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BITYK 

AkTyaubH0CTL TeMH 

EukiBa Hasapis 3inoBiüOBn4a 

Ha TeMy «llinsnuenna neQopMiBuuN BlaCTHBOCTeD e.neMenT0B KOHCTpy KuiH 3a 

MKIiVHHX HABaHTaKeHL JAXOM 3acTocyBaHHS CHJIaB0B 3 Inam'aTTKo þopMu» 

nonaHy 10 3axHCTy Ha 3100yTTA OCB0THBO-HaykOBOrO CTYyneHa 1OKTOpa inOcoii 

3i cneuialbHOCT0 131 «IpHKJaNHa MexaHika» 

(rany3b 3HaHb 13 «MexaHi4Ha iHKeHepis») 

103BOJ1AIOTL 3HaYHO 

Binryk nonao 3a pe3yTbTaTaMH 03HañoMJJeHHA Ta aHani3y TeKCTY 

AHceprauiHHoÏ po00TH, ony6nikO BaHHX HayKOBHX IpaUb, 1OKYMeHT0B, AK0 CB0J4aTb 

ipo BIipOBa1KeHHA pe3yIbTaT0B JocHiNKeHb buKiBa Ha3apis 3iHOB0HoBH4a. 

IliaBMueHHS 1ehopMiBHHX B1acTHBOCTeH eneMeHT0B KOHCTpy KUi`i 3a 

uHKN0YHHX HaBaHraxeHb ¬ Han3BH4aHHO BaKIHBIM 3aB1aHHAM y baraTbox raiy3ax 
Hayk, y TOMY 4HcHi H cy4aCHOMy 6yniBHHUTB0. BHKopucTaHHA CnNaB0B 3 naM'ATTIO 

d)opMu (ClO) y 3aniz06eroHHMN KOHCIPy KU0ax BiIKPHBAc HOBi MOKIMBOCT0 AIA 
zaÑesneueHHA JOBrOB0i4HocTi Ta HaniHnocri cnopya, ocoónB0 B yMOBaN BHCokoi 
ceicM0yHOi aKTHBHOCri ra inuHN AMHaM0HHHX BITMB0B. 3anpononoBaHi MeTOAHKH 

niNBHLHTH eheKTHBH0CTL i HaniHHicTE oyniBeNbHHX 

KOHCTPy KLiM, IIIo poouTb le 10CMKeHHA akTyalbHHM Ta nepcneKTHBHHM. 

B1poBaIKEHHA CInJiaB0B 3 naM' ATTIO (popMn B PyiBeJlbH0 kOHCTpy Kuiï 103BO19¬ 

3HW3WTH pH3MK panTOBOi pyúHaui eeMeHTIB KOHCTpykuiï ra zaõesneuye BHCOKV 

CriKieTb 10 HKJniHHHX HasaHraKeHb. lle oco6.1HBO BaKMBO AIA periouiB 3 

BHCOKO1O CceHcMivHOIo aKTHBH0CTIO, 1e 3HHKenHA PH3HK0B PyHHy BaHHa PyA0Be/lb Mae 



KpTH4He 3HavenHN UIS OcieKn. Bkopuctana CTiD y cneMeHrax KoHCIpyKuiM 

LO3BO79C OCATTH Pbl pibnoMiptoro nepepomoiay Manpyxen, o HiABHILyC 
saranby taiinicTs Ta 20BrOBivnicTs 6yziBebHMX CHopy. 

BnporakeHH9 CII4) y piux ranyssx, 3OKpeMa y oyiiBenbiH, cnpkac 
posBTKy iHHOBaiñIN IIANOJiB JO HpoeKry BaHHA Tra eKCIyarauii koHCTpy kuiD, lo 
c A0AaTKOBIM no3MTHBHIM hakropoM, SKM ninBMurye aKtyaibHICTb TeMH 
AMCeprauiinoro a0cniTKCHHA. 

