ACTPOOIN3NKA
Jlekumsa 12



Oco0eHHOCT B KOCMOAOTHUHA




ComnyrcrByromiee paccroasHue

X1
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X3

X1

®
9

X3




CoOcTBEHHOE pacCTOAHUE

d=ay

=8

(.) (.) I (.) . a=a,
\ 4

X1 X2 X3 a — MacluTabHbIn dpakTop

t=t,>t,
a=a,>a,

©
2

X3

d~z npu z=0



3aKkoH Xa00A2

e =
E 1 ﬁx v=H d
5 2 Supemova  § ' ; H — nocrosanas Xao0Aa.
: Project , 2 72 + /-2 wm/c/Mrxk

— E 20 Calan'Tololo ds* = Adt* — a(t)*dl*.

ek . RT‘%E"’_'

0

g
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[ 01 0.2

L

~ redshift z
2%(t)dI’=d Pensit. marepus: p.(2)=p. (0)(1+2)"
dd=a(f)dl Hepemar. matepust:  p,, (2) = p,, (0)(1+z)°,
a’:a(t)jdlzax | =
v=dd/dt=(da/do)y = [(da/dt)/a](ay)=Hd RUREIERER p.(2)=p (0)1+2),

Bakyym: P (z)=const

(I+2) +Q (1+2)" +Q, )

m

H(2)= H, (Q,(1+2)' +Q



KpacHoe cmenreHue

t=t;>t
=5 t=t,>t, a:?é >2a
a=a, a=a,>a, \ 302
)\1 )\2 °
—_—— NN
(.) SN N
Z=N-Ng/\g z+1=a(ty)/a(t)

OTO HENb34 00bACHUTBL TONbKO adhdekTom [Jonnepal!
OTO HerMb3s1 OObACHUTBL TOMbKO rPaBUTALUMOHHBLIM KpacHbIM CMeLLeHneEM!

S bHb—606—H—
& .
X1 X2 X3 Z — KaK X.
pacTeT ans bonee ganekux,
MNOTOMY YTO HaLla BCENEHHas

2,>2,=27, BCerga paclumpsnach




KocMmoAornueckoe KpacHO€ CMEIIEHUE

a) Bénusu ©) L

~d~ | ?

 3akor Xa66na. v~d~z lNoxoxe Ha gonnep! Novyemy* y ?7
[MpoCTpaHCTBO paclUnpsIETCS Be34Ee OO4MHAKOBO. O L«
CKOpOCTb NponopLuMoHanbHa pacCTOsSHMIO.

* Temn pacwMpeHnsa MEHAETCSA MeOIEHHO. ©) 1
[TosTomMy ons 6rnMmM3kux rasiakTUK oH NPUMEPHO O4NHAKOB. : ,;::\ ?"..‘. :

6) Boanu
BaxxHO MOHMMaTb, YTO BAAnNu @,Q)
CKOPOCTb pPacLUMpPEHMS Egjg’“ ‘
HENb3s BbIYUCIUTL MO : (03.0.7)

(0.3.1.0)

KPpaCHOMY CMELLLEHUIO,
NCNoNb3ys PeNATUBUCTCKUN
adodpekT gonnepa.

-
=
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o
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Special Relatrvity

1000

Tamara Davis et al.




DopmMyAbI AAA pacHIupeHus - 1

Pazurpie CPEABI:

* Bemecrso (merab, p=0)
* Usayuenwme (p~T%

* Kocmoaormaeckas mocrosauas (p=-oc?)

 TIbinb o= 3/2
* Wszayuenme o= 2
* Kocm. moct. o= 0

Anas cBera (ds?=0):

: © dz c (14 e )
a(to)Hy Jo H(z) alt )Hnl— o '

(2)= H(Q,(1+2)' +Q, (1+2)



PDoToMETPUIECKOE PACCTOAHUE

MNoTok=cBeTMOCTb/Nnowanb
~_. / nnowanb=41d,2
_/_/_”

M/.)\ ~ \ /

_—

/ L o, = (L/47 )7 = a*(t0) 7,

BaxkHo cyllecTBoBaHMEe «CTaHOAPTHLIX CBEYEN».
Hanpumep, 310 cBepxHOBbIE TUNA la.



