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1.  3A「 AЛЬHAIHΦ OP]ⅥAЦIЯ ⅡPO IPOCKT

3ararrna rpvleanicrr BI4KoHaHHfl npo€KTy 2020 pix -2022 pir.
Tpznanicrr BI4KoHaHH.fl llpoexry y 2021- poqi
floqaror - 7.05.2021 p. - Aara yKnaAanun floroBopy npo BHKoHaHHq HayKoBoro AocalAxeHHfl I

po:po6xu;
3ariHqeHHq - 1.5.12.2021 p.

3aranrna napricrr flpo€KTy, 3.711-.900 rpn.

:BapTiCTЬ IIPOCKTy ΠO pOKaX,「 pH.

1-Й piK___型葦璽⊇Q__
2-Й piK_上屋葦亜DL_
3-Й piK_上璽工【pL_
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2.  IHΦ OPMAЦ IЯ ⅡPO BИKOHABЦ IB ΠPOCKTy

Ao Br4KoHaHHfl [po€KTy 3aJlyqeHo 7 nuronanqir, 3 nax:

AoKropI4 HayK 3;

KaHAHAarr4 Hayr (4oxrop $inocoQii) 1-;

imui npaqienuxz 3.

KepinHur npoeKTy (:a yro4oro qzeilrHo-npaBoBoro xaparrepy): Epax Tapac Muxafinoezu, Incrrzryr

Qi:uxz KoHAeHcoBaHr4x cI,ICreM HAH Yxpaiuu, gupexrop, AoKTop $i:.-rraar. nayx;
Buxonaeqi (yci - sa yroAoro qzeinrHo-npaBoBoro xaparrepy) Ta oAIzH acucrenr(aa yroAoru qneilruo-
npaBoBoro xapaxrepy):
Mpurno4 Irop MrapoHoBlrr{, Iucraryr Si:raxu KoHAeHCoBaHI4x cl4crena HAH Yxpainu, roroeHl4fi

Hayronufi cniapo6irnraK, AoKTop Qi:.-rraar. nayx;
Tpoxuvruyr An4pifi firuurpoeru, Incruryr fiizur<u KoHAeHCoBaHZx cACreM HAH Yxpainn, npoei4uufi
nayronufi cniepo6irnuK, AoKrop Qi:.-vrar. nayx;

fierrauyr Tapac Bacuaroeuu, Incrzryr Si:zxa KoHAeHCoBaHr4x cl4creM HAH Yxpainu, uono4urafi
nayxoeufr cniepo6iruuK, AoKrop Qinoco$ii (L04 Qi:axa i acrponovlir);
fop4ifiuyx Bono4uvrzp Birroponuu, Incrzryr $i:uxu KoHAeHcoBaHHx cl4creM HAH Yxpainu,
uono4ruufi uayxonufi cniapo6iruux, 6ez cryneHq;
Konqa Mapix Inaninna, Incru'ryr Si:uxra KoHAeHCoBaHHx cr4creM HAH Yrpainu, acnipant, 6e3

cryneHrr;
Inert oe Iarq-Murola Angxefioruq (aczcrenr), Iucrzryr $i:zxa KoHAeHcoBaHI4x ct4creu HAH
Yrpainu, acnipanr, 6ea cryneru.

3.   IHΦ OPMAЦ IЯ   ⅡPO  rPAHT00TPИ MyBAЧ A
CyБBИKOHABЩ Я(IB)ⅡPOCKTy
Cly6BИKOHaBЦiB HelMaC

TA OPrAHr3ArIrrO(i)

4.   OΠИC ⅡPOCKTy

4.1. Mera Ilpoerry
Mera npoeKTy - BCTaHoBrreHHs nplrpoAr4 HoBr4x eK3orlrr{Hlax npomin KorIeKT?IBHoi none4iHxu n

rononoriqno HeBnop.rrAKoBaHHx uarepianax (soxpeua, s ioHHrax i vrerariqnux po3nJlaBax,

HaAKpr4Tr4r{Hr4x rr"[rzHix i cxnono4i6Hzx cHCTeMax), mi Moxyrb crocrepirarucb .flK npl4 HopMaJIbHI4x

yMoBax, a TaKox npr4 eKcTpeMaJrbHo Br4coKI4x THCKax.

