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Anomayin—Ha ocHoOBi TpiKOBMX CHMeTPHYHHX
(ynxuii CHHTE30BaHO BignmoBigHe OpPTOroHAJTbHE
neperBopeHHs. E¢eKkTUBHiCTb 3acTOCYBaHHSA OTPUMAHOI0
OPTOrOHAJILHOIO NMEPEeTBOPEHHsI y 3aJa4aX IepeTBOPeHHs
CHIILHOKOPEe/IbOBAHUX CHUTHATIB Yy caa0KoKkopeboBaHi
KkoedilicHTH ouiHeHa Yy NOPIBHAHHI 3 NepeTBOPEHHAMH
Yoama-Anamapa ta Xaapa.

Abstract—An orthogonal transform was synthesized
on the basis of symmetric ternary functions. The
application effectiveness of the synthesized orthogonal
transform was estimated for the problems of converting
strongly correlated signals in weakly correlated
coefficients in comparison with Walsh-Hadamard and
Haar transforms.

Kniouoei  cnosa—uughposa  o0bpooka  inghopmauii;
0pMOzZOHATIbHE NEPemeOpeHHA; MPIIKO8I cumempuyni
ynkuyii; nepemeopenna Yonwma-Aoamapa; nepemeopenns
Xaapa
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. BcTyn

IMudposa o00poOka iHGopMaLii € LEHTPAILHOIO
CKJIQIOBOIO OUIBIIOCTI CyYacHUX TEXHIUYHHX CHCTEM Ta
iHpOPMAIIITHUX TEXHOJIOTiH, SKi BUKOPUCTOBYIOTHCS Y
PI3HUX Tay3sX €KOHOMiKH, BUPOOHHULITBA, YIPABIiHHS
Ta 3B’s13Ky [1 —5]. 3 1poro BumIMBAE, 10 ePEKTHUBHI
pimenHs y ramysi mudposoi o0poOku iHpopmaii
NPU3BEAYTh JIO TiJBUINEHHS e(QEKTHBHOCTI mepediry

IpoleciB, sKi  BKIIOYAIOTh  LHGPOBY  0OpoOKy
iHdopmalii, y IpUKIaJHAX Taly3sX.
AKTyanbHUM  3aBHaHHAM  LUGpoBoi  00poOkH

iHopmarii € 06pobka HUGPOBUX CUTHANIB HA OCHOBI
OpTOroHANBbHHMX  meperBopeHs [2—5]. ¥V mpoueci
pO3B’SI3aHHA JAHOTO 3aBJaHHS HEOOXiTHO pO3B’I3aTH
npobieMy — po3poOKn HOBHX  OPTOTOHAIBHUX
MEPETBOPEHb, SKi JTO3BOJISIOTH 3 BUILOK €()EKTUBHICTIO
IPOBOJUTH 00pOOKY KOHKPETHUX LIM(PPOBUX CUI'HAIIB,
Yy TOMY YHCII CHTHAJIB, JUIS SIKMX ICHYIOYi METOJIH
HPaIOIOTh i3 HEAOCTAaTHIM piBHeM edekTHBHOCTI [3 —
5].

AHaniz JoCHiDKeHb y Taiy3i nugppoBoi 00poOku
iHpopMaIlii Ha OCHOBI OpPTOTOHAJIBHHX IEPETBOPCHB
BKa3ye, 10 JOCTI[DKEHb Yy HampsAMmi 10o0ynoBH
OPTOTOHAJIFHOTO TIEPETBOPEHHS Ha OCHOBI TPIHKOBHX
CHMETPUYHUX (YHKIH He mpoBoawiaoch [2 —5]. Tlpu
I[OMY, JIOBEACHO, 10 BIJMOBiJHA TPIHKOBUM
CHUMETPUYHUM (DYHKIiSIM JIOTiKa € OiIbll e(heKTUBHOIO
nopiBHsHHI i3 jBifikoBoto [6, 7]. 3Bigcum BumIMBaEe
HPUITYIIEHHS PO BUCOKY €(eKTUBHICTb A HBPOBOI
00poOku iH(popMallii OPTOrOHaNBHOTO TEPETBOPEHHS
Ha OCHOBI TpPIHKOBUX CHUMETPHUYHMX (YHKLIH, 110

3YMOBIIIOE aKTYalbHICTh 3aBJAHHS pPO3POOKH Ta
aHamizy ~ e(peKTHBHOCTI  3aCTOCYBaHHS  JAHOTO
HEPETBOPEHHSL.