TaxnM MHnOM, AMceprauiina po60ra bukisa Hasapia 3iHoBiñoBH4a 
cnpsMOBaHa Ha BHpiuieHHA aKtyanbHoi npo6nemH npakiaHoi MexaHiKH, 

3aõesneyy o4n niqBIeHHA Haianocri ra 10BrOB0YHOCT0 eneMeHT0B KOHCrpy KulD, y 

TOMy HHcni -6yaisenbHHN eNeMeHrax, uJIxOM BHKOPueraHHa CnnasiB 3 naM'aTTIO 

O6rpyHroBanieTL Hay kOBIN NO.1oKeNb, BHCHOBK0B i peKOMeH1auii 
Hay KOBi non0KeHHA, BHCHOBKM Ta peKOMeHNaLuiï AMceprauiñHoï po00TH 

rpyHTyOTbCA Ha perenbHO npoBenenHX eKCnepuMeHTalbHHX Ta TeopeTHYHHX 

n0cniTKEHHAN. BHKopMCTaHO HpoKHH cneKip 10c1i1KeHb, BKJIHO4aBo4n 

eKcnepHMeHTaNbH0 BHNpOoy BaHHA Ta 4nceNbHe MOneBHA I3 3acTOcy BaHHAM 

cyyacHHx nporpaMHHX KOMnneKc0B, IO zaõesneyMI0 BHCOKy oÑrpyHTO BAHiCTL 
orpuMaHnx pesybTariB. Ilpoanani30BaHo BILIMB pisHKx Qaktopis Ha aehopmisHi 
BJlacTHBOCT0 KOHCTPy KuiM, BKJIIOYAlO4H napaMeTpH HaBaHTaKeHHA, BJ1aCTHBOCTI 

MarepianiB Ta KOHCTpy KuiMHi oco6.1MBOcT0. Bci Hay KoBi non0KeHHA, BHCHOBKH Ta 

pekoMeHJauiï noriunO chopMOBaHi, B3aCMOos'A3ani ra niarsepakeHi B0AOBinHHMH 
naHHMH. 

loeroBipuicrs pesy.IbTaTiB AOcHiTKeHL 

locTOBipHicTb OTpuMaHIx pesyabrarIB iTBepaxyeTbea ipoBeneHHAM 

4HCaeHHHX HaTypHHX eKCnepuMeHT0B Tra 4MceNbHOro MONeIOBAHHA 3 BHKOPMCTaHHAM 

nporpaMHoro koMIIeKCy ANSYS Workbench 2024 RI. BnkopHeraHHa cy4acHOro 
o6.1aHaHHA, Takoro AK cepsoriapabaivna Bnpoóy saibHa Maumma CTM-100 is 
asTOMaTHSOBaHMM ynpasninHaM B0a lIK ra kanopuMerp NETZSCH DSC 214 Polyma. 

hopMn. 



3aóe3neuyc Heo6xiuy T04HICTL CKCIepuMeHranbHMX nannx. Bepnhikaia 

peybrarin KOMI'OTepuoro MoeIOBaHR 1 eKCnepuMeHTaUILHHMH ZaHIMH IOKaye, 
o 3HaYeHHS HONHOKI He nepesuulye 6%. 

Tly6ikaii peyJIbTaTiB J0cHiJDKeHHA y 5-TH HayKOBMX BHJlaHHAX Ta ix 

0010BopeHHA Ha 2-0x HaykOBHN KOHhepeniax, BIIpOBaKeHHA PesylbTaTiB Ha 

ninpcMeBi TOB «lbK APXITEKTOP» CHiIHHTb Ipo aktyabHicTb poóoTM 1a 1 
npakTHHe 3Ha4eHHA. PeueH3YBaHHA Ta cXBaleHHA po0oTH HaykoBO0 CIJIbHOTOIO 

CB1TTb ipo BHCOKY AKICTL Ta HaykoBy 3Ha4MMICTb OTPMMaHMX pezyTbTaTIB. 3 

Vpaxy BaHHAM BIMIe BIKJNaNeHOrO, pe3ybTaTH Ta HaykoBa uiHHICTb 1HcepTauiúHOI 

poóoTH Bukisa Hasapia 3inoBiiOBI"a He BHKIMKaIoTb CyMHIBy. 

CrpykTy pa i o6car Mceprauiï 
luceprauiiiHa p000Ta CKNalaCTbCA i3 aHOTauiï, nonaHoï ABOMa MOBaMH, 

BCTYny, n'aTH posninis, BHCHOBK0B, CIHCKy BMKOPHCTaHHX 1Kepen Ta 1o1a Tky . 
3aransHHi oôcsr AHCeprauii cKnanac 16l cropiHKy, oCHOBHa 4acTHHa  146 cTopiHOK, 
B ix 4Hcai 105 pHcyHK0B Ta 14 TaonMb. CnHcoK BMKOPHCTaHHX 1Kepen CKNanae 12 

HaHMeHy BaHb. 

