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I. I. TAJJIBOHA!, O. 10. JIYK'STHUEHKO? M. B. TABJIOBCbKHUI*

! Hayionanonuii mpancnopmuuii ynisepcumem, Kuis, Yxpaina
2 YepracoKuii Oepicagnuii mexnonoziunuii ynieepcumem, Yepxacu, Ykpaina

JIHEH3YBAHHSA I CEPTUDIKAISA TPAHCIHOPTHUX ITOCJIYT

IIpeomemom euguenns 6 cmammi ¢ npoyec 1iyeH3y8anHsl i cepmuikayii mpaHcnopmHux nociye, 30Kpema
BUBYEHHS 11020 ehexmusHocmi, npobaem, Nnepcnekmue ma 6NauUsy Ha AKICMb HAOAHHS. MPAHCHOPIMHUX NOCTY2.
Memoro cmammi € (popmyearns pekomeHOayitl o0 NIOBULEHHS eheKMUBHOCME NPOYeoyp JiYeH3YEaHHA Mma
cepmuixayii 3 ypaxyearHsM Cy4aCHUX mMeHOeHyill po3eumKy mparcnopmy 6 Ykpaiwi. 3aeé0anns cmammi:
NpPOBeOeHHs AHANI3Y CYYACHUX MEHOeHYIll PO36UMKY Npoyecie NiyeH3yeanus ma cepmugikayii 6 ymoeax
B0EHHO20 CINANY; BUSHAUEHHS KPAUIO20 EBPONENICbKO20 00CEIOY NiYeH3y8anHs. ma Npoyecis 1o2o iMniemenmayii
6 Vkpaiui; pospobra ancopummy 000epiICAHHsi BUMO2 JIYEH3IUHUX YMO8 a8monepesizHukamu 6 Yxpaini.
Cmamms nouuHaemvcsi 3 NOCMAHOBKU NPoONeMU, 8 5Kl 3a3HAYAEMbC HeOOCMAamHs epeKmueHicms ma
HedoCmogipHicmb npoyecieé NiyeH3ysants ma cepmughikayii mpancnopmuux nocaye. Ilocmanoska 3adaui:
BUBHAYEHHS ANIOPUMMY eDeKmUBHO20 NIYEH3VBAHHL Mad cepmudikayii mpancnopmHux noOciye 3 Memoio
3abe3neuenns Oesneku, IKocmi ma Haotunocmi nepesesets. Ceped Memooie 00CHLONCeH S OOYLIbHO GUSHAYUMU
NOPIGHSIbHULL AHATE3, 3A2ANbHOHAYKOBI MEemooU, Memood aKyMYMOBAHHSI HAYKOBUX OOCHIONCEHb, Memoou
iHOYKYii, Memoo y3azanvhensb. Ompumani pezynomamu cmammi: y po30ini « Ocobaueocmi niyeH3yeanns ma
cepmuixayii mpancnopmHux HOCIye 8 YMOBAX BOCHHO20 CMAHY» NPOGOOUMbBCSL AHANI3 CYYACHUX MeHOeHYIl
PO3BUMKY NPOYECi8 NiYeH3y8aHHs ma cepmugbikayii, 30Kpema 6 KOHMeKCMi 80EHHO20 CIMAHY, WO 6KA3YE Ha
3azocmpennsi 6e3nexu, nepeaisio npoyeodyp, 3MeHUeHHs 00csa2y OOKYMEeHMAyli, 3anyueHHst MINCHAPOOHOL
donomozu, UKOPUCMAHHS MEeXHOI02IU ma HeoOXiOnicmb ehyukocmi ma adanmayii. Hadani y po30ini «ananiz
€8PONEICLKO20 00CEIOY» 00CHONCYEMBCSL 00CEI0 6NPOBAOINCEHHS CYYACHUX MEXHON02IU, cmanoapmie ma
MIHCHAPOOHUX NPAKMUK, 30KpEMa Wo00 3abe3neyents eexmugnocmi, npo3opocmi ma 6e3nexku 8 npoyecax
Jiyen3yeanns ma cepmuixayii mpancnopmuux nociye. YV pesyrbmami npogedenozo amanizy y cmammi
HAoaiomvCsi  pekoMeHOayii  wjoo0o  po3poOKu — aneopummy  O00epIHCAHHs  BUMOZ  JTIYEH3IUHUX — YMO8
aemonepegiznukamu 6 Yxpaini (po30in «pos3pobka ancopummy O00ePHCAHHS SUMOZ JIYEH3IUHUX YMOG
asemonepegizHuxamu 6 Ykpaini). Aneopumm peanizayii niyenzyeanns i cepmuixayii mpancnopmHux nociye Mae
KilbKa KIOYOBUX emanis, AKi GKII0YAlOmb NOOAHHA 3dA6KU, aHANi3 ma nepesipky, euoayy niyeH3ii ado
cepmupixamy, a makoxic nooanbwull Ha2asid i KOHmMpOb 3a OisibHicmio nionpuemcmea. Lleil anrcopumm
donomazae 3abesnedumu OOMPUMAHHS HOpM Oe3neKku, AKOCmi ma [HWUX eumoz y cgepi HadauHs
mpancnopmuux nocaye. Bin 0036014€ ypaoosum opeanam ma pecyisamopam KOHMpO08amu OifibHiCMb
MPAHCHOPMHUX NIONPUEMCME | 3abe3neuumu Oe3nexy ma 3a00801eHHs nompeb Kopucmyeauie. Bucnoeku:
Edexmusne cnpowenns ma cmandapmuszayisi npoyedyp Modice nojesuumu ix 6UKOHAHHS mMd 3MeHUUmu
bropoxpamuuni nepewikoou. Hasenicms uimxoi npagosoi 0cHosu, wo pe2ymoe aiyensyeants i cepmuikayiio
MPAHCHOPMHUX NOCILY2, € 8ANCTUSUM PaKMOpom OJist 3aDe3neueHHs NPO30pOCHi, CMabiibHocmi ma 008ipu 00
cucmemu. Heobxiono zabesneuumu 8ionogionicms 3aKOHOO0A8CMBA MIHCHAPOOHUM CIAHOAPIMAM MA KPAWuM
NPAKMUKAM.

Knrouosi cnosa. mpancnopmua nociyea; niyeH3y8anHs; cepmuixayis, e8poneticbkull 00c8io; agmomooinibHi
nepese3eHHs.

rany3b BUKOHY€E BXUIMBI (DyHKIIT, 30kpeMa 3a0e3nedye
TIepeBE3EHHST MACAKUPIB 1 BAaHTAXIB 3 OAHOTO MICII B

Beryn

TpancroptHa cdepa € OIHIEIO 3 BAXKIIMBUX rany3ei
€KOHOMIKH, [0 Ma€ MIUPOKY i CKIAIHY CTPYKTYpy. Bona
OXOILTIOE PI3HOMAHITHI BHAW TPAHCIOPTY, Taki SK
3aITi3HUII, aBTOMOOINBHI JOPOTH, MOPCHKI Ta pPIUKOBi
MOPTH, AaepoIOPTH Ta pi3HI BUIM CIOTy4YeHb. Llg
iHQpPaCTPYKTypa CTBOPIOE HEOOXiHI YMOBH JUIA
3aJI0BOJICHHS TOTPEe0 KOPHCTYBAdiB TPAHCIIOPTY Ta
CIpusie PO3BUTKY ITi IIMTPUEMHHIIBKOT TisTTHHOCTI.

BaxxmmBo 3BepHyTHCS IO MPOOJIEMHHX AaCIEKTiB
PO3BUTKY TPAHCIIOPTHOI ramy3i B YKkpaini. TpancropTHa

inme. Ile gae 3Mory moasM Ta KOMMaHisM e()EeKTUBHO
(hyHKIIOHYBaTH, PO3BUBATH Oi3HEC Ta B3aEMOIISATH MiXk
co0o0r0. HasiBHICTE po3raiy:keHOi TPaHCIIOPTHOI Mepexi
€ BOXIIMBUM (PaKTOPOM IS 3a0€3TIeUeHHS 3pyIHOCTI Ta
MIBUIKOCTI TIEPEMIIIIEHHS TOBapiB Ta 0cil.

Y cydacHOMY CBIiTi PO3BHTOK TPaHCIIOPTHOI Tary3i
€ HEBI/I'€MHOI0 YaCTHHOI €KOHOMIYHOTO 3pOCTaHHS Ta
po3BuTKy. BoHa 3a0e3meuye HEOOXimHI YMOBH s
pO3IIMpPEHHST TOPTiBIi, TYypU3My, IPOMHCIOBOCTI Ta
iHIUX ramy3eil. TakoX TpaHCIIOPT cHpusie 3MEHIIEHHIO
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BificTaHell Ta 30MIKCHHIO MK perioHamMH, Mo
MATPUMYE COLialbHy Ta EKOHOMIYHY IHTErparjiro.
[IpoGnemy HemocTaTHBOI €PEKTHBHOCTI Ta HEAOCTOBIp-
HOCTI TIpoliecy JIiLeH3yBaHHs i cepTudikamii TpaHcnopr-
HUX TIOCIYT B YKpaiHi: JOMITBHO TMOMUIMTH HAa TpPH
eNeMeHTH.  BiacyTHicTs  HamiiHOrO  MeXxaHi3Mmy
MepeBIpKU SIKOCTI Ta OE3MEeKH TPAHCIIOPTHUX IOCIYT
MOXKE CTBOPIOBATH PU3UKH JUIS [TACAXKUPIB Ta BAHTAXIB.
HenocroBipHi ceprudikamiiiHi npoueaypu MOXYTb
JIO3BOJIATH HenpodeciiiHuM abo HeTOCTaTHBO HaliHHIM
NepeBi3HUKaM  3IHCHIOBATH CBOIO [JiSUTBHICTH, IO
3arpokye Oesmeni TPOMAAChKOCTI W CKOHOMIYHOMY
po3BUTKY. TakoXk TpaHCIOpPTHa cUcTeMa YKpailHH Mae
HU3BKHIA PIBEHb PO3BHUTKY TPAaHCIOPTHO-JIOTICTHYHHX
TEXHOJIOTIH Ta 00'€KTIB MYJIbTUMO/IANBHUX MEPEBE3CHb,
10 3HWXKYE i1 KOHKYPEHTOCHPOMOXHICTh Ta OOMEXKYE
BHXiJl YKpaiHCHKOI NMpOMYyKIii Ha CBITOBWI TpaHCHOPT-
HUM puHOK. JIIs TpaHCHOPTHOI Taiy3i HaBeIeHe
BHUPaXa€TbCs, 30KpeMa, y 3MEHIIEHHI TPaH3UTHUX
niepeBe3eHb yepe3 YKpaiHy, KUIbKOCTI 3aX0/IiB Cy/IeH B ii
HOPTH, HECTIPOMOXKHOCTI HaJlaBaTH SIKICHI TPaHCIIOPTHI
NOCIYrH IiJ 4ac eKCIOPTHHX mepeBe3eHb. lle Mae
HEraTUBHMI BIUIMB Ha KOHKypeHTOCHpOMO)KHiCTB Ta
e(peKTHBHICTh HAI[IOHALHOI CKOHOMIKH. [l MakcH-
MaJIbHOr0 BHKOPUCTaHHSI TPAHCIIOPTHOTO TOTEHIaTy
VYkpainu, 30kpeMa K TpaH3UTHOI JIep»aBH, HEOOXIIHO
CTBOPUTH KJIIEHTOOPIEHTOBAaHY CUCTEMY TPAHCIIOPTHOTO
00CITyrOByBaHHSI Ta BXKUTU 3aXOJiB JUIs 3a0e3MeyeHHs
eekTUBHOI opraHizaiii poOOTH TPaHCIOPTHO-I0POXK-
HbOIO KOMIUIEKCY KpaiHW ¥ OTpUMAaTH CUHEPreTUYHUMN
epekT Bix e(EeKTHBHOrO MOEIHAHHS MOTEHIANY Ta
MOXIIUBOCTEH yCIX BHAIB TPAHCIOPTY HA OCHOBI
MapTHEPChKO-KOHKYPEHTHHUX 3acaj| MiJ| 4ac 3/iHCHEHHS
TIePEBE3CHb.

CydacHa TpaHCIOPTHA Taxy3b MOTpedye BIPOBaI-
JKEHHsI HOBUX TPHUHIMIIIB Y (OPMYBaHHI Ta KOOpAWHAILIT
nepkaBHol mnomituku. OcobnuBa yBara wMae OyTH
npujijieHa 3a0e3leUeHHI0 KOHTPOJI 32  SIKICTIO
BUKOHAHHS (DYHKIIIN Iep)KaBHUX OPTraHiB.

VKpaiHCbKa TpPaHCIOPTHA CUCTEMA CTHUKAETHCS 3
HU3BKUM DIBHEM DPO3BHTKY TPaHCIOPTHO-JIOTICTHYHHX
TEXHOJIOTi# Ta 00'€KTiB MyITbTUMOIAIBHIX TIEPEBE3CHb.
lle mnpu3BOAMTE 1O 3HIWKEHHS KOHKYPEHTOCHPO-
MOYKHOCTI ¥ 0OMeXye BHXi YKpaiHCBHKOI MPOAYKIII Ha
CBITOBH TPAHCIOPTHUHA PHHOK. [IpoGmemu mposBis-
IOTbCSl Y 3MEHIIEHHI TPAH3UTHHX IIEPEBE3CHb Yepes3
VYkpaiHy, CKOpOUEHHI KUTBKOCTI CYZIeH, SIKi BiABITyIOTS ii
MOPTH, Ta HEBMiHHI HAgaBaTH SKICHI TpPaHCIIOPTHI
TIOCITYTH TiJ] Yac eKCIIOPTHHX IepeBe3eHb. Lle HeratuBHO
BIUIMBA€E Ha KOHKYPEHTOCIPOMOXKHICTH Ta €()eKTUBHICTD
HaIllOHAJILHOT EKOHOMIKH.

Jnst MakCMMaJlbHOrO BUKOPHCTAaHHS TPAHCIIOPT-
HOT'O TMOTEHIiany YKpaiHu, 30KpeMa sK TPaH3UTHOI
KpaiH#, HeOOXiTHO PO3POOUTH CHCTEMY TPAHCTIOPTHOTO
00CIIyroByBaHHs, CIIPIMOBaHYy Ha 3a/I0BOJICHHS MOTPeO

KieHTiB. TakoX TmMOTPIOHO BKHUTH 3aXOJiB  JUIS
edeKkTUBHOI oOprasizamii poOOTH TPaHCIIOPTHO-IO0POXK-
HBOTO KOMIUIEKCY KpaiHM Ta JIOCSTTH CHHEPTeTHYHOTO
eeKkTy Bl TOETHAHHS TIOTEHIIATy pI3HUX BHIIB
TPaHCIIOPTY HA OCHOBI MapTHEPCHKO-KOHKYPEHTHHX
3acaj MiJl gac 31 iCHeHHs MlepeBe3eHb.

[otpiOHa cucremHa pedopma Ipolecy JTileH3Y-
BaHHA 1 cepTu(dikamii TPaHCIOPTHHUX TIOCIYr, MNI00
3a0e3neunTH eeKTHUBHICTh, MPO30PICTh, HAMIWHICTH i
Oesreky.  BaximBO  pO3MIISIHYTH — BIIPOBAKEHHS
CyJacHHMX TEXHOJOTiH, CTaHIapTiB 1 MIDKHapOIHUX
MPaKTHK, 1100 3a0e3MeYnTH BUCOKY SIKICTh TPAaHCIIOPT-
HUX TOCIYT B Y KpaiHi.

OTxKe, JOCHIJPKEHHS IPUCBSYEHE 3a0e3NeYeHHIO
pearmizamii KOMIUIEKCY 3aXOIiB  HANpaBlICHUX Ha
peopMyBaHHS 1 BIOCKOHAJCHHS [II0Y0l CHCTEMH
JIIeH3yBaHHS HAJaHHS IOCIYr 3 aBTONEpPEBE3EHb Ta
CTBOPCHHS MPO30POro MEXaHi3My BHJaui JIICH3IH.

IMocTanoBka 3axaui

CrarTsi TpPOMOHYE TIOCTAaHOBKY 3ajaui  JUist
e()eKTUBHOTO JIIIIeH3yBaHHs Ta cepTH(iKalii TpaHCTIOPT-
HUX TOCIIYT 3 METOI 3a0e3neueHHst Oe3MeKH, SKOCTi Ta
HAJIMHOCTI  TepeBe3eHb.  PO3TJISNAlOTBCS  OCHOBHI
ACIeKTH, BKIIIOYAIOYM MPABOBUH KOHTEKCT, KpHUTEpii
OL[IHKH, TPOLECH ayJuTy Ta MOHITOPHUHTY, & TaKOX

nepeBard 1 BHUKIMKH, IOB's3aHI 3 JILEH3YBaHHSIM Ta

ceprudikallier0o  TpaHCIOPTHUX  mocayr.  Pobora
CIIPSIMOBAaHA Ha JAOCSATHEHHS TAKUX 3aBAAHb!
—TMpOBENEHHs aHali3y CydYaCHHMX TEHJCHIH

PO3BUTKY TIPOLECIB JIIEH3yBaHHA Ta cepTudikaiii B
yYMOBaX BOEHHOT'O CTaHy;

—BH3HAYCHHSI KPALIOr0 EBPOIMEHCHKOro MOCBiAY
JIIEH3yBaHHS Ta TpOIeciB HOro iMIuieMeHrtamii B
VYkpaiHi;

—po3pobKa  aNropuTMy  AOJCPIKAHHSI
JIIeH31HHUX YMOB aBTONEPEBI3HUKAMU B Y KpaiHi.

BUMOTI'

AHaJI3 OCTaHHIX JOCTIIKeHb 1 myOJrikanii

AKTyaJbHICTh TEMH JOCIIIKEHHS BUKINKAE YBary
0 11 po3poOKH BITYM3HAHUX Ta 3apyODKHHUX aBTOPIB.
3okpema, FO. O. Kpuxrina y cBoemy MoHOTpadigHOMY
JOCIIKeHH] PO3TIISIIa€ AEp:KaBHY MONITUKY PO3BHUTKY
TPaHCHOPTHOI Tamy3i YKpaiHM B KOHTEKCTi Teopii,
METOMIOJIOTIi Ta MPAaKTHKA. ABTOpP JOCTIIKYyeE cTpare-
TiYHI HANpPSMKA PO3BUTKY TPAHCIIOPTHOI iH(pa-
CTPYKTYPH, 3aKOHOIABYHIA ()peHMBOPK Ta €(DEKTUBHICTH
3axO0liB, CHOPSMOBAaHMX Ha IMOKPAIIEHHS TPAaHCIOPTHOI
cucreMu. MoHorpadis 6a3yeTbcs Ha aHaNi3i JOCBiIY
IHIIAX KpaiH Ta po3Tigae Crernudiky yKpaiHCHKOI
TPAHCIOPTHOI Taly3i 3 OpI€HTAIli€l0 Ha MPOTPECHBHI
migxoan g0 po3Butky [1]. IlikaBuM € MOCHiIKEHHS
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B. KponusHunskoro, 10. Kpyxrina,  A. Ileckoga,
C. Maiictpo [2], npucBsueHe mAepXaBHil MOMITHIN
VYkpainu 3 muTaHp iHTErparii B MDKHapomHy chepy
0e3IeKn B yMOBax I100anbHIX TpaHchopmaniil. ABTopn
PO3TILIMAIOTh CTPATETiyHi 3aBAaHHS, TMONITHYHI Ta
MIPaBOBi ACHEKTH, a TAKOXK NPAKTHYHI aCIEKTH peatizarii
Jep)KaBHOI TONITUKA MIOA0 3a0e3leucHHs Oe3MeKH.
JIOIIBHO — TpOaHaTi3yBaTH  MIKHAPOTHHHA  JIOCBiJ
JIeH3yBaHHA Ta cepTH(iKalii TPaHCIOPTHUX MOCIYT,
CHCTEMY  HOPMAaTHBHO-TIPABOBOTO  3a0e3IedeHHs,
pETYNIATOpPHI MEXaHi3MU Ta iX IMIUIEMEHTAIilo, MI0
nmpeacTaBieHo y podorax E. JIxeninmica, 110, 30KpeMa,
pO3po0IIsie OKpeMi aCHEeKTH BIPOBAKCHHS MiKHAPOJI-
HOrO JIOCBily PO3BUTKY CHCTEMH TPaHCIIOPTHUX
mocayr [3] JIx. Henscona, I'. Kuidrona, M. Jlos, y
poboTax SIKMX BU3HAYAIOTHCS PErYIATOPHI MEXaHi3MHU
Uit 3a0e3nedeHHsT e(EeKTHBHOCTI PO3BUTKY cdepH
TpaHcropty [4]. M. BiBanbaiHi y CBOIX JOCHIIKCHHIX
MIPE/ICTABIISIE IMUPOKUH CHEKTP MiAXOMAIB JI0 PeryJto-
BaHHS TPOILECIB HAJaHHS TPAHCHOPTHHUX IOCIYT, IO
opieHTOBaHi Ha 3anuTH HaceneHHs [5]. H. Hryena,
B. Morai Kparii MPaKTUKH
oprasizariii TpaHcmoptHux mocnyr [6]. YV mocmimkenHi

BH3HAYaI0Th CBITOBI
K. Axkxay3eHa aKkyMy/lbOBaHi IAXOAW JIO IPOIECIB
cepTudiKalii TpaHCHOPTHHUX MOCTYT [7] TAKOXK AOLITBHO
IpoaHalizyBaTu aBTOpiB,  ILO
MIPOBOJIUTHCS Y TOCIIPKEHHI.

poboOTH  IHIIKX

Marepiajm Ta MeTOAU JOCTIIKEHHS

JlinensyBanuss 1 ceprudikaiis TpPaHCIIOPTHUX
HOCIYT € Ba)KJIMBUMH 1HCTPYMEHTaMHU PETYIIOBaHHA Ta
3a0e3MeueHHs IKOCTI TPAHCIOPTHHUX MOCTYT Y 6arathox
kpainax. L[i MeTonu NO3BOJSIFOTH YPsIIOBUM OpraHaM Ta
perynsaTopaMm 3abe3neyntd Oe3rneky, e(peKTHUBHICTh Ta
Ha/IIHHICTh TPAHCIIOPTHHX TOCIYT, a TAKOXK 3aXHUCT MPaB
Ta IHTEpeCiB KOPUCTYBaviB. Y JaHii CTATTi pO3MIISTHYTO
Ppi3HI MeTonH JIileH3yBaHHs 1 cepTudikaiii TpaHCIopT-
HUX TIOCIYT, iX OCOOJIMBOCTI Ta mepeBard. 30Kkpema, Juis
MIPOBEICHHS JOCIIKEHHSI y CTATTI BAKOPUCTaHI METOIH
y3araJpbHEHHS Ta JiTepaTypHoro aHamizy. lIpoBemeHo
TPYIyBaHHA Ta CTPYKTYpHU3aIlito mporecis. Bukopucro-
BYIOTBCSI METOAN CHHTE3Y JUIS BU3HAYCHHS CTPYKTYPHHX
eIIEMEHTIB Ta iepapxii mpomeciB. BHKOpHUCTOBYIOTHCA
METOAW MOJCTIOBAHHA JUII PO3POOKH alNTrOpUTMIB
peatizamii mpOIO3UIIii.

Pe3yabTaTn nociiakeHHst

[pomecn mineH3yBaHHA Ta cepTu(ikamii TpaH-
CIIOPTHHX ITOCIYT 3a3HAIOTh CYTTEBOTO BIUIMBY 30BHIII-
HiX (akropiB. Takum QakropoM IS KapIUHATBHAX
TpaHchopMaIliii CHCTEMH CTal0 TMOBHOMACIITaOHE
BiliCHKOBE BTOPTHEHHS pociiichkoi (enepamnii B Ykpainy.

Oco0mBocCTi JineH3yBaHHA Ta cepTudikamii
TPAHCHOPTHHUX MOCJIYT B YMOBAX BOEHHOTO CTAHY

YMOBU BOEHHOTO CTaHy MOXXYTh CYTTEBO BIUTMBATH
Ha TIPOIECH JIIIEH3YBaHHS Ta cepTUdikamii, OCKIIbKA
BOHH CTBOPIOIOTH OCOOJIMBI BUKJIMKHU Ta OOMEKEHHS IS
(yHKIIIOHYBaHHS JIep>)KaBHUX OpraHiB i iHQpacTpyKTypH
kpainu. Jleski MOXKJIMBI TEHIEHLIi y TakuX yMoOBax
BKJIIOYAIOTh pHC. 1.

OTxe, y KpaiHaX, /i¢ BCTAHOBJIEHO BOEHHHUI CTaH,
ocobnBa yBara TpH JIIEH3yBaHHI Ta CTaHIapTH3alii
TPaHCIIOPTHUX TIOCIYT TPHUIUIAETBCs Oe3meni Ta cra-
6inpHOCTI. Ilponecn ninensyBaHHs Ta cepTudikaiii B
IMX yMOBaxX CTalOTh BAXIMBHM €JIEMEHTOM JUIsl
3a0e3rneuyeHHss Oe3neku TpoMaasH Ta HaaiHHOCTI
TpaHCHOPTHUX TocayT [3].

Amnaui3z €BponeiicbKoro 10cBigy

VYV kpaiHax-uneHax €Bponericekoro Corosy (€C),
JIep’KaBHE PETYNIOBaHHS TpaHCHOpTHOI cdepu €
BaXJIMBUM aCIICKTOM, OCKiHBKI/I CTBOPCHHS IIPaBOBUX
CTUMYIIB JJIsl PO3BUTKY TPAHCIIOPTHOI CUCTEMH € OIHUM
3  OCHOBHHMX IIUIAXIB  MiJBHUIIEHHS  J00poOyTy
CYCIIUIBCTBA Ta HOTO €KOHOMIYHOTO IOTEHIialy.

PerymoBaHHsi B rany3i TpaHcnopty Ha piBHI €C
3IHCHIOETBCSI HAa TPHOX PIBHSAX: Ha PIBHI CITIBTOBa-
pHCTBa, Ha HALIOHAJIILHOMY PIBHI Ta Ha PEriOHaJIbHOMY
a0o0 MiclIeBOMY PiBHi. AHaJi3 CTAHOBJICHHS Ta PO3BHUTKY
3akoHonaBctBa €C y cepi TpaHCHIOPTY CBIAYHUTSH PO TE,
M0 BUMOTM MO0 IHCTUTYLIWHOrO 3a0e3rmeveHHs
TPAHCIIOPTHOTO PEryIIOBaHHSA (HOPMYyBAIUCS MTOETAIHO
sK Ha piBHi €C, Tax i Ha HalliOHAILHOMY piBHI [4].

Jns modatky, pO3IVIAHBMO 3arajJlbHUN IpoLEC
CTaHOBJICHHSI Ta PO3BHUTKY 3akoHozmaBcTBa €C y ramysi
JEpXKABHOTO PETYIIOBaHHSA TPAaHCHIOPTHOI Tamysi. 3
METOI0 KOHTPOJIIO HaJl MEePEeBE3CHHAMH, PEryIIOBaHHA
TapudiB Ta YMOB MisJIBHOCTI, 3amoOiraHHs JIOMiHAHT-
HOMY CTaHOBHILy Ha PUHKY IIepeBe3eHb Ta CTBOPEHHS
KOHKYPEHTHOTO CEepelOBHIIA Yy 3ali3HHYHOMY TpaH-
cnopti, Paga €C mnpwuitHsana nepiuii Kpok y ¢dopmi
Pernamenty Pagu (€C) Ne 1017/68 Bix 19 mumas 1968
POKY, III0 CTOCYETBCS 3aCTOCYBaHHSI ITPABHI KOHKYPEHIIii
y 3aJi3HUYHOMY, aBTOMOOITHPHOMY Ta BHYTPIIIHBOMY
BOIHOMY TpaHCHOPTi [5].

He#t xpox OyB BUpIMIAIEHAM UISI KOHTPOIIO 3a
pHHKaMH{ NepeBe3eHb, BCTAHOBJIEHHS TapU]iB Ta yMOB
TUSUTBHOCTI, 00 3amo0irTH TOMiHAHTHOMY CTaHOBHIILY
OZHOTO YYacHHKa Ha PUHKY Ta CTBOPHTH KOHKYPEHTHE
CEpEIOBUIIE B TaITy31 3aJli3HUYHOTO TpaHcmopTy. [licms
OO OYIIO IPUITHATO TONATKOBI PETYISTOPHI aKTH, SIKi
JIETai3yIOTh Ta PO3IINPIOIOTE OOCATH PETYIIOBaHHS.

IIpomec po3BuTKy 3akoHOmaBctBa €C y cdepi
TPAHCIOPTHOTO PETYIIOBaHHA OyB IIOCTYIIOBHM i
6a3yBaBcsl Ha aHaN31 OTPEO raysi, 3aJyJeHH] 3alikaB-
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3arocTpeHHs Oe3leKn

*B yMOBaxX BOEHHOTI'O CTAHY MO3Ke 30UIBIIHTHCE YBara X0 Oe3leKH Ta Oe3MeKOBHX
CTaH/apTIB. Jlep:KaBHi OPraHH MOKYTh BXKHBATH JIOJJATKOBHX 3aX0/IiB I8 IEPEBIPKH Ta
cepTH}IKAMil TPAHCTIOPTHHX IOCIYT 3 MeTOI0 3a0diraHHs MOKIIHBAM 3arpo3aM Ta

PH3HKaM.

Tleperman mporeayp

*BilicEKOBHIA KOH(IKT MOKe BEMararH IBHIKOT0 MeperiIaay IpoleAyp TNeH3yBaHHA Ta
cepTadikanii, 30KpeMa Moo 3ade3nedeHHs Oe3Nekd. MoOLIi3anii pecypciB Ta IMBHAKOIO
pearyBaHHs] Ha eKCTpeHi cATyamnii. MoxkyTb OyTH BBeJeHi HOBi THMYAcOBi IIPOLeIypH Ta

BHMOTH.

3MEHINEHHS 00CATy JTOKYMEHTAITii

*VMOBH BOCHHOI'O CTAHY MOKYTh 3MYCHTH 3MeHIIHTH 00CAT JOKyMeHTallil Ta BHMOT 010
TilleH3yBaHHA Ta cepTH(IKAITIL, Mo MPHCKOPHTH MPOTIECH Ta 3a0e3e3MeYHTH OIepaTHRHY
IiATEHICTE. IIpolleTypH MOXKYTE OYTH CHpOIeHi, ane IPH HEOMY HeoOXiTHICTE
3a0e3neyeHHs Ge3MeKH Ta AKOCTI MOCIYT 3aHINAETHC aKTYAITBHO).

3anyueHHA MDKHAPOIHOL JIOIIOMOTH

*YMOBH BOEHHOT'O CTAHY MOMKYTh CIIOHYKATH [0 3alyueHHs MIKHAPOJHOI JONOMOTH Ta
eKCIIepTIB y Taxy3i IilleH3yBaHHA Ta cepTH(IKaIii. [le Moxe JOMOMOITH 3MIHHTH
IpoLeypH. BIPOBAIHTH MIKHAPOIHI CTAHAAPTH Ta HaJaTH HeoOXiqHY eKCIIepTHY

MITPHMKY.

BuxoprcTaHHS TEXHONOTIH

*YMOBH BOEHHOTO CTaHY MOMKYTh CTHMYJTIOBATH BHKOPHCTaHHA CYJaCHHX TeXHOJOTIH v
Tporecax TilleH3yBaHHA Ta cepTH(ikamii. [{udpoBi pimeHHsI. Taki SIK eTeKTPOHHe IIOTAHHI
JTOKyMEHTIR, OHJIaiH-B3a€MOTid 31 3a9BHAKAMH Ta BHKOPHCTAHHA MOHITOPHHT OBHX CHCTEM,
MOKYTE CIPHSITH 3pYIHOCTL, e(peKTHBHOCTI Ta 3a0e3MetueHHI0 SIKOCTI IIPOIeciB.

T'HyukicTe Ta aganraigs

*YMOBH BOEHHOTO CTAHY BHMATAKOTh THYUKOCTI Ta afanTailii y mporecax MIeH3yBaHHd Ta
ceprrikamnii. [lep:KaBHI OpraHH MOKYTh PearyBaTH Ha 3MIiHHY CHTYAI[F0 ILITXOM
IMBHIKOTO OHOBIEHHA BHMOT, 3a0e3edeH s HaoiiHoI KOMYHIKAIIi 3i 3adBHHKAMH Ta

OIePaTHBHOTO IPHITHATTSA pillleHb.

Puc. 1. OcobnuBocCTi JiLeH3yBaHHS Ta cepTH]iKallii TPAHCIIOPTHUX MOCIYT B yMOBaX BOEHHOT'O CTaHYy.
Locepeno: cpopmosano asmopamu [1, 2].

JICHUX CTOpIH Ta BIPOB/KEHHI HAMKpAIMX MPAKTHK.
OpuH 13 NPHUKIAAIB TaKOro PO3BUTKY € CTBOPEHHS
€Bporneiicbkoro 3amizHuuHoro arentcrBa (ERA), ske
BIJIITpa€ KIOYOBY pOJNb Yy TapMOHI3alii TEXHIYHHX
CTaHAapTiB Ta OE3NeKOBHX BUMOI Yy 3ali3HUYHIN
raiysi [6].

BaxnuBuM acriekToM po3BUTKY 3aKoHOMaBcTBa €C
€ CIiBOpaIs Ta KOOpJMHAILS MK KpaiHaMH-4JIeHAMH.
Icuye mocriitHuii oOMiH iH(pOpMaIli€to, JOCBIIOM Ta
HaBYAHHA MDK  HAIlOHATBHUMH  PETYISTOPHUMH
OpraHaMH, a TaKOX y4acTh y CIUIBHUX IIPOEKTAaX Ta
nporpamax, CHpSMOBAaHHMX Ha IIOKPAIIEHHS peryis-
TOPHOI NPaKTHUKHU Ta 3a0€3MEeUCHHS BUCOKUX CTAHIAPTIB
y BCIiX chepax TPaHCIOPTY.

HeonMiHHOIO YacTHHOI  PO3BHTKY
Jep)KaBHOTO DETYNIOBaHHS € aJanTamisi A0 HOBHX
BHUKITUKIB Ta TEXHOIOTIYHUX 3MiH. [IIBUIKHI pO3BUTOK
Cy4acHHMX TEXHOJOTIH, TAaKnMX SIK aBTOHOMHI aBTOMOO1T
Ta eJIEKTPUYHI TPAHCTIOPTHI 3aCO0M, BUMAra€ OHOBJICHHS
NpaBOBHX HOPM 1 CTaHAapTiB, MO0 3abe3neynTH
Oe3neky, e(QEeKTHUBHICTh Ta CTAJICTh TPAHCIOPTHUX
TIOCITYT.

3akonomaBcTBO €Bporeiicbkkoro Coro3y  momo
PETYIIOBaHHS TPAHCIIOPTY BHU3HAETHCS BAXIMBUM IS

CUCTEMH

3a0e3MeuyeHHss  KOHKYPEHTHOro  Ta  CTablIbHOro
TPaHCIOPTHOTO  cepepoBuina. lIpomec  poO3BUTKY
3aKOHOJABCTBA y Iiii cdepi BiAOyBaBcs MOETAIHO Ta
3alydaB  3allikaBlieHI CTOPOHM Ui JOCSTHEHHS
HalKpalux pe3yJibTaTiB.

OmuH 3 peryisaTopHHX akTiB, npuiiHsITHX €C,
Pernament Pamu Ne 1107/70, OyB chpsiMOBaHUiA Ha
YCYHEHHS HEraTHBHOTO BIUIMBY pO30iKHOCTEH Ha
KOHKYPEHIIIF0 B  Taly3l  TepeBe3eHb  IUIIXOM
BCTAHOBJICHHSI TIPaBWJI 111070 (DIHAHCOBOI JIOMIOMOTH B
3aI3HUYHOMY, ABTOMOOIJTBHOMY Ta BHYTPILIHBOMY
BomHOMY TpaHcmopti. Lei pernament OyB HOMOBHEHHI
Permamentom Pamum Ne 3578/92, sikmii BCTaHOBIIIOE
HOpPMH [UIsi HAQJAHHS [IONOMOTH Ta I1HBECTYBaHHS B
TpaHCTOpPTHY iH(pacTpykTypy [7].

HupextuBa Pamu €C 95/18/€C mpo nineH3yBaHHs
3QIII3HUYHUX MIIPUEMCTB, a Takox JupekruBa Pamm
€C 95/19/€C  mpo  po3momil  MOTY)XHOCTEH
iHQpacTpyKTyp# Ta  IUIATy 32  KOPHCTYBaHHA
iHppacTpyKTypoto, Oyaum  TpUHHATI 3  METOI0
3a0e3MeveHHs] PIBHUX YMOB JAOCTYIY 0 3alli3HHYHHX
1HppacTpyKTyp Ta T ATPUMKH 3aII3HAIHUX
mignpuemcts [8, 9].
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AHai3 3aKOHO/IAaBYMX AKTiB CBITYUTH IPO TE, LIO0
TOJIOBHOIO METOI0 IX MpPUHHATTS Oyll0 CTBOPEHHS
KOHKYPEHTHOT'O CEepe/IOBHIIa B TpPaHCIOPTi. Benmka
yBara TakoX Oyja TpHIiIEeHa MHUTAaHHAM (iHAHCOBOI
JIOIIOMOTH  Ta INATPUMKH MIJAOPHEMCTB Yy Tramysi
TPaHCIIOPTY, OCOOJHMBO THX, II0 BUKOHYIOTH 3araibHi
IHTEpecH rPOMaJICHKOCTI.

Po3podxa anropurmy noaep:kaHHsI BUMOT
JineH3iiiHUX YMOB aBTONEpPeBi3HUKAMH B Y KpaiHi

AHani3 BHMOI Cy4aCHOTO CTaHy TpPaHCIIOPTHOI
cucTeMd YKpaiHM Ta aHalli3 €BPOINEHCHKOTO JOCBITY
JIO3BOJIMJIM PO3POOUTH aJTOPUTM JOAEPHKAHHA BHMOT
JIIEH3IHHUX YMOB aBTOIEPEBI3HMKaMH B YKpaiHi Ha
OCHOBI aHaJli3y KpamMx TMpakTUK E€Bporneichkoro
Coto3y, 1110 MOXKE BKJIFOUATH HACTYITHI KPOKH:

Kpok 1. AHani3 3akoHOmaBcTBa €BpONEHCHKOro
Cotozy:

— JIeTaJIbHe BUBUCHHS JIILIEH31/IHUX YMOB Ta BUMOT,
SIKI PEryJIIOIOTh AisJIbHICTh aBTONEepeBi3HUKIB B €C;

— BUSIBJICHHSI KJIFOUOBUX €JIEMEHTIB Ta MPHHIMIIIB,
SKi  CHPHAIOTH  3a0e3Me4eHHI0  e(pEeKTUBHOro  Ta
0e3reyHoro (PyHKIIOHYBaHHSI TPAHCIIOPTHOI rairy3i.

Kpok 2. Apanranis kpaummx mpaktuk €C 1o
YKPaIHCBKOI'O KOHTEKCTY:

—BpaxyBaHHi  ocoOnuBOCTEH
3aKOHOJABCTBA T4 PUHKOBHUX YMOB;

YKPaiHCbKOI'O
—BHSBJICHHS  aCMeKTIB, SIKI MOXYTb OyTH
3aCTOCOBaHI B YKPaiHCHKOMY KOHTEKCTI 3 METO0
MOKpAIlleHHs JTIIEH3YBAaHHS Ta JOJEPXKAaHHS BUMOL I
ABTOIIEPEBI3HUKIB.

Kpok 3. Po3pobOka craHmapTiB Ta BHMOT JUisi
JIIeH3yBaHHS aBTOIEPEBI3ZHUKIB B YKpaiHi:

—BCTaHOBJICHHSI YITKUX CTaHJAPTIB Ta BUMOT, SIKi
MarlTh OyTH JIOepXKaHi aBTONEPEBI3HUKAMH ISl
OTPUMAaHHS Ta MiATPUMAaHHS JILEH31i;

—po3poOKa JOKYMEHTAi, 110 ONUCYE TPOLEAYPH,
(dopMH Ta BUMOTH ISl TIOAAHHS 3asBOK Ha OTPUMAaHHA
JIIEeH31H, a TAKOXX MEXaHI3MU KOHTPOJIO Ta BUKOHAHHSI
TIEH31HHIX YMOB.

Kpok 4. BnpoBamkeHHsI MEXaHiI3MIB MOHITOPHHTY
Ta KOHTPOIIIO:

—BH3HAYECHHS CHCTEMU MOHITOPHHTY Ta KOHTPOIIO
JOTpUMAaHHA JIIEH31HHUX YMOB aBTOIIEPEBI3HIUKAMIL,

—po3pobka MexaHi3MIB MEPEBIPKU Ta AyIUTY, SIKi
JO3BOJISIIOTh  OLIIHUTH BHKOHAHHS BHMOI Ta SIKOCTI
TTOCTYT aBTOIIEPEBI3HUKIB.

Kpok 5. 3abesmeveHHss HaBYaHHS Ta CBiJOMOCTI
ABTOICPEBI3HUKIB!

—po3poOka HaBUATHHMAX NPOrpaM Ta MaTepiais,
CIOpPSMOBAHAX Ha O3HAWOMIJICHHS aBTOINEPEBI3HUKIB 3
TMNEH31MHIMHA yMOBaMH, BHMOTaMH Ta KpalliMU
mpakTukaMu 3 €Bponerickkoro Corosy;

— oprasizais ceMiHapiB, TPEHIHTIB Ta
KOHCYNbTallii 3 METOI0 MOMMpeHHS iHopMmamii Ta
MiABUIICHHS PiBHS CBIJJOMOCTI aBTOMEPEBI3HUKIB MO0
BaKJIMBOCTI TOZIEp>KaHHS JIIEH31HHUX YMOB.

Kpox 6. BcranoBnenHsi edekTHBHOI cHCTEMHU
CaHKIIH Ta BiJIMOBI1AANTBHOCTI:

— BU3HAYCHHS BUJIIB TIOPYIIEHb JILIEH31HHUX YMOB
Ta BCTAHOBJIEHHS BiNNOBIIHUX CAHKLIH, SIKI MOXYTbh
OyTH 3acTOCOBaHI y BUIIaIKy HEBUKOHAHHSI BUMOT;

—po3poOKka MeXaHi3MiB 3BITHOCTI Ta OOJIKY
MOPYIICHB, MO JO3BOJISAIOTH 3AINCHIOBATH €(DEKTUBHUIA
KOHTPOJIb Ta HAKJIAJATH CAHKIIT B pa3i MOTPEOH.

Kpok 7. TlocriliHe OHOBJICHHS Ta BIOCKOHAJICHHS
CHCTEMH JIIIEH3YBaHHSI:

—CHCTEMaTHYHUH aHalli3 Ta oliHKa e(eKTHBHOCTI
BIIPOBAPKEHUX BUMOT Ta MPOLEIYP JilleH3yBaHHS;

—BpaxyBaHHsS 3MiH y 3aKOHOJABCTBi, PHUHKOBHX
YMOBax Ta KpalluX NPaKTHKaX, IO J03BOJISE MOCTIHHO
OHOBJIIOBATH Ta BIIOCKOHAJTIOBATH cUCTEMY
J1eH3yBaHHS.

Kpoxk 8. CriBnparis 3i 3allikaBJICHUMH CTOPOHAMHU:

—3aJy4eHHs MPEJICTaBHUKIB Taiy3i, acomiariii ta
00'eJHaHb aBTONEPEBI3ZHUKIB JI0 MPOLECY PO3POOKH Ta
BIIPOBAJKEHHSI JIIIEH31HHUX YMOB;

— CHiBPOOITHHUIITBO 31 3B'S3aHUMHU JCPKAaBHUMU
opraHamu, 10 JJO3BOJIsIE OOMIHIOBATHUCH 1H(GOPMAIII€IO.

3anpornoHOBaHU aNrOPUTM  BiIIPI3HIETHCS  Bill
HasiBHOI CHCTEMH JIIIGH3yBaHHsS Ta CTaHIapTH3aLii
TPAHCIOPTHHX MOCIYT HACTYTHUMH OCOOIMBOCTSAMM:

—aJroput™M 1mependadae  JeTajJbHE BUBYCHHA
JIEH31HHUX YMOB Ta BUMOT, III0 PETYIIOIOTH JisUTbHICTD
aBtonepeBi3HukiB B €C. Lleii anaii3 103Bossie BUSIBUTH
KJIFOUOBI €JIeMEHTH Ta MPHHIMIHN, SKi CIPHUSIOTH
epekTuBHOMY Ta  Oe3medHoMYy  (YHKI[IOHYBaHHIO
TPaHCIIOPTHOI rajy3i;

—aJroput™M mependavyae BpaxyBaHHSI —0OCOOIIH-
BOCTEM YKpaiHCBKOTO 3aKOHOJABCTBA Ta PHHKOBUX
YMOB. 3acTOCyBaHHS acIeKTiB, SKi MOXYTb OyTH
3aCTOCOBaHI B YKpaiHCBKOMY KOHTEKCTI, CpsSIMOBaHe Ha
NOKpAIIeHHs JiIeH3YBaHHSA Ta BHKOHAHHS BUMOT IS
aBTOIEPEBI3HHUKIB;

—po3pobKa CTaHAAPTIB Ta BUMOT IS JIIIICH3yBAaHHS
aBTOICPEBI3HUKIB B YKpaiHi BKIIOYA€ BCTAHOBIICHHA
YiTKUX CTaHAAPTIB Ta BHUMOI, SKi aBTOIEPEBI3HUKH
NOBHHHI JOTPUMYBATHCh IS OTPUMAHHSA Ta IiITPH-
MaHHS JnineH3id. Po3poOka mokyMeHTamii 3 oOmmcoM
npouenyp, GopM Ta BUMOr I HONAHHS 3asBOK Ha
OTpHUMAaHHS JIiIIEH31H, a TAKOXK MEXaHi3MiB KOHTPOIIO Ta
BHUKOHAHHS JTIIIEH31HHIX YMOB;

—BIIPOBA/DKCHHS MEXaHI3MIB MOHITOPHHTY Ta
KOHTPOIIIO ~ BH3HAYa€ CUCTEMY MOHITODUHTY Ta
KOHTPOJIO JOTPUMaHHS JIICH3IHAX YMOB aBTOMEpe-
Bi3HHKAMU.
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OTxe, 3ampONOHOBAHUN alTOPUTM MOXe OyTH
BUKOPHUCTAHMN HAa TPAKTUIN U1  yJOCKOHAJICHHS
CHUCTEMH JICH3YBaHHS Ta CTaHIapTH3AIii
TPAHCHOPTHUX MOCHYT.