MeTor J0CHiKEHHST € T00YI0Ba OPTOrOHAIEHOTO
HEePEeTBOPEHHSI HA OCHOBI TPIMKOBUX CHMETPHIHHX
GyHKIIH Ta  OIIHIOBaHHA  e(EKTUBHOCTI  HOTrO
3aCTOCYBaHHS y 3ajauax HePETBOPEHHS
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CHJIbHOKOPEJILOBAaHUX CUTHAJIB y CIaOKOKOpENIbOBaHi
KoedilieHTH.

HaykoBa HOBH3HAa OTPHMAaHUX PE3yJIbTATiB MOJISrae
B YCHilIHil MOOYZ0BI OPTOTOHATIBHOTO NEPETBOPEHHS
HAa OCHOBI TPIHKOBUX CHMETpUYHUX QYHKIH Ta
MOpiBHAHHI  ©()EKTHBHOCTI HOrO 3acTOCYBaHHS Y
3ajJavax IEPEeTBOPEHHS CHIBHOKOPEILOBAHUX CHUTHAIIIB
y CIaOKOKOpeNIbOBaHI KOeillieHTH 3 TMEPETBOPCHHAMH
VYomma-Anamapa ta Xaapa.

Il.  TPIMKOBI CUMETPUYHI ®YHKILIIT

TpilikoBi  cumerpuuHi  (QyHKIIi  3a7ar0ThCA

ananiTnaHuM BupaszoM (1) [8].

0, 0 <modh(x—3",3™")<3",

1, 3" <modh(x-3",3"")<2-3", (1)
-1, 2-3" <modh(x-3",3"") < 3",

Ter,(x)=

Jie N — nopsiAKoBHid HOMep (DyHKIIIT, X — IIIOYHCENbHUM
apryment, mod(x,p) — nmomomixHa (YHKI[s, 3amaHa
AQHANITUYHUM BUPa3oM (2).

mod(X,p)+ p, sxmo X <0,

modh(x,p) :{ (2

mod(Xx,p), akmo X = 0,

e mod(X,p) — GyHKIis 3Ky Bif AIJCHHS 4uciia X
Ha 4uciio .

Opnak, y Burisiai (1) TpilikoBi cumerpuyHi GpyHKuii
HempuaatHi Juii nudpoBoi o0pobku iHdopmarii Ha
OCHOBi OPTOTOHAJbHUX IIEPETBOPEHb, Y 3B’SI3KY 3
HETIOBHOTOIO JIAHOT CHCTEMH Ta i HEOPTOTOHANBHICTIO
[7,8]. 3 MeTorO TIOMONMAHHS MPOGIEMH HEMOKIHBOCTI
3actocyBaHHs cucTteMu (1) TpIHKOBHX CHMETPUYHUX
¢byukuii a1 nudposoi 06podku indopmariii Ha OCHOBI
OPTOTOHAIBHUX IIepeTBOPEHb cucremy (1)
Mo H(pikoBaHO 10 BUTIALY (3).

Ter01,,(0)=Ter (0%3%), 3

3" 714‘

ne n=logsN — mopsimok Habopy Oa3suMCHHX (GYHKIH
TEOPETUKO-YUCIOBUX IepeTBopeHb, N — KiJIbKiCTbh
¢byukiii y Habopi, =t/T — mapametp yacy, T006TO 4ac,
HOpPMOBaHMH 70 iHTepBany T, t — MoTOYHE 3HAUYCHHS
vacy, i1=0,1,2,...,N-1 — mopsukoBuii HOMep (QYHKIIIT,
Ter,(0) — TpiiikoBi cumeTpuuni (GyHKII, ki 3amaHi
aHamiTHYHEM BHpazoM (1).

