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CEKIMA 1. HEPCIIEKTUBHBIE ABUALTMOHHBIE U KOCMHUYECKHWE TEXHOJIOI'MU

HNPOBEJAEHUE SKCHEPUMEHTAJIBHOI'O MOJAJIBHOI'O AHAJIU3A
MKA «AUCT-21»

Hempaxun /I.A., Hcaee C.IO., Cagpun A.H., Hzonkun A.A.
Camapcruti HAYUOHATLHBLI UCCAECO08AMENbCKUL YHUBEPCUMEN
umenu axademuxa C.I1. Koponrésa, 2. Camapa
petruahin94@mail.ru

IIpyu npoexTupoBaHUN OOBEKTOB, IMOABEPTAOIUXCS ACHCTBUIO NEPEMEHHBIX BO BPEMEHU HArpys3oK,
HEOOXOIUMO YYHUTBIBATh, YTO BO3MOXXHO BO3HHMKHOBEHHE TaKOIO SIBJICHUS, KaK PE30HAHCHBIE KOIeOaHus.
[TosTOMy HEOO0XOAWMO BBISBIISATH PE3OHAHCHBIE YACTOTHI M Jajiee JIMOO HUCKIOYAaTh WX W3 JAMarna3oHa
pabouux pEeKUMOB, OO OCYHIECTBIATH MEPONPHUSATHS JUISI MHUHAMH3AIMK PE30HAHCHBIX SIBJICHUH. 3a
pyOe’KoM MOJaJIbHBIE HCHBITAaHUS SIBISIOTCS 00s3aTenbHBIMU. B TO Bpems kak B Poccum TpeGoBaHus K
(hOpMHUPOBaHUIO TAKOH HOPMATHBHOHN JOKYMEHTAIIUU TOJBKO Pa3padaThIBAIOTCS. B CBSI3M C 3THM BOIIPOC IO
MIPOBEJICHUIO TUHAMMYECKUX UCTIBITAHUM SBJISETCS aKTyaJbHBIM, MIOCKOJIBKY ITO3BOJIUT MOBBICUTH TOYHOCTh
1 3QPEKTUBHOCT, COKPATUT CPOKH UX MTPOBEICHHSL.

CornacHo paboram BoeHHO-Bo3aymmHO#M akagemmn CIIA [1-7] ompeneneHme ITWHAMHYECKHAX
XapaKTepUCTUK KOCMHYECKHX JIeTaTeNbHBIX allapaToB M MX 3JEMEHTOB MOXHO pa3/eluTh Ha [Be
KaTeropuu, a UMEHHO: aHAJIN3 IIPOYHOCTH U aHAIN3 )KECTKOCTH KOHCTPYKLIUH CITyTHHKA.

[IpounocTHON aHanmM3 SBISETCS MOATBEP)KACHUE ILIETIOCTHOCTH U PabOTOCIIOCOOHOCTH H3AETHA,
MOJIBEPKCHHOTO BHUOPAIIMOHHOMY BO3JCHCTBUIO HAarpy3kaMHd, CpPaBHUMBIMH C MOJNETHBIMH. [Ipu s3TOM
BO3JICIICTBHE, KakK IpaBWJIO, HOCUT CIy4YaWHBIM XapakTep WM BHJ CHHYCOMJAIbHOM ‘“BCHBILKK’ (B
aHTJION3BIUHONM JMTepaType Sinbursttesting), ammimTyna Bo3mylmamoomieil BHOpPOMEPErpy3KH MOXET
COCTaBJIATH 110 15 g.

Junamudeckuil aHanu3 SKECTKOCTH KOHCTPYKLHH CITyTHUKA CTaBUT 3a/ady OIPEACIICHHUS €ro
MOJIBHBIX TapaMeTpoB (COOCTBEHHBIX 4acTOT U (opMm KomeOaHuil, a Takke ASMII(UPOBAHUS HA ITHX
4acToTax).

B cBsi3u ¢ BhIIECKa3aHHBIM ISl BBIIOJHEHUSI paOOTHl B KadyeCTBE OOBEKTOB MCCIENOBAaHUS OBLTH
BBIOpaHBI TabaprUTHO-MaccoBble MakeThl crryTHUKa “ANCT-2/1”.

Lenpto naHHOW palOTHI ABISETCS OTPaOOTKA METOAMKH MPOBEICHHS SKCHEPUMEHTAIBLHOIO
MOJIJILHOT'O aHaJN3a, ONpe/eleHue COOCTBEHHBIX YacTOT U (opM KojeGaHHi KOCMHYECKOTO armapara B
cOope i nanbHeliel BepuduKaiuyl ero MaTeMaTHIEeCKON MOJICITH.

OOBEKTOM HCCIIEAOBaHMS SIBISICTCA JAWHAMHMYECKas MOJAEIb ONTHKO-3JIEKTPOHHOTO  Majioro
kocmuueckoro ammapata «AUCT-2/1y», npenHa3HA4eHHOro Uil AMCTAaHLUHMOHHOTO 30HAMPOBAHUS 3€MIIH,
MPOBEICHUSI HAYYHBIX IKCIIEPUMEHTOB, a TaKKe JIJIsl OTpabOTKH U cepTU(UKAIIMKA HOBOW I[eJIEeBOW U HAyYHOU
anmaparypsl, 00eCIeYMBAIOIINX CUCTEM U UX MPOrpaMMHOr0 obecredeHus. Manblii KOCMUYEeCKUi armnapaT
paspabotan yuenbiMu Camapckoro yHuBepcutera u cnenuanuctamu AO «PKL «IIporpecc» u Obi BeIBeieH
Ha opouty 28 anpemns 2016 roga B paMKax MepBOTO MycKa ¢ HOBOTO POCCHHUCKOTO KOCMOApOMa BOCTOUHBIH.

JKcnepuMeHTaIbHOE  ompejesieHrne (GopM M YacTOT IMPOBOJUIIOCH OECKOHTAKTHBIM CIIOCOOOM C
MOMOILBIO TPEXKOMIIOHEHTHOTO JIa3€PHOTO BUOPOMETpa — CUCTEMBI, 00ecIeunBaroeil ObICTpyI0 00paboTKy
Y HaTJISITHOE TIPE/ICTAaBIICHHE TAHHBIX BUOPAIMH 110 BCei OBepXHOCTH 00bekTa [8] (puc. 1).

VYmopaBneHue  Ja3epHBIM  BHOPOMETPOM W BHOPOCTOJIOM  OCYIIECTBIISIETCS C  MTOMOIIBIO
cneunanuzupoBanHoro nporpammuoro obecnedenus: (I10). C momompro gannHoro IIO BwImonHSETCS
HACTpOWKa TMapaMeTpoB BHOPOCKaHHUPOBAHWS W MpPEACTaBICHHE pe3yJbTaToB B BHIE TIpaduKOB
3aBHCUMOCTEH YaCTOTHBIX XapaKTEePUCTHK, GOPM KOJIeOaHHIA, a TaK)Ke 00eCIIeUnBaCTCs IKCIIOPT JIAHHBIX.

Mautslii KOCMUYECKHI anmapat ObUI MOJIBEIICH Ha KI'YTOBYIO CUCTEMY OOE3BEIIMBAHUS U YCTAHOBJICH
Ha 3JIEKTPOJUHAMHUYECKUi BUOpocTos. C ero moMoIIbio BO30YKIAIUCh KOIEOaHUs! CHTHAJIOM «OeJIbIH IIyM»
B auamasone 5-130 ['m. beuta mpoBeneHa cepus SKCIEPUMEHTOB MOJTANTHOTO CKAHWPOBAHUS IUIOCKOCTEH
CIyTHHKA C TIOCIIEAYIOIIAM CHHTE30M BCEX 3TaloB B OOIIyI0 KApTHHY pE3yNIbTAaTOB JUIA MOTydeHUS
COOCTBEHHBIX YacTOT u (OpM KosiebaHuii kocMudeckoro ammnapara [9,10].



®eppanbckue ureHus: — 2018, baky

Bo30y>xaeHre mpoucxonnio Mo HaNpaBIeHUIO0 KaXI0H U3 Tpex ocell ¢ mepeoOopynoBaHIEM CTEH/A.
[Tocme ckanmpoBaHMs ObLTa MOJyYeHA YCPEAHEHHAs IO BCEM ITOBEPXHOCTSAM aMIUIMTYIHO-4aCTOTHAs
XapaKTepUCTHKA 061>eKTa nepe;[aTqua;I GyHKIHS 1 ero GopMBbI KoJIebanuii (puc. 2).

TEOW

[ompocrn_

Puc. 1. Dxcnepumenmanvuas ycmanosxka Puc. 2. @opma xonebanuii na wacmome 57,5 I'y

[Ipu anamm3e pe3ynbTATOB JSKCHEPUMEHTAIBLHOIO HCCIEAOBaHMS OBUIO YCTaHOBJIECHO, 4YTO
B030yxaearne MKA MOXHO ObIJIO MPOBOIUTH IO OJHOM OCH, TaK Kak OajodHble GopMbl KojaeOaHUH MpH
Pa3HbIX OCAX BO30YKICHHUS COBIAIAIOT.

Hanee nepenarounsle (GyHKUUH U3 IPOrPaMMHOTO KoMIulekca umnoprupyoorcs B «LMS Test.Laby,
rZe BBIIOJHAETCS pacdéT MOAAIBHBIX mapaMeTpoB. O030p NOJNYy4EHHBIX MOJ C HCIOJb30BaHUEM
nporpamMHoro makera Test.Lab (Modal Analysis) mo3BoisieT BBISIBUTH YCTOWUYHMBBIC TOJIOCHI, aHAJH3
KOTOPBIX MPOBOJAAT B COOTBETCTBHMH C MHIMKATOpaMH ‘‘MojaiibHas (hasoBas kosuHeapHocth” (MPC) u
“cpennee otkioHeHHE (a3pl” (MPD). BrIxoaHBIMU JaHHBIMH IPOTPAaMMBI SIBISIOTCS. MACCHUBBI PACUETHBIX
3HA4YEHUI YaCTOTHBIX MEPEAATOYHBIX (PYHKIUI CO 3HAUSHUSIMH YaCTOT COOCTBEHHBIX KOJIeOaHUH.

o —HcxonHsie. .. )
—LMS

i
OBnacts anarpaumis:

: /
& A INM
A AW NTRIN

Puc. 3. [lepeoamounasn Gyukyus od6vekma ucnvlmanuil u pesyivmanm oopadomxu
ucxooHwvix oannwvix 8 npoepamme LMS Test.Lab npu 6030yacoenuu MKA « AUCT-21]»

[ocne 0OpaboTKM AaHHBIX OBUT MOCTPOEH IpadUK 3aBUCHMOCTH TEPEaTOYHON (HYHKIIMU OT YaCTOTHI
npu Bo30yxxaeann MKA «AUCT-21» u pesynbTar e€ o0paboTku B nporpamMmmuoM nakere LMS Test.Lab
MIPEACTABIICH HAa PUCYHKE 3.

[IpuMmeHeHne mnporpaMMHOro Kominiekca o0padotku LMS Test.Lab mo3Bosiniao oTGHILTPOBATH
MOJTyYEHHbBIC SKCIICPUMEHTAILHEIC IaHHBIC, BEIIBUTH PE30HAHCHBIE YaCTOTH 00BEKTa U3MEPEHU HA OCHOBE
mertoza “Polymax” [11].

B pabGote Obln MpOBEEH 3KCIEPUMEHTAIBHBIA MOJAbHBIM aHAJIN3 Majoro KOCMHYECKOro armapara
«AUCT-2[]», moyydeHsbl €ro aMIUIMTYIHO-4aCTOTHAs XapaKTepUCTHKa M (POPMBI KOJICOAHMI, BBIMOJHEHA
00paboTKa MONy4YeHHOH IepenaTouyHol (yHKIMH B mporpaMMHoMm rtakere LMS Test.Lab. Ycranosneno, uyto
JUIS TIOJTyYeHHsI JIOCTOBEPHBIX pe3yJIbTaTOB CKAHWPOBAHHS JIOCTATOYHO BHOPOBO3OYKICHHE armapaToB

-10-
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TAaKoro Kjacca IO OJHOW OCH, a BHOPOCKaHMPOBAaHHE INPOBOIUTH IO BCEH NOBEPXHOCTH HCCIELYEMOIO
o0BeKTa.

Pesynpratel paboTel OBUIM TONy4YeHBl B paMKaxX BBIOJHEHUS TOCYJApCTBEHHOTO 3aJaHus
Muno6puayku Poccun (momep I'3 9.5280.2017/7.8) u ¢ ucmonb3oBanueM cpeictB rpanta I[Ipesunenta
Poccwmiickoit denepannu a1 TOCYAapCTBEHHON MOIIEPKKH MOJIOABIX POCCHICKUX yYeHBIX (HOMEp rpaHTa
M/1-3082.2017.8).
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10 Muxwnmes .H. DkcriepruMeHTanbHBIC METOBI B IHHAMIKE KOCMHUECKUX amnmaparoB / M.: MammHocTpoerue, 1978,
248 c.
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Experimental modal analysis of the “AIST-2D” small-size spacecraft
Petryakhin D.A., Isaev S.U., Safin A.l., Igolkin A.A.

The purpose of this study is to develop a technique for experimental modal analysis of the “Aist-2D” small-size
spacecraft performed by applying non-contact method. The experimental study has been carried out using the three-
component laser vibrometer. The obtained amplitude-frequency response (AFR) and vibration modes of the object
under investigation are processed usingt the LMSTestLab software package. It has been established that in order to
obtain reliable scan results for devices of this class it is sufficient to excite the vibration along one axis. Vibroscanning
is carried out over the entire surface of the object under study.

KOHUEIINUA CO3JAHUA KJIAITAHHOTI'O OCTPOBA METOJIOM
CEJIEKTUBHOI'O JIASEPHOI'O IIUVIABJIEHU S

Pexaoze IL/I., Poouonoe JI.B., Hzonxun A.A.
Camapcruti HaYUOHALHBIL UCCTE008AMENLCKULL YHUBEPCUMEm
umenu axadoemura C.I1. Koponésa, 2. Camapa

N /
,gﬂ '5‘ rekadze1993@gmail.com

Coznanme arperatoB CO CHI)KEHHBIMH MaccOTabapUTHBIMH TTOKa3aTesiMH TpeOyeT HCIOIb30BaHUS
HOBBIX TEXHOJIOTHH. VICIONb30BaHUE QI IUTHBHBIX TEXHOJIOTHH IDIABICHUS METAJUIMYECKUX IOPOIIKOBBIX
MatepuanoB (SLM) ans co3ganus arperaTtoB B MOCIEAHES BpEMs HaXOJUT IIUPOKOE MPUMEHEHUE B PA3HBIX
chepax. 3a pyOexkoM yKe IPOU3BOIAT MOJHO(YHKIIMOHATBHBIC THAPOOIOKH ¢ KaHAJIaMH CII0XKHON (OPMBI U
PENYKIIMOHHBIEC KIIAMaHbI Il POMBIIUICHHOCTH [1], Ui aBHAIlMK CEpUITHO M3TOTABIMBAIOTCS KIIATTaHHBIC
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omoku mpuBojaa croirepa camonera A380 [2] (puc. 1). B Poccum momoOHbIe pa3paOOTKH HAYMHAIOT
pasBuBatbesi [3]. HopmaTuBHOW JOKyMEHTallMHM JUIsi NPUMEHECHHUS AJJUTUBHBIX TEXHOIOIMH TOKa He
paspaboTaHo.

Vsobpaxcenite: © Liebherr

Puc. 1. Knanannwiii 610k npusoda cnoiinepa camonema A380, naneuamannwiii ha 3D-npunmepe [2]

Lenp paboTs - HOpMUPOBAHUE KOHIIEIIIIUK CO3MaHMs KIIalIaHHOrO 0cTpoBa MeToaoM SLM.

Knananueiéi ocTpoB BBIOpaH KakK MPEIMET COBMECTHOIO MCCIICIAOBAaHUS TPYyMIoi yueHbx CaMapcKoro
HaI[MOHAJIBHOTO MCCIICIOBATEILCKOTO yHUBepcuTeTa uMeHn akafemuka C.I1. Koponé€sa u mompasnencHus
kommanuu Camozzi OO0 “Kamorru [TreBmatnka”.

Texanueckoe 3ananue (T3) (puc. 2) cOCTOAIO B M3TOTOBIEHUH aHAJIOTa KIIATAHHOTO OCTPOBA COTIIACHO
YEepTEeKY 3aKa3urKa.

Puc. 2. Tpexmepnasn modenv KiananHo2o ocmpoga

KitananHBIH OCTPOB COCTOHMT M3 OJHOHM JETAIU-TUIUTHI C OTBEPCTUSIMU M KaHaTaMH. TexHoJoruueckas
KapTa CO3JaHMs IUIMTHl TPAJWIHOHHBIMH METOJaMHU BKIIIOYAET: CO3JIaHHE 3aroTOBKH (DKCTPY3Hs),
MOJlydeHHUEe OTBEpPCTHH KaHaloB (OT YEpPHOBOW 10 (UHUIIHONW 00paboTKH), Hape3aHHE pe3bObI,
anogupoBanue. C npumeneHneM Mmerozna SLM TexHomormveckuil mporecc MOXET UMETh Kak HOAO0OHYIO
CTPYKTYpY (3arOTOBKa «BBIpAIIUBACTCS» Ha MPHUHTEpE), TaK M BHJOW3MEHEHHYIO (CO3/IaHME 3arOTOBKH Ha
MPUHTEPE, MOJIYYCHHUE OTBEPCTHH KaHAJIOB (YUCTOBas 00paboTka), (uHHUIIHAS 00paboTka (rHOpHIHBIC
METOJIBI JJIsl 00paOOTKH KPHBOJIMHEHHBIX ITOBEPXHOCTEH), Hape3aHue pe3bObl, aHoaupoBanue). Ha texymem
3Tarle paccMaTPUBAETCs CO3aHNE KIIATTAHHOTO OCTPOBA C TEXHOJIOTHYECKON KapTOH MEepPBOTo THTIA.

Hist  co3maHusi TPOEKTUPYEMOTO arperara HEeoOXOJMMO BBIOMHHUTH DSl TEXHOJOTHYECKHX U
MPOU3BOJICTBEHHBIX JTAIIOB!

- COCTaBJICHHE TEXHOJIOTMYECKOH KapThl IPOEKTUPYEMOH J1eTalH;

- HCCJIeIOBAaHNE CBOWCTB HCIOJB3YEMOIr0 Marepuaia (IPOYHOCTb, HIEPOXOBATOCTh MOBEPXHOCTH) TIPH
TUTABJICHUY TTOPOIITKA Ha 33/IaHHBIX PEXKUMaX, BBIOOP ONTHMAaIBHOTO PEIKUMA;

- OLEHKAa BO3MOXKHOCTH BBINIOJHEHHUS JETald COIJacHO YepTeXy [0 MapaMeTpy TOYHOCTH,
IIEPOXOBATOCTH, TIO3UIIHOHUPOBAHHS;

- COCTaBJIEHHE TUIOCKOTO M 00BEMHOT'0 YepTeXkeH arperara KIaraHHOTO OCTPOBA;

- HaCTpOHKa NPUHTEPA;

- HacTpoiika 00beMHOW Mozenu Ui medatu (mepeBof ucxogHoro ¢opmara B STL-popmar, 3aganue
CEeTKH, pacIloJIOKEHHE MOJIETIH, 33/IaHue MaTepraia MoJJICPIKKH);

- [IeYaTh arperara,

- YepHOBAasl, YUCTOBasA U (puHUIIHAS 00pabOTKA KaHAJIOB arperara;

- Hape3aHue pe3bObl;

- aHOJIMPOBAHHE;

- IPOBEPKa Pa3MEPOB M Ka4eCTBa MOBEPXHOCTH MOJYYSHHOTO arperara i CpaBHEHHE C YEPTEKOM.

KoHnenius npon3BoACTBa KJIAMAHHOTO OCTPOBA PACCMOTPEHA NMPHUMEHUTENHHO K TEXHOJIOTMYECKOU
KapTe, CXOKEH ¢ KapToW MPOM3BOJCTBA CEPUIHOIO KIAMAHHOTO OCTPOBA, OTIMYHEM SIBIISCTCS MOITydCHHUE

-12 -



®@eBpanbckue ytenus — 2018, baky

3aroToBKH - Kommanus Camozzi mpou3BOJMT 3arOTOBKY JJIsl KJIAIMIAHHOTO OCTPOBAa METOOM 3KCTpPY3HH,
MpeaIoKeHHAss KOHICMIHS Ipe/iaraeT GopMUPOBaHUe 3aroToBku MeTogoM SLM, nanbHefimnas o6paboTka
KOTOPOI HAUWHAETCS C YHCTOBOM.

[Ipy wucnonb30BaHMM TaKUX BO3MOXHOCTEH MNpOrpaMMHOro obecreueHust s Metoga SLM kak
TOIOJIOTUYECKAsT ONTUMH3AIUS KOHCTPYKIHH, BO3MOXHO IMOJTYYCHHE KIIAMaHHOTO OCTPOBA CO CHMXKEHHOMU
Maccoir (mo 30-40%). TUOMYHBEIM TPUMEPOM TOTOIOTHYECKOW ONTHUMH3AINH SBISIETCS THUAPABINIECKAN
KJanaHHeli 010k kommanuu VTT (puc. 3) [4].

Puc. 3. F'uopasnuueckuil knanannwlii 610K (3mansl ONMUMU3AYUY U RPOUZB00CNEA KOHEuH020 azpezama)[4]

Taroke MpUMEHEHNE aJNTHBHBIX TEXHOJOTHH MO3BOJIIET U3MEHSATh KPUBHU3HY KaHAIOB HA YCMOTPEHHUE
KOHCTpYKTOpa. B TuapaBivke akTyalbHO CHIKCHHE THAPOCOMPOTHBIICHUS KaHajda MyTEM YMEHBIICHUS
JIMHEHHBIX M MECTHBIX CONPOTUBICHUN. B IHEBMaTWKe, BBUIY MaJIOM BSI3KOCTH BO31yXd, TaKOU
aktyaimpHOocTH HeT. Co3maBas MOJEIM, aJanTUpOBaHHbIE 1MOJ Meron SLM, Bo3MOXKHO MONyduTh Ooliee
KOMITaKTHBIE arperarsl, ueM ctanmapTHsie (puc. 4) [5].

.t

75 % weight reduction
1/2 size dimension

Puc. 4. I'uopobnox upmer AidroHydraulics, coenannulii adoumusHvimu mexHono2usimu (ciega); 2uopooiiox,
COeNanHblil mpaouyuoHHbIMU Memooamu (cnpasa)[5]

OpHako TpW HMCIONH30BAHUM TOMOJOTHYECKONH ONTHMM3AIMU U TMPH HCIIOJIB30BAHUU BO3MOXKHOCTH
CHIDKCHHH THJIPABIUYECKUX COMPOTUBIICHUI KaHAIOB THIPOAarperaroB BCTaeT BOIPOC O (DUHHUIITHON
00paboTKe KPUBOJIMHEWHBIX KaHAIOB. Pa3paboTunku kianmaHHOTO OJI0OKa MpUBO/a croiiepa camoineta A380
MpeUIaraloT C 3TOW LEJbI0 HCHONb30BaTh YIJIOBbIE (pe3bl, MOJUPYIOIIME HHCTPYMEHTHI, MUHHATIOPHbIE
3epKajia M JIp., 4TOOBI 00ECHeunTh IUTaBHBIE MOTOKM pabouell xuakoctd. B mporecce Imia3MeHHOTro
a30TUPOBaHMS B KaHajax KJamaHHOro OJioKa co34aBajach BbBICOKAs MOBEPXHOCTHAs TBEPIAOCTD,
3alMIIAONIas KaHaJbl OT H3HOCA, YCTAJIOCTH U KOPPO3UU. AHATM3UPY MOCIEAHNE TEXHOIOTUH 00padoTKH
MeTaJlIoB [6,7], MOKHO YTBEPKIaTh, YTO i 00PabOTKU KPUBOJMHEHHBIX KaHAJI0B I'MOPHIHbBIC TEXHOIOTHH
MMEIOT HauOOJBIINE MEPCIEeKTUBbI, IMO3BOJSASI C OJHOW CTOPOHBI YXOJIWTh OT OJHOTO W3 TJIABHBIX
HelocTaTKoB Merona SLM — BhICOKOH IIEpOXOBAaTOCTH MOBEPXHOCTH, @ C APYrOdl CTOPOHBI MOBBIIATH
MTOBEPXHOCTHYIO TBEPIOCTb.

Takum o00pa3oMm, MNpemoKeHa KOHIICHIUSA CO3JaHus MHeBMoarperata wmeromoM SLM. Takke
MPENIOKEH BApUAHT KOHLEMIMM C HCIOJIb30BAaHMEM TOIMOJOIMYECKOM ONTHMH3ALMK KOHCTPYKIIMM U C
HCTOJIb30BaHHEM BO3MOKHOCTH CHIDKEHHS THIPOCONPOTUBIICHUH KaHAJIOB (/7151 THIPOarperaTos).

Pesynbprarhl paboThl ObIIM TOJTYYEHBI C WCIOJIL30BaHUEM cpeicTB TpanTta [Ipesunenra Poccuiickoit
@denepanuy Ui TOCYIAPCTBEHHOM MOAJNEPKKH MOJOABIX POCCHICKHX y4eHbIX (HoMmep rpanta MK-
1098.2017.8).
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The concept of a pneumatic unit creating by the selective laser melting method
Rekadze P.D., Rodionov L.V., Igolkin A.A.

The creation of pneumatic units with improved characteristics requires a new technology. The selective laser
melting of metallic powder materials (SLM) method allows using the main advantages of additive technology. The
aggregates production by means of the SLM method requires mature concepts based on additional capabilities of
additive technology (topology optimization, change of geometry towards improving the performance of the unit). The
current work is devoted to the concept of creating a valve island by SLM method, as well as a concept modification for
hydraulic applications.

Key words: additive technology, selective laser melting, concept, pneumatic unit, valve island, hydrounit,
topology optimization, hybrid technologies.

METO/J PACUETA BHEIITHEI'O JIAKOKPACOYHOI'O
HOKPBITHUA BO3AYIIHOI'O CYJHA HA YCTAJIOCTHYIO IPOYHOCTD

Anuees A.A.

= t Hayuonanvuas Axademusn Asuayuu
““' a.aliyev@naa.edu.az

BBenenue. [IpoekTrpoBaHue KOHCTPYKIIMOHHBIX 3JIEMEHTOB BO3AymHBIX cynoB (BC), paGortarommx B
YCIIOBUSIX IHUKJINYECKOTO HarpyXeHus, TpeOyeT pacu€THOH OIEHKH pecypca MX paboThl B 3aJaHHBIX
yenoBusx [1]. Jlakokpacounsiit matepuan (JIKM), HaHecEHHBIN Ha MOBEPXHOCTh TAKOTO DJIIEMEHTA B BHIIC
nmakokpacounoro mokpertus (JIKII), Taxke BOCIpHHUMAaeT BCE €ro Harpys3Kd, CHOCOOHBIE TPUBECTH K
HapyIICHUIO CIUIONIHOCTH 3alIUTHOTO ciosl. B aToii cBsa3u mpu Ber6ope JIKII ams nuxnnyecku HarpyxaeMbIx
anemeHToB BC BO3HHMKaeT HEOOXOAMMOCTh MpEABAPUTENbHON (pacdE€THOM) OLEHKH HUX YCTaJOCTHOH
npounocTtd. Cpenu JIKII marucrpansHoro BC 3HaunTenbHOE MEXaHUYECKOE BO3AECUCTBHE BOCIPUHUMAET
BHEITHEE MOKPHITHE OOIINBKY, KAIICHAAPHBIA CPOK CITY>KOBI KOTOPOTO JOJDKEH ObITH He MeHee 4-X JeT [2].

