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AHoTauis. B HaykoBiii JiTepaTypi pO3INISAZAIOTHCS Pi3HI MIAXOOW IO 3aCTOCYBAHHS HEHPOHHHMX MEPeX st
YIITbHEHHs 300pakeHb, MPOTE OCOOJMBOI yBaru 3aciTyrOBYIOTb MiJIXOAH, SKIi OMNUPAIOTHCA HA IPUHLMIH
BEKTOPHOTO KBAaHTYBAaHHS, OCKUIbKM BOHH 3a0€3I€4yrOTh BHCOKY MIBHJKICTB YIUIBHGHHsS IIpH 30epeKeHH]
XOpOILOi SIKOCTI BiTHOBJICHOTO 300paKeHHsI. [eabHIMu isl BUPIILCHHS [IUX 3aBIaHb € HEHPOHHI MEpexi, 110
CaMOOPraHi30BYIOTECSI, ~ 3alpONOHOBaHI  (iHChKMM BueHMM T. KoxoHeHoM, a came, Mepexa, IO
CaMOOPraHi30BYEThCS, Y BUITISI IBOBUMIpHOT KapTi KoxoHeHa. Po3riisiy X MUTaHb MPUCBSAYEHA laHa poooTa.
AnHHOTanus. B HayuHOIl jmTepaType paccMaTpHBAKOTCS Pa3HbIC MOAXOIbI K NPHUMEHEHUIO HEHPOHHBIX
ceTeil [UId CKaTHs HM300paKCHMH, OJHAKO OCOOCHHOTO BHHMAHHUS 3acCITyXHBAIOT IOJXOJbI, KOTOpbIE
OMMPAIOTCS Ha TNPUHIMUIBI BEKTOPHOrO KBAHTOBAHMS, IIOCKOJBKY OHH OOCCIICUHBAIOT BBICOKYIO CKOPOCTh
CXKATHSL M XOpOIlIee Ka4eCTBO BOCCTAHOBICHHOTO M300pakeHHs. ViealbHbIMK I pelIeHHUs 3THX 3a1ad
SBIISIOTCS. CAMOOPTaHU3YIOIIMECs HEHPOHHbBIE CETH, NpeuloKeHHbIe GuHckuM ydeHbIM T. KoxoHeHowm, a
HUMEHHO, CAMOOPTaHH3YIOIINECs CETH B BUJIE ABYMEPHOIl kKapThl KoxoHeHa. PaccMOTpeHHIO 3THX BOIPOCOB
HOCBsIIIICHA IaHHAst paboTa.

Abstract. In scientific literature different approaches are examined to application of networks of neurons
for the compression of images, however deserved the special attention is by approaches which lean against
principles of vector quantization, as they provide the high speed of compression at saving of good quality of
the picked up thread image. Ideal for the decision of these tasks are networks of neurons, that self-
organized, offered the Finnish scientist T. Kohonen, namely, networks which self-organized, as a two
dimensional Kohonen map. The devoted is given questions to consideration of these work.

KirouoBi cioBa: HeiipoHHI Mepexi, yIIiIBHEHHS 300paXkeHb, YLIUIbHEHHs iH(pOpMalii, BEKTOpHE
KBaHTyBaHH, kapTa KoxoHeHa.

BCTYII

VY 3araJlbHOMy BHIIAJIKY, 3aCTOCYBAaHHS HEHPOHHHX MEPEeX I YIIUIbHEHHS 300pakeHb BH3HAYAETHCS
X THIIOM 1 MOYKe PO3BHBATHCSA Y JBOX HAIpPSIMax:
®  caMocCTiifHe 3aCTOCYBaHHS HEHPOHHUX MEPEX;
®  y CYKYITHOCTI 3 IHIIIIMHU METOIaMH, SIK JOTIOMI>KHUM 3aCi0 YIS MOJINIIECHHS XapaKTePUCTHK BUOPAHOTO METO.Y.

