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Pedepar:

1. CeHcopHi Mepexi 3aiiMaloTh KJIIOYOBY POJib y Pasi HEOOXiIHOCTI onepaTUBHOIO PO3rOpPTaHHs, MOOIIbLHOCTI,
THYYKOCTi OpraHisanii Mepexi i IIMpoTi MOXJINBUX IOHATKIB, y 6araTbox BUNAJKax OyIyun €JMHUM €KOHOMIYHO
BUTIPaBAAHUM pilmeHHSIM. OJHi€lo i3 KII0YOBUX 3a7ay 3a0e3neyeHHs] QYHKIIOHYBaHHSI CEHCOPHOI MEPEXi €
3abe3nevyeHHs HaJliiHOTO Ta TPOAYKTUBHOTO IiepefaBaHHs iHdpopMalii B yMoBax 0OMEXXeHUX PECypCiB, 30KpeMa,
eHepreTMYHuX. BpaxoByiouun po3mip ceHcopa, OCHOBHOIO BUMOTIOIO 10 CEHCOPHUX MEPEX — € 3a0e3MeYeHHs
HU3bKOT'O €HEPTOCIIOXKUBAHHS Ta JOCTOBIPHOIO IPUIIOMY. ABTOHOMHICTb POOOTH 3aJI€5KUTh Bifl €Heprii, mo
CIIOXXKMBAETHCS By371aMu cUCTeMU. Y poOOTi mocmimKeHa akTyasbHa 3a/ia4a [MigBUIIeHHS IPOLyKTUBHOCTI

HU3bKOEHEPreTUYHUX 0e3IIpOBOJOBUX KaHaiB 3B's13Ky. Ha BiMiHy Bif TpaguLiiHux cucteM 6e31poBOIOBOrO