JuckyciiiHi nMTaHHA

JIMCKYCIHHUMH MOMEHTAMH CTATTI Ta MOKJIUBUMH
HAMpSMKaMH TOJAJBUINX JOCITIIKEHb MOXYTh OyTH
HACTYIIHI:

—poib JILEH3YBaHHS Ta CTaHmapTu3amii B
3a0e3MeueHHi SKOCTI TPaHCHOPTHUX IOCIYr Ha piBHI
CHCTEMHU ITyOJIIYHOTO yIpaBIiHHs a00 HIISIXOM Nepenadi
psily  YOpaBmiHCHKAX ~ MOBHOB2)XXEHb  MPUBATHUM
opraHam, 10 MOXKYTh Ha OCHOBI HOPMaTHUBHO-IIPaBOBOTO
3a0e3IeUeHHS TPOIIECIB PETYTIOBAHHS 3MIHCHIOBATH IO
poboty abo KOOpAMHYBATH ii pPE3yJabTaTH 3 METOO
3a0e3MeueHHs] TPOMaJICbKOr0 KOHTPOJIIO;

—e(eKTUBHICTh 1 MPO30pICTh TpOIECy JILEeH3Y-
BaHHS Ta CTaHAapTU3alil B TPAHCIOPTHIN Tamy3i Mmae
BUCTYIIUTH OKPEMHM IIUTAHHSAM JIOCTIKCHHS 13
PO3pOOKOIO SIKICHO HOBHX MEXaHi3MiB JIILIEH3yBaHHS Ta
cepru¢ikanii 3 ypaxyBaHHSAM BIUIUBY CTaHIapTU3alii Ta
JIeH3yBaHHs Ha Oe3leKy Ta HaAilHICTh TPAaHCHOPTHHX
HOCTYT.

JIOLIBHO OKPEMO PO3IJISIHYTH POJb ACPKABH y
peryiioBaHHI JIIEH3YBaHHS Ta CTaHOapTH3allii TpaH-
CHOPTHHUX TOCIYT, B3a€EMO3B'SI30K MIX JIIIEH3YBaHHSIM,

CTaHAApTU3AII€I0 Ta MiJABHIICHHAM SKOCTI TpaH-
CIIOPTHHUX MOCIIYT.
JIs  1UBOro  [IOLIJIBHO IPOBOAWTH  BHUBYCHHS

MIXHAPOJHOTO JIOCBiAY JIIIIEH3YBaHHsS Ta CTaHAAPTHU-
3aItii TPaHCMOPTHUX MOCIYT IS TOIMIYKY Ta BIPOBAI-
YKEHHS KPAIIUX MPAKTUK Ta EPCIEKTHBHU BIPOBAKCHHSI
IHHOBAIlIT Ta TEXHOJIOTIT B KOHTEKCTI JIIIEH3yBaHHS Ta
CTaHIapTH3Aallii TPAHCIIOPTHHUX MTOCIYT.

BucHoBku

OTtxe, IS TOCATHEHHS YCHIXY B YIOCKOHAJEHHI
CHCTEMH JIiIIEH3yBaHHS Ta cepTH(IKaIil TPAaHCIOPTHUX
ocyr B YKpaifi, HeoOXiTHO MPHUIUIATH YBary KilbKOM
KIIFOUOBUM aCIIEKTaM.

[o-mepime, BayKIUBO 3MILHATH 3aKOHOAABUY 0a3y,
pO3pOOHMBIIK UiTKIi Ta KOHCHUCTEHTHI BHUMOTH OO
mineH3yBaHHs Ta ceprudikamii. Bona moBuHHa
BpaxoBYBaTH HaWKpamii MDKHApPOAHI TMPaKTUKA Ta
CTaHIApTH, 3a0€3MeUyI0Yr BUCOKI CTaHAApPTH Oe3IeKH,
SIKOCTI Ta HAIIMHOCTI.

[o-mpyre, BaxIMBO BIPOBAIUTH CYYacHI TEXHO-
jorii y TIpomecw JIEH3yBaHHSI Ta cepTudikalii.
BuxopucrtaHHs €NEeKTpOHHHX CHUCTEM Ta OHJailH-
mw1aThopM TO3BOIUTH CIIPOCTHTH MPOIETypH, 3abe3re-
YUTH MIBUIKAN JOCTy 10 iH(opMarii Ta 3abe3neunTn

eeKTUBHUI OOMIH JaHUMH MiX yJacHUKaMH. Takox,
BIIPOBA/PKEHHSI MOHITOPMHIOBHX CHCTEM Ta iHHOBa-
[IIfHUX METOAIB KOHTPONIO JIOTIOMOXKE 3a0e3MeUnTH
MOCTIHHHN HATJISL Ta SMEHIIUTH PU3HK TIOPYIIEHb.

[o-Tpere, cniBmpans 3 MKHapOJHUMH OpraHiza-
iSIMM Ta eKClepTaMHM B Taily3i JHIEH3yBaHHA Ta
cepTHdikaIiii € KITFOU0BHM efieMeHTOM. OOMiH JOCBIIOM,
BIIPOBAJPKEHHSI MIDKHAPOJHHMX CTaHIAPTIB Ta HOPM, a
TaKOX 3aJy4eHHS 30BHIIIHBOTO EKCIEPTHOIO aydHUTy
JOTIOMOXYTh MIJBHIIUTH piBeHb mpodeciiHocTi Ta
00'€eKTUBHOCTI TIPOLIECIB.

Buecok aBToOpiB: QopmyntoBaHHs mpoOiemMu —
I. I. Tansona, M. B. I1aBj1oBCHLKHIi; OrJIs] Ta aHai3
inpopmariitnnx  mkepen  — 0. 0. JIyk'ssHueHKo;
po3podka nocmimxenHs — L. 1. Fanbona; Bepudikaris
JOCII/DKEHHS, aHali3 pe3yiabTaTiB  Bepudikamii —
I. I. 'anbona, M. B. [1aB10BCbKHIi.

Yci  aBropM TpouMTamM  Ta
OITy0JIiKOBaHOIO BEPCIEI0 PYKOIHUCY.
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LICENSING AND CERTIFICATION OF TRANSPORT SERVICES

Inesa Halona, Oleksandr Lukianchenko,
Maksym Pavlovskyi

This article is devoted to the analysis of the processes of licensing and certification of transport services in
Ukraine. The subject of the study is the process of licensing and certification of transport services, in particular the
study of its efficiency, problems, prospects, and impact on the quality of the provision of transport services. The
purpose of this article is to formulate recommendations for increasing the efficiency of licensing and certification
procedures, considering modern trends in the development of transport in Ukraine. It examines the problems faced by
transport companies and customers in these processes and offers ways to improve the system. The article addresses
the following tasks: - conducting an analysis of modern trends in the development of licensing and certification
processes under martial law; determination of the best European licensing experience and processes of its
implementation in Ukraine; development of an algorithm for compliance with the requirements of licensing conditions
by motor carriers in Ukraine. The article begins with a statement of the problem, in which insufficient efficiency and
unreliability of the processes of licensing and certification of transport services are noted. It emphasizes the importance
of safety, quality, and reliability in these processes, especially under martial law. The results of the study are an
analysis of modern trends in the development of licensing and certification processes in the context of martial law,
which indicates the tightening of security, revision of procedures, reduction of the volume of documentation,
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involvement of international assistance, use of technologies, and the need for flexibility and adaptation. In the future,
possible ways of improving the licensing and certification systems are being investigated. They cover system reform,
introduction of modern technologies, standards, and international practices. The authors of this article call for ensuring
efficiency, transparency and safety in the processes of licensing and certification of transport services. Based on this
analysis, the article provides valuable conclusions and recommendations for improving the system of licensing and
certification of transport services in Ukraine. Because of the analysis, the article provides recommendations on the
development of an algorithm for compliance with the requirements of licensing conditions by motor carriers in
Ukraine. The algorithm for the implementation of licensing and certification of transport services has several key
stages, which include application submission, analysis and verification, issuance of a license or certificate, and further
supervision and control of the enterprise's activities. This algorithm helps ensure compliance with safety, quality, and
other requirements in the field of transport services. It allows government bodies and regulators to monitor the
activities of transport companies and ensure the safety and satisfaction of users' needs. Conclusions: Licensing and
certification of transport services are necessary mechanisms to ensure safety, quality, and standards in this field. They
help reduce risks for passengers, increase the reliability of services, and ensure compliance with established regulatory
requirements. The process of licensing and certification of transport services can be complex and requires significant
efforts on the part of operators and regulatory authorities. Effective simplification and standardization of procedures
can facilitate their implementation and reduce bureaucratic obstacles. The presence of a clear legal framework
regulating the licensing and certification of transport services is an important factor for ensuring transparency,
stability, and trust in the system. It is necessary to ensure the compliance of legislation with international standards
and best practices.
Keywords: transport service; licensing; certification; European experience; road transportation.
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HAINPY)XEHO-IE®OPMOBAHMI CTAH KJIEHOBOTI'O 3°€THAHHSI,
110 MA€ MO3J10BKHII JE®EKT

V knetiosux 3’eOnannsax dosooumscs cmukamucs 3 siguugem Henpokielo. Bioomo, wo Henpokietl 3HudiCye miy-
Hicmb makux 3’ €0Hanb. Bidomi Ha cb0200Hi ananimuyni Mooeni Oisi PO3PAXYHKY HANPYICEHO-0ehopMOBaAH020
CMAaHy KIetosux 3 €OHAHb MAlOMb NEGHI HEOONIKU SKI 3 SGNAIOMbCS 6HACIIOOK CAPOUeHHS (0OHOMIPHI MoOel),
a peanizayis YucerbHUX Memooie UMA2A€E BeUKO20 pecypcy 00uucioeanrvioi mextiku. IIpeomemom susuenms
Y cmammi € MamemMamuyHa Mooeib HANPYHCeHo-0ePoOpMOBaAHO20 CINAHY KLetio8020 3 €OHAHHSL 080X NIAACTUH.
Mema docniodicents — GUGHEHHS HANPYICEHO-0eDOPMOBAHO20 CIMAHY KAET0B020 3 COHANHSA, WO MAE HENPOKel
ma po36UHeHHs1 Memooie O0CIIONCEHHS HANPYICEHO20 CMAHY KIelosux 3 cOnanb enanyck. Memoou: 0ist noby-
008U AHATIMUYHO20 PO36 3Ky 3a0a4i PO HANPYHCEHUU CMAH 3'€OHAHHS, SIKe MICTUmb Oeghekm y Kietlogomy
wapi 630062ic OIUHOI KPOMKU 0OIACMI CKNEI08ANHS, BUKOPUCMAHA CRAPOWEHA 0808UMIPHA AHATIMUYHA MOOETb
HAnpysiceHo2o cmamy Keio6o2o 3'conanns snanyck. Cnpoujennst Mooesi nojseae 6 momy, wo nonepeyti nepe-
MIUeHHsl HeCHUX Wapi6 8ANCAIOMbC MAKUMU, WO OOPIGHIOIOMb HYMo. /lane npunyuenHs MojiCHA iHmepnpe-
myeamu Sk HASLGHICMb HECHUX WAPI6 GUCOKOL ICOPCMKOCMI Y NONEPEYHOMY HANPAMY, | 60HO 00380JI€ 36ECMU
3a0a4y npo HANpys’HceHull Cman 3'€OHanHs 00 cucmemu 080X OUGhepeHyiarbHUX Pi6HAHb Y YACHUHHUX NOXIOHUX
BIOHOCHO NO300BIHCHIX NEPeMiljeHb HeCHUX Ulapie I ompumamu po3e’a30K 3adayi 6 anarimuyniu gpopmi. Ompu-
Manutl po36 30K 3anUcano y Qopmi ykyionanvhozo pady. Bracui pynxyii — ne opmozonanvhi. 3a 00nomozoio
Memo9dy HAUMEHUWUX K8AOPAMIE PO36's130K 3a0ayi 36¢0eH0 00 cucmemu TiHIUHUX pigHsanb. Po36 ’s13ano modenvhy
3a0a4y 01 3'€OHaHHsL 080X AOMIHIEGUX NAACMUH 0OHAKOBUX po3mipis. Pesynomamu noxasanu, wjo HaseHicms
obnacmi HenpoKer Modice 3HAUHO 30LMbULy8amu HanpydIcerts Oius Kpaio Keioeozo uapy. Ocobnugo nebes-
NeYHUMU 3 MOYKU 30py MIYHOCMI € KYMO8i MOUKU Y K1etiogomy wiapi. IIpogedeno nopigHaHHA pe3yabmamis i3
Pe3YIbmamamt CKiHueHHO-eleMeHmH020 Mooentoeants. [lopieHanus nokaszano, wo 3anponoHo8ana Mamema-
MUYHA MOOETb MAE BUCOKY, SIK OISl IHMCEHEPHUX PO3PAXYHKIE, MOYHICHb. [lana mooens Modice OYmu po3eunena
HA pO38 SI3aHHS AHANOTYHUX 3004, HANPUKIAO, 015 O0CHIONCEHHSI HANPYICEH020 CIMAHY 3 €OHAHHSL KOAKCIATb-
HUX mpy6, sike mae deghexmu 6 Kietogomy wapi.

Knrwowuosi cnosa: kieiiose 3’ €OHanHs 6HANYCK, AHATIMUYHA MOOETb, MEMOO CKIHYEHHUX eleMeHmis, aeuue He-
NpOKIIeI0,; Memoo HAUMEHUUX K8AOpamie.

psizi BUNaIKiB HEOOX1JHO BPaXOBYBAaTH HEPiBHOMIPHICTb
HaIpy)KEeHO-1e(pOPMOBAHOIO CTaHY CKICIOBAHHUX ILIAC-

Beryn

Kuneiiosi 3’eHaHHs HAOYIHM HIMPOKE 3aCTOCYBaHHS
y aepoKocMivHi#l TexHimi [1], 30kpema Tpu peMOHTI Ta
BizHOBJIeHH] [2]. BimbmricTh iCHYOUHMX MaTeMaTHYHHX
Mozeneil KIeHoBUX 3’ €IHaHb BHAIYCK, IO JTO3BOJISIIOTH
3HAWTH HaIpy)KeHO-Ie(hOpMOBAaHUI CTaH 3'€AHAHHS B
aHaNiTHYHIA hopwmi, € ogHoMipHEME [3]. ¥V Takux Moze-
JISX Tiepen0adeHo piBHOMIPHHHA PO3NOILT HATIPY>KEHB 110
IIMPHHI 3'€THAHD, 1 ATIPIOPHO 3aIA€THCS PO3IIOILT HATIPY-
YKEHb 110 TOBIIWHI MIapiB (SIK MPaBHUIIO, PIBHOMIPHUIA a00
JIIHIHHWH). 3a JOMOMOTOI0 TaKUX KIACHYHHX MOJIEIICH
MOJKHA JOCTIIUTH HAIIPY)KEHUH CTaH 3'€THAHHA, IKE Mi-
CTHTH ITyCTOTH B KJICHOBOMY IIapi 10 BCiH mupHHi 3'€1-
uanus [4, 5]. Lle# miaxix Takox pO3BUHYTO Ha 3'€JHAHHS
KOakcianbHUX TpyO [6] 1 MOABIMHMX HAMYCKHHX 3'€I-
HaHb [7]. OKpiM aHAITHYHAX MOCTIHKEHB i€l % TeMa-
TUI TIPUCBSYCHO YHCIIOBI JOCTIKCHHS, BUKOHAHI 3a
JIOTIOMOT'OF0  CKiHUEHO-EJIEMEHTHOTO MojenmoBanus [8].
OnHak mpy po3paxyHKy HANPYKEHOTO CTaHy 3'€THaHb B

THH 10 IINPHHI 3'eiHaHb. [IpUKIanaMu Takux KOHCTPY-
KIiil € 3'€/IHAHHS CUJIOBUX €JIEMEHTIB 3 OOIIMBKOIO, pe-
MOHTHI Hakjagku Tomio. I[loOygoBa aHANITHYHOTO
PpO3B’s3Ky 3a/1adi 3HAXOHKEHHS JBOBHUMIPHOIO HAIpy-
JKEHO-T1e()OPMOBAHOT'O CTaHY 3'€IHAHHSA B 3arayibHii HO-
CTAHOBIII € HAJI3BUYANHO CKJIAJHOIO 3aJ1a4el0, aHAIITHY-
HUM O3B’ 30K AKOI TOKH HEBimoMuil. Bizomo, mo HaBiTh
PpO3B’s130K 3amadi Teopii MPYKHOCTI ISl TPSAMOKYTHOL
obmacti, TOOTO HaBITH I OXHOTO IIAPY, CIPKEHO 3i
3HAYHUMH MaTeMaTHnaHuME TpyaHomamu [9, 10]. Tomy,
SIK TIPABHIIO, JJIS TOCHIIPKSHHS TIBOMIPHOT'O HAIIPYXEHO-
e OPMOBAHOTO CTaHY 3’ €THAHh BUKOPHCTOBYIOTHCS UH-
crosi metomm [11, 12].

OdeBHAHO, IO TOPOKHUHHU Y KICHOBOMY MIapi y
BUTJISII TIOTIEPEYHUX CMYT B TIIMOWHI OOJACTi CKIIETO-
BaHHSI HE € €IWHIMH (opMaMHu Ne(eKTiB KICHOBOrO
mapy. PyiiHyBaHHS KJI€HOBOIO IIapy MOYMHAETHCS, K

© C. C. Kypennos, K. I1. Bapaxos, 2023
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MIpaBWIIO, OIS 30BHINIHBOTO Kparo 3'€THAHHS. 3yMOB-
JICHO 1€ B TOMY YHCJI BIUIMBOM 30BHIIIHBOTO CEPEIO-
BHIA HA KJeH, HANpHUKIAJA, NMPOHWKHEHHSM BOAW Ha
MEXy KIJICIO 1 TUIACTHH, IO 3'€HYIOTHCS, TeMIlepaTyp-
HUMH [MKJIAMHM, Ta iHIIMMH 30BHIIIIHIMK BIUTHBaMH, SIKi
3ryOHO BIUIMBAIOTh Ha MIIHICT 3'€qHAaHHS. Y AaHiil po-
00Ti po3B’s13aHa 3aja4a Mpo HaNpyKeHO-1eOPMOBaHUH
CTaH 3'€JJHAaHHS JIBOX NPSIMOKYTHUX IUIACTHH, KICHOBHHA
Iap MK SKUMH 3 000X OOKOBHX CTOpiH BiIIapyBaBCs
Ha OJJHAKOBY INIMOWHY B CEpeUHY 00JIacTi CKIICIOBaHHS,
i B mepenavi 3ycwib ydacti He 0epe. Hampyxeno-nedo-
PMOBaHHH CTaH JaHOi KOHCTPYKIIi HE € OJHOMIPHUM i
3MIHIOETBCS SIK IO JIOBXKMHI OOJIacTi CKJICIOBAHHS TaK i
mo 11 mmpuHi. s moOya0BH aHATITHYHOTO PO3B’SI3KY
BHUKOPHCTOBYETHCSI CIPOIICHA JIBOBUMIpHA MOJENb Ha-
npyxenoro crany ®@onbkepcena. Ll moznens Oyna pos-
BUHeHa y poborax aBTopi [13-15]. [lpunymieHns npo
MAJICTh TOTEPeYHHX NepeMillleHb HECHUX IIapiB Oyio
BHUKOPHCTAHO BHeplie, MadyTh, y podorax Bacunbesa i
JIyp’e, nanpuknan [16].

ITocranoBka 3agaui
Ta N00y/10Ba PO3B’SA3KY

Po3rnsiHeMo cuMeTpuyiHe KiieioBe 3'€THaHHS JBOX
MPSIMOKYTHHUX IUIACTHH, IIOKa3aHe Ha puc. 1.
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Puc. 1. Cxema KOHCTPYKIIT

Biccto cumerpii AaHOro 3'€IHAHHS € TIO3I0BXKHS
Bick (0X ). CuMeTpis 103BOJISIE BUKIIOUMTH BIUIMB 3THHY
B IUIONIMHI 3'€IHaHHA. BBememMo HacCTymHI mapameTrpu
s'ennanns: L — moBxwuHa 3’ennands, 2H — mmpuHa xo-
XKHOI 13 3’eanyBanux mmactud, 2N — mumpuna obnacri
cKieroBaHHs, 01,0, i Oy — TOBLIMHU 3’€IHYBAaHHX IUIA-
CTHH 1 KJIeioBoro mapy BiamoBigHo. bymemo yBakatw,
0 TIepPEeMIMICHHS 1 HalpyKEeHHs PIBHOMIPHO PO3IIOfIi-
JIeHI 10 TOBIIHMHI mIapiB. 3’€IHYBaHI IIIACTUHU OyIeMoO
yBaXkaTH abCOFOTHO JKOPCTKUMH B HarpsimMky oci 0y . B
CHJIY IIbOTO MPUITYLIEHHS, & TAKOXK B CHJIY CHMETpii 3a-
Jladi eJeMEeHTH 000X HEeCHHX IIapiB 3MIHCHIOIOTH TiIBKU
TO3/IOB)KHI TIePEMIIICHHS, SIKi B 0071aCTi CKIICFOBAaHHSA TI0-
snaunmo U; i U, . IlepemimeHns mwiacTiH Ha AiISHKAX,

IO BUCTYIMAIOTh 3a MEXi 00JIacTi CKJICIOBAHHS TO3HA-
gumo U, i U, st meproro i uist Ipyroro HECHUX Iia-
PpiB BiAMOBiAHO.

PiBHSHHSI piBHOBAarM €JeMEHTIB HECHUX MIApiB B
obmacri ckneropanHs y e [—h; h] mators Burnsn [11, 12]

L WL

N A _
6x+ay

e Np,, 0, —HOpMalbHi (B 03I0BKHEOMY HAIIPSIMKY)
1 JOTHYHI 3yCHJUISI B HECHOMY B Iapi m, m=12;
T — JOTHYHI HANPYKCHHS B KJICHOBOMY IlIapi B 1M03-
JIOBXKHBOMY HATIPSAMKY.
CuiBigHommernHs Ko 3a yMOBH PiBHOCTI HYJTIO
MONEPEYHHX MEPEMILIICHb MAIOTh BUIJIST

8 Epy o 8,Gpy o

I\lm:mmW! Om = ay

m=12, (2)

ne E,, — Momynp mpyxHOCTI mapy m B HampsiMKy oci;

Ox; G,

JloTruHi HanpyXeHHs B KJIEHOBOMY HIapi Iporop-

— MOJYJIb 3CYBY miapy m y miorusi XOy .
1ii{HI pi3HUIII IepeMillleHb HECHUX IIapiB
t=P(U,-U,), @)

Jge P — sKopcTKiCTh KJIEHOBOro LIiapy Ha 3CyB, sKa, SIK
npaBuio, Bu3HavaeThes Ak P =Gy /3, , ne cBoeto uep-
roto Gy — Moxynp 3CyBY KICHOBOTO LIapy.

IlizcTaBUBIIM HaBEICHI BHIIE CITiBBIIHOIICHHS (2)
i (3) mo piBHaHb (1), oTprMaeMo cucTeMy audepeHiia-
JBHUX PIBHAHD Y YACTUHHHX MOXigHux [13, 14]

2
ou 6 U
0| —5+—5 [-U;+U, =0,
OX 4
2 2
ou ou
OX
ne oy =Endy, /Py um =G/ Epy
3a MeXaMHu o0acTi CKJIEIOBAHHS

y € (—H;—h)U(h;H) nepemiluenns mapis npu 3a3Ha-
YEeHHX BHIIE TiMOTE3aX OMUCYIOThCS PiBHSHHSIME [16]
’U, U, v, U,

+u =0, +u =0. (5
aXz 1 6y2 aXz 2 5‘y2

KpaiifoBi yM0BH MarOTh BUTJISIN
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8U1| ~ 8U2| B 5U3| v 4| 0. ® ®onbkepeena [1]. @yHkuis V,, (X,y) € TiHIAHOK KOM-
oy |y:0 oy |y:0 oy |y:H oy |y:H ' OiHaIi€r0 YaCTHHHUX po3B's3KiB piBHAHG (11) Ta (10), sxi
CBOEIO YEProlo MOXKYTh OyTH IIPeJICTABIIEH] y BUTIISI JIi-
Nyl —E,5 ol E(y) HiMHUX KOMOiHalil (GyHKIIH e sin ky i e cos ky
2lx=0 " 7272 oy =0 =) (s1x 1 po3B'si3ku piBHAHG (5) [16]). [Tpn moOynoBi po3s's-
U (7) 3Ky i€l 3a1a4i OyieMO BUKOPHCTOBYBATH 1110 CTPYKTYPY
N4|X:0 =E,9, 6_)(4 =F(y). po3B’sa3ky.  IliACTABUBIIM  YacTMHHHI  pO3B’A30K
x=0 X . .
e " sinky B (11), oTpuMaemo anreOpudHe piBHSHHS,
ou;| aUs| au,| oy, o mo 3B's3y€ 1. i k:
OX |x:0 ox |x=0 ox |x:L OX |x:L (8) 4 2\ 2 4 2
Ul =Vl =0 ok’ +(Bs 22" K +pp. —pp =0 (12)

YMOBU cHpspKEHHSI TIOJNIB TepeMillieHb Ha OiyHil
MeXi KIeHOBOro IIapy MatoTh BUTJISI

ou,|
ay |y:h

Um|y:h = Um+2|y:h )

— aUm+2|
|y m=12. ©)

YMoBu (6) € yMOBaMH PIBHOCTI HYJIO TOTHYHHX
HaIlpy)KeHb B HECHHX IIapax B3/OBXK OCi CUMETpii 1 Ha
OIYHMX MeXaX 1 € HACIIAKOM PiBHSHb (2).

3 mepiioro piBHSHHs cucteMu (4) BUpa3uMo mepe-
MILIEHHS JAPYTOrOo 1Iapy

2 2
ou ou
OX oy

(10)

[MincraBusim (10) y npyre piBHsHHs cuctemu (4),
orpumaeMo audepeHiiiaibHe PiBHIHHS

4 4 4
ou ou ou
By 41+B2 2 12+BS 41_
OX ox" oy oy (11)
2 2
ou ou
_B4 zl_ﬁS zl:o’
OX oy

e Pr=og0n; By =(m+up)ono,; Bz =0y

Ba=0y+0ay; Bs =0y +aH; .
VY pob6ori [13] 32 7OMOMOTOI0 KJIACHYHOT'O0 METOIY
BiIOKpEMIIEHHS 3MIHHHX OYyJIO OTpPHMaHO 3arajibHHUN

po3B’s30k piBHsHHS (11) (32 ymoBH, MO My = |, ), 1 TO-
Ka3aHo, IO 3aralbHUI PO3B’A30K 3a7adi € JiHIHHOI Cy-
TIEPITO3UIII€F0 TBOX PO3B’A3KIiB

U =W (X)+Va (X)),

ne W, (X) € KIacHYHUM OJIHOBMMIDHHM DPO3B’SI3KOM

3 SIKOTO BUIUIMBAE, 1[0 KOKHOMY 3HAYEHHIO +A BiJIOBi-

Jal0Th YOTUPH 3HAYeHHs K, sIki MOXKHA 3amucate y (o-
. . 32 9 :

pmi £k; (1) 1 +k, (1) . Omike, yacTuHHME PO3B’A30K pi-

BHsHHS (11), sKuil BiATIOBiNAE, HATIPUKIIA, NEIKOMY JO-
JIATHOMY 3HAYEHHIO ), Ma€ BUITIAL

V; =€ (S;sink,y+C; coskyy +S, sink,y+C, cosk,y),

ne C,,, S, — JOBiNBHI cTai.
3 piBusanHs (10) BUIUIMBaE, M0 BiANOBIAHI IepeMi-
IIIEHHS APYTOro MIapy MOXKHA 3aIIMCATH SIK

+S,7, Sink,y +C,y, cosk,y),

ne Y =1—a1(k2—u1kfn), m=12.

[Ipunycrtumo, 1110 YaCTUHHI PO3B’SI3KU PiBHSHB (3)
i (4) IOBMHHI TOYHO 3aJI0BOJIBHSATH OIHOPITHUM Kpaiio-
BUM yMoBaM Ha cropoHax Y=0, y=H (6), a Takox

y=h (9). 3 nmepmux nBOoX ymOB (6) BHIUIHBA€, IO
S5, =S,=0. BpaxoByroun Te, IO JaHi YaCTHHHI

PO3B’SI3KM CHpaBeINBI 1 A7 Big €MHHX 3HaY€Hb A, Ya-
CTHHHI PO3B’S3KH MOXHA MTOJATH y BUTIISI

V, = [Achix+Bchi(x—L)] v (y),
V; =[Achax+Beha(x-L)]Y? (y),
Nat (y)=C, cosk,y+C, cosk,y,
Y(z) (y)=Cyy; coskyy +Cyy, cosk,y

ne A, B, C, i C, — noBinbHi craii.

Yactunai po3B’s3ku piBHsAHHEA [lyaccona (5), sxi
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3aJIOBOJIEHSTIOTH OJTHOPIIHAM KpalioBUM yMoBaM (6), Ma-
FOTh BUTJIST

A(y—H)

Q(y-H)

ne A, ) — KOHCTaHTH BiJOKPEMIIEHHS 3MiHHHX;

V, = [C3Ach Ax+CyBch A(x—L)]cos

V, =[C,AchQx +C,BchQ(x—L)]cos

C;, C4, A1 B — noBinbHI craii.

He Bakko 3HaiiTi po3B’si3ku piBHAHB (4) 1 (5), sKi
3ajexath TiIBKM BiJl OnHI€l 3MIHHOI x. 3 YMOB crpsi-
JKEHHsI IMX PO3B’sI3KiB Ha OiuHIM Mexi 00xacTi ckiero-
BanHs Y =h Bumiusae, mio mykaHi po3s’s3K € JiHi-
uuMu Qyskiismu [15]. i x ymoBu cnpspxenss (9), 3a-

w4
NHCaHi ISl YaCTHHHHUX PO3B’SI3KIB {\/I } MIPU3BOASTH
i=1
JI0 CUCTEMH OJTHOPIJIHUX JIIHITHUX PIBHSHB BiTHOCHO KO-

ediIieHTiB {Ci }i4:1 )

A(r)-C=0, (13)
C c, —C3 0
A(L) = 116 Y26 0 —C4
(r)= kis;  K,S, —kuio‘sss 0 ’
0,5
kirisi ko728, 0 Ay Sy
T
C:(Cl C2 C3 C4) y
A(h—H)

Cp =coskyh, s, =sink,h, c,,,=cos

A(h-H
S =SIN ( )

Cucrema (13) mMae HeTpuBiaNbHHI PO3B’SI30K 3a
YMOBH, 10
detA(2)=0. (14)
PipasHHS (14) Mae HeCKiHUCHHY JYMIBHY Oe3ITid
HiACHUX KOPEHIB A, , SKAM BiAIOBiJAIOTh KOPEHi piB-
(12) km,n =Kp (kn) 1
4
=%¥m(A,), @ TAKOX KOHCTAaHTH {Ci,n }i=1
3HA4YaIOThes 3 cucTeMH (13) 3 TOUHICTIO 0 TOBLTBHOTO
MHOXXHHKA. TakuM YHHOM, 3araJbHUN PO3B’SA30K piB-
HiHD (4) 1 (5), sKiil 3a70BONBHSIE KpalloBUM yMOBaM Ha

HSHHS KoeimieHTn

Ymn , SIKl BH-

0iuHMX cTOpoHax (6) Ta yMOBaM CIPSDKEHHS IIepeMi-
nieHs (9), Mae BUTIISL

Uj=AgXx+By +
. S j=L1..4 (15
S [Ax X 0 W T
n=1
@  ch(xx)

" Apsh(r,L)
Yr(,l) =Cy, Cos klyny+ C,, cos kzyny ,

w2 _(a (x-L))
" Agsh(,L)

2
Yr(1 )= Cin¥in C0SKypY+Cynva COSKy Y

A
Yrss) =Cj, COS—=

\/:(y_H) ;

A
Y,£4) =Cy, COS—2

\E(y_H).

. .. 4 .
Ockinbku KoeilieHTH {Ci n } | 3HAXOIATECA 13 CH-

ctemu (13) 3 TOYHICTIO 10 IOBIJILHOTO MHOYKHHKA, TO JIISI
BU3HAUCHOCTI Ta MOJIETILIEHHs aHalli3y 301)KHOCTI Ha JlaHi
koe(ilieHTH MOKe OyTH BBElIeHa JI0aTKOBAa YMOBA HO-
PMyBaHH

S o

i=1

Ho -2
J.[Yr(,')} dy =1.
h

Koedinientn Ay, A,, By, B,, 3Haxoxumo i3 kpaiioBux

4
i=3

yMmoB (6) — (8). 3a3HaueHi KpaioBi yMOBH TIPU3BOISTH JI0
CHCTEMH PIBHSIHb

po- 38, ¥ ()0,
n=1

2 y
AO_an Yrg)(y):ES )
= 207
Ao _ZBn YrgS)(y):O’
- ye(h;H);

AoL+By+ > [A0, + By, Y (y) =0,
n=1

0 4 F y
- Se -
=1

ye(h;H);
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Ao+ A, Y (y)=0,

" 6(0; h);
AoL+Bq + > [A8, +B,k, ] (v) =0
n=1
~ ch(A,L) ~ 1
" hsh(Aal)” " T A sh(aL)

[ro cucremy piBHSHb MOXe OyTH PO3B’sI3aHO, Ha-
MIPUKJIAJ, 32 JJOTIOMOT'OI0 METOY HAMEHIIIMX KBaIPATIB.
JIyis bOro CyMy HECKIHYCHHOTO PsITy HEOOXiTHO oOMe-
JKUTHU JCSAKAM CKIHUCHHHMM YHCJIOM JOMAHKIB N , a HeBi-
nomi koedinientn Ay, A, By, B, 3Haxomutu 3 ymoBu
HAWUMEHIIIOTO CEePeIHbOKBAIPATHYHOIO YXUICHHS JIIBUX
YAaCTHH PIBHSHB BiJl 3aJaHUX MMPABUX YACTHH IMX PiB-
HsHb. [le MPU3BOAMTE 70 CHCTEMH JIIHIHHUX PIBHSHB Bi-
nHocHo koediuientis Ay, A, By, B, . B pobori [15] no-
Ka3aHo, 1[0 1M03a/1iaroHaIbHI KOS(II[IEHTH CUCTEMHU 3Me-
HIIYIOThCS TIPM BiJUIAJIEHHI BiJl TOJIOBHOI JiaroHaii, a
psan i3 KBajpaTiB JaHUX KOe(iIieHTIB — 30iraerbcs.
3Bi/ICH BUILIMBAE, MIO 1[I0 CUCTEMY MOXKHA PO3B’sI3aTH 32
JIOIIOMOT'OI0 METOJY PEAYKIIIi.

MoaenbHa 3a1a4a Ta aHAJTI3 pe3yJbTaTiB

IIpoBenemMo po3paxyHOK HampykeHo-IehopMoBa-
HOTO CTaHy KJIEHOBOIO 3'€AHAHHS IUIACTUH OIHAKOBHX
po3mipiB 5x4 cM, (L=5 cm, H=2 cm), i ToBuIMHOIO
0y =4 MM, BUIOTOBJICHHX 3 QJIOMiHIEBOrO CILUIaBY,
E,=E, =70 I'Tla, u G; =G, =26 I'Tla. Ilapamerpu
knetioporo mapy 8y =0,1 mm, Gy =0,5 TTla. [lo apy-
roro mapy NPUKIAJAEHO pPIBHOMIPHE HAaBaHTAKECHHS
F(y)=F =const . Ha puc. 2 nokazaxo rpadik poznominy
JOTHYHUX HANPYXKEeHb Y KIEHOBOMY IlIapi, SKUi Mae MIn-
puny 3 cm (h=15 cm, h/H=0,75). B cuny cumerpii
HaNpY)KEHHS [TOKa3aHi JIUIIe Ha TOJIOBUHI 00IacTi CKITe-
toBanHsA X €[0; L], y €[0; h]. Hanpyxenns nokasasi B
6e3po3MipHii (hOpMi, y BUTTISII BiTHOIICHHS AIFOYHMX Ha-
npyxenb t(X,y) (3) [0 TiNOTETHYHMX HANPYKEHb

T =FH /(hL), siki 6 BUHMKIN B KI€HOBOMY IIapi mpu

PIBHOMIpHOMY pPO3IOIUTI HANpyXeHb IO BCiil IuTommIi
KJIEHOBOTO 3’ €IHAHHS.

Sx GaunMo, HamNpyXEHHSA B KICHOBOMY Iapi Ha
MEXI 3 TOPOKHUHOIO MIEPEBUIIIYIOTH HAIPY>KEHHS Ha OC1
cumetpii KoHeTpyKii. Lle, 3aramom, oueBUAHO, OCKITBKH
Ha If0 OONACTh KIICIO TpHUIagae OiUTBIIICTh HaBaHTa-
JKEHHS, 10 TIepeaeThCsl Ha HECHUH map B 00JIacTi He-

npokinero y e (h; H). Onaum 3 (akropis, sKuii BU3HA-
Yyae PO3MOJIiT HANIPYXKEHb y KICHOBOMY IIapi, € MOJETi
3cyBy HecHUX mapiB. Skmo G; i G, myxe Benuki, To
NepeMilleHHsT HECHUX IIapiB OyJyTh PIBHOMiIpHHMH IIO
MIMPYHI 3'€THAHH 1 KOHIIEHTpaLlii Hanpy>KeHb OiJIs KyTiB
obnacri ckieroBaHHs He Oyze, a Oyne 3Bu4aiiHa st 3°€J1-
HaHb KOHIICHTpAIlisl HANPY)KEHb y3JIOBXK Kpar 00JacTi
ckieroBaHHst X =0 1 x =L [13-15].

x.[mm]

Puc. 2. Po3nonin JOTUYHUX HANIPY)KEHDb B KICHOBOMY
mapi OTpUMaHHit 3a 3aIPOIIOHOBAHOI0 MOJCILTIO

Buiie Oyro 3a3HaueHo, 1110 BiacHi GyHKIT He € op-
TOrOHAIBHUMH, TOMY OOuucneHHs Koedirientie A,
B, y po3e’s3ky (15) € mocTaTHBO TPYIOMICTKOIO 3a/1a-
Yero, K 1 JIOBeJIeHHs1 301)KHOCTI 3aIpOIIOHOBAHOTO Me-
tomy. OOurCIeHHs oKa3any, mo koedimientn B, Ha-
OMIKAIOTHCS 10 HYJIA 31 3pOCTAHHAM N 3HAYHO IIBUIIIE,
HiX A, . Po3paxyHKd OKa3yioTh, 110 KoedillieHTH Ha-
OMIDKArOTHCS 10 HYJS HE MOHOTOHHO. 3HAYEHHS OKpe-
mux koediuientiB A, B, HaBemeHo y tabmumi 1.

Taomurs 1
3HaueHHs Aeskux koedinientis A, i B,

n An Bn

1 0,3495334-10 0,805894-1012
10 0,1224547-10°8 0,621178-101
20 0,1971271-108 0,12526-101*
30 0,403550-10°8 -0,5919-1012
40 0,469942-107 -0,18463-101*
50 0,297692-10°8 -0,187754-10'1
60 0,414519-10° -0,135688-10
70 0,79317-10° -0,82464-1012
80 0,845379-10%° 0,260342-10*2
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Puc. 3. 3nauenna A, -n

e nenpsiMo cBimuuTH 1po 301KHICTD psagy (15).

Jns Bepudikailii 3ampornoHOBaHOI Mozeii Oyio
CTBOPEHO TPUBUMIPHY CKiHUEHHO-EIIEMEHTHY MOJCb.
OpHiero i3 Mpo0IeM CKIHYCHHO-EIEMEHTHOTO MOJIEIIIO-
BaHHS KJIeHOBHX 3’€qHanb [17-19] € BigHOCHO Majia TOB-
IIMHA KJISHOBOTrO 1Iapy, sKa BU3HAYa€ MiHIMAIBHUNA pO-
3Mip CKIHYEHHOr' 0 efleMeHTa. B naHoMy BUNajKy MiHiMa-
JIBHUH po3Mip eneMeHTa Oys10 3a7aHO TaKHM, 110 J0piB-
HIOBaB O . J[JIsl 3MEHIIIEHHs! KiIbKOCTi eJIeMEHTIB OyI0
PO3IIISHYTO MOJNOBUHA KOHCTPYKIii y [0, H] . Kpaiiosi
YMOBH B IUIOLIMHI CUMETPIi Ha BEPXHiii 1 Ha HIXKHIN CTO-
ponax 3'eqHanHs — «rollery. TIpukiaaeHe HaBaHTAKEHHS
— PIBHOMIpHO PO3MOJIIEH] MO TOPIIO IJIACTHHU HAIpy-
wenns F/§,. CkinueHo-eneMeHTHa ciTKa MoKaszaHa Ha

puc. 4.

Puc. 4. CkiH4€eHO-€JIEMEHTHA CITKa

HanpyxeHHst B cepequHHIN IDIOMIMHI KIIEHOBOTO
mapy (Takox y Oe3po3mipHiid (opmi) IMOKa3aHO Ha
puc. 5.

Jlis HaOYHOCTI HaBEeAEMO Ha OMHOMY Tpadiky po3-
TIOJILT HAMIPY)KEeHb Y KIeHOBOMY Iapi, pO3paxoBaHUX 3a
JIOTIOMOT OO0 3aIPOITOHOBAHOI MOZENI Ta 3HAWICHUX 3a
JIOTIOMOT0I0  CKIHUE€HHO-EJIEMEHTHOTO  MOJICTTFOBAHHS.
Haii6inbmi HarpyXeHHs B KI€HOBOMY Iapi BUHUKAIOTh

Ha GOKOBOMY Kparo KieioBoro mBa Y = h , Ha Mexi 3 00-

JIacTIO MOPYIIEHHS CYyLUIBHOCTI KieioBoro mapy ( Ha
MEXI 3 TIOPO)KHUHOIO).

Contour: - solid.sxz/(F/L) (1)

5
x107 m 0
Puc. 5. Po3nozin JOTHYHKX HANpy>KeHb B KIEHOBOMY

I1api OTpUMaHUii 3a JOIOMOT 00
CKiH‘IeHHO-eJ’[eMeHTHOFO MOJCITHOBAaHHA

Ha puc. 6. HaBeneHo rpadiku JOTHYHUX HAIpy-
JKeHb B KJIGHOBOMY IIapi B3/IOBXK JIaHOT JIiHii, 1110 po3pa-
XOBaHi 3a 3aIPONOHOBAHOI0 B POOOTI aHAIITHYHOIO MO-
nemoro (AM) 1 3a CKIHYEHHO-EJICMEHTHOI MOJICILITIO
(FEM). Sk 6aummo, pe3ynbTati ayxe 6musbki. Ile roBo-
PHUTH PO XOPOIILY TOYHICTH 3aIPONOHOBAHOI MOJENI Ta
a/ICKBaTHICTh NPUHHSATHX TiMOTE3 1 MPHITYIIEHb.

*
Puc. 6. Po3nogin JOTHYHUX HAPYKEHb Ty, / T

B KJICHOBOMY IlIapi B3JIOBXK HOro 0i4HOT Mexi
BucHoBku

B po6oTi oTpriMaHOo aHANITHYHUIN PO3B’A30K 33424l
PO HEPIBHOMIPHUH 1O MIMPHHI HATIPY>KEHUH CTaH KIe-
HOBOTO 3'€JHAHHS TBOX NPSIMOKYTHHX IUIACTHH, IO MA€
00I1acTi HEMPOKIIEHO, SIKi MapaenbHi 00KOBHM CTOPOHAM
3'eqHaHHs. Po3paxyHku mokazany, mo:

1. HasBHICTh TIOpOXKHEUI B3JOBX OI9HOI CTOPOHHU
3'€eTHaHHSA ICTOTHO 301IIBITYye KOHIICHTPALIiI0 HATIPYKEHb
y KI1eHoBOMY mIapi.
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2. Tlikn HampykeHb B KJlei po3TalioBaHi B KyTax
KJICHOBOT'O IIApYy.

3. 3amporoHoBaHa B pOOOTI aHANITHYHA MOJEIb
Ma€ XOpOIIy TOYHICTH 1 MOXXe OyTHM pO3BHHEHa Ha
PO3B’sI3aHHS aHAJIOTIYHHX 3a]1a4, HAIIPUKIIAI, JUIs JTOCIi-
JDKEHHSI Halpy)KeHOTO CTaHy 3'€THaHHS KOaKClaJlbHUX
TpyO [20], sixe Mae nedexTr B KiIeiioBOMY Iapi.

