JocaigxeHHs: e(EeKTUBHOCTI BUKOPUCTAHHA IMIYJIbCHUX  HAIIHPOKOCMYTOBUX
CHTHAJIIB Yy CHCTeMAaX Paaio3B’A3KY i pajgioMepekax

HcciaenoBanue 3q)(l)eKTI/IBHOCTI/I HCIIO0JBb30BaHUS UMITYJIbCHBIX CBEPXIIMPOKOIIOJJOCHBIX
CUTHAJIOB B CHCTEMAX PAIMOCBHA3H U PATHOCETHAX

Investigation of the Usage Efficiency of Impulse Ultrawideband signals in the
Communication Radio Systems and Networks

1. Homep nep:xxaBHoi peecTpanii Temu - 01150000369,
2. Haykosuii kepiBHUK — K.T.H. Tpy6apos 1.B., Tpy6apos U.B., Trubarov Igor V.

3. CyTb po3po0KkH, OCHOBHi pe3yJibTaTu
(yxp.)

IMOynbCHI  HaIITUPOKOCMYTOBI CHUTHAJIM JOCHTH TIEPCIIEKTHUBHI dYepe3 Oe3mid  CBOiX
BJIACTUBOCTEH, WO JO3BOJISIIOTH Yy TIEPCIEKTHBI CTBOPUTH «HOBY» paJiOTEXHIKY 1 CHCTEMH
TEJICKOMYHIKAIlIi 3 paHillle He peali30BaHUMH BJIACTHUBOCTAMHU. BpaxoByrYHM TOCTIHHO
3pocTarunii 1eIiUT pagiodyacTOTHOTO PECypCy sl TPATUIIIHHIX CHCTEM TEJICKOMYHIKAIIIH, 1110 €
OCOOJIMBO aKTyalbHUM Ui PYXOMOI Ta CYNYTHHUKOBOI CIyX0, BUKOPHCTAHHSA IMIYJIbCHUX
HA/IIIMPOKOCMYTOBUX CHTHAJIIB € YU HE €IWHOI0 MOXKIIHUBICTIO CYTTEBO WIAHATH CyMapHY
HIBUJKICTh Pajio3B’si3Ky, 1 B Takuil crnocid 3abe3meunTH 3pocrarodi norpedu cycmiabeTBa. Ciif
3a3HAYUTH, IO CyYaCHHUN PO3BHTOK MIKPOIPOIECOPIB Ta €IEMEHTHOI 0a3u CTBOPIOE MEPEIyMOBU
JUIsl CTBOPEHHS DPIZHOMAHITHHX CHCTEM 3B’SI3Ky Ha OCHOBI IMIYJIBCHUX HAAIIMPOKOCMYTOBUX
CUTHAJIIB.

B po60Ti po3BUHYTO TEOPII0 HEEHEPTeTUYHOTO MPUIOMY IMIYIBCHUX HAIIIHPOKOCMYTOBHX
curHaiiB. Ha ocHOBI OTpHMaHHUX pe3yNbTaTiB CPOPMOBAHO CTPYKTYPY NpHiiMada CUTHAJIIB JaHOTO
TUIYy K KJIIOUOBOTO €JeMeHTa KaHany nepenadi indopmarii. [ToOynoBaHo imiTamiiiHy MoOzenb
KaHaIy 3B’3Ky 3 BHKOPHCTAaHHSIM IMOYJIbCHHUX HAQAIIMPOKOCMYTOBUX CHUTHamiB. OTpuMaHO
TEOPETUYHI OLIHKH MPOMYCKHOI CIHPOMOXKHOCTI TaKOro KaHaly Ta BHM3HAUYEHO ONTUMAJbHY
BEJIMYMHY Yacy IHTeTpyBaHHs y mpuiimMaui. 3MiHCHEHO IMiTalliifHe MOJEIIOBAaHHS CYIYTHHKOBOTO
KaHaly 3B’S3Ky, [0 BHKOPUCTOBYE IMITYJIbCHI HAQAIIUPOKOCMYTOBl CHUTHAIM, JUIS BHUIAJKY
HU3bKOOPOITANBHOIO CymyTHUKA. OTpUMaHO OLIHKM BUIPOMIHIOBAHOI MOTYKHOCTI Ta HEOOX1IHOI
aMIUTITYM IMIYJbCY Ha BXOJI NMpHiiMaya as 3a0e3MedeHHs 3B°sI3Ky. 3aIpONOHOBAHO MiAXiA A0
peaizarii CymyTHUKOBOTO KaHATy 3B 53Ky 3 BUKOPHUCTaHHSM IMITYyJIbCHUX HAIIMPOKOCMYTOBHX
CUTHAJIIB JJIsl BUIAJIKY TI€OCTAlllOHAPHOTO CYMyTHUKAa. BHUKOHAaHO pO3paxyHOK €HEpreTUYHHUX
napaMeTpiB Takoro KaHaly 3 YypaxyBaHHSAM aJMIHICTPATUBHUX OOMEXEHb Ha CIIEKTp
Ha/IIIMPOKOCMYTOBOro curHaiy. IIpoBeaeHo po3paxyHOK Ta migdip €JeMEeHTHOi 0a3M, a TaKoxk
IMITal[iiHE MOJIEIIOBaHHSA [EpPEAAaBAIbHOTO TPAKTy CHUCTEMHU 3B’SI3KY 13  IMIYJIbCHUMH
Ha/IIIMPOKOCMYTOBUMHM CHUTHAJaMM. 3alpOINOHOBAHO peaji3allild CXEeMH TIeHeparopa TaKHX
CUTHAJIIB Ha OCHOBI JI10/IB 3 HaKOIMWYEHHSIM 3apsiay. JocnikeHo NUIIXU MIABUIIEHHS JalbHOCTI
CHUCTEM  paAio3B’s3Ky, 110 BHMKOPHCTOBYIOTH IMIYJIbCHI  HaJIIMPOKOCMYTOBI  CUTHAJH.
3arponoHOBaHO Ta JOCIHIHPKEHO METOIW BUSBICHHS IMITYJbCHHX HAANIUPOKOCMYTOBHX CHUTHANIB
HEBi1oMOi (popMH.

