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Binryk
odiuiifHOro ONOHEHTa, 3aBilyBava na6oparopii MiLHOCTi Ta JOBroOBiYHOCTI efe-
MEHTIB KOHCTPYKIIi# 32 CKJIaJHOro HaBaHTa)KeHHs (Di3WKO-MEXaHI4HOrO IHCTH-
Tyty iM. [.B. Kapnenka HAH Yxpainy, J0oKTOpa TEXHIYHHX HayK, npodecopa
IanunsKoro Spocnasa JlaBpentifioBuda Ha JHcepTaliiiny podoTy KproTyeHnka
Ilenuca BonomviMupoBuya «YTOYHEHI MaTeMaTHYHi MOJEN s JOCTiKeHHA
BUIBHKX T4 BUMYLIEHHX KOJIUBaHb PilMHH B pe3epByapax», IoJlaHy Ha 3100yTTs
HAYKOBOTO CTyIEHs HoKTopa dimocodii 3 ramysi sHaup 11 Matemarnka Ta cTa-

THCTHKA 3a crrenianeHicTio 113 [Ipukianna maTeMaTuka

1. AKkTyanbHicThL TeMH Aociifxenns. CydacHa TexHiKa IPAIIOE y CKIa-
JHMX yMOBaXx, sKi OB’ s3aHi 13 IiABUIIEHAMH HaBaHTOKEHHAMH IIpH B3aeMOZii 3
otouyrounM cepenopuiemM. 11{06 3a6e3nednTd BUCOKY HaIiHHICTH Ta 301MBLIH-
TH TepMiH eKcITyaTalii o6nagHaHHs, HeOOXiHO NPOBOJMTH PeTeNbHNA aHaNi3
CTATHYHHX TA JUHAMIYHMX XapaKTEPUCTHK eJeMEHTiB KOHCTpyKuii. lle BuMa-
ra€ 3acTOCYBaHHs yTOYHEHMX MaTeMATHYHMX Mojeiell, ki BpaxoBylOTh pi3Hi
eKCIUIyaTaliliHi YAHHUKU: HASBHICTh PIJMHM y BiJicikaX KOHCTPYKLUIi, /IO HaBa-
HTa)KEeHb, 1O MPU3BOJIATH IO iHTEHCHBHHUX KOIHBAHb, 2 y BUMA/Ky pe3epByapis
10 BHIIECKYBaHHS HeGe3neyHux pedoBHH. MaTeMaTHUHi MOAENi TaKux Mpolie-
ciB OMHCYIOTECS AU(epeHLialbHUMH PIBHIHHAMU B YaCTUHHUX IOXiIHAX. AHa-
JITUYHI METOJM PO3B’SI3yBaHHS TAKMX PIBHAHB PEasli30BHI JIMIUE JUIs IPOCTHX
obnacTeil Ta He 3aBXAM MOKYTh OyTH BHKOPHCTaHi JUld aHaji3y peajbHHUX Mpo-

neciB. EKCIepUMeHTaNbHI METOAM JAI0Th MOXIIMBICTh a/IleKBATHO OLIHHTH JH-
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HaMi4HI XapaKTepUCTHKM 06 €KTiB, POTe iX BUKOPHCTAaHHS NOTpedye yHiKaib-
HOI amapaTypH, a TaKOX BUTOTOBJIEHHS 3pa3KiB, SKi MOXYTh GyTH MOIIKOKEHI
B Tporeci excrepuMenTy. s Toro, mo6 ekcnepuMeHT OyB MakCUMAalbHO Ha-
GIMKEHHI 10 PeaTbHOCTI, 3pa3Ku A1 eKCIIepHUMEHTY [IOBHHHI GyTH peabHUMH
KOHCTPYKIIiIMH, SIKi BUKOPHCTOBYIOTECS y BHpOOHHITBI. ToMy ronoBHuM iH-
CTpYMEHTapieM JOCHiIKeHHs CTaHy obnafHaHHA, Hforo MexaHiyHMX Ta Qi3ny-
HHX XapaKTEepUCTHK CTac MareMaTHdHe MOJENIOBaHHA  MiJKpillIeHe
KOMII’ FOTEPHUM €KCIIEPUMEHTOM.

