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POSSIBILITIES OF USING PHASED ANTENNA LATTICE TO OVERCOME EMERGENCY
SITUATIONS DURING UA FLYING TASKS

Vladislav Semenyuk, PhD doctor student, M. Kozybayev North Kazakhstan state university,
Petropavlovsk, Kazakhstan, Evdimid@mail.ru
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Abstract. Various ways of controlling and conducting modern unmanned aircrafts(UAs) are
personalized in the article. Accordingly, it offers its technical solutions based on phased antenna lattices
to improve the ability to overcome obstacles by unmanned aircrafts.

The article considers the conditions of quality functioning of receiving and transmitting nodes on
UAs. Basic requirements for control of directional characteristic of phased antenna lattice are defined. An
approach to transmitter power control and receiver sensitivity are described.

Recommendations for the implementation of microstrip phased antenna lattices based on
metamaterial for a group of unmanned aircrafts were made, including in the form of active re-radiating
systems.

The spheres of using of phased antenna screens based on metamaterial are presented as an
innovative solution in the antenna system of unmanned equipment (geodetic works, construction of
orthophotoplanes, search works in the Ministry of Emergency Situations).

This article proposes one of the options for improving the sensor system for UAV response to
obstacles, since ultrasonic methods of response to dangerous obstacles for UAVs are effective in the
mode of a single flight task, when static objects of space are scanned. If we take into account the future,
when the UAV will be used en masse for the delivery of parcels, in commercial surveys, search
operations, aerial photography, then there will be a possibility of crossing routes in flight missions and the
possibility of a collision of drones. For this reason, this article provides the rationale for improving the
obstacle response system in the direction of reducing the blind corner zone, increasing the range and
scanning speed. This article can serve as a reference material for scientific research on radar methods for
identifying obstacles in the path of UAVs. A convenient application for modeling the antenna unit of such
systems, according to the author, is ANSYS HFSS.

Key words: unmanned aircraft, phased antenna lattice, receiver, transmitter, beam pattern,
sensor.
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B.B. Cemenmok?, E.C. Purrep!, JI.B. Purrep’
1CeBepo-Kaszaxcranckuii rocynapcTBeHHbIN yHuBepeuteT nmenn M. Kosbibaesa,
r. [lerponasnoBck, Kazaxcran

BO3MOKHOCTH IIPUMEHEHHS ® ABUPOBAHHBIX AHTEHHBIX PEIIETOK
JIJISI MPEOJIOJIEHUSI ABAPUVMHBIX CUTYAIIUH B TEPUO/I JIETHBIX
3AJIAHUM BJIA

AHHOTaI[I/Iﬂ. B crartee NEpCOHAIU3UPOBAHBI PA3JIMYHBIC CIIOCOOBI KOHTpPOJIA U

yIpaBiIeHUS 3a COBPEMEHHBIMH OeCHWIOTHBIMU JieTaTenbHbIMH amnmnapatamu (BJIA). B
COOTBETCTBUE C ITHM IpEJIaraloTcs CBOM TEXHUYECKHE PELICHHs Ha OCHOBE (pa3MpOBaHHBIX
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AQHTEHHBIX PEIIETOK JUIS TOBBILIEHHS CHOCOOHOCTH K TPEOJOJCHUIO  TNPEMSITCTBUIN
OecTUIIOTHBIMU JIETAaTEJIbHBIMU allapaTaMH.

B cratbe paccMOTpeHBI YCIOBUS KAueCTBEHHOTO (DYHKIIMOHHUPOBAHHUSA IPUEMO-
NepealoNINX  Y3JI0B Ha bBJIA. Omnpenenensl OCHOBHbIE TpeOOBaHMS K YIPaBICHUIO
XapaKTEPUCTUKONW HANpaBleHHOCTH (Da3upoBaHHOW aHTEHHOW pemeTku. ONucaH MOAXOA K
YIPABJICHUIO MOIIHOCTHIO NIEPEIaTYNKA U YyBCTBUTEIbHOCTh IPUEMHUKA.

