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TeopeMa 0 HAJIMYMM NAMATU Y ClIYyHaMHbIX NOCJieaoBaTeIbHOCTEHN

ABTOp Reshetov Bkn Thursday, 3 December 2015
3apaua

MpeanonoXuMm, 4To nMeeTca BykMeKep, KOTOPLIA MPUHUMAET CTaBKW Ha pasHULY Mexay
pe3synbTaTaMu noabpackiBaHN UrpaabHOro Kybuka.

0O603Ha4yMM Yyepes: t - Homep nocsienHero noadbpacbiBaHUA, COOTBETCTBEHHO: t-1 - HOMep
npeanocnenHero noabpackiBaHus, a t+1 - Homep cneaytowero nogdpacbiBaHUs.

B Takom cnyvae:
X1 - pe3ynbTaT npepnocienHero noabpacbiBaHMs, 3Ha4Y€HNUE KOTOPOro 3aBeJOMO U3BECTHO UIFPOKY.
Xi - pe3ynbTaT nocnegHero noabpackiBaHUs, 3Ha4YeHME KOTOPOro 3aBe0MO N3BECTHO UTPOKY.

Xi4+1 - PE3YNIbTAT Criefytollero noadpackiBaHUs, 3Ha4YeHNE KOTOPOro UMPOKY HEN3BECTHO.

Ycnosua nrpebl:
Nrpok MoXeT genaTb CTaBKy Ha o4epefHOM XO4€, a MOXXET OT Heé 0TKa3aTbCA.

MpuHNMaloTCA ABa BULA CTABOK:

1. Ha To, 4TOo pe3ynbTaT cnenytouwero nogbpacoiBaHns 6yneT 6onblie pesysibTaTa NociegHero
nonbpackiBaHNA. B TaKOM C/ly4ae UrpoK MNoslyvyaeT BbIUTPbill B pasMepe: Xiyq - X¢ JeHEXHbIX
eanHuL,

2. Ha To, 4To pe3ynbTaT c/enyouero noabpacsbiBaHns byaeT MeHblUe pe3ynbTaTa nocsegHero
noabpacbiBaHMs. B TakOM clyvyae UIrpoK MNoJlyYaeT BbIUTpbIl B pa3Mepe: X; - Xy AEHEXHbIX
eanHuL

MpennosioXXmm, 4To Hall UFPOK AeslaeT Ha Bupa cTaBky Nel, TONLKO Npu yCNOBUK, YTO pe3synbTaT
npegnocnegHero nogbpacbiBaHnA 6bia1 6onblue pe3ynbTaTa NnocnegHero noabpacbiBaHNA N TONbLKO
Ha TO, 4TO pe3yfbTaT cieaylouwero nogbpacebiBaHns 6yneT 6onblle pesysbTaTa NOCAeQHEro
noabpacbiBaHNA, UTHOPMPYS BUL CTaBKN Ne2.,

KakoBO MaTeMaTM4YeCKoe 0XXNJaHne BbiNrpbilla Hallero Urpoka nNpu Taknx cTaBkax?

PeweHue 3apaum

A Tenepb MOCMOTPUM, YTO MOJYYUTCH:

B HuKeykazaHHoOM Tabnnue BCe BapnaHTbl, KOrga Urpok He genaeT CTaBKy, T.e. Npn YCI0BUN X <

Xi, BbIYEPKHYTbI, @ BapMaHTbl, KOrga UrpoK AenaeT CTaBKy, T.e. Npu ycnoBumn X., < X;, He
BbIYEPKHYTbI U BblAEEHbI XXNPHbIM:

Homep BapuaHTa Pe3ynbTaT PesynbTaT PesynbTaT PasHuua: X; ;1 - X;
TPEx npeanocsenHero rnocsenHero cnepytoulero

rnocsenoBaTesibHbIX MoabpackiBaHnA X, . noabpacbiBaHus X, noabpacbiBaHUS X,

noabpacbkiBaHNI 1 1

nrpasbHoOn KOCTU

I I 1 1 e’

