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OcnosHprN{g uarepialaun g.nr nupo6nraqtna mupoKol'o Knacy [pucrpoiB cyrlacHol

uirpo-, HaHo- Ta ofrroenerrpoHirra e 6araroAomrnni nauinuponi4nuru, cepeA tKIiIX IIeHTpaJIbHe

Nlicqe safiNaaro15 Kpprcrarru repuanix. [ocni4Nenux ix (fiszuHl4x BJlacrr4socrefi cKnaAa€ o4ny is

Baxnr,rBrrx 3aAaq nanienponi4ruaxonoro uarepialoaHaBcrBa, rqo 3yMoBneHo noNlunicrro
lepcneKTl,rBHofo ra BllcoKoe$errranHoro BI,IKopI{craHHfi AaH}Ix ruarepianin e sxocri 6asoe[x

ereruenris 14nA pi:noro poAy natinnponi4nrarconux 4arumin, iHrerpalurux uirpocxeu,

$oro4ererropin, ileperBoprona.rie eneprii, ToIrIo. Knroqonnlrra B rlboMy HanpflMKy e

aocniaxenHr rpaHcrroprHrrx BJracrllBocrefi, ni4moproeaHicrr enexrpo(pisl{rrHux uapa:raerpin ra
ix r<eponana guiua ni4 nnnranoNl goeHimnix (parropin, rqo BI{3Haqae po6ory eneKrpoHHl{x

upnla4in, B ToMy .rucri i n erccrpeMaJrbHrrx )MoBax. Monorpucranv repMauiro cyrreno

suinroro6,. ceoi xapaKTeprrcrr4Kr.r npu Aii rvrexaniqnux HalpyxeHb, IrIo rotcHloerbcfl
paAlrKanbHoro nepe6yAoBoro fioro enepreruqHri crpyKTypu. -flx nunrreae 3 Al,Iceprallifincli
po6oru, oAnosicHi a6o ri4pocrarr.rqui TrdcKI4 MoxHa po3fntAaru sr HaAifiHi incrpylvrenu4 Ans.

3oHAyBaHHr 3oHHoro crreKTpy 6araro4oruHHoro naninuponiAnura. Blalo [oeAHyloqv

TeoperrlrrHi pospaxyuKr,r B paMKax reopii anisorpounoro poeciauHs ra eKcnepllMenralrni

AocliAxenHs reH3ope3r.rcrr4BHoro e(fer<ry An.lt fepMaHiro, anropy po6oru BAaJIocb orpI4MarI'I psA

3oHHrrx napauerpin Nts. L i A-4olun, AoBecrkI BTIJIpIB innepcii rzny a6coJllorHoro vriniltyuy y
Br.r3gaqeHHr pyxnr.rBocri nociis i ecraHosI,IrLI AoAarKoei N{exaHis\arz lrixgoluHHoro po:cironaunr.

Ife, s ogniei cropoHlr, crBoproe [epeAyMoBvr p.ns. BpaxyBaHHx ge(popruaqifinrax uo.nin npra

KoHcrpyroBaHni npr,rcrpoin, a, s iumoi cropoHl{, 4ae in(foprr,laqiro rpo Aerani euepreruqHofo

crreKrpy, auisorponiro (pisuunzx napanerpin, oco6nzeocri poscironaHur 3aps[y B

naninnponiAHtrKax :i crlaAnoro 3oHHoIo crp)'nryporc. HeseaNarorll{ Ha 3HaqHLIft rexHi'IH[fi
nporpec B rrpprKnaAuifi ranyri, raxi pe3ynbrarlr e BaxJIIIBITMLI An-f, noAaJlbllroro po3BLITKy

Qisuunux uo4elefi, rnu6ruoro posyrr,rinna npr,rpoAl4 rcineruqHllx npoqecin e 6araroAoJILIHHIrx

uaninnponiAHuKax, a raKoix ik nuropucraHHt, IrIo BI{3Haqae aKTyaJrsnicrr Aanoro Azcepra-
qir-lnoro AocliAxenns. Pogrrsnyra B po6ori npo6leua, tKa 3HaxoAkrrBcs. n pycni inreHcrasHo

,uocniA>xynaHlrx cboroAni gaAaq, 3oKpeMa, e o6racd naninuponi4nraroeux HaHocrpyKTyp Ha

ocroei repnaanir, e qircanoro i cy'racnoro.