HaykoBa HOBH3Ha pezybTaTiB AHCeprauianoï poõoTH 
Hay koBa HOBH3Ha oTpUMaHHX pesyIbTaTiB II01ATae B 

oorpyHTy BaHH0 Ta BHpiuIeHH0 BaKIMBOrO Hay KOBOrO 3aB1aHHA 

nehopmiBHOCT0 KOHCTPYKiA 3a HKJI0YHHX HaBaHTaKeHb WIAXOM 3acTOCY BaHHA 

Hay KoBa HOBH3Ha oTpHMaHHx pesybrariB BKIIOYAc: 

Hay kOBOMy 

iJBHLleHHA 

PospooneHO opuriHalbHy MeTOMKy liiABMueHHA AEhopmiBHOCri KOHCTPY KuiM 
LJIAXOM BHKOPHCTaHHA y 3a0306eTOHHHX ÖaNKax nceBIOnpyxHuX npyTK0B 03 CnnaBy 

3 nam'aTTIO þopMH. 

BuaBJeHO OCHOBH0 3akoHOMipHocT0 BINIHBy acHMeTpiï HKIy HaBaHTaKeHHA Ha 

oyHKLiOHaJTbH0 BJlaCTHBOCT0 Ta MexaHi4Hy BTOMy nceBOnpy KHOrO CIlo Ta 

BCTaHOBIeHo hpakrorpahivni oco6.MBOCTÈ Îx py Hny BaHH. 

cnnaBis 3 nam'aTTIO hopMu y 3aniso6eTOHHHX PaNKax. 



06rpyuTOBanO Ta zaócmeeHo M0HiCTL 3'CUnams po00"01 apMarypu CIlo 

i3 3aCTOcy BamANM My)r Ta BOKOMiOHeHTHOro enoKeHHOro KJICKO. 

Pospo64eno opurialbHi MOJIeLHi 3paBKH 3ai06croHHHx oa1oK 3 BCTaBKaMH 

ITHHOAY i upoBeeHO ix BHIpooyBanHs in KIiHIM HasanraxeHHAM, lO 

lO3BOO eTaLHO BHBYWTH MexaHi3MH B3aCMOï MiK oeTOHOM i CI) 

eneMeHraMH. 

I3 HceIbHOrO M0JeHOBHHA MeToJOM CK0HYeHHHX eleMeHTIB, OTpMMaHO TO4HI 

lai npo no1A po3IOIy HaipyxeHb Ta ehopmaiH y zaiso0eTOHHHX 6alKax i3 Ta 

Oe3 BHKoPHCTaHHA H0THHOJIy. BuaBIeHO BIJIMB iBumeHH9 popMiBHHX 

Koporkui ana.is ocnOBHOro 3Micry 1nceprauiï 
Y BCTYni oÑrpyHToBAHO aKTyanbHicTb NOcHiKEHHA, 3a3HayeHO BB'A30K po0oTH 

3 HaykOB0-10CHiNHOIO TeMOIO, ChopMybOBaHO MeTy Ta 3aBlaHHA 10C1KEHHA, 

BH3HaYeHO 00'CKT Ta npeMeT 10CJILKeHHA, HaBeleHO Ilepeiik 3acTOCOBaHHX 

MeTON0B 10cHiIKeHHA. BusHayeHO HaykoBy HOBH3Hy, ipaKTHHHe 

pesynbTatiB Ta ocoPMCTHH BHeCOK aBTOpa. IIpencTaBJIeHO iHopMauiKO ipo 

nyQnikauiï ra anpoauio pe3ylbTaT0B J0cHiNKEHH9. 