B nopanemomy nependavyaeTbesi BAKOPHCTOBYBATH
3aIpoIIOHOBaHy MaTeMaTHYHY MOJIENb TPHIIAPOBOI KOH-
CTPYKIUII 3 MOAATIIMBUM 3aIIOBHIOBAYEM JIJIsI aHAJII3y Ha-
MIpY>KeHO-1e(hOPMOBAHOTO CTaHy KOHCTPYKIIN 31 CTUIb-
HUKOBUM 3aroBHIoBaueM [21]. [lepcrieKTHBHIM TaKkoX €
CTBOPEHHS JJBOBUMIPHOI MaTeMaTW4HOI MOJENi KIIeHo-
BUX 3’€IHaHb, 1110 MAIOTh HOpMY Kinblist [22-24].

BHecox aBTOpiB: TmocTaHOBKA  3a7adi  —
C. C. Kypennos, K. I1. BapaxoB; orysin Ta aHaji3 iH-
¢dopmariitaux mxepen — C. C. Kypennos; hopmyBaHHs
ananmituanoi moaeni — C. C. Kypennos; K. I1. Bapa-
xoB; anamitnuHi pospaxynku — C. C. Kypennos,
K. I1. BapaxoB; CKiHUYECHHO-CIICMEHTHE MOJICIIOBAHHS
C. C. KypenHoB; aHaiiz pe3ynbTaTiB Ta (HOpMYIIIO-
BaHHs1 BUCHOBKIB — C. C. KypeHHOB; penaryBaHHs Tek-
cry cratti — C. C. Kypennog, K. Il. Bapaxos.

Yc¢i aBTOpH MPOYUTANIN Ta TIOTOAMIKUCS 3 OIYOJTiKO-
BaHOIO BEPCIEIO PYKOITHUCY.
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STRESS -STRAIN STATE OF ADHESIVE JOINT,
THAT HAS A LONGITUDINAL DEFECT

Sergiy Kurennov, Kostiantyn Barakhov

In adhesive joints, one has to face the phenomenon of non-adhesive. It is known that non-adhesive reduces the
strength of such joints. Analytical models known today for calculating the stress-strain state of adhesive joints have
certain defects that appear as a result of simplification (one-dimensional models), and the realization of numerical
methods requires a large resource of computing equipment. The subject of study in this article is a mathematical model
of the stress-strain state of an adhesive joint of two plates. The purpose of this research is to study the stress-strain
state of an adhesive joint with non-adhesives and to develop methods for studying the stress state of adhesive lap
joints. Methods: a simplified two-dimensional analytical model of the stress state of the adhesive joint was used to
construct an analytical solution to the problem of the stress state of the joint, which contains a defect in the adhesive
layer along the side edge of the bonding area. The simplification of the model consists of the fact that the transverse
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displacements of the base layers are considered to be zero. This assumption can be interpreted as the presence of base
layers of high stiffness in the transverse direction, and it allows reducing the problem of the stressed state of the joint
to a system of two partial differential equations with respect to the longitudinal movements of the base layers and
obtaining the solution of the problem in an analytical form. The obtained solution is written in the form of functional
series. The eigenfunctions are not orthogonal. Using the least squares method, the solution of the problem is reduced
to a system of linear equations. The model problem for joining two aluminum plates of the same size has been solved.
The results showed that the presence of non-adhesive area can significantly increase the stress near the edge of the
adhesive layer. Corner points in the adhesive layer are especially dangerous from the strength point of view. The
results were compared with the results of finite element modeling. The comparison showed that the proposed mathe-
matical model has high accuracy for engineering calculations. This model can be developed to solve similar problems,
for example, to study the stress state of the joint of coaxial pipes, which has defects in the adhesive layer.

Keywords: adhesive joint; analytical model; finite element method; phenomenon of non-adhesive; method of
least squares.
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KOHTPOJIb HEHTPYBAHHSA JIITAJIbHUX AITAPATIB
1 MO0 METPOJIOTTYHE 3ABE3ITEYEHHS

IIpeomemom suguenns 6 cmammi € npoyecu 36axCY8AHHA MA GUIHAUEHHS NOJONACEHHS YeHMPY 8A2U TIMATbHUX
anapamie. Memoro € cmeopeHHs maKkux npUCmpois 36adxCy8aHHs MAa BU3HAYEHHA YEHMPYSAHHS JIMATbHUX ana-
pamie pisHux munie, ki 6 nepesaxcanu iCHyioui 60y008aHi CucCmemu sIK 3a NPOCMOMOI0 eKCHIyamayii, max i 3a
MOYHICTNIO 8UMIPIOBAHHS 8a2U MA BUSHAYEHHS NOJIONHCEHHS YeHmpPY 8d2u JimanibHo20 anapanmy. 3a60aHHA: pea-
J3ayis 8a208UMIPIOGATIHOL YACUHU, KA 6 003801714 3 00CIMAMHBOIO MOYHICTII0 OMPUMAMU 5K 3A2AbHY 842y
JIManibHO20 anapamy, mak i 3HaA4eHHs. 6a2u, KOmpi npunadaroms Ha OKpemi onopu waci abo cmiuku 2ioponi-
oilimauis; 3abe3neyents GUMIPIOBAHHSL 3HAYEHb 2e0MEMPULHUX NAPAMEMPIE, HeOOXIOHUX O/l PO3PAXYHKY HOJIO-
JHCEHHSI YEHMPY 8A2U IMATLHO20 Anapamy; po3pooKa MemoOuKu po3paxyHKy NOIONCEHHS YEHMPY 642l Aimaib-
HO20 anapamy, 8NPOBAO0IHCEHH MEMPOI02IUH020 3abe3neyeHHs GU3HAUEHHS YeHMPY8AHHS TIMANbHO20 anapamy
3 BUKOPUCMAHHAM eKCNEPUMEHMATbHO-AHATTMUYHO20 MeMOOY GUIHAYUEHHS NOXUOOK | Memody Mempono2iuHol
imimayii. Ompumani maki pesynomamu. Asmopamu 3anponoHOBAHO G0OCKOHAIUMU MeMOO GUSHAYEHHS
YeHmpysanHsL IIMATbHUX anapamis, sSiIKull 6a3yemvcs Ha GUMIPIOBAHHT CKIA008UX 642l TIMATbHO20 anapamy ma
2e0MEMPUYHUX NAPAMEMPI6 3a 8iONOBIOHOIO CXEMOIO GUMIPIOBAHD I 3 BUKOPUCTHAHHAM CYYACHUX BUCOKOMOYHUX
BUMIPIOBAUIB 13 NOOATBLUUUM PO3PAXYHKOM NONOJICEHHS YeHmpy eazu. Memoo peanizoeano y cepii asiayitinux
meH30MempuyHUX 8ae 3 padiokanaiom muny BAT ma memoouyi po3paxyHKy nOL0NCEHHs: YeHMPY 8A2U TiMAlb-
Hux anapamis. IIpedcmasneno eapianmu MemoouKy po3paxyHKy UeHmMpy8auHs JMAaIbHO20 anapamy 0Jisi 080X
sapianmis peanizayii asiayitinux eae: niam@opmuux i cmitxosux. Takodc asmopamu 3anponoHo8ano 3acmocy-
BAHHS OJI5I MEMPONOZIYHO2O 3a0e3neyertst KOHMPOTIO YEHMPYBAHHS TIMATbHUX ANapamis Memooy Mempoiozi-
ynoi iMimayii, sKuil nojseac y cmeopenti 1abopamopHoi Qizuynoi Mooeni 00cioicysanozo ob'ekma y smenue-
HUX Macumadax ma npoeedeHHst excnepumenmis Ha yitl mooeni. Bucnoexu. 3anpononosanuii memoo mae Hu3Ky
nepesae y nopieHAHHI 3 BUKOHAHHAM eKCHePUMEHMI8 HAO0 PeanbHUMU TIMATbHUMU ANAPaAmMAamu ma 8UKOPUCMAH-
HAM THUUX MemoOdi8, a came 3MEHUWEHHs. 6aPMOCHI, CKOPOYEHHSL GUMPAN Yacy, NiO8UWEHHSI MOYHOCTI, HAOY-
HiCMb Ma NO6MOPIOEAHICTb.

Knrouosi cnosa: yenmpysanus rimanvHo2o anapamy, agiayititi 6azu, cepeoHs aepoOuHaMIyHA Xopoa; Mempo-
Jl0ciuHe 3a0e3neyents; Mempono2iuna iMimayis.

IlenTp Baru — 11e OCHOBHUI NOKa3HUK LICHTP yBaHHS
nitaka. Po3TanyBaHHs IEHTPY Baru JiiTaka BU3Hadae Oa-

Beryn

AXTyallbHAM 3aBJaHHSIM CY4YacHOro aBiaOymy-
BaHHS € IiIBHUIIEHHS Oe3MeKH Ta eKOHOMIYHOCTI IOJIbO-
TiB. Y Cy4acHOMY CBiTi, KOJH MPAKTHIHO IIOMIiCALS Ha-
JIXOISITH TIOBIJOMJICHHSI TIPO aBiamilHi KaTacTpodu B pi-
3HMX YaCTHHAX CBITY, OCOONMBOi 3HAYYIIOCTI HaOyBa-
10Th Mpodecii, Bl SKUX Oe3MocepeIHhO YU OMOCePEaKO-
BaHO 3aJIOKHUTh Oe3reka mojibotiB. OKpiM npodecioHati-
3My MJIOTIB Ta TEXHIYHOI CITy)OM rapaHTi€r0 Oe3meKu
MIOTHOTIB € ¥ 1HIN CKJIaMoBi. Byab-gKkuii JiTak, 1o Imi-
HSBCS B MOBITPS, KPIM BHCOKHX JBOTHO-TAKTUYHHX Ja-
HUX, TIOBUHEH OYTH BPiBHOBa)XKEHNM, CTIHKHAM 1 KepoBa-
HUM. Y ONTHMAaIbHOMY MOEIHAHHI IINX TPHOX (PaKTOPiB
OCHOBHY pOJIb BiJliTpa€ MEHTPYBaHHA JIiTaka, TOOTO II0-
JIOKEHHS LIEHTPY Bard JliTaka BiTHOCHO KpWJia, BKa3aHe,
3a3BUYAl, y BIZICOTKaX CEPEIHBOI aepOAMHAMIYHOI XO-
pmu (CAX).

JIAHCYBaHHS, CTIMKICTh 1 KEPOBAHICTh JIiTAKa HA 3eMJIi 1
0COOIMBO y TIOBITPi, TOOTO CTYIMiHb OE3MEKH MONBOTY.
ITix crifikicTro JiTaka MaeThCS Ha yBa3i MOro 34ATHICTH
MOBEPTATHUCS B TIOJIOXKEHHS PIBHOBATH TICIS 30ypeHHS.
e o3Hauae, mo miTak, AKAH 3a3HaB Oyab-sIKe HE3HAUHE
30ypeHHS, HANPUKIIal, 3MIiHUB KYT aTakd, IOBUHEH caM,
0e3 BTpy4aHHS MiNOTa, IOBEPHYTUCS IO IOIEPEIHBOTO
CTaHy yCTaJeHOro MmoiboTy. [lonboTH Ha HECTIHKHX Ii-
Takax Ta HEOOXiIHICTh KOMIICHCYBAaTH KOXKHE, Xxo4a O 1
He3HauHe, 30ypeHHs BUMaraloTh BUKOPHCTAHHS Cydac-
HUX CHCTEM YIPaBIiHHS.

LentpyBaHHs NiTaka 3aJeXUTh Bif OaraTthox (ak-
TOPIB 1 MOXKE 3MIHIOBATHCS HABITh MPOTATOM OIHOTO IO~
160Ty. OCOOIMBO CHITBHO TTO3HAYAETHCS HA TIO3JOBKHIH
CTIMKOCTI JTiTaka TO3ZOBXKHE ITOJIOKCHHS LIEHTPY Baru.
[Ipu mepemimieHHi EHTPY Baru Ha3aJa CTIHKICTh JIiTaka

©T. O. Yepenamyxk, O. 1. [Torunpuaxk, 1. JI. Uymora, C. B. Kirimos, 2023
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3MEHIIYETHCSI, a IPH MePEMIIeHH] HOTo BIlepe]T — ITiBU-
LIYETHCSI, alie 710 MEBHOT MEXi.

OTxe, Mipa CTIHKOCTI JliTaka HAaKIIaJa€e CyBoOpi 00-
MEXEHHsI Ha MEXi NepeMillleHHs IIeHTpy Baru. [TutanHs
LECHTPYBAaHHS MOYWHAE BUPIIIYBATHCH IIIE HA eTari Mmpo-
eKTYBaHHS JiTaka. Y Mpoleci NpOeKTYBaHHSA Ta BUPOO-
HUIITBA JIiTAKA HEOOXIIHO BECTH pETEIhHE CIIOCTEepe-
JKEHHS 3a MOJIOKEHHSAM LIEHTPY Baru. Hepinko dakTudne
LIEHTpyBaHHsI 30yI0BaHOTO JliTaka HEe 30Ira€ThCs 3 TEo-
peTHyHUM. Bibl mepeHe IeHTPpYBaHHS JIerIie BUIMpa-
BUTH, HIX 3aJHE, 3a3BUYAH, [UIS IIbOTO JOCTATHBO TIepe-
PO3MOMITUTH HABAHTAXCHHs. BHUMpaBICHHSA 3aJHBOTO
LIEHTPYBaHHS HE 00XOUTHCSI O€3 CepHO3HUX TIEPepOOOK,
SIK, HATIPUKIIAJ, 301TbIICHHS] BHHOCY MOTOPHUX TOHIOI,
MoB'si3aHE 3 TEpPepoOKOI0 MiAMOTOPHUX pam. TouHe
3HAHHSI IOJIOXKEHHS IEHTPY Bard BAKJIMBE HE TIJIbKU PH
MIPOEKTyBaHHI, BUPOOHHIITBI Ta BUIIPOOYBaHHSIX, aJie TaK
camo i I yac ekcruryaTanii Jiitaka. SIk mpaBuio, JiTak
HE MOYXHa JIOMYCKAaTH JI0 MOJBOTY, SIKIIO MIJIOT HE 3HAE
HOro LEHTPYBaHHS.

JIis migBUIEHHS PiBHS O€3IEKH MONBOTIB IIUB1Ib-
Hol aBiamii BignosigHo 10 Bumor ICAO 9760 HeoOXigHO
IIPOBOJAUTH 3BaAXKXYBAaHHA Ta BU3HAYATH ITOJIOKCHHS LEH-
TPy Baru BCiX JIiTakiB y mporieci ix excruryarati (oauH
pa3 Ha YOTUPHU POKH), a TAKOXK IMPHU MepeodIaqHaHHI YH
pemonTi. LleHTpyBaHHS € Jy)Ke BaXKJIMBOIO XapaKTepHc-
THKOIO JIITaKa, [OB'13aHOI0 3 HOro OalaHCyBaHHSIM, CTil-
KIiCTIO Ta KepoBaHicTi0. TOMy MiJIOT MOBMHEH TOYHO
3HATH JO3BOJICHUH Jiala30H LIEHTPYBaHb JiTaka jis
TOro, 100 He BUMTH 3a HOro Mexi.

TakuM 4YMHOM, aKTyaJbHOIO NMPOOIEMOI0 MiJ yac
3Ba)KyBaHH: Ta BU3HAYEHHS LICHTPYBAHHS € PO3BUTOK Bi-
JOMHX IiJXO/iB, pO3p00Ka e()EeKTUBHUX METO/IB 3BAXKY-
BaHHS Ta ITiABUIIIEHHS Or0 TOYHOCTI, & TAKOXK aJITOPHT-
MIB YHCEIBHOTO BUpIiMIeHHs mux 3a1a4 [1 — 3].

Jiist BUpIlIeHHS 3a/1a41 3Ba)KYBaHHS Ta BU3HAUCHHS
LIEHTPYBaHHsI JIiTalbHUX anapatis (JIA) 3anpornoHoBaHo
6araro crioco0iB. KojxeH 3 HMX Ma€e CBOi epeBaru Ta He-
JIOJIIKU Ta PO3POOIISIBCS 3aJI€XKHO Bijl PIBHS PO3BUTKY Te-
XHIKM Ta JOCSATHEHb Haykd. [l BU3HAUEHHS LEHTPY-
BaHHS MEpIIMX JIITAKiB 3aCTOCOBYBaBCA rpadidHmii Me-
TOJ, ONIMCAaHui y [4], 3TiHO 3 IKUM JIiTaK 3BaKYBaBCS B
TPHOX MOJIOXKEHHAX, TPOBOAMINCS BUMIPIOBaHHS BiACTa-
HEH BiJ HOCKa KpWJja i XBOCTOBHKA KpHJIa IO OCl KOJiC
maci B TOPU3OHTANBHIN 1 BEpTHKAIBHIN IUIOMKHI, a Ta-
KOXX BiJICTaHI BiJl TBOX TOYOK, BUOpPAHUX CHEpey 1 33a1ay
(ro3ensky, 10 MPOEKIli HOCKA 1 XBOCTOBHKA KpHiia Ha
BiCh 3a/IHIX KOJIiC IAaci IO TOpU30HTaNi Ta BepTukai. [Ti-
cist 9oro, OymyBaiacs B MacITadi cxema Jyitaka i rpadi-
YHOIO ITOOYIOBOIO 3HAXOMIIACS TOUKA MEPETHHY JTOTHY-
HUX 0 KiJT, TIPOBENCHUX 3 BUOpaHHUX HA (IO3EILDKI TO-
YOK, pafiycamu, piBHIMHU BiACTaHSIM BiJl IIMX TOYOK IO
oci KOJITic Iaci Mo BEPTHKAII AJIS KOXKHOTO TTOJI0KCHHS
JiTaka, sika i Oyma meHTpoM ioro Baru. s mporo me-
TOJy XapaKTepHi CYTTEBI HEIOMIKH, TaKi SK:

— BIUIMB Ha pe3yabTaT TpadiyHUX MOXHOOK ITif
yac no0y/10BY;

— BIJICYTHICTh TOYHOTO aHANI3y BIUIUBY ITOXHOOK
reOMETPUYHHUX BUMIPIOBaHb;

— HEMOXJIUBICTh y MpOIeCi 3Ba)KyBaHHS IIBUIKO
BU3HAYUTH TOJIO)KEHHS LICHTPY Baru, BUSBUTH HA MiCIIi
MOXKJTMBI TIOXHOKH Y TIpOIeCi 3Ba)KyBaHHS Ta T€OMETPH-
YHHX BUMIPIOBAHb 1 BiZipa3y BUIIPABHUTH iX, HE TIOBTOPIO-
I0YH TIPOIIEC;

— TPYIOHOLI Yy HEpeBipIli NMPaBWIBHOCTI Pe3yiib-
TaTy JUIsl 0ci0, SIKi He MalOTh IPAKTUYHUX HAaBUYOK Ta HE
3HalOMi 3 yciMa JIeTalsIMH Takol IT00Y/I0BH.

Jlns momonaHHA HEJONIKIB TpadiyHOro METOMy
Oyno po3polieHo aHaNITHYHUE 1, SIK BapiaHT, rpado-
AQHAJITUYHUA METOJI BH3HAYEHHS IOJIOKEHHS LEHTPY
Bary [4]. 3riiHO 3 IMM METO/IOM, JIITaK TPU4i 3BaXKYETHCS
NpU PI3HUX KyTax HaXWly, MiCis BUKOHAHHS BUMipIO-
BaHb OOYHUCITIOIOTHCS KYTH HAXWTY, SIKi BXOIATH 110 (op-
MYJIU Uil BU3HAYEHHS KOOPJIUHAT IMOJIOKEHHS LEHTPY
Baru 1o aBox ocsx. Ileit MeTon qae 1OCUTh TOUHI Pe3yib-
TaTH, Ma€ 3pO3yMUINI Ta MPOCTHH aJIrOpUTM pPO3paxy-
HKY. AJIe KpiM IiepeBar MeToJl Ma€ i HeJJONiKH, TakKi sIK:

— HeOoOXI1JIHICTh TPUPA30BOT0 3BAKYBAHHS;

— mnorpeba y pi3HHMX MiAcTaBKax i 3abesre-
YeHHS HaXWily JiTaka i pi3HUMHU KyTaMu;

— mpobJieMHa peajtizallis A BEIUKOBArOBUX Jii-
TaKiB.

I3 pO3BUTKOM TEXHOJIOTIH 3'IBHIIMCH HOBI METOIH
3BaKYBaHHS 1 pO3paxyHKy lIeHTpyBaHHs. Tak, y [5] npo-
HIOHY€ETHCS] BCTAHOBIIIOBATH TPaBEPCy i3 CUCTEMOIO HaBa-
HTa)XCHHS JaTYMKa B TEPMETUYHIN ITOPOXKHUHI HA KOPO-
mucio maci. [Iporun kopomucna mia aieto Baru JIA Bu-
KOPUCTOBYETBCS JUIS NepeAaBaHHs 3yCUIUIA 4epe3 CHC-
TEMY ILITOBXaya Ta FOWJAJIIKM HA JaT4MK, KOTPUU Iepe-
TBOPIOE JTiHIWHE MEepPEeMIIleHHs B €IEKTPUYHHUIA CUTHAI,
SKUH MepegaeThCcst B 00UMCIIOBAY ISl BU3HAYECHHS Baru
Ta PO3paxyHKy IeHTpyBaHH: JIA.

Binomuii cioci0 BU3HAYEHHA Baru Ta IIOJIOKEHHS
LEHTPY Baru JliTaka 3a JOMOMOT0K0 OOYHMCIICHHSI 3YCHIIb,
110 JIFOTh Ha OTOPH IIACi, ITi]] YaC BUMIPIOBaHHI THCKY B
IJIHpax aMmopTu3aTopis omop maci [6]. He3paxaroun
Ha MIPOCTOTY TaKOi CHCTEMH, peatizallis 3a3Ha4eHOro BH-
MIpIOBaHHS CTUKA€ETHCS 3 IPHHIMIIOBUMH CKIIaTHOCTAMH
yepe3 HasBHICTD CHII TEPTS Yy HATIHAPAX aMOPTH3ATOPIB
OITOp TIIaci.

Croci6 BHpIIIEHHS JAaHOI 3aa4i, 3aIPOIIOHOBaHUN
y [7], mepenbavae BcTaHOBIEHHS IaTIWKA TUCKY Ta3iB B
aMOPTH3aTOpax MIACi, SKUH BUMIiPIOE THUCK Y MIPOIIeci py-
ninns JIA 1 mepenae cBoi Moka3u B 00YHCITIOBAY, JI€ TIPO-
BOAUTHCS X ycepeHEHHS 1 po3paxyHOK Baru Ta IOJIO-
JKeHHSI IeHTpy Baru. Llefi cmoci6 He BpaxoBye KyT Ha-
xury OyniBenbpHOI ropu3oHTali pro3ersoky (B ®) ta kyt
YCTaHOBKH KPHWJIa, SIKi BIUIUBAIOTh HAa BEJMYUHY LIEHTPY-
BaHHSL.
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Bimomuit crmoci0 3BakyBaHHS Ta BU3HAYCHHS
LeHTpyBaHHs [8] 3a ONIOMOT 010 JIa3epPHOT'0 BUIIPOMIiHIO-
Baya, [0 BCTAHOBJIIOEThCA Ha (ro3ensik JIA i ckaHyro-
YOro MPUCTPOIO, SIKHIl BCTAHOBIIIOKOTH i1 IA3ePHUM BH-
MIPOMIHIOBaYEM TakK, 1100 MPOEKIisl CBITIOBOTO KOHYcCa
po3TamoByBatack NpUOIM3HO B IIEHTPI ioro pobouoi
noBepxHi. Y mporeci 3aBaHTaxeHHs JIA 3MiHIOIOTBHCS
HOro XapaKTEepUCTHKH, OTXKE, BiMOBIIHO 3MiHIOETHCS
TEOMETPisl CBITJIOBOI IUIIMH Ha TIOBEPXHI CKaHYIHOUOIrO
npuctporo. Ll 3mMiHa 00poONIsETECS B 0OUMCITIOBAIIB-
HOMY HPUCTpPOI 3a JOMOMOTOI0 CIIEIiajIbHOI MTPOrpamMH.
[ndopmanist mpo 3MiHy Baru Ta HeHTpyBaHHA JIA Bino-
OpakaeThCs HA MOHITOPI.

Y [9] nporoHyeThCS BUKOPUCTAHHS TOCIIIOBHO
3'€THAHUX IT'€30€CKTPHUYHHUX TATUYUKIB TUCKY, pO3Millle-
HUX y MICIIIX KpIIUIEHHs CTIHOK I1aci, mporecopa i npu-
CTPOIO BiIOOpake€HHs, BCTAHOBIICHNX y KaOiHi eKinaxy.

VY narenrax [10, 11] aBTopamu wi€i crarTi 3anmporo-
HOBAHO CTOCi0 BU3HAUECHHS Baru Ta MOJOKEHHS LIEHTpa
Baru JIITAJILHOTO arapara, a TaKoX MPHUCTPiH, y IKOMY
JIaHUH croci0 peastizoBaHo. 3riTHO 3 UM CIIOCOOOM Bary
Ta MOJIOKEHHs LIeHTpY Baru JIA BU3HAYarOTh 3a JIONIOMO-
rOI0 BUMIPIOBaHHS CTaHy IMJIIHIPIB KOXXHOI aMOpTH3a-
HiifHOI omopy miaci. B sikocTi naTumka craHy HHIIHIPIB
3aIpONOHOBAHO BUKOPHCTOBYBATH ONTHYHHN JajeKo-
Mip. Jlist OTpUMaHHS 3aJIeKHOCTEH BETMYMH XOY IITO-
KiB LIWJIIHAPIB BiJl CHJI, JIFOYMX HA OMOPH ILAci, rmorepe-
JHBO IIPOBOAATH EKCIIEPUMEHTAJIbHE IPaayIOBAHHS Ui~
H/IPIB LIUISIXOM IAHATTS 3aBaHTaxxeHoro JIA 3a nomomo-
TOI0 TiIpomiaifiMadiB.

CHibHUM HEJIONIKOM METO/IIB, PO3IJISIHYTHX Y PO-
6orax [5 — 11], € Te, 110 BOHU Nepen0avaroTh BCTAHOB-
jieHHs Ha JIA 101aTKOBUX JaTYMKIB, 00Ja HAHHS MiCIb
JUIsl TX BCTAHOBJICHHSI, TTPOKIIAIAaHHS JIiHIH 3B'SI3Ky B Ka-
OiHy TiJIOTa Ta BCTAaHOBIEHHS o0uucioBaya. /1o mporo
JIOIAETHCSI TAKOXK MpPOOJIeMa HENOCTATHhOI TOYHOCTI,
OCKIJIbKM 3B)XYBaHHS JIiTaka 3JIHCHIOEThCS OIMocepe-
KOBAHO.

TakuM YMHOM, aKTyaJIBHOIO € TIpodieMa po3poOKH
TAKUX METOJIB, SIKi JIO3BOJATH CTBOPIOBATH HPHUCTPOL
3BaXyBaHHSI Ta BH3HAYCHHS HEHTpYyBaHHS JIA, KoTpi
Oy O OLIBII MPOCTHMH Ta HAAIWHUMHE B €KCILTyaTarlii
TIpU NPUAHATHIN TOYHOCTI. Takok BaXKITUBOIO 330a4€I0 €
BJIOCKOHAJICHHS! METPOJIOTIYHOr0 3a0€3MEYeHHsT TaKuX
NPUCTPOIB JUIS IIATBEPHKEHHSA TOYHOCTI BH3HAUCHHS
Baru Ta MOJIOKEHHS LeHTpy Baru JIA.

1. IHocranoBka 3agavi

Meroro aBTOpiB OyII0 CTBOPEHHS TAaKUX TPUCTPOIB
3Ba)KyBaHH: Ta BU3HAUYCHH:I IIEHTpYyBaHH: JIA pi3HUX TH-
IiB, 5IKi O epeBakaIy PO3TISHYTI BHIIE BOYIOBaHI CHC-
TEMHU SIK 32 TPOCTOTOI0 €KCIDTyaTallii, TaK i 32 TOYHICTIO
BUMIPIOBAaHHS BarW Ta BH3HAYCHHS IOJIOKEHHS LICHTPY

Baru JIA. JInst MOCSTHEHHS ITOCTaBICHOI METH HEO0XiTHO
BUPIIIUTH TaKi 3a1a4i:

— peaii3alis BArOBUMIpIOBaJIbLHOI YaCTHHH, SKa O
JI03BOJIsIA 3 JIOCTaTHHOIO TOYHICTIO OTPUMATH SIK 3ara-
npHy Bary JIA, Tak i 3HaUEHHS Bard, KOTPi IPUIIaIal0Th
Ha OKpEeMi OIopH Imaci abo CTIHKH TiApomiTiiMadis;

— 3a0e3redeHHs] BUMIPIOBaHHS 3HAYEHb I'€OMET-
PUYHUX ITapaMeTpiB, HEOOXITHHUX IS PO3PAXYHKY ITOJIO-
JKEHHS LIeHTpY Baru JIA;

— po3poOKa METOAWMKH PO3PAXyHKY ITOJIOKEHHS
HeHTpy Baru JIA;

— BIIPOBAJPKEHHS] METPOJIOTIYHOTO 3a0e3reyeHHs
BU3HAUCHHS IIEHTPYBaHHs JIA 3 BUKOPHCTaHHSIM €KCIe-
PHMEHTAIbHO-aHAII TAYHOTO METOY BU3HAYEHHSI TIOXH-
0OK 1 METOIIy METPOJIOTTUHOT IMITaITil.

2. Pe3yabTaTu A0C/iTKEeHb

[t BUpilIeHHs TIOCTaBJIEHHUX 3a7la4y aBTOpaMH 3a-
IPOIMOHOBAHO BJOCKOHAJIUTH METO BU3HAYCHHS
ueHTpyBanus JIA, skuii 0Oa3yeTbCsi HAa BHMIpIOBaHHI
CKJIaZioBHX Baru JIA Ta reoMeTpuYHUX MapameTpiB 3a Bi-
JITTOB1THOIO CXEMOIO BUMipIOBaHb 1 3 BAKOPHCTAHHSIM CY-
YacCHUX BUCOKOTOYHHUX BHMIPIOBAYiB i3 TIONAJIBIINM aB-
TOMATHU30BaHNM PO3PAXYHKOM ITOJIOXKXEHHS LIEHTPY Baru.
Meroz pearnizoBaHo y cepii aBianiiHUX TEH30METPUIHUX
Bar 3 pagiokanaiom tury BAT, crBopennx y TOB "Iu-
JKeHepHe Oropo ABialliiHOro iHCTHTYTY", Ta METOAMII
PO3paxyHKy TONOKeHHs uneHTpy Baru JIA. Barm tumy
BAT cknanarorbcsi 3 BUMIPIOBAIBHOT YaCTUHH Ta IPO-
IpaMHOro 3a0e3nedeHHs Il OOYMCIEHHS IOJIOKEHHS
ueHTpy Baru JIA. 3anexHo BiJ KOHCTPYKIIT BUMIpIOBa-
nbHOT yacTuHK Bard BAT MatoTh /iBa pi3HOBHAM: ILIAT-
(hopMHI Ta CTIHKOBI Baru.

[TnardopmHi Bard, siKi MepeBaXKHO BUKOPHCTOBY-
IOTBCS 711 3BaKyBaHH: JIA 3aranbHor0 Baroro 10 40 ToH,
MaloTh y CBOEMY CKJIaJl Bij 3-X 10 6-TH BaroBUMIipIoBa-
npHuX Tatdopm. Jlns 3BakyBanHs JIA HakouyrOTh Ha
aTopMHu 1o crerianbHuX nanmycax. KoxHa ratdo-
pMa MICTHTh YOTHPU TEH30AATYHKH, OJIOK HOPMYIOYOTO
HepeTBOpIOBayYa 3 paionepeaBayeM Ta akyMyIATOPHHH
6mok. Ha puc. 1 300paskeHO KOMIIIEKT BarOBUMipIOBaJIb-
HuX wiatdopM apianianx Bar BAT-40PII i3 Haii0i16-
II0F0 MEXero 3BaxyBaHHA 40 TOHH.

CTilikoBi Bary, 3a JOMOMOTOIO SIKHX MOXKHA 3BaXKy-
BaTH 1 O1TbII Baxkki JIA, 3aMicTh T1aTopM MaroTh y CBO-
€My CKJIaJli Tpu ab0 YOTHPH BUMIipIOBaJbHI OJIOKH, TIPH-
3HAYCHHUX JUIA BCTAHOBIICHHS HA IITOKH TiApOmimiima-
4iB. Jlo cKkIagy KOXHOTO BHMipIOBAIEHOTO OJIOKY BXO-
JSTh TEH30AaTYHK, OJIOK HOPMYIOUOTO ITEPETBOPIOBAYA 3
pamionepenaBadeM Ta akyMmyinsiTopHuii Oiok. Ha puc. 2
300pakeHO KOMIUIEKT BHMIipIOBAJIbHUX OJIOKIB aBiamiid-
HuX Bar BAT-40P i3 Haii0iIpII0r0 MEXKEIO 3BaXKyBAaHHS
40 ToHH.
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Puc. 1. KoMIuiekT BAaroBUMipIOBaJIbHUX TIATHOPM
aBiariitnux Bar BAT-40PI1

Puc. 2. KomrmektT BUMipIOBaJIbHUX OJIOKIB
asianiiinux sar BAT-40P

BumiproBanbHa iHdopMaliist Biji KOXHOI miatgo-
pME 200 BUMIPIOBATILHOIO OJIOKA MEPEIAaEThCs Yepe3 pa-
JIIOKaHaJ y BaroBWi TEpMIHAN, y SIKOMY 3/1HCHIOEThCS
MArOTOBKA JaHUX JUIA NepefaBaHHS Ha MepCOHAbHUM
xomm'iorep (IIK), me BcraHOBIEHO mMporpaMy po3paxy-
HKY HeaTpyBaHHs1. Kpim manux mpo Bary JIA y nporpamy
HEOOXITHO BBECTH TAKOXX T'€OMETPUYHI MapaMeTpH,
OTpUMaHi 3TiIHO 3 BiJITIOBITHOIO CXEMOIO T€OMETPUIHUX
BUMIPIOBaHb 32 JIOIIOMOTOI0 TOYHHUX JIA3E€PHUX IAJIEKO-
MIpiB. AJNIFOPUTM PO3PaxXyHKY I'PYHTYEThCSI HA PIBHSIHHI
MOMEHTIB Ta (opMyJiaX MEepexoxy MOJIOXKEHHS ICHTPY
TSOKIHHA 13 crucTeMu KoopauHat JIA B KpHIIOBY CHCTEMY
koopauHaT. Ha puc. 3 300pa)keHO BaroBwWid TepMiHAI
aBiamniffHux Bar, miakmouernit 1o [1K 3 mporpamoro pos-
paxyHKy neHTpyBaHHA. Ha puc. 4 moka3aHo 3araibHAN
BUTJISAI BiKHA MPOTPAMH PO3PAXYHKY ICHTPYBaHHA IIi-
Taka AH-225 "Mpis".

s B 8
R §

Puc. 3. BaroBwuii TepmiHan aBianiiHuX Bar,
migxmouyennii go IK

Puc. 4. 3aranbHuii BUMIISi BIKHA POrPaMy PO3PaXyHKY
LEHTpyBaHHs JiTaka AH-225 "Mpis"

Ha puc. 5 300paxkeHO CTPYKTYypHY CXeMY CTiliKo-
Bux asianiiaux Bar BAT-300P i3 HaliOIIbIIO MEXEI0
3BakyBaHHS 300 TOHH.

(a5} em-7n] | (A5HEmPr) | (A5

BB Jlisint | BB ITpaewnt BB 3appiit
e
e
g

Puc. 5. CtpykrypHa cxema asiariitaux Bar BAT-300P:
T — ren3onatunk, Ab — akymynsaTopHuit GIIOK,
HII — nHopmyrouunii nepeTBoproBad,

PII — panionepenaBau, Bb — BumiproBansHuii 010K
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OCHOBHI TEXHIUHI XapaKTepHCTHKH aBialliiHUX
Bar:
— mnpuseneHa moxuodka: 0,1 %;
— KaTeropist TOYHOCTI TeH3o1aTurKiB: C3;
— HalOUIBIIA MeXa 3Ba)KyBaHHS:
o mratdopmHi Bary: Bix 5 10 40 ToHH;
o critikosi Baru: Big 20 10 300 ToHH;
— poboua yacToTa pagiokaHany: 433 MIm;
— JAJIBHICTh pajio3B's3ky: 100 Mm;
— EJEKTPUYHE KUBJICHHS:
O BUMIpIOBaJIbHUI OJIOK (BaroBMMiproBasibHA
miatopma): CBUHIIEBO-KHCIOTHA OaTapest 6 B;
o BaroBuil TepMmiHai: 4 Garapei Tumy AA.
Jaii OynyTh pO3TIISIHYTI OCOOIMBOCTI PO3PaXyHKY
TIOJIO’KEHHsT LIeHTpY Baru JIA 3a pe3yiabTaTaMu 3Baxy-
BaHHS Ha MIATHOPMHHUX Ta CTIHKOBUX Barax.

2.1. Ilnardopmui Barn

SIK mpuKIan po3IISHEMO IPOLEC 3BAKYBAHHS Ta
PO3paxyHKy LIEHTpYBaHHs JiTaka AH-24 3 BUKOPHCTaH-
HsAM aBianiiiHux mnargopmuux Bar BAT-23P. Barm
CKJIaJIAIOThCS 3 JIBOX IUIAT(GOPM BaHTaXKOIMiTHOMHICTIO
10 ToHH KOXXKHA, SIKI MiJKJIaJaroThCs IiJ 3aHi Kojeca,
ofHi€l TIaTPOpMH BaHTAKOMITHOMHICTIO 3 TOHHH, IO
I AKIaaeThCs TiJI IepeIHi Kojleca, IIeCTH MaHAyCiB Ta
BaroBOro TEpMiHamy.

[Ticnst BctaHoBJICHHS TIAT(OPM 13 MaHycamH Iie-
pen KojecaMH JITAaK HAKOUYEThCS Ha IUIATHOpMHU
(puc. 6). MoxxJIMBe BCTaHOBJICHHSI JliTaka Ha IuaTdopmMu
0e3 BUKOPUCTAHHS aHAYCIB. Y LbOMY BUIAJKY JIiTaK ITi-
JHIMA€ETBCS Ha TiApomiiiiMadax, miaTgopMu miKiaaa-
FOThCS T1J1 KOJeca, Micis 4Ooro Jlitak onyckaerbes. [Hdo-
pMatiis po 3arajibHy Bary JiTaka i HABAHTaKEHHS Ha KO-
xHill miatdopmi nepenaerbes Ha [1K. Tlicns uporo He-
00XiZIHO BBECTH Y IPOTPaMy pe3yJIbTaTH F€OMETPUIHUX
BUMIPIOBaHb, SIKi MPOBOASATHCS 3T1THO 3 pHC. 7.

Puc. 6. 3BaxxyBaHHS JliTaka Ha MIATQOPMHHX Barax

. - - w
Bice HiBemipa o

Xz

= 1500

Yo

Bicsk 15 nmanroyra
Yz = 1467

~| Bre

Xo=488

Puc. 7. Cxema reoMeTpuyHHIX BUMIpPIOBaHb
JUIsl pO3paxyHKyY LEHTPYBaHHS JliTaka

Jns po3paxyHKy LIEHTpYBaHHS JiTaka BUKOPHCTO-
BYEThCS PIBHAHHS PIBHOBard MOMEHTIB CHJI, IPUUOMY 32
HEHTp 00epTaHHsI MPUHMAEThCS Bich 3a/HiX Kouic. Koop-
JMHATa LEHTPY Bark Xy, BUpa)KeHa y BIJICOTKAX BiJ J0-
BxkuHE CAX Kpuiia, po3paxoBYeThCs 32 TAKUMH (HOpMY-
namu [12]:

— (pl'll + PHZ)L

" P3ar '
— YHJliB + Yan
H 2 ’
Yinis T Y,
YK _ _kais : KIIp,
. YH — YK
Y = arcsin <_),

0

(YO - YT) sin(y - (X) + Xl - XT3
cos(y — )

X — X, + (Y — Y)sina
0 — .

BCAX

Jlyisi BUKOHAHHS PO3PaxyHKIB Mporpama norpedye
BBEJICHHSI HACTYITHUX MapaMeTpiB:

— Pui 1 Py — Bara BuMipsaHa ruiaTdopmamu mif Ji-
BHIM 1 TIpaBUM 3aIHIMH KOJIECAMH IIIaci JTiTaka;

— Psar — 3aranpHa Bara JrTaka;

— L — BimcTaHp MiX BiCCIO MIEPEAHHOTO KOJECa Ta
BICCIO 3aJHIX KOJIiC, MM;

— a=3°—xyr mixk CAX i BI'®, BBeeHo 3a 3amo-
BUYAHHSIM;
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— Xy — BiACTaHB BiJ MEPEIHBOI KPOMKH IMPSIMOT
YaCTHHH KPHUJIa J0 OCi 3aIHIX KOJIC IIaci, MM;

— Xo =488 MM — Bifcranb Bij oci 15 mmanroyra
JIO TIepEeTHHOI KPOMKH IPSIMOI YaCTHHH KPHJIa, BBEICHO
3a 3aMOBYAHHSM;

— X, — BiACTaHb Bif oci 15 mimaHroyra J0 HOCKa
CAX, BBe/IeHO 32 3aMOBYAHHSIM;

— Bcax — noBxuna CAX kpuiia, BBEJICHO 3a 3aMO-
BYAHHSM;

- Bo -
YaHHSIM;

—Y,.=

— Yy = 1467 mMm — Biacraub Bix Hocka CAX 1o
BI'®, BBeaeHO 32 3aMOBUYAHHSIM;

— Yo = 1500 MM — BiICTaHb BiJl XOpaAU OOMIpy I10
BI'®, BBeaeHO 32 3aMOBUYAHHSIM;

xopza oOMipy Kpuiia, BBEICHO 3a 3aMOB-

670 MM — BBEJICHO 3a 3aMOBYAHHSIM;

—  Yiuis, Yunp — BHCOTA HaJI IOBEPXHEIO NIEPETHBOL
KPOMKH TPSIMOi YaCTHHH JIIBOT'O 1 IPABOTO KpHJa BiJIo-
BiJIHO;

Yain, Yinp — BHCOTA HaJ MOBEPXHEIO 3aJTHBOT
KPOMKH IPSIMOi YaCTHHH JIIBOT'O 1 IPaBOro Kpuiia BiAmo-
BiJIHO;

— X — BigcTaHp Bij OcCl 3aaHIX KOJic mIaci 1o
LIEHTPY Bary;

— Y — KyT Mix ropusoHtamuno 1a bI'®, obunciio-
€TBCA 3a pe3y/IbTaTaMH T€OMETPUYHUX BUMIPIOBAHb.

2.2. CrilikoBi Baru

Bu3HaYeHHS MONOKEHHSI EHTPY Bard JIiTaka 3 BU-
KOpPHCTaHHSIM CTIMKOBUX Bar BIJIPI3HSETHCS OpraHiza-
LIEFO MPOLIECY 3BaXKyBaHHs. BumiproBasibHi OJIOKH CTiil-
KOBHX Bar' BCTAHOBJIIOIOTHCS Ha TiJpomifiimMadi, K Mo-
Ka3aHO Ha pHC. 8, MICIIs YOoro JIiTaK miaHiMaeThes. [Hpo-
pMatiis po 3arajibHy Bary JiTaka i HABAHTKEHHS Ha KO-
JKHUI BUMIpIOBaJIbHUI 050k nepenaethes Ha [IK. ITicns
LIBOT'0, SIK 1 IPU BUKOPUCTAHHI TIATGOPMHHUX Bar, y mMpo-
rpaMy BBOMSTBCS PE3YJIbTATH I'€OMETPUYHHX BHMIpIO-
BaHb.

Puc. 8. BuMiproBanbHUI OJIOK CTIHKOBHUX aBialliiftHIX
Bar, BCTAHOBJICHHH HAa TiIporiTiiMaq

Po3riisiHeMo anropuT™M BH3HAYEHHS LEHTPYBAaHHS
nitakiB Au-225 "Mpis" Ta AH-124 "Pycnan" 3 BUKopwHc-
TaHHAM aBlaliiHux crifikoBux Bar BAT-300P. ITix ygac
MIPOBEICHHS] PO3PAaXyHKIB BUKOPHCTOBYIOTHCS JB1 CHC-
TEeMH KOOp/INHAT:

— cucrema KoopauHar Jitaka XOY, y sikiit Bick X
30iraetbest 3 BI'D, a Bick Y crpsiMoBaHa Bropy neprieH-
JUKYIsipHO 10 BI'®;

— KkpwioBa cucrema koopamHat X'O'Y', y skiit
Bick X' mpoxoauTh Bij Hocka CAX 1o xopxi, a Bick Y'
CIpsIMOBaHa BHU3 NepreHuKyspHo 10 CAX.