2 I 1 2 1

3 I 1 3 2
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Homep BapuaHTa Pe3ynbTaT PesynbTaT PesynbTaT PasHnua: X; .1 - X;
TPEX npeanocsegHero  nocraegHero cnenytoulero

nocaenoBaTesibHbIX MoabpacbiBaHnA X, . noabpacbiBaHns X, noabpacbiBaHUA X;

nonbpackiBaHUi 1 1

NrpanbHOM KOCTU
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Homep BapuaHTa Pe3ynbTaT PesynbTaT PesynbTaT PasHnua: X; .1 - X;
TPEX npeanocsegHero  nocraegHero cnenytoulero

nocaenoBaTesibHbIX MoabpacbiBaHnA X, . noabpacbiBaHns X, noabpacbiBaHUA X;

nonbpackiBaHUi 1 1
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Homep BapuaHTa Pe3ynbTaT PesynbTaT PesynbTaT PasHnua: X; .1 - X;
TPEX npeanocsegHero  nocraegHero cnenytoulero

nocaenoBaTesibHbIX MoabpacbiBaHnA X, . noabpacbiBaHns X, noabpacbiBaHUA X;

nonbpackiBaHUi 1 1

NrpanbHOM KOCTU
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Homep BapuaHTa Pe3ynbTaT PesynbTaT PesynbTaT PasHnua: X; .1 - X;
TPEX npeanocsegHero  nocraegHero cnenytoulero

nocaenoBaTesibHbIX MoabpacbiBaHnA X, . noabpacbiBaHns X, noabpacbiBaHUA X;

nonbpackiBaHUi 1 1

NrpanbHOM KOCTU
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Homep BapuaHTa Pe3ynbTaT PesynbTaT PesynbTaT PasHnua: X; .1 - X;
TPEX npeanocsegHero  nocraegHero cnenytoulero

nocaenoBaTesibHbIX MoabpacbiBaHnA X, . noabpacbiBaHns X, noabpacbiBaHUA X;

nonbpackiBaHUi 1 1

NrpanbHOM KOCTU

C yCNnoBUueM:

Xe-1 > X
He npaBpa 5n, 4TO KaKOW-TO CTPaAHHLIN pe3yfibTaT, eC/iM YYEeCTb YTO BCE BapMaHTbl B KaXK4o0n 13
CTPOK BbllLeyKa3aHHOM Tabnunubl paBHOBO3MOXXHbI? Bcero B Tabnuvue 216 BapnaHTOB BbiNageHUs
Kybuka B Tpex nocsiegoBaTesibHbiX NoabpackiBaHMAX, N3 KOTOPbIX 90 He BbIYEPKHYThI. B pe3ynbTaTe
4Yero noJsiy4daeTcs, YTO Hall UFPOK MMEEeT MaTeMaTumnyeckoe oxmngaHue 105 /90 =
1.1666666666666666666666666666667... AEHEXHbIX €ANHUL, Ha Ka)KAY0 CAeNIaHHYI0 UM CTaBKY.

CTpaHHOCTb 3aKJIlo4YaeTCcs B TOM, 4TO Mbl He HabntogaeMm nocnegencteuns, T.K.: p(Xi > Xir1) = P(Xig1
> Xi) U p(X; - Xeg1) = P(Xig1 - Xt), @ COOTBETCTBEHHO 3HAA 3HAYEHME TOJIbKO NOCeaHero
noabpacbiBaHNA NrpasibHOW KOCTU X; HAall UFPOK HE MOI HUKAKUM 06pa3oM Mosy4nTb
MaTeMaTu4deckoe oxunpaHume 6onee Hynesoro, T.K. M = (X; - Xir1) P(Xt - Xig1) - (Xig1 - Xi) p(Xig1 - Xb)
= 0. OQHaKo 3HaHMe 3HavYeHnsa npeanocnengHero nogbpacbiBaHNA Xi.; Y>Ke NO3BOJSISET MOJAYyHYNTb
NIFPOKY MPENMYLLECTBO, @ COOTBETCTBEHHO HanpallMBaeTCs BbIBOA, YTO: MOCseaylolee 3Ha4eHue
CJIly4aMHOro pApa MOXKeT 3aBUCeTb OT He MeHee, YeM AByX nNpeabiayLmx 3Ha4eHMn. Takxe:
csly4aMlHblie pAabl MOryT MMETb NaMATb (MM KaK eé el é MMEeHYIOT: NocNeaencTBme) Ha
rnybuHy He MeHee ABYX YPOBHEMH, AaXKe eCJIM Y HUX OTCYTCTBYeT NaMATb Ha rnyouHy

OO HOro ypoBHA. ['ne noa raybnHom ypoBHEN CYNTAETCA KOJIMYECTBO 3aBEAOMO M3BECTHbIX
3HaYeHUI NpeablayLnX BEINYNH CITy4alHOro psga.

