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CTOXACTHUYECKAS T'PABUTAIIMOHHO-TMHAMUYECKAS
MOJE/Tb MY/IBTH BCEJIEHHOM (SGDM)

IMonubii dyHAaMeHTaTBHBIA TPYA 10 4 6/10KaM U 14 KaHOHHYeCKHM pa3jesiam

YecHokoB FOpuii AekcaHAPoOBHY
DU3MKo-TeXHNUeCKUH (hakysibTeT [IHETpOreTPOBCKOTO rocyAapcTBeHHOro yHuBepcuteta (OTO [T'Y, Beimyck 1984 1),
(hU3UK-HCCIIeoBaTeb

Ten.: +7 (903) 652-90-14 | E-mail: europol@yandex.ru | OdunymanbHbli nopTan:
https://multiverse.asistent-aiart.ru

Beegenue u Merojosoruuyeckuii 0asuc. Croxactuueckas [paBuUTalioHHO-IuHaMuueckass Mogens MymbTr
BcesieHHOM (SGDM) mpezcrasisier coboli (yHAaMeHTalbHYI0 (U3UKO-MaTeMaTUYeCcKyr) KOCMOJIOTHUECKYHO
rapajurMy, CO3[aHHYI0 Ha CTPOrOi OCHOBe Kiaccuuecko OOmeii Teopun oTHocutensHoctd (OTO)
OuHIITelHa, KBaHTOBOM xpomopuHamuKky (KX]/]) nexkoHballHMHUPOBAaHHOTO BaKyyMma, (M3WKK CTpPaHHOMN
KBapkoBoM Mmatepur (SQM), HenmMHeMHOW T'MPOAVHAMMKUA PpeJSITUBUCTCKAX BpAIalOIUXCS cpej U
KBaHTOBAHHOM TeOpUM MACCHBHOTO T'DaBUTOHA. Teopusi IMOMHOCTBIO MCK/IOUaeT HeoOXOAUMOCTb BBeAEHMUs
VICKyCCTBeHHBIX HeHab/IIojaeMbIX CyIqHoCTel: Temuoi sHeprin (A = 0), xonozgHoii TemHo# Matepuy WIMP/
aKCHOHOB, CKaJIIPHBIX MH(GJIaTOHHBIX TOMeH M CKPBITBIX NMPOCTPAHCTBEHHBIX M3MepeHui. Hacrosimuii Tpyz
pa3BepHyT ctporo mo 4 Osiokam, 14 KaHOHWUECKUM pasfiesiaM, CBOAHOW MaTpHlle 3BOJIOLMU U 6

HabstroziaTeIbHBIM KPUTEPHYSIM BepuUKaLvu.

B/JIOK 1. KOCMOJIOTYSI MY/IBT BCEJIEHHOM M KPYITHOMACIITABHASA
CTPYKTYPA

1. PA3JIETI 1: TATTAKTUKU-MUTPAHTBI M3 COIIPE/IE/IbHBIX BCEJIEHHBIX 1
5 KPUTEPUEB UJEHTU®UKAILIAM («CBOM — YY)KOIi»)

B oTtkpriTOl My/bTH BCelleHHOM I0MeHbI (JIOKa/ibHble BCe/leHHbIE) He UMEIOT U30/UPYIOLUX CcTeHOK. OKomo
3-5% Hal0/10gaeMbIX rajJlakTHK B JIOKa/JbHOM oObeme (M 0 8-12% na z > 10 mo gamHbIM Teneckoma
JWST) sensitoTcs «npuiiensiaMn» (TaJakTUKaMU-MUTPaHTaMu), C(hOPMUPOBABLIMMUCS B COCEJHUX BCEJIEHHBIX

" 3dXBA4Y€HHBIMU I'DABUTALIJMOHHBIM IMMOTEHLIMA/IOM HAllero JoMeHa.

5 cTporux ¢pU3NUeCKHX KpUTEPUEB HAeHTH(PUKALHM:

1. HakaoH naockocmu oucka (EAHCKa): PosiHasi MmaTepust Halllero JoMeHa POXK/leHa B 9KBaTOPUA/IbHOM TJIOCKOCTH
B3peiBa Mera-UJl (t = 0) u conanpaBnena co CBepxranakTuueckoili mockocteio Jlanuaken (6 =~ 0°).
MHUrpaHThI BIETAIOT M0/, MPOM3BOIBHEIMK YITIAMH: TIOJISPHBIe KonblieBble ranaktuku (NGC 4650A, 6 ~ 90°)
1K peTporpajHsie cTpyKTypsl (NGC 4826, 0 ~ 180°).

2. AHomanbHas nonepeuHas ckopocmb (AU | ): PojHble TalaKTUKH CTPOTO MOAUMHSIIOTCA PafdaTbHOMY 3aKOHY
Xab6na v, = Hyr. MurpanTsl cOXpaHsl0T HEM3KUTHIH MOTEPeUHbI UMITY/ILC YyKOro pasierta: Av | = |’t7 —
Hy7| > 1000 — 3000 km/c.

