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Abstract. Msl 6yieM TOBOPUTB O CBOMCTBAX «YEPHBIX chep» UMEHYEMBIX «4EPHBIMH
JbpIpaMu», B paMKaxX CBOMCTB JIMHAMMYHOI'O IIPOCTPAHCTBA-MATEPUH, KOTOPBIE MTOJIEKAT
JKCIIEPUMEHTAJIbHBIM IIPOBEPKaM. B miepByro ouepenb, Ham4re HOBBIX KBAHTOB B s/lpax IIAaHET, B
Apax 3Be€3], B Apax rajakTUK, B sIpax KBa3apoB U B spax KBa3apHBIX ralakTUK. U B mepByro
o4yepeab CTAOMIbHBIX KBAHTOB HOBOI'O BEILIECTBA.

KuroueBble cj10Ba: IpOCTPAaHCTBO-MATEPHsl, MHAYKIIUS MacC, TPaBUTALINs, BAKYyM.
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2. HcxomHble MOJIOXKEHUS
3. Jlomyctumbie 00beKThI BeenenHom

1.Bcrynnenue.
O6wenpuszHanHbM (B 2020 roay) ecth (pakT HATMYMS «CBEPXMACCHUBHOIO KOMIIAKTHOTO
oobekTa B neHTpe ['anaktuku». Y ecth pakT HanMuus AMHAMUYHOTO IPOCTPaHCTBa-MaTEpUH,
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Puc.]l nuHaMu4YHOE MPOCTPAHCTBO MMyYKa MApaUIEIbHbBIX MPSMBIX JIMHUN
B IIpe/ieNiax BCeraa TUHAMUYHOTO (¢ # const) yria nmapamuienbHocTd. Her matepun BHE
MIPOCTPAHCTBA, U HET MPOCTpaHCTBa 0€3 MaTepuu, MOITOMY MPOCTPAHCTBO, KaK popMa MaTepHs, 3TO
onHo 11enoe. beckoneunocTh (AC— 00) HENNb3s1 OCTAHOBUTD, TO3TOMY TaKO€ IMHAMUYHOE
IIPOCTPaHCTBO-MATEpHs, CYLIECTBYET Beeraa. [ maBHOE CBOMCTBO MaTEpHH, IBH)KEHUE,
MPEJICTABIIACTCS TMHAMUYHBIM TPOCTPAHCTBOM -MaTepHel, C HECTAIlMOHAPHBIM EBKIIMIOBBIM
npoctpanctBoM. Ilpenensubivm ciayuaeMm ((@ = 0) = const) wm ((¢ # 0) = const) IMHAMHYHOTO
MIPOCTPaHCTBA-MaTEePUH, €CTh €BKJIMI0BAs AKCHOMAaTHKa U PUMaHOBO MPOCTPAHCTBO, B YACTHOCTH.
1. «Touka ecTb TO, 4yacTh yero HuUTO») («Hauana» EBknuaa). umm Todka ecTh TO, YTO HE UMEET
JacTel,
2. Jluaus — numHa 0e3 MHUPUHBL.
3.1 5-i mocTynart o mapanenbHbIX IPSIMBIX JIMHUSX, KOTOpPBIE HE epecekatoTes. Eciu mpsamas,
nepeceKarolias ABe npsmeie, 00pa3yeT BHyTPEHHUE OAHOCTOPOHHHE YTIIbl, MEHBIIINE ABYX MPSIMBIX,
TO, TIPOIOKEHHBIE HEOTPAHHYEHHO, ITH JIBE IPSIMbIE BCTPETATCS C TOM CTOPOHBL, TJI€ YIJIbl MEHbIIIE
JIBYX MPSMBIX.
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a+ i< 180°
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puc. 2 EBkimaoBas akCHOMaTHKa
B pamkax cetku EBkinnoBeix (¢ = 0) oceii, Mbl He BUAUM AuHaMu4HOro (X+=Y-), (X—=Y+)
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IIPOCTPaHCTBAa-MaTEpPUH, U Mbl HE CMOXKEM €ro npeacTaBuTh. [103TOMy BBOISTCS aKCHOMBI
JUHAMHUYHOTO IPOCTPAaHCTBAa-MaTEPUH, KaK (PaKThl HE TPEOYIOIIUX T0KA3aTEIbCTB. YKE B 3TUX
aKCcHoOMax pemraercs npoodiema EBKimaoBol akCHOMAaTHKH TOUKH, KAK MHOXKECTBA HEJICITUMBIX

cdep-Touek, B OJJHON HEIEIMMON cdepe-Touke, HO yke Ha (1) CXOAUMOCTH, JTHHAMUYHOTO
MIPOCTPAHCTBA-MATEPHH.

: DD

e \§ <
T

T/ | N
AP
x ST

[S!

puc.3 ITMHaAMUYHOE MTPOCTPAHCTBO-MaTEepus/

Bcesikas ¢ukcanus (B skcriepuMeHTax) HeHyJieBoro (¢ # 0) yria mapanienbHOCTH, TaeT
MHOT'0JINCTOBOE PMaHOBO MPOCTPaHCTBO.
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puc.3a. TMHAMUYHOE IPOCTPAHCTBO-MATEPHs
Temnepp yke B paMKax akCHOM JTHHAMUYHOI'O IIPOCTPAHCTBA-MATEPUH B BUJE:

(qo # O) # const

1. HeHyneBoﬁ, HHHaMH‘IHBIﬁ yroJ1 napaJuiCJibHOCTU , IIy4Ka IMapaJiICJIbHbIX

X-)L(Y-) N y
pAMBIX, OIIPCACIICT OPTOIrOHAJIBHEIC TTOJIA ( napajiiCJIbHBIX JIMHUU - TPACKTOPUH, KaK
HU30TPOIHBIX CBOWCTB, IPOCTPAHCTBA-MATEPHH.

2. HyneBoii yroni napasienbHOCTH (9=0) , JaeT «IJMHY 0€3 MHUPUHBD» C HYJIEBBIM WIN

Y, . . .
HEHYJIEBBIM ~© - paguycoM c(epbl-TOUKH «HEe UMeIollel yacTei» B EBKiIMI0BON akcHOMaTHKE.

3. Ily4ox mapasuieabHbIX NIPSAMBIX C HYJIEBBIM YIJIOM NapajuleIbHOCTH (@=0) , <OIIMHAKOBO
pacronoKeHHbIN KO BCEM CBOMM TOYKaM» , J1aeT MHOXKECTBO IPSIMBIX JIMHUN B OJJHON «0e3
IMPUHBD EBKIMIOBON NMPSIMON JINHUH.

4. BHyTpeHHuUe (X _)’ (Y _) U BHEIIHKE (X +)’ (Y +) 0JIsL IMHUK-TpaeKTOpuil HenyneBot X, # 0
umn Y, # 0 matepuansHoit chepri-Touku, oopasytotr Henenumyro O6macts Jlokanuzanuu
HOJI(X +) HOJI(Y £)

JMHAMMYHOI'O IIPOCTPAHCTBA-MATEPHUH.
5. B equHbIX TOJIAX (X -=r +), (Y -=X +) OPTOrOHANLHBIX JIMHUK-TPAEKTOPUiA
(X-)L(r-) Ny y

HET JBYX OJMHAKOBHIX C(PEP-TOYEK U IMHUM-TPAEKTOPHUIA.

(x+) (v+) (x%)

6. ITocnegoBarensuocth Henenumeix O0nacreit Jlokanuzamun , , ... 1o

Y, #0 . n
paauycy Xy # 0 wim cepbI-TOYKH Ha OJHOM JIMHUU-TPAEKTOPUU AaeT ! CXOIUMOCTh, a Ha
Pa3IMYHBIX TPACKTOPUAX " CXOIMMOCTB.



7. Kaxnoit Henenumoit O6sactu Jlokanuzanuu npocTpaHcTBa-MaTepUu COOTBETCTBYET

(X-=Y+) (Y-=X+)

enunuia Bcex ee Kpurepuer Dpomonuu — KO, B equHOM , MPOCTPaHCTBE-
marepuu Ha 171 cXOoaUMOCTHX,

HOJT = K3(X—=Y +)K3(Y-= X +)=1 HOJT = K3(m)K3(n) =1

B CUCTEMC YHCCJI paBHBIX 11O aHAJIOTUU CAWHMUII.

i)

8. @ukcanus yria (@ #0) = const ypy (¢ =0) Iy4Ka MPsSMBIX apaJlIeNbHbIX JIMHUM,
MIPOCTPAHCTBA-MATEPUH, AA€T S-i MOCTyNaT EBKIIMIA U aKCHOMY ITapajlIeIbHOCTH.
JIro6ast Touka GUKCUPOBAHHBIX TUHUN-TPACKTOPUMA, TPEACTABICHA JIOKATbHBIMU 0a3UCHBIMU

BCKTOpaMu PumanoBoro MpoCTpaHCTBA:

X )4 9z . oxt axt dxk
=—i4+—j+—k el=—i+—j+—k
dxt + axJ] + axk ! + Jt !

e; =
t ax Yy VA

ny s ny _ n n __
¢ pyHAaMEeHTaJIbHBIM TEH30POM e (x") e (x7) =gy (x7) U TONOJIOTUEU &' =X.Y,Z) B
EBxnpnoBom npoctpancrse. To ects, PUMaHOBO poCTpaHCTBO, 3TO (PMKCHPOBAHHOE

(@ # 0) = const)

COCTOSIHME TUHAMHUYHOTO (¢ # const) NpocTpaHCTBa-MaTepUu. DTU Oa3uCHbIE
BEKTOPBI BCET1a MOKHO MTPENCTABHUTh B BUJIE: (x! = cy *t), (X = ¢y * t) IMHEHHBIX KOMIIOHEHT
pocTpaHcTBa-BpeMen, Toraa v;(x™) = v, (x™) = (v?) = II, nony4aeM OObIYHBIH TOTEHIIHAI
IIPOCTPaHCTBa-MaTEpUH, KaKk HEKOe YCKOpeHUe Ha JUIMHE. JIokanbHble 0a3UCHbBIE BEKTOPBI
COOTBETCTBYIOT IpocTpancTBy ckopocter WN=K*™NT -N| 5 MHOromMepHoM npocTpaHcTBE-BpEMEHH.
ITpocTpaHcTBO-BpeMsI €CTh YaCTHBIN CiTydail (pUKCHPOBAHHOT'O COCTOSHUS AUHAMHUYHOTO
pocTpaHcTBa-MaTepuu. [Ipu 3ToM B MHOTOMEPHOM IIPOCTPAHCTBE-BpeMEHH (OPMUPYIOTCS BCE
Kpurepun DBomonuu Marepun. OHU npeacTaBiensl B «Equnoii Teopuu 2», B Buae: (I1=W?)
norennuana, (F=I1%) cunsl, suepruu : 3apsn [MK=q( Y+ =X -) B anextpo ( Y+ =X -)

MarHuTHbIX NoJsiX, win Maccy [IK=m(X+=Y -) B rpaBut (X+=Y-) , MaccoBbIX MOJISAX, TOT/1a

m IIK 1
INIOTHOCTb p = — = —3 = 3 = v?2 | 510 KBagpaT yacToTkl, sHepruro E=I1°K, umnynsc (p=I1°T),
nevicteue (h=I1°KT)..., e1MHOro MpocTpaHCTBa- MATEPHH.
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puc.4 equneie Kpurepuu OBOMIONUN TPOCTPAHCTBA-MATEPUH.

