AUTOMOBILIY INZINIERIY SAJUNGA

s Q LAIS @G rrerovos cerezmnerrar

17-osios jaunyjy mokslininky konferencijos ,Mokslas — Lietuvos ateitis” teminés konferencijos

TRANSPORTO INZINERIJA IR VADYBA,

vykusios 2014 m. geguzés 8 d. Vilniuje, straipsniy rinkinys

Proceedings of the 17th Conference for Junior Researchers ‘Science — Future of Lithuania'
TRANSPORT ENGINEERING AND MANAGEMENT, 8 May 2014, Vilnius, Lithuania

CbopHuk cTated 17-4 KoHdepeHumu monoabix yHeHsix «Hayka — byaywee [utesi»
WHXEHEPWA TPAHCMOPTA W OPTAHWU3ALIMA NEPEBO30K, 8 man 2014 r., BunsHioc, Nutea

PACUET HEMEHTOBETOHHBLIX BEPTOJIETHBIX ILJIOIITAJOK

A. Beasruncknii’, B. lepmakos?, T. Bansnox

3

Hayuonaneno i Asuaijuonnnii Yuugepcumem, Hucmumym Asponopmos
np. Kocmonasma Komaposa 1, 03058Kues. Yrpauna

. nouma: 'beljatynskij@mail.ru; *pershakov@nau.edu.na; *bliznvuk10@mail. ru

AnHoTaums. JlaHnas CTaThg DOCBAIICHA BOMPOCY BRIGOPA PALMOHAILHOIO THIA HOKPLITHS 8 3ABHCHMOCTH OT BECOBOI KaTe-
ropuit Beprodieta. B paBote BLIOIEH aHANIME UeAeco0BpasHOCTH HCITOIb30BAHNA UEMERTODETOHHLIX TOKPRITHH BEPTOJIET-

HEBIX [LI0MAIO0K.
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KPLITHA.

Beryniienue

Bepronér B Hactosuiee BpeMs — 3To HauGonee co-
BEPLIEHHBIH MpEACTAaBUTENL CeMeficTBa amnmapaToB Bep-
THKaNLHOTO B3/ICTA H AocadkH. Ha janHBIH MOMCHT Bep-
TONETHBI TpaHCIlOpPT B YK]JaHHE €l HEAOCTATOYHO
PasBUT, OiHaKo obbem BEPTOJIETHBIX NEPEBO30K I10CTO-
AHHO YBETHIHBAETCA, OITOMY MOMKHO OXHIATh, 9TO OH
3afiMeT CBOE MECTO B CHCTEME TOPOACKOro TPaHCNopTa.

B CPABHEHMH C OCTANBHLIMH JNIPEACTABUTENIAMH BO3-
AYWHOIO TPAHCIOPTd OCHOBHOE [IPEUMYLLIECTBO BEPTO-
NETOR 3aKTFOYAETCA B BLICOKOH CKOPOCTH MEpeIBHAKCHHS,
kotopass  pocturaer  200-300 km/u,  HE3aBUCUMOCTH
HanpaBneHWa ABWKEHHA OT CHCTEMBI YIHIL, a Takke
6onbLIoH MaHEBPEHHOCTH, TIpOCTOTE M OTHOCHFEIBHO
neGoNbUION  CTOMMOCTH CTPOUTENBCTBE  ITOCATMOUHBIX
T0UAA0K,

C kax/IsIM rojloM BepTONeTHas TeMaTHKa CTaHOBUT-
ca see Gonee nepcnekTHBHOMN. B npoTHBOBEC CaMoreTaM,
BEpTONETH AclleBne B 00CHYXUBAHWH W He Tpedyior
0coBLIX YCROBRI /ANA 3Kkcnnyataunu. B otisaue ot 6us-
HEeC-aBHAINMA, MM lie HYXKHBl GoJblIHe 0B0pYIOBaHHbBIE
A3POIPOMBI, JOCTATOYHO HeboawIoH TITOIIAJIKH,

ITH W APYTHE NPHBAEKATENbLHBIE 0COOEHHOCTH Bep-
TOJIETOB CTATH TPUUMHOH [TOCTOSHHOIO pPacUIiMpeHHd
CTeKTpa HX HCTHOb30BaHHA. M ecny paHbille BEPTOJIETH
HMeJlH BOEHHYI0 HIH CTEUHaNbHYH <«IIPOMHCKY», TO
celivac oHM YBEPEHHO OBNAICBANOT IPaAXJIaHCKHM CCKTO-
pom asnauwnn (Ashford er al. 2011).

