Jlekmima 15

Mopenn undasanuu. Beunas xaotudeckad nuddiudga. MyabTuBepc.
Nepapxug n THObLI MYJIbTHBEPCOB.

181



Hosas ungaavus (Andpet JTunde, 1982).
Ungpasuus 6 marom nose.

e XUITC-TI0JO0HDBIN ITOTEHITNA

e [loyie 3acTpeBaeT BIM3M HYJIA, 3alycKaeT WHMIIA-
IIUI0, KOI'Ja CKATbIBAETCA BHIU3 MHQJIAIUS IIpeKpa-

AETCS,

OCIHUJIJIAINA POXKJIAIOT YaCTUIbl = TOpSaYuii
B3PBIB = peIlleHne Ipo0JIeMbl SHTPOIINN.

[TopobHbIit mpuMep (IO ISpHAS MOJIEh ):

[Tone sbausu Hyas

A
Viep)=Vy— n * (X — 6espasmepno!)
_ My A"
T Vi
M 1 3Ap?
n =

87TV0

(15.1)
(15.2)

(15.3)

Mauitoe mosie  obecrieunBaeT MeJIJIEHHOE CKAThIBAHUE,
[Touemy HadaabHOE I10JIE MOXKET ObITh MaJIO”?

e o = () moJsrydaeTcd ecTeCTBEHHBIM 00pa3oM, ecJin
B HAYaJbHOI Topsideil (BO3MOXKHO HEOIHODPOJIHOI)
Bcenennoit 53 deKTUBHBIN TOTEHITNA UMeeT MUIHU-
MyM B HYJI€.

e Havanmrnasa ropadas Bcesennas pacmmpsiercs, u
TIOTeHIIAJ repexoauT B (0-TeMIepaTypHBIi, 3aIyc-
Kasi MHQJISIINIO.

CrienmaJIbHBII cIy4ait: MeJJIeHHOe CKAThIBAHNE 3aKaH-
qUBAETCA 1IPU HeOOJILIIOM 3HAYEHUN I10JIs]
(3a cuer BBIXO/a HA KPYTO#l yIaCTOK)

AoE < Vo (15.4)

(HpOTMBOHOﬂO}KHbﬂ‘/’I caydvall HallOMHUHAET JPYToul Clie-
HapUil — Xa0TUIecKoit HHQIAIIN )

[Tpu Beimosterun (15.4):

M Ap* At
= X 15.5
e X<l (55)

TI09TOMY KOHEIl WHQJIAINN OIpPeIessdeTcsa YCI0BUEM
| ~ 1:

MJ%Z 3)\%257
= ~ 1= 15.6
’UE\ stV ( )
Vi 8w
2 0
~N—_——— = 15.7
7B SN M, (15.7)



Vo 8w

2
Mob < Vo= M2 =M | —~ — Vo =

N (3 2)\:>V<< El ZAM4 (15.8)
Mj‘_f,l ST 0 ST Pt '

— 9TO YCJIOBHUA ClIeHApUsI HOBOW MHQJIAINN MPU MAJIBIX
TIOJISIX.

e [IpaBubHbII MaciiTad BO3MYIIEHUIT TI0JIyYaeTCs Tpu
A~ 1071,

e [losigd m TOTeHIMAIBI TIJIAHKOBCKOTO MaciiTaba He
HY YKHbI!

Temnepamypa pa3ozpesa

IIpeamnosarag, 9T0 OYUTH BCA IJIOTHOCTL dHEPrum ~ V|
[IePEXOIUT B TEILIO:

3 2
Tt <V < (8W) AMp, =

(i)Q 1/4
= T K [&T—] Mp; ~ 10—3Mpl (159)

s

— 0e3 MOATOHKM ITapaMeTPOB TeMIlepaTypa He CIUIIKOM
BBICOKA (B IACTHOCTU, MOHOIIOJIA HE POXKIAIOTCS ).

