
BIAIYK
o$iqifiHoro orloHeHra Ha AncepraqifiHy po6ory Konzla Eor4asa -fxoBtr-ua

<<llilezuleHHfl eQer<rnnHocri peaKTIaBHr4x BorHe3axr4cHr,rx noKpr{Bin Anq MeraJreBr,rx

KoHcrpyrqifi rlr.txoM ga6esner{eHHs vriqHocri xoxcoBoro rxapy)),

IroAaHy Ha s4o6yrrfl cryneHf, AoKropa $inoco$ii 3a creqiantuicrto 261 dloxe)KHa

6egnera)) 3 ranysi 3HaHb 26 <<IfueirrrHa 6esneKa)

AnryalnHicrr nn6pauoi TeMr 4ocni4)r(eHHfl .

O4Hznr 3 nafi6inrru e$exrzBHr,rx saco6ie 3axr,rcry MeraJry e BorHe3axzcsi

noKprIBIa peaKrl4BHoro rr4try, uo nil BrrJrr4BoM reMrep arypv sAarHi SopryBarur

cniueuzfi reuroisorxuiiruuir ruap (uiuoroKc). Pearrzeui norcpnBvr Ha ocHoei eoAHrax

noliuepHrlx 4zcnepcifi ua6ywt 3HarrHoro rrorrr4peHHq 3aBArKr4 ix eKoJroriuHocri,

TexHoJlori.rHocri y 3acrocynaHui Ta Mo)KJrr,rnocri HaHeceHH.fl Ha serzri unouli

MeraJIeBrIX KoHcTpyrcuifi. Baxrzno ui4rpec rvrrv\ rqo rarci rroKpr4Br4 ocoSrzso

eQexrunni 4nr cKnaAHr4x 3a ronSirypaqiero MerzureBkrx eJreMeHris - 3BapHr,rx ruein,

nysnin )KopcrKocri, nep$op a:qiir, HpiureHr, npo$inboBaHr4x 6anox, KonoH i $epl,r.

3Aarnicm raKl4x noxpznin pinnonripno Sop*yBarvr zaxnoeuir niHoxorc Ha

IroBepxH.f,x 6yls-xxoi reonrerpii gadesne.{ye ix szcory yHinepcanbHicrr ra Ao3Bon.fle

3acrocoByBaTkr y KoHcrpyrqixX, Ae TparurJifiui BorHe3axucHi piureuur (nriuepanrui

rrlrtrrar, o6vorxl4, rrITyKarypKH) e uanoe$eKTr,rBHvrMkr a6o HerrpnAarHr4Mr4.

llzraHHq pospo6JreHHr peaKrr4BHr4x

KoMnJrercsoi orliHxz ix e$exrzsHocri

I. M. Baxironoi, P. A. flKoerenoi, J. S. Lee, K. P. Norgaard, O. M. fpzropeHKa,

A. I. BepesoBcbKoro, C. B. Hosara, C. B. XaproBcbKoro, H. B. Caeuro, IO. B.

flonoea ra iuurHx AocniAHzxie. y uzx po6orax clrcreMHo rrpoaH€urisosaHo .trK

repMoxirvri.{Hi rpoqecl4, IrIo sig6ynaroTbc.fl B peaKTr4BHr4x cr4creMax nia qac AiT

BI4coKI4x reMneparyp, raK i Si:zro-xivri.rni reperBopeHHr y KoHAeHconaHifi S*i,
qKi Brl3Haqarorb SoptyBaHHs, renrtoigorrqqifiHoro KoKcoBoro rxapy ra fioro

s4aruicrr ga6esner{yBarl4 Heo6xi rrruit BorHe3axr4cr. 3anAqrra qr,rM locniAxeHH.flM

BorHe3axr4cHr4x norpunin ra ueroAin

rrlrpoKo rrpeAcTaBJreHe y flpaqqx



c$opnroBaHo HayKoBi zacagu crBopeHH-fl e$exrzBHI,IX peaKrI4BHI4x noxpznin ra

uiAxoAis Ao oqinronaHHfl ix gaxzcHnx BJlacrrrsocrefi.

MexaHiqHa nriqHicrb KoKcoBoro rxapy e oAHr{nr ig BLI3HarranbHI4x rlapaMerpin,

qo o6ylrourroe pearrbHy rrpaqe3,qatricru BorHe3 axvruavrx noxpznie peaKTI4BHoro

Tr{rry. BoAuoqac Ha cboroAui niacyrHr yHi$ircoBaHa ra cTaHAaprrl3oBaHa MeroArIKa

rinlrcicHoro BH3HarreHH.fl rliei xapaKTepvcTuKr4, rrpr4r{oMy IIfl Irpodreua e cniltHoro

nrrfl ncix ruuie peaKrr4BHr4x rroKpkrBis Hesane)KHo ni4 npzpoAz uoliruepnoi rvrarpzqi.