BeipaboTanbl peKOMEHIAIMK IO peaju3alid MHKPOIIOJIOCKOBBIX  (pa3sMpOBaHHBIX
AHTCHHBIX PEIIETOK Ha OCHOBE MeTamarepuaia ajis TPYIIbl OCCHMIOTHBIX JIETaTEIbHBIX
anmnaparoB, B TOM YHCJE B BUJI€ aKTUBHBIX [IEPEU3ITYUAIOIINX CUCTEM.

[IpencraBiens! chepbl UCMONB30BaHUA (PA3UPOBAHHBIX AHTEHHBIX PEHIETOK HA OCHOBE
MeTaMaTepualia Kak MHHOBAIMOHHOE DEIICHHWE B AHTEHHOM cHCTeMe OECIMIOTHOW TEeXHUKE
(reope3nyeckue pabOTHI, MOCTPOSHUE OPTOGOTOIIIAHOB, TOUCKOBBIE padoThl B MYC).

KiroueBble ciioBa: OSCHWIOTHBIA JIETaTEeNbHBIA ammapar, (asupoBaHHAs AHTCHHAS
pelieTka, IpUEMHUK, IEPEIATUUK, TuarpaMma HalpaBJIeHHOCTH, JaTYUK

B mnacrosimiee Bpemss OecHUIOTHBIE — pecleKTaOelIbHBIMU SIBISIOTCS  CIEIYIOIINE
JIeTaTeNIbHBIC anmaparbl OTKPBIBAIOT HOBYIO  IMPOEKTHBIE PEIICHHUS 110 JaHHOU mpobiiemMe:
chepy HCHONB30BAHUS: TPAHCHOPTHPOBKA — pa3paboTka CUCTEMBbI
JETKUX  TPY30B  COIJIaCHO  TOJICTHBIM  TO3MIIMOHUPOBAHUS MAaPHIPYTOB IMOJETHBIX
3aJaHusIM, pa3pabOoTaHHBIMU OMEpaTopaMy  3aJaHHM JPOHOB B paMKax ropoja;

OTJICJICHUI TIOYTHI, a TaKKe (UIHUECKUMU — TPOEKTHUPOBAHUE CHUCTEMBI JJIS
JUIAMH B PEKUME JIMYHOTO TOJB30BAaHUS C  WACHTU(DUKAIMM W TPEOJIOJICHUS Mperpaj
YYETOM ONTHUMAJIBHBIX peLIeHH  4Yepe3 3aXBaT yIpaBJICHUS aBTOMHIIOTOM.

JKCITyaTalluu JpoHa (Bpemsl IMojera, C B xozxe ctatbu B manbHeimeM Oynem
YU4EeTOM KIMMAaTHYeCKUX (HAaKTOPOB W Tp.).  AKICHTUPOBATHCS HA AHTCHHOW pEIIeTKe, HO
[TonoOHYI0 MPOPHIBHYIO TEXHOJOTHIO MOXHO  TpU  3TOM  0e3  aJeKBaTHOW  CUCTEMBbI
BHEJAPUTh U B oTraeileHus Ka3nmouTel,  MNO3MLMOHUPOBAHUSA JIESATENBHOCTD
peanusys npuHIUN «Matu mnepemaruBas» — OCCIMIOTHBIX JIETATEIbHBIX AlapaToB Yxke C
rocygapctBeHHOM mporpammbl  «l{udpoBoit  TOTOBBHIMU MPOTPaMMHO-aNTNIapaTHEIMA

Kazaxctan»: Kypc Ha BHEAPEHHME HMEHHO  KOMIUIEKCAMHU MPEOJOJIEHUs MPENsATCTBUMA He
CaMbIX  COBEpIUIEHHBIX TEXHOJOTWH, HE  TapaHTUPYET 3allUTy OT maryoHoro dakropa
onacasch UTHOPUPOBATh IPOBEPEHHBIE ~ MHEPUUM [PU TOPMOXKEHHUM B YCIOBHUAX

peLeHus B HOJb3Yy WHHOBAIlMii ~ OTHOCUTENILHO BBICOKOM CKOpPOCTH IIOJIETA.

