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OCOBJUBOCTI APUGMETUBALIL JUCKPETHUX
BEPBAJIBHUX HIKAJI

Beryn

BepOanbH1 opauHaIbHI MIKAIU SIKOCTI XapaKTepU3YyIOTh 3B'SI30K MIXK CTa-
HOM 00’€kTa a00 HOT0 BJIACTUBOCTSMH 1 CIIOBECHUM BIJOOpPaXKEHHSM LIbOTO CTa-
Hy (B1acTuBOCTi). B IbOMy BUNaiKy AMCKpETHA BepOasibHA IIKaia CTPOroro Ji-
HIMHOrO  MOpsAKy Moxe Oyrm mo3HadeHa sk S=(X;R)), nze

X ={Xg,..-X..s, X1} — CYKYIIHICTb TOYOK IIKaIHU, a R — BIJHOLICHHS CTPOrOro

JiHIAHOTO nopsiAky. Hanpukiaa, BepOangbHa HIKajga SKOCTI 3 HACTYMHUMH Ha-
MMEHYBaHHAMM TOYOK INKAJIM: X,— «IPUCTPIA 30BCIM HE BIANOBIAA€ BUMOIaM

10 MOro AKOCTI», X— «IPUCTPIi 4aCTKOBO BIANOBIJA€ BUMOIAaM JI0 HOTO SKOC-
TI», X,— «IPHUCTPIA BIANOBIAA€ OCHOBHMM BHMMOIaM JO HOIO SAKOCTI», Xg—
«IPUCTPIA MakKe MOBHICTIO BIANOBIAA€ BUMOIaM JI0 HOTO AKOCTI», X, — «IIpPH-

CTpii BIJMOBIJAE BCIM BHUMOTraM JI0 HOro gkocTi». Taka mikana € BepOasbHOIO
ab0 «HE YMCIOBOIO» IIKAJIOK BUMIPIOBAHHS SKOCTI. AJie BUKOPUCTaHHS «HE
YUCJIOBUX» IIKaJ JUIsi BUMIPIOBAHHS SKOCTI pOOWTH HEMOXKIIMBOIO TOIAJIBITY
00poOKy pe3ysbTaTiB BUMIPIOBAHHS 32 TAKUMU IIKAJIAMH 3 BUKOPUCTAHHSIM Me-
TOJIB, SIKI OPIEHTOBAH1 Ha YUCJOBI BUXiIHI Aadi. KpiM Toro, 301JIbIINIIOCEH YnC-
JI0 BUTAJKIB B3a€MOJIT 3 00JIaCTAMU MaTEMaTUIHOI KIOEpHETUKH TIPU BUPIIIICH-
H1 3a71a4 yMOPSAAKYBaHHS 00’ €KTiB a00 iX BJIACTUBOCTEH 3a CTYICHEM «HAJIaHHS
nepeBarn», «IIHHOCTI», «KOPHCHOCTI» TOINO, SKI TEK BHMAralTh YHUCIOBUX
3HAYCHb.
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Tomy ctaBuUThCS 3amava apudmernsaliii JTUCKPETHOT BepOaIbHOI IIKaIU
BUMIPIOBaHHS AKOCTI [1], TOOTO 3a/1aya MPUCBOEHHS BUBHAYCHUX JIMCHUX YUCEN
TOUKaM MKam S = (X;R.) 31 30epeXeHHAM 3a[JaHUX BIJHOIIEHb, 1110 BXOAATh B

CTPYKTYpy R._. IHmNMU ciioBaMu, 3HAXOJSATh BIANOBIIHICTE () MK MHOXKHHOIO

BepOambHUX TOUOK X IIKalu S i MHOKMHOIO JifiCHHX YHCe, IO 3a/1a€ apud-
METH3aIlll0 IIKaau BUMiproBaHHS sSKOCTi [13 1 € romomopdizmMoM emmipuuHOi
CHUCTEMU B YHCIIOBY.

B 3anexHocCTi Bii HasBHOCTI ab0 BIJICYTHOCTI anpiopHoi 1H(opmarllii po3-
IIIA1aI0Th apu(MeTH3alliio 3 BpaxyBaHHSIM anpiopHoi iHdopmallii 1 cToxacTuy-
HYy apudmeTH3alio BiAIOBIIHO.

