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ARTIFICIAL INTELLIGENCE IN UAV CONTROL

Abstract. This article provides an overview of the areas of applica-
tion of artificial intelligence in unmanned aerial vehicles. Consid-
ered are aspects of unloading operators from processing large
amounts of data, shifting this processing to artificial intelligence
systems, as well as the possibility of making a decision to perform
certain actions without operator participation in case of loss of
communication or other emergency situations.

Beenenne. lcnonp3oBanue OECIMIOTHBIX JICTATEIBHBIX arlla-
patoB (BIIJIA), Takke U3BECTHBIX KaK IPOHBI, CTAHOBUTCS BCce Ooiee
TIOJIE3HBIM, MOCKOJIBKY OHU TIOMOTal0T YCKOPHTH cOOp JaHHBIX 00
MHTEpeCcyoIMX 00bEeKTaxX € IMOMOMIBI0 a3pO(OTOCHUMKOB. JpOHBI
JENaloT Iporecc cOOpa JaHHBIX PEHTA0ENbHBIM M THOKUM, TIO-
CKOJIBKY MOT'YT JIETaTh KaK Ha MaJIbIX, TaK ¥ Ha OOJIBIIMX BBICOTAX.
OTO TaKke MO3BOJISIET MHCCHSIM OBbITh Oonee 3(pdexkTuBHBIMH, MO-
CKOJIBKY OOJIBIIIME PErHOHBI MOT'YT OBITh TOYHO OXBAueHBI 32 KOPOT-
Koe BpeMs Onarojapsi MCIOJNB30BAHMIO KaMep C BBICOKHM paspe-
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menueM. COOp JaHHBIX TaKKe CTAaHOBUTCS 0€30MacHBIM, MOCKOIbKY
JPOHBI 3aMEHSIOT JIIOACH, ONalaloMnX B OMACHBIE WK TPYJHOIOC-
TYIIHBIE MECTA.

HckyccrBennblii uHTenekT B BIIJIA. «VckyccTBeHHBIN

WHTEIJIEKT» — 3TO KOMIUIEKC TEXHOJIOTMYECKUX PELICHUH, TO3BOIIS-
IOUMA UMHTUPOBATh KOTHUTHBHBIC (PYHKIMM 4elOoBeKa (BKIIOUas
camMoo0y4eHHe 1 TIOUCK pelIeHui 0e3 3apaHee 3aJaHHOT0 aJIrOpUTMa)
W TONy4YaTh TPU BBHINOJHEHWH KOHKPETHBIX 3a/ad pPe3yJbTaThl,
COMOCTaBUMBbIC, KAK MUHHUMYM, C Pe3yJIbTaTaMU WHTEIJICKTYalbHOM
JeATeIbHOCTH 4YeloBeka. KOMIUIEKC TEeXHONOTHMYECKUX pelleHHH
BKJIOYaeT B ceOs MH(POPMAIMOHHO-KOMMYHHKAIIMOHHYIO HH(]pacT-
PYKTYpy, TporpaMMHOe oOecriedeHue, MPOIecChl M CEPBUCHI MO
00paboTKe JaHHBIX U TIOUCKY PEIICHHID».
WHTennexkryaibHble TEXHOJIOTUU UIPAOT 3HAYUTENBHYIO pOjib B
aBHAINM, TPUMEHSACH JUIA YIydIIeHUs 0e30MmacHOCTH, 3(PQeKTHB-
HOCTH M KoMmdopTa moneroB. PaccMoTpuM HekoTopsle U3 obiacTeit
[IPUMEHEHUs] UHTEIUIEKTYaJIbHBIX TEXHOJIOIUH B aBUALUU:

I/IHTCJUICKTyJILHI)Ie CHUCTEMBI B aBUAIIUN

[ABTOITHIIOTH] Ananuz

JTy4IICHUC
U CHCTEMBI IlpoBenenne ya PacnosHasaHue OnbIT
yrpaserms [ TSXHAIECKOrO AEXDEIEIRS

1 aHanu3 nonb3osarens
TOJIETOB Gz d

00CITy)XHBaHHSA i &
TOJETOM I Ge3011aCHOCTH usobpaxennii Mllssaumopeiictane|

ABTONWJIOTHI U CHCTEMbI YIPaBJIeHUs MoJieToM: VHTemnek-
TyaJbHBIC aJTOPUTMBI UCTIONB3YIOTCS U Pa3pabOTKH MPOIBHHYTHIX
aBTOINMJIOTOB, CHCTEM YIIPABICHUS IOJIETOM M aBTomocankoil. OHu
[IOMOTal0T MUJIOTAaM B YIPABJICHUH CaMOJIETOM, ONTHMU3UPYS MapIi-
PYTBI, aBTOMAaTHYECKH KOPPEKTHUPYS BBICOTY M KYPC, a TAaKXKe yIpaB-
JISIsL IBUTATEISIMU JUTSL TIOBBIIEHUS 3(QQEKTHB-HOCTH TIOJIETa.

IIpoBenenue TtexHuuyeckoro oocayxuBanusa: C wucrmons3o-
BaHMEM QJITOPUTMOB MAIIMHHOIO OOY4YEeHHs W aHaJIHM3a JaHHBIX,
ABMAKOMIIAHWM MOTYT NPOTHO3MPOBATH HEOOXOAMMOCTH TEXHHYEC-
KOro OOCIyXHMBAaHHMA M NPENOTBpAIaTh BOSHUKHOBEHHE IOJIOMOK.
3TO NMO3BOJISIET CHU3UTH HE3aIlJIAHUPOBAHHBIE IPOCTOU CaMOJIETOB U
YBEUUUTH OOIIYI0 HaJeXHOCTh BO3AYIIHOTO (piioTa.
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AHalIu3 JaHHBIX MO0JETOB: bBonbiioe Konu4ecTBO NaHHBIX,
coOHMpaeMbIX CO BCTPOCHHBIX NATYUKOB B CAMOJIETAX, MCIIOJIB3YETCS
JUISl aHajyM3a W BBIABICHUS TEHICHIWH, aHOMAIMH W ONTUMH3ALNUN
MOJIETHBIX omnepanuii. MHTeekTyaabHble anropuT™Mbl oOpabaThiBa-
IOT 9TH JaHHbIE, YTOOBI NMPENOCTABIATh MHPOPMAIMIO MUJIOTaM U
ABUAKOMIIAHUSM O MPOU3BOJUTENHHOCTH CaMOJIETOB, PAcXOje TOIl-
JIMBa, a3POAMHAMHUYECKUX MapaMeTpax M JPyruX BaKHBIX (PaKTOpax.

Yayumenune cucreM Oe3omacHocTH: VIHTennmekTyanabHBIE
CHCTEMBI UCTONB3YIOTCS JUII OOHAPYKEHHsI U TIPEIOTBPAIlICHHS aBa-
PUHHBIX CUTyaluid. DTO BKIIIOYAEeT B ce€0sl paclio3HaBaHHE OMAaCHBIX
YCIIOBH, aBTOMATHYECKOE MPEAYIPEXKACHNE MUJIOTA O TOTEHIIUATb-
HBIX TIpo0JieMax, a Takke o0paboTKy JaHHBIX O O€30MaCHOCTH ISt
MTOBBIIIEHNS KauecTBa U OE30MaCHOCTH IOJIETOB.

Pacno3HaBaHue M aHaMu3 u300paxkeHmii: BusyanpHble daH-
HbIE, TOJlydYaeMble C MTOMOIIbI0 KaMep M JaTYUKOB, HCIOJIB3Y-IOTCA
JUIA paclio3HaBaHMs M aHanmM3a OOBEKTOB HA 3€MJIE M B BO3IyXe.
WHuTennexkryanbHbIE CHCTEMBI 00pa0aThIBAIOT 3TH JAHHBIE IS UICH-
TA(UKAMK a3pONTOPTOB, HABUTAITMOHHBIX TOUEK, IPYTHX CAMOJIE-TOB
Y OTIPEJIENIEHHUs ONITUMAIBPHOTO MapIIIpyTa.

OnbIT moJsb30BaTessi B3aumoneiicreue: IHTEIEKTyalbHbIE
TEXHOJIOTUW TPUMEHSIOTCS JUTSI YITYYIIeHHs] B3aUMOICHCTBUS TOJIh-
3oBareie  (ImaccaXupoB), BKJIIOYAs IIEPCOHATM3AIMIO  YCIIYT,
yIpaBlieHre 0ara)xkoM, aBTOMAaTHYECKYIO PETHCTPAII0 M OIpeze-
JICHWE MECT, a TaKXKe MPeocTaBieHrne HH(popManuy 1 pa3BiIedeHnH
Ha 60opTy camoJeTa.

UccnenoBanus cereit OECTMIOTHBIX JIETATENBHBIX amllapaToB,
TaKKe M3BECTHBIX KaK OCCHMIIOTHUKHU WU JPOHBI, SBITIOTCS aKTHB-
HOW 00JIacThIO WCCIENOBaHUM B HacTosiiee Bpems. becrmuinoTHbie
JIeTaTeNbHBIE almapaThl CTAHOBATCS Bce Ooliee pacupoCTpaHEeHHBIMHI
Y HaXOJST MPUMEHEHUE B PA3NNYHBIX O0JIACTSIX, BKIIFOUAs TPaKIaH-
CKYIO aBHAIMI0, BOCHHEIE OIepaIlii, MOHHTOPUHT OKPYKAOIIEH
Cpelpl, JOCTaBKy TOBAPOB H MHOTOE JIPYTOE.

UccnenoBanns B o0nacTu cereil OECHTUIOTHBIX JIETATETbHBIX
anmapaToB (OKYCHPYIOTCS Ha Pa3IMYHBIX aCIIEKTaX U MpoOiieMax,
CBSI3aHHBIX C UCTIOIH30BAHUEM OCCITHIIOTHUKOB B TPYIITaX WIIH CETSIX.
Hekoropble U3 OCHOBHBIX HaINpaBJCHUM HCCIACAOBAHMM B HTOU
obmacru:
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OcHOBHBIE
HarpaBJICHUS
HCCIEIOBAHIH

L}
|ABTOHOMHOCTb H| besonacHocTh 1
Koopaunarus u Kommynukanus [MacirabupyemMocTh
NPUHATHE KOH(UJICHIHANb
yIpaBiIeHHEe U CBSI3b > U ONTUMH3AIHS
penieHnit HOCTh

Koopounayusi u ynpaenenue: ViccrenoBanus HampapleHbl Ha
pa3paboTKy aJIrOPUTMOB U METOJIOB KOOPJAWHALIMHU JICHCTBUN OecIu-
JIOTHBIX JIETaTENbHBIX ammnapaToB B CETH. JTO BKIIOYAET 3aJadu
pacrnpeneneHus 3aad, poeBoro Jeranus, GopMupoBaHus HopManuii,
n30eraHus CTOJKHOBEHUH ¥ COBMECTHOM padoTHI.

Kommynuxayusi u ceszv: ViccnenmoBanus 3aTparuBaroT oOMeH
nHpopMaIed 1 KOMMYHUKAITUIO MEXTy OCCIMIIOTHBIMHU JIETaTelNb-
HBIMH amnmnapaTaMd B CETH. PaccMaTpuBaIOTCS BOIPOCHI CBSI3H,
IIPOTOKOJIbI IE€p€aavYu IaHHBIX, YCTOﬁqHBOCTB K I1IoM€xaM, OIITHU-
MaJbHOE HCIOIb30BAHUE YACTOTHOTO CIEKTpa M JAPYTHE acIleKTh
KOMMYHHKAIIMOHHOW MHQPACTPYKTYPHL.

AsmoHomHoCcmb U npunamue peuwtenuti: ViccnemoBaHus Hampas-
JIeHbI Ha pa3pa0oTKy ajJrOpuTMOB M METOJIOB, KOTOPBIC TIO3BOJISIOT
OCCIIIIOTHBIM JIETATENLHBIM amiiapataM MPUHUMAThL aBTOHOMHBIC
pelIeHusT Ha OCHOBE COOpaHHBIX MJAHHBIX M KOMMYHHKAIIUH C
OPYTUMU anmapaTaMd B CeTH. JTO BKIIOYAET 33/1a4H [JIAHUPOBAHUS
MapIuIpyToB, OOHAPYKEHUS ¥ U30EraHus MPErsITCTBUN, OMpe/IeIeHUs
MIPUOPHUTETOB 3a/1a4 U T.JI.

bezonacnocmov u xougudenyuanvnocms: ViccnenoBanus 3aTpa-
THUBAIOT BOMPOCH 0€30IMaCHOCTH W 3aIIWTHI JaHHBIX B CETH OEcCIu-
JIOTHBIX JIETATEIBHBIX almapaToB. PaccMaTprBalOTCS METOJBI 3aIlli-
THl OT HECAaHKIIMOHMPOBAHHOTO JOCTYIIA, B3JIOMa M TiepexBarTa JIaH-
HBIX, a TaKkXke obecredeHne KOH(QHUISHITNATEHOCTH KOMMYHH -KaITHid.

Macwmabupyemocms u onmumuzayus: ViccnemoBaHus Hampas-
JICHBl HAa ONTHMH3AIHI0 TPOU3BOIUTENHHOCTH M 3(h(dexkTnBHOCTH
cerell OECIMIIOTHBIX JICTATEIBHBIX aIMapaToB MPU YBEIHYEHUH HX
Macmraba. PaccMaTprBaroTCs alrOpUTMBI pacpeiesIeHUs] PeCypCcoB,
OITUMU3AIUS HCIIONG30BAHUSI SHEPTHH, YIpaBIIEHHE IPOIMYCKHOM
CHOCOOHOCTHIO U APYTHE ACTIEKTHI ONITUMU3AINN PAOOTHI CETH.
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B CIIIA co3nanue OecUIOTHBIX JIETaTENBHBIX ammnapaToB C HC-
KyCCTBCHHBIM HMHTEJICKTOM OCYIECTBIIsIeTCs Mo mporpamme Sky-
borg. B pamkax naHHOW mporpamMMbl pa3padaThIBaeTCs HCKYyC-
CTBEHHBIH MHTEIUIEKT JJIsi YIpaBieHUS OOEBHIMH OCCITMIOTHBIMH
JeTaTeNbHBIME annapatamu. becnmuiaoTHUK Oyner o0iaaaTh MOJTHO-
ueHHbiM MU, 4to obecrieuyuT eMy BO3MOXXHOCTH B OO0 pemaTth
pasHble 3a7aud, MPUCHOCAONIMBAsCh K M3MEHSIOUIeNcs 00CTaHOBKE
[3]. B CILIA nponuta nemonctpanus BITJIA ¢ nckyccTBeHHBIM HHTEN-
nektom EXynAl, ¢ momompio KOTOpPOro OECHMIOTHUKH MOTYT
CaMOCTOSTEIFHO OPUEHTUPOBATHCS B MPOCTPAHCTBE HA HE3HAKOMOMN
MECTHOCTH M B HEOOBIUHBIX yCIIOBUsX (B memiepe). [Ipu ckopoctu 10
2 M/C KOMIBIOTED CKaHHUPYET OKpYXKalollee MPOCTPAHCTBO U B
pearbHOM BPEMEHH COCTABJISIET TPEXMEPHYIO KaPTy MECTHOCTH (710 16
miE M) [3].

B U3spause pabotsl o co3nanuto BIIJIA Oblin HauaThl B Havyasie

CEMUIECATHIX TOoAoB XX BeKa MW YCIENIHO TMPOMOIDKAIOTCS B
HACTOsIlee BpeMs Ha HOBOM YpPOBHE — C HCIOJIb30BAHUEM B
ABUAIIMOHHBIX CHCTEMaX WCKYyCCTBEHHOTO WHTEIUIeKTa. B aTol
obiactu padboraer OosbllIoe YnciIo KommnaHuit. B apmuun M3pawis
BIIJTA oObeawHEHBI B CE€Th M YIPABIIOTCS WCKYCCTBEHHBIM
WHTEIUICKTOM (paHbIlle y KaXIOoro OCCHHUJIOTHHKA OBIT CBOM
orepatop). Omepatop HEOOXOMUM IS BBIAAYM KOMAaHI W yKa3aHUS
HaIpaBIIeHUH JeWCTBUS Cpasy ISl BCEH 3CKaIPHIIbH. 3a BBITIOTHEHUE
6oeBoii 3amaun orBewaer M. Jlaxe, ecn gacTe rpymibl OyneT yHU-
YTO)KeHa, 3ajaHue Oy[eT BHINOJIHEeHO. M3panib MepBbIM B MHpE B
0O0EBBIX YCIIOBUAX MPUMEHUJ TPYIITY OECIIIIIOTHUKOB, YITPABIIEMYIO
MCKYCCTBEHHBIM MHTEIUIEKTOM [3].
WuTennekryanu3anysl MHIOTAXHO-HABUTAIIMOHHBIX  KOMIIJIEKCOB
(ITHK) siBistercst omHOM M3 aKTyalbHBIX 00NAacTell MCCIeNOBaHUN U
pa3paboTok B aBHAIIMOHHOW MHAYCTpuH. OHa HampaBieHa Ha TIpUMe-
HeHHe HcKyccTBeHHoro wHTemiekta (M) m aBTOoMaTmzamuu s
yiydamieanst GyHKIHOHATBHOCTH, d(()EKTUBHOCTH W 0€30IMacHOCTH
MAJI0Ta)KHO-HABUTAIIMOHHBIX CUCTEM BO3AYIIHBIX CyHOB. MHTemIeK-
tyanuzaius [ITHK Bxitodaer B ceOst ciaemyronme aceKkThl:
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AcnekTsl
MHTEIUIEKTYaIH|
3aiy [THK
L ] L ] L] I L] L}
o € ¥ aHaIu3 onmoOKaMu 1
Hil THIIOT asi HaBUTaLHs o M aJIaTHBHOCTh ABADHHHEM

TIOBEJICHHEM

ABTomaruyeckuid mnmior: Hcnons3oBanune MM u aBTOMa-
THU3allMM TI03BOJIsieT paspaboraTh Ooiiee MPOIBUHYTHIE CHCTEMBI
ABTOMATUYCCKOT'O MUJIOTUPOBAHUA. DTO MOXKET BKJIIOYaTh aBTOMATH -
YecKoe YIpaBIEHHE IIOJIETOM, ABTOHOMHOE B3JIETHO-ITOCA/I0YHBIE
MIPOLEAYPhI, aBTOMAaTUYECKOE CIIeIOBaHUE 33aJJaHHOMY MapuUIpyTy U
npyrue (YHKIWH, KOTOphIE MOMOIar0T ABHAIIMOHHBIM DKHITaKaM
YIpaBIATh BO3AYIIHBIMU cyaMu Oojee 3pdexkTuBHO 1 OGe30macHo.

ABTOMaTuyeckas Hapuranus: HMuremnexkryanuzauus [THK
MO3BOJISIET Pa3pabaThiBaTh CHUCTEMbl ABTOMATHYECKOW HaBHTallWH,
KOTOPBIC UCTIOJIB3YIOT JAHHBIC O IMMOJIOKEHUU U OPUCHTAINU BO3YIII-
HOT'O CyJIHa, IaHHBIE O Tororpaduu ¥ NPEMSITCTBHUIX, a TAKKE APYTYIO
r“H(OPMAIUIO JIJIsi aBTOHOMHOI'O IIJIAHMPOBAHUS MapIipyTa, Onpee-
JICHHSI ONTHMAJIFHBIX TPACKTOPUI U H30ETaHUs MPETATCTBUH.

PacnosnaBanue u ananus gaHHbix: Vcnons3oanue MM nos-
Bonsier cuctemam ITHK pacro3HaBaTh U aHaIM3UPOBATh JIaHHBIE U3
Pa3TUYHBIX MCTOYHHKOB, TAKUX KaK paJHONIOKAIIIOHHBIE CHCTEMBI,
KaMephbl, TATYNKH U JPYTHE CEHCOPBL. DTO MOXKET ITOMOYb B 0OHApy-
KEHUH U UACHTU(DUKAINU O0BEKTOB, OIPEEICHNN COCTOSTHHAS OKPY -
YKAIOMIEH Cpebl M MPUHATHH PENISHI Ha OCHOBE dTUX JaHHBIX.

IIporuo3upoBanne M aganTUBHOCTHL: HTEMMeKTyann3anus
I[THK MoskeTr BKIIOYATh B c€0SI CHCTEMBI POTHO3UPOBAHMS, KOTOPHIE
WCIONB3YIOT JaHHBIE O MOrojie, Tpaduke, COCTOSHUU BO3IYIIHOTO
MPOCTPAHCTBA W JPYTrUX (QaKTopax sl TMpencKa3aHus OyIyIIux
coObITHH W ycroBuil. JTo mo3Bomsier cucrtemam IIHK mpuaMMats
MIpeqyTpennuTeNbHEIE MEPHI, aJalTHPOBATHCS K M3MEHSIOIIUMCS yC-
JIOBHSIM M IPUHUMATH PENICHHUS Ha OCHOBE IPOTHO30B.

Ynpasienue omu0kaMu 1 aBapuilHbIM oBeeHueM: uTen-
nekryanu3anus [THK mosBonsier pa3paboTaTh CHCTEMBI, KOTOPBIE
CHOCOOHBI OOHAPYKUBATH U YIIPABIISTH OMMOKAMU, a TAKXKE MPEI0T-
Bpamath ¥ O0OHApYKMBaTh aBapUHBIC CUTyallud. JTO BKIIOYAET B
ce0sl CHCTEMBI MOHUTOPUHTA W KOHTPOIIS, CUCTEMBI aBTOMATHYECKOI
KOPPEKIINU M CUCTEMBI aBapUHHOTO BBIXOJIA U3 OMACHBIX CUTYAaIIHH.
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3akaiouenne. B cratbe pPaccMOTpEHO NPUMEHCHHUE UCKYCCTBCHHOI'O

HHTEUIEKTa B OECHMIIOTHUKAX U €r0 BIUSHUE Ha aBTOMaTHU3allUIO0 U

Pa3BUTUC aBTOHOMHBLIX CUCTEM. becnuaorHbie TEXHOIOTHH C UCIIOJIb-

30BaHUEM MCKYCCTBEHHOI'O MHTEIIEKTA YK€ JEMOHCTPUPYIOT IIOTEH -

oual B pa3iMyHbIX cdepax, BKIOYAs TPAHCIOPT, BOEHHOE [IENO,

Tpa’X1aHCKYIO aBUAllUI0 1 MHOI'OC ApYTOC.

HckyccTBeHHBIN HHTEIEKT B OECIIMIOTHUKAX 00IagaeT crnocoo-
HOCTHIO 00pabaThiBaTh OI'POMHBIC O0BEMBI JaHHBIX, aHAIN3HPOBATH
WH(POPMAITUIO B PSKHUME PEaTbHOTO BPEMEHN U IPHHUMATh aBTOHOM-
HBIE pelIeHus. DTO MO3BOJsieT OSCIIMIIOTHBIM CUCTeMaM OBITh Ooree
3¢} ()EKTUBHBIMH U TOUHBIMH, CHIKAET PUCK YEJIOBEUECKOU OIUOKH U
CO31a€T HOBBIC BOSMOXXHOCTHU JJId YJIYUYIICHUA 0€e30aCHOCTH U Ipo-
HN3BOJAUTCIIBHOCTH.
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MUASIR AEROKOSMIK INFORMASIYANIN
INTELLEKTUAL TOSKIiLi VO EMALI SiISTEMI

Sevda Ibrahimova

Milli Aviasiya Akademiyasi, Baki
s_ibrahimova@yahoo.com

CESSING OF MODERN AEROSPACE INFORMATION
Abstract. This paper presented result of intelligent system organi-
zation and processing modern aerospace information based on sat-
ellite monitoring systems in Azerbaijan. On the basis of the models

considered in the article, the possibility of real-time intellectual
processing has been investigated.

Kosmik texnologiyanin inkisafi va totbiqi, aerokosmik infor-
masiya osasinda faaliyyot Azorbaycan Respublikasimin dovlat siya-
satinin prioritet istigamatlorindon biridir.

Peyk sistemlorindon alinmis informasiya osasinda iqtisadi-
texnoloji proseslarin intellektual idaraolunmasi tabii resurslarm 6lke-
nin galacak inkisafi liclin asas strateji ehtiyatlara ¢evrilmosine zomin
yaradir.

Qlobal diinyamizda dinamik doyigen otraf miihit, onun tasirlori
vo bu tosirlor asasinda formalsan molumatlarin toplanmasi, saxlanil-
masi1 va idaraolunmasi an ¢atin masalalardan biridir ki, bunun da in-
tellektual texnologiyalar asasinda tagkili tolab olunur.

Moaqalode miixtalif ayirdetmo qabiliyyetine malik peyk moalu-
matlar1 osasinda Azorbaycanda kosmik monitoring sistemi asasinda
peyk informasiyasinin intellektual emali sisteminin togkili imkanlari
tohlil edilir.

Azorbaycanin tobii sorvetlorinin intellektual idars edilmasine
miixtalif nov resurslarin monitoringi prosedurlari daxildir. Bu iss in-
novativ texnologiyalara osaslamir: mosafodon zondlama, veb-
texnologiyalar1 va s. Biitlin bu texnologiyalar osasinda aerokosmik
molumatlarin kompleks sistemli tohlilini togkil etmoklo obyekt, had-
isalor vo proseslorin monitoringi naticalorini vahid g¢oxsaviyyali
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paylanmis global informasiya sistemins inteqrasiya etmok miimkiin-
dar.

Hal-hazirda Azorbaycanda miixtolif peyk sistemlorindon alinan
molumatlardan istifads olunur. Bu sobobdon peyk molumatlarna ar-
tan tolobati yalniz intellektual, real zaman aninda program emali sis-
temlorindan istifads etmokls tomin etmok miimkiindiir. Analiz edilmis
peyk molumatlarinin hacmindaki artim hesablama klasterlorine
osaslanan ¢oxaxinli igloma sistemlorindon istifads zorurati yaradir.

Peyk verilonlarinin miixtslif tatbiglorinds, moesalon tabii ehtiyat-
larin tadqiqi, tobii proseslarin operativ qiymatlondirilmasi kimi masa-
lalords, ¢oxdlgiilii informasiyanin emali intellektual texnologiyalar
osasinda apartlir.

Intellektual sistemlora asaslanan texnologiyada aerokosmik sis-
temlorin informasiyas1 asagidaki analiz soviyyslorine uygun for-
malasdiriimalidir:

| — verilonlarin togkili prosesidir ki, bu saviyyads emal tigiin isti-
fads olunacaq peyk molumatlari fayllar1 bloku formalagmali, tematik
emal {i¢lin giris verilonlori segilmalidir.

Il — emal tapsirigr verilmoalidir ki, bu saviyyads verilonlor emal
proseini yerina yetiracok hesablama kompleksino daxil edils bilsin.

Il — emalin tagkili prosesinds isa tapsiriga uygun program kom-
pleksinin se¢imi, funksionalligina gora paylanmis sistemin klasterlari
arasinda bolgilisii aparilmalidir. Yoni, klasterin hor bir elementi
xiisusilogmis tapsiriga uygun proqram tominati il islays bilir vo emal
prosesini icra edir. Natica verilonlor bazasina inteqrasiya olunur.

IV — nozarst vo idarotms bloku qurulmalidir ki, bu saviyyada
alinmis vo hotta emal olunmus moalumatlara intellektual texnologiya
osasinda nazarat aparilir, yani biitiin bloklardan emal prosesi haqqinda
molumat aqreqasiya olunuraq yoxlanilir, xotalar aradan qaldirilir vo
real zaman aninda prosesin idarsolunmasi prosesi toskil olunur va
hatta proses zamani tokmillosdirils do bilir.

Emalin toskili soviyyasinin funksionalligini artirmaq iiciin riyazi
model qurulur. Naticads, bu model asasinda togkil olunmus ¢oxdlgiilii
verilonlorin emal1 prosesi aparilir. Belo modellar biitiin bloklar {igiin
qurularag intellektual texnologiya osasinda aerokosmik informasi-
yanin idara olunmasi prosesi togkil olunur. Har bir emal olunan peyk
veriloni {iiin tapsirig giris fayllarina daxil edorak, asagidaki asilligi
qururug:
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3A(ES,EO,DE,XE
Vtapsiriq = 3{ POt
1<g=<h
haradaki,
» ES — emal {i¢giin secilmis verilonlor coxlugu,
» EO — emal olunmus verilonlor,
» DE — diizgiin emal olunmus verilonlor,
» XE — xotali emal naticalari.
Emal naticalari iso hadisalorin va proseslorin monitoringi {igiin
vahid ¢oxsaviyyali paylanmig qlobal informasiya sistemino
inteqrasiya olunur (sokil 1).

( Azarbayean ( Malumat emah |
o Istifadagi |
' g veb interfaysi !
% p . \
2 altsistemi
ol
Miixtalif peyk . Miixtalif peyk malumatlarmm ]
molumatlarmn secimi cmrals mrkezi
s B -
Axtany [ Actary
veb interfeysi \'eh- inlerﬁi\nsi
) L i J
Tlkin verilanlar
‘ ‘ ‘ Metaverilanlar ‘
e — ——
Aerokosmik veilanlar Aerokosmik veilanlarin
bazas bilikdar bazaz
[
T [
I

Sak. 1. Morkazlasdirilmomis geoverilonlarin toskili sistemi

Homginin, forgli geomakan informasiyalarinin miixtslif istifadagi
resurslarina inteqrasiya olunma masalalorinin hoalli, yeni molumat
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oldeetma modelinin iglonib hazirlanma masslasinin nazarden kegiril-
masini tolob edir. Miixtalif molumatlarin aldo edilmasi mexanizm-
lorindon istifade, forqli geomokan molumatlarinin olds edilmosini
sadologdirocokdir. Msalumatlarmm emali masslasinin qoyulmasinda
boyiik shomiyyat kasb edon bdlmo, paylanmis forqli geomokan molu-
matlarimin oldo edilmasi {i¢lin modelin hazirlanmasindan ibaratdir
(sokil 2).

Naticanin analizi Tapsingin idarsolunmas:

Kartografik Web-interfeys +1_

Tapsngm ndvbali icrasi programana
ilkin verilanlar nazarst

1

Tapgnglar meneceri

Emakin

andv Tapsingin veriimasi, ilkin &g

verilanlar, icra, naticanin tasviri

=

ilkin verilanlarin secimi servisi — peyk malumatinin, xaritanin va s. l

3
s
n
_F' _ i L] S |
§ " Yidksak orta Qangiq Sobakalar
5 E ayrdetma ayrdetma Fyrdetma
f T T 11 =
' Verdanlann
" sanlanmas
L
Paylanmus verilaniar

Sok. 2. Real zaman aminda peyk informasiyasmin idara olunmasi sis-
temi

Yeni molumat menbalorinin birlosdirilmesinin ¢atinlik soviy-

yasini azaltmaq ii¢lin on optimal hall, verilonlorin alds edilmasi tiglin

genis yayillmis interfeyslordon istonilon birinin destoklonmasi imkan1
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toskil edir. Homginin, bu yanasma, vetilonlorin emalini 6z sorgu dilini
dastokloyon strukturlagdirilmamis monbalorden do hoyata kegirmok
imkani yaradir.

Miiasir aerokosmik informasiyanin intellektual togkili sisteminin
on vacib bloku informasiyanin intellektual emalidir. Intellektual emal,
real zaman aninda miixtalif mokan vo spektral ayirdetmoays malik peyk
informasiyasindan istifade edarak, bir ¢ox tobii va siini obyektlari bir
yerda qiymatlondirarak banzor spektral xiisusiyyatlora sahib obyekt-
lorin taninmasini talab edir. Obyektlarin taninmasi prosesinin yerino
yetirilmasi tiglin obyektlorin siniflondirilmasi vacibdir. Bunun Ggiin
bir ¢ox siniflondirme alqoritmlori mévcuddur. Peyk informasiyasi
asasinda yer sathi obyektlorinin dyranilmasi ii¢iin tatbiq edilon intel-
lektual siniflondirms alqoritmlsrine dostok vektor masinlari vo deep
learning texnologiyas1 osasmda ¢oxspektrli aerokosmik informasi-
yanin emali, yiiksok mokan ayirdetmasine malik aerokosmik tasvir-
lorin burulma metodu asasinda emali kimi giiclii alqoritmlar daxildir.

Bildiyimiz kimi, Klasterlosdirma masaslosinin halli birgiymatli
deyil va birgiymatli an yaxs1 keyfiyyst kriteriyasi mévcud olmadigi
Uclin keyfiyyat kriteriyasi yigilma kriteriyasindan asili olur.

Klassik masin 6yratmo sistemlarindan forgli olaraq intellektual
alqoritmlords informasiyamin taminmasi vo Siniflosdirilmasi bitin
saviyyalords vo biliklor bazasi osasinda aparihidigi tigiin keyfiyyat
gostaricisi kifayat godar yuksalmis olur (sakil 3).

Deyilonlori nazoro alarag, Azorbaycamin simal rayonlarmin
Landsat tosvirini klassik masin dyratma sistemlari vo burulma algo-
ritmi tatbiq edarok emal etmisik.

Emal prosesinds asagidaki masalalor hall olunmusdur:

1. Miiasir intellektual alqoritmlor tohlil edilorak, onlarin ¢oxspek-
trli yiikksok mokan ayirdetmsali tosvirlorin emal olunmasinda isti-
fadosi imkanalr1 analiz olunmusdur.

2. Kigik se¢molor daxilindos verilolorin siini sokildo artirilmasi
alqoritmi iglonililmisdir.

3. Naticolarin daqiqliyini qiymstlondirmak ii¢iin yiiksok ayirdetma
qabiliyyaetli aerokosmik tesvirlorin forgli parametrlorinin qiymat-
londirilmoasi aparilmigdir.

Naticads, magalads islonmis modellor asasinda real-zaman anin-
da intellektual emal prosesinin aparilmasi imkanlar1 dyrenilmisdir.
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Masi oyratma

mE::

Giris Malumatin Siniflogdirmo Cixig

Sk 2 -

Malumatin taninmasi +
Siniflosdirma
intellektual alqoritmlor
- ___________________

Sok. 3. Intellektual algoritmlar asasinda emal naticasi
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HAVA GOMILORUINDO SUNI INTELLEKTIN TOTBIQI

IMKANLARI VO PERSPEKTIVLORI

Xiilasa. Siini intellekt (Al) aviasiya sonayesindo miisbat tosir
yaradan, inkisaf edon bir texnologiya olaraq istifads olunur,
tayyara amoaliyyatlar, tohliikasizlik va texniki xidmoatin miixtalif
aspektlorinda inqgilab edir. Bu maqala siini intellektin aviasiyada
tatbigi haqqinda timumi malumat verir vo onun sanayeya tasirini
vurgulayir. Siini intellektls islayan prognozilasdirict texniki xidmat
sistemlari aviasirkatlora va hava gomilorinin sazligina nazarat
etmaya, texniki problemlori askar etmaya va texniki xidmat
tadbirlorini aktiv sakilda qabagcadan planlasdirmaga imkan verir.
Bu yanasma tayyaralarin nasaz vaziyyatds qalma vaxtini, texniki
xidmat xarclarini azaldir va timumi aviaparkin etibarliligint va
tohliikasizliyini artirir. Siini intellekt ucus amoaliyyatlari, tohliiko-
sizlik, texniki xidmoat va sormisin tocriibasini tokmillasdirmoklo
aviasiya sanayesinda inqilab etmak potensialina malikdir. Siini
intellekt texnologiyalarindan istifads etmakla aviasirkatlor amaliy-
yatlary optimallasdirar va tahliikasizliyi artirmig olurlar.

Acar sozlor: Siini intellekt (A1), masin éyronmasi (ML), aviasiya,
texniki xidmoat, ucusun idars edilmasi, malumatlarin tohlili.
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Introduction

Artificial intelligence (Al) in aviation is a most popular topic,
since this technology can be used to support air transportation compa-
nies in the skies and on the ground. Let’s take a look at how Al in
aviation is changing the industry and helps to reduce the human work-
load related to the aircrafts.

First off, all let’s review how the Artificial intelligence (Al) can
play an increasingly important role in the aviation industry, especially
in aircraft systems and operations.

Here are some key areas where Al is being utilized in aircraft:

»  Flight Systems: Artificial intelligence (Al) is used in flight con-
trol systems to enhance autopilot capabilities, improve aircraft
stability, and optimize fuel consumption. Al algorithms can ana-
lyze real-time data from various sensors and make adjustments to
the flight control surfaces, allowing for smoother and more effi-
cient flights.

» Predictive Maintenance: Artificial intelligence (Al) algorithms
are employed to analyze data from onboard sensors and systems
to predict potential maintenance issues. By monitoring the air-
craft's health in real-time, Al can help airlines and maintenance
crews identify and address maintenance needs before they be-
come critical. This predictive maintenance approach can reduce
aircraft downtime and increase operational efficiency.

» Air Traffic Management: Artificial intelligence (Al) is emplo-
yed in air traffic management systems to optimize airspace usa-
ge, improve traffic flow, and enhance safety. Al algorithms can
analyze data from multiple sources, including radar, satellites,
and weather reports, to make real-time decisions on flight rou-
ting, separation, and scheduling. This helps reduce congestion,
minimize delays, and improve overall airspace management.

» Cockpit Automation: Artificial intelligence (Al) is utilized in
cockpit automation systems to assist pilots in various tasks, such
as flight planning, navigation, and monitoring. Al algorithms can
process vast amounts of data and provide pilots with real-time
information and alerts, enhancing situational awareness and deci-
sion-making. However, it's important to note that pilots remain
responsible for flight operations and safety.
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It's important to note that while Al offers numerous benefits,
safety and reliability remain paramount in aviation. Al systems un-
dergo rigorous testing and certification processes to ensure they meet
stringent standards and regulatory requirements. Additionally, human
pilots and operators continue to play a crucial role in overseeing and
managing Al-powered systems to ensure safe and efficient aircraft op-
erations.

1. Artificial intelligence (Al) for Flight systems.

Flight systems can indeed utilize artificial intelligence (Al) in air-
craft. Al technology has made significant advancements in recent
years and is being incorporated into various aspects of aviation to en-
hance safety, efficiency, and decision-making processes.

One area where Al is utilized is in flight control systems. Al al-
gorithms can analyze data from multiple sensors and systems to pro-
vide real-time feedback and optimize aircraft control. This technology
is particularly beneficial in situations where quick and precise re-
sponses are necessary, such as in autopilot systems or during autono-
mous flight operations.

Artificial intelligence (Al) is increasingly being utilized in flight
systems to enhance safety, efficiency, and decision-making processes.

Here are some key applications of Al in flight systems:
> Autopilot and Autonomous Flight: Al algorithms are used in au-

topilot systems to control the aircraft's flight parameters, such as
altitude, speed, and heading. These algorithms continuously ana-
lyze data from sensors and adjust control surfaces to maintain sta-
ble and precise flight. Al is also employed in autonomous flight
systems, where it enables the aircraft to make independent deci-
sions and navigate complex environments.

» Decision Support Systems: Al-based decision support systems
provide pilots with real-time information and recommendations
for handling complex situations. By analyzing data from multiple
sources, including aircraft systems, weather, and navigation,
these systems can offer insights and suggestions to assist pilots in
making critical decisions.

2. Artificial intelligence (Al) for Predictive maintenance.

Artificial intelligence (Al) predictive maintenance is a valuable
application in aviation that leverages Al algorithms to forecast and
prevent potential failures or maintenance issues in aircraft systems. By
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analyzing large volumes of data from various sensors, maintenance
logs, and historical performance records, Al predictive maintenance
systems can identify patterns, detect anomalies, and make accurate
predictions about when maintenance or component replacements may
be needed.

>

Here's how Al predictive maintenance works in aviation:

Data Collection: Sensors installed throughout the aircraft contin-
uously gather data on parameters like engine performance, vibra-
tions, temperature, pressure, and more. This data is stored and
transmitted for analysis refer to Figure 1.

Data Analysis: Al algorithms analyze the collected data using
techniques like machine learning and pattern recognition. These
algorithms can identify trends, patterns, and anomalies that may
indicate potential failures or degradation in aircraft systems.
Fault Detection and Prediction: Based on the analysis, the Al sys-
tem can detect early warning signs of potential faults or failures.
By comparing the current data with historical records, it can pre-
dict the remaining useful life of critical components and estimate
when maintenance actions will be required.
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Fig. 1. Artificial intelligence (Al) for Flight systems is a diagnostic
maintenance aid designed to assist with determining maintenance
needs while an airplane is operating
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>

Alert Generation: Once an anomaly or potential issue is detected,
the Al system generates alerts or notifications for maintenance
crews or operators, indicating the specific component or system
that requires attention.

These alerts can be prioritized based on severity and impact on
safety and operational efficiency refer to Figure 2.

Maintenance Planning and Optimization: Al predictive mainte-
nance systems provide valuable insights to maintenance teams,
enabling them to plan and schedule maintenance activities more
efficiently.

By identifying potential issues in advance, maintenance actions

can be performed proactively, reducing the likelihood of unexpected
failures and minimizing aircraft downtime.

>

The benefits of Al predictive maintenance in aviation include:
Increased Aircraft Availability: By detecting potential failures in
advance, proactive maintenance actions can be taken, reducing
unscheduled maintenance and maximizing aircraft availability.
Enhanced Safety: Early detection and prevention of potential
faults can significantly improve safety by minimizing the risk of
in-flight failures or malfunctions.

Cost Savings: Predictive maintenance helps optimize mainte-
nance schedules and reduce unscheduled maintenance, leading to
cost savings by avoiding expensive emergency repairs and reduc-
ing aircraft downtime.

Data-Driven Decision Making: Al predictive maintenance sys-
tems provide valuable data

and insights to support decision-making processes related to

maintenance planning, spare parts inventory management, and re-
source allocation.

Overall, Al predictive maintenance systems are a powerful tool

in aviation, helping to improve aircraft reliability, safety, and opera-
tional efficiency by identifying potential issues in advance and ena-
bling proactive maintenance actions.
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Fig. 2. Artificial intelligence (Al) for Predictive maintenance

3. Artificial intelligence (Al) in aviation: ATM and ATC.

Companies and airports all over the world begin to realize that Al
in aviation comes with some significant benefits. As it happens, tasks
like flight planning, flow management, and safety assessments can be,
at least to some extent, automated since air traffic management (ATM)
and control (ATC) were almost exclusively based on human work and
experience. [1]

Considering the Al functionality, the scenarios and situations in
the sky can be predicted and handled automatically with help of big
data and machine learning:
> With available big data, aviation companies can train their ML

algorithms to take various variables and data sources into consid-

eration. This way, the intelligent ATM applications can take
weather conditions and air traffic into consideration and make ap-
propriate decisions based on these two critical data sources.

»  With machine learning, Operators can make their own algorithms
more and more effective.

By using Al the ATM and ATC can be automated that will im-
prove predictability and efficiency. These two technologies can be

-21-



/
SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP
. 'ARTIFICIAL INTELLIGENCE TECNOLOGIES
Vo AEROKOSMIK PROBLEMLOR -2023 &v AND AEROSPACE PROBLENS

used to calculate the optimal routes that will allow air transportation
companies to save time and fuel.

When Al comes to air traffic control, the main objective is to keep
everyone safe. ATC is managed from the control tower, where is ATC
specialists guide and communicate with the nearby planes and manage
their landing and taking off.

Naturally, this doesn’t mean that the ATC work can be fully au-
tomated considering traffic on routes as shown in Figure 3.

But at least for now, human experts are still necessary in the con-
trol towers. After all, there are some critical elements that need to be
taken into consideration:

Landing sequence

Individual pilot behavior

Accidents and failures

Weather conditions

Sudden situations (like emergency landings), etc.

VVVYVYY

Fig. 3. Huge Traffic flow

But, with Machine Learning (ML) on board, the job of ATC spe-
cialists can be massively simplified. One of the companies working on
such Al-fueled ATC systems is Swedish LFV [2]. They collaborate
with IBM to create an ATC system called Advanced Autoplanner.
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Currently, they have the first proof-of-concept, which is a model that
provides air traffic control instructions in a Swedish en route sector
refer to Figure 4.

Fig. 4. a) ATM and b) ATC with Al

1. Flight management systems (FMS)

In the near future, every FMS will be based on the intelligent
technology. As we know FMS is a specialized computer system that
automates a wide variety of in-flight tasks, reducing the workload on
the flight. FMS takes care of the navigation, aircraft position and flight
plan. It’s irreplaceable in modern aircraft, and even light planes are
equipped with it. The FMS of the future will work based on various
artificial intelligence solutions. The idea is simple-to make the most
of available onboard and external data, primarily concerning weather
conditions, route efficiency, and air traffic [3].

The simple example of this improvement in the aircrafts is GPS
for Google. The map instantly will show you an alternative route that
will allow you to bypass it.

A similar solution can be used in modern Flight Management
Systems. The real-time info related to weather storms, turbulences, in-
creased air traffic can be used to recalculate the route and direct the
aircraft into a different, optimal direction.

2. Artificial intelligence (Al) Roadmap in aviation.

The deployment of learning processes in projects for civil aircraft
certification has already started. The EASA received the first project
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applications making limited use of AI/ML solutions. Feedback from
stakeholders has been integrated in the new timeline [4].

In the deployment of Al solutions, industry players requesting
first assistance scenarios, corresponding to Level 1 Al applications.
This step is delayed for 2025 year however, it could happen earlier
considering the timeline of current applications. Development will
consist in the gradual ramp up to more automated solutions (Level 2
Al).

This includes the deployment of progressively more automated
solutions to assist the pilot flying in extended minimal crew operations
and single-pilot operations in large commercial air transport through
the use of virtual co-controllers. This is currently foreseen to happen
around 2035; however, this is not a formal target but rather a predic-
tion based on current prognostics from the major aviation stakehold-
ers.

The next steps are advanced automation with human supervision
(Level 3A Al) and ultimately without human oversight (Level 3B Al).
These steps will likely take place in a progressive way between 2035
and 2050.

The ultimate step towards autonomy (Level 3 Al) is most proba-
bly to be shifted even after 2050, considering the current state of the
art in Al technologies.

References

1. Community Alternatives to Luton’s Flight Path. Technical and
Safety. URL.: https://calflightpath.org/technical-and-safety/. Accessed
Apr 8, 2021. Eurocontrol. About us.

URL.: https://www.eurocontrol.int/about-us. Accessed Apr 8, 2021.

2. LFV. Al enhanced Air Traffic Control.

URL: https://www.Ifv.se/en/about-us/innovation/ai-enhanced-
air-traffic-control. Accessed Apr 8, 2021.

3. ER-022 — EUROCAE, ‘Artificial Intelligence in aeronautical
systems: Statement of concern’, EUROCAE, 2021.

4. EASA, ‘Concept Paper: First usable guidance for Level 1 ma-
chine learning applications — Issue 01°, European Union Aviation
Safety Agency (EASA), Cologne, 2021.

-24-



P
SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP~

. ARTIFICIAL INTELLIGENCE TFCNOLUG.‘F&I
Vo AEROKOSMIK PROBLEMLOR -2023 &v AND AEROSPACE PROBLEMS

UCUS APARATININ FOZADAKI VOZiYYOTINI VO KUR-
SUNU TOYIN ETMO SISTEMi UCUN SMART
QURGUNUN STRUKTUR MODELI

Islam Isgandarov

Milli Aviasiya Akademiyasi, Baki
islam.nus@mail.ru

Hiiseyn Baxsiyev

“Silk Way Technics” branch of Silk Way
West Airlines, Baki
huseyn.baxshiyev@naa.edu.az

STRUCTURE MODEL OF A SMART DEVICE FOR AN

AIRCRAFT POSITION AND COURSE DETERMINATION

SYSTEM

Abstract. This article covers a technical and general research and
analysis of the future outlook for the AHRS of aircraft. Based on the
considered improvement methods, research examples are presented
that allow us to understand the current state of this field and the
possibilities of applying new quantum MEMS sensors, as well as
artificial intelligence in the aviation field in solving aircraft navi-
gation problems. In modern aircrafts, the possibility of applying
smart sensors that can control operating modes of the sensors,
power consumption, depending on the set goals has been studied,
and smart navigation sensors and the concept of control have been
explained first, and their application for aircraft has been deter-
mined. Finally, in the near future, the implementation of autono-
mous control of aircraft will be determined by the application of
artificial intelligence in aviation. A structural model of an intelli-
gent sensor for attitude and heading reference system is proposed,
and the ways and perspectives of the autonomous control of the air-
craft with the application of artificial intelligence in aviation in the
near future are shown.
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1. Giris

Inersial 6lgmo qurgusu (IMU) ugus aparatimn fozadaki
voziyyatini, kursunu, xotti vo bucaq siiratini 6lgmoys imkan veran
ononavi inersial naviqasiya sisteminin (INS) alt sistemidir. Inersial
naviqasiya sistemlori quruda, donizds, havada vo kosmosda miirakkab
omoliyyatlar iiciin vo mobil inertial naviqasiya sistemlori adlanan
smartfonlarin yerlosdirilmasi vo izlonilmosi do daxil olmaqla genis
totbiqlords istifado olunur. Bununla bels, onlar osason taktiki vo
kosmik missiyalarla yanasi, toyyara vo gomilarin naviqasiyasi ii¢iin
do, istifado olunur. Naviqasiya parametrlorinin O6l¢iilmasi zamani
temperatur effekti, giroskopik, tacillonmo vo maqnit xatalar1 yarandigi
iclin bu qurgular digar navigasiya texnologiyalari ilo birgs inteqrasiya
olunur.

Mikroelektromexaniki sistemlorin (MEMS) sahasinda oldo edilon

nailiyyatlor noticasinde, indi daha kigik Ol¢iilii vo yiingiil inersial

naviqasiya sistemlorini yaratmaq va inkisaf etdirmok miimkiin

olmusdur [1, 2].

2. Smart sensorlar1 tokmillasdirmoak iisullari.

Smart naviqasiya sensorlarini tokmillagsdirmoak ti¢iin bir ne¢a {isul
nazardan kegirilo bilor. Bu sensorlarin gostaricilarini va imkanlarii
yaxsilagdirmaga komok eds bilocok bazi asas iisullar asagidakilardir:
» Vericilorin birlosdirilmoasi, bir ¢ox vericilordon verilonlorin

inteqrasiyasi otraf miihitin daha shatali vo doqiq Oyrenilmasini

tomin eds bilor. Miniatiirlagdirms texnologiyalarinda irslilayislor
daha kicik, daha ylingiil va enerjiys qenastcil sensorlar yaratmaga
imkan verir. Bu yanagsma molumatlarin daha somorali
toplanmasina imkan verir vo navigasiya sisteminin timumi

Olciisiinii vo ¢okisini azaldir.

» Qabaqcil signallarin emal1 alqoritmlori signalin kily nisbotini
yaxsilagdira vo sensor oxunus keyfiyyetini artira bilor. Bundan
olavo, filtrloms tisullart kilyli azalda vo dlgmolerin doqigliyini
yaxsilagdiraraq daha etibarli navigasiya naticaloring gotirib ¢ixara
bilar.

»  Etibarli vo ardicil 6lgmolori tomin etmoak iigiin sensorlarin daqiq
kalibrlonmosi ¢ox vacibdir. Giiclii kalibrlomo vo yoxlama
prosedurlar1 sensor molumatlarinin daqiqliyini vo etibarliligini
artirir .
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2.1.  Magsin 6yranmasi va suini intellekt (ML&AI).

Masin Oyronmasi va siini intellekt iisullarindan istifado smart
naviqasiya sensorlarinin imkanlarini artira bilor. ML veo Al
alqoritmlori sensor molumatlarmin emali, sensor birlosmosi,
niimunonin  taninmast  vo  qgorar  gobuletmo  proseslorini
optimallagdirmaq Ttg¢iin istifade edilo bilor. Bu iisullar sensorlara
verilonlardon dyronmoys, doyisen sartlora uygunlagsmaga vo zamanla
vericilorin igini yaxsilagdirmaga imkan verir. Sensorlarin etibarliligini
vo effektivliyini tomin etmok iiclin ciddi smnmaq vo yoxlama
prosedurlart ¢ox vacibdir. Hoadof sortlorini simulyasiya edon
miihitlordo nozarot edilon laboratoriya sinaglari vo sahs smaglar
potensial mohdudiyyatlari va ya verici problemlarini miioyyan etmaya
va hall etmays kdmoak edar va tokmillagdirilmasine gorait yaradar.

