539 Ctpoenue marepuu. (Punocodpust GUMKM).

KubepHeTnueckasi Mojie/ib Mupo3aanbsa (KMM).
IO. K. banaraes.
He3asucumblil uccneoosamesnb, Poccusi.

E mail:cybermanager@mail.ru

Yacrs 1. BcesieHHasi 1 aToM — KHOepHeTHYeCKHe CHCTeMBI.

1.0 AHHOTaUWsS. ctp.1
1.1 Bonbuioii B3pbIB M KpU3UC (PU3MKU. cTp.3
1.2 ITpepnoceuiku co3ganus KMM. cTp.6
1.3 KubepHeTrueckuii METOJ, U CBOMCTBA BCEJIEHHOM. ctp.10
1.4 TIpyHUWI BEYHOTO JABUTrAaTeJIs. ctp.15
1.5 CrpykTypa BCesleHHOM. crp.17
1.6 IIpotuBopeunss KMM u CM. crp.19
1.7 IlepcriektuBel pa3sutus KMM. crp.21
1.8 CChLIKM ¥ PUCYHKM. cTp.28

1.0 AuHoTAaIMS.

PasButre 3¢brpHOM (GU3UKK TTPOK/IaIbIBAaeT MyTh K HercuepriaeMbIM UCTOYHUKaM
SHEPrMY U OCBOEHHIO [Ja/ibHero kocMoca. B coBpemeHHOM Mozeny BceneHHoH JIsimbaa-CDM
(Lambda-Cold Dark Matter), mogaep>xuiBaemoit CTaHAapTHON Mojienbio, pacIUpsioLascs ¢
yCKOpDeHHeM BCeJieHHasl 3arojiHeHa 6apruoHHOM MaTepueld, X0JOAHOM TeMHOM MaTepuel u
TeMHOM 3Heprueil. Ho 3Ta Moziennb He 0OBSICHSIET TIApa/IOKCA/IbHYIO TEMHYIO SHEPTHIO U He
obocHoBeIBaeT Teoputo Beero, mo3ToMy, Kak MUHUMYM, He 10/iHa. Kpome Toro, arom siBsieTcs
MMM (ppakTasoM BCeJIEHHOW U JIO/DKEH ObITh YCTPOEH TOf00HO eii, HO aToM CTabuieH
TI0 OTIpe/Ie/IeHUI0 Y HaO/TFOZIeHWI0, a BCejleHHasi HecTaOuibHA 1o pUuMHe Bosbioro
B3peiBa. M3 3TOrO CriegyeT Hew30eXHbIN BBIBOJ, 00 OTCYTCTBHH B3DbIBa M BO3HUKAET 3a/iaua
noctpoeHusi B3ameH JIsmOga-CDM  Mofieniv cTabM/IbHOM  BCEJIeHHOM.

U Takasi BO3MOXKHOCTh UMeeTCsi. TeopHst pacImpsitoLelics BCelleHHOM Oblia co3/aHa
A.A.®pugmanom B 1922-1924 rogy; momnyuuia noAaTeepxkaeHue J.Xabosom B 1929 rogy; a B
1998 rony 66110 0OHApY)KeHO, UTO «pa3beraHue» raqakTUK yCKOPEHHOE U TeTiepb MOCTOsSTHHAS
Xab6ma He ko3pduieHT asM67a B hopMyse DiHIITeHHA, a 3aBUCUMBINA TapameTp. K Tomy ke,

B 1997 rogy ObI/IO OTKPHITO ~ BpallleHWe W3/y4YeHHs rajlakTiK. B pe3ysbrare, MOSIBUNIACh



BO3MO)KHOCTD TIPE/ICTaBUTh IMHAMUKY BCEJIEHHOHN TPOI[eCCOM 00paTHBIM B3pBIBY -
€CTeCTBEeHHbIM BCAaChIBaHWEM TajlaKTUK B «C/IMBHOE OTBEPCTHE» - CTBOJIOBYHO UEPHYIO
oeipy (Y1) ¢pakranbHOM, ApeBOBHAHOM BCEJIEHHOM. DKCTPAaroaupys IpOLecC BCaChlBaHUs,
npejiriosiaraeM TpaHCGOpPMAILMI0 YCKOPSIFOLLETOCsl M Cy’KaroLerocsi IOTOKa MaTepuu B
3(UpHYI0, KaK TOTEpPSBINYH0 HaOIHaeMOCTh W MacCy T0 TIPUYKMHE TIPEBBIIIEHUsT CKOPOCTH
cBeTa U 2-ii opOUTAMBHOM CKOPOCTH aTOMOB M3MepeHus HabmtoziaTers. [lanee, COriacHO
ruroTe3e KuOepHETHUeCKOM BCeJIEHHOM, 3aMblKaeM BbIXOJAIMM 13 Y]l 3bupHBINA MOTOK
BHOBb Ha ee BCAChIBAIOIINIA BX0/]. Takum 00pa3oM, BcesieHHasi TPe/ICTaB/IsIeTCs] KPYTroBOM
3(UpOo-BellleCTBeHHON AMHAMUUeCKOW CUCTeMOM, aBTOMAaTHUeCKH CaMOBOCIPOM3BOJSIIEICS,
KaK MUHHMYM, B /IBYX 3/7IeKTPO-MarHUTHBIX U3MepeHUsIX.

AHanorvuyHble MpoLecchl MPOUCXOASAT BO BCeX CTaOWIBHBIX (PpaKTanax BCeTeHHOH,
HauMHasl C aTOMa, XapaKTepU3yIOT WX KaK CTaOu/bHble KUOepHeTHYeCKHe CHCTEMBI,
Mpe/loTpesiesisiioT COOTBETCTBYHOLIME CBOKWCTBA U MEeTO/Ibl MCC/Ie/JOBaHUH.

KubepHeTryeckuii MeTOZi MO/ie/TMPOBAaHMS aTOMa 1 BCeJIEHHOW PEBOJTFOLIMOHEH U
NepCrieKTUBEH: OH MpeArosiaraeT MPUUMHHOCTb CBOMCTB U SIB/IEHUH, CBEPXCBETOBbIE CKOPOCTH,
peabmwIMTaIMi0 MUPOBOTO 3(Mpa, peanr3ariyio MPUHIUIIA BEYHOTO ABUraTeIs,
KBAaHTOBAaHHOCTb, BUXPEBOU XapaKTep U rPaJJueHTHOCTb 3/IeKTPOHA, MOTeHIMA/IbHYI0
B3aUMHY!O [TPOHML[aeMOCTb TeJl; I03BOJIsIeT PACKPBITh CYIIIHOCTb TEMHOM MaTepuH, NCK/IIOUUTh
13 paccMoTpeHus bonbliiioil B3peiB ¥ TEMHYIO HEPrHI0 Kak He CyIeCTBYIOLIUe; yYTBEPAUTD
KUHETUUEeCKYHO MPUPOAY (PU3NUeCKUX CUT U OOBSICHUTh Ha MeXaHUUeCKOM YDOBHE SIBJIEHUS
rpaBUTALIUM, 37IEKTPUUECTBA U MarHeTH3Ma, pabOTy MeXaHW3MOB aHHWUTHJISI[UH, B3PbIBa MacC

n aHepr006ecnequHH, d B pe3y/ibTaTe - CO3[dThb JIOTUYECKYHO 683y 41 TeopI/II/I Bcero.

KiroueBble cioBa: BcesieHHas1, 3¢up, rpaBuTaliys, bombiiioii B3peiB, uepHasi Ablpa, BeUHbIM

JIBUTaTe/b, HEMTPUHO, 0030H XWrrca, 3/7€KTPOH, aTOM, Macca, B3PbIB MacC, aHHUTHJISILIVS.

1.1 Boabmou B3pbiB u Kpu3uc (GU3NKH.

«O HeBepHOCTH TEOPUM OTHOCUTETBHOCTH Mbl MOXKEM CYAWUTh IO TOMY, YTO IIOYTH 3a CTO
7eT eé TpMMeHeHHs, (U3MKa TaK U He CyMesa pas3pelldTb MHOXECTBO BO3HUKIIMX H3-3a
NIpYMeHeHHsl 3TOW TeOpUM NMPOTUBOPEUM U, B KOHLIe KOHLIOB, OKa3a/lach MOMPOCTY 3arHaHHOM B
TynmvK. VI ecTb Bce MpeArochUIKA K TOMY, uTo Oe3 Bo3BpalleHUs TOHSATUS dpupa B (U3MKY,
BbIOpAThCSI M3 3TOrO TYIHKa OHa He cMokeT.» [1]  [lelictBurensHO, Teopuss OTHOCUTETBHOCTH
BOBCe He sIBJISIETCS Teopuell B HAayYHOM IulaHe, rotoMy uto U B O6mel, u B CreljuasbHOU
TeopuH rpy0bo HapylieH 0a30BbIi MPUHLWI MPUYUHHOCTH — OTCYTCTBYIOT CHJIBI, BBI3bIBAIOLIIE

PEJATUBUCTCKUE SABJIEHHWA TI'DABUTALIMM, H3MEHEHHSA MdACChl, AJIMHBI W IIPOAO/DKHUTE/IBHOCTHU
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(BpemeHH). B cBsSi3u C 3TUM KOHTPOJIbHbIE TPHUHLUITBI COOTBETCTBUSI M TPEEMCTBEHHOCTU K
Ha3BaHHbIM TEOPHSIM HeNpPHMEeHUMbI M TIYTh K CO37,aHHIO 3(UPHBIX TEOPUM, BK/IHOUYasi TEOPUIO
KubepHeTHUeCcKkol cucteMbl Mupo3zasbsi (KCM), OTKpBIT.

KenbBuH: «f HUKOrZa He UyBCTBYIO cebsi yHOB/IeTBOPEHHBIM, €C/M He MOry cebe
TIPe/ICTaBUTh MEXaHUYeCKOW MO/Ie/IN IaHHOTO SIBJIEHUS]; eCJTH sI MOTY TIPe/ICTaBUTh cebe TaKyro
Mo/ie/ib — 3Ha4yMT, TOHUMAaK0 BOTIPOC; eC/IM He MOTY — 3HAuuT, 51 He TIOHUMalo ero». Pasjernsto
no3uLyto yiopza KenbBrHA: MexaHHKa — 3TO BCerjja O peajqbHOM MHUpe, BK/IIOYast BelljeCTBeHHbIM
u 3¢upHeni. [To3ToMy Lleb Moedd paboThl - CO37aTh Mofenb CTaOWIBHOTO MHPO3[aHbs,
CrocoOHYI0 Ha MeXaHW4YeCKOM YPOBHEe OOBSICHUTH 3(HPO-BEIeCTBEHHYIO TIPUPOJY MaTepuH,
sIB/IeHWs] TpaBUTALUd W 3JIeKTPOMarHeTyW3Ma, uaCTUYHOW aHHWUTWISLUM, B3pbiBa Macc, U
3HeproobecrieueHUst JUHAMHUYeCKUX TIPOLIeCCOB.

Viest cBepXCBETOBOM CKOPOCTH, He0OXOAUMOM /i 0OHY/IEHUS] MacChl Tejia MpH
TpaHCc(opMaliy ero B cocTosiHUe 3¢drpa, BO3HUMK/IA y MeHsl ellle B Hauase Mapta 1994 ropa,
BbI3bIBa/la HACMEIIIKU JIIOZIed «TTOHUMAIOIIUX» TEOPUI0 OTHOCHUTEbHOCTH, TI03TOMY Jajiee
BbI3peBasia He3aBUCUMO OT HUX /IO COCTOSTHUS KMOepHeTUueCKOl Mo/iesld MUPO3/1aHbsl.

OcHOBHBIM MOTHBOM co3fiaHusi KMM siBWICS CTO/IeTHUM 3aCTOM B (PU3KKe, TIPU TOM,
YTO YeJIOBEUeCTBO elle He 00JaZiaeT 0CTAaTOYHOUN KUBYUECTBIO B YC/IOBUSIX
NepruoJMueCKUX KOCMOTeHHbIX KaTaCcTpod Uy HEro HeT BO3MO)KHOCTU B KPUTHUECKOU
CUTyaLMU TIOKUHYTh 3eMJII0, XOTs ObI Ha BpeMsi, XOTs Obl /7151 COXpaHeHUs TeHOTHIIa.

N petinoit ocHoBoli KMM siB/isieTCst 0TKa3 OT HeolpaBAaHHbIX OTrpaHUuYeHUN Teopuit
OTHOCHTE/IbHOCTH ¥ KBAHTOBOW MeXaHUKHU, peabuMTalys oHITUSI MUPOBOTO 3¢dupa,
yTBep)K/jeHre KWHeTHUeCKOTo CI1ocoba rpaBUTaIvM, KBAHTOBAHHOCTH, BUXPEBOTO XapakTepa |
TIOJIOXKUTE/ILHOTO TPa/ieHTa (0CeBOro yCKOPeHUs BUXPs1) 37IeKTPOHA, a Tak >Ke, BO3MOXXHOCTb
peas3avy B CTaOM/IbHBIX )paKTaniax BCeJIeHHOM MPUHIMIIA BEYHOTO JABUraTeIsl.

Wcxopnbie ycoBus ciiefytolue. B HacTosiijee BpeMsi B (pr3nKe riepMaHeHTHbIN KPU3UC —
He CMOTpsi Ha OoJiee UeM BEKOBbIe TepOUYeCcKUe YCHIIUS yUeHbIX, 10 CUX Top He co3ziaHa Teopwust
Bcero, kotopasi jo/kHa 0OBeJUHUTH BCe W3BeCTHble (yHAaMeHTa/bHble B3aUMOJENCTBUS —
3/IeKTPOMarHuTHOe, CWIbHOe, craboe u camoe cyaboe U3 BCeX - TpaBUTALMOHHOE.
CnenoBatenbHO, Mbl He 3HaeM, Kak YCTPO€H aTOM U BCeJieHHasl, U BbIHY)K/IeHbI HCI0/Ib30BaTh
(eHOMEeHO/IOTUUeCKUI TIO/X0/, CBsi3biBasi (OPMY/IaMH OT/ie/ibHbIe sIBJieHHs1 0e3 MOHWMaHHUST UX
nepBonpuurH U cyuiHoctu. CornacHo CranpgaptHoi Mogenu (CM) ¢u3uKK 37eMeHTapHBIX
yacTul] TIpeJriojiaraeTcs, UTO BbIlle [epeurc/ieHHble B3auUMO/ENCTBUS, KpPOMe TIpaBUTALWH,
MpUpoZla KOTOPOW  eBa /M He  PEeJIMTMO3HO CUMUTAeTCs abCTpakTHOW, MMEIOT OOIyo
¢u3nueckyro TpUPOAY, HO pasHble TMPOSIBIE€HUs, UTO Marepuss B OCHOBe CBOeil HMeeT

He/le/TMMBI 0a30BbIi 71eMeHT - 6030H XWITca, a BCeeHHas sIB/ISIeTCs pe3y/nbTaToM bombimoro
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B3phbiBa, UCXO/SIIET0 U3 HEKOW HeOObSICHUMOW BBICOKOIHEPTreTHUeCKOW TOUKU-CHHTY/ISIPHOCTH,
IIpY 3TOM OHa PACILIMPSIeTCS C OTHOCUTEIBLHO HeOOJBbIINM YCKOPEeHHeM, pacTaaKuBaeMasl CTOMb
)Ke HeoOBbsICHUMOM TeMHOM 3Heprueil. Cpeau 3THX TIOMY/SPHBIX B HayKe Hel BHe TOA03peHUM
OTHOCHTEJIbHO aJ|eKBaTHOCTHU OCTaeTcst obijasi (r3ndeckasi pyupo/ia CUI U JPEeBHUMN TIPUHIIUI
otHocutenbHOCTU. IIpy s5TOM, CM [POTUBOPEUUT eCTeCTBeHHBbIM IIpeACTaBIeHUSAM O
rpaBUTAlLIMM, KaK O pe3y/bTaTe MPUTAJKUBAIOIIMX KUHETHUYeCKMX B3aUMO/IeMCTBUM, a Tak ke, 00
arnpuopu OecKOHeuHOW BcelleHHOW W OeCKOHeYHOH JeTMMOCTH MaTepuu. OTU MPOTUBOPeUUs
OpocaroT BBLI30OB 3/IDABOMY CMBIC/TY, TpeOyHOT HeTPUBUANBHBIX pelleHUud U yOeauTebHBIX
JI0Ka3aTesibCTB C 06erx MpOTHBOOOPCTBYIOIINX B (PU3MKe CTOPOH — PEJIATUBUCTOB U KJTACCUKOB.
OCHOBHOI KOCMOJIOTUYEeCKOW MOZIeNlbl0  CerofHsi cuuTaetcs Mogenb JIam6ma-CDM
(Lambda-Cold Dark Matter), B KOTOpOM paclIMpSIFOLIAsiCsi C YCKOpEHUEM, B pe3y/bTrare
Bosbitioro B3peiBa, BcesieHHast 3ario/iHeHa OapOHHOM MaTepueid, X0/I0[HOW TEMHON MaTepren u
pacTajKMBaKIed TaJlaKTUKA TEMHOW SHepryew, OMMCbIBaeMOM KOCMOJIOTMYeCKOW MOCTOSIHHOM
N (naMbpa) B ypaBHeHMsIX OuWHIITelHa. OfHakKo, 3Ta Mofie/lb He W30aB/eHa OT MapajioKca
Bonbiioro B3peiBa, Tpebyrollero yuactvss B HeM TPOTHBOECTeCTBEHHOW TeMHOW SHepruuv, u
ect Obl BcelleHHass pa3BHMBajiach B TIOTOKe B3pbiBa, TO Oblla Obl  HECTAOW/ILHOM TIO
oripefesieHnt0.  TeM Xyke OOCTOUT [e/I0 TPH ydYeTe YCKOPEHHOTrO pa30eraHwsi TaslakKTHK.
[Mynecupyromasi BceseHHasi (PucyHok 1), Toxe He permaer rpobieMy CTabWUIBHOCTH: He
OObsICHSIET ~TPUUMHY Ty/IbCaljiif, He 0OOCHOBBIBaeT CYIIleCTBOBAaHWE CHUHIY/SIPHOCTH, He
MIPUBOAMT CIIOCOO ee HaKaukKW BCEW MaTepHel BCe/IeHHOM, a TakK >Xe MPOCTPAHCTBO 3a ee

nipesiefiaMi, U He OOBSICHSET CTPYKTYPUPOBAaHHOCTH BCEJI€HHOM IPU OXKHJAeMOM  Xaoce

PucyHok 1. AHUMalusi Ty/IbCUPYIOLLlel BCeJIeHHOM.