Cpa3y oTMEeTHM «TOUKY He UMerollel yacTei» B EBKIINA0BOI akCMOMATUKE, U HEHYJIEBOM paauyc
Xo # 0w Yy # 0 marepuasibHOM cepbl-TOUKH aKCUOM AMHAMMYHOTO IPOCTPAHCTBA- MAaTEPHH.
Kpowme 3T0ro, ecTh MUHMMAaNIbHas nuankosckas jmHa (A = 10733 cu). Do Bonpocs!
CUHTYJISIPHOCTH, KOTOPBIX 3/1€Ch HET, U IUIIOC K TOMY MaTeMaTHUECKHE 3aMpeThl IeIEHUS Ha HOMb.

B pamkax quHamMudHOro (¢ # const) mpocTpaHCTBa-MaTEpPUU, MBI IMEEM HECTAIlHOHAPHOE
EsximaoBoe npocrpanctso-Bpems (X, Y, Z, ¢T), unu nepemeHnyio reogesndeckyio (x° # const),
byHaaMeHTaIpHOrO TeH30pa gk (X°) puMaHoBOro npocrpancta. K mpumMepy, HecTalmoHapHOE
MPOCTPAHCTBO reomMerprn JIobaueBckoro, ¢ mepeMeHHBIMH aCHMITOTaMH Turepooit. Takoi
MaTEMaTHKH €IIe HeT. WHade roBopsi, BOIIPOCHI «Y4EPHBIX IBIP» OyAeM paccMaTpHBaTh B
akcoMax EBKIIMIOBOTO MPOCTPaHCTBA- BPEMEHH, KaK 4acTHOro ciaydas (¢ = 0) wiu

((p # 0) = const) muaamuunoro (¢ # const) NPOCTPaHCTBA-MATEPHH.



2.McxonHble TON0KEHUS
B pamkax kiaccuueckoit ¢pusuku, emie 100-200 ner Ha3aa, U B 3aKOHAX COXPAHEHUS SHEPruu

2
mv GM
E, = 5 u E, = mgh, s g = u h=R 3emn,
vZ _ GM 2 2GM .
ObL1a onpezeneHa npeenbHas CKOpoCTh 5= V" = ——, NpH KOTOPOii TEIO MOKET He

BepHyThCs Ha 3emutio (M). U ermie Toraa BO3HUKIIA THITOTe3a cBepXMaccuBHBIX (M # 0) «4epHbIX

3B€3/1», OT KOTOPBIX CBET He BBIXOAUT. Cepy TaKux «4epHBIX 3B€311», Ry = szM
2GMm
R2
R — paccrostaue mexxay nentpamu MaccuBHBIX (M # 0) u (m # 0) MaccuBHBIX cdep, 3eMIu U
Jlynsl, HannpuMmep. Ho ecnu B tuaMeTpanbHOE OTBEpCTHE 00BN MaCCUBHOM CEpBI, OMyCKaTh

MasneHbkuii mapuk (R — 0), TO cuja He YBEIMYUBAETCS 10 OCCKOHEYHOCTH.

Ha3Bau cepoit

IBapummunsaa. ITpuuuHol cuntanack cuna tsarorenus Hetotona, F = . 3mecn

m
f.

O

Puc.4a. 3akon HproTona

3akoH HreroToHa 316ch He paboTtaeT. Camo noHsATHE CHIIbl HBIOTOH BBEN U3 MPYXHUHUCTOIO
COyJlapeHHusl JIByX IIapoOB, C 0OpaTHON MPOMOPLUUOHAILHOCTHIO UX YCKOPEHU pasiera.

Z—:=Z—21, mya; = mya, = F.
OTOT MHBAapHUAHT NIEPEMEHHBIX MapamMeTpoB HbIOTOH Ha3BaJl CHIIOHN, CKa3al U3MEPSTh €€ B HbIOTOHAX
0e3 BCSIKOro 0OMEHHOT 0 B3anuMoielictBusa. Cpazy OTMETHM, YTO B IMHAMUYHOM (¢ # const)
MpocTpaHCcTBe-MaTepuu, Bce Kpurepun DBomonun npocTpaHcTBa cKopocTeil, u B PumanoBom
npoctpanctse Toxke: €;(x™) = v;, e,(x™) = vy, g (x™) = v?, Kak NOTEHIHAT B KOOPAUHATHO
—BpeMenHoM npoctpanctee ckopocteit WN=K*NT -N_ g Mmporomeprom npocrpancree-spemenn. J{is
3apsnoB [IK=q( Y+ =X -) B anekTpo ( Y+ =X -) MarHuTHbIX moJisix, u Macc [IK=m(X+=Y-) B
rpaBut (X+=Y-) , MACCOBBIX MOJISIX, BRIBOASTCS YpaBHEHUsT MaKCBeIIa M TPAaBUTMACCOBBIX MOJICH.

9E(YH) aG(X+)
c*rotyB(X =) =rot,HX -) = ¢ a7 + AE(Y+) c*xrotyM(Y =) =rot, N(Y =) = ¢, * 7 + 1% G(X+)
OH(X- 0B(X—- ON(Y— oM (Y-
rotyE(Y +) = —py o2 = — 200, M(Y-) =y « N(Y=); 10t GX+) = —pp x To ) = — 200D

A Taxoke mpeodpazoBaHUs peNsATUBUCTCKON quHamMuku CrienuanbHoi Teopun OTHOCUTETHLHOCTH
Y KBAaHTOBOM PENIITUBUCTCKOM TUHAMUKH B Tpeeiax YIJIoB MapauieIbHOCTH.

W
T X
o _X-WT T=eC o VW
1-w?/c* VI-W?/c* 1YW/t
g = abkytel m Kyletapl g anly+c
Y - Yy —
NI-W?/c I-W2 /e ay +Wy /e (ay # @) #1

, B YCIIOBUSX,
J{ns1 HyJIeBBIX YIJIOB MApaJUIeIbHOCTH B EBKJIMI0BOM aKCHOMAaTHKE, CO CKOPOCTSIMU MEHbIINX

CKOpOCTH CBETa Wy <€ umeror mecto TpeaeNbHbIE CIyda ITIEpexo/a KBaHTOBOM PeNTHBHCTCKOMN
—_ 0 = = = = — J—
JMHAMUKH BEKTOPHBIX KOMITOHEHT, 22 = (cos(a =0)=D=a, ay 1 Y 1 Y=WT
L — WK, = Y)Y+ WT - YEWT = Kylce+(ay =0T
(K,,:Y):(a" K, ) Y = r=—"—=—

J1-w3(x —)/ e VI-W? /e 1-w (X -)/c?




HNuayve rosops, B EBkinioBoi akcuomatuke co3nath KBantoByro Teoprro OTHOCUTENBHOCTH
HeBO3MOXHO B npunnune. O6e teopun: Crenunanshas Teopus OTHOCHTENbHOCTH U KBaHTOBAs

Teopust OTHOCHTENBHOCTH, IOMYCKAIOT CBEPXCBETOBOE (Vi = N*C) MPOCTPaHCTBO CKOPOCTEIA:
—_ c+Nc — a;1Nc+c
Wy=—=c Wy=—"——=c, mna aq1 =ay, =1.
Y 7 {tcxNc/c? ' Y = a,,+Nc/c » A 11 22
Vike B paMKax TaKUX MPEACTaBlIeHUN, OyieM paccMaTpuBaTh «4epHBIE AbIPEI». B Kiaccuueckoit

¢uznke ¢ EBKINI0BOI akCMOMAaTHKOM MPOCTpaHCTBA-BPEMEHH, JJI1 CBEPXMACCUBHBIX «UEPHBIX
2GM

cz ’
(M # 0) = const, Buytpu (R < R;) Tako# cdepbl, TOKHO OBITH CBEPXCBETOBOE MPOCTPAHCTBO
ckopocteir (v; > c) wm (v; = N *c¢), (N > 1). Oro He npotuBopeunt Hu Crnenuanbaoi Teopuu
OTtHocutensHocTH, HU KBanTOBOIM Teopun OTHOCHTENBHOCTH. B KBaHTOBOM crcTeMe KOOpAMHAT
TUHAMHUYHOTO (¢ # const) MpOCTpaHCTBA-MATEPUH, PEYb UJET O CBEPXCBETOBOM ITPOCTPAHCTBE
ckopocreit v; = a™V xc¢,rme @ = 1/137,036 koHcTaHTA.

Ho BepHemcs K 3aKOHAM KJIaCCUYECKOM (U3UKHU, B KOTOPBIX 3aKOH TAToTeHus HploToHa
MMeeT I'paHULIbl IPUMEHEHMs, U He oTBedall Ha Bonpoc, [IOYEMY maccel nputarusatorcsa? U3yuas
ypaBHeHHs1 MakcBeia, mo100HO 3JIeKTPOMArHUTHBIM TOJISIM € peodpazoBanusamu JlopeHna B 1ByX
(%0, Yo, Zg, Cto) 1 (X1, ¥4, Z1, Ct;) CHCTEMaX KOOPAUHAT, U U3 3aKOHOB COXPaHEHUS DHEPTUH, €IIIE B
1905r, DiiHITelH BBIBE (OPMYITY, HA KOTOPOH OCTAaHOBHMCS MOAPOOHEH.