(poc.)

VIMnynbCHBIE CBEPXIIMPOKOMOJIOCHBIE CHUTHAJBI JOCTaTOYHO NEPCHEKTHBHBI IO TNPHYUHE
CBOMX MHOTOYHCJICHHBIX MPEUMYIIECTB, MO3BOJSIONIMX B TMEPCHEKTHBE CO3JaTh «HOBYIO»
pPalMOTEXHUKY M CHUCTEMBbl TEJIEeKOMMYHUKALMH C paHee HE peaJM30BAHHBIMU CBOWCTBaMH.
Y4YuThIBasE TIOCTOSTHHO BO3pacTAIONIMA ACOUIIUT PagHOYaCTOTHOTO pecypca s TPaIuIIHOHHBIX
CHCTEM TEJIEKOMMYHHUKALIUHI, YTO SABJSETCA 0COOCHHO aKTyalbHbBIM JUIS MOJBMKHOM U CITyTHHUKOBOM
CITy’KO, HCIOJIb30BaHHE WMITYJIBCHBIX CBEPXIIMPOKOIOIOCHBIX CHUTHAJOB SIBJSIETCS €IBa JIM He
€/IMHCTBEHHOIN BO3MO>KHOCTBIO CYIIECTBEHHO MOIHATh CYMMapHYIO0 CKOPOCTh PaInOCBSI3U, U TAKUM
obpazoMm obecrmeunTh BoO3pacTarome moTpedHocTH obmecTtBa. Creayer 3aMeTHTh, YTO
COBPEMEHHOE pPa3BUTHE MHUKPOIPOLECCOPOB M 3JIEMEHTHOM 0a3bl CO3[aeT MPEANOCHUIKU s



CO3JaHUusA pa3H006pa3HHx CUCTCM CBsA3M Ha OCHOBC HMITYJIBCHBIX CBCPXIIHMPOKOIIOJIOCHBIX
CHUTHAJIOB.

B pabote pazBurta TEOpHs HEIHEPTETUYECKOTO MTPUEMa UMITYJIbCHBIX CBEPXIIMPOKOMOIOCHBIX
curHaiioB. Ha ocHOBe MONy4eHHBIX pe3yinbTaTOB CHOPMHUPOBAHA CTPYKTypa NMPUEMHUKA CUTHAJIOB
JAHHOTO THWIIAa KaK KIIOYEBOrO JJIEMEHTa KaHama mepeaadun uHpopmanuu. I[loctpoena
HMUTAIIMOHHAA MOJCJIb KaHalla CBA3HW C HCIOJb30BAHUCM HMITYJIBCHBIX CBEPXHIMPOKOIIOJIOCHBIX
curHasioB. llomydeHbl TEOpPETHYECKHE OICHKH IPOIMYCKHOH CIOCOOHOCTH TaKOro KaHala |
onpeaciicHa onTuMajlbHasA BCEJIMYHMHA BpPEMCHU HWHTCIPUPOBAHHWA B IIPUECMHHKE. HpOBeI[eHO
HMUTAIIUOHHOC MOJACIIMPOBAHUC CITYTHUKOBOI'O KaHajla CBA3H, HCIOJB3YIOIICTO HMITYJIBCHBIC
CBCPXHIMPOKOIIOJIOCHBIC CUTHAJIBI, JJIA ClIydas HI/ISKOOp6I/ITaJ'IBHOFO CIIYTHHKA. Brmosaaen pacueT
SHCPICTUUCCKHUX MapaMCTPOB TAKOro KaHalla € YUYCTOM aIMHUHHCTPATHBHBIX OI‘paHI/I‘-IeHI/Iﬁ Ha
CIICKTP CBEPXIIHMPOKOIIOJIOCHOI'0 CUIHaJIa. HpOBe,Z[eH pacucT u HO,I[60p 3JIEMEHTHOM 633BI, a TaK¥XKeE
HMUTALIUOHHOC MOACIUPOBAHHUEC TICPCAAIOIICTO TpaKTa CHCTCMblI CBA3M C HMIIYJIbCHBIMU
CBCPXIINPOKOIIOJIOCHBIMH CUTHAJIAMH. Hpenno;era pcaim3anua CXEMblI TI'C€HEpaTopa TaKHuX
CUTHAJIOB HA OCHOBC JUOJ0OB C HAKOIIJICHUCM 3apsja. HCCJIG,Z[OB&HBI IMYTHU MOBBIICHUA OAJIbBHOCTHU
CHUCTEM paanuoCBA3U, HCITIOJIb3YIOIIUX HNMITYJIbCHBIC CBCPXIIHUPOKOITIOJIIOCHBIC CUTHAJIBI.
HpeIlJIO)KeHBI U HCCICOAOBAHBI MCTOJIbI O6H3,py>K€HI/I$I HMITYJIbCHBIX CBCPXIIMPOKOIIOJIOCHBIX
CUTHAJIOB HEU3BECTHOH (hOPMBI.

