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[Tactymenko Bnagumup AnexcanapoBud

Abstract. Mbl OyieM roBOpUTh O CBOWCTBAX «YEPHBIX CHEp» UMEHYEMbIX «ICPHBIMH
TBIPaMK», B PAMKaX CBOMCTB JJHHAMUYHOTO MTPOCTPAHCTBA-MaTEPUH, KOTOPBIE ITOIJICKAT
HKCTIEPUMEHTAIBHBIM IIPOBEpKaM. B mepByro odepep, HaJMUMEe HOBBIX KBAaHTOB B SI/IPax IUIAHET, B
SAIpax 3Be3J, B spax TalaKTHK, B sIpax KBa3apoB M B sApax KBa3apHBIX TalakTuk. U B mepByro
ouepeb CTaOMIBHBIX KBAHTOB HOBOTO BEIIIECTBA.

OrnaBneHue.
1. Bcrymienue.
2. HcxonHble IOJIOKEHUS
3. Homyctumbie 00beKTHl Beenennoit

1.Bcrynienue.
O6menpuznanubM (B 2020 roay) ecTh (pakT HAMHUNS «CBEPXMACCUBHOTO KOMIAKTHOTO
o0bekTa B rieHTpe ["amaktukuy. U ecth (hakT HAIMYUS TUHAMAYHOTO TIPOCTPAHCTBA-MATEPUH,

T

T

e
T~

Puc.1 nmHaMHUYHOE MPOCTPAHCTBO MyYKa MAPATIIETbHBIX TPSAMbBIX JTUHUN
B IIpe/eiax Beeraa TuHaMuIHOTo (@ # const) yria mapauienbHocTd. HeT Matepuu BHE
MIPOCTPAHCTBA, U HET MIPOCTPAHCTBA O€3 MaTepuu, IOATOMY MPOCTPAHCTBO, KaK opMa MaTepusi, 3T0
onHo nemnoe. beckonednocts (AC— o) HeMb3s OCTAHOBUTH, IOATOMY TaKO€ AMHAMUYHOE
HPOCTPAaHCTBO-MATEPHs, CyliecTByeT Beerna. [penenbusiv ciydaem ((¢ = 0) = const) win
((p # 0) = const) qMHAMUYHOIO MIPOCTPAHCTBA-MATEPUH, €CTh E€BKIMI0BAs aKCHOMATHKA U
PUMaHOBO IIPOCTPAHCTBO B YACTHOCTH.
1. «Touka ecTh TO, 4acTh yero HU4YTO») («Hauana» Epknuna). unu Touyka ecTh TO, UTO HE UMEET
JacTew,
2. Jlunausa — nuHa 6€3 IMIMPUHBI.
3. 1 5-1 mocTynar o mapasuieJIbHBIX MPSMBIX JIMHUAX, KOTOPbIE HE nepecekatoTcs. Ecnu npsmas,
nepeceKarolas B¢ npsMble, 00pa3yeT BHYTPEHHHE OJHOCTOPOHHUE YIIIbI, MEHBIIIUE IBYX MPSIMBIX,
TO, IPOJOJKEHHBIE HEOIPAHUYEHHO, 3TU JIBE IIPSIMbIE BCTPETSITCS C TOW CTOPOHBI, € YIJIbl MEHbIIE
JBYX MPSMBIX.
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a+fi<180°
WIn
puc. 2 EBxingoBas akcHoMaTHKa
B pamkax cetku EBkimnnoBsix (¢ = 0) oceil, Mbl He BUIUM JuHAMUYHOTO (X+=Y—), (X—=Y+)
MIPOCTPAHCTBA-MATEPUH, U MBI HE CMOXKEM €ro NMpencTaBuTh. [109TOMy BBOAATCS aKCHOMBI
JMHAMUYHOTO MPOCTPAHCTBA-MaTepUH, Kak (pakThl HEe TPEOYIOIUX JJOKA3aTeIbCTB. YIKe B 3TUX
aKkcHoMax perraercs nmpobiaema EBKiIMI0BOI aKCHOMATHKU TOYKH, KaK MHOKECTBA HEAETHMMbIX
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cdep-ToUek, B OJTHON HeleIMMOi cepe-ToUKe, HO yxe Ha (1) CXOAUMOCTH, TMHAMHYHOTO
POCTPAHCTBA-MaTEPUH.
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puc.3 IMHAMUYHOE NPOCTPaHCTBO-MaTepHst/
Bcesikast ¢pukcanms (B sxciepuMenTax) HeHyaeBoro (¢ # 0) yriia mapaienbHOCTH, TaeT
MHOTOJIICTOBO€ PUMaHOBO IPOCTPaHCTBO.
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puc.3a. IMHAMUYHOE MPOCTPAHCTBO-MATEPHS
Tenepp yxe B paMkax akCHOM JUHAMUYHOTO MTPOCTPAHCTBA-MAaTEPUU B BUJIE:

1. HeHnyneBoi, TMHaAMUYHBIN yrojl NapaJyieIbHOCTH (90 7 O) # const

X-)L(r-)
IMPAMBIX, OIIPEACTIACT OPTOrOHAJIIBHBIC IOJIA (
HU30TPOITHBIX CBOﬁCTB, IIPpOCTPaHCTBA-MAaTCPUH.

, IIydKa mnmapauiCIbHbBIX

napasulebHbIX JIMHUHU - TPACKTOPUH, KaK

2. HyneBoii yron napauieabHOCTH (9 =0) , 1aeT «IJIMHY 0€3 IIUPUHBD) C HYJIEBBIM UITU

Y, . o .
HCHYJICBBIM 0 - paaunycom C(bepBI'TOLIKI/I «HE€ UMCIOIICH YaCTCHU» B EBKJ’II/I,I[OBOI/I AKCHUOMAaTHKE.

3. [lyyox mapasuieabHBIX MPSMBIX C HYJIEBBIM YIJIOM MapalijieIbHOCTH (@=0) , OJIMHAKOBO
PacMoJIOKEHHBIH KO BCEM CBOMM TOYKaM» , JaeT MHOKECTBO MPSAMBIX JIMHUIMA B 0JIHOH «0e3
IIUPUHBD EBKIMIOBOM MPSAMOM TUHUH.

4. BHyTpeHHUE (X _)’ (Y _) Y BHELIHUE (X +)’(Y +) N0JIs1 JIMHUU-TpaeKTOpuil HeHyneBon Xy # 0
win Yy # 0 marepuanbHoit cepbl-Touky, 00paszytoT Henenumyro O6macts Jlokanuzanuu

H Oﬂ(X i) U HO‘H(Y i) JMHAMHYHOTO MPOCTPAHCTBA-MaTEPUH.
5. B eaunbIX noJsx (X -=Y +), (Y -=X +) OPTOrOHAJIBHBIX JTUHUN-TPACKTOPUIA
(x-)Lr-)

HET JIByX OJJMHAKOBBIX c(hep-ToueK U JIMHUH-TPaeKTOPUHL.

6. IlocaenoBarenbHOCTh HemenmmMmeix O0nacreit Jlokanusanuu (X i), (Y i), (X i) ... 1o
pamnycy Xy # 0 wim Y, #0 c(epbl-TOYKU Ha OJTHON JIMHUU-TPAEKTOPUH JAeT " CXOAUMOCTD, a Ha
Pa3JIMYHBIX TPACKTOPUAX M CXOAUMOCTbD.