4.2. Ocrosni 3aBAaHHrr flpoerry
OcrosHi 3aBAaHHfl npoeKry noJrsrarorb y BcraHoBnenni npupoAr,r He3BHt{HI4x Kopenrl{ifi xonexrznsoi
noneginxra, sxi 6y4yrs npoanariaoeaui flK B paMKax :anpononoeanoi reopii, raK i s

nepuonpr4Hr{r4nHoro xoun'rcrepHoro MoAen}oBaHHfl, rr{o Ao3Bonrarr npocriAKyBarl4 ponu arouapHoi
crpyKrypkt ra eneKTponHor ni4cracreMr4 n 4ocri4xyBaHr4x qBr4r{ax. 3orpeua, npoflcHHTH ponb He-

ri.qpo4uHarraiqnux ren.[oBr4x xBLttb B KoneKruBniil gunavriqi ra Naoxnugicrb ix cnocrepexeHuf, B

eKcnepr4MeHTax rro po:circeanni ra e roun'rcrepHoMy MoAenrceanni; npoBecrll onl4c ra po3paxyHoK
qacoBr,rx ropenaqifi e o6nacri nepexoAy eig uonerynspHoro Ao aroMapHoro Qnroi4y, KorLt tll4c"ro

MoneKyn vroxe $lyxryloBarr4 qepe3 peaxqiro cnpr4qr4HeHoi rucxona 4ucoqiaqit.

4.3. r{eranrnufi gl,ricr llpoexry:
- Cyqacsuitt cran npo6neuu
Cyuaclafi crau qinoi o6racri 4ocri4xeHHa 4nuauiuur4x flBr4rrl Ha nepexpecti Qiauxz KoHAeHCoBaHI4x

cracrerr,/Si:r4Ku M'qxoi peuonunu/crarr{crr4qHoi $i:uxzlri4po4rananriru MoxHa oxapaKTepl43yBarl,Lf,K

4alexNfi ei4 :agoniaruoro. Benuxa rinrxicrr eKCnepr4MeHTanbHI4x AaHHx ra pe:ylsraria
MoAenroBaHHq qacoBr4x xopenrqifinux Qynrqifi MeroAoM rflaczqHoi uonerynxpnot 4Ianauixu
3HaxoAr4rbcfl B Ar4cnponopqii : rvlixpocroniqnoro reopiero 4IaHauivnux sBIzIr{ B HeBnopqAKoBaHI'Ix



crrcreMax, sKa no-cyri nepe6yna€ B 3apoAKoBoMy crani. Heo6xi4ni uoei rvlero4ut<u ra ni4xo4u go

4ocni4xenru neger4qHor KoJreKTr4BHoi none4iHxu 6araroqacrl4HKoBl4x HeBnopflAKoBaHI4x cl4creM.

- Hoez:na llpoexry
flpunqunona HoBrSHa npoeKTy nortrae y po3Br4rKy ra 3acrocyBaHHlx opurinanruoi vrero4Iaxn, Ir{o

6asyemcn na rou6inaqir rraero4ie analirraqnoi reopii ia pe:yrurarauu aronnicruqHoro xouu'rotepuoro
MoAe"[]oBaHHfl Ta Ao3Bonqe rimicso 4ocri4xyearu 4uuanaiuni Bnacrl,IBocri crpyxrypHo
HeBlopq4KoBaHr4x clrcreM, mi ue4ocrynui 4lx BHBrreHHq y tpa4Iaqifrnzx ni4xo4ax. IIq MeroAHKa

rpyHTy€Tbcn ua i4enx Mero4y y3aranbHeHr4x KoJIeKTI4BHI4X MoA i ni4xplaeae Hosi l,Ioxlunocri 4nx
anadsy y rxr4poKoMy 4ianaroni :nairua qacror i xeu"rtroeux r{I4ce"n sHecrie ri4 oxpenaax runie
KoJreKrr4BHr4x s6y4xerr - 

flK ri4po4raHavri.rHzx, raK i xineruquoi [p]IpoAI4 - Ao r{acoBux

ropeaxqifiHrax Synrqifi .

