa,
rjae rpaBuTanus cinabdee. Takum 00pa3om, Mbl IPUXOAUM K JOBOJBHO HEOKUJAHHOMY BBIBOAY,
YTO YeM ObICTpee KBa3ap JBUXKETCA (KaK YKa3bIBAa€T €ro KpacHOE CMEIICHHUE), TEM MEHbIIIE
IPOCTPAHCTBEHHOT'O PACCTOSIHUS OH IPOXOJIUT.



MaremaTudeckoe MoaTBEPKAECHUE TEOPETUUECKOTO BBIBOIA TTOJ00HOI0 poia, SIBHO
abCypAHOT0 Ha OCHOBE OOLIECTPUHATON TE€OPHUH, BEChbMa 3HAYUTEIBHO. DTO HE 0043aTEIBHO
yCTaHaBIMBAET 000OCHOBAHHOCTh TEOPUH, U3 KOTOPOU C/I€IaHHbIN BBIBOJ OBLI MOJIYYEH, TaK
KaK Mbl HE MOKEM HCKJIIOYUTh BOZMOXHOCTh TOT'0, YTO MOTYT OBITh U APYTHE TEOPHH,
KOTOPBIE MPUBOJIST K TOMY K€ MAaTEMAaTUUYECKOMY PE3YyJIbTAaTy, HO 3TO SIBISETCS
MOJIOKUTENIbHBIM JJOKA3aTeTLCTBOM TOTO, UTO TPATUIIMOHHAS TEOPHS OIMUOAETCSA B 4EM-TO
CyIIECTBEHHOM. MaTemMaTH4ecKoe MOATBEPKICHHE 3TOr0 BBIBO/A, B OTHOILICHUH IBUKEHUS
KBa3apa, KoTopoe OyJeT MpeACTaBICHO Jajee, C UCI0JIb30BAaHUEM JBYX HE3aBUCUMBIX JIMHUI
JI0OKa3aTeIbCTB, HAHOCUT COKPYIIUTEIbHBINA yap MO CYHIECTBYIOIIEMY MPEACTABICHUIO O
IPUPOJIC TBUKECHHUS.

U3 3,522 cBsi3u Mex 1y KpacHBIM CMEIEHHEM KBa3apa M KPACHBIM CMEICHHEM BCIICICTBHE
HOPMAJILHOM peliecCuu, Mbl HAXOJMM, YTO KOTJIa PEIIECCHsl KPAaCHOTO CMEIIECHUSI IOCTUTAET
0,081, rpaBUTalIMOHHOE BO3/ICHCTBUE M3-3a B3PHIBHOIN CKOPOCTHU MAAAeT /10 HYJIS, U U30BITOK
KpacHoOTo cMmernieHus kBa3zapos 1,00, kak mokasbiBaroT nanubie 1 KBazapa B, B rpade 3
Tabauipl. C 3TOro MOMEHTa, U30BITOK KPAaCHOTO CMEIICHHSI B KBa3ape - MOJIHBIM SKBUBAJICHT
nBWKeHUs Bo BpemeHu. B cimyuae KBazapa C, rpada 4, sto cBoaures k 1,40. OtcyTcTBUE
KaKUX-TM00 rpaBUTAIMOHHBIX 3P (deKToB 3a 1,00 npeBbIIeHrneM KpacHOTO CMEIICHHUS
03HAYaeT, YTO B 3TOM JAHana3zoHe, MPOCTPAHCTBEHHbIE CKOPOCTH KBa3apa, OTHOCUTEIBHO
HAIIEro MOJI0KEHMSI, PABHBI HYJIIO, U, KAK Mbl BUIUM CUTYallMI0, OH OCTA€TCA Ha CBOEM MECTE
JI0 Te€X MOop, MoKa ckopocTHoe orpannuenue 0,326 pereccunt He OyaeT JOCTUTHYTO. U3
BEPOSITHOCTHBIX COOOpaXXKEHUH, Mbl MOKEM BBIBECTH 3aKJIFOUEHHE, YTO MOJOBHHA 3TUX
IPOCTPAHCTBEHHO HEMOJIBUKHBIX OOBEKTOB MOSIBUTCS BIIEPEAM rajJaKTUKU MPOUCXOXKIeHUs. B
ATOM IOJIOKEHUHU, U3TyYeHHE KBa3apa MEPECUIINT ralaKTUYECKOE, U KBa3ap OKAKETCS B
onuHovecTBe. Jpyras nonoBuHa OyAeT 3a raJakKTUYECKUM IIEHTPOM, U3 KOTOPBIX, COTJIACHO
TEOpUU, OHU BO3HUKAIOT, U B 3TOM CIIy4ae, M3IyueHue KBa3zapa OyJeT Mmorionarscs u
MOBTOPHO U3J1y4aThCsl.

Kak cnencrBue 31oro, KonuuecTBo kBa3zapoB ¢ Oonee yeM 1,00 npeBbillIeHHEM KPaCHOTO
CMEILEHUSI TOTIKHO OBITh TOJIBKO MOJOBUHON TOTO, YTO MOKHO OBLIO OBl 0KUJATh, HA OCHOBE
OTHOIIICHHUS, B HUYKHEM KpacHOM ypoBHe cMmelieHus. HabmogaTenpHbie TaHHBIE,
MOATBEPKAAIOIINE ATOT MYHKT, OyAyT BKIIOUEHBI B KOJIMUECTBEHHBIN MaTepuai, KOTOPhIN
Oynet npencrasiieH B ['aBa [X. Eiie oqHUM 04€BUIHBIM MOCTECTBUEM, TOKHO OBITH
HaJINYUE KJIacca TAIAKTHUK, B KOTOPBIX SIACPHBIA PETMOH aHOMAJIBHO SIPKUM 10 IPUYUHE
nepen3TyueHus: BHIOPOCOB KBa3apa. Mbl MOXKEM OXKHUAATh HAMTH HECKOJIBKO TAKMX 0OBEKTOB
Jlake TaM, TJIe KBa3apbl IMEIOT HEOOJIbIIIOE IBHIKEHHUE B MPOCTPAHCTBE, TaK KaK OMpeaeNieHHas
4acTh U3 HUX OyJeT ABUTaThCS palualibHO HAPYKY JUIIb CIy4aitHO. BOJIBIIMHCTBY TaJIakTHK,
3aKyTIOPHUBIIMX KBa3aphl, OJIHAKO, HE CIIEAYET NOSBITHCA MEX Iy ypoBHeM 1,00, rae
IIPOCTPAHCTBEHHOE JIBMKEHUE MpeKpamaercs, u yposHem 2,00, 3a mpeaenaMu KOTOPOTO
kBazap ucueszaet. CooTBeTcTBYIOIIAsA pereccus kpacHoro cmenienus — 0,08 u 0,326, u
TEOPETUYECKHE OOBEKTHI ATOT0 Kjlacca, CJIeI0BATEIbHO, IOKHBI MOSBUTHCS TOJIBKO B
JMana30He MEXy STUMH 3HAYEHUSIMU, 3a UCKITIOUEHUEM HECKOJIbKUX CIIyYalHBIX COBIAICHUN
He HamHoro Huxe 0,08.

Habmronaemslii Kiacc rajlakTUK, Tak Ha3bIBaeMble N-THIIA, TTOAXOAT 0] BBIIICH3I0KEHHOE
OTIMCaHUE, U MOTYT OBITh MPEIBAPUTEIBHO COOTHECEHBI C TECOPETHYECKUMH KBa3apaMu. JTH N-
THINA TATAKTUKA UMEIOT aHOMAJIBHO SIPKUE A/IPa, YTO TEOPETUUECKH, PE3YIIbTAT MEPEUSITYUCHUS
SHEPTUH, TIOJIYYCHHOU OT KBa3zapa, u moxydmwin "N" o0o3HadeHHe 1Mo 3Toi npudnHe. Mx
CHEKTPaTbHBIC XapaKTEPUCTHKN UMEIOT MHOTO MTOJAOOHBIX TOUEK C KBa3apaMu, OHU



pacnpeesieHsl o Bceil Tepputopun auanazona cmemenui ot 0,08 1o 0,326, B KOTOpoM OHHU
TEOPETUYECKH JTOJKHBI OBITh PACTIOIO0KEHBI, U TOJIBKO HECKOJIBKO Ha paccTosiHuu MeHee 0,08.
B 10 Bpemsi, Kak 3TO SBISETCS HE OKOHYATENIbHBIM, OHU CKJIAJIBIBAIOTCS B JIOBOJIBHO CHUJIBHOE
IPEANOI0XKEHNE O TOM, UTO N-TalaKTUKHU JOJIKHBI OBITh OIMPE/IeNICHbI KaK rajJakTHUKH,
KOTOPbIE, TEOPETUUYECKH, 3aKYTIOPUIN OTCYTCTBYIOLIME KBA3aphl.

B mo0om citydae, HeE3aBUCUMO OT CIIELU(PUUECKON MaHepbl, C KOTOPO N-THIT raTaKTUK
BIIMCHIBAETCS B OOy KapTHUHY, OHU, HECOMHEHHO, CBSI3aHBI C KBa3apaMU B KaKOW-TO Mepe.
Tot ¢akr, uTo camble Aajnekue u3BecTHbie N-rajakTuku umeetr cMemienue 0,306, Bechma
3Ha4YMUTENCH. ['aJJaKTUKU MOTYT OBITh, U PACIIONIOKEHBI Ha OOJIBIIINX PACCTOSHUSX, U C YIETOM
WHTEHCUBHOTI'O IMOMCKA, KOTOPBINA ObLT clieNiaH JjIsl 00bEKTOB C XapaKTePUCTUKAMH KBa3apoB.
BITOJTHE BEPOSTHO, YTO HECOOJII0ICHHE JIF0O0M N-THuIa ralakTUKK Ha paccrosiaum 3a 0,306,
00BsICHSIETCS CYIIIECTBOBAHUEM IpeJiesia PAaCCTOSHUS IIe-TO B ’TOM paiioHe. IT0, KOHEYHO,
MMEET CUJTy B COOTBETCTBUU C TEOPETUUYECKUMHU BBIBOJAMHM, UTO MPOCTPAHCTBEHHBIN TMpeie
PacCTOSHUS, I BCEX 00OBEKTOB C XapaKTEPUCTUKAMHU KBazapa, BKIIOYACT MPUCYTCTBUE
KBa3apoB.

KOJIMYECTBEHHBIE ITPOBEPKHA

B npenpinymumx pa3aenax ObL10 MOKa3aHO, YTO €CIIUM Mbl IPUHUMAEM IOJI0KEHUE, YTO
OCHOBHOM COCTaBJISIFOILEH BCEJICHHOM SABJISICTCS JBHXKEHUE, a HE MaTEpHsi, IPUPOJa U CBOMCTBA
IPOCTPAHCTBA U BPEMEHU MOKHO JIETKO OMPEEINUTh. 3aTeM ObLIO IPOJEMOHCTPUPOBAHO, UYTO
JeTanbpHas pa3padoTka HEOOXOIMMBIX OCIEACTBUIA CYIIECTBOBAHUS JIMLA C TAKUMHU
CBOMCTBAMU, CO3/1AET MOTEHIMAIIBHO MOJHYI0 TEOPUIO BCEIIEHHOM. OTPOMHOE KOJIUYECTBO
KAYECTBEHHBIX U KOJIMYECTBEHHBIX COOTHOIIEHUN MEXKAY 3TOM TEOPUEN U pe3ysIbTaTaMu
Ha0JII0IeHHUI ObUTH MPOBEAECHBI B OCHOBHBIX (DU3MUECKUX paliOHaX, HE BCTpedasi KaKUX-Iu0o
HETaTUBHBIX MTOCJIEACTBUNA, 8 UMEHHO, COIJIAIIEHUS C OIIBITOM OINPAaBAbIBAIOT BBIBOJI, YTO HOBAsl
TEOPETUYECKAsI CTPYKTYpa ABJISIETCS PABAUBBIM U TOYHBIM MPEAICTABICHUEM (PUZUYECKOTO
CYILIECTBOBAHMS B pailOHaxX, KOTOpbIe OblIM M3y4yeHbI. [10CKOIBKY 3Ta TeOpeTHUecKas
CTPYKTypa MpeCTaBIseT COO0M MOTHOCTHIO HHTETPUPOBAHHYIO CUCTEMY, TMOTYUYEHHYIO
JEAYyKIIME U3 0JTHOTO Habopa MOJIOKEHUH, MPOBEPKa e¢ ACHCTBHUS, B HEKOTOPBIX IPYTUX
paiioHax, mpoBepka 000CHOBAHHOCTU CTPYKTYPHI B 11€JI0M. BBIBOIBI, KOTOPBIE MOKHO CHIE€NATh
U3 3TOM 001Iel PU3nYecKoil TEOpUH, B OTHOILIEHNN aCTPOHOMUYECKHX 3a]1a4, CJIEA0BATENbHO,
JOJHKHBI OBITH CTOJIb K€ TOYHBI, KaK T€ (PU3NYECKHE BBIBOBI, KOTOPBIE MOTYT OBITH O0Jiee
JIETKO Y TIOJIHOLIEHHO ITOATBEPKACHBI.

Kak 6b110 moKka3aHo B NpeablAyIeil TUCKYCCHH, 3Ta TEOPUS B TOYHOCTH MIPUMEHUMA K
ACTPOHOMMHU, OJKPEIUIASACH MOJHBIM KaUECTBEHHBIM COOTBETCTBUEM MEXKTY TEOPETUUECKUMHU
U HaOJI01aeMbIMU XapaKTEPUCTUKAMU PA3JTUYHBIX ACTPOHOMHUYECKUX SIBJIICHUM,
paccMaTpuBaeMBbIX B 3TOM paboTe: MyJibcapbl, KBa3aphbl, Oelible KapJIuKy, 3B€3/1bl, TATaKTHKH,
B3PbIBbI CBEPXHOBBIX, PELICCCUsA FaJaKTUK U T.J. Kak HU XOTEN0Ch, TaK CKa3aTh, 3aBEPIIUTH
KapTHHY, JieJasi Kakue-HUOyAb OrPOMHbBIE KOJIMYECTBEHHbIE COOTHOLIEHMSI, aHATIOTMUHBIE TEM,
KOTOpBIE OBUIH MPOBEICHBI B TAKUX 00JIACTAX, KaK CBOMCTBA MaTEPHH, K COXKAJICHUIO, TaHHBIX
HAOJIFOICHMS IPUPO/IbI, MOAXOIAIIMX JIUIsl 3TOM LEJH, €1e BECbMa OrpaHuyeHo. B ciyyae
IIyJIbCApOB, HA/IC)KHBIE KOJIMYECTBEHHBIE JAHHBIE, UMEIOTCS TOJIBKO T€, KOTOPBIE KAaCatOTCs
NIEPUOJIOB MYJIbCALMI U UX XapaKTEPUCTUK. VI3MepeHns Ipyrux BEJIUYHH JOBOJBHO
HEOMNpeeICHHbI, HE TOJBKO B TOYHOCTH 3apETrUCTPUPOBAHHBIX 3HAYEHH, HO 1aKe, KaKk Obl, B
KOJIMYECTBE U3MepeHHl. HUKTO HE yBEepeH, NEHCTBUTENBHO JIM "' IucIiepcrs” U3MEPEHNH, Ha
CaMOM JIeJie, HaM BCE PACCKa3bIBACT.



Cutyanusi B OTHOIIEHUH KBa3apOB HECKOJIBKO JIydllle, HO KaKOH-I11u00 peaabHbIN porpece
MOKET OBITh IOCTUTHYT B ATOM 00JIACTH TOJIBKO MPHU ONPEIEICHHON MaTeMaTUYeCKOU
IPOBEPKE TEOPETUUECKUX BBIBOJIOB, C YBAKEHHUEM K MPUPOJIE U COCTABY KPACHBIX CMEIICHHI
kBa3apoB. Kak yxe yrnmoMuHanoch BO BCTYNUTEIbHOM I1aBe, HEKOTOPBIE MOCIEAHUE PAOOThI
Halton Arp B Mt. Yuncon u O6cepBaropust [lanomap, Tereps MOCTaBUIN HAC B TMOJIOKEHUE,
KOTJa OKOHYATEIbHbIE KOJIMYECTBEHHbBIE POBEPKHU TEOPUU KPACHOTO CMEILICHHS], BO3MOKHBI, U
KaK TOJIbKO 3TOT MOMEHT YCTaHOBJIEH, IBEPh OTKPHITA /I MHOTUX JOMOJHUTEIbHBIX
KOJIMYECTBEHHBIX COOTHOIICHUH.

TeopeTnyeckoe pa3BUTHE, U3T0KEHHOE HA IPEIBLAYIIUX CTPAHUIIAX, IOKA3bIBAET, UTO Kaxaas
U3 CTapelINX U KPyMHEHIINX TaJlakKTHK, B KOHEYHOM CUeTe, IPEeTepeBaeT psij B3pHIBOB, B
KOTOPBIX OHA BbIOpachIBaeT GparMeHThl, KOTOPHIE OMPEACIIEHHOE BPEMS BBIICIISIOT
CPaBHUTEJIBHO OOJIBIIIOE KOJIMYECTBO U3yUEHHUS B paguoauanasone. Kaxmpiii BBIOpOC cOCTOUT
U3 IByX KOMIIOHEHTOB: OJNH ()parMeHT HEOOJbIINE TalaKTUKH, YTO BIIOJIHE HOPMAJIbHO, B
CTOPOHY OT CHJIBHOTO PaJMOU3IIydeHHUs] HA paHHUX CTaAMSIX, U IpYroi, KkBa3ap, GpparMeHT
TaKOTO K€ pa3Mepa, HO UMEIOLIUI HEKOTOPbIE 0COOEHHOCTH, KOTOPbIE OU€Hb HEHOPMAJIbHBI B
KOHTEKCTE MaTepUaIbHOW BCEJIEHHOM, IOTOMY YTO, B COOTBETCTBUHU C PE3YJIbTATAMHU
IPOBEIEHHOI'0 TEOPETUYECKOI0 UCCIEAOBAHMS, OH BEIOPACKIBAETCSA CO CKOPOCTHIO, OOJIBIIEH,
YeM CKOpocTh cBeTa. Kak oObIuHas peneccus, B KOTOPOM ralakTUKH YT HAPYXKY CO
CKOPOCTBIO CBETA, HO B TO K€ BPEMsI, IBUTAIOTCS TPAaBUTALMOHHO TaK, YTO YHUCTast CKOPOCTh
MEHBIIIE, YeM CKOPOCTh CBETA, CKOPOCTh, FTEHEPUPYEMast TaTaKTUYECKUM B3PBIBOM, CKAJIIpHAs
peneccusi BO BHEITHEM BBIPAKEHUH, U OHA TOXKE CHIDKAETCsl 10 00Jiee HU3KOr0 YPOBHS, 32
OTrpaHUYECHHBIN MEPHOJT BPEMEHH, 110 3aKOHY rpaBuTanuu. Kak moapoOHo 0ObscHsETCS B
peabLAyIIeM pa3zelie, B3pbIBHASI CKOPOCTh YBEJIIMUMBAET CMEILIEHUE KBa3apa Ha CYMMY 3,52,
IJI€ Z — HOpMaJbHas PELECCHsl KPaCHOIO CMEIIEHHSI, COOTBETCTBYIOLIAsI MECTOIOJI0KEHHIO
KBa3apa.