YrA0oBOE pACCTOAHUE

Pasmep s

<

Z Ng=e

dgq= dgy

dem1=dem2

X1a(torm )= Xoa(tmo)
X1>X2: a(tem1)< a(temQ)

OTO CODCTBEHHOE PACCTOSIHME HA MOMEHT
NCNyCKaHUA NPUHMMaeMoro cenyac nanydeHms!







Paccroaaue no coOCTBEHHOMY
5 ABU>KEHUTO

— 4

Ecnu Mbl 3HaeM CKOPOCTb [BWKEHUS
[ieTanu B [)KeTe, TO Mo ee YrroBoMy
CMELLEHUIO Mbl CMOXEM paccyuTaTb
paccTosiHue.

YanBuUTENbHBLIM CBOMCTBOM SIBMAETCHA
TO, YTO OHO paBHO COBCTBEHHOMY
PACCTOAHUIO B HACTOSLLIUA MOMEHT BPEMEHMW.

K coxkaneHuto, Mbl He 3HaeM npumepa
«CTaHOAPTHOW CKOPOCTUY.



Bpemsa nyreniecrBua dporoHa

d=ct

O

(MMeHHO 00 3TOM pacCTOSIHUM Yalle BCEro roBOpsT B HOBOCTSIX:
«OTKpbITa Janekas ranakTtuka, CBET OT KOTOPOW LUES K HaMm
10 MnnnnapnoB NeTy)

Ho noka cBeT Lwen — BcesieHHada paclimpsnacs!
[ToaTomy, ecnu cBeT UAET U3 TOYKM A B TOYKY b,

TO HA MOMEHT NMpPuUBLITNA paccTosHne mexgy A n b
Bynet bonblue Yem NpocTo NponsseneHune ct!



Oco0eHHOCT B KOCMOAOT UM

. Bpems




CMOTpHM BAOAB CBETOBOI'O KOHYCA,

d ABN?KCMCA 110 MI/IPOBI:IM ANMHNAM

Cosmic time, t

“|Broper distance, D




D opMyABI AAF PACHIUPEHUA - 2
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0 5 10
Billions of years from now

q=0
H2(2) = H? (Qr(1+2)* + Qu(1+ 22+ Qy) . q=1/2 t=(2/3H)
Ceiraac q<0.




KocMmoaorndyecknii KaAbBKyAATOP

Enter values, lut a button

H n}

Oinegang

1 Mpe = 1,01

General uses the Omegasyae that you entered.

UpesBbl4anHO YO0OHbIN MHCTPYMEHT, MO3BOMSAKOLWMA pacCcYNTbIBaTb pa3Hble PacCTOSAHUS
ONsi pasHbIX KOCMOSTOrMYECKNX NapaMeTpoB.

http://www.astro.ucla.edu/~wright/CosmoCalc.html



ITapaarokc Oan0epca

Mbl CMOTPUM B MPOLUSIOE.

TeMHOoTa HOYHOro Heba
0b6bACHAETCA KOHEYHbIM
BO3PACTOM BCEIEHHOWN U
paclUMPEHNEM BCETEHHOMN!

L

IToTtok: F ~ —

Apkocte: | = £
AQ

Y.

pasmep: AQ~ 6° ~

2




Cosmic time

«Yacbl bora» - kocmuyeckoe
BpeMS

«Cenyac» KocMMUYECKOE BPEMS
COOTBETCTBYET HaLUMM Yacam.
Ho, Ha kakoM-HMOyab ganekoMm , .
HabrgaeMoM O6bekTe C TOUKM K
3peHns HaLlWMX HabroaeHui \1 L
yacbl UOYyT MeasneHHee. B ol




B3rasga 0ora







Cxopocts pacinupeHus:A

Y Hac ecTb pasHble ornpeaeneHnss pacCToAHUN U
Kak MMHMMYM [Ba OnpeneneHns BpemeHu
(«kocMunyeckoe» U Mo 4acam Habnogarens),
3HaA4YUT, Mbl MOXXEM onpeaensTb CKOPOCTH
pasHbIMW crnocobamu.

CKOpOCTb 3TO BCerga M3MeHeHue pacCTosAHUS
3a [laHHbI NPOMEXYTOK BPEMEHM.

Pa3Hble CKOPOCTU UNMOCTPUPYIOT Pa3Hble acneKThbl
pacLLUMpPEHUSI BCENEHHON.

