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o$iuifiHoro oIroHeH ra HaAl4ceprauifiny po6ory

Mr,rxaina Onerc aHApa B imopoBl4r{a

<<Oco6.n[socri aeQopuynannq rt'€3onaclsnltx i n'egoaKTI{BIlux KoMrIo3IrrHIrx rur

isrpiurl{HaMI,ITaKyToBl{MI,|ToqKaMn)'

roAaHy Ha 3Ao6yrrn HayKoBofo cryfleHn AoKropa Qinocosii sa

cueqialsnicrto 1 1 3 llpr'rx^lra4ua MareMarl4Ka

Arrya.lrnicrb reMn Aucepraqii' .. ^ n - ^
flpo6nerrar'r, rI1o po3rntHyri n 'qr'rcep'rauifinifi 

po6od Mnxaina O'B' e' 6es cyuuiny'

aKryaJlbul,IMll, ocxirrrn rorranoguuiftHi rvratepianu Ayxe ruupoKo Bl'rKopl4croBylorbct Ha

nparruui i qacro flpLIquHolo ix pyftuynarrr e Aeoer<rrr rra lrexi nolirry rr,Iatepialin -

rpirqrarru'BK[IoqeHHsir'n.Ha.renepirrrrriftvacicrryeBeJlLlKarirrricrrpo6ir,errrx

,4ocuiAxeua rpirqurra rr,rix ABoMa npyxHt,tuu iror:ponrrnrr,ru uatepialar'an. flpu q6oMy' 
'K

[paBlIJIo, BBaxaerlct' u1o tpi'ut*'u nosHic'trc. ni4rpura' ro BI'IKJII'IKac ocuranguito

Ha[pyxeHb6ilreepuruurpiur'rHI'r'Taxaocq]uquiqeHe6aNaHoo'ocrcinrxunpll3BoAt4rb

4o Qislr.uro HepeaJILHoro B3aeMo[poHI4KHeHHfl 6eperie rpiqnnra' Iclryrovi naetop ii

ycyHeIIH'He3asNAlIenpI'fiHflTIII{MllAJI'KoM[o3I{TH}tx3'e4rrarrrsagonoMoroloToIIK}IX

a4reaifiultx uapin neencoxoi Nopcrrocri' ulo qacro MaK)TL uicqe npu crnopeuui

6iltarepiarrrrrr,rx g,eArrarrl. Tolly no.rpe6yrotr noAalruoi pospo6xr MeToAI,IKI4

BpaxyBaHH'JIoK€uIbHI.IxsoH6iJIsBepIuI4Hrpiur.rHAII'TaK[xs'e4rrarrlnitorponrrux,
oprorpollul4x ra n' egoelerrpuqul'Ix 6ir'rarepialax'

TaroN ar.rya:rbHllM e ILITaEHI po3BI',ITKy niAXOAiS AO BI43HaqeHHt cTeneHl

oco6fl[socriHaflpy'(eHLraikuorrissoKolil(yToBI{xToqoKAn'6iruarepiarrrrrr,rxrirt
criHqeunlxporrr'Iipie6yar-rroireoltetprvuoiQoprr'u'r'Oco6n[soqeB&KJII'IBoAJIS'
elrnaArie,roluxyroni,o"n''"u"ooflTbc'Bo6nac.rrxcrrarypiruopi4nuxvrarepiarrin,
uro qacro sycrpiuaerrcr ua nparruqi i npuro4urs * 9lt1- :^TT:: 

uoseriHrl'{

KoMIIoHeHTnpyxrro-4er$opuiuHorocTaHy'HlXArrgoArropiArrrxlrarepialin.ocr<irrrrn
ezuesra3aHi .rpo6n.tt ua6ynu [oAaJIbIIroro po3BurKy s AaHifi 4uceptauifinift po6o'ri'

ro ii 'reua'rrxy Moxua BBaxarla aKTyaJIbHoro i nparcnuno BaxJII'IBoIo'