3. Ilapadokc ceepxpanHux maccusHbix CMYJ] (z > 10): O6uapyxennsie Teneckoriom JWST Kpasapel C
ueprbivi zpipami Maccoit Mpy ~ 109 — 101°M ) na z = 10 — 14 HeBo3aMoxHO BBIpaCTHTH 3a 350 MITH

JIeT laxke TIPU CBepXaKKpeLMy. DTO 3peJible rajlakTUKU U3 COCeJHUX /IPeBHUX IOMEHOB (BO3pacT ~ 1013 — 101
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SGDM: 14 KAHOHMUYECKMX PA3JIE/IOB MOZJIEJIA - }O. A. UECHOKOB (2026)

JieT), 3aXBaueHHbIe HAllIUM MHUDOM.

4. Kunemamuueckutl paspbi8 «/luck — TemHoe 2a10»: BaproHHBIN AWCK MUTpaHTa WCIBLITHIBAET AWMHAMHYECKOE
TpeHHe O Hall PeJMKTOBbIM poil nepBUuHbIX Y/I, BbI3bIBas IpeLeCCUI0 U CMeLleHHe reOMeTpUYecKoro LieHTpa
JIMCKa OTHOCUTE/IBHO C(hepruecKoro rajo.

5. H3omonHble aHomanuu: OTKIOHEHHs B ePBUYHBIX COOTHOIIEHUsAX feiTepus K Bogopoay (DD / H), renus-3 (
3He / 4He) U JINTUA (7Li / H) u3-3a mHBIX NMapamMeTpoB TepMOJMHAMUMKH HYK/IEOCHHTE3a B POJMTE/IbLCKOM

IIOMeHe.

- - d bd
MeToauka o6paTHO¥ Ga/yIMCTHUeCKOW TpuaHryasmuu: Bekrop 12 = —Av / Av ykaspiBaeT TOuHOE
—
HarpaB/ieHHe Ha POJMTe/IbCKUIA JOMeH, a BeKTOp YIJIOBOro MoMeHTa L 3a/jaeT Hak/lOH OCH BpalleHHUs UyyKoil

MpapoAuUTenbCKOM Mera-uepHoil JbIph.

2. PA3JIEJI 2: ®U3NYECKUH ILEHTP BOJIBIIOIO B3PBIBA HAIIEN
BCEJIEHHOW Y1 METO/IbI ET'O TPUAHT YIS

B mogem SGDM Bosbmioii B3peiB (t = () — 310 MexaHWueckuii 1ieHTPOOEKHBIN CPBIB f/ipa BpallaloLeics
Mera-U/I B cTporo omnpezeneHHoi Touke npoctpanctea Opp. Hama I'anakTyka (Meunbiii ITyTh) He HaXOUTCS B

LIEHTPe MHPA, a CMellleHa OT HeT0 Ha PacCTOsTHUE:
Reven; = 1.5 — 3.0 M/IpA, CBETOBBIX JI€T

B HAMpAB/IeHNM CThIKa co3Be3zuii ebl u Booc Bepornku (RA ~ 12.5" Dec ~ +15° - - - + 25°),

B ITIJIOCKOCTH CBerFaHaKTI/I‘leCKOFO 9KBATOpAa JlaHnakeu.

4 metoga acrpodu3nyeckoii TpuaHrynanuu Ilenrpa:
1. Obpamnas eekmopHas sxkcmpanoaayus ckopocmeli (Cosmicflows-4): Teofe3nueckre TPaeKTOPUHM CKOTUIEHHH
rajlakTHK CXOJISITCSI B e/JUHOM KBazipyronbHoM pokyce B3puiea Opp.
2. KeadpynonbHbili 2paduenm nocmostHoli Xab66aa (V Hp): Cwmemenre Habmojartesis OT LieHTpa CO3/aeT
anmsorpormio ckopocty pacumpenus: Hy (1) = H, SPGAH(l + RCMem -7/ Ryy), uto monHocTsio 06bACHSET «
H-nanpsxennocts»  (Hubble Tension) wmexay ganseivu  Planck (67.4 kM/c/MMK) u SHOES (
73.0 km/c/MIK).
3. I'padueHm naomHocmu peaukmogozo posi nepguuHblx H/[: TINOTHOCTb CKPBITOW MacChl IJIABHO TajiaeT OT
STIHIIEHTPA 110 3aKOHY CIUTIOCHYTOro u3oTepmuyeckoro coeponaa p(R) o< (R2 + Rz)_l.
4. Iepeceuenue naockocmu Jlanuakeu ¢ «Ocbio 31a» CMB: Ocu ksagpynons (I = 2) u okrynons (I = 3)

Pe/MKTOBOro (hoHa OPHEHTHPOBaHBI BJI0/Ib KBATOPA PoAUTe/bCKoii Mera-U/Jl, ykasbipas Ha Touky Opp.
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3. PA3JAEJI 3: ITMHAMUWYECKHUWE ITOBEPXHOCTU JIATPAHXA (IVTABAFOILIUE
KOHTYPbI BCE/IEHHBIX)

