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PO3HIUPEHHSA COEPU 3ACTOCYBAHHA TA NIJIBUINEHHSA PECYPCY
BJIA 3 EJIEKTPUYHOIO CHJIOBOIO YCTAHOBKOIO

Po3pobka BigHOCHTBCS 10 Oe3mioTHHX JitansHux anapartiB (BJIA) 3 exekTpuuHOO
CHJIOBOI0 YCT@QHOBKOIO SIKi BHKOPHCTOBYIOTHCS JUISi MAapIIPYTHHX IOJBOTIB 3 METOIO
BUKOHAHHS CIIOCTEPEIKCHHS B PEKUMI PEaTbHOTO Yacy.

V Bkazanux BJIA HemoTpiOHO 3acTOCOBYBAaTH HaJIHMBO, BOHH O€3IIyMHI y IIOJBOTI,
3[aTHI CTapTyBaTH «3 PyK», MAalOTh HEBEIHKi raGapHTH, 37aTHI JIETKO IEPEXOJHUTH 3
PeKXMMY MOTOPHOTO MOJNBOTY [0 IUIAHEpyBaHHs, Tomo. Ilopsin 3 OYEeBUIHUMH
nepeBaramu, BJIA 3 eNEKTPUYHOIO CHIIOBOIO YCTAaHOBKOIO NPUTAMaHHI i HEHOJIKH,
OCHOBHMMH 3 SKHX € HU3BKHH pecypc «3a MOCaJKaMH», BHCOKa IIMOBIPHICTbh
TMOIIKO/KEHHS KaMEPH CIIOCTEPEIKEHHSI, HEBUCOKI 3HAYEHHS KPUTHYHOTO KyTa aTaku Ta
BHCOKa LIBUJIKICTh 3BATIOBAHHS.

B OCHOBY pO3poOKM IOKNAIEHO 3ajady pPO3LIMPEHHs c(epu 3acTOCyBaHHS Ta
MiJABUIIEHHS. pecypcy OE3MJIOTHUX JITAIBHHUX amapaTiB 3 eJeKTPUYHOIO CHIIOBOIO
YCTaHOBKOIO, 3HIDKEHHS HMOBIPHOCTI IIONIKOMKEHHS KaMepH CIIOCTEPEXEHHs, IO
po3TranioBaHa 3HU3Y (IO3EIDKY, a TaKOX ITJBHINEHHS 3HAUYEHHS KPHUTUYHOTO KyTa
aTaKy Ta 3HIKCHHS IIBUIKOCTI 3BAJIIOBAHHSI.

IMTocraBneHa 3amaya BUPIMIYETHCS THUM, IO y OE3MIIOTHOMY JiTaJbHOMY amapaTi
3aCTOCOBAHO TOCAKOBHII MapalryT, TPHOIOPHE PECOPHE ILIAci 3 XBOCTOBOIO OINOPOIO Ta
PO3BHHYTUMH i BUHECEHHMH BIIEpE]] OCHOBHMMHM ONOPaMH, a HOTO KPHJIO BUKOHaHE 3i
3BOPOTHOIO CTPLIOMOAIOHICTIO Ta OCHAIIIEHE MEXaHi3alli€lo.

IlocankoBuii mapanryT T03BOJIHTH OTpUMATH opraHizoBaHmid cmyck BJIA y 3amany
TOUKy, B TOMY 4YHCHi, i B TOpOHCTIH/4arapHHKOBIH MiCIEBOCTI 3 NPHHHATHOIO
BEPTHKAIBHOIO IIBHAKICTIO, IO JO3BOJIMTH PO3MIUPUTH c(hepy 3aCTOCYBAHHS, a TaKOX
30iIBIIMTE HOTO pecypc «3a mocajkaMu». PecopHe miaci 3 CHJIBHO PO3BHHEHUMH
OCHOBHUMH OIIOpaMH 3a0e3MeUYNTh MOTAIIeHHs HaUTUIIKOBOT BEPTHKAIBHOT IIBUKOCTI,
II0 CIyTyBaTHMe IOJAaTKOBUM pe3epBoM miaBuileHHs pecypcy BJIA. Tlepeniueni Buiie
HepeBaru BINIMHYTh Ha 3HWKEHHS HMOBIPHOCTI MOIIKOKEHHS KaMepH CIIOCTEPEIKECHHS,
110 PO3TAIIOBYETHCS 3HU3Y (DIO3EISIKY.

3acToCcyBaHHS MEXaHi30BaHOTO KPWiia 3i 3BOPOTHOIO CTPLIOMOAIOHICTIO JTO3BOJIHUTH
30UTBIINTH Ha 2-3 rpaj. KpUTHYHMI KyT ataku BJIA, 1110 103BOHTE 3HU3UTH MIBUAKICTD
HOro 3BANIOBAaHHA Ta eKCIUTyaTyBaTH B arMocdepi 3 BHIIMMH 3HAUYCHHSIMHU
TypOyJIEHTHOCTI.

Hayxosuii kepisnux — Mamitivux M.I1., kano. mexu. nayx, 0oyenm
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CTATUCTHUYECKHE XAPAKTEPUCTHUKU 3HAYEHUN JJIAH
YCTAJOCTHBIX TPEILWH ITPU MSD ABUALIMOHHBIX KOHCTPYKIHA

MuoroouaroBoe nopexnaenne (Multiple Site Damage — MSD) — ato cocTtosiHHe
TIOBPEXICHHOW KOHCTPYKIUH, XapaKTepU3YIOIeecs] HaTMINeM B Hell MHO)KECTBEHHBIX
YCTaJIOCTHBIX TpeIiuH. Kak mpaBmHiIo, MHOroO4aroBoMy ITOBPEXCHUIO ITOJBEPraroTCs
9JIEMEHTHI KOHCTPYKIIMH CaMOJIETOB, MMEIONIHE OOJBIIOe KOJIMYECTBO OTBEPCTHIl IO
3aKJIENOYHbIE COCJIMHEHHUs], PACIIOJIOKEHHBIE B PSl M SBISIOLIMECS TOTEHIUAIbHBIMU
HCTOYHUKAMH 3apOXKACHHS YCTAIOCTHBIX TPELIMH H3-3a KOHIEHTPALMH HANPSDKCHUH.
Crnenyer OTMETHTb, 4YTO OCOOEHHO akTyajgbHa mpobieMa MSD npm oneHke
paboTOCTIOCOOHOCTH, HA3HAYEHHH MEPHOJUYHOCTH OCMOTPOB U TPOTHO3HMPOBAHUH
OCTaTOYHOU NMPOYHOCTH CTAPEIOIIETO NMapKa CaMOJIETOB.

VYauteiBast GONBIIOE KOIMYECTBO 3aKIEMOYHBIX COEAWHEHWH B KOHCTPYKIHSIX
COBPEMEHHBIX JIETATENbHBIX allapaToB, OIEHKA MoKa3aTelled 0CTaTOYHOI MPOYHOCTH U
HaJISKHOCTH TaKUX KOHCTPYKIUH JOJDKHA MPOU3BOAUTHCS B BEPOSITHOCTHOM acnekre. B
HaCTOSIIEeH paboTe MpeIaraeTcsi MoaXo/] K OLEHKE CTAaTHCTHYECKOTO PacIpeeeHus
3HAUeHUH AIMHBI TpewH npu MSD, KoTopble ciaydaiiHO 00pa3yroTCsi B OTBEPCTHSX
3aKJICNIOYHBIX COEAWHEHWH CaMOJIETHBIX KOHCTPYKIMH. VCXOOHBIMH JaHHBIMH IIpH
3TOM SIBIAIOTCS: paclpeesieHne BpeMeHH (YHCiIa LUKIOB) 10 0Opa3oBaHMs TPELIMHBI
3a/laHHON HayvalbHOM JUIMHBI M 3aKOH POCTA yCTalIOCTHON TPEIIMHBI.

OyHKIUS pacTipefeNeHns JIIHHBI TPEIIUH OblIa ompeseneHa AIs1 (GUKCHPOBAHHOTO
MOMEHTa BPEMEHH, IIPU JOMYyIICHHH ACTEPMHHUPOBAHHOH CKOPOCTH POCTa KaKHTOH
TPEIIMHBI 1 00IIEro JUIsl BCeX TPEIIH COOTHOMIEHNS 3aBUCUMOCTH JUTHHEI OT BPEMEHH.
Ota (yHKOHS paclpeneNieHus] COOTBETCTBYET BEPOSITHOCTH COOBITHS, KOTAa Jo0ast
TpelyHa, o0pa30BaBLIAsCS B CIyYyalHBIA MOMEHT BpEMEHH, NpU (DUKCHPOBAHHOM
HapaboOTKe MMeeT JUIMHY, MEHBIIYI0 IPOU3BOJILHO BBIOpAaHHOTrO 3HaueHMs. B pabote
NPUHATO, YTO B CAMOJETHBIX KOHCTPYKIMSAX BpEMS 1O 3apOXKACHHS YCTaIOCTHON
TPELIMHBI ONUCHIBACTCS JByXIapaMeTpUUECKUM pacmpeneneHueM BeiiOymna. Mckomas
¢yHKIMs ObLTA TIOMydYeHa Ha OCHOBE 3TOTO PACTPENENeHHs, a TakKe KWHETHIECKOH
3aBucuMocTH [I3prca AJst CKOPOCTH POCTa YCTAIOCTHBIX TPEIIHH.

Pacuetsl, mpoBenieHHBIE 1O (pOpMyJIe C Y4ETOM YHCIOBHIX 3HAYEHHH BXOJMIUX B
Hee ITapaMeTpoB, ITOKA3alH, YTO TIPH Pa3INYHbIX YHCIIAX IUKIOB PACTIPEAEICHHE [UTHHBI
TPEIIMH ONHCHIBaeTCS (QYHKIMSMU THUrepOonudeckoro tuma. [lis MOATBEp)KACHHS
MOJYyYSHHBIX YHUCIEHHBIX pPe3yJbTaToB OBUIO IPOBEAEGHO HX CpaBHEHHE C
9KCHEPUMEHTAIbHBIMHU JaHHBIMU. [I0CTpoeHHbIe rpadUKK MIOTHOCTH pacrpeeIeHus
MOKa3pIBAll  XOPOIIYI0  CXOJMMOCTh  MPEUIOKEHHOTO METoAa C  pealbHbIM
pacmpenienieHHeM 3HaueHUH JUIMHBI TpermyH. TakuM 00pa3oM, MOXKHO yTBEpP)KAATh, UTO
TIOTyYeHHOE pPacIpe/ieNIeHne JUIMHBI TPEIIHH MOXET OBITh MCHOJIB30BAHO JUIS OLEHKH
MIPEJEeIbHOI0 COCTOSHUS CaMOJIETHBIX KOHCTpYKIui mpu MSD.

Hayunwiii pykosooumenv — Henamosuu C.P., 0-p mexu. nayx, npogeccop
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METOJAKA PO3PAXYHKY HA MII[HICTh KPOHIITEMHIB HABICKA
PYXOMUX AEPOAUHAMIYHUX ITOBEPXOHb BIIC M-7B5

IIpoGnema  BU3HAYECHHS 3yCWIb HA  KPOHIUTEHHAX  HAaBICKH  PYXOMHX
AepoIMHAMIYHUX IOBEPXOHb CTOITh JOCHTh T'OCTPO, TaK 5K HEBipHA OILIHKa IUX
rapaMeTpiB MPUBOANTE BHECEHHSI 3MiH 70 icHy04oi KoHCTpyKIii JIA, abo y ripmomy
BUNAJKy — aBapisiMu, KaTactpodamu ToIo. SIK IMoKas3ana NpPaKkTHKA, BUKOPUCTAHHS
aepoMHaMiYHOI TpyOH i BH3HAYCHHs 3yCHJIb Ha KPOHIITCHHAX HABICKH PYXOMHX
AepOJMHAMIYHUX IOBEPXOHb € JOCHTh TOYHHM, TPOTE EKOHOMIYHO HEBUTIJHHM ISt
MaJIOOI0/PKETHHX IPOCKTIB.

Ha pmanwmit wac qns manoi Ta Oe3minoTHOl aBiamii MIMPOKO BHKOPHCTOBYIOTHCS
HempsiMi METOAM JOCHTIKEHHS XapaKTEepUCTUK JITAaJIbHUX anapaTiB, IO IOB’SI3aHO 3
MEHIIMMH CKOHOMIYHHMH Ta PECypCHHMH BHTpaTaMH B IOpIBHSHHI 3 HAaTYpHUMH
METOJaMH JOCIIi/DKEHHSI.

Ha Hamr morisizi, B IKOCTi allbTepHATUBH, JUISl BU3HAYCHHS 3yCHJIb Ha KPOHIUTEHAX
HABICKHM PyXOMHUX aepoJHHAMIYHHX MOBEPXOHb MOJKHA 3alIPONOHYBATH BHKOPUCTAHHS
YHCENBHUX METO/IIB.

B mporeci po3paxyHKy NpOMOHYEThCS BHKOPUCTOBYBATH BiJOMY METOAUKY
BU3HA4YCHHs KoedillieHTa MmigiiMaIbHOI CHIIM Ta CHUITH OIOPY aepoANHAMIYHOI MTOBEPXHI
NPH BiAXWICHHI Ha MaKCUMAJIbHUH KyT y MOJIBOTI i3 MaKCHMaJbHOIO MIBHJKICTIO.
BignoBigHO I KOXXKHOTO THITY aepOJMHAMIYHOI TOBEpXHI BHKOPHUCTOBYIOTHCS CBOL
MOTPaBOYHI  KOe(ili€HTH, sKi BPaxOBYIOTh TE€OMETPUYHI Ta aepoTUHAMivHI
XapaKTEePHCTUKH.

Iepepizyroua cuia, IO CHOPUIMAETHCS KPOHIITEHHAMH HABICKM  PyXOMOI
aepoIMHaMIYyHOI TOBEpXHi, JOPIBHIOE MaKCHMaJbHill aepoivHAMIYHId CWIIi, SKY
CTBOpIOE aepoJrHaMidHa MoBepxHs. [lomanbine BH3HAYEHHS PoOOYOro (KPUTHYHOTO)
nepepisy KpOHIITEHHY POBOAUTHCS 33 BiIOMOIO METOIHKOIO.

Hayxosuii kepisnux — Mamitivux M.I1., kano. mexu. nayx, 0oyenm
Crnucok Jitepatypu:

1. Jlebeoes A.A., Uepnooposxun JIL.C. “JluHamuka monéra OECIMIOTHBIX
neraTeNnbHBIX ammaparos”, M: O6oponrns, 1962. — 548 c.

2. Baoseun A.A., Myxameoos ®.A. “IlpoextHpoBaHHe JIETKHX caMoyEToB”, M:
Mammnoctpoenue, 1976. — 208 c.

3. PospaxyHok wMminHocTi ocHOBHUX cuioBux enemeHTiB BIIC M-7BS 3a Temoro
Nel/2010/T1 “CrtBopeHHs1 6araTouinboBOro OE3MIIOTHOrO JITANBRHOTO amapaty”,
Kuis 2011.
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DIBUKA TA ®I3UYHI IIPUHITUIIA T10/IbOTIB JIITAJTbHUX AIIAPATIB

VIIK 621.3.038.61(043.2)
Bopouniii 1.O.
Hayionanvnuii agiayitinuii ynieepcumem, Kuis

BU3HAYEHHS EKBIBAJIEHTHUX EJIEKTPOMATIHITHUX
IMAPAMETPIB BAI'ATOINAPOBHUX ITAKETIB MATHITOIIPOBO/IIB
JUIA KBABICTAIIIOHAPHHUX ITPOLHECIB

Bararomaposi ocepast iHAYKTOPIB iHAYKIIHHUX MPUCKOPIOBAUiB €JICKTPOHIB MAarOTh
aHI30TPOMII0  ENEeKTPOMArHiTHUX  BJIACTUBOCTEH  depe3  YepryBaHHS  IIapiB
(epoMarHeTuKy 1 MOJIMEPHOI IUTIBKH, TOBIIMHH KOTPHX BHMIPIOIOTHCS MIKPOHAMHU.
UwncnoBe MopenroBaHHS aAudysii moyis B mepepizi ocepas MOXKHA 3AIHCHIOBATH SIK Y
«TOMOTEHI30BaHOMY» CepeloBHIIi [l], SKIIO 3 JOMOMOTOI0 AHANITHIHUX METOAIB
TIONIepPEeTHFO0 BU3HAYNUTH €KBIBAJIEHTHY MarHiTHY HPOHHKHICTH Ta €JIEKTPOIPOBIJHICTD
CepeIoBUINA, MPOTE TaKWi MiAXiJ Mae OOMEXEHEe 3acTOCYBaHHs dYepe3 HeNiHiiHi
BIIACTHUBOCTI (hepomarHeTHKy. EKBiBaleHTHI mapamMeTpH cepeloBHUINa 3 BpaxXyBaHHIM
HENiHIHHOCTI KpWBOI HaMarHiuyBaHHs (epoMarHeTMKy OyiaM 3HaWaeHi Hamu 3
JIOTIOMOT'OI0  YHMCJIOBOTO MOJCIIOBAHHA HAa MOJENi, W0 € IUJIKOM aJeKBaTHOK JI0
peansHOl CTpYKTypH nakety [2]. Buxonsuu 3 po3ainbHOT 31aTHOCTI BXiTHUX PEJaKTOPiB
MOJICJIIOIOUUX MpPOrpaM, PO3PaxyHKOBY MOJEb JOBOJHUTHCS PO3MILIIATH y CHIBHO
36inpieHoMy Maciurabi. [Ipu 1boMy BHHHKaE mpobiemMa moAiGHOCTI po3MoIiay moss B
MoOJIeNli 1 B peasibHOMY makeTi. J[nsg po3B’s3aHHS IUX TPYIAHOILIB Oynu chopMyIbOBaHi
MPUHLUNK OJIOHOCTI KAapTHH pO3MOJiIYy MOJsl B peajbHOMY MakeTi i B #oro
30imbIeHiit Mogeni.

Kpurepii momiGHOCTI Toms omepkaHi Ha MiACTaBI pO3MISALY piBHSAHHSA IUQy3ii
MarHiTHOro mois B 0e3po3MipHii ¢opmi. 3riZHO 3 BHCHOBKaMH pPOOOTH, IIpH
30LTBIIEHH] MPOCTOPOBOTO MacmTady MoJelli HeoOXiIHO 3MiHIOBaTH MaciiTab dacy,
TOOTO Wac iHTerpyBaHHs piBHAHHA auQy3il. [TomiOHICTE MOXXe OYTH TakoX JOCSTHYTa
[IUISIXOM IITYYHOI 3MiHM MarHiTHAX KOHCTaHT (pepOMarHeTHKy 3 THM, 00 Jajli MUITXOM
3BOPOTHOTO TIEPEXOIy OAEpKaTH PO3IOJLI IMOJS B IAKETi, IMXTOBAHOMY ITACTHHAMHM
MIKPOHHOT TOBIIUHU.

Omnucanuii BUIIe Miaxix OyB peasi3oBaHUI aBTOpaM¥ 3 BUKOPUCTaHHSIM HPOrpaMH
Elcut mpu nocmimpkenHi ogHoBuMipHOi mudysii mons Ta mporpamu Femlab mnpu
JOCIIIDKEHH] IBOBUMIPHOI AUQy3il.

Po3paxyHKH pO3MOAiNy MarHiTHOI iHAYKIIl y AMHAMIYHOMY pexuMi, TOOTO 3
BpaxyBaHHSIM JIiHIMHOTO 3pOCTaHHS CTPYMY HaMarHidyBaHHS B iHIYKTOpi 3 4acom,
JNO3BOJIAIOTH  MOBHICTIO  OLIHUTH  ©()eKTHBHICTh  BHUKOPHUCTaHHS  aMOphHUX
(epoMarHeTHKiB MpHU KOHCTPYIOBAaHHI IHAYKTOPHUX CHCTEM.

Chnucok Jiteparypu:

1. Yanna € 4., Yepnyxa O.FO. MaTtemaTiuHe MOAETIOBaHHS TUQY3iiHHUX TPOIIECiB Yy
BHIIAJIKOBHX 1 PETYISIPHUX cTpyKTypax. — Kuis: Haykosa mymka, 2009. — 302 c.

2. Yemepuc B.T., Bopooiii IO. BpaxyBaHHS HeNIHIMHMX BIIaCTUBOCTEIl
(epoMarseTrika TpH BU3HAYCHHI MapaMeTPiB aHi30TPOIHOI MOeNi 6araTomapoBOTrO
ocepas. — Bicuuk HAVY, 2011, Ne 4, C.44 —51.

Hayrosuii kepisnux — Yemepuc B.T., kano. mexH. Hayk, 0oyernm
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YK 621.373(043.2)
Bpycuuk A.IO.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

KYBIYHO-HEJIIHIAHA TEOPIS MIJICUJIIOBAYA XBIAJIb
MMPOCTOPOBOI'O 3APSI1Y HA BA3I IIO3JOBXKHBOI'O
EJIEKTPOCTATHUYHOI'O OHAYJATOPA

Ha cporomHi opHi€r0 3 akTyalbHHX 337ad CHJIBHOCTPYMOBOI EJEKTPOHIKH €
CTBOPEHHsSI TIPHCTPOIB, SKi 37aTHI (OpMyBaTH HAIKOPOTKI IOTYXHI KJIacTepH
€JICSKTPOMATHITHOTO IOJA (y TOMY 9HCH, 1 ()eMTOCEeKyHIHOI TPHBAIOCTI), CUTHAIN 3
mupokuM crektpoM [1]. B poboti [2] Oyno 3anmponoHOBaHO HOBHI THII TaKOro
MIPUCTPOIO — CyNEpreTepoIMHHNN J1a3ep Ha BUTbHUX enekTpoHax (JIBE) 3 moB3noxHiM
CJIEKTPOCTATUYHUM OHIYIsITOpoM. Y TakoMmy cyneprerepoauuHomy JIBE y sikocti
JI0JIaTKOBOTO MeXaHizMy iICUIEeHHS BHUKOPUCTOBY€ETHCS TPUXBUIBOBHH
MapaMeTpUYHUH PE30HAHC MDK MOB3IOBXKHIM EJIEKTPOCTATUYHHM MOJIEM CHCTEMH
HaKaykd, [IBHIKOI Ta TOBUIBHOK XBWIAMH TPOCTOpoBoro 3apsamy (XII3)
PEATUBICTCHKOTO €JIEKTPOHHOTO ITydKa.

B po6oTi mpoBemeHO IOCIIHKEHHS MHOXKHHHUX TPUXBIJIBOBHX IapaMeTPHIHUX
pe3onaHciB y cekuii miacuinenHs XI13 ais KIICTPOHHOI MOJENI CyNnepreTepoIuHHOrO
JIBE 3 moB3110BXHIM €JIEeKTPOCTATHYHHM OHIYJSITOPOM. Y SIKOCTI 6a30BOr0 METOY JUTs
TEOPETHYHOTO aHali3y BUKOPUCTAHO i€papXivHUil MiAXiA 10 Teopii KOIUBaHb Ta XBHJIb
[1]. Otpumano cucteMy BKOPOYCHHX PIBHSHBb Il KOMIUICKCHHX aMIUIITY[ XBHJIb Y
KyOiuHO-HeNiHiiHOMY HaOmmkeHHi. 3’scoBaHO, MO miAcwioBad XBWIb XII3 3
MOHOXPOMATHYHUM ENeKTPOCTATUYHAM II0J€M HAaKadKH 37[aTeH IiJCHIIIOBATH XBHII
MIPOCTOPOBOTO 3apsiy Y MIMPOKOMY YacTOTHOMY aiamasoHi. [Toka3aHo mo iHKpeMeHTH
HapOCTaHHS TapMOHIK Takoi MyinbTHrapMoHiuHoi XII3 Ha ciaGoCHTHAIBHOMY eTari
MiJCWICHHS € OJHAKOBUMH. [IpoBeleHO aHaNi3 HENiHIHHOI B3aEMOJIi TapMOHIK
MyJabTurapMoHiuHoi xBmii XII13. Bu3HaueHi piBHI HacHYeHHs, SKi JO3BOJISIOTH
CTBEpUKYBaTH, o y cekuii migcuinenns X113 cyneprerepoaunuoro JIBE kiictpoHHOrO
TUIy MOXJIHBE (OPMYBaHHS MOTYKHOT MynbTurapmMoniduoi XII3 3 IMIHPOKUM
CIIEKTPOM, B SKOMY € JAUISHKA, J€ TapMOHIKM 3 OiIbII BHCOKOIO YacTOTOI0 MAioTh
OlmpIy aMIUTITYRy. 3aBIOSKH Takii OCOONMBOCTI CTa€ MOXIMBHM (OPMYyBaHHS
cyneprerepoquaHuMH  JIBE 3 MOB3HOBXHIM  €IEKTPOCTATHYHUM  OHAYJIATOPOM
HaJIKOPOTKOTO TTOTYXHOTO KJIACTEPY €IeKTPOMArHiTHOTO ITOJISL.

Crnucok JiTepaTypu:

1. Kulish V.V. Hierarchic Electrodynamics and Free Electron Lasers. CRC Press,
Taylor&Francis Group, 2011.

2. Ilat. 87750 Ykpainu, CynepreTepoauHHHNA HapaMeTPUYHUH Ja3ep Ha BUIBHHX
CNIEKTPOHAaX 3 TMOB3JOBXHIM eIeKTpUYHUM oHAymsiTopoM / Kyniw B.B.,
Jlucenxo O.B., I'voanos I.B., Bpychix A.1O.; 3asBi. 05.12.2007; omy6m. 10.08.2009,
brom. Ne 15.

Hayxosuil kepienux — Kyniw B.B., 0-p ¢iz.-mam. nayx, npogecop
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VK 546.28-022.532:004.087.2; 537.24(043.2)
laasuos B.1.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

BUBYEHHSI ITPOLECIB 3AXOIIVIEHHSA 3APAALY B CTPYKTYPAX
METAJI-AIEJEKTPUK-HAIIIBIIPOBIJHUK 3 KPEMHIEBUMUA
HAHOBKJ/IIOUEHHSAMM B JIEJIEKTPUKY

Mertoro nmanoi poboTH OyJI0 IOCHIIKEHHS TPOLECIB 3aXOIUICHHS, pelakcamii Ta
30epiraHHs 3apsly B €JIEMEHTaX HAHOKPUCTAJIYHOI €HEeproHe3aJISKHOI IaM’sTi Ha
ocHOBI ctpyktyp M/IH, a Takox (hopMyBaHHS BiKHA ITaM’SITi JOCITIIPKYBaHOTO TIPHIIALTY.
B naniit poGoTi po3rismaiuch 3pa3kd 3 OJHMM Ta JBOMAa MIAapaMH KPEMHIEBUX
HAHOBKJIIOYEHb Y JiCNEKTPHUKY, IPUUOMY Yy 3pa3Kax i3 JBOMa IIapaMHd HaHOBKIIOYEHHS
BEpXHBOTO mIapy Oyiu AiaMeTpoM 5 HM, a HIDKHBOTO — 3 HM, TOMY 3 BEIIUKOIO
iMOBIPHICTIO Mil KOXXHMM BEPXHIM HaHOKJIacTepoM OyB HIoHaiiMeHine | 3 HMKHBOTO
mapy.

Bumipy  mpoBommwimch  Ha  CHEUiaIbHO  BHTOTOBJICHOMY  OOJaJHaHHI.
BukopucroByBaHa HaMH eKCTIIEpIMEHTaIbHA KOMII IOTepHA cucTeMa Oyia moOyaoBaHa 3
METOI0 BUMIPIOBAaHHSI METPOJIOTIYHHUX IapaMeTpiB eeMEeHTIB IaM’sTi i3 BpaxXyBaHHIM
SJIEKTPUYHUX OCOOIMBOCTEH HAHOKPHUCTATIYHUX CTpykTyp mam’sti MOH  (meran-
OKCH/I-HaIIBIIPOBIHUK) THILY.

Jdns  oTpuMaHHs  mapaMeTpiB  3pa3ka  BUMIPIOBAINCH  BOJbT-(apaaHi
XapaKTEePHCTUKH, e 3aCTOCOBYBABCS IIPOTPAMHUIA aJIFOPUTM JABOIPOXiIHOT PO3TOPTKH.

Mana cuctema Ja€ MOXJIMBICTh BHKOHYBAaTH OCIIDKEHHS (DOpMyBaHHS BiKHA
mam’sTi, 30epiraHHs Ta penakcamii 3apangy. KpiM Toro, peani3oBaHO MOKIIMBICTBH
MPOBEICHHS EKCIIEPIMEHTY TPH TiIBUILEHIH TeMIepaTypi Ta npu BUOIpKOBIH miaCBITII
3pasKa mij] yac BuMiproBanb. OCHOBHI PeXXUMHU pOOOTH TaKi:

= @opmyBaHHA BiKHA maM’ATi 103BOJIsIE OTPUMYBATH iH(OpMAILifo TIpo nepedir
npouecy ¢opmyBanHs BikHa mam’sTi NCM CTpyKTypH. 3aCTOCOBYIOUYH MOCHTiZIOBHICTD
MPOrpaMyIOYHX IMITYJIbCIB PIi3HOT aMILTITYAW, TPHBAIOCTI Ta MHOJSPHOCTI MOXKHA
OLIHUTH ONTHUMAJbHI PSKUMH NPOrPaMyBaHHs CTPYKTYp MaM’siTi (MakcHMajbHe BiKHO
mam’siTi). 30kpeMa, OyJio 3aCTOCOBaHO METOAMKY YHIMOMsIpHOT (iMmyJjbcamMu OAHi€(
MOJISIPHOCTI)  Tepe3apsIKd  eJeMEHTIB HAaHOKPUCTANIYHOI mam’sATi 1 IoKa3aHa
MOJKJIUBICT POOOTH TPHIIANy B TAKUX PEKIMAX.

= Meron noCHiKEHHS peaakcamii 3apsify 1O3BOJIS€E CIOCTepiraTu mepeoir
Ipoliecy MporpaMyBaHHS CTPYKTYpPH ITaM’sITi TiJ] 9ac, BIacHe, il MporpaMyBaHHS.

= JlocnmijpkeHHs 30epiraHHsi 3apsxy gae  iHGQOpMamil0o TPO  MOXKIHBI
B3a€MO3aJIeKHI MPOLIECH CTIKaHHS 3apsity MiCIsl MPUKIAJAaHHS IMITYJIbCY 3aIHCY, SIKi He
MOXYTb OyTH BHSBIEHI IPU BUMIPIOBaHHI METOAAMH Ul CTPYKTYp 3BHYaiHOI (huient
nam’sTi.

Llngxom ekcrepuMeHTy OyJO MiATBEPIKEHO TCOPETHYHO OTPHMAHI JaHi Mpo Te,
[0 CTPYKTYpH i3 J[BOMa IIapaMHd HAHOBKJIIOYEHb MAalOTh Kpauly 3[aTHICTh 10
3amaM’sITOBYBaHHS 1H(pOpManii Ta MaroTh OUTBIINH Yac yTPHUMaHHS 3apsmy.

Hayxosuii kepienux — Hasapoe O.M., 0-p piz.-mam. nayx, npogecop
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YK 661.669:621.785.37 (043.2)
I'ipvoB A.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

BUBYEHHSI CHHTE3Y TA BJACTUBOCTEM I'PA®EHIB,
OTPUMAHUX HA HIKEJII

I'padpen — ofHa 3 aoOTPONHUX GOPM BYIJIECIF0, MOHOATOMHHIT IIap 3 TeKCArOHAIBHOIO
cTpykTypoto. I'padeH 3a CBOIMM BIACTHBOCTSAMH SIBISETHCS HAMIBMETAIOM 3 MAaJUM
MIEPEKPUTTAM 30HU MPOBIJHOCTI Ta BAJCHTHOI 30HW. BiH yHIKambHUN 3a CBOIMH
¢i3muanMHE BiacTuBocTaMu. Hocii ctpyMy B rpadeHi MaroTh JIHIHHUIM 32 IMITyJIbcOM, a He
KBaJpaTHYHHH, SIK 1le Ma€ BUIUTMBATH 3 piBHAHHA LlpeniHrepa, eHepreTMYHUIA CHEKTP.
Takox BOHM MalOTh HA/I3BMYAITHO BHCOKY PYXJIMBICTB: ITPU KIMHATHIN TemIiepaTypi BOHa
nocsirae 10* cM?/Brc, M0 3HAYHO TEPEBHIYe PYXJIHMBICTH HOCIiB 3apsily OCHOBHOTO
Matepiay Cy4acHOl eeKTPOHIKM KPEMHIFO.

€ Oarato MeToniB cuHTe3y rpadeny. OauH i3 crocobiB oTpumaHHs rpadeHy — e
BHUIIUJICHHS BYIJICHIO Ha TMOBEPXHI HiKemo 3 Ta3oBoi (asu. Dompra 3 HIiKeIO
PO3MILIYETBCS B KaMepy IpY BUCOKii TeMIeparypi B CEpeIOBHIIII iHEPTHOTO 3aXHCHOTO
ray. ByrmeBommeBi ra3m BBOZATECS B KaMepy B SKOCTI JDKepesa BYIJIELO.
ByrieBonHEBI MONEKYJNH pO3MAAAIOTHECS HA IIOBEPXHI HIKENIO 1 aTOMM BYTJIEIIO
mudyHAyIoTh B MeTai. [1oTiM 3pa3ku 0XOJIOMKYIOTECS. Pi3HI MIBUIKOCTI OXOJIOMKEHHS
MPU3BOIATH JI0 Pi3HOT MOBEIIHKM BYTJICIIO B Hikemi. CepeHs MIBUAKICT OXOIOIKCHHS
MPU3BOJMTH 10 YTBOPEHHS OAHOpinHOro mapy rpadeny. binblu aetansHo el MeTon
onucanuii B pobori [1].

B Inctutyti (Qi3MKM HamiBOPOBIJHHKIB BHKOPHUCTOBYIOTh IHIOIMK  CIOCIO
BHpOOHUITBA TpadeHy — rpadeH CHHTE3YEThCS Ha IOBEPXHI TOHKOI IUTIBKU HIKEJIO 3a
paxyHOK BaKyyMHOI TepMOOOpOOKH a00 IMITyIIECHOT TepMOOOpPOOKH B aTMOChepi a30Ty
ctpykrypu Ni/SiC/SiO,, me OararomapoBe BiIKITaJcHHS Ha KPEMHI€BI IUIACTHHI
OTPUMYETBCS METOJIOM MarHeTPOHHOI'O PO3MWIIEHHS. Y LbOMY Ipomneci 1 MKM TOHKa
TUTIBKA HIKEJII0 HAHOCUTHCS Ha moBepxHIO SiC, ToBIMHOIO 50 HM. 3pa3ky HarpiBarOThCS
10 Temmeparyp 850°C, Mmicis 9Oro OXOMOMKYIOTBCA IO KIMHATHOI Temmeparyph. Y
MpolLieci HarpiBaHHs KPEMHil Ta BYTJICIb PO3UHHSETHCS B HiKemi, GOPMYIOUH CHIIILUA
HIKENTI0, SKUM HACHYEHWH aTOMapHHM ByrJieneM. [Ipu OXOJNOMKEHHI BYIJenb
BHIINAETHCS Ha moBepxHi TiiBKK Ni/SiNi, yTBOpIOIOYM BiZl OZHOTO OO KIJIBKOX IIapiB
rpadeHy. YTBOPIOIOThCS rpadeHOBI yIaMKu po3mipoM Oibire 20%20 MKM.

3pa3ku rpadeHy MOCHIIKYIOTHCS 3a JOIOMOIOI0 ONTHYHOI MIKPOCKOII, MIKpo-
Paman crexTpockomii, aTOMHO-CHJIOBOi Mikpockomii, KenbBiH 30HZOBOI aTOMHO-
cuioBoi Mikpockomii. L[i MeToan HO3BONSIOTE JIOCHIKYBAaTH CTPYKTYPY IOBEPXHI,
HaNpUKIaj, peabed MOBEPXHi i MOTEHIIAN TOBEPXHI.

Crnincok JitepaTypu:

1.  Yu Q. Lian J., Siriponglert S., Li H., Chen Y. Graphene segregated on Ni surfaces
and transferred to insulators. Applied Physics Letters 93, 113103 (2008).

Hayrosuii kepisnux — Hazapog O.M., 0-p ¢iz.-mam. Hayk, npoghecop
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Measnuk I1.M., Maiicon M.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

JOCJIKEHHS 3AKOHOMIPHOCTEM TEYIi B CHCTEMI
CTABLJII3ATOPIB I1OJIYMS ITPU HAABHOCTI
NOJNYMSANEPEKMJHUX MEPEMHUYOK

B naniif po0OTi HABOAATHCSA pE3yJNbTATH MAaTEMAaTHYHOTO MOJENIOBAHHS Tedii
MAJILHOTO 1 OKUCHHKA B CTa0UII3aTOPHIN PEemIiTIi 3 MOTyM SIIEPEKHIHOI0 TTEPEMHUYKOIO0.
Bemuka yBara mpuaiiseThCs BIUIMBY PO3MIpIB MEPEeMHUYKH Ha XapaKTEPUCTHUKHU Tedil.
Po3rsaroThCsl TAKOK MOXKIIMBOCTI 3aCTOCYBAHHS MOJYM’SIEPEKUIHUX NMEPEMUUOK 3
PO3BHHYTOIO IIOBEPXHEIO.

OpepkaHi pe3yabTaTH CBifYaTh, L0 OCHOBHI OCOOJMBOCTI Tedii MaabHOTO i
OKHCIIIOBaYa B CHCTEMi CTabii3aTopiB MOIyM’sl 3a HAsBHOCTI MEpeMUYKH 1 mpH ii
BIZICYTHOCTI CYTTEBO BIIpI3HAIOTbCA. A came, y BUIAagKy 0e3 I€peMHUKH,
CTIOCTEpIraeThCsl OJJHA 30HA PEHUPKYILIT y OMIMKHBOMY Clifii 3a ctabimizatopom. [pu
HAsSBHOCTI X IMOJYM’SIIEPEKUAHOI TIEPEMIYKH OKPiM YKa3aHOi 30HHU 3a cTabiii3aTopoM
peai3yeThbesl 30Ha 3BOPOTHHX TOKIB 3HAYHUX po3MipiB. CimijJ TakoX BiI3HAYHTH, IO 3a
BiZICyTHOCTI ITIEpEeMUYKH PO3MIpH 30HU PELUPKYIIALii y OMmKHBOMY ClTifi cTabinmizaTopa
€ 3HAYHO OUTBIIMMHU, HIXK B CHTyaLil CHCTEMH 3 MOIYM’ SIMEPEKHIHOIO TIEPEMHYKOIO.

Sk moka3anu MpOBENCH] JOCIIDKEHHS, HasBHICTD IOIYM SIIEPEKUIHUX TePEMHIOK
CIpHYMHsIE 3HA4YHY TypOymisario motoky. Tak 3rifHO 3 OAepKaHUMH JAHUMH TIPU
IIHPHHI TEPEMUYKH Byep = 20-10° M piBeHb MymbCALii IBHAKOCTI HA TPAHHILAX
BiJITIOBITHNX 30H 3BOPOTHUX MOTOKIB Jocsrae 4,5 M/c, a IpHu BiICYTHOCTI MEPEMHYKH HE
nepesuinye 3,0 m/c.

TakuM 4YMHOM, HasIBHICTH BUXPOBOI CTPYKTypH B 30HI 3BOPOTHHX IIOTOKIB 3a
MOTyM SITEPEKUTHOI0  TIEPEMHYKOI0 TNPHU3BOAUTH JIO TIPUTHIYEHHS  BiINOBITHOL
CTPYKTYpH y 3aKOPMOBili o0nacti crabinizaTopis.

lomo BIMBY OpeOpeHHs MEpPeMHYOK Ha CTPYKTYpy MOTOKY, TO TYT MOXHa
BIIMITUTH HacTymHe. IIpM OfHAKOBii 3arajbHiii IWUpHHI Tagkoi i opebpeHoi
nepemMuyok (20 MM) HasBHICTH OpeOpEHHS He TIIbKM HE 3a0e3nedye J0JaTKOBY
TypOyi3alii TOTOKY, ajie HaBIIaKH 3HIKYE PIBEHb MyJbCallil IIBHIKOCTI B IOPiBHIHHI 3
CUTYAIli€l0 TIIaAKoi mepeMuukd. [Ipudomy mynbcamii MIBHIKOCTI NMPH BHKOPHCTaHHI
MepeMUYOK 3 TPSMOKYTHHM 1 TPUKYTHHM OpEOpEHHSM BUSIBISIIOTHCS —JIOCHTH
OJIM3BKMMH 32 BEJIMYMHOIO Y BCilt 00acTi Tedii. BigmoBiqHo 10 OTpUMaHUX pe3yIbTaTiB
MaTEMaTHYHOTO MOJICTIOBAaHHs, B YMOBaxX, IO PpO3MJLINAIKMCSA, Mae Micue eQeKT
nokainizauii BIUIMBY (OpMH NEpeMHYKH Ha KOH(Irypalito 30HH 3BOPOTHUX TOKiB. ¥ pasi
MepeMUYKH 3 TNPSIMOKYTHHM OpeOpeHHsM B OesmocepeaHiit Omu3bkocti Bim Hel
KOH(iryparis 30HM 3BOPOTHUX TOKIB HEMOB O CTEKHUTH 3a popmMoro nepemuyku. [Ipore
B)KE Ha HEBEJIMKOMY BiJIaJIeHHI BiJ IIEpeMHUYKH BIUTHB ii (hopMu Ha KOH]Irypamito 30H1
3BOPOTHHUX TOKIB BiICyTHiH.