DdDopMyNIUPOBKa TEOpPEMbI

MpefnosoXXnM, 4TO NMEETCA HEKNI FreHepaTop CAyYanHbIX BPEMEHHbIX PSA0B, NoCAef0BaTeIbHO
BblAaOWMNIN 3HAYEHNSA N3MEPUMDbIE, MOMapPHO CPaBHMMbIE N OQHO3HAYHO paHXmnpyemble. 06
aJIroOpUTME KOTOPOro HaM U3BECTHO NNWb TO, YTO BEPOATHOCTbL CreHepMpoBaHHOro ntoboro ero
rnocsienylouwero sHa4eHNsa He3aBUCKUMa oT Jtoboro NpenbioyLLEro CreEHEPUPOBAHHOIO 3HAYEHUS.
MpeanonoX>Xmm, 4To AaHHbIA reHepaTop C MHTepBasioM B 1 eANHULY BPEMEHN, BbIOAET HEKYIO
rnocnenoBaTeNIbHOCTb Yucen:

X1 Xgp o X1, X

lpe:

X; - HEKOe 3Ha4YeHune Cay4arnHoro Yncaa, CreHepupoBaHHOE reHepaToOpoOM Ha i- eguHuLEe BPEMEHU C
MOMEHTa ero 3anycka.

t - Tekyllee BpeMs B eAMHULIAX BPEMEHN C MOMEHTA 3arycka reHepaTopa

I"Ipep,nono>K|/|M, 4YTO HaM U3BECTHbI ABa NPON3BOJIbHbIX 3Ha4YeHUA, CreHepnpoBaHHbIE B NMPOLUJIOM: Xt_
kW Xt- m

Mpwn ycnosnu:
Osk=m=st
MpeAnoaoXuM, 4TO UMeeTCa HeKuin ByKMeKkep, KOTOpbIA NpeanaraeT caefnaTh CTaBKYy B MOMEHT t

Ha pasHuUYy Mexxay 3HavYeHUsMUN Yncen & = X;_ - Xi 4 o FTAE N - HATYPaJIbHOE YNUCSIO, NPU YCIIOBUSIX:

e Ec/in Mbl genlaeM CTaBKy Ha MOHMXXEHMe, TO pa3Mep Hallero Bbiurpbila 6yaeT paBeH 6 B
NEeHEeXHbIX e AnHNLax

e ECnin Mbl genaeM CTaBKy Ha MOBLILIEHME, TO pa3Mep Hallero BuiUrpbilla 6yaeT paBeH -6 B
[EeHEeXHbIX e AnHnLax
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BO3MO>XHO /1 MOJTy4YUTb MaTeMaTNYECKOE OXXKMAaHNE Bbille 3Ha4YeHUsa 0 AeHEeXXHbIX e JuHWLL Npn
CTaBKax Yy BbllleyKa3aHHoOro bykmekepa, ecivm HaM 3aBe40MO U3BECTHbl 3Ha4YeHUs OBYX
MPOWU3BOJIbHLIX MpeabliayLmnx yncen paga: Xq_ U X;.»? Beb 04eBUOHO, 4TO 3HaYeHMe 4Yncia psaaa
Xt + n HAM MOKa HEN3BECTHO, T.K. FeHepaTop BbIAACT ero B byayLieM TO/IbKO Yepes N e ANHNLY
BpeMeHMU.

