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<CrpyrrypHi xapar<replrcrr4Kn ra $isurKo-MexaHi.IHi sracrueocri 6araroroMlroHeHrHl4x

nirpH4Hrax rroKptrrrie Ao i nicns ionnoi iuunanraqii>>, noAany na:.uo6yrrfl HayxoBoro

cryreHtr KaHAH.qara $isnxo-MareMarl{qHl4x Ha{K:a cneqialrHicrro 01.04.07 - $i:uxa
TBepAOfO Tlna

Arcrya.rrsnicrr o6pauoi TeMrr

Crpiurufi po3BLIroK pi:nouanirrux rzurysefi rpoMlTcnoeocri norpe6ye

Br4Kopr4cralHfl. incrpyuenrin ra uarepiarin, sri Ha nporaei AoBrorpkIB€t[oro qacy

Br{Kopr{craHHr He BTpaqarLrMyrb ceoi ercunyaraqifini xaparcrepucr}IKl{ IIpI4 He3Minnux
qH Hlrxrrr4x eKoHoruiqnHx 3arparax. OAruau is Iur.{xis Aoc.grHeHHf, qboro e poapo6r<a

HoBr4x QynrcqioHturbHtrx norpurrin, mi soJloAiloru yniranrnuu na6opoM TaKI{x srocreft
f,K Br{coKa uexaniqHa rnep,uicrr, repuiqna crifir<icm, vranrafi Sarrop 3uouryBanHfl, i r.u. I
caMe BncoKoeHrpouifini crrJraBu (BEC) - e oAHI4Iu ig rarux [epcreKrkIBHllx rr,rarepia^nie.

Ocnonna oco6rnsicm BEC nor-f,rae B ToMy, Iqo 3a paxyHoK elacoKoi enrponii
euiruynaunx He MeHrue rr'flTvr cKnaAoBrIX eneivrenrin ni46ynaemcx repMoAllHaui'+ra
cra6inisaqis crpyKrypra uorpzrrin i QopnryBaHHt rBepAoro po3tILIHy galailqeHHs.

Ouy6niroBaHo 6araro po6ir no AocniruKeHHlo qK BEC, rar< i Hirpz4in i nanirr xap6i4in

sa ix ocHoni, i uoragano, rqo nirpugu BEC AeMoHcrpylorb npaqi Sisuro-rraexani'{Hi
uacrunocri, nix cnnaBlr B nraxiAnouy craui. [ocni4NysaHi n Allceprallifiui po6ori
noKprarrr (TiZrAlYNb)\ i (TiZrHfVNbTa)N* e nirplr4airara BEC. Touy, AocriAxeHH.s
uorcpurrin raKoro Brrnr{By yMoB ocaAxeHHfl. Ha ix eracrHnocti, i 6inrur roro, BTIJII4B

ionnoi ir,lunanraqii - a qefi vreroA yx{e AaBHo 3apeKoMeHAyBaB ce6e gr e$er<rHnnzfi

MeroA vro4r,rsinaqii uor<pzrrin - e aKTyanbHolo 3aAaqerc cyqacHoro rvrarepiano3HaBcrBa

ra Sirrar<u rBepAoro rina. Bapro 3a3Harrr,rru, I{o na Aannfi. MoMeHT ouy6nixoBaHo He raK

6araro po6ir no AocniAxreHHro Bnnr{By ionHoi iuulaHraqii Ha eracrusocri Hirpn4in BEC,

roMy AocniANeHH.rr, rpoeeAeHi B Ar4ceprallifiHifi po6ori, Moxyrb AorloMorrl4 po3Kprrrl4

Ta Auwr ytBneHHfl npo [poqecu, rtt<i BIIJIIaBaIoTI Ha :nriuy

4e$erruroro craHy, i $isuro-uexaniqnux BJlacrl{Bocreft B

Brlrrle3a3HaqeHllM, 4ocni4xennx, qo 6yno [poBeAeHo B

Alrcepraqifiytit po6ori -flryqenr<a L B., e aKryaJIbHIlMLI ra cBoeqacHI4MH.