3n,nsorpo6oTn3HayKoBIIMIIflporpaMaMll'nJIaIIaMI|,relrauu.Arryalrrricrr

4racep'raqiftnoro AocliAxennr niArnepruKyerbct rI'IM' Iqo BoHo npoBoAllJloct y

siAnosiAuocri3[JIaHaMr'IHayKoBI'IXAocliAxesrBHayKoBo-'4ocniAHift.la6oparopii
uexasixlt pyfiuynanur ra firacrnrruoro geQopn'rynaunr vrarepia:rin raQe4pn



reoperllqHoi Ta. [puIKnaAHoi MexaHiKI4 " MexaHiKo-MareMaTLIqHoro Qaxynrrery

,{ninponerponcLKoro HaqioHarbHoro yHiBepclareTy iMeEi onecr fouvapa B paMKax

Aepx6roAx(erHoi reM l-335-18 (Po3paxyHKoBi r',roAeli r'$oeIeKrpI4qHI4x ra

n'$oeneKfpoMafHiTHr.rx KOMno3r4TiB 3 rpirrlr4naM[ Ha Mexi rtoAiyry MarepialiB>, HoMep

AepxaBHoi peecrparlii Ns 01 18U003302,2018-2020 pp'

(Dopmy.nrcnaxHq HayKoBoi raAaui, Aflq flKoi B AlrcepTallifiuifi pooori

3HafiAeH[fi nosuft po3B'f3oK. Mema po6om, noJlflra€ B pO3Bl'ITKy I1teroAis

AOCIiAXeHH' SOH [epeApyfiHyBaHHr Tpitqr'rHr4 B roHr(oMy flpoll]apKy' ulo 3'eAHye ABa

iaor:ponni, auisorpOnni a6O n'eloelerrplrvni naatepianl4' a TaKox( aflani3i Haflpyxego-

AeabopMiBHoro craHy B oKori KyroBux roqoK 3'e,4HaHb 3 pi3Hlrx MarepianiB y rinil
cKiH.{eHHux posrvipir.

InsAocflrHeHHfl Uiei Merul aBrop BHKoHaB HacrynHi saedauun:

- no6yAyBaB spyuni rpeAcraBrreHHfl KoMrroHeHr rlpy)KHo-Ae$opMieHoro craHy

Ha Me)Ki uoliny isorporrHr4x, auisorporrHr{x ra r'e3oereKrpI4r{HI'IX Marepianie

qepe3 KycKoBo-aHaliruqsi QyHrcuii;

3 BHKopHcraHHflM ur4x rrpeAcTaBJreHb cQopl,ryJlroBaB Ta aHaJriruquo posn'fl3a8

saAa.ri ninifinoro crrpfl)KeHHfl.) ruo ni4noniAarom pisnravr MOAeJI{M

ilpr4BepIIII4HHI4x 3oH rpiulHu y raKHX vlarepianax;

BV3Haqr{B po3rroAinra Harpy)KeHb, crpra6rcin nepevriulest ra eneKrpHtlHoro rIoJIfl

Ha Mel1i noliny Marepianin. BuxoAsrrr,r 3 aHanisy xoesiqienrie iHreuczsHocri

(KI) uux Qar<ropie, 3aAoBoJrbHr,rB neo6xiAHr4M uepinnocrtM i gHafiIxoB

AoB)KIIHI4 3oH repeApyiruy vaHH.a ;

3acrocyBaB MeroA cxisqeuHr4x eJreMeHrin (MCE) Ao po3B'ssauHfl, MoAenbHI4x

sa2.aq lnfl rin cxiuqesHr4x posvripie, a raKo)K 3anpoiloHyBaB r{I4ceJIbHo-

aualirz quufi. cnoci6 3HaxoA)KeHH,f, crerreHi oco6nzeocri ra r<oe0iqienra rpl4

oco6lraeocri pose'.a Ky B xyronifi ro.Iqi KoMrto3uruoi o6nacri.