Cucrema (3) He BOJIOJII€ BIACTUBICTIO TIOBHOTH [8].
VY 3B’sA3Ky 3 UM, TOOYIOBAaHO CHCTEMY TOOYTKiB (4),

sKa, OJIHAK, He BOJIOJIIE BJIACTHBICTIO
opToroHambHOCTI [8].
Sord
A\urm,'
Ter 01Multyg nun(©) =] 1Ter01ord'30,d7 [(9) T (4)
i=
ne ord=logs(logsN) — mnopsimox Habopy 0a3ucHHX

GYHKIIH TEOPETUKO-YNCIOBUX NepeTBOpeHb, N= 330rd -
KitbKicTh QyHKIiH y Habopi ord, num=0,1,..., N-1 —
nopsiakoBuil HoMep GyHKuUil y Habopi, O=t/T -
nmapamMerp dacy, TOOTO 4ac, HOPMOBaHHMH 10
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iHTepBamy T, t — TIOTOYHe 3HAYCHHS  d4acy,
3% _ kimekicte ymkuiii  Ter0l,;(@), ski 3anami
aHATITHYHUM BHUpasoM (3), y Habopi ord, Anym,
€IIEMEHT PsiZKa NUM Ta CTOBIIIS | MATPHIIi TPIHKOBOTO
He3BaKeHOro komy I'pest A.

Ha ocHOBI 0O4YHCIICHHS paHTIB MAaTpUIb 3HAYCHb
¢byHKLIA cuctemMu (4) BCTaHOBIIEHO, IO JIaHA CHCTEMa
BOJIOJI€ BJIACTHUBICTIO JIHIAHOI HE3aJIEHOCTI, a OTXe
JUIS  TIOJIOJIAHHA ii  HEOPTOTOHAIBHOCTI  MOXKHA
BUKOPUCTaTH  IIpoliec  opTroroHamizamii  I'pama-
IIminra [9]. Tlepebir mpomecy oproronamisamii 3a
npoueaypor ['pama-IlIminara, Moxxe OyTH 3HalACHUH Y
[8]. Otprmana crcTeMa OpTOTOHATI30BAaHUX JOOYTKIB €
JHIHHO HE3aJIEKHOI0, OPTOTOHAIBLHOIO Ta TTOBHOIO [8].
Jns cupolieHHsT 3amucy OpTOTOHATi30BaHA CHCTEMa
MoyKe OyTH MO3HAueHa K

Ter{")(0), (5)

me n=logs(logsN) — mopsmox HaGopy Oa3suCHHX

(GYHKIIH TEOPETUKO-YUCIOBHUX TIepeTBOpeHb, N= 3 -
KUTbKICTh  (yHKIiH y wHabopi, i=0,1,2,..,N-1 -
HOPSAAKOBUI HOMep QyHKLIT y HaboOpi.

JI31st cripolieHHs Bi3yaJbHOTO aHali3y pe3yibTariB i
0e3 BTpaTH 3arajbHOCTI, Y MOJANbLIIOMY MOXHA
posrsigatu MAaTpHUIIIO 3HAYCHb CHCTEMH
OPTOTOHAJII30BaHUX JOOYTKIB TPIHKOBUX CHUMETPUYHHX
GbyHKIIH, ska yTBOpeHa (YHKIISIMH MEPUIMX JBOX
MOpsAIKiB Tiepioro Habopy cucremu (Puc. 1).
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I1l.  OPTOIOHAJILHE ITIEPETBOPEHHSI HA OCHOBI
TPIMKOBUX CUMETPUYHUX ®YHKIIII

YV MarpuuHiii (GopMi IUCKpEeTHE IE€PEeTBOPEHHS
BXiHOTO iH(OpMaliiHOTO MOTOKY X B 0asuci, SKHii
3ajaHuii MaTpuneto M, nonaeTscst 3rigHo (6).

Y = MX. ©6)

[Ipu upomy, Ha Marpuio M JOUINBHO HAKJIACTH
BUMOTY IIOAO i OPTOTOHAIBHOCTI, OCKUIBKH, Yy
BHIIAJIKY i OPTOTOHAJIBHOCTI BUKOPHUCTaHHS
OPTOTOHAJIFHOTO TIEPETBOPEHHSI TapaHTyBaTHMe, IO
MiHiMi3alliss MOXHOKM  KBaHTyBaHHS B  0OOJacTi
MEPETBOPEHHS TpH3BeIE JO MiHIMI3aI[il MOXUOKH
KBaHTYBaHHS B IIPOCTOPOBii 00JacTi, 110, Y CBOIO




yepry, nepeadavyae BUIIUH CTyMiHb  MOJIOHOCTI

BHUXIJIHUX Ta BigHOBIeHHX manux [10].

