A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

ISSN 2413-8614

Kazakctan PecryOnukacsl FoITbIM jKoHE sKOFapbl OLTIM
MUHUCTPJIIT1
A3aMAaTTBIK aBHAIUS AKAIEMHUACHIHBIH ZAKapuibIChl

‘

BeCTHUK AKaJleMUH IPAKIAHCKOM aBUALIUHU
MuHuCcTEepCcTBa HAYKH U BBICIIIETO 00OPa30BaHUs
PecniyOnuku Kazaxcran

+

Bulletin of Civil aviation Academy
Ministry of Science and Higher Education of the
Republic of Kazakhstan

Ne2(33) 2024

AJIMATBI - 2024



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

«A3aMaTThIK ABHALIUA AKAIeMUSAACBIHBIH KapiubIichbl»
Fruieimu O0acbuibIM
Kaszaxcman Pecnbynukacel ungecmuyusiiap sdcane 0amy MUHUCMpil
batinanvic, aknapammanowvipy scone aknapam xomumeni
Mep3imoi bacnaces 6acvibIMbIH JHCIHe aKNApammslk d2eHmmikmi ecenxe Kor

mypasvl Kyaicl
Nel5452-2K 1 mayceim, 2015 sncoin

Kazaxcman Pecnybauxacvinovly yimmuolk MeMaeKemmik Kiman naiamacol
(FOHECKO, ®panyus, Ilapusic K.) cepusinvik 6acvinbimoapovl mipketmin ISSN
Xanvixapanvlk opmanvl2blH0a mipKeieer HeaHe XanblKapaivlk Homep bepineet
ISSN 2413-8614

2015 srcvinoan bacman

Kypuanowviy wviey mep3imoiniei - H#colivina 4 pem
bacvinvimueiy mindepi: Kazax, opuvic, agbliuibiH

JKypuanoa asuayus canacblnoazol mexHuKauivlk, H#CapamoliblCMAmy,
CYMAHUMAPTBIK JHCIHE dNEYMEMMIK bLILIMOAPObIH JPMYPIL CANANAPLIHOA
2ANLIMOAPObIH, OKLIMYUbLIApObiy, PhD doxmopanmmap men macucmpanmmapoviy
3epmmeynepiniy Homudicenepi OOUbIHUA EbLIIMU MAKAALAP HCAPUSIAHAODL.

"AzamMarThIK aBuanus akaaemusicbl" AK 3akapnatckas kemeci, 44, Ka6. Ne202
A35M2HS5 (xana unaekc), Anmartsl K., Kazakcran PecniyOnukachsi,
Ten.: 8 747 182 52 41, e-mail: vestnik@agakaz.kz

"AAA apmbiCbl" FBUIBIMHU KYPHAIBIHBIH AIEKTPOHABIK HYCKACHI
https://vestnik.agakaz.kz/ caliteiaga "Myparat" OeiMiHAe OpHAIACTHIPUIFAH



mailto:vestnik@agakaz.kz
https://vestnik.agakaz.kz/

A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

bac pexakrop

CetinaxmeroB b.K., 3.F.k., acc.npodeccop (h-unmekc:4)
Bbac penakTopabiH opbIHOacaphI

Kemekor K.T., 1.F.1., mpodeccop (h-unmexc:6)

PenaknusiibiK ajakKa:

1. A.B.Ctpenbuos, noktop (PhD), OmOpu-Punan AspoHaBTHKa YHUBEPCUTETIHIH
KapaTbUIbICTaHy  FBUIBIMAApPHI  KadeapackiHblH — npodeccopsl  ([eiiTona
xaraxaiiel, ®mopuna) (h-mapexc:24);

2. WN.B. SluxuB, uHXeHepuUsl FHUIBIMIAPBIHBIH JTOKTOPHI, mpodeccop Kemik xoHe
Oaitnmansic uHCTUTYTHIHBIH (TSI) backapma Teparacel, Eyponanbik kemik
3epTTey KaybIMIacThIFbIHBIH backapma myieci (N-mHaekc:8);

3. N.A. UckenaepoB, ¢.-M.F. K., O3ipOaibkaHHbIH  YJTTHIK  aBHAIHS
aKaJeMHUSACBHIHBIH acc. mpodeccopsl (N-uHaeke:1);

4. K.b. Anmamxapos, T.F.1, mpodeccop «A3aMaTThIK aBUALMs aKageMuschly AK
(h-unpekc:2);

5. E.A. Ocnanos, 6D070200 — «Illoxopim ateinzarel YHUBepcuter» KEAK-HBIH
«ABTOMATTaHABIPY JKoHE Oackapy» MamanabiFbl OoitbiHma PhD, JKAK
KaybIMaacThIpbuTFaH npodeccops! (h-mapekc:5);

6. C.A. bensrunoBa, 6D070300 — AxknmaparTeIK xyihenep (camanap OoOibIHIIA)
MaMaHJpIFbl  OoibiHmIa PhD, TypaH yHHBEpCHUTETIHIH, AKNapaTThIK
TeXHOJoTUsIap  KadenpacelHbIH — KaybIMAacThippuiraH — mpodeccopsr  (h-
HHIEKC:S);

7. P.K. Amnasroa, PhD noktopsl, «A3amMaTThIK aBualnus akaaemuscbl» AK,
«ABHMANMSIIBIK aFbUIIIBIH TLUTIY Kadeapachiasle MeHrepymrici (h-mumekc:4);

8. E.E. Kapceibaes, T.F.1, mpodeccop, «A3aMaTThIK aBUaIds akaaeMusicey AK
(h-unnekc:1);

9. M.H. Kamumonnaes, ¢.-m. . 1., mpodeccop, KP BFM Feuteim komwuTeri
uHpOpMaTHKa KoHE Oackapy Macenenepi nHCTUTYTh (N-uHaekc:9);

10.Tynemor A. K., 1. ¥. 1., XAA akamemuri, MexaHuka jxoHE MalllMHATaHy
uHCTUTYTHI (N-nHIeKC:4).

Kayanrtsl pegakrop: A.T. MakeeBa



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

«BecTHMK AKaJleMUM IPAKIAHCKON aBHALIMI)
Hayunoe nznanue
Csuoemenvbcmeo 0 nocmanogKke Ha yiem nepuooutecko20 nevamuo2o u30aHus u
ungopmayuonnoco acenmemea Nel5452-)K1 om 1 urons 2015 200a
Komumema ceésaszu, ungpopmamuzayuu u ungpopmayuu
Munucmepcmeo no uneecmuyusam u paseumuio Pecnyoiuku Kazaxcman

Hayuonanvnas cocyoapcmeennas kuudicnas narama Pecnyonuxu Kazaxcman
3apecucmpuposan 6 MexxcoynapooHom yenmpe no pecucmpayu CepuaibHulx
uzoanuti ISSN (FOHECKO, a. Ilapuoic, @panyus) u eii npuceoen meicoyHapoOHblil
HoMmep

ISSN 2413-8614

T'00 ocnosanus - 2015

llepuoouunocms uzdanus xcypHania — 4 Homepa 6 200.
A3biKU U30aHUA: KA3AXCKUL, PYCCKULL, AHSTUCKULL
B oicypnane nyboauxyromes nayunvie cmamv no pe3yibmamam UcCCied08aHUll
VueHblX, npenooasameietl, 00Kkmoparnmos PhD u macucmpanmos 6 paziuuHwvlx
001aCMAX MEXHUUECKUX, eCMEeCMBEHHbIX, YMAHUMAPHBIX U 00UEeCMBEHHbIX HAYK
ABUAYUOHHOU OMPACIU.

AO “Akanemus rpaxaaHcKol aBuanuun’ yi. 3akapnarckas, 44, Kad. Ne202
A35M2HS (uoBblit uHAEKC), T. AnmaThl, Pecybnnka Kazaxcran
Ten.: 8 747 182 52 41, e-mail: vestnik@agakaz.kz

DJIEKTpOHHAs BEpCcUsl HAy4yHOro xypHana "Bectauk AI'A" pazmenieHo Ha caiite
https://vestnik.agakaz.kz / B pa3znene "Apxus"


mailto:vestnik@agakaz.kz

A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

I'naBHBINA pegakTop

b.K.CeitmaxmeToB, K.3.H., acc. npodeccop (h-unaexc:4)
3aM. r1aBHOIO pegaKkTopa

K.T.Komekos, A.1.H., mpodeccop (h-unmekc:6)

PenaknuonHasl KoJ1j1erus.

1. A.B. Crpenbiios, goktop (PhD), nmpodeccop kadeapsl ecCTECTBEHHBIX HAyK
YHUBEpCUTETA adpOHABTUKU OMOpu-Punn (r. Jeiitona-buy, mrar @nopuzaa)
(h-manexc:24);

2. U.B. Suxus, Ilpencenartens mpasienus MHCTUTYTa TpaHCOpTa W CBS3U
(TSI), nokTop MHKEHEPHBIX HAYK, Mpodeccop, WieH mpasieHus EBponeiickoii
acCOIMAINU TPAHCIIOPTHBIX MCCIIE0BATENbCKIX HHCTUTYTOB (N-mHaeKc:8);

3. N.A.Uckenaepos, k.d.-M.H., acc. mpodeccop, HarmmonansHass aBuarimoHHasI
akanemus AsepOaiimkana (N-nagekc:1);

4. K.b. AngamxapoB, 1I.T. H., npodeccop AO «AxkameMus TrpaxIaHCKON
asuarum» (h-ungexc:2):

5. E.A. Ocnanos, PhD mo cnemuansaoctn 6D070200 — «ABTOMartu3zaunus H
ynpaBiieHue», accoruupoBaHHbiii npodeccop BAK, HAO «Yuuepcurer
umenu [lakapuma (h-unaekc:5);

6. C.A. bensrunoBa, PhD no cnenuansnoct 6D070300 — MudpopmaninoHHbie
cucteMbl (IO OTpacisiM), acCOIMUPOBAHHBIM Tpodeccop yHUBEpCUTETA
Typan, kadenpsl uHPpopMaunoHHbIX TexHoaoruu (h-unugekc:S);

7. E.E. KapcreiOaeB, 11.T.H., npodeccop AO «AkaaemMus IpakJaHCKOW aBHALII)
(h-manexc:1);

8. P.K. AnastoBa, noxrop PhD, 3aB. xa). «ABHALIMOHHBINA aHTJIMHCKHUI S3BIKY,
AO «Akanemus rpakaaHckoi aBuanuny (N-napekc:4);

9. M.H. Kamumongaes, a.¢.-m.H., mpodeccop, HWuHcTUTyT mpobrem
uHpopmaTuku u ynpasienus komurera Hayku MOH PK (h-unnekc:9);

10.AK. TynemoB, a.T.H., akageMuk MWA, MHWHCTUTYT MeEXaHUKH U
MamuHoBenenus (h-unnexc:4).

OTtBercTBeHHblil penakTop: A.T. MakeeBa



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

“Bulletin of the Civil Aviation Academy”
Scientific publication
The certificate of registration of a periodical and
Information Agency from July 1, 2015, Ne154521 K1
Communication, Informatization and Information Committee

The Ministry of Investment and Development of the Republic of Kazakhstan
Registered in the International Center for the Registration of Serials ISSN
(UNESCO,
Paris, France) and assigned an international number ISSN 2413-8614

Foundation year — 2015

Periodicity is 4 issues per year.
Publication Languages are Kazakh, Russian and English

The journal publishes scientific articles based on the results of research by
scientists, teachers, PhD students and undergraduates in various fields of technical,
natural, humanitarian and social sciences of the aviation industry.

JSC “Academy of Civil Aviation” Zakarpatskaya str., 44, Office No. 202
A35M2NS5 (new index), Almaty, Republic of Kazakhstan
Tel.: 8 747 182 52 41, e-mail: vestnik@agakaz.kz

The electronic version of the scientific journal "Bulletin of the AGA" is posted on the
website https://vestnik.agakaz .kz / in the "Archive" section


mailto:vestnik@agakaz.kz

A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

Editor-in — chief

Seydakhmetov B.K., Candidate of Economics, Associate Professor (h-index:4)
Deputy Chief Editor

Koshekov K.T., doctor of technical sciences, professor (h-index:6)

Editorial staff:

1.

o

A.V. Streltsov, Doctor of Philosophy (PhD), Professor of Engineering Physics
department of Physical Sciences at Embry-Riddle Aeronautics University
(Daytona Beach, Florida) (h-index:24);

. LV. Yatskiv, Chairman of the Board of the Institute of Transport and

Communications (TSI), Doctor Engineering Sciences, Professor, Member of
the Board of the European Association of Transport Research Institutes (h-
index:8);

. LLA. Isgandarov, candidate of physical and mathematical sciences, associated

professor of Azerbaijan National Aviation Academy (h-index:1);

. K.B. Aldamzharov, doctor of technical sciences, professor (h-index:2);
. Ospanov E. A., PhD in the specialty 6D070200 — "Automation and Control*,

Associate Professor of the Higher Attestation Commission, NJSC "Shakarim

University (h-index:5);

. S. A. Belginova, PhD in specialty 6D070300 — Information Systems (by

industry), Associate Professor of Turan University, Department of Information

Technology (h-index:5);

. E.E. Karsybaev, Doctor of Technical Sciences, Professor, JSC "Academy of

Civil Aviation" (h-index:1);

. R.K. Anayatova, PhD, Head of the Department "Aviation English", JSC

"Academy of Civil Aviation” (h-index:4);

. Kalimoldaev M.N., PhD, Professor, Institute of Problems of Informatics and

Management of the Committee of Science of the Ministry of Education and
Science of the Republic of Kazakhstan (h-index:9);

10. A.K.Tuleshov, PhD, Academician MIA, Institute of Mechanics and Machine

Science (h-index:4).

Responsible editor: Makeeva A.T.



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

MA3MYHBI/COAEP KAHUE/ CONTENTS

OVE KOJIIT'I 7KOHE TEXHOJIOTHA/IAP
BO3JVIITHBIH TPAHCIIOPT H TEXHOJIOTHH
AIR TRANSPORT AND TECHNOLOGY

Anexceesa M.E., Anekcees P. 1.
JBYXKOHTYPHBIE TYPBOPEAKTUBHBIE JABUT'ATEJIN: UCTOPUSI,
TEHJAEHIIM U ITEPCIIEKTHUBBI PASBUTHW A 10

Islam Isgandarov, Yunus Karimov

APPLICATION OF AN ARTIFICIAL INTELLIGENCE SYSTEM TO INCREASE THE
INFORMATION CONTENT OF REMOTE CONTROL OF THE OPERATION OF ON-
BOARD SYSTEMS OF AIRCRAFT 20

Kapunb6aes C.)K., bumaram6eroB M.A., Monnabdeko A.K., Kymagunos XK.C., AzenxanoBa
KA.

DJIEKTPCTATUKAJIBIK ACIAJAFBI TYWUICIIEMTIH TMPOCKOIITBHI TOJIKBITY
MOMEHTTEPIHIH KYIII ®YHKIUWACBIH TYPFBIZY 30

Makapos B.B.

OBHAPYXXEHUE MECT YTEYEK u HAPYIUIEHUI
T'MAPOTEIVIONU3OJIAIMOHHOI'O ITOKPBITUA TEIIVIOTPACC BECIIMJIOTHBIMUM
JIETATEJIbHBIMU AIIITAPATAMU 42

AxbutbekoBa I'.A., Houenko W.JL .
MHHOBALIMOHHbBIN ®OPAKTAJIbHBIN OJIXO/1 JUI OBPABOTKU
CEJIbCKOXO3SMCTBEHHBIX YI'OJUN TTOMOIIBIO BITJIA 54

JIOTHCTHKA, TACBIMAIIAY/BI ¥UBIMIACTBIPY, KOJIIKTETT KAYIICI3AIK
JIOTUCTHKA, OPTAHH3ALIHA [TEPEBO30K, BE30IIACHOCTb HA TPAHCIIOPTE
LOGISTICS, TRANSPORTATION ORGANIZATION, TRANSPORT SECURITY

Caiinymapos 1. M., boiimanos U. XK. 5
MOJEJIMPOBAHUE W  OITUMMU3ALIUA TIPOITYCKHOU  CITOCOBHOCTHU
ASDPOITIOPTOB B YVCJIIOBHUAX CE3OHHOI'O POCTA ITACCAXKXKHMPOIIOTOKOB 64

KOMIIBIOTEPJIIK FBUIBIM/IAP, ACHAIl KACAY JKOHE ABTOMATTAH/IBIPY
KOMIIBIOTEPHBIE HAYKH, IPUEOPOCTPOEHUA H ABTOMATHU3ALTUA
COMPUTER SCIENCE, INSTRUMENTATION AND AUTOMATION

Anayatova R., Koshekov K.
EVALUATION OF THE EFFECTIVENESS OF THE DEVELOPED METHOD FOR
CLASSIFYING EMOTIONAL STATES THROUGH SPEECH SIGNALS 72

Okimoait [11.K.

ABTOMOBWIb/I HEUTPAJIM3ATOPIA TTANJTAJIAHBUIFAH TA3JIAP/IbI
TA3AJIAY KE3IH/JIE TACBIMAIJIJIAY ITPOLIECTEPIH MATEMATUKAJIBIK )XOHE
CAHJIBIK MOJIEJIBJIEY 82




A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

CONTENTS

AIR TRANSPORT AND TECHNOLOGY

M.E. Alekseyeva, R.1. Alekseyev
BYPASS TURBOJET ENGINES: EVOLUTION, TRENDS AND DEVELOPMENT

PROSPECTS 10
Islam Isgandarov, Yunus Karimov
APPLICATION OF AN ARTIFICIAL INTELLIGENCE SYSTEM TO INCREASE THE
INFORMATION CONTENT OF REMOTE CONTROL OF THE OPERATION OF ON-
BOARD SYSTEMS OF AIRCRAFT

20
Karipbayev S.J., Bimagambetov M.A., Moldabekov A.K., Zhumadilov J.S.,
Azelkhanova J. A.
CONSTRUCTION OF THE FORCE FUNCTION OF THE EXCITATION MOMENTS OF
A CONTACT GYROSCOPE IN AN ELECTROSTATIC SUSPENSION 30
Makarov V.V.
DETECTION OF LEAKS AND BREACHES OF THE WATERPROOFING COATING OF
HEATING PIPELINES BY UNMANNED AERIAL VEHICLES 42
Akylbekova G.A., Donenko I.L.
AN INNOVATIVE FRACTAL APPROACH FOR PROCESSING AGRICULTURAL
LAND USING UAVS

54
LOGISTICS, TRANSPORTATION ORGANIZATION, TRANSPORT SECURITY
Saidumarov 1.M., Boatswain I.Zh.
MODELING AND OPTIMIZATION OF AIRPORT CAPACITY IN CONDITIONS OF
SEASONAL PASSENGER TRAFFIC GROWTH 64
COMPUTER SCIENCE, INSTRUMENTATION AND AUTOMATION
Anayatova R., Koshekov K.
EVALUATION OF THE EFFECTIVENESS OF THE DEVELOPED METHOD FOR
CLASSIFYING EMOTIONAL STATES THROUGH SPEECH SIGNALS 72

Akimbay Sh.K.
MATHEMATICAL AND NUMERICAL MODELING OF TRANSFER PROCESSES IN
THE CLEANING OF EXHAUST GASES IN AN AUTOMOBILE NEUTRALIZER

82




A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

I9YE KOJII'T )KOHE TEXHOJIOI' USIJTAP
BO3JYIIHBIA TPAHCIIOPT U TEXHOJIOT A
AIR TRANSPORT AND TECHNOLOGY

MPHTMU 73.37.41
https://doi.org/10.53364/24138614 2024 33 2 1

MLE. AnekceeBa ., 'P.U. AjlekceeB
'Benopycckas rocynapcTBeHHas akajgeMus aBuaiuu, r. MuHck, benapych

“E-mail:mariaalex.2017@mail.ru

ABYXKOHTYPHBIE TYPBOPEAKTUBHBIE IBUTI'ATEJIN:
UCTOPUA, TEHAEHIWUU U IEPCIIEKTUBbBI PA3SBUTUA

Annomauyuna. B Oannoil cmamve GulnoiHeH 0030p 380I0YUU O8YXKOHMYPHLIX
mypoopeakxmueuvlx — 0gueameneu, pPaccMOmpeHo  YCMPOUCMB0  COBPEMEHHbIX
asuaosuzcameneti Camolemos 2pPaNCOAHCKOU  asuayuu, npumeHsemvie 6 UX
KOHCIMPYKYUU MexXHu4ecKue peueHus, Mamepuaivl u mexHonocuu. B pabome
oceewjaromces npooIeMol, 8O3HUKAIOUWUE NPU CO30AHUU 08Uucameinell CO C8epXEblCOKOU
cmenenvo 08YXKOHMYPHOCMU, 4 MAKJHCE NEPCREeKMUBbL OANbHEUUe20 Y8eIUdeHUs. UX
sHep2oahhexmusHocmu. Asemopvl Oenaiom 6bl8600 O MOM, UMO pa3pabomka
asuaosuecameneli co C8ePX8blCOKOU CMeNneHbl0 08YXKOHMYPHOCMU, 8 MOM HUCle U
BUHMOBEHMUNSMOPHBIX, SAGIAEMCsL KIOYeBbIM HanpasieHuem OJisi O0CMUNCEHUS]
gvicokoco KIIJ, monnuenou >3KoHOMUYHOCIU U OIKOJOSUYHOCIU ABUAYUOHHBIX
CUTIOBLIX YCIMAHOBOK 0Y0yye2o.

Kntouesvie cnoea: 08yxkoHmypHuill mypOOpeaxmueuvlii 0sucamensb, CmeneHdv
08YXKOHMYPHOCMU, 9Hep203¢hhexkmusHocmy, mypO0BeHMUNSIMOPHbLE
asuaosucament, KOMNO3UMHbIE MAMEPUAIbl, BUHMOBEHMUIAMOPHbIE CUT08bIE
YCMAHOBKU.

Beeoenue. JIByXKOHTYpHBIH TypOOpeakTuBHbIM nBuratens (TPH) — »ato
ra3oTypOuHHBI peakTuBHbIA ABuratens (I'TI), cosmaromuii peakTUBHYIO TATY
MOCPEACTBOM JIBYX KOHTYPOB: BHYTPEHHET0 (WM ra30TypOMHHOTO) U BHEIIHETO (WU
BEHTWJIATOPHOTO). JIOTOMHUTENBHBIM TapaMeTPOM, XapaKTEPHU3YIOIIUM JTOT THII
I'T/, sBasieTcs crenenb AByXKOHTYpHOCTH (M). OHa npeacTaBiisgeT coO0M OTHOIICHHE
pacxoja BO3[yXa B Hapy:KHOM KOHType Gy K pacxoay BO3[yXa BO BHYTPEHHEM
koHtype G, (M = G/ G)). B 3aBHCHMOCTH OT ra30MHAMHYECKUX ¥ KOHCTPYKTHBHBIX
ocobenHnocrei Takue I'T] moapazaenstorcs Ha:

e TPJI/I masnoli creneHu AByXKOHTYpHOCTH (M < 2);

® CO CpedHel CTeNneHbIo ABYXKOHTYpHOCTH (M = 3...7);
10
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® UMEIOIIKE BBICOKYIO CTEIeHb IBYXKOHTYpHOCTH (M = §...12).

IlepBbie U3 BBHIIEMIEPEYNCICHHBIX 10 KOHCTPYKIMU U XapaKTEPUCTUKAM CXOHBI
c onHokoHTYpHBIMU TP], Toraa kak 6ombias yacts Taru B TP I /] BTOporo u Tpetbero
TUIIOB CO3JAETCSl BHELITHUM KOHTYPOM, B KOTOPOM PACHOJI0KEH BEHTUIIATOP, TO3TOMY
TaKWe JBUTaTeNId Ha3bIBAIOT TYPOOBEHTUIIATOPHBIMHU [1, ¢. 23].

Ocnosnas wacms. B HacTosmuii MoMeHT TPJIJI sSBISIOTCS OCHOBHBIM THIIOM
I'TH, npumensemplx B KomMepyeckod asuanuu. Ilo cpaBrennro ¢ TP/
JIBYXKOHTYPHBIC JBUTATENH, OOJAMaloT OOJNBINEH TITOH, MEHBIINM YIACTHHBIM
pacxomoMm TomuiMBa W ypoBHeM myma. O6a Bapuanta ['T]] mMeroT OaMHAKOBBIHA
MIPUHITUTT PaOOTHI, HO TJIABHOW OCOOEHHOCTHIO IBYXKOHTYPHOTO JBUTATEIS SIBIISCTCS
TO, YTO YacTh TEIUIOBOWM HSHEPTrUM W3 BHYTPEHHEro KOHTYpa, MpeoOpa3oBaHHAs B
MEXaHUYECKYI0, TepeacTcs BO BHEIIHMA H HCHOJB3YeTCS Uil BpallCHUSA
BEHTWJIATOPA, KOTOPBIH, TOMHMO CBOEH OCHOBHOM (DYHKIIMH — CO3JJaHUS TSATH, B CBOIO
ouepesib CocOOCTBYET OXJIAKICHUIO JIeTalel BHYTPEHHEr0 KOHTYpa U MOBBIIIICHUIO
ero TepModPheKTUBHOCTH. Takoil HSHEProoOMeH KapAWMHAIBHO  YIIydIlIaeT
xapakrepuctuku TP//] o cpaBrenuro ¢ TP/I.

[lepBbIil TypOOpEaKTUBHBIN JBUraTENb ObLI CIIPOEKTUPOBAH W 3allaTEHTOBAH B
1930 r. Opuranckum JetunkoM . Yurtmom. OH w#MeNn MHOTOCTYNEHYATHIN
KOMIIPECCOp, KaMepy CropaHusi, OJHOCTYIIEHYATyI0 TypOuHY U coruto. OHaKo rnepBas
konrenuusa TPJIJ], HamoMmuHaromass COBPEMEHHBIN  aBuajBUTaTeNb, ObLIa
3anmateHToBaHa B 1941 r. 3HaMEHUTBIM COBETCKMM KOHCTpYKTOpoM A. M. Jlronbkoii

(puc. 1).

Pucynok 1. Cxema TPJIJI (u3 aBTOpCcKOTO cCBUACTEILCTBA A. M. Jltonbpku 3a
Ne 312328. 25 o1 22.04.1941 1.)
20e 1 — exoonotl oughghyzop, 2 — eenmunsmop; 3 — KB/[; 4 — kamepa ceopanus
5 — mypouna; 6 — conio.

D10 ObUT TIpoeKT oxHoBajdbHOrO TPJIJI ¢ OAHOCTYIEHYATHIM BEHTHUJISTOPOM.

Bo3ayx oT BEeHTWJISITOpA U TOpsSIYUid ra3 OT TypOMHBI MOCTYNAIA B KAMEPY CMEIIEHUs
ITIOTOKOB, 3aTE€M IIOMNAIAJIA B PEAKTUBHOE COILUIO co3/aBas TAry. OTMETUM, UTO Takas
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A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

KOHCTPYKIIMSL XapakTepHa Juisi coBpeMeHHbIX TPJIJI ¢ wmanol creneHbro
JIBYXKOHTYPHOCTH.

Cospemennbsie TPJIJI cpenHeil M BBICOKOM CTENEHM ABYXKOHTYPHOCTH Kak
NPaBUJIO BBIMOJHSAIOTCS IO JIBYXBajJbHOM cxeMme. VX OCHOBHbIE OCOOCHHOCTHU
3aKJIFOYAOTCA B CIIEAYIOIIEM:

® OJIHOCTYNEHYAThId BEHTWIATOp 0€3 BXOJIHOIO HAaIPaBISIOLIETO anmnapara
(BHA) — Takoil BapyaHT yIpoIlaeT KOMIIOHOBKY M CHUKAET THIPaBIMYECKUE TOTEPU
Ha BXOJIE B IBUr'aTElIb;

® T[OANOPHBIA KOMIpeccop, O0O0eCreYnBAIOMINA MPEeIBAPUTEIILHOE CXKATHE
BO3/yXa BO BHYTPEHHEM KOHTYpPE U IIOAA4y €ro B KOMIIPECCOP BBICOKOTO JTaBJIICHUS
(KBJ);

® HaJW4YM€ TMOBOPOTHBIX Jonatok y BHA wu Hampasisiomux amnmaparos
HavanbHbIX cTynieHen KB/;

® MHOTOCTyNeH4YaTas HU3Kkoo0opoTHas TypOuHa Hu3koro aasienus (TH/);

e Kak npaBwio (pu M> 4), yKOPOUECHHBIN HAPYKHBII KOHTYP U B 3TOM cllydae
OTCYTCTBHE KaMephl CMEIIEHUS ITOTOKOB HAPYKHOTO ¥ BHYTPEHHETO KOHTYPOB;

® NCIIOJBb30BAaHUE PEBEPCUBHOIO YCTPOMCTBA, PACIIOIOKEHHOIO B HAPYKHOM
KoHTYypeE [1, c. 54].

C mnavama 1970-xrtr. sddekTuBHOCTh TYpPOOBEHTWISTOPHBIX JBUTATECH
3HAYUTENIbHO BO3pOCia, 4YTO OOYCIIOBJIEHO, B MEPBYIO OYEpelb, IOBBIIIEHHEM
tepmuyeckoro KII/[ razoreneparopa, a TakKe MOCTOSIHHBIM YBEJIMYEHHUEM CTEIICHU
IBYXKOHTYpHOCTH. CTpaTerus yaydumeHus 3pPpekTuBHOCTH pabOThI ra30reHeparopa,
IIOAPA3yMEBAIOIIAsl YBEIWYEHUE CTEIICHW IIOBBIIICHHS IIOJHOTO JAaBJICHUS B
KOMIIPECCOPE M TEMIEPATypbl BO3AyXa Ha BXOJE B KaMepy CrOpaHMs, BHeECa
pemaromuii Bkaaa B poct KIIJ[ aBuagsurareneit. OqHako, JaqbHENIIAE BO3SMOKHOCTH
MPUMEHEHUS PA3JIUYHBIX KOHCTPYKTUBHBIX PEIICHUH, TAKMX KaK 0TOOp BO3AyXa s
OXJIQXKICHHUSI JIOTIATOK U KOPITyca, pa3padoTKa CHelMalbHbIX MATEPUATIOB U TOKPBITUI
IUTSL BBICOKOTEMITEPATYpPHBIX KOMIIOHEHTOB JBUTATENs, @ TAKKE YMEHBIIIECHHS 3a30POB
MEXy JE€TaJsIMU ra30reHeparopa, Npyu TEKYIEM YPOBHE Pa3BUTHsI TEXHOJIOTUH, yiKe
IIPAaKTUYECKH HMCYEPIIaHbl, TO3TOMY JaJbHEMIIEE MOBBIIMICHUE KaK TATOBOW, TaK U
TOIUIMBHOM 3((EKTUBHOCTH aBUAJBUTATEIEH JOKHO B OCHOBHOM OCHOBBIBATHCS HA
IPYTUX TEXHOJIOTMYECKUX CTPATETHSIX.

3a Bech nepuoa pasputus TPJIJI mpou3BOoAMIOCH MOCTENEHHOE YBEIUYEHUE
CTENEHU UX JABYXKOHTYPHOCTH, KOTOPOE OBLIO HANpaBiI€HO HA CHM)KEHHE CKOPOCTHU
MCTEUYEHHS Ta30BO3AYIIHOIO MMOTOKA U3 COIUIA 3a CYET YBEJIMUYEHHUS PACX0/1a BO3AyXa
BO BHeIIHeM KoHType asuratens. TPJI/] ¢ manoii cteneHpio AByXKOHTYpHOCTH (M <
2), mepBOHayYaldbHO ucCHoOJb30BaBmIMeCs B 1970-x romax mafnsg KOMMEPUYECKHUX
aBuanaiHepoB, B 80-x romax mpesparuwiuchk B TP/ co cpemneit (M < 4), notom
OOJIBIIION CTEMEeHbI0 ABYXKOHTYpHOCTH (M < 8) B kKoHIle 90-X U, HAKOHEII, TOCTUTIN
CTENEHU JABYXKOHTypHOCTH M < 12 B 2010-X.
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CoryacHO TIPOTHO3aM MEXKIYHAPOJHON KOHCaJITHHroBoW kommanwm Mordor
Intelligence, oxwmaercs, 9TO PHIHOK JBUTaTENICH JUIsl aBUAIIMHM OOIIET0 Ha3HAYCHUS
yBenuuutcsa ¢ 5,57 mupa B 2022 r. go 5,71 mapa gowt. CIA B 2028 1., ipu 3TOM
CPEAHETOJI0BOM TEMII POCTA B TE€UEHHE MPOTHO3UpPYeMoro neproja coctaBut 0,69%.
[TockonbKy BO BceM MUpe OOJBIIMHCTBO CaMOJIETOB aBUAIMM OOIEro HAa3HAYEHUS
OCHAILIEHbI TYpPOOBEHTWISITOPHBIMH JBUTATENISIMU, UMEHHO OHHU MPOJIEMOHCTPUPYIOT
CaMblIil BHICOKUH POCT, IO CPAaBHEHUIO C IPYTUMU BUAAMU aBHaIBUTaTesnel, onaroaaps
rJI00aJbHBIM ~ WHBECTHUIIMSIM,  HAlpaBJICHHBIM  Ha  yBEJIMYEHHE  pa3Mmepa
CYLIECTBYIOLIETO TapKa TpaXIaHCKOW aBHAllUH, CBS3aHHOTO C ITOBBIIIEHUEM
KOJIMYECTBA  TYPUCTUYECKMX M  JIEJIOBBIX  ABHAINEPEIETOB,  BO3PACTAHHEM
pacrojaraeMoro J10Xoja JIojeil U pa3BUTHEM aBUAIIMOHHON HH(PACTPYKTYypHI [2].

Y CTOMYUBBIN POCT B CEKTOPE KOMMEPUYECKUX aBUATIEPEBO30K, @ TAKKE TOCTOSIHHO
yKecTouaromuyecss TpeboBaHusl K 3HEProdPQGEKTUBHOCTH U CHUKEHHIO BPEIHOTO
BO3JICCTBHSI HAa OKPYXKAIOIIYI0 CpeAy, 3aCTaBWIM KPYMHEHIIMX HWIPOKOB pPBIHKA
aBuaaBurareiei, Takux kak Rolls-Royce, Safran, General Electric u Pratt&Whitney
BKJIaJIbIBATh 3HAYUTEIbHbIE (PUHAHCOBBIE CPENICTBA B UCCIIEI0OBAHUS, IPOSKTUPOBAHNE
U pa3pabOTKH, HAlLIEJICHHbIE Ha JajibHEeiIIee yIydllieHue TOIUIMBHON SKOHOMUYHOCTH
Y DKOJIOTMYECKUX MOKAa3aTeIeN CUIIOBBIX YCTAaHOBOK.

OaHMM U3 KU3HECHOCOOHBIX NEPCIEKTUBHBIX TEXHOJIOTMYECKHUX ITyTeH Is
JOCTMKEHMSI BBILLIEYKa3aHHBIX LeJled sBiseTcs pa3paboTka U NPUMEHEHUE
JBUTATEJICH CO CBEPXBBICOKOM CTENEHBIO IBYXKOHTYpPHOCTH (M >13) st caMosieToB
Ommxaiiiero  Oyaymero.  OpHako, — JanbHEiIIee  yBEJIMYEHHE  CTENECHHU
JIBYXKOHTYPHOCTH, HAIpaBJI€HHOE Ha noBbimeHUEe TAroBoro KIIJ[ u TormmBHON
SKOHOMHUYHOCTH, MOCTAaBWJIO Mepes pa3padOTYUKaMH s 3aad MO MNPEOAO0JECHUIO
HEKOTOPBIX a3pPOJIMHAMUYECKUX U MEXaHUYECKHUX IKCIUTYyaTallMOHHBIX OrpaHUYEeHUH,
TaKUX KaK: YBEJIMYEHUE adPOAMHAMUYECKOTO COMPOTUBIICHUSI U MACChl ABUTATeN (3a
CUYET YBEIMYEHUS JuaMeTpa BEHTWISATOpAa M, COOTBETCTBEHHO MOTOTOHIOJIBI),
yIpaBJieHHe CTaOUIIbLHOCTBIO pAacXo/la BO3/1yXa, MPOXOASIIETr0 Yepe3 ra30BO3 Ay IHBIHI
TPaKT, BO3MOXXHOCTh MHTETPALIMU JIBUTATENS, IUIAHEPA U KPbUIA.