Onsa Havana nonpobyem goka3aTb, YTO 3HAHWE TOJIbKO JINLLb OOHOIM0 3HA4YeHUA Yncna X; ., ABHO
HeOOoCTaTO4YHO 418 NOJYYEHUS NOJIOKUTESIbHOr0 MaTEMAaTMYECKOrO OXXUaaHuUs no rnpasuiam
BblLLENpUBEOEHHON Urpbl. XO0TH Bpoae Obl 1 04EBMAHO MO BbilleyKa3aHHbIM YC/IOBUSM, BEPOSATHOCTU
CreHepupoBaHHbIX 3HAYEHUIN NOMNAapPHO He3aBUCUMbI APYr OT Apyra. Ho 3To noka eweé He foKa3aHo
0N MaTeMaTUNYeCKOro OXXnagaHus.

Joka3aTesibCTBO TeopeMbl

Paccmotpum cnyyam 1.1. npu ycnoBum: Xi.m = Xe s n

MockonbKy B 3TOM csiydae & = |X¢.m - Xt + n| = 0, TO O4EBMAHO, YTO MaTEMaTUYECKOE OXMOaHNe
BCcerga Toxe 6yneT paBHo M = 0.

Paccmotpum cnyydam 1.2. npu ycnoBum: Xi.m # Xe 4+ n
Hangém MUHUMYM OT 3HAYEHUN Xi_m U Xi 41

Vinin = Min(X¢. m, Xt 4 n)

Hangém MakCMMyM OT 3Ha4YeHUn X; . U X; 4

Vimax = Max(X;. m, Xt 4+ n)

Bbluncanm mexxgy HUMKU pasHuLy:

dV = Vimax - Vinin

B TakoM c/ly4ae paBHOBO3MOXKHbI BCEro SiNllb 1Ba HECOBMECTHbIX BapuaHTa, NpuBeAeHHbIe B
HV)XeyKa3aHHOW TabnLe nNo CTPoKaM:

Homep BapuaHTa

3HadveHne X;.m

3HadeHune X; 4,

PasHuua: Xi_ - Xi1n

1

Vmin

Vmax

-dVv

2

Vmax

Vmin

av

MoCKONbKY BbllLleyKa3aHHble BapuaHTbl 1 n 2 paBHOBO3MOXXHbI, T.€. p(1) = p(2) = Y, 10
MaTeMaTU4YeCcKoe oXunaaHue:

M=(dV-dV)/2=0

BbiBoA: 3HaHMe 3HAYEHUS eAUHCTBEHHOro ﬂpOMBBOﬂbHOﬁ cnyqaﬁHoﬁ BE€JINYUHbI
cnyqaﬁHoro BPE€MEHHOro psaga He DAET HUKAKOoro npevmMmyuwiectBa B MaTeMaTu4eCKkomMm
OKUOAHUU Pa3HULUbI MeXAay 3TUM 3Ha4YeHUueM mn no6bbiM 3aBeA,0MO HEM3BECTHbIM YUCJIOM
3TOro >e pAna npu ycJioBmm nonapHoﬁ He3aBMCMMOCTM 3HAYEHUN BCEeX Yucesn B 3TOM Xe

pany.

C oByMS 4nucnamMm Cy4alHOroB BPEMEHHOM0 psada, 3Ha4YeHMEe OIHOIM0 U3 KOTOPbIX HaM 3aBe0MO
N3BECTHO, @ BTOPOro HEN3BECTHO, Mbl pa3obpannce. Tenepb Nepengém K TPEM Yncnam, sHa4YeHns
OBYX M3 KOTOPbIX HAM 3aBe40MO N3BECTHbI, @ TPETbEro HEM3BECTHO.