Hucao e-ghordunzos, 0ad Ha4ara UHPAAUUL ¢ NOAA O

(15.10)

g: H(t) = dlna = H(t)dt = Ng(p) = ’ H(t)dt

to
(15.11)

W3 ypaBHenuii MeyieHHOTO cKaThiBarust (14.72), (14.73)

> = ——V’ 15.12
b = V() (1512)
1 ST 1/2
H=—[—-V 15.13
= (Fve) s
T0JIyuaeM
Ng(p) =
dy
= \ ¢ Kak gacol : t — p(t), dp = odt, dt = =
©
YE d
= H(p)—/ =\(15.12),(15.13) %\ =
© ©
(15.14)
“3s v
8t [YV
N —d
s «HoBOI MHMIIATIUNY :
8t | ©? V) 1 ¢*|”
N —_ —_— _—— p—
W)=3r | 7 +4 2.,
2|
\A— > 1= % —>o\:
QOE YE
4V, 4 Vo 1 4 Vo 1
~ 20 0~ 2D (15.16)
MPZ)“P MPJASOE Mg, A ¢



i V1 (tot)y 4TV
Np(p) = — 20 = it 70
S VA A Ve

Kax oneHuTb mopsaox?

(15.17)

Ha nporsxennn nndosamun (13 (14.73) wm (15.13))

1o /snV\Y2 1 srlp\ (15.18)
Mp; \ 3 T Mp \ 3 '

— MeHdeTcd MaJlo.

H:

Ecau ¢; mMeeT opsiioK KBaHTOBOW (PJIYKTYaIUN -

pi ~ 0p ~ H (15.19)
Torga B (15.17)
1 87V
2 0
Q; ~ (15.20)
Mz, 3
[ToncTaBagem u mosrydaeM
3
NI~ 2 108 15.21

a HY2KHO BCETo NgOt> ~ 60 =+ 100.

Beenernag pasnysaetcs B ~ 1010 pas — «rmdmsmon-
HO OOJIBITIOE YNCJIO>.

Bummvas Beesennas — KpoIIedHbIit KycodeK MHQIAIN-
OHHOTO TIY3BIpS.

e [Ipobiema crieHApHUS «HOBOM MHMIIAIIINY — IPOTHBO-
ecTecTBeHHOE 3HadeHme A ~ 107!% — ouenb Majo, U He
osIBJIsIeTCs ecTecTBeHHBIM obpasoM B GUT.

Cuenaputi xaomuveckot ungpaiyuu Andpes Jlunde

Mngnavuua 6 curviom nose

PaccMorpum mpocTeiimme moTeHITna bl

V = gp" (15.22)

Mozkno s peanuzosars yesaosus (14.83), (14.84)7

M (VY

= —| — 1 15.23
© 167 (V < ( )

M3, V"
= — 1 15.24
g Sr V < ( )

[Torrpobyewm:

Vi n
— = — 15.25
=2 (15.25

Ml%l n? n
= " 1 = Mp; — 15.26
= Tom 5 < > Mpr (15.26)
v —1

_nr—1) (15.27)

4 ©

M2 n(n—1 nin—1
g Manln =) e ol =)
3T %) 8T

(15.28)

e [Ipu He caUITKOM OOJIBIINX 71 PEXKIM M€IJIEHHOI'O CKar-
ThIBAHUSA aBTOMATUYIECKHN Peain3yeTcs JJid

> Mp, (15.29)

He mporuBopednT m Takoe 3HaUEHNE IOJIA YCIOBUAM
IIPUMEHUMOCTH KJIACCUIECKOM IpaBUTAIIN



VYii0BHE KJIACCUYHOCTH:

V(p) < Mp, (15.30)

M 1/n
Vip)=gp" < Mp = ¢ < (%) (15.31)

Hy»Ho obecrieanTh:

M4 1/”
Mp < o < (7’”) (15.32)

DTO MOXKHO TOJIYIUTD 33 CUeT MaJIOil TOCTOAHHON ¢ (B
JIAHKOBCKUX €JIMHIIAX)