nocie3aBTpaiisero aus [1]. [ToaTomy 1enecoobpa3HO COBMECTHTH JiBa
[Tpumenenue BBIIICOTMEUEHHON  MPOEKTHBIX peIIeHUs A MHHUMHU3ALUU

TEXHOJIOTHUH CTAJIKUBACTCA C JOBOJIBHO aBaprIHI:IX HpOI/ICHIGCTBI/II\/'I.

OOJNBIIMMH PUCKAMH aBapUHHBIX CUTyalluil B Pa3zpaOoTkoil cuCTeMbl MNPEOJOJICHUS

mpoliiecce dKCITyaranuu ApoHoB. K Hanbonee  mpensTCTBUN OECHUIOTHBIMU JIETATEIbHBIMU
SIBHBIM npUYUHAM MOKHO OTHECTH  allaparaMd  3aHUMaeTcs  aMepUKaHCKas

CJIEIYIOLINE ITPUMEPBL: koMmmanusi Panoptes Systems. B ctpykTrypy
- CTOJIKHOBEHUE JIPOHOB C  CHCTEMBl BKIIOUEHBl 4  yIbTPa3BYKOBBIX
HNPENATCTBUSIMU B BUJE CTE€H, AEPEBLEB U JP.; naTyuka: 2 — no 6okaMm, 1 — crnepeau u emie

— KOJUIM3UM JPOHOB JPYyr C APYroM OJAMH  PACIOJOXEH  CcBepxy. JlainbHOCTH
BCJICJICTBUE BO3HMKHOBEHUS TEPEKPECTHBIX JIEUCTBUA JTaTYUKOB cocTaBisieT 4,6 Merpa.
MapLIPyTOB IIPH MAaCCOBOM MCITOJIb30BaHUU. COopka HaHHOTO KOMIUIEKCa ¢ TabaputraMu

PemoHT npoHOB wmiam  ToTanpHas ~ okoiio 150 rpamMM Ha apoH 3aHUMAaET He Oosee
MOJIOMKA CTOSAT OOJBIINX OIO/KETHBIX 3aTpart, 20 MunyT. B cucteme umeroTcs orpaHuyYeHUs
JUIST  CHIDKCHHMSI pHUCKAa TaKuX TaryoOHBIX B ¢opMe OTKaza pabOThl M3-3a MPEBBIIICHUS
nocineacTBuii. Ha Mo#t B3risgd, JOBOJBHO B3JICTHOM MAacChlI, MIPEAYCMOTPEHHON

MPOU3BOAUTENEM, COTJIACHO TEXHUYECKUM
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xapaktepuctukam. C 1elbl0 TOBBILIECHUS
KauyeCTBEHHBIX MOKa3aTenei paboThl CUCTEMBI
B PaMKax HCCIIEIOBaHMS B JUCCEPTALMOHHOM
npoekre  «lIpoexkTupoBaHue  aIrOPUTMOB
UCIIOJIb30BAaHUS OECHUJIOTHBIX JIETATEIbHBIX
anmaparoB B CKO jgns  peanuzanuu
rocyaapcTBeHHON mporpammbl  «L{ugpoBoii
Kazaxcran» B cdepe cenbckoro Xo3siicTsa,
CTPOUTENIbCTBA» IPEAJIAraeTcs IPOU3BECTU
BHEJIDEHUE  MAaCCUBHBIX (bazupoBaHHbBIX
AQHTEHHBIX  PElIETOK  MHUKPOIIOJIOCKOBOMU
TeXHOJIOTHH. Rmax paBHOE 4,6 METpoB
XapaKkTepHOU JUIsL CUCTEMBI c
YJIBTPO3BYKOBBIMH JIaTYNKAMHU HE JOCTaTOYHO
JUIsl  aJeKBAaTHOIO  pearupoBaHus  Ha
JUHAMUYHBIE NPEMSATCTBUS, B CBA3M C 3TUM
JUIsT  KOMIIGHCAIlMM  JIAaHHOTO  mpobena
peTpopuT-KOMILIEKT Ha ocHOBe DAP momxken
YBEJIMYUTH 3TOT MOKA3aTeb 10 IPUEMIIEMOTO
ypoBHs. B naHHOM ciyyae Henb3s o0oiitu 6e3
MaTeMaTUYECKOI'0 aHajau3a pacyeT JaJbHOCTU
AHTEHHOH  CHCTEMBbI,  paboTamIiie B
PaAMOIOKALIMOHHOM PEXUME.