3oxpevro, r1e crocyerbcf, i uoxpunin ua ocHosi BoAHr4x noriuepHl4x ALIcrep ciit, [nfl
flKr,rx MeroALr oqinron a:nHs. uexauiqsoi rvriqHocri cSopvroBaHoro nisoxoKcoBoro

trrapy 3aJrr4Lrrarorbc,tr HeAocrarHbo poapo6JIeHI,IMI,I Ta norpe6yrorb HayKoBoro

o5rpyuryBaHHq i crauAaprr,r3allii.

Tarczu r{r4HoM, Ar4ceprarlifiua po6ora a4o6ynaLra Konulrra EorAaHa -flxoeu.ra e

HaA3Brr.rafi uo aKTyalbHoro .

@opnryrroBaHHq Hayrconoi ra4aui, HoBe nupirueHHfl srcoi oAeplnaHo B

Ar{cepraqii.

Meroro po6oru e ui4nrarqeHHq AocroBipnocri oqinrosaHH,l e$exruBHocrl

BorHe3axrrcHrlx rroKplrBin .unx MerilreBr4x KoHcrpyrqifi Ha ocHosi eoAHoi Alacnepcii

uonivrepy rrrJrflxoM yAocKoHaneHH{ HayKoBo o6rpyuroBaHoro MeroAy BI43Har{eHH.fl

uexasiqsoi uiqnocri KoKcoBoro napy, lqo Soptyerbc.tr B yMoBax repvriuHoro

Brrnr4By, p^rrr niAsraqeHH.rr e$errznuocri peaKTktBHI4x BofHe3axkrcHvrx uorpznin

Mer€ureBlrx KoHcrpyrqifi .

C$opnrynboBani ra nupirueHi sacrynni 3aBAaHHq Aoc.riAncennq:

1. llponecru auaris

6y4inerrbHr4x KoHcrpyrqi fi .

craHy npodneMaTr4Kla BorHe3 axvrcry MeraneBl4x

2. O6rpyuryBarr,r su6rp vrarepianin i vrerolin AocniAxteHHn l.nfl

orliHroeaHH;r BofHe3axrrcHoi e$eru4BHocri ra vtexaHi.rHoi vrirlHocri niHoKoKcy.

3. Aocnilvrrvr BrrJrr,rB KoMrroHeHris Ha BorHe3axkraHy e$exrueHicrr ra

eKcrnyaraqifi ui sracrzsocri pospoSJreHr{x noKpl4Bie Arq MeraIIeBI4x KoHcrpyrqifi Ha

o c Hosi crr,rpon- aKpl,Inosoi 4Iacnepcil.



4. B rasHaq r4Tr4 Kpr{Tr4rrHe

-tJ

HaBaHTaxeHHr ra MexaHigN,I BTparI4 uiunocri

cQopvroBaHoro rnHoKoKcoBoro urapy BorHe3axr4cHoro peaKTI,IBHoro noKpllBy Arrfl

MeT€IJreBvrx KoHcrpyrqifi ruJr.rrxoM MoAenroBaHHfl uexaHir{Horo HaBaHTa)(eHH.f, Ta

ni4eurqvrrvr uexani.{Hy rvriqsicru c$opMoBaHoro rerrJloigor-f,Ilifinoro urapy uot<pznin

peaKTr,rBHofo Turry rrrJrrxoM ouruuisaqii KoMnoHeHTHofo cKnaAy.

5. VAocroHarkrrtr MeroA Br43HarreHH,rr uexaHiqHoi vriquocri KoKcoBoro

mapy BorHe3 axkreHtrx nor<pznin Anfl Mer€ureBl4x KoHcrpyxqifi 3 Meroro xinrxicHoi

orliHr<v gAaruocri peaKTZBHrrx czcreM $opryBarvr cTpyKTypHo cra6intuuir,

renroigonsqifi :auit map .

O6tercroM Aoc.riAxenHfl € rrpoqecz QopnryBaHHq ra Mexasiquoi cra6inruocri

uiuorcoKcoBoro urapy BofHe3axr4cHr4x norpvrnin rnfl MeraJIeBI4x KoHcrpyrqifi B

yMoBax repnriuHofo BrrnHBy.

[tx oTprrMaHHq, aHaniry ra odrpyHryBaHHfl pe3ynbraris 6ytu uilrovr

nocliAoBHo, 3aKoHovripuo ra KopeKTHo Br4Kopr,rcTaHo KoMrrJIeKc reopervrqHvrx i

eKcrrepzMeHrrurbHkrx uero4in, y roMy .rncri craHAaprzgoeaHi MeroAI4KI,I Sieuxo-

xivriqHoro aHaJrisy ra uexauirrHrax nunpodyBaHb. llrtauynalnlnfl. eKcrIepI4MeHTaJIbHrIX

AocrriAxeHb gAificHroB€urocb 3 Br,rKopI4 craHH.flM vero4ie MareMarlzr{Horo

MoAenroBaHHfl Ta onrnuisarlii, ruo sa6esnerrr4no paqioH atrcuuit nu6ip Sar<ropin i

yMoB nraupo6yBaHb. [ocronipHicrl orpr4MaHr,rx pe3ynbrarin ui4rnepAxyBanl4

crarkrcrr4r{Horo o6po6r<oro nla:gt:ax ie 3acrocyBaHHqM cyrracHoro KoMr'rorepHoro

rrporpaMHoro ga6egnerreHH.f, .