2.2. Yeni kvant MEMS sensorlar.

Davamli todqiqat vo inkisaf yeni sensor texnologiyalarinin

kosfino vo totbiqine sabab ola bilor. Masolon, kvant sensorlari,
neyromorfik sensorlar va ya bio-ruhlandirilmis sensorlar kimi inkisaf
etmakdo olan texnologiyalarm tadqiqi navigasiya masalalorinin
hallinds yeni imkanlar yarada bilar.
Kvant sensorlari, xiisuson do mikroelektromexaniki sistemlora
(MEMS) vo ya nano-0Olgiili texnologiyalara asaslanaraq
miniatiirlegdirilo bilor vo ¢ox asagi giic tolobatina malikdir. Kvant
sensorlar1 6lgmoalords tokmillogdirilmis doqiqlik, hossasliq tomin edon
vo doqiqliye nail olmaq ii¢iin kvant mexanikasinin prinsiplarinden
istifado edon yeni nosil sensor texnologiyasini tomsil edir. Muhit
enerjisindon birbasa istifade etmoklo yoni xarici enerji monboyino
ehtiyaci aradan qaldirmagqla kvant texnologiyalariin enerji istehlaki
masalasini holl eds bilor [3]. Bu texnologiyalar ansnovi sensorlarla
miiqayisads tokmillosdirilmis doqiqlik, hassasliq va enerji somaraliliyi
tomin etmak potensialina malikdir.

2.3.  UA-larda suni intektin tatbiqi imkanlari.

Airbus A330, A350 Boeing B777, B787 kimi miilki toyyaralori
quisursuz tohliikesizlik imkanlar1 ilo diinyada ingilab edon mdciizavi
texnologiyalara malik olan hava gomilori hesab edilir. Diger
Noqgliyyat, istehsalat, maliys, biznes sahslorindo Al vo ya ML genis
totbiq edilso do, lakin bu toyyarslorin he¢ biri UA-nin ugus
kompiiterlorinds Al vo ya ML-den istifade etmoyib. 1950-ci illordes
reaktiv miihorriklorin istifadesi, 1980-ci illords iso elektron uzagdan
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idarosetma sistemi (fly-by-wire) totbiqi son iki oshomiyyatli tokamiil
hesab olunur. 2020-ci illordon baslayaraq iso basqa bir tokamiil
nozordo tutulmusdur. Kompiiterlorin emal giliciinde bdyiik
tokmillagdirmalorlo vo siini intellektin imkanlarimin (AI) aviasiyada
daha cox totbiq edilmssi ilo avtonom uguslara, qabaqglayici texniki
qullugun yerina yetirilmosina, hava noaqliyyatinin idarsedilmasinin
optimallagdirmasina (ATM) nail olunacagi planlagdirilir. Avropa
Aviasiya Tohliikosizliyi Agentliyinin (EASA) niimayandasi bildirir ki,
ilkin toklif olaraq EASA 2025-ci ilo goder siini intellektlori aviasiya
ticiin sertifikatlagdirmagi gozloyir. Miilki hava naqgliyyati sahasinda
asagida tosvir edilon ii¢ tokamiil addimu ils slagali vaxt qrafiki ola bilar
[4,5]:
> llk addim: ekipaj yardimi (2022-2025)
> lkinci addim: insan/masin amakdashig1 (2025-2030)
> Uciincii addim: avtonom kommersiya hava nagliyyati (2035+)
Suni intellekt tohliikesizliyi, somorsliyi vo  Umumi igi
tokmillagdirmokls aviasiya inqilab etmok potensialina malikdir. Siini
intellekt ¢oxsayli imkanlar taqdim etso ds, Al-nin aviasiyada tatbiqi
diqgetli miilahiza, qaydalara riayat, ciddi smaq ve tshliikesizlik
sertifikatlar1 va s. talob edir.

3. UA-mn fozadaki vaziyyatini va kursunu tayin etma sistemi
ii¢iin smart qurgunun strukturu

UA-nin fozadaki vaziyyatini vo kursunu tayin etmo sisteminin
(AHRS - Attitude and heading referance system) ononovi sensorlari,
adoton emal edilmomis sensor molumatlarini tomin edon mexaniki
giroskoplar, akselerometrlor vo maqnitometrlor kimi analoq sensorlara
osaslanir. Bunun aksins olaraq, Smart MEMS sensorlar1 daha yiiksok
doqiqlik, daha siiratli cavab miiddati vo tokmillogdirilmis siqnal-kiy
nisbatlari toklif edon rogamsal sensorlardan istifads edir.
Smart MEMS sensorlart mezmununda "agilli" termini adoton onlarin
osas fozadaki veziyyetini vo kursu toyin etmo oOlgiisiindon olave,
tokmillogdirilmis imkanlarina vo xiisusiyyetlorino aiddir [6]. Bu
sensorlar tez-tez olavo funksiyalar1 tomin etmok vo Olgmolorin
doaqiqliyini, etibarliligini vo universialligini tokmillosdirmak iiciin
mikroprosessorlar, rogomsal signal emal1 vo gabaqcil alqoritmlor kimi
gabagqcil texnologiyalardan istifads edirlor. AHRS sisteminin ansnavi
sensorlart ilo intellektual MEMS sensorlar1 arasindaki asas forqler
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onlarm imkanlarinda, xiisusiyyastlorindo vo texnoloji inkisafindadir.
Burada bozi asas forglor var:

Smart MEMS sensorlari doqiq ugus parametr aldo etmok iiciin
coxsayli sensorlardan (mosalon, akselerometrlor, giroskoplar, AMR
maqnitometrlor) molumatlart birlegsdiron gabaqcil sensor birlogsmo
alqoritmlorindon istifado edir. Bu birlosmo prosesi fordi sensor
xotalarimi, siirismoni vo kilyli kompensasiya etmoyo komok edir,
naticods daha etibarli 6l¢gmolor aparilir.

Niimuns kimi AMR maqnit vericisi ti¢iin ferromagnit Ry vo R; metal
elementi agsagidaki ifadslorls hesablanacaq (sok. 1a- imumi sxemi 1b-
magnitorezistiv elementin ekvivalent sxemi):

R, = Ry — AR sin?6 vo R, = Ry — AR cos? 0 (1)
vee

AMR
SENSOR
pmmm——

Vout

b)
Sak. 1. AMR magnit vericisinin elektrik sxemi

(1.1) ifadslorine nazars alaraq materialin miigavimat doyismosini
hesablamagla Vou ¢1x1s gorginliyini agagidaki ifado ilo gostormok olar:

R, R, —ARsin? @
Vout = R— cc —
IR, 2R, — AR
4Ry
a= 2(2Rg—4R) ' €€

Voo = \% +acos20 (2)
3)

Asagidaki riyazi ifads iso korilios qiivvasine asaslanaraqg MEMS
giroskopu {igiin bucaq siirotlorini (vurnuxma, kren, tanqaj)
giymatlondirmays imkan verir (sok. 2):

Fk=2m vy o, (4)
Harada Ki,: X = X,Sin (mot); Vx = Xo 0 COS (mot) - xatti siirat; m; - bucag
siirati
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vurnuxma

bucagr =

—>
y tangaj
bucagi

kren bucag

SaK. 2. Bucagq stiratlori tictin oxlarin tayini

Smart MEMS sensorlar1 fazadaki vaziyyat vo kursu toyin etmo

daqigliyini va etibarliligini artirmaq tiglin Kalman filtri, son illar kigik
UA-larda da 6z totbiqini tapmaqda olan Madjvik filtri vo adaptiv
filtrlomoa kimi qabaqcil filtrloms iisullarindan istifads edir. Bu iisullar
daha daqiq vo sabit 6lgmalari tomin edan sensor kiiyli vo atraf miihit
amillorini nozors alir. Ononavi sensorlarda ¢ox vaxt belo gabagcil
filtrloma Gsullarim totbiq etmok imkanlart miimkin olmur.
Smart MEMS sensorlar1 tez-tez Eyler bucaqlari, kvantlama va
firlanma matrislori kimi g¢oxsayli ¢ixis variantlari toqdim edorak
miixtalif sistem va totbiglarls inteqrasiya etmak olur. Onlar homginin
névba, siiratlonma, siirat voa mévqe kimi alava ¢ixislar tomin eds bilar.
Miiasir AHRS sensorlar1 hamg¢inin daxili mikroprosessorlar, bort
yaddas1 va rabita interfeyslori kimi slava funksiyalar: ehtiva edir. Bu
xiisusiyyatlor bortda molumatlarin islonmasini, gabaqcil kalibrloma
prosedurlarint va digar sistemlorlo qiisursuz inteqrasiyani tomin edir.
ononovi AHRS sensorlar1 funksionalliq baximindan daha sadadir vo
bels inteqgrasiya edilms imkanlarindan mohrumdur.

AHRS iigiin smart MEMS sensorlarin vo siini intellekt
strukturunun layiholondirilmosi aktual masalodir vo fozadaki
voziyystin vo kursun diizgiin qiymetlondirmesini tomin etmak {igiin
miixtalif komponentlori 6ziinds birlosdirmayi nozers almalidir (sok.
3): 1. sensor mpolumatlarmin alinmasi; 2. sensor molumatinin
ovvalcadon islonmosi; 3. sensorlarm birlosdirilmosi; 4. sensorun
kalibrlonmasi iiglin siini intellekt alqoritmlori; 5. anomaliyalarin
askarlanmasi vo nasazligin diagnozu va s [7].

-30-



SUNI INTELLEKT TEXNOLOGIYALARI AT & AP
Vo AEROKOSMIK PROBLEMLOR -2023 5

I I Nazarat signallari
= | Miiherrrik giicii
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Hiindiirliik siikani
ves.

Sok. 3. Intellektual navigasiya va idaraetma sisteminin strukturu

Sxemdoan gorundiyd kimi, AHRS sistemini 6ziinds ehtiva edon
intellektual navigasiya vo idaroetma sistemi Ggiin ilkin navigasiya
molumatlar1 naviqasiya sensorlart: maqgnitometrlor, akselerometrlor,
giroskoplar vo GPS modulunun kdmoayi ilo tomin edilir. UA-nin
navigasiyasmin vo ugusunun idaroedilmasinin  daha  genis
funksionalligin1 va doqigliyini tomin etmok Uglin nozards tutulmus
intellektual nozarot sistemi navigasiya veo ucusun idarsedilmasi
sistemlorindan aldigi molumatlar osasinda smart nozarot signallari
formalasdirir. Bu sistem vasitasilo formalasdirilan signallar, UA-nin
daha sshih manevr etmosi, miharrikinin vo idarsetms organlarmin
parametlarinin daha daqiq idarsedilmasini tomin edos bilir.

Roagomsal intellektual sensorlarla tomin olunmus AHRS sistemi
va diger navigasiya sistemlari, eyni zamanda, miharrikin vo idaraetms
organlarinin parametrlorine nozarot sistemlori ilo tomin olunmus
idaroetmo sistemlari olduqda, Smart nozarat sistemi milki UA-larin
uguslarimin tam avtonomlugunu vo pilotsuz idarsolunmasini tomin edo
bilor. Sensor molumatlarimin  alinmasi, bu molumatlarin ilkin
islonmoasi, sensorlarin inteqrasiya olunmasi, sensorun kalibrlonmosi
iiglin siini intellekt alqoritmlorinin totbiq olunmasi vo s. bu kimi
komponentlori 6ziindo ehtiva edon siini intellekt osasli nozarot sistemi
UA-nin uguslarina nazaratin daqiqliyini, etibarliligini va effektivliyini
xeyli artirmis olar

Natica

Kvant texnologiyalar1 sahosindo tadqiqat vo inkisaf davam
etdikcoa, biz miixtolif elmi, sonaye vo aviasiya saholorinds golocok
nailiyyatlori vo totbiglori gbzloys bilorik. Qeyd etmok vacibdir ki,
kvant sensorlarmin UA-nin siini intellekt tatbiglorine inteqrasiyasi foal
todqiqat sahasidir vo praktiki todgigatlar hals aparilir. Kvant sensorlari
ononavi sensorlarla miigayisado daha yiliksok doqiqlik potensialini
tomin edir. Navigasiya mosolosinin hollinde miihit enerjisindon
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birbasa istifado etmoklo yoni xarici enerji monbayina ehtiyaci aradan
galdirmagqla kvant texnologiyalarmin enerji istehlaki masalosini holl
edo bilor. Siini intellekt strukturuna AHRS ¢ixisinin, GPS vo ya
inersial naviqasiya sistemlori kimi naviqasiya sistemlori ilo
inteqrasiyast vo siini intellekt strukturuna davamli Oyronmo vo
tokmillagdirma mexanizmlori daxil edilmoalidir. Verilonlorin tarixgasi
stini intellekt modellorini dyronmak {igiin sistem torafindon istifado
edils, tocriibalor asasinda alqoritmlorini uygunlagdira va yeniloyo
bilar. Bu davamli 6yranma prosesi siini intellekt strukturuna 6z isini
yaxsilagdirmaga vo miixtalif soraitloras uygunlagsmaga imkan veracak.
Intellektual sensorlarla tomin olunmus AHRS sistemi vo diger
navigasiya sistemlori, eyni zamanda, mihorrikin vo idarsetmo
organlarmin parametrlorino nozarat sistemlori ilo tomin olunmus
idaroetmo sistemlari olduqda, Smart nozarat sistemi milki UA-larin
uguslarinin tam avtonomlugunu va pilotsuz idarsolunmasini tamin eds
bilar.
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MANNED AERIAL COMPLEXES

Abstract. This article is about the structure of intelligent systems of
modern unmanned aerial complexes, which include unmanned aer-
ial vehicle (UAV).
There is a description of basic problems of designing such systems
and progress trends of their development. The intelligent systems
creation objective and the composition of unmanned aerial complex
functional components are described.
As an example of intelligent system there is a definition of prospec-
tive intelligent control and navigating system of modern UAV.

B Hacrosimee Bpems OecHUIIOTHBIE JIETATENbHBIE ANIAPAThI
(BJIA) camonetnoit u BepronerHol cxem [l1] paspabarpiBatoTcs W
mpousBoaaTcs B 32 crpanax mmpa. Yucno obpasmo Takux BJIA
cocraBiser mopsanka 250 Mopenei, KOTOpble TpeqHA3HAYCHHI B
OCHOBHOM JUUIsI PEIIECHHsI B PAMKaX COOTBETCTBYIOIIMX OECIIMIOTHBIX
aBranmoHHbIX KoMiiekcoB (BAK) pasBenpiBarenbHbIX 3a1a4 [2].

AHanu3 cocTosHUs M nepcrekTuB pa3Butus BAK mozsommn
BBIIENTUTD CIEAYIOIINE OCHOBHBIE TEHICHIINU:

» TpUMEHEHHE B COOTBETCTBYIOUIMX OIEpPAIMAX  KPYITHBIX
rpynnupoBok BJIA [3];
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»  coBMecTHOE rpynmnoBoe npumeHenue bJIA u nunotupyemsix JIA
[2];

»  pacummpenue pyHKuui nepcrnekTuBHbIX BIIA [2];

» yBenuuenue uncia BJIA, obcnyxkuBaemMbix B pexume «online»
orneparopaMmu BAK ¢ HaseMHbIX M BO3IYUIHBIX ITYHKTOB
yIpaBJICHHUS;

» axkTuBHOE wHcnonb3oBaHue npotuB BAK cpencts paamosnek-
TPOHHOTO TIo/IaByIeHuUs [4].

VY4yer 3TuX TeHAECHUUH TpeOyeT HOBBIX MOAXOAOB K PEIICHHIO

BONpPOocoB 3¢ dexkTuBHOro npuMenenus bJIA.

OfHMM M3 COBPEMEHHBIX WHCTPYMEHTOB DPELIEHHUS ITUX BOI-
POCOB SIBJIETCS] IPUMEHEHHUE B cocTaBe nepcrekTuBHbIX BAK nnTen-
JIEKTYaJbHBIX CUCTEM Pa3IMYHOrO Ha3HAYEHUS.

Lenpro mokimana sBISETCS OCTAHOBKA M OOCY)X/IEHHE HaIpaB-
JICHWH peleHws MpoOIeMbl CO3/TaHMS U IPUMEHEHNS TaKUX CUCTEM B
OTMEUEHHOH BEIIIE aKTUBHO PAa3BUBAIOIICHCS 00JIACTH aBUAITHOHHOM
HayKH ¥ TEXHUKH.

AKTYalnbHOCTh TPOOJIEMBI OMPEAEISIETCS] TEM, YTO HM3BECTHBIE
paboThl B 00JIACTH CO3/IaHUS U TIPUMCHEHHS aBUAIIMOHHBIX CPEJICTB
HMCKYCCTBEHHOT'O HHTEJUICKTA [5,6 U 1Ip.] B OCHOBHOM OPHEHTHPOBAHEI
Ha aBTOMaTH3alMio (QYHKIME skumnaxka JIA B yCIOBHAX CIOXKHOMN
NCUXO(QU3UONOTHYECKOH O00CTaHOBKH U JedUIMTa BpPEMEHU Ha
MIPUHSITHE COOTBETCTBYIOMINX PEIICHUH W aOCOIIOTHO HE YUUTHIBAIOT
cnennuxy npumeHerust BJIA, ocoOeHHO B paMKax OTMEYEHHBIX
BBIIIIE TEHCHIINI.

Kakx u mpu pemenuu mro00i CIOKHON HAyIHO-TEXHHUYECKOH
poOieMel, 0003HaueHHAsT MpoOJieMa OMKHA PEIaThCs C IPUBIIE-
YeHWEM CHCTEMHOTO MOIX0AA.

Cremyst 5TOMY TIOAXOY, B COCTaBE HHTEILIEKTYalIbHON CHCTEMBI
(MC) mepcriektuBHOro bAK mpeniaraercst BBIIETUTH ABa B3aUMO-
CBSI3aHHBIX KOMITOHEHTA, IIPE/ICTABICHHBIX Ha puC. 1.

B3aunmMopelicTBue 3THUX 4YacTed OCYILIECTBISAETCS C IMOMOLIBIO
komanaHoi paanonuuauu (KPJI) BAK [2].
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MCBAK

l

boprosas yacts MC KPJ1BAK HazemHan yacts UC

Puc. 1

AmnmapaTHo-TiporpaMMHbIe cpeactBa 6oproBoit yactu UC BAK
JIOJDKHBI OBITh BKJIFOUEHBI B COCTaB KOMILJIEKCa OOPTOBOI'0 000py/I10-
Banud (KbO) BJIA n akTMBHO B3aMMOZEWCTBOBATH C €r0 CUCTEMaMHU
B TIpOIIECCE BHITIOJHEHHS COOTBETCTBYIONIETO IOJIETHOTO 33JaHMSL
[Ipu sTOM Tpeanonaraercs COOTBETCTBYIOIINE AJIEMEHTHI U MOJICHC-
TEMBI 3TOW YaCTH MCIIONB30BaTh KaK «HAJICTPOMKH» HaJ CYIIECTBY-
rommmu dneMenTamu KbO BJIA. Takoi moaxon obeciieunBaeT moc-
nenoBaTensHoe BHeApenue anemenToB W B KbO BJIA myrem 3ame-
IIEHUST €TO <OKECTKO» OMPENSICHHBIX (BYHKITUH «MSATKAMMY» HHTEI-
JeKTyallbHBIMU QYyHKIsIMHA. Ha prc. 2 B KauecTBe pumMepa mpeia-
raeMoro Mmojxoja MPUBEIECHO B3aMMOJCHCTBHE CHCTEMBI aBTOMATH-
yeckoro ymnpapieHusi noineroM BJIA ¢ mepcrneKkTHBHOM MHTENIeK-
TyanbHOU cucTeMoi Hapuranuu u ynpasieHus (MCHY) [7].

KP/1
MCHY BNA
| Y
> MunotaxkHo- > VIcnoaHWTeNbHble
Jatiunkn HaBUraLMOHHbIN MEXaHM3Mbl
KOMMAEeKC
Puc. 2

[Ipemmaraemas cuctemMa BKIIIOYAaeT B CeOsl CIENYIOIIME IIO-
cuctemsnl: «lloner», «lleneBoe 3amanue», «KupyuyecTb», «B3au-
MOJIEUCTBUE).

Hoacucrema «Iloner» sBIsSeTCS TIIaBHOW (PYyHKIIMOHATHHON
noacuctemorn MCHY BJIA, obecrieunBaroieli BBIIOJHEHHE WM
MOJIETHOrO 3ajaHusa. IIoMHMO OCHOBHBIX, OZHOH H3 3aJad JTOH
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MOJCHUCTEMBI siBisieTca ynpasieHue BJIA npu HactymineHuu Hempe-
JTYCMOTpPEHHBIX B TIPOrpaMMe T0JeTa COOBITHA.

OTy 3ajady mOpeanaraercs pemath NporpaMMHBIM obecre-
yeHueM (I10) moxcucreMbl Ha OCHOBE peajM30BaHHBIX B €0 COCTaBe
MaTeMaTHYeCKUX METOJOB U aJropuTMoB yrpasieHus bJIA, a takxe
¢dopmanu3oBaHHbIX B 0aze 3Hanuii (B3) moacucTeMbl MpHEMOB U
MeTo10B BbIBOJIa BJIA U3 «kputnueckux» pexxumos moseta. [locnen-
HUE OTPAXXalOT 3HAHUS, HABHIKKW W YMEHHS OMBITHBIX JIETYHKOB-
WCIBITaTeNeH o MUIOTHPOBaHUIO JIA B «KPUTHUECKUX)» CUTYAIIHSIX.
OTH MpUEMbI U METOJIBI MOTYT OBITh MOJMYYEHBI ITyTEM MPOBEICHUS
MIPEeIBAPUTENBHBIX 3KCIIEPUMEHTOB Ha KOMIIBIOTEPHOM TpEHaXKepe
BJIA ¢ umuTanmen «KpUTHYECKHX» CHTyaluii, B kotopom WCHY
BJIA 3ameHeHa cpeAcTBaMU PYYHOTO YIIPABJICHUS ITOJIETOM.

IMoacucrema «lIleneBoe 3aganme». OCHOBHBIM Ha3HAYECHHEM
MOJICUCTEMBI SIBJIsIETCS  o0ecrieueHne MaKCHMaIbHO BO3MOXHOTO
YpOBHS BBIITOMHEHHs MOcTaBiIeHHBIX nepen bJIA meneBrIx 3amay B
HEOIIPENIENeHHBIX YCIIOBUSAX MPOBENEHUS KOHKPETHOH OIepalum.
[Moncucrema «llenmeBoe 3amanue» mist MICHY 6oesoro BJIA pemraer
3a7a4d  Pa3BEIKH/IOPa3BEAKH IieJiel, OTPaKeHHBIX B IIOJETHOM
3aJaHuu, IPUHATHA pelieHuil no npumenenuto Bunos ACII, npenmnu-
CaHHBIX IIOJIETHBIM 3aJlaHMEM, aHAJIU3 pEe3yJbTaTOB INPUMEHEHUS
ACII 1o BBIABICHHBIM LEJISIM, JOYHUUTOXEHUE 1ieJIel IPH BBIABJICH-
HOM HEJIOCTATOUYHOW CTEIEHU UX MOPaKECHHUS.

Pemenne npencraBiaeHHBIX 3a7a4 IpeIaraeTcsi OCYIIECTBIISTh B
OCHOBHOM C TTIOMOIIBIO CIIEUATBHBIX MpoIienyp, padoratommx ¢ b3
ATOM MTOACHCTEMEI. B 3T0i 6a3e MOMmKHBI OBITH pa3MeIeHbl (hopMaTn-
30BaHHbIEC 3HAHUS, HABBIKU U YMEHUS OIBITHBIX OIEPaTOPOB-IeIIn}-
POBIIMKOB PE3yJIbTaTOB PaOOTHI LIENEBOrO 00OPYIOBAHUS PA3BEIKH,
BOGHHBIX JeT4nkoB 1o mpuMmeHeHuio ACII B pa3mumuHbIX 0OEBBIX
YCIIOBHSX.

Hoacucrema <« KuBydecTb» mpegHa3HaueHa IS OLEHKU
BO3MOXHOCTH BbINONHEHUsI BJIA moserHOoro 3ajaHus B TEKyLIUN
MOMEHT BpeMeHU. B ee coctaBe qOIKHBI OBITH PEaIN30BaHbI CIIEAYIO-
¥Fie OCHOBHBIE 3a/1aun cOopa U 00paOdOTKU MHGPOPMAIIHH:

1) onpenenenne GpakTHIECKOrO U MPOTHO3UPYEMOr0 YHCIIa OTKA-
3aBIIMX M OJM3KUX K OTKa3aM OOPTOBBIX cHcTeM U arperatoB bJIA;

2) ompejieNieHUe YKicia U Xapakrepa MOBPESKACHUH KOHCTPYKIIUH
BJIA, nony4eHHBIX B XO/I€ BBIIIOJIHEHUS ONEPALIUH.
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[lepBas 3amaua pemaercs Ha OCHOBE MH(OpMAIHH, MOCTyMa-
0L OT JaTYMKOB TEXHUYECKOI'O0 COCTOSHUS, BCTPOEHHBIX B CHUCTE-
MbI 1 arperaTsl bJIA. [IporaHo3upoBanne BO3MOXKHBIX OTKa30B MOYKET
OCYILIECTBIIATHCSA MYTEM MOCTPOEHUS TPEHIOB 3HAYEHHUH MX KOHTPO-
JUPYEMBIX MapaMeTpPoB U pacyeTa MOMEHTOB BPEMEHHU UX BBIBOJIA 3a
TIpeeNibl COOTBETCTBYIOIIUX JOMYCKOB.

Hns perrenust BTOpoit 3agaun koHCTpyKuus BJIA (drozemsxk,
KpBUIbS, OpraHbl YIpaBi€HUS W T.M.) AOKHBI OBITH OCHAIICHBI
«CEThIO» PACIHOJOKEHHBIX Ha HEeW TEH30METPHUYECKHX JIaTUHKOB,
BBIXOJJHBIE JaHHBIC C KOTOPBIX MO3BOJISUIH OBl C TOMOIIBIO CIICIH-
AJBHBIX AJITOPUTMOB OMPEAETATh YUCIO M pa3Mepbl MEXaHWYECKHX
TIOBPEXKIEHUHN IEMEHTOB KOHCTpYKIHH BJIA.

B moncucreme « KuBydecTh) TOMKHBI OBITH HCTTONB30BaHBI DC
WM alrOpPUTM Ha OCHOBE HEUYETKOM HEHMpOCETH, MO3BOJAIOLIME Ha
OCHOBaHMM pe3YyJIbTaTOB pEIICHWS BBHIENPUBEACHHBIX 3a]ad
(dbopManbHBIM 00pa3oM MPHHUMATH PEIICHUE O BO3MOXKHOCTH HITH
HEBO3MOXXHOCTH BBITIOJIHEHUS TOJIETHOTO 33JaHUS B  KaKIbIA
TEKYIIUI MOMEHT BPEMEHHU.

Iloacucrema «B3ammopeiicTBHe»  IpeqHA3HA4YeHA  JUIA
ompenenenus mecronoiokennss BJIA ortHocutenbHO apyrux JIA
IPYIIIUPOBKH B KaXIbI TEKyIIMH MOMEHT BPEMEHHU BbIIOIHCHUS
meneBoro 3amaHus. Jlpyroi BakHON (YHKIIMEH IOIACHCTEMBI
SIBJIICTCSI IIPUEM OT nozcucTeMsl «lleneBoe 3aganney XxapakTepucTuK
MOCJIEAHEr0 3aJaHusl U Iepefada €ro 4epes YHPaBIIIOLIYIO IOJ-
cucremy UCHY BJIA 6mmxaiinmm JIA rpynmupoBku.

[Ipunsatue pemennit o dhakrax monananus JIA u BJIA B 30HY
OIIACHOTO COJIIKEHMS OCYLIECTBIISIETCSI C IOMOLIBIO aJrOpUTMa Ha
OCHOBaHMM C pe3yjbTaTamMu pabOTHl HEYETKOW HEeHpoceTH, orre-
pHUpyoLIel JaHHBIMH LIEICBOM anmnapaTypbl (OHTHKO3JIEKTPOHHBIE U
akyctuueckue cpenctsa, PJIC, A3H u np).

B nmokmage oOcykmaroTcs B3aMMOMIEHCTBHUS  DIIEMEHTOB
6oproBoif wactn MIC BAK ¢ taknmu BakHEHIIMMU KOMITOHEHTaMHU
KBO BJIA kxak ynpaBieHHe LI€NeBOH Harpy3kod, KOMaHAHOM W WH-
dbopmarmonnoit  paguonmmausMu  BAK, a Takke cumcreMoit
aBTOMAaTUYECKOro B3iera U nocaiaku bBJIA.

Hazemnas wacte HMC BAK BeicTymaer kak cpeacTBo
noBbIeHnss  3(Q(EeKTUBHOCTH  JeATeNnbHOCTH mepcoHana bBAK,
BXOJALIEr0 B COCTAaB Ha3eMHOro nmyHkTa ynpasienus (HITY) BJIA.
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Ha puc. 3 ansg TMnoBoro cocraBa Takoro IyHKTa MpHUBEAEHA
NepcreKkTUBHasA CTpyKTypa HazeMHol yactu IC BAK.
Ora 4YacTe peajau3yercss B CpEAe allapaTHO-NPOrpaMMHBIX
cpencte HITY BJIA B ¢dopMme, aHaJOrMYHOW CYIIECTBYIOIIUM
MIPOrpaMMHO pPeaTu30BaHHBIM «ITOMOIIHUKAM JETUUKY» [5,6 1 1p.].

Hazemnas gacts IC FAK

«IToMonTHUK «IToMmonHUK «ITomonHUKY
KOMaHAupa omneparopa omneparopa
pacuera HITY yIpaBJICHUS LIeJIeBOM
BJIA Harpy3ku bJIA
Puc. 3

IIpu »>TOM mpeanaraercss MCIOIb30BATh JBYXYPOBHEBYIO
CUCTEeMy MNpPHUHSITUS PpELICHUH, IJe Ha IIEPBOM YPOBHE pELICHHE
IIPUHUMAET «IIOMOIIHUKY, U IIOCJIE €r0 KOHTPOJI OKOHYATEIbHOE pe-
IIIEeHUE MPUHUMAET YEJTOBEK (BTOPOH YPOBEHB).

B 3axitouenun poknana o0OCyKIAI0TCA CIEAYIOIEe OCHOBHbIE
HampaBleHUs peleHust npolsembl co3paHuss u npumeneHus WC
BAK:
> (QopmupoBaHHE TIOTHOW COBOKYITHOCTH 3ajad,
CHCTEMOI;

BBIOOP CPEICTB OMUCAHMA MPEIMETHONW 00JACTH PEIIECHHs ITHX
3am1ad;

ONTUMABHOE pactpeneneHue (yHKIUH Memy OOpTOBOM U
Hazemuoit gactamu IC BAK;

ApPXUTEKTypa anmapaTHbx cpenctB 6oprooit yactu C BAK;
B3aMMOJIEUCTBHE cUCTeMBbI C nepcoHanoM BAK u TexHomoruu
ero pabotsl B cpene IC BAK;

obecrieuenne nHopmammonHoin OesonacHoctu MC BAK mpu
WHCAWJIEPCKUX aTaKaxX U BO3JCHCTBUAX «PaJUOBUPYCOBY [4].

peraeMpIx

Y

YV VYV VYV
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RADIOELEKTRON CIHAZLAR UCUN MASIN DILi
OSASLI AVTOMATIK DIAQNOSTIKA SISTEMI
Xiilasa. Togdim olunmus magalanin mazmunu radioelektron qurgu-
larin diagnostikasinin mévecud tisullarimin, xiisuson doa struktur
quisurlarimin miiayyan edilmasinda yaranan problemlara yonaldil-
misdir. Bir mahsulun genis ¢esidds istehsalati zamani yaranan
quisurlarin aradan qaldirilmasint miiayyan etmaya yonalmis diaq-
nostika sisteminin inkisafi praktiki ahamiyyat kasb edan aktual
vazifo hesab olunur. Bu problemi hall etmak iiciin miiasir infor-
masiya texnologiyalarindan, o ciimladan masin oyranma alqoritm-
larindan istifada etmoak taklif olunur.

Radio electronic devices have become ubiquitous in modern so-
ciety, and their quality and reliability are crucial to the proper func-
tioning of communication systems. However, testing radio electronic
devices can be a complex and time-consuming process, requiring spe-
cialized expertise and equipment. To address these challenges, this
thesis proposes a universal machine-learning-based automated testing
system for radio electronic devices.

The system comprises of a testing framework that uses machine
learning algorithms to analyze the data collected from various radio
electronic devices. The system is designed to be versatile and can be
customized to test different types of radio electronic devices, including
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mobile phones, wireless routers, and other communication equipment
[1].

The proposed testing system also employs artificial intelligence
techniques, such as machine learning, to automatically detect and di-
agnose faults and failures in the devices being tested. The system can
detect and isolate faults quickly, improving the accuracy and effi-
ciency of the testing process.

The proposed testing system has been evaluated using real-world
radio electronic devices, and the results show that it can effectively
test the devices' functionality and reliability. The system's ability to
adapt to different types of radio electronic devices makes it a universal
solution for testing these devices.

Machine learning techniques can be used for the diagnostics of
radio electronics systems. In this context, machine learning algorithms
can learn to identify patterns in the data generated by the radio elec-
tronics system to detect and diagnose faults and failures.

Figure 1 illustrates the electronic product lifecycle. The process
starts with the product design team designing a product. The design is
validated through a validation and verification testing process. This
validation testing process can take weeks or months. Depending on the
product, it can take a year before the first batch of prototypes is ready
for the manufacturing test. The next step is to perform design for man-
ufacturing (DFM) so that the product can be manufactured. DFM pro-
cess includes sourcing components, build printed circuit board (PCB)
and manufacture printed circuit board assembly (PCBA), procure ma-
terial and build product casing or housing, etc.

Once the product is manufactured, design for testability is carried
out to capture requirements to test the product and identification of
tools required for testing. The final stage is testing where the product
is tested for functionality as well as manufacturing-related faults [2].

In the electronic product testing stage, a test site is established
and a range of activities are conducted as illustrated in Figure 1. It
should be noted that every new product necessitates the design and
implementation of a new test site, and the activities listed in stage 6
need to be repeated. The process of setting up a test site usually takes
a few weeks to months to finalize. However, the development of test
sites is not the focus of this study.
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Stage 1 Stage 2 Stage 3
Product Design Product Validation Product Design for
and Verification Manufacturing
Testing
Stage 6 Stage 5 Stage 4
Consumer Product Design for Product
Electronic Product Testability Manufacturing
Testing
: Interfaced with :: Replaced by :
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TestResults Device off-the-shelf |} Configurath ing needs |
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Fig. 1. Consumer electronic manufacturing product lifecycle

Here are some ways machine learning can be used for diagnostics
of radio electronics systems:

1. Fault Detection: Machine learning algorithms can be used to
analyze data from radio electronic systems to detect faults or anoma-
lies. The algorithms can learn to identify patterns in the data that indi-
cate a potential fault in the system. This can help to diagnose faults
before they cause significant damage or system failure.

2. Predictive Maintenance: Machine learning can also be used to
predict when a radio electronics system will require maintenance or
repairs. By analyzing data from the system, machine learning algo-
rithms can identify patterns and trends that indicate a potential failure.
This information can be used to schedule maintenance and repairs be-
fore a major failure occurs, reducing downtime and increasing the re-
liability of the system.
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3. Root Cause Analysis: When a fault occurs in a radio electron-
ics system, machine learning algorithms can help identify the root
cause of the fault. By analyzing data from the system, the algorithms
can identify patterns that indicate the underlying cause of the fault.
This information can be used to address the root cause and prevent
future faults from occurring.

4. Performance Optimization: Machine learning algorithms can
also be used to optimize the performance of radio electronics systems.
By analyzing data from the system, the algorithms can identify areas
where performance can be improved. This information can be used to
optimize system parameters and improve the overall performance of
the system [3].

Based on

oty

ATE Universal HW
irfcefor €80 i

systems equipment and
uuT

Universal SW
application for
automating CEP
testing

Low-cost,
efficient, and
user-friendly

Automated
generation of
reports, graphs,
KPIs, and
recommendat-

ions

Fig. 2. Novel features of the proposed system

Machine Learning Techniques The use of machine learning is in-
creasing in various industries. In this section, different approaches and
applications of machine learning are reviewed. In, authors used Py-
thon to develop a machine-learning algorithm using the Scikit Learn
module. The authors highlighted limitations in the performance of ma-
chine-learning techniques in. The use of historical data for detecting
deviation from normal performance is mentioned in along with the
limitations of existing machine-learning algorithms and tools. The ma-
chine-learning algorithms are reviewed in with the focus on quality
control and how production lines can be analyzed and benefited from
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machine-learning techniques. Finally, various machi-ne-learning
algorithms are compared in.

Process Research framework
Design Research * Define scope of the research
research objective * Select areas for background study

Review of existing consumer electronic products and test sites
Data collection, analysis and visualization techniques
Conduct Background review * Software tools and platforms
research : — i < x -
and tools selection * Supervised machine learning techniques
COTS test equipment and UUT hardware interfaces

ERP systems

Universal hardware interface
Supervised machine learning algorithm
— * Universal test data collection and hardware control software
Data visualization and analysis application
Hardware interface for ERP systems

Design Design and

Integration of sub-systems

System interface with experimental test sites
Deploy of system in mid-vol CEM
Presentation of results

Fig. 3. Research methodology

System integration,
deployment, analysis — "
and validation

Validation and
conclusion

The proposed system is divided into three subsystems namely (1)
hardware interface, (2) software application, and (3) enterprise re-
source planning (ERP) interface are discussed here. Figure 4 shows
the top-level block diagram of the proposed system. The figure illus-
trates the flow of data through a universal hardware interface and ma-
chine-learning-based software application.

Proposed automated testing system

1 :
Hardware 2 Software application
External to the interface External to the
proposed Data collecti proposed
System Interface Test data analysis system
A d COTS interface Test data interface Test code
utomate + i
+ COTS/UUT interface d
e (HW_INT_1) e R TD /UUT interface drivers Reports
* Test measurements Management
electronic 4= . Gpig, LAN HW_INT_1 and —— ¢
g * UUT test results -— review
product i +RS232,Us8 | ¢ HWLINT2 S ——— .
test site * GUI for manual Data for test analysis
test site . | Graphs
Reports ‘ Pl
w0 W * KPls | B

* Recommendations

Manoat UUT interface | Admin data ——— 3
gl (HW_INT.2) Ttartocs Customer and product data e Enterprise
onnmer | L T - Purchase order details resource

electronic « 12, SPI, JTAG * GUI for purchase R —— i
product R order entry ——p Planning

taasite * RS422, RS485 itk Historical data ‘ R

* Previous site test feedback
operator entry « Add test
* Add drivers

* Admin operator Continuous improvement
* Test operator interface

Fig. 4. Proposed automated testing system block diagram
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A complete solution is provided in this paper for electronic prod-
uct testing that includes a universal hardware interface and a software
application based on machine-learning. The proposed system provides
connecting commercial off-the-shelf (COTS) test equipment control,
test data collection, storage, analysis, indicates key perfor-mance in-
dicators (KPI), and automatically generates recommend-dations. The
automated system can be deployed as a standalone sys-tem as well as
an alternative to ERP systems in the test departments of the electronic
manufacturing industry. Additionally, the proposed system can be
used to connect any electronic product test site through a combination
of universal hardware and machine-learning-based software subsys-
tems. This approach saves cost and time as no additional hardware
interface design and test software development is required for each
product. Moreover, the system is user-friendly, flexible and requires
less training before implementation.
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SUNI INTELLEKTD®O EKSPERTIZ QiYMOTLORINDO
FORQLIKLORI AZALTMAQ UCUN MULTIi-ATRIBUTLU
QORAR CIXARTMA
Xiilasa. Tadqgiq olunan problem bir ¢ox atributlu qrup qararlarinin
gabulu problemi soklinda toqdim olunan biznes kagfiyyati iigiin
program  tominatimin  se¢ilmasi  ilo  baghdwr.  Program
xiisusiyyatlorini va secimini giymatlondirmoak tictin miixtalif tocriiba
va biliya malik ekspertlor qrupu calb olunur. Osas problem verilmis
program alternativiori dastindon optimal secimi miiayyon etmak
tictin ekspertlorin miixtaolif baxislarm bir araya gotirmokdir. Bu
maqsada c¢atmaq ticiin  sada asqarlarin  ¢akisi metodunun

modifikasiyast toklif olunur.

Sads agqarlarin ¢okisina klassik yanasmadan farqli olaraq, yeni
faydali funksiya ham da ekspert baxislarinin vacibliyini nazara alir.
Orup tizviarinin ti¢ farqli bilik va tacriiba saviyyasi nazara alinir.
Acar sozlar: ekspert raylarinin dayarlori, alava ¢oki metodu,
ekspertlor  panelinin  giymoatlondirilmasi, ¢ox atributlu qrup
gararlarimin gabulu

1. Introduction

Remarkable advances have taken place in the field of the 4th In-
dustrial Revolution in recent years, largely due to the widespread use
of artificial intelligence (Al), which has come to play a crucial role in
various industries and services, from manufacturing and logistics to
healthcare and beyond.

Today, the use of Al can be recognized as the driving force be-
hind innovation in all types of human activity, including the field of
business intelligence. New business challenges require using Al as
business intelligence tools to optimize and improve productivity,
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product quality and customer service. Inthis regard, choosing the most
appropriate business software analytics (BIS) is an important issue.

Al combines many functions, the performance of which, before,
was inherent only to people.

Among these functions, the decision-making function is the most
responsible. An erroneous decision is fraught with great damage and
losses. To minimize such risks associated with the development of er-
roneous decisions, a panel of authoritative experts from this and re-
lated fields are involved in making responsible decisions on the most
complex issues.

Options for specific, recommended solutions are evaluated by
each expert separately, and then summarized for each option. The col-
legiate decision stays at the variant with the highest total score.

The mechanism of collegial decision-making described above
can be an integral component in the functional composition of Al.

Algorithmic and then software representation of such a mecha-
nism should be able, considering of variety of indicators to evaluate
the critical parameters and compare the strengths and weaknesses of
the proposed alternative solutions, to process and analyze corporate
data to support business process management, optimize and improve
productivity, quality products and customer services.

Inthis regard, the correct selection of a relevant business software
analytics model that will comply with the established evaluation cri-
teria is especially important. In order to achieve accurate and reliable
operational efficiency, performance and security, the most recom-
mended [1, 2, 3] optimal choice is made through a Multi-Attribute
Group Decision Making (MCDM) process by a group of experts. The
main challenge is to arrive at the optimal alternative by combining the
different points of view of all experts on the evaluation criteria, to-
gether with differences in the knowledge and experience of the ex-
perts. Differences in the importance of experts are taken into account
by introducing weighted coefficients for each of the experts.

2. Relevance of the Problem

Increasing competition between business structures makes the
choice of effective methods of balanced and objective decision-mak-
ing on a wide range of issues [4] especially relevant for business de-
velopment in various segments of economy.
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The process of selection such a method is quite complicated,
since this method, must be able, based on an arbitrary number of cri-
teria, to rank possible decision-making alternative choices.

In fact, what is required is a numerical method for ranking the
available alternatives [5], rank of which are evaluated against a series
of recommended criteria. In the chosen method, for quantitatively
based decision making, alternative ranking algorithms based on multi-
criteria optimization [6] can be realized.

Obviously, in order to conduct an objective assessment of the
proposed alternative options, it is necessary to involve many diverse
specialists with different levels of professional competence. To make
the selection process more objective, a group of experts with different
competencies should be involved.

There are two approaches [7] to decision-making - compensatory
and non-compensatory.

A compensatory decision strategy is based on a set of appropriate
decision attributes, assigning weights to express the importance of the
attributes, and calculating the total points for each alternative variant,
leading to well grounded decisions. Various methods based on the ab-
sence of compensation decisions facilitate the decision-making pro-
cess using some heuristic approaches.

Compensatory strategies in decision making can serve as
foundation for developing of a utility function to algorithms based on
the theory of multi-attribute utility. Major Efforts in Multi-Attribute
Decision Methods (MADM) are aimed at constructing a utility func-
tion for estimating alternative variants in consistence with criteria [8]
of performance. In most cases, the several experts are incorporated in
the process of evaluation of alternative variants. For such cases this
utility function needs to be modified to account the inputs from each
member of decision makers group.

Thus, this approach makes it possible to turn the work of “busi-
ness program analytics” into the process of correctly recording and
integrating the assessments of invited experts into a single group so-
lution based on specific established attributes.

To solve such problems with a few specific criteria, a number of
applications with popular and well-known spreadsheets [9] are already
widely used. The problem at the core of research lies in the need for
improved control strategies to overcome
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3. Comprehensive peer review of alternative variants by a group
of experts with different levels of competence.

The essence of the issue here is the ability to take into account
the difference between the individual experience of experts from the
group, and ensuring the proportionality of the contribution of their as-
sessments to the final group decision.

3.1. Simple weighing of additives

Good efficiency was demonstrated by one of the well-known
methods of multifunctional decision making, which consists in assign-
ing to each alternative a separate sum of values of evaluation criteria
and weighted coefficients of importance of the corresponding crite-
rion.

SAW is the oldest and well-known method for multi-feature de-
cision making (Hwang & Yoon, 1981).

In the SAW method, for each alternative variant, an individual
estimated score is calculated, which is the sum of a group consisting
of pairs of factors. In each pair, the coefficient of relative importance
of one criterion and the assessment of the significance of this alterna-
tive for the same criterion are multiplied. So, every alternative variant
will have own overall score.

Overall scores for each of the alternative variant, A; is calculated
as (Triantaphyllou, 2000):

N
Vi = 6] BU fori = 1,2,3 w. L (1)
Zf=1

where i — number of alternative variants; j — number of criterions;
6; — coefficients for relative importance of particular criterion; Bij—
estimation of the weight of the significance of j-criterion for i-alterna-
tive variant. So, it is quite obvious that for each i-alternative variant
the sum of the importance coefficients for all criteria will be equal to
one.

N

Z 8; =1, L — total number of variants
j=1
To unify the procedure for evaluating options, it is necessary that
the values of the criteria be expressed in homogeneous units of meas-
urement.
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If this is not achievable, it is necessary to normalize and transform
the above equation (1)
in the following way:

N
v, = maxz 8 (Bij) norm fori=1,2,3..L @)
j=1

The normalized value (Bij)norm Can be defined in two ways, de-
pending on whether the attribute's utility is being maximized or mini-
mized (Geldermann & Schobel, 2011). To maximize the criteria, the
normalization is:

_ By _ _ Bijmax—B;;
(Bij) norm — w ) (Bij) norm — W (3)
To minimize the criteria, the normalization is:

Bijmin Bij— Bijmin
(Bij) norm — léij ) (Bij) norm — Bijrlrjlax—uﬁij min; (4)

Thus, the structured approach described above for conducting as-
sessments to select an alternative variant can be compilated to the fol-
lowing decision matrix. (Rao, 2013):

Table 1. Decision making matrix

Alternative Evaluation Criteria (Cr), & coefficients (d) of
Variant their significance
Cri— 01 Cr— 6> e e Crn— 0n
V1 Vi1 V12 V1n
V>
V3 V32
\/% Vi VLn

In this decision matrix, L is the number of alternatives, N is the
number of evaluation criteria (attributes), d is the weighted coeffi-
cient for the n-th criterion, vpn is the evaluation score for the L-th al-
ternative with respect to the n-th criterion.
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3.2. Modified simple additive weighting method to involve multi-
ple experts. (MSAW)

The above observation concerned the participation of one expert
in the evaluation of alternatives. However, in most cases, to make a
more objective selection, several experts with distinct levels of com-
petence and different areas of specialization are involved. Unlike
widely accepted applications of SAW, MSAW takes into account the
existence of different weights of experts' points of view due to differ-
ences in their expert knowledge and practice. This is considered by
introducing weighted coefficients for each expert.

The final score for each alternative variant is the sum of the scores
given by the individual experts in accordance with the established cri-
teria. Thus, total assessment by several experts of a particular alterna-
tive variant, according to the above categories, can be mathematically
represented in the form of the following expression.

N

v = Zj=1hz Z%=1 z]_=1 (Sj(vji) norm)Z (5)

The difference of equation (5) from (1) is that the first expression
determines the summation of the results of the evaluation of options
obtained separately from each expert.

Y, b =1 (6)
Another component defines a constraint on the coefficients for

relative importance of particular criterion (8;) which is determined by

the expression:
N
Z 5 =1 )
j=1

where A * express weighted coefficients for expert knowledge of
group members, Z - number

of experts (z = 1,...,Z), i - index of alternatives (i = 1,..., L), j -
index of evaluation criteria

(G = 1,...,N), d;- coefficient of relative importance of the j-th
criterion, representing the

N
Z' 6] vﬁ =1
j=1

effectiveness of alternatives from the point of view of the z-th
expert.
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Thus, the process of evaluating alternative options with the par-
ticipation of several experts with different competence coefficients,
and by using of a number of evaluation criteria, mathematically de-
scribed by formulas (5 + 7), can be summarized in the Table 2.

Table 2
Involved Alterna- Evaluation Criteria (Cr), & coeffi-
Experts (Z) | tive cients (9) of their significance
& their Variant Cri — | Cr— cevre .| Crn—on
expertise o1 02
comptence
(h)
Vi Vig | Vi . vl S
Z1 1n
(hY) V; e e e >h
V3 Vi le
VL e e e Vl ZH
In
V1 VZ VZ Zzl
z¢ Vi 12 in
(h?) \2) vio| L. %
12 v e
Vs Vv %
32
\8 “es V2 Za
in

The Table 2 might be conditionally divided into several horizon-
tal parts. In each part, evaluation parameters are given that concern
only one individual expert.

As a result, summing up the individual assessments of all experts
regarding each alternative. Based on the resulting totals, it is possible
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to give a decision on the selection of the recommended option that has
gained the maximum amount.

In the above decision matrix, i - (i = 1,..., L) is the number of
alternative variants, j- (j = 1,..., N) is the number of evaluation criteria,
wX, - weighted coefficient for the n-th criterion, determined by the z-
th expert, v! 1, * is the score for the m-th alternative in n-th criterion
according to the opinion of z-th expert.

The use of formulas (5) - (7) allows us to determine the optimal
alternative, taking into account not only the estimates of alternatives
(v*1n) according to the criteria and their relative importance (h), but
also taking into account the weighted coefficients of expert knowledge
of group members (h%). The weighted coefficients used to assess the
competence A * of group members can be determined by high-level
managers or another authorized person.

Conclusions

The article describes a modified approach to simplified additive
weighting.

A characteristic feature of such a modification is the use of
weighted coefficients that reflect differences in the estimates of the
weight of group members. To implement this task, a new interpreta-
tion of the utility function has been developed and an additional re-
striction on the relative coefficients of experts' competence has been
established.

In this way, this feature provides a more reasoned and rational
approach to identifying the best alternative by using group decision
making techniques on a number of specific applications. This method
provides for structuring data for other types of tasks, according to the
following five main components: 1) evaluation criteria, 2) coefficients
of the importance of criteria, 3) a set of alternatives, 4) a group of ex-
perts and 5) weighted

coefficients for expert competencies of panel members. Thus,
such data make it possible to identify the most adequate alternative,
taking into account the assessments of various experts.

Future Developments The proposed approach can be integrated
using other methods based on the theory of demand with a number of
attributes, taking into account the possibilities of applying different
levels of competence and experience of experts in the process of de-
veloping a group assessment.
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ITPOBJIEMHBIE BOITPOCbI ABTOHOMMU3ALINH
AIPOKOCMUNYECKUX TEXHOJIOI'NAU

- ) FOpuii Ilpokonuyk

= Hnemumym mexnuuecxoti mexanuxu HAH
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AEROSPACE TECHNOLOGIES

Abstract. The ambitious short-term and long-term goals set down
by the various national space agencies call for radical advances in
several of the main space engineering areas, the design of intelli-
gent space agents certainly being one of them. In recent years, this
has led to an increasing interest in artificial intelligence by the en-
tire aerospace community. However, in the current state of the art,
several open issues and showstoppers can be identified. In this re-
port, we review applications of artificial intelligence in the field of
space engineering and space technology and identify open research
guestions and challenges. The main emphasis is on the development
of the "mathematics of autonomy" as well as the "thinking swarm.
Research in the field of cognitive technical systems focuses on the
development of machines and robots / drones that are able to per-
ceive their environment autonomously and to interact with it like a
living being. The author develops a paradigm of limiting generali-
zations for a comprehensive solution of information problems of au-
tonomization. A sketch of the mathematical model of Wholeness is
presented.