AnHanmu3 0000IIEHHOTO OMBITA AKCIUTyaTAllMK TOKAa3bIBAET, YTO BCIEJCTBUE HAPYIICHHS CIUIONTHOCTH
JIKII BC cpenyn BHEIIHHUX 3J€MEHTOB OOIINBKY OJHOM U3 Hauboliee Mo ABEP>KEHHBIX KOPPO3UH 30H SIBISIETCS
3amm3 [3, 4].

B o6mewm Bujyie B THIOBOM Tosiére Ha BHemHee JIKIT camonéra nelicTBYIOT ClIeAyrolue MeXaHHYecKre
Harpy3ku (puc. 1):

0c — HallpsDKEHHE OT MOJETHBIX Harpy3ok. J[edcTByeT AMHAaMUYECKH B T€UYEHUE MONETA, ONpPENesIIeTCs
Ha OCHOBE IIUKJIOTPAMMBbI Harpy>KEeHUs AeTand (TIOAJIOXKKH);

0. — TEPMHYECKOE HAIPSUKEHHE. BBI3BAHO 3HAYMTEILHBIMU TEMIIEPATYPHBIME TIEPeragaMi 3a60PTHOI
temreparypsl (50...100 K) mexay aspompoMoMm U Kpelicepckod BBICOTOH. JleicTByeT JMHAMHYECKH, B
3aBHCHMOCTH OT BBICOTHI MOJIETA;

o — ycajlouHOe HANpsUKEHHE. BBI3BAHO YKATHEM TMOKPHITHS NPH BHICHIXaHUM. VIMEET MOCTOSAHHBIM
XapakTep, OMpeessieTCs SKCIepUMEHTAIBHO [5, 6].

1Llenvio nacmoaweli padomel SBISIETCS pa3padOTKa METOAMKH yCTaloCTHOrO pacuéra BHemHero JIKII
CUCTEMBI «IIOKPBITUE — IOJIOXKKA», 3aKJIIOYAIOIIETOCs B ONPEICICHUM €ro 3amaca yCTalOCTHOM
JIOJICOBEYHOCTH.
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o)

Puc. 1. IIpogunv naepyocenus JIKII 6 munogom nonéme (YUK «3emiist — 6030yX — 3eMIIsLY,
T=288...223...288 K) cpeonemazucmpanvrhoeo camoréma: o, — HAnpsiceHue om noiémnulx Hazpy3ox,
0. — mepmueckoe nanpavcenie, o — ycadounoe HanpsvCcenue.
Omanvt munosozo nonéma: 1 — pynéxcka, 2 — 631ém, 3 — HAUAILHBLI HAOOP 6bICOMDbL, PA32OH,
4 — nabop kpeticepcKoll 8bICOMbL C YHACMKOM PA320Ha, 5 — Kpelicepckuii noaém, 6 — cHudicenue u
mopmodicenue; 7 — 3ax00 Ha nocaoky, 8 — nocaoka, 9 — pynéxcka

Adaroputm pemenusi. [ OICHKH YCTaJOCTHOW MPOYHOCTH DIIEMEHTOB, pabOTaIOMIMX B YCIOBHUSX
cinoxHoro HJIC, mmpokoe pacmpocTpaHEHUE NOMYy4YMI METOJ HKBHUBAJICHTHBIX HampspkeHUd. Meton
MIO3BOJISIET aIlPOKCUMHUPOBaTh JokanbHble HJIC B MOTeHIIMANbHO-KPUTHIECKUX MECTaX B BHUJIE OJHOOCHBIX
HaIpsDKEHHBIX COCTOSHUMN. J[ambHEHIUN pacyéT yCTalOCTHOM MONTOBEYHOCTH MOXKHO BECTH Kak Ui
3IIEMEHTOB, PAOOTAIOIINX B YCIOBHIX OJHOOCHOTO PacTsHKeHUsI-Cokatus [7-9].

PesynpTHpytoliee HOpMaTbHOE HAPSKEHUE B IOKPBITHH MPEACTABISIET COO0H anredpandecKyro CyMMy
JIEUCTBYIOLINX HAPSKEHUN:

O'C:0'cf+0cT+0'cu (1)

Jlns ompesenieHUs o, WCIONB3yeM IMHKIOIPAMMY HATPYKCHHS 3a/M3a IEPEMEHHBIMU HArpy3KaMH,
COCTaBJISIOMIMMY TONETHBIN LUK (TUIIOBOM MONET) (pHC. 2).

VIpyrie HAMpsOKEHHs. B MISHKE OT MOJIETHBIX HATPY30K O CBS3aHBI ¢ HANPSUKCHHMSME B TIOUIOKKE Oy
cexyromuM obpazom [10, 11]:

2
Gcf :l_ﬂsz 'EO'; (2)
1-4 E

S

rae E;, Es n u¢, us — momynu lOnra u kosdduuuents! Ilyaccona marepruanoB mi€HKU (C) U MOATIOKKH
(S) cooTBETCTBEHHO.

Hanpsokenue, BeI3BaHHOE TEPMUIECKUMU Jieopmarusimu [ 12]:

g cT:(aTc'aTs) (T-To)E/ (1'ﬂ2c) 3

I O7s U O7c — TeMIlepaTypHble KO3()(UIMEHTH JTUHEHHOrO paclIMpeHHs MaTepuala IMOJUIOKKH H
IIEHKH B uanazone temneparyp 7o-T.

Ty — TemmepaTypa Ha a’3poaApOME B3JIETA;

T —3abopTHas Temneparypa Ha JaHHOH BBICOTE MOJETA.

Puc. 2. Obwuii 6u0 yuxkioepammvl MUHUMATLHBIX
(O'mein) U MAKCUMAIbHBIX (ameaX) Hanpsiicenutl om
NOIEMHBIX HASPY30K 3A1U3A
cpeonemazucmpanvioco BC 6 munosom nonéme;
N — YUCIa NOBMOPEHUL KAIHCO020 YUKILA 8
OOUHOM HaASPYIHCEHUU
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Hampspkenne OT ycaakd TpU BBICBIXaHHUM W TPU OTCYTCTBHM JIKCHEPUMEHTAIBHBIX JAHHBIX MOXKHO
MIPUHSTH KaK:
0:'=0,1E, (@)
Ioxcrasus B hopmyiy (1) mONydeHHbIC 3HAYCHUS HANIPSKSHHIL O, 0" U 0| ISl KaKIOTO STara monéTa
MIOJTyYUM IHKJIOTpamMMy HopMmanbHbIX Hanpsbkernit JIKII oc, aHamornaayro uKiIorpaMme Ha puc. 2.
Hukn xapakTepusyeTrcs MHHHMAIbHBIM (Ocmin) ¥ MaKCHMANBHBIM 3HAYCHHEM (Ocmax) HAIPSDKEHUS.
CpenuHee HanpspKEHUE:

O'm:(O'Cmax+GCmin)/2 (5)
[MpuBenEéHHOE HANIPSDKEHHE OT HYJIEBOTO IIMKJIA 110 hopmyse OpuHra:
Ooo. = \/20Cmax (GCmax - O-m) (6)

OKBHBaJICHTHOE HaIllpsKECHUE  [UKIIA, MTOBPCKIAOIIas CIIOCOOHOCTH KOTOpOTO paBHa BCEM

COBOKYITHOCTH HAarpy30K UCTOPHUU HAI'PYKCHUA:
_ m
Oe = m’z nio-Od.i (7)
i

re M — MoKa3aTellb, ONMPEISNIIOMNN YToJ HaKIIOHa yCTaTOCTHONW KpUBOH 6-N;

N — KOJMYECTBO MOBTOPEHHH CTYICHU C HAIMPSIKEHUEM 0py; B OJIOYHOM HArpyXeHUU (M3BECTHO W3
LMKJIOTPaMMBbI Harpy>KeHUs MOJIOKKH, pUC. 2);

000, i — TpUBeAEHHOE HaTpskeHue (1o OMUHTY) CTYTIeHU O0J0YHOTO HATPYKEHHSL.

VYeranoctHas goaroedyHocTh JIKII, cOOTBETCTByOIIAasi HAarpyXEHUIO 3KBHUBAJICHTHBIM HaIPSLHKECHUEM
LUKJIA:

N:exp((gB_O-ake)/A) (8)
rae N — 4uciio HUKIIOB 10 pa3pyLICHus,

o — nipeaen npounoctu marepuana JIKII;

A — xoncranra Matepuana JIKII, xapakTepu3yroias CKOPOCTb MaieHHsI BHIHOCIHBOCTH.

BezonacHslii pecypc, MOAETHI:

Tsp=NIn ©)

rie 7 — kodddunueHT HaaéxHocTH [12].

3amac ycTanoCTHON TOJITOBEYHOCTH:

k=T, Ep/ T (10)
rae T — npoekTHbIN pecypce JIKIL
[Ipu HemOCcTaTOYHON yCTaIOCTHON MPOYHOCTH cieayeT 3amennTs JIKM Ha Oonee BeIHOCTUBEIH. [l
CHIDKEHHSI TPYHOEMKOCTH pacu€Ta Npu ONEpUPOBaHMM OONBIINM OOBEMOM JaHHBIX BO3MOXKHA €ro
ABTOMAaTH3ALMS M UHTETPAIHsl ¢ KOHEYHO-JIEMEHTHBIMU KOMILIEKCAMHU.

BeiBoanbl. [TonTeepkaeHue 3amanHoro pecypca jakokpacounoro mokpsitust (JIKII) Bo3mymHoro cyaxa
(BC) tpebyer pacué€ra ero OOArOBEYHOCTH. B KauecTBe MOTECHUHUAIBHO-KPUTHYECKOTO 3JIEMEHTAa JUIS
ycranocTHoro pacuéra miuéHku BbiOpano JIKII 3anmmsa, roe cocpemoradnBaeTcs MOBBIMLICHHBIM YpPOBEHB
Harpys3ox.

1. Mexanuueckue Harpy3ku Ha JIKII BC mpeanoxeno pasznensiTe Ha TPH TPYHIbI — HANPSDKEHUS OT
MOJETHRIX HArpy30K, YCaJKH, TEMIEPaTYPHBIX MEPEenagoB, 0OycIaBINBaOIINX ABYXOCHOE (OMaKCHAIBHOE)
pacTshKEeHUE TIIEHKHU.

2. JIns ouenkn ycranoctHoi mpounoctd JIKII BbiOpaH MeTOJ SKBUBAJICHTHBIX HANPSHKCHUH,
ANNPOKCUMHUPYIOIINNA CIOXKHBIE HANpsHKEHHBIE COCTOSIHMA uepe3 NpHUBEAEHHBIE HampskeHus OpuHra B
COOTBETCTBYIOLLEE 10 OBPEKIAEMOCTH OJHOOCHOE pacTshkeHue-coxarue. [IposenéH pacuér HanpsKeHUH OT
MOJIETHBIX HAarpy30K C WCIIOJB30BAHHWEM IUKJIOTPaMMBl HArpYKeHHS 3aIWIIA€MOTO JJIEMEHTa (3ayn3a)
[IEpEMEHHBIMH Harpy3KaMH, COCTABISIOIIMM MOJETHBIN LIUAKIL.
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Fatigue calculation method of aircraft external coating
Aliev A.A.

The aspects of forecasting the fatigue strength of aircraft operating under conditions of biaxial stretching are
considered. For the cases composing a typical flight of a commercial aircraft, an algorithm for calculating stress-strain
state of external paint coatings by the equivalent stress method is proposed. As a critical outer element of the skin, wing
fairing is considered as the most vulnerable to shrinkage, thermomechanical and flight loads.

GTOC 9: PROBLEM AND SOLUTION

Mammadzada T.H.
“Azercosmos” OJSCo
tarlan.mammadzada@azercosmos.az

d"h

Introduction. The European Space Agency initiated the Global Trajectory Optimization Competition in
2005 [1] with the objective of fostering research in global trajectory optimization field by letting the best
aerospace engineers and mathematicians worldwide challenge themselves in one-month competition, which
takes place every one-two years, to solve one “nearly-impossible” problem of interplanetary trajectory
design.

The GTOC 9: The Kessler run, organized by the Advanced Concepts Team of ESA, focused on design
of a set of missions to de-orbit 123 debris pieces over 8-year period that, if removed, would restore the
possibility to operate in that precious orbital environment and prevent the Sun-synchronous LEO
environment from being severely compromised.

Problem statement. The objective of the GTOC 9 competition is to design n missions, multiple-
rendezvous spacecraft trajectories along Keplerian orbits perturbed by the mean J2 effect, for cumulative
removal of all the 123 orbiting debris, which are at any given epoch time t computed by updating their
osculating Keplerian elements. The following cost function has to be minimized:

n 1
J = X(II- = x [(.3:, + o (mo, — md,-y}g}
im1 i1

where C; is the cost of the i-th mission and composed of a base cost ¢; (increasing linearly during the
competition time frame) and a term o (mg; — mgy,)® favoring a lighter spacecraft, where the my; denotes the
(total) spacecraft mass at the beginning of i-th mission and mygyy is its dry mass.
The base cost is defined as:

o tsubmission - tstm‘t
C; = Cnpy + (

Cym — C-m)
tend - tsmrt

where tsmission 1S the epoch at which the i-th mission is validated and te,q and tg. are the end and the
beginning epochs of GTOC9. The minimal basic cost ¢, is 45, while the maximum cost cy, is 55.
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Each spacecraft’s initial mass my is the sum of its dry mass, the weights of the N > 1 de-orbit packages
to be delivered on each debris for removal and the propellant mass:
Mg = Mgpy + Nmge +m, mage = 30

The i-th mission starts t; and ends at tif epoch time. Each mission starts with a launch delivering at a

chosen debris and ends when all the N de-orbit packages on-board have been delivered and activated. An
orbiting debris is considered as removed if:

a) its position and velocity at some epoch t coincides with the spacecraft position and velocity vector;

b) for the following t, > 5 days the spacecraft stays in proximity of the debris while delivering and
activating a de-orbit package.

After the delivery of the package, the spacecraft is free to ignite its propulsion system again and leave
towards the next debris.

Dynamics. Each spacecraft dynamics is described, between two maneuvers, by the following set of
Ordinary Differential Equations (ODES):

k=t 3 () (152
y=—tl1437, (=) (152
i=—t{1+3h ()" (3-55)}
which describes a Keplerian motion perturbed by main effects of an oblate Earth, i.e. J2.
Each debris orbit is defined by the Keplerian parameters a, e, i, Qo, ®9, Mo and time t, the Cartesian

coordinates of each debris may be calculated by:
x = reos(f + w) cos Q — sin(# + w) cos i sin €]

1

o
w

= e = |
|N’ M|k\)

ot
[

T

y = r[cos(f + w)sin Q + sin(f 4+ w) cos i cos (]
z = r[sin(f + w) sin
vy = v[—sin(f +w — ) cos Q — cos(f + w — 7) cosisin (1]

v, = v[—sin(f +w — ) sin Q2 + cos(# + w — ) cosi cos (1]

v: = v[cos(f +w — ) sini]

The only maneuvers allowed to control the spacecraft trajectory are instantaneous changes of the
spacecraft velocity, its magnitude being denoted by AV. After each such maneuver, the spacecraft mass
needs to be updated by Tsiolkovsky’s equation:

AV

Ve

?
my = m; exp (— ) Ve = fs-pgn-

Delivered solution

The described trajectory design problem is a well-known Dynamic Travelling Salesman Problem and
thus belongs to the class of NP-hard problems (nondeterministic-polynomial complexity).

As an initial guess, it was supposed, that minimizing the count of missions would minimize the total
cost. The parallel computing of different scenarios was performed, by filtering of non-optimal chains the
final result was generated. The local optimization techniques were implemented in order to maximize the
delivery of de-orbit packages for each computed trajectory.

A branch-and-bound algorithm was used to build the chains of varying length, and chain was deemed
complete when there were no further targets, or when it ran up against the maximum time constraint.
Filtering (bounding) was applied to chain length (minimum), total fuel and the average AV.

The “nearest body” estimation was made in order to find the following debris in a chain, according on
the norm of the Cartesian coordinates of the spacecraft and debris on a short time interval, considering the
two-impulse maneuvers.

The Lambert problem was considered in order to find the optimal transfer time between two debris.
The initial time to was considered in a 30 days time interval (as it was allowed to follow up the debris for a
maximum of 30 days) to minimize the AV and thus the fuel consumption. The 8-th order Runge-Kutta
integrator was used for propagating the dynamics and solving corresponding boundary value problem on
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different transfer start time t;, and the r, and v, were taken as the current vectors of the debris to be
transferred from.

The following improvements. The delivered solution allowed to deliver all de-orbit packages to the
123 debris in 8-year interval. Shortly after the close of the competition, the following points were considered
as a subject for future improvements:

1. Only two-impulse maneuvers were considered in the solution, however it was allowed to implement
up to 5 maneuvers for each transfer. Also, multiple revolution maneuvers may be considered in order to
minimize the fuel consumption.

2. The approach, supposed to minimize the missions count, may be not optimal, as the total cost
function depends on total fuel consumption during the maneuvers.

3. The “nearest body” estimation was made on the basis of Cartesian vectors, however, it would be
optimal to compare the Keplerian elements, as the changes in different Keplerian parameters, even if the
same distance is considered, may cost differently (i.e inclination change is highly expensive).

4. The Lambert problem was approached as a boundary value problem. However, results obtained were
not optimal, depending on the initial guest. Other solutions of the Lambert problem, i.e. Gooding’s method
[2], should be considered in order to optimize the calculations.

5. The drift rate must be considered in the transfers, because the ascending nodes are spread over the
full circle and the cost of large plane changes is prohibitive.

6. Ant Colony Optimization and Genetic Algorithm may be used for mission generation and global
optimization [3].

Conclusion. The debris rendezvous problem, stated in this edition of the GTOC, was a challenging
problem of interdependent and time-dependent combinatorics. The solution, generated and delivered in one
month, considered as a significant milestone, since only 20 teams among 70 were able to remove all 123
debris. Shortly after the competition, the problem was revisited and potential improvements were considered,
achieving a strong foothold of understanding of how to work with such problems.
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GTOC 9: 3agaua u ee pemieHue
Mameosaoe T.T.

B naHHOI cTaThe paccMaTpHBaeTCsl pelieHue, MPeICTaBIeHHOe aBTOPOM Ha YEeMITMOHATE MUPA 110 ONTHMHU3AINN
kocmmuecknx Tpaektopuiit GTOC-9, rme paccmarpuBaiach 3amava CTHIKOBKH cO 123 o0JloMKaMH Ha OKOJIO3€MHOM
opbuTe ¢ 1ebi0 X BEIBO/IA ¢ OpOUTHL. PaccMaTpuBaemas 3a/1aua sBJIA€TCS TMHAMUUYECKON 3a1a4eli KOMMUBOSDKEpA U
OTHOCHTCS K THITY OOJIBIINX AUCKPETHO-HENPEPHIBHBIX ONTHMH3aLMOHHBIX 3a/1a4.

COXFONLI OPTIMIZASIYA METODU iLO TOYYAR® SASSISININ DiZAYN
PROSESININ MODELLOSDIRILMOSI

Tagizads A.Z., Olizada R.I.
Milli Aviasiya Akademiyasi
aga.tagizade@gmail.com

Molum oldugu kimi, sassinin layihalondirilmesi toyyaro dizayninin osas istigamotlorindon biridir.
Dizayn va inteqrasiya prosesi ¢oxsayli mithandislik mosalalarini, masalan, struktur, ¢oki, kinematik, igtisadi
somoarslilik va gacis zolaginin islonmo masalslarini shato edir. Bu forgli sahslor arasindaki qarsiligh slage
sassinin miirokkab sistem oldugunu gostarir.

Moéveud todgiqatlarin analizlari gostarir ki, sassi lizro aparilan elmi islarde asasan dinamik vo statik
yiikklonmolorin  yaxsilagdirilmasi {izro masalolora baxilir ki, bu da 6z ndvbasinds sassinin Omriiniin
uzadilmasina taSir gostarir. Sassinin asas problemlarindan biri do sassinin kiitloco agir olmasidir. Sassinin
¢okisi adoton toyyaranin qalxma ¢akisinin 4-5%-ni va hatta 7%-2 gadorini toskil eds bilir.

Toqdim olunan elmi-tadgiqat isinds toyyars sassisinin struktur vo kinematik modellosdirilmasi apartlir.
Kinematik analizin aparilmasinda matrislor metodu istifads edilir. Matrislor iisulundan istifado edorok sassi
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hondasasini riyazi model saklinds miioyyan etmok olur. Matris {isulu kinematik analiz {igiin effektiv tisuldur
vo ovozedilmozdir. Kinematik analizin aparilmasi prosesi [1] — do izahli sokildo verilmisdir. Bu oaSords
istifado edilon metod K.W.Hetzelo aid edilir. Burada gostorildiyi kimi struktur analizin aparilmasi ¢okinin
gisman azaldilmasina yonolmisdir.

Digor todgigat islorinds, o ciimladon Conway, Currey, Roskam vo Torenbeek kimi todgigat¢ilarin
asarlarinds sassinin dizayn prosesi 6z genis oksini tapmugdir. Praktikada sassinin dizayn prosesi tam sokilda
formalagsa da, goxfonli dizayn optimizasiyasi yanasmasi istifado iiglin avtomatik hala gatirilmomisdir.
Coxfonli dizayn optimizasiya metodu forqgli qaydalar1 ohato edon miihandislik problemlarini, onlarin
qarsihigh tasirlorini nozars alarag hoall edir. Konseptual dizayn morholasinds ¢oxfanli dizayn optimizasiya
metodlarinin totbiqi, daha sistematik prosedurlarin istifadasini ehtiva edir. Lakin bu proses layihalondiricilor
qarsisinda aktual moasals olaraq galmaqdadir.

Sassi dizayni prosesini avtomatlagdirmaq iiclin ¢oxfonli dizayn optimizasiyasi metodundan istifade
edilir. Bu metod Chai ilo Mason [2] vo Heerens tarafindon aparilan elmi islords dyronilmisdir. Daha sonra bu
is P. van Ginneken [3] torafindon bir gadar inkisaf etdirilmisdir.

Bu isdo c¢oxfonli dizayn analizlori vo optimizasiya metodu toklif edilir vo arasdirilir. Togdim olunan
metodun komayi ilo sassi dizayni prosesinin optimizasiyast 3 tisul vasitasilo aparilir: goxfonli optimizasiya
miimkiinliiyti, fordi optimizasiya miimkiinliiyli vo imumi optimizasiya.

Coxfanli optimizasiya miimkiinliiyii

Bu proses, homg¢inin tam inteqrasiya olunmus optimizasiya kimi do adlandirilir (sokil 1-do tosvir
edilmisdir).

Optimallagdirici

Z, %

f.e 23, X3
i .
Analiz 1

Analiz 2

Y3

Analiz 3

Sakil 1. Coxfanli optimizasiya miimkiinliiyiiniin sxemi

Bu tisulun prinsiplarina géra dayisonlar fonlar tarafindon paylasila bilor. Analiz 1-ds aparilan hesablarin
naticalori analiz 2 torafindon istifado edilo bilor vo bunun torsi do miimkiindiir. Bu, dizayn prosesinin
tokrarlamaga ehtiyac olan xiisusiyyatini toglid edir. Optimallasdirict x; — X3 Vo z; — z3 dayisanlarinin yerini
dayisarkan, analizlor y; — ys tigiin hor tokrarlanmada on optimal giymat alir.

Fordi optimizasiya miimkiinliiyii

Bu prosesds dayisonlorin analizlor arasinda paylanmasina icaza verilmir (sokil 2).

Z X Y
Optimallagdirnic

Zy Xy, Yot Yat |

£ 2, X2, Yiv Yat

oy — Analiz 1 Za, X3, Yits Yot

¥ Analiz 2

A Analiz 3

Sakil 2. Fordi optimizasiya miimkiinliiyiiniin sxemi

Prosesin gedisinds optimallagdirici dayisonlarin yerdayismalorina nozarst edir. Coxfonli optimizasiya
miimkiinliiyii tisulunun prinsiplorine bonzor formada analiz 1-do alinan x3, z;, Y. Vo Ys-o asason yi-i
hesablayir. Yanlis doyisonlor olan y, va y; optimallasdirici tarafindon toxmini hazirlanir va onlar 2 va 3-cii
analizlordo hesablanir. Bu paylanma olave mohdudiyyatlorin istifadesine icazo verir. Optimallasdirma
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qurtardigi zaman yanlis doyison Y,, analiz 2 terafindon aparilan hesablamalarda alindigi kimi y,-a barabar
olmalidir. Bu, homg¢inin y; va y;tiglin do kegoarlidir.

Fordi optimizasiya miimkiinlilyiiniin Gistiinliiyli ondan ibaratdir ki, har bir analiz tokrar bir dofo nozardon
kegirilir. Basqa bir dstiinliiyii iso avadanliq icazo verdiyi zaman, miixtolif fonlorin paralel olarag isloya
bilmasidir. Manfi cohati iso bazi hallarda yanlis doayisonlorin vo hesablanmis y; — Y3 dayisonlarinin bir
noqtads eyni giymatds olmamasindan irali galir. Bu zaman ¢ixan naticalor yararsizdir.

Umumi optimizasiya

Umumi optimizasiya on yaxs1 sokildo fordi proses kimi do izah oluna bilor. Bu proses fordi va ¢oxfonli
optimizasiya miimkiinlityii isullarini 6ziindo comlayir.

Sistem saviyyali

Optimallagdiric J, o
2, Yo Y
f.e
—— J.. —Optimallagdiric o Z2, Y1 Y
! 1 % Voo Ve Z3, Y1t Y
Analiz 1
- Optimallagdinc v
J2 % s _| Iz, X, Vit Vot
T ¥
Analiz 2
Jar Optimallagdinci| 2% % Y1 ¥
LA
|— Analiz 3

Sokil 3. Umumi optimizasiyanin sxemi

Bu prosesin tstiinlityli forgli analiz hesablamalarinin tamamilo ayrilmis olmasidir. Hor bir parametrin
analizlori tigtin miixtalif program paketlori, miixtalif optimallagdirma rutinlori vo miixtalif serverlor istifads
edilo bilor. Sistem saviyyasinds optimallagdirict vo fonn optimallasdiricist arasinda farq yarana bilar.

Optimallasdirict

Miiayyan problem ii¢iin on yaxs1 optimallasdirici tapmaq elo optimallagdiricinin 6ziiniin xiisusiyyatidir.
Optimizasiya funksiyasmin se¢imino tosir gostoron amillor obyektiv mogsad funksiyasi, mahdudiyyatlarin
formasi, dizayn doyisonlorinin ardicilligi, tohrif olunmus informasiyalarinin mévcudlugu ve minimal is¢i
oblastinin mévcudlugudur.