Teno ¢ HenyneBoii (m # 0) Maccoid, u3ay4aeT cBeT ¢ sueprueit ( L) B cucreme (Xq, Yo, Zg, Cto)
KOOpJIMHAT, ¢ 3aKOHOM coxpaHenus suepruu: (Ey = E; + L), 1o u mocne u3nydenus. st 3T0OH ke
MAacchl, U 3TO KIIFO4YEeBOit MOMeHT (Macca (m # 0) He mensiercsi), B Apyrou (Xxq,Y;,Z;,Ct;) cucreme

3Be31» (M # 0), C rpaBUTAllMOHHBIM paguycom Ry = 060 Maccel B Teopun. U s macc

v?2 . o
KOOp/IMHAT, 3aKOH coXpaHeHus sHeprun ¢ (y = |1 — C—Z) npeodpazoBanusamu Jlopenua, DHHIITEHH

samucan B Buge (Hy = Hy + L/v). Beruuras ux pasauity, DUHIITEHH TOTYYNIL:
1 1
(HO - EO) = (Hl - El) + L(; - 1), NI (HO - Eo) - (Hl - El) = L(; —_ 1) ,

C otneneHneM pasHUIbI SHEPTUU U3ITydeHus. O0e nHepLUaIbHbIE CHCTEMBI KOOPAUHAT IBUKYTCS,
HO (X4, Y1, 21, Cty) IBUKETCSA CO CKOPOCTHIO (V) OTHOCHTENBHO (X, Vo, Zg, Ctp). VI MOHATHO, 4TO
CUHUH M KPACHBIN CBET UMEET Pa3HUILy SHEPTHil, KOTOPYIO U 3anucan DUHIITEHH B YPaBHEHUU.
Camo ypaBHeHHME DUHINTEWH 3amucai Kak pa3HUIly KHHETUYECKUX SHEPTHil B IEPBOM Pas3iiOKEHUU.
L v? AL, v?
Ko — K == WIH AK = (=) —
( 0 1) 2 (Cz ' (C2 2
AL . o 2
3nech ( == Am) MHOXXHUTENb, UMEET CBOWCTBA MACChl «JIYYHCTOM sHeprum», uian: AL = Amc*.
Dty GOpMyITy HHTEPIPETHPOBAIN O-Pa3HOMY. DHEPIHI0 aHHMTWIALMU E = myc? Macchl moKos,
E? .
wm: my? = — — p?/c? , B peNsITUBUCTCKOI AMHAMHUKE. 31€Ch Macca C HyJIEBBIM HMITYJIHCOM
C

(p = 0) , umeer sHepruto: E = myc?, a nynepas macca ¢potona: (my = 0), uMeeT UMIYJIbC U
suepruio E = p * ¢ . Ho DiiHIITeliH BBIBE APYroi 3aKoH «1yducToil sneprun» (AL = Amc?), ¢
MacCOBBIMH CBOMCTBaMH. DTO He 2Heprus GoToHa, u 310 He Heprus (AE = Amc?) nedexra macc
HYKJIOHOB f7[pa aToMa. DUHIITEHH yBUAEI TO, YEro He yBUAe HUKTO. [Tono6HO nBrxKyIeMycs
3apsny, ¢ MHAYKIMEH MarHUTHOTO 1O0JIsl ypaBHEeHUM MakcBeia, IBrKymascs macca (macca (m # 0)
HE MeHseTCs), HHAYLUPYeT MaccoBylo sHepruio (AL = Amc?), koTopyto u Hamen DHHIITEHH.
Hanpumep, 3apsbkennas cdepa BHYTpH JBHKYIIerocs BaroHa (3apsa (q # 0) He MeHsieTcs1), HE UMEET
MarHuTHoro noss. Ho koMmac Ha neppoHe, MoKa)XeT MarHUTHOE 1oJie Cephbl B IBU KYIIEMCS
BaroHe. IMeHHO Takoe MHIYKTUBHOE MarHUTHOE I0JI€, OT ABUKYIIMXCS 3JIEKTPOHOB TOKa
MPOBOIHKKA, 0OHapyxua Dpcrea. [ToTom ObuH onbiTel Dapases, HHIYKIIUNA BUXPEBBIX
ANEKTPUUYECKUX MOJIeH B IEPEMEHHOM MarHUTHOM M0Ji€, 3aKOHbl MHAYKIIMN U CAMOUHIYKLIHUU U
ypaBHeHHMs: MakcBemia. [1o aHanorny MHIyKTUBHOW HEPIMM MAarHUTHOI'O TIOJISI OT ABUXKYILEr OCS
3apsiaa, DUHIITEHH BhIBET GOPMYITy HHIYKTUBHOM, «JTYYHCTON)» SJHEPTUU MAacCCOBBIX MOJIEH, OT
JBUKYIINXCSI HEHYJIEBBIX MAaccC, 3B€3]] B FaJlaKTUKax B TOM yucie. M 3aecys DWHIITENH BhIIIEN 3a



pamku EBkimmoBoii (¢ = 0) akcuoMaTHKX MPOCTPaHCTBAa-BpeMEHH. B akcnoMax TMHAMHUYHOTO
npoctpancTBa- Matepun (@ # const), peds uaeT 00 MHAYKTHBHBIX M(Y —) MaccoBBIX MOJISIX, B
IIOJIHOM aHAJIOrMu ¢ ypaBHeHHsIMH MakcBesa. Bot uto yBunen DUHIITENH, U HUKTO APYrou. Yixke
n3 [IpuHnnna DKBUBAJIEHTHOCTH, TOTEHIMA HHYKTUBHOIO MACCOBOI'O MOJIsS

v2(Y— =X +) = v xcos@,(X+) * v * cosp,(X+) = Gv?(X +)
B TI0JI€ FPaBUTALIMH, CIIeAyeT KoHcTanTa (G = c0s2@,), Kak MaTeMaTHYeCKas MCTHHA.

U yxe 3anuceiBas ypaBHeHue OOmeit Teoprun OTHOCHTENBHOCTH, DUHIITEHH Opa
o . E? 2 L2(Y-) 2 871G
FPaBUTALIMOHHBIN MOTEHIIMAT HYJIEBOW MaCChI: s = Cc*%, B BHJC 7 =Gvi(X+) = — lik
TEH30pa Hepruu-ummynbca. JlokHoe npencrasienue 06 O6mel Teopun OTHOCUTETHLHOCTH
DUWHIITEITHA COCTOUT B TOM, YTO CUMTAETCS, B YPaBHEHUHU MPECTaBICHA HEHYJIEBasl Macca, Kak
HMCTOYHHK UCKPUBIICHUS TPOCTPAHCTBA-BPEMEHH, KaK MCTOYHHK T'paBUTANU. B ypaBHeHun OO0miei
Teopun OTHOCUTENBHOCTH DUHINTEHHA, KAK MAaTEMAaTUYE€CKOW UCTUHBI B JUHAMUYHOM

[IPOCTPAHCTBE-MATEPUU B ITOJTHOM BHJIE:

Ry — %Rgik - %Agik = SZT_‘;GTik :
HeT Maccel: (M = 0), B KJITaCCHYECKOM €€ TOHNMaHuK. B MaTeMaTH4ecKkoi UCTHHE, ITO Pa3HUIIA
PENATUBUCTCKON JUHAMUKH B IBYX (PMKCHPOBAHHBIX TOYKAX PUMAHOBOTO MIPOCTPAHCTBA, OHA U3
KOTOpPBIX MpuBoauTcs K EBkinaoBoit cdepe, Bo BHemHeM, He ctannonapHoM (A # 0) EBkiuaoBom
npocTpaHcTBe-BpeMeHu. B ¢usnueckoii uctune, B ypaBuenuu Oomuieit Teopun OTHOCUTENBHOCTH,

DiiHmTeiHa, B eqnHbix Kputepusx DBomronuu, «3ammTtay dopmyna (3akoH) HeroTona:
E=c*K, P=c'T, (ciz—c,szcizk)=§—z= I;—z=cz), Ack =Gv*(X+)# 0
Ac2 = c*c*K? _ G(c?Ky=m1)(c2Ky=m,) _ Gmym, Ac2 = Gmqym,
ik = Cagarz c2(c2T2=K?) c2K? ! ik c2K?
Kax BunumMm, B ypaBHernuun O6uieit Teopur OTHOCUTENBHOCTH DUHINTENHA, CUJIa TSTOTEHUS
JEHCTBYET B MOJIAX C HyJIEBOU Maccoii. YuTaeTes: pasHuIa MaCCOBBIX TTOTOKOB Ac? (Y—) Bo
BHELIHEM MoJie rpaBuTanuu ¢ (X+), ¢ ux [IpuHImMnomM DKBHBAIEHTHOCTH, JaeT cuity. U TOJBKO Tenepb,
MBI OyZIeM paccMaTpUBaTh CBOMCTBA «CBepXMacCUBHBIX» (M # 0) xommakTHBIX (R — 0) 00BEKTOB,

oO0HapyXeHHBIX B sifipe ["amakTuku, kak pakTy peasbHOCTH.
2G(M=0)

(R=0)
(10733 cu), KBaHTOBOTO MO B TIPOCTPAHCTBE-BPEMEHH, B YCIIOBUSAX MTPUHIIUIA HEONPEIENIEHHOCTH,
a paBHO W BCET/Ia JUHAMHYHOTO, CaMOro KBaHTA, B YCIIOBUSX HEHYJICBOW pa3HUIIBI

2.2 —
: Acfc“ =F

B ycnoBusix: ¢? = ( = 0) # 0, B yCIOBUAX NJAHKOBCKOW MPEAEITbHON JIJTHHBI

1
Rix =5 Rguc # 0
L2 2G(M=0) _
tensopa (77, # 0) oHeprun-uMITyJIbCa, T.€. SHEPIUH, HATIMYHUS CAMOro0: ¢* = (W =0)+#0
I'PaBUTALMOHHOTO TTOTEHIINANA, KaK TPUIHHBI HCKPUBIICHHUS CAMOT'0 IIPOCTPAHCTBA «UEPHOM TBIPBI»,
BHE Macchl. [IoHsATHE «TOpH30HTa COOBITHI BO3HUKAET B 0a30BbIX pemenusx LlBapumibaa,
PETATUBUCTCKON METPUKHU TPaBUTHPYIOLIEH chepbl, KaK HCXOAHOTO COCTOsTHUS. EcTh KiroueBbIe
npeoOpa3oBaHMs YIPOIICHHOH MaTeMaTHYECKO MO YpaBHEHU DUHIITEHHA, TPUBOSIINE K

PCIICHUAM H_[BapLII_HI/IJ'IBI[a, HO YK€ B I'PaABUTAIMOHHOM I10JIC IIPOCTPAHCTBA-MAaTCPUHU BHEC MACCHI.