3HayeHHA 

y nepuoOMy po3iIi onncaHO KpHeTani4Hy QyjoBy cnnaBiB 3 nam'aTTIO hopMH 

Ta ix yHiKaJbHi BJlaCTHBOCT0. HaBexeHo ori8A niTeparypHnX Kepen IO10 
BHKOPHcTaHHA CIlo B KOHCTPy Kuiax JIA iJBHUIeHHA AepopM0BHOCT0 nig 

IHHaM0YHHMH HaBaHTaKeHHAMH. 

y ApyrOMy po31J0 npenctBne0 MeTONHKH 10CIiNKEHHA MexaniyHHX 

BJacTHBOCTeH CIlO, BinnoBiAHO Ao craHIapry ASTM F2516-14. OnHcaHo MeTOMKy 
BII3HaYeHHA TeMNeparyp a3OBHX nepeTBOpeHb 3 BMKOPHCTaHHAM AnhepeHuianbHOi 

CKaHyBaJbHOÏ KaIopMMeTPii. OnncaHO MeTOAHKy eKCInepuMeHTalbHOro BH3HaYeHHA 

BTOMHOÈ nOBrOB0YHOCT0 Ta yHKuiOHaNbHMX BIacTHBOCTeH CTiO Ha BHnpoóy BalbHiM 

MauuHH0. OnHcaHO MeTONHKy MOJeNiOBaHHA AeMnOyio4MX BJlacTHBOCTeH H0THHOJIY Ta 

B0ITBOPeHHA NETI0 ricrepesncy y nporpaMHOMy KOMILNEKci ANSYS. 

y TpeTbOMy po31i nOAaHo pezyJIbTaTH eKcnepuMeHTaNbHHX 10CHi1KeHb 

BIJIMBY LHKI0YHoro HaBaHTaKeHH Ha MexaHiYHy nOBeniHKY i oyHKL0OHaJNbHi 

BJlacTHBocTeH PaIKH Ha Iepepo3iojin 10iB HaipyxeHb Ta lehopMauiD. 



BIacTHBOCTri cesjo NiTi cnnany 04 M3 ypaxysannaM acHMerpi wBKny HaBautakeH. 
BeraHoBNeHO opaKTorpaoiuni ocooNHBOCT0 pyýHy BaHHA 

Marepia1y. 

nehopmy BaHHa 

y yeTBeproMy po3Aini 3aiponoHOBAHO Ta BHIpooy BaHo MeTo1HKy 3'eAHaHHA 

riaIKHX CTepKH0B HITHHoJIy i3 po004010 apmatypoIo 600C W1AXOM 3acTOcyBaHHA 

CTanCBHX MyT Ta ABOKOMIIOHeHTHOro enoKCHAHOro KJIeo. IIpencTaBieHO Ta 

BHnpoóy BaHo BHroTOBJJeHÈ 3ani3o6eTOH0 6aJKH 3 BHKOPHCTaHHAM CI0-BCTaBKM Ta 

Oes Hei il AiCO MKJ0YHOro HaBaHTaKeHHA. PezyIbTaTH eKcnepuMeHTaTbHOro 

nOcH0NKeHHA NEMOHCTPy OTb H0JBHUleHHA nehopmiBHMX BJaCTHBOCTeH KOHCTPy Kuii 

Ta 

y n'aTOMy poznini pospoõneHO MOnelGHHÄ 3pasok HiTHHO1Y Ta npoBeneHO 

BepHoiKauiko Horo nOBeniHKH 03 pezybTaTaMH eKcnepuMeHTaTbHHX 10ciilKEHb, 

onHcaHHX y po3nini 3. 3aranbHa oopMa neTeNb ricTepe3HCy Ta KJIIOYOB0 TOYKH 

1eopMauii n00pe y3ronDKEHO, UIO CBiJ4HT5 ipo aneKBaTHicTb MONeni H0THHOJIY IA 

IiporH03y BaHHA IIOBeIHKH eJIeMeHT0B KOHCTpykuiM 3a ManoIHKIOBHX HaBaHTaKeHb. 

Po3poQeHO TPHBHMipH0 MONeni 3ani300eTOHHHX PanOK 30 CIl0-BCTaBKOO Ta õe3 Hei. 

IIpoBeieHO Bepuhikauio oTpMMaHHX pezynbTaTiB MOneNiOBAHHA i3 pesyNbTaTaMH 

HarypHMX BHIpoQy BaHb. MoneiOBaHHA niTBep1Ky¬ ninBMueHHA Ae)opMiBHHX 

BJlacTHBOCTeM KOHCTPy KL_i 3a lHKJI04HMX HaBaHTaKeHb. 

y BHCHOBKax HaBeAeHi pesynbTarn 10cninKeHHA, KoTp0 niATBepKy HOTb 
akTyalbHICTb poõoTH Ta iï HaykoBy HOB3Hy. 