Qeyd etmok lazimdir ki, tokmogsadli vo ¢oxmagsadli funksiyalar arasinda forglilik yarana bilor.
Moasalan, tokmagsadli funksiyalara misal olaraq sassi dayagmin kiitlasinin, ¢coxmoaqsadli funksiyalarda isa
sassi kiitlosinin vo doyarinin minimuma endirilmasidir. Tokmagsadli funksiyalar1 hall etmok daha asan olur
Vo buna gora do goxmagsadli problemlari tokmogsadli funksiyalara ¢evirmoak tovsiys olunur.

Burada xotti mohdudiyyatlor, dizayn doyisonlori va geyri-xatti mohdudiyyatlor daxil olmaqla bir nego
nov mohdudiyyatlor miioyyan edilo bilor. Bu mohdudiyyatlorin kombinasiyasi da miimkiindiir. Har bir
optimallasdirma funksiyasi hesablana bilacok mohdudiyystlarin névlarini sortlondirir.
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Modeling of design process of aircraft landing gear with multi-disciplinary design optimization method
Taghizade A.Z., Alizada R.1.
In this paper using the results obtained from the Multi Disciplinary Optimization methods analyses, the
optimization process of the landing gear.
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AVIASIYA QTM-IN TEXNIKi HALINININ QiYMOTLONDIRILMOSINDO
BAYES TEOREMININ TOTBIQi

Siileymanoy H.T., Abdullayev P.S$.
Milli Aviasiya Akademiyast
huseynsuleymanov_96@mail.ru

Miilki aviasiyada uguslarin tohliikasizliyinin artirilmasinin osas istigamatlorindon biri, ugus aparatlarinin
yiiksok yiiklonmis elementlarinin etibarli vo Somarali istifadssidir.

Texniki hali uguslarin tohliikasizlik saviyyasini shamiyyatli doracads miioyyan edon aviasiya texnikasi
momulatlarindan biri aviasiya gaz-turbin miiharrikidir (QTM). Xidmat miiddoatindo QTM-in istismar1 onun
halina miintozom nozarst olunmasini tolob edir vo belo nazarstin somaraliliyi diagnozlagdirma metodlarinin
Vo vasitalorinin, o ctimladon informasiyanin emal metodlarimin tokmillasdirilma Saviyyasindan asilidir.
QTM-in texniki halina noazarst informasiyanin emal metodlarinin diagnozlagdirilma vo prognozlasdirilma
moasalalorina uygun sokilda rasional se¢imlo tomin olunur. Bu 6z névbasinds mitharrikin istismarimin idara
edilmasi tizro masalalari somorali holl etmoys va gobul olunacaq gorarlara doastok verilmasini hoyata
kegirmaya imkan yaradir.

Bununla slagodar olarag, QTM-in diaqnozlasdirilmasi sistemlorinin asasini togkil edon nozariyys vo
praktikanin inkisafina bdyiik diggot ayrilir. Naticods metodlarin vo vasitolorin tokmillosdirilmasi, 0 ciimlodan
QTM-in texniki halinin giymatlondirilmasi, alinan naticalorin va istismar tocriibasinin somorali istifadasini
tomin edir. Bu sahads bdyiik tocriibanin vo genis todgiqatlarin olmasina baxmayaragq, QTM texniki halinin
diagnozlagdirilmasi {igiin nozordo tutulmus movcud sistemlor sado metodlar vo alqoritmlor bazasinda
qurulmusdur va istismar informasiyasinin biitiin potensialin1 agmaga imkan vermir. Bununla slagodar olarag,
miixtalif n6v méveud informasiyanin emali zamani boyiik problemlor yaranir vo bu hal QTM-in istismarinda
homin sistemlardan istifadonin somoraliliyini azaldir.

Son vaxtlar QTM-in istismari tizra gobul olunan gorarlarin keyfiyyatinin yiiksaldilmasini miiayyan edan
tadgiqatlarin osas istigamatlori kimi, miixtalif név informasiyanin emal metodlar1 vo modellari inkisaf
etdirilmokdadir.

Moveud todqgigatlarin  analizi  gosterir ki, QTM-in texniki halinin diagnozlagdirilmasi vo onun
intellektuallasdirilmas1 moqgsadilo Bayes yanasmasi genis istifado olunur. QTM-in texniki halinin
diagnozlagdirilmasinda Bayes yanasmasinin totbiqi ilo informasiyalarin emali aktual mosolo kimi
galmaqdadir.

Nasazliglarin biitiin ¢oxlugunu Vs iyerarxiyasini ohato edon va goxsaviyyali sokilds togkil olunmus va

miixtolif informasiya monbalori ilo (masalon, T, G;., ng, n, olgmsalori, istismar tarixi, FADEC

informasiyas1 Vo i.a.) amoliyyatlar aparan system Bayes yanasmasi asasinda qurularsa, gabul olunacag
gorarlarin effektivliyi vo Somarali istismar {igiin yaxs1 imkanlar yaranir.

Bayes yanagmasi eyni adli teoremo osaslanarag, bir tosadiifi proses zamani bas veran tosadiifi bir A
hadisasi vo digar B tosadiifi hadisesi tiglin birgo bas vermo ehtimallar1 arasindaki slageni ifads edir vo
miixtalif ndv informasiyalarin birge emalinda effektli sayilir.

Gostarilonlari nazars alaraq, taqdim olunan tadgigat isinds Bayes yanasmasi totbiq olunmagqla, miixtalif
nov istismar informasiyasinin, ugus verilonlorinin emali vo sintezi osasinda QTM-in texniki halinin
diagnozlagdirilmasi va idars olunmasi tizra gorarlarin gobul olunma modeli vo miivafiq sistem toklif olunur.

Implementation of the Bayesian theorem in consideration of aviation technical conditions GTE
Suleymanov H.T., Abdullayev P.S$.
In the presented thesis, based on the findings, the Bayesian approach based on the synthesis and processing of
various operational information and flight data, the GTE health management system has been proposed.
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NEPCHEKTHUBBI AJUIMTUBHBIX TEXHOJIOTWH B ITIPOU3BO/ICTBE
SJIEMEHTOB ABUALITMOHHBIX I'TJ1

Bbabaes A.D., Caovizoe A.I.
Hayuonanvuaa Axademus Asuayuu, baky
hasan96mail@gmail.com

OnHUM 13 OCHOBHBIX 3JIEMEHTOB, KOTOPBIE ONPEAEIISIOT HalEKHOCTh M JOJITOBEYHOCTh ABUALIMOHHBIX
ra3oTypounnsix apurarencii (AIT/]) sBIsAOTCSA CcOIUIOBBIE W pabodyde JIOMATKH Ta30BBIX TYpOWH,
paboralomme B YCIOBHAX JACUCTBHA BBICOKOTEMIEPATYPHBIX arpecCHMBHBIX TIa30BbIX MOTOKOB, U
TEPMOMEXaHWYeCKUX HampshkeHui. [ obecneueHus HagexHOH paboThl razoBoi TypOuHsl (I'T) B Takux
YCIIOBUSIX Hapsily ¢ TEXHOJIOTMYECKMMM METOJAMHU HM3TOTOBJICHHS MPHUMEHSAIOT KOHCTPYKTHBHBIE METOJBI,
TaKue KaK OXJIaKJACHUE U HAHECEHUE MHOTOCIIOMHBIX TePMOOapPbEPHBIX MTOKPHITHH.

[IpumeHeHne BBICOKOA(PPEKTUBHBIX CHCTEM OXJQXKICHHS JIONATOK TMO3BOJIIET MOBBICUTH T,*
(Temneparypa rasa) mepen TypOMHOH, HO OTpaHHYMBACTCS YCIOXXHEHUEM KOHCTPYKLMH, CJIOKHOCTBIO,
ce0eCTOMMOCTBIO ¥ TEXHOJIOTHEH U3rOTOBJICHHS TAKHX JIOTIATOK.

[IpuMeHeHnEe MHOTOCTIOWHBIX TEPMOOAPBEPHBIX MOKPHITUH MO3BOJISIET JallbHelee yBenuueHue 7,* u
HaJeKHOCTh paboThl yomaTok I'T B CIHOXKHBIX 3KCIUTyaTallMOHHBIX ycJoBusX. HO mpuMeHeHue Takux
MOKPBITUI OTPaHUYECHO BHIOOPOM HY>KHOI'O COCTaBa, Pa3HOCTHIO (PM3UKO-MEXaHUYECKUX CBOICTB, TaKHE KaKk
TEIUIONPOBOIHOCTH, KO3 PUIIMEHT TepMuYecKoro pacmupenus, koddpounueHt [lyaccona u ap., u cmocobom
HaHecenwus [1, 2].

[lonyunBme B mocienHee BpeMsl Bce Oojee IIMPOKOE IPUMEHEHWE HOBbIE HHHOBALMOHHBIC
TEXHOJIOTHH, TaKWe Kak, aJanTHBHbIe TexHojoruu (auri. Additive Manufacturing (AM)) coBmecTHO €
HAHOTEXHOJOTUSAMH M KOMITbIOTepHBIM 3D MopenupoBaHHEM MO3BOJSIIOT HE TOJBKO YCTPAHHUTH BHIIIE
MEPEYHCIICHHBIE TPOOIEMBI, HO U COKPAaTUTh BPEMsI CO3[aHUs HOBBIX M3JEJINH, YIIPOCTUTh TEXHOJIOTUIECKHE
MPOLECChl, YMEHBLINTh KOJUYECTBO OMNEpalyid, CHU3UTh CEOECTOMMOCTb W3TOTOBJICHUS, YBEIUYUTDH
TOYHOCTh HM3TOTOBNIEHUS U T.J. IloMHMO mpenMyIIecTB B CKOPOCTH M B CTOMMOCTH HW3TOTOBIIEHUS, ITH
TEXHOJIOTHH HMMEIOT TaKXKE€ Ba)XXHOE OCTOMHCTBO C TOYKM 3PEHHUS OXpaHbl OKpYXarolled cpensl u, B
YaCTHOCTH, SMHCCHHU MAPHUKOBBIX Ta30B U «TEIIOBOrOY 3arpsisHeHns [3].

B nanHo# pabore mpezsaraeTcss BO3MOKHOCTh W3TOTOBJICHUS JIOMATOK I'a30BBIX TYpOWH C MOMOIIBIO
AM-TEeXHOJIOTHM C HUCHOJB30BAaHMEM KOHILEMIUU «Marepuad U MOKPHITHE — OJHAa KOHCTPYKIHSD U
HaHOTEXHOJIOTUH ¢ TpeOyeMbIMH CBOHCTBAMHU.

Jlutepartypa
1. Enucees 10.C. IlepcrieKTHBHBIC TEXHOJIOTHH MIPOM3BO/ICTBA JIOMATOK ra30TypOMHHBIX [BUTaTeel / J[Burarens.
—2001. — Ne5 (17). — C.4-8.
2. Emncees 10.C., Aopanmor H.B., KpeimoB B.B. Xumuko-Tepmudeckas 00paboTKa M 3alllUTHBIC MOKPHITHS B
aBua-aBHUraTesnecTpoeHuu. — M.: Beicun. mk., 1999. —291c.
3. JosOsim B.M., 3a6eanoB I1.B., 3nenko M.A. AQIUTHBHEIC TEXHOJIOTHH U U3JeIUs U3 MeTaa. — 56 c.

Perspectives of additive technologies in the production of components of aircraft gas turbine engines
Babayev A.F., Sadigov A.H.

In the presented thesis, the main existing methods of applying thermal barrier coatings, the main properties of
coating materials, as well as the current state of this direction are considered.
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OCOBEHHOCTHU BOPTOBBIX CUCTEM YIIPABJIEHUSA
MHUKPOCIIYTHHUKA

bazupzaoe C.C.
Hayuonanvuas Axademus Asuayuu
nauka-2020@list.ru

[IpoexTupoBaHue, N3rOTOBIEHUE, HCIBITAHUS U 3aIyCK MaJIbIX U CBEPXMaJbIX KOCMUYECKHX allapaToB
B IOCJIEOHEE NECATWIETHE CTaJ0 IOCTaTOYHO PACHpPOCTPAHEHHBIM SIBJICHHEM Olarofapsi OrpOMHBIM
JOCTIDKEHHSIM MHKPOSJICKTPOHHUKH, MH(POPMATHKH, MacCOBOMY MPOU3BOJACTBY M JOCTYITHOCTH 3JIEMEHTOB
KOCMHYECKHX CHUCTEM.

MuxkpociyTHUKaMu cauTaroTcsi kocmudeckue ammapatsl (KA) ¢ maccort ot 10 mo 100 kr. brmarogaps
COBPEMEHHOMY YpPOBHIO pPa3BUTHUS HAyKd W TEXHHKH HAa MUKPOCIYTHHKE MOMKHO YCTaHaBIUBAaTb
MPaKTUYeCKH Bce mpucymme OonbmoMy KA GOpTOBBIE CHCTEMBI: OpHEHTALWH (MTaCCHBHAS M aKTHUBHAS),
JIEKTPONUTAHMS, ONPENCIICHHUS MOJIOKEHUS, PAAUOCBS3H, a TakKe OOPTOBOIM BBIYHMCIUTENBLHBINA KOMILIEKC.
[lo omeHkaMm crenMagMCTOB, 3alaud, peLIaeMble 3TMMU KOCMHYECKHMH alnaparaMi, IO CIO0XKHOCTH He
YCTYMAIOT TE€M, YTO BO3JIaraUCh JIHMIIb HA CITyTHUKH C TOPa3/io OO0JbIIei Maccou.

BoproBas cucrema ynpapineHus 00ecrieqnBacT:

- OPHEHTALMIO COJTHEYHBIX OaTapeill mocjue OTAeNeHNUs MUKPOCITYTHUKA OT PAKEThI-HOCUTEIIS,;

- TraiieHhe YIJIOBBIX CKOPOCTEH, IMOMy4aeMbIX MHKPOCITYTHHUKOM IIPH €r0 OTHENICHHH OT PaKeThHI-
HOCHUTEJIS;

- OpPUEHTALMIO MUKPOCITYTHHKA TI0 TPEM OCSIM B IPOCTPAHCTBE U MOJAEPKAaHUE YIJIOBOTO MOJIOXKEHHUS C
TpeOyeMoil TOYHOCTBIO;

- IEPEOPUCHTAIIMIO MUKPOCITYTHIKA WM OTACIBHBIX €r0 YacTeil JJIsl BBIOTHEHUS LIEJIEBhIX 3a/1a4;

- YBOJ MUKPOCIIYTHHMKa C OPOUTHI [IOCTIE 3aBEPIICHUS CPOKa aKTUBHOT'O CYIIECTBOBAHMS MJIHM IEpeBOIa
MUKPOCITYTHHKA Ha TApKOBOYHBIE OPOUTEHI (B paIiaIlHOHHBIC TIOSICca 3€MIIH).

Ha pucynke 1 mpezacramieHa pa3pa0oTaHHas apXWUTEKTypa MOJETH OOPTOBOW CHCTEMBI YIPaBJICHUS
(BCY) MukpocmyTHUKA, B KOTOPOH OTOKH MHPOPMAIMK M MOTOKH KOMaH]| 0003HauEHBI CTPEIKAMH.

Moaennb MMUKpPOCNyTHUKA

Mopenb BHeluHel cpeabl
Mo,qem: ABWXEHUA MUKPOCNYTHUKA

Mopaenb ABMXEHUA LeHTpa Macc BopTtoeou
MUKPOCMYTHUKA KOMMEKE
ynpaeneHusi

Mogens 3emnu

Mopaenb ABMXEHMS MMKPOCNYTHUKA
OTHOCUTEJIbHO LieHTpa Macc

Moaenb JlyHb!

Mopaenb cucTeMbl 3HeprocHaGxeHus

M b ConH
oaent ConHua MUKPOCNYTHUKA

Mogenb conHeyHoM
Gatapeu

Mopgenb cuctembl
opueHTauuu .
COJTHeYHbIX GaTapen

@ﬂﬁusgsgmwpb- Ky MBS apHOR

Moaenb CHCTeMbI AKOHTPONA atapen
obecneyenus

TENNoBOTro pexuma Mopernb CUCTEMbI OPUEHTALMMN MUKPOCTYTHUKA

Mopaernb COonHeYHOor! Mogenb MarHUuTHoro
Aatuuvka parymka

Mogenb
Mogens cnyxe6Horo rupockonuieckoro

M
KaHana ynpaBneHus 3neKTp(§)I\‘}§I!L‘;ITHOI‘O
MCNONHUTENbHOIO
opraHa

! -

Puc. 1. Apxumexmypa mooenu 60pmosot cucmemvl ynpasienus MUKpOCnYmHuKa

Moaenb maxoBuka

OCHOBHBIMH y3J1aMU MOJEIHU SIBISIIOTCSI:

- MOJeNb JBIDKEHUS MUKPOCIYTHHKA, TPEACTABICHHAS MOJEISIMUA JIBKCHHS IIGHTpa Mace
MHKPOCITYTHHKA U JIBIKCHUSI MUKPOCITYTHHKA OTHOCHUTEBHO IIEHTPa Macc;

- MOJENIb CHCTEMbl JHEPrOCHAOKEHUsS MHMKPOCIYyTHHKA, IPEACTABICHHAS MOMACIIMHU COJHEUHOM
Oarapen, aKKyMyJSATOpPHOW Oarapew, CHCTEMBbl OPHEHTAI[MM COJHEYHBIX Oarapeil, ammaparypbl
pEeryIUPOBAHMS  KOHTPOJIS,

- MOJENb CHCTEMBI OPHUEHTAIIMM MHKPOCITYTHHKA, MPEICTABIIAIONAs COO0W COBOKYIHOCTH MOJEICH
JATYNKOB OPUCHTAIIMU MUKPOCITYTHHKA (COTHEYHBIN JaTUYUK, JTATYUK TOPU30HTA 3eMITH, MATHUTHEIN TATYUK,
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FMPOCKONMYECKUN JAaTYMK) U HMCIIOJHUTEIbHBIX OPraHOB CHUCTEMbl OpHUEHTAllMU ([ABUIATENH - MAXOBHUKH,
3JIEKTPOMAarHUTHBIE UCIIOJHUTEIIBHBIE OPTaHbl).

B apxuTtekTypy BKIIOUCHBI TAKXKE:

- MOJIeNIb BHELITHEW CpeJibl, IPEeACTaBISIONIast CO00i B COBOKYIHOCTH Mojienu 3emiu, ConHna u JIyHsr;

- MoJiesIb OOPTOBOTO KOMILJIEKCA yNPaBICHUS MUKPOCITyTHHKA.

B mmkpocmyTHHKaxX B KauecTBe ocHOBHOTO aneMeHTa bCY BeicTymaer 6opToBoit kommbioTep. Pabora
KOMIIBIOTEPa OCHOBBIBAECTCS Ha HMH(OpPMALWHU, KOTOpas CYUTHIBAECTCS C COOTBETCTBYIOUIMX AATYMKOB H
npeoOpasyeTcs B KOMaHAbl YIPABJICHHUsS IO aJrOpUTMaM, 3aJ0KEHHBIM B IPOIPAaMMHOM OOECIICYEHHH.
JaTtuuku SBIAIOTCS YyBCTBUTEIbHBIMU opranaMu bCY. [[nst ynpaBieHnss MUKPOCIYTHUKOM HCHOJb3YIOTCS
UCTIONHUTENbHBIE opraHbl. CoCTaB AAaTYMKOB W HWCIOJHUTEIBHBIX OPraHOB BMECTE€ C KOMIBIOTEPOM U
onpenensioT cTpykTypy BCY MHKpOCIyTHHKOM, €€ XapaKTepHUCTUKH, CTOMMOCTh M (DYHKIHMOHAIbHBIC
BO3MOXHOCTH.

BCY cocrout u3 cneAyiomux OCHOBHBIX 3J€MEHTOB: OOpTOBas LU(POBas BHIYUCINUTEIbHAS MAIIWHA,;
ciUcTeMa OpUeHTauu W crabunu3anud; OJok cOopa TeneMeTpuueckod HWHQOpMaNH; cUcTeMa
TEPMOPETYIUPOBAHUS; HABUTALMOHHAs ammaparypa M[oTpeOuTens. A Takke B 3aBUCUMOCTH OT
BEITIONHEMBIX 3a7a4d B coctaB BCY Moryt BXoauTh: crcteMa cOopa WHGOpPMAINH C anmapaTypsl MOIe3HON
HArpy3KH; CHCTEMa YIMpaBJICHHEM IIEHTPOM MacC MHKpPOCIYTHUKA (B Cllydyac W3MEHEHHUS MapaMeTpoB
OopOuTHI);

B kauectBe ynpasisromeii miatsl g BCY mpemmaraercs ucmons3oBarh Arduino, KOTOPEIH SBIsSeTCs
WHCTPYMEHTOM JJIsl TPOEKTUPOBAHMS 3JIEKTPOHHBIX YCTPOHCTB. Arduino MMeeT BO3MOXHOCTH TpHeMa
CUTHAJIOB OT PAa3IMYHBIX HUGPOBBIX M AHAJIOTOBBIX JATYMKOB, a TAaKKE YIPABICHUS pa3TMIHBIMH
HCTIOJIHUTENBHBIMH yCTPOHCTBAMH.

CucremMa OpHEHTAIlMM MHKPOCIYTHHKA, KOTOpas TNpeAHa3HaueHa s YIpaBleHHS YTIOBBIM
nBwkeHneM KA, momydaer oT JaTYMKOB WHPOPMAIUIO O MOJIOKEHHH MHUKPOCITYTHHKA OTHOCHUTENILHO OCeit
OPHEHTAllUH M O XapakTepe €ero YIJIOBOrO MABWKEHHS W NPU IOMOIIM HCHOJHUTEIBHBIX OpPIraHOB
BO3ACHUCTBYET Ha YIIOBOE MOJ0KEHUE MUKPOCITYTHHKA.

B kauecTBe UyBCTBUTEIBHOIO JJIEMEHTA-AaTYMKa MOXHO MpHUMEHATh Monayiau tuma GY-9250 Ha
mukpocxeme MPU-9250 — 310 9-TH 0CeBOe yCTpOICTBO, 3-X OCEBOM TMPOCKOI, 3-X OCEBOM aKCEIepPOMETP U
3-X 0CeBOI MarHUTOMETD.

MPU-9250 — camebrit MuHHaTIOpHBIH B Mupe (Kopiiyc QFN 3x3x1 MM) IeBATHOCEBOI CEHCOP JABIKEHHS
BTOpOro TmokoseHuss kommanuu InvenSense. B kopmyce wmmukpocxembl MPU-9250 o6benuHeHsl aBa
KpHUCTaljla: Ha OAHOM pa3sMelIEH TPEXOCEBOI I'MPOCKOIN U TPEXOCEBOM CEHCOp, a Ha BTOPOM — TPEXOCEBON
marautomerp Asahi Kaisei Microdevices (AK8963). [lanuble ¢ ceHcopoB onu¢poBEIBatOTCS 16-OUTHBIMU
AL, oOpabateiBatoTcsi ¢ MpUMeHeHHeM anropuTMoB Motion Fusion curaaigpHbIM TpomieccopomM DMP
(Digital Motion Processor) m mepemarorcsi BHEIIHEMY MHUKpoKoHTposuiepy no mmHe [2C/SPI. Moayinb
XapaKTepU3yeTCsl HU3KUM HOTPEOICHHEM, HU3KOH CTOMMOCTBIO U BBICOKON MPOU3BOAUTENBLHOCTHIO (PHC. 2).
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Puc. 2. [punyunuanvras cxema mooyns GY-9250

OpHuM w3 HauOoJee MPAKTHYHBIX M 00Jiee TOYHBIX BAapHAHTOB CHUCTEM OPHEHTAI[MM SBIISIFOTCS
3JIEKTPOMATHUTHBIE CUCTEMbl OPUEHTALINH, B KOTOPHIX B KaU€CTBE UCIOJHUTEIBHOTO OpPraHa MUCIOIb3YEeTCs
COJIEHOW]], KOTOPBIH NMPH BO30YXKIACHUH CO3IAeT KOHTPOIMPYEMOE MArHWTHOE TOJe, HAlpaBJICHHOE K €ro
nentpy. Cuna colieHOuAa IPsIMO TIPOTMOPIIHOHATBHA KOJMYECTBY OOMOTOK KaTyIIKH W TPUKIAIBIBAEMOMY
TOKy. DTO O3HA4YaeT, YTO OOJbIlIee YHCIO BHTKOB JacT OOJbIllee MarHUTHOE MoJie W Oosbmyw cuiny. C
YY4ETOM OTMEUEHHOTO, MPOaHATU3UPOBaHA CXEMa BKJIIOYCHHUS W BBIKIIOUCHUS HEOOJBIIOTO S5-BOJIHTOBOTO
COJICHOHMJIa C MHTEPBAJIOM B | CeKyHIy, BbimoiaHeHHas Ha Arduino. s yrnpaBieHusl COJICHOUIOM B CXeMe
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MPUMEHSIETCS] CUIIOBOH TpaH3UCTOp. Takke B MOAYJIE UCTIONB3YETCs TUOJ], YTOOBI MPEOTBPATUTE Pa3psIIKy
TOKa Yepe3 KOHTYP, KOT/Ia KaTyliKa ColeHoua paspsokaercs (puc. 3).

Jlis Oonee TOYHOTrO yHpaBICHHMsSI TOKAMH Ha KaTyIIKaX, TEeM CaMHM IOJIOKEHUEM U YIJIOBBIM
JBHKCHUEM MHUKPOCITYTHHKA II€JIECOO0PAa3HO WCIONB30BaTh MOAYJH IMAPOTHO-UMIYJIBCHOW MOMYJISALIUN
(IIMM). [IMNM, kak TPOMEXKYTOYHOE 3BEHO MEXIy KOHTPOJUIEPOM W JBHTAaTelleM, OOECIednBaeT
yIpaBJICHHE CKOPOCTHIO W HAIPABICHUEM BpAICHUS OJJICKTPHUUECKUX JBUTaTeNeil. MeHss BEIMYUuHY
YIPABJISIONIETO BXOJHOTO CHUTHAlla MOXHO HW3MEHUTh BBIXOJHOe HampspkeHue [IIMM, 4yro mnosBosser

NPUMEHHUTh €ro Kak peryjisrop TokoB. IlpuniunuansHas cxema MM, nocrpoennas wa MultiSim
TIpeACTaBJICHA Ha pHC. 4.

Puc. 3. Cxema nookniouenus conenouoa k Arduino
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i 0 5% o o
Key=A - [

Puc. 4. llpunyunuanvnas cxema u @pemenuvie ouazpammol LLIAM

BriBoabI:

1. [lns mOCTpOeHHUS B NMEPCIEKTUBE CHCTEMbl MarHUTHOW OPHEHTAIMW, B Ka4eCTBE YYBCTBUTEIHHOTO
JJIEeMEHTa MOXKHO YCHEITHO UCTonb30Bath Momaynb GY-9250, KOTOpBIA MOMXET HENOCPeICTBEHHO
MOJKITIOYATHCS K yIPaBiIstoleMy Moy o Arduino.

2. B KxauecTBe WCIOJHUTEIBHOTO OpraHa CHCTEMBl OPHEHTAIMH I1eJ1ecO00pa3HO HCIOIb30BaTh

COJICHOMJ, KOTOpBI 3a CYET MArHWTHOM »HEpPruM oOecredyrBaeT YNpPaBJIEHHE YIJIOBBIM ABMXEHHEM
MHKPOCITyTHHKA.