Hayrcona HoBlr3Ha rrpeAcraBJreHnx reoperr{rrHux ra eKcrIepuMeHTaJIbHHx

pe3yJr brari n rr poBeAeH Irx AocniA]I(eH b.

Cepeg uafi5ilnru 3Har{yulr4x HayKoBr4x pe3ynbratin, uo Marorb HayKoBy

HoBr43Hy, B po6ori Mox(Ha BI,I3HarrLrrLr nacrynui:

1 . Bneprue pospo6JreHo rovr6iH or,a:nuir, cKnaA BorHe3axl4cHoro rIoKp?IBy l.tts

Mer€ureBr4x KoHcrpyrqifi IIOA:IIE A1(OH), : 25:15:40 vac.oh, nKa, ua ni4vtiHy ni4

icuyrouzx auanorin, peanisye cr,rueprisvr (cnyqeuH.f,-NaiIluicrt>>, to6ro 3pocraHHfl

r{acrKr4 IIE ni4nnulye cilyr{eHHfl, are 3HI,Ix{ye uiquicrt, a BBeAeHHf, A1(OH)3 Ao
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40 wac.oh ni4nrarqye uexani.rHy crifixicrr 3aB4flKu SoptyBaHHro oKcI4AHoro

KapKacy, tqo Ao3BoJrrrJro Blr3Har{krrkr orrrr4MilJlbHe cnieeiAHolreHHq -tK TaKe, ruo

sa6esne.{ye g6aratrcoBaHe rroeAHaHHr AocrarHboro cnyr{eHHfl Ta crpyKrypuoi

cra6irrrrrocri ruapy B yMoBax rlox{exi;

2. Bnep[e po3po6"neuo MoAeJrb 3axkrcuot cracTeMr4 BorHe3axl,IcHoro rloKpkrBy

[nfl MeraJre BLrx KoHcrpyrcqifi , flKa BpaxoBye peannui posrr,ripn eKcrlepl4MeHranbHofo

3pa3Ka, BKJrroqarorrn MeraJreBy rlJlacrr,rHy, BorHe3 axucrtuit rroKpHB Ta craHAaprHi

nIinHHHi sauraxi Ta Ao3Bonvrra MaKczMaJrbHo rorrHo ni4rnopurkr HarlppreHo-

4eQopnr or,auuir craH cilyrreHoro BorHe3axzcHoro noKpI,IBy rrpr4 JIoKuuIbHoMy

HaBaHTaxeHsi ra Br,r3HaLrvrru fioro rpaHrartri vriqnicHi xapaKrepvrcrkrKvr;

3. VaocKoHaJreHo cKnaA po3r{r4Hy peaKTrrBHoro noKpr4By [nr MeraJleBr{x

KoHcrpyxqifi rrrJr-rrxoM rconr6inoBaHoro BI4KopI,IcraHH-fl IIOA, IIE ra AI(OH)3, Iqo

ni4nzrqye vrexaHi.rHy vriqHocri niuoroKcy 3aBAtKI4 SoptyBaHHro oKcI,IAHofo

KapKacy ra ga6egneqye 3HZ)KeHHfl reMnep arypu upo4yxrin ropiHur y 1,6 pBV,

nepexi4 uarepialy lo rpyn roproqocri fl ra nolxl4peHHt nolyvr'q Il,3MeHIrIeHH-fl

Ar4MoyrBopeHH n Ha 60-65 % (ao rpyrr 
^2)4. YaocKoHaJreHo cKnaA peaKrr4eHoi clrcreMz Ha ocHoei norri$ocQary

auoHiro, rreHTaepnTpury ra ri4porccvr4y anrovriuiro ruJlflxoM BBeAeHH.f,

riapo$odisonaHoro aepocnny, lr1o ga6esne.{ye 3HI4x{eHH.fl iureucznHocri azSysii

BoJrorn B rroKprlB Ta NriniMisaqiro Br4vrvrBaHH,fl aKTT,TBHHX KoMrloHeutie, a raKox{

uiAnzrqeHHtr AoBroBi.ruocri, crpyrrypHoi cra6inrHocri i ercrnyarauifiuoi

naAifinocri peaKTr4BHoro noKpI4By MeraneBl4x KoHcrpyxuifi .