B3pbIBa.



Kpome Toro, arom siBisieTcsi mMiafimmM (pakTajoM BCEJIEHHOW, TO3TOMY [IO/DKEH OBITh
YCTPOEH UIeHTUYHO eif, HO BceneHHass CM HecrabwibHa, TIPH TOM, YTO aToM HaOJrO[aeMo
crabuieH. Bo3HUKaeT BOIpOC O NMPUUMHe HECOOTBETCTBUSI, W3 KOTOPOTO BLITEKAaeT OTKa3 OT
Moziesu Bonbiioro B3peiBa 1 3ajjaua MoCTPOeHHst MOZIe/I CTaOUIbHOM BCesIeHHOM.

Vpes UUMKIMYHOCTH U CTAaOWUIBHOCTM  BCEJIEHHOM He HOBa U JIEKUT Ha TOBEPXHOCTH.
W3HauanbHO Oblla MoOe/b My/NbCHUPYIOIIeH BcesleHHONW YWKeBCKOTO M MaTeMaThuecKas
dbopmamzarus ee Jukom u ['pub6eHom B 1965 roay, a 3arem B 2010 romy Pomxkep IleHpoy3
oryOsikoBan KHUTY «LIMK/IbI BpeMeHH: COBepIleHHO HOBBIW B3IVIsiZ, HA BCETIEHHYI0» B KOTOPOU
Tipe/iCTaBU/ KOCMOJIOTHYeCcKyro Mozenb «KoHdopmHas uukinueckass kocmonorusi» (KLK), B
KOTOPOU «BCeJIeHHasi TPOXOJUT uepe3 OeCKOHeUHbIe LIMKIIbI, TP 3TOM Oyayiasi BpeMeHHas
6eCKOHEeUHOCTh KaXK0U npeJipIyiien vTepaLuu OTOXK[|eCTBJISIeTCS C
CUHTY/ISIDHOCTBIO Bombllioro B3phiBa ciiefyoiieil.» [2] [To muenuto IleHpoy3a, ruraHTckoe
KOJIbLIO TajakTHK, AvaMeTpoM 1.3 MWUIMApAOB CBeTOBBIX JIeT, OTKpbITOoe Ajekcuel Jlonec -
actpousukoM K3 YHuBepcutera LleHTpasnbHOro JlaHKaiivpa, sIBAsieTCsl MOATBEpP)KJeHUeM ero
Teopuu. Ysa3BuMocTb Teopuu KLIK B ToM, uTO OHa co3iaHa B paMKax orpaHudeHui Teopuu
OtHocuTtenbHOCTU U bosnblioro B3peiBa, rapaHTUPOBAHHO 3aBOZSIIMX HUCC/e/joBaTeell B TYIUK
0eCKOHEUHOCTelH, CUHTY/ISIPHOCTEM W BBIHY)XK/IAeT K IePeHOPMHUPOBKaM, KakK TOATOHKE TeOphi
1oJ, JeUCTBUTebHOCTb. OjHAaKO, TOUEYHOCTh IeKTPOHA - 3TO [JaBHO pa3BeHuYaHHas [lupakom
JlorMa, a OrpaHWueHUs TIPUHIUIA Heorpe/ieneHHOCTU [eiizeHOepra, B BUJle HEBO3MO)KHOCTU
OJJHOBPEMEHHO OIpe/ie/IuTh KOOPAMHATY Y UMITYJIbC 1eKTPOHA, TO)Ke MPeOJOIUMbI  [1epexooM
B MCC/IeOBaHUAX K NPUHLMNY JAonosHuTenbHOCTH Hunbca bopa wu  npusHanuem
KBAHTOBAHHOCTU M BUXPEBOI0 XapakTepa 3/eKTpoHa. IIpu BceM 3TOM, IpPUHLUII IPaBUTALIUU
OTO «mporubom» yero-to U rpeobpazoBaHus JlopeHija-OiHIITeHA /i AJUHBI, BpeMeHU U
Macchl, HeTNpPeoJo/MMbI TIPUHIUIUAAIBHO: HX CjefyeT OTOPOCUTh BMeCTe C Teopued WU
rorpoboBaTh WHBepPTHpOBaTh.  [lombiTka IleHpoy3a 000WTM OrpaHUYeHUs OUeBUAHA -
(bakTHUeCKM OH WCIO/b3yeT MepeHOPMHUPOBKY B Tonb3y Teopuu OTHOCUTETBHOCTH, uero
MPUHLIUIIHMABHO He JOCTAaTOYHO J/Isl YCTAaHOBJEHWS] WUCTUHBI, T03TOMY MOWCK IPaBU/IbHOU
MoZiesTi HeoOXOAUMO TIPO/IO/KUTB.

BceneHHast ppakranbHa. YueHble JaBHO TOBOPST, UTO YeM OOJIbIIle OHU U3yUaroT aToOM U
BCeJIeHHY10, TeM 00JIbllle UM MPeJCTaB/IsSeTCs, YTO 3TO OFHO U TO >ke. [IprMeM 3a OCHOBY, UTO
aToM SIB/ISIeTCSt MIaZILIUM (DpaKkTasioM BCeJIeHHOM, U Jiasiee B CTaTbe OyleM HCI0/Ib30BaTh UX
BUXDEBYI0, IOTOKOBYIO, 3()MPO-Bell[eCTBEHHYI0, CHCTEMHYIO CYLIHOCTb U €JUHCTBO.

Tor ¢akT, 4To MBI BO BCeJIEHHOM Ha0/IF)/jJaeM MHOXKECTBO ~ BUXDPEBBIX TIPOIIECCOB,
yKasbIBaeT Ha /leliCTBHe KOPUO/IMCOBA yCKOPEHNs, T.e. - Ha HeJIMHeWHBIN MPoLleCC BCaChbIBAaHUS

MaTepuHu. BcackiBanue npeariojiaraeTt BI/IXPEBOﬁ XdpaKTep U IrpaMeHTHOCTb q)paKTafIOB, d
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(bpakTanbHOCTh - JPEBOBU/IHYIO CTPYKTYPY M CUCTEMHOCTb BCelleHHOW. B cBoro ouepefp,
CUCTEMHOCTb JMHAMUYECKOW BCe/IeHHOM TIpeJriosiaraeT ee OrpaHUYeHHOCTb, @ 3aMKHYTOCTb
00paTHOI1 CBSA3bIO - KPYTOBYIO LIUKIMYHOCTh YHKLMOHUPOBAHUS U CTaOUIBLHOCTh. ATOM
cTabuJsieH 10 orpeie/IeHH 0 M CaMOoTIoj00eH CO BCeIeHHOM.

s cyljecTBOBaHUS YIIOMSIHYTBIX BbIIlle CBOWCTB UMEIOTCSI OCHOBaHUS. TakK, OTKpbITHE
B 1998 rogy ycKOpeHHOTo XapakTepa pa30eraHus rajakTHK, 3a kotopoe B 2011 rozny Obiia
BpyuyeHa HobGeneBckast ipeMusi, TI03BOJIsSIeT IOCMOTPETb Ha TO, YTO COIVIACHO TEOPUU
dpumaHa 1 3akoHa Xabbma mpe/CcTaBseTcs MPOLieCCOM pacIIMpeHust BCelleHHOM B
pesysbraTe bonbimoro B3peiBa, Kak Ha IIpOLeCC BCacblBaHUS TajlakTHK, T.e., KaK Ha bosbion
AHTU-B3pBIB UM BOsIbIIION BCeeHCKUI HacoC.  JKCTparnovpyeM IpoLiecC BCachblBaHUS U, He
Haxo/isl ’HOTO BbIXOZiA M3 KPUTHUYECKOTO CY)KEeHUSl YCKOPSIIOLLErocsl K LIeHTPY BOPOHKU
IIOTOKA MaTepuy, IIpejriosiaraeM HaaWuue B er0 OKOHYaHUM CJIMBHOTO OTBEPCTHUSI - YepHOM
neipel (U/[T), B BUe 00/1acTy MOHMKEHHOTO JaB/IeHus], BCAChIBAIOIIel MaTepUI0 B COCE/IHEe
37IeKTPO-MarHUTHOe U3MepeHre, B COCTOsTHME 3¢dupa - He Hab/IF0jaeMoro v He CII0COOHOTO K
3/1IEKTPO-MarHUTHOMY B3auMO/lelCcTBUIO. TpaHc@opmalys MaTepru B 3(UPHYIO, OTEPSIBLLIYIO
MaccCy ¥ CriocOOHOCTB K 3/1eKTPO-MarHUTHOMY B3aUMO/IeHCTBUIO U 0OHApY)KeHHI0, TPOUCXOUT
IyTeM TIPEBBIILIEHUS €10  CKOPOCTH CBeTa U 2-i OpOMTAIbHOM CKOPOCTH aTOMOB 3/1€KTPO-
MarHUTHOTO W3MepeHus Habmoparens. anee, coriacHo ujee KubepHeTHYeCKOW BCeJIeHHOH,
3(UpHBIA TIOTOK BCeJIEHHOM 3aMbIKaeTCsl Ha ee BCachIBaroluii Bxo/. B pe3ysbraTe, BCesieHHas
TIPe/ICTaB/IsIeTCsT  CTaOM/IbHOM KO/bILIeBOM 3()MpPO-BeIeCTBEHHON JUHAMHUECKOW CHCTEMOM,
LIMK/TNYeCKH CaMOBOCTIPOM3BO/SIIENCS OJHOBPEMEHHO T0 BCeMY KpyTy rnpeobpa3oBaHuit
MaTepuH.

B kubepHeTHYeCKOM MOJie/id MUPO3/jaHbsi: HeT He0OXOAUMOCTU B TeMHOM sHepruu; Y/1
SIBISIETCST YCKOpUTesieM, Tpeobpa3oBaresieM M YIaKOBILMKOM BCachlBaeMOM MaTepud B Majlble
5(puipHbIe (OPMBI; CKOPOCTb BCAChIBAHMS 3aBUCUT OT MOIIHOCTU U/I, MO3TOMY CKOPOCTh CBeTa
Jla/leKo He TIpe/ielbHa; peabWIMTUPOBaHHBIA 3(QUD YTBEpP)KZAeT MaTephabHYH CYLIHOCTHIO
MPOCTPAHCTBA, & [BWKEHWE B HeM - MpOSB/SeT MacCy, TIpaBUTALUI0 U BpeMs; 3/€KTPOH
SIB/ISIeTCs KBAHTOBAHHBIM BUXpeM, COCTOSIIIMM U3 (PyHJaMeHTabHbIX 3(PMPHBIX MUKPOUYACTHL],
103TOMy 00/aziaeT MoTeHLMaTbHOM MPOHUKAFOIIel CIOCOOHOCTBIO M er0 MHePLIMOHHAs Macca C
POCTOM CKOPOCTH YMEHBIIIaeTCs W MCYe3aeT, TIPH ITOM TpOsiB/sieTCsl HeOosblasi TPABUTOHHAS
Mmacca.

B 3¢dupo-BelriecTBeHHO! BCe/leHHOM Mpe/Iio/iaraeTcsi TpU BUzia S3UPHON MaTepuu:
0a30BbIN MPOHUKAIOIIHNA 3UP - COCTOUT U3 HEUTPUHO; (DyHJaMeHTaTbHbIN CBETOHOCHBIM

3¢up — coctouT 13 6030HOB Xurrca; banmcTHUecKuid 3pUp, OH e - TeMHasi MaTepus,



BeIleCcTBO, 00/1a/jaroIiee CKOPOCTHIO BhIIIe 2-i OpOUTATBHON CKOPOCTHA aTOMOB B U3MEPeHUH
HabJTro1aTe sl

CkopocTh ba/umicTryeckoro 3¢gupa Bceria He HIDKe CKOPOCTU CBeTa, TIOTOMY UTO OH,
Kak BeIlleCTBO YK€ peaii30BaBIliee CKOPOCTBIO CBOM TOTeHLMa/bHbIe TIPOHUKAIOLI[He
CcrocoOHOCTH, CBOOOJIEH OT 37IEKTPOMArHUTHOTO B3aMMO/IEMCTBUS U TIO3TOMY He
00OHapY)>KMBAeTCs 37IEKTPO-MarHUTHBIMU CIIOCOOaMHu.

Bosnee Beka, c Hauasa 3roxu TO DiiHIITelHa, TTOTPebOBaIOCh Ha TO, UTOOBI BHIUTH Ha
CUCTeMHOe, KHOepHeTHUeCKoe TIpe/iCTaB/IeHre aToMa U BcesleHHOW. OueBH/IHO, C ICTUHHOTO
MyTH (PU3UKY COBPATUIM aOCTPAKTHOCTh TEOPUH OTHOCHUTE/LHOCTH U TOUEYHOCTh 37IEKTPOHA B
KBaHTOBOM MeXaHWKe, a OIIMOKY yCyryouia Wiutto3us pa30eranus rajakTUK. [IpUHIMITHAATBHO
Ba)KHO U eCTeCTBEHHO, UTO YCKOPeHHOe yZiajieHre TajlakKTHK JPYT OT Apyra ITIpeJCTaB/sieTCs
3eMJ/ISIHUHY — ITaCCa)KUpy TI0TOKA MaTepyuy BCeJIeHHOM, CJiefIcTBUeM Ux pa3beranusi. TouHo
TaK >Ke CUTYyal[dl0 TpakTyeT W Teopus bonbiioro B3peiBa. Ho B [1eHCTBUTEIEHOCTU TalaKTUKH
He pa30erarTcs, a C0erarTCsi C yCKOPEHHEM K JIOKAaTbHbIM MeCTaM MPHUTSHKEHUS - K y3/I0BbIM
YepHBIM JIbIpaM  JlepeBa BCeJIEHHOW, MU C YCKOpeHHeM BEeKTOPHOro TapaMmeTpa Xabbma
JBIDKYTCSI B €e TPABUTHPYIOIIYIO CTBOJIOBYIO UEDHYIO bIPY. AHAJIOTUYHO, K I[eHTpam
BUXpel (pakTasioB, K UX UEPHBIM
JIbIpaM, IBUXKYTCS C YCKOPeHUeM
3Be3/Ibl B CMIMPAbHBIX Tra/aKTUKaX
(PucyHok 2) 1 KBaHTbI BUXpel
1ekTpoHOB B DHII-KOHTYpax, u3
«CHOTIa» KOTOPBIX COCTOUT aTOM.

YCKOPGHI/IE 9TO OTHOCHUTE/IbBHO MaJIO

Jaxe B MacIiTabax BCeJIEHHON U

PucyHok 2. Breuatnstoriee nzobpaxenue «Xab6sa»

HUYTOXKHO B aTtoMe, 03TOMY He
3arieyatsiesio TajJakTUKY «BeTMKOUW CITpai» VIMBHTE/HHO, UTO MHOIO JIeT YUeHBIMH
He 3aMeyasiocb, WM OTHOCHIOCH K
CTaTUCTUYeCKOM MOrPelIHOCTU. TeM He MeHee, 5T0 YCKOPeHHe WCMbIThIBalOT TUraHTCKHe
Macchl BCeJIEHHOM, U €0  OKa3bIBaeTCsl BIIOJIHE JOCTAaTOUHO [l CTPYKTYPUPOBaHUSI
BCeJIEHHOU B BH/Ie BUXPEBOH, I'Pa/[MEHTHOM, IPEBOBU/IHON CHUCTeMBl. B atome mogoOHOTO
yckopeHUs KBaHTOB KoHTypa DHII mocTaTtouHo /71 yaep>KaHusi ero B BUje
CaMOOOHOBJISIFOIIENCST CUCTEMBI, KOTOPYIO He MOXKET pa3ZlaBUTh Jia)ke Topa: aToM
B3aUMOJeICTByeT, HarpeBaeTcs, HO He pa3pylllaeTcsl. JHepreTUUeCcKrue eMKOCTH BCeIeHHOW, U

AdXe OAUMHOYHOI'O aTOMad, IMOTPACAIOILY, HO KOHEUHBI, UTO JIMIIb MMOATBEPXAAET

OrpaHUYE€HHOCTB U JIOKA/IbBHOCTBb BCeJIeHHOI.



OO6Hapy>keHHe YCKOPEHHOTO XapaKTepa MHUMOTO PaCIiMpeHus BCeJIeHHON 3aCTaBU/IO
yUeHbIX T[IePeMMeHOBaTh MOCTOSIHHYIO0 Xa00ma B mapametp Xab6s1a v 1MO3BOIHIO
TIPe/ITI0/IOKUTL TIOTOKOBOE Mpeobpa3oBaHue MaTepru B 3(HPHYIO MOCPeJCTBOM COO0LeHUs el
HEKOTOPOM KPUTHUUECKON CKOPOCTH, BOIIPEKH IpeoOpa3oBaHusaM JlopeHija-OHHIIITeliHA He
yBeJTMUMBAIOIIeld MacCy MaTepHaJbHOTO 00BeKTa C POCTOM CKOPOCTH /10 6@ CKOHEUHOCTH, a
Hao0OpOT — MPaKTUYeCKH OOHYJISIIOIel ero MHePLIMOHHYIO MacCy. « YbTpadHoieToBast
KaracTpoda» U TPaKTOBKa pe3ysbTaToB onbiTa Kaydhmana c nosuumii KMM (c pocToM CKOpPOCTU
3apsi[i ¥ Macca 37eKTPOHA YMEHbILalTCsl) TOMY MOATBep)KJeHue. A Kak ke T0JTBep)KIeHUs
Hab/MoZieHreM U onbITaMu?  YOequTeTbHBIX J0Ka3aTe/TbCTB POCTa MACChI C YBe/TMUeHUEM
CKOPOCTH He CyLlleCTBYeT, BIIpOUeM, KaK M COKpallleH!s JJIMHbI, ¥ 3aMe/lJIeH!s] BDeMeHHU.

