
tsrAr.yK

o$iqifiHoro oroueHra Ha,.qncepralliffiuy podory

Konanbrlyrca ts iraxis B onoAI{MI{poBI"Iqa

" Hecyua sdamaicmb mpaHcnopmHux cnopyd is rnemaJteeux eoQpoeuuux

KoHcmpyKqiil e yuonsx eKcnJty amaqif ',

rrpeAcraBnenoi na sgo6yrrx HayKoBoro cryrlel{f, AoKTopa rexni.rHlrx HayK 3a

cneqiamnicrro 05.23.01 - Ey4inenrni roHcrpyrIlii, 6yainni ra cnopyAl4

flpe4craaJreHa Auceprarlifina po6ora rrplrcBtrqeHa oanifi 3 aKryaJlbnnx upo6neu

y ranysi 6y4inemHux KoHcrpyrcrlifi 6yAinenr ra cropy4, roB'f,3anvrx s porpo6rcoro

NaeroAis orliHroeaHHr ra niAsz[IeHHs Hec1nlol 3AarHocrl cnopyA 13 MeraJIeBI[x

roSponaHux KoHcrpyrqifi B yMoBax ercnrryaraqii.

PosrnrHyra Ar,rcepraqifina po6ora cKilaAaerrcr is Bcryrly, ceMu poa4inin,

3arilrbHrrx sucHosriB, crrlrcKy BprKopr4craHl{x AXepeJI Ta Ilrecr}r AoAarrcis.

flosHr.rfi o6csr Alrceprarlii craHos;ns 445 cropiHox, ocHoBHlIft rercr po6oru

BrrKJraAeHo na 300 cropiHrax. Cnucor nireparypu is 360 nafirvlenynaHb BI{Kra[eHo Ha

37 cropimax.

A1gryaJrrnicrn reMn gncepraqii. B yMoB€lx o6uexeHoro @iuancynaHl.'fl',

crocoBHo yrplrMaHHr rpaHcrroprHlrx clopyA YrpaiHra, BHHlrKae npo6lerraa

3acrocyBalHfl. cyqacHux, HeAoporlrx cropyA. 3na.IHoro rroruHpeHHt y rpaiuax

erponeficbKoro Coroey, CIIIA ra KanaAi Ha6ynu rpancuoprni cropyAlr is

Mera;reBr{x ro6poBaHprx roncrpyrcqifi. By,uinHuurBo tKllx BllMarae uininaalrHrx

3arpar qacy, He3HarrHrrx Brrrpar uarepiarir, i niAnocno HeBeJIlIrux $iHancoBlirx

pecypcin. flpore naronuqenufi AoceiA ercunyaraqii cropyA y rini Hacurry

ganisHpr.rHoi xolii qpr aBToMo6imnoi Aoporu BTIKJIHKae 3aHe[oKoeHHt. B yuonax

eKcnJryaraqii cuopy,qn is MfK cxumni Ao yrBopeHHfl 3aJIrIIrrKoBnx 4eipopvraqifi

BeprI,IK€UIbHoIo giavretpy roucrpyrqii, sl\diHu rfoprrau rorepeqHoro nepepiry'

yTBopeHIIfl IIJIacTI{rIHoro ulapnipy. tll upo6lerr'ru BKtt3ytoTb na ix HeAocrarHlo

Hecyry gAafiricTb, a ni4rax, i uo4alrury 6esnerlHy eKcIIJIyaTaIIiro, IIIo 3yMOBJIrce

neo6xiAnics poepo6ru reoperurrHrrx i ercnepl{MeHT€lJlbHl{x MeroAis oIIiHKI4 Ta



niAsuueHrrf, Hec)qoi sAarHocri rpaHc[oprHllx cropyA ig ueralenux roQpoBaHllx

roncrpyrcqifi.

.f,xicrr BLrKoHaHH.f, fpyHroBoi sacumE upra 6y4inHHrlrsi cropyA ig Naeraresux

ro$ponanux roncrpyrcqifi, 4ocronipni rvreroAn BrI3HaqeHHf, Hecy'roi gAatnocri

cropyA is MfK BeJILIKoTo rorepeqHoro repepisy (6inrue 6 ru) y {pyHroBoMy

cepegonzqi rrpu HasauraxeHni eil rpaHcrloprHltx saco6is ra Aii guiHnux

rnivraru.rHux reMneparypHrrx surr,Ieis HaBKoJII{urHboro cepeAoBrllqa, tKl

Br{KoprrcroByrorbcr npri npoerrynanni roncrpyrqifi ra MeroAI{ oqisru guin

- -t- -^ ^ - -- ^ -- ^-- .----:
TexHrrrHoro craHy clopyA 13 MeraJrennx roQpoBaHllx KoHcrpyKllifi y noqatronnfi

nepio4 ercnnyaraqii Moxyrb cyrreBo BTTJII{BarrI Ha rIoKa3HuKn nalifinocti Ta

necyroi 3AarHocri rpancnoprHrrx cnopyA is Iuetanennx roifpoBaHl{x ronctpyrqifi.

pasor\d 3 TrrM TeoperrfrrrHa ra eKcrrepr{MeHT€rJrbHa sa6egne.Ienictr npo6neuu

oqiruonasrrf, Ta niAsgqeHHr Hecyroi gAarnocri rpancnoprHllx cnopyA is Iueraneeux

roQponanzx noncrpyrqift e HeAocrarHboro, roMy AaHa 4ncepraqifina po6ora,

rpr.rcB.f,rreHa axmyanoniil Haynono-mexHirtHirt npotnetwi - potpoflxu memodie

ot4rHneaHHn ma nideur4erurun ruecyuoi sdamuocmi cnopyd b Memuneaux

zoQpoeanux KoHcmryxqifr s yMoEox excrutyamuqii'

,{zcepraqifiHa po6ora B. B. KoearbrryKa eiAuoni.{ae aKry€LrIbHIrM HanpsNlaNa i

3aB,{aHHrM Aep)KaBHoi nayroBo-TexHi.{Hoi rporpaMu <HarlioHalbHa rpaHcnoprHa

crparerir YrpaiHu Ha nepio4 lo 2030 poKy) (Posnoprnl(eHHt Ka6inery Miuicrpin

Yrcpainu sia 30. 05. 2018 p., J',|b a30-p). Po6ora BHKoHaHa sriAHo 3 nrIaHaMlI

HayKoBo-AoctriAHI{x Po6ir Y ffHiupoBchKoMY naqionaJlbHoMy YHinepcureri

sarisHla.rHoro rpaHclopry irvreni araAevrira B. Jlasapfl:fta, a caMe - lepx6ro4xernoi

reMrr ,,Pospo6ra pecypco36epirarourax rexHolorifi AIIfl' 3axllcTy eleuenrin

in$pacrpyKrypu nia rprrpoAHrrx ra rexHoreHHlrx snrusis" (norvrep 4epxannoi

peecrpallii 0 I 1 2U003 557).

