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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,
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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. [penenbunim 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:

0X . aYy
; _l+ﬁ

V4 . axt,  ax,  oaxk
e; = - - —k, el =
L axt x J+ oxk

—i+—j+—k
ox + v J + oz "’
ny sk ny _ n n o_
¢ 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),
¢byHIaMeHTaIbHOTO TeH30pa gk (x®) pumaHoBoro npocrpancTa. K npumepy HectalioHapHOE
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
ManeHpkuil mapuk (R — 0), To cuia He yBenn4yuBaeTcs 10 OeckoHeuyHOCTH. 3akoH HbroToHa 3/1ech
He paboTaer. Camo noHsTHE CHIIbI HBIOTOH BBEN U3 MPYKUHUCTOTO COYAAPEHUSs JBYX IIAPOB, C
00paTHOM MPONOPLUHOHATIBLHOCTHIO UX YCKOPEHUH pasJieTa.

my az

m_2=71' m1a1=m2a2=F.
OTOT UHBAPUAHT NEPEMEHHBIX MapameTpoB HpI0TOH Ha3Ban CUIIOH, cKa3an U3MEPAThH €€ B HbIOTOHAX
0e3 BCAKOro 0OMEHHOTo B3auMoieicTBUs. Cpa3y OTMETHM, YTO B TUHAMUYIHOM (¢ # const)
MPOCTpaHCTBEe-MaTepur, Bce Kputepun IBoIOIUN TPOCTPAHCTBA CKOPOCTEH, 1 B PumMaHOBOM
npocTpanctse Toxke: €;(x") = v;, e, (") = vy, g (™) = v?, xKak noTeHIMAN B KOOPIMHATHO
—BpeMeHHOM TIpocTpaHcTie ckopocteit WN=K*NT "N 5 muoromepnom npocrpancrse-spemenu. s
3apsnoB [IK=q( Y+ =X -) B anextpo ( Y+ =X -) MaruuTHsIx nojsax, 1 macc [IK=m(X+=Y-) B
rpaBuT (X+=Y-) , MacCOBBIX MOJISIX, BBIBOJSATCS ypaBHEHHs] MaKcBellia ¥ rpaBUTMACCOBBIX MOJIEH.

JE(Y+H) 9G(X+)

cxrotyB(X =) =roty,HX —) = ¢ 7 +AE(Y+) cxrotyM(Y =) =roty,N(Y =) = ¢, * 7 + A% G(X+)
OH(X—- 0B(X— ON(Y— oM (Y-

rotE(Y +) = —py 2 = =20 MOY) =g = NP 706, GO = —py x 202 = =200

A Taxke npeoOpazoBaHUs PEIATUBUCTCKON auHaMuku CrernuanbHoi Teopuu OTHOCUTETBHOCTH
Y KBaHTOBOM PEeSITUBUCTCKON JUHAMUKH B Mpeesiax yriioB MapajljieIbHOCTH.

— X-WT — T_CKZX
X = T=— ¢ — V+W
1-wic NI-w?/c* V= owie
g, a, K, +cT T:K,,/c+a22T 7, = a,Wy +c
1-W?2/c? NI-w?/c* an +Wyle o cnopmax, (@2 # @) #1

HJ’IH HYJEBBIX YIJIOB IIapaUICIIBHOCTHU B EBKJ'IH,Z[OBOﬁ AKCHUOMAaTHKE, CO CKOPOCTIAMU MEHBIINX

CKOpPOCTH CBETA WY < c’ HMEIOT MECTO MpEe/ICSIbHBIE Clydau Iepexo/ia KBAHTOBOUM PEJISITUBUCTCKOM
_ " —_nl=1) = = = —
JTUHAMUKU BEKTOPHBIX KOMIIOHEHT, an = (cos(a =0)=D= all, an 1, ) 1, Y=WT ,
B 1)K, =Y)£WT = Y4WT = _Ky/etla, =DT
(K, = 7)== DK, ) Y= T =

NI-w3(x —)er VI-w 1 1-W*X-)/c?

HNuaue roBops, B EBKHHHOBOﬁ AKCHMOMAaTHUKE CO3JaThb KBaHTOBYIO TeOpI/IIO OTHOCUTEIILHOCTH
HCBO3MO>XHO B ITPUHIHUIIC. O0e TCOPUHU: Cneunaanaﬂ TeOpI/IH OTtHocutensHOCTH M KBanTOBas

Teopust OTHOCUTENBHOCTH, JOMYCKAIOT CBEPXCBETOBOE (Vi = N*C) IPOCTPaHCTBO CKOPOCTEN:
Eyra c+Nc T a11NC+C
Wy =—=c¢ Wy =————=c¢, m11a a;; =a,, = 1.
Y 7 i+cxNc/c? ! Y " a,,+Nc/c > A 11 22
Ve B paMKax TakuX MPeJICTaBJICHHI, OyIeM pacCMaTpUBaTh «4EPHbIE IbIPbI». B Kiaccuueckoii

(I)I/ISI/IKC ¢ EBkInI0BOM aKCHOMATHUKOM IMPOCTPAHCTBA-BPEMCHHU, IAJId CBECPXMACCHUBHBIX «YCPHBIX

26M .
3Be31» (M # 0), c TpaBUTALMOHHBIM pagnycoM R, = ——, m060# Maccel B Teopun. M s mace
c