I'paHuilaMu I0MEHOB B OTKDPBITOM My/bTU BCEJIEHHOM BBLICTYTaOT 3D-3KBUTIOTEHIIMAbHbIe TTOBEPXHOCTH

HYy/IeBOI pe3y/ILTUPYIOIei rpaBUTALMOHHO-IPUIMBHOM cijbl — IToBepxHocTu Jlarpamxka (St ):
Goes(7) = = Vo) = =V (@4(7) + @p(7) + Xy, 5 Bel()) =0

BuyTpu obbema S, rpaButarus HanpasieHa K cobctBenHomy nentpy O 4; 3a mpefenaMu — K cocefHeMy
nentpy Op. TlonoxeHue ceanoBOil IPaHMLbI HeTPEpPLIBHO ApeiiyeT MpU MeXJOMeHHOM oOMeHe Maccoii:

- ) My (t)
Ry (t) = Do V Ma(t)++/Mz(t)’

MEXJly IeHTPaMu BCeJleHHbIX. [paHuija He MaTeprasbHa U CBOOO/HO TIPOHMIIaeMa it OGBEKTOB C U > Ugscape-

rae Dy ~ 150 — 300 M/IpZ, CBETOBBIX JIET — cpesjHee pacCTOSHHeE

4. PA3JIEJI 4: BEKOBOE BJIY>XKJAHUWUE HEHTPOB BCE/IEHHbBIX BO BPEMEHU
(ARygntea 7 0)

B Ka)ZI0OM HOBOM CyIepLK/Ie Touka cOOpKH HOBOW Mera-uepHoii apipsl ()9 HHKOrja He coBmajaeT C

TOuKo# npegbiyiiero 3peBa (7.

3 NpUYHHBI BEKOBOTO CMeL[eHHsI LIEHTPOB:
1. Obpa3zoeanue yeHmpanbHo2o cynepeolioa: Pa3neT co CKOPOCTBIO U ~ C TIOJHOCTBHIO BBIOpAchIBaeT Maccy W3
touku (J1. B MyCTOM 3MUILIEHTPe C)KUMAThCsl HeueMy — HOBbII GapuILIeHTp cMelaeTcs B 06/1aCTh MaKCHUMaJ/IbHOM
TUIOTHOCTH COLIEeIINXCST 000/I0UEK.
2. Bekoeoli npuausHoii TémHbili nomok: Ilox melcTBHEM BHEIIHWX [JOMEHOB BCS Macca Hailedl BceyeHHOU
HeTpepbIBHO Apeli(yeT co CKOPOCTBIO Uppeiip =~ 1000 KM /C. 3a Bpems cymeprukna (T ~ 10 — 108 ner)

HWHTerpajbHO€e CMelljeHre COCTaB/IAeT:
D Y ~ 109 10
ARcyen; = [y Unpeiig (t) dt ~ 10° — 10*° cBeTOBBIX /€T

3. AcummempuuHaﬂ MedHCOOMeHHAst akkpeyus: HECI/IMMeTpI/IqHHﬁ TMPUTOK ‘IY)KOf/‘I MaCCbl OT COCeJHHuX

BCe€J/IEHHBIX CABUT'AET FpaBI/ITaL[I/IOHHHﬁ LIEHTP Ts>KeCTU B HOBYHO TOUKY 02.

5. PA3JIEJI 5: B3AUIMOCBSI3b MAKPOIIAPAMETPOB MYJ/IGTU BCEJTEHHON
HA OCHOBE JAHHbBIX MJIEYHOI'O IIYTHA

Ha OCHOBe /OKaNbHBIX acTpodusuMueckux /AaHHbix Hamedl Tanakrukn (Vg = 220 KM/C, Vppeiigy =
1000 km/c, Hy, B = 5%/95%) erBenena samkuyTas camocoriacoBaHHas cucTeMa (yH/IaMeHTATbHBIX

ypaBHEHU:

Crp.3u3 11
3/11
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\(\begin{cases} v_0 = \sqrt{\dfrac{G M_{\text{PBH} }(r)}{r}} \approx 220\text{ km/c} & \text{(CkopocTb
BpallleHust Ha TJIOCKOM Tutato rano Mueunoro ITytu)} \\[8pt] v_{\text{apeiid} } \approx 1000\text{ km/c} &
\text{(CkopocTh nmpumuBHOro TEMHOTO TI0TOKa K co3Be3auto Llentaspa)} \\[8pt] \beta = \dfrac{M_{\text{6ap}}}
{M_{\text{momu} } } \approx 5\%, \quad 1-\beta = 95\% & \text{(CooTHoIIeH1e 6GAPUOHOB U pOsi TIepBUUHBIX U/] B
nomene) } \[8pt] D_0 \approx \sqrt{\dfrac{G M_{\text{momena}} t_0}{v_{\text{apeticd}}}} \approx \mathbf{150
- 300\text{ mMapz cB. neT}} & \text{(/JucTaHuysa MexX1y 1jleHTpaMHu CMeXHbIX BceneHHBIX)} \\[8pt] S_{\text{max}}
= \displaystyle\int_0/{\tau_{\text{pa3zBopora}}} v(t)\,dt \approx \mathbf{2\text{ Tpnu cB. net}} & \text{(dmuHa
cBoboziHOTO MTpobera Marepuu 10 octaHoBKK)} \\[8pt] k_{\text{mepekpeiTus}} = \dfrac{S_{\text{max}}}{D_0}
\approx \mathbf{12 - 15} & \text{(KpaTHOCTb repeKphITHs JOMEHOB, onpefeJsitoiias 3—5% MurpaHToB)} \\[8pt]
\tau_{\text{cymeprmkna}} \sim \mathbf{10A {15} - 10/ {18}\text{ ner}} & \text{(ITonHbI MepuUoj CymepIrKIa