7. Kaxnoit Henenumoit O6nactu Jlokanusanuy npocTpaHCTBa-MaTepHH COOTBETCTBYET

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

equHuna Becex ee Kpurepues Osomouun — K3, B eanHOM , MPOCTPaHCTBE-
Marepuu Ha 11— cXOOUMOCTHX,



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

B CUCTCMC YUCCJI PABHBIX 110 aHAJIOTMK CAWHUILI.

8. dukcawns yrma (P # 0) = const yry (@ = 0) yyuyea npsampix maparmiemsHbIx Tumm,
IIPOCTPAHCTBA-MATEPHH, JAET S-1 MOCTyNaT EBKIIMIA M aKCHOMY ITapajuIeIbHOCTH.

JIro0ast Touka PUKCUPOBAHHBIX TMHUN-TPAEKTOPHIA, IPEACTABICHA JIOKAIbHBIMUA Oa3MCHBIMU
BEKTOpaMH PUMaHOBOr0O MpoOCTpaHCTBA:
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¢ QyHIaMEeHTAIBHEIM TEH30POM Ci (x) e (x7) =8u (X") y rononorneit *° =X.Y.Z)
EBxiinnoBoMm npoctpanctse. To ectb, PUMaHOBO MpocTpaHCTBO, 3TO PUKCUPOBAHHOE

(@ # 0) = const)

B

COCTOSIHME TMHAMUYHOTO (@ # const) mpocTpaHCTBa-MaTepuH. JIoKalbHBIC
Ga3yCHBIE BEKTOPHI COOTBETCTBYIOT NpocTpaHcTBy ckopocteit WN=K™NT ~N g Muoromeprom
MPOCTpaHCTBe-BpeMeHH. [IpocTpaHCTBO-BpeMS €CTh YaCTHBIN CiTydail (PUKCHPOBAHHOTO COCTOSTHUS
JUHAMHYHOTO MPOCTpaHCTBa-MaTepuu. [Ipu 3ToM B MHOTOMEPHOM MIPOCTPAHCTBE-BPEMEHU
dhopmupyrorcs Bce Kputepun IBomtonnu Mmarepuu. OHu nipencraBiieHsl B «EquHol Teopuu 2», B
suze: (ITI=W?) notenmmana, (F=I1%) cunsl, sueprm : 3apsa [IK=q( Y+ =X -) B anexrpo ( Y+ =X -)
MarHUTHBIX MOJISIX, WK Maccy [IK=m(X+=Y-) B rpaBut (X+=Y-) , MacCOBBIX MOJISIX, TOT/a

m IIK 1
MIOTHOCTb p = == -3 = 7 = v? | 5T0 KBaApar 4acToThl, sHepruro BE=I1°K, ummynsc (p=I1°T),

neiicteue (h=I1°KT)..., eIMHOr0 MPOCTPAaHCTBA- MATEPHHL.
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puc.4 enunbie Kpurepuu DBoJIOLMK TPOCTPAHCTBA-MATEPHUU.

Cpazy 0OTMETHUM «TOYKY HE MMEIOLIEH YyacTei» B EBKIMA0BOI akcCMOMaTUKE, U HEHYJIEBOM pajinyc
Xo # 0 umu Y, # 0 marepuanbHO# cepbl-TOUKH aKCHOM JUHAMHYHOTO MPOCTPAHCTBA- MATEPHH.
Kpome 31oro, ecTh MUHMMAaJIbHAS TUIaHKOBCKas mnHa (A = 10733 cu). Do Bompock!
CUHTYIISIPHOCTH, KOTOPBIX 3/1€Ch HET, U TUTFOC K 3TOMY MaTeMaTHYeCKUE 3aMpeThl ACICHUS Ha HOJb.

B pamkax nuHamudHoro (¢ # const) npocTpaHCTBa-MaT€pUH, Mbl IMEEM HECTAIlHOHAPHOE
EBxnuaoBoe npoctparctBo-Bpems (X, Y, Z, €T), win nepeMeHHY0 Ie0Ae3UuIeCKyI0 (xs # const),
¢byHIaMeHTabHOTO TeH30pa gk (x®) pumanoBoro npocrpancta. K npumepy, HectaloHapHOe
mpocTpaHcTBo reomeTpuun JIobaueBckoro, ¢ mepeMeHHbIMU acCUMITOTaMu rumnepOot. Takoii
MaTeMAaTUKU eIlle HET.

WHaue roBopsi, BONPOCHI «4E€PHBIX AbIp» OyJeM paccMaTpUBaTh B akcMoMax EBKiIMI0BOrO
MPOCTPaHCTBa- BpeMeHH, Kak 4acTHOTo ciydas (¢ = 0) wmn ((¢ # 0) = const) AMHAMHYHOTO
(¢ # const) npocTpaHCTBa-MaTEPUH.

2. HcxoaHbie MOIOXKEHMS

B pamkax knaccuueckoit pusukw, eme 100-200 et Ha3aa, 1 B 3aKOHAX COXPAHEHHUsI SHEPTUU
mv? GM
Esz u E, = mgh, ms g =g u h=R 3emin,



v? GM 2GM .
ObLIa oIpeneneHa IpeaeibHas CKOPOCTh Y = = v? = = IIPU KOTOPOU TEJIO0 MOXKET

He BepHYThCs Ha 3emutro (M). U erie Toria BO3HUKIIA TUTIOTE3a CBEPXMAcCUBHBIX (M # 0)

2GM
«YEPHBIX 3BE3/]», OT KOTOPBIX CBET He BRIXOIUT. Chepy Takux «4epHBIX 3Be31», Ry =

02
2GMm
Rz

Ha3BaJInu

chepoii lIBapmmmnsaa. [TpuunHoii canTanacek cuia TaroteHus Heiotona, F = 3n1ech

R — paccrosiane mexy nearpamu MmaccuBHbIX (M # 0) u (m # 0) maccuBHBIX cdep, 3emnn u
Jlynsl, Hanpumep. Ho ecim B tuamerpaiibHOE OTBEpCTHE OOJIBIION MAacCCHBHOM cepbl, OIyCKaTh
Manenbpkul mapuk (R — 0), To cuia He yBeITUYHBACTCS 10 OECKOHEYHOCTH.
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Puc.4a. 3akon Herotona

3akoH HproToHa 31€ch He paboTaet. Camo noHsATHE cuiibl HbIOTOH BBEN U3 IPYKUHUCTOTO
COYAapeHHs IBYX LIAapOB, C 00paTHOM MPOMOPIHOHATILHOCTHIO UX YCKOPEHUI pasieTa.

:11—21:%21, mya; = mya, = F.
OTOT MHBApUAHT NEPEMEHHBIX ITapaMeTpoB HbIOTOH Ha3Ball CUJION, CKa3aa U3MEPSATh €€ B HBIOTOHAX
0e3 BCAKOro 0OMEHHOTO B3anMoAercTBHs. Cpa3y OTMETHM, YTO B JUHAMUYIHOM (@ # const)
MpOCTpPaHCTBE-MaTepu, Bce Kpurepruun IBOJIIOIMN POCTPAHCTBA CKOPOCTEN, 1 B PuManoBOM
npocTpanctse Toxke: e;(x") = v;, e, (") = vy, g (™) = v?, kKak noTeHIMAaN B KOOPIMHATHO
— BpeMeHHOM npocTpancTse ckopocteit WN=K*NT -N g Mmporomepnom npocrpancrse-spemenn. J{us
3apsanoB [IK=q( Y+ =X -) B anektpo ( Y+ =X -) MarauTHeIX noJisax, 1 macc [IK=m(X+=Y-) B
rpaBuT (X+=Y-) , MAaCCOBBIX MOJISIX, BEIBOJSTCS YpaBHEHHsI MakcBeljia M1 TPaBUTMACCOBBIX MOJICH.