B po6oTi [2] po3risiHyTO MPUHIKAI CTOXACTHYHOI apudMeTH3allii, 3a pe-
3yJbTaTaMu SIKOi OTPUMYIOTH 4YHCIIA, IO BIJMOBIJAIOTh BepOATbHUM TOYKAM
IIKaJgu. AJle 1 BIAOBIIHICTh XapaKTEepPU3ye MEBHOIO HEBU3HAYCHICTIO, 1 UMM IS
HEBU3HAYCHICTh MEHIIA, TUM O1JIbIlIa TOYHICTh BCTAHOBJICHHS apru(METU30BaAHOT
(uncioBoi) mkanu. Takuif aHasi3 He MPOBOAUBCS 1 TOMY 3a/1a4€l0 CTaTTl € JOC-
JIJKEHHS CIIOCOO1B OI[IHIOBAHHSI HETOYHOCTI apudmeTur3alli BepoaibHUX IIKal,
a00 HEBM3HAYEHOCTI BCTAHOBJICHHS IIKAJIM, Ta MOJAAHHS PEKOMEHJIAIIN 31 3Me-
HIIIEHHS TaHOT HEBU3HAYEHOCTI.

IocTanoBka 3axavi: JOCHIIKEHHSI CMOCOOIB OI[IHIOBAaHHS HETOYHOCTI
Mepexoay BiJ MHOKHHH BEepOATbHUX TOYOK OPAMHAIBHOI IIKAIHA 10 MHOKHHH
yuces npu apudmeTusanii mKamm 3 po3poOKo0 peKOMEHAIN 1010 3MEHIIICH-
HSI HEBU3HAYEHOCT1 apu(hMETU30BAHO] IIKAJIH.

1. AHnaui3 cioco6iB noganHst apupMeTH30BAHOI IKAJIH
Bep0OaspHa 11Kama BCTAHOBIIIOETHCS 38 KOPTEKEM <Q, X,M, F> ,1e Q

CYKYTIHICTh MPOSBIB BIACTUBOCTI; X — CYKYHHICTh BEpOATbHUX TOYOK IIKAJH,
10 BiIMIOBIJIaI0Th MPOSIBAM BJIACTUBOCTI 3a omepailietro M :Q — X ; onepartis F

— OJIMH JI0 OJHOTO IIEPEHECEHHSs BiIHOIIEHb 3 eMIpu4HOoi cuctemu Q 10 Bep-
OanpHOT cucteMu X .
YucaoBa IIKaia BCTAHOBIIIOETHCS 3a KOPTEKEM <Q, N,M, F>, ne N —cy-

. +
KYIHICTh YHCIOBHX TOYOK ImKamu, N =(n,..), N, €R". Takum umHOM mpm

apudmerusanii BusHavdaethes nepexig X = N .

[Ipu cToxacTuuHiil apudmeTn3zanii Takuil Nepexi]; XapaKTepU3yeThCs He-
BU3HAYCHICTIO, SIKYy MOTPIOHO OIIHIOBATH, TOMY IO BOHA XapaKTEepU3ye HEBU-
3HAYEHICTh BCTAHOBJICHHS IITKAJIH.

[Ipu croxactuuHiii apudmeTu3aii NPURMAETHCS PIBHOMIPHUA PO3TOILIT
Ha MHOXHMHI TpaekTopii apudmerunszamii. Buxomsau 3 1ip0ro, B po0oTi [2] 3a-
MIPOTIOHOBAHO HACTYMHY MOJIEIh PO3MOJIIY IIUIBHOCTI MMOBIPHOCTI 3HAY€HbD,
110 BiJMOBIIal0Th BEPOATLHUM TOYKAM ITKAJIH:
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o(jii)=— 1" ﬁ(x+%}ﬁ((1—x)+ljm (1)

ETCEe

)
11 n)(m+n)!
1 n-1 .
ne X=0,—,...,——, 1 moxxe npuiiMaTi N TUCKPETHUX 3HAYEHD,
n n
e N— MakCUMaJbHE 3HAYCHHS IIKaJH, 33 JOIIOMOTOI0 SIKOT TIPOBOJIUTRLCS apu-
dbMeTH3aiis,

| — MOPSAKOBUI HOMEP TOYKHU BepOabHOT MIKAIH, | = {O, m +1} :