(M # 0) = const, suyrpu (R < R,) Takoii chepbl, JOHKHO OBITH CBEPXCBETOBOE MPOCTPAHCTBO
ckopocreit (v; > c)mm (v; = N *c¢), (N > 1). Dro He npotuBopeunT HU CrieruanbHoi Teopun
OtHocurensHocTH, HU KBantoBoit Teopun OTHOCUTENBHOCTH. B KBaHTOBOI cuCTeMe KOOpIUHAT




JMHAMUYHOTO (¢ # const) MpOCTpaHCTBA-MaTEPHH, PEUb UAET O CBEPXCBETOBOM IPOCTPAHCTBE
ckopocreii v; = a™V x ¢, rne a = 1/137,036 koncranra.

Ho BepHeMcs k 3akOHaM KJIaCCUYECKON (PH3UKH, B KOTOPBIX 3aKOH TAroTeHust HpioToHa
MMeEeT TpaHMIIbl IPUMEHEHUs, U He oTBeuan Ha Bonpoc, [IOUEMY maccs! nputsarusatorcs? M3yyas
ypaBHeHHsT MakcBelia, Mo 100HO JIEKTPOMarHUTHBIM IOJISIM ¢ IpeoOpa3oBaHusmMu JIopeHna B IByX

(%0, Yo, Zo, Cto) ¥ (X1, V1,21, Cty) cCUCTEMAX KOOPJIMHAT, U U3 3aKOHOB COXPAaHEHUS YHEPTHH, CIIC B
1905r, OitHiTeiiH BeiBEN (GOpMYITy, HA KOTOPOH OCTaHOBUMCS HOJIPOOHE.

Teno ¢ HenyneBo#t (m # 0) Maccoil, u3nmydaet cBet ¢ dHeprueit ( L) B cucreme (X¢, Yo, Zg, Cty)
KOOpJMHAT, ¢ 3akoHOM coxpaHenwusi sueprun: (E, = E; + L) , 10 u mocie nzmydenus. J{is 3toit xe
Macchl B Ipyroit (xq,Yi,Z1, Ct;) cUCTeMe KOOPMHAT, 3aKOH COXpaHeHus sHeprun c (y = |1 — Z—j

npeoOpaszoBanusmu Jloperia, DiiHmTeiH 3amucan B Buae (Hy, = H; + L/y). Beranuras ux pasuuiy,
DWHINTEHH MOy

(Ho —Eo) = (H, —E;) + L(% — 1), wm (Hy — Eo) — (H; —Ey) = L(% —1,

C oTneneHuneM pa3HUIbl SHEPruu u3nydeHus. O6e nHepIHuaabHble CUCTEMBbl KOOPIAUHAT JBUXKYTCS,
HO (X4, Y1, Z1, Ct;) JIBHXKETCS CO CKOPOCTHIO (V) OTHOCUTENBHO (X, Vo, Zg, Ctp). Y MOHATHO, 9TO
CUHUI M KPAaCHBIN CBET UMEET Pa3HUIly SHEPTUi, KOTOPYIO U 3allicall DWHIITEWH B YpAaBHEHUU.

Camo ypaBHeHME DWHIITENH 3aMKcall KaKk pa3HUIy KHHETUYECKUX DHEPTUN B IIEPBOM PA3JI0KEHUU.

L v? AL, v?
Ko —Kp) =2(5-), wm AK = (3) >

AL o o 2
3nech (C—2 = Am) MHOXHTEJb, UMEET CBOHCTBA MACCHI «JTYIHCTOM dHEPTUmM», mim: AL = Amc*”.

DTy GOpMYIy HHTEPIPETHPOBAIN HO-PA3HOMY. DHEPrur0 aHHMruasmuu E = myc? Macchl mokos,

