PELIEH3I1
peunensenTa, K.T.i., [loronaasckoi K.€.

Ha juceprauiiiny pobory KoG3zaps Baaepis Jleoninosuua
«BH3HAYeHHA 3aKOHOMIpHOCTEH BIVIHBY JIOKA/ILHHX NMOIIKOIKEHb Ta
TeMnepaTypH HAa AHCHNATHBHI BJACTHBOCTI BYIVIENIACTHKIBY
nojaHy Ha 3100yTTa HAYKOBOIO cTyneHs Aokropa dinocodil

3a cnienianeHicTio 132 — MarepianosHaBcTBO

1. ARTYaJbHICThH TEMH Ta 3B’ 830K 3 HAYKOBHMH IJIAHAMM i NpOrpaMaMu

Epomomniiiiuii po3BMTOK BHUpOGHHMLTBA aBiauilfHUX J[BUIYHIB TPHBIB 110
BUKOPUCTAHHS B XOJOAHHX 4YacTHHAX KOHCTPYKLIH Byriemnsactukis. Lle crpuse
MOMIMIIEHHI0 Maco-rabapHTHHX XapaKTepUCTHK JIBUTYHIB | OHOYaCHO 3MEHILYE
notpey B BHKOMHMX namuBax. OIHAK BHKOPHMCTAHHS BYIJIEIUIACTHKIB He
3IMEHLLINIIO BaKITHBOCTI BpaxyBaHHs OHCHNATHBHHUX BJIACTHBOCTEH
KOHCTPYKIiliHOro MaTepiany npH owiHui BiGpoHanmpykeHocTi AeTtanedl MaliuH, fKi
NpaLoOTh i1 BHCOKHMH AHHAMIYHUMH HABAHTAKEHHAMH.

BaraTolapoBa CTPYKTypa BYTIEIUIacTHKA, KOMIIPOMICHA 3a CKJIAJHICTIO
BHpOOHHIITBA, MA€ HEJONIK Y BHIVIANl MNOLIKO/UKEHHS (po3lIapyBaHHA), fKe
[epeBa)KHO BHCTYIIAC K THN MNOLIKOMKEHHA. BUABNEHHA BHYTPILIHIX po3MIapyBaHb
Ge3 medektockonii Bchoro of'eMy, a NHILE 3@ XapakTePUCTHKAMH KOJIHMBaHb, MOKE
GYTH IepPCHEeKTMBHHM 38 YMOBH BHKITIOYEHHA 30BHIILIHIX YHHHHKIB.

3Bajkaloyd Ha BHIIecKasaHe Juceprauiiina pobora KoOzaps Banepis
JleonioBHua Ha TeMy «BH3HAUeHHA 3aKOHOMIPHOCTEH BIUTHBY JIOKAIbHHX
MOMIKOAKEHb T4 TeMIepaTypH Ha OUCHMATHBHI BIACTHBOCTI BYTJIEMIACTHKIBY, AKa
NpUCBAYeHa BHPILIEHHIO HAayKOBO-NMPAKTHYHOI 3a/1ayi BM3HAYEHHS IHCHNATHBHHX
BJIACTHBOCTEN GaraTomapoBUX BYIJIEIUIACTHKIB B yMOBaX pi3HUX Temlileparyp Ta 3a
YMOBH [OWKOIJKCHHS JOKaIbHOI JITAHKH NMpH 3rMHHUX KOJIMBAHHAX €

dKTYalIbHOKD.

2. 38’a30K po0OTH 3 HAYKOBHMH IPOrpaMaMu, IJIaHAMH, TeMaMH



2

BukoHanHis jucepTaiiiinol poborH 3aiiicHIOBaNOCE TPH TMPOBEAEHHI HAYKOBHX
nocikeHb iHCTUTYTY npo6iem miuxocti imeni I'.C. ITucapenka HAH Ykpaiuu.

