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BUKOPUCTAHHSI METOJIIB MAIIIMHHOI'O HABYAHHSI
SIK IHCTPYMEHTY CEMAHTUYHOI KOMYHIKALII

B KAHAJIAX 3B’A3KY

Ypuecoxuii J1.O

00KmMOp MeXHIUHUX HAYK, npogdecop,

npogecop xkaghedpu enekmpourux KomyHikayiu ma Inmepremy peuelt,

HTY Vkpainu «Kuiscokuii nonimexniunuii incmumym imeni leops Cikopcbkozo»
m. Kuis, Ykpaina

Ocunuyx C.0O.

KaHOuoam mexHiuHux Hayk, OOYeHm,

ooyenm Kageopu enekmpoHHuUx KoMynikayiti ma lnmepnemy peueil,

HTY Vxpainu «Kuigcokuu nonimexniynutl incmumym imeni leops Cikopcbko2o»
m. Kuis, Ykpaina

Anomauia. Jocniodxcenns npuceauene H080OMY nioxody 00 obpooku ingopmayii xanamy
38'3KY wnaxom inmeepayii memoois wmyunozo inmenekmy (L) ma mawunnoeo nasuanns (MH).
onosios poskpusac idero 3minu npoyedyp obpobku ouckpemuux cuenanie (OHC) y mpaouyitinux
oim-opienmosanux cucmemax Ha cemanmuuHy komywikayito (CK), saxa nepedbauae
PEKOHCMPYKYIIo 3HaYeHHs IHGhopmayii, a He r1uute 6imis.

YV 0onosioi npononyemovca mamemamuuna mooens ons oyinku enaugy LI na O/C.

[TocTanoBka npoOiemu.
@yH/ITaMEHTAJILHOI0O METOI0 Teopii KOMyHiKalii Oysio HAOMMKEHHS 10 MEXI
nponyckHoi 37aTHOCTI KaHanmy llleHHOHa, TeopeTH4HOI cTedi, SKa BHU3HAYAE

92



Cekuyisi 5. EnnekTpOHHI KOMyHiKayii Ta pagioTexHika

MaKCUMajbHy IIBHJKICTb O€3MOMMIKOBOI Iepenayl JaHUX depe3 KaHal 13
3alTyMJICHHSIM.

OpnHak ocTaHHIM YacoM BigOynacs 3MiHa MHUCJIEHHS B Oik BopoBampkenHs LI
ta MH y OZIC, a Tako po3risiiaHHA MPoLiecy KOMYHIKallii He K BIATBOPEHHS OITiB,
a SIK peKOHCTPYKIIi iH(popmarrii Ta ii 3HaueHHs, TOOTO 11 CEMaHTUKHU.

JlociKeHHsT OCTaHHIX KUIBKOX pOKiB 0co0iauBo BapTi yBaru st OJ[C 31 HII.
CK neperBopuiiacs 3 TEOPETUYHOI HOBUHKUA Ha OKPEMY 1HXKEHEPHY AMCIMILIIHY Ta
30cepe/keHa Ha repenadl iHpopMmaiiii, a He Ha nepenadi ganux. ['amy3p CK Bce e
nepedyBae Ha MOYATKOBIHM CcTajlii PO3BUTKY, MPOMOHYIOYH YHUCICHHI MOXIUBOCTI JJIS
MOJAJIBIINX JTOCHIIKEHb.

Y crarti [1] cuctemarnyHO MiACYMOBAaHO PO3BUTOK TEOPli CEMAaHTUYHOI
iH(poOpMarlii, OXOIUIIOIOYM JOCHTIDKEHHS CEMaHTHYHOI eHTPOMii, CTaTUCTHYHOI
HMOBIPHOCTI, JIOTIYHOI WMOBIPHOCTI, KO€(]II[lEHTa CEMaHTUYHOTO CIOTBOPEHHS,
CEMAaHTHUYHOTO KOJYBAaHHS, CEMAaHTHYHOTO IIyMy Ta TMPOMYCKHOI 3JaTHOCTI
CEMaHTUYHOTO KaHaIy.