5. YaocKoHaJreHo MeroA xilrricHoro Br43Har{eHH.tr Iuexaniqsoi uiqnocri

uiuoroKcoBoro rrrapy BofHe3axr,rcHoro rroKpr,rBy l.nfl MeraJIeBI4x KoHcTpyrqifi

rrrJrqxoM reoperr4qHoro o6rpynryBaHHtr ra eKcrlepl4MeHTzllbHoro ni4rnepAx(eHH,f,

3acTocyBaHHr po3noAireuoro HaBaHTa)KeHH.f, cTaHAapTI,I3oB a:nvrvtvr rqilzsuvrMk[

BaHTaxavtvr, xxuit BpaxoBye MexaHisN,I pyfiuynaH:nfl. KoKcoBofo urapy ilpkr

goeniilrHboMy vexauirrHoMy surzsi, trIo ui4rnepA)Kyerbct cyrr€BHMI4

einvriuuocr.rrMkr pe3ynbraris uopinu.rrHo 3 MeroAoM po3noAirenoro HaBaHTa)KeHH.fl

(1,14-10,68; y cepeAHboMy 3,19 pazu).



IIpa nrfiq He 3HaqeH Hq oAep]r(aH rrx pe3yJr trraris.

llparrzr{He 3HarreHH,fl orpkrMaHr4x pe3ynbrarin rroJrrrae y po:po6ressi Ta

B[poBaAxesHi MeroAy xinrxicHoro Bu3Har{eHH-rr rrnToMoi vriqHocri xorccoBoro rxapy

is 3acTocyBaHH.f,M po3rloAireHoro cTaTr4r{Horo HaBaHTa)KeHHfl, rrlo Mox{e 6yrvt

BlaKopkIcraHo B na6oparopHifi uparruqi Ta .f,K ocHoBa [nfl noAanbnoi

craHAapru:aqii oqiHron a:nHs, uexasiqHoi crifi xocri peaxrr,rBHrrx noxpunin.

Oco6ucrufi BHecoK r4o6ynaqa.

Bci pe3yJlbrarr4 Allcepraqifinoi po6orz, ilIo Br4Hoc-rrrbc-fl Ha 3axrrcr, e

pe3ynbraroM caMocrifiHoi npaqi aBropa. Po6ora e 3aBeprxeHprM HayKoBr4M

AocniAxeHHqM, ,gKe .rirxo ni4noniAae rrocraBJreHzM qinxvr ra 3aBAaHHflM. OcnoeHzfi

BHecoK aBTopa rroJl.f,rae B HacrynHoMy: rrpoBeAeHrur clrcTeMHoro auanisy HayKoBr,rx

a .v

rry6niraqifi, HopMarneHoi AolqrMeHraqii Ta icrryrounx MeToAr,rqHrD( rnAXoAlB Ao

oqiruosaHHrl MexaHi.rHoi vriqnocri KoKcoBoro uapy, a raKox y czcreMarz:aqii

HayKoBax rIoJIo)I{eHb IrIoAo $opvryuanHs, peaKTr.rBHr[x noKpHB B 1^ns, BorHe3axr4cry

Mer€LIIeBI{x KoHcrpyxqifi; po:po6JreHHrr HayKoBo o6qpynroBaHoro MeroAy rcinrxicHoro

BIBHarreHHrI nzrouoi vriquocri KoKcoBofo ruapy is 3acrocyBaHHrrM po3noAireHoro

crarrlrlHoro HaBaHTDKeHHrr, rrpr44urHofo Ans, Br4Kopr4craHHir n na6oparopnifi [paKTrlqi ra

.f,K ocHoBy rIIfl, rloAarrburoi craHpraprzsauii ouinronaHHrr uexaHiquoi crifirocri

peaKTI4BHI4x rIoKpI,IBin; p*yJrbraraMtr rrcerbHoro MoAeJrroBaHHfl B cepeAoszqi ANSYS

Explicit Dynamics ni4rnopeHo HanppxeHo-4e$opMoBarruir craH crry reHoro

BorHe3ax?IcHofo noKpr,rBy npr4 noKarrbHoMy HaBaHTaxesui Ta Br{3Har{eHo fioro rpaHnvHi

rvriqnicHi xapaxrepkrervr<n; BHKoHaHo KoMrrJreKc eKcrrepr4MeHr€urbHrrx AocriAxeur 3

BI43Har{eHH.f, roe$iqieura crfryBaHHs. a uexaHiquoi vriuHocri c$opnroBaHoro

ninorcoxcy, BcraHoBJIeHo BrrJrI4B KoMrroHeHTHoro cKJraAy peaKTr4eHoi cr4creMrr Ha

crpyKTypHo-MexaHiqui xapaKTepvrcrvrKvr KoKcoBoro rrrapy ra o6lpyHroBaHo orrrrrMaJrbHe

cnisniAHorrreHHir KoMrroHeHrie Anfl ga6egnerreHH-rr nepuroi rpyrrr4 BorHe3axrrcnoi

e$errranuocri rrpn oAHor{acHoMy 3HrrxeHui AzuoyrBopeHrur ra niAnnuleuni uexauiquoi
.v

CTII{KOCTI IITHOKOKCY.
t



6

Anpo6aqis p$yJrr,rarin Auceprarlii ra ny6"nircaqii.

OcHosHi peayJlbraru Ta rroJrox{eHH,rr Ar4cepraqifiHoro Aocrri.4x{eHH.s 6ytu

ycniurHo anpo6onaui s4oSynarreM npoTflfoM ycix porin HaBr{aHH,fl Ha

BceyKpaiscrxzx ra vrixHapoAHl,rx HayKoBo-rrpaKTrrrrHr,rx i HayxoBo-Texni.{Frzx

noH$epeHrlisx.