[aTo corvlacyercsi ¢ TOJIyeHHeM PeATCTIHIHBIX aMIIIN-
TY/l Ha9aJIbHbIX BO3BMYIIEHNII M HE BBI3BIBAET OTTOPIKE-

rust B KTTI|

[Tpumepnbr

Valp) = = (15.33)
e 1/2
pl

Mp; = M 15.34
—y > Mpp = m < Mp, ( )

A

Vi(p) = 79" (15.35)
Mé)l 1/4
—A Mp = A< 1 15.36
()\/4) > Mp; < ( )

Havanro ungravuu

e XaoTuuecKue HadaJbHbIE YCJIOBU A

Bceenennast (TouHee, Kakasd-TO Tpacpesia) HEOTHO-
POJIHA Ha BCEX MacmTabax BILIOTH JI0 IJIAHKOBCKOIO

— PaJMyChl KPUBU3HBI ~ M;ll =lp;, pr~ Mj‘gl.

e lIMeerca I/IHCbJIa,TOH CO CTelIEeHHbIM IIOTEHIMaJIOM.
EcrecrBeHHbIMUI YCJIOBUAMM JIAd HET'O ABJIAIOTCA

M4 1/n

e [loste cuavmo HeodHopodro, TOITOMY TaKKe

9" 0,00, ~ Mp, (15.38)
e Bkuiam KpuUBUBHBEI B «KBaHTOBOE ypaBHeHne Ppu-
MaHa» CYHJ;GCTBGHGH.

e B pesynbrare ciaydaiiHofl «KBaHTOBOI» QIyKTya-
I MOYKET BO3HUKHYTHL 00JIaCTh 4yTh OoJblle [p;,
r7ie TPaJiieHTHbIe Y9IeHbl U BKJIaJl KPUBU3HBI MEHb-
e V(). QayKTyanus momajiaeT B pesKiM Me/[TeH-
HOI'O CKATBhIBAHUS I HAYMHAET Pa3/LyBaThC.

o Vndusanusa 1pogo/Kaercd, IoKa He HapylIaeTCs
yenosue Mp; < o, OC/Ie 9ero oJie IepexoiuT B
PEXKUM OCHUJLIALMI U NPUBOANT K POXKICHUIO Ha-
crutt, (pasorpes). Hy»kuo B3amMojieiicTBue ¢ ¢ apy-
ruvu mostsivn (X -6030ouer GUT u mpotee).



Crenapuil XaoTH4IecKoi NHMIAINNT, KPATKO:

e [Ipenenbuo panHss Bceernas 3amoiHeHa mojieM MH-
byraToHa MIAHKOBCKO# TIJIOTHOCTH, YTO IJI0XO OITHCHIBA-
eTcs KJIaCCUIecKoil pU3MKOIl 1 JazKe HaJU4INe IJ1a Koro
TTPOCTPAHCTBA-BPEMEHN MTPOOIEeMATUIHO.

Ho nukakoit HagaJabHON CHUHTYISPHOCTH HET!

e HexoTopnie KaacTephl TJIAHKOBCKOTO pa3Mepa pa3y-
BaIOTCS 33 cueT MHQPIAINN B «MHQIAITNOHHBIE TTy3bI-
pU», U TO, 9TO MbI HADJIOJaEM — MaJiasi YacThb OJIHOI'O
U3 IIY3bIPEN.

YeioBre Haga 1a THMIIATIN: MaJIbII BKJIa1 I'PaueHTHO-
ro jieHa UH(MJIATOHA U KPUBU3HBI (9TO CIyIailiHOCTD).

