«CrnagnTb HeNb3Aa He crnaanTb!»
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3a4eM HYXHO Y4MTbIBATL?

TOYHOCTbL NPOrHO3MpoBaHUA
[lononHuTenbHaa gucrnepcus

CMmelleHmne B oLeHKax KoapdouumneHToB npu
nccregoBaHUM B3aMMOCBA3N MeXOY HECKOSTbKUMM
pagamMu (KaxkyLumecs perpeccumn)

HeB0O3MOXHOCTb HabnogaTb N3rombel TPEHAOB N Bboree
ONVHHBIX LIUKITOB



SARIMA-moaenn

ARIMA (p,d,q) (P,D,Q)m
* KOpOTKO: Y pS
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O 4yém BOODOLLE BblAEIEHNE CE30HHOCTM
 Moaenb cesoHHOCTU: NMbOo aaANTUBHAA:

Y, =U,+S, +E
* JInbo MynbTUNANKATUBHAA

Yt :UtStEt

e Kak-To (Kak — 3aBMCUT OT MeToa) OLLeHMBaeTCA Ce30HHan
KOMMNOHEHTa U yaanaeTca U3 AaHHbIX



MeToabl cemenctea X11

e US Bureau of Census

e PaspabatbiBatotca ¢ 1950-bix rogos

Mpoueaypa crnaxkmBaHMA nTepaLMOHHas:
1 atan: CrnakmBaHMe UCXOAHbIX AaHHbIX C MOMOLLbHO

cKonb3sallen cpeaHen (13 Touek). BoigeneHme nepBon OLEHKH
TPEeHAa; OYUCTKA AaHHbIX OT TPEHAA:

Yt Ut*St*Et

~ ~ ~ St * Et
Ut Ut

2 3Tan: crnaxmnsaHue (CKomnb3dwasa cpegHssa S unn 7
TOYEK) Nony4YyeHHoro psaaa. llonyydaem oueHKy CE30HHOCTU



3 artan: YganeHue nepBon OLEHKN CE30HHOCTU N3 JaHHbIX:

* *
Yt _UTSUTRL  Ut*Et
St St

4 atan: HoBasa oueHka TpeHaa (ckonb3auwasa cpegHas: 9, 13 nnn 23
TOYKN); AaHHbIE OYMLLAIOTCSA OT HOBOro TpeHaa

S aTan: utToroeasi oueHKa Ce30HHOCTU (aHariorMyHo atany 2)

6 3Tan: o4MCTKa JaHHbIX OT CE30HHOCTU (MTOroOBOWN)

/ aTan. BblaeneHne NToroBoro TpeHaa. I'IonyqaeM OaHHbIE,
OYNnLLUEeHHble OT Ce30HHOIo KOMIMNOHEHTAa



Bbibop OKHa OCyLLLEeCTBAAETCS Ha OCHOBE COOTHOLLEHUS

1
— Z?=: [Cr - Cr-ll

C =

Ecnm oHO meHble 1, TO npumeHAaeTcAa 9-ToveyHan
CKO/1b3ALlaA cpeaHAnA

Ot1 po 3,5 —13-ToueyHasn
bonbuwe 3,5 - 23-To4yeyHan



TexHnyecKkmne HHaHCHI

* ilcnonb3yeT cKonb3Awme cpeaHmne XeHaepcoHa (1916):

* CMMMeTpW—IHbIEZ

(-0.01935, -0.02786, 0, 0.06549, 0.14736, 0.21434, 0.24006, 0.21434, 0.14736, 0.06549,
0, -0.02786, -0.01935)

* JlInbo (Ha Kpaax pAaaa) aCMMMETPUYHDbIE:
(-0.09186,-0.05811,0.01202,0.11977,0.24390,0.35315,0.42113)



TexHnyecKkmne HHaHCHI

* ilcnonb3yeT cKonb3Awme cpeaHmne XeHaepcoHa (1916):

* CMMMeTpW—IHbIEZ

(-0.01935, -0.02786, 0, 0.06549, 0.14736, 0.21434, 0.24006, 0.21434, 0.14736, 0.06549,
0, -0.02786, -0.01935)

* JlInbo (Ha Kpaax pAaaa) aCMMMETPUYHDbIE:
(-0.09186,-0.05811,0.01202,0.11977,0.24390,0.35315,0.42113)

* CMbICN NX B TOM, YTO NPONYLLEHHbIN Yepe3 TaKon GUNLTP
Kybunyecknim noSIMHOM OCTaHETCS HEM3MEHHbIM!