Pt'Ga'Ae'Safpr/)'N
") Rl

, (1)

rie Py — mnukoBas momHOcTh JIUM-
UMITYIIbCA;

Ga — KO3 OUIMEHT YCUIIEHUS] aHTECHHBI;

Ae —3ddexTrBHAS MIIOMIAL AHTEHHBI;

A — mmHa BONHBI (11 yacToThl JIYM-
curnana 5,8 I'T');

Sogpp  — DPdexTHBHAA OTpaxarouas
IUIOINAb LIENH;

N = nEi(n) = 1024 - mnapamerp
HAKOIUICHHUSI,

N — KOJIMYECTBO MMITYJILCOB;

Ei(n) — mnokasarens sddekTHBHOCTH
OIepaIiy CIOKEHHS N UMITYJILCOB BMECTE;

Pr — 4yBCTBUTEIBHOCTH MIPUEMHHKA;

Ls — k03¢ pumeHT cucTeMHBIX MOTEPb.

C LIETBIO JeTEPMUHAITUN
KOMITPOMHUCCHBIX 3HaYEHUI MEXIY
MOIIIHOCTBIO nepeaaTynka 5

YyBCTBUTEIHLHOCTh TMPUEMHHKA HEOOXOIMMO
IIPOU3BECTH pacyeT U BTOPOTO Mapamerpa:

S
P=kT,-F,-B- (=), 2)
N
rie KeTo — TermIoBo# mmym;
B — mmpuHa 4YacTOTHOW IIOJOCHI
NIpUEMHUKA,

Fn — xoagdurnuent nuryma npuéMHuKa;

( S/N) — oTHOIIIEHHE CUTHAJI/IITYM.

CornacHo BBIILICOTMEYEHHBIM
¢dbopmynaM, MOXXHO  BBIIBUTH  TpaduKu
3aBUCUMOCTH  JAJBHOCTH OT  MOIIHOCTH
nepenatuvka  (puc.l),  gampHOCTH  OT
YYBCTBUTEIBHOCTH HpUEMHHKa (puc. 2) Juis
pa3HOil  JUIMHBI  BOJIHBI  30HAMPYIOIIETO
curana @AP. CornacHo puUCyHKY 2, KpuBas
«1» xapaktepHa sl JJIMHBI BOJIHBI 3 MM,
KpuBas «2» - 8§ mMm, kpuBasg «3» - 30 MM,

kpuBag «4» - 50 wmm. [na BbeiObopa
ONTUMAJILHOTO ~ COOTHOLIEHHS  MOLIHOCTH
nepeaaTInKa " YyBCTBUTEIHLHOCTH

npueMHuka (mpu Q = Rmax/Pr) paspaborana
Tabmuna 1.

Ta6Jmua 1 — 3aBHCUMOCTH napamMeTpa MOMHOCTH MNEpCAATUINKA OT YYBCTBUTCILHOCTHU

IIPUEMHUKA

Table 1 - Dependence of the transmitter power parameter on the receiver sensitivity

MoHoCTh UyBCTBUTENBHOCTH IPUEMHHUKA
Rmax/Pr
nepeaardynka Rmax, BT P, nBT
Q=10"? 1 1
1 0,1
—1013 ,
Q=10 10 1
1 0,01
Q=10 10 0,1
100 1
10 0,01
—1015 ,
Q=10 100 0,1
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3825

755

1275 50

Mowrocms 6 Bm

Puc 1 — I'paduk 3aBUCUMOCTH MOIITHOCTH TIEpEAATYMKA OT NaIbHOCTH JeicTBrs DAP
Fig 1 — The graph of the dependence of the transmitter power on the range phased antenna lattice

KM

l

120

LfamHocme dedcmbusi 6 KM.

