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[eHepaLust NepBMYHbBIX BO3MYLLeHU BO BceneHHoll
Cevunapsr: B.A. Pybakos, /I.T". JleBkos

Jletnsasa mkosa douga «Innactuss
«Habmomarenbuast u Teopernydeckasi Kocmosiorusi», 15-26 asrycra 2011 r.

Sataun

[ToryuanTts pemenne ypapHennsa Opuamana I cTaJIud TOMUHUPOBAHUSA KOCMOJIOTH-
YeCcKOU HOCTOSTHHOI.

[Tpu KaKoM 3HAUEHUW KPACHOIO CMelleHnd BceelenHnas Hadasa paclIdpaATbCd YCKOPEH-
HO?

[ToryanTh 3HAUYEeHWE KPACHOTO CMEIIeHUs, TPpH KOTOPOM MaTepus Hadaaa JOMHHUPO-
BaTh HAJ pauallueii.

I13BecTHO, UTO BCe KPYIHBIE 00BHEKTHI BO BeeneHHOl (raJakTHKN, CKOIIEHHs TaJaK-
THUK) TPOU3OILIN U3 JUHEHHBIX BO3MYIIEeHNH mnoTHocTH. Kakoii pasMep nMeso Obl ceii-
Jac BO3MYIIEHNE, BOIIE/IIee MO TOPU30HT B MOMEHT Iepexoia MeXKAy pa ualuoHHO—
JIOMHHUPOBAHHOI 1 MaTepuaIbHO—TOMIUHUPOBAHHOI cTaausivu’ Korma BOMLIO Mo/ T0-
PU30HT BO3MYIIeHUe, obpasoBasiiee ragaktuky macch 101 Mg (¢ yaerom Temmoii ma-
Tepun)?

Ykazanue. CAUTATD, YTO B TATAKTHKY COOMPAETCS BCSI MATEPHS U3 MIapa paamyca \/2,
rje A — JJIUHA BOJTHBI BO3MYIIEHHS.

[ToyunTh TPOCTPAHCTBEHHO—OIHOPOIHBIE PEIICHU I MACCUBHOTO CKAISPHOTO MOJISI
B pacmupsromneiicss Beenennoit B ciayuasx (a) m < H, (b) m > H. B cayuae (b) naiitn
p(t) m p(t), ycpeaneHHBIE IO BPeMEHHBIM WHTepBAJaM, MpeBbIMIAIOmuM m 1. Moxker
JI TAKOE CKAJSPHOE MOJIe BBIMOJIHATH POJIb TeMHON MaTepun’?

HO,Z[ BJIAHUEM BHEITHETO MOJIAd YaCTOTa TapMOHHYECKOI'O OCHUJIIIATOPAa MEHJAETCd I10
3aKOHY
2 2 2 2
W= w? 4 (W —w?) (1),

rae Q(t) — dyukiug Xepucaiiga. Haiitu cpegaee qnuco 3a0HeHRS OCIALIATOPA TTIPH
t > 0, ecan W3HAYAJIHHO OH HAXOJMJICST B OCHOBHOM COCTOSTHWW.

OI_[eHI/ITb yIJioBo€e pacCTodHue MeXKAYy IMHKaMH B CHEKTpe aHU30TPONUU PEJTUKTOBOTO

n3aydennusi. Paccmorpers ciaydan Qy = 0 u i Qp # 0.

Yrazanue. Cautarh i1t TPOCTOTHI, YTO CKOPOCTH 3BYKa B (hOTOH-OAPHOHHOI TL1a3Me
JIO PEKOMOMHAIINY PaBHA 1/\/§ Ydecth, uTo pekombuHanus npoucxoaut npu z = 1100,
1 B 3TO BpeMs BcesleHHAsS HAXOIUTCA HA CTAIUU JTOMUHUDPOBAHUS HEPETSITUBUCTCKOI
MaTepuH.
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PaccmarpuBasi raMOHMYECKHiT OCIUJLISATOD C (PUKCUPOBAHHON HaCTOTOM, yOeauThCs,
9TO Teopema BuWka mepecTaer BBIMOJIHATHCS, €CTN BMECTO BAKYYMHOTO COCTOSTHUST BBI-
opars (Hopmuposannoe) cocrosiame Buga N (]0) + «|1)).