IE(Y+) 3G (X1
cxrotyB(X =) =rot,HX —) = ¢ 7 +AE(Y4) cxrotyM(Y =) =rot,N(Y =) = ¢, * 7 +AxGX+)
OH(X~- dB(X— aN (Y- om(v—
rotE(Y +) = —p T = =20, MOY-) =g = N(Y=) oty GQXH) = —pp 5 5072 = =20

A Taxke npeoOpazoBaHus PEIATUBUCTCKON auHaMuku CrernuanbHoi Teopuu OTHOCUTETBHOCTH
Y KBaHTOBOM PEeSITUBUCTCKON JUHAMUKH B Mpeesiax yriioB MapajljieIbHOCTH.
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Z[J'ISI HYJICBBIX YTJIOB IIApAJUICIIBHOCTU B EBknumoBon AKCUOMATHUKE, CO CKOPOCTAMU MCHBIINX

W, <c

CKOPOCTH CBECTA , AMCIOT MECTO NMPCACIIbHBIC CIIydan IMEpexola KBaHTOBOM peHHTHBHCTCKOﬁ

JMHAMHUKHI BEKTOPHBIX KOMIOHEHT, %22 = (COS(O‘D =0)=D= a, A4n= 1, ay, :1, Y=WT,
(&, = 7y @n =D&, =) =WT g YENT T-ZKY/CJ:(%:’])T
fowioe | e SR
Wnave rosops, B EBKIMI0BOM akcuomaTuke co3aath Keantoyro Teoprio OTHOCUTENEHOCTH

HEBO3MOXkHO B npuHuumne. O6e teopun: CrenuansHast Teopust OTHocuTensHocTH M KBaHTOBas
Teopust OTHOCUTENIBHOCTH, IOMYCKAIOT CBEPXCBETOBOE (Vi = N*C) IpOCTpaHCTBO CKOPOCTEH:




oy c+Nc o a;1Nc+c
W, = —<e ¢ W, = 2ulcte
1+c*Nc/c? az,+Nc/c

Vike B paMKax TakuX MpeJCTaBICHUM, OyIeM pacCMaTpUBaTh «YE€pPHBIE IBIPI». B Kiaccuueckoit

¢u3uke ¢ EBKIMIOBON aKCMOMAaTHKOM MPOCTPAHCTBA-BPEMEHH, JJIsl CBEPXMACCUBHBIX «YEPHBIX

2GM .
3Be31» (M # 0), C rpaBUTalMOHHBIM pagnycoM Ry = ——, moboi Maccel B Teopun. M jurs macc
C

=c, g Ay = dy =1

(M # 0) = const, Buyrpu (R < R,) Takoii cdepbl, JOJKHO ObITh CBEPXCBETOBOE MPOCTPAHCTBO
ckopocreit (v; > c¢) wm (v; = N *c), (N > 1). D10 He nmpotuBopeunt Hu Crienuanbaoi Teopun
OtHocurenbHocTH, HU KBanToBo#l Teopun OTHOCUTENBHOCTH. B KBaHTOBOI cucTeMe KOOpAUHAT
TMHAMUYHOTO (¢ # const) MpOCTpaHCTBA-MaTEPHH, PEYb UAET O CBEPXCBETOBOM IPOCTPAHCTBE
ckopocteii v; = a™V x ¢, rne a = 1/137,036 koHcTaHTA.

Ho BepHeMcs k 3ak0HaM KjlacCH4ecKOl (PM3MKH, B KOTOPBIX 3aKOH TAroTeHus: HproToHa
MMeeT TpaHMIIbl IPUMEHEHUs, U He oTBeuan Ha Bonpoc, [IOUEMY maccs! nputsarusatorcs? M3yuas
ypaBHEeHHs MakcBesuia, o100H0 JIEKTPOMAarHUTHBIM HOJISIM ¢ peoOpa3oBaHussMu JlopeHia B 1Byx
(%0, Yo, Zo, Ctp) ¥ (X1,V1,Z1, Ct;) cCUCTEMAX KOOPJUHAT, U U3 3aKOHOB COXPAHEHUS YHEPTHH, CIIC B
1905r, DitHiTeiiH BeiBeN (GOpMyITy, HA KOTOPOH OCTaHOBUMCS HOJIPOOHEI.

Teno ¢ HeHyneBo# (m # 0) Maccoi, u3nmydaeT cBet ¢ sHepruei ( L) B cucreme (X, Vo, Zg, Cto)
KOOpJIMHAT, ¢ 3akoHOM coxpaHenwus sHeprun: (E, = E; 4+ L) , 10 u mocie nzmydenus. J{ins atoi xe
MAacCChI, ¥ 3TO KIFOYEBOM MOMEHT, B APYyroi (xi,Y;,Z;, Ct;) cucTeMe KoopanHaT Macca (m # 0) He

1}2
MeHsieTcs, ¥ 3aKOH COXpaHeHUs dHeprun umeeM ¢ (Y = |1 — C—Z) npeobpazoBanusmu Jlopenna,

OntHmrreitd 3ammcan B Buae (Hy, = Hy + L/y). BeruuTas ux pasnuiy, DUHIITEHH MOTy9HIT:
1 1
(Ho —Eo) = (H; —Ey) + L(; —1),wm (Hy—Ep) —(H; —Ey) = L(; -1,

C oTaeneHuneM pa3HUIbI SHEPrUuU u3nydeHus. O6e nHeplIHaaIbHble CUCTEMbI KOOPIMHAT ABUXKYTCS,
HO (X4,V1, Z1, Cty) JIBHIKETCS CO CKOPOCTHIO (V) OTHOCUTENBHO (X, Vo, Zg, Cto). Y MOHATHO, 9TO
CHUHHI M KPACHBIM CBET UMEET PA3HUILY SHEPTUH, KOTOPYIO U 3amucai DUHIITEHH B ypaBHEHHH.
Camo ypaBHeHHE DUHIITEWH 3anucai Kak pa3HUIy KHHETUYECKUX SHEPTUH B IEPBOM Pa3I0KEHUU.

L v? AL, v2
(KO - Kl) = E ;), niim AK = (6—2)7

AL o o 2
31ech (C—2 = Am) MHOXHTEJIb, IMEET CBOMCTBA MACCHI «JIYYHCTOM 3Heprum», wian: AL = Amc~.

