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o<l>in:iilHoro orroHeHrn ,noKrnpa qii3.-MaT. HayK, rrpo<i>ecopa 3aym1qHoro 5!. B. Ha m1ceprnn:i10 
MupouroKa ,ll;euuca BaJiepiii:oBuqa "BnJIHB )J,eHKHX BHAiB iouhyroqoro BnnpoMiHIOBaHHH ua 
BJI3CTHBOCTi nJiiBOK OKCH)J,Y QHHKy", rrpe,n:CTaBJieHy .no 3aXMCTY Ha 3,no6yTrn HayKOBOro CTyrremr 

KaH,n:M,narn <l>iTllKO-MaTeMaTMqHMX HayK 3a crren:iaJihHiCTIO 01.04.07 - <l>i3MKa TBep.noro Tina. 

Cepe.n urnpoK030HHMX HarriBrrpoBiJJ:HMKOBMX MaTepianiB, 5!Ki e ocHOBOIO cyqacHoro . . . . 
TeXHOJionqHoro p03BMTKY eJieKTpOHlKM, CBlTJIOTeXHIKM, urnpOKO BMKOpMCTOBYIOThC5I CIIOJIYKM 
GaN, ZnO, SiC rn pi3Hi reTepocTpyKTYPM Ha i'x ocHoBi, ocKiJihKM urnpn:Ha 3a6opoHeHoi' 30HM, 
6JIM3hKa .no 3-x eB, JJ:03BOJ15IE: IM rrpan:IOBaTM rrpM BMCOKMX 3HaqeHH5IX Harrpy)l(eHH5I 
eneKTpn:qHoro rro115I rn TeMrrepaTypn: ( 400-500 °C). Cepe.n BKa3aHMX HarriBrrpoBiJJ:HMKiB 
Hai16iJihlll rrepcrreKTMBHMM BBa)l(aE:ThC5I ZnO, rrepeBaraMM 5IKOro e IIOlllMpeHicTh y rrpn:po,ni, 
HM3hKa BapTiCTh BMxi,n:HMX KOMrroHeHTiB rn HeTOKCMql\icTh. Moro lllMpMHa 3a6opoHeHoi' 30HM 
3,3 eB 3a6e3rreqye rrp03opiCTh y BMJJ:MMOMY iHTepBani OIITMqHoro crreKTpa, a eHeprii'. 3B'5!3KY 
eKCMTOHiB CTMMYJIIOIOTh BMrrpoMiHIOBaJihHi peKOM6iHan:ii' rrpM KiMHaTHiH TeMrrepaTypi. 0,n:HieIO 
i3 Ba)l(JIMBMX xapaKTepMCTMK ZnO, 5!Ka lllMpoKo BMKOpMCTOBYE:ThC5I y 6araThOX cqiepax 
aKyCTMKM, 6e3rrpoBi,n:Horo 3B' 513KY, To mo e BMCOKMH Koe<t>in:ieHT eneKTpocTpMKU:ii'. P51,n 
.nocni,n)l(eHh·MOHOKpMCTaJiiqHoro OKCMJJ:Y U:MHKY BKa3YIOTh Ha H:oro 6iJihlllY CTiHKiCTh .no ,ne51KMX 
BMJJ:iB ioHi3yIOqoro BMrrpoMiHIOBaHH51 y rropiBH5IHHi 3 aHanoraMM GaN, SiC rn KJiacn:qHMMM 
HarriBrrpoBiJJ:HMKaMM Si, Ge, GaAs i T. rr.. 0,n:HaK, 3MeHllleHH5I p03MipiB eneMeHTHoi' 6a3M 
eJieKTpoHiKM, oco6JIMBO JJ:JI51 KOCMiqHMX arrapaTiB, o6opOHHOi' TexHiKM, po6oTiB Ta rrpMCTpoi'B, 
5!Ki rrpaU:IOIOTh B )'MOBax BMCOKOI pa,niau:ii' Ha 51,nepHMX o6'eKTaX, 30KpeMa Ha aTOMHMX 
eneKTpOCTaHU:i51X, I10Tpe6ye BMKOpMCTaHH51 OKCMJJ:Y U:MHKY y BMrJI51JJ:i TOHKMX IIJiiBOK i 
rrnaHapHMX CTPYKTYP· ToMy rrpoBe,neHe B .nn:ceprnn:ii' Mn:poHIOKa ,n:. B ,noc11i,n)l(eHH5I BIIJIMBY 
BMCOKMX JJ:03 ioHi3yIOqoro BMrrpoMiHIOBaHH5I Ha BJiaCTMBOCTi IIJiiBOK ZnO Ta iHTep<l>eiiciB 
rrniBKa-rri,n:Kna,n:Ka e 6e3rrepeqHo aKryaJihHHM. 