3a reuoro Aocni4xeuH.f, onydrirosauo 14 uayxoBrrx npaub, 3 Hr4x: 6 wareia y

Saxonvrx B:atraHH-ax Vr<painn, I crarr-f, y )KypHili, rqo iHleKcyrorbcfl B vrixHapoAHZX

HayKoMeTpr4r{Hux6asax Scopus, a raKox 7 reg 4ononipaefi Ha KoH$epeHqisx.

CrpyrcTypa ra o6cqr Arrcepraqii.

[zceprauifiua poSora cKraAaerbc.f, ig anoraqii, svricry, Bcryrry, r{oTr,rpbox

po:4irrin, BZcHoBr<in, cnlrcKy BrrKopktcraHr4x prepen, 4o4arxie. 3aralrHr.tfi o6csr

Ar,rcepTarlii cKrraAae 233 cropinrz, 3 Hrrx ocHoBHoro reKcTy 167 cropiuon, 26 rat6rrzrlb,

44 pr4cyle;K:z, crzcoK BrrKopvcraHr,rx 4lmepefl uicrHrr 150 nafiuerryBaHb ra zaittvrae

16 cropiHor, a raKo)K 2 lolarKr,r Ha 8 cropiHKax.

Bcryn ni4o6porae reoperl4rrHe ra [paKTr4rrHe 3Har{eHH.rr po6orv, ocHoBuuit

BHecoK s4o6ynaqa, ni4ouocri rpo ny6niraUii ra anpo6aqirc Ar,rceprarlifiuoro

AocniANeHHfl.

B reprroMy po:4i,ni npoeeAeHo aHalig cyqacHoro craHy npo6neMarr4Kn

BofHe3axl{cry MerarreBr4x Sy4inenbHkrx KoHcrpyrqifi. PosrrqHyro rnacn$ircauiro ra

erarrl4 po3BLITKy peaKTI4BHI,IX BorHe3axLtcHr4x noxpzein, a raKo)K cyuacuuit craH

AocrriAxeHb xloAo tueroAie oqinroe a:a:afl uexaniqHoi vriqHocri KoKcoBoro rrrapy.

Bugua.reHo npodneMV, uon'.sgaui 3 ni4cyrnicto yHi$ironaHoi MeroArrKr4

oqiurcnaHHf uexauiqHol nriqsocri KoKcoBoro napy, flKa 6 Ao3Bon flrra aAeKBarHo

ni4rnoproBarrl yMoBr4 peamHoi eKcrrnyaraqii BofHe3axlrcHr4x norpvnin rnfl

MeraJleBr4x KoHcrpyrqifi. C$opnaynboBaHo MeTy ra 3aBAaHH.f, ArrceprarlifiHoro

AocrriAxeHH.rr.

B ApyroMy pos4ini suguarreHo uarepiaru ra MeToAr,r, BrrKoplrcraHr rnfl,

pospo6JreHHq BorHe3 axr4cnvrx noxpuein Ha eolHifi ocuoni, qri 6egnocepeAHbo

BrrJrr4BaroTb Ha ix eKcnnyaraqifiuy e$errusHicrb B yMoBax lii szcoKr4x reMneparyp.
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Oco6nuny yBary upz4ineHo MeroAy oqinroe aH:afl vriqnocri cnyrleHoro

renloiaonqqifiHoro rxapy (ninoxoKcy), ocxilrxl4 caMe IIefi rroKa3HI,IK xapaKrepl{3ye

sAarHicrb noKp vBy :6epirarr4 crpyKrypHy uinicHicrb ra gadesue -uyBarvr cra6inn rruir

BorHe3axucttuit e$exr 3a BrrJrr,rBy Br4coKHX TeMneparyp. trls BZ3Har{eHHt uexaniqsoi

vrirlHocri c$opMoBaHoro rerrrroigorqqifiHoro ruapy (uiHoxoKcy) BI4KopzcraHo MeroA

po3noAireHoro HaBaHTa)KeHH.f,. Cyrn MeroAy rrontrae y BcraHoBneuHi rprzrl4rrHoro

HaBaHra)KeHH,tr, 3d sKoro HarrppKeHHr B crpyxrypi ninoxoKcy Aoctrae vrexi

rvrirlHocri uarepiany. Tarcufi uiaxia Aae Moxrzeicrr ouinvrru crifiricrb Irrapy ao lii
HopM€urbHlrx uexanir{Hr4x Harrpyx{eHb nil qac crI,IcKy ra Bu3Har{urr4 crarrlrrHy

rvriqnicrr cnyqeHoro reuroisonsqifiHoro KapKacy, Ir1o e oAHI4M ig KrIor{oBZX

rrapaMerpin fioro BorHecrifirocri.