Bonbiias yacte U3 3TUX OrpaHUYEHHUN YK€ YCIEIIHO MPEeoJ0JIeHbl Onaronaps
MHHOBAIIMOHHOW apXUTEKType JBHUratelied M HEOOXOIUMBIM TEXHOJIOIMYECKUM
pPELICHUSAM, TAKUM KaK BEHTHJIATOPBI U3MEHIEMOTO 111ara ¢ peyKTOpOM, IOBOPOTHBIE
JIOMATKX HAMNpAaBIIAIOMIMX aNlaparoB KOMIIPECCOPOB HIMPOKOE HCIOJb30BaHUE
CBEPXJIETKUX MaTE€pPUAJIOB U aIUTUBHBIX TEXHOJOTUH B POU3BOJICTBE KOMIIOHEHTOB
[3].

B nauane 1980-x rr. komnanus General Electric B corpynandectse ¢ Snecma
Hayana pa3pabOTKy HSKCIEPUMEHTATbHOTO BHUHTOBEHTUJISITOPHOTO PEAKTUBHOTO
neurarens GE36 (puc. 2).
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e —m— e e = |
PucyHok 2. DxcniepuMeHTalIbHbIN aBuaaBuratenb GE36 Bo Bpemsi Ha3eMHbBIX
HCTIBITAaHUI

YHUKaJIbHOW OCOOEHHOCTBIO 3TOW KOHCTPYKIMHU SIBJSUICS JIBYXCTYIIEHYATHIM
OTKPBITBIII BEHTUJISITOP C IPOTUBOIIOJIOXKHBIM BpalieHueM poropoB. Oba portopa
BEHTWIATOPA TUAMETPOM OKOJIO 3,7 M ObUIM OCHAILIEHBI JIONACTSAMHU U3 KOMIIO3UTHOTO
Marepuana, ooecreunBaroiuMu HoMuHaIbHYHO Tiary B 110 kH. Takas komnoHoBKa,
COTJIACHO pe3yJIbTaTaM Ha3€MHBIX U JIETHBIX UCIIBITAHUH, IO3BOJIMIIA JOCTHYb CTEIICHU
JIBYXKOHTYpHOCTH M = 32 (B HECKOJIBKO pa3 OoJbIeH, 4eM M < 6 y COBPEMEHHBIX Ha
toT MOoMeHT TPJI/]). OnHako, cpaBHUTENHLHO BBICOKUN YPOBEHB IIyMa U BUOpAIIHii
HOBOI CXEMBbI, CHW)KEHUE 1IeH Ha He(PTh (MpU KOTOPOM OTIajia HEOOXOJIUMOCThH B
HSKOHOMUU TOIUIMBA) HAPSAY C IPYTUMHU TEXHUUYECKUMHU BOIIPOCAMHU, IIPUBEIH K TOMY,
4T0 K KOHITY 80-X Bce paOOThl HaJ ABUTATENISIMHU 3TOTO TUTIA OBLIIM CBEPHYTHI [4].

[TpoexT 6buT Bo300OHOBIEH ciycTs 30 ser. B 2021 r. coBMecTHOE MpeanpusiTHe
CFEM International o0bsBmiI0 o 3amycke mnporpammbl RISE mo paspabotke
BUHTOBEHTUJIATOPHBIX JIBUTaTesIel HOBOrO MOKOJIeHUs (puc.4).

Pucynok 3. Moaens TypooBunTOBeHTHIISITOpHOTO NBUraress CFM RISE
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[lepBoHayanbHass KOHLEMIUS BKJIIOYAET TNPUMEHEHUE OJHOCTYINEHYATOrO
HE3aKaOTUPOBAHHOTO BEHTHJIATOPA C KOMIIO3UTHBIMU JIOTIACTSAMU U HU3MEHIEMBIM
[IarOM COBMECTHO CO CTaTOpOM, COCTOSIIUM M3 KOMIUIEKTa MOBOPOTHBIX
HaMpaBJSIOMUX JIOMATOK, YTO MO3BOJIUT CHU3UTh YPOBEHb IIymMa O MPUEMIIEMBIX
3HAYCHUH, a TaKXKe COKpaTuTh pacxon TommBa U BeIOpockl CO; Ha 40% mo
CpaBHEHHIO C JIBUTaTeNISIMU, KOTOPBIE HCIIOJIb30BAIMCH PaHEe.

TakyuMu CHJIOBBIMH YCTAaHOBKaMM IUTAHUPYETCS OCHALIaTh MEpCIEKTUBHBIC
MoJIeni camMoJieToB kak Airbus, tak u Boeing, caenaBimmx craBky Ha IPUHIUITHAIBHO
pasHble BUABI TOIUIMBA: E€BPOIEHCKUI aBHAIIPOU3BOAUTENb CEPHE3HO H3ydyaeT
BO3MO>XKHOCTh TPUMEHEHHUS BOJOPOJIHOTO TOIUTNBA, aMEPUKAHCKUH JIeJIaeT CTaBKy Ha
BO300HOBJIsIEMbIC HCTOYHUKH SHEPTHHU (PKOJIOTHYHOE aBUAITMOHHOE TOILIHBO SAF) [5].

[IpumeHnenne BeHTWISITOpa OONBIIOrO auaMmerpa B coBpeMeHHbIX TPIJ[ c
BBICOKOW CTEMEHBIO JIBYXKOHTYPHOCTH, KakK YK€ ObUIO OTMEUYEHO, CTaBUT Iepen
KOHCTPYKTOpaMHU pAJ CIOXKHBIX TEXHHYECKHX 3amad. PaccMoTpuMm moapobHee
criocoOb! ux pemieHus Ha mpumepe coBpemeHHsx TP/IJI CFM LEAP-1A u PW 1100G

(puc. 4).

Pucynox 4. [Tpogonsnsiit paspe3 TPl CFM LEAP-1A (cnesa)
u PW 1100G (cmpaBa)

[Ipexxne Bcero, yBeIMYEHHE AMAMETPAa pPOTOpa BEHTUJISITOpPA MPUBOIUT K
YBEJIMYEHUIO Beca JBUrareisi M3-3a HEOOXOAMMOCTH MCHOJIb30BaHUS JIONATOK
BEHTWJIATOPA, KOPIIyca ABUTaTelsl © MOTOTOHJI0JIbI OoJiblero pa3mepa. Kpome aroro,
HU3Kas CKOPOCTh BpaieHusi BeHTuiasitopa tpedyer or THJ[ obGecnieueHus: BEICOKOTO
KpPYTAILLIEro MOMEHTa il MOJAEpKaHUs HEOOXOAMMOI0 YPOBHSI €€ MOIIHOCTH.
[TonoOHast 1enb MOXKET OBbITh JAOCTUTHYTA IMyTEM IMPOEKTUPOBAHMS KJIACCUYECKOU
MHOTOCTyNeH4YaTol (00bIYHO 7 M Oojiee cTyneHel) oceBOW TypOWHBI OOJIBIIOTO
IuamMeTpa, KOTOpass M HUCIOJIb3yeTcsl B KOHCTpykKuuu nsurarenss LEAP-1A u
COOTBETCTBEHHO YBEIMYMBAET €ro Maccy. JTO MOTpedoBajo OT pa3paboTUMKOB
ONTHUMM3ALMUA Beca APYIMX KOMIIOHEHTOB, B TOM YHCII€ MIMPOKOTO MPUMEHEHUs
KOMITO3UTHBIX MAaTE€pHalOB NPH HW3TOTOBJIEHUM BEHTWISATOPAa U €ro BO3AYXOBOJA
(yrnemnactukn), koxkyxoB TB/I (kepaMuKOMaTpUYHbIE KOMITIO3UTHI).
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ANBTEpHATHBHBIN CIIOCOO MPUBOIA POTOPOB BEHTHIISITOPOB OOIBIIIOTO JUAMETpa
Obu1 mpemiokeH kommnanwer Pratt&Whitney. B momenmn PW1100G BenTmiIsTOp
noacoenuHeH K Bairy TH/I depe3 miaHeTapHblii peayKTOp. DTO MO3BOJSET POTOPY
THJI Bpamarbcsi ¢ 0osiee BHICOKOM CKOPOCTHIO, YeM BEHTUJISITOpP, OJHAKO pa3BUBas
IIPA 3TOM MEHBIIUK KPYTAIIUKA MOMEHT. [l ero yBenuyeHusi, KOHCTpykuus TH]]
Obl1a 3HAUUTENBHO YHpolieHa (10 TpeX CTYNEeHEeW MO CpPaBHEHHUIO C CEMBIO,
ucroiab3yeMbiMi Ha LEAP-1A), 9To CcyIiecTBEHHO CHU3UJIO €€ pa3Mephl K MacCy U B
KOHEYHOM HTOT€ HUBEJIMPOBAIO NMPHUOABKY B BECE JIBUTraTeNs 3a CUET MPUMEHEHUS
IJIaHETApHOTO peaykropa. OQHAaKO JaHHAs KOMIIOHOBKA MMEET M P HEJOCTAaTKOB.
PemykTop obnagaeT OOJBITUM TEIUIOBBIICICHUEM 33 CUET KOMIAKTHOCTH W BBHICOKHX
nepeaaBaeMbIX  MoOIIHOCTEH. Kpome 3Toro, peaykTop mpeacTaBisieT CcoOoM
JIOTIOJTHUTENIBHBIA JIEMEHT, MOABEPKCHHBIM M3HOCY, UYTO BIWACT Ha OOIIUN pecypc
aBUAJBUTATEIS, a Haam4ne BeicokockopocTHOoM TH/[ oOycnaBnmBaeT HE0OXOMMMOCTh
ycTaHOBKH BbICOKOCKOpocTHOro KHJI, mockoiabky 00a KOMIIOHEHTa HaxonIATcs Ha
OJTHOM BaJy.

Haunbosiee >KOHOMHYHBIE HA CETOJHSAIIHUNA MOMEHT TYpOOBEHTHIISITOPHBIC
neurarenu LEAP-1A wmm PW1100G oO6bequnsaroT B ceGe MHOXKECTBO JIPYruUx
KOHCTPYKTHUBHBIX OCOOCHHOCTEM M COBPEMEHHBIX MaTepUalioB JUIsl KOMIICHCAIIUU
yBenmuueHus ux Maccel. K Hoeimmm paszpaborkam CFM oTHocsTcs nonatku
BEHTWJISITOPOB U3 YIJIEPOJHOTO KOMIIO3UTA, YCUJICHHBIE TUTAHOBBIMHU IUIACTUHAMU Ha
nepeaHux  KpoMmkax. PabGoume  jgomatkm  THJ]  wm3roraBnmmBaroTcs U3
WHTEPMETAIUTUTHOTO TUTAHO-ATIOMUHUEBOIO CIlIaBa, 00jiee JIErKoro U yCTOMYHUBOIO
K BBICOKMM TeMIIepaTypaM, a TOILTUBHBIE (OpcyHKH — MmetogoM 3D-meuatu. Emie
OJIHUM CIIOCOOOM CHUKEHHUSI MacChl JBUTATENSA SIBISETCS NPUMEHEHHUE JIETKUX
KAPOMPOUYHBIX KEPAMUKOMATPUUHBIX KOMIIO3UTOB (CMC) niig U3roTOBJICHUS KOXKYyXa
TB/I.

B cBoio ouepeny xommanms P&W mnpu paspadorke PW1100G Takke
WCMOJIb30Bala IMIMPOKHUI CIEKTP WHHOBAIIMM, HANPABICHHBIX HA CHUXXCHHE MACCHI,
TaKUX Kak IIHPOKOXOPJIHBIE IMYCTOTENbIE JOMATKH BEHTUJIATOPA M3 CBEPXJIETKOIO
AJTIOMUHUEBOIO CIJIaBa, KOMIIO3UTHBIE KOXYX M JIONATKH CHPSMIISIONIErO anmapara
BEHTWJIATOpA. XOTSI OCHOBHOE CHIDKEHHE Beca BCE€ K€ ObUIO JIOCTUTHYTO 3a CYUET
IIPUMEHEHUSI TPEXCTYIEHYAaTOM BBICOKOCKOpocTHOUM TH/I, mpuBoasmumii B AercTBUE
BEHTWJISITOP Y€pe3 IUIAHETAPHBINA PELYKTOP.

HeoOxoaumo oOTMETHUTH, 4YTO YBEJIMYECHHE CTENEHH JABYXKOHTYPHOCTH B
COBPEMEHHBIX TYPOOBEHTHJIATOPHBIX JIBUTATEISIX BHOCUT 3HAYUTEIBHBINA BKIIA] B MX
TOIUIUBHYIO 3KOHOMUYHOCTh M, COOTBETCTBEHHO, CHUKAET UX BPEIHOE BO3JCHUCTBUE
Ha OKpY’Kalolyto cpeay. DHeprodPPeKTUBHOCTh aBUaJABUTaTEICH MOBBIIIACTCS U 3a
cyer yBenudeHusa TteruioBoro KIIJI BHyTpeHHEro KOHTypa, KOTOPBIM HAmpsMYO
KOppeJIHUpyeT ¢ TMOKa3aTeJIeM CTENECHM TMOBBIIICHUS JAaBICHUSI B KOMIIPECCOPE
BIIMSIIOIIETO HA MOJHOTY CrOpaHus aBUATOILUIMBA, COKpalas €ro yAEIbHbIA PacXol.
ITpu GonbInielt cTeNeH MOBBIIICHUS JABJICHHS B KOMITPECCOPE TAKKE YBEIUUHUBACTCS
U CTENEHb TIOHIKEHUS JABJIEHUS B TypOWHE, KOTOpas B CBOIO OdYepeb MO3BOJIAET
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CHU3UThH TEMIIepaTypy OTpaOOTAHHBIX Ta30B, CJIEJOBATEIBHO, 00ECTIEYUTh MEHBIINE
tertonnorepu U yBenuuuTh KII/[ razoreneparopa, 4To Takke COKpAIIAET YIEIbHbBIN
pacxon toruBa. KpoMe 3Toro, Ajisi COOTBETCTBUSL aBUAABUTATENEN NEPCIEKTUBHBIM
TpeOOBaHUAM B 00JIACTH 3aIUTHI OKPYKAIOUIEH CpeJibl BEAYTCS aKTUBHBIE paOOTHI MO
BHEJIPEHUIO SKOJIOTUYHOTO aBHAIIMOHHOTO ToruiuBa (SAF), pazpaboTke BOJIOPOIHBIX,
TUOPUIHBIX MO0 MOJHOCTHIO AIEKTPUUYECKUX CHIIOBBIX YCTaHOBOK.

C navana pa3BUTUA M Ha OpoTskeHuH nociaenuux S0 jmetr kouctpykuus TPJJT
MOCTOSIHHO COBEPILIEHCTBOBAJIACH C LEJbIO MOBBIIMICHUS UX MPOU3BOAUTEIBHOCTH U
TOIUTMBHOW 3P (PEKTUBHOCTH, CHUKEHUS SKCILTyaTAI[AOHHBIX PACXOJIOB U BPETHOTO
BO3/ICICTBUSI HA OKPYXKAIOIIyI0 Cpeay. OTO MOATBEPXKAAIOTCS JIaHHBIMU,
MMOKa3bIBAIONIMMU 4YTO COBPEMEHHBbIC HambOojsiee coBepmeHnbie TPJIJ[ wumeror
yAEJIbHBIN pacxo] TomirBa Ha 60% MeHbIIE IO CPABHEHUIO C IEPBBIM HCIOJIB3YOIIUM
3Ty apXUTEKTypy KoMMepUeckuM aBuaapurateiem Conway RCo. 12 (m = 0,3) [4].

3akntouenue. MOXKHO cHIenatb BBIBOJ, 4YTO PAAWKAIBbHOE YIy4IICHHE
xapaktepuctuk TPJIJI nocturaercs BO MHOroM Osaroiapss 3HAUYUTEIBHOMY
YBEJIUYEHUIO TapaMETpPOB CTEIEHU JBYXKOHTYPHOCTH M CTENEHU MOBBIIICHUS
JABJICHUSI B KOMIIpECCOpPE. ODKCIEPUMEHTANIbHbIE BHHTOBEHTUJISITOPHBIE CHUJIOBBIC
yctaHoBKH (Takue, kak GE36 u RISE) kak yxe Obl10 10Ka3aHO MPU UX UCTIHITAHUSX,
MMEIOT OrPOMHBIM  MOTEHUHAT I  JaJdbHEWIIEro  yBEIWYEHUS  CTEICHH
IBYXKOHTYPHOCTH, a, CJIEIOBATEIIbHO, TIOBBIIMICHUSI TOIUIMBHON SKOHOMHUH H
HKOJIOTMYHOCTH, J1aXe [0 CPaBHEHUIO ¢ Hambosee 3 (HEeKTUBHBIMU Ha CETOIHALIHUMA
JIEHb TYPOOBEHTWISITOPHBIMH JIBUTATEIISIMHU.

JUist pemieHusi KOHCTPYKTUBHBIX MPOOJIEM, CBSI3AHHBIX C HEOOXOJUMOCTBHIO
BBICOKOTO KpPYTAILLEro MOMEHTa (M MaJloil CKOpPOCTH BpalleHus), ISl MPUBOJAA
KpYIHOrabapuTHOIO BEHTUJISITOPA, MPUMEHSIIOTCS IUIAHETapHBIE PEIYKTOPbl HIIU
MHoroctynenuarsie TH/I, yTo, Kak mpaBuiio, IPUBOJUT K YBEIUYEHHUIO OOIIEH MACChI
aBuanBuratens. lIpom3BoauTenu yCHNENIHO CHOPABISIIOTCA € 3TOM mpobiemon
Oyaromapss TNPUMEHEHUIO JIETKMX KOMIIO3UTHBIX MAaTE€pUaIOB M  BHEJPEHUIO
MHHOBAIIMOHHBIX TEXHOJIOTUYECKUX PEIICHUH, TaK)Ke CIIOCOOCTBYIOLIUX YBEIMUEHHUIO
TATU, CHUKEHHUIO pacxoda TOIJIMBA W YPOBHS IIyMa, YIYUYIICHUIO HAJEKHOCTU U
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Kapacmuipbliaovl. Kymvlic eme co2apvl atHaima Kodppuyuenmmepi oap
KO38AIMKbIUMAPObL  JicAcay KesiHoe myblHOAUmblH npodemanapovl, COHOAU-aK
0N1apOblH dHepeusi MUIMOLTICIH 00aH api apmmblpy NepCneKmusalapblH Kopcemeoi.
Asemopnap ynempa orcozapul auHanein emy Kodgguyuenmmepi 6ap a8UAYULTBIK
KO32AIMKbILUMAPObL, COHbIH [WiHOe NPONpAHObIK KO3ATIMKbLUMAPObL OAMbINY
bonauiarK asuayusanblK 91eKmp CMAHYUSIAPBIHbIY HCO2apbl MUIMOLNiciHe, OMbIH
YHeMmOeyine JicoHe KOpuazaH opmaed 3USHCHI30bIZbIHA KOJI HCEeMKI3YOiy He2i3el
bagbimul 601N MAOLLIAOL Oe2eH KOPbIMbIHObIEA KeleOL.

Tyitin ce30ep: atinaima mypbopeakmuemi KO32AAMKbIW, AUHAILIN OMY
Ko3huyuenmi, snepeus muimoiniei, mypooxceioemxiul Yulax Ko32aimKblumapbl,
KOMRO3UMMIK Mamepuanoap, npon@anovly 31eKmp CmaHyusiapbl.

M.E. Alekseyeva, R.l. Alekseyev

BYPASS TURBOJET ENGINES: EVOLUTION, TRENDS AND
DEVELOPMENT PROSPECTS

Abstract. This article provides an overview of the evolution of bypass turbojet
engines, examines the structure of modern commercial aircraft engines, the
engineering solutions, materials and technologies used in their design. The study
highlights the problems that arise when creating ultra-high bypass ratio engines, and
also presents the prospects for their further energy efficiency increase. The authors
conclude that the development of ultra-high bypass ratio aircraft engines, including
propfan ones, is a key direction for achieving high efficiency, fuel economy and
environmental friendliness of future aircraft propulsion systems.

Keywords: bypass turbojet engine, bypass ratio, power efficiency, turbofan
aircraft engines, composites, propfan propulsion systems.
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APPLICATION OF AN ARTIFICIAL INTELLIGENCE SYSTEM TO
INCREASE THE INFORMATION CONTENT OF REMOTE CONTROL OF
THE OPERATION OF ON-BOARD SYSTEMS OF AIRCRAFT

Abstract: This paper explores the application of artificial intelligence (Al)
systems to augment the information content and efficacy of remote-control operations
for on-board systems in aircraft. With the aviation industry rapidly advancing towards
automation and digitalization, there is a growing need for intelligent solutions that
optimize remote control processes. This study investigates various Al techniques such
as machine learning, deep learning, and natural language processing to analyze vast
amounts of data generated by on-board systems. By leveraging Al, this research aims
to enhance the efficiency, reliability, and safety of remote-control operations in
aircraft. Additionally, the paper discusses challenges, potential benefits, and ethical
considerations associated with implementing Al in aviation. Through a comprehensive
examination of Al applications, this research contributes to advancing the integration
of intelligent technologies in aircraft operations, paving the way for more autonomous
and adaptive air transportation systems.

Keywords: Artificial Intelligence (Al), Aircraft Systems, Remote Control,
Automation, Machine Learning, Deep Learning, Information Content Aviation, Safety,
Efficiency.

Introduction. In today's aviation landscape, the quest for enhancing operational
efficiency, safety, and reliability continues unabated. One pivotal area that has garnered
significant attention is the remote control of on-board systems in aircraft. With the
advent of advanced technologies, particularly artificial intelligence (Al), there exists a
remarkable opportunity to revolutionize the way these systems are managed and
monitored. This introduction sets the stage for exploring the application of Al in
augmenting the information content of remote-control operations for aircraft on-board
systems.

Traditionally, the remote control of on-board systems has relied on manual
intervention and human decision-making. While effective, this approach often faces
limitations concerning the complexity of data analysis, real-time decision-making, and
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adaptability to dynamic operational environments. With the increasing sophistication
of aircraft systems and the growing volume of data generated, there arises a pressing
need for more intelligent solutions to streamline remote control operations.

Enter artificial intelligence—a domain encompassing a spectrum of techniques
that enable machines to simulate human-like intelligence and reasoning. Machine
learning algorithms, deep neural networks, and natural language processing are among
the myriad tools within the Al arsenal that offer transformative potential for aviation
applications. By harnessing the power of Al, it becomes feasible to analyze vast
datasets in real-time, derive actionable insights, and facilitate autonomous decision-
making in remote control scenarios (Fig.1).

This paper delves into the realm of applying Al systems to elevate the information
content of remote-control operations for on-board systems in aircraft. Through a
comprehensive exploration of Al techniques, challenges, and opportunities, this
research aims to elucidate the potential benefits and implications of integrating
intelligent technologies into aviation practices.

Artificial Intelligence systems — enabled by advancement in sensor and control
technologies, artificial intelligence, data science, and machine learning — promise to
deliver new and exciting applications to a broad range of industries. However, a
fundamental trust in their application and execution must be established in order for
them to succeed. People, by and large, do not trust a new entity or system in their
environment without some evidence of trustworthiness. To trust an artificial
intelligence system, we need to know which factors affect system behaviors, how those
factors can be assessed and effectively applied for a given mission.

Aspects of Al Applications (Fig.2):
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Machine Learning Algorithms: Machine learning forms the cornerstone of Al
applications in various domains, including aviation. In the context of remote-control
operations for aircraft on-board systems, machine learning algorithms play a crucial
role in data analysis, pattern recognition, and predictive modeling. By training models
on historical data pertaining to system behavior, anomalies, and failures, machine
learning enables the identification of trends and the anticipation of potential issues,
thereby enhancing the effectiveness of remote-control operations.

Real-time Data Processing: One of the key advantages of Al in remote control
operations is its capability to process vast amounts of data in real-time. On-board
systems generate a continuous stream of data related to performance metrics, sensor
readings, and environmental conditions. Al algorithms, particularly those optimized
for speed and efficiency, enable rapid analysis of this data to provide timely insights
for decision-making in remote control scenarios.

Anomaly Detection and Fault Diagnosis: Al-powered anomaly detection
techniques play a pivotal role in enhancing the safety and reliability of remote-control
operations for aircraft on-board systems. By leveraging machine learning models
trained on normal system behavior, deviations from expected patterns can be identified
promptly, signaling potential malfunctions or anomalies. This proactive approach to
fault diagnosis enables preemptive action to be taken, mitigating risks and minimizing
disruptions to operations.

Autonomous Decision-making: As Al technologies continue to advance, there
Is increasing exploration into the realm of autonomous decision-making in aviation. Al
systems equipped with advanced decision-making algorithms can analyze complex
scenarios, assess multiple variables, and execute appropriate actions without human
intervention. In the context of remote-control operations for on-board systems,
autonomous decision-making capabilities empower Al systems to respond
dynamically to changing conditions, optimize system performance, and ensure
operational integrity.

Human-Al Collaboration: While Al offers immense potential for enhancing
remote control operations, the importance of human expertise and oversight cannot be
overstated. Effective integration of Al into aviation practices requires a collaborative
approach that leverages the complementary strengths of humans and machines. Human
operators provide domain expertise, contextual understanding, and critical judgment,
while Al systems augment decision-making capabilities, facilitate data analysis, and
automate routine tasks. By fostering symbiotic relationships between humans and Al,
organizations can harness the full potential of intelligent technologies while ensuring
safety, accountability, and ethical considerations are upheld.

Continuous Learning and Adaptation: A hallmark feature of Al systems is their
ability to learn and adapt over time. In the context of remote-control operations for
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aircraft on-board systems, Al algorithms can continuously refine their models based
on feedback from operational experiences, new data, and evolving environmental
conditions. This iterative learning process enables Al systems to adapt to changing
circumstances, optimize performance, and enhance the efficacy of remote-control
operations through ongoing refinement and improvement.

G
Aspects of Al applications - B
01 02 03 |
Data Evaluation
and Predictive Efficiency Enhancement Anomaly Detection and
Maintenance: Troubleshooting
including engines, avionics, and sensors, to continuously monitor and utilizing Al for real-time
predict potential issues and recommend optimize the performance of monitoring of on-board systems
preventive maintenance measures. aircraft systems

Communication &
Autonomous Decision & Human-Machine
Crew Assistance Interface (HMI)
adjusting flight parameters to enhancing the interaction

support the flight crew to focus between the flight crew and on iaters baced of

on critical aspects of flight board systems and also between conditions

operations on-board systems and ground
control

Figure 2. Aspects of Al applications and their interactions

To trust an artificial intelligence system, we need to understand several critical
aspects:

Transparency: Understanding how an Al system operates is essential for
building trust. Transparency involves clarity regarding the system's algorithms, data
sources, decision-making processes, and potential biases. By providing insights into
the inner workings of the Al system, stakeholders can assess its reliability, interpret its
outputs, and identify areas for improvement.

Accuracy and Reliability: Trust in an Al system hinges on its ability to deliver
accurate and reliable results consistently. Users must have confidence in the system's
predictive capabilities, classification accuracy, and adherence to performance
standards. Rigorous testing, validation procedures, and ongoing monitoring are
imperative to ensure the reliability of Al systems in diverse operating conditions.

Explainability: Explainability refers to the ability of an Al system to elucidate
its decision-making rationale in a comprehensible manner. Users need explanations
that are accessible and actionable, enabling them to understand why a particular
decision was made, how it aligns with objectives, and what implications it holds.
Transparent explanations foster trust by demystifying the black box nature of Al and
empowering users to validate and interpret the system's outputs.

Human-Al Interaction: Trust in Al systems is influenced by the quality of
human-Al interaction. User interfaces, feedback mechanisms, and communication
channels play crucial roles in facilitating effective interaction and fostering trust.
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Human-centered design principles emphasize the importance of designing Al systems
that prioritize user needs, preferences, and cognitive capabilities, thereby enhancing
trust and usability.

Robustness and Resilience: Trustworthy Al systems demonstrate robustness and
resilience in the face of uncertainty, adversarial attacks, and unforeseen circumstances.
Robust Al architectures, fault-tolerant designs, and contingency plans bolster
confidence in the system's ability to perform reliably under challenging conditions.
Proactive measures to address vulnerabilities, mitigate risks, and ensure system
resilience instill trust and confidence among users.

Challenges in Aircraft Operations:

Aircraft are complex machines with numerous on-board systems that require
monitoring, control, and maintenance. Remote control of these systems has
traditionally relied on manual input, often leading to delays in decision-making and
potential inefficiencies. The need for real-time monitoring, predictive maintenance,
and adaptive responses to dynamic operational conditions has fueled the exploration of
Al solutions in the aviation sector.

Role of Al in Remote Control Systems:

a. Real-time Monitoring and Data Analysis:

Al systems are adept at processing vast amounts of data in real-time. In the context
of aircraft operations, this capability enables continuous monitoring of critical
parameters such as engine performance, fuel consumption, and system health. Al
algorithms can quickly analyze data streams, identify anomalies, and provide insights
to ground control personnel (Fig.3).

b. Predictive Maintenance:

By leveraging machine learning algorithms, Al systems can predict potential
issues or failures in on-board systems before they occur. This proactive approach
allows for timely maintenance, reducing the risk of in-flight emergencies and
minimizing downtime for aircratft.

Al interface for ENHANCEd Ground

remote coentrol
-~ - ¢ B - @
€A & &l - G
e A:I\__/ Ground
A/C sensors Crew WSt remote
control algorithms control

& sensors

Figure 3. Consistency of remote-control using Al
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c. Adaptive Decision-Making:

Al systems are capable of learning from historical data and adapting to changing
conditions. In the context of remote-control systems, this adaptability translates into
the ability to make informed decisions in response to unforeseen circumstances or
emergencies, enhancing overall operational safety.

Developing an Al interface for enhanced ground remote control involves several
key considerations to ensure usability, efficiency, and effectiveness. Here's an outline
of the components and features that could be incorporated into such an interface:

By incorporating these components and features into the Al interface for enhanced
ground remote control, organizations can streamline operations, optimize performance,
and enhance safety in remote-controlled environments. Additionally, continuous
iteration, user feedback, and usability testing are essential to refine the interface and
ensure its effectiveness in real-world operational scenarios. Steps of remote control of
onboard navigation systems using Al are shown at the Fig.4.

Overall, the role of Al in remote control systems is transformative, enabling
automation, optimization, and adaptive control across diverse industries and
applications. By harnessing the power of Al, organizations can enhance operational
efficiency, reliability, and safety in remote control operations, unlocking new
opportunities for innovation and growth.

Steps for the remote control of on-board navigation

systems
Define Objectives il 02 AN R 04

and Data / ‘\ Validation and .
Collection J \ Testing s

] \ i

I Algorithm ] I Compliance with
Step 1 : Selection '| Step 3 : Regulations

U

7 ‘\\ J
01 L Step 2 ~ 03 e Step 4

Figure 4. Steps of remote control of onboard navigation systems using Al

Data collection can be maintained with transmission via different communication
mediums, including satellite and VHF, HF radio. This flexibility ensures that aircraft
can maintain communication with ground stations even when flying over remote or
oceanic areas (Fig.5).
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Figure 5. Monitored data that can be obtained from remote control

Integration of Al Technologies (Fig.6):

a. Machine Learning Models:

Employing machine learning models, such as neural networks, allows the Al
system to recognize patterns in data, making it capable of understanding normal
operation and identifying deviations or potential issues.

b. Natural Language Processing (NLP):

Integration of NLP enables more intuitive communication between ground
control personnel and the Al system. This can streamline the remote-control process,
allowing operators to interact with the system using natural language queries and
receive relevant information promptly.

c. Computer Vision:

Computer vision technology can be applied to visually assess the state of on-board
systems. Cameras and sensors can capture images and video, allowing the Al system
to identify physical anomalies or defects in real-time.

\
€ —————
’

Machine

. Natural Computer
Learning Models Language Vision
Processing
(NLP)

Figure 6. Al elements enabling Al integration into on-board systems
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Benefits of Al in Aircraft Operations:

a. Enhanced Safety: The incorporation of Al in remote control systems contributes
to increased safety by providing timely and accurate information, reducing the risk of
human error, and enabling swift responses to potential issues.
b. Operational Efficiency: Al-driven remote control systems optimize aircraft
operations by streamlining decision-making processes, minimizing downtime, and
improving overall efficiency in on-board system management.
c. Cost Savings: Predictive maintenance and proactive decision-making based on Al
analysis can lead to significant cost savings by preventing costly repairs, minimizing
unplanned maintenance, and extending the lifespan of aircraft components.

Conclusion: As the aviation industry continues to embrace technological
advancements, the application of artificial intelligence in remote control systems stands
out as a key driver for improved aircraft operations. The ability of Al to enhance
information content, provide real-time insights, and facilitate adaptive decision-
making positions it as a valuable tool in ensuring the safety, efficiency, and reliability
of on-board systems. As research and development in this field progress, the
collaboration between Al technologies and aviation is set to redefine the future of
aircraft operations.

Ucnam Uckennepos, FOnyc Kapumos

IMPUMEHEHME CUCTEMbI HCKYCCTBEHHOI'O HHTEJIVIEKTA
JJIA TOBBIINEHUA THOOPMAIIMOHHOCTHU IMCTAHIOIUOHHOI'O
YIIPABJIEHUSI PABOTOM BOPTOBBIX CUCTEM BO3JIYIIIHBIX CYJI0B

Aunomauun: B osmoi cmamve uccredyemcsi npumeHeHue — cucmem
uckyccmeennoz2o umumennekma (MH) onsa  nosviwenus ungopmamusHocmu u
agpexmuenocmu onepayutl OUCMAHYUOHHO20 YAPAGIEeHUs 6OPMOBLIMU CUCTEMAMU
camonemos. B ycnosusax 0blcmpo2o npoosudNCeHUs: ABUAYUOHHOU OMPACIU 8 CHOPOHY
asemomamuzayuu U yugposuzayuu pacmem nOMpeOoHOCMb 6 UHMENNIEeKMYATbHbIX
Ppeulenusax, onmuMUUpYIowux npoyeccbl OUCMAHYUOHHO20 YnpaeieHus. B smom
UCCc1e008aHUU USYYAIOMCA PA3TUYHbIE MEMOObl UCKYCCMEEHHO20 UHMENTIeKMd, MAaKue
KaK MawuHHoe obyyeHue, 2iyboxkoe obyueHue u oopabomka ecmecmeeHHO20 sA3bIKd,
OJ151 AHATIU3A OZPOMHBIX 00HEMOB OAHHBIX, 2EHEPUPYEMBIX DOPMOBbIMU cucmemamu. 3a
cuem UCNONb308AHUS UCKYCCMBEHHO20 UHMELIEKMA MO0 UCCIe008aHUe HANPABIEHO
Ha nosvluleHue 3PoexmusHocmu, HaAOeHCHOCMU U 0e30nacHOCmU  Onepayuil
OUCMAHYUOHHO20 — YnpaeieHus camoremamu. Kpome moco, 6 Odoxymenme

050)/9}0()(1}07’1’16’}1 np06ﬂeﬂ/lbl, nomeHyualbHvle npeumywiecniea U ImudeckKue
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coobpadcenus, ceazannvle ¢ eneopenuem MU ¢ asuayuu. bnazooaps ececmoponmnemy
USYUEeHUIO  NPUTONCEHUU  UCKYCCMBEHHO20  UHMENIeKma 5mo  Ucciedo8anue
cnocoocmeyem npoOBUINCEHUIO UHMe2payul UHMELIeKMYAIbHbIX MEXHON0UU 8
IKCNILYAmayuio camoiemos, OmKpvleas nyms K 6ojee asmoHOMHbIM U A0ANMUBHBIM
ABUAMPAHCHOPMHBIM CUCTEMAM.