IuceprauiHHa po60Ta ¬ 3aBepieHoO HaykOBOHO ipaueIO. HaykoBe 3aBlaHHA 

IHcepTauiHHoro J0cIiMKeHHA BBakaio BAKOHaHHM, a piBeHb BONOA0HHA 3100y BayeM 

MeTOJOJoricIo HaykoBoi iANBHOcT0 - 10CTaTHbO BHCOKMM. 

BioMocTi npo norpuManus akanemi4noï Ao6poecHOCT0 

3aysaxeHHS AO AHCeprauiinoi po6oTn 

y nnceprauiï Ta Hay koBHx ny6ikauiax BMkiBa H.3. nopyIueHb akaneMiMHOÏ 

Ao0po4eCHOCT0 He BHABJIeHO. 

3 BHKOPHCTaHHAM CIlO y 2,8 pasu. 



IlosnTHBHO OuiHIOIo4M npeICTaBICHy 1HcepraiMHy po0Ty, AK BaroMnq 

BHeCOK y BHpueHHA aKTyatbHOro HaykoBoro 3aB1aHHA, BBaKalo 3a HeoQxiFHe 

BHCIOBHTH ICKiIbKa 3ay BaxeHb, AKi MOKYTb 10cipuaTH buKiBy H.3. y iO1aNbUHX 

1OcHiKeHHAN Ta npakTHHnX yTiJeHHax ix pe3yIbTaTiB. 

1. OrislOBOMy po3ii Mceprauiï npencraBieHo 10cHiTKeHHA 

3ani3o6erOHHoi 6aIKH, npore y camiú poõori BincyTHÈ NopiBHAHHA 4H ciBCTaB1CHHA 

oTPIMaHIN pezyIbTaT0B 03 pesyIbTaTaMH iHUJMX J0cHÍNHMK0B. 
2. yApyrOMy po31ii, Ha CTopiHui 59 BKazaHo, ui0 IA BH3HaYeHHA 

MexaHiHHX BJIacTHBOCTeG cnaBiB BHIKOCT0 nepeiueHHA ITOKa 

MakCHMalbHY MeXy y 0,00208 MM/e - J1 nepuworo MKIY HaBaHTakeHHA, Ta 0,0208 

MM/C - AIS APyroro WKJIy. IIpoTe Ha pucyHKy 3.4 nonaoTbCA TaKOK pe3yl5TaTH 3a 

WBHAKOCT0 HaBaHTaKeHHA ITOKa 0,0045 MM/c. IlosCHeHHA 3acTOCy BaHHA laHOi 

UBHIKOCri y 1uceprauiïi BiICyTHE. 
AHceprauii BHKOpucraHo TepM0HH <cacHMeTpia 3 

HaBaHTakeHHA», «acHMeTP1A |HKJy HaBaHTaKeHHA>, 

MaloTb 

UHKJI0HOrO 

«KoeþiuieHT acHMerpii 

HapyxeHb» Ta «KoeiuiCHT HaBaHTaKeHHA» i no3HayeHHA «R» aÑ0 «Ro>. y 

HaykOBHX ipaLAX BapTO BHKopHcTOBy BaTH 0AHe n03HaYeHHA, UO BiJNOB01ae 

KOHKPeTHOMy TepMiHy. 

4. Ipu nocninKeHH0 BIIMBy «acHMeTpii uHKIY 
oyHKuioHaNbH0 BIacTHBOCTi nceBIOipyKHoro NiTi cnnaBy, BiIcyTH0 0ôrpy HTy BaHH9 

HaBaHTakeHHA) Ha 

5. lo JnaoopaTopHHX eKCnepHMeHTiB Ta YHcelbHOrO MONeIOBaHHA cnin 

ipoBecTH 10cH0IKeHHA 3a peanbHHX YMOB eKCnJIyatauii, Io6 Kpale 3po3yM0TH 

nOBeiHKy 3ai300eTOHHOI KOHCTpyKsIi 13 CT1Q-BCTaBKOIO. Le 103BOJIHIO 6 

niJBHHTH IpHKJNaNHy iHHICTL JocIiKEHHA Ta 3ae3neyuTH õiJbu A0cTOB0pHi 

pe3yabTaTH. 

