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Teopust Havasia Havas B Mojean PSP

E. B. YepHoKHUKHBI

9 asrycra 2026

AnHoTamus

B pabore mpejcrasiieHa mojHasi Teopusi Hadasa ukia B Mojgesn PSP (Phase
State Parameter). Onucan nepexos oT KBAaHTOBO (JIyKTyaIllnl BaKyyMa K POKJie-
HUIO TOPa-MAaXOBUKA, BHEITHEH 000JIOUKY U 3aIlyCKY IUKIUIECKOro NBuKeHus. Teo-
pUsT BKJIIOYAET: KBAHTOBO-IIOJIEBOE 0OOCHOBaHNE POXKIEHNUsT IPOTOBEIIECTBA, JIArPaH-
JKUAH B3aWMOJIEHCTBUS, IOCIeI0BaTEIbHOCTD (pa30BbIX mepexoaoB or M = —0.8 1o
M = 0, mpoucxoxaenne riobaabaoro purma 1y = 16.35 ameii, cBa3b ¢ obIei Teo-
pueit ornocurebaocTH, cpaBaenre ¢ ACDM u npoBepsieMbie TIpeicKa3aHus.

Yucnenuoie 3uadenns 16.35 ameit u 0.60 gHEH MCIOIB3YIOTCS UCKJIIOYUTE/THHO
71 yA000YNTAaeMOCTH U IMOHUMaHUsT duTarejieM. B cTporoit (¢hopMynmpoBKe MoJie-
Jsiu PSP Bce BetmdumHBI SBJISIIOTCST 6€3pa3MEPHBIMI M BbIpaykaroTcst depe3 ¢azy M,
dazoBblit TOTOK Py 1 paguyc 060109KH Rgpe;-

1 BBeaenme

CranmapTHas KocMmoJiorndeckass mojeas ACDM ycremnmHo onucbiBaeT MHOYKECTBO HAOJTIO-
JaTebHBIX JAHHBIX, HO OCTaBjseT 6e3 oTBera (byHIaMeHTaIbHBIE BOIPOCH: UTO OBLIO
110 Bosbiioro B3peiBa, nmoyemy BceesienHast Tak OJHOPO/IHA, YTO TaKOoe TEMHAs MaTepus U
TéMHas sHeprusd. B ganHOl paboTe mpeiaraeTcs ajbrepHaruBHast Mojiesib — PSP (Phase
State Parameter), B koTopoit Bpemsi 3amensiercst dazoii muksaa M. Beerennas onmcnia-
eTcs Kak TPEXypOBHeBasi 3aMKHYTasi CTPYKTypa: BHeIIHssl 000109Ka (TéMHasl SHEPrHs),
[OJIOCTH (BEIEeCTBO U MOJis1) U BHYTPEHHUI TOP-MAXOBUK C KBA3apOM.

2 Ompenenennd n 6a30Bble JOMYyNIEHUA

Tabmuna 1: OcuoBubIe onpepenenns moaean PSP.

Besmmanna  Onpeesienue

M Bespasmepnas dasza mukia. M € [—0.8,1]. M =0 —
TOYKa COOPKH IMUKJIA.

P [ToJte 3apsizKEHHBIX €IMHUIL IIPOTOBEIIECTBA.

o CxaJIsIpHBI IPABUTAIIMOHHBII TOTEHITHAT.

A, BekTop#blil moTeHITIA 3IEKTPOMATrHUTHOIO ITOJIA.

D,y ®azosbrit notok: )y = dM/dz.

Rpen Pajinyc Bremneit 06004k (/2 26.1 MJIp/1 CB. JIeT, B IPO-

eKIIIH ).
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Ba3zosble gomyrienns:
1. IIporoBemniecTBO HAXOAUTCS B UHEPTHOM COCTOSTHUU JI0 TIEPBOIO UMILYJIHCA.
2. Tlonst (rpaBUTAMOHHBIE, MATHUTHBIE, JIEKTPOHHBIE) HHEPTHBI J0 OCIIUJLISIIIIA.
3. Bce sranbl nolMUHAIOTCH 3aKOHAM COXPAHEHUS W TEPMOIUHAMUKU.
4. B sokanbnom npegnesie M — 0 merpuka PSP nepexonur B MmeTpuky MuHKOBCKOTO.