Kniouegvie cnosa: uckyccmeennwiii unmennekm (MH), asuayuonnvie cucmemsi,
OUCmManyuoHHoe  ynpasieHue, asmomamusayus, MawuHHoe obyuenue,
UHGDOPMAYUOHHBII KOHMEHm asuayuu, 6e30nacHocms, d¢hgdekmugHocmo.

Ucnam Mckennepos, FOnyc Kapumon

OYE KEMEJIEPIHIH BOPTTBIK )KYHEJEPIHIH, )KYMbICBhIH
KAIIBIKTBIKTAH BACKAPY AKIIAPATBIH APTTBIPY YHIIH
"KACAHJIbl MHTEJJIEKT )KYWECIH KOJJAHY

AHoamna. Byn maxana aknapam masmyHolH JcoHe 2ye Kemenepiniy 60pmmuvlK
Jrcyienepi Yuin KauvlKman 6ackapy onepayusiiapolHbly MUiMOiiein apmmuolp) Vil
arcacanovl unmennexm (AKH) socyiienepin konoamnyowl zepmmetioi. Asuayus enepxacioi
ABMOMAMMAHObIpy  MeH  yugpranovipyea Kapai KapkblHObL —O0dMbln  Kele
HCAMKAHOBIKMAH, — KAWbIKMAaH  Oackapy  npoyecmepin  OHMAUIAHObIPAMbBIH
uHmenNnekmyanosl uewiimoepee 0e2eH Kadcemminik apmwvin omvlp. byn zepmmey
OopmmulK JHcylienep apKblivl Hcacalean 0epeKkmepoiy YaAKeH KOJeMiH maioday YuliH
MAUWUHATBIK OKbINY, Mepey OKblmYy JHcaHe mabuzu mindi eyoey cuskmol apmypiai KU
a0icmepin 3epmmetioi. KU  Konoany apkvlivl Oyn 3epmmey Yulakmapoagzol
KaublKman 6ackapy onepayusiiapolHbly MUIMOLLICIH, CeHIMOINIZIH JcaHe KaYIincizoici
apmmuipyea bagvimmanean. ConvimMen kamap, maxaniaoa asuayusoa KU encizyee
batinanbicmsl KUbIHOLIKMAP, bIKMUMAL APMBIKWUbLILIKMAD HCIHE IMUKALbIK OULAp
mankvlianaowl. Kacanovl ummenniexm KOAOAHOANAPLIH JHCAH-ICAKMBL CAPANMAY
apxbuLIbL Oy 3epmme)y 3USMKePIK MEXHOA02UANAPObl dye KeMeNEePiHiH HCYMblCbIHOA
uHmezpayusnayovl ineepiiemyee, ABMOHOMObL JCIHe Oelimoenzen aye Koiicl
JHcylienepine Hcojl aulaobwi.

Tyitin ce3oep: Kacanowr umumennexm (JKH), Ywax oicyiienepi, xauvlKkman
backapy, asmomammauowipy, MAUWUHATLIK — OKbIMY,  mMepeHoemin  OKblmy,
aKknapammsix MasmyHobl asuayus, Kayincizoik, muiMouix.
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JEKTPCTATUKAJIBIK ACIIAJIAFBI TYWICHEWTIH
I'MPOCKOIITHI TOJIKBITY MOMEHTTEPIHIH KYIII ®YHKIIUACBIH
TYPI'bI3Y

Anoamna. Kammwvi Oeneniy d21eKmpiik dcoHe Ma2HUmMmix —epicmepoeci
KO38AIbICbIH  3epmmey  3AMAHAYU MEeXHUKAHbIY JPMYpai CalaiapblHoa Hcaya
MAUWUHANap MeH KYpbLIZbLIapObl dHcacay KesiHoe MYbIHOQUMbIH — KONme2eH
KON0aHOanbl Maceneiepmen moviebl3 oOatianvicmsl. Pomop 6Geminiy masza meeic
boIMaybl 21eKMpoOmapobly cQepavik emec OO0NYblHA, He2i30iH WaMadaH mbvic
oHcyKkmenyi MeH mepoOenici Ke3iHOe JHCoHe ACHAHbIH JNeKmp apanvlk KeHicmiciH
MOAMbIPAMbIH HOIOIK 97IeKmpoo 60IMagan Ke3oe nauoa 6oiamsliH acnadazol pomop
Maccanapviubly OPMAiblebIHbIY bIebICYbIHA OAIAHLICMbL  2UPOCKON O0dN0IKMepinoe
ayeimkynap — nauoa 6o0nyvl MymkiH. Hymayus Oypwluibinbly opueci yakbimya
oatnanvicmsl AlbIHAObL HCOHE POMOPObIY HYMAYUAILIK mepoenicmepiniy vlovlpay
NPOYECIiHIY YaKvlm MmypaKmviCol aHblKmanaovl. Pomopowviy acghepuzayusicoin eckepe
OMbIPbIN, HAKMbL 2UPOCKONKA APHANZAH AYbIMKYAAD AHLIKMANZAH.

Tyiiin  co30ep: 271eKMPOCMAMUKANLIK — 2UPOCKON,  2IeKMPOO,  POMOPObIH
acgepuzayuscnl, UHEPYUATLIK Kyuimep.

Kipicne. OTKI3riII KaTTHI ICHE SJIEKTPMArHUTTIK ©piCcTe KO3FaIFaH Ke3JI1e JIeHe e
AJIEKTP TOFBI Maiia Oomambl. DIEKTp TOKTApBIHBIH Taija Oonybl, Oip JKarbIHaH,
MarHuT ©pICIMEH OPEKETTECE OTBIPHIN, JEHEHIH KO3FAJIBICBIH ©3TePTETIH KYIITEPIIH
naiiia OomybiHa okenedl. EKIHIN KarblHaH, DJIGKTP TOFBIHBIH Taiga OoJTybl
ANEKTPMATHUTTIK OPICTIH e3repyiHe okenedi.Ockl MacenenepAiH  OapibIFbIH
TEOPHSUTBIK TYPFBITAH KapacThIPFaHa MEXaHUKAIBIK JKOHE JJICKTPAMHAMHUKAIIBIK
addekTinepai ne eckepy KaxeT. KitaccukalibIk ToHIEpAIH — TEOPHUSIIBIK MEXaHUKA MEH
ANEKTPOAMHAMUKAHBIH TOFBICKAH JKEpPIHJAE OpHajlackaH Oy Mocelie  >Kallibl
TYKBIPBIMJIa aHAJTUTHKAJIBIK 3ePTTEYJIEp YIIiH 6T¢ KYpIEi.

AyBIp KaTThl JACHCHIH KO3FaJIMalTBIH HYKTE aWHAJIaChIHAAFbl KO3FaJIbICHIH
CUTIATTANTBIH KapamaiibiM auddepeHnuanaplk Tenaeynep xyiecin (Ditnep-Ilyaccon
TEHJIEyJIepl) MaTEMATUKAJIBIK 3€PTTEY 1IH KUBIHIBIKTAPHI )KAKChl OCNT1II.
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KarTel neHeHIH MAarHUTTIK JKQHE JJIEKTP OpICTepiHAeri KO3FallbIChl Typasibl
ecenTeri Oyl KUBIHIBIKTAp AJIEKTPOMATrHUTTIK OPICTI aHBIKTAUTHIH >KOHE JCHEHIH
KO3FaJIBIChIHA TOYEJJII €CeNTEeP Il My KAKETTUTINIMEH KypAeiaeHe TyCel.

Kannait na 6ip kyir epiciHjie Bakyyma UTIHT€H KaTThl JIEHeHI KapacThIPabIK.

[IIap Topi3ai poTop BakyyMm  IIIIHIE , peTTeayre OOJaThIH AJICKTP OpICIHJC
umineni. OceIHAAN acmajarbl KOJJIAyIIbl KYIITEPl Maccajap LEHTPI T€OMETPUSIIBIK
IEHTPIe COMKEeC KeJIeTiH poTop OeTiHe HOpMajib OOMBIMEH OarbITTaNIFaH, aJl KOJAayIIIbl
KYILITEePAiH Maccaiap IeHTPiHe KaThICThl MOMEHTI HeJITe TeH Jeyre 0osaasl. MyHaai
JKarJall THPOCKOIITHIH aifHaIy ©CIHIH KEHICTIKTE TYPAKThl OarbIThIH Y3aK YaKbITTap
Oolbl cakTayblHa MYMKIHIIK Oepexi.lc »ky3iHAe — opKamiaH pOTOPABIH OETTIK
Ka3BIKTBIFBI cpepa TYPIHEH aimakray OoJiajbl, COHIBIKTaH HAKThI acrarTa OHBIH
TQIIITIHE 9Cep €TeTiH TOJIKBITY MOMEHTI Maiaa 6omaibl.

IbtHABIFRIHIA, POTOPABIH O€T KaOaThIH MYNITIKCI3 cdepa TypiHae Oojamasl Aem
aliTyra 0o0sMaiibl. OCBIHBIH OCEpIHEH aclanTa aybITKbITY MOMEHTI maiiga OoJiajbl.

Heeizei 6onim. PoTtopra ocep eTeTiH KyHITEpHiH OacThl BEKTOPbI MEH OacThl

KYILITEp MOMEHTIH €CeNTey YIIIH TOMEH/E KopceTulreH ¢hopmyangap KOJIaHbLIA b
[1.2]

U

F=ffnds ey
S

M = || f [rxn]ds, (2)
J] rxn|as

2
1 (oU . . . . ..
MYHJIaFb f = —( ' ) -ds OeTTiK 2JIEMEHTKE dCep €TETiH TipeK KYIITEPiHiH

8w \an 51
THIFBI3ABIFBI, N —pOTOPABIH S; OETiHE TYCIPUIreH CHIPTKBI HOPMAJbABIH OipiiK
BEKTOpBI; I — Maccanap LUEHTPIHEH pOTOp Si10€TiHIH HYKTECIHE JKYPri3UIreH paguyc
BeKTOpbI; U — 3IeKTpCTaTUKAIBIK aclaJarbl ©pic NOTEHIMAIBIHBIH (DYHKIIUSCHI.
Makasnaza 3JIeKTpCTaTUKANBIK TUPOCKOITHIH aCHAChIHIaFbl ©PIC €CENTENreH.
Acna 3leKTpoATapel MEH pPOTOPABIH apachlHIa a3/laraH FaHa CaHbUIAyJIap

OOJFaHaFbl TIPEK KYLUTEPIHIH THIFbI3AbIFI YIIIH OPHEK AJIbIH/IbI.

_ (uj—ub)z _ R{—-R
f = snazrz d=="=, 3)
M¥HI[aFBI

Uj - J-TIT SIEKTPOATHIH MTOTSHIINAIBI; Up- POTOPIBIH MOTESHIIHAIEI;

R — anekTpoaTrap opHanackaH chepaHblH PaguycChl,

d — poTOp MEH 3JIeKTpOATAp apachIHIAFbI CATBICTHIPMAJIbI caHblIay [2].
PoToppIH OTEHIMATBI KeJIeCi OpHEKIeH aHbIKTana bl [3]

up, =V[g +3(1 —cos )], (4)myHnarel q - PpOTOPIBIH
3apsiibl.
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[onspnbik oci &3 6ap cepanbik xyite 91 @1 YiIiH & &y &3 YIIOYPHIIBIHBIH OCIHE
TYCKEH 6ac MOMEHTTIH MPOEKLHUsATIAPhI Keneci Typae 0oasl:

M; = fR? ffu(a—rsin 9, sin @, + a—rcos 9, cos @,)dY,d@;;
M, = fR? ff (— sm 9, cos @, + —c05191 sin @,)d9,dg;;

= fR? ff (—— 6191 sin9,) d9,d¢, . (5)

Haktsl 6011y YHIIH POTOPJBIH aJITHI AJIEKTPOITHI aCIIACHIH KapacThIPaMBbI3.

Dnektpoarapbl & OCiHIH OH OarbIThI (2 i-1)-1111 2JIEKTPOAKA, T TEpic OAFBITHI
(21)-111 371€KTPOIKA COMKeC KeICTIHAeH eTill HOMIPIICHIK.

Coiikec S anexkTpo1 6eTTepiHiH TeH ey epl Keneciaei 6omaasl [3]:

0 < ¢;< 2m 0< ¢;<2m
52 = { Y=V = ﬂ}’ 2i-1 7 {0 <9 < '~|Jo}' ©)

Bipiami Tenney r = 1 nem ancak, pOTOpMEH KaTaH KOCBUIFAaH — YIIOYPBIIITHIH

chepanblK KOOPAMHATACHIHIAFBI POTOPIBIH 1e(POPMaITUSICHIHBIH TCHIICYIH alaMbl3.

R3 (2+ 2 1 .
u(a,f) = — %ﬂ:g (b2 - %) (cos2 a— §) + ab sin 2a cos(B — vt) +
2
+ a?sin2 a cos(2vt — 2,8)] : (7)

Potopawl achepuzanusiiay yuiiH OHbI JUHAMUKAIBIK CUMMETpHsS OCIHIH Ox3
OolibiMeH alHanAbIpambI3. by skargaiina Hytanus Oypbiiisl 9=0, SFHU OYPBIIITHIK
KBUTTAMIBIK BEKTOPBIHBIH X1 OCiHE TIpoeKIusichl a=0, an X3 ociHe w=L/I3. BypbIIThIK
KBUTTAMIBIKTBIH OYyJ1 MpoekiuachiH (7-re) Koiibin, 0X3 ociHae aiHally Ke3lHJeri
POTOPABIH AeOPMAIUSICHIHBIH TCHICYJIEPIH aJlaMbI3.

3

ur(e ) = = S [ (cos® a=3)].

Cocwia (7) —111 TeHJCY/IEH COHFBI aJbIHFAaH OPHEKTI azaWTcak Juiep-Ilyanco
KO3FaJIBIChIHA YKAKbIH KO3FAJIBICTaFbl JeOpMalMsIaHFaH POTOp OETIHIH TEHJACYIH
OHBIH Je(OPMAIMSICHIH €CKePEe OTHIPHII JKa3a ajlaMbI3.

2G(7+5u)
sin 29 sin 2a cos(B — vt) + —sm 9 sin? a cos(2vt — 2,8)]} (8)

B SR s () (a2

+

2L413

(8) Tenaeyni chepanbik KoopauHATAIaphl o, B KoHE 31, P1C, MOJAPIBIK OCI &3
OoJnaThIHIAN €TIM *Ka3blll, TYPJICHIIPEMI3.
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sina cosB| |Bi1 P12 Pi3| |SinY; cose,q
sina sinfB|=|f21 P2z Baz| *|sind, sing,
cosa Bz Bsz2 PBas cosv;

(9)
KuHeTHKaIbIK MOMEHTTIH BEKTOPHI &1 &3 Ka3bIKTHIFBIH/IA JKATHIP JCIT alaibIK,
srau { = 0, conya (1.3)-Ti eckepcek Keneci OpHEKTI ajaMbI3

L, . L :
Bi1 = V3 cos—tsinvt —y; cos9 sin=tcosvt + ¥, sin Jcosvt;
1 1

L, . L
B12 = sin—t sin vt + cos9 cos—t cos vt;

11 11
L, . L :
Piz = V1 cos—tsinvt +y; cos) sin-t cosvt + y3 sin dcosvt ;
1 1
L . L, . . :
Pr1 = —V3 COS~t COS Ut — Y3 cos?d sin—-tsinvt +y, sin O sin vt;
1 1
L L
oy = —sinI—tcos vt + cosd cosl—tsin vt ; (10)
1 1

L . L, . : :
Bz = V1 cos—tcosvt +v, cosd sin—t sinvt + y3 sin Jsinvt ;
1 1
: L
,831=y331n1951n1—t+y1c0519;
1
: L
P35 = —sind cos—~t;
1
: L
P33 = —y;sind sin—t +; cosd .
1

(9)-epHEKTI eckepe OTBHIPBIN, 31,01 cHEpaybIK KOOPIMHATAIAPBIHAAFEl POTOP
KOpIyChIMEH KaTaH OaiflaHbICKaH &1 & &3 ymOyphIbiHIa AehopMallisiaHFaH POTOP
OCTIHIH TeHICYIH aJlaMbI3 [4].

E sin?9 (i + i) — sin?d9 (l + L) [B31 sinY; cosg, +

12 212 12 212
+ 3, sinY; sing, + f33co0s93]* + isin 29 (B31sinY; cosp, +
+ L5, sinY; sing; + B33c05093) * {cosvt(ﬁll sinY; cos@, + B4, sind; singp, +
+£,3c059,) + % sin? 9 cos 2vt{[B;, sinY; cos@, + P, sind; sing, +
+B13¢c0595]% +sin vt (B, sind; cos@, + By, sinY; sing, + Pr3c0s9,)} +
+[B,1 sinY; cos@, + By, sinV; sing; + ,823605193]2} +

+ Iizsinzﬁ sin2vt{(B,1 sinY; cos@, + By, sinId; sing, + f13c0sY9;) *
3

(B34 sinVY, cos@, + B4, sind; sing, + ,823005191)}} . (11)

11) Tenmeyni (5) ¢opMmynanapra Koublll 3yekTpos Oerrepi OOMNbIHINIA
MHTErpangay >Kyprizemi3,colaH KeWiH aJblHFaH ©pHEKTEepJl HaKThl IIbIFaApy
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yakpIThIHAA opTanai,(10) epHeKTepAl €cKepe OTHIPHIN, OCCIHIIl >KOHE AaJITHIHIIBI
AIIEKTPOATAp TapaObIHAH 9cep €TETIH TIPeK KYIITEepl MOMEHTIHIH MPOEKIUSACH YIIiH
KeJiecl epHeKTepre ue 001aMbI3 [S], CoMKeciHIIe

G) — G = (5)
M = M3~ =0, = fsMoy1V3 ;
0) _ 20 _ (0)
My = M;" =0, M,” = foMoy1Vs (12)
MYH/IaFbI
_ pRE2(2+wm L?
0™ 26(7+5m)12
I .
+6 1—3 coszﬁ] cos |y sin?y.
1
KapacTeipbuibill OTBIpFaH chepaliblk KoopJauHaTaiap xyhecinae (6)-Hbl 0acka
ANEKTPOATAPIbIH OETTEpIMEH UHTErpalijay KUbIH.Bipak acna 3J1eKTpOATapbIHBIH OCHI
KOH(DHUTYypansICBIHBIH, CHMMETPHUSCBIH €CKEePE OTBIPHIT, KAKETTI HOTHKCHI IOJISPITBIK
ochTepi &y xkoHe &3 Oap 0acka cdepaiblk KOOPAUHATTAP/IbI Mai/1ajlaHy apKbUIbI KOHE
CoMKecCIHIIIe S3 ®KoHE S4  KOHE Sp KoHE Sp-J€H MHTerpaiiay Ke3iHjae aiyra 00aabl.
Kepceriiren TypiieHaipyiaepal OpbIHAAIN, KeJIeCl OPHEKTEP/Il ajlaMbl3

2
sin?d9 [— (3cos?9—1) + % (3sin?9—-1) +

M = PP =M =,
MP = uP=uP = o, (13)
MO = P =0, MY = —fMonrs,
Ml(z) = M§1) =0, M(Z) —f2MoY1Vs.
(12) sxone (13) xosmaHbIl, OapiBIK AJIEKTPOATApIaH POTOPFA ACEp ETETIH
KOCBIH/IBl MOMEHTTIH MPOEKIMUIIAPHI YIIITH OpHEKTEePIl TabaMbI3.
My =M;=0, M, =(fs+fo—fi—f2)Mor1Vs. (14)
Kanmnel xarmaiiia KAHETHKAIBIK MOMEHT &1,82,83 KoopAWHaATanap >KyheciHe
KATBICTBl €pIKTI TYpA€ OpHajacca, KUHETUKAJIbIK MOMEHT BEKTOpbl &1 &3
’Ka3BIKTHIFBIH/IA JKaTKAH JKaF/1aiiFa yKcac naubIMaayaapabl OpbIHIAN OTHIPHIT, OapJIbIK
acma 3JIEKTPOATAPBIHAH 9CEP €TETIH TIPEK KYIITEp MOMEHTIHIH MPOEKIUsIIAPhl YIIIiH
KeJiecl OpHEKTEP/11 amyFa 6omasl [6]
My = (fs + fo = f5 = fo)MoY2Vs,
My = (fs + fo = f1 = [2)Moy3, V1, (15)
M; = (fi + f2 = f3 = ) Moy1Ya.

KapacTteipyra keneci QyHKIUSHBI ajlaMbl3

W =W(y.Y273)
(16)

(16) QyHKIMACBIHBIH ¥y V2, V3 OypeluTapsl OOWBIHINIA  TYBIHIBIIAPHI
KO3FamMalThiH & & &3 YHIOYPHIIBIHEIH OCIHJETT pOTOp OeTiHe HOpMaih OONBIMEH
ocep €TeTiH KYIITEep MOMEHTTEPIHIH MPOoeKIusIapbiH oepei [1].
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M. = ow ow
1=72 375 V3 5]/2’
ow ow
M, = V3a_y1_}’1 a7y (17)
ow ow

Ms=viz— VY25

vy, %)
(15), (16) xoue (17) neH KapacTBIPBUIBIIT OTBIPFAH JKaFjaijia KyIITep
MOMEHTTEPIHIH Kyl (YHKIUSACH POTOPABIH KHHETUKAJIBIK MOMEHTIHIH OaFbITTHIK

KOCHHYCTapbIHBIH KBaJPATTHIK (opMackl O0Iabl.

=% 2 2 2
4 > [(fi + 2)vi + (s + fav: + (fs + fe)vs] (18)

KarTel neHe KOHTAaKTBHICHI3 aclaja KO3FalbICChI3 OONIFaH JKaFaaiga Tipek
KYIITEPiHIH HEri3ri BeKTOpbl F aeHere TyCIpiAreH MaccaiblK KYIITEpIiH HETi3ri
BEKTOPBIMEH TEHECEei (Maccanplk KyIITepre TapTBUIBIC KYIIi, aybICIaJIbI
KO3FaJIBICTBIH MHEPIIHSI KYIIIi JKoHE T.0.KaTapl ).

Conbimen, kym pyHknusco (18) Maccachl JeHEHIH MaccachlHa TEH, ajl Maccasap
IIEHTPl KOHTAKTHICHI3 acla LEHTpiHeH Rj € I1amachiHa BIFBICKAH MASTHHUKTIH KYII
(YHKIMSICHIH KOPCETEII.

byn xxarmaiina kym QyHKIMSCHIMEH aHBIKTAJIATHIH TOJIKYJAP ChI3BIKTHI 00Tabl.
¢1,€,,&3  ecTepi Ka3bIKTBIKTA ©3repicci3 OarbITTaldFaH JIEHEHIH CHMMETPHS OCIHIH
OaFbITTayIIBl KOCHHYCTAPBIHA CHI3BIKTHI TOYEI I OOJIATHIH KYII (YHKIIUSICHIH TYPFBIZY
MYMKIH 60Jica OH/Ial TOJIKYJIap CBI3BIKTHI 1T aTalaIbl.

Tipex kymrepaid (3) THIFBI3ABIFBIHBIH (DOpPMYJIaTapblH €CKEPE OTBIPBIN, KYII
dbynkmusaceiH [1] TypiHae KaiTa ka3aMbl3.

W = M,
~ 16md?R?

J

MowmeHTTepre opl Kapail Tanjgay »acay YIIIH Uj HOTEHLIUAIIapbl YIIIH HaKThI
OPHEKTEP/Il KOPCETY KAXKET.

AcmaHbl  peTTey KYHMeciHIH opTypsi apHajlapblHa »ayamnTbl 3JEKTPOJTap

KUBLIBICIIAYBI KEPEK,COHBIKTaH (12 )aeri Uo = CcOSY, MOHI

1/ V2<puy<1 (0<y< %) TEHCI3/IITH KaHAFaTTaHIbIpa ajabl.

3
[ug;_1 +us; — 2up(ugjoq + ) yvé . (19)
=1

JleMek, OeciHIl TapMOHHMKAJaH OacTam 3JICKTPOJATHIH OJIIEMIH aHBIKTAWTBIH
OCBIHJIAM Yo OYPHITIBIH TaHJAM ayFa 00J1aibl, SIFHUA
Py._1(cosyg) — Pr41(cosipy) = 0.
(20)
KepcerinreH yo Tanaanran/a AeHe mimiHiHAer K- rapMOHUKAChIHAH 00JybIHAH
TybIHJIaFAaH MOMEHT HeJTe TeH Oomaapl. ATan aiTkanna, k = 5 ymria (20) Teraeyain
TyOipi y=~40°, k = 6 ymin y=~34°, k =7 ymnin y= 29° xone T.0.
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TypakTel TOK Ke3iHAET1 peTTey >KyHeciH KapacTelpailblk. byn xarnmaiiga
3JIEKTPOATAp NOTEHIMAIIAPb! U; TOMEHJIET] TEHCI3MIKTI KaHAFaTTaHAbIPabI

0 < wu; < 2V, , myHnarsl Vo— anekTpoarapiara OepiiieTiH TOK KEPHEYI.

Erep perrey kyileciHiH JIUHAMHKAChIH €CKEpMece, AIIEKTPOATAPIbIH
NOTEHLMAIIapbiH OacKapy 3aHbIH TOMEH/IET1/IeH KopceTyre 001a bl

uzj_l =VO—V] uzj =V0+VJ V] SVO (21)

Kepcerinren epHekrepaeri Vj=CONSt — poTOpIbIH Macca OpTaJbIFBIHBIH acma
OUTIrHAE OpHANACYBIHBIH TYPAaKTBUIBIFBIH KaMTaMachl3 €Ty YIIIH 3JEKTPOJATapra
peTTey KyieciMeH OepuIETIH KOChIMIIIA KEPHEY

nthj
V= —
! (\/farct i) V’
NG

—_ 1 N2 2
Fr = e (aretg 35) (430 — 43)).
DnekTpoaTap MOTEHIMAIAAPHI TY3Y CHI3BIKTHIK 3aH OOMBIHIIA PETTeNice, OHJa
(19)-narsr uz j-1 T us j —2up(uyj_q +u;) OpHEriH JieHere TYCKEH KOJIayIbl

0acThl BEKTOPABIH ¢, ©CIHE TYCKEH MTPOEKIMSCHI apKbLIbl KOPCETyre 00sa /bl
42
8d*F] (22)
(V+up)2(1—cos? )2

¢, &, u &5 ecinmeri KoJaymsl F  KYIWITEpIHIH TEH ocepil KYIIHIH
npoekiusiapein - F; = Fsin 9, cos @4, F, = FsinVY;sin¢@,, F; = cos Y, TypiHe
KenTipeMi3z.MyHaarbel moJisip eci {3 0omaTeiH cdepalblk KOOpIUHATTApP KYHECIHIH eKi
Oypeimbl 9 ¥ @4 MaccajblK KYIITEpHiH OacTbl BEKTOPBIHBIH OpHAIACYBIH
AHBIKTAMNIbI.

ONEeKTpoATap TOTEHIUANAaphl epikTi Ooja  ajaMalabpl:  KO3FaJIMAlThIH
ipreTacTarbl  JJIEKTPCTATUKAJIBIK TUPOCKOMNTHIH TYpPAaKTaHFaH J>XYMBIC PEXUMIHEC
KoJaayusl F kymTepiHid 0acTbl BEKTOPBI pOTOPABIH AYBIPIBIK KylliMeH P Teneneni.
(22), (4) xoHe Tipek KymTep BeKTOPHIHBIH (17) mpoekusiChiH eckepe oThIphin (20)-Fa
KOMCaK, OHJA DSJIEKTPCTATUKAJIBIK OPICTEH 3apsiATajMaraH pOTOpFa dCep ETETIH
KYIITEP MOMEHTTEPIHIH KBaJAPATTHIK MOIYJIIH allyFa 00J1ajbl.

(M) {sin*2A[sin®{f7 (9191) + cos?{f5 (D191)] + sin*A sin?28 £ (91901)},

MYH/Iatbl fi(®11) = cos?V; — sin@,sin®Y;, fs(D191) =
sin?9, cos 2¢,,

us;_q +uj; — 2up(Ugjog +upj) = 2V(V — 2u,) +

fo(919,) = cos?9, — cos?@,sin?¥Y,
M, d mg 2
2R? LV (4 + 3cosy)(1 — cos?y)]
KO3IBIPFEIII  MOMEHTIHIH KMHETHUKAIBIK MOMEHT BEKTODBIHBIH OArbIThIHA
TOYEJAUTITIH 3epTTEHIK.

M* =
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A=0 OousrraH >karaiia, SFHA KUHETUKAIBIK MOMEHTTIH BEKTOPHI &3 0C1 OOHWBIMEH
OarbITTalIFaH Ke3/I¢ MOMEHT HOJITe TeH O0JaThIHBIH KOpyre 00J1aIbl.

AYBIPJIBIK KYII 3JEKTPOATApABbIH CUMMETPHUS OChTEpIHIH OipiHe KOJIIMHeap
OoJIFaH ar/1ai1a MOMEHT ©31HIH €H YJIKeH MoHiHe keTel, srau (18)aeri F1=mg

OoJFania.

Ecenmeyze mbican. IneKTpCTaTUKAIBIK THPOCKONTHI KAPACThIPAMBbI3.

Onektpoarapra OepuietiH  kepHey Vo =450 B, potop MeH »siekTpoirap
apachIHAAFhl calbICThIpMana canpliay d=6*1073,

KuneTnkanblk  MOMEHTTIH  BEKTOpbl  &;&3  JKa3bIKTBIFBIHIA  KaTKaH
OOJICBIH. DNEKTPOATAPIBIH ~ TE€OMETPHUSUIBIK ~ OJIIIEMACPIH  aHBIKTAWTHIH ~ OYPHIII
Y = arccos(5/6). (7)-epHek OoOiibIHIIA aTaTHIHBIMbI3

M, 0 = 3.2 %10 — 41 cM? /2.

byn mama ¥ = m/2 Oonranaa >KoHE KMHETUKAJIBIK MOMEHTTIH BEKTOPHI &3
ecimMmeH Oypeimr 1w/4 wumu 3m/4, T.e. Yq,¥3 = 0.5 Kyparanma Koo KeTiMIi OoJIasbl.
M, 0x/L ©pHETIMEH SJEKTPCTATUKAIBIK TMPOCKONTHIH MYMKIH O0Jap aybITKYbIHBIH
IIAMACHIH aHBIKTaMMbI3. Ka3ipri KoIgaHbICTaFsl IPEMU3UOHABI THpocKon yimin 107 -
10° rpan/car.aybITKy KOMAakThI OOJIBII CaHANAIbI.

PoTtopapiH “koc aliHamybIH” €cKepe OThIpbIN achepusanus xyprizenik. On yuiH
i, (@, B)DYHKIUSACHIH SHIipeMi3.

R3(2+ L
i, (a, B) = _ZG(s " 5‘;)) q* (E) 2 cos’a, (23)

MYHJIaFbI q*-33ipire 0emici3 KodhUIueHT.

(23) epHekTi (7) —m€H aiblll TacTacak ,pOTOP/IBIH achepHu3alysiiaHybl CCKepIITeH
Oiinep-Ilyanco ko3ranbiChiHA JKaKbIH, JedopMalisiIaHFaH KO3FalbICTarbl POTOPIbIH
OETK1 JKa3bIKTHIFbIH aJIaMbI3.

3 2 2
pR (2+[.1) Lz <b2_q*L_2>_a_ COSZ(X
1Z) 2
a2
+ ab sin 2a cos(f — vt) + > sin? a cos(2vt — 2)
Opl1 Kapail )KoFaphblia KOPCETUITeH YKcac ecenTeyiepre CyheHe OThIPbIIL,
M yiriH Keeci epHeKTi anambi3 [3]

_PR5(2+I1)7TL2 29 29 E g .
= 26(7+spi2 [(3C05 ¥ —1)(cos“9 — q )+112 (sin“9 — 1)sin“9 +

+6;—3C03219 Sinzﬁ] cos | sin?y (24)
1
(17) xone (18) epuexrepaeH My Heire TeH OOFaHIa POTOPFA dCEp CTETIH

ANEKTPCTATHKAJIBIK OPICTIH TOJKBITY MOMEHTI JIe HOJITE TCHEJIETIHI KOPIHE I
12 sin?9(3sin?9 — 1) I sin?9 cos?9

* 2 + 6=
12 (3cos?9—1) I, (Bcos?9 — 1)
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Kopvimuinowr. 1. (25) — epHekTeH KepiHreHaei o = arccos(\/%) OonraHa

alHbpIMalibl  KO3(pGUIMEHT g -miH  O31HJIK  epekmeiri  Oomaapl,  SFHH
ANEKTPCTATHKAIBIK THPOCKONTA OPBIH alaThlH POTOPIBIH COWKECIHI KO3Faly
PEXKUMIHIC WHEPIUSUTBIK KYIIITEp 9CEPIHEH IMaifia 00JIaThIH TOJKBITY MOMEHTTEPIHCH
acdepuzalusiay >KOJIBIMEH apblTy MyMKIiH eMec.

2. DJexTpoATap TMOTEHIMAIAApbl €piKTI Ooyla anMmaiabl: KO3FaJIMANThIH
ipreTacTarbl  AJIEKTPCTATUKAIBIK TUPOCKOITHIH TYpPaKTaHFaH J>XYMBIC PEXUMIHJIEC
KOJIaymibl F KYIITEpiHiH 0acThl BEKTOPHI POTOPABIH aybIPJILIK KylliMeH P TeHeneni.

(22), (4) xoHe Tipek KymTep BEKTOPBHIHBIH (17) MPOEKIHUSICHIH €CKEPE OTHIPHII
(20)-ra kolicak, OHJa DIIEKTPCTATUKAIBIK OPICTEH 3apsATaIMaFraH POTOPFa dCep eTeTiH
KYIITEp MOMEHTTEPIHIH KBaIPATTHIK MOAYIIH ajyFa 00Jajbl.

3. AYBIPIBIK KYIIl 3JEKTPOATAPIBIH CUMMETPUS OCTEpiHIH OipiHEe KOJUTMHEap
OOJIFaH *ar/aaiila MOMEHT ©31HIH €H YJIKEH MOHIHE KeTe/l.

C.K.Kapumnbaes, M.A. bumaramberoB, A.K.Monnabekos,
K.C.Kymanumnos, K. A.AzenxaHoBa

MNOCTPOEHUE CUJIOBOM ®YHKIIMU MOMEHTOB BO3BYKIEHUS
KOHTAKTHOI'O THPOCKOIIA B DJIEKTPOCTATUYECKON
HOABECKE

Annomayun. Hzyuenue 08udceHus meepoo20 mend 6 INeKMPUUECKOM U
MACHUMHOM NOJISIX MECHO C8A3AHO CO MHOSUMU NPUKIAOHBIMU NPOOIeMaMi,
BO3HUKAIOWUMU NPU pa3pabOmKe HOBbLX MAUWUH U YCMPOUCME 8 PA3IUYHBIX 00]1ACAX
cospemeHHolt mexHuku. Omcymcemeue 4ucmou 21a0Kocmu HO8EPXHOCMU POomopa
Modicem npugecmu K KOAeOAHUSAM MOYHOCMU 2UPOCKONA U3-3a HechepuuHocmu
NEeKMpOo00s, cmeweHuo yeumpa macc Pomopa 6 noosecke, komopoe npoucxooum
npu nepeepyske U Kol1eOaHusX OCHOBAHUS, A MAK»iCe NPU OMCYMCMBUU HY1e8020
INEKMpOoOa,  3aNONHAIOWE20  MENCINEKMPOOHOe  NPOCMPAHCMBO  NOOBECKU.
Buipasicenue yena nymayuu bepemcs 8 3a8UCUMOCHU OM 8pEMEHU U ONpedesiemcs
NOCMOSAHHASL 8PEeMEHU Npoyecca pacnaoa HymayuouHwlx koaedawuti Pomopa. C
yuemom acghepuzayuu Pomopa evlsgnenvl OmKIOHeHUs. 0151 KOHKDEMHO20 2UPOCKONA.