Ilpo aKryaJibHiCTb BHKOHaHHX B ,IJ;I-ICepTau;il ,nocni,II)KeHb cni,nqHTb i Te, rn:o BOHH 

BMKOHYBaJIMC51 3a IIJiaHaMM HayKOBO-JJ:OCJilJJ:HMX po6iT Bi.n.niny <l>i3MKM i TeXHOJiorii' 
<t>orneJieKTpOHHMX Ta MarHiTOaKTMBHMX MaTepianiB lHCTMTYTY rrpo6JieM MaTepian03HaBCTBa 
iM. I. M. <l>paHn:eBn:qa HAH YKpai'HM B paMKax .nep)l(6IO,n)l(eTHMX TeM NQ0110U000143 
"<l>OTOeJieKTpOHHi MaTepianM Ha OCHOBi neroBaHMX IIJiiBOK ZnO" (2010-2012 pp.) 
M~Ol 13U000312 "ITp03opi eneKTporrpoBi,n:Hi rrniBKM Ha ocHoBi neroBaHoro ZnO 3 rri,n:Bn:meHoIO 
pa,nian:iH:HOIO CTiHKiCTIO JJ:JI5I <t>orneneKTpOHHMX rrpMCTpoi'B" (2013-2015 pp.). 

,n:n:ceprnn:iH:Ha po6orn Mn:poHIOKa ,n:. B cK11a.nanhc5I i3 BCTyrry, 6-TM p03,niniB, 3aranhHMX 
BMCHOBKiB i CIIMCKY U:MTOBaHoi' niTepaTypM, 5IKMH HapaxoBye 116 IIOCMJiaHh. MaTepian 
.nn:ceprnu:ii' Bi,no6pa)l<aIOTh 41 pn:cyHoK rn 15 rn6JIMU:h. IToBHMH 06' eM pyKorrn:cy 120 crnpiHoK 
MalllMHOIIMCHOro TeKcTy. 3a TeMOIO JJ:MCeprnu:ii' orry611iKOBaHO 6 CTaTeii, 4 3 5IKMX BXOJJ:51Th .no 
HayKo-MeTpn:qHn:x 6a3 SCOPUS. 

y Bcryni o6rpyHTOBaHO aKTYaJihHiCTh TeMM JJ:MCeprnu:iilHoi' po60TM, qiTKo BM3HaqeHO 
MeTy Ta c<t>opMyJihOBaHi 3a,naqi JJ:JI5I i"i JJ:OC51rHeHH5I, IIOKa3aHO HayKoBy HOBM3HY Ta rrpaKTMqHe 
3HaqeHH5I o,nep)l(aHMX pe3yJihTaTiB, 3a3HaqeHO oco6MCTMH BHeCOK 3,no6yBaqa, 