BsaNaro, tqo

06 ercm docnidcrceHHn saAaqi Br43HarreHHfl Harpyxeno-4eQopMoBaHoro

cTaHy KoMno3r,rrHrrx vrarepianis e oroli rpirqzn ra KyroBI'IX TorIoK,

TA

- Ilpeduem docnidcrceHHfl - npvBeprxrrHni soHz rpiqr,rn ra KyroBI4x ror{oK Ha

ueNi no4iny pisnopiAHl4x vrarepianie

aAeKBarHo siAo6paNarorb KoJro 3aBAaHr, rxi posn'fl3ytorbcfl B laHiit' po6ori.

Hayrcona rroBrr3Ha oTp[MaHnx aBTopoM pery.nrra'rin. Bnaxaror ulo HayKoBa

EoBrBHa oAepxanl,Ix pesynrr:arie florqrae B Hacry[HoMy:



1. 3anponoHo.aHa Ho6a uemoduKa ycyHeHHfl SisrauHo HepeaJlrsoi ocIII4JItIIifiHoi

oco6'nsocri 
^nfl 

rpiqraura nrix ABoMa isorponHl4MH tala6o oprorporIHI4MI'I

vr ar ep i a1 aMr4,.3' eAs au vr;oy1l4 T O H Kl4M arue s ifi HI4M IIp oil apK oM'

z. pospo1neHo qucenbHo-auanimurtuuti nidxid Ao Br{3HaqeHHt creuesi oco6rltrsocri

Ta roesiqieHrie ilpr4 oco6luBocrflx HarrpylKeHb B orcori KyroBHx roqoK

6ivrarepialrsnx rin' 
nq Rr43HaqeH in pyfiuyBaHHfl rpiquHl. 3cyBy'

3 anp o no H o 6 aH a uo d enb l.nfl, BI43 Haq eH Ht II apaM eTpl

uo Br,rH'rKae 6iln KyroBr4x rorroK o6lacri, crla4enoi ig ABox pisnopiAHnx

rrpflMoKyrnvlxin pisnoro po3Mipy' 
1 . !---^--^-.-

pospotneHa Ho6a uemoduKa 3HaxoAx(eHHfl roesiuieurie iureucuBHocrl

HanpyxeHb AJrfl eneKrpouponiAnoi r'riNQasnoi rpiqunra B n'e3oereKrpl4rlHoMy

6ivrarepiani rpr4 Hanpf,M fioro ronflpr4sauii, ilapaneJlbHoMy 6eperavr rpituuut't'

nia liero siAAaneHofo uexauir{Horo HaBaHra}KeHHfl ra eJIeKTpI4qHoro IIoJIfl'

Ilparruune sHaqeHHfl oAep'I€HItx perylrrarin' Pospo6neni r po6ori IvreroAu ft

aJI|opI4TMI4Ao3BoJI'IoTb,4ocligxyearuoco6lranocrinoee4irrrrarr,rexarriwtllxta
eIeKTpI,ItIH]4x noJlie e iso.rponuzx, opToTpoIIHlIx ta n'egoererrpl4tlHl,rx 6irrlarepiarrax ie

lrix$a:nuvra rpiqunarrlu. o pnrr,rani B qBHoMy. rnmxli Qoprraynu Ans roeQiqientis

inrencunnocri nanpyxenr Ta AJI' lIIBI4AKocTi ssillneHna eneprii Ao3BOJI'IOTb oqinuru

snrfis vexaniqu[x Halpy)Keub ra erIeKTpLIqHoro [oJIt Ha ui senr,Iqr.tHta l Tt4M caMuM

cflpufiIoTb niAsl,rlqeHHlo rpiutr,rrroctifit<ocri rorr,rnogl,ITHl4x KoHcTpyruifi' o.rpurr,Iarri e

po6ori .rouHi analiruqni posr'rar<n oIII{cyIoTL noralrni soHz no6Jlltsy rpiqnn i

KyToBI,IxTolIoK'BoHL|Mox(yTbcJryryBaTlteTaJIoI{HI4MI,Inpupospo6qiftaupo6auii
quceJr6Hr4x rraeto4in posn'xrannr 3aAaq BKa3aHOro KJIacy Ans rin rinqes[x posvipin'