«Pospobka metomiB 3abesneveHHs neMndipyBalbHOI 30aTHOCTI  CYy4acHHX
MalMHOOYAiBHMX KOHCTPYKLIH K KpuTepito IX (yHKilioHa bHOI pobOTO3aTHOCTI
B eKcTpeMalbHHX yMoOBax ekcrutyatauii», JIP 0122U200380. 2022 - 2023p.;
«Po3pobka HayKoBO-OOIPYHTOBAHHX MiAXONiB BMOOPY ONTHMAIbHHX MapaMeTpis
iHTerpoBaHMX TEXHOJOril 3MillHEHHS TOBepXOHb JeTajedl 00 €KTIB TEXHIKH M0
KpuTepisiM aaresiiiHoi MiuHocTi Ta gemndyrodoi 3matHoctin, JIP 0112U002178.
2020 - 2021p..; «Pospobka wmetomiB BiOpauifiHol MIarHOCTHKH JIOK&/IBHHUX
HEOJHOPiIHOCTEH HEKOHCEPBATHBHUX MEXaHIYHMX CMCTEM CKITaJHOI CTPYKTYpH 3a

XapaKTepucTHKaMH iX KosuBane», JIP 0122U002060. 01.01.2022-01.12.2026.

3 .Auaniz s3micty awumceprauii. Crynine 00rpyHTOBaHOCTI  HAYKOBHX
[0.10%€eHb, BHCHOBKIB i pexoMenaauiii, chopmyIL0BAHHX B AHCepTALiT

Po6ora KoGsaps B.JI. € 3aBepiieHOl0 HayKoBol0 poGOTOIO, MICTHUTh Bi
aHoTalii — yKpaiHChKOW Ta aHIVIIACHKOI MOBaMH, BCTYIH, I1'Th PO3ZiiB,
BUCHOBKH, CIIMCOK JliTepaTypH i 101aTOK.

Jlucepramis  npucBsYeHa  BHPILIEHHIO  HAYKOBO-NPAKTHYHOI  3amadi
BU3HAYEHHS IUCHMATMBHMX BIACTHBOCTEH 0araTolmiapoBuUX BYIUIENJACTHKIB B
yMOBaX pi3HUX TeMIepaTyp Ta 3a yMOBH TOMIKOIKEHHS! JIOKAIBHOI ILTAHKH,

06’ eKTOM HOCITIKEHHs € BUMYIIEHI Ta BiJibHI 3rMHHI KOJIMBaHHA 3pa3Kis 3
KOMIIO3WTHOrO Marepiany 3 JOKaJbHHMH TMOLIKO/KEHHSMH Ta 3a PI3HHX
TeMneparyp.

[lpeameToM  IOCAIKEHHS € 3aKOHOMIPHOCTI  BIUIHBY  JIOK&JLHOTO
MOIIKOMYKEHHS. TA TeMIMepaTypd Ha BiGpauiiiHi XapakTepUCTMKH TMPYAKHHX Tiad €
KOMIIO3UTHOTO Martepiaiy NpH BHMYIUEHMX Ta BUIBHHX 3rMHHHX KOJIHBAHHAX B
00acTi OCHOBHOTO pe30HaHCy.

BuBuenns juceprauii ta nybaikauiii KoG3aps B.JI. pae niacrasu Jio
BUCHOBKY 1110 HAYKOBI MOJIOXKEHHs NPONO3HLIT Ta BHCHOBKH € ODIPYHTOBaHUMH Ta

JNOCTOBIPHHMH, L0 3abe3neyyeTbes 3aCTOCYBaHHAM IIHPOKOIO CIHEKTPY



3araJbHOHAYKOBHX | CMeliaibHAX METOMIB HAayKOBOrO  JOCIHIJUKEeHHS, AKi
KOHIENTYalIbHO Nal0Th 3MOTY AOCHIAWTH 3MiHY AMCHIATHBHUX BIAaCTHBOCTEH
BYIJIEMIACTHKY B LIMPOKOMY Jiana3oHi amIuliTya KOIUBaHb , TEMIIEPaTyp a TaKoK
38  YMOBM HAHECEHHA IUTYYHOrO IMITalliHOrO  MOIIKOMKEHHA  LIIAXOM
KBa3icTATHYHOI'O MPO/IABIIOBAHHS Ta yaapy.