TexHnyecKkmne HHaHCHI

e Cyntaercs, YTo Kybnyeckme NOAMHOMbI YYUTbIBAIOT TUMMUYHbIE
ANA SKOHOMUYECKUX BPEMEHHbIX PsA0B GOPMbl LLUKNOB U
TPEeH0B

* YCTpaHAOT NPAaKTUYECKN BCE BbICOKOYACTOTHbIE (418 MECAYHbIX
NAHHbIX: C YaCTOTOM BbilLE, YEM NO/IYyroA0BbIe) LYMbl

* [T03BONAET Y4NTbIBATb TOProBble AHU (Pa3HOEe KONNYEeCTBO
pabounx gHeN B pa3Hble mecsaubl), 3pPeKTbl HaYana roaa u
npo4yne KaneHaapHole 3ddeKThbl



* OgHa U3 3HAYNUMbIX I'IpO6fI€M MCXOOHOIo METOoAa — pPa3HOE Cr/iaXXUBaHUe

X11-ARIMA

cepefuHbl N KOHLUOB pAAa (Ha KOHLLAX NPMUXoauUTca UCNONb30BaTb

HEeCMMMETPUYHbIe punbTpbl). Ansa peweHus aTon npobaembl 6bin pa3paboTaH

meToq X11-ARIMA (Statistics Canada, 1980)

0ObIYHbIE CMMMETPUYHbIE GUALTPLI X11

CrnaxXmBaroTCA

Table 21.1.

Five Predefined Models

MeTtoa oueHnBaeT (aBTomaTn4yeckun) scnomoratenbHyto ARIMA moaenb, npu
NOMOLLW KOTOPOM pAaA, AOMNO/IHAETCA C Kpaés, YTO NO3BONAET NCMNO/1Ib30BaATb

Mpn 3TOM AaHHbIE CHavya/1a OYULLAIOTCA OT KasieHAAapHbIX 3ddeKToB (npu
HeobxogmmocTu — npu nomouwm X11), 3atem gononHatotca ARIMA-moaenbto
(ogHOM N3 nATK, BbIbMpPaemon Ha ocHoBe Kputepmna MAPE) 1 3aTtem onaTb

Model #

Specification

Multiplicative

Additive

1

4 -2

o e

(0.1.1)(0.1.1)s
(0.1.2)(0.1.1)s
(2.1,0)(0.1,1)s
(0.2.2)(0.1.1)s
(2.1.2)(0.1,1)s

log transform
log transform
log transform
log transform
no transform

no transform
no transform
no transform
no transform
no transform




X12-ARIMA 1 regARIMA

B 1990 roay 6bin npeactaneH metog X12-ARIMA, 6onee akTMBHO
ncnonb3ytrowmn ARIMA moaenm (B yactHocTH, regARIMA).

regARIMA — mogenb Bnaa

l0g(-1) = X, +Z,
Dt

D, — «cybbeKTMBHble anpuvopHble» Nnpeobpa3oBaHmA (€CN HYXKHbI)
X,— perpeccopbl Ha TOProsble AHWU, NPa3aAHUKA U T.A.
Z,— ARIMA npouecc

[To3BONAET He TO/IbKO A0NO/IHATb AdHHbIe C KOHLUO0B, HO N HaXO04UTb
Bb|6pOCbI, 3aMNOJIHATb NMPOMNYCKU B AadHHbIX, ABHO OUEHWMBATb KaJ1eHAapPHbIE

3P PeKThbl

B 6onee no3aHUX Bepcmuax Nnporpammbl BbiIbop moaenu nnbo
ocyuwlecTsaseTca U3 cnmucka (Kak B8 X11-ARIMA), nnbo HauMHaeTca ¢ camoi
NPOCTOM C NOCTENEHHbIM YC/IOXKHEHNEM



J10CTOMHCTBA U HEAOCTaTKM cemencTtea X11

* HenapameTpuueckue (cneposatenbHo, bonee rubkme)

* MHOro AONONHUTENbHbIX HAaCTPOEK (Y COBPEMEHHbIX BEPCUN METoAa
MOXXHO pyKamu A06aBuTb 60/1blLIOE KOIMYECTBO KaneHaapHbIX 3P PeKTOB,
OTAENbHbIX COOLITUI N NPOYMX BELLEN, HYXKHbIX A1 MOBbILEHWNSA TOYHOCTH)

* CBepcun X12-ARIMA — 6onbion Habop cpeacTs AnA ANArHOCTUKM
CE30HHOCTU (CneKTpasibHbIM aHaIn3, CpeacTBa AN aHaAn3a CTabuibHOCTH
N KayecTBa CE30HHOW KOPPEKTUPOBKK U T.4,.)