3aKoHovripnocri BrrnI4By KoMrIoHeHrlB y

roprovicTb, sAarnicm Ao clyrreHHfl Ta

niHor<oKcy. Ilora:auo, tr1o KoMrIneKcHe

niHifinoro roeSiqieHra cryqeHru (KC) e

BorHe3axr4cHrrx Bnacrvreocrefi BoAHo-

B rperloMy pos4i"rri scraHoBJIeHo

crcnaAi crlrpon-aKpnnonoi 4racuepcii Ha if

rpouec $opryBaHHr renrroigon.flIlifiHoro

Br4Kopr,rcraHHq KI,IcHeBoro iu4eKcy (KI) ra

e$erruBHrrM niAxoAovr Ao oqiuron aHlufl

Ar4cnep cifirrux peaKrkrBHr4x noxpHnin. OrpzvraHi pe3ynbrarr4 ui4rnepAxylorb

repcrerrnnsicrt 3acrocyBaHHfl crr4pon-aKprrnonoi 4ncnepcii .flK

nninroyrBoproBaltuoi Marpraui lns BoAHo-Ar.IcnepcifiHnx uorpznin peaKTI4BHoro

rr4rry, a raKo)K sacni4uyrorb KnrorroBy poJlb raKl4x KoMiloHeutin, flK norri$ocQar

auouiro, reHr aepkrrpkrr ra rigporcrag urouiuiro, y SoptynauHi eSerrzBHoro

renroigonqqifiHoro rxapy. BcrasosreHi 3aKoHouipnocri nsaevro4ii 3a3HarreHI,IX

KoMrroHeHrie Sopryrorb HayKoBe ui4rpyHrq 4.nfl noA€urburoi onrHuisaqii peqerryp

peaKrr4BHr4x crrcreM, crp,f,Monauoi ua uiAeI4IrIeHHx ix crpyKTypnoi cra6inruocri sa

4ii nzcoKr4x reMneparyp.

B rreTBeproMy por4ini npeAcraBneHo MeroA BI,I3HarreHHfl rvriquocri

yrBopeHoro niuor<oKcy BorHe3 axr4uavrx norcpznin MeraJIeBI,IX KoHcTpyrcqifi.

flpoee4 eruufi. nopinn ssrcnuit aHzurig neHerpaqifiHoro MeroAy ra MeroAy

po3noAireuoro HaBaHTa)KeHH{ rroKa3aB ix rIpI4HIII4noBy sill,Iinuicm 3a

iHsopnrarusFricrrc ni,q Lrae oqinronaHHfl, l,tiunocri nisoxoKcy. BcraHoBJIeHo, Iqo
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IreHerp a\tfiHuir MeroA rrepe3 JroKarrbsuit xapaKrep HaBaHraxreHHq rrepeBa)KHo

xapaKrepl,Bye rloBepxHeBy naiqHicrr ilapy ra He ga6egne.{ye AocroBipHoi oqinru

fioro qinicHocri. Bo4Houac MeToA ulirzHHlrx sauraxie sa6egne.{ye pinuovripuzfi

po3noAir HaeaHTDKeHHq i Aae Mo)KJrr,rsicrr Blr3Harrvrvt Kpzrr,rqHy Macy pyfiHyBaHHtr

niHoroKcy. Orpzvraui pesynbrarr4 xapaKT( pz3yrorbc.fl Br4coKoro eilrBoproBaHicto ra

Sisrauuoro niAnoniA4icrro yMoBaM peanbHoi noxexi,

3acrocyBaHH-rr MeroAy po3noAilesoro HaBaHTa)KeHH.s

crifirocri pearTr4BHr4x uorpranin.

Taxox npoBeAeHo r{r4cerbHe MoAenroBaHH-rr

rqo o6rpyHroBye AorlinrHicrl

Anfl oqinros anHfl. trrexaniqHoi

H arrpylxe Ho-I e Q opvro n aH o ro

craHy cnyqeHoro BorHe3axracHoro rroKprrBy Ha nonepxHi crareeoi ilrraerr4nvr y

nporpaMHoMy cepeAoeraui ANSYS Explicit Dynamics. Ha ocHosi orpr4MaHr4x

pe3ynbraris Br,r3HarreHo onrurM€ursuuit KoMnoHenrHzfi cKJraA BorHe3axncHofo

rroKpr4By, srcufi, gaSegueqye MaKczManbHy uexaui.rHy crifixicu [pr4 crr,rcKauHi.

3oxpevra, ni4rnepAxeHo eSerrvrnHicrn 3acrocyBaHHr orrrr{MaJrbHoro

cnieni4HorueHH.f, TaKr,rx KoMrroHeHrir, f,K rreHraepLrrpr4T, norri{oc$ar avroHito,

crr{pon-aKpr4noBa o HoBa ra ri4porccz4 aruouiuiro, y $op,trynausi 3axr4cHoro

c[yrreHoro noKpI4By. Taxnu qr,rHoM, pe3ynbrarr4 KoMil'rorepHoro MoAenroBaHH.rr

ni4rnep 4vrnvr eSexrr,rnHicrn pospo6JreHoro nilxoly Ao aHanisy uoseAiurlr

cnyr{eHoro rroKprlBy BorHe3axr4cHoro vrarepiany uia liero noKanbHoro

HaBaHrax(eHH,f, Ta [urr4 3Mory Br43Harrr4Tr4 Kpr4Tr4rtri napaMerpr4 ruiquocri, ueo6xiani

rnfl noAanb ruo ro BAoc Ko HaJreHH fl, 3axkreHr4x no rp zn i n .