] — HOMEp TOYKH Ha apu(METH30BaHIHM MK, j:{O,m+1}, IO BiJMOBiAA€E

HOMepy | BepOabHOI MIKaJIH,
M + 2 — KinbKicTh BepOaTbHUX i YHCIOBUX TOUOK.
MareMaTiuHe O4iKyBaHHS PO3MOALTY BUKOPUCTOBYIOTH ISl BU3HAUCHHS
YHCIOBUX TOYOK IIKAJIU:

@ (;mn)=M(i;mn)=i-n-(m+1)

-1

(2)
Cepenne kBanpatuune BiaxuiieHHs (CKB) o(i;m,n), mo xapaktepusye

PO3CIIOBaHHS 3HAYEHD MPU apupMeTU3allii, TOP1BHIOE:

: . -(m-i+1 -(m—-i+1

o(i;m,n)=D(i;mn) = |n*. ( . ) +n- ( ) .

(m+1)*-(m+2) (m+1)-(m+2)

Amnani3 HaBegeHoro Bupasy st CKB nokasye, o 3HaueHHsI N BUKOpPHC-

TOBYETHCS SIK MHOKHHK J1alla30HYy, TOMY MOAAJIbIII PO3paXyHKH MPOBOJIUIUCH

JUTsl HopMattizoBaHoro aiana3ony Bij 0 go 1. dpyra cknanoa CKB 3meHmIyeTh-
cs1 31 30UIBILIEHHSM N, TOMY [IPU PO3PAXyHKAX BUXOJMIIM 3 YMOBH, 110 N >>M, i

(3)

CKB Bu3HauaeThc SK:

c(i;m,n):n.mll. ,ir‘?;]i:zl) Ji={Lm+1}. (4)

[Tpu Benukiii KiIbKOCTI N Mozenb (1) 3amMiHIOIOTH HEMEPEPBHOIO MOJIE-
10 3 — po3noainy:

f [x;i;(m—i+1)] =x7 -(1—><)m‘i .

I(m+1)
r@)-T(m-i+1)

)
Toxi MaeMo MaTeMaTiuse crioxisanus: @ (i;m)=i-(m+1)7",

i m-i+l
m+1 \i-(m+2)

Cepenne kBaapaTtuuHe BigxuieHus: o(i;m) =

Xapaktepuctukoro nepexoqy X — N e marpuig signosignocTi Mixk Bep-
OaJbHUMM TOYKaMH | Ta 4YHCIaMM 32 HOMepaMu | . SIKio moxuOka BCTAHOB-

JICHHSI OPJIMHAIBHOI NITKAJW BIJICYTHS, TO TIO J1arOHAJl MaTPHIll PO3MIIIYIOTHCS
onuHMUII (6):
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Xi Xo X1 Xm+1
]
0 1 0 0
Pj’i = |1 0 1 0
m+l |0 0 1
IIpn upomy
0<i<m+l, 0<j<m+1. (6)

B peanpHit MaTpumi (U1l mKaJIM 3 TOXHOKAMU BCTAHOBJICHHS) 10 PSIKAM
pO3TaIIoBaHi YMOBHI HMOBIPHOCTI TOT0, TO YHCIIOBi# TOYIII i HOMEPOM | Bi-

JIOBIIAE PsAJl BEpOAIBHUX TOUOK 3 PI3HUMHU HOMEPAMHU.