OueBUIHO, YTO HATMYME OYEBUIHOTIO OTHOLICHUS TAKOTO POJIa, MPU3HAECT YTPATUBIIUM CHITY
BCE O0BSICHEHUS! KPACHOT'O CMEIIEHUS KBa3apOB, KOTOPHIM B HACTOSIIEE BpEMs YIEsAETCS
BHUMAHHE B ACTPOHOMUYECKUX Kpyrax. UneHTu(PUKALMSA HOPMAJIbHON peneccuu KPpacHOro
CMeLIeHHS, KAK HE3HAYUTEJbHOI0 KOMIIOHEHTA, TOKAa3bIBAET, YTO Npeodaagaoiee
MHEHMe IPUIIUCHIBAHUSA BCEro CMeEIleHUsI KBa3apa peleccum, siBJasieTcs oln0oYHbIM. B
TO K€ BpeMs, TOT (aKT, 4TO U30BITOK KPACHOTO CMEIIICHHUS SIBJIIETCS 0CO00M (DyHKIHEH
HOPMaJILHOTO TPABUTAIIMOHHOTO CMEIIEHUs1, 00BICHEHHUE IPYroi npupobl. JanpHeinee
MOJITBEPKIACHUE TOTO, YTO aHATU3 JJAHHBIX HAOIIOJCHUN TOITBEPKAACT TEOpeTHUECKuE 3,57
CBSI3U MEXTY U30BITOYHBIM H HOPMAJIBHBIM KPACHBIM CMEIIEHUEM, HJIET Ha IIar Jajbllie U
MOKA3bIBAET, YTO TEOPETUUECKOE OOBSICHEHUE SBISETCS MPaBUIIbHBIM, TAKUM 00pa3oM,
N00aBIISASI KITFOYEBOW IMyHKT KOJWYECTBEHHBIX AHHBIX JIS MHOTUX KaYeCTBEHHBIX MTPU3HAKOB
JOCTOBEPHOCTH TEOPETUUECKON pa3pabOTKH.

1/2

B nensix ocymiecTBieHus: KOppensiuy, He00X0AUMO 3HAaTh CMEIIEHHE KBa3apa U, 10 MEHbIIICH
Mepe, OAHOTO U3 WICHOB acCOIMAIK, U JIt00as IrpyIra, Al KOTOPOi 3TOr0 MUHUMAIbHOTO
KOJIMYecTBa MH(POpPMALIUU HE XBATAET, I0JKHA OBITh UCKITIOYeHa 13 aHanu3a. OaHa u3
BBIIBJICHHBIX aCCOLIMALINM, KOTOpas HE COAEPKAT KBa3aphl, HE MPEJICTABIISIOT HUKAKON
IIEHHOCTH JIJISl HAIIKMX 11eJIeH, HE3aBUCUMO OT MPUYUHBI UX OTCYTCTBUS, TAKXKE JTOJKHA OBITH
ycKiItoueHa. [locne 3TuX UCKITIOUeHN I, KOTOPBIE BKIIFOYAKOT OKOJIO ITOJIOBUHBI TPYIIIL,
onpenesieHHbIX Arp B 1967 rony, ecTh AecsATh acCOUUAINI JOCTYIHBIX JJIsl aHAJIHU3A.



Ecnu xaxaoe u3 3Tux 00beIMHEHUM, HA CAMOM JIeJie, COCTOUT U3 LIEHTPAJIbHON TalaKTUKH, U
JBYX WU 00Jiee pparMeHTOB, U3BJICUEHHBIX U3 3TOM TaJIAKTUKH, KaK Arp 3aKiIr04aeT, Bce
YJICHBI 3TOW aCCOIMAIMU JOHKHBI 3aHUMATh COCEJIHUE MECTa B IMIPOCTPAHCTBE, a UX peleccus
KpPacHOTO CMEIICHUS J0DKHA ObITh MPUMEPHO OJIMHAKOBOM, PA3HATCS TOJIBKO UX CYyMMBI, U3-3a
OTHOCUTEIHHO HEOOIBIINX U3MEHEHHUH TTO3HUIINH TTOCTIE B3PhIBA, CIIYYAHOTO JIBHXKEHUS, U T.J.
Tpu KOMIIOHEHTA accolaluy, TEOPETUUECKU, JOKHBI COCTOSTh U3 LIEHTPAIbHOM T'aJIAKTUKH C
KPaCHBIM CMEIICHHEM Z, 0OBIYHOM PAMOTATAKTUKH C KPACHBIM CMEIIEHUEM Z, M KBa3apa, ¢
KPAaCHBIM CMENICHUEM z+3,5z"2. B mo6om cly4dae, Korja, o KpaitHel Mepe, OJIMH U3
KOMITOHEHTOB ObLIT TPaBUIILHO OMPEICIICH, U KPACHOE CMEIIEHHUE U3MEPEHO, Mbl B COCTOSIHUU
POBEPUTH TOYHOCTh TEOPETUUECKUX CBA3EH, TyTEM BHIUYMCIICHUS 3HAYEHUSI KPACHOTO
CMEILEHUSI KBa3apOB, CBSI3aHHBIX COOTBETCTBYIOIIUM 3HAYEHUEM Z, U, CPABHUBAS €T0 CO
CMEIIeHUEM KBa3apa.

(cpasnumenvholll ananusz ckopee HysHceH YUeHbIM, a 30eCb, OH NPONYUieH NPOCMO NOMOMY, YMO
eciiu 8bl He NOHSIU PAHee U3NONCEHHBIU MAMePUal, Smo 8am yaice He NOMOANCEM, HO
OKOHUAMENbHO COObem ¢ MbICIU, 8 TI000M Cliyyae, SMo COKPAUleHHbll nepesoo, U bl UMeeme
NOJIHOE NPaso Hatmu opueuran uzoarus, npum. alextl)

Teopernuecknii BBIBOJ, YTO IBUKEHUE HA CBEPXBBICOKUX CKOPOCTSX MPOUCXOAUT TOJIBKO B
JBYX U3MEPEHUSAX, BCTyNlasl B OTHOLIEHHUS MEXAY B3PBIBHOM U PELECCUOHHON CKOPOCTSIMH,
y4acTBYET B INOATBEPKICHUN TEOPETUYECKOIO YTBEPKICHHUS, IOTOMY YTO 3T OTHOLIEHUS
BEPHBL. DTH OTHOIIECHHUSI TONOJHUTEIBHO MOATBEPKIAFOTCS aHAIIM30M CBSI3H MEXKY
U3IIy4€HHEM KBa3apa U PacCTOSHUEM, KOTOpasi IIOKa3bIBAET, YTO HUHTEHCUBHOCTD U3JTy4YECHHSI
KBa3apa MpoNopLUOHAIIbHA IEPBOM CTEIIEHU, a HE BTOPOM, PACCTOSTHUSA.

Takum 00pa3om, KBa3apbl, KOTOPbIE CYIIECTBYIOT B pAMKaX TEOPETUUECKOMN BCEICHHON
JBUKEHUS, U UX COOTBETCTBUE HAOIIOAAEMbIM JJAHHBIM, IEMOHCTPUPYET, UYTO OHH TAKXKE
SBJISIFOTCSL KBa3apaMu, KOTOpbIE CYHIECTBYIOT B peaibHON (PU3UUECKOI BCEICHHOM.

HEKOTOPBIE JOIIOJTHUTEJIBHBIE CBEJAEHUSA

B nByx npenpiaynux riiaBax ObUIo MOKa3aHo 001Iee NpeICTaBICHUE O IPOUCXOKIACHUU U
ABOJIIOIIMH KBa3apoB , KaK OHU BUISATCS B cBeTe Teopun B3aumMuon CucteMsl, U IpeACTaBUIN
JIOCTAaTOYHO JTOKa3aTeIbCTB HAOIIOACHUH, C IIEIbI0 MOKA3aTh, YTO ATA TEOPETHUUECKAs KapTHHA
SIBJISIETCS TPABJAUBLIM U TOUHBIM MPEJICTABICHUEM (PU3UUECKUX SBIICHUM. DTO peliaet
KOHKPETHBIE 3a7]a41 Pad0ThI, KOTOPBIE BKIIOYAIH, BO-TIEPBBIX, OJTYYCHHE OOIIETO
00BSCHEHUSI KBAa3apOB, YTO TPAAUIIMOHHAS TEOPUsI HE B COCTOSTHUM OOHAPYKUTh, & BO-BTOPHIX,
YTOOBI MPOJAEMOHCTPUPOBATh, uTO B3anmuast CucrteMa yduThIBaeT SIBJIICHUS U3 TaJICKON
00J1aCTH BCEJICHHOW B TOM € BCEOOBEMITIONIEM U TOYHOM BHUJIE, B KOTOPOM OHA OOBSICHSIET
OCHOBHBIC (DU3UYECKHE OTHOIIEHUS, KOTOPhIE OBUTH OCHOBHBIM MPEIMETOM MPEIBLTYITNX
nyonukanuii. lanpHeiiliee pa3BUTHE JIeTallel MOBEICHUS KBA3apOB U CBS3aHHBIX OOBEKTOB,
3a/1aya s aCTPOHOMOB, KOTOPBIE UMEIOT 000pyI0BaHUE 1t cOOpa TOTIOTHUTEIHHBIX JAHHBIX
HaO0II0/IeHN, KOTOphIe TOTpeOyroTCs. ECTh, 01HAaKO, HEKOTOPBIE BHIBOABI B OTHOIIEHUH dTUX
neTajae, KOTOpble MOYKHO U3BJICUb U3 JAHHBIX YK€ UMEIOLIUXCSI.

B cymHocTH, B 3TOH I1aBe OyIeT cKa3aHo BCE, YTO JOJDKHO OBITh CKa3aHO, HO HE BIIMCHIBAJIOCH
B Npeaplayiye nuckyccuu. CiienyeTr OTMETUTh, YTO HEKOTOPBIE BBIBOJIbI, C/ICJIAHHBIE B 3TOU
JacTH paboThl MEHEE TBEPAbI, YEM B MPEIBIAYIINUX TJIABaX, H, MOXKET IMMOTPEOOBATHCS
OMpeIeICHHOE KOJIMUYECTBO U3MEHEHUM B OyAYIlleM, B CBS3U C HAKOILUICHHEM HAOI0JaTEeIbHbBIX
JTAHHBIX.



OpHMM U3 CYIIECTBEHHBIX, U JIO CUX MOP HEOOBSICHUMBIX DJIEMEHTOB, SBIISETCS HATUYHUE Y
HEKOTOPBIX KBA3apOB CIIEKTPOB MOTJIOMIEHUS, C KPACHBIM CMEIICHUEM Pa3HOU CYMMBI.
3Be3/IHbIE B3PBIBBI, KOTOPbIE HHUIIMUPYIOT LIETh COOBITHI, BEIYIINX K BRIOPOCY KBa3apa 13
raJIaKTUKU MTPOUCXO0KICHUSI, YMEHBIIAIOT 3TH 3B€3/Ibl, B OCHOBHOM 3a CUE€T KUHETHYECKOU U
Ty4yucTol sHepruil. OctaibHble pa30MBalOTCS Ha MbLIEBBIE U T'a30Bbl€ YaCTUIBL. YacTh 3TOT0
MaTepuaia BXOJUT B 00J1acTh raJIakKTUKH, I/1€ B3PbIBBI IPOUCXOJIAT, U, KOT'/1a OJTHA TaKas
o0nacTh OyJIeT BBIBEJCH KaK KBa3ap, B HEM OYIyT COMEPKATHCS OBICTPO JBMKYIIICHUCS YACTHUIIBI
nbUIH ¥ Ta3a. [lockoIbKy MakCUMallbHbIE CKOPOCTH YaCTHII BhIIIE TPeOOBaHMIA
TPaBUTAIMOHHOTO MPUTSDKEHUS OTACIBHBIX 3BE3/1, YaCTh 3TOTO MaTepHala, B KOHEYHOM CUETe,
npyUHUMAeT popMy 00JIaKo ras3a v mbUIM BOKPYT KBa3apa. Mbl Moriau Obl Ha3BaTh €ro
aTMoc(epoi, U U3Ty4YeHUE, TPOXO0s Yepe3 ITO 00J1aKo, JAET MOBOJ JAJI JUHUHN NOTIOLIEHUS.
DTOT MaTepHal ABMKETCS TIOUYTH C TOH K€ CKOPOCTHIO, KaK M KBa3ap, a MOTJIOMIEHUE KPACHOTO
CMENIEHUS COCTABIISET, CIEA0BATENHHO, IPUMEPHO PABHOE KOJIMYECTBO BHIOPOCY KPacCHOTO
CMEIICHUSI.

N3 paccmoTpeHus pa3IuyHbIX (GaKTOPOB, MBI MOKEM CJEIaTh BBIBOJI, YTO BO MHOTHX CIIyYasX,
(dbparMeHT UCXOHOM rajJaKTHUKH, YTO BBIJIBUTASTCS B KAYECTBE KBa3apa, COJCPIKUT 3BE3 bl
CTOJIb MTPEKJIOHHOTO BO3pPACTa, YTO OHHM OXBATHIBAIOT MIUPOKUHN PA3PYLIUTEIbHBIN PEIEIT U
B3PBIBAIOTCS B TO BPEMS, KOTJIa KBa3ap JBUTAJICS BOEPEN. DTO HE TOJBKO YBEIUUUBAET
KOJIMYECTBO MBUTH U r'a3a, HO TAKXKE MOXKET OCBOOOIUTH 10CTATOYHO YHEPTUHU JIJIsl YBEITUYECHUS
CKOPOCTH HEKOTOPBIX YACTHIl Ha OJIHY WM O0Jiee JOTMOJHUTEIbHBIX €AUHUIL IBUKCHUS BO
BpeMeHH. Eciiu ojiHa euHuIa 100aBIsSeTCs K UCXOAHOMY OJIOKY U3 JIBYX €IMHUIl BPEMEHH,
YTO SKBUBAJICHTHO 8-2, WM 6 KOCMUYECKUM €IUHHUIIaM, B3pbIBHASI CKOPOCTh YUACTBYIOIITUX
yacTuIl cranoBuTes 3772 a He 3,521/2. N3nydenue kBa3apa, mpoxosl Yepe3 YacTHULIbL,
JIBUTAOIIIMECS HAa TAKOW CKOPOCTH, MPUOOPETAET CIIEKTP MOTJIOMICHHS C KPACHBIM CMEIICHUEM
z+37%2, JlanpHeWmme T0n0JHEHUS K B3pbIBHOM CKOPOCTH YaCTHIL ra3a U MbUIA, UMEIOT TaKOU
xe 2 deKT, 00111ero ypaBHEHHUS, TPUMEHSIEMOT0 K N €AUHUI] BO BPEMEHH y2(8-n)21/2
AKBUBAJICHTHBIX KOCMUYECKUX eauHull. CleayeT OTMETUTh, OJTHAKO, YTO B LIEJIOM, CUTYyaI[us
JIBYX OT/ACIBHBIX OJIOKOB JIBMXCHHS BO BPEMEHH, TPEOYETCS, YTOOBI YBETUIUTH IBYMEPHYIO
CKOPOCTb 0OBEKTOB, JIBIKYIINXCS OBICTPEE CBETA HA EAMHUILY. DTO HE PACTIPOCTPAHSICTCS HA
nepBbIi OJIOK, MOCKOJIBKY €IMHUIIA CKOPOCTH B IPOCTPAHCTBE, BCIAEACTBUE HOPMATILHOU
peleccuu, TaK¥Ke SBJISIETCS. €IUHULICH CKOPOCTH BO BPEMEHH (TO €CTh, OJHA €AMHUIIA
MPOCTPAHCTBA B €IMHUILY BPEMEHU), U, CJIEIOBATEIILHO, BTOPOU OJIOK IBUKEHHUS BO BPEMEHU
MPUBOJUT K U3MEHEHUIO 0JI0Ka OJHOMEPHBIX CKOPOCTEN Ha €IUHMILY IBYMEPHOU CKOPOCTH. 3a
npejeIaMu 3TOW TOUKH JIBYX €IMHUI] BPEMEHU, JTOJDKHBI OBITh JOOABJICHUS, YTOOBI YBEIUYUTh
n Ha OJIHY €IMHUILY. | 1€ 1OCTyMHAask SHEPTUs TOJIBKO B CyMME, SKBUBAIICHTHOM OJTHOM
JOTIOTHUTENIBHOM €IMHUIIE BPEMEHU, Mbl HAXOIUM MTPOMEKYTOUYHOE 3HAYCHHE TTOTJIONICHUS, T.
e., 3,2521/ 2y Tak jasee. JIlonoTHUTENIbHBIE B3PBIBBI, TPOUCXOIAIINE BHYTPH KBa3apa, HE
BJIUSIIOT HA CKOPOCTh KBa3zapa B 1I€JIOM, M CKOPOCTh OCTA€TCS MOCTOSTHHOM, HE3aBUCUMO OT
U3MEHEHUN, KOTOPBIE MPOUCXOISIT B 3TUX COCTABHBIX YACTUIIAX.

. DTOT KBa3ap He MPEBBIIIAET CKOPOCTh €UHUIIBI BpEMEHH (KpacHoe cMeleHue gaktop 3,5),
MIOTOMY YTO YaCTH TAJTAKTUKH IMPOUCXOKIACHUS, 001aCTh sIIpa, HE B COCTOSTHUU TTPEIIIOKHTh
JOCTaTOYHOE CONPOTUBIICHNE, YTOOBI Pa3pEIINTh JABICHUIO B UHTEPhEPE TOCTUTHYTh TOUKH,
rJie OHO OY/eT COCTaBJIATh B KBa3ape JBE CAMHMIIBI CKOPOCTH. B IeHCTBUTEIILHOCTH, KaK MBI
YBUIUM TI03KE, 3TO MOYKET UMETh MECTO JIaKe IIPH HEJTOCTATOYHOM JaBJICHUH, YTOOBI
IIPOM3BECTH OJIHY €IMHUITY CKOPOCTH BO BPEMEHH, HO B 3TOM cirydae (GOpPMHUPYETCS HE KBas3ap.
Koneuno, eciu ObI rajjakTHKa MPOUCXOXKICHUS Obli1a 00JIBbIIIE, HEOOXOMMOE JTaBICHUE OBLIO
OBI BO3MOXHO, HO, KaK YKa3bIBAJIOCh paHee, IPEACIbHBIN BO3pACT MAaTEPUH YCTaHABIMBACT



rajJakKTUYECKUW BO3PACTHOM MPEAE, KOTOPbIA aBTOMAaTUUECKH OTPAHUYMBAET MPEAE pa3Mepa
raJIaKTUKHU, U CYIIECTBOBaHKE 00JIe€ KPYITHBIX FAJIAKTUK UCKIIFOYAETCS.

K coxxanenuto, KonuuecTBO HaOIIOCHHUM, UMEIOLIUXCS B LEISIX IPOBEPKU ITHX
TEOPETUYECKUX BBIBOJIOB, OYEHb OIPAHUYEHO. B caMoM nene, TOJIBKO OJIMH U3 KBa3apoB, 110
CHUX IIOp UCCIIETOBAHHBIX, UMEET CUCTEMY MOTJIOIEHUS KPACHOTO CMELIEHUS, TOCTATOYHO
HIUPOKYIO, YTOOBI BKIIOUUTH XOPOIIIEe CPAaBHEHUE C TEOPUEH.