3. lns Gonee TOYHOTO YIPABICHUS TOKAMM HAa KaTyIIKaX HCIIOJHHUTEILHOTO OpraHa - COJICHOM[A,
npennoxena cxema [lHMM-perynsaropa.

Jlureparypa
A.B. Kpamimnx. MoysibHOE IPOEKTHPOBaHNE MUKpO/HaHOCTTyTHHKOB. Camapa 2010.
http://robot-kit.ru
http://digitrode.ru
http://epizodsspace.airbase.ru
http://aues.kz/student
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Features of on-board microsatellitecontrol systems
Bagirzade S.S.

Considered features of on-board control systems of a microsatellite and their subsystems. The architecture of the

onboard control system is given. Described the orientation system,selected the sensor and actuator of the orientation
system.
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HELIKOPTERIN DASIYICI VINTI PORININ KUYUNUN
VO TITROYISININ AZALDILMASI

Oliyev S.1., Isgandarov M.Q.
Milli Aviasiya Akademiyast
Seymur-aliyev@bk.ru

i ¥

Miiasir aviasiyanin miithiim noagliyyat vasitolorindon olan helikopter galxma rejiminds diger ugus
aparatlart ilo miiqayisodo on az kily yaratmasina baxmayaraq, onlarin yaratdigi problemlarin halli tam
oyronilmomisdir. Malum oldugu kimi, dasiyict vintin rogsli harokotlori govdoys otiiriiliir vo helikopterin
timumi titrayisini yaradir. Bu da helikopterin ¢atismaz cohatlorindon biri kimi giymatlondirilo bilor. Kiiyiin
Va titroyisin azaldilmasi istiqgamotinds islor aparilsa da bu problemlar halo do tam hollini tapmayib.

Kiiyiin yaranmasi, qaldirict vo miiqavimoat qiivvalorinin sabit torkib hissalarinin parlorlo barabor
firlanmas1 vo bu qiivvalarin doyison torkib hissasinin yiiksoktezlikli doyismoys moruz qalmasidir. Akustik
tozyiq zamana goro doyisir vo bu deyismo tezliyi 27 -dir, n — parlorin say1, Q — dastyici vintin bucaq siiratidir

nQ
firlanma tezliyidir (rad/san).

Dasiyict vintin yaratdigi kiiy iic ndve boliiniir: burulgan kiiyli (genisdiapazonlu kiiy), porin firlanma
kiiyli vo parin saqqiltist (paqqiltisi) [1]. Burulgan kiiyli uzaq izds iton kiiydiir, tosadiifi xarakter dasiyir,
parlorda yiiklorin tosadiifi doyismosi noticasinds yaranir, tezliyi porlorin kegmo tezliyino barabordir.
Burulgan kiiyiiniin yaranmasinda asas rolu ucluq burul@anlari oynayir. Firlanma kiiyii, parlorin havaya etdiyi
tosir qiivvasinin yaratdigi akustik tozyiglo miayyanlosir. Parlorin paqqiltisi sas tozyiqinin periodik impulslar
ilo omolo golir. Odobiyyat [2]-do porin qalinligimin dasiyict vintin yaratdigr kilys tosirinin hesabat
metodikasi, [3]-dos isa vintin optimal aeroakustik layiho metodikasi verilmisdir.

M (%9 ¥o- 70+ fo)

Sak. 1.

Ancaq baxilan islorin he¢ birindo vintin parinin hondssi formasinin kitys Vo titroyisloro tosiri
gostarilmomisdir. Ona goéra dos taqdim olunan is praktiki vo elmi baximdan aktualdir. Togdim olunan isdo
porin qilincvari handasi formasi taklif olunur, bu konstruktiv tadbirin vintlorin yaratdig kiiys vo titroyise
tasirinin 6yranilmasi nazards tutulur.

Moasalonin qoyulusu. Sarhadi olmayan harakatsiz qaz oblastinda t=0 zaman aninda manbalor yaradilir,
bu monbalor oblastinda kiiy yaranir, manbalords iss qazin tasiri naticasinds rogsi horokotlor yaranir. Bu

manblarin formasinin kilys va titrayislors tasiri dyranilir.
2

Dalga tezliyi A - % %0 soklinds yazilir. Akustik yaxinlagsma siirat vo tozyiq V=grade, , P= - p Z—‘f
soklinds yazilacaq [4]. Burada siiratlor potensiali @, asagidaki inteqralla toyin edilir @, (ro, to) = - f fwxﬁ Q
(r, to - é) ds, burada a — sas siirati, p — hoyacanlanmis (harokatsiz) qazin sixligi, 1= |r - Io | - W sathinda
inteqrallama néqtesi 3-den, W~ sathindoki ilo ro noqtesine goder olan masafs, Q(r.to - é) —gecikan zaman

funksiyasidir to - é;éO (sok.1).
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Improving the aerodynamics of the helicopter bearing screw
Aliyev S.1., Isgenderov M.Q.
In the presented thesis the causes of the noise and vibrations of the helicopter carrier are considered. The
helicopter's sword-shaped geometric shape is proposed for removal of noise and vibration. This constructive measure is
intended to study the impact of the screws on the noise and vibration.

COBEPHIEHCTBOBAHUME CUCTEMbI UHANKALIUU
ABUALIMOHHBIX IBUT'ATEJIEN

Mexmuesa I.I., Cameoos. A.C.
Hayuonanvuas Axademus Asuayuu
gunayye.mehdiyeva.94@mail.ru

B cBs3u c pasBUTHEM aBHAIIMOHHON TEXHUKU C IMPUMEHEHHUEM IOCIETHHUX OCTIDKEHHH HayKd
0oJbII0€ BHUMAaHHUE YAEISIETCS] COBEPLICHCTBOBAHHUIO M PeaU3alMy PA3IMYHbIX HU(POBBIX 3JIEMEHTOB B
cucteMax ympasieHus Bo3AymHBIX cyoB (BC). OmHuM W3 TaKOBBIX SIBISICTCSI CHCTEMa WHIMKAIIUU
napaMeTpoB aBUAIMOHHOTO ABWUTaTenst W npeaynpexiaenus skunaxa (CU wu 13, wa anrm. EICAS).
Cucrema EICAS sBisieTcss ofHUM U3 TIIABHBIX COCTABIIAIOIINX aBHOHUKHK coBpeMeHHbIX BC, koTopas B
KOMILJIEKCE C OCHOBHBIM KOMITLIOTEpOM yrpasieHus camonetoM (FMC) no3BosisieT B peaibHOM BpeMEHU
KOHTPOJIMPOBaTh pabOTy CaMOJIETHBIX CHCTEM, B TOM YHCJIE OCHOBHBIE MapaMeTphl pabouero mporecca
cuioBoil ycranoBku. CoctaB mH(pOpManuMu O CHIOBOHM ycTaHOBKe, oToOpaxaemon aucmiesimu EICAS,
BKJIIOYAeT B ceOs 4acTOTHI BpaleHHUs POTOPOB (BBICOKOrO M HM3KOro naamieHus, RPM), Temmepatypy
BBIXO/IAIINX ra30B u3 TypOunsl (EGT), naBieHue u remnepaTypa Macia Ha BXoje B ABUrateib (Poi, Toil),
pacxox torumBa (FF), momnyio Ttemmeparypy Bo3ayxa Ha Bxone B asurarens (TAT) m tm B
kiaccnueckoM Bapuante cuctema EICAS Bkirouaer B cedst [Ba IUCIUICHHBIX OJIOKa, TAHENb yIIPaBICHUS
W JIBa KOMIIBIOTEpPA, (PYHKIMOHUPYIOIIMMH aHAJIOTOBHIMA M HHU(QPOBBIMH CHUTHAIAMH OT CHCTEMHBIX
JaTynukoB W JBuratens. Takum oOpasom, EICAS sBusieTcss Ba)KHBIM 3JI€MEHTOM OKCIUTyaTallud |
KOHTPOJISI COCTOSHMS aBMALMOHHBIX JBurateneil. Wudopmanums, oroOpaxaemas cucrtemor EICAS,
YUTAeTCd B PEKUME MepeNucTbiBaHus (MOCTpaHMYHO). KakOplii JHCT CONEPKUT KOHKPETHYIO
WH(POPMAIIUIO B 3aBUCUMOCTH OT 3aIpoca SKUIaKa.

EICAS B peasibHOM MacmTaOe BpeMeHH O0ECHEeUMBAET SKUIAK KaueCTBEHHOM M KOJIMYECTBEHHOM
nHopMalme 0 paboTe ABUTATENS U SBISIETCS OCHOBHBIM 3JIEMEHTOM I10 MPELyNPEKACHUIO aBapUIHbBIX
curyanuii. Kpome Ttoro, coBpemenuble cucrtembl EICAS dopmupyor n oToOpakaroT Ha JUCIIICSX
COOOIIEHNs] PEKOMEHIATEIBHOI0 XapakTepa O JadbHEHIINX JeWCTBUAX OJKWNAXa H IepcoHaja
TEXHUYECKOro 00CITy>KUBaHUS 17151 oOecriedeHns: 0€30MacHON JIETHON U TEXHUYECKOH SKCIUTyaTaltu.

Ananmu3 cTpykTyphl cymectBytonux cucteM EICAS mokassiBaeT, uro o0meM wuH(DOpMaImm,
coJieprKalieecss B OTJENIBHBIX JIUCTaX OTpaHHYEH W HE OXBATHIBAET BCE OCOOEHHOCTH pabovero mpoiecca
cuioBoil ycraHoBKH. Cojep)kaHHE JIMCTOB YacTO IOBTOPSAETCS, YTO C TOYKH 3peHHus: 3((EeKTUBHOTO
MpPUMEHEHUS SBIseTCsl HeuenecooOpa3HbIM. [1o3ToMy, BOMPOCH 10 COBEPIIEHCTBOBAHHUIO CTPYKTYPBI
colepKaHusl OTNENBHBIX oToOpaxkaeMbix cTpanur] cucteMbl EICAS Bce eme oCcTarOTCS OTKPBITBIMH U
TpeOYIOT TOTMOIHUTEIbHBIX HCCIIEIOBAHHMN.

B nannoii pabore mnpeanaraercs coBepiueHcTBoBaHME cucteMbl EICAS ¢ Toukm 3peHus
0ToOpakaeMoi MHPOPMAIIMHU U C MCIIOJIb30BAHUEM CYIIECTBYIOIINX JATYNKOB, KOTOPBIE MPETHA3HAYEHBI
JUTS TIOJTyY€HUS TaHHBIX O pa0odYuX MapaMeTpax ABHrarens. McciemoBaHUs MOKa3bIBAIOT, YTO OBLIO OBI
nesiecooOpa3Ho no6aButh B cucreMy EICAS HOBYIO cTpaHully, Te napaMmeTpbl OyIyT OTpaskeHbl B BUAC
ructorpaMM. OCOOCHHO BaXXHBIM SIBIISIETCSI OCTPOCHUE AITOPUTMA OTOOPAKEHMS TAHHBIX COTJIACHO
atamy mosiera BC. Ilpu stom skmmaxk BC Ha ocHOBE KOMITIEKCHON MH(OpPMAIMU B BHIIC THCTOTPAMM
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OyzeT MMEeThb BO3MOKHOCTb OLICHUTHh TEKYIEEe COCTOSHUE IapaMeTpoB M CHCTEM, YTO OO0ECHeduT
YMEHBbIIEHHE padoyell Harpy3Ku SKUIaxXa.

Jlureparypa
1. Kucener 10.B., I'ymebuc A.A., KoHTponr u amarHocTHpoBaHHE TexHHUYeckoro coctosHus [T c
TOMOIIEI0 OOPTOBO# ammapaTypsl BuOpanuu. Camapa 2010
2. lan Moir , Allan Seabridge,Aircraft Systems: Mechanical, electrical, and avionics subsystems integration,
England 2008

Improvement of aviation indicating engine system
Mehdieva G.Q., Samadov A.S,

This work is devoted to development of the integrated indicator of an aviation enginecondition on purpose of
the indicating system improvement. The given research of the structure of theexisting EICAS systems shows that
information volume, contained in single sheets is limited and doesn’t cover all features of working process of the
power unit. It is offered to add the new page to the EICAS system where the parameters in the form of histograms
will be shown.

AJITOPUTM OBPABOTKHU CTATUCTUYECKHUX TAPAMETPOB
COCTOSAHMA TUJIOTA

Cadvicoe I'.3., Hekenodepos HU.A.
Hayuonanvnas Axademus Asuayuu
qurban-94@mail.ru

BBenenne. HecMoTpsl Ha MOCTOSIHHBINA POCT YPOBHSI aBTOMAaTH3alMK CHCTEM YIIPABICHU JI€TaTEbHbIX
anmapaToB, poJib MWJIOTa B TOJETe Bcerjga ocTaeTrcs He3amMeHMMoH. [IprMeHeHue caMbIX COBPEMEHHBIX
aBHALIMOHHBIX NPHOOPOB M AaKe HAJIMYME CAaMOr0O IIEPElOBOI0 aBTONMJIOTA HHMKAK HE HCUEPIIBIBACT
3HAYUMOCTh MUJIOTA B YIIPABJIEHUH CaMOJIETOM, TaK KaK aBTOMMJIOT HE MOXET CAMOCTOSTENIBHO MOIHUMATbD,
WIH caXaTh CaMoJIeT, a TOJIbKO JIMIIb MOXET 00ecreurBaTh IMOJIET MPUICPKUBASCH 33JaHHOMY KypCy.
CrarucTHyecKHil aHaIM3 NPUYMH aBUANPOUCIIECTBHH MOKa3biBeT, 4To 70 % aBmakaracTpod HpOHUCXOAUT
HMMEHHO M3-3a 4eoBedeckoro (akropa. B JaHHBIX ciydasx moa yenoBedeckuM (akTOpOM MOApa3syMeBaeTcst
TaKh€ MOMEHTBI, KOTJIa WICHBl JKHUIIaXa WJIM BECh OJKWUIaX HE 3HAIOT, KaK CpearupoBarb, YTOOBI
NPEeNOTBPAaTUTh Ty WIM HMHYI0 omacHyioo curyamuio. Ilosromy mnpodeccuss mmnora TpeOyeT BBICOKOH
MICUXOJIOTHYECKOH W (PU3HOJIOTMYECKON BBIACPIKKH, TAK KaK BCE PELICHUS NMPUHUMAIOTCS IOJ CHJIBHOMN
SMOIIMOHAJILHON HANPSXKEHHOCTHIO U JeduIuTa Bpemenu [1].

1. AKTyaJbHOCTH JAAaHHOH MPo0GJjeMbl U CHCTeMbl, o0ecleYHBAIOIINE MOCTPOEHHE AJTOPUTMA
00padoTkN napamMeTpoB. MOXXHO MEPEUUCIISITh MHOTO CIIy4aeB, B KOTOPBIX M3-3a ICUXO(U3UOIOIHIECKOTO
paccTpoiicTBa, MWIOTHI TEPSUIM YHpaBieHWe, JUO0 HaMepeHHO Kpyummiu BosaymHoe cyaHo (BC). A B
HEKOTOPBIX CIy4asX, B LEJSIX 3allUThl CBOEW permyTaluyd aBUAaKOMIAHUM YIOPHO CTapaluCh MPHYMUHBI
CIIyYMBILUXCSl aBHAaKaTacTpoQ, CBS3bIBATh HMEHHO C HEaJCKBATHBIM JICHCTBHEM WIEHOB dKuNaxa. FIMeHHO
MO3TOMY B pacciel0OBaHUsAX NPUYMH aBUAKATACTPO(], aBUAKOMIIAHUH NPHIAECPKHUBAIOTCS 0CO00M CTpaTeruu.
OnHako, B caMOM Jiesie, IPUYMHAMH HEKOTOPBIX aBUAKATaCTPO( SIBISUIUCH MCHXHYECKOE, (PU3UOIOTUIECKOE
Y AYIIEBHOE COCTOSHUS MIJIOTOB Ha TEKYIIUA MOMEHT.

Oduunansroii npuunHoi katacTpodsl BC A320 24 maprta 2015 roga mexxay ropogamu uns-ne-ben u
Bapcemmonner (Ppanims), KOTOpas CUATAETCS OAHOM U3 CaMBIX KPYITHEHIITHNX, CTAIO CAMOYOHUHCTBO ITHJIOTa
[2].

[lepBbie pe3ymbTaThl paccienoBaHus karactpodsl camonera Embraer 190 petica 470 Mo3amMOMKCKIX
Asunanunnu (2013 rox), nereBmero u3 Mo3amOuka B AHroiy, KOTOpbIid pa3ouics B HamuOuu, ykasanu Ha
TO, YTO aBapusi OblIa HE CIyYaiHOW, a IMEHHO, KallUTaH HAIPaBWII CYJIHO K 3eMJie BCKOpE TOCie TOTo, KaKk
BTOpPOH MWJIOT MOKWHYN Kabuny. [lwiioT 3anmporpamMmupoBai aBHajaiiHEep Ha MaJCHUE W B MTOTE CaMOJIET
pa3buiics B 6osoTax HaMOHANBHOrO Napka babsara [3].

Karactpoda Boeing 767 mon Hantakerom B 1999 romy 31 OkTsOpsi, B HOYHOE BpeMs, CUMTAECTCS
KpyMHEHIol aBmakaracTpodoil B McTopur aBwanuy Erunra, mpudnHOM KOTOpOH cTama TO, YTO MHJIOT
HaMEPEHHO HalpaBWJI caMoJieT HocoM BHM3. Camorner mocie 33 MHHYT moJsera, Kak oH BeuieTen u3 Hero-
Wopka, pyxHyn B ATnantudeckuii okear B 97 kuiomerpax ioxuee ocrtposa Hanraker (CILIA) u Bce 217
(203 maccaxkupa ¥ 14 4iIeHOB DKHUITaXa) YeI0BEK, KOTOPhIE HAXOIUIINCh Ha 6opTy - morubiu [4].
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ITocme Bcex TEPEUMCICHHBIX aBHAKATACTPO() YBEPEHHO MOXKHO CKa3aTh, YTO OCYIIECTBICHHE
JUCTAaHIIMOHHOTO KOHTPOJIA, 33 NCUXO(U3UOJIOTMYECKHM COCTOSHHEM IHJIOTAa BHECTO OBl CYILECTBEHHBIE
HU3MEHEHUs B obecnieueHrH 6€30IacHOCTH MOJIETOB.

Benencreue Toro, uyro mwiaor B ynpaBieHnn BC mepBoe M camoe 3HAYMMOE 3BEHO, IOATOMY
MOJAECP)KUBAHUE C HUM IIOCTOSHHOHM CBs3UM HeoOxonumo. Ha maHHBI MOMEHT 3TO CBSI3b OCYILLIECTBIISIETCS
aBHALIMOHHOW BO3AYLIHOM CBsI3bI0, KOTOpas HANPsAMYIO BIMAET Ha obOecriedyeHue Oe30IacHOCTH II0JIETOB
Takast CBsI3b B OCHOBHOM OCYILECTBIISIETCSI B CAHTHMETPOBBIX, METPOBBIX M JEKAMETPOBBIX IUAMa30HAX
paznuoBosiH. MIMeHHO B o0eclieueHNH aBUAlIMOHHOM CBSA3U CIIEAYET 00A3aTeIbHO YIIOMSIHYTh BO3SMOXKHOCTU U
ocobennoctu cucreMbl ACARS, koTopast oOecriedrBaeT IMOACPKUBAHUE HEMPEPHIBHON HHU(POBOH CBSI3U
MEXIy 4WICHAMH SKHIIa)Ka W Ha3eMHBIMH IYHKTaM{ yIpaBleHHs. DTo Ooiee COBpeMEeHHass W THOKas
cucrema, ucnonbdytomas noacetu HF, VHF u SATCOM, Beibop moiceTd B KOTOPOW 3aBHCHUT OT
npojeraemoit MectHocTH. Crucrema ACARS nochuiaer cooOrieHus B uppoBoM hopmMare, OmpeacieHHOro
Tuma ¢ 6opTa Ha 3eMJII0, WK K€ Ha00OPOT.

2. PaccMoTpenue cmocofa ocyllecTBJIeHHsI JAMCTAHIMOHHOIO KOHTPOJsi. Peamusanus cucTeMbl
JUCTAHIIMOHHOTO KOHTPOJS HaA ICUXO(QHU3HOIOTMYECKUM COCTOSHHEM NujioTa Oojee meiecoodpasHo
ocymecTBIATh mocpenactBoM cucteMbl ACARS. Jlns 3Toro HyXHO H3HAYaIBHO PETUCTPUPOBATH
OMOMETUIIMHCKHUE MOKa3aTeNd KaX0ro MUI0Ta WHAWBUAYaIbHO. B X0/e Mmepenucok ¢ OJHUM MUIOTOM U3
aBCTPUICKUX aBHAIMHUM, ObUIa MONTy4YeHa MHTEpecHas M He ManoBakHas uHpopmauus. Ilo ero cioBam
MECTHOCTh HAXOXKICHHUS a’pPOIOpPTa TOXKE OKA3bIBACT BIMAHUE Ha OMOMEIMLIMHCKHE IapaMeTphl YICHOB
skunaxa. To ecTb, JOMYCTHM, HOPMaJIbHOE AAaBJICHHE ISl MMJIOTOB CEBEPHON YacTH 3alaHOTO MOTyLIapHsl
OTJIMYAeTCsl OT IMOKa3aTened Ui MUJIOTOB I0KHOM YacTh BOCTOUHOTO monymiapus. Eciu gaxe xoneGaHus
3HAYEHUI STHX IMOKa3aTesliell HEe CWIBHO OTJIMYAIOTCA, HO BCE - TAaKW IPU IOACYETE U BBIIBICHUHU
HOpPMaJIbHBIX 3HAUYEHNH OMOMEIUIIMHCKUX TapaMeTPOB MUJIOTa 3TO BaXKHO.

[locne perucrpanyy NepBUYHBIX (HOPMAJIbHBIX) TICUXO(MU3UOIOTUIECKHUX MOKa3aTeseld, 9TH 3HaYeHUs
COXPAHSIOTCS B MaMATH ycTpoicTBa. Jlanpiie Bo BpeMs HojeTa U3MEPSIIOTCA MOCIEAYIOMre napaMeTphl, U
CPaBHHUBAIOTCS C [IEPBOHAYAIBLHBIMY NTapaMeTpaMu. ECTecTBEHHO IpH 3TOM yUUTHIBAETCS TO, YTO MIPH B3JIETE
camoJieTa, OnpeAecHHbIE OMOMEIUIIMHCKUE TMOKa3aTeNId MUIOTOB H3MEHSIOTCSA, TO €CTh, HE CMOTpS HE
TrepMETUYHOCTh KaOMHBI COBPEMEHHBIX JIETaTeNbHBIX alllapaToB, BCE — TaKH HE3HAYHMTENILHBIC W3MEHECHUS
MPOUCXOJAT. 3HAUYECHMSIMH 3THUX H3MEHEHHH MOXHO NpeHeOpedb, HO Ui Oojee TOYHOro MOIYYEHUS
nokasaresel Mbl 3TOTO He JonyckaeM. KpoMe TOoro yuyuThIBaTh STH JaHHBIE HE COCTABISIET 0COOOTO TPy/Aa B
COCTaBIICHHH alropuT™Ma paboTel Oyioka. biok, cpaBHHMBas 3HayeHHs MEPBOHAYAIBHBIX (HOPMAJbHBIX)
Mokaszaresieidl C MOCIEeAYIOUIMMU MOJTYYEHHBIMHM, B 3aBHCHMOCTH OT IIOJYYEHHBIX pPe3yJlbTaToB, OyneT
oToOpaxkath ompejaeieHHy0 uHpopMmanmoo. WHpopmarus OymeT oroOpakaThCs Ha SKpaHe OOPTOBOTO
kommboTepa MCDU (multipurpose control and display unit). Tak kak 610K, COOMPAIONTHI U CYUTHIBAIOIINI
nHPOPMALIMIO O TICHXO(PHU3HOIOTUYECKUX COCTOSHUSIX NWJIOTa OyIeT HHTErpUpoBaH B OJIOK CHCTEMBI
ACARS, cootBercTBeHHO U oToOpakeHHe Oymer mpoucxoauTh B kommbiorepe cuctemsl ACARS. B
HYXXHBIII MOMEHT OIpe/IeJIEHHbIE 3HAYEHUs] MOTYT OBITh HaleuaTaHbl Ha OOPTOBOM MpPUHTEPE, KPOME ITOTO
JUCTIETYEpa Ha OCHOBE MH(OPMAIIMK O COCTOSHUM MHUJIOTA, IMOJTy4eHHOM nocpeacteoM coobriennii ACARS
MOTYT 00paTHO MOCHUIATh KOPOTKHUE COOOIEHHS WIIN TOJIOCOBBIE YBEIOMIICHUSI.

WnterpupoBanue 3Toro 06J0Kka HUKaK He M3MEHUT U He moBiusieT Ha padoty cucrembl ACARS wnm ke
JIpYTUX CHUCTEeM, paboTarolnX B3aUMOCBs3aHHO ¢ Hero. Ho compsbkenue unHTepdeiica aaHHOTO OJloKa C
unrepdeiicom cucrembl ACARS 00s3aTrenbHO, ONOKM CHCTEMBI JOJDKHBI HMETh OJWHAKOBBIA S3BIK
MPOrpaMMUPOBAHMsI M OAWHAKOBBIM HMHTepdeiic ans B3auMHOro oOMeHa mH(opmanuei. Eme onHol u
OCHOBHOW niprumHON BeIOOpa cucteMbl ACARS 1t peanu3anny TUCTAHIIMOHHOTO KOHTPOJIS SIBJISIETCS TO,
yro ACARS nocsutaer nHGOpMAaLMIO HA Ha3eMHBIE CTAHLUHM W NIPUHUMaeT uHpopMauuio ¢ myHKkToB YB/I.
OnHUM CJIOBOM 3TOT METOJ SABJSIETCS CaMbIM ONTUMAIBHBIM Ul OCYLIECTBICHHUS HENPEPHIBHOTO
JMCTAaHIIMOHHOTO KOHTPOJIS, 32 MICUXO(QH3HOIOTHIECKUM COCTOSIHUEM TTHIIOTOB

3. IlocTpoeHue ajaroputT™Ma 1Jjsi 0JOKa, OCYLIECTBJISAIOLIEro cOop H o0padoTkKy HHopManuu
(zaHHbIX muioTa). C MOMOIIBI0 IOCTPOCHHOTO aaropurMa (puc. 1), A JUCTAaHIMOHHOTO OIpPEICNCHUs U
KOHTPOJISI TICHXO(U3UOJIOrNIECKOTO COCTOSHUS THJIOTa IMPESyCMaTpPUBAETCsl HENPEPBIBHOE PETUCTPAIIS,
CUMTHIBAHHME U CPABHUBAHHE PE3YJIbTATOB MOJNYYCHHBIX OMOMEIUITUTHCKUX MTOKa3aTeNeH.