Cryninr o6rpynronanocri i Aocrosipnicrr HayKoBLtx rloJrolmeHb, Bl{cHonrcis i
peKoMeHAaIIlu
BzxnaAeui e 4ucepraqii eKcrepnMenranrsi pe3ynbraru ui4rnepANylorbctr

3acrocyBaHHrM TaKr{x anarirn.rHnx ruero4ia, f,K pacrpoBa eneKTpoHHa vrirpocronix,
npocni.ryB€urbHa eneKTpoHna l,rirpocroniq sucoroi pos4ilrnoi g.qatHocti, arouHo-cl{JloBa

uixpocrouit, ueroA pesep$op4incrroro 3BoporHoro po:cironaHHf,, BropvrHHa ioHHa Mac-

crreKrpoMerpix, peHrreHocrpyKrypsufi, alrratia, uero4 nauoinAeHryBaHH.a, ra inrui. Bci qi
MeroAr4 e ao6pe aupo6onauzrMtr, Ta Ao3BoJItIorb orpnMyBarul ro.rHi Ta naliftHi
pe3yJrbraru, xt<i e raKo)K rIotcHeHI4MId B po6ori.

Cryniuu HoBrr3HI{ orprrMaHrrx pe3yJrsrarin
Ocnonni noni peeyJrbraru Ta BucHoBKr4, IrIo ix orpul,taHo B Al{cepraqiia:rrtit, po6ori,

AaHy reMy 6inrur rIoBHo,

crpyKrypr,r uot<purrin, ix
qinorvry. Y sn'xsr<y 3

f yMcbKHfi aeFxAst{H
YHIBEPCHTET
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IOJI,tr|AIOTb B HACTVNHOMV.



l. B 6araroroMrIoHeHrHLIX noKpl4Tr.ax (TiZrAlYNb)N. i (TiZrHfVNbTa)N'
6yno rroKa3aHo, ulo g6inbrrreHHr rucKy po6ouoro ra:y uig r{ac ocaAxeHH.x [pI4BoAIlTb Ao

3pocraHHf, HarlpyxeHb cTlIcHeHH.f, .

2. BcranosreHo. rqo iuunaHraqis ioHauu 3oJlora Au rIpHBoAI,ITb Ao

i6nosepHucroro Irrapy B 3oHl iunraHrallii si g6inrurennqi\a o6'eunoiSopvrynannx 4pi6no3epHucToro Irrapy B 3oH1 lMrIJIaHTaIIll 31 3OlJIbIueHH{M oO'eMHol

rracrKr.l OtK-Oa:v ra Sopnrynannx 4esertroi crpyKrypl{ rlo BcboMy o6'euy n pasi

rroKpr.rrrr (TiZrHfVNbTu)\, ulo cKnaAaerbcfl.s saraHcifi, gucnorcallifi i Me)K 3epeH.

3. Bynz Br{3HarreHi saKoHoN,ripnocri BTIILIBy gvtiHz Sa:ono-crpyKrypHoro craHy

uorpurrin (liZrHfV-NbTa)N, uiA eurzsoru ionnoi irvrunaurarlii HerarkrBlnr4Mr ionarran Au

r aototo -1021 io:nlvrz Ha ix naexaHiqHy rnep4icm. Fyno rloKa3aHo, IrIo 3a paxyHoK sNaiHLI

vrirpocrpyKrypr{ ra 4eQerrHoro craHy rnep4icm uorpzrrin (TiZrHfVNbTa\ 3pocrae

ig oAHo.racHHM 3MeHIueHHflM MoAyJIt [pyx(Hocri.
4. llpoee4eni locni.qxeHH.rr rroKa3aJILI, u{o BTIJIIIB ioHHoi irr,rnnaHrallii

npr4BoAr4Tb Ao noKparrleHHr rpz6orori.IHlax BJlacrI4Boctefi, uiAsuqeHH.f, iH4ercy

s' q3Konracrr4rrHocri, ra suerruleHH-tr Qarcropy 3Hocy.