Absorption Redshift

PKS 023723
35 1.918 2218 em
2218 2.202
30 1.644 1.944 1.955 possible
25 1.370 1.670 1.671
1.670 1.656
1.595 possible
2.25 1.233 1.533 1513
20 1.096 1.396 1.364
3.5 1.841 2.118 em
3.25 1.705 1.982 1.947
35 1.786 2.046 em
2.046 2.053
3.25 1.658 1.918 1.922
35 1.734 1.880 em
1.880 1.850
3.25 1.610 1.856 1.891

OnHako, Kak BUJHO U3 TaOJIHIIbI, PE3YJIbTAThI ATOW OJHON MOJHOMACIITAOHOW MTPOBEPKHU
TEOpHUH, SBIIAIOTCS BEChbMa yAOBIETBOpUTENbHBIMA. [ paha 1 maet uyncio SKBUBaICHTHBIX
€IVHUI] TIPOCTPAHCTBEHHOTO JBMXCHHUS, T0OABICHHBIX K 00IIeMy ABMKCHUIO KBa3apa (
KpacHOE CMEIICHNE) B pe3yJIbTaTe B3PhIBHOI CKOPOCTH (BTOPOI (PaKTOP KPACHOTO CMEIICHHUS ).
B rpade 2, coorBeTcTBYIOMIMI N30BITOK KpacHOTO cMeleHus. B rpade 3, peneccuonHoe
KpacHOE CMEIIeHNE, KOTOPOe OBUIO BRIYTEHO U3 BEIOPOCOB KPACHOTO CMEIICHHSI, YTOOBI
TIOJTyYUTh U30BITOK KPACHOTO CMEIIICHHS, B YCIOBHIX IPUMEHEHHUS K KBa3apy B IEJIOM
(kpacHoe cMmerienue,paktop 3,5) 106aBIECHO CHOBA, YTOOKI 1aTh HAM 00I1Iee CMEICHUE
YaCTHI], CKOPOCTH KOTOPBIX BBIPOCIH MO MPUYHHE SHEPTHH, BHICBOOOKIAIOMIEHCS OT
JIOTIOJTHUTENIBHBIX 3BE€3IHBIX B3PHIBOB 3HaUeHUs B rpade 4 - Ha0roaeMoe KpacHoe
CMeIIeHNEe, YTOOBI OTIUYUTH OT BEHIOPOCOB BpEMEHH, 100aBIeHO 00o3HaYeHue "em".



Kak noka3zpiBaeT Tabiuiia, ceMb MOTJIONIEHUN KPACHOTO CMEIIEHUsI ObLITN 3apeTruCTPUPOBAHBI
st kBazapa PKS 0237-23, nBa U3 KOTOPBIX 3apErUCTPUPOBAHBI TOJIBKO KaK "BO3MOKHBIE" .
Cy1uiecTByeT MITh TEOPETUUECKUX MOTIONICHUI CMEIICHHS B IMAaa30He KPAaCHOTO CMEIICHHS,
dakropos ot 3,5 10 2,0, 1 Bce OHM MPECTABICHBI B CIIUCKE CEMU HAOJI01aeMbIX 3HAUCHHIA.

Tpu npyrux KBazapa, BKIIFOUEHHBIX B TAOJIUILY MOIJIOMIEHUSI KPACHOT'O CMEIICHUS, C KPACHBIM
cmernienrem dakrop 3,25. Bee, kpome 0THOTO, OCTaBIIETOCS TOTJIOMIEHUS KPACHOE CMEITICHHE,
3apEerUCTPUPOBAHHBIX HA CeroAHAIIHUN AeHb (1970) 6au3Ku K 3HaYCHUSIM BBIOPOCOB M, TAKUM
00pa3om, JIETKO MOHUMAaEeMbl TEOpEeTUUECKU. EAMHCTBEHHBIM UCKIIOUeHUEM siBiisieTcst 0,6128
n3mepenue st kBazapa PHL 938. Ecin nHTEpnipeTanus CrekTpa OKa)XeTcs AeiCTBUTENbHOM,
NOTJIOIIEHKE B JAHHOM CIIy4ae JIOJKHO ObITh CBA3aHO C KAKUM-TTMOO0 (PEHOMEHOM, KOTOPBIH 10
CHUX MOp He u3MepeH. XOTs KOJTUYECTBO HAOIIOICHUH, TOCTYTHBIX JJI1 KOPPEIIALHNH C
TEOPETUYECKUMH 3HAYCHUSIMU HEOOJIBIIIOE, YTO MPEACTABIISIET COOO0M IOBOJIBHO BECKUH JT0BOJT
B T0JIb3Yy JIOCTOBEPHOCTH TEOPETUUYECKUX pa3zpaboTok. Ho MbI HE TOKHBI TOJIHOCTHIO
MOJIaraThCsl HAa ’TU MAaTEMAaTUYECKHE COOTHOUIEHUS, KaK TEOPETUUYECKUI BBIBOJI.

HNHTEpecHBIM MOMEHTOM B 3TOM CBA3U SABIIETCA TO, 4TO 1,891 mornomenus KpacHOro
cMmetenus, npueaeHHoe st PHL 5200, oTHocUTEIbHO HOBOE 3HaUCHHE, KOTOPOE HE OBLIO
HaliJIeHO B 0oJiee paHHUX HAOJIOACHUSAX ATOT0 KBazapa, u Burbidge npeanonaraer, 4o
U3MEHEHHS] MOTYT UMETh MECTO B U3JIyYEHUH OT ATOT0 00bEKTa. XOTs I0Ka3aTEeIbCTB HE
JIOCTATOYHO JUIsl OKOHYATEIHHOTO YCTAHOBJICHUS, UTO TAaKOE COOBITHE JIEUCTBUTEIILHO UMEIIO
MECTO, 3TO B TOYHOCTH TO CaMO€, YTO TEOPHsI MPEICKA3BIBACT: MOSIBJICHHE HOBBIX, O0Jiee
HU3KUX MOTJIONMIEHUI KPaCHOTO CMEIIECHHUS, THOO M3-3a JOTOIHUTEbHBIX 3B€3IHBIX B3PHIBOB B
KBa3ape, 1100 MOTOMY, YTO HEKOTOPHI BHICOKOCKOPOCTHOM MaTepual y>Ke MPUCYTCTBOBAIL.

N3nyueHue OT TEMIOBBIX HCTOYUHUKOB UMEET HEOOBIIION KOMIIOHEHT PAaCIIUPEHUSI B
paauoanana3oHe, HO 3TO TEIIOBOE U3TyUYEHUE COCTABIISET JUITh HE3HAUUTEIBHYIO YacCTh
paguou3IIydeHHUs OT KBa3apoOB U CBSI3aHHBIX 00BEKTOB. [louTH BCe M3MydeHUs, KOTOPHIC
MOJIyY€HBI OT 3TUX 0OBEKTOB, Ha 0OPATHOM paJIMOBOJIHE, UM KOCMHUYECKON BOJHE,
MIPOUCXOIAT Ha CKOPOCTHU BBIIIE, YEM CKOPOCTh cBeTa. [Ipoiiecchl, KoTophie ObLIU OBI B
pe3yibTaTe U3IyUYCHHS C JUIMHOW BOJIHBI 1/n (B HATYpaJIbHBIX €UHHUIIAX ), €CITM OHU UMEJTU
MECTO Ha CKOPOCTSIX MEHBIIIE, YeM €IMHUIIA U3TyUYeHUS C JUIMHOM N, TOTJIa OHU MPOUCXOIST Ha
CKOpOCTsX OoJbie equHuIlbl. EcTecTBenHas enunania paccrosaus, 0,45 6x107 CM, HaXOJUTCS
B JIMaIia3oHe JJIMH BOJIH BUAUMOTIO cBeTa. KocMHUUeCcKrid SKBUBAJIEHT TEIJIOBOTO U3JIyUYEHUS,
M03TOMY B YIbTPadHOIETOBOM U PEHTTEHOBCKOM JHamna3oHe (4TO OOBSICHIET OTPHUIIATESIIbHBIN
U-B-unnekc kBazapoB) 1 KOCMHUYECKUX FraMMa-ITy4eil, MOJy4eHHbIX Ha paJIMOBOIHE.

Takum 006pa3oM, COBEPIIEHHO HEHYKHO MOCTYJHUPOBATh CYIIECTBOBAHUE CIIOKHBIX MPOIIECCOB,
BKJTFOYAIOIINX, B BBICIIICH CTETICHU, HEBEPOSATHBIC (DU3UUECKUE YCIOBUS ISl TOTO, YUTOOBI
00BSCHUTD ATO U3TyueHue. Pajgnonsnyyenue, BIOJIHE HOPMAJIbHBIN Pe3yJIbTaT HOPMAJIbHOTO
(bu3MUECKOro SIBICHUS. ITO SBISICTCS €CTECTBEHHBIM CIIEJICTBUEM CUIIBHBIX B3PHIBOB, KOTOPHIE
HapylarT aTOMHBIE CTPYKTYPBI, OTJIIMYAOLIAECS OT AHAJIOTUYHBIX U3JIyYCHUN PEHTTC€HOBCKUX
¥ TaMMa JIy4ei TOJIbKO B TOM, YTO OHU SIBISIFOTCS MPOAYKTaMH OOPAaTHBIX MPOIECCOB.

IHockoJbKY IBH:KEHHE HA CBEPXCBETOBOI CKOPOCTH MPOMCXOIUT TOJBKO B IBYX
U3MepeHUuAX, N3JIyUeHue, KOTOpoe sIBJIsieTCs ABHKeHNEeM, OTPAHNYNBAETCH ITUMH IBYMS
U3MepPEeHUsIMU, U BCe U3JIYUYeHHS OT ATOMOB, IBHKYIIIMXCH HA ITHX CKOPOCTAX
NMOJIHOCTHI0 MoJIsipu30BaHbl. O011Iee U3IIyYeHHE OT KBa3apoB, UIIU JIFOOOW JPYroi rajlakTUKH,
KOTOpas HE COACPKUT KaKoe-TuO0 3aMETHOE YUCIIO OUYEHb CTAPBIX 3BE3[l, MPAKTUUYECKU
HEHW3MEHHO B T€UEHHE OTHOCUTEIIbHO KOPOTKOTO aKTUBHOTO CYIIECTBOBAaHMS Kiacca |



KBa3apoB. Kosm4ecTBoO MONSIpU30BaHHOTO U3IYYCHUS, B CPEIHEM KBa3ape ITOro Kiiacca, B
F000€ BpeMsl B IEPHUO/T €r0 aKTUBHOT'O TIEPHO/Ia, CIIEIOBATEIBHO, TPOIOPIIMOHAIBEHO
noJisipu3aium, To ectb, Ep=k,P,. Panee mMbl oOHapyxwuiu, uro P, = P/K;. [ToxcraBmsis
nocjeaHee 3Ha4eHue Ui Py B sHepreTuueckoe ypaBHeHue, Mbl noaydaeM Ep = (Ko/ky) P = kP.
Cpenuuii kBazap uMmeeT crenuduyeckoe pacupeesieHiHe YacTOThI U3JTyUCHHS, U 11 TAKUX
KBa3apoB, 3TO YPaBHEHHE SHEPTUH MPUMEHUMO K JTF000OMY JaHHOMY JHANa30Hy 4acTOThI, a
TaK)Ke CyMMapHOMY u3aydeHuto. Takum 00pa3oM, Mbl IIPUXOAUM K BBIBOAY, UTO SHEPIH,
noJydaemasi U3 KBa3apoB Kiacca | Ha pagroBOIHAX, MPOMOPIUOHAIEHA OJISIPU3AIIHH.

[Ipsimoe cpaBHEHHE ATUX BEJUYUH, JACT PE3YJIbTaThl, COIIACYIOUIUECS C 3TUM TEOPETUUECCKUM
BBIBOJIOM, HO M3-3a OOJBIIOrO pa3dpoca B iUarpamme, U3-3a HEONpPeaeIeHHOCTH B
MOJIAPU3ALIMOHHBIX U3MEPEHUSIX U OTCYTCTBHE KOMIUIEKCHOTO 3HAYEHUS MOJISIPU3AIIH,
UHTEPIPETALUS PE3YIbTATOB, MOTYUYEHHBIX TAKUM 00pa30M, HECKOJIBKO JIBYCMBICIICHHA.
Jlyummm criocoOoM yCTaHOBJICHUSI ICTUHHOCTH TEOPETUYECKOTO TMOUCKA, SIBIISIETCS
JEMOHCTpAlUsI TOT0, UTO YMEHBIIICHHUE MOJIIpU3allMy KBa3apoB kjacca I, ¢ yBennueHueM
Bo3pacTa (kak ykazano B U-B-index), mpoxoauT TOT ke myTh, KaK ¥ YMEHBIIICHUE B
PaauoONOTOKE.

Wtak, Mbl BRINOJHUIIM 3a7a4y OTCJIC)KMBAHUA MPOTPECCOB B KBAa3ape, OT BPEMEHHU, KOT/1a OHU
BBIOPACKIBAIOTCS U3 FaJJaKTUKU MPOUCXOXKICHUS, 10 BPEMEHH, KOTla OHU MPUOOPETaI0T
€MHUIlY CKOPOCTH B JIBYX HEAKTUBHBIX U3MEPECHUSAX U UCUE3AIOT B 00JIACTH ABUKESHUSI BO
BpeMeHH. J[J1s1 Toro, 4ToOBI TOMECTUTH KBa3ap B MPAaBHIIBHOE MECTO, OJTHAKO, CIISTyET
MOAYEPKHYTh, YTO CYIIECTBOBAHHUE 3TOT0 OOBEKT HE SABIISICTCS U30JUPOBAHHBIM (DEHOMEHOM,
YTO MOKET MPOU30UTHU TIPU HEKOTOPBIX OCOOBIX YCIOBHUAX, 3TO YaCTh OOJBIIIOTO ITHUKIIA
(Gu3HIECKOTro CYIIECTBOBAHUS, TO, YTO B KOHIIE KOHIIOB MPOUCXOUT, TaK WIJIA WHAYE.
CtpykTypa KBa3zapa sBISETCS HEOThEMIIEMON YacThIO (DU3UIECKOTO ITUKJIIA U SBIISETCS
CBSI3YIOLIMM 3BEHOM MEXIY CTaphIM MATEPHUATbHBIM CEKTOPOM BCEJICHHON U HOBBIM B
00paTHOM, UJTM KOCMUYECKOM CEKTOPE.

HPEABAPUTEJIBHASA CUTYALIUSA C KBASAPAMHU

XOoTs NpeapIAYyIIUNA pa3iell 3aBepuiaeT 00CyKIeHHE KBa3apoB, KAaK SIBIICHUS MO CYTH, €CTh
HEKOTOPBIE JIOMOJHUTENBHBIE MOCIIEICTBUS, KOTOPBIE TAK TECHO CBSI3aHBI C KBa3apaMH, UTO UM
TaKXe CIEyeT yACIUTh BHUMAHHUE MIPU 3aKJIFOUYEHUH TPE3CHTALINH.

Kak momuepkHyTO B X0/1€ 00CYKIEHUS HA IPEABIAYIUX CTPAHUIIAX, IEPBOHAYAIHHOE
coObITHE B 00JIACTH B3PHIBHBIX MPOIIECCOB, KOTOPhIE (hOPMHUPYIOT KBa3aphl, 3TO paCIaj] OJTHON
WK 00Jiee OTACIBHBIX 3B€3/1, KOTOPhIE JOXOMST JI0 pa3pyIIMTEIbHOTO Bo3pacTta. To, 4To
MO>KHO Ha3BaTh OOBIYHON MPAKTUKON B CTAPBIX 3BE3/1aX, PACTIONIOKEHHBIX B MHTEPhEPE CaMBIX
OOJBIINX TATAKTUK (KOTOPHIE, COTJIACHO TEOPUH, SBIISIOTCS CTAPECUIITNMHU), CO3AET OTPOMHBIC
CHWJIBI, KOTOPBIE, B KOHEYHOM CYETE, MPOPHIBAIOTCS CKBO3h MOKPOB MaTEepHaia U BHIKUIBIBAIOT
(dbparMeHTHI TAJTAKTUKH, BKITFOYAst KBAa3aphbl, KOTOPBIC BRIOPACHIBAIOTCS HA CKOPOCTH, OOJBIIICH,
9YeM CKOPOCTh CBeTa. BrociaeacTBUY, TOMOJHUTEILHBIC 3BE3/Ibl B KBa3ape, TAKKE JTOCTUTAS
NpeeTbHOTO BO3pacTa, B3PhIBAIOTCS, U3MEHSISI CBOMCTBA KBa3apoB.

Tot (axT, 4TO HEPTHUs KAXKJOTO U3 OCHOBHBIX B3PHIBHBIX SBJIICHUN UCXOIUT OT HAKOTUICHUS
OTHOCHUTEIHLHO HEOOIBIION(TI0O CPABHEHUIO C KOHEUHOW YHEPTUEN) YIHEPTUH, B3PHIBBI
OTJIETILHBIX 3BE3]] UMEET HEKOTOPHIE BAXKHBIC MOCIIEACTBHS, 1aXKe TIepel BHIOPOCOM KBa3apa.
Mpb1 MOXKEM BBIBECTH, HAITPUMED, YTO HAKOIUICHNE JOCTATOYHOTO KOJIMYECTBA YHEPTUU, YTOOBI
BBI3BATh 3TOT BBIOPOC, PACIIPOCTPAHSIETCS Ha 3HAYUTEIbHBIN IEPUOJ BPEMEHH, U U3 3TOTO



CJIEYET, YTO MBI JIOJDKHBI ObITh B COCTOSIHUN OOHAPYXHTh 00BEKTHI, B KOTOPBIX HAKOILUICHUE
SHEPTUU MPOUCXOANT. TaKMMH 00BEKTaMU, KOHEYHO, SIBJISFOTCS Y TAJIAKTHKHU, U MbI JJOJIXKHBI
HAWTH HEKOTOPHIC THITHI TAJIAKTHK, B KOTOPBIX MBI HA0JIt0/1aeM IPU3HAKH TOTO, YTO OOJIBIIIOE
KOJIMYECTBO SHEPTUH FEHEPHUPYETCS TIPOIIECCAMHM, CBSI3aHHBIMU C YIbTPAaBbICOKUMHU
CKOPOCTSIMH.

NMmeromuecst CBUAETENBCTBA HE SABIISIFOTCS JOCTATOYHBIMH, YTOOBI PELIUTh 3TOT BOIIPOC
OKOHYATEJIbHO, HO B JAHHBIM MOMEHT, IIIAHCHI KAKYTCS JOBOJBHO CHIIBHBIMU B MOJIb3Y
TUIOTE3bI O TOM, YTO 3T T'aJIAKTUKH, U3 KOTOPBIX KBa3apbl ObUIH BHIOPOIIEHBI, Pa3BUBAIOTCS
TOJIbKO BO BPEMEHH, a HE B IPOCTPAHCTBE.

Kpome Toro, He xBaTaer ranaktuk N-tumna. Enie ojiHa geTaiib, BIUSAIONIAS HA 3TOT BOMPOC,
3aKJIF0YAETCSl B TOM, UTO MHOTHE TAIAKTUKH, YK€ B TOM UM UHOU CTaJUH B3PBIBHOTO
mpouecca, He MPOSBIISIIONIETO XapakTepucTuku N-tumna. [IpucyrcrBue ctpyu cBerserocs
Marepuana, Halpumep, ABJISIETCS NPSIMbIM 10Ka3aTEIbCTBOM CYILIECTBOBAHUSI BHYTPEHHUX CHUJI,
TaKuX, YTO MOTYT BbI3BaTh BIOPOC KBa3apoB, KOTJa OHU JOCTUTAIOT JOCTATOYHO BBHICOKOTO
ypoBHs. Ho ranaktuku, u3 kKotopsix M-87, HanboJsiee noka3areabHbli IPUMEp, HE TalaKTUKa
N-tuna; oHa, mo OOJBIIECH YaCTH, TUTAHTCKAs SJUTUNTHYECKAS TAIaKTUKA, YTO MOXKET OBITh
HA3BaHO CTaHJAPTHBIM TUTIOM. 3HAYUTEIbHBIE (YHKIINU, KOTOPbIC OHU UMEIOT, 3aKITI0UAIOTCS
B TOM, YTO OHHU M3JIY4YaI0T 3HAYUTEJIbHOE KOJUYECTBO U3JIY4YEHNUs B PAJAHOIMAINIa30HEe, TO
€CTh, OHU SIBJISIIOTCS PaJuOTraIaKTUKAMHU.