,{r,rcepraqifina po6ora riuro roB'r3aHa 3 HanptMKoM HayKoBllx AocliANeur xa$e4pIa

Qisunra i elexrporexninu Jlyumoro nauionarsnoro rexni.{noro yninepcllrery ra HayKoBo-

Aocni.qnoi po6orn " Mop$olori.rHi MeroArI i rraoleni KoHTponrc slcocri uaninnponi.qHl,IKoBlrx ra
KoMrro3r.rrHux uarepizurin".

, focmoeipnicmt pesynumamio
Pe:ylrraru 4zcepraqii orpurvrani 4o6pe aupo6onaruMlz MeroAalau i ToMy HeMa ui.qcran

cplrinarucr s ixuift qocronipuocri. Ile ercrleplll\{etlraltui MeToALIKI,I AocriAxeHnq
rineruqHrax rBrrru, 3oKpeMa, TeH3ope3'IcrLIBrIofo e$exry, Ta MeroAI4 reopii anilorponnoro
po:circnannr, pornunyri 4nx 6araroAornHnux nauinirpoei4utlrcin, ltero4 4e(popuaqifiuoro
noreuqialy ra napiaqiftnufi uero4 Pirqa. Kpilr roro, aBrop /{oAarKoBo tponin oqisru noxu6ox,
qri sunlrrarorb npu nrarvripronannrx, npuqoMy qi noxz6ru e oAHaKoBI,IMV !.Irr^ pi:Hux reorvrerpifi

spasr<in s pisnoro KoHrlenTparliero 4oviruor, qkIM AoAarrcono ni4rnepAldB 4octonipnicrr csoix
pesynrrariB rro Br4BqeHrrro reHsoeQerry y nn6paHnx Kplzcrarlax. [ocroeipnicrr pery:mrariu



raKox riArBepAxyer cr y3roAxeHicTro oTpr.rMaHlrx eneKrpo(bi3lIrIHLIX xapaKrepl'IcrllK

AocniAXyBaHI{x Kpllcrarin repvrauiro s HateHIrMI'I B nireparypi AanrrMkr.

Ocuoeni pesynbmamu po6omu, i*Hn Hoe usua i sHaqutwicmu.

,{ncepraqi.rr cKJraAaerbcr 3 Bcryny, qor[pbox pos4inin, nucuonrie, crlr4cKy lireparypuux
Axepen, Br{KJIaAeHa na l4I cropiHqi, uicrzrr 39 pucynrin ra 6 ra6nuqr.

y Bcmyni o6rpynronyrorbcr arryamnicrr reMI{, (foplrlynroerrc.a Mera ra npeAMer

AocliAxesnx, ni4o6palxaerbcg HayKoBa HoBr{3Ha ra npaKTI4rIHe 3HaqeHHx po6oru, niAsHa'raerrcs

oco6ucrufi BHecoK aBTopa ra onl4cyerrct crpyKTypa po6orz.
y Ileputouy posdini po6orn Anr Kpllcrany repvraniro rpeAcraBneHo ofn.f,A

eKcnepr.rMeHTilJrbHoro i reoperurrHoro AocriAxenns 3anexHocri nnrouoro olopy eia
npr4KnaAeHofo B pisnvx Kprrcranorpa(fi.ruzx HanptMKax rl{cKy. BiArrliqaeuct, qo oco6rytsocri
n'$oonopy Ans AaHofo nauinnponiAuuxa Moxyrb 6yra norureni rpaucQoprtaqiero pisHlax