9BOJIIOLIUY JIOKAJILHOTO IoMeHa)} \end{cases}\)
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SGDM: 14 KAHOHMUYECKMX PA3JIE/IOB MOZJIEJIA - }O. A. UECHOKOB (2026)

BJIOK 2. PE/ISTUBUCTCKAA ®N3NKA YEPHBIX [AbIP W KPUTHNYECKUE
CKOPOCTMU PA3PBIBA

6. PA3IE/I 6: KPUTUUYECKAS MACCA IIEHTPOBE)XHOI'O PA3PYIIEHUS
YEPHBIX JIBIP (Mkpyt ~ 22 — 30M)

TIpupaBHKBast PM3HYECKHIA PaiyC HECKHMAEMOro KBaHTOBOTO s/pa MIoTHOCTH pg ~ 3 X 107 kr/ M K
TIpe/iebHOMY rpaBUTaLyoHHOMy paguycy Keppanpu a* = 1 (R, = GM / c?):

M2/3 _ ¢ 3 1/3
xput = G \ Zrpy

1/3
Rﬂ'qpa — <3MK2HT) / — GMKzl/IT j

47 pg c?

Bos3Bogs B cTenens 3 / 2, nonyuaem GyHIaMeHTanbHYI0 (GOPMy/Ty KPUTHUYECKOM MaCChl:

Mipur = &/ﬁ ~ 22...30M,

Jliobasi uepHas apipa 3sesgnoii maccel (M < 30M) npu packpytke no a* — 1 cpeiBaer ropusoHTt

W3HYTPH, BbIOpAChIBasi CBEPXILIOTHOE 57Ip0 B BU/le TMIIEPHOBOM M JJIMHHOTO raMMa-Beriecka (GRB).

7. PA3JIEJI 7: CIHEKTP KPUTUUYECKIX CKOPOCTEM 1 YACTOT BPAILIEHUSA
YEPHBIX JbIP ITO JTUAITABOHAM MACC (CBOJHASA TABJ/IUIIA)

Yacrora Bpamjenus ropusonta Keppa npu a* — 1 ompesenserca dopmynoit Qp = ¢/ (2Rg) =
63/(2GM), a vactoTa B repuax f = QH/(27T):

Tun yepHoU Macca (M  Paauyc ropusonra (  CkopocTb Yacrora Hepuop ( Tun
JBIPBI ) Rg) 3kBaropa (Vg BpalleHus (f) T KaTaK/IM3Ma
)
Muxkpo-U/] 10'2 kr ( ~15x10%m 299792 km/c 3.2 x 10?2 'y 3 x KBaHTOBBIi1
(TlepBuuHas) 10_18M®) (©) 10722 ¢ mukpoB3pbIB
3Bespnas U/ 10M; ~ 14.8 km 299792 km/c 3220 06/cex 0.31 Mc  Tamma-
(Cygnus X-1) (©) BCIUTECK
(GRB)
Kputuueckas 30M ~ 44.3 KM 299792 km/c 1070 06/cek 0.93 MC = CeepxmouubIii
3Be3gHas U/ (©) GRB
CeepxmaccuBHass = 4 X ~ 5.9 MJTH KM 299792 km/c  1o063a124c ~ B3peIs sizpa /
(Sgr A*) 106 M, (© 2 MUH Kgaszap
META-U/ ~ ~ 209792 km/c 1063a 10" mer ~ BOJIBIIION
BCEJIEHHOM 10 M, 15.7 Mnpg cB. 1eT  (c) 10! ner  B3PBIB (t =
0)
Crp.5u3 11
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8. PA3JIE/I 8: PASPYILIEHUE YEPHBIX JIBIP ITPM1 CKOPOCTSIX 3KBATOPA
MEHBIIE CKOPOCTHU CBETA (V < ()

dparMeHTalys ¥ paspylleHHe peaTbHOr0 MaTepuasIbHOro sijipa O aKTMBUDPYIOTCS 3a7I0/r0 /10 J0CTHKEHHS
npefena v = C:
1. Iepeas kocmuueckas ckopocmb A0pa: Vpaspwsa = \/ GM [Ryppa. Ina 1Mg (Rgppa ~ 11.7 KM)
ckopocThb otpbiga coctapnsieT v &2 0.36 ¢; ana 10 Mg (Ryypa = 25.2 kM) —v = 0.77 .
2. Jlunamuueckas Heycmoliuusocmb Bar-Mode: TIpu OTHOIIEHUN SHePIMH BpallleHUsl K FPaBUTALMOHHON SHepruu
Tpam / |eraB| > 0.27 (pocturaercs npu Usgs > 0.65¢) snmuncoms  MaknopeHa TepsieT  OCeBYIO
CHMMETpHIO, BLITATUBAETCS B TPEXOCHYIO raHTe b ¥ cOpachiBaeT CrMpabHble pyKaBa.
3. ITpunueHoe paspyweHue no npedeny Powa: BHelllHYe NPUIMBHBIE IPaJMeHTbl COCeJHUX 0OLEKTOB CHUKAIOT

