BIATI'YK
odiifiHOro OroHeHTa Ha auceprauiiny poodory Kpaitnuuenko Aninu CepriiBHu
«/leski 3amadl Teopii NpyKHOCTI Jy1sl 6araTo3B’ I3HUX TPAHCBEPCAIBbHO-130TPOITHUX
TUI», IKY OJAHO Ha 37100yTTs HAYKOBOI'O CTYTEHs T0KTOpa (hinocodii
3 raiy3i 3HaHb 11 Maremaruka i cTaTuCTHKA
3a cnewianbHicTio 113 «[Ipuknaana mareMaTuka»

1. AKTyaJIbHICTH TEMHU AUCEePTAIil

Hucepramiitaa podora KpaitHnuenko Aninu CepriiBHA NPHUCBIYCHA PO3B'SI3aHHIO
BOXJIIMBOI  TpoOJieMHM  —  JIOCH/DKEHHIO  HaIpyXeHO-Ie(OpMOBaHOTO  CTaHy
0araTo3B’I3HUX TPaHCBEPCATbHO-130TPOMTHUX TUT 3 HEOAHOPIAHOCTSIMU THUITY BKJIIOUEHD,
MOPOKHUH, CUCTEM TPIIIUH 13 3aCTOCYBaHHSM y3arajibHeHOro metony dyp’e.

AKTyaJIbHICTB I1I€T TPOOIEMH 3yMOBJIEHa IHTEHCUBHUM BIIPOBAKEHHSIM HOBITHIX
KOMITO3UTHHUX MarepiajiB y pi3HI raiay3i cy4yacHOI1 TeXHIKHU, sike 00yMOBIIEHE BUCOKHUMU
TEXHIKO-€KOHOMIYHUMU MOKa3HUKAaMU KOHCTPYKIIiH, 110 CTBOPIOIOTHCS HA X OCHOBI. L
npo0iieMa cTae 0COOIMBO aKTYaJIbHOIO ITPU CTBOPEHH1 a€POKOCMIUHOT TEXHIKH, KOJIU MPU
KOPCTKUX BUMOTaxX JI0 MIITHOCTI Ta HAJIMHOCTI KOHCTPYKIIii, HEOOXITHO 3a0€3MeunTH ii
MIHIMQJIBbHO MOXUIMBY Bary. KpiM Toro, omHi€l0 3 OCHOBHHX 3a/Jad MEXaHIKH
KOMIIO3UTHHUX MarepialliB € BU3HAUYCHHS TPYKHUX XapaKTEPUCTHUK KOMIIO3HUTIB B
3aJICKHOCTI BiJl iX BHYTPIITHBOT CTPYKTYPH.

Uepes CKIAAHICT, MAaTeMAaTMYHUX MOZEICH ICHYIOUI METOAM BHU3HAYCHHS
XapaKTePUCTUK KOMIIO3UTHUX MaTepialliB y TIOBHIM Mipi HE BPaXOBYIOTh OCOOIMBOCTEH
CTPYKTypU Marepially Ta IPyHTYIOTbCS Ha HaOMMKEHHX PO3pPaxXyHKOBHX CXeMax, IO
MOJKE TTPUBOJUTH JI0 3HAYHUX OCHUTIAIIN (DI3UKO-MEXaHIYHUX TTOIB.

BaxxiBoro BiI3HAKOO IIAX JIOCII/KEHD € TOYHICTh OTPUMAHUX PE3YIBTaTIB. KO0
JUTSI TPOCTUX MOJIeTICH Ha TAHWH Yac iICHYIOTh aHAJIITUYH] 200 aHATITHKO-YHCIIOB1 METOTA
pPO3paxyHKy, TO CKJAJHI MOJeJl PO3PaxOBYIOThCSI HAOMMKEHUMU MeEToAaMU. Takum
YIUHOM € TIpo0sieMa BiZICYTHOCTI OOIPYHTOBAHOTO BHCOKOTOYHOTO METOMY PO3PaXyHKY,
o0 Jla€ MOXJIMBICTh OTPUMAaTH JOCTOBIpHI 3HA4Y€HHS MapaMeTpiB HaIpPYKEHO-

nedopmMoBaHoro crany ckiagHux Tul. Came Ha BUPILICHHS 1i€i TpoOiIeMu CIpsiMOBaHa



aucepraliiiHa podota 3100yBauKHy.