JlaHHBIE O COCTOSHMM IMWJIOTa MOTYT IIOJy4aTbCs C IMOMOILIBIO Pa3JIMUHBIX JAaTYUKOB, TAKUX Kak
WHPAKPaCHBIA MYyIbCOMETpP, AATYMK 3PAvyKOB, CIHPOMETp M 1p. Jlajee B COOTBETCTBHM C AITOPUTMOM,
WCTIONB3Ysl TIEpBOHAYANILHBIC TICUXO(PU3NONIOTHYCCKUE JIaHHBIE W TEKYIIUE pe3ylbTaThl H3MEpPEHUs, B
mporecce KOHTPOJIS COCTOSIHUS, HA OCHOBAaHMH CIEIYIOIEeH (OpMyIIbl, MOKHO NPOM3BECTH BBIYHCICHHUE H
CpaBHEHHE KOHTPOJIUPYEMBIX MOKa3aTeJe, Mociie Yero OLeHKY OTKJIOHEHHH 3TUX MOKa3aTesled OT HOpM:
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((a, k) + (@, £k)) +..+(a, £k )):2
n

rJie & — MepBOHAYAIbHBIC TApaMeTphl, MONyUeHHbIe TPH (UKCAMK MoKaszareneil; K — mocneayrorime
3HAYEHWS]; N — YHCII0 TOBTOPEHUI BHIYHCICHHS.

BouiBoabl. PaccMOTpeHHBIH METON W TPEHJIOKCHHBIH alTOPHUTM KOHTPOJIT OMOMETUITHHCKHX
MapaMeTpoB IMHJIOTAa OOECICYUT TMOBBIIICHHE OC30MACHOCTH TIOJICTOB 33 CYET HENPEPhIBHOTO
TUCTAaHIIMOHHOTO KOHTPOIb €Tr0 MCHXO(H3UOIOTHIECKOTO COCTOSHUA. JlaHHas cuctemMa MoeT paboTath B
conpspkernu ¢ cucteMoit ACARS, perMyInecTBOM KOTOPOH MOXKET CITY)KUT TO, YTO HUKAKUX MACIITaOHBIX
W3MEHCHUH B CTPYKTYpE CHUCTEM CaMOJIeTa He MPOM30MICT, OCYIIECTBUTCS JIUIIb CONPsHDKCHUE MHTepdeiica
cucteM. Peanmzanus 3Toro cnoco0a MOXET MPE0CTaBUTh HOBBIC BOBMOKHOCTH KOHTPOJIS TIOJICTOB.

IIpennonernas
MIPOBEpKa

JonyckaeTca He nonyckaerca k
K TIONeTy HONIeTy

—— G

BzauMopelicTere DHIIOTa .
¢ JAaTYHKaAMH T

v—— 4 T3

HudpapkacHsrit JaTauen CrpoMeTp
IIYJIBCOMETP 3padKoB

OPMAIBHBIC
CTaTHCTHYECKHE
TMOKa3aTemH

OpPMAaTbHBIE
CTATHCTHYCCKHE
IIOKasaTelIHn

Het

BTopHtiHas npoBepKa

> DuKcalHsd U COXpaHeHHe NaHHBIX B Oioke BMK el

| HOCJIEIEY}O]I[BH PEeTHCTpaIiia CHTHAIOB |

| Ornenka pe3yasTaTos o hopmyite: (a1xki)+(axtka)+. .. H(antka):2 |
n

Ja N Her
—| Coenagesne I

‘VeenomneHue OTmpaeka pe3yIbTaToOB HA
> @ SKHTIAKa HA2eMHYIO CTAHIIHIO

Puc. 1. Anzopumm obpabomxu cmamucmuieckux napamempos cOCmosHUsL NUIOMA

Jluteparypa
1. Anaxpuncukii b.C. OcHOBBI aBHaLIMOHHON Ncuxonoruy. - M. Bo3aymsslil Tpancnopr, 1985, 315 c.
2. https://ru.wikipedia.org/wiki/Katactpoda A320 mon JluHb-ne-berom.
3. https://versia.ru/nemeckij-ayerobus-so-150-passazhirami-na-bortu-ugrobil-vtoroj-pilot-s-medicinskoj-spravkoj.
4. http://mport.ua/techno/1597322-5-pilotov-umyshlenno-ugrobivshih-sebja-i-samolety.

Algorithm for processing static parameters of pilot state
Sadigov Q.E., Isgandarov I.A.

The article describes the algorithm for implementing the remote control method of a pilot. The essence of the
relevance of this work is revealed. The diagram of the algorithm construction is shown, the significance of the ACARS
system is noted, the role of the aircraft communications addressing and reporting system is clarified when reading the
statistical parameters of the pilot's state.
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MOJIEJIMPOBAHUE 'NJAPOCUCTEMBI CAMOJIETA
B FLOWMASTER V7

Pamazanoea @.H., Cameooe A.C.
Hayuonanvnas Axademus Asuayuu
ms.euler@mail.ru

Pa3zBuTHEe mepCHEKTHBHON aBHALMOHHOW TEXHUKHA C MPUMEHEHHEM IMOCTEeIHUX ITOCTH)KEHUH HayKd
TpeOyeT BCECTOPEHHOTO aHalM3a pAa3NUYHBIX CHUCTeM caMojieToB. OIHMM U3 TaKOBBIX SBISETCS
TUIpaBIHyecKas CUcTeMa, HaJIe)KHOCTh KOTOPOH B OONBIION CTENEHU ONpeAessieT 0e301acHOCTh MOJIETOB.

U3 Teopuu ruApOAMHAMHKH HM3BECTHO, YTO TOTOK >KMAKOCTH ONKCHIBaeTcs aug¢epeHInatbHbIMU
YpaBHEHHSMH, KOTOpBIC IPEICTAaBISIOT COOOI 3aKOHBI TEUCHMS >KUAKOCTH, CBS3BIBAIOIINE IaBJICHHE,
TEeMITepaTypy M HEPTHI0 MOTOKA KUAKOCTH. B cOBpeMeHHON MHKEHEPHOH NPAKTUKE OCHOBHBIE TIOJIOKEHUS
ruapoauHaMuKku peonusytotes ¢ nomomibto CFD (Computational Fluid Dynamics). CFD — ato HayuHo-
MMpaKTHU4YCCKas HHaT(I)OpMa, KOTOpasd OG’beI[I/IHﬂCT 3aKOHbI TCUYCHUA JKUAKOCTHU, IMPUKIIAJHYI0O MATCMATUKY U
KoMmsioTepHble Hayku. llpumenenne CFD c snmemenTamm KOMMIOTEpHOW TpaduK{ MO3AIIIO CO3aHHUIO
COBPEMCHHBIX CHUCTEM IPOCKTHUPOBAHUA TUAPABIUYCCKUX CHUCTEM. C YUYCTOM H3JI0OKCHHOI'O COBPEMCHHAsA
HUHXKXCHECPpHUA JICTATCIBHBIX allapaTroB MNPCAyCMAaTpUBACT IMPUMCHCHUC CaMbIX pPas3IMYHBIX CUCTEM
ABTOMAaTHU3WPOBAHHOTO MPOEKTHPOBaHUA, KOTOPEIM oTHOCHTCA Flowmaster (i FIOEFD, Mentor Graphics).
[Iporpamusrnii maker Flowmaster — ato CAE/CFD-cuctema, T.e. HHXXEHEpHOE MPOTrpaMMHOE OOecTiedeHne,
noBblaiomee dPQPEKTUBHOCTh IMpollecca KOHCTPYMPOBAHMS MTHEBMOTHIPABIMYECKHX H3JEIUN 3a CueT
aBTOMATH3aIlMH IIPOIECCOB, KOTOPHIE paHbIIE OCYIIECTBISUINCH BpPYYHYIO. VIHTYHUTHBHO ITOHATHBIN
nHTepderic mporpammel Flowmaster mo3Bossier 0pIcTpo 1 3(h(HEKTHBHO MPOBECTH PACUET, & TAKXKE PEIIaTh
npoOJeMbl ¢ TPOW3BOAMTEILHOCTBIO pPACCMAaTPUBACMOW CHUCTEMBI. ECTECTBEHHO, MPH 3TOM KIIIOYEBOH
3ajaueil sBISETCS MPOBEPKa OCYIIECTBUMOCTH JAHHOM KOHUENIMHU pa3padaThbiBaeMOW CHUCTEMBI C YUTOM
TIOJIO’KUTENBHOTO BIMSHUSA €€ HaJIe)KHOH paboThl Ha 0€30MaCHOCTH MOJIETOB.

B npejicraBieHHON Hay4YHO-HCCIIEIOBATEIBCKON pab0Te ¢ 1EIbI0 COBEPIICHCTBOBAHUS THIPOCHUCTEMBI
camosieTa HeoOXOAMMO OBIJIO MPOBECTH YHCICHHOE MOJICIIMPOBAHME TMOTOKA >KUAKOCTH HA Pa3IUYHBIX
ydJacTKax.

Takum o00pa3oMm, THApaBIMYECKass CHUCTEMa, KOTOpas COCTOMT M3 3-X MOJ-THApOcUCTEM U 16
norpedurenel, Obila cMojenuposana B cpene Flowmaster. [Ipu 3Tom ¢ 1enpio olieHKH 3 QEeKTUBHOCTH
CHCTEMBI KaK aJbTepHATUBHBINA BapHaHT, OblIa paCCMOTPEHA CHCTeMa padoTaromeit nox aasiaenueM 350 Gap.
B nanHO#t pabore OBUI JETaNbHO PAcCMOTPEH NPOLECC MOAEIMPOBAHUS JIEBOM T'HIPaBINYECKOM
MOJICKCTEMBI, 00cTykuBatomield 3 morpeduteneii. [IpoBeneHo mapameTpryueckoe UccaeIoBaHUE U TOTyUSHBI
AuarpaMmbl NaJICHUA OaBJICHHA, OGBGMHOﬁ moJga4yn BO BCEX paCcCMaAaTpUBACMBIX BETBAX CHUCTEMBEIL. B Xonae
NPOEKTUPOBaHMs ObUIa IpOAHAIM3UPOBAaHA OLEHKA HAJEKHOCTH THAPOCHCTEMBI, B YaCTHOCTH,
aHaJM3NPOBaHA aJeKBATHOCTh MAaTEMaTUYeCKOW MOJIENIH, a TaKKe TOYHOCTh pe3yibTaroB. MccnemoBanue
MPOBOJIMIIOCH C YUYETOM MAacCOBBIX CHJI JJISl HEC)KUMAEMOM Cpe/Ibl.

JlntepaTtypa
1. Flowmaster V7 — New User Training, 2007
2. Marseenko A.M., 3BepeB W.1. [IpoexTrpoBaHne rUpaBINUYECKHX CUCTEM JIeTaTEIbHBIX aIlapaToB, Y YeOHNK
st BY3o0B. - M.: MamuHocTpoenue, 1982. - 296 c.

Simulation of the aircraft's hydraulic system in Flowmaster V7
F.N.Ramazanova, Samadov A.S.

This article presents how the hydraulic system of the aircraft will operate at a high pressure of 350 bar (5076 psi).

The simulation was carried out in the software Flowmaster V7 Aerospace. Incompressible Steady State was
chosen as the type of simulation. SSS (Steady State solution) allows us to calculate the pressure drop, Reynolds number,
flow rate, mass flow rate, velocity, loss coefficient. During the simulation, diagrams of above listed values
wereobtained.

Through this Parametric Research all Components Data were validated and optimized.
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AVIASIYA QAZ - TURBIN MUHORRIKLORININ TURBIN PORININ
HIPERBOLIK SPiRAL USULU iLO PROFILLONDIRILMOSI

Karimov T.Z.
Milli Aviasiya Akademiyast
huseynsuleymanov_96@mail.ru

Molum oldugu kimi miiasir aviasiyanin qgarsisinda duran asas problemloardan biri tahliikasizlik va faydali
is omsalini artirmaqdir. Miiasir dévrds ugus aparatlarinin konstruksiyalarin vo sistemlorinin siiratli inkisafi
noticasinda toyyaro konstruksiyalarin miirokkoblogsmasi ilo naticolonmigdir. Toyyaro sistemlarinin
miirokkablogmasi etibarliliq problemlarinin ortaya ¢ixmasina sobob olmusdur.

Aviasiya gaz-turbin miharriklorinin (QTM) hava qaz traktinda 6nomli yer tutan komponentlordon biri
olan qaz turbinlori istilik enerjisini mexaniki enerjiys gevirir. Ik dévrlords yaranan miiharriklordon bu giino
kimi, yoani 5-ci nasil miiharriklora kimi aviasiya QTM-larin darti1 qiivvalori artmisdir (QTM miiharriklari on
miikammeol istilik miiharrikloridir). Bu inkisaf da turbin elementi 6nomli yer tutur. Turbin elementlorin
soyudulmasi va profillondirmasi nazars garpacaq 6l¢iido xeyli dayismis vo inkisaf etmisdir.

Aviasiya 1-ci nosil gaz-turbin miiharriklorin turbin porinin girisindoki qazin temperaturu va turbin
parlorin dovrlar say1 bugiinkii, yani 5-ci nosil QTM-lardon forglondiran asas parametrlordandir. QTM-larin
FIO artirilmas1 magsadi ilo turbin qarsisindaki qazin temperaturu yiiksaldilmis va turbin perinin dévrlor say
artirilmigdir. Lakin QTM-lorin yarandigi giindon bu giino Kimi asas problemlordan biri yanma kamerasindan
¢ixan sixilmig gazin turbin parlorinds havanin aximliliginin vo siirot xarakteristikasinin daha mitkommaol
formada paylanmasini tomin etmakdir.

Bu isdo hiperbolik spiral ayrisindan istifads etmoklo (sokil 1) turbin parinin profillonmasi iigiin yeni tisul
islonmisdir.

Sakil 1. Hiperbolik spiralin tasviri

Polyar koordinat sisteminds hiperbolik spiralin tonliyi asagdaki kimidir [2]:
p=7 (1)
Sakil 2-do profilin qurulmasi tiglin ilkin verilonlords layihalondirilon gofasin haondosi xarakteristikasi
verilmigdir [1].

Y

o
@\2‘ N R
g
Sakil 2. Qafasin diizbucagli kordinat sisteminda yerlagdirilmasi: b - qafasin eni, t - qafasin addumi, d - parlararas:
kanalda minimal 6l¢iilii kaSiK, €y, - profilin maksimal galinligi, ry - giris ayrilarinin radiusu, r, - ¢ixes ayrilarinin radiusu,
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w1 - girisda kiirak va garin ayrilarinin toxunanlari arasindaki bucaq, w, - ¢ixisda kiirak Vo qarin ayrilarinin toxunanlart
arasmdak: bucagq, o - ayilma bucagi.

(1) - tonliyi parametrik hali asagdaki kimidir

X=p cos @

y=psing 2
Uygun olaraq:
. dy
Y= dx
dx = (— %) * (sin(¢@) +cos(@)/@ dy= (—%) * (cos( @) —sin( @)/ 3
dy _ aB-cos(p) .
dx %@+sin((p) ( )

(4) tonliyindon goriindiiyii kimi dy/dx yalniz ¢-don asili funksiyadir, bundan istifado edorok [2] oxsar
olarag, torafimizdon asanligla vo giris vo ¢ixisda ayriys toxunanlarin verilmis giymotine uygun hiperbolik
spiralin qovsiinii doqiq segmaya imkan veran yeni tisul islonmisgdir.

Isin osas mahiyyoti asagdakilardan ibaratdir:

- Axinin dénma bucaginin tayin edilir: 9 = 180 — (8, + )

- o giymoati segilorak arctg (dy/dx), tayin edilir.

- o - bucagin giymoti bu diisturdan tayin edilir 0=90°- B, - arctg (dy/dx)q

- arctg (dy/dx),= arctg (dy/dX),o + 180 — (8, + B2) — (4) tenliyindon ¢, qiymeti toyin olunur. Bu oyani
olaraq sokil 3-do gostorilmigdir.

6y

Sakil 3. Spiralin dénma bucag ilo toxunanin bucagi arasinda asillig

Odobiyyat
1. MycradaeB M.P., CanmsixoB P.A., Cameno A.C., AmrypoB KO.M. HoBsiii MeTon npoduiupoBaHus cedeHUE
JIonaTok TypOuHsl temuuckaTamu bepuymin. MAA, Elmi mocmuslar, cild 12 Ne 1, 2010.
2. wikipedia.org

3. AponoB b.M., XKXyxosckuit M.I., XXypasnes B.A. [IpodummpoBaHue J0MaToOK aBUAIIMOHHBIX T'a30BEIX TYpOUH.
- M.: MammHOCcTpoenue, 1975, - 192 c.

Turbine blade design by hyperbolic spiral
Karimov T.Z.
In the given article it has been showed equation of hyperbolic spiral as well as found the equation of tangent line
to hyperbolic spiral and profiled gas turbine with the new method.

PA3PABOTKA MATEMATHYECKOW MOJEJH
JJIsA UHTET'PAIIUU BAKU TMA B BUPTYAJIBHOU CPEJIE

babaesa I'.I'., A6dynnaes X. U.
Hayuonanvuasa Axaoemus Asuayuu
hulya.babayeva@gmail.com.

AKTyaJqbHOCTH MpoGJembl: Pa3zjeneHue BO3MYyIIHOIO MpoCTpaHCTBA H  ero  3ddekTHBHOE
MCIIOJIb30BAHKE SBIISIOTCS OJJHUM M3 KJIFOUYEBBIX (PaKTOPOB, BIHUSIONINX HA 0€30MaCHOCTh, HEMPEPBIBHOCTH U
pEryIsipHOCTh TIOJIETOB. B pesynbTare Hamero HCCleNOBaHUs OBUIO ONPENENIeHO, YTO TPH BBICOKOU
unreHcuBHocTH B TMA baky (Terminal Maneuvering Area), pyHKIMOHHPOBaHUE TUCTICTYCPCKHUX TTOZHLIUI
VB DEP (Departure) u ARR (Arrival) moxxuo cumtars HemenecoodpasubiM [1, 2]. Crarbs mocssiieHa
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pa3paboTKe MaTeMaTHIEeCKOH MOJIEITH METOIOB MHTETPAITHH, TI0 OIleHKe Bo3MoxkHOCcTel 30H ARR u DEP ms
BHPTYAJIBHOTO pa3IeNeHus APYT OT Apyra pu3udeckoro u reorpadudeckoro 30H B TMA Bbaky.

IMocTtanoBka 3agaum: [IMOTHOCTH BO3MYIIHOTO ABIKECHHUS XapaKTEpPH3YeT OOIIYI0 3arpyXEHHOCTh
30Hbl YBJI, oqHako He Bcerja sBISETCS TOYHOW XapaKTEPUCTHKOW 3arpyKEHHOCTH AMCIIETYepa, BBUIY
BO3MOYKHOCTH JieJIeHUs 30HBI Y B/ Ha CEKTOpHI (HaImpaBIcHU).

[IpomryckHast ciocoOHOCTE 30HBI YBJ[ - KOJIHYECTBO BO3MYNIHBIX CYJOB, KOTOpbIE MOTYT OBITh
oOCITy’)KeHbl B JaHHOW 30He opranoM YBJl 3a equHuiy BpeMeHH NpU COONIOJCHHUH CYIIECTBYIOLIETO
periaMenTa HenocpeacTeennoro YBJI [3].

Pemenne npo6Giembl: Co3naHue MaTeMaTHYeCKOW MOJAETH Urpaer ocoOyi pojb B PEIICHUH
CYIIECTBYIOLIEH MpOOJIeMbl MyTeM HPUHATHS (AKTHUECKUX W MPOTHOZUPYEMBIX OLIEHOK TPOMYCKHON
CHOCOOHOCTH HU3KOT'O BO3AYIIHOTO MPOCTPAHCTBA.

daxTHyeckass M NPOrHO3UPYEMasi BBIXOJHAs CHOCOOHOCTH IIO3BOJIAET MOJEIMPOBATh TEKYILYIO
CUTYallMIO B BUPTYalIbHOM MHOTOMEPHOH cpene. B Takux ciydasx yxke ObUTO BBIICHEHO, YTO MHOTOMEPHOE
MOJICTTUPOBAHKE TIO3BOJISET MOJMYYUTh 0OJiee YeTKoe BooOpakeHue u 0ojiee 00ObEKTUBHYIO OIEHKY [2, 3]. B
pe3yibTaTe Hay4yHBIX HCCIEIOBAHUI YCTAHOBJCHA TpEXMEpHas MOJENb BO3LYLIHOI'O NPOCTPAHCTBA
AzepbaiimkaHckoll PecryOnMMKM M ee OCHOBHBIX 3JIEMEHTOB. JTa MOJENh TO03BOJISIET HaM CO3/1aTh Oolee
YETKYI0 KapTHHY PacIpe/esicHUs (pa3MelIeHns) MeXIy (PU3UYECKHM W reorpaduuecku pacroioKeHHBIM
BO3AYIIHBIM TPOCTPAHCTBOM OJHOM M TOH e CpeAbl B Pa3HbIX CEKTOpax. XOTsS CTPYKTypa HOBOTO
BO3/IYIIHOTO TPOCTPAHCTBA YMEHBIIACT KOJUYECTBO KOHQIIMKTYIOIIMX IMYHKTOB [2], HO yBemuuuBaer
Harpy3ky aucnerdepa. Texnudeckue Bo3MokHocTH AC YBJI n TexHuueckas moanepkka pabodero mecra
orpannueHsbl. [anneiii MoMeHT ¢yHKuMH ARR u DEP BHIMOMHSIOTCS OMHMM W TE€M K€ AUCIETYEPOM, B
OJIHOM U TOM Xe€ no3uuuu YB/I. B 3ToM ciiydae MUpOKO NPUMEHSIOTCS pa3Hble IPOLEAYPhl YIPABICHHUS.

ITo cratuctuueckum nanueiM [4] B aBrycre 2017 r. mo 3oue TMA baky 3apeructpupoBano 5924 BC.
Hcnone3yst 3T naHHBIC, CMOXEM CO3[aTh CTaTHCTHYECKHE TNoKazaTeaud 30H TMA baky rpaduuecku
MoKa3aH Ha puc. 1. OTo u ecTh pakTHUeCcKas MPOIMycKHas criocoOHOCTh 30HI TMA baky Ha omnpeneneHHbBIH
MIPOMEKYTOK BPEMEHHU.

B AHY “Azarbaycan Hava Yollan” (Asepb6aligxaH)
B AZG “SW West” (AsepbaiigrkaH)
B THY Tirk Hava Yollari (Typuwua)
B FDB “FlyDubai” (OA3)
B QTR “Qatar Airways” (KaTtap)
AZQ “SW Airlines” (AzepbaigxaH)
AFL “Aeroflot” (Poccua)
DLH “Lufthansa” (TepmaHua)
ABY “AirArabia” (OA3)
Bcero: 5924 BC OctanbHble PasHble

Puc. 1. Cmamucmuueckue noxazamenu 30nvr TMA baxy 3a aseycm mecsy 20172 [5].

B cnenyromem sramne cratructudeckoro aHanusa (Tabmura-1) [4] ObUTo ompeneneHo, yTo Tojabpko 3a 31
aBrycta 2017 r. B 30He otBercTBeHHOCTH mucnerdepa APP (ARR+DEP) 3apeructpupoBaiocs Bcero 186
CaMOJIETOB.

Ucnone3yss  dopmyny (1), onpemenuMm (HaKTHYECKYIO MPOIMYCKHYH CIOcoOHOCTh 30HbI  APP
(ARR+DEP) Baky (u) - KomuuecTBO BO3IYLIHBIX CYIOB, (paKTHUECKH OOCIyXHMBaeMbIX B 30He YBJI 3a
enuHUITy BpeMeHu [5-7] (3a 1 gac):

[P OJHOM KaHaje 00CITyKUBaHUS:

N, 14
pemTU (1)
IIPU IBYX KaHaJIOB 0OCITy>KUBaHUS:
_ N 14, @)
to-n Ix2
W3 Tabnuie! -2 paccynThIBaeM CpelHUI MOKa3aTelb 3a OAMH JIeHb (B TeueHue 24 yaca):
Ngc op.= 186/24 = 7,75 = 8. (3)

Pacuets! IoKa3aim, 9To B 30He oTBeTcTBeHHOCTH nucterdepa APP (ARR+DEP) zapeructpupoBaiocs B
cpeaneM 8 camonetoB. [Ipu atom min. 4, max. 14 camoseros. [THKOBBIE Yachl CIIEAYIOIINE:

1) 00:04:00 mo 00:53:00 (UTC) — 10 BC

2) 08:05:00 1o 08:58:00 (UTC) — 10 BC

3) 10:04:00 o 10:53:00 (UTC) — 10 BC
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4) 12:04:00 o 12:51:00 (UTC) — 14 BC
5) 16:05:00 mo 16:59:00 (UTC) — 11 BC.

Tabnuya -1. Cmamucmuueckas ungopmayus 3a 31 aseyem 20172 (3a 24 uaca)

St?JEI_tC':Te E(nlji_lflcn;e CallSign Aircraft Register SID STAR |Entry Point | Exit Point| AC
1. 00:04:00 | 00:53:00 AHY261 B752 4KAZ11 GILAB UBBB UBBN 10
2. 01:00:00 | 01:56:00 AZG046 B748 VQBVB ROPKA BALUN UBBB 9
3. 02:17:00 | 02:59:00 AZG401 B748 VQBVC RASAM UBBB ADEKI 7
4. 03:01:00 | 03:57:00 | AHY8103 E190 4KAZ66 RASAM UBBB ADEKI 7
5. 04:07:00 | 04:59:00 AHY251 A320 4KAZ80 GILAB UBBB UBBN 6
6. 05:03:00 | 05:54:00 | AHY8075 B788 VPBBR RASAM UBBB ADEKI 7
7. 06:07:00 | 06:55:00 | AHY8023 B763 4KAZ82 RASAM UBBB ADEKI 7
8. 07:12:00 | 07:47:00 | AHY2253 B752 4KAZ12 GILAB UBBB UBBN 7
9. 08:05:00 | 08:58:00 ESW650 GLF6 VPBBF RASAM UBBB UBBQ 10
10. | 09:14:00 | 09:54:00 AZQ058 IL76 4KAZ60 AMOKU RODAR UBBB 9
11. | 10:04:00 | 10:53:00 | AHY5102 A320 4KAZ83 MOSUM BATEV UBBB 10
12. | 11:01:00 | 11:59:00 | AHY8684 A319 4KAZ03 NOBVA BUMAR UBBB 8
13. | 12:04:.00 | 12:51:00 | AHY8026 B752 4KAZ11 ERLEV BARAD UBBB 14
14. | 13:02:00 | 13:57:00 | AHY8109 A319 4KAZ03 EKRAM UBBB LASKA 6
15. | 14:05:00 | 14:54:00 AZG631 B748 VOQBWY | BAMAK UBBB ULDUS 7
16. | 15:09:00 | 15:57:00 UTA745 B735 VPBYL NOBVA BISNA UBBB 7
17. | 16:05:00 | 16:59:00 1AW421 B763 YIAQM MOSUM BATEV UBBB 11
18. | 17:02:.00 | 17:45:00 | MHK157 B734 YIAQS KUPAT LALDA UBBB 4
19. | 18:09:00 | 18:56:00 I1AW422 B763 YIAQM BAMAK UBBB BATEV 8
20. | 19:04:00 | 19:57:00 | MHK158 B734 YIAQS BAMAK UBBB BATEV 6
21. | 20:04:00 | 20:54:00 KZR114 E190 P4KCC BETEK UBBB BALUN 6
22. | 21:13:.00 | 21:57:00 | AHY8078 B788 VPBBS ERLEV BARAD UBBB 6
23. | 22:00:00 | 22:56:00 AZG124 B748 VQBBH ROPKA BALUN UBBB 6
24. | 23:01:00 | 23:44:00 | AHY8052 A320 4KAZ83 INSAN BARAD UBBB 8
Hroro 186

W3BecTHO, YTO B YCIIOBHAX MOBBIIIEHHON MHTEHCUBHOCTH IOJIETOB paboTa CYIIECTBYIOLUIMX MPOLEAYP
YCIOXKHSAETCS. AHaNM3bl TOKa3bIBAIOT, YTO B IMOCIEAHHWE TOJbl HHTEHCHBHOCTH HMEET HapacTaloliue
nokazarenu [ 1, 2, 4] u moaTomMy B OyayIieM, BEpOSITHO, 3TO YBEITHUUTCS BIBOE. [Ipu 3TOM, 3TOT IIOKa3aTelb
OylIeT HeraTWBHO JEHCTBOBATh HA PAaCUYETHYIO MPOMYCKHYI0 criocobHocTh 30HbI APP (ARR+DEP). Eme
OJIMH TIpUMED, B TAHHBIH MOMEHT WJIET paclIupeHue nucnerdepckoit nosuumu 1WR (mmaHupyroTcst HOBbIE
no3uiin GND3 u TWR3 B HeZiaBHO BBeIeHHOH B AKCIUTyaTanuio HoBoit Beiiku Y B/I (North Tower)).