- Merogonoris 4ocni4xeunx
OcrroeHa i4ex npoexry nepeg6auae xoru6inaqiro uero4ie ananiruqnoi reopii Ta KoMr'IorepHoro

MoAenroBaHHr, po3Br4Tox Ha qifi ocnoei noeoi MeroAprKr4 4ocri4xenna 4IauavIiunIax npoqeciB y rycrl4x
rurr,rHax i pi4raHax ra ii sacrocyBaHHr npu Br,rBr{eHsi nusxra eK3orr4r{Hr4x sButrl{ y KoneKTI4Bnifi noee4irqi
KoHKperHr4x ct4creM is crpyxrypnuu 6erna4ovr i 3a yMoB eKc.peManbnIax tucxis i renaneparyp.

Teoperuunuitt onuc 6y4e rpynryBarr4cfl Ha 3acrocyBaHHsx MeroAy riepinnoeaxnoro crarl4crl4qHoro
oneparopa Ao no6y4onra pinnrus y3aranbHeHoi ri4po4ranauiru ra igefi MeroAy y3aranbHeHl4x

Ko"rreKTHBHt4x MoA Anrr orpr4MaHH.fl 3aMKHyrr4x pinnanr, u{o Ao3Bon rl4Myrb npoBecrl4 po3paxyHoK

cnexrpie KoJreKrr4BHr4x :6y4xenr i uo4ouax erna4ie Ao r{acoBt4x ropenaqifinrax $ynxqifi.

5. OTPI,IMAHI HAyKOBI AEO HAyKOBO-TEXHITIHI PE3y"[bTAT]I B rororrHoMy
poqi n paMKix peaai:aqii llpoexry,3oKpeMa:

5.1. Onuc HayKoBrrx a6o nayxono-rexni.*rux p$yJr6Tarie, orpuMaHlrx B paMKax BIIKoHaHHfl
Ilpoexry (i: :aauaueussu ix sxicrzx ra xinrricszx (rexuivHrax) xapaxrepucrnx)

Bi4noai4no Ao KiureH4apHoro nnaHy 4nox eranin na 2021pir npoeo4Lrlncb reopenauui 4ocni4xeuru
Ta xoun'rorepni MoAenroBaHrur MeroAoM nepuonpr4HqunHoi MoneKynflpHoi 4Ianalrixz ililfl ps{y
HeBnopflAKoBaHHx cr4creM: BoAHeBr,rx Qnroi4ie nprz piarux rr,rcKix, Naera"[i.{Hrax po:nnaein, iosnux
po:naaeir, po3n/raBy ganisa : 4ovriuraur4 "[erKr4x eneNaenrie 4nx rrcrir i revmeparyp, xapaKTepnux IJts,
sosniurnroi o6onouxlr rgpa 3euni, cK/roBr4gHr4x crrcreM, xea:i-o4uovripnoi rrao4eri pi4rauu. 3a

pe3ynbraraMn 4ocri4xer+y 202L poqi ony6nixoeaHo r'flTb crarefi [1]-[5], qorr4pr4 3 flKLtx e npoeiguux

Saxonrzx )KypHaJrax a rraprunro Q1-.
3anponoHonaHo HoBy MeroAr4Ky BCTaHoBneHna agia6irr.runoi (rvrarpocxoniunoi) ruez4rocri 3ByKy

4na pi4un 3 K/racr4rrHoro ra nepnonpr4Hr+4nHoro KoMn'rorepHoro MoAenloBaHHs., ArrA m<oi ne norpi6na
inSopvraqix npo pienrorlur craHy cr,{creMu, ua cxla4Hi po3paxyHKr4 cainni.qnorueHHs reruoevrnocrefi, uqo

Ao3Bonr,mo cyrreBo cnpocrr4Tr4 MeroAr4Ky o6paxyHry. Tecroei popaxyHKr,r Anfl aeHapA-4xoucincrxux
pt4raH ra Qnror4ie v,'rlrux cSep ganra qyAoBe y3roAxeHHq: ei4orvrzvrz pe3ynbraraMI4 ra 6asorc AaHEx
Haqionamnoro incuaryTy craH{aprie CIIA. Hoea N4ero4raxa 6yna 3acrocoBaHa Ao BCTaHoB.[eHHfl

agia6irrauHoi runu4xocri 3ByKy AnH HeB[opflAKoBaHhx c]rcreM, xapaxTepHux 4rr :orniurHboro flApa

3errani. BcranoereHo oco6runocri arouapuoi crpyrrypr4 B po3ruraBax sani:a 3 .[erKI4MI4 4ouiuu<auu: C,

Mg, Si, H - npu rHCKax i rerraneparypax, xapaxrepHr4x 4nn :onniuurboro flApa 3euri. BcranoereHo
ganexHocri ropenaqifr 3qrBHoro HarrpyxeHHfl ra Br4coKor{acrornoi i vraxpocxoniqnoi r.xBr,rgKocrefi aryxy
ei4 rzcxy An I raKr4x poarmanin.