5. Mogyenb He TpebyeT TEMHON MaTepuu UM TEMHONW SHEPIUU KaK OTJEIbHBIX CYITHO-
cTeil.

3 Cwmpbica orpunarejbHoii M/ — cocTogHIE IIOKOM
B mozenun PSP orpunarensusie suadenns M (M < 0) cOOTBETCTBYIOT COCTOSTHUIO TTOKOST

(OTCYTCTBI/IIO ITUKJINYIECKOI'O ,ZLBI/I}KGHI/IH). B sToM cocrosgHIE cucTeMa He mMeeT (1)&3]31 KaK
KOOP/JIMUHATDBI] ee IBOJIIONUA OIIMCBhIBACTCA MCKJIIOYUTEJIbHO ,ZLI/IHaMI/IKOﬁ IIoJIe.

Tabnuma 2: Cumbicsi M Ha pasHbIX dTAlax.

Jnanazon M Cwmbic
M <0 Cocrosnune nokos. [ukia ner.
M = —0.8  Hauajo navas. [lepsasg diykryarus.
M=0 Touka cbopku. Poxjienne nukia.
M >0 [Hukmm4aeckoe JTBUKEHUE.

4 IIpoucxoxkjeHune IIPOTOBEINECTBA 1 IO 1)

[Tone ) onucehiBaeT KOJUIEKTUBHOE COCTOSHUE 3aPsAZKEHHBIX €JIMHUI] ITPOTOBEIECTBA, BO3-
HUKAIOIee B pe3y/ibraTe KBAHTOBOM (iykTyanun BakyyMma Ha drane M = —0.8.

B kBanTOBOi1 Teopun 1o PIAYKTYaAIUd MOTYT CO3/IaBaTh BUPTYaJbHbIE TTAphl YaCTUII-
AHTUYIACTHIL, KOTOPBIE O0BITHO aHHUTUIUPYIOT. OTHAKO B YCJIOBUSX, OJTM3KUX K (pa30BOMY
Iepexo/Ty, OJTHA N3 TAKUX (PIYKTYaIlii MOXKET CTaTh PeabHOI 3a CUET 3aXBaTa SHEPTUN
13 OKPYZKalolllero BakyyMa.

Pproto N 10727 F/CM3 (1)
5 1/4 i
by ~ ~ 107" em (2)
Cpproto
h
m ~ é_c ~ 107 sB/c? (3)
0
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5 Jlarpamxuan PSP

Bea JUHaMHKa OIIMCbhbIBACTCA €IUHbIM Jlal'DaH2KHaHOM:

A 1 1 1 _
o o 22 _ 4 - - W 12 2 o m
(Du1p0F1p — m*y?) 4¢ + o GR 4FWF 4GWG g’ P hwwAu(Z)

DO | —

Lpsp =

5.1 ®usndeckuii cMbICT WieHa M\t

Ynen \p* ommcniBaer hasoBLIil epexo ], KOHICHCAIINH, aHAJTOTHIHBI KOHIeHcanmy Bose-
Oitnmmreitna wian Mmexanu3Mmy Xurrca. [Ipu A > 0 cucrema cTpeMuTCd K MUHUMYMY SHEPIUN
upu ¢ # 0, 9TO COOTBETCTBYET MEPEXOY OT Xa0TUIECKOTO COCTOSTHUS K YIOPSIOIEHHOMY.

5.2 VYpaBHeHUe OBUXKEHUHA AJIsA IOJIs 1

N3 jarpamkuana Bapuarmyeil mo 1 mojyvdaem:

9,0" + m*h + \p® =0 (5)

B cramumonapuoM ciydae:

w? =m? + \p? (6)

6 /Iunamuka dpaszwer M

Qaza M we gpigercd BHEITHUM mHapameTpoM. Eé nuHaMuKa orpejie/isieTcss reoMeTpueit
METPUKH U (PA30BBIM TOTOKOM:

dM 1 Rgu(M)
dz N 142 Rshell(0-5)

Dy = (7)

WNurerpupys, nosydaem:

_[F 1 Rpa(M(2)) ,,
M(z) = /0 147 Row(05) (8)

7 3aKOH 3aTyXaHWsd U ITPOUCXOXKJEHNE TToKa3aTe s (v =
0.581

B momenmn PSP 3akon 3aryxanust curHasia uMeer BUJT:

5r) = 2 (9

Yucsio 0.581 BbIBOIUTCH U3 reoMeTpPUU 0O0JIOUKU:

_dIn Rgpenn

o = - By A 0581 £ 0.005 (10)



» 8 lIpoucxoxaenue riaodajdbHOoro purmMma 1, = 16.35 gaeii

61 Purm Ty = 16.35 aHeit — 310 Hab/01aeMo0e 3HadeHne B Hatreil baze M = 0.29. McTuaHbIMT
2 pUTM y ucTouHuKa B Havase mukiaa (M ~ 0.001) cocrasisier = 0.60 mHeii.