To xe ps cocrosguus |1).

Borauenuts pazMep, KOTOpBIi 3aHIMAa A BHANMAasA B HACTOAIIEee BpeMs JacTh Bceenen-
HOl B 310Xy pexombunaiuu (z = 1100). CpaBHUTH ¢ pa3sMepoM TOPU30HTA TACTHIL
B Teopun ropsiaero Bosbimoro B3peBa mpu z = 1100. Coracyercs jin HabJIrO1aeMast
N30TPONUSA PEJIMKTOBOIO U3JIYUYCHUS C IPUYUHHON CTPYKTY PO NPOCTPAHCTBA-BPEMEHH,
HMeIOITeiics B 3TOil Teopuu?

Mp#1 HabJ101a8M KOCMOJIOTHYecKre Bo3MyIienns ¢ ganaamu BoiH ot 100 kmk g0 10 ['k.
3a kakoe uncyio e—(OJIIMHTOB 10 KOHIA WHQJISIUNA COOTBETCTBYIONINE (DIYKTIAINNA
BBIIILTH 33 TOPU3OHT?

Vraszanue. CauTaTh, 9T0 B MOMEHT OKOHYaHUS HHMIgnun Beenennas MTHOBEHHO pa3o-
rpesaack 10 TeMmmeparypsl 1, ~ /H.M,, toe H, — napamerp Xa00.a.

[Iycts moMuHUpYIOMAg MaTepus BO BeereHHoi XxapaKTepu3yeTcs YpaBHEHHEM COCTOSI-
HUd p = wp, Tae w = const. [Ipu kakux w Beenennas pacmupsercs yCKOpeHHO?

Beipazuts w + 1 = p/p + 1 depe3 mapameTpsl MeJIJIEHHOTO CKATBIBAHUS B MEPBOM
HEeHCYIe3al0meM TOPSIKe 0 3TUM MTapaMeTpaM.

Pacevorpum madasumio B Mogenn ¢ norenmuanoM V (¢) = Aln(¢p/A).

(a) HpI/I KaKUX 3HAYCHUAX I1OJIAd BBITTOJIHAIOTCA YyCJIOBUA MeIJIEHHOT'O CKATBIBAHUA!

(b) Kaxkoe HauaanbHOe 3HAUEHHUE MOJIsT TPEOyeTcst 1Jist TOro, 9To0bl HHMJISINS TPOIOJI-
xanach N, 2 60 e-doaauaron?

(c) TIpm kakoM A mosTydaeTcst MpaBUJIbHAST AMIIIATY/(a CKAJISPHBIX BO3MYIIEHMUIT
Sp/p~+Pr~5-107°7
(d) Cormacyercst m MOJEJIb € SKCIEPUMEHTATLHBIME JIAHHBIMH, KOTODBIE JAIOT JJIsI

AMILTATYIBI TEH30PHBIX BO3MyIeHuil 7 = Pr/Pr < 0.2 u HAKIOHA CHEKTPa Ny =
0.94 - 0.99?

To we s V(¢) = Aexp(—¢ /o).

Vrasanue. CauTaTh, 9T0 HHMIANNA 3aKAHIUBACTCI IPUA ¢ = ¢@.