Keywords: Autonomous systems, thinking swarm, cognitive tech-
nical systems, cognitive computing, paradigm of limiting generali-
zation, Wholeness.
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Hosas TexHoJiormyeckas miaar@opma. Yciex B BBIIOTHEHUU
aMOWIIMO3HBIX 33/1a4 B 00JIaCTH a9POHABTUKH M KOCMHYECKHX MUCCHI
TpeOyeT pelIeHHUs CIOKHBIX TEXHHMYECKHX 3allad, OCHOBAaHHBIX Ha
MPOBEPEHHBIX CIOCOOHOCTAX, a TaKkKe pa3paboTKe HOBBIX BO3MOX-
HOCTEeW. DTH HOBBIE BO3MOXKHOCTH BO3HHKAIOT B pe3ylibTaTe paspa-
00TKM HOBBIX TepenoBbIx TexHomoruit (key crosscutting technolo-
gies). OMHUMH U3 KITFOYEBBIX CKBO3HBIX TEXHOJIOTHH OMPEIEIISFOIIIX
pa3BUTHE a’pPOKOCMUYECKUX TEXHOJOIMH OYAyIIEero SIBISIOTCS WH-
TEJJIEKTyalIbHbIe WH(OPMAIIMOHHBIC TEXHOJOIHH, HMCKYCCTBEHHBIM
HWHTCIIJICKT, KOTHUTHBHBIC TCXHOJIOI'MH, BKJIFOYas CO3JaHNEC aBTOHOM -
HbIX M poOororexHuueckux cucteM [1-10]. Omaum U3 nepcrek-
TUBHBIX UHTETPUPYIONINX HAIMPABJICHUH SBISETCS pa3padoTKa «KOr-
HUTHBHBIX TEXHUYECKUX CHUCTEM» a3POKOCMUYECKOTO HAalpaBJICHUSI.
Oco0y10 aKTyaJIbHOCTh JTaHHAsI TTpo0ieMaThKa mpruodpesia B CBS3H C
HOBBLIM 3TallOM B OCBOCHUM JIYHBI, B HaCTHOCTHU, C MCKAYHAPOAHBIM
npoektoMm «JIynnas aepeus» (Moon Village), B peanusaiuu koro-
pOro akTHUBHOE ydacTHE NMpUHUMAET U YKpauHa. HccnenoBaHusi B
00IacTi KOTHHUTMBHBIX TexHmueckux cumcreM (Cognitive Technical
Systems — CTS) HanpasjieHbl Ha pa3pabOTKy «IyMarOIIUX MAaIIHH»
(Thinking Machines: Building Machines that Learn and Think Like
People), «MbIcisIMX poeB» CIyTHUKOB-areHToB, MIM-acCHCTEHTOB U
po0OOTOB, KOTOPHIE CIIOCOOHBI aBTOHOMHO BOCITPHHUMATEL OKpPYKaro-
Y0 Cpely U B3aUMOACUCTBOBATH C HEW, KaK >XKMBOE CYIIECTBO
[3,5,9]. s CTS HeoOx0oaumMo ObICTPO 1 KaUeCTBEHHO 00pabaThIBaTh
Oonpimre 00beMbl JaHHBIX, BBISIBIATH CIOKHBIE CBSI3A M 3aBHCHMOC-
TH, a [0 ANTOPUTMAaM, OJTM3KUM K YEIOBEYECKOMY MBIIIJICHUIO, BBIPa-
0aTEIBaTh BAapPHAHTHI PEIICHUH, YTOOBI CIEITHATMCTEI MOTJIH OBICTPO
clenaTh BBIOOp HYXHBIX NEHCTBHA. JTa 00JIACTh HWCCIIEIOBaHUN
BKJIFOUAET B ce0s1, B 4aCTHOCTH, Takue obnactu: MU, kubep-thuzmuec-
Kkue cucrembl, miardopmel SenseMaking, TeXHOIOrHI0 HUPPOBBIX
JIBOMHUKOB, KOTHUTHBHBIC orepaionnsie cucrembl, VR/AR,
MeraBepc, HWHXKEHEPHIO HEHPOMOP(GHBIX CHCTEM, KOCMHYECKYIO
pobororexnuky, ML, kommbioTrepHoe 3penue, HMI, xorHuTmBHOE
MOJIEIIUPOBAHUE U T.]I.

Jopoxnbie kaprbel TexHosormii HACA kak npumep
HHCTPYMEHTOB 3(P(PEeKTHBHOI0 TEXHOJOTHYECKOr0 TJIAHHPOBA-
Hus. [lepcriekTBHBIC KaHAUIATH HA HOBBIE TEXHOJOTUHU, KOTOpPHIS
nomoryT HACA B BBIITOIIHEHUH €0 HEOOBIYHBIX 3ajay, YKa3aHbl B
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nopoxkHbix kaprax HACA 2015 rozaa (15 nanpasnenuii). B 2020 rogy
ObL1a pa3paboTaHa yTOYHEHHAs TAKCOHOMUS TexHosorui (17 Hampas-
nenmii: Taxonomy Areas — TX) [2]. [lopokHBIE KapThl SBISIOTCS
OCHOBOIOJIATAOMIMM 3JieMeHTOM CTpaTernyeckoro IulaHa WHBEC-
Tuimii B Texaomoruu (Strategic Technology Investment Plan - STIP),
B KOTOPOM H3JIaraercsi cTpaTerus pa3paboTKuW TEXHOJOrWi, HeoO-
XOIMMBIX U1 BeimonHenus muccnd HACA M JOCTHMIKEHHS HAIHo-
HaJbHBIX Hened. STIP onpenenser nNpuOPUTETHOCTh TEXHOJIOTHYEC-
KX KaHJUJIATOB B JIOPOKHBIX KapTaX U 00eCTIeYHBAET PyKOBOJISIIMEC
NPUHLIUIBI I MHBECTULIMA B TexHosoruu. Ha mpuoputHsanuio
texaonmoruii HACA cuiibHO BIUSIOT peKoMeHAaImu HarponansHoro
uccienoBarenbckoro cosera (National Research Council). Cpenu
Bcex TX BBIIEINM T€, KOTOPbIE UMEIOT HEMOCPEICTBEHHOE OTHOUIE-
HHE K TEMC ((I/IHTCJ'IHeKTyaHI)HI)Ie/KOFHI/ITI/IBHBIe TEXHUYECKHUEC CUCTC-
MbI» KocMuueckoro HazHaudeHus: TX02: Flight Computing and Avi-
onics; TX04: Robotic Systems; TX06: Human Health, Life Support,
and Habitation Systems; TX08: Sensors and Instruments; TX10: Au-
tonomous Systems: This new area covers technologies that (in the con-
text of robotics, spacecraft, or aircraft) enable the system to operate in
a dynamic environment independent of external control; TX11: Soft-
ware, Modeling, Simulation, and Information Processing; TX17:
Guidance, Navigation, and Control. TIpeaBapHTeNbHBIH BBIBOI
cocrout B ToM, uTo «NASA Technology Taxonomy» Moxer ObITH
WCIIONB30BaHa TSI TAKCOHOMUY HAIIMOHAIBHBIX HCCIIE0BATENbCKIX
1 00pa3oBaTENBHBIX MPOEKTOB. B mtane aBToHOMIH 0COOBII HHTEpeC
npencrasisier 1X10, B yactHoctH, «[lmardpopma NASA mis aBTO-
momubix cucrem» (NASA Platform for Autonomous Systems —
NPAS) [2]. I'maBHoit measio NPAS sBisiercst obecriedeHrne BO3MOXK-
HOCTH MHOTOKPaTHOTO BHEIPEHHSI PacIpeelIeHHBIX NePaAPXUIECKIX
ABTOHOMHBIX Olepanuii — (QyHIaMEHTANBHBIX BO3MOXKHOCTEH st
noanepkku 1enedl [Iporpamm Gateway u Artemis. IlporpammHoe
obecrieuenrie NPAS kynpTHBUpYETCS KaKk W3MEHEHHE MMapajurMbl B
criocobe pa3padoTku nporpammuoro ooecneuenns HACA niist aBro-
HOMHOH 3KCILTyaTally, 9TO 00ECIeUUT 3KOHOMHUYECKH BBITOIHYIO,
BCECTOPOHHIOK, «MBICIIAIIYI0» U IBONIOIMOHHYIO aBTOHOMHIO ISt
OyAyIHMX KOCMUYECKIX U HA3€MHBIX CHCTEM.

OcHoBHOM MaTepHnaJ. biaromaps ToMy, 4TO Ul CIOXHBIX
VHTEIUICKTYaIbHBIX CHCTEM JIFOOOr0 MacmiTaba MOXKHO NPUMEHSTh
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OnomHCIMpUpoBaHHBIA moaxon [5,10], a3spokocmuueckue Smart-
Cpeibl MOKHO PaccMaTpUBaTh Kak «OKUBBIE KOTHUTHBHBIC CHCTEMBI»,
K KOTOpHIM MPHUMEHSIOTCS, B YaCTHOCTH, MOAXOIbl «aBTOHOMHBIE
CI/IM6I/IOTI/I‘IGCKI/I€ CUCTEMBI» U «KOIHUTHUBHBIC TCXHHUYCCKHUEC CUCTC-
MbI» [8,9].

ABTOpPOM TIpeAyiaraercsi HOBask METOJIONOTHSI TOCTPOSHHUS
KOrHUTUBHOM oneparmonHoi cucrembl (COS CTS) aBroHOMHOMU
AIPOKOCMUYECKOM CHCTEMBI, KOTOpas OCHOBaHa Ha Mapajurme
npenenbHbix 0000menuit (LGP) [5,7,8]. Merogonorust BKJIHO4YaeT
MAallVHy aHAJM3a U UHTErPAlMU JaHHBIX, UMUTUPYIOLIYIO IIPUPOL-
HBIC MCXaHU3MbI BOCIIPpUATHUA, MBIIUICHUSA, UHTYUIIUHX U ITOHUMAaHUA
(ocenomiennoctr). OcHoBoii COS  sBIISE€TCS  «MCKYCCTBEHHBIN
KOHHEKTOM — KOTHUTOM — HHTepakTomM» CTS, KoTopbIii o0ecrieunBaeT
TOTAIBEHBIN ayauT U IPOTrHO3 I/IH(i)OpMaHI/IOHHBIX IIOTOKOB, a TAaKX¢€
MOJHYIO  JHMBEepCH(UKALMIO WHCTPYMEHTOB  pEIeHHS  3ajad.
Ocnosnas 3aaua COS CTS — obecrieunTh MAKCUMAIBHYIO THOKOCTB,
CKOpPOCTb PEaKIMH W >KMBYYECTh (OTKa30yCTONYHBOCTH, aHTUXPYII-
KOCTB) B YCJIOBHSIX OTPAHUYCHHBIX PECYPCOB U PaIMKAIBHON HEeorpe-
JETICHHOCTH (KOTJla HEeM3BECTHBI CTATUCTHYECKUE 3aKOHOMEPHOCTH)
[9]. MpemiokeHa MeTomonorus (GOPMHUPOBAHMS IEPCIEKTUBHBIX
pacnpeneneHHbIX CHCTEM YIpaBlieHus W muarHoctukd jans CTS
A’POKOCMUYECKOT0 Ha3HAYCHHS Ha OCHOBE PEKOH(MUTYpHpyeMOH H
camonactpauBamwomieiics COS [7,8]. Takoil moaxoa IO3BOJISIET pe-
IaTh CIIOXKHBIC 3aJla4d B PEKUME pPEATbHONO BpPEMEHH W B
COTPYTHHYECTBE C JTFOIbMH.

BaxHeHlImM acreKkToM SIBISICTCSI MTHOBEHHAs Iepenaya 3Ha-
HUN BceM areHTaMm. J[pyrumu clioBaMHu, UMesi CHCTEMY, YCHEITHO
pEIIaoNIy0 3a7aqy pa3indeHnss 00pa30B, HET HUKAaKOH HeoOXOw-
MOCTH 3aHOBO 00ydYaTh €€ MPH MOJKIIOYCHUU K KaXKIOMY HOBOMY
YCTPOICTBY — OHAa MOXKET paboTaTh MPEAELHO JONTO KaK SIUHBIH s
BCEX AareHTOB cepBHC. Ha 3TOM BaKHOM acrekTe O0a3upyroTcs
«[Imatdopmbr aBTOHOMHEIX cuctem» (mpumep — IBM Watson 1oT:
Smart Fleet Management System Using loT, Computer Vision, Cloud
Computing and Machine Learning Technologies). OxHnoBpemeHHoO ¢
ujeeil TUPaKMPOBAHWsI 3HAHWN-HABBIKOB OECCMBICICHHO CO3/1aBaTh
YHHBEPCATBHBIA peniaTelb 3a7a4, KOrjia COBPEMEHHbBIC TEXHOIOTHH
MO3BOJISIOT CTPOUTH CETH (POU) U3 MHOXKECTBA COTIACOBAHHO B3aUMO-
JIECTBYIONIMX MAaJeHBKHX CIEHMAIN3UPOBAHHBIX pemaTene Win
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nporpamMHbIX areHtoB (Diversity’s Logic: The Diversity-Ability

Trade-Off). ITpennoxennr «Reference Scenarios for Self-aware Com-

puting» (nanpumep [5,10]: kKoHGUTYPATOPHI TECTOB ISt KOTHUTHBHBIX

CCHCOPOB, KOTOPELIC 00eCIIeYnBaroT HOCJIOCTHOCTL M OII€palno-

HaJbHYIO 3aMKHYTOCTh MH(POPMAIIMOHHOHN CPE/Ibl; MEXaHU3M «KOHTHU-

HYYM 3aJia4 pasjimdCHUusA» BMECTEC CO CTOXaCTHUYCCKUM «KPCATHBHBIM

MEepPEMEIIUBAIONIUM CI0EM», KaK OCHOBHI OCBEIOMIIEHHOCTH). Pa3pa-

Oorana KoHuenTyadpHas Moxenb "Thinking swarm of cognitive

agents" st mpuMeHEHUsI B a3pOKOCMUYECKHX TeXHosorusax. Paspa-

Ooran Habpocok matematrueckoii Teopun LlenoctHoctu — Wholeness

(Bio-Inspired Holonic Approach [5,10]; LGP serves as a metho-do-

logical foundation for constructing bio-holonic control systems).
IIpoGaeMuble BONMPOCHI ABTOHOMM3AaUMU. AMOUIIMO3HEBIE

KPaTKOCPOYHBIC U JOJITOCPOUYHBIC LICIN, ITOCTABJICHHBIC pa3JINYHbIMU

HaIlMOHAJIbHBIMHW KOCMHYCCKHMMH arcHTCTBaMu, Tpe6y}0T paauKalib-

HOTO Tporpecca B HECKOIBKMX OCHOBHBIX OONACTSIX KOCMHYECKOU

HWHXCHCPUHU U CO3JaHUC MHTCIUICKTYAJIbHBIX a3POKOCMUYCCKUX arcH-

TOB, 0E3YCIIOBHO, SIBJISICTCSA OAHOM M3 HUX. B mocieaHue rombl 3TO

MPUBENO K POCTY UHTEPECA K UCKYCCTBEHHOMY UHTEIUIEKTY CO CTOPO-

HBI BCETO adpPOKOCMHUYECKOro coobmecTBa. OmHAKO MPU TEKYIEM

COCTOSAHUU JCIT MOXHO BBIACIIMTh HECKOJIBKO HEPCIICHHBIX BOIIPOCOB

U TIPEMATCTBHIA, a MenHo (Smart-Everything Paradigm):

» Foundations of trusted autonomy; Distributed artificial intelli-
gence, enhanced situation self-awareness, and decision support
for spacecraft system design;

»  Creation of unified platforms for autonomous systems (example:
"NASA Platform for Autonomous Systems");

» Development of "intellectual mathematics" or "mathematics of
autonomy" (The ‘Global Brain’ and the new foundations of math-
ematics); Study of the global structure of a dynamical system
based on a multiscale phase space; Stochastic Fault-tolerant Con-
trol: a fault-tolerant control scheme for sensory faults based on
LGP; Combining planning with self-organization; Bio-Inspired
Holonic Approach;

» Instant decision making: Decisions based on gist; Modeling cog-
nitive diversity in group problem solving; Rapid scene under-
standing: Mechanisms of saccadic decision making, “Creative
Stirring / Mixing Layer”, Weak control hierarchies;
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Implementing Human-like Intuition Mechanism in Artificial In-
telligence; Cognitive mechanisms involved in the control of com-
plex systems;

"Thinking Swarm", Autonomous Symbiotic Systems, Cognitive
Technical Systems; Socio-Cyber-Physical Systems (Cognitive
Architecture for Cyber-Physical Systems); Conscious / Smart
machines; AGI; Autonomous Transport Systems;

The concept of "Cognitive Technical Systems™ as a methodolog-
ical basis for ensuring fault tolerance, disaster tolerance and anti-
fragility;

Bio-holonic approach to the creation of naturally reliable and safe
transportation systems ("Smart Fleet"; Wholeness or living struc-
ture: unfolding processes or wholeness-extending processes; A
Topological Representation for Space as a Coherent Whole; Dy-
namic architectures: Self-Configuration, Self-Optimizing Con-
trol, Reactivity, Adaptability, Cooperation, Openness, Auton-
omy);

Automated situational awareness; Self-aware computing sys-
tems: contextually aware intelligent control agents for heteroge-
neous swarms; Visualization and collision risk assessment of real
ships / UxVs in a mixed reality environment; Physical-virtual
synchronization in the vehicular Metaverse;

Shepherd-assisted swarm collective decision making; Shepherd-
ing UxVs for human-swarm teaming;

Smart Assisted Living Systems, Smart Station Framework, Am-
bient Intelligence: Semantic Model of Ambient Systems (An
Analysis of an Autonomous Smart Station/House as an Organ-
ism; Villages / Cities as living organisms; Smart Islands).
[IpobnemHBIE BOMPOCHI OCHOBBIBAIOTCS HA MPEANIOCHUIKE, YTO

KITFOYOM K YIPABJICHHIO CIOKHOCTBIO B ITPOLIECCE MPOSKTHPOBAHUS,
peanu3ayy 1 SKCIUTyaTalluy a3pOKOCMUYECKHX Smart-cpex sBisiercst
COYeTaHNE aBTOHOMHH U COTPYIHUYECTBA: HHANBHUIyaIbHas aBTOHO-
MUl UCTIONb3YeT TMOKOCTh W MOABMIKHOCTD JIFOJIEH M KOTHUTHBHBIX
areHTOB/pOOOTOB/APOHOB; MEXKIY TEM COTPYAHHUYECTBO MPHUHOCHT
CHHEPTHIO, MOATOMY YCHJIHMS KaXIOro yMHOXKAIOTCs Hauboiee
3¢ (HEeKTUBHBIM I THOPUIHON TPYIIIBI CIOCOOOM (KOHIIEIIUH BUP-
TYaJIbHOTO CITyTHHKA, «MBICIISIIETr0 POs»» IPOHOB, 0OBOJIAKMUBAIOIIETO
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WHTEIJICKTa Ha KOCMUYECKUX CTAHIMAX U B «JIYHHOH / MapCHaHCKON
JIEPEBHEY).

BuiBoasl. Ilepexoa Kk aBTOHOMHBIM CUCTEMaM — 3TO YCTOWYH-
BbIi TexHomormuecknit Tpern B XXI| Beke, 3aTparuBaromuii H
A’POKOCMUYECKYIO OTpacilb (3aJ1a4u UCCIEIOBaHUS TATLHETO KOCMO-
ca W IUIaHeT). AKTyaJbHBIM SIBJISICTCS BBIZICJICHUE OOIIUX METOHONO-
THUYECKUX TPOOJIeM IiIsl pasHbIX cdep (MOPCKOH, aBTOMOOWIBHOM,
APPOKOCMUYECKOM, JIOTUCTHYSCKON/CEPBUCHON — <«JIeTarolee/ Iia-
BalOIllee TAaKCW», WHAYCTPHAIBHON) M MEPEHOC PElIeHUI U3 OJHOMN
chepsl B mpyryro. OmHol u3 Hanbosee TPYAHBIX MPOOJIEM SIBJISETCS
pa3BUTHE «MaTEMaTUKU aBTOHOMHUY, TAK KaK aBTOHOMHAas CHCTEMa —
3TO, MPEXJE BCEro, KOTHUTUBHAS TexHHWUeckas cucrema. Cremoa-
TENbHO, Ha TEPBBIA IUIAH BBIXOMASAT BOMPOCH MO3HAHUS, OBICTPBIX
(MHTYUTHBHBIX) pemIeHni (IPOTOTUI JKCTPEHHBIX BBIUMCIEHUN B
KPUTHYECKUX CHTYalUsIX), THOKOCTH, aJallTHBHOCTH, »XHBYYECTH,
KPUTHYHOCTH, OSKOHOMHH BCEX BHJIOB PECYpPCOB B YCIOBHSIX
paJuKajIbHOW HEONPEACIEHHOCTH W BBICOKOH JHHAMHKH CpEIbl.
Perarornee 3HaueHue NpuOOPETAIOT KOJUIEKTUBHBIE paclipeieICHHbIe
BBIUUCIICHN (KOJIJIEKTUBHBIM HHTEIIEKT, KOTHUTUBHBIN MIHTEpHET) ¢
KOTHUTHBHBIM AJJpOM, KOTOPBII MOXKET ObITh yacThio LleHTpa onepa-
TUBHOTO KOHTPOJS SKCTPEHHBIX CHTyarui / karacTpod (MOPCKHX,
a’POKOCMUYECKHX, aBTOMOOMJIBHBIX, HHAYCTPHAIBHBIX U T.1.). Bce
OONBITYI0 aKTyaJIbHOCTh TprobOperatoT CuMOnoTHIeckne ABTOHOM-
Hele CucTeMbl, BKJIIOYasi ACCHCTHBHBIE TEXHOJOTMH B a3pOKOC-
MHUYECKUX NPUIOKEHUAX. CUUTAETCs], YTO HUMEHHO COYETaHUE KOTHHU -
TUBHOI'O U CUMOMOTHYECKOT 0 IOAXOJ0B MO3BOJIMUT CIPABUTHCS C BCE
BO3PACTAIOLIEH CIIOKHOCTBIO YIPAaBJIECHUsS, B TOM YHCIE, aBTOHOM-
HBIMU cucTeMaMu. DyHIaMeHTalIbHbIE B3aMMO/IEHCTBYOLIIE KOMIIO-
HEHTBHI, JIOKALINEe B OCHOBE CIIOKHOCTH, CJIOXKHOTO KOJUIEKTUBHOI'O
MBILUICHHUS, IEeMOHCTPUPYIOT BO3MOXKHOCTh Hcnonb3oBanus UM mst
CO3JaHMS 10 HACTOSILEMY aBTOHOMHBIX a3POKOCMUYECKHUX HPHIIO-
KEHUH.
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ACCELERATION IN THE ANISOTROPIC SOLAR WIND
Abstract. The ambitious short-term and long-term goals set down
by the various national space agencies call for radical advances in
several of the main space engineering areas, the design of intelli-
gent space agents certainly being one of them. In recent years, this
has led to an increasing interest in artificial intelligence by the en-
tire aerospace community. However, in the current state of the art,
several open issues and showstoppers can be identified. In this re-
port, we review applications of artificial intelligence in the field of
space engineering and space technology and identify open research
guestions and challenges. The main emphasis is on the development
of the "mathematics of autonomy" as well as the "thinking swarm.
Research in the field of cognitive technical systems focuses on the
development of machines and robots / drones that are able to per-
ceive their environment autonomously and to interact with it like a
living being. The author develops a paradigm of limiting generali-
zations for a comprehensive solution of information problems of au-
tonomization. A sketch of the mathematical model of Wholeness is
presented.

Keywords: Autonomous systems, thinking swarm, cognitive techni-
cal systems, cognitive computing, paradigm of limiting genera-liza-
tion, Wholeness.

Astrofizikada aktual masalolora gilinesin vo digor ulduzlarin
periodik dayison glcli magnit sahasini neco yaratmasi, bu prosesin
obyektlards forgli vo oxsar cohotlorinin olmasi, tacin temperaturunun
daha boyiik olmas1 va digor masalolor daxildir [1]. Yers glinos kiilo-
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yinin tasiri kosmik plazmanin vo glines kiiloyinin tadgiqini aktual edir:
geomaqnit qasirgalarin yaranmasi, Ginos kiiloyi plazmasi intensi-
vliyindon asili olaraq nazarat cihazlarina, yeriistii komplekslara, ugan
aparatlara vo idarsetma sistemlorina, masafodon idarsetmo sistem-
lorino, radiotexnika, radionavigasiya, radiolokasiya vo televiziya
sistemlarina va qurgularina, navigasiya vo havada harokotin idaro-
olunmasina, mikro vo nanoelektronik cihazlara tosirsiz tiigsmiir. 2018-
ci ilin 12 avqustunda buraxilmis “Parker” zondu Giinasi vo glinas
kulayinin strukturu vo magnit sahasinin dinamikasinin 6yranilmasins,
glinas tact torofindon siialanan vo sliratlonan gunes kiilayinin enerji
soviyyslorinin tapilmasina, giinos ortafi plazmanin toqdidi Ugln
zarraciklarin sirstloanma mexanizminin vo onlarin giines kiilayi ils
garsilirl tasinin tadgigine yonolmisdir [2].

Gunes kiiloyi plazmasinda olan elektron vo protonlara kompton
effektini totbiq edarok zarraciklorin suratlonmosi prosesini bu monada
izah etmok mumkundir: gunoss kiiloyi plazmasinda elektronlarin
enerjisi 2 Mev, protonlarin enerjisi 10 Mev va baha boyik tortibdadir.
Alismalardan asili olaraq bu va ya digar zarraciyin enerjisi doyiss bilir.
Foton slialanmasinin enerjisindon asili olaraq Kompton va tors
kompton proseslarini anizotrop giinss kiilayina totbiq etmoak olar. Tars
kompton effektinds relyativist zarracikdan sopilon fotonun enerjisi
artir, nOvboti protonlarla bas veran kompton effekt noticasinds
protonun sdratlonmasi bas verir. Belaliklo elektronlarin enerjisinin
protonlara Oturllmosi prosesini mioyyan monada osaslandirmaq
mumkin olur. Bunu noazars almaqla elektronlarin enerjilorinin daha
boyik giymatlorindo bu prosesds fotonlarin enerjisi daha artir.
Kosmik obyektlorin elektron siialandirdig: hallarda, spektr xatlorinin
yayinmasi miisahido olunmalidir vo olunur [3]. Enerjinin 6tlrilma-
sindo maqnitqravitasiya dalgalar1 vo onlarmn hibrit qarisiglarini nazara
almaq lazimdir [4].

Gunos kiilayi dinamik, fiziki parametrlori: sixligi, stirati, magnitn
induksiyasi vo s. Genis diapozonda, zamana vomokana goro doyisir.
Bu dayismolarin méveudlugu Parkerin ilkin olarag tesovvir etdiyi
kimi stasionar bircins plazmanin axini olmayibi tacin geniglonmasinin
¢ox mirakkob proses oldugunu gostormisdir [5].

Zamana goro xarakterik Olgulor saniysnin hissalorindon baglamis
(plazma dalgalar, “kiiy”), on saatlar vo sutkaliq (gilinos tacinin geyri-
bircinsliyi va strukturunun genis 6l¢iido doyismasi ilo bagl variasiya)
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davam edir. Ilk olaraq toqqusmasiz plazmada maye dinamikasina ba-
xilmig, maqgnit hidrodinamik yaxinlagsma aparilmis, sonradan istilik
tasirlori nazors alinmagla mosalalora baxilmigdir. Giinasdan radial va
stasionar axin izotrop MHD tonliklorlo baxilmisdir. istilik axinlari
nozoro alinmadan mosalalora baxilmasi dogru hollorin veracayini
tasdiglomomisdir [5].

Baza tanliklor: Masaloyo sferik koordinatlarda stasionar hal
ticiin baxilir. Plazmanin radial yayilmasi maqnit saho induksiyasi ii¢iin
By =0vo Vy =0, parametrlor radial mosafodon asililigi gotiirtiliir. B=
By, hy =1, hy = 0, [6] -do verilon tonliklorin halli,

r?2B=C1, r’pV=C3, (1)

v: o1 3 1 1 GM _ Cs
(17+;(PJ_+;P")+[J—V(SJ_+ES”)—T—C—Z 2
T‘4(pLV+SL) =C1Cs (3)

sabitlorini ovoz edok. u=pi/p Vo u.*=p./p termal siiratlordir.

Vahidsiz kamiyyatlors kegsak
33 dx(x) +f1(X) =0, 6r 3dY(x) +fz(x) =0, 6x3X(x) dZ(X) ) 0 (4)

dx | f(x) dx  f(x) f(x)A(x) -
Burada
T V2 uf uf
x=E,X=X(x)—v0 Y = Y()_F Z = Z(x)—xv—g
e ¢l GM,
Cs = =

;C - ’ -
czvz s~ R 9T R

Y 4. § C
AQx) = XE’“; 1,B(x) = (1<1 () — 3X(0)), Ky (x) = §<c5 + g _ x—j)
D(x) = 2Z(x) —xg,E(x) = 2C, — xg (5)
F0 =22 (40 - 9+ 5 AW
— 340D (x) + 2E(x) )

f2(x) = A() f,(x) = 6D () f (x)
00 =@ -EW) - 12f(0)Zx)?* (D)

Alinan (4) tonliklor sistemi odadi tisullarla programlagdirilmis X,
Y vo Z parametrlorinin radial asililiglar1 sinqulyar noqts ortafnda (x=1,
X=Y, A=1) arasdirilmisdir. Miisyyan olunmusdur ki, tonlik bir yox bir
nego singilyar nogteye malikdir. Bu nogtolor yaxinliginda X
parametrinin qiymotlori koskin artir. Digor hallarda X, Y, Z
parametrlorinin qarsilirh ¢ox kigik hallar1 tigiin masalalor baxilimis,
xususi hallar alinmigdir [7]. Masalays diizbucaqli koordinat sistemin-
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do baxilmus, tonliklor sisteminin miayyan hallor ¢coxliugu alinmisdir.
Alinan hallor ginos kiiloyi parametrlorinin radial asililiginin tam dyrs-
nilmasi Gcun shamiyyatlidir. Glinas kiiloyi plazmasi intensivliyindon
asili olaraq nazarat cihazlarina, yeriistii komplekslora, ugan aparatlara
Vo idareetmo sistemlorine, mosafodon idaroetmo sistemloring, radio-
texnika, radionavigasiya, radiolokasiya va televiziya sistemlarina vo
qurgularina, navigasiya vo havada harokatin idarsolunmasina, mikro
vo nanoelektronik cihazlara tosirsiz Otiigsmiir. Bu baximdan Glnos
kuloyinin  0yranilmasi, parametrlorinin  zamana, mokana goro
doyismasinin tadqiqgi hazirki dévrde magsadsuygundur.
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MULTISPEKTRAL PEYK TOSVIRLORI OSASINDA
KOND TOSORRUFATI BITKITLORININ
XORITOLOSDIRILMOSI UCUN MASIN OYRONMO
ALQORITMLORININ MUQAYISOLI TODQIQi
Xiilasa. Maqalada tolim verilonlorin moveudlugunun vacib-liyini va
peyk tasvirlorinin tasnifatinda masin dyranma alqoritm-lorinin po-
tensialt vurgulanir. Kond tasarriifati bitkilarinin xoritalog-dirilmasi
magsadilo multispektral peyk tosvirlorinin tasnifatlas-dirilmast
zamant miixtaolif magsin Gyronmo alqoritmlori tatbiq edil-misdir.
Taodgiqat naticasinda masin  oyranma alqoritmlorin  daqiqliyi
hesablanmig va verilon talim niimunalarinin sayindan asili olaraq

an yaxs1 bitki névii tasnifatt modeli secilmisdir.

Introduction. The growing interest of various organizations in
utilizing Earth observation (EO) data from space reflects the increas-
ing recognition of its potential in facilitating timely and informed de-
cision-making in agriculture. Promising developments and outcomes
have emerged in the realm of EO data utilization for agricultural pur-
poses. However, there remains a need to conduct a comparative study
of different machine learning algorithms to assess their efficacy in
crop mapping using multispectral satellite imagery [1]. By compre-
hensively evaluating and comparing these algorithms, we can identify
their overall performance, thereby enabling informed decisions for ef-
fective agricultural land management [2].

In this paper, a comparative study of machine learning algorithms
for crop mapping using multispectral satellite imagery has been pre-
sented. The objective of this research is to assess the performance and
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suitability of various algorithms in accurately mapping different crop
types.

Methodology. The methodology employed in this study involved
the use of machine learning (ML) algorithms, namely Support Vector
Machines (SVM), Random Forests (RFs), and U-net Convolutional
Neural Networks (CNN), to generate classification maps for crop
mapping using Azersky high-resolution satellite images. The
flowchart of methodology (Fig. 1) provided a visual representation of
the step-by-step process followed in this study.

AZERSKY PMS

MLC
Image Pre-processing
SVM
Training data Classification RFs
CNN

Accuracy assessment

Crop map

Fig. 1. Flowchart of methodology

The study area is located in the northern part of the Goranboy
region, which is part of the Ganja-Dashkasan economic region in
Azerbaijan (Fig.2). The topography of the region consists of flat ter-
rain in the northeast and mountainous terrain in the southwest, featur-
ing gorges. The area is primarily comprised of agricultural arable land,
with the main crops cultivated being wheat, cotton, sunflower, corn,
and alfalfa [3].
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Fig. 2. Study area

The training samples were validated through visual analysis using
multi-temporal images, enabling the identification of crop types based
on their growth stages across seasons. For example, winter wheat ex-
hibited a dark green color in April and transitioned to yellow by June,
indicating its maturity. The validated training samples, along with
ground truth data and multi-temporal images, were utilized as inputs
for SVM, RFs, and U-net CNN algorithms. Once trained, the algo-
rithms were applied to multispectral satellite imagery to generate clas-
sification maps, providing spatial distribution information of crop
types in the study area. The accuracy of the classification maps was
evaluated by comparing them with independent validation datasets,
utilizing various performance metrics. The methodology was imple-
mented using ArcGIS Pro software on a computer with sufficient com-
putational resources.

Results and discussion. The classification maps generated by
three different methods, namely SVM, RFs, and U-net CNN, are
shown in Figure 3. The maps represent the classified images for crop
types including Wheat, Cotton, Alfalfa, Sunflower, and Corn.
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To assess the accuracy of the classification, a total of 546 valida-
tion points were used. These points were randomly distributed in a
stratified manner and were determined based on expert knowledge. It
is important to note that the number of training samples available for
the selected area was limited. Considering the limited number of train-
ing samples, the RFs algorithm exhibited superior results compared to
the CNN. Furthermore, a comparison was made between the three ML
algorithms and the classical maximum likelihood (MLC) method [4].
The results confirmed the effectiveness of machine learning methods
in crop classification when compared to traditional classification
methods. The accuracy assessment of the classified images was con-
ducted using the confusion matrix, and the Kappa statistic was em-
ployed to evaluate the results. The results clearly indicate that the
SVM and RFs algorithms are powerful in classifying crop types,
achieving higher accuracy even with a limited number of training sam-
ples. Particularly, RFs demonstrated higher classification accuracy
with fewer training samples. It is worth noting that the identification
of wheat showed high accuracy as the images corresponded to the
wheat's vegetation period [5].
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Conclusion. Based on the research findings, the classification ac-
curacy for the studied crop types has been established. The highest
accuracy was observed in the third experiment using the RFs classifi-
cation method with Azersky images. This research focused on inves-
tigating the performance of machine learning algorithms for crop type
identification using high-resolution Azersky satellite images. The
comparative analysis of the three ML algorithms led to the selection
of the best-performing algorithm for future considerations in large-
scale image classification of areas of interest. The experimental results
yielded several key conclusions: (1) Successful classification of
Azersky images using machine learning algorithms was achieved; (2)
The availability of sufficient training data is crucial for accurate su-
pervised crop classification, and CNN may require more training sam-
ples for effective classification; (3) RFs demonstrated higher classifi-
cation accuracy compared to other algorithms for the satellite image
classification process. These findings highlight the potential of ma-
chine learning algorithms in improving crop classification accuracy
and provide insights for the utilization of ML methods in satellite im-
age classification tasks.
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LASER TECHNOLOGIES IN THE CREATION OF GRE-
NADE AND MORTAR SIMULATORS
Abstract. The article provides a rationale for the importance of us-
ing simulators in modern methods of training personnel. Examples
of creating simulators for training in firing from various types of
grenade launchers and mortars are shown. The principle of opera-
tion of simulators is described, the process of training personnel

and the possibilities that the simulator provides are described.

TpeHaxkep — 3TO KOMIUIEKC, BKIIOYAIOIIUNA CHCTEMY MOJe-
JUPOBAHUS U CUMYJISILUM, KOMIIBIOTEPHbIE U (U3UYECKHE MOEIH,
CreUallbHble METOAWKH, CO3JaBaeMble JJIsI TOro, YTOOBI IOATO-
TOBHTH OIlEpaTopa K NPUHITHIO KAaUE€CTBEHHBIX U OBICTPBIX PELICHUH.
TpeHaxxepsl MO3BONAIOT CPOPMUPOBATH y ameparopa HaBBIKH JIEH-
CTBHH MOTOPHO-Pe(IIEKTOPHOIO U KOTHUTHBHOIO TUIA B CIIOXKHBIX
CUTYyalLUsX, IOHATh CyLIIHOCTh MPOTEKAIOLIMX MPOLIECCOB U UX B3aUM-
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HYIO 3aBHCUMOCTb. B COBpeMEHHOM MUpE TpEHaKEPhl IPUMEHSIOTCS

B pa3iMyHbIX cepax >ku3HU 4denoBeka. OOOpPOHHAS MPOMBIIICH-

HOCTb HE cTajia uckiroueHneM. C 1enblo pelieHus 3a7ad o OrHeBOH

MOJTrOTOBKE JTMYHOIO COCTABa BOOPY)KCHHBIX CHJI Ha MPEANPUSTHU

“HTL “JIDMT” benOMO” pa3paboTanbl TpeHaXEPbI A 00yUCHUS

crpensbe u3 rpaHatomerHbix (PIIT-7 u PII-32) m MHUHOMETHBIX

cucrteM. DPPEKTUBHOCTh H 1EIeCO00Pa3HOCTh MPUMEHEHHUS HAINX

TPEHaXEPOB B OTHEBOHM IMOATOTOBKE OOYCIOBJIECHA CIENYIOIIMMHU

(dakTopamu:

> JOCTAaTOYHO BBICOKOM CTOMMOCTBIO U HEA0CTAaTOYHBIM KOJIHNYECCT-
BOM DPEaJIBHOTO BOOPYKEHHSI, KOTOPOE MOXKET OBITh HCIIOJNb-
30BaHO IS peneHus yueOHbIx 3a1a4. Cro/a )Ke CTOUT BKIFOUUTh
U CTOMMOCTh OOCIPHUITACOB, HEOOXOMMBIX JJIs Tpoliecca o0yue-
Hus. Vcrnonk3oBaHKue TpeHa)xepa MO3BOJISIET MHOTOKPATHO COK-
PaTUTHL MAaTCPUAJTIBHBIC 3aTPATHI;

»  OrpaHUYEeHHOCTHIO BPEMEHHOI'O pecypca Ha MOJAr0TOBKY 000py-
JIOBaHMS K HCIIONb30BaHUIO. TpeHaxep He TpeOyer creluab-
HOTO MECTa XpaHEHUs, HeT HeOOXOAMMOCTH BbIe3/la Ha IOJIETOH
B miporiecce o0yueHus. Tax ke mporecc 00y4eHuUs He 3aBUCHT OT
MOTOJTHBIX YCITOBHUI;

»  OOIBIIOH CI0KHOCTHIO U3MEHEHUS TTApaMETPOB PEaTbHOTO BOO-
PYKEHHUSI, CIIO)KHOCTBHIO BBEIEHUSI HOBOT'O TEXHOIOTUYECKH yCO-
BEPIICHCTBOBAHHOTO OPYXHs W OoerpumnacoB K HUM. JItoObie
€IMHULIBI HOBOTO BOOPYXXEHHUS W OOEHpPUIIACOB MOTYT OBITh
CMOJUTIPOBAHbBI B KpaTdalIine CpPOKH. DTO MO3BONIIET 00OydaTh
cTpenb0e M3 CaMBIX COBPEMEHHBIX BHJIOB BOOPYKEHHUS;

» HEOOXOAMMOCTBIO BBIPAOOTKH YCTOWYMBBIX IIPAKTHYECKUX
HaBBIKOB TPHU paboTe ¢ 000pyIOBaHMEM, OMACHOCTHIO BEHITION-
HAeMBIX paboT. OO0y4deHrne ¢ OMOIIBI0 TPEHAKEPOB 0OecIedn-
BaeT MOJHYIO 0€30IIaCHOCTH JINYHOT'O COCTAaBa U UCKIIIOYAET JIFO-
Oble HeCUacCTHbIE CIIy4au, CBA3aHHBIE C HCIIOJIb30BAHUEM pPeajlb-
HOTO OpYXHUs 1 OoerpumacoB K HUM. D (heKTHBHOE MPUMEHEHNE
TPEHa)KepOB AJIsl NPUOOPETEHUSI HABBIKOB BEICHUS NMPHLIETbHON
cTpenbObl W3 TpaHaromeroB PIII-7 u PII-32 B yueGHOM
MpoLecce MO3BOISIET 3HAYNTEIbHO YMEHBIIUTE YHCIIO OMHNOOK,
YBEIIMYUTh CKOPOCTh MAHUNYJSIIMA W TPUHATUS PELICHUI,
COKpaTUTh BpeMs 00ydeHusi, Ooiee aJieKBaTHO OLICHUBAThH YpO-
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BEHb MTOJTYYEHHBIX 3HAHUN M MPUOOPETEHHBIX HABBIKOB, HHAWBH -
OyaJIn3upoBaTh 0OyueHue, HopMHUpOBaTh BEIBOABI IO JEHCTBUSM
oOyuaroierocsi. BHEIIHMI BUA OCHOBHBIX HacTell TpeHakepa
MIPEJCTaBJIEH Ha pUCYHKeE 1.

S

Jlasepasiii Gnok
Maker rparaToMera ¢
PEATLHBIM ONTHNECKIM »
NPHIETIOM 1 Ta3epoM & ,
.

Hoyt0yk ¢ ycranonennsv [10 !
Tlpoextop

Bueonpiemuoe yerpoiicrso

Ixpan

i

Puc. 1. Brewnuiti 610 oCHO8HbIX uacmell mpenadicepa 01 pana-
momema

Tpenaxkep BKIO4aer B ceOsl KOMIBIOTEP, CIyXallUid JUIs
q)OpMI/IpOBaHI/ISI BBIXOIHBIX BHJICO W 3BYKOBBLIX CHUTHAJIOB, a TaKXe€
cOopa JaHHBIX W BBIJIAYM pE3YJLTATOB OOyUEHHsS Ha TIevarsb.
OtoOpaskeHHEe CHHTE3UPYEMOH KOMITHBIOTEPOM OOCTaHOBKHA MECT-
HOCTH OCYIIECTBIISIETCA C TIOMOIIBIO IMPOEKIHMOHHOTO YCTPOWCTBA
(mpoekTopa) W 9KpaHa, YCTAHOBJICEHHOrO Iiepea oOydaeMbIM Ha
HEKOTOPOM paccTosHUU. s OTpaOOTKM HABBIKOB MPHILIEIUBAHUS
WCIIONB3yeTCS MAaKeT TpaHaTOMETa C peajbHBIM ONTHYECKHUM IIpH-
nenoM. Ha makere rpaHaToMera yCTaHOBIIEH JIa3epHBIA OJIOK, KOTO-
pBIN TIpeIHA3HAYeH ISl CO3AaHMs HA TPOEKIIMOHHOM JKpaHe Jiaszep-
HOTO TISITHA-MapKepa, OMpeeNsioNlero HalpaBieHne BeIcTpena. Bu-
JEOMTPHUEMHOE YCTPOUCTBO C ONTHYECKAM CBETO(MUIBTPOM IIpeTHA3-
Ha4yeHo IS TpreMa U3Iy4YeHHs JIa3epHOro OJ0Ka, OTPaKEHHOTO OT
MIPOEKITMOHHOTO SKpaHa.

[IpeumyiiecTBOM 1aHHOM KOMIIOHOBKH TPEHaXXepa SIBISIETCS €r0
HEMPUXOTJIMBOCTh K MECTy pa3MemieHus TpeHaxep MOXKET OBITh
Pa3BepHyT B JIFOOOM MTOMEIIeHnH. B TedeHnn qaca Takoe IoMeleHne
TIpeBpaIiaercs B MOTHOICHHBIN Y4eOHBIN Kitacc.

OCHOBHBIMH 3JIEMEHTaMH TpEeHaXKepa SBISIFOTCS JIA3ePHBIN OJIOK
Y BHJICONPUEMHOE YCTPOUCTBO. JlasepHbIii OJIOK MpeaHa3HA4eH s
CO3JIaHWs Ha TPOEKIIMOHHOM JKpaHE JIA3epPHOTO MSTHa-MapKepa,
OIIPENENSIONIEr0 HampaBjieHWe BBICTpena. B kadecTBe Ia3epHOTO
W3JIydaTesns IpUMEeHsIeTCs TOIYNPOBOAHUKOBBIN JTa3epHbIM TUOAHBIN
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MOIyJib. Ero KpaTkne TEeXHUYECKHE XapaKTePUCTUKU TPEACTABICHBI
B Tabymue 1.

Tab. 1. Texnuueckue xapaxmepucmuxy 1azepHoco uryvamens

HaumeHoBaHue 3HayeHue
XapaKTEePUCTHKH
Pexxum paboThl VIMITYJIbCHBIN
JlnvHa BOJIHBI H3JIy4EHHUs, HM 830+5

PacxogumocTs cBeTOBOrO IisATHA Jla- | <0,7

3€pHOr0 U3JIyYEHUs, MpaJl

MolmHoCTh U3nyyeHus, MBt <1

Jlnana3oH BBIBEPKU B TOPU30HTANb- | +1

HOM U BCPTHKAJIIbHOM HallpaBJICHU-

SIX, Tpaj
Iar BEIBEPOK, YIJI. CEK 60+10
Hanpspkenne nutanus, B 3 (onement tuma CR123A)

JlazepHBIi OJIOK COMEPIKUT MBE30AIEKTPHICCKHHA TAaTIUK, KOTO-
PBIl BKIJIFOYAET JIA3€pHBIA H3IIydaTeidb MO YIApHOMY BO3ICHCTBUIO
LITaTHOTO CIIyCKOBOI'O MEXaHH3Ma IPaHaTOMETA.

BuneornpuemMHoe ycTpoHCTBO C ONTHYECKHUM CBETO(PIIBTPOM
MpEeAHA3HAYCHO VIS IPHEMa U3JIyUeHHUs Ja3epHOro 0J0Ka, OTPaKeH-
HOI'O OT NMPOEKLMOHHOr0 3KpaHa. OnTuyeckuil cBeToQUIbTp MMeer
nonocy npomnyckanust o 800 HM, OTpe3aeT BUAUMBIA Y4aCTOK CIIEK-
Tpa U MPOIYCKAaeT U3IydeHHE JIa3epHOro OJIOKa.

[Iporecc oOydeHuss MOCTpPOeH clienyrommM obpazom. HMHcT-
PYKTOp yIpaBiisier paboToll TpeHa)kepa C IMOMOIIbI0 KOHTPOJIBHOI'O
MOHHUTOpPa KOMITBIOTEpA, KJIABUATYypPhl X MAaHUITYJISITOPA-MBIIIH.

C momomiplo cpencTs pabodyero Mecra HHCTPYKTOpa CTAaBUT
3agady oOy4aemMoMy, BBIOMpaeT YOpaKHEHHE M 3aJaeT ero
napaMerpsbl, 3aIlyCKaeT ypakKHEHHE.
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OOyyaeMblii O KOMaHAE WHCTPYKTOpa YHpaBisieT paboToi
yueOHOro uiau 00EBOro OpYXKHUs, HJIM MaccorabapUTHOIO MakeTa ¢
y4eToM OCOOEGHHOCTEH WMMHUTHPYEMOH OOCTaHOBKH, MPOU3BOAMUT
WMUTAMOHHBIN BBICTpEN, HaOMIOJacT Ha MPOEKIMOHHOM 3KpaHe
MoJIeT CHapsija Mo OaJUIMCTHYECKOH KPUBOH M KOHTPOJIHPYET
nornazanue B Lenb. TpeHaxep oOecreunBacT MMUTALUIO PeaibHBIX
0aJUIMCTHYECKUX XapaKTEPUCTUK U 3apsA0B TPAHATOMETOB IO
JAJIbHOCTH M BPEMEHH I10JIETa B 3aBUCUMOCTH OT 3aJJaHHOM Temmepa-
TYpBI OKpY’Karoliel cpepl U THIa CHapsa.

[lepcoHanbHBIA  KOMIIBIOTEp  SIBISIETCS  pa0OdYMM  MECTOM
WHCTPYKTOPA U COBMECTHO C MTPOrpaMMHBIM oOecriedeHneM MpeIHa3-
HayeH Ui YIpaBJIEHUS TPEHAKEPOM, CO3/JaHUA TPEXMEPHOH BHU3Y-
ANBbHOW WHTEPAKTUBHOW KapTHHBI MECTHOCTH M OOBEKTOB-IENCH Ha
Hell, mepeayu BUAEOCHTHAJA B IPOEKIIMOHHOE YCTPOICTBO, MpremMa
U 00OpabOTKH CHTHAJIA OT BHJICONPUEMHOrO YCTPONCTBA, PElaKTH-
pPOBaHMS CONEPKUMOr0 Y4eOHOTO MaTephana B COOTBETCTBHH C
M3MEHSAEMBIMHU 3a]]a4aMHu.

B tpenaxepe nocryreH BbIOOp pa3IMUHBIX KapT MECTHOCTH. Jljis
KaXI0i U3 INPEICTaBICHHBIX KapT MHCTPYKTOP MOXKET CO34aTh U
peIaKTHPOBATh CIICHY-CIIEHAPHH, KOTOpas MPEIACTaBISET COOOM
HaOOp OOBEKTOB, WX IOBEJCHHE M TPACKTOPHIO MEpPEMEIICHUS.
KonuuecTBo CIieH U KOMMYECTBO OOBEKTOB HA CLIEHE JUIsSl KaXKI0H U3
KapT OrPaHHYEHO TOJBKO BBIYMCIUTEIBHOH MOIIHOCTBIO KOMIIBIO-
tepa. Kpome storo mocrymeH BbIOOp TWIla IpaHaTOMeTa W THUIA
WCIONB3yeMOro CHapsiia (C COOTBETCTBYIONIEH OaJTCTHUKOM).
HocTynHa HacTpOMKa MOTOAHBIX YCIOBHIA.

Tpenaxep it MHHOMETOB (PHCYHOK 2 a) B YE€M-TO CXOX C
TPEHAXKEPOM AJIsl TPAHATOMETOB, HO MMEET DS NPUHLIMIIHAIBHBIX
oTnuunil. B coctaB TpeHaxepa BXOISIT KOMIIBIOTEP, MPOECKLIMOHHOE
YCTPOWCTBO (ITPOEKTOP) W IKpaHa, BHUACOINPHEMHOE YCTPOWCTBO C
ONTHYECKUM CBETOQUIBTPOM, MAaKeT MHHOMETAa MaKCHMAaJIbHO
MPUOIIKEHHBIN K peaTbHOMY, pUIen MUHOMETHBI MITIM-44M nnm
MS-15, maT4uk yrioBoro nepemelleHus CTBOJa MUHOMeTa (J1a3ep-
HBIN 0JI0K, puCyHOK 2 0). OH oTiM4aeTcst OT Ja3epHoro 6J0Ka, KOTo-
PBI HCTIONB3yeTCA B TPEHAXKepe Ul TpaHaTOMETOB. B HeM ycTaHOB-
JIeHO 3 Ja3epHbIX H3Iydarens. DTo CBA3aHO C OAJUIMCTUKON CHAPsIIOB
U1l MMHOMETOB, TaK Kak CTpenb0a OCYIIECTBIISETCS Bcerga ¢
MIPEBBIIIEHNEM M 10 OYEHb KPYTOM TpaekTopHH. Tak e B cocTaB
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TpeHaxkepa BXxomuT Oycconmbs ITAB-2.TpeHakep mpenHasHaueH A

OTTauYMBAHMS COBMECTHBIX JEHCTBHH IPYIIIBI JTIOICH!

»  CTperka-HaBOMYHKA,

»  KOPPEKTHUPOBIIHKA.

Tpenakep mo3Bonsger 00yyaTh HABBIKAM CTPENBObI KaK C 3aKPBITHIX,
TaK ¥ C OTKPBITBIX OTHEBBIX MO3UIMHI. TpeHaxkep obecreyrBact:

» oOydeHHWe  CTpeIKa-HaBOAYMKA TEXHHKH  YCTAHOBKH W
pa3BepThIBaHUS MAKEeTa MUHOMETA.