* [CunTaeTca, 4Tto Ny4dwe paboTaeT c KOPOTKUMMU (A0 5-6 neT) BpeMeHHbIMMU
pAaaMun]

* [Moa BONPOCOM OCTAETCA KauecTBO paboTbl punbTpa X11 (KoTopbI OCTaéTCS
B OCHOBE BCEX Bapuauun metoaa)

e Npyrne npobnemsbl (noKHaa C€30HHOCTb BOKPYT TOYEK Pa3pbiBa, CMELLLEHUSA
B CTAaTUCTMYECKUX TECTaX U AP. — NOAPOOHOCTU HUXKE)



TRAMO/SEATS

* Bank of Spain (1996)

* OcHOBbIBaeT npoueaypy Criaa*KMBaHMA ce3oHHOCTU Ha
noctpoeHnn ARIMA mopenu

* COCTOMUT N3 ABYX NPOrpamm:

* TRAMO —Time Series Regression with ARIMA Noise,
Missing Observations and Outliers

e SEATS — Signal Extraction in ARIMA Times Series



TRAMO/SEATS

* TRAMO aHanornyeH regARIMA
* SEATS nopgbupaet onTMmanbHbin PUALTP B 3aBUCUMOCTU OT AAHHbIX

* 3HaAa moAenb ANA NCXOAHOro pAaa, paccMmaTpmBan aaanuTUBHYIO
Ce30HHOCTb U Aenana paa AONONAHUTENbHbIX NPeANOCbINOK NOAYYaEeT B
ABHOM BMAE moaenun Ana Ce30HHOU N TPEHAO0BON KOMMOHEHTbI



[Mpeanocbiikn TRAMO/SEATS

* 4 KOMNOHEHTbI pAAaA:
* Trend-Cycle (HM3Ko4YacTOTHAsi KOMMNOHEHTA)
e Seasonal (ce3oHHbIE YacTOTbI)
* Irregular (6enbii Wwym)
* Transitory (Bcé octanbHoe)

* Bce 3T KOMMNOHEHTbl OPTOrOHabHbI
* Bce onucbiBatotca ARIMA moagenamum

* B cymme AatoT MoZesnb, ONMUCbIBAOLLLYIO NoBeaeHue psaa B uenom (u3
TRAMO)

* Bce KOMMOHEHTbI, KPOME HEPErynAPHOro, He coaepaT B cebe benoro
LIYMa.



BcTpoeHHble moaenn 8 TRAMO/SEATS

RSAO Level, Airline model

, _ s
RSA1 Log/level, outliers detection, Airline model AAgXxy =(1+6,B)(1+6,B%)a,,
RSA2 Log/level, working days, Easter, outliers detection, Airline model
RSA3 Log/level, outliers detection, automatic model identification

Log/level, working days, Easter, outliers detection, automatic

RSA4 model identification

Log/level, trading days, Easter, outliers detection, automatic

RSAS model identification



[locTonHcTBa U HegocTaTkn TRAMO/SEATS

e [NapameTpuyeckuin, popma ce30HHOCTM 3aBUCUT OT AAHHbIX U ABNAETCA
«OMTUMANIbHOM» MO KAKUM-TO KPUTEPUAM

* MOHO o4YeHb rMHOKO BapbMpoOBaTb MOAENIN U NapaMETPbI

* Ha npakTuKe moKeT gaBaTtb bosiee rnagkue pe3ynbraTtbl, KOTOPbIE MEHbLLE
MEHATCA Npu AoH6aBNEHUN HOBbIX TOYEK, Yem B ciyyae X11

* MeHblUue ANAarHOCTUKMU

* MeHblue BO3MOXKHOCTEN C TOYKM 3peHna A06aBNEHUA NONb30BATE/IEM
NOMNO/IHUTENIbHbIX KaneHAAPHbIX 3PPEKTOB U NEPEMEHHbIX, OTBEYAIOLLMX 33
oTAaenbHble cobbITNA (CKopee ocobeHHOCTb NaKeTa, Yem YCTPOMCTBA

npoueaypbi)