CroxacTuHa MaTpHIls, OTpUMaHa NpH apudMeTusalii, BIAPI3HIETHCSA Bl
171eaJIbHOI HAsBHICTIO PO3CIFOBaHHS B3J0OBXK JlaroHaini matpuii. [ns po3paxys-
KIB YMOBHUX MMOBIPHOCTEH B MaTpHlll aBTOPaMU POOOTH BUKOPUCTAHO TOHSTTS
KJIacy eKkBiBaJeHTHOCTI mkaau. 3a PI'M 2008 [3] kiac ekBIBaJI€HTHOCTI — MiAM-
HO’KMHA TMPOSIBIB BUMIPIOBAHOI BJIACTUBOCTI, IO MPUIAMAETHCS SK YMOBHO-
HEpO3pI3HEHA B IIKaJll BUMIPIOBAHb 1I1€1 BJIACTUBOCTI. JIJIsi YMCIIOBOI HIKAJIH
KJIaC eKBIiBAJICHTHOCTI II€ YacTHMHA MIKaJM, 10 JexuTh B Mexax +0.Dmomimku
[IKAJIM B1J 3HAYEHHS IIEBHOI TOYKH IIKAIH. ﬁMOBipHiCTb BIJTHECEHHS 1O IIEBHO-
r0O KJIaCy €KBIBAJICHTHOCTI BI/IITOBIIa€ TUTOIII ITiJ] KPHBOIO MIUTBHOCTI 3 — po3mo-
nimy. Matpuilst BiIMOBIAHOCTI oTpumaHa st M= 2 3 WMOBIPHOCTSMH BiJIHE-
CEHHS JI0 TIEBHOTO KJIacy €KBIBAJEHTHOCTI a00 3 HMOBIPHOCTSIMU BiJIIOBITHOCTI
| 10 ] HaBeaeHA HUKUE:

Xi | Xg X X5 X3
]
0 0,67 |03 0,03 |0
Pj’i = |1 0,22 |045 |022 |0,11
2 0,11 |0,22 |045 |0,22
3 0 0,03 |03 0,67

Moau yMOBHHMX PO3MOJAUICHDb 32 PSAKaMU 3HAXOJATHCA Ha JiaroHail Mat-
puili. SKmo kepyBaTHCh YMOBHHUM OJHOMIPHHUM PO3MOJIJIOM HWMOBIPHOCTEM
(KO’KEeH PSJIOK MaTpHIli), TO TOYKA BIAMOBITHOCTI 3HAXOJUTHCS 32 MOJOIO PO3-
noxiny (todto Touka =1 BigmoBimae x, TO4Ka J=2 BiAINOBiIa€ X,, TOLIO).
TakuM 4YMHOM MEPEBUIIEHHS WMOBIPHOCTI MOAM HaJ WMOBIPHOCTSIMHU CYCIJIHIX
TOYOK CBIAYUTH MPO MPABUIIbHY BIMOBIIHICTH BEpOAIBHOI 1 YMCIOBOT TOUYOK.

3HavyeHHsT WMOBIPHOCTEM HABKOJO J1aroHajl CBIIYaTh MPO PO3CIFOBAHHS
matpuil. Kputepii 175 OLiHKKA PO3CIIOBaHHS HABEJEHO B HACTYITHOMY PO3/ILII.
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2. OuinwBaHHS PO3CilOBaHHS MaTpui BiAMOBIAHOCTI
apu(PMeTH30BAHOI IIKAJU AKOCTI
BiamiHHICTE peasibHOI MaTpHIll BiJl 1I€aIbHOT XapaKTepu3ye MOXHUOKU pe-
aJbHOT MaTPHIII.
. . . . ! . .
JI7is OIiHIOBaHHS HEi/IeaThbHOCTI MaTpPHII Pji y TIOPiBHSIHHI 3 MaTPHUIIEIO

Pji (1.6) moxna Bukopuctatu Hopmy Dpobeniyca [4]:

m+2 m+2

LEen)
G= 2(m+2) =0.15,(0<G<1).

Take 3HaueHHs HopMH DPpoOeHiyca CBIAYUTH PO BEIMKE PO3CIFOBAHHS
HMOBIPHOCTEH B3JI0BXK Jl1aroHajIi MaTPHIll BIATIOBITHOCTI.

JlocmipkeHHsT TToKa3aiy, 1o 31 30UIBIICHHSIM TOYOK BepOabHOI HIKAIU
30UTBIIYETHCS 1 PO3CIFOBAHHS MATPHIIl BIAMOBIIHOCTI. Tak, mpu KUTBKOCTI TOYOK
7 MaTpHIls BIAMOBIAHOCTI Ma€ BUTJISIL;

Xo | % X, | Xz | X4 Xs | Xg

0,58 [0.35 | 0.06 [0,01 |O 0 0
0,18 (041 |0.31 |01 [0.02 (O 0
0,17 {0.17 |0.32 |0.24 |0.09 [0.01 |O

003 (01 |0.21 |0.31 |0.21 |0.11 |0.03
0 0.01 {0.09 [0.24 |0.32 |0.17 |0.17
0 0 002 {01 |0.31 |0.41 0.1/
6 |0 0 0 0,01 {0.06 |0.35 |0.58

. 1] . o . v
3 marpuui Pji(7) BHUJIHO, IO PO3CIFOBAHHS YMOBHHMX MMOBIPHOCTEH 3a

Pj’i (7) =

o b~ lw N RO ..