Aonr.rH ftoro euepreru.ruoi crpyKTypr.r. AHarisyrorrcr MeroAI{ Bu3HarIeHH{ eHepreruqHux

napanrerpin, raKr{x rK KoMrroHeHrr4 TeH3opa 4e$opuaqifinoro norenqiary. Biacyrnicrr nonuoi
in(poprr,rauii npo qi xoncranrr, a raKolr( npo e(per<runuy naacy !.nfl A-Aoluna crI,IMynIoBaJIo

rorryKyBarra Ao npoBeAeHHr AoAarKoBr4x AocriAxenb y paMKax c(fopuynsoBaHl,Ix y po6ori
3AB.IIAHb.

V dpyzouy posdini rpoBe.4euo orrr4c ycraHoBKrz An,a crBopeHHt oAuoeicHoi npyxnoi
4e(fopuauii ra uarr,riproBaHHr eneKrpr4rrHl4x napaMerpin gnx 4eQopuonanzx spasrie reprraaHiro.

,{zcepranr 3Bepra€ yBary Ha perenbHy ni4roroeny spasrin 4o uanliproBaHHt rltlToMoro olopy.
Bin nonepeAHbo npoBin reoperzuni pospaxyHKrr BnJILIBy onrI,IMaJIbHI,Ix reoMerpI,IrIHLIx postripin,
rfopuu, cryrreHr neryBaHHq na uexi 4ianarouy nnrtipronauHt reH3ope3l4crl{BHoro e(perry, ruo

Ao3BoJrrrno BcraHoBrrrra gzurexnicrb Kpr.rrrrtlHrlx Hanpyr ni.q unoui [olepeuHoro nepepi:y:pa:rcin
rrpr4 oAHoBicrouy rldcKy n pisnux Kpl{cranorpa(fiunux HarlptMKax.

Tpemiil pozdin vicrutb pe3ynbraru, txi crocyrorbc{ BIr3HarIeHH{ eHeprerI,IrIHI,IX naparr,rerpin

A-Aolznu s soHi uponi4nocri rpucrany Ge. Tyr clil niruntirl,ITll opl{rinalrHIafi uiAxiA, sxufi
aBTop 3acrocyBaB Anr oAep)KaHH.f, KoMrroHeHT TeH3opa 4e$oprraaqii ra rolrnoHeHT TeH3opa

eQerrunnoi uacu Ans Aanoi AonrrHr,r. 3 qiero Merolo 6ynra nponeAeni nrzuipronanns upltoN{oi

eneKTpoupoeiAHocri Ta rr'e3oorropy Anr oAnosicuo 4e(foprraonaullx MoHoKprcraris repuaHiro

B3AoBX HarrprMKy [100], Aani rKrrx Br.rKopr{croByBaJlacb s auanirldrlHI4x Bkrpa3ax [nfl
eHeprerr.rqHoro sNrirqeHus A1-uiniuyuy ra e(fer<rueuoi vracur, oAepxaHl4x ua ocrosi reopii
uoreuqiany ge(bopN{aqift ra reopii anisorporrHofo po:cironanns. Y IIboMy N po:Aini 6ynu
srgHa.reHi 6aprauni xoe$iqienrvr /^nfl. A1-Ivrinirrayuy ra suina eHeprerl{tlsoi qinzsz naiN L i A-

.IonprHilMlr. I{iranrav pe3ynbraroM e Br{-rBrena pisna noseAiHxa L i A upn oAnosicHoN{y rI,IcKy

B3AoBx pisnzx Kpr4cranorpa$iunzx nanp.arr,mie ra ri4pocrarvqHoMy rl{cKy a)I( Ao no,xBlr ineepcii