Takum 00pa3zom, ecTh HeOOXOAUMOCTh paszeneHus 306 APP Ha ¢usuuekne nozuimu ARR u DEP, ¢
COOTBETCTBYIOIIMMH paclpeelieHHBIMH (QYHKIUSAMH MEXIy coOoi. Mcmons3ys MaTeMaTHYECKYIO0 MOJIEIb,
OMpEeUM pacueTHyr M (akTuueckyio crocoOHocth TMA baky. Mcxons u3 3TOro, mepexoium K
co3mannto TpéxmepHoir momemn TMA baky m FIR Asepbaiimkanckoii PecrmyOnmku, 4ToObl BH3yalbHO
npeacTaBuTh paszjeneaue 306 TMA bBaky. Jleno B Tom, 4yro o6e 3oubl (ARR u DEP) ¢usuuecku
CYIIECTBYIOT B OJHOM W TOM € Teorpa)u4eckoM MpOCTpaHCTBe. Ero TONBKO MOXKHO pa3leluTh B
BUPTYAJIbHOM IIPOCTpaHCTBE. J[JI1 3TOro camblil MOAXOIALIMI METOJ - 3TO MOJEIMPOBAHUE ITPOIYCKHOMN
CHOCOOHOCTH BO MHOIOMEPHOM MPOCTPAHCTBE.

Pe3yabTarhl:

1) IpoBeseH cTaTHUeCKWii aHAM3 W MPOBEICHBI pacueTsl MO (akTudeckum aaHabiM TMA Baky 3a
OIpEAETIEHHBIN TPOMEXKYTOK BPEMEHH, ONpPEAEIIEHB MaKCHMalbHas U CpefHss HarpyxkeHHocTs TMA baky.
MaremaTHyeckass MoZeb OblIa cO3JjaHa Ha OCHOBE (PAKTHYECKOI M MPOrHO3UPYEMON OLEHKH MPOIYCKHON
CIOCOOHOCTH HM)KHETO BO3AYIIIHOTO MMPOCTPAHCTBA;

2) C moMouIpl0 MaTeMaTHYeCKOW MOJENH JI0Ka3aHo, 4yTo paszuesneHue TMA baky HeoOXomumo M pH
3TOM CaMbIil IOJXOASIIUI METOJ - cO3aHre MHoromepHoi moaenu BII u ee cerMeHTOB.

3) B cyImecTByIOmMUX ABYXMEPHBIX CHCTeMax 00pabotku muHpopMmanun YBJI, pasnenenne TMA Baky
JIOJDKHO OBITh COOTBETCTBOBATh I[BETOBO-aHAJMTUYECKUM, W CBETOBO-OMNPECISIONIAM TPHUHIUIIAM,
COIIPOBOXKAIOMIMMHUCST  3BYKOBBIMH M TEKCTOBO-TIPENYIPEOUTEIbHBIMUA  (QYHKUUSMH, KOTOPBIE MBI
npejyiaraeM BHEAPUTH U OOHOBHUTH B TEKYIIMX OMEPATHBHBIX CUCTEMaX.
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Development of the mathematical model for the integration of Baku TMA to the virtual environment
Babayeva H.H., Abdullayev Kh.I.

The functionality of ATC DEP and ARR positions may not meet the requirements in case of high intensity in the
Baku TMA was determined. A mathematical model was analyzed and constructed to determine the intensity of
movement in the air. For Baku TMA has been analyzed monthly and daily statistical data. The actual and predicted
capacity of the ARR and DEP zones of the low air space were evaluated with using of the the mathematical model. It is
shown that it is possible to simulate physical and geographical zones in Baku TMA and to divide virtually them from
one another.

OCOBEHHOCTHU PABOTHBI JMCIIETUEPA YBJ ITPU
BU3YAJIBHOM 3AXOJIE BC HA IIOCAJKY

Amupacnanog T.P., Pycmamos LlI. @., babaes I.b.
Hayuonanvnas Axademus Asuayuu
atc.tamerlan@mail.ru

AKTYyaJIbHOCTB: JI71s1 BBIOJHEHUS NOJNETa OT MyHKTa A B IMyHKT b, sKumaxxam BO3AYIIHBIX CYZOB
(OBC) npuxoaurcs MpOMTH Yepe3 BayKHBIC ITAIlbl MHJIOTHPOBAHUS — PYJICHHE, B3IET, MOJNET Ha JIIEIOHE,
3ax0j] Ha MOCaJIKy, Iocaika u BeIpyJIuBaHue Ha cTosHKY. [Tocaaka BC sBnsiercs Hanbosiee OTBETCTBEHHBIM U
CJIOKHBIM 3TAIllOM, KOTOPBIM XapaKTepu3yeTcsl M3MEHEHHEM DEXHMa MOJIeTa, MCUXO0(pU3UOTOTHIECKUMH
Harpy3kamMm M ObIcTpoTeyHOCTBIO [1]. VYcmemHoe pemieHue 3agayd OE30MACHOrO 3aX0/a Ha IOCAIKY
TpeOyeT: YEeTKOro OMNpEeNeNIeHUs] JKUNakaMW TMpaBUJ M TOpPAAKa BBINOJHEHHS 3axoja Ha TIOCaJKY;
00OpYZOBaHHUS a3pPOAPOMOB, IUIOIIAAOK IPHU3EMJICHUS CHELUAIBHBIMH TEXHHYECKUMHU CHUCTEMaMH;
BbIpaOOTKHM METOAMK, PEKOMEHJANI KHUIIAaXKaM MO UCIIOJIb30BaHHUIO CUCTEM IOCAIKH, a TAKXKE JEHCTBUSIM B
0COOBIX CIIyYasiX U OCOOBIX YCIOBUsAX [2].

B nanHOI# cTaThe paccMOTPEHBI BaKHbIE aCMIEKTHI, IPY BHIMOJIHEHHUH BHU3yaJIbHOTO 3aX0J[a Ha TIOCAKY, a
TaK)Ke NMPOAHATU3UPOBAH MHIMJEHT, CIyYHBIIUICS B 3HaMeHUTOM adpomnopty Can-Opanmucko B 2017 T.
[5], ¢ nenbio obecnieueHus 0E30MaCHOCTH MOJIETOB U MPEAOTBPAIICHHS TAKUX HHIIUICHTOB B Oy IyIIIEeM.

IocTranoBka 3aga4: OQHUM U3 CaMbIX IIMPOKOMCIIOIB3YEMbIX THUIIOB 3aX0/1a Ha rocajaky ssisiercs LS
(Instrument Landing System), KOTOpbIi OTHOCHTCS K TOYHBIM THIIAM 3aX0Ja Ha IIOCAJAKY, a TaKxkKe
BHU3YaJIbHBIN 3aX0/1 HA MOCA/IKY, KOTOPBIIl OTHOCUTCS K HETOUHBIM THIIaM 3aX0Jia Ha MOCAJKY.

B GONBIIMHCTBO KPYIHBIX a3pOIopTax B HACTOsIIEE BPeMsi pa3paboTaHbl caMble COBPEMEHHBIE CXEMBI,
a TaKKe YCTAaHOBJICHBI camble HEOOXOJHMMbIE Ha3eMHbIE OOOpYJ/IOBaHUS, C IENbI0 Hcnoib3oBaHus BC, a
Takke gucrnerdepamMu YBJ[ (ympaBieHuss BO3AYIIHBIM JABMXKEHHEM). BaXHBIMM acmekTamMu IpU
YCTaHOBJICHHM HA3eMHOTO OO0OpPYIOBAaHUSl CYHTAIOTCS — WX MPEUMYIIecTBA B OCOOBIX YCIOBHSX,
koHpurypauus, u ux ponb npu YBJl. Compemennsie BC ocHaiieHsl OOpPTOBBIM 000pY/IOBaHHEM,
MO3BOJISIIOIIMM TOYHO U KaueCTBEHHO BBITIOIHUTH 3aX0/ Ha MOCAJAKY U MOCAAKy, HCIOIb3ys curHaisl ILS -
Ha3eMHOH Kypco-TirccaaHoi cucteMbl. Ho He Bce a3ponopThl COOTBETCTBYIOT CTAHAAPTHBIM TPEOOBAHUSIM,
HE BCE a’pOIOpPTHl MCTOIB3YIOT JAaHHYIO CHUCTEMY, JIHOO Ha3zeMHOE O0OpYIOBaHWE PACION0XEHO TaKUM
o0pazom, 4To He 3(PEKTUBHO MOKET U3IydaTh curHansl 10 BC, 3axonsmiero Ha mocaaky, HampuMep, Koraa
[JIMCCAJHBIN paioMasiK pacIoyioKeH y MpeaBapuTenbHoro ctapra U BC, oxkuaaromee Ha peABapUTETLHOM
CTapTe, OrpaHUYMBAET U3JyYeHHUE CUTHAJIOB paguoMaska. B 3ToM ciydae Kypco-IiiuccaiHasi CUCTeMa MOXKET

-37 -



®@eBpanbckue ytenus — 2018, baky

ceectn BC He Ha B3METHO-TOCAMOUHYIO Tojocy. B cBss3u ¢ 3tuM DBC MOXKET 3allpOCHTH BBITIOJTHEHUE
BU3YaJIbHOT'O 3aX0/1a HA IOCAIKY.

Pemenne: s Toro, 4to0bl paccMOTPETh BbINICYKa3aHHBIE 3a7adl, HEOOXOAUMO Y4ecTb HEKOTOpBIE
MOMEHTBI, ¢ TOYKH 3peHus pabotel mucnerdepa YBJI, mpu Bomonnennn BC Bu3yanpHOro 3axoma Ha
MOCAKY:

1) BusyanbHbIil 3aX0/] Ha MOCAAKY - 3aX0] Ha mocaaky npu nosere mo I (mpaBuia moaéTroB Imo
npubopam), KOraa cxema 3axofa Ha MOCaAKy MO MpuOopaM YacTHYHO MM MOJHOCTHIO HE BBHIMOJIHEHA U
3ax07] BBIIOJIHAETCS NPH HaJMUUHU BU3YaJbHOI'O KOHTAKTA C HA3€MHBIMH OPHEHTHPAMU; BU3YAJIBHBIN 3aX0[
Ha IOCaJKy Ha KOHTPOJUPYEMOM a’poJpoMe BBINOJHSAETCS 10 paspemeHuto oprana OBJl mocne moknana
9KUMaXxka 00 ycTaHOBJIEHUH BU3yadbHOTO KoHTakTa ¢ BIIII u (unm) ee opuentupamu [3].

2) B cucreme YBJ/l nucnerdep BKIIOUCH IMOCIEAOBATENILHO B KOHTYP TPAacKTOPHOTO YIPaBICHUS
muorumu BC. [lng ycmemrHOTO pemieHusi mpoOIeMbl COBEpPIICHCTBOBaHHUS paboThl mucmerdepoB Y BJ[
HEOOXOTUMBI:

- aBTOoMaTtu3auus npoueccos Y B/I;

- COBEpLICHCTBOBaHUE opranuzanuu YBJI;

- COBEPILICHCTBOBAHUE MJIAHUPOBAHHUS BO3IYLITHOTO JBI>KCHUS,

- COBEpUICHCTBOBAHHE CHUCTEMBI MOJATOTOBKU KaJPOB U KOHTPOJNS JESITEIBHOCTH PAOOTHUKOB CITYKOBI
JBIDKCHHSL.

Ecnu ydyecTs MOCTOSHHO pacUIMPSIOIIMICS IEPeYeHb MapLIPyTOB M BO3LYLIHBIX TPAacC CTPaHbI, IO
KOTOpPBIM CIIEAYIOT CaMOJIETBl M BEPTOJIETHl PA3JIMYHBIX MACCaKUPOBMECTHUMOCTH, PACTYIIHE CKOpPOCTU
MoJIeTa, TO CTAHOBHUTCS OYEBHHBIM, YTO HEOOXOJMMO COBEPIICHCTBOBaHHE oOecrieueHHs 0e30MacHOCTH U
SKOHOMHUYHOCTH TONIETOB - cuctembl Y BJl. BrrsicHmocs [3, 4], 4To npy BBITOJIHEHUH BU3YAIBHOTO 3aX0/1a
Ha Tmocanaky aucrerdepaM YBJ] HeE0OXOQMMO 4YETKO 3HATh IOTOJHBIC YCIIOBHS, BECTH KOHTpPOJIb II0
UMEIOIIUMCST TUCIJIeSIM, a TaKKe BBLACPKMBATh BH3YaIbHBIH KOHTakT ¢ BC, 4ToOBl HE IOmycKaTh
OTKIIOHeHHH OoT 3amaHHoro kypca BIIIL, ocobenHo B TEMHOE BpeMs CYTOK, W TpPH HEOOXOIMMOCTH
3abmaroBpeMeHHO WHpopMupoBaTh IBC 00 OTKIOHEHWSIX JHOO O APYTUX HW3MEHEHUSX, 3aTParuBaroIIiX
0e30macHOCTh MOJIETA.

Paccmotpum ciydail, mpousomeamnii B MexayHapoaHoM asponopTy CaH-OpaHIMCKO B HOYb 7 MO
2017 r., KOTOpHBI MOT OBI IPUBECTH K CaMOil OOJBIIION aBUAIMOHHOW KaTacTpode B UCTOPUH aBUAlUH [5].
Kakx Bumno Ha (puc. 1,a), D9BC Ha mpeamocamodHoil mpsMoH, mocie paspernieHus nucrerdepa YBJ[ u
MOATBEP)KJACHUSI O pa3pelleHUH BBIMONHAET BHU3YyalbHBIM 3axon Ha mocanky Ha BIIII28R (B3nérHo-
nocazgouHas nosoca 28 Right). 3axo/1 Ha TocaiKy BBIMOIHSUIICS B TEMHOE BPEMsI CYTOK.

K tomy Bpemenu mo PJI (pynéxHoit nopoxke) «C» BRIpyIHBaIOT Ha npeaBaputenbHbiid crapt BIITI28R
yetbipe BC, mogHOCTBIO 3arpy)KeHHbIe maccakupamu Ha BbUIeT. BC, BBIMOJIHAET BHU3yalbHbIN 3aX0i Ha
nocajKy coriacHo npouenypam. Yepes Hekotopoe Bpemst OBC, nepenyra orau BIIIT u PJI (T.x. BIIIT u P[]
PAacIoIOKEeHbI NapaJJIeNIbHO APYT OT ApYra), MUl YTOYHEHHUS NePecIpoCHIl AUCIeTYepa, AeHCTBUTENBHO JIN
noJjioca cBo6oaHa. OTBET IucreTdepa ObUT MOJIOKHUTENBHBIM, B TO BpeMs kKak BC BBIMONHSUIIO TOCaKy HE Ha
BIII, a wa PJ] «C», oTkimoHWBmIMCH OT TpeOyemoro Kypca mocaaku (puc. 1,0). Ilpm noctmwxennn
MUHUMAaJBbHBIX HHTepBasioB Mexay BC, 9BC oxwupnatomero Ha P/ «C» noknansiBaet, uto BC BhITIONTHSET
nocasky Ha PJI «C» npsiMo 1o Kypcy Ha «HUX», B TO BpeMs kak BC yxxe Haxoauiioch Ha BeicoTe 59 (dyT oT
BC, oxunaromiero Ha PJI «Cy». lucnetuep YB/I 3a01aroBpeMeHHO BBIIAET KOMaHYy O HEMEIJICHHOM YXO/Ie
Ha BTOpPOW KpYT COTNIacHO mpouexypam [3, 4].

O1rxon ot Tpedyemoro
Kypca BIIIT na
37rpan(320 rpan)

Kype mocaiakn
283rpan

Google Earth

2) 6)
Puc. 1. 3ax00 na nocaoxy na BIIII 28R. a) BC, namepesaioujeecss 8binoinumo 8u3yaivhviil 3ax00, 6) BC,
omkaoHuguieecss om mpebdyemozco kypca BIIII.

Ha puc. 1,6 mokaszan kypc mocaaku BIIII28R, otkinoneHue ot tpedyemoro kypca BIIIT wa 37° u
paccrosiaue Mexay BIIIT u P/ cocraBnser 152 M (oHu mapamiensHbl). [1o mpoBea€HHOMY OOCYXICHUIO
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[IWIOTOB U IIPOCIYILIKE 3allUCH Pa3rOBOPOB IMJIOTa W Jucrerdepa [5], BbLICHWIOCH (NIpeaBapUTebHbIE
JTAaHHBIC):

- mucnietduep YB/l He BbIIepKUBall MOCTOSHHBIM BU3yalbHBIM KOHTakT ¢ BC (1o mocagodHbIM OTHSIM
BC), a Tarke MO MMEIOMIMMCS TUCIIIESIM, T.K. IPU OTKJIOHEHWH OT Kypca OH HEMEIJIEHHO JOJDKEH ObLI
nH(popMupoBaTs 00 3ToM DBC;

- nucrieryep YBJI B ToT MOMeHT Haxoamics oauH, kpome 3tux BC konTponmposan u npyrue BC (tyT
3aJIeiCTBOBaH U YeJoBeUecKuil (pakTop);

- pusmueckas HarpyxxeHHocts OBC;

- BeposTHOCTh, 4To0 DBC He Obu1 B coctosiHun Buaeth orau BIIIT m PJI, n3-3a cuibHOTO OCBEIICHUS
Ha3eMHBIX orueii Moo orueit BC, oxxuparomux Ha PJ] «Cy;

- BEpOSATHOCTB, uTo DBC He 3HAKOM € a3pOIpOMOM MOCATKH JIMOO HEAOCTATOYHO MPOIIEN MOATOTOBKY
[P BBIIOJHEHUHM BU3YaJbHOTO 33aX0Ja Ha IMOCAAKYy, 0OCOOEHHO B TEMHOE BpeMs CYTOK, T.K. OIIHMOCA IpHU
cpaBHenuu orueit BIII u P/I;

- M0 TpeIBapUTENbHBIM JaHHBIM cucTema ILS, ans BBIMOTHEHWS TOYHOTO 3aXO0Aa Ha MOCanKy ObLI
BPEMEHHO OTKJIIOUEH, 1160 DBC BrIOpasl BU3yanbHBIH THII 3aX0/1a Ha MOCAKY;

- BEPOATHOCTH TOTO, YTO ObUIa MOTPEIIHOCTh B paboTe HAa3eMHBIX PAJMOMASKOB, YTO NPHBEIO K
OTKJIOHEHHIO OT TpebyeMoro Kypca.

[Ipoananu3upoBaB CUTyaluIO, IPU BHIIOJHEHUH BU3YaJILHOTO 3aX0/1a Ha MIOCAAKy, HEOOXOIUMO YUECTh
CJIETYIOIINE ACTIEKTHI, C TOUKH 3peHus1 Y B/l B TEMHOE BpeMsl CyTOK:

e IpU BBIJAaU€ paspellieHus Ha BBINOJHEHWE BHU3YaJIbHOTO 3aX0Ja Ha Mocajky, aucnetuep YBJI
JIOJDKEH MPOaHaIM3uPOBaTh BO3AYIIHYIO 00CTaHOBKY, 0OCTAaHOBKY Ha IO MAaHEBPHUPOBAHUS;

® KOHTPOJIMPOBATh METEOMHUHUMYMBI, YTOOBI COOTBETCTBOBAIM BBHITIOJHEHUIO BU3YaJbHOTO 3aX0a Ha
MocajKy, Mpu JOOBIX M3MEHEHUsX nHpopMupoBaTh OBC M MOmy4nTh OT HUX pelIeHHE Ha AajbHEHIIWI
MHONET;

® TOJJIePKUBATh BU3YaIbHbII KOHTAKT, a TAKXKE 110 UMEIOIIUMCS TUCIUICM;

PesyabTat: IlogBoass WTorM NaHHOH cCTaThH, MPeoOpa3oBAINCH HIKECICIYIOUIHE pe3ylbTaThl U
CUMTaeM IeJIecO00pa3HbIM, €CIIU MX I00AaBUM K BbIIIIE OTMEUYEHHBIM aCICKTaM:

® [IpU MOBBIIIEHHOM IOTOKE MpHUOBIBaOIIMX W BbuleTaromux BC, mo BO3MOXXHOCTH HE pa3peaTh
BBINTOJIHEHUE BU3YaJbHOTO 3aX0[a Ha MOCAAKY, 32 UCKIIOYEHHEM TeX ciydaeB, korna BC He B cocTosHUM
BBITIOJHUTH JAPYTOl HHOM THH 3aX0/a Ha MOCAJKY;

e IIpU BU3yallbHOM 3axOJic Ha MOCaJKy, OCOOEHHO B TEMHOE BpeMs CYTOK, 3ampocuth y OBC
JOTIOJTHATENIHO JIOKJIaJl O TMPOJNETE TIOCAJOYHBIX PaJUOMasKOB, 4YTOObI yOEAMTHCS B TOYHOCTH
Mmecrononoxenus BC;

® KOHTPOJINPOBATh YPOBEHb OCBEIIEHHOCTH Ha3EMHBIX OTHE;

e 3anpocuTh 0 nepexoae BC, oxuparommx Ha NpeABAPUTENLHOM CTapTe Ha CBOIO 4acTOTy palboThl,
yr0061 DBC nMenu nHdopManyio o BO3AyIIHONH 0OCTaHOBKE.

® TaK XK€ HEoOXOAUMO TBEPAO W HYETKO BBIACPKWBATH Mpolenypsl paboTel mucrerdepa YBJI,
yauTbiBas (puc. 1,0) To, uTo 1 B MexayHapoagHom Asponopty (puc. 2,a,6) elinap Anues ysa3BUMON TOUKOH
spisiercst BIII35/17 u P «A» (pacroiockeHbl MapajijiesibHO, XOTS PACCTOSHUE MEXKIY HUMH COCTaBJISET
182 m).

Puc. 2. BIII135/17 u P «A» Medcoynapoonozo Asponopma I'etidap Anues: a) Buo no xypcy nocadxku — 355,
6) Buo ceepxy aspoopoma c evidenenuem BIIII35/17 u P «A».
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Peculiarities of the ATC controller in the period visual approach to landing of the aircraft
Amiraslanov T.R., Rustamov Sh.F., Babayev H.B.

Approach can be made both instrumentally and visually, focusing on landmarks, terrain and runway lights. When
the crew performs a visual approach, there is a possibility that the aircraft will go around. This type of approach is
mainly used in airports where there is no relevant equipment to perform a precision approach (ILS). The analyzes
carried out in the article show the possibility of solving the existing problem by various procedural methods.

AHAJIN3 COBPEMEHHBIX METOJOB BBIIIOJIHEHU S
3AXO/JA HA ITIOCAJIKY

T'yceiinzade A.I., A6oynnaesa @.111.
Hayuonanvuas Axademusn Asuayuu.
aquseynova_75@yahoo.com

AKTyalIbHOCTh: B HacTosiee Bpemsl TpakAaHCKash aBHALUs SBIAETCS HaumbOosiee O0€30MacHBIM
TPaHCHOPTOM, HO HECMOTPS Ha 3TO MPOMCXOAST aBUAIMOHHBIC MPOMCIIECTBUS M KaTacTpo(dbl, KOTOpPEIE, B
OCHOBHOM IPOUCXOMST MPU 3aKIIIOUYUTENBHOM 3Tare MojieTa, TO €CTh NMPH 3aX0/ie Ha MOCaJKy BO3AYIIHOTO
cyana [1].

IlocTaHoBKka 3agauM M pelleHUe: AHAIM3MPOBaTh NMPEUMYIIECTBA W HEIOCTATOKH COBPEMEHHBIX
CHCTEM 3ax0jia Ha TIOCaJIKy 1 mocaaku [1].

Hinst pemieHus npoOaeMbl pacCMOTPUM CIOCOOBI 3aX0Ja Ha MOCAJAKY M BBISIBUM HMX IPEUMYIIECTBA U
HEIOCTATKH.

3axo]] Ha MOCaKy C MCHOJIb30BAaHHEM PaJHMOHABHTAIIMOHHOTO O0OPYIOBaHUS HA3BIBACTCS 3aX0JIOM 110
npubopaM, a 3axoJi Ha IOCaAKy KOTOPBIH OCYIIECTBIISIETCS IO MECTHBIM OpPHUEHTHPAM WM JIMHUSM
€CTECTBEHHOI'O FOPH30HTA HAa3bIBACTCS BU3yaIbHBIM 3aX0/10M [2, 3].

Taxum 00pa3om, CylecTBYET JIBa BH/a 3aX0/ia Ha MOCAKY:

¢ BusyanbHas cuctema 3axojja Ha OCaKYy;

e Cucrema 3ax0/1a Ha MMOCAJIKY 110 IPUOOpaM.

Busyanbnbiii 3axo0 Ha nocanky (Puc. 1) ocymiecTBiiseTcss 0€3 UCIONIb30BaHUS PaJMOHABUTAIMOHHBIX
CpeACTB U OOPTOBOrO 000OPYIOBaHMS B3aUMOACHCTBYIOIIETO C HUMH, OPUEHTUPOBKA OCYLIECTBIISIETCS JIUILIb
[0 €CTECTBEHHOH JIMHWUU TOpU30HTa, Habmogaemoit BIIII u npyrum opuenTnpam. BusyanbHbiil 3aX01, Kak
MIPaBHUIIO, pa3pemaeTcsi IPUMEHITh HHCTPYKIHUEH MO TIPOU3BOJCTBY ITOJIETOB, IO YCTAHOBIEHHBIM CXEMaM, a
TaKXe OMyOJMKOBaHHBIX B COOpPHUKAX a3pOHABUTallMOHHOW MH(OpMAIMU (CXEMBbI MM KapThl BU3YaJIbHOTO
3axojia Ha rmocauky) [2 - 4].

Busyanpubplil 3axon paspemaercss mogHoMO4HbIM opranoMm OBJl (OOGcmyxuBanus Bo3zmymmoro
JIBMKeHHsI) TOCiIe TOyUYeHHUs TOKIaaa dKumaxa Bo3aymHoro cyaHa (BC) 00 ycTaHOBIEHHH BHU3YallbHOTO
KOHTaKTa C TOJIOCOH M BXOXKICHHSI BO3IYIIHOTO Cy/JHA B 30HY BU3yaJIbHOTO MaHEBPUPOBaHUs [2 - 4].