AKTyanbHICTh BUKOHAHUX JIOCHIJKEHb TaKOX MIATBEPIKYE Te€, IO BOHU €
YaCTMHOIO IUJIaHIB HAyKOBUX JOCHIKEHb, IO MPOBOAWIMACA Ha Kadeapl BULIOI
MaTeMaTUKU Ta CHUCTEMHOTO aHaizy HalrioHaabHOTO aepOKOCMIYHOTO YHIBEPCHUTETY

«XapKIBChKHM aBlalliiHUNA IHCTUTYT», Y SIKUX 3400yBadKka Opajia y4acThb IK BUKOHABELb.

2. Ouinka 00IpYHTOBAHOCTI, 1OCTOBIPHOCTI i HOBU3HHU HAYKOBHMX pe3yJIbTaTiB
aucepramii

[IpencraBneHi B poOOTI pe3ynbTaTu AOCHIIXKEHb € 1H(OopMaIliiiHOO 0a3010, AKOIO
omepye 3700yBauka JUIsi OOTPYHTYBaHHS HAyKOBUX IIOJIO)K€Hb, BHUCHOBKIB i
pexoMeHalii. JJocToBIpHICTh 1 OOIPYHTOBAHICTh HAYKOBUX PE3Y/IbTATIB 3a0€3MeUy€eThCs
BUKOPUCTAHHSIM 3araJiIbHO BU3HAHUX ITOJIOKEHb MEXaHIKH 1e(OpPMIBHOTO TBEPOTO Tija.
3n00yBauka 3acTOCOBYE OOIPYHTOBaHWMH Ta ampoOOBaHWN MaTeMaTWYHUH amapar
y3arajgpHeHoro metony dyp’e. Jlesaki oTpuMaHi pe3ylnbTaTy MOPIBHIHO 1 Y3TOIKEHO 13
JAHUMH BIIOMUX JOCJHIIPKeHb IHIIUX aBTOpiB. Y KOXKHIM 3a7adi TPOBOAUIIACS
po3paxyHKoBa TepeBipka 30DKHOCTI po3B’s3Ky. BUCHOBKM 0a3ylOoThbcsi Ha OTPUMAaHUX

pesyabprarax 6e3 3aCTOCyBaHHS MPUMYIIEHb.

3. Jlo OCHOBHHMX HOBHMX HAYKOBHX pe3yJbTaTiB aucepTamii cjig BigHecTH
HACTYIIHE:

— OTpUMaB TOJAJBIINA PO3BUTOK Yy3araJibHeHH MeTon Pyp'e, MO JO3BOJIUIO
BIIEpIIIEC TOBECTU OA3UCHICTh CUCTEMH OCECUMETPUYHUX PO3B’S3KIB PIBHSHD PIBHOBAru B
MEPEMIIICHHSIX [T TPAHCBEPCAIBHO-130TPOIHOTO CTUCHYTOTO cdepoina 1 mpocTopy 3i
CTUCHYTOIO c(hepoinanibHOI0 MOPOKHUHOIO;

— c(hopMyJIbOBAaHO HOBI TEOPEMH JOAaBaHHS ISl OCECHMETPUYHHX Oa3HCHUX
CTUCHYTHX c(epoifalbHIuX pO3B'A3KIB y BHITAJIKy IOBUIBHO 3CYHYTOTO B3JJOBXK OCI
CUMETpIi MOYaTKy CUCTEMU KOOPAUHAT;

— BIIEpLIE HAa OCHOBI y3arajibHeHOro Metrony dyp’e mocTaBieHO 1 PO3B’SI3aHO

3a/la4l PO HAMNPYXKEHUM CTaH TPAHCBEPCAIBHO-130TPOMHOrO MPOCTOPY 3 JBOMA



KPYTOBUMH TpIIIMHAMH, a TAaKOX 3 PI3HUMH KOH(IrypauisiMU MEPIOAMYHUX CHCTEM

(makeTiB) MIIOCKUX KPYTOBUX TPIIIMH 1 AHTITPILIUH.