Kpirr,r rlboro Aprceprarlifisi locniAxeHns npoBeAeHsi n paMKElx HacrynHl{x

HayKoBo-rexniqHux TeM: orlinra Hecyroi 3Aargocri rraeraresoi roQponanoi

KOHCrpyKrIii, uto eKcrrJryaryerbcf sa 310-rr,ry rinouerpi ruocroro nirery Ainrnnqi

Ba4yn-cuper-[epxKopAoH Jlreiscrroi galignnqb (rerr,ra J\b 500.12 JIO, 2013-

20l4pp.); Br{3HaqeHns rexHiqHrrx napaMerpin o6'erry <r{pyruft sanigHrlHzfi r'i'sA



rro craHrlii Beperosa OAecrrcoi ganisHuqb (rerraa Nb 809.lSlII@.1021356); BI,rKoHaHHt

uixHapo4Horo rpoeKry <Kpura ra prr3rrK iHxunipuur B c$epi TpaHcroprHltx

nocJryr>) (CRENG) Ilb 598218-EPP-1-2018-1-PL-EPPKA2-CBFffi-JP sa rpolpaMolo

Erasmus*CBHE-2O18 ra BuKoHaHr{f,M HayKoBo-rexni.rHoro cyrpoBoAy 6yAisHuqtsa

ryHenro ie a6ipHoi oqLrHKoBaHoi roncrpyrqii y rr,r. KpoUI,IBHI{IIrKOMy 3 po3pil(yHKoM,

o6ctexennrna i nunpo6ynaHH.f,M (4oronip Ns 1838 IIBil <Tpia4u).

Cryninr o6rpynronanocri Ta 4ocronipnicrr HayKoBrIx rloJroxenbt

B[rcHoBKlB Ta peKoMeHAaqrn.

.{gr nupirreHHfl rrocraBrreulrx upo6leM y Auceprallifinifi po6oti Bl{Kopucr€lno:

MeroA cninqenHra< pianr,rqr, MeroA crcinqeHnm eleuenrin, MeroAlI rIHceJIbHoro

posn'lsanHf, cucreM ss[qafiHl,D( guQepeHqialrHlrx piruxnr.

Teoperuuni poopa:rynrul, eKcrrepr{MentanrHi nunaipronaHnx i crarprcrI.r'Ilry

o6po6rcy AaHr4x BlrKoHaHo 3 BlrKopucrallHflM TIpLIKJIAAHoTo rporp€lMHoro ga6egneqenns

Matlab 2018,a pealisaqi.s N,rareldarr rHrfrx MoAenefi - na ourosi reopii upyxnocri.

fIiA .rac eKcnepuMeHrztrrbHlrx nuuiproranr Harlpy)I(eHo-4eQoprraoBaHoro crarry

MfK BlrKoplrcrarro aHaJroroBo-quSponnfi neperBoprcBarl 814-140 MD. O6po6tcy

eKcrrepnMeHTaJrbHlltx AaHux azvripronanr aHaJIoroBLrx cmnaris BLrKoHaHo is

Br{KoprIcraHHsM [porp€IMHoro KoMIrIIeKcy LGraph 2.

l[nx pospo6xu inepUifilroi ctrcreMn ruoniropunry rexHiuHoro crarry rpaHcrloprHlD(

trlKoDllcrarro cwi Iepr rl4rry ESP-32crropyA is MfK BlrKopprcrarro cyracui BlrcoKoqacrorHr MKpoKoIilpoJ

ra rpboxocrogi €il(ceJlepoMerpl{ ADXL 335.

O6qpyrmoeaHicrr ra 4ocronipnicrr orpI,IMaHI/rx y Allcepraqii pesynrrarin,

nilrnepa>ryerbcr cepixruu recroBr;lx 3aAarl, piluenux IKID( orpunaani 3a AonoMoroK)

BlAoMr.rx aHaJnrr{rrHrD( MeroAin 6y.uirenrHoi uexanirra, reopii npyxnocri, a raKox y

siAo1d1ax nporpaMHrrx KoMrureKca& mi peanbyrorb MeroA crinqeHHlrx eJleMeHtis.

Pesynrtaru po:poryHrin Hanpy)KeHb ra 4eipopn'raqifi MfK, sri o,4epxaHi y

Ar4ceprarlifiHifi po6ori, g6irarorrcs 3 A€rHr,rMI4 HarypHax eKcrrepl'IMenris i sua<o4ffrcr y

Mexax Aorrycrl{Mrax noxraOor.

Orpnnaani e 4ncepraqii ouronHi nayrosi noroxeHHfl, BIIcHoBKI4 fi peroueHAarlii,

o6lpynrosaHi ra 4ocroeipni, ocrilmu eKcrrepuMenranrHi AocliAxeHHt Aocronipno

rrocr€tBJreni ra neanisiroBaHo snKoHaHi 3a rlacrrc HayKoBo-AocniAnoi la6opatopii



xa$e4pu nepxHroi ra HrDKHboi 6y4oe garisHnqHoi rcodi ,{pesgencbKoro rexHi'rHoro

ynirepcurery (Hirvreuunua).

,{ocronipnicrr reopernqHux noJro)KeHb i porpo6JleHl{x penouengaqifi

ni4rneppryerbc.fl saAoninrHoro g6iNnicto orprlMaHllx pesynrtarin is AaHnMLr

reoperl/rlHofo po3pDryHKY.