[lin wac JOCHLOMEHHS  BHKOPHCTOBYBAJIMCH  METOIH  BH3HAYEHHS
JAUCHIATHBHUX BIACTHBOCTEH 3 MAKCHMMAIBHO MOMKIMBUM BHKITFOUEHHAM YMHHHKIB
10 MPU3BOAATH A0 BMTOKY €Heprii KOIHMBaHb 3a MEKi KONHBAJIbHHX CHCTEM.
3actocyBanHs UuppoBoi 06poOKku 1 aBTOMaTH3alil eKCNEPHMEHTY  I03BOIH/IO
OTpUMATH i 30eperTi 3HauHHH MacHB eKCTIEPUMEHTAIBHUX JaHHX.

Ha nigcrasi feraisHOro o3HaiiomneHHs 31 3MicroM aucepraiii Kobdsaps B.JL
MOKHA CTBEpJUKYBaTH IO CTPYKTYpa pobOTH JOriyHa, IOC/]iJ0BHA I J03BOMAE Y
3HauHii Mipl BUPILUKMTH BIAMOBIHI 3a1a4i Ta JOCATTH MOCTAB/ICHOI METH |

B nguceprauii aBTOpOM MpejcTaBileHI pe3ynbTaTH JlOCHiIKeHb
JMCHIIATHBHUX Ta NpPYKHUX BIacTHBocTelt Gararomaposoro Byriaeniactika 1300 3
MOMIMEPHOK0 EMOKCHIHOIO MATPHIEd B iana3oHi WO MEpPeKpHBAE OYiKyBaHHUH
nianasoH pobounx Temrneparyp. [lokazaHo nNOpPYMIEHHA MOHOTOHHOCTI 3MIHH
JMCHNATHBHMX BIACTHBOCTEH $K TpH HU3bKUX Temneparypax -50°C tak i npw
TeMIeparypi CKIyBaHHs nojiMepHoi MaTpuul 6ausbko 125 °C. Mojyitb npy»®HOCTi
MpH KX TEMIEPaTypax 3MiHIOETBCA CKaYKOMOAI0HO.

JlonatkoBo OyJ10 BCTAaHOBIIEHO, L0 /A OJAHOCTPAMOBAHOIO BYIJIENIIACTHKA
CTIOCTEPIraeThes 3POCTAHHA aMILIITY/AHOT 3aNeKHOCTI AMCHIIATHBHHX BIACTHBOCTEH
31 301NblIEHHSM TEMIIEpaTyPH.

[TokazaHo WI0O AaMILIITYAHA 3a/eXHICTh JAHCHNATHBHHUX BIACTHBOCTEH
GaratomapoBoro Byrseryactuka T300 3HawHO 3MIHIOETBCH 3a HAABHOCTI
O/IMHOYHOTO JIOKAJIBHOrO MOLIKO/UKeHHS sKe 3aiiMae menmre 10% ob’emy 3paska .

Bucnoexu, chopMmynboBaHi y  poDOTi, BHCBITIIOIOTE  Pe3yIbTaTH
JOCTIIKEHHS SIK BUPILIEHHS BUCYHYTHX B Juceprauii 3aBaanb. B uinoMy BUCHOBKM
Bi/INOBIAIOTE BHMOraM, fKi BHCYBAlOTBCS [0 pe3yibTaTiB JjucepTrauiiiHoro

focHidKeHHs Ha 3100yTTS HAYKOBOTO CTyneHs jokTopa (inocodi.



Cnucox naimepamypu [NOCHTb ILIMPOKO OXOIUIIOE [peIMETHE Ioje
IocHimKeHHs, MeBHOW Mipoio BisoOpaikae BimoOpaikae onpamioBaHHA aBTOPOM
3HAYHOI Ki/IbKOCTI BITYM3HAHMX T4 1HO3EMHHX JKEpes.

Jodamox MicTuTh iHGOPMALIIO MNpO NPAKTHYHE BIIPOBAIKEHHS Pe3YIBTaTIB
auceprauii.