Marpuns 3HaueHb (QYHKIIH MepIIuX ABOX MOPSAKIB
nepiroro  Habopy  cucremu (5) (Puc. 1) He €
OpPTOTOHANBHOK. AHAJIOTIYHO, JOBUIBHA MAaTPHILI
3HAYeHb y Mekax HabopiB ¢Qyskmii (5) He €
OpPTOTOHANBHOI. BiAMOBiIHO, BUHUKAE HEOOXiIHICTH
YBEICHHS HOPMYIOUOro KoeilieHTy it  (QyHKI[iH
cucteMd (5) 3 METOI0 OTPUMaHHS OPTOTOHAIBHOT
MaTpHIl 3HaueHb QYHKLIN JaHOI CUCTEMHU.

OOuKCIeHHS HOPM PSAAKIB MAaTpUI[i  3HAYEHb
(GyHKIIA TepImMX JBOX MOPSJKIB TEPHIOro Habopy
cucremu (5) (Puc. 1) Bka3ye Ha Te, MO BOHH HE DiBHI
MiX cOOOI0 i, BIJITIOBITHO, HEMOXIIUBO YBECTH €JIHHUI
HOpMYyIouuil koedirieHT ams yciel Mmatpuri. Y 3B’3Ky 3

UM, BHHUKAaEe HEOOXITHICTh YBEJEHHS OKPEMHX
HOPMYIOUMX  KOeQIIieHTIB s KOXKHOI  (QyHKIIi
cucremu (5). 3aranbHUN aHATITHYHMNA BHpa3, 3a

JTOTIOMOTOI0 SIKOTO MO OyTH OTpHUMaHHUi Koe]ilieHT
it i-oi QyHKIii 3 N-oro Habopy cuctemu (5), Mae
Bursiy (7).

I %
e S Ja ¢
3 0 A 0
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= O
2o
ne n=logs(logsN) -

(GYHKIIH TEOPETHKO-UUCIOBUX MEPEeTBOpeHb, N= 3% -
KimpKicTh  QyHKIIH y Habopi, 1=0,1,2,..,N-1 -
MOPSAKOBHI HOMep (YHKIII y HaGopi, Terrf')(e)

e ()2
33

nopsoKk Habopy 0Oa3uCHHX

OPTOTOHAII30BaHi TOOYTKH TPIKOBUX CHMETPUYHUX
¢dyukiit (cucrema (5)).

Martpuiis 3Ha4eHb (QYHKIIN EPIIMX JTBOX MOPSIKIB
mepmoro Habopy cucremu (5) TOMHOXKEHHX Ha
BinmoBigHi HOpMmyroui koedimientn (7) (Puc. 2) He €
OpPTOTOHAJIBHOI, ajleé HOpPMH YciX ii psakiB piBHI 9,
TOOTO  pO3MipHOCTI ~ Marpuii. Takuii  BUMAIOK
JIOITyCKAEThCsL Teopiero nuppoBoi 00poOku iHdopmariii
Ha OCHOBI OPTOTOHAIBHUX IMEPETBOPEHB, OCKIIBKH, Y
TaKOMY BHIAIKy, MATPHUIIO MEPETBOPEHHS JOCTATHBHO

TMOMHOXHUTH Ha KOoe(illieHT, piBHUI 1/ VN, 1e N -

po3mipHicTh MaTpuni neperBopeHHs [10]. Boxnouac,
JlaHa OIlepalliss JO3BOJIUTh 3aIHIINTH EHEPreTHYHY
XapaKTepUCTHKY BUXIJHHUX JaHUX He3MiHHOO [4].
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Matpurg 3HauCHb q)yHKum HEPILINX JBOX HOPSIKIB IIEpIIOro Habopy cucTeMH (5) MOMHOXKEHHX Ha Koedirienta (7)

VY  BIANOBIZHOCTI /IO HAaBENECHHX MIpPKyBaHb,
MaTpHISI OPTOTOHAIBHOTO TEPETBOPSHHS HA OCHOBI
TPiHKOBUX CUMETPUUYHMX GYHKIINH Mae BUIIA (8).

1
T=—=T",
VN
ne N — po3MmipHICTH MaTpulili NEpeTBOpPEHHS, 1' —
MaTpuisl 3HaYeHb (YHKLIN cucTeMH (5) TOMHOXEHHX
Ha koedirientu (7).