3naqnmicrr po6orl{ AJrfl HayKrI Ta TIpaKTTIKI{
y nepury qepv, Bapro 3as:riarrvrrvr Syn4aueHT€ulbHe 3HalIeHHt pesylmarie

AuceprarlifiHoi po6orv, a caMe po3rur4peHHt y.aBJIeHH{ rlpo saroHoNaipHocri Sopuynannx

$a:onoro cKnaAy, HanpyxeHo-4e$oprraoBaHoro craHy, 4eQemuoi crpyrrYPv,
Nrexani.rHrax i rpu6oloriqHux BJIacTI,IBocrefi uorpurrin
(TiZrHfVNbTu)\ npu BllKopucrauui pisnux peNzlrain oAepxaHH-l

AorroMorolo MeroAy ionnoi irvrunanraqii.
I-{e 4ae Nloxnueicrb Br4KoplrcroByBarl4 orpl4Maui pe:ynrrutu Anr nporHo3yBaHH{

eracrunocrefi nirpz4uux 6araroroMrroHeHTHnx norpumie Ha ocnoei uepexi4urax

rueraris rrpu MoAn$irarlii ix sracrueocrefi 3a AolloMororo ionnoi iuunanraqii iouavru

3 OJrOTa, IqO ,IBnt eTb c-'I IpLIKJIaAHLIM 3HaqeHHfl rr'r po 6 orra.

llo e Hora BrrKJraAy pe3yJr brarin gHcepraqii n ony6"rriKoBaHrlx r paIIfl x
OcHonnr pe3yJrbrarr4 Ar.rceprarlrl BHKJIaAeHo y I ) HayKoBI/D( rlpall.f,x, rUo

3aAoBoJrbHrrorb BlrMoraM AAK MOH Yrpainz 4o ny6nir<aqifi, Ha f,Kl,Ix fpyHryerbct
15OcHonni npaq-tx, IIIo

Alrceprarlifina po6ora. Asa-uis npe4craBJreHux uy6riraqifi lae ni4crany crBepAxyBarv)

ulo eci ocroeHi rroJroxeHHf, Atrceprauii n uoeHift vripi ouy6rixosaHo fi anpo6oBaHo Ha

r<onsepenqirx. 3rr,ricr anropeQepary rosHicfio siAuosiAae ocHoBHLIM rIoJIo)KeHH-aM

Arrceprallll.

3aynaxceHHfl uloAo svricry glrcepraqii
Po6ora ne uos6asJleHa Ae{KI4x neAonirie.
1. V cuncrcy Br4KopracraHr{x rueroAis AocriAxeHHf, 3raAyerbct uaconponirHa

BTopr{HHo-ioHna MaccneKTpouerpi-r, €ure reKcr AI{cepraIIiI :ra aeropeSepary ne vicrurr'
pe3ynbraris AocriAxeHb AaHI{M MeroAoM.

2. Posgir 2 tvrtcrurb ,qera;rbHuft. onuc MeroAy MarHerpoHHoro po3rll{neHHfl .xK

oAlrH is N,reroAiB orplrMaHHs Br,rcoKoenrpouifisux curaein. Ocrcinrrn TIoKpHTT{ ne 6ynlr

orprauani AaHuM MeroAoM, He Bapro 6yno upu4ilxu{ TaK 6araro yBarl4 fioro orucaHHlo.

3. B pos4ini 4 uane4eni Qopuynz, Ir1o crocylorbcq po3paxyHKy npoSinin
iuulaHroBaHr{x iouis B rroKpr{TTi, ane ni4cytri pe3ynbrarla ix sacrocyBaHHfl - 6axalro
6yno 6 npunecua reoperr{uno no6yAoBaHr4x upoSinr ionin, i ssarani 3acrocyBarz 6inrrue

(TiZrAlYNb)N. 1

ra uo4Ia$inaqii sa



MATCMATI4IIHO|O MOAENIOBAHH'

ioHsoi irrannanraqii.

[pLt roqcueHHi npoqecin, BLIKJIHKaHUx npoBeAeHHtM

4. flpracyrni nero.rHocri e o$oprvrneuui, nouurlrKvr (HaupuxlaA' HyMepyBaHHt

ra6ruqr n anrope$epari, rorqo).
5. Pncynorc 5.2 (:o6paxenHr aroMHo-cunoeoi rrairpocrcouii niA6uma

nanoinAeHTopa B rroKpr,rrri) ne nece oco6nznoro cMl,IcnoBoro HaBaHTax(eHHt. Bapro 6yno

6 6inrru AeraJrbHo fioro orllrcurtr s rercri po6oru, a6o x ssarani BI4KJIIoqzru ig Hboro.