3aMeTuM, UTO TIO/THasi 3HePrysi MaTepuabHOro 00beKTa MpPU POCTe ero CKOPOCTH U
YMeHbLLIEeHUU MacChl OCTaeTCsl, KAK MUHUMYM, He MeHbllle UCXOHOU, TIOTOMY UTO Ji/Is
YCKOpeHHsI K HeMy Obljia IPUIOKEeHa CHJla, COBEPIIMBIIas paboTy, MepeliefIyo B SHEPTHIO.
VicToyHMK 3TOV CU/IBI YepHBbIe AbIPbl, TOUHee — WX BCACBIBAIOIIAsk CIIOCOOHOCTS, SIB/ISFOLAsICST
TIpOsiB/IeHMEeM OTpHULIATe/TbHOTO rPaBUTALIMOHHOTO 3apsifia, B3aMMO/eMCTBYIOLIEro ¢ Jito0oi
Marepuel, uMetolrieil Maccy. IlepBuuHbIe YyepHbIe JbIPbI 00pa3yrOTCs B CBOOOJHBIX 3/1EKTPOHAX
MyTeM Tpeofo/ieHrs UX KBaHTaMU CKOPOCTH CBeTa, BBIMO/HSAIOT PO/Ib MCTOYHUKOB SHEPTUH,
Ka/iMOpaTopoB, YCKOPHUTE/IeH U YIaKOBIUKOB MaTePUH B MaJjible BLICOKOSHEPreTHUeCKUe
3¢upHbIe (HOPMBI, U TIPYU ITOM COEIMHSIIOT, KAK MUHUMYM, [IBa 3.M. U3MepeHUsl.

Bosnbl110ii aHTH-B3PbIB  COITIACYeTCSI C  KMHETUUe CKUMU TeOpUsIMU TpaBUTaL[UU
darno-Jlecaxxa U Putija, 0CHOBaHHBIMU Ha B3aMMHOM 3KPaHUPOBAaHUU OOBEKTOB OT
BCECTOPOHHEr0 BO3IEWCTBUS MHOXKECTBA 3(UPHBIX YaCTHL] C OOI[UM Ha3BaHHWEM T'DaBUTOHBI.
AHTH-B3pBIB He TpebyeT CyIlleCTBOBaHUSI HEOObSCHUMON TeMHOM Hepruu, IoTOMy UTo ee
3aMeHsieT BIIOJIHe 00BbsSICHUMBIN IPaBUTAIIMOHHBIN 3apsi/l, KaK BCAaChIBaIOIasi CIOCOOHOCTh
00/1aCcTV HU3KOTO [IaB/IEHUS - YePHOU JIbIPbI, 00yC/IOB/IeHHAs! 5KPaHUPOBAHHUEM OT BHEIITHUX
KWHeTUUeCKUX Bo3zielcTBUM. Ee felicTBre HaurMHaeTcs faneko Haj cdepoii [IBapijmmnbaa B
v3MepeHuM Hab/roaTernsi, — C MylaBarolLei TOUKY rPaBUTAL[MOHHOTO paBHOBECHsI, MHaUe — C
BepXHell MepPTBOM TOUKM KBAaHTOB CaMOOOHOB/ISFOIIIErocs )pakrasa, uTo OObSICHSIET, B
YaCTHOCTH, SIBJIeHHEe KBAaHTOBOW 3alyTaHHOCTH 3JIEKTPOHOB TIOCPE/ICTBOM 0OMeHa KBaHTOB.

OO6Hapy>xeHHe YCKOPEHHOTO /IBM)KEeHHsI TallaKTHK K HEKOTOPOMY LIEHTPY TPUTSDKEHHUS,
TIOT/IOIeHHsI U TTpe0Opa30BaHKsl MaTepyu SIBJISIETCSI KCTUHHO PEBOTIOLIMOHHBIM OTKPBITHEM: OHO
ripejionpeesisieT 3(pUpo-BeleCTBeHHYIO MPUPOAY MaTepUM, OrPaHUUYEHHOCTb U 3aMKHYTOCTb
BCEJIEHHOM MO MPUHLUITY «KYpHLa-1Lio», 3aKpbiBaeT TeMbl bonbiioro B3peiBa v TeMHOM
SHEPrMU KaK HeCyIeCTBYIOLUX, OTIpe/iesisieT BCEJIeHHYIO M aTOM KaK KubOepHeThyeckKue

CUcremMbl, HW TadKHUM 06p830M OTKPBIBAE€T HOBBLIE BO3SMOXHOCTHU [JId UX MMO3HAHUA U AJis
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pa3BuTHs 3PUPHON (PU3MKH, SHEPreTHKU U TeXHO/MOTUi. CBOWCTBO KMOEPHETHUHOCTH
pacrpocTpaHsieTcst Ha Bce CTabu/bHble (PpaKTasibl BCeeHHOH.

KornbLieBoe yCTpoiiCTBO MHOIO-BUXPEBOTO MUPO3/iaHbs 110 NIPUHLUITY «KypULia-SHL[0»
npe/iriosiaraeT ero TONOJA0IMYeCKY0 U SHepreTUUecKyt0 OrpaHUYeHHOCTb, ()PaKTaIbHOCTb,

[ PeBOBU/IHOCTb Y KOHCTPYKTHBHYO 3aBepILIEeHHOCTh, Ha/IMUMe B ero CTPYKType SHepreThyecku
U TOTIOJIOTMYeCKU KOMITEHCUPYIOILUX JIPYT Ipyra MeXaHU3MOB IpeoOpa30BaHus BelllecTBa B
3¢up 1 00paTHO, Ha/iMyKve CTabUILHOTO UCTOYHMKA YHEepPryu, HeoOXoAUMOro AJisi 0becrieueHust
SHeprueu JuHaMHUyeCcKuX MpoLieccoB.

BermjecTBo, 3TO Marepusi, CriocoOHast K KHHETUUECKOMY B3aUMOZEHCTBUIO M TaKUM
o6pa3oM MposiB/ISIONIask Maccy, MpeAiCTaB/sieT JIULIbL HeOOBIIYI0 YacTb MaTepuH (paKkTasioB.
IIpu 3TOM, OCHOBHYIO 3Hepruro HeceT B cebe TeMHasi 3UpHasi MaTepusi, Kak BelleCTBO,
CYIL{eCTBYOILI[ee 3a TIOPOrOM 3/IeKTPO-MarHUTHBIX CII0COO0B 0OHapy KeHUs! ¥ B3aUMO/eliCTBY,
obsaziaroliee  CBepXCBETOBBIMU CKOPOCTSIMU, HY/IEBOM MHEPILIMOHHOW U HeOObIION
IPaBUTOHHOM MacCOM.

Bannuctuueckum 3¢upom ¢ GyHKLUSIMU rPaBUTOHA CTAHOBUTCS TF0O0€e BellecTBo,
pasBUBIlIee CBEPXCBETOBYIO CKOPOCTh B M3MepeHHH HabmozaTesns. Kpuruueckast CKOpOCThb
Jocturaetcsi MO0 MOCTeNeHHBIM Pa3srOHOM 00BeKTa TIPY BCaChIBAHWH €TI0 UepHOM JIbIPOH,
00 B3PBIBOM MacC TpY KOHTAaKTe OPUEHTHUPOBAaHHBIX OTpe/ie/IeHHBIM 00pa30M BUXPEBBIX
3(UpHBIX 0OHEKTOB.

Macca — 3To Mepa CONpOTHBI/IEHUS Tesla IPOHUKAIOLLEMY 3(PUpY, BO3/EHCTBYIOLIEMY
Ha MaTeprabHbIN 00BEKT CO BCeX CTOPOH U COCTOSIIIEMY W3 Pa3HOCKODOCTHBIX HEWTPHHO,
NIPUXOJALLIMX U3 BCeX 3.M. u3MepeHul. Macca peanusyeTcsi IOCPe[CTBOM Pe30HAHCHBIX
B3aMMO/IeMCTBUIM CBOOOAHBIX HEUTPUHO C aHAJOTMYHBIMU BUXpsiMU B cocTtaBe JHII-
KOHTYpOB aroMa. [IposiB/isieTcst Macca WHEpLIMOHHO — NPU YCKOPeHUsIX 00beKTa, KOrjia OfiHU
HEUTPUHO OTCTAIOT, a AAPYTHe HaberaroT 1o (POHTY, COo3/aBasi pa3HUIEH BO3/IEHCTBUM BEKTOD
CWI; WIA B3aMMHBIM 3KpaHUPOBaHUEM TeJjl OT BCeCTOPOHHEr0 BO3/IeCTBUS TaKUX JKe
HEUTPUHO.

Bpewms, — 3T0 NpoM3BOJHOE OT ABWKEHHUs, NMPOCTPAHCTBA Y B3aUMOZEWCTBUS, Mepa
JJTUTEeNTbHOCTH U TIOC/IefioBaTe/IbHOCTH. [T0CKOMBKY BcesieHHasi pecTaBsieT co00i eJUHYTO
3aMKHYTYIO TIOTOKOBYIO CUCTEMY, TO BpeMsi B Heil abcomoTHO. BcTpeua myTeliiecTBeHHHKA
BCeJIeHHOU ¢ coboi B MpoIsioM min OyayiiieM HeBO3MO)KHA — OH BCerza U Beszie OyzeT

HaXOJUTbBCA B abCo/MOTHOM BpeMeHH MUPO34aHbs.

1.2 NMpepnocbiniku cozpgaHna KMM.



YcnoBuMcs KBaHTaMU 0003HauaTh He TOJTBKO BOJIHBI, HO U MUKDPOYACTHUI[bI, TIOTOMY
YTO BCE OHU TaK WM MHaue HeCUMMETPUYHbI Y BPALL[alOTCsl C OTpeie/IeHHbIMU 4aCTOTaMH,
B030Yy>K/1ast BOJIHBI B OKpY»Karoiiei 3rpHoi cpefie.

Viey KBaHTOBaHHOCTH, BUXPEBOM U 3(hHPO-BelljeCTBEHHOM CYIITHOCTH 6a30BbIX (hopM
MaTepuy MHOT'OM3MEDHOM BCeJIeHHOM He HOBbI. Dajec, )XMBIINM 3a HECKOIBKO BEKOB 10
Halllel 3pbl, MPeAIoIOKN/, YTO BCe BH/bI BellleCTBa SBJISIOTCS BApUaHTaMU OHOTO U TOTO JKe
rnaBHoro BelectBa. Ddupa? Pene [lekapt (PucyHok 1), )xvBiiuii B 17 Beke, cudTas, 4TO
MaTepusi COCTOUT M3 BUXpel. YiKe B Haille BpeMsi BiagumMup AKUMOBUU ALFOKOBCKUM
yTBEP>KJaJl, UTO «CBOOOZHBIN 3/I€KTPOH Mpe/CTaB/isieT OO0 BUHTOBOE BUXPEBOE KOJIBII0
oKatoro 3¢wupa. ... [71aBHOM 0CbIO 3/1eKTPOHA SIB/SIETCSI OChb KOJIbLIEBOTO BpalljeHUs....» [3].

Pa3BuBast 5Tu uzien, OTMETUM, YTO B
KMM wmarepusi iMeeT B OCHOBe CBOel
KBAaHTOBaHHbBIN BUXPEBOI 0a30BbIi 3/IEMEHT,
COCTOSILLUI 13 TIOTEHIMAIbHO OeCKOHEUHO

Ae/TUMBIX B(bI/IprIX YaCTull, HO OFpaHI/I‘—IEHHMﬁ B

JIeTUMOCTH  HeJleTMMOU BUXPEeBOH,

PucyHoK 3. Pere Jlekapr (1596-1650), TOpPOWZAIbHOM (opMOii. Peub HieT 0 MOHOCTBIO

(bparILy3CKHit hUTOCO®D, MaTeMaTHK 1 3(UpHOM HEUTPUHO, CITOCOOHOM TIPOSIBNIATH
b

0CTECTBONCIEITATE. CBOO MacCy TOJIbKO peIKUMH pe30HaHCaMU —
Cly4aillHBIMU KUHETUUYe CKUMU
B3aUMO/IEMCTBUSIMU C cebe TIoI00HBIMY, BOSHUKAIOIIMMU TIPH  CTPOTO Tlapaslle/IbHbIX
B3aUMHBIX ODUEHTAaLMsIX UX BUXPEBBIX TOPOUZOB. Jlesio B TOM, UTO KBaHTbl TOPOUaIbHBIX
BUXPel HEMTPUHO UMEIOT Mpe/ie/IbHO BBICOKWE TaHTeHLMalbHble CKOPOCTH IO MPUYKHE
POX/IeHHSI BUXPEU OT CBePXCBETOBBIX JIMHEHHBIX MIOTOKOB, TaK UTO BCe APyTHe UX
MHOTOYMC/IEHHbIe B3aUMHbIe OPHEHTALUU 3aBeIoOMO B3aUMO-TIPOHULIAEMBI.

[Tpou3BoAHbIE OT MPOHUKAIOIMX HEMTPUHO YacTULbl (yHJAMEHTaIbHOTO 3¢upa —
6030HbI XHUITCa, COCTOSAT y>Ke U3 Oosiee Me/JIeHHbIX KBAaHTOB, 3aTOPMOYKEHHBIX BCTPEUHO-
Trapasuie/IbHbIMA CJTUSTHUSIMA HEMTPUHO, TI03TOMY OHH 0oJjiee MaCCUBHBI U COCTaBJISIIOT
CBeTOHOCHBIe 3-/] TI0/IsA, B KOTOPBIX CHTHAJI TIepe/IaeTCs 110 MPUHLIUTTY O/TM3KOAeHCTBYS, TI0
BHUHTOBOM TPaeKTOPHH — BC/IeACTBHE TOTOJIOTHYeCKHUX 0cobeHHOCTel 6030Ha. Ero
MHKPOYACTULIbI MOIyYal0TCsl BCTPEYHO-Tapasiie/IbHbIMU CIUSHUSIMU BUXPe HEeWTPUHO,
COTIPOBOXK/IAOLL[UMMCS] YaCTUYHOM aHHUTUJISILINEe, U1 COOTBETCTBYIOT TIpe/CTaBIeHUSIM O

MeJipyaiiiiieM 3(p)MpHOM MUKDPO-3/IeMeHTe BCe/leHHOU. Jlesio B TOM, UTO MCXOZHBIe Mapbl

HEﬁTpHHO B 1r1ponecce 06pa3OBaHI/IH 6030Ha Xwurrca KOJUTATICUPYKOT Hd HECKOJIBKO TTOPSAAKOB:
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MUHMMYM Ha YeThblpe - COOTBETCTBEHHO MPOMOPLMSAM Ppajuyca atoMa U sifipa, M03TOMY 10
CyILIeCTBY SIB/ISIFOTCSI KBAHTOBaHHBIMU 3()MPHBIMA MUKPOUACTULIAMHU.

B pe3ysnibraTe U3 HEMTPUHO (HbIOTOHHMKOB) U 6030HOB Xwurrca (KOpOHUKOB) oOpa3yeTrcs
s7eMeHTHasi 0a3a, HeoOXojuMasi Kak [Jisi CO3/laHHs MUKPOYaCTHL] M1 aTOMOB, TaK U CpeJibl UX
o0WUTaHMs — CBETOHOCHOTO TIPOCTpaHCTBa. Ha3BaHUSMM OCHOBHBIX 3()MPHBIX MUKPO3/IEMEHTOB —

HBHOTOHUKH U KOPOHUKH, OTAdEM [JO/DKHOE HX IEPBOOTKPLIBATE/IHO, BEJIMKOMY DYCCKOMY

yueHoMy - [Imutputo ViBaHoBUuy MeHzeneeBy (PrcyHOK 4).

R

HPOI/BBO,[[HBIE OT HBIOTOHHMKOB U
KOPOHHKOB 0a30BbIe 37IeMEeHThI BeljecTBa —

CBOOOJIHBIN 3/1IEKTPOH (C-37IEKTPOH) U

2 CBOOO/IHBIN MO3UTPOH (C-TI03UTPOH),
\‘ R KBaHTOBaHbI ¥ UMEIOT BUXPEBOH, rpaZiueHTHbBIN
A i gt

Pucynok 4. [iImutpuii ViBanoBuu MeH[ienees

- XapakTep, T.e. — BUXPEBOU MOTOK WX KBAaHTOB
| yCTpeMJieH C OCEeBbIM YCKOPeHUEM K
oOpa3oBaBILIeiiCs TIPU CIIUSIHUSIX HEUTPUHO
3/1IeMeHTapHOU, Kanubpyroleii uepHoi Abipe. U nanee, «pa30pbI3raHHBIN» U3 TOUEUHOMH
cuHrynisspHoctd U/I moTok 3prpHOI MaTepy CHOBA 3aMbIKAeTCsl Ha BXO[| BTATUBAIOIIEH
BOPOHKHU BUXPsl. Bech 3TOT, Bpalaloiuiics BOKPYT OCHU T€PBUYHOM UepPHOM AbIpHI,
CaMOOOHOB/AIOIINICS KOHTYp o0pa3syeT ¢urypy benapa. OnmcaHHast KOHCTPYKI[US
SIBJISIETCSI KaTMOPOBaHHBIM T10JTy-3/IEKTPOHOM U CYIIIeCTBYeT BCero mopsifika 20 MUHYT —
BEUHOCTb /I MUKPOMHUPA, HO 3TOTO He [JOCTaTOUYHO Jisi CYIlleCTBOBAHHMSI TIOJIHOTO 37IEKTPOHA B
cocTaBe cTabWIBHOTO atoMa. [ToaToMy TpeOyeTcst BTOpOW TOJY-37€KTPOH - AJISl CO3/aHMUs
ellle OJJHOU CTYTIeHH YCKOPeHHs TI0TOKa MaTepuu U o6pa3oBaHust 60/iee MOIITHON YepHOM JbIPHI,
y)Ke B COCTaBe IMePBUUHOTIO aToMa BOZIOpO/ia MPOTHs], CTaOWILHOTO 10 OTIpe/ie/IeHHIO.