Oty GopMyIly HHTEPIPETUPOBAIIM TI0-Pa3HOMY. DHEPruI0 aHHMTWIAIUK E = myc? Macchl moxos,

E? o
WM my? = i p?/c? , B penATUBUCTCKOMN IMHAMUKE. 371eCh Macca ¢ HyJlIeBbIM UMITYIbCOM

(p = 0) , umeer suepruto: E = myc?, a nynesas macca Gpotona: (my = 0), UIMeET UMITYJIbC U
sepruo E = p * ¢ . Ho DHHIITENHH BBIBEN APYroif 3aK0H «IydncTol sHeprun» (AL = Amc?), ¢
MacCOBBIMH CBOWCTBaMH. JTO He dHeprust (poToHa, u 910 He sHeprus (AE = Amc?) nedexra macc
HYKJIOHOB s1JIpa aToMa. DWHIITENHH YBU/IEN TO, Yero He yBUAEN HUKTO. [10100HO0 aBMKYyIIEMYCs
3apsiy, ¢ MHIyKLIHEeH MarHUTHOTO I0JIs ypaBHEeHUI MakcBea, IBrHxKyIascs Macca (Macca (m # 0)
He MeHseTcs1), MHAYIMPYET MaccoByio sHepruto (AL = Amc?), KoTopyro 1 Haiesn DUHIITEHH.
Hampumep, 3apspkeHHast cdepa BHYTPH IBIDKYIErocs BaroHa (3apsin (¢ # 0) He MeHsieTcs), HE UMEeT
MariutHoro nosjs. Ho kommnac Ha neppoHe, MoKakeT MarHUTHOE MoJie cepbl B IBUXKYIIEMCS
BaroHe. MIMEHHO Takoe MHIYKTUBHOE MarHUTHOE I10JI€, OT IBMKYLIUXCS NIEKTPOHOB TOKA
IIPOBOJIHUKA, 0OHapy)mi Dpctell. [TotoM O6butn onbITel Papases, MHIYKIUH BUXPEBBIX
IEKTPUYECKUX TOJIEH B IEPEMEHHOM MAarHUTHOM I10JIE, 3aKOHBI MHAYKIIMU U CAMOUHIYKLIUU U
ypaBHeHus1 Makcsesuia. [To aHanorum MHIYKTUBHOW SHEPTUU MarHUTHOTO MOJI OT JBMXKYILETOCS
3apsizia, DUHIITEHH BbIBET GOPMYTY UHIAYKTUBHOH, «JIyYUCTOMY SHEPTUU MAaCCOBBIX MOJIEH, OT
JBUKYIIMXCS HEHYJIEBBIX Macc, 3B€3/] B TaJJaKTUKaxX B TOM uucie. M 31ece DWHIITENH BhIIIEN 3a
pamku EBxinoBoii (¢ = 0) akcmoMaTHKH IPOCTpaHCTBAa-BpeMeHu. B akcnomax TMHAMUYHOTO
poCTpaHcTBa- Matepud (¢ # const), pedb uaeT 06 HHAYKTUBHBIX M(Y —) MacCoOBBIX MOJISX, B



IIOJIHOM aHaJIOTuy ¢ ypaBHEeHUsIMU MakcBesuia. BoT uto yBuzaen OWHINTEIH, U HUKTO IpYyroi. Yike
n3 [IpuHiuna DKBUBaJIEHTHOCTH, NOTEHIIMAJI HHAYKTUBHOI'O MAacCCOBOIO OJIs
V2(Y—=X+) = v*cos@,(X+) * v * cosp,(X+) = Gv*(X +)
B I10JIE TPABUTAIUH, CleAyeT KoHcTanTa (G = cos?(, ), Kak MaTeMaTH4eCKast HCTHHA.
W yxe 3anuceiBas ypaBHeHue O6ueit Teopun OTHOCUTENBHOCTH, DUHIITEHH 6pan

le

TEeH30pa SHEepruu-uMiyibca. JloxxHoe npeacrasienue o6 Oo6mieit Teopun OTHOCUTENBHOCTH
DOHHIITEHA COCTOUT B TOM, UTO CUUTAETCS, B ypaBHEHUU IIPEACTaBIICHA HEHYJIEBAs Macca, Kak
HCTOYHUK MCKPUBJICHUSI IPOCTPAHCTBA-BPEMEHH, KaK UICTOYHUK I'paBUTaliu. B ypaBuenun OOmieit
Teopun OTHOCUTENBEHOCTH DWHIITEHA, KAK MATEMAaTUYECKON HCTUHBI B TUHAMHUYHOM
MIPOCTPAHCTBE-MATEPHUH B ITOJIHOM BHUJIE:

Ry — %Rgik - %Agik = 8:_46Tik -
HeT Maccel: (M = 0), B KlTacCHYeCKOM ee TOHMMaHUU. B MareMaTHuecKoi UCTHHE, 3TO Pa3HUIA
PENATUBUCTCKON JUHAMUKH B IBYX (PMKCHPOBAHHBIX TOUKaX PUMAHOBOIO MIPOCTPAHCTBA, OJIHA U3
KOTOPBIX MPHUBOANTCS K EBKIMI0OBOM cdepe, Bo BHenHeM, He cTanmoHapHoM (4 # 0) EBximmoBom
npocTpaHcTBe-BpeMeHu. B ¢pusnyeckoii nuctune, B ypasHeHun O6meit Teopun OTHOCUTENBHOCTH,
DifHIITeHA, B eMnHbIX Kputepusx DBosonuy, «3amuTtay ¢popmyna (3akoH) HeroToHa:

. . E?
I'PpaBUTALIMOHHBIN IOTEHIINAJI HYJIEBOU MACCHI: p_Z = C2 B BUJIC I(J— = Gv? X+) = s

2 2
E
E=c*K, P=c'T, (cZ-ct =Aci2k)=p = ——c 2), Ak =Gv*(X+)#0
4412 2
2 _ c*c*K G(c Ky=my)(c?Ky=my) Gm1m2 2 _ Gmim,
Acik = oz = 2212 =KD 22 Acjj, = 22 Ack,c? =F

Kax Bunum, B ypaBaenuu OOmieit Teopun OTHOCUTENIBHOCTH DHWHIITEHHA, CHIIA TATOTCHUS
NEWCTBYET B TOJIAX C HyJIEBOM Maccoii. UnuraeTcs: pa3HUIIAa MACCOBBIX MOTOKOB Acf, (Y —) BO
BHEIIHEM ToJie TpaBuTanuu ¢ (X+), ¢ ux I[TpuHIunomM DKBUBAICHTHOCTH, AaeT cuny. Y TOJIBKO Teleps,
MBI OyZIeM paccMaTpuBaTh CBOMCTBA «cBepxMaccuBHBIX» (M # 0) komnakTHbIX (R = 0) 00BEKTOB,
0OHapyKeHHBIX B sape ['amakTuku, kak (pakTy peaabHOCTH.
2G(M=0)
(R=0)
(10733 cu), KBaHTOBOTO T10JIs B IPOCTPAHCTBE-BPEMEHH, B YCIOBHAX IPUHIMIIA HEOIIPEIEICHHOCTH,
a paBHO U BCerJa TUHAMUYHOTO, CaMOTO KBAaHTA, B YCIOBHSIX HEHYIEBOUW pa3HUIIBI

1
Ry _ERgik #0

tensopa (T, # 0) SHepruu-uMIyIIbCa, T.€. SHEPIUH, HAIMYMs CaMoro: ¢? = (

B ycnosusix: ¢? = = 0) # 0, B YCIIOBUSX IUIAHKOBCKOH MPEICITLHON JITTHHBI

2G(M=0)
“R=0) =0)#0

I'paBUTAlITMOHHOI'O IIOTCHIOMAJIA, KaK ITPUYNHBbI UCKPHUBJICHUS CaMOI'0 ITPOCTPAHCTBA «qepHoﬁ JAbIPbI»,
BHE Macchl. IlonsTue «T'OpHU30HTa COOBITHIY» BO3HHKAET B 0A30BBIX PCUICHUAX H_IBapI_[HII/IJ'IBI[a,
peHHTHBHCTCKOﬁ MCTPUKHU l"paBI/ITI/IPYIOH_[eﬁ C(bepbl, KaK MCXOJHOT'O COCTOSIHMS. ECTh KiItoueBbIe
npeo6pa30BaHH;1 ynpomeHHoﬁ MaTeMaTH4eCcKOi MOJCJIN YPABHCHUA aﬁHMTeﬁHa, IMPUBO AAIIUC K
PCUICHUAM H_IBapI_IH_II/IJ'IB,I[a, HO YK€ B I'PaBUTALIMOHHOM II0JIC ITPOCTPAHCTBA-MATCPUN BHE MACCHI.