AnropuT™ mepeabadae ABOpa3OBE 3BaXKyBaHHS JIi-
Taka 3 BUKOPHCTaHHSIM TPhOX BHMIPIOBAILHHX OJIOKIB,
BCTaHOBJICHUX Ha JIIBOMY 1 IPaBOMY OCHOBHHX Ta XBOC-
TOBOMY Tifpomiaiimauax. [1ix yac KOXKHOTO 3BaXKyBaHHS
BU3HAYAIOTHCS:

1. 3aranbpHa Bara mopokKHBOT'O JTiTAKa B KOMILJIEKTa-
1[i1 HA MOMEHT 3Ba)KyBaHHs, SIK CyMa HaBaHTa)XEHb Ha KO-
JKHUH BUMipIOBAIbHUNA OJIOK:

P

sar — p.}'liB + Pnp + PXB'

2. Kyr mix BI'®d Ta onTHYHOIO TOPU3OHTAILIIO Hi-
Beltipy 3a (hopMysIoio:
Y a2 = Y

TYK2 TYK3

Y = arcsin

)

XT‘{KZ - XT‘{K3

Je X2, Xru3 — KOOPAMHATH PENEpHUX TOYOK TUK2 i
TYK3 y cCMCTeMI KOOpJIMHAT JITaKa,

Y'ra2, Y'rax3 — NIEPEBUILIEHHS PETIEPHUX TOYOK TUK2 1
TYK3 Ha/l ONTUYHOIO BICCIO HiBEIipa y KPUJIOBIH cucTeMi
KOOPAMHAT BHU3HAYAIOTHCS, SK CEpeiHi apupMeTH4Hi
3HA4YEHHS IEPeBHIIeHb, BUMIPSHHUX 3 JIBOI Ta MpaBoi
CTOPOHU (Pro3ersiKy:

! !
Y TYK2 JIiB +Y TYK2 0P
2 )

! —
Y TYK2 —

! !
f _ Y TUK3 JIiB +Y TUYK3 1p
Y TYK3 — 2 '

3. BiacTanb Mix OCSMH TiIpOIiAHOMHHKIB y KpH-
JIOBi# cucTeMi KOOpAKHAT 33 (POPMYIIOH0:
L = (Xl'l'l XB

— X OCH)COSY - (an x8 — Yrn OCH)SinY'

1€ Xrnxes Yrnxe — KOOPIMHATH By3Jia BCTAHOBJICHHSI XBO-
CTOBOTO TiIpomiiiMada y CHCTEMi KOOpIMHAT JIiTaKa,
Xen oy Yrn ocn — KOOPAMHATH BY3IiB BCTAHOBJICHHS
OCHOBHHX T1JIpOmiiiiMaviB y CHCTEMi KOOPIUHAT JIiTaKa.
4. TlonoxxeHHA IEHTPY Bary JliTaka y KPUJIOBIH CH-
CTeMi KOOpIUHAT 32 (POpMYIIOF0:
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5. Ilono)xeHHsI IEHTPY Bary Jlitaka y CHCTEMi KOop-
JIMHAT JTiTaka 3a QOPMYIIO0

!

X'y
XT =Xrn0c1—1+m_

(Yl"l'l OCH + YT)thI
ne Y. — BepTHKaIbHA KOOpAWHATA [IEHTPY Baru JIiTaka y
CHCTEMI KOOpAMHAT JIiTaKa.

Pe3ynbprar 3Ba’kKyBaHHS BU3HAYAETHCSA YCEpPEIHEH-
HSIM BUMIPSIHUX 3Ha4€Hb 3arajlbHOI Bary JiTaka, OTpuMa-
HUX ITiJ] Yac NEPIIOro Ta JPYroro 3BayKyBaHhb:

_ l:‘3ar1 + l:‘3ar2
P3ar - T

CepenHe 3HaYECHHSI TTOJIOXKEHHS LIEHTPY Bard Jlitaka
y CHUCTEMi KOOpJMHAT JliTaka BU3HA4YaeThCs 3a (opmy-
JI010:

_ XTl +XT2
T — 2 /]

ne X1, Xi2 — KOOPUHATH HEHTPY Baru JiiTaka y CUCTEMI
KOOpJAMHAT JIiTaKa, po3paxoBaHi 3a pe3yibraTaMu Mep-
IIIOT'O Ta JPYTOro 3BaXKyBaHb.

LleHTpyBaHHS MOPOXXHBOTO JiTaKa, BUPAKEHE Y
Bizicotkax Big CAX, BU3Ha4Ya€eThCs 3a (HOPMYIIOH0:

X, —Xy)cosa + (Y, — Y,)sina
TO = B )
CAX

Jie 0. — KyT Y IUTOIuHI cuMeTpii sitaka Mmixk CAX 1 BI'O,
Xs, Y — xoopauHati Hocka CAX Kpuiia y cHCTeMi
KOOp/IMHAT JIiTaKa,
Beax — noBxuna CAX kxpuia.

2.3. OcobauBocTi 3Ba:KyBaHHS | BU3HAYEHHSI
LHeHTPYBaHHS BEPTOJIbOTIB

OCHOBHOI0 OCOOJIMBICTIO BHM3HAYEHHS LEHTPY-
BaHHS BEPTOJIBOTIB € Te, IO LIEHTPYBaHHS BUPAXKAETHCS
He y BigcoTkax Bix nqoBxuHU CAX Kpwia, sK Y JITaKiB,
a y BIIXWJICHHI MOJIOKEHHS IIEHTPY Bard BiJ OcCi Hecy-
yoro rBuHTa. Hecyunii rBUHT mipu IIbOMY Ma€ OyTH y Be-
PTUKaIbHOMY HOJIOXKEHHI, SKOTO JOCSTaroTh BCTAHOB-
JIEHHSAM HEOOXIJIHUX TEepeBHUINEHb BiAIMOBITHUX perep-
HUX TOYOK OXHA Haj OXHOI0. HalOimpIn 3pydHAMU IS
LBOTO € CTIHKOBI Bard, OCKIJIbKA BCTAHOBUTH HECYUHIA
TBHHT Y BEpTUKAJIbHE MIOJIO)KEHHS MOYKHA 32 JIOTIOMOT'OF0
rigpomigiiMauis. [Ipn BukopucTanHi miathopMHUX Bar
BCTAQHOBJICHHS HECYYOTO TBHHTA Y BEPTHKAIb BHKJIHKAE
nieBHi TpyaHomi. HeobxigHo Mati HaOip migKiIagoK pi3-
HOI TOBIIMHH, IO MiAKIATAIOTBCA IIiJ KOJleca BepTo-
nmpOTa. Bary nux migkiratok moTpiOHO BpaxoBYBaTH y IIO-
JAIBIIAX PO3paxyHKax. B iHmoMy 3BaskyBaHHS JTiTaKiB 1
BEPTOIBOTIB HE BiJPI3HAETHCA.

2.4. Oco6anBOCTI METPOIOTIYHOTO 320€e3medeHHsI
KOHTPOJII0 HEHTPYBAHHS JiTAJIBHUX aNapaTiB

BarosumMmiproBaibHa 4acTHHaA aBiallifHUX TEH30Me-
TPUYHUX Bar 3 pagiokanaioM turmy BAT npoxonnTs me-
PBHUHHY Ta NEPiOANYHY OLIHKY BiAIOBITHOCTI y 1abopa-
topii JAIT "XapkiBcranmaptmerponorisa". Ae moxuOxa
BUMIpIOBaHHS CKJIaJoBUX Bard JIA — 1ie TUIBKU OIMH 3
(bakTOpiB, IO BIUIMBAIOTH HAa MOXWOKY BU3HAYEHHS I10-
JIO)KEHHS IIEHTPY Barv. Y 3araJlkHOMY BUTJISIII LIEHTPY-
BaHHA JIA X; € QyHKIi€I0 psixy mapamMeTpiB:

XT = f(BCAXJ C, D, G, E)v

ne C — reoMeTpuyHi MapaMeTpH, KOTpPi BHUMipIOIOTHCS
JUIs KoskHoro Tuiy JIA,

D — KOHCTPYKTHBHI MapameTpy, HaBeJeHl y TeXHiu-
Hill TOKyMeHTaIlii Ha KoXHUH Tum JIA,

G — 3HayeHH: CKJIaJOBUX 3arajbHOi Baru JIA, otpu-
MaHi i/l 9ac 3BaKyBaHHS,

E — reomeTpuuHi mapameTpH, IO Peryiior0ThCS il
qac 3BaKyBaHHs JIA.

Jlnst OmiHKKM MOXWUOKM BHU3HAYCHHS IICHTPYBAHHS

BUKOPHUCTOBYETHCSI METO/IMKA BU3HAUEHHS [TOXHOKH He-
OpsIMUAX BHUMIpIOBaHb, MOAi0Ha 10 ormcanoi y [13]:

of of of
AX, = (—) ABeay + <—) AC + (—) AD +

9Beax ac aD
+ <6f>AG + <af>AE
aG oE/ ™

of of of of of . .
3Bony 3C' 9D’ 96" 3E 4acTKOBI moxiaHi GyHKIIT X 110
BIJIMIOBITHUM apryMeHTaM,

ABcax — moxu0Oka BuzHaueHHs goBxxuan CAX,

AC — noxuOka BUMipIOBaHHSI TEOMETPHUYHUX TTapame-
TpiB JIA,

AD — nmoxu0ka 3aJaBaHHs KOHCTPYKTHBHHX Hapame-
TpiB JIA,

AG — noxubka BUMIPIOBaHHS 3HA4€Hb CKIIAJIOBHX 3a-
raipHOl Baru JIA,

AE — moxm0ka BCTaHOBIICHHS TEOMETPHYHUX ITapa-
METpIB, IO PETYIIOIOTHCS i 9ac 3BaKyBaHHS JIA.

Sk 3a3Ha9aroTh aBTOPH CTaTTi [14], Taka po3paxy-
HKOBa OLIIHKAa TOYHOCTI BU3HAYEHHS LEHTPY Baru JIA €
HaOMIDKEHOIO Ta JTOCHTH TPYy0OI0, TOMY Oa)kaHO 3iiic-
HIOBATH MPSAMi BUMipIOBaHHS KOOPIMHAT IIEHTPY Baru Ta
TIOPIBHIOBATH iX 3 PE3yIbTaTOM PO3PaxyHKY 3a HaBele-
HHM BHIIIE aITOPUTMOM. BHX0Zs1u1 3 115OT0, aBTOPH ITPO-
MOHYIOTH 3aCTOCOBYBATH JIJIsI METPOJIOTIYHOTO 3a0e31e-
YeHHSI KOHTPOITIO IeHTpyBaHHA JIA MeTom MeTposorid-
HOI imiTamii, ommcanuii y crarti [15], skuit momnsrae y
CTBOpeHHI iabopatopHOi (pi3udHOI Mofeni, Mo iMiTye
JOCIIKYBAaHUA 00'€KT y 3MEHIICHWX MacmTadax, Ta

e



Ilpoexmyeanna nimansnux anapamie

29

MIPOBEICHHI EKCIIEPUMEHTIB Ha Ll Mozemi. Sk mabopa-
TopHY (bi3nmyHy Mozenb aBTopamiu [16] 3anmponoHoBaHO
TIPUCTPIi, SIKUH JJ03BOJISIE HAJIArOJDKYBATH 1 KaliOpyBaTH
aBiariitai Baru (puc. 9).

Puc. 9. Cnporiena cxema ¢izuunoi moaeni JIA

di3uvHa MOJIENb CKIAIa€ThCs 3 TO3I0BKHBOI Oa-
nKU | 3 HaHECEHOI Ha Hel JiHIHKoro-1IKao 4 1 nore-
pedHoi Oanku 2, sKa BUIbHO MepeMilaeThes 0ankor 1 1
Moke OyTH TOYHO 3adiKkcoBaHa Ha Hili B 3aJlaHOMY TIOJI0-
skeHHi. Ha kiHIpIX Oanok mepeadayeHi MicIst S 11 HaBa-
HTAa>XCHHSA MOZICJ'Ii 3pa3KOBUMH BaHTaXaMHU. Takum uyu-
HOM, CTBOPIOETHCS MOMKJIMBICTDH IUIAXOM IEPEMillICHHS
nonepeyHol Oayku, mo iMitye kpuna JIA, y310Bx 1mo3-
JIOBXKHBOI Oaiyky, mo imitye drozensox JIA, 1 HaBaHTa-
JKeHHst 0aJloK y (PiKCOBaHHMX TOUKaX 3pa3KOBHMH BaHTa-
’KaMHU TOYHO PEryJIIOBaTH MOJI0KEHHS LIEHTPY Baru (i3u-
4yHOT Mozeni 00'ekTa BuMiproBanb. KiHii nornepedHoi Oa-
nku (y TOYKaX NPHKIAACHHS OONATKOBOTO HaBaHTa-
JKCHH) 1 MOYaTOK IMO3J0BXKHBOI OaJIKK BCTAHOBJIFOIOTHCSI
Ha TEH30JaTYMKH CHIM. TEeH30JaTYMKH MPUCTPOIO Ma-
I0Th TaKi )X TOYHICHI XapaKTEepUCTHKH, SK 1 TEH30/aT-
YHMKHU JTOCNI/PKYBaHHUX aBialllfHUX Bar, ajie MEHILUA y Ki-
JIbKa pa3iB MOPIBHSIHO 3 HUMU Jlialla30H BUMIPIOBaHHSI.
TakuM 4YWMHOM, TPHUCTPI Mae TPU OMNOPH, BiIOBIIHI
11aci HOCOBOT YaCTHHHM, & TAKOX JIIBOMY 1 IIPABOMY OCHO-
BHUM Inaci. [Tpu HeoOXiqHOCTI JOCIHIIKEHHSI CUCTEM 3
BEJIMKOIO KIJBKICTIO OIMOp 10 KOHCTPYKINI MOXe Oyrh
JoJaHa e OfHa IonepeyHa 0anka 3 3 TAKUMHU K KOHC-
TPYKTUBHUMH 1 TOYHICHUMH TapaMeTpaMH, 5K 1 y mep-
moi 6anku. TOYHICTh XapaKTEPHUCTHK 3alIPOIIOHOBAHOTO
TPUCTPOIO BU3HAYAETHCS TEOMETPUYHUMH Ta BarOBHMH
mmapaMeTpaMu Ta 3aJIeKHUTH Bl TOYHOCTI 3aBJaHHS Baru
Ta TEOMETPUIHUX PO3MIpIB i KOHCTPYKIIi.

Y mporieci METPOIOTIYHAX TOCTIHKEHD 32 UM Me-
TOIOM HOPMYIOUi IIEpEeTBOPIOBAYI aBialliifHUX Bar BilK-
JIFOYAFOTHCS BIJI BUXO/IB IITATHUX TEH30JATUMKIB 1 3'€/-
HYIOTBCS 3 TEH30aTYMKAMH MPUCTPOI0. BunpoOyBaHHA
TPOBOJATHCS MPU JEKITBKOX MOJIOKEHHAX IONEPeYHOT
0aNKy, KOHTPOJIHOBAHMX 3a IIKAJIOK JIHINKH, 1 AEKiJb-
KOX 3HaUeHHSAX Barw, IIO0 33/IaI0ThCS 3pa3KOBUMH BaHTa-
xamu. OTpUMaHi 3a TIOKa3aMH Bar TOJOKEHHs LEHTPY

Bary MOPiBHIOIOTHCA 13 3pa3KOBUMH 3HAUCHHSIMH, 3HAH-
JEHUMH IUIIXOM pO3paxyHKy. Po3paxyHOK 3nilicHro-
€TBCS 32 JIOCUTH NTPOCTUMHU 1 TOYHUMH MaTeMaTHYHUMHU
CITiBBITHOIICHHSIMH, 110 BiJTOBiJAIOTh KOHCTPYKTUBHIN
cxeMi mpucTporo. [TopiBHSIHHS BUMipSHUX 3HaYeHb MO-
JIO)KEHHS LICHTPY Bary i3 3pa3kOBUMH JI03BOJISIE OL[IHUTH
CTaTHYHI XapaKTEPUCTHUKH IIEPETBOPEHHS Ta TOYHICTbH
JIOCITI/KYBAaHHX aBialiiiHuX Bar. Pe3ynpTyroua moxnoOka
OOYHCITIOETBCSA 3 ypaxyBaHHAM ITOXHOKH (Di3WYHOI MO-
JIeTTi Ta MOXUOKH, 3yMOBJIEHOI 3aMiHOIO PEeaTbHOTo 00'€-
KTa MPHUCTPOEM.

3acTocyBaHHS METOAY METPOJIOTIYHOI IMITaIlil €
JIOLIUTBHUM 1€ ¥ TOMY, 110 BiATBOPEHHS €TAJIOHHOTO JI0-
CITi[DKYBAHOTO 00'€KTY B peaJlbHOMY MacInTadi MmpaKTH-
YHO HEMOXKJIMBE. BHCHOBKH, OTprUMaHi 3aBAsSKU iMiTallii,
MOXYTh OyTH MOIIUpPEH] Ha 00'€KT y pealbHOMY MacIi-
Tabi. 3a TBEP/PKEHHSIM aBTOPIB LIl METOX Aae HaJilHi
pe3yabTaTH y pasi JOTPUMAaHHS MOMIOHOCTI peaabHOro
o0'ekty 1 mozeni. Ileit MeTon MOKM He 3HAWIIOB LIMPO-
KOr'0 3aCTOCYBaHHS, X04a Ma€ HU3KY IepeBar y MopiB-
HSHHI 3 BUKOHAHHSIM €KCIIEPUMEHTIB HaJl peasibHUMU JIA
Ta BUKOPHCTAHHSM IHIIUX METOJIB, a caMe 3MEHIICHHS
BapTOCTi, CKOPOYECHHS BUTPAT YacCy, MiABUILEHHS TOYHO-
CTi, HAOYHICTh Ta MIOBTOPIOBAHICTb.

BucHoBku

Po3risiHyTO aKTyasibHICTh Ta BaXKJIMBICTh 3ajadi
3BaKyBaHH: Ta BU3HAUCHH LICHTPYBaHH: JIiTaka. 3arpo-
MOHOBAHO BapiaHTH KOHCTPYKIT Bar Juis pi3HUX THUIIIB
JITaKiB, MMOKa3aHO IEpeBard KOXXHOTO BapiaHTy, OIH-
CaHO METOAMKY 3Ba)KyBaHHS Ta AJITOPUTM PO3PAXyHKY
LEHTPYBaHHS JliTaka MPU BUKOPUCTAHHI TIATGOPMHUX
Ta CTIMKOBHX Bar. Takoy po3rIISTHYTI MUTaHHS METPOJIO-
riyHOro 3a0e3NedeHHs] 3BaXKYBaHHSI Ta KOHTPOJIIO
ueHTpyBaHHs JIA.

[omanbiri TOCHiPKEHHS MPOIECiB 3Ba)KyBaHHS Ta
BU3HAYCHHS ITOJIOKSHHS LIEHTPY Bary JITalbHUX amapa-
TiB OyIyTh CHPSIMOBaHI Ha PO3POOKY HOBHX KOHCTPYK-
TUBHHUX PIllIEHb IIMPOKOIaNIa30HHUX aBialliiiHUX TEH30-
METPUYHUX Bar, sIKi 00'€ THAIOTH TIepeBary IIaTPOPMHUX
Ta CTIHKOBHX PI3HOBHIIB 1 MOXYTh OyTH BHKOpPHCTaHi
Ut 3BaKyBaHHS JIA pisHmx TumiB i Barm. Kpim msoro,
Oyzme BUpINIyBaTHCH MpOOIIeMa aBTOMATH3ALIi] MIPOIIECiB
METpOJIOrigHOro 3abe3medeHHsT HeHTpyBaHHA JIA, 1o
IaCTh MOJKJIMBICTH IIIBUILMUTHA TOYHICTH 1 HAMIHHICTE
HOT0 pe3ynbTaTiB.

BHecok aBTOpiB: QopMymOBaHHS MpodIeMH —
I'. O. Yepenamyk, L. JI. UynoBa; ormsiz ta anami3 iHpo-
pMariitaux mrepen — I'. O. Yepenamyk, O. I1. IloTu-
JBYaK; po3poOKa Ta BIIPOBA/KCHHS aBiallifHUX Bar —
I'. O. Yepenamyk, O. II. [Toruapuak, C. B. Kiimos;
po3po0Ka alropUTMIB pO3paxyHKY IIEHTPYBAHHS JIiTaka
— C. B. KiimoB; po3poOka KoHIENIii MEeTpoIoriqyHOro
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VYci aBTOpH NPOYHTANIN Ta ITOTOAMIINCS 3 OIYOJIiKO-
BaHOIO BEPCI€I0 PYKOITUCY.
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CONTROL OF AIRCRAFTS BALANCE AND ITS METROLOGICAL ASSURANCE

Grygorii Cherepashchuk, Oleksii Potylchak, Iryna Chupova,
Stanislav Klimov

The subject matter of the article is the process of weighing and determining the position of the center of gravity
of the aircraft. The goal is the creation of devices for weighing and determining the centering of aircraft of various
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types, which would prevail over the existing built-in systems both in terms of ease of operation and in terms of the
accuracy of weight measurement and determination of the position of the center of gravity of the aircraft. The tasks
to be solved are: the implementation of the weighing part, which would allow obtaining with sufficient accuracy both
the total weight of the aircraft and the weight values that fall on individual supports of the chassis or hydraulic jack
stands; providing measurement of the values of geometric parameters necessary for calculating the position of the
center of gravity of the aircraft; development of the methodology for calculating the position of the center of gravity
of the aircraft; introduction of metrological assurance for determining the centering of an aircraft using the experi-
mental and analytical method of determining errors and the method of metrological simulation. The following results
were obtained: the authors proposed to improve the method of determining the centering of aircraft, which is based
on the measurement of the weight components of the aircraft and geometric parameters according to the appropriate
measurement scheme and using modern high-precision meters with the subsequent calculation of the position of the
center of gravity. The method is implemented in a series of aviation tensometric scales with a VAT type radio channel
and a methodology for calculating the position of the center of gravity of aircraft. Variants of the methodology for
calculating the centering of the aircraft are presented for two options for the implementation of aircraft scales: platform
and jack point. The authors also proposed the use of the method of metrological simulation for metrological assurance
of control of the aircraft balance, which consists of creating a laboratory physical model of the object under investi-
gation on a reduced scale and conducting experiments on this model. Conclusions. The proposed method has several
advantages compared to performing experiments on real aircraft and the use of other methods, namely, cost reduction,
time reduction, increased accuracy, clarity, and repeatability.

Keywords: aircraft balancing; aviation scales; average aerodynamic chord; metrological assurance; metrological
simulation.
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K. M. MOJATrOPCLKHIA, C. B. CMI®AHOB

Hauionanvnuii aepoxocmiunuii ynieepcumem im. M. €. JKykoecvkozo

«Xapkiecokuit agiayivinuii incmumym»y, Xapkie, Ykpaina

AHAJII3 BIVIMBY ITOXUBOK BUMIPIOBAHHSA HA ABCOJIIOTHI TIOXUBKU

EKCIIEPUMEHTAJIBHOI'O BUBHAYEHHSA KK/l BEHTUJIATOPA

IIpeomemom oOocniddicenns € npoyecu eKCNepuUMenmanbHo20 GUSHAYEHHA XAPAKMEPUCMUK 6eHMUNAMOPIE
mypOopeakmuHux OB0KOHMYPHUX OBUSVHIG i3 6UCOKUM [ HAOBUCOKUM ChiyneHem 08oKoHmypuocmi. ITiosu-
wenns KKJ] eenmunamopie 06ucymié 3asHayeno2o Kiacy nompedye 6UpiuenHs HU3KU CKIAOHUX 63AEMO-
nog’sisanux npoobnem, OOHICI0 3 AKUX € 6USHAYEHHA XAPAKMEPUCTUK 34 pe3yTomamamu 6unpobysamw.
Memoro ¢ 061pynmysanns HeoOXioHOCmi 8UKOPUCIAHHA MeMOOY, OCHOBAHO20 HA SUMIPIOBAHHI KDYMUTLHOLO
MOMeHmy, ma PopmMysaHHa 6UMoe w000 MOUYHOCMI 1020 SUMIPIO6AHHA. 3a0ayi. YMOUHeHHs OMPUMAHUX pa-
Hiwe 36'3Ki6 Midc noxubkamu sumiprosarnis i mounicmio eusnawennst KKJ[ i eumpamu nosimps, hopmyesanns
VHigepcanvHux 3anexcHocmel, AKi 003601A10mb ananizysamu abcomomui noxubku eusnavenns KK/ 6yoo-
AKO20 BEHMUTATNOPA AO0 KOMNpecopa 3a 8i00MUMU NOXUOKAMU GUMIPIOGANHS, AHANI3 MOYHOCHI ATbIMEPHAMU-
BHUX MemO0i6 Op2aHizayii BUMIPIOBAHDb | PO3PAXYHKIG 3A3HAYEHUX NAPAMEmpis, NOPIGHsIbHE 00CTIONCEHHS 3a-
3HAUeHUX MemoOis i PopmysanHs peKomeHOayill Wooo ix NPAKMUYHO20 UKOPUCAHHA HA NPUKIAOI XapaKkme-
PUCTIUKU PeanbHO20 8eHMUAAMOpA. [N yb02o 8UKOPUCMO8YIOMbCA AHANINUYHI MemOoOU ananizy noxubok,
OCHOBAHT HA MemOOax ananizy GUNAoKosux eeautut. Ompumano HACMynHi pe3yabmamu’. YMmouHeHo PopmyIu,
AKi nog’a3ytomus abcomomui noxubku pospaxynxy KKJ{ i eumpamu nogimps 3 abconomnumu noxuoxamu eumi-
ploganux napamempis (Mmamemamuuni Mooeni NOXUOOK), a MaAKOHC SUSHAUAIOMb BUMO2U 00 MOYHOCI GUMI-
PIOBAHHA KPYMUTLHO20 MOMeNmy, Heo0Xionoi ona susnauenna KKJ[ i3 saoanoio mounicmio. Haykoea ii npak-
MUYHA HOBU3HA OMPUMAHUX PE3VILINAMIE NONALAE 8 HACIIYNHOMY: YIMOUHEHO MAMEMAmuiHi Mooeni noxXubox
suznauenns KKJ/[ i eumpamu nogimps y eenmuismopi, ki nog si3yloms HOXUOKU pe3yibmamie po3paxyHKie i3
NOXUOKAMU BUMIDIOBAHUX NAPAMEMPIE, Y Pe3VIbIMami UKOPUCMAHHA YuX MOOeieti OMPUMAny po36UmoK exc-
nepuUMeHmMAanbHi Memoou 8U3HAUEHHA XAPAKMEPUCIUK KOMAPeCopie i 6eHMUIAMOpIs, enepuie 0emaibHo npo-
ananizoeamno posnoodin NOXubOK 8 yciu obnacmi GUSHAUEHHA XAPAKMEPUCTIUKY KOHKPEMHO20 BEHMUIAMOpA.
Toxaszano, wo noxudku susnavenna KKJ[ eenmunsimopa cymmeeo 3anescams 6i0 cnynens nioguujeHHs mucky
u eumpamu nogimps. Ilpu manux 3HAUeHHAX Yux NApamempie noXubKu 3HA4HO 3pocmaiome. B obnacmi nuze-
KUX pescumie pobomu 0sucyna (0auzokux 00 obaacmi pescumy Manozo 2azy) noxubku eusnavenns KKJ/[ na oc-
HOBI 0OpPOOKU pe3yIbmamis 8UMIpI08aHb HACMINLKU 8eluKi, wo eipocione suznavenns KKJ] cmae npakmuuno
HEeMOMNCIUBUM De3 3ayyenHsi 000amKosol inpopmayii, 6 skocmi AKoi Modice Oymu GUKOPUCTNANA PO3PAXYHKO8A
Xapakmepucmuka GeHmunamopa, a makodxic Mamemamuiyna Mooelb 08USYHA ma pe3yibmamu GUMIPIOGANHS
napamempie pobouo2o npoyecy 6 iHuUX 8y31ax, KpiM camozo GeHMUIAMopa.

Knwuosi cnosa: mypbopeakmusHuii 080KOHMYPHULL OBUSYH; 6EHMUNIANOD; XAPAKMEPUCMUKA; Koepiyicnm
KOpUCHOI Oii; noxubka; UMIpio8ay KpymuibHO20 MOMEHNY.

T1o3HAYCHHS G — BUTpara MHoBITpS;
k — xoedimieHT amiabary;
A — abcoiroTHA TTOXHOKA; M — KpYTHITbHIH MOMCHT:
b
6 — BIJHOCHA MOXHOKa; ..
A ! m = 0.04039 — koeirieHT;
€ — HOpPMOBAaHA NIOXHOKa; n — wacroTa oBepTaHHs;
9
* — KK]I BenTmisiTopa; o .
Ms A pa; Pex  — CTATHMYHUIN THUCK HA BXOJl IO BEHTHJIATOPA;
A — Koe(IIIE€HT MBUIKOCTI; . . .
bin A ’ p — MOBHHI THCK Ha BXO[I JI0 BEHTHIISTOPA,;
. . BX
Tt — rasoguHaMiyHa KIS TUCKY; . . .
byn ¥ p, — MHOBHMI THCK HA BUXOZi 3 BEHTHIIATOPA;
n.  — CTYMiHb Mi/IBUIIEHHS TUCKY BEHTHIISTOPA,; . .
B q — ra3opuMHaMivHa (QyHKI[IS BUTPATH;
— KYyTOBAa HIBHUJKICTB; . .
yr ’ — MOBHA TeMIlepaTypa Ha BXOJl 10 BEHTHUIIS-
. . BX
Co — MUTOMA TETUIOEMHICTH MOBITPS; TOpA;
Dpsx  — mepemnan Mk HOBHHAM 1 CTATUYHUM THCKOM; T, ~— TIOBHA TEMIIEpaTypa Ha BHXOIl 3 BCHTHILA-
. . . TOpa,
Fex  — muiomna MipHOro mepepizy Ha BXOfi;
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Beryn

TypbopeakTuBHiI ABOKOHTYPHI JBUTYHH 3 BUCOKAM
i HAJIBUCOKUM CTYIIEHEM [BOKOHTYPHOCTI € OCHOBOI
CHJIOBHX YCTaHOBOK MAaCAXUPCHKUX 1 TPaHCIOPTHHX
JITaKiB BEJIMKOI Ta CEPEHbOI JAITBHOCTI. Y LUX JIBUTY-
HaX 3HauHa yacthHa (80 i OibIIe BiJCOTKIB) TATH (Gop-
MYEThCS B 30BHILIHBOMY KOHTYpi, OCHOBHHM €JIE€MECH-
TOM SIKOTO € BEHTHJISITOp. TOMY ICHYIOYi IPOrpaMu po3-
BUTKY aBiallilHUX JBHUTI'YHIB 3HAYHY yBary MpHILUISIOTH
yIOCKOHAJIEHHIO BeHTWIsITopiB  [1-3]. IlimBumeHHs
KK]I BeHTMIIATOpIB ABUTYHIB 3a3HAYEHOrO KJIACy IOT-
peOye BUpILICHHS DAy CKIAJAHUX B3a€MOIOB’SI3aHUX
mpoGJieM B 00J1aCTi Ta30BOi JUHAMIKH, MaTepiaio3HaBc-
TBa, MIIHOCTI, aHaJi3y KOJHBaHb, TEXHOIOTII Ta 1HIIUX
obmactax. OnmHier0 3 UX Ipo0JIeM € BU3HAYCHHS Xapa-
KTEPUCTUK BEHTUIIATOPA 3a pe3yJbTaTaMH HOro BHUIPO-
OyBaHb.

B po6orti [4] aBTOpam# Ili€l CTaTTi MPEACTABICHO
OrJIsii poOIT 3 BU3HAUCHHS XapaKTEPHCTHK BEHTHIISTO-
piB. BiamideHo, 110 BUNIpoOyBaHHsI y CKJaJli OBHOPO3-
MIpHOTO JBHI'YHa MalOTh Ty NepeBary, 10 XapakTepuc-
TUKH BUIPOOYBAaHOTO By3Jia BU3HAYAIOTHCS 3 ypaxyBaH-
HAM Horo B3aeMopii 3 iHIIMMU By3JlaMM JBUryHa. Haii-
OB CKIIAJHUM 3aBJIaHHSM OOpOOKHM pe3y/bTaTiB Ta-
kux BunpoOyBanb € BusHadeHHs KKJI. IlopiBHsHH:
anpTepHaTUBHUX MetoaiB BusHaudeHHss KKJI noka3zaino,
10 HAHOIBII MEPCIEKTUBHUM € METOZl, OCHOBAaHHN Ha
BUKOPHCTaHHI BUMIPIOBaHHS KPYTWJIBHOIO MOMEHTY.
[pn 11bOMy HEMOXKIIMBO BUKOPHCTOBYBATH IIPOMHCIIOBI
BHUMIpIOBa4i KPYTHJILHOI'O MOMEHTY, i HalOULIbLI Mpu-
WHATHUM BapiaHTOM € WOro BHU3HAUYEHHS 32 KYTOBOIO
nedopmaliiero Bary poTopa HU3bKOTO THUCKY, SIKUH CIIO-
JIy4y€e BEHTUIISATOD 13 TypOiHOIO HU3BKOTO THUCKY.

VY 3a3nadeHiit poOOTI OTpUMaHO OCHOBHI (opmy-
JIM, 10 3B’s13yI0Th oXnOku Bu3HaueHHs KKJ] 3 moxuo-
KaMu BUMiptoBaHb. OCHOBHY yBary NpuAiJIeHO aHal3y
BiTHOCHUX MOXHOOK. [Ipu I11bOMYy BIHOCHI MOXHUOKH
BUMIpPIOBaHb B YChOMY Jlialia30Hi XapaKTEPUCTUKH BEH-
TUIIAITOpa BBaxkajucsl noctiiiHumu. e npumyneHHs
JO3BOJIMJIO OTPUMATHU JOCTATHBO MPOCTi POPMYNH, Of-
HaK B yMOBax 3HAYHOI 3MIHM HapameTpiB, IO JOCTi-
JUKYIOTbCS, BOHO HE € BipHHM. BibIl KOpEKTHUM €
MIPUITYIIIEHAS PO TOCTIHHICTh aOCOMIOTHUX ITOXHOOK
BuMiproBanb [5-7]. Tomy y miii crarti 3a3HadeHi ¢pop-
MYJIH CKOPHUTOBAHO i BUKOHAHO JOCIIIKEHHS aOCOIIOT-
HUX ToxuOoK. lle mo3BONMIIO MpoaHaIi3yBaTH MOXUOKH
B YCBOMY Jiama30Hi XapaKTePHCTHKH BEHTHIISATOpPA, a
TaKO)X YTOYHUTH OTPUMAaHi paHillle BHCHOBKHA IIOIO
HEOOXiHOI TOYHOCTI BUMIPIOBAHHS MapaMeETpiB i gac
BHUIIPOOYBaHb.

1. Anaui3 Tounocti BuzHaueHnss KK/{
METO/I0M, OCHOBAHUM HA BUMIPIOBaHHI
THCKY il TeMIepaTypu Ha BXO/i il BUX0[i

VY pob6ori [4] po3riasiHyTO JBa METOAU BU3HAYEHHS
KK/I. ITepmmit meron (y momanbmioMmy — mMeton 1) oc-
HOBaHMI Ha BMMIpIOBaHHI THCKY i TeMIiepatypu po0o-
4oro Tiia (TMOBITPs) HA BXOAI W BUXOJI 3 BEHTHISATOpA.
KK/ Bu3HayaeThes 3a HopMyInor
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KA BHMIPIOBaHHA THCKY Ta TeMmIiepaTypu. Ha BiaMiHy

. . . Al
BiJ 3a3BMYail BXKMBAHUX BIJHOCHHUX ITOXMOOK sp:—f,

p

sT:A—I, OyzeMo Ha3WBaTH iX HOPMOBAaHHMH MOXHOKa-
T
MHU. 3a3BUYall XapaKTEPUCTHKH KOMIIPECOpiB H BEHTH-
JSATOPIB BU3HAYAKOTHCSA B 3BEICHHX IapaMeTpax, TOMY
THCK Ta TeMIIepaTypa Ha BXOi BiIIOBIJAIOTh CTaHIAp-
THUM aTMOC(EpHIM YMOBaM Ta € MOCTiHMMHU. BBaxka-
I0YM TIOXMOKK BUMIPIOBaHHS OKPEMHUX MapaMeTpiB He-
3aJI©KHIMH BHUIIQJKOBUMH BEIMYMHAMHM, & IHCIIEPCii
a0COIOTHIX TOXHOOK THCKIB Ta TEMIIEPATyp OIHAKO-
BUMH, a TaKOXX BUPa)KalOUW BiITHOLICHHS TEMIIEPaTyp
yepe3 CTyMiHb miasuiieHHs Tucky ta KK/I, otpumaemo
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3B’A30K MK abcomoTHO0 moxubkoro KK/l Tta HOpM™mO-
BaHMMU ITIOXHOKaMH THCKY i TeMIiepaTypHu:
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Tae 3i 30inbmeHHsM 3HaueHHs KKJI i 3MeHmyeTscs 3i
30LIBIIEHHSAM CTYIEHS IiIBUILIEHHS THUCKY.

I'padixm, sKki BigmoBimaroTh 3aiexHOCTIM (3),
MpesICTaBIIeHo Ha puc. 1 Ta 2.

Jlyist IOpiBHSIHHS PE3yNbTaTiB, OTPUMAaHMX JUIS
abcomorHuX 1 BimHOcHUX noxubok KKJI y mi#i pobori
Ta y MonepeaHboMY J0CiiDKeHHI [4], Oynemo BBaXkarw,
mo HomiHaibHe 3HaueHHs KKJI mopisaroe 0.8. Tomi
BiJJHOLIIEHHsI a0COMOTHOI i1 BiTHOCHOT ITOXMOOK CKJIaa-
tume 0.8. ¥V nux ymoBax mopiBHsHHS puc. 1 Ta 2 3 ja-
HUMH poOOTH [4] BUSBIISE, IO OLIHKA BIUIMBY ITOXHOOK
BUMIpIOBaHHS THUCKIB, OTpUMaHa Ul BiJIHOCHOI MOXHO-
KU, € B 3-6 pa3iB OULIBIIOI, HiX OIIHKA, OTPHUMAaHA IS
abcomoTHOI ToXUOKU. B TOM ke 4ac, OIHKK BIUIMBY
MOXWOOK BHMIPIOBAHHS TeMIlEpaTyp NPaKTUYHO 30ira-
10TbCs: BimMmiHHICTh ckimamgae 20-30 %. Takum yuHOM,
OTpUMaHa OIliHKa aOCONIIOTHOI MOXHOKM € Oijible Orl-
TUMICTHYHOIO, TOMY IIO ITOKa3y€ CYTTEBO MEHILIHH
BIUIUB TIOXMOOK BUMIpPIOBaHHS THUCKIB.
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2. AnaJji3 Tounocti BusHauyenHss KKJ[
METO/I0M, OCHOBAHUM HA BUMIpPIOBaHHI
KPYTHJIbHOTO MOMEHTY

Hpyruit merox BuzHaueHHs: KK/ (y nmopansmomy
— METOX 2) OCHOBaHMI Ha BHUMIpIOBaHHI KPYTHJIBHOTO
MOMEHTY Ha Baly, 0 HIpuBoaAuTh BeHTWIATOp. KKJ|
PO3paxoBYETHCS K BIAHOLIEHHS a/1iabaTHOI MOTYKHOC-
Ti 7O TOTY)KHOCTi, sSIKa IEepeJaeThCcs Ha TPHBEICHHS
BEHTUJIATOpA:

N k-1

Ge, T *\ ko

N2 = Mp = [pTBJ -1/ 4)
KP(D pr

Burpata noBiTpst He € NPAMO BUMIPIOBAaHUM T1apa-
MeTpoM. BoHa BH3HauaeThcs PO3PAXYHKOBUM HIIIXOM
Ha OCHOB1 BUMIpIOBaHHs TEMIIEPAaTypH, a TAKOXK MOBHO-
ro i CTATUYHOT O THCKY Y BX1THOMY MipHOMY Tepepisi:

G= mEFBXQ(K)- ®)

BX

3HaveHHs ra3oauHaMivHoi QyHKIii BUTpatH q(A)
BU3HAYAETHCS SK (YHKIis ra3oquHamivyHOl (QyHKLiT
tucky: q(A) = flm(A)]. YV pobori [4] nokaszaHo, 110 MOXH-
Oxu BusHaueHHs Butpatu it KK/l 3MeHIyoThes, K0
BH3HAYATH Ta30JMHAMIUHY (DYHKIIIIO TUCKY SIK

n(h) =1~ P (6)

Pex

* . .
Ie DPex = Ppyx —Ppx - HEpETaj MiX TOBHUM i CTaTHY-

HHM THCKOM.
AbcomrotHa noxubOka pospaxyHky KKJI 3a ¢op-
MyJ010 (4) BU3HAYAETHCS SIK
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YpaxoByrouu, 1110 3HAYCHHS a30IUHAMIYHOI (QYH-
Kiii m(A) B pobodoMy miama3oHi BEHTHIIATOPA CKIIATAe
Bix 0.75 mo 1, MokeMoO TIpUIHATH, IO TSI BUMipIOBaH-
Hsl TIEpeTasly TUCKY JOIIIFHO BUKOPHCTOBYBATH JaTUH-
KM, Jiana30H 3MiHM THCKY SkuxX ckinamae Big 0 mo 20
kl[la, ToOTO mpM TOMy X KIaci TOYHOCTI, IIO MArOTh
BAMIPIOBadi MOBHOTO THCKY, a0CONIOTHA TOXHOKa BH-
MIpIOBaHHS IMeperaay TUCKY Oyae B 5 pasiB MEHIIOIO:
A(Dp) = 0.2Ap.
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BeenemMo 10 po3misily HOPMAaTi3oBaHI IMOXUOKH
BH3HAYCHHS KPYTHJIHFHOI'O MOMEHTY Ta YacTOTH 00ep-

_ AMKp i _ An
TaHHSA: &M = y &n—

M Kp max Nmax

. Toxmi orpumaemo

BHpa3 I abcomoTHOI moxubku Bu3HaueHHs KK me-
TOJ0M 2, aHanoriyHuit Gpopmyii (3) mus metony (1):
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Uyrnusicts moxubkn BuzHaueHnst KK/ no cymap-
HOI HOPMOBAHOI ITOXMOKM BUMIpPIOBAaHHS THCKIB Ta Iie-

a8Mp

oe Dp

o 2 B oM 2
Ogp

penany THCKY +( 0.2

asp >

TIPE/ICTABIICHO Ha PHC. 3.

Sk BuzmHO 3 puc. 3, B 001acTi HU3BKUX 3HAYCHb
CTYIICHS MiJBUINCHHS TUCKY BIUIMB IMOXHUOKH BHMIpIO-
BaHHS THUCKY 3pOCTa€, a B OOJIaCTi BEJIMKHX 3HAYEHb
CTYIICHSI ITiIBUIIIEHHS THCKY - CTa0lIi3yeThCs

IopiBHsAHHS puc. 3 3 puc. 1 mokasye, mo B 00IacTi
10< Tt]; <1.5, xapakTepHiil /Uil BEHTUJISTOPIB JIBUTY-
HIB 13 BHUCOKHM CTYyIIEHEM JBOKOHTYPHOCTI, BIUTHB IIO-
XHOOK BUMIPIOBaHHS THUCKIB /ISt METONIB 1 12 € Maibxke
OJJTHAKOBHM TIPH BEJIMKHX 3HAYEHHSX BUTPATH IOBITPS
(Manmux 3HaueHHSX TU(A)), a IPH MajMX 3HAYCHHSX BU-
TpaTH MOBITpsI cyMapHa noxnOka BuzHaueHHs KKJI 3a
METOJIOM 2, 3yMOBJIEHA MMOXMOKaMH BHUMIpPIOBaHHS THC-
KiB, CTa€e Maibke BJIBiUi OibIIOIO, a MOXHOKa MeToy 1
He 3MiHIoeThes. [IpoTe 1e He o3Hauae, Mo Meron 1 €
KpaluM, TOMY 1110 HOro cymMapHa NMOXHOKa BU3HAYAETh-
Csl TOJIOBHMM YHMHOM TTOXMOKaMHU BHMIpIOBaHHS TEMIIe-

. .o . *
paTyp, sSKi y 3a3HaueHii oOmacTi Tp TNEPEBHINYIOTh

noxuOku Merony 2 y 20 i Ginbiue pasis.