4. TlpakTH4He 3HAYEHHS pe3yJIbTATIiB POOOTH.

PesynbTaT auceprailii po3BUBalOTh HOBI MOKJIMBOCTI Y HaNpsiMi MaTEMaTUYHOTO
MOJICIOBaHHSI KOHCTPYKIIIM, SIKI BHUTOTOBJIEHO 3 TOPUCTUX Ta KOMIIO3ULIMHUX
MarepianiB, JOCIIDKEHHS MIIHOCTI Ta HAAIMHOCTI €JIEMEHTIB KOHCTPYKIIH 3
TPAHCBEPCATbHO-130TPOIHUX MaTepiaiiB, CTPYKTypa SKUX YCKJIaJHEHa HasBHICTIO
TpimuH. Ha oTpuMmaHi TOYHI pO3B’A3KM MOXHA MOCUJIATHCS SK Ha E€TaJOHHI MpHU
BepHQiKallii pe3yJbTaTiB JOCTI)KEHb HA OCHOB1 YUMCEIBbHUX METO/IIB.

[linTBEepXKEHHAM TMPAKTHUYHOI I[IHHOCTI OTPMMAHHUX PE3yJIbTAaTIB € TaKOX IX
BUKOPUCTaHHS y HAYKOBHX JOCHDKeHHsAX Yy HalioHanbHOMY aepoKOCMIYHOMY
yHIBEpCUTETI  «XapKiBCbKMM  aBlalliiHUWA  1HCTUTYT»  MiJ 4Yac  BUKOHAHHS

TEP>KOIOHKETHUX TEM.

5. IloBHOTA BUKJIA/ICHHS Pe3yJbTATIiB JOCTIIKEeHb B ONy0JIiIKOBAHUX MPASIX.

Pe3ynbTaTl ocimKeHb OMyOIiKOBaH1 y 6 HAyKOBHX MpalsiaX JUCEPTAHTKH, CEPET
SKUX: 3 cTaTTl y (DaXxOBHX HAYKOBUX BUJAHHIX YKpainu (kateropis b), 1o iHIEKCyIOThCS
MDKHApOJHUMH HAyKOBOMETPUYHHUMH Oa3aMu; 3 TE3UCH JOMOBIAEH Yy MaTepianax
KoH(epeHIIil, 0 3aCBIIUYIOTh apoOaIliro pe3yIbTaTiB IUcepTallii.

HaykoBi myOmikarii 3100yBaykd MICTATh ONUC HAYKOBHX JOCIIIKEHbD,
MPOBEJICHUX B paMKax TUCEPTAIIHOTO MOIIYKY, aHAII3 CYyTHOCTI POOIeMH, METOAH 1
PE3yNbTaTH MPOBECHUX JAOCTIKEeHB, @ TAKOK OOTPYHTOBaH1 BUCHOBKH. B myOmikarisx
3100yBauKH HE BUSBIICHO TIOPYIICHb MIPUHITUIIIB aKaJIeMi4HO1 I0OpPOYECHOCT1, BACHOBKHU
€ opuriHadbHUMU. TakuM YMHOM, HAYKOBI1 PE3yJbTAaTH, IO OMHCAHI B JAWCEpPTAIiiHIN

poOOTIi, MOBHICTIO BUCBITIICHI y TyOJiKaIisx 3100yBaya.

6. Ouinka 3micTy AuceprauiiiHoi podoTn
Hucepraniiina pooota Kpalinnuenko Aninu CepriiBHH MICTUTh aHOTAII110, BCTYTI,

ITICTh PO3/ILJTiB, BACHOBKH, CIIMCOK BUKOPUCTaHUX JiKepel 3 143 HaliMeHyBaHb.



AHoTaniss BinoOpa’kae OCHOBHMH 3MICT JAMcepTalli Ta JOCTaTHbO ITOBHO
PO3KpUBA€E HAYKOBI PE3YJIbTATH TA MPAKTUYHY LIHHICTH pOOOTH.

VY BeTymi 00TpYHTOBAHO aKTyalbHICTh pOOOTH, BUZHAYEHI META, 3a]1a4l, OKpECIeH1
HAIPSIMKH, METOIHU, TIPEAMET Ta 00’ €KT JOCTIKEHHS, KOMIIOHCHTH HAYKOBO1 HOBHU3HH 1
MPAKTUYHOI I[IHHOCTI, OCOOMCTHMH BHECOK 3700yBaua, HaBEIECHO BIJOMOCTI PO
anpo0aliio MarepiaiaiB JUCepTallii, BA3HaUY€Ha CTPYKTypa Ta 00CAT AucepTallii.