3ara,nrHi BrrcHoBKH qirrxovr ni4noniAarorr cSopvryJrboBaHr4M 3aAar{aM

AocrriAxeHH.rr ra e crr4 cJrr4M sprcsirreHH,rrM oAepxaHZX :4o6ynarreM pe3ynbrarin.

Tercr He uicrurr 3ano3r4rreHb, rrloAo qKr4x He 6yno 6 spo6neHo nocr4JlaHb Ha

neprxopKepena.

OrIiHKa gn{icry Aucepraqiio ii sanepureHocri n qinonay fi oQopMJreHHn.

{racepraqifrne AocniAxeHHq rrpoBeAeHe Ha BvrcoKoMy HayKoBoMy plBHl ra e

3aBeprxeHoro HayKoBoro po6ororo, flKa rroBHoro vripolo eiAnosilae rrocraBJreHrrM vreri

Ta 3aBAaHH.trM. Y srouy po3B'.f,3aHo Ba)KJrr4Be HayKoBo-TexHrrrHe 3aBAaHH,rr B ranysi



rro)Ke)rcHoi 6egnexz crrprMoBaHe Ha niAnvueHH-s AocroBipnocri oqinron aHlafl

eQerrvsHocri BorHe3axr,rcHrrx noxpvnin Anfl MeTaJIeBLIX KoHcrpyrqifi Ha ocnosi

eoAHoi 4ncnepcii uoniruepy rrrJr.flxoM yAocKoHaJreHHfl MeroAy BI43Har{eHHfl

naexasi.{Hoi rr,riqnocri KoKcoBoro uapy, uo Oop*yerbc,s B yMoBax repvriuHoro

Bnnr4By rnfl uiAuauteHHr e$errzsHocri peaKTLrBHI4x BorH 3axrIcHLIX norpnnin

MeriureBrlx KoHcrpyHuifi. OSopnureHH.rr AkrcepraqifiHoi po6orz ni.qnosi rae Bcivr

3aTBeppKeHI,IM BrrMOf aM.

Pinenr BlrKoHaHHfl rrocraBJreHoro HayKoBoro 3aBAaHHfl, oBoJroAinnq

rgo6ynarr eM MeroAo"uoriero HayKo Boi liqrrnocri

[zcepraqtftrta po6ora Br4KoHaHa AepxaBHoro MoBoro. Posairz po6oru uicrsrl

Aocraruifi o6csr vrarepi ary, uo nigreepA)Kye nupiureHH,s rIocraBJIeHI4x 3aBAaHb, i

3aBepruyroTbc.f, siAnoniAnvvrn Br4cHoBKaMr,r. B naxao, rqo s4o6ynaq Kou krlra BorAaua

.flronu.ra ilpoAeMoHcrpyBaB Br,rcoKlrfi pineHb BonoAiuuq Heodxi [lrtvrMr4 rnr sgo6yrrx

HayKoBoro cryrreHfl AoKropa Sirroco$ii KoMnerenqixvtr ra MeroAoloriero

npoBeAeHHfl HayKoBr,rx AocniAxeur.

forpuMaHHfl aKaAeMiqnoi 4o6pouecHocti.

flepeeipKa Ar4 ceprauifiuoi po6orra ra ny6nir auiir aBropa He BuflBlzlra

ilopyneHb aKaAeMi.rHoI 4o6povecuocri.

3aynarneHHfl Ta Aucrcycifini nuranHq crocoBHo rloJrolmeHb AucepraIlif.

3aynaxceHnq lo pogtiry 2:

1. rlz BpaxoBaHo rrpn nn6opi uarepianie i rr,reroAin AocniA)KeHHfl Mo)(nI4nicrt

ix gacrocyBaHHs. Arrfl, scix rrnis BorHe3axvrcHvrx noKpl{Bie qz rilrxz nnfl noxpznin

M er€ur e Br,rx KoH crpyrcqift ?

3avnaxeHHq Ao posAirv 3:

2. fitx rroKparqeHHfl cnpzfinflTTfl. pe3ynbraris Al,Iceprarlifinvx AocrriAxeHb

louinrHo Syno 6 HaBecrr4 pilyrrbrarvr oqiuru BrInI4By KoMrloHeurie Ha IroKa3nvrKvr
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lo)r(elcHoi ne6egneKr,r BorHe3axr,rcHoro noKprlBy Antr MeTaJIeBHX KoHcrpyrqifi y

Bnrrtx.qi gseAeHr{x ra6nnqb 3 rropieHqHHflM rloKa:nurie icHyro.rllx rloKpIanin.

