O6JikoBa KapTKa gucepTartii (OK]I)

Mudp cnenpagu: 1O 26.002.14
Bigkpura

Bug nucepranii: 08

Dep>kaBHui 061ikoBHi HoMep: 0823U100240

Jara peecrpaii: 27-04-2023

1. BizomocTi npo 3100yBava

ITIB (ykp.): llImiress borgan Onerosuy

ITIB (anra.): Shmihel Bohdan O.

IlIndp coeniaabHOCTI, 3a IKOIO BiZbyBCs 3axucT: 172

Jara 3axucry: 21-04-2023

Ha 3100yTTs1 HayKOBOTO cTyIeHs: [JokTop dinocodii (1.¢in)

CnenianbHicTb 3a ocBiTol0: TesieKoMyHiKallii Ta pafioTexHika

2. BimomocTi npo ycTaHOBY, OpraHisaiiiio, y BYeHiH pazi sIKoi BiZOyBcst 3aXHCT
Hassa oprani3sanii: HanioHanbHUI TexHIYHUN yHiBepcuTeT Ykpainu "KuiBcbkuil nosliTexHiYHUH iHCTUTYT iMeHi Iropst
Cikopcpkoro”

IlignopsaxoBaHicTs: MiHiCTEpCTBO OCBITH i HayKu YKpaiHU

Koz, €IPIIOY: 02070921

Appeca: npocnekt Ilepemory, 6yz. 37, m. Kuis, 03056, Ykpaina

Tenedon: 380442367989

Tenedon: 380442044862

Tenedon: +38 (044) 204-82-82

E-mail: mail@kpi.ua

WWW: https:/ /kpi.ua/

Inme: kpi.ua

3. BizomocTi nIpo opraHi3saiiio, e BUKOHyBaJjiacs (TOTyBaJjlacs) AHUCepTallis

Hassa oprani3sanii: HanioHanbHUM TexHIYHUN yHiBepcuTeT Ykpainu "KuiBcbkuil nosliTexHiYHUH iHCTUTYT iMeHi Iropst

Cixopcpkoro”

IignopsaxoBaHicTs: MiHiCTEpCTBO OCBITH i HayKu YKpaiHU
Koz, €IPIIOY: 02070921

Appeca: npocnekt Ilepemory, 6yz. 37, m. Kuis, 03056, Ykpaina
Tenedon: 380442367989

Tenedon: 380442044862

Tenedon: +38 (044) 204-82-82

E-mail: mail@kpi.ua

WWW: https:/ /kpi.ua/

Inme: kpi.ua



4. BizomMocTi IIpo oprasi3saiiio, e mpaiioe 3400yBay

Ha3zga opranizanii: @OII lImirens Borman Onerosud
IlizmopsAKOBaHICTh:

Kog, €IPTIOY: 3419816572

Appeca: Bys. bynbBapHO-KyapsiBcbKa 43b, K. 14, M. Kui, 01054, Ykpaina
Tenedon: 380931998812

5. HayKoBi KepiBHHKHU Ta KOHCYJIbTAaHTH

HaykoBi KepiBHHKH

Ypuscokuii Jleonig Onexcanaposud (1.T.H., mpodecop, 05.12.02)

6. OdiniliHi OMOHEHTH Ta pelleH3eHTH
OdiuiiiHi omoHeHTH

Xnanonin IOpiit IBaHOBMY (1. T. H., Ipodecop, 05.12.02)

Opapuenko Poman CepriitoBud (1. T. H., ipodecop, 05.12.02)

Penenzentu

Jlucenko Oznexkcangp IBaHOBUY (1. T. H., Ipodecop, 20.02.12)

Inuaska Onexcanap Onekca’apoBud (K.T.H., 101, 05.12.13)

7. IlizCcyMKH A0CJIiAKEHHS Ta KiJIbKiCHI IIOKa3HUKH

Iigcymku pocaigykenHs: 40 - HoBe BUPilI€HHS aKTyaJIbHOTO . . . .
KinpkicTs ny6sikamii: 19
HayKOBOT'O 3aBJJaHHS

KinbKicTb cTopinok: 137 KinbKicTe naTeHTiB:

KinbkicTs gomartkis: O BnpoBap>keHHs pe3ysbTaTiB po6oTn: 1

Imroctpanii: 42 MoBa moKyMeHTa: YKpaiHCbKa

Tab6aumi: 8 3B'a30Kk 3 HaykoBUMH Temamu: 01150000259, 0116U004885,
Cxemmu: 0120U102181.

BukopucraHi nepmogskepeia: 106

8. Ingekc YK TemaruyHux pyopuxk HTI

Inpexc YIK: 621.391:519.72, 621.391:519.72, VIIK 621.391

TemaruyHi pyopuku: 49.33.29, 49.03

9. Tema Ta pedepat guceprarnii

Tema (yxp.)

HiILBI/IIILGHHFI HpO,HyKTI/IBHOCTi HU3bKOEHEPIr€TUIHUX 663HpOBO,H,OBI/IX KaHaJiB BB’HBKy CEHCOPHUX TeﬂeKOMyHiKauiﬁHMX CUCTEM
Tema (aHrs.)