BaxxnmuBo 3a3HauMTH, 10 CEMAaHTUYHA KOMYHIKAllsl Ta MpaKkTU4YHE
3aCTOCYBaHHS METOJIB INTYYHOTO 1HTEJNEKTY 37e0UIbIIOr0 TMOB'A3aHl 3 iX
BUKOPUCTAHHAM JUIsI TIPUMHSATHUX CLIEHAP1iB YHUKHEHHS BTpPaTH JaHUX, TAKUX SK
nepeaaya Bijieo- abo 300pakeHb.

Binomi Mmetoau BukopuctanHs mammHHoro HaBdanHs (MH) ta LI B CK.

Texunomoris JSCC (joint source-channel coding — cmoinbHe KOIyBaHHS
BUXIJTHOTO KaHally) Mae Moaudikallito Ha ocHOBI rimbokoro HaByaHHs (DeepJSCC) —
KOJM 1U(POBI CHUCTEMH MPUNUHSIOTH NEpenaBaTH JaHl, SK TIIbKM YMOBHU KaHAITy
NajgaloTh HIK4YE MoporoBoro 3HaueHHA. Ausroput™m DeepJSCC moxe Oyrtu
e(EeKTHUBHO 3aCTOCOBAHUM, 30€piraloud CEMaHTUYHI MepeBaru B Iepeaadl JaHuX 3a
nonomoroto 1 y B3aemoii 3 mudpoBrmMu cxemaMu 0araTono3uIliitHOT MaHIMyJISIIII.

CemanTtnuHo-kepoBaHa audysis (SGD-JSCC) BuKOpHCTOBYE TEHEpATHBHI
MOKJIMBOCTI Mojened nudysii. BoHa peKOHCTpyrO€ BUCOKOSKICHI J1aHl 3 BXIJHHUX
JAHUX KaHajgy 3 IIyMOM; pPe3yJbTaTH JIEMOHCTPYIOTh 33J0BUIbHY €(EKTHUBHICTbH
BIIHOBJICHHS TIPH HAJ3BUYAHO HU3HKOMY CITIBBITHOIIICHHI CHTHAJI/IITYM.

Jlerka tnuboka JSCC — peamizaiisi ceMaHmMuuyHoi KOMYHIKAYil Ha
nepudepiiiHux npuctposix, Takux sk I[arepuer peueir (IoT), Bumarae gorpumaHHs
CYBOPHX OOYHCITIOBAIBHUX OOMEKCHD.

I'eneparusamii I (GenAl) — 6e3mocepenHb0 PEKOHCTPYIOE MEpeaHi JIaHi.
Lleit miaxim ocoONMMBO MIAXOAWUTH JUIA TEepeaadl MyJbTHMEiHHOro Tpadiky, ae
MO>XHa BHUKOPUCTOBYBATH TIOMEPEHI 3HAHHS TPO CTPYKTYPY HNaHUX (HANPHUKIAI,
CTaTUCTUKY TPUPOTHUX 300paKEHB ).

3anmponoHOBaHa MOJEb.

3anponoHoBaHa iest moJyiArae y 301IbIIeHH] MPOJTYKTUBHOCTI KaHATIB 3B'S3KY
Ha ocHOBI 3acTocyBaHHs meToaiB LI qis mudpoBoi 06pobku curnams (DSP), m06
[T mir BixTBOpIOBaTH 1H(pOpPMaIIiifHI 00'€KTH, TaKl SIK B0, 300pa’KeHHS Ta TEKCT,
Ha NpUMMalIbHIM CTOPOHI, HABITh MPU HU3bKIN SIKOCTI Mepenayi OITIB yepe3 KaHal
3B'SI3KY.
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Cuenapit 1. 306epiratoun Ty caMmy TMOTYXHICTh TmepenaBada P,
BukopucToBytoun LI nms oOGpoOku curHaidy Ha HOpUMMaIbHIM CTOPOHI, MOXKHA
KOHTPOJIFOBATH TakKi MapaMeTpu: 30UTbIIUTH BiJICTaHb L, 1110 CIPOCTUTH Ta 3MEHIIIUTh
BapTICTh MEPEKEBOi 1HPPACTPYKTYpHU; 301IBIIUTH OaraTOMO3UIIMHY MaHIMYJISIIIO
M, 1o mMmABUIIUT, MPOAYKTUBHICT, KaHAIy 3B'A3KY; 30UIBIIUTH IIBUIKICTH
3aBaIOCTIMKOTO KOJYBaHHS [y, 0 30UIBIINTD MPOMYCKHY 3/IaTHICTh KaHATY 3B'SI3KY.