Honugna HayKoBrrx rroJrorreHb, pe3yJnrarin ra peKoMenlaqifi rroJlflrae B

HacrynHoMy: Bnepwe:

- upoBeAeHo Bn3HaqeHHr Hecyqoi gAatrocti cuopyl ig MfK y 3allexcHocri siA

cryneHf, yI{inrHeuHt lpyHronoi sacuuxu;

- pospo6neno upucrpifi Ta rrporpaMHe ga6esne.reHHt AIIfl aBToMarl{goeaHoi

oqinrcra cryneHro yrUinrnenHs rpyHTosoi gacurlKl,t Ha ocnosi itunynrcnoro

ai4runrcy ra BcraHoBJreHo xapaKTepni ognarn cryneHt yuilrrenm lpyHronoi

3aclrnKrr rpaHcrroprHlrx cnopyA is MfK y ganexnocri sil ruau4rocti

florur{peHHr npyxnoi xsuli qepe3 fpyHroBe cepeAoBllqe Ha ocnoni

inepuift nnx nanaiPrcBaHb ;

- HaKonuqeHo Ta y3araJrbHeHo eKcnepllMenralrni 4ani posnoAiJry TeMneparypH

Ha noBepxHflx MeralreBlrx ro$ponaHl4x KoHcrpyKqifi cuopyA y pisni nopu

poKy ra roAlrHlr Ao6n rpu Aii guinHr,rx xrivrarn'rHux reMneparypHlD(

nepeua4iB HaBKoJIlrIuHboro cepeAoB[Iqa;

- npoBeAeHo oqiHrcy repMonppKnoro craHy rpuuraponoi cnopyAkl,

ni4peuonrosaHoi MSTOAOM 3acTocyBaHH.f, MeTaJISBIIX roQponanmr

roHcrpyxqifi;

- pospo6neHo iHepuifiHy clrcrervry naonitopllHry texHiqnoro crar{y cuopy4 is

MrK Anr npoBeAeHHr HarypHrrx eunpo6yeaHb ItrI{x cropyA.

- ompuinfl7 nodanawurt po3BuroK MeroA BI{3HaqeHHt Hecyroi gAarnocri

rpaHcIIoprHlIX cnopyA is MfK BeJIIIKoIo nepepisy ig BrKopLIcraHH'f,M

cyqacHr4x rrpolpaMH[x KoMnJrercis crin IeHHo-eJIeMeHTHoro MoAeJIroBaHHfl;

- ydocnoHaneHo:

- aHarirvuny MoAeJrb Bn3HaqenHf, Hecyroi gAarnocri rpancloprHl'Ix cnopyA ie

MfK, flKa HAni4rr,riuy ni4 icuyroqplx Mero4in, npaxoBye KoMrJIeKc sarropin -

cTyneHb yruinrnenur lpyHroroi 3acI{nKI4, BOJII{TIIIHI',I OTaTI{TIIIOTO Ta



.{nHaMiqHoro HaBaHTa)KeHb rpaHc[oprHrlx saco6in, reoMerpl{.rHi i Qiruro-

uexaniqni napauerpn ueranenoi ro$ponanoi xoHcrpyrqii; npncrpifi Ta

yrorrHeHo anropurM ig nugHaqeHHf, Hanpy)KeHo-4e{oprvroBaHoro craHy MfK,

rrlo Ao3BoJrre [poBoAHTH eKcrreplrMenramni AocniAxeHHt Hecyqoi gAatHocti

cIIopyA ig MfK npu 4ii craTllqHux Ta AI,IHaMi.IHnX HaBaHTalKeHb;

aHanirz.rHy MoAenr oqimu reMrreparypHoro nor.s ra repMonpyxHoro craHy

TpaHcrroprHux cnopyA ig MfK sa .qii gruinnlax MiMafla.rHl{x reMleparypHl[x

nepena4iB HaBKoJrr{rrrHboro cepeAoBprrqa, Iqo Ao3Borse [poBoAI{Tn oqinry

repMorpylrHoro craHy roHcrpyxqii 13 BpaxyBaHHsM HeplBHoMlpHoro

po3[oAlJry reMneparypu Ha noBepxHtx MeraJIeBI{x ro$ponanux nucris

roncrpyxqii.

Ilparcruune Ta HayKoBe 3HaqeHHtl podorn rloJrflrae y HacTyrIHoMy"

ydocxoualeni aruu1imuqni memodu BH3HaqeHHfl Hecyqoi gAarnocri rpauclroprHlD(

crropyA is MfK MolKyrb 6yru Br,rKopl4craHi iHxenepauu MocroBllrpo6ynnrx

craHrlifi Yrpealisnurli, rpoeKrHo-KoruroplacHl4x ni44inin, Aep)I(aBHoro areHTcrBa

aeropro6iJrbHlrx 4opir Yrpainu (Yrpanro4op) i opranisaqixu, sxi gafiNrarorrcs

npoeKryBaHH.f,M, eKcrrJD/araqiero ra yrpLIMaHHf,M TpaHcrIoprHLIX cropyA is MfK;

nemodu mfl nodeni, pospo6neni y paMKax Al4cepraltrifiIroi po6oru, 6ynu

rmopvcrani npu BrrKoHaHHi Hayxono-AocniAnux po6ir ra BrIpoBaAxeHl y

HaBqarrbHufi upoqec na ra6eapi pyxorr,roro cKrIaAy i ronii Jlrsincrroi ipilii EIV3T;