2
win: my? = 15—4 — p“c“, B pENATUBUCTCKOM JUHAMHUKE. 3/1ECh Macca C HyJIEBbIM UMITYJIbCOM
(p = 0) , umeer sHepruio: E = myc?, a nynesas macca potoHa: (my = 0), UMeeT UMIYILC U
sHepruio E = p * ¢. Ho DifHIUTEIH BBIBEN APYroii 3aK0H «JydrcToi sHeprun» (AL = Amc?), c
MAacCOBBIMHU CBOMCTBAMH. JTO He 3Heprus GpoToHa, ¥ 3To He sHeprus (AE = Amc?) nedekra mace
HYKJIOHOB siipa aroMa. DUHIITEHH yBUAET TO, 4ero He yBuaea HUKTo. [1ogo06HO ABMKyIIEMYycCs
3apsny, ¢ MHAYKIHEW MAarHUTHOTO T0JIs1 ypaBHEHU MakcBesuia, IBUKYILAsICS Macca UHIYLUPYET
MaccoByto sHepruio (AL = Amc?), kotopyto u Hawen DitHmreiin. Hanpumep, 3apsikeHnas chepa
BHYTPH JIB>KYIIETOCSl BarOHa, HE UMEET MarHUTHOro noJisi. Ho komnac Ha neppoHe, MoKaxeT
MarHuTHOE 1oJje cepsl B IBUXKYIIEMCS BaroHe. FIMeHHO Takoe MHAYKTUBHOE MarHUTHOE T0JIe, OT
JBUKYIIMXCS DIIEKTPOHOB TOKA MPOBOIHKKA, 0OHapyxui Dpcrea. [lotom Obutn onbiTel Dapaes,
WHJYKIUU BUXPEBBIX AEKTPUUECKUX MOJIEH B IEPEMEHHOM MarHUTHOM I10JI€, 3aKOHbI HHAYKLIUU U
CaMOMHJIYKLIMH U ypaBHEeHUs] MakcBesuia. 11o aHanorum MHAyKTUBHOM 3HEPIUM MarHUTHOTO TOJIS OT
JBUKYIIETOCS 3apsiia, DUHIITEHH BbIBEN (GOPMYIY HHIYKTUBHOM, «JTy4HUCTOI» SHEPTUH MaCCOBBIX
MOJIeH, OT ABMXKYIIMXCSI HEHYJIEBBIX Macc, 3B€3]] B raJJakThkax B ToM uucie. M 3aecy DHIITEHH
BbIIIIEN 32 paMki EBxinaoBoii (¢ = 0) akcMOMAaTHKH MPOCTpaHCTBa-BpeMeHH. B akcromax
JMHAMUYHOTO MPOCTPaHCTBa- Martepun (@ # const), pedb uaer 06 HHIyKTHBHBIX m(Y —)
MAaCCOBBIX IOJISIX, B MIOJTHOM aHAJIOTHH C ypaBHEHUsAMH MakcBeiia. Bot uro yBuaen DWHIITENH, 1
HUKTO JIpyroil. Yixe u3 [IpuHnuna DKBUBaJIE€HTHOCTH, OTEHIIMAT UHAYKTUBHOTO MAacCOBOTO MOJIA

V2(Y—=X+) = v*cos@(X+) * v * cosp,(X+) = Gv*(X +)

B [I0JIE TPAaBHUTALMY, CIIEAyeT KoHcTanTa (G = cos?@,), Kak MaTeMaTH4ecKas NCTHHA.

U yxe 3anuceiBast ypaBHeHue OOmeit Teopun OTHOCUTENBHOCTH, DUHIITEHH Opa
. . E? L2(Y- 87G
IPaBUTALMOHHBIN [OTEHIMAT HYJICBOM Macchl: — = c%, B BHUJE % =Gvi(X+) =—Ty
P P c
TEH30pa SHepruu-umiyisca. B ypaBHenuu Oo6mieit Teopuu OTHOCHTEIHPHOCTH DHHIITEHHA, KaK

MaTeMaTHUecKO# HCTHHBI B IMHAMIYHOM TIPOCTPAHCTBE-MATEPHH B MOJTHOM BHJIE:
1 1 8TG

Ry —>Rgix — A9k = — Tk -

2 2

c4



HeT Maccel: (M = 0), B KlTacCHYEeCKOM ee MOHUMaHUU. B MaremaTHuecKoil UCTUHE, 3TO Pa3HULA
PENATUBUCTCKON TMHAMUKH B JABYX (DMKCUPOBAHHBIX TOYKAX PUMAaHOBOTO MPOCTPAHCTBA, OJJHA U3
KOTOPBIX MpUBOAUTCS K EBKIIMI0OBOM cdepe, Bo BHelIHeM, He cTannoHapHoM (4 # 0) EBkingoBom
MpOCTpaHCcTBe-BpeMeHu. B ¢u3ndeckoii nuctune, B ypasHeHun O6meit Teopur OTHOCHTETHHOCTH,
DiHImTeHA, B equHBIX Kputepusx DBomronuy, «3ammura» Gopmyna (3akon) HetoroHa:
2 2

E=c*K, P=c*T, (¢#—c? =Aci2k):§—2= %=cz), Ack, = Gv*(X+) # 0
c*c*k? _ G(c?Ky=m4)(c?Ky=m;) _ Gmym,
ctciT? T c2(c2T2=K?%) T c2k?
Kak Buaum, B ypaBueHuu O61eit Teopun OTHOCUTENBPHOCTH DWHINTENHA, CUla TATOTEHUS
NIEHCTBYET B TOJIAX C HYJIEBOM Maccoil. UnTaeTcs: pasHUIA MAcCOBBIX MOTOKOB Ac?, (Y —) Bo
BHEIHEM Tosle TpaBuTanuu ¢ (X+), ¢ ux [IpuHmunomM DKBUBAIEHTHOCTH, 1aeT cuny. U TOIBKO TENeEPh,
MBI OyZIeM paccMaTpuBaTh CBOICTBA «cBepxMaccuBHBIX» (M # 0) komnakTHbIX (R — 0) 00BEKTOB,

oOHapyXeHHbIX B saJipe ['anakTuku, Kak (pakTy peasbHOCTH.
26(M=0)