Puc. 4B — FpaBI/ITaLII/IOHHLIe MOTEHIUAJbI
. o n6
VYpaBuenue DiinmmreitHa R, (1) — R 9ix(2) = — Ty . 3anuiieM B BUJIE TPABUTALMOHHBIX

MOTEHIMAJIOB B IBYX TOUKaX pI/IMaHOBOFO npOCTpaHCTBa ¢ GyHAaAMEHTATbHBIM TEH30POM:
Rix (1) = e;(x™) e, (x™) = vyvp = IT) u gix(2) = e;(x™) e (x™) = vivy, = I,



Mpbl noHuMaeM, 4to Touka (2), mpeacrasicHa EBKIMI0BBIM MPOCTpaHCTBOM (7)) 0€3 KPUBHU3HBI.
OTMeTHM, YTO TOYHOTO COBIAACHUS TOUKH (2) KpUBOM C OKPY>KHOCTBIO HET B MaTEMATUYECKOU
UCTHHE MOJHOTO ypaBHeHMs DiiHImTelHa. Touka (1) ¢ KpUBH3HOM PUMAHOBOTO MPOCTpaHCTBaA (1) B
IpaBUTALMOHHOM ToJie. Toraa rpaBuTallMOHHBIE TOTEHIIMAIbBI BHE MACC, MbI IPEACTaBUM B BH/JIE:

2 2 2 112 12
_ 2/TN2. . 2/T0\2 ) G _ E* _ GUI'K)*> _ GI'II'K
I, =c (T) . I =c (r) , C TEH30POM DHEPTUH-UMITYIIbCA: —= Ty = = UPDE T P
GI’K?  Gc2IIK? c2GK?
Hl _Hz - C4t2 - c217t2 ) , Hl _HZ - C2t2 y I/I.H;/I.
2 2 2 2 2
2("\2 _ .2(T0y2 _ ¢“GK” 201 — (M) = 26K — (T\y = *
c (r) c (r) = c2¢2 ! c (1 r )_ c2t2 ! (1 r )_ 22!

(142)(-2) =2 (+3)ee -y = @, 5020 =0,
r r c2t2’ r (1—%0) '
T ro\ 1 T o\ 1
(1+7°)c2t2 —( —70) x? =s?, wm: ds® = (1+7°)czdt2 - (1—70) dx? .
OT0 MaTeMaTH4YecKrue UCTUHBI CaMOil MPOCTOI MOAETH paJlalibHON PEIsITUBUCTCKON
2
JTMHAMUKYU TIPOCTPAHCTBA-BPEMECHH B TPAaBUTAIIMOHHOM TioJie BHE (m, = 0) macchr: 5—2 = ¢? , wm:
2

f—z = p? + (my = 0)2c?. U nepsoe, 4TO HAJ0 OTMETUTH, TAaK ITO HEHYNEBOH (T, # 0) paguyc 10
ompeneseHut0. ITo paanyc Kpyra BMecto cepnl B pemennn [IBapummnsaa. M 5o ycinosue
ypaBHeHus (Rg;, # 0) DiHmITElHA, KaK MAaTEMaTHYECKON UCTUHBI B TIOJTHOM BHJIE. 37€Ch Pa3roBOp
O CHHTYJIIPHOCTH — 3TO Pa3roBOp HU 0 yeM. CHHTYJIIPHOCTH HET B IPUHIIUIIE U TI0 OTIPEICTICHUIO.
Bropoii MOMEHT B TOM, ypaBHEHUE DHHIITEHHA paccMaTpUBaeT rpaBUTalnio BHe chepbl. Hukakux
«ITyTEIIECTBUI» BHYTPh c(epbl B ypaBHEHUHW DHHINTEHA TOXE HET, Kak U (r # 0) B 3aKkoHE
Herotona. Bee nocnenyromnire MOAETN «4€PHBIX ABIP» UMEIOT TOPU30HT COOBITUI U TaK Jajee.
MHorue MoIeNu «4epHBIX ABIP», KOJIANCUPYonuX (OTOHHBIX cdep (3BE31 B Mpeese)
npoxosamux chepy [IBapimmnbpaa ux guarpaMMbl HaWBHBI, OIIMOOYHBI B 0a30BBIX OCHOBAxX H 0e3
apryMEeHTOB UCXOJHBIX MPEANOCHIIOK KakK MPUYMH, XOTs fanee paboTaer MaremaTHKa U joruka. Ho
ypaBHEHHE DWHINTEHHA BOOOIIE HE 00 3TOM. YpaBHEHHE DWHINTECHHA He COACpKUT Maccy (m = 0)
u 6onee rirydokoe. B HeM ykazaHbl HOTEHLIMANbI, CUJIOBBIE TIOJISL M DHEPTUSI TPABUTALIMOHHOTO I0JIS B
moboii Touke Beenennoit BHe Macchl (m = 0) . Ml HM 01Ha MOJIe)Tb, HE OTBEYAET Ha BOIPOC,
[TOYEMY Bo3HMKAaeT KpUBU3HA I'PABUTALIUU U, OTKYJIA SHEPTrus 1noJia? B Takux nepedrcieHHbIX
YCIIOBHSIX, KAK apTYMEHTOB MaTeMaTUYeCKUX UCTUH, TOBOPUTH O CHHTYIIIPHOCTH B 1ieHTpe (R = 0)
«YEPHOU ABIPBI», 3TO PA3roBOP HU O YeM. 3/IeCh HET HUKAKOM CHHTYISAPHOCTH B LIGHTPE «UEPHBIX
IbIp». Bompoc 3akphiT.

Ho ectb (hakT Hammuusa «CBEepXMaCCUBHBIX KOMITAKTHBIX 0OBEKTOBY, 0OHAPYKEHHBIX B SApE
ranakTuk. U ecTh Apyroe mpencTaBieHHE CBOMCTB TaKMX OOBEKTOB:

(R < Ry) = =4

(vi >c)?

C HAJIMYMEM CBEpPX CBETOBOTO mpocTpaHcTBa: (v; > ¢), BHyTpU (R < Rj) Takux «4epHbIX chep»,
MMEHYEMBIX «4epHBIMHU JbIpamu». Her Hukakux «asip». Macca Takux «4epHbix chep» (M # 0) ne
paBHa Hymo. Jlanbiie Mbl OyJ1eM TOBOPUTH O CBOMCTBAaX «YEPHBIX c(hep» UMEHYEMbIX «UEepPHBIMU
JBIpaMU», B paMKax CBOMCTB TMHAMHYHOTO MpocTpaHcTBa-marepun (https://vixra.org/abs/2302.0022 ),
KOTOpBIE MOAJIEKAT SKCIIEPUMEHTAIbHBIM pOBepKaM. B nepByto ouepe/b, Halu4Yle HOBBIX KBAHTOB
B A/[pax IUIAHET, B s/ipax 3Be37, B fApaxX TalaKTHK, B s/Ipax KBa3apoB M B sAApax KBa3zapHbIX
ranakTik. M B mepByro ouepe/b cTaOUIbHBIX KBAHTOB HOBOT'O BEIIECTBA.