. =~
Ba)kHO, YTO CKOPOCTb YaaneHus ganekon e

(1 Npn 3TOM HabngaemMon) ranakTukm
He CBsi3aHa OrpaHU4YeHneM V<c, T.K.
NOKanbHO ranakTmka nokouTcs.



Urto 3HauUnT «OBICTPEE CBETAM?

V — CKOPOCTb YaaneHus
vV>C (CKOPOCTW CKNaabliBaloTCs

Mo rajinnneeBCKoOMY 3aKOHY,

w! ) HE HAAOo NPUMEHATb 30EeCb

PEenATUBUCTCKMIN 3aKoH n3 CTO)
CBeT e ygansercs

V+Cc=>v>C CKOPOCTMN U3MEHEHUS 5 Co
Y COBCTBEHHOMO PacCcTOsHUA P g A
3AKOH No co6CTBEHHOMY BpEMEHM. ‘95@7
Xa66ma OTO COOTBETCTBYET (‘; N
1 «B3rnsagy oora». ) :
C y LS G
5 '»
Cdbepa
Xab6na ‘}) (I) (QA
V:C \‘\ /,,




CxopocCTh IO yYTAOBOMY PACCTOAHUEO

3710 Habnogaemas BennynHa. Mbl MOXeM onpedennTb ee No CBOMM Yacam.

Takasi CKOpOCTb UMEET TakOW CMbICI:
OHa MoKasblBaeT, C KakoW CKOPOCTbHIO
yoansanacb OT Hac ranaktuka B MOMEHT,
korga 6b1S10 UCNYLLEHO U3NyYeHne,
KOTOpOE Mbl Cenyac NpMHUMaeM,

HO MO HaLIMM Yacam.

[na Hee He gencTByeT 3aKkoH Xabbna.

\ 4

A
v




Tpu ckopoctn

[1Be CKOpOCTWN COOTBETCTBYIOT
BpeMs :
A «Barnaay 6oray:
1. CKopOCTb yaaneHus
Ha MOMEHT M3Ny4YeHund
MO «KOCMUYECKUM Yacam»

2. CKopocCTb yaaneHud
Ha HaAcTOALWMNA MOMEHT
N0 «KOCMWUYECKMM Yacam»

TpeTbFl COOTBETCTBYET TOMY,

4YTO MOXET N3IMEPUTb H86]'I}O,El,aTeJ'IbI
CKOPOCTb yAalrieHund, Kotopad nmMmersia
MeCTa Ha MOMEHT UCIMYCKaHNA
N3ry4eHnd, HO USMepHeEM Mbl €€

Nno CBOMM HacCaM.

Bce Tpu MmoryT 6bITh GonbLue ¢



Cosmic time, t




«HPI/IBHS AHHBICY

astro-ph/0104349

I'AAAKTHUKHN

[TpeacraBum ceOe, 9YTO MBI «BBILICITHAID
TAAAKTHKY 13 XaDOAOBCKOTO ITIOTOKA.
Toraa y Hee OABUATCA KaKas-TO
IIEKYAAPHAA CKOPOCTB.



[I1BUXXeHne «oTBA3aHHON»
rafiakTukKun

(2,,2,)

=
o=,
)
g
=

— untethered galaxies . asymploles
— untathersd galaxias

-100 - -50
Proper Distance, D (Mpc) Comoving Distance, y (Mpc)

B pa3HbIX KOCMOMOrMax ranakTmka MOXeT Kak NpubnmxkarbCs, Tak 1 yaansaTbCs.
Ho ranaktuka Bce paBHO «HbIPHET» 0B6paTHO B XabOMoOBCKNM MOTOK.

astro-ph/0104349



BbikaunBaHue aHeprum n3
pacliMpeHnsa BCerieHHOW

YTBepxaaeTcs, YTO 3TO BO3MOXHO!

MINING ENERGY IN AN EXPANDING UNIVERSE

EpwarD R. HARRISON
Department of Physics and Astronomy, University of Massachusetts, Amherst, MA 01003
Received 1994 April 4; accepted 1994 December 13

ABSTRACT

In principle, the expansion of the universe can be harnessed to provide energy. In a gedankenexperiment,
energy is gained by connecting together widely separated bodies with strings. The tension and the energy
generated are calculated for single strings. Mining energy in an expanding universe in this way raises unre-
solved issues concerning the conservation of energy. Apparently, the tethered-body experiment delivers
“nascent” energy that previously did not exist in any identifiable and quantifiable form. It is argued that
energy in a homogeneous and unbounded universe, in general, is not conserved on the cosmic scale.