V 3B’43Ky 3 TMM aKTyalbHUMH [IMTAHHAMH € PO3pOOIeHHs HOBHX edek-
TUBHHMX OOYHCITIOBATBHUX METO/IB IJIsi IPOBEICHHS BipTyanbHUX BHIPOOYBaHb
HAa OCHOBi KOMII’IOTEPHOro ekcriepuMeHTy. CydacHUii pO3BUTOK KOMII'IOTEPHOL
TeXHIKH Ta CyYacCHHX METOMiB OOUHCIIIOBAIBHOI MaTeMaTH4HOI (i3HKH Ja€ Mo-
XIMBICTh JOCIIKYBaTH CKJIalHI MEXaHi4Hi CHCTEMH Ta 3HAXOAUTH XapaKTepH-
CTUKM (i3MYHMX MOJIB Pi3HOI MPHUPOJAH 3 BUKODUCTAHHSM YINOCKOHANEHHX Ma-
TeMaTHYHUX (OPMYIIIOBaHb.

Orxe, TeMa JUCEPTALIHHOTO JOCIIIKEHHA € aKTyalbHOIO.

2. OniHKa 3MicTy, 3aBepHIeHOCTi AucepTanii Ta ii odpopmuenns. luce-
pTalis CKIaIaeTbes 31 BCTYILY, I'STH PO3MiNiB, BUCHOBKIB, CIICKYy BHKODHCTa-
HUX JDKepell Ta TPhOX JOJATKIB.

V nepimoMy po3jisi MpoaHanizoBaHO HAyKOBY JITEpaTypy LIOAO METOXY
pO3paxyHKy MIlHOCT] Ta KOJHUBaHb 06OJOHKOBHX KOHCTPYKIIiH IIPH YaCTKOBOMY
3aMOBHEHHI PiAMHOIO.

Y npyromy posaim cdopMyIpoBaHO 3aja4i BUIBHMX Ta BHMYIICHHX KO-
nEBaHb 060TOHOK 0BepTaHHs, SKi MICTATh piguHy. Po3po6neHo yTodHeHi MaTe-
MaTH4Hi MOZei U aHali3y AMHAMIYHHX XapaKTepPUCTUK ODOJIOHKOBHX KOHC-
TPYKIiH, 110 YaCTKOBO 3allOBHEHI PiJIMHOIO, 3 IEPeropoiKaMu PI3HUX THIIIB JJI
AeMrgyBaHHS IUIECKaHb. 3afadi rifponpys>KHoi B3a€MOAIl 3BeIeHO 0 MpaHHd-
HUX IHTerpalBHUX PiBHSAHB, 8 TAKOX, y BUITAJKy 000JIIOHOK 06epTaHHsA, CHCTEMH
ABOBHMipHHX iHTETPAIBHUX PiBHIHB 3BEAEHO 10 OAHOBUMIDHHX.

V TpeTsoMy pO3iJi BUBYEHO BibHi KOJIMBaHHS PIIMHU B XOPCTKHX pe-
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3epByapax. B po3zini po3risHYyTO NpU3MaTHYH] Ta IHTiHAPHIHI KOHCTPYKI1
pesepByapiB. 3aCTOCOBaHO METOIH BiJOKpEMJICHHS 3MiHHHX, METONU IpaHM4-
HHX eJIeMEHTIB Ta cylepeieMeHTiB. 3HalIeHO BJIACHI 4acTOTH Ta (POpMH KOJIH-
BaHb pe3epByapiB.