X13-ARIMA-SEATS

 HoBbI meTOL,

* B Teopun — ob6begnHAeT 4OCTONHCTBA cemencTBa X11
(0ocobeHHO AONONHUTE/IbHbIE BO3MOXKHOCTM MaKeTa C
TOYKU 3peHunsa amarHoctmkn) un TRAMO/SEATS (popma
Ce30HHOCTM onpeaenseTca gaHHbIMK). [Mpn aToM ecTb
BO3MOXXHOCTb BMecTO SEATS ncnonb3oBaTtb 0ObI4YHbIN
dunbTp X11

*B PAMKaX OAHOTO NMakeTd no3sojidetr NpmmMmeHATb U
CPaBHUBATb Pa3Hble NMOoAXoA4bl



CpasHeHue cemenctea X-11 1 TRAMO/SEATS



Hood C. C., Ashley J. D., Findley D. F. An empirical evaluation of the performance of
TRAMO/SEATS on simulated series //Proceedings of the Business and Economics

Section. — 2000.

* [eHepupoBanu pAabl C pasHbIMK GOpPpMaMM TPEHAA, CE30HHOCTU N Pa3HbIM

MaclTabom wyma

Table 2. Results for Default Adjustments

12 vears 4 years

All 54 Series

SEATS closer 25 series 11 series

X-12 closer 25 series 39 series

No preference 4 series 4 series

Total 34 series 54 series
Series with Large Irregular (18 series)

SEATS closer 16 series () series

X-12 closer 2 series 17 series

No preference 0 series | series

Total 18 series 18 series

* [Tomnmo storo, cpasHuan X-12-ARIMA c X-11-ARIMA. X-12-ARIMA oka3anca

nyyule BO BCEX CUTYaAUUNAX

Table 3. Overall Average RRMSQD and RMAD
for 12 Years of Data for All 54 Series

12 vears 4 vears
RRMSQD
SEATS 0.023 0.037
X-12 0.025 0.032
RMAD
SEATS 0018 0.030
X-12 0.020 0.027




Hood C. C. Comparison of time series characteristics for seasonal adjustments from
seats and x-12-arima //ASA proceedings, business and economic statistics section,

Alexandria, VA: ASA. — 2002

* MoKasbiBaeTcs, yto A9 TRAMO/SEATS oueHKa CKOPPEKTUPOBAHHOIO pAaa MOKeT
3HAYUTENIbHO MEHATbLCA NPU A06aBNEHNMN HOBbIX AAHHbIX

Figure 3. Seasonal Adjustment Revision Graph Figure S. Seasonal Adjustment Revision Graph

(Final and Initial) from a Default SEATS (Final and Initial) from a Default
Adjustment X-11/X-12-type Adjustment

Seasonal Adjustment Values for SEATS Seasonal Adjustment Values for X—12

e [Tommmo atoro, SEATS nHoraa nopoxaaeT NOXKHYH CE30HHOCTb (HaxoauT
Ce30HHOCTb TaM, rae eé HeT)



Wildi M., Schips B. Signal extraction: How (in) efficient are model-based
approaches? An empirical study based on TRAMO/SEATS and Census X-12-ARIMA.
— Arbeitspapiere//Konjunkturforschungsstelle, Eidgenossische Technische
Hochschule Zirich, 2004. — No. 96.

* U TRAMO/SEATS, n X-12-ARIMA B 60/1bLLMHCTBE CNyYaeB HEBEPHO onpeaensioTt
nopsAaoK MHTEerpauuun paaa B ciyyae, ecnm ncxoaHoin paa, 1(0)

e X-12-ARIMA vaule onpeaenaet pAaabl Kak 1(2)
e X-12-ARIMA 1 TRAMO/SEATS patoT conoctaBMMble MO KayecTBy pe3ynbTaThl