» oOyuenne kperuieHuto mnpuneno MIIM-44M wmun MS-15 Ha

Maker MHUHOMeTa. Tak e MO3BOIseT O0y4YHUTh JTMYHBIN COCTaB

npaBujiaM HMCIIOJIb30BaHUA JaHHBIX MHWHOMECTHBIX IIPpUIECIO N

orpaboTaTh Bce HEOOXOAMMBIC HABBIKM HABEACHUS Ha IICJb U

KOPPEKTUPOBKH OTHS;

o0y4eHue rOpU30HTHPOBAHUIO MAaKeTa MUHOMETA.

o0y4eHue BBICTABJICHHE MHHOMETa B OCHOBHOE HalpaBlICHHE

CTPEILOBL.

o0ydeHHe YTIIOBOM MPHUBS3KA MUHOMETA K CIIEHE TIPH TIOMOIIN

OpPUEHTHPOB.

o0y4eHHE U COBEPLICHCTBOBAHHWE IIPUEMOB IPUIIEIUBAHUS,

KOPPEKTUPOBKM M CTpENbObl IO HEMOIABIXKHBIM LEISIM Ha

TMATBHOCTSX 10 4 KM KaK ¢ OTKPBITOM, TaK U C 3aKPHITOH OrHEBOM

MIO3ULIUY.

B dgactu paboThl KOPPEKTUPOBIIMKA CTPENBOBI TPEHAXKEP MO3BOJISET
MIPOM3BOANUTH O0yUEHHE:

»  pasBepThIBaHHIO U pabdore ¢ Oycconbio [TAB-2. Byccons nmeer
YIJIOMEpHBIE M AaJbHOMEPHBIC ILIKAIbl, C KOTOPHIMH HYXXHO
o0yunTh paborate. Tak ke oco0oe BHUMaHHE YAEISIeTCs
MIPAaBUIIBHOMY €€ Pa3BepTHIBAHUIO.

»  MeToAaM HaOJIOJICHUS U 3aCEUKH Pa3phIBOB MUH.

» o0ydeHne MeToJiaM ObICTPOro pacyera KOPPEKTHPYIONIUX YIIIOB
BBICTPENIOB IO YTy MECTa U a3UMYTY.

Pabouee mMecTo MHCTPYKTOpa HHUYEM HE OTJIMYaeTcs OT pabodero
MecTa HMHCTPYKTOpa B TpeHaxkepe misi oOyueHus crpenbOe u
rpaHatoMeToB. TpeHaxep Mo3BOJsET

»  TIPOU3BOAUTH KOHTPOJb 32 MPOIECCOM O0YUIEHHS.

»  KOHTPOJIMPOBAaTh TPABWIBHOCTH WM TEXHUKH  HaBEICHHUS
MHHOMETA CTPEIKOM-HABOAYMKOM.

YV VYV

Y
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»  BBINOIHATH POJIb JATBHOMEPIIHMKA JUTS M3MEPEHHs JaTbHOCTEH
JI0 LieTiei ¥ pa3phIBOB.

»  BBIBIATH M HCIPABJIATH OIMHOKM B BBITIOJHEHUH OTACILHBIX
OJICMCHTOB KOPPCKTHUPOBKH, INPULCIMBAHUA W IIPOU3BOACTBA
BBICTpEINa B IIEJIOM.

WucTpykTOp MOXET BBIOMpaTh THI MHHOMETa W CHapsja,
HU3MCHATH IMOTOAHBIC YCIIOBUA Ha KapTC MCCTHOCTH, BI)I6I/IpaTI) camMy
MECTHOCTBh BBIIIOJIHCHUA 3aJadyu, HU3MCHATH THUII ITO3HINH (HI/I6O
OTKpBITasL, TUOO 3aKphITasi OTHEBAs MTO3HIIHS).

0.

Puc.2. Buewnuii 6uo mpenadicepa 015 00yuenus cmpeivoe u3
MuHomema (a) u razeprozo oioxa (6)

MHoroneTHuil ONnbIT NPUMEHEHHUS TIPEACTaBICHHBIX BBIIIE TPE-
Ha)KEpOB TTO3BOJISICT BBIACIUTD CIEIYIOINE MPEUMYIIECTBA: YIUTHI-
BACTCSl WHAMBHIYAJIBHBIA TEMIT PabOThl OOydaromierocs, KOTOpPBIH
caMm yIpasisieT yueOHbIM MPOIIECCOM; COKPAIAETCsl BpPEMS BEIpadoT-
KH HEOOXOIMMBIX NMPOQEeCCHOHANBHBIX HABBIKOB, 3HAHUN M YMEHHH;
YBEIMYHMBACTCSl KOTMYECTBO TPEHUPOBOYHBIX 33JaHUN W UX BapHa-
IHST; JIETKO OCTUTAeTCsl ypoBHEBas Au((hepeHIHAaIHT; TOBIIIACTCS
MOTHBaUg Y4eOHOW nesTenbHOCTH. OD(PQPEeKTHBHOE NpHUMEHEHHE
TPEHaXXEPOB B OTHEBOM MOATOTOBKE ITO3BOJIMIIO 3HAYNTEIFHO YMEHB-
IIUTH YUCIIO OMHMOOK, YBEIHYUTh CKOPOCTh MaHHITYJISALIUH M TIPHHS -
TUA PEIIeHNH, COKPATUTh BpeMs o0ydeHus, 0oiee TOYHO H 00BHEKTHB-
HO OIICHMBATh YPOBEHb IOJy-UYEHHBIX 3HAaHUH W MPUOOPETEHHBIX
HaBBIKOB, WH/MBHyaJIM3MPOBaTh 00y4deHue, (GopMUpOBaTH MH(OP-
MaTHBHBIE BBIBOJBI 110 JACHCTBHUSIM 00YYarOmEerocs.
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TERPRETATION OF SATELLITE INFORMATION
Abstract. The article deals with the problem of increasing the effi-
ciency of processing and interpretation of aerospace information.
For this purpose, it is proposed to use artificial intelligence methods
such as pattern recognition, neural expert sys-tems, geoinformation
technologies. Using the example of constructing a geoinformation
expert system for assessing the suitability of lands, a method is shown
for inte-grating a set of data and technologies to reduce time and
increase the reliability of interpretation of the results of processing
satellite information.

Keywords: neural expert systems, geoinformation technologies, pro-
cessing and interpretation of satellite information.

Beeoenue

I[Ipn rOOBIX TEXHONOTHAX O00pabOTKH a’pPOKOCMUYECKOM
nHpopmarun (AKHW) BuzyanbsHOM, aBTOMaTH3UPOBAHHBIM, C HCIIOJb-
30BaHMEM HEHPOHHBIX CeTell HEBO3MOXKHO M30eXKaTh 3Tana NpUHSITHS
pelIeHrsT Ha OCHOBE 3HAHWH O MCCIIENyeMOH MECTHOCTH, M 31eCh
0COOCHHO OYEBUIHA HMCKIIOYUTENbHAS POJIb IKCIIEPTHON MHTEpIIpe-
TaIHH.
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B nanHOM craThe paccmaTpuBaeTcsl IMpoOjieMa IMOCTPOSHHUs
rHOPUIHON HHPOPMAIIIOHHON CUCTEMBI a9POKOCMHYECKOT0 MOHHUTO-
pUHTa A7 OLEHKH INPUTOAHOCTH 3eMJIM. B OcHOBE mocCTpoeHHs
CHCTEMBI HCIIONB3YIOTCSI METO/Ibl HICKYCCTBEHHOTO MHTEIJIEKTa, 00pa-
6OTKI/I KOCMHUYECKHNX CHUMKOB U I“COI/IH(bOpMaHI/IOHHbIe TEXHOJIOI'HH.
OcHOBHasg HjAes COCTOMT B IOCTPOEHUHM HEHPOHHON 3KCIEepPTHOM
CHCTEMBI, KOTOpasi BKJIIO4aer B ceOsi 3HAHWS W3 Pa3IH4YHBIX Mpea-
METHBIX 00JacTel: pe3yabTaTOB 00paOOTKU CIIyTHHKOBOH HH(DOp-
Mallii, XUMHUYECKOT0 aHaJIn3a MoYB U APyrux (pusuko-reorpaduuec-
KHX TIapaMeTPOB HCCIEyEeMOM TepPUTOPHH.

OcHOBHBIE pelIeHusl MPU MOCTPOSHUH HEHPOHHON SKCIIEPTHOM
CHICTEMBI 3HAHUI U BHEJPCHHS UX B reOMH(OPMAIMOHHYIO CHCTEMY

K HOBBIM TEXHOJIOTHSM, MO3BOJISIONIMM aHAJIU3UPOBATh U 3(-
(hDeKTUBHO WCIOIB30BATH ANMPHOPHYIO MH(OPMAIMIO ISl pacrio3Ha-
BaHUA W UHTEPIIPETAIIUN a9POKOCMUIECKON MH(OPMAITUH OTHOCATCS
reonHopmanmonnbie cuctembl (I'MC) [5,6]. Tak kak wuckomas
nH(poOpMaIus WCCIIEIOBAaHUS TPHUPOJHBIX PECYpcOB M3 KOCMOca
MOXET XapaKTepH30BaThCsS Pa3IUYHBIMU CHUCTEMAaMH H3MEpEHHH U
dbopmoit ux mpencTaBiIeHUS (KOCMHYECKOW W HA3eMHOH), a TaKkKe
OTpakaTh PAa3IMIHOE TEMAaTHYECKOE COZEPKAHUE, BUIMMO, HEOOXO-
JUMO O0OOIIMTh M MPEACTaBUTh €€ B €IUHOH HHGOPMAIMOHHON
cpene B BUIE yMOOHOM ISl MATBHEHUINEro WCIOIh30BaHMs. Takoi
Cpenoii ABJsieTCsl TeOMH(POPMAILIMOHHASI CPEAa.

dopMmasibHO 3a7aya CTaBUTCS CIASIYIOLIMM 00pa3oM:

» 3anaéres, MoiyveHHas 1O pe3yibTaTy oOpabOTKU a3pOKOCMU-
yeckoil mH(opMaInu KiaccuPpUKaMoOHHAsT KapTa HCCIeIyeMOn
tepputopun. Kapra mpencraBieHa B KOHTYPHOM BHJE JIOKab-
HBIX JIAHAA(THBIX CTPYKTYp, I'l€ YKa3aHbl IPaHULBI pasaese-
HUSI 00BEKTOB 110 UX CIEKTPAIbHBIM SIPKOCTHBIM XapaKTEPUCTH-
Kam (puc.l);

» HeoOxoauMo yka3zaTh C 3aJJaHHOW CTEIEHBIO JOCTOBEPHOCTH
KJ1accu(pUKALMOHHO-JIETeHJHOE OTHECEHHE KaKJOro KOHTypa K
OJJHOMY M3 3aJ]aHHBIX AlPUOPH TEMaTHYECKUX KJIACCOB M IIPH-
HATH pEIIEHHE IO OLEHKE COCTOSIHHS KJAcCOB MCCIIEAYEMBIX
00BEKTOB.

B Taxoii nocTaHoBKe 3a7jaua Ha3bIBAETCSl — TEMATUYECKast HHTEP-
npeTanus pe3yabTaToB 00padOTKH KOCMHYECKUX CHUMKOB.
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Paccmorpum 3Ty 3aia4y Ha mpUMepe COCTAaBICHUSI KapThl TpH-
TOAHOCTH AJISl pa3iIMYHBIX BUJOB X035CTBOBaHUA. B 3TOl cuTyaumu
HelpocereBas pealn3alysi MOCTPOSHHUS SKCIIEPTHOM CHCTEMBI TOMIK-
Ha 00ecreunBaTh CAMOCTOSATENFHYIO0 HACTPOUKY HEHPOHHOH SKCIEPT-
HOM CHCTEMBI IIpyU HAJIWYMKU OTAJIOHHBIX 06pa311013 U3 PA3JIUYHBIX
obnacreit 3Hanmi [1,2,3], XapaKTepU3yIOIUX CHUCTEMY 3EMIICIOJIb-
30BaHUs Ha UCCIIENYEMOM TEPPUTOPHH U OLIEHKY KauecTBa 3eMenb[4].

TakuMu STaJIOHHBIMM TaOJMIIAMA MOTYT OBITh TaOJMIIBI
CIIeYyIOIIEero BUja:

Tab6. 1. CtpykTypa 3anoJHEHUS STAJIOHHON OI[CHOYHOM TaOIHIIbI

Kitaccer nanamadros

ID Crenenp 3aconenus [bansupie |Orpannyen |Xapakrep Mecto
OLICHKHA  |Us 3aCOJIEHUSA

26 [Hesaconeunsie 1 < 0,25 SO 2.2
CI-Na

9 |HesaconeuHsie 1 < 0,25 SO+~ 2.1
HCOs-Na

35 |[Cinabo3aconeHHble 2 0,25-0,5 SO+~ 1.1
CI-Na

5 |CinabGo3aconeHHble 2 0,25-0,5 SO 1.2
HCOs-Ca

25 |CpenHesacoieHHbIE 3 0,5-1,0 S04 (2.3
HCO3-Na

B Ttabmume 1 mome ID ykas3piBaeT Ha OOBEKT HCCIIEIOBAaHUA,
KOHTYp KOTOPOrO 3aKOIMpOBaH uucieHHOW Hymepanueid B I'IC, To
CeTh KaXBbI KOHTYp UMeeT CBOM Koj (puc.l).
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Puc. 1. Pezynvmam memamuueckoti 00pabomxu KOCMUYECKO20 CHUM-
Ka 8 sude Koumypos ucciedyemuvlx obvexmog 6 IHC (noxanvuvie
Janouaghmuvle CMpyKmypol) U pazoueHust npoOCmpancmed 00beKmos
Ha Kaopamvl, COOMGEMCMEYIOWUX  MONOKApmam macuimaba
1:100000

[locnenHee mone — KO MPOCTPAHCTBEHHOTO MHJeKca «Mesto»,
YKa3bIBAIOIIEe MECTIIONOKEHUE HCCICAYEeMOro OOBeKTa(B HaIleM
Cllydae KOHTYp) 10 KaKJIOMY U3 KBaJApaTOB Pa30MEHMs MPOCTPAHCTBA
00BEKTOB Ha KBaJPaThI COTIIACHO HOMEHKJIATYPHOW CeTKH MacmTada
1:100000. On ompenensieTcss Kak WHAEKC SYEEK PETYISPHOM
KOOPJMHATHOW CETKH, B paMKaX KOTOPOIl OXBadeHa BCs HCCIeayeMas
tepputopusi. OH OyAeT coaepKaThCsl BO BCEX aTPHOYTHUBHBIX TaOIH-
[1aX B MOJISIX C OOIIMM Ha3BaHUEM [T BCEX TAOIUII, NCIOIh3yEeMbIX B
co3iaBaeMoll HHPOPMAIIMOHHOH cpefie. 3a1aHue TPOCTPAHCTBEHHOTO
WHJEKCa OpraHW30BBIBACTCSI TaKUM o00pa3oM, 9YTOOBI OBICTPO U
3¢ (HeKTHBHO MPOU3BOAUTH MOUCK OOBEKTOB IO WX TEMATHUYECKOMY
CBOMCTBY U MECTOIOIOXKEHUIO.

2. O0yueHre HEHPOHHON SKCIEPTHON CUCTEMBI.

BaxxHo ompenenuTh BXOMHYIO M BBIXOJHYH WH(OpMAIMio, a
TaKKe apXUTEKTYPy CETH, KOTOpask OMpPENeTUTCS IIPH YCTAHOBICHUN
B3aMMOCBsI3M TaOMMYHBIX JaHHBIX. [lone ID yka3siBaeT Ha OOBEKT
UCCIIEIOBAHNS, KOHTYpP KOTOpOrO  3aKOAWPOBAaH  YHUCICHHOW
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HyMepanuel. baza aTpuOyTHBHBIX JaHHBIX CTPOUTCS B TIPOrPAMMHOMA
cpene Microsoft Access, Tak kKak B 3TOH cpese pesiiHOHHbIC 6a3bl
JaHHBIX O00JaNaf0T CBOMCTBOM B3aMMOCBSI3M MEKIY IaHHBIMH[S].
Otciona mpeanokeHHass Ha pUC.2 apXUTEKTypa HEHpoHHOW ceru
MPEICTABIIACT HEHMPOHHYIO CETh, I'JI€ BXOJHBIMH JAHHBIMH OYAyT
CIICIMATBHO HACTPOCHHBIC ATAJIOHHBIC TAOJMIBI, MMOKa3aHHbIC Ha
npuMepe Tadmunpl 1.

R: Crenens 3aconenus (c) HeiipoHHast ceTh O: Krnacchl MDUTOIHOCTH

Beixosimue o6y4daroniue oopasiibl
S; | Sz | Ss | Ss Ss

Crenent saconenms orpaHmucHIs

HE3aCOJICHHOE

cnaGo3aconeHHoe

cpemnmesacoeHHoe

CHJILHO3ACOJICHHOE

Ol O] o] ©
Ol O] o] ©
Ol O] o] ©
Ol O] O] O ©
Ol O] o] ©

OueHb CHIIBHO3aCOJICHHOE

OGyuaroniye napel
Puc.2. Cxema obyuenus HellpoHHOU YKCHEPMHOU CUCEMbL

B HactpamBaemoii HelfiponHO# dkcrepTHON cucteme (HOC) ms
OIEHKH MIPUTOTHOCTH 3eMeJb KaXK/[ble U3 COOTBETCTBYIOIINX HA0OPOB
MPHU3HAKOB TPE/ICTABIICHBI 3TAJOHHBIMUA TAOIHMIIAMHU PaHKUPOBAHUS
O TIOpOTaM OTPaHUYEHHH, CIIeysl CHCTEME YACTHBIX IIKAJ (TaOHIIbI
THma 1), CrpynmupoBaHHBIX IO TUIIAM (HPU3UKO-XUMHUYECKAX CBOWCTB:
Ke, Kt, Kw, Kf, Kch, Kn..(coomeemcmeenno: kaumam, monozpagus,
GIIAINCHOCHb, PUUYECKUE, XUMUYECKUE CEOUCMEA NOYE, WENOUHOCD
U CONEHOCMDY).

Ctpokn Tabmuir — (DaKTOPBI, BIHSIONIME HAa JKOJIOTHUIECKOE
cocTosiHie 00BeKTOB. CTOJOIBI — THIT OTpaHUYCHHM, KOTOpHIC pa3-
OWUTBHI HA KJIACCHI MPUTOJAHOCTH MO OAJLHOW CHUCTEME JKCIepTaMu
npobnemHoit obmactu [4]. CBoiicTBa 0OBEKTOB 3aJaHBI B CTPOKE
Tabmuubl. BerxomHoit wHpOpManmed OyayT OWHapHBIE TaOJHIIEL,
OTHOCSIINE 3JIEMEHT N300paKEeHHS K OTHOMY U3 KIIacCOB (haKTOPOB C
KOMITJICKCHOM OI[EHKOM 1O KJIACCY MPUTOAHOCTH, HAPUMED K TIOCEBY
CENTbCKOXO3UCTBEHHBIX KYJIBTYP: S1 — MPHUIOAHBIC 3eMIH; Sy —
YMEpPEHHO MIPUTOIHBIE; S3 — c11ab0 MPUTOTHBIE; Ss— HEMPUTOTHBIE St
— COBCEM HemnpurojHbie. B mporecce kiaccuduranuu HeHpoHHAs
CeTh BBIHOCHT pellieHUE B BHJIE TAOIUIBI Q MO OHOMY U3 00pasIioB
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or Tabmui Buaa 1. Ha BeIxoje HEHpPOHHOW CEeTH Ha KaXKIbId KJacc
Tumna (HakTopoB Beigaércs OnHapHas tabmura Q. Ha Bxon cucremsr
TEMaTUYECKOr0 ACIIHN(PPUPOBAHUS TOCTYIACT 00YUCHHAS SKCIIEPTHAS
cUCTeMa 3HaHWMU, TpeAcTaBlicHHas TaOnuiamMu Q u oOydeHHas Mo
cienyromiei cxeme (puc.2). Meromuka HcIoib30BaHus Tadauin Q B
cUCTeMax JemupupoBaHus U300paKEHUI IOIPOOHO OMKCaHa B
pab6ore [5,6.7].

Bce mects HEHPOHHBIX CETEW UMEIOT MSTh Y3JIOB BBIBOJA U IISTh
BO3MOXKHBIX BBIBOJIHBIX 00y4arommx o0pasnoB. Bo Bpemst o0y4eHus,
CETH «YUHJIMCh» I'eHEPUPOBATh OJUH M3 00PA3IIOB BBIBOJA MO CXEME
Ha puc. 3. IlomHBIA KJIacCc TPUTOAHOCTH JUISL 3J€ MEHTa KapThl
BBIHOCHTCSI, HAITpUMep, B ciienyromieM sujie: Sz Ke. 3To o3Hauaer, 4ro
JAHHBIA PErHOH MO KIMMATHYECKHUM YCIIOBUSM KJIACCU(DUIIUPYETCS
KaK ¢J1a00 MPUTOIHBIN CO CpeHe3acoIeHHBIMU MTOYBaMHU.

Obyaenne H3C T'HcC

SrcneprHo-HEbBOpPMA-
IHOHHAR CHCTEMA YacT-
HELX KA OHeHOK IIOHUE

BOTHC

BekTopHas womens
reoH200paKeHHH

1L

DopMHpPOEAHHE ESKTOPa MIPH-
3IHAKOB
Pr=(Prc, Pxr, Prw, Prs, Prch, Pre)

Kaaccuduxamas JLTIC
IO CTeIeHH IPHTOJHO-
CTH 38MIH, COOTBET-
cTBeHHO Kaxmod HC

IMenoumocTs Kapra npurogsocta
W ConeHoCTE 3 —— ZEMIH [0 CYMMe

OUeHOK KaEgoii HC

1

Kapra QUEHOK [IOHE 10
CTeMeHH IPHTOJHOCTH

Puc. 3. Agmomamus’upoeannaﬂ cucmema OyeHKu npueodHocmu 3em-
JU, UCnoOaIB3yrowas HeMVPOHHyIO OKCnepmmuyro cucmemy no uiecmu
Kinaccam o6yquuﬂ

Takum o0OpazoM MBI 00ydyaeM HEHPOHHYIO CETh C IKCIIEPTHON
0a301 3HAaHMH VIS OLIEHKH MPUTOIHOCTH 3€MENb IO IIECTH IKCIEPT-
HBIM OLIEHKaM CBOWCTB IIOYB Ha HCCIEOyeMylo Teppuropuio. B
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pe3ynbTaTe B TeoMHGOPMalMOHHOU cpene (GOpMHPYETCsl COBOKYII-
HOCTb DKCIIEPTHBIX 3HAHWH B BUJE TEMaTHUYECKOH KapThl 1O CTEIEHU
MPUTOAHOCTH 3€MJIM, YTO MOXHO BBIPa3UTh CIEAYIOMIMM 00pa3oM:
3JIeMEHT KapThl (puc. 1) mpeoOpa3yercst B 3JIEMEHT JAPYroi KapThl CO
3HaYCHUEM NPUHAIKHOCTH K KJIACCY MPUTOJHOCTH 3EMJIH.

Nmest nBe KapThl (KapTy JOKAIBHBIX JIAHAMA(THBIX CTPYKTYp U
KapTy IO CTENEeHU MPUTOJJHOCTH) C IIOMOIIBI0 OBEPIICHHBIX ONepaiuii
B 'MC 3HaunTenbHO OOJIEr4€H CpaBHUTENBHBIH aHANIU3 U JKCIEPT-
Jnemu(pOoBIIMK B YIPOIIEHHOH GopMe MOKeT (popMUpOBATH UTOrO-
BYIO KapTy MPUTOJHOCTH 3eMeINb ISl OLIEHKU KaXKJI0H BBIJICTICHHON B
pe3yabTaTe 00pa0OTKM KOCMHYECKOrO CHUMKA JIaHaadTHOM
CTPYKTYPBHI.

Takum oOpa3om, npezacTaBieHHbIH MeTox uHTerpanuu HOC u
reonH()OPMAIIMOHBIX TEXHOJOTHH TO3BOJUT IOBBICHTH JIOCTOBEP-
HOCTh W BpEMsI NMPUHSTHS pPEIICHUH TPH TeMaTHYecKol oOpaboTke
n300paKeHnH.

3akJi0ueHue

Bermre npeacraBieH anropuTM U METOJHMKA TEMATHUECKOH OpH-
SHTallMH DKCIIEPTHOW CHCTEMBI 3HAHUH [UIA 3aJa9i MHTEPIIPETalun
M300paKEHUH ¢ UCTIOF30BAHMEM TEXHOJIOTUH HEHPOHHOM CETH.

HeiiponHas cerb mo3BoiuT (OpMHUPOBATH 3TAIOHHBIC 0Opa3LIbI
OLIEHOYHBIX 3HAHHUH 1O COBOKYMHOCTH KCIIEPTHBIX 3HAHUH, KOTOpbIE
IIOCTPOEHBI B BHJI€ ITAJTOHHBIX TAONHUI[ C DKCIEPTHBHIMU 3HAHUSIMHU
TIpeIMETHON 00JacTH. BXOmMHOW BEKTOp, ONMUCHIBAIOIINN CBOWCTBA
HCCIeyeMBIX 00BeKTOB (hopMupyercst u3 0a3pl KaprorpaduaecKmx
TaHHBIX, PE3YJIbTaTOB 00PaOOTKH a’dpOKOCMUYECKON WH(POPMAINH U
Ha3eMHBIX U3MEPEHUH.

[IpenMyIiecTBO Takoro IMOAXOJA 3AKIIOYAETCS B IIPEIOCTaB-
JICHWW CHUCTEME TEMaTHYeCKOro Nemmn(pupoBaHUs OOyUEHHBIX 00-
Pas3IoB OIIEHOYHBIX 3HAaHWH, Ha 0a3e KOTOPHIX 3HAYUTEIHHO ITOBBIIIA -
eTcs JOCTOBEPHOCTh WHTEPIIPETAIINU JAHHBIX AUCTAHIIMOHHOTO 30H-
JTUPOBAHUS U COKPAIIAETCS BPEMs BHITIONHEHUS MPOLEAYPHI Aemud-
pUpOBaHUSI.

He MeHee BaxHO — caMa TIpoIielypa HHTEPIIPETAIUN BO3MOXKHA
0e3 HeMoCPeICTBEHHOT'0 yYaCTHsI SKCIIEPTOB 110 KaXKIOW MTPEIMETHOM
00J1acTH, TaK KaK WX OIEHKH YYTEHBI CHCTEMOH STAJIOHHBIX 00pas3IloB.
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AZORBAYCANIN SIMAL-QORB REGIONUNDA SUNI
INTELLEKT SAYOSINDO ARXEOLOGIiYA VO MODONI
iRSO AiD MUHUM TAPINTILAR

Yusif Siikiirlii

AMEA-nin Saki Regional Elmi Morkazi
y.shukurlu@shrem.sciense.az

IMPORTANT FINDINGS ON ARCHAEOLOGY AND CUL-
TURAL HERITAGE THANKS TO ARTIFICIAL INTELLI-
GENCE IN THE NORTHWEST REGION OF AZERBAIJAN
Abstract. Since 2015, the Sheki Regional Scientific Center AMEA has
been studying the prospect of ecotourism development in the north-
western region of Azerbaijan. Work was carried out to document and
preserve the remains of archaeological and cultural heritage (ACH)
using the capabilities of artificial intelligence - satellite remote sens-
ing, and 3G images for rapid analysis from the necessary sources.
The highest results we have obtained are - using information re-
ceived from satellites at different times of the year, a network of ar-
chaeological remains "Ana Od" was discovered on the Danavech
plateau, as well as near Cham plateau a portrait of Chinkiz Khan,
one of the artisanal pictographs carved with chisels on the rock. In
one of the Mongolian prayers dedicated to the totem "Ana Od" in
religious ceremonies, we conclude that the pictograph of the bud on
the rock refers to a branch of the EIm tree. There are other signs and
images carved on rocks and stones, writings written in the ancient
Mongolian alphabet, and Mongolian squares on which laws were
written. Even inscriptions indicating the date of creation of these
monuments have been preserved. These monuments are located near
the source of the tributary of the Tamarchin River Kish (the name of
this tributary, named after the great leader of the Turkic world
Chingiz-khan, is popularly called "Damarchin™), the present condi-
tion of the valleys is clearly seen by the drastic changes in the land-
scape over the 8 centuries since the monuments were created. It
should be noted that the Kish River, a tributary of the Tamarchin, is
a network of valleys with a large area and the greatest risk of flood-

ing.
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tential fields.

heritage remains.

Taking all this into account, we concluded that in the near future,
archaeologists and ecologists will go to the specified area to create
new ecotourism networks and protect them from devastating floods.
They will get more accurate data, using artificial intelligence tech-
niques that have been used in the last decade to detect objects in po-

Keywords: artificial intelligence, Danavech Plateau, Chem Plateau,
satellite data, landscape changes, archaeological remains, cultural

Giris

Son onillikds Yer kiirasinin musahldem (The Earth Observatlon (EO))

isullar1 siiratlo  atir vo yeni
tadqiqat imkanlar1 —
muavfig olaraq yeni

yaranir. Bu sahado hor il
satmalma ndvii vo tochizat
baximin-dan farqli goriintii aldo
etmoyo imkan veron sensorlara
malik yeni EO peyk-lori iso
salmir. EO peyklori ilo oldo
edilmis  molumatlar vo o
molumatlarin totbiq saholori do
genisloni [1]. Homin peyklorinin
topladigi molumatlardan fayda-
lanan sektorlar osason kond vo
meso tosarriifaty, otraf miihit vo
iglim doyisikliyi, sohar vo regio-
nal planlas-dirma, su resurslarmin
idare oolunma-si, tikinti, naqliy-
yat, enerji va tobii sorvatlor, tobii
folakatlorin idars olun-masi, miil-
ki miidafio vo votondas tohliiko-
sizliyi, sohiyys, humanitar yar-
dim, dovlat tohliikesizliyi vo vate-
nin miidafiasi, modoni vo tabii
irsin  askar  olunmasi  vo

bunlara
metodlar

Sakil 1. Danaveg — “Tanrilarm veri” adlanan
vayla Sakinin Bas Sabalid kandinin tam
sargindaki daghq hissads DSH = 1900-2100
metr vitksaklikda verlasir
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gorunmasi, ekoloji turiz-min inkisafidir [2].

Azorbaycan Xal¢a Muzeyinin Susa filialinin miidiri Olisafa Nuriyevin
geyd edir ki, “Azorbaycan o0ziiniin godim memarliq abidslori,
xalgaciliq moktobi, nadir miniatiirlori, zongin adabiyyati vo poeziyasi,
musiqi va ragslari, tasviri sonati ilo diinyada taninmigdir.

Molumdur ki, har bir xalq bageriyyatin madani irsine ¢evrilon 6z
sonot niimunslari ilo diinya modeniyystini zonginlogdirir vo bunlar
milli sorvat olmagqla, imumbaogori shomiyyst kosb edir. Hor bir
abidomiz, asorimiz vo imumilikds biitiin maddi-modoniyyat niimuns-
lorimiz milli mansubiyyotimizlo yanasi, tariximizi, madeni irsimizi vo
nohayat, moanliyimizi tesdigloyon tokzibedilmoz siibutlardir. Bu
titkonmoz dayarlari qoruyub yasatmaq, onlar1 diinyaya tanmitmaq har
bir vatondasimizin miigoddes borcudur. Bunun iigiin beynolxalq
togkilatlarla amokdagliq edilmosi xiisusi shomiyyat kosb edir [3].
Birlasmis Millatlar Tagkilatinin Tahsil, Elm vo Madaniyyat masalalori
ilo bagl toskilatt UNESKO-ya goro, digar seylor arasinda, arxeoloji
vo moadoni irsin do qarsi-qarsiya qaldigi tohliikolor -materiallarin,
qurulusun va ya tobii miihitin fiziki olaraq mohv edilmasi, regional
planlagdirma va iglim, biogeomorfoloji vo ya digar ekoloji amillorin
tosiridir [4].

Elmi adabiyyatlarda geyd olunur ki, monitoringlorin aparilmasi
¢ox c¢atin olan (masalon, cografi baximdan ¢ox uzaq masafslords,
xiisusan do sort bolgalords) vo ya horbi miidaxilslora colb olunmus
regionlarda yerloson arxeoloji obyektlorin sokillorinin tutsdurilmasi
(identifikasiyasi), fotosokil vo xaritolerinin alde edilmasi ti¢iin EO
peyk molumatlar1 (yoni orta vo yiiksok ayird edilon peyk sakillori)
boyiik tistiinlitys malikdir [5].

Metodlar

Nozoro alagaq ki, Azerbaycanin simal-qorb regionu Boylik
Qafgazin conub yamaclarinda yerlosir vo selli dag caylarin monbaslori,
osason, yiiksok dikliyo malik dorolordir, homin dorslords vizual
miisahidslorin aparilmasit ¢ox vaxt tolob edir vo tohliikolidir. Bu
sababdon siini intellekto - EO peyk mslumatlarma ehtiyac yarandi.
2019-cu ildon baglayaraq, ilin miixtolif fasillorinde todqiqat
prosesinds geyri-kommersiya toskilatlarma xeyriyyag¢i kimi yardim
gostoran Google Earth Outreach proqramindan istifads olunmusdur.
(https://www.pixalytics.com/active-eo-sats-2020/) Goériilon islor vo
aparilan todqgiqatlar Google Earth (Google [1Inanera 3emis) va Google
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Sakil 2. Sakinin Bas Sabalid kandinin sarginds verlagan Danaveg
vaylasma “Miigaddas Ana Od™ piktografi. Abidanin vaninda
"Sar1 bash ag qos" piktografi

Map-don alinmig 2G vo 3G goriintiili peyk miisahido moalumatlar
osasinda hoyata kegirilmisdir.

Oldo olunmus naticalor va onlarin izahi

Explore Google Earth vo Zoom Earth programlarinin kémoyi peyk
miisahidalori sayasindo miiollif (Yusif Siikiirlii) miioyyan etmisdir ki,
Boyiik Qafqazin conub yamacinda - Sokinin Bag Sabalid kondinin tam
sorqindoki dagliq hissado DSH = 1900-2100 metr yiiksoklikdo
yerlogon vo bu godim yasayis moskoni sakinlorinin, Giinog homiso
oradan dogduguna goére, Danave¢ — “Tanrilarin yeri” adlandirilan
yaylada (Sokil 1.) — koordinatlar1 41° 17’ 53" N; 47°11'47" E; DSH =
2007 metr olan diizbucaq formali, uzulugu 107,35, eni iso ~34 metr,
miistavi soths malik qaya tizerinds oyulma ilo islonilmis “Miiqoddas
Ana Od” piktografi (bundan sonra “abide” adlandiracagiq) mov-
cuddur (Sokil 2). Homin abidenin “Miigaddes Ana Od” ziyaratgahi
olmasinin siibutu da elo miisllifo moxsusdur. Bels ki, “Miigoddes Ana
Od” abidesinin yaninda “A§ qo¢”un qurban kasilmasi ii¢lin meydan-
cada qaya {lizorinde yonulmus kanallara ag daglarin diiziilmassi ilo
“Qog” epiqgrafi yaradilmigdir (Sakil 2-do ox isarosi ilo gosterilib). Bu
abidodon togribon ~5,5 km mosafodo Com yaylasinin simal-sorq
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torofindo miisllifin agkarladgi Cingiz xanin gaya iizorinds yonulmus
piktografi tapilmigdir (Sakil 3).

XIX asrin gorkomli etnograf vo moadeniyyat tarix¢ilorinden biri
olan Taylor Eduart Bernett (London, 1871) “Primitive Culture”
asarinds yazir ki, “Mongqol toy mahnilarindan birindos atago tocassiim
olunmus miiracistdo asagidaki parca var: “Ana Od, Od kraligasi! San,
Cangay xan vo Burhatu xamin dag zirvalorinds biton garagacdan
diizoldin; son goy yerdon ayrilanda peyda oldun. Yer Ananin qoydugu
va Tanrilar Sahinin yaratdigi izlordon toradin. Atasi bork polad, anasi
caxmaq dasi, acdadlar1 Qaragac olan Ana Od; pariltis1 goylora ¢atan
vo yer iiziino isiq sagan Ilaha Od, sono sar1 koro yag1 vo sar1 basl ag
qgo¢ hadiyys gotiririk, mord oglu, gbzal golini, isiglh qizlar1 olan,
homiso yuxaritya baxan Od Ana, sons kasalarda atosli su, olimizdo
quyruq yag gotiririk. Kral ogluna (bayino), sah qizina (golino) vo
biitlin xalga can saghgi gondar” [6, soh. 408].

Demali, insan {igiin ¢atin al¢atan vo Azarbaycanin simal-gorb
regionunda on yiiksak zirvolordon birino malik Teymur¢in dorasinin
secilmosi, Qaragac agaci ¢olongi, Cingiz xanin buta kimi bu ¢olongdo
yerlosdirilmis piktoqrafi (Sokil 3, 41° 19" 31" N; 47°14' 12" E, DSH =
2845 m), Danavegdo “Miigoddes Od Ana” (Sakil 2), Cingiz xanin

Sakil 3. K1§ caymin Teymurcin qohmun manbavmda

Cingiz xanin buta kimi Qaragac budag ¢alanginda verlagdirilmis
piktografi

piktografindan 1 kilometr sorqde Burhatu xanmmin suyun axari
istigamotinds — bagiasagl, homigs gdye baxan piktoqrafinin yaradil-
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mas1 (Sokil 4, 41° 19’ 59" N; 47° 14’ 31" E, DSH = 2853 m ) miioyyon
bir bir magsads xidmat edon faktlardir. Biitiin bu piktoqraflarin homigo
goylora baxmasi li¢iin mokan olaraq, “Goyiin Yerdon ayrildigi” dag
zirvasinin se¢ilmasi do tosadiifi deyil.

Daha bir maraqli cohst odur ki, har ii¢ piktografin uzunliglar:
va eni togriban eynidir — 107 va 34 metr. Bu eynilik belo bir suali
ortaya gotirir ki, goroeson, Danavegdoki “Miigoddes Ana Od”
piktografinin 06l¢ii nisbati ilahi komiyyats: @ = 3,14-0 beraber
oldugunu mongqollar bilmis va istifado etmislor, ya da basqa sabab

var?l. 7 . T Y
Qeyd edok ki, otrafinda olan N LSS ({
digor arxeoloji qahglara gora g7 R\
“Miigoddos Ana Od” abidosi daha i R ?‘“ e
gadimdir. Bu giimanin siibutu ti¢lin {3
Danave¢ va Com yaylalarinda 34
moveud olan ¢oxsayli arxeoloji va
madani irs qaliglarinmn har birinin \
mahiyyatini elmi cohatdon asaslan- 5 A B
dirilmasi Gigiin genis arasdirmalara ge -
ehtiyac var. Amma “Miiqoddos Ana - \§ é‘t‘; §
0d” abidasi daha godimliyini tasdiq s R ‘ '.".:
etmok ii¢lin miiollif belo bir fakta ‘( '
osaslanir ki, homin abidonin lap B TH (RS
yaxininda olinde qilinc tutmus | BELH
Odinin at {istlindo piktografi moév- % ¥ Y
cuddur. Demoli, “Miiqoddes Ana AN =
Od” abidesi yerlason Danaveg yay- DN “Q,& _

las1 adi cokilon abidolordon daha . o _

qodimdir vo Vikinglor ddvriindo $2kil 4. Cingiz xanmn piktografindan
miigoddes mokan sayilib. 1 kilometr metr sarqd Burhatu

Danavegdo yerlogon xanmun piktografi

“Miiged-dos Ana Od” vs insan sli ilo yiiksok dikliye malik tohliikali
qayalar lizorindo iglonmis iki nohang — Cingiz xan vo Burhatu xanimin
abidslori, Qaradac cslongi, monqgol mdhiirii, yasalar yazilan monqol
kvadtatlari, xronoloji geydler, mosolon, 1231-ci ilin geyd olunmasi
(Sokil 5) Yusif Siikiirliiys qodor he¢ kim torofindon miisyyon
olunmamis vo qeyds almmamugsdir. Ona gore ilkinlik vo misllif
hiiqguqu AMEA-nin Saki Regional Elmi Markazins vo onun omakdas1
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Yusif Stikiirliiys aid olmagla, elmi dovriyyoays gatirilmasi {izorindo is
davam etd|r|I|r

Sakil 5. Kis aymm Teymurqm qolunun manbaymda XIII asrda monqollam
apardiglant qeydlarin izlari

Miiallif torafindon XIII asrin avvallorinds Azorbaycana yliriig
edon Cingiz xanin qosunlarinin Azorbaycandaki diisorgslorindon
birinin do (1222-ci ildon baslayaraq) uzun miiddot Soki soharinin
simalinda yerlogson, DSH = 2250-3340 metr, XIII osrdo strateji
cohotdon xiisusi shomiyyato malik olan Com yaylasinda yerlosdiklori
giiman edilir. Cingiz xanin adamlar1 Com yaylasindan at yolu ilo ~4
km masafods yerloson Danaveg yaylasinda yerli ohalinin (miisalman
tiirklorin) “Miigoddos Ana Od” ziyarotgahindaki ibadatlori ilo tamsg
olmus vo oksoriyyoti miisolman tiirklordon ibarot olan yerli shalidon
yararlanmaq mogsadi ilo onlar yeni bir din deyil, Samanizmo bonzor
bir inanc sistemi yaratmaga cshd etmislor [7]. Gorlindiiyii kimi, yerli
ohalinin (bizim) folklorunda olan, yeni evlonen gonclorin toy
marasiminin baslangicinda miiqaddas yerlori ziyarst edilmali oldugu
inancina hosr edimis vo bu morasimlorinde oxunan dualar1 da
mongollar monimsomis, “Miigaddes Ana Od”a miiracist yaratmislar.
Taylor Eduard Bennetin [6] “Ibtidai svilizasiya” kitabinda verimis
hoamin miiracistds onlarn slavasi asasan bir climladir: “...Sen Canqay-
xan vo Burxatu-xammin dag zirvelorinde biton Qaragacindan
diizoldin...”.
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Tarix gostordi ki, Com yaylasinda monqollarin yerli ohalini
0zloring daha six yaxinlagdirmaga caligmalari elo bir notico vermadi.
Lakin, hoalo indiyadok, Simali Qafqazda yasayan bir ¢ox xalqlar
misalman tlirklori “Mugal”, yoni mogol deyo ¢agirirlar. Bu adla
uzlasan yasayis yerlorimiz do var, moasolon, Qax-mugal, Bas Layisqi
kondinds “Mugallar mohlasi” va s.

Yekun olaraq onu bildirirk ki, Kis ¢ayinin Teymurgin qolunun
monboyi — Teymurgin dorasi arxeoloji vo madeni irs qaliglart ilo
zongindir. Homin dearonin gadim abidslor aliidogisi olan turistlorin
lizino agmaq {i¢lin osasli arxeoloji vo cografi istigamatlorde
monitoringlor, qazinti isglori aparmaq lazimdir. Daronin su yatagmin
genislondirilmasine vo siirat azaldici beton pillalorin qurulmasi
vacibdir.
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ANALYSIS OF TRAINING WITH THE APPLICATION OF

ARTIFICIAL INTELLIGENCE IN AVIATION SIMULA-

TORS

Abstract. In the modern era, artificial intelligence systems, which
started a new stage in the development of techniques and technolo-
gies, have become widespread. Flight simulators based on artificial
intelligence are important in training highly qualified specialists in
the field of aviation and ensuring the safety of flights. Taking into
account the relevance and modernity of the mentioned problem, the
article examines the application and implementation of artificial in-
telligence in aviation simulations, combining artificial intelligence
with flight simulator techniques and virtual flight simulators, and
shows an example of sending requests in text form and presenting the

received result in text form.

Aviasiya sahasi, istonilon dovletin iqtisadi gostericilorin osas
sahalorindondir. Har bir avisirkatin baslica maqsadi , uguslarin daqiq,
keyfiyyatli vo komfortlu goraitdo tomin edilmosidir. Bunun {igiin
keyfiyystli, doqiq, miixtolif aviasiya hadisalori zamani1 doqiq qoerar
gebul etmoyi bacaran, tocriibali vo yiiksok ixtisasli miitoxassislora
ehtiyac duyulur. Keg¢mis zamanlardan forqli olaraq, ddvriimiizde
miitoxassislorin  hazirlanmasinda aviasiya simulyatorlarin rolunu
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xiisusi qeyd etmok lazimdir. Simulyatorlardan istifade zamani , biitiin
movcud soraitlor simulyasiya edildiyindon, hom xarclor shomiyyatli
doracads azalir, keyfiyyot gostaricisi yiiksalir, ham ekipajin, hom do
hava noqliyyatinin tohliikssizliyi tam tomin edilir. Hava gomisi
ekipajimnin simulyatorlarda hazirliglar1 miixtolif aviasiya hadisolori
zamani ekipaj torafindon tam sokildo istonilon masoloni yiiksok
doaqiglikle hall etmays imkan yaradir. Pilotlarin aviasimulyatorlarda
hazirliglar1 zamani, “Talimatgilar” talim prosesine tam nozarat edir,
miixtalif geydlor aparir, talim kegon soxslorin miixtalif horakatlorini
analiz edir vo ugusun keyfiyyatinin artirtlmasi iigiin texniki sonad vo
tacriibalora asason moslohat, tévsiyys vo gostariglorini verir.
Dovriimiizds yeni bir morhalonin baglangicinin asasini qoyan va
bir ¢ox yerina yetirilmasi ¢atin, cox zaman, resurs, insan amayi tolob
edon mosalolorin hoallini asanlasdiran siini intellekt sismtemlari
movcuddur. Siini intellekt sistemlori ¢ox dinamik vo unikal bir sis-
temlardirlor va demak olar ki, onlarin istonilon sahads tatbiq edilmasi
miimkiindiir. Siini intellektin osas iistiinliiklorindon biri do, bdyiik
hacmli biliklor bazasina sahib olmas1 vo miitoamadi olaraq bu bazanin
genislonmoasidir. Bu biliklor iso, qisa zaman arzinds hor hansi bir
masalonin detall1 sokilda analizina vo daha doqiq gerar gabul etmoya
imkan verir. Suni intellekdon istifado edorok , istor real zaman
soraitinda, istorso do tolimdon sonra geyd olunmus parametrlor
osasinda tolimi detall1 gakilde analiz edib, ugusu giymatlondirmok vo
ya ndgsanlari asgkar etmok miimkiindiir. Siini intellektlo iglomak {i¢iin
, miixsalif alqoritm va riyazi modellor mévcuddur. Bu modellora misal
olaraq, code-davinci-002, text-davinci-002, text-davinci-003, gpt-3.5-
turbo-0301, gpt-3.5-turbo, gpt-4-0314, DALL-E va s. gostormak olar.
Mosalonin qoyulusundan asili olaraq modellorin hor birinin 6z
istiintiinliiklori mévcuddur. Adlar1 geyd olunan modellsrin har biri
istifadogilar liglin algatandirlar. Modellordon “gpt-3.5-turbo” modelini
niimuna gotiirorak , ucus parametrlorini real zaman soraitinds emal
edan vo gorar gobul edan sistemin modeline nazar salaq. Bunun iiciin
virtual simulyasiya ti¢iin nozords tutulmus vo “Open Source”—a malik
“Prepar3D” sistemindon istifado etmok miimkiindiir. Sistemds xiisusi
“SDK” nazords tutulmusdur ki, onun vastssilo aviasimulyatorla
obyektyonlii proqramlasdirma arasinda interfeys qurub, molumat
miibadilssini yerino yetirmok miimkiindiir. Qeyd olunan sistem istor
hava gomisinin biitiin parametrlorini, istorso do otraf miihit
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parametrlorini real zaman goraitindo oldo etmoyo imkan verir. Olda
edilmig bu parametrlor asasinda hazirlanacaq proqram vastasils siini
intellekt modelino sorgu gondorerok, parametrlori analiz etmok
mimkiin olacaq. Asagidaki sokildo informasiyanin alds edilmasi vo
gorar prossesinin hansi qaydada aparilmasi niimunasi gostorilmisdir
(sokil 1.1)

AT
. "
Stai intellekt Moah

umatlana neyron obskads analizi

d

- &

Tahlil naticalarinin program tminatms diiirilmas

Sak 1.1 . Informasiya miibadilasi vo parametrlorin analizi

Yuxarida qeyd etdiyimiz sxemds, hazirlanan program
tominatinin interfeysi hazirlanir, “Prepar3D” aviasimulyatoru ils
“OYP” arasinda informasiya miibadilasini, prametrlorin géndarimasi
vo oxunmasini hayata kegirmak ii¢lin “SDK”—dan istifads edilir. SDK
kitabxanasinda har bir parametrin 6z doyisoni (variable) vo har bir
hadisonin (events ) 6z agar s6zii movcuddur. Bu agar sdzlordon istifado
edarok, OYP-dan sorgu daxil olduqda, hamin parametrin qiymstini
gaytarir. Oldo olunmus parametrlori paketlosdirib (istor massiv
soklinda, istorso do tok tok) siini intellekt kitabxanasina sorgu
(respond) vastosilo gonderirik. Sorgularin tezliyini 6ziimiiz toyin edo
bilarik. Ixtiyari olaraq, hom real zaman soraitindo parametrlor olds
olunan kimi, istor miloyyen intervaldan bir, istor tok-tok, istorso do
paket soklinds miixtslif paketlor formalasdirib miitomadi olaraq sorgu
gondora bilorik. Sorgular siini intellekt proqram tominatinin tayin
olunmus modelino gondorildikden sonra neyron sobokods bilikler
bazasi osasinda analiz olunurlar. Analiz olunduqdan sonra isa, nati-
color yenidon hazirladigimiz proqram tominatina gondorilorak
programda oks olunurlar. Yuxarida geyd etdiyimiz niimunslarin hor

-97-



SUNI INTELLEKT TEXNOLOGIYALARI /JI T & AP

TIFICIAL INTELLIGENCE TECNOLOGIES

Vo AEROKOSMIK PROBLEMLOR -2023 W AND AEROSPACE PROGLEMS

biri sorgulara naticoni motn soklindo gaytarir (DALL-E modeli
istisnadir. Bu model qgrafiki interfeyslorin hazirlanmasi tiglin nozardo
tutulub). Tolim zamani pilotlarin yerino yetirdiyi manevrlor, horokot-
lor, gobul etdiklori gorarlar asasinda analizi yerino yetirib noticoni
birbasa vo ya molumatlar1 verilonlor bazasinda geyd ederak tolimdon
sonraki morholado detall1 sokildo togdim etmok miimkiindiir. Hor bir
sahado oldugu kimi, informasiyanin doaqiqliyi diizgiin qorar qobul
etmoyo imkan verir. Aviasimulyatorlarda siini intellekti totbiq
etmozdon avval, hansi tip tolimin yerins yetirildiyi, hanst marsrut iizro
haroket edildiyinii, hansilarin ideal parametrlor oldugunu, hansi tip
hava gomisinin mévcud oldugunu, hansi hava soraitinde aparildigini
va s. kimi informasiyalar1 doqiq sokilds vermok lazimdir, bels ki , real
tolimatgidan fargli olaraq, siini intellekt tolimi vizual olaraq izloyo
bilmir, yalniz parametrlor asasinda qiymatlondirme aparir. Buna gora
ds baglangic parametrlor diizgiin va daqiq sokilds taqdim olunmalidir.
Yuxarida geyd etdiyimiz kimi , siini intellekt modellari noticoni matn
soklindo emal edir. Moatnin saslondirilmosi (Text — to — speech )
sistemlorindan istifado edorak, real zaman soraitindo sldo olunmus
naticoni saslondirarak ekipajin diizgiin addimlar atmasma yardimgi
olmaq va ya sadoco hansisa parametrin texniki sonadlorden va
baslangic talablordon vo ya normadan konarda olmasi barasindo
ekipaji molumatlandirmaq olar. Siini intellekt sisteminin imkanlari
cox genis oldugundan, aviasimulyatorlarda personalin, ekipajin, ,
miitaxassislorin  hazirlanmasinin qiymetlondirilmesinda, biliklorinin
yoxlanilmas1 vo tokmillegdirilmasinde, homg¢in insan faktorunun
istirak etdiyi bir ¢ox saholori avtomatlasdirmaq miimkiindiir. Bundan
olava miixtalif toyinath digor neyron sabokalorden istifads edarak, bir
neco siini intellekt sisteminin imkanlarini birlesdirerak , qgarsiligh
olaqasini tomin edib , miixtalif naticolor olde etmok miimkiindiir.
Misal olaraq yuxarida geyd etdiyimiz sxemdo (sokil 1.1) sorgularin
motn formasinda gondorilmasi vo alinan noticonin motn soklinds
toqdim edilmosi niimunoesi gostorilmisdir. DALL-E modelindon
istifade edarok, molumatlar1 grafiki sokilde toqdim olunmasini, text-
to-speech sistemindon istifade edorok motnin saslondirilmesini ,
“ELAI” modelindon istifado edorok video formatda toqdim edo
bilarik. Biitiin bunlardan bels natics ¢ixarmaq olur ki, osas lazim olan
sorgu vo molumatlarin emalr hissasini siini intellekt yerina yetirir vo
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totbiq sahasindon , garsiya qoyulan mogsadlordon asili olaraq, diger
sistemlor ilo kombina edib istonilon naticoni alds etmok miimkiindiir

Noatica. Mogalods bir ¢ox mosalslorin avtomatlasdirilmasma vo
daha doqiq gorarlarin gabul edilmosine imkan veran “siini intellekt”
sistemi haqqinda arasdirilma aparilmig, movcud olan intellektual
alqoritmlori, modellori vo onlarin toyinatt haqqinda moalumat veril-
migdir. Bundan olave ucuslarin keyfiyystinin, ugus heyyatinin
biliklorinin artirilmasi sahasinde avozolunmaz rolu olan aviasimu-
lyator texnikasi v virtual aviasimulyatorlar ilo siini intellektin kombi-
na edilmasi, malumatlarin emali, sorgularin géndoarilmasi, alds olunan
naticolorin analiz edilorok istor real zaman soraitinds, istorsa do
tolimdoan sonraki keyfiyystin qiymatlondirilmosi marhslosinds tatbiqi
masalalarine baxilmisdir.
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USING HYBRID TECHNOLOGIES IN DESIGNING AN IN-
TELLIGENT SIMULATOR
Abstract. This article discusses the use of hybrid technologies in the
design of an intelligent simulator. Smart trainers are an effective tool
for teaching and training in various areas. Hybrid technologies such
as self-organizing systems, multi-agent systems, reinforcement
learning and game theory combine to create powerful and innovative
smart simulators.