Edward Harrison, ApJ 1995
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IlexyAaapHaa CKOPOCTH
I CKOPOCTb B MOMEHT U3AyYECHUA

UTOOBI OCTABATHCA IIPUBA3AHHOW,
raAAKTHKE HAAO OYEHBb OBICTPO
ABUTATHCA OTHOCUTEABHO COCEAEH.

CyLeCcTBEHHO MOMHUTb, YTO
NEKYNsipHasi CKOPOCTb MEHSIETCH
No Mepe pacLumpeHuns!

V~1/a




KocMmuueckne ropu3oHTHI

1. FOpn30HT YacTuL (-)"‘ OTOT ropM30OHT COOTBETCTBYET

C camoMy Jarnekomy OObLeKTY,

G / ")  KOTOPbLIN Mbl Ceityac BUANM.

- : B pearibHbIX Clty4adX Ba>KHO
\/\/\ NMOMHUTb, YTO Mbl OOJTXXHblI CHUTATb
He OT MOMeHTa «HOJ1b», a OT
CKonbKo cBeT npoLwiest 3a BpeMAa XN3HU BCENEHHOMN. MOMEHTA, CKaXkeMm, O6pa3OBaH|/|F|

NnepBbiX 3BE3 UITN NANaKTUuK, Uin

2. FOPU30HT COBLITH NCMYCKaHMA Kakoro-To Buaa 4actuy
OH He coBceM MoxXox Ha Gy
v @ N
[OPU3OHT COBLITUI Y YEPHbIX AbIp! ) ‘(e) C
. A \\\ 0)
MOXHO cka3aTb, YTO Gy
FOPU3OHT COBLITUIN — 3TO N~

pacCcTosiHUE 00 CaMOoro Aarekoro
oObekTa, 4O KOTOpOro Koraa-Hmbyab
B ByayLLIEM CMOXET JOUTU HaLl CBETOBOW »
cuUrHan, nocriaHHbI cenyac.



1 opH30HTHI U 3BOAOIIUA

M
o

15 =
12 S
109
D8 ©
06 8

o0
s
S

Proper Distance, D, (Glyr)

PUCYHKN COOTBETCTBYIOT CTaH4APTHOM Ha CErogHSALWHUN OEHb KOCMOSIOrM4eckon Moaenu.

Tamara Davis et al.
astro-ph/0310808



ComnyrcrByromiee paccroasHue
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Comoving Distance, Ry, (Glyr)

PUCYHKN COOTBETCTBYIOT CTaH4APTHOM Ha CErogHSALWHUN OEHb KOCMOSIOrM4eckon Moaenu.

Tamara Davis et al.



KondopmHoe Bpemsa
dt =dt/a(t)

n
=

P
=

Scalefactor, a
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Comoving Distance, Ry, (Glyr)

PUCYHKN COOTBETCTBYIOT CTaHO4APTHOW Ha CEroaHAWHMN JeHb KOCMOSOrm4eckon mogesnu.

Tamara Davis et al.




B 0oAee MEAKHX AETAAAX ...

*._~worldiine of comoving object..
currently on our particle.herizon

Scalefactor, a
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20 30
Proper Distance, D, (Glyr)

PUCYHKN COOTBETCTBYIOT CTaHO4APTHOW Ha CEroaHAWHNN JeHb KOCMOSOorm4eckom mMogernu.

Tamara Davis et al.



... A TEHEPH AAA COIIyTCTBYIOILIETO...

worldline of
comoving
object
currently on
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on our partic
Rarizon at a=0.

0.4
0.2

20 30
Comoving Distance, R x, (Glyr)

PUCYHKN COOTBETCTBYIOT CTaHO4APTHOW Ha CEroaHAWHNN JeHb KOCMOSOorm4eckom mMogernu.

Tamara Davis et al.



Kak MBI MOKe€M «yBUAETH»
pacHIIpeHNE BCEACHHOM?