OrpanudeHne Ha Ha4aJIbHYIO TEMIIEPATYPY.
Best sHeprud moJsid nepexoanuT B TETLIO:

p~agT" SVip~Mp)=

V(e ~ Mp
s

s V(p) < M3, (KnaccuauocTn) ciejyer,
910 Trep, << Mp; (MOHOTIONK HE POXKIAFOTCH )

) 1/4
= Tren < Thaw ~ [ ] (15.39)

CKOJIBKO e-(DOJIIMHIOB JAeT Xa0TUudecKasd MHQIAINA

Ng(p) u3 (15.15):

St [PV
Ni(p) = —/ = dy (15.40)
Mgy Jop, V!
Hna V = ge"
4 1 1
Y do = — (0 — o2 = ~ 2
/¢ v © 2n(s& ©r) = \¢ > ¢\ 5 ¢

(15.41)

_dm ©?

N — = 15.42
Cuuraem, uro B Hadase unduanun V(p;) ~ Mp, =
n o MY, = g~ M 15.43
gp; ~ Pz:>90zNglﬁ Pl = (15.43)
) 4 M4—n 2/n
NI = Nelg) = T () (15.44)
n 9
[Tprmepnr
m® ey Mpy
A (tot) 2T
n=4 g=2= Nl _ 2T 15.46
dp/p~5-107° =
n=2:m~10Mp = NI ~ 108  (15.47)
n=4: A~107% = NI 107 (15.48)

[TmankoBckuii MacimTab pacTsaruBaercsd MHOJIANIE B

13 7
101" nmm B 101" pa3z = xpuBm3HA HyTeBad, Hama Bee-
JIeHHAA TMPAKTUIeCKNd OeCKOHeTHa.



Modeav Cmapobunckozo (1979)

Mopgenb He COHEPXKHUT IOMOJHUTEIbHBIX II0JIeil, HO
VUNTBIBAET KBAHTOBLIE IIONMPABKM K JIarpaHKHUaHY
['minbepra-DitHInTeiiHA;

_ M]%l 4 R2
S__ﬁ/dx\/?g SNGVE

(15.49)

M umeer pasMepHOCTb MaCChl, CBOOOIHBII ITapaMeTp.

MozkHo mokazaTh, uTo jobas Teopus f(R) SKBUBaJIEHT-
Ha OOBIYHON Teopuy DIHINTENHA CO CKAJSIPHLIM II0JIEM
C HEKOTOPBIM HOTeHImaaioM V().

Jisg Teopun (15.49):

Vip) = % [1 — exp <—M i)] 2 (15.50)

1
0.8
0.6
0.4

0.2

vl b b P b b b bv i a Ly as
0 02 04 06 08 1 12 14 16 18 2
M,

ol L]

e Mozenb CTapoOMHCKOrO SKBUBAJEHTHA MOJIEH Xao-
TidecKoit undsisnun ¢ nuadaTorneiM mosem (15.50)

e OrpaHuveHnud Ha CKaJIPHO-TEH30PHOE OTHOIIEHNE
r < 0.037 cornacytorcd ¢ mozenbio CTapoOMHCKOro, Tak
Kak oHa mpejckasbiBaer r ~ 0.001. [arXiv:1502.02114,
arXiv:1807.06211].

I'enepaluga KocMoJIOrn4ecKnx BO3MYIIE€HUIA

o CKaJIdpHbIE BOBMYIIEHHUS: YCUACHHbIE UHPAAUUET Ba-

KyyMHBIE (DJIVKTYaAIUN 110711 BHMIATOHA.
e TenzopHble BO3MYIIEHUA: YcuseHHbLe UHPAAUUET Ba-

KyyMHbIe DJIYKTYAIny TPABUTAIIHOHHOTO TI0JId (MeTpPHU-

KonndecTBenHas Teopus aeT:

- CkaJIsipHO / TEH30pHOE OTHOIEHUE T°

- CrekTpaJjbHbIe MHIEKCHI CKAJISIPHBIX M TEH30PHBIX MOJT
BO3MYVIIIEHU

Huparsuuonnoe ycuaernue xK6anmosvx diyxmyanut no-
A UHpAGMONG

e KpanroBble durykTyanun moJisgs nHMIATOHA O SABJIS-
FOTCA TayCCOBBIM CJIYYaHHBIM [TOJIEM.