B nepIIIoMy p03)1,iJii .nn:ceprnu:ii' rrpoBe,neHMH niTepaTypHMH orn5IJJ: po6iT rrpMCB5J:qeHMX 
KpMCTaniqHiH: CTPYKTypi, xiMiqHoMy 3B'5!3Ky, JJ:MHaMin:i KpMcTaniqHoi' rpaTKM, cTpyKTypi 
eHepreTMqHMX 30H, <l>oTOJIIOMiHecn:eHn:ii' OKCMJJ:Y U:MHKY Ta BIIJIMBY Ha H:oro BJiaCTMBOCTi pi3HMX 
TMIIiB ioHi3y10qoro BMrrpoMiHIOBaHH51. ABrnp ,neTaJihHO orrn:caB CTPYKTYPY TeTpae,npn:qHoro 
OToqeHH5I KaTiOHiB U:MHKY aHioHaMM KMCHIO, B 51KMX Mi)l(aTOMHa B3aE:MOJJ:i51 3a6e3rreqyerhC51 sp3 -
ri6pn:,n:M30BaHMMM i rro115IpM30BaHMMM 3B' 513KaMM rn i'x po3MimeHH51 B cTpyKTypi U:MHKOBoi' 
o6MaHKM i BIOpU:MTy, a TaKO)l( p03rJI51HYB i'x TOqKOBi Ta rrpocrnpoBi rpyrrM. ,n:n:ceprnHT 
rrpoaHaJii3yBaB CTyrriHh ioHHOCTi Ta BeJIMqMHM e<t>eKTMBHOro 3ap5IJJ:Y rrpMHlllOB .no BMCHOBKy, mo 
BeJIMKe 3HaqeHH5I rro115IpHOCTi 3B '5!3KY rrpM3BOJJ:MTh .no rrepeBarn cTpyKTYPM BIOPU:MTY Ha.n 
CTPYKTypoIO U:MHKOBOi' o6MaHKM, 51Ka xapaKTepHa JJ:JI51 TeTpae.npn:qHMX CIIOJIYK 3 6iJihlll HM3hKOIO 
rro115IpHicTIO. Bi,n:MiqeHo TaKO)l(, mo rrpn: ri.npocrnTMqHoMy TMCKY 10 I'll a ZnO rrepexo,n:MTh .no 



CTPYKTYPH NaCl, a rrpH P > 250 I'Ila .z:i:o eTpyKTypHoro THIIY CsCl. OcKiJibKH B rrpHpo.z:i:i ZnO 

KpHCTaJii3yeTbC51 B CTPYKTypi B1opu1ny, TO npoBeL(eHHH p03rJI51L( BiL(XHJieHH51 BiL(HOIIIeHH51 c/a . . . . . . . . . 
BIL( lL(eaJibHOro Ta IIOCJllL(OBHOCTl II03HTHBHO 3ap51L()KeHHX lOHlB UHHKY 1 HeraTHBHHX amOHlB 

KHCHlO B rrnomHHax rreprreHL(HKYJI51pHHX L(O oci c, Ba)KJIHBHH L(J151 aHani3y MOL( KOmrnaHb Ta 

orrrn:qHHX BJiaCTHBOCTeH. TaKO)K BHCBiTJieHi TeMrrepaTypHi 3aJie)KH0CTi Koe<PiuieHTiB TeIIJIOBOro 

p03IIIHpeHH51 B rrapaneJibHHX Ta neprreHL(HKYJI51pHHX Harrp51Max .n:o OCl c e Ba)KJIHBHMH L(J151 

3 '51CyBaHH51 npHqlfH BHHHKHeHH51 Harrpy)KeHb B pi3HHX KpHCTanorpa<PiqHifX HaIIp51MKax. 

AHani3 MOL( orrTHqHHX <PoHoHiB rrpHrnMaHHHX ZnO rn il:oro 30HHo·i CTPYKTypH, TOHKoi" 

CTPYKTYPH cneKTpa <Pornn10MiHecueHuil, L(03BOJIHB pa30M 3 oco6nHBocrnMH KpHcTaniqHoi" 

6yL(OBH 3 '51COByBaTH rrpHpo.z:i:y 3MiHH JllOMiHecueHTHHX crreKTpiB BHacniL(OK orrpoMiHeHH51 

oTpHMaHHX aBTopoM rrniBoK. Oco6nHBY yBary B nirnrn51.z:i:i rrpH.z:i:ineHo aHani3y BenHKoi" 

KiJibKOCTi po6iT rrpHCB51qeHHX BIIJIHBY i0Hi3y10qoro y-, P-BHrrpoMiHJOBaHH51 rn rrornKiB Ba)KKHX 

ioHiB Ha KpHCTaJIO-CTpyKTypHi i OIITifqHi BJiaCTHBOCTi ~OHOKpHCTaJiiB Ta IIJiiBOK, CTBOpeHH51 B 

HHX .n:e<PeKTiB, HeOL(HOpiL(HOCTeH, rnmo. 3 npoBeL(eHoro aHani3y niTepaTypHHX ,n:aHHX 