6. yn'aTOMy posini npencTaBIeHO KOMI' ioTepHy MOJeIb 3ani3oõeTOHHOÏ 

6aKH i3 H0THHOJOM, IIpoTe B0NCyTHe nepeHecCHHA MyTOBoro 3'eHaHHA, IO 

3anwTaHHA, AKHM 4HHOM 
3aiponoHOBAHe y yeTBeproMy pozaini. BHHHKae 

peani3oBaHo 3'eHaHHA CTepxHA H0THHOJIY i3 poóo4oIO apMarypoto Ta KOHTaKTHe 

IlenieHHA OeTOHy i3 rJaIKOIO IOBepxHeIo CIl0-BeTaBKH. 

BHOOpy MakcuMaTbHMX 3Ha4eHB HanpyxeHHA y 450 MIla, 500 MIla Ta 550 MIla. 



BBakao, uÊo BHCHOBICH0 3ayBaKeHHA He ¬ BH3HayanbHHMH i He 3MeHuy iOTb 
3aralbHy HaykoBy 3Ha4HMICTB pesyNbTATIB Ta He BILJIHBaOTb Ha no3MTHBHy ouiHKy 

AnceprauiHHoi poõoTH. 

3arabHH0 BHCHOBOK 
luceprauiHHa poÑ0Ta buK0Ba Hasapis 3iHOBi MOBH4a Ha TeMy linBuueHHA 

lehopMIBHHX BJlacTHBOCTeC eiemeHTiB KOHCTpy KuiH 3a LuMKJII4HHX HaBaHTakeHb 

LUJIANOM 3acTOCy BaHHA CnJAB0B 3 nam'aTTIO hopMH» ¬ 3akiHYeHOO Hay kOBOO 
npaueo. BupiuueHO aKTyanbHe HaykoBe 3aBlaHHA, IO noNArae y pozpoouI HOBMX 

niaxonis Ao niaBHuueHHA AejopMiBHOCT0 eNeMeHT0B KOHCTPY kuiH. CQopMy 1 bOBaha 
MeTa AOcIiNKEHHA 10CarHyTa B IOBH0M Mipi. luceprauis BHKOHaHa Ha BHCOKOMy 

Hay kOBOMy piBHi. BBaxao, LllO MHCeprauiHHa poõora BiANOB0Nac BHMOraM «TlopAAKY 

npncy1keHHA CTyneHA 1OKTOpa inocopii Ta CKacy BaHHA piueHHA pazOBOi 

cneuiani3OBaHoi ByeHOÈ panu 3aKJany BHUoi ocBiTH», 3aTBep1KeHoro IlocraHOBOO 
KaQiHery MiHicrpis yKpaiHu No44 Bin 12 ciuHa 2022 p. Ta unHHHM BHMoraM MOH 
yKpainn, a iï aBrop, buKiB H.3., 3ac1yroBye Ha npncy1KeHHA HaykoBoro CTYneHa 

nOKTOpa inocoiï 3a cneuiaNbH0cTIO 131 «lpukanHa MexaH0ka», raiy3i 3HaHb 13 

«MexaHiyHa iwKeHepia». 

OhiuiaHHH onOHeHT, 
1OKTOP pi34Ko-MaTeMaTHYHHX Hayk, ipoecop 
3aBinyBa4 KaheapH TeopeTHHHOÏ Ta 
KOMII'HOTepHoï MexaHiKH 
AHinpoBCbKOrO HauioHaNbHOrO yHiBepcuTeTy 

imeHi Oneca IoH4apa 

B.o. npopeKTopa3 HaykOBO-elaroriYHoï pooru yHiBepcH) Ter 
Ilinne B.B. Jlo6ou 3acBinuyio: 

AuinpoBCbKOrO HaiOHaTbHOro yH0BepcHre 
iMeHi OJ1eca IoHvapa 

HICTE 
MIn 

CBITH 
HA 

380duiw edenw 

0206674 

HO) 

BononuMup JIOBONA 

Sarania TYK 
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