Knwuesvie cnosa: snexmpocmamudeckuil 2UpoCcKon, 31eKkmpoo, acgepuzayus
Pomopa, unepyuonnvie cunoi.
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S.J.Karipbayev, M.A. Bimagambetov, A.K.Moldabekov,
J.S.Zhumadilov, J.A.Azelkhanova

CONSTRUCTION OF THE FORCE FUNCTION OF THE EXCITATION
MOMENTS OF A CONTACT GYROSCOPE IN AN ELECTROSTATIC
SUSPENSION

Abstract. The study of the motion of a solid body in electric and magnetic fields
Is closely related to many applied problems that arise in the development of new
machines and devices in various fields of modern technology. The lack of clean
smoothness of the rotor surface can lead to fluctuations in the accuracy of the
gyroscope due to the non-spherical electrodes, displacement of the center of mass of
the Rotor in the suspension, which occurs during overload and vibrations of the base,
as well as in the absence of a zero-electrode filling the interelectrode space of the
suspension. The expression of the nutation angle is taken as a function of time and the
time constant of the decay process of the nutation oscillations of the Rotor is
determined. Taking into account the aspherization of the Rotor, deviations for a
specific gyroscope were revealed.

Keywords: electrostatic gyroscope, electrode, rotor aspherization, inertial forces.
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!B.B. Makapos”
'MuctuTyT npobnem ymnpasnenns PAH uM. B.A. Tpanesnukosa, T.MockBsa,
Poccuiickaa ®@enepanus

OBHAPYKEHUE MECT YTEUEK U HAPYIIIEHUN
I'MAPOTEIIJIOU3OJIAINOHHOI'O HOKPBITUSA TEIIVIOTPACC
BECIHINJIOTHBIMU JIETATEJIBHBIMU AIIIIAPATAMMU

Aunomauusn. B cmamve paccmampueaemcsi 0OHA U3 BANCHBLIX obOaaAcmel
npumenenuss bJIA — mennogoti Kommponvb HapyuweHuti 2uopoOmenioU30IAYUOHHO20
nokpeimuss meniompacc. Kapmupoeanue meppumopuu ¢ meniompaccamu 8
HACEeNeHHbIX NYHKMAax modcem Ovims gvinoaneno bJIA 6 asmomamuueckom (obnem
meppumopuu no 3a0aHHOU Npospamme) uiu agmomamusuposannom (onepamop bJIA
8pYUHYI0 usMeHsem pedxcumvl nonema bJIA) pesxcumax. Taxoe xkapmuposanue unu
mepmozcpaguposanue 8 YKA3AHHBIX — PEHCUMAX  3HAYUMENbHO  phekmusHee
UCNONL3YeMbIX — celdac Memooo8 00Xxo0a meniompacc KOHMpOJIUPYIOWUMU
bpucaoamu.

IIpeonoosicen nooxo0 0 noayueHus ONMUMATbHLIX MPAEKMOPUL OBUNCEHUS
becnunomuvlx  emamenvHulx  annapamoe  (bBJIA)  npu  popmuposanuu
mepmozcpaguieckux Kapm.

B 3aknouenue cmamou ommeueno, umo oyenKa OnuHbl MpaeKmopuu O8UNCEHUS]
bBJIA u, cneoosamenvHo, 8pemenu noiema npugeoena 0iis CLy4as MOYHO20 OBUNCEHUs.
10 3A0aHHOU Mpaekmopuu 6e3 yuema 1usHUsl HEeUHUX PaKkmopos. 60K08020 sempa,
BCMPEUHO20 8empa, B0CXOO0AUUX U HUCXOOAUUX B030VUHBIX nomokos. Oyenums
OJIUHY BO3MYUJEHHOU MPAEKMOPUL BO3MONICHO O] pA3TIUUHOU OONYCMUMOU 8eMpPOBOLU
Hazpy3Ke ¢ NOMOWbI0 UMUMAYUOHHO20 MOOEIUPOBAHUSL.

Knwuesvie cnoea: Oecnunomuviti  aemamenvHuii  annapam  (bJIA),
ceepxneckuil becnunomuulti temamenvroiti annapam (CJIBJIA), mepmocpaguueckue
(TT) kapmwvl, mennosuzop (TB), onachvie npouzsoocmeerHvle 00ObEKNbL,
mpyoonpoeoovl Menjio8vix cemel.

Beeoenue. Cornacno ®PepepanbHoMy 3akoHy PD Nell6, TpyGompoBoabi
TETJIOBBIX CETEH SIBIIAIOTCS OMACHBIM TPOM3BOJCTBEHHBIM OOBEKTOM B CBSI3H C
BBICOKOM TEMIIEPATYPOU U JABJICHUEM TEIUIOHOCHUTENS. [103TOMY Ba)KHOW COCTaBHOU
YacThIO IKCIUTyaTallUH TEIUIOCETEH SIBISETCS MX MEPUOJUYECKOE TUArHOCTUYECKOE
obcnenoBanne (Pucynok.1). CyliecTByIOT METO/bI, KOTOPbIE MO3BOJISIOT OIEHUTH
PHCKH Ha y4acTKax, CKPBITHIX B TPYHTE, B JIOTKaX M HEMPOXOHBIX KaHaJaX.
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Pucynoxk 1. ['opojsickas TemioTpacca Ha pEMOHTE

Xopomre pe3ynbTaThl JAaeT MOUCK yTeUeK BOJBI B TpyOax, MPOM3BOJUMBINA C
nomoinplo TermoBusopa. [Ipubop ompenenser pasuuiy B Temmepatype ao 0,1°C,
BBIJIACT TEPMOIrpaMMy, Ha KOTOPOM MECTO TEYHM OKpAIICHO B XapaKTEpPHBIN LBET.
TennoBuzop npencrasnser coOoil mpuOOp A CbeMKH OOBEKTOB B MH(pakpacHOU
4acCTH CBETOBOTO CIIEKTpAa M BU3YaJIW3allUM PACHpPEACIICHHUsS TEMIEPATypbl Ha HX
noBepxHocTu. TepMorpaduueckoe oOcienoBaHue — 3TO HH(ppaKpacHas ChbeMKa C
MU3MEPEHHEM TEMIIEPATYP B KAXKA0U TOUYKE MOJIS 3pEHUSI TEIUIOBU30PA C MOCIEAYOIIHUM
JeTaNbHBIM aHAJIU30M TOJYYEHHBIX JAaHHBIX, TO €CTh TepMOrpaMM. M300paxeHue Ha
DKpaHe TEIUIOBU30pa Mo OombIiei dactu (GopMmupyeTrcs U3 MATEeH TPEX OCHOBHBIX
LIBETOB — KPACHOT'0, CHHETO U 3e€JIEHOT0. [Ipr 3TOM KpacHbIN yKa3bIBa€T HA JOCTATOYHO
CHJIBHBII OTTOK TeIlla, B OONBIIMHCTBE CIy4aeB 3TO OyneT o3HadaTh MpodiieMy —
HarpuMmep, HEOOXOAMMOCTh OCYUIECTBICHUS JIOMOJHUTEIbHON TEIIOU30ISLUY.
JlaHHBII METO/I OCHOBAH Ha KOHTPACTHOM 0003HAYEHUU TEMIIEPATyPHBIX [IEPENA0B B
criekTpe uHppakpacHoro nznydenus (PucyHok 2).

—

Pucynok 2. Tepmorpamma prI

[IpoBensi ChbeMKy TEIUIOBU3HOHHBIM OOOPYIOBaHMEM, CHEIHATUCT Oe3 Tpyda
OTpeAENUT MPoOIEMHBIE YUYACTKU U A€(PEKTHI.

K npeumyiiiecTBam UCOJIb30BaHUS TAKUX TEXHOJIOTUN MOXKHO OTHECTH:

* BOBMOXXHOCTbh TOYHOTO OIPEACIICHNUS MECTA YTEUKHU TEIIIOHOCUTEIIS;

* PAHXKMPOBAHUE HWHTEPBAJIOB TPyOONMpOBOJAa MO CTENEHH OMACHOCTH st
COCTABJICHMSI IOJITOCPOYHOTO IJIaHA PEMOHTHBIX padoT;
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* COKpalIEHUE aBAPUM U MHLUAEHTOB B OTOMUTEIBHBIN CE30H.

[Tocne peMOHTHBIX pabOT TEITIOBU3NOHHOE 00CIeIOBaHUE TEIJIOTPACC TOMOXKET
MOHSTh, HACKOJIBKO KaYECTBEHHO BBIMIOJHEHBI 3TH pabOThl, HACKOIBKO Kaue€CTBEHHO
Ipou3BEeAcHa TEPMOU3OIAIUS TPYyO M HACKOJIBbKO 3(PPeKTUBHO paboTaeT cucrema
(Pucynok 3).
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Pucynok 3. TepMmorpamma TemnaoTpacchl

OcHosnas uacmo. OnHa U3 BaxHBIX oOsnactedl npumeHeHusi BJIA — temioBoi
KOHTPOJIb HAapYWEHUW TUAPOTEINION30AIMOHHOTO IOKpPBITHS —TemtoTpace [1].
KapTtupoBanue TeppuTopuu ¢ TEIIOTpACCaMH B HACEJIEHHBIX MyHKTaX MOKET ObITh
BbINOTHEHO BJIA B aBTOMaTmyeckoMm (0OJIET TEPPUTOPUU MO 3aJaHHON MPOrpaMmme)
Wi aBromMaTuzupoBaHHOM (orepatop BJIA BpydHYI0 U3MEHSET PEKUMBI MOJIETA
BJIA) pexumax. Takoe kapTupoBaHue Wik TepMorpadupoBaHUE B YKa3aHHBIX
pexuMax 3HAUYMTENbHO J(h(EKTUBHEE HCIONB3YyeMbIX ceiluac MeTo/I0B 00Xoja
TEIJIOTPACC KOHTPOJIUPYIOMHUMH OpUTaIaMHU:

1. BJIA 3HauuTenbHO ObICTpee 0OCIeyeT 3aJaHHYI0 TEPPUTOPHIO;

2. BJIA ¢ TemnoBuzopom (TB) maeT oObeKTHUBHBIE PE3ynbTaThl U3MEPEHUN U
MCKITIOYAET BIMSHUE YEIOBEUECKOT0 (paKTOpa Ha PE3yNIbTaThl;

3. pexxuM paboOThl TIEpCOHANa CTAHOBHUTCA Oosiee KOM(OPTHBIM, MOCKOJIBKY
TEIJIOBOM KOHTPOJb C mMomoiibio TB pexkoMeHayercss MpoBOAWTH HOYBIO WJIM B
MpeAyTPEHHHUE YaChl, KOT/Ia TEIUIOBOE BIUSHUE OKPY>KAIOIIEH cpeabl MUHUMAJILHO;

4. CTOMMOCTbh KapTUPOBAHUS 3HAUUTEIHLHO HUXKE.

Pexomennyemas nanbHocTh TB chemku (T.e. BbicoTa mojeta BJIA) nexut B
nurana3one ot 2 10 100mM, oHa 1aBHO OCcBOeHa [2].

bromketnpiit BapuanT paboTel BJIA (camoneTHOW WM BEPTOJIETHOW CXEM)

MPEANOoIaraeT IOJHOCTHI0 ABTOMATHYECKUMU MOJIET C 3anuchio TB cheMKH Ha
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BHYTpPEHHEE 3alIOMUHAIOIIEE YCTPOIMCTBO C MOCIEAYIONIEH MPOrpaMMHON 00paboTKOM
pe3ynbTaToB CheMKH. I[IporpamMmmuasi 06paboTka pe3ynbTaToB TepMorpadupoBaHUs
(TT) mpennonaraer miIoTHYO 0e3 3a30poB CheMKy TpaekTopuil BJIA ompeneneHHoM
IIMPUHBI, KOTOPasi 3aBUCHUT KaK OT BBICOTHI ITOJIETA, TAK U OT CBOMCTB ITOBEPXHOCTH,
HaJ KOTOPOU MPOU3BOAUTCS MoJieT. EcTecTBeHHBIMU TPEOOBAHUSMHU 3/1€Ch BHICTYAIOT
BpeMsi 00J1eTa 3aJTaHHOM TeppUTOpUH U KauecTBo TT .

PaccmoTpyM CKaHMpPOBAHWE TEPPUTOPHUM TEIUIOBU30POM Pa3MEIMICHHOM Ha
CBepxJIerkoM OecnmiioTHOM JietarenbHoM anmnapate (CJIBJIA). MakcuManuHelil yroi
0030pa 00bEKTHUBA COBPEMEHHOTO TerioBu3opa cocrasisieT 60° [1]. Obo3Haunm: R —
paccTostHUE OT OOBEKTHBA IO KpaHEW TOUKU CKaHUPOBAHUS 3€MHOM NoBepxHOCTH; H
— BoicoTa nosieta CJIBJIA (paccrosiaue oT oObekTrBa TB 10 TOBEPXHOCTH 3eMIIN).
JIs IMHUM CKaHUPOBAHUS CJIEBA HAIPABO MMEEM PABHOCTOPOHHMU TPEYTOJBHUK CO
ctopoHoit R (Pucynoxk 4).

R/2

Pucynok 4. JIunus ckanupoBanus TB

[TepnenaukymsipHas  pa3BepTKa JIMHUM CKAaHWUPOBAaHWUS  JaeT  00JacTh
CKaHMUPOBAHMS KBapaT co cTopoHoi R mromanpto S = R2 (PucyHok 5).

Pucynok 5. O6macts ckanupoBanusi TB
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J5is TOoro 4toObl JaTh MpEICTaBICHUE O MapaMeTpax 00JaCTH CKaHUPOBAHUS S,
3amaguM MakcuMmalibHyto BbicoTy mojeta CJIBJIA paBayro H = 100m. Ota BbIcOTa
onpenensieTcss JOMYyCTUMOM  YYBCTBUTEIBHOCTHIO KaMmMepbl TEIJIOBU30pa  JO
NOBEPXHOCTH 3eMJIU. C Ipyroil CTOPOHBI B YCIOBUSIX MOJIETA B TOPOJICKUX YCIOBHSX B
OTCYTCTBHUU CBEPX BBICOKHMX CTpPOCHHH (TpyO KPYIHBIX 3aBOJOB U HEOOCKPEOOB)
OILICHKU BBICOT >KHJIBIX U O(PHUCHBIX 3/IaHUNA MOTYT OBITh CJIEIYIOLIUE: S-THU ITaX)HOE
ctpoerue — h5 = 15m, 10-tu staxknoe h10 = 30m, 20-tu sTtaxknoe h20 = 60m. Takum
o0pa3oM, THUIIOBAas 3aCTPOMKa CPETHETO0 POCCUICKOTO TOPO/Ia MEHBIIIE U, KaK MPaBUIIO
cymiectBeHHO MeHbllie H = 100M. Pemienue TpeyroiabHuKa ¢ yriioM npu BepimHe 60°
u H=100m naer:

2 R _p2 p =200
1OO+4 R4 R 7 115m.

HHOHI&I[B CKaHUpPOBAaHHA B OI[HOﬁ TOYKC IIpH JOTHUX IIapaMCTpax BbICOTHI
COCTaBJIACT.

S =1152=13225M2

Paccmotpum ycnosusa neuxenus. CJIBJIA nBuxeTcs ¢ MOCTOSHHONW CKOPOCTBIO
noJiHOCThI0 aBTOHOMHO. CJIBJIA n0omkeH BbuleTeTh U3 HaualbHON TOYKU, 0003HAUUM
3Ty TOUKY B, 1 BEpHYTbCS B Ty K€ TOUKY. TpackTopus IBUKEHUS 3aaeTCs 3apaHee.
D10 MOXKET ObITh 3aMKHYTas Tpaekropus Asmxenus CJIBJIA, Hanpumep, OKpyKHOCTb
win Jiro0ast Ipyrast TpaeKTOpHsl ABMXKEHHUS C BO3BPAILlEHUEM B MCXOJIHYIO TOUKY B.
O0sacTh CKAHUPOBAHUSI HE MOKET OBITh OOJBILION: 00JETETh M IPOCKAHUPOBATH CPa3y
BCIO TEPPUTOPHIO rOpOJa CPEAHUX Pa3MEPOB 32 OJIMH MOJIET HEBO3MOXKHO, BCIIEICTBHE
orpannderHoro pecypca CJIBJIA no 3amacy Tomnmsa: tye; = 20 + 30 MuH.

Bynem paccMarpuBath 3J€MEHTAapHYIO 00JIaCTh CKAaHUPOBAHUSA Se C
BO3BpaleHueM, kotopyro Moxet oonetets CJIBJIA 3a oqny 3anpaBky/3apsnky. Ecnu
3apsIKK/3alpaBKU JOCTATOYHO Ha CIEAYIONMIYI0 Se 00J1aCTh, TO BBIMOJHAETCS OOJET
cienymomen Se ¢ Bo3BpauieHueM. [Ipu 3Tom sneMeHTapHble 00J1acTH CKaHUPOBAHUS
JOJDKHBI JIETKO COIPATaThCs, T.€. Se MOTYT HOKPBITH BCIO MPOU3BOJIBHYIO 3a/IaHHYIO
TEPPUTOPHIO O3 KAKUX-JIMOO MPOMYCKOB M JKETATEIbHO 0€3 MOBTOPHBIX 00JIETOB WM
C MUHHUMYMOM TOBTOPHBIX CKaHWpOBaHWI oOsacteil. Hanmpumep, Se KBajgpaT Jjerko
COMPATaeTCsl C APYrol TaKou ke 00JIACThIO U MOXKET MOKPBITH JIFOOYIO TEPPUTOPHIO.
Se OKPY>KHOCTBH TOKE MOXKET MOKPBITh TEPPUTOPHIO, HO ITH IJIEMEHTApHBIE 00IacTH
IJIOXO COMPATaloTCs: MPU MOKPHITUM paiioHAa OCTAIOTCS HE MPOCKAHUPOBAHHBIE
00JIaCTH, €CIM K€ Mbl XOTHM 3aKphITh MPOIYyIIEHHbIE 00JACTH, TO MHOTOKPATHO
BO3PACTacT MOBTOPHOE CKAHUPOBAHKE yKE MPOCMOTPEHHBIX o0acteit (PucyHok 6).
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PucyHok 6. DnemeHTapHbie 00JaCTU CKAaHUPOBAHUS OKPYKHOCTHU

OTHOCHUTENIBHO 00JIACTH CKAHMPOBAHUSA KBaJpaT WM MPSMOYTOJILHUK: Cpa3y
OTMETHM TEXHHUYECKYI0 TpoOiieMy, CBs3aHHYI0 ¢ HeBO3MOxkHOCThiO st CJIBJIA
CaMOJIETHOTO THUIA cJlieNaTh NOBOPOT B Touke Ha 90°, miist CJIBJIA BEepTOJIETHON CXEMBI
TaKoi pa3BOPOT TEXHUYECKH BOo3MOkeH npu octaHoBKe CJIBJIA B Touke pazBopoTa.
B mocrtaHoBke 3ajauM, OJHAKO, U3MEHEHHE CKOPOCTH HE MPEANojaraioch. Takum
oOpa3zoM, moBopoT Ha 180° mist Se MPSIMOYTOJBHUK MOXET OBITh BBIMOJHEH MpU
JIBWKEHUU MO KPYroBOM TPAEKTOPUM MHHHMMaJIbHOrO paauyca Rmin. g CJIBJIA
paauyc pa3BopoTa cocTaBisieT mopsiaka Rmin =100M [2]. DTO NpUBOIUT K TOMY, UTO
CJIBJIA mnpoxoaut AONOJHUTENbHOE paccTosHue L= m Rpin 11 Toro, 4toObI
OKa3aTbCid B TOYKE CKAHUPOBAHUS JJIsI JBMXKEHHUS B MPOTHUBOIMOJOXKHYIO CTOPOHY.
[Ipumem mig yno6ctBa Rmin = R (cM. Pucynok 4), Tem 0oziee 4yTo 3TO paBEHCTBO
JNEUCTBUTEIHHO MPUOJIMKEHHO BBIMOJIHSIETCS.

[Tpu naHHBIX YCIOBHX 3a7]a4a COCTOUT B BEIOOPE TaKO# 00J1aCTH CKAHUPOBAHUS
Se, BpeMs JIBHIKEHHS IO KOTOPOM OBLIO Obl MUHHUMAJIBHBIM, a CJICAOBATEIbHO, W
MIPOMICHHBIN MY Th L 110 TAaHHOM TPACKTOPUHU IBHKEHUSI OYJIET TaK )K€ MUHUMAJILHBIM,
a TJIOMIAb CKAHUPOBAHUS Se — MaKCUMasbHa. MBI IOJIYyYHIIA MHOTOKPUTEPUATIEHYIO
3a/1lauy IPUHATHS perieHus (BIOopa TPAEKTOPHH) C MPOTUBOPEUMBLIMU KPUTEPUSIMU

[3]:
S, - max; L, - min.

N3BecTHO, YTO OKpPYKHOCTh OTBEYACT MOCIEIHUM TpeOoBaHusaM. OmHaKO
MOKPBITh TMPOU3BOJIBHYIO O0JACTh OKPYKXHOCTSIMH TIOJHOCTHIO 0€3 TPOITYCKOB
HeBO3MOXKHO (Pucynox 6). [Ipy moaHOM MOKPHITHH TEPPUTOPUH B 0OTIACTIX IIPOITYCKA
CJIBJIA nomxkeH pOW3BECTH MOBTOPHBIM 00JIET ¢ TIOBTOPHBIM CKAaHUPOBAHUEM YIKE
OTCKaHUPOBAHHBIX oOsactel. Kpome Toro, ciimBka pe3yabTaToB TepMOTpadupoBaHus
pu kpyroBeix obserax CJIBJIA He mpocTas 3amaya.
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Crnenyronuii KaHAUIAT HA SJIEMEHTAPHYIO TOMYCTUMYIO 0071aCTh CKAHUPOBAHUS
— mecTuyroibHuK (PucyHok 7).

~J-

PI/ICYHOK 7. QHGMGHTapHaH 00y1acTh CKaHHUPOBAaHUA HMICCTUYT'OJIBHUK

Ha pucynke 7 B — Touka Hauana JABMKEHHUS IO 3aMKHYTOH TpPAaeKTOPHH.
Crpenkoil yka3aHO HalpaBJI€HUE [JBWKEHHA II0 3aMKHYTOM  TpPAacKTOPHUHU
AJIEMEHTapHOM o0nacTu ckaHupoBaHus. XKupHas TuHuUs, IpOXosiias yepe3 Touky B
— 910 nuHUsA ckanupoBanus R (Pucynok 4). B Touke moBopota CJIBJIA BhINONHSAET
noBopoT Ha 60° a He Ha 180° (mns mPsIMOYTroJbHOM OOJACTH CKaHWPOBAHUS) MpU
oOpatHOoM gaBwxeHMn win 90°, eciu [BW)KEHHE BBINOJIHAETCS 1O pedpam
IpSAAMOYTOJIbHUKA. Takol noBopoT TexHudeckn Bo3MoxkeH i CJIBJIA, xors
BEPUIMHBI IIECTUYTOJIBHUKA OKAXYTCsl 00Jiee CKPYTJICHHBIMU, YEM Ha PUCYHKE /.

O4eBHUIIHO, UTO Se MIECTUYTOJBHUKA COINPATAIOTCS B HAIIEH TPAKTOBKE 3TOTO
nousituss (Pucynok 8). Ha pucynke Touka E oTMeueHa Toyka OKOHYAHHUS
CKaHMPOBaHUs TEPBOW OO0JACTH W >KUPHOW JIMHUEH CO CTpenKod u3 Touku E
TPAeKTOPHs Mepexo/ia K CKAaHUPOBAHHUIO BTOPOM obOsacTu B Touky B 6e3 m3ameHeHus
HAIpaBJICHUS JBIKEHUS, YTO HE ManoBaxHo. IIpu mepexone u3 ogHoi obnactu B
IPYTYIO OPOU3BOAMTCS  IOBTOPHOE  CKAHMPOBAHHE  HEKOTOPBIX YK€
MIPOCKAHUPOBAHHBIX YYaCTKOB, HO CKAHWPOBAHME BHE HHTEpeCyrolleld 00JacTu U
COOTBETCTBEHHO JBM)KECHUE 32 IPaHuULIeH 00J1acTH HE MPOUCXOINUT.

OtieHuM mapameTpsl S U L, TS IeCTHYroibHON obnact (PucyHok 7).

3v3

Les = 62 = 3R; Se6 = 6 Sca= -~ R ~ 2,5R?, (1)

V3
TJe Se3 = ” R? — nyiomazap 51eMEHTapHOrO PABHOCTOPOHHETO TPEYTOILHUKA
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...............

Pucynok 8. Conpspxkenue 1Byx o0JacTeil CKaHUPOBAHUS U MIEPEXO MEKTY
Humu EB

Ha pucynke 9 mnoka3aHO TOKpPBITHE CONPSDKCHHBIMU IIECTUYTOJIBHBIMU
00JacCTsIMU S¢q UCCIENYEMOTO paiioHa.

Pucynok 9. [TokpbITre cOnpssKeHHBIMH MIECTUYTOIBHBIMU O0TACTAMH Seq
HCCIIEIyEMOTO paiioHa

[Tokaxkem, 4TO O00JET MO MNPSIMOYrOJILHOM 00JaCTH, €ClIM B KayecTBe
AJIEMEHTapHON 00JacTH CKaHUPOBAHMS B3SATh MPSIMOYTOJIbHYIO/KBAIpaTHYIO 00J1acTh
Ses OKKETCS MEHEE d(DPEKTUBHBIM.

Bo3bmeM B kauecTBe CpaBHEHUS Seg MIECTUYTOJbHUKA (1) M OLIGHUM HIUHY
TPAEKTOPHUH IS SJIEMEHTAPHOM MPAMOYTOJIbHOM 00JIACTH CKAHUPOBAHUS Seq (PUCYHOK
10). L4 — niuHa mpsAMOYTOJIBHOM 00JIacTH CKaHUpOBaHus;, B — HauanbHas Touka; E —

R
TOYKA OKOHYAHUSI 00JIACTH CKAaHUPOBAHMS; - — Pajuyc pa3BopoTa PH BO3BPALICHUH.
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Pucynok 10. DnemeHTapHas NpsMOYyroyibHas 00JaCTh CKAaHUPOBAHUS Ses

TonCcThIMA NUHUAMU CO CTpEJIKaMM yka3zaHa Tpaekrtopusa AsrkeHus CJIIBJIA.
3amTpuxoBaHHbIE OOJACTU ClieBa HAa PUCYHKE — CKaHUpPyeMble 00JIaCTM B TOYKE
HayaJla IBUKECHUS TOYKA B W KOHIIA MPSIMOTO ABWKEHUSA TOUYKa F. AHAJIOTUYHO MPHU
o0paTHOM ABMXKEHMM W3 TOYkH B B Touky E. Ilose3nas mioimanb cKaHUpPOBaHUS —
npsiMmoyroiibHuK co cropoHamu ACDF. JIBuxenue CJIBJIA umeer cuemyromniue
HAMNpaBJICHUS: JIMHHUS CKAHUPOBAHUSA | U3 TOUKHM B 10 JIMHUY CKAHUPOBAHUS 2 B TOUKY
E, nanee pa3zBopot Ha 180°, oOpaTHOE ABMKEHHUE OT JIMHUHM CKAHUPOBAHUA 3 B TOUKY
B, no nuauu cxkanupoBanus 4 B Touky E. TOHKMMM JTUHUAMH 00O3HAUCHA BHEIIHSSA
IpaHUIla BO3MOKHOM 00JIaCTH CKaHUPOBAHMUSI.

[Tone3nas miomaas CKaHUPOBAHUS IPSIMOYTOJILHON 00JIaCTH:

Si=L 4§= 2LR
[TpupaBHuBas K Sep (1):

LR = 33 R2
2 )

HaxoauM AJIMHY Yy4aCTKa C HpHMOHHHCf/'IHBIM JABHXKXCHHUCM:

L:ﬁ
4

R = 1,3R
Jlnuaa TpaekTopuu OYyIeT CKIAIbIBATHCA W3 JABYX MPSMOJMHEHHBIX y4aCTKOB
. R
JmHOM L (ABM>KEeHHME Tylda W 0O0paTHO) M JIBYX Y4YacTKOB pa3BOpOTa pajuyca 2
(Pucynox 10):
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3\/_ 3\/_+2n

Lea =22 R+ R = (32 3 4 R =22R 5 7R

Jlnnaa  mepuMeTrpa ABWKEHHUS 10 3aMKHYTOMY MapmipyTy B ¢opme
mectuyroibHrKa (1) paBHa Les = 3R. Takum oOpa3oM, MpH paBHBIX IO TUIOMIAIH
MPOCKAHUPOBAHHBIX YYaCTKaX TEPPUTOPUHU ISl LIECTUYTOJBHOW O0JacTH HMeeM
MTOYTH ABYKPATHBIN BBIMTPHIII B CPABHEHHUH C MTPSMOYTOJIBHON 001aCTh CKAHUPOBAHHUS
0 JJIMHE TPACKTOPHUH U, CJICIOBATENBHO, IBYKPATHBIM BRIUTPHII IO BPEMEHHU.

Bwv1600v1. PaccMoTpeHHas! BbILIE OLICHKA JUIMHBI TpaekTopuu AsmxkeHus: CJIIBJIA
Y, CJIEeA0BaTeIbHO, BPEMEHHU MOJIeTa MPUBEAEHA IS CIy4das TOYHOTO JABMXKEHHS IO
3aJlaHHOM TpaeKTOopuu Oe3 yueTa BIIMSHUS BHEIIHUX (PAKTOpOB: OOKOBOTO BETpa,
BCTPEYHOTO BETPA, BOCXOASAIIMX M HHUCXOIAIIMX BO3IYIIHBIX ITOTOKOB. OTH
BO3MYHIatoMe (HaKTOphl MPUBOJSAT B UTOTE€ K TOMY, UTO BO3MYIIICHHAs! TPACKTOPUS
OKa3bIBaeTcs 0osiee NITMHHOM, YeM HJIealbHbIN IEPUMETp IUIoIaau ooiera. OLeHUTh
JUIMHY BO3MYILIEHHOW TPA€KTOPUU BO3MOKHO I PA3IUYHON JOMYCTUMOM BETPOBOM
Harpy3ke ¢ IMOMOIIbI0 MMUTAIIMOHHOTO MOJEJIUPOBAHMS, HANpUMEp, B U3BECTHOU
cucteme Anylogic [4,5]. Tako# moaxon mo3BojsieT oneHuTh Moxker nu CJIBJIA
BBINIOJIHUTH TOJIETHOE 33JaHUE YCIIEIIHO B aBTOHOMHOM pPE€XHUME, T.€. XBATHUT JH
OECHMIOTHUKY TOIIMBA.

Hannuune Bo3MyllieHN U HETMHEWHOCTh BCEW CUCTEMBI 3aTPYIHSIOT MOJTYYEHUE
oOILIEro aHaJUTUYECKOrO pelIeHUs 3aaadd. YWCIeHHbIE METOAbl ¢ MPUMEHEHUEM
MMUTALHOHHOTO MOEIIUPOBAHUS MO3BOJIAIOT PEIINTh TAHHYIO PAKTHYECKYIO 3a/1a4y.

B.B.Makapos

KbILJTY TY¥BBIPJIAPBIHBIH CY/KBIJTYOKIHAYJIATBII
KABBIHIAPBIH YIIKBIHNICBHI3 YIHATBIH KOJIIKTEPMEH AT'BI3Y
OPBIH/IAPBIH )KOHE BY3bIJIYJIAPBIH AHBIKTAY

Anoamna. Maxanada YuKblucsls Yuly annapammapuli KOJ10AHYOblH MAaHbI30bl
Oaselmmapviibly OIpi — JHCOLLIY MAUCMPANIHIY 2UOPOOKUUAYIASLIUL HCAOBIHbIHLIH
OY3blIYbIH  MepMUsIblK  Oaxwliay Kapacmoeipvliead. Enoi mexenoepoeei  oicolny
Mazucmpanvoapvl 6ap aymakmel kapmaza mycipyoi ¥AO asmomammul (bepincen
bagoaprama OOUbLIHUIA AYMAKMbL VUIAMbBIH) Hemece asmomammaHnovipviiean (¥A
onepamopwvl ¥¥A yuty pexcumoepin KoameHn e32epmeoi) percumoepinoe opbiHOAY bl
mymxin. Kepcemineen peoswcumoepoeci myuoail xapmanay Hemece mepmozpagus
Kaszipei yakelmma mexcepyuti monmapovly HColly MASUCMPAatbOapbli AUHANbIN OMmY
adicmepine Kapazanoa andekaroa muimoi.

Tepmocpagpusanviy ~ kapmanapovl  dcacay Ke3iHOe — YUIKbIUICHI3 — YUIANbIH
annapammapovly (¥¥A) oymatiiet mpaekmopusiapvli any macili YColHbLIAObL.
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Kopvimuvinovinaii  kene, maxanaoa — YwKbluicol3 — Yuly — annapamoulHbly
MPAeKMOPUACHIHBIY Y3bIHOLIRLIH 0a2anay Hcone, O0emeK, Yuly YaKblmbvl CblpMKbl
Gdaxmopaapovly. OYUIPAIK dHcelldiH, al0blHebl HCeN0IH ICePin ecenke aimail, bepiieen
mpaekmopusi O0UbIHWA 01 KO38AIbIC dHcazdauibinoa Oepineeni aman omineoi.
Kemepiiemin J#coHe momeHoeumin aya agvinoapsl. Moodenvoeyoi natioanana omulpvin,
APMYpIL pYKcam emineen cel JdcyKmemenepi Yulin OY3vuli2an mpaeKmopusiHulH
V¥3bIHOBIRbIH Oaz2anayaa 601aovl.

Tyiiin co30ep: YwKbIUICHI3 YUWAMbIH annapam, YIbmpa JHCEHLl YUIKbIUICHI3
Yuamoli annapam, mepmocpagusivlk Kapmaiap, meniosu3op, Kayinmi oHOIpicmik
00veKminep, JHColy HCeliNepiniy Kyovlpaapol.

V.V. Makarov

DETECTION OF LEAKS AND BREACHES OF THE WATERPROOFING
COATING OF HEATING PIPELINES BY UNMANNED AERIAL VEHICLES

Abstract. The article deals with one of the important areas of application of uavs
- thermal control of violations of hydro-insulation coating of heating mains. Mapping
of the territory with heating mains in settlements can be performed by uav in automatic
(overflight of the territory according to the set programme) or automated (UAV
operator manually changes uav flight modes) modes. Such mapping or thermography
in the specified modes is much more effective than the methods of heat pipelines
bypassing by the control teams used nowadays.

An approach for obtaining optimal trajectories of unmanned aerial vehicles (UAVS)
during the formation of thermographic maps is proposed.

at the end of the paper it is noted that the estimation of the length of the uav motion
trajectory and, consequently, of the flight time is given for the case of precise motion
along a given trajectory without taking into account the influence of external factors:
side wind, headwind, upward and downward air currents. It is possible to estimate the
length of the perturbed trajectory for different permissible wind load using simulation
modelling.