0

)

6 2
YybcmbBumensHocmes 6 10M- 148

Puc 2 — I'pacdmkn 3aBUCUMOCTH YyBCTBHUTEIBHOCTH MMPHEMHHKA OT AalibHOCTH jaelcTBus AP
Fig 2 — Graphs of receiver sensitivity versus phased antenna lattice range

Ha ocHOBe MaTeMaTH4eCKOTO aHaIH3a,
IPOBEIEHHOIO  coriacHo Qopmynam  1-2,
MOYKHO TIOJ00paTh MPUEMHHUK-TIEPEIATINK C
MOITHOCTb Rmax = /Bm 1 4yBCTBUTEIBHOCTHIO
P, = 1 nBm mna obOecrieueHUs HaJIbHOCTHU
OoOHapy>KeHHs TPENATCTBUM Ha pPacCTOSHUU
500 metpoB ¢ yactoroi m3mydeHuss AP 5,8
ITu.

s o0ecrnieueHus yIyULIeHUS
Ka4eCTBEHHBIX IapaMeTpoB IO  YIJIOBBIM
KOOpJauHaTaM BbIOpaHo mosie 3penust AP B

175

asumyTanbHOH mmockoctn ©0=30° Tpamycos.

Jlanee  nQuarpaMMHOW  HampaBIEHHOCTH
3aganHoi  DAP ¢ mMpHHON  TJIABHOTO
nemectka  F(6) mo  30°  rpamycos

MIPOU3BOJIUTCS CKaHUPOBAHUE IPOCTPAHCTBA.
[Tocne nmoxHOrO MpoOxoAa Jiyya (GOPMHUPYIOTCS

nBe MPOTHBOTIOJIOKHEIE IJIOCKOCTH
nenenropanus  F(6) u F(-6), xoropsie
cornmacHo  dopMmyne 3,  ONpeaeNAIOT

MIEJICHTallMOHHYIO XapaKTEPUCTUKY (puc. 3).
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6. rpaz

Puc 3 — Ilenenrammonnas xapakrepuctruka AP
Fig 3 — Direction finding characteristic of phased antenna lattice

_F(O)-F(-0) -

F(0)+ F(-0)
[lonobHast koppekuusi MapameTpoB
YTJIOBBIX KOOpJIUHAT CKaHHUPOBAHUS
KOMIUIEKCA  NIPEOAOJNEHMS]  IPENnATCTBUS

JPOHOM TIO3BOJIUT CHHU3UTH YrOJl CJEMbIX 30H
¢ 50 rpamxycos zo 1°.

Ho mnonHasg 3ameHa yiapTpa3ByKOBBIX
naTuukoB Ha DAP Bce ke He MPOU3BOAUTCA
0e3 ydera JIOBOJBHO BECOMBIX MHUHYCOB
HOBOM anmnapaTHOM 4acTH:

— BBICOKAsi CTOUMOCT;

— OompIue TabapuUTHI.