OTO CBUAETENBCTBYET O TOM, YTO TAIAKTUKH, KOTOPBIE HAXOATCS B CTaIUU CO3AaHUS
BHYTPEHHETO JIaBJICHHS], IPOCTO TUTAHTCKUE CTAPbIE raJaKTUKH, KOTOPBIE PACKPBIBAIOT CBOU
OypHbI€ BHYTPEHHUE COCTOSIHUS, TOJIBKO 10 UX PaJUOYaCTOTHOMY U3IyYEHHUIO, 32
UCKJIFOUEHUEM TEX CIIy4aeB, KOTJa €CTh YTEUKH, KOTOPbIE MOSBISIOTCS KaK CTPYH WU
10/I00HBIE ABJIEHUS. DTO 3aKIIOYEHHE JIETKO U €CTECTBEHHO BIUCHIBAETCS B OOLIYIO CTPYKTYPY
Teopuu. [laxke caMoe 371eMEHTapHOE PACCMOTPEHNE TEOPETUUECKOM CUTYyallMH yKa3bIBaeT Ha
TO, YTO B3PBIBBI, KaK MPABUIIO, TOHKHBI UMETh MECTO B MHTEPbEPAX CTAPEUILINX U
KPYHHEHIINX TaJlaKTUK. ITO ObLIO SBHO yKa3aHo B myOnukanuu 1959 rona. Habmrogenus
MOKa3bIBaIOT, YTO HAauOOJIee CUIIbHBIC PAIMOTATAKTUKN-BEINKAHBI SBISIOTCS AITUITHYECKUMU
WK OOJIBIIMM CIIUPATILHBIM TUIIOM, YTO, HA OCHOBAHUU TE€OPHUH, JIOJIKHO [TOMOTaTh
HapaluBaTh CUJIbI, HEOOXOUMbIE AJIsl TPOU3BOJICTBA KBAa3apOB.

XOTs CyIIECTBYIOIIEE aCTPOHOMUYECKOE MHEHHUE €I1Ie HE TJOCTUTIIO TOYKU MPU3HAHUS, YTO
CYIIECTBYIOT pa3pyIIMTEIbHbBIE COOBITHS B KOHIIE TIEPHOIA )KIU3HU KAKIO0W rajJaKTUKH, OHO
HA4YMHACT MIOHUMATh, YTO KAKOH-TO MPEJIesl CYIMIeCTBYET, ¥ 3TOT (akT TpeOyeT 00bICHEHHS.
®pen X0 cTaBUT BOMPOC KOHKPETHO: "I alakTHKH, TT0-BUAMMOMY, CYIIECTBYIOT JI0
OTIpeIeNIeHHOTO Tipenena, u He 6osee Toro. [Touemy?" BonToH uueT Ha mar Jaiblie, u
onpeeNsieT IMMUAT paarousnydeHus. OH yKka3bIBaeT, uTo *“ PaguoraiakTHKU HaXOASITCS Ha
BEPXHEM KOHIIE ()YHKIIUW CBETUMOCTH JJI BCEX TAIAKTUK, KOTOPasl MOKA3bIBAET, UTO PAUO
BBIOPOC MOKET OBITH CBSI3aH C KAKUM-TO MPEJEIOM CTaOMIBHOCTH .

Kpome Toro, pacter oco3HaHuE TOTO, YTO KaKOe-TO OOBSICHEHNE HYKHO HAWUTH IS
Ha0M01aeMbIX (DaKTOB, YTO MAacCa TMTAHTCKUX AJUTUNTHYECKUX TATAKTUK CJIIMIIIKOM BBICOKO
IPOIOPLMOHATIBEHA UX CBETUMOCTH. COrIacCHO HEJJaBHEMY U3BECTHIO, ""OHU SIBIISIIOTCS Ooee
yeM B 70 pa3 60Jiee MaCCUBHBIMU, YEM OHU JOJIKHBI ObITh, €CJTM OBl OHU COCTOSUTH IMOJTHOCTHIO
U3 3BE3]l, TaKUX Kak cojHIe". OObIYHbIE aCTPOHOMUYECKUE TEOPUU HE MTPETOCTABIISIOT
MEXaHU3Ma, C TOMOIIBIO KOTOPOTO TAKOE U3MEHEHHNE CBA3U MacCa-CBETUMOCTh MOXKET OBIThH
BbINoJIHEHO. OHY MPU3HAIOTCS, YTO OOJIbIIIAs pa3HUIIA OYIET yUUTHIBATHCA, "'eciin



MPEANOJIOKUTh, YTO JUTUNTUYECKHUE TAIAKTUKY YpE3BbIYaitHO OOraThl TYCKJIBIMU O€JIbIMU
KapJauKaMu', HO HET HUKAKUX Ha TO BUAUMBIX OCHOBaHUH. 371€Ch, OMSAThH K€, TCOPETUKH
npuberaroT K ipeBHEeMY IIpu3bIBY "1eMoHOB". MccienoBarenu cChllaloTCsl, B HOBOCTSX, HA
MOCTYJIaT O CYIIECTBOBAHUM "YEPHBIX ABIP", TUIIOTETUYECKON KOHIEHTPAIIMN MacChl,
HACTOJILKO OOJIBIIIOH, YTO M3TyYEHUE HE MOXKET BBIPBATHCS U3 X, & 3aTEM JIEJIAI0T YUCTOE
CIIELUAIIBHOE MPEJINOI0KEHUE, UTO AJUIMITUYECKUE TaJaKTUKHA COITOCTABUMBI C TAKUMH YHUCTO
TUIIOTETUYECKUMU "UePHBIMHU JIbIpamu’.

B xonTekcte B3anmuoli CucTeMbl, B TOM HET HUKAKOW TailHBI. DTO MPOCTO ABE CTOPOHBI
ABOJIFOLIMOHHON Mozieny ranakTuk. Kak ee ManroroT, "3Be31a 1aBJIeHUs" CTPOUTCS B HHTEPhEpE
CaMBbIX CTapbIX TAIAKTUK, YBEJIMUYMUBAsS JOJIIO 3BE3]l, YCKOPEHHBIX 10 YJIBTPABBICOKON CKOPOCTH,
SHEPrUsIMH, BICBOOOXK1a€MbBIMU IIPU B3pbIBaX 3BE3/1, KOTOPBIE JOXOJAT A0 Pa3pyILIUTEIBHOIO
BO3pacTa. B sapax 3TUX ranakTHK, TAKUM 00pa3oM, HaOII0JaeTCsl TO K€ COCTOSTHUE, KaK B
OeJbIX KapJIMKOBBIX 3Be3/aX U KBa3apax. VX MIOTHOCTH SIBISIETCS aHOMAJIbHO BBICOKOM,
IIOCKOJIBKY BHEJPEHHE CMeLeHNs] BO BPEMEeHH Ha YJIbTPABBICOKHX CKOPOCTAX, CHHKAET
JKBHUBAJICHTHOE IIPOCTPAHCTBO, 3aHUMAEMO€ HEHTPAJILHON YacThI0 ratakTuku. Kopoue
TOBOPSI, Mbl MOYKEM CKa3aTh, YTO NPUYMHA MATOJIOTMYECKOM CBA3HM, MEKAY MACCOH U
CBeTUMOCTBHIO B THTAHTCKHUX JJUIMITHYECKUX MAJIaKTHKAX, 3aKJII04Ya€eTCHd B TOM, YTO 3TH
rajJaKTHKN UMEKT 0es10e KapJMKoBoe s1/Ipo, He Oesible KAaPJIMKOBbIE 3Be3/1bI B si/pe, a
0es10€e KapJIMKOBOE SIAP0. YBEIMUYECHUE MACCHI U SJHEPTUU TAITAKTUYECKOTO s/1pa
COIIPOBOXKJAETCS YBEIIMUEHUEM UHTEHCUBHOCTHU PAMONU3IIyYEHUs, UTO, B KOHEYHOM CUETE,
JIOCTUTHET TOYKH, IJIe BHyTPEHHEE JaBJICHUE TOCTATOUHO /I BBIOpPOCA YaCTH FalaKTUKH.
OrpaHuyueHre rajJakTHYecCKOro pa3Mepa, TaKUM 00pazoM, SIBISIETCS KOCBEHHBIM PE3yJIbTaTOM
BO3PAcTHOIO Ipezena.

KBazap 3C 273, koTOpbIii CBSI3aH ¢ TanakThukoil M-87, npeacTaBisieT 0coOblid HHTEpEC,
MIOCKOJIbKY OH SIBJISIETCS €IMHCTBEHHBIM MIPEICTABUTENIEM CBOETO KJIacca, JOCTATOYHO
OJIU3KUM, YTOOBI OBITh JTOCTYIHBIM ISl IE€TAIbHOTO UCCIIEA0BAHMS. DTOT 0OBEKT UMEET BCE
(yHKUIMH, KOTOPBIE TEOPETUUECKU OTINYAIOT TAIAKTUKY, KOTOpask JOCTUTAeT KOHIA MyTH. DTO
TUTAHTCKAas SJTUNTHYECKAs TAIaKTUKA ¢ HAanOoJIbIel Maccoil. DTO MHTEHCUBHBIN
PaAMOUCTOYHUK, OJIUH U3 MEPBbIX UICHTU(PUIIMPOBAHHBIX BHETATAKTUUECKUX UCTOYHUKOB, U
UMEIoI11asi BHICOKOCKOPOCTHOM MaTepHall, U3My4Yalolnii CUIIbHO MOJISIPU30BaHHbIN CBET,
IPOUCXOIAIINN U3 /1pa TATAKTUKU. JTU NPU3HAKU B3PBIBHOM JIEATEIbHOCTH HACTOIBKO
OYEBUJIHBI, UYTO OHU OBUIM MPU3HAHBI, KAK TOJIKO TEOPETUUECKUM Mpeies I KU3HU
raJJakTUKH ObLT OOHAPYXKEH, 3aJ10JIF0 JI0 MPU3HAHUS ACTPOHOMAaMH CYIIECTBOBAHUS
raJlakTHYecKuX B3pbIBOB. B myOmukarmu 1959 rona coaepskutcs 310 3asBiaeHue: "I10 ObLIO
ObI B 11eN1s1X BhIsABIEHUs ranaktuku (M-87), mo kpaiiHeit Mmepe, mpeaBapuTeabHO, KaK TOi,
KOTOpas ceryac MpOXOIUT Pe3yJIbTaTbl KOCMUYECKOIO B3pbIBa'.

B cooTBeTcTBUU ¢ Arp, CpeAHSS peLIECCHs CKOPOCTEH TalaKTHK, B PA3JIMYHbBIX YACTAX PErHOHa
BOKpyr M-87, B nuanazone ot 6osbiine 400 km/cek, uem ckopoctb M-87, 1o menbiie 400
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kM/cek. JIroOoi kBa3zap wiM paguoraiakTuka UMeroT peueccuto npumepno 0,0015 npu
peueccun 0,0031 M-87, cenoBarenbHO, SBISIOTCS YjieHaMH KiaacTepa raakTuk (Co3Besnue
JieBbl) ¢ 1IeHTpoM B M-87. Arp acconmanus 134, Bkirouaet B ce0s kBazap 3C 273 u
pamuoranaktuky 3C 274, 06a HaxOAATCS B Mpejiesiax YCTaHOBJICHHBIX JIUMHUTOB. B ToM ke
paiione ecthb emie oauH kBazap PKS 1217+02, co cmemennem 0,240, 4T0 SKBUBaJIEHTHO
casury peneccuu 0,0045, u ucnyckaromuil ToJibko oHy Tpuauatyto sHepruu 3C 273. Ectb
TaK)XKe HECKOJBKO PaHOTAIAKTHK B TOM K€ paliOHE, ¢ KPACHBIM CMEIIEHUEM, YTOOBI
KBATU(UIIMPOBATH UX KaK BO3MOXKHBIX TaPTHEPOB KBa3apoB. [107TOMYy MbI MOKEM 3aKIIFOUUTH,
yto PKS 1217+02 1 ogHa u3 Onmxalinx paanorajakThk, Bo3MoxxHo, 3C 270; ¢ KpacHbIM
cmemenuem 0,0037, 6pUTH U3THAHBI B pe3ysibTaTe B3pbiBa, nocie 3C 273.

BriBog, uro 3C 273 Obu1 mpousBeeH panbliie, yem PKS 1217+02, BoiTekaer U3 craryca
MOCJICTHETO B KAUECTBE UJIe€Ha IPYNIbl OTHOCUTEIHLHO MOJIOIBIX OOBEKTOB.

Ha 6a3e Teopun "00ab1110r0 B3pbIBa", TAIAKTUYECKAS PELIECCHS TaJaKTUKHU, KOTOpas cerlyac
OTCTYIAET OT HAC, HAa PABHOW WUJIM OJIM3KON K CKOPOCTH CBETA, JBUTAETCS HA TAKOM CKOPOCTH C
TeX Mop, Kak "0aw" mpousomesn. Pe3ynbrarsl Halero Uccie10BaHus, OJJHAKO, TOKA3bIBAIOT,
470 "0O0JBIION B3PHIB" - UNCTO MUGDUUYECKUIA, U TO, YTO BEIIECTBO TAJIAKTUKU HE IIPOLLIO BCIO
JUCTaHLIMIO O HBIHEIIHETO €ro0 MECTA, @ BOZHUKJIO HA HEKOTOPOU MPOMEKYTOYHOM TOUKE U
OTOJIBUTAJIOCH OTTY/Ia, IOCTETIEHHO YCKOPSISICh TI0 MPUYMHE OCTa0JIEHHs POTUBOIOI0KHO
HAIIPAaBJICHHOT'O IPaBUTALIMOHHOTO JIB)KEHHSI C YBEIIMUEHUEM paccTosiHud. Kaxkas Touka, Ha
JVHUU JBUKEHUSI, COOTBETCTBYET ONPECICHHON CKOPOCTH PELIECCUH, U ISl TOTO, YTOOBI
paccuuTaTh BpeMs, He00X0IuMOe Ul IEpEMEILIEHUS U3 OJTHOTO MecTa B O0jiee OTAaJICHHOE,
MBI JIOJKHBI MHTETPUPOBATh B 3THX Ipenaenax. Eciau Mbl BO3bMEM 3HAUYEHUE TOCTOSTHHOU
Xab6aa B 100 kM/c Ha KaXKIbI MIJIIHOH ITApCEK, MbI HAXOIUM, YTO MaKCHMaJIbHas
IPOJOJIKUTENBHOCTD KU3HU KBa3apoB kiacca II, Bpems, HeoOxoaumoe aiis mepexoza ot
kBasapa paccrosgaus 0,800, rae nosBisroTes kBazapsl knacea I, no nmpenena 2,000, 3a
KOTOPBIM OHH MCUE3A0T U3 IOJIS 3pEHHUSI, COCTABIISIET OKOJIO 9 MIIPJ. JIET.

N3ydenne HakoIrIeHHONW UH(pOpMAITUH, TAKUM 00pa3oM, YKa3bIBaeT, UTO HEOOXOIUMO BBIUTH K
KBazapy paccrosinug okoiio 0,450, nmoka cymecTByroT KBa3apsl Kiacca I, 10 kBa3apoB kiacca
II, kotopseie nosiBsiOTCS BOKPYT paccTosiHus 0,800. [ToaToMy MBI MOXKEM B34Th BPEMS,
HeoOxoauMoe i nepexosa ot 0,450 k 0,800, okoio 6 MIIpA. JIeT, KakK armpOKCUMAaIIUs
BPEMEHHU, MPOLIEIIETO MEKIy BEHIOpOCOM KBazapa /10 co3nanus kiacca II. Ito ctaBur
MAaKCHUMAJIbHOE BpeMsl *KU3HHU KBa3apoB rae-To B paiioH 15 Muiiimapaos Jier.

B cBeTte Tekyiiero, 4To KacaeTcsi KBa3apoB, KaKk KOPOTKOKUBYIIIUX 00OBEKTOB, 3TOT BBIBOJ
MOJKET MOKa3aThCsl COBEPILIEHHO (haHTacTuYecKuM. OJHAKO cieayeT MOHUMAaTh, YTO KBa3ap,
KaK OH MPUHSAT B TEOPETUYECKON pa3zpaboTKe, OUeHb CHJIBHO OTINYAETCs OT 0ObEKTOB,
KOTOpBIE B HACTOSLIEE BpEeMsl Ha3bIBAIOTCS KBa3apaMu. J[Jis acTpoHOMA, KBa3ap - 3TO 0OBEKT
HEU3BECTHOT'O NMPOUCXOKICHUS U IPUPOJIBI, C PSIZIOM HEOOBIYHBIX CBOWCTB, HEKOTOPBIE U3
KOTOPBIX, TAaKHE, KaK 00JIbLIasi MOLUTHOCTh JIYYMCTOM 3HEPTUH, IPEACTABISAIOTCS
MaJIOBEPOSATHBIMH, YTOOBI OBITH TOCTOSIHHBIMU JII000€, BECbMa MPO0JKUTENbHOE BpeMsi. Ha
3TOM OCHOBE, KBa3ap JIOJKEH ObITh KpaTKoBpeMeHHbIM. B koHTekcTe B3aumuoit Cucremsl, ¢
JIPYroi CTOPOHBI, KBa3ap SIBJsIeTC rajlaKTH4ecKUM (parMeHToM, He0O0IbIIOH
rajJaKTHKOM, KOTOPas 0TO0paXkaeT 3TH HeOObIYHbIC XapAKTEPHUCTHKH TOJBKO B
onpeJeeHHbIC IEPHOJBI €0 CYLIeCTBOBAHUA, IIOKA OH J0CTUIraeT craryca Kiacca Il, yro
AJis1 00JIBIIMHCTBA KBAa3apoB, NO-BUAUMOMY, B He AKTHBHOM CTA/IMH, SIBJISAETCS
OTHOCHTEJIbBHO KOPOTKHM IEPHOA0M. B TeueHne ocTaBIIEroCs CBOEro JOJIrOro



yTEIECTBHUS, 10 peaena pacctoaHus 2,00, OH TO0BOJBHO TYMaHHO Pa3jinyaeTcs, U TO, TOJIbKO
0 €ro 00JbIIOMY KPAaCHOMY CMEIIEHUIO, U HEKOTOPBIM APYTUM J0Ka3aTeIbCTBaM
YJIBTPABBICOKON CKOPOCTH.

O6’I)€KTBI, OTBCHAOMIUEC OIMMMCAHNIO KBA3dapPOB B UX TUXOM paanO-3TallC, XOpOIIO U3BCCTHLI, HO
HC OYCHb XOPOIIO IMOHNMACMBbI, K1 BCC KC B HeKOTOpOﬁ CTCIICHU CIIOPHBI.

Sandage cnenan cnenuyanbHOe UCCIIeIOBAHUE 3TUX TUXUX PAJHMOKBA3apOB U IIPHUIIIEH K BEIBOY,
YTO OHHU IMPEJICTABIISIIOT COO0M "HOBYIO OOJIBIITYIO COCTaBIISIONTYIO BceseHHOM". Ero
Pe3yIbTaThl MTOKA3BIBAIOT, UTO ATH 0OBEKTHI MOTYT OBITh B 500 pa3 6ojiee MHOTOUYHCICHHBIMU,
YeM aKTHUBHBIC KBazaphl. DTO OyAET 03HAYaTh, YTO KaXKIbIM KBa3ap TPATUT OKOJIO JBYX
JECATHIX TIPOIICHTA OT ero o0MIeH MPOAOKUTESILHOCTH KU3HHU, WIH 0K0JIO 30 MIJJIMOHOB JIET,
Ha aKTUBHBIN 3Tall Kiracca . OmHako, O0JBIIMHCTBO U3 TEX, KTO IPOKOMMEHTHPOBAJI OIIEHKH
Sandage, MOKa3bIBAIOT, YTO OHA CIIUIIKOM BbICOKa. AKTHBHAs *Ku3Hb B 100 m 200 mutH. Jer,
BEPOSITHO, O0OJIee B COOTBETCTBHUHU C O0IIEH IIKaIOi BeKka KBa3apoB. B HacTosiee Bpems,
TEHJICHIIMS 3aKII0YaeTCs B TOM, YTOOBI TOBOPUTH B TEPMHUHAX OKOJIO MUJIIMOHA JIET, HO ATO
3aBUCUT OT PacyeTOB IHEPTUH, OCHOBAHHBIX HA MPEJINOI0KEHUU O TPEXMEPHOM
pacrpeielieHuy U3JTy4YeHUs KBa3apoB, YTO HE peajibHO B CBETE HAIITUX HOBBIX OTKPBITHH.