O6rpyn'ronanicrs i goc'ronipnicrb HayKoBI'lx rloJrot(eubt sficuoslcis i

penouenqarlifl' rqo 3axrurarcrbcn' [zcepraqifina po6o'ra 
"to"""*::-,11]oraM 

Ao

aoania^at, Taxoro piurr. Po6ory BI'IKoHaHo Ha H IexHoMy HayKoBoMy plBHl'

Beacrcato,u,looKep>Kalripe:ylrrarusAoctatifirvripieo6rpyn'ronauuuni

,{oc.roniprrurr,tu.I-|,esa6esnevyeTbcqr<opex,rrric.no[ocTaHoBoK3aAaq'B[KopucTagHqM
roqHr4x rrle.rogie reopii ynruifi rolr'rnler<cnoi rrr'rinnoi l.llfl ix poos'rsannr'

nopinurrrrrrlluBoKpeMl4xBLl[aAKaxigsiAol\anuuToqHI.IMuposr'rsr<aun.[olae
nnesHeuoc.ri B npaBI,IJIbHocri pospo6rreHl,rx MeToAI4K uopiorrrurrr pesynrra.rio, u1o

orprauani 3a AorroMororc MeroAy crinqennux eneNlenrie g niAnonignun'Iu pospaxyHKaM['

lpoBeAeHI,IMIl na ocnosi orp[Marr[x ananitlr'IHux posn'rsrie'

Oco6ncrufi BHecoK r4o6ynava' Yci pesynrrarn Arcep, aqiftnoi po6orn' u1o

3.

4,



BrrHocrrbcr Ha 3axlroT, oTpr4MaHi aBTOpoM 'oco6l4cro a6o 3a fioro 6ernocepeAHboi

y.racri. /{r,rcepraqifina po6ora e 3aBepIIIeHuu AocniAxenHfM' BIIKoHaHI'IM aBTopoM

cauocrifino siAnoeiAHo Ao nporpaMu ftoro AocniAxenr. 3oxpeua' AI{cepTaHToM

[poBeAeHo rouyK ra auanis nireparypnr,rx Axepen; ro6yAoBaHi ananiE[IHi posa'rarcu

c(popruynloraullx pa3oM ir nayrconralt repinnzrou sa4av; npone4eHuft qucerbHufi

eKrrepr4MeHT; Orpulraani posn'aoxu TecToBLIX 3aAaq MeToAoN'r criH'JeHnux eneN{enris'

Crpyrcrypa ra o6cqr 4uceprauii. ,{ucepmqiftua po6ora n'ricrurr BcryII' oDIt'4

lireparyprz, 4 porlinlr, BIacHoBKu ra cnucoK BuKopl4craHtlx Axepen' qo rnricrrarr 108

naftueuyeaut na 12 cropinxax. 3aratlbnuft o6cff gr.rcepraqii - 114 cropiuor, o6crr

ocHoBHofo reKcTy - 102 ctopinr<u. Po6ora llicruTr 21 pracyuon ra 9 ra6ruaqr.

YncryniraougAirrireparypranpoBeAeHoauarriruy6rrir<aqifisanpo6levrarrn<oto

4racepraqii ra Br,r3HaqeHo BHecoK 4ocni.qNenr inullx an'ropin 4O porourKy Ilbofo

HarptMKy.