Ilocnemanii  TOKa3aTens IMOIIACTCS
KOPPEKTUPOBKHU pu BBEJICHUU
MeTaMaTepHaloB B KOHCTPYKLIHUIO
MHUKPOINOJIOCKOBOW (ha3UpOBaHHON aHTEHHOM
PELIETKA.

hAeTaMaTepHaHLI B TCXHHMKE AaHTCHH
CCroJiHd B OCHOBHOM NNPUMECHAIOTCA IJIA:

- HU3TOTOBJICHUSA HOJJIOKEK n
HBquaTCHCﬁ B TIICYATHBIX AaHTCHHaX JJIA
JOCTHIXXCHUA MU POKOIIOJIIOCHOCTU )51
YMCHBIICHUSA pasMEpoB AHTCHHBIX
OJICMCHTOB,

- KOMIIEHCAllUH PEaKTUBHOCTH
3JEKTPUYECKH MaJlbIX AHTEHH B LIMPOKOU
10JIOCE YacTOT, B TOM YHCJIE IPEBbIIIAIOIIEH
(dbyHIIaMeHTaIbHBIN Tpee;

- NTOCTHXKCHUSA Y3KOU
MIPOCTPAHCTBEHHOU HaIpaBJIEHHOCTH
3JIEMEHTAPHbBIX U3JIy4aTesieil, MOrpyKEHHBIX B
MeTracpeny;

— U3TOTOBJICHUS
MIOBEPXHOCTHOM BOJIHBIL;

— YMEHBIIECHUS B3aWMHOTO BIIUSHUS
MEXKy 3JIEMEHTAMU aHTEHHBIX PELIETOK;

— COIJIACOBaHUSl PYIOPHBIX U JPYTUX
TUIOB aHTEHH [2].

AHTCHH

CrpykTypa MeTamaTepuana,
(dbopMUpYIOLIEro TMOANOXKKY, MOXKET OBITh
OJTHOPOJTHOM o0 KOMITO3UTHOM,

00pa30BaHHON M3 HECKOJBKUX THUIIOB CpE.
Hanpumep, Ha pucyHke 4 mpeicraBieHa u-

HeratuBHas MNG-noanoxka (MarHUTHas
MPOHUIIAEMOCTh ~ HMMEET  OTpHUIATEIbHOE
3Ha4YeHue), copMHpOBaHHAas u3
MOTPYKEHHBIX B UAIIEKTPUUYECKYIO MOIYIIKY
BEPTUKAJIBHBIX  pa3pe3HbIX  KBaJPaTHBIX
PaMoK.

I | I 1
LD B U R S

Puc 4 — y-neratuBaas MNG-moamoxka
Fig 4 — p-negative MNG substrate
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Crtpykrypa maccuBHOH (ha3upoBaHHOM
AHTCHHOMU pelIeTKH 0eCIUIOTHOTO
JIETATENBHOTO amnmnapara BKJIIOYAET
CJIEYIOIINE CIIOU:

—  U3Iy4aredb,
METAJJIMYECKOT0 IKPaHa;

—  JIUPJICKTPUYECKON  MOMJIONKKH,
PacMoI0KEHHONW Ha METAJUTMUECKOM dKPAHE;

— METaJIMYECKOM HaKJIagKH,
PacIoI0KeHHON Ha JIAATIEKTPUYECKOM
MO/JIOKKE;

— ¢uaepHO JMHMM JUIS TOJAYU
MUTaHUS, JIEKTPUYECKU COCIUHEHHOU uepe3

COCTOSIIINI u3

OTBEPCTHE B METAUIMYECKOM JKpaHe U
JIADJIEKTPUYECKON IIOJUIOKKE c
METATUTNYECKOU HaKJIaJKOM;

JIMAJIEKTPUYECKYIO OTOpY, PACHOJI0KECHHYIO
Ha W3JIyyaTelie, a TaKXKe Meramarepual,

PACIIOJIOKEHHBIN HA JUIEKTPUYECKOU OIopeE,
Py ITOM MeTaMaTepuasl BBHIMOJHEH B BUJIC
CIIOUCTOM  CTPYKTYpPhl C  HUJICHTUYHBIMHU
MONEPEUYHBIMU Pa3MepaMu C H3JIydaTelieM U
JUBJIEKTPUYECKON OIOPOW, HE
MPEBBIIAIOIMMHU JIMHY BOJHBHI [3].