OxanH 3 MAXOAIB 0 YIIUIBHEHHS 300pakeHb Ha 0a3i HEHPOHHMX MepeX MOoOyHOBaHUH Ha OCHOBI
TpUIIApoBoi HeWpoHHOI Mepexi. Uncino HeHpOHIB BXIJHOTO i BHXIJHOTO IIApiB OJHAKOBE, a YUCIO HEHpOHIB
NPUXOBAHOTO IIapy 3HAYHO MeHIIE. SIKII0 B pe3ysbTaTi HABYaHHS MEpeXa MOJKEe BiATBOPIOBATH Ha BUXOMI TOH
K€ BEKTOp, IO MOAAETHCS Ha BXiA, TO HA HEHPOHAX NPHXOBAHOTO APy BHHUKA€E NPEICTABICHHS KOXKHOTO
BXIJIHOTO BEKTOpA, SIKC 3HAYHO KOPOTIIE, HiXK JOBXKHHA BXIMHOT'O BeKTOopa. ToOTO, 3MIHCHIOETHCS YIILTHHCHHS
iHpopMmanii Ha HelipoHax mpuxoBaHoro mapy [1].

Xoua B HAyKOBIH JiTepaTypi PO3MILNAIOTHCS Pi3HI MIIXOIU IO 3aCTOCYBaHHS HEHPOHHUX MEPEk UL
YIIUIBHEHHSI 300pakeHb, MPOTE OCOOJIMBOI YBarum 3aciyroBYIOTh INJXOIH, SIKI ONUPAIOTHCS Ha TNPHHIMIN
BEKTOPHOTO KBAaHTYBaHHS 300pa’keHb, OCKUJIBKM BOHHU 3a0€3MeYyl0Th BHCOKY MIBHIKOIIIO YIIIJIBHEHHS IIPH
30epekeHHI BHCOKOi SIKOCTI BIJHOBJICHOTO 300pa)KeHHs. [ness BEKTOPHOTO KBaHTYBaHHS Iy)X€ IIPOCTA.
300paxxeHHs po30MBaeThCs Ha KBaJpaTHI OJIOKH, Hanpukiaa 2x2, 4x4 abo 8x8. KoxeH OJIOK po3misaaeTbes K
BEKTOp B 4-MipHOMY, 16-MipHOMY a0 64-MipHOMY mpocTOpi. 3 IIBOTO IPOCTOPY BHOHMpaeThCs OOMEXeHa
KIJTbKICTh BEKTOPIB, SIKI YTBOPIOIOTH KOJOBY KHUTY, ajieé Tak, 1100 3 HaWOUIBIIOI0 TOYHICTIO alpoOKCHMYBAaTH
BEKTOpPH, SIKI BHIIy4alOThCSI 3 BXiJHOTO 300paxkeHHs. OCKIJIbKM BEKTOPIB B KOMOBiM KHM31 3HAYHO MECHIIE
3arajJbHOi KINBKOCTI BEKTOPIB B IIOYaTKOBOMY 300pa)X€HHI, TO ISl TPEACTAaBICHHS HOMepa BEKTOpa
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BUTPAYAETHCS MEHIIE OIT, YMM IS TOYaTKOBOTO BEKTOPA. 32 paXyHOK IbOTO 1 JOCATAETHCS YIIITEHEHHS.