Bo3oH Xwurrca Toxxe cTrabuieH — NMPUHIWITAAIBHO BeUeH, HO MPH 3TOM JUHAMUYeCKH
TIO/ISIPU3Y€eM, T.€. — CIIOCOOEH TPy IMHAMHUUeCKUX Harpy3kax /e opMUpPOBATLCS ¥ TaKUM
o0Opa3oM TIPOSIB/ISITh TIePeMeHHbIH 3apsi/l, KaK CTTIOCOOHOCTb K BCACHIBAHUIO WJIA OTTATKUBAHHUIO
OKpy>Karolllell 3)UpHOI MaTepuu, U K COOTBETCTBYIOLEMY yUaCTHIO B BOJIHOBOM /IB)KEHUU
nosiel hyHJaMeHTabHOTO 3¢upa. M3 BUuxpeli fuHaMUUeCKUX O030HOB COCTOSIT TIOJISI
CBETOHOCHOTO 3¢upa, HEUTPUHO, aHTUHEUTPUHO, 3/I€KTPOHBI, TIO3UTPOHBI U aTOMBI.

HetiTprHo 00pa3yroTcsi B aTOMax BOKPYT JKI'YTOOOpPa3HBIX YacTeill BCAChIBAFOIINX
BOPOHOK 3/IeKTPOHA, a TakK >Ke, BOKPYT UIJI000pa3HOM YaCcTH BBITAJKUBAIOLIETO [DKeTa
TIPOTOHA, CAMOOPTaHU3YsICh TIPH 3TOM B BH/Ie TIap Buxpeli Telsiopa, XapaKTepHU3YIOIINXCS
BCTPEUHBIM TaHTeHLIMaTbHbIM JBM>KeHHeM KBaHTOB U O/[HOHAIIPAB/IEHHBIM KOJIbLIEBBIM

JBIKeHreM. MexaHu3M oOpa3oBaHust Buxpeii Teiisiopa GyieT pacCMOTpeH BO 2-i YaCTU CTaTbU.
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ITpu cxsoneiBaHny Bo30yKAeHHbIX JHII-KOHTYpOB B MpoLjecce UX SHepreTHueCKOM
HOpMaJIM3aliy, TIPOMCXOJUT BBICBOOOXKZEHHE TI1ap 3aroTOBOK HEMTPUHO U aHTMHEUTPHHO.
BonblivHCTBO map cpasy pacnaziaeTcsi Ha OT/e/bHble HEUTPUHO U aHTUHEUTPHHO, U3 KOTOPBIX
00pa3yroTcs € -371eKTPOHBI ¥ C-TIO3UTPOHBI, a U3 MOC/IeIHUX - 0030HbI XHUrTCa.

B nogTBep>KAeHNe TUIOTe3bl MTAPHOCTH BUXPeii 6030Ha XWrTca rprBesieM Creayrolee:
«W3 ypaBHeHus [lupaka cnefjoBasio, UyTO [JO/DKHA CyLeCTBOBAaTh HOBAs yacCTULlA (AHTUYACTHLA 110
OTHOLLIEHUIO K /1eKTPOHY) C MaCCOW 3/1eKTPOHA U 3/1IeKTPUUeCKUM
3apsiioM TIPOTUBOTIONIO’KHOTO 3HAaKa; TaKasl yacTHlla Obuia IedCTBUTENBHO OTKPbITa B 1932 roay
K. AHZiepCcoHOM U Ha3BaHa MMO3UTPOHOM. DTO SIBUJIOCh OTPOMHBIM YCII€XOM TeOPUM 3JIeKTPOHA
[wpaka. [Tepexoz 3/1eKTpoHa U3 COCTOSIHUS C OTPULIATE/ILHOM SHepryel B COCTOSIHUE C
TIOJIO>KUTE/ILHOW SHEPrrel, U 00paTHBIH Mepexo/,
WHTEPIIPETUPYIOTCS KaK Mpoliecc 0Opa30BaHUs Tlaphl 3/1€KTPOH-
TIO3UTPOH M aHHUTWJISALIMS Takou napbl.» [4]. Bo3onbl Xurrca

UMerT (QopMy LIeCTUKOHEUHOU «3Be3bl [laBuza» - B dac, 1

[BYXKOHTYDHOH MHUIIIEHU — B IPO(U/Ib, [TO3BOJ/ISIOLLYI0 UM
coenuHATHCA B 3-D niong nog, yriom 90 rpasycoB M nepefiaBaTh
PucyHok 5. bo3son Xurrca .

3/IeKTpUYeCKre CUTHaJbI 10 BUHTOBOM TpaeKTopuu. Tomomnorus

0030Ha Xurrca COOTBETCTBYeT M300pa)XeHUI0 Ha PUCYHKe 5 U HAlIOMUHAET JJBe BCTPEUHO

BCTaBJ/IEHHbIE APYT B pyra IelKW, B3dWMOIIPpOHUKAIOIE B obnactu meek. Yucmio BBICTYIIOB
e

y 6030Ha Xurrca - I1ecTb, YTO JO/DKHO ObITh,
TIPO/ITUKTOBAHO TIPUPO/IHOM 1]e/1eCO00pPa3HOCThHIO -
3HeprocbeperaroiUM MPUHIUTIOM I1IeCTEPHH,
TMO3BOJISIIONMM  0030HaM XUrrca KaTUThCS JIPYT 110
JPYTY C MAUHUMA/IbHBIMHU TIOTE€PSIMU SHEPTUH U TaKUM

obpasom obecrieurBaTh HaMOOJIBILYIO TVIOTHOCTh

YTaKOBKU 1 YaCTOTHBIE CBOWCTBA MOJei
dbyHaaMeHTanbHOrO 3upa.

B cnepytorieii ijutate  M3BeCTHOTO MBIC/UTENS], WMEBIIIEro AOCTyI K OubmiMoreke
BarukaHa, /[0 cux mop XpaHsiieli MHOXXeCTBO TaliH O MUPO3/[jaHbe U LIMBUIU3aLUsAX 3eMIIH,
peub uzieT HakTUUeCKd O MHOTOU3MEPHOCTH U 3(HPHOCTH
BCeJIeHHOM, a KOHKpeTHee — 00 3/1eKTPO-MarHUTHOM U3MepeHUr
BCeJIeHHO, Pucynok 6. Hukonait Kysanckuii.
OrpaHUueHHOM
CKOPOCTBIO CBeTa B MHpe «pa30eraroiuxcs» C yCKOpeHUeM

rajiakTuk : "BceneHHasi ecTb cdepa, LIeHTP KOTOPOI BCIOAY, a
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okpy>kHocTb HUrge" (Hukonaii KysaHckuit). (PucyHok 6). OH ke TOBOPWJI M O MHOXKECTBE
pa3yMHBIX LIUBWIN3aLMi BCe/eHHOM, 4TO B paMkax KMM njeHTUUHO ee pa3yMHOCTU. ITO
ObUTH KpaMOJTbHBIE CYKJeHus1, HO, B oT/iure oT IkopgaHo bpyHo (PuCyHOK 7), rOBOpHBIIIEro
MPHYMEPHO TO >Ke, HO JKMBIIEr0 Ha IMOoATopa Beka 1o3xke - 1548-1600 r.r., eMy He rpo3u/ KOCTep
WHKBU3UI[UM, BHUIUMO TIOTOMY, UTO OH CaM ObLT YaCThIO CUCTEMbI, He KDUTUKOBAJT YCTOU
L|ePKBU M ee KOHKPeTHBIX CITy>KUTesIen.

[pyrve wucTopryecKkre CBefleHHsl, CHMBOJBI M apTe(akxThl, JOIIeAIIre 0 HaC OT
«JIOTIOTOTTHBIX» ~ 3eMHBIX I[MBW/IM3al[|H, TaKue Kak - celbMoe Heb0, CeMUCBEUHUK, C€Mb KYKOJ
MaTpeIIKH, TPU-/eBSITh 3eMeJib U /1eBITb MUPOB JiepeBa Urripacuib, yBepeHHO YKa3bIBalOT Ha
CyLL|eCTBOBaHHEe B MUPO3/jaHbM CEMHU BJIO)KEHHBIX [IPYT B [ipyra BelljeCTBeHHbIX MUPOB —
3/IEKTPO-MarHUTHBIX u3MepeHui (OMU), KaXK0e 13 KOTOPbIX OTHOCUTENIBHO [IPYTUX SIBSIETCS
3(QUpHBIM, T.e. - B3aUMO/IeICTBYIOIIMM CBOUM BeLLeCTBOM C MaTepueil Jpyrux u3MepeHui
TOJIbKO Ha CBEPXCBETOBBIX CKOPOCTSIX - TPaBUTAL[MOHHO, @ UMEHHO: KBAaHTaMU CBOMX
37IeKTPOHOB Ha OJIM3KOCKOPOCTHBIE UM, U MO3TOMY CTaBIIHe [/ HUX BellleCTBEHHBIMH,
KBaHTbl fijpa aroMa-MullleHd. PasymeeTcs, Takoe B3aUMOZENCTBHE, K TOMY )K€ BeCbMa

peakoe 1o IIpuyrHe pPe30HAHCHOCTHM, OTHOCHUTE/IBHO 3/IEKTPO-MdAI'HUTHOI'O OY€Hb cnaboe.

1.3 KubepHeTHuecKHi MeTO/| U CBOICTBA BCE/IEHHOI.

KubepHeTrika, B HauboJsiee pa3BUTOM ee BapHaHTe, - 3TO HayKa 00 aBTOMaTH4eCKOM
ynpaBjieHUH, CaMOyTpaB/IeHUH U CaMOPery/JIMpOBaHUM CUCTEM pa3/IMUHOU MPUPO/IbI, BKIIIOYAst
TeXHUUe CKHe, NHHOpPMAaIMOHHbIe, OMO/IOTHYeCKHe, COLMasbHbIe, OOMbIINe CUCTEMBI U TIP.
OCHOBHOI TIpH3HAaK KMOEPHETUUHOCTH CaMOPa3BUBAOLIMXCS CHUCTEM C UHTEJJIEKTOM, K
KOTOPBIM OTHOCHUTCSl Y Hallla BCeJieHHasl, o0razarolasi pa3yMoM Kak MUHUMYM OZIHOM
LMBWIM3AaL[1MH, 9TO HaJIMuKe KOMITJIeKCa OOpaTHBIX CBsI3ei, TTO3BOJSIOLUX OCYLIeCTBISATh
CTabW/IM3al|I0 CUCTEMBI, Pery/IMpoBaHHe TapaMeTpPOB U aBTOMaTHUeCKOe YIIpaBJieHHe 110
PacCorIacoBaHUIO MeXAY AeHCTBUTE/BHBIM U LIe/IeBbIM COCTOSIHUEM, U TaKUM 00pa3om
obecrieunBaTh ee AMHAMUKY, )KU3HECTIOCOOHOCTDb U pa3BUTHE.

KMM «BbIBOpauMBaeT Hau3HAHKY» pa3pyIIUTe/bHBIM 10 omnpeeneHnt0 bosbiioi
B3pbiB, mpejcTaBisieT JUHAMUKY BCeJIEHHOW KaK aHTH-B3pbIB, TMPU 3TOM OrpaHHYMBAeT
BCeJIEHHYI0 SHepreTu4ecKy U TOTIOJIOTUYeCKH, 3aMblKaeT ee 00pPaTHOM CBSI3bI0 B KOJIBLIO,
TaKUM 00pa3oM TpeACTaB/isieT, KaKk KUOepHEeTHUeCKYIO CUCTEMY, TpeAOTIpeesisisi MPUHLIUIIBI
ee YCTpOMCTBa Y, B 3HAUUTE/IbHOM CTelleHH, MeXaHW3Mbl, MPOoL[eCChl U CBOMCTBA MaTepHHu.

BcenenHass HabmofaeMo ¢pakranbHa: aTroM, TUIaHETApHBbIE CHUCTEMbI, TaJaKTUKW, WX

CKOIlVIEHHSA ¥ MaKPOT'a/IaKTHKAd — BC€ OHU ABJIAIOTCA CaMOHO,E[O6HbIMI/I Cl)paKTaJ'IaMI/I APEBOBI/I,E[HOI‘;I
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CTPYKTyphI, (dopmupyemoli Haubosiee cab0ii M OBICTPOM CBEPXCBETOBOW COCTaBJISIOLIEH
TIPOHMKAIOL[eN TPaBUTaLUHU.

[TockonbKy MbI [lasieKo He BCe 3HaeM O MIPUHLIMIIaX YCTPOMCTBA aToMa U BCeIeHHOM, [/st
WX MojenupoBaHus OyzeM UCMo/ib30BaTh TPOBEPEHHBbIM METOZ  TOCTYJIMPOBAaHUS U
TOC/IeIyIOIIETO ZI0Ka3aTe/lbCTBa, a TaK >XKe KUOEePHEeTHUeCKYH0 METO/IOJIOTHIO — TIpeZiCTaB/IeHre
WX B KaueCTBe CTaOW/IbHBIX, IUK/INYECKH, TI0 KPYTY CaMOOOHOBJISIFOLIMXCST CUCTEM.

[uHamHnueckasl CUCTeMa MOKeT ObITh CTAaOW/IBHOM, ec/d OHa 3aMKHyTa  oOpaTHoM
CBSI3bIO0 M CIOCOOHA K aBTOMaTMUeCKOW paboTe M0 yCTpaHEHHIO PACCOT/IaCOBaHUS TeKYIIUX U
1jeJIeBbIX TapameTpoB. [lnst obecrieuennsi paboTOCIOCOOHOCTH KUOEPHETHUECKOW CHCTEeMBI
mupo3ganbs (KCM) noctynvpyeM criefyroliye ee CBOMCTBA: IOTOKOBBIA XapakTep, KOJIbLEBYIO
3aMKHYTOCTb, ()paKTajibHOCTb, MHOTOU3MEPHOCTh, 3(UPO-Bell{eCTBeHHYI0 NIPUPOJy MaTepuy;
npeZriosiaraeM Hajauude Tpex BHAOB 3¢hupa, MexXaHW3MOB TipeoOpa3oBaHUs MaTepuud U3
BeliecTBa B 3up ¥ 06paTHO, CTAaOWILHOTO MCTOUHWKA SHEPTHUH; a TakK ke, pelllaeM BOIpPOC
HeJIe/TMMOCTA KBAaHTOBAaHHOTO 0a30BOTO 3/eMeHTa Marepud — 0030Ha Xurrca W oripezessieM
BHEIIHIOIO CpeJly TOTOJIOTMUeCKU U SHepreTUUeCKd OrpaHUUeHHOU BCe/IeHHOM.

JL.LE. ®enynaeB B cBoeM Tpyge «Pusudeckast popma rpaBUTaLvm» [5], ccbliaercs
Ha Teiisip e [llapeH: «DKCrepUMeHTHI, TPOBe/IEHHBIE HA JIeTeKTOpPe YacTHl] B labopaTopuu
EBponeiickoro ueHTtpa sifepHbix uccienoBanuii (GERN), mogTBepaunu... Bakyym,
JleMICTBUTE/IbHO, HaTlOJTHEH SHepryel, 3apskeH ei». 3ateM B aBTopedepare K « dunocodus
rpaBUTALMM: T71a3aMu ['eresst Ha po6JieMbl COBpEMeHHOU (DHU3MKW» OH TTUILIET
cnenytoujee: «Korza sneMeHTapHas yacTvLa pacnaZaeTcsi, TO BbIZe/iieTCsl TUTaHTCKasi SHeprusl.
I'me oHa xpaHunace? ... Kakum-To criocobom mMaTepusi Be[ib C)KUMAETCS /10 37IEMEeHTapHBIX
YaCTHI] BeleCTBa, I7ie-TO B IPUPO/e Be/lb CYLIeCTBYIOT 3T (abpuku? ... M BOT, Ka3anochk Obl,
MOYXKHO U «B3/I0XHYTb CIIOKOMHO», - OTKPBIT (DaKT «MCUe3HOBEHUs» MaTepUU U SHepruu B
«YepHbIx Ablpax»... B «UepHbIX bIpax», - UCUe3aeT, a B OTKPHITOM KOCMOCE, T. €. BOKPYT
3TUX CaMbIX «HepHbIX AbIp», - TIosiBsieTcsA?  Kak 31ech He 3aKpUuMlLb, - OBpUKa! Bot oHa!
YOuBUTENBHO, UTO Jla’Ke He BCTpeyvaelllb MOMbITOK CBA3aTh 3TU SIBJIEHUSL. ...».