Iepmmii po3aii MPUCBSIYCHUN OMISANY CYYacHOTO CTaHy MPOOJEMHU, y SKOMY
OCHOBHA YyBara TMpHAUICHAa BHUCBITJIECHHIO MIJIXOMIB JO PO3B’sI3aHHS 3a7a4 Teopii
NPY>KHOCTI JJI1 TPAHCBEPCATbHO-130TPOMHUX TUT 3 TPIL[MHAMHU, PI3SHUMHU BKIIOUCHHIMU
Ta 1HmuMu gedekramu. lle m03BoiuIO aBTOpIll AMCEpTallii He TUTBKH MpoaHali3yBaTH
016miorpadgiyHuii MaTepiai, ajie i 4iTKO OKPECIUTH MicIle, SKe 3aiiMac ii poboTa B MacHuBi
AHAJIOTTYHUX JOCHIIKEHD.

Jpyruii po3ain € 3araJbHOMETOMOJIOTIYHUM JIJIE POOOTH Yy LIIOMY. Y HBOMY
3HAMIIIM CBO€ BiIOOpa’KEHHSI OCHOBHI 1711 IIOAO PO3BUTKY y3arajibHEHOTO METOMY
®dyp’e HaA KJIaC OCECUMETPUYHUX 3aJ1a4 TEOPil MPYKHOCTI TpaHCBEPCATHLHO-130TPOITHUX
Ti1. OTpUMaHO YaCTUHHI PO3B’S3KM CHUCTEMH DPIBHSHbL PIBHOBAard B MEPEMIIIEHHSX Y
CTUCHYTUX cdepoinanbHux KoopauHatax. ChopmynboBaHO Ta JOBEIEHO TEOPEMHU
JOJlaBaHHSA Il MOOyIOBaHMX Oa3WCHUX (YHKIIH Yy CTHUCHYTHX cdepoigaabHuX
KOOpJAWHATaX MPH 3MIIIEHUX B3JO0BXK OCI CUMETpii MOYaTKy CHCTEM KOOPJMHAT. IO €
BAXJIMBUM IS PO3B’S3aHHSA 3ada4d sl 6arato3s’s3HUX objacTed 13 JAEKUIbKOMa
[IEHTpaMu CUMETPii a00 MOPOKHUHAMH.

Y Tperbomy po3aiai nuceprailii mooygoBaHO MaTeMaTUYHYy MOEINb HAITPYKEHOTO
CTaHy TPaHCBEPCAIBHO-I30TPOMTHOTO CTUCHYTOTO cdepoina 31 cdepoinalibHOIO
MOPOXKHUHOIO B OCECUMETPUYHIN MOCTaHOBI. [IpoBeneHo po3paxyHKOBE AOCIIIKCHHS
Hampy»XeHOTO  CTaHy TPaHCBEPCAITBHO-I30TPOIMHOTO  CTUCHYTOro  cdepoiga 3
€KBaTOpIalbHO PO3TANIOBAHOID KPYTOBOIO TPIMIMHOK. 3 METOI aHaji3y BIUIUBY
reoMeTpii Tima Ha JIOKami3alil0 HANpYy)XCHOTO CTaHy OTPUMaHO Koe(illi€eHTH
IHTEHCUBHOCT1 HaIlpy>KeHb Ha MexXl1 TpimuHu. OTpuMaHi pe3yiabTaTd MOPIBHSHO 3
TOYHUM aHAJITUYHUM PO3B'SI3KOM [l TPIIMHU B TPAHCBEPCAIBHO-130TPOMHOMY

MIPOCTOPI.



VY 4derBepTOMY PO31iJi IOCTABIEHO Ta PO3B’A3aHO 3aJa4y IIPO HANPYKEHUMN CTaH
TpPaHCBEPCATbHO-130TPOIHOIO IMPOCTOPY, LI0 MOcCHabJeHuid JBOMa MapajeIbHUMU
KpYTrOBUMHU TPIIIMHAMHU, LICHTPU SKUX PO3TALIOBAHI HA OC1 aH130TPOMii IPOCTOPY.