MpombiwneHHoe
Npou3BOACTBO

CenbcKoe 1 necHoe Xo3anCcTBo

CtpouTtenbctso

TpaHcnopT 1 cBA3b

Po3HMYyHan TOprosaA

PbIHOK NAaTHbIX ycayr
HaceneHuto

OnToBas TOprosnAa

MNHBeCTMLUMM B OCHOBHOM
KanuTan

PeanbHble pacnonaraemble
OEHEeXHble AoXoAbl

BespaboTtunua

Y10 NnpumeHsaeT PoccrtaTt

__

Konnuectso paboumnx gHer M BUCOKOCHbIE oAbl
Mpa3gHuKK, Toprosble AHU (paboune n cybboTHME)
M BUCOKOCHbIE roapl

Het

Het

Mpa3aHuKK, Toprosble AHKU (paboune n cy660THUE)
M BUCOKOCHbIE roapl

Mpa3aHuKK, Toprosble AHKU (paboune n cy6b60THUE)
M BUCOKOCHbIE roapl

Mpa3aHuKK, Toprosble AHKU (paboune n cy6bb60THUE)
N BUCOKOCHbI€ rogbl

Mpa3aHuKK, Toprosble AHKU (paboune n cybb60THUE)
M BUCOKOCHbIE roAbl
Het

MpasgHuKM

Het

C1999r.

C 2007 r.

C2003r.

Boobue ¢ 1992 r., Ho «lMpn NOCTPOEHUN TEKYLLEN
MOZENN ANA HAaUNYYLLEro BbIMOJIHEHUA CFAAXKWUBAHUA
OMNHAMMYECKOro paga Ucnonb3yrTca gaHHble ¢ 2003
roga»

Boobue ¢ 1992 r., Ho «[MpK NOCTPOEHUMN TEKYLLEN
MOZENN ANA HAWUYYLLEro BbIMONHEHWUA CINAXKUBaHUA
OMHAMMYECKOro paga Ucnonb3yrTca gaHHble ¢ 2008
roga»

Boobue ¢ 2000 r., Ho «IMpK NOCTPOEHUM TEKYLLEN
MOZENN ANA HAUYYLLErO BbIMONHEHWUA CINAXKNUBaHUA
OMNHAMMYECKOro pAaga Ucnonb3yroTca gaHHble ¢ 2006
roga»

C 2008 .
C2004r.

C1992r.

C2011r.

YCNOBHbIV CpeaHnit KBapTan
2008 r.

CpeaHemecayHoe 3Ha4eHune
2010r.

CpeaHemeca4yHoe 3Ha4eHune
2010r.

CpeaHemecayHoe 3Ha4eHune
2010r.

CpeaHemeca4yHoe 3Ha4eHune
2010r.

CpeaHemecayHoe 3Ha4eHune
2010r.

CpeaHemeca4Hoe 3HaYeHune
2010r.

CpegHemeca4Hoe 3Ha4eHune
2010r.

CpegHemecayHoe 3Ha4eHune
2010r.

CpeagHemecayHoe 3HayeHue
2010r.



[Toyemy nHoraa (/4acto/Bcerna) nyyile He
VAANATb CE30HHOCTb M3 AaHHbIX?



CN\ELLI,EHI/IG B TE€CTaX Ha eAMHNYHbIE KOPHW

e Ghysels, Perron (1993)*

* [NloKa3anu (aHaNNTUYECKM), YTO B C/y4ae HAZIMUYMA eANHUYHOIO KOPHSA
B IaHHbIX aCMMNOTOTUYECKUE pacnpeaesieHnA TeCTOB Ha eAMHNYHbIE
KOPHW HE MeHAIoTCA

*B caiydae oTcyTCctBnAd eauHNYHOINo KOpHA, eCTb CMmellleHne B CTOPOHY
HeoTBepKeHnAa rmnorte3bl 0 HaIMHNNM eJUHUYHOTIO KOPHA

*Ghysels E., Perron P. (1993), The effect of seasonal adjustment filters on tests for a
unit root, Journal of Econometrics



Asymptotic bias

e [1nAa npoueccoB 6e3 eAMHNUYHOTO KOPHA:

Praposition 1. Let {y,} be generated by (4.4). Let 6 be the OLS estimator of 6
abrﬂmed from regression (4.12) and a* =e ‘6. Similarly let {yF) be generated
by v = y(L)y, and o = '8, where 8 is the vector of least-squares estima-
tors ﬂf 8 in (4.12) when the filtered data, vy}, are used. Then

b(at. k) = plima® — plim a* =A™ 'V - AV, (4.13)

where A is a p X p matrix with elements a,; =y (i=)(i,j=1,....,p) and Vis
a p X 1 vector with fiemems v, = v,(i) {: - 1 ,p) Ap and Vp are defined
similarly with elements a], = F S j} and vl =), with ) {Jr-) defined by
(4.10),