[1eiiCTBUTENIbHO, He CJIbIILA/ O TaKKX MOMBbITKaX CO CTOPOHBI (PUHAHCHPYEMOUM HayKHU.
3aTo IMPOKO M3BECTHO, UTO MHUIMATHBA B 9TOM HarlpaB/eHWH He MOoOoLIpsieTcst — 3up
¢akTHUeCKy 3arpelleH, 3/1eKTPOH BeJIeHO CYMTATh TOUEYHbIM, a8 KOMUCCHS 110 JDKeHayKe
roZiobHa MHKBU3HWLMH, KOT/Ia [1eJ10 KacaeTcsi TEOPUM OTHOCUTeNbHOCTU. Ho HeyroMoHHbIe
He3aBUCHUMbIe UCC/IeI0BaTe/N BCe JKe TPeANPUHUMAIOT TOMbITKUA CBSA3aTh BellleCTBEHHbIN U
5¢upHbIi Mupbl. Boru B KMM  BeljecTBO HcYe3aeT B UEpPHBIX JblpaX, KOTOpbIe

reHepUpYIOT SHePrUi0 MOCPeJCTBOM T'PAaBUTAL[MOHHOIO 3apsiJia, TPaHC(HOPMUPYIOT,
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yTIOPSIZIOUMBAIOT Y YIIaKOBBIBAOT MaTepHIO B MaJible BbICOKO3HepreTuueckue 3upHbie (hOpMbl,
Y IO3TOMY MpeTeH/YIOT Ha K/II0OUEeBYIO PO/Ib B KDYTOBOPOTe MaTepuM BCEJIEHHOMU.

OCHOBHBIe BOTIPOCHI peaii3yeMOCTH KHOepHeTHUeCKOM BCeJIeHHOM COCTOSIT B
TeXHUUECKUX pelleHUsIX TIPUPO/Ibl OTHOCUTETbHO COUeTaHUs allpuopu-0eCKOHEYHOCTH |
CHUCTEMHOM OrPaHUYEeHHOCTU BCEJIEHHOW, TMOTeHLIMa/JbHOM B3aMMONPOHULIAeMOCTH Tel,
rpaBUTAlNM, KBAHTOBAHHOCTH 0a30BOTO 3/IeMeHTa MaTepUy U HeJeTMMOCTH €ero (hOpPMBI,
peasM3aliyd TMPHHLMIIA BEUHOTO JBUraTess, MexaHW3MOB ()OPMUPOBaHUs YePHbBIX JbIP,
B3pbIBa U KoJsiiarica Macc. [TockonbKy BcesleHHasi M aToM BCe ellje CYIeCTBYHOT, Y IPUPO/bl
peltieHre 0003HAUEeHHBIX BOIPOCOB HWMEETCH.

KubepHeTrnueckuii Mogxof, K MOJ/TMPOBAaHUI0 MHPO3/IaHbsl OTKPLIBAET HOBBIE
BO3MO)KHOCTH JIJIi  MCCJIeJOBAHMM, aHa/Ini3a U OTKPBITHM, CIIOCOOCTBYyeT pa3BUTUIO
3¢upHO PU3MKY, SHEPTeTUKN U TeXHOJMOTul. [Isisi  yBepeHHOTO0 roctpoeHuss KMM Tpebyetcsi
0TKa3aTbCsl 0T COMHHUTE/IbHBIX OTpPaHUUeHN TeOPUU OTHOCUTeTbHOCTH Y KBAHTOBOW MeXaHUKH,
¥ BOCI0/Ib30BaThCs HUI0CcOdCKUM TIPUHLIUIIOM «BO3MOXKHO BCex». Ilpu moctpoennn KMM
OyzieM UCII0/Ib30BaTh KHOepHeTHUe CKUil MeTO/], OTIepPUPYIOLIUIA TIPUHIUITIAMH  aBTOMAaTH3Ma,
ajianTanuy, IMKJIMYHOCTH Y YepPHOTO SIIIHUKa.

ABTOMAaTH3M, IMKIUYHOCTh, CTAOWUIBHOCTH W COOTBETCTBYIOII[asi PUHIIATTHA/IbHAS
BEUHOCTh (DYHKI[MOHMPOBAHMSI TOTOKOBBIX, AMHAMUYECKUX CHCTeM 00eCreurnBaroTCsl MX
3aMKHYTOCTbIO 00ODaTHBIMM CBSI3SIMHU, TI03BOJISIFOILIMMU OCYILIeCTB/IATH CaMOpPery/IMpoBaHUe.

CKopOCTh afjanTalyy KubepHeTHUeCKOW CUCTeMbl BCeJIEHHOM /10/DKHA ObITh BhIILIe
CKOPOCTH ee [JWHaMU4eCKUX MpoLeccoB. JJpyrumMu cjioBaMU — CKOPOCTb TpaBUTAL[UU BO
BCeJIEHHOU ZI0/DKHA OBITh BhIILIE CKODOCTH CBETA - TOJILKO TaK BCeJIeHHAsi MOXKET ObITh
CTPYKTYpHPOBaHa Kak e/IiHasi CUCTeMa, U TaK MOKeT ObITh 0OecrieueHa BbDKMBaeMOCTb
LMBW/M3aL[Mii B TIOTOKE BCEJIEHHOM, C ero HeoTBpaTUMbIMU B MPOLIECCE SBOIOLMU 3Be3/]
KOJI/IariCaMu M B3pbIBaMH MacC, XapaKTepU3YIOLUMHUCS OKOJIOCBETOBBIMU CKOPOCTSIMU
pacrpoCTpaHeHus I)KeTOB, KOJI0CCA/IbHBIMHU TepenaziaMy JaB/leHui U TeMIleparyp.

OO6beuHeHHbIN MepapXUuecKuii pasyM BCeJIeHHOM, [JOJDKHO ObITh, TOXKe CII0COOCTByeT
BbDKHMBAHUIO, CBOEBPEMEHHO HATpaB/isist XKU3Hb 110 0e30TacHBIM MyTSM paccesieHUs..
[TocKonbKY KM3Hb /10 CUX TIOp CYILIeCTBYeT, el JOCTM)XXUMbl CBEPXCBETOBbIe CKOPOCTH, [JIsi
obecrieueHrs1 KOTOPLIX TPeOyrOTCs elrle OOJIbILINEe CKOPOCTH TPaBUTALIUH.

[TpyHLMIT YepHOTO SIlMKa NpeAroaaraeT MoCTpOeHre TUIIOTe3 O BHYTPEHHEM
yCTPOUCTBe Her3BeJaHHOW CUCTEMbI M PacyeTOB TOJILKO JIMIIIb HA OCHOBE BXOZSIIUX U
BBIXO/IAIINX IaHHBIX. be3 1mojo6Horo moxo/a 3aTpyAHUTE/ILHO TI03HAaHWE YCTPOUCTBA

K/TFOUEBLIX 00LEKTOB MHDPO3AdHbA — YEPHBIX AbID.
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Hanuuwre miporieccoB cuHTe3a GU3NUeCKUX 37IEMEHTOB U TPOTHUBOCTOSIIMX UM
TIPOLIECCOB sIIEPHOTO pacraZia KOCBEHHO TMOJTBEPXKJAl0T CyIeCTBOBaHMe 3aMKHYThIX
KOHTYPOB TpeoOpa3oBaHusi MaTepyuy U3 BelllecTBa B 3¢up, 1 obparHo. KonblieBoe
YCTPOMCTBO BCe/IeEHHOM U ee (PpaKkTasioB OJHO3HAYHO OTpejiesisieT TPUHLIUI HeorlpeZieieHHOM
MIPUYMHHOCTA  «KYPHUIIA-AHI[0»,  TIOATBEPXKAAIOIINN MX [IUKIUYHOCTb, TIPUHIUITHAATBHYIO
BEUHOCTb U HCXO/IHYI0 KOHCTPYKTHUBHYIO 3aBePILIEHHOCTb.

[TpencTaBneHye BCe/IleHHOHN B KaueCTBe KUOepHeTHUECKOH cucTeMbl TpeOyeT ee
JIOKanu3alid W OTipefie/ieHVs] BHEIITHeH Cpe/ibl.

1. Okpyxatolljasi BCeJIEHHYIO MaTepust MOKeT 00/1afiaTh Hy/IeBBIMU ITapaMeTPaMH, Yero
MOYKeT 0Ka3aThCsl BIIOJIHE JOCTATOUHO [ijist TpeOyeMoit orpaHUUeHHOCTH CUCTEMbI MUPO3/IaHbST
«CBEpXy».

2. HepmemumocTh 6a30BOTO 371eMeHTa MaTePUM  MOXKET OBbITh CBeJleHa K
orpaHUuMBaroIIeli ero ApobieHre HeleTMMOCTH 3aMKHYTBIX (opM, 0Ga3oBast U3 KOTOPBIX —
KOJIBLO TOpoU/a, Oostee CyIoXKHBIE — ieHTa MéOryca | crivpaneBUHas. JTOTO OrpaHUUeHHs
BITOJIHE ZIOCTATOYHO /I/Ii OrPaHUYeHHOCTH MUPO3/aHbs «CHU3Y».

3. B nosb3y OKabHOCTH  BCeJIEHHOM, OTPAHWYEHHOCTH ee SHePrvy U Macchl,
CBHU/IETE/ILCTBYIOT: a) OTPAHUYEHHOCTb aTOMHBIX BeCOB (DM3UUECKHUX 37IeMEHTOB TaOULIbI
MeHjesieeBa — ueM Tspkesiee (PU3UUECKUI 371eMEHT, TeM 00JIbllle SHEPTUH B HEM YIIaKOBAHO U
TeM GoJIbIITHe BCachIBaIOIIHe CUIbI TPeOyIOTCs AJis Mo/epKaHus ero CTabuibHOCTH;

0) asibTepHaTUBHOE TOJIKOBaHUe orbiTa KaydMaHa, ornpesiesMBIliero yMeHblleHHe
COOTHOIIIEHUS 3apsi/ia JIeKTPOHA K €r0 Macce MPH POCTe CKOPOCTH, COCTOSIIIee B TOM, UTO
Macca yMeHbIIIaeTCs, BOMPEKHU abCTpaKTHBIM Tipeobpa3oBaHusaM JIopeHIja-DWHIIITeHHA [Ist
Macchl, HO 3apsi/] yMeHbllaeTcst ObICTpee MacChl; B) «ysbTpaduoneToBas KaracTpoda»
(PucyHok 8), — Korzma 3Heprusi u3iyueHusi abCOMFOTHO YePHOTO Tejla C YBeTMueHreM YaCTOThI

repecTaeT pacTd, BOMpPEeKU OXKHUJaeMOMY coriacHo ¢opmysiel Panes-xuHca.
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Pue. 5.7. Kpusnie SapHcHMOCTH HENYycKaTelbHON cnocofHOCTH p(i)

a0coMOTHO YepPHOTO Tefla OT AAHHB BoJAHE. CrjomHad KpPHUBas [o-

fyuena SKCOEPHMEHTAMLHO, LWITPHXOBaA KPHEAaA NocTpoena no dop-
mvae Pajgea — Dxuuca

PucyHok 8. YnerpaduoneroBasi Karactpoda.

3aMeTHM, UTO y>Ke TOJbKO HalKlCaHWe COOTBETCTBYIOLel rpaduKy (GopMyIibl [i/1si TepeMeHHOM
Macchl, B 3aBUCUMOCTH OT SHEPTHU U3y4YeHUs, MOIJI0 Obl BepHYTb (DU3MKY Ha MyTh
WCTUHHBIA. DopMyra it MacChl JO/DKHA OTpaXkaTh TaZieHre WHePLIMOHHOW MacChl 3/1eKTPOHA
J10 HyJ/Is, TIOSIB/IEHHEe U POCT ero HeOOJIbIIIoN TPaBUTOHHOM UaCTH MacChl BbIIIIe HY/IS, - BCE
3TO COOTBETCTBEHHO pacTyiedi ckopocTd. [1o MHEHWIO aBTOpa, IPUHIUMUAIBHO OJK3Ka K

WCTUHe crenytolas Gpopmya:

m W=| m:,q:ﬁ(z")"'m W~

[me: m (V) - Macca 3/1eKTpOHa; My, - TPAaBUTOHHAS Macca; M, - Macca MoKosI 37IeKTPOHa.

Pucynok 9. ®opmyna g1 maccel B KMM. .

[Toctynupyemass B KMM J10Ka/IbHOCTh BCeIEHHOM TpebyeT orpezeneHus Cpe/ibl 3a ee
nipesienamMu. JIOKa/sbHOCTH BCeNeHHOM, HeobxoArMast jisi obecriedeHus ee CUCTEMHOCTHU U
KWOEePHEeTUYHOCTH, [AOCTUTAeTCS OKPY)KeHHEM ee HeKOW Marepueid C Hy/JeBbIMU 3HAUeHUSIMU
TlapaMeTpOB — OKpy»Karouum HyseBbiM HUUTO (OHH), mogo6HO Marepuu ripy abComoTHOM
Hysne Temniepatyp. OHH BoBce He mycTOTa, a TO, YTO XpaHUT UHGOPMALMIO B Ka)XJ0l TOUKe
OKPY’KaroII[eTo MPOCTPAHCTBA O MaTepwH, obsiazaroiei mobbiM HabopoM TapamMeTpoB, HO - C
VX HyJIeBBIMU 3HaueHUsIMU. TaKoM TIO/IX0/, COXpaHsieT BHeIIHee TIPOCTPAHCTBO KaK HEKOTOPOe

pe3epBHOe, HO He B/MsIOIIee Ha (GyHKIIMOHUPOBAHKE JIOKAJIbHOW — BCEJIeHHOM, MY 3TOM He
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WCKJTIOUaroIIjee HeKOTOPhIii 0OMeH ¢ Heli Marepueil. O MaTepuu 3TOTO MPOCTPAHCTBA MOXKHO
TOBOPHUTH KaK O 3aMOPOKEHHOM, WY CTIsAIel, HO CTIOCOOHOM MPOCHYTHCS  OT JIF0O0T0o
BHeIIIHeT0 SHepreTUYeCcKOro BO3/eHCTBYs, T.e., Jaxke OT 0OHapy»xeHusi, oOpeTasi B MOSIBUBILIEMCST
JIBIDKEHUHU 3a/10’KeHHbIe B ee MaMsITU TlapaMeTphl U CcBoicTBa. [loHsATHe O Hy/eBol MaTepuu B
KaKOW-TO CTeTIeHW COOTBETCTBYeT Hab/I0ZlaeMOMy COCTOSIHUIO TeJsl, OXJIaXK/[€HHBIX 10
Temriepatyp O/M3KKX K abCOMOTHOMY HYJIHO, - KOTZIa Kosie0aHUsl aTOMOB 3aMHPAlOT, paccesiHue
3/IEKTPOHOB YMEHbIIaeTCsl, IMHaMUuUeCKHe MpOoLieCChl 3aTOPMakMBAKOTCs, HO MPU 3ToM (hopMa
TeJl COXPAHSIeTCs], @ CAMHM OHU CTAaHOBSITCS XPYTIKUMU, BCJIEICTBHE O0C/1ab/ieHrsT Me>KaTOMHBIX
CBsI3ei.

YepHble JbIPbI aOCOTFOTHO XOJIO/IHBI B U3MEPeHUU HaO/TFoaTesisi, HO  SIBJISIFOTCS
AKTUBHBIMU LIEHTPAaMU BbIPAOOTKM 3HEPryu U npeobpa3oBaHUs MaTePUH, TIO3TOMY TIOf
oripegesienrie OHH, nomkHo O6bITh, He nogxoasT. Borpoc cyuHoctu OHH ocTaeTcst OTKPBITHIM.

CBepxCcBeTOBbIe CKOPOCTH rPaBUTALIMU MPEANOIararoT COOTBETCTBYIOIME BO3MOKHOCTH
KOMMYHUKalui. Bpewmsi siBjisieTCss MPOU3BOAHOW BeJIMUMHOM [IBU)KEHUS B IPOCTPAHCTBE -
Mepoii TIPO/IOJKUTE/ILHOCTH MPOLIECCOB U MOC/eioBaTe/lbHOCTU cobbIThii. B KMM
MO/I/IeP’)KUBAETCSl «CTpejla BpeMeHW», KaK OJHOHANpaB/IeHHOCTb JBWKEHUsI BPeMEeHHU U ITOTOKa
nipeobpa3yemMoii MaTepuH M3 TIPOILJIOTO B OyAylliee, HO 3TO He UCK/TFOUaeT BCTPEYHOTO
OCHOBHOMY TIOTOKY CTYIIOUHOTO BhIOpOCa 3(MPHOI MaTepuu W3 COCeIHUX 3JIeKTPO-
MarHUTHBIX U3MepeHU, TPOMCXOASIIEero BCSKUIA pa3 Mpy Kojuiarice macc. biarogaps
BCTPEYHBIM OCHOBHOMY TOTOKY CTYTIOUHBIM BBIOpOCAM MaTepuM TPUHIUITAATBHO BO3MOKEH
MIPOTHO3 OyZYIIIero COCTOSIHUSI MaTepHa/IbHBIX CTPYKTYP, YUaCTBYIOIIUX B YIIOPSIZOUEHHOM,
CHUCTeMHOM, TUIIMYHOM, U TI03TOMY B YeM-TO MpefCcKa3yeMOM, KPyrOBOpPOTe MaTepum
BCeJIeHHOM.

CrymnouHble BbIOpPOCHI 1/1a3Mbl Ha ripuMepe ConHila. TemHble nisitHa Ha CosHIIE — 3TO
00/1aCTV TIOHM)KEHHOTO /IaB/IeHHs T/1a3Mbl, BO3HUKAIOIIMe B pe3y/ibTaTe MacIITabHOTo
KoJu1arica Macc (4aCTUUHOM aHHUTWISILIUM) — CXJIOTbIBAaHUS BO30Y>KJeHHbIX KOHTYpoB OHIT 10
COCTOSIHUST BOZIOPO/I0TIOJOOHBIX aTOMOB C Lie/TbI0 OXJIaXK/ieHusi 3Be3bl. [locnenyroiue
BCIBILIKYA HA MeCTe IATeH — 5TO BCIJIECKU /1a3Mbl TIPH  3aI10JIHEHWUH €10 TeMHBIX MSITeH, TUTF0C
— YCWIHBAOIIME UX «CTYTIOUHBIE» BBIOPOCHI 3(DMPHOM MaTepUM U3 COCEHEr0 3.M. U3MePeHUsl.