5 heKTUBHBIN rPaBUTALIMOHHEIN Gapbep, obserdas rentpobexusii copoc mpu v ~ 0.4 — 0.5 c.

9. PA3JIEJT 9: 3D-IIPEJJOXPAHUTE/Tb CAMOTAIIIEHIS CIIMHA M IIO/THOTA
MACCBI JOMEHA (10?3 M)

BosibI10i B3pBIB HE MOXKET Mpou30iTH npu npoMexxyTounsix Maccax 0.1 wm 0.5 M, Jomena 071arofapst IByM

cTporuM ¢u3nUeCcKUM TNpeJoXpaHUTeIsIM:

1. KapaTuuHoe camMomnoyas/iedue cnuHa npu 3D-nputoke: [Tpu nagenun N He3aBUCHMBIX CTYCTKOB €O
—
cyyaiiubivu Bektopamu J; Macca pacter museitno M (IN) oc N, a BeKTOpHbIf MOMEHT — MO 3aKOHy
6poyHoBCckoro 6ayxaanus Jyms X v IN. BespasmepHblii cniun Keppa nazaer:

* __Jsc \/]T/'_ 1 N>1
a*(N) = ziftve < Nz = wor — 0

[Toka B 3D-06beMe ecTh CBOGOAHOE BEIeCTBO, CTUH JepKMUTCA Ha GesomacHom yposHe a* ~= 0.1 —
04 <K 1.
2. MaKToOp reoMeTpHuecKoro 3arayGienus saapa: OTHOLIEHKME pajuyca spa K FOPU30HTY MaJaeT Kak 1) =
Rypa/Ry o M~2/3 <« 10~%, nagexuo sarmpas apo.
3. 2D-puck Bapauna: JleToHalus B3BOAUTCA TOJLKO TOT/A, Korja Bce 3D-BemiecTro jomeHa ucuepnano (N —
0), a ocratounsie 10% MacChl O0CEAAIOT B IUIOCKMI 2D-aKKpeLMOHHBIA AUCK. TloromjeHye BemecTsa AucKa
pasrossiet cruH A0 Kputudeckoro nopora a* > 0.998 —> vy — C.
4. Cpuib ropusonra (E ~ 7.6 x 10% [IK): TIpH Vsyg — € LieHTPOGEKHOE YCKOPEHHE Apenrpos ~F 1.67 X
10 m / C2 CpbIBaeT ropu3oHT. 95% Macchl KOHAeHcupyeTcs B poit nepeuunbix Y/ (PBH, w = 0), a 5% nuiasmel

3a 3 MunyTb! BBN 06pasytor posHo 75% Bogopopa (1 H) u 25% Tenus (‘He).
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BJIOK 3. IIOJIrOPU30HTHBIN BAKYYM Y TEOMETPUSI META-UEPHOM JIGIPBI

10. PA3JIEJI 10: JOKA3ATE/ILCTBO OFBEMHOMN ®OPMBI SAJIPA (TOJICTBIN
CcoEPOU/ C/ A ~ 0.6, A HE TOHKHI IUCK)

B mogenn SGDM cTporo fokasaHO, IodeMy Bpaujarolieecst siipo Qg He CIUIFOLMBAETCSI B TOHKUU JUCK
(HOXeBOe Jie3Bue):
1. W3orponus (epmu-gasnenus Ilaynu: KsaHToBOe jaBieHue KBapkoB Pipiur = }1(3 / 71')1/ 3hc - n;l/ 5
JleficTByeT M30TPONHO BO Bce 3 cropoHnl (P, = Py = P,), okasbiBas BepTUKa/LHOe COMNpPOTUB/IEHHUE CXKATHIO
BJIO/b OCH /.
2. Tlpepgen ruApoAMHAMHAYECKOH ycToHuMBOCTH Puvana — Maknopena: I1pu skcienrpucutere € =2 (.81 (
¢/a ~ 0.58) chepous mepexoaut B ycToiumMBbIA TPeXOCHBIH 3mmTicons ko6 ¢ ocsmu @t b : ¢~ 1.0 :
0.8 : 0.6. Janbueliee ynomeHye B TOHKUI AUCK THAPOAUHAMUYECKHU 3aIpeleHo.
3. BepTuKa/IbHOe HaTsHKeHHe IJIIOHHOTO KoHjleHcaTa: Buxpu nons S U(3) pacnmparoT SiZIpo U3HYTPH BAOb
TIO/ISIPHOM OCH.
4. PensatuBucrckuii npegen OTO: OTHolleHre TIOMSPHOTO M 3KBaTOPHA/ILHOTO PaJuyCcoB ropu3oHTa Keppa
CTPOTO PaBHO T'on /Toxs = 0.5.