pozpoLneui uemodu is nideuu4eunn neqtuoi edamruocmi AeSeKTHHX

sarigo6eroHHr{x cnopyA is nnropucraHHrM MfK Moxyrb 6yrIE B}IKopI'IcraHl rIpH

peKoHcrpyrqii (rauiranrHoMy perr,ronri) roIIrKo,{xeHHX galigo6eroHH}rx rpy6 ra

MuUruX rvrocrir; pospodneua iruepqirtrua cucmewa oqinru cTyneHrc ylUinurennr

qpynroroi 3acrrnKlr ra clrcreua uoniropl,IHry rexHi'rHoro cralry c[opyA ig MI-K

nnpoaa4xeni y la6oparopiro eepxnroi Ta nuxnroi 6y,uoe ganisHLI'rHOi ronii

,{pes4eHcbKoro rexni.IHoro yHinepcurery (Hirr're'ruuna); fuepqifrtty cucmeJ}ty

uonimopuHzy necyuo'i sdamuocmi cnopyd peKoMeHAy€rbcf, 3acrocyBarl4 IIpLI

HarypHrx nnnpo6ynaHHsx TpanclroprHux cropyA ig MfK, 'ari ercnlyaryotrcr ni4

garisHu.rHoro xoliero TA asroN,Io6iJIbHOIO AOpoIOIO. 3anponoHoBaHa cLIcTeMa

BlrKoprrcraHa upn HarypHrrx nunpo6ynaHH{x IuJltxonpoBoAy is MrK na AinsHIIi



garieHu.rHoi ronii Korosctr-3uarr'rHra i asroNao6inrHoi Aoport4 rlo Byn. Murcoln

Jlesutcmoro (KonrocnHifi) y rr,r. KpouHBHIlIIbKoMy.

Ocofincrnfi BHecoK r4o$yna.ra. HaseAegi B Al'Iceprallifinifi

pe3yJrbrarra AocuiAlKeHb orpuuani aBTopoM caMocrifiHo ra BltHoc.f,Tbcf, Ao

po6oti

Bnepne. 34o6yna.r Br4KoHaB HacrynHe: aBrop Al,Iceprallifinoi po6orn cQoprvrynloBaB

HayKoBy riuoreey AocniAxeHb; po3po6us xoN,InJIeKcHy MeroAlIKy orliHru Hecyroi

3AarHocri cuopya is MfK io rpaxyraHnrM Aii mrrax 6araronapianrunx Qarropir,

rK: cTyrrenro yqinrHeHHr {pyHToBoi sacunrn, BeJILIII}IH CTaTUTIHOTO Ta AUHaMltIHoro

HaBaHTa)KeHb eia rpaHcrroprHrax saco6is i pisHrax reoMerpl{tlH}Ix Ta Qiszro-

Mexani.rHrax naparr,rerpia MfK; Br{KoHaB inrepnperaqiro orprlMaHnx

eKcnepr,rMeHr€urbHr/rx AaHLrx Hecyroi 3AarHocri cuopy4 ig MfK; porpo6un iHepuifini

MeroArr Br43HaqeHHr cryneHro yrqirbHeHHfl rpyHroBoi sacuml4 cnopyA ig MfK;

nponin eKc1lepllMenralrHi enuipmnaHHs po3[o4ily rcrranepaTypl'I Ha noBepxH'f,x

Mer€ureBrrx roQponarux nucris KoHcrpyKItii m yAocKoHaIIIas aHafiirnqrry MeroAI4Ky

oqimn ix repuoupy)KHoro crarry; pospo6ran saco6u ni,qnonleHHt ra MeroAlI orliHru

necyroi 3AarHocri noumoAxeHlrx rpaHcnoprHl{x cropyA ig MfK, niAculenux

pe6paivta )KopcrKocri ra pospo6nn i peanirynae inepuifiny cncreMy uoHircpnHry

rexHi.rnoro craHy cnopyA is MfK.

Ilonnora ni4o6paxeHb HayKoBHx rroJro?I(enr n onyd.nironannx po6orax. Vci

ocHoeHi noJIoXeHI{f, Arcepraqii B AocrarHboMy o6cgsi BI'IKJIaAeHi y 48 HayKoBI{x

npar1f,x, 3 KoTpr{x 29 y Qaxonux cneqizurisoBaHux BIAaHIITX vrpainu m isunax

Aep)KaB, 10 g sKnx iu4ercytorsc{ y HayKoMeTprrlHifi 6agi Scopus, 2 uonorpaQii' 3

rrareHrr,l Vrpainn Ha Koprcl{y MoAenY ra 12 res Aollonileft y :6ipnla a>( HayKoB}Ix

ron6epenqifi, qo gacsi,q,ryrou arpo6aqiro uarepianis Al{ceprallii, a rarox 2 nayroni

crarri, rlo AoAaTKono ni.qo6paxaloTb pe3ynbTaTu po6our (o4na 3 flKInX ingexcyescr

y HayKoMetpu'ruifi 6asi Scopus' a Apyra - y Web of Science)'

Perylrrarra AocniAxenr 1111apoKo AouosiAanlacs Ta o6ronoproBaJlact Ha 23

il{Xrorr$epeuqincTa5cueqiafiisoBaHl/rxnauioHanbHlfx Ta MDKHaPoAT

rraixraSe4p zuIbHI/D( ceuinap ax.

Tercr i rpaQiuni rraarepiann Allcepraqii m aeropeQepar o$opruleni niAnosiAno

3axl4CTy

Ao Br.rMor, nlo npe4'xu*orbc.f, Ao Alrcepraqifi MoH Yrcpaiuu. B anropesepari



BuKJraAeHi ocnosHi uoroxeHrrf, Ta pe3ynbrarl4 po6orz, sri e iAenflrqHuIvrn suicry

Ar{cepTurrlll.

Ocnonnlrfi sMicr po6oru.

Porrnxnyra AlrceprauifiHa po6ora cKnaAaerrcs is Bcryny, ceMLI pos4iliu,

3aralrbHax sucHosriB, clrrcKy BlrKoprrcraHlrx AxepeJI Ta Irrecrrl.{oAatris.

flosHufi o6csr Auceprarlii cranoeurs 445 cropiHor, ocuoeuufi TeKcr po6orn

BrrKJraAeHo na 300 cropiHrax. Cuncox lircparypn is 360 nafirraenynaHb BHKJIAAeHo Ha

37 cropiHxar.