(R=0)
(10733 cu), KBaHTOBOTO TIOJIS B IPOCTPAHCTBE-BPEMEHH, B YCIOBHSAX MPHUHIIMIIA HEOTIPEIETIEHHOCTH,
a paBHO U BCerJa TUHAMUYHOIO, CaMOTO KBAaHTa, B YCIOBUSIX HEHYIEBOUW pa3HUIIbI

2 __ _ 2 .2 _
Acik - ’ Acik - ) ACikC =F

B ycnoBusx: ¢? = ( = 0) # 0, B yCIOBHSIX TUTAHKOBCKOW MPEICTHHON JITHHBI

1

Ry =5 RGue # 0

tensopa (7, # 0) SHEPTUH-UMITYIIBCA, T.€. SHEPTUH, HAJTMYUS CaMOTO: ¢% = (w =0)#0
ik (R=0)
I'paBUTAlMOHHOTO MOTCHIWAJA, KaK ITPUYWHBI HCKPUBJICHUA CaMOI'0 IMPpOCTpaHCTBa ((qepHOfI ABIPBD).
B Takux nmepeuncieHHpIX YCIOBHAX, KaK apryMEHTOB MaTeMaTHYECKUX UCTHH, TOBOPHUTH O
CHHTYISIpPHOCTH B LIeHTpe (R = 0) «4epHOM ABIPBI», 3TO Pa3rOBOP HU O YeM. 31eCh HET HUKaKOU
CHHTYJISIPHOCTH B LICHTPE «UEPHBIX ABIP». BOmpoc 3akphIT.
Ho ecTb ¢akT HamM4uus «CBEPXMACCHBHBIX KOMIIAKTHBIX 00BEKTOBY, 0OHAPYKEHHBIX B S/Ipe

rajaxktuk. U ectb Apyro€ npcacTaBjICHUC CBOMCTB TaKAX OOBEKTOB:
2GM

(vi >c)?

C HaJJMYUEM CBEPX CBETOBOTO mpocTpancTBa: (v; > ¢), BHYTpH (R < R)) TaKHX «4EpHBIX cepy,
UMEHYEMBIX «YEPHBIMH JpIpaMn». Her HuKakux «apip». Macca takux «4uepHbix chep» (M # 0) He
paBHa Hymo. Jlanbiie Mbl OyJ1IeM TOBOPUTH O CBOMCTBAaX «YEPHBIX c(hep» UMEHYEMBIX «UEePHBIMU
JBIPaMK», B PAMKax CBOMCTB JMHAMUYHOTO IpocTpancTBa-maTepun (https:/vixra.org/abs/2302.0022 ),
KOTOpBbIE MOAJIEKAT SKCIIEPUMEHTAIILHBIM ITpOBepKaM. B nepByto odepesib, HaIMurMe HOBBIX KBAHTOB
B AJlpax IUIAHET, B Apax 3Be3[, B SApax TallakTHK, B pax KBa3apoB U B AApax KBa3apHBIX
rajiakTuk. U B mepBylo ouepenib CTaOUIBbHBIX KBAHTOB HOBOT'O BEIIECTBA.

Ha BcTpeuHBIX IMydKax MO3UTPOHOB (e’ ), KOTOPBIE PA3TOHAIOTCS B IOTOKE KBAaHTOB ¥==7) ,
(GoTOHOB «Des10ro» Jazepa B BUJE:
HON(X + = pf) = (Y—=e)(X+=v; ) (Y—=e*) = 2% = 15,3 TeV,
Ha BcTpeuHbIX My4ykax aHTUIPOTOHOB (P~ ), UMEET MECTO:
HOJN(Y £ =¢;) = X—=p ) (Y+=eH)X—=p~) = 2% = 35,24 TeV .
He/IeMMbIe U CTa0WIIbHBIE KBAHTHI BEIIECTBA, MOJOOHBIX BELIECTBY KBAHTOB JIEKTPOHA.

MBb1 roBopum 0 kBaHTOBOH cucteme koopaunatr OJI; (m — n)B npocTpaHCTBE-MaTepPUN
Beenennoid, B kaxaom 0J1; nmu OJ1; ypoBHe uMerOT MecTo TpU (X —= Y'+) 3apsn0BbIX | JiBa
(Y—= X+) maccoBsIx u3omnoreHiuana. M B 3Toif KBaHTOBOM cuCTeMe KOOPANWHAT, IPEACTaBICHBI
«TsKenbIe» (pj/ej) KBaHTHI, KaXK bl U3 KOTOPBIX HMEET CBOIO «TJIyOUHY» DHEPreTHYECKMX yPOBHEH
(v1/v:) XBaHTOB (pu3KUecKOro Bakyyma. IIpencraBum ux B BUuIe MojiesIel Takux R;;(m)
Henenmumeix Obnacreit mpoctpancTBa — MaTepuu BeeneHHOM.


https://vixra.org/abs/2302.0022
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on; {m]