Hayxosuii kepisnux — @ianko H.M., 0-p mexn. nayx, npogecop
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YK 539.19 (043.2)
Caxyn T.M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

JBOKBAHTOBA I'EHEPAIIISI HOCIIB CTPYMY
B ITIOJIIMEPHHUX HIAPAX 3 PE3A3YPUHOM

IIpu mpoBeneHHi OCHIIKEHb TBOKBAHTOBOTO 30Y/KEHHS IOJNIMEPHHUX IIapiB 3
0apBHHUKOM KJIacy OKCa3sMHOBHX — pe3a3yprHoM (Rez) Oymo BusBIIEHO TeHeparito HOCIiB
cTpyMy. Ilpu nboMy XiMidHI IepeTBOPEHHS OyJIH BiACYTHI.

Eneprernuna cTpykTypa pe3a3ypHHy i MONIMEpHOI MaTpHIll Taka, IO BEPXHii
3alHATHH EHePreTHYHUI PIBEHb pe3a3ypHHy PO3TAILOBAHHUIT BUILE 32 BEPXHil 3alHITHIA
SHepreTHYHUi piBeHb Marpuii. IIpy IOCHIIKEHHI TPOIECIiB y BHCOKO30YIKEHHX
CTaHax pe3asypuHy MH BHKOPHCTOBYBAJIM HAMiBEMITIPHYHI METOIH KBAaHTOBO-XIMIYHUX
po3paxyskiB — nporpamu MNDO\d ta AMI. Ilpu gocmimkeHHsX Oya0 BHUSABICHO, IO
30yIUKEHHST MOXKE peajli3yBaTHCA INPH INEpeXOAl eNeKTpOHa He JIMIIE 3 BEPXHBOTO
3alfHATOTO €HepPreTHYHOro piBHSA (Y Hac 42) Ha BHIII, a i 3 HWKHIX piBHIB. [Ipu oMy
CJIEKTPOH 3 MAaTpPUIll MEePEeXOAUTh Ha MiCIe MipKH B OapBHHUKY OCKUIBKH BHII 3aifHATI
PiBHI MaTpHIli BUSABISIOTHCS BUIIMMH 3a PiBHI, 3 SIKUX IEPEHIIOB €NEKTPOH. Y CBOIO
4epry, eNeKTpOoHy 31 30y/KEHOro eHepreTHYHOro CTaHy OapBHHKAa EHEPreTHYHO
BUTi/IHIIIE penlakcyBaTH Ha Mmicue fipku B Matpuni. Ockinbku Ex < 0, TO 9ac xuTTs
TaKOT'o CTaHy IMOBUHEH OyTH MaluM.

st pe3a3yprHy eHeprisi CIIOpiIHEHOCTi 10 eJIeKTpOHa B OCHOBHOMY cTaHi E, < 0,
ane B 30ymkeHoMy ctaHi: E*, = E5 + hv > 0 — mpouec enepretudHo BUrigHHA. Tomy
BiIOyBa€THCS MPOIIEC IEPEHECEHHS EIEKTPOHA MK pe3a3ypHHOM 1 MaTPHUIICIO.

SIkmio Rez™ BimyacTh eeKTpoOH, yTBOPUThCS Rez' (pamuKkain), sKWil TPUEIHYE Bix
Mmarpuri atoM H i crae RezH — HelirpansHoio hopmoro pe3asypuy.

Rez +hv — Rez' + ¢

Po3paxyHKH TOKa3ylTh, 10 4TOM BOJHIO MEPEHOCUThCA HAa Rez , yTBOpUBIIH
3B’SI30K 3 KIHIEBMM aTOMOM KHCHIO, OCKUIBKM Take IPHETHAHHS € HaHOubII
CHEPreTHYHO BUTIIHE.

-109] —
-110 4 /_/ \-\-
4114 . Res-Na +1
112 ] \\
m -113 ] e
0 114
$-115
EEPE ResNa 0
-117 4 . es-Na
183 — _—
1193 \ / .
-1204 . R —
1219 ° . — Res-Na -1
-122 ] \ D/
-1234
124 ] —
T T T T T T T T ,
0,10 0,12 0,14 0,16 0,18 0,20 0,22 0,24 0,26
RN_O, HM

Hayxosuii kepisnux — Konopamenxo I1.0., 0-p ¢hiz.-mam. nayx, npoghecop
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Caxyn T.M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

YTBOPEHHSI JJEAKO-®OPMHU Y BUCOKO3BY )KEHUX CTAHAX
MOJIEKYJ METUJIEHOBOI'O BJIAKUTHOI'O

IIpu BuBUEHHI QyHAaMEHTAIFHUX 3aKOHOMIPHOCTEH, BiIIIOBINANBEHUX 32 MPOLECH,
SIKI TIPOTIKAIOTh y BHUCOKO30YIKEHHMX CTaHaX Tia3MHOBOTO OapBHHWKA METHIIEHOBOTO
OnakuTHOTO, OyJIO BHSBICHO, IIO EJIEKTPOH MOXKE IEPEXOJUTH MK MAaTpHIEI0 Ta
OapBHUKOM.

JocnipkeHHsT  eHepreTH4Hoi CTpykTypu Moiekynmn MB-Cl i ii iomiB 3
BuKopucTaHHsAM nporpamu MNDO/d moxaszano, mo cymapHa €HEpris CHCTEMH
OapBHUK-TIONIMEP MPHU TEPEHOCI EJIEKTPOHA BiJ MATPHIN JO MOJEKYJIH OapBHHKA
MEPEBUIIye SHEPTil0 OCHOBHOTO CcTaHy Ha 7,557 eB, a mpu nepenoci Bijg GapBHUKA 110
martpui — 7,738 eB. Otxe, Oinb iiMOBipHUM Oy/ie IEPEHOC €IEKTPOHA BiJ MaTpHIIi Ha
Mosiekyny OapBHuKa. Takuil IHepeHoC CIIOCTEPIraeTbesl SK INMPH JIBOKBAHTOBOMY
30ymkeHHi MB, Tak i mpu OJJTHOKBAaHTOBOMY .

IlepeHoc eNeKTpOHA B MPOTHICSKHOMY HANpPSMKY MOXJIHBHH TUIBKH 3
BHCOKO30Y/KEHOTO CHHIJIETHOTO CTaHy. PeambHO TeHepamiss QoTocTpyMy Ta
¢doronecTabinpHicTs MB mposiBisieThest pH 30yDKeHHI cBiTiioM 3 A<330 HM (>3,76
eB).

B s3anexuocti Bin ¢popmu MB npotoHyBanHs ocHOBHOI popmu MI'" BinGyBaeThes
Mo IEHTPaJbHOMY aToMy a30Ty. 3 iHmoro Ooky, i BimHoBieHa ¢opma MBH, sika €
NeHKo-POpMOI0, Mae HaHIKYIY €HEprilo, OTXKe — e cTabinbHa MOJIEKyJIa.

IIpu nBokBaHTOBOMY 30y/DKeHHI (poTOXiMiuHA peakiis BinOyBaeThcs 3a PaxyHOK
TepeHeCeH s eNeKTPpoHa Ha 30ymkeHy Monekyny MB' 3 yTBOpeHHAM HeHTpanbHOTO
pamuKkany, SKHH HEepexoIUIIoe 3 MaTpHIi aTOM BOAHIO, YTBOPIOIOYH JIEHKO-(hopMy
MByH.

Po3paxyHku HoKa3aid, 10 IIPU JBOKBAaHTOBOMY 30yJDKEHHI CHOYATKY 3aCeis€ThCs
T, — cTaH, 10 SKOTO MOTIM JOZA€ThCS KBAHT CBiTNa 3 eHeprieo 15000 cm™, To6TO,
MOJIEKyJla TEepPeXOomuTh B CTaH Ty, KM MOXKE BUCTYIIAaTH aKIENTOPOM eJEeKTPOHa,
ockiipku 1-MO nenokaiizoBana (oTxe, nepekpuBaethes 3 MO noniMepHoi MaTpuiii) a
0s*-MO JrokamizoBaHa (HE B3a€MOJi€ 3 TOJIMEPHOI0 MAaTPHIECH0). 3 SBISETHCS
MOJKJIUBICTD TIEPEHECEHHS eNeKTpoHa Ha M-MO 3 MOAaNbIIO TEMHOBOIO PEAKIIE0 —

CTBOpPEHHSM Jeiiko-(hopmu GapBHUKA.

MI" +hv —— MI* ——— MI'yH

mampuys Mmampuys

Hayrosuii kepisnux — Konopamenxo I1.0., 0-p ¢hiz.-mam. nayk, npoghecop
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Cepena B.A.
Hayuonanvnwviii aspoxocmuveckutl ynusepcumem
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ONPEJAEJIEHUE BHYTPUCUCTEMHBIX IEPEMEHHBIX B 3AJIAYE
ONTUMMIALIUN NTUHAMUYECKHUX XAPAKTEPUCTUK HASEMHbIX
IIYCKOBBIX YCTPOUCTB

B kauecTBe NpPUOPUTETHOrO HANpPABICHHUS ONTHMHM3ALUM HA3€MHOTO ITyCKOBOTO
yerpoiictea (HITY) s 3amycka OecrnmmotrHoro jerarensHoro ammapara (BJIA)
BBIOPAaHO  YNIydIIEHHE [UHAMHYECKUX  XapakTepucTuk. Ilox  ONTUMAalbHBIMU
JIMHAMUYECKUMH XapaKTePHUCTUKAMH NMOHMMAETCA NpHAaHUE HEOOXOAMUMOH CKOPOCTU
BBojga B monetr V.. bBJIA ompenemeHHOM Macchl my;, Ha MHHHMAaJIbHOM Y4YacTKe

min
JUUINHBI HaHpaBﬂﬂIOH.[eﬁ L s YCioBUAX OFpaHI/I‘IeHHOﬁ CTapTOBOﬁ NEPETPY3KU l'lx .

Pazpabotana  KOMIUIEKCHAs ra3oTepMoHaMUuYecKast Hu MeXaHH4ecKast
comnpspkeHHas Monesis HITY koTopast cCOCTOUT M3 pacIIUpUTETBHOW MAIIHHBI M THOKOU
TpaHCMHCCUU. MoJeNTb MHEBMATHUECKOM KaTamyIbThl HapaMeTPpU3UpOBaHa C MOMOIIbIO

(bakropHoii Matpuisl F, koTopas cocrout u3 o0mux IT, u uacTHbx napamerpos Iy .

F:{Ho,ﬁq}={R dy 9}{...}, ()

T, V, 8§
rae R - ra3zoBas mocrosHHas; T, — HavampHas Temmeparypa rasa; d,, —
JUaMeTp MarucTpanu TnojBoja pabodero tema; V, — o0ObeM OamnoHa co CXKaThbIM

BO31yXoM; O — yroi mycka; & — yroa ycranoBku BJIA Ha Hanpapistromeii.

B pesynbrare YMCIEHHBIX OKCIEPHMEHTOB IyTeM OJHONAPaMETPUYECKOro
U3MEHEeHUs (B HEKOTOpOM aumamas3oHe) obmmx mnapamerpos HITY TI, mnomydeHs
JIMHAMHUYECKHE XapaKTePHCTUKH. J[OMMHMpYIOIIME W BTOPOCTEHEHHBIC MapaMeTphl
BBISIBJICHBI C TTOMOIIBIO TIPaBUJIa HOPM Ha OCHOBAHMH MOIU(UIMPOBAHHOTO KPUTEPHUS
MOTYIIECTBa CTBOJIBHBIX (KaJTMOSPHBIX U HAIKATHOEPHBIX) CHCTEM

2
_ mEJ‘[AVmin (2
Nurm = 2 T1d° )
Puun
rae P, — CPCAHCHHAWKATOPHOC JaBJICHUC, T — JJIMHa pacumpprrenbﬂoﬁ

MammHb B kKanmopax; d — quamerp nummagpa HITY.

Brisieno, uyto peryiaupoBanue mose3Hod ¢yHkumu HITY 3a cuer oOmmx
mapaMeTpoB (akTopHOH MaTpuusl II, okasbBaeTcss Hed()GhEKTUBHBIM, T.K. HOpMA
NpeJeIbHbIX U3MEHEHUH KpUTEpHs MOIyIecTBa cocTaBiseT 3%.

Takum o0pasoM, B 3ajade ONTHUMH3AUMHM JUHAMHYECKHX XapaKTEPUCTHK
KaTalyJIbThl B KauecTBE BHYTPHCUCTEMHBIX IIEPEMEHHBIX IPUHMMAIOTCA YacTHBIE

mapametpsl Iy 3a cuer riryOokoi MoAepHHU3AIMM KOHCTPYKIMM TPAHCMHCCHH HIIH
npusoja HITY.
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DESIGN, PRODUCTION, MAINTENANCE AND DIAGNOSTICS OF AVIATION
TECHNIQUE AND GASTURBINE UNITS

UDC 625.717.02:625.717.2 (043.2)
Adamenko A.V.
National Aviation University, Kyiv

THE TECHNOLOGY OF CLEANING THE ARTIFICIAL AIRFIELD
COVERINGS FROM RUBBER DEPOSITS

Rubber deposits on a runway creates a dangerous landing situation. Rubber deposits
can completely cover runway marking in two days. Therefore, with constantly
increasing intensity of takes off and landings, the problems of deposits removal
increases, as time, available for cleaning and service of a runway between take off and
landing of planes at the airports with high intensity of flights, is counted by minutes.

There are some methos for removal rubber nakara from a surface of a runway. In
foreign practice removal of rubber traces is carried out, generally by hydraulic and
mechanical methods. However, the problem of rubber deposits removal from the
runway surface is actual today.

There are four main ways to fight against rubber deposits on firm coverings:
technical, technological, organizational and physical.

Technical method is compulsory rubber deposits removal from firm coverings of a
runway by means of various methods of cleaning.

Technological method is choosing of a runway covering materials and choosing of
optimum parameters of a tire protector material.

Organizational method is the organization of the process of aircraft landing,
representing itself moving relatively on width or length of a runway point of primary
contact the tire firm covering. Sometimes it might be changes in the side of the aircraft
landing depending on the wind direction.

Physical method is the using of physical phenomena for search and development
innovative methods of cleaning the firm coverings.

The usage of this classification provides the accounting of all known methods and
the equipment for rubber deposits removal.

For flights safety it is necessary to clean rubber deposits from a runway covering.
Moisture availability on a covering with rubber deposits increases probability of basic
decrease in factor of a friction between the chassis and runway.

When thickness of rubber deposits increase the brake way of the aircraft increases,
and also increases the necessary time for cleaning the covering to set quality. Ultrasonic
method is one of the most effective methods. It is revealed that on the key process
parameters of ultrasonic cleaning essential influence by such factors, as moisture
concentration degree and extent pollution. To determining the pollution degree, an
assessment ultrasonic cleaning process of ultrasonic cleaning surface as depending on
extent of pollution the choice of this or that mode of cleaning is necessary. The more
extent of pollution, the more time for removal HakaTa. is needed

Scientific supervisor — O.Y.Sydorenko, Ph.D., associate professor
14



CYYACHI ABIALIIMHI TEXHOJOTITi

UDC 629.735.036.3(043.2)
Bature Benjamin
National Aviation University, Kyiv

MODERN DESIGN AND OPERATION OF TURBOPROP JET ENGINES

By 1939, scientists had been conducting laboratory experiments with early jet
turbine engines. However, due to the large size and impractical fuel consumption, these
machines remained in the laboratory setting. Nevertheless, World War II offered
significant financial and military incentives for the advancement of jet engines. In
Germany during the War, Hans von Ohain used his jet engine to power Ernst Heinkel’s
small aircraft — the Heinkel Hel78. In late 1939, the flight of this airplane became the
first practical use of jet engines. Simultaneously, in England, Sir Frank Whittle was
testing his jet engine, the W1. After the Gloster Aircraft Company created their small
experimental aircraft, the W1 made its first flight in1941. In history, both Hans von
Ohain and Frank Whittle are recognized as the inventors of the jet engine.

Reciprocating engine: this type of engine was the first type of concept that was used
in the earliest aircrafts. The whole air-intake, compression, combustion, output and
processes were done withing the engine by the use of pistons. The reciprocating engine
consisted of some major components namely: piston, cylinder, crankshaft, valves, plugs
and crankcase.

Turboprop engine: this particular type of engine is made up of different elements
which work simultaneously but independently to produce the final thrust needed to
accelerate an aircraft. The first element which is the PROP is basically used for the
intake of air at varying speeds depending on the regulation by the pilot.

Turbojet engines: in this type of engine, the principle is same as the turboprop but
the intake of air is done by small blades at the entrance of the engine. These blades are
set in an angle where the rototation of each blade is able to absorb as much air as
needed. About 25% of the air taken in is moved into the first set of compressors (low
pressure) before moving again to the high pressure compressors where there is an
increase of pressure. After this stage, the pressurized air is taken into the combustion
chamber where there is a fuel burner and the process of combusting the air takes place.
The temperature of the the combusted air is high at this stage so special types of metals
are used (basically titanium and some alloys). The combusted air is then shot out
through the nozzle of the engine at a high acceleration and pressure which gives the
aircraft it’s thrust. The other 75% of the air goes through the by-pass which helps to cool
the combusted air through out all these process.

Ramjet Engine: this is another type of engine but not so popular as the other types.
This type of engine works on the same principle as the rest. Here both the inlet and
outlet of the engine is streamlined to allow the fast intake and output of gas.

Scientific supervisor — T.P. Maslak, Ph.D., associate professor
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AIRCRAFT GROUND DE/ANTI-ICING

Aircraft Ground De/Anti Icing procedures serve three purposes: removal of any
frozen or semi frozen moisture from critical external surfaces of an aircraft on the
ground prior to flight; and/or, protection of those surfaces from the effects of such
contaminant for the period between treatment and becoming airborne; and/or, removal
of any frozen or semi frozen moisture from engine intakes and fan blades and protection
of external surfaces from subsequent contamination prior to takeoff. It should be noted
that fan blade ice which may be accumulated after the pre-start visual inspection,
including whilst the engines are running at low thrust prior to take off, is removed by
following prescribed engine handling procedures. First of all, the aircraft must be
inspected for signs of contaminant already adhering to surfaces and where found on
surfaces which must be free of contaminant, it must be removed using sutable deicing
ground fluid.

Secondly, the prevailing weather conditions must be assessed. If further adherence
of contaminant to the airframe surfaces is currently occurring or anticipated prior to the
time at which it is expected that the aircraft will get airborne, then a suitable ground
anti-icing fluid should be applied. In both cases, the time after the start of fluid treatment
from which protection is provided by the fluids applied depends upon the prevailing
conditions. The fluids are designed to shear off the aircraft surfaces to which they have
been applied no later than the point at which the aircraft becomes airborne. This means
that the ground application of fluids has no effect upon the risks which arise from the
accretion of frozen deposits on the aircraft at any time after take off. The aerodynamic
effectiveness of an airframe requires that it begins flight with critical surfaces free from
contamination by frozen or semi-frozen moisture. This is called the clean aircraft
concept.

Failure to remove contamination from an aircraft and/or to protect it from acquiring
further contamination before it becomes airborne may result in sudden loss of control at
or shortly after take off. In the case of aircraft with rear mounted engines, any ice on the
inner wings of an aircraft at take off may be shed and ingested into the engines causing a
partial or total loss of thrust. Intake duct deposits and engine blade deposits may detach
and be ingested by the engine(s) during the subsequent application of high power
settings for takeoff, with consequential adverse effects on engine operation, and possible
flameout.

To protect against loss of control, the following precautions should be taken prior to
flight in weather conditions which are or have recently been conducive to ice accretion:
A thorough inspection of all the airframe critical surfaces to establish if any existing
contaminant is present; the prevailing surface temperature of the aircraft skin is as
important as the prevailing Outside Air Temperature (OAT).

Scientific supervisor — V.V. Varyuhno, Ph.D., associate professor
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DEVELOPMENT OF AIRCRAFT DIRECT FUELLING SYSTEM

Timely delivery of the correct, clean and dry fuel to the aircraft is one of the most
important points of airport operations. On the quality of fuel, lubricants, oils and greases
depends flight safety, and therefore the protection of human lives. Generally it is
difficult to overestimate the role and importance of aircraft fueling in civil aviation.
Operating experience of the aircraft has shown that use of refuellers becomes
uneconomical and complicated with growth of fuel volumes for aircraft fuelling.
Therefore today the direct fuelling systems are usually found at busy, medium to large
airports. Direct fuelling is fast, efficient, safe and can be used for almost all transport-
type aircraft. In some busy airports, direct fuelling systems are quite complex and far
reaching and can serve over one hundred aircraft simultaneously.

Direct fuelling system is a network of underground piping that delivers fuel from the
tank farm complex to aircraft positioning at passenger terminals and aircraft parking
aprons. The fuelling system comprises distribution tanks of tank farm, set of pumps
operating in parallel, set of filters/separators for water and mechanical impurities
removal, appropriate flow control valves. Strainers should be used to protect the pumps.
The pumps and filters are typically installed as sets on a manifold. This arrangement
will ensure the flow capacity of the filter elements is not exceeded. A flow control
valves should be used to regulate the flow through each set. The pump and filter
manifold system will be provided with sampling points for fuel quality check. Thermal
reliefs shall be provided for any sections of piping to protect against expansion pressure.

The tank farm can often be located by long distances from the fueling apron. The
system layout and distances influence on the pump size and piping size. Therefore each
individual airport must be thoroughly evaluated to determine the proper pressure rates
and flow capacity required of system. The hydraulic analysis should be performed to
determine the appropriate pump parameters and line size.

The underground piping network includes individual fuelling hydrant pits situated at
the apron area connected to the parked aircraft. Hydrant pit valves are used and located
on the fueling apron to connect the fuel servicing vehicle or cart to the hydrant system.
The fuelling vehicle or cart provides the connection between the system and the fuelling
point on the aircraft. Such special fuelling vehicles should be provided with metering,
filtration and pressure control valves to safety control the fuel flow into the aircraft. The
fuelling vehicle or cart shall be equipped with dead-man type system to stop the fuel
flow in emergency situations.

So, planning an aircraft direct fuelling system requires careful consideration of the
many factors affecting the effectiveness of fueling process. Factors to be considered
includes the types of aircraft to be served, the volume of air traffic, location of tank farm
and fueling apron.

Scientific supervisor — M.S. Storozhenko, Ph.D., associate professor
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RESEARCH OF TECHNICAL CONDITION OF ENGINE AH-25

Technical condition of bypass gas-turbine engine AWM -25 in most cases is
determined by value of parameters, which are measured with the help of onboard
control devices of ground power unit work.

AU -25 — is bypass gas-turbine engine design by A.G. Ivchenko designed for
installation on the Yak-40. First stage of turbine — is high-pressure turbine which rotates
rotor of high pressure compressor and the drive system. The second and third stages - is
the low pressure turbine which rotates rotor of low pressure compressor. This engine has
a lot of advantages: high reliability, high fuel efficiency, a high level of dynamic
stability to external irritant, minor labor and time for maintenance, minimum life cycle
costs.

Value of measured parameters of gas turbine engine depends on environmental
condition, quality of engines fuel-control device regulation and their technical condition.

Besides, value of measured parameters is essentially influenced by initial engine’s
state which depends on quality of their manufacturing and repair. That’s why absolute
values of measured parameters are not informative enough for diagnostics of engines
technical conditions.

It is necessary to analyze the change of engine operating time parameters, which are
modified to the condition of standard atmosphere for increase of the technical condition
control effectiveness.

Experimental data:

Py =735 mm Hg

Ty =+2°C

Operating time= 2300 (hour)

neppe = 92,8% - according to logbook

npppc= 92,4% - determined in the result of the experiment

T, (past the turbine) = 420 °C - determined in the result of experiment

LPC=63%

T at control testing = 418 - according to logbook

So, we have compared the received results with the logbook and can say that engine
can be exploitated further, as the excess is allowable according to T, (past the turbine)
and nggpc

Scientific supervisor — O.1. Bogdanovich, Ph.D., associate professor
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THE USAGE OF AIRFIELD COVERING DEICING TECHNOLOGY

In winter season the problem of rising the safety degree in airport is very relevant
due to the occurrence of snow-and-ice formations on the airfield covering and
decreasing of the adherence of the aviation ground equipment wheels and aircraft
chassis with it. Airfield covering is considered to be serviceable in the absence
of foreign objects, precipitation layer on it’s surface and in the case when it provides
necessary adherence of aircraft wheels with airfield pavement, sufficient for effective
braking on the runway.

There are 6 types of snow removal machines that are used for the airfield
maintenance in winter: plough, sweeper, rotational, scraper conveyer, vacuum, thermal
machines and deicing agent distributors. The cleaning technology includes 2 types of
work: airfield cleaning from snow and glazed frost removing or prevention by the usage
of thermal machines, salt and chemical reagent distributors. However usage of new
technologies can reduce number of used technical equipment.

Different types of snow-cleaning machines are intended for cleaning the airfield
covering from the new-fallen snow. With the help of these machines and in accordance
with their constructional features snow is removed or thrown aside. The chemical
reagent distributors are used together with snow-cleaning machines. There is a great
number of salt mixtures and chemical reagents types.

Modern used deicing agent mustn't increase the ecological loading on the natural
environment, mustn’t have toxic action on human being and on animals, cause the
increase of aggressive influence on metal, concrete, leather and rubber. Acetate and
formate such as potassium salt, natrium chlorine and natural mineral bischofite are used
for ice control of airport runway. However there are confirmations that modern used
facilities represent serious danger for the integrity of the runways or cause significant
harm to the environment. In order to decrease the volume of used reagents it is
necessary either decrease the thickness of snow covering or use it until the formation of
icing during the precipitations. This requires the accurate weather forecast..

That's why it is suggested to use the technology based on preventing the formation
of high snow covering and preacting the airfield covering processing by chemical de-
icing reagent before the ice formation or during the appearance of ice and snowfall.
Given technology is not new and is well-known, but it wasn't used for a long period of
time because of incorrect weather forecast. New effective monitoring of the
environment allows to use it effectively.

Investigation results have shown that the appliance of technology preacting the ice
formation decreases general sum of chemical reagents used for winter on 20-30%. And
usage of liquid reagents allows to realise the possibilities of new technology fully.

Scientific supervisor — O.Y. Sydorenko, Ph.D., associate professor
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THE FEATURES AND PHENOMENA OF MSD IN AVIATION STRUCTURES

The problems of aircraft fatigue cracking have been following the aviation industry
since a propeller shaft fatigue failure delayed the first flight of the Wright Brothers’
airplane at Kitty Hawk. The history of fatigue problems in aircraft fuselages dates back
to the early days of pressurized cabins.

Today's highly competitive environment in the commercial air transportation
business instigates airline companies to continue operating their aircrafts beyond the
original design life, as long as the maintenance ascertaining their safe operation is more
cost-effective than the investment into new aircrafts.

Most aircraft fleets nowadays are operating under the concept of damage tolerance,
which requires an aircraft to have sufficient residual strength during the interval of
service inspections.

The awareness of the subject of the aging aircraft was intensified after 1988, when a
19-year old Boeing 737 operated by Aloha Airlines had a structural failure. The
examination of the remaining structure revealed the presence of multiple fatigue cracks
in the upper row of rivet holes of the fuselage skin lap joint — a phenomenon referred to
as multiple-site damage.

Multiple Site Damage (MSD) is a source of widespread fatigue damage
characterized by the simultaneous presence of fatigue cracks in the same structural
element (i.e. fatigue cracks that may coalesce with or without other damage leading to a
loss of required residual strength).

The methods of MSD monitoring, which is period that could be used in a number of
situations where MSD/MED crack growth is detectable before the structure loses its
required residual strength.

Areas susceptible to MSD/MED Susceptible structure is defined as that which has
the potential to develop MSD/MED. This structure has the characteristics of similar
details operating at similar stress levels where structural capability could be significantly
degraded by the presence of multiple cracks;

The future of that widespread problem. Since that problem is actively investigated
and there are a lot of methods and new technologies for its prediction, the number of
accidents will be considerably decreased

Scientific supervisor — S.R. Ignatovich, Dr.of science, professor
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METHODS AND SYSTEMS OF LEAKAGE DETECTION IN AIRCRAFT
HYDRANT FUELING SYSTEMS

Hydrant fueling systems nowadays are widely used in the world’s largest airports.
Older hydrant fueling systems were constructed of single-wall pipe without leak
detection systems while nowadays every system must be equipped with leak detection
facilities. As the pipelines are under ground surface the problem of leak detection and
location is quite difficult. For this purpose several types of systems with different
operation principles were developed.

There are two certified leak detection systems for hydrant fueling lines that can be
built in and programmed for periodic testing. The German Hansa system uses a pressure
test while the Vista Research system uses on a volumetric test. Both systems take into
account the temperature change due to system testing at two different pressures.

The Vista test is a static test similar to a pressure one, but instead of letting the
pressure to drop the system keeps it constant and measures how much liquid volume
should be added or removed from the system to keep the pressure constant.

Hansa system makes tests under high and low pressures and measures pressure
change instead of volume change. Hansa system tests system just in 45 minutes, so the
test can be carried out every day if needed.

Hansa and Vista systems can detect leak but they cannot determine its exact
location, so other technologies are used for this purpose. Vista is working on an acoustic
system or “a high tech listening system”. Another approach to leakage location
determination is usage of Nitrogen and Helium injection into a pressurized line. After 8
to 24 hours a special pump with a probe can detect Helium above the underground
pipelines.

TraceTek Leak Detection and Locating system combines leak detection and location
technologies. The most important element of this system is a sensing cable installed
inside slotted PVC conduit along a buried hydrant pipeline that can detect a small fuel
leak and identify its location with high accuracy.

Modern hydrant fueling system must provide not only uninterrupted supply of fuel
to the aircraft but also ensure safe operation and detect leaks in case of their occurrence.
Modern hydrant fueling systems take more into accout environmental concerns, leak
detection, corrosion control. They provide detection of extremely small leaks in such a
way preventing environment from pollution as well as decreasing charges due to fuel
leakage.

Scientific supervisor — M.S. Storozhenko, Ph.D., associate professor
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TYPES OF METALS FRACTURE AND REASONS OF THEIR APPEARANCE

The quality of manufacture and assembling of steel structures, and their technical
operation requirements are regulated by the state and industry documents. However, due
to imperfect rules and design errors, poor quality of manufacture works and assembling
of structures, irregularity of operating rules in the construction appear the deflection
from the design size, shape and quality of the above permissible limits. Imperfections of
construction, which appear during manufacture and assembling, are called defects.
Imperfections produced during operation - damages. Mostly, damages appear in case of
developing of the defects. They arise and evolve over time and depend on the age and
intensity of impacts.

Depending on the effect causes defects can be divided into:

1) mechanical defects— such as cracks, buckling, warping and abrasive wear;

2) temperature defects- buckling and destruction of elements at high temperatures,
brittle cracks at low temperatures, damage of the protective coatings in case of heating;

3) chemical and electrochemical defects- corrosion of the metal and the destruction
of protective coatings.

Fatigue is a major concern for engineers who wish to insure the longevity of a
product under stress. Overworking may be the result of over-manipulation during
production time or the result of excessive use by the consumer. Fatigue begins when the
surface of the metal develops a deformation. Cracks work their way into the metal from
these surface deformations. As these cracks develop, the metal actually tears apart. If
undetected, a crack may eventually cause catastrophic failure by a fracture mechanism.

Fracture occurs when the metal experiences stress that exceeds its yield strength.
Fractures occur as two different types, ductile fracture and brittle fracture. Brittle
fracture occurs when the metal doesn’t yield before it breaks. Instead of the sheets of
atoms in the metal sliding over each other as occurs in deformation, when stressed, the
sheets of atoms pull completely apart. This type of fracture most often occurs in metals
that are extremely hard. Brittle fracture almost always occurs at low temperatures.

Ductile fracture is the most common type of fracture in metal. Unlike what occurs in
a brittle fracture, the metal yields before it breaks in a ductile fracture. The peak stress a
metal can withstand before it breaks is called tensile strength. Ductile fracture is caused
by the stress exerted on the metal actually work hardening the metal as it yields, cracks
from fatigue develop, and then these cracks propagate very rapidly through the metal
until complete failure occurs.

Scientific supervisor — A.Y. Yakobchuk, Senior teacher
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ADVANCED TIB,-BASED COMPOSITE MATERIALS

Titanium diboride (TiB,) is well known as a ceramic material with relatively high
strength and durability as characterized by the relatively high values of its melting point
(2900 °C), hardness (33 GPa), density (4.52 g /sm’) and high oxidation resistance up to
1000 “C. However, TiB, exhibits poor sinterability and relatively low fracture toughness,
that limits its industrial application.

Compositing is a possible way to avoid some of these problems. Because of titanium
diboride frangibility it is rationally to apply it together with metallic binder. The
wettability plays an important role in the fabrication of metal-ceramics composites.
Good wetting and absence of chemical interaction between ceramics and metal alloy are
the main requirements to produce composites with the desirable mechanical properties
and wear-resistance.

Iron and nickel alloys with the additions of the interface or surface active
components are widely used as binders in ceramic-based composites because of their
plasticity and cheapness. Therefore at Ukrainian Institute for Problems of Materials
Science some wear-resistance TiB,-based composite materials have been developed
taking into account the wetting behavior and contact interaction between refractory
boride and metal alloy.

The TiB,-based composites with Fe-Mo binder have been obtained as wear resistant
materials in abrasive medium. It has been determined that TiB,—(Fe-13%Mo) system
prove to be an optimum for the new cermets production because of good wetting and
minimal interaction between components. The developed composite materials of TiB,-
(Fe-13wt%Mo) system have the heterogeneous structure consisting of the matrix, the
latter being reinforced with the borides inclusions. The hard boride grains sustain the
action of abrasive particles and increase wear-resistance.

The TiB,-SiC composite materials with Ni-20mas.%Cr binder have been developed
for dry sliding friction conditions. The structure of new (TiB,-SiC)-(Ni-Cr) cermets is
heterogeneous and consists of titanium boride grains and metal bond that represents
silicon solution in nichrome. It is possible by the amount of metal binder content to
influence on oxide films thickness in cermets and to operate on their wear-behavior
under dry sliding friction.

The developed TiB,-based composite materials with (Fe-Ni-Al) and (Fe-Cr) binders
have been used for deposition of protective coatings on the cutting tools. It has been
established that wear behavior of composite materials depends on the amount of metal
binder as well as its composition: small amount of plastic cobalt binder facilitate cutting
properties rather then big amount of metal binder is good for sliding friction

Scientific supervisor — M.S. Storozhenko, Ph.D., associate professor
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ECONOMICAL PROSPECTS OF UAVS GROUND SUPPORT SYSTEM
FORMATION

Unmanned Aerial Vehicles (UAVs) are the most innovative and cost effective
transport technology for civil aviation operations and services performance. It is an
aircraft which is operated without pilot performance on board, i.d. automatically. The
main civilian spheres of UAVs use are aerial photography, agricultural needs, road
monitoring. It is necessary to provide the suitable UAVs ground support system for
these operations performance.

UAVs ground support system includes such elements as Ground Control Station
(GCS), Ground Data Terminal (GDT) and Ground Support Equipment (GSE). GCS is
the hub of an unmanned aircraft system. It is what processes the incoming data and
sends control instructions to the aircraft. A typical ground control station (GCS) will
envelope three main functions: mission planning, mission control and data
manipulation.

Ground Data Terminal (GDT) consists of ground data terminal antenna with scissor
jacks that provides the data links between the ground control station and air vehicle.

Ground Support Equipment (GSE) contains the UAVs operator work performance
and correspondent hardware and software for received information processing. For
example, for aero photo maps processing such programs as Digitals, ArcGIS and
AutoCAD are generally used. The main part of GSE is the portable laptop with GPS
navigator and antenna. It can be used every PC with such requirements: the frequency of
the processor - at least 1.5 GHz, RAM - at least 512 MB, screen resolution - better than
1280 x 1024, free space on your hard drive - at least 100 MB. Thus, the economic
efficiency of UAVs ground support systems depends on the costs of hardware and
software for UAVs operations performance.

Table 1.
Economical indicators of PC and software (Digitals) for UAVs operations

Economical indicator PC Digitals >
Permanent cost of equipment 400-2000$ 10008 2000%
Level of tear of equipment per year 100$ _ 1003
Average year cost of the equipment 1000$ 5003 1500$
Amortization per year 508 258 758
Price per exploitation (one day) 50-1008 500-1500% 11008

> 21758 2525% 47008

According to the listed information the price for suitable UAVs ground support

operations is less than 50008. It is very small price in comparison, for example, with
cost of one UAV - 2500-150008. Thus, the development of UAVs ground support
stations in Ukraine has a lot of economical advantages.

Scientific supervisor — S.S. Yutskevych, Ph.D., assistant
24



CYYACHI ABIALIIMHI TEXHOJOTITi

UDC 62-135.044.15(043.2)
Truba V.S.
National Aviation University, Kyiv

WAYS OF INCREASING THE EFFICIENCY OF THE POWER PLANT BASED
ON AIRCRAFT GTE

At present time, an increasing number of the power plants of terrestrial power
stations and surface ships of fleets of the development countries are equipped with gas —
turbine engines as the main drive. Gas — turbine engines are a part both single gas —
turbine power plants, and combined a diesel — gas — turbine power plant.

Significant progress in gas-turbine engines will make at the expense of development
of new heat resisting materials and coverings, and also ways of cooling of hot parts of
engines. The main advantages of the GTE are: high profitability, large aggregate powers
at small weight and dimensions, adaptability to automation, high reliability, simplicity
of a design and maintenance, high manufacturability, the possibility of unit repair.

The gas turbines are the greatest means to generate mechanical power. Gas
turbines have been successfully working in large scale to generate the electricity,
whereas gas turbine ensures superior thermal efficiency as compared to steam turbine.
Different means have been employed by a lot of researchers to get better thermal
efficiency of the turbines, particularly the gas turbine. One of the means is to increase
the gas-turbine inlet temperatures and decrease the compressor inlet air temperatures,
this mean increase the peak cycle temperature ratio.

More often convertible GTE are created on the basis of the aircraft engines
belonging to the previous generations, therefore, of possessing modest parameters of
working process, high temperature of exhaust gases and rather low effective efficiency
about 25 ... 30 % .

Modern gas-turbine engines as a part of GTU have efficiency of 40-45% thanks to
the big extents of increase of pressure in the compressor (30 for power and 40 for
aviation) and high to gas temperatures in the inlet of the turbine (1260 °C).

Now most fully the technical and thermodynamic capabilities realize gas-turbine
engines in power steam-gas installations. In the complete combined thermodynamic
cycle of Brayton — Rankine most effectively (with the greatest efficiency) opportunities
high-temperature under water of thermal energy to a working environment (gas part of a
cycle) and its low-temperature branch in steam part are energetically used at
condensation of water vapor. Such power installations by optimization of parameters of
both parts of a thermodynamic cycle in a condensation operating mode at the rated
power can have efficiency more than 60% that is unattainable separately neither gas-
turbine, nor a steam turbine installations.

Scientific supervisor — L1 Gvozdetskiy, Ph.D., associate professor
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THE APPLICATION OF THE UNIVERSAL AIRCRAFT TUG

Independent movement of the aircraft on the airfield reduces resource of its engine
(start warming up, taxiing, stop) and other power units. Towing the aircraft (AC) is the
movement of aircraft along the surface under the influence of external forces. In the
most cases, for towing is used rigid connection as the tow bar, which is attached to the
nose of the landing gear of the aircraft. Flexible coupling is used to pull the aircraft from
slimy ground, and in case when the efforts on the nose landing gear can exceed the
value of design constraints .

Nowadays, the Ukrainian airports are mainly used special pushback tractor of
different manufacturers. However, the intensity of the air traffic at the most airports is
less than in the major European cities, it is proposed to use for towing the aircraft
universal type TALET 30. The usage of this type of special equipment can significantly
reduce the airfield car park because it is possible to use this type for towing cargo
trolleys and other non-powered airfield units.

Universal aviation tractor and the aviation equipment that are providing service of
the airports with the help of the TALET 30 is designed for moving and towing all types
of planes and helicopters up to 50 000 kg on concrete and asphalt surfaces of the
airfields and with the weight up to 20,000 kg on the fenced grassy surfaces. Also it is
designed for towing of service equipment on attached and non-attached airport surface.

Especially actual application of this unit is made in the airfields of local airlines,
private airfields and airfields with low intensity of passengers and cargo transporting ,
at the temporary airfields. In such circumstances, TALET 30 can successfully replace
equipment for winter and summer service of the airfield pavements, including
snowblower with the special design of traction suspension.