4. HaykoBa HOBH3HA OJepP:RaHHX pPe3y/bTATIB

Jluceprallis MIiCTHTh HAYKOBY HOBHM3HY, 3 Hail0inbli CyTTEBHX HOpOOOK
pobOTH MOKHA HA3BaTH:

- ajanToBaHO  ICHYIOMI METOOMKM /s  BH3HAQ4EHHA  JMCHIATHBHHX
XapakTepUCTHK ~KOMIMO3MIIMHMX MaTepianis, 30kpema OaraTolllapoBUX Ta
OJIHOCTIPAMOBAHHX BYTJIETLIACTHKIB;

- nokasaHo, 1o B Oararowaposoro syriaemnactuka 1300 3 nomimepHOiO
eMOKCH/HOK MATPHLEIO ICHYE MK JHCHIATHBHHX BIACTHBOCTEH MPH TeMnepatypi—
50°C, BMpa)eHICTh SKOr0 3MEHIIYETBCS i3 POCTOM KiBKOCTI YKIaIeHHX LIapiB,
[0K43aHo, 110 3a HHU3bKOT TeMTepaTypd MiABUUIEHHS JTHCHIATUBHHX BJIACTHBOCTE
BYINIEIIACTHKIB HE CYNPOBOMKYETHCS 3MEHIIeHHSAM MOJLYJIsl TPYXHOCTI, IO
J103BOJIAEC BHKOPHCTOBYBAaTH iX B €JIEMEHTAaX KOHCTPYKLIiH, AKi [PaUioloTh MPH
AMHAMIYHUX HABaHTAKeHHsAX. Takok MOKaszaHo, WO Yy [iana3oHi TemreparypH
120...135°C jnerpananisi Npy/KHHX BJIACTHBOCTEH KOMMNO3MUifiHOTO Martepiany
CYNIPOBOUKYETHCS  3POCTAHHAM HAa [OPAZOK JOrapuQpMivHOro  IeKpeMeHTy
KONMBaHb, a NPH TEPeBUIUCHHI TeMMepaTypH CKJIyBaHHs CIOCTepIracThes
MOHOTOHHE 3MEeHILEeHHs,; |

- Breplle BCTAHOBIEHO 3aKOHOMIPHOCTI BIUTMBY JIOK&IbHMX TOIMIKOIKEHb Ha
XapakTep NMPHPOCTY AMCHMATHBHOI 34aTHOCTI DaraTollapoBOro ByIJ/IENIacTHKA Ta
aMILIITYIHOT 3aJIe’KHOCT] JIorapu(MIi4HOro AEKPEMEHTY KOiHBaHb. BceTaHOBIEHO
Mexki e(eKTHBHOrO 3aCTOCYBAHHS XapakKTePUCTHK pO3CIIOBAHHA EHEprii K
BiOpoAlarHOCTHYHOL O3HAKH JIOKAJIbHOI'O NOLIKOKEeHHS KOHCOJIBHMX
KOHCTPYKTHBHHX €JIeMEeHTIB;

- Bhepile Jns 0araToLIapoBOro BYIVIEIUIACTHKA aKyCcTH4YHa eMicia Oyna .

BHKOpPHCTaHa AK CTATHCTHYHA XapaKTepHCTHKAE, 3a AKOK BCTAHOBIKOBAIACH CT}’I’IiHB



MOIIKOMUKEHHA  TOoKadbHO! AinsHKM (06'eMy) TNpH  BHECEHHI  ILUTYYHOTO
MOLIKOIKEHHA;

- BIeplIC BCTAHOBIEHO 3aKOHOMIPHOCTI 3alekHOCTi JorapuQMi4HOro
JEKPEMEHTY KOJIMBaHb KOHCOJBHHMX 3pa3KiB 3 JIOKAIBHAM ITOLIKO/UKEHHAM A
PI3HHX HacTOT KOJIMBaHb,

- BIepIIE MPOBEJEHO TMOPIBHAHHA 3MiHM JMCHIIATHBHHX BJIACTHBOCTEH
BHAC/IIOK TOKAaJbHOrO NMOUIKOIKEHHS 3 TEMICPATYPHHUMH 3MiHaMH AHCHIIATHBHHX
BlacTHBOCTEH s Garatomaposoro syriennactuka T300 capikeBoro nieTiHHA A714

BHPI3y B3IOBXK YTOKY Td OCHOBH.