e PasjioxkeHne cpeHero Kpaapara OTKJIOHEHUS 110 UM-
ITyJIbCaM (JIJTMHAM BOJIH), PACXOJLAIIUNCS HHTErPaJT:

2 2

(15.51)
e CTieKTp MOIIHOCTHA KBAHTOBBIX (PJIYKTYaITHil
e

e AMILINTYHA KBAHTOBBIX (BJIYKTyaluil, 110 Olpejelie-
HUTO

Polq) = 6p(q) = —

590(Q) = o 2\/571_

(15.53)



e Ha daze ropsiuero B3priBa: Paciiupenune ¢ 3amejie-

HueM. [Opu30HT COOBITHIT pacTeT ObICTpee MacHITabHO-
ro gakropa. =
KOHCTAHTHBIE MOJIBI BXOJST IOl TOPU30OHT, U HAUNHAIOT
OCITUJLIUPOBATD.

e Ha dazse undasanun — obparnas kapTuna: Pacmmpe-
HUe ¢ yckoperueM. MacmirabHbrit haKTop pacTeT OBICT-
pee TOpu30HTA. =

KOPOTKME BaKyyMHbIE (DIYKTYAIIMU BBIXOIAT 33 TOPHU-
30HT ¥ 3aMOPaKUBalOTCA =

e QDukcupyercs OoJblIas aMILIATYIa KOPOTKUX (DIIYK-
TYaIlnii.

e [Ipu huKcHpoOBaHHOI AMIINTY IE JIJINHA BOJHBLL PE3KO
VBeJINUUBACTCH,

- AMILIUTY/IA JIJisd 3TOH BOJIHBI CTAHOBUTCS MHOIO HO0JIb-
1e, 9eM mpenucbiBaeTcs hopmysioit (15.53) —

- 9TO €CTb MEXaHU3M YCUJIEHUs BaKyyMHBIX (DJIyKTya-
Uit 3a cueT UHQJIAINN.

e OTU ycueHHble QPIYKTYallud €CTh T€ KOHCTaHTHBLIE
MOJIbI, KOTOPbIE€ Jal0T HaYaJbHbIE YCJIOBUA JJId 3BOJIIO-
I[N BO3MYVIIEHUN Ha rOpgadeil CTaInNn.

1
1

]
)
noa 1 3a \noa
rOPN30HTOM| rOPU3OHTOM 1 TOPU3OHTOM
' H(Y) |
|

1

1 H
I N E
1 '
1 i

q(t)=;’(‘3

MHENSILMS t. PO, ML cragun t

Beunaga nadagaimua n MyabtuBepc

o Vudiamusa maer, MOJabl KBAaHTOBBIX (PIYKTyaIdil Ha
cTa i MHQIAIUN BBIXOAAT 3a TOPU30HT U 3aMOPaAXKH-
BAIOTCH.

e PasHble BbIIIEIIINE 338 FOPU30HT MOJIbl HECYT Pas3HbIE
3HAUYEHUsI 110Jis1 MHQJIATOHA U HNPUIMHHO HE CBsI3aHbI
MEXK Iy CODOIA.

e Bcs ob1acTb nHQIISINKT 0KA3bIBAETCs Pa3buTa Ha, I10/I-
00J1aCTH CO CBOMMU IIOYTU OJIHOPOJHBIMU IIOJISIMU KH-
dsrarona = Bceenennad B 1eJioM CHJIBHO HEOIHOPOIHA.

e B HekoTophix 00/1acTIX MHQIATOH BEJIMK, U TaM YCHU-
JINBAETCsI pa3/lyBaHIUe.

e B HekoTOPHIX 00J1aCcTIX MHQIATOH MaJI, TaM UHQJISI-
1151 3aBEPLIACTCs IOPSIIUM B3PbIBOM.

o Tam, rae unbsAMs TpogoKaerca (MHQIATOH Be-
JIVK), HOBble KBAHTOBBIE BO3MYIIEHUSA BBIXOJAT 3a T'O-
PU30HT U T.JI.