AaHrrx AonlrH. ,{ocni4xeno BrrJrrrB qiei innepcii runy Lr - Ar na eQelct eKpaHyBaHHs ra 3

ypaxyBaHHsrra xiNriqHoro 3cyBy y paMKax napiaqiftnofo MeroAy Pirqa BI,I3Har{eHo eHepriro

ionisaqii ocHoBHoro craHy vilrux 4onopie y n-Ge.
Y uemeepmouy posdini ananisyrorbcr reMrleparypni 3aJlelrHocri nurouoro onopy y

pi:nvx MoAeJr{x Lr - AonuHu (voruprox, ABo- Ta oAHoAonzHHifi), sxi N{alorr lticqe npu 4ii
rr.rcKy B3AoBX Kplrcranorpafi.rHrax nanprurin [100], [110.|, [111] ra Ar- .{onuHl{ 3

BpaxyBaHHrM Bnnr4By innepcii (Lr - Ar) a6coruoruoro vrinirrryuy Ha pyxnunicrr elerrponin. .{nr
roNnoi noAeni 3arrporroHonano Aouinyouufr tuexanigu posci.anHx e;rerrpouin. flor<asano, rqo

eKcrrepr.rMenralrni 3aJre)KHocri nzrouoro olopy ni4 renrnepanypv An-t{ MoHoKpl,Icrany repuaniro

MoxHa llo{cHlrrr{ dlrr<u [pI4 HiurBHocri ro.rHo BI,I3HaqeHI,IX KoHcraI{T eneKTpoH-Qouonnoi

egaeNdoAii Ans onrurrnux (ponoHie ra Qononin, .axi upufiruarorb yqacm y rtiN4onI4HHoMy

poscixnni. llpo Baxnr{By ponb nrexani:rr,ty tvtiN4orunnoro poscirnua Hociie ceiAqam

eKcrreprrMenrzurrni Ta po3paxosaHi reNaneparypui 3aJle)ru{ocri pyxnunocri ererrpoHin Ant pi:nzx
uoAelefi Ar- AonraHu (voruproxerincoiAuoi ra urecruerincoi4noi), a raKox ga:Iexnocri

rapaMerpa anisorponii qacie penarcaqii ni4 reuueparypv. -flx nunnaBae 3 4ucepraqifinoi
po6oru, [oprA 3 BKa3aHr.rMr{ B}rrqe rr,rexauigtrralru posciauna ererrponin, rrrfl notcHeHHt
n'e3oonopy e /,-Ge norpi6no BpaxoByBarn neersieaJreHTHe lrixAorunne po:ciruru.s rr,riN
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nriniuyrraalru Lr i Ar- AonrrH 3oHlr rrpoBiAnocri, ocKinbKr4 TLrcKr.r [pl4BoAtrb Ao cyrreBoro
lepepo3no4iny enexrpouis N{ix uinirryrrnaltu pi:noro rllny.

fio nafioaxnueiwux psynbmami4 o4epNaurrx Ha ocHoei KoMUreKcHoro AocriAXeHH.u
BrrnuBy ae(bopnraqifinux nods Ha rcineruqni xapaKTepI,IcrI4KI{ Kpl4crany repuanix, cni.q

einHecru:
- y po6ori AerzrJrbHo rrpeAcraBneHo MeroAI,IKy BIr3HarIeHHt eHepferLIqHLIX naparvrerpin

ocHoBnoro i AoAarxosoro rr,riniruyrr,rin 3oHlr ilpoBi.qnocri Kpl,Icrany repuauir y noe4nanui
pesylrrariB eKcrrepuMeHTuurrHr4x AocriAxenr reH3ope3LIcrLIBHoro e(perry ra reoperl4r{Hllx
po3paxyHKin e paurax reopii anisorpounoro poscixnns Hociin. O4epNani czcrerraz pinuxut, rlci