®)

Y 3B’3ky 3 THM, mo Marpurd (8) €
OpPTOTOHAJIBHOI0, 1 MOXKHAa BHKOPHCTATH Y SIKOCTI
MaTpHIi OPTOTOHAIBLHOTO IIEPETBOPEHHS HAa OCHOBI
TpiiKOBUX  cUMeTpH4yHUX  QyHKUiil.  JluckperHe
OpPTOrOHaJbHE IEPETBOPEHHS HA OCHOBI TPiMKOBHX
CUMETPUYHHX GbyHKIH OJTHOBUMIPHOTO
indopmariitnoro moroky X={X(0),X(1),...,.X(N-1)} B

MaTpUYHOMY 3anuci 3TiAHO

criBBigHomeHHs (9).

IOOa€ThCA

Y =TX, )

e Y=[Y(0),Y(1),...Y(N-1)]' - N-KoMmoHeHTHHif
BEKTOP CHEKTPAIbHUX KOe(]ili€eHTIB OPTOrOHAIBHOTO
neperBopenns, N=3", n=0,1,..., T - wmarpuus
IIEPETBOPEHHS PO3MIpy N><N siKa 3agaHa BHpazoM (8),
X=[X(0),X(1), ..., X(N-1)]" -
N-KOMIIOHEHTHHIf ~ BEKTOp  AWCKPETHHX  3HAYCHb
OJHOBHMIPHOTO CHTHANy, JUIi SKOTO 3AIHCHIOETHCS
HEepeTBOPEHHS.

IV. OILIHKA EGEKTUBHOCTI 3A KPUTEPIEM CTYIIEHS
JEKOPEJIALI KOE®IIIEHTIB TEPETBOPEHHS

Jlng omiHiOBaHHS  e€(EKTHBHOCTI  IUCKPETHOTO
OpPTOTOHAJILHOTO TEPETBOPCHHS B 3a/JlaHOMY 0Oasmuci
BUKOPHCTOBYETBCS ~CTaTUCTUYHA MOJIENb BXiJHOTO



curtany [5,10]. V nmamiii  momemi  BxigHuit  N-
KOOpIMHATHUH BEKTOp X pO3IJIAOacThes SIK BUOIpKa
BUIIQJIKOBOTO Tpouecy. EmemeHTH Bektopa X €
peatizalliero OJHOBHMIPHOTO MapKiBCHKOTO MPOIECY
MEepIIOro TMOPSIKY 3 MaTreMaTHYHUM CHOAIBAaHHSIM
PIBHMM HYJIO Ta JUCIIEPCIE0 PIBHOIO OAMHUII. JlaHwuii
MapKiBCbKUIl ~ Ipolec  3ala€Thcs — KOBapialiifHOIO
matpuieto (10) Py, (i, j)-if ememeHT sKOi piBHHIA
KOC(ILIEHTY KOPEJALil MiXK CYCIIHIMH eleMEeHTaMu
P 0<p<1]5,10].

N 02 pN-t
p 1 p ..pN?
Po=| p*> p 1 .. pN% (10
pN-L N2 N3 1
st OPTOTOHAILHOTO TIePETBOPEHHS (6)
KoBapialifina Matpuis Py Bekropa Kkoedilli€HTIB

neperBopenHs Y mae Buriaz (11) [3, 5, 10].

Py =MPyMT ={p,(i,i)}

VY 3amauax NepeTBOPEHHS BXiJHOTO BEKTOpa Yy
BEKTOP CITaOKOKOPEIbOBaHUX KoedilieHTiB
e(EKTUBHICTD 3aCTOCYBaHHS OPTOTOHAITLHOTO
MepeTBOPEHHS BU3HAYAETHCS 38 JOIIOMOT'OI0 TIOKa3HHUKA
CTyNeHs  3MCHIICHHS  Kopensmii  KoedilieHTiB
NEPETBOPEHHS TOPIBHAHO 3 EJIEMEHTAMH BXiJTHOTO
Bektopa (12). Kpurepiii (12) Oyno  3amporioHOBaHO
B.K. Yemom y 1989 poui [10]. 3rigro kputepio (12)
e(EKTUBHILIMM BBAXKA€THCS MEPETBOPEHHS, IUISL SKOTO
mokasHuk 1) Bumwii [9, 10].