... = peKypcud = Beunasa nadiganmud

° I/IchﬂﬂuMH OJIHA2K/Ibl HAYaBIIMCh B Ha4YaJIbHON Xao-
TUIECKON BCEJIEHHON HUKOT/Ia HE 3aKaHINBAECTCA, U 3TOT
CIleHApUl 04YeHb OOIMuUil JiIsd pas3HbIX MoJjesieil nHMJId-
IAN.

e Paznbie obsiacTu npeacTaBiIdioT coboil He3aBUCUMbIE
«JIOKaJIbHbIE€» BCEJIEHHBIE.



e Ha crajiun ropstaero B3pbiBa CUMMETPUN HAPYIIAIOTCS
CAydaifiHbIM 00pa30M, IIO9TOMY OHU MOI'YT OBITH HaPY-
IIIeHbI [I0-PA3HOMY, TOT/Ia B PA3HBIX JIOKAJbHBIX BCEJIEH-
HBIX OynmeT pasHas dpusuka. Myavmueépc XaoTUIeCcKOit
1 BEYHON MHQJISIINN.

e Hiie oHa 3arajika pelraercd: TOHKAasl IIOJTOHKA (DYH-
JTaMEHTAJIbHBIX KOHCTAaHT. Cja0blii aHTPOIIHBIA IIPUH-
LIMII:. Mbl »KMBEM B OJHOI M3 TeX HEMHOI'MX BCEJIEH-
HbIX, TJIe CHOHTAHHOE HapYIIeHUue CUMMEeTPUil MpOon30-
ITJI0 CIIOCOOOM, KOTODHBIN IOJAEPKUBAET BO3MOXKHOCTH
CYIIIECTBOBaHUsT MBICJIAIINX HaOJIOTaTe e,

TIME




MynbTuBépc(bl) (~ Mo Makcy Termapky)

MynbTuBepc 1-ro ypoBHA

Habnogaemas Hamn YyacTb BceneHHoum
(MeTaranaktuka) - 1Llb KpoLleyHas
4yacTb Halleil «/T0Ka/IbHOW BCESTEHHOM -
Ny3bIpA UHPNALMOHHON KOCMOJTOTUMN.

CyLecTByeT HEBOOOPaA3IMO OrpoOMHOE
YMCNO APYrMX MeTarasiakTuk, KoTopble
He MOryT ObITb C HAMU NPUYMHHO
CBS13aHbl.

[Ae-TO B My/bTUBEPCE 1-ro YPOBHSA €CTb
ToyHas konns CoSIHEYHOW CUCTEMbI
N HEN3MEPUMO 60/IblLe HE OYEHb
TOYHbIX KOMUNA.

B MmynbTBepce 1-ro ypoBHS peasibHO eCcTb
«aHcamMmbnb HabaaeMbIX ropu3oHTOB,
KOTOPbI HY)XeH Matannapary
KOCMOJIOrMYEeCKMX BO3MYLLLEHNIA



TIME

MynbTUBEpPC 2-T0 YPOBHSA - XaoTuueckasi BeuyHast UHcnaums

Pa3Hble f1oKanbHble Ny3bipy MHPAAUMN — NTIOKa/IbHbIE BCE/IeHHble — MOrYT coAepXaTb
pasHy0 Qon3nKy.

Mpo6riemMa TOHKOI NOArOHKM NapamMeTpoB — Masloe U3MeHeHne hyHaaMeHTa lbHbIX
KOHCTAHT BeleT K «B3PbIBHOMY HapyLLEHWNIO» CTabUNbLHOCTU CTPYKTYP.

Cnabblih aHTPOMHbIN NPUHLKUN: Mbl HAGMOAAEM TOHKYH HACTPOWKY NapaMeTpoB NOTOMY,
4YTO B TEX BCEJIEHHbIX, I1€e ee HET, HET 1 Habnogatenen (AHgpen JinHae)