PI/IC.4B — I'PaBUTAIMOHHBIC ITIOTCHIIMAJIbI
TG

VYpaBuenue DiHmTeiHa Ry (1) — %Rgl-k (2) = 86—

” Tik . 3anMIiIcM B BUAC IpaBUTAIMOHHBIX

MOTCHIMUAJIOB B JIBYX TOYKaX PUMaHOBOI'O ITPOCTPAHCTBA C (bYHHaMCHTaHBHBIM TCH30POM:



— n ny — — — n ny — —
Ry (1) = e;(x™)er (x™) = vy, =11, u ik 2) = e;(xMe, (x™) = vyvy, =11,
MpbI noHuMaeM, 4To Touka (2), mpeacraieHa EBKInI0BbIM pocTpancTBoM (7)) 0€3 KPHBH3HBL
OTMeTuM, 4TO TOYHOTO COBMA/IEHUS TOUKH (2) KpUBOU € OKPY>KHOCTbIO HET B MaTeMaTHUECKOMN
MCTUHE MOJIHOTO ypaBHeHus DiHInTeitHa. Touka (1) ¢ KpUBU3HON PUMaHOBOrO MPOCTpaHCTBa (1) B

I'paBUTAlIUOHHOM ITOJIC. Torz[a TpaBUTAIMOHHBIC TOTCHIIMAJIBI BHC MAaCC, MbI IIPEACTaAaBUM B BUJIC:

r 7, 87G E?2 _ GUPK)? _ GIPIPK?
I, = cz(;)z: I, = C2(70)2 , © TEH30POM SHEpruu-uMIyIbea: —- Ty = — = AR =

4 p? - (I t)? Ttttz
GIFPK?*  Gc2IIK? c?GK?
Hl _Hz —_ c4t? - c2]]t? ) Hl _HZ - c2¢2 y nin:
2 2 2 2 2 2 2
2,72 2,Ton2 _ C°GK 2 (ro) __C“GK (ro) X
ce(- — Cc°(— =—, c“(1—- (— = , 1-(— = —,
(r) (r) ) c2t2 ( r ) c2t? ( T ) c2t2

(1 + %) (1 - %) = # (1 + :—0) c?t? — (ﬁ;) =s2(x), s%(x) =0 npu (x =0).
(1 + T;") c?t? — (1 - Tr—o)_lxz =s?, ym: ds? = (1 +%) c?dt? — (1 - :—0)_1 dx? .

OT0 MaTeMaTH4eCKHE UCTUHBI CaMOU HpOCTOfI MOACIIN paﬂnaanoﬁ peHﬂTHBHCTCKOﬁ
2

JMHAMHKH MPOCTPAHCTBA-BPEMEHHU B TPaBUTAILIIOHHOM IoJie BHE (my = 0) macchl: 5— = c*, nm:
EX_ o — 0122 .

Z=p°t (my = 0)“c“. U nepBoe, 4TO HAZO OTMETUTH, TaK 3TO HEHYyNeBol (1y # 0) paguyc 1o
oTpeeNeHno. ITO paanyc Kkpyra BMecto chepsl B pemenuu lIBapummnsaa. U ato ycnosue
ypaBHeHus (Rg;, # 0) DitHIuTeiiHa, KaK MaTEMaTUYECKOW UCTHHBI B MTOJIHOM BHUJIE. 3/1€Ch Pa3roBOp
O CUHTYJISIPHOCTH — 3TO pa3roBOp HHU 0 4yeM. CUHTYJIIPHOCTH HET B PUHLHUIIE U 110 ONPEIEICHUIO.
BTtopoii MOMEHT B TOM, YpaBHEHHE DHHIIITEHHA pacCMaTpUBaeT I'paBUTaIuio BHe cepbl. Hukakux
«IyTEHIECTBHI» BHYTPb cepbl B ypaBHEHHH DWHIITEIHA TOXKe HET, Kak U (r # 0) B 3aKoHE
Herorona. Bee mocnenyromue Moienn «4epHbIX JbIp» UMEIOT TOPU30HT COOBITHI U Tak jaajee.
MHorue MoJienu «IEPHBIX JIBIP», KOJUTATICUPYIOIUX (GOTOHHBIX cdep (3Be31 B Ipenere)
npoxoasmux chepy HIBapummibaa ux guarpaMMbl HauBHBI, OIIMOOYHBI B 0230BBIX OCHOBaX U 0e3

APryMmeHTOB UCXOJHBIX NPEAITIOCHIJIOK KaK ITPUYKUH, XOTd JaJICC pa60TaeT MaTeéMaTuKa 1 JIOTUKaA.
2G(M=0) 2G(M=0)
c? (v>c)?
CBEPXCBETOBOE MPOCTPAaHCTBO (V > C) CKOPOCTEH, HE HapyIiasi 3akoHOB DifHITelHa (v = Nc¢),
c+Nc
1+c*Nc/c?
[Tpu 3TOM, MBI TOBOPHUM O TPaeKTOPUHU BHEIIHET0 (hoToHA (X = ct), ¢ PpuKcanuei

HaoGopot: Ry = BHYTpU (R < Ry) = «4epHOU Chepb», TOIDKHO OBITh

KOTI'Jla CKOPOCTH BHYTpPHU «uepHOM cheps» Wy = = ¢, 1715 HAC UMEIOT CKOPOCTh CBETA.

3JIEKTPOMATHUTHON TMHAMUKH B KOOpAMHATHOM ockoctn (K2) L (ct), opToroHanbHOM K
TpaekTopuH poroHa. DOTOH, MOAXOSA K «UEPHOHU chepe» HE MOKET BOMTH BHYTPb chepsl, B
CBEPXCBETOBOE IIPOCTPAHCTBO TaK K€, KaK U (POTOH HE MOXKET BOMTH BHYTpPb (PU3MUECKOr0 BaKyyma
He npocropax Beenennoil. B rpaBuTaninoHHON «siMe», GOTOH KPYKHUTCS BOKPYT YK€ «UEPHOMH
IBIPBI», TaK KaK OTTYy/a, IJIs HaC, HUUEro He BplieTaeT. Tpaekropus ¢poroHa (x = ct)
MIOBOPAYMBACTCS HA ITOBEPXHOCTH c(epbl, Kak ero reoxesndeckas. [lpu atom (ct)Bpems u
KOOpAMHATHOE npocTpancTBo (K 2) Ha paJuaibHOM HAlpaBJIEHHH, MEHSIOTCS MecTaMi. Mbl
0ECKOHEYHO 100 (t — 00) KpPYKUMCS BOKPYT «9E€PHOM IBIPBI», & B MATEMAaTHIECKOM (pOpMalii3mMe
(R = 0), reomesnueckue TMHIA (OTOHA HEM30EKHO CXOSTCS K LIEHTPY «UEPHOMU JBIPBI», TIe

(K - 0) ucuesaer caMmo nMpocTpaHcTBO. TaKyr0 CHTYalMIO Ha3bIBAIOT HEU30EKHON CUHTYIIAPHOCTHIO

B LIEHTPE «UEPHOM IbIpbI», KOTOpoil HeT B [Ipupozae. DTo MpOTUBOPEUUT 3aKOHAM (PU3HKHU

26(M#0) —— _ c+Nc
w>c)2 " Y T 14cxNc/c?

9TOMN 0071acTH, Kak U B (U3NYECKOM BaKkyyMe. Mbl He TOBOPUM 3/1€Ch, UTO ITO HYJIEBas

OuHmrelHa. (R < Ry) = = c¢. Haoboport, Bce 3aKoHbI (PU3UKH paboOTaIoOT B



CUHTYJISIPHOCTh. «UepHas 1bIpa» He MOXKET MOrJI0TUTh Maccy, OCKOJIbKY 3Ta Macca, 4YTOObI
MIPEO10JIETh TOPU3OHT COOBITHIM, JOKHA Pa30TrHATHCS 10 ckopocTu cBeta M — 0. Jlaxe eciu
pa3duUTh aTOM Ha IPOTOHBI U JEKTPOHBI MJIM AJIEKTPOH -TIO3UTPOHHBIE Maphl B U3JIy4YeHUU XOKHHTa,
OHHU HE CMOT'YT JIOCTUYb CKOPOCTH CBETA FOPU30HTA COOBITHM. J[a’ke eciiu MO3UTPOH «POAMIICA» MOA
€BKJIMJIOBOM JTMHUEH, «JIJTMHHOMN 0€3 IUPUHBI», TOPU30HTA COOBITUNH. DTO BHE €BKJIMI0BOM
AKCHOMAaTHKH IIPOCTPAHCTBA-BPEMEHH, BHE NIOCTYJIaTOB DHUHIITEHA. A 3TO O3HA4YaeT
HEBO3MOKHOCTb U3JIydeHUs! XOKHHIa «UYepHBIMH JibIpaMu». Ho ypaBHeHue DiiHIITElHA BOOOIIE HE
00 3TOM. YpaBHeHue DHINTeHA He coaepKUT Maccy (m = 0) u 6osee rirybokoe. B Hem yka3aHbl
MIOTEHLMAJIbI, CUJIOBBIE OJISI M SHEPrUs I'PaBUTAL[MOHHOTO 11015 B JI000i Touke BcenenHoil BHe
Maccel (m = 0) . I a1 ogHa mMozenb, He oTBevyaeT Ha Bormpoc, [IOUEMY Bo3HuKaeT KpUBU3HA
IpaBUTALIMU U, OTKYJa 3HEprus noyd? B Takux nepedyucieHHbIX YCIOBUAX, KaK apIyMEHTOB
MaTEMaTUYECKUX UCTUH, FTOBOPUTH O CUHTYJISIPHOCTH B 1IeHTpe (R = 0) «4epHOH IbIPbI», 3TO
pa3roBOp HU O YeM. 3]1€Ch HET HUKAKOW CHHTYJISIPHOCTH B LIEHTPE «UEPHBIX JbIp». Bomnpoc 3akpbIT.