3aranpHUl poO3B’SA30K 3a4a4l MOOYIOBAaHO Y BUIVISAL PSIIIB 32 OCECUMETPUYHUMU
0a3UCHUMHU BEKTOPHUMH PO3B’SI3KAMU CHUCTEMHU PIBHAHBb PIBHOBAru B cepoilalbHUX
koopauHarax. OTpUMaHO PO3NOALTM HOPMAIbHUX HANPYKEHb Yy IJIOIIKMHI TPIUMHYU 1032
il MeXxaMH Ta 3HaUE€HHS KOe(IIIEHTIB IHTEHCUBHOCT1 HANPY>K€Hb y BEPILIKHI TPILLIUHU IJI5
PI3HUX CIIBBIIHOIIEHb TEOMETPUYHUX MapameTpiB. Pe3ynbraTu 100pe y3roJKyroThes 3
BIIOMUMH aHATITUYHUMHU OI[IHKAMU JUIsI 3a7a4l 3 OJHIEI0 TPINUHOKW. 301KHICTH
PO3B’S3KIB IMOKAa3aHO Ha OCHOBI PO3PAXyHKOBUX JOCIIIKEHb.

VY m’sitomy po3aiii JOCTIKEHO HANPY)KEHUH CTaH TPaHCBEPCaIbHO-130TPOITHOTO
IPOCTOPY, IO MOCIA0ICHUN MEePIOAUYHUMHU CHUCTEMAaMH TUJIOCKUX KPYTrOBUX TPIIIHUH.
3anadi po3B’s3aHO 3a AOMOMOIOI0 y3arajibHeHoro Metony dyp'e, 110 103BONAMIO 3BECTH
iX pO3B’s3aHHA JO HECKIHYEHHHUX alreOpaiuHuX CUCTEM 3 (PpeAroJbMOBUMHU
oneparopamu. [IpoBeneHo neTanbHl PO3paxyHKOBI JOCTIIKEHHS PO3MOALUTY HAIPYKEHb
y NepiOANYHUX Ta HENEPIOANYHUX 3a]auax.

Y  mocTromy po3aulri  MpoaHaTi30BaHO — HANpPYXKeHO-Ie(hOpPMOBaHUN  CTaH
TPAHCBEPCAIbHO-130TPOMHOIO NPOCTOPY 3 MEPIOANYHUMU MAKETaMU IJIOCKUX KPYTOBUX
AQHTUTPIIIUH, IEHTPH SKUX pO3TAlIOBaHI HaA OC1 aHI30Tpomii, a IUIOIIMHU
NePIEHIUKYIISIPHI 10 Hed.

BucHoBKH 10 qucepTaliii € 10CTaTHhO MMIOBHUMU 1 BIATIOBIAAOTH 1i 3MICTY.

/. AkagemiuHa 100poYecHicTh

[Topymmens akageMiqyHOT JOOPOUYECHOCTI B TUCEPTAIlii Ta HAYKOBUX MyOTIKAIISAX, Y
SKUX BUCBITJICHI OCHOBHI HayKOB1 pe3yIbTaTH AUCEPTAaIlii, HE BUSBICHO.

HaykoBi mnyOmikamii 3700yBada MICTATh OINKUC HAYKOBOTO  JOCIIKCHHS,
MIPOBEICHOTO B paMKaX JUCEPTAI[IHHOTO JOCIIKECHHS, CyTh TPOOJIEMH, aHaII3 METO/IIB
1 pe3ynbTaTiB JOCHIKEHHS, OOIPYHTOBaHI BHUCHOBKHU. Y HAYKOBUX ITyOJIKaIisx
3100yBayva MOpyIieHb MPUHIMITIB aKaAeMIYHOT IOOPOYECHOCTI HE BUSIBIICHO, & BUCHOBKH

€ OpUTIHAJIbHUMU.