(anru.)

Impulse-Radio Ultra-Wideband signals (IR-UWB) show considerable promise due to their
numerous advantages that allow creating a “new” radio engineering in the future and
communication systems with properties that have not been yet realized. Taking into account
constantly increasing deficit of radio waveband for conventional telecommunications systems,
which is especially relevant to mobile and satellite communication services, the implementation of
IR-UWB signals is probably the only way to significantly increase the overall throughput of radio
communications, satisfying the increasing demands of the society in that way. It is worth noting,
that today’s development of microprocessors and electronic components create prerequisites for
creation of various communication systems based on IR-UWB signals.

In the research, the theory of non-energy receiving of IR-UWB signals was developed.
Grounding on the obtained results, the structure of a receiver, which is the key component of data
transmission channel, for this type of signals was generated. The simulation model of a data
transmission channel with IR-UWB signals was made. The theoretical estimations of the throughput
of such a channel were obtained and the optimal value of integration period in the receiver was
determined. The simulation was done of a satellite data transmission channel that implements IR-
UWB signals in case of low Earth orbiting (LEO) satellite. The parameters characterizing the power
budget of such a channel were calculated with consideration of administrative limitations imposed
on a power spectrum of an ultra-wideband signal. The list of electronic components was formed, as
well as the simulation of a transmitting part of the communication system with IR-UWB signals
was done. The realization of a generator of such signals using charge-storage diodes was proposed.
The approaches to the increasing of IR-UWB radio communication distance were investigated. The
methods of detecting IR-UWB signals were proposed and investigated.
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5. IlopiBHsIHHS 3i CBiTOBMMH aHAJIOraMH.

PesynbraTi TEepeBMINYIOTh CBITOBHH piBeHb. BigMIHHICTh HayKOBHX pe3yJlbTaTiB BiX
pe3yNbTaTiB SKi OyiM OTpUMaHi 1HIIUMHU aBTOpamu, 1o aociikyoTs |IR-UWB curnanu, nonsrae
y BpaxyBaHHI 0OMeXeHb, 10 HaKiIaaaTbes Ha criekTp IR-UWB curnanis 3 meToro 3abe3rnedeHHs
€JIEKTPOMArHiTHOT CYMICHOCTI 3 TpaguIlifHUMH CHUCTEMaMH 3B’SI3KYy, a TaKOX Yy JAOCIIKEHHI
nigBumeHHs ehekTruBHOCTI BuKopructanHs IR-UWB Ha nanbHi BiicTaHi paaio3s’si3Ky.

6. ExoHomiuHa npuBadIMBicTH AJ NPOCYBAHHS HA PUHOK
3acTocyBaHHS PO3POOJICHUX METOJIB B MAaCOBHUX CHCTEMax MOOITBLHOTO Ta CYITyTHHKOBOTO
3B’A3KY JO3BOJUTH CYTTE€BO 30UIBIINTH iX MPOMYCKHY 3AaTHICTh (Bi OJUHUIIL IO JAECATKIB pa3iB B
3aJISKHOCTI BiJI OOMEKEHb Ha MOTYKHICTh Ta IIMPUHY CIIEKTPa), IO Y BIAMOBIAHY KiJIBKICTh pa3iB
3011BIIUTH €MHICTh PUHKY B1JIMOBITHUX MOCHYT.
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8. CTaH roToBHOCTi pO3pooKH.

Po3pobiieHo TeopeTHdH1 METOAM pealizallii KaHaTIB 3B 53Ky, a TAKOX CXEMH KIFOYOBHX
€JIEMEHTIB Takoi cucteMu. KpiM TOro, BUrOTOBJIEHO MakeTH OKPEMMX BY3JIB KaHaly 3B 3Ky 3
BUKOPHCTAHHSAM IMITyJbCHUX HAAIIMPOKOCMYTOBHX CHTHANIIB. MOXIJIMBOIO € pO3pOOKa JOCIITHUX
3pa3KiB cucTeM 3B 53Ky 3 curHaiamu IR-UWB.
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