MukpornonockoBast (dazupoBaHHas
aHTEHHas pernieTka Ha OCHOBE
MeTaMmarepuaina, CHPOCKTUPOBAHHAS  JiA
OCCIMJIOTHOTO  JICTAaTeJIBHOTO  ammapara,
NpeJcTaBlicHa Ha pucyHke 5. Mogens
paspabotana B npuiokeHuu ANSYS HFSS.

labaputer antenssl: 4,16 cmx10,4
cMx0,16 cM B IUIOCKOCTH 3JIEKTPUYECKOTO
moyit ¥ 4.16 cmM*x9.8 cMx0.16 cM B INIOCKOCTH
MarHuTHOrO mnousis. B kauecTBe usmyuateneit
MPUHATH TPSAMOYTOJIBHBIE MAaTY-aHTECHHBI C
B3aMMHBIM pacCcTOsiHUE 2,6 CM.

iz
/
s
/
5
Puc. 5 — ®AP GecnimiioTHOTO JIeTaTeIbHOTO anmapara B MPHI0KCHUT
ANSYS HFSS
Fig. 5 — Phased antenna lattice of an unmanned aerial vehicle in the application
ANSYS HFSS

Puc. 6 — AP GecnimiioTHOTO JIeTaTeIbHOTO anmapara B MPHI0KCHUN
ANSYS HFSS
Fig. 6 — Phased antenna lattice of an unmanned aerial vehicle in the application
ANSYS HFSS
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Ha pucynke 6  mpezacraBieHsl ®AP MUKpPONOJIOCKOBON TEXHOJIOTMH
JUarpaMMbl  HaIpaBJI€HHOCTH IIACCMBHOW  3a CYET BBIMIPBINIA MO JAIBHOCTH, CKOPOCTH
¢azupoBaHHOI AHTEHHOMN peleTku U yriam CKaHHUPOBAHHUS I103BOJIUT
OeCUJIOTHOTO JIETAaTeNbHOIO ammapara B BbIIEOTMEYeHHBIM  BJIA BBIIIOJIHSATh
MepHUAUaHaIbHOU U a3UMYTAJIbHOW  TOJNIETHBIE 3aJaHusl B  cdepe  JIECHOTrO
IJIOCKOCTSIX. xo3siicTBa  (MOCTpoeHue OpTO(OTOIIAHOB,

[IpencraBnennyro  Mmoxens AP BbIBIEHME  HOPM@IM30BAHHOIO  MHJEKCA
MOXXHO  TPUMEHUTh B  MojepHm3anuu  pactutenbHoctd NDVI). B cepe monckoBbix
AHTEHHOTO KOMILJIEKCA npeogonenuss  pabor MUC (aHTeHHas cucTeMa IO3BOJIHT

MPENSATCTBUMA CIEAYIOIINX TPOHOB:

3a6HaFOBpeMeHHO BbISIBUTH IIPCIIATCTBHA Ha

— Geoscan 201;
— Geoscan 101
— DJI Inspire;
— DJI Agro

IIyTU JIPOHA), JOCTaBKHU T'PY30B OT IOYTOBBIX
OTIeNeHUH K azxpecaTam (IpeaocTeperaer oT
CTOJKHOBEHHMH  JOpyr C  Jpyrom), B
re0/1e3MUECKON 1eATEIbHOCTH.
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Angatma. Makanajga 3amaHayd VIIOKBIIICKI3 Yiny ammapartapblH (¥ ¥A) Oakpuiay MeEH
OackapyabIH opTyp:ii Tacinaepi aepoecrenaipinred. OcblFaH CoKeC YINKBIIICHI3 YITy ammaparTapbiMeH
KeJleprijiepai eHcepy KaOineTiH apTThIpy YLIIH (a3ajaHfaH aHTEHHAIBIK TOpJap HeETi3iHAe e37epiHiH
TEXHHUKAJIBIK MIEITIM/EPi YCHIHBLIA B,

Makanana 6anra KaObuIIay-0epy TYHIHIEPIHIH camaiibl KbI3MET €Ty MapTTapbl KapacThIPBUIFaH.
dazananraH aHTEHHAJBIK TOPJIBIH OAFBITTHIIBIK CHIIATTAMACHIH 0acKapyFa KOWBUIATBIH HETI3Tl TananTap
aHBIKTAABI. TapaTKBIITHIH KyaThlH 0aCKapy TOCUII )KOHE KaOBLIIAFBIIITEIH CE3IMTaIILIFbI CUTIATTAJIFaH.