V Bcryni odrpynroBaHo aKryzrJrbHicrr ra npo6nevry po6otn, cQoprr,rylboBaHo

Mery lr gaAa.ri AocliAxeHr, ni4o6paxeno HayKoBy HoBH3I{y p$ynbrarlB ra lx

npaKTuqHe 3HarreHHs, ri4o6palKeHo oco6ucnafi BHecoK s.qo6ynaua, a raKo)K

pe3yJrbraru aupo6aqii ra.qani upo uy6lirallii po6orn, rpeAcraBJleHo BrIpoBaAx(eHHfl

eKCnepI,IMeHTaJIbHpIX Ta TeOpSTI{aIHIIX pe3yJlbTaTin po6orn.

Y nepurorvry por4i.rri upoaHanisogaHo uayconi poepo6ru qoAo BH3HarIeHruI

necyroi 3AarHocri cnopy4 is MfK rpn 4ii noctifiHlax HaBaHraxeHb ni4 qpyntonoi

yqinrnroro.roi 3aculKlr ra rr{MqacoBl{x HaBaHTaxteHr siA TpaHcnoprHlrx gaco6is.

Bcranosnego, rqo sHa.rHufi BnJruB Ha Hecyqy s4arHicrb cnopy4 is MfK rraae:

cryninr yuilrnenHr lpyuronoi 3acHnKH rpu ix cnopy4xenni Ta MeroALl

4ocronipHoro Blr3HarreHHr Hec1nroi sAafirocri cnopyl ig MfK 4iarraerporu 6inrrue 6 n'r

npu Aii crarlrrrHgx Ta AnnaMi.rHr,{x HaBaHT€DKeHb sil rpaHcrloprHrlx gaco6is i

3MlHHr4x reMneparypHLtx KJllMaruqrrux ennusin HaBKoJIrIIuHboro cepeAoBllqa. Kpirvr

roro 3a3HaareHo, r{o MeroA}r BrrsHaqeHH.fl Hecfroi gAarHocri cuopyg is MfK npn

eKcrnyaraqii y rili nacnny ralisnu'IHoi ronii ngarani ni4cyrHi'

KpurnqHo BuKoHaBrrru auads AocniAxenr pisnux HayKoBqin, nraanaql'IBlllll

nenupiureni npo6neuu, aBrop cQoprr'rynroran MeTy i ganAanHs csoix

eKcrlepuMeHTaJrbHlrx ra reoperl{qHl{x AocniAxenr'

y ApyroMy pos4i.ni noAaHo KoMnJIeKcIIy aualirnvny MeroAI'IKy oqitffn

necyuoi 3Aarnocri rpaucnoprHl4x clropyA ig MfK, ulo BpaxoBye rpoqecu

uepinnouipnux oci4anr fpynronoi 3acI{IIK}I HAA MeraJIeBI'IMI4 roQponannun

KoHCTpyKtIisNdI,I npI,I KopoTKo- Ta AOBIocTpoKoBLIx 4IEuarraiunllx HaBaHraxennsx niA



rpaHcroprHr4x 3aco6iB, cryrriHb yrqinrHeHur 4pyHronoi 3aclIrIKrI ra $isuro-

Nrexani.{Hi fi reorvrerprauni napaMerpu MeraJrenrax ro0poBaHl{x roncrpyrqifi.

flpone4eno oqinry Hecyroi 3AarHocri rpy6u ig MI-K y salexHocri nig:

cryneHs yrqinrneHHr rpyHroBoi sacumz; posrr,ripy rurry rorbp roncrpyrqii;

roBrrlrrHrr crinrra MerEIrIeBoi roncrpyxqii m ronepeqHoro rlepepi:y MfK.

llpone4eno oqinry Hecyroi 3AarHocri rumxonpono4in is MfK y

u. KponnBHLrrIbKoMy ra Ha KM 228+160 asroNlo6inrHoi Aoporu Kuia-Xaprcir-

{onxaucrrufi npu 4ii AlrHaMtrrHofo ra crarr{qHoro HaBaHTatKeHb BIA TpaHcIroprHI,D(

gaco6is. V perynrraris BcraHoBJreHo, rqo 6esuocepeAHbolo rrpuquHolo BuHI{KHeHHI

3aJrprrnKornx ,4eSopnrarlifi MfK Mo)Ke crarll 3pocraHHt HalrpyxeHb y MeTaJIeBLIX

ro$ponauux Jrr,rcr€x Ao 3HarreHb, 6rngrrux Ao rpauuqi Aonycrl{MI'IX, T4, sK

HacniAorc, naicqene 3apoAXeHHr nJracrnrlHllx 4eSoprr,raqifi, y p$ynbrari posnurry

eKcnJryaraqifisoi Hepinnocri na rxJrrxy ra cryrleHro yrqinrueHnt {pyHtonoi 3aclrnKr

Hlrxqe g0 %. flepenaNaroqe 3HaqeHHtr Mae npuql4Ha po3BktrKy eKcrJlyaraqifinoi

nepiruocri, uacrra BrrJrr4By sroi craHoBlrrb 75 yo, a qacrKa cryneHlo yrUilrHeHHx

rpyHronoi 3aclrrrKr{ Huxcrre 90 % craHoB}Irb 25 %. flpu ni4cyrnocri o.qniei 3 npI{rII{H

3apoAx(eHHt IIJIaSTIIIIH9IS ruapHipy y MfK He Mox(e ai46yulcr.

y TperboMy posqiri HaBeAeHo MeroAIaKy cKlHqeHHo-eJIeMeHrHoro

po3pilryHKy uecyuoi 3AarHocri rpaHcnoprHl'rx cropyA is MfK BeJII'rKoro

uonepeqHoro reperlruy (6imue 6 rr,r) is nuxopucraHHtM rlporpaMHoro ga6esleqeHHt

FEMAP with MSC NASTRAN ra BcraHoBJIeHo N{exanislul rpktql'IH po3BI{rI(y

3aJrrrrrrrKoBgx 4eQoprr,raqifi MeraJreBlIX roQponaHux noHcrpyrqift TpaHcrIoprHLIX

cnopyA B yMoBax eKcrlJlyarallrtrHLtx HaBaHTaxeHb.