IneanmpHuUMU 17 BUpIMIEHHS ITMX 3aBIaHb € HEWPOHHI MEpeXi, IO CaMOOPTaHi30BYIOTHCS,
3anponoHoBaHi (incekuM BueHMM T. KoxoHeHOM, a came, Mepeka, IO CaMOOPTaHi30BYETHCS, Y BHTJISAI
nBoBuMipHOi kapT Koxonena. Kapra KoxoHeHa mae 1Bi BaXJIMBI BJIACTHBOCTI, SIKi BUKOPUCTOBYIOTHCS TPH
yIIUTbHEHH]I 300pakeHbh METOJaMH BEKTOPHOTO KBaHTyBaHHs. [lo-miepiie, BoHa qyKe cXOka Ha IHII METOIH
BEKTOPHOTO KBaHTYBaHHS, SIKi 3aCTOCOBYIOTh NPH YIIUILHEHHI 300pa)KeHb 3 BTpaTaMH, a IMO-APYyre OJU3bKUM
KJIacTepaM BXIIHUX BEKTOPIB BiAMOBIZAIOTh OJWU3BKO PO3TAIIOBaHI HEHPOHH, MO 30UIbIIye €PEeKTUBHICTH
yIIiIBHEHHsSI 0e3 BTpar, sIKe 3aCTOCOBYETHCS HAa HACTYIIHOMY eTami KOIyBaHHsS. BekTopHe KBaHTYBaHHS 3
BUKOPHUCTAaHHIM KapTh KOXOHEHa BUKOHYETHCS 3a JiBa MPOXOAM MOYATKOBOTO 300payKeHHS: MEPLIMH MpPOXiK -
HaBYAHHS MEPEXi; IPYTHil IPOXix - BEKTOpHE KBaHTyBaHH:A. [Ipraomy, ya00BUMH BEKTOpaMH MOXKYTh OyTH BCi
(bparmenTn 300pakeHHs 3 po3Mipamu 2x2, 4x4, 8x8 [1].

YIMIVIBHEHHSA 305PAKEHD 3 BUKOPUCTAHHAM KAPTU KOXOHEHA

Xoua BEeKTOpHE KBaHTYBaHHS 3a JJONIOMOT0OI0 IBOBUMIpHOT KapTH KoX0oHEeHa 1mo4aTkoBoro 300paXKeHHS i
JI03BOJISIE TOCATATH BUCOKHX KOC(IIIEHTIB YIIUILHEHHS Y MTOPIBHSAHHI 3 iIHITMMH METOAaMH KBaHTYBaHHS, OiIbII
3HAYHI pe3y/ibTaTd MOXKYTh OyTH OTpMMaHi B KOMOIHAIl 3 METOJaMM JEKOMMO3HUII NPOCTOPOBOTO CHEKTPY
4acTOT 300pa’keHHs! Ha OKPEeMi CKJIaJIOBI i BUKOHAHHI BEKTOPHOTO KBAHTYBAaHHS BHCOKOYAaCTOTHUX KOMIOHEHT
300paxkeHHs. lle Hajae MOMJIMBICTH TPENCTAaBUTH KOXKHY 3 HHMX 3 3aJaHOI0 TOYHICTIO Y BiJMOBIAHOCTI 3
0COOJIMBOCTSIMU CIIPUHHSTTS. 30pOBUM aHali3aTOPOM JIOJWHH 0€3 BTPaTH Bi3yasbHOI SIKOCTI 300pa’keHHSI.
OcoOnuBuil  iHTEpeC TIPEACTABIAIOTE METOAW JCKOMIIO3HMINI, sKi 3a0e3ledyroTh OararoMacuTaOHICTh
NPE/ICTaBICHHS 300pa)XeHHs, IO JO3BOJISIE 3/IHCHIOBAaTH Nepenady 300pakeHHS M0 KaHalIy 3 OOMEKEeHOIO
MPOITYCKHOIO CIPOMOXHICTIO. CIOYaTKy IepefaeThesi Halrpyoime HaOMKeHHs! (HN3bKOYacTOTHA YacTHHA), a
HOTIM NepeNaroThCs JeTali Bix piBHA 10 piBHA. Hu3pkowyacTOTHA CKIlagoBa 300pakeHHS JTO3BOJISIE BiATBOPHUTH
MOYaTKOBE 300pa’keHHs B 3MEHIIEHOMY MaciiTabi [2-3].