Puc.5. cnextp Henenumpix KBaHTOB
OT10 Hekas cdepa B IPOCTPAHCTBE-MATEPHH, B IEHTPE KOTOPOH «TsDKENbIEY (pj/ej) KBaHThI,
KOTOPBIC OTIPEIICIISTIOT «HU3», U «BBEPX» MO PAINYCy, 10 YPOoBHSA (V;/y;) KBAHTOB (PU3UIECKOTO
BaKyyMa MPOCTPaHCTBE-MaTepun BeeneHHo, 1ist 11000T0 10 100HOTO 00BEKTa BHYTPH 3TOU CQEphI.
B akcuomax quHamMuuHoro mpocrpancrsa-marepun, HOJI = K3(m)K3(n) = 1, nonydaem s mace
(M) HenenmMMBIX KBAHTOB B (OJIji) YPOBHSX:
HOJl = 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
HOJT = M(e, = 1,15 E16 )(k = 3.13)M(y, =2,78E—17) =1
HOJI = 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(ys = 713E—33) =1
HOJI = M (ez = 9,1 E103 ) (k = 3.14)M(y,, =3,5E— 105 ) = 1
O4eBUIHO pevb O BUXPEBBIX MacCOBBIX (Y —) TPaeKTOPHUsIX:
G (X+)

tyM(Y—=1y,;) =
CxTotyM(Y== 7)) = & + ——

+ 1% G(X+)

ypaBHCHUU TUHAMUKH 110 Kpyry (k = 3.14 = = 27;1;:1) B KakoM (0JI;) ypoBHE (PU3NIECKOTO
Bakyyma. OT0 cepbl BOKPYT IUIaHEThI, 3B€3/Ibl, FAJTAKTUKH, KBa3apa... . Ha npumMepe KBaHTOB:
HON(X + =pf) = (Y—=e)(X+=v; )(Y—=e*) = Zme = 15 3 TeV |
HOJI(Y £+ =¢;)=X—=p )Y +=e")(X—=p~) =—L = 35,24 TeV ,

peyb UAET O CUHTE3€ BEIIECTBA (X + = pi), HA BCTPEYHBIX ITy4YKax (e e* = pf) MO3UTPOHOB C
BHUPTYaJIbHBIMU KBaHTaMH (v,,), U (Y + = e;) Ha BCTPEYHBIX IIYYKax (p~p~ — e;) aHTHIIPOTOHOB
MTO3UTPOHOB C BUPTYAIbHBIMU KBaHTaMH (e*), MOJ00HBIX AMEKTPOHY (e~ = v; y*v;) . MBI MOXeM
TOBOPHTH H O IOCJIEA0BATEIBHOM CHHTE3E «TKEIBIX» (p)/€e;) KBAHTOB, IMEHHO BELIECTBA

Xx= p;r), g (Y—)y,, (X—), amnmapara, B OTIENbHBIX Ipolieccax. (... <[l « e [« p3 — ESp) »
(.. «lpF < B <[Pl < ej |« pi < e") cunre3a. CylECTBEHHO TO, UTO AJIEKTPOH (e~) U3JIydyaeT U
norjomaeT GoToH (y*), HO OH HE MOXKET U3ITy4aTh U MOTJONIATh «TEMHBII» POTOH (¥,). DTOT
«TEMHBIN» (OTOH U3ITyIaeTCs M MOTIIOMIACTCS «TSHKEIBIMY dJIEKTPOHOM (e1) — (o ). TouHo Tak
«TSDKETIBIY IPOTOH (p,) — (vu ) W3JIy4aeT U MOIIONIAET MIOOHHOE HEUTPUHO. DTO HEBUANMBIE
KBaHTBI, HE B3aMMOICHCTBYIOIINE, 1 HEKOHTAKTHbIC ¢ kKBaHTaMU ([ilJl@l) aToOMOB TaOJIHUIIbI
MenneneeBa. Mbl X HE MOKEM HH BHJIETh, HU (pukcupoBaTh. Ho 3T HeBUIMMbIEC KBAHTHI (CUHUHN
LIBET B YKa3aHHBIX MTOCJIEI0BATENIBHOCTAX) UMEIOT 3apsAI0BbIE U30NOTEHIUAIBI U MOTYT
dbopmupoBath He BuIuMble HaM CTpyKTypHBIe DOpMBI, TOAOOHBIX 0OBIYHBIM (p*/e™) aToMam. DT1o:
CTPYKTYpBI (Vu /yo) ,(p,/€1) ... Tak MbI OCBanBaeM MOCIENOBATENBHO, IOTEHIIMAIIBI S/Ipa TIAHET,
s7ipa 3Be3/I, S/pa rajlakTHK U siapa kBasapoB. Ho mans (Y—), anmapata, Mbl MOXeM (pOpMUPOBATH
TOJIKO KOHTAKTHBIE HAM KBaHTHI siApa rajJakKTUK U KBAHTBI i BEILIECTBA sA/1pa KBa3apos. U
cam ammapat (Y —), , OCIe0BAaTENbHO «IOTPYKAETCS» B PU3NUECKUI BaKyyM, Kak:

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



(y4 = 137% % ¢) mpocTpaHCTBa CKOPOCTEit. DTO BIOJHE H0MycTUMbIE B CrieruanbHON
W _ c+Nc a1 Nc+c
=