Buronano oqinry Hecyroi 3AarHocri rpancuoprHlrx cuopyA is MfK y

ganexnocri siA cryneHrc yqinrneHnr fpyHToBoi gacunrn IIpu crarl'ITIHI'rx ra

4nnaruiunrrx HaBaHraxeHHf,x rpy6u is MrK sa 310 rla Ainnrxn garisHraqnoi ronil

Ba,4yrr-cupeT - ,{epxrop}KoH Ta rufiqxonponoAis y rr,r. KponLIBHLIIIbKOMy Ta Ha KM

228+ | 60 asroMo6inrnoi Aopon{ Kuin-Xaprin-,{oaxancrrnfi '

y pe3yJlbTaTi .IOrO BCTaHSBJISHO, IqO 6esuOCepeAHbOIO rlpI{rII'IHoIo

Br{H}rKHeHHt 3[trII4IrrKoBI,IX (nlacruunux) 4eSoprr'raqifi cnopy,U ig MIX e 3pocraHns

HanpylKeHb y MeTaJIeBUX JIIICTaX AO rpaHuqHo AoIIycTLIM[IX 3HaIIeHb qepe3



HeAocrarnifi cryuinr yqinrHeHHfl {pynroeoi gacr,rurul ra uiAsulqenift AnHarvri'rHifi lii
pyxoMax rpaHcrroprHHx oAnHuIIb.

y rrerBeproMy posqini yAocKoHaJreHo upncrpifi Ta uuIropI,ITM AJn

npoBeAeHHr eKcrrepr{MeuraJrbH[x AocniANeHb Hec) toi gAatnocti noAouporycKHux

rpy6 ra rrurf,xorporo4ir ig MfK Ha craruqni i ruanarvriqHi HaBaHra)KeHHt ra

pospo6neno nori MeroAn oqiHronanHf, crynenr yuinrHeHHf, rpyHToBoi sacnnKlr

rpancrroprHr{x cropyA ie MfK.

3aclyronye yBaru pospo6neHi nosi npucrpoi oqinrul cryneHrc yutrinsHeHnx

rpynronoi 3acrrrrKra cropyA ig MfK y na6oparopHux yl{oBax ra yMoBax 6yAinuuuraa

cnopyA ig MfK. 3a Aonorvrororo, sKr,rx BcraHoBneni xaparrepni osnaKn cryrreHt

yu{lrneuHr fpyHroroi gacrarrKr4 y 3aJre)KHocri nil InBuAKocri nournpeHHs snyronoi

xsrri qepes {pyHroBe cepeAoBl4lr{e.

flpone4eui Harypni nunpo6ynaHHs rrrJrflxorpono4in ig rdetarenux roSpoBaHltx

KoHcrpyKqifi na crarn.rHi HaBaHTaxeHHfl y rr,r. Kpom,IBHI4IIbKoMy ra Ha KM 228+160

asroNlo6ilrnoi Aopofu KrEi'a-Xapnia-,{onxancxufi .

Bapro ni4sna.rnrn, tr1o eKcrrepnMenraluri nuupo6ynaHHt 6aeyrotrcr Ha

cyqacHHx AocgfHeHHflx BHKOpITCTOByIOTbCf, TeH3OAaTqI{K}1, BIltCOKOaIaCtOrni

rrlirporonrpoJrepu ra aHalrorono-qu$poni neperBoproBaqi, a rarcolK rlepcoHalrnnft

rconln'rorep.

Bpaxonyroqlr no3r4rranni pesynbrarlr rlpoBeAeHux 4ocliAx(eHb BBaII(tuo' IIIO

yAocKoHaJreHy aHaJriru.ruy MeroAI{Ky oqiurn necyroi 3AarHocri cnopyA ig MI-K

BeJrr{Koro [oilepeqHoro ueperrlHy ra arlrop]rrM crinqenno-eJleMeHTHoro

MOAeJTTOBAHHfl.TaKLTx cnopyA, Mo)KHa peKoMeHAyBarI{ AJLf, rloAaJlbruoro [paKTI{rIHOrO

3acTocyBaHHs 3 Merolo oIliHxll necyroi 3AaTHocri cuopy4 ig MfK'

y ntsrouy porqi.rri naseAeHo pe3ynbrarl4 eKcrrepuMeHT€ulbHl{x nuuipronanr

posno4iny reMlleparyp Ha noBepxHf,x MeraJlenux ro$poBaHux KoucrpyKllifi y pirui

nopu poKy ra roArrHr4 .qo6u. Encnepuuenranrni nuvliplonannr [poBeAeHl 13

Br{Kopr{craHHrM rennoeigopa Testo 875 - 1 ra nipouerya t{I'822'

HarOnr,rqeHo AOcTOBrpil eKcllepllMenranrni pe3yJlbTaTra, lri AaIoTb 3Mory

d ruiruaruqHi suruBlr Ha Hecfry s4arnicrr cnopyA
BpaxoByBaTrI 3MlHHl TeMnepaTypr

ig MfK.



Pospo6neui uoAeni oqimu reMneparypHoro rloJrf, I repMorlpyxHoro craHy

TpaHcrroprHrrx c[opyA ig MfK, mi Br{HuKalorb rlpu sN,IiuHux reMrleparypHlD(

repenaAax HaBKoJrrurHboro cepeAoBHIrIa. BuropucraHo pienxnur

renJronponi4nocri, pinrunux rcopii repMorpyxuocri, cniseiAHorreHHs [roalaem-

Hefirvrana ra Kouri.

Pogs'ggaHo 3a,qaqy y arifi nesiAolaufi posno4il reuneparyprl y ABoBlrMipHifi

ognosr'xsnifi ouyrnifi SiszuHo Heo4nopi4Hifi o6nacri 3 KycKoBo-HIa.4KoIo

rparruqerc rpu gaAaHHi reMneparypr{ ro 4patx o6nacri (roSponaHoro JIlIcra

rconcrpyrqii).

flpone4enni pospa>ryHKr4 Ao3BoJrr4Jrrr BcraHoBI{TrI, ulo BeJIuqvHa Hanpy)KeHb'

fKa Br{H}rKa€ y cnopyAax is MfK npra 4ii sNdiHHrx rniuaruqHux reMrleparypHl{x

nepeua4iB HaBKongrrrHboro cepeAoBlrlqa, craHoBrlTb MeHIne l0 % sil lonycrlrMlrx

3HAIIEHb HATIPYXEHb.