Jina BepTOAPOMOB, PACHONOXKEHHBIX HA YPOBHE
3eMIIH PEKOMEHAYETCs HCTIONB30BaTh UEMEHTOOETOHHbIE
MOKpbITH  (COOpHbIE WM  MOHOAMTHBIE). YuHTLIBasA

CpaBHHTENILHO HeDONBIINE HArpy3KH OT ONop BepTole-
TOB, MCMONb3YIOTCA TONLKO OJHOCIOHHBLIE MOKPLITHA.
Onnako, yuurbiBad OONLWIOR AHATIA30H HATPY30K OT
IJIABHBIX OTIOP BEPTOJIETOB { W3MEHAETCA B IHanNasole oT
0,5 T no 20-30 1) HcnonkL30BaHHe 3TOTO THNA MOKPLITHA
He Bcerfia Iieliecoodpa3no, MOCKONBKY He IOIHOCTHIO
MCTONIB3YETCA PECYPC MPOUHOCTH NOKpbITHA. K TOMY %e
BEPTONPOMEL, B OTJAHYHE OT a3PONPOMOB, 0GCTYKHBAIOT
CPaBHHTENLHO HeGONBLIIYI0 TEPPHTOPHIO (OKPYKHOCTL
paguycom 200-300 kM), DTO C€BA3ZHO CO CTOMMOCTHK
AETHOTO Yaca BEPTONETOR.

AHATH3MPYS TEHNECHLIWH DPA3BUTHA  BO3AYIINOTO
TPAHCTIOPTA, OTMETHM, YTO B3NETHbIH BEC COBPEMEHHBIX
H TIEPCTICKTUBHBIX BEPTOJNETOB TTOMTH HC YBEJHYUBAETCH.
CNIE0BATENBHO HET HeoOXOJIHMOCTH B  9pe3MepHOM
YCROXKHEHHH KOHCTPYKLUHM HX omop. [loatomy u3 Beex
CYHIECTBYIOLIHX CBEPXTSIKENBIX BEPTONETOB TONBKO Mu-
26, Bell V-22 Osprey u Bell Boeing Quad TiltRotor
WMEIOT JIBRYXKOJNECHOE IIACCH, OCTallbHbiE BEPTONETH
WMEET OIHOKOECHBIE TIaBHBIE OTIOPHI.

VYYnThIBaS CPaBHUTEALHO HEBLICOKYID NalbHOCTHL
rmoneTa, B NMONHOH MEPE PACKPHLITH BLICOKHIH MOTEHUMA
BEpTONETOB NO3BONUT CETh BEPTONETHRIX TIIOUIAJIOK.
HLInpokuit nepeverb BLIMOTHAEMBIX 3aad MOKET NOTPe-
0oBaTh VCTPOHCTBA IUICW@AKA B  TPYIHOUOCTYITHOH
MECTHOCTH. B TaKHX YC/IOBHAX MCNONB30BAHUE TPAIHLM-
OHHBIX MaTepHiajioB MOXKET ObIThH HEpaLHOHAILHO.

BuimenepegHcnennbie GakTops HEOGXOAHMMO VUU-
ThiBaTh NMPU M0A00pPe ONTUMAILHOTO MOKPBITHA BEPTO-
apoma. K cokanennio, B YKpauHe OTCYTCTBYET HOpMa-
THBHAiA JOKYMEHTaUMA, B KOTOPOH Obl CONEPKAIUCH
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YKa3aHHA TI0 TIPOCKTHPOBAHWI0 W pacueTy BepTOIPOM-
HBLIX TIOKPBITHIH JUIA KaXJol BecoBOW KaTeropH BepTo-
néra. Hopmarusssie pokymenTs ICAO (Annex 2009)
OTPAHUYHBAIOTCA OGIIAMY PEKOMEHTATIHAMY, He YYHTHI-
Bas MPH 3TOM MECTHLIE OCODEHHOCTH YCTPOHCTBA BEPTO-
JIETHBIX TUTOMIA/IOK,

Peuwrenne npobnemMob!

Jlna Toro, uToObl OUEHHUTH lENeco0Bpa3HOCTE NPH-
MEHEHMA LEMEHTOOETOHA B KAaYeCTBE TOKPHLITHA BEPTO-
NeTHOH ToMaIkH, HeoOX0ANMO HMeTh TIpeICTaBleHHe 0
CHNOBOM BO3JICHCTBMH BO3AYIIHOTO CYAHA Ha CaMo Mo-
KpbITHE.