When we are using a three-point suspension with additional devices (snow sock,
snow cutter, rotary mower, sweeper spade) tractor is able to carry out cleaning of
parking spaces from the snow and loose dirt, and make cleaning of the technical spaces
of the airfield. Thus, these features and equipment of the tractor allows to use it on
military and civil airfields, and can lead to significant cost savings, related to the content
of the special ground equipment.

Scientific supervisor — O.Y. Sydorenko, Ph.D., associate professor
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PERSPECTIVE OF USAGE HYDROGEN AS AN AUTOMOBILE FUEL

Many decade people want to change automobile and other heat engine by hydrogen
or half board.

Hydrogen is an effective acumulator of energy. Using hydrogen in different
envirement as a fuel, which can give greater deposit into the world energy, when
resources of using fuel will be simultaniously to the full starvation. Hydrogen as a motor
oil have some aspects which are different from the other types of fuel. Using of the
hydrogen can organizate a new work process of internal combustion engine, upgrade
their fuel economy and decrease quantity of exhaust gases.

Hydrogen cars are divided into two groups:

» by type of power plant (the internal combustion engine, the Stirling engine,

the electric motor for fuel cell);

» by way of storing hydrogen (cylinder, cryogenic, metal hydride).

Many automakers, such as BMW, Ford, Nissan, Honda, Hyundai, Mazda and others
are develop hydrogen-powered models of car.

Now hydrogen car design includes cryogenic tank with liquefied gas and advanced
internal combustion engine (BMW Hydrogen 7) or compressed gas cylinders and

electric motor on fuel cell (Nissan FCV).

Table 1.
Consider the basic characteristics of hydrogen-powered cars.

Parameter BMW Hydrogen 7 Nissan FCV
Engine internal combustion electrical, AC
Working volume, sm* 5972 —
Max power, hp/kW 260/191 122/90
Max torque, Nm/rpm 390/4000 280/0—2800
Transmission automatic, 6-gear absent
Battery fuel cell power, kW absent 90
Rechargeable battery absent lithium-ion
Fuel gasoline or liquefied compressed

hydrogen hydrogen
Maximum presuure in the hydrogen tank, atm | 5,1 350 (700)
Petrol tank capasity, | 74 absent
Cruising range, km 500+200 370 (500)

Some carmakers produce vehicles that work on both gasoline and hydrogen due to

poor hydrogen infrastructure.

Using hydrogen as a fuel will be economy only when manufacture will be cheep, for
example, as atomic energy of atomic station in not overload mode of work and

refreshing source of energy (wind, solar).

The main advantages of using hydrogen fuel are ecological cleanness, unlimited and

renewable of raw material stocks.

Scientific supervisor — V.V. Tokaruk, Assistant
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COMPARATIVE ANALYSIS OF TENSILE TESTING OF NEW COMPOSITE
MATERIALS

Capacity use of composite materials in the construction of modern commercial
aircraft (Boeing 787 and Airbus 350) has reached and even exceeded 50%. Anisotropic
composite materials have significant differences and characteristics in different
directions. That is why the correct determination of mechanical characteristics in the
design stage and production is an important task.

In the process of international cooperation appears a problem of standardization of
many aspects of mechanical properties of composite materials. A different testing
processes, shapes of specimens, as well as unit increases errors and differences.
Therefore, in order to harmonize standards, namely GOST 25.601-80, ASTM
D3039/D3039M and ISO 527, was conducted tensile tests of two types of textile
reinforced composite materials with a complete record diagrams until the failure, with
the help of strain gauges.

Tests were conducted using specimens from polypropylene matrix reinforced with
fiberglass. Getting results conducted by recording tensile test diagram using strain
gauges. As a result of the tests was determined Young's modulus and Poisson's ratios for
each pair. The analysis of data was made for compliance with GOST, ASTM and ISO.

To test was used universal tensile machine with hydraulic grips. During tests, was
conducted observation, that if the grips were equipped with raised surface - force
applied is distributed on a larger area, resulting in a reduction of stress concentrators.
Moreover, it is necessary to perform centering of the specimens for correct
determination of mechanical properties, and behavior of the material.

The obtained values of the elastic modulus and Poisson's ratios showed a good
correlation between them, which is in the range 5 + 10%. Testing the same specimens
were carried out according to methods GOST, ASTM and ISO, and was a comparative
analysis of the results. This analysis gave us possibility to make some conclusions about
harmonization of standards.

Scientific supervisor — V. V. Astanin, Dr.of science, professor
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CHOICE OF GASEOUS FUEL NOZZLES FOR GAS TURBINE PLANT

The main problem which should be solved when aircraft gas turbine engine is
transftered for operation with natural gas is the replacing nozzles, which feed the fuel. It
is known, that aero dynamics of moving fuel mixture components, plays a decisive role
in the patterns of turbulent flames distribution. Research, developed by V.A. Khristich
and staff at the Kiev Polytechnic Institute have shown the effectiveness of systems of
jet diffusion burning of gas, providing high intensity of mixing and combustion.
Because different types of frontline devices create different structures of primary air
flow,that is why it is created the question about the type of jet fuel gas that would
satisfy in each case optimality conditions of the process in the combustion chamber.

Hydrodynamic flow structure inside the combustion tube is dramatically changed
when spray of liquid centrifugal nozzle is replaced by any torch for gas. This changes
the temperature profile at the inlet of the turbine, the local overheating of the
combustion tube material, the formation of undesirable recirculation zones that
contribute deposits, change pattern mixing fuel with air, resulting of which, as you
know, is the low completeness of combustion.The ompletion of combustion chambers is
usually produced by experimentally way, cause of the complexity of the calculation of
this process.

In Kuibyshev Aviation Institute, a series of fire tests of the cannular combustion
chamber of gas turbine aircraft engine with various types of gas nozzles was performed.
The aim of the tests was to compare nfluence of different types of jet fuel that can be
used when converting the engine for operation with gasius fuel on their strengths and
effectiveness.

Each aircraft GTE carefully accounted for bond liquid fuel, so it requires no less
careful: working out in translating it into low-grade liquid fuel or natural gas. Especially
in the case of interest, when the main task is to change only nozzle at a constant
combustion chamber. We can achieve a certain freedom of choice type of nozzle, under
developing of nozzles in transsmition the gas turbine engines for natural gas, because
the high performance of the combustion chamber can be achieved by applying each of
the studied species torches of burning gas. It should be borned in mind that centrifugal
nozzles have quite significant advantages over other types.

Scientific supervisor — I.1. Gvozdetskiy, Ph.D., associate professor
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OPTIMIZATION OF TRANSIENT PRICESS OF THE VOLUME PUMP
PRESSURE STABILIZATION DEVICE

There was comprised hydraulic pressure redactor in the stabilization device
construction for improvement of the system dynamic capability, that was the
improvement item regardless of the facts of damping; direct circuit amplification. This
constructive measure enters additional parameters such as pressure decline (damping)
coefficient into the mathematical description of the process. It describes process of
pressure decreases as the result of liquid discharge increase. Transient processes quality
doesn’t be able to be enhanced by entering the throttle element in the stabilization
device line.

There were got piston shifting transfer function (TFP) & delivery line pressure
transfer function (TFP) of the system carring out the Laplas performance of continuity
equation, force equation basic cascades.

TFP transfer function optimization is made by way of keeping of frequency
amplitude regularity & linearly of the principle range (according to Nikeviest diagram).

Dynamic system principle parameters such as natural circular frequency, damping
decrement & exponential damping decrement have been defined in accordance to TFP
optimization results.

Pressure transfer function is defined with the use of basic piston shifting function
supposing the dependence of TFS &TFP.

Shifting transfer function analysis shows small leap of the first half-wave, rapid
damping of fluctuations, low time of regulation.

Pressure function analysis shows intensive fluctuations damping. Maximum
pressure leap satisfies the normal limits.

Scientific supervisor — V. S. Butko, Ph.D., associate professor
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AOCJUKEHHS TEHEPATOPIB IIO310BKHIX BUXOPIB
B AEPOAUMHAMIYHIHN TPYBI JO3BYKOBUX HIBUAKOCTEH

T'enepaTopu MOB3AOBXKHIX BHXOpPIB CTBOPIOIOTH YHOPSIIKOBaHE OOTIKaHHS KpHia
TBHHTOBHM IIOTOKOM, SIKMH TNIPHU3BOIWUTH A0 30UIBIIEHHS KPUTUYHOTO KyTa aTakd Ta
TIOJIIIICHHS MTOB30BKHIX MOMEHTHHUX XapaKTEePHCTHK KPUJIa KiHIIEBOT'O PO3Maxy.

3aTsAryBaHHs KPUTUYHHX KyTiB aTaKd € BOXKJIMBUM ITUTAHHAM 3 TOUYKH 30py Oe3MeKu
nonbotiB. LlikaBUM croco0oM 3aTsAryBaHHS KPUTHYHHMX KYTIB € TypOyiizamis
npuMekeBoro Imapy. Sk BiZoMo TypOyJeHTHHH TIOTIK € EHEeproeMHImMM 3a
NaMiHApHUHA, a SIK HACHIAOK CTifikimmM mo BimpuBy. IIpore HalOinbIl cTiHKimNAM
SIBJISIETHCSI OPTaHi30BaHUN BUXPOBHH MOTIK.

OO0'€KTOM [OCTIDKEHHS CTald TEHEpaTOpH MOB3JIOBXKHIX BHUXOpiB. BoHu
MPECTaBIAIOTE COO0K0 YTBOPEHHS Pi3HUX KOHGITypalliif Ha epeaHiil KpOMII Kpuia.

Mertol0 IOCHIDKEHHSI CTaB NOIIYK ONTHMAJBHUX pPO3MIpiB Ta KoOH(Irypamii
YTBOPIOBAYiB IIOB3/IOBXKHIX BHXPIB.

Hocnipkenns: mpoBoxwinuck Ha 0a3i  aepoauHamiuHoi 1pyom YTAJ2. Ha
TpbOXKOMIOHeTHUX Barax ABMK, ocHameHux TEeH30METPUYHOI  CHUCTEMOIO
BUMiproBaHHs. TakoX MPOBOJMIOCH BUMIPIOBAaHHS PO3MOALTY THCKY Mo mpodimo, 3a
JOTIOMOTOI0 JIPEHOBAHOT MOJIeNTi Kprila KiHIIEBOro po3Maxy. Bisyamisaiist mpoBoaniach
3a JJOIIOMOT'0I0 LIIOBKOBHHOK.

VY pesynbTari JOCHiIKeHb OYIH OTPHMaHi 3HAYCHHS aepOJMHAMIYHIX KOoe(illieHTiB
MiIHOMHOI CHJIM, OIIOpPY Ta MOB3IOBKHBOTO MOMEHTY, Ta OTPHMAHI iX 3aJIeXHOCTI Bix
KyTa aTaky HpH pi3HuX uuciax Peinonbaca. [Ipy mopiBHSAHHI 3 IPOJYBKAMH YHCTOTO
KpWia, INOMIYEHO 3POCTaHHS KPUTHYHOTO KyTa aTakd, OUIbIIOl IUIAaBHOCTI KPHBOI
Cya=f(a) micnst mocsrHeHHs okp. KprBa NMOB3IOBKHBOIO MOMEHTY BiJ KyTa aTaku
30epirae JIiHiiHy 3aJI€XHICTh 0 BiIpUBY MMOTOKY. BayKJInBOIO BIaCTHBICTIO T€HEPATOPiB
MOB3/IOBXKHIX BHXOpPIB € 3MEHLICHHS MeTenb ricrepesucy. I[lpm mocmimkeHHsIX
aCHMETPUYHUX TEHEepaTopiB BHXOPIB, Bidyawi3amis IOKa3ala CKOIICHHS OCHOBHOTO
MIOTOKY 32 HUMH.

I'eneparopy IOB3IOBXKHIX BUXOPIB HEOOXiHO BUKOPHUCTOBYBATH JUIS ITiIBHIICHHS
0e3neKH IMONBOTYy HA BENMKHX KyTaX aTakW, a TAaKOoX IS 3aTsATyBaHHS BiIPHBY Ha
Mexanizanii kpuwia. EQekT 3koIyBaHHSI OTOKY BiTHOCHO KpHJIa MOXKHAa BUKOPUCTATH
Ha MpPSIMHX Ta CTPLIOBHAHUX KPHWJIax, a TAKOXK JUI 3MEHIICHHS KiHLEBOTO BUXOPY Ha
Kpuiaax. [eHepaTopu BHXOpIB JOLIUIBHO BHKOPHUCTOBYBATH Yy BITPOEHEPreTHIIi,
MOZEpHi3auii TBUHTIB BEPTONHOTIB Ta MPU BHUPIIMICHHI Pi3HUX 3a/a4 MPOMHUCIOBOT
aepOIMHAMIKH.

Hayxosuil kepienux — Yoapyes €.11., 0-p mexu. Hayk, npogecop
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UCCJIEJOBAHUE CTPEJIOBUJHOI'O KPBLIA C HAIIBIBAMU
HA NEPE/HEI KPOMKE B JI03BYKOBOW
ADPOJIMHAMUYECKOI TPYBE

CrpenoBumHbIE KpPBUIbS KOPOTKOTO YAIMHEHHS C HAaIDIBIBAMH  IIHPOKO
HCTIONB3YIOTCS. B COBPEMEHHOM a’pOJMHAMHUKE Ha CKOPOCTHBIX camojerax. Takoe
KPBUIO 00ecIIeunBaeT B3JIeTHO-NI0CAT0YHBIE XapaKTePUCTUKH IIPH PeaTH3aIiy OOIbIINX
yrJioB arakd. XOpOIIO HM3ydYeHHas a’pOAMHAMHKA KpbUla KOPOTKOTO Y/UIMHEHHsS C
HaruibiBaMu BONH3H (ro3ensbka. Ha prcyHKkax mpencTaBlieHbl CHEKTp 00TeKaHHs Kpblia
C HaIUTBIBAMU TIPH Pa3HBIX yriax atakd. OOpaiaroT BHUMaHUe, 9To Ha OOJBIINX yTriiax
aTakd HAIUIBIB TEHEPUPYET MOIIHBINA MPOJONBHBIA BUXPb. DTOT BUXpPh MPUBOAUT K
YBEIMYEHHIO MECTHBIX cKopocTel oOrexkanus Ha 50-100% Mo OTHOIIEHHIO K CKOPOCTH
noneta. [Ipn mocTmxkeHnn 3aHEH KPOMKH KpPBLTa TAKOH BUXPh HPETATCTBYET Pa3BUTHIO
OTpBIBA MOTOKA, YTO YBEIUYUBAET MAKCHMAIBHYIO MONBEMHYIO CHITy M KPUTHYECKHIA
yroj araku. OTO JEMOHCTPHPYETCS HA PHCYHKax HOJISIP KpbUIA C Pa3IHIHBIMH
HaIUIBIBAMHL.

BumHo, 4TO CcymiecTByeT onTHMaibHas IUIOMAAb HAIUIBIBA, MPH KOTOPOM 3ddexT
MakcUMaieH. ASpoJMHAMUYECKOe KaueCTBO TAKOTO KPbIJIa YBEJIMUMBACTCS HA SIMHUILY,
ot 3.5 1o 4.5 enunni. Ha pucyHKkax moka3zaHo TakKe 3aBUCHMOCTS IIJIOIIAAN HAIlIbIBA U
KPUTHYECKOTO yria arakd. HammbiBBl U3MEHSIOT MPOAOIBHYI0  CTaTHYECKYIO
YCTOWYMBOCTH yMEHbBIIAs €€, a HpH OONBIIMX IUIOMAAAX HAIUIBIBOB IIPOJONBHBIHA
MOMEHT TaKOTO KpbUIA MOXKET HPHBECTH K IOJIOKHUTETBHOMY 3HAYEHHIO MPOIOIHHOTO
MOMEHTa, YTO TOBOPUT O TOTEPE CTATHYECKON YCTONIUBOCTH.

B aspommnammdeckoit TpyOe MpOBENCHBI MCCIIEIOBAHMS CTPEIIOBUIHOTO KpbLIa C
HaIUIBIBOM, ¢ yriioMm ctpenoBuanocty 30°, mnomans 0.092 M2, yHeHuem 1.16,
IUIOIA/IbI0 OCHOBHOro HamibiBa 0.16 Kpblda W JONOJHHUTENbHBIMH Te€HEpaTopamu
MIPOIOJBHBIX BUXpEH pacIOIOKEHHBIM 10 MepeqHel KpoMke Kpbula mmomansio 0.03
Iomaau Kpsuia. MccnenoBanue nposeneHo mpu ckopoctu 20 M/c, yriax ataku 10 25°.
BuxpeoOpa3oBarenyu IpOZOIBHEIX BUXPEH H3TOTOBICHBI Pa3INIHON KOHPHUTypanueld u
MOTYT U3MEHSTh YTOJI YCTAHOBKY OTHOCHTEIBHO XOpJe KPhIIa.

IlonyueHHble XapaKTepUCTUKU NpHBEAEHHI Ha Trpadukax B BHIEC KpPUBBIX,
U3MEHEeHUs] KOd(DGHUIMEHTa TONBEMHOM CHJIBI 10 YIUy aTaky, W3MEHEHHs
ko3 uIeHTa CONMPOTUBICHUSI W TONAP Kpbula. BuxpeobGpa3oBaTenn, KOTOpbIE
HCTIOJIb30BAJIMCh HA KPBUIE Pa3IMyHbI [0 BUIY BIUSHUS U oOTekaHMs Kpbuia. [lepBbrii
BUJI BUXpeoOpa3oBaTeNeli: IaBHO-3aKPYTJIEHHBIH TENECHBIH, CO3aeT IBa MPOAOIbHBIX
BUXPS M TEHEPUPYET MOJICACHIBAIOILYIO CUITY.

Bropoii Bun BuxpeoOpa3oBaTesnedl He TEHEpPHpPYeT I0JCACHIBAIOIIYI0 CHILy, HO
co3faeT 6oJiee MOITHBIN TPOIONBHBIH BUXPb.

Hayunwiii pyxosooumens — Yoapyes E.I1., 0-p mexu. Hayk, npogecop
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AHAJIN3 JIETHO-TEXHUYECKHUX XAPAKTEPUCTHUK BECIIMJIOTHBIX
JETATEJIBHBIX AIIITAPATOB

MHoroo0pa3sue 0eCIHIOTHBIX JIETaTeIbHBIX alllapaToB TpeOyeT KiacCHPUIUKAIIN
[apaMeTPOB U JIETHO-TEXHHYECKHUX XapaKTEPUCTHK MHPH BHIOOpE ONpeeIeHHOH Moaenn
B KauecTBE IPOTOTHUIIA.

Cpenn MHOr000pa3us BBIIENCHB OSCHUIOTHBIC JIETaTeIbHBIC anmaparsl 00BITHOI
a3POJANHAMUYCCKON CXEMbI: CaMOJICTBl THIIA JICTAIOLIEE KPbLIO, CaMOJIETOHOCUTEINH
KOHTEIHEpOB, CaMOJIEThl CHEHHUAIbHOIO HA3HAYCHUs, HHU3KO JICTAIOIIUE Yy 3eMiId
CaMOJIETbl, BBICOTHBIE CaMOJIETbI, CaMOJIETbl C [IOPHIHEBBIMM OBUTATCIIAMUA U
PCaKTUBHBIC CAMOJIETHI.

JIETHO-TEXHUYECKHE XapaKTEPUCTUKH  ONpPEACIISIOT MAaccy, MOLIHOCTb, BBICOTY,
MPOAODKUTENBHOCTD TI0JI€Ta, pa3Max KpbUla, a TAKKE THI UCIIONB3YEMOTO JABUraTelIs.
JI1s MPOEKTUPOBAaHMS MPEJCTAaBIAIOT MHTEpeC TaKHe MapaMeTpbl Kak Harpyska Ha
kpsuto (G/S), 3aBucuMocTh MomHOcTel 0T Macc (N/G), MOIIHOCTH W BBICOTHOCTH,
pa3Max Kpblla, yJUIMHEHNE KPbUIa CaMOoJIeTa, COOTHOIICHHE KPBLIA ¥ TOPU30HTAIBEHOTO
orepeHusl. AHaIU3UPYeTCsl KOMIIOHOBKAa CaMoOJIeTa, B3aUMOBIMSHHE KpbUla U
¢ro3emsbka, Kpbula W TOPU3OHTAIBHOTO  OIEPEHMs, KpblUla ¥ JBUTAaTeNeil.
AHanmu3npyeTcss  KOMIIOHOBKAa C OOJYBKOH KpbLla BHHTAMH M KOMIIOHOBKOH €
TOJIKAIOIINUM BUHTOM. VIHTEpec mpeAcTaBisieT co00i MOfeN C BUHTAMHU B HAcaJKax ¢
BUHTaMH HEOOBbIYHOW (DOpMBI OECIHIOTHBIC JIETAaTENbHBIC ammapaTbl ¢ BHHTAMH,
BIIMCAHHBIMHU B (DIO3EJISDK CaMOJIeTa, OSCIMIOTHBIC JIeTaTeNbHBIC alNapaThl, JETAIOIHEe
Ha COJIHEYHBIX Oarapesx.

B kadecTBe NPOTOTHIIOB NPH NPOEKTHPOBAHWH BHIOpAH JIeTAaTENbHBIN ammapar
TPAANIMOHHOM CXEMBI C TOJKAIOLIUM BHHTOM M BHHTOM TAHyIIUM. OOTeKkaHHe KpblUia
CTPYSIMH BUHTA CYILECTBEHHO YBEIMUMBACT MMOJHEMHYIO CHIIy CaMOJIeTa, a TOJKAIOIIUH
BUHT IIepeJl TOPU3OHTAIbHBIM ONEPEHHEM CYIIECTBEHHO YIIy4IIaeTcsi OaJaHCHPOBKY
caMmoJieTa U ynpaBiIsieMOCTb ,0cO0€HHO, Ha OOJIBIIMX YIJIaX aTaku IPU CPBIBE OTOKA Ha
KpBLJIC M BO3SMOKHOCTH Pa3BUTHS IITOMOPA CAMOJIETA.

PaccMaTpuBaeTcst Takke KOMIIOHOBKA caMolieTa THIIA YTKa C  HOCOBBIM
ropusoHTabHBIM onepeHneM (I'O). Hemocratok Takoil CXeMBI COCTOHT, B B3aHMHOM
oTpbiBe ToToKa Ha ['O, 9TO MOXHO NPEIOTBPATUTH HCIOJIB3Ysl aKTUBHOE BO3ZIEHCTBHE
Ha CpPBIB CIYBOM IIOTOKA WJIM BUXpeoOpa30BaHHEM MTPOJONBHBIX BUXPEH.

Hayunwiti pykosooumens — Yoapyee E.I1., 0-p mexn. nayk, npogecop
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ABPOJIMHAMUWYECKHI TMCTEPE3UC

IIpoBemeH aHammM3 pasIUYHBIX BHIOB a’pPOAMHAMHYECKOTO THCTEpe3nca U
pe3yNnbTaThl BIWSIHUS HA THUCTepe3nc TypOynmm3aTopoB U BHXpeoOpasoBaTeneit
HPOJOJIBHBIX BUXPEH.

[IpoBomuBumecss panee B LAI'M u B gpyrux HMHIL[ wuccremoBanus B
a’pOIMHAMHUIECKHUX TPyOax a’poJHMHAMHUYECKHX XapaKTEPUCTHK Mpoduiel, KppuIbeB ¢
HeOOJIBIINMH YTIIaMH CTPETOBHIHOCTH, a TAKXKE KOMIIOHOBOK C TTI0OJI0OOHBIMH KPBIIbSIMH,
MOKa3aJld, YTO TNpPU MaJbIX 4YWCIax PelHONbICa NpH BapbHpOBAaHWM YIila AaTakH
BEJIMYMHBI KO3((GHUIMEHTOB a’pOJMHAMUYECKUX CHJI ¥ MOMEHTOB, IOJYYEHHBIX IpH
YBEIMYEHHUH YMPABISAIONIETO MapaMeTpa (HarmpuMmep, yria aTaku), MOTYT HE COBMaJaTh
C COOTBETCTBYIOMIMMH 3HAUCHUSIMU HPH €T0 YMEHBIICHWH — BO3HHUKAET TUCTEPE3NC B
CTAI[IOHAPHBIX a9POJMHAMUYECKNX XapaKTePUCTHKAX MOIEIH.

M3BecTHO, YTO r'HCTEpe3UC B CTATHUECKUX a’3pOAMHAMMYECKUX XapaKTepHCTUKaX
ABJIAETCA OOMMM CBOWCTBOM s Mpoduiel ¢ 3aKpyTI€HHBIMH HOCOBBIMH YacCTAMH,
0ONBIION KPUBU3HON M TONMMUHON. Tomonorus rpaHui 00IacTH THCTEPe3nUca 3aBUCHT
oT umcna PeifHonbaca, KPUBH3HBI, IMIEPOXOBATOCTH MOBEPXHOCTH, (OPMBI HPOGHIIS,
MIPeABICTOPUH JIBIDKCHUs. BcenenctBue 3Toro mpu HHU3KHMX 4YHcliax PeffHombica
HEOOXOIMMO YYHTHIBATH MHOXKECTBO (DAaKTOPOB W BBIIEIHUTH CPEAHM HUX OCHOBHBIE,
4yTOOBI pa3pabaThIBaTh METOIUKY IpEICKa3aHNs THIIOB I'cTepe3uca. B pabore onucanb!
TpHABA THIIA TUCTEpPE3HCa: CTATUYECKHUI THCTEPEe3NC W JUHAMUYECKHIl THCTEpe3ncC Ha
OOJIBIINX yJIaX aTaKW U JUHAMUYECKHE ITeTIH IPH KoJeOaHUsIX KpbUIa Ha JIETHBIX yTiax
aTaKH.

BaxHylo ponb B HCCIEIOBAaHUH CIIOXKHBIX OTPBIBHBIX TEUEHHH WMIPAIOT METOJBI
BU3yaIM3allid Te4YeHWi. Pa3nuYHBIMH MeTOmaMH BH3yalH3allMd OBUTH MOJydYEHBI
CTPYKTYpBI TEUCHUH Ha NPSIMOYTOJHFHOM KpBUIE IPH MalbIX 4ucinax PeiHonbaca, u
MOATBEP)KICHBl  PE3yJIbTaThl BECOBBIX HUCIBITAHUH, CBUICTENbCTBYIOIIME O HE
€IMHCTBEHHOCTH CTPYKTYPbl OOTEKaHMsI MOJENN M HAaJMYMU TMCTEPE3HCHBIX IETeNb B
CTaI[OHAPHBIX a3POANHAMHYECKUX XapAKTEPHCTHKAX.

B pabore moka3aHo, 49TO TypOYIEHTHOCTH IOTOKA SIBISETCS CYyIIECTBEHHBIM
(haxTOpOM, BIUSIOMNM Ha a9POJHHAMUYECKHE XapaKTEePHCTHKU KPBUIBEB.

V3BecTHO, 4YTO OTIMYMTEIBHOH OCOOCHHOCTBIO KPYIMHOMACIITAOHBIX BHXpEH,
BO3HHUKAIOMIUX B 00/1aCTH OTPHIBA, SIBISIETCS MX BBICOKAs! BOCIPUUMYHBOCTD K BHEITHUM
BO3MYIICHHUSM, YTO JAaeT BO3MOXKHOCTH YINPABISATH TEUCHHEM, BO3JICHCTBYS Ha ITH
BUXpU. B sKcrepuMeHTe yCTaHOBIIEHO, YTO WCIIOJB30BaHHE BHXpeoOpasoBareliel, B
PO FeHepaTOPOB NMPOAOJIBHBIX BUXPEH, IPUBOIUT K YCTPAaHEHUIO THCTEpe3uca.

BuxpeobpasoBatenu o0TekaeMoOl NWIMHAPUYECKOH (OPMBI Xyke OopsiTcs ¢
THCTEPE3UCOM, OJHAKO MPHUJIAIOT KPBUTY JIyUIIHe a3pOAMHAMUUECKUE XapaKTePUCTUKH.
B cBoro ouepenp BuxpeoOpa3oBaTenM MUPAMHIATBHON (GOPMBI CO3MAIOT MOUIHBIN
TIPOJONBHEIA BUXPB, 4TO d(PEKTUBHEE YCTPAHSIET TUCTEPE3NC.

Hayunwiii pyxosooumens — Yoapyes E.I1., 0-p mexu. Hayk, npogecop
34



CYYACHI ABIALIIMHI TEXHOJOTITi

YK 629.735.018.006.26:681.26.077(043.2)
Hanuyk JI.B., l'oxy6unk /I.P.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

CTEHA JIs1 OINHKU METPOJIOTI'TYHUX XAPAKTEPUCTHUK
BATATOKOMIIOHEHTHOI CHCTEMHM BUMIPIOBAHHSI
AEPOJUHAMIYHUX HABAHTAKEHb TUITY TEH30METPUYHUX BAT'

JocnipkeHHST  aepOAMHAMIUYHHMX ~ XapaKTEePUCTHUK  HECYYMX  CHUCTEM  THUILY
ABTOPOTYIOUMH TBHHT, HECYYMH TBHUHT BEPTONBOTY, a TaKOX OO €KTiB CKJIAIHOT
reoMeTpu4HOl (HOpPMH, BHMAraloTh 3aCTOCYBaHHS €()EKTHBHHX EKCIICPHMEHTAIBHUX
3aco0iB. B aepommHamigHMX TpyOaxX, Ais BHMIpIOBaHHS [IIOYMX HA MOJENb
aepoAMHAMIYHMX HABAaHTa)XCHb BHUKOPHUCTOBYIOTh OaraTOKOMIIOHEHTHI MeXaHiuHi 1
TEH30MEeTpHYHi Baru. TeH30METPHUYHI Bark - Bard, Ha SIKMX 3YCHJIIS BH3HAYa€THCS 3a
JIOTIOMOTOI0 Tiepeiadi CHIM HaBaHTa)XXEHHS BiJl BAHTAXY, IEPETBOPECHOI B €IEKTPHYHUI
CHUTHaJ TEH30METPUYHUMH JATYHKAMH JI0 BaroBOro Ipolecopa B HU(GPOBOMY BUIIIAI.
OpHi€r0 3 TOJNIOBHUX 33Aad Uil OTPHMaHHS BHCOKOI TOYHOCTI pe3yJbTaTiB
ACpOJMHAMIYHUX JIOCTIDKEHb € TPOBEJCHHS METPOJIOTIYHOI aTecralii 3acoly
BUMipIOBAaHHS — TCH30METPHYHHUX Bar.

Ha crporoaHimHiii AeHb OTpHMAaHO 0AraTOKOMIIOHEHTHY CHCTEMY BHMIipIOBaHHSI
aeponnHamiuHux HaBaHTaxkeHb (BCBAH), ska mae 3Mory B mpoleci eKCIEepHMEHTY
NIPOBOJUTH  HE3aJeXXHE  BHUMIPIOBAaHHA  INECTH  KOMIIOHEHT  BiZ  IIOBHOTO
aepoiMHaMiYyHOro HaBaHTakeHHs. [laHa cucrema € moompaioBanHsM bCBAH, xorpa
JaBana 3MOTY BHUMIpIOBaTH S5-Th KOMIIOHEHT BiJ IIOBHOTO aepoOAMHaMiYHOIO
HaBaHTaxeHHs. Came AJsi OLIHKM METPOJOTIYHUX XapaKTEPUCTHK (KaliOpyBaHHS)
nmanoi BBCAH BuKoHyeTbcs pOOOTH IO CTBOPEHHIO CTEHIY, KOTPHH JacTh 3MOTY
3a7aBaTH €TaJOHHI HAaBaHTAXXEHHS IIPH OIIHI[I METPOJIOTIYHUX XapaKTEPHCTHK.

Ilin xamiOpyBaHHSAM CIi pPO3YMITH MpOLEC BH3HAYCHHS METPOJOTIYHHX
XapaKTEePUCTUK KOMIUIEKCY BHMIPIOBAILHOTO OOJaJHAHHA BiJ Bar J0 amapaTypd ska
peecTpye, BKIFOUaIOIH JTOCHTIIKEHHS SIK BUIaKOBHX, TaK 1 CHCTEeMaTHYHHUX MTOXHOOK.

IIpn mpoexTyBaHHI KasliOpyBaJbHOTO CTEHIY HEOOXiJHO BUKOHYBAaTH HACTYIIHI
BUMOTH: TIpH TpPUKIAJCHUX CKJIAIOBHX CWJI B II0YaTKy KOOPJAHMHAT, PO3paxoBaHi
MOMEHTH MO KayliOpyBaJbHMM (GOpMyiaM, MaoThb OyTH pPIBHUMH HYJIO; CTSHA i
KamiOpyBanbHe oOnajHaHHS TOBHHHO OyTH JKOpPCTKMM. JlomycTumi — KyTOBi
MepeMillleHHsT ONOPHOI TUTMTH CTEH/IA, Ha SIKii BCTAHOBIIOIOTHCS Bard 1 KamiOpyBajbHE
yCTaTKyBaHHs, He MOBMHHO mepeBumryBaty 1/20000 pamiaHa mpu HpHIIOXEHI DO Bar
MaKCHMAJbHOTO HAaBaHTAKCHHS;, KalliOpyBajbHE YCTaTKyBaHHS MOBHHHO JO3BOJATH B
[I0YaTKOBOMY, Tepe]] KaniOpyBaHHAM, MOJIOKEHH]I OJJHOYACHE NMPUKJIAJCHHS BCIX CHII B
ONHIM TO4YIl, fKa JIOKATh HA TOYATKYy KOOPOMHAT Bar, i MOMEHTIB Yy BiJIIOBiIHUX
KOOPAWHATHAX TUIOIIMHAX.

B naniii po0OTi MOKa3aHO CTEHN CTAJIOHHWX HABAHTAKEHb I KaliOpyBaHHS
IIECTUKOMIIOHEHTHHX aepOAMHAMIYHMX Bar. B mojambumioMy KaniOpyBalbHHH CTEHI
MOXXHAa BHUKOPHCTOBYBAaTH JUI OLUHKM METPOJIOTIYHMX XapaKTEePHCTUK IHIINX
aepoMHAMIYHUX Bar, OI0 TOBOPUTH PO HOTO YHIBEpCATbHICTb.

Hayxosuil kepienux — Iwyenxo C.O., 0-p mexw. Hayk, npogecop
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INFLUENCE OF GROUND EFFECT ON WING PERFORMANCE

Since the first flight of Right brothers and up to day. Airplane designers always
struggle in compromise between, speed, lift, thrust shape of the wing and all the other
factors and there is only one goal that they follow- higher lift, lower drag, lower fuel
consumption. Ship designer have almost similar problem, they have to shoes between
speed and payloads size and shape. They were able to create huge ships that carry
enormous amount of cargo but with the speed of 50-70 km/h. Or very fast boats that can
only carry one or two people but travel with the speed up to 200 km. And this is
probably the limit in the speed of water transportation. As you can see there is the huge
gap in between the pales and ships — fast and expensive with relatively small amount of
payload or slow but cheap ships. Increase in payloads of airplanes leads to
simplification of the design and increase in the dead weight, but there is a possibility to
increase the speed of marine vessel. It is known that the air density is 800 times smaller
than density of water. And designer in early 50 realized that there is got to be the way
to extract the ship form the water, the only way to do that was the implementation of
hydrofoils in the design. But maximum speed of ship with hydro foils has it limits. The
next logical step is to remove the hydrofoils and to extract all the parts of the ship out of
the water completely. The only want to do that is to support it in the air, and the only
way to give any kind of support is to add the wings to the ship. Many of us think that the
wing s has to with very large span values and sweepback and just and idea of giving the
ship to the wing seems kind of absurd. And this is particular case where most of the
people are wrong and such phenomenon as ground effect can be fully used.

Ground effect was experienced by pilots since the first flight. For some reason when
the airplane is extremely close to the ground it does not what to land. It is due to change
of lift creation and pressure coefficient distribution around the wing, sudden decrease in
drag is experienced too.

The main purpose of my work was to see how the lift and drag values are changed
and to see the change in the pressure distribution around the wing. In this work several
test will be presented. Airfoil will be tested in unbounded air and on ground effect. At
the end several recommendations to the design of the WIG vehicle or ekranoplanes will
be given.

Supervisor — Ischenko S.0O., Ph. D., Assoc. Prof.
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JA3ZEPHOE U3JIYYEHHUE B ACIIEKTE BE3OITACHOCTHU ITIOJIETOB

Jns  BusyanpHOro HaOMIONeHHs JIOOBIX OOBEKTOB TpeOyeTcss alaeKBaTHOE
ocBemeHne. TeM He MeHee, N30BITOYHOE OCBEIICHHE MOXKET OTPUIATENHHO ITOBIHATH HA
3pHUTEIBHOE BOCIIpUSATHE OOBEKTa M OKa3aThCs Hed(dexkTnBHBIM. B aBmammm, netdmk
MOXET CTaJIKHBATHCS C YPE3MEPHBIM YPOBHEM OCBEIIEHHOCTH, BBIOJHSS IIOJIET IIPOTHB
COJIHIIA WM IPHU NPSIMOM HaOIOAEHHHU CIHIIKOM SIPKHX MCTOYHHKOB HCKYCCTBEHHOTO
OCBELICHUS, HallpuMep, NpoKeKTopoB. M3o00perenue naszepa (B 1957 r.) mpuBeno k
3HAUNTENIFHOMY YBEIMYEHHIO KOJIMYECTBA MPoOiIeM B 00JacCTH aBHALUM, CBS3aHHBIX C
HCTOYHUKAMU CBETA BHICOKOH HMHTEHCHBHOCTH.

Hecmotpss Ha TO, 4yTOo mMpobiema 3aUMTHl MHIOTOB OT MHPEJHAMEPEHHOTO WU
CITy4aitHOTO MOPaKEHMS JIA3EPHBIM JIy4OM HAXOJHUTCS B MOJIE€ HHTEPECOB CIEIHAINCTOB
BOGHHOW MEIMIMHBI YK€ B TEUEHHE MHOTHMX JIE€T, BPauH, CIEIHUAIU3HPYIONIIHECS B
00acTH TpaXXIaHCKOM aBHALMM, CTAM YJAENIATh OONbIe BHUMAaHHU 3TOH mpobieme
TOJBKO C TOSBIGHHEM CBETOBBIX JIa3epHBIX JIHCIUICEB, HCIIONBb3YEMBIX B
pa3BleKaTeIbHBIX U KOMMEPYECKHX LEeIsX, U, KaK CIIC/ICTBHE, BBI3BIBAIONINX CITy4aliHOE
OCBEILEHUE IPAXKJAHCKUX BO3IYIIHBIX CY/OB.

K 2001 r. yxe MHOrHME MNWIOTHI HCHBITAIM Ha ceOe BPEMEHHYIO MOTEPIO
TPYIOCIOCOOHOCTH B pe3yJIbTaTe CIy4aiHOro MOpaKeHUsl Jia3epHbIM JydoM. Beero B
Mupe ObUIO 3aperucTpupoBaHo Oosee 600 MHIMIEGHTOB TAaKOro poja, OOJNBIIMHCTBO
coobmenuit mpunuio u3 CoemunenHbix IlItatroB. MoXHO mpennonarath, YTO
OOJIBIIMHCTBO TMONAJAHUH JIA3epHOTO JIyda B TPaXJaHCKOE BO3AYIIHOE CyIHO Oyner
CITyJaliHBIM, HO HEOOXOIMMO MMETh B BHIY, YTO MOIIHBIC JIA3epHbIE H3ITydaTeld C
BBICOKOH TOYHOCTBIO HaBEIEHHS Ha IIeJTb B HACTOSIIIEE BPEeMsI IIPEUIaraloTcst K pojjaxe
10 CPaBHHUTEIBHO HHU3KMM II€HAM, W II03TOMY BEPOSTHOCTb HCIIOJIL30BAaHUS TAKUX
TIpUOOPOB CO 3JIBIM YMBICIOM B OyyIieM Hellb3si HTHOPHPOBATh.

BBupy Bo3pacraromero pucka st 0€30IaCHOCTH IOJETOB, BBI3BIBAEMOIO BCE
OONBIIMM paCIpOCTPaHEHHEM B MHpPE Ja3epHBIX H3IydaTelaedl BOKPYT a’poIopTOB,
HUKAO B 1999 1. chopMHPOBAIO HCCIIEAOBATENBCKYO TPYIITy s ONCHKH PHCKa
JIa3epPHOTO TOPaKEHUSI K ONpeIeNICHUs] HEOOXOAUMOCTH Pa3padOTKN HOBBIX CTAHApPTOB
i pekomeHayemoii npaktuku (SARPs - Standards And Recommended Practices).