Hy>XHO MOSICHUTL UTO eCTb BO30y>KAeHHOCTb KoHTypa DHII, - 310 Korza 6anaHc ero
5()MpOo-BelLeCTBEHHOI0 TOTOKA CABUHYT 3amMe/i/IeHeM KBaHTOB B CTOPOHY BellleCTBa C
COOTBETCTBYIOLLMM yBe/TMYeHUeM MacChl, TeMIlepaTypsl U JaBiaeHus. [I0CKOIbKY TIpU 5TOM
yepHas JibIpa KOHTypa COXpaHsieT MPeKHIOK MOIHOCTb, TO CAMOBOCIIPOU3BO/ALUNCS KOHTYD
OHII cTpeMUTCSI BOCCTaHOBUTL 3(MPO-BellieCTBeHHbIN 0a/laHC MOCpeCTBOM KoJiiarica Mace —

HaBI/IHOO6pa3HOFO YCKOp€eHHs MMPUTOPMOKEHHBIX OBLI0 MHKDPOUYACTHUL] KOHTYPaA.
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Ec/ii 0CHOBHBIM BU/IOM U3/1yUeHUs UePHBIX /bIP SIB/ISeTCS U3MydyeHue 3e/boBUYa-
XOKMHra B BU/Ie [PKETOB, XOPOLIO BUAUMBIX B KOHTaKTUPYIOLIMX YepPHBIX Jblpax — KBa3apax M
MpaKTUUeCKU HeBU/IUMBIX B OJJMHOYHBIX YEPHBIX JblpaX, TO My3bipu PepMy, paszayBarolyecs
Ha/j TIOJ/IF0CaMH CITMPaieBUAHBIX ra/akTHK, 00/1a/jarol{X MacCBaMH YepHBIX /IbIP B LIEHTPE,
JODKHO OBITH C(HOPMUPOBAHBI ZieBUALMel UX PKETOB M CTYTIOYHBIMK BHIOPOCAMH T1/1a3MBbl,
Hanpab/IeHHbIMY B TIPOTUBOIIO/IOJKHYIO OT JKETOB CTOPOHY.

Hanvune cTabuabHBIX MCTOUHUKOB SHEPIUU B BU/le UEPHBIX JIbIp, obOecrieyrBaeT
aBTOMATHU3M, LMKIMYHOCTb U TPUHLMITMAIBHYIO BEUHOCTh (DYHKLMOHMPOBAHHUS CTaOUIBbHBIX
¢dpakranoB. VIx MaTepusi NpO’KMBaeT KPYrOBOW >KW3HEHHbIN LMK/ OT MPOCTEHIINX [0
CJIOXKHBIX (JOPM, KOTOpBIE B KOHL|E LIMK/Ia OOBIYHO BHOBB [I€3UHTETPUPYIOTCS 0 MPOCTENIINX
5(hMpHBIX, U TOrZa Iporecc obpasoBaHus Oosee CI0XKHBIX (POpPM HaunMHaeTcs cHavasna. OfHako,
B KOCMHUYeCKUX MaKpOBUXPSX 3Be3/jHble CUCTEMbl MOTYT IIPOXOAWUTb 30HbI CUHTY/ISIPHOCTH -
TOpJIOBUHBI Tapasljie/IbHBIX OJHOHAINpaB/IeHHBIX ITIOTOKOB, 0e3 0COOBIX KaTaK/IM3MOB,

HallpUMeD - C paCIiaiIoM TUTdHTCKUX UEPHBIX AbIp HA IIdPOBbLIE€ CKOITJIEHUS 3BE3[.

1.4 IIpyuHLMN BEUHOT0 ABUraTeIs.

Ka3zanoce Obl, TOCHUT O BEYHOM JIBUTaTe/ie IPOTUBOPEUUT 3aKOHAM TePMOJUHAMUKU U
M03TOMY Oe3Ha/[eXKHO KOMITIPOMETHUPYET Uiel0 KUOepHeTUUEeCKOH BCeJIeHHOM, HO (DaKThI Belllb
ympsiMasi — aToM CTabusieH, UTo TO ke — MPUHI[UIHA/ILHO BeueH, CTajao ObITh BeUHA U BCEJIeHHASI.
Heno 3a «MaibIM» — HaWTH CIOCOO, KOTOPLIM TIPUPOZA YMYAPWIACh Pean30BaTh TIPUHIUIT
BEUHOTO JIBUTraTesist epBoro poza (6e3 mofiBojia SHEPTHUY U3BHE) B aTOMe U BCeJIEHHOM.

ITporiecchbl KOJBIIEBOTO CAMOBOCITPOM3BO/[CTBA BCEJIEHHOU U [IPYTHX €€ CTa0U/IbHBIX
(dpakTasnoB - BUXpeBble. X BUXpeBOl XapakTep - 3TO pe3y/bTar AelicTBus KopuonaucoBa
YCKOpEeHUs U BCaChblBaHWSI MaTepUU B «CJIMBHbIE OTBEPCTHsI» - UepHble AbIpbl. YepHble JbIpbl
SIBJISTFOTCSI HarboJiee CKOPOCTHOM YaCThI0 BUXPEBBIX TPA/[UEHTHBIX ITOTOKOB, FeHepaTopamMu
BCaChIBAIOIIEro (OTPHUIIATEIbHOTO) TPABUTAI[MOHHOIO 3apsiia U CUCTEMOOOPa3yOUMU
3/leMeHTaMM BCeJieHHOM U aToMa. OHM CBSI3bIBAIOT 3/1€KTPO-MarHUTHbIE U3MepeHUst
JUHaMUYeCKUMU TIepexo/laMy MaTepuu U3 BelllecTBa B 3pup, u obpaTtHO. [paBUTALIMOHHBIM
3apsA SIBJSIeTCA SKBUBAJIEHTOM I'DaBUTUPYIOLEN MacChl, TO3TOMY TOBOPUTH O Macce
BCACHIBAIOILIEN [IbIPbI IOCTaTOUHO KOPPEKTHO.

BevurHbI NON0XKUTEMBHBIX TPaJJUeHTOB BUXpel (PpakTanoB (yCKOpeHus1)
MPOINOPLMOHA/IbHBI Be/IMUMHE 3KBUBaj/eHTOB MacC ux Y/l U OpUeHTUPOBaHbI B
COOTBETCTBUM C BETBJIEHWEM JiepeBa MUPO3/laHbsl, UTO U MOJTBEPXKAAETCS HaO/IIOIeHUsIMU
pa3/IMyaroIMXCs 3HaUeHW TapameTpa Xa00/1a B pa3/IMUHbIX TOUKaX BCeJIeHHOW. [lepeBo

Y3/I0BbIX YEPHBIX /IbID COOTBETCTBYET JlepeBy (DpaKkTasioB BCeJIEHHOM U SIBSETCS CBOETO pojia ee
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ckeneroM. ®Dpakrasbl OOHOB/SIOTCST  OBICTPO, CKeJIeT - OYeHb Me/IJIEHHO, TI03TOMY ZI0JITOe
BpeMsI BCeJIeHHasl CUMTaaach CTaTUYHOM.

UYepHble JbIpbl aTOMOB YJ/IaBIMBAOT Hanbosiee CKOPOCTHbIE HEUTPUHO, TIPUXOJSILME U3
JATBHUX 3.M. U3MEPeHUi, pe30HUPYIOT C HUMH, TaKUM 00pa3oM 0OHapy)KMBalOT Maccy U CHITY
B3aUMO/IeMCTBUS, TaKMM 00pa3oM 00eCrieunBaroT AabHIOK TPABUTALIUIO TIPUTAIKUBAHUEM U
CTPYKTYPUPOBaHHE BCeJIeHHOM.

Cuuraetcs, 4YTO Ha BXoZle KocMuueckoi Y/l pa3priBaeMble rpaBUTaLeN U
TIoI7IolaeMble o 3Be3/bl UMetoT 6;3 cdepsl HIBapiimibia MakcMMaibHble TeMIIepaTyphbl,
TIPY 9TOM CaMH YepHbIe /IbIPBI BCErJa OCTalTCs abCcomoTHO XonogHbiMu. Ho 3To u ecTh
HeoOXoAMOe YC/IOBHe /IS peajin3aliuy TIPUHLIUIA BEYHOTO JIBUraTesist. TeMriepaTypHbIid
pa3pbIB MeX/ly MOBEPXHOCTHI UepHOU /bIPbl KBa3apa M BHeILLIHel pacKaJleHHOW Ccpeiou
oueBugieH (PucyHok 10), 1 ero BIO/He JOCTaTOYHO /iJIs1 peany3aliiy MPUHLIAIIA BEYHOIO
nBuraresisi. Takum obpasom, Asist peanu3ariui B/l Hy)KHBI, KaK MUHHUMYM, /1Ba 3.M. U3MepeHust
Y COe[UHAOIIASA UX 4YepHas Ablpa, [eWCTBYIOLasl B KaueCTBe YCKOPUTeNIs MaTepuw,
riepeBo/sillasi ee Takum obpa3oM B 3(dHpHOE COCTOsIHUE U (POpPMUPYIOILasi TPaBUTALMOHHBIN
3apsi/i — NPUHLMIIHAAIBHO BEYHbIN HCTOUHUK SHEepPryu.

UepHble AbIpbl (AaKTUUYECKH pa3pbIBAlOT
1k KapHo. [lesio B TOM, UTO KMHeTHYeCKast
SHeprusi INOTOKa MaTepuu, NaJjarolero C
yckopeHveM B Y/I ¥ CKpyuMBaroL[erocs B
Crvpasb, pacTeT, MPU TOM UTO ero pa3Mepbl
(0o6beM) 1 Macca yMeHBIIIAIOTCS, @ TeMIeparypa
U JaBjieHWe TiafaroT. Takum oOpa3oM marepusi U
SHeprysl ynakoOBBbIBAalOTCSl B Masible
BBICOKO3HepreTuueckye 3(pupHble (POPMBI.

Y/l BCTpOeHBI B KPyT mpeobpa3oBaHUi

BCex CTa6I/I]'IbHBIX, C&MOOGHOBJ’IHI-OLU"I/IXCH

Pucynok 10. Bup cBepxmMacCHBHOM UépHOM

JbIpbl M87 B MO/ISIPU30BAHHOM CBETe BUXPEBbIX (PPAKTANIOB M KaK/as HMeeT
BBICOKOSHepreTuuecKye BX0/, U BBIXOJ.
BcaceiBaroijast cioco6HOCTh BxozAa Y/l COOTBETCTBYeT ee BHEIIHEMY OTPHUIIATeTbHOMY
rpaBUTaLMOHHOMY 3apsiZly, BbITAJKHBaIoLlasi — BHyTPEHHEMY MOJIOKUTeTbHOMY 3apsny. B atome
OHH COOTBETCTBYIOT 30HaM 3/IeKTPOHA Y MPOToHa. JIroboii oTpuLjaTe/ibHbIN 3apsif, —

rpaBUTAlMOHHBIN. ETo 5Heprusi 6a3oBasi 1 MCIOJB3YeTCsl  [/isl YyCKOPeHUsI TIOTOKOB MaTepuH,

crabum3auuu ¢pakrana, obecrieueHUss BHYTPEHHUX JAWHAMUYeCKHX MPOLIeCCOB,
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(bopmMHpOBaHUsT HEHUTPOHA, MOIOKUTETBHOTO 3apsiZia U CO37laHKsl HeWTPUHO. AHAa/JOrMUHO
TIPOTOHY B KOCMUYeCKHX (ppakTanax paboTaroT [PKeThl uepHbIX AbIp. HeMTPOH criipasieBUIHBINA.
JIviitHue HeTpoHbl. KomuecTBO HEMTPOHOB U TIPOTOHOB B JIFOOOM atoMe CTPOTro

O[JMHAaKOBO, ITIOTOMY 4TO BCE OHU SIBJISIFOTCS [10C/1e/l0BaTe/IbHbIMUA yUaCTKaMU OIlpe/ie/IeHHOIO
KOJIMYeCTBa CAaMOOOHOB/ISIOIIMXCS 3aMKHYTHIX ~ KOHTYpoB OHII atoma. OfjHaKo, B TsKeJbIX
aroMax HabsroaeTcs, SKoObI, Oosiblliee KOJIMYeCTBO HEUTPOHOB, YeM MPOTOHOB. DTO He
COOTBETCTBYET [JeMCTBUTE/LHOCTH. [le/10 B TOM, UTO YepHble AbIpbl KOHTYpoB JHIT aTroma
dbaxTryecky o6beJHEHbI B Ipefieiax spa B OOI[Uil  yCKOPUTE/Ib MaTepyH, MO3BOJISIOLINN
pa3BUBaTh TMOTOKaM Marepuu Bcex OHII-KOHTYpOB HanboJsiee BHICOKHME CKOPOCTH U TAKUM
obpa3om 0oJiee TUVIOTHO YTAaKOBBIBaTh UX SHEPTHIO B Masible 3(upHbIe POPMBI, CO3/1aBaTh Oosee
TsDKesible aToMbl. Ho, ecsi si1po atoma C/IMIIKOM MaCCHMBHOE, KBAaHThbl ITIOTOKOB KOHTYPOB
OHII, Y/I KoTOphIX OKa3aJvuCh Ha ITIOBEPXHOCTH sA/ipa, MCIILITBIBAIOT KPUTHUYECKOe YCKOpeHue,
Tpeo/ioieBatoT Oapbep crenyroiero u3MepeHust 1 ux KoHTypbl DHII Kommarncupyror,
TpeBpallasich BO BHyTPUATOMHBIN BOZOPOJONOAOOHBIN aTOM, KOTOPBIM OLIMO0YHO
WIeHTUPULIMPYETCS HaMU KaK JIMIIIHANA HeUTPOH - I10 MpUuuHe 6JIM30CTH BeJIMYUH UX Macc.
omKHO OBITh, 3TOT MPOLECC CMBIKAHUS U Pa3MblKaHHsI KOHTYPOB Ha MTOBEPXHOCTH sifipa
TIOCTOSTHEH, T07100eH KWUTIEHHIO 1 COTIPOBOXK/IAeTCsl U3/TydeHHeM (DOTOHOB M HEMTPHHO.
ANbTepHaTHBOW peany3aliiy PUHLIMIIA BEYHOTO JBUTATe/Isi B BUXPEBBIX CTaOM/IBHBIX

d)paKTanaX BCeJIeHHOM SIB/SIeTCSI HEBO3MOXKHOCTh CyILlleCTBOBaHHsA W aTOMOB, U BCeJIeHHOI.

1.5 CTpyKTypa BCe/JeHHOI.

B KMM, orpaHudeHHas1, TIOTOKOBasi, BUXpeBasi, PpakTasbHasi, [peBOBU/IHasi BCeJIeHHast
3aMKHyTa KDOHOM Ha KOPHU. HeKoTopble yueHble TOXKe YTBEP)K/JAIOT, UTO y Hee eCTb BepX U
Hu3. «BoT ucciefoBanye, KOTOpoe He OCTAaBJISIIOT KAMHS Ha KaMHe
Ha (pyH/aMeHTe OJJHOPOJHOCTH NpocTpaHcTBa. Actpodusuku xopmpk Hognang u
I>xon Pancron B 1997 ropy omy6/MKoBaiu B HayyHOM
)KypHarne PeBbto3 0o Bopzacdusukc yHUKanbHble faHHble. [IpoaHann3mupoBaB pajvOBO/HBI,
npuiesmyve ot 160 organéHHbIX rasakTUK, OHU CZesaiu BbIBOZ, UTO U3/Ty4YeHUs BPallatoTCs 110
Mepe TOro, KaK OHM JIBUKYTCS CKBO3b [IPOCTPAHCTBO, B BU/Ie €/1Ba 3aMeTHOI0 PUCYHKaA,
HarioMuHaroiero mrornop. [To HabsmogeHn o ¢ 3eM/M 0Ch BPAIeHUsI TPOXOUT B OHOM
HarpaB/IeHUH, B CTOPOHY C03Be3ust CeKCTaHC, U B IPyIrOM HarlpaB/ieHUM — B CTOPOHY
co3Be3zust Akyusa. [1o pakTy 3To sKCrieprMeHTa/lbHOe NIOATBEP)KeHre TOro, UTo y
BcenenHoii ectb Bepx 1 HU3. [6] Ho BepHee ckasaTb, UTO 3TO BXO[| U BbIXOZ, 3aMKHYTOM

ITOTOKOBOM CHUCTeMEI, a (1)aKT HX CylieCTBOBdHHA TIOATBEDXKAAET KI/I6epHeTI/I‘JHOCTL BCeJIeHHOIA.
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lanakTuKy BCcesleHHON UMEIOT OCHOBHOM LIeHTP TPUTSKEHUST, HAXOASLIUICS B CO3Be3AUU

HayronbHuka - 5T0 Benukuit Artpakrop. (PucyHok 11).