HopmariBHas MeTOAHKa pacyera MOXeT OBITh Hc-
MoNb30BaHa JUIA pacdeTa BO3AEHCTBHA Ha TUTHTY MOKPHI-
THS JTHUIL KOJIECHOH OIOPBI, BO3JAEHCTBHE TIOJIO3KOBBIX
OIIOp HE YUHTHIBAETCA.

Jlns BHIMOMHEHHA pacyeToB Hcmomb3opancs 1K
JIMPA CATIP, no3sonsommMii CMOIEITHPOBATE NOKPEITHE
mobo# ¢opMbl ¥ HE MMEIOMIHIT OTpaHWYCHUH MO 3aja-
HHIO HarpyskH (LIRA 2006).

B [1K JIHPA CAIIP nokpsiTHe MORENHPOBANOCEH B
BHJIC MAaTPHIILI W3 9 IUTHT, MEXIy TUINTAMU ITPEXYCMOT-
peHa yrpyras cBA3b ¢ MOMOLIBIO WTHIpeH (MIH, B ciryuae
ucnonsszosanug 1wMT ITADIT — cBapkoit cko® cocenHHX
rnuT). HenonelopaHHe ORHOH IUIHTBL HEIOITYCTHMO,
MOCKOABKY B TAKOM Ciydae He OyIeT yuTeHO B3auMofneii-
CTBME MEXIY TIRHTAMH TIOKPLITHS.

MoJjiennpoBaHHe CBA3M MExOy TIHTAMH € TIOMO-
b0 HITHIpEit BHIMOMHANOCH C MCHONb30BaHHEM KOHEU-
Heix aneMentToB Ne 55 s [1K JIMPA CAIIP (Rodchenko
2007). DTOT THN KOHEYHOTO 3NleMeHTa paboTaeT nuHeliHO
HA PacTAXEHHE W CHATHE 10 «0eCKOHETHOCTH» ¢ 3ajaH-
Ho# xecTkocTe0 R, OH Wicnonb3yeTcs 1A yveTa Nofat-
TMBOCTH MEXIY Y3NIaMH MOJENH MOKPBITHA, 3JE€MEHT
MO3BONAET CTIPOEKTHPOBAThL kaK ITHHEHHYI0, Tak W yIio-
BYIO MOAATAHBOCT CBA3M OTHOCHTENbHO oceil X, Y H Z B
rnobanLKoi CHCTEME KOOPOHHAT (pHc. 1),
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Puc. 1. HItoipeBrle COENMHEHHA MEKILY TLUIMTAMM TIOKPEITHS B
TTK JIMPA: 1 — koHeuHR1H JIIeMeHT riacTuHa: 2 — y3e,
3 — koHeuHwlH anement No 55 (MOZEIHPYET yUpYryo cBa3b
MEXLY TUTHTaMA NOKPBITHA)

JKecTKOCTh WITHIPEBOTO COETMHEHHS TIMHT TIOKPBI-
THA onpeaensercs no Qopmyne (1) cornacno (Advanced
2007).

8y

rue § — mar mrTeipeit; D — xoaddmimenT cuemenus
mreIpA ¢ GeToHoM (06YCTOBIHBAET BEPTHKANBHYIO KECT-
KOCTh) ¥ JKECTKOCTBIO, Bbi3BAHHOI M3rnboM IHThI.
qu‘bmaz TO, YTO MO ANWHE COCAWHCHHUA TAWHT
YCTAHABNMBAETCA HECKOJILKO WITLIPEH € ONpeiencHHBIM

WaroM, SKeCTKOCTh OJHOTO IUTHIPA OMPENSNATBCA 110
dopmyre
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e n — KOJNHYeCTBO WThlpeld; E; — MOAYAbL CHBura
CTEPIKHA, W — LIMPHHA LIBA, M.

Takol TOAXO/ TIO3BONAET CIPOCKTHPOBATE Tepe/ia-
4y Harpysku mMexmy naurtamu. B IIK JIMPA CAIIP no-
TY9EHHOE 3HAYEHUE WCTIONMB3YETCH KaK KECTKOCTh Ko-
HETHBIX 3eMetToB Ne 55 B BEpTHKaJILHOM HATIPaBIeHHA.
¢ MOMOHIBIO KOTOPbIX MOJICTHPYETCA CBA3b MEKIY [1TH-
TaMH.