Ao3Bonrrn[ sHafiru KoM[oHeHTr.r reH3opa e$errunuoi uacz ra KoMrroHeHTI4 TeH3opa noteuqiany
4e(f opvraqii, 6aprauHi xoe(f iqienrz;

- rroKa3aHo, rqo iHeepciro runy (Lr - A1) a6conrorHoro l,rinirvryruy y Kpllcrulni reprvraniro

MoxHa peanisynarra rilrxz nprd ri4pocrarraqHoMy ra o4Honicnux rl{cKax B3AoB)K

Kpr.Icranorpa(fiunux nanpxrr,rrcin [1 00] i [1 1 0] ;
- Bneprue AocliANeno BrrJrr.rB innepcii rvny (L1 - Ar) na e$ercrrz eKpaHyBaHnr y xpucrali

Ge. 3 ypaxyBaHHs\.{ xiNri.rHoro 3cyBy o4epxani eneprii ionigaqii ocHoBHoro craHy 4rx pi:nux
uilrux goHopin ( Sb, P, As), xri cyrreBo s6inrruyrorbcs rlpu nepexo4i sil Lr AonLIHLI Ao Ar

Aonr,rHlr. Bcranouena rrprpoAa pisHoi AoBlrs4HI4 eKpaH)tsaHnfl, p.ns. Lr i Ar- naiHinaynin souu
nponi.4nocri;

- y paMKax po3rnrAy pienrax uoAerefi grrx L1 -, Ar- AonI{H ra ineepcii rnny (Lr - Ar)
a6colroruoro vriuiruyrr,ry 3 Br{Kopr.rcraHHtM oAepx(aHux eHeprerutlHzx uapalterpin ua ocnoni

AocriAxenns reMfleparypHr,rx gareNnocteft rll{roMoro onopy, KoHlleHTpaqifinux ra
reMneparypHlrx 3aJre)Knocrefi rapaMerpa anisorponii .racie penarcaqii ra pyxnr{Bocri nociin
BcraHoBJreHi rr,rexanisN{z ren:oe$errie ra uexaniguz poscixnnr Hociis 3aps,[y n llonorpuctari
repuaHix. I{i pe:ynrrarr.r BKa3yrorb Ha cyrr€By pom uix4oJrr.rHHoro poscirunx ererrponin;

- AoBeAeHa raKox neo6xiAnicrb BpaxyBarrns HeexnisaJreHTHoro l,rix4orznnoro poscixnnr
elerrponin uix Lr i Ar- AoJrr.rHErMr.r Ar.fl norcHeHHr reH3ope3r{crrrBHoro esercry B AaHoMy
rpucrari npr4 orHoBiurux rr.rcKax (1.6 <P <2.7lIIa) B3AoBlK HanptMKy [100] ;

- oAepxaHo sHaqHufi n'esoonip ra rioe(fiqienr reH3orryrnzeocri (upu upyNnifi
ae$opNrarlii Ao rucxie 3 flla), BeJrr{rrr/rHr4 rKr4x cyrreBo 3anexarr siA reNaneparypr.r.

YsroANeuus eKcrrepr{MeHTaJrbHt4x reMrreparypHr{x ganexnocrefi nr,rroMofo olopy ra
pyxnr,rBocri s rcopeu4rrHr.rMr.r po3paxyHKaMlr ceiA.{arr rrpo KopeKrnicrr Br4Kopr4craHoi :onHoi
uoAeri AJUr Kprrcrany repuaniro.

Taruu qr{HoM, 3 BeJrr.rKoro o6'euy npoBe.qeHlrx y Ar{cepraqifiHift po6ori .(ocriAxenr
BrrrrJrr4Bae, qo nuruiproroqr eneKTpo(fisrauHi xapaKrepvcrr.rKr,r B Kpkrcrzrni Ge npz 4ii rucry,
MolKHa npocni4rynutv 3a paAr{KanbHoro nepe6yAoBolo fioro gonsoi crpyxrypu.