Co3pganne 7asepa W IPOMBIIIUIEHHOE HCIIONB30BAHUE JIA3€PHOH  TEXHUKH
MIPEACTABIACTCS OIHUM W3 CaMBIX 3HAUUTENBHBIX HAyYHBIX HOCTIDKeHHH 20-ro
cTonetus. B mocnennee BpeMsl a3ephl HCHONB3YIOTCS MPAKTUYECKH MOBCEMECTHO, OT
CyHepMapKeTOB U IIKOJ J0 CIyTHUKOB M PaOOUYHNX MTOMEIIEHUH; OHH CTaJlll COBEPIICHHO
HEOOXOJUMBIM  KOMIOHEHTOM  IOTPEOMTEIbCKMX  TOBAPOB M KOMIUICKCHBIX
MIPOMBIIIIEHHBIX YCTPOUCTB, BKIJIIOYAs CIOXKHBIE CHCTEMBI BOOPYXKEHHs. JJOCTymHOCTH
TEXHOJIOTUH U CYIIECTBEHHOE CHIDKEHHE B I[EHE NMPUBEIM K TOMY, YTO MPAKTHYECKH
KaXIbIi MOXET MOIY4HTh Ja3ep B CBOE pacmopsbkeHHe. TeM He MeHee, UCTIOIb30BaHue
Ja3epHON TEXHHUKHU I Hy>K COBPEMEHHOTO OOIIECTBa MPOIOKAET PACIIUPSITHCS, U €€
MOTEHIMAIbHBIE BO3MOXKHOCTH KaXyTCsl O€3rpaHUIHBIMU.

Hayuynwii pyxosooumens — @edocees /].A., cm. npenodasamens
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SKCIHEPUMEHTAJIBHOE UCCJIEJOBAHUE HEYCTAHOBUBIHIETI'OCSL
OBTEKAHWSA KPBLJIA B THJIPOJAHAMHUYECKOM TPYEE

TunponuHaMudgeckas TpyOa MO3BOISIET MOACIHPOBATh OOTEKaHWE KpbUIa MOZOOHO
BO3MYXyH M IIONydYaTh BU3YaJIHM3HPOBAHHEIE CHEKTPBl  OOTEeKaHHs pu
HEYCTAHOBHBIIIEMCS IBIDKCHUH. 3ajiada MCCIIeIOBAaHUS COCTOHT B MOJTYYCHUH CIIEKTPOB
o0TeKkaHMsT MOJENTH KpbUla JO3BYKOBBEIM IIOTOKOM HpH KOJICOAHWHM KpbUIa IO YTIIY
aTaku,a TaKKe HMCIUICAOBAHHS Pa3BUTHS OOTEKaHWs] Ha OOJBIIMX YIiax arakd Ipu
OTpBIBE BSI3KOTO MOTOKA M INI0OANTBFHOM OTpPBIBE IOTOKA C MepeaHeil KpOMKH KpbLIa.

[lpuBeneHsl JaHHBIE T'HAPOANHAMHYECKON TpyOBI, TapaMeTpsl IOTOKA,
Oe3pa3MepHbIe KPHTEPHM MOJEIMpoBaHHsA. JlaHO omucaHMe MOAENH U crocoda
BU3yanu3auuu TeueHus. Hccremyemas Mopenb HpeAcTaBisieT coOOM CHMETPUYHBIN
podwiTh Kpeila TONMMMHOW 20 MM u Xopomxoil kpbuta 150MM , pa3zmax mozxenu 250MM.
JInst ICKITIOYeHHs BIUSHAS KOHIEBBIX 3((eKTOB MpodHIb KPblIa OTpaHUIEH MaidamMu
pazmepoM 220 Ha 150mMm.

B pesymbrare skcnepeMeHTa OBUIM IOJYYCHBI CIIEKTPHl OOTEKaHWs KpbUla INpU
CTaTHYECKOM M JMHAMHUYECKOM pEXHMMax, INPU pasMYHbIX YacTOTaxX KoyeOaHuil M
CKOPOCTSIX M3MEHHUS yIjla aTakv. AHAJIU3 CIIEKTOPOB OOTEKaHMs KpbUla ITOKa3bIBaeT,
YTO OOTEKaHHE BEpXHEW M HIDKHEH MOBEPXHOCTH KpbUIA CYIIECTBEHHO OTIMYAIOTCS
Ipyr OT Jpyra IpH OJMHAKOBBIX YCIOBHMAX KoieOauus. IIpuBeneHHs! (oTorpadun
CIIEKTPOB OOTEKaHWs IPU PA3NINYHBIX YIJIaX aTakd, a TakKe JUMOHCTPUPYETCS BHIEO
(HUIBM pa3BUTHS OTPHIBHOTO TEUEHHMS HA OOJBINNX yTJIaX aTaKH.

HHTepecHO OTMETUTB, YTO IPU TI00AIBHOM OTPHIBE IOTOKA BHUXpEBas CTPYKTypa
OTapBaBIIETOC MIOTOKA MIPE/ICTABIISET coboif MHOTOO0Opasue BUXpeit
B3aUMOJICHCTBYOIINX MEXIy OO0l M BHEITHEM NOTEHIIMAILHOM IIOTKOM.

ITo pe3ynbpTaTam HCCIeI0BaHUSA MOKHO CHEIaTh CIIELYOMUIBBIBOM:

Hecranmonapaoe o0tekanue nmpoduist mpu OOIbIION aMIUIUTYAE M Majlol yacToTe
KOJIeOaHUI Ha «IpsIMOM» XOHy CYIIECTBEHHO Ha 4..8 TpaaycoB yBEIHMYUBAET YroJl
aTak{ HAYaJIO0 CPBIBA 110 CPAaBHEHMIO CO CTAIHOHAPHOM OOTEKaHWEM. DTO MPHBOJMT K
YMEHBIIEHHIO JI00aBOTO COMPATHBICHHUS KOJEOMIOMMXCS KpPBIIbEB M  ONpPEAENsieT
BO3MO>KHOCTb UX HCCIIEJOBaHNUS B KaUeCTBE JABIIKUTEIICH.

Hayunvii pyrosooumenv - Yoapyes E.I1., 0-p mexu. nayx, npogecop
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POJIb ABIAIIMHUX KEPIBHUKIB Y 3ABE3INIEYEHHI
BE3IIEKH ITOJIBOTIB

Besmeka pyxy miTakiB Ha 3eMili 1 B TOBITpi - I HaWBaXJIMBILle THTAHHS, SKE
CTOCYETBCS HE TUIBKH TPAHCIIOPTHOI Ta BifiCKKOBOI aBiallii, aje TakoX 1 MPUBATHOI.

[linBumeHHst Oe3MeKH MONBOTIB - NPSIMUH O0OB'SI30K aBiallifHUX KEPIBHUKIB 1
JIBOTHOTO CKJIAMYy, sIKi TIOBUHHI 00'€IHATH CBOI 3yCHIUIS JUISl TOCSTHEHHS MaKCUMaJIbHHX
YCHiXiB y 1i#i 00macTi.

ABiarliifHi KepiBHUKH O€3MOCepeIHbO BIiAMOBINAIOTH 3a CTaH i PO3POOKY MpPaBMII
3a0e3neyeHHst Oe3MeKH MOIbOTIB U KepOBaHUX HUMHU opraHizauiil. B obmacti Toprosoi
i TIPOMHKCIIOBOI aBiallii, Ae /i€ MOPIBHIHO Majo MPaBUJ Ta IHCTPYKIiH 3 BHKOHAHHS
HOJIbOTIB, KEpPiBHUKH, SK MPABUIIO, HE MAlOTh AOCBiAy YMpPaBIiHHS aBiallielo Ta He
MOXYTh BU3HAUUTH, IO HEOOXiMHO [T 3a0e31eUeHHs] OE3IeKU MOJBOTIB, MOB'I3aHUX 3
TISsUTBHICTIO, XapaKTEPHOI caMe 11 KOXKHOI JaHoi Kommadii. OfHaK SKIO0 JOPYYHTH
OJTHOMY 3 WICHIB KepiBHHITBAa KOMIIaHii BCEOIUYHO 1 PeasiCTHIHO BHUBUHTH IPOOIEMY
Oe3nekH TONBOTIB 3 OOCIyroByBaHHS MJaHOI KOMMAHIi 1 eHepriiiHo BHpPOBaaUTH
pe3ynpTaTH ioro mpani B HPAKTUKY IOJBOTIB, TO UM LUIIXOM MOXHa Oyino 0
3a0e3MeynTH MaKCUMAaIbHO MOXIIMBY O€3IeKy MOJIbOTIB JIITaKiB KOMIIaHii.

Be3 aktuBHOi yuacti KepiBHuITBa Oynab-sika HaileQekTHBHiIIa mporpama
3abe3neyeHHs Oe3MeKH MONbOTIB He 3MOXKe OyTH MOBHICTIO 3aiiicHeHa. BupimanbsHoro
YMOBOIO YCHIITHOTO 3iiiCHEHHS MPOTpaMy TOTIEPEKEHHS JIbOTHUX MPUTO Ha 3eMJIi 1
B TIOBITpi € cepiio3HE CTaBICHHsA 1O Hel 3 OOKy KEepiBHUKIB aBiamiifHOI opraHizaii.
KepiBHUIITBO NOBHHHE HE TUNGKU BHPIIIMTH 1 CXBAJUTH HPOBENCHHS B XHTTS TaKOl
TIporpamu, ajie i opraHi3yBaty ii 3MiHCHEHHS, a TaK0)K KOHTPOJIIOBATH XiJ il BHKOHAHHSL.

ABianiiiHi KepiBHUKM TIOBHHHI BHMaraTd TIOCTiHHOT 1 akTHBHOI OOpoTHOM 3
JTBOTHUMHU TIPUTOJIaMH y BCIX JaHKax opraHizanii. Lls Bumora Moxxe OyTH po3yMHO
BUKOHaHa TUIPKHM B TOMY BHIIQJIKYy, SIKIIO KEpPIBHHLTBO N0Ope 3HailomMe 3 HaWOuIbII
e(heKTHBHUMH METOJAaMH aHali3y NpUYMH aBapii Ta OOpOTHOM 3 MOTEHUIHHUMU
aBapisMH, HE3aIEKHO BiJ TOTO, W0 € NPUYMHOKI aBapii: HEJOCTATHE TPEHYBaHHS
JIBOTHOTO CKJaxy abo K HENONIKH, M0 JIe)kKaTh B KOHCTPYKILIi ab0 B eKCIUTyaTarlii
MarepianbHOI 9acTHHH JiiTaka. KepiBHUKN MOBHHHI OyTH BIICBHEHI B e€(peKTHBHOCTI Ta
LIHHOCTI Takoi mporpamu. 3abe3nedeHHs Oe3IeKH MOJIBOTIB JIITAKIB YCiX POJIB aBiarii,
SK LWBUIBHOI, Tak i BiHCHKOBOI, HE MO)KE BBAXKaTUCS NUTAHHAM JAPYTOPSIHOTO
3HAUCHHSL.

[TinBumieHHs Ge3MeKH MOJbOTIB Bele 0 3MEHIICHHs BTpaT i 30MTKIB, a OTXKe, /0
6inb1101 eeKTUBHOCTI poOoTH aBiarii.

Hayxosuil kepienux — ®edoceee /[ A., cm. suknaoay
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MEXAHI3M ITPOLECIB B TPUBOJIOI'TYHOMY KOHTAKTI HA ETAIIL
MNPUITPAINIOBAHHSI CUCTEMM «30XI"CA — AMTI'-10 — BPAYKMII10-3-1,5»

Tpubomnoriuna cucrema 30XI'CA — AMI-10 — BpAxMul0-3-1,5 mpamroe B
JMTaIPHUX CyAHAax: OYKC-IITOK AaMOpPTH3AIIHHOI CTifiKH, BTYJKa-IITOK CHJIOBOTO
WTIHAPA JUTSA SIKUX HeoOXimHe 3a0e3MeueHHs Mpare3/1aTHOCTI Ta MiIBUIICHHS PECypCy.
Heabusike 3HaueHHs Mae MOYAaTKOBHH eram poOOTH, OCKIIBKM caMe Ha erari
MIPUIPALIOBaHHSA (OPMYIOTHCSI TOHKI ITOBEPXHEBI LIapH, sKi 3a0e3MedyroTh CTIHKICTbH
po6oTu B mopanbluiii excruryaTarii. 3MEHIIeHHs 3HOCY BiJl MPOLECY MPUIPALIOBAHHS
€KBIBAJICHTHO 301IBIICHHIO PECYpCy, @ CKOPOYEHHS Yacy MPHIPAIIOBAHHSI — SKOHOMIl
eKCIUTyaTallifHUX BUTPAT, TOMY LIbOMY IIHTAHHIO BapTO MPUIUIATH JOCTATHIO yBary.

OCHOBHEMH (paKTOpamMy, IO BIUIMBAIOTE Ha MPOLNEC € 30BHIITHHOCHIIOBI:
HaBaHTQ)XEHHS, IIBUJAKICTh KOB3aHHS, TEMIIEpaTypa IIOBEpXHI TepTd, ITUTOMHUH
TeIIoBMH 1oTik. Kepyloun naHUMHU pPeXXHMHUMHM ITapaMeTpaMH, MOXKHA BIUIMBATH Ha
eTanl  IpUNpaIfoBaHHA Ta  cramioHapHuii  mporec.  OCKUIBKH — yTBOPEHHS
TpUOOCTPYKTYpH, BiIOYBA€EThCS HA OKPEMHX AUISHKAX MOBEPXHI TepTs, B IpoLeci
HPHIIPALIOBAHHS JUISTHKH PO3LIMPIOIOTHCS 1 MOCTYIOBO OXOIUTIOIOTH BCIO IOBEPXHIO,
BUHUKAae (IyKTYIOUHi CTalmioHapHUi Mpolec, KOIU CTPYKTYpH MaKCHMalbHOI
TOBIIMHM 3HOIIYIOThCSA | BHHHMKAIOTh B IHIIOMY Micli. 3aKiHYeHHsS MNpPHIIPALIOBAHHS
OIIHIOBAIOCH 3a cTalimi3amielo KoegillieHTa TepTs, 3MCEHIICHHS IHTCHCHBHOCTI
3HONIYBaHHS.

BcranoBieHa 3anexHICTh YTBOPEHHS CYLUIBHOI TpHOOCTPYKTYpPH Ta BHU3HAYEHO
YacoBi XapaKTEPHCTHKU Ta XapaKTEPUCTHKH 3HOLIYBAHHS IIPHUIPAIOBAHHS B CHCTEMI
30XT'CA — AMI'-10 — bpAxMi10-3-1,5 Bix HaBaHTa)KCHHS, MBUAKOCTI KOB3aHHS Ta
cxemu Teprs. CrymiHUacTe HaBaHTAXXEHHsS aKTHBI3ye MpOIEC IPUIPAIOBAHHS,
3MEHIIYIOYM Yac Ta 3HOC BiJ JAHOTO eTaly, NpH IOCTiHHIM IMIBUAKOCTI KOB3aHHS,
TeMIepaTypa He TepeBuIIyBana giamason 50 — 60°C, BpaxoByiouH BINIMB KoedimieHTa
B3a€EMHOTO TIEPEKPHUTTS] Ha IMPHUIPAIIOBAHHSA CXEMa JOCHIIKEHHS — «KIIbIe-CEKTOP»,
TEOPETHKO-EKCIEPEMEHTATBHIM IIIIXOM OyJIO BCTAaHOBJICHO, IO MPH IMOPCTKOCTI Ra =
0,32 MKM, CIIOCTEpIraeThCs B MPOIIEC] €BOIOLIT BiJl TEXHOJIOTIYHOTO JIO CTAI[IOHAPHOTO
CTaHy B KOHTaKTi (QOpMyBaHHS TPUOOJIOTIYHOI CTPYKTYpH AUCHIIATHBHOTO THITY.

Metonom OXE-cnekTpanbHoOro ananizy HOBEpXOHb TEPTsl BCTAHOBIJICHO, IO IIApH
rubunoo 30 — 70uM mictate 70 — 90% atomir Byruemto i 10 — 15% atomiB wmini, i3
36inpiieHHsIM  TuOrHM 10 300HM BMICT BYIJICHIO 3HIKYETHCS JO HYJA, a Miai
30iabIIyeThes 10 85 % BuXiAHOrO it OpoH3M cTaHy. 30araueHa ByIJICLEM CTPYKTypa
YTBOPIOETBCSL B Pe3yJIbTaTi MEXaHOIECTPYKIIil BYIJICIIEBOBMICHUX MOJIEKYJT MacTHIIA,
MPUETHAHHS aTOMIB BYTJICIIO JI0 aKTUBHHUX LIEHTPIB MOBEPXHI 1 10 BXKE MPHETHAHUX
aTOMIB BYTJICIIIO.
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CYYACHI ABIALIIMHI TEXHOJOTITi

YK 667.637.22 (043.2)
I'aabuyenko 0.0., KopHienko A.O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

METO/Y HOBEPXHEBOI'O 3MIIIHEHHSI JETAJIEA
TPUBOTEXHIYHOI'O IPU3HAYEHHS

Po3BuTOK aBiakOCMiYHOI TEXHIKH BHCYyBa€ yce OUIBII BHCOKI BHMOTH [0
MIBUILEHHS pecypcy JTAIbHUX anapariB, L0 € CTHMYJIOM JUISl BJOCKOHAJCHHS
ICHyIOUMX 1 pO3poOKM HOBUX MaTepialiB, IO BIJPI3HAIOTECSA ITiIBUIICHUMHU
eKCIDTyaTalifHUMK XapaKTepUCTHKaMH. 3HaYHa KUTBKICTH JeTayiel aBiallifHOT TeXHIKH
MPAIIOIOTh B PI3HUX YMOBaX KOHTAKTHOI B3a€MOJIil, TOMY BHCOKI BUMOT'H BHUCYBAIOThCS
JI0 TIOBEPXHEBUX ILApiB JeTaliell By3JiB TepTsa. B TemepimHiii yac po3pobieHo Oarato
TEXHOJIOTIYHUX METOJMIB, M0 IO3BOJIAIOTH 3MIiHIOBaTH OyJOBY 1 BJIaCTHBOCTI
MOBEPXHEBHX IIApiB METaly B MOTPiOHOMY HampsMKy ab0 CTBOPIOBATH IIApH 3 Hamepes
3aJlaHUMH  BJIACTHBOCTSAIMH. 3aCTOCYBaHHS LMX METOMIB [O3BOJISE ITi/IBHIIYBaTH
3HOCOCTIHKICTh, CTiHKICTh NMPOTH BTOMIIIOBAHOCTiI 1 KOpO3ii Ta iHIII eKCIUTyaTalliiHi
BJIACTHBOCTI JeTajeH.

MoxHa BUAUTMTH TakKi OCHOBHI METOJIM IMOBEPXHEBOTO 3MIIIHCHHS JeTaiei By3IiB
TEpTS: 3MIHIOBaHHS CTPYKTYpH IOBEpXHEBOTO IIapy 30BHINIHIM MeXaHIYHHM (200
TEIUIOBMM) BIUIMBOM 0€3 3MiHM HOro XiMIiYHOrO CKIanay; 3MiHIOBaHHS CTPYKTypH
MOBEPXHEBOTO MPOMIAPKY JIETYBaHHSIM HOrO pI3HUMH XIMIYHUMH e€JIeMEHTaMH;
HAHECEHHS Ha MOBEPXHIO TEPTs MOKPHUTTIB; KOMOIHAIIsl HABEICHUX BHUIIIE METOIIB.

OCHOBHHMH  MeTOXI CTBOpPEHHS Ha BUpoOax CTPYKTyp 3  MNOTPIOHHMH
TPUOOTEXHIYHHUMH XapaKTePUCTHKAMH IUIIXOM MEXaHIYHOTO BIUIMBY Ha IXHI
MMOBEPXHEBI TNpOIIapKH Oe3 3MiHHM XIMIYHOTO CKJIaay — TOBEPXHEBE IUIACTHYHE
neGopMyBaHHs, IO CIPHsIE IIBUIICHHIO IX TBEPIOCTI, MOBEPXHEBI TPHBKOCTI,
3HOCOCTIHKOCTI, 3TI1aKyBaHHIO MiKpOHEPIBHOCTEH.

Jnst CTBOpEHHSI 3aXHUCHUX IIOKPUTTIB TPUOOTEXHIYHOIO IPHU3HAYCHHS Terep
3aCTOCOBYIOTh Pi3Hi (pi3nuHi, XiMiyHi Ta (I3UKO-XIMIYHI METOOH, IO HAIOTH 3MOTY
IicTaBaTH Ha POOOYMX IMOBEPXHIX JeTaleil MallMH Ta IHCTPYMEHTY CTPYKTypH i3
3a37aJIeTi b 3aJaHMMH BIACTUBOCTSIMH.

JlJiss moBEpXHEBOTO 3MII[HEHHs JAeTalieidi MalliH Ta iHCTPYMEHTIB HaWOiTbIIOro
MOIMMPEHHST HaOyJIM METOAM XiIMIKO-TepMi4HOi OOpOOKH, 30KpeMa: IIeMEHTAIisd,
HITPOIIEMEHTAIIisI, a30TyBaHHs, OOpYyBaHHS, XPOMYBAHHS, CIJIILIIOBAHHSI, IiaHyBaHHSI,
aNiTyBaHHS Ta iH.

st 3abe3neueHHs Mpare3 aTHOCTi By3JiB TepTs B 0araThOX BHUIIAAKax Ha pobodi
MOBEPXHI CHPSDKEHUX JeTaledl HaHOCATh aHTUQPHKLINHHI Ta 3HOCOCTIHKI moNiMepHi
mokpuTTa. OOHMM 13 TEpPCIeKTHBHUX METOMAIB MOBEPXHEBOTO 3MILHEHHS Ta
BITHOBIEHHs JeTanell € ynazepHa oOpoOka. OcoOnuBHI iHTEpeC CTAHOBIATH MPOLECH
na3epHoi 0OpOOKH MOKPUTTIB, OTPUMAHUX 1HITMMHU METOJaMH.

Bubip KOHKpeTHOI TEXHOJOTII MOBEPXHEBOT'O 3MII[HEHHS JAeTalleil BY3JTIB TepTs
BH3HAYAETHCS OaraTorpaHHUM KOMIUIEKCOM 3a1ad 1 po0JeM, sIKi TIOBHHHI BUPIIIyBaTH
naHi po0Oodi TOBEpPXHI BY3NIB TEPTS, TEXHOJOTIYHHNMH MOXJIMBOCTAMH, a TaKOX
€KOHOMIYHOIO JOLLTBHICTIO BUKOPUCTAHHS TOTO YH HIIOTO METO/Y.
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

YIK: 620.178.16 (043.2)
Annpeesa B.E., AuapeeBa FO.E., [Ibsiuenko 1.0.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

METOAUKA TPUBOJIOTI'TYHUX JOCJIII>KEHb MATEPIAJIIB
B YMOBAX BUCOKOTEMIIEPATYPHOI'O ®PETUHI'Y

Ha cporonni icHye Oarato MeToAMK i oONamHaHHS IUIA MPOBEICHHS IOCIiIKEHb
MaTepiaiB B yMOBaX BHCOKOTEMIIEPAaTYypHOro QpeTuHry. BoHH H03BOJISIOTH
peami3yBaTH pI3HHH THI KOHTAKTy IIOBEPXOHb TEpTs, CIIOCOOIB HarpiBaHHSA Ta
B3a€EMHOTO TepeMileHHs 3pa3kiB. HaiOLIbII ITOBHOIO MipOIO TIOCTABIEHAM BHMOTaM JULS
JOCIIIDKEHHST MatepialiB B yMoBaxX (peTuHry BimmoBimae ycraHoBka M®OK - 1. [lns
3a0e3MeUeHHs] TEMIIEpaTypHOr0 pEeXUMY BOHA JOJAaTKOBO OOJajHaHA KUIBLEBOO
CJIEKTPUYHOIO MiYYI0, TEPMOINAPOI0 Ta MiJliaMIIepMETPOM.

HarpiBanHsi 3pa3kiB KiJIBLIEBOIO ITYYI0 JO3BOJSE IPOBOAWTH JOCII/DKEHHS 3a
temnepatypu 10 1100 °C. BumomkeHi 3pa3ku Ta Bifkputa 3 OOKIB miu 3abe3reuye
BUTPUMYBAHHA 3a[IaHOI TEMIIEpaTypy B 30HI TepTs, a OISl OTBOPIB 1 B MICIAX KPIIUICHHS
3pa3kiB BoHa He mepeBuirye 300°C, ToMy [OJaTKOBE OXOJIO/DKCHHS IIAHT He
BUKOPHCTOBYETHCSL.

Ilix wac BumpoOyBaHbp Ha (PETHHr B YMOBaxX BHCOKHX TEMIEPATyp MOXYTh
pO3BUBATHCS [Ba BU3HAYAIBHMX IIPOLECH: CXOIUIIOBAHHS 1 YTBOPEHHS 3aXHCHHX
oKcHHUX MmapiB. CXOIUTIOBaHHS BUHUKA€E BHACIIJIOK PYHHYBaHHS 3aXMCHHUX OKCHIHUX
mapiB 1 MPU3BOAUTH OO 3HAYHUX PYHHYBaHb MOBEPXOHb TEPTS, TOMY € HeOaKaHUM.
VTBOpEHHS 3aXMCHOTO IApy € pe3ylbTaTOM TPUOOOKHCHEHHS JOCIHiIKYBaHOTO
Mmarepiany. Takuil 1ap npu HEZOCTATHIH TOBLIMHI HE 3MOXKE 3aXHUCTHTH IOBEPXHIO
TEpTs, a MPH 3aHAATO BENHKiH — OyJe OKpUXUyBaTHUCh 1 BiAKONIOBAaTHCh. B 000X
BHTIAJIKaX PO3BHBATHMETHCS CXOILUTIOBAHHS. | TUTBKH ONTHMalbHA HOTO TOBIIMHA 3MOXeE
3a0e3MeunTH BHCOKY 3HOCOCTIHKICT Marepiady. 3a3BH4Yali OCHOBHHII Mpollec
3HOLIYBAHHS BU3HAYAETHCS YK€ IICHS 3aKiHYEHHS EKCIIEPHMEHTY, L0 He OCTaTHBO
inopmaTuBHO. Kpim Toro, y mepebiry DOCITI/DKEHHS 1i MPOLECH MOXYTh 3MIHIOBAaTH
OJIMH OHOTO.

Bigomo, 110 OKCHIM MeTalliB MalTh 3HAYHO BHINUI €IEKTPHUYHHUIT Omip, HIK cami
MeTalui. 3aMipioloud Omip MiK JABOMa 3pa3KaMH, MOXHA CyIWTH, SKHH 3 JBOX
BHIIIE3a3HAUYEHNX NPOIECiB AoMiHye. Tak, MpH CXOIUTIOBaHHI BiH Oy/Ae 3MEHIIYBaTHCh
(ockinbKM Mae Miclie IpSIMHUNA MeTaJeBHH KOHTAKT), a 338 YMOB YTBOPEHHS OKCHIHOTO
mapy — 3pocTaTHMe. 3a 3HAUCHHSM eJISKTPUYHOTO OIIOpY TaKOX MOXHA Oyre
0e31ocepeHbO IiJ] 4Yac eKCIIePUMEHTY BU3HAYaTH TOBIIMHY OKCHIHOTO IIapy.

Jlns peamizaitii 3anpornoHOBaHOrO MeToAy ycTtaHoBKy M®K-1 Oyno moobnaaHaHo
U(POBUM MyIbTUMETpOM. Jlisl peecTpalii MUTTEBUX 3HA4YEHb EIEKTPHYHOTO OIOpY
BiH CHHXPOHI30BaHHUI 3 KOMII'IOTEPOM, Oe3MOCEepeTHbO I 3aMICy BUKOPUCTOBYETHCS
mporpama Excel. Yactora peectpamii curHaimiB Moxke 3MiHIOBaTHCH Bin 1 I'm. i Bumie.
TakuM 4uHOM, MOOYJOBaHHII HAa OCHOBI LMX AaHUX Ipadik JO3BOJUTH BU3HAYUTH HE
TUTBKY JOMIHYIOUHH IPOIIEC i 9ac TepTs, aJie i XapaKkTep 1 4acToTy HOro 3MiHM.

Hayxosuii kepienux — Ticoe O.B., kano. mexu. nayx
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CYYACHI ABIALIIMHI TEXHOJOTITi

YK 620.32.44
Kazapsan I'.O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

MNPOLEC KOHTPOJIIO ITIOKA3HHUKIB SIKOCTI
PITKOKPUCTAJITYHUX TEJIEBI3OPIB

IIpobneMa KOHKYPETHOCTIPOMOKHOCTI TIPOIYKIIiT BUCOKOI SIKOCTI € aKTyaJIbHOO IS
BCIX BHIIB MPOAYKIii Ta mociyr. B manwmit 9ac icHye cepiio3zHa KOHKYpEeHTHa 00pOTHOa,
BHUMOTH CHOXXHBAYiB MOCTIHHO 3pOCTAIOTh, BCE IIe 00yMOBIIOE HEOOXITHICTh PO3POOKH 1
BIIPOBA/KEHHS OpraHi3allissMH IIporpam MiABUIIEHHS sIKOcTi. Bcrae ocHOBHE nuTaHHS -
YW 37aTHI [i CHCTEMH YIpaBIiHHS 3a0€3MEYUTH BiAMOBIMHICTH OpraHi3ailii 10 HOBHX
YMOB i 33JI0BOJIBHUTH 3pOCTal0ui BUMOTH CIIOJKMBAadYiB, 3a0€3MEUYMBIIN Ha LI OCHOBI
CBiif PO3BHTOK.

Meroto naHOi poOOTH € BHBHJACHHS KOMIUICKCHOI OI[HKH IPOLECiB KOHTPOIIO
MOKa3HMKIBA SIKOCTI Ta YHPABIiHHSI SIKICTIO, IPU BUPOOHUILITBI Ta MPU SKCILTyaTalllH,
PO3poOKa METOAMKH OIIHFOBAHHS PiBHS SKOCTI PIAKOKPHCTAIIYHOTO TEJIEeBi30pa.

Jns mocarneHHs MeTH, Tpeba MPOBECTH KOMIUIEKCHY OIIHKY PiIKOKPHCTAJIIYHUX
TEJICBI30piB BPaxOBYIOUi Ta ONIHYIOWi Taki ITOKa3HUKW : INPH3HAYCHHS, €CTETHYH,
JIOBIOBIYHOCTI, EpPrOHOMIiYHI, OE3BiJIMOBHOCTI, €KOJOTiYHi, PEMOHTONPUAATHOCTI,
30epeKEeHOCTI, Oe3MeKH.

IToBuHI mOOYDyBaTH pAaHXUPYBAaHUHM psAJ IOKa3HHWKIB SKOCTI M'STH 3pa3KiB
PIKIKOKPHCTAIIYHUX TEJIEBi30piB , BUTOTOBJICHUX HA DPI3HUX MiJIPUEMCTBAX Ta 3a
PI3HUME TEXHOJOTIYHIMH (haKTOpaMHU.

TakuM YWHOM, [UIA OIIHKH piBHA SKOCTI MPOXMYKIIi, BHKOPUCTOBYBAIIU
KBalIMETPUYHH MeETOAM. Y JHaHii pobori Oymemo chupaTucs Ha MPHUKIATHY
KBaJIMETIIO, sIka PO3pO0IIsie METOM KUTBKICHOI OIIHKH SIKOCTI JUISi KOHKPETHUX BHIB
o0'exTa.

Jnst oTpuMaHHS py3yJBTaTiB HPH OI[HIOBAHHI DPIBHS SIKOCTi PiIKOKPHCTATIYHUX
TEJICBI30piB BUKOPHCTOBYBAJIH /1BA KBATIMETPUYHHUX METOJIA:

KoMIuteKkCHUI MeTO[| OLIHKH PiBHS SIKOCTI MPOAYKIi MOJSArae B TOMY, LIO PiBeHb
SKOCTI MPOAYKLil BUPAXKAETHCA OTHUM y3araJbHEHUM HMOKa3HUKOM. J{JIs1 OLIHKU SKOCTI
TEXHIYHO CKJIQTHOI MPOAyKIii HEOOXiJTHO BPaxOBYBAaTH BEIHKY KUTBKICTh OJHHUYHUX
pe3ynbTaTiB. Y TaKuX BHIAJKaX JOLULUTBHO PiBEHB SIKOCTI MPOAYKIIiT OLIHIOBATH OIHIM
YHCIIOM, SIK€ MOXKHA OTPUMATH Pi3HUMH criocobaMu y GopMi y3araJbHEHOTO TIOKa3HHUKa.

ExcriepTHMiIT MeTOx BU3HAYEHHS MMOKA3HHKIB SIKOCTI TPYHTYETHCS Ha OOJTIKY TyMOK
(haxiBIiB-eKCIIEPTIB.

KommiekcHuit 1 ekcrepTHUI METOM BU3HAYWIIN M Al OJHO3HAYHY BiAOBIAb IPU
owiHLI piBHS sIKOCTI aHajdi3oBaHux Mmozeneil PK TeneBizopiB i BUSBHIM cepel HUX
KpaIIni 3pa3oK sSKili po3poOIIsBCsS BUKOPUCTOBYIOYH BCi HOPMH SIKOCTI BiJIOBIJHO 0
uMor, HaBeneHnX y 1.'OCT 18198-89 «Tenesizopu. 3araibHi TEXHIYHI YMOBH ».

Hayxosuii kepisnux — Ceupuo M.M., kano. mexu. HayK, OoyeHm
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

YK
IicTronan F0.M.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

MIKHAPOJITHA TA PEFIOHAJIBHA CIIBIPAILISI YKPATHHA
Y COEPI MEHEJDKMEHTY AAKOCTI

AKTHUBI3aIlisl 30BHIMIHBOIIONITHYHOI AisUTBHOCTI YKpaiHu mepenbadae ii ydacTs B
MDKHapOJHUX Ta pErioHaJbHUX 00’€IHAaHHSIX. TOMy aKTyalbHHUM 3aBIaHHSIM €
O3HalOMJIEHHS 1 BUBUCHHS JIOCBiIy (YHKIIOHYBaHHS IIMX LEHTPIB MIDKXHAPOJHOTO Ta
PpeTiOHATBHOTO CIiBPOOITHUITBA Ta SIKI € IIEPCIIEKTHBY 1€l criBIpani Uit YKpaiHH.

Meroto naHOl poOOTH € BHBYEHHS OCOOJIHMBOCTEH MIiXXHAPOIHOI Ta perioHaIbHOT
criBmpaii Ykpainu y cdepi MEHEIKMEHTY SKOCTI 1 iX BIUTMB Ha PO3BHUTOK ITi€i chepu B
Hamii nepxaBi.B poGOTi PO3MNISHYTO:MOHATTS, CTPYKTYpy Ta TIIPaBOBI OCHOBH
MDKHApOAHMX OpraHizamifi; OCHOBHI HAmpsSMKH [JisUIBHOCTI MDKHApOAHHX Ta
peTioHaNbHUX OpraHi3alliif; CydyacHH CTaH B3a€MOBITHOCHH YKpaiHU 3 MIKHAPOIHUMH
peTiOHANBHUMH OpraHi3amisMH.

OO0’€KTOM JOCIiKEHHSI BHCTYNAIOTh MDKHAPOJIHI Ta pErioHalbHI OpraHizamii ,a
NIpeAMETOM pPOOOTH € B3aEMOBIIHOCHHM YKpaiHM 3 JEIKHMH MDKHApOJHUMH Ta
peTiOHATEHIME OpraHi3allisIMu.

[IparHeHHs 10 HaMBHUIIOrO DIBHS SKOCTI Ta JOCKOHAJIOCTI MOTpeOye MOCTIHHOrO
BUBYEHHS 1 LIIJIECTIPSIMOBAHOTO BUKOPHCTAHHsI EPEOBOT0 IOCBITY LI0/10 3a0e3MeueHHs
Ta TOJIMIIEHHS SKOCTi, HAKOIIMYEHOr0 B PO3BUHEHUX KpaiHax €Bpomu Ta cBiTy. 1100
LBOr0 JIOCSATTH, HEOOXiJHO HAaJaro/UKyBaTH Ta pPO3BHBAaTH CIIBPOOITHHUITBO 3
MDKHapOJAHUMH Ta HAllOHAIPHHMHU OpraHizamisiMu y cdepi sSKOCTi Ta ympaBIiHHA
sKicTio. Hacammepen Iie CTOCYETbCS DO3BUTKY [IIJIOBOTO IIapTHEPCTBA 3 TaKUMHU
BIUTMBOBMMH OpTaHIi3alisIMH B cdepi SIKOCTI CBiTOBOro macmraly, sk €Bpomnelchka
opranizamist 3 skocti (€0S), €Bponelicbkuit ¢onx ymnpasmiHHS skicTio (€EDY),
AMepukaHcbKe ToBapHcTBO skocTi (ATS) Tomo.

Bucoka sKicTh BITYM3HSHOI NPOAYKLIl crpustiMe (HOPMYBaHHIO ITO3UTHBHOI'O
MIDKHApPOIHOTO iMIMKy YKpaiHH, IO € MepeIyMOBOIO iHTErpaiii Hauioi AepaBd B
€BPOIEHCHKI CTPYKTYPH Ta CBITOBY €KOHOMIUHY cHCTeMy. Brcoka sKicTh mpoIyKIii Ta
MOCITYT CIIPHSA€E BCTAHOBIICHHIO PIBHOIPABHUX TA B3a€EMOBUTITHHUX CTOCYHKIB 3 iHITUMH
KpalHaMU 1 HaJJep>KaBHUMH 00’ € THAHHAMH.

Hamaranns YkpaiHn iHTerpyBaTH Ha 3acajax pPIiBHOIPABHOCTI B €BPOICHCBHKE 1
CBITOBE CIIIBTOBAPHUCTBO MOTPeOy€e BU3HAHHS Ta JOTPUMAHHS HEIO MIKHAPOIHHUX HOPM i
mpaBwi y cdepi sKocTi, Hacammepen CTaHIapTiB MiKHapogHOT opranizamii 3i
cranaaprusanii (ISO), €BporneiicbkuX IMPEKTUB 1 CTAHIAPTIB, & TAKOX MPUHIIUIIB
€041, €DV, AT Tomo.

Hayxosuii kepienux — Menvuuk B.B., kano. mexu. HayK, Ooyenm
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CYYACHI ABIALIIMHI TEXHOJOTITi

VK 620.32.44
Smenxo ILIIL.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

KOHTPOJIb AKOCTI MPOIYKIIII
HA BAT ,,BETPOITAK TOCTOMEJIbCbKH CKJIO3ABO”

B ymoBax puHKYy O0COOIMBOi akTyaJbHOCTI HaOyBae NHTaHHS 3a0e3MeUeHHS
BHPOOHUITBA sIKiCHOT mpoaykii. [loTpeda B po3poOili 3aX0/iB 010 KOHTPOIIO SKOCTI
3YMOBJIOETHCSI MOXKIIMBICTIO BIIPOBA/KCHHS HOBITHIX TEXHOJIOTiH y BHUPOOHHITBO 3
METOI0 HAMIOBHIMIOTO BHUKOPHUCTAHHSA IOTEHIIMHUX MOXIHBOCTEH BHpoOHMKIB. Ha
KOPHCTh NOUUTBHOCTI MiIBUINEHHS SKOCTI MPOAYKIIi CBIYUTH apryMEHT, IO SKiCTh
MPOAYKIIl 3HAYHOK MIpOK BH3HA4a€ ii KOHKYpPEHTOCIPOMOXKHICTh. BHcoka SKiCTb
MPOAYKIi, B TOPIBHAHHI 3 KOHKYypEHTaMH, HE JMIIe 3a0e3ledye TOBIOCTPOKOBY
rmepeBary, a W HEpiAKO JO3BOJISIE MiNBUINYBATH I[iHY Ha MPOIYKIiIO, HE BTpAdaloqn
CBOIX CITOXKHBAUiB.

Mertoro nanoi poOOTH € PO3pOOKa METOIMKH KOHTPOJIO AKOCTI mpoaykuii Ha BAT
,.Berponakl'ocromenscpkuii  Cki103aBON”, SKa BCTAHOBIIOE MOPSAOK KOHTPOIIO
CHUPOBHHH, ONMOMDKHHX MaTepialiiB Ta CKIOBHUPOOIB Ha BCIX CTalisiX BUTOTOBJICHHS,
MPOBEACHHS BUIIPOOYBaHb CKIOBUPOOIB Ta 0OPMIICHHS pe3yNIbTaTiB BUIPOOYBaHb.

Jnst 3abe3neyeHHst SIKOCTI CKJIOTapH B MPOLECi BUPOOHHUIITBA Ha KOXKHOMY eTarri
BUTOTOBJICHHSI TPOAYKLIi NPOBOAUTHCS KOHTPOJIb: MaTepianiB i CHPOBHHH, IO
HAJXOAAThTa KOHTPOJb O0OpoOJeHHX MaTepialiB, TOTOBHX CKJIOBHPoOiB.Buan
KOHTPOJIIO 3a3HAueHi B 3arajibHiil TEXHOJIOTIUHIN GJIOK-CXeMi BUPOOHHUIITBA KOHTPOITIO
CKJIOBHPOOIB.