Y grocrouy pos4furi sanponoHoBaHo KoHcrpyKrunHi eapiaHTtt ga6egne'{eHHs

necyroi 3AarHocri cuopya is MfK. Pospo6neHo saco6r niAHosJIeHH-fl ta uoAeni

oqisru necyroi 3AarHocri cnopy.{ is MfK niAculenvx KpyTJIHMI{ ra nJIocKI{MI4

pe6parran xopcrrocri.

BcraHoueuo, 1qo 3a[porroHoeaHi rouctpyrcrunHi napianru ui4nuuqrroft

Hecyqy sAarHicrr cnopyA is MfK y rpLI pa3ll.

Poepo6leno ananirn.ryry MoAenb oIIIHKH repMonpy)KHoro craHy

BI{naAKy6araroruaponoi KycKoBo-o4nopi4noi o6ononru, f,Ka yrBoprcerbct y

peMoHry AeoeKrHoi sanigo6eroHHoi Tpy6n MeroAoM 3acrocyBaHns MfK.

BcranosreHo, rqo pineur pa4ialrulrx HanpyxeHb e He3HaqHuM I He BIIJILIBae

Ha sara6HLrfi uanpyxeuufi craH rpaHcnoprHoi 6aratoruaponoi ctale6erosnoi

cnopyAu. flpore ocrosi HanpyxeHHfl crauoBJltrb ao 40 o/o rrir' AorrycrurMl'tx 3HarIeHb

Hanpyx(enr y ni4noniAnux KoHcrpyKrI4BHI'rX eJIeMeHr€x cnopyAu'

V cromomy pos4i.rri poernrHyro rpaKrllqHi acnerru qpoBeAeHnx naonitopllHry

MeTaJIeBLIX roQponaul4x KoHcrpyrqifi B yMoBax eKcllJlyaTaqifinux HaBaI{Ta)KeHb'

Xovy ui4rpeclu pospo6JreHy aBropoM HoBy iuepqifinoi cI{creMI4 uoniropunry

rexsiqnoro craHy rpaHcroprHlIx cnopyA ig MfK ig npoBeAeHIIflM

eKcnepr4MeHraJrbHlrx AunauirrHLrx nnupo6yraHb IxJltxonpoBoAy is MfK npu npoia4i



TpaHcnoprHlrx oAlrHrrrlb, rKi pyxaJorbcf, MaricrpaJlbHolo 3ani3Hr4llelo 3a rpaQircorr,r y

HanprMKy Koroscrr-3uau'sHKa i nannaru.

y pe3yrrbrari nponeAeHrrx HarypHHX nunpo6ynaHr IrllflxorpoBoAy

3anporroHoBaHoro c?rcreMoro, BcraHoBJIeHo, rqo siAHocni 4e$opnnaqii BeprllK€ulbHoro

ra ropn3oHrtlJrbHoro uepepirie MeraJreBoi roQponaHoi rcoHcrpyxqii runtxonpoBoAy e

MeHrrrlrM1r za 3 o/o, xlri pernaueHTyrorbcf, HopMaMv, ToMy Itre Aae 3Mory spo6uru

BSSHOBOK, III9 Hecy.Ia sAarHicTb tuJltxolpoBoAy ig MfK ga6esue'IeHa.

Y sararnHux BrrcHoBnax csopuynsoBaHo ocnosHi pe3ynbrarl{, orpLIMaHi npu

arapiurenni nayronnx 3aAarl Arlceprallifinoi po6oru.

3aynaxceHufl no Po6ori:

1. [o n.1.4. rp]r upone4euni eKcrrepzMeHr€ulbHrlx nuruiproaanr 4eQopn'raqifi

BepruKanbHoro 4iarraerpy rpy6u ig MfK Ha 3 10 KM AimHraqi Ba4yn-Cuper-

,{epxrcop4on PeriosalrHoi Qilii <<JlrsiBcbKa sari3Hlaqt) norpi6no Aeralrniue

roscHr,rru MeroALrKy npoBeAeHHf, eKcnepHMeHraJIbHI4x AocJriAxenr. I ue sposyrraino sa

paxyHoK rroro ni46ynanocr npoci4aHHr sarisHuqHoi rodi, 3a paxyHor rqe6eneBoro

6alacry sarigHz.rHoi rolii qu HeAocrarHboro cryrleH.f, yrlinurenHx qpynronoi

3aclrrrKrr lreraresoi roQponaHoi rpy6u? 9u ga pD(yHoK niAszlqeHoi AunanaiqHoi lii

pyxoMoro cKJIaAy ganisHuqHoro rpaHclopry?

2. Is rercry Azceprarlii He spoayrrriro, qu rpoBoAlIJII,Icfl norepeAHi yrqinrHeHnr

qe6enenoi Ta rle6eHeso-uiqanoi 3acnrroK npn uponeAeHni eKcrIeprIMeHT€uIbHID(

AocliAxenr ix ociAaHns y na6oparopuux yNroBax npu Aii AoBrorplIBaJII{x

AnnaMi.rHux HaBaHT€DKeHb. Ocrimxu 3Har1Horo ociAanns 3aclrnKa AocflrJla y

no.ra*osuft uepio4 HaBaHTa)KeHHr, a Aani KpLIBa ociAanns 3acI{nKI{ He 3HaqHo

gruisroe Kyr HaxLIJIy.

3. Ha pzc. 2.13 HaseAeHo pe3yJrbrarlr eKcnepI4MeHTaIIbHIitx snuipronans ociAaHHs

qe6eHesoi 3acI,IrKI,I cllcreMoK) ESAH-F. flpore He 3po3wilo sruvr qI4HoM orpnvraui

,uani garexHocri, rryr qe AocniAxeHHr aBTopa)qvIrle AocniA)KeHHfl inrun< anropin?