Y deTBepTOMY PO3JiTi PO3IIAHYTO BUMYIIEHI KOJIMUBaHHS 00ONOHKOBHX
KOHCTPYKIi# i3 PiMHOIO NP BUMYIIEHUX HABAHTAKCHHAX. Po3pobneHo MeTOA
OlIiHKY BiOpawii pifiMHH B MPU3MATHIHUX Ta WATIHAPUYHMX pe3epByapax Mif
€10 TepioMYHUX TOPU3OHTANBHUX i BEPTUKAIBHNX HABAHTAKCHD. XapakTep
TOBeMiHKH PiAMHA B pe3epByapi BCTAHOBJIOETHCS 3aJIEXKHO BiJl 4acTOTH CHIIH
36ymKeHHs. BIUIMB napaMeTpuyHoro pesoHaHCy JOCIiKEHO MPH YacToTi Bep-
THKAIBHOTO 30YDKEHHS, IO NOPIBHIOE MOABOEHIH BJIacHiM 4acTOTi KOJMBaHb
pinuEy. 3a3HaueHo, MO HAaHOiNbIT HeGe3reyHi KOJMBaHH PilMHA MalOTh MiCle,
KOIH 9aCTOTAa TOPU3OHTANBHOTO 30y/DKEHHs CIBNAJa€ 3 BIACHOK HacTOTOIO
KOJIMBaHb PiZIMHH, @ 4aCTOTa BEPTHKAIBHOIO 36y KEHHs IOPiBHIOE TIOABIHHOMY
3HAYEHHIO BJJaCHOI YaCTOTH.

V m’STOMY PO3ALI PO3IISHYTO eheKTH TPYXXHOCTI, CTUCIMBOCTI Ta Helli-
mifiHocTi pyXy pimMHH B pesepByapax. BCTaHOBICHO, IO ML NOCHTE TOHKHX
NPYXKHHX CTiHOK pesepByapa (yHIameHTalbHa YacTOTa IIpH 3B’s13aHUX KOJIH-
BaHHAX MOXKe GYTH HaGaraTo MEHIIO, HK YacToTa pisuau B 060JI0HII 3 XKOP-
CTKMMHU CTiHKAMH. 3a3Hau€eHO, 1O 3i 301IbIICHHAM TOBIIMHH CTIHKH pe3epByapa
neit edpexT cTac He3HAYHUM, 3 HIKYA JacTOTa KOIHMBaHb 060JIOHKH 3 PIIUHOIO
Ha6IMKAETHCS [0 YACTOTH KOJMBAHb PiJUHU B )KOPCTKOMY pesepByapi.

Jluceprallis € 3aBepIICHOI0 HAYKOBOKO MPareio, a il ohopMIIEHHS BiAIO-
BiNae YMHHUM BUMOTaM, a came: «[IopsaKy MpUCYIKEHHS CTYTICH noxTopa ¢i-
nocodii Ta cKacyBaHHS PillleHHs pa3oBOl crieniani3oBaHol BYEHOI pajay 3aKnanxy
BUWIOT OCBITH, HAYKOBOI YCTaHOBHM TIPO MPHCY/DKEHHS CTyHeH: N0KTOpa ¢ino-
codii», IO 3aTBEPIXKEHO TIOCTAHOBOO Ka6inery Minictpis VYkpainu Bin
12.01.2022 Ne 44, Ta «BuMmoraM A0 OQOpMIICHHS JUcepTanii, 10 3aTBEPIDKEHO
Hakasom MinicTepcTBa OCBiTH | Hayku YKpaiH# Bill 12.01.2017 Ne 40.

3. 3p’s30k po6oTH 3 HAYKOBHMH NporpamamMu, IjiaHamu, TeMaMH,
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rpanTams. Jlucepraililo BUKOHaHO Ha xabepu IPUKIALHOI MaTeMaTHky Xap-
KiBCBKOTO HALlIOHANIBHOTO YHiBEpPCHTETY PaioeIeKTPOHIKH Ta B paMKax:

— nepx6romKeTHOI HayKkoBo-gociinHoi Temu Ne JIP 01 110001758 «Po3-
po6Ka HayKOBHX OCHOB aHali3y HECTAalliOHapHOIo JUHAMIYHOTO HAINpYXEHOro
CTaHy eJeMEHTIB eHepreTHHOro Ta iHINOro obNaJHaHHA 3 YPaxyBaHHAM IO-
LIKOJKEHBY;