OxuH 3 METONIB /IJIsI OTPUMAaHHSI OKTaBOCMYTOBOI JIEKOMITO3HLii Oys10 po3po0IeHo 1 3aCTOCOBAaHO JUIst
koxyBaHHs 300paxkeHHs [1.Byprom 1 D.AnensconoM. BoHM BUKOPHCTOBYBaIN KackaJHO BKIIIOYEHI QinbTpy s
OTpHMaHHS Ha/IMIPHOTO NIPECTABICHHS CUT'HAY, SIKe BOHHM Ha3BaJM Hipaminoro Jlamaca [4].

CxeMy OTpUMaHHs OJHOTO pPiBHS mipamian Jlammaca (Juis OZJHOBHUMIPHOTO CHTHAITy) ITOKa3aHO Ha pHC.
1. Curnan mpomyckaerbesi uepes HU-dinbtp B(@) 1 moTiM mpopimkyerscs. B pesymnbrati dopmyerses
HHU3bKOYacToTHa cybcmyra W, BucokowactotHa cybcmyra W; dopmyeTscsi 3a paxyHOK MOCIHiZJJOBHOTO
BUKOHAHHS HACTYIHUX ollepauiii: intepnonsnii Wy, 3ropTku 3 iHTeprnomodnM GiasTpoM A(@) 1 BiTHIMaHHS
pe3ysIbTaTy 3 MOYaTKOBOTO CUTHATY. PEKOHCTPYKIisl curHaily BiOyBaeThes IUISIXOM iHTepromsnii Wy, 3ropTku 3
iHTepromorounM QineTpom A(@) 1 monmaBanHs W; . BigHOBIEHHMH CHTHAJI TOYHO BiJNOBIZA€ MMOYaTKOBOMY,
He3aJIe)KHO BiJ BHOOPY inbTpiB A( @) i B( @). [loBHa mipamina OyayeThCsl peKYpPCHBHO, i3 3aCTOCYBaHHIM CXEMH
(puc. 1) mo Hu3bKO4acTOTHOI cybcmyru. Dinetpu A(@) i B(®) , sk mpaBuio, BUOMparoThCs oaHakoBumu HY
¢dinpTpamMu, X04a Kpallli pe3yabTaTH IPH KOJAYBaHHI JOCATAIOTHCS NTPH HE3aJIEKHOMY BUOODI BUIBTPIB.
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Pac. 1. Tipani ga Janmca

Sk moka3ye aHai3 KOPEJAMIHHNX 3aJeKHOCTEH 300paskeHHSs, TOIIIbHO BUKOPHUCTOBYBATH JBOBUMIpHIi
(bimTBTpH 3 MaKCUMAIBHUM PO3MipoM anepTypu pinbTpa 8X8, OCKUIEKH MOAANbIIe 30UTBIICHHS HE TPU3BOIUTH JI0
CYTTEBOTO 30iNbIICHHS KoedillieHTa ymribHeHHsA. Tozi moBHA cxema VIIUTbHEHHS Oyme BKitodaTh 3 KacKaau
JIBOBUMIipHHX (DITBTPIB 3 po3mipamu aneptyp 2x2 [3,5]. Takum auHOM, cXeMa YIIUIbHEHHs Oyje MaTu BUTJI,
KU HaBeeHO Ha pHC. 2. BXimHe 300paxeHHs 00poOseThCs GinbTpaMu TPhOX KackamiB mipaminu Jlammaca,
ki (OpPMYIOTH KOMITIOHEHTH 300pakeHHs. KBaHTyBawi mpW3HA4YeHI /I KBAaHTYBaHHA 3HAYeHb BiIUTIKIB
KOMITOHEHT 3 ypaxyBaHHSM OCOOIMBOCTEH 30pOBOTO CIPUHHATTA. [Iporiec BUKOHAHHS KBAaHTYBaHHS TMOB'SI3aHUN
3 BTpaTamu iHdopmariii, ogHaK I1i BTpaTH MOBUHHI OyTH HETIOMITHHUMH, TOOTO BidyajbHa SIKICTh BiJHOBJICHOTO
300pakeHHsT HE TIMOBWHHA BIiAPI3HATHCS Bil BXiAHOTO. 3acTOCYBaHHS apu(PMETHYHOTO KOJepa Ha eTari
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yiIisHeHHsT 6e3 BTpar 3abe3neduye HaOumbmuid Koe(ilieHT YIIUIbHEHHS B MOPIBHSAHHI 3 1HITUMH METOJAMH
KOIyBaHHS 0e3 BTpar.
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Puc. 2. Cxema VUUNEHEHHA 3 0bpaXe s Ha ocHOBL mipanign Jlamnaca