B nmo0om citydae, XxapakTepuUCTHUKU 3TUX KBa3apoB Kiacca I, B uX THXOM 3Tarie, Kak "0CHOBHOM
COCTaBHOM YaCTH BCEJICHHOW", MPUIAET JOMOJHUTENIbHBIA aKIIEHT TOMY, YTO KBa3ap - 3TO HE
Karpu3 Wil HEHOPMAJILHOCTh, Yb€ CYIIECTBOBAHUE JIOJHKHO OBITh OOBSICHEHO HEKOTOPHIM
HEOOBIYHBIM COYETaHHEM 00CTOSITeNbCTB. Kak u mrobas apyras "ocHOBHas cocTaBistomnias', oH
MUMEET OIPEJEICHHOE U BECOMOE MECTO B OCHOBHOM MOTOKE (PU3NYECKON aKTUBHOCTH, TO
MECTO, KOTOPO€ OH 3aHUMAET B TEOPETUUECKON BCeNeHHON B3anmHuol Cuctemsl.

J1o cux mop, Mbl paccMaTpUBaJIN CUTYyalluH, KOTOPBIE MOTYT CUYUTATHCSI HOPMAJIBHBIMU, HO C
TOUYKH 3pEHUS TIPOIIecca CTapeHUs OTJEIbHBIX 3BE3/], Mbl MOKEM OXUIAaTh, YTOOBI HAUTH
Y4acThle OTKJIOHEHHSI OT OOBIYHON MPaKTUKH. ['amakTUKK, HAllpUMEp, MOTYT 3aXBaTUTh IIEJIbIN
P OTHOCUTEIBHO CTapbIX 3BE€3]1 JOBOJIBHO PAHO B CBOCH KU3HU, WJIM OHA MOXKET Jaxe
0/100paTh HECKOJBKO CTapbIX 3BE3AHBIX CKOIUIEHUH WJIK HEOOJIBIIYIO TAIAKTHKY JI0BOJIBHO
IPEKJIOHHOIO BO3pacTa, HalpUMep, OCTATKA B3PhIBAIOIEHCS FATAKTUKH. DTH CTapble 3BE3/1bI
JOCTUTHYT Pa3pyLIMTEIBHOIO MPEIEIBHOIO BO3pAcTa U B30PBYTCS, MPEXKIE YEM rajJaKTHKa
IOPUJIET HA CLEHY, II€ MOJ0OHbBIE B3PhIBbI OOBIUHbIE COOBITHS. Ecnu npexieBpeMeHHas
NEATEHOCTh TAKOTO POJIA SIBJISAETCA HE OTPOMHOM JHEPrUEl, OHA BCACBIBAETCS B
HOpMaJIbHBIE IBMKEHUA rajJakTuk. Ho TaM, rie 3HaunTenbHOE YUCIIO0 3BE3 JOCTUTaeT
NPEAEIBHOTO BO3PACTa paHEE HOPMAJIBHOTO BPEMEHH, MOTYT CJIEIOBATh HEKOTOPBIE BaXKHBIE
pEe3yJIbTaTHI.

Hanpumep, ecnu maciutabHble MEPOTIPUATHS TAKOTO POJia HAUMHAIOTCS, KOT'/1a TaJakTUKa
HAXOAWUTCA B PaHHEW CTaJNM, BHYTPEHHEr O ACHCTBUS HE OYJET, U MBI MOXKEM HAOJII0/1aTh
HEKOTOpPbIE 3PPEKThI yIbTPABBICOKON CKOPOCTH, B AOMOJIHEHUE K U3TYyUEHHUIO B
paauoauanasone. Yto Habr01aeTcs B Kacce CIMPaIbHbIX TAIAKTHK, KOTOPOE
JEMOHCTPUPYIOT TOJBKO TO IMOBEJIEHHUE, KOTOPOE OKUJAETCS OT raJakKTUK B 3TOM COCTOSIHUM,
TO, YTO MBI MO>KEM Ha3BaTh MPEKIEBPEMEHHON MAaCCOBOM CEpUE B3PBIBOB. DTH
CelidepToBCcKHE raJakTUKU, OHU ObUIN BIiepBbie onucanbl CelgepToM, MEHbIIE, YeEM
TUTAHTCKUE SJUIMITUYECKUE, U 110 IPUYMHE CIIUPATIBHOM CTPYKTYpPBI, B KOTOPOH OOJIbILas
4acTh raJIaKTUYECKOM Macchl pasiiokeHa B (opMe AMCKa, X LIEHTPaJIbHbIE PETHOHBI
CPaBHUTEJIBHO OTKPBITHIE, @ HE NOTPEOEHHBIE 101 YACTSIMHU IaJIaKTUKH, KaK B OOJIbILINX



amuntTryeckux. [loaromy Bee, 4TO MPOUCXOIUT B cei(hepTOBCKUX TaJlaKTHKAX, OoJiee
JOCTYIHO JJIs1 HAOJIIOJCHHUSL.

Bunumoe nokazaTrenbCTBO 3TOro IEHCTBHUS HAXOAUTCS B IIOJIHOM COIJIACUH C TEOPETHYECKUMU
BbIBOJIaMU. B oTimrune ot OOBIION pa3HUIIBI B KPACHOM CMEILEHUH, SIIPA 3TUX TATaKTHK
YAUBUTEIBHO MTOX0KH HA KBa3apel. Kak Beipaxkaercs Weymann, "3a HCKIIFOUEHUEM OYEBUTHON
Pa3HULIBI B IPKOCTH, CEM(PEPTOBCKUE TATAKTUKN U KBa3aphbl, BO3MOXKHO, PEJCTABISAIOT COOOH,
0 CYILIECTBY, MOJI0OHBIC siBJIeHUS". Pe3ynbTaThl 00CYKACHUS MMOKA3bIBAIOT, YTO (DaKTUUECKas
pa3HMIIA CBETUMOCTH HE TaK BeJIMKa, KaKk ObLIO CKa3aHO, HO €CTh HEKOTOPBIC Pa3Iuyus B
SAPKOCTHU CBETA, U 3TO MOHATHO, TAK KaK COOBITHSA, TPOUCXOASIINE B CEUPEPTOBCKUX
raJIakKTUKaXx, SBISI0TCS (peHOMEHaMU mepe] BHIOpOCOM, U Topa3/io MEHEE HACHIIbCTBEHHBI, YEM
T€, KOTOPbIE MPOUCXOIAT BO BpeMs U Tocie BeiOpoca. Weymann yka3bIBaeT, 4YTo
CIEKTpaJIbHbIE XapAKTEPUCTHKMU CBETA, OT SAJIEP 3TUX T'AJIAKTHK, SIBISIOTCS BECbMA
OTJIMYAIOLUMUCS OT CBETA, UIYIIETO U3 OTIAJEHHBIX PETHOHOB.

“ OObIuHbBIC 3BE3/bI (TAKUE, KaK HAIIE COJIHIIE) U3Ty4aroT OOJIbIIIE KENThII CBET, YEM TOJIy0oit
CBET. JTO TaKXe BEPHO U B TOM Cllydae, €ciiu Ha0togaeTcs ceepToBcKas rajlakTHKa 4epes
OTBEpPCTHE, KOTOPOE MPOIYCKAET CBET TOJNBKO OT rayiakTuku. O HaKo, Korjaa quadparma
YMEHBIIAETCs, MPUHUMASI CBET TOJIBKO OT LIEHTPAIbHBIX PAOHOB, YIABTPa(pUOJIETOBbIE U CHHU
YacTH CIIEKTpa HAYMHAIOT MpeodiagaTh”.

10 emie oauH GpparMeHT nH(OpMAIUHU, KOTOpasi aKKypaTHO BITMCHIBAETCS B OOIIIYIO
TEOPETUUECKYIO KapTUHY. MBI BBIBEIU U3 TEOPUHU, YTO MPEUMYILIECTBEHHO KEITOTO CBETA
(monoxkutenbHbIil U-B) , 4TO MBI OTy4aeM OT OOBIUHBIX TAJIAKTUK, 3TO XapaKTEPUCTUKA
MaTepuu, JIBIKYIIEHCS CO CKOPOCThIO, MEHEE YEM CBET, MPUHUMAs BO BHUMAHHE, YTO
MPEUMYIIECTBEHHO YabTpaduoaeToBbIi cBeT (oTpuniarenbuas U-B), 3To XxapakTepuctuka
MaTepuu, JBIKYIIUECS C YIbTPaBbICOKON ckopocThio. Ceifuac, Mbl Ha0I0/1aeM OOBIYHYIO
TaJIaKTUKY C SIAPOM, B KOTOPOM €CTh KaKasi-TO HEOObIYHAs JeATeIbHOCTh. M3 TeopeTnyecKkux
CcOOOpaKeHUM, MbI BBIJICTISIEM ATy ACATEIbHOCTD, KaK PE3YyJbTaT CEPUM 3BE3HBIX B3PHIBOB,
KOTOPBIE YCKOPSIOT HEKOTOPBIE BEIIECTBA 10 CKOPOCTH, IIPEBHIIIAIOINICH CKOPOCTh CBETA, U MbI
HAXOJIUM, YTO CBET OT 9TOM rajJakTUKH, YETKO OTOOpakaeT XapaKTePUCTUKU, KOTOPhIE TpeOyeT
TEOpHUs.

OdeHb CyIIEeCTBEHHBIM MOMEHTOM 3/ECh SIBISETCS TO, YTO PE3KUE JABMXKEHUS B SAPAX
cei(hepTOBCKUX TAIAKTHK, MPEICKa3bIBa€Mble TEOPHUEH, ObUTH (PaKTUUECKH OOHAPYKEHBI
oOcepBaropusiMu. Weymann cOOOIIAET, YTO CIIEKTP YMUCCUU B CEH(PEPTOBCKHUX TaJIaKTHKAX,
"MOKa3bIBAET, YTO ra3bl B HUX HAXOMASATCS B BBICIICH CTETIEHU BO30YX IACHUS U MyTEIIECTBYIOT
Ha BBICOKOM CKOPOCTH B 00JIaKax, UM HUTAX. B3pbIBbI, 0UEBUIHO, TPOUCXOAST BPEMSI OT
BpPEMEHU, POU3BO/I1 HOBbIE BEICOKOCKOPOCTHBIE MaTepHabl'.

Kax xopo1ro BusiHO Ha MHOTHX SIBIICHUSX, BKIIFOUCHHBIX B TIPEIBIAYIINE O0CYKICHUS, TEPMUH
"pagroranakTuka' BKIIOYAET B ce0s MUPOKOE pa3zHOoOpaszne 0ObEKTOB. ITa KiIacCUupUKaIus,
TaKuM 00pa3oM, BKITIOYaeT B ceOs1:(1) TUTaHTCKUE cTaphblie TajJaKTUKH, KOTOPBIC CO3AI0T
BHYTPEHHHUE CUJIbI, KOTOPBIC, B KOHEUHOM CUETe, B pe3yJibTaTe B3pbIBa U BHIOpOCa KBa3apoBs,
co3aatoT (2) HeOoJabIINE CIUPATIbHBIE FAJJAKTUKHU, B KOTOPBIX TPOUCXOAUT MEHbIIIE
B3pPBIBOONIACHBIX COOBITHH, (3) TalaKTUKH, KOTOPBIE YK€ MOTEPSUIN 3HAUUTEIBHYIO YacTh CBOEH
MAacChI 110 TPUYHUHE B3PBIBHBIX BEIOPOCOB U MPOXOASAT BHYTPEHHUE MTpeoOpa3zoBanus, (4)
(dbparMeHThI, BEIOPOIIIEHHBIE B COYETAaHUHU C KBazapamu, U (5) dparMeHTbl, BHIOPOIIICHHBIC B
MEHee CHJIbHBIX B3pPbIBaX.



Ota TeopeTryeckas pa3paboTKa yKa3bIBAET, YTO MbI JIOJKHbBI JOOABUTH IIECTOM: raJakTUKHU B
IPOLIECCE CTOJIKHOBEHUS. | MIIoTe3a CTOIKHOBEHUH Obljla BECbMa MOMYJISIPHA B KAUECTBE
OOBSICHEHMSI paAMOU3ITyUEHUS B IIEPBHIE IHU PAIMOACTPOHOMUH. DTa FUIIOTE3a ceifyac He B
4YeCTH, TJIaBHBIM 00pa3oM MOTOMY, YTO TPAAULIMOHHAS TEOPUsI TIOKA3bIBAET, UTO JIBE TAJIAKTUKU
JOJDKHBI IPOMTH CKBO3b JIPYT APyra C MUHUMAJIBHBIM B3aUMOJIEHCTBUEM. Y TBEPKICHUE
B3aumHuo# Crucremsl, 3B€3/bl U TAIAKTUKY, 3aHUMAIOT IO3ULMU PABHOBECUS U, TAKUM
00pa3oM, y4acTBYIOT B CTPYKTYp€, TIOX0XKeH Ha KHUIKOCTh, IPOJIMBAsL IPYroi CBET Ha 3TY
cuTyauuro. Ha 3Toil OCHOBe, 0/1Ha raJlakTHKa HE MOXKET IPOUTH depe3 Apyryro. CTOIKHOBEHUE
SKBUBAJIEHTHO HEYIPYTrOMY BO3JIEHCTBHIO )KUIKOCTEH, a TAKKE, KHHETUYECKAsl SHEPT U
JBUKEHUS BXOSIINX TAJIAKTHK, JOKHA ObITh MOMJIOUIEHA 3B€3aMU U3 JBYX
B3aMMOJICHCTBYIOIIUX NojicucTeM. HekoTopble u3 3Tux 3B€3/1 OyAyT JOCTaTOYHO BO30YKJI€HBI,
YTOOBI MPOU3BOUTH PAIUOYACTOTHOE U3TyUEHUE.

Teopernueckue pa3pabOTKH TaK)Ke MOKA3bIBAET, YTO TAJTAKTUYECKUE CTOIKHOBEHUSI TOJIYKHBI
OBITh OTHOCUTEIBHO YaCTHIMH, KaK 3aXBaT MEHbBIIUX rAIaKTUK 00Jiee KPYITHBIMU UTPaeT
BAJKHYIO POJIb B IIPOLIECCE POCTA, YTO, B KOHEYHOM CUETE, JA€T TUTaHTCKUE JIUIUIITUYECKUE
TJIaKTUKH, U3 KOTOPBIX BO3HUKAIOT KBa3aphl. ['alakTHUECKUE CTOJKHOBEHMS SIBISIOTCS
IPUYMHOM JUI1 HEKOTOPBIX ''CTPAHHBIX' TAJIAKTUK, KOTOPBIE aCTPOHOMBI ITPU3HAIOT B KAYECTBE
BaKHOT'O KOMITOHEHTA Pa3HOBUAHOCTEN TaJIaKTHK. Te rajJakTUKu, KOTOPbIE OB NCKAKEHBI U
YaCTUYHO PA3PYLICHBI IIyTEM B3PBIBOB, TAKUX, Kak M-82, SBIIAIOTCSA €11e OAHUM KOMIIOHEHTOM
ATOM KaTerOpuH, U BIIOJIHE BEPOSATHO, YTO CYLIECTBYET PSAI APYTUX PA3HOBUIHOCTEN
"ocoOeHHOCTEN", KOTOpbIE OSBATCA HA CBET, KOIIa ACTPOHOMHYECKHUE HCCIIEIOBAHUS
IIPOJOJIKATCSL.

XOTs 3B€37IHBIE B3PBIBBI, KOTOPHIE MBI Ceyac MPU3HAEM B KaUe€CTBE KOHEUHBIX HCTOYHUKOB
SHEPTUH TSI BCEX B3PBIBOOMACHBIX COOBITHM, JOBOJIBHO PEIKHE SBICHHS B JIUCKE HAIICH
raJaKTUKHU, MBI MOXKEM OKHJIaTh, UYTO OHU MIPOUCXO/IAT Yallle BCETO B SJIpE, TJI€ CTaphbIe 3BE3/IbI
cocpenoTrodeHbl. Weymann yKa3blBaeT, B CBOEH CTaThe MO CePEepTOBCKUM TaJIaKTUKaM, 4TO
SIBJICHUSI, KOTOPBIE OTJINYAIOT 3TH O0BEKTHI, BIIOJHE MOTYT CYIIIECTBOBATh B YMEHBIIIEHHOM
MmaciTabe B Ipyrux rajakTukax, i OH COOOIIAET, YTO paIMOHAOIIIOICHHS TOKA3bIBAIOT, YTO
YTO-TO COBEPIICHHO HEOOBIYHOE MPOUCXOUT B IIEHTPE HAILICH TAJIAKTUKH, a TAKKE, UYTO
HEOOJBIINE HICTOYHUKH UHTEHCUBHOTO PAUOU3IyueHus1, ObLIIM HAllICHBI B s/Ipax psaa
OOBIYHBIX CIUPATBHBIX TATAKTUK. DTO TOJIBKO TO, YTO MBI MOTJIM OBl 0KM/IaTh HA OCHOBaHUU
TEOPETUUECKHUX PACCYKIACHUN.
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Bot u nocneanee 38€HO B MOJTHOM MOCJIEIOBATEILHOCTH KBa3apoB. B MOJIObIX ralakTUKax U B
Hapy>KHOW YaCTH CTAPBIX TAJIAKTUK, B3PBIBbI 3B€3/1, KOTOPBIE IOCTUTAIOT MPEAEIBHOTO
BO3pacTa, MPOUCXOJIAT KaK OTJEIbHbIE COOBITHSA, U UX SHEPIHs PAaCCEUBACTCS CPEIU UX
OKpY>KeHUs. B crniupanbHBIX rajlakTHKax CpeHEro pa3Mepa, Takux Kak Haila coOCTBEeHHas,
B3PBIBHI B SIJIPE TATAKTUKH, CTAHOBATCS JJOCTATOYHO YACTHIMH, YTOOBI IPOU3BOIHTH
HEOOJBIITNE MOCTOSTHHBIE HCTOYHUKH MHTEHCUBHOTO paguon3iaydenus. Korga rajaktuku
BBIPOCJIM B pa3Mepe U B BO3PACTE, B3PHIBBI CTANH e1le 00JIee YacThIMU, aKTUBHAS 001aCTh
CTAHOBUTCS Bce 0OJIbIlle, U BHYTPEHHEE JAaBJICHUE, Oaroapsi CBEpXBbICOKOW CKOPOCTHU
MPOJIYKTOB B3pPbIBA, MIOJITHUMAETCH.

Ecnu noBblieHNe 1aBII€HUS SIBISIETCS OTHOCUTENBHO OBICTPBIM, a FalaKTUKA HAXOAUTCS HA
JTare CIupay, B3pbIBbl MEHSIOT UX BHEIIHUM BUJI, B IPOTUBHOM Cilydae, rajlakThKa
OPUHHUMAET CPEeponaIbHYI0 POpPMY, U CBEPXCBETOBASI IEATEIBHOCTh CKPBIBAETCS (3a
UCKJIIOYEHHUEM PaliON3ITYdEHHMsI) ITOJ1 TOJICTHIM CI0EM MOKPBIBAIOLIET0 MaTepraa. JTo
HOBBIIIAET CTOMKOCTh K MPOHUKHOBEHUIO MTPOYKTOB B3pPbIBA, CO3/1aBas 00Jiee BHICOKUE
JABJIEHUS, TIOKA, HAKOHEL], BHEIIIHUE CJIOM HE YCTYHAT BEIOPOCY OJHOIO UM HECKOJIBKUX
¢parmenToB. Eciu co3ganue gaBieHus nNpoaoiikaeTcs 0 Hadaia BEIOpoca, OJJHUM U3
BBIOPOIICHHBIX MPOAYKTOB, MOXKET OBITH KBa3ap.