— pobotu anist JeprkaBHOro mianpuemcrsa «KOHCTPYKTOPCBKE oropo «ITi-
paenne» iM. M. K. SIHrens» 3a rocrojapCbKUMH JOTOBOpaMH Ne [P
0114U101241 «ITigpuimeHHs epeKTUBHOCTI €eMEHTIB KOHCTPYKLiH aepoKoc-
MiYHMX CHCTEM IpPH CHJOBHX Ta aepOAWHAMIYHMX HaBaHTKCHHAX?, Ne JIP
01200101241 «IlinBumenns ed)eKTUBHOCTI eJIeMEHTIB KOHCTPYKIiH pakeTHO-
KOCMIUHOT TeXHIKH IIUTAXOM iX YHCEIBHOTO MOJIENIOBAHHS Ta onTUMisauiny i Ne
JIP 0117000880 «luHaMi4Ha MilTHICTH €/IEMEHTIB aepOKOCMiYHOI Ta GpoHeTaH-
KOBOT TEXHIKH I Ji€0 MEXaHIYHUX HABAHTAXECHBY,

— rpanTy MinicTepcTBa OCBiTH i HayKd YKpaiHH «CyuacHi o0uHcIoBa-
JIBbHI METOAM Ui aHANi3Y IJIECKAaHb B MMATUBHUX 0akax 3 neperopoakamMm» B pa-
MKaX CHiNBHOrO yKpaiHCEKO-iHAiHcsKoro mpoekTy (2019-2021 pp.), Y SKHX aB-
top poboth, Kproruenxko [I.B., 6paB y4acTh K BEKOHaBCIlb.

4. Ctyninp 0GIPYHTOBAHOCTI HAYKOBHX I0JIOJKEHb, BHCHOBKIB 1 pe-
xomenaauii, chopMyJbOBAHHX y AHCEpTawii. OG6IpYHTOBaHICTh HAYKOBHX
I10JI0eHb, BICHOBKIB 1 peKoMeHIalii 3a0e3Me4eHo IIIAXOM KOPEKTHOrO BUKO-
PHCTAHH arapaTy 00YKCIIOBaNBHOI MAaTEMaTHKH, 30KpeMa, METO/iB IPaHUYHHUX
elleMeHTIB Ta CylepeneMeHTiB. BiporiaHicTs Ta 0GIpYHTOBaHICTh OTPUMAHHX
HayKOBHUX pe3yNbTaTiB rapaHTyeThC:

— 3aCTOCYBaHHAM BiJOMHX Ta BXe BHIIPOOYBaHHMX METOIB YHUCIOBOIO
po3B’si3yBaHHA AudepeHIialbHIX Ta iHTerpansHUX PiBHSHB, IO MiJBHUIIYE Ha-
NiiHICTH OTPUMAHKX pe3yJbTarTiB;

— Y3TOKEHICTIO OTPUMAHHX Pe3yNbTaTiB 3 BiJlOMMMH aHJiITHYHMMH Ta
YUCIIOBUMH PO3B’ I3KaMH;

— anpoballi€lo pe3ynbTaTiB JOCiPKeHb Ha BOCBMH MIJKHapOJIHUX HayKO-



BUX KOHGEpEeHLIsX.

Lle mo3BONSE BU3HATH PE3yJIBTATA AUCEPTAllifHOro NOCHI/DKEHHS SK BaX-
NMBi Ta HAYKOBO OOIPYHTOBaHI.

5. OcHOBHi HOBi HayKOBI pe3yJIbTATH, oaepikani asTopom. OCHOBHI
pesyJBTaTH, OTPMMaHi y Juceprarii, 6yno omy6rikoBaHO y 28 HayKOBUX po6o-
Tax (20 HayKOBMX cTaTell Ta 8 Te3 HOMOBifieH), O CBIAYMUTH PO HAYKOBY aKTH-
BHiCTH 37106yBada Ta BaX/TMBICTh OTPUMAaHUX HHM BHCHOBKiB. OKpemo CIiJ Bij-
3HAYMTH 5 cTaTell y iHO3EMHMX HAYKOBHX BHIAHHSM, 5Ki BKIIOYEHO 10 MDKHa-
poAHOI HayKOMeTpHYHOi 6a3u Scopus.