CaMOOpranu3ylomuecss CHCTEMBI  IO3BOJIIIOT — TPEHAXEpPy
alalTUPOBATHCS K M3MEHSIOMIEHCS cpelie U CaMOOPTaHN30BbIBAThCS
IUISL TOCTYDKEHHUS TTIOCTAaBJICHHBIX Iieneil. MynbTHareHTHbIe CHCTEMBI
CO3/1aI0T Cpeny, B KOTOPOH areHThl MOI'yT B3aUMOJICHCTBOBATH JIPYT C
IPYrOM H C TIONB30BaTeNeM, CIOCOOCTBYS Oollee pearrcTHUIHON
cumyrsinun 1 3 pekTnBHOMY 00ydeHuto. O0ydeHne ¢ MOaKpeIeHuEM
MO3BOJISIET areéHTaM CaMOCTOATENBHO 00y4aThCSd M YIyYIIaTh CBOU
HaBBIKH, YTO IPUBOIMT K MEPCOHATN3NPOBAHHOMY 00ydeHHI0. Tepust
UTP MOJEIUPYET CTPATErMYecKoe B3aMMOACHCTBHE W MPUHSATHE
pelIeHuid, pa3BHBas CTPATETMYECKOE MBIIUICHUE I0JIb30BaTelNeH
TpHaXKepa.

MaremaTHdeckast MOJENb THOPHIHBIX HHTEIUICKTYaJbHBIX
TPEHaXXEPOB OCHOBBIBACTCS HA HWHTETPAllMM IAaHHBIX W OOpaTHOM
CBSI3M U3 PA3IMYHBIX UCTOYHUKOB. OHa BKIIIOYAET B Ce0S aIrOpPUTMBI
MAaIIMHHOTO OOYYeHHs, MOJETMPOBAHHE BHPTYaJbHOH CpeIbl H
CLIEHApHEB, a TAK)KE CAMOOPTaHU3YIOIHECS CHCTEMBI U MYJIBTHAT€HT -
HBIE CUCTEMBI. DTO CO3JaeT JAWHAMHUYECKYIO W aJalTUBHYIO Cpeny,
CIIOCOOHYIO TPEIOCTABIATh IIEPCOHAIM3UPOBAHHOE OOYYeHHE |
TPEHHPOBKH.
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Hcnonp30BaHre THOPUIHBIX TEXHOJIOTUH MPU MPOSKTHPOBAHUU
MHTEIUICKTYaJIbHOTO TPEHAKePa OTKPHIBACT HOBBIC BO3MOKHOCTH IS
oonee 3¢h(dekTUBHOrO OO0y4YeHHs] UM TPEHUPOBKUA. OHHU TO3BOJISIOT
co3JaTh THOKYI0 M MHTEIUICKTYalTbHYIO IUIATGOPMY, CIOCOOHYIO
aJlalITUPOBATHCA K MHAUBUAYAJIbHBIM HOTpC6HOCT$IM MOJb30BaTelIeH.
Takue TpeHakepbl MOTYT NPUMEHSTHCS B MEIUIIMHE, CIIOpTe, 00-
pa30BaHMU U JOPYrHX O0JACTAX, COJACHCTBYS Pa3BUTHUIO HABBIKOB M
HNPUHATUIO PAMOHAIIBHBIX PELLICHUH T0JIb30BATENEH.

Beenenue

B coBpemeHHOM MUpeE, i€ TEXHOJIOTHYECKUH MPOrpece MpoIo-
JKaCT YCKOPATHCA, MHTCIIICKTYAJbHBIC TPCHAXKEPBI CTAHOBATCA BCC
Oonee 3HAYMMBIM HHCTPYMEHTOM Jisi OOyYeHHS U TPEHHPOBKU B
pasnuyHbIX obnacTsx. OHHM MPENOCTaBISIOT BO3MOXKHOCTH d(dek-
TUBHO pPa3BHUBAThb HABBIKHU, YJIy4lIaTb IMPOU3BOAUTCIBHOCTH W IIPpU-
HUMAaTh pallOHAJIbHBIC PCHICHUA. OJIHaKO, I JOCTUXKEHUS MaKCH -
MaJbHOU YPPEKTUBHOCTH U AJalTAIMU K TOTPEOHOCTSIM IMOJIh30Ba-
Tenel, Tpedyercss MHHOBAIMOHHBIN IOJIXOJ MPH MPOSKTUPOBAHUU
3THUX TPEHAXKEPOB.

B mocnennme roxel HaOMIOAACTCS MOBBINICHHBI HHTEpEC K
THOPHUIHBIM TEXHOJOTUAM, OOBEANHSIIONINM Pa3INYHbIe MOAXOIbI U
METOJbI, 4YTOOBI ~ CO34aTh  MHTEIUIGKTYyaJbHBIE  TpEHaXKephl,
o0najarone pacuIMpeHHBIME BO3MOXHOCTSIMH M (DyHKIMOHAIB-
HOCTBIO. B maHHOH cTaThe MBI PaCCMOTPHM HCIOJIB30BAaHHE THOPH/I-
HBIX TEXHOJIOTWI TPH MPOEKTHPOBAHNN MHTEIUIEKTYaJIbHOTO TPEHA-
Kepa W MX BIHSHHE Ha 3(PPEKTHBHOCTh OOYUEHUS W TPEHUPOBKHU.
[TepBass ruOpuAHAS TEXHOJOTHUS, KOTOPYIO MBI PacCMOTPUM, - 3TO
CaMOOPTAaHHU3YIOIIHECS CHCTEMBI. JTH CHCTEMBI CIIOCOOHBI aJarTH-
pOBaThCS K M3MEHSIOMICHCS Cpelle W CaMOCTOSATEIbHO OpraHM30-
BBIBAaTh CBOIO JICATEILHOCTD IS JIOCTHKEHUS TIOCTaBJICHHBIX LIEIEeH.
[Tpu mpoeKTHPOBAaHUN HHTEIIEKTYaIbHOTO TPEHAXKepa, CAMOOPTaHH -
3YIOIIHMECS CHCTEMBI MOT'YT TIOMOYb CO3JaTh aJalTHBHYIO U THOKYIO
miaTgopMy, KOTopas CIIOCOOHA pearupoBaTh Ha W3MEHEHHS B
NOTPEOHOCTSAX IMOJB30BATENCH M ONTHMU3HPOBATH TPEHUPOBOUYHBIE
MPOrpaMMBI JUISl JOCTHKEHUSI MAKCHMAIJIBHBIX PE3YJIbTAaTOB.

Bropast rubpuHas TeXHOIOTHS — MyJIbTHAT€HTHBIE CHCTEMBL. B
TaKMX CUCTEMaX Pas3JIMYHbIC areHTHI MOT'YT B3aUMOJICHCTBOBATh JAPYT
C IpyrOM | C IOJIb30BaTeNeM, OOMEHHUBAThCs MHDOPMaIMen U Ipea-
OCTaBJIATh MOMJCPKKY M 00paTHyK cBsizb. [IpuMeHeHHEe MynbTH-
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areHTHBIX CHUCTEM B MHTEIUICKTYaJbHOM TpEHa)Kepe MO3BONISET
co3aath 0oJee peaTCTUIHbIe CUMYIALUH U 3P PeKTuBHOE 00yUeHue,
OCHOBaHHOE Ha B3aUMOJCHCTBUU U COTPYIHHYECTBE.

Tperbs rubpuIHas TEXHOIOTHS, KOTOPYIO MBI PACCMOTPHM, — 3TO
o0y4eHue ¢ MOAKpEIICHHEM. JTOT IMOAXOJ IMO3BONAET arecHTaMm B
TPEHAXEPE CaMOCTOATCIIbHO YUUTHCA W YJIyulllaTb CBOM HABBIKW Ha
OCHOBE O0paTHOW CBsI3U M BoO3HarpaxjacHuii. OOydeHHE C TMOJ-
KPCIIJICHUEM MOXET 6LITL MMPUMCHCHO IJId IIEPCOHATIN3AUN TPECHHUPO-
BOUHBIX MPOTPaMM H MPEAOCTABIICHUS TOIb30BATEII0 NHINBUIYalh-
HOW o0OpaTHOH CBsI3M, 4YTO crocoOCcTByeT Oonee 3(hdeKTHBHOMY
oOyuenuto. Hakonen, derBepras THOpUAHAS TEXHOJIOTHUsS, KOTOPYIO
MBI PACCMOTPHM, — 3TO TeopHst UTp. Teopust Urp MOJETUPYET CTpaTe-
TUYECKOE B3aMMOACUCTBUE WM INPUHATHE PELICHUN, YTO Pa3BUBAET
CTpaTErm4ueckoe MBIINUIEHUE ToJib30BaTened TpeHaxkepa. I[lpume-
HCHHUEC TCOPHUHU UTP B UHTCIICKTYAJIbHBIX TPECHAXKEPAX ITO3BOJIACT CO3-
JaBaThb CUTyalliv, B KOTOPBIX MOJIB30BATECIN JOJI)KHBI aHAJIM3UPOBATh
u BI)I6I/IpaTI) OIITUMAJIBHBIC PEIICHUA, YTO CHOCO6CTByeT Pa3sBUTHUIO
HAaBBIKOB NMPUHSITHS PEIICHUH B PEabHBIX CUTYaIUsIX.

B 310l cTathe MBI IPEACTABUM MAaTEMAaTHUUYECKYIO MOJIEJb, OCHO-
BaHHYIO Ha THOPHUIHBIX TEXHOJIOTUAX, KOTOpasi 00bEeANHSIET aNropuT-
MBI MAaIIMHHOTO OOYYEeHHS, MOAEIHPOBAHUE BUPTYAILHOW CpPEAbl U
CIIEHapHeB, CaMOOPTAaHU3YIOIIHNECS CHCTEMBl W MYJIbTHAreHTHBIS
cucreMbl. MBI OOCYIMM TPEHMYIECTBA HWCIIONB30BAHUS TaKOi
MOJIENY TIPH MPOEKTHPOBAHUN MHTEIJIEKTYATbHBIX TPEHAKEPOB U €e
BIUSIHUE HA 3PPEKTUBHOCTh OOYIEHUS U TPEHUPOBKH.

B 3axmrouenue, ruOpuaHbIE TEXHOIOTAN MPENTOCTABIISIOT HOBBIE
BO3MOYKHOCTH JIJIsI pa3paOOTKH WHHOBAITMOHHBIX W A((PEKTHBHBIX
WHTEIUIEKTYaNbHBIX ~ TpeHaxepoB. OHU TMO3BONSIOT  CO3/1aBaTh
aJaITHBHBIE U TIEPCOHAM3UPOBAHHEBIE TPEHHPOBOYHEIE TIPOTPAMMEL,
YIIy4qIIaTh MPOLECC OOYIEHUS U PA3BUTHS HABBIKOB MOJIE30BATENEH.

MyJabTHAreHTHbIE CHCTEMbI B HHTE/LIEKTYAJIBHBIX TPEHaKepax

MynbTHAr€HTHBIE CUCTEMBI SIBIISIIOTCS Ba)KHOM COCTABJISIOLIECH
TUOPUIHBIX TEXHOJOTHH, MPUMEHSIEMbIX B MPOSKTHPOBAHUH HHTEII-
JIEKTYaTbHBIX TpeHakepoB. OHU TIO3BOJISIFOT CO3/1aBaTh BUPTYaIbHbBIE
Cpenpl, B KOTOPBIX IIOJB30BATEIH MOTYT B3aWMOJCHCTBOBATH C
BHPTYaJIbHBIMU areHTaMH, UMUATHPYIOIIUMHU PEalbHBIE CUTYaIluu U
TIOBEJICHUE.
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MynbTHareHTHass CHCTEMa COCTOMT M3 MHOXECTBA areHTOB,
KOTOpBIC B3aMMOJCHUCTBYIOT MEXAY COOOH M C TONb30BaTelieM B
LENSX TOCTHXKEHHSI ONPEAEIEHHBIX 00 yJaIomnX T TPEHUPOBOYHBIX
3amay. Kaxaplii areHT MMeeT CBOM COOCTBEHHBIC XapaKTCPUCTHKH,
3HaHUSL, 1eIM U CTpaTerny NPUHSTUS pemeHnid. OHu MOTYT 00J1afaTh
pasiinuHbIMH  YPOBHAMH HHTCIUICKTYAJIbHOCTU U CHOCO6HOCT5[MI/I.
dopManbHO MyJIbTHATCHTHAsl CHUCTEMa MOXET OBITH MpecTaBieHa
CIIEYIOIINM 00pa3oM:

1. MuoxectBo areHTOoB: A = {Al, A2, ..., An}, TJie Kax/IbIi areHT Al
UMEET CBOU XapPaKTCPUCTHUKH, 3HAHWUA W CTPATCTUU IMIPUHATHA
peuieHui.

2. MuoxectBo cocrosiamit: S = {sl, s2, .., sm}, rje Kaxioe
COCTOSTHHE Si TIPECTaBIACT COOOM ONMpeNeeHHYI0 CUTYalluI0 WIIN
KOH(UTYpALHIO BUPTYAIbHOU CPEIpI.

3. Muoxectso peiictuit: U = {ul, u2, ..., uk}, rae kaxmoe aeicTBue
ui mpezicTaBiseT cO00M BO3MOXKHOE JIEHCTBUE, KOTOPOE MOXKET
COBCPUIUTH arcHT B 3aJIaHHOM COCTOSHHUMU.

4, Oyukumm nepexona u BozHarpaxkaeaus: T: Sx U xS — [0, 1] u
R: S x U x S — R, KOTOpBIE ONPENEIIIOT BEPOITHOCTE TIEPEX0/1a 13
OJIHOTO COCTOSIHHSI B JIDYrO€ IPH BBIIOJIHEHWH ONPEICICHHOTO
JEWCTBHSI M COOTBETCTBYIOIIYIO HArpajy Win mrpad, momyqaembie
areHTOM.

5. Ctpareruu areuToB: © = {nl, n2, ..., Tn}, Tae Kakaas cTpaTerus i

MIpeaCTaBIsAeT co00il (PyHKIMIO, KOTOpas OmpeaesseT, Kakoe ei-

CTBHE BEIOMpAET areHT Al B 3aJaHHOM COCTOSTHHH.

MynbTHAreHTHBIC CUCTEMBI IO3BOJISIFOT CO3/1aBaTh WHTEPaK-
TUBHYI0O M JIMHAMHUYECKYI0 OOYYAIONIYIO Cpely, TJe IOJIb30BaTelb
MOXET B3aUMOJICHCTBOBATh C BUPTYaJbHBIMU ar¢HTAMH, IPHHAMATD
pelIeHus] U TOoIy4aTh OOpaTHYIO CBS3b. JTO CIOCOOCTBYET aKTHB-
HOMY M TIyOOKOMY OOYYEHHIO, Pa3BUTHIO HABBIKOB H TPUHSITHIO
pAalMOHATIBHBIX PEIICHUN B Pa3NYHBIX CHTYAITHIX.

O0yueHuUe ¢ MOAKPENJIeHNeM B HHTELIEKTYATbHBIX TPeHaxepax

Obyuenue ¢ noakperieHueM (reinforcement learning) siBnsiercst
MOIIHBIM MOIXO/IOM K OOYYCHHIO areHTOB B MHTEPAKTUBHOM cpee,
BKITIOYAs TOJNb30BaTeleld TpeHakepoB. B oOyueHMHM ¢ TMOAKper-
JICHUEM HCIOJIb3YeTCsS KOHIEMIMsS 00yJYeHUsT Ha OCHOBE OMbITA, TJC
areHT CaMOCTOSITENBHO HCCIENYeT Cpely, MPUHUMAET pCIICHHS WU
nojy4aeT oOpaTHYIO CBsI3b B BUE Harpaisl win mrpada. O0yueHne
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C TOIKPEIJICHUEM B HMHTEIJUIEKTYaJIBHBIX TPEHAXepax MOXKET OBITh
MPEACTABIIEHO CIEIYIOIIUMH IEMEHTaAMHU:

1. AreHT: areHTOM MOXET OBbITh, KaK BHPTYaJIbHBIH AareHrT,
pa3paloTaHHBIN AJIs1 TPEHa)Kepa, TaK U CaM IOJb30BaTENb, KOTOPBIH
B3aMMOJIEUCTBYET C TPEHAKEPOM.

2. Cpena: cpena mpeAcTaBisSeT BHPTyalbHOE OKPYXKEHHUE, B
KOTOPOM  TIPOMCXOIUT B3aUMOJCHCTBHE MEXAYy arcHTOM |
nosb3oBaTeneM. Cpena MOXKeT IMUTHPOBAThH PEANIbHBIC YCIIOBUS WITH
CHUTYaIllH, KOTOpbIe TPEOYIOT Pa3BUTHSI HABBIKOB M YMECHHUH.

3. CocrosiHue: COCTOSHHE O0003HA4YaeT TEKYIIee IOJOKEHUE
Cpenibl, B KOTOPOM HaXOIMTCS areHT WM Mojb3oBaTenb. CocTosHUE
MOKET OBITh MPEJCTABIICHO KaK HA0Op MEPEMEHHBIX WK (haKTOPOB,
OIPEIEISIOIINX TEKYIIee COCTOSIHUE TPEHUPOBKHU HITH CUTYAIIHH.

4, JleticTBus: JCUCTBHS TMPENCTABISIOT COOOH BO3MOJKHEIE
JEUCTBHSI, KOTOPbIE MOXKET COBEPIATh areHT WM TOJNB30BATENb B
JAHHOM COCTOSIHUU. JIeHcTBHSI MOTYT OBITh BBIOOPOM OTBETOB,
MPHHSATHEM PEIICHUH WU BBHITIOJIHEHUEM OTpPe/IeIeHHBIX 3a/au.

5. Harpama: Harpama sIBISETCS YHCIIOBOH OITCHKOHM, KOTOPYIO
areHT WJIM TI0JIh30BATENb MOMYYarOT 32 BHIIOJHEHHE ONPEEIIEHHOT0
IEHCTBUSA B 3aJaHHOM COCTOSHMH. Harpama Moxer OBITh
MTOJIOKUTENFHOW WM OTPHUIATENHbHON, W €€ IIeJIb COCTOHT B TOM,
YTOOBI areHT WM TIOJIb30BaTENh MOTJIM ONTHMH3UPOBATH CBOE
MOoBeIeHNE ¥ TPUHUMATH PEIIeHNs, KOTOPBIE TPUBOIAT K HAMITYUIIINM
pesynpTaTaM. MaTeMaTndyeckd, OOy4YeHHWE C TOAKPEIUIEHHEM B
WHTEIUIEKTYAIbHBIX ~ TPEHa)XKepax MOXKET OBITh IPEACTaBICHO
CIIEIYIONINM 00pa3oMm:

» IlpoctpaHcTBO cocrosHHi: S, rme s € S o0o3Hayaer
COCTOSIHHE CPEIbl WJIH TPEHUPOBKH.

» IlpoctpanctBo npeiictBuii: A, tme a € A o00o3Hayaer
BO3MOXKHOE JEWCTBHE, KOTOPOE areHT WM IMOJIb30BaTEellb MOXKET
BBITIOJTHUTb.

» OyHKIMs Bo3HarpaxaeHus: R (s, a) obo3HavaeT GpyHKIHIO,
KOTOpas Ompeenser Harpagy, I[OJIy4eHHYI areHToM WIH
TIOJTE30BATENEM TP BBITOIIHEHUH JISHCTBUS & B COCTOSHUU S.

» TlpaBuio npuHATHSA perieHnid: m(als) 0003HaYaeT CTpaTeruto,
KOTOpasi OnpeseNnsieT BEPOSITHOCTh BBIOOpA JNEWCTBUS a B COCTOSHUU
s. OcHOBHOIl  1enmpl0  OOydeHuss C  MOIKpPEIUICHHEM B
WHTEIUIEKTYaIbHBIX TpeHaxKepax SBIISIETCS HaXO0X/ICHHUE
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ONTUMANBHON CTpaTeruu TPHUHSITHUS PCEIICHUN JUIs areHTa WU
MOJIB30BATENS, KOTOpPas MaKCUMH3HUPYET OXHAAEMYI0 CyMMAapHYIO
Harpaxy B JONTOCPOYHOM mepcnekTuBe. OOy-ueHHE ¢ MOAKpeN-
JICHWEM TI03BOJISIET CO3/IaBaTh WHTEUIEK-TyallbHbIE TPEHAXKEPHI,
KOTOpPBIC aNallTUPYIOTCA K HWHIAWBU-AYaJIbHBIM HOTpC6HOCTHM )41
CIIOCOOHOCTSIM TOJIb30BAaTENEH, 4TO CrIocoOCTBYeT Ooee IPPeKTrB-
HOMY OOYYCHHIO M Pa3BUTHIO HABBIKOR.

Teopus Urp B MHTENIEKTYATbHBIX TPEHAXKeEPaX

Teopus urp gBisercs BaXXHBIM MHCTPYMEHTOM B pa3paboOTKe U
MIPOEKTUPOBAHUHU HHTEIJIEKTYaJbHBIX TpeHakepoB. OHa MO3BOJISET
AHAM3NPOBATh CTPATErMUECKOE B3aWMOJICHCTBHE MEXAY pa3lind-
HBIMHW arcHTaMu, BKJIIOHYasA BUPTYAJIbHBIX ar€HTOB U MOJIb30BaTeJeh
TpeHaXKepa, U MPenocTaBisieT (hopMaibHbIE MOACTH JUIS PUHSITHS
peuieHnil. B HMHTEIEKTyalbHBIX TPEHAXEpaxX TEOPUSl UIP IMpUME-
HACTCA A MOACIIUPOBAHUA PaA3JIMIHBIX CHTyaHHﬁ, B KOTOPBIX
ArcHThbl WKW I10JIb30BATCIIU IMPUHUMAIOT PEHICHWA, OCHOBLIBAsCh Ha
JNEMCTBUAX APYruX ydacTHUKOB. OHa MpemocTaBisieT MHCTPYMEH-
Tapuid U aHalu3a CTPaTerMid W MPOTHO3UPOBAHUS PE3yIbTAaTOB
B3aUMOJICUCTBUSA. B Teopuu Urp UCHONB3YIOTCS —CIEAYIOIINE
KITIOUEBbIC TIOHSTHS:

1. Urpoku: WTPOKH TPEACTABIAIOT COOOW YJaCTHHUKOB B3aH-
MOJICUCTBHS, KOTOphIE MOTYT OBITh KaK BHPTYaJIbHBIMH
areHTaMu, TaK W MOJb30BaTEISIMU TPEHaXKepa.

2. CrpaTeruu: crparerusi omnpeaeser Habop ACHCTBHIA, KOTOpPbIC
UTPOK MPUHUMAET B 3aBUCUMOCTH OT JICHCTBHUI APYTHX HTPOKOB
W TEKyNero cocrosHusi wurpbl. CTpaTerud MOTYyT OBITh
Ompe/elieHbl KaK TPOCTHIMH TPaBHIIAMH, TaK H CIOKHBIMH
aITOPUTMAaMHU, OCHOBAHHBIMU Ha O0YYCHUM WM ONTUMHU3AIUH.

3. PaBHOBecHe: paBHOBECHE B TCOPUH HIP OIMUCHIBACT COCTOSHUE,
MPH KOTOPOM HH OJHOMY HMTPOKY HE BBITOJHO U3MEHHTH CBOIO
CTPATEerHi0 TpPH YCIOBHHM, YTO OCTAJbHBIC WIPOKH TaKKe
COXPAHSIFOT CBOM CTpaTerud. PaBHOBeCcHE SBISETCS KITFOYCBBIM
MOHSATHEM JUUIsl aHallu3a CTPATETHUECKHX B3aUMOJCHCTBUN H
MOMCKA ONTHMAJBHBIX PEIICHUH.

Teopust WUrp B HHTEIUIEKTYANbHBIX TpEHAXKEpax MO3BOJISIET
MOJICTTUPOBATh PA3JIMYHbIC CICHAPUU, B KOTOPBIX areHThl WIIH
MOJb30BATENIM MPUHUMAIOT DEIICHHsS, YYUThIBAas JICHCTBUS W
CTpaTeruu ApPYruX y4dyacTHHKOB. OHa IIOMOTaeT OINTUMHU3UPOBATH
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CTpaTEruy ¥ MPUHUMATh PEIICHUS, KOTOPBIC MPUBOJIAT K HAWITYYIITUM
pe3ynbTaTaM B TPEHHPOBKE M TOCTHKEHUIO TIOCTABJICHHBIX LIENEH.

Camoopranu3yionue CHCTeMbl B HHTE/JIEKTYAJIbHbBIX

TpeHaskepax

CaMOOpraHu3yIIIMe CUCTEMBI MPEACTABISIOT COOOWM BaXKHBIN
KOMITIOHCHT PN MPOCKTUPOBAHWU HWHTCIUICKTYAJIbHBIX TPEHAXEPOB.
OTH CHUCTEMBI OCHOBAHBI Ha nACIX KOJUJICKTHUBHOI'O HMHTCIJICKTAa H
CHOCO6HBI AANTUPOBATHCA K UBMCHAIOMMMCA YCIIOBUAM U Tpe60Ba-
HUAM CPEAbl 663 SIBHOT'O IPpOTrpaMMHUPOBaHUA.

B uHTeNnnekTyanbHBIX TpeHa)kepax caMOOPTraHU3YIOIIHE CHCTe-
MBI MOI'YT HCIIOJIb30BATHCA JJId aBTOMAaTHYECKOM OIITUMU3AIIUHN
mporecca oOydeHuss W JOCTIDKEHHs Iejied mnojb3oBateneil. OHu
MO3BOJIAIOT TPCHAXEPY aaalTHPOBATHECA K HHAWBUAYAJIbHBIM I10T-
pPEOHOCTSAM U TPEANOYTEHUSAM IOJIb30BaTeNel, odeceunBas Ooiee
3 peKTUBHOE U TIEPCOHATM3UPOBAHHOE 00yueHue. [Ipuanmme! camo-
OpTaHM3AINY BKIIOYAIOT CIETYIONINE aCTIEKThI:
1. ABTOHOMHOCTB: CaMOOPTaHHU3YIOIIUECS CHCTEMBI CIIOCOOHBI
MPUHUMATH PEIICHWS W pearnpoBaTh Ha M3MEHEHHUS B cpere 0e3
BMeEIIaTENhCTBA BHEIMIHMX areHToB. OHHM 007a7aroT ompeneneHHon
CTETIeHbI0O HE3aBHUCHMOCTH W THOKOCTH, 4UTO TIO3BOJISIET UM
3¢ deKTHBHO QYHKIIMOHUPOBATH B PA3JIMYHBIX YCIOBHSIX.
2. Bs3aumMopelicTBHe W KOMMYHHUKAITUS: CaMOOPTaHU3YIOITHECS
CHCTeMbI B3aMMOJAEHUCTBYIOT APYr C APYroM W OOMEHWBAIOTCA
nH(popMaIue Ui COBMECTHOT'O AOCTIDKEHWs nened. OHu MOryT
OOMEHHMBATBhCS JTaHHBIMH, KOOPIWHUPOBATH CBOHM JEHCTBHUS U
00y4JaThCsl Ha OCHOBE OMBITA APYTHUX CHCTEM.
3. Apanrtamsi W OOy4deHHWE: CaMOOPTaHH3YIOUIHECS CHCTEMBI
CHOCOOHBI aIAaNITUPOBATHCS K HM3MEHSIONIMMCS YCIOBHSM CpENbl U
YIIy4qIIaTh CBOIO TPOHM3BOJIUTEIHFHOCTh C TeueHWeM BpeMeHH. OHH
00y4aroTCsl Ha OCHOBE OITBITA M MIPAUMEHSIOT PA3TUYHbIE AllTOPUTMBI U
METOJIbI, TAKHE KaK TE€HEeTHYECKUE aJIrOPUTMBI, MAIIMHHOE 00ydeHne
WM HEHPOIBOIIOIMOHHBIE TOJXOMABI, UISI ONTHMH3AIHd CBOETO
TTOBEICHUS M IOCTHKEHUS TTOCTaBJICHHBIX IIeTIeH.
4. DMepKEHTHOCTh: CaMOOPTaHU3YIOIIHUECS CHCTEMBI CIOCOOHBI
TeHEepUPOBaTh IMEPHKEHTHOE TIOBECHNE, TO €CTh TaKOE ITOBEICHNE,
KOTOpPO€ BO3HUKAET B PE3yJbTaTe B3aUMOJIEHCTBHUS M KOOPAMHAIINU
MHOKECTBa KOMIIOHEHTOB crcTeMbl. OHH CIIOCOOHBI CO3/1aBATh CIOXK-
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HBIC U HEOXKUJAHHBIC PEIICHUs, KOTOPBIE TPEBOCXOAST BO3MOXKHOCTH
OTJCITbHBIX KOMIIOHEHTOB CHCTEMBI.

CamoopraHu3yIomuecs: CUCTEMbl B MHTEJUICKTYalbHBIX TpeHa-
xKepax 00ecrednBaroT THOKOCTh, () (HEKTUBHOCTH U TIEPCOHATH3ALIUI0
00y4eHHMSI.

OHU TIO3BOJISIOT TPEHAXKEpaM aJalTUPOBATHCS K HHAWBHUIY-
AJIbHBIM HOTpe6HOCT$IM HOHB3OB3TCH€I>'I, CO3JaBaTh HOBBIC CTpAaTErun
W ONTHMHU3UPOBATh Ipoliecc 00ydeHus, odecreunBas Oonee KadecT-
BCHHBIC PE3YJILTAThI U OBLIIIAA MOTUBALIUIO oab30BaTelIe.

3akJ0ueHue

B nanHO# craThe OBUIM PacCMOTPEHBI THOPU/IHBIE TEXHOIOTHH,
HCIIOJIB3YEMBIC MNpPU MNPOCKTUPOBAHHWU HHTEICKTYAJIbHBIX TpCHA-
skepoB. CaMOOPTaHU3YIOIINECS CUCTEMBI, MyJIbTHATCHTHBIE CHCTEMBI,
0o0ydeHHEe ¢ TTONKPEINICHUEM U TEOPHS UTP WUTPAIOT BAXKHYIO POJh B
cozmanui 3(PQPEKTUBHBIX U aNANTUBHBIX TPEHAKEPOB, CIIOCOOHBIX
00ecTeyuTh ONTHMAIbHOE OOy4YeHHWEe W pPa3BUTHE IOJIb30BaTENEH.
CaMOoOpraHU3yIOIKECs CHCTEMBI TIO3BOJIIOT TPEHaXepaM alanTHPO-
BaTbCid K HW3MEHSIOMIMMCS YCIIOBHSIM M TMOTPEOHOCTSM IIOJB30Ba-
Tenel, ONTUMU3UPOBATH Mporiecc 00yYeHHs M TOCTUTATh ITOCTABIICH-
HBIX TIeJIel 63 IBHOTO MTPOrpaMMHUPOBaHus. MyIlIbTHATCHTHBIE CHCTE-
MBI 00€CIIeUNBaIOT COTPYAHUYECTBO M KOOP JUHAIMIO MEXKIY y4acT-
HUKaM{ TpeHakepa, oOMeH mH(opmanueil u onbitoM. OOydeHue ¢
MTOJIKPEINIEHHEM TTO3BOJISIET areHTaM M TIONIb30BATENsIM yUUTHCS Ha
OCHOBE OIBITa W HAarpaj, ONTUMH3UPOBATh CTPATErHMH TPHHATHS
pEeLIeH U JOCTUraTh MAKCUMAJIBHOM CyMMapHOU Harpaisl. Teopus
WTp TO3BONISIET MOIENMPOBATh CTPAaTErHYecKoe B3aMMOJCHCTBHE
MEXTy YIaCTHIKAaMHU H ONITUMHU3APOBATH CTPATETHH IIPHHSTHS Pellie-
HUM.

[IpumeHnenne STuX THOPHUAHBIX TEXHOIOTUH B WHTEIIIEK-
TyallbHBIX TPEHaXepaxX OTKPHIBaeT HOBBIE BO3MOXHOCTHU i ddek-
THBHOTO 00yYEeHWs, PA3BUTHS HABBIKOB U IOCTHYKEHUS IIOCTABIIEHHBIX
uenel monp3oBareneil. OHU NO3BOJISIIOT CO3/1aBaTh NHHOBALMOHHBIE U
aJalITUBHBIE TPEHAXKEPHI, KOTOPbIE MOTYT OBITh NPUMEHEHBI B pa3-
JUYHBIX O0JIACTAX, TAKMX KaK MeIuIuHa, 00pa3oBaHWe, MPOU3BOJ-
CTBO W MHorue npyrue. OJHaKo, HECMOTPS Ha MPEUMYINECTBa THO-
PUAHBIX TEXHOJIOTHIA, €CTh M HEKOTOPBIE BBI30BHI, U OrpaHuueHus. Mx
ycIienrHasi peanu3anusi TpeOyeT CIIOKHBIX aJTOPUTMOB, BBIYHCITH-
TEINBHBIX PECYPCOB M OKCIEPTHBIX 3HaHWiL. Kpome Toro, BaKHO
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obecrieunTh APQPEKTUBHOE B3aWMOJCHCTBHE MEKIY Ppa3IUYHBIMU
KOMIIOHEHTaMH CHUCTEMBbI M y4eT MOTpeOHOCTeH monb3oBaTeneii. B
OyIyIieM MOXXHO OXHJAATh JajJbHEWIIEro pa3BUTUS U YCOBEPILCH-
CTBOBaHUA I‘I/I6pI/II[HI>IX TEXHOJIOTUM B O6HaCTI/I HUHTCIIJICKTYaJIbHBIX
TPEHAXKEPOB. DTO MO3BOJIUT CO31aBaTh 00Jiee TOYHBIC U aJalTUBHBIC
TPEHAXCPhI, KOTOPHIC MAKCUMAJIbHO YUYUTBIBAIOT WHAWBUAYAJIbHBLIC
MOTPEeOHOCTH M CIIOCOOHOCTH TOJb30BatTeiel. Vcnonp3oBanue ruo-
PUOHBIX TEXHOJIOT I IIpyu MOPOCKTUPOBAHUU HHTCIUICKTYAaJIbHBIX
TPEHAKEPOB OTKPHIBAECT HOBBIC TOPU3OHTHI B 00JacTU OOy4YCHHS U
pa3sBuUTUA. OTH TEXHOJIOTHH CTAHOBSIITCS BCE 60.]'[66 BOCTpe6OBaHHLIMI/I
" IEPCIICKTUBHBIMU, U UX IPUMCHCHUC 6yI[eT UrpaTthb BaXXHYIO pOJIb B
00pa3oBaHnH, 3IpaBOOXPAHEHUH, OM3HECE U IPYTHX cepax.

Cnucok Jluteparypsl

1. Sutton, R. S., & Barto, A. G. (2018). Reinforcement Learning: An
Introduction. MIT Press.

2. Russell, S. J., & Norvig, P. (2016). Artificial Intelligence: A Mod-
ern Approach. Pearson.

3. Wooldridge, M. (2009). An Introduction to Multiagent Systems.
Wiley

4. Shoham, Y., & Leyton-Brown, K. (2009). Multiagent Systems: Al-
gorithmic, Game-Theoretic, and Logical Foundations. Cam-bridge
University Press.

5. Littman, M. L. (2015). Reinforcement learning improves behav-
iour from evaluative feedback. Nature, 521(7553), 445-451.

6. Nguyen, T. N., & Lau, H. C. (2018). Reinforcement learning in
cognitive and neural systems. Trends in cognitive sciences, 22(9),
764-776.

7. Alpaydin, E. (2014). Introduction to Machine Learning. MIT Press.

8. Mitchell, T. M. (1997). Machine Learning. McGraw Hill.

9. Bishop, C. M. (2006). Pattern Recognition and Machine Learning.

Guseinoff, N., Dadashov, F., Asadov, E. (2023). Airoput-muueckue

OCHOBBI (byHKuI/IOHHpOBaHI/m UHTEIIEKTYaIbHOIO TpEHaXepa C

HCIOJIb30BAHHUEM MYJIbTUAICHTHBIX TCXHOJIOTUU.

-108-



P
SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP

. ARTIFICIAL INTELLIGENCE TECNOLUG.‘FEI
Vo AEROKOSMIK PROBLEMLOR -2023 &v AND AEROSPACE PROBLEMS

INTELEKTUAL VERICILORIN POBOTOTEXNIKADA VO
MEXOTRONIKADA TODBIiQI IMKANLARI

3 Kamaladdin Ramazanov

Milli Aviasiya Akademiyasi, Baki
kamaleddin62@yandex.ru

TRANSMITTERS IN ROBOTICS AND MECHOTRONICS

Abstract. In the article, the important factor that determines the
capabilities of the created robotics is closely related to the quality
indicators of the applied intelligent sensors, as well as the
possibilities of combining the functions of measuring the current
parameters of mechanical movement, their conversion and computer
processing according to the specified algorithms into a single
information-measurement module. was analyzed. From a structural
point of view, we are talking about the integration of the sensor and
computer block of the mechatronic module, as a result of which the
intelligentization of sensors allows to achieve higher measurement
accuracy, noise filtering in the sensor module by software,
calibration, linearization of input/output characteristics, compen-
sation of hysteresis and zero shift.

Son yarim asrds texnologiyamin siiratli inkisafi robot texnikasmin
siiratli inkisafina vo miixtolif mohsullar avtomatlagdirilmis istehsali
prosesino sonaye robotlarmin ugurla totbiq edilmosino sobob
olmusdur.

Hazirda diinyada tohliikali vo agir fiziki islords insanlar1 avez
edon miixtalif robotlardan ibarat boyiik bir toplum yaradilib vo genis
istifado olunur. Yaradilan robot texnikasinin imkanlarmin vacib
toyinedici amili totbiq olunan intellektual sensorlarin keyfiyyot
gostaricilori ilo six baghdir. intellektual sensorlarin yaradilmasinda
maqgsad mexaniki horaketin cari parametrlorinin Sl¢iilmasi, onlarin
cevrilmasi vo miisyyan edilmis alqoritmlor {izro kompiiterds islonmasi
funksiyalarini vahid informasiya-61¢l modulunda birlogdirmokdir.
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Struktur ndgteyi-nazorindon s6hbot mexatronik modulun sensor
vo kompiiter blokunun inteqrasiyasindan gedir ki, naticods sensorlarin
intellektlogdirilmasi daha yiiksok 6lgma doaqigliyinin aldo olunmasina,
program yolu ilo sensor modulunda sas-kiiylorin siizgaclonmasina,
kalibrlomays, giris/cixis xarakteristikalarmin xatti-logdirilmasina,
histerezis va sifir siiriigmasinin kompensasiyasina imkan verir.

Otraf miihitlo qarsiligh alagads olan robotun struktur-funksional
sxemi gokil 1-do gostorilmisdir.

\ Robot
Dlaga sistemi
7 i =
informasiya
dlgii sistemi
[T 1 - fdarsetma sistemi Leraedici sistem
] S

Sak. 1. Robotun struktur-funksional sxemi

Robot timumilikde 4 sistemdon ibaratdir: informasiya-0l¢i
("Sensorlar"), idareetms ("Beyin"), icraedici ("Motor") va digar robot-
larla, insan va ya robotun daxili sistemlari ilo slags sistemi ("Dil") [1].

Informasiya-6lcmo sistemi (“Sensorlar”)-robotun idaroet-mo
sisteminin (“beyin”) istehlake¢ilarina uygun olaraq otraf miihitin voziy-
yati va robotun 6zii haqqinda melumatlar1 qavramaq va ¢evirmak {igiin
nazards tutulmus robotun siini hiss orqanlaridir.

Robotun idaraetma sistemi (“Beyin”), ilk novbada, informa-
siya-6lgma sistemindon galon oks olaqa signallarindan istifads edorak,
icraedici sistem mexanizmlorinin harokotvericilorinin (miiharriklorini)
idara signallar1 ardicilligin1  hazirlamaq, ikincisi, robotla insan
arasinda istonilon dilds {insiyyat ii¢lin nezards tutulmusdur. Robotun
intellektual gabiliyystlori idarsetma vo informasiya-6lgms sistemi ilo
mioyyen edilir [1].

Robotun icra sistemi (“Motorika”) idaroetmo sisteminin
yaratdig1 idarsetmo signallarinin (programlarinin) icrasi, habels otraf
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miihito tosiri iigiin nozorde tutulmusdur. icra sistemloring misal olaraq
manipulyatorlar1 (mexaniki qollar1), pedipulatorlar1 (mexaniki aya-
glar1), dziiyeriyon arabalaril, 3D tomoqraflar1 vo s. gdstormak olar.

Robotun rabita sistemi robot sistemlori, robot vo insan va ya
onlarin baga diisdiiyii dildo diger robotlar arasinda molumat.
miibadilonin togkili li¢lin nozordo tutulub. Belo bir miibadilonin
maqsadi insan torafindon robota tapsiriglarin formalasdirilmasi, insan
va robot arasinda dialoqun togkili, robotun isine nozarat, nasazliglarin
diaqnostikasi vo robotun miintozom yoxlanilmasidir. Insandan robota
malumat adston idaraetmo paneli va ya daxiletma qurgusu (klaviatura-
dan omrlar toplusu, sasli rabits, video molumatlarin daxil edilmasi, bi-
opotensiallardan istifado etmoklo molumatlarin daxil edilmasi va s.)
vasitasila daxil olur.

Belo ki, insan molumatlar1 robota hom bilavasits idaroetms sis-
teminin yaddasina daxil etmokla, hom ds siini hiss orqanlar1 vasitasila
ona tasir etmokls 6tiirs bilir.

Xarici mithitla garsiligli alagads olan informasiya qurgular1 vo
sistemlarina (IQS) malik aktiv robot sistemini nozardan kegirak. Forz
edak ki, bu aktiv robot sistemi atraf miihit haqqinda aprior informa-
siyaya malikdir I, vo amoliyyat prosesindo ham xarici mihit Iy, hom
ds 6z vaziyyati (Ic) hagqinda cari malumatlar: alir. Aktiv robot sistem-
inin magsadi xarici miihit ¢evrilmalari va ya tahlili ilo bagli gorarlar
gabul etmokdir. Cox vaxt Ic melumat natamamdir, ona goérs ds robot
sistemi geyri-miioyyonlik soraitindo isloyir. Bununla bagl olaraq
adaptasiya anlayis1 altinda aktiv robot sisteminin 6zilinlin va otraf
miihitin vaziyyeti haqqinda cari molumatlardan istifads osasinda
geyri-miloyyanlik soraitindo miioyyon mogsadlora nail olmaq
qabiliyyeti kimi basa diigocoyik. Bu zaman robot texnikasi sisteminin
parametrlori, strukturu v foaliyyat alqoritmi doyise bilar [2].

Yuxarida gosterilonlors uygun olaraq, biz robotun klassik timumi
blok sxemini sokil 2-do gostorilon aktiv adaptiv robotun sxemins
ceviro bilorik. Burada informasiya sisteminin strukturuna otraf
miihitin gavranilmasinin alt sistemi, rabito alt sistemi, planlasdirma
altsistemi, effektor altsistemi, homginin “Otraf miihitin modeli” infor-
masiya bloku daxildir. Sokildo toaqdim olunan sxemin (sok. 2)
funksional isi agagidaki kimidir. Sensorlardan golon signallar molu-
matlarin emal bloku vasitasils ¢evrilir, kodlasdirilir, siiziiliir vo obyekt
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va sohna tohlili blokunun kdmayi ils is¢i sohnanin lazimi parametrlori
miioyyan edilir.

Miihitin qavranilmasinin alt sistemi

Obyektlarin vo
sahnalarin analiz bloku

Verilonlarin
emali bloku

o i

Slagoaltsistemi  +—>| Mithitin modeli [~ Alt sistemlarin
planlagdinlmasi

/

Icraedici saviyyada Is¢i mexanizmi
idaraetma bloku

=

Strateji va taktiki
saviyyalarla
idaraetma bloku

Effekt alt sistemi

Sak. 2. Adaptiv robotun struktur sxemi

Tohlil zamani is sohnasi haqqinda aprior melumat (riyazi model)
la soklinds otraf miihitin modelindan istifads edilir ki, bu da rabito alt
sistemindon istifado etmoklo doqiglosdirilir. Olds edilon molu-
matlardan icra, taktiki va strateji saviyyalords istifade olunur. Bu
harakatlor is mexanizmi (manipulyator, naqliyyat arabasi) ilo hoyata
kecirilir [2].

[QS-in osas elementlorinin toyinatmi nozordon kegirak.

Tlkin cevirici vo ya hossas element (HE) informasiya sisteminin
xarici miidaxilenin tasiri altinda vaziyyatini doyison on sads elementi-
dir (mosalon, fototranzistor, fotodiod ve ya tenzorezistor).

Tlkin verici (sensor) 6lgiilon komiyyatin tosiri altinda ekvivalent
signal verir ki, (carayan, gorginlik, impedans), bu da 6l¢iilon komiy-
yatin birmonali olaraq funksiyasidir.

Kinestetik sensorlar tiimumilosdirilmis koordinatlar va giivvalor
(ayri-ayr1 is¢i organlarmin mévqeyi vo nisbi yerdoyismsalori vo onlar
torofindon verilon giiclor) haqqinda verilonlorin molumat massivini
toskil edir. Kinestetik vericilor ¢ox manqali mexanizmlorin uzlagma-
larindaki movqeyi, siirati, qiivveni vo momentlori 6l¢iir.

Yerlosdirmo sensorlar1 obyektlordon oks olunan signallari
(optik, akustik, elektromaqnit) oks etdirmak vo gabul etmok yolu ilo
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otraf miihitin fiziki parametrlorini miioyyon etmok vo 6lgmak {igiin
nozords tutulmugdur. Bu parametrlorin giymatlorine osaslanaraq,
obyektlori identifikasiya etmak {i¢iin otraf miihitin lokasiya (sshnonin)
obrazi formalasir.

Vizual sensorlar optik diapazonda (infraqirmizi, rentgen,
mikrodalgal1) xarici miihitin isiqliliginin tohlili asasinda onun handosi
va fiziki xiisusiyyatlori hagqinda melumat verir. Televiziya sistemlori
buna misaldir.

Taktil toxunma sensorlari otraf miihit obyektlorini tanimaq va
ya sahna sarhadini gqiymotlondirmak ii¢iin onlarla slagenin xarakterini
miioyyon edir. Bu sensorlar toxunma matrislori vo ya giic momenti
vericilari goklinds hazirlanir. Taktil toxunma sensorlart hamginin kin-
estetik sensorlardir [1].

Generator sensorlar1 birbaga verilon elektrik sigqnalinin
manbayidir.

Generator sensorlarmin niimayandoalari: termoelektrik sensorlar;
piro- vo pyezoelektrik effektlor, fotoelektrik effekt, Holl effekti,
hamginin elektromaqnit induksiya hadisesi vo s. osasinda islayan
cihazlardir [2].

Parametrik sensorlar tozyiq qiivvasi, 6l¢iilon komiyyatin tosiri
altinda yerdoyismalor onun hondasi vo elementlorinin 6l¢iisii, habelo
materialin elektromaqnit xiisusiyyatlori, xiisusi miigavimat R, nisbi
maqnit niifuzlulugu M, nisbi dielektrik niifuzlulugu E; ilo oslagadar
olan ¢ix1g impedansinin bazi parametrlorini doyisir.

Parametrik sensorlarda signal 6l¢ii dovrosi ilo formalasir (poten-
siometrik vo ya korpili sxemi, rags konturu, amaliyyat giiclondiricisi
ilo).

Informasiya sisteminin funksional sxemino niimuno sokil 3-da
gostorilmisdir. Bir vo ya bir nego sensor giiclondirici, kommutasiya,
cevirmo, yaddas ve 6tiirme qurgulari ilo birlikds informasiya sistemini
toskil edir. Bu informasiya sensor sisteminds ilkin giiclondirms vo
rogomsallagdirmadan sonra signallar (sensorlardan) 6lgma prosesinin
inteqral gqiymatlondirilmesini hoyata kegiron mikro-kompiiters verilir.
Sonra ise QS yuxar1 saviyyasi vo ya idaroetms sistemi ti¢iin molumat
formalasdirilir.
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DS
Sokil 3. Informasiya sisteminin funksional sxemi niimunasi: Ver (1)-
Ver (n)- sensorlar; GB - giiclondiricilor bloku; K - kommutator; ARC
- analoq ragama ¢evirici; GCQ - girig-¢ixis qurgusu; DX - daxili sin;
1S - idaraetma sini

Robot va mexatronik sensorlarina asagidaki talablar qoyulur [2]:

1) unifikasiyaliq (standart ¢ix1s signal diapazonuna malikdir);

2) elektromaqgnit manelor, gorginlik vo tezlik dalgalanmalari
saraitinds yiiksak etibarliliq vo manealara garsi davamliliq;

3) kigik 6l¢iiliiliik, konstruksiyanin sadaliyi, hacmi mahdud olan
manipulyatora va digar hissalors "yerlagdirilmasi" imkani;

4) ¢ixis vo giris sxemlorinin halvanik ayrilmasi, tonzimlomos vo
texniki xidmaotin asanligi;

5) parametrlorin miitloq oxunmas1 imkani.

Robot texnikasinda 1QS ii¢ nazarat saviyyasinds istifads olunur:
icraedici, taktiki vo strateji (cadval 1).

Araliq ¢evrilmolori minimuma endirmok ndqteyi-nazerinden, on
tosirli (buna goérs do mexatronikada ¢ox genis istifads olunan) intel-
ektual effektiv sensorlarindan biri daxili mikroprosessorlari olan optik
kodlayicilardir (inkoder). Miiasir kodlayicilarin forqli ustiinlitklori
arasinda xiisusilo asagidakilar1 vurgulamaq olar: hom yerdoyismani,
hoam do harakat siiratini toyin etmok imkani; 6lgms zaman yiiksok
daqiqlik vo asagr sas-kily; ¢ox dovralilik; konstruktiv kompaktligi vo
mexatronik modulda yerlosdirme imkana.
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Cadval 1 Robotlarda informasiya qurgularimin va sistemlorinin isti-
fads niimunalori

Idarsetmo | Informasiya  sisteminin | informasiya va-

saviyyasi | komayi ilo hoall edilon asas | sitalori
vazifalor

Icragt Tutma horakatinin mono- | Mévqe, siirat, tocilk
tonlugunun tomin edilmasi. | sensorlari; tok kompo-
Manipulyator mangalarin-in | nentli mil firlanma
garsiligli tosirinin aradan | momenti sensorlari.
qaldirilmasi.  Otiiriilmalarin
dinamiki x{isusiyystlorinin
stabilliyinin tomin edilmoa-

Si.

Taktiki Lazimi tutma  giiciiniin | Toxunma matrislori,
tomin edilmesi. Namolum | siirlisme  sensorlari;
maneslorin yaxinhginda 6zii | optik, induktiv vo tu-
yonaltma va aylaclomo tum sensorlari; video

kameralar; ultrasas
mosafa-dlganlori

Strateji Qeyri-deterministik mihit- | Miixtolif mosafadl¢an-
do  horokst marsrutunun | lor, texniki gérma sis-
tapilmasi. Olaqali obyekt- | temlori va giic fir-
lorlo  isloyorken lazimi | lanma aninin toyini
giclin alinmasi. Verilmis
obyektlorin axtarig1 vo ta-
ninmasi, onlarm qarsiligl
movqeyinin milayysn edil-
masi

Qeyd etmok lazimdir ki, intelektuasl kodlayicilar real vaxt re-
jiminds kompiiterde emal ii¢lin slverisli olan kodlasdirilmis formada
¢ix1s verilonlorinin tomin edilmosi ¢ox vacibdir.

Kodlayicilarin iki 9sas névii var - miitloq vo artimli. Miitlaq ko-
dlayicilar sifir movgeyo nisbaton horoket edon valin yerdoyismo
komiyyati haqqinda (xatti vo ya bucaq) molumat verir.