T'oToBI crIIOBHPOOHM TIepes 37a4el0 Ha CKJIa] i HOCTaYaHHsIM 3aMOBHHUKY IiJUISTAIOTh
BUMPOOYBaHHSAM Ha TMEpeBipKY BIANOBIAHOCTI BCTaHOBIeHMM Bumoram HJ[ um
TEXHIYHUM XapaKTEPUCTHUKaM BCTAHOBJICHUM CHOXKMBadeM II0 KOXXHOMY BHJY
TIPOIYKILT.

B nporueci BUpoOHUIITBA NPOLYKIT IPOBOAUTHCS: KOHTPOJIb 0OPOOICHOT CHPOBHHH
I KyIIOBAaHOTO CKJIOOOIO, KOHTPOJIb TEXHOJOTIYHOIO IMPOLECYy NMPUTOTYBAHHS 1 SIKOCTI
IIMXTH, KOHTPOJIb 3aBaHTAXXCHHS IIMXTH 1 CKIOOOI0 B MY, KOHTPOJb TEXHOJIOTTYHOTO
Ipoliecy BapKH CKJIOMAacH y BaHHHX IT€4aX, KOHTPOJIb CKJIOBHPOOIB Ha cKiIo(opMyrodii
MaIlIHi, KOHTPOJIb SKOCTI BIANIAly TOTOBHX CKJIOBHPOOiB, BUIIPOOYBAaHHS CKIOBHPOOIB
Ha Omip BHYTPINIHBOMY THCKY, KOHTPOJb JIHIHHUX pO3MIpiB, BU3HAUEHHS BarW Ta
MICTKOCTI CKJIOBUPOOIB, KOHTPOJb TOBIIMHH 3aXHCHOTO 3MIIHIOIOYOTO ITOKPHUTTS,
KOHTPOJb IOKPHUTTS CKJIOBHPOOIB Ha XOJOMHOMY KiHII, CYLUIBHUH Bi3yaJdbHUH
KOHTPOJIb BUPOOiB.

BuMorn m0 TNOKa3HUKIB SKOCTI CKIIOBHPOOiB, 00CsATy Ta BHUIY BHIPOOYBaHb,
TOYHOCTI 1X BUMIpIOBaHb, BU3HAUCHI B KPECIECHHIX BUPOOiB, TEXHIYHAX YMOBaX, 1HIIUX
HOPMAaTHBHUX JOKYMEHTax Ha JlaHy MPOAYKIII0 Ta BUMOT CIIO)KUBAYiB.

Jlo BUKOHaHHS KOHTpPOJIO JOIYCKaeThcsi KBaliikoBaHWH, HaBYCHUH IeEpCOHAI,
SIKUH TPOIIIOB MepeBipKy 3HAaHb a PE3YJIbTaTH KOHTPOJIIO JOKYMEHTYIOThCS B pOOOUHX
KypHanax abo 3aHocaTses 10 [1K, siki 3HaXOAATECS HAa pOOOYHX MICIIAX ITEPCOHAITY.

Bcst IpoyKIlis, 0 MOCTABISETHCS 3aMOBHHUKY, CYTIPOBOIKY€ETHCS cepTHhiKaTOM
BIATIOBIAHOCTI, MMOCBITYEHHSM IPO SKICTh.

Hayrosuii kepisnux — Ceupuo M.M., kano. mexn. Hayx, ooyenm
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BUPOBHUL|TBO, TEXHIYHE OBCIIYITOBYBAHHA TA JIATHOCTHKA
ABIAIIIHHOI TEXHIKH I TA30TYPFIHHHX YCTAHOBOK

YK 629.735.035.62 (043.2)
Kupuuenko K.A.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

MOXJIUBOCTI NIABUINEHHS EOEKTUBHOCTI 3ACTOCYBAHHS
JAESIKHX METO/IIB HEPY‘I?'IHI.I.}HOFO KOHTPOJIIO B YMOBAX
EKCINIYATALII ABIAHIMHOI TEXHIKH

HeoOXigHicTh MiABUIIEHHS BUMOT JI0 3aCO0iB Ta METOIB HEPYWHIBHOTO KOHTPOIIIO
(HK) s xoHTpomro By3IB 1 Jeranel aBiallifHOT TEXHIKH BEJMKOI Pi3HOMAaHITHOCTI
¢dopM M ckIagHOCTI OOYMOBIIEHA OCOOJIMBOCTSIMM EKCIUTyaTallifHMX yMOB IIpH iX
3aCTOCYBaHHI, a came:

- HeoOXxigHicTh npoBeneHHs HK Ge3 BunmaneHHs cioro J1akopapOOBOTO IOKPHUTTS
abo repmMeTHKa;

- BIZICYTHICTh ABOOIYHOTO AOCTYILY;

- HEOOXiIHICTh KOHTPOJIIO 30H KOHILIEHTPALlil Halpy>KeHb;

- HeoOXizHicTh mpoBeneHHss HK B monpoBHX yMOBaxX M yMOBax aepoapoMiB.

Tomy mnpm o6cmyroByBanHi AT HaiOimemmit 00'eM KOHTPOJNBHHUX oOmHepariit
BUKOHYETBCS BUXPOCTPYMOBHM 1 ynbTpa3BykoBuM Meromamu HK neraneit mitanbHHUX
arapaTiB, 10 MOB's3aHe 3 X BUHATKOBUMHU IIepeBaraMu, cepest sIKux:

- MOJJIMBICTh KOHTPOJIIO OIYHOT CTIHKH OTBOPIB:

- KOHTPOJIIO TI0 HEOUHIICHIil MOBEPXHi;

- BIICYTHICTh HEOOXIHOCTI 3aCTOCYBaHHs KOHTAKTHUX PiAWH;

- HeBeJIMKi rabapyTH i Bara anapaTypH i iH.

IlepcniekTHBH BHKOPUCTAHHS BHXOPOCTPYMOBOTO METONY [UIA aBiamii, KpiMm
BHIIEBKA3aHUX, TOB'SI3aHI 3 HIMPOKUM [ialla30HOM POOOYHX YacTOT Ae(EKTOCKOITY,
MOXJIMBICTIO IIIKIIOYSHHS BHXOPOCTPYMOBOTO IIEPETBOPIOBAYa PI3HOTO  THILY,
MOXJIUBOCTSIMH 00poOIi Ta peectpanii currany. L{uM MeTo[0M, HalpuKiIan, B JUTHX
OapabaHax BHSBISIIOTH IIUIAKOBI 1 ()JIFOCOBI BKJIFOYEHHS, y LITAMIIOBaHMX OapabaHax -
OKHCHI IUTIBKM 1 TpiluHU. [Insl BUSBIEHHS TPIMH Ha OOKOBHX CTiHKAax OTBOpIB
BHUKOPUCTOBYIOTh CTAaTH4HI Je(eKTocKonu abo JUHAMIYHHNA PEKHM KOHTPOJIO 3
BUKOPUCTAHHSM CIICI[iaTi30BaHINX POTOPHUX CKAaHEPiB.

VibTpa3ByKoBe IOCHI/DKEHHS, K 1 BHXOPOCTPYMOBHH MeTON, HEe pyHHye i He
MOIIKO/DKY€ JOCHIKYBaHUH 3pa3oK, 110 TAKOXK € HOro roJIOBHOIO MEpeBarolo.

Ipu npoBeeHHI yJIbTPa3ByKOBOrO KOHTPOJIIO, HANPHKIIAM, BUSBISIOTECS TPILIHHH
B TOPIIHSX aMOPTH3ATOpIB MIACi JTAaKiB, BHKOHYETHCS KOHTPONH TOBIIMH CTiHOK
€JIEMEHTIB KOHCTPYKILIM IiJBICKM, JIomaTed Ta IUMWIBOK HOBITPSHUX TBHHTIB THILY
«ABy, CTSDKHUX 00JITIB MATOYHHH KOJIeca.

B Tenepimmiii wac mns HK B aBiauii HaifGinpir epeKTHBHE BHKOPHCTAIOTHCS
nedexrockonu tumy B/13-71 i cydacHi yneTpa3BykoBi nedexrockonu Y4-76, YA3-71,
Y 12-70, oo 103BOJSIOTH MPOBOIUTH PEECTPALIIO PE3YIIBTATIB KOHTPOITIO.

Hayxosuii kepisnux — Morooyoe M.D., kano. mexu. Hayk, 0oyeHm
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YK 629.735.083.002.5:62-69.001.57(043.2)
Kucasik M.I1.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

MATEMATHUYHE MOJEJIOBAHHSA AKYCTUYHOI'O PE3OHATOPA
B CEPEJIOBHUIII ANSYS

3MEHIIeHHsI MIKI[UIMBOTO BIUIMBY LMBUIGHOI aBiallii HA HABKOJHUIIHE CEPEIOBUIIE €
ONIHIEI0 3 BaXIMBHX 337ad cydacHOcTi. [lo ¢akTopiB IIKi[UIMBOrO BIUIMBY aBiamii
BIZTHOCSITB: IIIyM, BUKH/JH IIKIAJIMBUX PEUOBHH, €JIEKTPOMarHiTHe BUIIPOMIHIOBAHHS Ta
iHII. 3aX0/U 1010 3HWKEHHS IIYMY B aBialliifHUX JBUTYHIB TOBUHHI 3aCTOCOBYBATHUCS
Ha yCiX eranax >KUTTEBOTO IUKJY JIiTaKa — BiZl pO3pOOKH BUMOI BUTOTOBJIEHHS J0 HOTO
eKCIUTyaTarrii.

VY uMBiNBHIN aBianii BHKOPUCTOBYIOTH Pi3HI METOAM 3MEHIICHHS LIyMy: NPaBUIbHE
IUIaHyBaHHs BUKOPUCTAHHS TEPUTOPIi aepomopTy, opraHizaiiiiHi (HarmpuKiax KOHTPOIb
3a BUKOHAHHSAM CTAaHIAPTIiB), eKCIUTyaTaliifiHi (3aCTOCYBaHHS ONTHUMAJbHUX PEXHUMIB
eKCIUTyaTallii) Ta TeXHi4Hi, 0 HampsMJICHI Ha 3MEHIICHHSA IIyMy B JDKEpeni Horo
YTBOPEHHS.

Jnst BuOOpy HampsiMy ITOHVDKCHHS IIYMY JBHTYHA B)KIMBO BH3HAYHTH JDKEPEIO,
IO BU3HAYa€ TOJIOBHMI piBeHb IIyMy. 3HauHi YCHIXM INPH 3HWKCHHI IIyMy B
TypOopeakTHuBHOMY JBOKOHTYpHOMY nBuryHi (TPJIJ]), 1e OCHOBHUM JKepernoM IyMy €
BEHTWJISITOP Ta PEaKTUBHUH CTPyMiHb, OyJaM IOCSTHEHHI 32 PaxyHOK 301JIbLICHHS
CTENeHI JBOKOHTYPHOCTI Ta 3acTOCyBaHHI B HOro 30BHIUIHBOMY KOHTYDI
3BykonornuHaounx KoucTpykuii (3I1K). Ane 1e mpu3Beno 10 30UTbIICHHS BKIALY
BHYTpimHbOr0 KOoHTYpy TPJIJI — TypOiHM, KaMepu 3ropaHHs, KOMIpecopa — B
3araJbHUN piBeHb MIyMy JiTaka. OmHUM i3 croco0iB YCyHEHHS € BCTaHOBJICHHS
CHEIiaJbHUX eJIEMEHTIB (Pe30HATOPHI TJIyIIHWKH) B MPOTOYHIM 4YacTWHI ABUTYHA. [lo
HaWTOMUPEHIIIOro BUAY TaKUX TIIyIIHHKIB BITHOCUTHCS pe3oHaTop [ exbMmroiba.

PospaxyHkam pe3oHatopiB ['enbMronblia MOCBIYCHO BEIHKY KiBKICTH POOIT Ta
nmyOmikaniii B SIKMX pO3MIIAAIOTBCS Pi3HI acleKkTd (OL[iHKAa pPEe30HAHCHOI YacTOTH,
0co0arBOCTI KOHPIrypauii Tommo). AKycTHyHa e()eKTHBHICTh PE30HATOPA3POCTAE, SIKIIO
MpaBWIBHO o00paTtu Horo reoMeTpuuHi mnapamerpu. OCHOBHOIO HPOOJIEMOIO MpU
BHPIIICHHI TaKWX 33/1a4 € CKIAJHICTh PO3PAaXyHKiB, OCKIIBKH MOTPiOHO BpaxoBYBaTH
pizHi dakTopH, Taki K MPUMEKOBUH MIap, IMBUAKICTH PyXy poOOUYOro Tiia, TeOMETPir0
KaHaJy Ta iHme. ToMy MOJIENIOBaHHS aKyCTHYHHX PE30HATOPIB aKTyalbHHUI HaIpsM.

Cepenosume ANSY S1n03Bos1s5€ 3Ha4HO 0OJIETIIHTH BU3HAYEHHS ITapaMeTpiB MOTOKY
IIPY Pi3HUX TUIAX PE30OHATOPI.

MopentoBaHHsl pe30HaTOpiB ['enbMrosibiia J03BOJISIE PO3PAaXOBYBATH BIUIMBH Ha
MOTiK poOOYOro Tina, a MOXIMBICT BHBEICHHS 3HAYCHb MapaMeTpiB JoloMarae
MpaBWJIBHO 00OpaTH Hale(eKTHBHIIII TeoMeTpuYHi mapamMeTpu ©6e3 MpOBEACHHS
HaTypHUX €KCIEPUMEHTIB.

Hayxosuii kepisnux — Mimpaxoeuy M.M., 0-p mexw. Hayk, npogecop
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YK 629.735.083.002.5:62-69.001.57(043.2)
Komapos B.B.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

TFA3OAMHAMIYHA OINITUMI3ZAIISA BIHIS JIOITATKU B IPOTPAMHOMY
IMAKETI KIHIIEBO-EJIEMEHTHOI'O AHAJII3Y ANSYS

IligBumenns edextuBHOCTI razorypOinHMx apuryHiB (I'TH) i 3a0e3medeHHs ix
ra3oMHAMIYHOI CTIHKOCTI B IIMPOKOMY [ialma3oHi eKCIUTyaTalifHUX PEeKUMIB,
peaimizaliisi BUCOKOI HaIilHOCTI JonatkoBux BiHIiB [T/l — mpo6ieMu, mo mocraBiieHi
MIPAKTHKOIO IBUTYHOOYTyBaHHS Ta JOCBIZIOM €KCILTyaTaIlil.

[Momaneie BrocKoHadeHHS KommpecopiB [T/l MoxiauBe 3a HacTyNHHMH
HampsiMaM¥: 3MEHIIEHHS KIJIBKOCTI CTYIEHIB 3a paxyHOK CTBOPEHHS HOBUX
BUCOKOHANipHUX cTyneHiB, 30inbmenHs KKJ, 3HIKEHHsS piBHA LIyMy, IiJBHIICHHS
3amacy CTiKocTi. BupilleHHS IUX CKIaZHUX 3aBJaHb HEMOXJIHMBE Oe3 IeTalbHOro
3HAHHS TPUBUMIPHOI KapTuHH 1epediry. JlociipKeHHs pexuMiB poOoTH TypOOMaIlInH B
JIaHWil Yac € aKTyaJlbHOK Ta CKJI4IHOK 33/1a4elo. 3aCTOCYBaHHS KOMIT'IOTEPHOTO
MOJICIIIOBAaHHS BiKPHBAa€ HOBI MOXIIHMBOCTI UIS BIOCKOHAJICHHS Ta ONTHUMi3amii
XapaKTepPUCTHK Ta30TypOIHHUX JABUTYHIB.

KomrutexkcHe BuBUeHHs Tedii B mporouHiit wactuni I'TJ, y TomMy 4mcii npu pizHEX
BU/IaX BIUIMBY Ha aepOAMHAMIUHI CIIiH, MPEACTaBiIse 3HAYHUI MPAKTUUHMI iHTEpec,
OCKIJIBKH JI03BOJISIE PO3POOUTH HAyKOBO OOIPYHTOBaHI peKOMEHAAIii 3 pO3LIMPEHHS
nianasoHy 0e33pHBHOTO OOTIKaHHS JIOMATKOBUX BiHIIB Ta MOJIMIICHHIO €KOHOMIYHOCTI
ra3oTypOiHHOTO JBUTYHA.

Jns moOymoBu MareMaTWdHOi Mozeni Oyia oOpaHa mepiia CTYMiHb OCHOBOTO
KOMIIpecopa HHM3bKOro THCKy. Ilepummit cTymiHb CKIaJaeThesi 3 BXIJHOrO
HalpaBISII0Y0r0 amapaTry, poOodYoro Kojeca IEepIIoro CTYNEeHsS 1 HaIpaBiIsiodoro
armapaTty MepIoro CTyIeHs.

JocnimpkyBaBcst psii pe)KUMIB pOOOTH CTYIICHI 3 pISHUMH T€OMETPUYHUMH (hopMaMu
pobouoi nonatku. [Tapamerpamu onTUMi3anil Kilbka TéOMETPUYHHUX PO3MIpPIB JIOMATKH,
mo 3amaioTbesi B Design Modeler. Kpurepiem ontumanbrocti € KKJ[ BiHIs,
onepxyBanuii 3 CFD-Post.

®i3nyHa i po3paxyHKOBa MOAeTi OyIyBaJMCs HAa OCHOBI YSBJIEHb NpO (i3uuHi
IPOLIECH Ta ra3oJuHaMiyHOMY pexumi Tedil. Po3paxynkoBa mozens CFX Biiouae
CHIBBIJJHOLIIEHHS JUIS IapaMeTpiB cepeqoBHIIa (MOBITPs), PIBHIHHS PyXy IOBHICTIO
CTHCITBOTO Ta3y, MOZeNi TypOyJIeHTHOCTI 3 IPUCTIHKOBUMH (pyHKIIISIMU.

Jnst cTBOpeHHsT pO3paxyHKOBOI 30HHM BHUKOpUCTOBYBajacst immoproBana 3 CFX
TurboGrid po3paxyHkoBa ciTKa Ul KO)KHOTO BiHI. ['paHWYHI yMOBM BU3HAYaNIUCs Ha
BCIX MOBEPXHSX 1 BKJIIOYAJIM YMOBH Ha TBEPAUX CTIHKAX, YMOBU Ha BXOJi 1 Ha BUXOII
CTyIeHi, nepioanyHi iHTepdeiick A1 KOXKHOTO BiHIM 1 iHTepdelich MiXk 00epTOBHUMH i
HEPYyXOMHUMH OOJIACTSAMH.

Hayxosuii kepisnux — Mimpaxoeuy M.M., 0-p mexw. Hayk, npogecop
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YK 621.452.3:62-531.7(043.2)
Kopuomnuii H.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

JOCJJIIKEHHS KOJIMBAHD JIOITATOK I'A3OTYPBIHHOTI'O IBUT'YHA
Y CEPEJIOBUIII ANSYS

Po3paxyHOK mapameTpiB BITaCHUX KOJMBAHB JIOMATOK ra3oTypoinHoro aeuryHa (I'TH),
METOI0 SIKOTO € BH3HAUEHHS MOXKIMBHX PE30HAHCHHX PEKMMIB, € JIy)Ke BOXIUBUM IS
OIIHKK 1X MIIHOCTI. SIKIO HeOe3neuHi TapMOHIKA He MOMaalTh B poOOYMil Jiama3oH
pexunmiB podotu I'TJ], To KOHCTPYKITis 3a3BHYali BBAXKAETHCS 3aJIOBUIHHOIO 3 TOUKH 30py
MIIHOCTI NPY TMHAMIYHUAX HaBaHTKEHHSX. TOMY MPHHMAIOTHCS 3aXO/H LIOJI0 3MiHEHHS
KOHCTPYKIIii TaKMM YMHOM, 1100 BUBECTH ii BIIaCHI KOJMBaHHS 3a poOouHMii riana3oH abo
3MICHIOETBCS OLlIHKA HEOE3MEeKH Pe30HAHCHHX KOJHMBAHb 332 BEIMYMHOIO AedopMartiii i
Harpy>XXeHb, 1110 BUHUKAIOTh Y B KOHCTPYKII]i.

ITpu BuBYeHi craTudHOro AedopMmyBaHHsS Ta BiOpaliil mepa JOMATKH 3 YCHiXOM
3aCTOCOBYIOTBCS MaTeMaTH4HI MOJIEINi, MOOYAOBaHI Ha Teopii CTEp)KHIB, INIACTUH Ta
000JIOHOK, ajie HAlOLIBII MEepPCIIeKTHBHAMHI Ha JaHWH 4Yac € TPUBUMIPHI MOJENi, 10
1moOyioBaHi Ha OCHOBI METO/Ia CKIHUCHHHX eJIEeMEHTiB. BOHM 103BOJISIOTE peanizyBaTH
€MHWIA TIIXIJ 0 YACENPHOTO MOJICNIOBAHHS JWHAMIKA Ta CTATHKH YCIX PI3HOBHUIIIB
JIONIATOK, BPaxyBaTH CYTTEBY TPUBHMIpPHICTb AeOpMyBaHHs, (i3MIHY HEOJHOPIIHICTH
Marepiaity, CKJIaJHUI POLeC HaBaHTAXKEHHSI.

Jns peanizanii Mozeni Takoro poay 3afad IIUPOKO BHKOPUCTOBYIOTH KOMILIEKC
Ansys. 3aBASKd HOTYXHOMY (Qi3HIHOMY SAPY Ta 3HAYHOMY HaOOpy KOMIIOHEHTIB, i€
CepeOBHIIE JO3BOJISE ACTANBFHO aHANI3yBaTH TPUBUMIPHI MOJETi, 0OpOOIATH BEUKi
o0csru iHpopMallii Ta ONepaTHBHO MPOBOAUTH PO3PAXYHKH.

Jlomatku BiTHOCATBCS 10 TUX OCHOBHHMX paeraneii ['TJ/I, mo BU3HAYAalOTh HOTrO
HaJiHICTE 1 pecype. [y aHami3y BIDIMBY OCHOBHHX Ail0YMX (haKTOPIB Ha CTATHUHY i
JUHaMiYHy MinHicThs jgonatok I'TJ] Ha crazii mpoeKTyBaHHS 3aCTOCOBYIOTH IIPOTPaMHi
KOMIUIEKCH JUIsl MATEMAaTHYHOTO MOJISTIFOBaHHSI.

MeTor0 poOOTH € JIOCIIKEHHS KOJNMBaHb Ta HAINpPYKEHO-Ae()OPMOBAHOTO CTaHY
nonatok I'T/] B cepenoBumii Ansys.

MetonoM JOCTIDKEHHS € CKIHYEeHHO — €JIEMEHTHE MOJENIOBAaHHS —HaIlpyKeHO-
TIe(OpMOBAHOTO CTaHy 1 TApMOHIMHMX KOJIMBAaHb podourx jtonatok ['T/1 B cepemosrii Ansys.

HaykoBa HOBH3HaA pe3yIbTaTiB HOJISTAE B CTBOPEHHI B MATEMaTHIHOMY CEPEeIOBHUII
Ansys Mojeni Bizyamizarii (opM KOIMBaHb i OTPUMAaHHI 3HaYE€Hb HANpPYKCHb y OyIb-
SKOMY TEepeTHHI JIOmaTKyd JOBUIbHOI (opMH Uil BapiaHTIB iX KOHCOJIBHOTO
3aKpIIUICHHS, 3aKPIIUIeHHs 3 000X OOKIB i MIApHIPHOTO.

V pesynbrari gociipkeHHs: OyJa0 BHUSBICHO 30HH JIOKaNi3alil TPUBHUMIPHHUX TOJIB
Hampy>XeHb MOpH CTaTHYHOMY 1 JAWHaMiuHOMY JAehOpMyBaHHI CKIAJHHX 32
KOHCTPYKIJI€0 JIOMATOK Ta OTPHMAaHO YacTOTH 1 TPHUBUMIpHY Bisyauizamiro ¢opm
KoJMBaHb pobouoi tomatku ['T/l mpu pizHUX BapiaHTaX 3aKpiljICHHS.

Hayxosuii kepisnux — Mimpaxoeuy M.M., 0-p mexn. nayk, npogecop
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YK 629.735.035.62 (043.2)
JloroBa /1.0.
Cnog sincokutl konedxc Hayionanonoeo asiayitinoco ynieepcumemy, Cnog sincok

OLIHKA TEXHIYHOI'O CTAHY I'OJIOBHOI'O PEJIYKTOPA BEPTOJIbOTY
B IMMPOLIECI EKCILTYATAIIi 3A MOI'O BIBPALIIMHUMHA
XAPAKTEPUCTUKAMUA

[usinbHa apiauis (IJA) € oaHi€l0 3 CKIAIOBUX TPAHCIIOPTHOI CUCTEMH YKpaiHH, L0
BHMArae IiJIBUILEHOTO PiBHS periiaMeHTyBaHHs I 3a0e3nedeHHs aBialiifHoi Oe3mnexu i
MOJIBOTIB, HAJ@HHSA MacakupaM IOCIHyr BHCOKOI sikocTi. He 3Bakarounm Ha 3HauHi
npoOJieMHr, M0 MArOTh MICIIe Ha CHOTOJHINIHIA JIeHb MpH iI BUKOPHCTaHHI, a 16 POKH
excroryaramii moBitpsHuX cyzaeH (I1C), 3poctanns Baprocti IIC Ta ix TO, BuTpatn Ha
MIrOTOBKY OOCIIyrOBYIOUOTO MEPCOHANy, Bee JK Taku yacTtka Bukopuctans [1C LA mis
BUpILIEHHS] PI3HMX 3aJa4d IMOCTiifHO 3poctae. OnHak y 3B’A3Ky i3 00’€KTHBHUMH
npobiemamu oHoBieHHs mapky [IC He NMPOBOAWTHCS, OJHMM i3 LUIAXIB MiATPHUMAHHS
HAJIIITHOCTI MTapKy € BCTAHOBIICHHS HOBITHIX cHcTeM omiHKH TexHiuHoro crany (TC) I1C.
Po3poOka meroxiB pannpoi ominkd TC apiamifinoi Texuiku (AT) Ta BimmparroBaHHS
pekoMeHpaniil o0 MmopsAaKy i eKciutyaramii € OJHHUM i3 HampsMKiB 3a0e3nedeHHs
Oe3neku monboTiB LIA. Pe3ynpraté BupilleHHs AaHOi MPOOJIEMH AO3BOJSIOTH POOUTH
BUCHOBKM Tipo 3MiHy TC HalOUTBII BiATNOBINAJIBHUX arperatiB BEpTONBOTY, a B
TOAAIBIIIOMY JIaTH MOXKJIMBICTB €KCILTyaTanii crapitodoro napky AT. OqHUM 3 OCHOBHHX
nokasHuKiB omiHkH TC € omiHka piBHS BiOparii B mpomeci ekciuryatarii. [IpoBenenuii
aHaNI3 CTAaTUCTUYHHX TaHUX Ipo BimMoBu AT, mo mpuBenu ao aiamiitaux moaiit (AIl)
CBITUHTH IO AOCUTH Benmuka yacTka AlIl Hamexuts 10 BigMoB AT — ne 6muspko 30 %.
OpnHak, SIK CBIJUUTH NPHBEJCHHUI aHAII3 BiZIMOB X BHECOK Y aBapiiHICTh 301IBIIYETHCS.
Ile moB’s3aHO 3 HHU3BKOIO €(EKTHBHICTIO IUIAHOBO-TIONEPEDKYBATBHOI CHCTEMH
eKCIUTyaTanii 3a THX yMOB o ckianucs. [Ipy nboMy eeKTHBHICTh MOIepeKyBaIbHIX
poOiT Ha CHIIOBIH YCTaHOBII JOCHUTH HHU3BKA, Ta HE JIA€ 3MOTY IONEPEIUTH BUHUKHEHHS
BIIMOB, sIK Ha 3eMJIi TaK i B 10J60Ti. OCHOBHOIO MPUYMHOIO BiJMOB TOJIOBHOTO PEAyKTOPa
(T'P) € mesixicHuit Horo pemonT. [y oninku TC OyB BUKOpUCTaHHMIT BiOPOIiarHOCTHYHUN
Metoq; KOoHTponto. [IpoBenenuit anamiz cxemu [P BepTONbOTa TO3BOJMB BH3HAUHTH
JpKepelta BiOpamil siki MOJKHA NPEeJICTAaBUTH Y BHIVIAAL 3 TPYIL TNepIia rpyna — HIeCTEepHi,
MiINIATHAKOBI BY3/IM 1 BajiM; JApyra Tpyna — TIIOTPIITHOCTI BHUTOTOBJIEHHS JeTaiei,
HENOMIKK 30ipKH, ITMHAMIYHI BIACTHUBOCTI KOHCTPYKLII 00’€KTy AiarHOCTYBAHHS; TPETS
rpyna — faedeKkTH IecTepeHb, IMiIIIUITHAKOBUX BY3IIB 1 BaliB BHHHKAIOUi B HpoIleci
eKcrutyaranii. BiOpauist Bin meprmoro Ta Apyroro JpKepesl CTBOPIOE NMOYATKOBHH PiBEHb
BiOpamii, BiOparis Bix Tperboi TIpynmm mae mpupicT BiOpamii B ekcruryaramii. Jlus
MPOBEACHHS JOCHIKEHb 13 KOHCTpykmii ['P Oymo BHIieHO NpHBiA BEHTHISATOPHOL
YCTaHOBKH Y 3B’S3KY 13 HU3bKOIO HOT0 HaiifHICTIO. TakuM YMHOM B IpOLECi JOCTIHKEHb:
BH3HAUYCHO, [II0 METOAM Ta 3aCO0H OLIHKHU CTaHy arperatiB TPaHCMICii, i B ToMy uucii, [P
BEPTOJILOTA MAIOTh HU3bKY €()eKTHBHICTB, Ta HE J03BOJISIIOTH BU3Ha4YaTH daktuanuid TC,
a, OT)Ke TIPOTHO3YBAaTH HOTO 3MiHYy B Ipoleci eKCINTyaTallii. AHaI3 CTPYKTYpHOI CXeMH
mokepen BiOpamii ['P 103BoNMB BU3HAYATH, IO OCHOBHUMH JKEPENAMH € ITiAIIAITHAKOBI
BY3IIH KOTiHHS, 3y0Ouari mepenadi i Bamu. B pe3ynbraTi mpoBeOeHUX NOCITILKEHb OyIo
BCTaHOBJICHO, 1110 iCHYE 3B'I30K MiXK 3MIHOIO piBHsI BiOpartil Ta HapoOITKOM.

Hayxosuii kepienux — bekipos A.1LL., suxnaoay
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CYYACHI ABIALIIMHI TEXHOJOTITi

YK 627.7.017.1 (043.2)
Mauyabcbkmii A.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AHAJII3 HAJIMHOCTI MOBITPSIHOI'O CYJIHA BOEING - 737

Oco6nuBiCTh JiTaKiB HOBOTO TOKOJMIHHS SIK 00’€kTiB TexHiuHoi excrutyaranii (TE)
MPHU3BOAUTH 10 HEOOXITHOCTI CTBOpeHHs cucteMu TE, mo BKiIrOYae TEXHOJOTIYHE
3abe3rneyeHHs] TpoleciB TexHiyHoro obcmyroyBanHs (TO), ske OXOIUTIOE THTaHHS
B3a€MO/II1 IHXKEHEPHO-TEXHIYHOTO CKJIaqy NpH BHKOHAHHI Beix BUniB TO, sikocTi poOiT,
YIIPaBITiHHS BUPOOHUIOIO MisUTGHICTIO Ta IHIIE.

AHaii3 HaJidHOCTI TEXHIYHMX CHCTeM Ta BHpOOiB aBiauiitnoi Texuiku (AT) €
HalBKIIMBILIOI CKJIAZ0BOI0 POOIT MO X YAOCKOHAICHHIO, BHOOPY ONTHUMAIBHOI
CHCTEMH KOHTPOJIO Ta JIarHOCTYBaHHS CTaHy OO0’ €KTIB eKCIUTyaTalii, po3poOKu
meronie TO mositpsHux cyaeH (IIC), ocHOBOIO [uisi MPOTHO3YBaHHS HaaiifHOCTI i
PO3pOOKN HOBUX KOHCTPYKTUBHUX DillICHb.

Amnauiz iHpopMarii 3 pe3ynbrariB excrutyaTanii cuctem [1C Mae ocobmnmBe 3HaUSHHS
IUTSL PO3POOKH 3aXOiB, SKi CIIPUSIOTH IiABUIIEHHIO HAIHHOCTI BapTicHUX BUPoOiB AT.
BCTAHOBUTH O3HAKM I MIPUYMHU BiIMOB BHpOOiB AT, BUSBHTH (hi3UKO-XIMI4HI IIPOIIECH,
10 JIe)KaTh B OCHOBI Bi]MOBH, BU3HAYNTH XapaKTepHI BUIHU BiIMOB Ta HECIIPaBHOCTEH
koHKpeTHUX TumiB [IC, po3poOuTH 3axoaW, IO MiJABHINATH HAMIHHICTH 00’€KTiB U
Oe3MneKy eKCIuTyaTarii.

CKJIaZI0BOIO YaCTHHOIO 3arajbHOr0 KOMILIEKCY poOiT Mo 3abe3nevyeHHI0 HaaiitHoCTI
BupobiB AT sBiseTbcss aHami3 pesynpTariB ekcruryatanii [IC, omiHKa MOKa3HUKIB
HaJIHHOCTI BUPOOIB Ta CHCTEM, MPOTHO3YBaHHS PiBHS HANIHHOCTI KOHCTPYKIIH IO
MIPOEKTYIOTHCS, BU3HAUEHHS NIPUYMH BiIMOB Ta HECHpPaBHOCTEH 00’€KTIB eKCIUTyaTarii
Ta iHIIe.

Ha ocHoBI pe3ynbratiB ekcrutyaTarlii jitaka Boeing-737 3a 4oTupu poku B poOOTi
HaJaHo aHaii3 HaziitHocti cucteMm I1C Boeing-737.

B pesympraTi aHamizy BH3HA4YGHO piBeHb, KU  JOCSITHEHO, TpaHUYHI
XapaKTEePUCTUKH 1X (QYHKIIOHYBaHHS, NPUYMHYU Ta O3HAKH BiIMOB, TPUBANICTh, YMOBU
eKCIUTyaTallii Ta iHie.

3a0e3MeyeHHs] HaliHOCTI BUPOOIB IPH eKCIUTyaTallii 3aIeKHTh BiJl CBOEYACHOTO Ta
SIKICHOTO TO, IOJCp)KAaHHS IPaBWJI eKCINTyaTamii BUpPOOIB, MPOBEICHHS DPETYJIIOI0UYHX
pobiT, CBOEYacHOTO BHUSBJICHHS BIIMOB Ta HecnpaBHOCTeH BupoOiB AT.

B po6oTi BU3Ha4YeHI OCHOBHI HANPSIMKH 110 3a0e3neyeHHIo HailiHocTi BUpoOiB AT a
came:

— KOHCTPYKTHBHE y/JOCKOHAJICHHS BY3JiB, arperatis ta cuctem [1C;

— YZOCKOHAQJICHHS OpraHizaiii Ta po3podka ontuMaisHnx MetoaiB TO;

— po3poOka 3ac00iB KOHTPOIIIO Ta AiarHOCTYBAaHHS TEXHIYHOTO cTaHy BHpoOiB AT;

— YJIOCKOHAJICHHS CHCTEMH YNPaBIiHHA SAKICTIO TEXHIYHOTO 00CITyroByBaHHS;

— po3pobka eh)eKTUBHUX METOIB IIONIYKY BiIMOB Ta HECIIPABHOCTEH CHCTEMHU.
Hayxosuil kepignux — Bypaakos B.1., kano. mexn. nayx, npogecop
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

YK 627.7.017.1 (043.2)
Ckpobau P.A.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AHAJII3 HAJIMHOCTI OBITPSIHOI'O CYJIHA AH-140

OcoOnuBicTh JTaKkiB HOBOTO MOKONIHHS SK O00’€KTiB TEXHIYHOi eKcInTyararii
MPU3BOJIUTH JO HEOOXIJHOCTI CTBOPECHHS CHCTEMH TEXHIYHOI eKCIUTyararii, Mo
BKJIFOYA€ TeXHOJIOTiyHe 3a0e3meueHHs npoueciB TO, sike OXOIUIIOE MUTAaHHS B3a€MOIT
ITC npu BukoHanHi Beix BugiB TO, skocTi pobiT, yrnpaBiiHHsS BUPOOHHUOIO TisUTHHICTIO
Ta iHIIe.

AmHamiz HagifHOCTI TEXHIYHHX CHCTEM Ta BHPOOIB aBialliifHOT TEXHIKH €
HaWBaXJIUBIMIOIO CKJIAJOBOI0 pOOIT MO IX YJOCKOHAIEHHIO, BHOOpY ONTHMAaJIbHOI
CHCTEMH KOHTPOJIO Ta JiarHOCTYBaHHS TEXHIYHOTO CTaHy O0’€KTiB eKCIUTyaraiii,
PO3pOOKH METOIB TEXHIYHOrO OOCITyroBYBaHHS MOBITPSIHUX CYJCH, OCHOBOIO IS
MIPOTHO3YBaHHS HAIIIHOCTI i pO3p0oOKH HOBUX KOHCTPYKTUBHHX PillICHb.

Amnaui3 inpopmarii 3 pe3ynbrariB ekciutyaraii cucteM [1C Mae ocobnmBe 3HaUCHHS
JUISL pO3pOOKM 3aXOAiB, sIKi CHPUSIOTH MiJBHINEHHIO HAAIHHOCTI BapTiCHUX BUPOOIB
aBiawiitHoi TexHikM. AHami3 ekciutyaTauiitHoi iHdopMaii, ii kracudikaris Ta 06podka
Ha/1a€ MOKJIMBOCTI BCTAHOBUTH O3HAKHU I IPUYMHH BiZIMOB BUPOOIB aBialifHOI TEXHIKH,
BUSIBUTH ()i3UKO-XIMIYHI TpomecH, IO JIeXaTh B OCHOBI BiAMOBH, BU3HAYNTH
XapakKTepHi BUIH Bi]MOB Ta HeclipaBHOCcTeH KoHKpeTHUX TrHiB I1C, po3poduru 3axony,
110 MiJBUIIATH HAIIHHICTh 00’ €KTIB i O€3MeKy eKCIuTyaTallii.

CKJIaZI0BOIO YaCTHHOIO 3arajbHOr0 KOMILIEKCY poOiT Mo 3abe3nedeHHI0 HaliitHoCTi
BHPOOIB aBiamifHOT TEXHIKM SBISETHCS aHAN3 pe3ynbTaTiB ekciuryaramii [1C, ominka
MOKA3HHWKIB HAJIMHOCTI BHUPOOIB Ta CHCTEM, IPOTHO3YBaHHS pIiBHA HaIiHHOCTI
MIPOEKTYEMHUX KOHCTPYKIIiH, BU3HAYECHHsS INPHYMH Bi]MOB Ta HECIPABHOCTEIl 00’ €KTiB
eKCIUTyaTamil Ta iHII.

Ha ocHOBi pesynbrariB ekcrutyararmii jitraka AH-140 3a 4oTupu poku B poOOTi
HaJaHo a”a3 HagiiaocTi cuctem I1C An-140.

B pesynpTari aHamisy BH3HAUCHO piBeHb, SKUH JOCATHEHO, TPAHUYHI
XapaKTepUCTHKU 1X (QYHKI[IOHyBaHHS, IPUYMHM Ta O3HAKH BiIMOB, TPUBATICTh, YMOBH
eKCIUTyaTalil Ta iHIIe.

3abe3nedeHHs] HAAIHHOCTI BUPOOIB MPH €KCILTyaTallii 3aJIe)KUTh BiJl CBOEYACHOTO Ta
SIKICHOTO TEXHIYHOTO OOCIyTOBYBaHHS, JOJEPKaHHS MpaBHI eKCINTyaramnii BHpPOOIB,
MIPOBE/ICHHS PETYIIOI0UMX POOIT, CBOEYACHOTO BUSIBJICHHS BIIMOB Ta HECIpaBHOCTEH
BUPOOIB aBialiiiHOI TEXHIKH.

B po06oTi BH3HaUeHI OCHOBHI HampsMKH MO 3a0e3NeYeHHI0 HaAiHHOCTI BUpPOOiB
aBlal(iiHOT TEXHIKHU a caMe:

— KOHCTPYKTHBHE y/OCKOHAJICHHS BY3IiB, arperaris Ta cuctem [1C;

— YIOCKOHAJIEHHs OpraHi3alii Ta po3poOka onTuManbHUX MeToniB TO;

— po3poOka 3ac00iB KOHTPOIIIO Ta AiarHOCTYBAaHHS TEXHIYHOTO cTaHy BHpoOiB AT;

— YIOCKOHAJEHHS CHCTEMH YIPAaBIiHHS SKICTIO TEXHIYHOTO OOCIyroBYBaHHS
po3podka eheKTHBHUX METO/IIB MOIIYKY BiIMOB Ta HECTIPABHOCTEH CHCTEMH.