Cuenapit 2. Skmo mparHyTu 30epertd Ty camy JajbHICTh Inepenadi L, To
BUKOPHCTOBYIOUH INTYYHHUI 1HTENEKT AJisi OOpOOKM CUTHAJIB Ha CTOPOHI IpuiiMaya,
MOKHa KOHTpPOJIOBAaTH Taki IMapaMeTpu: 3MEHIIUTH TOTYXXHICTh IepeaaBauda P;
301IpIIUTH 0araTOMO3UIIHHY MaHIMyJsAi0 M, 1m0 301IbIIUTE MPOMYCKHY 34aTHICTD
KaHaITy 3B'SI3KY; 301UIBIIATH MIBUAKICTH 3aBAJOCTIMKOTO KOAYBaHHS Iy, IO 301IBIIATH
MPOMYCKHY 3/IaTHICTh KaHAITY 3B'A3KY.

MareMaTtnyHa MOJIETh JAJIS CIICHapito 1.

Mera: ontumizyBaTM NapaMeTpu KaHally 3B'SI3Ky 32  JIONOMOTOKO
IHTEJIEKTyaJIbHOI 0OpOOKM CUTHAITY Ha MPUMMAIbHOMY KIHIII.

[TocTiitni mapametpu: P - moTyxHICTh niepenaBaya [Br],

B - cmyra nponyckanus kanany [I'1],

No - criekTpasibHa mIbHICTE Trymy [BT/I'1].

Keposani nmapamerpu (3anexxno Big podotu ILI):

L - nanpHICTh Nepenayl [M],

M — po3mip GaraTono3uLiHOI MaHIMyISAI1T,

Ik - IIBUKICTh KOAyBaHHS,

N - kutbKicTh Hecyunx OFDM.

Marematuunuit omnuc 06azoBoi cuctemu (0e3 III, a = 0), MOTYXHICTh
IMPUUHATOTO curHaiy P;:

P.=P - G- G- (W(4nLo))* - Lo™ (1)

[ToTy>XHICTh CUTHANTy Ha MpUKAMaYl 3aJIEKUThH B1J] BTPAT B3JIOBX TPAEKTOPIi, 1€
Gy, G: - KoedilieHTH MOCUJICHHS TIepeIaBAIbHOI Ta MPUHMAIBHOI aHTEH, A - JOBXKHHA
XBHJI, N - KoeimieHT ocnabienns , Lo - 6a30Ba BiJICTaHb.

bazose 3Hauennst cmiBBigHOmIEHHsT curHan/myM (SNRo) Bu3Haudae sKicTh

3B's13Ky 0e3 Bukopuctanus 1I:
SNRo=P./(No-B) (2)

ne No - ciekTpanbHa mibHICTh yMy [B1/T'n], B - cmyra npomyckanHs kaHairy
[I'm].
Mopens BruBy LI
Beegemo napamertp a - koediuieHt epexkruBHocti LI, a € [0, 1], 3 mexamu o
= 0: nemae I (6a3oBa cucrema); o = 1: makcumanbHa eextuBHICTh 111
Oynkiis nokparieHdass SNR 3a goromororo 11 gepe3 SNR:

SNR_eff(a) = SNRo - G_Al(q) 3)
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Cekuyisi 5. EnnekTpOHHI KOMyHiKayii Ta pagioTexHika

ne G_Al(a) - pynkuist mocunenns Big Bukopuctanus LI
G Al(la)=1+p - ary 4)

ne B - makcumanbHe nocusienss Bijg I (B = 3-10 ab y niniitHomMy maciitabi), y
- MOKA3HMK HEJIHIAHOCTI mokpateHus (y = 0,5-2).
[HTerpanbHUil MOKA3HUK MPOIYKTUBHOCTI CUCTEMHU J(0l) MOKHA OMHCATH SIK
y3arajJbHEHUH MOKa3HUK MaKCUMI3allii MPOTyKTUBHOCTI KaHAIy 3B'SI3KY:

max J(a) = wi-AL(a) + w2: AM(a) + w3 Ari(a) (5)

e Wi, W2, W3, Wa — KoediieHTH mpiopuTeTHoi Baru g AL, AM, Arg —
BUTpAILIB Yy JaJIbHOCTI mepenayl, 0araTono3uUidHIA MaHIMYJSALIi Ta IIBHJKOCTI
KOJyBaHHS BiJl BAKOPUCTAHHA IITYYHOTO 1HTEIEKTY/MOHITOPUHTY.

3 BUKOPHCTAHHSIM INTYYHOTO IHTEJEKTY 3arajbHa MPOAYKTUBHICTH CHCTEMHU
nepenadl iH(opMmanli BUIA, HIK Y BUIAJIKY CUCTEMHU Iepeaadl 0e3 BUKOPUCTAHHA
HITYYHOT'O 1HTEJNEKTY JIsl BIATBOPEHHS MepeaHoi iH(popMallii.

KitouoBi nepeBaru Bukopuctanus LII/MH nns OZC:

1. Iokpamrye criBBimHomeHHsT curHain/mym (SNR) 3aBasku amanTUBHOMY
BUPIBHIOBAHHIO KaHAIB, IHTEJICKTyaJIbHOMY TMPUIYIICHHIO IIyMy, KOMIIEHCAIi
NEPEIIKO/, ONTUMAJIbHOMY JI€KOYBAHHIO.

2. PMeHiye WMOBIPHICTh TOMMIIKM 3aBISKH TJIMOOKOMY HaBUAaHHIO [IJIst
po3Ii3HaBaHHA 00pa3iB, KOHTEKCTHOTO JEKOyBaHHS, KOPEKIlli MOMUJIOK MaKeTIB.

3. Jl03BOJII€ 3MEHIIMTH KUIBKICTH 0a30BHX CTaHIM, 3MCHIIWTH KallTalbHI
BUTpATH Ha 1HQPACTPYKTYPY, POSIMIUPUTH 30HY TOKPUTT.

4. 30utblIye 0AaraTONoO3ULIMHY MaHIMYJSIII0 Ta MPU3BOJUTH 10 MOKPAIICHHS
CHEKTpaIbHOI €()EeKTUBHOCTI, TOOTO 30UIBIIEHHS MMIBUAKOCTI TMepeaadl JdaHuX,
KpaIIoro BUKOPUCTAHHS MPOITYCKHOT 31aTHOCTI.

5. 301s1bLIy€e IIBHUJIKICTh 3aBIOCTIMKOTO KOJYBaHHS 3aB/SKH 1HTEJIEKTYaJIbHOMY
JEKOJYBaHHIO 3 M'SIKUM TIPUMHSTTSAM PIIIeHb, aJalTUBHIN KOPEKIli MOMUJIOK,
KOHTEKCTHOMY aHaJi3y.

BucnoBku. Otxe, KIOYOBUM €JIEMEHTOM HOBHU3HM € 3allpOIIOHOBaHa
MaTeMaTh4yHa MOJIeJb, sIKa TMPOIMOHYE KUIbKICHY OmiHKY BIumBy Il Ha kirodoBi
napameTpy CUCTEMH 3B's3KY 3a (hIKCOBAHOI MOTY>KHOCTI MepeaaBaya.