Miitlaq kodlayicinin {istiinliiklori 6lgme etibarliligi (enerjinin
miivoqqeti olaraq sondiiriildiikdo belo, molumat sensor torafinden
itirilmayacak), harokstin boyuiik siirotlorinds yiiksok doqiqlik, sifir
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movqeyinin yadda saxlanilmasidir (bu, masinlarin reversiv vo qoza
harakatlorini idars etmok lazim olduqda vacibdir). Artan kodlayict
baslangic movqeys nisbston artimlarla horoket istigameti vo
yerdoayisma komiyyati haqqinda melumat verir ki, bu da bir gox prak-
tik totbiglords kifayatdir.

Kodlayicilarin intellektuallagdirilmas: asagidaki osas funksiya-
lar1 yerina yetiran daxili mikroprosessorlar torofindon tomin edilir:
sensorun molumatinin kodlasdirilmasi, O0lgmo xotalarmin askar-
lanmasi, signalin miqyaslasdirilmasi va cari kodun standart protokol-
dan istifado edorok horokot kontrollorine dtiiriilmosi. Intelektuakl ko-
dlayicilarin yaradilmasinda miiasir tendensiya struktur elementlorin
(vallar, rulmanlar), kodlasdirma disklarinin, fotoelementlorin vo
mikroprosessorlarin vahid sensor modulunda birlogdirmakdir.
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XUlass. Bu mogalodo mon beynolxalq tohsil tacriibslorinda
fordi va qrup Oyronmo yanasmalarmin miigayisali tahlilini taqdim
etmisom. Har iki yanasma 6z {istiinliiklori va ¢atismazliglari, x{isusan
do tohsildo siini intellekt metodlarindan istifade edon adaptiv
intellektual ~ repetitorluq  sistemlorinin  totbigi  ilo  bagh
qiymatlondirilmisdir. Moagsad bu metodlardan istifado etmokls
mohsuldar tolim miihitinin neco yaradilmasini aragdirmaq idi.
Mogqalodo todris vo tolim prosesinin dostoklonmasi, tolobolorin
foalligmin  vo faaliyystinin  yaxsilasdirilmasi, fordilosdirilmis
Oyronma vo inkisaf imkanlarinin toklif edilmesindo intellektual
repetitorluq sistemlorindon istifadonin faydalari miizakire olunur.
ITS-don istifado fordi giymetlondirmo vo oks alageni do asanlagdirir.
Nohayeot, moqalo mohsuldar vo effektiv dyronmo tocriibasi oldo
etmok {iglin hansi dyronmo miihitinin - fordi vo ya qrupun daha
faydali olacagina dair anlayislari tomin etmok mogsodi dasiyir.

Introduction
Artificial intelligence (Al) [1] is a type of technology that simu-
lates human intelligence and mimics human knowledge processes
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such as decision-making, language interpretation, and visual recogni-
tion through computer systems and robots. There are two complemen-
tary definitions of Al: the first involves a set of scientific techniques
and algorithms that teach machines human-like administrative abili-
ties to solve tasks that were previously assigned to humans in seconds.
The second definition involves machine-based solutions that provide
predictions, suggestions, and approaches that can influence real deci-
sions after receiving a set of human objectives. Al systems can interact
with us and directly or indirectly affect our decisions.

One major question is how the education sector can benefit from
Al. Here are four ways:

1. Simplifying complex concepts: Many students move on to the
next topic as soon as they encounter difficulty in a section, without
studying it deeply. This breaks the chain of understanding, making it
difficult to comprehend the topic because of its connection with the
previous section. Al can help simplify complex concepts, reducing the
likelihood of this problem.

2. Individual study plan: Learning through a game can be bene-
ficial because games can foster adaptation. For instance, if a student
fails to pass a game stage, they are not allowed to move on to the next
stage, creating competition among students. This approach can also
help measure learning behavior and identify which skills are develop-
ing more, such as learning rate or ability to answer guestions.

3. Facilitating individual analysis of students: A single teacher
cannot thoroughly assess each student in a group of 20-30, but Al can
help. It has the ability to make decisions about a student's general ac-
tivity in a subject, as well as predictions and suggestions about the
field in which the student should focus.

4. Reconciling specialization lessons with modern times: Teach-
ing and learning in education is an ongoing process, and the topics
studied must keep pace with modern times. However, it can be chal-
lenging for educators to keep up with these changes. Al can help over-
come this challenge quickly by reconciling specialization lessons with
modern times instead of relying solely on educators.

With development of data collecting and processing technics, ar-
tificial intelligence exploratory learning has been widely applied in
education such as NLP systems, teaching robots, adaptive tutoring
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systems, intelligent tutoring systems, smart curation of learning mate-
rials, etc. Al Education [1] is considering as a skillful tool to simplify
new pattern for revolutionary in the traditional education modes by
using preferences of new opportunities of Al. Specially, Al Education
provides modern approach, chance, and challenges which Al tech-
niques implements these by learning students’ behavior, predicting
model building, learning recommendation, etc. for reforming person-
alized learning, making easier instructor’s acquisition and new angle
of insight in complex educational system. Al can automate actions like
grading, arranging and dividing lesson homework between students
by taking into account of their skills to solve the tasks, checking exam
results, replying students’ questions vividly, whereas these activities
might not ever be replaced by Al completely. However, these pro-
grams won’t teach high-order or creative thinking or decision-making
thoughts to students, but they could get helping hand from Al tutors.
Al cannot merely prepare educators and tutees to craft works how they
want but these kinds of Al systems can encourage them to have areas
wherever they might improve themselves based on their gap. Data
forced by Al can change how educational institutions teach and sup-
port students. Smart data collecting systems which empowered by in-
telligent computer systems give insights to colleges how interact with
prospective and current students. From administrative staff to stu-
dents, intelligent computer systems help manage every sector of fac-
ulty experience more comprehensively adjust to student needs and
goals.

Intellectual Tutoring System

The intelligent tutoring system (ITS) [2] is a tool that can improve
the quality of teaching by providing individualized instruction based
on the student's behavior. However, it is important to consider both
individual and collective behavior in relation to their classmates, and
to create a productive learning environment. This environment de-
pends on the learner's current psycho-social state, motivation, desire
and interest, interpersonal relationships, and active knowledge and
skills. Characteristics of a productive learning environment include
goal-oriented learning, reality-based learning, motivational activities,
active and supportive knowledge design, self-regulation, and reflec-
tion. Social media can also have both positive and negative effects on
a productive learning environment.
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The application of artificial intelligence (Al) in individual and
group education is becoming widespread, with ITS being used in
countries such as Finland, Norway, China, France, and the United
States. Al-based start-ups such as Thinkster Math, Brainly, MATHia,
Netex Learning aim to make these applications available to everyone
around the world and improve the development of equality in educa-
tion. The ITS consists of three types of knowledge and four separate
program modules to provide appropriate guidance to students (Fig.1).

[ EXPERT \ " [ INSTRUCTIONAL LEARNER INTERFACE “
{ mopeL | mooe MODEL \ mopute /

/

Fig. 1. The components of an intelligent tutoring s&stem

The Expert module of the intelligent tutoring system (ITS) com-
pares the student's actions and choices to those of an expert, which
enables the system to evaluate what the student understands and what
they don't. The Learning module assesses the student's performance
during their interaction with the tutoring system to determine how well
they comprehend and explain the topic. The Instructional module
specifies the kind of information to be given to the student, how and
when it should be presented, in order to help the student make in-
formed decisions. As the student becomes more experienced, the ITS
model should become more sophisticated and offer more complex sce-
narios. In this system, the content presented is selected based on the
student's level of knowledge. The Interface module creates an envi-
ronment for communication and interaction between all these models
and the user. Such tutoring systems offer the learner a broad range of
practice case studies from a database, together with personalized feed-
back to solve each case study.

The adaptive hypermedia system from Al-connected tools is also
important in higher education and distance learning.

Bridging the Gap: How Student-Al Collaboration is Shaping
the Future of Education

Student-Al Collaboration [3] refers to the active and intentional
involvement of students in working together with artificial intelligence
(Al) technologies to achieve educational goals. It involves students
collaborating with Al systems, tools, or platforms as partners or co-
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creators in the learning process, leveraging the capabilities of Al to
enhance their learning experiences, outcomes, and skills.

Student-Al Collaboration can take various forms, depending on
the context and application of Al in education. It could involve stu-
dents using Al-powered tools for data analysis, problem-solving, or
creative projects, working alongside Al algorithms to generate person-
alized recommendations or feedback, or collaborating with Al chat-
bots or virtual assistants for learning support. It can also include stu-
dents contributing to the design, development, or evaluation of Al
technologies in education, providing feedback, and shaping the future
direction of Al in learning environments. Student-Al Collaboration
holds the potential to transform traditional educational models, em-
powering students to be active participants and co-creators of their
learning experiences. It can foster critical thinking, creativity, and
problem-solving skills, while also preparing students for the increas-
ingly digital and Al-driven world. Ethical considerations, privacy, and
responsible use of Al should also be taken into account in the context
of Student-Al Collaboration. The current study has developed the
SAC model, which comprises four key components that have been the
focus of previous research: curriculum, student-Al interaction, envi-
ronment, and evolution over time (as depicted in Figure 2).

Environment

Student-Al interaction

Learning
space

Evolution over time

Fig. 2. Student-Al Collaboration Model

In the SAC model, there are three main participants: the student
(S), the Al, and the teacher (T). The model portrays the individual stu-
dent as an active learning agent, in contrast to the earlier literature on
AIED where students were often considered passive recipients follow-
ing a predetermined learning path guided by Al.
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The model also identifies Al as another learning agent, shifting
its role from being just a learning tool. Previous studies have high-
lighted the human-resemblance characteristics of Al as a unique fea-
ture that sets it apart from traditional educational tools. Al can serve
as a teacher to diagnose learning processes and outcomes, provide per-
sonalized feedback, and evaluate achievement. Al can also facilitate
peer relationships, such as in the case of Al chat-bots that learn foreign
languages together with students. The model challenges the notion of
interaction as exclusively human, and considers the possibility of Al
as a direct interaction subject that exchanges information with students
in the learning process.

Teachers play a critical role in shaping and facilitating SAC, and
they are responsible for making decisions about the adoption of Al in
the classroom. The model emphasizes that if teachers do not allow
students to interact with Al in classroom learning activities, Al is un-
likely to be integrated into the school's teaching curricula. While some
anticipate that Al-assisted data-driven decision-making may diminish
teachers' leadership, most literature argues that human teachers will
remain the masterminds behind Al algorithms, considering the limita-
tions of Al in intuition and value consideration. The model suggests
that teachers should embrace a blend of data-driven, evidence-in-
formed decision-making by Al and value-based moral decision-mak-
ing by teachers to provide more effective instructional strategies.

The relationship between Student-Al Collaboration (SAC) and
Intelligent Tutoring Systems (ITS) is closely intertwined. SAC refers
to the collaborative interaction between students and Al systems in a
learning environment, where students actively engage with Al as a
learning partner. ITS, on the other hand, are computer-based systems
that provide personalized instruction and feedback to students, mim-
icking the role of a human tutor.

The tight relationship between SAC and ITS can be summarized
as follows:

1. Enhanced Learning Experience: SAC leverages the capabilities
of ITS to provide personalized instruction, feedback, and support to
students, resulting in an enhanced learning experience. Students can
benefit from adaptive and individualized learning pathways, feedback
on their performance, and tailored instruction based on their individual
needs and learning styles.
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2. Active Student Participation: SAC promotes active student
participation by involving students as active learning agents who en-
gage in collaborative interactions with the Al system. This shifts the
traditional role of students from passive recipients to active contribu-
tors in the learning process, leading to improved engagement and mo-
tivation.

3. Al asa Learning Agent: In SAC, Al is recognized as a learning
agent, with a role beyond being a mere tool. Al systems in ITS can
diagnose learning processes, provide personalized feedback, and eval-
uate student performance, contributing to a dynamic and interactive
learning environment.

4. Teacher Facilitation: While Al plays a crucial role in SAC and
ITS, teachers are still considered important facilitators in the learning
process. Teachers are responsible for incorporating Al into the class-
room, making decisions about its usage, and providing value-based
moral decision-making alongside data-driven decision-making by Al.

5. Blending Human and Al Expertise: SAC and ITS emphasize
the importance of blending human and Al expertise in the learning
process. Students can benefit from the strengths of both human teach-
ers and Al systems, leading to more effective instructional strategies
and improved learning outcomes.

SAC and ITS are closely related, with SAC leveraging the capa-
bilities of ITS to create an active and collaborative learning environ-
ment where students actively engage with Al as a learning partner,
supported by the facilitation of teachers for optimal learning out-
comes.

Adaptive hypermedia system

Adaptive hypermedia [4] is a new approach to user modeling in
education. It involves creating a personalized model of each user's
goals, needs, knowledge, and learning progress, and using this model
to adapt to the user's needs throughout their interaction with the sys-
tem. Hypermedia systems provide an experiential learning environ-
ment that allows for the creation of rich, non-linear content with high-
quality presentation. Such systems allow learners to access vast
amounts of information through their laptops, mobile phones, or other
handheld devices with a wireless network, without losing the connec-
tion between content and materials. Hypermedia systems can also
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break down complex knowledge systems into a network structure that
reduces cognitive load for the learner.

Adaptive hypermedia offers effective techniques for presenting
data to learners, enabling them to build knowledge from different an-
gles and improve their understanding. However, when building any
adaptive system, it is important to determine the target audience and
on what basis the system should be adapted. In adaptive hypermedia,
the number of areas that can be adapted is limited, but it can be divided
into content and transition-level adaptation. Adaptive presentation in-
volves adapting the content of the page to the user's knowledge, skills,
and goals. Adaptive navigation, on the other hand, involves making it
easier for the user to reach their goals and acquire knowledge.

Adaptive navigation techniques include direct guidance, sorting,
hiding, annotation, and map adaptation. Direct guidance is the sim-
plest technology, which suggests the next best node for the user to visit
based on their goal and other parameters. Adaptive sorting is user-ori-
ented sorting of all links on a page, while hiding hides pages that are
not relevant to the user's current goal. Adaptive annotation provides
information about the current state of nodes behind annotated links.

Adaptive Intelligent Tutoring System

Upon examining adaptive hypermedia systems and intelligent tu-
toring systems, it was discovered that these systems work in conjunc-
tion, rather than separately. The optimal approach is to offer adaptive
hypermedia and hypertexts to students online through an ITS. The fu-
sion of an ITS and AH was a logical point of departure for research
into adaptive educational hypermedia or AITS [5]. The core of AITS
is the expert model, which is supported by the instructional and learner
models. The expert model facilitates adaptive navigation and transfers
data from the adaptive presentation to the interface module. The expert
model outlines how information regarding a learner and the
knowledge repository is utilized to determine the most suitable content
and teaching methodology for a particular learner. By comparing the
content of a particular course to the learner's current knowledge, the
expert model determines what should be learned next. The system
identifies a collection of recommended lectures based on the prereg-
uisite relationship between different topics, and depending on the
learner's learning style, either presents one of them or asks the learner
to select one (see Fig. 3).
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ATTS Expert Model
Instructional model = . /

Adaptive
: Hypermedia
Learner Model ¢ % ’ « >

Adaptive Presentation «—|Interface
Module

Learner
User Module

Adaptive Navigation
Support

i

Teacher Module L~

Fig. 3. Conceptual of Adaptive Intelligence Tutoring Systems

To achieve comprehensive adaptive learning on the internet, a
combination of both AH and ITS instructional methods is necessary.
The AITS approach [6], as shown in Figure 3, differs from both AH
and ITS by allowing users to dynamically choose the most suitable
teaching materials from their knowledge base and presenting them at
the right time. This method also takes into account the evolving teach-
ing style of the teacher and the learning progress of the student over
time. In contrast, ITS uses the Teaching and Student modules to up-
date AH concepts and assist in problem-solving as time progresses.

Conclusion

In conclusion, adaptive hypermedia and intelligent tutoring sys-
tems are recognized as highly effective approaches to computer-based
learning. Our work aims to build on this foundation by developing an
adaptive intelligent tutor system that combines the strengths of both
systems. This integrated approach will not only learn and adapt to the
behavior of students, but also offer a more productive teaching style
to teachers. We believe that by leveraging the instructional expertise
of adaptive hypermedia (AH) and the implementation capabilities of
intelligent tutoring systems (ITS), our approach has the potential to
significantly enhance learning performance. Through this combined
approach, we aim to maximize the value of the relationship between
AH and ITS, leading to improved learning outcomes. Brief biography
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IKINCi NOVQO QEYRI SAYILAR FAZASI UZRO
KOSFIYAT SISTEMLERI VO PARAMETRIK
METRIKALAR

XUlase. Bu isdo ikinci nov qeyri-solis ododlorin fozalari
nozordon kegirilir. Bu bosluglara parametrik dlgiilor daxil edilir vo bu
fozalarin tamliq xassolori dyranilir. Metrik parametrlor siini neyron
sabakalori vasitasils hesablanir. Metrik funksiyalar qorar gqabul etma
problemlorino totbiq edilir.

Acar sozlar: geyri-solis rogom, dastak, olgiilor, neyron sabako,
kosfiyyat sistemi, tamliq, strategiya, gorar gabulu.

During mathematical modeling of some applied problems, espe-
cially in economics, one can face different types of uncertainties [1].
Such problems often occur when modeling the humanistic systems [2].
To increase the adequate of such models, the use of fuzzy numbers has
been widely spread [3]. Using these numbers in many cases the uncer-
tainties occurring within the complex systems are managed to be de-
signed efficiently. In return, it leads to a more detailed study and man-
aging such systems.
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The fuzzy number is hereafter understood as fuzzy subset of number
axis:
A = {(x, ua(x))|xeR, ua: R — [0.1]}
Later on, we will consider only those tolerant [3] fuzzy numbers,
which meet the following conditions [4]:
1. Normality

IX, € R, is the same as u(x,) =1
2. Support limitation
The fuzzy number support is understood as a set, where the
membership function obtains the positive value:
Si={ x |xeR, ua(x)>0}
Ja,b,€R,isthesameasVx €ESs = a<x<bh
3. Upper semicontinuity
For any consistency x, (n = 1,2,3...)narrowing to the x
above x;,, < x; is followed by the membership function:
lim pg () = pg (x)
xn—>+x
4. Fuzzy convexity
Vx,y, € A% inequality is true
5z (AX+ (1= 2)y) = min {/U; (X),,U;\(Y)}Z a,
where 0<a<1,A” = {x|xeR, uz(x) >a} 2 [0]]
Let us mark the set of all fuzzy numbers possessing the properties 1-4
through F (Fuzzy Normal Numbers on the R).
During mathematical modeling of different complex systems, the em-
phasis is given to introducing the metrics into the F space. Each met-
rics is the main tool of the modeled intelligence system during the de-
cision making.
Let us list the main requirements applied to the metric functions within
the fuzzy numbers spaces:
1. Metric functions must meet the metric axioms:
a) p(A,B) =0, p(AB)=0 = A=8B
b) p(A B)=p(B,4)
¢) p(AB)<p(AC)+p(CB) forvAB,Ce FE
2. p:Fy xFy - R*

-128-



SUNI INTELLEKT TEXNOLOGIYALARI /J] T& AP
Vo AEROKOSMIK PROBLEMLOR -2023 v

3. Metric functions must meet the limitations and requirements
of the model problem and extremely reflect the behavior of
the modeled intelligencece system.

4. Metric spaces must be complete.

5. The metric formula offered must be comfortable for calcula-
tions.

Unlike common numbers, the fuzzy numbers are complex ob-
jects with different characteristics. The distance between these

numbers is calculated from the distances between different
characteristics [5]:

ps(A B) = X%, Bipi (X5, XE) ) 1)

where0 <3, <1,1<i Sn,zp’i =1
i=1

Here the coefficients B; reflect the significance of different char-
acteristics of fuzzy numbers A and B, which are correspondingly
marked as X} X ,%(1 < 1 < n). The characteristics of fuzzy numbers
may be center of gravity, support, membership function, geometrical
center of gravity etc. Metrics inputs by formulae (1) generate various
metric spaces. The calculation methods of §; coefficients, as well as
completeness of these spaces have been considered in several works
[5]. Let us suppose that we have two fuzzy numbers: A, B € F¥ (see
figure 1

Let us p'artition the se_..._nt [0,1] i~** - levels: -
0y, <a,<...ap, <1

Let us determine the minimum and maximum distance between the

A% and B% sets as the following:

LD, —inf p(A%,B%),
HD, =sup p(A“,B“), (2) foralliel..n
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The distance between the A% and B%i sets will be estimated as convex
combination of the distances set by the formulae (2):
P(A“,BY)=y,LD; + 1—y;)HD;,

where0 <y; <1,1<i<n (3)
Using the formula (3) let us determine the distance be-
tween fuzzy numbers A and B, as a convex linear combination of the
distances between the «; levels:

p(AB)=D"" B p(A“,B) (4)

where 0 < a; < 1,0 <Bi<1foralliel..n,

Zﬁl =1 ®)

Therefore, we have determlned the crisp distance between fuzzy num-
bers A and B by means of formula (4) and conditions (5). As we can
see from the determination in formula (4), there are 3 n-parameters:
{aiice, iz (Bidize

Theorem 1. The space Ff in which the metrics has been input by
means of a formula (4)-(5) is complete. As known, for actual intelli-
gence systems [2] (humanistic systems), the membership function
value for fuzzy number A in each xeS; point is a fuzzy number again.
In other words, in reality we deal with fuzzy numbers of the second
types. In each Sz point of the support a new fuzzy number 4, (x) (see
figure 2)

L SEEEEE SIS A AEEEEE SESES
T TRATIIRE SIS FEEEEA I EFESEFESIS
e LSS EE SIS EEEEFEFY LELPET AR LR P EFEIN
EETEFEIET PEERE R LT P TS ELTEFEFFYY LR RS SIS IS,
FELIILELELS CESELIIIES 0 PEEEREFFIEY (FATET LI
SEIELELELS AL R AESESEES LS
CEEE LS LIS AL LS FASEAAE
I < i T 7 A
3 "

Membership function A,(x) depends ony. Let us mark this function
as [z (X,Y). We will select the K of characteristic points

X% whereiel.kin S; support [5]. The same way we will select
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the similar characteristic points Xié for alliel.kin Szsup-

port.
Let us mark fuzzy numbers obtained in Xz points with 7z (X%, y)

membership function as A} for each 1 €1..K . The same way we will
input the B% label for fuzzy numbers obtained in characteristic points
of the B support.

The distance between fuzzy numbers of the second series A and B
will be determined by means of the following formula:

Lk

pz(A,B):Zﬁipz(Azl’le) (6)
i=1

Zk:,ﬁizl,OsEsl, for all i 1.k (7)

i=1
where the p distances in the right side (6) is calculated by means of
formulae (4)-(5).

Therefore, the input formula (6)-(7) determines parametric metrics, in
which 3nk parameters are involved. Except above mentioned parame-

ters it has new K normalization parameters {,[?j};czl.
Theorem 2. The function determined by formulae (6)-(7) is a metric
one.

Therefore, we have metric space of fuzzy numbers of the second series

(F\¥,p,) in which 3nK indefinite parameters are involved. All

these parameters are characteristics of intelligence systems. Setting
the values of these parameters we can obtain various intelligence sys-
tems with independent strategies of decision making.

One of the main problems arising during the study of economic sys-
tems is research and adequate modeling of the human factor. It is
widely known that the main values involved in such systems, being
the foundation for decision making, are fuzzy numbers.

Each intelligence system has its own evaluating system, one of the
main components of which, is metric function, peculiar for this sys-
tem.

Let us input the unified value for all 3nk parameters of the metric func-
tion, determined by the formulae (6)-(7):

-131-



SUNI INTELLEKT TEXNOLOGIYALARI /JI T & AP

TIFICIAL INTELLIGENCE TECNOLOGIES

Vo AEROKOSMIK PROBLEMLOR -2023 W AND AEROSPACE PROBLENS

P={P}',, whereq=3nk
Intelligence system can be characterized by the parameters (8), which
determine the p, metrics, set by the formulae (6)-(7):
IS < [(F§,p2),P] 9)
The P coefficients in system (9) are determined by means of
study in neural networks [5],[6].
Thus, by means of factors P we can approximate the real
intelligence systems or to create systems with in advance certain
properties.
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IMPORTANCE OF ARTIFICIAL INTELLIGENCE BASED

SIMULATION PROGRAMS AND DEEP REINFORCEMENT

LEARNING APPROACHED STRATEGIES

Abstract. The intellectual analysis of data in the era of infor-
mation war, which is expanding day by day on the Internet, has sig-
nificant implications for making effective decisions in any field, from
estimating the profit in any product to political issues. Also, data sci-
ence and intelligent data analysis applications have wide application
possibilities in systems simulation issues.

Keywords: simulation, DRL approach in simulators, strategies
in simulators.

Giris: Mobil totbiglor 5G texnologiyasinin yaratdigi imkanlar
sayosindo movcud olan on miirokkeb vo somoroli miihondis
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sistemlorindon birino ¢evrilmisdir. Tipik miiasir Verilonlor bazasi
sistemlarinin minlarle konfiqurasiya parametrlorine malik oldugunu
nozora alsaq, optimal planlagdirmani, konfiqurasiyani vo miixtoalif
saytlar1 6zlinds birlegdiron imummilli mobil sobakads informasiyanin
fasilosiz vo optimal qaydada Otiiriilmasini tomin etmok on ¢atin vo
coxsayli resurs tolob edon miihandislik problemlorindon biridir.

Bu problemi hall etmok igiin sistem saviyyali 5G
texnologiyasindan istifads edon simulyatorlar bir ¢ox saholordo genis
istifads olunur.

Trafik mihitindo artan avtomatlagdirma soviyyasina
osaslanaraq, son bir ne¢s il arzinds ¢ox sayda kommersiya vo agiq
manbali simulyatorlar hazirlanmigdir. Mdveud sistemlarin inkigaf
tempino nozor salsaq, siini intellektin simulyasiya mosolalorine
inteqrasiyasinin  galocokda xeyli yaxsilasacagini prognozlasdirmaq
olar. [1,2]

Hatta, simulyasiyada siini intellektdon istifade yanagmasi

simulyasiyan1 neca gavradigimizla bagli sanayeds paradigma
dayisikliyina sabab ola bilar[3].

Simulyasiya vo Siini Intellekt iki farqli texnologiya yanasmasi
olsa da, bu texnologiyalar ilkin formalarinda bir-biri ilo slagalidir.

Physics-based

Q Custom software
.

¢ 2
4z Y T Off-the-shelf
& simulation software
&% packages
QlﬂLB Custom-built deep learning Al
Digital twin

Sak. 1. DRL-dan istifads edon yiiksak abstraksiya saviyyali
Siini Intellekt simulyasiya strategiyalari

Kompiiter miihondisliyinde simulyasiya real miihiti vo ya masini
toglid edir, Siini Intellekt iso insan intellektini effektiv sokildo
simulyasiya edir[3].

Doarin giiclondirici 6yronms (Deep Reinforcement Learning-
DRL) elo siini intellekt tolim metodologiyasidir ki, burada ovvalcadon
movcud tolim molumat dostindon istifade etmok avozine, sinaq ve
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sohv yolu ils tok bagma dyronmoys imkan verir[4]. DRL-don istifads
edon yiiksok abstraksiya soviyyoli Siini Intellekt simulyasiya
strategiyalar1 asagidaki kimi tosnif edilir (Sokil 1.):

Physics-based simulations - Fiziki abstraksiya simulyasiyalari.
Sistemdo simulyasiya olunacaq obyektlor realligi oks etdirirsa va
proseslor sads struktura malikdirsa on alverisli lisul fizika ganunlarina
osaslanan simulyatorlardan istifade etmokdir. Bu yanagmada real
hoyat sisteminin doqiq simulyasiyasim qurmaq igciin fizika
ganunlarmma osaslanilir. Bununla bels, sistem daha c¢ox cihaz vo
avadanligi shats etdikds proseslor bir godar miirokkablasa biloar.

Custom software - Istifadagi program simulyasiyalar1. Sistemdo
har hansi fizika ganunu  simulyasiyasi tolob olunmadiqda, daha sads
struktur yaratmagq ii¢iin standart programlagsdirma dillarindan istifada
edarok fordi simulyatorlar qurmaq daha alveriglidir. Bununla bels,
bozi hallarda istifadoa¢i program simulyasiyalari ilo Fiziki abstraksiya
simulyasiyalarinin birgs totbiqi daha slverisli notica verir.

Off-the-shelf simulation software packages - Standart
simulyasiya progqram paketlori. Diskret proseslori, texnoloji
istehsallar1 vo daha ¢ox proseslori oshats edan genis tipli sistemlorin
simulyasiyas1 {i¢glin zongin kitabxanalarla mdvcud program
paketlorindan istifads olunur va bu platformalar miixtalif simulyasiya
metodlarini dostokloyir.

Custom-built deep learning Al - Darin 6yronmo asasli siini
intellekt simulyasiyalar1 — Sistemdoki hor bir elementin davraniglarimni
geyds alan vo talim molumatlar1 dasti yaradan sini intellekt osasli
simulyatorlardir. Bu "qara qutu" yanasmasi ¢ox sayda tolim malumati
talob edir. Bununla bels, bu, DRL dyranma mogsadlori G¢lin effektiv
simulyasiya tomin edarkon simulyatorun sistemin mirakkabliyindon
micarrad olmasina imkan verir. Talim malumatlarinin mévcudlugu
problemini hall etmok Uclin an yaxs1 segim sistemin real giris vo ¢ixis
molumatlarmin faaliyyatini dagiq 6lgmakdir. Bu olgllari aldo etmok
Ucin  bu molumatlar1 somarali  sokildo toplamaq Ucun digor
texnologiyalardan istifads etmok lazim ola bilar.

Digital twins - Rogomsal ikilik simulyasiyalari. Ragomsal ikilik
fiziki bir obyekti dogig oks etdirmok {tigiin hazirlanmis virtual bir
modeldir. Bu sensorlar enerji istehsali, temperatur, hava soraiti va s.
kimi fiziki obyektin mixtalif aspektlori hagqinda molumat yaradir,
daha sonra emal sistemino 6tlrdlir va ragemsal niisxays totbiq olunur.
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Bu cur malumatlar olds edildikdon sonra, virtual model simulyasiyalar
aparmagq, performans problemlorini aragdirmaq vo miimkiin inkisaflar1
inkigaf etdirmok (gln istifads edilo bilor, hamisi daha sonra orijinal
fiziki obyekto tothiq oluna bilon doyorli molumatlar oldo etmok
mogsadi ila.
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.TE ROLE OF THE PROFILE OF FUNCTIONAL SEN-
SORIMOTOR ASYMMETRY AND FUNCTIONAL BRAIN
ASYMMETRY IN PREDICTION OF ERRONOUS ACTIONS

OF PILOT

Abstract. The article is devoted to the problem of functional
brain asymmetry as a predictor of the pilot risk behavior. Two aspects
of the problem are discussed: the influence of the functional sen-
sorimotor asymmetry profile and functional brain asymmetry to the
professional activity.

It is shown that there are no “good” type of profiles and that
right hemisphere activity could lead both to the wrong and creative
operations. We need to organize the crew with different types of pro-
files.

[Iporuos noBeaeHws JeTYNKa B SKCTPEMaIbHBIX CUTYAIUAX CTall
O0COOEHHO  aKTyaJIbHBIM, KOTJla BO3HHUKJIO TIOHUMaHHWe, YTO
MIPOTHO3UPOBATh TOBEJIEHUE JIETATENBHOIO alapara MpoIne, 4em
MOBEJIEHUE TOr0, KTO YIpaBiseT 3TUM ammaparom [1-3,5,6,10]. C
OTKpBITHEM (YHKIIMOHAIEHOW aCUMMETPHHM MO3ra Kas3aloch, 4TO
MTOSIBIJICSL TIPOCTON CITOCOO TIPOTHO3a IMOBENEHUS: JIEBOPYKHE JIFOTU
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MEHEe MPHUCIOCOONEHBl K O0OpYIOBAaHUIO, PACCUUTAHHOMY Ha
yIpaBiieHHUEe paBoil pykoit [16,21].

Ho 6osee rimy0okoe u3ydeHre 3TOro SBJICHUS TTOPOAUIIO OOJbIIES
BOIIPOCOB, YE€M OTBETOB. BO-NEpBBIX, MEXIy JEBOPYKOCTBIO U
MIPaBOPYKOCTHIO (KOTOPBIX HE TAK-TO M MHOT'O B TIOMYJISIIUN) JISKHUT
IIUPOKUMA CIIEKTP MCIOJB30BaHMUS PyK B JEUCTBUSX, KOTOPBIA
BKITIOYAET aMOMJIEKCTPHIO U CMEIIaHHOPYKOCTH [11]. AMOuaekcTpus
MpeanoaraeT paBHOe y4acTue o0eux pyk B JiroOoMm neiictBuu. Ho
TOI/Ia JIETYMK-aMOHMIEKCTP MMEET MPEMMYILECTBO Iepel] APYyrHMHU
JICTYUKaMHU, IIOCKOJIBKY OJWHAKOBO JIOBKO YIHPABJIACTCA ABYMS
pykamu. [Ipu u3yueHHH KOHKPETHBIX UCCIIEIOBAHMIN, OKAa3aI0Ch, YTO
Jaxxe B paborax, Ijie TOBOPHTCS MPO aMOUIEKCTPOB, (aKTHUECKU
W3y4aroTcs He JI0JIU, OIMHAKOBO BIIQJICIOIIUE IBYMSI pYKaMH BO BCEX
JEICTBUSAX, HO T€, KTO B OJIHUX JACHCTBUSIX UCIIOJIB3YET IPABYIO PYKY,
a B apyrux — JneBymoo[7]. bomnee Toro, Hambonee OBICTPHI peaKIIuu
OTMEUAloTCs y BeIylIed pyKd B TOM ciydae, eClid Beaymas Hora
Oymer HaxomuThCsa Ha Apyroil cropore [19]. A 3710 3HaumT, YTO
JTAHHBIX O TOM, KaK Be/IeT ce0s1 aMOUICKCTP B CIIOKHBIX YCIOBHSIX HET.

Bonbpmias d4acte ucclaedOBaHUW, OIEHUBAIOIIUX PYKOCTD,
WCIONB3yeT OHY- B€ MpoObl. Ho B ¢akToOpHOM aHAIM3€ BBHISBICHO
Tpu (haKTOpa, OTHOCAIIHUXCS K PYKOCTH: OAWH CBSI3aH C OOYUICHHEM,
BTOPOM - C TEHETUYECKOW MPeapacroiOXKEHHOCThIO U TPETUH- C
0COOEHHOCTSAIMU B3aWMOJEHCTBHS NMBYX pyK. OmHako mpu mopbope
Mpo0 MPaKTUYECKH HIUKTO HE YIUTHIBAET BEIOOP ITPOO TaKUM 00pazoM,
9TOOBI MOXKHO OBLIO paccMOTpETh BCe TpU (PakTopa MpU W3YIEHUH
pykocta [12]. A »3TO 3HAYUT, UYTO, BBHISIBUB TEHETHYECKYIO
MPeapacloiOKEHHOCTh, MOXXHO He y4ecTh 3¢ (EeKTHUBHOCTH
B3aMMOJICHCTBUS WIIN NIEpEyINBAHUS B IETCTBE.

Kpome pykoctu acuMMeTpust KacaeTcs 3peHust U ciyxa. Ecinu Mbl
OLIEHWBAEM TOIIbKO PYKOCTh, HE YUUTHIBAS JBA JPYTUX MapaMeTpa, TO
MBIl HE 3HaeM, KakK IOBeNeT ceO0sl JIETYMK-TIpaBIIa, y KOTOPOTO
BeIyIlee yXO JIeBOoe, IMoiydas WHPOpPMAIMIO OT JuclieTdepa. Jra
rH(opMaIus ToKHA OyIeT IPONTH Yepe3 MO30JIMCTOE TENO, IPEXKIe
4YeM OHa Ha4yHeT YMPaBJsITh MpaBoil pykoi. To ke OTHOCHTCS U K
3penuto: 40% mronel umeer Benymui seBbld a3 [18, 20]. Oto
03HAYaeT, 4To Yy MPaBOPYKOro JIETYNKA MOTYT OBITh BEIYIIHE JIEBhI
TJ1a3 ¥ JIEBOE YXO U TOT/Ia B CUTYAIlUH, KOT/Ia BCE 3aBUCHUT OT KPaTKUX
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MTHOBEHUI, 3TO MTHOBEHHE MOXET OBITh 3aHATO TMepeaaden
WH(POPMAITUK U3 OJHOTO MONYIIAPUs B APYTOE.

Ucxons w3 BhIIIECKa3aHHOTO HAWIYYIIMM HPETEHACHTOM B
JIETYUKH OyJIeT YeIOBEK, Y KOTOPOro BCE MOKa3aTedn B MOTOPHOH U
CeHCOpHOI cdepe- mpaswie. Torna nHGopmanus U3 pa3HBIX OPraHOB
YyBCTB ObICTpee Bcero OyJer mepelaHa Ha pPyKy, COBEpIIAIONIYIO
neiicteue. Ho okasbiBaercs, 4To y JIr0JeH, Y KOTOPBIX BCE IapaMETPhI
npaBble, TpaBas pyka d(QQeKTUBHA TOJBKO MPU MaHWUMYJSIIWH, a
CUJIOBBIE JICHCTBUA JIydIll€ COBEPIIAIOTCS JIeBoU pykoi [12]. B atom
cllydae COBCEM He 0053aTeNbHO, YTO YeJIOBEK ¢ aOCOIIOTHO MPABBIMH
MpHU3HAKAMH OKa)KeTcst 3PPEKTUBHBIM IPH aBAPUIHHOM MMOCajIKe.

Kpome acummerpuu, BBIpaXCHHOH B  MepuUepUIECKUX
MpU3HaKaxX,  3HAYUTEIbHOE  BiAUSHHUE Ha  3((EKTUBHOCTH
JeTeIbHOCTH OKa3bIBaeT (PyHKIIMOHATbHAS aCHMMETPUS MOTyIIapuii
Mosra. Eciu eme HekoTopoe BpeMsi HazaJ Ka3aJioch, YTO JIEBBIN
npoduiib CBsI3aH C OOJNbIICH aKTUBHOCTHIO MPABOrO TONYIIAPHUS, a
MIPABBIi - JIEBOT'O, TO TEIEPh MbI 3HAEM, UYTO aKTHBHOCTb MOTyIIApUN
OIIPEENsIeTCs. BUJIOM JIESITEIBHOCTH U I0JIOM U HE CBA3aHA C TUIIOM
npod TSt PYHKITMOHATEHOW CEHCOMOTOPHON acuMMeTpuu [14].

MakcuManibHOE KOJIMYECTBO JIIOACH ¢ MpaBbIM HpoduiiemMm
00HapyKeHO BOBCE HE CpeIu MY)KYMH, a CpeAu >KeHIIMH. U saTomy
ecTh IpOocTOe OHMONOrMYecKoe OOBSCHEHHE: JIEBOE MONyHIapue
OTBEYAET 3a BCE IIOCIENOBATENbHBIE MPOLIECCH], HAPUMEp, peub, a
TAKXKe 38 HUKINYECKHE (HYHKIUH, KOTOPBIMH Y KCHIIUHBI SBJISIOTCS
MEHCTPYaJbHBIA IMKJI U OepeMeHHOCTb. [Ipu 3TOM y JKEHIIMHBI
MPAKTUYECKH B KaXIOW AEATEIbHOCTH YYacTBYIOT 00a MOIyIIapHs,
TOra Kak y MYXYMHbBl B MAaKCHUMAaJbHOM CTEIEHH BbIpa)keHa
(yHKLIMOHANbHAS ACUMMETPHS MO3Ta, MPOSIBIIAIOLIASICSA B TOM, UTO 32
JIOTHYECKHE MpOLecChl B OOMNbIIEH Mepe HECeT OTBETCTBEHHOCTH
JIeBOE TONyImiapue, a 3a sMonmu — mpaBoe [4]. bomee Toro, B
CTPECCOBOI CUTYaIlMM UMEHHO Y MY)KYMHbI OOJBIIYI0 aKTHBHOCTh HA
cebs Oeper mpaBoe nomymiapue [12].

Crpecc y nerynka MOXKET ObITh HE TONBKO B IOJIETE, HO U B
XKHU3HH. J[muTenpHOE COCTOSHME cTpecca U HEBO3MOXKHOCTh
paspelieHusl OmnpenesieHHO MPOoOIeMBl MOXET IPHUBECTU K
COCTOSTHHIO HE3aBEpIICHHOH ajanTaliy, KOTOpoe OOHApYKUBaeTcs B
JUTUTENbHONW aKTUBALMM IIPABOr0 MOMYIIAPHS U BKIIOUYEHHOCTH €ro B
MoOyI0 AESTeNbHOCTh, a TAKXKE Ha MCHUXOJIOTMYECKOM YPOBHE - B
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HEBPOTUYECKUX CHUMIITOMAX, MPEHATCTBYIOMUX dS(hHEeKTHBHOMY
BBITTOJIHEHUIO IpOodeccCoHaNbHbBIX AciicTBUH [12].

Mpbl ynoMuHa M YXe aMOMIEKCTPOB, HO OKa3bIBaeTcs, 4TO B
CTPECCOBOI CHUTYaIMH JIFOJIU C JIEBBIM ¥ CUMMETPHUYHBIM TpoduiIeM
(B ToM umcne amOHAEKCTpH) B Ooibliell Mepe OOHApYKHBAIOT
MPaBOMOIYIIAPHYIO aKTUBHOCTS [19], Torma kak ueM MEHBIIE JIEBBIX
MPHU3HAKOB Y MYXYWHBI, TEM OOJbIIE BEPOATHOCTH OoNiee HHU3KON
AKTUBHOCTH OMOIMOHAIBHOTO TMPaBOr0 TONYIIApUsi W BBICOKOM
WHTepQEepeHIIUN C JIEBOrO Ha mpaBoe monymapue. Ho mpaBoe
MoJTyIIapyue OTBeYaeT He TOJIbKO 332 3MOIIOHAIBHOE ITEPEeXUBaHNE, HO
W 3a BbIpabOTKYy HeoObIuHBIX pemienuit [17,20,22]. B atom ciydae
JETYHK C TpPaBbIMH TMPH3HAKAMH OyleT 4YeTKO BBINOIHSATH
WHCTPYKIIUIO, HO HE CMOXET CO37aTh HETPUBUAIBHOE pEIleHHE,
KOTOPOE MOXET B HEKOTOPBIX CHTYaIlUsX ObITh KpaiHE IMOJIE3HBIM.

EcThb eme oy BaXXHBIH acriekT QYHKIIMOHAIBLHON aCHMMETPHH,
KOTOpPBIA MOXET TPUBECTH K YCIOKHEHHIO CHTYallMH TIOJIeTa.
N3BecTtHO, YTO mpaBoe MONyIMIapHe OTBEYAET M 32 BETETATHBHYIO
perymsanuio[8]. V mrogelt ¢ mpaBbiM npoduiieM CyIIECTBYeT Oosiee
BBICOKAsl BEPOATHOCTb BO3HMKHOBEHHUS MHCYNbTOB M MH(papkTOoB. B
TOM 4YHCJIE INPU SKCTPEHHOM pELIEHUH IpoOJIeM B CIIOXKHBIX
JUTMTETBHBIX cuTyamusx [12].

Bce BblensnoxeHHOEe CBUIETEIBCTBYET O TOM, YTO HET THIA
pod TS, HaIeKHO TpeIcKa3bIBaomero 3 (OEKTHBHOCTH YEIOBEKA B
9KCTpeMajJbHON CUTyanuu. bonee Toro, Kaxxaslid U3 HAX obJamaeT u
HelOCTaTKaMHM, U JOCTOMHCTBaMM. Toraa BOIpocC CTOMT O TOM, YTO
OTOMpaTh HYKHO HE JIETYMKOB C OINPEIEICHHBIM THUIIOM IPOQHIIL
(YHKLIMOHAIBHONW CEHCOMOTOPHON aCHMMETPHH, a JIETHBIE SKHUIIAXKH,
B KOTOPHIX HAJIWYME HCKJIIOYUTENFHO MPaBbIX NPU3HAKOB U
CIIOCOOHOCTB JIOTMYECKU MBICIUTH B JIFOOOH CUTyallM Y KOMaHIupa
codeTanach ObI CO CTOCOOHOCTHIO K HETPHUBHAIEHOMY PEIICHUIO Y €ro
IIOMOIIIHMKA. bomee TOro, KaxAasli W3 HHUX JODKEH 3HATh
COOCTBEHHBIE JOCTOMHCTBA M HENOCTAaTKH B CTPECCOBOW CHUTYalluH,
9YTOOBI IPUHUMATh HE €JUHOIUYHBIE, & COBMECTHBIC PEIICHUS.

OpnHako Bce 3TO TpedyeT MPaKTHUECKOH MPOBEPKU B peajbHbBIX
MOJIeTaX MM 3KCIIEPUMEHTAIbHBIX CUTYaLHUAX.
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ADAPTIVE HARDWARE-SOFTWARE COMPLEX FOR
FUNCTIONAL STATE CORRECTION IN PERSONS OF EX-
TREME PROFESSIONS

Abstract. A system for the functional state correction of people
in extreme professions is proposed — a program-controlled turntable
for moving a person in the sagittal plane with different oscillation
periods. The period of table oscillations is determined by the system
with visual biofeedback for controlling the heart rhythm and finding
its own harmonic.

Keywords: hardware-software complex, adaptive feedback,
own (native) harmonic, extreme states
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CrienManucThl, MCIBITHIBAIONIMNE B CBOECH MPOQecCHOHATBHON
NeATeNbHOCTH  (HU3MYecKkue W HWHQOPMAIMOHHBIE IEperpy3KH,
JIOJDKHBI TTOCTOSIHHO TOJJICP’KUBATh BBICOKYIO CTCIICHb MOTHBAIIUH,
BHUMAaHHsS M TOTOBHOCTh K TPHHSATHIO PEUICHHH B YCIOBHUSX
neduimuTa BpeMeHu.

B Hactosmee Bpemsi aBTOMaTH3alMsi, aBTOHOMHOCTH, PEXKHM
peanbHOro BpeMeHW BHepsitoTcss B kubepdusuueckue (Cyber-
Physical) cucTemMsl a’pOKOCMHYECKOH OTpaci — 3TO CHCTEMBI
00paboOTKK JaHHBIX, PUHSITHSL pellleHnH, oOMeHa uHpopManue u
JIp. Pactymuii ypoBEHb «COTPYAHUYECTBA» MEXKAY YEIOBEKOM-
OlepaTopoM M  aBTOMATHKOM Ha  QoHe  (U3MYECKUX U

MCUXO(U3HONIOTHYECKUX Harpy3ok Tpedyer YIIy4ILIEHHUS
SKCIUTyaTalMOHHBIX XApaKTEPUCTUK YEJIOBEKO-MalIMHHBIX
nHTep(deiicoB — MalIMHa OTCIIEKHUBAET KOTHUTHBHBIE COCTOSHUS

ormepaTtopa W amanTUPyeTcss K HHUM, YTOOBI MaKCHMH3HUPOBATh
a3 pexTuBHOCTH paboThl. OOCYKIAOTCSI TAKKE KITFOUEBBIC dJIEKTPO- U
HEHpOPU3NOIOTHIECKHE IapaMeTphl, HCIOIb3yeMble B CBS3U C
KOTHUTHBHBIMH COCTOSIHHSIMH YEJIOBEKa B CHCTEME YIIPaBICHHS, U
MEPCIEKTUBHOCTh ~ MCIIONB30BAaHWA CHCTEM C OHWONOTHYecKOi
obpaTHOI cBa3bio [1, 2].

Ecnm paccormacoBanue mim QuUcOalaHC MEXIY CIOCOOHOCTHIO
YeloBeKa CHPAaBISATHCSA C MCUXOQH3NOIOTHYECKUM HAIPsDKEHHEM U
BBI3BIBAIOIIMMA €r0 TNPUYMHAMH CTAHOBUTCS CHCTEMATHYECKUM,
MOXKET DPa3BUTHCS COCTOSHHE Tepexola B XPOHUYECKHH CTpecc,
SIBJIAFOIUICS 3HAYUTEBHBIM (DaKTOPOM PHCKA Pa3BHTHS Pa3IMIHBIX
3a00NeBaHUil, TAKUX KaK TUIEPTOHUSA, WH(MAPKT, WHCYIbT M JaXKe
BHE3aIHasi CMepTh. UpPe3BBIYAHO BaXKHBIM SIBIISIETCSI TIPOBEIECHUE
WCCIIEJIOBAaHNH, IIeJTh KOTOPBIX — pa3padOTKa «YMHBIX» YCTPOMCTB H
TEXHOJIOTHH, KOTOpEIE paccMaTpuBaIOTCs B KadecTBe
NCcuX0(U3U0JIOrHYecKOH NOMIEPKKH  CTAaHAAPTHOW  Tepamuu
CTPECCOTeHHBIX PaCCTPOMCTB.

B mutepatype onrcano u ompoO0OBaHO Ha MPAKTUKE JOCTATOYHO
METOJIOB OIpeeeHus (hM3HOIIOTHIECKUX MIPU3HAKOB
MICUXO(U3NOIIOTHIECKOT O HAMIPSHKEHUS, OCTPOT'0, SMU30AUYECKOTO U
XPOHHUYECKOTO cTpecca. [l w3ydeHHWs XPOHHYECKOro CcTpecca
TpeOyeTcss KOMIUIEKCHBIA MOMXOA. B OCTalbHBIX Ciydasx peaxiuu
OpTraHH3Ma UMEIOT, KaK MPaBUII0, CPOYHBIA M 00paTUMBIA XapakTep.
B nepBy1o ouepenp pearupyroT cepAeuHO-COCYIUCTas U IbIXaTellbHas
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cuctembl [1-3], B puUTMax TOJOBHOIO MO3ra TakKXKe MPOUCXOISIT
U3MeHEeHHS [3], CMBICT KOTOPHIX HE BCET/Ia OJJHO3HAUCH.

Panee ObUTO TOKa3aHO, YTO OTAENBHBIE BHIBl MACCHBHBIX
JBIDKEHHI/TIEpEeMEIeHn i YeioBeKa B IPOCTPAHCTBE TONIOKUTEHHO
BIUSAIOT Ha TEeMOJMHAMHUKY TIpH  YMEpPEHHBIX Iapamerpax
KoneOaTeNnbHbIX ABMKEHUH TOIBMIKHOIO JIoXKa cTonma (4Jacrora
KoneOaHui, yribl HaKJIOHA HaJl TOPU30HTOM) W HCIONB3YIOTCS B
Tepaiy PasInuHbIX COCTOSHUI [4-6].

[pennaraemplii KOMITJIEKC peaiM3yeT MCUXO(PHU3HOIOTHIECKYIO
TEXHOJIOTHI0, KOTOpas (Ipu HEOOXOAMMOCTH) B COYETAHUHU C APYTUMHU
BUJIaMH  MEAMIIMHCKOM TIOMOIIM TpPHUMEHSAETCS Ul CHATHUSA
MpodecCHOHANBHOrO HampshKeHUs. PexuM peanbHOro BpeMEHU He
npeaycMoTpeH. OCHOBHBIMH — (DH3MOJIOTHYECKHMH  TTOKA3aTeNsIMU
BBIOpPAaHBI XOpOIIO H3YYEHHBIE CONPSKEHHBIE (DYHKIUM JIbIXaHHS
(mHEBMOrpamMMa) W BapHaOeNnbHOCTH  CEpAEYHOr0  pUTMA
(kapauopuTMOrpaMma), TpPH 3TOM IapaMeTpbl KoieOaTeTbHBIX

JIBHOKGHUW  JIO)Ka, Ha  KOTOPOM  (DUKCHPOBAH  4EJIOBEK,
(bu3moornyecku 000CHOBAHBI MTPEABLTYIIIMMH HCCICTOBAHMIMHU [7, 8
u ap.].

PaszpaboranHast HaMH U HCIIONB3yeMas Ha MPOTSHKEHUH MHOTHX
JIET aJanTHBHAS TEXHOJOTHUS OMOIOTHIECKOW oOpaTHOU cBs3m [9, 10
W Jp.] yOeaWTenbHO TIOKa3ala, YTO TEPareBTUYCCKUH IMKII
OWOyTIpaBieHUs TPUBOAUT K BOCCTAHOBIIEHHIO PHTMHYECKOM
CTPYKTYPBl ~CEpAEYHOrO0 pPHTMAa, PUTMOB TOJOBHOTO MO3Ta,
HOPMAJTM3YIOTCS 4acTOTa MyJbCa, apTepUaIbHOE JaBICHUE U JPyTHe
mokazatenu [7, 8]. @DyHKIUMOHAJIbHAS TCHUXO(PHU3INOIOTHYECKAS
KOPPEKINs COCTOSHHS YEeIOBEKa CIOCOOCTBYET TaKXKE€ BBHISIBICHHIO
COOCTBEHHOH TapMOHHKH CEpJEYHOT0 PHUTMa, COOTBETCTBYIOIICH
4acToTe [BIXaTeNbHBIX JBIKEHHH —  KapAuOpecIrpaTopHas
CHHXpOHHW3alus. VIMEHHO dYacrora COOCTBEHHOH TapMOHUKHU
MTOJIO’KEHa B OCHOBY KOJNeOATENbHBIX JBMKEHUH CTOIA.