Paccmotpum 2.1. cny4dam, korpa Xe.m = Xe-k = Xean

OyeBnpgHoO, 4YTO Bcerga & = 0, a cnepgoBaTenbHO M M =0

PaccMoTpuM 2.2. cny4yal, Korga aBa 3Ha4eHUs paBHbl MeXay coboM, a TpeTbe He paBHO HU
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OAHOMY U3 OCTaJIbHbIX ABYX 3HA4Y€HUN
T.e. MOXKET UMETb MECTO TOJ/IbKO OANH U3 TPEX HUXKENPUBEAEHHbBIX PABHOBO3MO)>XHbIX BapMaHTOB:
L Xicm =Xk M Xeon # Xeom MW Xe 0 # Xeok
2. Xeom Z Xk M X pn = Xeom UM X pn # Xeok
3. Xeem #Z Xe ok M X pn & Xeom M Xy n = Xeok
Hangém MUHUMYM OT 3HAYEHUN Xi_ s Xiok U Xt 41
Vinin = Min(X¢ - s Xe- ko X 4 n)
Hangém MakCMMyM OT 3Ha4YeHUN Xi ., Xiok U Xt 41
Vmax = max(xt-mr xt- kr Xt+ n)
Bbl4ncanm mexxgy HUMM pasHuLy:
dV = Vinax = Vinin

Y Hac MOryT OblTb BCEro LWECTb PaBHOBO3MO>XHbIX 1 MOMNapPHO HECOBMECTHbIX BapPMaHTOB:

Homep BapuaHTa 3HayvyeHune X;_y 3Ha4deHune X;. 3Ha4vyeHune X; 4 PasHuua:
1 V hax V max V min dv

2 Vimax Vinin Vimax -dVv

3 Vmin Vmax Vmax 0

4 V hax V min V min 0

5 V min V max V min av

6 V min V min V max -dv

N TyT Mbl BUAUM OBE UHTEPECHbIe 3aKOHOMEPHOCTMU:

LEcmwm X k= Xiomy TOXion = Xi g nn
2.Ecnmm X « < Xiimy TO Xi g = X

MockonbKy 3HaYeHus X; .y U X;_,, HAM 3aBe40MO N3BECTHbI, TO B JAHHOM CJly4ae Mbl Mo)xeM b6e3
BCSIKOr0O pMCKa cAeNlaTb CTaBKY Ha 3HaK pa3Huubl: Xi.m- Xt 4 n-

Y10 KacaeTtcsa ycnosua X; . = X¢.m, TO B CUNY TOr0O, 4TO HAM 3aBeOMO HEN3BECTHO ABNAOTCS /1N
3HAYeHNA 3TUX CNYHaNHbIX BEINYNH MaKCUMAJSIbHbIMU UV MUHUMaNbHBIMU N3 TPEX BO3MOXHbIX, TO
MaTeMaTun4Yeckoe oXXnAaaHue 3Ha4YeHNs pasHuubl |X;. - X; 4 n| BCerga byneTt HyneBbIM, T.K.
BapunaHTbl C HoMepaMn 1 1 6 paBHOBO3MOXXHbI.

Bblyncinm matoxXmnpaHue gna sapuaHTos, Korga Xk > Xi.m, T.€. 4719 BapnaHTOB C HOMepaMu 2 «
4:

M(X¢ k> Xiom) =(-dV+0)/3=-dV/3<0

Bbluncnnm maTtoxxungaHme onsa BapuaHToB, Koraa Xq. ¢ < Xi.m, T.€. N5 BapnaHTOB C HOMepamMn 3 1
5:

MX; k> Xiim) =(dV+0)/3=dV/3>0
Hy n KOHe4YHo xe:

M(X¢.k = Xt-m) =0
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PaccMmoTpum 2.3. cnyvyar, Korpa Bce u3BeCTHbie U HeM3BeCTHOE 3HA4YeHUsA Cy4YanHbIX
BeJINYMH NONapHO He paBHbI APYr Apyry

Hanpoém MUHUMYM OT 3HAYeHUN Xi_my Xi-k U Xt 4 n
Vinin = Min(X¢. m, X Xe4n)

Hangém MakCUMyYM OT 3HAYEHUN Xi_my Xiok U Xt 41
Vinax = Max(Xe-m, Xe-w Xt 4 n)

Hangém cpegHee n3s 3HadYeHUm Xi.m, Xi-k U X 45
Vinig = Mid(X¢ . m, Xi. o Xe4n)

Bbl4ncanm Mexxay HUMU pasHuLy:

dVa = Viig = Vimin

dVp = Vinax = Vimid

dV. = Vinax - Vimin = dV, + dV,,

Y Hac moryT OblTb BCEro LIECTb PaBHOBO3MO>XHbIX 1 MOMNapPHO HECOBMECTHbLIX BapPMaHTOB:

Homep BapunaHTa 3HavyeHune X;_y 3Ha4veHne X;. 3Ha4vyeHne X; 4 Pa3sHunua:
1 Vmax Vmid Vmin dVa

2 V max V min V mid -dv,

3 V mid V max V min dv, + dv
4 V mid V min V max -dV, - dV
5 Vinin Vimax Vi dV,

6 Vmin Vmid Vmax 'dVb

Bblyncinmm matoxmnpaHue ona sapuaHTos, Korga Xi_x > X¢.m, T.€. 4719 BapMaHTOB C HOMepamun 1, 2
n4:

M(Xi k> Xeom) = (@M -V, -dV,-dV,) /3 =-(dV,+dV,) /3 <0

Bbluncnnm maTtoxXmnaaHme onsa BapuaHToB, Korga Xi.x < Xi.m, T.€. 419 BapMaHToOB C HOMepamu 3, 5
n6:

M(Xi. k> Xiom) = (dV, + dVp +dV, -edV,) /3 = (dV,+dV,) /3 >0
0606L1B 3aKOHOMEPHOCTW Ana ciaydaes 2.1., 2.2. 1 2.3. Mbl N0Jly4aeM 3aKOHOMEPHOCTb:

M(X¢in-Xeom) = p(xt-m¢ Xk Sg"(xt-m - Xeok) - (Vmax'vmin) = p(xt-m;t Xe.oi) 59n(xt-
m = Xeoi) " [ XKe-k = Xe-ml

MoCcKoNbKY:

[x] = sgn(x) = x
n

sgn(x)? =1
To:

M(X¢rn=Xeem) =2 PKeom # Xeow * Keom = Xe-k)
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I TeopeMa 0 HAIM4YMM NaAMATU Y CNIyYarHbIX NOCJsieaoBaTeNIbHOCTEN
Published on Reshetov & Co (http://yury-reshetov.com)

CooTBeTCTBEHHO, €C/IM 3aBe0MO 3Has 3Ha4YeHUs He MeHee OByX npeabiayuwnmx seJsiIn4nH
cnyqa|7|Horo BpeMeHHOro pdaaa, MOXXHO OAHO3HAYHO BbIHNC/INTb 3HAK MaTOXMNAaHWA 014 Pa3HWULbI
Mexny nocsieagHnM nM3BeCTHbIM 3Ha4YeHneM 4YncJsia 3TOro pAaaa 1 noka eLé HeNn3BeCTHbIM 3Ha4YeHNEM
TOro XXe CaMoro pdaga, To MOXXHO COoeNnaThb OKOHYaTesIbHbI BbIBOA O TOM, 4TO:

Cny4yanHble BpeMeHHble pAabl 001apaloT NaMATbIO HA rMyOuHY He MeHee ABYX 3aBea oMo
M3BECTHbIX 3HAYEeHUU

P.S.:

1. Ecnm 6bl 661710 M3BECTHO 3HavYeHne ansg p(Xq. m # Xi. k) TO MOXHO 661710 6bl BEIYNCAUTL U
abConTHOE 3Ha4YeHMe 3TOro MaTOXXNAAHUSA, @ OHO HAaM HEN3BECTHO, T.K. Mbl He obnagaem
HUKaKMMK cBegeHnsaMu o6 anropntme reHepaTtopa.

2. Ecnv psa MOHOTOHHO Bo3pacTalowmnin 1Mo MOHOTOHHO yObIiBalOLLMA, TO 3Ha4YeHne
MaTeMaTMU4YeCKOro OXXnaaHus B BbllleyKa3aHHbIX hopMyax ByaeT ¢ NPOTUBOMOJIOXKHbBIM
3HakoM. Ho npu Takmx ycnoBusax nogobHele psafbl HUKaK Helb3s Ha3BaTb CJyYalHbIMU UK,
Nno KparHen Mepe, Hesb3s CKa3aTb MPo Takue psagbl, 4HTO nocneytollee 3HavyeHue paja
He3aBUCUMO OT npeabiayLero.

KOpui PeleToB

Tags: MaTtemaTuka
Teopusa BEPOATHOCTEN
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