3. AHaJi3 NOXMOOK BU3HAYEHHSA
xapaktepuctukn KK/ peassHoro
BEHTHJISITOpPA

OtpumaHni Buiie ¢opmyin ta rpadikua € yHiBep-
CaJIbHUMH 1 MOXKYTh OYTH BUKOPHCTaHI Al BU3HAYCHHS
TOYHOCTI XapaKTEPUCTHUKH BEHTHJISATOpa y Oymb-siKiit 11

. *
TOUII, IO XapaKTepu3yeThesl 3HaueHHAMuU N, M, G, ng,
* . .
Mg - 3acTocyeMo X A aHaNi3y peaabHOI XapaKTepuc-
tuku KK/ BerTmiATOpa, mpuBeneHoi Ha puc. 4.
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Puc. 3. 3anexuicts uyrnmBocTi noxubOku BuzHaueHHss KK/ 10 HOpMOBaHOT TOXHOKHM BIMipIOBAaHHS THUCKIB!

a—B obnacri 1.0 < TEE <1.5; 6 —B obnacri 1.5< n;; <40



38

ABIAIIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'IS, 2023, Ne 3(187)

ISSN 1727-7337 (print)
ISSN 2663-2217 (online)
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JAN A
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GB3s

Puc. 4. XapakrepucTrika BEeHTWIATOPA. 3HAYCHHS BiJHOCHUX YacTOT OOCPTaHHS Ha 130JiHIsX:
1-0.2033; 2 -0.2574; 3-0.3089; 4 — 0.3618; 5 — 0.4685; 6 — 0.5683; 7 — 0.6675; 8 — 0.7431; 9 — 0.7935;
10-0.8431; 11 -0.8943; 12 — 0.9580; 13 — 1; 14 — 1.0541; 15—-1.0813; 16 — 1.1089

YpaxoByrouH aHamii3 pooiT 3 eKCIePUMEHTAIEHOTO
BU3HAUYCHHS XapaKTEPUCTUK BEHTUISITOPIB 1 KOMIIPECO-
PpiB, a TaKOX pe3yJbTaTH JIOCHIIPKEHb, HABECHI B TOIIe-
penHiii myOmikanii aBTopiB [4], OyaeMO BHKOPHUCTOBY-
BaTH HACTYIHI 3HAYEHHS HOPMOBAaHHMX MOXMOOK BUMi-
PIOBaHHS:

€= g =0.1%,; epp = 0.2¢p; 7= g =0.2 %;
Pex BX
eve M - 04% e 2" =0020%
max N max

[Noxnbka BU3HAUESHHS BUTPATH MOBITPs (TOPU30H-
TagbHOI KOOPAMHATH XapaKTEPHUCTHKH) OIMCYETHCS
¢dbopmynoro (11), 3 sikoOi BUTIKAE:

1 *E ?
= kK
AG =G(0.256% +|| 1-n CL-m)> |+
1-mk
a2
15 . K
| 02n k13 S e | (14)
l—TtT

OOuncineHHsT BUKOHAHO 3 BHUKOPHUCTAHHSAM IIPO-
rpaMHoro 3aco0y Excel mis koHOI TOUKH XapaKTeprc-
TUKU BeHTWIIsATOpa. HeoOximHi myst BUKopucTanus (op-
Mynu (14) 3Ha4eHHS ra30MUHAMIYHOI (PYHKII] MIBHAAKO-
cti m(\) BU3HAYanucst HaCTymHUM 4uHOM. CrHodaTky i3

BUKOpUCTaHHSIM (opmynu (5) 1 CTaHIAPTHUX 3HAUYECHBb
TEeMIIEpaTypy Ta THCKY (T"x=288.16 K,
p"5x=101322 I1a) po3paxoByBanMcs 3HAYEHHS TA30/H-
HaMi4HOI (yHKUii BUTpaTH:

a0y = S

mp,_F

BX  BX

ne Fux — mio1a MipHOTO nepepizy Ha BXOJ1 10 BEHTHJIS-
Topa.

IToriM po3paxoByBaIMCs 3HAYCHHS [a30AUHA-
Mi4yHOi (YHKIIT THCKY. 3HAWTH aHAITHYHY 3aJIeXKHICTh
n(A) = f(q(A)) He BmaeThcs, TOMy B poOOUOMY Jiana3oHi
0<A<0.75 Ha OCHOBI TaOJIMYHMX HAHHX L0 3aIEKHICTH
OyI10 apOKCUMOBAHO CTEIICHEBOIO (YHKITI€I0

n=1-0.34¢%".

PesynbraTé mogaHO Ha pUC. 5 Y BHUIUIALI BiTHOC-

HUX NTOXHOOK AG = — BIJHOIIEHHS aOCOIFOTHUX

max

MOXHOOK JT0 MAaKCHMAIIbHOI BUTPATH MOBITPSI.

OTpuMaHa 3aJEXKHICTh CBIOUHTH PO Te, IO HA
peXnMax 3 MaJOI BHTPATOIO MOBITPS MOXUOKH BH3HA-
YEeHHsI BUTPATH MEPEBUINYIOTH | %; 31 3pOCTaHHAM BH-
TpaTH TOBITPSA MOXUOKY 11 BH3HAYCHHS 3MEHITYIOTHCS 1
Ha BHCOKHX PEXKUMax ckianarots meHiie 0.3 %.

IToxu6ku BusHadenns KK/ metogom 1, Bu3HaueHi
3a ¢opmynoro (3), mpeacTaBIeHO Ha puc. 6 y BUIIIAMII,
AHAJIOTIYHOMY XapaKTepUCTUII BEHTWIATOpa (TOOTO Yy
BUTJISL JIIHIA PiIBHOI 9acTOTH 00EpTaHHS).
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AG

0.01
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CTYIICHA HiZ[BI/IHIeHHSI TUCKY MoXHuOKa CKJIaga€ OCCATKH

0
0.2

04 0.6

Puc. 5. IToxrOKy BU3HAYEHHS! BUTPATH MOBITPS

BuaHo, 110 HaBiTh NpPU 3a3HAYEHUX BHIIE JyXKe
MaJluX 3HaYeHHIX MOXUOOK BUMiproBaHHs THCKIB 1 KK/]]
MeToJIoM | y oIl XapaKTepUCTUKN BEHTWIISATOPA TeM-
nepatyp He Braetbes BusHauuTH KK/l 3 aGcomoTHOIO
MOXHOKOI0 MeHIIe 3a 2 %, a MpYU MaJIuX 3HAYCHHAX 3Be-
JICHOT 4YacTOTH OOEpTaHHS BHACTIIOK MajMX 3HAYCHb

BiZICOTKiB. Pe3ynbraTn, oTpuMani st METOAy 2 3 BHKO-
pucrannsam ¢opmynu (13), HaBexeHo Ha puc. 7, 8.
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Puc. 7. Posnonin abconrotHux noxubok BuzHaueHHs KK/ meTomom 2 y moni XapakTepUCTUKH BEHTUIISATOPA
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Puc. 8. Posznoain abcomrorHux nmoxnbok BuzHaueHHs KK/ meTomoM 2 B 0051acTi BETMKHUX BUTPAT MOBITPS
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BucnoBxku

AHai3 OTpIMaHHUX pe3yJbTATIB JI03BOJISIE 3pOOUTH
HACTYITHI BUCHOBKH:

1. BukopucranHs BUMIpPIOBadiB  KpPYTHJIBHOI'O
MOMEHTY JI03BOJISIE 3MEHIIUTH TOXWOKHM BH3HAYEHHS
KK]I BeHTHISITOpPa, TOMY IIO BIUIMB IMOXHOOK BUMIipIO-
BaHHS TEMIIEPaTyp 1 TUCKIB y pa3i BUKOPUCTAHHS METO-
Jly 2 € CyTTEBO MEHIIUM, Hi)K IPH BUKOPUCTaHHI METO-
ay 1.

2. TloxuOKM BHUMIpIOBaHHSI YacTOTH OOEpTaHHS |
TemriepaTypu (IpH iX pPO3MISIHYTOMY piBHI) BHOCSTBH
MaJuii BHECOK y cymMapHy noxuOky BuszHauenHs KKJI.
Tomy moxuOka BusHaueHHs KK]I ronoBHHM YuHOM
BH3HAYAETHCSI MOXUOKaMU BHUMIPIOBaHHS THUCKIB 1 Kpy-
TUIILHOT'O MOMEHTY.

3. Tlpu 3HMKEHHI BUTpATH MOBITPs (TOOTO peXu-
My poOOTH JABHIYHA) CKJIaJOBa MOXMOKH BU3HAYECHHS
KK]I, mos’s3aHa 3 moxuOKaMH BHMIpPIOBaHHS THCKIB,
3pocTa€e OibII IHTCHCUBHO, HIXK TOXHOKa, MMOB’s3aHa 3
HOXHOKOI0 BUMIPIOBaHHS KPYTHIBHOTO MOMEHTY. Tomy
Ha HU3BKHX PEKUMax BHECOK 3a3HAUYEHHX CKIIAJIOBHX €
NpUOIM3HO OTHAKOBUM, & Ha BUCOKHX PEXHMaX MMOXHO-
ka Bu3HaueHHs: KK]I mpakTHYHO NOBHICTIO BU3HAYAETh-
s HOXMOKOIO BUMIPIOBAHHSA KPYTHIBHOI'O MOMEHTY.

4. Tloxubku BusHauenHs KKJ[ Bentumstopa cyrt-
TEBO 3aJIeKaTh BiJl CTYNEHs MiJBUIIEHHS THCKY W BH-
Tpat noBiTps. [Ipy Manux 3Ha4YeHHSX [UX MapaMmeTpiB
MOXUOKH 3HAYHO 3POCTAIOTh.

5. B obnacrti HU3bKUX pPEKUMIB POOOTH JBUTYHA
(6u3pKUX 10 00JIACTI PEXUMY MAaJIOro rasy) MOXHOKH
BusHaueHHs KK/I Ha ocHOBi 0OpoOKM pe3ylibTaTiB BU-
MIpIOBaHb HACTUIBKH BEJHKI, IO BIPOTiJiHE BU3HAYCHHSI
KKJI crae mpakTHYHO HEMOXIHUBUM 0e€3 3aTydeHHS
JonaTkoBoi iHdopmarii, B SKocTi sK0i MOXke OyTH BU-
KOPHCTaHa PO3PAXyHKOBA XapaKTEPHCTUKA BEHTHIIATO-
pa, a TaKOXK MaTeMaTHYHa MOJENb ABUTYHA Ta Pe3ylb-
TaTH BUMIPIOBAHHs IMapaMeTpiB poOOvOro Mpolecy B
IHIIUX BY3JIaX, KPIM CaMOro BEHTUJIATOPA.

BHecoxk aBTOpiB: (QopMymroBaHHA MpodlemMu —
C. B. €nidganos, K. M. IToaropcebKuii; orisa Ta aHa-
mi3 iadopmamiitaux mkepen — K. M. Iloaropcskmii;
dopMyBaHHS  aHANITHYHOI  MOJENi  MOXHMOOK  —
K. M. Iloaropcbkuii; BU3HAUYEHHA KUIBbKICHUX ITOKAa3-
HUKIB TOYHOCTI AJISI NIPUKIATLY XapaKTEPUCTHKNA BEHTH-
matopa — K. M. Ioaropeskuii; anamiz moxubox
Ta ¢opmyBanHs BHcHOBKIB — C.B. €nidanos,
K. M. Hoaropcbkmuii.

VYci aBTOpH TpOYUTATH Ta TOTOAWIHCS 3 OITyOIi-
KOBAHOIO BEPCIEI0 PYKOITHUCY.
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ANALYSIS OF THE INFLUENCE OF MEASUREMENT ERRORS
ON THE ABSOLUTE ERRORS OF THE EXPERIMENTAL DETERMINATION
OF FAN EFFICIENCY
Kostiantyn Podgors’ky, Sergiy Yepifanov

The subject of research in this article is the experimental determination of the characteristics of fans of turbo-
fan engines with a high and ultra-high bypass ratio. Increasing the efficiency of fans of engines of the specified class
requires solving many complex interrelated problems, one of which is the determination of characteristics based on
test results. The goal is to substantiate the need to use a method based on the determination of torque and the for-
mation of requirements for the accuracy of its measurement. Tasks: clarification of previously obtained relation-
ships between measurement errors and accuracy of determination of efficiency and air flow, formation of universal
dependencies that allow analysis of absolute errors of determination of efficiency of any fan or compressor based on
known measurement errors, analysis of the accuracy of alternative methods of organization of measurements and
calculations the specified parameters, a comparative study of the specified methods and the formation of recommen-
dations for their practical use on the example of the characteristics of a real fan. The following results have been
obtained: the formulas that relate the absolute errors of calculating the efficiency and air flow with the absolute er-
rors of the measured parameters (mathematical models of errors) have been clarified, as well as the requirements for
the accuracy of the torque measurement necessary to determine the efficiency with the specified accuracy have been
specified. The scientific and practical novelty of the results obtained is as follows: the mathematical models of
errors in determining the efficiency and air flow in the fan have been clarified, which connect the errors of the calcu-
lation results with the errors of the measured parameters, because of the use of these models, experimental methods
of determining the characteristics of compressors and fans have been developed; for the first time, the distribution of
errors in the entire area of determining the characteristics of a specific fan was analyzed in detail. It is shown that the
errors in determining the efficiency of the fan depend significantly on the degree of pressure increase and air flow.
At small values of these parameters, the errors increase significantly. In the area of low engine operating modes
(close to the area of the low air consumption), the errors in determining the efficiency based on the processing of the
measurement results are so large that a reliable determination of the efficiency becomes practically impossible with-
out the involvement of additional information, which can be used as the calculated characteristics of the fan, and as
well as the mathematical model of the engine and the results of measuring parameters of the work process in other
nodes, except for the fan itself.

Keywords: turbofan engine; fan; characteristics; efficiency; error; torquemeter.
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CTPYKTYPHI OCOBJINBOCTI JETOHAIIHHOI' O IIOTOKY

IIpeomemom oocnioscenns € npoyecu, ki 6I00OY6ArOMbCsL NIO 4AC YMEOPEHHS MA PO3N0BCIOOINCEHHS OemOoHa-
yiunoi xeuni y niockomy kauaii. Memoro pobomu € docniodcenns ocobausocmeti CKAaonoi 6a2amopponmosoi
CMpYKmMypu 0emoHayitHol Xeuii ma il 6nauey Ha iHmespaivbHi napamempu 0emoHayitino2o NOmoxy. 3ae0anns
00CIONHCEHHS . BUABIICHHS 3AKOHOMIPHOCMEL NPOYeCy YMEOPEHHsL MA PO3NOECIO0NCEHHSL (DPOHMY OemMOHAYIIHOT
X6UJIL; 6CMAHOBIEHHS XapaKmepy GNuey CmpyKmypu ()poHny 0emoHayii Ha npoyecu, SIKi npomikaromo y 30Hi
CMAUX napamempis nOMoKy; AHai3 2a300UHAMIYHUX NAPAMEmPI6 NOMOKY HA 3A8ePULATIbHOMY emani npoyecy
— Ha emani po3noBCIO0NCeH s X8Ulb Po3pioxicentsi. OCHOBHUM MEMOOOM OOCTIONCEHHS € MEMOO MAMEMAMUY-
HO20 MoOemosanns 3 suxopucmannim komn tomepuux CFD mexnonociti pospaxyuxy (naxemy ANSYS Fluent).
OcHosHi pe3yibmamu 00CIONCEHHA: CTNAHOBIICHO, WO 3HAYEHHSL 2A300UHAMIYHUX NAPAMEMPIE8 Y NOMPIUHUX
MOUKAX YOAPHUX X8Ub € 3HAYHO OLIbUUMU, HIdIC 8i0N0BIOHI 3HaueHHs Yy niky Hetimana, a 6 obnacmsx midxc no-
MPIUHUMU MOYKAMU — 3HAYHO MEHWUMU, 3HAYEHHS 0CEPEOHEeHUX NO nepepizy (hpoHmy 0emoHayitHoi X6ui na-
pamempie matidice He SIOPI3HAIOMbCA 6I0 3HAYeHb napamempis y niky Hetimana, ocepeonena no nepepizy no-
MOKY WBUOKICTNb PO3NO0ECIOONCEHHS OCMOHAYIUHOL XEUE MAKOMNC BI0N0BIOAE PO3PAXYHKOBI UBUOKOCHI NO MO-
oeni Yenmena-)Xyee;, 3a medxcamu 30HU XIMIYHUX peakyil YmMEOPEeHHS NOMPIUHUX KOHI2ypayilti Hemoxcuese,
momy weuoKicmos pponmy demonayitinoi xeuni Oyoe menwa 6i0 3nauenv Yenmena-Kyee, wo eniueamume nHa
nooanbULi NPoYyecu PO3N0SCIOONCEH s OeMOHAYIUHOL meyil; npoyecu YmeopenHs ma Ppo3no6COONCeHHS (PPOHMY
0emoHAYitIHOL X6UJIL Ne6HUM YUHOM BRIUSAIONMb HA PO3NOOLL YCMALEHUX RAPAMEmpPI8 meyil, npu yboMy XEUNbOSL
npoyecu posnoscioodicyiomocsi na 3ony Tetliopa, wo npu3eo0ums 00 3HAUHOL MypOYIi3ayii NPUCMIHKO8020
wapy; 3a805Ku mypoyaizayii nPUCmMiHK08020 wlapy 30LMbUyEMbCsL IHMEHCUBHICTb KOHBEKMUBHUX MENLOBUX NO-
MOKi8 y cminKy Kanany. Bucnosok: ompumani pezyismamu 0o6pe y32000CyI0mbCs 3 pe3yIbmamamu 8i00Mux
EeKCHePUMEHMANbHUX OOCTIONCEHb MA MOJICYMb Oymu 6UKOPUCMAHI NPU PO3PAXYHKY IHMESPATIbHUX IMNIYIbCHUX
Xapaxmepucmuxk Kamepu 0emoHayitino2o 08UYHA Ma NPU NPOEKNTY8AHHI cucmemu it 0X0L00JICeHHs.

Knrwowuosi cnosa: demonayis; mamemamuune MoOemO8AHHS; CIPYKIMYpa poumy OemoHaAYiiuHoi X6Ui.

Beryn

INosiBa HOBUX EKCIIEpUMEHTAJBbHHUX JaHUX, SIKI He
BiAmoBimanu kiacwuniit teopii Yenmena-XKyre [1, 2],
MpU3BeIa 10 He0OXI1AHOCTI OIBII IETATBHOIO BUBYCHHS
CTPYKTYpH JI€TOHAIIIIHOr0 MOTOKY. Y mepiox mixk 1940
p- Ta 1944 poxom Oyna mpeacraBieHa HOBa yTOYHEHA
MoJIesb AeToHalii 3enpaoBuyia — Gpon Helimana — JIpopi-
ura (3HJ) [3], y sKiif BKa3yeThCs Ha HAABHICTH 00JaCTi
BHCOKOTO THUCKY Ha (poHTi aeroHamiinol xBmwii (IX).
VY npyriit moxnoBuHI 20-TO CTONITTS JOCHIKEHHS TPO-
Lecy JeToHamii OyIu MpOJOBKEH] 3yCHUISIMHA TaKHUX Bi-
nomux BueHnx sk JI. J[. Jlangay, K. 1. lomnkin, P. I. Co-
noyxiH Ta inmux [4]. [Togansiie ekcriepuMeHTaIbHe J10-
CIIHDKEHHS NETOHAIIMHNX ITOTOKIB JTO3BOJIMJIO BUSBUTH
OB JETaNbHY KAPTHHY CTPYKTYPH JETOHAIIHHOI
XBUIIL. 3’5CYyBaJIOCh, M0 peanbHa J{X Mae CKITagHy KoMi-
pyacTty CTpyKTypy i3 3HAYHUMH HEOIHOpPiAHOCTSIMH [5].
e Bra3zyBaso Ha ooMexeHicTh 3H/[ Momeni: BoHa € He-
CTIMKOIO JJIS peabHUX XIMIYHUX Peakilii, siki MatoTh CH-
JIbHY 3aJISKHICTB Bill TeMnepaTypH. JleTaibHe BUBUCHHS

JIeTOHallii moTpedyBajo JOCKOHATIIIOro eKCIIepHMEHTa-
JBHOT'O 00JIaIHAHHS, TOMY TOAAJIBIINNA PO3BUTOK JOCTI-
JUKEHb 3a3HaB MEBHOI crarHaumii. Alle Ha Cy4acHOMY
eTari po3BUTOK KOMII IOTEPHUX TEXHOJIOTiH HalaB Jo/ia-
TKOBHH TIOIITOBX JO HPOJOBXKEHHS HAYKOBUX JIOCIIi-
JUKEHB TIPOIIECIB JIeTOHAIIIT.

1. IlocTanoBka 3axauvi

JleToHalis y Ta30BOMY CEPEIOBHII CYIIPOBOIKY-
€THCSI yTBOPEHHSAM CKJIAJTHOI 0araTOBUMIPHOI CTPYKTYpH
Ha (QpoHTI neroHamiiHOI XxBumi [6]. Di3myHI mpolecu
MPOTIKAIOTh 3 HAJBHUCOKOK IMIBUAKICTIO, IO 3HAYHO
YCKIIAJIHIOE EKCTIEPIMEHTANbHE JOCIIHKEHHS JeTOHAII.
CydacHi OOYHCITIOBAaNTbHI METONW IO3BOJISIOTH OCIHIi-
JUKYBATH SIBHIIA Ta €PEKTH, SIKi eKCIIEPUMEHTAIbHUMHU
METOIaM{ HaBiTh i3 3aJydeHHSM CKJIAQJHOI amapaTypw
BUSIBUTH JIOCTATHHO BaXKKO. TOMY BUKOPHCTaHHS METO-
JIiB MAaTEMaTHYHOTO MOJETIOBAHHS € OJHUM 13 KPaIinx
CIIoc001B JOCHIPKEHHS IETOHAIIMHUX TTOTOKIB.

© 0. C. AkcroHoB, O. €. 3onoteko, 2023
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BinbmmicTs cydacHUX TOCTIIKEHb CTPYKTYPH JETO-
HAIlIIHOT Teuil 30CepeKEHO Ha SBUIIAX, SKi MPOTIKAIOThH
Ha ¢ponTi JIX Ta mix gac nepexony Bix neduarpariii-
HOT'O JI0 JIETOHAMIHOro ropinHs [7, 8].

Meroro i€l poOOTH € TOCIiHKEHAS 0COOIUBOCTEH
MIPOLIECIB, SIKI MPOTIKAIOTh Ha BCIX €Tamax pPO3IOBCIO-
JDKEHHS JIeTOHalii: Ha (POHTI NETOHAIIWHOI XBWIi, y
30HI CTaJIMX HapaMeTpiB Ta MiJ 4ac BHUXOAY MPOIYKTIB
JICTOHAIIT 3 KaHATY.

2. OcHOBHi mapamMeTpu Ta rPaHUYHi YMOBH
PO3paxyHKOBOI MoeTi

JInst pOBEeICHHS YUCENBHOrO JOCTI/KEHHST BUKO-
pHCTOBYBaBCsI mporpaMHumii komrutieke Ansys Fluent [9].
VY sKOCTi 00’ €KTY AOCIIHKEHHS pO3TJIsiaaiach HWTiHIPH-
yHa feroHarliiina kamepa (1K) giamerpom 50 mM. OcHo-
BHI mapaMeTpu po3paxyHKOBOI MOJIENi: BUKOPHUCTOBYBA-
nace SST k-w mozenb TypOyJIeHTHOCTI 3 ypaxyBaHHAM
e(eKTy CTUCHEHHSI peU4OBHHH; MOJIENb T'OPIiHHS, sSIKa Bpa-
XOBYE KiHIEBI IBUKOCTI PeaKiii 3a piBHIHHAM ApeHi-
yca Ta OcOONMBOCTI TypOYJIEHTHOrO IepeMilllyBaHHS
komnoHeHTiB; AUSM meron uis BHpIlIEHHS DPiBHSHB
NOTOKY. ['0JIOBHOIO OCOOTUBICTIO MOZIEII SIBISIETHCS JIH-
HaMi4yHa a/IanTallis CiTKH 3a rpajieHToM ryctuu. Le mo-
3BOJISIE IETaJIbHIIIE JOCIIANTHU ABUIIA, IKi IPOTIKAIOTh Y
JK, 1 3HU3UTH BUTpPaATH OOUMCIIOBAJILHOI MOTY)XHOCTI.
ApanTarisi CiTKM 3MEHIIyBaja po3MIp pO3paxyHKOBOI
koMipkH Jo0 Beanuunu 0.0625 Mm. Taka BenuuuHa Komi-
PKH JI03BOJISIE BUSIBUTU BaXKIJIMBI OCOOJIMBOCTI, IO ITPOTi-
KaloTh Ha MIKpOpiBHI y GpoHTI AeToHawiiiHOT XBuiIi. Pe-
3yJbTaTH MAaTEMAaTHYHOI'0 MOJETIOBAaHHA 3 0O0paHNM Ha-
0OpOM BUXIJHUX MapaMeTpiB JOOpe y3ro/KyrOThCs 3 Bi-
JOMUMH eKcriepuMeHTanbuMu gaaumu [10]. TTouatko-
BUMH YMOBaMH OyJI0 3alIOBHEHHSI KAMEPHU CTEX10METpH-
YHOIO CYMILIIITIO KHCHIO Ta BOIHIO ITPU II0YaTKOBOMY TH-
cky 0.1 MITa ta remneparypi 300 K. /Iy aeranbHoro no-
CIiJpKeHHsT PPOHTY JeTOHALINHOT XBHIII KPOK y Yaci He
nepeBuIyBaB 20 HAHOCEKYHI.

Cu1izt 3a3HAYUTH, 110 KPOK 38 YaCOM Ta HaWMEHILUi
pO3Mip KOMIpKH 3ajieKaTh BiJ] BEIHYMHU IOYATKOBOTO
THCKY, OCKUIBKH 3HAYEHHS TUCKY BIUIMBA€ HA 34aTHICTh
BUSBIIITH TOTPifiHI TOYKM Ha (POHTI IETOHAIWHOL
xBwii [11].

3. Pe3yabTaTn Mo1e/Il0BaHHS
JeToHAliHOI Teuil

Y Mexax KaMepHu MO>KHA BHIUTUTH TPU OCHOBHI Ya-
COBi TIPOMDXKKHU JIETOHAIHHOT'O TPOIECY: MPOXOIKEHHS
(GpoHTY meToHAIIHOI XBWIIi, IepeOyBaHHS Y 30HI CTa-
nux mapamerpiB (30Ha Teiinopa) Ta BUXi IPOAYKTIB Ae-
TOHAIIT 3 IETOHAIIHOI KaMepH.

3.1. locaixkeHHsI CTPYKTYPH (PPOHTY
JAeTOHANIIHOI XBHTi

OCHOBHHMM TIPOIIECOM, BiJl IKOT'O 3aJI€KHUTh OB~
MK PO3BUTOK YCHOTO TIPOIIECY, € YTBOPEHHS Ta PO3IIO-
BctojukeHHsT (porty JIX. 3rigHo kiacuuHid Teopii
¢pont JIX mpexacraBnsie co0O0 TiApoANHAMIYHUN HOP-
MaJIbHUH PO3PHB 3 HASBHOIO 00JIACTIO BHCOKOT'O THCKY.
OpHak JeTanbHe JOCII/KEHHS NeTOHalii BKa3ye Ha
OiIBLII CKITANTHY CTPYKTYPY GpoHTY [6].

AHamni3 oTpUMaHHX pe3yJbTaTiB MaTEeMaTHYHOTO
MOJIEITIOBAaHHS MOKasye, 110 ¢ppont X npencrasise co-
000 KOMILIEKC ITOCTIIHO B3aEMOIFOUMX YAaPHUX XBHJIb.
Y MOMEHT 3ycTpidi IBOX Ta OLIbIIE MAJAF0YUX XBHJIb Bi-
JNOYBa€ETHCS CTHCHEHHS MAIMBHOI CYMIlli Ta pi3Ke 3011b-
HIEHHS THCKY y MajioMy o0’emi. Lle cnpuuunse XiMiuHy
B3a€MOJIIF0 KOMITOHEHTIB MayuBa (TOPiHHA), sKa CYIpO-
BOJKYETHCS IBUIKAM BHBIJIBHEHHSM BEITUKOI KiIbKOCTI
eHeprii 3a KOPOTKHH MPOMIXKOK 4acy. 3aBISIKH TaKOMY
MiKpOBHOYXY BUIUISAETHCS 3HAUHA KUTbKICTh €HEprii, 110
MOPOJDKYE HOBY Y/IapHY XBHJIIO, SIKa [MOYMHAE B3a€EMO/II-
ATH 3 BKe icHyrounmH. Lleii mporiec mpogoBKyeThest 10-
HOKM BigOyBaTUMEThCS XiMiyHa B3aemomis. Taki mami
30HM B33a€MOJIii XBWJIb OTPHMANM Ha3BY MOTPIHHUX TO-
YOK. 3aJMIIKOBHH CITiJI BiJ] B3a€MOIIT yIapHUX XBWJIb Ha
¢ponrti JIX yTBOpIO€E BimoMy KoMip4acTy cTpykTypy [5].
[Tpu MonesnroBaHHI ii MOXHA MOOAYUTH 3aBISIKH BUKOPH-
CTaHHIO aJIaNTOBAHOI CITKHU (pucC. 1, ), SKIIO BIACTEKUTH
NepeMillieHHsT 30HM B3a€MOJIl Ha MeBHiM IUIHIN (po-
HTy. Ha pucynky 1, 0 npezncraBiieHO 3MiHy T'YCTUHH Ha
¢ponTti IX y yaci, 3a KOO BHIHO YTBOPEHHSI KOMIipKH.
VY mpoBeneHOMY JOCIIKEHI pO3MIpH JIETOHAIIIMHOT KO-
MipKH 3MIHIOBAINCH Y MeXaX Big 2 MM 70 10 MM.

Ha puc. 2 npezacTaBieHo po3mOIiN THCKY Y IUIOC-
KOMY KaHaJIi IETOHAIIHOT KaMepu. Ik BUHO, 3HAYCHHS
THCKY Y MOTPIHHMX TOYKaX 3HAYHO NEPEBHIIYIOTH 1104Ya-
TKOBI.

ExcriepumeHTanbHi TOCHIIPKEHHsT JeToHallii 3 BH-
KOPUCTaHHAM CYy4aCHOTO BHCOKOTOYHOTO BHUMipIOBaJIb-
Horo obmamHanHs [12] maTBEpmKYIOTH OTpUMaHi pe-
3yABTATH YHCETBHOIO MOJACIIOBAHHS.

PesynmpTaTH YHCENBFHOTO MOCITIIKEHHS BKa3ylOTb
Ha CKJIQJHUH XapaKTep PO3IMOiTY BETHYUHH IIBUAKOCTI
10 Tiepepi3y MoToKy (puc. 3). SIk BUAHO 3 pUCYHKY, 3HA-
YeHHs MBHAKOCTI Y MOTPIHHHX TOYKAX IEPEBHIIYIOTH
Bennunny 3000 m/c. Tlpu nmeranbHOMY JIOCHIDKEHHI
cTpykTypu QporTy X MOXHA MOOAYHTH, IIO MIKOBi
3HAYCHHSI IIBUKOCTI MEPEBUIYIOTh BETUYUHY IIBHKO-
cti Yerrmena-XXyre Dcj, y Toi ke dac 3HaUCHHS IIBHI-
KOCTi JETOHalli B IHMMX 30HaX (MK IMKaMH) € MEH-
MU 3a BemuauHy Dey.

3a Me)kaMH 30HH XIMIYHUX peakilii MBUAKICTH pO3-
noBcropkeHHs JIX Takox Oyle MEHIIOK BiJ 3HAUYCHHS
Dcj, OCKiTBKM BiICYTHE JONATKOBE BHUIIJICHHS C€HEPTii,
SKa MiITPUMYE IHTEHCUBHICTb po3moBcrokeHHs [1X.
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Puc. 1. Komipuacrta cTpyKTypa IeToHamii:
a) aJanToBaHa 3a TPAli€EHTOM TYCTHHHU PO3PaxyHKOBa CITKa;
0) pO3MOLNI TYCTHHHU y PO3PaXyHKOBiii 00macti, Kr/m®

3 aHamizy OTpUMAaHMX JAaHUX MOXKHA 3POOWTH BU-
CHOBOK, III0 ()POHT JETOHAIIHOI XBHJIi TIPEICTABIISIE CO-
6010 Habip MOTPiIHMUX KOHGITYpaLii, SKi MTOCTIHHO 3Mi-
HIOIOTB y Yaci CBOE TTOJIOKEHHS.

3.2. locaigzkeHHsl 30HH CTAJIMX MapaMeTpiB

3a ¢porrom X po3TamIoBYeTHCS 30HA BiHOCHO
CTaJMX HapaMeTpiB AETOHAIil, BiZoMa y JiTepaTypi SK

30Ha Teiinopa. 3a KIACHYHOIO TEOPI€I0 METOHAMIT y i
30HI pyX BBaYKAETHCS BiACYTHIM, a iHII mapamerpu 30e-
PpiraroTh NOCTiiiHI 3Ha4YeHHS. Pe3yabpTaTi OLIBII TOYHOTO
aHaJTi3y BKa3ylOTh Ha Te, 0 OCOOIMBOCTI YTBOPEHHS Ta
XapaKTep PO3MOBCIOKEHHS (PPOHTY METOHAII] CIIpHUYIH-
HSFOTh BHHHKHEHHS 3aJIMIIKOBUX KOJIMBAJBHHUX SBHIL.
Taki KonmMBaHHS MPU3BOAATE 10 YTBOPEHHS MONIEPEYHNX
xBwIb 3a pporTom JX. Tlomepedni XBuWIi pyxaroTbCs
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6.34
5.71
5.09
4.47
3.84
3.22
2.60
1.97
1.35
0.72
0.10

Puc. 2. Po3noain THCKY B po3paxyHKOBii oonacti moaeni, MIla

3240
3116
2992
2868
2744
2620
2496
2372
2248
2124
2000

Puc. 3. Po3noaisn mBHIKOCTI B pO3paxyHKOBIiH 001acTi Moieni, M/c

MIX CTIHKaMH KaHaJy 3 MiCIIEBOIO MIBUAKICTIO 3BYKY. L1i
XBHJII HalKpalle IposBIISIOTH ceOe Ha TUITHKAX aJarnTo-
BaHOI CiTKH (pHC. 4): JTIBOPYY MOKA3aHO PO3MOILI IpaIi-
€HTY TYCTHHH [TOTOKY (BHIHO, SIK 3MIHIOETHCS PO3MIp KO-
MIPKH pPO3paxyHKOBOI CITKH), TPaBOpy4d — aOCONIOTHI
3HAUeHHS BEJIMYMHU TYCTHHH MOTOKY. KonmBanbHuMiA
TPOLIEC TPUBAE JI0 TOTO MOMEHTY 4acy, KOJIH MPOLYKTH
JIETOHAIIIT HE BUIIYTh 3 KAHAITY 10 OTOYYIOUOro cepero-
BUIIA.

3.3. locaaixkeHHsl Npolecy BUTIKaAHHSI
NPOAYKTIB JieToHA{T

BBakaeTbes, 0 Ha eTami CIOPOKHEHHS KaMepH Bij
NPOAYKTIB JeTOHALIT 3MiHa MMAPaMETPIB MMOYNHAETBCSA Y
TOH MOMEHT 4acy, KOJHU 3BOPOTHa XBHJIS PO3PiUKCHHS

Jocsirae Tiyxoi CTiHKM KaHaiy. OTpuMaHi pe3yiabTaTH
YHCENbHOTO MOJETIOBaHHS BKa3ylOTh Ha Te, L0 3MiHA
napameTpiB MOYMHAETHCS paHile, TOOTO BXKE Ha erari,
KOITM 3BOPOTHA XBHJISL TIJIbKH TPSIMYE JIO TIIYXOi CTIHKH
kanaiy [10]. Ha puc. 5 306paxkeno rpadik 3MiHH THCKY
Ta IBHAKOCTI Y IEHTPAILHOMY Iepepi3i kamepH. Y Mo-
MEHT 4Yacy, KOJIU 3BOPOTHA XBHWJIA NEPETHHAE [EHTPaIb-
HHU{ TIepepi3, MOYUHAETHCS MOCTYIIOBE 3MEHIICHHS TH-
CKy Ta 30UIbIICHHS HIBHIKOCTI MOTOKY. A y MOMEHT
4acy, KOJM 3BOPOTHA XBHJISA PO3PiIKEHHS, PO3BEPHYB-
[IACh, PYXA€ThCS IO BHXOAY 3 KaHANY Ta BiIOyBa€eThCS
BHXIJl TIPOAYKTIB JIETOHAIIi /0 HABKOJMIIHLOIO MPOC-
TOPY, THCK Ta MIBHJKICTh 3MIHIOIOTHCSI BIMTOBITHO JI0 Bi-
nomoi kirackaHoi mozneni [13]. [lpudomy y neskuii Mo-
MEHT Yacy IIBWJAKICTh 3BOPOTHOI XBWJII JOCATAE 3HA-
YEHHSI MICIIEBOI HIBUAKOCTI 3BYKY.
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Puc. 5. 3mina THUCKY Ta IIBUIKOCTI

B niepepisi JIK 3a gyacom

4. O0roBopeHHs Pe3yJabTATIB A0CTIIKEHHS
Ta (popMyTIOBAHHA PEKOMEHIAIN

3HaueHHs ra30JMHAMIYHUX HapaMeTpiB y MOTpiid-
HHUX TOYKax BHIII, HDK IependadaroTh KJIacHYHi Teope-

Tyl Mozeni (tabn. 1). Lle miaTBepaxKyeThCs eKkcriepu-
MEHTAJIBHIUMH pe3yJIbTaTaMH MHUHYJIHX POKiB, 3aCHOBa-
HUX Ha JIOCIIDKeHH] Ca)KOBUX BIIOUTKIB [S], cyyacHUMH
JocipKeHHsIMHA cTpykTypu dponty X [11] Ta ekcre-
pPHMEHTaMH 3 BUKOPHCTAHHSIM BHCOKOTOYHOI BHMIpIOBa-
JbHOT J1a3epHoi TexHiku [12, 14].

Tabmuns 1
OCHOBHI TapaMeTpu
Ha (QPOHTI JAeTOHAIIITHOT XBIII
MonentoBaHHs
ITapa- — 3HA
MeTp Iotpiitni Cepenne MOJIED
TOYKH 3HAYEHHS

P, MIla 6.34 3.34 3.25
Vv, M/c 3240 2860 2835
T,K 2889 1964 1898
p, Kr/m® 4.669 3.618 3.658

3a 3H/I monemto tick Ha ¢porTi X s crexio-
METpUYHOI KHUCHEBO-BOAHEBOI CyMIlli IIOBUHEH OyTH
OUTBIIMM BiJ] TMOYATKOBOTO MpHONM3HO y 32 pasm.
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A oTpuMmadi 1aHi (JUB. pHC. 2) MOKa3ylOTh NEPEBUIIECHHS
BEJIMYMHM TUCKY Oinbine, HiX y 60 pa3iB. Y geskux 30-
Hax crocrepiraiocs 1mie OUTbII MiBHUIIEHHS THUCKY, ajle
Taki 30HU € JTy)kKe MIMMH 33 Po3MipaMH Ta dac iX icHy-
BaHHs He3HauHMH. [Ipu ycepenHeHHI mapameTpiB 3a 1e-
pepizoM kaHaiy Ha QpoHTi X oTprMaHi 3HAYCHHS TH-
cKy cTaHOBIATH 3.34 MI1a, 1o BianoBigae po3paxoBaHiit
3a 3H/] Mmozxemro BennunHi THUCKY y 3.25 MI]a.

BpaxoByroun ckiagHy CTPYKTYpYy Ta OCOOJIMBOCTI
¢dopmyBanHs GpoHTy X, BEIMUMHA MBUIKOCTI PO3IIO-
BCIO/DKECHHSI JIETOHAIll TaKOXK MiJUIArae OCepeJHEHHIO.
3rigHo 3 Teopiero Yenmena-Kyre MBUAKICTH PO3TOBCIO-
mxerHs pponty X Deyans po3risHyTOl MaJuBHOT KOM-
MO3uIIii CTAaHOBHUTH 2835 M/c, IO MiATBEPIKEHO EKCIIe-
pumMeHTanbHO [4]. OcepeqHIOI0YH 3HAYEHHS IIBHIKOCTI
MOTOKY IO BchboMy (GpoHTY X oTpuMaeMo BETHMYHHY
2860 m/c, sika BIAIIOBIZa€ BiJOMUM €KCIIEPUMEHTAIbHIM
3HaueHHsM Dc; y Mexax mOXHOKM pPO3paxyHKiB
(memtre 2 %).

HasiBHICTb mONIEpeYHUX XBUIIb IPU3BOJIUT JI0 3HA-
4HOI TypOymi3alii NOTOKY y NPUCTIHKOBOMY IIapi Ois
CTIHOK KaHaiy (muB. puc. 4). [lonepeyna xBHIIS iHiLIIOE
HepeMilIyBaHHsl MK IPOAYKTAMH JIETOHALT B SIIPi TIO-
TOKY, Ta HNPOAYKTaMH, sIKi 3HAXOAATHCS Y MPUCTIHKO-
BoMy miapi. TypOy:i3aliisi IpHCTIHKOBOTO Iapy momnepe-
YHUMH XBWISIMH CIpHsi€ iHTeHcUdikalii Terioo0MiHy
BiJl MPOMAYKTIB JETOHALIl 0 CTIHOK KaHany. BinOysa-
€ThCs1 301JIbIICHHS 3HAYCHHS KOoe(illieHTy TeruioBiaaayi,
110 MPU3BOAMTH [0 IiJBHUIIEHHS TEIIOBOTO HAaBaHTa-
JKEHHsI Ha KOHCTPYKIito. 1e siBuIiie HeoOXiIHO BpaxoBy-
BaTH IPH NPOSKTYBAaHHI CHCTEMH OXOJIOMKCHHS Kamep
JICTOHAILIHUX IBUTYHIB.

BucHoBknu

1. V3aranbHeHi pe3ylbTaTH YHUCENBLHOIO JIOCIHi-
IDKEHHS J00pe y3TOUKYIOTBCS 3 Pe3yNbTaTaMU BiIOMHX
eKCIIEPUMEHTAIBHUX JOCHiIKEHb.

2. 'V X0Jl YMCeNbHOr0 IOCHI/PKEHHS OTPHMaHa Jie-
TaJlbHAa KapTHHA YTBOPEHHS Ta PO3IOBCIOJUKEHHS (po-
HTY JETOHAIiITHOI XBWIi. AHAaJ3 OTPUMAHHUX pe3yibTa-
TiB MMOKAa3aB, MmO (HPOHT JETOHALIWHOI XBWIIL MpPEICTaB-
nsie cobor0 Hadip MOTpiHHMX KOHGIrypamii, sKki moc-
TIHHO 3MIiHIOIOTH CBO€ TMOJIOKEHHS y Yaci Ta y IpoCTopi.
Y TBOPIOETHCS CKITagHA HEOTHOPiAHA CTPYKTYpa (HpOHTY
JIETOHAILIIMHOT XBHIIL.

3. BenuuuHM THCKY Ta IIBUJIKOCTI Y TOTPIHHUX
TOYKaX MEPEBUINYIOTH BiOMI 3 Teopil 3HAYCHHS BEJH-
YMHU TUCKY Ta MBUAKOCTI y niky Hefimana. [1pu ocepe-
THEHHI TapaMeTpiB 10 BCHOMY MOIEPEYHOMY Tepepisi
(bpoHTY neToHaNil 3HAYCHHS BEIMYHMH THCKY Ta IIBHKO-
CTi CTarOTh OJMM3BKUMU J0 3HAYEHB, Iepen0aueHuX Teo-
pieto.

4. Pe3ynpraTy MaTeMaTHYHOTO MOJIEIIOBAHHS IO~
Kazaiy, 1110 3MEHIIEHHS MapaMeTpiB MTOTOKY i Yac BU-
X0y TIPOMYKTIB JETOHAIIT 3 KaHATY IIOYAHAETHCS Y MO-
MEHT 4Yacy, KOJIIM 3BOPOTHA XBWJIS 3HAXONUTHCS Ha
NUIAXY JIO TIIYXOI CTiHKW. Y Tel Yac TUCK MOYHHAE 3HU-
JKyBaTUCh, a IBHUIKICTh, HABIAKH, 30UIBIIYBATUCH. Y
MOMEHT 4acy, KOJHM 3BOPOTHA XBHIIS BJIPYre MPOXOJUThH
TOH caMUil Tiepepi3 KaMepH, pyXarouyHch J0 BHUXOAY,
MIBUAKICTh Ma€ MaKCHMaJIbHE 3HAUEHHSI, SIKE Bi/IIOBiIa€
MICIICBi# BUIKOCTI 3BYKY.

5. OpnHi€ro 3 TOTOBHUX OCOOJIMBOCTEH, BUSBICHUX
NpY MOJICIIOBAaHHI, € HAsSBHICTh MONEPEYHUX XBUIIb 3a
¢ponTom JIX, sIKi CIIpUSIOTH 3HAYHIHN TypOymizanii npu-
cTiHKOBOrO mapy. TypOymizaliisi IpU3BOIUTh 10 iHTCH-
cudikamii TeruI000MiHy MiK TPOAYKTaMH JIETOHAI] Ta
CTIHKaMH KaHajy. 3a3HaueHy OCOOJHUBICTH CJIiJ Bpaxo-
BYBaTH IPU TPOEKTYBaHHI CHUCTEMH OXOJIOJPKEHHS Ka-
MepH JIeTOHAIIHHOTO JIBUT'YHA.

IMomaneIm MOCTiPKEHHS MPOIeCy AeToHarii 00y-
MOBJICHI HEOOX1JIHICTIO BU3HAUYEHHS XapakTepy BIUIUBY
peXUMHUX (PaKTOPIB HA TATOBI Ta TEIUIOBI XapaKTepHC-
TUKH IMIYJIbCHUX JAETOHAIIMHUX PAKeTHUX JBUTYHIB.