IIposemeHi 3106yBadeM HOCHI/UKEHHs JO3BOJMIM OTPUMATH HACTYIHI
HOBi HAyYKOBI pe3yJIbTaTH:

— NpOBEJIeHO YTOYHEeH] AOCIi/DKEHHS 9acToT Ta pOpM KOJMBAHb PilHHH B
cKaneHnx Gaxax pi3HOi GOpMH 3 TODPIBHAHHAM PE3yNbTATiB M NMPYXHHUX Ta
YKOPCTKUX O0OJIOHOK;

— YIOCKOHAJIEHO METOJ FPAaHIYHUX eJIEMEHTIB /U1l PO3B’s3aHHs KpaHoBHX
3a1a4 Teopil MOTEHIiaTy Ta JIs CUHTYIAPHUX iHTETpalbHUX PIBHSHB B YacTHUHI
BpaXyBaHHS BIACTUBOCTEH s/IEp BiTOBIIHUX iHTErpalbHIX OIIEpaTopiB;

— Bmepme BUBYEHO edeKTH B3aeMOJii MpPYXHUX CTIHOK Ta piAWHH i1
BIUIMBOM BHMYIIEHHX KOJIMBaHb, BCTAHOBJICHI YMOBH, KOJIX YaCTOTH KOJHMBAHb
DIZIMHM Ta CTIHOK CTalOTh OIM3bKUMH,

— MeTOJl TPaHUYHHX CyIlepelleMeHTIB yIOCKOHATIEHO /Ulsl PO3B’I3aHHA 3a-
a4 PO KONMBAHHS PiAMHK B 0GOJIOHKOBUX KOHCTPYKIISX 3 BHYTPpIlLIHIMHU TI€-
DPErOpPOIKAMH, IO TIPH3BOAATH A0 FaciHHA ILIECKAHb, BPAXOBYIOUH €QEKT Mpyk-
HOCTI;

— HAJIaHO YTOYHEHy OLIHKy 4acTOT i ¢popM BUIBHUX KONMBaHb piIIMHH B
SKOPCTKUX IMTIHAPHYHMX | LATIHAPHIHO-KOHIYHMX O0DOTOHKAX 3 ypaxyBaHHIM
Iii CHIIM TSDKIHHS,

— TNpOBEJEHO YTOYHEHi JOCHi/KEHHA KOMOIHOBaHMX BEPTHKAIbHO-
TFOPH30HTATIBHAX HAaBaHTAXKeHb, BPAXOBYIOUM INpPYXHI e(eKTH, IpOaHaTi30BaHO

KOHCTPYKL{i# MiJi HAMU HaBaHTAXKEHHAMM.
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6. llpakTH4He 3HAYEHHS OJepPAKAHHUX y poboTi pesyabraTiB. OTpuMani
B JHMCepTallil pe3y/bTaTH MalOTh BaXIIHBE NPAKTHYHE 3HAYEHHS i MOXYTh OyTH
YCIIITHO BUKOPUCTaHi ¥ cdepi MPOEKTYBaHHA KOHCTPYKILiH, AKi MICTATE PiHHY.
Paj pesynsTaTiB Ta peKOMEHAaLil 3a MiACyMKaMu "BHKOHAHUX JOCIiZXEHb BH-
KOPHCTAHO IIpY BHKOHAHHI CIINIBHOTO YKpaiHChKO-iHAiKchkoro mnpoekty «Cy-
qacHi 0OYMCTIOBANBHI METOIHM JIJIS aHANli3y IJIeCKaHb B MaMBHUX Oakax 3 mepe-
ropoaxamm» (2019-2021 pp.) (auB. akT BpoBamxenHs y Jlonatky b).