8. llloxo nucepraniiiHol poOOTH MOKHA 3POOUTH TaKi 3ayBasKeHH:

— y JucepTailii He BU3HAY€HO 0OMEXEHHS Ha 00JaCTh 3aCTOCYBAaHHS PO3POOICHUX
Mozene aedopMyBaHHS TpPAHCBEPCAIBHO-130TPOIHUX MarepialliB 13 TPIIUHAMH,
0COOJIMBO MPHU HASIBHOCTI KUIBKOX TPIIIMH a00 NEPIOANYHUX CUCTEM TPIIIUH);

— TOYHICTh OTPUMAHUX PE3YJbTATIB 3aJICKUTh BiJ BIJICTaHI MDK T'PaHUYHUMU
MOBEPXHSAMH Ta TOPSAKOM CHUCTEMH pIiBHSHB, ale y poOOTi HeMae JaHuX Mpo iX
CIIBBIJHOIIICHHS, 110 HE A€ MOXKJIMBOCT1 OLIIHUTH CTYMiHb iX B3AEMHOT'O BILIUBY;

— y IucepTarii po3mIsIHYTO MOZE, SIKi € HECKIHUEHUMH Y IBOX HampsIMKax, aye, y
MalIMHO- Ta aBiaOymnyBaHHI, JOCIIIKYIOTbCS €JIEMEHTH KOHCTPYKIIH CKIHYEHHOTO
pO3MIpY; MPaKTUYHA IIHHICTh OTPUMAHUX pe3yJbTaTiB Oyna 6 mocusieHa, sSKio Oyno 0
HAJaHO MPUKIATM iX MOJAJBIIOrO 3aCTOCYBAaHHS [Jisi aHAII3Yy €JEMEHTIB peallbHUX
KOHCTPYKITIH;

—y TEKCTI JUcepTariiiHoi poOOTH € NpyKapchKi, MyHKTyaIliiHI Ta CTUJIICTHYHI
HIOMUJIKH.

Bucnosneni 3ayBaykeHHs HE 3MEHIIIYIOTh 3arajibHy HayKOBY HOBU3HY Ta IPAKTUUHY
3HAYMMICTh PE3Y/IbTATIB TA HE BIUIUBAIOTh HA 3arajbHy MO3UTHUBHY OLIHKY AUCEpPTaLIIiHOT

pobotu

BucHOBOK npo aucepraniio B HijioMy Ta BiANOBIAHICTH il YUHHUM BUMOTaM

BBakaro, mo guceprariiiina po0ota 3700yBaya CTymeHs AokTopa ¢imocodii
Kpaiinnuenko Aniam CepriiBun Ha Temy «Jlesiki 3amaui Teopii MPYKHOCTI ISt
0araTo3B’sI3HUX TPAHCBEPCAIBHO-130TPOIHUX TUT» BHKOHAHA HAa BHCOKOMY HAyKOBOMY
piBHI, HE MOPYIIYE MPUHITUIIB aKaJeMidHOT JOOPOYECHOCTI Ta € 3aKIHUEHUM HAyKOBUM
TOCIIKEHHSIM, CYKYIMHICTh TEOPETUYHUX Ta MPAKTUIHUX PE3YJBTaTIB SIKOTO PO3B'SI3yE
HayKOBE 3aBJaHHS, IO Ma€ ICTOTHE 3HAYEHHS I Tamy3i 3HaHb 11 «Maremaruka i
craructukay. JlucepramiitHa po0OoTa 3a axKTyaJdbHICTIO, TPAKTHYHOI IIHHICTIO Ta
HayKOBOIO HOBHM3HOIO MOBHICTIO BIJIMOBIJa€ BUMOTaM YHMHHOTO 3aKOHOAABCTBA YKpaiHw,
o nependadyeHi y nyHkrax 6, 7, 8 ta 9 «llopsiaky npucyIKeHHS CTYIEHsS JOKTOpa

¢d110codii Ta ckacyBaHHS PillIEHHS pa30BO1 CHEI1aI130BaHOT BUCHOIT pai 3aKJ1aly BUIIO1



OCBITM, HAyKOBOI YCTaHOBM NP0 MPUCYMKEHHA CTyNEHd JOOKTopa (Quiocodiin,
3arBepakeHoro Ilocranosoro Kabinety MinictpiB Ykpainu Big 12 ciunst 2022 p. Ne 44, |
a 3100yBauka Kpaiitnuuenko Asninu CepriiBHHM 3aCIyrOBYy€ Ha MPUCYIKEHHS HAyKOBOTO
CTymneHs JokTopa @uiocodii ramy3i 3Hanb 11 «Maremaruka 1 CTaTUCTHKa» 3a

cnemianbHicTIO 113 «IIpuknagHa maremMaTuka.
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