Pe3ynbraT MaroTh TaKOX MPAKTUYHY IIHHICTh, OCKUJIBKM BOHAa Ma€ MPSIMUI
CKOHOMIYHHMI BIUIMB, SK 1 onTUMi3alis 1HGPACTPYKTYpH, HO3BOJISIE 3HAYHO
3MEHIIUTHU KUTBKICTh 0a30BUX CTAHIIIN, HEOOX1THUX JIJIsl IOKPUTTS 33JIaHO1 TEPUTOPII,
1o 3a0e3nedye 3HaYHI €KOHOMIYHI BUTOAM 33 PAaxXyHOK 3HW)KEHHS KalliTaJbHUX Ta
eKCIUTyaTaI[iiHMX BUTpPAT Ha PO3TOPTaHHSI MEpEeX HACTYIMHOTO TOKOJIHHS
(manmpukian, 6G).

OCKUIbKM MiJBUIIEHHS MPOAYKTUBHOCTI JIOCATAETHCS TMpHU  (PIKCOBAHIM
MOTYKHOCTI IIepejaBaya, CUCTeMa CTa€e MPONOPLiHO O1IbIIT eHepProe(PEeKTUBHOLO, 110
€ KPUTHYHUM (PAKTOPOM CTaJIOTO PO3BUTKY Ta €KCILTyaTaI[IHHUX BUTPAT.
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KBAHTOBI IHEPIIIOHAJIbLHI HABITAIIIMHI CACTEMHU
JIJIS1 BIITHOBJEHHSA MOPCBHKOI JIOTICTUKHU YKPATHU:
GNSS-INDEPENDENT PIIIEHHSA

Ilynuenxo H. O.

KaHOuoam mexHuyHux Hayx, 0oyeHm,

ooyenm Kageopu Komn 1omepHoi iHdceHepii ma iIHHOBAYIHUX MeXHON02TU
Miscnapoonuii ynieepcumem

M. Ooeca, Yrpaina

Anomaui. Y pobomi 3anponoHo8ano 3acmocy8anHs K8AHMOSUX IHepYIarbHUX HagieayiuHux
cucmem (QINS) ona 3ab6e3neuenns a6MoHOMHOI MOPCLKOI Hagieayii 6 yMo8ax padioeieKmpoHHO2O0
npuoywennsi ma oeepadayii GNSS-cuenanis. 3anpononosano apximexmypy GNSS-independent
Hagieayii Ha OCHOBI KBAHMOBUX CEHCOPIB, Memo0ié HaOIUWKO8UX sumiptosansb B. Konopamosa ma
mynvmuacenmuoi cucmemu CEQO-Agent. Ilokazano moxcaugicmes 6UKOPUCTAHHA MeEXHON02li O
Oe3ninomHUX MOPCLKUX naam@opm ma yughpoeoi nocicmuku Yxpainu.

[ToBHOMacITaOHa BiifHA Ta CUCTEMHE pyHHYBaHHSI OPTOBOI IHPPACTPYKTYpHU
YOopHOMOPCHKOTO PErioHy CYTTEBO BIUIMHYJIM Ha MOPCBHKY JOTICTUKY YKpaiHH.
[Toptu Opnecu, YopHomopceka Tta IliBgeHHOro 3a3HanmM 3HAYHUX BTpAT, IO
CIPUYMHUIIO CKOPOUCHHS EKCIOPTYy 3E€pHOBUX KylnbTyp mpuOmmusHo Ha 40%
yapoaox 2022-2025 pokiB [1]. JlomaTkoBuM (akToOpoM pHU3UKY CTaJO aKTUBHE
BUKOPUCTAaHHA 3aco0iB pamioenekTpoHHoi Oopotebu (PEB), ski cnpuyuHsioTH
nerpajaaniro abo mnoBHE OJOKYBaHHS TJI00QJIbHUX HAaBITAIMHUX CYIMyTHUKOBUX
cucteM (GNSS). V psiai BumankiB nmoxuOka mo3uiiioHyBaHHs nepesuryBaia S00 M, a
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