TOYKAMU KT 30UTBIIMIOCH 1 JIJIS IIEHTPAJIbHUX TOYOK IIKAJIH YMOBHI HMOBI-
PHOCTI HE JOPIBHIOIOTH HYJIIO Y BCbOMY pANKY. [l MOpIBHSHHS TIpH aHami3i
OyJ10 BU3HAYEHO TaKl KPUTEPIi AKOCTI MATPHIIl BiAMOBIIHOCTI: HOpMa DpoleHi-
yca (XxapakTepusye po3CiIOBaHHs), MiHIMaJIbHE TIEPEBUILICHHS] MOAM (XapaKTepu-
3y€ SAKICTh KJIacu]ikallii OKpeMUX KJIaciB €KBIBaJEHTHOCTI), pO3Max yMOBHOIO
OJTHOMIPHOTO PO3MOJUTY 32 TOYKAMH KA (XapaKTepUCTUKA HEBU3HAYEHOCTI
BCTAHOBJICHHS apu(pMeTU30BaHOI miKaau). CiiJl BIAMITUTH, 10 TIPU HAIBHOCTI B
PO3MOALII TOYOK 3 Majiol0 WMOBIPHICTIO XapaKTEpUCTUKA PO3Maxy MOKe OyTH
3aBuIlIeHa. TOMy SIK XapaKTepUCTUKY HEBU3HAYEHOCTI 00OpaHO po3Max 3a 3ara-
JHHOIO WMOBIpHICTIO P=0,95, TOOTO 3 BIIIyYEHHSIM TOUYOK 3 MaJIOI0 WMOBIpHIC-
Ti0. B Tabn. 1 HaBeaeHo pe3yabTaT OOYKCICHHS KPUTEPIIB PO3CIFOBAHHS 1 PO3-
MUTOCTI apu(PMETU30BAHOT IITKAIIH.

3a MOPIBHAHHIM JaHUX, HABEJEHUX B TaOJ. 1, MOXHA 3poOUTH HACTYIHI
BHUCHOBKH: 31 30UIBIICHHAM KIJIBKOCTI TOYOK BepOajbHOI IIKATU 301IbIIYETHCS
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pO3CitoBaHHSI BCTAHOBJICHHS apudMeTrn3oBaHoi mmkand. Hopma ®dpobeniyca
3HauHO 30impmryerhest (Big 0,15 mpu M+2=450 0,24 ipu M+2=7). Iepepu-
IICHHS MOJIA CTa€ HE3HAYHHUM, IO YCKIATHIOE TPABUILHE BU3HAYEHHS TOYOK
mkanu. Tomy 6e3 HasBHOCTI anmpiopHOi iH(opmallii peKOMEHIY€EThCS BCTAHOB-
JIIOBATH IIKAJIA 3 MEHIIIOO KIJTBKICTIO TOYOK IIKaJIu. A TOTIM ITiCJIsi BAMIPIOBAHb
3a I1i€10 MIKajI0r a0o KaniOpyBaHHS 3a apTedakTaMu MOJIIIITYBATH XapaKTepHC-
THUKH [IJISIXOM BUKOPUCTAHHS anocTepiopHoi iHdopMallii 1 Toi 301IbITyBaTH Ki-
JBKICTh TOYOK IIIKAJIH.