BHrecok aBTOpiB: oris/ Ta aHai3 iHpopMaliiHUX
okepen — O. C. AKCbOHOB; (hOPMYJTFOBaHHS METH 1 MO-
cTtaHoBKa 3azau gocmimkerHs — O. €. 30/10TbKoO,
O. C. AkcboHOB; BHOIp Ta BUKOPUCTAHHS MPOrPaMHO-
TEXHIYHHUX 3aC001B I MOZCIIOBAHHS Ta IPEACTABICHHS
pe3ynbTatiB — Q. C. AKCHOHOB,; aHalli3 pe3yibTaTiB J10-
CIi/DKeHHS Ta  (OpMYNIOBaHHS pEKOMEHAAllid —
O. C. AkcboHOB;  (OpPMYJIIOBaHHS ~ BUCHOBKIB — —
0. €. 30101BK0, O. C. AKCHOHOB.
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STRUCTURAL FEATURES OF THE DETONATION FLOW
Oleksandr Aksonov, Oleksandr Zolotko

The subject of this research is the processes that occur during the formation and propagation of a detonation
wave in a flat channel. The goal of this work is to study the features of the complex multiform structure of the deto-
nation wave and its influence on the integral parameters of the detonation flow. The task of the research was to identify
regularities during the formation process and propagation of the detonation wavefront, establish the nature of the
influence of the detonation front structure on the processes that occur in the zone of stable flow parameters, and
analyze the gas-dynamic parameters of the flow at the final stage of the process - at the stage of propagation of rare-
faction waves. The main research method is mathematical simulation using CFD technologies (ANSYS Fluent pack-
age). The main results of the study: it was established that the values of gas-dynamic parameters at the triple points
of shock waves are significantly greater than the corresponding values at the Neumann peak, and in the areas between
the triple points are significantly smaller; the values of the parameters averaged over the cross-section of the detonation
wave front almost do not differ from the values of the parameters at the Neumann peak; the propagation velocity of
the detonation wave averaged over the cross-section of the flow also corresponds to the calculated velocity according
to the Chapman-Jouguet model; outside the zone of chemical reaction, the formation of triple configurations is im-
possible, therefore the speed of the detonation wave front will be lower than the values of Chapman-Jouguet, which
will affect the further processes of propagation of the detonation; the processes of formation and propagation of the
detonation wave front in a certain way influence the distribution of steady flow parameters, while the wave processes
spread to the Taylor zone, which leads to significant turbulence of the wall layer; due to the turbulence of the wall
layer, the intensity of convective heat fluxes into the channel wall increases. Conclusion: the obtained results are in
good agreement with the results of known experimental studies and can be used in the calculation of the integral
impulse characteristics of the detonation engine chamber and in the design of its cooling system.

Keywords: detonation; mathematical simulation; structure of the detonation wave front.
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UNSTEADY INCOMPRESSIBLE LAMINAR BOUNDARY LAYER:
TIME AND SPACE VARIABLE MOLECULAR VISCOSITY

The subject of this work is two approaches to describe the laminar unsteady flow of an incompressible fluid in
the boundary layer. In the first approach, the viscosity of the fluid and the acceleration with which the plane is
set in motion are considered constant. In essence, this is Rayleigh's problem. The solution obtained on the basis
of these assumptions asymptotically converges to the well-known self-similar Stokes solution. It is important that
the solutions of Stokes and Rayleigh asymptotically at large values of time correspond to the disappearance of
shear stresses between the liquid and moving plane after acceleration. A paradox emerges the equations derived
by Stokes to describe internal friction indicate the absence of the same friction between a moving body and fluid.
Since research using the calculus of variation methods revealed that the molecular viscosity inside the stationary
boundary layer should depend on the distance to the moving surface, the corresponding non-steady problem was
considered. As a result, as before for the steady case, solutions describing both non-gradient and gradient flows
of incompressible fluid in the boundary layer are obtained. The asymptotic analysis of the transition to steady
flow testifies the consistency of these solutions. For the case of non-gradient flow, a comparison of the classical
solution with the solution corresponding to the extreme fluid flow rate carried by the moving surface is made. It
is shown that according to the solution obtained on the basis of the calculus of variation approach, the shear
stress on the surface does not disappear anywhere after the motion becomes steady but, as expected, acquires a
constant value. The research methods are purely theoretical and the results are analyzed by comparison with
available theoretical and experimental data and compliance with the fundamental laws of physics, in particular
the law of conservation of energy. These methods are based on the construction of analytical mathematical
models, which are differential equations in partial derivatives supplemented with appropriate physical initial
and boundary conditions. In addition, Euler's differential equations for the extreme of functional theory are used
(in this paper, this is the extreme of fluid flow rate across the cross-section of the boundary layer). When solving
these equations, the well-known Fourier method of variable separation is used. Arbitrary functions of time aris-
ing during partial integration (by one of the variables — the spatial coordinate) are determined from the condi-
tions of asymptotic convergence of the solutions of non-steady problems to the corresponding solutions of steady
problems. Conclusions. The presented results are of fundamental importance for understanding the physics of
the flow around aircraft parts, as they indicate the contradiction of the existing idea of the reversibility of direct
and inverse problems: the motion of a body in a still fluid and the flow of a fluid around an immobile body.

Keywords: aircraft; laminar boundary layer; unsteady incompressible flow; variable molecular viscosity.

In the middle of the 19th century, one of the new
problems at that time was the study of the influence of
the resistance of the environment on the motion of the

Introduction

Regardless of whether the motion of a body in a

fluid is steady or unsteady, it is always affected by the
force of friction. This, of course, also applies to the mo-
tion of aircraft. The frictional force of the fluid on the
surface of the aircraft is created in a rather thin boundary
layer - in the immediate vicinity of the streamlined sur-
face [1].

The boundary layer is an important component of
optimizing the aerodynamic characteristics of the wing
profile [2], improving the flow around the blade and in-
creasing its non-skid properties [3]. The flow in the
boundary layer is also related to the formation of vortex
tracks, which is very important for flight safety, espe-
cially in non-stationary regimes - during take-off and
landing [4].

pendulum. Scientists did not abandon the idea of creating
a so-called "eternal engine". Ideas, as you know, do not
arise from nothing. They (these ideas) are the result of
certain theories. One of these theories is the Stokes model
of viscous fluid motion [5]. According to this model, in
case of non-steady flow, under the assumption of con-
stant molecular viscosity, a false conclusion is reached
about the possibility of the existence of a perpetual mo-
tion machine. To point out the shortcomings of Stokes'
theory, this paper considers two problems: the main prob-
lem deals with acceleration and subsequent steady mo-
tion, and the second, auxiliary problem, deals with un-
steady fluid flow along a fixed plane.

© Pavlo Lukianov, Lin Song, 2023
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Despite the fact that today almost all the efforts of
researchers are directed to the study of turbulent flows,
nevertheless, the theory of the non-steady laminar bound-
ary layer has not yet been completed. This becomes clear
after studying the works of Stokes [5, 6]. Only recently,
it was possible, from unified position, to obtain an ana-
Iytical description of steady gradient and non-gradient in-
compressible flows in the boundary layer [7].

As for the non-steady boundary layer, various prob-
lems were considered. First of all, we should mention the
general solution for an arbitrary law of acceleration of a
plane to a finite speed, obtained by Stokes (see [6], (185))
and its special case for instantaneous motion of a plane
with a constant speed (see [6], (186)). Apparently, aware
of the physical impossibility of instantaneous accelera-
tion of a plane, like any other body of finite mass, to a
finite speed, Rayleigh considered the case of uniformly
accelerating an infinite plane from a state of rest into mo-
tion at a constant speed [8]. The Stokes solution obtained
on the basis of the constancy of viscosity (the Navier-
Stokes equation) and its special case considered by Ray-
leigh (see [8], formulas (17), (18)) indicate a discrepancy
with physics. Thus, in the work of Rayleigh [8] it is indi-
cated (see the last formula of the third paragraph of the
cited work) that the velocity gradient, and with it, taking
into account the constancy of the molecular viscosity, the
shear stress T asymptotically decrease in time according
to the law

M
ay ‘y:O

-1/2
=7(t>>tp)t 50, t—>oo. (1)

In (1) ty, is the acceleration time,
V, is the speed of the plane,
u is a molecular viscosity,
t,y are time and coordinate normal to the plane in ac-

cordance.

It immediately follows from (1) that with steady
motion, the motion resistance is zero. In other words, we
accelerate the body, and it continues to move, without
supplying energy from the outside, at a constant speed.
Of course, this is completely wrong, as is trying to create
a perpetual motion machine.

The following considerations will help us, firstly, to
make sure that in the problem of the motion of a plane in
space, the velocity cannot be constant or increase any-
where, and, secondly, they will indicate the unphysical
correspondence of (1). It is clear that when a plane
moves, the product of the velocity and the viscous shear
stress on the surface of this plane is nothing but the power
that the plane transmits to the surrounding space. If the
motion is steady, then the mentioned power should dis-

appear somewhere every time moment. So it is: it disap-
pears due to viscous dissipation (heating of the liquid is
not taken into account):

Vi (y=0)- 1(y=0)=

_ AV dV, RV,

= -(y=0)(Vx (y=0)-Vx (y=0)).

dy= (2

When deriving (2), it was taken into account that
1 (dVy/dy)=t(y=0)=Const , which corresponds to a

non-gradient flow. Therefore, the balance of these capac-
ities is possible under the condition that V, (y=00)=0.

This is an important fact because it prevents the velocity
field from having a constant value at infinity and every-
where. On the other hand, the shear stress is constant in
time (and in the case of acceleration of the body, it as-
ymptotically approaches a constant value). Therefore, ex-
pression (1), being absolutely correct mathematically,
has nothing to do with the real physics of the problem,
since energy dissipation occurs at every moment of time.

These contradictions disappear when, in the gener-
alized Navier-Stokes equations, the viscosity in the
boundary layer is considered, in the general case, as a
variable: in steady motion, the viscosity is a function of
the distance to the boundary of the solid body (wall) (see
[7]), and for non-steady motion is a function of time and
distance (see below).

The development of this topic can be found in sub-
sequent works by Gohrtler [9], Howards [10], Sowersby
[11, 12], and Watson [13], in which the growth of the
boundary layer and the boundary layer in a semi-infinite
region of various shapes are considered. Flows in the
Stokes boundary layer in the form of harmonic oscilla-
tions are still used now when considering various non-
steady problems [14].

For a better understanding of the further presenta-
tion, let's briefly review the article [7], devoted to the
steady boundary layer. The starting point of the study is
Schlichting's monograph [15], where the reader can find
a summary of the problem (at the time of publication of
this book). An important role is assigned to experimental
work on measuring the boundary layer [16]. The theory
of the boundary layer, which is currently used, was de-
veloped by Prandtl [17] almost sixty years after the pub-
lication of the work of Stokes [5]. Isn't this a paradox?
The Stokes theory [5] of the motion of a viscous fluid
already exists, but its purpose, which is primarily related
to the description of internal friction in the boundary
layer, finds its implementation only in the work of
Prandtl [17]. The answer to this question can be found
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in [7]. The theory of the steady boundary layer of an in-
compressible flow was further developed in the works of
Blasius [18] (as well as a generalization of his problem
[19]) and Boltze [20], as well as in the works of Kar-
man [21] and Pohlhausen [22]. Van Drist's work [23],
which is somewhat separated in time, although formally
dedicated to the turbulent boundary layer, uses an expo-
nential multiplier that is characteristic of the laminar
boundary layer [6]. Successes in the study of the bound-
ary layer before 1970 are described in Loitsianskyi's re-
view [24]. Modern works on the laminar boundary layer
include the formally mathematical works of Wyburn [25,
26], the work of Sohrab [27], based on a statistical de-
scription of the flow physics in both laminar and turbu-
lent boundary layers. And, perhapsy, the work of Abdul-
lah Grafor [28], in which the ideas of the Polhausen
method [22] are developed, also deserves attention.

1. Formulation of the problem

In this paper, we consider unsteady incompressible
flows in laminar boundary layers:

—a non-gradient non-steady boundary layer formed
during the acceleration motion of an infinite plane;

—a gradient non-steady boundary layer, which is
formed when a fluid flows around along fixed plane at a
constant speed.

The purpose of the work is to obtain, based on the
calculus of variation approach, analytical distributions
for the velocity field in gradient and non-gradient laminar
unsteady boundary layers of an incompressible fluid and
compare them with the classical ones, pointing out the
shortcomings of the latter.

2. Laminar unsteady incompressible
fluid flow due to uniform acceleration
of the plane

It is impossible to instantly accelerate the body to a
finite speed: an infinitely large power is required. There-
fore, no matter how small the acceleration time of a
rocket or projectile is, it is still finite. The plane acceler-
ates or decelerates within the time limit. This tells us that
the problem of a laminar boundary layer that is constantly
changing over a finite time is quite real. Apparently, that
is why Rayleigh, as stated in the introduction, solved the
problem of uniform acceleration of a plane to a constant
speed [8]. What follows in this section cannot be consid-
ered entirely original. It is rather a bridge between the
classical (old) presentation and the modern one, which is
becoming more and more difficult to understand every
day. Although the formal mathematical notation and rep-
resentation differ from the works of Stokes [6] and Ray-
leigh [8], it is essentially the same physical problem. In

this work, the problem of braking will not be considered:
only acceleration.
The speed of uniform acceleration of the aircraft for

finite time T, and subsequent steady motion (y =0)is
described by law [29]

Vo :uo{ H(b)- thH(t rb)} 3)
X|y=0 Ty

In (3) H(t) is the Heaviside function. The second bound-
ary condition was already mentioned above:

V, (y=0)=0.
Solution of the Navier-Stokes equation

OVy o2V,

ot oy?

with the listed boundary conditions and the initial condi-
tion (which is automatically fulfilled in (3)) has the form
(compare with the solutions of Stokes [6], (formulas 185,
186) and Rayleigh [8], formulas 17, 18):

Upy texp[ y2/(4v(t-p ) L
Zﬁ t 3/2

[ H(7)- ttb H(t 'Tb)JdT'

Vi (y.h)=

(4)

The integral of the right-hand side of (4) can be con-
veniently expanded into the sum of the following two in-
tegrals:

on T exp| -y?/(4v(tt) | ¢ i

1 yt) J. (t- )3/2 E 5
= Yo jexp[-y [(@v(t-ty )|
2 y’ Zﬁ (t'T)3/2
These integrals are  respectively equal to

(Y, tp)-L1(y.0) and 15(y,t)-12(y, T, ), where

L (y,t)=

1 y* |,
1)

e P |

Ugy
_ oY )2 fiexpl -=
szvﬁ{ TbeXpl: 4(
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_ Y 1 vy

It is easy to see that the solution (4) — (5) under the
condition of instantaneous (t, =0) setting of immobile

plane to motion coincides with the Stokes solu-
tion [6, 8] —the second integral (5). But, as is obvious, in
the absence of the second, immobile plane, which is at a
finite distance from the moving one, the solution (5) will
not have a linear distribution [16]. We also do not take
into account the constant due to relation (2) (the finite
power in the presence of dissipation cannot set the entire
infinite space in motion at a constant speed). Information
available on the Internet on laminar boundary layer re-
search [7] indicates that all theories, starting with Blasius'
work [18] on the flow around a flat plate, are nothing
more than a good approximation of the parabolic law that
corresponds to the motion of a fluid under the action of a
longitudinal pressure gradient and, of course, does not
correspond to the motion of a body in a fluid.

As mentioned above, the classical approach leads to
unphysical results: after acceleration of the plane, with
time (see (1)) the gradient of the velocity of the fluid in
contact with the surface of the plane inexorably asymp-
totically tends to zero. It turns out that having accelerated
the plane to a finite speed, we no longer need to make
further efforts to maintain the motion at a constant speed.
But, excuse us, where does viscous scattering go? Of
course, it does not disappear. The boldness of these state-
ments is confirmed by the results of work [7], where it is
proved that in the boundary layer of an incompressible
laminar fluid flow, the viscosity cannot remain constant
in the absence of a longitudinal pressure gradient: it must
be a function of the distance to the solid surface to ensure
the constancy of the shear stress in the flow (see [7] for
details). To avoid the physical inconsistency associated
with the violation of the basic law of physics on the con-
servation of energy, we apply the ideas of a new approach
initiated in [7].

3. Unsteady laminar non-gradient flow
in the boundary layer: calculus
of variation approach

Now it is appropriate to note that the approach used
in [3] corresponds to the first ever calculus of variation
principle of mechanics by Pierre's Maupertuis [30].

Unsteady non-gradient flow of incompressible fluid
in the boundary layer is described by the generalized Na-
vier-Stokes equation

oV, 0 oV,
X=_" X , 6
a ay(”ay] ©

taking into account the variable viscosity coefficient
p(y,t) and also the following initial and two boundary

conditions (hereafter all values have dimensionless
form [7])
V, (t = 0)=1; V, (y=0)=f(t), Vi (y > ) - 0. (7)

Therefore, the fluid flow functional can now be rep-
resented in the form

1= [V, (avx OV de. ®)
0

The Euler equation of the extreme of the functional
(8) has the following form

_i aVX -i % =0
oV, |yl ov, |
ot oy

Since this equation must hold for any instant of
time, from the asymptotic coincidence at large values of
time (see also the gradient flow case below) we obtain

i % :i _aVX =0
&l v, oy v, |7
at oy

As in [7], let's transform the previous equation into
the form

Kl ov, 1 iy ov, 1
ot| ot g2V, | oy| oy 2%V,
6t2 ay2

If we solve the problem directly, that is, using
known approaches, something incomprehensible comes
out. Let's try to use the method of variables separation by
Fourier. According to this method,

=0. (9)

Vi = Vi (ty) = T(D)- Y(y). (10)
After substituting (10) into (9), (9) turns into
d{dT 1 |_ didy 1 |_

dt? dy?
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It follows from (11)

dT _~d’T  dY _.,d?Y
~ _=Ct=__ —=C) — 12
dt td2’ dy Cldy2 -
with solutions in the form
T(H)=A, +Btexp{L] )
Clt
(13)
Y(y):Ay+Byexp£%].
y

In (12), 13) C}, CY, A, B,, A,, By are integration

constants. Some of them are found from the following
initial and boundary conditions

T(0)=0, T(x0)=1; Y(0)=1, Y(0)=0. (14)

As a result, the sought solution takes the form:
t
Vx(t,y):[l-exp(E)Jexp(-y)- (15)
1

In the solution (15), the constant CY=-1 is the

same as for the case of steady flow [7]. The constant C{
will be defined later. It follows from (15) that

V, (ty) > exp(-y), t— oo,

and this is consistent with the results (flows with small
Reynolds numbers) of modern works [31, 32] (see [3] for
more details).

4. Unsteady laminar gradient flow
in the boundary layer: calculus
of variation approach

The motion is described by the generalized Navier-
Stokes equation with variable viscosity inside the bound-
ary layer

initial and boundary conditions (7). It also follows from
the conditions of the problem that

-@ =Const .
15)

Further, taking into account the physics of the
boundary layer (viscosity force of the same order as iner-
tial force and pressure gradient), in dimensionless quan-
tities Const =1. To use the calculus of variation ap-
proach, let us assume, as it was already done for the
steady flow [7], that now

o0
_ oV, OV,
J-{VX(VX,?,W dy. (16)
The corresponding Euler equation for the extremum of
the functional now has the following form

ol V|| vy |
|V oy Y |

ot oy

We use the method of separation of variables again
and obtain

(17

dydr 1 j_, djdy 1
dt| dt dj dy dydziy
dt? dy?

= Const. (18)

So far, we do not know the value of the constant in equa-
tions (18). Therefore, we will find their general solution.
For this, as above, we find the first integrals (18). We
have

a1
dt?’

@
dy?

%—I:( Const - t+C{)
Y
d

q (19)
@y = ((1-Const) : y+C{)

The general solution corresponding to (19) is

-2+Const
Cy J-1+Const

-1+Const

X

Vi (y,t) = Ay+By [Y'

1+Const

. \irionst
ct J Const 20

| ActB {H Const

The solution (20) asymptotically, when

Const — 0, turns into a solution of the steady prob-
lem:
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limV, (y.t)=
Const—0

XlZAﬁBﬁXp(é)].
1

Am (et
(21)

So, let's set Const=0 . After meeting all the bound-
ary conditions (by spatial coordinate and by time), we get
the following solution

Vx(y,t)=[1-exp(é)]'y(2-y)- (22)

As one can see, at Clt <0

Vy (y,1) = y(2-y), t > . (23)

Expression (23) completely coincides with the solution
of the problem in the case of steady flow [7].

5. Functions of viscosity, shear stress
and power of friction force

Unlike steady motion, as follows from the solutions
obtained above, now the viscosity is a function of time
and spatial coordinate (in the case of a non-gradient
boundary layer):

p=p(t,y) - (24)

For a non-gradient boundary layer, substituting so-
lution (15) into equation (5) leads to the relation:

1 —
TUNE .

=u(t,Y){1-exp(éHexp(-Y),

from which it follows that

o o
n(ty)= - :
Ci [1 -exp (éﬂ exp(-y)

with @(t) to be some function of time arising from par-

tial integration. Since the steady flow can be considered
as the limiting case of the non-steady one for t — oo,

then, comparing with the solution for steady problem, we

(25)

obtain that for any t>0

1
-e e
o XP[CJ Xp(-y)+1

{1-exp [Cttﬂ exp(-y)

For a gradient flow, according to solution (22) and
equation (5), we obtain

u(ty)= —>exp(y), t—>oo.

1 —
-C—lexr{ Cljy(Z-y) =

- 1+%[u(2-2y)[1-exp[éJJ].

Whence, after integration over Yy, we obtain:

oy g7
u(t,y)= . (26)
2(1-y) (1-exp{tj]
Ci

For t—oo the flow becomes stationary. Then,
from the condition of agreement with the steady flow, we
obtain w(t) =1. Finally, the viscosity function has the

following form

1 y
1-y-— . L o
oo )

u(ty)= —>%, t—> o0,
2(1-y) [1-exp[t]]
Ci

The viscous stress functions are found by the formula

V.
’ny =u % . (27)

For a non-gradient boundary layer, according to
(25) and (27), we obtain

1 t
Tyy = -[l-c—l exp[cjexp(-y)}a-l, (28)

t— o0,

For the case of a gradient boundary layer, it is ob-
tained similarly from (26) and (27),

y3
= 1-y-C—exp[ J[y -—j—>1 -y, (29)

1
t— 0.
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It is important to note that when a fluid flows along
an immobile body (gradient boundary layer), the surface
shear stress acting from the side of the fluid on the plane

Ty =1, y=0, t=0

always constant and, of course, directed along the flow
of the fluid, since it is the motion of the fluid that causes
the appearance of stresses.

In practice, it is important to know at each moment
of time the power of the frictional force, which is deter-
mined by the formula

P=1,y - V. (30)
According to (30), for a gradient-free boundary

layer, taking into account the expressions for velocity
(15) and shear stress (28), we obtain

P(t,y):[1—exp(é)]exp(—y)x

1 t
x| -1+—xexp| — (exp(-Y) |- (31)
[ e g o )J
For the gradient boundary layer, after substituting expres-
sions (22), (29) into (30), we obtain

P(t,y):[l-exp(g)}y(2-y)><

3
x(l-y-itexp (it][yz-y—ﬁ (32)
Ci Ci 3

If we compare expressions (28) — (30) with (1), the
meaning of the above considerations will become clear:
relation (24) is the cornerstone of this entire theory. Due
to the possibility of changing the molecular viscosity
through the boundary layer, physically appropriate solu-
tions of non-steady problems are obtained. These solu-
tions, on the one hand, do not contradict the law of con-
servation of energy (the tangential stresses on the surface
of the plane do not disappear during the transition from
non-steady to steady motion), and on the other hand, they
are completely asymptotically consistent with their ana-
logues for steady problems. Finally, these analogues,
most importantly, are consistent with the relevant results
of existing experiments and theories [7].

To obtain explicit graphical dependencies, it is also

necessary to determine the constant C{ in solutions (15),
(22). Here it is appropriate to use the recent work of

Schreas Mandre [33], where a calculus of variation prob-
lem on the method of acceleration of a flat plate of finite
length with a limitation on the available power is consid-
ered. For the acceleration function, the following relation
was obtained there ([33], formula (3.27a))

. . \1/4
f(t)= (1-exp(-2.62t )) (33)

If we try to find C{ in the solution (15) for y=0
from the condition of equality to (33), then we obtain

Cl~-025.

However, the analysis of graphic data, as well as the
absolute analysis of the tendency of the velocity to zero
(further decline does not exceed 1%), indicates in favor
of the fact that

Cli~-02.

Figure 1 shows the time evolution of the velocity
distribution. It is clearly visible that the obtained solution
(15) reaches an asymptote (see Fig. 1, b), that is, a steady
solution, which is consistent with the exponential de-
crease of the amplitude (see [6, 7]). Moreover, immedi-
ately after acceleration (dimensionless time is equal to
one), the curves practically coincide at the following mo-
ments of time. What cannot be said about the self-similar
solution: over time, this solution approaches a constant
value in physical coordinates (see Fig. 1, a). And this
cannot be achieved due to the presence of viscous dissi-
pation. If we consider the uppermost curve in Fig. 1, a as
an asymptote for a steady flow, we will not find experi-
mental data on such a velocity distributions [16].

Figure 2 shows a comparison of shear stress func-
tions on the surface of the moving plane. These are the
solution (28) and the Rayleigh solution (see [8], (17),
(18)). Since the Navier-Stokes equations are equations of
stress dynamics, the focus is on the stress function, and
especially on the surface. According to Rayleigh's solu-
tion, the shear stress only increases during acceleration
and then, for unknown reasons, decreases to zero, allow-
ing, as mentioned above, the existence of a perpetual mo-
tion without further external energy input. As for the time
dependence of the shear stress in the obtained solution,
this dependence indicates a constant value, which corre-
sponds to a steady (constant — in this problem) value,
which is consistent with the existing ideas about this type
of motion. The fact that the shear stress at the initial mo-
ment of time is maximum is fully consistent with such a
concept as friction of rest: this phenomenon occurs pre-
cisely during the imparting of momentum to the body, in

(34)
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fact, accelerating it to a constant speed. From a technical,
as well as an energy point of view, the time dependence
of the power spent on acceleration, and then on maintain-
ing steady motion, is of interest.

Vx1

0.9
0.8
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0.5
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0.3
0.2

0.1

a
0 1 2 3 4 5 6 7 ) 9 1Dy

Vx 15
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Fig. 1. Time evolution of the Stokes solution (Fig. a))
and solution (15) (Fig. b). In fig. and moments
of dimensionless time 0.1.1 00.10000 are given;
in fig. b are equal t0 0.1, 1 and 2, respectively

6 -

t

o > 4 & 8 10
Fig. 2. Dependence of shear stress on time
on a flat surface (dimensionless values):

upper curve — solution (28), lower one is Rayleigh
solution, [4], shapes (17), (18)

Figure 3 shows the dependences for the power of
the friction force on the surface of the moving plane. Itis
clearly visible that the power required for acceleration of
the plane increases both during acceleration with con-
stant acceleration (Rayleigh [8]) and according to rela-
tions (15) and (28). However, if the specified growth for
the model presented in this article is replaced by a con-
stant value that is reached (asymptotes), then, according
to Rayleigh's solution, the power required to maintain
steady motion decreases in time to zero.

15

0.5

0 2 4 6 8 10
Fig. 3. Dependence of the power of the force of friction
against a flat surface on time (dimensionless values):

the upper curve is the solution (31), the lower one
is the Rayleigh solution, [4], formulas (17), (18)

Discussion

Of course, it is not entirely correct to use the results
of the problem of the motion of an infinite plane for bod-
ies with finite dimensions, at least in the direction of mo-
tion. But, you see, viscous dissipation does not disappear
anywhere even in the case of an infinite region (formula
(2)), and therefore, at each moment of time after reaching
a steady mode of motion, a finite power is needed to
maintain this motion. On the other hand, it is known that
when calculating friction, both for an external problem
and for an internal one, resistance exists on the entire sur-
face of a solid body. For example, when calculating the
resistance of the pipeline, the length is of significant im-
portance: the longer the pipe, the more powerful the
pump is needed to pump the liquid. There is no such phe-
nomenon when the resistance does not increase after a
certain region of the pipe. Such a conclusion, if it is as-
sumed as a consequence of the constancy of molecular
viscosity, contradicts reality.

In addition, if the plane is semi-infinite, then when
flowing along it, there is a region of establishment of the
current, beyond which the same motion as for an infinite
plane takes place. The existing modern theory has many
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shortcomings, which are gaps in our knowledge. In order
to eliminate these gaps, as it turns out, it is necessary to
develop new approaches to setting and solving mathe-
matical problems — also new ones. As for the approach
presented in this work, it has proven itself well in the
problem of steady flow [7]. In particular, the results ob-
tained in [7] agree well with the experimental data.

Conclusions

As shown in this paper, at speeds not exceeding the
order of the Mach number Ma = 0.2 (that is, up to 70 m/s),
which is characteristic of the take-off mode and from a
mathematical point of view corresponds to an incom-
pressible flow, in the approximation of the laminar
boundary layer, the molecular viscosity is variable de-
pending on the distance to the body surface and time. The
currently used Stokes model, based on the constancy of
molecular viscosity for an incompressible flow, leads to
deliberately erroneous results: after the acceleration of a
body in a viscous fluid over time, the possibility of the
existence of a perpetual motion is revealed.

In steady flow around an immobile body with a
fluid flow uniform at infinity, the molecular viscosity can
be considered constant, and for the simplest geometry,
which is an infinite plane, the boundary layer is described
by a parabolic law for the distribution of velocity. What
cannot be said about the motion of a body in a still fluid.
Here, on the example of an infinite plane, the flow uni-
form at infinity, the molecular viscosity can be consid-
ered constant, and for the simplest geometry, which is an
infinite plane, the boundary layer is described by a para-
bolic law for the distribution of velocity. What cannot be
said about the motion of a body in a still fluid. Here, on
the example of an infinite plane, the condition of con-
stancy of shear stress across the boundary layer (due to
the absence of a longitudinal pressure gradient) inexora-
bly leads to the requirement of variable character of mo-
lecular viscosity. The approach outlined in this article
made it possible to obtain a physically consistent descrip-
tion of the boundary layer of an incompressible laminar
flow, which is expressed in the presence at any time of
the frictional stress of a moving body against a still fluid
— Or vice versa.

Finally, in order to answer the question of the prac-
tical use of the above results, we point out the need to
rethink the conduct of experiments in wind tunnels. Alt-
hough the main component of the lift force associated
with the redirection of the air flow by the wing remains
unchanged, in the conditions of the wind tunnel it is not
possible to obtain the structure of the non-gradient
boundary layer, the same as in the conditions of flight.
Therefore, as a recommendation, we suggest rethinking
the very technology of the experiment and think about
how to create the motion of the test sample in laboratory

conditions and thus bring the experiment as close as pos-
sible to a real flight.

As a further study, it is possible to consider the var-
iations of the change in acceleration during acceleration
of the aircraft and its effect on the characteristics of the
set motion.

Contribution of authors: conceptualization —
Pavlo Lukianov, Lin Song; formulation of task — Pavlo
Lukianov; analysis — Pavlo Lukianov, Lin Song; soft-
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Lin Song.
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HECTAIIIOHAPHUI HECTUCJIUBUMA JIAMIHAPHUI IPUMEKOBU LIIAP:
3MIHHA Y YACI TA ITIPOCTOPI MOJIEKYJISIPHA B’SI3KICTh

Ilagno JIyx’anos, JIine Cyn

IIpenmeToM maHoi poOOTH € ABA MiAXOIM JO ONMUCY JIAMiHAPHOI HECTAIIOHAPHOI T€Uil HECTUCIIUBOI PiIUHU B
MIPUMEXKOBOTO Imapi. Y HepuioMy IMiaxozi B'sI3KICTh PIAMHU 1 TPUCKOPEHHSI, 3 SKUM NPUBOAUTHCS B PyX IUIOIINHA,
BBaXkatoTh ctaiyuMmiu. [lo cyti, ne 3aga4ya Penes. Po3B's30Kk, OTpUMaHuii Ha OCHOBI LMX MPHITYIIEHb, ACUMIITOTHIHO
30iraeThes 0 BiJOMOIO aBTOMOJICIIEHOTO po3B'sa3ky Ctokca. Baxkiuso, mo po3s’s3ku CTokca i Penes acuMnToTnaHO
MPU BEJIMKUX 3HAYCHHSX 4Yacy BiAMOBINAIOTh 3HHUKHEHHIO HATPYKEHb 3CYBY MIXK PiJJHHOIO i PyXOMOIO IUIOIIHHOO
micys npucKopeHHs. Buxomuts mapamokc: BuBereHi CTOKCOM DIBHSHHS JUIs OMUCY BHYTPILIHBOTO TEPTS CBiTYaTh
PO BIICYTHICTH TOTO CaMOT'0 TEPTS MiXK PyXOMHM TiIOM 1 pianHOr0. OCKUIBKY MPU JOCIIKEHHI METOAaMH Bapia-
LIHOT'0 YMCIIEHHST BUSBUJIOCS, 1110 BCEPEAMHI CTAI[IOHAPHOTO TPHMEXKOBOTO LIapy MOJIEKYIISIPHA B'SI3KICTh MOBUHHA
3aJIe)KaTH BiJI BiZICTaHI 10 pyXOMOI MOBEPXHi, OyJia pO3TJITHYTA BiJAIMOBITHA HECTAIlIOHAPHA 3a7a4a. Y pe3yJabTarti, K
1 paHile st CTalioOHApHOTO BUMAJIKY, OTPUMaH] PO3B’SI3KH, 110 ONMUCYIOTh K O€3rpajlieHTHI, TaK i Tpali€eHTHI Teuii
HECTHCIMBOI PiIUHH B IPUMEKOBOMY IIapi. ACHMITOTUYHHIA aHAII3 TIEPEX0ay A0 CTAI[lOHAPHOI Tedii CBiYUTh PO
Y3rOKEHICTh MUX PO3B’s3KiB. [J1s1 BUMa Ky Oe3rpaieHTHOI Teuil MPOBEACHO MOPIBHAHHS KIACHYHOTO PO3B’SI3KY 3
PO3B’SI3KOM, IIIO BiJMOBIIA€ EKCTPEMYMY BTPATH PiAMHH, IO MEPEHOCUTHCS PYXOMOIO MOBepXHEK0. [loka3zaHo, 1110
3TiIHO 3 PO3B’3KOM, OTPUMaHUM Ha OCHOBI BapialliiHOro MiIX0/ly, HAPYXKEHHS 3CYBY Ha MIOBEPXHI ITiCJIsl BCTAHOB-
JICHHS PyXY HIKyIM He 3HHKAE€, a, K 1 04iKyBaJocs, HabyBae CTanoro 3Ha4eHHA. MeToau JOCTiIKeHHs € CyTO Teo-
PETHYHUMH, & Pe3yJIbTATH aHATI3YIOThCS MUISIXOM MOPIBHSHHS 3 HASSBHUMH TEOPETUYHHMH Ta EKCIIEPUMEHTATbHIMH
JAHUMH Ta BIANOBIAHICTIO 70 ()yHIaMEHTaIbHUX 3aKOHIB (Pi3MKH, 30KpeMa 3aKoHY 30epexeHHst eneprii. L{i meroau
0a3yloThCsl Ha MOOY/IOBI aHAJITUYHHX MAaTEMAaTHYHHX MOJENEH, 110 MPEACTaBIsAI0Th co00t0 AudepeHIiabHi piB-
HSHHSI B YaCTWHHUX IIOXI/IHMX, JOMIOBHEHHX BIiJIOBITHUMHU (DI3MYHUMHM TOYATKOBMMH Ta TPAHUYHHMHU YMOBaMH.
Kpim Toro, BUKOpHCTOBYIOThCS AudepenLianbHi piBHsHHS Eitnepa teopii ekctpemyMy ¢yHKIioHaa (B faHiid poOoTi
1LIe eKCTPEMYM BTPATH PiJIMHH IONEPEK Nepepizy NpuMexoBoro mapy). IIpu po3s's3yBaHHI LUX PiBHSIHb BUKOPHUC-
TOBYETBCS BiIoMuUil MeToj po3zinienHs: 3MiHHUX Dyp'e. JloBinbHI QyHKIIT Yacy, 0 BUHUKAIOTh MPU YaCTUHHOMY
IHTErpyBaHHi (32 OJJHI€IO 31 3MIHHUX — POCTOPOBOIO KOOPMHATOI0), BU3HAYAIOTHCS 3 YMOB aCUMITOTHYHOT IPSIMY-
BaHHS PO3B’SI3KiB HECTALIOHAPHMX 32124 JI0 BIAMOBIIHUX 10 HUX PO3B’S3KiB CTallioHapHHX 3a1a4. BucHoBku. [Ipen-
CTaBJICHI pe3y/bTaTh MalOTh IPUHIIMIIOBE 3HAUECHHS JUIsl pO3yMiHHS (Pi3MKK OOTIKaHHS YaCTHH JIiTaKa, OCKIJIbKU BKa-
3YIOTh Ha CYNEPEYIHBICTh ICHYIOUOr0 YSIBICHHS IIPO 000POTHICTH MPsIMOT Ta 00EPHEHOT 3a/1a4: pyXy Tijla B HEPYXOMiii
piavHi Ta OOTiKaHHS PIAMHOIO HEPYXOMOI'O Tija.

Koarwuogi ciioBa: JtiTak; 1aMiHapHUN TPUMEKOBUIL 1Iap; HECTAI[IOHAPHA HECTHCIIMBA TEisl; 3MiHHA MOJICKYJIs-
pHa B'SI3KICTb.
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PO3POBJIEHHA TPOI'PAMHOI'O 3ABE3IIEYEHHSA
JIJISI CETMEHTAII JAHUX IO ®OTO TA BIJIEO IH®OPMAIII

00’eKmom 00CiOINCEHHsL € NPOYeC CNPULIHAMMSL OKpeMux 00 €kmie Ha homo ma 8i0eo 0151 NOOANLULO20 AHANIZY
cumyayii y micmi. IIpedmemom oocniodcenns € obpobra 300padiceHb 3 Memor GuoiieHHs, Kiacugikayii ma
NOOANLUIO20 BUKOPUCAHHA  Ompumanoi  ingopmayii npo o00’ckmu Ha Gomo. Mema — cmeopeHHs
iHopmayitinoi mexnono2ii 0l cecmenmayii OKpemMux ceemenmie Ha pomo ma 6ideo, K OyIU OMPUMAHi 3a
00noMo20t0  6e3niNoOMHUX JIMAaibHUX anapamie (30kpema Opowuig) y micekux cyenax. OCHOBHI 3a0aui:
NPOBeOeHHsT AHATI3Y ICHYIOUUX Memooi8 cecMeHmayili Oanux, peanizayis aiecopummy, SKull Ou 6UKOHY8as
ceeMenmayilo  OaHux 3a pisHUMU 00 cKkmamu  Mmicyeocmi; NpOGeOeHHs MECMYBAHHS NPOZPAMHO20
3abe3neyenns;, Qopmysanns pe3yivmamis 0ocaiodcens. Ompumani maxi pe3yabmamu: poseiaHymo 6dlce
icHyI0ui MoOeni ceemenmayii 300padcens Ha npeomem oomedicenb ma Hedonikie. Ha ocrosi susenenux nedonixie
chopmosano sumoau 00 po3pobnoganoi cucmemu. Iio uac nposedents ananizy npeomemuoi 2any3i GUsAGIEHO
ma Onucamo OCHOGHI NPobIeMU ma GUIHAYEHO 3a0ayy, wo nionseac agmomamusayii. VY xo0i npoexmysanns
aneoOpummie  eupiwenHs 3a0ay  OYI0  GUHAYEHO NOCHOO0BHICMb GUKOHAHMS KOJCHO20 3 Npoyecis.
Koncmpyiosanms npocpamnozo 3abes3neyenns 6KIYaio y cebe onuc inghopmayiiinozo npocmopy cucmemu ma
inmepgeticy kopucmyeaua. Inmepghetic kopucmysaua 6yi0 0OpaHO nicAs AHANIZY OCHOBHUX 6UOI6
Kopucmyeaybkux inmepeticis. /s oyinku axocmi npoeedenoi oopobku oanux 6yi0 6UKOPUCMAHO ICHYIOYL
mempuxu — loU, nixcenrvna mounicms ma mampuys Hegionogionocmi. Y xo0i mecmysanns 6yn0 6usHA4eHO
NOMUNIKY, W0 BUHUKAIOMb NIO YAC BUKOHAHHS Ce2MeHmayii OaHux ma nPuYUHY ix GUHUKHEHHS, NICJIsL IX YCYHEHHS.
0y6 noxasanutl Kopekmuuil pezyibmam ceemenmayii 306paxcens. Bucnosku. Hayrkosa noeusna ompumanux
Pe3yIbmamis nosiede y momy, wo xo4a 0jis aHalizy Kame2opii 300pasicenb, OmpUMAHUX 3a 00NOMO2010 OPOHIS,
00 cux nip Hemae memoody ceeMenmayii, KUl NOGHICMIO 3A0060IbHAE 6Ci hompebu, po3poberne npozpamie
3abe3neyenns 00360J5€ 3ABAHMANCYBAMU 300PAINCEHHST MA WAOIOHU 00 HUX, K emAaloHu Oiisl WHYYHO20
iHmeneKmy, npoeoOUMU Ce2MeHmayiio ma nepesipsamu NpasuibHicmy Yici ceemenmayii 6i3yanrbHo ma 3
suxopucmanusim  mempuxu loU, mampuyi nesionogionocmi. Ilpocpamme 3abe3neyenns  MONCIUBO
600CKOHAUMU, ABMOMAMU3YEABULU NPOYEC CIMBOPEHHSI eMATOHHO20 WADIOHY, NPOGECMU HAGUANHHS MO0 HA
OLMbWIL KITbKOCMI OaHUX ma iHmespysamu CMEopeHe npozpamue 3ab0e3neyenus y OLibuly cucmemy, sKd
npayioeana Ou 3 OPOHOM HANPSIMY.

Knrouogi cnosa: ceemenmayisn; ancopumm; mempuxa;, bBIIJIA; wabnon; mampuys Hegionogionocmi; npocpamie
3abe3neqenns.

Pimennssm miei mpoOiemMu Moxe OyTH BHUKOPHU-
CTaHHS 3araJbHOJOCTYITHUX HAOOpIB MaHWX CeMaHTHY-
HOT CerMeHTallil, ki 30CepeKYIOTHCI JIMIIe Ha O3HAKAX

Beryn

B ocranHi poku cerMeHrailis craja OJHHUM i3

TFOJIOBHHX HaTIPAMKIB TOCITIJKEHB y Tamysi  of’ekrip. Kigbka Takux Ha0OpiB cerMeHTamii BXKe
KOMIT'IOTepHOro  30py. lLle OCHOBa CHOPHWIHATTA B BuKOpHCTOBYIOTHCS IS PO3II3HABAHHS KOHTYDIB Y
OaratbOX ramyssX, TakuX AK POOOTOTEXHIKA Ta  Ginpm CKJIaTHIX MICBKUX creHax. lle HaOopm maHmx
aBTOHOMHE BOJiHHA. bararo ycmimmHMX MpPOSKTIB  Cityscapes [1] i CamVid [2], ge 3a IOMOMOroio

0a3yl0ThCSI HA MeTodaxX TIJUOOKOro HaBuaHHS. BoHnm
34aTHI TOYHO OOpOONATH [daHi Ta OTPUMYBATH
BHCOKOTOYHI pe3ynbTaTH. JlOCATTH Takoro piBHSA —
HABYMTH LITY9HHH IHTEJEKT, MOXIHBO 33 YMOBH
HAJaHHS BENUKOi KUTPKOCTI HAaBYAIBHUX 3pa3KiB 1
IITEHO TTO3HAYEHUX 300pakeHb. e 0ocoOmmMBO BaXKIIMBO
JUIA pealbHUX MporpaM, e MOTPeOYeTbCsS TOUYHICTH
orpuMaHuX pgaHnX. CeMaHTHYHA CErMEHTamisd, SIK
YacTHHA PO3YMIHHS CIICHH, Iiepeadadae MpU3HAUYCHHS
MiTOK KO)KHOMY TIKCEI0 300paKeHHSI.

(hikcoBaHOi KaMepw, BCTAHOBJIEHOI Ha aBTOMOOLT 3a
KEepMOM, MO>KHA OTPUMATH 300pakeHHsI 00’ €KTIB 300Ky.
3okpema wabopu nanux CamVid i Highway Driving [3]
Ha/Ial0Th Oe3MepepBHO TMO3HAYCHI KaApH BOIIHHS, IO
BHKOPHUCTOBYIOTBCS TSI CEMaHTHYHOI CETMEHTAIli1 Bieo
3 OIIHKOIO THMYACOBOi Y3TOIKEHOCTI.

IcHYIOTP TakoX HaOOpPH JAaHUX CEMaHTUYHOI'O
MapKyBaHHA JJIsl CYITYTHUKOBHX Ta aepOpOTO3HIMKIB, JIe
(dikcyroTbcss BHOM 00’€KTIB 3 BHCOTH MNTAIIHHOTO
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OHOTY. AJle Hapa3i MOXKHA BiIMITHTH JIAIIIE JEKiTbKa
HaOOpiB JaHMX, IIO MOXYTh 3a(iKCyBaTH CIEHH
MICBKOTO THITY 3 TOYKH 30py O€3MiJOTHOIO JIITAIFHOTO
amapary, sKi MO)kHa Oys10 O criocTepirati sik 3Bepxy, TakK
i 300Ky o00’exTiB. besmepeuno, me Hamae Oinbiie
iH(popMaii I po3mizHaBaHHS 00’ €KTIB.

MOXJIHMBICTH ~ aBTOMaTHYHOTO  OTPUMYBaHHS
iHpopMarii npo 00’eKTH Ha 300paKeHHSIX MOXKE OyTH
KOPHCHOIO y Taly3siX, J€ BaJIMBa HacamIiepes
LIBHJKICTh aHANII3yBaHHA ()OTO Ta BiZjeoMaTepiaiB.

CporosHi Takuii 1HCTPYMEHT SIK CErMEHTAllis €
OOHMM i3  JifepiB  cepel  HAWNOTYKHIIIMX i
MEPCIIEKTUBHUX 1HCTPYMEHTIB MONEPEeIHbOI 00pOOKH
JUIA  iHTeprpeTallii 300pa)keHb, MPEACTABICHUX Y
IUppPOBOMY BUINISAZI Ta OTPUMAHUX PI3ZHOMaHITHUMH
METOJJaMH.