JIns npoBepKH A0CTOBEPHOCTH PE3yNbLTATOB pacyeTa
¢ nomounsio JTAPA CATIP Gbin BITIONHEH TECTOBHLIA
pacueT. TlokphITHe 3arpyxanock OHOH riasHoi omopoii
MO LEHTPY IUIHTHI.

Jins TectoBoro pacvuera Gbula BHIOpaHa CITEIyrOLIasn
KOHCTPYKUHA TOKPBITHA: 1IEMEHTO0ETOHHOE MOKPBITHE
rommuHoi 0,2 M, Moy s ynpyrocth 6etona E cocras-
nser 3,24 10* MTla. Pa3mep maT — 5,0 % 5,0 M, mmpuHa
mea — 6 MM, nepefaya Harpy3kH Mexay IIHTaMH ocy-
MECTBIAETCA ¢ MOMOMIBIO WTHIped (miar — 0.5 M, ana-
merp 20 MM, Juiina (L5 M), BepToapom pacnonoxeH Bo 11
JOPOXHO — KIHMAaTHYECKO! 30He, rPYHT OCHOBaHUA -
CYTJIMHOK ThUTeBaThIi (KodhuimeHT nocteny cocTanns-
et 40 MHIM’). DKBHBANEHTHLIN KOI(DGUUHEHT nocTenn
COCTABIAET ANS 3TOTO cydas 86,5 MH/m'. B kauecrse
pacdeTHOro BeproneTa BeIOpaH Mn-8. Harpyska Ha oc-
HOBHYIO OTIOpY cocTarlifeT 5,2 T, AaBNeHHE B MTHEBMATH-
ke 0,5 MITa, rnaswas onopa opHokonecHas. Pamuyc oT-
nevatka konmeca coctasnget (0,199 m. Tlpn pacuere
MOKPLITHA Ha BO3JelcTBHE Bepronera Mu-26 ero Ton-
muHa Oblia yeeanueHa o 0,3 M.

Cxema pasOMBKH NIUTHl Ha KOHEYHBIE OJJIEMEHTHI
npHBeleHa Ha pyc. 2.
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Puc. 2. Cxema paBGHBKH TUIMTBI ITOKPLITHA HA KOHEYHLIC
3JICMEHTEL
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Pesynbratht TectoBoro pacdera B [TK JIMPA CATIP npu-
BEEHB Ha puc. 3.

Puc. 3. PeayiLrarsl TECTOBOTO pacdeTa BEPTOAPOMHOTO
nokperius B [T JIKPA CAITP

Jins koHTpons pacueta B [TK JIMPA 6binu Beinonse-
Hbl BBIYHCIIEHUA [0 CIe1YIONIHM 3aBHcHMOCTM (Tabm. 1)

Tabamua 1, PacueTnbic 3aRRCHMOCTH JUIS OTIPEACTICHAS
W3rHGAIOMIET0 MOMEHTA B TIIHTE MOKPLITHA

No Hazranme JarRUCHMOCTR
CHull 2.05.08-

n &= F,

"] 85 (LIRA 2006) emax = /()

5 | Todopayse YRl (1+1) ml 2L +05-y
Becteprapna 12n R,

F—d(l + p{ln(—l-J-ﬁ- 0,616]
4n Re

Mo hopmyne
TumoieHko
(Tymoshenko
et al. 1966)
[To dopamymne
Tumonrenko as
Harpy3kH, pas-

HOMEPHO pac- .
" Fq 1
4 | npenencHHoit no »—w(l + u{ln(—}+ 1,177]
WIOUIANH KOHEY- 4n a
HOI'0 2/EMEHTA
(Tymoshenko
et al. 1966)

rie p — kodpduument Tlyaccowa; Fy - pacueTHas
Harpy3ka Ha koneco, kH; [ - ynpyras XapakTepHCcTHKa, M;
R, ~ paguyc 0TreqaTka Kofeca, M;d — CTOPOHa KOHEWHO-
TO EMEHTA, M.

Cpasiienye pe3yaLTaToB pacyeTa BHITIONHENO B Tab-
niaHoi dopme, (Tadu, 2).