Jis KOHKpEeTHOro Kjacca BO3AYIIHBIX CYIOB M adpOAPOMOB CYIIECTBYET METEOPOIOTHYECKUE
MUHHMYMBI I MUHIMYMBI 0€30TIaCHBIX BBICOT KOTOpPBIE 0003HAYAIOTCS B a9POHABUTAITMOHHBIX cOOpHUKax. C
MIOMOIIBI0 CHENMATBHBIX METOAMK PACCUMTHIBAIOTCS MUHUMYMBI M TIpU 3TOM YYMTBHIBAE€TCA HaJIM4ue
€CTECTBEHHBIX (peybed) MECTHOCTH) M MCKYCCTBEHHBIX HPEISTCTBHI BOIM3M a’polpoMa, CKOPOCTH 3axoja
Ha TI0CaJKy BO3AYIIHOTO CyJHA, CTATHCTUYECKHX JaHHBIX O METEOPOIOTHYECKOH 00OCTAaHOBKE Ha a3pOpOME.

BaxxHpIM IpenMyIIIeCTBOM BHU3YaJIbHOTO 3aX0J[a Ha MOCAJKY SIBISIETCS BBHITIOJHEHNE 3aX0/1a Ha MOCAIKY
Ha HeOOOpYIOBAaHHBIX a’poApoMax W B OOOPYIOBAHHBIX ad’pOApOMax MpH  OJATONPHUSTHBIX
METEOPOJIOTHUECKUX YCJIOBUAX C II€JIbI0 SKOHOMHHM BPEMEHM U TOIUIMBA, a CEPbE3HBIM HEIOCTaTKOM
SIBJISIETCSL TO, YTO IIPU IUIOXUX METEOPOJIOTMYECKUX YCIOBUSAX HEBO3MOXHO OCYILECTBUTH 3aXO0J Ha MOCAAKY
[2, 3].
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[T>ToMy IpH IJIOXUX METEOPOJIOTHUECKHX YCIOBHAX HUCIIONIB3YETCS 3aX0/1 Ha TOCAIKY 10 IPUOOpaM.

3axon Ha TOcaAKy 1O MpubOopam OBIBAIOT: TOYHBIE U HETOYHEIE [2, 3].

K TounbIM oTHOCSATCS:

e Pagunomasunsie cucremsl Tuna ILS (Instrument Landing System).

e MukpoBonHoBas cuctema MLS (Microwave Landing System).

K He TouHBIM OTHOCHTCSI:

e Hanpagnennsie pagromasku tTama VOR (Very High Frequency Omnidirectional Radio Range).

e 3axo0J C UCHOJIb30BAHMEM CITyTHUKOBBIX CHCTEM.

IIpu ILS nepBoHaYabHBIA BHIXOJ B pailoH a’pojapoMa M TOCTPOCHUE MaHEeBpa 3axoJla Ha TOCAJKY
OCYILECTBIISIOTCSA, KaK MPaBHJIO, O JPYTUM HaBUTAIMOHHBIM cpeacTBaM (Puc. 2).

30Ha BH3YATHHOTO MAHCBPHDOBAHHS

Puc. 1. Buzyanvhulii 3ax00 Ha nocaokxy Puc. 2. 3axo0 na nocaoky c ucnonvzosanuem
cucmemwt LS.

Cxema 3axona Ha mocaiky no ILS crpourcst Tak, 9ToOBl paccTosiHAE OT TOYKH Bbixona BC Ha muHHIO
MOCaI0oYHOr0 Kypca 10 Touku Bxoia B riuccamy FAF (Final Approach Fix) — TBI' (Touka Bxona B
riuccany) ObUIO JOCTaTOYHBIM AJISI CTAOMIIM3ALMH CKOPOCTH M YCTaHOBJICHHS COOTBETCTBYIOIIEH MOIETHOM
koHpurypauun BC. Bes cxema 3axoma Ha MocaiKy IO KaTETOPUPOBAHHOM cCHCTEME JIOJDKHA OBITh
MpUCIIOCOOJIEHa K BBIMOJHEHUIO aBTOMATH3MPOBAHHOTO 3axo0ja Ha IMOcaAKy. MakcuMmalbpHas IMHA
MIPOMEKYTOYHOI'0 3Tama 3ax0Aa Ha IOCaAKy HE HPEBBIIIAET 25 MOPCKUX MHJIb M MOJHOCTHIO HAXOAUTCS B
30He AeicTBHsl KypcoBoro pamuomasika (KPM). OntumanbpHas JiMHA 3Tana OPOMEXYTOYHOTO 3aXoja Ha
MIOCAJIKy COCTaBJIAET 5 MOPCKUX MUJIb [2].

Henocratku cuctemsr ILS:

e Cucrema ILS umeer Bcero 40 kaHanos.

e Jly4un KypcOBOTO U IJIUCCAAHOTO PATHUOMASIKOB y3KH.

e ['nmuccamHbIi U KypCOBOW pagiOMasikKi COCTUHEHBI.

e DbpIBalOT 3a/EPKKM CaMOJIETOB H3-32 TOTO, YTO HY)KHO BBIJICPXKHBATH PACCTOSIHHS MEXKAY
caMoJIeTaMu.

e He umerorcs crienaibHbIe PO YPHI ISl MEIJICHHBIX CaMOJIETOB.

e He umeroTcs cnienuanbHble MPOLEAYPHI ISl CAMOJIETOB, KOTOPHIM HY)KEH HE OOJIBIIOE pacCTOSHUE
JUISL B3JI€TA M TTOCA/IKHL.

e OueHb YyBCTBUTENBHAS K OOBEKTaM.

e He nomKHO OBITH MAIIMH, CAMOJIETOB B KPUTUYECKUX M UyBCTBUTEIIBHBIX 30HAX AHTCHHBI.

e brBarot pagnonomexu Ha FM wacroTax.

e Cucrema MLS Obuta co3ana ¢ Lebi0 MPEO0JIeTh HEAOCTAaTKU cuctembl LS.

[Ipeumyiiectso cucremsr ILS:

e (OOecneunBaeT 0€30MACHOCTH B a3pPONOPTaX € MaJIOH 3arpy:KEHHOCTIO ¥ (PMHAHCOBO BBITOTHAS.

MuxkpoBonHoBas cucrema nocaaku (MCII) - paanomasiHasi CCTEMa HHCTPYMEHTAIBHOTO 33aX0/1a
Ha II0CaJKy CAaHTHMETPOBOI'O JMAalla30Ha BOJH, COKPAaIIEHHO - CHCTEMa II0CaAKH CAaHTHUMETPOBOIO
nuanasona) (Puc. 3). Bonee coBpeMenHsIii BapuaHT Kypco-rinccanuoi cuctemsl (KI'C), uem ILS.

IIpu pabore cucrem ILS wucnonb3yroTcss paguoBOJIHBI METPOBOTO HANa3oHa, KOTOpPHIE
MOJBEPKEHBI CUJIBHOMY BIIMSHHUIO HHTEp(EPEHIMH OT MPEMsATCTBUH M HepoBHOCTEH penbeda. Takxe
TaKU€ CUCTEMbI UMEIOT HEJIOCTATOUHO BBICOKYIO TOYHOCTh, OCOOCHHO, 110 HOBEHIIIMM TPEOOBaHUSIM.

B cucremax MLS ucnons3ytorcs paaunoBoiHsl ¢ yactotod 1 u 5 I'Tu. Takke kak u B cuctemMax
ILS, na BIIII ycranaBnuBaeTcs nBa pamuomaska MLS. OauH K3 HHMX OTBEYAeT 3a ONpEIEIICHUE
CaMOJIETOM a3uMyTa, APYTOH - 3a ompenenenue yriaa mecta. B otnmane ot ILS, curnanst MLS umerot
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Y3Kyl0 AMarpaMMmy HalpaBlI€HHOCTH M CKAHUPYIOT CBOUM JIy4OM IIUPOKHI CEKTOp ¢ W3BECTHOM
CKOpOCTHIO [7].

Hannas cucrema ObLaa co3mana s 3amenbl cuctembl ILS. Cuctema MLS nosponsier BC He
TOJIBKO BBITIOJTHUTH 3aXOJ Ha MOCAAKY, HO M YXOJ Ha 2-0i Kpyr U BbuIeT. MIcHonb3ys JaHHYIO CUCTEMY
HE HYXHO oOpaiiate BHUMaHue Ha Haauuue aApyrux BC B OmmkalInx pysieKHbBIX JOPOXKKAX, a TAKKeE
BBIMOJTHSET Te QYHKIIMU, KOTOPbIE He TOCTYIHBI ILS.

[Mpenmymiectsa cuctemsr MLS [8]:

e He umerorcs npo0iieMbl C PacloI0KEHUEM.

e MoxeT OBITh pacroyio’keHa Ha pyiexxHoi yactu BIIIL

e He ObIBaIOT 3a7€p>KKH IIPU ITOCAKE.

e lmeercst DME u 1.1.

Henmocratku cucremsr MLS [4]:

e He BeIrogHast ¢ TOUKU 3peHUs PUHAHCOB.

Kak He TOYHBIE cHCTeMBl 3ax04a Ha TIIOCAAKYy IIPH HEOOXOIMMOCTH MOXKHO HCIIONIb30BATh
BceHanpasiieHHbIH paanomask VOR. [lepBoHauansHbiii Beixog Ha VOR ocyiecTBisieTcsi B COOTBETCTBUH C
MpaBUIaAMH TojieTa mo mMapuipyty [2, 7]. VOR, ucmons3yeMslil 11 3ax0/a Ha MOCaaKy, MOKET HaXOIUThCS
He Ha npojoipkeHuu oceBoit muauu BIIIL Ilpu 3axone Ha nocaaky Hy»KHO YUYUTHIBATH MUHUMYMBI BBICOTHI.
Yrosm Mexay JMHUEH KOHEYHOIO 3Tala 3axo/Ja Ha I0CaiKy MU IpojospkeHueM oceod jmHun BIIIT He
JoJpkeH npepblmath 30°, a paccrosiHue Mexay TopuoM BIIII u Toukoil, B KOTOPOU JMHUS MyTH KOHEYHOTO
JTama 3axo/la Ha MOCa/Ky mepecekaeT mpoponkenne oceBod nuauu BIIII, nomkHO ObITE He MeHee 900
metpoB (3000 ¢yror) [2, 6]. VOR, ucnonb3yeMblil s 3ax0/a Ha MOCAAKy MOYKET HaXOMUTHCS HE Ha
nponomkeHnn oceoit maUK BIIIL. HemgoctaTkam 3T0# cucTeMsl sIBISETCS TO, YTO OHA He TouHas. Cucrema
(MHAHCOBO BBITOJIHAS, YTO SBIISICTCS €€ MpeuMyInecTBoM [3, 4].

GNSS (Global Navigation Satellite System) - xak npaBuI0, BEITOIHEHHE IOJIETA II0 CXEME HETOYHOTO
3axo0jla Ha MOCaAKy Mo mpubopam c ucronb3oBaHueM GNSS odeHp MOX0Xe Ha TPaJAWIMOHHBIN 3aX0] Ha
nocanxy (Puc. 4) [7].

FLARE APPROACH AZIMUTH
ELEVATION ANTENNA & DME ANTENNAS
ANTENNA
AnTeHHa 4
= &nn Annaparypa npueva, o6paGoTkn
| W OTOBp eI HABHTALIAOHHOR
@ \2\ richopmatn
Awrera 3 - fz
e

-
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Antenna 1

Qctostsie xapakTepucTuky:
TouHOGTL 10 BLICOTE — 0,5-1 1

TOUHOCTL MNaHOBLIX KOOPAUHAT — 1-2 M

YacToTa o6HoBReHHs NporHo3a — 60 pas & cex
TOUHOCTL MPOrHO3a Ha PACCTORHMM 5-10 ki — 3-5 M

Puc. 3. 3ax00 na nocaoky c ucnonvzoganuem Puc. 4. 3ax00 na nocaoky c¢ ucnonvzoganuem
cucmemvt MLS. cucmemovi GNSS

AnTerna 2

Paznuums 3akirodaroTCs B HaBUTAIIMOHHOW WH(popMalyu, 0ToOpaxaemoil obopynoBanuem GNSS, u
TEPMHHOJIOTUH, UCIIONB3YEMOH Ul ONMCAaHHMs HEKOTOPBIX 3JIEMEHTOB. BhINMoNHEHne 3ax0/a Ha IMOCAAKY C
ucnonb3oBanreM GNSS 00BIYHO MpeJCTaBIsieT COOOH MOJIET ¢ HABEJICHUEM 110 COOTBETCTBYIOIIMM TOYKAM U
HE 3aBHCHT OT KaKUX-TM0O Ha3eMHBIX HaBUTAIIUOHHBIX CPEIACTB, YTO ABJIACTCA NMPEUMYIICCTBOM METOOA.
DTOT METO/ HE TOJYYWIO PaclpoCTpaHEHUE M3-3a OOJBIIMX IOTPEIIHOCTEH MPH 33aX0J/e Ha MOCAJKY, YTO
SIBJISIETCS €0 HeJJ0CTaTKoM [6, 7].

Pesyabtat: [lpy BH3yalbHOM 3aX0[¢ Ha MOCAAKYy MOXXHO COKOHOMHTH BpPEMs, HO HEIb3sl €ro
NPUMEHSTh TPU  IUIOXHX METCOPOJOTMYECKHX YCIOBUSIX, C TOYKM 3peHus OesonacHocTH. Ilpm
UCIIONb30BaHUU cHCTeMbl mocaaku MLS, obecnieunBaeTcsi JOCTATOUHBIN ypoBeHb Oe3omacHoctd BC He
TOJBKO TIPH 3aXOJie Ha TOCAIKY, a TaK)Ke MPH YXOJle Ha BTOPOW KPYT W BBUIETE. A TakKe yIIydIaeTCs
0€30MacHOCTh U YBEIHYMBACTCS MPOITYCKHAS CITIOCOOHOCTb.
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Analysis of modern methods of performing approach
Huseynzade A.G., Abdullayeva F.Sh.

A visual approach system and an instrument approach system is considered. The visual approach system does not
provide sufficient safety under adverse weather conditions is shown. In connection with this, it is not always possible to
apply this approach method. Studies on precision approach system shows that MLS provides safe descent and missed
approach. By using this system, it is possible to get information about errors in the airspace, with a larger range of space
when entering for descend and descending the aircraft. These features reduce the risk value with a decrease, reduction
improves the quality factor.

UCUS APARATLARI UCUN ADAPTIV IDARODETMO SISTEMININ TODQIiQi

Tahmazov A.F.
Milli Aviasiya Akademiyast
tehmezovayaz@gmail.com

72N A

Ucgus aparatlarinin  (UA) avtomatik idaroetmo sistemlorinin layihslondirmo dsullarimin - genis
diapozonuna baxmayaraq ugus rejimlarinin doyigsmasinin va xarici soraitin tesiri zamani ugus aparatinin idara
olunmasinin optimal tamini bu giino godar aktual mosalodir. UA-nin idara olunmasi onun kiitlo markazinin
vaziyyatinin idaro olunmasi vo timumi platformanin iifiiga nazaran vaziyyatinin idars olunmasini 6ziindoa
birlogdirir [1-2].

Hazirda ugus aparatlarinin qurulusu avtomatik idaroetmo sistemlorindon (AIS) genis istifadesi ilo
sociyyalonir. Pilotsuz ugus aparatlar1 kimi xiisusi sinif ucus aparatlarindan genis istifado AIS olmadan
miimkiin deyildir. Belo Ki, belo aparatlar1 idaro edorkon foza oriyentasiyasi vo stabilizasiya problemlorini
operativ va dagiq hoall etmak lazimdir.

Pilotsuz ugus aparatlari (PUA) ii¢iin on mithim masalalordon biri ugus zamani biitiin ola bilacok
ongallayici amillorin tasirindon asili olmayaraq biitiin programin yerina yetirilmasidir. Ugusun avtomatik
idaraetmo masalalorinin hallindeki problemlor PUA-n1n islonmasi ilo qarsiliglt baglidir. Islonib hazirlanan
AIS-lor idaroetmo obyektinin parametrlorinin doyismoasine, tanzimloyici elementlorine, hayacanlandirict vo
idaroedici tasirlorin xarakteristikalarina cavab vermolidir.

PUA-nin idars olunmasi aparatin havada harakatinin idars olunmasi va aparatin kiitle markazinin idars
olunmasi kimi iki hissays ayrilir. PUA-nin havada idars olunmasi sllo idars olunan, yarimavtomatik vo tam
avtomatik ola bilor (siini intellekt). Lakin kiitlo markazinin idars olunmasi homiso avtomatik yerins yetirilir.
Ucus aparatinin idarsetms sisteminin strukturu va qurulusu idarsetms obyekti kimi ugus aparatinin tipindan,
toyinatindan va qurulusundan asilidir. Ugus aparati qapali idarsetms sisteminin bondlorindon biridir. Uygun
olaraq onun xiisusiyyetlori biitdvliikde sistemin keyfiyyat gostoricilorini toyin edir. Idaroetmo sisteminin
analizi va layihalondirilmasi prosesindo ugus aparatinin idarsetmo obyekti kimi xiisusiyyatlorinin ugotu
vacibdir (sok. 1).

Ugus aparatlarinin idaraetms sistemi, hamg¢inin ugus zamani Kifayat gqodar Xarici tosirlor oldugda ugusun
genis diapazonunda ugus tapsiriglarinin yerino Yyetirilmasini do tomin etmolidir. Belo ki, kiiloyin siirati
komiyyatca ugus siirati ilo miigayiss olunandir [1].

Hazirda miixtalif 6lkalorin todqigatgilar: tarafindan bir ¢ox stabilizasiya tisullar1 sinagdan kegirilmisdir:
Xatti va geyri-xatti algoritmlor, siini neyron sobokasindan istifads etmoklo stabilizasiya, geyri-dogiq mantiq,
optimal idaraetmoa nazariyyasi [1-3]. Bu vo ya digar iisulun secilmasi pilotsuz ugus aparatina verilon tapsiriq
sortlorindon ¢ox asilidir. Elaca do eyni algoritmlor miixtalif aparat quruluslart iigiin eyni natico vera bilmaz.
Ona gora do biitiin hallarda bir neg¢s iisul sinagdan kegirmak Vo an ¢ox uygun goloni segmok daha yaxs1 olar.
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Asililiq rejimine yaxin ugus rejimlori iigiin tez-tez PID-tonzimloyicilordon istifado olunur ki, onlar kicik
hayacanlanma tesirlor zamani yaxs1 notico verir [3]. Idaroetmonin adaptiv alqoritmlorinin yaradilmas: daha
perspektivlidir. Ciinki onlarin mahiyyati ondan ibaratdir ki, PUA-nin miixtolif rejim vo soraitli uguslarinda
stabilizasiyanin miixtolif tisullarin1 totbiq edo bilir.

Ugug aparati
idaraetma obyekti

idarsetma

Ragamli hesablama
oraan. bort komplekti

icra organlari
Hassas elementlar bloku
(harakat parametrlarini
dlgmalar)

Sakill. Ugus aparatinin stabilizasiya sisteminin funksional sxemi

Adaptivlik suallarina miiraciot tosadiifi deyildir. Ugus aparatlarinin bir ¢ox idarsetmo sistemlori tigiin
onlarin is soraitinin bdyilk geyri-miioyyanliyi xarakterikdir. Idaroetmo obyektinin parametrlorinin hogigi
giymatlori barado molumatlar doqiq olmur, AiS-in baslangic voziyyati barads molumatlar kafi deyil, giris
signallarmin va hayacanlandirici tasirlorin miimkiin kamiyyatlori barado malumatlar toyin olunmayib [4].

Qeyri-miioyyanlik daracasini azaltmaq vs idarsetmo proseslorinin verilmis keyfiyyat gostoricilorini aldo
etmok tiglin adaptiv idaraetma sistemlari miivoffoqiyystls totbiq olunur.

Adaptiv elo sistemo deyilir ki, orada cari informasiya osasinda idarsedici qurgunun struktur
parametrlorinin doyismasi yolu ils is prosesi yeni sartlora uygunlasdirilir vo keyfiyyat verilmis gostaricilorin
hesabina tomin edilir [1-2].

Adaptiv idaraetmonin birbasa tipli formasinin struktur sxemi asagidaki kimidir (sok. 2.).

Adaptiv sistemin qurulusu ikisaviyyalidir. Birinci saviyyads asas kontur saviyyssinds mohdud sahali
obyektin riyazi modeli verilmisdir. Ikinci soviyyonin alqoritmino goro adaptasiya alqoritmi (AA) osas
konturda b tonzimloyicinin vektorunun parametrlori sazlanir. Eloco do elo sazlanir ki, birbasa yanasmadan
istifada yolu ila namolum cari ¢ (t) giymotlarinds idaroetmanin magsadine ¢atmagi tamin etsin.

Adaptiv sistemlor elo sistemlordir ki, burada daxil olan informasiya osasinda tonzimloyicinin
parametrlori obyektin parametrlorinin doyismasini izloyir vo belolikls, sistemin iglomasi biitiinliiklo arzu
olunana uygun goalir [2].

: £
: . io .
H B T u
[ R « B
. [ Se— Se— I
b
. AA —

Sokil 2. Adaptiv sistemin struktur sxemi. IO - Idaraetma Obyekti, AA - Adaptasiya Algoritmi,
T - tanzimlayici, ¢ - obyektin parametrlari, b - tonzimlayicinin parametrlari, g - tapsirig signal,
f - hayacanlanma tasiri, u - tanzimlayicinin verdiyi signal

Adaptiv idaraetmanin moagsadi obyektin is prosesinin nazarat olunmayan soraitinin doyismasi zamani va
onun 6z dinamik xiisusiyyatlorinin doyismasinds avtomatik sistemin tolob olunan keyfiyyat gostaricilorinin
olds olunmasindan ibarstdir. Adaptiv sistemin asas konturu stasionar rejimde bu moqsadin aldo olunmasini
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tomin edir. Adaptasiya konturlar1 rejim pozulan halda vo obyektin funksiyalanmasi gostaricilarinin
keyfiyyati yolverilmaz halda pislosonds asas konturun korreksiyasini hayata kecirir. Adaptiv sistemlorin
verilmig bu tipinin xiisusiyyatlori ondan ibaratdir ki, asas kontura paralel olaraq etalon model bloku qosulur
[3.4] (sok. 3).

Etalon model dinamik modelds verilmis keyfiyyst meyarlarinin funksiyasini yerina yetirir. Dinamik
modelin 6ziinii aparmasi layihani qurani razi salir vo 6ziinii on yaxsi aparan sistem niimunosi kimi xidmaot
edir.

—r—s{ s Tanzimlayici J Idaraetma ¥(H
’ | obyekti -
¥
| Adaptasiyanin et |
— blok algoritmi >
Etalon vull)

model

Sakil 3. Etalon modelli adaptiv idaraetma sisteminin struktur sxemi

Adaptiv sistemlarin bu tipinds etalon model asagidaki masalalorin hallinds istifads olunur:

e axtarigsiz adaptiv sistemlorin arzu olunan dinamik vo statik xarakteristikalarini reallagdiran etalon
trayektoriyanin formalagmasi;

e osas konturun vo ya onun hissalarinin arzu olunan parametrik modelinin formalagdirlmast;

e Oyronilon etalon modelin kdmoyi ilo adaptasiya tonzimloyicisinin Oyradilmesi, adaptiv idareetmo
algoritmlarinin unifikasiyast;

e voziyyatin stasionar miisahidagilordon istifads asasinda baslangic malumatlara gors adaptiv idaraetms;

o idaroaetms sistemlarinin is gabiliyyatinin barpasi.

Beloliklo, adaptiv idarosetms sisteminin sintez masalosini belo ifado etmoak olar: molum asas konturda
verilmis riyazi modeli daxil etmoklo adaptiv sistemin sintezi tonzimloyicinin asas konturunun parametrlorinin
taptlmasint miioyyan edir. Bu da tonzimlomonin maksimum doagigliyini vo minimum optimallagsma
kriteriyasini tomin edir.
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Application of adaptive control systems in flying apparatus
Tehmezov A.F.

Adaptive control systems enables independent decision making during condition and circumstance changes of
flights and provides with quality compliance of the flight. Main component of the Adaptive control systems operates in
a stationary condition and help to reach flight objectives. Adaptive control systems provides essential corrections of
system, in case of unfavorable quality changes of the functionality of the system occurred or any undersigned changes
observed in the system. In order to guarantee functionality of the operations mentioned system, similar or identical
etalon is installed.
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OCOBEHHOCTHU COBPEMEHHBIX IM®POBbIX CUCTEM
BO3YIIHbBIX CUT'HAJIOB

Aneknepos A.A., Kapumau T.U.
' Hayuonanvruas Axademus Asuayuu
{ tkarimli@mail.ru

Beeoenue. B nnnoTaxxHO-HABUTALMOHHBIX NIPUOOpax M KOMIUIEKCAaX, B CHCTEMax aBTOMAaTHYECKOTO
yIpaBICHUS MOJIETa, a TaKXKe B CHCTEMaxX aBapUiHON cUrHanmm3anuu Bo3aylnHbIX cynoB (BC) B kauectBe
MEPBUYHBIX HCTOYHUKOB WHQPOPMALUM NPUMEHSIOTCS H3MEPUTENM BO3AYIIHBIX MapamMeTpoB, KOTOpHIC
00pa3yroT cuctemy Bo3aymHbx curHanoB (CBC).

B CBC ¢opmupyercss nabOpManus, KOTOopas CONEPKUT CBEIACHHS O CTATUYECKOM, TUHAMHYECKOM,
JeMCTBYIONIEM, MTOJTHOM JaBJICHHUAX, O CTATHYECKOH W MOJHOHM TeMIlepaTypax BO3AyXa, 0 0apoMeTpruecKoi
BBICOTE€ M O CKOPOCTH €€ M3MEHEHHs, 00 MHIUKATOPHOW CKOPOCTH, O KalWOpPOBOYHOW, HCTHHHOW CKOPOCTH
BO3/yXa, 0 MaKCHUMaJbHOW 3KCIUTyaTalliOHHOM cKopocTH Bo3aymrHoro cynHa (BC), o uncie Maxa u 06 yrie
araku. Hexoropple M3 3THX MapaMeTpOB, HaNpUMeEp, Takue, KaK CTATHYECKOe, JTWHAMHUYECKOE W IIOJITHOE
JaBlIeHUE, [OJIHAs TeMIepaTypa BO3AyXa OIPEAeSIOTCS HEMOCPEICTBEHHO, MYTEM COOTBETCTBYIOIIUX
a’poMeTpUUecKuX u3MepeHuil. Mudopmanus o Takux mapamerpax, Kak 0apomMeTpudeckas BbICOTa U CKOPOCTb
€e W3MEHEHHUS, HHAMKATOpPHas CKOPOCTh IIOJIeTa, MaKCHUMajbHas OJKCIUTyaTalMOHHas ckopocts BC,
KanuOpOBOYHAsI, UCTHHHASI CKOPOCTh BO3/AyXa, 4nMcino Maxa, yroia aTaku (GopMupyercs myteM o0padoTKu
MOCTYMAKIIEH MepBUYHON MH(GOPMAaLUH, BBIIOJHEHUEM HEOOXOIUMBIX U LIEJICHANPABICHHBIX BBIYMCICHUM.
JI71st 5TOTO IPUMEHSIFOTCSI CTIeIHaIbHBIC BRIYUCIUTENbHBIE yeTpoiicTBa (BY) [1-6].