CTpyKTypa aganTHBHOTO alllapaTHO-TPOTPAMMHOT0 KOMITJIEKCa
MpeJcTaBlieHa Ha pucyHke 1.

B kavecTBe 3IIEKTPOMEXaHHYECKOHW  MOJBMKHOW  YacTH
pa3paboTaHHOTO aNmapaTHO-TPOTPAMMHOTO KOMILIEKCa BBIOpaH
MIPOrPaMMHO-YIIPaBJIsIeMbIii TTOBOPOTHBIN (MEXaHYPTHUYECKHI) CTOI
(3), obecneunBarOIUi TACCHBHO-TMHAMHYECKYI) OPHEHTAIUIO
YenoBeKa B CaruTTaIbHON TJIOCKOCTH OTHOCHUTEIBHO
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TOPU30HTANBHON OCH C Pa3IMYHON CKOPOCTHIO U C LIEHTPOM B TOYKE
KpEeIUIEHUs] JIoKa K HEMOABWKHOW OIope IOBOPOTHOIO CTONA.
[oBoporusiii cron usrotoBieH AO «['O3 OOyxoBckuil 3aBom» B
Cankr-IlerepOypre [11].

1. BnexTpokapanorpad

(¢ \X

3. Cron

2- Menbityemps

— 4. Undpoeo#n
— yrnomep

5. OBuratens

8. Npaesii
KOHUEBOH
nepeknyaTent

6. Neebld KOHUEBOW
nepeknyaTens

7. DazoBbli
npeotpazosaTens

i

9. KouTponnep

> neurarenei

10. ¥YNpaenarHwMi
KOMMLIOTED

> 12. KapaomoTpeHWHr ~{ 11. Opansep cTona

Puc. 1. CmpykmypHas cxema aoanmugHo2o annapamHo-
NPOSPAMMHO20 KOMNIEKCA

Harpy3ka, BbI3bIBacMas NaCCUBHO-IUHAMUYECKON OpUeHTalueil
OpraHu3Ma, MOKET HHAUBUIYAJIbHO JO3UPOBATHCS MTyTEM H3MEHEHUS
CKOPOCTHM ¥ HAalpaBJICHUS JABUXKEHUS U  CONOCTaBIATHCS C
(hM3HOIOTHYECKON peakiuedl W YIJIOM HAKJIOHA Tella dYellOBeKa.
CkopocTh M HampaBlieHHE  HakjoHa  3ajgaeT  (ha3oBbIH
npeoOpazoBarens 7, TONYYarOLMH CUTHAJIBI  YIPaBJICHHUS C
KOHTpoJIUIepa apuraTenei (9).

[lameHT WM UCHBITYEMBIH pacliojaraercsi Ha JIOKE B
TOPU30HTAIBHOM MOoJOKeHHH. [Ipn HE0OXOIMMOCTH WK NP yriax
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HakiIoHa Oonee =+10° KOHEYHOCTH WCIBITYEMOTO AHCTAIBHO
¢ukcupyrorcs. ns HMCKIIOYEHHS TEXHUYECKH WM TMPOLEAYyPHO
HEMPUEMJIEMBIX TIOJIOKEHUH JIO)Ka TPHUMEHEHBl JBa KOHIIEBBIX
nepexoyatens (6 u 8), MepedarolidX CHUTHajd B KOHTPOJUIEp
nBurartens (9) Ans oCTaHOBKM JIBHIKEHUS JIOXKA.

HenpepriBHbIii pusnonornyeckuii KOHTPOIb HYHKIHOHATIBHOTO
COCTOSTHHSI YeJIOBEKa OCYLIECTBIISICTCSI MyTeM OLEHKH MapameTpoB
BapuaOenbHOCTH cepaeuHoro putma (BCP), ompenensieMbix 1o
KapJIMOPUTMOTpaMME B DPEKHME pEIbHOIO BPEMEHH U B
3aBHCHUMOCTH OT yIJla HakKJIOHa JIO)Ka B TPOCTPAHCTBE C
OJTHOBPEMEHHBIM O0ecIiedeHUEM:

— TIPUHATUS pemieHuss 00 aBTOMAaTHYECKOM HpeKpalieHUuH
MPOIIEYPhI TOCTYPATBHOTO BO3ACHCTBHSI Ha HCITBITYEMOI'O HA OCHOBE
CpaBHEHHUS TEKYIMX 3HAYCHHU (PU3MOIIOTHYECKUX TTapaMeTpoB € MX
HOPMATHBHBIMU 3HAYCHUSIMH U TTOJIOKEHUS €T0 B TIPOCTPAHCTBE;

— ¢QopMupoBaHusT W TIiepenade CHUTHalAa O TpPeKpalieHUH
MPOIIeyPbl BO3ICHCTBHS HA UCIBITYEMOI'0 B CHUCTEMY YIPaBIICHUS
CTOJIOM C MUHUMAJIbHOM 3aJIePKKOM.

brok  mmdpoBoro  yriomepa (4) TmpeaHA3HAUCH YIS
JOIIOJIHUTENIBHOTO KOHTPOJISL 3a IOJNOKEHHeM Jioxka. JlaHHBIE ¢
U poOBOro yriioMepa MOCTYIA0T B KOHTPOJLJIEP IBUTATENsl U CIIyXKaT
IUIs1 KOHTPOJISL TTOJIOXKEHUS JI0XKa HCIIBITYEMOTO.

Onextpokapauorpad (1)  dukcHUpoBaH  CIIEIIHATBLHBIMH
cpeacTBaMM I1oJ OOKOBBIM TOPLIOM JIOKa. B Hero mnocrymawoor
JNEKTPOKAPANOCUTHANIBI  MCIIBITyeMoro. B anexTpoxapanorpade
MIPOUCXOMUT  TpeIBapuUTEIbHAs  00pabOTKa d3THX  CHUTHAJIOB
(punpTpanms, ycTpaHeHHE MOMEX) UIS Mepenaddl B YIPaBIISMIOMIAN
kommbioTep (10) Ha BXOx Oioka «KapamoTpeHuHT».

brok 12 «KapanoTpeHHHT» (akTHUECKH SBISETCS MPOTPaMMOit
[9], koTOpast opraHMYHO BCTpOeHa B 00IIyro cucreMy. Ha Bxom aToro
6moka moctynaer anekrpokapauorpamma (OKI') ucmeiryemoro (0gHO
oreenenne). M3 OKI' mporpamma gopMupyeT KapAHOPUTMOTPaAMMY
(KPI'), amamm3upyer €€ CHEKTpalbHBIA COCTaB, BapuabeTbHOCTh
cepaeunoro putma (CP), BapuanuMOHHBIA pa3Max, HOCTOSHHYIO
COCTaBJIAIONIYIO, COOTBETCTBYIOIIYIO  cpenHed  wactore CP,
olpezesieT TapMOHUKY MaKCUMaJlbHOH aMIUIUTYZIBI C MEPUOIOM B
muanazone 0,05 — 0,2 I'm (3-12 BmOX/MHH) Kak COOCTBEHHYIO
rapmoHuky (CI).
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Otn panHble moctymaoT B Onok 11 «JpaiiBep cromax», rae
MPOUCXOAUT (HOPMHUPOBAHUE KOMAHI Ui YIPaBICHHUS YacTOTON
kosiebanuii crona [11], cOOTBETCTByMOIICH YacToTe COOCTBEHHOU
TapMOHMKH, U YIJIaMH HAaKJIOHA BBEPX M BHU3 OT FOPU30HTA, KOTOpPhIE
npornopioHanbHbl ammuTyae CI'. Bo3amoxeH BapuaHT KoJicOaHUN
TOJILKO BBEPX OT TOPU30HTAa M 0OpaTHO. VCHBITYyeMBIil IBIIIMT B
putme CI' B TeueHue NBYX MUHYT (IUIMTEIBHOCTH OJHON MpPOOBI) —
BJIOX TPUIBIDKEHUHM JIOKa BBepX, 3aTeM BbIIOX. [lo 3aBeprieHuun
npoObl TIporpaMMa CHOBa PAcCCUMTHIBAECT YKa3aHHBIE MMapameTphl,
BBIYHCIISIET ko3 urment KPOCCKOPPENSAIUU MEXTY
kapauoputMorpammoii u  CI.  Ecmm  ucmeiTyemMoMy — ynajochk
cuaxponusupoate KPI' m CI, To mporpamma aBTOMaTHYeCKH
YCIOXKHSET 3aJIaHue TI0 JIbIXaHHI0, HallpUMep, MOXKET He Oolee ueM
Ha 5% (He3aMeTHO IS MCHBITYEMOr0) YBEIHYUTH YTOJ HaKIOHA
noxa. Yacrora koneOaHWW TPH 3TOM MOXKET HE MEHSThCS WIIH
n3MeHseTcss Ha Te ke 5% B mo0yl0 CTOpOHY A TPOBEPKH:
cooctBeHHass 1 310 rapmoHuka? Ecim  koaddunument
KPOCCKOPPEISIUN HU30K, TO IporpaMma copMupyer doree JIErkoe
3alaHue — YMEHBIIUT yrojl HaKJOHA TOJIOBHOTO KOHIA JIoka. YTo
Kacaercsl 4acTOThl KojeOaHWH, mporpamMma OyAer MyTéM CMEHBI
4acToT KoJeOaHWH <«I0OMBATHCS» YCTOMYMBOTO TIOBBIMICHHS OT
npoObl K Mpo0e KO3 HUIMEHTa KPOCCKOPPENIALHUY, YTO O3HA4aeT
CHHXPOHHU3AIINIO YaCTOTHI KOJIEOAHU CEpIEIHOTO PUTMA U ABIXaHUS
B puUTMe Konebanwmii crona. KapanopecrnuparopHas CHHXpOHU3AIINS —
XOpOIIMHA JUAarHOCTUYEeCKWH Tpu3HaK. HeoOXommMo MOm4epKHYTH,
9TO B TPOrpamMMy BCTPOEHBI OTpaHUYEHHS, HE TI03BOJISIONINE
(dhopMupoBaThE TapaMeTphl KOJCOAHWH CTONAa, HECOBMECTHMBIE C
BO3MOXKHOCTSIMH KOHKPETHOTO 4eNloBeKa. MemuIMHCKII paOOTHUK,
MPOBOMAIIMI TIpOIEenypy, B JIO00H MOMEHT MOXKET H3MEHHTH
MapaMeTphl, €CIH YTO-TO MMOKA3aJoCh MoA03puTenbHBIM. [Ipu pabore
CTOJIa B aBTOHOMHOM PEXUME aHAIOTUIHBIE OTPAHUYEHUS BCTPOCHBI
u B Omok 11. B ciydae, ecnmu «ommoOnace» mporpamMma, MpOITYCK
CUTHaa 00 OmmrOKe TOMYCTHII MePaOOTHUK, TIPUHUMAETCS pelIeHne
00 aBTOMATHYECKOW OCTAaHOBKE W TIPUBEACHWH CTOllAa B
FOPU3OHTAIBHOE MoNIoKeHue [12].

Pacumpenne  QyHKIMOHANBHBIX  BO3MOXKHOCTEH  CTOJa
(mepemerenrie B TPEXMEPHOM TMPOCTPAHCTBE, IMUPOKUH HAOOP
CKOpOCTE M YIJIOB HAKJIOHA, COOTBETCTBYIOLIEE IIPOrpaMMHOE
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obecrieueHne) TMO3BOJIUT MOACIUPOBATh peajbHbIC TPACKTOPUHU
JBUKEHUS TPAHCIOPTHBIX CPENICTB, B YACTHOCTH, TAHT'AXK, PHICKAHUE,
Kauka u Jp.

Cnucok HCIO0JIb30BAHHOI JTUTEPATyPhI

1.Pongsakornsathien N. et al., Sensor Networks for Aerospace Hu-
man-Machine Systems // Sensors, 19, 3465 (2019);
d0i:10.3390/519163465

2.Attar E.T. et al., Stress Analysis Based on Simultaneous Heart Rate
Variability and EEG Monitoring //Wearable Sensors and Health
Monitoring Systems, \2 9 (2021);
doi:10.1109/jtehm.2021.3106803

3.Rastgoo M.N. et al., A Critical Review of Proactive Detection of
Driver Stress Levels Based on Multimodal Measurements //
ACM Computing Surveys, v. 51, No. 5, Article 88 (2018);
https://doi.org/10.1145/3186585

4.Blanik N. et al., Assessment of Human Hemodynamics under Hy-
per- and Microgravity: Results of two Aachen University Para-
bolic Flight Experiments // Acta Polytechnica, No. 4-5, v. 47. p.
29-32 (2007)

5.Vernon H. et al., Inversion therapy: a study of physiological effects
/I The Journal of the CCA, v. 29, No. 3. p. 135-140 (1985)

6.CepreeB T.B. u co0aBT.,Kommmiekcuoe HCCIICIOBAHHE
(hU3MOTTOTHIECKUX PEAKIINA OpraHW3Ma 9YeIOoBeKa Ha CIIOXKHBIC
MOCTypalibHbIe BO3AeHCTBYsI//Men.akaj. Kyp., T. 21. Ne 4. ¢. 31-
46 (2021); https://doi.org/10.17816/MAJ79459

7. Suvorov N.B., Psychophysiological Training of Operators in Adap-
tive Biofeedback Cardiorhythm Control // The Spanish Journal of
Psychology, v. 9, No. 2, p. 193-200 (2006);
doi:10.1017/S1138741600006090

8.CyBopos H.b. m coaBt., buonormueckas oOpaTHas CBSI3b B
peadunuTanyy Ul TOCTPAJABIINX OT «OPAH)KEBOTO areHTa //
BuoMenuuuHckas paauodaekrponnka, Ne2, ¢. 71-80 (2017)

9.CemuenkoB A.A. u coaBT, KapauorpeHuHr ¢ ¢yHKIHMEH aHanmm3a
BapI/Ia6€J'IBHOCTI/I CEpACHHOro puT™Ma // CBI/I,[[eTeJ'IBCTBO O roc.
peructpauuu nporpammsl ans OBM Ne 2013661210. Peectp
nporpamm ans OBM. 02.12.2013

-149-



SUNI INTELLEKT TEXNOLOGIYALARI AIT& AP
Va AEROKOSMI'K PROBLEMLGR _2023 Lv AND AEROSPACE PROBLEMS

10.

11.

12.

CyBopoB H.b. u coaBT.,YCTpOMCTBO ISl OCYIIECTBICHUS
(byHKITMOHATBHON MICUXO(U3UOIOT HUECKOM KOPPEKITUU
COCTOSIHHS yenoseka//IlaTeHT P® Ne 168975
Ony6snkoBano0:28.02.17, bromn. Ne7.

Tonkaues II.M., Ilanteneee A.B., IlogsszamkoB M.JL
MexaHyprudecKuii CToJ JJIs Maccaka U MaHyaJIbHOU Tepanuu //
[Matent PD 2391084. (2010).

CyBopoB H.b. u coast., Kommuekc i1 perucrpauuu
(pM3HONIOTNYECKUX TapaMETPOB IMAlMEHTa U €ro IMOJOXKSHHS B
TPEXMEPHOM MPOCTPAHCTBE TMPHU CIIOKHBIX JIMHAMUYECKUX
nmocTypaibHbiX Bo3neicTBusx // Ilatenr P® Ne 2712017
Ony6aukoBano 24.01.2020. brox. Ne 3

-150-



pd
SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP

ARTIFICIAL INTELLIGENCE TECNOLOGIES

Vo AEROKOSMIK PROBLEMLOR -2023 W AND AEROSPACE PROGLENS

BEUBJIET-AHAJIN3 U30BPAKEHUI B CUCTEMAX
BE3OIIACHOCTH

Ceemnana Anmouiyk
Ooecckuitl HaYUOHANbHBLU NOTUMEXHUYECKULL

yHUsepcumem, Yxpauna
svetlana_onpu@mail.ru

Oxcana babunynza

Ooecckutl HAYUOHATbHBIL NOJUMEXHUYECKULL
VHUsepcumem, Yxkpauna
babilunga@mail.ru

Anamonunu Hukonenko

Ooecckull HAUUOHATbHBIL NOJUMEXHUYECKULL
VHUgepcumem, Yxkpauna

WAVELET ANALYSIS OF IMAGES FOR SECURITY
SYSTEM

Abstract. The use of wavelet analysis of images for security
system discusses in this article. The localization of specific image
fragments using a two-dimensional filtering based on continuous
wavelet transform is offered. Two-dimensional wavelet filters are
obtained by matrix multiplication of the coefficients of one-dimen-
sional wavelet filters. Technique localization of specific image frag-
ments is offered. Results of testing for different applications are con-
sidered.

Keywords: Computer image processing, localization, charac-
teristic fragments, continuous wavelet transform, two-dimensional
wavelet filters.

-151-



SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP

ARTIFICIAL IN

Vo AEROKOSMIK PROBLEMLOR -2023 A

E TECNOLOGIES
ROSPACE PROBLEMS

[IpoGnema obecnieueHrs 6e30MacHOCTH B chepe aBuaIyu Tpedy-
€T pelIeHus psijia 3a1a4: HICHTU(PHUKAINN TACCAXHPOB IPH BXOJE B
a’pomopT WM AOMyCKe Ha OOpT BO3AYIIHOTO Cy[qHA, ayTeHTH(dH-
Kalli¥ COTPYJHUKOB a3poIopTa MpH pa3rpaHAuCHUH MTPaB JOCTYIa BO
BHYTpPEHHHE IIOMEIEHHS, KOHTPOJs W ydera paboyero BpeMeHU
JIETHOTO COCTaBa, aHaJM3a JOKYMEHTOB COIEpXallux OuoMeTpH-
Yeckyto HHGpopMaluio (Hampumep, OWICTOB ¢ OMOMETPHYCCKUMHU
JaHHbIMU Haccamnpa), 3alllUTbl KOMIBIOTCPHBIX CHCTEM H ceren
a’poIopTa OT HECAHKIIMOHWPOBAHHOTO JIOCTYNa M T.I. DTH 3aJlauH,
HalleJIeHHbIC Ha 00ecriedeHre KOMILIEKCHOM 0e301Mac-HOCTH BO3TYII-
HOI'O TPAHCIIOPTHOTO y37la, PEIIaloTCs C TOMOIIBI0 HWHTEN-
JEKTyallbHBIX MH()OpMaIMOHHBIX crcTeM. Cpenu mocieqHux 0codoe
MECTO 3aHUMAIOT CUCTEMBI, OCHOBaHHBIC Ha aHAIM3€ BU3yaIbHOW UH-
dhopmarmm.

Kak mnpaBwiio, cucrembl aHannM3a BH3YaJIbHOW WH(pOpMAIUK
COCTOSIT W3 Psijia TIOACHCTEM: NpPEeABapUTENbHON 00paboTkKu (ymyd-
INCHUEC KadeCTBa, CHMIXXCHHUEC YPOBHA IIOMEX, HN3MCHCHUC (I)OpMI)I
TIPEICTaBIICHNSA); JIOKATN3aH OOBEKTOB (ITOMCK M BBIJCIEHUE 00-
JACTH MHTEpeca WM TaK Ha3bIBAEMOTO XapaKTEpHOro (parMeHra);
pacrio3HaBaHus (OTHECEHHE 00BEKTOB K ONPENeICHHOMY THITY).

B nanHO#1 paboTe paccCMOTPEHbI OCOOCHHOCTH PEIICHUS 3a1a4u
MOWCKa ¥ JIOKAIHM3AllUK XapakKTepPHBIX (parMeHTOB H300paKeHHS.
[lon xapakrtepHsiM (parmeHTOM OyneM MOHUMAaTh 00JacTh H300-
paXeHHs COOTBETCTBYIOIIYI0 OOBEKTaM, IOISKAIINM PacIo3-
HaBaHWIO (HOMEPHOMY 3HAaKy Ha aBTOMOOWIISIX, MapKUPOBKE Ha TPy-
3ax, Oarake, KOHTEHepax, TEKCTOBBIM HAJMFCIM Ha JTOKyMEHTaX C
pasTUYHBIM (POHOM, BJIIEMEHTaM JIUIA YeIOBEKa U T.II.) C OMpeereH-
HBIMH  TPOCTPAHCTBEHHO-UYACTOTHBIMU  XapakKTepuc-Tukamu. Ha
n300pakeHnH, Takas oOJacTh TPENCTABISIET COOOH KBa3WUIEPHO-
JUYECKYIO TI0CIEeIOBAaTeIbHOCTh WMITYJIBCOB HHTEHCHB-HOCTH H
XapaKTepU3yeTcsl COCPEIOTOYEHHBIMH B JOBOJIBHO PE3KUMU TIeperia-
JaMi WHTEHCHBHOCTH C ompeneneHHod wacroroit [1]. Jms Bwime-
JISHWs TIOCIIeHEH, KaK MoKa3a JIMTepaTypHbIH aHamu3 1ejaecoobpas-
HO TIPUMEHSTH METOJBI, UCIIONB3YIOIINE BEUBIET- MPeoOpa3OBaHUH
[2,3]. Bce oHm 06a3upyloTcs Ha MOCTPOYHON WM TOCTOIO-IIOBOM
00paboTKe M300paKEHNH C UCIOIH30BAHUEM JTUCKPETHOTO WIIA HE-
MIPEPBIBHOTO BEHBIIET-TIpe0Opa3oBaHusl, KOTOPOE MO3BOJSET BHITOJN-
HUTb CErMEHTALUI0 H300PaKEHHSI U OIIPEAEIUTh IPaHULIBl 00BEKTa B
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aHaNmM3upyeMoi cTpoke (wim croméue). s Takux XapakTepHBIX
(parMeHTOB KaK TEKCTOBBIC HAAMUCH UMEIOTCSI METOAWKU aBTOMa-
THYECKOr0 BBIOOpa MacmTaba HENpEephIBHOTO —BEHBIIET-TIPe0d-
pa3oBaHusl, 00ECIICYMBAIOIIIE JTOKATIM3AIMIO TAKOTO (pparMenTa mnpu
pasauYHbIX pasMepax mmpudpTos [4,5]. OmHako mpU 3TOM MpakK-
TUYECKH HE YUUTHIBAIOTCS POCTPAHCTBEHHBIE COOT-HOIICHUS MEKILY
JJIeMEeHTaMHu 00beKTa, T.e. 0cOOEHHOCTH ero (Gopmbl. Yuer hopmbl
00BeKTa ¢ UCIOIb30BAHUEM KOPPESIIHOHHBIX MeTo0B [ 1-3] 3aTpya-
HSIETCS TeM, 4TO OOBEKT MOXET WMETh pa3M4Hble pa3Mephl H
pacIONIOKEHNEe OTHOCHTEIBFHO KOOpJIWHATHBIX oceil. B [1] ommcel-
Baercs noaxon JlaBca (Laws) K BEIUHUCTICHUIO YHEPTETUUECKUX TEKC-
TYpPHBIX XapaKTEPUCTHK C HCIONB30BAaHUEM JIBYMEPHBIX MAcCOK,
KOTOPBI MOXKET MPUMEHSITHCS JUIsl JIOKAJIM3alUU TeKCTYPHBIX (par-
MEHTOB Ha H300pakeHWu. JIByMepHbIE MAacKU BBIYHCIISIOTCS MaT-
PUYHBIM YMHOXEHHUEM COOTBETCTBYIOIIMX OJTHOMEPHBIX MacoK (ycpe-
THSIONINX, MACOK JIJIsT OOHAPYKEHUS Kpas u Jp.) ¢ TpeOyeMbIMU Xa-
paKkTepucTuKaMu. B TaHHOW cTaThe NpPENSIOKEHA METOIMKA JIOKa-
JIM3alMU XapaKTepHBIX (parMeHTOB N300paXKeHUsI Ha OCHOBE JIByMe-
PHBIX BEHBIET-QMIBTPOB, YYUTHIBAIOUIMX IPOCTPAHCTBEHHO-YAC-
TOTHBIE 0COOCHHOCTH OOBEKTOB, Ul IPUMEHEHHS B HHTEIUICKTYalIb-
HBIX HH(GOPMALIMOHHBIX CUCTEMAX.

B mporecce nokanu3anuy XapakTepHOro Qparmenta (ompe-
JeTICHNs] KOOPIMHAT €ro I'paHMil) Ha M300pakKeHUH 4YacTO MC-TIOJIb-
3yercs oTuiIbTpoBaHHOE M300pakeHne. OcHOBHOE TpeOoBaHHE K
MOCJIEAHEMY COCTOUT B MOAYEPKUBAHUM IPOCTPAHCTBEHHO-4ACTOT-
HBIX 0OCOOCHHOCTEH XapaKTepHOro ¢par-MeHra 6e€3 n3MeHEHHSI MacIIl-
Taba M300pakeHHs, YTO B AaJbHEHIIEM I03BOJIUT IPOBECTH BhlJE-
JIeHHe 3TOro (pparmMenTa. s pemenns Takux 3a1a4 B pabore mpemia-
raercs UCIOJIb30BaTh HEMPEPHIBHOE BEHBIIET-IPEoOpa3oBaHUe Ha OC-
HOBE ABYMEpPHBIX BeliBieT-hunbTpos [1,3]. ns nanpHelero pa3su-
tus noxxopna Jlasca (Laws) [1], ¢ ygerom mpocTpaHCTBEHHO-4acTOT-
HBIX OCOOEHHOCTEH XapaKTepHOro ¢parMeHTa, MomdoupaeM JMOO
OJIMH JIBYMEPHBIH GUIbTp, MO0 1Ba OMHOMEPHBIX (IIBTPa (I 00-
paboTKH M300pakeHUs MO CTOJIOIAM M CTPOKAM COOT-BETCTBEHHO).
MatpuuHoe nepeMHOKeHHE KO3(-(pHULINEeHTOB OAHO-MEPHBIX (UIIBT-
poB obpa3yet MaTpuily Ko3((HUITUEHTOB IBYMEPHOTO (PHIIBTPA, C TI0-
MOLIBIO KOTOpPOro oopabateiBaeTcsa n3oOpaxenue. B kauectse onHo-
MepHBIX (DPUIBTPOB MOXKHO MCIIONIB30BaTh BeiiBiieTsl Xaapa, ['aycca,
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0a3ucHble (GYHKIIMY THIIEPOOIUIESCKOr0 BEHBICT-TIpe-00pa3oBaHusl U
npyrue [4,5]. Bo3sMOXHO TakKe HCIONIb30BaHUE (PUIBTPOB, KOTOPHIE
HE SIBIISIOTCS BEHBIIET-QUIBTPAMHU B OOBIYHOM CMBICIIE, HO KOJTHYECT-
BO KOX((HUIIMEHTOB KOTOPBIX, MO)KHO HM3MEHSATH MPH COXPaHCHHH
(bOpMBI UX MMITYJILCHON XapaKTEPUCTHKHU, YTO SKBU-BAJICHTHO U3Me-
HeHHIo MaciuTtaba B BeiiBier-npeodpasoBanun. Ha stane Beigenenus
XapaKTepHOro (pparMeHTa OCyIIECTBISIOTCS MOCTe-T0BaTeIbHBIC O1-
HOMEpHBIC CBEPTKH H300pa)kKeHHUs MO CTPOKaM U CTONOIaM C COOT-
BETCTBYIOIIMMH (puibTpamMu. B 3TOM citydyae Jjisi BBIIIOJIHEHUS OIe-
palmy CBEpTKH MOXKHO UCIIONIb30BATh OBICTPBIE allTOPUTMBI HA OCHO-
Be npeodpazoBanust Dypne. BeliBneT-uiubT-panus ¢ yueToM CBOICTB
npeodpazoanus DOypse:
NG or
rae U (®) — npeo6pazosanue Pypse GparMenTa cTpokn

(cToob11a) H300paKEHMS;

WX, S) — Gasuchas QyHKUMS BeHBIET-QUIBTPA.

ANBTEpHATHBHBIM pEIIEHWEM SBIISIETCS ABYMEpHAs CBEpPTKa
HCXOHOTO H300paKEHHS ¢ IBYMEPHBIM GribTpoM. MeToika Jioka-
U3 XapaKTepHBIX (pParMEHTOB H300paKeHHS HAa OCHOBE
JBYMEPHBIX BEUBIIET-QUIBTPOB NPEAIONaraeT BBITIOJHEHHE CIIETy-
OIINX ATAIOB!

Oram 1. HcxomHoe — m3o0pakeHne  mpeoOpasyercs B
TTOJTyTOHOBOE.

Oram 2. Jlias cxatrs AMHAMMYECKOrO AMara3oHa U ociaadies
BIUSHUS MYJIbTHUILNTMKATUBHON TTIOMEXHM OCYIIECTBISIETCS JIOTapH-
(bmmgeckoe mpeodpa3oBaHe HHTECHCHBHOCTH U300paKeHHS.

Oran 3.  OcymecTBisercs HOpMaJTH3aITHs 3HAaYeHUU
WHTEHCHB-HOCTH TTOTYYEHHOTO H300pakeHnst K nuana3ony 0-255.

Oran4. BrImomHseTcS cBepTKa HOPMAIM30BAHHOTO HM300pa-
XKeHus ¢ BeiiBier ¢uiabTpoM. Bo m3bexanme kpaeBbix d(dexToB
Tepes] CBEPTKOM H300paXKeHne PacIINPSIETCs IO KpasM Ha BETUYHHY,
OIpeNeNsIeMyI0 COOTBETCTBYIOIIMMHA pa3MepaMu Macku (puiIbTpa.

Oran 5. OcyuiecTBiseTca MOACYET YHEPTrUU 3HAUECHUN HHTEH-
CHUBHOCTH M300paXEHUS B MPENeNax CKOJIB3AMIEro (C MepeKphITHEM )
OKHa, pa3Mepsbl (B MUKCEIX) U (hopMa KOTOPOTO COOTBETCTBYIOT JIO-
KanuzyeMomy o0bekty. [lomydeHHoe 3HaueH e JHEPTUHN B JIOKAITbHON
obmactu (B Tpenenax OKHA) IMPUCBAMBAETCS B PE3YJIbTHPYIOIIEM
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M300paXEeHWHU THKCEII0, KOOPANHATEI KOTOPOro COBIAAAIOT C KOOp-
JMHATAMH JIEBOT'O BEPXHET0 yria OKHA.

Oran 6. Omnpenensiercss MaKCUMAallbHOE 3HAYCHUE WHTEH-
CHBHOCTH B IIOJIYYCHHOM I/I306pa)KeHI/II/I " €ro KOOpANHATHI.

Oran 7. Ha ocHOBaHMM HalJICHHBIX KOOPIUHAT MAaKCUMyMa U U3-
BECTHBIX pPa3MEpPOB OKHA OMPEAENseTCs] PAacloIOKEHUE JIOKAIU3Y-
eMOoro o0beKTa Ha UICXOAHOM H300paskeHnd. Kak npaBuio, B pak-TH-
YCCKUX MPUIOKCHUAX U3BCCTHBI HC TOJIBKO pPa3sMEphI O6’I)CKT3, HO U
OpPHCHTHPOBOYHAs O00JACTh €ro pPAachojOKEHHs, YTO MO3BOJISIET
YCKOPHUTB MPOIIECC JIOKAIU3AIIMK 3a CUET OTKa3a OT 00paboTKU yJacT-
KOB M300paKeHHsI, T/Ie 3aBEJOMO HE MOXKET ObITh WHTEPECY-IOIIEro
Hac oObekTa. Mcmonb3oBaHne KOMOMHAIIMN Pa3iMuHBIX (DUIIETPOB
JUIsE 00pabOTKK CTPOK U CTOJOIOB M300pakeHUs CIIOCO0-CTBYET I10-
BBIIICHUIO TOYHOCTH JIOKAJU3al[MM XapaKTEePHbIX (hparMeH-TOB Ha
n3obpaxeHuu. [lodydeHHbIE TEOPETHYECKHE pe3yIbTaThl ampo-
OMpOBaHbBI IPY PeaIU3aI|MK IPOLIECAYPHI JIOKATHU3AIMH XapaKTep-HbIX
q)paI‘MeHTOB I/I306pa)KeHI/I$[ B PA3JIMYHBIX IMPUKIIAAHBIX CUCTEMAX IIPHU
pacro3HaBaHWU: HOMEPHBIX 3HAKOB Ha aBTOMOOWIISIX, MapKH-POBKU
Ha JKEIE3HOJOPOKHBIX BaroHaX WM KOHTEHHEpax, TEKCTOBBIX HaJ-
MUCced Ha YMaKOBKaX € Pa3UYHBIM (DOHOM, SJIIEMEHTOB JIUIIA YeNO-
Beka U T.I1. [IpuMepsl JToKann3aiun XapakTepHbIX parMeHToB Mpec-
TaBJICHHI Ha puc. 1.

r hi§ e
Puc. 1. [Ipumeps! TOKaM3anuy XapakTepHbIX (pparMeHTOB
JU71st TOKaIM3aIiy XapakTepHbIX ()ParMeHTOB Ha U300PayKEHUSIX
(puc. 1 a, r) BHcroNb30BaNKCH ABYMEpHBIE (GUIBTPHI pazMepom 2515,
MONy4eHHBIE MAaTPUYHBIM yMHO)KEHHEM BeliBiera [aycca (mepBas
npousBoAHas QyHkuuu ['aycca — B3ATO 25 OTCUETOB Ha MHTEpBaje
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[4 4]) u runep6onmueckoro BeiiBnera (5 orcueroB Ha uHTEepBaie [0.5
-0.5]). Ha puc. 1, 6, 1 mokazaHsl W300pa)keHus!, MOTyYeHHBIE B pe-
3yJIbTaTe BBHIYMCICHHS HEPTHH B CKONB3SIEM OKHE (3Tam 5 Mero-
nukn). Ha 3TuX pucyHKax OTYETJIMBO BHIHBI 00JacTH, COOTBETCT-
BYIOIIIIE MAaKCHMaJbHBIM 3HAUYEHHSM WHTEHCHBHOCTH, OIpee-
JISIIOIIME TIOJIOKEHHE XapaKTepHbIX pparMenToB (puc. 1 B, e). [Ipu He-
00XOOMMOCTH BBIICIUTh HECKOJIBKO XapaKTEePHBIX (parMeHTOB
HEOOXOJIMMO IociIe OOHAPYKEHHsI TTepBOro pparMeHTa OOHYIUTh UH-
TEHCHBHOCTH COOTBETCTBYIOIIETO YUACTKa HAa N300paKEHUU DHEPTHH
Y BHOBB BBITIOJIHUTH IOMCK MaKCHMyMa MHTEHCUBHOCTH.

BoeiBoabl. IlpemnoxkeHo g  JIOKaJIW3allUA  XapaKTEPHBIX
(¢parMeHTOB Ha M300pa’KEHUH WCIOJIL30BATh JBYMEPHYIO (QHIBTpa-
IIUI0 Ha OCHOBE HEMPEPHIBHOTO BEHBIIET-PE0Opa30OBaHusI.

JiBymepHbIe BeliBieT-QUIBTPBI MONYyYEHbI MATPHYHBIM YMHO-
XKEHUEM KOX(PQPHUIIMEHTOB OJHOMEPHBIX BeHBIeT-QUIBTPoB. X
MpPUMEHEHNE MPUBOJUT K MOJYEPKUBAHUIO 00JacTe M300paKeHHs,
COOTBETCTBYIOIIUX (hparMeHTaM C 3aJJAHHBIMHU XapaKkTepucTHKamMu. B
JagbHEHIIIEM HAaXOOUTCS MAaKCHMyM JHEPIUH WHTEHCHBHOCTU IIHK-
celell B mpezenax, 3a1aBaeMbIX HEKOTOPBHIM OKHOM (B IPOCTEHIIEM
CITydae IPsIMOYTOIBHBIM ), CKOJIB3SIIIAM 110 OTUILTPOBAHHOMY H300-
pakenuto. [To KoopauHAaTaM MakCHMyMa M M3BECTHBIM pa3MepaM OK-
Ha BBIIOJTHACTCS JTOKAJIN3AIMs XapaKTepHOro (hparMeHTa.

B 3aBucuMocTH OT TmOCTaBIIEHHOW IeMM OOpabOTKA M Xapak-
TEPUCTHK BBIIEIIEMBIX (parMeHTOB M300pa’keHUs, MPe-I0-KEHO
UCTIONB30BaTh KOMOWHAIMHM Pa3JIMYHBIX OJHOMEPHBIX BEHBIET-
¢unsTpoB (I'aycca, Xaapa u 1p.) ¢ COOTBETCTBYIOIMMH MacIITaOaMH.
[Tpu 3TOM BO3MOKHO HCIIONB30BaHUE (DHUIIBTPOB, KOTOPHIE HE SBIIS-
I0TCS BeHBIET-(pHIBTpaMu B OOBITHOM CMBICTIE, HO KOJTHYECTBO KOI(-
(UIMEHTOB KOTOPBIX, MOKHO U3MEHSTH IIPU COXPAHEHUU (OPMBI UX
UMITYJIbCHOM XapaKTePUCTHKH, YTO SKBUBAJICHTHO H3MEHEHHUIO MACIII-
Taba B BEeHBIET-TIPe0Opa3OBaHUM.

PazpaboranHast MeToquka JOKaTW3allill XapaKTepHBIX (par-
MEHTOB Ha OCHOBE BEHBIIET —TIpe0Opa30BaHUsI SBIIIETCS 0A30BOW IS
MIOCTPOCHUSI CUCTEM aHaJM3a BH3YaJbHOW MH(OPMAIMU ITTO3BOJISET
BBIJICIIUTh HHTEPECYIOIHI 00BEKT, COKPATUTh BPEMsI pacliO3HABAHHS
M300pakeHus PU aBTOMATUIECKOH 00paboTKe, 4TO OCOOEHHO BaJKHO
IPU TIOCTPOCHUH HWHTEIUIEKTYAIBHBIX WH(OP-MAMOHHBIX CHCTEMax
115 obecniedyeHns 0e30MacHOCTH B cepe aBHaLIH.
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DEVELOPMENT TRENDS INTELLIGENT TECHNOLOGY
RFID PECULIARITIES PERSPECTIVES IN THE ISSUE OF

BAGGAGE HANDLING IN INTERNATIONAL AIR TRAF-

FIC
Abstract. This article talks about the development of the transport
system of the Republic of Azerbaijan in general and the air transport
system in particular, is becoming the main factor in improving the
living standards of the population, as well as the development of the
country's national economy.

Pasputue TpaHCOpTHOM crcTeMbl A3epOaiikanckor PecriyOnuku B
L[EJIOM U CHCTEMBI BO3JIyLIIHOT'O TPAHCIIOPTA B YACTHOCTH, CTAHOBUTCS
OCHOBHBIM (DaKTOPOM HOBBILICHHS YPOBHS KU3HU HACEIEHHS, a TaK
e Pa3BUTHS HALMOHAJIIbHON 3KOHOMMKH CTPaHBbIL.

MexayHapoIHbIE a3POIOPThI, KAK YaCTh BO3YIIHON CUCTEMBI,
SIBJIICTCSl  Ba)KHEMIIMM KOMIIOHEHTOM HalMOHAJbHOW HH(ppacT-
PYKTYpPBI CTpaHbl. PBIHOK MeXIyHapOIHBIX BO3AYIIHBIX [IEPEBO30K B
Azepbaiimkanckoil PecryOmike pa3BuBaercsi OBICTPBIMH TEMIIAMH,
YTO U 00s3bIBa€T HEOOXOAMMOCTh BHEAPEHUS COBPEMEHHBIX OTpac-
JIeBBIX peIIeHUH i obecneyeHus: 3QpPpekTuBHON U OecriepeOoiHoN
paboThl a3pOMOPTOB, a TAKKE YJIYUIICHUS] KaueCTBa OOCITY>KUBAaHUS
MaccaXupoB. I3BECTHO, YTO OJHMM M3 OCHOBHBIX IOKa3aTenen
YPOBHS OOCIYXHMBAaHUSI B a3pONOPTY AJS MMAaCCaKUPOB, SIBIACTCS
Ka4yecTBO M ObIcTpoTa mporecca oopaboTku Oaraxa.

Jnst Toro 4roObl 3TOT MPOLECC IPUTBOPUTH B )KHU3HB, UIMEETCS
P MOJIOKEHUH, N3yYeHNnE KOTOPBIX HEOOXOOUMBI B MCCICAOBAaHUU
cucreMbl 00padoTku Oaraxka. CyliecTByeT HECKOIBKO HE3aBUCHMBIX
OTpPAaCJIEBBIX OpraHU3allMi, KOTOPHIE CBS3aHbI C a’poONOpPTaMHU U
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MOMOTal0T B ONpEAeNiCHMH CTaHJAPTOB, HCIOJB3YEMBIX IpU
WCCIICJIOBAHUN CUCTEM 00paboTKU Oaraxa.

Mexnaynapoguas Opranmzanus ['paxganckoii  ABuanuu
(ICAO) paszpabaTbiBaeT MEKIyHApOAHBIC CTAHIAPTHI M PEKOMEH-
ayemyto npaktuky (SARPS) mist BO3IyIIHOTO TpaHCIOPTa, KOTOPbIE
ONMCBIBAIOTCA B MTPHUJIOKCHUAX.

B npunoxenuun 14 ocHOBHOE BHUMaHUE YICIACTCS BOIIPOCAM
MPOEKTUPOBAHHUSI a9POJPOMOB, TOT/IA KaK B MPHIIOKEHUU 9 OCHOBHOE
BHUMaHHE yJeNsieTcs BOINpOCcaM YHpOILIeHUs (QOpManbHOCTEH,
pasinunga MEXKAY HalWOHaJIbHBIMH IIpaBUJIaMHU U HpaKTHKOﬁ
JIOTOBapUBAIOIINXCsl TocyaapcTB. COrnacHo 3TOMY MPUIIOKEHUTO JUTs
YIPOIIEHUS ¥ YCKOpEHHUs O(OPMIICHUS JIUI], NMPUOBIBAIOIIMX HIIN
Y6BIBaIOIlII/IX BO3AYIIHBIM TPAHCIIOPTOM, rocyaapcTraa JOJI’KHBI
IIpUHHUMATH IIpaBHJIa aBHaHHOHHOﬁ 6630HaCHOCTI/I, IOrpaHUYHOI'O U
AMMUIPALIMOHHOIO  KOHTPOJIs,,  COOTBETCTBYIOIME  YCIOBUAM
BO3IYIITHBIX TIEPEBO30K U MMPUMEHSTE UX B a3POIOPTY TAKHM 00Pa3oM,
9TOOBI HE J0IYCKaTh U3JIMIITHUX 3aJCPIKEK ITaCCaKNpPOB.

IIpuopurerHoii  3amaderi  EBponeiickori  KoHbepeHniuun
I'paxxpaHckoi ABuanuu (ECAC), riae MpeacTaBiieHa
AzepOaiimpkanckas Pecrrybmuka sSBISETCS MPOCKTHPOBAHUE CHCTEM
00paboTku Oaraxka ¢ HauboJIee IOTHBIM JTOCMOTPOM.

Mexaynaponusiii CoBer AspomnoproB (ACI) paccMmarpuBaer
BOINPOCHl Pa3BUTHUS  CTAaHAAPTOB W PEKOMEHJAIUM, OTpaciieBOu
CTaTHCTUKA W WH()OPMAIMOHHBIX COOOIMIEHWH [0 ONTHMH3ALUN
MIPOIIECCOB 00pabOTKK Oara)ka B a3pomopTy.

Heobxomumo oTMeruTh poib EBpomeiickoro AreHTcTBa
bezomacHocTn ABwnarumn (EASA), KaK OpTraHU3aIHI0
OTCIIEKHUBAIOIIYIO BHEIPEHNE CTAHAAPTOB IIOCPEACTBOM HHCIIEKITUH B
cTpaHax-uwieHax EASA wu o0ecrneywBaionyr0o TEXHUYECKYIO
AKCIIEPTU3Y, TOJATOTOBKY MEPCOHANA U HAYYHO-UCCIEAOBATENBCKYIO
JeSITeTbHOCTh. ATEHTCTBO paspabartbiBaeT oOmIEe MpaBHiia IO
0e30MacHOCTH aBWAIIMM W 3allTe OKpYXKarolled cpeasl Ha
pernoHanbHOM (eBporierickoM) ypoBHe. CIIPaBOYHUK TIO0 Pa3BUTHIO
asporioproB  (Airport  Development  Reference  Manual)
BBIITYCKaeMbIM ek TyHapOaHOU Acconuanmeit BoznymHoro
Tpancriopra (IATA) comepkutT WHPOPMANHIO 1O TUIAHKPOBAHUIO
MMPOEKTUPOBAHUS 0araKHOW CHUCTEMBI. COOpHUK  PE30ITFOIIHIA
KoH(pepeHIuii mo obcmyxuBaHUio maccaxupoB (Passenger Services
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Conference Resolutions Manual) coxgepxutr pesomonuu  H
MPAaKTUYECKUE PEKOMEHJAllMd B OCHOBHOM 10 HH()OPMAIMOHHBIM
TEXHOJIOTUSAM MpHUMEHSEMBIX B ajpornoprax. Pa3paboTaHHBIN
Coserom IATA «Airport Handling Manual» (AHM) no HazemHOMy
00CIyXKMBaHHUIO TPEAHA3HAYEH Ui OOECTIEYeHUs] OAHHMX M TeX Ke
CTaHJapTOB KauecTBa U OE30MaCHOCTH B a9POINOPTax 10 BCEMY MHPY.

CrangapTtel, pa3pa0OTaHHBIC MPOU3BOMUTEISIMU  CUCTEMBI
0o0paboTku  Oaraxa TIpM  TPOCSKTHPOBAHWH, TaKKE HMMEIOT
HEMaJIOBa)XKHOE 3HAYCHHE MPH HCCIENOBAHUU STHX BOMPOCOB. B
chepy kommereHiuii IATA BxoauT paboTa ¢ TpPaHCIOPTHBIMH
ABUAI[MOHHBIMA KOMITAHUSIMH U a3pOIOpPTaMH, 4YTOObI paboTa
oTpaciu Obuia Oe3onacHol, NpuObLTLHON 1 AP QekTuBHON. [TpunsiTHe
nokymenta RP1740C otkpbiBaer nepcrekTuBy npuMenennro RFID —
TEXHOJIOTWH B CHCTEMax YIpaBlIeHUs TPAHCIIOPTUPOBKOHN Oaraxa B
a’poropTax.

Hoxymenta RP1740C mnpencraBui mpoOJieMHBIH KOMHUTET
Joint ATA/IATA RF Interest Group/RFIG, kotopsrii chopmyupoBa
OKOHYATEIbHBIC TpeOOBaHUs K RFID-texuomornu,
PEKOMEHI0BAHHON JUUIsI MAPKUPOBKH U CIIEKEHUS 3a IepeMeEleHHEM
Oaraka aBHANACCAKUPOB. OITOT K€ KOMHUTET chopmynupoBai
kputepuu st ceprudpukanuu texnonorun RFID, xoropyro cnemyer
UCIOJIB30BaTh  JUIA  CJIEXKEHUS 3a IepeMelleHueM  Oaraxa
aBUAIACCAKUPOB.

Jluteparypa.

1. AxepmoBa C.I. PpHOK U KOHKYpEHTOCIOCOOHOCTH
MPOMBINIUIEHHOW — mpomykmuu — AsepOaiimxana. I3sectus AH
Azepbaiimkana Ne 1-4, baky, 1997.

2. MeipoB O.B. Pa3BuTne WHHOBAallMOHHOW JEATEIHHOCTH
MPEeaNpUATAH  aBHAIIMOHHOW  WHQPACTPYKTYphl, KaK OCHOBa
MIOBBIIIIEHUST UX KOHKypeHTocnocobHoctr, M. 2005.

3. ManenpkoB FO.A. PblHOWUHast HIKOHOMHKAa  CHCTEMBI
BO3AyIIHOTO Tpancnopta, C.-Ilerepdypr, 1995.

4. KappipoB I'.A. dopmMupoBaHWS WHHOBAIIMOHHON CHCTEMBI
Azepbaiimkanckoit Pecnyommku. Ussectmss AH  AszepOaiimkana,
cepust OkoHoMHuKa Ne 4, baky, 1998.

-160-



P
SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP

. ARTIFICIAL INTELLIGENCE TECNOLUG.‘FEI
Vo AEROKOSMIK PROBLEMLOR -2023 &v AND AEROSPACE PROBLEMS

PROSPECTS OF APPLICATION OF ARTIFICIAL
INTELLIGENCE TECHNOLOGIES IN ENSURING
AVIATION SECURITY

Ruslan Rustamov

National Aviation Academy, Baku
rrustamov@naa.edu.az

Ali Rustamov

Student of Azerbaijan State Oil and Industry
University, SABAH Groups
alirustamov691@gmail.com

AVIASIYA TOHLUKOSIZLIYININ TOMIN EDILMOSINDO
SUNI INTELEKT TEXNOLOGIYALARININ TOTBIiQi PER-
SPEKTIVLORI

Xiilasa. Moaqaloda siini intellekt texnologiyalarimin aviasiya
tohliikasizliyinin tokmillagdirilmasinda rolu vo onun bu sahada tatbiqi
perspektiviori tohlil edilmigdir. Stini intellekt texnologiyalarindan
istifada etmakla aviasiyada tohliikonin askarlanmasi, biometrik iden-
tifikasiya, kibertohliikasizlik, iiz tanima imkanlarinin miimkiinliiyii
miiayyan edilmisdir.

Introduction. Nowadays, aviation security is undergoing a rev-
olution thanks to artificial intelligence (Al) technologies. Al is boost-
ing threat detection, streamlining passenger screening, and improving
overall security by leveraging the power of machine learning, facial
recognition, and predictive analytics. These intelligent systems are
revolutionizing airport and aircraft safety by identifying potential risks
and examining behavior patterns. In terms of aviation security, human
discretion, knowledge, and moral considerations still matter greatly.
Al should be viewed as an additional tool to strengthen security pre-
cautions and increase general effectiveness [1-4].

The purpose of the article is to analyze the role of artificial in-
telligence technologies in improving aviation safety and to determine
the prospects of its application in this field. For this purpose, the ben-
efits, challenges and ethical issues of artificial intelligence in threat
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detection, behavioral analysis, biometric identification, risk assess-
ment and mitigation, cyber security, facial recognition, regulatory and
ethical considerations have been explored.

Threat identification. It takes strong and effective threat detec-
tion capabilities to ensure the safety of air travel. Through the analysis
of enormous amounts of data, Al-powered systems have significantly
increased the efficacy and accuracy of threat detection. Traditional se-
curity measures frequently rely on human operators to identify poten-
tial risks, which can be time-consuming and prone to mistakes. Secu-
rity personnel can quickly analyze passenger manifests, baggage
screening, CCTV footage, social media feeds, and other sources by
utilizing Al. Security personnel can preventatively mitigate threats
thanks to these systems' ability to spot patterns and anomalies that
might point to suspicious activity or dangerous objects. Furthermore,
Al algorithms continuously learn from new data and adapt, enabling
the improvement of threat detection models over time. In order to keep
security measures current with changing threats, an iterative learning
process is used [5].

Behavioral analysis. Al is essential to behavior analysis because
it makes it possible to spot odd or suspicious behavior. Airports can
implement sophisticated surveillance systems that continuously track
visitor behavior by utilizing Al technologies. When facial recognition
technology and Al algorithms are used to track people's movements
inside airports, security personnel can spot any deviations from normal
travel patterns or unusual behaviors. Security personnel may receive
alerts for certain behaviors, such as loitering in prohibited areas, using
restrooms for an unusually long time, showing signs of distress, or ex-
hibiting nervous body language, allowing them to take immediate ac-
tion and reduce potential security risks. Al systems' capacity to recog-
nize and understand intricate patterns in traveler behavior improves
security measures and guarantees the security of both travelers and
airport staff [6].

Biometric identification. Another area where Al has made sig-
nificant progress in aviation security is biometric identification. Air-
ports can improve identity verification processes and guarantee pre-
cise passenger identification by integrating Al-powered biometric sys-
tems. Traditional forms of identification, such as paper identification
cards or boarding passes, are easily forged and can result in security
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breaches. However, more secure methods of authentication are offered
by technologies like facial recognition, voice recognition, iris scan-
ning, and fingerprint recognition. Al algorithms examine biometric
data collected from passengers and compare it against a large database
to enable quick and accurate identification. The passenger screening
process is sped up by these Al-driven biometric systems, improving
security while also facilitating faster passenger screening, which im-
proves the travel experience for everyone. Additionally, Al-powered
systems are able to adjust to changes in physical appearance over time,
taking into account variations brought on by things like aging, hair-
style variations, or changes in facial expressions, ensuring accurate
identification even in dynamic scenarios [7].