Jlna nanbHeliuiero MccleloBaHHA BIAWAHHA oONOp
BEPTONIETOB Ha KeCTKOE MOKPbITHE OBITH HCHONb30BaHbI
Beprodersi Mu-26. Mu-38, Agusta AW-139 u EC 155B1
(monmo3koBoe wWaccH). B CBAIM CO CPABHMTENLHO He-
fonbmol Harpy3kof Ha oropy KWCMONL30BANOCH TONMLKO
OIHOCTONHOE MOKpbITHE. Pe3ynbTaTel pacueToB NpHBE-
fAeHbl Ha puc. 4-7.

Tabanua 2. PesyRLTaTsl TECTOBOIC PacueTa BEPTOAPOMHONO
THOKPBITHA

HorpemHocts
Ne PacuernHas Hsrubatouwmit| * cpaﬁl;_?mn ¢
3/m 3aBUCHMOCTE MOMEHT pesyIETaTOM
K JTHPA
CATIP
1 CHwulT 2.05.08-85 10,98 2,46
2 | Mo dopmyne Be- 10969 236
creprapia
3 | Jlodopuyze Tu- 10,97 2,37
MOLICHKO
TTo dopmyne Tuno-
MIEHKO JUIS HArPY3KH,
4 | baeHoMEpHO pacripe- 10,948 217
JeNeHioN no niona-
| 1H KOHCHHOTO 37IC-
MEHTa
5 TTK JTHPA CATIP 10,71 -
H it 200 xtn
- - /fﬁlm‘n/‘r

$07 i

Puc. 4. Usrubatonine MOMEHTBI B HOKPLITHH OT NeHCTBHA
BepToneTa AW-139 (MOHOTHTHOE TIOKPBITHE):
1 — neHTpANRHOE 3arpyKeHne; 2 — KPaeBne 3arpyKeHuHe

TMpu onpefeneHWN BHYTPEHAWX YCWTHIT B ruTuTax
MIOKPBITHA MOICNIHPOBANIOCE ABA ClyYasds HATPY3KH. Ono-
phl BEpTOJiETa CMEIAIACE K KPAK) TOKPHITHS, BO BTOPOM
cydae, BEMHCIUIMCE BHYTPEHHUE YCHIHS OT JeHCTBHA
ueHTpaneHoro 3arpyaenns (Roesler er al. 2007). Tlo-
CKOJIEKY HOpMaTUBHARX METOAWKAa HE JA€T BOIMMKHOCTH
YUECTh BIIUAHHE BCEX OMOP OXHOBPEMEHHO, PACYET Bhi-
nonusycs Tonsko B [TK JIMPA CATIP,

M i/

“ z;_n/l\

—_——
—

Puc. 5. Uarubaroimue MOMEHTH! B IOKPBITHH OT AEHCTRAN
sepronera EC-155B1 (MononatHoe nokpeitue):
| — ueHTpaIRHOE 3AIPYKEHNE; 2 — KPACBOC 3arpyKeHue
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B cnywae ¢ noito3koBoil onopoil MOICAHPOBAIOCH
paiMellielHe oNopel TAKUM 00pa3oM, YTO OJMH M3 Mo-
NO3LEB Pacrioiaraica no UEHTPY minTbl. KpaesbiM cuu-
TANOCh 3arpyXeHue, NMpH KOTOPOM OIOHWH W3 TIONO3LEB
pacrionarancsa y kpas midtel. Iipn 3tom uW3-3a manoro
PAcCTOARUS MEXIY TONO3BAMH, B 00OMX CIyJasx Ha
LEHTPATBHYIO TUIHTY [lepelaBajics BEC BCEro BepToneTa.
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Puc. 6. U3rubaioiue MoMeHTL! B NOKPLITHH OT AeHCTRIA
seprodera Mu-26 (MOHOIIMTHOE [IOKPLITHE):
1 — neATpaNLHOE 3arpyikedue; 2 — kpaesoe 3arpykeHre
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Puc. 7. M3rubaowsic MOMEHTEI B OKPBITHH OT AEHCTBHA
sepronera Mu-38 (MOHOAATHOE (HOKPLITHE):
| - ucHTpaTBHOE 3arpykenue; 2 — KpacBoe 3arpyKeHHe

I'paHK9HBI MOMEHT JUIA TIOKPBITHA OMpEeNcs o
thopmyne
f2
M =Y eRoup ~= ke 3)

e m, — TpaHHYHEI MoMeHT, KH-M/M; Y. — koddidumm-
CHT YCJIOBHH paloTel MOKpHITHA; Ry, — paccueTHoe co-

Jurepatypa

TIPOTHRJICHWE GeTOHA pacTaXeHWIO mpu warube MlTa; r
TONIMWHA MOKPEITHA, M; k, — KO3 HHLHEHT YclToRHH pa-

60ThI IOKPLITHA.