Ho ectb akT HaJIM4Ms «CBEPXMAaCCUBHBIX KOMIIAKTHbBIX 00BEKTOBY», OOHAPYKEHHBIX B A]1pe
rajlakTuk. U ects apyroe npezacraBiieHue CBOWCTB TaKUX OOBEKTOB:

(R < Ry) = 26M

(wi>c)?

C HAJIMYMEM CBEPX CBETOBOro mpoctpaHcTBa: (v; > ¢), BHyTpH (R < R;) TaKux «4epHBIX chep,
UMEHYEMBIX «4EPHBIMU IbIpaMm». HeT HuKakux «Isip». Macca Takux «4epHbIX chep» (M # 0) He
paBHa Hymo. [lanbie Mbl Oy1eM TOBOPUTH O CBOMCTBAX «YEPHBIX CEP» UMEHYEMBIX «IEPHBIMU
JBIPAMK», B paMKax CBOWCTB JMHAMHYHOIrO IpocTpaHcTBa-MaTepun (https:/vixra.org/abs/2302.0022 ),
KOTOpBIE TOJIJIEKAT IKCIIEPUMEHTAIBHBIM MMPOBEpKaM. B mepByto ouepenb, HaJuune HOBBIX KBAaHTOB
B A7pax IJaHeT, B Apax 3Be3, B AApax TrajaKkTHK, B sSApax KBa3apoB U B sApax KBa3apHBIX
rajgakTuk. U B mepByro ouepenpb CTaOMILHBIX KBAHTOB HOBOTO BEIECTBA.

Ha BcTpeunsbIx myykax MO3UTPOHOB (e”) , KOTOpBIE Pa3roHSIIOTCA B TOTOKE KBAHTOB (Y==7) ,
(hOTOHOB «0esI0T0» Jiazepa B BUJIC:
HON(X £ =p}) = (Y—=eH)(X+=v;)(Y—=e*) = 2% =15,3 TeV,
Ha BcTpeuHBIX ITyyKax aHTUIPOTOHOB (P~ ), UMEET MECTO:
HONI(Y + = ;) = (X—=p ) (Y+=e")(X—=p~) =L = 3524 TeV .
HEeJICIMMbIC U CTAOMJIbHBIC KBAHTHI BEIIECTBA, MOJJOOHBIX BEIIECTBY KBAHTOB AJICKTPOHA.

Mgt roBopum 0 kBauTOBO# cucreme koopaunat 0JI; (m — n)B NpoCTpaHCTBE-MaTEPUN
Beenennoi, B kaxnom 0J1; nim 0J1; ypoHe uMetoT Mecto Tpu (X—= Y'+) 3aps1oBeIX u JiBa
(Y—= X+) maccoBbix nzonorenuaia. M B 3Toif KBAHTOBOW CUCTEME KOOPIUHAT, IIPE/ICTaBICHBI
«TsDKENbIe» (Pj/e;) KBAHTHI, KAl U3 KOTOPBIX UIMEET CBOKO «TIIyOMHY» SHEPreTHYECKUX YPOBHEN
(v1/v;) xBauTOB (usnueckoro Bakyyma. [IpexcraBum ux B Buae Monenen takux Rj;(m)
Henemumpix O6nacreld mpocTpaHcTBa — MaTepuu BeeneHH 0.

‘ ...Rii{m}

T 1

Py

2 Ve

3 ° m vi
on, }—onz—‘ ‘—Gﬂl | 0Nl ‘ }—0}1_1 —‘—— Oonp -. on,(m)

Puc.5. cnektp Hegenrmbix KBaHTOB


https://vixra.org/abs/2302.0022

Oto Hekas cdepa B IPOCTPAHCTBE-MATEPUH, B LICHTPE KOTOPOH «TshKenbie» (p;/e;) KBaHThI,
KOTOPBIE ONPENEISIIOT «HU3Y», H «BBEPX» 110 PanyCy, 10 YPoBHs (V;/y;) KBAHTOB (PH3UIECKOTO
BaKyyMa IIpOCTpaHCTBe-MaTepuu BeenenHoi, s 1000ro nogo0HOro 06beKTa BHYTpU 3TOM chepsl.
B akcuomax auHamMu4HOro npocrpancrsa-marepur, HOJ = K3(m)K3(n) = 1, noaydaem mis Macc
(M) nenemnmebix kBantoB B (0J1;) ypoBHSIX:

HOJI = M(e; = 1,15E4)(k = 3.13)M(y, = 3.13.E—5) =1

HOJI = M(e, = 3,524 E7 )(k =3.13)M(y =9,07E-9) =1
HOJ = M(e; = 5,755 E11 )(k = 3.86)M(y; =45.E—-13) =1
HOJ = M(e, = 1,15 E16 )(k = 3.13)M(y, = 2,78 E—17) = 1
HOJ = M(es = 397 E19 )(k = 3.13)M(y3 = 8.05.E—21) =1
HOJI = M(eg = 6,48 E23 )(k =3.83)M(y, =403E—-25)=1
HOJI = M(eg = 4,47 E31)(k = 3.14)M(y, = 713E—33) =1

HOJI = M(ey = 9,1 E103)(k = 3.14)M(y,, = 3,5E—105) = 1
OueBuAHO peyb O BUXPEBBIX MAaCCOBBIX (¥ —) TpaeKTopHsX:

G (X+
cxrotyM(Y—=7v,) = & %

2nR=1
HZR ) B kaxaom (OJ1;) ypoBHE (PHU3HUECKOTO

BaKyyMa. OT0 cdepbl BOKPYT TUIAHETHI, 3Be3/1bl, FATaKTHKH, KBa3apa... . Ha mpumepe KBaHTOB:

HON(X £ =p}) = (Y—=e)(X+=v;)¥—=¢*) = Zaﬂ =153 TeV ,

HOJ(Y + = e5) = (X—=p ) (Y+= e*)(X—=p~) = —2 = 35,24 TeV ,
peYb UIET O CUHTE3E BEECcTBA (X + = p;), Ha BCTPEUHBIX ITy4Kax (e*te® — pf) MO3UTPOHOB C
BHUPTyaJbHBIMH KBaHTaMU (v, ), ¥ (Y £ = e; ) Ha BCTPEUHBIX ITy4Kax (p~p~ — e; ) AHTUIPOTOHOB
MMO3UTPOHOB C BUPTYaIbHBIMU KBaHTaMHU (e'), MOTOOHBIX 2JIEKTPOHY (e~ = vo ¥y v, ) . MBI MOXKEM
TOBOPHUTH U O MOCJIEA0BATENILHOM CHHTE3€ «THKEIBIX» (P;/€;) KBAHTOB, UMEHHO BEILECTBA
X+ = p;.r), st (Y—),4, (X—), anmapara, B OTANBHBIX Iporeccax. (... < [l « e '« pi < Eisp) v
(.. «p3 < B <l < e5 |« pi < e") cunTe3a. CyleCTBEHHO TO, UTO IEKTPOH (e~ ) U3IIy4aeT U
norjiomaer GOToH (y*), HO OH HE MOXKET U3JTy4aTh M IMOTJIONIATh «TEMHBIN» (OTOH (Y,). DTOT
«TEMHBIN» (POTOH MU3ITYYaCTCs U MOTJIOMACTCS «TSDKEIBIM» 3JIEKTpoHOM (e1) — (Yo ). TodHOo Tak
«TsDKETBIIN TPOTOH (p;) = (V, ) M3ITyHaeT U MOrIoImAET MIOOHHOE HEHTPHHO. DTO HEBUMMBIE
KBaHTHI, HE B3aHUMOJICHCTBYIONIHE, U HEKOHTAKTHBIE ¢ kBaHTamy ([PEJl@N) aToOMOB TaOIUITBI
MenpeneeBa. Mbl uxX He MOXKEM HU BUJIETh, HU GUKCHpoBaTh. Ho 3T HeBUANMBIEC KBAaHTHI (CHHUN
LBET B YKa3aHHBIX MOCJIEIOBATEIHHOCTSIX) UMEIOT 3aps10BbIE U30MOTEHIIUAIBI U MOT'YT
¢dopmupoBats HeBUIUMBIE HaM CTpyKTypHBIE POpPMBI, TO100HBIX OOBIYHEIM (p*/e”) aToMam. JTo:
CTPYKTYpbI (Vu /yo) ,(p,/€1) --- Tak MbI OCBaMBaeM MOCIENOBATENBHO, IOTEHIHATIBI /P [UIAHET,
sIpa 3Be37, Aapa rajakTuK u sjpa kBazapo. Ho mis (Y —), anmapara, Mbl MOXeM (OPMHPOBATH
TOJbKO KOHTAKTHbIE HAM KBaHTbI - sIpa TalakKTUK W KBAHTBI BEILIECTBA S[[pa KBa3apoB.
PuU3nUeCcKOl PeaibHOCTHIO SIBJISIETCS Pa3IMYHOE IpocTpaHCTBO ckopocTel ConmHua u 3emin. bes
BCSKHUX TOIJIMBHBIX IBUTATENIeH 3eMIIsl JIETUT B MPOCTPaHCTBE (PU3NYECKOTO BaKyyMa CO CKOPOCTBIO
30 kM/c, a ComHIIE CO CKOPOCTBHIO MOpsiaKa 265 kM/c . Peub uaeT o riiaBHOM CBOMCTBE
MpOCTpaHCcTBa-MaTepuu — nBrxkennd. [lotok mace (Y—), ammapara cozgaercst mOIsIMH
(Y—=v;) = (X+ =p;)(X+ = p;) CunpnHoro u I'paBuTaninonHoro BzaumozelicTBUs SHEPreTUY ECKUX
KBaHTOB(X+ = p,), (X£ = p3),... (X+ = p; ypoBueii 0JI; HEACTMMBIX KBAHTOB IIPOCTPAHCTBA-
Matepuu (U3MUECKOr0 BaKyyMa, CBSI3aHHBIX MEXIy co00# 2 TiMH ke (X+) momsimu Ha (X—)
TPAEKTOPHUIX MOYJIsI, 0€3 BHEITHETO0 HCTOYHNKA SHEPTUH.