* I3ameHeHne KpacHOro cMeLleHuns

* I3ameHeHne boTOMETPUYECKOIO PacCTOSAHUSA

* IameHeHune yrrnoBoro paccToAaHmA

* lIameHeHne paccTosAHUA N0 COBCTBEHHOMY OBUXEHUIO

BeposTHee Bcero nepBbiM OyAeT 3aperMcTpupoBaHO M3MEHEHME KPACHOrO CMELLEHUS.
3710 noTpebyeT BBOAA HOBOIO MOKONEHMS criekTporpadoB Ha HOBbIX TENECKOoMax.

3arem, BUOANUMO, yaacTcsl yBUOETb N3MEHEHME YITIOBOr0 PacCTOsHUS, NU3MEPSIEMOro
no HabngeHnsaM MasepHbIX UCToYHKUKOB (arXiv: 1207.7273, 1402.3590).



Paccroanue u mazepsl

N3mepsatoT:

» CobcTBEHHOE
OBWXEeHne

» CkopocTu

* YCcKopeHue

Bce BmecTe

Mo3BorsieT

onpeaenuTb

_ Il paccTosiHue

|‘ I MPAMbIM

R M Bl reoMeTpPUYECKIM
METOOM.

5|

LOS Velocity (km/s)

Flux Density (Jy)
[RS8 ]

a -5 -10
Impact Parameter (mas)

s MJ A J(gue—ei Ldfw (g l . OTO yrrnoBoe

1500 1400 1300 550 450 350 paccTosiHNE
Line-of-Sight Velocity (km s-1)

—
T T LI B e ey e e e

astro-ph/9907013



YrA0oBOE pACCTOAHUE

Pasmep s

<

Z Ng=e

dgq= dgy

dem1=dem2

X1a(torm )= Xoa(tmo)
X1>X2: a(tem1)< a(temQ)

OTO CODCTBEHHOE PACCTOSIHME HA MOMEHT
NCNyCKaHUA NPUHMMaeMoro cenyac nanydeHms!




CkopocTh B MOMEHT U3AYUECHUA

B paSHbIX KOCMOAOI'MAX




YckopeHusa B KOCMOAOTAH




YckopeHue B pa3HbIE MOMEHTEHI

L |' T 1T 17 T 177 l LI .| ] I T 1 [ LI I T T T [H_!__._-I-""

dv,,, dz
dz dt’

IToka Bce 3AMCAAACTCA
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1,=0.287
Acceleration

I]lllllll

14 12 10 8 6 2 2

o

D10 YCKOPEHHE FACTHUIHO BBIYHCASCTCS, OHO XaPAKTCPU3YCT U3MCHCHIC CKOPOCTH M3MCHCHUA

COOCTBEHHOI'O pacCTOsHUA B MOMCHT HCITYCKAHMA U3AYICHHA ITO 9aCaM Ha6AI-OAaTCAH.



o = dvgyy, ,:/ At s,
s = it/ (L 1 =
dvep, dz
dz dt’
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0,=0.403
Acceleration

[Tocremenno HavymHaeTCA YCKOpCHI/IC
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Acceleration

B macrosmee Bpema

‘,212 = d“ifﬁfn,/&tabss
Ay = alter /(1 1 -

d’”r*fu dz
dz dt’
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Acceleration

B Oyaymem. Buano, kak BceaeHHas yckopseTcs.

Q[Q = d“t}cm /! ﬂtubs:
912 — a(temb{/(l + z)

dv ern dz

)., — e
22 dz dt’




HenocpeACTBEHHO n3MepAEMOEe YCKOPEHME

Ry = (ﬂwﬂpp/&'{ﬂb.‘{
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M3menenme BI/IAI/IMOfI CKOPOCTH ITIO YacCaM H’&6AI—OA21TCAH



Kak meHsAeTCa KpaCHOE CMEIeHuE?

—

a(ty)

AW U VIS g

a(t,+A0)

\ 4

t

t,+At

z+1=a(t,)/a(t))

Az= a(t,+A%) /a(t,+Ab) - a(ty)/a(ty)

Bceaennas Bce Bpems pacriupsercs,

HO HHOTAQ 3TO IIPOUCXOAHT OBICTpEE,

MHOTAQ — MEAACHHEE.

I13meHeHne KPacCHOIO CMEILEHUS IOKA3BIBACT,
KaK M3MCHHAACH AMHAMHUKA PACIITHPCHUA

BCEACHHON C MOMEHTA HN3AYYICHHA K HACTOAILICMY.