Risk estimation and mitigation. In identifying and reducing po-
tential security risks in aviation, artificial intelligence has proven in-
valuable. Al algorithms can find patterns and trends that may point to
new threats or vulnerabilities by analyzing historical data and applying
predictive modeling techniques. These insights allow security organi-
zations to more efficiently allocate their budgets, put in place targeted
security measures, and improve emergency response procedures. For
instance, Al-powered systems can analyze data from various sources,
such as flight schedules, weather conditions, historical threat data, law
enforcement databases, and social media feeds, to identify potential
security hotspots or times of increased risk. Security agencies can pre-
vent security breaches and guarantee the safety of passengers and avi-
ation infrastructure by proactively addressing these vulnerabilities.
Furthermore, by anticipating passenger flow and congestion patterns,
Al can help optimize security procedures like queue management and
staff deployment. This enables airports to give travelers a smooth and
secure travel experience. Al-powered systems can analyze historical
data on passenger volumes, flight schedules, and other factors to pre-
dict peak times and allocate resources appropriately, reducing wait
times and enhancing overall operational efficiency [8, 9].

Cyber security. Al technologies are essential for securing avia-
tion systems against cyber security threats in addition to physical se-
curity. Air traffic control, flight management, passenger data manage-
ment, and airport infrastructure control are just a few of the critical
operations that the aviation industry heavily depends on intercon-
nected computer systems for. Aviation is vulnerable to cyber attacks
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because of its reliance on digital infrastructure. By analyzing network
traffic, spotting anomalies, and alerting potential breaches, Al-based
cyber security solutions can identify and respond to cyber threats in
real-time. Al can also assist in the creation of proactive cyber security
measures by continuously learning from new threats and modifying
defenses to counter them. The aviation sector can increase its re-
sistance to changing cyber threats by incorporating Al-driven cyber
security measures, ensuring the integrity and safety of digital systems
[10].

Facial recognition. By analyzing and identifying people based
on their facial features, facial recognition technology applies artificial
intelligence to the task. Several industries, including aviation security,
have adopted it and given it a lot of attention. Here are some key points
about facial recognition [6, 11, 12]:

1. These are the typical steps facial recognition systems take to
operate:

a. Face detection: The system locates and detects human faces in
images or video footage.

b. Face alignment: In order to precisely align the detected face,
facial landmarks are identified.

c. Features are extracted and converted into a numerical represen-
tation known as a face template or face print. Examples of extracted
features include the space between the eyes and the shape of the nose.

d. Face Matching: The extracted face template is compared
against a database of known faces to find a potential match.

e. Recognition and identification: The system determines if the
detected face matches any known identities and provides an identifi-
cation or similarity score.

2. Applications in aviation security:

a. Watchlist screening: Facial recognition can compare faces
against watchlists of individuals deemed potential security risks, such
as terrorists or criminals.

b. Border control: It enables automated identity verification at
border checkpoints, enhancing the efficiency of immigration pro-
Cesses.

c. Passenger authentication: Facial recognition can be used to val-
idate a passenger's identity at various touch points within an airport,
such as during check-in, security screening, and boarding.
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d. Improved security: By identifying individuals with fraudulent
identities or attempting to travel under false pretenses, facial recogni-
tion can help prevent security breaches and unauthorized access to se-
cure areas.

3. Benefits of Facial Recognition:

a. Enhanced security: Facial recognition offers a robust layer of
security by quickly identifying individuals of interest and potential
threats.

b. Efficiency: It can significantly reduce processing times and
queues at security checkpoints, leading to smoother travel experiences
for passengers.

c. Accuracy: Advanced facial recognition algorithms can achieve
high accuracy rates, minimizing false positives and negatives.

d. Scalability: Facial recognition systems can handle large vol-
umes of data and process real-time video feeds, making them suitable
for high-traffic areas like airports.

4. Privacy and ethical issues:

a. Privacy concerns: Facial recognition technology has raised pri-
vacy concerns due to its potential for mass surveillance and the col-
lection of personal biometric information. Proper regulations and safe-
guards are essential to address these concerns and protect individual
rights.

b. Bias and discrimination: Facial recognition algorithms can ex-
hibit biases, leading to higher error rates for certain demographics. It
is crucial to continuously evaluate and mitigate these biases to ensure
fair and equitable implementation.

c. Consent and transparency: Clear policies on data collection,
usage, and retention should be established, and individuals must be
informed and give their consent when their facial data is being cap-
tured and processed.

Regulatory and ethical considerations. Although Al technolo-
gies have enormous potential for improving aviation security, it is im-
portant to address the legal and moral issues that come with their ap-
plication. When facial recognition and biometric data are combined,
privacy issues can arise. It's critical to strike a balance between privacy
rights and security. In order to ensure compliance and safeguard pas-
sengers' rights, the collection, storage, and use of personal data should
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be governed by strong legal frameworks and open policies. Addition-
ally, it's critical to spend money on ethical Al development and steer
clear of biases in algorithms that might result in unfair profiling or
discrimination. The responsible and moral application of these tech-
nologies can be guaranteed by regular audits, openness in algorithm
decision-making, and ethical standards for Al in aviation security [6,
8, 12]. It's important to note that the use of facial recognition technol-
ogy is subject to national and regional laws, regulations, and privacy
frameworks. Compliance with these legal and ethical considerations
is crucial to ensure responsible and beneficial deployment of facial
recognition in aviation security and other domains.

Conclusion. As a result of the analysis, the prospects for the ap-
plication of artificial intelligence technologies for the improvement of
aviation security have been identified. The integration of artificial in-
telligence technologies in aviation security can transform the way ap-
proaching security in the aviation industry. Al-powered systems pro-
vide advanced threat detection capabilities, behavior analysis, bio-
metric identification, risk prediction, cyber security measures, and
more. As Al continues to evolve, the aviation industry stands to bene-
fit from enhanced security measures, reduced response times, im-
proved passenger experiences, and proactive risk mitigation strategies.
By leveraging the power of Al, it can be ensured that airports remain
secure, passengers can travel with confidence, and the aviation indus-
try maintains its commitment to security and efficiency.
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THE ROLE OF ARTIFICIAL INTELLIGENCE IN AVIA-
TION SAFETY NATIONAL AVIATION ACADEMY

Abstract. Artificial intelligence is the property of artificial intelli-
gence systems to perform creative functions that are traditionally
considered the prerogative of man (not to be confused with artificial
consciousness), not to be confused with the science and technology
of creating intelligent machines, especially intelligent computer pro-
grams. Artificial intelligence is related to the same task as using com-
puters to understand human intelligence, but is not limited to biolog-
ically plausible methods. Intelligent systems that exist today have ra-
ther narrow areas of application. For example, programs that can beat
a human at chess usually cannot answer simple questions.

Suni intellect - siini intellekt sistemlarinin ananavi olaraq insanin
imtiyaz1 hesab edilon yaradict funksiyalari yerino yetirmok iiciin
miilkiyyatidir (slini stiurla garisdirilmamalidir), agilli masinlarin,
xiisusan do intellektual kompiiter proqramlarinin yaradilmasi elmi vo
texnologiyasi ilo sohv salinmamalidir. Siini intellekt insan intellektini
basa diismok {iglin kompiiterlordon istifado kimi oxsar vozifs ilo
baglidir, lakin bioloji cohotdon aglabatan iisullarla mohdudlagmir. Bu
giin mdvcud olan intellektual sistemlor kifayst qodor dar totbiq
saholorine malikdir. Masolon, sahmatda insant maglub eds bilon
programlar adaton sads suallara cavab vers bilmir. Yeni elmi istigamat
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kimi siini intellektin tarixi 20-ci asrin ortalarindan baslayir. Bu vaxta
godor onun mansayi iigiin bir ¢ox ilkin sortlor artiq formalagmigdir.
Filosoflar arasinda uzun miiddot insanin tobisti vo diinyani tanima
prosesi ilo baglh miibahisalor var idi. Neyrofiziologlar va psixologlar
insan beyninin isi ilo bagli bir sira noazoriyyolor inkisaf etdirorok
tofokkiir, igtisadgilar vo riyaziyyatgilar optimal hesablamalar vo diinya
haqqinda biliklarin rosmilogdirilmis formada toaqdim edilmasine dair
suallar verirdi, nohayst, hesablamanin riyazi nozeriyyssinin -
alqoritmlar nozariyyssinin asasi yarandi va ilk kompiiterlor yaradildi.
Hesablama siirati baximindan yeni masinlarin imkanlarinin insandan
daha boylik oldugu ortaya ¢ixdi, ona gora do elmi ictimaiyyatds belo
bir sual yarandi: kompiiterlorin imkanlarinin hiidudlar1 ns qadordir vo
maginlar insan inkisafi saviyyesina ¢atacaqmi? 1950-ci ildo kompiiter
texnologiyasi sahasindo gabagqcillardan biri, ingilis alimi Alan Tiiring
“Masin diisiina bilormi?” adli maqals yazir, burada hansi prosedurun
komayi ilo na vaxt bag verdiyini miioyyan etmok miimkiin olacaqdi.
Empirik test 1950-ci ildo “Mind” falsaofi jurnalinda dorc olunan
“Hesablama Masinlar1 vo Kasfiyyat” mogalosinds Alan Turing
tarafindan toklif edilmisdir. Bu testin magsadi insana yaxin olan siini
tofokkiiriin miimkiinliiylinii miioyyan etmokdir. Bu testin standart
sorhi belodir: “Insan bir kompiiter vo bir soxslo garsiligli alagodo olur.
Suallarin cavablarina oasason, o, kiminlo danisdigimi miisyyen
etmalidir: bir soxslo vo ya kompiiter programi ilo. Kompiiter
programinin vozifasi insani yanlis se¢imo sovq etmokdir”. Yaxin
golocakdo hava limaninda aviasiya tohliikesizliyi is¢ilorinin igina
nazarat etmok ticiin siini intellekto asaslanan sistemlor peyda olacagq.
Xiisusi olaraq hava limam tglin yenilikgi holl WEKEY sirkoti
torafindon hazirlanmigdir. Monitoring sistemi halolik yalmiz hava
limaninda sinaqdan kegirilir, lakin aviasiya administrasiyalar1 osasen
bu platformanin genis sokilds totbigine istiqgametlonib.

Testlora asasan, yenilik ig¢ilorin vo naticads biitovliilkde biitiin
hava limaninin somaorsliliyinin artirilmasina kdmok edocok. Rentgen
sistemlorinin operatorlarmin vaziyystini vo igini, masalon, $oxsi
yoxlama sahosinds monitoring etmok ii¢lin bir mohsul kimi iglayir.
Toartibateilarin qeyd etdiyi kimi, bu zonada asas problemlordon ssast
insan faktorudur: xidmeti is¢ilorin isdon yayinmasi vo ya sadoco
olaraq monoton isinden yorulmasidir. Sayiqhigin itirilmasi ilo bagh
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risklori azaltmaq vo xidmot montogalorinin kegid gabiliyyatini
artirmaq moagsadils sistem hazirlanib.
Insamn

Suurhu
davranig

Sok. 1. Kompyuter programinin insan davramglarindaki mévgeyi.

Platforma is yerindo qurasdirilmis kameradan goériintiinii oxuyur
Vo is¢inin vaziyyaotini qiymotlondirir. Ogar iscinin baxisi ekrandan
¢ixirsa va ya basini ¢evirirso, sistem signal verir vo avtomatik olaraq
introskopun isini dayandirir. Eyni zamanda, proqram is soraitindon
asili olaraq bir hadisoya reaksiya parametrlorini vo novlorini tayin
etmok imkanini ehtiva edir. Bu o demokdir ki, sistem tokco hava li-
manlarinda deyil, hom doa tshliikesizliyin nozarotds saxlanilmasi va
is¢ilorin yiliksok somaraliliyinin tomin edilmasi vacib olan digar sa-
halards do istifads oluna bilar: gémriikds, istonilon nogliyyat infra-
strukturu obyektlorinda va kiitlavi tadbirlor zamani. “Sinaqlar is¢ilorin
voziyyatinin monitoringi li¢lin avtomatlasdirilmig sistemin tatbiqinin
effektivliyini  nlimayis etdirib,  skriningin  keyfiyystinin
giymatlondirilmasi iizrs asas gostaricilorde miisbat tendensiya qeyde
alinib”, deys hava limaninin administrasiyasinin aciqlamalarinda bild-
irilib.

Saxsi identifikasiya

Beynolxalq SITA (Société Internationale de Télécommunications
Aéronautiques) sirkoti SITA Smart Path ucus vo sornisin molu-
matlarinin paylanmis saxlanmasi ii¢lin blok¢eynindon istifade edir.
Hava limaninda sornisinlorin yoxlanilmasi sistemi biometrik
texnologiyalardan (sifotin skan edilmasi vo sasin taninmasi) soxsin
soxsiyyotini  miloyyonlosdirmok  vo  tohliikasizliys  nozaroti
siiratlondirmoak {i¢iin istifads olunur.

Sornigin hor dofs tohliikasizlikdon kegdikdo melumatlar SITA
Smart Path-da saxlanilir vo sorniginlor, pilotlar va uguslar haqqinda
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molumat sistem istirakcilart: aviagirkotlor, hava limanlar1 vo dovlot
toskilatlar1 arasinda otiiriiliir. Blok¢eyn reyestri nainki tohliikesizliyi
artirtr, hom do yoxlama vaxtim azaldir vo sonoadlori hotta soboko
baglantis1 olmadan da yoxlamaga imkan verir. Eyni zamanda,
blokg¢eyn molumatlarin hakerlik vs firildaq¢iligdan qorunmasini tomin
edir. Protokolun morkozlosdirilmomis xarakterino goro hakerlor
mogsadyonlii hiicum hoyata kecira bilmazlor, qovsaqlarin siradan
¢ixmasi biitovliikds sistema ciddi tesir gostarmayacak.

Tayyara parkina texniki qulluq taminind» siini intelekt

Aeron insan amilinin ugus tohliikasizliyine tesirini azaltmaga
sadiqdir. Toskilat ugus molumatlarmi idars etmok va toyyarslora
texniki xidmot gostormok ii¢iin blokgeyn protokolu hazirlayib. Osas
diqgat yanlis texniki xidmat va ugus malumatlarmin uygunsuzlugu ils
bagli gozalarin garsisinin alinmasina y6nslib. Bunun ii¢iin layihodo
tokco marsrut malumatlart deyil, hom da toyyaralara texniki qullug,
sertifikatlar vo pilot lisenziyalar1 haqqinda molumatlar saxlanilir.
Magin 6yronms alqoritmlori do oxsar mogsadlar iigiin istifads olunur.
Mosalon, “Honeywell Aerospace” sirkati malumatlarin tohlili yolu ila
ugus riskloarinin minimuma endirilmasine yonalmis layihslar iizorinda
isloyir - ugusa nozarat sistemlorinin tokmillogdirilmasi, pilotlar:
tohliikalar barads vaxtinda xobardar etmok vo lazimi marsrut tonzim-
lonmosi tiglin radar vo atmosferin mosafadon zondlama sistemlorinin
keyfiyyatinin yaxsilasdirilmasidir.

GE Aviation va Rolls-Royce ilkin nasazliglarin aradan qaldiril-
masi va turbin performansini yaxsilasdirmagq ii¢iin tadqiqat mogsadlori
liclin toyyars miihorriki molumatlarii tohlil etmok iiclin masin
Oyranma alqoritmlarindon istifads edilir.

Natica olaraq siini intelektin miiasir hoyat torzimizde biitiin sa-
haler iizro tam va ya qismon 6ziino moxsus yeri var. Lakin hor bir
texnoloji sahonin miisbot gostericilari ilo birlikde ¢atismayan vo ya
“axillesin daban1” deyiminds oldugu kimi zaif cohatlori var.

Aviasiya tohliikesizliyinin tomininds siinii intelektin inksaf
moarhalaloride artiq bir ¢ox aviagirkstlorin tohliikesizliyin tominini
yiiksoltmok ii¢iin totbigine baglanilib.

Mosolon Rusiya Federasiyasinin paytaxtti Moskva sohorinin
Domededova aeroportunda, Respublikamzin paytaxtindaki “Heyder
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Oliyev” Beynolxalq aeroportunun giris hissasindo siini intelekt totbi-
ginin sinaqlar1 kegirilmis vo miisbat giymatlondirilmisdir.
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MULTI-PARAMETER CONTROL CAPABILITIES
PSYCHO-PHYSIOLOGICAL STATES AS A METHOD OF
DETERMINING THE FUNCTIONAL RESERVES OF
FLIGHT CREW
Abstract. This article discusses the possibilities of multiparametric

control physiological states as a method of determining the functio-
nal reserves, and also determines the functional reserves of the
body for the choice of persons of professions related to activities in
extre-me situations, in particular in the field of aviation.
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Onpenenenrie PyHKIMOHAILHBIX PE3CPBOB OPraHU3Ma SBIISCTCS
KpaeyroJbHBIM KaMHEM MpoOJieMbl BbIOOpa JUIl JUis Tpodeccuit
CBSI3aHHBIX C JIEATEIBHOCTBIO B DKCTPEMANIbHBIX CHUTYyalUsX, B
YaCTHOCTU B 00J1aCTU aBUAIUH.

[ns pemeHus JaHHOM 3aJayd HKCIOJB3YIOTCS  CIEAYIOLIHUE
IMOAXO/bI:

» HEMOCpENCTBEHHOE ofpeneneHye (YHKIIMOHATBHBIX
pPE3EpPBOB B JKCTPEMajbHBIX (€CTECTBEHHBIX M  MOJCIBHBIX)
CUTyaluAx;

» KOCBEHHOE OIpelieliecHne C TPUMEHEHHEM  METOJIOB
KOPPEISIIMOHHOTO  aHanu3a Mexay GYHKIHUSIMH  BBIOPaHHBIX
BHYTPEHHHX TMapaMeTpoOB C  IOKAa3aTeIsIMU,  OTPaXKAFOIMMH
PEIYIBLTATHI ACATCIBHOCTU B OKCTPEMAJIBHBIX CUTYyallUsiIX.

[epcnieKTUBHOCTL BTOPOTO MOJXO/a OOYCJIOBJIIEHA HATUYUEM
CIIE/IYIOINX IPEHMYIIIECTB:

» OTKpBIBAeT MIMPOKOE TIOJIE IS TETHbHOCTH JJISl HCCIIEIOBATEINS
pu  BBIOOpE aJEeKBAaTHBIX MEXaHW3MOB, NapaMeTpbl KOTOPBIX
MO3BOJISTIOT ONPEENeHNI0 (DYHKIIMOHAIBHBIX PE3EPBOB OPraHNU3Ma;

» TIO3BOJISCT BBISIBUTH OOIIME LEHTPAJIbHBIE MEXAHU3MBI JUIS
9KCTPEMaJIbHBIX CUTYyallUil pa3InuHOr0 Xapakrepa;

» pe3ynbTaThl MCCICIOBAaHMH HMMEIOT  NPOTHOCTHYECKYIO
LIEHHOCTh, HA OCHOBE Y€ro MO)KHO IIOCTPOUTH 3KCIIEPTHYIO CUCTEMY
IIPOTHO3UPOBAHMUS.

Hecmorpsi Ha BblleyKa3aHHBIE IPEUMYLIECTBA MPUMEHEHUS
JAHHOTO TOAX0Aa, TpeOyeTcs MPeoA0JIEHHE HEKOTOPBIX eI TCTBUM
TEXHUYECKOI'0 XapaKTepa.

Br10op B kauecTBE KOMIIOHEHTOB LIENEBOM (DYHKIIMH BHYTPEHHUX
MapaMeTpoB MJIsl HCCICHOBAHUS YIPABISIEMOCTH (OTPa)KaroIINX
(YHKLIMOHANBHYIO IUIACTUYHOCTH) HEHMPOAMHAMUYECKHMMH II0OKa3a-
TEISIMHA TIOCPEICTBOM MeTo/a OWONOTHYEecKOH oOpaTHON CBS3H
OTKpBIBaeT IIMPOKOE IOJie MAEATENILHOCTH MJsl HCClenoBateneit
ompezneneHuss WHGOPMATHBHBIX NPU3HAKOB, HMEIOLIMX IIPOrHOC-
TUYECKYI0 HEHHOCTH [1,2].

B cBs3u ¢ TeM, YTO HEWPOAMHAMHYECKHE MPOLECCH! SBISIOTCS
CIIOKHBIMH JAMHAMUYECKUMH TMPOLIECCAMH, HMEIOIIMMHU Hepapxu-
YeCKyI0 ()YHKIHMOHAIBHYIO apXUTEKTOHUKY, TO IPU UX aJIeKBaTHOU
OLIEHKE  LIeNIecOO0pa3HO HCIOJIb30BaTh MOJIUNIApaMETPUUECKYIO
WH(POPMALTUOHHOIO TEXHOJIOTHIO.
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Hdns  peanuzauuy  MyJIBTHIIaPaMETPHUUECKOrO  yIpaBlCHHUS
ncuxodusnonornyeckumu  coctosiHusMu - (IIOC)  mocpeacTBoM
MeTofa OHMONMOrMYecKod OOpaTHOH CBSI3M HAMH HCHOJB3YIOTCS
MPUHLIMIIBI MHOTOKPUTEpHANbHON onTumuzauuu [3,4], KoTOpbie
peanu3yIoTCs ¢ IPUMEHEHHEM CIIeTyIOIIUX ITaIoB:

1. dopmanuzanusi  IEHTpaJIbHOrO  (HEHPOIUHAMHUYECKOTO)
ypoBHs onmcanus [IOC B Buae «HEeHpOAMHAMHUYECKOTO MOPTPETa»
(uepapxuyeckasi CTpyKTypa, oToOpa)kaemas B peajbHOM MaciuTtabe
BpeMEHH Ha TpauaecKoM dKpaHe).

2. ®opmanuzanus <okemaeMoro coctosHus» I[1OC B Bume
HEYETKOr0 MHO>KECTBa B MHOTOMEPHOM MTPOCTPAHCTBE.

3. dopmanuzaiysi MHOTOKPUTEPHAILHON 3a/1a4H.

I'noGasnbHas menesas 3aj1aya (OpMaIbHO BBITJISIIUT CICHAYFOIIAM
o0pazom.

d(a,,X,X*)—min, npu ycrosusx G(X) > 0.

rae, d — MeTprKa B TPOCTPAHCTBE,

RN, X u X*e RN — coorBercTBeHHO Tekymiee u xenaemoe ITDOC,

O, — BEKTOP BECOBBIX KO3 (DHUITHECHTOB.

G — orpaHnYeHUs, HAJIAraeMble K OTIEIbHBIM ITOKa3aTelsIM.

4, Peanmuzarusi  pelmieHU  MHOTOKPHUTEPHAIBHOW  3aladu
MOCPEICTBOM TIepeXoAa K TIIOCIEI0BATENbHOCTSIM OTHOKPUTEPH-
aQTbHBIX 3a/a4 C T[IOMOIIBI0 CKAIApHOW (aATUTHBHON WK
MYJBTHUIUTAKATABHOW) CBEPTKH.

5. IlpoekTrpoBaHWE M CHHTE3 WHTEPAKTUBHON cucTeMbl «NP-
monitoring», MO3BOIAIOIIE B IMAJIOTOBOM PEKHME II0ITAITHO
pemars MHOTOKPHUTEpHANbHBIE 33Jadl C TOMOIIGI0  CHSTHS
HEOIpeeIeHHOCTEH.

Pemenne panHOW 3aaud — 3TO ONpEAEICHUE COBOKYIHOCTH
BECOBBIX KOI(PQPHUIIMEHTOB Ha KaKIOM aKTe€ MHOTO3TaIHOTO
MPUOTIDKEHNST K <«OKETaeMOMY COCTOSHHUIO», T.e. OIpeleleHne
(K):=A(Xt, Xe1,.. Xel), Tme | — mar mpeapicTOpuu  TEKYIIero
coctossHus.  VMeercs Takke BO3MOXKHOCTH  IEpEONpeaesIeHIs
METPUKHA TPOCTPAHCTBA COCTOSHUUA C TENbI0  ONTUMHU3AINA
ynpasnenus [1OC.

Takum 00pa3om, MPeIOKEHHBIHN TOAXO/T;
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»  MO3BOJNHT 3 (HEKTUBHO YIIPABIATH MYJIbTH-TAPAMETPHUUCC-KUMH
[I®dC, yuuthiBas WHAWBUIYAIbHBIE OCOOCHHOCTU JISTHOTO
COCTaBa;

> II03BOJIUT BBISIBUTDH AJITOPpUTM caMOOopraHmu3alnin npu
VIPABJICHUH COCTOSHUSIMH Ha OCHOBE IIPOTOKOJIA Mpoliecca
o0yue-HHuS;

»  ompenenut ncuxo(yHKIIMOHATIBHBIN pe3epB JISTHOIO COC-TaBa Ha
ocHoBe ympasisiemoctu [1OC.
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EXPERT ADVISORY SYSTEM IN INDIVIDUALIZATION
SIMULATOR TRAINING FOR FLIGHT STAFF

Abstract. In this article, the dialogue system developed by us, being
by its purpose an expert advisory system, which satisfies all the
basic requirements of intellectual systems such as motivation, self-
organization, adaptation, self-learning and development. This sys-
tem, which is an expert advisory system in individualization simu-
lator training for flight staff.

WnpnBrayanusanys crieliMagbHON OATOTOBKY JIETHOTO COCTaBa
Ha TpEeHaXepax SBIAETCS OAHUM U3  OCHOBHBIX  IyTed
YCOBEPILIEHCTBOBAaHMH TPEHUPOBOYHOI'O IPOLIECCa.

PazpaboTka © TpHMEHEHHWE SKCIEPTHO-KOHCYIhTATUBHON
cucrembl (QKC) sBisercs mNepcrneKTUBHBIM HANpPaBICHUEM IS
ONTHUMM3ALUU TPEHUPOBOUHOr0 mpomecca. PaszpaboranHas Hamu
QMAJIOroBasi CHCTEMa SIBJISAACH MO CBOEH HA3HA4YEHHEM JSKCIEPTHO-
KOHCYJIbTATUBHOW  yJIOBJIETBOPSIET BCE OCHOBHBIE TPeOOBaHUS
WHTEIJICKTYaJIbHBIX CHCTEM TaKuX Kak, MOTHUBALHA,
caMoopraHu3auusi, ajanTalus, CcaMOoOOyueHHEe U pas3BUTHE.
Brxurouenne OKC B Tpuagy «MHCTPYKTOpP — MHIIOT — TpEHaXep»
TpeOyeT BBIIOJIHEHUH CIIEYIOINX 3a/1a4:
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e uACHTU(UKALUS COCTOSHUM;

e (opmanmzanus nmpouecca 00ydeHUs;

e 00BEKTHBH3AIMS IPoIecca OLEHKH 00yUIeHUS;

e (QopMmupoBaHue creHapuii OOyYeHHS  3aBHCUMO  OT
UHAUWBUAYAJIbHBIX XapaKTCPUCTUK JICTHOI'O COCTAB,

e pazpaboTka anropuTMa CaMOOpPTaHU3allMKd  Mpolecca
00y4eHHMSI.

[Ipumenenne  OKC  co3pmatoT  yClOBUS — TIOBBIIIEHHE
JOCTOBEPHOCTH OIIEHKH W MPOTHO3a B Pa3BUTHE Ipoliecca 00yUueHHs
Ha TPEHaXEPEC NOCPCACTBOM MHAUBUAYAIN3AIIUN TPECHUPOBKH.

OKC d¢ynkuuonupyer B JAByX pexuMax. B pexmme 1
(dhopmupyercs 6a3a JaHHBIX ¥ 0a3a 3HAHUI cUcTeMbI (puc.1).

OKC Bxitouaer B cebs creayromye GpyHKIIMOHATbHBIC OJI0KH
(dhopmupoBanue «00001IeHHOr0 opTpeTa Jietunkay (OII);
CO3J]aHHe ¥ yIpaBlieHne 0a3aMy JaHHBIX;

CO3JIaHMeE ¥ yIpaBlieHne 0a3aMu 3HAHUIA;
IIPUHSITHE PELICHNS;
KOHCYJIbTHPOBAHHE.

«O000IIEHHBII TTOPTPET JICTINKAY.

OI1JI - hbopMaIbHO-KOHCTPYKTHUBHAS HEpapXHUecKas CTPYKTypa,
KoTopasi GopMHUpyeTcsl B peajbHOM MaciTabe BpeMEHH Ha 3ampoc
HHCTPYKTOpa U oToOpaskaercs Ha rpaduueckom uHTEpdeiice. 3ampoc
10 CBOEH CTPYKTYpE MOXKET BKIIIOYATh B ce0SI Ha3BaHUA PA3TMIHBIX
CTPAaTOB, TaKUX KaK COLUOMETPUYECKUH YPOBEHb, JIMYHOCTHBIN
YpOBEHb, MPOGECCHOHAIFHO BaYKHBIE KAa4eCTBA, MOBEIACHUECKUN M
ncuxodusnonornaeckud yposenb u T.4. OIUJI ¢dopmupyercs Ha
OCHOBE TMONUMETPHUYECKONH TEXHOJOTMH W OToOpakaeTcs Ha
rpajuyueckoM mHTepderice WHCTPYKTOpa (MM Tcuxodu-3uonora)
COOTBETCTBEHHO 3a1pocy

dopmupoBaHue 0a3bl JAHHBIX

Crtpykrypa 6a3pl TaHHBIX COOTBETCTBYET W OMNPENENseTcs IO
OINI. [dna kaXooro WHIWBHUIA BBIACISETCS KaKk TOHHYECKHE,
CTaOWJIbHBIE KOMIIOHEHTHI, Tak © (a3uyecKue, IUHAMUYECKHE
JaHHBIE COOTBETCTBYIOIIME JWHAMHUKE W3MEHEHUS B TIpolecce
00y4eHws.

YVVVYVYY
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®dopMupoBaHUe U YIIpaBJeHHe Ha3aMu 3HAHUH

basza  3HaHmii  anpuopHO  QopMHpYETCS ~ OIKCIEPTOM,
WHCTPYKTOPOM B BHUAE NPOAYKIMOHHBIX mpaBuil. Hwmeromas
OTKPBITYIO U THOKYIO CTPYKTYpY OHa U3MEHSETCS U PaCIIHPSETCS
MNOCTTPCHUPOBOYHBIMU  3HAHUAMM. y‘-II/ITBIBaH, YTO OCHOBHBIC
komrioneHTbl OITJ] uMeroT kKauecTBEeHHY0, CYOBEKTUBHYIO OLICHKY,
LIeJIeCO00pa3HoO ObLIO MPUMEHEHUE MOHATHIH HEYETKOM MaTEMaTHUKH,
TaKUX KaK JIMHIBUCTHUYCCKUC, HCUCTKUC IICPEMCHHLIC. Ka)KﬂbIﬁ
YY4aCTHUK B JIAaHHOM pEKHUME HMEET CBOKO CIEHU(PHUECKYIO
uHTepdeiic st oomena undopmarueii ¢ IKC.

[Munor WuctpykTo [Meuxodus Wrnxenep
prop HOJIor o
*A *A ‘ﬂ *n
Wnrepdeiic Wnrepodeiic HUnrepdeiic Nurepdeiic

BRI R | N | I

| |
|

: D9KC KoncynsTHpoBaHue |
|

|

| |

: «O0001eHHBIT * |
|

: MOPTPET IMUIO0Ta» 7 MpussTie :

: peLIeHUs |
|

| )

| Y ﬁ l

|

| ba3za nanHbIX — baza 3nannii :

|

| |

' |

- 4

Puc.1. OKC ¢ pescume 6 pexcume opmuposanue 06a3vl OAHHLIX U
0a3bl 3HAHUI.
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ITpunsiTue pemenue

OCHOBHBIMH peLeHusIMH TUIst MPOBEICHUS
WHANBUAYaTU3UPOBAHHON TPEHUPOBKU, SIBJISIETCS BHIOOP CLIEHAPHS B
3aBHUCHUMOCTH OT MHAMBHUIYaJbHBIX XapaKTEPUCTUK 4YiI€HA JIETHOTO
cocraBa. K yncny 3a7auy OTHOCHTCA TakkKe M3MEHEHHE MPOrPaMMEI
00y4eHUs B 3aBHCUMOCTH OT TIpollecca TPEHUPOBKH.

KoncynasTnpoBanue

JlaHHbBIN (QYHKIMOHAIBHBINA OJIOK B 3TOM PEXUME NpeAHA3HAUYCH
JUISl IPOBEPKH MPABHIBHOCTH HOPMATHBHBIX HPOLIEAYP MPOBEICHUS
TPEHUPOBOUYHBIX ciieHapuii. CucremMa cHaOXeHa OJIOKOM O0BbCHEHUM
BBIBOAMMBIX pCIICHWH B BHJE JIOTHYECKUX IIened, KOTopble
o0ecrieunBalOT JIOBEPUTENHHOCTh KOHCynpTamuid. Ha pue. 2.
[pencrarnens nHGOpMAIMOHHBIEC B3aMMOOTHOIIICHUS UHCTPYKTOPA,
mustora ¢ OKC B mporiecce TpeHUPOBKH.

i [Muor - TpeHakepHbIH KOMILTEKC |
Uucrpykrop [ ™| Unrepoeiic
9KC KoncynerupoBanue
N A
«O0001IEeHHBIIT

TMOPTPET MUIIOTa» o LIpuHsATHE pemeHust

i f

Baza mannbpIx — Baza 3nanmit

Puc.2. OKC 6 yuebno-mpeHupoeouHom peicume.
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B ormmuum or pexuma 1. ¢ OKC akTUBHO CBsi3aH TOJBKO
WHCTPYKTOpP €O CBoMM wHHTepdeiicom.Hannune pasnuynoro poxa
HEONPEACTCHHOCTEH  YCIIOXKHSET  OLEHKY IpodecCHOHATbHON
HaJeKHOCTH JIETHOTO COCTaBa Ha OCHOBE BBINOJIHEHHUS 3aJaHU{ Ha
TpeHaxkepe. Hamu paccMoTper Bonpoc 00 0ObEKTUBU3AIMH OLICHKU
BBITIOJIHCHU 3aJ[aHUi JICTHOTO COCTaBa Ha OCHOBE MH(OpMAIUU O
CTPYKTYpE 3aJaHUll HA TPEHAXXepe U WHIUBUIYAIBHOU TPACKTOPUHU
IIpH BBITIOJHEHUH Kjlacca 3ajau.

Jiist 00beKTUBU3AIMH 3TOTO Tpollecca MPEATI0KEHO TPUMEH CHHE
amnmapaTa TeOpHH MPUHATHS PELIeHUH B HEUETKNUX YCIOBUAX [2,4].

Hns dbopmanuzaly TUIIOB pelIaeMbIX 3a/1a4 Ha TpeHaxkepe
HEOOXOJMMO DPaHXHUPOBATh 33/Ia4M 10 PA3IUYHBIM KPUTEPHSIM.
BriOupatotcst cieayromme 3a1a4u Ha TpeHaKepe.

Cucremy 0o0y4yeHHs B OOIIEM BHJIE MOXXHO IPEACTaBUTh Kak
TIOCJIEIOBATEIFHOCTE PEIICHUH CIeMYIONTIX JICTHBIX 3a1a4 [5,6,7,8]:

1. HOpMaNbHBIN MOJIET;

2. TOJIET ¢ OTKa30M CHCTEM C IIPOBEICHHBIM OpU(UHIOM;

3. IOJIET ¢ OTKa30M CHCTeM ¢ HeobxomumocThio Quick Action
MPOBENICHHBIM OpU(UHTOM;

4. moner ¢ OTKa30M cHCTeM ¢ HeobxommmocThio Quick Action
Be3 npoBeneHHOro OprduHTa;

5. TONET B CIOXKHBIX METEOYCIIOBHSIX.

Jlormueckuii BBIBOJ 00 OIIEHKE peanu3yercss C IMOMOIIBIO
Hederkoi monenu (HM), koropas ocHOBaHAa Ha CEMAaHTHYECKOM
OIMCAHWU W aHAJIHM3€¢ MHOXKECTBAa BO3MOXKHBIX OI[EHOK

HM—{(X,Y,V,2)} (1)

rae, X — yHUBEpPCaTbHOE MHOMXECTBO BXOJHBIX COCTOSTHHI

Y — MHOXKECTBO BBIXOJIHBIX COCTOSTHHI.

V — MHOXKECTBO HEYETKUX OTHOIICHUH XapaKTEPUIYIOIIUX CBA3U
MeXIy diaemMeHTaMu X u Y

Z — XapaKTepUCTUYECKHE MapaMeTPhl OTHOIIICHHH.

O6o3naunm NZ={NZ;} xmacc 3amau, rue NZi=<NZi;, NZip, ...
NZia(i)>

Kaxnapiii n3 momsamay  NZii XapakTepusyeTcss BEKTOPOM
<Ky,Ko,...,Kn> e K| sBusiercst mokazarenem 3amanmii NZiyi) kak
KOMITOHEHT BEKTOpa, KOTOPOrO  MOXXHO MpPEACTaBUTh B BHUJC
HEYEeTKOM  WJIU  JIMHIBUCTUYECKOU nepemennoir  (JIII).
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JIMHTBHCTHYECKOE MTEPEMEHHOE CUMTACTCS 3aIaHHOM, eCy AJIsl Hero
ompezeneHbl: HauMeHoBaHue N, YHHBepCaJbHOE MHOXECTBO A
(obnmacTh paccykIcHHii), 0a30BbIE TEPM-MHOXKECTBO | (HEUETKUE
MepeMeHHbIe — 3HAYCHHUS JTIMHTBUCTHYECKOW MepeMeHHOM) QyHKIus
MPUHAAJIOKHOCTA U CEeMaHTHYECKHE MTPeoOpa3oBaHus MOIUBUKAIIIH
MepEeMEHHBIX TEPMOB JIMHIBHCTHYECKOH mepeMeHHoi. HambGonee
oOmmil TN CTPYKTYphl 6a3bl HEYETKUX mpaBun seisercs MIMO
(Multi Inputs — Multi Outputs) — cTpykrypa:

Ri: if Xi=Ai1 & X=Ai» & ... & Xp=Ain then Y:=Bi1 & Y,=Bi» &
& YpZBip (2)

rae X (i:=1..n) — Bxoausie JIIT (nosst OmKOOK NpH TEKyled u
HNpENIIECTBYIOUIMX IPOBEPKAX, CPEAHEH TPYJHOCTH 3ajad, Bpems
BBITIOJTHEHUS 3aja4 W T. M.). B peaspHOI cucTtemMe KOIMHYECTBO
BXOOHBIX JaHHBIX CHUTACTCA ACCATKAMU IMOJIYUYCHHBIX OT pE3YyJIbTaTOB
Kypca oOy4YeHHE Ha TpEHa)kepe Ha OCHOBE WHJUBHUIyaTbHON
Tpaekropun sBistromuxcst, GUx- rpadsl, npeacTaBisIoNe MOAETH
3HaHMii k-oro mmiora Uy, GC - Mojenb 1enu oOydeHHS.
HctounmkoM Juis  BXOAHBIX  HMH(MOpPMAllMH  SIBISIOTCS  Kak
00BEKTUBHBIC TAHHEIC TTOTyYEeHHBIC PUOOPaMH, TaK M CYOHhEKTHBHBIC
OLIEHKH UHCTPYKTOpa. OTIeHOUHBIE TaHHBIE TIOIYYal0TCS CPAaBHEHUEM
GU=M3JI(U) uHauBHIyaJbHOW TPAaECKTOPHUH 3HAHHUN KOHKPETHOI'O
mtota U, ¢ HOpMaTHBHON MOJIENTBIO 3HAHHNA, MOJICIT 3HAHUH ITHIIOTa
GN = M3JI(N) 1 ¢ ucnosiabp30oBaHMEM XapaKTepUCTHK 3amad NZ.
[Toxa3zaTens «00yd4eHHOCTBY» UMESI CIOKHYIO CTPYKTYPY BKJIIOYAET B
cebs Takme TOKazaTeny OOydeHHUs, KaK KpUTEpHUH TOYHOCTH,
KpUTEpUHN 0€30MaCHOCTH, KPUTEPUH YIKOHOMUYHOCTH H T.1I., KOTOPBIE
MoxHO TnpenactaBuTh JIII — kak BbIXogHbIE mNapamerpbl. Hapo
OTMETUTh, YTO BKJIIOYEHHE HOBOro akTHUBHOro sjemeHta OKC B
mporecc o0y4YeHus Ha TPEHAKEPHOM KOMITIIEKCE TPpeOyeT HOBBIE J10-
BEPHUTEIHHOE OTHOIIEHHE MEXAY CYyObeKTaMH (IICHXOJIOTHYECKOe
COBMECTUMOCTH) TPOEKTHUpOBaHUs u mnomp3oBaremsiMu  JKC
(MHCTPYKTOp, NCHXO(HU3UONOr, WHXKEHEp MO 3HAHWSAM, ITHJIOT).
[IpemnoxkeHHBI  TMOMXOA TMOMHMO C  YCOBEPIIEHCTBOBAHHEM
TPEHUPOBOYHOTO TIpoIlecca MEepCHeK-THBEH Takke it (opMu-
pOBaHMsI aJIeKBATHBIX MPOTHOC-THYECKUX TMPOLEAYP CBI3aHHBIMU C
(hyHKIIMOHATBHOMN HAJIEK-HOCTHIO JIETHOTO COCTaBA.
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7 ()N
TECHNOLOGIES IN THE DETECTION OF EXPLOSIVES

Abstract. Terrorist incidents in the world have once again proved
that terrorism remains a global problem in the face of aviation
security systems. Historically, as a result of the countermeasures
taken in this direction, it was possible to weaken the wave of
terrorism relatively, but this problem has not yet been fully resolved.
The act of terrorism is carried out by means of terrorism. Terrorist
tools consisting of dangerous items and substances are carried on
board the plane or in the airport area on persons or in cargo,
baggage and hand luggage carried in AC, bypassing inspection
control. Therefore, the first of the countermeasures against a
terrorist act is to detect the person who committed the terrorist act
and the means of terrorism. Using artificial intelligence technologies
in the detection of explosives is recognized as a current research
area.

Diinyada bas veron terror hadisslori aviasiya tohliikesizliyi
sistemlori qarsisinda terrorizmin qlobal bir problem kimi galmaqda
oldugunu bir daha siibut etdi. Tarixon bu istigamatde goriilon oks-
tadbirlor noticasinds terror dalgasini nisboton zaiflotmok miimkin
olmugsa da, bu problem 6z hsllini indiyadok tam tapa bilmomisdir.
Terror akti terror vasitalori ilo hoyata kegirilir. Tohliikali ogya vo
maddslordan ibarat terror vasitalori iso baxig nazarstindon yayinaraq
toyyaranin bortuna va ya aeroport arazisine soxslorin {izerindo, yaxud

-184-



SUNI INTELLEKT TEXNOLOGIYALARI AIT & AP
Vo AEROKOSMIK PROBLEMLOR -2023 W AND AEROSPA

HG-do dasinan yiik, baqaj vo ol yiiklori daxilinds kegirilir. Odur ki,
terror aktina qarst goriilon oks-tadbirlordon birincisi, terror aktini
torodon soxsi vo  terror vasitolorini agkar etmokdir. Partlayict
maddolorin agkar edilmoesindo siini intellekt texnologiyalarindan
istifado etmok aktual aragdirma istigamati kimi taninir.

Son on illikde hava limanlarinda yaranan tohliikelora cavab
olaraq tohliikasizlik todbirlorinin ohomiyyatli doracads artib.
Sorniginlerinin saymin artmasi osas noqliyyat qovsaqlarina tozyiq
gostarir.  Diinya Olkolori vo miilki aviasiya miiasssolori iigiin siini
intellekt bu problemlorin halli ola bilar. 2018-ci ilde Birlosmis Kralliq
Olkonin on intensiv hava limanlarinda tohliikssizliyi artirmaq tiiglin
stini intellekt sistemlorinin hazirlanmasina 1,8 milyon funt sterlinq
sarmaya qoyub. ABS Nogliyyat Tohliikasizliyi Idarasi bu yaxinlarda
Los Anceles, Feniks, NyuYork Beynolxalq hava limanlarinda
tohdidlori miloyyan etmok ii¢iin siini intellekt texnologiyalarindan
istifade edon yeni komputer tomoqrafiya skanerlorini toqdim etdi.
Rapiscan 920 CT tohliikonin agkarlanmasini avtomatlasdirmag, yalnig
tasvirlari, signallari minumuma endirmok ii¢iin gabaqcil agkarlama
alqoritmlorindon  istifade  edilir. Stini intellekt qeydiyyat
moantogalarinde  6ziine xidmot robotlarindan tutmus gomriik
xidmotinds, tohliikasizlik xidmotindo iz tamima sistemlorindo
aviasiyanin biitiin sahalorinds tatbiq olunur. Sarniginlorin toxminan
68%-1 hava limanlarinda daha ¢ox siini intellekto osaslanan hollori
alqislayrr.  Sistemin tortibatgillarnin  fikrinco, skanin Otiirme
qabiliyyeti saatda 900 nofore catir. Bu holl artig ABS$-in Ookland
Beynolxalq hava limaninda amoakdaglarin yoxlanilmasi {igiin istifada
olunur. 2019-cu ildo 6lkonin digar boyiik beynalxalq hava limaninda
istifadoyo verilib. ABS Nogqliyyat Tohliikosizlik idarasi siini intellekt
texnologiyalarinin  totbigine 160 milyon dollar pul ayirib.
Tohliikesizliyin tomin edilmosiedilmasi prosesinds “Insan amili”-nin
roluna golinco, insan kritik voziyystlords gorar gqobul etmok {igiin uzun
miiddst onun torkib hissasi olaraq qalacaq. Masalon, cantada silah
tapildiqda, omokdas on yaxs1 horokot ssenarisini se¢o va garsisini ala
bilar [1,2].

Stini intellektin  vozifesi insanin digqetini onun ekspert
qiymsatlondirilmasinin tslob edon sahslors vo sistemin qgorar gobul
etmokds ¢atinlik ¢okdiyi vaziyyatlors yonsltmakdir. Serniginlorin, ol
yiiklori, baqaj- 99% intellektual sistemlordo avtomatik yoxlanilsa
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qalan 1% insan resursu comlogarsa etibarl tohliikesizlik sistemino nail
olmaqdan danigmagq olar.

Texniki sahads intellektual idarsetmo sistemlorindon istifado
etmoklo qorarlarmm qobul edilmosindo ononovi idarsetmoetmo
nozoriyyasi, siini intellekt, qeyri-solis montiq ideyalarindan
metodlarindan hibrid formada istifads etmoklo aviasiya tohliikasizliyi
sahosini inkisaf etdirmok miimkiindiir.

CI"\ Y()
X . N t
% Nozarat cihazl |y "'}.i’/ /. = 0;;:;; X
|
Obyektin voziyyatina

nazaratin idars ol

Sak. 1. Neyron sabakonin texniki hayata kegirilma sxemi

Neyron sabokali, qeyri-solis montiq vo tokamiil alqoritmlarina
osaslanan intellektual sistemlor texniki totbiqi zamani miixtalif
komponentlar inteqrasiya olunur.

Intellektual sistemlordo neyron sobokodon istifadonin osas
problemi alinan naticalarin sorh edilmasi ilo baglidir. Bu problemlari
hall etmoak {i¢iin neyro soboke maontiqi sistem ilo inteqrasiya
edilmolidir. Montiq sistemi istifadagiyo basa diisiilon IF vo THEN
gaydalar1 soklindo toqdim etmoays imkan verir. Neyrosobako
yanagsmasinin osas ustiinliiyli verilonlordoki ganunauygunluglar
mioyyon etmok, onlar1 iimiimilosdirilmasi onlardan biliklorin
¢ixarilmasidir.

Siini intellektin basqa bir variant1 qeyri-salis intellektin sistemlori
Fuzzy Logic Systemdir. Onlarin neyron sobakslor iizorindo osas
istiinliiyli ondan ibarotdir ki, bu sistemlordo biliklor insanlar
torofindon asanligla basa diisiilon ¢evik montiqi konstruksiyalar
soklinds toqdim olunur.

Narkotik vasitolorin, partlayict maddslerin vo diger materiallarin
niimiinalorinin tomogqrafik tasvirlori rogemsal olaraq emal edildikdo,
har bir material novii xarakterik spektrlar verir. Homin spektrlarda
olan malumatlar daha sonra siini neyron soboks 97%-don yuxari
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mivaffoqiyyat dorocasine c¢atan narkotik vo partlayict maddslorin
movcudlugunu prognozlasdirmaqda faydali oldugunu gostordi.

Bu igdo togdim olunan sistemi inkisaf etdirmak ii¢iin, siini neyron
sobokolari kimi taninan siini intellekt texnologiyalar1 vasitasilo hom
avtomatik hom da operatorun foaliyystindon asili olmayan narkotik vo
partlayict maddslari tosnif etmok vo miioyyon etmok qabiliyyatine
malik metodologiya gobul edilmisdir. Siini intellekt texnologiyasi
insan beynindon ilhamlanmis riyazi modeldir. Sonlu molumat
toplusundan vo biliklorin {imiimilagdirmak {igiin istifade olunan
molumatlarlarda olmayan veoziyyotloro adekvat cavab vermok
gabiliyyatina malik riyazi modeldir.

Termal neytronlarin hidrogen niivalori torofindon giiclii
zoiflonmosine  goro, hidrogenlosdirilmis  materialin  neytron
yoxlamalart ilo dagidic tohlil iisiillart ilo miigayisodo daha yaxsidir.
Bozi narkotik novlar (kokain va onun téromeloari), plastik partlayici
maddolar, polad,qurgusun kimi agir metallar1 belo miisyyan etmok
mimkiindiir. Tomizlik, yuyucu vasitalar, plastik partlayici maddslor
adaton ol yiikiinds olan agyalar sokor, pomada, gohva, dari, galom,
kagiz, antasid duzlar, tiitiin,pambiq bu materiallar1 hor birinin diametri
10 mm olan silindrik aliiminum niimiina qutularinda gablasdirilib.
Siini neyron sobakasi ii¢lin har bir mareial ndvii haqqinda miivafiq
moalumat ¢ixarmaq raqomsal goriintii emal tsullar1 tatbiq edilmigdir
[3].

Inkisaf etdirilmis tomoqrafik sistem 4 ardicil morholodon sonra
alinan niimiinolorin ikiOl¢lili tesvirlorini tomin etdi. Elektron
gorlintiilomo sistemi vasitesilo neytron rentqrafik sokillorinin olda
edilmasi:

1. Tomografik cadvalin neytroqrafik proyeksiyalara borabar
sayda pillsli miiharrikls tomin edilon sinxron firlanmalari;

2. Maxsimum Entropiya tosviri alqoritmi ilo tosvirin yenidon
qurulmast;

3. Siibhali niimiinonin tosnifatt vo eynilogdirilmasi [4].

Neytron tomoqrafiya testlori,tosvir miistovisindo neytron siiasi
xarakteristikalar1 ilo 340 Vatt nominal giicdo isloyon IEN\CNEN-in
Arqonaut niivo reaktorunun J-9 slia kanalinda qurasdirilmis
eksperimental qurulusdan istifado etmoklo hoyata
kecirilmisdir.Ikidlgiilii tosvir piksellorin diiziiliisii ilo formalasir,
burada har bir piksel nlimuns materiallarin yeni vo qurulusu haqqinda
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molumatlar1 ehtiva edon boz va ya rongli (8 bit) 256 soviyye imkanini
tomsil edir. Ragomsal tasvirin iglonmasi tisullarindan, masalon goklin
tomoqrafik tosvirinin har bir pikselinds istilik neytronlariin imiimi
zoiflonmasine uygun golon boz va ya rangli tezliyine uygun olaraq
seqmentlosdirmays imkan verir. Rang saviyyasinin bu paylanmas1 har
bir materialin xarakterik spektrini yaradir. Neyron sobokolori
torofindon tesvir edilon prosedura bonzer roqomsal tosvirlorin
niimiinolorini miloyyan etmok vo tosnif etmok {iglin geri yayilma
tolimindon istifado etmoklo totbiq edilmisdir. ©On yaxsi naticalor
coxqatl gobuledici neyron sobokasi modelindan istifads etmokls oldo
edilir. Geri yayilma alqoritm istifado edilmis carpaz dogrulama
meyar1 naticesinds on yaxsi {isul miioyyon edilmigdir.Qanunsuz
maddoalari taxminan 1 daq arzinds avtomatik bagajm,pogtun,al yiikiinii
yoxlanilmasi alverigli hesab olunur. Siini neyron soboks totbiq sistemi
1,5% yalnis, 1,5% -i yalan (manfi), 97%-i agkarlama doracasine cavab
vers bildi.
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