[To Bcen MMHUM, KaXIbIM ITYHKT, Mbl HAXOJUM BCTAIOILIUM HAa CBOE MECTO, JIETKO U
€CTECTBEHHO, B TOUHOM IOPSIIKE, ITPEIYCMOTPEHHOM JICHCTBYIOIIAM T€OPETUUYECCKUM
COOOpaXeHHUEM.

CBEPXHOBBIE U ITYJIbCAPBI

OcHoBHasi 0COOEHHOCTh, KOTOpas AesnaeT M-87 0cOOEHHO NMPUBIIEKATEIbHBIM 00BEKTOM JIJIS
UCCJIeIOBAHUS, TO, YTO 3TO JOCTATOUYHO OJIM3KO, YTOOBI BKIIFOUUTH PACIiO3HABAHKE JIETaJCH,
KOTOPBIE TEPAIOTCS Ha OONBIIMX PACCTOSHUSIX, UTO SIBIAETCA €1le 00Jiee OTUETIMBBIM B ClIydae
Haieu rasakTuku Mneunsiit [1yts. KoHeuHoO, Halla rajlakTvka He sIBJISIETCS TUTaHTCKOU
AIUTATITUYECKOH, WITH JJaXkKe CeepTOBCKOM CIMPaIbI0, HO 3TO BCE K€, IOCTATOYHO OOJBIIAs U
JIOCTATOYHO CTapas rajakThka. Takue raJlakTUKH, OYE€BUIHO, JOJKHBI ObLIM HAKOMUTD
HEKOTOPBIE KOJIMYECTBO OTHOCUTEIIBHO CTAPBIX 3BE3/l, KOTOPbIE pa30pOCaHbl BOKPYT
raJaKTUYECKUMHU B3PbIBAMH. JTH CTaphI€ 3BE3/bl, IOCTUTAsl TPEAETBHOTO BO3PacTa,
B3PBIBAIOTCS, TAXKE B TO BPEMSI, KOT/Ia TAJIAKTUKA B 11€JI0M, HAMHOTO HUKE HOPMAJIBHOTO
orpaHUuYeHUs Bo3pacta. Mbl yke 0OHapyXWIH, YTO 3B€3/1a, KOTOPasi JOCTUTAET HUKHETO
npejena B3phIBOONIACHOCTH (B CHITY TIPEACIBHOM TeMIIepaTyphl), B3PIBACTCS U TPOU3BOJIUT
SIBJICHUE, KOTOPOE MBI ONIPEAETUIIN KaKk CBepxHoBas. Eciii Mbl HAa30BeEM 3TO TUN A 3BE€3THOTO
B3PbIBA, TO Mbl MOKEM BBIPA3UTh HOBOE 3aKIIFOUEHUE, YTO MbI JJOCTUTJIM BEPOSITHOCTH HAJTUYUSA
HEKOTOPBIX OYEHb CTAPBIX 3BE3/l B MOJIOJIBIX TaJlaKTHUKaX, 3a4BUB, UTO B ATUX TaJlaKTUKaX
JIOJKHBI TAKXKE CYIIECTBOBATH TUIIBI B 3BE3/1HBIX B3pBIBOB, KOTOPBIE UMEIOT HEKOTOPHIE
JIOBOJIBHO OTJIMYHBIE XapAaKTEPUCTUKH, IOTOMY YTO OHU BO3HUKAIOT B BO3PACTHOM IIpEAEIE, a
HE HAa OTPAaHUYECHUHU TEMIIEPATYPHI.

B TCPMHUHOJIOIHMU aCTPOHOMOB CYIICCTBYCT JIBa PA3JIMYHBIX THUIIA CBEPXHOBBIX.
CYH_IGCTBOBaHI/IC ABYX PA3JIMYHBIX TUIIOB 3TUX COOBITHH YK€ IPU3HAHO H3,6J'IIOI[€HI/IGM, H 3TOT
q)aKT ABJCTCA 1O0CTATOYHBIM CaM I10 ce6e, YTOOBI JO0Ka3aTb 000CHOBAHHOCTD TCOPCTUICCKOT'O
BbIBOJA.

Urak, B 31011 paboTe, MBI UCIIOJIB30BAIM TEPMUH CBEPXHOBAs TOJIBKO CO CChUIKOM Ha Tum A
B3PBIBOB, KOTOPBIE ITPOUCXOIAT, KOTJA 3BE3/bI JOCTUTAKOT HUYKHETO B3PBIBOOIIACHOTO



npenaesna, 0JJHaKo, ObLJIO MOAYEPKHYTO, YTO OCHOBHBIM UCTOYHUKOB SHEPTHH, JIS)KAIIICH B
OCHOBE KBa3apOB M BCEX CBS3aHHBIX C HUMH SIBJICHUN B3pbIBA 3BE3]l, MPOUCXOASAIIUX MTPH
BEPXHEM pa3pyIIUTEIHPHOM OTpaHUYEHUH, 3TO Tun B B3phIBOB. B 3TOT MOMEHT MBI TOJKHBI
NPU3HATH, YTO B3PBIBBI ATOT'O BTOPOTO THIIA, OBUIH JOCTATOYHO OJM3KU K TEM, YTO COCTABIISIOT
Tun A B ux 001em xapakTepe ¥ B CBOMX MPOIyKTax, CIEJ0BATEIBHO, BKIIIOUYAIOT HEKOTOPYIO
uHpopmarnuio o Tune B coObITHiA.

K coxanenuto, 371 HaOIIOJEHUS OTIETBHBIX MEPONPUATHIA, MOTYT OCYLIECTBISATHCS TOJIBKO
IPY HEKOTOPBIX JOBOJBHO CEpbE3HBIX 3aTpynHeHUsX. HeT HabmonaeMbIx CBEpXHOBBIX, B
Haliei rajgaktuke, B TeueHue noutu 400 ner, u undopmanuio 06 aKTUBHON CTaJMH 3TUX
B3pPbIBOB, MOKHO MOJIYYUTh TOJIBKO U3 BHETAJIaKTUYECKOro HaOmoaeHus. Haia BakHeiias
UHpOpMaIUs IPUXOIUT OT U3yUEHUS XapaKTEPUCTUK HEKOTOPBIX aCTPOHOMUYECKUX
00BEKTOB, HEKOTOPBIE U3 KOTOPBIX, KAK U3BECTHO, OCTATKU CTapbIX CBEPXHOBBIX. Jlaxe B
JTy4lIEM cllydae, T0Ka3aTeJIbCTB HE XBAaTaEeT, U 3TO HE YUBUTEIBHO, YTO CYLIECTBYET
3HaYUTeNIbHAs Pa3HUIAa MHEHUN Cpey aCTPOHOMOB, KaK B KJIacCU(PHUKAIUH, TaK U B APYTUX
Bompocax. [[is meneit mocienyromen JUCKyccuu, Mbl OyaeM npupaBHuBath A u B, [ u I,
COOTBETCTBEHHO.

Tuna A B3pbIBa, 3TO OJIHO COOBITHE, KOTOPOE, TEOPETUYECKU, OEPET CBOE HAYaJIO OT ropsyeH,
MACCHUBHBIE 3BE€3/Ibl B BEPXHEW YaCTH IJIaBHOM MOCIEA0BATEIILHOCTH, YJIEH FPYIIIHI,
IPAKTUYECKU UICHTUYHBIX 00BeKTOB. Bee cBepxHoBbie Turma I, mosTomy, 04eHb MOX0XKHU APYT
Ha Apyra. Tunsl [ LIMPOKO pacipoCTpaHEHbI CPEN PA3IUYHBIX TUIIOB TAIAKTUK, KOT/1a OHU
IIPOUCXOJAT, WU, IO KpallHEeW Mepe, MOT'yT BO3HUKHYTh JOBOJIBHO PAHO B KU3HU 3BE3I,
KOTOPBIE B HUX YYACTBYIOT. JTO €IIe OJIMH MOMEHT KOH(DIIMKTA ¢ TeKyIIel MBICIIbIO, WIIH,
TOYHEE, ATO €IIIe OJINH ACIMEKT TOTO e KOH(INKTA, KaK BUJa CBEPXHOBON Ha OCHOBE
onpeneneHus ropssunx maccuBHbIX 3Be37 Tumna I, a He Tuna . B xonTekcre Bzanmuon
CucreMbl, ropsiYue MaCCUBHBIE 3BE3/IbI SIBJISIFOTCS BBICOKOPA3BUTHIMU 00OBEKTAMU TIEPBOTO
MOKOJIEHUS (3BE€3/1bl, KOTOPHIE €I1I€ HE MPOIUIN Yepe3 dTall CBEPXHOBBIX). 3BE3/1bl, KOTOPHIC
npou3BOIAT Tun cBepXHOBBIX I, ropa3io crapiiie HEPa3BUTOrO NEPBOTO MOKOJICHHUS 3BE3] WU
YJIEHOB NOCJIENYIOIIMX ITOKOJICHHM.

Panno BBIOpOCHI SBISAIOTCS O0JI€€ HCTUHHBIMU MPEACTABUTEISIMU IHEPTETUUECKON CUTYAIINH.
311ech MbI JIOJHKHBI 3aBUCETh OT HAOIIOJICHUS 32 OCTATKaMU CTApPhIX CBEPXHOBBIX, HO
pe3yNbTaThl PAAMOU3ZMEPEHHM TUX 0O0BEKTOB ONPEIeTICHHbIC U OHO3HAYHBIe. Hampumep,
€CTh 00J1a4HOCTH B co3Be3auu Jlebens, n3BectHas kak Cygnus, KOTOPOE 0OBIYHO
paccMaTpHuBaeTCs Kak ocTaTok cBepxHoBou Tuma II, u o omenkam, cocrasiser okono 60.000
net. [Tocne Bcero 3Toro, Mbl MO-MpexXHEMY MOJIy4aeM MOYTH BJBOE OOJIbIIIE U3TyUCHHS Ha
yactoTe 400 MI'11 (B paaroinamna3ose) oT 3TOro 0CTaTka, 4eM U3 OCTaTKOB BCEX
ucropuueckux (1006, 1572, 1604) cBepxHOBbIX THNA | BMECTe B3ATHIX.

EcTb psin npyrux ocTaBIIuXCs paioON3TydYeHUN, YTO HAMHOTO BBIIIE BCETO, YTO MOKET OBITH
cootHeceHo ¢ Tunowm I, B Tom uncne Kaccuornes A, HanbOoJiee MHTCHCUBHBIN M3BECTHBIN
paguouctounuk; [C 443, koTopsIil sSBIsETCS TOX0XKUM Ha Jlebenas, u Tpu octarka B boibiiom
MaremnanoBom Obmake. B o0miem, 1ymaeTcsi, MOKHO CKa3aTh, UTO €CIIA UMEIOTCS HEKOTOPhIC
JTAHHbIE, CPABHUTEIIBHO HEJIABHETO MPOUCXO0XKICHUS, BCE OCTATKHU, C U3BMEPUMBIMU
PaIMOU3IyYEHUSIMH, MOTYT OBITh OTOXAECTBIEHBI ¢ Tunom B cBepxHoBrix II, X0Ts coObITHS
Tuna I MoryT ObITH O0Jie€ YACTHIMU B HAIlIEH TaJIAKTUKE.

DTOT BBIBOJI [TO3BOJISIET HAM KJacCU(UIMPOBATh KpaboBUAHYIO TyMaHHOCTh, 6€3yCIIOBHO, KaK
npoaykT Tuna I1. Pagno moTok, ot 3TOro ocratka cBepxHOBOM, HaOmoaemMblil B 1054 roay



Hatie pbl, mpuMepHo B 50 pa3 OoJibiiie ocTaTka cBepxHOBOM Tuna I, koTopast mosIBUIUCH B
1006, 1 moAsTOMY IIpaKTUUECKH OAHOTO Bo3pacta. KpabosuaHoit TymMaHHOCTH acTpOHOMaMu
ObLT IepBOHaYaIbHO Ha3HaueH Tur I, rmaBHbIM 00pa3oM, Ha OCHOBE Pa3IudMs MEXy HEeil U
Kaccuoneeii A, koTopas paccMaTpuBaeTcs Kak npotoTun ocrtatka Tuna II.

bospive n mpogoDKUTENbHBIE PAAUOU3ITyYeHUS CBEpXHOBBIX THHA Il cornacyrores ¢
TEOPETUYECKUMHU pe3yJIbTaTaMU HENPEPBIBHOTO XapakTepa coobiTui Tuna Il. "Hanmnuue
HECKOJIbKUX JIMHUN MOTJIOLIEHUS B CIIEKTPaX MHOTMX CBEpXHOBBIX Tuna Il mokassiBaror, 4to
Oonee, ueM oANH cHapA ObLT B30pBaH" (MHUHKOBCKHIA).

Takum 06pa3om, OUEBUAHO, U BOZMOXKHO, 4TO cBepxHOBas 1054 rona u mocieqHuN BCILIECK
Kaccuomnen A, MOoriu mpeaecTBOBaTh PYTUM KPYITHBIM B3PHIBOOTIACHBIM COOBITUSIM B TOU
&Ke 3Be37e. DTO MPEAJIOKEHUE CTAHOBHUTCS €111e 0oJiee BEPOSTHBIM, KOT/Ia MIOHATO, YTO MHOTHE
u3 "3Be37", ydacTByrOImHMX B Ture cBepxHOBHIX I, (hakTHUecKku 3Be3AHBIC CUCTEMBI IBYX WIIH
HECKOJIbKUX 3Be3/l. JlaHHbIE 3BE3/l, B TAKOM CUCTEME, UMEIOT TE€ e BO3pacTa, HO pa3inyus B
YCJIOBUSIX KU3HU MOKHO OYEHb XOPOIIO MPEJICTABUTH HEKOTOPHIM Pa3InuueM B
ABOJIIOIIMOHHOM BO3pacTe, U, CIEA0BATEIbHO, TaM MOTYT ObITh 3HAUUTEIIbHBIC UHTEPBAI
MEX/y B3pbIBAMH KOMIIOHEHTOB HECKOJBKHUX 3BE3]I.

Panee ObUTO OTMEYEHO, UTO KOMITAKTHBIE SIpa HEKOTOPHIX 00JIee KPYITHBIX TallaKTHK,
JIOBOJILHO TIOXOKH Ha 3BE3]1bI O€TIOT0 KapiIkKa B UX OOIIUX acrekTax. B oboux ciyyasx,
COCTaBHBIC €IUHUIIBI, B CBETE 3BE3]1 SI/Ipa M YaCTHUIl B O€JIOM KapJiuKe, TBUTAIOTCS C
YJIBTPABBICOKOI CKOPOCTHIO B OTPAHMYEHHOM IIPOCTPAHCTBE, B PE3YJIHTATE YETO,
JIOTIOJTHUTEIIPHOE BpEMs BHEIPSACTCS MEXKIy SIMHUIIAMUA MaTePUU U CBOMCTBA MaTepHaia
COBOKYITHOCTH COOTBETCTBYIOIINM 00pa3oM H3MEHSIOTCA. Takoe ralakTu4ecKoe sipo
SIBJISICTCSI TUTAHTCKON BEPCUEH 3BE3/bI OCNBIN KapIuK, Pa3Indasich TOJIBKO B IPUPOIC
OBICTPBIX CAWHUI]. AHATOTHYHBIM 00pa30M, MbI MOXKEM PacCMAaTPUBATh YIbTPA CKOPOCTHBIC
IPOYKTHI B3pbiBa Tuma B, kak MHHHATIOPHBIC BEpCHUU KBa3apa, TYT, OMSTh-TaKH,
CYIIIECTBCHHBIM OTJIMYUEM SIBJIICTCS JIUIIH TO, YTO COCTABHBIMH YaCTSIMH KBa3apa SBIISIOTCS
3BE3/IbI, MPUHUMAs BO BHUMAHHKE, YTO MPOAYKTHI B3pbiBa Tuna B - yacTHIlbl IBUIH U Ta3a.

Kak u B cimyyae ¢ kBazapoM, SHEpPrusi, IPUI0KEHHAS K YACTULIAM C BBICOKOM CKOPOCTBIO B
Tune B, nocrarodna, 9To0bI IPOBECTH UX MUMO HEHUTPaIbLHON TOYKH B 00JIaCTh ABMIKCHHS B
TpEeXMEPHOM BpeMeHH. B KOHeUHOM cueTe, OHU UCUYE3HYT U3 MaTepuaIbHON 00J1acTH
BCEJICHHOM, HO, MPEXK/JI€ UYEM OHU CMOTYT 3TO CAENATh, OHH, KaK KBa3aphl, JOJLKHBI CHAYaIa
peoa0NIETh TpaBUTalvio. [10 cpaBHEHMIO ¢ KBa3apamu, OAHAKO, TPAaBUTALIMOHHOE
BO3/ICHCTBHE HA CBEPXHOBBIC YACTHUIIBI MU3EPHO, U BUJUMBIE PE3YJIbTAThI, CJICI0BATEIBHO,
COBEpILIEHHO pa3Hbie. KBazap B OCHOBHOM COCTOUT U3 MAaT€PHUAIbHBIX YACTHI], KOTOPBIE
WHJMBHUIYaJbHO JBUKYTCS CO CKOPOCTBIO MEHEE, YeM CBET (XOTS YaCTHUIIbI 3BE3/IbI, MIYT Ha
YJIBTPABBICOKUX CKOPOCTSIX), BMECTE C OBICTPO ABMKYIIUMUCS YACTUIIAMU, SIBIISICTCS
IIPOCTPAHCTBEHHO OrpaHUYeHHBIM. [Ipenen BUIuMoCT 11 TaKOro poJia MaTepuasosB -
(GYHKIIMS IPOCTPAHCTBEHHOT'O PACCTOSIHUS, M KBa3ap, CI€I0BATEIHLHO, OCTAETCS KaK BUIUMBIi
00BEKT, MOKa ero o0muii TMMUT He nocTturHeT 2,00, XOTs AeiCTBUE TPaBUTAIIMH B U3MEPEHUHN
B3PBIBHOM CKOpOCTH UCKItouaeTcs npu 1,00. OgHako, yIbTpaBbICOKME CKOPOCTH YaCTHIL,
nony4deHHbIX OT Tuna Il cBepXHOBBIX, HE OTPAHUYEHBI IPOCTPAHCTBEHHO, U UX U3IIyYCHHE
CTaHOBUTCSI HEBUAMMBIM 3a u3MepeHueM paccrosiuus 1,00 B pe3yapTare B3phIBa.

Kax 00bscHsIIOCH, CYIIECTBYET I'PAaBUTALIMOHHBIN Mpeen s KaXKI0i COBOKYITHOCTH
MaTEpHUH, B KOTOPOM IpaBUTAIMOHHBIC TBUXKEHHUS MIPEBBIIIAIOT MPOTPECCUIO, U 32 KOTOPHIM
nporpeccusi Oonbie. Y 3Be3], MOJ0OHBIX COMHILY, ITOT MPEAeI COCTABIISIET HEMHOTUM OoJiee



JIBYX CBETOBBIX JIeT. BHe mpesena, AeicTBHE TPaBUTAIMH MTPOJI0KACT YMEHBINATHCS C
YBEJIMUYEHUEM PACCTOSIHUSL B COOTBETCTBUU C 3aKOHOM OOpaTHBIX KBaJpPaTOB, MOKa Ha JIPYroM
IpeeIbHOM PACCTOSIHUU BCSI Macca He OKaKET TOJIBKO OJHY €IMHUILY CHIIbI, TO €CTh, OHA
JEHUCTBYET TaK )K€, KaK OJIHAa €IMHUIIa MACChl Ha OJIHY €IMHUILY paccTosiHuA. [lockonbKy
JIpOOHBIE €TUHUIIBI HE CYIIECTBYIOT, HE CYIIECTBYET IPAaBUTALIMOHHOTO BO3JICHCTBUSA, KPOME
3TOr0, 32 BHEHIHUM TIpeJiesioM, KOTOopbiid 0k0Ji0 13.000 cBETOBBIX JIET 1Sl OAHOMN 3BE3IbI
COJIHEYHOU MacChl. YJIbTPABbICOKAS CKOPOCTH YACTHII B pe3yJbTaTe B3pbIBa,
NMPOU3BOAMMBIX cBepXHOBO#l Tumna II, u nyremecTByOIHUX HA eAUHULE CKOPOCTH, 1aeT
HX MAKCMMAJIbHYI0 MPOI0JIKUTEJIbHOCTh BUAMMOCTH 0K0J10 13.000 s1eT.