Pimenns 3ama9i KBaHTYBaHHS PI3HUIIEBUX KOMIIOHEHT 300paKeHHs BU3HAYA€ KOe(DIMi€HT yIIiTbHEHHS 1
SKICTh  BITHOBJIGHOTO 300pakeHHsA. Bimomo, mo ams 300pakeHb. MPU3HAYCHUX JUIS  Bi3yalbHOTO
CIIOCTEPEKECHHS, BHCOKY Bi3yallbHY SIKICTh 3a0€3MeuyroTh HEPiBHOMIpHi jorapu(MidHi IIKaTd KBAaHTYBaHHSI.
IIpote, koedilmieHT YIIIBHEHHS, SKUH JOCATAETHCA 32 PAaxXyHOK 3aCTOCYBaHHS TIUIBKH IIHOTO CITOCOOY
KBaHTYBaHHsI HEIOCTATHIH 1 IOCTYMAETHCSI METOIaM KOJIyBaHHSI Ha OCHOBI TIEPETBOPEHb.

[Momanpmre 36inbmeHHs Koe(ilieHTa YIIITEHEHHS MOXKe OYTH JOCATHYTE Yepe3 BEKTOPHE KBaHTYBAHHS
KOMITOHEHT 300paKeHHs. [neaqbHUMY 1711 BUPIIICHHS 3aBJaHbh BEKTOPHOTO KBAaHTYBaHHS € HEHPOHHI MeEpexi,
10 CaMOOPTaHi3yIOThCs, 3amponoHoBaHi ¢iHcekuM BueHHM T. Koxonenom (Self-Organizing Feature Map —
SOFM), a came, Mepexa, 10 CaMOOPTaHi3y€eThCs, Y BUTIISAAI ABOBUMIipHOI KapTn KoXoHeHa.

Koxuuil HeHpoH 1€l Mepeski NpeacTaBIsg€TECA BATOBUMHU Koe(ilieHTaMy W;;. BEKTOpHe KBaHTyBaHHS 3
BUKOPHUCTaHHIM KapTh KOXOHEHa BUKOHYETHCS 3a JBa MPOXOAM MOYATKOBOTO 300payKeHHS: MEPUIMH MpOXiK -
HAaBYaHHS MEpexi; JAPYTruil MpoXiq — BlacHe BEKTOPHE KBaHTyBaHHs. [liciisi HaBYaHHS ISl MEpeka MOXKe
arpOKCUMYBATH BEKTOPH BXiJHOTO MPOCTOPY HAWKpaliM criocoOOM. ANTOPUTM HAaBYAHHS MEPEXi TaKHil:

1. TwimiamizyBaTtw BaroBi KoeQillieHTH BUITAJKOBUMHY 3HAYCHHIMH.
2. 114 KOXHOT'O KIIACTEPHOTO €JIEMEHTa OOYHCIUTH BiICTaHb 10 HABYAJILHOTO BEKTOpA!

dj =3 (wi—xp)?. )

3. 3HaifTu KIacTepHUI eNeMeHT j s sKoro d; MiHiManbHo.
4. Jlyns KJIaCTEpHUX €JIEMEHTIB 13 Kpyra 3a1aHoTo pajiiyca 3 EHTPOM B j €JIeMEeHTI OOHOBHUTH Barosi
Koe(ilieHTH 3riTHO GopMyIIH:

Wij (n +1) = Wij (Il) +n(n)[xi - Wij (Il)] s (2)

Jie M - HopMa HaBYaHHS, X; — KOOPJMHATa HABYAILHOTO BEKTOpA.
5.  OOHOBHTH HOpPMY HaBYaHHS 1| 1 pajiyc Npu HEOOXIAHOCTI i HOBTOPUTH IMYHKTH 1-5 IS HACTYITHOTO

HaBYaJIbHOTO BeKTOpa. Hopma HaBYaHHS 3 4acoM 3MIHIOETECS. BoHa Mojke, HanpuKiag, MaTu
3HadyeHHs 0,9, a MOTIM 3MiHIOBATUCH JIIHIHHO JI0 AESIKOTO (pikcoBaHOTO 3HA4YeHHs, Hanpukian 0,01,
TiCIIsl YOTO 3aJMIIaTHCs He3MiHHOI0. Pasiiyc Tako croyaTtky BUOMPAETHCS JOCTATHBO BEIMKUM, 1100
OOHOBIISUINCH BCi €JIEMEHTH. 3 YaCOM Pajiiyc 3MEHIIYEThCS 1 B KiHIII TOBUHEH OOHOBISITHCH TUTBKA
caM eJIeMEHT-TIEPEMOIKELIb.

3BHYAl{HO KTBKICTh HEHPOHIB MepesKi 3HAYHO MEHILIA B TIOPIBHSIHHI 3 KITbKICTIO HABYAJIHHUX BEKTOPIB,

10 i 1a€ MoxJHBicTh BUKOpUcTaHHs SOFM B sIKOCTI BEKTOPHOTO KBaHTyBaya.
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MOJEJIOBAHHSA I PE3YJIBTATHA

[Ipu npoBeneHni gociimkeHs GopMmyBanach HU3bKOYACTOTHA MPOpiHKeHa B 4 pa3W KOMIIOHEHTa (3
ypaxyBaHHIM JIBOBUMIPHOCTI TIpopimkeHa B 16 pa3iB) Ta pi3HUIIEBA KOMIIOHEHTA, SIKa KBAHTYBaJIaCh BEKTOPHUM
KBaHTyBaueM 3 BUKOPHUCTaHHIM KapTu KoxoHeHa.

BuxoHyBanmuch AOCTIKEHHS 3aJIe)KHOCTI KOe(DIIiEHTYy YIIIIbHEHHS Ta SKOCTI BiTHOBJIICHOTO
300pakeHHS BiJ] XapakTepuCTUK kKapTh KoxoHena, a came:
®  3aNeXHICTH KoedillieHTa YIIITBHEHHS B po3Mipy KapTH (00’ €My KOJJOBOI KHUTH);
®  3aNEXKHICTh CEPETHHOKBAPATHYHOTO BIIXMICHHS Bl po3Mipy KapTH (00’ €My KOJTOBOI KHUTH).

PesynbTatn poboTu anroputmy st gaitity LENA.BMP npu 4-BUMipHHX BXiTHHX BEKTOpax i po3mipax
kapTH Bix 8x8 mo 16x16 npexcrasneni B Tab.1, a Takox Ha puc. 3-4.