,.{ocnffieno mpn4oei crpyrrypni Qaxropu ra 4unanniuiry crpyKTypy BoAHeBoro Qmoi4y e o6racri
in4yronanoro rr4cKoM flepexoAy ni4 uoneryrapHoro Ao aroMapHoro Qmoi'4y. Ilora:ano, rqo :nina
AoBroxBrurbogoi acuNrmorr4Ka 3ap.flAoBr4x crpyKTypHr4x Qarropie cniena4ae s o6racno tzcrie, 4e
3'flB,'rflrorbcs nenonnicrro eKpaHonani ererrpoHHolo rycrr4Holo ionu sHacriqox 4ucoqiaqii eo4ueeux
MoneKyn. Breprue orpr4MaHo aarexnicrs a4ia6arzuHoi urnz4rocri anyxy eig rzcry IIfl TaKoro nepexoAy

3 nepuonpr4Hr+4nHoro MoAenroBaHr{rr BoAHeBr4x $llo'r4in s o6nacri rzcxie no 179IlIa. flpoanarisoeaHo
po/rb AaJreKo4ii n nonni Ko"[eKTr4BHr4x MoA orrrur{Horo rr4ny B ionnzx po3nnaBax.



flna crnoez4Hr4x cr4creM 6yno pose'r3aHo 3aAaqy npo rycrr,rHy KonuBHLtx craHie n uo4ed :
anrapuoHisMoM rr4ny Axieepa. 3a4aua no"nflrima B norrcHeHHi eQexry arrapuonirnny KonI4BaHb arotrie Ha

noxoAxeHHs Hr{3bKoqacrorHoro MaKCHMyMy na xorNsHifi rycrzni crauin, eigoluoro sK "6o3ouHrafi uir'.
flnn raxoi:agaui 6yru orpunaaui roqni inrerpanz ni4 Qyrmqifi fpina i 6yro rroKa3aHo, Iqo e nao4eni i:
3racaHHrM Axieepa aHrapuoui:Mr4 He npaBoAf,Tb Ao Br4Hr4KHeusfl "6030l+{oro nixy".

fiocni4xeno 3aAar{y npo oco6nueocri crpyxrypHrax ra 4mranaiunzx ropenaqifi y xea:i-o4norvripHifi
cracrevri TBepAHx 4ucxie, qKa MoAenroe noee4iHxy piguuu.npn pisHrax rycrl4Hax y By3bKoMy xaHari.
OrpuuaHo pe3ynbrarr4 xoun'rorepHoro MoAe"[roBaHHfl Aafl cnaAy xopenxqifi e raKifi cucreui, Rr<i

BKa3yrcTb Ha HeopAr4uapruafi He-eKcnoHewqiimuil xapaKrep cnagy xopenm4ifi, il{o cBiArrr{rb npo
Naoxrusicrr Sa:onoro nepexoAy npz nucorifr rycrard n reaai-o4uoruipnorray $ruor4i.
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5.2. 3a nasnnocri nayxono-rexni.rnoi npo4yxqii o6t'pyHryBanHff ii nepenar y nopirnxnHi s

icnyrouuuru aHaJroraM[
B flpoexri po:po6neno noni ueroguKu orpuMaHHfi MaKpocroniqHoi urazgxocri 3ByKy ra anaai:y
4znauiunax B"rIacrl4Bocrefi uennopnAKoBaHnx crrcreM, 3oKpeMa qacoBrrx xopelrqifinux Syriru1ifi ra
4uuauiuuux crpyKr"ypHr4x Qarropia, qxi Aalorb neo6xi4Hy iHQoplaaqiro Anfl qucerrbHr4x

eKCnepI{MeHTaJIbHI4x rpyn, nos'fl3aHr,rx 3 Heflpyxuunl poeciroBaHHsM perrrrenincrrzx npouenin
(@panqix, flnoniR, CIIIA) uu ueirrporiie (@panqir, Irania). flpornrou Apyroro poKy BktKoHaHH.tr

llpoerry 6ynu po:po6nesi uero4r4Kr4 aHanisy rolexrunHoi 4auauixz iouuux prgrrH Ta MoneKynrpHax