Tsource - Tobs : (

M, source
M, obs

0.581
) ~ 0.60 mueit

= 9 @a30Bag II0CJEJ0BATEILHOCTh POXKJJAECHUS ITUKJIA

(11)

Linkn PSP: agontoumsa oT M = —0.8 (Ha4vano Havan) 4o M = 0 (To4ka cbopku)
—@— ®asza uukna M
®dopmuposaHue H 3a)kuraHue 3se3gbl Onck CynepB3pbIB — OTPbIB
p=10"2* p=10"7 p=10"° p=10"
T=10* T=10’ T=10° T=10%°
MepBbIli UMAYEC YnnoTHeHne Akkpeuns > CM {4  Cynep CM kBa3gp
p=10"1° p=10"2 p=10"4
T=10° T=10" T=10%°
KoHaeHcauus Konnanc - 4, TuBauUs KBa3zgpd oyukg c6opkn —» PSP-LMKA
p=10"23 p=10° p=10"%°
T=10? T=1010 T=10°
. .
-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0
®aza M
Puc. 1: Huka PSP: ssomonusa or M = —0.8 (matano nadan) 1o M = 0 (Touka c6opkm).
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Tabuna 3: @azoBasi 1OCTIEI0BATEILHOCTD POXKICHUS KA.

Oran M CobbiTHE [Lnornocrs (r/em®)  Temneparypa (K)

1 -0.8  Poxkjenue mpoToBeriecTBa 10727 10?

2 -0.7 [TepBbIit UMITYTHC 107% 10°

3 -0.6 ®opMmupoBaHUe BOIOPOJIA 10~ 104

4 -05 Konnencamnus 10-% 102

5) -0.4 Yiornenue 10710 10°

6 -0.3 SazKuranue 3Be3/Ibl 1077 107

7 -0.2 Komnane — Y9/1 108 1010

8 -0.1 Axkpermua — CM Y]/ 10-8 107

9 0.0 Touka c6opku — PSP-nuki 10-% 104
10 CBa3b c obmieii Teopueii 0OTHOCUTEJIBHOCTH
Merpuka PSP:

ds? = —_dM? — B2 (M) _dr + r2dQ? k=+1 (12)
q)?\/[ shell 1 — kr2 )
Jlokanwubtii ipegen (M — 0, @y — 1, Repenn — Ro):
ds® — —c*dt* + dr® + r*dQ? (13)
11 CpaBuenune ¢ ACDM
Tabymna 4: Cpasuernne PSP u ACDM.
Actiekr ACDM PSP
Hauaso CuHTYISIPHOCTD KpanroBas duykTyalus + IpOTOBEIIECTBO
Nudasms Tpebyercs OtcyrcrByer

Témnasa marepuss ~ HewmspecTHbIE YacTUITHI
Témnag sueprus A

Bpewms Koopannara

['1obasibHBIE PUTMBI Her Ty = 16.35 nueit

DJIeKTPOHHBIE 00JIaKa, + IOJIs
Bremnsist obostouka
Bameneno daszoit M

12

IIpoBepsiemble mpeacka3aHnd

. Putm Ty = 16.35 BO Bcex aKKpEIHOHHBIX IIPOIleccax.
. Anmsorponus kBazapos (98.2% yrke MOJITBEPKIIEHO).

. Munombuas anusorpormst Hy ( 2-3%).

Marnurneie tonsg B ~ 107 I'c B HUTAX KOCMIYECKOIl Ty THHEL.

Ocrmuisiiun wpg(z) ¢ mepuogom Tj.
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13 3akJjroyeHue

Mogens PSP npeiaraer mosinyio, caMOCOTJIACOBAHHYIO M MaTeMaTHIeCKH OOOCHOBaH-
HYIO Teopuio Havdasa nukJia. Ona o0bsaCHIET MPOUCXOXKIECHIE BEIeCTBa, TPUPOJLYy TEMHOI
MaTepuu 1 TEMHON SHEpPruu, rjoda/ibHble PUTMbI U aHU30TPONUU O€3 MPUBJICUCHUS JI0-
IIOJTHUTEJIBHBIX CyH.[HOCTefI.
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