3B'13Ky, CEHCOPHA Mepe’Ka BKJII0YA€ BEJIMKY KiJIbKiCTb IIPUCTPOIB, sIKi IOBUHHI NlepeaBaTy iHpopMaliiio 1o 6a30Boi
ctaHLji. CeHCOPHi By37I1 MOKYTbh BCTAHOBJIIOBATUCS CTAL[iOHAPHO 260 MaTH MO>KJIMBICTD OBIJIbHO [lepeCcyBaTUCS B
IIEBHOMY I[IPOCTOPi, TOMY BOHU IIOBUHHi OyTY aBTOHOMHHUMMU, CAMOOPTraHi30BaHUMU Ta He IOTPEOYIOTh YCTAaHOBKHU.
O671acTb IOKPUTTS TAKOi MEPEXi BKpail 0OMeXKeHa i MOXKe JOCSIraTU JEeCSITKY Ta COTHI MeTpiB. Tomy ofiHielo 3
TOJIOBHUX YMOB 10 TaKOi MEPEXi — 1ie 3abe3leuyeHHs MiHIMaJIbHOTO €HEeProCIOKMBAHHS Ta JOCTOBIPHOTO MIPUIOMY
B YMOBaX HU3bKOi eHepreTukyu. OCHOBHOIO 3a7ja4yelo Ipy o6y I0BM CEHCOPHOI MepeXi € JOCTOBipHA OLliHKa
€HepPreTMYHMX XapaKTepUCTUK 6e3POBOLOBOIO KaHaly 3B'I3Ky. [y BUpPIlIEHHSI OOMEXEHb PECYPCY KaHaly
3B'SI3KY, II€PCIIEKTUBHUM SIBJISIETHCS TIOLTYK HOBUX METO/iB Nlepenadi indopmauii, BuU60py epeKTUBHOrO BULY
MOZyJIsLI Ta 3aBalOCTINKOro KogyBaHHs. OCHOBHUM iHCTPYMEHTOM [1Jis nepenadvi indopmauii € curHanu
OaraTorno3uniiiHoi MaHinyssuii. Bubip noenHanHs TUIY MOLYJIAL] i IBUIKOCTI 3aBafiOCTIIIKOTO KOy, 3abe3reuye
MaKCHMMAaJILHO MO>JIMBY €(PEeKTUBHICTb, 320€311€4yI04M BilI[IOBiAHY HaiMHICTh KaHAJy 3B'I3Ky. B gKOCTi
POBIJISIHYTUX CUTHAJIIB 06paHo curHasnu 6araronosuuniiHoi maHinyssuii BPSK, QPSK, QAMI16. BucokomBuKicHi
BUIY MOAYJISILI{i He PO3IJIsaloThCs, Tak SIK CEHCOPHA Mepeska He repejdavye nepeavy BeJUKUX MacUBiB
iHopmaliii, a Tako>XX Mae 0OMe>XeHy eHeprito curHainy. [lInpokocMyroBi CUrHAIM € OGHUM 3 BiIlOMUX METO[IIB [1J15
MiABUILEHHS 3aBaJJOCTIMKOCTI KaHaJly, ajle BJIACTUBOCTI TAKUX CUTHAJIIB B yMOBaX OOMEKEHOI0 PECYpCy Ta €Heprii
CHTHAJIy He IocJimsKeHi. 171 BUBHaYeHHS HalbiIbll ONTHMaJIbHOTO CIIOCO0Y lepeiadi CUrHAJiB B yMOBaX HU3bKOI
€HepreTyKY, IpoBeeHo JociaimkeHHs Baactuoctel IIICC Ha 0CHOBI MoJieJiel OLiHKY SIKOCTi KaHaJIiB 3B'sI13KY, a
TaKOX [TOPiBHAHHSA XapaKTEPUCTUKU 3aBafoCTiNKocTi 3 BCC Ta eKBiBaJIEHTHOIO €EHEPrielo CUrHaiy. [l Bu3Ha4YeHHs
MaKCHMaJIbHOI IPOJYKTUBHOCTI Ilepeavi B 6€3[1pOBOJOBUX HU3bKOEHEPTeTUUHNX KaHalax 3B’13Ky, HEOOXiIHO
IOCJIIUTH NMTOKA3HUKY TPOAYKTUBHOCTI BUKOPUCTAHHS CUTHAJIIB 3aJaHOTO BUY MOAYJIALIi Ta MOPIBHATH iX 3
IIMPOKOCMYTOBUMU CUTHAJIaMU 3 Pi3HMMU 3HaY€HHSIMU 6a3u curHasny B. BusiBusocs, o mMypoOKOCMYroBi CUTHAIN
He 326€e31e4yI0Th KPalloi JOCTOBIPHOCTI B IOPIBHSIHHI 3 By3bKOCMYTOBUMU IIPYU OGHAKOBIN MOTYKHOCTI
BUITPOMIHIOBaHHS Ta cr1oco6i 06po6ku. KnacuyHi Gpopmysu nis OLiHKY 3aBaflOCTIKOCTI 6araTono3uLiiHuX
CHTHAaJIiB JOCTOBIPHI [1J11 BUCOKOI eHepreTuky, ogHak aJis h2 o O He € TouHMMU. TOMY 71711 TOUHOTO BUBHAYEHHSI
TOYHOI JOCTOBIPHOCTI IPUIOMY [1J11 TAKAX YMOB, IPOIIOHYETHCSI BUKOPUCTAHHSI BEKTOPHO-(a30BOrO METOLY.
BekTopHO-(a3oBuil METO], 103BOJIsIE OTPUMATU TOYHI PO3PAaXyHKU Npu OyAb-sKiil eHepreTulli, Ha BiiMiHy Bif
dopmy ITpokica, 1110 MOXKYyTh BUKOPUCTOBYBATUCH TiJIbKYU /1151 BUCOKOI €HepreTUKU. 3arajbHUM MiJICyMKOM
IocruinkeHHs € ouinka npogykruBHocTi CKK, sika 103BoJIsi€ B KaHali 3 33JaHMMU YaCTOTHO-€HEPreTUYHUMU
rapameTpaMy BU3HAUUTH €(PEKTUBHICTb BUKOPUCTAaHHS BU3HAYE€HOTO BUAY MOAYJIALi Ta KOAYBaHHS 32 KDUTEPiEM
HabkeHHs o rpaHuli lllenHona, abo MakcnmyMmy iHdopMaLifiHOI epeKTUBHOCTI IpH 3aJjaHill JOCTOBIPHOCTI
CUTHaJy B TOuli NpuiloMy. MeTonuka 103BoJIsI€ OLiHUTH €(PEKTUBHICTh BUKOPMCTAHHS PECYPCiB KaHaJliB 3B'I3KY 3
6araToIoO3ULiTHOI0 MaHIMYJISLi€l0 Ta 3aBaJJOCTIKMM KOAYBAaHHSM, a TAKOX KiJIbKiCHO OL[iHUTU BUTPATH Ha
peastizanio 3ax0/IiB 010 HiBUILIEHHS JOCTOBIPHOCTI 260 MPOAYKTUBHOCTI y BUMipi 3aIIPOTIOHOBAHMX ITOKA3HUKIB.
HoBumu B nuceprauii € HacTynHi pe3yspTaTi: 1. BIOCKOHaIeHO BUKOPHCTaHHS BEKTOPHO-(a30BOro MeToay IJjisl
BM3HAUEHHSI 3aBa/IOCTINKOCTI 6araTono3uLiiHUX CUTHAJIB B YMOBaxX HU3bKOi eHepreTuku. KiacuuHi popmysnu
I[Ipokica He € TOYHMMH [J151 HU3bKOi €HEPreTUKU. 2. BIOCKOHaIEHO METOIUKY CUHTE3y CUTHAJY, SIKa JO3BOJISIE
3HAUTU €KCTPEMYM IPOINYKTUBHOCTI KaHAJy 3B'I3Ky Ta HAOJIM3UTU [0 MOT0 IIPOITyCKHOI 3aTHOCTI — rpaHuLii