1+c*Nc/c? ag+Nc/c
a;; = cos(e = 0), a;; = a,, = 1, yrunax napamuiensHoct. Cam (Y —), anapaT IBMKETCS B yKa3aHHOU
cdepe mpocTpaHCcTBa-MaTepun BeelleHHOH, B pa3inyHbIX YPOBHAX (u3HUecKoro Bakyyma. CTouT
OTMETHUTh, YTO 00BEM MIPOCTPAHCTBA-MATEPUH 3BE3/IbI, KIIOTPYKEH» B IIPOCTPAHCTBO CKOPOCTEM
(y = ¢ ), 00BeM ranakTuk, «IorpyKeH» B IpOCTPAHCTBO ckopoctel (¥, = 137 * ¢ ), 00beM KBa3apos
«IIOTPYKEH» B TIPOCTPAHCTBO (Y, = 1372 * ¢ ) yKe CBEPXCBETOBBIX CKOPOCTEHA.
3.JomycTrmbie 00BeKTHI Beenennoit
O6bexTamu Beenennoii Oyzem HasbIBaTh «cephl-ToUKm» 0J1;(n) CXOAUMOCTH, B KaXI0H
(uxcupoBanHoi «rouke» 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, peUb HJET O KBAHTAX (p2 / ez) s7ipa 3BE3/Ibl. 3BE3 bl

= ¢, u B KBanrosoii Wy = = ¢, Teopuu OTHOCUTENBHOCTU B EBKINMAOBBIX

C TaKUM S,IPOM UMEIOT IIPEJIeNbHbIN IHEPreTUYECKUI YPOBEHb (PU3MUECKOTr0 BaKyyMa, Ha YPOBHE
(y)dorona. Hwxke sneprun goToHa, B (U3NIECKOM BakyyMe 3Be3a ceOst He mposiisteT. [1ogo6Ho
U3JIy4eHrsM IpoToHoM (pt — v,) aHTHHEWTPHHO, MBI TOBOPHM 00 U3JIyYEHHSIX BEIECTBOM
AHTHUBEIECTBA M HA000poT. To ecThb: (pg = ), (ps = vi), (i = 7)., (7 2 p?) . c
COOTBETCTBYIOIIMM siIpoM atoma: (p*/e™) BemecTBa 0OBIYHOTO aroMa, (p;/e;) aHTUBEIECTBA
sZ[pa «3BE3IHOTO aToMay, (p; /e; ) BEIIECTBA s/pa TaJakTUKH, (pg /ed )aHTHBEIIECTBA spa KBa3apa
U », (pg /eg)BeliecTBa sapa «KBa3apHOU TalaKTHKK». Jlalblile, HCXOJUM U3 TOr0, 9TO KBaHT (e;;)
BemecTBa (Y— = pi /n] = e,;) sapa INIAHET U3IIYYaeT KBAHT

(e} = 2« a* (p] = 1,532E7 MeV)) = 223591MeV, VI pf;% =ef =2383*p
Maccy sapa ypaHa, KBaHTa «aHTuBemiecTBa» M (e}) = M(238,3 = p) = 235U , aupa ypana. Takoe
«aHTUBeEeCTBO» (ef = 238U = Y—) ecth HEYCTOMYMBLIM, U pacnagaercs S5K30TEPMUYHO B CIIEKTD

aTOMOB, B sIpe IUIaHET.
B cBepxcBeroBoM yposre w;(a N (y = ¢)) (usnueckoro Bakyyma, Takue 3Be3/bI ce0s HE
nposBIIsIOT. Jlanblle, peub UAET 0 BewmecTse (p3 — py) aapa (Y— = pi/nd = el) «uepubix
cep», BOKPYT KOTOPBIX, B HX I0JI€ TPAaBUTAIMU, (GOPMHUPYIOTCS IIAPOBBIE CKOILICHHS 3BE3I.
AHaJIOrM4HO Jaliee, pedb UAET 00 M3IyYEHUSIX BEMIECTBOM aHTUBELIECTBA U HA00OPOT:
(e - p3)., (p5s 2 pr3), (p3 = 1), (p1 = V) . OOmas MoCNEIOBATENIHHOCTh HMEET BUJL:
pg— ,P; 4 p6_l pS_l p;l—l—' p; 4 pZ_ 4 pl_ ,p+,VJ 'Ve_

Hansme: HOJ = M(e, = 1,15E16 )(k = 3.13)M(y2 = 2,78 E—17 ) = 1. D1u KBaHTHI (p4/e4)

ANpa rajlaKTHK OKPYKEHbI M3TydaeMbIMK [0 OTAEIBHOCTH KBaHTaMu (p,/ e ) A1pa 3BE3]L, U €CTh

npUYMHOM UX GopmupoBanus. Takue sapa rajJakTUK, B ypaBHEHUSX KBAaHTOBON IpaBUTALIUH, UMEIOT,
CITUpAJIbHBIC PyKaBa MACCOBBIX TPAEKTOPHH, yike: w;(y, = a~1c) = 137 * ¢ , B CBEPXCBETOBOM
npocTpaHcTBe ckopocteil. Huxke sHeprun cBeToBbIX (POTOHOB (w; = 137 * ) B (pU3HYECKOM
BaKyyMe, FaJIakTUKU ce0sl He MPOsBIIIOT. BHe rajgakTuk, peub UJIeT 0 KBaHTax fpa Mera 3Be3J
(Y—=ps /ns = e;) . OHU TeHEPUPYIOT MHOXKECTBO KBAaHTOB (ez = 2 * a *x ps = e, = 290py)
AJlpa raJlakTUK. AHAJIOTUYHO Jajiee.