3po6neui aBTopoM Br4cHoBKLr pt[oM 3 rlpplBeAeHr.rMrz B 4rzcepraqii pe3ynbraraMu
ui4rnep4NpTb HayKoey i npaxmuuny qiunicmt po6oru, a raKoxt i uoeusny.

flpu sararbHoMy rro3r.rrr.rBHoMy Bpax(eHni si,q 4racepraqii, rro reKcry MoxHa zpo6utu i,t

onpenri 3ayBaxeHnq.

l -flr niAoruo, 3oHHa crpyKrypa rpucrany Ge, rpiu nafiru{xrroro L-vriuil,ryrray,
ruicrum noxanrnrafi rraiuiuyru y qenrpi sonz EpirnroeHa ( n rouqi f), xruft raKo)K Moxe
3a3HaBarrl sl,riqeHHs npvr 4e(fopruaqiax, i HeupnaosorrHzfi naninnponi4Hrar crae
rrprMo3oHHr.rM. ,{opevno 6yno 6 rplrBecrlr inSopnrarlirc (naupzrua4, 6apuunuir
rcoe(fiqieur) npo rrvriny f-encrpelryrr,ry ni4 Aiero oAuouicHux i ri4pocrau{rrHoro rucxie ra
uopinnrru 3TaKr4Mr4 xsN{iHaNaus Lra A-Aonnn. Taxoxypo6ori ui.{e se 3ra.qyerbcr,
.rorr.ry uocii f- Aornuz ne npnftuatotr yuacri y tBlrlqax rrepeHeceHH-fl.

2. 3ouna crpyKTypa niA enrlanorra sonnimnix nanpyxenr arrrinroerrcr, a) siAnosiAHo,
rrdinsrorrcs i xounoneHTll TeH3opa eQerrnsHoi l\laclr. I]e raroN ni4rnepAxyerbcr B

parvrKax MeroAy llixyca f.e. s kp -ya6tnNenni. llpra qsorvry y araceprauifinift po6ori



ni4cyuri oqinrn raKkrx srrrin 4rx KoMrroHeHT TeH3opa eQerrunnoi uacu Nm L ra A -
Aonr4H. Byro 6 Aoqinsno HaBecru upunafirutri nireparypni aaHi rrloAo sarexHocri
eSexrunnoi uacu ni4 rucry An.f, MoHoKpkrcrury repuaHix.
Y po6ori crBepAxyerbcr, ruo 6apuuna garexnicrr ae(boprraarlifiuoro sMirqeuns AEar

Aonr.rHrr Ar Mae ni:aiituufr. xapaKTep, rqo ni4rnepAxy€Tbcr eKcrrepr{MeHTaJrbHrdMr.r 4anvrMkr)
oAHaK TeoperldtrHufi nuptz (3.5) ue Ir.ricrurr snHoi 3aJrexHocri ni4 uacxy. Torvry 6yno 6
uiraeo rpa(piuno rpeAcraBrrrr{ sanexHictr AE^te) (3.5) ra nopinnxrr.r ii g raroro N
sri4Ho Soprr,rpu (3.6).
y rercri 4zcepraqii sycrpiuarorrcr uoo4uHori rpaMarvqHi nolrnrxn, olzcKrr i
HerotrHocri y Sopvrynax (nanpr{KJlar{, (fopnryna (3.28)), neslail Bvpa3kr (nanpurra4,
"NaixAonuHni" $ononu). [tx getxnx Siszunux BeJrkrrrr'rH aBTop Br4Koprrcronye pisni
no3HarleHHt,3oKpeMa, AIrs.gaps.ry eneKTpoHa"e" i"9",p.rg. TI4cKy 

(1X" i '6P".

I-{i saynaNeHH.rr xoAHr.rM qr.rHoM He rrplrMeHrnyrorb 3HaqeHH-rr orpr.rMaHrrx pesyrsrarin ra
4zcepraqifiuoi po6our n qinorray.