B 06cyxaennn npocTpaHCTBEHHON CKOPOCTH KBa3apa ObLJI0 OTMEYEHO, YTO TOJIBKO Ta YacTh,
B3pPBIBHOW CKOPOCTH, KOTOpasi IPUMEHSAETCS AJIsl IPEOAO0ICHHs TPABUTALIUHY, BIMSIET Ha
JBU)KEHHE B IIPOCTPAHCTBE, U, CIEA0BATENbHO, UYEM OBICTpEE KBa3ap JBUKETCS, TEM MEHbILIEE
IPOCTPAHCTBEHHOE paccTosiHUE OH npoxoaut. Hanpumep, B Touke, rae rpasuranus 0,500,
noJsioBruHa oT 1,00, B3pbIBHAsA CKOPOCTh BBI3BIBAET JIBH)KEHHE B IPOCTPAHCTBE, Apyras
[I0JIOBHMHA HE BIUSAET HA YHCTYIO HAPYKHYIO CKOPOCTh. TOT 7K€ MPUHLIKII OTHOCUTCS U K
usnydennro. Ha atom xe 0,500 paccrosiHun, HaOIIOAaeTCsl MOJIOBUHA U3TyUEHHUS MPOTYKTOB
CBEPXBBICOKOW CKOPOCTH B3pbIBa B MPOCTPAHCTBE, a pyras NOJIOBUHA HE MOAJIAeTCs
HaOmoaeHno. Ho HeT JpOOHBIX €AMHUL, U B KQXKAYIO €IMHUIYY BPEMEHU U3ITyUYEHHUE JOJIKHO
OBITH MO0 MPOCTPAHCTBEHHBIM, JINOO HEMPOCTPAHCTBEHHBIM; OHO HE MOKET OBITh Pa3JeiIeHO
Mexay HuMU. CrieJoBaTeNIbHO, CHUKEHNEe MPOCTPAHCTBEHHOT0 M3JIyYeHUs HUKe YPOBHS
OJHO eIMHMIbI U3JIYYEeHHUs] 32 eJUHUILY BpeMEeHHU, IPONUCXOAUT 32 YMCJI0 eJMHMI
BpPEeMeHH, B KOTOPbIX M3JIy4eHHe BO3HMKAET B IPOCTPAHCTBE, TO €CTh, M3JIy4eHHe
padoraer ¢ nepedosimu Ha 0,500 anbTepHATHUBHBIX €AUHUI IPOCTPAHCTBA.

EctrecTBeHHasi eAMHMIIA BpeMeHH ObLIa OLleHeHA B MPeIbIAYIINX My0TUKAIUIX KAK
0,152x10™"° cexyna. Mbl, TakuM 06Pa30M, OTyIaeM H3IYYCHHS B TEUCHHE TAKOTO IEPHO/A
BPEMEHH, TOCIIe KOTOPOro miaeT Thxmii muTepsai 0,152x10™ cexymz, 3aTem elre oaHa
BCIIBIIIKA U3TTyY€HHUs], U Tak jgajiee. OueBUIHO, YTO YEPEJOBAHUE TAKUX YPE3BBIYANHO
KOPOTKHX MPOMEXKYTKOB BPEMEHH HE OTJIMYAETCS OT HEMPEPHIBHOM SMUCCHUHU, HO KOTJ1a
BBICOKAsi CKOPOCTb MPOJIYKTOB B3PbIBA MEPEMEIAETCS HAPY>Ky B aKTUBHOM MPOCTPAHCTBE,
HEaKTUBHbBIEC OJIOKM BPEMEHH YMEHBILIAIOTCS, U, KOTAa BO3PACT 3TOT0 MPOYKTa HAUMHAET
npubnuxatses 13.000 siet, orpaHu4YeHHEe COOTHOLIEHUS CTAHOBUTCS JJOCTATOYHO MaJIbIM,
YTOOBI JeNaTh NEPUOIUYHOCTh OUEBUIHON. B 3THX yCcnoBUsX, N3IyUeHHE IPUHUMAET POopMy
MIOCJICIOBATENIHLHOCTH UMITYJIHCOB. [10 3TOM npuynHe Habt01aeTCs yIbTPACKOPOCTHON
IpOAYKT cBepxHOBOW Tumna II, n3BecTHbIN Kak Imymiabscap.

Pacnpenenenuie u HaOIIOIeHUE CBOMCTB ATUX OOBEKTOB, OBLIIO UCTOJIKOBAHO KaK
CBUJIETEJILCTBO TOT'O, UTO OHU PACIOJIOKEHBI B MpejieaxX raJJakTUKU U Ha PacCTOSTHUU, B
OCHOBHOM, B 2 uiu 3 Kpc. 910 cornacyercs ¢ TCOpEeTUYECKUM BBIBOJIOM, YTO OHU SIBJISIFOTCS
npoayktamu Tumna Il cBepxHoBBIX. Kpome TOro, 1Ba mysibcapbl ObUIM TOYHO OTNPEJICTECHbI B
OCTaTKaX CBEPXHOBBIX, U [IpeHTHC Hallle]T HECKOJIBKO MeHEee YOS UTENbHBIX I0Ka3aTeIbCTB
KOPPEJISIIUY C ele YeThIpbMs. MoppucoH yTBepxkaaeT, uto "KBaszap — 3Be3IHbIN
PaTMOMCTOYHHUK, aHAJIOTMYHBIN ITyJIbCApy BO BCEX OTHOIICHHIX, KpOMe MaciiTada'", u oH
MpEIoJaraeT, YTo KBa3aphl SBIISIIOTCS MMPOCTO TMTAaHTCKUMU Tyjabcapamu. CuTyanus, KaKk Mbl
BHUJIUM TEOPETUUYECKH, HECKOJIBKO CIIOXKHEE, YEM ITO, HO B KAYECTBE MIEPBOTO MPUOIMKCHUS,
3asiBJICHUE BEPHO.



Kak ux ananoru tuna I, myascapsl MOTYT HapalMBaTh MaTepyai U3 UX OKPYKEHUS U
CTAaHOBUTHCS BUJMMBIMU Kak Oenbie kapiauku. OIHaKo, yCIOBUs HEOIArONMPUSATHBI ISl TAKUX
aKKpeLMi 13-3a KOPOTKOM MPOJOKUTENbHOCTH )KM3HU ITUX 00BEKTOB M OIPAaHUYEHHOTO
KOJIMYECTBA MEMJICHHOM CKOPOCTH MAaTEPHUANIOB, IOCTYIIHbIX JIJIs1 3axBaTa. M moka ToJapKOo oJHa
Takas 3Be37a Obljia ONpe/IeJICHHO HaliieHa. JTo 3Be3/1a, CBSI3aHHAs C MyJIbCApOM B
KkpaboBuaHON TyMaHHOCTH, OKpYXaromiasi cpeia KOTOPOil, Kak Ka)eTcs, JOBOJIbHO HEOObIYHA,
BO3MO’KHO, KaK IPEIIO0JI0KEHO paHee, h3-3a 00Jiee paHHUX B3PHIBOB HA TOM )K€ MECTE.
OTHOCHUTENIBHO HU3Kas NOJIApU3allis U3yUYeHUs OT MyJibcapa KpaboBuaHoi TymMaHHOCTH, HE
CTBIKY€ETCs ¢ MONHOU nossipuzanueit or PSR 0833, miaamiero u3 3Tux 00bEKTOB, UTO
CBUJETEIBCTBYET O 3HAUMTEIBHOM 3BOIIOLIMOHHON pa3Hulle. [IoCKoNIbKy M3nydeHue myabcapa
UCXOJUT MOYTH UCKITFOUUTEIBHO U3 YACTUL] MATEPUU IIPU CBEPXBBICOKUX CKOPOCTSX, OH MTOYTH
MOJIHOCTBIO MOJISIPU30BaH MO SMUCCUHU, U HUHKHUE U3MEPEHUS MOJISIpU3AI[UU MOTYT ObITh
IPUHSATHI B KAYECTBE JI0KA3aTENbCTBA ACTIOISPU3ALIUH.

Bombiroe koaudecTBoO yCuiauii ObIIO YIeICHO IMTOMCKY OSIbIX KapJIMKOB B ITyJIbcapax, u3-3a
AKTyaJIbHOCTU 3TOW MH(POPMAIIUU B TEOPHH, KOTOPask H300pakaeT MyJIbCcaphl KaK Oebie
KapJIUKH, CYIIECTBYIONINE TP HEKOTOPHIX 0COOBIX YCIOBHUSAX, U "HECTIOCOOHOCTH OOHAPYKHUTh
UX ONTUYECKH, HECMOTPS HA TIIATEIbHBIA MOUCK", B 3HAYUTEILHON CTENIEHH NIPOTUB TEOPUH
Oenoro kapauka. Hamm pe3yabTaTsl TOBOPSIT O TOM, YTO MyJIbCAPhl MOTYT B35ITh Ha ce0sI
CTaTyc OeJIbIX KapJIUKOB, HO B OOJBIIMHCTBE CIIy4aeB 3TOr0 HE OyJeT, U OTCYTCTBUE ycIiexa B
UX TOUCKE HE yauBHUTENIbHO. Hanbosee BepoATHBIC MEPCIICKTUBBI JIJIs1 ONTUYECKOTO
pacrio3HaBaHMs MPEACTABISAIOT MYJIbCAPhl, B KOTOPBIX MOJISPU3ALMS SBJISIETCS OTHOCUTEIBHO
HU3KOM.

N3 00bsicHEeHNH TPOUCXOKICHUS MYJIHCAPOB, TPUBEIACHHBIX B MPEABITYIINX MTyHKTaX
OYEBUHO, UTO NEPUOJ MYIbCALINU AOJKEH ObITh YBEIUYEH IPU U3MEPEHUU CKOPOCTH. 3]1ECh,
OTISATH )K€, HAOII0ICHUS MOATBEPKIAIOT TEOpETUUECKHUE BBIBOIBIL. ""[Iepro/ibl BCceX MybCcapoB,
JI0 CUX TOP U3YUYEHHBIX, CACTEMAaTUUECKH BO3pACTaIOT, TOBOpUT Xbioulil. [Tockonbky
YMEHBIIICHUE HAYMHAETCS OT IPABUTALIMOHHOTO OTPAaHUYEHUS BO BCEX CIIydasix, IEPUO]I
nmyJibcapa sIBISETCS] YKa3aHUEM Ha €ro BO3pacT, U 3TO COOTHOIIEHUE 00eCTIeYMBaeT CPEICTBO, C
MOMOIIIBI0 KOTOPOTO MOXHO MPUHTH K HEKOTOPHIM BBIBOJIaM OTHOCHUTEJIBHO Kbl BPEMEHU
9THUX 00OBHEKTOB.

OTtaenbHBIC YJIbCAPHI, B MACIITa0aX BPEMEHH, OyIyT MEHATHCS 10 HEKOTOPOU CTETICHH,
MOTOMY YTO OHM OCHOBaHbI Ha TPABUTAIIMOHHOM OTPAHUYECHHUU U 3TH OTPAaHUYEHUS 3aBUCST OT
3BE3/IHOM MaccChl, KOTOPOH, OJTHAKO, Mbl MOKEM YCTAHOBUTH HEKOTOPBIE 3HAYEHHUSI HA OCHOBE
COJIHEYHOM Macchl, KaK yKa3zaHue Ha oOIyto cuTyaluto. [leppoHadanbHo, B3phIBaIOIIAsCA
3B€3/1a HAXOUTCS 3a MpeAesiaMHi IPAaBUTALMOHHOTO MpEJeNa ee OnrKaillero coceaa, u
IrPaBUTAIIMOHHOE OIPAHUYCHUE MyJIbcapa, B OCHOBHOM, M3-3a MEJIJICHHO JBUXYIIUXCS
0CTaTKOB B3pbIBa. O/THAKO, 3TOT A3(HPEKT OBICTPO YMEHBIIIAETCS B TCUCHHE KOPOTKOTO
BpeMeHH. M3-3a CI0)KHOCTH 3TOM NIepBOHAYATIBLHON CUTYaIlMU Mbl HE B COCTOSIHMM MPHUHSTH €€
B KQ4eCTBE OTIPABHON TOYKH, HO MbI 3Ha€M BO3PACT U MEPUOJT IyJibcapa KpaOOBUIHOM
Tymannoctu NP 0532, koropomy 900 siet u 0,033 cekyHbI COOTBETCTBEHHO, M MBI MOXEM
OCHOBBIBAThH HAIIIKM PACUEThl HAa ITUX IU(pax.

['paBUTALIMIOHHOE OrpaHUYECHHUE U3ITYUEHUS SBIISECTCA HENIPEPBIBHBIM, TO €CTh U3JIyUEHHE
MOJIY4YEHHOE 3a IEPUO/T 6,6x10™ exuHu BPEMEHH, B KOXAYI0 CeKyHay. 3a 900 ner
NyTELIEeCTBUS MyJIbcapa Ha CKOPOCTHU CBETA, B pe3yJIbTaTe B3PbIBHOI'O U3MEPEHHUSI, OH
caBuHyJica Ha paccTostHie 900 CBETOBBIX JIET B 3TOM U3MEPEHUU (PacCTOSTHUE, aHAIIOTMYHOE
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"MpocTpaHCTBY KBa3apa'" MpeAblyIero 00CyKAeHus), ¥ 0 TPUUYUHE OciabaeHus
IPaBUTAIIMOHHON CHJIBI M3ITy4YEeHHUs], ObUI YMEHBIIEH 0 TOYKH, IJI€ TOJy4YrIT ToJIbKOo 30 enuHuIL
B ceKyHy. OTHOIIEHHE 3TOT0 MEePHO/ia MyJIbCAIMH K HAaYaJIbHOMY MEPUOAY COCTABIISIET
2,2x10", 1 cOOTBETCTBYIOIIIEE COOTHOMICHHE PACCTOSHMUS, 1O IPUUNHE CBS3H OOPATHBIX
KBA/(PATOB, KBAAPATHBIN KOPEHb W3 9TOH Bennuuusl, win 1,5x10". enenuem 900 et Ha
1,5x107, MbI moygaem 6x10™ CBETOBBIX JIeT, B KadecTBe d((peKTHBHOTO IPABUTALIHOHHOTO
npenena. ITo 03HaYaeT, YTO Ha TAKOM PACCTOSHUM, TPUOIU3UTENBHO B 500 3BE3THBIX
JUAMETPOB, CyMMa I'PaBUTALIMOHHOTO BO3/IEUCTBUS HA COCETHUE 3BE3/Ibl U OCTATKU
CBEPXHOBOM, paBHA MPOCTPAHCTBEHHO-BPEMEHHOW MIPOTrPECCUH, U pagualisl NO-MPEKHEMY
HEMPEPbIBHA. 32 TOM TOYKOW, MOSIBIIAECTCS MyJIbCallsl C POCTOM NEPUOAA.

['nans Teneps B APYTryr0 CTOPOHY OT 3TAJIOHHOTO IMyJibcapa, K 00bEKTY OOJIBIIIEr0 BO3pacTa,
PSR 0833, BTOpoit mosionoii mynbcap umeet nepuon 0,089 cekyHa, 4TO COOTBETCTBYET
Bo3pacty 1470 net. DTOT myJnbcap, mosTomy, nmoutu Ha 600 et crapiie, yeM KpaboBHUIHAS
TymannocTs. Takum 00pa3om, caMblil JIMHHBIN TIEPUO, U3 OOHAPYKEHHBIX, 3,475 CEKyH]I,
4yTO yKa3biBaeT Ha Bo3pacT 900 net. HekoTopsle elie IIuHHEe, 10 KOHEUHOIO Mpejiesia 0KOI0
13.000 net. Ho aTu nyiviHHBIE TIEPHOIBI MTYIBCAPOB, BEPOSTHO, OYAYT C1aOBIMU U TPYIHO
oOHapyxuBaeMbIMU. IHTEepecHas TemMa ISl UCCIEA0BAHUS - MyJIbCap, KOTOPHIA TEOPETUUECKU
JIOJKEH CYILECTBOBATh B cBepXxHOBOM Kaccuoneu A. Ecnu 3Ta cBepxHOBas 00pa3oBajiach
ToabKO0 300 €T ToMy Ha3aJl, Kak MOKa3bIBAECT ABUKEHUE OCTATKOB, 3TH OCTATKHU JOJIKHBI
CoJIepKaTh MyJibcap ¢ MepuoaoM, Toiabko 1/9 mynbcapa B Tymannoctu Kpaba. 9to 270
UMITYJIbCOB B CEKYH]y, UYTO, HECCOMHEHHO, OyJIeT TPYAHO OOHAPYKUTh, HO HE 00s3aTEIbHO
HEBO3MOXHO (ceiyac HaiiieH myabcap, 1937+21, BenbixuBaromuii 642 pa3a B CEKyHY; IPUM.
alexfl).

VYka3zaHHOe HCCleI0BaHUE BO3PACTHOTO cocTaBa S0 MmyJibcapoB, MEPEUUCIECHHBIX B CTAThE
Xprout B 1970 1, ['omoBoit O630p ActpoHOoMun U ACTpoPU3UKH, pACKPHIBAET JOBOJIBHO
HEOXKUJaHHYIO cuTyalnio. Ha oCHOBE T€OPETHYECKOTO COOTHOIEHUS MEXKITY MEPUOJIOM U
BO3PACTOM, 3TH IMyJIbCAPHI SBISIOTCS PaCIpeCICHHBIMU 110 BO3PACTHOMY JHANa3oHy, HE
menee 10.000 ner. B Teuenue 6.000 net u3 aToit cymmel, nepsoiii 4.500 1 camblid MOCIEHUN
1.500, Tonpko 6 mynbcapoB, OKA3aduCh B CPEIHEM IO OAHOMY Ha Kaxayro 1.000 net. Ho B
nocneayromue 4.000 net, 44 nynbcapa, no ogHomy Ha kaxaeie 100 ner. Kpome Toro, ypoBeHb
00pa3oBaHUs HE HAPAIIMBAETCS MOCTETIICHHO JI0 MHUKA U 3aTeM MEJUICHHO CHUXKAETCS, KaK
MOKHO OBIJIO 0XKHJIaTh; OH MOIHSJICS, U BAPYT CTAJl TOYTH Hen3MeHHbIM B TeueHue 4.000 mer,
a 3aTeM yIaJl TaK K€ BHE3aITHO, KaK ¥ MOIHSIICS.