Keywords: unmanned aerial vehicle (UAV), ultralight unmanned aerial vehicle,
thermographic maps, thermal imager, hazardous industrial facilities, heat network
pipelines.
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MHHOBALIMOHHBII ®PAKTAJIBHBIN OAXO/ JJIs1 OBPABOTKHI
CEJbCKOXO3SIIICTBEHHBIX YTOJIUI
C IOMOIIBIO BILIA

Annomayun. B oannoii pabome npeocmasnen uHHOBAYUOHHBLU PPAKMATbHBIL
nooxo0 K 00pabomke  CenbCKOXO3AUCMBEHHBIX V20Ouli C  UCNOIb308AHUEM
becnunommuulx ntemamenvuvlx annapamos (bII/IA). Paccmompen nooxoo x amanusy
NnOBEepXHOCMU  3eMAU C  HpUMEHeHUueM  (QpakmanipbHo2o  aHalusd,  GKIoYas
oughpaxyuonnuslil ppakman Opayneoghepa u macumadbuposanue ko8pa CepnuHcKozo.
Ilpuseoen xo0 Ons Arduino, noszsonsarowuil cooupame OauHble ¢ OAMYUKO8 U
OMNPAsIAMsb UX 8 PeailbHOM epemenu Ha cmapmeon uepes Telegram. /s 6onee
C/LOJCHO20 AHANU3A OAHHBIX U UHMe2PAYUU ¢ CUCEeMAMU MAUUHHO20 00yYeHUs
npeonosicer Raspberry Pi, ¢ kooom 0ns coopa oannvix ¢ kamepwl u LiDAR, a maxoice
0J151 PACNO3HABAHUSL CENIbCKOXO3AUCMBEHHBIX KYabMYp ¢ ucnoavizosanuem TensorFlow.
OcHogHoe @HUMaHUe YOenaemcs B03MONCHOCMU Nnepeoaiu OAHHLIX 6 pPeanlbHOM
8peMeHU, YMo N0360Jislen ONepamusHo peasuposams Ha USMEHeHUs U AHATU3UPOBAb
bovUUe 00beMbl OQHHBIX HA Oolee MOWHOM 000PYO08AHUU UTU cepaepe.

Kntouesvie cnosa: @paxman, Oecnunommuvili 1emamenvbHbli  annapam,
UCKYCCMBEHHbLI UHMEeIeKM, MameMamuieckoe MoOeiuposanue, ouggeperyuaivbroe
YpasHeHue, ceibcKoe X035UCmeo.

Beedenue. ®pakTanbHbIi aHAIM3 — 3TO METOJ HCCIEIOBAaHUSA, KOTOPBIN
II03BOJIIET OLICHUTH CJIOKHOCTH IOBEPXHOCTEW WJIM CTPYKTYpP, MCIIOJIb3YS IOHATHUE
(bpaxTasbHON pa3MEepHOCTU. DTOT METOJ OCHOBAH Ha MJI€€, YTO MHOTUE MPUPOIHBIC
OOBEKTHl WM SBJICHUS (Hampumep, oOJlaka, TOpbl, PEeKH) HUMEIOT (paKTaTbHYIO
CTPYKTYpPY, TO €CTh OHM BBITJISIAT OJMHAKOBO Ha pPa3HbIX MaclTadax.

B cenbckom Xxo3siicTBe (hpakTadbHBIN aHAIM3 MOXKET OBITh WCIOJIB30BaH IS
OIIEHKH CTPYKTYphI TOYBHI, pefibeda ydacTka WM pocTa PACTEHUH, YTO B CBOIO
ouepeib MOKET TOMOYb B ONPE/ICTICHUN ONTUMAIIBHBIX METOJI0OB 00PaOOTKH YTOJIUH.

becnimniotHeie nerarenvHblie  anmapathl  (BIIJIA) cranu  peBOIIOLHMOHHBIM
MHCTPYMEHTOM B CEIIbCKOM XO3siiicTBe. C TIOMONIBIO KamMep M JIaTYHKOB,
yctaHoBieHHbIX Ha BIIJIA, ¢epmepbl MoOryT moisiydarh A€TalibHbIE H300pasKeHUS
CBOUX YIOJUH, 4TO O3BOJISIET UM OBICTPO ¥ TOYHO OIMPEACINIATH MPOOJIEMHBIE 30HBI.
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Buenpenue nckyccrBeHHoro untesuiekra (M) B 3TOT npouecc Aenaer aHaius
JNaHHBIX emle Oosiee TOYHBIM. MMM MOXKeT aBTOMAaTHYECKU OMNPENEsTh HapYIICHHS
pocTa pacTeHHil, BpeauTesed Wik OOJIe3HH, a TaKXkKe IMpeasiaraTh ONTUMabHbIC
CIIOCOOBI PEIICHUS ITUX ITPOOJIEM.

MareMaTtuyeckoe MOJEIUPOBAHUE (PPAKTAIBHBIX CTPYKTYp HAuMHAETCAd C
onpeneneHus: PpakTalbHOU pa3MEPHOCTH. DTO MOKA3aTeNb, KOTOPBIM OMUCHIBAET, KaK
U3MEHSIETCS CIIOKHOCTh 00BbEKTa TPU U3MEHEHUHU MacliTaba.

Jist  MopenupoBaHus — (QPaKTATbHBIX  CTPYKTYpP 4YacTO  HMCHOJB3YIOTCS
UTEPALlMOHHBIE AJITOPUTMBI, TAKHE€ KaK alropuTMbl JI-CUCTEMBI WM aITOPUTMBI
CIIy4aiHbIX OJTy>KJTaHUH.

JUtst ycnemHoro BHEAPEHHs (PPAKTAIBHOTO MOAX0Ja B COBPEMEHHOE CEIIbCKOE
Xx034icTBO ¢ ucnonb3oBanueM BIIJIA u MU, cieagyer paccMOTpeTh CIEAYIONIYIO
CXEMY:

a) Coop oannwvix ¢ nomowwvio BI1JIA.

Bri6op ontumanbHoro BITJIA B 3aBUCUMOCTH OT pa3Mepa yroaui u Tpedyemoit
JeTaau3aluu JaHHBIX.

VY cTaHOBKA TaTYUKOB U KAMEP BBICOKOTO Pa3pelICHUS IS MOJTYyUYECHUS JE€TaJIbHbIX
M300paKeHHM TTOBEPXHOCTU YTOIUM.

PerynsapHbie mosieTl HajJ Y4acTKOM JIsi MOHUTOPHMHTA M3MEHEHHH u cOopa
JAHHBIX.

6) Obpabomka u ananu3 OaGHHLIX ¢ UCnoIb308anuem UHU.

[lepenauya coOpaHHBIX JaHHBIX HA CEpPBEpP WM OOJAYHOE XPAHWIIUIIE JUIs
TAJILHEUIIIErO aHaIn3a.

[IpuMmeHeHne aaropuTMOB MAIIMHHOTO OOyYeHUsS [JIsi  paclo3HaBaHUSA
(bpakTalbHBIX CTPYKTYP Ha U300paKEHUAX U ONIPEACIICHUS UX XapaKTEPUCTHUK.

Ncnonp3oBanne MM nis BBIABIEHUS aHOMAIWM, TAKUX KakK 3aCyxa, HApYLICHUS
pOCTa pacTEHU WU BPEIUTEINH.

8) IIpunamue pewienuii Ha OCHO8e aHAIU3A.

Ha ocnoBe ananmmza nmanneix MW mpennmaraer pekoMeHmanuu IO yXoay 3a
VTOJBSMU: ONTHUMAJIbHOE BpEeMsS W METOJAbl TOJIMBA, HEOOXOJAMMOCTh BHECECHMS
ya0OpeHUI WK MPUMEHEHHUS CPEJICTB 3allIUTHl PACTECHHUH.

ABTOMAaTH3aIMsl MPOLECCOB: BO3MOYKHOCTh aBTOMATUYECKOTO YIPaBICHUS
CUCTEMaMHU TOJIUBA WX JO3UPOBaHMS y00peHui Ha ocHOBE pekoMeHaruii NN,

2) Ouyenka s¢hgpexmusrnocmu u KOppeKMuposKa nooxood.

PerynspHblii MOHUTOPUHT M aHAJIU3 PE3YJIbTATOB IIPUMEHEHHUS PEKOMEHIAUN
nmn.

Koppextuposka anroputMoB MM Ha OCHOBE MOJYYEHHBIX PE3YJIbTATOB MJIS
YIIYUIIEHUS] TOYHOCTH MTPOTHO30B M PEKOMEHIALIHM.

Jliist 6oniee TOYHOW pa3sMETKH MOBEPXHOCTH CTOUT PACUUTHIBATH (PPAKTATBHYIO
Pa3MEPHOCTH MMOBEPXHOCTEN.

OHa TmOKa3bIBae€T, KaK H3MEHSETCS CIIOXKHOCTh OOBEKTa MpPH H3MEHECHHUH
Maciraba.
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Jnia mpocToro oobekTa, Hanpumep, otpeska, D=1. Jlns mnockoctu D=2. Onnako
¢bpakTanbHble OOBEKTHI MMEIOT HEIENIOUUCICHHYI0 pPa3MEpPHOCTb, KOTOpas JEKHUT
MEX]y IBYMS LIEJIBIMU YUCIIAMHU.

OnvH U3 NOMYJIAPHBIX METOAOB OIpeIeNeHUs (PpaKkTaaIbHONU pa3MEPHOCTH — 3TO
Mmeto «box-countingy.

[IpencraBbTe, YTO BBl OKPBIBAETE OOBEKT MHOKECTBOM KBaApaToOB (MK KyOOB B
3D) u cuutaere, CKOJIBKO U3 HUX COAEPKAT 4aCTh 00bEKTA. 3aTEM YMEHBILIAETE Pa3Mep
KBaJIpaTOB U IIOBTOPSIETE MTPOLIECC.

®pakranbhas pazmepHocTh \(D\) onpenensiercs crneayronmm 00pa3om:

. log(N(e))
D =lim———=
0 1 1
8¢
rae N(€) — 9TO KOJUYECTBO KBAJApPaTOB pa3MEpOM €, KOTOPBIE COJCP)KAT YacTh
00BEKTA.
Jlns co3ganus (ppakTaabHBIX CTPYKTYP YACTO HCIOJB3YIOTCSA HTCPAlliOHHBIC
AJITOPUTMBL.

HpHMGpOM MOJKCT CIIYKUTDb AJITOPUTM CO3TaHUA KpPIBOJ'IPIHGfIHOI‘O MHOKECTBaA:
Zpoy =22+ 72"+ C
rae Z - KoMIIeKcHoe yuciio, C- KoHcTaHTa.

Tak KaK Ipy CKAHUPOBAHUU MMOBEPXHOCTEN MBI UCIIOJIB3yEM 2 TUIA YCTPOUCTB —
3TO KaMmephl M Ja3epHble CKaHepwl (Mo Tumy lidar), To B CJIEICTBHM TaKOTro
CKaHMPOBAHUs TMOBEPXHOCTH BO3HUKAIOT MpHU IuUdpakiuu cBeTa Ha (paKTaabHBIX
cTpykTypax. Takue CTpyKTypbl omnuchiBaoTcs audpkraiom @Ppaynrodepa, UTO
pacIuChIBaeTCsl MpU MOMOIIM TpeodopazoBanuss dDypre oT dpakTambHOTO OOBEKTA.
PaccmoTtpum 310 Gosiee moapoOHO:

[Ipeanonoxum, 94TO y HaC €cTh (PpakTaibHASI CTPYKTYpa, KOTOpass MOXKET OBbIThH
oIMcaHa MaTeMaTHUYECKH onpeaenacHuon ¢pyukuuei T (X, y). JudpakinonHas kapTiuHa
@paynrodepa B JaibHEW 30HE MOXET OBITh OMUCaHA C TMOMOIIBIO JBYMEPHOTO
npeoOpaszoBanus Pypre ot Gpynkimu f (X, y).

F(u,v) = Jf f(x,y) e 2rWx+vy) dxdy
0

rae F(u,v) - ammntyna audpakidoHHONW KapTuHbl, (U, V)- MPOCTPAHCTBEHHbBIC
YaCTOTHI, 1 - MHUMAs! SIMHHUIIA.

[Ipu paccMOTpeHHH MOBEPXHOCTH 3eMIIM, OCOOEHHO Ha MAaKpOYpPOBHE, MOKHO
NPEINOJI0KUTh, YTO OHA NPEACTABISET COOOH CIIO)KHOE COYETaHHWE pPa3IMYHBIX
KPUBBIX BTOPOT'O M TPETHEro MOpsAAKOB. Hampumep, ropHbie XpeOThl MOTYT OBITH
MPUOJIMKEHBI TTapabOTMUYECKUMHU HIIA TUTIEPOOTUISCKUMU KPUBBIMHU, B TO BpEMS Kak
PEKH U JOJIHHBI MOTYT OBITh ONMCAHBI KYOMYECKUMH KPUBBIMHU.

KpuBbie BTOpOro mopsiika BKJIIOUYAIOT B ceOs Takue (UTYpbI, KaK DIUIMIICHI,
napaboiibl u TUnepo0ssl. OHU OMUCHIBAIOTCS YPABHEHHUSIMH BHUIA:
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Ax, + Bxy + Cy, + Dx + Ey+F =0

KpuBbie TpeThero mTopsaKa, WM KyOWYECKHE KPHUBBIC, OIMUCHIBAIOTCS
YpaBHEHUSMH BHJIA:

Ax3 + Bx?y + Cxy? + Dy3 + Ex2 + Fxy + Gy? + Hx+Iy+] =0

@pakranpHas 3aKOHOMEPHOCTh MPOSBISETCS B TOM, YTO MPHU YBEIUYCHHUH
MacITaba moBepXHOCTH 3eMII MbI IPOAOKAEM BUIETh MOBTOPSIOLIUECS CTPYKTYPHI.
Hampumep, paccmorpenue ropHoro xpe6Tta Ha 00JbIIOM MaciTabe MOKET MOKa3aTh
napaboIUYEeCKyl0 CTPYKTYPY, HO TIPH YBEIWYEHUU MacuiTaba Mbl MOXXEM YBHJIETb
MHOKECTBO MEHBIIINX MapabOIUYECKUX CTPYKTYP, 00pa3yIoMINXCs U3 OTIEIbHBIX TOP.

AHanu3upys NOIyYEeHHYIO TU(PPaKIIMOHHYIO KAPTUHY, MOKHO U3YYUThH CBOMCTBA
MCXOJIHOM (hpaKTagIbHON CTPYKTYPHI.

DT0 MOXKET BKJIIOYATh OMpeieJieHue (PpaKkTaIbHON pa3MEPHOCTH, a TAKKE JPYTUX
XapaKTePUCTHK (PPaKTaTLHOTO 0OBEKTA.

Jlist 6osee TOYHOM MOJENTH MO HaBEACHUIO MOXET OBITh MCIOJB30BaH KOBEP
CepnuHCKOTO KaK MOJIENb JIJIsl ONTUMHU3AIMN UCTIOJIb30BAHUS 3€MEIbHBIX YYaCTKOB,
MO3BOJIAS Pa3padOTaTh CXEMBI MOJIMBA WA YAOOpEHHs, KOTOPhIE MUHUMH3UPYIOT
MOTEPHU U MAaKCUMHU3HPYIOT TTOKPBITHE.

Ob0benuHeHne aByX (pakTalioB, TaKuX Kak JUGPAKIUOHHBIA (pakTan
@paynrodepa u koBEp CeprUHCKOr0, MOXKET IMPUBECTU K CO3JAHUIO CIIOKHOU
KPUBOJUHEHHOM MOBEPXHOCTU C YHUKAJIBLHBIMU CBOMCTBAMU.

JIist aHanu3a TakoW MOBEPXHOCTU MOYKHO HMCIOJIb30BaTh AU depeHnanbHble
YpaBHEHUSI BTOPOTO MOPSIIKA.

Huddepennnansuble ypaBHEHHUS BTOPOTO TOpsiAKa JUIsl KPUBOJIMHEHHBIX
MOBEPXHOCTEH MOTYT OBITh MIPEICTABIICHBI B BU/IE:

Vif(x,y) = g(x,y)rne V - oneparop Jlamnaca, f(x,y) = - ¢dyHkuus,
OTIHCHIBAIONIAs KPUBOJUHEHHYIO TMOBEPXHOCTh, W g(X,y) - HEKOTOpas 3aJaHHas
byHKIHS.

Pemast aT0o ypaBHEeHUE AJI TAKOW CTPYKTYPHI MOTYyYaeM CIEAYIOIIYI0 MOJIENb.

Pucynoxk 1. 3D moiens MOBEpXHOCTH MO C YIETOM (PpaKTaTHHOU Pa3MEPHOCTH
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Hcnonb30BaHus TAKOTO MOJIX0Aa UMEET TaK)Ke HECKOIbKO 0OOCHOBAHMIA:

1. IndpaknroHHbIe SBICHHUS, OCOOEHHO Ha (paKTadbHBIX CTPYKTypax,
YpE3BbIYAHO YYBCTBUTEIBbHBI K MHUKPOCTPYKTypaM. OJTO O3HAYaeT, 4YTO Jaxe
HEOOJNbIIINE W3MEHEHUsI B IMOBEPXHOCTU MOTYT BbI3BaTh 3aMETHbIE W3MEHEHHS B
mudpakunoHHoi kaptuHe. [Ipu ucnonb3zoBanuu nazepHoro win MK-uzmyuenus sto
MO3BOJIIET JACTEKTHUPOBATh W aHAJIU3UPOBATH MHUKPOCTPYKTYPBI IOBEPXHOCTH C
BBICOKOW TOYHOCTBIO.

2. UndpakpacHoe u3ITydeHHE HMEET CIOCOOHOCTh MPOHUKATH B HEKOTOPHIC
MaTepualibl, YTO MO3BOJISIET aHAIU3UPOBATh HE TOJBKO MOBEPXHOCTHBIE CIIOM, HO H
HEKOTOPBIE TIOJIMOBEPXHOCTHBIE CTPYKTYPhI. DTO MOXKET OBITH OCOOCHHO MOJIE3HO AJIs
aHaJIM3a NOYBbI WM PACTUTEIBHOCTH.

3. JlazepHoe m3mydeHue 001amaeT BHICOKOW CTEMEHbI0 MOHOXPOMATHYHOCTH H
KOEPEHTHOCTH, YTO JIeJaeT €ro uaeajbHbIM A AudpakuuoHHoro aHanmmuza. Korma
JA3€pHOE U3ITYUYEHUE OTPAKAETCS UITU MMPOXOAUT Yepe3 PpakTaabHYIO CTPYKTYpPY, OHO
CO3/Ia€T YHUKAIbHYI0 AU(PAKIMOHHYIO KApTHHY, KOTOpas MOXET ObITh
aHaJM3UPOBaHa JJIsl ONPEEICHUS CBOMCTB 3TON CTPYKTYPBI.

4. Tlpumenenue qudpakimoHHOTO PpakTana @payHrodepa ¢ Bo3ayxa, 0COOCHHO
¢ wucnonb3zoBanueM bBIIJIA wnaM CroyTHHKOB, MO3BOJSET MPOBOJUTH OBICTPHIA U
3¢ (peKTUBHBIN aHaMU3 OOJBIINX TEPPUTOPUNA. DTO MOKET ObITH OCOOCHHO TMOJIE3HO
IUIsl MOHUTOPUHTA CEIbCKOXO3SIICTBEHHBIX YTOAHH, JIECOB WM JIPYTUX MPHUPOIHBIX
OOBEKTOB.

J1yist aHanM3a U ucciae0BaHus MOBepXHOCTeH pazpadboraem mozaens NN, koTopas
Ha OCHOBE IPEJCTaBICHHBIX MaTEMaTUUYECKUX Mojiesiell Oy/IeT B peajbHOM BPEMEH U
paccuuThIBaTh GPAKTAIBHYIO Pa3MEPHOCTbD.

Co3znanue Takoil cucTeMbl TPEOYET HECKOJIBKO ATANIOB U HHTETPALIMIO PA3IHMYHbIX
KOMIIOHEHTOB. Huke mpencraBieH npuMepHbiil koa st Arduino, KOTOpbIA MOMXKET
CIIYy>KMTb OTIPABHOW TOYKOM JJIsl BAILIETO MPOEKTA.

Opnako cnegyeT OTMETUTh, UYTO peanu3alus MOJHOM CUCTEMBbI NOTpeOyeT
JIOTIOJTHUTENILHON PabOThl U UHTETPALIHH.

MpI1 peanu3zyem CBSI3KY ISl paOOThI OTj1a COCTOSIIIYIO U3 CIAEAYOIINX DIEMEHTOB:
Arduino u Raspberry Pi.

Hwxe mpencraBiieH mporpaMMHBIN KOJ HAMHMCAHBIA ISl aBTOHOMHOW PabOTHhI
BIIUTA B BO3myxe W mepenade NaHHBIX B aBTOMAaTHYECKOM PEXKUME B TeJIETpaMMBbI
akkayHT pepmepa (B JaHHOM clTy4yae Hac).
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#includ WiFi
#includi FiClientSecu

// Bawm pauuwe WiFi
const chark ssid =
const char* passwore

// Tokew pawero Gota
char* botTokes ¥
int chat_id = “@vanTEROR";

WiFiClientSecure client;
void setup() {
1. begin(11521
in(ssid, pa
while (WiF: tus() != WL_CONNECTED) {
delay(1000) ;
Serial.printin{"Connecting to WiFi..
}
Serial,printin{"Connected to WiFi");
void loop() {
String surfaceDat.
String plantData
String message = "Surface Analysis: " + surfaceData + "\nPlant Recognition: " + plantData;
sendTelegranMessage(message) ;
delay(60000); // OTNpaBKa NaHHLIX KAXOYD MUHYTY
String analyzeSurface() {
/1 3n Ball KOL ANA 8HaNW3a NOBEPXHOCTM C MOMOWbLK NATHYMKE WNW NKnapa
return "Sample surface data";
}
String nizePlants() {

BaU KOR ANA PACNO3HABAHMA PACTEHWA C NOMOLLR KaMepsl
"sample plant data";

void sendTelegramMessage(String message) {
String url = "htt api.telegram.org/bot" + botToken + "/sendMessage?chat_id=" + chat_id + "&text=" + message;

Pucynok 2. [Tporpammuslii ko st ynpasieHust BIUJIA peanuzoBanHOTO Ha
Arduino

Kak BHIHO W3 [aHHOTO KOJa, apIyMHO KaK IMPOCTEHIINI MHUKPOKOMIBIOTEP
MO>KET BIIOJIHE BBIIOIHATH POJIb aBTOHOMHOTO MUJIOTA [Tl aHATUTHYECKUX JPOHOB.

Jlanee mpeactaBuUM MoOJENb, KOTOpas OyneT aHalW3WpOBaTh MOBEPXHOCTH C
UCTIOIh30BAHUEM  BeO-KaMepbl  BBICKOTO  paspelieHus | JaT4ukoB  lidar
peanu3oBaHHylo Ha Raspberry Pi.

# Hactpoika LiDAR
lidar = RPLidar("'/dev/ttyUss')

# HacTpoiika Kamepsi
camera = cv2.VideoCapture(8)

# HacTpoiika cOKeTa Ana Nepefayu NaHHX Ha KoMNLoTep

host = 'your_computer_ip'

port = 12345

client_socket = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
client_socket.connect((host, port))

def analyze_image(frame):
# 3pec Baw KOR AN 3HanK3a W30GPAXEHHS Ha XOy
# HanpuMep, B MOXETE UCNIONL30BATL MPOCTHE METORN O6PaBOTKA W3OGPaKeHA ANA BWABNEHHA KPUTMUECKUX WIMEHEHM]
critical_changes = False
return critical_changes

def send_data_to_computer(data):
socket. sendall(data)

while True:
ret, frame = camera.read()
if not ret:
break

critical_changes = analyze_image(frame)
if critical_changes:
print("Critical changes detected!")
# 3peco Bul MoxeTe N06aBUTL QONONHATENbHLE QEACTBMA, HanpuMep, OTNPaBWTL NpPefynpexaeHue

# C6op panHeix ¢ LiDAR
for scan in lidar.iter_scans():
# 3pece Baw Kom ANA aWanu3a faHHx ¢ LiDAR

# Makyem NaHHbie W OTNPABNSEM HA KOMILOTEP ANA AETANLHOTO aHANW3a
data =

“image': frame,

"lidar': scan

}
send_data_to_computer(data)

canera. release()

Pucynok 3. Cucrema ¢ MalmuHHBIM 00yUEHHEM /IS aHAJIA3a TOBEPXHOCTH
peann3oBanHas Ha Raspberry Pi

st pacmmpenuss cuctembl ¢ ucnosib3oBaHuem TensorFlow wmm PyTorch,
MIPEANOJIOKNM, YTO y HAC €CTh MPEABAPUTEIIBHO 00yUeHHAass MOJIETh, KOTOpas MOXKET
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pacro3HaBaTh Pa3InYHbIC CETbCKOXO3SIMCTBEHHbIE KYJIbTYpPhl HA U300paKeHUIX. DTa
MOJIETIb MOKET OBITh OOyueHa Ha OOJBIIOM HabOpe AAHHBIX C H300paKEHUSAMHU
PaA3JIMYHBIX KYJIbTYP.

Tenepp Ha OCHOBAHWM ATHUX JAHHBIX MPEACTABUM MOJEIb MAIIMHHOTO 3PEHUS
(T.e. mocmotpuM riazamu BITJIA Ha mOBEepXHOCTH).

Ona mnpencraBigeTr coOOW CTPYKTYPY, BBIJCISIONIYI0 TIOCEBBI, U JApyrHe
CEIBCKOXO3SIICTBEHHBIE HACAKACHUS HA IOBEPXHOCTU 3EMIIH.

PucyHnok 4. [Ipumep aHanmuza U BBIICIICHUS HACAKACHUN B YCIOBUSX TOPHBIX
BO3BbIIIEHHOCTEN KbIprei3ckoii PecryOnnku.

Buvisoo. B penienus MaremMaTHyecKOW MOJIENM W CO3JIaHMsl TPOTOTHUIA JIJIst
aHajgu3a OblIa TpEJACTaBiICHA KOHIEMIMS co3laHus cuctembl s BIIIA,
peanu3oBanHOi Ha 0aze Arduino u Raspberry Pi, ¢ menpo anamuza
CEJIbCKOXO3SIMCTBEHHBIX YTOAUU.

OCHOBHBIE MOMEHTBI, KOTOPBIE OBLJIM PACCMOTPEHBI:

1.bb1n mpeAcTaBieH NOAX0/ K aHAJIM3Y MOBEPXHOCTH 3€MJIM C MCIIOJIb30BAHUEM
dbpakTanpHOTO aHanu3a, BKIOYas audpakiuoHHbii ¢Gpakran @Dpaynrodepa u
MacmTabupoBaHue KoBpa CeprmuHCKOTO

2. IlpuBenen xoxa st Arduino, KOTOpBIM MOXKET cCOOUpATh JaHHBIE C JATYUKOB,
aHaJIM3UPOBATh UX U OTIIPABIIATH B peaIbHOM BpeMeHU Ha cMapTdoH yepe3 Telegram.

3. Jlns Oosiee CIOXKHOTO aHalM3a JAaHHBIX M HWHTETpalldd C CHUCTEMaMu
MaIlIMHHOTO 00yueHusi ObUT mpeasoxkeH Raspberry Pi. beun mpeacrtaBieH kox ajis
coopa gmanHbix ¢ kamepel u LiDAR, a Takke s pacno3HaBaHUS
CEJIbCKOXO3SICTBEHHBIX KYJIBTYp ¢ ucnoyib3oBanueM TensorFlow.
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4. O6cyxnaanach BO3MOXKHOCTh MCIIOJIb30BAHMS MPEABAPUTENBHO OO0yUEHHBIX
Mojieneu MAaIlIMHHOTO oOy4JeHHS JUJISE pacno3HaBaHUs Pa3IMYHBIX
CEILCKOXO3SIMCTBEHHBIX KYJIbTYP Ha U300paKEHUSX.

5.0OCHOBHOE BHUMAHME YAEISAIOCHh BO3BMOXKHOCTH MEPEAAYN JAHHBIX B PEATbHOM
BPEMEHHU, YTO TMO3BOJISIET ONEPATUBHO PEarupoBaTh HA U3MEHECHUS U aHAIU3UPOBATH
OoJibllIie 00BEMBI JaHHBIX Ha 00J1ee MOIITHOM 000PY/I0BAaHUH WIJIH CEPBEpE.

B 3akmrouenue, co3ganue Takoi cuctemsl Juisi BIIJIA TpeOGyer KOMIUIEKCHOTO
MO/X0/1a, BKJIIOYAs alllapaTHoe oOecreueHue, MPOrpaMMHUPOBAHWE U MAIIMHHOE
oOyueHwue.

Onnako  mpeuMyliecTBa, TaKMe  Kak  aBTOMATU3UPOBAHHBIM  aHAU3
CEIIbCKOXO3SIMCTBEHHBIX YIOAWW M OIEPATUBHOE pPEAarupoOBaHUWE HA W3MEHEHWUS,
JETAr0T ATOT MOAXO0/I MEPCIEKTUBHBIM JJII COBPEMEHHOT'0O CEIIbCKOr0 X035 CTBRA.

I'.A. Axpinoekona, 1.J1. JloHeHKO

AYBLT HIAPY AIIBLIBIFBI ATKATITAPBIH YIIKBIIICHI3 YIITY
ATNIMAPATTAPBIMEH OHJIEYTE APHAJIFAH MHHOBAIIASIJIBIK
®PAKTAJJIBIK TOCLI

Anoamna. bByn wmakanaoa YwKbluicul3 yulameln annapammapovl (¥¥A)
natoanlana Omvlpvin, AYbLIUAPYAUDBLILIK — Jicepliepin  oHOeyOiH  UHHOBAYUSIbIK
@dpaxmanovix macini ycvinvlazan. paxmanovt mandayowvl NAUOALIAHA OMBIPLIN, JHcep
bemin manoay maciii Kapacmulpsliaovl, cOHblY iuinde Ppayneoghep ougdpaxyusiviy
Gppaxmaner ocone Cvepnuncku Kineminiy macwmabmayvl. Arduino yuwin Koo
CeHcopaapoan 0epekmepoi HCUHAY2A JHcaHe OHbl Hakmul yakuimma Telegram apxulivl
cmapmahonea dxncibepyze MyMKIiHOIK bOepedi. /lepekmepOi HeeypiviM Kypoeni manoay
JHCOHe MAWMUHATILIK OKbIMY JHCyuenepimer unmezpayusinay yuin kamepa men LiDAR-
oan Oepexmepoi dcunayza, conoai-ax TensorFlow rkemecimen OaxwvlidapOvl mauy
KkoOwvl 6ap Raspberry Pi ycwvinvinaovl. Hezypnvim xyammor dcabovikma Hemece
cepsepoe o32epicmepee JHCbIIOAM dHcayan bepyeze dHcaHe 0epekmepoin YIAKeH KOJleMiH
manday2a MYMKIHOIK Oepemin HAKMbL YaKblm pedxcuminoe oOepekmepoi Oepy
MYMKIHOI2IHE HA3ap aY0apblLiaobl.

Tyiin ce30ep: @pakmanovlx, YWKbIUICHIZ YUy annapamsl, Hcacamobvl
UHMeEIeKM, MAmeMamuKkaiel mooenvoey, ouggepenyuanrovix menoey, daybil

wapyautbliivienl.
G.A. Akylbekova, I.L. Donenko

AN INNOVATIVE FRACTAL APPROACH FOR PROCESSING
AGRICULTURAL LAND USING UAVS

Abstract. This paper presents an innovative fractal approach to the cultivation of
agricultural land using unmanned aerial vehicles (UAVs). An approach to analyzing
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the earth's surface using fractal analysis is considered, including the Fraunhofer
diffraction fractal and Sierpinski carpet scaling. Code for Arduino is provided that
allows you to collect data from sensors and send it in real time to a smartphone via
Telegram. For more complex data analysis and integration with machine learning
systems, the Raspberry Pi is proposed, with code for collecting data from a camera
and LIDAR, as well as for recognizing crops using TensorFlow. The focus is on the
ability to transmit data in real time, which allows you to quickly respond to changes
and analyze large volumes of data on more powerful equipment or a server.

Key words: fractal, uynmanned aerial vehicle, artificial intelligence, mathematical
modeling, differential equation, agriculture.
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MOJEJUPOBAHUE U OITUMU3ALIUA TPOITY CKHOI
CHHOCOBHOCTH ADPOIIOPTOB B YCJOBHUAX CE3OHHOI'O POCTA
HACCAKUPOIIOTOKOB

Annomayusn: B pabome coz0an memoo nogviuieHust NPONYCKHOU CHOCOOHOCMU
CKOPOCMHBIX PYIEAHCHBIX OOPONHCEK 8 YessX NOSblueHUs. dPPeKmusHoCcmu 631emHo-
ROCAOOUHOU NOJOCHL C YHemOM YCI08UU Ce30HHO20 POCHA NOMOKA 8030YUIHbIX CYO08
U paspabomano UHCMpPYMEeHmaibHoe cpeocmeo 6 6Uoe alcopumma U RPoSPAMMHOS0
KOMNIeKcd.

Kniroueevie cnosa: Aspoopom, 83nemno-nocadoyHnas nouoca, 3QhekmusHocmo,
asuayusi, asponopm, camonem, nPonyCcKHas CHOCOOHOCMb.

B cBs13u ¢ Tem, 4TO cIpoc Ha aBUAIMOHHYIO OTPACIb B MUPE PACTET C KaXKIIbIM
JTHEM, a TAKXKE B PE3yJIbTATE YBEIMYEHHUS KOJIMYECTBA aBUANIEPEIETOB B a3pONopTax,
0co00e BHUMaHHE YAENSEeTCS BONPOCAM MOBBILIEHUSI MPOMYCKHOW CHOCOOHOCTH
B3JIETHO-NIOCAIOYHBIX IOJIOC. Bo3aymiHele Ccyna MOIYT TpaTUTh UYPE3MEPHOE
KOJIMYECTBO BPEMEHU B IPOLIECCE JABMXKEHMS 10 B3JIETHO-IIOCAJOYHBIM II0JIOCAM, YTO
MOXKET MPHUBECTH K 3aJepXkKaM peiicoB. DTta mpobiema Takxke HaOIOAaeTcs B
a’poIopTax pa3BUTHIX CTPaH, B TOM YMCJE B TaKUX CTpaHax, kak Typrus, AHrims,
IOxnas Kopes, I'epmanus, Ucnanus, Utanus, CIHA, Kuraii, fAnonus;, Cunramyp,
Asctpanus, OAD, Opannus, rae ocodoe BHUMaHUE YASISIETCS BOMPOCaM YBEITUICHUS
MPOIYCKHOW CMOCOOHOCTH B3JETHO-OCaA04uHbIX mnojioc [1-3]. TlosTomy onHO# u3
HACyIIHbIX TIpOOJIeM SBJSETCS, MPEXIE BCEro, MOBbIMIEHHE 3PPEKTUBHOCTU
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MPOIYCKHOW  CIMIOCOOHOCTH  B3JIETHO-TIOCAJOYHOW TIOJNOCHI Il 0OeCTieUeHUs
Ka4eCTBEHHOT'0 OOCITYKMBaHUS MTACCAKUPOB.

B ycrnoBusX CE30HHOrO pocTa MOTOKA BO3AYIIHBIX CYJIOB B MHUpE OOJBIIOE
BHUMAaHUE YJEIsIeTCS Hay4YHO-HCCIIEIOBATEIbCKUM padoTaM IO TOBBIIMICHUIO H
YIYUIIEHUIO TPOIMYCKHOM CHOCOOHOCTH B3JIETHO-TIOCAIOYHBIX IIOJIOC a’3pojpoMa.
Oco6oe 3HaueHue nmpuoOpeTaeT MPOBEJACHNE HAYYHO-HCCIIEA0BATEIbCKUX PaboT 10
MOBBIICHUIO A (PEKTUBHOCTH MPOMYCKHON CIIOCOOHOCTH B3JIETHO-TTOCAIOYHBIX ITOJIOC
3a CUET COKpAIIECHUS] BPEMEHH PYJICHUSI BO3YIIHBIX CYJIOB, B TOM YHUCJIE B MPOIIECCE
B3JICTOB-TIOCQ/IOK Ha a’pojipoMax, ¢ COOJIFOJIGHHEM BCEX 3aKOHOIATEIBHBIX HOPM,
OTHOCAIIMXCS K aBHAIMOHHOW OTpaciv. B 3TOW CBA3M aKTyaJdbHBIMHU 33Ja4aMu
SBJISIIOTCSL BHEAPEHUE W pa3pabOTKa METOJOB OLEHKU M TMOBBIIIEHUS MPOITYCKHOMN
CITOCOOHOCTH B3JIETHO-IIOCAIOYHOM MOJIOCKHI a3pOpoMa B YCIOBUSAX CE30HHOTO POCTa
MOTOKA BO3AYIIHBIX CYJIOB.