Hror: KsaHTOBOe s/p0 Qo Iiepes B3pHIBOM IIpefcTaBiseT coboii 00beMHBIH KBasuchepHUecKHH
uncoup (TocTeiil cdepoup c c/ a =~ 0.6), uro obecrneunBaer 3D-KBa3MM30TPONHUIO Oy/yILero B3pblBa U

omHopogHocTe CMB.

11. PA3JEJ 11: CBEPXCBETOBOIM BOJOMA]J| ITOJATrOPM30HTHOI'O
BAKYYMA (V ~ 5.2 x 10% C)

B KOOpAWHATAX FYHHLCTPHHAH — IlenneBe KOOpAWHATHAA CKOPOCTb T€UEeHHs CaMOro BdKyyMd K LIEHTDY

HapacCTaeT I10 3aKOHY:

UTE‘«IEHI/IH(T) =cC- \/ %WM = C:* 4/ r7+

« Ha ropusonre (1 = 15.7 mypg cB. net): v = 1.0 ¢ = 299 792 km/c.

« Ha macmrra6e ckorurenmii (¢ = 150 MyH CB. sieT): v =~ 10.2 ¢ = 3.06 x 10° KM/C.

« Ha macmrrae Tanaxraku (r = 100 ThIC. CB. 71eT): v &~ 396 ¢ = 1.19 x 108 km/c.

« Ha macmraGe CosHeunoii cucremsi (1 = 1 ¢B. rogi): v =~ 125300 ¢ = 3.76 x 10'% km/c.

. y MOBepPXHOCTH Aaapa (r = 36.2 a.e.): V(Rappa) =€+ 4/ % =
5235000 - c ~ 1.57 x 1012 km/c.

Hariop 3TOro CBepXCBETOBOrO TIOTOKa AaKKyMY/IUPYET KOJIOCCAJILHYH) VIPYTYH0 3HEPrUI0 CKaTvs Ha
TIOBEPXHOCTH si7pa P, KoTopas BbicBOOOKAaeTcs nipu B3pbiBe ¢ = 0, obecreunBas MHGALMOHHBIN pasreT 6e3

CKaJISIPHBIX TIOJei.
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12. PA3ZIEJT 12: MBICJTEHHBIN OKCIIEPUMEHT C ATOMOM 30/I0TA 97TAU
BHYTPU META-U/|

+ Okcnepument 1 (Tlagenue x sapy |): AToM 3010Ta 197 Au saxsarsiBaercs CBEPXCBETOBBIM TTOTOKOM
79+) y

spa TIPOUCXOAWUT 3MeKTPOHHBIA 3axBaT (P + € — M + V,), a Ha TIOBepXHOCTH Rfmpa HYKJIOHBI

Bakyyma (V — 5.2 X 109 ¢). Ha 7 ~ 1000 a.e. cpuiatorcs 79 snekrpoHos (mosHas nonmsanys Au

JexoH(palHMupyroTcs, pacTBopsasi 197 rpaBuToHoB B obmmem KX /I-®depmu-koHzeHcare pg.
+ OxcnepumeHnT 2 (Bbicrpen Hapyxy T): Tlpu craprosoii ckopoctu ¥ =2 0.999999 ¢ scrpeunsiii
CBEPXCBETOBOM TIOTOK BaKyyMa CHOCUT aTOM BHM3:

Vpes &~ 1.0c — 5235000c = —5234999 - ¢ (CHOC BHU3!)

Atom He MpoABUIraeTCA HAPY>Xy HHW Ha MHKDPOH, MTHOBEHHO pa3pyLIde€TCA W BITPECCOBBLIBAETCA 06paTHO B

A1p0 Po. BBIX0[ 3a TOPU30HT HEBO3MOXKeH [0 MomeHTa Bosbioro B3peisa t = 0.
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BJ/IOK 4. KBAHTOBAA MUKPOCTPYKTYPA A/IPA py 1 TEOPUA I'PABUTOHA