B stoM, ka3anock Obl, aHOMaJILHOM pacHpeIeICHUH TI0 BPEMEHU, MOXKET TOMOYb HAUTH
00BSCHEHHE YpE3MEPHOE YUCIIO MysbcapoB. CTaBKa OJMH Ha COTHIO JIET U3 OJTHOM T'aJlaKTHUKH,
SIBHO HE COBMECTMMA C HBIHEITHUMU OLIEHKaMU cpeHero koanuecta Tuna Il cBepXHOBBIX,
KOTOPBIEC HAXOJIATCS B IMANIa30HE OJHOM B HECKOJIBKO COT JIET JJIsl BCEM rajakTuku. Bopouew,
MBI YK€ OTMEUAJI, YTO TaJaKTUKa COAEPKUT MHOTO CKOTUUIEHUM 3BE3]1, MPUMEPHO OJHOTO
BO3pacTa, v 0OJIBIIOE YHCIIO MYJIbCapoB, Mpoucxoasaiux B nepuoa 4.000 ieT, MOKeT ObITh
CJIEACTBUEM LIeJIOro Knactepa u3 40 3Be3/1, JOCTUTILIUX Pa3pyILIUTENBHOTO MIPEAENa MOUTH
OJIHOBPEMEHHO.

Jlaxe Ha ATOM OCHOBE, YKa3aHHBIE MYJIbCAPHI KAXKYTCS YPE3MEPHBIMU ISl PETUOHA, C
paauycom okoiio 3 Kpc, 1 MoxeT ObITh 11e51ecO00pa3HbIM AOMOTHUTEIBHO PACCMOTPETh
BO3MOXHOCTb TOT'0, YTO MyJICAPHI, HA CAMOM JI€JI€, MOTYT OBITh PAcOJI0KEHbI Ha
3HAYUTEIBHO OOJIBIINX PACCTOSHUSAX, YEM MPUHATO ceiyac. DHEpreTudeckrue cooOpakeHus,
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Hanpumep, Oy1yT CIOCOOCTBOBAThH CYIIECTBEHHOMY YBEJIMUEHHUIO MacIlITa0a pacCTOSHUM,
KOTI'/Ia YYUTBIBAETCS IByMEpHAsi IPUPOAa U3ITYyUEHUS MTyJIbCAPOB.

JleCTBUTENBHO, MPEACTABISACTCA, UTO CYIIECTBYET JOCTATOYHO OCHOBAHUM IS
IIPEAOI0KEHHUS, YTO HAOIIOAaeMbIC ITyJIhCAPhl PACTIPECIICHBI TTO OONBINEH YAaCTH TATAKTHKH.
Ha »T0if ocHOBE, CHITbHASI KOHIICHTPAIHSI 3TUX O0BEKTOB IO OTHOIICHUIO K TATaKTUIECKON
TUTOCKOCTH, KOTOpas ceiuac HeoObsICHNMa, OyIeT COOTBETCTBOBATH JOBOJIHLHO PABHOMEPHOMY
pacnpeiesIEHUIO MyIbCAPOB CPEAU 3BE3] TAUTAKTUKU, PE3YJIbTAT, KOTOPBIA MbI 1OJIYKHbI
0KMJIaTh OT JICUCTBUS CMCIIMBAHUS, 32 CUCT JBMIKCHHS T'aJJaKTHKH.

Ha nanHom srare, HET JOCTYIHBIX JaHHBIX HAOJIOJACHHUM IOCTATOYHON TOYHOCTH, YTOOBI
BKJIFOUUTH MPOBEICHUS HE3aBUCUMOM MPOBEPKHU pacHpe/IeIeHUs MTyJIbCapoB B 00bEME.
CpaBHeHHE pacueTHON 00beMHOI KOHIIEHTPAIMK 3TUX 00BEKTOB C COOTBETCTBYIOLIUMHU
3HAYCHUSMHU JIJIs1 OCJIBIX KapJIMKOB, TEM HE MEHEee, CITYKUT TpyOoii TpOBEPKOIi Iepro/ia B
13.000 set, KOTOPBIN MBI yKa3aJIH, Kak TPUOJU3UTENIbHBIN CPOK KU3HU MyJbcapa. Ha nepBblit
B3TJISAJT 3Ta HUPpa KaKeTcs KpaliHe HU3KOMU, B CBSI3U C TEM, UTO OOJIIIIMHCTBO CTaIUMN
3BE3[IHOTO CYIIECTBOBAHMSI PACIIPOCTPAHAETCSA HA JUANa30H B MUJUIMAPIbI JIET, HO KOTJa MbI
CpPaBHUBAEM OTHOCHUTEJIbHYIO IJIOTHOCTh MPOCTPAHCTBA JBYX KJIACCOB OOBEKTOB, Mbl HAXOJIUM,
YTO XU3Hb IyJIbcapa 005A3aTeNbHO JA0HKHA ObITh OYEHb KOPOTKOM. Yncio 38e37, B
ONKalMX palloHax raJlakTUKH, IO OLIEHKaM, MPUMEpPHO oJHa Ha 10 KyOMYecKuX MapceKoB,
¥ OKOJIO TpeX MPOIEHTOB U3 HUX CUUTAIOTCS Kapiukamu. Ha 3Toit ocHOBe, ynciIo Oenbix
KapauKkoB Ha Kyoudeckuit mapcek 0,003. OneHku mpoCcTpaHCTBEHHOM MIIOTHOCTHU MyJIbCAPOB
npuBen k 5x10° Ha kyGmuecknii napcek. Eciy Mbl IPHHIMAEM CYIICCTBYIOIICE MHCHHE, YTO
o0111ee YMCIIO CBEPXHOBBIX JICIUTCA IPUMEPHO MOPOBHY MEXKIY ABYMsI BUIaMHU, TO IEPUObI
KU3HU JABYX YJIbTPa BHICOKO CKOPOCTHBIX MPOAYKTOB B3phIBA MPONOPIIMOHAIBHBI UX
IPOCTPAHCTBEHHOM IIOTHOCTH.

Ymuoxenue 13.000 et xu3HY Mymnbcapa Ha Koo QHIHeHT m1oTHOCTH, 6x10%, MBI IpHXOIMM
Kk 8x10°, mun 0x0.10 0HOTO MWLJIMAP/A JIET, NPOA0IKUTETbHOCTH KU3HH 0€J10T0
KapJuka. J1a uudpa, BEposiTHO, HEMHOTO 3aHMKEHA, TaK KaK €CTh OCHOBaHUS M0JIaraTh, 4To
YHUCIIO OENbIX KapJIMKOB, B HACTOSAIIEE BpeMsi, HEJIOOIICHUBAETCSA, TPUHUMAsi BO BHUMaHUE, YTO
IPOCTPAHCTBO MIOTHOCTH IMYJIHCAPOB, BEPOSITHO 3aBBIIICHO, HO, B JTIOOOM Cllydae, pacueT
nokaseiBaet, 4yTo 13.000 jeT :xu3HU MyJabcapa cOOTBETCTBYHT MIJIJIMAPAY JIeT KU3HU J1JIA
0eJ10ro KapJuKa.

Cy1ecTBYIOT ONPEICIICHHBIC PACXO0XKICHUS MEXKy U3MEPEHHBIMHU TEMITAMH POCTa MEPUOIOB
MyJIbCAIlUU U TEOPETUUECKUMU JaHHBIMU, CBSI3aHHBIMH C COOTBETCTBYIOIIUMH MIEPHOIAMH, HO
OHH, BEPOSITHO, B IMANIA30HE OTKJIOHCHUH, KOTOPhIE MOXKHO OKHMJIaTh MO0 MPUYUHE BHYTPEHHEN
NeSATeIbHOCTHU IyJIbCapoB. BHyTpeHHEe NBUKEHNUE MOXKET JTU00 100aBUTh, TNO0 YOABUTH
HOPMAaJIbHBIN TEMIT yBETMYEHUS MIEPUOJIA, JaXKE B TOM MEpE, B HEKOTOPBIX CIIydasix, 4To
npeoOpa3oBaHue YBEIMUCHUS HA CHUYKEHUE, TPOUCXOIUT B TEYEHUE OTPAHUYEHHOTO BPEMEHH.
"Bue3zamnHble" n3MeHEHUs1 ObLIIN 3apErUCTPUPOBAHBI B 000MX MOJIOABIX Mylibcapax, NP 0532 u

PSR 0833.

B nomnonHeHre Kk BHYTPEHHUM JIBH)KEHUSIM, TaM MOTYT OBITh BpallleHUs MyJIbcapa B LIEJIOM, U
TOHKAs CTPYKTYpa UMITYJIbCOB SIBJIICTCS OTPAXKEHHUEM ITUX IBYX (pakTopoB. Tak Ha3pIBaeMble
"npendyromue" uin "moxoaHbIe" MOIUMIYJIbCHI, HAPUMED, BIIOJHE OYEBUIHO, YTO BIUSIOT
Ha MECTHBIE IBUKEHUS B ITyJIbCape, KOTOPbIE MOSBISIOTCS, 110 BCEH BUIUMOCTH, U3-32
BpalleHus myjascapoB. Hamnuue mim oTCyTCTBUE MaTepraia ¢ MEIJIEHHON CKOPOCThIO, MOXKET
uMeTh 3HaunTenbHbIN P Pext. PSR 0833, nanpumep, rae 100% monspusanus, moka3bpiBaeT



MaJyto WK OTCYTCTBYIOIIYIO aKKPEIMUIO, B TO BpeMsl, KaKk APyroil MoJiofoi mysabcap, NP
0532, B kpaboBuHOM TyMaHHOCTH, UMEET CYIIECTBEHHBIN 00BhEeM HAKOIUIEHHOTO MaTepuaia 1
CJIOKHBI UMITYJIBC TOHKOU CTPYKTYPBI.

Koneuno, O0JBIIMHCTBO JaHHBIX, KOTOPHIE MBI HCIIOJIB30BAIM B IPEIBIIYIINX 00CYKACHUAX
yJIbCAPOB, SBJSIOTCS UMb TPyObIMU TPUOJIMKEHUSIMH B CTOPOHY U3MEPEHHBIX MIEPUOJIOB
nynscanuii. [loutn mr060e npruBeneHHOE 3HaYEHNE MOXKET OBITh B omnOKe B 3 uiu 4 pasa, HO
OHHM MOJXOJAT APYT K APYTY AOCTATOUHO OJIU3KO, YTOOBI IOKA3aTh, YTO TEOPHS MyJbcapa
IPOUCXOJUT OT KOHLEIIINU BCEIEHHOU IBU>KEHUS, TPOU3BO/I PE3YJIbTATHI, KOTOPBIE
COrJIacyloTCs C TEM, YTO U3BECTHO 00 ATHX 00bekTax. Jlo Takol CTENeHu, YTO MOATBEPKIACHUE
BO3MOJKHO JIa)K€ B CYLIECTBYIOIIUX YCIOBUAX, IOATOMY, 3TO OATBEPKAAET YTBEPKICHUS
TEOPUH, UYTO MYJIbCAPbI ABJAKTCH KPATKOCPOYHBIMH, BBICOKOCKOPOCTHBIMHU IPOAYKTAMH
ceepxHoBbIX Tumna II.

Ha npenplaymux cTpaHuiiax, Mbl BHITOJIHHWIIN CBOKO 33/1a4y 3a CUET MOTYUYEHUs
NOCJIEOBATENBHON U LEJIOCTHOM TEOPUH ITyJIbCAPOB, KBa3apOB, U SBJICHUM, U, IOJTBEPIUIH €€
JEHUCTBUE OTPOMHBIM KOJIMYECTBOM KAYECTBEHHBIX U KOJIMYECTBEHHBIX JaHHBIX. Kak TOIbKO
3TO CTaJIO0 BO3MOKHBIM, UYTOOBI UMETh JOCTATOYHYIO HAYYHYIO CMEJIOCTh OTOPOCUTH
HECOCTOSATENbHYI0 KOHLEIIINUIO BCEJICHHOW MaTepuu, Ha KOTOPOU € TPYJIOM OCHOBAHbI
TpPaJAULIMOHHBIE TEOPUH, MBI TOTOBBI 3aMEHUTD €€ Ha MOHATUE BCEICHHOW, B KOTOPOU
0a30BBIMU CYIITHOCTSIMU SIBJISIFOTCS €AMHUIIBI IBUJKEHUS, CYIleCTBOBAHHME KBa3apoB
CTAHOBHUTCS OJJHUM M3 Hen30eKHbIX nocjaeacTBuii. [lorpeboBasoch oueHb MHOTO CTpaHHMIL,
YTOOBI IPOCIEIUTH LIETIOUYKY PACCYXACHUN BCEro MyTH OT OCHOBHOM KOHIIETIIMHU JI0 KBa3apa,
HO 3TO TOJIBKO IOTOMY, YTO MHOT'O BHUMaHHUsI ObUIO y1eaeHO JeTainsiM. OCHOBHBIE 3JIEMEHTHI
TEOPETHUUECKOMN pa3pabOTKH SABISIOTCS MPOCTHIMH, U JIOTHYECKHA U MATEMAaTUYECKH.

Ho yMecTHO moguepkHyTh, 4TO 3TO He MPOCTO TEOPUS KBAa3apOB U UX IOMOLIHMUKOB; OHA
SIBJIsIeTCH 0011eii Teopueil pusnueckoil BCeJICHHOM, TOM, YTO PACIPOCTPAHSETCH HA BCe
(pusnueckue siBJICHHS, 1 OHA UCIOJb3YET Te K€ MPUHUMUIbI U OTHOLIEHHUS K
ACTPOHOMMYECKHUM SIBJICHUSIM, BKJIIOYAasi KBa3apbl U MYJbCAPbl, KOTOPbIE UCIO0JIb3YHTCH
B padoTe €O CBOMCTBAMHU MATEPUH, OBEJAECHUEM YICKTPUUYECTBA U MATHETU3MA, UJIH
KAKUX-JIU00 Apyrux (pusudeckux JIUI WM oTHoeHuii. Teopus He Obla mocTpoeHa Jist
Pa3bACHEHMSI KBa3apoOB; 3TO ObLIO B T'OJIbI CYIIECTBOBAHUSA /IO TOTO, KaK OBIIIM OTKPBITHI
KBa3aphl, U HET JOMOJHEHHI, HEOOXOAUMBIX JIJIsi OOBSICHEHUSI SIBICHUI KBa3apoB B cepe
CBOEH AESATEIBHOCTH.

Kpowme Toro, ata Teopust paboTaet He Ha OCHOBE HalyMaHHOTO CHEI[UaTbHOTO
IPEANOI0KEHUS, KOTOPOE TPAIULUOHHBIE TEOPUH CUUTAIOT HEOOXOJUMBIM HCIOIB30BATh JIJIS
00BSCHEHUSI KBa3apOB U TAKHUX SIBJICHUMN, KaK "HEUTPOHHBIE 3Be3/Ibl", "' UepHBIE JBIPHI",
"rpaBUTALIMOHHBIN Koyarc", "KBapku'", U Ipyrue NpuayJIuBbIE TOHATHS, HE UMEIOIIINE
HaOJII0JaeMbIX MOATBEPHKACHUIM, YTO YaCTO MPOCTO BBHITAIIEHO U3 Bo3Ayxa. [leficTBUTENBHO,
HOBAas TEOpUS HE J€JIA€T HUKAKUX MPEIIIOIOKEHUM, KPOME MPEAIIOJI0KEHUS O IPUPOJE
IIPOCTPAHCTBA U BPEMEHH, KOTOPBIE COCTABIIAIOT OCHOBHBIE IIOCTYJIATHI CUCTEMBI.
CyuiecTBoBaHME KaKI0r0 (PU3HUECKOTO JIMLA, BBIBOJAUTCS U3 OCTYJIMPOBAHHBIX CBOWMCTB
IPOCTPAHCTBA M BpeMEHH, 0e3 BBEACHUS YeT0-IN00 U3 JH000r0 JPYyroro HCTOYHHKA.

HaKOHGH, CTOUT OTMCTHUTDL, YTO HOBAA CUCTCMA TCOPUU JOCTUTACT BBICOKOM CTEIICHU
SKOHOMHUM MEICIIH. Te ke O6’I)HCH€HI/ISI, KOTOPBIC YYUTHIBAKOT 0COOEHHOCTH 0€JI0TO KapJiuka,
TAKKC IICPCHOCATCA HAa UCXOAHBIC XaPAKTCPUCTHUKH KBA3apOB, I'AJIAKTHK ceﬁ(bepTa, U IpyTruc
00BEKTHI ATOro THIA. Te K€ NCTOYHUKH OHCPIUur, KOTOPLIC IIPOU3BOIAT BCIINKUC



rajjakTUYeCKue B3PBIBBI, TAKKE AAIOT SHEPTUIO U3TYUYCHHS OT PAUOTAIAKTUK, JIJIs
cBepxHoBbIX Tuma II, u 17151 60BIIOr0 BRIXO/1A SHEPTUH U3 KBa3apoB. ToT ke dakTop,
KOTOPBIN YUYUTHIBAET XapaKkTep ABUKEHUS, COOOIIEHHOTO KBA3apy MEPBUYHBIM T'aJIAKTHUYECKUM
B3PBIBOM, TAKXKE JACT CBSI3b BEJIMUUHBI PACCTOSHUS 10 KBa3apa M XapaKTep KPacHOIo
CMEILEHHUS, ¥ MOJIAPU3ALUIO U3TyUEHUS HE TOJIBKO KBa3apa, HO U IyJIbCapOB.

K sToMy MOMEHTY, TOIKHO OBITH SICHO, UTO TPAAUIIMOHHBIE (PU3HUECKHE TEOPUH, OCHOBAHHBIE
Ha KOHIIETIMHU BCEJICHHOW MaTEPUH, JOCTUIIIM KOHIIA CBOETO MyTU. B KOHIIE KOHIIOB,
CYILIECTBYIOT MPEEIIbl TOTO, YTO MOXET ObITh MOCTPOEHO HA JIOKHOM OCHOBAHUH, JIAXE B
MHTEpECcaxX BCEX CHEIUATbHBIX JAOMYIICHUHN, MPUHIUIIOB OECCHIINS, U JPYTUX XUTPOYMHBIX
YCTPOMCTB, 4YTO COBPEMEHHBIE YUCHBIE UCIIONIB3YIOT, YTOOBI N30€KaTh MPOTUBOPEUHI U
HECOOTBETCTBUM U YKPENUTH c1a0ble MECTA B CBOMX PACCYKJICHUSAX.

ACTpPOHOMBI, KOTOPbIE 3aHUMAIOTCS PU3NUYECKUMU SIBJICHUSIMHU B TUTAHTCKUX MaciuTadax,
OCTPO CO3HAIOT HEJIOBKYIO CUTYallUIO, B KOTOPYIO OHU MOCTaBJIEHbI OTCYTCTBUEM KAKUX-THOO
TEOPETUYECKUX CTPYKTYP, KOTOPbIE IPUMEHHUMBI K UX HOBBIM OTKPBITHUSIM.

“ MbI okus1aeM OOJIBIIIOTO TEOPETHUYECKOT0 HACTYIUICHHS, KOTOpOe OyIeT YTOUHSTh HaIlle
MMOHUMAaHKE MHOTHX HEJIOYMEHUM U 0COOCHHOCTEHN, KOTOPhIE ObLITH BBISBIICHBI 3a IMOCIIETHUE
roasl”’

Kak Tonpko 3T0 moHMMaHue Oy1eT JOCTUTHYTO, M IOTUYECKHUE MOCIEICTBUS TOCTIEAYIOT B
MENbYANIINX TOAPOOHOCTX, (DU3UKHU MOTyUYaT pa3bsACHEHUS, KOTOPbIE OHU MPOCST, U
ACTPOHOMBI IEPECMOTPAT PUINIECKHIE 3aKOHBI, UTO MMO3BOJIHUT UM BHIBECTH BCE SBIICHUS, OUCHD
OBICTPO, B pAMKH TEOPETHUUECKHUX 3HAHWH B TOM XK€ MaHepe, B KOTOpOi "TaitHa", KoTopast 10
CHUX TOpP OKpY’aeT KBa3aphl, Obl1a OTOpOIIIEHa B CTOPOHY B 3TOM padoTe.

COKpaIeHHbIi iepeBo oT alexfl

Ucrounuk: http://alexfl.ru
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