5. JlocToBipHicTL OTPHMAHHX Pe3y/IbTATIB TA BHCHOBKIB
JlocTOBIpHICTE  OTPUMAHMX pPe3yJbTaTiB  3abe3neuyerscs, Mo-nepiue,
CHIBNAZIHHAM OTPHMAHHX XaApPaKTePHCTHUK AMCHIATHBHUX BJIACTHBOCTEH THIIOBHX
MarepiaqiB  Mij Yac  TECTOBHX EKCMEPHMEHTIB 3  XapaKTepHCTHKaMH,
MpeAcTaBIeHAMH B JiTeparypi, fAki Oynu oTpuMaHi Ha (YHKUIOHAIBHO CXOMKHX
eKcrepuMeHTanbHux ycraHoBkax. [lo-zpyre, Le pgocsAraeTeCs 3a JOMOMOrOI0
faraTopa3oBuX LUMKIIB BHMIpIOBaHbL Ta BM3HAYEeHHA 4HCENBHHUX XapaKTepPHCTHK 3a

piZH HMH METOOaMH.

6. INpaxkTHuna WiHHiCTL OJep:KAHHX Pe3yabTATIB Ta peKoMeHaauil 11010

X M0AaJbIIOr0 BHKOPHCTAHHS
OrpumMaHi pe3ybTaTH JAOCIHIDKEHHS PO3KPUBAIOTh OCOBOIMBOCTI BILTHBY
HU3BKHX | BHCOKHX TeMIlepaTyp, a TaKo MICILEBOI0 YIUKOMKEHHS CTepiHHeBHX
e/leMeHTIB , BUFOTOBJEHHX i3 OaraToliapoBHX BYIJIEMIACTHKOBHX Martepiaiis, Ha
MapaMeTpd BHMYLIEHUX i BUIBHHX 3rMHHHX KosauBadb, [li BHCHOBKM MOXHA

BHKOPUCTOBYBaTH MpH BuGOpi BiOpOAIarHOCTHYHMX MOKA3HMKIB /LIS BUSABIECHHS

MOIIKOMKEHL B PI3HMX e/leMeHTax KOHCTPYKLIH Tuny Ganok.
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7. Odopmaenns  auceprauii, AOTPHMAHHS  BHMOI  aKajJeMi4HOl
noGpoyecHOCTi TA NMOBHOTA BHK/IAJEHHS HAYKOBHX [M0JI0eHb Ta
pe3yabTaTiB B 0NyOJIKOBAHHX Npausix

JTuceprallis BMKOHaHa 3 DOTPHMaHHA BHMOT akaaemiunoi noOpouecHocTi,
OTPHMaHi pe3y/IbTATH JAIOTh MiJCTABH FOBOPHUTH PO OPMIIHAIBHICTE poboT. ¥
TeKcTi MICTATBCS aBTOPChKI imei, He BHABIEHO BHMKODHCTaHHA ijeH 1HIIHX
HayKoBLiB 0e3 mocuaaHus Ha 1X podoTH.

OcHOBHI i/le1 aBTopa Ta pe3yJabTaTH JOCHTiIKEeHHS BHKJIAJIEHO Y HOTHPBOX
(paxoBUX CTATTAX, OBOX 3aKOPJOHHHX CTAaTTAX, [BOX CTATTS Yy IHIIMX HayKOBHX
yKpalHCBKHX Buaanusx. AnpoOauis poGoTh Biabyacs Ha HOTHPHOX MIHAPOIHUX

HAYKOBO TEXHIYHHUX KOH(bepeHLiax.

8. Henoaiku Ta 3ayBazkenus 10 Auceprauiiinoi podorn

TTO3HTHBHO OLIIHIOWOYH piBeHb po3po0KH HAYKOBHX 1 METOAMYHHX MOJIOKEHb
0BrpyHTOBAHICTh HAYKOBHX BHCHOBKIB HeOOXiIHO BIAMITHTH €Ki HeJOMiKi:

V posziai 3.1 BiacyTHI MosCHEHHA 1110/10 0OMekKeHb Ha , NOB'A3aHUX 3 BUOOpOM
3pa3kiB Oinblu HiX 12 mapaMu yKnajaaHHs.,

V poszini 3.1 Tta 3.2 BigcyTHi gaHi 110710 Koe(illieHTY apMyBaHHs 0OpaHuX
S TOCTIKEHHS BYJIETUTaCTHKIB,

Bincytie ofrpyntyBaHHs Bubopy criocoBy HaHeceHHS JIOKaJIbHOro
MOLIKOI/KEHHS, K KBA3iCTATHYHOIrO TaK i yJAapHOro, 3 ornopoM poboHol 4acTHHH
3pa3ka Ha MMyaHCOoH.