YIIKBIIICH3 YINYy anmaparrapbl TOOBI VIIIH MeTaMaTepuain HeTi3iHJe, OHbIH immiHge OelceHl
KaliTa CoyIeleHIIpy XyHenepl TypiHIe MUKPO TOJKBIHABI (pa3alaHFaH aHTEHHA TOPJAPBIH iCKE achIpy
OOMBIHIIA YCBIHBIMAAP J31pICHII.

AHTEHHA XYHECIHJET MWIOTCHI3 TEXHHUKAJaFbl WHHOBAIIMSUIBIK IICIIIM PETiHJE (Te0Ie3UsIIBIK
JKYMBICTap, opTodoromran Kypy, TKM i3mey >KymbIcTapbl) MeTaMarepuan HerisiHzme (asamanran
aHTEHHA TOPJIAPBIH Makanany cajanapbl YCHIHBUIFaH.

Tyiiinai ce3mep: YIIKBINICHI3 YINYy anmapartsl, Qa3alaHfaH aHTEHHa TOPBI, KaObULIAFbIIL,
TapaTKBILI, OAFBIT TUArpaMMackl, CEHCOP.
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DEVELOPMENT OF A SCADA SYSTEM BASED ON A MICROCOMPUTER

Bakhytzhan Baikenov, associate professor, Kazakh Academy of transport and communications
after named M.Tynyshpaev, Almaty, Kazakhstan; baykenovb3@mail.ru

Iskakov Erkebulan, Master student, Almaty University of Energy and Communications named
after G.Daukeeva, Almaty, Kazakhstan, erke_first@mail.ru

Abduvali Zhiger, Master student, Kazakh Academy of transport and communications after
named M.Tynyshpaev, Almaty, Kazakhstan; Zhiger.abduvali@mail.ru

Annotation. A SCADA system based on the Raspberry Pi-3 microcomputer and a web-based
control panel of the compressor station operator was developed and described. The process of installing
the Open Source SCADA-system of Russian development - Rapid SCADA, which implements the
functions of a Web server, OPC standard, database and operator’s workstation, is described in detail and
in stages.A Python program was developed in the Linux operating system of a microcomputer located
directly on the object, which allows you to receive commands over IP networks from the web page of the
dispatcher monitor screen.The process of configuring the software of a single-board Raspberry Pi
computer to use it as a programmable logic controller (PLC), as well as to demonstrate the interaction of
this PLC with a SCADA system, is considered. A few years ago, an open-source open source Russian-
designed SCADA system, Rapid SCADA, was installed for installation in a single-board Raspberry Pi
computer. The Raspberry Pi is a miniature, about the size of a credit card, computer worth about $ 35.
Given the satisfactory power, low power consumption and low cost, Raspberry Pi can be used to create a
personal mini-server. One of the main features of the Raspberry Pi is the presence on the board of
hardware GPIO input / output ports (General Purpose Input / Output, general-purpose input / output
interface), which opens up prospects for its use in robotic projects and smart home devices. But with its
help, this mini-computer can be used as a full-fledged programmable logic controller with discrete and
analog I / O ports. The development of a program for it is carried out in one of the languages of the IEC
61131-3 standard (ST, IL, LD, SFC, FBD). Software development for the implementation of software
PLC (Soft PLC) is carried out in the environment of Rapid SCADA, which is an integrated component of
the SCADA system. In addition, Rapid SCADA can be used to develop a human-machine interface for
the control system to verify the operation of the created PLC.

Keywords: microcomputer, web page, module, panel, LED, protocol, browser.
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