,ll;HCepTaHT rrpHHIIIOB L(O BHCHOBKY npo Bi.z:i:cyTHiCTb KOMIIJieKCHHX L(OCJiiL()KeHb BIIJIHBY 

onpoMiHeHH51 BHCOKOeHepreTifqHifMH eneKTpOHaMH, IIIBHL(KHMH Ba)KKHMH ioHaMH Ha 

oco6JIHBOCTi MiKpOCTPYKTYPH, <PoHOHHOro cneKTpy Ta JIJOMiHecueHuil. JioriqHa rrocni,n:OBHiCTb 

npoBe,n:eHoro aHani3y ycix xapaKTepHCTHK o6paHoro MaTepiany L(03BOJIHna aBTopy 

c<PopMyJIJOBaTH i.z:i:e10 Ta IIJiaH L(OCni,n:)KeHb BHKOHaHHX B L(HCeprnuil. 

B ~pyroMy po3~iJii OIIHCaHi yci MeTO,n:H OTpHMaHH51 Ta L(OCJ1iL()KeHH51 HeneroBaHHX Ta 

neroBaHHX KaL(MieM i aJIJOMiHieM nniBOK OKCHL(Y UHHKy. ,n:eTaJibHO p03rJI51HYTi npouec 

MarneTpOHHOro p03rrm1eHH5I, 6y.z:i:oBa i npHHUHII .z:i:ii" ycrnHOBOK. Bi.z:i:MiqeHo, mo 110Kani3aui51 

IIJ1a3MH B npHKaTOL(HOMY rrpocTopi L(03BOJ151€ OTpHMaTH 3HaqHo 6iJibIIIY rycTHHY ioHHOro 

CTPYMY rrpH MeHIIIHX po6oqHx THCKax ra3iB, mo 3a6e3neqye BHCOKi IIIBHL(KOCTi p03IIHJ1eHH51. 

ABrnp BKa3ye, mo oca.z:i:)KeHH51 rrpoBOL(HJIH B pe)KHMax nocTiil:Horo CTPYMY i Hanpyrn rrpH 

TeMnepaTypi IIiL(KJiaL(KH 150-250 °C Ta BHCOKoqacTOTHOl Harrpyrn rrpH T = 400 °C. 
3acrncyBaHH51 peHTreHiBCbKOl L(H<i>paKuii" L(aJIO MO)l(JlHBiCTb BH3HaqaTH 3a HaBeL(eHHMH 

<PopMynaMH MiKpo.z:i:e<PopMauii" B Harrp51MKax oceil: c rn MiKpoHanpy)KeHH51, cTpyKTYPHY 

.z:i:ocKOHanicTb rn po3MipH 6noKiB OKP. <l>oTOJIJOMiHecueHUi51 rrniBOK .z:i:ocni.z:i:)KeHa rrpH KiMHaTHiii 

TeMnepaTypi Ha cepTH<i>iKOBaHOMY o6naL(HaHHi ueHTPY KOJieKTHBHOro KOpHcTyBaHH51 

"PaMaHiBCbKO-JIJOMiHecueHTHa cy6MiKpOHHa cneKTpocKoni51". CneKTpH 36y,n:)KyBanHCb He-Cd­

Jia3epoM 3 L(OB)KHHOIO XBHJii 325 HM i aHani3yBaJIHCb 3a L(OIIOMOfOIO IIOTpiHHOro cneKTpOMeTpa 

Horiba Jobin-Yvon T64000 Ta CCD-KaMep11 TE-1024x256 Andor (B .z:i:iarra3oHi XBHJib 200-

1050 HM). KaTOL(OJ1JOMiHecueHCi51 (KJI) BHBqanacb 3a L(OIIOMOfOIO CKaHyJOqoro eneKTpOHHOro 

MiKpocKorra JEOL 35C o6na.z:i:HaHoro c11cTeM010 KJI Oxford Instrument Mono CL2. On11caHa . . . . 
npoue.z:i:ypa HaHeCeHH51 MlL(HHX KOHTaKTlB L(J151 BHMlplOBaHH51 IIHTOMOro orropy IIJllBOK L(03BOJ1HJ1a 

L(HCepTaHTY OTpHMaTH L(OCTOBipHi pe3yJibTaTH. 0TpHMaHi aBTOpOM nniBKH onpoMiHJOBaJIHCb 