[MpumnymeHHs: npo Te, Mo 06'eM MOIIKOKEHO! AUIAHKH Majlo 3MiHIOETBCS
rpu 36ibleHH] pyHHYIOYOr0 3yCHIUIS B MOPIBHAHHI 3i CTYTEHEM MOLIKO/UKEHOCTI,
Mmae cnabKy apryMeHTalliio.

Takox y pobori crocrepiraioTbcss MEBHI CTHAICTHYHI [IOMMIIKH Ta
NyHKTYyaliitdl orpixu, ski, B LiJTOMY, He BILIHBAlOTh Ha 3MICT.

B uinomy npobremartHka AMCEPTALiifHOTO DOCHIIKEHHS BUMArae Moanbiiol

po3po0KH, B TOMY 4HCIli 38U MOJI0NAaHHA 3a3Ha4eHHX 3ayBayKeHb Ta HeIOMIKIB, AKi

He 3HMIKYIOTh OPHIIHANBHOCTI Ta CAMOLIHHOCTI MpoBeleHol poDOTH I HE MOKYTh



HeraTWBHO BIUTMHYTH HAa 3arajibHy MO3HTHBHY OLIHKY TEOPeTHYHOrO pIBHA Ta

NpakTHYHOI 3HAYYLIOCTI pe3ynbTartiB auceprauiiinoi podotu Koozaps B.JL.

9. BucHoBkH

Juceprauiitna pobora Ko63aps B. JI. e 3aBepiieHoi0 HayKoBO-A0CHIAHOIO
poBoToro, AKa MICTHTh HAyKOBO-OOTPYHTOBaHI pe3ynbTaTH, Mae HAYKOBY HOBH3HY
Ta Ja€ TMepcreKTHBHM MOjalblIMX gochimkens. Tema jocniKeHHs Biamosigac
ranysi s3Hawb 13 — «Mexaniyna iwxeHepis» Ta cnemianeHocti 132 -
«MarepianosHaBcTOY.

Otmxe, BpaxoBYIOYM aKTYyalbHICTH TeMM, OTPHMaHi pe3ylibTaTH Ta IEBHY
MpaKTHYHY 3HAYYLIICTh BBaXkaw, L0 auceprauiiina pobora Kobszaps Baepis
Jleoninosnua «Bu3HayeHHsA 3aKOHOMIpPHOCTEH BIUTHBY JTOKaJIbHHUX MOLIKOIKEHD Ta
TeMIepPAaTYPH HA JMCHIIATHBHI BJIACTHBOCTI BYIJIETJIACTHKIB» BLAMOBIIAE BUMOTaM
6, 7. 8, 9 «llopsiiKky nmpucymIKeHHs CTyneHs J1okTopa (inocodii Ta cKacyBaHHs
pillieHHs pa30BOi crelianbHOI BueHol pajau 3akiamxy BHIIOI OCBITH, HAayYKOBOT
YCTaHOBH TIPO MPHCY/KEHHS cTynens nokropa dinocodiin sig 12.01.2022 p. Ne 44
Ta BUMoram 10 odopmienns auceprauii MOH Ykpaiun Bin 12.01.2017 Ne 40, a ii
asrop, KobG3ap Banepiii JleoHinoBu4, 3aciyroBye NpHCY/KeHHS HOMY HayKOBOTO

cTynens gokropa ¢inocodil 3i cneuiansHocti 132 «MaTepiano3HascTBOY,

PelieH3eHT — KaHAHAAT TEXHIYHHX HayK,

NoLeHT KadeapH MaTeMaTHYHOIO MO/Ie/TIOBAHHS
Ta IHTeNeKTYATbHHUX 004HCIIeHb B iHKeHepil
HauionaneHoro TexHiuHOro YHiBEpCHTETY

«Xapkipcekuit [TonitexHiunuii IHCTHTYT? Y /; 77 - Keenis ITOTOIAJILCBKA
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