Paccmorpum xaotuueckyto undsanuo ¢ norenmuaiom V(¢) = m?¢?/2. Haiitu pas-
HOCTH MEXKJIy HAKJIOHAMH CIIEKTPOB BOJIH, COOTBETCTBYIOIINX KOCMOJIOTHYECKHM BO3-
mymeHuaM pazMepoB 100 knk m 10 ['mk.
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Pacemorpum nndasnuio ¢ oiHUM CKaJSPHBIM TI0J1eM ¢. MO0KHO Jin BOCCTAHOBUTH CKa-
aspHbIii noreHnmaln V(¢) mo crnekrpy dbJayKkTyanuii II0THOCTH U CIEKTPY PEJTUKTOBBIX
IPaBUTAIMOHHBIX BOJH? MOXKHO I ODOHTHCH OJHUM JIAIIH CIHEKTPOM (DIyKTyaIlHii
mioraocTr? ONEHUTH WHTEPBAJI 3HAYEHUIT ¢, T/Ie MOXKHO BBIYUCIUTEL V(¢), ecan mis
n3MepeHnii ceiidac JTOCTYIHBI BO3MyTeHnda ¢ jgimuHaMu BoaH oT 100 ko mo 10 ['mk.
[Tpeanonaratsk, 9To ocraibHbie mapamerpbl Beenennoit (Qopa, g, QO Ho, w 1. 1)
MU3BECTHBI, B YACTHOCTH {2y = 1.

Vraszanue. IIpeanonararh, 9T0 BHITOJHEHBI YCJIOBUS MeIJIEHHOTO CKAThIBAHUSA.

Paccmorpum nHISMINIO ¢ TOTEHITHAIOM
1
V(6) = gm*¢* + A'sin(Q9)

rae A < M. Kakoe kauecTBeHHO€ ITOBeIeHNE CIIEKTPA CKATAPHBIX BO3MYIIEHII MOKHO
oXKuaaTh B Takoit mogenu? [Ipu kakux 3HadeHUAX ) TAaHHYIO MOJETh MOYKHO OTJIHIUTH
oT CTaH,Z[&pTHOf/'I Xa0THUYIECKOM I/IH(i)JIH]_[I/II/I C IOMOIIIBIO U3MEpeHUnd KOCMOJIOTHUYICCKUX
BO3MYIIEHUT?

Beunasi undasuus. Ilycre $(z#) — kBanToBOe mosie uudaarona. Pazmenmnm, kak
OBBIYHO, ITO TOJIe HA KJIACCHYECKYIO 9acTh ¢(t), TOTINHSIONYIOCS KJIACCHIECKIM YPaB-
HEHUsIM JIBUKEHWs, 1 KBAHTOBYIO 9acTh ¢(zH),

B ) — oY

P(z") = p(t) + o(a")

[Ipu kakux ycaoBuAX u3MeHeHume ¢(t) MOMKET OBITH CKOMIEHCHPOBAHO KBAHTOBBIMIU
dbaykTyanuamMm — Tak, 9TOOBI cpeaHee 3HaueHme omeparopa ®%(zH) He 3aBHCETO OT
Bpemernn’? laTh MHTEPIPETAINIO TIOJYYEHHOMY De3y/JIbTaTy.

PaCCMOTpI/IM MOIeJab C IIOTEHIINaJIOM
2
m

[Tpu kakux 3nadenusx Vy, m, ¢ peajusyercs ONUCAHHBII BBITIE PEXKUM «BEIHOI WH-
dngmuny? Caurarh, YTO padoTaeT MPUOIMKEHHe MeIJTeHHOTO0 CKATHIBAHHS, a TAKKe

V() < M;}l.

[Tpu kakux 3HaveHusx Macchl undarona B mojean V(@) = m?¢?/2 moxer paboraTh
KYPBATOHHBIII MEXaHN3M TeHEPAITUN CKATSIPHBIX BO3MYIIECHUIT?

PaccmorpuM KBaHTOBBIMT TAPMOHUYECKU OCIUJIISITOD; BBEJIEM BEJTMINHY

(1) = [(z0 + 2(1))> — 23] = (1) + 2 (1)

rje Ty — OOJIBION mapaMeTp COOTBETCTBYIOIIeil pa3zmepHocTH. Borancantsh 6e3pasvep-
nyto semmwamiy (063(¢)[0)/](0[6%(¢)[0)[*2

Y

- 2—370 233‘0

B [VIABHOM HEHCUYE3AI0IeM HOPpAIKe IO Ty L

BorancanTh HaKJIOH CIIEKTPa CKAJISTPHBIX BO3MYIIEHUH, TeHEPHPYEeMOro KypBaTOHOM B
MOJIEJIA C KBaJAPATUIHBIM IMOTEHIINAJIOM HHAIATOHA.