B mHacrosmee BpeMs B MEXKAYHApPOAHBIX a3pONOPTAX MHUpa, TAE€ MHOTO

aBUAIEPENICTOB, BEAYTCS AaKTUBHbIE pabOThl MO MOBBIIIEHUIO MPOMYCKHOU
CIOCOOHOCTH B3JIETHO-TIOCAJ0YHBIX MOJ0C a’poapoma. [Ipoananu3upoBaHbl B3IETHO-
MIOCAJIOYHBIE TOJIOCHI a3POAPOMOB MEKIYHAPOJHBIX a’pONOPTOB C HAUOOJIBIIUM B
MHUpE TacCCaKUPOIOTOKOM U  JIBM)KEHHEM  BO3IYIIHBIX CYAOB, a TaKke
rpy3onepeBo3kamu 1o uroram 2021 ropa.

B pabote mnpoaHanmu3upoBaHbl METO/bl obOecrieueHusi pabOTOCIIOCOOHOCTH U
O0ecniepe0o0itHO PabOThl B3JIETHO-NIOCAJOYHOW TOJIOCHI a’poApOMa a’pONOPTOB C
BBICOKMM TMOTOKOM BO3JAYIIHBIX CYJOB, @ TaK)K€ OLIEHKa MPOMYCKHOW CIIOCOOHOCTH
B3JIETHO-IOCA/I0YHOM MOJIOCHI a3pOopoMa.

beimo mpoBegeHo aHanmu3 paboOTHl  B3NETHO-MocamouHor Tmosockl  (BIII)
a’pojpoMa a’pornopTa ¢ O0IBIIMM MTOTOKOM BO3AyIIHBIX cy10B (BC). AHanu3 nanHbIx
O CaMbIX 3arpy>KEHHBIX a’dpPOIOpPTax MHUpa MO MACCAKHUPONOTOKY U TPY30MOTOKY, a
TaKk)K€ aBUAINEPEBO3KaM BBISIBIJI, YTO CYHIECTBYET psiaA  (PaKTOpoB, KOTOpHIE
COKpaIaloT BpeMsi 0OCITY>KMBaHUS BO3AYIIHBIX CYJOB B a3pOINOPTy M MOBBIIIAIOT
3 PEKTUBHOCTH MPONMYCKHON CIIOCOOHOCTH.

[IpoBeneH ananu3 nmapaMmeTpoB pabOTHI B3JIETHO-TIOCAI0UYHBIX MOJIOC a3poapoMa
U pYJEXKHBIX JOPOXKEK a’ponopToB PecnyOnuku Y30ekucTaH B yCIOBHUSIX CE30HHOTO
pocTa NOTOKa BO3YLIHBIX CYOB.

[Ipoananu3upoBan psii METOJOB TOBBIIICHHUS TMPOMYCKHONH CIOCOOHOCTH
B3JIETHO-TIOCAI0YHOM MOJIOCHI U oOecnieyeHus ee OecrniepeOoHOoN paboThI.

1-meron. Hanaxusanue »>ddextuBHOro oOMeHa uHOpManuend BHYTpU
a’pornopra.

2-meTo[1. Vcrionb3oBaHNe UMEIOIIUXCSI BO3MOXHOCTEH.

3-MeToj. AnanTtanus K CIpocy.
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4-metoa. ObecrieueHne NpaBUIbHON MOCTIEI0BATEIBHOCTH B3JIETOB U TIOCAJIOK.
5-Meton. ObecrieyeHne mocie0BaTeIbHOT0 00CTyKUBAHNUS.

B OosbmivHCTBE ciydaeB 1mocie A3TUX Mep 3(P(HEKTUBHOCTh MPOMYCKHOM
crocoOHocTH yBenuuuBaeTcss Ha 10...25 %. Beleyka3zaHHble METOABI CIIYKaT IS
NOBBIIIEHUA A(PPEKTUBHOCTU MPOMYCKHOM CIOCOOHOCTH  B3JIETHO-TIOCAA0YHOM
MOJIOCHI a3POJIPOMa JAXKE B YCIOBUSAX CE30HHOIO pOCTA MOTOKA BO3AYIIHOIO CYHA.

JUist  onTUMU3aLMsS TPOMYCKHOW CHOCOOHOCTH a’poOIloOpTOB B YCIOBHSX
CE30HHOT0 POCTa IACCAKUPOIIOTOKOB OMMCaH CKopocTHOM PJ/I, m yBenuueHusa ee
MPOITYCKHOM CIIOCOOHOCTH, a TaKXke CIocoObl o0ecreueHus oecrepedoiHoi paboTh
BIIIL.

Yron mepecedeHuss CKOPOCTHOW PYJIEKHOW JOPOXKKH C B3JIETHO-TIOCATOYHOU
MOJIOCOM JTOJKEH ObITh He Ooiiee 45 TpajycoB U HE MEHee 25 TPaaycoB, B HIECIHLHOM
ciyyae — Oonee 30 rpamycoB. CKOPOCTHBIE PYJICKHBIC TOPOKKH TMOJOKUTEIHLHO
BIIMSIIOT HA YBEJIMYEHHUE MPOMYCKHOM CITIOCOOHOCTH B3JETHO-IIOCAA0YHOM MOJIOCHI O
Mepe yBEIMYEHHSI MHTECHCUBHOCTH JABVKEHUS BO3IYIIHBIX CY/I0B, COCTaBIIAS OUH U3
aCIEKTOB MPOITYCKHOM CIIOCOOHOCTH a3pomnopTa.

[lon mpomycKHOW CHOCOOHOCTBIO B3JIETHO-TIOCAJOYHOM IOJIOCHI a3poIopra
ITIOHUMAETCSI KOJIMYECTBO CAMOJIETOB, B3JIETAIOLIMX U MPU3EMIISIFOLIUXCSI Ha B3JIETHO-
MOCaJI0OUHYI0 MoJjiocy. YeM Oouibllie CaMOJIETOB MCHOJB3YIOT B3JIETHO-NOCAJ0OYHYIO
MOJIOCY ISl TOCAJAKU U B3JieTa, TeM OOJIblIE IMPOIYCKHAas CIOCOOHOCTh B3JIETHO-
IOCAaJOYHOU MOJIOCHL.

[Ipouecchl, MPOUCXOAAIINE TP MATEMATUYECKOM MOJIETUPOBAHUH MOBBIIICHUS
3 PEKTUBHOCTH MPOMYCKHONU CIOCOOHOCTH B3JIETHO-IOCAIOYHOM MOJIOCKHI a3POIpoMa,
MPEACTABISIIOT CO0OM OMNHMCaHWE SBJIICHUM, NPEICTABICHHBIX MaTEeMaTUYECKUMU
omepauusMH, TakkKe  SBJIAETCS  MOIIHBIM  METOAOM  IIpoliecca  OLEHKH,
MIPOTHO3UPOBAHUS U KOHTPOJISA, @ aHAJIU3 JAET BO3MOXKHOCTh aJIeKBATHO ONPEIEIUTh
MPUPOY U3YyHAEMOTO SIBJICHHUS.

Ha ocnose meromonorun IDEFO nmogpo6Ho paccMoTpum mojenb «[loBbienue
MPOIMYCKHOM CIIOCOOHOCTH B3JICTHO-ITOCAI0OUHON TIOJI0CKI aspoapomay (puc. 1) [4-5].

Crpenkn BBoma (Lpnm, Leraprs --- Lcpy) B JICBOM HacTW JaHHOW Monenw
NPEJICTaBISIOT EpEMEHHbIE, HEOOXOIMMBIE JJIs 3aITycKa Mpoliecca MOJCIUPOBAHHUS.
Crpenka BBOAA, BCTABJIEHHAs B BEPXHIOK 4acThb MOJEINH, MPEACTABISAET MPABUIIA U
OrpaHUYEHUS], KOTOPbIE HEOOXOAUMO COOIOAATh B MPOLIECCE MOCIUPOBAHHUS, TO €CTh
B JIAHHOM CJIy4a€ pEKOMEHIyeMble€ METOIbl W CTaHAApThl, pa3paboTaHHBIE
MexnaynaponHoi opranuzanueil rpaxiaanckoi asuanuu (ICAO). Crpenka cHHU3Y
MIPEACTABIISIET COOOM CTPENIKY-KOJIOKOJIbUUK, KOTOpask yKa3bIBAET HA JIONOJIHUTEIbHBIH
pecypc, HeOOXOIUMBINA ISl BBIMOJHEHUS JaHHOM 3ajayd, a B JaHHOM Cllydae — Ha
CHelUaIbHbI MPOTrPAaMMHBIN HMHCTPYMEHT, pa3pabOTaHHBINA IS MOJEIHPOBAHUA.
Crpenka ¢ mpaBoil CTOPOHBI MOJIENH MPEACTABIISIET MAPAMETPHI, MOJTYUEHHBIE B KOHIIE
MOJEIIMPOBAHUS, TO €CTh PE3yIbTUPYIOIINE 3HAadeHUs. VIMEHHO 3Tu mapameTpsl B
KOHEYHOM MTOI€ aHAJIM3UPYIOTCSI U OLIEHUBAIOTCS.
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Pucynok 1. CtpykTypHas cxeMa MaTeMaTHYECKON MOJIeTTH TOBBILIECHUS
3 PEKTUBHOCTH MPOMYCKHON CIIOCOOHOCTH B3JIETHO-MIOCAI0YHOM MOJIOCHI
aspoapoma Ha ocHoBe Metononoruu IDEF0

Ha ocHoBe «MaTeMaTnuueckoil MOJENN yBEIUYEHUS MPOIYCKHON CIIOCOOHOCTH
B3JIETHO-TIOCAJI0OYHOM  TOJIOCHI  a3pOINOPTa» CO3aH  «AIJITOPUTM  YBEIIMYECHUA
MPOITYCKHOM CITOCOOHOCTH B3JICTHO-TIOCAIOYHOM IMOJIOCHI aspornioptay (Puc.2).

JIns yBeNMueHUs TTOTOKA BO3YIIHBIX CY/I0B pa3pad0TaH ajJrOPUTM TMOBBIIICHUS
7 (PEeKTUBHOCTH MPOMYCKHOM CIIOCOOHOCTH B3JIETHO-TIOCAI0YHOM MOJIOCKHI a3poipoMa
C YYETOM YCIIOBUI CE30HHOI'O POCTa MOTOKOB BO3IYIIHBIX CYAOB. Tak KaKk HE UMEETCs
BO3MOKHOCTh BBEJICHUSI BCX BBIPAKEHUN B OJIOKM aJlfOPUTMA, MBI BBEJIM TOJIHKO
MTOJTYyYEHHbBIEC BEJIMYHHBI.

Framework.net ucronb3oBascs rnpu pazpabdotke mporpammsel IBM «BOYMAN-
AIR», mo3BOJIAIONIEH TOBBICUTH MPOIMYCKHYIO CIOCOOHOCTH B3JIETHO-TIOCAJOYHOMN
MOJIOCHI A3POIOPTa B YCIOBHSIX CE30HHOTO POCTA MOTOKA BO3AYILIHBIX CYAOB, 3a CUET
Bepcuu .net 6.0 s3b1ka nporpammupoBanusi C#. «IIporpamma 9BM «tBOYMAN-AIR»,
MO3BOJISIFOIIASI TOBBICUTH MTPOMYCKHYI0 3 (PEKTUBHOCTD B3JIETHO-TIOCAI0YHOM MOJIOCHI
a’poropTa, TMO3BOJISIET TMOBBICUTH MPOMYCKHYIO CIIOCOOHOCTh KakK B3JIETHO-
MOCAIOYHBIX TOJIOC, TAK M CKOPOCTHBIX B3JIETHO-TIOCAIOYHBIX IOJIOC HAa OCHOBE
pa3paboTaHHBIX HAMH METOOB. JlaHHas mporpaMMa CpaBHUBAET Pa3HUILY KOJIMYECTB
CaMOJICTOB TIPU KCIOJIb30BAHUU OOBIYHBIX PYJEKHBIX JIOPOKEK U PYJIEHKHBIX
JIOPOXKEK, U TpelAcTaBisieT B rpaduueckoid W mporeHTHou dopme. s paboThi
nporpammbl OBM «BOYMAN-AIR» BBOIATCS mapaMeTpbl a3ponopra U caMmoJieTa.
[Iporpamma OBM «BOYMAN-AIR» noaroroBjieHa B COOTBETCTBUU CO BCEMH
HOPMATHBHBIMH JIOKYMEHTaMU, TPUMEHSIEMbIMU B chepe aBuallvu.

Ha pucynke 3 B rmaBHOM okHe nporpamMmmbl DBM «BOYMAN-AIR», nmokazana
s dextuBnocTs BIIII B nporienTax u konudectse BC miis cimydas uCoiab30BaHus U
HE HCIOJB30BaHUS CKOPOCTHBIX PYJEKHBIX N0pokeK. Ha pucynke 4 npenacraBiieHO
rpaduueckoe npeacTaBieHue 3pHEKTUBHOCTH MpomyckHOM crocooHocTu BIIIT miis
Clly4yasi MCIIOJb30BaHUS M HE HMCIOJIb30BAHUSI CKOPOCTHBIX PYJICKHBIX JIOPOKEK, B
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pa3pe3e KOJMYECTBAa BO3AYILIHBIX CYAOB, Ul ONEpaluu MOocajgka 3a MOCAaAKOH, U
MONEPEMEHHON (CMEIIIaHHOM) OTepalui.

Hauano <

D

ITapamerps! asporopra u
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BKJIIOYEHBL. (2)

)
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©)

Ja

Her Her

Tun
camosiera
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(4)

Tun
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TSKEITBIA?

(5)

Tun camonera
TSDKEIbIN
serkuii? ( 6)
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TSDKEITBIN
nerkuit? (7)

B;‘;:;E::O_F_C g Bb;rlc(il;i:o;_cﬂ Brmonusiores BHHOH;”}OT? Boinonusiores BBIOTHAIOTCS
pasGera, T- 1}; asGera. T- pacuersl T-pasbera, pa‘f;‘e“’l pa3Tera, pacuersl T-pasbera, | | pacuerst T-pasGera,
nocankw, T- nocam(n,, T- T-nocaaxu, T- -nocaku, T- T-nocamxu, T- T-nocanxu, T-

npobera u T.1. IS npobera u T, s npobera  T.1. A1 npobera U T.J. UIs npobera  T.1. 41 npobera u T.11. st
TSDKEJIOro Cpe/IHEero camonera| | cpemHero camosieTa Jierkoro camonera. | | Tsokenoro camonera
canoeta JIETKOTO CamoIeTa (13) 12) (10) ®
(11)
(9)
Ha ocnose Ha ocnose
Ppe3yIbTaToB Ppe3yIbTaToB
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(5) (14)

Omnpenensercs 3¢ dekTnBHOCTS npoBoauMocTH Uqy npu
BeimonHennn puqy-UU, pugy-QQ, puqy-cmeceii.
(16)

PesynbraTh! oTOOpaxkaroTcs Ha /
9KpaHe U CPaBHUBAIOTCS /

rpaduueckn. (.17)

Kowuerr. (18)

PucyHok 2. AIroput™ noBbIIIEHUS] TIPOITYCKHON CIOCOOHOCTH B3JIE€THO-
IIOCaJOYHOH IT0JIOCHI a3POAPOMA
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Pucynoxk 3. ['maBHOe 0kHO nporpaMmsbl 3kcriozuind «BOYMAN-AIR»
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Pucynok 4. I'papuyeckoe okuo nporpammbl «BOYMAN-AIR»

3axnrouenue. Co3qaH METO/ TTOBBIIICHUS TIPOITYCKHOM CITOCOOHOCTH CKOPOCTHBIX
PYJICKHBIX JOPOKEK B IENAX MOBBIMICHUS 3()(HEKTUBHOCTH B3JICTHO-TIOCATOYHOMN
MOJOCHl C YYETOM YCJIOBUM CE30HHOIO pPOCTa IOTOKAa BO3AYUIHBIX CyAOB. B
pe3ynbTare, ObUIO JOCTUTHYTO MOBBIIIEHHE 3(PGEKTUBHOCTH B3JETHO-TIOCATOYHON
MOJIOCHI 32 cueT d()PEKTUBHOTO MCIOIB30BAHUS CKOPOCTHOU PYJICKHON TOPOKKHU B
YCJIOBUSIX CE30HHOTO POCTA MOTOKA BO3AYIIHBIX CYI0B.

Pazpaborana  maremarmdeckas  MoOJelb  MOBBIMICHUS  3(PHEKTUBHOCTH
MPOIMYCKHOW  CIMOCOOHOCTH  B3JIETHO-TIOCAQJOYHON  TOJOCKI € Y4YETOM
MOCJIEA0BATEILHOCTH BBIMOJHEHUSI TTOJIETOB JJIsl YMEHBIIICHUS 3a/I€P>KEK BO3TYIIHBIX
CyJIOB Ha B3JICTHO-TIOCQJ0YHOM Tojoce. B pe3ynbrare ObLJI0 JOCTUTHYTO CHUYKEHHE
3agepxek BC Ha B3JIeTHO-TIOCAI0YHOM TOJIOCE.
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N. M. Caitnymapos, U. XK. boiimanos

_ 9KOJIAYLIBUIAP AFBIHBIHBIH MAYCBIM/IBIK OCVYI
KAFTAVBIHJIA OYEKANIAPIBIH OTKI3Y KABLIETIH MOJEJIBIEY
"KOHE OHTANJIAHIBIPY

Anoamna. Kymvicma aye Kemenepi a2blHbIHbIH MAYCHIMObIK OCY HCAROAUIADbIH
eckepe OMbIPLIN, YULY-KOHY JHCONARbIHbIY, MUIMOLIIIH  apmmulpy MAaKcamvlHOa
AHCORAPBL  JHCHLIOAMOLIKIBL  MAKCOMOMOPALIK — HCONOAPObIY  OMKI3y  Kabilemin
apmmulpy 20icmemeci Hcacanobl Heane areopumm meH 6a20apaamanvlk KAMmMAamacsl3
emy mypinoe2i Kypau a3ipienoi.

Tyitin co30ep: Aspodpom, Yuiy-KOHY HCONa2bl, MULMOLLIK, A8uayus, 2yedxcal,
ywax, omkizy Kaoiiemi.

I.M.Saidumarov, |.Zh. Boymanov

MODELING AND OPTIMIZATION OF AIRPORT CAPACITY IN
CONDITIONS OF SEASONAL PASSENGER TRAFFIC GROWTH

Abstract. The paper creates a method for increasing the capacity of high-speed
taxiways in order to increase the efficiency of the runway, taking into account the
conditions of seasonal growth in the flow of aircraft, and develops a tool in the form
of an algorithm and a software package.

Keywords: Airfield, runway, efficiency, aviation, airport, aircraft, throughput.

IlepeyeHb HCNOJIB30BAHHOM JTUTEPATYPbI

1. Cratuctuka MEXIyHApOAHOTO al’pornopra ATnaHTsel Xaprcduuia-/[KexkcoH.
[Iposepeno 15 despans 2022 r.

2. Jx. Puccman, CapaBanan ApyHauanam, M. Bymu, [IxelicoH VYoacT.
KomriekcHpIf OIX0/1 K XapaKTepUCTUKE BO3JICUCTBHS aBUAIMOHHBIX BHIOPOCOB Ha
KaueCcTBO BO3/yXa B MEXKIYyHAPOJAHOM a’pornopty Atmantsl Xaptchuna—/xexkcon //
Xumust atmocdepsl U dusndeckue uccienoanus. [Iposepero 15 deppans 2023 r.
DOI:10.5194/acp-13-9285-2013.

3. I'peropu SA6moncku, Puuyapn Crekens, Jlenuc Koncranec, [xon daphan,
Cratuctuka 3aiepeK peicoB B MEXIYHAPOIHOM a’ponopTy ATIaHThl XapTchuia-
Jlxexcon // XKypHan ynpaBieHus: aBUakoMnaHusiMu U aspornopramu. [Iposepeno 12
mapta 2022 r. DOI:10.3926/jairm.22.

4. IMamcue 3.3. [udpoBuzamuss y4eOHO-METOAUUECKOTO OOECICUEHUs
MOATOTOBKM aBUALIMOHHBIX JUCIETUYEPOB. MEXIYHApOAHBIM KypHAJ aBUAIINH,
BO3/1yXOIUJIaBaHUs U a3pokocmudeckoil npomsiiieHHOCTH (CLLIA). MexiyHapoaHblii
KypHaJl aBUAILMU, BO3IYXOIUJIABAHUS U a3POKOCMHUYECKON MPOMBIIIIEHHOCTH. 2021,
ctp. 1-15.

70



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

5. IlamcueB 3.3. Metomonorus cOMMKEHUS TPOTpaMMbl OOydYeHHUS C
po(hecCHOHANBFHOM e TEIbHOCTHIO aBHAIIMOHHBIX CTIEUATNCTOB. MeXTyHapOTHBIN
KypHaJl aBUALlUH, BO3TyXOIUIaBaHUS U a3pOKocMuueckoil nmpombiiuieHHocTr (CHIA).

MexayHapOoaHbIM JKypHaJl aBWAlMM, BO3IYXOIUIABAHUS U  a3POKOCMHYECKOHU
npombinieHHocty. 2021, ctp. 1-18.
References
1. Hartsfield-Jackson Atlanta International Airport Statistics.

Retrieved February 15, 2022.

2. J. Rissman, Saravanan Arunachalam, M. Woody, Jason West. A plume-in-
grid approach to characterize air quality impacts of aircraft emissions at the Hartsfield—
Jackson Atlanta International Airport// Atmospheric Chemistry and Phsics.
Retrieved February 15, 2023 DOI:10.5194/acp-13-9285-2013.

3. Gregory Yablonsky, Richard Steckel, Denis Constales, John Farnan, Flight
delay performance at Hartsfield-Jackson Atlanta International Airport // Journal of
Airline and Airport Management. Retrieved March 12, 2022. DOI:10.3926/jairm.22.

4. Z.Z. Shamsiyev. Digitalization of Educational and Methodological Support
for the Training of Aviation Dispatchers. International Journal of Awviation,
Aeronautics and Aerospace (USA). International Journal of Aviation, Aeronautics and
Aerospace. 2021, PP. 1-15.

5. Z.Z.Shamsiyev. Methodology for Convergence of the Training Program with
the Professional Activities of Aviation Specialists. International Journal of Aviation,
Aeronautics and Aerospace (USA). International Journal of Aviation, Aeronautics and
Aerospace. 2021, PP. 1-18.

Caiigymapos Mnxomxan

K.q).'M. H., JOIICHT Ka(bez[pm «CHcTeMbl A3pOHaBUranuun»

MupanumoBuY TamkeHTCKUI roCyIapCTBEHHbIM TPaHCHOPTHBIM yHUBepcuTeT E-
mail: saidilh@mail.ru

boiimanos Ucnom | PhD, cr.npen. kadenpbl «CUCTEMbI a3pOHABUTAIIN

Kypaesuy TamkeHTCKUI ToCyIapCTBEHHbIM TPaHCHOPTHBIM yHUBepcuTeT E-

mail: juraevich.islom@mail.com

Caitnymapos Mnxomxan

¢.-M. F. K., "AspoHaBuranus xyieci"kadeapacbiHbIH JTOIEHTI

MupanumoBuy TamkeHT MemiiekeTTik Keuik yauBepeuteti E-mail: saidilh@mail.ru
boiimaHOB Hcrnom | PhD, "AsponaBuraius xxyienepi" kadeapachiHbIH aFa OKBITYIIBICHI
Kypaesuu TamkeHT MEMIIEKETTIK KOJIIK YHUBEPCHUTETI E-mail:

juraevich.islom@mail.com

Saydumarov lIkhomzhan
Miralimovich

Candidate of Physical and Mathematical Sciences, Associate
Professor of the Department of "Air Navigation Systems”
Tashkent State Transport University E-mail: saidilh@mail.ru

Boymanov Islam Juraevich

PhD, Senior Lecturer at the Department of "Air Navigation Systems"
Tashkent State Transport University E-mail:
juraevich.islom@mail.com

71



https://www.atl.com/wp-content/uploads/2022/02/ATL-Dec-2021-Traffic-Report.pdf
http://dx.doi.org/10.3926/jairm.22
mailto:saidilh@mail.
mailto:juraevich.islom@mail.com

A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

KOMIIBIOTEPJIIK FBIJIBIMJIAP, ACIIAII KACAY KOHE ABTOMATTAHIBIPY
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COMPUTER SCIENCE, INSTRUMENTATION AND AUTOMATION
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!R. Anayatova™., ! K. Koshekov
ICivil Aviation Academy, Almaty, Kazakhstan

“E-mail: r.anayatova@agakaz.kz

EVALUATION OF THE EFFECTIVENESS OF THE DEVELOPED
METHOD FOR CLASSIFYING EMOTIONAL STATES THROUGH SPEECH
SIGNALS

Abstract. This study presents an innovative method for classifying emotional
states through speech signals, leveraging advanced signal processing and machine
learning techniques. The proposed method incorporates a multi-step approach,
including feature extraction, selection, and classification. Initially, key acoustic
features such as pitch, intensity, formants, and Mel-frequency cepstral coefficients
(MFCCs) are extracted from the speech signals. Subsequently, feature selection
techniques are applied to identify the most relevant features for distinguishing different
emotional states. The classification is performed using a combination of supervised
learning algorithms, including support vector machines (SVM), random forests, and
neural networks.

To evaluate the effectiveness of the developed method, a comprehensive dataset
comprising various emotional speech recordings was utilized. The dataset included
diverse emotional states such as happiness, sadness, anger, fear, and neutrality. The
performance of the classification models was assessed using standard metrics such as
accuracy, precision, recall.

Experimental results demonstrated that the proposed method achieved a high
accuracy rate, outperforming existing state-of-the-art techniques. The neural network
model, in particular, showed superior performance in capturing the nuances of
emotional expressions in speech. Additionally, the feature selection process
significantly enhanced the model’s efficiency by reducing computational complexity
while maintaining high classification accuracy.

In conclusion, the developed method provides a robust and effective solution for
classifying emotional states from speech signals, with potential applications in fields
such as human-computer interaction, mental health monitoring, and affective
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computing. Future work will focus on further refining the model by incorporating more
diverse datasets and exploring real-time implementation possibilities.

Keywords: emotional state classification, speech signal, feature extraction,
machine learning, neural networks, human-computer interaction, affective computing,
Al.

Introduction. The ability to accurately classify emotional states from speech
signals holds significant promise for a variety of applications, including human-
computer interaction, mental health monitoring, and affective computing. Emotions
play a crucial role in human communication, influencing both verbal and non-verbal
behaviors. Understanding and interpreting these emotional cues can enhance the
responsiveness and adaptability of systems interacting with humans.

Speech, as a primary mode of communication, carries rich emotional information
through various acoustic features such as pitch, intensity, and rhythm. These features
can be systematically analyzed to identify underlying emotional states. Traditional
methods for emotion recognition have relied heavily on manual feature extraction and
simplistic classification techniques, often resulting in limited accuracy and
generalizability [1].

This research aims to develop and evaluate a comprehensive method for
classifying emotional states from speech signals using advanced signal processing and
machine learning techniques. By integrating robust feature extraction methods with
state-of-the-art machine learning algorithms, this study seeks to improve the accuracy
and efficiency of emotion classification systems.

The proposed method involves a multi-step process, beginning with the extraction
of key acoustic features from speech signals. These features are then processed and
selected for their relevance in distinguishing different emotional states. Various
machine learning algorithms, including support vector machines (SVM), random
forests, and neural networks, are employed to classify the emotions based on the
selected features.

The effectiveness of the developed method is assessed using a diverse dataset of
emotional speech recordings, encompassing a wide range of emotional expressions.
The evaluation metrics include accuracy, precision, recall, and F1-score, providing a
comprehensive assessment of the model’s performance.

This introduction sets the stage for a detailed analysis of the proposed method,
highlighting its potential to significantly advance the field of emotion recognition from
speech. The subsequent sections will delve into the methodology, experimental results,
and implications of the findings, paving the way for future research and practical
applications.

Main part. 1. Comparison of the developed classification method with other
machine learning algorithms

For a comparative assessment of the proposed classification method based on the
use of two DCNNSs, let us consider the performance of other CAL methods that have
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proven themselves well in practice. For this, the following algorithms were
investigated in the work:

— fully connected neural network [2, p. 117];

— logistic regression [3, p. 234];

— random forest [4];

— gradient boosting [5].

For these models, a vector of informative features MFCC, melspec, delta, chroma
was used as input data. However, the values of the feature coefficients were averaged
over the number of frames in the audio sample. As a result, the vector of features of
objects becomes one-dimensional and contains 218 elements in its composition (39
coefficients of MFCC, 128 melspec, 39 delta, 12 chroma).

In the process of searching for the optimal parameters of these models, the
following configurations of the CAL algorithms were found.

The structure of a fully connected neural network consists of four fully connected
layers: an input layer with 218 neurons in accordance with the dimension of the input
vector, 2 hidden by 512 neurons in each, and an output layer with seven neurons
according to the number of classes. The output layer is a softmax classifier
Regularization layers are located between fully connected layers: in the first, every
fourth block of input data is discarded, in the second and third, every second block.
The nonlinearity ReLU (2) is used as the activation function of neurons. As an
optimization method Adam algorithm is used. The categorical cross-entropy acts as an
error function. The proportion of correct answers acc is taken as a quality metric when
training a network on a training subset.

In the process of selecting the hyperparameters of algorithms for logistic
regression, the degree of regularization was taken to be L, = 10. For the random forest
model, the number of trees is set equal to n_estimators = 300. When implementing the
gradient boosting algorithm, the number of trees was chosen equal to n_estimators =
200.

For fully connected neural network and logistic regression models, a standardized
estimate is applied to the training data:

where x — the element of vector of informative features;

ux— the average of this element over all objects in the subsample;

ox — standard deviation of a given element for all objects in the subsample.

The described models were implemented and trained in Python 3.7 using the
machine learning libraries Scikit-learn 0.23.1 [6] and Keras 2.3.1.
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Table 3.5 shows the results of comparison of the proposed classifier model, based
on DCNN, with other types of considered CAL models.

Table 1. Results of comparison of the proposed method of the classification of PES by
speech signal with other types of CAL models

Fully The The number of
. connected | Logistic | Random | Gradient | proposed :
Metric type . . samples in the
neural regression | forest boosting | model of the
e test subsample
network classifier
Z;léltl_dass 08124 0,7494 | 0,8223 | 10,8377 0,9007 906
Average for 0,8223 0,7495 0,8272 0,8388 0,9017 906
classes pre
Weighted 08224 | 07515 | 08291 | 08402 | 0,0023 906
average pre
Average for 0,8105 0,7468 | 0,8199 | 0,8370 0,8996 906
classes rec
Weighted 08124 | 07494 | 08223 | 08377 | 0,907 906
average rec
Average for 0,8106 0,7469 | 0,8207 | 0,8367 0,9001 906
classes F1
Weighted 08117 0,7492 | 0,8230 | 0,8378 0,9009 906
average F1

Figure 1. Presents the data from table 1 in the form of histograms.

As follows from the data obtained from the results of comparing the classifier
models (table 1, figure 1), the proposed method for predicting the class of the speaker's
emotional state by voice is superior to the rest of the considered CAL algorithms in all
accepted types of metrics. The use of two DCNNs in the classifier model makes it
possible to achieve 90% of accuracy on the test sample. The small scatter of parameters
by types of metrics for the proposed classifier indicates the adequate operation of the
model on seven accepted types of PES of a person. The developed classification
method outperforms such effective CAL algorithms as gradient boosting and random
forest in terms of performance [7].

The obtained results indicate a correctly chosen approach in the design and
selection of informative features. The proposed method for detecting PES from a
speech signal avoids the need to recognize said phrases in the analysis process, which
greatly simplifies the classification procedure. The model uses only acoustic data for
prediction. At the output of the model, the probabilities of the sample belonging to each
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of the seven classes are generated. On the basis of this, it is possible to build a fuzzy
logic of the operation of automatic systems for monitoring the state of a person [8].

Models of classifiers
1

0,9
° 0,8
7:; 0,7
o 06
2 05
2 04
0,3
0,2
0,1
0 Fully . . The proposed
connected LOgISt.IC Random forest Gradl.ent model of the
neural network regression boosting classifier
B Multi-class acc 0,8124 0,7494 0,8223 0,8377 0,9007
B Average for classes pre 0,8223 0,7495 0,8272 0,8388 0,9017
Weighted average pre 0,8224 0,7515 0,8291 0,8402 0,9023
Average for classes rec 0,8105 0,7468 0,8199 0,837 0,8996
B Weighted average rec 0,8124 0,7494 0,8223 0,8377 0,9007
B Average for classes F1 0,8106 0,7469 0,8207 0,8367 0,9001
B Weighted average F1 0,8117 0,7492 0,823 0,8378 0,9009

Figure 1. Results of comparison of the proposed model of the classifier
of the emotional state by the speech signal with other algorithms of the CAL

2. Comparison of the proposed classification model with other studies in the field

To compare the proposed method of the recognition of PES by speech signal with
the research results obtained by other authors, the available sources of information in
this area were analyzed. First of all, it was found that a large number of works are
devoted to solving the problem of recognition of PES based on complex information
about acoustic and linguistic speech data. This approach requires the existence of a
special effective language model [9], which in turn significantly complicates the
classification process. Moreover, it can be expected that when using aviation English
with specific phraseology of radio communication, the existing language models will
be ineffective. In this regard, in order to compare the research results, the classification
quality metrics obtained only from the acoustic data of the speech signal were analyzed.

In addition, significant difficulties in comparing research results arise due to the
use by the authors of different databases in different languages and with a different
number of types of allocated PES [10].

In accordance with this, table 2 presents the results of the analysis performed
comparing the quality of the classification obtained in this work, and in studies with
the closest characteristics of the data used and the requirements for the results.
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Table 2. The comparative analysis of the quality of the classification of the emotional

state by the speech signal, obtained in this work and the similar studies

A source

Classification methods

Database

Quality metrics in %

B. Schulleretal

Gaussian Mix Model
(GMM), k-Means,
Support Vector Machine
(SVM), Multilayer
Perceptron (MLP)

B. Schuller et al.

Share of correct answers acc =

74,2%

Classification error

(HMM)

err =1 —acc.
C. Lese, Evaluation of the . err = 17,85% — 25,45% for
: . Private database .
S. Narayanan emotional weight men;
err = 12,04% — 24,25% for
women.
Accuracy
Wavelet analysis, linear pre = 57% — 93,3%
H. Goetal AVEIEL analysis, line Private database for men;
discriminant analysis _
pre = 68% —
93,3% for women.
M.M.H. El Gaussian mixture of F. Burkhardt at — 7R0
Ayadi et al vector autoregressive al acc =76%
model (GMVAR)
B. Schuller et al Hidden Markov Model Private database acc = 86,8%

Javier Getal MLP, decision trees O. Martin et al acc = 96,97%
) RAVDESS; acc = 90,07%,
This work DCNN SAVEE; TESS ore = 90.17%

Ne2(33)2024

Note — Compiled from sources [8-15]

The data in Table 2 shows that the method of proposed classification outperforms
most of the known models of detection the PES from a speech signal. Moreover, in
[11, 12], the share of correct answers is 96.97%, which is 6.9% higher than the results
of this study. However, it should be noted that the classification by the base [13, p. 1 -
8] in the work [14, p. 20-27] was produced only for 6 types of PES without determining
the neutral state. Also, in the work [14, p. 21], 264 samples of audio signals extracted
from video recordings were used for the study, with one utterance for each emotion.
For these reasons, it can be assumed that there is insufficient generalizing ability of
those proposed in the study [14, p. 20-27] of classification algorithms.

In turn, the developed classifier based on DCNN was trained immediately on data
from three different emotional corpuses (table 2), which significantly increases the
generalizing ability of the final model.
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Thus, based on the comparative analysis of the developed model of the speaker-
independent classifier of the emotional state of a person based on his speech signal
with other intelligent algorithms of CAL and proposed methods in the works of other
researchers, it can be argued that the use of two DCNNSs trained on the signs of mel-
frequency cepstral coefficients and mel-spectrograms, is an effective solution.
Moreover, the proposed classification method makes it possible to obtain a high quality
of automatic detection of PES only from the acoustic data of the speech signal [12, 15].