HOJI = M (e = 6,48 E23 )(k = 3.83)M(y, = 403E—-25) =1
MpzI roBopuM 0 KBaHTax (Y — = pg /ng = e.s) AApa KBa3apoB, KOTOPBIE TOXKE IO OTIEINBHOCTH,
uziy4aror(p, / e4) KBaHTBHI sipa rajnakTuk. lM{Hade roBops, Apo KBa3apa, OKpYKEHO KBaHTaMH siipa
raJIaKTUKH. ['0BOPST IIpH 3TOM, YTO KBa3ap B LIEHTPE TaJIaKTUKU. Takue KBa3apbl IOTPYXKarTCs B
YyPOBEHb (PH3UUECKOTO BaKyyMa JI0 CBEPXCBETOBBIX CKOpocTelr w;(y, = a~%¢c) = 137% % ¢. 910
riry0oxe, 4eM ypoBeHb (PU3NYECKOTO BaKyyMa ralakKTHUKH. DTO COBEPIIEHHO Pa3HbIe OOBEKTHI.
WNHuave roBopsi, KBa3apbl HCKPUBIISIOT IPOCTPAHCTBO-MATEPHUIO HA YpOBHE (¥, ) KBaHTOB. Jlanbiie
peub uIeT 0 KBaHTax BeniectBa sapa (Y— = pi/nd = el) «uepusix chep», BOKPYr KOTOPBIX, B UX
0JIe TPaBUTAIMH, (POPMHUPYIOTCS CKOIUICHUS TTaKTUK, U JaJiee:



HOJI = M(eg = 4,47 E31)(k = 3.14)M(y, = 713E-33 ) =1

Mei roBopum 0 kBanTax (pg/ eg) siipa KBa3apHbIX rajJakTHK, KOTOPbIE TOXKE IO OTIEIbHOCTH,
M3JTy4aroT KBaHThI (p, /n, = e.¢) Anpa KBazapos. Takue KBa3apHbIE raJakTHKK HOI‘pyS)KaIOTCSI B
YPOBEHb (PM3UYECKOIO BaKyyMa JI0 CBEPXCBETOBBIX cKopocTel w;(ys = a~3c) = 137 *c.
AHanoru4Ho nanee.

B akcuomax HOJI = K3(m)K3(n) = 1, mm  M;(X +) * M;(Y —) = 1, IMHAMAYHOTO
IPOCTPAHCTBA-MaTEPUH, Pedb UACT 00 HCTOYHUKE MPABUTALMU IPABUTAMOHHON M;(X +) Macchl
B 0JI; ypoBHsAX M MHEPTHOH M; (Y —) Maccel B OJI; ypOBHAX (PU3MYECKOTrO BAKyyMa, C HX IPUHIMIIOM
SKBHBAJICHTHOCTH DWHINTECHHA B €JMHOM TpaBUT (X+ = Y —) MaccoBOM IoJie. ITH MacCCHI:
M; « M; = (M =TIK )2 = 1, B BHJIE KBaJIPaTUIHOM (HOPMBI, TIPEICTABIICHBI B KBAHTOBBIX MOJIAX MX

B3aMOJCUCTBHUA:
h=Gmy=Gmo(1 —2a)? = GM- zGM-(1 — 2q)? = (6O74+107) -(1-2/(137.036))°
07 0

] 137.036+2.993%1010
B KBaHTOBEIX: G(X +) [ﬁ] =y n2 7 G grad Rgiu (X +) [ ] , TpaBuT (X+ = Y —) MacCOBBIX TOJISIX.

= 1.054508 * 10727

OT0 ypaBHEHHE KBaHTOBOI rpaBHTaum/I, psiMO ciienyeT u3 ypaBHeHus O6meit Teopun
OrrocurensHocTn D¥iHmTelina. Takum oOpasom, npeaenbHas Macca M;(X +) HCTOYHUKA
rpaBuTanuu onpenensercs M;(Y —) unepTHON Maccoi MaccoBbIX (Y— = y,) moned B 0JI; ypOBHAX
(usuueckoro Bakyyma, Kak 00beKT 0J; (1) CXOAUMOCTH HIIN:

HOJI = 0J1;;(n) = M;(X +) * M;(Y— = y;) = 1. Takum 06pasom, NOJydHuM IPeNEIbHBIE MACCHI BO
Bcenennoit: nanpumep mis 38e311b1 M; (X +) = M,(p3 /n3) = 1/(y) B yenosusix (e5 (k)y) = 1.
AHaJI0TUYHO:

HpenenLHaﬂ Macca TuTaseT, i 1MeV = 1.78 x 107% g:

1
S T i HeLIe 0Ty = M;(p;/n7) ~ 1.8 x1031g ~ TSO rae(M; = 2 = 1033 g)- macca Counnia.
I[am;me TIpe/eNbHAsS Macca 3Be3]l, C AAPOM W3 aHTHBEIIECTBA:

1

— 34 Ms
1 ~ " ~ Ms
S = 50710 MevL78 107 = M,(p; /n;) = 6.2x10°*g = 31M, , WK B TIpeliesIax OT o0 1O

31M; macc.
AHaOruuHoO npeaenbHas Macca (p3 /nd = efy) «uepubix cdhepy», ¢ APOM K3 BELIECTBA:

! ! 1.25%10%°g ~ 625220M,

_ _ 4+ 7.0
—= = M3(p3 /n3)
HpeI[eJ'IBHa}I Macca rajakTuky, (p; /n4 = e},) ¢ AOpOM W3 BELIECTBA:

Y1 4.5%x10713MeV=1.78+x10"27g

1= =M nd) =~ 2 * 10*3 ~1010M

Y2 2.78%10 17MeV*1 781027 g +(Pi /n2) g

HpeI[eJ'IBHa}I Macca BHETaJIaKTHUYECKOW Mera 3Be3fbl, (ps /s = e.s) C SIPOM U3 aHTUBEIIECTBA:

1 1 46 13
Ys  8.05:10-21MeV+1.78+10-27g = Ms(ps/ns) ~ 71079 ~ 3,5« 10M, ,

npenenLHaﬂ Macca KBa3apa, (pg /Mg = €55) C SAPOM U3 AHTUBEIIECTBA:

1 51, A 17
Ve  4.03+10- 25MeV*1.78*10 27g = Ms(Ps /ns) ~ 1,4 %107 g ~ 7+ 107 M ,

Q

Kaxnoe saapo Takux 00beKTOB OJIjl- (n) CXO,Z[I/IMOCTI/I TEHEPUPYET MHOXKECTBO

COOTBETCTBYIOLIMX KBAHTOB (2 * a * pj— = e = N p}- /—1) YKa3aHHBIX B TAONHIIE, M U3Iy4aeT
(pf 7 2D 1_2). Oto MHOXkecTBO (N) KBaHTOB ﬂz[pa IUTAHET, 3BE3/, TaJaKTUK, KBa3apos....

Hanpumep, sapo CoutHila, Kak 3Be3/1bl, U3Iy4aeT sipa Bogopoaa (p; —pt - vo)u
AIIEKTPOHHOTO aHTUHEHTPHHO, HO TeHEpHUPYeT (2 * @ * p; = e}, = N p{) KBaHTHI, CKO)KEeM Tak,
«3BE3/IHOTO BelIecTBay (p7 /ey ) B TBEPOil MOBEPXHOCTH 3BE3/Ibl. ITO «3BE3IHOE BEIIECTBOY
(pf/e1) He MOXeT B3aMMOJICHCTBOBATH C BOJOPoIoM (pt/e™), HO MOKET U3aydaTh MIOOHHOE
aHTHHEHTpHHO (p{ — V), KoTopoe B aTMochepe 3emitn pOpMUPYET MIOOHBI, KOTOPBIE B paciajiax
nat:  (e*) mo3uTpoHsl: (Y= p) = (X -=v, )(Y+= et)(X—=v;). Wi, KBaHTHI si/1pa Mera 3BE31bI C
(p5 /ns = ers) U3NYYAIOT KBaHTHI (p; — Pp3) BEILIECTBA, HO TEHEPUPYIOT KBAHTHI s/pa TAIAKTHK



(2 xa xps = el = N p;). Mbl BUIuM Kak ObI IIOBEPXHOCTHY TAIAKTUKH, HO PO TAKOTO 00BEKTa
0JI;;(n) CXOIMMOCTH, UIMEET Maccy B npezenax oT (10'°M;) no (3.5 * 1013 M) macc Connua.

Peub uner o gomycrumeix o0bekrax 0JI; (n) cXOAMMOCTH, B IMHAMUYHOM IPOCTPAHCTBE-
Marepuu BeeneHHou. IIpu 3TOM yKa3aHbl pacuyeTHbBIE IPUYHHHO-CIIEACTBEHHBIE CBS3H.

Literature.
. Mathematical encyclopedia, Moscow, "Nauka", 1975
. (BKF) Berkeley Physics Course. V.4, "Quantum physics", Science, 1986
. V. Pauli, "Theory of Relativity", Moscow, "Nauka", 1991
. Landau, Lifshitz, "Theoretical physics. Quantum mechanics", v.3, "Science", 1989
. P.A. Dirac, "Memories of an Extraordinary Epoch”, Moscow, "Nauka", 1990
. N.F. Nelipa, "Physics of elementary particles. Gauge fields", Moscow, "Higher School", 1985
. Maurice Klein, “Mathematics. Loss of certainty”, Moscow, ed. "Mir", 1984
. G. Korn, T. Korn, "Handbook of Mathematics", Moscow, "Nauka", 1974
. A. Naumov, "Physics of the nucleus and elementary particles”, "Prosveshchenie”, 1984
10. A. Pais, "Scientific activity and life of Albert Einstein”, Moscow, "Nauka", 1989.
11. V. Smirnov, "Course of Higher Mathematics”, v.1, p.186. Moscow, "Science". 1965, v.3, part 1,
1967

OO O 0T WN P