Puc. 3. 300paxkeHHS micis Puc. 4. PizauneBe 300pakeHHS
konyBaHHA (kapTa Koxonena — 8x8) migcuicne B 10 pasis

AHani3 npuBeJeHNX PE3yJIbTATIB MOKa3ye, M0 BEKTOPHE KBaHTYBAaHHS BUCOKOYACTOTHOI KOMIOHEHTH
3a0e3neuye JOCTAaTHIO SKICTh 300pakeHHs HaBITh NpU po3Mipax KapTH 8X8, TOAl SK TpsiME BEKTOPHE
KBaHTyBaHHsS 300pa)kKeHHsS BHMarae sk MiHIMyM KapTh po3MipoM 16x16 mis [OCSTHEHHS NPUHHATHOI SIKOCTI
300paxkenHst [1]. Llinuid psix eKCHepuMEHTIB 3 pI3HMMH THIIAMH 300paKeHb MOKa3aB, IO KoedilieHTH
VIIUIBHEHHSI MOXYTh 3HaxoaumTucs B Mexax 5 — 20. s neskux 300pakeHb KOE(DIIEHT YIIUIbHEHHS
niepeBepinye crangapT JPEG npu Tiit xe sikocTi 300paskeHHSI.

Tabmuus 1.
ExcniepumenTanbai gai no ¢gaiiny LENA.BMP
Merton yuriapHEHHS Po3wmip Pozwmip KoedimienT Cepennbo- BizyanbHa
MOYaTKOBOTO CTHCHYTOTO YIIUTbHEHHS KBaj[paTH4Ha OLliHKa
(atimy, 6aiT (hatimy,0aiT TTOMUJTKA SIKOCTI
JPEG 192 054 13106 14,7 5 BigminHa
Kapra Koxonena 192054 18034 10,65 4,7 Bigminna
(16x16)
Kapra Koxonena 192 054 16509 11,6 5,1 Bigminao
(14x14)
Kapra Koxonena 192054 15414 12,5 5,6 Bigminna
(12x12)
Kapra Koxonena 192054 14223 13,5 6,2 Bigminna
(10x10)
Kapra Koxonena 192054 12209 15,5 7 Binminza
(8x8)
BUCHOBKHA
1. HetipoHHi Mepexi € 0HIM 3 HOBHIX IMIIXO/IB JI0 YIIUJIGHEHHS 300paykeHb, SKUI XapaKTepU3y€eThCs

PSIOM TIepeBar, 1o Hajae IiICTaBU BBAKATH iX ITEPCIIEKTHBHUMH JUTSI TIOJANIBIIHX JOCIIpKeHb. [Ipraomy,
BOHHU MOXKYTh 3aCTOCOBYBATHUCH SIK CAMOCTIHHO TaK 1 B KOMOIHAIII 3 BITOMHUMH METOJAMHU.

2. Oco0nuBuil iHTEpeC U YIIIbHEHHS 300pakeHb MNPEACTAaBISIFOTH HEHPOHHI Mepexi THIY
JBOBHUMipHa KapTa KoXoHeHa, OCKUIBKHM BOHHM i€aJIbHO MiAXOAATH JJISI BUPIIICHHS 337ad BEKTOPHOTO
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KBaHTYBaHHS 300pakeHb. 3HAYHI Pe3yNbTaTH MOXYTh OyTH OTpUMaHi B KOMOiHaIii 3 MeTomgaMu
JIEKOMTIO3HIIiT IPOCTOPOBOTO CIIEKTPY YACTOT 300paKEHHS Ha OKpPEMi CKJIaI0BI i BAKOHAHHI BEKTOPHOTO
KBaHTYBaHHS BUCOKOYACTOTHHX KOMIIOHEHT 300paKeHHSI.

3. B pe3ymbrari MOAETIOBaHHS alTOPUTMY YIIUIBHEHHS TPH JIEKOMIIO3UIlI MPOCTOPOBOTO
CIIEKTPY 300pakeHHS Ha HHU3BKOYACTOTHY i BHUCOKOYACTOTHY CKJIAJIOBi i BEKTOPHOMY KBaHTYBaHHI
BHCOKOYACTOTHOI CKJIaJI0OBOI 3 BHUKOPUCTaHHIM KapTh KoxoHeHa oTprMaHO KOe(DIIi€eHTH YIIiITbHEHHS
Biz 5-20 11 pi3HUX THITIB 300paKEHb.
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