3aMEAAAFOIIAACA BCEACHHAA
z+1=a(t,) /a(t))

Az= a(t,+A0) /a(t,+Ab) - a(ty)/a(t,)

\ 4

YucAauTeAb pacTeT MCAACHHEE, YCM 3HAMCHATCAD.
HOSTOMY KpaCHOC CMCIIICHUE AAHHOTO oObeKTa

v .

\4

CO BPEMEHEM OYAET YMEHBIIIATHCHL.

T 7 MacrrrabHerit pakTop

IIPAaKTHYIECKT HC MCHACTCH,

T.K. paCIIPCHUC 3aMCAAHNAOCD.

4 a(ty) a(t,) 2,

(.) R ~

(o) - "

a(t;TAt) ~ 4 Atr
g+Ae A Ay 2TAS



Y CKOpAIOIIAACA BCEACHHAA
z+1=a(t,)/a(t))
Az= a(t,+A0) /a(t,+A) - a(ty)/a(t,)

UncAnuTeAb pacTeT OBICTPEE 3HAMEHATEAS,
II09TOMY KPACHOE CMEILIEHHE OYAET PacTH.

A

t a(ty) a(t,) &2
(.) = ~~r (O
(.) ~T



Peaancrmumasg BceAeHHAA

z+1=a(t,)/a(t))

Az= a(t,+At) /a(t;+A¢) - a(ty)/a(t)

3AECh CUTYaIllA CAOKHEE,

T.K. B HAYaA€ BCEACHHAsA PACIIIHPAAACD

C 3AMEAACHHUEM, A IIOTOM — C YCKOPEHUEM.

COOTBETCTBEHHO, ECAX MBI IIPOBOAUM CEMYAC

HAOAFOACHHA C BBICOKOM TOYHOCTBIO, TO MBI
YBHAHM, 9TO AAACKHE IAAAKTUKU «CHHEIOTY,
a OAM3KHE — KPaCHEIOT.

t a(ty) a(t) E

(o) = ~N TN g

(o) - "

a(t2+A5



Kpacnoe cmemnenne 8 ACDM

KpacHoe cmerieHne 0ObeKTOB
Af = 100 years

- - P

- H, = 70 km 5™ Mpc

eI T e T T T T AAACKUX - YMEHBIIATHCS

c z<2 OyAer pacrtu, a boAee

Davis et al. (astro-ph/0310808)
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SEA Bard 2 SKA Band 1

3a 12 aer HaOAroAeHMN Ha SKA2
MOKHO OYAET HAACATBCHA UTO-TO YBUACTb.
3a 50 AeT pabOTEI MBI ITOAYYIHM AAHHBIC
IO TEMIIy PACIIHPEHUSA BIAOTH AO z=1
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KpacHoe cmenieHue
PEAUKTOBOIO U3AYIEHUA

PeankroBoe N3AYIECHUIE MBI BCETAA BUAUM TaKHM,
KAKAM OHO OBIAO B MOMEHT «OCBOOOKAECHUN»

z=a(t,)/a(t))
Az=a(t,+At)/a(t) - a(t,)/a(t))

HOSTOMY KpaCHOG CMCITICHMC peAI/IKTOBOI‘ O U3AYYCHUA
BCEraa paCTCT, BHC 3aBHCHMOCTH OT TOTIO,
KaKOBa AMHAMIKA paCH_H/IpeHI/IH BCEACHHOM.






IToaBeAeM mTOTMH....
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Urto 3HauUnT «OBICTPEE CBETAM?

V — CKOPOCTb yaaneHus (CKOpOCTl/l CKINnaabiBarTCA
V>0 Mo rannneeBCKOMY 3aKOHY,
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3aMEAAAFOIIAACA BCEACHHAA
z+1=a(t,) /a(t))

Az= a(t,+At) /a(t,+Ab) - a(ty)/a(t,)

\ 4

YucAauTeAb pacTeT MCAACHHEE, YCM 3HAMCHATCAD.
HOSTOMY KpaCHOC CMCIIICHUE AAHHOTO oObeKTa

v .

\4

CO BPEMEHEM OYAET YMEHBIIIATHCHL.

T 7 MacrrrabHerit pakTop

IIPAaKTHYIECKT HC MCHACTCH,

T.K. paCIIPCHUC 3aMCAAHNAOCD.
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