1. IIpobaemaTnka Ta aHAJI3 JOCTI/IZKEHb
Ta myoikaunii

OcHogHa chepa Bukopuctanus BITJIA — 30ip ¢oro
Ta Bifeo indopmarrii. Komu x 11i JaHi oTpuMaHi, TO BOHU
OTPeOYIOTh
00’€KTiB, 110 3HAXOJATHCSA HA LUX Marepianax. AHaji3
JIOCUTh 4acTO 3BOAUTHCS JI0 BiOOpY OKpemux ¢par-

aHaji3yBaHHA Ta  KJacU(]iKyBaHHS

MEHTIB 3a 33/IaHMHU XapaKTePUCTHKaMH 1 03HAKaMH, 11e
i € cermenramiero. Hapaszi e 0Oe3nmiu MeTomiB, IO
aBTOMATU3YIOTh [AaHUHM TNPOLEC aHaJi3y Ha IPOCTHX
300pa’keHHSX, ajle BOHU HE Jal0Th TAKUX CAMHUX BAAJIUX
Ta BJIACHE KOPEKTHHX pe3yNbTaTiB JUIs CKIAJHIIINX
300pa)keHb, Jie Ha (OTO NPUCYTHI MiChKi ByIuIl abo
JicHI mel3axi. 3 TIMHOM 4acy Oyno HeoOximHo, 1100
3’SIBUBCS IKUHCH aJITOPUTM YU METO/, SIKM OU BUPIIIUB
110 TIPO0IIEeMYy.

Knacuuni Meroqu cerMeHTallii BUKOHYIOTh MOIIYK
OJTHOPIZHUX O0O0JIaCTel, TOOTO CXOXKUX JIUISHOK, sIKI O
MoxHa Oyro BUIUIMTH Okpemo. Ha choroaHimHii
MOMEHT iX CaMOCTiiHe BHUKOPHCTAHHS BBaXKAETHCS
Hee()eKTMBHUM. Bce OULIBII TOMYJISIPHUMH — CTAOTh
KOMOIHOBaHI METOJIH, YACTUHOIO SIKMX € BUKOPUCTaHHS
B)K€ BHU3HAUECHMX HAOOpIiB JaHWX — IIA0NIOHIB, IO
BKJIIOYAIOTh 3HAHHSA IPO XapaKTEPHCTUKH TOTO YH
iHIoro 00’€kTa, PO3yMIIOTH HOro (opMy, TEKCTYpY,
pO3TalIyBaHHS, IUIOMIY TOIIO. IcHyrouli MeTomu He
3aBKIM JAIOTh KOPEKTHI pe3ynbraTu. Lle moscHIoeThCs
(akTopoM yHIKaIbHOCTI ()OTO Ta BiZIeO 32 paXyHOK KyTa
3HOMKH, BUCOTH, SIKOCT1 OCBITJIEHHS TI€1 YM 1HIIIOI CLIEHM.
Tox miaTBepmKy€eThCS TOTpeda y OUTBIT IPOAYMAHOMY,
B AKIHMCBH Mipi «THYIKOMY» aJITOPUTMI.

Ityganii iHTENEKT MOBONI YacTO BUKOPHUCTO-
BYETBCS CHCTEMaMH, IO CErMEHTYIOTh 300pakKeHHS.
Ityyna HeiiporHa Mepeka, TOOTO MITYIHUH 1HTEIEeKT —
€ CTIIPOIIIEHOI0 MOJIEIITIO 010I0TiYHOI HEHPOHHOI Mepexi,
sKa SBIsIE COOOK CYKYIHICTh IITYYHHX HEHPOHIB,
B3aeMOJIII0YNX MiX coboro. Hapasi HelipoHHI Mepexi €

KOPHCHHMH Y OaratboX 00JIACTSX MAIIMHHOTO
HaBYaHHS, TUM CaMUM BHUPIIIyIOYHM 3aBIAHHS Di3HOI
cknanHocti [4].

Korxne 300pakeHHst Mae nedexTd, y Till 4M 1HIIIHA
Mipi. Y poboTi «ANTOPUTMIYHO-IPOrpaMHUNA METO
Kojopu3aliii  300paxkeHp» [5] mpoanamizoBaHi BHIM
HEJOMIKIB Ta nedekTiB Ha 300paKeHHsSX, cepel HUX
PO3IMOBCIOIKCHUMH €: XpOMAaTU4YHA alOepallis — SBUIIEC
BUKJIMKAaHE JUCIICPCI€r0 CBITIIA (PO3KIAJAaHHs MPOMEHIO
CBITJIa Ha CKJIQJIOBi), IO MPOXOAUTH 4Yepe3 O0'€KTHB,
JIICTOPCISt — TEOMETPUYHE CIIOTBOPEHHS MPSIMUX JTiHIH.
Jucropcis  crnocrepiraeTbcsi 'y 3yM-00'€KTHBIB TIpH
KpalHiX 3Ha4yeHHsX [6]. BiHbeTyBaHHS — 1€ MajaiHHA
SICKPABOCT1 BiJ IIGHTPY O KpaiB 300paxeHHs. Takox
ICHYIOTB 1HIII IPOOJIEMHU: PO3MUTTSI, TIOSIBA KOJIOPOBOTO
BIJTIHKY, IIyMiB TOLIO.

VY crarti «lHTenekryansHa cucteMa oropeani-
CTHYHOTO MEPEHECCHHsI CTHITIB MK 300paKeHHAMID) [7]
Oy PO3MIISHYTI JEsIKi I[iKaBi aJrOPUTMH, 10 MOXKYTh
OyTH y Haroji, HaNpUKIIaJA, CEMAHTHYHA CErMEHTallisl —
3aJjaya BCTAHOBJEHHA [0 SKOTO Kiacy 00’ €KTiB
HAJICKHUTh KOKHUH IMiKCENb 300paKeHHs, 1€ OAUH 3
KPOKIB pO3yMiHHSI CIieHH. Takox Tema CeMaHTHYHOI
cerMeHTanii migHsATa y pobori «HoBui minxig mo

CEMaHTHYHOI cerMeHTalii aBTOMAaTHYHUX BHUHMAaHb
JIOPOXKHBOI Mepexi 3 300pakeHb UCTAHI[IHOTO
3oHayBaHHs MoaudikoBanum UNet» [8]. VYV  miit

JOCIIIHUIBKIA CTATTI MPONOHYEThCS ANTOPUTM HA
OCHOBI TJIMOOKOr'0 HABYAHHS JUIsI CETMEHTALT JOPOXKHIX
Mepex 13 300pakeHb AUCTAHIIWHOrO 30HayBaHHs. Llei
AJNTOPUTM CEMAHTUYHOI cerMeHTallii OyB po3pobieHuii 3
BUKOpucTaHHsM MoaudikoBaHoro UNet. Pesynbratn
MOKa3ykoTh, 1110 MoaudikoBanuii UNet Moxe edeKTHBHO
CerMEHTYBATH JOPOXHI MeEpexXi 3a 300paKeHHSMHU
JICTAHIIIITHOTO 30H/TyBaHHSI 3 OTHAKOBUM (DOHOM.

VY pobori «MeTtox aBTOMAaTHUYHOI KiacTepu3arii
JIAHUX JMUCTAHIIWHOrO 30HIYyBaHHs» [9] OyB po3pod-
JIEHUH METO[, LI0 JO3BOJISIE aBTOMAaTHYHO BHIULATH Ha
300paXkeHHI 00JIaCTi 31 CTATHCTHMYHO OJHOPIJHUMH
BJIACTHBOCTSIMU Kiacudikamiiaux o3Hak. Lleit merton
3aCHOBAaHMI Ha TOAaHHI 0araToMOJAFHOTO EeMITipHY-
HOTO PO3MOJITY CIIOCTEPEKEHb Y BHUIJLIAI CyMimmi
HeHOpMOBaHUX (GyHKWiA ['ayca. YTOYHEHHS CHHCKY
KJIaciB BHUKOHYEThCA MUIIXOM BHKIIOUEHHS CBiIOMO
HEpO3pi3HEHNX O00'€KTiB Ha MiACTaBi OMIHOK HMOBIp-
HOCTeH TOMMIJIOK PO3Ii3HABAHHS; NPOIEAypa BUKIIO-
YeHHS KJIaciB 3BOJWTHCS N0 aHAmi3y Oe3midi Moporis
NPUAHATTA PILICHHS, BU3HAYAJIBHUX MEX MIXK KITaCaMH.

2. AHaJi3 iCHYyI0YHX aJIrOPUTMIB
Ta METOTiB cerMeHTaIii

IToporoBa cermeHTarist 300paskeHHS SBIISIE COOOIO
TIOMIKCENIbHE  TIOPIBHSHHS 3HAY€Hb SICKPAaBOCTI i3
3aJJaHUM TIOPOTOBMM 3HAYEHHSIM JUIS 3MiHM BXIJHHX
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JaHuX. MeTtomu TOporoBoi OOpPOOKM HE MOXYThH
3MIHIOBaTH  3HAYEHHS IOPOTY  BIJMOBITHO IO
OTpHUMaHOro 300pakeHHS. B OCHOBHOMY JaHUiI METOA
BHUKOPHCTOBYETHCS, KOJH ICHYIOTh cTa0lIbHI yMOBH —IIE,
HalpuKiIax, oOpoOKa CBITIMH IHTEpHET-MarasuHiB,
38Ul SKAX 3a3BUYaii  BUKOPUCTOBYIOTH INTY4YHE
OCBITJIEHHSI y cHelialbHuX CcTynisx. [loporosi meromu
MOXYTb BHKOPHCTOBYBATH CKJIaJHI Ta MPOCTI METOIH
CerMeHTallii, aje KIIOYOBUM MOMEHTOM 3aJIUIIAETHCS
BHOIp IOPOTrOBOTO 3HAUCHHS. HemomikoM Takux METOiB
€ Te, Mo OyBalOTh BUITAJKH, KOJIU Yepe3 CKIaIHI YMOBH
Maibke HEMOXKJIMBO TOYHO BU3HAYHMTH IOPIT. Y TaKHX
CUTyallisiX NpaBWIbHE 3HAYCHHS] MOXKHAa BUOpATH JIHIIE
MCAsl  JIEeTalbHOTO aHaNi3yBaHHS BXIJHUX JaHHX.
[loporoBi Meromm MaroTh IiepeBary HaJl iHIIUMH,
OCKIJIbKM BOHH HIBUJKI, HE TpyaoMicTki [10] Ta maroth
3aJIOBUTBHI PE3YJIBTATH IS MIPOCTUX 300PaKEHb.
Meroau po30OHUTTA 300paskeHHS Ha  O0JACTi
TPYNYIOTH MIKCEI, 0 HAJIeKaTh JI0 IEBHOT0 00’ €KTa Ta
BUKOHYIOTb iX KIacu(iKalilo 0 CTBOPEHHM OONACTIM.
BusHaueHO Taki METOAU CEpell allfOPUTMIB PO3OUTTS:
LEHTPOI/IHE 3B’s3yBaHHS, BUJIIICHHS MEX Ta KOHTYpIB,
3IUTTA-PO3IICTUIIOBAHHS,  HAPOLIYBaHHS.
HapoOIllyBaHHS  TPYNye  CYyCiHI  eleMeHTH  3a
NPUONM3HUMHU PIBHAMH SICKPABOCTI. SIKIIO K 3HAYEHHs

Anroputm

MaloTh HaOJIM)KEHUH XapaKTep, TO BOHU 00’ €IHYIOTbCS Y
ofmHOpiaHI obsacti. HapouiyBaHHs € KOpUCHHM Ta
e(eKTUBHMUM, KOJIM ICHYIOTh CTiHKI 3B’SI3KM BCEpEIUHI
KOHTYpiB OKpEMHUX 00’ €KTIB.

Meroau BHIIIEHHS MEX SIBIISIIOTH COOOIO TPOLIEC
BU3HAYEHHS TOYOK, IIO JIEKATh Ha Mexax obmacreii. L1i
obylacTi MOXKHA BIJI3BHAQYUTH 32 YMOBH PIi3KOi 3MiHH
SICKPaBOCT] Ha 300paXKeHH.

LentpoinHe 3B’s3yBaHHs — IIe T'eHepallis TOYOK,
MO3HAYEeHHUX SK Taki, 0 HaJleXaTh J0 MHOXKHHH, IIe
KUIBKICTh TOYOK BH3HA4Ya€ThCs IH(OpMAI€E Mpo
00’exT. SIKIIO BXiIHE 300pa)KeHHsI CKIIaJHE, i MITKH
MOKHa BU3HAYUTHU 1TEPATUBHO.

CermeHralliss 300pakeHb 32 JOTMOMOTO 3IIUTTS-
PO3LICTUTIOBAHHSL PO3AUISE BXiAHY iH(pOpMaIio Ha
okpemi oOmacti. OpmHOPiAHICTP KOXKHOI  NIJISTHKH
MOCTIHHO TEPEBIPAETHCS AITOPUTMOM, BiH IOPIBHIOE
CyCiTHI DUISHKA HAa MOXJIMBICTB 3MUTTA. SIKIIO AiNIsTHKA
HEOJHOPIiTHA, TO BOHA MOJLIAETHCS HA YOTHPHU 00IACTi.
Sxmio cycimHi 067IacTi CX0XKi, BOHA 00’ € THYIOTHCS.

Merox BHIOUIEHHS KOHTYPIB Ma€ MOXIIUBICTh
BUKOPHCTOBYBATH aJTOPHTM, IO MOPIBHIOE CETMEHT
300pakeHHsI 3 €TaJOHaMH O0’€KTiB, a TaKOX
madepeHniiHo-TpamienTHHH  Meron. Lli  anropurmu
BHUKOHYIOTh aHaJTi3 KOJIMBAaHb TPAIi€HTIB SICKPaBOCTI,
TAM CaMHM 3HaXOISYU KOHTYpU IHX 00’ekTiB. MeTomn
BHUJUICHHS KOHTYpiB HECYTh MEHII BUTPATH TaM’ATi,
OTPUMYIOTh TPAaBWIBHI Ta IHTYITHBHO 3pO3yMiii
pesynbratd. Hemonmikom boro MeTomy MOXKHa Ha3BaTH
BEITUKY OOYHCIIIOBaHY CKJIAJIHICTb, IO YHEMOXIIUBIIIOE

BHUKOPHUCTAHHS IHOTO aJITOPUTMY Y CHCTEMaX PeaabHOro
qacy.

KpiMm mepepaxoBaHHX METOMIB, MOXKHA TaKOX
BiJI3HAYHUTHU CEMaHTHYHY CETMEHTAIIIFO, II[0 B CBOIO YEPTY
SIBIIIE COOOKO0 TONMIN 300paXKCHHS Ha OKPEMi TUISHKA
iHpopMariii, oo Hajexarh A0 TOrO UM IHIIOTO Kiacy
00’ekTiB. [lomepeaHi METOAM CTBOPIOKOTH YIPYITYBaHHS
MIKCEIiB 3a 3araJIbHUMH O3HAKaMH OKPEeMHUX 00’ €KTiB.
ToMy HeceMaHTHYHI METOIU HE MOXYTh OYTH TOYHO
BU3HAYCHUMH, OCKUTBKU Ha 300pa’KeHHI MOXKHA 3HAWTH
JICK1JIbKA CETMEHTIB. EK3eMIUTApH OJHOTO ¥ TOr0 CaMoro
00’€KTa TIOBMHHI OYTM BW3HAUYCHHWMH 32 JOIOMOTOI0
METOMIB BHUIICHHS 00’€KTiB. [0 HEmoNmiKy MOXHa
BIJTHECTH T€, 1[0 CYCI/IHI MKCET OJJHOrO KJIaCy MOXYTh
Halle)KaTH 0 PI3HUX eK3eMIUBIpiB  00’€KTiB, a
HETOB’s13aHi 00J1aCTi — OTHOMY eK3eMIUIIpy 00’ ekTa. J[o
TaKWX CHUTYaIlil HAJCKWUTh MPHKIAI, KOJIH JCPEBO, IO
po3MillleHe Tepel aBTOMOOITEM, Bi3yaJbHO TOAUISAE
Horo Ha JIBI YaCTHHHU.

CeMaHTHYHA CETMCHTAIlisI € YacTHHOK 3a1ay
Ki1acudikarii, came TOMy KJ1acH, 1110 HaBYaIOTh IITYYHHHA
IHTEJIEKT, € OCHOBHOK  CKJIaJI0BOKO.  BiIBIICTE
ANTOPUTMIB TIPALIOIOTh 3  (pIKCOBAaHUMH HabOpamu

knaciB. Takox iCHyroTh OiHapHI KJac, IO 4YacTo

MOXYTb 6yTI/I BUKOPpUCTAaHMMH Yy BHUIIAJKaX, e
Jo3BoJieHa Ounpll rpyba kiacudikaiiss o0’ekTiB Ha
300pakeHHSIX.

HeoOpoOieHi mikcenbHi JaHI MOAAIOTHCS Ha BXill
THUIIOBOTO aJITOPUTMY CEMaHTH4HOI cermeHTtanii. [lorim
BUKOHYIOTbCS. Taki MpOLECH, SK MacIITaOyBaHHsS Ta

BwIydeHHs  GyHKuoid.  Jlns  HaBYaHHS ~— MOXKHA
BUKOPHUCTOBYBATH 1HII1 HEOOXIiIH1 METOIH
HapoOIlyBaHHA  JaHUX  (HAOpHKIaA,  obepTaHHs

300paxenHs1). KookHOMY 00’ €KTY IPUCBOIOETHCS OKpeMa
obnacte 300paxkenHs. [licis Toro, sik BIKHO BHOpaHO,
BOHO Kiacuikyerbcs. [IJiss YTOUHEHHS pe3yibTaTiB
CEeMaHTUYHOI  CEerMeHTallil MOXHAa  BUKOPUCTATH
Mopdonoriuni  omeparii  abo  CKNAIHINI  MAXOH,
HAaIpHKJIaJ, MApPKOBCHKI BUIAIKOBI MOJISL.

AJNTOPUTMH  CEMaHTHYHOI CErMEHTAalli MOXYTh
mpuiiMaTH Taki BXiOHI JaHi: BIOTIHKH CIiporo y
TOPiBHIHHI 3 KOJIbOPOBHMH 300pakeHHSIMH,
BUKIIIOUECHHS a00 BKIIIOUEHHS IaHWX TIPO TIHOHHY,
OIMHOYHI Ta crepeo3obpakeHHs, 2D ta 3D. Benmka
KUTBKICTh METOMIB BHKOPHUCTOBYIOTHCS UTSI BHPIIICHHS
3amadi  cemMaHTH4HOI  cerMmeHtamii.  IlopiBHroroun
KJIACHYHI METOAM CEeTMEHTallii 3 aJrOpuTMaMH, IO

3aCHOBaHI Ha 3TOPTKOBHX HEWPOHHHX Mepexax 3
BUKOPUCTAHHSIM Pi3HOMaHITHUX HA0OpiB  00poOKH
300pakeHp O Ta TNCIA CeTMEHTamii, TmiepeBara

Ha/Ta€ThCcAd OCTaHHIM. Takuif BUCHOBOK MOXKHA 3pOOUTH
Yyepe3 TOUHIMI pe3yabTaTH.

CeMaHTHYHA CeTMEHTAIlis Ta IITYYHUH IHTEIEKT
Iy’Ke TICHO TIOB’si3aHI MiXK coOoto. Ha cporomHimHii
JICHb CaM IITYYHWH IHTEJICKT € OIHIEI0 3 TOMYISApPHHUX
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rajy3eil Hayku Ta TexHiku. lle moscHIOETbCS THM, IO
IIpY BHpIIIEHH] OLTBIIOCTI 3aj1ad ajlropuTMH HEBiIOMi
3a3manerifgb. ToMy i € cucTeMu, sKi BIacHe 3aiiMaroThCS
PO3pOOKOI0 e(EKTUBHHUX aJITOPUTMIB JJIsI BUPIMICHHS
rmoctaBiueHux 3amad. OTpumaHi JaHI MOXYTh OyTH
00po0JIeHi, 3acTOCOBaHI a00 X BIOCKOHAJICHI CaMUM
LITYYHUM iHTEJIEKTOM. AJie Uil OTPUMAaHHS MTOYaTKOBHX
JIaHUX, BiH OTPe0ye HaBYAHHSI.

Hapasi € mepemik MeTOIiB, CHpPAMOBAaHUX Ha
HABYaHHA [BOTO MITYYHOTO  iHTENeKTy. Hmkue
OIMMCAaHUH OAWMH 3 HUX — HaBYaHHS 3 YUHUTENIEM, BOHO €
OCHOBHUM METOZIOM, IO BHKOPHUCTOBYETHCS JUIA
MoOy/lOBH CHUCTEMH, SKa TIPOBOAMUTH CErMEHTAIIi0
300pakeHb.

I'padiune BimoOpaxkeHHS NpolECYy HABYAHHS 3
y4YHTeleM 300paKeHO Ha PUCYHKY 1.

Bunrenem y maHoMmy MeToni BHCTYNAIOTh 3HAHHS
nipo cepenoBumie. LLITydHuit iHTENEKT MPO HUX HIYOTO He
3Hae. Toxx BUMTENH Ta MEpEXka, 1110 TOBMHHA HaBYaTHCH,
OTPUMYIOTh BEKTOp HABYAHHA 3 HABKOJIMIIIHBOTO
cepenoBuina. Ha ocHOBI BOyIOBaHMX 3HaHb BYHTENb
MoOXe copMyBaTH OakaHMW BIATYK Ta WOro nepenaTH
HEWpPOHHII Mepexi, 1110 HABYAETHCS.

HITyynuid iHTENEKT Yy CBOIO 4Yepry IOBHHEH
BUKOHATH 1Iel OarkaHUM pe3ysbTarT, 0 € ONTUMAIbHUMH
mismu. Ha ocHoBI
MOMHJIKM 1 BigOyBaeThCsS HaNAIITYBaHHsS MapaMeTpiB
Mepexi. CUrHaJ TMOMUIIKU SIBIISIE COOOIO PI3HUIII0 MIXK
0a)kaHUM  pe3ylNbTaTOM Ta IIOTOYHOK  PEAKII€l0
HelipoHHOT Mepexi. 1100 iMiTyBaTH MOBEAIHKY BUUTEIS,
napaMeTpu HaNAIITOBYIOThCSA IoeTamHo. Llg emymsmis
NOBMHHa  OyTM  ONTHMAajbHOIO Y  IIEBHOMY
CTaTUCTUYHOMY ceHci. Tox y mporeci HaB4aHHS 3HAHHS
BYMTENSl TIOBHICTIO MepelaroThesi B Mepexy. Ilicis
3aBepIICHHS HAaBYaHHSA 3BSI30K 3 BYMTENEM MOXKHA

BEKTOPY HaB4YaHHSA Ta CHUIHaAly

[Ipunycrumo, o HaBYaJIbHI TIPUKJIAAN
TeHEpPYIOThCS TIEBHOIO (yHKIi€0. Maroun CKiHYEHHY
KUTBKICTh HABYATHHHUX TMPHKIAIIB, MOXHA MOOYIYyBaTH
CHCTEMY 3 HYJIbOBOIO TIOMHJIKOIO HaBYaHHs. [t 11boro
HeoOXiTHO B3SITH MEPEXY 3 OUTBILOIO KITBKICTIO Bar, HiX
KUTBKICTh MpHUKIAAiB. 1 BIATBOpEHHS KOXHOTO
NPUKIIAY, € PIBHSHHS JUIS HEBIIOMHUX. Y pa3i SIKIIO
KUTBKICTh HEBIZIOMHX MCHIIA 3a KIJIBKICTH PiBHSHB, TO
Taka CHCTEMa € HEJIOCTaTHhO BH3HAUYeHOM. Bona
JIOIIyCKa€ HECKIHYEHHY KIUIbKICTh pimenb. Lle 1 €
TOJIOBHOIO MPOOJIEMOIO — HE BUCTavae iH(popMariii, mod
BUOpATH €IMHE MTPABWIIbHE PIllIEHHS, (YHKIIIIO-BUUTEIS.
VY pesynbTaTi BUNagKoBo BUOpaHa QyHKIis Oyae poouTu
HeaJIeKBaTHI TMPOTHO3M Ui HOBHMX MPHKJIAIIB, SKHX
HeMae B HaBYaJbHIH BUOipmi. 3amicTh TOro, MO0
y3araJbHIOBAaTH BiJIOMI TPUKIIAJIH, MEpEsKa 3araM'ITOBye
ix. Lleii edpexT BiOMUIA SIK TIEpeHaBUAHHSI.

[Ticns  oTpumaHHsA  pe3yNnbTaTiB  CerMEHTalil
HeoOXi/THO BU3HAYUTH SIKICTh TPOBeieHol 00poOku. J{is
Or0 1 OyB CTBOPEHHI MOKAa3HUK SKOCTI CEMaHTHYHOI
cermenTanii — merpuka loU (Intersection over Union)
ab6o inmekc XKakkapa.

Merpuka loU Bu3Hayae sKiCTh cerMeHTaii 3a
JOTIOMOTOF0 HACTYIHOI (hOpMyIIH:

loU = TP 1
T TPFFP+FN @

ne TP (true positives) — kinbKicTh came MPaBUIBHO
pO3IMTi3HAHMX MIKCENiB;
FP (false positives) — xinbkicTh miKceIiB, He
BIJTHOCSTBCS JI0 KJIacy, ajie BOHU BKITIOUEHI JI0 HOT'O;
FN (false negatives) — xkinbkicTh miKCemiB, sKi,
HaBIIaKW, HAJIEXKaTh IO KJacy, alie He Oy po3mi3HaHi
TaKHMH.

posipBatd Ta JaTH  MOXIMBICT  HeHpoMmepexi [lpuknax  Bukopucranus merpuku loU  mpu
CaMOCTIHHO HpPAlOBATH 13 CEPEIOBHIIEM. nopiBHAHHI (Qiryp nokasaHuil Ha PUCYHKY 2.
Bektop, wo
BW3Ha4ae
CTaH baxaHui
cepefoBvLLa BIJKMMK
CepenoBuile »  Buutens

BKTUYHWHA
CucTema, WO | BIAKMUK [ 3iCTABNEHHA
HaBYaETLCH "\ pesyneratie
A
CurHan
MOMUITKM

Puc. 1. I'padiune BigoOpaxxeHHs Mpoliecy HaBYaHHS MITYIHOTO 1HTENEKTY 3 yIuTeIeM
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lol: 0.4034 lol: 0.7330

lal: 0.9264

[MoraHo

LNobpe

BigmiHHO

Puc. 2. Ilpuknan Bukopuctanus metpuku 10U

Mopnens FCN migxoauTs ajst po3B’si3aHHs 3a1adi
cerMeHTanii 300pa)keHb, 3pOOJIEHHX OE3MUJIOTHUMHU
JITaNbHUMH arapatamMi. Biapi3HseTbcs THYUKICTIO 3i
CTOPOHM BXiJHUX 300pak€Hb Ta HaJa€ KOPEKTHI
pe3ynbratu. IHIII MeToAM HE MOXYTh HaJaTH TaKUX
nepesar.

Jluie mpaBUIIBHO HABYMBINM MOJENb 32 TEBHUX
YMOB, €
noBeiHKy. CTBOPIOIOYM HaBUYJIbHI HA0OpU JaHHX LIS
KOXXHOTO KOHKPETHOTO BHUIMAJKy, MOXHa OTPHMaTH

MOXUIUBICTh  3a0e3meuntd 11  KOPeKTHY

Oinbllie KOHTPOJNIIO HaJ HaBUYAIBHOK cucrtemoro. lle
3HA4YHO CIPOIIY€E TMpoluec po30uTTs iHopmalii Ha
YaCTHHU B PI3HUX yMOBaX.

[IpoananmizyBaBIIM iCHYIOUI METOAM CerMeHTarlii
JaHUX, MOXKHA 3pOOMTH BHCHOBOK, IO JIFOJICHKHUI
KOHTPOJIb HEOOXIJIHMI HaBITh MiJl YaC BUKOPUCTAHHS
roroBux HaOopiB ganux. lle o3Havae, 1o icHye
HEOOXIHICTh CTBOPEHHSI DO3JIJICHHS Ha KJIacH Ta
3a1adHA 1M BIANOBIAHMX O3HAK. TakoX cCiij MaTh Ha
yBa3i, mo o0poOka 300pa)keHb MOXE IMPU3BECTH [0
MIOMMIIOK, SIKi MOXKYyThb BHHHMKHYTH 4epe3 HEIOCTAaTHIO
OCBITIIEHICTh, (OHOBHIA 0e31a] Ta HEMOXKIHMBICTH
CrHiBBifiHECTH MIA0JOH 3 OTPUMAHUMH JAHUMH dYepes3
po3TanryBaHHS ~ Oymb-sIKOI  NEpEelKOxM  IOHepeny
00’€eKTa.

3. ETanu po6oTu nporpaMmHoro

3a0e3meYeHHs
[Iporpamue 3abe3medeHHSs IS CErMEHTAMIl
300paKEHb  BHUKOHYEThCS 32  JIOIIOMOTOK0  MOBH

mnporpamyBaHHs Python. Bona mictute B cobi makern
cipy, pandas, scikit-learn, numpy, siki € KOPUCHHUMH ISt
JUIA aHaTi3yBaHHA AaHuX. Takox y sikocti IDE Oymo
obpano PyCharm. [lomatok, mo OyB po3poOieHui,
BUKOPHCTOBYETHCS 3a JOMOMOTOK0 KOMIT'FOTEepa, KU
Moxke 30epirata i 00poOIATH BerKi o0csry iHdopmariii,
BKITIOYAIOYHY MIPOMIXKHI JaHi, Ta BAKOHYBATH TIOCTABJICHI
3a/1avi 3 BHUCOKOIO IIBHAKICTIO. YMOBH BUKOPHCTAHHS
3aCTOCYHKY JO3BOJIAIOTH BHKOPHCTOBYBaTM MHOro B
omepamiiiux cucremMax Windows Tta Unix-momiOHIX

yepe3 MOXKIIHBICTh
Hamicanux Ha Python.

['ONOBHUM 3aBJaHHAM € aBTOMAaTH3allis MPOIECY
cermeHTanii ¢oro Ta Bimeo iHpopmamii. 30ip maHMX
3nifcHIOETRCsE 3a gomomoroto BIUJIA. YV pesynbraTi
00poOKH oTpUMaHol iHpopmarrii HEoOXiHO
inenTudikyBaTH 00’ €KTH, sIKi MPUCYTHI Ha (oTo. Hamni s
iH(pOpMaIlist MOXKE 3aCTOCOBYBATHCS Y PI3HUX TaTy3sX.

Jleramni3ytoun OCHOBHY 3aj1a4y BIAJOCS BHUIIIUTH
TPY OCHOBHI €Tany poOOTH IIPOrpaMHOro 3a0e31eUeHHs:
OTpUMaHHS JlaHuWX, OOpOoOKY iH(opMmallii, BUBEICHHS
pe3ynbTaty. B cBOIO 4epry jeski 3 HHX pO3[iJIeHI Ha
mij3aaaui.

IIlo crocyeTbcst TepIIOrO — eTamy:
npobiema mHonsrae y TOMy, IO Ha 3HIMKaxX BHCOKOI
PO31IIBHOT 3IATHOCTI, 3pOOJICHUX 32 JOMOMOTOI0 JAPOHIB
I KyTOM, MOXJIHMBa JOCTaTHbO CUJIbHA BiIMIHHICTB
po3MipiB 00’€KTIiB Ha pi3HUX BifcTaHsx. MacitaGHi
3MiHH 300pa’KeHHS Y CBOIO Yepr'y MOXYTh BIUIMHYTH Ha
TOYHICTh MPOTHO3YBaHHS. Y MEpeXi KOXKEH BUXIIHHUIM
miKcenb Ha KIHIEBOMY pIiBHI TPOTHO3YBaHHS Mae

Y HHX BHKOHAaHHA Z[OI[aTKiB,

OCHOBHa

(ikcoBaHe molne CHPUUAHSATTS, CPOPMOBaHE BUXIIHUMH
MiKCeIsIMU 300pa)KeHHsI, 1110 MOXKe BIUIMHYTH Ha KiHIIEBE
nepenOaveHHs 1bOro BHXimHOro mikcens. Came ToMy
HEOoOXiTHO 0OpOOUTH IA0JIOH, KU MIT OM JOOMOITH
BIJIPI3HATH 00’ €KTH Ha 300paKeHH.

Ha upomy erami € nBi migzanaui. «KoHBepraiisi B
OTHOKaHAIIbHE 300paKeHH» . HA BXiJ 3a7adi TIOAA€ThCSA
IUIAX 10 MAanKd, Oe 3Haxomsareca madnonu. Ilepen
MM ATOTOBKOIO TaHUX TIepeBiPAETHCS HasABHICTH
KaTayioriB. Y BUMAIKy, KOIU BOHU BiJICYyTHi, Ha €KpaHi
3’SBIISE€TbCS IIOBIJIOMJICHHS, IO JaHI HE 3HaWMIeHi, 1
mporpaMa 3aBepurye po6oTy. B iHmomy BHmaixy,
nporpama MpoaoBKYe CBOE BHKOHAHHSL.

[Ticnst epeBipky HasSBHOCTI JAHUX CTBOPIOIOTHCS

KaTtajoru Uil 30E€peKeHHS  MPOMDKHHIX
pe3ynbTariB. HeoOXimHO 3a0e3meunTH MepeBipKy s
CTBOPCHMX JUPEKTOpid 3amisd KOPEeKTHOI poboTh
NpOrpaMu Ta aJeKBAaTHOTO BUKOHAHHS ANTOPUTMY. Y
TOMY pa3i, SKIIO BOHH HE OylH CTBOpPEHIi, 3 SIBISETHCS
MOBIIOMJICHHSL  TIPO 3aBePIIYETHCS
BUKOHAHHS MPOLIECY.

HOBI

IIOMWJIIKY Ta
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[lepeTBOpeHHs B  OJHOKAHAIBHE 300paKCHHS
JOCATAEThCA  LUIAXOM  TpaHchopMalii  KOJTbOPOBHX
CETrMEHTIB Ia0IOHy Y YOpHHUIA KOJip — Komip Oe3many.
[HmmME ~ croBamM, Ha  300paKeHHA — LIAOJOHY
HaKJIAAA€TbCsl Macka. [licnmsi CTBOpEHHsSI JUpeKTopii,
MIPOBO/INTHCSL KOHBEPTAIlisl LIA0JIOHIB B OJHOKaHAIBHI
300pa)keHHs Ta BiAOyBaeThcsl 30epeXKeHHS] y CTBOpEHi
paHillle MaIKH.

[Minzamaua «3BOPOTHA KOHBEPTAIls» Ma€ TAKUi
MOPAIOK JIiil: Ha BXiM MOAAEThCA LUISIX 10 JAHUX, IO
OyJaM CTBOpEHI Ha MomepeqHbOoMY eTari. CTBOPIOEThCS
JMPEKTOPist Isl 30epekeHHsT TPOMDKHUX naHuX. ITicis
LIOTO BiZI0OYBAa€ThCA MEpeBipKa i OyIM BOHU CTBOPEHI.
3a 1X HasIBHOCTI MPOLEC MPOJOBKYE CBOE BHKOHAHHSL.
[Hakiie, mpoIiec 3aBepIIyeThes.

Ilicas  CTBOpeHHs  JUPEKTOPil, MOYUHAETHCS
00poOka maHux, mo Oymu mnepemani. OgHOKaHAIBHI
300pakeHHsI TIEPETBOPIOIOTHCSA Y TPHKAHAIBHI, MOTIM
BOHHM 30€piraloThCs y paHilllec CTBOPEHOMY KaTayo3i.
Tpanchopmarris B TpUKaHATbHE 300pakeHHS
JOCSTAEThCA  LUIAXOM  iNleHTH(]IKalii  KOJIbOPOBUX
CEerMEHTIB Ha 11a0JI0HI, OTPIMAHOMY Ha IONEpeTHEOMY
Kpoui. [HIIMMU clOBaMH, HaKNAJA€ETbCS Macka 3
BIIMOBIIHAMH 70 KJIaciB OO0’ €KTIB KOJNBOPIB Ha
300paxkeHHs mabonHy. [lepenik kiaciB Ta BiJNOBITHUX
KOJIbOpIB TIOKa3aHi Ha pUCYHKY 3. JlaHe po3ouTTS
Ba)XJIUBE ISl BU3HAYCHHS IPHHAIISKHOCTI 00’€KTa 10
KJacy.

Hpyruii eran — ue eran o0poOku iHdopmarii, Tyt
BiJIOYBAETHCSI CErMEHTALliSl JaHUX. BXIHUMU TaHUMU €
¢oto, 110 OyJ10 IepeaHo Ha eTari OTPUMAaHHS JaHuX, Ta
mabyony, o Oynu oOpobieni pawime. Ha mowarky
BUKOHAHHS  IiJ33/la4i CTBOPIOIOTHCS JMPEKTOPIl st
30epiranHs o0poOsieHux naHux. [1oTiM mepeBipsieThes,
4y OYyJIM BOHHU CTBOpEHI. SIKIIo mamnku Oyyno CTBOPEHO,
NpOLEC MPOJOBXKYETBCSA, SKIIO Hi — 3aBEPIIYETHCH.
[NounHaeThcst 0OpoOKa MaHuX, IO OYJI0 MepenaHo, aaii
BiOyBa€eThCsl  30€peXEHHs Yy  paHillle  CTBOpEHi
JIUpeKTopii. 3icTaBieHHs 300pakeHHs 3 MIA0JIOHOM
BUKOHY€THCS LUIIXOM IPHU3HAYCHHS Baru KOXXHOMY 3
300pakeHb Ta Bary, Mo Oyze 3aCTOCOBaHO 10 KOXKHOTO
mikcesst 300paxenns. Hmwkue npuBenena dpopmysa, Mo
3abe3neuye 3MilIyBaHHS JIBOX 300paKeHb:

dst = srcl * alpha + src2 * beta + gamma, (2)

ne dst — pe3ynbTaT BUKOHAHHS (300paXKeHHS1);

Srcl — mepime 300paXkeHHs I «3MIIIyBaHHSD;

alpha — Bara mepimoro 306pakeHHs;

Src2 — apyre 300paXKeHHS;

beta — Bara gpyroro 306paxxeHHs;

gamma — Bara KO>KHOTO 3 TIIKCeITiB.

Tperiti eran — orpuMaHHS pe3ynbTaTiB. s

OTPHIMAaHHS PE3YyNbTaTiB TMOTPIOHO TepemaTH Ha BXif

MMOYaTKOBI JIaHi, OTPUMaHi Ha TEPIIOMY eTami, Ta

300pakeHHsI Micist 00poOKH.

Byaniena

Mawwuna,
WD CTOIh

Hopora

Tpasa

Depeso NroarHa

afio ueimi

MalkHa, Hepasnsmsa

WD PYXBETRCA iHbopmayis
(Geanan)

Puc. 3. Po30uTTS Ha KOIBOPHU

AHaJi3 BUKOHAHOI CErMEHTAIlii MOYMHAETHCSA 3i
CTBOpEHHS MaTpuili HeBiAnoBigHocTi. e nae ysBieHHs
npo e(eKTUBHICT CTBOpeHOro anroputrmy. KoxkeH 3
pAIKiB i€l MaTpHii MIPE/ICTaBIISIE 3pasku
MPOrHO30BAaHOTO KJIacy, TOJl SIK KOXEH CTOBICIb —
3pa3Ku CHPaBXHBOTO Kiacy. Marpuils HEBiINOBIAHOCTI
MOKa3aHa Ha PUCYHKY 4.

CnpaB:KHi Knac

5
(
A 5 B r
$
S A 50 3 0 0
S
E
2 5 26 8 0 1
S 4
z
S B 20 9 4 0
=
r 12 0 0 1

Puc. 4. MaTpuiis HEBiIIOBITHOCTI

Matpurs HeBiIOBIJHOCTI MiCTHTD:

— ICTHHHO-TIO3UTHBHI ~ pe3yibTaTd  (BU3HAYAE
KUTBKiCTh TIPaBMIIBHUX PO3ITi3HABAaHb IIEBHOTO KIIACY);

— XNOHO-TIO3UTUBHI pe3yabpTaTH (Bu3HAUAE
KUTBKiCTB PO3ITI3HABaHb MIEBHOT'O KITacy AJIS 00’ €KTIB, SKi
HE HaJIeXKaTh 10 KIacy);

— XHOHO-HeTaTHBHI pe3ynabTaTi (Bu3HAUaAE
KUTBKICTh BHITQJKiB, KOIH O00’€KT OylI0 pPO3Mi3HAHO
HEeNpaBWIBHO Ta OyII0 BiTHECEHO A0 1HIIIOTO KJIacy).
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3arasibHy TOYHICTH TIpOBeNeHOI Kiacuikamii
MOXXHa BU3HAYUTH 3a JIONOMOTOI0 3HAa4eHb 3 MaTpHIli
HeBinnoBigHOCTI. BoHa NpOBOAWTHECS 3a JOMOMOTrO0
¢dopmymnu 3:

aA +bB +cC
OvAc = — N 3)
ne OVAC — 3arajibHa TOYHICTH Kiacu(ikarrii;
aA, bB Tta cC - mepeTdH cOpaBKHIX Ta
MIPOTHO30BAaHMUX KJIACIB (Ha PUCYHKY 4 BOHM MO3HAueHi
3€JIEHO-OAKUTHIM KOJIBOPOM);
N — 3araipHa KiJbKICTh KJIACiB.

Ilicns oTpuMaHHS MATpPHWIll  HEBiIIOBITHOCTI
HEOOXITHO  BUKOPHCTATH  METPUKHA  SKOCTI  JIJIS
BH3HAYEHHS! KOPEKTHOCTI BHKOHAHOI cerMeHrarii. Jlis
MOYaTKy po3paxoByeTbcs 3HadeHHS [OU miist KoXKHOro
KJlacy 00’€KTiB OKpEMO Ta OTPUMYEThCS HOTO CepelHE
3HaueHHsA. PospaxyHok IOU mist KOXKHOrO 3 KiaciB
IPOBOJUTHCS 32 IONIOMOroto Gopmyiu 1.

[lle omHa MeTpuKa SIKOCTI NPOBEAEHOI OOpOOKH
JAHUX MA€ Ha3BY ITiKCeJIbHA TOUHICTh. TOYHICTD MIKCENiB
(PA) sBisie co60K0 TTOKa3HUK CEMAHTHYHOI CerMEeHTallil,
KU TIOKa3ye BIJICOTOK TNPaBWJIbHO Kiach(pikoBaHUX
mikceniB. L[ MeTprka OOUUCITIOETHCS CITiBBIHOIICHHIM
MIX KUIBKICTIO aIeKBaTHO KiIacHu()iKOBAHHMX IMIKCETIB i
3aralbHO0 KiTBKICTIO MIKCENiB y 300paxkenHi (4):

k
PA= 2 —, 4)
=1

Jie Njj — 3arajibHa KilbKiCTh MKCENiB, KIacu(pikoBaHuX i
MO3HAYEHUX SIK KJIAC j;
tj — saranbHa KIIBKICTh IMKCENIB, IMO3HAYEHUX K
KJac j.
OCKiTbKM B CEMaHTHUYHIN cerMeHralii MpucyTHI
JIeKiIbKa KJIAciB, cepefiHsl TOYHICTh mikcemiB (mPA)
MPENCTABIISE CEPENHIO TOUHICTh Kitacy sk (5):

1 n;;
EZ 2 (5)

ne k — 3arasnpHa KijnbKiCTh KJaciB.

PA ta mPA € idTyiTHUBHO 3pO3yMimuMHu i
iHTepIpeToBaHNMH TOKa3HuKaMu. OgHak BHCOKUH PA
HE € MpPSIMUM T[OKa3HUKOM Kpamiol MpOAYKTUBHOCTI
cerMenTailii, 0co0IMBO, KoM € He30anaHcoBaHI Habopu
JaHUX KiaciB. Y I[bOMYy BHIAJKY, KOJIH OJHMH KIac
JOMiHy€e B 300pakKeHHI, a JeqKi iHII KIIaCH CKJIaJaroTh
JIMIIIE HEBENIUKY YaCTUHY 300payKSHHSI, JIUIIIC TPABUIbHA
krmacuikamisi JTOMIHAHTHOTO KJacy TpPHU3BENE 10
BHCOKOr0 IoKa3Huka PA.

Bu3HayeHHST MIKCETHHOI TOYHOCTI 1 € HACTYITHIM
KpOKOM BHKOHAHHS IIPOIIECY aHAII3YBAaHHS PE3yIbTaTIB.

mPA =

PesynpraT, mo Oynu OTpuMaHi TNpH aHai3i
BUKOHAHOI CErMeHTallii 1aHWuX, y OyAb-sIKOMY BUIAIKy
OynyTh 3ammcaHi y KOMaHIHHHA pSAIOK, a OKpema
Bi3yajizamis pe3yJibTaTiB BHKOHYETbCS JIMIIE 32
OaxxkaHHSIM KopHcTyBaua. ToMmy TiCIs BHBEAEHHS
pe3yIbTATIB TEPEBIPIEThCS YX TMOTPIOHO JTOAATKOBO
Bi3yaJi3yBaTd JaHi aHamizy. SIKIIO Tak, TO B OKpeMHX
BIKHaX  BIJITBOPIOIOTBCS ~ 300pa)KEHHsT  MaTpUIIi
HEBiMOBiIHOCTI Ta cepenHi 3HaueHHs [OU st Ko)KHOTO
KJacy.

4. IndopmaniiiHuii npocTip cucremMu

[Ipr KOHCTPYIOBaHHI MPOrPaMHOro 3abe3reueHHs
Oy/o CTBOpEHO JiarpamMy BapiaHTiB BHKOPHCTaHHS
(puc. 5).