7. loTpuMaHHs akaaeMiuHoi foGpodecHocTi. 3a pe3ynpTaTaMy aHaIII3Y
pucepTanii Ta my6nikaniit Kproruenka JI.B. nopymenns akagemigHoi foOpoye-
cHocTi He BusBIeHO. Enementin danbcudikauii uu pabpuxaii Texcty B po6oTi
He 3a(iKCOBaHO.

8. Jlnckyciiini mosiokeHHs: Ta 3ayBakeHHsl 10 3MicTy Auceprauii. 3a
MiZICYMKaMM O3HaHOMJIEHHS 3 TEKCTOM JHCTepallii Mae 3poOMTH HacTymHi 3a-
yBaXXEHHS:

—y nynkTi 3.2.1 ans 3agadi (3.24), (3.25) nonineHo G6y0 6 TakoX HaBec-
TH YMOBH p03B’sA3HOCTI 1i€i 3ana4i Heiimana;

— mocHIaHHS Ha popMyiny (3.8) Ha c. 99, c. 115 He € BipauM, TpeGa nocu-
natucg Ha hopmyny (2.8); .

— y YeTBEPTOMY PO3ZUIL HE BKa3aHO METOJ, AKHM 3HAXOJAThCS YacTOTH i
(GopMH KONMBaHb IOPOXKHEO] i IPYKHOI 00OJIOHKH;

— JIOLIBHO 6yi10 6 JOCTiTUTH B3a€EMHY [i}0 TOPH30HTAIIbHUX Ta BEPTHKA-
JIBHUX HAaBaHTAXEHb y HeNiHiiHOMY GOpMyJroBaHHi (I’ ATHR PO3LN).

3po6iieHi 3ayBa)KeHHs HE BIUIMBAIOTh Ha 3arajbHe MMO3UTHBHE BPaXXCHHS

Bi/l poGOTH Ta Ha 3HAaYYLIiCTh OTPUMAHMX y Hill pe3yJbTaTiB.

3araJibHi BHCHOBKH IIOJ0 JHCEepTALil
Iucepranis Kproruenka [lenuca Bomogumupopuda «YTo4HEHI MareMa-
THYHI MOJeNi [ JOCTiPKeHHs BiNPHHX Ta BHMYIIEHHX KOJMBAaHb DiIMHA B
pesepByapax», 10 IoJjaHa Ha 3406yTTs HayKOBOTO CTYNEHs JOKTOpa dinocodii

3 raTysi 35aHb 11 MaremaTrka Ta CTaTHCTHKA 32 crietiansHicTio 113 Ilpukian-
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HA MaTeMaTHKa € aKTyaJIbHOIO, 3aBEPIICHO0 HayKOBOIO Ipalielo, 0 BUKOHAHA
Ha BUCOKOMY HayKOBO-TEOpETUYHOMY piBHi. B Hill po3B’s3aHO BaXIIMBY HayKO-
BO-TeXHi4Hy 3a/auy, sika IIoJsirac B po3pobiieHH] Cy4acHOTo eeKTHBHOTO 00-
YHCITIOBANIFHOTO METOAY /IS aHajli3y BUIBHHUX Ta BMMYIIEHUX KOJIMBAHb PiMHA
B pe3epByapax 3 IeperopojikaMH, ki 3HaXOIAThCA B EKCTPEMAIBHHX YMOBAX
eKCIUTyaTarlil.

Beaxaro, mo 3106yBay Kproryenko Jlenuc BonoauMHpoOBHY 3aCiyroOBYe
Ha TIPMCYJUKEHHs HOMY HAyKOBOTO CTYINEHS JOKTOpa dinocodii 3 ranysi 3HaHb

11 MareMaTHKa Ta CTaTUCTHKAa 3a crenianpHicTio 113 IIpukianHa MaTteMaTUKa.

OoiuiliHu# OMOHEHT,
JIOKTOp TEXHIYHUX HayK, podecop,
3aBiyBay j1abopaTopii MilHOCTI Ta

JIOBFOBIYHOCTI EIEMEHTIB KOHCTPYKIIif
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