Conclusions.Modern technologies of data mining make it possible to achieve high
quality results in the tasks of automatically extracting useful information from various
kinds of features of the objects under study. The use of deep learning technologies in
the form of artificial convolutional neural networks opens up new possibilities for
analyzing data of a two-dimensional structure. In particular, informative features of a
speech signal have such a dimension when performing its short-term analysis to obtain
mel-spectrograms, mel-frequency cepstral coefficients, and differential parameters of
chalk-frequency cepstral coefficients and pitch classes.

The proposed DCNN architecture and the algorithm for its training on the selected
informative features allow one to obtain high results in the classification of the
emotional state of a person for seven classes of objects only on the basis of the acoustic
data of the studied samples. The classifier model based on DCNN of the proposed
architecture allows obtaining the best results of classification when training it on
informative features in the form of mel-frequency cepstral coefficients. In this case, the
result of the classification is considered as independent of the speaker, since data from
three different emotional corpuses are used to train the neural network [15].

To improve the parameters of classification of PES, a method is proposed that
combines the classification results from two DCNNSs trained on different types of
informative features: mel-spectrograms and mel-frequency cepstral coefficients. As a
result, the result of classification of PES is formed in the form of the average value of
the probabilities of belonging of the studied sample to each of the seven classes of PES
predicted by each neural network. With this approach to solving the problem of
classification of PES, it is possible to achieve a multiclass fraction of correct answers
equal to 0.9007 on a deferred test subsample.

During the analysis of the results obtained, it was found that the calculated
indicators of the classification quality according to the proposed method are superior
to the results for other effective CAL algorithms, such as a random forest, a fully
connected neural network, gradient boosting, etc. An analysis of sources based on
similar studies also shows that when using only acoustic information of a speech signal
to recognize seven types of PES, the proposed method surpasses the existing models
in terms of quality metrics.
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P.K.Anastoa, K.T.Komrexos

OHEHKA 59®EKTUBHOCTHU PASPABOTAHHOI'O METOJA
KJIACCUPUKALIIMN DMOLINOHAJIBHBIX COCTOAHUMU ITO
PEYEBBIM CUT'HAJIAM

Annomayun. B oannom uccnedosanuu npeocmasien UHHOBAYUOHHBIUL MEMOO
Kaaccugpuxayuu dIMOYUOHAILHBIX COCIMOSHUL NO PeYeBbM CUSHATAM, UCHOIb3YIOUULL
nepeoosvle  MeEXHONO2UU  00pAbOMKU  CUSHANO8 U  MAWUHHO20 — 0OVHeHUs.
Ilpeonacaemvbiit memoo exnouaem 6 cebss MHO20CMYNEHYamvlii N0OX00, GKIIOUAIOUWULL
uszeneuenue, 6bloop u Kuaccugurayuro npuznaxos. CHauana u3 peuegvlx CUSHALO8
U36neKaromes Kiouesvle aKyCmuyeckue npusHaKu, maxue Kak 6blcoma moHa,
UHMEHCUBHOCMb, — (QOpMAHmMbL U YACMOMHO-MeENo0UdecKue  KencmpabHble
koagppuyuenmor (MFCC). 3amem npumensromcs memoost ombOOpa NPu3HAKos,
ymoovl onpederums Haubolee 3HAYUMblE NPUSHAKU ONs PA3IUYEHUS DA3TUYHBIX
IMOYUOHANLHBIX  cocmosinull.  Knaccuguxayus ocywecmensemes ¢ nomowvio
KOMOUHAYUU Al2OpUMMO8 KOHMPOIUPYEMO20 00YUeHUsl, BKIIOUAs MAUUUHBL ONOPHBIX
sexmopos (SVM), uckyccmeennoeo unmeniekma u HeupoHuble cenmu.

Jlisa oyenxu 3ghghexmusHocmu pazpabomannoco memooa Obll UCNONb30BAH
OOUUPHBLIL HAOOP OAHHBIX, BKIIOUANOWUL PA3TUYHBIE 3ANUCU IMOYUOHATLHOU peyl.
Habop oannvix exnouan 8 cebsi pasiuunbvle SIMOYUOHATbHbIE COCMOSHUS, MAKUe KaK
cuacmve, neyanv, eHes, cmpax u Heumpanumem. llpouzsooumenvHocms mooenel
Kaaccugukayuu oyeHusanach ¢ NOMOWbI0 CMaHOapmHbIX noKazamenel, maKux KaxK
MOYHOCMb.

B saxnmouenue cnedyem ommemums, UmMO  pazpabOmMaHHuli  Memoo
npeocmaeisiem cobou HadedxdcHoe u IPpghekmusHoe peuieHue 0nsa Kiaccugurayuu
IMOYUOHANLHBIX COCMOSIHULL NO pPedesblM CUSHANAM, uMmelowee NOMeHYUAIbHOe
npuMeHeHue 8 Makux 001acmsax, KaxK 63aumooelcmsue ueioexka U KomMnvlomepd,
MOHUMOPUHZ NCUXUYECKO20 300p0o6bs U aggekmusHvle eviuucieHus. byoywas
paboma Oydem HanpasieHa HA OdlbHelulee COBePULEHCNBOB8AHUE MOOeIU Nymem
8KIIOYEHUs1 OoJlee pasHOOOPAa3HLIX HAOOPO8 OAHHBIX U U3VUEHUS B03MONCHOCHEN
peanuzayuu 8 peaibHOM 6PEMEHMU.

Kntouesvie cnoea: rnaccuguxkayus >3MOYUOHATLHO20 COCHMOAHUS, Peyesoll
CUSHATL, U3BNleYeHUe NPUZHAKO8, MAWUHHOE 00yUeHUe, HeUpPOHHble Cemu, 4ell08eKo-
KOMHNbIOMEPHOE 83aumooeticmeaue, IMOYUOHAIbHOe gblyucienus, UU.
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P.K.Anastoa, K.T.Komrexos

COWJIEY CUTHAJIJIAPBI BOMBIHIIIA SMOIIMOHAJIABI KYWJIEPII
JKIKTEYIIH O3IPJIEHTEH SIICTHIH TUIMALIITTH BAFAJIAY

Anoamna. byn zepmmeyoe smoyuonanovi Kyinepoi ceiliey CueHanloapbl
OotibIHWA JHcikmeyOil UHHOBAYUSIBIK 20IC YCbIHbLIEAH, 0]l CUSHAOAPOblL 6HOeY MeH
MAWUHATBIK, OKbIMYObIH 03blK MEXHOI0SUALAPBIH KOAOAHAObL. YCbIHbLIZAH 20icC
beneinepoi anyovl, manoayobl dHcaHe JAHCikmeyoi KAMMUMbIH KON CAmbvlibl MaCiloi
Kammuovl.  Anodvimen — coiney  CuCHandapulHaH  OUIKMIK,  KAPKbIHOBLILIK,
Gopmanmmap dHcane Hcuinik-aye30i Kencmpaivovl kodgppuyuenmmep (MFCC)
CUsIKmul Hezizel aKycmuxanvlk oencinep anviHadevl. Codan Keuin apmypii
IMOYUOHANIObL KYULEPOL axculpamy YuliH ey Maubi30bl Oencinepoi aHblKmay YuliH
bencinepoi mawnoay aodicmepi KoiOawwviiadvl. Xikmey OAKbLIAHAMbBIH OKbLNY
aneopummOepiniy, COHbIH [WiHOe mipeK BeKmopivlK Mauwunanapowviy (SVM),
AHCACAHObI UHMETLIEKM JHCIHE HEUPOHOBIK JiceNiiepoiy mipKecCiMi apKblibl Jcy3eee
acwipvLIAObL.

O3zipieneen 20icmiy MuiMOinicin 6azanay YwiH 3MOYUOHANObL COUleyOiH
apmypni HcazdaANapvln KAMMUmMblH Key OepeKmep HCUbIHMbIebl KOJAOAHbLIObL.
Hepexmep orcuvinmoiebl Oaxbim, Kauvl, auly, KOPKbIHbIUL JHCIHE Oelumapanmolk
CUSIKMbL 2pMYPAL dIMOYUOHANObL KYUIepOi Kammulovl. JKikmey mooenvoepinin
OHIMOINI2] Q210K CUAKMbL CMAHOAPMMbl KopcemKiuumepmen 06aeaianobl.

Tyitin co30ep: >MOyUOHANObL KYUOIH HCIKMENLYI, COULey CucHAlbl, benzinepoi
Wbl2apy, MAWUHANBIK OKbIMY, HEUPOHObIK diceninep, a0am-KOMNbIomepiK 63apa
apexemmecy, IMOYUOHANO0bl ecenmey, JKU.
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ABTOMOBWIb/I HEVTPAJIM3ATOPIA MANIAJIAHBLIFAH
T'A3JIAPJIBI TABAJIAY KE3IHJE TACBIMAJIJIAY NPOIECTEPIH
MATEMATHKAJIBIK "KOHE CAHIBIK MOJEJBJEY

Anoamna. Kazaxcmanoa dcoln cativii wamamen 5-7 MULIUOH MOHHA J1ACMAYULbL
3ammap mys3ineoi, oHbly wamamer ywmen 0ipi keniknen oOatinanvicmol. COHbIMEH
kamap, Kazakcmaunvly Kananelk cy aianmapulHOdebl ammoc@epanviy ayaHvly
JACManybl  Memaunypeusnvl, MYHAU  OHOEYWl  JiCoHe  XUMUSL  OHEpPKICiOl
K2CINOPLIHOAPBIHLIY, KONIK KYpanoapbl MeH MeMIpHCON KOICIHIK Jacmayulbl
3ammapovly WbleapblHObLIAPbIHAH MYblHOAUObl. Kenik Kypanoapwvl wivlizapamsin yivl
3ammap x#cepoiy ammoc@epacviua, cy atoblHOapbIiHa, MONvIpak nex buocpepaza kepi
acepin mueizedi. Kasipei yakvimma asmomooOunb KO32alimKbluibl Oip KUL0Spamm
OeH3UHOI dcagy Ke3iHoe wamameH 3 K2 ammochepanvly ommezin #eymcatiovl. Opoip
asmomobuns cazamvina 60 Mm° 2as 6ence, wcyx xoniei 120 m® 2az0v1 6o1edi. Byn
3ammap mipi opeanuzmoep Yuiin eme Kayinmi dcane MaceieHiy wmewimi 0oaia anaobl.

Byn orcymvicmoly makcamul Kazipei 3amanesl 6a20apramanay minoepi MeH COHebl
ecenmey MEeXHONOUANAPbIH natioanaua omuipbin, agmomoouy
OelmapanmaHobIpLIUMApPLIHOAZbl  MACLIMAN0AY HNPOYecCmepin MamemMamuKaiblk,
JHCOHE CaHOblK Mooenvoey Ooavin mabwliaovl. Mynoati macenenepdi  uieuty
KONIKMepoiy, NaudalaHbli2an 2a3z0ap Macelecin uleulyee epexuie yiec Kocaowl.
llatioananvinzan 2azoapovl mazapmy MiHOemi asmomooulb KoHeepmepaepinoezi
nanuodananvlizan  2aso0apobly — KamaiumuKkaiblk — momvleyblh  3epmmey  00.bln
maowiiadvl. Mamemamukanvlk mooens — ouggeperyuanovix menoeynep xcytieci. byn
menoeynep Jcyieci asmomoounb mypieHoipeiuinoeci KoMnblOmepoiy Kome2iMeH
wewtineoi.

Tyiin co3dep: Kopwiaean OpmaHvl KOpeay, NAUOAIAHbLIZAH — 2a30ap,
belimapanmaHoObIPbliL, HCHLLY HCIHEe MACCA AIMACY, CAHOBIK J0IC.

Kipicne. ABTOMOOWIBH KOJIT1 ayaHbl JJACTAWTHIH HETI3T1 KO31epaiH Oipi OOJbIM
Ta0buTaapl. ABTOMOOWIIL KOJIT1 JaMbIFaH eJjiep apackiHaa OipiHII OpBIHAA.
JlereHMeH, aBTOMATTaHABIPY/IBIH KBUITAMIBIFBI MEH KOJIEMIHIH apTyhl OCHI ITPOIIECTIH
AKOJIOTHSUIBIK JKOHE OJICYMETTIK OCaJJbIFbIHA OailIaHbICTBl OipKaTap MaHBI3/IbI
cypakrapabl Tyabipaabl. Kb caiibiH KazakcTaHHBIH ayachl iaMaMmeH S5-7 MUJUIMOH
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TOHHA 3USHJBI 3aTTAPMEH JIACTAHA/Ibl, OHBIH YIITEH OipiHE >KYBIFbl aBTOKOJIKTEPACH
keneni. Metamnyprusi, MyHai oHIey, XUMUS OHEPKICi01, aBTOMOOHIIB KOHE TEMIp KO
KOJITiHIH JacTaHybl na KaszakcTaH KajamapblHBIH aya OacCelHIH IIEeKTEH ThIC
nactayna. Keik Kypaniapsl mbIFapaThiH yIIbI 3aTTap KepAiH aTMochepachiHa, CybIHa,
TOIBIpaFrbl MeH OuocdepachiHa Kepl ocepiH Turizenl. Kaszipri yakpITTa aBTOKOJIK
KO3FaJITKBIIIbI KaHFaH opOip KWwiorpaMm O€H3WHTE IIaMaMeH 3 KI' aTMOC(epalibIK
OTTETIH >XyMcaiael. byn 3arrap Tipi opraHusmiaep yuiiH eTe Kayinti. OnapabiH
KOMIIUTITHE OPraHUKAJBIK kKoHe OeHOpraHUKalIbIK 3aTTap, XJOPUATED, YIIbl JKOHE
yJIbl €MeC KOMIIOHEHTTepl Oap rasgap, aBTOMOOWJIBJIEP/Il IMaialaHy »XOHE OHJIpY
KAJIIBIKTAphl, MyHaii eHiMaepi MeH mapmap Oap. Oceutaiima, KO3FaJbIC
KApKBIH/IBUTBIFBIHBIH, KOFAPBIIAYBIMEH KOpIIIAFaH OpTara 3USHILI KOMITOHEHTTEP
YHEMI >KMHAJIBII, OJIAp/IbIH 9CEPIiH apTThIpaabl. MOTOp MallbIHBIH JKaHy OHIMIEPI Kep
OeTiH/Ie KUHABIT, OYKLT aifMaKKa TapaJibIll, aJaMHbBIH THIHBIC )Ty JKOJIIapbIHa TYCEi.
[TatimanadplFad Ta3mapAblH TOMEH YBITTBUIBIFBIH KaMTaMachl3 €Ty ©T€ Kypieni
MiHJIET Oonbinl TaObuiagpl. O YIIIH ©OHEPKACINTIK KOCIMOPBIHAAP MEH KO
KO3FaJIBICHIH OaKbLIay KbI3METTEPIHIH O1pJIeCKEH KYIIH KYMBUIIBIPY KaXeT.

JlacTaHynpl a3alTyJplH OacTankbl HYKTECI KO3FAJITKBIIITHIH TEXHUKAJIBIK
Karabl 0osbin TaObutaabl. CEeHIMI KO3FAITKBIIITAD OTHIHIBI a3 TYTHIHA/bBI JKOHE
ayaHblH JIACTaHYBbIH a3aiiTajabl. JlereHMeH, >kaHapMaid MEH KOCBUTY XKyHelepiHiH
TYPaKTHUIBIFBIHA JIa Ha3ap ayJapy Kepek.

Kazipri yakpITTa *aHy >KYHECIH KETUIAIPy, KOZFAITKBII HAIUHAPIHAET] OTHIH
alfHAJIBIMBIH ©3Te€pTy, KOCBIMINIA KOHABIPFBUIAP/GI OpHATY OHE NaijalaHbUIFaH
ra3gapaarbl 3USHIBI OOIIEKTEePIIH MOJIICPIH a3alTy apKbUTbl KO3FaITKBIIITAPIbI
KeTunipy OoHMBIHIIA 3epTTeylep MeEH TaxipuoOenep kyprizutyne. Ocbiran
OalJTaHBICTBI JKOFapbl TYPAKTHUIBIKIICH J>KOHE JKOFapbl TYTaHY >KBULIAMJIBIFBIMEH
CUTIATTAIATHIH AJICKTPOHBI TYTaHY bl MaiTalaHy KaXeT.

Ko03FanTKpI KOHCTPYKLIMSACHIHA, )KYMBIC IPOLECTEPIHAE, OHIPIC TEXHOJIOTHUSICHI
MEH 1IITeH >KaHATBhIH KO3FAJITKBIII KYHECIH/IE apHalbl TY3€TyJIep MEH ©3TepTyJiep;
OTBIHHBIH OPTYPJI1 TYPJIEPIH Maii1ajJaHy HEMECE OThIH MaTepUaJIapbIHBIH (PU3UKAIIBIK-
XUMUSUIBIK ~~ KACHETTEPiHIH ~ e3repyl;  maijalaHbUIFaH  ra3jaapiabl  3USH/IBI
KOMITOHEHTTEP/ICH Ta3apTy; YJABUIBIFBI a3 KO3FAITKBIIIITAPMEH AYBICTHIPY.

Korapeina atamran OapiblK KYPBUIBIMIBIK pedopmanapiblH OH >KaKTapbiH
€CKEepCeK Te, MOCEJICHI THIM/l IIelly MYMKIH €MeC €KEHIH MOWBIHJay Kepek.
CoHapIKTaH yJbl Ta3fgapibl Ta3apTy YVIIIH OPTYpil OedTapamTaHIbIPFIIITAPAbI
KOJIJIaHy ©T€ MaHbI3/IbI.

beiirapanTaHapIpFBINITAD — JKAHFBIII MaTepHANIAPABI KaFy JKOHE a30TThI, a30T
OKCUJITEPIH >KOHE OTTErl OKCHATEPIH 06y apKbUIbl MaialaHbUIFaH Ta3lapibiH
VBITTBUTBIFBIH TOMEHACTYT'S apHajiFaH ImarblH peaktopiap [1]. TypreHmiprimrep
TEPMUSIIBIK, KaTAIMTUKAJIBIK, CYHBIK, MEXaHUKAJIBIK HeMece apajac OOJybl MYMKIiH.
KeMipKpIIIKBIT Ta3bIHBIH KOMIPKBIIIKBUT Ta3blHA TEPMODJICKTPIIIK alHaIy Mpoleci
KaHBIKIIaFaH KOMIPCYTEKTep MEH albJCTUATEP/IH MHJIMHIPAC >KaHYbIH KaMTH/IbI.
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Toreiry Temmepatypacsl  500-6000°C-ka  >xeremi, an  KeMIPCYTEKTEp MEH
KOMIPKBIITKBLT Ta3bl €Ki-YIII ece a3asisl [2].
1. Heecizei 6onim. Ecenmiy Kotivlivimbl dicone MmamemamuKkaiblk MOOeJi
ABTOMOOWJIBJIIK ~ OeWTapanTaHABIPFBIITAFEl  JKBITy JKOHE Macca ajiMacy
IpOIIECTEPIH CHUMATTAWTHIH TeMIepaTypa MEH KOHIICHTPALMSIHBIH JKapThLIai
TYBIHABLUIAPAAFBI CTAIIMOHAPIIBIK eMeC TEeHACYJIEp KYyHecl KapacThIpbLIa IbL:

or UoT  o'T

—+——=a—+0

o & Ox ox
2

LUK TC

ot & ox ox (1)

T — temniepatypa, C — KOHIIEHTPALMSI, d — KbULY ©TKI3TIITIK KO3QPULIKEHTI, p —
TBIFBI3JIBIFBI, & - K€YEKTI OpTajlap/iblH CUIIaTTaMacChl

0 =qppaC

bacrankel maprrap:
T|,., =0

Cl,=1

t=0

[lekapanbIK maprrap:

2. Ecenmi wewy 20ici sicone canovlk mooenvoey
Tenneynep )KyHeciH UTEPALUSIIBIK SICTICH CaHBIK IIENTy YIIiH alKbIH cXeMa
KOJIJTAHBIIa]IbI:

cr'-cr uch-cl, . Cl-2C'+C!
i i +E i+1 i-1 =D i+l 12+ i-1 _pﬁacjn
At & 2Ax Ax
Cr, —2C! +C! cr -Cr
C;‘H—] — C,n +Af D i+1 ; i—1 _Pﬁacrn _E i+1 i—1
Ax 2Ax

i=1,L—1
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¢’=l - KOHIEHTpAIMs TCHJICYIHIH OaCTamKbl IIAPTHI
cr=1
Cn+l — 1 L. .
0 - OipiHIII HIeKapasbIK MapT.
n+l n+l
CL+ B Cle =0
T
Cu+l _ Cn+] . .
L~ “i-1- eKIHII MEKaPaJIbIK MapT.

T —r" T! -T" T -2T" +T"
i At i +% H—IZAXI—I =a i+l szz i—1 +qpﬁac

Tt -2T"+T" " -7’
T:_n-f—] :Tvrn_i_At{a i+ i i—1 +qpﬁac_£ i+l i-1 }

Ax? e 2Ax

[am—

i =

L-1
L' =0_ TeMIIepaTypa TEHJECY1HIH OACTaNKbl IAPTHI
T, =1
Tt -1y
Ax
3. Canowvik moodenboey Hamudicenepi
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1 L - 1 I ]
0 02 04 08 08 1
e

Cyper 1. Konnenrtpanus npoduiii (aWKbIH cXeMa, UTEPAIUSIIBIK 9/11C

12F

2K

| L | - 1 .| L |
0 02 04 08 08 1
!

Cyper 2. Temneparypa npoduii (alKeIH cXeMa, UTEPAIMSIIBIK dTIC)
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Cyper 3. Konrenrparus npodui (alKbIH eMec cXeMa, IPOroHKa dTici)
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0 0.2 04 0.6 VE:} 1
et

Cyper 4. Temneparypa npodui (aliKpIH eMec cXeMa, MPOroHKa 9/1ici)

Kopvimuinovl. AlaMHBIH KaJIbIIITH OPTAChIH KYPY JKOHE KOJIAHChI3 aHTPOIOTEH/TIK
ocepliepAiH alJblH ajldy YIIiH KOpIaFaH OpTa CamachlHBIH CTaHAApTTaphl HETI31HJIE
menrmaep KaObUIIaHAThIHAAN eI KaJbIThl YKOJIOTHSUIIBIK JKaFAaiabl KaMTaMachl3
€Ty KaxeT.

byn sxymbicTa aBTOMOOWJIBAEP/IH UIBIFAPBIHIBUIAPBIH Ta3ajay MpoLECTEepIH
MaTeMaTUKaJIBIK JKOHE CaHABIK Mojenbacy, C++ Oarmapiamarnay TUNHAE €cCEenTey
ITOPUTMIEP] MEH MPOTPAMMAIIBIK KOATAPABI KYPY JKOHE OHJIEY KY3€Te aChIPhLIIbI.

JKYMBICTBIH HOTHIKECI Ta3/1bl Ta3aiay MPoIeciH OapbIHIa aHBIK CUITAaTTaluThIH C++
OarnmapiamManay TUTIHIE Ka3blIFaH MpOorpaMMAaIIbIK KO OO0k TaOblIaabsl. bapibik
MOJyJIbJIep O1p opTaja Ty3€TUIel, KYPacThIPhLIAJIbI KOHE KY3€Tre aChIPbLIAIbI.

bepinren cuHXpOHIBI TEHACYJIEPIiH caHabIK memntimMi C++ mporpaMmaliay TUTIH]IE
xy3ere achIpbuinbl, an HoTwkenep TECPLOT rpadukansik pegakTopbiHaa ambIHIb [3
- 5].
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I.K. AxkumoOaii

MATEMATHYECKOE 1 YNCJIEHHOE MOJAEJINPOBAHUE
INPOLECCOB NIEPEHOCA ITPH OYUCTKE BBIXJIOIIHBIX I'A30B B
ABTOMOBHWJIBHOM HEHUTPAJIU3ATOPE

Annomayusn. Edxcecoono 6 Kazaxcmawne obpazyemcsi oxono 5-7 MUiiuoHos
MOHH 3A2PASHAIOWUX 6eujecms, NPUMepHO OOHA Mmpemb KOMOPbIX CEA3AHA C
mpancnopmom. Kpome moeco, 3azpsaznenue 6030yxa Ha 20pOOCKUX 8000COOpax
Kaszaxcmana  obycnosieno — @vlOpocamu — 3aepA3HAOWUX — eujecme — Om
Memaiiypeudeckux, Hegmenepepadamvl8arOWux U XUMUYECKUX NPeOnpusmull,
ABMOMPAHCNOPMA U  JHCEeNe3HO00POICHO20 mpancnopma. Tokcuunvlie 6eujecmaa,
gblOpacvisaemvie ABMOMPAHCNOPMOM, OKA3bIBAIOM HEe2AMUBHOE 6030elicmaue Ha
ammocgepy, 6000emvl, nougy u oOuocgepy 3emau. B nacmoswee epems
ABMOMOOUNLHBLL 08UAMENb NPU CCOPAHUU OOHO20 KULOAUMPA OeH3uHa nompeobisem
okono 3 k2 ammocgheprozo xuciopooa. Kaxcowiii aemomobuns evibpacviéaem 60 m®
2a3a 6 uac, a Kaxcowlii 2py3060i mpancnopm - 120 m3. Dmu eewjecmsa ouenv onacul
0151 HCUBBIX OP2AHUZMOB U MO2YM CMAMb peuleHuem npooaembl.

Llenvio  Oanmoli  pabomuvl  A6NAEMCA  MameMmamuyeckoe U YUCIEHHOe
MOOENUpPoBaHue npoyeccos nepeHoca 6 asmoMOOUNIbHBIX Helumpaiu3amopax ¢
UCNONIL3068AHUEM — COBPEMEHHLIX  S3bIKO8 — NPOSPAMMUPOBAHUS U HOBEUUUX
BLIYUCIUMENbHBIX MeXHOoA02ul. Pewenue no0oouvix 3a0a4 6HOCUmM 0COObILL BKIAO 8
peutenue npoonemvl 8bIXJIONHBIX 24308 A8MOMOOUNel. 3a0aia OYUCTIKU BbIXIONHBIX
2a308 3aKTI0YAEMCsL 8 UCCIe008AHUU KAMATUMUYECKO20 OKUCEHUS BLIXTONHBIX 20308
8 asmomMoOulbHbIX Heumpanuzamopax. Mamemamuyeckas mooenvb npeocmasisnem
coboli cucmemy OupgepeHyuanvbix YypasHeHull. Idma cucmema YpPaGHeHuUll
peuaemcsi ¢ NOMOWbI0 KOMIbIOMEPA 8 A8MOMOOUNbHOM Helmpaiuzamope.

Knwueevie cnoea: wneumpanuzamop, Kamaiumudeckuli Heumpaiuzamop,
UMepayUOHHbLIL Mmoo, Memoo NPOSOHKU.

Sh.K.Akimbay

MATHEMATICAL AND NUMERICAL MODELING OF TRANSFER
PROCESSES IN THE CLEANING OF EXHAUST GASES IN AN
AUTOMOBILE NEUTRALIZER

Abstract. Annually, Kazakhstan generates about 5-7 million tons of pollutants,
about one third of which are related to transport. In addition, air pollution in urban
catchments of Kazakhstan is caused by pollutant emissions from metallurgical, oil
refining and chemical enterprises, motor vehicles and railway transport. Toxic
substances emitted by motor vehicles have a negative impact on the atmosphere, water
bodies, soil and the Earth's biosphere. Currently, a car engine consumes about 3 kg of
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atmospheric oxygen when burning one kiloliter of gasoline. Each car emits 60 m? of
gas per hour, and each truck - 120 m3. These substances are very dangerous for living
organisms and can be a solution to the problem.

The purpose of this work is mathematical and numerical modeling of transfer
processes in automobile neutralizers using modern programming languages and the
latest computational technologies. The solution of such problems makes a special
contribution to the problem of automobile exhaust gases. The task of exhaust gas
treatment is to study the catalytic oxidation of exhaust gases in automobile
neutralizers. The mathematical model is a system of differential equations. This system
of equations is solved using a computer in an automotive neutralizer.

Key words: protection of the environment, exhaust gases, neutralizer, heat and
mass transfer, numerical method.
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"ASAMATTBIK ABUALIUA AKAJJEMUACBIHBIH KAPIIBICHI"
FBUIBIMM KYpPHaJIJ1a )KapHUsUIaHAThIH FBUIBIMM MaKaiajgap KaObuigay YLIiH
ABTOPJIAPTA APHAJIFAH EPEKEJIEP

"AAA JKapuibicel" KypHanbl TOMEHJAET! OarbITTap OOMBIHINA JUCCEPTAMSIIAPIBIH HETi3Ti
HOTWDKEJIEPIH JKapusjiay YIIiH 0achlIbIMIAp Ti3IMiHE €HT131INeH:
e Oye KoJiel dcoHe MexHON02USNAD
o Jloeucmuka, macolmanodayovl YublMOoacmolpy, Koaikmeei Kayincizoix
o  Komnvromepaix blnblmMoap, Acnan Jdcacay Heane asmomammanobipy

MAKAJAHBI PECIMJIEYTE KOVMBIJIATHIH FBIJIBIMUA TAJIATITAP

Makanana ©3eKTLUIiri, FhUIBIMA MaHBI3AbUIBIFBI, 3€PTTEY HOTHKEIEepl MEH TYIXKBIPhIMIAPhI
HAKThI KOpceTilyl Kepek. backa Ke3JepAeH albIHFaH Ke3-KeJIreH MaTepraiap CliTeMeMeH IyphIC
peciMaenyi KepekK, ajl aBTop CUITEME JKacaFaH JEPEKKO3IiH aTaybl ofcONeTTep Ti3IMIHIE KOPCETiIyi
KEpeK.

Makana FbUIBIMH CTHJIBJE Ka3bUTybl KepeK. FBUIbIMM CTUIIBAIH JIEKCUKAIBIK KYpambl
CaJIBICTBIPMAJIBl OIPTEKTUTIK TMEH OKIIAYJTaHYMEH CHUMATTalafbl >KoHE OyJl CHHOHUMIEPIIH a3
KOJIJIaHbUTybIMEH KepiHeni. FeuibiMu cTunbpae Oaranayra TOH eMec ceilney 0osybl Oap JeKcHKa
6onmMaybl kepek. FrutbiMu eHOexTeperi Oaranay aBTOPABIH OWBIH TYCIHIIPY YIIiH KOJIJaHBUIAIBI
YKOHE YTBIMJIbI CUNIaTKa ve. F'bulbIMU coliniey OMIbIH ASMAITT MEH KUCHIHABUIBIFBIMEH, OHBIH JTOHEKTI
YCHIHBUTYBIMEH JKOHE MPE3CHTAUSHBIH O0ObEKTUBTUIITIMEH epeKIIeIICHE Il

FoutbiMu xapusiaHbIM 3epTTEYI KbI3METIHIH HET13T1 HOTHXKeNepiHiH Oipi OOJbIN TaObLIaabl.
"AAA Xapuibicel" FRUTBIMH JKYpHaJbIHIA JKapusjiay VIIH YChIHbUIFaH Martepuan Oacka Oacma
OacbUTBIMIApBIHA OYpPBIH JKapHsUlaHOaFraH TYMHYCKa Ooiybl THWic. Makaia HeETi3iHeH 3amMaHayu
FBUIBIMU O/ICOMETTEepl KOJJaHa OTBIPBIN Ka3bUTybl KEPEeK >KOHE >KAHANBIKTBI KAMTYbl KEpek.
bacbuTbIMHBIH 0acThl MaKCaThI-aBTOPJIBIH KYMBICHIH Oacka 3epTTeyIIiiepre KOJ JKETIMIl eTy.
XKapusinay apKblUIbl aBTOp TaHJAJIFaH 3€pTTEy CalachlHAa ©31HIH OachIMIBIFBIH OENT1IeH .

Kipicne Oesnimae FBUIBIMA MOCEJIEHI HEMECe TarChIpMaHbl 31pJeyaiH ©3eKTUIr MeH
OPBIHJIBUTBIFBIH KOPCETY KaxeT. MaKalaHbIH HETi3T1 OeJiriHjie akmapaTThl Tajaay KoHEe CHHTE3/CY
apKBUTBI 3€PTTENETIH MACeNeNepii, oJap/bl IIeNTy JKOJIapbiH anry Kaxer. CoHpmaii-ak, MYMKiH
HOTIDKETIEP/Il JKOHE OJIap/AbIH CEHIMJIUTITIH HeTi3aey KakeT. Makanaaa FhUIBIMHBIH (MIPaKTUKAHBIH),
OHBIH JKEKEJIETeH KBhI3MET TYPJIEPIHIH, KYOBUIBICTAP/BIH, OKUFAJap/AbIH >KOHE T. 0. MaMybIHBIH
MaHBI3/Ibl )KOHE TIEPCIIEKTUBAIIBIK OAFBITTAPBI TAAAHYBI, CATBICTHIPBHLTYHI )KOHE aHBIKTATYbI KEPEK.

FruibiMu Makasna npo6sieManblK cUnaTTa 00ybl KepeK, FallbIMIapAblH FbUIBIMU (IIPAKTHKAIIBIK)
OUTIMAI JTaMBITyFa JIeT€H OpTYpil Ke3KapacTapblH KepCeTyl KepeK, KOPBITBIHAbLIAP, *KUBIHTHIK
MomiMeTrTep Oonybl Kepek. KoOpBITBIHABI OeiimMae aBTOpP KOPBITHIHIBLUIAI, KOPBITBIHIBLIAD,
YCBIHBICTAP TYXXBIPBIMIAI, 9p1 KapaiFbl 3epTTeyaep/IiH MYMKiH OaFBITTapPbIH KOPCETY1 KepeK.

MAKAJIAHBI PECIMJIEYTE KOUBLJIATBIH TEXHUKAJIBIK TAJIATITAP

Maxkasnanapabpl JailbIHIay Ke3iHIe pelakIus TOMEH/IET1 epekerep/l )KoHe )KypHaIIa )KapHsiiay
YIIIH YCBIHBUIATBIH MaTepHaiapibl peciMieyre KONbUIaThIH TajJanTapAbl OacCIIbUIBIKKA aTyJIbl
CYpanpl:

1. XKapusanayra yChIHBUIATBIH Makanajap >kaHa, OypblH Oacka Oacma jkoHe DIEKTPOHJBIK
OaceuTeiMaapaa Oipaelt Typae >kapusiaHOaraH 0oyybl THiC. MakKajmaHbIH Ma3MYHBI KYyPHAJIbIH
TaKbIPBINTHIK OAFBITTAphl MEH FBUIBIMH JICHI€HiHE colikec Kemyl, Oenrii Oip jkaHalbIKKa ue O0Iyb
KOHE aBHWAIMs CalaCBIHAAFBl FBUIBIMA  KBI3METKEpJep, OKBITYIIbIIap, MaMaHaap YIIiH
KBI3BIFYIIBUIBIK TAHBITYBI KepeK. Makananap Ka3ak, OpbIC, aF bUILIBIH TUAEPIH/IE JKapUsIaHa bl

Makana kejeMi 6-1an 12 0eTKe IeHin;
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e Marepuan WORD wmotianik pegaktopsiaaa Times New Roman kapiniMen, 6ip apansikTa 14
enemMze Tepiryi kepek. Cxemanap, rpadukTep, IuarpaMmManap, cbizoanap skoHe 0acka rpapuKaIbIK
marepuangap WORD MOTIHAIK pEIaKTOPhIHBIH KOMETiMEH HEMeCe BEKTOPJIBIK TpadHKaIbIK
Oarmapnamanapaa (Adobe Illustrator, Corel Draw) ak-kapa HYCKada djkacadybl MYMKIH >XOHE
AIIEKTPOH/IBI PeAaKIMsIIayFa MyMKiHAIK Oepeni. ['padukanbik MaTepraimap MeH KOWBIH/IBI TYJIFAIap
PETTIK HOMIp/i ’KSHE TaKbIPBIITHI KaMTybI kepek. @opmynanap Mach type Garnapiamacsiia HeMece
MC Office kocbIMIIIachIHAa TEPIEAl )KOHE OYKLUIT CTHIIb OOWBIHINA O1p CTHIIB/II YCTaHAIBI.