Y nepruouy posgini po3po6Jleua MoAeJIb npunepuwnnoi 3oHII An{ rpllquul4 Mlx

4nouauarepiaJlaMl4B6ivratepiaalnovyanisorpouHoMyrpocropiui4pos'rrrynalruo-
3cyBHI,rM HaBaHTaxeHHsN{ Ha HecKin'Iennocri'

Y 4pyroruy pos4ini po3rrsAaerbcr r riruuna Ha Mexi por4ily geox pirHopi4uux

nanisHecrdHqeunrx isorponHr4x flpocTopis nia aielo ri44aleuux HopM€uIbHI'Ix Ta

3CyBHlrx HanpyxeHb. Me.roA cr<isqennux eJleNrenris 3aCTOCOByeTbcr .4O analori' roi

3a.[aqi AJI' o6nacti crinqennux poauipin'

V tpe'rr,ovy pos4ini pose'asano gaAaqi Anr dl cxinqeuux po3MipiB' tKi

flpr,rcBrqeHo upo6nerr,ri AOCriAxennq BnJrIIBy KyroBLIx TOTIOK Ha cTI4Ky ABOX rnrarepizurin

Ha npyxuo-Ae$oprrainur'rfi craH ra fioro oco6r[socri s orcori ul4x roqoK'

V.rernepronry pos4ini sanponoHoBaHo HoBy MoAeJIb 3oHI'I flepeApyinynaunx 4lr
enexrponponiguoi uiNsasnoi .rpiulrann B fl'€3oeflexrpl,liIHoMy 6iuatepiali,

noJrrplBoBaHoMy B HarrprMKy, flapaJreJrbHoMy 6eperanr rpi[IuH[ Ta opToronanHrouy ii

Qponry.
Bzcuoanu ro po6ori uirxi, noriqui i eraurraBarorb is reopervr{Hnx AaHI4x ra

perynrtaria quceJlbullx eKc[epI'IMeHT1B, orpl4MaHrrx aBTopoM'

Itpore 4o 4nceprauiftnoi po6oru e Aesri 3ayBa'(eHHq'

l. V Qopruyli (2.36) BtlKopl,IcroByrlrbc{ qorl4pl{ pisni urez4rocri seiruHeHHq

eneprii. B nacrynuux posginax po6oru Atrs noAi6H[x III3E ntr<opltcroBylorbcs

Ha3B[1 (JroKaJlbso>, mo6anrHa Ta cyMapHa. cria 6yno 6 qi noHsTrs i nage]r

Br.r3HaqIiTI,t i n poSgini 2, rO6to [pII IIepIIIOMy ellKopucranni gr<a3anux r nie

III3E.



flpu orrcaHni pinnin sryrueHHfl cKiH.reHo-eJleMeuruoi cirxn Ha pl4cyHKax 3 '2-

3.4 se3po3yMirro, sr<ifi qacrr4Hi o6nacri 3.2 silnosiAae o6lac$ 3'3' a raKoxt'

srcifi qacrr4Hi o6nacri 3.3 eiAnosiAae o6racrs 3.4. cnia 6yrro 6 rpanraui

o6nacr efi, sa siAnoeiAHUX pr4CyHKaX f,Kr4Mocb tryIHoM [o3Harrr4Tn) HarIpI{KnaA

eLIAirIarI,I nyHKTI4pHorc liniero'

V pos4 it,- 4 po3rnfl \aeTbcfl. saraqa ycyHeHHfl ocIII4JIIoIoqoi oco6JII'IBocri ltts'

eneKTpr4r{Ho nponi4Hoi Ta eneKrpr4r{Ho npoHzxuoi vriNQasHl4x rpiillran rpLI

HarpqMi uonrpzgaqii il'e3oereKTpr4rrHlrx vrarepianin, napaJlenbHoMy 6eperarvr

rpirqr,rHn. llpn uboMy Anq nepurofo Br4rraAKa rlprlBeAeuufi Aocl{rb uuporufi

qr4ceJrb p1uit aHaris, a rrrfl Apyroro Br4rIaAKy eiH sonciNa ni4cyrnifi' r{ravr ue

rroflcHroerrcq? rlra Mox{Ha rrpoBecrr4 aHaJIori'IHI'Ifi aualig i lns Apyroro

nrana4xy?