Tabauysa 1.
3HaueHHs KPUTEPIiB pO3CIFOBAHHS 1 PO3MUTOCTI
apuMeTHU30BaHOI BEpOAIBHOT IIKAIH SKOCTI
KinbkicTh TOUOK Hopma MinimanbsHe nepeBu- | MakcuMabHUN
BepOasbHOI Iika- | Ppobeniyca, HICHHS! HMOBIPHOCTI pO3Max 3a TOu-
I G MOJIY HaJ[ CYyClTHIMU KaMH IIKaJIn
(Mm+2) 3HAYEHHSIMU P=0.95

4 0,1528 0.23 3

5 0,1867 0.2 5

6 0,2183 0.11 5

7 0,2367 0.098 7

BucHoBKH

B crarmi po3risiHyTO 3amady apudMerusalli JUCKPETHUX OPAUHAIBHUX
IKaJl AKOCT1, BUPIIIEHHS AKOi MOJISrae B TOMY, 110 BepOaIbHUM TOYKAM IIKAJIH
CTaBJIATh Y BIANOBIAHICTH yKcia. 3ajada apu@pMmeTusaiii MOkKe BHUPIIIYBATUCH
3a HasBHICTIO a00 BIJCYTHICTIO anpiopHOi iH(opmailii (OCTaHHS Ha3WBAETHCS
cToxacTuyHow apudmetusaiiero). [Tokazano, mo croxactTuuna apupmMeTusaiis
CYIIPOBOKYETHCSI TIEBHOIO HEBU3HAUYEHICTIO. J{J11 3MEHILIEHHS HEBU3HAUYEHOCTI
PEKOMEHIOBaHO 301JIbIIIEHHS KUTBKOCTI IUCKPETHUX 3HAUYEHb YUCIIOBOI IITKAJIH.

B crarTi BU3HAYEHO JEKUIbKAa KPUTEPIiB ISl XapaKTEPUCTHKHU SKOCTI
apudmMeTH3aii BepoanpHOi mKaau: Hopma OpobeHiyca (XapakTepusye po3ciro-
BaHHS), MIHIMaJIbHE TEPEBUINECHHS MOAM YMOBHOTO PO3MOJUICHHS pPsIKa MaT-
pHIIl BIJMOBIIHOCTI «BepOabHI TOUKH» — «UHCIIa» (XapaKTepu3ye SKICTh KJia-
cudikalii OKpeMHuX KJIaciB €KBIBAJEHTHOCTI), pO3MaX YMOBHOT'O OJHOMIPHOTO
PO3MOiTY 32 TOYKaMU MIKAJK (XapaKTepUCTHKa HEBU3HAYEHOCTI BCTAHOBIICHHS
apu(pMETU30BAHOI LIKAJIH).

HaBeneno pekomennaiii 3 BUOOpPY KIIBKOCTI TOYOK IIKAJIM 3 BpaxXyBaH-
HsM HopMu Dpobeniyca Ta 3HaYEHHSI MIHIMAJIBLHOTO MEepeBUILIEHHs Mou. B pe-
3yJbTaTl aHaJi3y BCTAHOBJICHO, IO 32 YMOBH CTOXACTUYHOI apudmeTu3aiii mpu
30UTBINIEHH] KIJTBKOCTI TOYOK BEpOANBHHOI IMIKAIM 3MEHIIYETHCS TEPEBUIICHHS
MOJM MIX CYCIAHIMHU KJIacaMH €KBIBAJECHTHOCTI Ta 30LIbIITYeThCS HopMma Dpo-
Oeniyca, 10 BKa3zye Ha 30UIbIIEHHS HEBU3HAYEHOCTI. TOMY MpU CTOXaCTHUYHIM
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apudMeTH3aIlii YUCa0 JUCKPETHUX Tpajialliii MOBUHHO OyTH oOMeKeHe 1 Ipoiie-
nypy apudmernsaiiii HeoOX1THO MPOBOJUTH B JIeKIIbKa eramiB. CrioyaTKy Mmpo-
BOJIUTHCSI CTOXAaCTUYHA apudMeTH3arlisi 1 BCTAaHOBIIOETHCS IIKanda 3 MiHIMallb-
HOIO KUIBKICTIO TOYOK, Hampukian, «Huszskuit», «Cepenniity, «Bucokuity, mo-
TIM 32 BCTAHOBJICHOIO IIIKAJIOK0 30MPAEThCS arocTepiopHa iHdopmMaliis 3a JI0I0-
MOTOIO0 SIKOT OpAMHAIbHA MTKAJIa YTOYHIOETHCA.
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