Hayxosuil kepisnux — Byprakos B.1., kano. mexw. nayk, npogecop
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CYYACHI ABIALIIMHI TEXHOJOTITi

YK 629.735.035.62 (043.2)
Pocros I.M.
Cnog sincokutl konedxc Hayionanvnoeo asiayitinoco ynieepcumemy, Cnog sincok

JOCJIIKEHHSI MOKJIUBOCTEN YCYHEHHS BILIMBY KOPO3IMTHUX
MPOUECIB B CUCTEMAX ABIALIIMHOI TEXHIKHY B ITPOLIECI ii
EKCILTYATAILI TA 3BEPITAHHSI

Ha meit wac B ycboMy CBITi NMEPCHEKTHBHOIO BBAXKAETHCS CHCTEMa EKCIUTyaTamii
aBianiitnoi Texuikn (AT) 3a TexHIYHMM cTaHOM, IIpH siKiit AT ekcIuTyaTyeThest B Mexkax
paHille BH3HAYCHUX TOJWHHHX PECYpPCiB 3 ITOETAITHUM 30UTBIICHHSIM MDKPEMOHTHHX
(Mpu3HaYeHNX) TEPMIHIB CIIyKOH.

OnHak, T 9ac Takoi cTpaTerii TeXHIYHOI eKCIUTyaTallii Ta y mepioa HecTablIbHOTO
MOCTa4YaHHs MAIUBHO-MAacTWIEHUX MatepianiB ([IMM) MOXyTh MOpyIIyBaTUCh TEPMiHH
3aMiHH pinuH y cucteMax noBiTpsiHuX cyaeH (I1C). Sk cBimuuTh 1OCBiA eKcIuTyaTarii,
Ha JISSIKNX TUMAax aBiallifHOT TEXHIKM MOKEe BUHHKHYTHU Mpo0OJIeMa HaKOIWYCHHS BOAH Y
TiIpOCHCTEMI ¢ TMOAATBIINM PO3BUTKOM KOPO3IMHHX MPOLECIB 1X JeTajei, siki B CBOIO
4yepry, NPUBOAATH 10 BiAMOB. BuWHHKae HEOOXiAHICTP Yy po3poOIi HOBUX
npodiTakTHIHUX 3aX0IiB B 0OpoTEOI 3 KOHCTPYKTHBHO-BUPOOHHYNM HEJONIKOM
rigpocucreM. OCHOBHOIO METOIO ITHX 3aXOJIB HOBHHHO CTaTH 301LIBIICHHS KUTTEBOTO
IUKJTy arperariB rigpaBiiuHoi cucteMu Ta Beboro I1C.

JIyis BUpIIICHHS MUTAHHS OJHUM 31 MUIAXiB € 00€3BOJHEHHS TiAPOCYMIillli, TAKUMHA
METOAaMH SIK: BiICTOIOBaHHS (3aiiMae GaraTo yacy); HeHTpH]yryBaHHs (pa3oM 3 BOJOIO
¢inpTpyersest 3arycHuk BIHITIOJI); oGe3BogHeHHS HAa(TOMPOAYKTIB MNPOCTHMHU
MaTepianamu. 3aCTOCYBaHHS MMOPUCTUX MaTepiaiiB it 00e3BOAHEHHS HAPTOMPOIYKTiB
Boyiozie OaraThbMa TIepeBaraMy B MOPIBHAHHI 3 1HIIMMH METOAAMH: 3 Ha(TONPOIYKTIiB
MOXKHa OJHOYACHO BHIAJSITH BUTGHY BOAY i TBEPAl YACTMHKH 3a0py/HEHb, IO 3HAYHO
posmmpioe 061acTh 3aCTOCYBaHHS (iTbTpPIB-CceIapaTopiB; BiICYTHICTh B HUX AeTaleH,
II0 PYXAIOThCS 1 00ePTAIOTHCS, POOUTH X OE3MEYHUMH B CKCILTyaTalil.

QinpTpyBaNbHUN MOPUCTUIl  €IEMEHT IPOIOHYEThCS BHUIOTOBITH — LIISIXOM
BBEJICHHS 1 HACTYIIHOrO BMAQJICHHS INOPOYTBOPIOBaua. Y SIKOCTI MOPOYTBOpPIOBaYa
nporonyeTbest  BukopuctanHs NaCl, miiiapHiCTh sKOro Onu3pka A0 IIUTBHOCTI
MatepianmiB  imbTpa. OTpHMaBIIM MapaMeTpu Ta Marepian (QiUIBTPOEIeMEHTY-
BOJIOBiIiTIOBaYa, OyJI0 3ampoNOHOBAHO MOJEpHi3amis MNepecyBHOI (iTpTpamiiHOl
ycranoBkr PI'Y-8/70 nursxom goobnagHaHHS (LTBTPOM-BIUTITIOBAYEM.

Il# ycraHOBKa NOBMHHA TIPAIIOBATH BiJ JUKEpesNa aepoJPOMHOTO IKHMBIICHHS
MOCTIHHOTO CTPyMy 1 MpeAcTaBise co0OK PYXOMHi arperar 3 pyKaBaMH s
HiKITI0YeHHsT 10 OOPTOBUX IITYHEPIiB TiIPOCHCTEMH JIITaKa i JO3BOJSE TMEPEeBipsATH
Mpale3aTHICTh Ta MPOBOANTH ouuieHHs I'P Big Bomorn.

Hayxosuii kepienux — Pesnik A.B., euxnadau
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

YK 629.7.083 (043.2)
Cupoixka 1.O.
Kiposoepaocvka ivomna axademis Hayionanvnozo asiayitinozo ynieepcumemy,
Kiposoepao

HOBI NIAXOAU K OIIHII AKOCTI
TEXHIYHOI'O OBCJIYI'OBYBAHHSA NNOBITPAHUX CYJEH

KokHe moOBiTpsHE CyIOHO B TIPOIECi KHUTTEBOTO IMKIY BigdyBae BIUIUB
pI3HOMaHITHHX (aKTOpiB, sKi BIUIMBAIOTh HA ii TEXHIYHMI CTaH, a 3HAYUTH 1 Ha
eKCIUTyaTaliiiHy HaIiiHICTh 1 BIIMOBIIHO Ha Oe3meKky MoaboTiB. ToMy mornmOneHmit
aHami3 IUX (GakTOpiB € MEepIIOYEPrOBUM 3aBJAHHIM SIK JUIS KOHCTPYKTOPIB, Tak i JUIs
CKCIUTyaTaHTIB.

3abe3neyeHHss BHCOKOi sKOCTI TexHiuHoro obcmyroByBanHs (TO) aBiauiiiHol
texHiku (AT) € HalBaXIHBILIMM 3aBIaHHAM iHXKEHEPHO-aBialliiHOI CiIy:KOH, TiCHO
MOB's13aHOT 3 OE3MEKOI0 1 perysapHicTIo nonboTiB noBiTpsiHUX cyaeH (I1C).

OpranizaniiiHo-TexHiuHi  popmu  3abesmeueHHs skocti TO IIC  mocriitHO
YAOCKOHATIIOIOTECS CTOCOBHO 1O YMOB BHPOOHMYOI [isUTEHOCTI aBiamigNmpHEMCTB 3
ypaxyBaHH;IM ckinagHocTi AT 1 iHTeHcHBHOCTI 11 eKkcIuryaTariii.

BuBuenHs (akTopiB, IO BINIMBAIOTH HAa TEXHOJOTIYHI IPOIECH, aHANI3 iX BIUIUBY
Ha skicTh TO 3anHIaeThcs aKTYyTbHIM 33713a9€CH0.

AKXTYyaJIbHICTb CETO/ICHHS IIOJISiTa€ y HOBOMY PaH)XKyBaHHI B)XK€ BiIOMHX (DaKkTOpiB.
Ilepmr 3a Bce 1€ MOSCHIOETHCS BBEIEHHAM HOBOi 3aKOHOAABYOi 0a3u B cdepi
00CITyroByBaHHS MOBITPSHHUX CyJICH.

MeTor0 BHBYEHHS HOBOTO IIXOAYy € aJamTalis Ta rapMOHi3allis HOBUX IIPaBHI y
3aKOHOJ]ABYE CEPEIOBUIIE TEXHIYHOTO 0OCTyrOBYBaHHSI.

Jyis mpoBeleHHS TOTIHOJNIEHOrO aHali3y IUX MpoOJeM JIONIIBHO BUAUTHTH
HACTYIHI 3a/1a4i:

— BHUBYEHHS YMOB eKCIUTyaralii 0HOTro (IIPOTOTHILY ) TIOBITPSHOTO Cy/Ha;

— po3minuTu Ta knacuikyBatd yMOBH ((akTopH), SKi BIUIMBAIOTh HA TEXHIYHHN
CTaH aBiallifHOT TEXHIKK Ha OKPEeMi TPYIIH;

— OWIHUTH SKICTh TEXHIYHOTO OOCIYrOByBaHHS, SK CKJIQJOBY YaCTHHY
MiATPUMAHHS CIPABHOCTI, Npale3NaTHOCTI 1 TNPaBWIBHOCTI (YHKIIOHYBaHHS MpHU
MiATOTOBII TIOBITPSHOTO CyJHA 10 BUKOPHCTAHHS 32 MPHU3HAYCHHSM IIICNIS TONBOTIB,
py 30epiraHHi Ta TPaHCIIOPTYBAHHI;

— BBemeHHs Part-145, sk KepiBHI JOKyMEHTH 3 OpraHi3amii TeXHI4HOTO
00CITyroByBaHHS aBial[ifHOT TEXHIKH.

Hayxosuii kepignux — Cemumxiscoxa T.0., kano. mexu. Hayk, ooyenm
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CYYACHI ABIALIIMHI TEXHOJOTITi

YJK: 620.193.91:621.891 (043.2)
IInotHikoB A.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

BIIVINB MAT'HITHOI'O I10JI51 HA TPUBOJIOI'TYHI BJIACTUBOCTI
MACTIJ

3araipHOBIIOMO, IO 1HTEHCHBHICTh 3HOIIYBAaHHS JeTaled 3aleXdTh BiX
CepeZioBHINa, B SKOMY BOHH IPANIOIOTh, a HAJIMHICTH NETajJeld — BiJ BIACTUBOCTEH
3MalyBaJbHOTO CEPEJOBHINA, SIKI MOJKHA Ha3BaTH 3MalllyBaJIbHUMH BIACTHBOCTIMH.
TakuM YMHOM, YMM Kpamli 3MallyBaJbHI BIACTUBOCTI POOOYOro CEepemoBHINA, THM
HHLIIH piBeHb 3HOIIYBAaHHS IIOBEPXOHb JeTaneil IpH TepTi.

HaykoBOI0 HOBHM3HOIO Ta OCHOBHOIO iI€€I0 JOCIHI/UKEHb € BU3HAYCHHS BIUIMBY
MarHitHoro nosist (MIT) Ha TpuGoOIIOTiYHI BIACTHBOCTI MaCTHII.

JocmikeHHs TPOBOAKWIM B MOTOPHHMX MacTWiax  MiHepanbHomy M10r2k Ta
cuntetnuHoMy Sw40. st Bu3HauenHs BruuBy MII Ha iX TpuOosoriuni mapamerpu
BHKOPUCTAHO MOCTIHHMI MAarHiTH BEJIMYMHA MArHITHOI 1HAYKIIi KOXHOTO CKJIajaja mo
0,15 Tm.

OnHMM i3 BaXXJTMBHUX TPHOOJOTIYHHX MOKA3HUKIB € KoedirieHT Tepts. Ilicns psmy
nocmimpkedb BBy MIT Ha wMactmma, M10I2x Ta 5W40, 3’scoBano, mpo i3
IiIBUIEHHSIM MarHiTHOI iHAYKIIi KOoe(ilieHT TepTs 3HMKYEThCS, a Lie, B CBOIO Yepry,
MiATBEp/DKY€e e(eKTUBHICTh BUKOpHcTaHHs BBy MII Ha pobGoue cepenoBuiie mnpu
TEpPTi, OCKUIBKM i3 3HM)KEHHSIM IOKAa3HHKA KOe(il[ieHTy TepTsi 3HIKYEThCS i piBeHb
3HOUIYBaHHS.

Bimomo, mo BenMuYMHA KiHETHMKH PO3TIKAHHS MAcTHIa Ha TIOBEPXHI € ONHHUM i3
MOKA3HWKIB HOTO MPOTH3HOCOBUX BIACTHBOCTEH TOMy TOCTAa€ MHUTAHHS OO
Bu3HadeHHs BIUIMBY MII came Ha neit mapamerp. [Ipm BmsHaweHni BBy MII Ha
KiHeTUKY po3TikaHHS uncroro M10I'2x BCTaHOBIIEHO, IO HAHIHTEHCHUBHIIINM DPiBEHb
PO3TIKAHHS MACTHIIA HA TIOBEPXHI criocTepiracThest Ha momoci N Ta cTaHoBuTb 160 MM?
3a roxuHy Ha nomoci S — 110 mm?, a 6e3 BBy MIT 70 MM 3a roguHy.

Pesynbraté  JOCHiKeHb KIHETHKH pO3TiKaHHsA —BigmpaisoBanoro MI10I2k
ITOKA3aJTH, 10 iHTCHCHBHICTh PO3TIKAHHA MacTHia mia miero MIT 1o 300MM> BIPOTOBK
romuan Ha N momoci, 120mMm’ BIIPOJIOBK TOAWMHU Ha moitoci S, toxi sik 6e3 MIT 80MM>.
Taxum unHOM, ipH Aii MIT Ha MacTHIIO KiHETHKA HOTO PO3TiKAHHS MiIBHILYETHCS K Y
YUCTOMY MAcCTHJII TakK i y BiJIPaI[bOBaHOMY, IO CIPHsIE 3HIKEHHIO 3HOIIYBAHHS IIPH
TepTI.

Otxe, BCTaHOBIIEHO, 1110 BIMB MII Ha NMpOTH3HOCOBI MapaMeTpu MacTHia HOCHTb
BUKJIIOYHO NO3UTHBHHUI XapakTep, a came: 3HIKYe KoeillieHT TepTs, iJBHIILY€E PiBEHb
KiHeTHKH PO3TiKaHHS MacTHJIa Ha MOBEPXHi, 3HWKYIOUM PiBEHb 3HOLIYBAaHHS NPH TEPTi
Ta He MOTIpIUIy€E iHIIMX HOro eKCIUTyaTauifHuX mapameTpiB. TakuM YHHOM, OJepKaHHI
pe3yNbTaTH MiATBEP/UKYIOTh Ta JOBOAATH aKTyalbHICTh BuKopucTaHHS aii MII Ha
pobode cepenoBHUIIIe TIPH TEPTI.

Hayxoeuii kepisnux — Ceupuo M.M., kano. mexw. Hayk, OoyeHm
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

YK 629.735.083.002.5:62-69.001.57(043.2)
Texpanu Apam
Hayuonanvnviii asuayuonusiii ynusepcumem, Kueg

INPUMEHEHHUE TYPBYJIU3ATOPOB B JIOITATOYHbIX BEHITAX
OCEBOI'O KOMITPECCOPA I'A30TYPBUHHOI'O ABUT'ATEJISL

Ha Bcex sTamax pa3paboTKH U MIMPOKOTO NMPUMEHEHUs ra30TypONHHBIX JBHTaTeNIeH
B pa3sNHUHBIX cepax, Kak B aBHAINM, TaK ¥ Ha 3eMJIe, Tepef KOHCTPYKTOpaMH H
YYEHBIMH CTOUT 33j1a4a O MOCTOSHHOM COBEPIICHCTBOBAHIH MOCIEIHNX, O MOBBIIICHUH
nx 3(h(eKTUBHOCTH, HAISKHOCTH, PeCypca i SJKOHOMUIHOCTH.

Meronamu MOHIKEHHS yPOBHS MOTEPh B IMIPOTOYHON YaCTH KOMIIPECCOpa, a BMECTE
C TeM M IOHM)KEHHE 3aTpaT SHEeprud, TpeOyeMoil A MX MpPeOmONCHUS, SBISAIOTCS
BEIOOp ONTHUMANBHBIX MApaMeTpoB KOMIPECCOPHOH pEIIeTKH, pa3paboTka w
9KCIIEPUMEHTAIBHOE HCCIIE0BAHNE HOBBIX (POPM JIONATOK KOMIPECCOpPA, OBEHIMICHHUE
ITTAJKOCTH OOTEKaHMs JIOMATOYHBIX BEHIIOB M 3JIEMEHTOB KOMIIpEeccopa, KOTOpHIE B
o0IeM  Ha3pIBAlOTCS ~ METOJAMH  a3pOAMHAMHMYECKOTO  COBEPIICHCTBOBAHHS
KOMITPECCOPOB U KOMIIPECCOPHBIX PEIIETOK.

Tak kak omHMM n3 (AKTOPOB MOSBICHUS CPBIBA TIOTOKA SIBISETCS PE3KOE M3MEHEHHE
KOHTYpa TOBEPXHOCTH TeJd, BBOJAMTCS MOHATHE NpenenbHOH Iu(@dy30pHOCTH MOTOKA B
peterke. [Tpu 6ombiioit auddy3opHOCTH KaHaTa HAOTIOAACTCS Pe3KHil CKaueK YIUIOTHEHHS,
KOTOPBIH MPOBOIUT K BBICOKOMY IIOJIOKHTEIPHOMY TPaJMEHTY IaBICHUsS B HANpPaBICHUH
noroka. OH, B CBOIO Ouepe/ib, BEAET K 3aME/JICHUIO TEUSHUIO BS3KOTO MOrPAHMYHOIO CIIOST
(TIC) na cnmHke mpodmist 0 TeX IOp, MOKAa HE NOCTHUTAIOTCS YCIOBHS, HPHU KOTOPBIX
MOCTYTATeNbHOE TEUSHHE BJOJIb CIHHMHKH PO B HANPABICHUH ITIOTOKA CTAHOBHUTCS
HeBO3MOXHBIM. BriocnenctBun IIC oTpbIBaeTCsi OT MOBEPXHOCTH HPOQMIS, BBI3BIBAS
JanbHekee otkioHeHue obnactu I1C 1 Bcero noToka ot npous.

Ilo pesynapraraM MHOTHX  HCCIEHOBaHMH  JI0OKAa3aHO, 4YTO  BO3pacTaHHE
KO3(1)(1)I/IL[I/ICHT3 NOTEPL IIOJIHOI'O JaBJICHUSI U CHMIKCHUS YIJla OTKIIOHCHHS IIOTOKa
MMEIOT MECTO NPH yMeHblIeHUU uncna Pelinonnaca; npu Re<Re,, NpoucxoauT oTpeis
HeycrounBoro IIC. Ilpm Oonpmmx 3HaueHMsIX 4ncia PeliHombaca BIHMsSHHE
JIAMUHapHOTO TOACNOS Ha TedeHHe B TypOyseHTHOM [IC cymecTBEeHHO CHMXKAeTCsl U
BO3MOJKHOCTb CPBIBA ITOTOKA yMEHBIIIAETCSL.

OHIM 13 METOIOB YIIPaBIICHHS 00TEKaHHEM, B KOTOPOM HCKYCCTBEHHO HHULIMPYeMast
TypOymu3anys, (IIepeBo| MOrPaHIMIHOTO CJIOS U3 JJAMUHAPHOTO B TYpOYJICHTHBII) TOMOTaeT
NPEIOTBPATUTh OOIIMH CPBIB C JIONIATOYHBIX BEHIIOB KOMIIPECCOpa, SBISIETCS TIPUMEHEHHE
TypOy/M3aTOpOB HA MTOBEPXHOCTH JIOIIATOK KOMIIpeccopa.

IIpn oOpa3oBaHMM WCKYCCTBEHHOTO OTpBIBA IIOTOKA M OOECIICUCHHH €ro
MPUCOEVHEHUSI HIDKE [0 TIOTOKY, MEXTy TOYKAaMH OTphIBA IIOTOKA H €ro
MIPUCOEUHEHNUS] 00pa3yeTcst JIMHUS TOKa, pa3fesionas HEBO3MYIIECHHYIO U BUXPEBYIO
obmacté TedeHHWA. Takue pasfennuTeNbHbIE JUHAM TOKAa MOXKHO HCIIONB30BaTh B
Ka4eCTBE TPAHHIIBI ICEBIOTBEPAOTO Tena. ToHKMiT TBepAbIi mpoduis mpeodpasyeTcs B
TOJICTHII NICEBAONPOQUIE C TOMOIIBIO CIEHAIFHO BEI3BAHHOTO OTPBIBA MOTOKA. Takum
o0pa3oM, C TIOMOIIBIO JIMHWH TOKA, pa3Jeisioniell HEBO3MYIIEHHYIO BHXPEBYIO
001acTh, 00ecTieunBaeTCsl adpOINHAMUIECKAs 3aMeHa PO (HIISL.

Hayunwiii pyxosooumenv — Tepewenxo FO.M., 0-p mexn. nayk, npogeccop
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CYYACHI ABIALIIMHI TEXHOJOTITi

YK 629.735.083.002.5:62-69.001.57(043.2)
Aobouxaccan 3age Jxanan
Hayuonanvnviii asuayuonusiii ynusepcumem, Kueg

OIITUMM3ALIUSA TAPAMETPOB JIBYXPSAJHBIX JIOTATOYHBIX
BEHIIOB 103BYKOBBIX KOMIIPECCOPOB I'A30TYPBMHHBIX
JBHUI'ATEJIEHU B CPEJICTBA ANSYS

OddexTiBHas u HazmexxHas paboTa KOMIpeccopa W €ro SJIEMEHTOB 3aBUCHT OT
TaKOTO BaYKHOTO (paKTOpa, KaK yPOBEHB PA3INYHBIX IOTEPh B €T0 MPOTOYHOI acTH (Ha
JIONATOYHBIX BEHIAX M MEXJIONMATOYHBIX KaHajax). MeToqaMH IOHIDKEHHS ypPOBHS
[0Tepb B INPOTOYHOM YacTH KOMIIpeccopa, a BMecTe€ C TeM M IOHW)KEHHE 3aTpar
9Hepruu, TpedyeMod Mg WX MPEOJOJICHUs, SBIAIOTCS BBIOOP ONTHMAJBHBIX
MapaMeTpoB  KOMIIPECCOPHOW  pEIIeTKH, pa3paboTKa M 3KCHEPUMEHTAIbHOE
HCCIeJOBaHHE HOBBIX (DOPM JIONATOK KOMITPECCOpa, MOBBILICHNE INIaIKOCTH 00TEKaHUs
JIONATOYHBIX BEHIIOB M 3JIEMEHTOB KOMIIPECCOpa, KOTOpHIE B OOIEM HA3BIBAIOTCS
METOJaMH apOJMHAMUYECKOTO COBEPIICHCTBOBAHHS KOMIIPECCOPOB M KOMIIPECCOPHBIX
pemerok. Ocoboe MeCTO B peUIeHHM 3aJadd COBEPIICHCTBOBAHMS XapaKTEPHCTHK
KOMIIpeccopa Ha BCEX JdTarmax pa3sBUTHS Ta30TypOMHHBIX ABHTATeNed 3aHHMAroOT
BONIPOCHI 00pa30BaHMs CPBIBHBIX TEYCHWH Ha JIONMATOYHBIX BEHIAX CTyHEHeH
KOMIIpeccopa, Ha HepacdeTHBIX peXHUMax paOoThl, MPUBOAALIME K PE3KOMY IaJCHHUIO
3¢ PEeKTHBHOCTH, SKOHOMUYHOCTH M KO PHIHEHTa TTOJIE3HOT0 ISHCTBHS KOMIIpeccopa,
a BMECTe C TeM U BCET0 ra30TypOMHHOTO JBUTaTeNs B LIEJIOM.

Takum o0pazom, O/IHOM u3 BAYKHEHILINX 3a1a4 COBPEMEHHOTO
KOMIIPECCOPOCTPOCHHE SIBISICTCSl MOBBIMECHNE 3()(PEKTUBHOCTH M adpOJMHAMHYECKOH
Harpy3KH CTENEeHEeH OCeBOro KOMIIpeccopa C INPUMEHEHHEM CpPEeACTB YIPaBICHHS
TIOTPaHUYHEIM CIIOEM.

Ananm3 paHee NpOBeleHHBIX nccienoBaHui Tepemenko IO.M., ®ikkeprom K,
Uxonom [1.K., BynimoBuuem A.U., CesroropoBum A.A., bameprom K. u nmpyrumu,
M0Ka3ajl, 4YTO OJHHMM M3 IOJXOAOB K PELICHUIO TAaKOW 3ajadyM SBISETCS NPUMEHEHHE
JIBYXPSAIHBIX JTONATOYHBIX BEHIIOB B CTYNEHIX oceBOro kommpeccopa. K pemenuio stoit
3aaud  METOJI OCHOBAaH HAa MOJEIHPOBAHUMHM KOMIIpeccopa IO MPOTOTHIYy C
HCTIONB30BaHUEM TEOPUH IOA00MsA. B OCHOBE 3TOr0 METOa JIEKHT MOJIOXKEHHE O TOM,
YTO TEOMETPUUECKU MOJ00HBIE KOMIIPECCOPHI JTOJDKHBI HIMETh JTydIe OTHOCHUTENIBHEIE
XapaKTePHCTHKU.

CpexnctBa ANSYS mo3BossieT 3HaUNTENEHO OOJNErdHTh OIpeeNieHHe apaMeTpoB
JOBYXPSIHBIX JIOIATOYHBIX BEHIOB JO3BYKOBBIX KOMIIPECCOPOB Ta30TypOHMHHBIX
JBUraTesei.

MopenupoBaHue ABYXPSIIHBIX JIOMATOYHBIX BEHIIOB IIO3BOJISIET PACCUMTHIBATH
BIMSHHAE HAa MOTOK pabodero Temxa, a BO3MOXKHOCTh BBIBOJA 3HAYEHHUH MapaMeTpoB
IMOMOTAaeT TPAaBWIBHO BHIOpaTh S(QQEKTHBHBIE TeOMETPHUYECKHE TapaMmeTpel 0e3
MIPOBEACHUS HATYPHBIX IKCIIEPUMEHTOB.

Hayunwiii pyxosooumenv — Tepewenxo FO.M., 0-p mexn. nayk, npogeccop
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

TEXHOJIOT'TI TA TEXHOJIOTTYHE ObJIATHAHHA HA TPAHCITOPTI

VK 692.73.001.76:004.896(043.2)
3axapuenko [0.A.
Hayionanenuii asiayitinuii ynieepcumem, Kuis

AJITOPUTMU ABTOMATH30BAHOTI'O KAJIEHIAPHOI'O IVIAHYBAHHS
MPOLECY NPOBEJEHHSA MOAEPHI3ALII ABIANIMHOI TEXHIKH

CyuacHHil pHHOK IOCTIHHO BHCyBae 10 aBiamiiiHoi TexHiku (AT) HOBI, OimbII
JKOPCTKI BUMOTH, [0 TIPHUBOAUTH IO HEOOXIMHOCTI i1 Ge3mepepBHOTO BJOCKOHATIOBAHHS.
Hacammepen, 1ie mOB'sI3aHO 3 MKOPCTKICTIO BUMOT A0 OE3IeKH MOJIBOTIB, €heKTHBHOCTI i
eKoHOMiYHOCTi 3actocyBaHHs AT. Peamizamis  Takux  BUMOr 0a3yeTbcs Ha
BIIPOBA/KEHHI MEPCHEKTUBHUX HAYKOBHX PO3POOOK, SK MPH CTBOPSHHI HOBUX 3pa3KiB
AT, tax i npu mMonepHizauii icHyrounx. EdexTrBHEe npoBeneHHs MoaepHi3alii 3pa3kiB
AT wnemoxinMBo 0e3 pilleHHsS KOMIUIEKCY 3aBJiaHb, IOB'S3aHUX 3 OLIHKOIO ii
HEOOXiJHOCTI, BU3HAYCHHSM ONTHUMAJBHHUX BapiaHTIB MoJEpHi3amii A aBiamidHuX
kxommekciB (AK), i GopMyBaHHAM ONTHMAaNbHUX TUIAHIB i1 pOBEICHHS.

VY mpoekTi MojiepHi3alii BUAUISIOTHECS COTHI 00’€KTIB Ta arperaTiB i, BiJIIOBIIHO,
OaratoTucsuHi (yHKIIIOHATBHI 3B’SI3KH MK HAMH, TOX HEOOXiJHO 3a3HAYUTH , IO I
3a7adya BHPIIIYETHCS SK YIPABIIHHS KPYMHOMACIITAOHOIO TEXHIYHOIO CHCTEMOI0. Y
Takiii CHCTeMi BUAUIAEThCA HASBHICTh «BY3BKHX MICIB», SIKI CTBOPIOIOTH YEpPTH Ta
MIPOCTOI IIPM BUKOHAHHI POOIT MO YHpaBIHHIO NPOEKTaMH MOJIEpHi3allii aBiamiitHIX
komruiekciB (AK). Jlns ix MiHiMi3aIlii MpOBOIUTHCS ONTHUMI3AIIIS 38724 Teopil po3KIaIiB
Ta KaJCHJapHOTO IUIaHyBaHHs. ba30l0 HpoBeleHHS Takoi OoNTUMI3alii € po3poOka
AIrOPUTMIYHOrO  3abesnedeHHs  (GOpMyBaHHA IUIaHIB  Mpolecy — MPOBEACHHS
MOJIEpHi3allii K OKpEMHX OJIUHHIb TEXHIKH, TaK 1 MapKy Ha X OCHOBI.

VY xoxni mocmimkeHHs OyB MOOyIOBaHMH KaleHIapHUIl IIaH poOiT i3 MpOBEAEHHS
mojepHizaiii AT 3a 10MOMOro0 JACKUTBKOX METOAWYHUX Ta aJTOPUTMIYHUX MiIXOJiB.
bynu 3a3HaueHi HENONIKM BHUKOPHCTAHHS EBPUCTHYHOIO IMIAXOAYy B  3amadi
KaJICHIApHOTO TUTaHYBaHHS 3 BEJIMKOK0 HOMEHKIIATYPOO POOIT 1 pecypciB.

3 ypaxyBaHHSM TOTO, IIIO0 PO3MIISHYTa 3a/ada € Np-CKJIaHOIO 3a/1auero JTUCKPETHOI
onrtuMizauii, s ii po3B’s3aHHA 3aNpOIIOHOBAaHMH EBPUCTUYHMII MeToj Ha 0asi
aroputmiB  mryynnx iMyHHHX cucteM (IHIC) mns moOymoBHM — onTHMaibHHX
KaJeHIApHUX I[UIAHIB MPOEKTY MoskepHizaii. J{ias BpaxyBaHHs (aKTOpiB pH3HKY,
HETOYHOCTI BHUX{HMX JaHUX Ta 1H., IO [JO3BOJIIE BHPIIIYBaTH TNPOOIEMH
HEBH3HAUCHOCTI MPH YNPaBIiHHI NpoeKTaMu MozepHizanii AT 3acTocoByeThes amapar
Ha OCHOBI OaitecoBux Mepex noBipu (BM/I), a Takox — po3poOiieHo TiOpUAHUI MinXiz,
3aCHOBaHHU Ha 00'€lHAaHHI Oal€COBHX MEPEX i MITyYHUX IMyHHHX CHCTeM. Y LBOMY
migxoni HIIC BimirpatoTh poib epeKTUBHOTO OOYMCIIIOBANBEHOTO 3ac00y LIS pillleHHS
3aBJlaHb Tiepebopy.

TakuM YMHOM, y pe3yJbTaTi NPOBEISHWX  JOCHI/UKEHb BHpIIlIeHa HayKoBa
npo0ieMa Mo CTBOPEHHIO aJITOPUTMIYHOrO 3a0e3Ie4eHHs KaJeHIapHOTO IUIaHYyBaHHS
MpOoeKTy MonepHizarii mapky AT.

Hayxoeuii kepisnux — Camxog O.B., 0-p mexu. nayx, npogecop
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CYYACHI ABIALIIMHI TEXHOJOTITi

VK 659.735.064.5:629.7.014(043.2)
Boraiicbka K.B., Kpamapenko T.1O.,
Jaununaeiiko O.B.
Hayionanenuii asiayitinuii ynieepcumem, Kuis

TEXHOJIOT'IX HASEMHOI'O EJIEKTPO3ABE3IIEYEHHS BE3IIJIOTHUX
JITAJIBHUX AITAPATIB

Posmmpenns chepu 3actocyBanHs Oe3mioTHHX aBiamiitHux cucteM (BAC) y pisHuX
rajy3sX eKOHOMIKH HaOIrKae TOH 4ac KOJIM KpiM poOiT 31 CriocTepexeHHs 3a Pi3sHIMH
00’€KTaMM, pO3NWICHHS pEareHTiB HajJ CLIBCHKOTOCHONAPCHKAMH Ta JIICOBUMHU
yringsmu BAC OynyTh BHKOHyBaTW ONbII BayJIMBI i OUIbII CKiIamHi poboOTH 3
NepEeBE3CHHS BAHTAXIB Pi3HOTO NMPU3HAYCHHS, BAKOHAHHS aBapiiHO-PATYBaJILHUX POOIT
M Yac BHHHMKHEHHs pIi3HOTO THUIy NPHPOAHMX Ta TEXHOTEHHUX KaTacTpod,
3abe3neuyBaTd HaBiramiro i 3B'SI30K JUIsl iHIIMX JTalbHUX amapaTiB, HA3eMHOTO Ta
MOpCBKOro TpaHcmopTy. IIpu mpomy ofHiero 3 HaiBaxupimux cucteM BAC Oyze
3IHIIATHCH CHCTEMA eNIeKTPOXKUBICHHS.

B T0i1 ke yac s cuctema € HaHOLTBIT BPa3JMBOIO i BUMArae ToMy ii pe3epByBaHHS
Ha pi3HUX piBHAX ii moOyxoBu. KpiM 3BHYHHX AJISI Cy9acHUX MiJIOTOBAaHUX IMOBITPSHUX
cyneH y BAC BHKOpPHCTOBYIOTh HE JIMIIE MOCTIHHMEI cTpyM y 27 B Ta nepeminxmit
onHo(asumii ctpyMm 3 vactororo 400 I'm y 36, 115 i 200 B. Binmbmicte Bxke
cipoekToBaHuX BAC BHKOPHCTOBYIOTH KpiM IIMX HANpYT Lie i nocTiiiHuii ctpym y 3, 6,
12 ta 24 B. 3 meroro MiHimizanii macu BAC MOXJIMBE 3aCTOCYBaHHS €JIEKTPHYHOTO
CTpyMy 1 3 IHIIMMH TmapameTpaMd. B cBoio dYepry e po3MaiTTs mapaMeTpiB
enektpocrcteM BAC mopomkye mpobiieMy Ha3eMHOTO 3a0e3MeUeHHs eJIeKTPOSHEPTIEI0
BAC Ha 3emni mim wac iX oOCIyroByBaHHS Ta MIATOTOBKH A0 TONBOTIB. [ 1BOTO
HEOOXiJTHO CTBOPHUTH TIPHHIMIIOBO HOBI IIEPEHOCHI Ta TIIEPeCyBHI aepOAPOMHI
€JIEKTpOoarperaTy, ski 6 MOTJIM BHKOPHCTOBYBAaTHUCH Ha IIATOTOBICHHUX Ta IOJHOBUX
3JITHO-TIOCAIKOBUX MaiilaHYMKaXx.

Haii6inpn 1OMigbHAM € CTBOPCHHS MOJYJIBHOTO aepOIPOMHOTO €JICKTpoarperary.
IIpn npomy 06a30BHM MOIyJleM MOBHHEH OyTH MOJIyNb 3 IOU3ENbHUM JBHIYHOM Ta
CIIEKTPOTEHEPATOPOM SIKU BHPOOJIsie TpudasHiit nepeminauii ctpym 340 B, gacrororo
400 I'u i moryxHictio 10 kBT. [lpn npoMy moBHHHE OYyTH CHPOEKTOBAaHE CIMEHCTBO
JIU3ENbHUX ABUTYHIB NPHUAATHUX IPAIIOBATH SIK HAa AW3EIBHOMY NAIbHOMY, TaK 1 Ha
pi3HMX BHJAaX TaNMBa B 3AJEKHOCTI B OCHOBHOTO THIy TIlaluBa, SKe
BUKOpHUCTOBY€eThcs Ha BAC mo 06a3yroTbcs Ha KOHKPETHOMY 31IMHO-TIOCAJKOBOMY
MalJaHuuKy. [HIIMMH MOXYNSIMHM TIOBMHHI OyTH pI3HOrO THUIy HepeTBOpIOBaui
CJIEKTPOCHEPIil Ta aKyMylIsATOpHI OaTapee, sKi MOXYTb 3apsA/PKaTUCh  BiJ
€JIEKTPOreHepaTopa, TaK 1 BiJl CTOPOHHIX JXKepell eNeKTPOSHEPTii.

TakuM YMHOM MH 3MOXKEMO OTpuMaTH Oe3nmiu Mozaudikamiii aepoIpoOMHOro
eJICKTpoarperary, KOHKPETHI XapaKTEePUCTHKH SIKOTO OyIyTh 3aJexaTH Bil MoTped THX
g iHmmMx BAC. Lle cyTTeBO MO3BONUTH PO3IIUPUTH MOKIIKBI BapiaHTH CHCTEM
enexrpoxusieHHss BAC npu cTBopeHH] iX HOpMa JIbOTHOT MPUIATHOCTI.

Haykosuii kepisnuk — Tamapeasin O.A., 0-p mexH. nayk, npoghecop
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CYYACHI ABIALIIMHI TEXHOJIOTI'Ti

YK 629.7.064.3.:629.7.08(042.3)
I'Bo3nenbkuii A.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

®AKTOPH, SIKI BILIMUBAIOTh HA TIPOIIEC OYUIIEHHST ABIALIIMHUX
MAJIUB B TPABITALIIMHOMY IOJII 3EMJII

Jo dakropiB, sKi BIUIMBAIOTb Ha TPOLEC OYHIICHHS aBiallifHUX TajiWB B
rpaBiTalifHOMy Tosi 3eMili BiJ 3a0pyJHEHb BHCYBA€THCS DPSAI BUMOT: HE3AJIEKHICTD,
KEpOBAaHICTh, TOUYHICTh BUMIPIOBaHHS, CyMICTHICTB, OJTHO3HAYHICTb.

Buxopsun 3 BHIlEe HaBeICHNX BEMOT, PO3TIITHEMO TaKi (JaKTOpH.

XapakTepucTrKa apiaiiiiHoro nanupa. JaHuil (akTOp BaXIHBHH 3 TOYKH 30PY
3MIiHM XapaKTepHCTHK IallMBa BiJ TeMIlepaTypd HaBKOJHIIHBOTO CEPEeJOBHINA: HOTO

. ) . . .
B’sa3kicTs L ,(m 4 ),Tyctana O, , (ke 2 ) Ta BiIHOCHA Jli€NIEKTPHIHA IPOHUKHICTE &, .

Cunosi. Ha gactky 3a0pyaHeHHS, sika 3HAXOJUTHCS B MaJHBi TIIOTh HACTYITHI CHIIH:

cunma Taxings P, cima Apximena (peakiiis peqoBHHN) F; Ta CUJIa ONOpY PyXy YacTKU

(cua Ctokca) FC .

Xapakrepuctuka 3a0bpyaHioBada. JlaHuit  ¢akTop 3aJeXKHTh BiI  TUMY
3a0pyaHioBa4ya (OpraHiyHWil, HEOPraHIYHUH, METa] i iH.); TPAHYMETPUYHOTO CKIAIYy,

dopmu, xommentpamii C, (m7 ), BiIHOCHOI JlieNEKTPUYHOI MPOHMKHOCTI &, Ta
g

TYCTHHH 4aCTOK 3a0pyasens O, (Ke/ ), cui aaresii 10 MOBEPXHi 0CaKCHHS.
M

KoHcrpykTuBHi. Ha cTynmiHb OYHMINEHHS MNajiMB BIUIMBAE: CXEMa OYHCHHMKA Ta
BiTHOIIEHHS PO3MIpiB HOTO0 OKpeMHUX eNeMEHTIB; (opMa i KUIBKICTh ioro pobodmx
TUTOLIVH.

Excmnyaraniiiai. [lo ekcruryaTamifiHuX (DakTOpiB BiJHOCATH: IMIBUAKICTH ITOTOKY

[aJIUBA B OYHCHUKY g, (M/ ); pexxuM Tedii, 110 BU3HAYAETHCS YUCIOM PeliHoibaca;
c

TeMIlepaTypa HajlnuBa; BiOpaLlis; THCK Ta IePeBaHTAXKCHHSI.

PosrnsHyBmM aaHi (GakTOpH, MOXKHA 3pOOMTH BHCHOBOK, II0 IPH BpaxyBaHHi
KOXKHOTO 3 HHUX MOXHA MiJBHUIIMTH €()EKTHBHICTh OYMILCHHS aBialliiiHUX IaJuB B
rpaBiTallifHOMY TTOJTi 3eMITi.