* [lna npoueccos ¢ eAnHUYHbIM KopHem plim a = plim a;=1,
CABUra HeT
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Fr(x)
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Fr(x)
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5% 0,0234 0,027

1% 0 0



MoHTe-Kapno, nctmHHbin pag AR(1)
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MoHTe-Kapso: KonHTerpauma npm NOMOLLKM TecTta IHrna-Fpennaxepa
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To4ykn nepenoma

* Matas-Mir, Osborn, Lombardi (2008)*

* [Mokaszanu (npemmyLecteeHHO metogom MoHTe-Kapno), uto
Crna*kMUBaHMe:
* YMeHblaeT Be/IMHNHY LLOKA
* YBe/InYMBaeT ero NPOAONTHKUNTENIbHOCTD
e CABUraeT TOYKY OKOHYaHUA cnaaa

* Matas-Mir A., Osborn D.R., Lombardi M.J. (2008), The Effect of Seasonal Adjustment on the
Properties of Business Cycle Regimes, Journal of Applied Econometrics



Ha Pea/IbHbIX OdHHbIX: BEPOATHOCTb PeUueCChA

1.0
0.8+
0.6 1
0.4
0.2 1

:’ﬂ 'Ir |

rﬂlll |!.:‘. ! £
SO N Y

0.0

1955 1960 1965 1970 1985 1990 1995 2000

1.0
0.8 4
0.6 1
0.4
0.2 4
0.0

1.0

1955 1960 1965 1970 1985 1990 1995 2000

0.8
0.6 1
0.4+
0.2 1

1.0

1960 1965 1970 1990 1995 2000

0.8 4
0.6
0.4
0.2 1

0.0

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Figure 3. Estimated recession probabilities for US business cycle indicators. Nofe: Estimated recession probabilities for seasonally adjusted data
are indicated by the dashed line and for unadjusted data by the solid line. Series analysed are GDP, industrial production, employment and sales

(respectively, from top to bottom). Shading indicates NBER recession observations



HeycToM4YMBOCTb K BbIDpOCam 1 cABUTam

e Bruce, Jurke (1992)*

* [lpoBepsan Ha peasibHbIX AaHHbIX, CPaBHMBANMU C APYITUMMU
npoueaypamm

e OO6HapyXnam HeyCTOMYMBOCTb K BbIBpOCaM 1 CTPYKTYPHbIM
cABUram, HO OTMETUAM BoNbLIYIO TMOKOCTb CaMon nNpoueaypbl

*Bruce A. G, Jurke S. R. (1992), Non-Gaussian Seasonal Adjustment: X-12-ARIMA Versus Robust
Structural Models, BUREAU OF THE CENSUS, STATISTICAL RESEARCH DIVISION, Statistical Research

Report Series
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J1OXKHblEe CUTHaNbI

* beccoHos, MNMeTpoHeBuny (2013)*

e CpaBHMBAN BANAHUE PaA3HbIX TUMOB BbIOPOCOB Ha pPe3yabTUPYIOLW NI
Ce30HHO CKOPPEKTMPOBAHHbLIN PAL,

* [loKa3blBaeTCcs, YTO B pe3y/bTaTe Ce30HHOM KOPPEKTUPOBKMU

oTAeNbHble BbIOPOCHI B AaHHbIX MOTYT NOPOXKAATb GUKTUBHYIO
CE30HHOCTb, PUKTUBHbIE POP- U aPTEPLLOKMW.

* Anna P, MeTtpoHesuny A. B., BECCOHOB B. A. Ce30HHas KOPPEKTUPOBKa Kak MCTOUYHUK JIOMKHbIX
CUrHaNoB //IKOHOMUYECKUI }KYpPHa Bbicluen WKoAbl 3KOHOMUKK. — 2013. —T. 17. — No. 4.
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Cnacmbo 3a BHUMmaHuel



e https://github.com/bdemeshev/epsilon/blob/master/e 001/e 001.pdf

Puc. 1. BoOpbI BBIIOJIHAIOT CC30HHYIO KOPPCKTUPOBKY


https://github.com/bdemeshev/epsilon/blob/master/e_001/e_001.pdf