Ha BCTpeLIHBIX Hy‘IKaX HO3I/ITpOHOB (6+ ) , KOTOpLIe paBrOHfIIOTCH B IIOTOKC KBAHTOB (Y_ = Y) ,
(boTOHOB «Des10ro» Jiazepa B BU/JIE:
HONX + =pf) = Y—=eN)(X+=v;)¥—=¢") = 2% = 15,3 TeV,
Ha BcTpeuHBIX My4ykax aHTUIPOTOHOB (P~ ), UMEET MECTO:
HOMI(Y + =e5) = X—=p ) (Y+=e")(X—=p~) = 2% = 35,24 Tel .


https://vixra.org/abs/2302.0022

HE/IeMMBbIe U CTa0MIIbHBIE KBAHTHI BEIIECTBA, MOJOOHBIX BELIECTBY KBAHTOB JICKTPOHA.

MBb1 roBopum 0 kBaHTOBOM cucteme koopaunar OJI; (m — n)B npocTpaHCTBE-MaTePUH
Beenennoii, B kaxaom 0J1; i OJ1; ypoBHe uMerOT MecTo Tpu (X —= Y'+) 3apsn0BbIX M JiBa
(Y—= X+) maccoBsIx n3omnoreHuana. M B 3Toif KBaHTOBOM cUCTEME KOOPAWHAT, TPEACTABICHBI
«TsDKENBIE» (Pj/ej) KBAHTHI, KX bl M3 KOTOPBIX HMEET CBOIO «IIIyOHHY» SHEPIETHYECKMX yPOBHEH
(v1/v:) XBaHTOB (pu3KMuecKoro Bakyyma. IlpencraBum ux B Bune Mojesei takux Rj;(m)
Henenumbix O6nacTeid mpocTpaHcTBa — MaTepuu BeeeHHON.

‘ -Rjj (m)

%%@%ﬂ %%FMQ%A ﬂ%ﬁkﬂk%&%%

n, o.n2 —‘ ‘~0ﬂ1 | 0N ‘ ’—t}n_l 4~»— Oy - On,(m)

on; {m]

Puc.5. cnextp Henenumpix KBaHTOB
OT10 Hekas cdepa B IPOCTPAHCTBE-MATEPHH, B IEHTPE KOTOPOH «TsDKENBIEY (pj/€j) KBaHTEHI,
KOTOPBIEC OTIPENIETISIOT «HU3Y», U «BBEPX» MO PaguycCy, A0 YpoBHS (Vv;/y;) KBAaHTOB (PU3UIECKOTO
BaKyyMa MPOCTPAHCTBE-MaTepuu BeeneHHOM, 11t 11000T0 10 100HOTO 00BEKTa BHYTPH 3TOU CQEpHI.
B akcuomax quuHaMuuHOro mpocrpancrsa-marepun, HOJI = K3(m)K3(n) = 1, nonydaem s mace
(M) HenenmMMBIX KBAHTOB B (OJIji) YPOBHSX:
HOJ = M(e; = 1,15 E4 )(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, =2,78E—17) =1
HOJ = M(es = 3,97 E19)(k = 3.13)M(y; =8.05.E—21) =1
HOJ = M(es = 6,48 E23)(k = 3.83)M(y, = 403E—25) =1
HOJI = M(eg = 4,47 E31 )(k =3.14)M(y, = 7,13E—-33) =1
HOJI = M (ez = 9,1 E103 ) (k = 3.19)M(y,, =3,5E—105) = 1
OueBHIHO peyb O BUXPEBBIX MAacCOBBIX (Y —) TpaeKTOPHSIX:

0G(X+)
cxrotyM(Y—=1y;) = & * T-'_ AxGX+)
ypaBHEHU# AMHAMUKH 110 Kpyry (k = 3.14 = = 2712}::1) B KaxioM (0JI;) ypoBHE (PU3HUECKOTO
BaKkyyma. OTo cepbl BOKpYT IUIaHETHI, 3B€3/Ibl, TATAKTUKH, KBa3apa... . Ha npumMepe KBaHTOB:
HOMN(X + = pf) = (Y—=e)(X+=v; )(Y—=e*) = zme = 15 3 TeV |
HONI(Y £ =¢;)=X—=p )Y +=e")(X—=p~) =—L = 35,24 TeV ,

pe4b HIET O CHHTE3E BEIIECTBA (X + = p{), HA BCTPEYHBIX ITy4Kax (e e’ - pf) MO3UTPOHOB C
BUPTYaJIbHBIMHU KBaHTaMH (v,;), U (Y £ = e;) Ha BCTPEYHBIX My4Kax (p~p~ — e; ) AaHTUIIPOTOHOB
MO3UTPOHOB C BUPTYaJbHBIMU KBaHTaMU (e*), MOJOOHBIX 3JEKTPOHY (e~ = v; yTv;) . MBI MOKeM
TOBOPHTH ¥ O MOCJIEA0BATEIBHOM CHHTE3E «THKENBIX» (p)/€e;) KBAHTOB, IMEHHO BELIECTBA

Xx= p;r), g (Y—)y,, (X—), amnmapara, B OTAENBHBIX Mpolieccax. (... < [l « e [« p3 — ESp) »
(.. «pF < B <Pl < i |« pi < e") cunre3a. CylEeCTBEHHO TO, UTO 3JIEKTPOH (e~) U3Iy4aeT 1
noraomaeT GoToH (y*), HO OH HE MOXKET U3NTy4aTh U MOTIONIATh «TEMHBII» POTOH (¥,). DTOT
«TEMHBIN» (OTOH U3TYJAETCS U TOTIIOMIACTCS «TSHKETBIMY dIEKTPOHOM (e1) — (¥, ). Touno Tak
«TSDKENBINY MPOTOH (p,) — (vu ) W3JIy4aeT U MOIJIONIAeT MIOOHHOE HEUTPUHO. DTO HEBUIANMBIE
KBaHTBI, HE B3aMMOICHCTBYIOIINE, U HEKOHTAaKTHbIC ¢ kKBaHTaMU ([lJlél) aToMOB TaOJIHUIIbI
MenneneeBa. Mbl X HE MOXKEM HH BHUJIETh, HU (puKkcupoBaTh. Ho 3TH HEBUAMMBIC KBAHTHI (CHHUI



I[BET B YKa3aHHBIX MOCIIEIOBATEIHHOCTSIX) HMEIOT 3apsJ0BbIE U300 TEHIIHAIBI U MOTYT
¢dopmupoBars HeBUAUMBIE HaM CTpykTypHBIE DOpMBI, TOJOOHBIX 0OBIYHBIM (p*/e™) aromam. DTO:
CTPYKTYpPBI (vu /yo) ,(p,/€1) ... Tak Mbl OCBaMBaeM MOCIIENOBATENBHO, OTCHIMAIIBI S/Pa IIAHET,
spa 3Be3]1, s/pa TajlakTHK | spa kBasapoB. Ho mis (Y —), anmapara, Mbl MOkeM (pOPMHPOBATH
TOJIBKO KOHTaKTHBIE HAM KBAaHTHI SIIpa TaJJaKTHK W KBaHTHI i BEIIECTBA s/ipa KBa3apos. 1
cam armmapat (Y —),4 , MOCIe0BaTeNbHO «IIOTPYKACTCS» B PU3NIECKUI BaKyyM, Kak:

HOJT = (e, )(k)( vy, ) =1, HOJI = (e )(k)( v» ) = 1, cBepxcBeTOBOTO (Y, = 137 * ¢ ), 1