4, v nynr<ri 1.5 npu r{r4ceirbnifi inrocrpauii anasirurrHofo posn'ffiKy AJIfl rplIrII4HI4

vrix ABoMa oprorporrHuMr4 nrarepiaJraMr4 rofi rurarepian, uo po3TalxoeaHlafi

Hr4xr{e, o6rapaeTbcfl isorponHr4M. 3 r{r,rM Ire [oB'sgaso? t{ovy qefi vrarepial

raKox He oprorpouunfi ni4noniruro Ao nocraHoBKl{ gaAa'Ii?>

5. V po6ori e AeqKi orrr4cKr,r, u1o He BrrJrrlBarorb Ha po3yuiuss reKcry Al4ceprallii'

B[cnosreHi 3ayBa)KeHHr He 3HI,IXyIoTb nosutzsHOi Oqinru po6orn e qiuorvry' a

.rarox porpo6JreHlrx aBTOpoM ocHoBHr,rx HayKoB[X IIoJIOXeHb, sI,ICHOSKiS Ta oTpI4MaH]IX

pesyrl'rarie npoBeAeulrx gocli,qxeur'

3uicr4zcepraqiieiAnoeiAa€BI4MofaM'uroBllrcyBarorLcf,Aouayronr'xpo6ir
raKoro pionr. Texct AncepraIlii e purinalruurr'r, a ii crpyrrypa qilrou y3roAxylorbct

3 Ha3BOrO, nrerorc i 3aBAaHHflM AOCIiAXenus. 3nricr :ra pe3yJIbTaTI4 4UCeptaqii

ni4noni4arorl cneqialsnoclj 1 I 3 llparnagna MareMarl4Ka'

3ara.nrrrnfiBI{cHoBoK'Bpaxonyrouualcryarrrrrictr,HoBl,t3lly'sa)Knusictr
oAepxaHl,IxaPTopoMHayKoBI,Ixpeayllratin'ixo6rpyrrtonarrictri4oc.roriprrictr,a
,uno* ,rpun uuny uinuicrr c(poprvrynroBaHllx floJlo)Keur i sucHo rin, rnaxaro, rqo

4Iacepraqifirrapo6oraMuxaihaorrercarr4paBirtoponrrva<oco6nfisocTi
4e$oprvryranur u'€3onacugnr.rx i n'esoaKTLlBHlIx KOMIIo3lIrHLrx rin ie rpiunnaMl{ Ta

KyTOBuMU roqKaMu)), tqo npeAcTaBneua na s4o6yrTt HayKoBoro cTyIIeHt AOKTOpa

siloco$ii sa cneqianrHicrro 1 13 llpraxnagna MareMarrKa siAuoni ae BcraHoBJIeHlM

Br.rMoraM si.uoeiAuo HaKa3y MOH Yrcpainz Ng 40 si[' 12'01'2017 p' dlpo

2,

3.

3arBepAxeuuq BuMor Ao o([oprvlnenm 4ucepraqii>, <flopr4ry [pLIcyAxeHHt cryfleHt



AoKropa Qiloco$ii ra cKacyBaHHr piureuntr pa'eoroi cneqizurigosaHoi nvenoi pa4u

3aKnaAy erarqoi ocniru, uayronoi ycraHoBl4 rlpo fip[cyAxeuHt cryneHt AoKTopa

Qiiroco$iii> (flocrauora Ka6inery Minicrpie YxpaiHn Ns 44 sia 12 ci'a*s 2022 p' zi

sNaiHar4LI sil 21.03.2022), a ii anrop Muxain Onercau4p BiKroponiav 3acrryroBy€

flpl4cyAxeHH,IHayKoBoIocTyIIeH'AoKTopasilocosiiga'cneqialrgictol13
llprrlaAna MareMarrKa'

OQiuifiuufi orloHeHr

AoKrop Sisuno-MareM awr.rlvx HayK, npoSecop'

npo S e cop rcaQ eApI4 rIpI{Kn a4uo t M areMarr4nr4

flitnr.rc upo$ecopa Kara.qifi T'C'

3acBlArIyrc

BqeHufi ceKperaP Bue
Taicis KAruOXHA

HTY <[ninPoBcbKa II -i;-\ (s/ /ii
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