2MASS Redshift Survey

i

Ursa M

dshift (Huchra

familiar gala sup t n parenth

Pucynok 11. [TaHopama Heb0CBozia B KOPOTKOBOTHOBBIX MK-yuax On

HEIo/JBI)KEH OTHOCUTETbHO (POHOBOTO PEJIMKTOBOTO M3TyYeHUs] W TIpe/CTaB/sieT coO0 BXO/
B CTBOJIOBYIO YEPHYIO /IbIPY BCEJIEHHOM, W/IH, 10 KpailHel Mepe, B KPYIHYIO BETBb ee JlepeBa.
@doHOBOe U3/TyueHHe - 3TO, O/DKHO ObITh, pe3y/IbTaT BCTPEUHO-TIapalyie/IbHbIX CTUSHUN
TOPOU/IOB HEUTPUHO, COTIPOBOXK/AIOIIMXCS KO/UIATICOM MacC U 00pa3ylolux TakuM
obpa3om 3¢hupHBIe MUKPOUaCTHIBI - 6030HBI Xurrca. Kosuiaric Macc COMpoBOXKAAeTCs 3.M.
W3/yyeHreM, BbI3BaHHBIM JTaBUHOOOpa3HbIM 3aro/iHeHHeM oOpa3oBaBIleiicsi 00sacTu
HU3KOT'O /IaB/IeHUs] U BCTPEUYHBIM, CTYTIOYHBIM BEIOPOCOM 3¢upHOM MaTtepurd. OTMETUM, UTO
0030HBbI XUITCA SBJISIOTCS PACXOAHBIM MaTe€PUAsIOM MPH CO3/IaHUM BUXPel HEUTPUHO — 3TO
WCXO/IHbIY KPYT TIPUHLIUIMA «KYPHLa-sHL[0» BCEJIeHHOM.

AHaniornyHble MpoLecchl MPOUCXOAST TPU 00pa30BaHKU C-3/IEKTPOHOB U C-TIO3UTPOHOB
MyTeM Mapasse/bHO-T10C/e/J0BaTeIbHbIX CJIUSIHUI HEUTPUHO. VIHTEHCMBHOCThL KOJIJIArCoB B
000oux ciyyasix HU3Ka, TIPUMEpPHO OJJMHAaKOBa U 00yC/IOB/IeHa UaCTOTOM BO3HUKHOBEHUS
CJTydaiiHBIX TapasuleIbHbIX OPUEHTAIMA KOHTAKTHUPYIOIIUX TOPOUA/IbHBIX BUXPeH CBOOOAHBIX
1 CBsI3aHHBIX C aTOMOM HEWTPHHO.

[TockonbKy LMKIMUecKas BCeJIeHHas CylieCTBOBasia BCerja, TO OHa 0e3yC/ioBHO
riepeHacesieHa. O/iHa TOJILKO 3eMJis TiepeXkusia HeCKOJTbKO BbICOKOPA3BUTBIX LIMBUIU3aL[UH,
OCTaBUBIIMX MOC/Te cebsi JoCTaTouHo rybokre HHGOpPMAaIMOHHbIE Cie[ibl. B CBsI3U C 3TUM

ciiefyeT oOpaTUTh BHUMaHKe Ha CKaH/MHABCKYIO JiereHy 00 yCTpOICTBe MHUPO3/aHbs.
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Ha pucyHke 12 mipezscraB/ieH BapuaHT
«pepesa Urrnpacuib», TNpakTUYeCKHU, BCEMH
CBOWMH JieTa/ISIMUA HeCyLLIMH CMbIC/IbI,
YAUBUTEILHO COOTBeTCTBYyrOIMe KMM.
ABTOpCTBO pricyHKa 0003HayeHO Ha KapTHHKE,
HO MasiouHpopmaruHo. CornacHo
CKaH/IJMHABCKOW JlereH/ie, BCeJleHHast
COZIep>XUT CeMb Bell|eCTBeHHbIX MUPOB, T.e. -
CeMb 3/IeKTPO-MarHUTHBIX U3MepPeHUH,

BJIO)KEHHBIX ZIPYT B ipyra mofo00HO

MaTpelllKaM, KaXX[0€ 13 KOTOPLIX AB/IAETCA

3(UPHBIM /151 APYTUX U3MEPEeHU, TpH 3TOM,

Pucynok 12. [lepeBo Urrgpacuis.

O/IHO U3 CeMH U3MepeHUl COCTOUT U3 Tpex
napasuiesibHbIX. KBapkoBBIX? 3ameuy, UTO B TMPaBOC/aBUU TOXKE €CTh TPU-/IE€BAThH 3eMeJib, a B
uyzlau3Me — CeMHUCBeUHUK MeHOpa U [IeBITUCBeUHMK XaHyKusi. Bce ceMb MUPOB MUPO3/iaHbs,
ce/lbMOM M3 KOTOPBIX pPa3BeTB/seTCsl Ha TPY, Mpe/iCTaB/IsIOT eUHYI0 AUHAMUUeCKYH CHCTEMY,
KOTOPYIO JTIOfIsIM TIPeACTOUT M03HAaTh Yepe3 HabmozieHre, SKCTIepUMeHT, MO/IeTMPOBaHue,

dHA/IM3 U ... KOCMHWYECKHUE ITyTeleCTBUA.

1.6 IIporuBopeunis KMM u CM.

W3BecTHO, UTO C/IEP>KUBAIOT pa3BuUTHe 3(UPHON (U3MKU TPOTUBOECTEeCTBEHHbIE
OrpaHUUeHUsI TEOPUM OTHOCUTETHbHOCTH U TOYEYHOCTh 37IeKTPOHA B KBAHTOBOM MexaHUKe,
TIPUHSITBIE 332 OCHOBY B TO/|/Iep’KMBaeMoi HayuHbIM MeliHCTpuMoM  CraHzapTHoU Mogenu (CM)
MUKpouacTul, . OrpaHUurBaeT, 3amnupasi uccjiefioBaTtesieli B 30He CTaTUCTUUECKUX METOZ0B, U
TIPUHLIUIT Heorpe/ie/leHHOCTH, KaK HeBO3MOKHOCTh O/IHOBPEMEHHO OTpe/le/TUTh KOOPAUHATY U
MMIY/IbC 37eKTpoHa. KBaHTOBaHHOCTH M BUXPEBOM, I'Pa/IMeHTHBIN XapakTep 371ekTpoHa B KMM
TI03BOJISIIOT 00PAIaThCS B UCCIe[0BaHUSX K Oosiee aZieKBaTHOMY TPUHLIUIY JOTOTHUATEIEHOCTH
Bopa, momyckaroiieMy OfHOBPEMEHHOe Orpejie/ieHre TOIO0JIOTHYeCKOro MW MacCOBOTO
L[eHTPa BUXPSI U BEKTOpA ero KOJMuecTBa JBHKEeHUSI.

O¢upo-BellieCcTBeHHbIE TIPe/CTaBIEHMsl O MaTepUX U allbTepHAaTHBHOE TOJIKOBaHKE
orbiTa KaydmaHa B KopHe MpoTHUBOpeuar nopepkuBaeMoit CranzaptHoit Mozensto  Teopun
OTHOCUTENBHOCTH, B KOTOPOMA:

- 3¢hvp He CyllleCTBYeT;

- TPaBUTALMSI — 3TO TIPOrub TMPOCTPaHCTBa-BPeMEHHU 1071 BO3/eiCTBHEM MacChl;

- C yBeJIMUeHHEeM CKODOCTH 3apsA/ 3JIEKTPOHa HEW3MEHEH, a4 MdCCa PACTET,
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- BpeMs1 3aMe/|jisieTCsl, BIUIOTh /10 OCTAaHOBKU €r0 B PeISITUBUCTCKOM TIpefierie;

- IIMHA CTPEMUTCS K HYJII0 B TOM ke Tipejiesie CKOPOCTH CBeTa (TeM CaMbIM CrieljhaibHasi
TeopUst OTHOCUTETbHOCTU 3arpelllaeT pacllupeHre BCe/leHHOW, TeM bosiee yCKOPeHHOe, T.e. —
ripotuBopeunt camoii CM);

- 37IEKTPOH TOYEUHbII, UYTO UCK/IFOUaeT WCC/e[JOBaHWe ero KBAaHTOBAaHHOCTH, 3(pupo-
Bell[eCTBeHHOW U BUXPEBOW TIPUPOJbI, UCK/IFOUYAeT MOTeHI[UaTbHYI0 B3aUMHYIO
TIPOHUI[AEMOCTD 3/7IEKTPOHOB, CYIIleCTBOBaHHE MeXaHW3MOB MPOSIB/IEHUSI MacChl, TPABUTALIMU U
3apsifia, KoJlarica W B3pbIBa Macc, oOpa3oBaHusi 0a30BOTO 37eMeHTa U pean3aliyio
TIPUHLIUIIA eT0 HeZe/MMOCTH;

- IPUHLIUI HEeOTIpe/ie/IeHHOCTU KBaHTOBOM MeXaHUKH  TIpeJrioiaraeT HeBO3MOXXHOCTh
OZTHOBPEMEHHOTO OTIpe/ie/ieH|s] KOOPJAWHAThl M UMITY/IbCa 3JIEKTPOHA, UTO 3aripaeT
HcceioBaTesiel B paMKax CTaTUCTUUeCKUX MeTOZIoB (BO/THOBOM (DYHKIIMU), XOPOIIIO
CTIPaBJISTIOIIUXCS C 3aZiaueid orrcaHusi 00beKTOB MUKPOMUPA /IS SiZIEPHOM SHEPreTHKU, HO
0ecrepCrneKTUBHBIX /i1 MCC/Ie/JOBAHUSI 3/IEKTPOHOB B KaueCTBe CJIOXKHO
B3aMMOJIEMCTBYIOIINX KBAaHTOBAHHBIX, BUXPEBBIX OOLEKTOB,;

- Teopusi bonbiioro B3peiBa npe/ionaraeT poykjeHue BCeleHHOW B3PbIBOM HEKOM
BBICOKOYHEpreTHUe CKOW TOUKU TTPOCTPAHCTBA - CUHTY/IIPHOCTH, UTO He pellaeT rmpobaemMy
Tipe/IBapyTe/TbHOM YTIaKOBKHY B HEl KOJIOCCA/TbHOM SHEPTyH, a TakK >Ke MpobIeMy OKpy Karorei
ee CpeJibl, KOTOpasi TOXKe SIBJISIETCS YaCThIO BCeIeHHOM.

KMM O6mmke K KmaccrueckKoM (pu3uKe W B Held: IMHAMHUUeCKast BCeJleHHasi OrpaHdYeHa,
3aMKHYTa U CTa0WIbHA; Ta/laKTUKHU BTTUBAIOTCS B ee OOJIBIITYI0 YEPHYIO /IbIPY, UTO He TpedyeT
Ha/IMuMsl ¥ pacTaJKUBAIOIIEro JerCTBUS MapafloKCaabHOM TeMHOM SHepruu; 3¢Gup — 3T0
MaTepHsi U TIPOCTPAHCTBO MaTepHa/bHO; BpeMs - TIPOM3BOJHOE OT MPOCTPAHCTBA U [IBWKEHMUS;
BUXPEBOU 3/1IEKTPOH KBaHTOBAH, IT0O3TOMY C POCTOM CKOPDOCTH peajiu3yeT CBOIO MOTeHLMa/IbHYH0
TIPOHMKAOIIYI0 CITOCOOHOCTh U €r0 Macca, Kak COTPOTHB/IEHHE TMPOHUKAIOIIEMY 3hUpY,
YMEHBIIAeTCsl B PeISITUBUCTCKOM Tpejiesie TIOUTH [0 HYJISI.

B Muipe yaansifommxcst ralakTUK CKOPOCTb CBeTa CJYKUT CKOPOCTHBIM TIPeZieJioM
OTHOCUTEJILHOTO 3/1eKTPO-MarHUTHOTO usMepeHust (OMMU), Kak yC/IOBHOM rpaHUI[bl BCeIeHHOM,
OTTHYeCKU Hab/MI0ZiaeMoi 1 cofieprkallleld MaTepuio, CIOCOOHYIO K 3.M. B3aUMOJIEMCTBUIO U
0OHapyXeHHIO.

OTKpoBeHHEeM, [I7Isi CJTUIIIKOM XOPOIIIO yCBAWBAIOIIUX [JIOTMbI, SIBIISIFOTCS
TpaHchopMals BelecTBa B 6e3MacCcoByr0 3UPHYIO0 MaTepuro TIpu Tiepexo/ie B coceqHee DMU
Y BO3MOXXHOCTb peasivi3aliviy MPUHLIMIIA BeUHOTo JBurartesisi. Ho mMoCKo/IbKY BCe 3TO JIOTUYHO U

AOKA3yeMO, TO M IICUXO0JIOTUYECKU TIPpEO0O0/IUMO.
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OtBepras ykasaHHble Bblllle orpaHvueHvs CM u nojjepykuBas O4yepesHyro
«CyMacllIe/IITyI0 U/ieto» - WHQUIALMU Macchl, Mbl Ha Jlejie BO3BpalljaeMcsi K peabHbIM
¢usnueckrM 00beKTaM SIB/IEHUSIM, TIPOLIeCCaM M COOTBETCTBYIOLUM TOHSTHSIM, TaKUM Kak:

a) TMPOCTPAHCTBO U BaKyyM B peasibHOM (hH3UUecKol cucTeMe eCTb MaTepuasibHble 3-71
TIO/Is, COCTOSIIIYE U3 MUKPOYACTHL] 3(pHUPHOI MaTepru. JTa KBaHTOBAaHHas cpefia obmajaer
orpe/ieJIeHHbIM COMNPOTUBJ/IEHMEM IPOHUKHOBEHMIO, BA3KOCTHIO, TMO3BOJISIIOLLEN Tejam
repeMeLaTbCs, a BOJHAM PaclpoCTPaHITbCS B HeH, C OTPaHUUEHHBIMU CKOPOCTSIMU;

6) Macca He pacTeT, [/IMHA He COKpAIllaeTcsl, @ BpeMsi He 3aMeZl/IsieTCsl C pOCTOM
ckopocTt — B KMM HeoTBpaTiMo pabOTaroT MepBONMPUUYUMHHOCTD CHJT M 3aKOHBI HBIOTOHa;

B) TpaBUTaLUsl - 3TO pe3y/bTaT B3aWMHOI'O 3KpPaHUPOBaHUS TeJl OT BHEIHErO,
BCECTOPOHHEr0, Pe30HAaHCHOI0 BO3/eNCTBUS MPOHUKAOLIEero 3¢vpa Ha siipa aTOMOB,
NIPOSIBJISIFOLLEr0 MX MacCy Y BbI3bIBAKOILIEr0 IpUTaIKUBaHUeE Tesl IPYT K JpYTY.

17151 KUHeTUYeCKOW TpaBUTAlUK He TpeOyeTcsi 6eCrTpUYMHHOTO MCKPUB/IEHUS
OeCnpUUMHHO TUIOCKOTO TIPOCTPAHCTBA-BPEMEHHU M0/ ieliCTBreM OeCIPUUMHHOM MacChl, KaK
3TO eCThb B PeJIAITUBUCTCKOU TeOpHH. []eliCTBUTEbHO, TPaBUTALUSI — 3TO CBOKMCTBO
MarepHaibHbIX 0OBEKTOB MPUTIATHUBATHCS, IPU TOM, UTO MCKPHUBJIEHHE POCTPAaHCTBA BpEMEHH
TO’KE CBOWMCTBO - UCKPUB/ISATHCS. CBOMCTBO CBOMCTBA Oe3 yuacTusi CUT — 3TO HOHCEHC,
YBOZSALIMIA OT TOHUMAaHUs CyTH (PU3UUeCKOTro sIBJIeHUs], BCeryia MPOUCXOSILEro Mo/
BO3/IEMCTBUEM KaKUX-TMOO CHIL.

3HameHuThI uocod erenb, 06/1afaBIINi B HAyUHBIX KPyTraX elle U aBTOPUTETOM
XOpOIIIero MaTeMaTHKa, MPUMEPHO 3a BeK 0 rosiBieHust O011ieil TeOpU OTHOCHUTETBHOCTH
oTMeuaJ, uTo: «IIpuTsHkeHHe Tak COOTHOCUTCS C OTTaJIKMBaHHWEM, UTO UMeeT ero CBoei
NIpeANnoChLIKON». OfHAKO, PeISITUBUCTHI €ro MOChUT U3 TIPOILIOTO Kak Obl He 3aMeTH/Id. 3aro,
CTO JIeT MbIIMBILASCS HA MONKaxX Hzes bombloro B3pbiBa, OT BEJIMKOrO MUCTU(UKaTopa JArapa
[To, BApYT OKa3anack MMH BocTpeboBaHHOM. Bee cMerianock B Havyaste 20-ro Beka: popMyra
I[Tyankape aist SHepruu, ipeoOdpa3oBanus JIopeHija, MpUMa3aBILasiCs epeMeHHast Macca OT
OiHITelHa, 3¢up MeH[eneeBa, MpocTpaHCTBO MUHKOBCKOTO U T1p. Ho BOBCe He 00Osi3aresibHbIe
cMepTH HauboJiee OTMACHBIX OIIOHEHTOB PeATUBM3Ma, HaurHasi ¢ PuTlia, noxoxe, ybeaunm
HayuyHOe co0011iecTBO B 6€3a/1bTepPHaTUBHOCTH TEOPUH OTHOCHUTETEHOCTH.

YuurtbiBas KoH(PMKT MeHesneeBa ¢ HobessiMu OTHOCUTETBEHO OrPaHUUeHHOCTH
3aracoB He()TH, BAPYT BO3HUKILIEe CTpeM/IEHHEe Y MOC/IeJHUX NIPUCYKATh YUeHbIM
HobeneBckue rpemu, nosiararo, MMesio MICTUHHOM 11eJTbI0 TT0CTaBUTh HAYKY I10[, KOHTPOJIb, C
1[eJIbI0 HeZIOMYIIeHUs 001eCTBa K BAPYT 0OHAapYy>KeHHOMW, Oe3rpaHWUHOM, JOCTYTTHOM, [eleBOi
Y OMacHO JIeMOKpaTUUHOM 3()UPHOI SHePruM, yrpokarolieid yCTaHOBUBLLIEMYCST TIOPSAKY U

oboralieHur0 y3K0i TPyIIibl YI/IeBOAOPOAHBIX OeHeduIapoB. B orpaBaaHue CTO/b
25



He/Ipy>KeCTBeHHOMY ue/iOBeUeCTBY IOBeZEHUI0 MOYKHO MPUBECTHU JIMIIb HeJOCTaTOYHYIO
3pesioCTb 00IIIeCTBa /11 OTMACHBIX CBOEH PEBO/IOIIMOHHOCTBIO U Upe3BbIUaliHOM

3 PeKTUBHOCTEIO 3(PUPHBIX TEXHOMOTHH. U 3TOro 00CTOSATE/ILCTBA MOXKET 0Ka3aThCsl COBCEM
He Majlo, Beib ero oracasncs aake Hrkosna Tecna.