Hayxosuil kepienux — I1y3ik C.O., KaHO. mexH. HayK, npogecop

60



CYYACHI ABIALIIMHI TEXHOJOTITi

YK 629.735.33-519:621.243(043 2)
Mariituux /.M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

OCOBJIMBOCTI NIAI'OTOBKH 30BHIIIHIX ITIJIOTIB BE3NIJIOTHUX
JITAKIB 3 EJIEKTPUYHOIO CHJIOBOIO YCTAHOBKOIO

CBiTOBa IPAKTUKA MOKA3YE, 1[0 y NIUIOMY METOJHKA ITiATOTOBKY 30BHIMIHIX 11iyoTiB (3I1)
0Ee3MUTOTHHX JHTAKIB 3 eJIEKTPHIHOIO CHToBOI0 ycTaHOBKOKO (BJIBECY) He BipizHsAEeThCS B
ITiITOTOBKH TILTOTA JIiTaKa 1 HOBTOPIOE 1i, OTHAK B JIeTalsIX Mae cBoi ocobmmBocTi. [leprmm €
Te, IO BIACYTHIH (i3WYHMI 3B'I30K MiTOTa 1 00'€KTa MINOTYBaHHS, [0 BHKIIOYAE
3aCTOCYBaHHS BECTHOYJSIDHOTO arapaTy Ta iHIINX KOMITOHEHTIB 3aCHOBAaHHMX Ha BITIyTTAX
mMinoTa, 30KpeMa BiOpariif, Temrmeparypy, 3amaxy tomo. [Ipyra ocoOmmBicTe monsirae y
crepeorumni, mo BJIBECY chpuiiMaioTeesl sSIK IIOCh HEcepiio3He, irpamkoBe. PeanbHe
PO3YMiHHS IPUXOIUTH IICIS MEPIIOT BTPATH A0POroro BUpoOy. Takoxk BaXIMBUM € (HakTop
BiACYTHOCTI momnepeaHboro MpodeciiHoro BiZOOPY KaHAWAATIB, IO MOXKE BHUKIMKATH
CTPECOBUI CTaH, SIKMH YacTO 3aKiHUyeTbCS ITMOOKAM pO3YapyBaHHSAM 1 (DaKTHIHHM
PO3puBOM 3 MaiiyTHEOIO0 pOOOTOIO.

Ha cporozsi ckiianucsi HaCTyIHI Ba THIK MeToAuK miarotoBku 3I1 a came MeTOIMKH
CaMOCTIHHOTO OCBO€HHS IIJIOTYBaHHS Ta METOAMKH OpPraHi30BAHOrO HaBYaHHS IIiJ{
KEepIiBHHUIITBOM IHCTPYKTOpa. Y JIBOX BHIIAJKaX 33 OCHOBOIOJIOXKHUI BUOUPAETHCS IPUHIIUIT
HACTYMHOCTI 1 HOCTITOBHOCT] Y HABYaHHI.

[epumit THII METOAMK, PO3PAaXOBaHMI Ha HE3HAYHY PE3YJIBTATUBHICTh. BinmosimHo,
BIICOTOK MaiOyTHIX MUIOTIB, 0 MOXYTh 0€3aBapiifHO BHKOHATW HANIMPOCTIIII MOJBOTH
TUIy “37iT-MapupyT-nocajaka” mpu cuii BiTpy 10 12...15 M/c 3 31mb0TOM 1 HOCanKo y
MeXax 3asBICHOI CMYrM € He3HauHuid. Jlns 3a0e3nedeHHs] NPHHLMIYY HACTYITHOCTI
BUPOOHHUKH IPONOHYIOTh TMpUAOATH JITaK, SKUH “NeTHTh caM”’, KyIHTH 1 3aiiMaTuch Ha
(maitt — crumynsropi (FMS) tomo. OnHak, SK CBiAYUTh MPAKTHKA IMiATOTOBKH, PEealli3My
TIOJILOTY Ha CUMYJISITOPI BaOXKKO JOCSTHYTH 1 y MaitoytHboro 3I1 (hopMyeThesi BUKpHBIICHE
PO3yMiHHS “LiHK" TOMWJIOK Y HiJIOTYBaHHI.

Mera poGotr momsirana y BcTaHoBieHHI ocoonBocteit nminrorosku 31 BJIBECY npu
po3po0ii METOAMKH X HaBYaHHS. [IpH IbOMY TOTPHUMYBAIICH TOTO, IO SIK 1 B MIJIOTOBAHIi
aBiamii, HaB4aHHA Mae OyTH OaraTopiBHEBHM, NpPHUHMArOYM, IO IOTPiOHA peasizamis
rOOKOro TpogeciiiHoro BinOOpy MUTOTIB 3 BUCOKMM pPIiBHEM IPUPOIHUX 3aJaTKiB UL
YCHIITHOTO JIOCSTHEHHS. HEOOXiTHHMX 3HaHb, a OCOOJIMBO BMiHb Ta HaBHYOK. [lo-npyre,
BUXOWJIM 3 TOTO, IO TIPOIeC MUIOTYBaHHS Oe3mioTHHX JitakiB 3 ECY yckimagHIOeThes
riepeOyBaHHSM ITLJIOTA HA 3¢MJTi @ BUMOTH JI0 BUKOHAHHS CJIEMEHTIB MOJTBOTY Ti CaMmi SIK 1 JJIst
IIiJI0Ta JITaKa.

Ilo - Tpere cydyacHWil CTaH KOMI'IOTEPHHMX HABYQJIBHHX 3acO0IB T03BOJISE IIMPOKO
BUKOPHCTOBYBAaTH (MIAHT — CTUMYJISITOPH, IO JIO3BOJISIE 3HAYHO HPUCKOPUTH HABYAHHS
IJI0Ta Ta 3[EMICBUTH caMy NPAKTHYHY ITiITOTOBKY B YaCTHHI €KOHOMIi TTaIMBO-MaCTHIIBHUX
MarepiaiiB Ta MaTepialbHOl YACTHHH, SKa TIOBUHHA 320€3MeTyBaTH HaBYAIBHHI MPOIIEC.

3HauHy POk TpH peattizalii MeToauK Oyze BilirpaBaTu criapeHa CHCTeMa KepyBaHHS 3
IHCTPYKTOPCHKHMM Ta YYHIBCHKMM ITyJbTaMH. [Ipy HassBHOCTI TaKOi CUCTEMH CTBOPIOFOTHCS
YMOBU HABYAHHS aHAJIOTTYHI TUM, IO € HA JIOTOBAHOMY HaBYAIILHOMY JIITAKY.

Hayxosuii kepisnux — Kabansuuii B.B., kano. mexu. Hayk, Ooyenm
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YK 656.7.072:629.7.014(043.2)
Ouner M.B., Yaox O.A.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

OCOBJHUBOCTI BAHTAXKHUX ABIAI[IMHAX MMEPEBE3EHD
BE3INIJIOTHUMMU JITAJIBHUMU AITAPATAMUA

BrpoBaykeHHS B CHCTEMY Cy9acHOI IMBUIFHOI aBiallil TPaHCTIOPTHUX O€3MIOTHUX
aBiamiianx cucreM (BAC) pi3HOro Kilacy BHCYBa€, SIK mepel KOHCTPYKTOPaMH TaKHX
BAC, Ttax i mepen eKCIUTyaTaHTaMH CKJIQJHy 33Jady ONTHMi3amii BaHTa)KHO-
PO3BaHTaKYBAJIBHUX OIEpariif mij gyac komepuiiiHoro obciyrosyBanus BAC. Bix mux
omepaiii B 3HA4YHId Mipi 3aJCKUTh CKOHOMIYHA JOIIIBHICTh BHKOPHUCTAHHS
TPAHCHOPTHUX HOBITPSHUX CyJeH. Ta Ha BiIMIiHY BiJ NMiIOTOBaHHMX MOBITPSHUX CyJIeH
i TpaHcnopTHUX BAC, ski BiTHOCATBCA 1O JIETKUX Ta CEPeAHIX Oe3MiIOTHUX
MOBITPSIHUX CY/CH, BUKOPUCTaHHs TPAAWIIHHUX aBialiifHUX KOHTEHHEpIB Ta MiIIOHIB
HEMOXJIMBE, TaK SIK PO3MIPH BaHTAXHMX BIiACIKIB TAKMX MOBITPSHUX CYJIEH 3HAYHO
MEHIII HiX rabapuTHiI po3MipH CTAHAAPTHUX aBlallitHUX KOHTEHHEPIB Ta MiAJOHIB.

s Bakkux 1 HagBaxxkux BAC MOXIHMBe BUKOPUCTAaHHS TPAAHULIHNAX aBiamiiHIX
KOHTEHHEpiB Ta MiJJOHIB. AJle aHali3 KOHCTPYKIH IEepCIeKTUBHUX THIIB
tpancnoptHnXx BAC mux KimaciB 1mokasas, IO 1 Ul HUX BUKOPUCTAHHS TpaJuMiitHIX
KOHTEHHEpiB Ta MiJJIOHIB HE 3aBXau Oyne eKOHOMiuHO aomiabHuM. lle moB’s3aHo B
MepIy Yepry 3 THM, II0 MapaMeTpu BaHTaXHHX BiACikiB TpaHcropTHHX BAC MoxyTh
MaTH CYTT€BO iHINI 3HAYEHHS HDK Y TPAHCHOPTHUX MUJIOTOBAaHHX IMOBITPSHUX CYICH.
Kpim Toro posramyBaHHS IeHTpYy Mac TpaHcrnopTHUX BAC Moke 3MiHIOBaTuChH Y
3HAYHO OUTBIIOMY Jiama3oHi 3Ha4eHb HDK Y BaHTaKHUX JIITaKiB, AKi HA CHOTOJHINTHIN
JIeHb € OCHOBHUMH 3aC00aMU TepeBE3eHHsI BAHTXIB Ha MOBITPSIHOMY TPAHCIIOPTI.

TakuMm YwHOM, HaJ3BHYaWHO AaKTyaJdbHOIO € 3apa3 3ajada po3poOKa HOBHX
CTaHAApTiB Ha aBiallifHI KOHTeWHepH, sKi OyayThb BHKOPHCTOBYBaTHCh Ha
tpaHcrioptHuX BAC. CrBOpeHHsT IMX CTaHJApTiB IOBUHHE 3 OJHOrO OOKY
CTUMYJIIOBATH MPOEKTyBaHHs TpaHcnopTHuX BAC, a iHmoro OoKy, 3a paxyHOK
CTBOPCHHsI BI[NMOBIAHUX PO3AiMiB HOpM JHOTHOI mpuaatHocti BAC pi3HHX KIacis,
ONTHMI3yBaTH Ha3eMHE TEXHOJOTIUYHe OONafHaHHs, W0 OyAe 3acCTOCOBYBATHCH B
aeporopTax Ui KOMEPIitHOTo 00CIyroByBaHHs TpaHcopTHHX BAC.

Tak sx B HaWOMMKYMH 9ac MOXKHA OYIKyBAaTH IOSBY Jmile TpaHCTOpTHHX BAC
JIETKOTO Ta CEPEeTHBOTO Kiacy, TOOTO 3 MaKCUMAaJbHOK 3JITHOI Macor a0 5700 kr,
TOMY HEpIIOYeproBOI0 € 3ajada pO3POOUTH TEXHIUHI BHMOTHM JO BHYTPIIIHBO-
(Gro3e/DKHUX Ta MiABICHMX KOHTEHHEPIB BIAHOCHO HE BEJIMKUX po3MipiB. Taxi
KOHTEeWHEepH MOBUHHI OyTH NPHCTOCOBaHI JUIS MEPEBE3CHHS B IEPIIy Yepry LITyYHHX
BaHTaXiB, sIKi MalOTh AOBiIbHY (opmy. Lle MOXKYTh OyTH 3amacHi YaCTHHH, YIAKOBKH 3
JIiKaMH, pATyBanbHe 001aJHaHHS TOLIO.

Hayxosuii kepisnux — Tamapeasin O.A., 0-p mexw. Hayk, npogecop
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V]IK 681.586.5(043.2)

AdanacneBa J1.O., HoBikoB B.1., Yepauienko H.A.
Hayionanvruti mexuiunuii ynisepcumem Yxpainu « KI11», Kuig

AHAJII3 AJITOPUTMIB AIAITUBHOI ®LIbTPALIIT

IIpn mBuaKicHINA mepenadi IUCKPETHUX IIOBIJOMIICHH IO CTOXACTHYHHM KaHAJIaxX
3B'SI3Ky BHHUKAIOTH MPOOJIEMH, MOB'sI3aHI i3 HEOOXIIHICTIO YpaxyBaHHS Pi3HOTO POIY
aIUTUBHUX 3aBajl. Hanpukian, npy BUKOPHCTaHHI KaHANTIB 3B'13Ky KOPOTKOXBUIJILOBOTO
JiarmasoHy OCOOJIHMBO XapaKTepHa CHTYyalis MPUCYTHOCTI B HHMX 30CEPEPKEHUX IO
CIIEKTPY HEpPEIIKOJ, sKi € HerayCOBCbKUMH BHIIQJIKOBUMH Iponecamu. HasBHICTh LUX
MepeIKkos OOyMOBIICHO, HANpUKIAA, BEIUKUM YHCIOM pajio3acoliB, OZHOYACHO
MPAIIOI0YNX B KaHAJi Ha OJIM3bKUX YacTOTAX.

CroxacTHyYHI KaHamd 3B'I3Ky 3 XapakTePHUM Ui HHUX €()EeKTOM pO3CIFOBaHHS
EHeprii mepesaHoro CUrHaimy B 4aci (OOMeXeHHs CMYTH YacToT, 0araTormpoMEHEBOTO
PO3IOBCIOKEHHS), 32 YaCTOTOIO (3aBMUPAHHS, JOIIIIEPIBCHKI 3MIIEHHS) 1 B IPOCTOPi
HEMUHYYe yCKIaIHIOIOTh NMPUCTPiIA 0OpOOKH MPUHHATOTO CHTHAJIBHOTO IOJISL, TOMY Ha
BUXOJi KaHaJTy [MOTOYHA peaii3allis oS BUSBISAETHCS 3aJ€KHOIO BiJl CTaHy KaHAy B
MoTiepeIHi MOMEHTH 4acy B Pi3HHX TOYKaX PO3IITHYTOI MPOCTOPOBO-4aCTOTHIN 001acTi
06pobku. diykryariiHi i 30cepemkeni nepemmkoau (y yaci, Mo 4acToOTi i B IPOCTOPi)
JOIATKOBO  YCKJIAIHIOIOTh 3aBJaHHA MPUHOMY JIUCKPETHHX IIOBIOMICHb B
CTOXAaCTHYHHUX KaHAJIaX.

ANTOpUTM 31 3MIHHUM KpPOKOM aJanTallii J03BOJSE peali3yBaTH 3 BHCOKHMH
SIKICHMH NOKa3HUKaMH aJalTUBHUH (UIBTP HErayCOBCHKUX BHIIAIKOBHX MPOLECIB.

AnanTuBHUI QIITBTP aBTOMATHYHO HepeOymoBYe CBOI IMapaMeTpH, i mpH iX cHHTE31
Maiike He MOTPiOHO ampiOpHUX BiJOMOCTEH PO BIACTUBOCTI CHrHaly i 3aBamu. Ilpu
LIOMY BHKOPHCTOBYEThCS JIONOMDKHHI a0 €TaJoHHMI BXIAHWH CHTHAN, IO
OTPUMYEThCA Bifl OAHOrO ab0 OEKUIPKOX AATYMKIB, PO3TAIIOBAHUX B THX TOYKAX IOJIS
3aBajl, J€ CHUTHalI € CIa0kuM abo He BUABIAEThCA. Lledl BXigHMI cWrHana 3aBaau
(binbTpy€eThCS 1 BUOUIAETBCS 3 CyMIllli CUTHANY 1 3aBaid. Y pe3yibTaTi BUXiJHA 3aBaza
MIPUTHIYYETBCS a00 MOCTa0IIoeThCA. YTIPaBIiHHA (QUIbTpalLicro 3aBaad 3a JOMOMOTOIO
BIZIMTOBIZTHOTO AANTHBHOTO IPOIeCy IPHUTHIYEHHS 3aBaJy, Maike HE HMPU3BOAUTH JI0
CIIOTBOPEHHS KOPHCHOT'O CHTHAITY 1 3pOCTaHHS PiBHS 3aBaJy HA BUXOZI.

B po0oTi 3ampornoHoBaHO HOBI aITOPUTMH aTaNTUBHOI (ibTpamii HerayCoBCHKHX
CHUTHAJIIB B KaHAIaX 3B'S3KY.

Hayxosuii kepisuuxk - Jlucenxo O.1., 0-p mexn. nayx, npogecop
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YK 629.735.083.025.1.004.58:681.518.54 (042.3)
Babenko A.E.
Hayuonanvnviii asuayuonusiii ynusepcumem, Kueg

BJMSTHUE MMOBPEXIEHU BHEIITHAX OBBOJIOB KPBLIA
JETATEJIBHOI'O AIIITAPATA HA PACIIPEJEJIEHUE TEMIIEPATYPHBIX
MOJEW HOTPAHUYHOI'O CJIOS

IIpu noBpexxaennn kpbuia JIA mocTOpOHHUMHU NPEMETaMHU B TIOJIETE U3MEHSIETCA
XapakTep 00TeKaHMs KPbUIa BO3IYIIHBIM OTOKOM, B PE3yJIbTATE YeTO HMEET MECTO
JIOKAJIbHBIN HarpeB MOBPEXKJCHHOIO Y4acTKa, TEMIEpaTypa KOTPOro OTIMYAeTCs OT
TeMIIepaTyphl MPUIIETAOIINX Y4acTKOB. TemIepaTypa BOCCTaHOBIIECHHS (TeMIIepaTypa
MOTPAaHUYHOTO CJIOS BOJIM3H IOBEPXHOCTH KpbUIa) onpeesnsercs no popmyie

T,=T5(1+(k—1)/2-rM2)=T5(1+0,2rM2 )]
IIpuHNMas rpagueHTHl TeMIlepaTyp B HAIpaBICHHHM OCEH y W z PaBHBIMH HYIIIO
OT/6x =0T [0z =0 , 3anuieM ypaBHEHHE TEIUIOBOTO Oananca:
(T, ~ Ty )~ 60Tt + B.G = (o1 /0x) 2)
al\l; OB €01 fop :Bc c COsy = X oB
[lepBeIif 4WwieH — 3TO TeIUIO, MOABOIMMOE K MOBEpXHOCTH JIA M3 MOrpaHMYHOTO
CIIOsl, BTOPOH — TEIUIO, M3IIydaeMOe B OKPYXKAaIOIIyI0 Cpexy, a TPeTHH — Temio OT
COJIHEYHON paauanuu. BrelpakeHue B mpaBoil YacTH XapaKTepuU3yeT Terlo,
[OCTYNaIoIiee BHYTPb KOHCTPYKIMH anmapara 3a CuYeT TeIUIONPOBOAHOCTH.
VcraHOBUBIIMIHCA —TEIUIOOOMEH HMMEET MECTO, KOrJa TeIuo, IOABOAMMOE K
KOHCTPYKIIMH, PaBHO TEILTy, OTIABAEMOMY €10 B OKPY’KAIOIIYIO CPEJy:

a(T,. —T06)—£0T§'6 + .G, cosy =0 3)
PacripesienieHde MO BpEMEHH TEMIIEPAaTYyp B OJEMEHTaX KOHCTPYKIUH MOXKHO
OIpPEENHTh, peluB ypaBHeHue Dypobe. st 0HOMEPHOTO TEMIIEPATyPHOTO OIS HMeeM:
or 1ot =alp?r 10x?)s “4)

raea=A/cy —ko3pUIMEHT TEMIEPATyPOPOBOTHOCTH, M*/d.

HWcrnone3yst  BeIenpuBeaeHHbIe (GOpMyIbl, a Takke ypaBHeHusi Hasbe-Crokca,
MOXKHO TOJIyYUTh pacIpelIelieHHe TeMIIepaTyp MOTPaHWYHOrO CJIOSi BJOJNb BHEIIHHMX
00BOJIOB KpbUIa T10CIIE MOBPEX/IeHHs. FICX0HbIe TaHHbIE JUIS MOJCIMPOBAHUS: TIPOdHIIH
kpbuia AH-148, ckopocTs Haberatomero noroka 100 M/cek., TemmepaTypa oKpyKaromen
cpensl 2932 K, armocdepHoe nasienune 101325 Pa, yron araku 0 rpaz.

. \ n
e - 3 207 A
soas 1] ] 1 == : J) =
os ] ] 1 2065 L
st A |
293 295
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o1 0200 04 o8 2
Puc. 1a. Pacnipenenenue TeMmeparyp morpaHHIHOTO Puc. 16. PacripeneneHue Temmeparyp
CI1051 BJIOJIb TIEpe/IHEN KPOMKH KpbLIa 10CIIe TIOTPAHIYHOTO CJIOSI BJIOJIb 3aIHE KPOMKH
TIOBPEXKACHHS KpbLIa MOCIIE OBPEKACHHS

Hayunwiii pyxosooumens — Kazax B.H., 0-p mexu. Hayk, npogeccop
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YK 629.735.015.4:629.735.45(043.2)
Jlosunckas A.I.
Hayuonanvnviii asuayuonusiii ynusepcumem, Kueg

CHUHTE3 CUCTEMbI HABEJEHUSI BEPTOJIETA HA JIBUXKYIIUIACS
OBBEKT JECAHTUPOBAHUS

CpaBHHTENbHAsT OIIEHKA M3BECTHBIX METOJOB CAMOHABEIEHHS JIETaTeJIbHBIX
anmaparoB IIOKa3ana, 9YTO JUIS JalbHEHIero HCCIENOBaHUS CHCTEMBl HaBEICHUS
BEpPTOJIETAa Ha ABWKYIIMICS OOBEKT IECAHTHPOBAHHS LIEJIECOO0Opa3sHO BHIOpATh METOJ
HaBEJICHHS B YMPEXJAIOLIYI0 TOUKY BCTPEUM C LEJbIO, TO €CTh MuaTdopmoii Kopaldiis.
JlaHHBIE METOX WMeeT MPEHMYINeCTBO, TaK KaK Ielb HABEJICHUS JBIDKETCS
MIPSIMOJIMHEITHO ¥ PaBHOMEPHO.

Jns Merona HaBeAEHHMST B HAMBBITOJHEUINYIO YIPEKACHHYIO TOYKY BCTPEYH
XapaKTepHbl pPacueTbl TPEOYEMBIX YTINOB YNPEXKIACHHUA (., U (4 IS TIIOCKOCTEH
TIPOJONBFHOTO ¥ GOKOBOTO JBIKEHHI BEpTOJIETA.

Teopernueckue TOCTMXKEHHS M NPAKTHUECKUE WCIBITAHUS IOATBEPIMIM, YTO Ha
CCTOIHAIIHUN JIeHb CYIIECTBYET 3aKOH HABEJCHUs, KOTOPHIH CYIIECTBEHHO ITOBBIIIACT
TOYHOCTb MO CPABHEHUIO C JIPYTMMH METOJaMH HaBeleHHs. JJaHbIil METO MOJTyYeHHbIH
C TIOMOILBIO JINHEHHO-KBagpaTuuHoro npunimmy (JIKIT)

Tounocts JIKII cOCTOUT B TOM, YTO HABEICHUE 3aBUCUT OT IPOJOJLKUTECIBHOCTU
rmojieTa JIETaTeNbHOrO ammapara (BeprojieTa) MO MOMEHTa BCTPEYH C OOBEKTOM
HaBeZeHHs (kopabieM), a TakkKe IIOJIOXKEHHs, CKOPOCTH M YCKOpPEHWs Kopaois
OTHOCHUTEIILHO BEPTOJIETA.

Tonyunts nHPOpMAaIHIO, HeOOXOaUMYTO 115t peanu3annu JIKII-HaBegeHUs, MOKHO
nByMst criocobamu. IlepBBIif 3akimiodyaercss B IOBBIIEHHM TOYHOCTH H3MEpEHHH M
HCIIOJIb30BaHUH JIOTIOJHUTENBHBIX OOPTOBBIX MH(OPMAIMOHHBIX 3eMeHToB. Ho poct
CTOMMOCTH, rabapuTOB U MAacChl JSNAIOT 3TOT Croco0 Herenecoobpa3HbM. bonee Toro,
YCKOpeHHe KOpadisi He MOXKET OBITh M3MEPEHHBIM HENocpelCTBeHHO. BTopoii crocob
SIBISIETCS TIPOTPaMMHBIM U HEe 00J1a/IaeT BHIIIENEPEINCICHHBIMA HEI0CTaTKaMU.

Tak kak kopaOiib B MOMEHT cONMmKkeHns: OyJeT ABUTATHCS PaBHOMEPHO, TO €CTh C
HYJIEBBIM YCKOPEHHEM, L1eJIecO00pa3HO HUCIOIb30BaTh MOJIENb PACIIMPEHHOro (GriibTpa
Kanmana (P®K) ¢ HyneBbIM yckopeHHeM 00beKTa HaBeICHHS.

Pacumpennsiit punstp Kanmana npencrasiser co06oil GUIbTp AEBATOTO MOPSIKa C
MOJIETTBIO CHCTEMBI, 3aJaHHOM B JEKapTOBOH CHCTeMe KOOpAWHAT. JIeBsTIO
napaMeTpaMH ~ COCTOSHHMSI  SIBIISIIOTCSL ~ KOMIIOHEHTBI ~ BEKTOpa  JajbHOCTH,
XapakTepu3yronieil NoJiokeHHe oObeKTa HaBeIeHWs OTHOCUTENbHO JIA, BekTopa
CKOPOCTH COMMKEHHsS M BEKTOpa YCKOpPEeHHs OObEKTa HABEACHHS B WHEPLHUATBHOMN
cucteMe KoopauHAT. YckopeHue JIA W3MEpSIOT ¢ MOMOIIBI0 OOPTOBBIX JATYHKOB U
HCTIONB3YIOT IIPH BBIYMCIICHUH BEKTOPA CHTHAJIOB YIIPABJICHHUSI.

Tak kak KopaOib IBMKETCS C HOCTOSHHOH CKOPOCTBIO, TO KOJIMYECTBO APaMETPOB
coctostHust POK ymeHbIIaeTcs 10 meCTH: O TPU COCTABIIAIOIINE BEKTOPA JANBHOCTH,
ONPENENAIONNX IOJNOKEHHEe KOpabist OTHOCHUTENFHO BEpTONeTa M BEKTOpa
OTHOCHUTEIILHOH CKOPOCTH KOpaoIIs.

Hayunwiii pyxosooumenv — Kazax B.H., 0-p mexu. Hayk, npogeccop
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YK 629.7.014-519:004.4'24(043.2)
Crenanwok O.A., Bepemiiiuyk B.B.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

CUCTEMA NIATPUMKHA MPUVHATTSA PIIEHb BUBOPY THUITY
BE3IVIOTHOTI'O JITAJIBHOI'O AITAPATY HA OCHOBI IIOPIBHAHHA
XAPAKTEPUCTHK IX IOTEHHIAJIIB

VY 3B’s3Ky 3 OypXJIMBHM PO3BHTKOM OC3IJIOTHOI aBiallii B CBITI Ta MOMUTOM 1
MPOMO3UIIIEI0, IO PI3KO 3pOciia HAa PUHKY Oe3mioTHUX jitaidbHux amapatis (BIIJIA),
BUHMKJIA HarajpHa mpoOiema iXHpOro oOrpyHroBaHoro BuOopy. [lokyneup Ha pHHKY
BIUJIA craButh nepen coboro Mety npuadaHHs Takoro 3pa3ky BIUJIA (ta ixapoi maprii),
SIKM OW BIJITIOBIIaB BUMOTaM 3aJIaHOTO PiBHS e()EKTHBHOCTI HOT0 3aCTOCYBaHHS 1 B TOU
K€ 4ac MaB OW NMPUHHATHI, 3 1Oro TOUKH 30py, BapTiCHI BUTPATH.

IIpoBeneHHsT TOPIBHAIBGHOI OIHKK Ta OOIPYyHTYyBaHHS BHOOpy 3paskiB BIIJIA
MPE/ICTaBIIsIE COOO0I0 CKIAJHY 3ajiady, JUisl BUPIMICHHs SKOi HEOOXiJHO MaTH OCHOBHI
MMOKAa3HUKM TEXHIKO-€KOHOMIYHOI OILIHKM 3 IX BaroBUMH KoeQillieHTaMH, ITOBHHI
KOMIUIEKC XapaKTepPUCTUK IOPIBHIOBAJIBHUX 3pa3KiB Ta IX 3HAYEHHS, a TaKOX
ITOPUTMH TOPIBHSUILHOT OLIIHKM Ta BUOOPY ONTUMaNbHOTo 3paska BITJIA.

Po3B’a30k  maHoi 3ajmavi, SKa XapaKkTEPU3YETbCS MLIMPOKOI HOMEHKJIATYPOIO
MOpiBHIOBaHMX XapakTepucTk 11t BITJIA, 6e3 3acTocyBaHHS CrEIiaTbHUX aJrOPUTMIB
Ta 3aco0iB aBTOMaTH3aIlii, He € MOXIMBUM. CyTh 3aIpONOHOBAHOI Y poOOTI METOIUKH
MOJISITA€ B TOMY, 1110 BHOUpaTH Kpamuii 3pa3ok BIIJIA HeoOXiqHO uepe3 BU3HAYCHHS Ta
NOPIBHSHHS HOr0 TEXHIYHMX XapaKTepUCTHK. TeXHiYHa JOCKOHAIICTh 00’ €eKTy
OLIIHIOETHCS Yepe3 HOro TeXHIYHWH piBeHb, IiJ SKHM pPO3YMIE€ThCS BiIHOCHA
XapaKTePHCTHKA SKOCTI, 3aCHOBaHA Ha 3ICTAaBJICHHI 3HAY€Hb IOKA3HUKIB TEXHIYHOI
JIOCKOHAJIOCTI OIIHIOBAHOTO O0’€KTY 3 BIAMOBIMHIMHU 3HAYCHHSMH. 3arpONOHOBAHHMA
MeToa € AuepeHIiiHIM METOIOM OI[IHKHM SKOCTI, SKUH 0a3yeThcs Ha 3iCTAaBJICHHI
CYKYITHOCTi 3Ha4eHb OJIMHUYHUX NOKA3HUKIB TEXHIYHOI JOCKOHAJIOCTI OJHOrO 00 €KTY 3
BIINIOBIHOIO CYKYIHICTIO 3HAa4eHb IHIIOTO NpPH BH3HAYEHHI Bar IMX IOKAa3HHKIB,
XapaKTepHUCTHK Ta GyHKIIOHATEHUX cucTeM BITIA.

3aBiaHHs 3 NPUHHATTAM pillleHb BKIIOYAae B ceOe HACTYNHI KOMIOHEHTH, TakKi sK
(dopmyBaHHsT HaboOpy albTEpPHAaTHUB, CHCTEMH KpPUTEpiiB Ta IPOBEIEHHS OILIHKU
anpTepHaTHB 3a BHOpaHumu KputepisiMm. [lopiBHsuibHa ominka 3paskie  BITJIA
MPOBOJHUTHCS HA OCHOBI IMOKAa3HHKIB, SIKI XapaKTEPU3YIOTh iX OCHOBHI (pyHKIIOHAJBHI
BIIACTHUBOCTI. 3arajibHa cCXeMa BHpILIEHHs 3aBJaHHS IOPIBHUIBHOTO aHAJi3y BapiaHTIB
CTC Bximovae m’siTh OCHOBHHUX €TamiB: (OpMyBaHHS CTPYKTYypH IOKa3HHUKIB OLIHKH,
BU3HAYCHHS MMOKA3HHKIB Bar, BimOip 00’€KTiB [UIsl MOPIBHIBHOIO aHaNi3y, aHali3 Mo
KO>KHOMY IHTETPAIbHOMY MOKa3HUKY, (piHATBHUI aHaJi3.

Po3pobiienniic  anroputM CTaB OCHOBOKO ISt PO3POOKH BiAIMOBIMTHOI METOJHMKH Ta
CTBOPEHHsI aBTOMAaTH30BAHOI CHCTEMH IIATPUMKHU NMPUHHATTS PillleHb 3 MOPIBHSIBHOT
ouiHku Ta BuOOpy 3paskiB BIIJIA. CTBopeHHs Takoi CHCTEMH NO3BOJISE 3a0e3MeUnTH
olepaTUBHE BHPILICHHs 3aBAaHb 3 MOPIBHIbHOI OLIHKH Ta BHOOpY 3paskiB BILJIA,
MABHUIIATH TOCTOBIPHICTH PE3YJIBTATIB Ta 3alI00ITTH BUTPAT HA HEBIPHI PillICHHS.

Hayxosuii kepisnux — Camxog O.B., 0-p mexu. nayx, npoghecop
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ESTIMATION OF THE TECHNICAL STATE FOR GAS TURBINE ENGINE
ELEMENTS BASED ON WAVELET ANALYSIS

One of the promising areas to solve the efficiency of power plants characteristics of
modern aircraft is in the area of integrated automatic control and monitoring of aircraft
gas turbine engine (GTE). It refers on adaptation to operating conditions and usage
aircraft reliability and its resource.

The wear, during operation, leads to changes in the condition and characteristics of
engine components: bearing rotor parts, gears, blade machines, combustion chambers,
and flow path components. This significantly changed both static and dynamic
characteristics of the engine, determining its properties as an object of regulation.

Module of preparation Th? characteristic [ pModule of recognition state
Nps N  (selection) data for TOGUENTES gear pairs, bearing units and [Inthe ACS >
Nt frequency identification the degree of contamination
Nien data fetch
Mer Module of pre- The control module on the
) processing the SMITM P normalized level of the first  [Inthe ACS >
information | Amprot ] rotor harmonics
* * * Nps ! Amprel
xé;—» CHA1 Nst Module individual models first e ACS
va s> CHA2 N rotor harmonics
=—=—>p CHA3 toh
Mer

Fig.1. Diagnostic model for gas turbine engine elements

The module of pre-processing the information (MPPI) is digitized vibration signal
rejection of bad data sets based on the tolerable and cross-checking. Then the data are
passing wavelet transform with further spectral analysis of the wavelet coefficients. The
components of first rotor harmonics turbocharger rotors, screw and transmission are
allocated from the spectrums. Amplitude values of the spectrum allocation are
transferred to the control module on the normalized levels, where they are compared
with three typical levels [1].

The developments of a method for automatic recognition of the technical state of
engine parts will enable, during engine operation, automatically navigate to the control
mode, the best in the circumstance. It can be implemented in an automatic control
system (ACS) of the engine.

Literature:

1. HOp, T. B. Meron aHanu3a TEXHHUYECKOTO COCTOSIHUSI MOJIIMITHUKOB KayeHMS,
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TEXHOJIOI'ISI 3MMOBOI'O YTPUMAHHS AEPOJIPOMIB

Haiibinpin ckaagHuM 1 BiJMOBIJaJbHUM IEPIOJIOM eKCILUTyaTallil aeporopTiB
OMBUIBHOI aBiamii Oaratbox KpaiH € 3uMoBHi. binpmricte aepomoptiB Ykpainu, Pocii,
IHIIUX €BPOMEHCHKUX KpaiH mepeOyBae B 30HI BIUIMBY HETAaTHBHUX TEMIIEPaTyp Y
MepioJl MPOXOJKEHHS OCIHHBO-3MMOBOI HaBiramii. Y meil mepion NuTaHHA Oe3meKd
MOJNBOTIB  Oe3MocepeJHE0 TIOB'A3aHI 3 pIMIEHHAM IpoOJIeMH YCYHEHHS CHIDKHHUX
YTBOPEHb Ta OKEJISMLIi, ATOTOBKOIO aePOAPOMHUX IMOKPHUTTIB. [IOKPUTTS BBaXKAaEThCS
MIPUIATHUM TIPH BiJICYyTHOCTI Ha HOTO IOBEPXHI CTOPOHHIX IMpPEAMETIB, LIapy ONaiiB i
pu 3abe3neveHHi HeoOXiHOTOo 3UeryieHHs koJjic moBiTpsaux cyzieH (I1C) 3 mosepxHero
MOKPHUTTA, JOCTaTHHOTO Ul e()EKTHBHOTO TajJbMyBaHHS Ha 3JIITHO-NOCAJ0YHIH CMys3i.
Besneuna i perymsipaa excrutyatamis [IC Bcix TUIIB y 3MMOBHX yMOBax BHMarae
MOCTIfHOTO, OTIEPATHBHOTO, IKICHOTO OYHIICHHS €JIEMEHTIB aePOAPOMY.

Jyis  omepaTWBHOI MIATOTOBKH O €KCIUTyaTamiiHOI TOTOBHOCTI €JIEMEHTIB
aepofipoMy 3 MeTOI0 3al0e3ledeHHs peryJsIpHOCTI IOJBOTIB 1 pamioHAIBHOTO
BHKOPHUCTaHHs 3ac00iB MeXaHi3aIlil BCi poOOTH B 3MMOBHI MEPIOJ MO OYUIICHHIO BiJ
CHIr'y po30HMBalOTh Ha TPU YEpPru: Meplla - OUUIIEHHs 3IiTHO-1ocankoBoi cmyru (3I1IT),
OokoBHX cMyr Oesneku Ha mmpuHy 10 metpiB Bix rpanuni 3I1I1, BUKOpHCTOBYBaHHX
qutst pystinas gopixok (P/I) i3 BinkumaHHsIM BasliB, epoHy, CBITHIGHUKIB ("BOTHIB") 1O
rpanuisx 3IIT i KIIB, a takox miArOTOBKa 30H PO3TAIllyBaHHS KypCOBHX palioMasKiB
(KPM) i rmicagaux paniomasikiB (I'PM); apyra - ounmieHHs mict ctossHOK (MC), iHImX
P, y36iu Bcix P/l Ha mmpuHy 10 M 1 IpUBOK3aJbHOI IJIOMII, a TaKOX MiATOTOBKA
3amacHol IpyHTOBOI 3iiTHO-mocankoBoi cmyru (I'3IIID); Tperst - ouwmmieHHsS KiHIEBOT
nontocu 6e3nekn (KI1b) na monosuny ii noxunu, BI1b 1o moBHOI mupuHT 25 M, y30i4
MC i nepoHiB, mix'i3HUX KOJIiH 10 00'€KTiB paio3B's3Ky, ckiaaxy [IMM.

Texuiunuii piBeHb 3ac00iB MexaHi3allii ¥ aBTOMATH3aIlil aepOMOPTIB MOBHHEH
3abe3neyyBaTd MiATOTOBKY MOKPHUTTIB O MOJBOTIB MPOTAroM | T micis 3aKiHYeHHS
cHironmagy i mpoTsroM 2 T micis yTBOpeHHs oxkeneni; npuuomy oumiieHus 3I1IT Bix
cHIry BuKoHyeThcs 3a 30, a BumaneHHs oxeneni 3a 45 xB. [lo 3aco0iB mexaHizarii
TEXHOJIOTIYHHX TPOIECIB OUUIIECHHS €JIEMEHTIB aepOIpOMY Bifl CHITY, MOTIEPEKEHHS 1
BHJAJICHHS OXeJe]li BIIHOCATHCS TUTYKHI i ITyrOBO-IIIITKOBI CHITOOYMCHUKH, IIIITKOBO-
BaKyyMHI CHITOOYHCHHKH, BITPOBi W TEIUIOBI MaIllMHH, CHITOOYHCHHUKH 3 METaJbHUMHA
poGourMu opraHamu (POTOpHI, IITHEKO-POTOPHI, (pe3epHO-POTOPHI), PO3KHIAYI
XIMIYHUX peareHTiB, HaBaHTa)XyBadi CHIrY it iHIIi.

Ha chorogmimHiii AeHp iCHye 3Ha4Ha KiJbKICTh SK BCECBITHHO BiZIOMHUX, TakK i
MAJIOBIZIOMHUX, ajie JOCHTh MEPCHEeKTHUBHUX (ipM-BHPOOHHKIB HA3eMHOI TEXHIKH JUIs
3MMOBOTO 3MICTy aepoApoMiB. MeTOI MOCTIKEHHS € aHalli3 CyYaCHHX TEXHOJOTiH
3MMOBOTO YTPHMaHHS a€pPOAPOMIB, OCIITOBHICTh OUUIIEHHS €JIEMEHTIB aepOpOMY Ta
aBialiifHOi Ha3eMHOI TEXHIKH, SIKa IPH IIUX IPOIecax BUKOPHCTOBYETHCS.

Hayxosuii kepisnux — Cobones B.B., cm. suxnaday
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HOBITHI TEXHOJIOI'Ti HAHECEHHSI MAPKYBAHHS HA IITYYHHUX
INOBEPXHSX AEPOIPOMIB

AKXTyasIbHOIO 1 JOCHTBH CKJIQJHOIO 33a4el0 CyJacHHX aepONOPTOBUX TEXHOJOTIH €
eKOJIOTIYHO YHMCTHH 3 HalMEHIIMMH BTpAaTaMH CHPOBHHH METO]] HAaHECEHHS
MapkipyBanbHux JiiHil Ha 3I1IC, P/I i MC noBiTpsiHUX Cy/eH.