[llenHoHa. 3. BIOCKOHAIEHO METOIMKY OLIiHKU e(pEKTUBHOCTI BUKOPUCTAHHS PECYPCIB KaHAJy 3B’SI3KY.
it MUKY oI Yy y y

2. Sensor networks play a key role in the need for rapid deployment, mobility, networking flexibility and a variety
of possible applications, in many cases being the only cost-effective solution. One of the key tasks of functioning in
the sensor network is to ensure reliable and efficient data transmission in conditions of limited resources. Given
the size of the sensor, the main requirement for sensor networks is to provide low power consumption and reliable
reception. Their autonomy depends on the energy consumed by the nodes of the system. The research contains
the actual problem of increasing productivity in low-energy wireless communication channels. Unlike traditional
wireless communication systems, a sensor network includes many devices that should transmit information to a
base station. Sensor nodes can be placed permanently or be able to move in a certain space, so they must be
autonomous, self-organized and do not require installation. The coverage area of such a network is extremely
limited and can reach tens and hundreds of meters. The main task in building a sensor network is a reliable



assessment of the energy characteristics of a wireless communication channel. To solve the limitations of the
communication channel, it is promising to search for new methods for transmitting information, choosing an
effective type of modulation and error-correcting coding. The basic tool for transmitting information is the signals
of multi-position modulation. The choice of a combination of modulation type and error code rate provides the
highest possible efficiency while providing adequate reliability to the communication channel. The multi-position
modulation signals BPSK, QPSK and QAM16 were chosen as the considered signals. High-speed modulation types
are not considered, since the sensor network does not involve the transmission of large amounts of information
and has limited signal energy. Broadband signals are one of the well-known methods for improving the noise
immunity of a channel, but the properties of such signals under conditions of limited resources and signal energy
have not been studied. To determine the most optimal method of signal transmission in low energy conditions,
research on the properties of the narrowband signals was carried out based on models for assessing the quality of
communication channels and comparing the noise immunity characteristic of wideband signals with equivalent
signal energy. To determine the maximum transmission performance in wireless low-energy communication
channels, it is necessary to investigate the performance indicators of a given type of modulation signals and
compare them with wideband signals with different values of the signal base B. It turned out that wideband signals
do not provide better reliability compared to narrowband signals with the same transmission power and
processing method. The classical formulas for estimating the noise immunity of multi-position signals are accurate
for high energy, but for h2 o 0 they are not accurate. Therefore, to determine the exact reliability for such
conditions, it is proposed to use the vector-phase method. The vector-phase method helps to obtain accurate
calculations for any energy, in contrast to the Prokis formulas, which can only be used for high energy. The overall
result of the research is performance evaluation of signal-code construction, that allows determining the
efficiency of using a certain type of modulation and coding in a channel with given frequency and energy
parameters according to the criterion of maximum approach to the Shannon bound, or the maximum of
information efficiency for given signal reliability. Using this technique, it possible to evaluate the efficiency of using
the resources of communication channels with multi-position modulation and error-correcting coding and
calculate the costs of implementing measures to improve the reliability or performance of the proposed indicators.
Research contains the following new results: 1. The use of the vector-phase method for determining the noise
immunity of multi-position signals under low energy conditions has been improved. The classic Prokis formulas
are not accurate for low energy. 2. The method of signal synthesis has been improved, which makes it is possible to
find the extremum of the communication channel performance and bring it closer to its capacity - the Shannon
bounds. 3. The methodology for evaluating the effectiveness of the communication channel resources has been

improved.
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