[IpuMeHeHne CHeUUATU3UPOBAHHBIX IHM(POBBIX BBYUCIUTENCH W NPEHU3HOHHBIX MEPBUYHBIX
H3MEpPUTENBHBIX Npeo0pa3zoBaTesiell BO3AYIIHBIX JaBICHUN IMO3BOJUIIO CYIIECTBEHHO MOBBICHTH TOYHOCTb
HU3MEPEHHUs] a3pOMETPHUYECKUX MapaMeTpoB MOJeTa W PaclMpHUTh (YyHKIHOHAIbHbIE Bo3MoxkHocTH CBC.
BaxupiMu gOocTOMHCTBAaMH LM(QPOBBIX BBIUYUCIUTEICH SBISIOTCS: CTAaOMJIBHOCTH XapaKTEPHUCTHK,
HCKITFOYAIOIIAsl HEOOXOJMMOCTh SKCILTyaTallHOHHBIX PETYJIMPOBOK U YJ00CTBO COTJIACOBAHMS UX BBIXOJHBIX
CUTHAJIOB €O BXOAaMH OOpTOBBIX LHU(PPOBEIX BeMHcAUTENbHBIX MamuH (BLIBM). OT TOuHOCTM ¥
HagexHoctu CBC 3aBucar sddexruBHOCT M Oe30macHOCTh moneToB. Takum obpazom, CBC 3aHuMaior
Ba)KHOE MECTO B COCTaBe OOPTOBOr0 000pYA0BaHUs coBpeMeHHBIX JIA [7].

Ocnoenoe cooepiicanue. OTHUM U3 IUPOKO MPUMEHSEMBIX B HACTOSIIEE BPEMS M TEPCIEKTHBHBIX
cnoco0oB moiyueHuss wuHbopmanuu B 1HMGPOBOKH (opMme SABISETCA HCIOJIb30BAHUE YCTPOWCTB,
peoOpa3yonuX U3MepsieMble aHaJOrOBbIE BEJIMYWHBI B YACTOTYy CIICJOBAaHHS MMITYJIbCOB, a 3aTE€M B KOJ
MyTEM CUUTBHIBAHUS dTHX MUMITYyJIbCOB B TEUEHHUE OTPE/ICICHHOTO HHTEPBAIa BPEMEHH.

[IpeoOpa3oBaHre H3MEPSIEMOr0 CHUTHAlIa B YacTOTY OOECIIEYMBAET BBICOKYIO IMOMEXOYCTOHYHBOCTH
CHUCTEM H3MEPEHUs] U KOHTpOJIS, MAKCUMAJbHYI0 YHHMUKALUIO M DA OPYTUX HOJOKHUTEIBHBIX
0c0oOEHHOCTEH, JAlONMX HIMPOKHE BO3MOXKHOCTH JUIS MCIOJBb30BaHUS YaCTOTHBIX NpeoOpasoBaTenieil Ha
6opty BC [3].

UzBectHbl Poccuiickue pa3paboTKH CUCTEMBI M3MEPEHHS BO3AYIIHBIX MIAPaMETPOB, C HUCHOJIb30BAHHEM
MHOTO(YHKIIMOHAIBHBIX MPHUEMHUKOB BO3IYIIHBIX JaBleHUH. Bce OOKM yKa3zaHHOW CHCTEMBI pa3MelleHbl B
OJTHOM CHENHaJbHOM adpOAMHAMHUYECKH oOTekaeMoM Kopryce. s pacmmpeHuss pabodero anama3zoHa
M3MEPEHUsI TapaMeTPOB IOJIeTa 10 YIIIoB ataku —180° < o <180° M CKOJMBKECHUS _180° < 3 <180°, TO €CTh BO BCeH

cdepe, cucTeMa MOXKET CHaOKaThCs B KA4eCTBE MPHEMHHKA JIABICHUS] MHOTOpeOepHBIMU cTepxHsIMH. OJTHAKO,
MoJI00HAs CHCTEMa HE MOXKET M3MEPSTh Takue MapaMeTpbl KaKk TaHTaX, KPeH, PhICKaHUEe U OOKOBYIO CKOPOCTh
BC aspomerpuueckum meronom [8, 9].

Hudporas CBC (LICBC) npumenena B cocraBe komiuiekca Garmin G1000 Ha camonerax tuma Cessna,
DA 40 NG, DA 42 NG, a Takxe B COCTaBe IU(PPOBOro KOMILIEKCA CTAaHAAPTHOTO MHUJIOTAKHO-HABUTAIIMOHHO-
ro obopynosanus Ha BC Ty-204, Au-148 u ap. LICBC BblAaeT BEICOTHO-CKOPOCTHBIE NTApaMeTpPhI MoJIeTa IS
WHJIUKALMY Ha MAJIOTAXHBIA KUIKOKPUCTAILTNYSCKUN TUCIUICH U APYTHUE CUCTEMBI [3].

IICBC CBC-96 ucnons3yercs Ha camonerax Ty-204 [10], raoe ycraHaBmuBarOTCS TPH MOJTOOHBIX CHCTEM,
MPUYEM B KaXKJIOM M3 HUX MPEAYCMOTPEH CBOM aBTOHOMHBIM BBIYUCIUTEIb. 3/1eCh hopmupyercss nHbOpMaIs
0 3HAYCHUAX 0APOMETPUUYECKON BBICOTHI, ICTUHHOW, UHINKATOPHOM M BEPTUKAIBHON CKOpOCTel, urncia Maxa,
0apOMETPUYECKOro NIaBJeHHS, CTATHUECKON M 3aTOPMOXKEHHOM TeMIIepaTyp OKpPY)KaloIIEro BO3AyXa, yTIIOB
aTaKy, a TaK)Ke BBITOIHIIOTCA KOPPEKTUPOBKHA BHICOTHO-CKOPOCTHBIX MapaMEeTPOB C yUETOM a’poaWHaAMHUYEC-
KHUX MOMPABOK.
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VYcranosnennas B8 BC Airbus A-340 ADIRU (Air Data/Inertial Reference Unit) IICBC, npexncrasnser
co00i KOMIUIEKC, CKOMIIOHOBAaHHBIH W3 ONOKOB BO3AyIIHBIX curHaioB (Air Data Reference) m 6moxos
WHEpIHUATIbHBIX MapaMeTpPoOB, YTO IMO3BOJSIET BBHIMOIHATH aBTOMATHUYECKYIO KOPPEKTHPOBKY COBOKYIHOCTH
napametpoB CBC u UC [11]. Kak cienyer u3 puc. 1, HHTErpupOBaHHAsi CUCTEMa COJCPKUT TPH KOMIIbIOTEpa
(ADR1, ADR2, ADR3), k KaXI0My W3 KOTOPBIX MOJKIOYCH MPeoOpa3oBaTesb MOJHOTO U CTATHYECKOTO
nasienuss ADM (Air Data Module). TIpeo6pasoBateqn ADM, BXxomy KOTOPBIX MOAKIFOUYCHBI YaCTOTHBIC
npeoOpa3oBaTelb AaBICHUS, MPEACTABISAIOT COOO0H, IO CYTH IpeoOpa3oBaTelr HEIIEKTPUIECKUX BETUYMH B
mudposie curHanbl. Kommeiotepsl ADR1 1 ADR2 ocymecTBISIFOT pacueT CpeHHX 3HAYCHUH JIaBICHUA,
HHPOPMAITUS 0 KOTOPBIX MOCTYMAET CIoJla OT IPUEMHUKOB BO3IYIITHBIX JaBICHHUN, PACTIONOKEHHBIX B JICBOW U
mpaBoii yactsx ¢rozemspka BC A-340.

Ha ocHoBe curHasnoB, MOMy4YeHHBIX OT PE3EPBHBIX MPUEMHHUKOB JaBieHus komnbiotep ADR3 Beuucnser
BBICOTHO-cKOpocTHBIe Tlapamerpbl BC. B kommbetorepst ADR1, ADR2, ADR3 mnocTynarmT TakKe CHTHAIBI O
3HaueHusX yria araku (ot matumkoB «AOAL sensor», «AOA2 sensor», a taxxke «AOA3 Sensory») a Takxe
CUTHAJIBI O 3HAYCHUSX MOJHON TeMIIepaTypbl Hapy>KHOH BO3AyIIHON cpensl (oT natunkoB «Capt TAT sensor»
«F/O TAT sensor»). Ilpu 3ToM pe3epBHBIC MPUEMHHKH TOJHOTO M cTaTW4eckoro maeieHuii «STBY pitote
probe» u «STBY static port» moAkIIOYeHB KO BXOIaM pPe3epBHOI MHTerpupoBaHHOU cuctemsl (Integrated
Standby Instrument System-ISiS)

B ISIS monnoe u craTmyeckoe naBieHMs MpeoOpasyloTCs B KOAMPOBAHHEIH HU(MPOBOH 3MIEKTPHUECKHil
CHTHAJl, KOTOPBIA CPABHUBACTCS B MOJIyJIC CPABHEHUS C IIM(MPOBBIMU CHTHATIAMU OT HHEPITUATLHOTO MOJTYJIS.

CAPT PITOT PROBE FI/O PITOT PROBE

SENSING SIGNAL 1

PRIMARY

)
PSS SENSING SIGNAL 2
o SENSING —— ,73“:“? M SENSOR
¢ SENSOR I SIGNAL T ADIRU 3 ADIRU 2 4,—» y
PRIMARY PRIMARY Aoas |
BACKUP 0 SENSOR

a AOA1 BACKUP
SENSOR ADR 3 )
—_— S -
f F/O STATIC PORT
ADI ’4,

—I[=
\
:

Puc. 1. CBC BC A-340

[TogoOHast MHTErpUpPOBaHHAS CHUCTEMa BO3AYIIHBIX CHTHAJIOB W MapaMeTPOB MHEPIMAIBLHON HAaBUTAIHN
ucnonb3yercs B BC Boeing 747-8 (puc. 2) [12].

Onnako, HoMeHKmaTypa npuemankoB CBC camorniera Boeing 747-8 otiimuaercsi OT COOTBETCTBYOIIMIA
cucremMbl camonera A-340 Tem, 4TO 3/IeCh B XBOCTOBOM YacTH (ro3eNsika, JONOIHUTEIHLHO YCTAHOBIICHBI JIBA
MPUEMHHKA CTATHYECKOT'O IaBJICHUS C TPyOKaMH, KOTOpbIe IpelHa3HAuCHbI IS TTOAKIIIOYEHUS! K KOMITBIOTEPY
3arpy3ku pyJjis BeicoThl (elev feel cmitr).

HeunterpupoBannas ¢ uHepuuanbHoit cucremoit CBC camonera Boeing 787 (Air Data Reference
System - ADRS) ornnuaercst Tem, 4yTo B HeM HH(GOpMAlMKd O 3HAYEHHUSIX IOJHOIO U CTAaTHYECKOTO
JaBJICHUH, Yyepe3 MPUEMHHUKH BO3/YIIHBIX JaBlieHHH moctynatoT Ha Mmoaynu ADM (Air Data Module), rae
MOCPEJICTBOM YaCTOTHBIX, a 3aTeM aHAJIOTO-IIU(POBBIX MpeodpazoBaresiell MpeoOpa3yroTes B MUPPOBbHIE
CUTHAJIBI, KOTOpBIE, COBMECTHO C AaHAJOrOBBIMH CHUTHAJIAaMH 00 YyIJieé arakd, HOCTYHNAOIUMH C
YCTAHOBJICHHBIX Ha JIEBOM M MpaBoil yacTsax ¢rozesspka aAByx natunkoB «AOA SENSORy, moparotcst Ha
Mmoyine yrpasienus nosierom (Flight control module) [13].

B cambIX cOBpeMEHHBIX TPKIAHCKUX, & TAK)KE BOCHHBIX JICTATEIBHBIX alIapaToB ISTOTO IMOKOJICHUS,
takux kak Airbus A380, A350, A400M, Embraer 170/190, Bombardier Learjet 85, Boeing C-130 AMP,
Boeing X-45C, Lockhid Martin F-22, F-35, Northrop Grumman X-47B, Sikorsky X2 ynauno ucnomnb3yercs
npoaykuus komnanuii GOODRICH, UTC Aerospace Systems - cucremMa u3MepeHHUs BO3AYIIHBIX CUTHAJIOB
a’pPOMETPUYECKUM METOAOM, T'Zie B KauecTBE MEPBUYHBIX MCTOYHHUKOB MHPOPMAIMH BHICTYIIAIOT HECKOJIBKO
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CMapT JATYMKOB (OT ABYX IO YETHIPEX) IS M3MEPCHHWs BO3MYNIHBIX [ApaMeTpoB, [Ba JaTddKa JJis
M3MEpEHUs MTOJTHOM TeMIepaTyphl Bo3ayxa [14, 15].
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Puc. 2. CBC BC Boeing 747-8

CBC, ycraHoBineHHas Ha camoinerax Embraer ERJ-170/190, cocrouT M3 4eThipex cMapT MPUEMHHUKOB
BO3JIYIIHBIX JTABJICHUH M IBYX IAaTYMKOB TOJHON TeMIIepaTyphbl BO3/yXa, a TAKKe MaHenu ynpasineHus [16].
Cwmapt mpuemuukun CBC storo camonera, MHOTOQYHKIIMOHATFHBI W HECYT B ceO€ BO3AYIIHBIC KaHAIBI
MOJIHOTO, cTaTH4YecKoro u IuddepeHunansHoro napneHui. st Oe3durorepHoro n3MepeHus yria aTtaku
UCTIONB3YeTcs KaHa! AuddepeHImansHoro qapiaeHus. Yepes yactotHele npeodpaszoBarenu nasiaenus u AL
OHH TOAKIIIOYEHBI K KOMIIBbIOTEpaM BO3IyHmHbIX curHanioB ADC u TakuM 00pa3oM HE TOJBKO (OPMUPYIOT
enunyto cuctemy CBC, HO u, Oyayum cBsi3aHBl ¢ cUCTeMaMM ynpasieHus M 3amutsl BC oT omacHoro
CBAJIMBaHMS, 00ECTICUNBAIOT WX JOMOJIHUTENHFHON HH(pOpMAaIUEH.

Ha puc. 3 noka3zansl 00111ast ¥ CTPYKTypHasi CXeMbI cMapT MpreMHuKa fgasienuit CBC.

ADSP (Air Data Smart Probe).
Multi- ’f’j-\:__%,f:ff
e = >
v

Differential
Pressure
Card

Mounting
Plate

Absolute
Pressure Card

CPU Car
Power Supply

ELECTRONIC
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CHANNEL B
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Connector

a) 6)
Puc. 3. Cmapm npuemnuxu oaerenuti CBC BC Embraer ERJ-170/190. a) obwas cxema, 6) cmpykmypnas cxema

[Tonnoe naBnenue (Pr) cHEUMaeTcsi ¢ MPHEMHMKA, BBIIIOJIHEHHOTO B BUAE TPYOKH B (hopMe yCEUEeHHOTrO
KOHYyCa, B ()POHTAIBHON YaCTH KOTOPOH PacIooKEHO OTBEPCTHE C IIEHTPOM 10 OcH cuMMeTprn. CTatnieckoe
nasienue (Ps) cHUMaeTcs ¢ MpUEMHUKA BBIIOJIHEHHOTO B BUJIE TIPSIMOM TPYOKH C CHMMETPUYHO PACIIOIOKCH-
HBIMHU OTBEPCTBHSMH B €€ BEpXHEH M HIDKHEW yacTsax. MiHQopManms o 3HaYeHUIX yriia ataku (OpMHUpYeTCs Ha
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OCHOBE H3MEpeHUs BeauuuHbl auddepeHnuanbioro nasiacHus (P,), IpUyYeM COOTBETCTBYIOIIMN CHIHA
CHMMAETCA C ABYX OTBEPCTHH, CHMMETPUYHO PACIIOJIOKEHHBIX HA BEPXHEH M HIDKHEH IMOBEPXHOCTSIX TOTO K€
YCEYEeHHOT'0 KOHYCa.

B pesynbraTe BbIUMCIEHHH, OCylecTBIAeMbIX B komnbiotepe CBC, dhopmupyetcst nHpopMannoHHast
KapTHHA, BKIIOYAIOIAsi B ce0s CICAyIOIIME AaHHbIC: CKOPPEKTUPOBAHHBIC 3HAYEHUS] CTATUYECKOTO H
[IOJIHOI'0, JUHAMUYECKOrO IABJICHUW; 3HAYCHHE IOJHOM M CTAaTUYECKOW TeMIIepaTyp BO3AyXa HapyKHOU
BO3AYIIHOW Cpebl; OapoMeTpuyuecKas KOpPeKLus; 3HaUeHUs] 6apOMETPHUECKON BBICOTHI, CKOPPEKTHPOBAH-
HbI€ 3HAYeHHs] OapOMETPUUYECKOW BBICOTBHI, TEKYyLIME 3HAUYEHHsI W3MEHEHHH BBICOTHI IIOJIETa; 3HAYCHUS
WHANKATOPHON M KAITMOPOBOYHON CKOPOCTEM, a TaKKe UCTHHHOM CKOPOCTH BO3AyXa; 3HAUESHUS MaKCHMAlIb-
HOM 3KCIUTyaTalluOHHOM CKOPOCTH; TeKylllee 3HaueHue unciaa Maxa u yria ataku. Ha Bxogax koMmberotrepa
CBC wumMmeroTcst YacTOTHbIe MpeoOpa3oBaTeN [JaBJICHHs, KOTOPbIE DSJIEKTPHYECKH CBA3aHBI C
COOTBETCTBYIOIINMH IIPUEMHHUKAMU JaBJIeHUs (KaHaubl A u B).

[IpuBeneHHBI aHaMM3 KOHCTPYKTHUBHBIX (YHKIMOHAIBHBIX M SKCIUTyaTallHOHHBIX XapaKTEPHCTHK
nesioro psaa CBC pasmuunsix tunoB BC (Ty-204, Airbus A-340, Boeing 747-8 u Boeing 787, Embraer
ERJ-170/190) mo3BossieT 3aKIIOYMTh, YTO HECMOTPSl Ha OECCIOPHYI0 3(h(GEKTHBHOCTD, BBIMICYKA3aHHBIM
cucTeMaM NPUCYIIM M OINpelesIeHHble HEIOCTaTKH, KaK OTCYTCTBUE BO3MOXKHOCTH (DOPMHUPOBAHUS
uHpopManuii 00 yriax KpeHa, TaHTaXa W PBICKaHWs, a TakKe, 3HaueHHe o OokoBoil ckopoctu BC
a’poMeTpuIecKuM Metonom [17].

OcoOeHHO OombIIOe 3HAYEHHWE MPHOOPETAEeT MPOIECC HU3MEPEHUS BO3AYIIHBIX M MHIOTAXHO-
HaBUTAIIMOHHBIX ITapaMCTPOB A3POMCTPUUCCKUMU CHOCO63MI/I IIpU BBIIMOJIHCHUN MEKKOHTUHCHTAJIIbHBIX
II0JICTOB. I[J'Iﬂ MOBBIIICHUA JOCTOBEPHOCTHU HOJ'Iy‘-ICHHOﬁ I/IH(I)OpMa]_[I/H/I O 3HAUCHUAX MapaMETpoOB I10JICTA, a
TaKXe, TMOBBILEHHE S()(OEKTUBHOCTH ONPEACICHUS METOAWYECKUX IOTPELIHOCTEH  H3MEpPeHHH,
1esnecooOpa3Ho  HMCMOJIb30BaTh HECKONBKO, AYOIMPYIOMIMX Jpyr JApyra pPa3sHOTHUITHBIX HWCTOYHUKOB
(OCHOBHBIX M PE3EPBHBIX), NATUYUKK KOTOPHIX (DYHKIMOHHUPYIOT Ha Pa3iM4YHBIX (UIUUECKUX MPHHIUIAX
m3mepennil. K npumepy ecnu noietr BC npoucxoguT B yCIOBUAX OTCYTCTBHUS CBSI3M C HABUTALIMOHHBIMHU
CIyTHHUKaMH, C HA3eMHOW PaJIMOHABUTAITMOHHON W TUCTIETYEPCKON CUCTEMOH yIpaBiIeHHS (TaKue CUTYaI[un
BO3HHMKAOT B IMPOHECCEC BbIIIOJIHCHHA IIOJICTOB HAaJ OKCaHaMM, II0JII0OCaMU 3CMHI/I, BBICOKHUMHU,
MPOTSAXKCHHBIMU T'OPHBIMHA MaCCI/IBaMI/I), TO B 3THUX CUTyallUMAX, YIIPABJICHUEC IMOJHOCTHBIO OCYIICCTBIIACTCA
aBTOHOMHON HHepHManbHOW cucremMoir BC, 4ro Hajaraer Ha ee 3KCIUIyaTallMOHHYIO HAIEKHOCTb U
WH(POPMAITMOHHYIO TPEIIM3HOHHOCTD JOTIOIHUTEIbHBIC TPEOOBAHMSL.

3akniouenue. Vicxonss M3 3TOro, MOXKHO 3aKJIIOYUTh UYTO HECMOTPS Ha JOCTaTOYHO BBICOKUUN
texHojornyeckuid yposeHb CBC coBpemennsix BC, cymectByer mpobnema, emie 0ojee HaAEKHOTO
OIpenesieHUs] NWJIOTXKHBIX W HAaBUTAMOHHBIX IapaMeTpoB, KaK YIJIOB KpPEHa, TaHTaka M PHICKaHUS U
6okoBo# ckopocti BC, Ha 0OCHOBE a’spoMeTpUIecKUX MeToI0B m3MepeHus. C qpyroil CTOpOHBI, pa3paboTka
nono6Hoi MHorogyHkuuoHansHOH CBC morna 6b1 o0eceunts cucteMy OopToBoro ymnpasieHust BC c
JOTIOJTHUTEJIbHBIM KaHaJIoM HH(POPMALUH O TEKYIIMX 3HAUYEHHSIX I10JIETa U YCIIOBHUIX BO3AYIIHOM Cpebl, YTO
0e3yCIIOBHO, TIPUBE/ET K IMOBBIIICHUIO HA/IEKHOCTH M JIOCTOBEPHOCTH COOTBETCTBYIOIIEH HMH(pOpMAlUU B
nporiecce ynpasiaeHun BC B ycroBusix, Korja OTCyTCTBYET HaJe)KHas CBSI3b C HA3EMHBIMU U KOCMHYECKUMHU
cUCTeMaM{ HaBUTallMOHHOT'O 00eCIIeYeHUs!.

C menpl0  JOCTWKEHUS  CTAaOWIIBHOIO  YPOBHS ~ OOECIEYEeHUS  MUIOTAXKHO-HABUTAIIHOHHOM
WHPOPMATUBHOCTH TOJIETOB, B MEPBYIO OYepe/]b B MECTaX HEYBEPEHHOI'O NMpHEMa CHTHAJIOB CITyTHHUKOBBIX
HaBUTALIMOHHBIX CHCTEM, WM K€ JaXe B Clydae MX IOJIHOTO OTCYTCTBHS, HEOOXOAMMO MCIOJIb30BaTh U
WHBIE, AIBTCPHATUBHBIE METOAWKH M CPEICTBA NHJIOTAKHO-HABUTAIMOHHBIX H3MEPEHHH, MO3BOJIAIOLINE
ABTOHOMHO pPeIIaTh COOTBETCTBYIOLIUE 3a/1a4H.
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Peculiarities of modern digital air data systems
Alekberov 4.4., Karimli T.1.
The article analises air data systems of modern aircraft and reveals problems of increase in reliability and
authenticity of flight-navigation datas of aircraft performing intercontinental flights.

XOTTi REVERSIV PYEZOMUHORRIKLI iIKIKOORDINATLI iNTIQALIN
OSAS IDAROETMO MOSOLOLORI

Neymoatov V.A., Hazarxanov O.T.
Milli Aviasiya Akademiyast
neymvasif@mail.ru

Miiasir ucan aparatlarda, xiisusilo kosmik aparatlarin informasiya tominati sisteminin miisahido
videokameralari, optik izloama qurgular1 energisistemlarinin giinaes batareyalarinin va diger bu kimi cihazlarin
movgelagdirma sistemlarinds bir vo ikikoordinatli, dairavi va Xatti pyezoelektrik intigallardan genis istifada
olunur [1-4]. Bu movgelosdirmo sistemlori avtomatik rejimdo isloyarok, tizorindo qurasdirilmisg
avadanhglarin Yera, Giinogo, yaxud digor goy cisimlarina nazoran talob olunan somtlogdirilmasini yerina
yetirirlor. Pyezoelektrik intigallarinin mévgelosdirma sistemlori ligiin shomiyyatli sayilan miihiim istiin
cohatlori mikron va nanomigyaslarda olan doagigliyi vo bir icra miiharriki torafindon harokatin kasilmoz vo
addiml1 rejimlorini tomin eda bilmalaridir.

Todgiq edilon ikikoordinatl pyezoelektrik intigali (IPI) Dekart koordinat sistemina malik olub, “aktiv
stator-passiv italoyici “prinsipi ilo qurulmus iki adoad Xatti reversiv pyezomiiharrik (XRPM) va onlar1 isci
organla birlosdiron mexaniki birlosmolordan ibaratdir (sokil 1).

XRPM-lardan biri 1 harokatli asas (italayici), PR1 vo PR4 pyezorezonator, digari ise 2 harakatli asas
(italayici), PR2 vo PR3 pyezorezonator iizorinds qurulmusdur. 6-is¢i oranin Saquli koordinat sistemindo
horokat etmasine baxmayarag, XRPM-larin iifiiqi ox iizerinds yerlosdirilmigdir. Lakin, is¢i orqanin saquli
isci miistovisi boyunca istonilon noqtoyo birbasa horokotinin miimkiin olmas1 iPi-nin gismon, geyri-ononovi
kinematik sxemo malik oldugunu demoys osas verir. {PI-nin kinematik xiisusiyyatlorini miioyyan etmok
moagsadi ilo onun {igiin bir mexanizm olaraq, kinematikanin diiz vo tars masalalori (uygun olaraq KDM,
KTM) formalagdirilmis vo hall edilmisdir. KDM-nin tapsirigt onun icra miiharriklorinin (XRPM1 va
XRPM2) harakatindon asili olaraq, 6-is¢i orqaninin vaziyyatini miisyyan etmoakdon ibaratdir. Bu mogsadlo
magin vo mexanizmlor nozoriyyssinin metodlarindan istifado edilmis vo PR1-PR4 pyezorezonatorlarmin
toklikdo va garsiligh qosulmasindan alinan biitiin miimkiin olan hokokotlor tadqiq edilmis vo miiayyan
edilmigdir ki, is¢i organ saquli is¢i zonanin istonilon ndqtasina birbasa diizxatli harokati icra eds bilor. Bu
zaman PR-larin qosulma kombinasiyasindan asili olaraq, IPi-nin is¢i zonas: tipik yarim zonalara béliiniir
(sokil 2).

Bu yarimzonalarin se¢ilmasini tomin edan sartlor mantiq tonliklari vasitasi ils toyin edilmisdir.

[Pi-nin KTM-nin mosalasinin halli is¢i orqanin voziyyetinden asili olaraq, onun horakat intiqallarinin
cari vaziyysti