Qnrorgir, B flKux ei46yeaerrcr 4rlcoqiaqia ra Moxyrb noflB.[Err.rcb HeeKpaHoBani ererrpoHHo]o
rycrl,IHoro iosu. Tari MeroAHKr,r MoxHa 3acrocoByBarr.r e xovr6inaqii 3 nepuonpr.rHr{r4nHorc
MoneKynspHoto AllHaMixorc 4rn BrdHaqeHHs sHecKis ei4 ne-ri4po4rauauiwrux npoqecie (onrzunux
:6y4xeur, penaxcar4ii 3cyBHHx ra o6'ennnux HanpyxeHb, Ten"rroBux vro4) Ao cnocrepexyBaHr4x B

eKcnepl4MeHrix BenI4r{I4n. I{e noezfr nigxi4 He Mae ananorie y nireparypi. B 2021poqi ony6nixoeano 5
crarefi y aBropureruux naixprapoAHr4x Saxonux Br4AaHHflx (2- Phys.Rev.Lett, no 1- Phys.Rev.B,
Frontiers in Physics, Phys.Rev.Research). Ili uayr<oei ny6nixaqii Ha reMarr4Ky llpoerry 6ygyrr qixani
Anfl tuupoKoro Ko"ra cneqiaricriB no Ar4Hanaiqi pi4ran i cxnono4i6szx cacreM, KoMr'rorepHoMy
MoAenmBaHHlo, eKcnepr4MeHrax no HenpyxHouy poacironauui, reopernrin : ra-ny:i y:aralrHeHoi
ri4po4rznanaixu.

5.3. [Ipaxruuna qinHicrr orplrMaH]rx perynrrarir peanisaqii llpoerry Anff eKoHoprirr ra
cycninrcrea (crocyerbcfl npo€KTir, rqo nepeg6auarcTb npoBeAeHHrr nplrKJraAnr.rx HayKoBlrx

4ocni4xens i nayxono-rexni.rnux pospo6ox)
Po6orra na4 llpoexrona nepe46aqarorb QyH4arraenranrni 4ocligxennx, rouy nparrzuHi acneKra
3anrIaHoBaHI4x pe3ynbrarin 4na exononairu ra cycnilrcrBa He nepe46auarorrcr.



5.4. OnNc ruasxin ra cnoco6iB rroAa"Ebruoro BlrKoplrcraHHs perynrrariB BlrKoHaHnn Ilpoexry
n cycninrnifi npaxrrqi.
Honi reoperuqni ni4xo4a AnA orutcy Ko"rreKTr4BHr4x rBr4rr{ y HeBnopflAKoBaHr4x cHCTeMax ra Hosi
MeroAt4Kr4 auani:y qacoBrzx xopennqifturax Qyiixqifr 3 Konan'rorepHoro MoAenIoBaHnn, pospo6neni s
paMKax npoeKry 6ygyrr npeAcraBaeni e HasqanbHr4x Kypcax no crarr4crraquifi Qi:uqi ra Qi:uqi u'qxoi
perroBr4Hur ra rro KoMrr'rorepuonny MoAearoBaHHlo Anfl cry4enrie uu acnipanrin. 3oxpenaa qe crocyerbcfl
piunoro Kypcy "KoMfl'rorepHe MoAenroBaHHs $i:uvnux rpoqecie" An, cryAeHrie 4-ro rypcy HY
"Ilreiscsxa flonirexrdxa, ra nexqir no xypcy "Oi3raxa u'sxor peuoBuHr4" 4ra acnipanrie I@KC HAH
YxpaiHz.

llpurvrirra: AnoroeaHufi:eir se uicrzrr ni4olvrocrefi, :a6oponeur4x Ao ni4xpuroro ony6rixynanna

Hayxorufi xepisuur flpoexry
AapeKrop IOKC HAH Ynpainz
Epux Tapac

(ni4nzc)