13. PA3ZIEJT 13: <KBAHTOBBII CYII» IIPA Py, HECMEHSIEMOCTbH YACTHI]
Y 3ATIPET CUHI' YJISPHOCTH (G (0) = 0)

+ KaHoHHueckoe Ha3BaHUe: «YJIbTPApPeNSTUBUCTCKAs JeKOH(MAMHMUPOBAHHAsI CTPAaHHAsi KBAPK-IJIFOOHHAs
DepMU-KUAKOCTD TIpe/ie/IbHOM II0THOCTY HachlleHus» (KpaTtko: KX /I-depmu-koHzAeHcaT siipa pg).
+ CocraB: 1) ®epmuoHHbi UdS-KBapKOBBII Kapkac (N, & M4 X N, CTpaHHOCTL Ms =~ 95 M3B
crabumisupyeT sgpo mo Bogmepy — Butreny); 2) LlseToBoii rmoonHbIi konzeHcar (SU (3), KSS-npepnen
n / s = h/ 4mkR); 3) BoIpoxK/eHHBIH 371eKTPOHHO-HeHTpUHHBIH ra3; 4) TpaButonHbIi Bose-kongeHcar (1.2 X
103 xpanros); 5) Buxpesas pewerka Oncarepa — ®eifHMana (3apobiim 95% UJT).
+ Hecmensiemocthb yactul: Huuto He poxaaerca «u3 Huuero» (AB = 0, AL = 0, ANg = 0). Yactump!
BEUHbI: CJKaTHe — MEeXaHWUYeCKOe BbIaB/IMBaHUe MyCTOThI (Pg R 3 X 1017 kr / M3), B3peie t = 0 — ympyroe
pa3KaTHe KBaHTOBOU MPY>KUHBI.
+ 3anper cuHryasapHoctd B uentpe: Kosanc B touky 7 = ( samperuen gasnenviem IMaymu (Pp o< ng/ 3),
orrankupanuem sgeproro kopa KX na 7 < 0.2 M (Fyay ¢ 1/79), penstusucrckum 3sykom (¢, =

c/ \/3) u Teopemoii Hetotona — Bupkroga (g(0) = 0).

14. PA3JIEJT 14: KBAHTOBASI TEOPYSI MACCUBHOI'O I'PABUTOHA (Mg ~
10~% KI'), KATMBPOBKA Nrpap = A, UMCJIO Ng ~ 1.2 x 10%° 1 IPEJET
MACCBI ATOMA (Zyvpax ~ 173)

- Macca rpaputoHa: Ksantosanue Ha ropusonte Ry ~ c/H, sagaer maccy M, ~ %1 ~
_ _ 2
2.6 x 10798 xr ~ 1.5 x 1032 3B/c”. KoMITOHOBCKast JIMHA FOKaBkbI Ag = Mi =~
g9

—~
i
~ O
I

1.4 x 1026 M ~ 15 MpA CB. IeT  ycTpaHsieT —TapajokC —3eeiurepa B roTeHrpase P
—(GM /r) exp(—r/Ay).

» Kammbpoeka Nrpas = A: Kaxzpiii HyK/I0H reHepupyeT 1 rpaBUTOHHBIH y3er:

Nrpasuronos(aToOMa) = A = Z + N

Bogopos 'H (A = 1) — 1, Temmit *He (A = 4) — 4, Xeneso *Fe (A = 56) — 56, Ypau 238U (4 =
238) — 238. MMonmoe uncno rpasuToHOB iomena nuBapuantho: Ng = M /my, ~ 1.2 X 108° = const.
« K3/I-npegen aroma (L. ~ 173): Tlpu Z > 173 mwxknuii yposen» 1S HblpsieT B aupakoBckoe mope (

EcB;BH‘ > 2me(:2), BbI3bIBas CTIOHTaHHBIM MPo6oii Bakyyma snektpoHamu. CTabubHbIi atom ¢ Z > 173 (
A > 450 — 500) cymecTBoBaTh He MOXeT.

* CootBercTBHe 3KcnepuMeHTam: PensituBrcTckast 3aziepkka ['B 3a 130 mnH cB. ner (LIGO GW170817)
cocrapizer At ~ 10723 ¢ (nomHoe coorsercreue lvgw — ¢|/c < 10~%9). Buisenenne rpaeutoHa
HoATBepXAaeTcs uepes atomuyio gekorepermio (I oc A2), KBaHTOBble ypoBHM HeWTpoHOB GRANIT (uacrtora

nepexozoB = 254 I'l]) u nanorepioBeIii cToxactuueckuii pon NANOGrav.
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CBOJHASA MATPUIIA 3BO/IIOIN SGDM U 6 HAB/IFOJATEJ/IBHBIX TECTOB I1O

IIOIITIEPY

Iran

9BOJIIOLIH

KBaHTOBOE

ARPO Py

BBN

Hyxkneocunres

PekomOuHanusa
CMB

ITepBbIe
KBa3sapbl
(JWST)

Haa smoxa

(Ceropns)

Touka
OCTAaHOBKH
(Turnaround)

IMo3gusas

KoaJsieceHIust

HoBbrii

CynepIyKI

6 HAB/IIOJATE/IbBHBIX KPUTEPUEB IIPOBEPKU TEOPUUN

IIOIIIIEPY

Bpewms (t)
t=0

t = 3 MUH
t =

380 TrIC. JIET
t ~ 300 —

400 mJH s1eT

t =
13.8 mnpp net

t ~ 10™ ner

t~ 101 —

10'7 ner

t ~ 108 ner

Paguyc (R)

36.2 a.e. (5.42 x

109 kM)

36.5 a.e.