4. flpu BLIKoHaHHi 6ararosapiauurzx poopaxynrcir HaIIpyXeHb Ta BeJIIIqLIHII

roeQiqienry IIJIacrI,ttIHoIo napHipy rpy6ra ig MfK y ta6n' 2'3 ra m6l' 2'4 npufl:alro

rurgokrHy HepinHocti nonil BeJrprtlp{Horo h:44,7 MN{. flpore nia rlac



eKcnepr,rMeHT€rJrbHr{x Br{MiprcBaHb MaKcuMEuIbHa rru6I,IHa Hepinuocri Grnc. 1.13)

cKJraJra h:37|.rrrrra. Heo6xiAno yroqHeHHf,, rroMy npufiHrro y pcpa)ryHKax Hepinnict

BennrrrrHorc h:44,7 tlrlv^.

5. rln 6ynu npoBeAeHni Aocnirur(eHr{fl BrJIaBy sallinll isorponnoi ro$ponaHoi

o6olonrcu, HraAKoro oprorponHorc npu crinqenno-eJleMeHTHoMy pcpaxyHKy Ha

Hecf{y:4arHicrr MerarreBr{x roQponaHrrx KoHcrpyKllifi rpancuoprHlrx cnopy4?

6. Anrop y,{ocKoHanuB aHaniruvny MeroAtIKy oqinrr,I Hecyroi gAarHocri

TpaHcloprHr4x cropyA is MfK i cmepANye, ulo 3a AonoMorolo reoperrE rHoi

MeroArfrKr4 Mo)KHa niAnIarquur Hecyqy sAatHicm cnopyA is Ivletarennx roQpoBaHnx

KoHcrpyKqifi. Bnaxaro, utro AaHe rBepA)r(eHnx uorpe6ye AoAarKoBoro rlotcHeHb.

7. flpn pospilryHKy repMorrpyrcHoro crany MeraJIeBIlx roQponaHux roHctpyrqifi

po3rnf,Aaerbcr npflMoKyrHa o6racm ro$ponauoi o6olonrul i no iT KoHrypy

3aAaroTbcr 3HarreHHf, MaKCHM€IIIHLIX ra nriuiualbHl/tx TeMnepaTyp, xri orpnMaHo npH

eKcrrepr4MeHTaJrbHlrx nuuipronaHn-ax. llpore, sKuM TILIHoM BcraHoBJIIoB€uIoct

3HaqeH6f, reMrreparyprr y KoxHifi roqqi rrpflMoKyrHoi o6nacri ueratenoi roQpoBanoi

KogcrpyKrlii (ix 32 ro.rKn rro LuupnHi ro$ponaHoro JILIcra KoHcrpyKltriita32 rorIKr'I ro

4onxulri rulcra) ni.roro He cKa3aHo. r{u qe nnrvrip}I, orptlMani ig 3acrocyBarlHtM

nipouerpa, qn qe nuuipu, orpuuani rpld nmopncranni reruonisopa? I wI e

.uocralriu raKa rinsricg 3aAaHr,rx 3HarIeHb reMneparypl4, ocrilrrra posnaipu

ro6ponanoro JIVcra, npu6nzsHo, AoBXnua2667 urvr i urnpuna 838 vrrra?

g. .{o Qoprvryl (2.54), (2.55), (2.65) Bapro 6yno 6 sa3Haqntu posrraipHicrr nxiAnro<

naparvretpir.

g. He sposyrraila a6peniarypa (MfT) y Harni BepruKallrnoi oci pzc' 1'11'

Bncnonrcn rpo niAuonhnicrr po6orn BcraHoBJreIrIrM BlIMoraM MOH

Yrcpainn.

3a arryalruicrro, ouicrou, HayKOBOIO HOBII3HOrc Ta [paKTurIHLIM 3HaqeHHtM

4ucepraqifina po6ora <<Hecyra s4arnicru TpaHcIIoprHLIX cnopyA is MeTaIIeBI'D(

I 'oHcrpyrqifi B yMOBaX eKcnJryaTaqii> e sariH'IeHUId HayKoBLIM
fo(ppoBaHLIX K(

AocniAxeHHf,M i niluosi.qae BI,IMoraM IIyHKrin 9, 10, 72,13 <flopr4xy npucypreHHt



HayKoBLtx cryneHiB), 3arBepA)KeHoro flocranosoro Ka6iuery MiHicrpin VxpaiHIa

Ns567 rli124 rrrarrHr 2013 poKy.

Hane4eHi 3ayBax(eHHf, Ta no6axanns croc)ruorbcr oKpeMI{x Aeralefi

AocniAxennr i He e npr.rHrlr{noBnMrr, a roMy He 3H}r}Kyrorb -f,K TeopeuaqHoro i

npaKTr,rrrHoro 3HaqeHHr Alrcepraqiftnoi po6otr, rar i saramHoi no3ltrrlBHoi oqinxu

Alrceprarliftnoi po6orz Konanruyra B. B. ra Mo)Kyrb 6yru BpaxoBaHi y nponeAeHsi

[oAaJrbrrrrax Ao cJrilxenb.

Bncnonorc.

,{ncepraqifiHa po6ora B. B. Koaanrvyxa <<Hecyva gAarHicm rpaHcnoprHl/D(

cropyA ig Mer€[JreBrrx ro$ponanux roncrpyrqifi B yMoBax eKcnJryaraqib e

3aBeprueHorc HayKoBorc rpaqero, B Hifi orpnrvrani AocrarHbo o6lpynronaui i

eKcrrepr{MeHT€lJrbHo ni4ruep,uxeHi noni naynoni pesynbraru, BoHa Mae reoperl'IqHe

Ta npaKT[rrHe 3HaqeHns i siAnoBlAae B]rMoraM Ao AoKTopcbKI{x ALIcepraIIru.

Anrop 4zcepraqii Konalrvyrc Bira.rrifi Bo.noAunrnpoBlrq 3qcnyzooye

npucBoeHlrfl HayKoBoro cryneHfl AoKropa rexHi.rHlax HayK 3a cueqianrnicrto

05.23.0I - Ey4inenrni roncrpyrllii, 6yainni ra cropyAl{.

,{orcrop rexHiqunx HayK, npo$ecop,

sasiAyBaq na$eAppl KoMrI'rorepHHX

rexHoJrofifi dyainHI{IIrBa

HaqioHaJlbHoro aniaqifinoro yHiBepcurery n.I. JIaneHKo

/