O4inxa podomu o qinomy

Bce BkIIrIe 3raAaHe Ao3Bonte spo6uru BI{cHoBoK, rrlo lilcepraqifina po6ora Eyp6ana
O.B. e 3aBepIxeHIrM HayKoBI{ru.(ocriAxeHHsM, a [peAcraBreni e po6ori AocniAxenHr € rreBHktM

BHecKoM y (fisrarcy riueru.rHux rBr4rrl s 6araroAoJrlrHHr.rx uauieuponiguurax. Aeroporr,r HaJre)r{Ho

pospo6neno MeroAL.IKy Aocri.qxenns rcinerruHlrx xapaKTepr{crrrK y Kpr4cranax repnlauiro npu
lii olnosiurzx rzcKis i orpuruano nosi naroMi pesyrumrz, ximicrr i sKicm sxux eiAnoniAae
pinHro KaHALIAarcbKr.Ix Al{cepraqifi. Ocsonui pe3ynbrarr,r po6orv ronuoqiuuo ni4o6paxeui y 29
ApyKoBaHLIX rpaqtx y (faxonzx BLIAaHHTx (11) i s6ipnrzxax HayKoBr,rx nparlb ra anpo6onaui na
IraiNnapo4nux i nirqu3HtHlzx r<on(fepenqi.ax. Anrope(fepar uoeHicrrc ni4o6paNae sNdicr i
ocnoeui pe3ynbrarr{ 4r,rcepraqii. BIluroers{ po6oru ni4nonigarorr rocraBJreHr{M Ta
nupiruynaru{M 3aBAaHHrM.

.{ucepraqifl. :r'arrncaHa rapHoro MoBoro, Br,rKnaAeHa fpaMorHo, :posylrino ra nocli4onno,
.sricno.inrocrponana. Po6ora ruicrrarr rpyHronHi IIotcHeHHr eKcrrepr.rMeHTirJrbHr.rx nulripronanr.
Anrop ycniuruo oonois sK MeroAllnu rexniqHoi niAroroexu spa:rin i npone4euHr eKcnepvMeHry,
rar i TeoperllqHi rr,rero4u po3paxyHKis xiHerrqnux e$errin, rqo cni4urarr upo uz6ore
po:ynrinnr ra 4o6py xnaniSixarliro anropa.

Bnaxato, Iuo 3a cyrcynnicuo ra srdcuo orprrMaHr4x HayKoBr,rx pesymrarin, ix
intepuperaqiero, (fyn4alvrenranbHoro ra [plzKnaAHoro qinnicrro 4zcepraqiftna po6ora
",{e(foprraaqifiui e$erru n (L1-A1)-rrao4eni 3oHI{ npoBilnocri rpucrarie repuania" noeHicrrc
siAuosiAae BLIMoTaM AAK Yxpainu .qo KaHAlrAarcbKr.rx 4zcepraqifi, a ii aBrop Byp6an
Onercau4p Bixroponu.r IIirxoN,{ 3acn}ToBye rIpI4cyAXeHnr fiouy HayKoBoro cryrreHr KaHAr4.4ara

$i:zro-nrareMarrltlHl{x HayK sa cneqianrnicuo 01.04.10 Qisnra nauinuponiAnraris i
4ierer<rpur<in.

O$iqiftnufi orroHeHr:

AoKrop (f isuxo -rvrareMarlrqHrrx HayK, upo (f ecop xa(f e4pu
(fisraru uauinnponi.unurin ABH3 "Yxropo4cmrafi uaqionalrnufi yHinepcr4rer",

Xapxanic JI.IO.

Ili.qnuc A.0.-M. n., npo(f .

BqeHrfi ceKperap ABH3
HarlroHanbHuvr yIJr

3.

4.

ffHl{r"l

/4 aq 9" otaTt ,

Menrnux O.O.