N
2Py (i)

i=1

n=7
> |py (i)
-1

=1

(11)

*100%. (12)

Pesynapratu  0OYMCIICHB  CTyNeHA —JAEKOPEIsLii
€JICMCHTIB n (12), SIKHIH 3a0e3MeyyeThes
MepeTBOPEHHAME Youmia-AjaMapa yIopsIKOBaHIM 32
Yommem (Nwa), Xaapa (Nua) Ta  OPTOTOHAIBHUM
nepeTBOpeHHIM (9) (Mrer), B 3aJISKHOCTI BiJl
KoedilieHTa KOpenswii p MiX CyCiIHIMH eJIeMeHTaMu
BUOIpKM BXiZHOTO iHGOpPMaliHHOTO MOTOKY HpHU
p=0,1; p=0,5; p=0,9 s pi3HUX pPO3MIpPIB BXIiJAHUX
BEKTOPiB HaBeJeHO y Tabmmi 1.

Jani y Tabnuni 1 103BONSOTH 3pOOUTH BHCHOBOK TIPO
Te, MO OpTOroHaitpHe meperBopents (9) mo3Bossie
3MEHIIMTH KoedilieHT Kopemswii enementiB 1o 90,5%. ¥V
HOPIBHAHHI 3 IEPETBOPEHHsIMU Y onma-Anamapa Ta Xaapa
niepeTBoperHs (9) BOJIOIiE MPUOIM3HO OJHAKOBOIO 3 HUMH
e(peKTHBHICTIO y 3a/1a4ax TIePETBOPEHHS
CNIaOKOKOPENIbOBAHUX ~CHUTHAIB Y  CIIAOKOKOPEIbOBaHI

KoedilieHTH 1 BHIIOI e(eKTHBHICTIO y 3amadax
IICPETBOPCHHST  CHIBHOKOPEIBOBAHMX  CHUTHANB Y
craOKOKOpeNibOBaHi  koedillieHTH. 3HauHa  MepeBara

niepeTBoperHs (9)  CrocTepiraeThCs Ui CHTHATIB i3
cepeHiM piBHEM Kopelwii eneMenTiB (p=0,5).
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TABLE V.

CTYIIHb JIEKOPEJISILIT

EJIEMEHTIB OPTOTOHAJIBHUMU ITEPETBOPEHHSIMHU, %

N [p Jo1 Jos oo
8 nWal | 90,95 69,75 | 77,14
nHar 86,09 |59,27 | 70,34
9 |nTer |90,52 | 70,84 | 78,31
16 nWal | 86,99 59,40 | 60,85
nHar | 82,78 [49,52 | 51,06
27 |nTer 85,48 |57,19 | 54,33
3 nWal | 83,37 |51,72 48,21
nHar | 80,94 |44,74 | 36,92
64 nWal | 80,03 |45,80 | 39,62
nHar | 79,95 (42,34 | 29,01
81 |nTer [81,67 49,37 [39,71
128 nWal | 76,95 [41,09 | 33,63
nHar | 79,42 |41,11 | 25,20
243 |nTer | 78,79 |44,35 | 32,38
256 nWal | 74,10 |37,26 | 29,21
nHar | 79,14 40,48 | 23,37

V. BHCHOBKU

TpiiikoBi cuMeTpuuHi (QYHKI[i y YHCTOMY BHIJISI
(cuctema (1)) He MOXKyYTh OYTH BUKOPHCTaHI IS ()POBOT
00poOku  iH(opMalii Ha  OCHOBI  OPTOrOHAIBHHX
HepeTBOpPEHb. 3 METOI0 1X afanTalii 1 JaHUX [IPOLIECiB Ha
X 0CHOBI OOY10BaHO pajl cucTeM (QYHKIIIH, SKi JO3BOJIIIN
CHHTE3yBaTH OpPTOTOHAJILHE IepeTBOpeHH (9) Ta OuiHUTH
Horo edeKkTHBHICTP y MOpPIBHAHHI 3 ICHYIOUMMH 32
kputepiem (12). Pesynbratu ominku (Tab. 1) Brasamu Ha
BUIIly eQEKTUBHICTh TepeTBOpeHHs (9) it cepefHix Ta
BHCOKHX 3HAYEHB PiBHS KOPEJIALIil €JICMEHTIB CHTHATY.

Topanpom JOCITJKSHHS MOJIATAIOTh y
MOPIBHSIIEHOMY OLIIHIOBaHHI e(eKTHBHOCTI
niepeTBopeHHs (9) 3a BigminHUMH Bif (12) kpuTepismu
Ta BH3HA4YCHHI KoJla 3ajad, Uil BHpILICHHSI SKUX
nepeTBopeHHst (9) € HaWOIBII TPUCTOCOBAHKM.
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