(y, = 1377 % ¢) mpoCTpaHCTBaA CKOPOCTEH. DTO BHOJIHE J0NyCTHMbIE B ClielUaabHOM
W _ c+Nc aq1Nc+c
=

1+cxNe/c? age+Nc/c
a;; = cos(p = 0), a1 = a,, = 1, yriax mapamtensaoctu. Cam (Y —), anapar ABWKETCS B yKa3aHHOM
cdepe npocTpaHcTBa-MaTepun BeeneHHoM, B pa3IiMuHbIX YPOBHAX Pu3nueckoro Bakyyma. CTOUT
OTMETHUTH, YTO 00BEM MPOCTPAHCTBA-MATEPUHU 3BE3/IbI, KIIOTPYNKEH» B MIPOCTPAHCTBO CKOPOCTEH
(y = ¢ ), o0BbeM TrajakTHK, «IOTPYXKEH» B MPOCTPAHCTBO CKOpOCTeH (Y, = 137 * ¢ ), 00BbeM KBa3apoB
«IOTPYKEH» B POCTPAHCTBO (¥, = 1372 * ¢ ) yXKe CBEPXCBETOBBIX CKOPOCTEH.
3.Jomyctumbie 00BeKThI BeenenHo
O6nexramu Beenennoli OyneM HaspiBaTh «chephl-To9kn» 0JI;;(n) CXOAMMOCTH, B KaXKJ0H
(ukcupoBanHoi «Touke» 0JI;;(m = const) , KBAHTOBOM CHCTEMBI KoopauHat. Hanpumep, 00bEKTHI:
HOJ1 = M(e, = 3,524 E7 )(k = 3.13)M(y =9,07E—-9) =1
10 aHAJIOTHH C siipoM (p/e) OOBIYHBIX aTOMOB, peYb HJIET O KBAHTAX (p2 / ez) siIpa 3BE37bl. 3BE3/IbI

= ¢, u B KBanrosoii Wy = = ¢, Teopun OTHOCUTENBHOCTU B EBKINAOBBIX

C TaKUM SAPOM UMEIOT IIPeIeNbHbIN IHEPreTUYECKUI YPOBEHb (PU3MUECKOTr0 BaKyyMa, Ha YpOBHE
(y)dorona. Hwxke sHeprum goToHa, B GU3NIECKOM BaKyyMe 3Be3a ce0st He posBisieT. [1oqo6Ho
U3JTydeHHsIM TIPOTOHOM (p+ — V,) aHTHHEHTPHHO, MBI TOBOPHM 00 H3JTyIE€HHSX BEIIECCTBOM
AHTHUBEIECTBA M HA000poT. To ecthb: (pg = pg), (ps = vi), (i = 7)., (7 2 p?) . c
COOTBETCTBYIOLIMM siIpoM atoMa: (p*/e™) BemecTBa 00bIYHOrO atoma, (p; /ey ) aHTHUBEIIECTBA
sJpa «3BE3IHOTO aToMay, (p; /e; ) BEIIECTBA sApa rajJakTuKy, (pg /el )aHTHBENIECTBA apa KBa3apa
u », (ps /eg)BeliecTBa sapa «KBa3apHOU TaJlakTHKK». JlaJblile, HCXOAUM U3 TOr0, 9TO KBaHT (e;;)

BemectBa (Y— = pi /n] = e,;) sapa IJIAHET U3IIYYacT KBAHT
223591

(e, =2+ ax* (py = 1,532E7 MeV)) = 223591MeV, W s = el =2383x*p
Maccy sapa ypaHa, KBaHTa «aHTusemiectBa» M (e}) = M(238,3 = p) = 235U , anpa ypana. Takoe
«aHTHBEECTBO» (e} = 238U = Y—) ecth HEYCTONMUYMBBHIM, U PACIAJAETCSA SK30TEPMUYHO B CIIEKTP

aTOMOB, B s,Ipe IIJIaHET.

B cBepxcBeroBoM ypoBHe w;(a N (y = ¢)) ¢u3myeckoro Bakyyma, TaKkue 3Be3/1bI ceOst He
nposBiIAOT. Jlanbine, peub UaeT o Bemectse (pi — py) aapa (Y— = pi/nd = el) «uepupix
cdep», BOKPYT KOTOPBIX, B UX MOJIE TpaBUTAIH, GOPMUPYIOTCS LIAPOBBIE CKOTIJICHUS 3BE3/I.
AHaJIOTUYHO Jajee, peub UAeT 00 N3MydeHHUSIX BEUIECTBOM aHTUBEIIECTBA U HA00OPOT:

(pé = ps) ., (p5s = p3), (p3 = p1), (p1 = v;) . O6mas NocIEeNOBATENBLHOCTh IMEET BHI:
pg 'p'-; ) pg, p5_; pé-l-'-' p;- ’ pZ_ ’ pl_ 'p+'V/:L'- 'Ve_
Hanbme: HOJ = M(e, = 1,15E16 )(k = 3.13)M(y2 =2,78E — 17) = 1. D1u KBaHTHI (p4/e4)
AJPA TANTAKTUK OKPYKEHbI M3IIy4aEMBIMH T10 OT/EILHOCTU KBaHTaMu (p,/ ez) s/ipa 3Be37, U €CTh

npUYMHOM UX popmupoBaHus. Takue sapa rajJakTUK, B ypaBHEHUSX KBAHTOBOW TpaBUTALIUH, UMEIOT,
CITUpAJIbHBIC PyKaBa MACCOBBIX TPAEKTOPHH, yike: w;(y, = a~1c) = 137 * ¢, B CBEPXCBETOBOM
npocTpaHcTBe ckopocTeil. Huxke sHeprun cBeToBbIX (POTOHOB (w; = 137 * ) B (pU3NYECKOM
BaKyyMe, FaJIakTUKU ceOsi He MPOsBISIOT. BHe rajakTuk, peub HJIET 0 KBaHTax fpa Mera 3Be3]
(Y— =ps/ns = ess) . OHM reHEpUPYIOT MHOXKECTBO KBAaHTOB (€5 = 2 * a * p5 = e, = 290py)
sJipa raJlakTUK. AHaJIOTUYHO Jajiee.

HOJI = M(es = 6,48 E23 ) (k = 3.83)M(y, = 403E-25) =1



Mpe1 roBopuM 0 kBaHTax (Y — = pg /ng = e,y) Aapa KBa3apoB, KOTOPHIE TOXKE IO OTAEIBHOCTH,
uziy4aror(p, / e4) KBaHTHI sijipa TayiakTUK. MlHaye roBops, SIpo KBa3apa, OKPY>KEHO KBaHTaMU siipa
raJlakTUKU. [OBOPAT MPHU 3TOM, YTO KBa3zap B LIEHTPE rajlakTUKU. Takue KBa3apbl MOrPYKartOTCsS B
YPOBEHB (DH3UUECKOTO BaKyyMa JI0 CBEPXCBETOBBIX CKOpocTeit w;(y, = a~2c) = 137« ¢. D10
rIyoXxe, 9eM ypOBeHb (PU3NICCKOTO BaKyyMa FTAKTHKH. ITO COBEPIICHHO Pa3HbIe OOBEKTHI.
Nuaue roBopsi, KBa3apbl UCKPUBJISIOT npOCTpaHCTBo MaTEepHUIO Ha ypoBHE (Y,) KBaHTOB. Jlamnbie
peub MIET 0 KBaHTax BemectBa sapa (Y— = pi/nd =el) «aepubix chep», BOKPYr KOTOPBIX, B UX
110JI€ TPaBUTALUU, POPMHUPYIOTCSI CKOILJICHUS FalaKTUK, U JaJiee:

HOJI = M(eg = 4,47 E31)(k = 3.14)M(y, = 713E-33 ) =1
Mer roBopum 0 KBaHTax (pg/ e8) siipa KBa3apHBIX TAIAKTHK, KOTOPHIE TOXKE 1O OTIECTHLHOCTH,
M3JIY4al0T KBAHTHI (p, /N, = e.¢) sSapa KBa3apos. Takue KBazapHble FAAKTUKHU NIOTPYXKAIOTCS B

YPOBEHB (PU3MUYECKOT0 BAKYyMa [0 CBEPXCBETOBBIX CKOpocTel w;(ys = a~3¢) = 137> xc.
AHAJIOTUYHO Jajee.
B akcromax HOJI = K3(m)K3(n) = 1, mm  M;(X +) * M;(Y —) = 1, IMHAMHYHOTO
IPOCTPAHCTBAa-MaTEPUH, peub UJIET 00 HCTOYHUKE MPABUTALMN IPaBUTAMOHHON M;(X +) Macchl
B 0JI; ypoBHsAX B MHEPTHOH M; (Y —) Maccel B OJI; ypOBHAX (PU3MYECKOTrO BAKyyMa, C HX IPUHIUIIOM
SKBHBAJICHTHOCTH DWHINTCHHA B €IMHOM TpaBUT (X+ = Y —) MaccOBOM I10Jie. ITH MacCCHI:
M; « M; = (M =TIK )? = 1, B BUjIe KBaAPaTUYHOM (H)OPMBI, IPEICTABICHBI B KBAHTOBBIX MOJIAX HX
B3aMMOJCHCTBUS:
h= Gmo%Gmo(l —2a)? = GM- 501\/1-(1 —2a)% =
K
B KBaHTOBEIX: G(X +) [T_Z] =y n2 7
DTO ypaBHEHUE KBAHTOBOM FpaBI/ITaHI/II/I, npsiMo ciieyeT u3 ypaBHenust Oomeii Teopuun
OrnocurenpHOCTH DliHmTelHa. Takum 0Opasom, mpenenbHas macca M; (X +) ucrounuka
rpaBuTaluu onpenensercs M;(Y —) unepTHON Maccoi MaccoBbIX (Y— = y,) moned B 0JI; ypOBHAX
(usuueckoro Bakyyma, Kak 00bexT 0J1; (1) CXOAUMOCTH HIIN:
HOJI = 0J1;;(n) = M;(X +) * M;(Y— = y;) = 1. Takum 06pasom, NOJydUM IpeAeIbHbIE MACChI BO
Bceenennoit: nanpumep mst 38e31b1 M; (X +) = M,(p3 /n3) = 1/(y) B yenosusix (e5 (k)y) = 1.
AHAJIOTUYHO:

Hpez[enLHa;I Macca IuiaHeT, 11 1MeV = 1.78 = 10~ 27g

1 M
Yo  3.13+10-5MeV+178+10-27g =M, (p1/ny) ~ 1.8%10% g ~ ==, rne(Ms = 2 * 10°°g)- macca ConHua.
[[anbme npezesibHasi Macca 3Be3/, C SAIPOM U3 aHTHBEIIECTBA:

1

1 ~ 34 5 ~ L
S = 50710 MevL78 107 = M,(p; /n;) = 6.2*x10°*g = 31M, , WK B NIpeJiesiax OT o5 1O

31M; macc.
+ 0 _ ,+ .
AHaJOTHYHO TpeneabHas Macca (p3 /n3 = e.3) «4epHBIX cepy, C AAPOM U3 BEIIECTBA:

1_ 1 — + 72,0 39 4 ~
Y1 4.5+10~13MeV+1.78+10"27g M;3(ps /n3) ~ 1.25+10%g ~ 625220M;

npenenLHaﬂ Macca ralakTuKH, (ps /nd = el;) ¢ A1poM U3 BelecTBa:

1_ -~ 43 o~ 1010
Y2 2.78%10 17MeV*178*10 274 = My(pi/n3) = 2 x10% g ~ 101°M

IpeyieNbHad Macca BHEraJJaKTHUYECKOM Mera 3Be3/ibl, (ps /N = e.s) C SAPOM U3 aHTHBEIECTBA:
1= = Mg(ps /n5) =~ 7 x10% g ~ 3,5 % 1013 M, ,

y3  8.05%10~ 21MeV*1 78x10~27g
npeaecabHas Macca KBas3apa, (ps/ng =€) C AOpOM U3 aHTHUBECIICCTBA:

l M6(p6/n6)~14*1051g~7*1017MS,

Y4  4.03%107 25MeV*1.78*10 27g

(6,674%1078)2x(1-2/(137.036))?
137.036%2.993%1010
G grad Rgy (X +) [ ] , TpaBuT (X+ = Y —) MaccoOBBIX MOJISX.

= 1.054508 * 1027

Q

Kaxnoe aapo takux 00bekToB 0J1;; (n) CXOI[I/IMOCTI/I TE€HEPUPYET MHOKECTBO
COOTBETCTBYIOIIMX KBAHTOB (2 * a * p— = e/, = N p/_,) yKa3aHHBIX B TaOIUIIE, U U3]TyJaeT



(p;-—r - pj_r_z). Oto MHOkecTBO (N) KBaHTOB si/ipa TUIAHET, 3BE3/l, TATAKTHK, KBa3apos....
Hanpumep, sapo CoutHila, Kak 3Be3/1bl, H3y4aeT siapa Bogopoaa (p; = pt - vo)u

AIICKTPOHHOTO aHTUHEUTPHHO, HO TEHEPHUPYET (2 * a * p; = e}y, = N pf) KBaHTHI, CKa&KEM Tak,
«3BE3JIHOTO BemecTBay (py /er) B TBEPIOM MOBEPXHOCTH 3BE3/IbI. ITO «3BE3THOE BEIIECTBO
(pf/ef) He MOXET B3aMMOJICHCTBOBATH C BOJAOPOIoM (pt/e™), HO MOKET U3IydaTh MIOOHHOE
aHTHHEHTpUHO (p; — V), KoTopoe B arMocdepe 3eMiu (pOpMUPYET MIOOHBI, KOTOPBIE B pacmagax
natot: (e*) mosutponst: (Y+= ) = (X—=v;)(Y+=e*)(X—=v;). Win, KBaHTHI sApa Mera 3Be3/Ibl ¢
(p5 /ns = e;s) U3IIYYaAlOT KBAaHTHI (p; — p3) BEIIECTBA, HO TEHEPUPYIOT KBAHTHI SIApa TATAKTHK
(2 xa xps = el = N p;). Mbl BUunM Kak ObI «IIOBEPXHOCTBY TAIAKTHKH, HO PO TAKOTO 00BEKTa
0J1;;(n) CXOIMMOCTH, UMeET Maccy B mpezenax oT (10'°M;) no (3.5 * 1013 M) macc Connua.

Peun uner o gomyctuMeix o0bekrax 0JI;; (n) CXOOMMOCTH, B IMHAMUYHOM IPOCTPAHCTBE-
Marepuu Beenennoit. [Ipu 3Tom yka3zaHbl pacueTHbIE MPUYHUHHO-CIIEACTBEHHBIE CBS3H.
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