[IpoaHanizyBaBIllk MMOCTABICHE 3aBJAHHSI, MOXHA
BUJIUTUTH TPHOX aKTOPIB: IPOH, ONEPaTOp CHCTEMH Ta
cucTeMa, 1[I0  BUKOPUCTOBYBaTMMe  0OpoOieHi
300paxkeHHs. CucremMa IMOYMHAE CBOKO POOOTY Micis
orpuManHs (oto abo Bimeo iHdopMmalli 3 apoHa.
MoxnuBi 7Ba THNM POOOTH: 3 ONEPATOPOM, SIKHI
KOHTPOJIFOE BXIJIHI JjaHi Ta iHilioe X 00poOKy, abo 6e3
Hboro. [lns naHoro mporpamHoro 3a0e3nedeHHst OyB
oOpanuii mepmmii BapiaHT B3aeMofii. Pesynbratn
CerMeHTallii 300pakeHb MOXKIIUBO IEpeAaTd A0 1HIIOT
CHCTEMH, i€ 1€ HeO0OXiIHO.

Aktop «/IpoH» BHKOHYE
iHpopmarii». Posrmsparoun nei NpeueneHt 3 TOYKU
30py JpoHa, Ha Wi (a3i BUKOpUCTaHHS iH(OpMarlis 3i
3HATHX ()OTO Ta BiJIEO HAJICHIAETHCS JI0 CHCTEMH, siKa 11
o0poOnsie. Ha 1poMy B3aeMofis MK akTopoM i
cucreMoro 3aBepiryeTbes. Akxtop «Omepatop» Mae
HaOIIBINY KiNBKICTh BapiaHTIB B3a€EMOIII 3 CHCTEMOIO.
VY Bapianti BukopucraHHs «Buecenns iHdopmarii»
orepaTop TepeBipsie OTpUMaHi Bifl JpoHa naHi. SKio
BOHHU MIJISITAIOTh Ta NOTPEOYIOTh 0OPOOKH, BiH BHOCUTh
ix y cucremy. J{ist 3aikicHeHHs 0OpOOKHM JAaHUX OIEepaTop
[OBUHEH IHimiroBaTd  BHUKOHAaHHA  «CerMeHranis
300paxxeHHs». Lleii mporec Britovae B cede pyHKITOHAT
npeneneHTiB «IligroroBka 300paskeHHD», «3iCTaBICHHS
3 mabaoHOM» Ta «AHami3 pe3ynsTariBy. Lle HeoOXimHO
JUTI KOPEKTHOI poOOTH aNTOpUTMY CerMeHTalli JTaHuX.
OmnepaTop TakoX ITOBHHEH aKTUBYBaTH «OTpUMaHHA
pe3yabTaTy» IiCNsi KOPEKTHOrO 3aBEpLICHHS CErMeH-
Tarii st oTpuMaHHs akTopoM «CricTeMa 3 BUKOPUCTaH-
HIM 00poOJeHnx 300pakeHb» pe3ynpTaTiB. Y Xomi
BUKOHaHHS «OTpUMaHHS pPe3yabTaTy» OOOB’SI3KOBO
HeoOXiHOo 30epiratu pe3ynsrar. CamMe TOMY MpeneeHT
«OTpuMaHHS ~ pe3ylbTaTy»  BHKOPHUCTOBYE  TaKOX
(dhyHKIiOHaN «30epeKEHHS Pe3yIbTaTy».

Takox Oyna cTBOpeHa Aiarpama MOCIiJOBHOCTI IS
pO3pOOITFIOBAHOTO  3aCTOCYHKY, BOHa 300pa)keHa Ha

pucyHky 6.

nume  «BHeceHHsS
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Cuctema obpobrn 300pakeHHs,
OTPMMAHOrD 3a AoNoMOrol ApGHY
2] BrecenHs iHdopmayii
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ApoH 7____
CreopeHHd wabnoHy neparop
CermeHtauia
LN 3oBpanenna
<<include>y"
_ <<include>>
Migrotoska
300paeHHR 3iCTaBNEHHA 3
watnoHot
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Q OTpumanHa
)\ pesynsTary
CucTema 3 30eperenHa <includes>
BUKOPWUCTaHHAK! REHALLATY
0BpoBneHux
306paeHs
Puc. 5. Jliarpama mniperiezieHTiB
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Ha pucynky 300paxeHo yorupu cucremu. Cucrema
00pOoOKM HaHWX — 1€ CYKYNHICTh YCIX CHCTEM, IO
BXOJUITh IO CKIIaJy €TamiB CerMeHTalii JaHuX. AKTOp
MOKe OYTH OIepaTOpOM CHCTEMH, BiH POOHTH 3alUT HA
00pOoOKyY TaHUX.

[e#t 3amuT mMOpomKye 00 €KT CHCTEMH OOPOOKH
JaHUX, SIKMH TIOBHHEH IOBEPHYTH aKTOpy OOpoOieHi
nmami. ITix yac BHKOHAHHA IOCTaBiIeHOI 3azadi 00’€KT
POOUTH 3aMUTH Ha MiATOTOBKY Ta CETMEHTAIII0 TAHHUX, a
TaKOXX Ha aHajJi3 OTPUMaHMX JaHWX. 3a Ie Bce
BIANOBIZAIOTE BIANOBIAHI CHCTEMH, OO0 €KTH SKHX
MOBEPTAIOTh PE3YJIbTAT BUKOHAHHS CBOIX MPOILECIB J0
CHUCTEMHU OOpPOOKH aHUX.

5. InTepdeiic kopuctyBaya, TeCTyBaHHA
Ta pe3yJbTaTH POOOTH MPOTrPAMHOI0
3a0e3neveHHs

Ha chorosiHi makerHa TEXHOJOTis NMPAaKTUYHO HE
BHUKOPHCTOBYETHCS, OCKIJIBKA HE € aKTyanbHOro. JIys
peanizauii iHTepdeiicy, 1110 aBTOMATU3ye CErMEHTAIlifo
300pakeHb 3 IPOHIB, OYyJ0 BHPIIIEHO BUKOPHCTATH
KOMaHIHUH BUJ iHTepdeiicy. Lle MoxHa TOSCHUMU THM,
[0 OCHOBHHUI KOPHCTYBa4 MPOTpaMH — Ii¢ OMeparop,
SIKWI IOBHOIO MipPOIO PO3yMi€ MPUHIIUIT POOOTH CUCTEMH
abo CTBOpEHHMH PO3POOHUKOM CHCTEMH CIeLlialbHUNA
ckpunt. CaMe TOMY HEMA€ CEHCY B1ITBOPIOBATH SKUHCH
IHTYITUBHO 3po3yminuii rpadiunuii intepderic. Takuii
iHTepdeiic BUKOPUCTOBYE KOMaH/H, IO BiJIIOBIAIOTh
crelialbHO CTBOpEHii popMaibHiii MOBI.

Tox y pesynbrari Oynu nepenbaueHi BapiaHTH
KOMaHJI, 110 JONIOMOXKYTh TIPH B3a€EMOZIT 3 POrpaMHUM
3abesmeyeHHsiM  (HampukiIax, — komaHad  python
prepareFiles.py a6o python convertFilesToColor.py), 110
TIOBMHHI BUKJIMKATHCS 3 BKa3aHHAM MIEBHHUX [TapaMeTpiB.
SIkmo KomaHAa BHMKOHaHA KOPEKTHO, y KOMaHIHMIM
psamok  Oyde  BHBEOEHO  PpSNOK  CTaTycy, IO
300paskyBaTHME MPOIIEC Ta Yac BUKOHAHHS (puc. 7). [Ipu
BUHMKHEHHI  TOMWJIKH, TporpamMa  O0OB’S3KOBO
CIOBIIITYE TIPO TIE.

ERER RN RN RN NRNRRRRRRNRNRRNNNN | 260/260 [04:01<08:00,

[Ticns BUKOHAHHA aHAJi3y SKOCTI 0OpOOJICHHX
JAHUX Y TEpMiHANI BiJOOpaKka€eThCs 3aIlvC, 10 MiCTUTH
B co0i Ha3BM METPHWK, WO OyJI0 BHpaxyBaHO, Ta iX
3HaueHHs. [IpHKIaOM  BHBOAY  pe3yJbTaty vy
KOMaHIHUN PSIOK MOXE CIYryBaTH PHCYHOK 8, Ha
SIKOMY 300paKeHO 3HAUCHHSI JJIs TECTOBUX JIAHUX.

IIporpamHe 3a0e3meucHHS Ma€  MOXIIUBICTh
rpadiuHOro  BiJOOpa)KeHHS  Pe3yJbTATIiB  aHAII3y
BUKOHAaHHS cerMeHTanii. Ha MmaTpumi mopiBHIOIOTBCS
3HAYCHHS, IO OYJIM CTBOPCHI CHCTEMOIO, Ta IIa0JIOHH,
SKi TOJABANUCA WLITYYHOMY IHTENIEKTY SIK ETaJOHH.
[Mpuknagom  Bizyamizamii  Moxe OyTH  MaTpuIs
HEBIIMOBIIHOCTI, 1110 300pakeHa Ha PUCYHKY 9.

BxinHi gaHi ABISAIOTE cO00I0 (OTO Ta Bijgeo MicTa
XapkoBa, 10 Oy/d 3HATI 3a JOMOMOroK ApoHa. BoHu
MICTATBCS y BIAKPUTHUX JKEpenax Mepexi [HTepHer.

s kopekTHOT po0OoTH MporpaMu MOTpiOHO MaTh
HE JIUIIe 300paXKeHHs, a e W Ma0IoHU 10 HUX. BoHM
BUKOPHCTOBYIOTHCS SIK €TaJIOH IS IITYYHOTO IHTENCKTY.
[IJabnoHM CTBOPIOIOTBCS OKPEMO BiJi BUKOHAHHS
nporpamHoro  3abesmedenHs. Ha  pucynky 10
BiJJOOpa)XEHO TPHKIIA/l CTBOPEHHUX IA0JIOHIB.

Komu mporpama o00poOjisie maHi, CTBOPIOETHCS
HOBUIA 1120JI0H, SIKMH MOPIBHSETHCS 3 eTaionHUM. [loTim
mabnonn 3ictaBisiioThes. Ha pucynky 11 300paxkeHe
roeTanHe BUKOHAHHS MPoIlecy 0OpoOKH JaHUX.

Y  pesynbraTi BHKOHaHHA OOpPOOKM  JIaHMX
OTPUMAaHO PE3yJbTaT, 10 300pa)KEHO Ha PUCYHKY 12.

SIKIIO MOpPIBHIOBATH €TAJIOHHUH Ta CTBOPEHUH Y
XOJ/li BUKOHAHHS LIa0JIOHH, MOKHA 3POOHMTH BHCHOBOK
npo Te, II0 HE 3aBXKIU CerMEHTH OyIyTh BHJIIIEHI
KopekTHO (puc. 13).

by  mposenenmii pe3yapTaty A
BiJJOOpaxkeHHsI pe3ynbTaTy o0poOku. Tox mpoBemeHuit
aHaji3 3a JIONOMOTOK MATpHIll  HEBiMOBITHOCTI
300paxkeHuit Ha pucyHky 14. BumHo, 1o He BCi Kiacu
Oynu po3i3HaHi KOPEKTHO.

3Hauends IoU Ta 1mikcenbHa TOYHICTH VIS
pe3ynbTary (nuB. puc. 14) OyayTh MaTH 3HAUYCHHS, SIKi
noka3zasi Ha (puc. 15.

aHai3

Puc. 7. TIporec BUKOHAHHS

100% | [NENERRREENRRNE 2co/200 [04:23<00:00,

0.17690931978034385,

I0Us: {'Clutter':

'Road': 0.0. 'Static Car': 0.0, 'Tree':
'"Human': 8.0, 'Moving_Car':
acc: 0.17690923918370732

1.21s/it]
1.32s/it]
'Building': 8.30691278188491e-09,
0.0, 'Vegetation': 0.0,

0.0} mIOU: 0.022113666010907078

Puc. 8. BuBeneHnHs pe3ynsTaty
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Puc. 9. Matpuuist HeBiIOBiTHOCTI

Puc. 10. [Ipuknaa cTBOpeHMX MIAOIOHIB

BxiaHi 306parkeHHs

BxiaHi WwabnoHu
Puc. 11. Iporec 06poOKu gaHmx
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LWabnoHu, cteopeHi nporpamHum 3abesneyeHHam

O6pobneHi 306paxkeHHs

Puc. 12. Pe3ynbrat 00po0KH JaHUX

BxigHi wabnoHu

LLIabnoHwu, cTBOpEHi NporpamHnm 3a6esneyeHHam

Puc. 13. BunisieHi NOMWIKKA CUCTEMHA

MaTpuus HeBianogigHoCT
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Puc. 14. Matpuiis HeBiAMOBITHOCTI
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I0Us: {'Clutter': ©.926536719365698,
"Building'’: ©.9418007985483611.
"Road': ©.8544821212767469,

"Static Car': ©.8238462919734243,
‘"Tree': 8.8776153610544882,
"WVegetation': ©.7515258094548464,
"Human': 1.0,

"Moving Car': 0.4534565366187543}
mIOU: ©.82865795378654

acc: ©.9573936631944444

Puc. 15. 3auenns loU Ta mikcenbHOI TOYHOCTI

SIKII0 TMeperssHyTH pe3ynbTaT aHali3y, TO MOXKHa
3pOOUTH BHCHOBOK IPO BUHUKHEHHS MOMMJIOK ITijl Yac
00po0OKu iH(DopMaAITii.

[Momunku MOXyTb OyTH CIpPHYHHEHI
(daxTopamu:

TaKUMH

— HEJJOCTaTHHO HaBYAIBHUX JIaHHX;

— TIpUCYTHI apTedakTH OCBITICHHS;

— TIOTaHa SKiCTh 300paKCHHS;

— HEBIJIOMHH KyT pO3Mi3HABaHHS /ISl MOJIEII.

[To30yBmmMCh 1MX YMHHUKIB, OYJI0 TIPOBEICHO
00pOOKy aHMX Ha iHIINX 300pakeHHsx. Ha pucynky 16
300paKeHO BXiZHI 300pa’keHHs Ta BIANOBIAHI 1M

1a0JIOHH.
[linTBepAUTH TPaBWILHO BHKOHAHY OOpOOKY
JAaHUX MOKHA BHKOHABIIM  aHA3  OTPUMAHOrO

pesyabTary (puc. 17).

IepeBipka sKOCTI TPOBEACHOI CcerMeHTalii 3a
nomomoror loU Ta mikcenpHOI TOYHOCTI MOKa3aHa Ha
pucyHky 18.

BxiaHi 306pakeHHn

BxigHi wabnoxum
Puc. 16. Bxinni 300pa)keHHs Ta BiIIOBIIHI MIa0IOHH

LWabnoHwu, cTBOPEHi NporpamHm 3abesnedyeHHam

0O6pobneHi 306parkeHHA

Puc. 17 PesynbTat micns yCyHEHHS IOMIIIOK

I0Us: {'Clutter’:
‘Static Car': 1.0,
‘Human': 1.0,
mIOU: 1.0
acc: 1.8

1.0,

'Building’: 1.9,
"Tree': 1.0,
'"Moving_Car': 1.0}

'Road’: 1.0,
"Vegetation': 1.0,

Puc. 18. IlepeBipka sikocti 3a qonomororo loU Ta mikcenbHOi TOYHOCTI
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MaTpuua HeBignosigHoCTI
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Puc. 19. Marpuist HeBiINOBIAHOCTI

Po3paxoBaHa 1711 OTPUMAHHX PE3YJIbTATIB MATPHULIST
HEBIINOBIIHOCTI 300paXkeHa Ha pUCyHKY 19.

[NopiBHSABIIM OTpUMaHH{ PE3yJabTAT 3 BXIIHUMH
300paKCHHSIMH, MOXHa 3pOOUTH po
NPaBWILHO BUKOHaHY OOpoOKy jaHux. [HIIMMEH
CJIOBaMH, KOXKEH 3 KJIACIB BU3HAYEHO BIPHO Ta 1Ia0IOHH
€ 1ICHTUYHUMHU.

BHUCHOBOK

BucHoBok

BesminorHi niTanpHi amapaTH 3apa3 € HaiOUIbII
JOCITI/DKYBAHOKO TEMOI. BOHHM CTaloTh HEBiJ €MHOIO
YacTHHOW Oarathox cep AisutbHOCTI. [lpOMY cripusiio
3MEHIIEHHS OOYHCIIOBAHOI TEXHIKM, KaMep Ta IosBa
CHCTEM TJI00AaNFHOTO TO3WIiOHYBaHHA. (OCHOBHOIO
ceporo BUKOPUCTAHHS OE3ITIIOTHUX JITAI0UNX arapaTiB
€ 30ip ¢oro Ta Bigeo iHdopmamii. L{i nani noTpedyrOTH
00poOKH, TOMY 3 PO3BHUTKOM TEXHOJNOTIH BHHUKIH
METOAM, IO BHPINIYIOTH MPOOIEMH aHANi3y CKIAIHUX
300pakeHb. Y KOXHIH 3 ray3eH, 1e HeoOxinHa oOpodka
Ta aHai3 (oTo Ta Bigeo iHPpopMaIlii, BHKOPHUCTOBYIOTHCS
pisHi anropurmu. Ix BuGIp 3aT€KUTH Bi KOHKPETHHX
YMOB Ta 1oTpe0 y Wil ramysi, 60 Hapa3i He iCHye €TMHOTO
YHIBEpCAIbHOTO PillIeHHS.

B xomi po6oTtu 0yI10 mpoBeieHo aHai3 MPeIMETHOL
o0acTi, pO3rIITHYTO BXKE iCHYIOYI MOJIENi CerMeHTamii
300pakeHb, iX HENONMiKM Ta oOMexeHHA. Ha ocHOBI
BHSIBJICHUX HENOJIKIB Ta HIOAHCIB C)OPMOBAHI BUMOTH

Jo cuctemu. [lin yac mpoBeAeHHS aHAI3y NpPeIMETHOI
rainy3i BHSBJICHO Ta ONHCAHO OCHOBHI IpoOJieMH Ta
BU3HAUCHO 3ajauy, L0 MiJyisirae apromaru3aii. B
pe3yJibTaTi OCHOBHI MpolecH Oynu AEKOMIIO30BaHi Ha
mig3aaaui.

[Ticns Toro sik mporpaMHe 3a0e3nedeHHs Oyio
po3pobiieHe, BOHO Oyn0 MPOTECTOBaHE Ha SKICTh
BUKOHAHHS cerMeHTanii Goto Ta Bifeoinpopmarii. s
OI[IHKK SIKOCTI TPOBelEeHOI O0OpOoOKM HaHuX Oynu
BUKOpUCcTaHi MeTpuku — loU, mikceiabHa TOYHICTH Ta
MaTpHL HEBIAMOBIAHOCTI. Y XOAiI TecTyBaHHS Oyio
BU3HAYEHO IOMMJIKH, 1110 BUHUKAIOTH ITiJ] 9aC BUKOHAHHS
CerMEeHTallil JIaHUX Ta MOSICHEHI MOXJIMBI NMPUYMHH iX
BUHUKHCHHSL.

Buxomsun 3 OTpUMaHHX pe3ylbTaTiB MOXKHA
3pOOMTH BHCHOBOK TIIPO KOPEKTHICTH IPOBEAEHOL
CerMeHTallil JaHWX, KJIACH PO3Ii3HaHI MPaBIIHHO.

BrockoHamuti mporpaMHe 3a0e3nedeHHs MOKHA
IDIIXOM aBTOMAaTH3aLlii IpoLecy CTBOPEHHS €TaTOHHHX
1a0JOHIB, TPOBECTH HABYaHHA MOJeNi Ha OLIBIION
KUTBKOCTI JTaHUX Ta IHTETPYBAaTH CTBOPEHE IIPOrpaMHE
3a0e3rmedeHHss y OimbIIy CHCTEMY,
NPALIOBATH 3 IPOHOM HATIPSIMY.

sgKka Moria O

BHecok aBTopiB: (opmymroBaHHA mpodieMu —
JA. M. Kpunbkmii; ormsg Ta aHami3 iHpOpMAamiiHUX
mwkepen — O. B. ITonos, O. O. KpaBuoBa,; peaizaris
nporpamaoro 3adesnederns — H. 1. llIkypenko; anamni3
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DEVELOPMENT OF SOFTWARE FOR DATA SEGMENTATION BY PHOTO
AND VIDEO INFORMATION

Dmytro Kritskiy, Nadiya Shkurenko, Oleksii Popov,
Olexandra Kravtsova

The object of this research is the process of perception of individual objects in photos and videos for further
analysis of the situation in the city. The subject of the research is image processing for selection, classification, and
further use of the obtained information about the objects in the photo. The goal is to create information technology
for the segmentation of individual segments in photos and videos obtained with the help of unmanned aerial vehicles
(in particular, drones) in urban scenes. Main tasks: analysis of existing methods of data segmentation; implementation
of an algorithm that would perform segmentation of data by various terrain objects; software testing; and formation
of research results. The following results were obtained: existing models of image segmentation were examined for
limitations and shortcomings. On the basis of identified shortcomings, the requirements for the developed system were
formed. During the analysis of the subject area, the main problems were identified and described and the task to be
automated was determined. During the design of algorithms for solving problems, the sequence of the execution of
each process was determined. The design of the software included a description of the information space of the system
and the user interface. The user interface was chosen after analyzing the main types of user interfaces. To assess the
quality of the data processing, existing metrics were used — loU, pixel accuracy, and the discrepancy matrix. During
testing, errors that occur during data segmentation and their causes were determined, after their elimination, the correct
result of image segmentation was shown. Conclusions. The scientific novelty of the obtained results is that although
there is still no segmentation method that fully satisfies all needs for the analysis of the category of images obtained
by drones, the developed software allows uploading images and templates to them as benchmarks for artificial
intelligence. perform segmentation and verify the correctness of this segmentation visually and using the loU metric,
the mismatch matrix. The software can be improved by automating the process of creating a reference pattern, training
the model on more data, and integrating the created software into a larger system that would work directly with the
drone.

Keywords: semantic segmentation; algorithm; metric; UAV; template; mismatch matrix; software.
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AIR TRAFFIC CONTROL STUDENTS’ ASPIRATION LEVELS DISTRIBUTIONS

This paper proposes an analysis of an air traffic control students’ survey describing self-assessment of their
workload levels. The workload is defined as the number of aircraft simultaneously under control. The survey is
performed over the gird with axes represented with aircraft number, their correspondent, and utility/satisfaction
levels. The aspiration level values are calculated using workload differences. The safety background of risks in
aviation activities is described. Risk and aspiration level links are highlighted. The aspiration level notion for
the proposed research is inferred. Survey details and conditions are explained. The differences in four quarters
at the workload charts specified by respondents are explained. The aspiration level parameters and basic statis-
tics calculated for respondents are presented. Appropriate goodness-of-fit tests are performed with different sets
of initially received answers. Whole samples and subsamples are considered. It is shown that for the full sample
considered, the outlet removal provides significant increase of p-value, thus allowing to change the hypothesis
approval status. Sub-samples list includes the whole sample without outlets and the whole sample aspiration
level calculated for only positive values according to y-axis. Additionally, other values were considered. Namely
regret values, i.e., the values on the descending half of the charts and a mixture of regret and aspiration level
values in regard that is higher. Normal and exponential distribution significances are proven for the different
options mentioned above. It is shown that the general chi-squared method provides the latter mixture to be in-
significantly exponential, whereas specific Fisher’s test approves the significance of the data. The role of air
traffic control students’ aspiration level in their estimation and possible education strategy personalization is
described. The importance of human factor consideration during similar survey performance is once again
proven. The connection of regret with aspiration level in a mixture is discussed. The conclusions on the results
are provided. Further research directions are proposed.

Keywords: flight safety; human factors; workload; aspiration level; education.

Introduction

The problem statement. Safety support is im-
portant issue in aviation industry. International Civil
Aviation Organization (ICAO) [1] claims that “safety is
the state, in which risks associated with aviation activi-
ties, related to, or in direct support of the operation of
aircraft, are reduced and controlled to an acceptable
level”. One of safety achievement approach lays in risks
reduction. The risks in their turn can be generalized
as [2] “possibility of undesirable situation with harmful
consequences occurrence”. For complex “flight crew —
aircraft — environment — air traffic control authority”
system risks might be assessed with help of operator’s
self-estimation. Risk reduction comes from the person-
nel efforts directed to the desired safety state attainment.
This allows to talk about aspiration level (AL) as one of
key risk mitigation components.

The AL determination and measurement is crucial in
regard to all aspects of safety where operator is involved.
This is caused by the fact that human behavior is still one
of the most important part in risk management. Despite
tendencies of robotization and automation of the complex

technological processes it is clear that application of new
AL management methods is a task of high importance.

1. Analysis of recent studies
and publications

AL can be addressed as representation of maximal
increment of utility or satisfaction gained by person
performing certain task. Here utility/satisfaction is esti-
mated with biased achievements scale. AL takes im-
portant place in self-assessment researches. Aviation
operators with high AL are claimed to have high confi-
dence level, persistence, efficiency, and trustworthy
criticism of their own achievements [16]. Severe link of
self-assessment with AL is also proven by James formu-
la. Firstly, it was presented in the following form:

Self-esteem = Success / Pretensions; 1)
sometimes [17] being interpreted as:

Satisfaction = Achievement / Aspiration.  (2)

© Serhii Borsuk, Oleksii Reva, Larysa Sahanovska, 2023
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Hence original formula can be inferred in the fol-
lowing statement:

Self-esteem = Success (result) / Aspiration level. (3)

Air traffic controllers (ATCOs) are dealing with
certain number of aircraft under control. Such number
can be considered as ongoing workload. Workload re-
search importance and urgency is proven by various
proceedings [18-22]. The change of workload can be
taken as AL value by definition.

Despite AL concept implementation in various ar-
eas there are not many studies dedicated to the aviation
operators. The vast majority of aspiration researches are
considering the general students of even scholars as a
respondents. Moreover, the methods used in various
surveys are often simplified down to the aspirations
statement. Those methods that actually perform indirect
measurements have other flaws. Another issue is that
aspiration calculated by majority of the methods doesn’t
consider the difference in aspiration itself and desire for
getting out of unpleasant state. Addressing the Atkinson
[23] we can clearly define four different sections on the
final aspiration plain. Each of those sections has its own
features in regard to the desired overall state. Thus, it is
not quite clear whether the consideration of such detail
would influence the results. Finally, the general distri-
bution of the data is commonly taken as normal. How-
ever, it might be not valid for the particular case. Now
we can formulate the tasks for the proceeding.

12 3 45 6 78 910111213

The research goals

On the base of all aforementioned there were for-
mulated the goals of this proceeding:

1) to perform the research related to the ATCO
students’ self-assessment of the workload with further
AL determination;

2) to describe calculation of some basic distribu-
tion parameters and determination of various probability
distributions and verify whether we can consider AL of
the participants to be normally distributed;

3) to compare general results of unmixed AL with
other particular results of the same participants com-

bined in different variations.

2. Research methods

Described survey involves 132 ATCO students of
4th and 5th grades who studies “Air traffic control” ac-
ademic major. The survey took place in National avia-
tion university (Kyiv, Ukraine) and Flight Academy of
the National Aviation University (Kropyvnytskiy,
Ukraine). Each participating student had no prior expe-
rience of real ATC and at least 100 hours within simula-
tion training. The polling was anonymous. Respondents
were notified that survey results not to influence their
academic performance. Survey’s chart example is
shown on figure 1.
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Figure 1. Example of survey chart with key points specifies
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According to the survey’s task the respondents
were asked to specify several key points:

« maximal number of aircraft under control that
is considered as boring and provides no utili-
ty/satisfaction (nmin point);

« minimal number of aircraft under control with
highest strain and workload possible that provides abso-
lute lack of utility/satisfaction (Nmax point);

e such number of aircraft under control which
provides maximal utility/satisfaction level (ngp: point).

On the base of these three points the utili-
ty/satisfaction function was plot on the proposed grid.
All respondents estimated their level of utili-
ty/satisfaction during the task fulfillment. Having de-
crease of boredom and increase of workload they shown
their attitude to risk of mistakes commitment with nu-
merically expressed levels. These levels are numbers of
aircraft being under control simultaneously. In line with
previous researches the AL values were calculated for
pairs of points representing neighboring aircraft num-
bers (e.g. 5 and 6, 11 and 12 etc.). The pair with maxi-
mum increment of utility/satisfaction in respondent’s
opinion was taken as AL. Such numbers show what
does particular respondent thinks of its own professional
capabilities. Thus, the satisfaction proposed to the re-
spondent as a measure can be considered as their indi-
rect efficiency self-evaluation.

Of all 132 people involved in the survey process
there were 7 who gave no response. This leaves 125
available results. One participant misunderstood the task
and gave totally wrong answer (with constantly rising
utility/satisfaction function). It was removed from the
analyzed sample. All other 124 cases were accepted for
subsequent analysis.

In the context of current research AL is considered
as workload increase that brings maximal utili-
ty/satisfaction change. Important detail here is that suffi-
cient level of flight safety support is implied. Such value
is present on the increasing (left side) part of a chart on
figure 1. The decreasing part (right side) of the chart also
holds maximal utility/satisfaction difference value. How-
ever, it corresponds to the decrease of utility/satisfaction
and thus cannot be considered as AL. It is referred as
“regret” or “penalty” value caused by losing optimal
workload preferred by respondent. Really, left side of the
chart indicates respondent desire for best performance
achievement whilst losing boredom. On the right side of
the chart any respondent has stress increase caused by
performance loss which makes him regretting.

For all cases the Ho hypothesis is simple right-
sided and formulated as goodness of fit test: whether the
sample distribution significantly corresponds to the ref-
erence one. In different cases referred distributions are
normal or exponential. The alternative Hi hypothesis is
always simple and directly opposed to the Ho.

Main goal of the survey is to define if various answers
sets (for whole sample and sub-samples) belongs to the
most common probability distribution functions. In
some cases, the sample is taken as a whole. In other
cases, a certain part of the initial sample is taken in or-
der to test proper hypothesis. Two distributions were
initially taken: normal and exponential. In order to test
normality, the ¥? method was used by default. Those
cases when this is not true will be specified in text.

There are many responses with less than 5 votes in
the initial sample. The whole sample was regrouped
with Sturges formula in order to reduce number of in-
tervals as 2 method requires:

D
—— )
1+3.322Inn
where H — is a new intervals number; D — is sample
values range; n — is sample size.

3. Results and discussion

Only single maximal increment value is initially
taken as an AL. For several equal increments only the
first one is taken. For initially accepted results n=124
the following key values are calculated: expected value
X=7.702, variance V=10.76, standard deviation
§=3.28, skew A=0.98, kurtosis E=1.902. The distribu-
tion is show on figure 2.

3.1. Case I. Normal distribution test.
Aspiration level

For this case all n =124 responses were used with
D =20. Eventually h=2.51 which brings 9 new in-
tervals. Degree of freedom in this case is equal to 6.
Calculated statistics is K =44.34 (p-value<0.001). This

means that observed xz criterion value reaches rejec-

tion region and hypothesis Hy is not statistically signif-

icant. Both theoretical and empirical frequencies plots
are shown on the figure 3.

3.2. Case Il. Normal distribution test.
Aspiration level adjusted

Previous results can be considered a bit detailed.
After data regroup empiric frequencies are compared to
the theoretic ones according to formula 5.

O-E 2
K=ZT’ (5)

where K- is referential statistic; E— is expected fre-
quency, O— is observed frequency.
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Figure 2. Initial frequencies for utility/satisfaction maximal increment

The K statistic determines the final conclusion. In
“Case I” test these components are equal to:

K=(1.245+0.271+2.97+0.051+0.593+4.891+
+1.07+1.699+31.55)=44.34

The latest component here contributes the most.
Denominator for the last component is equal to
Og = 0.1 which leads to the extremely high impact. By
removing this contribution K =12.79 is received which
makes H, statistically significant for «=0.01

(p-value=0.046). Since data pruning was not performed
after regroup stage such approach is seen as reasonable
and valid.

3.3. Case I11. Normal distribution test.
The sample with utility/satisfaction increment
above 0 level

As it is presented on the figure 1 the left semi-
plane is divided into two halfs by horisontal line. They

are: -100;0 negative utility range where satisfaction
growth might be considered as attempt to get rid of the
boredom; 0;+100 positive range where satisfaction

Intervals
Figure 3. Theoretical (black) and empirical (white) frequencies

growth might be considered as attempt to achieve the
best performance. At that point some respondents show
no utility/satisfaction values more than O levels at all.
Such answers don’t fit the very idea of “aspiration” as
of a desire for some goal achievement. They might be
considered as marginal and spare. For instance, an ex-
planation of such attitude can be found in Atkinson’s
paper. Thus, such responses were removed as unfit
ones. As a result, 116 answers have left to be analyzed
in this case.

Sample statistics are following: n=116, D=18,

Sturges coefficient is h =2.29, which gives 9 intervals.
Method Xz is used as well with degree of freedom
equal to 6 and K=15.07 (p-value=0.019).This means
that observed Xz criterion value is in acceptance region

and hypothesis Hy is statistically significant for
a=0.01. Both theoretical and empirical frequencies
plots are shown on the figure 4.

3.4. Case IV. Normal distribution test.
Regret/penalty values

In order to check maximal decrement level at the
right part of the chart the decrease values were taken.



80

ABIAIIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'IS, 2023, Ne 3(187)

ISSN 1727-7337 (print)
ISSN 2663-2217 (online)

Bo& W

[
|

Frequency
£

Tniervals

Figure 4. Theoretical (black) and empirical (white) frequencies

They are mentioned above as “regret/penalty” val-
ues. Sample parameters are following: h=124,
D =25, Sturges coefficient is h =3.14, which gives 9

intervals. Method 2 is used as well with degree of
freedom equal to 6 and K=12.89 (p-value=0.044).
This means that observed Xz criterion value is in ac-
ceptance region and hypothesis Hy is statistically sig-

nificant for «=0.01. Both theoretical and empirical
frequencies plots are shown on the figure 5.

3.5. Case V. Normal distribution.
AL united with regret/penalty values

For this case the one greater value (either AL or
regret/penalty) is taken for a single respondent. Sample
parameters are following: n=124, D=30, Sturges
coefficient is h=3.77, which gives 9 intervals. Method
2 is used as well with degree of freedom equal to 6 and
K =39.75 (p-value<.001). This means that observed y?2
criterion value reaches rejection region and hypothesis
Ho is not statistically significant. Both theoretical and
empirical frequencies plots are shown on the figure 6.

230

3.6. Case VI. Exponential distribution test.
AL united with regret/penalty values

Exponential distribution hypothesis Hy for mixed
set of AL and regret/penalty values is also tested with

2

x“ criterion. New probabilities are calculated as

p; =e i e given intervals amount and bounda-

_i =0.085. Final-
X

ly, K=55.13 (p-value=0.009). This means that ob-
served Xz criterion value reaches rejection region and

ry points from the first test. Here A =

hypothesis Hg is not statistically significant. Frequen-

cies plots are shown on the figure 7.

Disregard the absence of significance it is clear
that p-value is close to acceptance region. Thus, it is
reasonable to apply specific test in attempt for more
precise verification. For this purpose, the Fisher’s meth-
od was chosen to test the same sample for exponential
goodness of fit case.
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Figure 5. Theoretical (black) and empirical (white) frequencies
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Figure 7. Theoretical (black) and empirical (white) frequencies

3.7. Case VII. Exponential distribution test.
Fisher’s method. Full sample

Specific Fisher’s method is used to test again H,

hypothesis about exponential probability distributions
for mixed set of AL and regret/penalty. In order to do
this Fisher’s coefficient is found for arranged votes with

where x;— is the least value in the sample arranged
incrementally.

After that it is compared with tabulated values hav-
ing parameters a=0.05, Fu(2n-2.2). With original pa-
rameters Xi=1, N=124, > x =1476, F.(244.2)=19.5 being
used, F=7.2<F, statistics is received. Thus the Hy hy-
pothesis is statistically significant for o =0.05. Overall

n
_Z X hypotheses testing results are gathered in table 1.
F=—1=L (6)
n-1 x;
Table 1
Hypotheses tests results
Case | Distribution Test details The method Accepted/rejected Details if accepted
I Normal AL, n=124 1 Rejected -
Il Normal AL corrected n =120 o Accepted a=0.01
11 Normal AL above 0 n=116 1 Accepted a=0.01
Regret ) _
v Normal N =124 X Accepted a=0.01
AL + regret ) . i
\% Normal n=124 X Rejected
. AL + regret ) . i
VI Exponential n=124 X Rejected
, AL + regret ) a=0.05
VII | Exponential n=124 Fisher Accepted F=72<F =195




82

ABIAIIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'IS, 2023, Ne 3(187)

ISSN 1727-7337 (print)
ISSN 2663-2217 (online)

3.8. Discussion

Obtained results clearly define ATCO students’
AL distribution properties received via workload self-
assessment. They are important in study of complex
transport system operators’ behavior. Normal distribu-
tion tests are crucial due to several reasons. Even taking
into account deviation caused by human factors it is
proven that AL related indexesare normally distributed.
The trend of maximal workload efficiency difference
being normally distributed is true for several options
(NB: not for all though). This general information can
be used during professional training and initial work
process involvement. Calculated statistics allows evalu-
ating the part of students who might reach the AL of
professional ATCOs beforehand. Thus, they can be
treated as such at the time of training. Also, it might be
used as dropout parameter in order to avoid unnecessary
resources waste. For students with such AL values that
gives no definite information it is possible to change the
training process in order to nudge them in either definite
state. Other results refer to particular distribution.

The difference in “Case I” and “Case II” sampling
approach vividly shows the importance of human factor
consideration. Slight change in sampling formation
(outlier drop) leads to large change of statistical signifi-
cance. Such strong significance change indicates essen-
tial role of humanistic nature in the researched area.
What is more important is that “Case III” results partial-
ly support chosen method. Indeed, removing votes that
belong to less inherent behavior (according to AL defi-
nition) should result in better outcome. This phenome-
non is exactly what occurs. As “avoiding” participants
were removed the data converged better and meet sig-
nificance requirements for normal distribution.

Case IV on its own shows the distribution of re-
gret/penalty values. This is interesting in in perspective
of utility/satisfaction difference research on the whole
examined range. The facts that both incrementing and
decrementing differences samples are significant for
normal distribution allows performing further data pro-
cessing with regard to normality. Such step from single
to double independent variable requires standalone re-
search though.

The very idea of “Case V”, “Case VI” and “Case
VII” is that since utility/satisfaction difference is present
at both left and right parts of every chart their combina-
tion might be distributed in different or similar way.
Having these values researched allows switching from
the separate “aspiration level”—“regret/penalty” couple
observation into a single indicator. Such indicator shows
the sole distribution of the most significant impacts.

Final united AL and regret/penalty values distribu-
tionis of great interest. Commonly the final distribution
of united samples is the normal one. However, the ex-

ponential distribution comes into action with rather sol-
id significance levels. Such results witness that given
normal distribution for separate indicators of utili-
ty/satisfaction can’t be treated as such united together.
Furthermore, additional analysis of utility/satisfaction
differences is required as the predominance of decre-
menting difference might badly influence flight safety.
Further researches in that area should be performed to
explain this phenomenon and its details.

4. Conclusions and prospects
for further research

We can conclude that all three goals of the re-
search stated in the beginning are achieved. The re-
search related to the ATCO students’ self-assessment of
the workload with further AL determination was per-
formed with taking into account peculiarities of their
professional activity. Basic distribution parameters were
calculated and discussed. Probability distributions were
tested. Participants AL can be considered as normally
distributed in cases show in the table 1. Unmixed AL
results were successfully compared with alternatively
combined results for the same participants.

It is statistically proven that utility/satisfaction
rates difference values are distributed normally with
significance level o=0.01 for: AL values with outlier
removed; AL values boredom avoidance removed; re-
gret/penalty indicators for the efficiency loss. Indicators
of AL united with “penalty/regret” having single top-
most selected for each respondent are exponentially
distributed with significance level o =0.01. Results
received during analysis can be implemented for ATCO
student’s readiness evaluation. Further research should
be held in comparison of the received results with indi-
cators of real ATCO with professional experience, over-
all utility/satisfaction differences analysis and multidi-
mensional significance testing.
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publications research — Serhii Borsuk, Larysa
Sahanovska; research methods selection — Oleksii Re-
va, Serhii Borsuk; survey performing, results collection
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researches directions — Larysa Sahanovska, Serhii
Borsuk.
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PO3IMO/LT PIBHIB JOMATAHb ¥ CTYJIEHTIB ABIAIIIMHUX JUCITETYEPIB

Cepziit bopcyk, Onexcinu Peea, /lapuca Cazanosécoka

Poboty npucBsiueHO aHANI3y ONMUTYBAHHS, IPOBEACHOTO 31 CTYIEHTAMH aBiallifHAMHA JUCTIETIYepaMHU, SIKE OIHU-
Cy CaMOOIIHKY iX piBHS po0OOYOro HaBaHTaKEHHA. PoOove HaBaHTaXKEHHS BH3HAYCHO, SIK KUIBKICTH TOBITPSHUX
CYJCH, IO 3HAXOIAThCS i KepyBaHHAM OmHOYacHO. ONUTYBaHHS MPOBEICHO HAJ CITKOIO 13 OCSMH, Ha SKHAX SKi
MIPEJICTAaBIICHO KiJIbKOCTI MOBITPSHUX CYICH Ta BiAMOBiNHI iM PiBHSA KOPHCHOCTI/3aI0BOJICHHS. 3HAYEHHS PiBHIB 10~
MaraHb OOYHCIIEHO i3 Pi3HMIB y poOoyoMy HaBaHTakeHHI. OmmcaHo 3acagu Oe3MeKu ISl PU3HKIB Y aBiamiiHUX
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nporiecax. BucBitieHo 3B's130k Mk pU3MKaMU Ta piBHEM joMaraHb. BueneHo nediHimiro piBHS 1oMaranb JUis po3-
TIISTHYTOrO JIociipkeHHs. TlosicHeHi yMOBH Ta JieTalli OMUTyBaHHS. P03’SCHEHO PI3HMII0 MiX YOTHpMa YBEpPTSIMHU
rpagikiB poOoUoro HaBaHTa)XEHHSI, HABEACHUX pecrioHaeHTaMu. OOpaxoBaHO Ta HaBEAEHO MapaMeTpH piBHS oMa-
raHb Ta 0a30Bi CTATUCTHYHI NMOKa3HUKH pecTIOHAEHTIB. [IpoBeseHO BiMOBIHI TECTH MO0 Y3TOKEHOCTI IS Pi3-
HUX MHOXKMH TT0YaTKOBO OTPUMAaHUX BifmnoBinei. Po3rsanyTi sk ycs BuOipka, Tak i ii miqMuoxuau. [Tokazano, mo
JUISl TIOBHOI BHOIPKM YCyBaHHS BHKHIIB IPU3BOJIHUTH JI0 3HAYHOTO ITOKpAILEHHS 3HaueHHs p-value, 110 J03BOJISIE
3MIHUTH CTATYyC MPUUHATTS MOYaTKOBOI TinoTe3n. CITUCOK ITiIMHOKHH BKITIOYA€ YCIO BHOIpKY 0e3 BHKWIB Ta PiBHI
JIOMaraHb, 00paxoBaHi BUKIIIOYHO JUIS TIO3UTHBHOI MiBIUIONIMHY BiAMOBIICH 3TiHO oci opauHAat. J1ogaTKoBO, 1HIII
3HAUYCHHS OYIIO Y34TO JUIsl OOUHCIICHb, a caMe: 3HAUCHHS JKaTio (TOOTO 3HAYCHHS HA CHaJalodiil MoJoBHHI rpadiky)
Ta 3MillIaHI 3HAYCHHS PiBHS JOMaraHb Ta K0 B 3aJICKHOCTI BiJl TOTO, SKe OiIbIle 32 MOAYJIEM. 3HAYYIIICTh HOP-
MaJIGHOTO Ta €KCITIOHEHTHOT'O PO3IOJILUTY JOBEIEHO ISl PI3HUX BapiaHTIB i3 THX, sIKi HaBeleHO Bulie. [lokazaHo, oo
3araJbHUI METO Xi-KBaJpaT BU3HAE CTATUCTHYHO HE3HAUYILIM €KCIIOHEHIIHICT 00’ €JHaHHS, HABEAEHOI'O OCTaH-
HiM. B T0ii ke yac cnenianbHuii MeTon dimepa NOBOANTH CTATUCTUYHY 3HAYYIIICTh AaHUX. ONHMCaHO PONb PiBHS
JIOMaraHb CTYJICHTIB aBiallilHUX JMCHETYEpiB Yy IX OILIHIOBaHHI Ta MOXJIMBIH NEepCcOHaIli3allii OCBITHBOI CTpaTerii.
[TiaTBEepmKEHO BAXIIMBICTh ypaxyBaHH JIIOJICHKOr0 YMHHHKA i/l Yac MPOBEIEHHs MOMIOHUX onuTyBaHb. OOroBo-
PEHO 3B’S30K MIXX PiBHEM JIOMaraHb Ta jkaJleM y 3aIlpoloHOBaHili koMOiHallii. HaBeneHo BUCHOBKY 32 OTPUMaHUMHU
pe3ynbraraM. 3anporoHOBaHO HANPSMKH MOJAIBIIHX JIOCIKEHb.
KurouoBi ciioBa: Oe3meka mojibOTiB; JIFOICHKHI YMHHUK; pOOOUYE HABAHTAXKCHHSI;, PIBEHb JIOMAaraHb; OCBITa.
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