TeM He MeHee, B TIOC/IeJHHE TO/[bI TIOSIBUIACh KPUTHUECKass HEOOXOJUMOCTh HAy4YHOTO
MpopbiBa K 3(MPHBIM TEXHOJIOTUSM 110 C/IeAYIOLMM NIPUYMHAM: T/IaHeTa repeHacesieHa,
AHTPOTIONIOTUUeCKUM (aKTOp eHCTBYeT Ha Hee pa3pyIlUTe/NbHO, KPUTHUECKH YXy/IlaeT
5KOJIOTUIO YITIEBOAOPO/AHAs SHepreTvkKa M TPOMBILLIEHHAs! XUMUSI, TaK UTO KOJIMUeCTBO BU/IOB
OpPraHU3MOB Ha 3emjie yCKOPeHHO yMeHbliaeTcst; COJTHIle CTaIo CJUIIKOM HeCTaOWIbHBIM -
yrpoXkaeT CJIUThCSI CO CBOMM /IBOMHUKOM U TIPEXKJeBPEMEeHHO CTaTh HeUTPOHHOM 3Be3/[0M U1
YepHOM JILIPOM; TIOpOUHAasi UMIIepCKast UJeoorus JOMUHUPYET, LIMBWIK3ALUs pacT/ieHa,
pa3zeneHa U KOH(GUIMKTHA, Ype3MepHO BOOPY)KeHa M TOTOBa K CAMOYHUUTOXEHUIO - el SIBHO He
xBaTaeT (HhOpMasM30BaHHOTO KOJIJIEKTUBHOTO pa3yma Zijisi e[uHeHUst U 0amaHCUPOBKH  YaCTHBIX
1 0011]e CTBEHHBIX, TOCYAAPCTBEHHBIX U [[UBHU/IM3Al[MOHHBIX WHTEPECOB, a TaK XKe
BO3MOKHOCTeM, XOTs Obl YACTUYHOTO, 1Ie/IeBOrO MepecesieHus Ha IPYTHe TIaHeThl.

Hy»XHO MOHUMaTh, YTO B 0003PUMOI TepCIieKTHBe IMPOMBIIIIeHHbIe TIPOHU3BO/ICTBA
OyzlyT B OCHOBHOM pPOOOTHU3UPOBAaHbI, a JTFOASM OCTAHYTCS YC/IYTH W HENPOTrpaMMUpyeMast
TBOpYECKasi [lesiTelbHOCTh, Ha KOTOPOI U Mapa3suTUPyeT WCKYCCTBeHHbIN UHTeJIeKT. Briepeau
Hac k/eT 6e3yc/IoBHBIM 0a30BbIi AOX0[, MOCTOSIHHAs yueba, eguHEeHHe C MCKYCCTBEHHBIM
WHTEeJUIEKTOM, CTpeMJieHHe 3apaboTaTh cBepx 6e3yC/I0BHOTO 0X0Aa XOTh UTO-HUOY/b,
obocTpeHMe TIePMAHEHTHOTO KOH(/IMKTA ZIeMOKPATHM W aBTOKPAaTUH, COOTBETCTBYIOIIIAsT
Col[Ma/ibHas HaNPsDKEeHHOCTh. K 3TOMy Hy)KHO TOTOBMTBLCS 3apaHee. 3a/laud 00ecrieueHus
Pa3yMHOTO TOBe/IeHHsI IUBUIN3al[|K, TiepepacTipe/iesieH s TpyJa, peCypCoB U JOXO0B - 3TO
TOXKe 3a/jaull KubepHeTWKH, (hOpMaTM30BaHHOTO KOJIJIEKTUBHOTO Pa3yMa U UCKYCCTBEHHOTO
VHTeJIJIeKTa, U UX HY)KHO pellaTh Mpex/e, Uik OJHOBPEeMEeHHO, C MojlyyeHrneM JHbMU
JIOCTyTa K 6e3rpaHUYHbIM 3(UPHBIM YHEPTHSIM, TEXHOJIOTHSIM W HEMBIC/TUMBIM CETOHS

CKOpPOCTSIM, MHaue OyayT 6onbiiue rpobsembl. Ho 3TO YK Kak MOMTyUuuTCS.
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1.7 IlepcnekTuBel passutua KMM.

Wrak. luBepTrpoBanre Bosbioro B3peiBa B bonbiiioit AHTH-B3pBIB - OAXO],
MHoroobemjaronuii. B k1bepHeTHUeCKOM MOZie/I MUPO3/jaHbsl  YCKOPEHHOE /IBIKeHHe
rajlakKTUK K LIeHTPY BCaCbIBaHUA fBJIETCS €CTeCTBeHHBIM U HelIPOTUBOPEUUBLIM C/le/ICTBUEM
KWHEeTHUYeCKOTo criocoba rpaBUTAL[M - B3aUMHOTO 3KPAaHWPOBAHUS TeJT OT BHEIITHETO
BO3/IeHICTBUS YaCTHL] C OOIIMM Ha3BaHUeM I'DaBUTOHbI. AHTU-B3pbIB He TpeOyeT TeMHOMU
SHepruy, I0TOMY UTO MpeArosaraeT, BMeCTO JIMHEHHOIrO [BW)KEeHUS pas/ieTaroluxcs OT
B3pbIBA FAJIaKTHK, BHUXPEBOI BOPOHKOOOPAa3HBIN XapaKTep MX BCAChIBAaHWS B OO7bIIMe
yepHble [bIpbl, MOJATBEP)KJAeMbli, B YaCTHOCTH, TOIOJOTMEN U MOTOKOBOW JUHAMUKOMN

cKoruieHus rasiaktuk JlaHuakesi (PucyHok 12), B KoTopoil oburtaeT ¥ Hail Mneusiit [TyTs.

Pucynok 12. Cynepknacrep ranakTuk JlaHuakes.

Temnas MaTepus

MUDPO3/aHbs -
3T0 3(¢UpHas MaTepusi, B KOTOPOM 3aK/It0ueHa MOUTH BCS ero SHeprusi. MO)KHO CKasaTth, 4To
Bell[eCTBO — 3TO JIUIIIb TOHYAMIIIasl Ti/IeHKa Ha TTIOBePXHOCTH OKeaHa 3(MPHONM MaTepuH, KOTOpoe
TIPOSIB/ISIETCS JIWILIb TIPU B3aUMOJIEMCTBUSIX, TOPMOYKeHHEeM KBaHTOB. [laske aToM
TIpe/[CTaB/IsSIeTCsl HaM TIPAKTUUe CKU «ITYCThIM» - 3(DUPHbBIM.

KMM npegonpesensieT OrpaHUUEHHOCTb, 3aMKHYTOCTb, MHOTOU3MEDPHOCTb,
CUCTeMHOCTb ¥ aBTOMATH3M pabOThl U aTOMa, U BCEJIEHHOW; Ha/lnure Y HUX BIOXKEeHHBIX JIPYT
B /IpyTa 3/1eKTPO-MarHUTHBIX U3MepeHul (3.M. MUPOB), MeXaHW3MOB I'paBUTALIWH, 3apsi/ia,
KOJIJIaTiCca ¥ B3pbiBa Macc, 3/1eKTPUUEeCKUX U MarHUTHBIX SIBJIEHUM; OTKPbIBaeT TIyTh K
MO3HaHWIO 3(MPO-Bellje CTBeHHOU MPUPO/Ibl MaTePUU Y HECKOJIBKMX BUJOB 3¢upa.

KubepHeTrueckrii MeTO MO/Ie/TMPOBAHMS BCEJIEHHOW TPe0CTaB/IsieT BO3MOKHOCTb CO3/]aBaTh
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Y MICCTIe[I0BaTh KMOepHeTHUeCKHe MO/Ie TFOOBIX IPYTUX CTaOWIBHBIX (hPAaKTaoB, BK/IIOYAS
aToMBbl, CIMpa/leBU/iHble allaKTUKU U CKOTIJIEHUS FanaKTUK.

[ITupoko U3BeCTHO BhiCKa3biBaHHe ylaypeata HobeseBckoii mpemun  P. TleHpoy3a:
«...CETrOHSIIHeH HayUYHOM KapTHHe MUpa HeJJOCTaeT CyllleCTBEHHOT0 KOMIIOHeHTa... HayuHoe
MHUPOBO33p€eHHe, KOTOPOe UTHOPUPYeT NpobieMy CO3HAHMSI, He MOXKET TIPeTeH/J0BaTh Ha CBOIO
noHoTY. [T0CKO/BKY CO3HaHKe — YacTb BcesleHHOM, To /robasi pusndeckast Teopusi, KOTopasi He
OTBOJWT eMY JIO/DKHOTO MeCTa, ()yH/|JaMeHTa/IbHO He T0JIHa».

[eiicTBUTENIEHO, B C/Tydae C MHPO3[aHbeM peub UJeT O OOJbIIol, MHOTOU3MEPHOM
KUOepHeTUUYeCKOU crcTeMe, 00s1aziatoieid pa3yMoM, Kak MUHUMYM, OJJHOHN [IMBUIM3ALWH, UYTO
TIPUHLIMITMA/IBHO BaXKHO [J1s1 CTaOW/IM3al[ii SHTPOITMU BCETIEHHOM, ee COOTBETCTBYIOLIIErO
JIONITOXKUTENTbCTBA, M OTpejiesisieT yPOBeHb KUOepHeTUUHOCTH BCe/IeHHON KakK HauBBICIIWH.

PykoBoAcTBysich 6a30BbIM (hr10COGMCKUM NIPUHLIMIIOM — «BO3MOYKHO BCE», MOXKHO
TIPE/ITIO/IOKUTD HeuTo OoJsibIliee: T10 CBOeM OpraHM3aluu U (YHKIIMOHATY Pa3yM
KUOepHeTUYeCKOU CHCTeMbI MUPO3/jaHbsl, KaK MUHUMYM, He YCTyIaeT ue/loBeueCKOMy; B
CBSI3U C KOJIbLIEBOM 3aMKHYTOCTbIO, KMOepHeTHuecKasi BcelieHHasi COCTOMT U3 MHOYKeCTBa
OZJHOBPEMEHHO >KUBYIIUX, ¥ TIPUHLUTNAIBHO OCTYITHBIX K KOHTAKTaM B aDCO/IFOTHOM BPeMeHH,
Pa3HOBO3PaCTHBIX MUPOB, CJIeAYIOLIUX APYT 3a APYTOM B KpPyre MUPO3/laHbsl; BCJ/Ie[CTBUE
KPYTOBOM LIMK/IMYHOCTH BCeJIeHHas! CYyIlleCTByeT HeOrpaHUUEHHO [J0/IT0, [T03TOMY JlaBHO
CUCTeMHO CTabW/IM3UpOoBaHa, epMaHeHTHO TiepeHacesieHa, KOHTPOJUPYeTCs eJMHbIM
vepapxvueckuM pa3yMoM, paclipefie/ieHHbIM MeX/y LMBUIU3aLMsIMU BCEJIEHHOM; B OT/INUME
OT MePUOJUYECKH [Ie3UHTErpUpPyeMOM HEeXXMBOM MaTepyHy, pa3yM BCeJIeHHOM Pa3BUBAeTCs
HerpepbIBHO ¥ BEUHO, CBOEBPEMEHHO 00XO/isi 30HBI MEPUOANYECKUX KOJIIATICOB U B3PHIBOB
Macc 60/bIIMX MacIITaboB, YrpOXKalOIIMX Je3UHTerpalyell MaTepuM, TakK UTO TPYAHO Jaxe
TIpe/ICTaBUThL cebe ypOBEHb ero Pa3BUTHUSI; TPaBUTALUS U HeoOXoarMble MH(OPMaI[MOHHBIE
CBSI3W MeX/y LIMBWIM3aLMsAMU Pa3/IMUHBIX 3.M. U3MePeHNH OCYLLeCTBIISIOTCS [T0CPeCTBOM
HEUTPHUHO pa3/MYHbIX TMHEWHBIX CKOPOCTeM, TIPeK/e BCEero CBePXCBETOBBIX, TPOHM3bIBAOIINX
BCe M3MepeHUs; KOJUIEeKTHUBHBIN pa3yM uesioBeyecTBa ellle He C()OPMHPOBaH, «He TOJK/IHUeH»
B KaueCTBe HelipOoHa K MO3Ty BCeJIeHHOM, 03TOMY UHTe//IeKTyabHOr0 ayTCOPCUHTa, U JjaKe
dbpunaHca, /i HEToO He MPelyCMOTPEHO, UTO He WCK/IFoYaeT UCTIOTHEeHUS] HEKOTOPbIX
o0111ernosne3HbIX  (YHKI[UH, B YACTHOCTH - «TOPHO/[00BIBAIOIIUX» U META/UTyPrHUeCKUX.
Hanpumep, 30710T0, Hapsiy CO CBUHLIOM U PTYTbIO, HAWTYYLIMM 006pa3oM 3alluiiiaer
KOCMMUEeCKUX IyTelleCTBeHHUKOB OT paJihaliiu.

SdupHbIe TEXHONOTUN U [IOCTYII K 0e3rpaHUYHBIM 3(UPHBIM SHEPTUsSM HEOTBPAaTUMO
W3MEHSIT MUD: CZesaloT ero 0Oosiee CBOOOJHBIM, aKTHBHBIM, HO M DO/iee arpecCHBHBIM,

HOTpE6yI—OT alaliTalliii 3KOHOMMWKH U O6LL[€CTB€HHBIX OTHOIIIeHHI K HOBBIM peanuam. C eJbro
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HeWTpanu3aluy HW3J/IULLIHeH arpeCCUBHOCTY Y BOSMOXKHBIX MPOSIBJIEHUN aHapXWH,
CIPOBOI[UPOBAHHOM HOBBIMHM CBOOO/]aMH, TIEPECTPOUKY 00IjecTBa HEoOXoaumMo  Oyzer
COBMeLLaTh C pa3BUTHEM (HOPMaTM30BaHHOIO KOJIJIEKTUBHOTO pa3yMa COLIMYMOB U BCer
upBuM3aLun. ObpeTeHre KO/IEKTUBHOTO pa3yMa Ha MpUHIUIaxX KubepmMeHe)kKMeHTa
(aHOHUMHOCTH, TTPOOIEMHOM OPHEHTUPOBAHHOCTH ¥ CaMOPery/TMPOBaHuUs MH()OPMAL[MOHHBIX
00paTHBIX CBsi3el) 3alUTUT LUBUIM3ALIMIO OT Pa3pyLIMTeTbHBIX BHYTPEHHUX KOH(IMKTOB,
rapMOHU3UPYeT W YCKODUT ee pa3BUTHe, a B pe3y/ibTaTe TpUBeJET K BbIXOY B OO/bIION
KOCMOC U OTKPOeT IIyTb K KOHTaKTaM C ApyrMMU LiuBWIM3aLusaMU. Ho 3aX0TUM /11 MBI 3THX

KOHTAKTOB?
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Pucynok 4. Imutpuit ViBaHoBru MeHzienee

Pucynok 5. IIpeanonoxutenbHbii BUj, 6030Ha Xurrca.

1http://www.krugosvet.ru/enc/nauka i tehnika/himiya/ORBITAL.htmI?page=2.2
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entity search/1539949/1174786391/SUx182 2x

PucyHnok 8. YnerpaduoneroBas karacrpoda. https://yastatic.net/naydex/yandex-search/
1Dk2VV496/b4cc32hPj-J/1kc60IV6DgB6ZLTXQGEL-

SOtMf9FRo12w7Xjr 93SohOLaoWRLVcOT1 3ybOSnRPrwZ3n-
HVLWQtVmucvévrmkKN7voOZkWpNjj5fYmpwPS2bvM7V8Fft IW7b8.

PucyHok 9. ABropckas ¢opmyna asist Mmaccel B KMM.
Pucynok 10. Bug cBepxmaccuBHOM 4épHOU JbIpbl M87 B MOISIPU30BAaHHOM CBeTe.

https://avatars.mds.yandex.net/i?id=f1a156f64ce9c7162b6f5027cbbbé7ca72bbc2c2-5112884-
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PucyHok 11. [TaHopama HebocBozia B KOPOTKOBO/THOBBIX VK-myuax.
https://cdn.ruwiki.ru/commonswiki/files/thumb/8/80/2MASS 1SS chart-NEW Nasa rus.jpg/444px-
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Pucynok 12. [lepeBo Urrapacune. https://i.pinimg.com/736x/
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Ot aBropa. Ecim Bbl flounTan o 3TUX CTPOK, TO 51 eCITOK jeT paboTan He 3ps. B
NIPOJIOJDKEHUM CTaTbu OyayT Gosee KOHKPETHO Tpe/iCTaB/IeHbl OCHOBHBIE TOCTy/1aThl KMM,
oTipefie/ieHus], MeXaHW3MbI, PUCYHKH ¥ KOMMeHTapuu. OIIMOKK ¥ HETOUHOCTH B OIHUCAHUM
Hen30eXKHbI, TJTaBHOE, UTO MO/IeJTb MPUHLWITHAILHO BepHa, B OCTaJlbHOM pa3beperecs,
TIOTNpaBUTe UTO HaZlo, M pa3oBbeTe UTo noTpedyercs. 3ajiaBaiiTe BOMPOCHI — HAa UTO CMOTY,
OTBeuy.

C yBakenueM, FOpuii banaraeB. 16.02.2026.
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