Hocnimkyroun npobieMy no HaHeceHHIO MapkipoBkd, kommatis «HOFMAN»
pOo3po0mIIO cIieliaiabHy CHCTEeMYy IS ii BHpimeHHS — Iie MeTo] (0e3moBiTpSHOIO)
PO3NIJIEHHS TMiJ BHCOKAM THCKOM JBOXKOMIIOHEHTHHX CIIpii - IUIQCTHKIB Y
criBBigHomIeHH] 98:2. Jlns 1iei po3pobienoi y 2005 poiii TeXHOJIOTIT MOTPiOEH BCHOTO
OJIMH pe3epByap 3 OCHOBHMM MaTepianoM. L{s TexHosorist Bpa3 ycyBae Bci mpobiemu,
KOTpl 3aBIaBaB JOPOTHA, HE3PYyYHHH 1 JOCHTH YACTO TIIOB’S3aHUI 3 BEITUKHMHU
3aTpaTaMHM CHPOBHHH — METOJ| PO3IIICHHS y cmiBBigHOmeHHI 50:48:2 3 nBoma
pe3epByapamu JUisl pi3HHX MaTepiajiB, SKHI PAKTHKYBaBCs JECSATHIITTAMH.

3 kiHng 90-x pokiB kommanis «HOFMAN» npu nemoHcrpauii Oe3noBiTpsHOTrO
criocoOy posnmiennst AMAKOS, BukoprcTaza HOBUIA BUHAXiJ, TaKk 3BaHUIl BapiaTop, —
KOTpHH 3HWKY€E BIUIMB THCKY PO3NWJICHHS HA MIMpHUHY mojocu. Came Mo il mpuuuHi
BapiaTop MOJIEpPHI3yBaBCs B OCTaHHI pOKH. BapiaTop KOTpuif 3aCTOCOBYIOTH B HaIll 4ac y
HimeuunHi Ta iHmMX KpaiHax €BpOIH, PEryJIIO€ BiJICTaHb IiCTOJIETa-pO3NHIIIOBAYA JI0
JOPOXXHBOTO TIOJIOTHA B 3aJIOKHOCTI Bil TUCKY PO3MHIICHHS, 3MIHIOIOYM THM CaMHM
BIUTMB 3MiHH (IIepenay) TUCKY. Y IIbOMY BHUIQAKY IPH MPAaBUIBHOMY PETYIIOBAHHI Y
BEJIMKOMY [iana3oHi THUCKY PO3MMIECHHS MIMPUHA CMYTH aBTOMAaTHYHO 3aJIHIIAETHCS
MOCTIHHO. YCIiXU MEeTOy O€3MOBITPSIHOTO PO3IMHUIICHHS:

. MHTTEBA 3MiHA HANAIITYBaHHS BUTPATH MaTepialy Ha METp CMYTH (TOBIIMHA
CJIOI0) OiJIbLIIe HE MPOSIBISIETHCS B 3aMiTHIN 3MiHI INPUHU CMYTH.
. Ha BEJMKIH IUIONI IMBHMIKICTH PO3MITKH MOJXKE 3MIHIOBATHCH IPU MOCTiHHIN

KUJTBKOCTI PO3IMJIIOBAHOTO MaTepialy Ha MeTp PO3MITKH, HE BHUKIMKAIOYH 3MiHH
mupuHU cMyTH. [Ipu oMy MaluHa Ipairoe Habarato eKOHOMIYHiIIe.

XoueThbcsl 3BEpHYTH Ballly yBary Ha Te, 10 TaKMil METOJl HAHECCHHSI MapKipOBKHU €
JIOCHTh €KOHOMIYHHM Ta HaJiHHIM, TaK SK BUKOPHUCTAHHS B SIKOCTI poO0OYOTr0o MaTepiary
crpell - IUIacTHKIB Habarato JoBIIe 30epirac MapKipoOBKY aepoJpPOMHHX ITOKPHTTIB.
IpoBomuBun mocmimkenus y 2009 poiti, BUeHI 3ayBa)KWiH, 110 BUKOPUCTAHHS TaKOTO
METOy 3HaYHO MOKPAIIUTh POoOOTy aeponopTy Ta 3MEHIIHUTH HOrO eKOHOMIYHI BUTPATH
ta gac Ha obciyroBysanus 3[1C, P/l i MC nositpstaux cynen. CydacHi aepornoptu LIA
MalTh MOXKJIMBICTh NPUIOATH TaKi CHCTEMH 3 3aCTOCYBAaHHSM OE3MOBITPSIHOTO METOLY
MapKipyBaHHsI MOBEPXOHb aepoipoMmy. 3 mosiBoro ux arperatiB y LIA VYkpainu,
MiABUIIATECS 1 MPOMYKTUBHHUM TpOIeC aBia MiANPHEMCTB. 3aKOPAOHHI (ipMH, IO
poOiATE  MapKipyBallbHYy TEXHIKY, MalOTh IIUPOKY TaMy MapKipyBaJbHOTO
YCTaTKyBaHHsI, arperaTtiB i MallMH JUIs MeXaHi3alii IAroTOBYMX 1 JOMOMDKHHUX
orepaniii mpy po3MiTIi aepoAPOMIB 1 i’ {3HNX IUIAXIB.

Hayxosuii kepisnux — Cyniman O.M., cm. suknaoay
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ITEHTAPIKALIISI MATEMATUYHUX MOJEJIEA ABIAIIMHUX
I'A30TYPBIHHUX JIBUI'YHIB

Po3BuTOK Teopii ynpaBiiHHS XapaKTepH3yeThCs BCe OLIBIIOI0 YBAarok 10 MHUTaHb
1o0ysoBH MoJieni 00'eKTa yIPaBIIiHHS 32 JaHUMHU «BX1A-BHX1J[», OTPHIMaHUMHU B yMOBaxX
¢yHKIiOHYBaHHS 00'ekTa. 1le MOSCHIOETHCS THM, IO IS CKIAIHHX 00'€KTIB ampiopHa
iH(opMmallist Tpo 3aKOHOMIPHOCTI X (QyHKI[IOHYBaHHS 3aBX/H € HEIIOBHOIO 1 CTBOPSHHS
CHCTEMH YTIPABJIHHS TOB'S3aHO 3 HU3KOI TEOPETHYHHX 1 MPAKTUYHUX TPYIHOILIB.
ToMmy HeoOXigHO NOmepenHe BUBYEHHS O0'€KTa, OTPUMAHHS HOTO MaTEMaTHYHOTO
OIUCY 3a TAaHUMU «BXiJ-BUXiJ», SIKE 1 CKJIajae 3MIiCT Teopii ieHTudikarii, CpsaMoBaHol
Ha pO3pOOKy METOIB i 3ac00iB OTpUMaHHs MOJelIi 00'eKTa yIpaBIiHHS.

Iin ioenmudghikayiero B TIMPOKOMY CEHC1 pO3YMIETHCS OTpUMaHHS ab0 YTOYHEHHS
32 eKCHEepPUMEHTAIGHIMH JAaHUMH MOJEN pealbHOro 00'€eKTa, BHPaKEHOI B THUX UH
IHINMX TepMiHax (ONMcaHoi Ha Tilf YK iHIIiH MOBI).

I'TH sBnse coboro CKIaqHy AUHAMIYHY CHCTEMY, TOMY JOKJIAIHUII ONHC MPOLECIB,
mo BixOyBatothest y [T/, Bukimkae meBHi Tpyasoui. Kiacudikaris icHyrounx
moneneit I'T/l sk OGaraToBUMIpHHX OO'€KTiB YNpaBIiHHSA 32 KPHUTEPiEM TOYHOCTI
OIICYBAaHOI HUMH JMHAMIKH 1 KOJa BHPINIYBaHHUX 3 iX JIONMOMOTOIO 3ajad aHalizy Ta
cunresy CAY mokasye, 10 JUIs BUPILMICHHS PI3HUX 3aBAaHb 1Mo jpociipkeHHio CAY
MO)KHAa BUKOPHCTOBYBAaTH Pi3Hi 3a piBHeM ckuagHocti mogeri ['T/I.

VY 3aranpHOMY BHUTJISII METOOM ifeHTH]iKamii 00'€KTiB MOXXHA PO3ALIMTH HAa JBi
TPYIH - METOJM TapaMeTpuyHol ineHTH¢ikamil (BH3HAUSHHS MapaMeTpiB Mopeni) i
METOAM HemapaMeTpuyHoi ineHTH(ikamii (OmiHKA YaCTOTHHX XapaKTepPHCTHK,
MIePEXiTHUX XapaKTePUCTHK i T.IL.).

V 3aragpHOMy BHOAAKy, iJeanbHa MaTemMatuuHa wmoxens ['TJ] moBuHHA
32/I0BOJIBHATH KOMIUIEKCY BUMOT, YacTO CYNEPEUIMBHX:

e  aNeKBaTHO BiIOOpakaTH B3a€EMO3BEMO3B'SI30K  MiX mapameTpaMu i
nponeccamu B I'T/I;

e  3a0e3medyBaTH 33/1aHy TOYHICTh PO3PaxXyHKIB ITapaMeTpis;

e  OyTH 3py4YHOIO JUTI BUKOPHCTaHHS MPH PO3pPaxyHKaX i MOJICIIOBaHHI;

e OyTH amamTOBaHOIO 0 iHOWBiZyaispHOTO ex3emmuiipy [T 1 T.a.

Ha mixcrasi nporo chopmymoemo Bumoru 1o HM-moneneit I'T/I:

1) To4HICTB;

2) alneKBaTHICTh EKCIICPHMEHTAIbHUM JaHHM, BiJCYTHICTH BTpar iHdopmarii,
MOXJIUBICTb BUSBJICHHS aHOMAJIBHHX JIAHHX;

3) amanTuBHICT 10 iHAUBiAyambHOTO ex3eMIuLsipy [T ;

4) miHIMaNEHHH 00'eM BUKOPUCTOBYBAHOI ITaM'sITi;

5) mBHAKoAis (MiHIMAJIbHI PO3paXyHKOBI 3aTpaTH);

6) MOXITHBICTD peaji3alil B peaJbHOMY Yaci.

Hayxosuii kepisnux — €nues C.B., kano. mexu. nayx, ooyenm
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NIIBUIIEHHS TAJIMBHOI EOPEKTUBHOCTI JIBUT'YHA
BHYTPIIIHBOI'O 3rOPAHHS BE3IIIJIOTHOI'O IOBITPSIHOI'O CYJIHA

ExoHOMis manvBa B Hall yac BaKJIMBE NMUTaHHS. {1 €KOHOMIii BUKOPHCTOBYIOTH
0arato pi3HMX METOMIB TAKWX SK: MEXaHIYHi, ra30JMHAMIYHI, TEPMOAWHAMIYHI, 3MiHa
THITy TTAJINBA, KOTPI B CBOIO 4epry 301LIbIIye BapTiCTh ABUTYHaA Ta HaianuBa. OCKUIBKH i
3MIiHH TIOTPeOYIOTh BHKOPHCTAHHS CIICI[IAIbHUX MaTepiamiB, 3MIiHM KOHCTPYKOIl Ta
KoMIT foTepu3aii ABuryHa. OJHUM 3 METOMIB MiJABUIICHHS MAJUBHOI €()EKTHBHOCTI
JIBUTYHIB € Croci® o30HyBaHHs. BiH mpencrasise co0O MOBHY 3aMiHy MPHUPOJIHOTO
okucHHKa KUcHIO (O,) Ha 030H (O3) abo nponopiiiiHe miaMilryBaHHs HOro 10 HOBITPSL.
O30H — TPHOXAaTOMHA AJOTPONHA MOAUDIKALlisE KUCHIO OlakuTHOTrO Komibopy [1]. O30H
Ha OJIHY YeTBepTh ePEKTHBHIIINIA OKUCHUK 3a KuceHb. Temneparypa kuminss -111,9°C,
a TyCTHHA B MIBTOpa pa3u OUbIIa 3a KHceHb. L{e poOUTh HOro KpalmuM OKHCHHKOM SIK B
pakeTHIH TexHONOTiI Tak i B aBTOMOOLIBHIH Ta aBiamiifHIH mpommucioBocTi [2].
JloOyBaeTbCsi 030H JBOMAa METOJAMHM: Mis Ha TIOBITPS ENEKTPHIHUM PO3PSIAOM UH
TIOTY’KHOTO yJIBTPaghioNeTOBOTO BUITPOMIHIOBAHHSI.

Meroto naHOi pOOOTHM € JOBEICHHS paliOHATBHOCTI BHKOPHUCTaHHS O30HY B
OC3MmijIOTHINM aBiallii, M0 B CBOK 4Yepry HANACTh MOXKJIMBICTh MIJBUINUTH Yac
nepeOyBaHHs OE3MiJIOTHOTO MOBITPSIHOTO CyIHA B MOBITPI 3 MEHIIMMH 3aTpaTaMu
IajJuBa 4YH KOPOTKOCTPOKOBOTO 30UIBLIEHHS IOTYXXHOCTI CHJIOBHUX YCTaHOBOK JUIS
TaKUX PEXHUMIB MOJBOTY SIK 3JIT 3 KOPOTKUX 3IITHO-NOCAAKOBHX CMYT, 301TBIICHHS
LIBUJIKOCTI JUISl IIBMAKOI 3MIHM TOYKH CIIOCTEPEXEHHS, MIBHIKOTO HaOOpY BHCOTH Ta
30UTBIIEHHS TATO0030POEHOCTI JTITAIBHOTO anapary IPH CKIIaJHAX MaHEBPaX.

Jns mux motped IUTaHyeMO BHUKOPUCTATH O30HHHH TeHeparop, IO IIPeICTaBiIsie
c0o00¥0 /1Ba €JIEKTPOHN, FOJIKOBHUIT (KaTo/) Ta IIIAaCTUHYACTHH (aHO) B KBapLOBiil TpyOL
Ha KoTpi moxaerbest Hanpyra B 20 000 BoibT [3]. BiH po3miniyerscs B HOBITpSIHOMY
KaHaJli, 10 SKOMY Hze MOBITPs 10 KapOHopaTopa ABUTYHA Ta 3a JIONOMOIOI0 CHCTEMHU
KJIamaHiB peryjioe Mpomopiii 3MmimryBaHHsS o030HYy Ta moBitps. Lum camum
30LTBLIYETBCS TEMIIEpATypy TOPiHHS MAMBA Ta KUIBKICTh BUIUICHOT €HEprii, 10 B CBOIO
gepry 30iIbIIy€e MOTYXKHICTh ABUTYHA, a00 MPHU CTATii MOTYKHOCTI 3MEHIILYE MMUTOMY
BHTpATy NaJNBa.

Hayxosuii kepignux — Mamitivux M.I1., kano. mexu. nayx, ooyenm
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MOPIBHSIJIbHAY AHAJII3 CTAHIAPTH30BAHUX HOPMATHBHHUX
JOKYMEHTIB CUCTEM EJIEKTPOIIOCTAYAHHS INIOBITPSAHUX CYJIEH

Cucrema enextponiocradants (CEII) siBisteTbest OHI€IO 3 HAHBAXKIIMBIIIAX CHCTEM
y cTpykrypi cydacHux moitpssHux cyaeH (IIC). ns dYiTKOro KOHTpPOIIO MpU
NPOEKTYBaHHI Ta eKcIuTyarauii unx cucrem icuye Jlepxkasuuii crannapr ['OCT 19705-
89 — sKHMii € OCHOBHUM PEryJIIOI0YMM JIOKyMEHTOM B YKpaiHi, 1010 (YHKIIOHYBaHHS
CEII IIC. B noxyMeHTi BCTaHOBJICHI BUMOTH JI0 SIKOCTI €JIEKTPOCHEPTii y CTalHX Ta
nepeximaux pexnmax poboru CEII, Ta 10 BXiAHHX MapaMeTpiB XHBJICHHS IPHIMaviB
CJIEKTPOCHEPTii.

[MporpecuBni po3pobku B obsacTi iTakoOyoyBaHHS BHMAraroTh MOCTiHHOT
miarpuMkn sikocti enektpoeHeprii B CEII TIC. Lle no3Boisie sikicHO (pyHKIIOHYBaTH
OopToBOMY 00I1aTHAHHIO, 3MEHIITY€ MOXKIINBICTB BiZIMOB, ITOZIOBXKYE Yac 1X eKcInTyaTamnil

Taki yMOBH CTBOPIOIOTH 3acaqu po3pobku cydacHux HopM jio CEIT I1IC. B Pocii Bxe
BBeneno HoBuid 'OCT P 54073-2010, B sikoMy BiAIOBiAHI CTaHAAPTH 3MIHHJIHNCH B OiK
O1IbLI KOPCTKUX BUMOT JI0 HAmpyru y Bcix pexumax poboru CEIL Ile Bkasye ua Te,
mo cydacHi [IC OymyTe OymyBaTucs 1 eKCIUTyaTyBaTHCS 32 HOBUMH HOPMATHBHHMH
JIOKyMEHTaMH. 3BaX<alouW Ha Te, M0 YKpaiHa i Pocis TicHO cmiBHpamioloTh B 001acTi
JiTakoOyxyBaHHS, B HAHOIMKIOMY MalOyTHROMY OyJie MOJIEPHI30BaHO i HOPMAaTHBHY
6a3y YkpaiHu y BiANOBIAHOCTI 10 HOBHX BUMOT i CTaHIapTiB.

[poBomstun ananiz HoBoro ['OCT P 54073-2010 wiTko BHAHO, IO 3BY3WIHCH
niarma3oHM HANpyrd 3MIHHOTO CTPyMy IepBHHHOI cuctemu y mopiBHsHHI 3 ['OCT
19705-89 npu HopManeHOMY peskumi poooTu 3 108-119 B mo 108-118 B, aBapiiinomy —
3 104-122 B o 108-118 B ta HenopmansHoMy — 3 104-122 B o 108-118 B. BepxHiii
piBEeHb HANpPYTH, TaK 3BaHAa «Ma)KOPaHTa» «TPyOKH JOMYCKiB» 3MCHIUMBCS, a 1€
0e3yMOBHO BUMarae sIKiCHOI pOOOTH CHCTEMH T€HEpYBaHHS Ta PETYIIOBAHHS HAIPYTH.

IligBumenns sxocti enexrpoeHeprii Ha 6opTy IIC n03BONMNTH BUPIMIUTH AEKLIbKA
3a7a4, sKi BHHHKAIOTH IIiJi 4ac IPOEKTyBaHHs, CTBOpeHHs Ta ekciuryarauii CEIL
3MCHIICHHS BEPXHbOI MeEXi HaNpyrH CTpyMy Ma€ IIO3UTHBHUH acIeKkT, 10
MPOSIBIIETECSA Yy TIABUINCHHI BiJMOBOCTIMKOCTI Ta BiJMOBOOE3MEKH CHOXHBada
SJICKTPOCHeprii, 30UIBIICHHI Tepiofy MDK pPEerjJaMeHTHHM  OOCIIyrOBYBaHHSM,
MIPOJIOBKEHHI CTPOKY CITyKOM GOPTOBOTO 00JIaHAHHS.

Bapto Takox Big3HAuUMTH, [0 OUTBIN SIKICHA EJIEKTPOCHEPrisl JI03BOJISIE
MiHIMI3yBaTH TepeTHH mpoBoxiB xuBisdoi Mepexi IIC, a e HampsMmy BIUIMBae Ha
3meHmeHHs mMacd CEIl — 1e m03Bojsie CyTTEBO 3MEHIIMTH (iHAHCOBI 3aTpaTd MpU
CTBOpEHHI Ta ekcIuryaTarii cuctemu Ta I1C B minomy.

BianoBigHo 10 MOSIBM HOBUX HOPMATHBHHX JOKYMEHTIiB Ta 3MiH J10 BuMor B CEIT
IIC, 6yayTh peanizoByBaTHCh HOBI HayKOBI pO3pOOKH, sIKi HAlpaBIeHHI Ha CTBOPEHHS
HOBHX OOPTOBHX PETYJIATOPIB HANPYTH IJIS MIATPHUMKHA HANpYTH Ha HAJIE)KHOMY DiBHI
3a JIOTIOMOTOI0 CYYaCHUX METOJIIB PeryJIIOBaHHSI.

Hayrosuii kepisnux — 3axapuenxo B.I1, kano. mexw. nayk, npogecop
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Mamwuskuii [1.B., JIoza O.M.
Hayionanvnuii asiayitinui ynisepcumem, Kuis

IHTEJIEKTYAJIBHA CUCTEMA YIIPABJIIHHSI EHEPT'OCIIO)KUBAHHSAM
HABYAJIBHOI'O AHT'APY

®dakTuyHUil cTaH nanuBHO-eHepreTmyHoro komiuiekcy (ITEK) Vkpainm Ta
MEPCIEKTHB HOTro IMOJAAIBLION0 PO3BHTKY, BKa3ylOTh Ha OOMEXKEHICTh HAsBHHX B
Vxpaini namusao — eHeprernynux pecypciB (ITEP), a Takox Ha HasBHICT KPH30BHX
SIBHIII, SIKi TIOB’si3aHi 3 BincyTHicTIO iHHOBaniil y [1EK, 3HMKEHHsIM HaIiitHOCTI, SIKOCTI
Ta EKOHOMIYHOCTI €HEepronocTadyaHHs. 3acTOCYBaHHS Cy4YacHHX eHeprosdepiraroumx
TEXHOJIOTIH JI03BOJISIE 3HU3UTH CHEPreTHYHY TIOTY)KHOCTI Ta PECypCH.

B nmaniii po0GOTI pO3riIsAaEcThCs BIPOBAIKEHHs E€HEpro30epirarouux 3axomiB JUis
HaB4aibHOrO aHrapy HAY, takux sx:

- BIIPOBA/KCHHS HOBITHIX €Hepro3oepiralounx TeXHOJOTIH;

- BIIPOBA/KCHHS €HEpro3depirarouoro ooIaIHaHHS;

- pO3pO0GIICHHS ONTHUMAIBHUX PEKUMIB POOOTH EHEProyCTaHOBOK;

- aBTOMaTH3alli{ yIIpaBIIiHHS €HeProCIIOKMBAaHHAM Ha ITiAIPHEMCTBI;

- BIIOCKOHAJICHHSI OpTaHi3alliifHO-TeXHIYHHUX 3aXOJIiB;

- yIOCKOHAJICHHs 00JIiKY Ta KOHTPOJIIO 32 BUTPAYCHHUMH EHEPropecypcaMu.

Jlns  migBuiieHHS ©()EKTHBHOCTI BUKOPHCTAHHS CIICKTPOCHEPIi€l0  CHCTEMHU
OCBITJICHHSI HaBYAJIBHOTO aHrapy OyJIM BOPOBA/DKEHI HACTYIIHI 3aX01H:

- aBTOMATH3allis YMPaBIiHHS OCBITICHHSAM (30HHE KepyBaHHS JDKEpelaMH CBITIA,
IICTaHIIHE BKIFOUCHHS \BiJKIFOYCHHS, PETYIIIOBAaHHS OCBITIEHOCTI) ;

- BHOIp Ta BOpPOBa/PKECHHS CYYaCHHX €HEProe(eKTHBHHX CHCTEM OCBITIICHHS
(3aMiHa CBITHJIBHUKIB Ha Cy4acHi);

- BCTAaHOBJICHHS €()eKTUBHOI ITyCKOPETYIIIOI0YO] arapaTypH;

- nigBumends KKJI icHyrounx npuiamiB 3a paxyHOK iX YHCTKH.

Smart House — 1ie cuctema iHTEIEKTyaabHOT aBTOMATH3allil, MPUHIIUIOM POOOTH
KO TOJISITaE y KepyBaHHI 00 €IHAaHUMH IH)KCHEPHHMH CHCTEMaMH, SIKi MpalioioTh
MaKCUMaJbHO e(EeKTHBHO 3a paxyHOK OOMiHy OaHUMU MK c00010. OCHOBHHM
MOKA3HUKOM € BMIHHS BCIX CHCTEM B3a€MOMISTH OAHA 3 OJHOIO, a TAaKOX 37aTHICTH
cucteM 0OpOOJISITH JIAHIIIOT MOJIH He TUTBKU 10 KOMaHi OIepaTopa, aje i Ha OCHOBI
ABTOMATUYHOTO aHAi3y CHTYAITiH.

BrpoBamkeHHs iHTEIEKTYaJIbHOI CHCTEMH YIPABITIiHHA 3a0€3M1€UNTh KepyBaHHSI HE
nuiIe  poOOTO BCIX €IEKTPOCIOKHBAUiB, ajle W CHOXKMBAa4aMH iHIIMX BHUJIIB
€HEPropecypciB Ta J103BOJIUTE:

- 36KOHOMHTH CIOKHBaHHS eJeKTpoeHeprii 1o 30%;

- JIOKaJIbHO BMHUKATH HEOOXiIHI OCBITIIIOI0YH MPUCTPOT;

- CBO€YACHO BMHKATH Ta BUMUKATH CHCTEMY OCBITIICHHS (4aCTKOBO, 400 TIOBHICTIO)
3a JONIOMOT'OI0 BiIMOBITHUX JaTYHKIB (PyXY, OCBITICHOCTI, JUMEPIB TOIIO);

- paIioHaIEHO BUKOPHCTOBYBATH CHCTEMY OCBITIICHHSI.

Hayxoeuii kepisnux — Coxonosa H.I1., acucmenm
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VK 678.01:531.43(042.3)

Yxana 51.B.
Hayionanenuii asiayitinuii ynieepcumem, Kuisg

AHAJII3 PIBHOBUJIIB MEXAHIYMHHUX 3ABPYHEHD IIPH .
EKCILUTYATAIII TPAHCMICITHUX OJIMB B ATPET'ATAX ABIAIIIMHOT
HA3EMHOI TEXHIKHA

Sk BiZIoMO, TpaHCMICIiiiHiI OJIMBH 3aCTOCOBYIOTHCS [UIsl MaleHHs KOpoOOK mepezaad,
pO3/1aBaIbHIX KOPOOOK, TOJIOBHUX IEpeaad BEeAyYHX MOCTIB, PyJbOBUX MEXaHI3MiB, a
TaKOX 3y0UacTHX i IAHIFOTOBUX Iepenay (peayKTopiB) BCiX TUIIB.

B arperarax TpaHCMICiii MacTWIPHMH MaTepial € HEBiI'€MHHM €JIEMEHTOM
KOHCTPYKIll. 3HaTHICTh ONMBH BHKOHYBAaTH 1 JOBIOCTPOKOBO 30epiraté (QyHKINT
KOHCTPYKIIHHOT'O MaTepialy BU3HAYAIOThCS 11 eKCIUTyaTalliiHIMU BIACTUBOCTSIMH.

IMepenuacHuii BuXix 3 Jamgy 1 MHiIBHUINEHE 3HOLIYBaHHS JAeTalei, L0 TPYThCs,
BUKJIMKae Oe3nepepBHE 3a0pyAHEHHsS MacTWIIBHOTO MaTepiany i B nBuryHi. Kimbkicts i
CKJIaJ] YTBOPCHUX B MPOIIECi €KCIUTyaTallii OJIMBH JTOMINIOK, 3MiHa 11 (i3HKO-XiMIYHHX
BJIAaCTUBOCTEH MAlOTh ICTOTHHMH BIUIMB Ha 3HOLIYBaHHS 1 HarapoyTBOpPEHHsI, a B
KIiHIIEBOMY paxyHKy - Ha TeXHIYHHI CTaH arperaTiB aBiallifiHOI Ha3eMHOI TEXHiKH
(AHT), Ha iX mpo0ir 10 BiTHOBIEHH:. Bix 4MCTOTH MacTHIBHOTO Matepiaiy 3aJIeKUTh
pecypc i HaaifHICTH ABUTYHIB BHYTPILIHBOTO 3rOpPaHHS, X €KOJOTiYHI IOKAa3HUKH i
HOTY)XHICTb.

3a0py/IHCHHS B OJIMBAaX MOXYTh BUHHUKATH SIK YHACIIZOK MOTPAIUISHHS 330BHI, TaK i
B pe3yJIbTaTi 3MiHH BYIJICBOAHEBOTO CKJIamy oyiuB. Lli mpolecH MOYHHAIOTHCS BXKE TIPU
BHUPOOHUIITBI MAaCTHIILHOTO MaTepiary Ha HadTonepepoOHNX 3aBOJaxX 1 MPOJOBXKYIOTHCS
Ha BCIX CTaJisX HOro TpaHCIOPTYBaHHsI, 30epiraHHs Ta 3aCTOCYBaHHS.

3a0py/IHEHHS, 1110 YTBOPIOIOTHCS B HAQTOBHX ONMBax a0o MOTPAIUISIOTh Y HUX IPH
BHUPOOHUITBI, BIAHOCTSBCS 1O BUPOOHUUMX.

3a0pyJHEHHS, 10 MOTPAIUIAIOTh B MACTH/IBHI Marepiaii abo YTBOPIOIOTBCS B HHX
MIPH TPAHCTIOPTHUX 1 HAYTOCKIIAACKHUX OTIEPALlisAX BiXHOCATHCS O OTEPALliTHAX.

3a0pyAHEHHS, 10 BUHUKAIOTh B OJIMBAaX a00 3aHOCATHCS B HUX MPH EKCIUTyaTamii
IIBUTYHIB, MEXaHi3MiB, T1IpaBIIYHAX CHCTEM TOIO, BITHOCATHCS A0 €KCIUTyaTaIliiHUX.

3a0pynHIOI0Yi JOMIIIKKA TOAUISIOTECSA Ha [JBI OCHOBHI TPYIM: OpraHiyHi Ta
HEOpTaHiYHi.

Heopraniuni gomimku - 1e mw, micok ( abpas3uB), TEXHOIOTIHHI 3a0pyAHEHHS MIPH
BHUTOTOBJICHHI 1 PEMOHTI OBUTYHA, YaCTHHKHA MEXaHIYHOTO 3HOCY AETallei, a TaKox
MPOAYKTH BiPAIlbOBaHUX 30JIbHUX MPUCAIOK.

OpraHiyHi JOMIIIKH YTBOPIOIOTBCS B pe3yJbTaTi 3rOpaHHS NajihBa, a TaKOXK
mojiMepu3aiii, OKHCICHHS MACTHIBHHX MaTepianiB Ta mnaimuBa. KpiM 1poro
HOTIPUIYIOTh CUTYAIIO0 PeaKilii, 10 MPOXOIATh 3 y4acTio 3’ €HAHb BOJH i CIpKH.

BusHaueHHS NPUYMH Ta 3aKOHOMIPHOCTEH NOTPAIUIIHHA MEXaHIYHUX JOMILIOK
PI3HOTO TMOXO/KEHHSI Y TPAHCMICIHHI Ta MOTOpHI OJMBH [acTh 3MOTY 3 OLJBLIOO
00’ €KTHBHICTIO OLIIHIOBATH 3MiHY SIKICHOTO CTaHy MAaCTWJIbHHX MaTepiasiB Ta iX pecypc
y mpolieci TPUBAJIOl eKCIUTyaTartii.

Hayrosuii kepisnux — Binaxoeuu O.M., kano. mexu. HayK, OoyeHm
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VK 621.642.3-77 (043.2)
Octposcebkuii B.0O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

MOPIBHSIJIbHAY AHAJII3 PI3BHUX METOIB OUYHAIIEHHS
BHYTPIIIHHbOI MOBEPXHI PE3EPBYAPIB

[ligBumieHHS SKOCTI OYMIIEHHS BHYTPIOIHBOI IOBEPXHI pe3epByapiB pi3HAMHU
METOIaMH 3 BUKOPHCTAHHSIM 3aMOPOYKEHOT BOAM Y BHUIVII TPaHyJl, yJIbTPa3ByKOBOIO
OYHCTKOIO Ta XIMIKO-MEXaHI30BaHOI € BAXKJIMBUM aCIEKTOM IIif] 9ac JisSILHOCTI 00’ €KTIiB
TTAJTIBO 320€3MeUeHHS.

IcToTHHIT BIUIMB Ha MHTTS 3aMOpPOXKEHOIO BOAOK0 y BHIVIANI TpaHyN 3IiHCHIOE
MeXaHIYHUH BIUIMB (YZap CTPYMEHIO, IMEepEeMIlllyBaHHS PO3YMHY), HEOOXiTHWH Ui
MOBHOTO BiJIpMBY JUCIIEPrOBAaHUX YaCTOK 3a0pyHEHHs B moBepxHi. be3 MexaHiuHOro
BIUIMBY Ha MOBEPXHIO, 110 OYMINAETHCS, MPAKTHYHO HEMOKIMBO BUJIAJIUTH MACISIHUCTE
3a0pyAHCHHSI SIK IPU BUKOPHCTaHHI po3urHiB [TAP, Tak i enexTpoiTis.

Kommnexr obOmagHaHHS U1 XIMiKO-MEXaHi30BaHO1 3a4UCTKU pe3epByapiB (OXM3P)
3a0e3reuye BUCOKY i1 SIKIiCTh i3 3aCTOCYBAaHHAM XIMIYHUX MHHHHX NpenapaTiB Tumy MJL
Bkazannii criocid 3HMKY€ TPYHZOMICTKICTB 1 T03BOJISIE MEXaHI3yBaTH MPOIEC OUMIICHHS
pesepByapiB. OuHWINEHHS BHYTPINIHBOI IOBEpXHI pe3epByapiB IMM METOJOM
3MIHCHIOIOTh OE3MEPEePBHUM IIMKJIOM. [CTOTHO MiABHINUTH UIBHIKICTH MHIOYOT Jii
PO3YMHY MOXKHA 32 JIOTIOMOTOI0 CTPYMEHS MHMIOYOI PEUOBHHH, II0 HANpaBILIETHCS Ha
00po0OITIOBaHy MMOBEPXHIO TiJ BHCOKMM THCKOM. OmHaK OOMexyro4nM (akTopoM
LIBUAAKICTI MUMKH € B IIbOMY BHIMAJIKy IMHOYTBOPEHHs. Y 3B'3Ky 3 KM HEOOXiIHO
BUKOHATH IBi BUMOTH:

- migoupatu [TAP, 1110 c1abKo CHiHIOIOTHCS;

—  37ilCHIOBATH raciHHs MiHH, YTBOPEHOI 3a0pyIHESHHIMHU.

ITin yac BHKOpPHCTAHHS YJIBTPa3ByKOBOIO METOAY, Ul iHTEHCH]IKaLil mpoiecis
OYMILCHHS 3HAXOAUThH 3aCTOCYBAHHS SIBUILE KaBiTallil, IO BUHUKAE IPH MPOXOKEHHI
Yyepe3 MUI0TY pianHy BHCOKOYacTOTHHX (20 — 40 x['11) yIbTpa3ByKOBHX XBHIIb.

CyTHICTb KaBiTalii IOJIATae B yTBOPEHHI 1 3aXJIOMyBaHHI MyXUPIiB IPH PO3MIMPEHH1
I CTHCKYy pIIMHM WiX Mdi€l0 yNbTpa3ByKy. TeOpeTHYHO MIJIsi YTBOPEHHS ITyXHpIIB
HeoOXiaHI Jyxe BucOKi HeraTuBHI THCKH (1000 MIla mis Bomu). Y nidicHOCTI poboudi
PIIMHY MiCTATH ApiOHI TBEpAi YaCTKH, MyXHUPII MOBITPs, 11O € siApamMu Kaitauii. Tomy
KaBiTallisl BHMHHMKAa€E TpH THCKaX Ha OJWH-IBAa TMOPSAKH HIDKYE 3a3HAUSHOrO
TEOPETHYHOTO.

Henmonikom € Te, W0 MpH JAaHOMY METOJi OYHMINEHHS BHYTPIIIHBOI MOBEPXHi
pesepByapy notpebye BeMHMKy KiTbKICTh MHIOYOI PiZIMHH, KA TIOBUHHA 3aIlIOBHUTH BECh
HOro BHYTpILIHIA 00’€M Ta TPYJOMICTKICTh 1 HE €KOHOMIYHICTh €JIEMEHTIB YCTaHOBKU
YIBTPa3ByKOBOTO OUYHIIICHHSI.

Hayrosuil kepienux — I1y3ik C.O., KaHO. mexH. HayK, npogecop
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I'op6au O.K.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

CIIOCIB IHTEIPALIIf BAMIPIOBAHb AKCEJIEPOMETPIB ADXL335
TA TIPOCKOIIIB LISY300AL JIJIA CTABLII3ALIT MOJOKEHHS BILIA
Y IMPOCTOPI

Bioxk parumkiB g BU3HAdeHHS MicuenosiokeHHs BIIJIA €  BaximBimmm
KOMITOHEHTOM IS IIPOCTOPOBO-HABIramiifHMX cucreM. I3 #oro nomomororo omepartop
Ha3eMHOI CTaHIil KepyBaHHA OTPUMY€ TOYHI JaHI IOAO KOOpAWHAT Ta OpieHTAmii
BITJIA Ta Moxe 3mifiCHIOBaTH HEOOXimHI IS BHUKOHaHHS 3ajadyi MaHeBpH. Tomy
HaJiifiHe Ta JOCTOBIpHE BHM3HAYECHHS MICLENOJIOKEHHS € BAKIJIUBOIO YMOBOIO [UIS
crabinizawii 0yap-sikoro kinacy BITJTA.

Jnst BU3HaYeHHsI MOJIOKeHHsI Ta opieHTanii BIIJIA BUKOPHCTOBYIOTBCS pi3HI THUIH
JaT4uKiB. Y 3araJbHOMY BHIAJKY ICHY€ 2 THIa JAaTYUKIB: Ul BU3HAYCHHS BiJHOCHOTO
(akcenepomeTpH, TipOCKONM, JOaTYMKH BiACTaHI Ta KyTiB) Ta aOCONIOTHOTO
(maraitrometpu, GPS) nosumionyBaHHs.

PosrnsiHyTo  po0oTa  ATYMKIB  BiHOCHOTO IIO3MIIOHYBaHHS Ha MPHUKIAIi
ananorosux akcenepomerpiB ADXL335 ta ripockonis LISY300AL momo BU3HauYeHHS
kytoBoro mnojoxeHHs BIIJIA y nmpocropi. PosristHyTHii THIT akcerepoMeTpa BHMIpIOE

cuny Barn £ = W& a6o “= M. To6TO 3HAIYM MPOCKIH CHIM Barm Ha TPH OCi
KOOPIMHAT MOXXKHA BHM3HAYWTH HANpsM BEKTOPY PIBHOMIOUOI CHIM Ha ii HaXWi 0
TOPH30HTANBHOI IUIOMMWHKA. [1pocKom BHMIpIOE KyTOBY HIBHIKICTH Ta Mae Taki
0COOJIMBOCTI: y CTaHi CIIOKOIO MAa€ HyJILOBHH CHUTHAJ, TP oOepTaHHI BUAAE TO3UTUBHI
a00 HeraTWBHi 3HaUCHHS B 3aJIGKXHOCTI Bif HanpsiMy obGepTaHHs. [ OTpHMaHHS KyTa
Haxwily HEOOXIIHO BHMKOHATH IHTErpyBaHHs IIOKa3aHb ripockomy. Yac 3a SKHM
3MIHCHIOETHCS IHTETPYBAaHHS - 1€ YacTOTa JMCKPETU3allil MiKPOKOHTpOJEp, TOOTO Yac
BHKOHAHHS IIOBHOTO LMKy HPOTPaMH.

Jnst BIZTHOCHO MaJMX IepiofiiB yacy 3HAYCHHs KYTiB, 10 OTPHMaHi 3a JOIOMOTOI0
ripockolly MaloTh BHILYy Bary Ta LIyMH BHKJIHMKaHI II0Ka3aMH aKCeIepOMETpy
BipUIBTPOBYIOThCA. [l OLMbIn JOBrUX NEpiofiB 4Yacy cepeiHe 3HAYEHHS KYTiB, IO
OTpUMaHi 3a JONMOMOrOK BHMIpDIOBaHb akceliepoMeTpa MaThMme Oijblly Bary Ha
TiepeBary Bijl OKa3iB TipOCKOILy, SIKHI MOXe MaTH ApUQT 3a eH mepio.

Otxe, 3a TOTIOMOT 00 BHUIIE3a3HAYCHOTO BUPA3y MOXKEMO BH3HAUUTH MEXY JOBIpH
JI0 BUMIpIOBaHb TPOCKOIIIB Ta aKCEJICPOMETIB.

Hammcano nporpamue 3abe3nedeHHs, 110 3IiHCHIOE 00poOKy BUMIpPIOBaHb JaTYUKIB
Ta Mae Bi3yanpHHi iHTepdeiic ais BimoOpakeHHs KyTiB Haxwiy o0’exkty. OTpumani
pe3yJbTaTH MalOTh 3HAYEHHS U1 MOJANBIIOTO MPOSKTYBAaHHS CHUCTEMH YIpPaBIiHHA
CHIJIOBOIO YCTaHOBKOIO MaorabaputHoro BITJIA.

Hayxosuii kepisnux — Kasax B.M., 0-p mexu. Hayx, npogecop
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