+ 1% G(X+)

ypaBHeHUH nuHaMHKH 110 Kpyry (k = 3.14 =1 =

a?
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Pucynok10.1. Mexranaktuueckuil annapat 0€3 TOIIMBHBIX JBUTATENICH.
[TocnenoBarenbHO BKIIIOYAs MPOCTPAaHCTBO ckopocTert (Y —) 4, (X—), ammapata B
Pa3JIMYHBIX YPOBHSAX CHHTYJISAPHOCTH (PH3UYECKOTO BaKyyMa, alrapar BBIXOJUT IO PaIuaIbHON
TPAEKTOPHH C YPOBHS CHHTYJISIPHOCTH (PU3MUYECKOrO BaKyyMma KBaHTa (Xt ) mpocTpaHCTBa-MaTepuu
IIJIAHETBI, IPOCTpaHCTBAa-MaTepuu (Y + ) 3Be31bl, IPOCTPAHCTBA-MATEPUHN (Xt ) TaIaKTUKH,
npocTpancTBa-Marepun (Y+ )CKomiieHus ralakTHK, K JPYTUM CKOIUIEHUSIM U raJlakTHKaM B I0JIe
Bcenennoit, c 00paTHbIMHU BKJIIOUEHHSIMU IIPU BO3BPATE HA IUIAHETY CBOEH MM APYrol rajJaKTUKH.
Taxum oGpa3zom, co3aaBate MaccoBble oA (Y — = y;) 4, IPOCTPAHCTBA CKOPOCTEH,
neobxomumo oamu (Y —) 4 = (X+=p j) + (X+ = pj) «TmKeNBIX» KBAHTOB KaK «pabodero
BEIIIECTBA», 3AMKHYTHIX Ha (X— ) TPaeKTOPHH «KOJbIIa» aIapaTa, B yCIOBHIX
HOJI = (ej)(k) (y;) = 1 Hepemumoit O6nactu Jlokamusaruu. M cam anmapat (Y—) 4,
MOCJIEIOBATEILHO «IOTPYKAaeTCs» B pu3nyeckuii Bakyym, kak: HOJI = (e, )(k)( v, ) =1,
HOJI = (e )(k)( y4) = 1, cBepxcBeToBoro (y, = 137 xc ), u (y, = 1372 x ¢ ) nmpocTpaHCcTBa

o v T c+Nc o
CKOpOCTEH. DTO BNOJIHE 1onycTuMbIe B CrienuansHon Wy = Tromce: — G HB KBanTtoBoOM
*
a7 a{1Nc+c
Wy = m = ¢, Teopun OTHOCUTENBEHOCTU B EBKIMAOBBIX a;; = cos(p = 0), a;; = ayp = 1,
22

yraax napamiensHoctu. Cam (Y —), amapat qBuxkeTcs B yKa3aHHOM cdepe mpocTpaHCTBa-MaTepun
BceneHnHol, B pa3IMYHbIX YPOBHAX (pU3UUEeCKOro Bakyyma. CTOUT OTMETUTb, YTO 00BEM
IIPOCTPAHCTBA-MaTEPUN 3BE3/1bl, KIIOTPYKEH» B IPOCTPAHCTBO cKopocTell (¥ = ¢ ), 00beM ranakTuk,
«TIOTPYKEH» B IPOCTPAHCTBO CKOpocTel (y, = 137 * ¢ ), 00beM KBa3apoB IIOTPYKEH» B
npocTpancTBO (Y, = 1372 * ¢ ) y’Ke CBEPXCBETOBBIX CKOPOCTEN.
3.Jlonyctumbie 00bekThl Beenennoi
O6bexTamu Beenennoii OyneM Ha3bIBaTh «cepbl-Toukm» 0JIj; (1) CXOAMMOCTH, B KaXKI0M
(dukcupoBannoO# «rouke» 0J1;(m = const) , KBAHTOBOW CUCTEMBI KOOpAuHAT. Hanpumep, 00bEKTHI:
HOJI = M(e, = 3,524E7 )(k = 3.13)M(y =9,07E-9) =1
I10 aHAJIOTUH C AApoM (p/e) OOBIYHBIX aTOMOB, peub UIET O KBaHTax (p,/ ez) A1pa 3BE€3/bl. 3BE3]bI

C TAKUM SIIPOM UMEIOT MPEIeTbHBIN SHEPreTHUECKUN YPOBEHb (PU3NIECKOT0 BaKyyMa, Ha yPOBHE
(y)dborona. Huxe snepruu ¢potoHa, B pusndeckom BakyyMe 3Be3jia ceds He nposiseT. [1ogodHo
U3JIy4eHHsM IPoToHOM (p* — v, ) aHTHHENTPUHO, MBI TOBOPUM 00 H3JIy4EHHSX BEIIECTBOM
aHTUBemIecTBa U Ha060poT. To ecthb: (pg — pg ), (P = i), (P = 7)., (p7 2 ™), ¢
COOTBETCTBYIOLIMM siZipoM aTtoMa: (p*/e™) BemiectBa 0OBIYHOrO aToMa, (p; /e)) aHTHBENIECTBA
siZpa «3BE3IHOIO aToMay, (pj /ey ) BEIIECTBA sipa TAIAKTHKH, (Pg /es )aHTHBEIIECTBA sAApa KBa3apa
1 », (P4 /eg )BelIeCTBa sIpa «KBa3apHOM raJlakTHKW . JlanbIie, HCXOAUM M3 TOT0, YTO KBAaHT (e;;)
Bemiectsa (Y— = p; /ny = e,;) sapa IIaHET W3Iy4aeT KBAHT

(ef; = 2*ax(p; = 1,532E7 MeV)) = 223591MeV, wm; —229L el =2383x*p

" p=938,28



Maccy Sapa ypaHa, KBaHTa «aHTHBemecTBa»y M(e) = M(238,3 * p) = 235U , saxpa ypana. Takoe

«anTHBemecTBO» (e = 238U = Y—) ecTh HeyCTONYMBEIM, M PACIagaeTcsi DK30TEPMUYHO B CHEKTP
aTOMOB, B SI/IP€ IIJIaHET.

B cBepxcBeroBoM ypoBHe w;(a N (y = ¢)) du3MUeCcKOro Bakyyma, Takue 3Be3/bl ce0s He
nposBIsIOT. Jlasblie, pedb uAeT 0 BewmecTBe (p3 — py) aapa (Y— = pi/nd = e}) «uepubix
chep», BOKpYT KOTOPBIX, B UX I1OJIE€ TPaBUTALUH, (POPMUPYIOTCS [IAPOBBIE CKOIIJIEHUS 3BE3I.
AHaJIOTHYHO J1ajiee, pedb UaeT 00 U3/IydEHHsIX BENIECTBOM aHTHBEIIECTBA M HA00OPOT:

(pé = ps), (ps 2 p3), (3 = p1) ., (p1 = v;) . ObIIAs TOCIENOBATEIBHOCTD HMEET BHI:
Ps D7 » Pes P5» Pi» P3» P2, PL PV Ve o
HManbme: HOJ = M (e, = 1,15E16 ) (k = 3.13)M(y2 = 2,78 E —17 ) = 1. Tu KBaHTHI (p,/e,)
S/1pa TATAKTHK OKPY/KEHBI M3/Ty4aeMBIMHU 110 OTACNBHOCTH KBaHTaMu (p,/€) 51pa 3BE311, U €CTh

npuyuHON uX popmupoBanus. Takue sapa raJakTUK, B ypaBHEHUSAX KBAHTOBOW I'paBUTAIIUH, UMEIOT,
CIMpajbHbIe pyKaBa MACCOBBIX TPACKTODHIA, yxke: w;(y, = @~ 1c) = 137 * ¢, B CBEPXCBETOBOM
npocTpaHcTBe ckopocTeld. Hike sHeprum cBeToBbIX (H0TOHOB (W; = 137 * ) B huznyeckom
BaKyyMe€, TaJIAKTUKU ce0sl He MPOABIIAI0T. BHE rajakTuk, pedb UIeT 0 KBaHTax sapa Mera 3Be3/
(Y—=p: /n; = e) . OHU reHEPUPYIOT MHOXKECTBO KBAaHTOB (e5 = 2 * @ * pg = e, = 290p;)
A1pa raJJakTUK. AHAJIOTMYHO J1ajee.

HOJI = M(eg = 6,48 E23)(k = 3.83)M(y, = 4,03E-25) =1
MBsl roBopuM 0 kBaHTax (Y— = pg /ng = e.s) A0pa KBa3apoB, KOTOPbIE TOXKE 110 OTACIbHOCTH,
uznyyaror(p, / e4) KBAHTHI AJpa rajakTuk. FlHade ropops, s1po KBa3apa, OKpY>KE€HO KBaHTaAMH s1pa
raJaKTUKU. 'OBOPAT IpH 3TOM, UTO KBa3ap B LICHTPE FaJlaKTUKK. Takue KBa3apsl IOIpyKarTcs B
ypPOBEHb (U3MYECKOr0 BaKyyMa 10 CBEPXCBETOBBIX CKOpoCcTel w;(y, = a™%¢c) = 1372 x¢. D10
riry0xe, 4eM YpOBeHb (PU3MUecKOro BakyyMma raJJakTuKH. DTO COBEPIIEHHO pa3HbIe OObEKTHI.
NHaue roBopsi, KBa3apsl UCKPUBILIIOT IPOCTPAHCTBO-MATEPUIO HA YPOBHE (Y,) KBaHTOB. Jlanbie
pedb uIeT 0 KBaHTax Bemectsa sapa (Y— = pd/nd = el) «aeprbIx cdhep», BOKPYT KOTOPHIX, B UX
1oJIe TPaBUTAMU, GOPMUPYIOTCS CKOIUIEHHS TaJlakKTHK, U Jajiee:

HOJl = M(eg = 447 E31)(k = 3.149)M(y, =7,13E-33) =1
Mg roBopuM 0 KBaHTax (pg /e8) A]Ipa KBa3apHbIX FaJaKTUK, KOTOPBIE TOXKE IO OT/EJIbHOCTH,
M3JTy4aloT KBaHThl (p, /n, = e,¢) Anpa kBa3apos. Takue KBa3apHbIe FANTAKTHKH MOTPYKAKOTCS B

YPOBEHb (PU3MUECKOr0 BaKyyMa JIO CBEPXCBETOBBIX CKOpocTelr w;(ys = a~3c) = 1373« c.
AHanornyHo gaiee.