Ane qi 3ayBaxeHH-r He 3MeHrxyrorr qinnocri peaynrrarie ALIcepraIIii, a Ae.sKi g nux

cnig.rarr npo Heo6xiAnicru po3BI4rKy po6ir B IIboMy HarIptMKy.

Bilnosianicrr BcraHoBJreHHM Br{MoraM Ao KaHAlrAarcbKllx Arrcepralllu.
B 4ucepraqifinoi po6ori po:n'-a:aHo BDKJITIBe HayKoBe 3aBAaHHt 3 BcraHoBJIeHH-[

saroHoN,ripuocrefi BrrJrrrBy ivrunanraqii HerarI{BHLIx ionin Au- Ha Qa:onufi cKJIaA,

crpyKrypHo-Hanpyxeszfi i 4e$errrtuit crarl Mexani.{Hi fi rpu6onoriqni BJIacrLIBocrl

r'rrr.1- ra rrrecrn- eJreMeHrHrax uirpuAHllx uot<pzr"rin (TIZTAIYNb)N,. i (TiZrHfVNbTa)N*

i nnrus Ha HI{x rexHoJlori'IHux yMoB ocaA)KeHHfl

3cyBy ni4nna4r<u).

(rncr<y po6ovoro rffiY, i noreuqiarry

KaHAr4AarcbKLrx Alrceprarlifinrax po6ir. Moea ra crLlJIb noAaHHt MareplaJly 3po3yMlrvrv,
Crpyrrypa Ar4ceprarlii e nosHift uipi nilnosiAae BI4MoraM, xri upe4'.flBrf,rorbc.a Ao

perreHHfl nori.rHo uo6y.4onani, uarorb cMLrcJIoBy 3aBepl[enicrr, qinicnicrt i gs'.sgHtctr.

3rraicr Ar4ceprarlii uocniloBHo ni4o6paxae [ocraHoBKy 3a4:aq, MeroALI ix nnptrueHH-{ Ta

inrepuperaqiro orprdMaHux pe3ynbraris. Torrry 4Iacepraqix e qinicnoro 3aBeplueHolo

po6ororo' 
,i pr,rrrre prrr.TrqTrerr.',.n r\irorilcr{a c.TRenrl)T(vRarrt- ITT. , 6oraHa uilcrasi nu111e Br4KJraAeHoro MoxHa crBepAx{yBurv, qo AI{cepraIIlHHa poi

-fryrqenra I. B. <Crpyrrypni xapaKrepvrcrvKu ra $isurco-naexaniqni sracrusocri
6ararorourroHeHTHr4x Hirpra4nrax uot<pzrrin Ao i uicnq ionsoi ivrnnaHraqii> e

3aBeprxeHorc rceaniQiKaqifinoro rrpar{erc. Tarzu qI{HoM, 3a aKTy€LrlbHicto, cryneHro

H6BH3H7I, gHa.rlrNlicfio Anfl HayKr4 i uparcruru, a raKont 3a crpyKTyporc i o6'enaou

4Hcepraqir niAnosiAae BuMoraM na :4o6yrrx HayKoBoro cryrleH.a KaHAZAara HayK,

3oKpeMa lynrcravr 9, 11, 12 i 13 <llopr4ry rpLIcyAx{eHHt HayKoBI/x crynenie>>, ra
cni4uurr npo Br{corzfi uayrosuit pineHr aBTopa, srcufi, 3acJryroBye rIpIlcBoeHHt fiovty

HayKoBoro cryrreHf, KaHALrAara $isur<o-MareMarl4qHl4x HayK sa cueqianrnicto 01.04.07 -
$i:uxa rBepAoro rira.

O.f. llonoMapboB

AoKTop a S ianro-l,rareM arI{rIHI4x

e.o. :ani4yBaqa niaainy @igLIIcH

B.reHr,rfi ceKperap
Incrr.rryry npLIKrIaAHoi $i:nru

lracTr4HoK 3aBlpqrc.

KaHAHAaT Qisurco-vrareMarl{qH Bopouruno