Increasing the performance of low-power wireless communication channels of sensor telecommunication systems



Pedepar (YKp.)

CeHCOpHi Mepexxi 3aiiMaloTh KII0UOBY POJIb y pa3i HEOOXiTHOCTI ONepaTUBHOIO PO3rOPTaHHS, MOOIIbHOCTI, THYYKOCTi OpraHisariii
Mepexi i MUPOTi MOKJIMBUX [IOJATKIB, y 6araTboxX BUIAAKax OyAy4d €IUHUM €KOHOMIYHO BUIPABIAHMM pimeHHsIM. OpHiew i3
KJIIOYOBUX 33714 3abe3neueHHs QYHKI[IOHYBaHHSI CEHCOPHOI MepexXi € 3abe3neyeHHs HaliflHOro Ta MPOAYKTUBHOTO IepeaBaHHs
iHdpopmauii B ymoBax 0OMEXEHUX PECYpCiB, 30KpeMa, €HEepPreTUYHUX. BpaxoByloun po3mip ceHcopa, OCHOBHOIO BUMOTOIO 110
CEHCOPHUX MEpPEeX — € 3abe3NedyeHHs] HU3bKOTO €HEeProCIoKMBaHHS Ta JOCTOBIPHOTO MPUIOMY. ABTOHOMHICTh POOGOTH 3aJI€XUTh
Bif eHeprii, 1O CMOXWUBAETbCS BY3JlaMU CHUCTeMHU. Y pOOOTI JociimkeHa akTyajdbHa 3afiaya MiJBUIIEHHS IPOLYKTUBHOCTI
HU3bKOEHEPreTUYHUX OGe3IPOBOIOBUX KaHaJliB 3B's13Ky. Ha BigMiHy B TpaguiiiiHux cucteM 6€3NpOBOJIOBOTO 3B'$I3KY, CEHCOpPHA
Mepeka BKJIIOYA€ BEJMKY KiJIbKICTb MPUCTPOiB, sKi MOBMHHI NepenaBaTu iHdopmalilo [0 6a3oBoi craHuii. CeHCOpHi By3nu
MO>XYTb BCTAHOBJIIOBATHCS CTAl[ilOHAPHO 260 MaTU MO>KJIMBICTDb JOBIZIBHO IIEPECYBATUCS B IEBHOMY ITPOCTOPi, TOMY BOHU IIOBUHHI
O6yTV aBTOHOMHUMHU, CAMOOPraHi30BaHUMHU Ta He MOTPeOYIOTh yCTaHOBKU. O6aCTb MMOKPUTTSI TaKOi Mepeki BKpall oOMeskeHa i
MO>KE€ JIOCSITaTH OECSITKU Ta COTHi MeTpiB. TOMy OJjHi€I0 3 TOJIOBHUMX YMOB O Takoi Mepexi — Lie 3abe3ledyeHHs MiHIMaIbHOTO
€HEprocCIOXKMBAHHS Ta JOCTOBIPDHOTO MPUIOMY B YMOBax HU3bKOI eHepreTuku. OCHOBHOIO 33/1a4elo MPU MOOYIOBH CEHCOPHOI
Mepexi € JOCTOBIpHA OLIiHKA €HEPreTUYHNX XapaKTEPUCTUK 6€3[IPOBOJOBOr0 KaHaly 3B'3Ky. [Iy1s1 BUpilIeHHSI 0OMEXeHb PeCypCy
KaHaJjy 3B's13Ky, [IEPCIIEKTUBHUM SIBJISIETHCSI IIOUIYK HOBUX METOiB nepeadi inpopmariii, Bu6opy eeKTUBHOrO BULYy MOAYJIALII Ta
3aBaJIOCTIMKOr0 KoayBaHHs. OCHOBHMM iHCTPyMEHTOM /sl mepepadi iHpopmalii € curHanmm 6araTomno3uLiiiHOi MaHimyssii.
Bubip moegHaHHS TUIYy MOZYJSLii i MBHUAKOCTI 3aBaflOCTIMKOro Komy, 3abe3rnedye MaKCHUMaJbHO MOKIIMBY €(QEKTHBHICTS,
3a0e3nevyioun BiAMOBIHY HAAiMHICTh KaHaNy 3B'S3Ky. B SKOCTi pO3IVISIHYTHX CUTHAJIiB OOpaHO CHUTHAIM 6araToNO3UIiHHOI
maninysanii BPSK, QPSK, QAMI16. BucoxkomBUAKICHI BUAM MOAYJIALIl HE PO3IVISLAIOTLCS, TaK K CEHCOPHA MepeXa He
nepeznbadye nepenavy BeJIMKAX MacuBiB iHdopmanii, a Takok Mae o6MexXeHy eHeprilo curHany. [lIMpoKOCMyroBi CUTHAIM €
OJIHM 3 BiJOMUX METOZIB /s MiZBUIIEHHS 3aBaIOCTIMKOCTI KaHaJly, aje BJIACTMBOCTI TaKMX CUTHAJIB B YMOBaX OOMEXEHOro