2. MaxkananblH OacbiHAa >KOFapFbl coi kakta FTAXP (FeUIbIMH-TEXHHKAIBIK aKMapaTThiH
XaJbIKapaJbIK pPyoOpHuKaTopbl) kepcetiyl kepek, FTAXP www.grnti.ru caiiTeiH1a aHBIKTaIaabl opi
Kapaii, 0eTTiH opTackIHIa Oac opinTepMEH — aBTOPIAP/IBIH aThl — )KOHI, JIaya3bIMbI, TOPEKEC], COAaH
KEeHIH OpTachIHIA Killll OPINTEPMEH-)KYMBIC KOHE Kaja OpbIHIAIFaH YWBIMHBIH(JIAPABIH) aTayhl,
TOMEHJIe COHJIall — aK, OpTachiHa Oac opinTepMeH (KaJbIH KapilieH )-MaKaJlaHbIH aTaybl.

3. AHzaTtna >KyMBICTBIH MaKCaThIH, 9/1iCi HEMECE YKYMBICTBI jKacay dJ[iCHAMACBIH, KbICKAIIa
HOTIDKEIIEP/li, HOTMKENEp/i KOJJAAaHY asiChlH, KOPBITHIHABUIAPBIH alKbIHAAY KepeK. AHIATHaHBIH
kejyieMi 1/3 OerreH keM OonMaybl KepeK. AHAATIaap MIHACTTI TYpAE Ka3ak, OPbIC kKOHE aFbUIIIBIH
Timaepae Oonybl THic. AHJaTnagaH KeWiH TYWIH ce3[ep aHjaaTrna TUTIHJIE Kilm opinTepMeH, YTip
apKBUIBI 5 CO37ICH KeM 00JIMaybl KepeK.

4. MakaJa MoTiHIHIH Tapayiapbsl MiHAETTI Typae cragaaprranras "Kipicne", "Herisri 6emim",
"KopbITbiHIbUIap koHE ¥ CHIHBICTap" aTaylapblH KOJIJAHY apKbLIbl KYpPBUIBIMAANTYbI Kepek. Kaxer
OoJIFaH JKaFaaiiia TapayablH KOCBIMIIIA apHAYIIBI aTayJIapbl KOCHUIAIbI.

5. Makananbiy coHpiHIa «IlaliananbIFad IepeKKo3AepIiH Ti3iMi» KeTipiaea (5 TeH KeM eMec).
MoriHgeri cuitemenep - MapIibl KaKIMIaTapbiHAa. JlepeKkesnep MOTiHAe JoHeKce3 almy TopTiOiHIe
Kepcetiieni. MariHae oneOuerTiH Ti30eciHeH OapliblK JepeKkeslepre ciiremenep OOMybl Kepek.
[Natinananeuran  gepekkesnep Tizdeci "bubmmorpadusumeik  xaz0a" MEMCT  7.1-2003  coiikec
pacimaeneni. OaeouerTep TiziMi: OMOIOrpadUsIIBIK Ti3IM €Ki PET Kacallajbl: ISPEKKO3ACPIiH TYITHYCKA
TUTIHIIE (Ka3aK, OpbIC), KUPWITAIIAHBI KOJJIAHATHIH TLIIE JIATHIH OPINTEpIMEH TPAHCIIUTEPAIHsIIaHYbI THIC.

6. XKeke daitnga makanara aBTopiap Typajbl MOTIMETTEp Koca Oepiiie/ii: MaKalaHbIH aTaybl,
TET1, aThl XKOHE OKECiHiH aThl (Ka3ak, OpbIC, aFbUIIIBIH TUIAEPIHE), FRUIBIMU JIOPEKECI MEH aTarbl,
YUBIMHBIH TOJIBIK aTaybl MEH MEKEH-Kailbl — )KYMBIC OPBIH/IAPhl, aTKAPAThIH JIaya3bIMbl, OailiaHbIC
TeneOHBI, TCKTPOHIBIK MOIITA MEKEHKAMHI.

7. FouibiMu MakanaHbIH aBTOPBI OHBI KYpHAJIIApAbIH HIBIFY KECTECIH 1€ OeNTiIeHTeH Mep3iM/Ie
OHE FRUTBIMHA MaKaJlaJlapFa KOWBUIATBIH TATANTAPFa COMKEC dJICKTPOHIBI TYP/C YChIHAIBI.

8. KaObinganran mMakananap aHTUIUIATHATTHIK capanTayiaH oTe/ll opi Kapai eKi pelieH3eHTKe
perieH3usIayra xioepineni. PerieH3eHTTiH Makananbl Kapay Mep3imi 7-10 kyHai Kypaiasl. Feuibivu
OacbuTbIMIApA )KapusIay YIIIiH YCIHBUIATHIH FRUIBIMU MaKajiaiap TYIHYCKa MOTiHHIH keminae 70%
- Kypaysl Tuic. Eki perieH3eHT MakyJjaFraHHaH KeillH Makaiia Oacrara xioepiieni.

9. MakanaHblH Ma3MyHBIHA aBTOP JKayarThl.

MaxkanaHbIH MeTaJepeKTepiH pacimaey:

e Makana aBTOpbIHBIH aThi-keHi, Teri (Times New Roman, kernp 14 kanein); 2. XKymbic
opubl, KOO ataysr; 3. Kana, en; 4. Koppecnionnent apropsiabiH E-mail; 5. Eckepty: aBTOp-
KOppecoHieHTKe — * (kyJiapI3iia) Genrici oepinei.

HA3AP AYJIAPBIHbBI3! Epexeni Oy3a OTBIPBIN peciMIeNTeH HeMece rpaMMaTHKAIIBIK KOHE
opdorpadusablK KaTenepl Kell, arbUIIIBIH TUIIHE aBTOMAaTThl ayAapMackl Oap Makajanap
penakuusMeH KaObu11aHOaIb] XKoHE OJIapIbIH MOHI OOMbBIHINIA KapaiMail aBTopiiapFa KalTapbliaibl.

Penakiust kaker OonFaH »Karmaiijia aBTOpJapAaH KOCBHIMINA JKCIIEPEMEHTTIK JepeKTep/i
(MbICabl, CIIEKTpPIIEP) CYpaTyFa KYKbUIbI.
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Bacrankpl IIOMyABIH HOTIKENEpIHE KapamacTaH, ©pecKeN Karenep, ayKbIMIbl Kapbi3gap
HEeMece Kare JoMeKce3[ep aHbIKTaJFaH Ke3[e Makaja KYMBICTBIH Ke3 KEJIreH CaThIChIHa
KaObU11aHOAybl HEMECE IMBICHIKTayFa KalTapblTybl MyMKiH.

Kypnan xapusimaMaiiibl:

- )KypHaJ TaKbIpbIObIHA COMKeC KeIMEUTIH MaTepuaniap;

- aBTOpJap OyphIH Oacka GacbUIbIMAApA KapUsJIaFaH MaTepHaaap;

- Ty3eTUIMEHTIH opdorpadusuiblK, MaTeMaTUKAJIBIK HeMece Oacka KaTeNiKTepIeH TYpPaThIH
Marepuaiiap, COHIal-aK OCNT1IJICHTeH FhUIBIMU (haKTUIepre TiKeJIeH KalIbl KeJIeTIH MaJliMIeMerep
MEH TUIIOTe3anap.

PelakUsJIbIK _aJIKa, erep 0J KYPHAJJIBIH _ABTOPJIADFA KOWBLIATBHIH _TAJaNnTapbIHA
coiikec pecimieMece, MaTepuaibl KAPUAJIAHBIMFA _KapayaaH 0ac TapTyFa KYKbLIbL,
KO0JI2K2302/1ap aBTOPJIAPFa KalTapbLIMai/Ibl.
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IMPABUJIA J1JIs1 ABTOPOB
npreMa HayqHbIX CTaTeH Ml MyOIMKalii B HAyIHOM JKypHaIe
«BECTHUK AKAJEMHUHU I'PAXKKIAHCKOU ABUALIUN»

Kypunan «Bectnuk AI'A» BKIIOYEH B NEpPEUYCHb HW3JIaHUM I MYOJUKAIMM OCHOBHBIX
pEe3yIbTATOB AUCCEPTAIIMN 110 HAITPABICHUSM:
o B030yuwHblIlL MPAHCROPM U MEXHOI02UU
o Jloeucmuka, opeanuzayus nepeso3okx, 6e30NacHOCMb Ha MPAHCNOpMe
o  KomnvromepHvle HAYKU, NpUOOPOCMPOEHUS U ABMOMAMUZAYUSL

HAYYHBIE TPEBOBAHUS K O®OPMJUIEHUIO CTATbU

B craThe 10KHBI OBITh 4€TKO 0003HAUYEHBI AKTYaJIbHOCTb, HAyYHas 3HAYUMOCTh, PE3YJIbTaThl
HUCCICAOBAaHUA U BBIBOJBI. .HIOGBIG 3aMMCTBOBAaHHA MAaTCpHUAJIOB M3 JAPYIrUX MCTOYHUKOB IOOJIKHBI
OBITh TOJDKHBIM 00pa3oM O(OpPMIIEHBI CCHUIKOM, a Ha3BaHHE MCTOYHHMKA, HA KOTOPBIN CChUIACTCS
aBTOP, 10JKEH OBbITh YKa3aH B CIIMCKE JTUTEPATYPHI.

Crates nomkHA OBITH HamucaHa B HaYYHOM cTuie. Jlekcmueckuil cocTtaB HaAy4yHOTO CTHIIS
XapaKTEePU3yeTCs] OTHOCUTEIBHOMW OJHOPOJHOCTHIO M 3aMKHYTOCTBIO, M OTO BBIPAXKAETCS, B
YaCTHOCTH, B MEHBIIIEM HUCII0JIb30BAHUH CHHOHUMOB. B Hay4HOM CTHIIE HE I0JKHA MPUCYTCTBOBATh
JIEKCHKA C Pa3rOBOPHOM OKpPACKOM, KOTOPOM HE CBOMCTBEHHA OLICHOYHOCTh. OIICHKAa B HAayYHBIX
paboTtax mpuUMeHseTCs [Tl MOSICHEHHUSI MBICTTH aBTOpa M MMEET palloHaNbHbIN xapakTep. Hayunas
p€Yb OTIMYACTCA TOYHOCTBIO U JIOTHYHOCTBIO MBICIIM, €€ MOCICAOBATCIbHBIM IMPCACTABJICHUEM H
OOBEKTUBHOCTHIO M3JIOKECHHUS.

Hayunas mybnukanus npeactaBiiseT co00i OAMH M3 OCHOBHBIX PE3YyIbTATOB JIEATEIHHOCTH
uccnenoBarens. Marepuan, NpeICTaBICHHBIM A MyONIMKanmuyd B HAyYHOM XypHaie «BecTHuk
AT'A», nomxkeH ObITh OPUTHHANBHBIM, HE ONMYOJUKOBAHHBIM paHee B APYTUX MEUYATHBIX HU3/IaHUSX.
CraTpsi noiKHA OBITH HANKMCaHa C MCIOJIb30BAaHUEM IPEUMYLIECTBEHHO COBPEMEHHON HAY4YHOMH
JTUTEpaTyphl, U COAEpKaTb HOBHU3HY. | 7aBHas uenb MyOmuMKanuU — cienat paboTy aBTopa
JOCTYITHOM JIpyruM  uccienoBarensiM. [locpeacTtBom myOnmkanuu aBTOp OOO3HAYaeT CBOM
MPUOPUTET B M30PaHHOM 00JIaCTH MCCIEeA0BAHUN.

B BBOJHOI yacTH HEOOXOAMMO 00O3HAUUThH AKTYyaJbHOCTh U 11€1€CO00pa3HOCTh pa3pabOTKU
HAy4YHOU MPOOIEeMbI UK 33a4i. B OCHOBHOM 4acTH CTaThy MyTEM aHAllM3a U CHHTE3a WH(OpMaLIUn
TpeOyeTcsl pacKpbITh HCCIEAyeMble NMpoOJIeMbl, TyTH UX pelieHus. Takxke HY)XKHO 0OOCHOBATh
BO3MOXXHBIE PE3YyNbTaThl MU WX JIOCTOBEPHOCTh. B cTaThe MOKHBI OBITH MPOAHATH3UPOBAHBI,
COIIOCTaBJIEHLI M BBLISIBICHLI HanOOJee Ba)KHBIE U NEPCICKTUBHLIC HAIIPABJICHUA Pa3BUTHA HAYKH
(pakTUKH), €€ OTAETBHBIX BUAOB JEATEIbHOCTH, IBICHHUH, COOBITHIA U TIp.

Hayunast crtathsi J0/mKHAa HOCUTH MPOOJIEMHBIN XapakTep, JEMOHCTPUPOBATH DPa3IUYHbBIC
B3TJISIBl YUEHBIX HA PA3BUTHE HAYYHBIX (MPAKTUYECKUX) 3HAHUMU, COJIEP>KATh BBIBOJIbI, 0000IIECHNUS,
CBOJIHbIE JaHHbE. B 3aKkirounTenbHONW 4YacTH aBTOPY HY)KHO MOJBECTH WTOT, C(POpPMYIHPOBATh
BBIBOJIbl, PEKOMEHJAIIMH, YKa3aTh BO3MOXKHbIE HAIIPaBJICHUA JalbHEHIINX UCCIEA0OBaHUM.

TEXHUYECKHUE TPEBOBAHUA K O®OPMJVIEHUIO CTATBU

[Ipn moaroroBke crarel penakius IMPOCUT PYKOBOJACTBOBATHCS NPHUBEACHHBIMM HUKE
NpaBUIaMU M TPeOOBAHUSAMHU K OPOPMIICHHIO MaTepHalIOB, MPEICTABISIEMbIX A MyOJIHKaluU B
KypHaJe:

1. Ilpennaraemple i MyOJUKAIMU CTAThU JOJDKHBI OBITH HOBBIMH, HE OITyOJIMKOBAaHHBIMHU
paHee B TOM K€ BUJE B IPYTHUX MEYATHBIX U IEKTPOHHBIX n3aaHusax. CoaepkaHue CTaTbu JOJIKHO
COOTBETCTBOBATh TEMAaTHYECKUM HAlpaBJIEHUSIM W HAyYHOMY YPOBHIO >KypHajia, oOnajgaTh
OTIpe/IeIEHHOW HOBU3HOM W MPEJCTABIATH MHTEpPEC NJIs HAY4YHBIX paOOTHHUKOB, IperojaBaTelieH,
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CHEINaTMCTOB B obnmactu aBuanuu. CTaThl MyOJUKYIOTCS Ha Ka3aXCKOM, PYCCKOM, aHTIHHCKOM
S3BIKaX.

O6beM cTaTthk OT 6 10 12 cTpanuIr;

Marepuan nokeH ObiTh HaOpaH B TekcToBOM pefakrope WORD c ucnonp3zoBanuem mpudra
Times New Roman, 14 pa3mepa uepe3 oaun unTepBai. Cxembl, rpaduku, AuarpaMmMbl, PUCYHKH U
uHbIe rpaduueckue MaTepuagbl MOTYT OBbITh BBIIOJHEHBI B YEPHO-OEIOM BapHaHTE CPEICTBAMU
TekcToBoro peaakropa WORD wim B nporpammax BekropHoit rpaduku (Adobe Illustrator, Corel
Draw) u o0s3aTenpHO JAOMYyCKaTh AJIGKTPOHHOE pelaKkTHpoBaHue. ['paduueckue marepuansl U
TaOIUIIBI TOJDKHBI COAEPIKATh MOPSIKOBBIN HOMEp 1 HazBaHue. DopMyiTbl HAOMPAIOTCS B IPOrpamMMe
Mach Type nnmu B npunioskearn MC Office n nmpumep >XuBaroTCsi OJJHOTO CTHIISI HA MPOTSHKEHUST BCEi
CTaTbH.

2. B Hauane craTh BBEpXY cieBa cieayer ykazatb MPHTU (MexayHapoaHslii pyOpuKaTop
Hay4HO-TexHH4Yeckoil nHpopmanmu), MPHTU omnpenensiercs na caiite www.grnti.ru Jlamee mo
cepearHe CTPAaHUIbI TPONUCHBIMU OYKBaMU — MHULIMAJIBI U (PaMUIIUU aBTOPOB, I0JKHOCTD, CTETIEHb,
3aTeM 10 CepeluHe CTPOYHBIMU OYKBaMU — Ha3BaHUE OpPraHMU3alUU(Mii), B KOTOPOH BBIOJHEHA
paboTa U TOpOJ, HIKE TAaKKe MOCEPEAMHE 3arjiaBHBIMU OyKBamMH (TOTY>KUPHBIM IIPUPTOM) —
Ha3BaHME CTaThH.

3. AHHOTauusa JOJDKHA OTpaxarh Leib paboOThl, METOJ WM METOAOJOTHIO IPOBEICHUS
paboThI, KpaTKuE pe3ysbTaThl, 00JIACTh NMPUMEHEHHUS Pe3yJbTaToOB, BBIBOABI. Pa3smep aHHOTammu
nomkeH OblThb He MeHee 1/3 cTp. He3zaBucuMo OT s3blka CTaThbU 0OO0s3aTelbHBl AHHOTALIUK HA
Ka3aXCKOM, PyCCKOM M aHTJIMICKOM si3bIkax. Ilocne aHHOTanuu OJIKHBI ObITh yKa3aHbl KIHOYEBbIE
CJIOBA Ha SI3bIKE AaHHOTAIIMH, HE MEHEE 5 CIIOB, CTPOYHBIMU OyKBaMU, 4yepe3 3amsiTyo.

4. Tekcr craThbu JOJDKEH OBITH CTPYKTYPUPOBAH C NMPUMEHEHMEM CTAaHJAPTHBIX Ha3BaHUI
pasnenoB «BBenenue», «OcHoOBHas 4vacTh», «BbBonbsl u Ilpemioxenue». [Ipun HeobxomumocTu
JIOITYCKAIOTCS AOIMOJIHUTENbHBIE CIIELIMATIbHBIE HA3BaHUSI Pa3/IeIOB.

5. B konme cratb npuBoAuTCcs «CIHCOK HCIOJB30BAHHBIX HCTOYHHMKOBY» (HE MeHee 5).
CchUIKM B TEKCTE — B KBaJIpaTHbIX CKOOKax. MICTOUHMKM yKa3bIBaIOTCS B MOPSAJIKE HUTHPOBAHUS B
Tekcte. Ha Bce HMCTOYHMKHM W3 CIUCKA JUTEPATyphbl AOKHBI OBITh CCHUIKM B TekcTe. CHHCOK
WCTIOJNB30BAaHHBIX ~ MCTOUYHUKOB  odopmisitorcss B cootBerctBun ¢ CTCT  7.1-2003
«bubnuorpaduueckas 3anucb». CMCOK JIUTEPaTyphl: OMOIMOrpapUUECcKuil CIIUCOK COCTABIAETCS
JBAX/bl: Ha SI3bIKE OpPUTMHAja MCTOYHUKOB (Ka3aXCKHM, PYCCKMIi), Ha SI3bIKE, MCIIOJIb3YIOIIEM
KUPUJLTUILY, TOJKHBI OBITh TPAHCIUTEPUPOBAHBI JJATUHCKUMU OyKBaMHU

6. B ornmenpHOM (aiie K CTaTbe NMPHIIATAIOTCS CBEJCHHS 00 aBTOpax: Ha3BaHUE CTAThH,
(dbamMuHst, UMsI 1 OTYECTBO (Ha Ka3aXCKOM, PYCCKOM, aHTJIMICKOM SI3bIKaX ), yueHasi CTENIeHb U 3BaHUE,
MIOJIHOE HA3BaHME M aJpec OpraHu3aluud — MecTa padoThl, 3aHMMaeMasl JOJKHOCTb, KOHTaKTHBIN
TenedoH, aApec IMEKTPOHHONU MOYTHI.

7. ABTOp Hay4HOH CTaThbU MPEIOCTABISIET €€ B JIEKTPOHHOM BHJI€ B CPOKH, YCTAaHOBIIEHHBIE
rpadukamMu BBIXOJa )KypHAIOB U B COOTBETCTBUU C TPEOOBAHUSAMU, MPEIBSIBISIEMBIMU K HAyYHBIM
CTaThsIM.

8. IlpunsTHIE CTATHU MPOXOAT AHTUILIATHAT Jaliee HAMpPaBISIeTCA Ha PELIEH3UPOBAHUE IBYM
penienzeHTamM. Cpok pacCMOTPEHHS PEIEH3EHTOM CTaThu cocTaBisieT 7-10 nueit. Hayunbie cTaThu,
Mpe/icTaBiIsieMble sl MyONMKAallMM B HAYYHBIX HW3JIaHUSAX, JOJDKHBI COCTaBiATh He MeHee 70%
OpUTHHANIbHOTO TeKcTa. [locie 0100peHus ABYX peLieH3eHTOB CTaThs HAIIPABIIAETCS HA MeYaTh.

9. OTBeTCTBEHHOCTH 32 COIEP)KaHUE CTATbU HECYT aBTOPBI.

Odopmnenue memaoannuvlx cmamou:

1. ®UO aBropa craThu; uHUIMAIBI U ¢amuwinu aBTopoB (Times New Roman, xernp 14
BBIJICTATh KUPHBIM); 2. Mecto paboTel: Ha3zBaHue By3a; 3. ['opox, crpana; 4. E-mail aBtopa
KoppecroHenTa; 5. [[puMedanue: aBTopy KOPPECTIOHIEHTY TIPHCBAMBAETCA 3HAK - (3BE3J0UKA).
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Buumanue! Crateu, odopMiieHHBIE C HapyIIeHHWEM, MPaBHI I COJEpKallue OOoJbIIoe
KOJMYECTBO TpaMMaTuyeckux U opdorpadpuyeckux omudOK, aBTOMATHUYECKUNW TEpeBOj Ha
AQHTTIMICKUN SI3BIK, pEJaKkiueld He NPUHUMAIOTCS W OyAyT BO3BpallaThcs aBTOpaM 0e3 ux
PaccMOTpPEHHUSI 110 CYIIECTBY.

Penakuus uMeeT mpaBO MPU HEOOXOJMMOCTH 3alPOCUTH OT aBTOPOB JIOMOJHUTEIIBHBIC
SKCIIEPUMEHTAaJIbHbIE JaHHbIE (HAlIPUMEp, CIIEKTPHI).

HezaBrcuMo OT pe3ynbTaToB EPBOHAYAILHON PEIICH3UH, CTAThsl MOXKET OBITh OTKJIOHEHA UITU
BO3BpaIllcHa Ha JO0pabOTKy Ha JIOOOW cTaguu padoThl NPH OOHAPYKEHHH TPYyObIX OIIMOOK,
OOIIMPHBIX 3aMMCTBOBAHUH WM OITUOOYHBIX [IUTUPOBAHUM.

KypHaa He nmy0JIuKyeT:

- MaTepHalbl, HE COOTBETCTBYIOIIUE TEMATHUKE KypHAa;

- MaTepHalbl, OMyOJIIMKOBAHHbBIE aBTOPAMHU PaHee B IPYTUX U3JaHUIX;

- MaTepuanbl, cojaepxkamme opdorpaduyeckue, MaTeMaTHYECKUE WU JPYTHE OIIHOKH,
KOTOpBIE HE MOTYT OBITh UCIIPABIICHBI, a TAKXKE YTBEPIKJICHUS U TUIIOTE3bI, IPSIMO MIPOTUBOpEYAILIHEe
YCTaHOBJICHHBIM HayYHBIM (haKTaM.

PenkoJuierusi BipaBe 0TKa3aTh B PACCMOTPEHMU MaTepuaia K Ny JIUKALMU, eCJIH OH He
oopMieH B COOTBETCTBUH C TPeOOBAHMSIMH KYPHAJA K aBTOPaM, PYKONMCH aBTOpPaM He
BO3BPAIIAIOTCS.
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RULES FOR AUTHORS
on accepting scientific articles for publication in a scientific journal
"BULLETIN OF THE CIVIL AVIATION ACADEMY™

The journal “Bulletin of the CAA” is included in the publications listing for the issuance of the
main results of dissertations in the following areas:

e Air Transport and Technologies
e Logistics, Organization of Transportation, Transport safety
e Computer Science, Instrumentation Engineering and Automation

SCIENTIFIC REQUIREMENTS FOR ARTICLE COMPOSITION

The article must clearly indicate its relevance, scientific significance, research results and
conclusions. Any borrowing of materials from other sources must be properly documented with a
reference, and the name of the source referred to by the author must be indicated in the list of
references.

The article must be written in a scientific style. The lexical composition of the scientific style
is characterized by relative uniformity and restraint, and this is expressed, in particular, in the lesser
use of synonyms. The scientific style should not contain vocabulary with a colloquial tone, which is
not characterized by evaluativeness. Evaluation in scientific works is used to explain the author’s
thoughts and is rational in nature. Scientific speech is distinguished by the accuracy and logic of
thought, its consistent presentation and objectivity of presentation.

A scientific publication is one of the main results of a researcher’s activities. Material submitted
for publication in the scientific journal “Bulletin of the CAA” must be original and not previously
published in other print media. The article should be written using predominantly modern scientific
literature and contain novelty. The main purpose of the publication is to make the author’s work
accessible to other researchers. Through publication, the author indicates his priority in the chosen
field of research.

In the introductory part, it is necessary to indicate the relevance and worthwhileness of
developing a scientific problem or task. In the main part of the article, through analysis and synthesis
of information, it is required to reveal the problems under study and ways to solve them. You also
need to justify the possible results and their reliability. The article should analyze, compare and
identify the most important and promising directions in the development of science (practice), its
individual types of activities, phenomena, events, etc.

A scientific article should be problematic in nature, demonstrate different views of scientists on
the development of scientific (practical) knowledge, and contain conclusions, generalizations, and
summary data. In the final part, the author needs to summarize, formulate conclusions,
recommendations, and indicate possible directions for further research.

TECHNICAL REQUIREMENTS FOR THE ARTICLE COMPOSITION

When preparing articles, the editors ask you to be guided by the following rules and
requirements for the design of materials submitted for publication in the journal:

1. Articles proposed for publication must be new, not previously published in the same form in
other printed or electronic media. The content of the article must correspond to the thematic areas and
scientific level of the journal, have a certain novelty and be of interest to researchers, teachers, and
specialists in the field of aviation. Articles are published in Kazakh, Russian, and English languages.

The volume of the article should be from 6 to 12 pages;
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The material must be typed in a WORD text editor using Times New Roman font, size 14,
single spaced. Schemes, graphs, diagrams, drawings and other graphic materials can be made in black
and white using a WORD text editor or in vector graphics programs (Adobe Illustrator, Corel Draw)
and must be electronically editable. Graphic materials and tables must contain a serial number and a
title. Formulas are typed in the Mach Type program or in the MC Office application and adhere to
the same style throughout the entire article.

2. At the beginning of the article at the top left you should indicate IRSTI (international
rubricator of scientific and technical information), IRST1 is determined on the website www.grnti.ru.
Further in the middle of the page in capital letters (italics) there should be the initials and surnames
of the authors, position, degree, then in the middle in lowercase letters - the name of the
organization(s) in which the work was performed and the city, below also in the middle in capital
letters (bold) - the title of the article.

3. The abstract should reflect the purpose of the work, the method or methodology for carrying
out the work, brief results, the scope of application of the results, and conclusions. The abstract size
must be at least 1/3 page. Regardless of the language of the article, annotations in Kazakh, Russian
and English are required. After the annotation, key words in the language of the annotation must be
indicated, at least 5 words, in lowercase letters, separated by commas.

4. The text of the article should be structured using standard section titles “Introduction”, “Main
Part”, “Conclusions and Proposal”. Additional special section names are allowed if necessary.

5. At the end of the article there is a “List of used sources” (at least 7). References in the text
are in square brackets. Sources are indicated in the order they are cited in the text. All sources from
the bibliography must be referenced in the text. The list of used sources is drawn up in accordance
with SAUS 7.1-2003 “Bibliographic record”. References: the bibliographic list is compiled twice: in
the original language of the sources (Kazakh, Russian), in a language using the Cyrillic alphabet,
must be transliterated in Latin letters.

6. In a separate file, information about the authors is attached to the article: title of the article,
last name, first name and patronymic (in Kazakh, Russian, English), academic degree and title, full
name and address of the organization - place of work, position held, contact phone number, email
address.

7. The author of a scientific article provides it in electronic form within the deadlines established
by the journals' publication schedules and in accordance with the requirements for scientific articles.

8. Accepted articles undergo anti-plagiarism and are then sent for review to two reviewers. The
review period for the article is 7-10 days. Scientific articles submitted for publication in scientific
journals must comprise at least 70% of the original text. After the approval of two reviewers, the
article is sent for publication.

9. The authors bear responsibility for the content of the article.

Formatting article metadata:
1. Full name of the author of the article; initials and surnames of the authors (Times New Roman,
font 14 in bold); 2. Place of work: name of the university; 3. City, country; 4. E-mail of the
corresponding author; 5. Note: the corresponding author is assigned the sign - * (asterisk).

Attention! Articles written in violation of the rules or containing a large number of grammatical
and spelling errors, automatic translation into English, will not be accepted by the editors and will be
returned to the authors without consideration of their articles in a substantial manner.

The editors have the right, if necessary, to request additional experimental data (for example,
spectra) from the authors.

Regardless of the results of the initial review, the article may be rejected or returned for revision
at any stage of the work if gross errors, extensive borrowings or erroneous citations are detected.
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The journal does not publish:

- materials that do not correspond to the subject of the journal;

- materials previously published by the authors in other publications;

- materials containing spelling, mathematical or other errors that cannot be corrected, as well
as statements and hypotheses that directly contradict established scientific facts.

The editorial board has the right to refuse to consider material for publication if it is not

prepared in accordance with the journal’s requirements for authors: manuscripts are not
returned to the authors.

100



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

"Azamammulx asuayus akademusicoinbiy Kapuwicol” eviivimu scypHansl
pedaxkyusviK-oacna 6enimueciiy 6acnaxanacvlHOa Heapvlk KOpoi
Kayanmoer peoakmop: A. T. Makeesa

bacvinvimza 21.06.2024 sc. kon Kotivinovl. @opmam 205*290. Onwemi - bacna
mabaxwacwl. Tapanvimsl 250 oana 050039, Animamer K., 3akapnamckas, 44.

Hayunwui srcypnan « Becmuux Axaoemuu epaxicoancKou aguayuuy u30aHo 8
munozpaguu pedaKyuoHHO-U30amenbcKo20 OmoeleHUs.
Omeemcmeennuiti peoakmop: A.T. Makeesa

H3z0anue noonucano 21.06. 2024 2. @opmam 205*290. Pazmep —nevamnasn
naacmuna. Tupaosic 250 sx3. 050039, 2. Armamul, 3axapnamckas, 44.

The scientific journal "Bulletin of the Academy of Civil Aviation™ is published in the
printing house of the editorial and publishing department
Responsible editor: A.T. Makeeva

The publication was signed on, June 21, 2024.The format is 205*290. The size is a
printed plate. Edition of 250 copies 050039, Almaty, Zakarpatskaya, 44.

101



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne2(33)2024

& %
KA3SAKCTAH PECMYB/IUKACDHI Y "% MWHUCTEPCTBO NO UHBECTULIUAM U PA3BUTUIO E\‘{
WHBECTULIUANAP XSHE IAMY MUHUCTPAIN E’% ﬁ PECNYB/INKU KASAXCTAH E{é
- VA N A
BAWU/IAHBIC, AKMAPATTAH/ILIPY YXOHE AKMAPAT KOMMUTETI :ﬁ 3 KOMMTET CBA3U, UHOOPMATU3ALIUU U UHOOPMALIUU ;%
/ Al b n
;| MEP3IM/| BACMACO3 BACbI/IbIMbIH YXOHE AKNAPATTbIK ATEHTTIKTI (% i A
ECEMKE KOO TYPA/IbI ’V,"f V:: Il
;%i ]*4 O NOCTAHOBKE HA YYET NEPUOAUYECKOIO NEYATHOIO U3AAHUA U M
A A WH®OPMALUOHHOIO ATEHTCTBA A
S M
Ne 15452-K PR B Ne 15452-K 4
’%‘% AcTaHa Kanacel «0{»_ 0% 2015 x. %g '%?‘ ropoa Acrasa «pd»_0F 2015r.
A MBB  arei:  «4 0 biHbly | '32 Haspanue ITIH: JKypnan «Becmnuk  Axademuu  |%
® @ <) = P
B HCAPULLICHLY IICYPHAE ] Y 2pasicoanckoil asuayuuy
B MBB Tiai: K opvicua, asol. B Szwik IIMM:  kasaxckuii, pycexull, anenutickuit <
_ P % Py N
% SRR, % M
N Ieiry suiniri: acouivina 4 pem Al Hepuoauanocts: 4 pasa 6 200 A
» Ly & P @
v WA ».:; M
'}; M ik wmeci: «4 ¢ vy AK g‘ "%g CoberBennnk:  AO «Axademus 2padcOGHCKOU  aguayuU» '/%3
Y (Anmamer Kanacwl) 3_: P (20poo Anmamet) S‘Xé
’;«::‘, Herisri TAKbIPBINTBIK GAFBITBI: 2bLILIMU-KONUITIK g{z el OcHOBHAS TeMAaTHYECKAsI HAIPABJIEHHOCTD: HAYYHO- 2/@5
3% . ; K7 5?‘ nonyaspnas 3 @&
A : e A DA Al
ﬁ Tapary aymarsi: Kasakcman Pecnyonuxace: “?2 KV Tepputopusi pacnpocty é%

IEISIX

>

Teparanbin opeinbGacapbt A\ T. Kasanran

WSEE SIS ST ST W%@Y’ﬁ%\f

3%38

» @

: ’:¢.J O 2ot e el s I e 2 I St C Nt U NSt ) C Nt S C STt VN0 ) N0 2D Uy 2D U0 L oy 1) A Sy 1) Ay %) ‘\<‘:
» &
{0 25
. )
s o),
-~ -
(L4 5 A R )
(S a)
l LALHNCHAALHAA TOCY TAPCTBEHHAA KHHAHAS HANATA IAZAKCTAH PECEV BB ACKI LT
& PECITYBIWKIT KAZAXS 1Al NIUTLIC MEMALEICETVIC KETANLUANATACK :
s 5
=
(R HAILMOHAJILHBLA BEHTP 1SSK ISEN ¥ LI O EAJILIELL ‘
(s 5
- -
3 CEPTUHD®UKAT CEPTHDOUKAT 3
(rs E & )
- -
(A )
o )
~ o »
(7 Kypraa .t 3 3] RN HCUPIDICHD )
G aBecmnres 4 P i HCEPHADE )
- =
(A = J)
X AD A rp 4 «Asava L s annpa ke AK )
(ropo,L Alimarne) (ATMATE KATACLY) _.
PIEEH b R IR LT D0 DEIHUTXALLLY (JOHECKO.Dpanuna JIaping k.1 eFHATKK GUCsNRMAAPIbI ‘
(2 v omsaaeni ISSN (IOHECKO, 1. Naprag, Ppanuda) o of TIPREH (TH 1RGN XA n S|V 1k ORI MHJE  IPREINICH oKL )
€ TDNCHOCH WEBIFHEA R HIMU] AL B GITN LK UM GepUirenl o,
= =
: ISEN 2413 - 8h14 188N 2413 %ol4 ':
]
C# (anvdpapden & ordoma O 3T GG K ")
' oy e AR Smauay R gm0 o)
&0 assdaisie RSN e e covpapy §OCT 7 56-2 A
C "Merodvaepnins enr W Copaiees aediad') 2
-~ >
® )
G " ) . Ty Y,
o /lnpenTop “Eelinyvanos 7. Ceiiny wanor S
R X o
' « 015 i ‘
0 )
(2 )
= s =
(2 3 D
s! &)
- >
= )
0% 3R
Co S-S —— — - s - S - = R = S - ¢ S RS LSl

102