3. Ha naifi rrorn.flA, AorliJrbHo 6yno 6 Sinrur AeTanbHo otwrcaTvr BrInI4B

crpyKrypnoi rlirricnocri Ta uexaniqHoi vriqnocri ninoxoKcy BorHe3axvrcHvrx

noKpr4Bie Arq MeraneBr4x KoHcrpyrqifi H r ix BofHe3axvrcHy e$errzenicrt B yMoBax

repvri.rHoro BnnI4By.

4. B Ar4ceprarlifiHifi po6ori He HaseAeni Aeramni pe3ynbrarkr 4ocni4xeHb

BorHe3axracHoi e$exrzeHocri siAoN,rrax si r{I43H.flHrIX peaKTI4BHI,IX rloKpznin, oAHaK, e

uopinHflHHfl,3 po3po6lenvu BorHe3axvonr4M rroKpzBoM An-x MeriuleBl4x KoHcrpyr<qifi.

3aynaxennq lo pogAirv 4:

5. HeaocrarHbo rroBHo ezceirreHa 3aJre)KHicrr ouiuronasoi vtitlHocri

uisoxoKcy BorHe3axr4cHoro rroKplrBy ilnfr Mer€ureBplx KoHcrpyxqifi eia xapaKrepy

rrpr4KnaAeHoro HaBaHTa)KeHH.f, Ta nnoqi roHraKTy.

6.Ha oKpeMrrx pr4cyHKax (p".. 4.I5,4.16,4.20) ayxe rvrani nirepu ta qzSpu.

Eaxauo 6yno 6 g6imuarrvr ruacuna6 pzcyHxin p.nfl noKpalqeHHfl cnpufiHflTTfl.

nrarepiany.

llpore BKa3aHi eayna)KeHHs ra Aucxycifini nzranH-u He 3Hl4xyrcTb 3aralrnoi

fro3trrrrsuoi ouiHru rrpoBeAeHoro AocniAxeHHfl i He BrIJII4BaroTb Ha HayKoBe Ta

np aKTr,rqHe 3Har{eHH.fl orpr4MaHr4x pe3ynbrarin Al,Icepraqifi uoi po6 orn.

Bsaxarc, ilIo po6ora nosHicrrc ni4noni4ae BHMoraM Ao HayKoBI4x po6ir

ocsiruro-reaniSixallifiHoro pinur

26I <<no)Ke)KHa 6esneKa)).

AoKropa $iroco$ii sa cneqianrHicrro

3ararsHufi BucHoBoK.

Taxuvr qr,rHoM, 3 ornflAy Ha aKTy€urHictr, HayKoBy HoBI43Hy, AocroBipuicrr ra

odrpyuronauicrr orpr{MaHr,rx pe3ynbrarin, niAnonilHicrn HayKoBoMy pinuro ra

nipori4uicrt Br,rcHoBrin, Ar{ceprarlifiH r po6ora Kouula BorAaua -flxonnqa

<lliAerauleHHr e$exrueHocri peaKTr4BHr,rx BorHe3axLIcHI,IX noKpklBin Anq Mer€ureBl4x

KOKCOBO|O ruapy) BIAITOBr[Ae

oceiru i nayxz VnpaiHz eil
KoHcrpyruifi rxntxoM gaSesner{eHHt vrillHocri

BcraHoBJIeHIzM Bt4MoraM HaKa3y MiuicrepcrBa
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12.01.2017 Js 40 dlpo 3arBepAxreHHn Br4Mor Ao o$opvrJreHH,n Alrcepraqifi> (si

:vrinavru) ra rrocraHoBr,r Ka6iHery Minicrpin Vxpainz eil 12.0I.2022 J\|l 44

dlpo 3arBepAxreHH.rr roprAKy rrpracyAxeHH,n cryreHn AoKropa Siloco$ii ra

cKacyBaHH.tr pirueuHfl pa3oBoi cneqianigosauoi e.{eHoi paqu 3aKJIaAy BtIuoi ocnirn,

HayKoBoi ycraHoBr,r rpo npr4cyA)KeHHn cryreH.f, AoKropa $inoco$ii> (si svriHatuu), a

ii aBrop, Konvl Borgau flroeuq, sacnyroBye npl4cy4lreHHr HayKoBoro cryneH.x

AoKropa Qinoco$ii 3a cneqiarrrnicrto 261 dloxell(Ha 6egreKa)).

OQi{ifi:nuir, orroHeHr:
npo$ecop ra$eAplr Sy4inenbHLIX

KoHcrpyrcuifi ra Mocrin incrzryry 6yairu vrrJTBa,

i H S p ac rpyKry pvr r a 5 es u e r 14 )Kr4rreA iqr I u o cri
HauiouaJrbHoro yHinep cl4rery
<<JlreiBcbKa uorirexuira>>
AoKrop rexsiquux Hayr, npoSecop Tapac IIIFIAJIb

ICTEPCTBO OCBITH T HAYKH YI<PIIHN
AqIoHTIUNTTfi YHIBEPCHTET
bBIBCbKA NOJIITEXHIKA"
rAnHc 3ACBIATT
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