pecypcy Ta €Heprii curHany He AOCJiIpKeHi. [Iys BU3HAY€HHS HaNOifbll ONTHMAJIBHOTO CIIOCOOY Mepefadi CUTHaliB B YMOBax
HU3bKOI €HEepreTHKy, NpoBeeHo AociimkeHns BaactuBocteil IIICC Ha OCHOBI Mojiesieil OLiHKY SIKOCTi KaHaJIiB 3B'I3KY, @ TAaKOX
MOPIBHSIHHS XapaKTEPUCTUKU 3aBafoCTiMKOCTI 3 BCC Ta €KBiBaJIEHTHOIO €HEprielo CUrHaily. [jisi BU3HAYEHHSI MAaKCHMMaJbHOI
MPOAYKTUBHOCTI Iepefadi B OE3MPOBOJOBUX HU3BKOEHEPreTUYHUX KaHajlaxX 3B'A3Ky, HEOOXiZHO [OCIHiAUTU TOKA3HUKU
MIPOAYKTUBHOCTI BUKOPUCTAHHS CUTHAJIIB 3aJJaHOTO BUIy MOMYJISLII Ta MOPIBHATHU X 3 IIMPOKOCMYTOBUMU CUTHAJIAMU 3 Pi3HUMU
3HaUEeHHSIMU 6a3u cUrHany B. BusgBusocs, 10 MUPOKOCMYTOBi CUTHAIM He 3a6e3MevyloTh Kpalloi JOCTOBIPHOCTI B MOPIBHSHHI 3
BY3bKOCMYTOBUMU IIpU OJAHAKOBiiI MOTY>KHOCTI BUIIPOMIHIOBAaHHSI Ta Crocobi o6pobku. KmacuyHi (opmynn Jjs OLIHKU
3aBafIOCTIMKOCTI 6araToNO3ULiTHMX CUTHAJIB JAOCTOBIPHi /iJ11 BUCOKOI eHepreTuky, ofHak ajs h2 o O He € ToyHuMU. ToMy nns
TOYHOTO BM3HAY€HHSI TOYHOI JOCTOBIPDHOCTI NPUMOMY IJsI TaKUX YMOB, IIPOIOHYETbCS BUKOPUCTAHHS BEKTOPHO-(A30BOTO
MeTony. BeKTopHO-(pa30BUil METO, [03BOJIIE OTPUMATH TOYHI PO3PaxyHKU MpH OyAb-sIKill eHepreTulli, Ha BiIMiHy Bif gopmysn
[Ipokica, mO MOXYTb BUKOPUCTOBYBATMCbH TUILKM [JI1 BHCOKOi €HEPreTHKU. 3arajbHUM IIiICYMKOM JOCIiJIKEHHS € OLiHKa
npoayktuBHocTi CKK, sika 03BoJIsle B KaHaji 3 3aZlaHUMU 4aCTOTHO-€HEPreTUYHUMHU IapaMeTpaMy BU3HAYUTU €(PEKTUBHICTb
BUKOPHUCTaHHS BU3HAUYEHOTO BUAY MOZYJISLIi Ta KOJLyBaHHS 3a KpUTepieM HaOIDKeHHs [0 rpaHuli llleHHOHa, a60 MaKCUMyMY
inpopmauiitHoi edeKTUBHOCTI MpM 3aaHill [OCTOBIPHOCTI CUTHajgy B TOYLi IHpuUiloMy. MeTonuKka [03BOJISE OLHUTHU
epEeKTUBHICTb BUKOPUCTAHHSI PECYpPCiB KaHaJliB 3BSI3Ky 3 0araTolo3ULifHOI0 MaHINyJslielo Ta 3aBafOCTIHKUM KOJyBaHHSM, a
TaKOX KiJIbKICHO OLHMTM BUTPAaTH Ha peasizallilo 3axofiB WOJO0 IiIBUIIEHHS AOCTOBIPHOCTI 260 NMPOAYKTUBHOCTI y BUMIpI
3alPOTNIOHOBAHMX [IOKa3HUKiB. HoBuMHK B pauceprauii € HacTymHi pesysnbratu: 1. BIOCKOHasieHO BUMKOPUCTAaHHS BEKTOPHO-
(azoBoro meTtony mAJsg BU3HAYEHHS 3aBaJJOCTIMKOCTI 6araTOMO3WLIMHMX CUTHAJIB B yMOBaxX HU3bKOI eHepreTuku. Kiacu4Hi
¢opmynu IIpokica He € TOYHUMU 17151 HU3bKOi €HepreTUKU. 2. BHOCKOHAJIeHO METOUKY CUHTE3y CUTHAJY, SIKa JJO3BOJISE 3HANUTH
€KCTpeMyM ITPOIYKTUBHOCTI KaHaJly 3B’513Ky Ta HaGJIM3UTHU JIO MOT0 IMPOIYCKHOI 3gaTHOCTi — rpanuni llleHHoHa. 3. BiockoHaneHo

METO/IKY OILiHKM e€(DeKTUBHOCTI BUKOPUCTAHHS PECYPCIiB KaHaJy 3B'SI3KY.
Pedepar (aHr1.)

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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