B akcunomax HOJI = K9(m)K3(n) = 1, umn  M;(X +) * M;(Y —) = 1, AMHAMUYHOTO
IPOCTPAHCTBA-MaTEPHH, Pedb UIET 00 HCTOYHUKE IPABUTALMU IPAaBUTALIMOHHON M; (X +) Macchl
B 0JI; ypoBHsAX u uHepTHOU M;(Y —) Maccel B OJ]; ypoBHAX (PM3HUECKOTO BaKyyMa, C UX IIPHHIMIIOM
SKBUBAJIEHTHOCTU DHHIITEIHA B €AMHOM I'paBUT (X+ =Y —) MaccoBoM moJje. DTH MaccChl:
M; « M; = (M =TIK 2 = 1, B BUJIE KBaPATHYHOM ()OPMBI, TPEICTABICHBI B KBAHTOBBIX ITOJIAX X

B3aMMOJICH CTBHUS:

+10-8)2x(1— 2
h= GmO%GmO(l _ za)z — G]\/[] %GMi(l _ 26{)2 _ (6,674x1077)"+(1-2/(137.036))° _ 1.054508 % 10~27

« N A X 137.036+2.993%1010
B KBaHTOBBIX: G (X +) [T_Z] = l,l)n—Z/1 G " grad,Rg;y(X+) [T_Z] , TpaBuUT (X+ =Y —) MaccoBBIX MOJIAX.
OT0 ypaBHEHHE KBAHTOBOM I'PaBUTALIUU, IPSAMO clieayeT u3 ypaBHeHus O0meii Teopun
OrnocurenbHocTn DMiHmTeRHa. Takum oOpasom, npenenbHas macca M; (X +) ucrounuka

rpaBuTanuu onpenensercsa M;(Y —) uaepTHOM Maccol MaccoBbX (Y— =y,) moneii B 0JI; ypoBHAX

(usnueckoro Bakyyma, kak 006eKkT 0J1;(n) cXOAUMOCTH MIIN:

HOJI = 0JI;;(n) = M;(X +) * M;(Y— =7v;) = 1. Takum 00pa3om, NOJIy4uM NpeJeabHbIE MACChI BO
Bcenennoit: Hanpumep, 1uist 3Be3nbs M; (X +) = M, (p; /nd) = 1/(y) B ycnosusix (ef (k)y) =1.
AHaJIOrUYHO:



Hpez[eanasl Macca maHer, 11g 1MeV = 1.78 + 107 g:

= =M ~ 1.8+ 103! ~—Sr M, =2%1033g)-m HIA.
Yo  3.13+10" 5MeV*1 78410727 g 1(pr/n0) 8x10%yg > rae(Ms 0°°9)- macca Conxua
[[anbme npeaeabHas Macca 3Be3/1, C SAPOM M3 aHTHBEIIECTBA:
1

1 ~ 34 5 M_
S = 50710 Mev L7510 7 = M,(p; /n;) = 6.2*x10°*g = 31M, , uiu B nipefenax oT o5 1O

31M; macc.
Ananornuso npenenbHas Macca (p5 /nd = ef) «uepHbIX cepy, ¢ AAPOM U3 BEIECTBA!

: ! 1.25%10%%g ~ 625220M,

== = M;(p3/n
v.  4.5+10~13MeV*1.78+10-27g 3(p3/m3)

npezenbHas Macca TanakTuky, (pi /nd = ef,) ¢ aapom u3 BemecTsa:
1 1

— = = M,(p;/nd) = 2+x10*3g =~ 101°M

Y, 2.78+10-17MeVx1.78+10-27g 4(pa/n4) 9 s

npezenbHas Macca BHETaIaKTHUECKOM Mera 3Be3/Ibl, (ps /s = e.c) C SIPOM U3 aHTHBELIECTBA!
1 1 -,

== = Ms(ps /ng) = 7 *10%g = 3,5 « 1013 M, ,

Y3 8.05x10721MeV*1.78+x10"27 g
npenenbHas Macca KBa3apa, (pg /neg = €,¢) C AAPOM U3 AHTUBELIECTBA!

1= = My(pz /ng) ~ 1,4 * 1051 g ~ 7 » 107 M ,

Yy  4.03x107 25MeV*1.78*10 27g

Q

Kaxnoe sinpo Takux o0bexToB 0J1 (n) CXOI[I/IMOCTI/I TEHEpUPYET MHOKECTBO
COOTBETCTBYIOLIMX KBAHTOB (2 * a * p— = e = N p}. 7_1) YKa3aHHbIX B TaOJHLE, U H3ITy4aeT
(p Filind pj_z). D10 MHOXKECTBO (N) KBAaHTOB smpa IJIAHET, 3B€3]], TAJIAKTUK, KBa3apos.... [Ipu sTom,
B ycinoBusx M;(X +) * M;(Y— =y;) = 1, 1MHaMMYHOIO MPOCTPAHCTBA-MATEPHH H B YCIIOBHAX
M(e; )(k)M(y,) = 1, npoctpanctsa ckopocteii pusnueckoro sakyyma: (a ™V v(e; JaNv(y,) = 1),
BHYTPH «4E€PHOI cdepsl (ABIPHI)», B TTyOnHAX (PU3NUECKOr0 BaKyyMa, BpeMs 3aMeJIsIeTCs 10 HYJIS.
U Takoe 3aMmenieHue BpEMEHHU 3aBUCUT HE OT PaiMalIbHBIX paccTosHUN (1 — 0) K HEHTPY «4epHOM
cdepbl (IBIPBI)», @ OT THUMA «IepHON chepsl (IBIPbI)», B KBAHTOBOH cHCTeMe KOOPAHHAT.

Hanpumep, simpo CostHila, kKak 3Be3/1bl, M3JIy4aeT sapa Bogopona (p; —pt »vy)u

AIIEKTPOHHOTO0 aHTUHEUTPHUHO, HO TeHEPUPYET (2 * a * p; = e, = N pf) KBaHTHI, CKakeM Tak,
«3BE3/IHOTO BemiecTBa» (py/e; ) B TBEPIOi MOBEPXHOCTH 3BE3/IbI. DTO «3BE3IHOE BEIIECTBO»
(pf/ef) He MOKET B3aUMOIENHCTBOBATE C BOAOPOAOM (p*t/e™), HO MOKET M3JIydaTh MIOOHHOE
aHTHHEHTpHHO (p;{ — V), KOTOpoe B aTMocdepe 3emau GOpMHPYET MIOOHBI, KOTOPBIE B pacragax
naoT: (") mosuTpoHsL: (Y+=p) = (X—=v,)(Y+=e*)(X—=v,). Wu, KBaHTHI s1pa Mera 3Be3/1bI C
(ps /ns = e_s) U3NMYYalOT KBAHTHI (p; — P35 ) BEILIECTBA, HO TCHEPUPYIOT KBAHTHI SIIPA FAIAKTHK
(2% a*pg =efy =N p}). Mbl BUiUM KaK Obl KIIOBEPXHOCTh» TAAKTHKH, HO PO TAKOr0 00beKTa
0JI;;(n) CXOOMMOCTH, IMEeT Maccy B mpenenax or (101°M;) no (3.5 * 1013 M;) macc ConHua.