Koaddrumenr

3anaca

NPOTHOCTH

MOKPBITHSA

onpefleNlancsd Kak OTHOLIEHHE TPaHUYHOrO MOMEHTa K
MaKCHMaNbHOMY pacueTHOMY M3rnbGalomeMy MOMEHTY.
Pesyneratsl pacyera TNpeicTaBleHBl B TaONHIHOH

dopme (Tadm. 3).

Tabauna 3. CpaBHHATENRHEIH aHAJIM3 CHIOBOTO BO3NEHCTRHA Ha
TIOKPBLITHE PA3HLIX TUNOB BEPTONETOR

LleMenTO6ETORAOE TIOKPEITHE
Tum Beproera Ilenrpamshoe Kpaceoe
3arpyKeHHC 3arpykeHue
1 2 3
EC-155B1 0,795 1,23
AW-139 5,07 4,95
Mi-38 10,70 10,20
Mi-26 36,2 48,8
Hng  1eMeHTOGETOHHOrO MOKPBLITHA  TOMLIMHOMN

20 cM 3HAaYeHHE MpeJENIbHOI0 MOMCHTA COCTaBIfCT
27,44 kH /M, s 30-caHTHMETPOBOTO NOKPBITHA M, =
57,88 xH m/m.

Jlng MOHONHTHOrO UEMEHTOOETOHHOTO MOKPEHITHA
3anac MPOYHOCTH COCTaBNgeT cooTBeTcTBeHHO: A EC-
155B1 ~ 22,31; AW-139 - 541; Mu-38 - 2,57; Mu-26 —
1,19.

Hcxons W3 MONYYEHHBIX pe3YIbTaTOB, MOMKHO
YTBEPIKAaTh, 9T0 1eMeHTOOCTOHHBIE TOKPLITHA UENeco-
o0pa3Ho MCnoNp30BaTh JUIA KATETOPHH TAXKENbIX BEpTO-
AETOB, JUIA JPYrHX BECOBBIX KATEropHil MpHMeHeHHe
THIMOBBIX LEMeHTOOETOHHBIX MOKPHITHIA BEAET K HepalH-
OHANBHOMY HCIONB30BAHIIO PECYPCOR MaTepuana.

BuiBoani

TMomydenHble pesymbTaThl NO3BONAIOT YTBEpHKIATh
yTo:

1. TpamMuuOHHBIE KECTKHE TIOKPHITHA Hededeco-
06pa3sHO HCNONL30BaTh ANA CTPOMTENbLCTBA OTHAENbHBIX
BEPTONETHLIX TIOMANOK NMOA AETKHE H CPEJHHE BepTOoNe-
T, X pekoMeHIyeTCs HCMOJL30BATE B CNy'ae CTPOH-
TENbCTBA MOCTOSHHO ACHCTBYIOUIMX BEPTOAPOMOB, B
ciyyae Ga3UpOBaHAA BEPTONIETOB Ha A3pOJIPOME, a TaKwuce
B KaYECTBE MOKPHITHS NOM TAKENIbIE BEDPTONETHL.

2. Ilna apyrdx ciydaeB crnejyer Oofbluee BHUMA-
HHEe YAENUThR TIPOeKTHPOBaHMIO H pacuety cOopHo-
pa3bOPHEIX BEPTONETHBIX TUIOMAAOK. 3TO HO3BONHT 3Ha-
HUTENILHO YCKOPHTL MPOLECC CTPOWTENLCTBA, AACT BO3-
MOXHOCTh YCTPOHCTBA BEPTOJIETHBIX IUIOLIAN0K B TPYA-
HD}IOC‘I‘yHHDﬁ MECTHOCTH, MO3BOJIHT  OCYIIECTBJIATEL
nepedasvpoBatie TUIOMAAKK ¢ MOBTOPHBIM HCIIONL30BA-
HUCM CTPOHTENBHBIX MATEPHANOB.

Ashford. N. J.: Saleh, M.; Paul, H. W.; M 2011 Airport Engineering: planning, design, and development of 21" century airports 4th

ed. 769 p.
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