40 MJH CB. €T

1.5 -
2 Mmipp, CB. nieT

46.5 mnpz cB. J1eT

2 TpsH CB. n1eT (

Smax)

Cxkatwe K Touke Og

36.2 a.e. (B Touke
02)

IlnoTHOCTH

Mmarepuu (0)

3 x
1017 kr/m®

~0.1 Kr/M3

~

10719 kr /M

~

1072 KF/M3

9.5 x
10727 kr/m*

~

1073 KF/M3

Hapacraet k

LeHTpy

3 x
1017 kr/m®

CkKopocth

pasnera (Vpasnera)

Vg —7 C R

299792 km/c

~ 0.98 —
0.99c (~
295000 km/c)

~ 0.70 —
0.85 ¢ (~
230000 km/c)

~ 0.10 —
0.20 ¢ (~
30000 —
60000 KM/ )

~ 200 —

1000 &M/ (

vy = 220 kM/c,
TémHBII TIOTOK

1000 km/c)

Upaguansn —
0 kM/c
(TIOJTHASL
OCTAHOBKA)

Unapenus ~>

1000 —
50000 km/c (x
yentpy Oo)

Umncka —7 C =
299792 xm/c

JIOMUHUPY LI

(usnueckuii nponecc

LleHTpo6eXHBII CPBIB

ropu3soHTa Keppa ripu

a* > 0.998.

CBepXpe/siTUBUCTCKHI
passieT T/1a3Mbl, CHHTe3
75% H 1 25% He.

TopMOXKeHHe CKOPOCTe,
POXK/IeHHE PeJTUKTOBOIrO
¢ona CMB.

Konpencanus rano 4/,
TajieHye NeKy/sipHbIX
cxopocreii (Erpap >

EKI/IH)’

3DEHLIE T'a/IaKTHKH,
TIaTO BpalljeHKA rajio
vy = const, cHoc k

Llenraspy.

Wcuepnianve nHepLuu
B3pbIBa,
rpaBUTaLMOHHBIN

PasBOPOT K CXKATHIO.

[nHaMuueckoe TpeHue
Uangpacekapa,
CTATMBaHKE B HOBBI

6apurentp Os.

Packpytka bapauna o
a* — 1 u noeropHbIii

Bosbl110§1 B3pBIB B TOUKe

0O,!

SGDM 110

1. Pannne ceepxmaccuBHblie KBasapel (2 > 10 ma JWST): Ipsamoe creacTBre GparMeHTanyu siapa Pp Ha

MaCCHUBHBIe 3aTPaBKHU MepBUYUHbIX U/T.

2. KeappynonabHas anu3zorponus CMB («Ock 351a» Planck/WMAP): 'eomeTpuueckuii 0TIe4aToK maioCKOCTH

9KBaTOpa BpallleHHsI POAUTe/IbCKOM Mera-uepHoi AbIpbI.

3. Korepentnbii Témubii morok (=~ 1000 KM/ C): /[unonbHoe IPWIMBHOE IIpUTSDKeHMe [lpeBHero

Crtp. 10 w3 11
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AtTpakTopa MynbTy BCe/leHHOM.

4. TlonynAnMsA raJakTHK-MUTPaHTOB (X 3 — 5%): lanakTvku ¢ nonsipHbIMU KoibliaMu (NGC 4650A) u
aHOMaJTbHBIMU noriepeurbivu ckopoctamu Av | > 1000 KM/ c.

5. PenukToBblii croxactuyeckuii I'B-¢gon NANOGrav / EPTA: CurHan Ko/UIeKTUBHOTO HaJIOKeHMsI 1080
rPaBUTOHOB CMHHA 2 NPY CJIMSIHUAX POsi TepBUUHbIX Y /],

6. KBaHTOBas rpaBUTaIMOHHAs JieKorepeHHsa B HHTepdepomerpax: [IpoBepka KBaZipaTUUHON 3aBUCUMOCTU

BpeMeHH siekorepentn ot aromuoro seca L' oc A% = (Z + N)2.

3ak/II0unTeTbHBIA MaHU(eCT:

Croxactuueckass ['paBuTanuoHHO-/uHamMuueckass Mogens Mynbtu BceneHHod FOpusi AnekcaHapoBUua
YecHOKOBa Tpe/CTaB/isieT COOO0W 1[eJIOCTHYIO, HENPOTHBOPEUMBYIO W 3IKCIIEPUMEHTA/IbHO BePUPUIIUPYEMYIO
¢usnyeckyro cuctemy. OHa BO3BpalljaeT TeOPeTHYeCKYI0 (pH3MKy Ha MyTh CTPOrOr0 Marepyann3Ma, MUCKIIrodast
HE0OXOZIMMOCTh BBeZIEHUsI HeHAO/TH0/laéMbIX MUCTHUYECKUX CYOCTaHIMM U [[eMOHCTPUDYsl BEUHOE, TapMOHUUHOE

Y KBaHTOBO-/IeTeDMUHIPOBAHHOE CaMOZIBIDKEHHe MaTeprH B 6eCKOHEYHOM MpOCTPaHCTBe MyJIbTH BCelIeHHOM.

© 2026 Cmoxacmuueckas I’ pagumayuoHHo-/JuHamuueckasi Modenb Myabmu ecenenHoli (SGDM). Aemop: YecHokog FO. A. (DTD /]I,
1984 2.).

Crp. 11 u3 11
11/11