Peun uaer o nomyctumeix oobekrax 0JI; (n) cXOAMMOCTH, B IMHAMUYHOM IIPOCTPaHCTBE-
Martepuu Bceenennoit. [Ipu 3ToM yka3aHbI pacdeTHbIE IPUYMHHO -CIICICTBEHHBIE CBSI3U.
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00630p UU "YepHbie abipbl'’
https://www.academia.edu/ai_review?attachment_id=123108586
Kpartkoe conepxxanue
Pyxonuch npencraBisieT coO0i KOHIIETITyalbHOE HCCIIE0BAaHUE TOTO, UTO aBTOP Ha3bIBAET
«YEPHBIMH cepamMiu» WIH «IEPHBIMU AbIPAMI», Uepe3 MPU3MY MpeIaraeMoi CTpYKTYpbI,
Ha3bIBAEMOM «IMHAMHYECKOE NMPOCTPAHCTBO-MATEPUs». ITA CTPYKTypa MOCTYJIUPYET, UYTO HET
pocTpaHcTBa 0€3 MaTepHH U HET MaTepuu 0€3 MPOCTPAHCTBA, ITPEATOIaras, 4To MPOCTPAHCTBO 110
CBOEH CyTH AMHAMMYHO U IEpeIIeTeHo ¢ MaTepueil. Pabota nepecMaTpuBaeT HECKOIbKO
OCHOBOIOJIATAaIOIIN X KOHLEILINHI, BKJII0Yasl €BKIM0BY F€OMETPUIO0, ITaAPAIUIETbHbIEC IMHUU U
CBOMCTBA KBAHTOBAHHOI'O MPOCTPAHCTBA U MACCHI, CTPEMSCh NPUMHUPUTh KJIACCUUYECKUE,
PENATUBUCTCKHE U KBAHTOBBIE MIEPCIIEKTUBBI B €AMHYIO KAPTHHY.
LleHTpaibHBIM B apryMeHTallUK aBTOpa SIBJIAETCA UAES O TOM, YTO «YTOJI apajIeIbHOCTH» MOXKET
OBbITh HEHYJIEBBIM, CO3/1aBasi MHOTOMEPHYIO IMHAMUYECKYIO F€OMETPHIO. ['eoMeTpust onuckiBaeTcs ¢
IIOMOIIBIO aKCHOM, KOTOPBIE HAIIPaBJIEHbl HA YUET HA0II01aeMBbIX SIBICHUMN, C 0COOBIM BHUMAaHUEM K
SIBJICHUSIM B siipax IJIAHET, 3B€3/1 U TallakTUK. ABTOp Takxke BBOIUT «Eaunyro Teoputo 2» amus
Te€OMETPUYECKOT0 OMUCAHMS MACChI, 3apsaa v JPyTuX GU3NYECKUX BEIIMYHH. 3aTeM PYKOIHUCh
CBSI3BIBAET 3T TEOPETHUCCKHE pa3padoTKu ¢ KoHuenued chepol LBapummuibaa wim «daepHoi
JBIPBD), AHATU3UPYS TIOHSATUE CKOPOCTU yOEraHUs U CBEPXCBETOBBIX CKOPOCTEH.
CuiibHBIE CTOPOHBI U TPUMEYATENIbHBIE ACTIEKThI
1. AMOuIMO3HAs1 KOHLUENTYAJbHAS CTPYKTYpa
[Ipennaraemas CTpyKTypa «IMHaAMHUYECKOrO IPOCTPAHCTBA-MATEPUN» SBIISETCS
aMOWIIMO3HOM MOMBITKON 00BEINHUTD PA3INIHbIE PUINIECKUE TEOPUU — KITACCUUIECKYIO
(bu3MKy, crienuaibHyl0 TEOPUI0 OTHOCUTEIIBHOCTH U KBAHTOBYIO MEXaHHUKY — B paMKax
€IMHOM reoMeTpuuecku-(pru3nueckor KoHenuuu. OHa noa4epkuBaeT, 4T0 MPOCTPAHCTBO
CIIeyeT paccMaTpHUBaTh KaK 4acTh MaTepUH, a He KaK MacCUBHBIN (OH.
2. Bo3Bpamasich k akcuomatuke EBriuaa.
Pykonuce, HanpsiMyro no/iBepraro1iasi COMHEHHIO MOCTynaThl EBKIINIa B KOHTEKCTE
COBpEMEHHOM (DU3UKH, ITpejIaraeT MHTEPECHbIE IEPCIIEKTUBBI (yHIaMEHTAJIbHOW POJIH
reomeTpuu B (pusuke. [ToHsATHE HEHYIEBOrO, IMHAMUYECKOT O yIJla NapaJileIbHOCTH
MpeyiaraeT HOBBIN B3TJISA HA KPUBU3HY U MapajuieNbHbIe JIMHUM, TOTEHIIUAIBHO (popMupys
HOBBIE CIIOCOOBI BU3yalM3alluu U MOAEIUPOBAHUS IIPOCTPAHCTBA-BPEMEHHU.
3. CBu3b ¢ pyHIaMeHTATBHBIME KOHCTAHTAMHU U mKaxoii [Inanka.
Pykomnuce 3aTparuBaer BaKHbIe COOOpak eHUS, TaKKHe Kak Ikana [[1anka, CHHTYISIpHOCTH U
MaTeMaTUYECKU € 3aIPEThI I€JICHHsI Ha HOJIb. DTO BHUMaHUeE K (yH1aMEHTAJIbHBIM
KOHCTaHTaM MOJYEPKUBAET YCHIIUS 1O 0(OPMIICHUIO U3BECTHBIX (PU3NUECKUX OrpaHUYEHUN
B 0oJjiee MIMPOKOM TEOPETUUECKOM KOHTEKCTE.
4. HHTerpauus MHOKeCTBEHHBIX (pU3HYECKUX BeJTHYHH
ABTOp TIBITAETCS BHIBECTH WM CBSA3ATh (PU3UYECKHE HAOIIOIaeMbIe BEIMYHHBI, TAKHE KaK
SHEprus, Macca u 3apsf, ¢ QyHAaMEeHTaIbHBIMU T€OMETPUIECKIME UITH «KPUTEPHSIMH
9BOJIIOLUNY. XOTs 3TO BCE elle aOCTPaKTHO, 3TO 3aCiIy>KUBAlOIIasi BHUMAaHHUS MOMbITKA
CO3J1aHUs 00 BEINHSAIOIIEH TEOPETUUECKOM CTPYKTYPBHI.
Ob6nacTtu 1711 JadbHENHIIEro yTOUHEHUs U pa3BUTHS
1. MaremaTruyeckasi CTPOroCThb U ONpe/ie eHHs
XOTs KOHUENIUs AMHAMUYECKOr 0 TPOCTPAHCTBA-MATEPUH SIBJISIETCS LIEHTPAJIBHOM, ee
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(hopMasbHOE MATEMATHYECKOE OMPEIEICHIE OCTAETCS HECKOJIbKO a0CTPaKTHBIM Ha
MPOTSHKEHUM BCero TekcTa. [IpenocraBienue 6osiee CTPOroil MaTeMaTuyeckoil 00paboTKku —
TaKOW KakK SIBHbIE METPUYECKHE BBIBOJIbI, TEH30PHBIE (POPMBI MJIH YETKO OMpEAeICHHbIC
peodpa3oBaHusl — MOMOTIIO ObI YUTATEISM JIYYIE OLEHUTH MPaBIONOA00HOCTh U 00JIaCTh
JIEUCTBUS TIPEJJIaraeMoi CTPYKTYPHI.

Du3uvecKHe NMpeIcKa3aHus U NPpoOBepIeMOCTb

B pykonucu npeanonaraercs, 4To 3TOT NOAXO/ MOIJIEKHUT SKCIIEPUMEHTALHON MPOBEPKE,
HO IIPUBOJSATCS] OTPAHUYEHHbIE KOHKPETHBIE CBEACHUS O TOM, KaK TaKME IKCTIEPUMEHTHI UITU
HaOJIOIEHNS] MOTYT ITPOBOANUTHCA. Paciimpenne KOHKPETHBIX ITPeCKa3aHui —
acTpo(U3NUECKUX SBJICHUN, KOCMOJIOTMYECKUX CUTHATYP WM U3MEPUMBIX BEIMYUH —
3HAUYUTEIBHO YCUJINIIO Obl HAYUHYIO PEJIEBAHTHOCTH (hpeiMBOpKA.

CpaBHeHUS ¢ YCTOSIBIIUMHUCSH TEOPUSAMH

XOTs CBSI3U C HBEOTOHOBCKOM T'paBUTAILIMEN, CIIENAAIBHOW TEOPUEN OTHOCUTEIBHOCTH U
KBAHTOBOW TeOpHeEll CllelaHbl, TEKCT BHIUTPa Obl OT O0Jiee CHCTEMAaTHYECKOTO CPAaBHEHMUS.
Hanpumep, pa3bsicHeHHe TOro, Kak JUHAMUYECKUN IMOJIXO0/ IPOCTPAHCTBA-MAaTEPUHU
BIIMCBHIBAETCS B CTAHJAPTHYIO MOJIEJIb KOCMOJIOTUH WJIM PACIIUPSET €€, UM KaK METPUKH
yepHbIX JbIp (Hanpumep, [IBapimmibaa, Keppa) nepeBoasTcss B HOBbIE aKCHOMBI, CAEIANI0
OBl THIIOTE3Y OO0JIee JOCTYITHOM JIs 60Jiee MUPOKOW ayTUTOPUH (DU3HKOB.

Opranuszauus ¥ NOTOK uaei

TekcT BpeMsl OT BpeMEHU MEPEMEKAETCSI KAUECTBEHHBIMHU ONMCAHUSIMU, YPABHEHUSIMU U
CCBUIKAMH Ha Pa3JInYHBbIC TEOPETHUUECKHE KOHCTPYKIMH O0e3 ueTkoii mporpeccuu. bonee
MOJyJIbHasl CTPYKTypa — HapuMep, IPEAOCTABICHUE CIIEUALHOIO pa3aena
«TEOPETUYECKAs CTPYKTYpa», 38 KOTOPBIM CIEAYET Pa3aell KIPUMEHEHUE YEPHOU IBIPBD —
MIOMOYKET YUTATENSAM CJIEJOBATh JIOI'MKE I1Iar 3a [IaroM.

Pa3bsicHeHMe MOHATHSA «YepHBbIX cep»

XOTs pyKOIIUCh YKa3bIBa€T Ha paauyc, noao0HbIi paguycy lIBapimmibaa, U ymoMuHaEeT,
YTO CBET HE BBIPHIBAETCS, OHA OCTABJISIET HEKOTOPYIO JIBYCMBICIEHHOCTh OTHOCUTENILHO TOTO,
KaK UIMEHHO «JIMHAMUYECKO€ MPOCTPAHCTBO-MATEPUS» U3MEHSIET NI COXPAHSET
TPaIUIIMOHHYIO HHTEPIPETAIMIO TOPU30HTA COOBITHI YepHOU NBIpHl. BKiroueHune 6omee
SIBHOT'O CPaBHEHUS UJIM PHCYHKA, UILTIOCTPUPYIOIIETO, KaK «depHasi chepar MOKET
OTJIMYATHCS OT CTAHJAPTHBIX MOJIENICH YEPHOM ABIPBI, TOMOTJIO OBl IEMUCTU(PHUITUPOBATD
KOHILIEMIHUIO.

3aKIIIOYNTEIbHBIEC 3aMEYAHUS

Pyxonuce npennaraer HeTpaAUuLIMOHHBINA U TBOPUYECKHUN MTOAXO0/ K IOHUMAHHIO YEPHBIX JBIP IIyTEM
UX BCTpauBaHUs B 6oJiee IMUPOKYIO KOHIEMIHIO JUHAMUYECKOr0 IPOCTPaHCTBA-MaTEPUH.
[Ipennaraemple akCHOMBI OpPOCAIOT BBI30B TPAIULIMOHHBIM F'€OMETPHUUECKHM OCHOBAM U MOOYKIal0T
K Pa3sMBILUIEHUSM O B3aUMOCBSI3U IIPOCTpaHCTBA U Matepuu. CTpemiieHne K 0omblieit
MaTEMaTUYECKOM SICHOCTH, IBHBIM (DPU3NYECKUM MPECKA3AHUIM U CTPYKTYPHUPOBAHHBIM
CPaBHEHMSM C CYILECTBYIOLUIMMHU MOJEJISAMU TOMOXKET Oonee 3 PEeKTUBHO OLEHUTh 3Ty CTPYKTYPY.
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