BHCOKOeHepreTHqHHMH eneKTpOHaMH Ha eneKTpOHHOMy rrpHCKOplOBaqi MiKpOTpOH M-30 B 

iHCTHTyTi eneKTpOHHoi" <Pi3HKH HAH YKpai"HH (M. Y)I<ropo.z:i:), a IIIBHL(KHMH ioHaMH Xe
26

+ Ha 

iMnynhcHoMy UHKJIOTpoHi ILI;-100 B Jia6oparnpi1 51.z:i:epH11x peaKuiil: iM .. <l>nepoBa o6'e.z:i:HaHoro 

iHCTHTYTY 51.z:i:epHHX ,n:ocni,n:)l<eHb (M. ,n:y6Ha, P<l>). Cni.z:i: 3a3Haq11TH, mo o6na.z:i:HaHH51 BKa3aH11x 

MeTOL(iB ,ll;OCJiiL()KeHb e cepTH<i>iKOBaHe. 

TpeTiii po3~iJI rrpHCB51qeHHH BHBqeHHIO BIIJIHBY orrpoMiHeHH51 BHCOKOeHepreT11qHHMH . . . . 
eneKTpOHaMH Ha KpHcTan1qHy CTPYKTYPY rn onT11qm BnacTHBOCTI 0Tp11MaH11x aBTopoM nmBOK 

OKCHL(Y UHHKy. Ba)KJIHBHM pe3yJibTaTOM, BBa)KaJO BH51BJieHe rrpH orrpoMiHeHHi rrniBKH L(O 

<Pn10eHcy 10
16 
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3pOCTaHH51 napaMeTPY c BHacni,n:OK po36yxaHH51 KpHCTaniqHOl rpaTKH, 3a 

rnepL()KeHH51M aBTOpa, qepe3 CTBopeHH51 .z:i:e<PeKTiB B pe3yJibTaTi eneKTpOHH0-51L(epHHX 3iTKHeHb. 

B TOH )Ke qac 36inbIIIeHH51 BL(Biqi qacy onpoMiHeHH51 3 Tie10 )I( iHTeHCHBHicTJO, crrp11q11H5le 

3MeHIIIeHH51 rrapaMeTpy rpaTKH c ,n;o BeJI11q11HH 6JIH3bKOl L(O TaKOl y Bi,n:rraneHiH IIJiiBui npH 

600°C. ,n:11ceprnHT crnep.z:i:)Kye, mo ue 3aBL(51KH 6anaHcyBaHHJO Mi)!( yrnopeHH51M .z:i:e<PeKTiB rn i"x 

Bl)J;IIaJIOM. 



IlpOBe.n:eHi B po6oTi .n:ocrri.n::>KettH5I crreKTpiB cpOTOJIIOMiHecu;em..1j'i BH5IBHJIH pi3Ke 
3HH:>KeHH5I KpaH:osoI eMiciI B yrrhTpacpiorremsiH: o6rracTi, BHacrri.n:oK orrpoMiHeHH» rrrriBKH 
erreKTpOHaMH 3i 36iJibllleHH5IM cprrIOeHca, mo csi.z:i:q11Tb rrpo 3HH:>KeHH5I q11crra BiJibHHX eKCHTOHiB 
Ta 6iJiblll Hi:>K TpbOXKpaTHe 3pOCTaHH5I iHTeHCHBHOCTi CMyrn BHIIpOMiHIOBaHH5I B opaH:>KeBO­
qepBOHOMY .n:iarra30Hi, 5IKa rropo.n:)l(eHa erreKTpOHHHMH rrepexo.n:aMH Mi:>K 30HOIO rrpoBiJJ:HOCTi Ta 
rrr1160KHMH aKu;errTOpHHMH piH5IMH Mi)l(By3eJibHHX ioHiB KHCHIO. IlpH U:bOMY 3pOCTaHH5I 
BiJJ:HOllleHH5I iHTeHCHBHOCTi opaH:>KeBo-qepBOHOI .n:o KpaliOBOI CMyrn eMicil rrpH cprrIOeHci 
2x 1016 

CM-
2 rri.n:rnep.n:)l(ye 36irrhllleHH» q11crra Mi)l(By3eJibHHX aToMiB. Ba)l(JIHBO Te, mo 

erreKTpOHHi rrepexo.n:11 i.n:eHTHcpiKOBaHi Ha OCHOBi 30HHHX p03paxyHKiB rriHiHHHM op6iTaJibHHM 
MeTOJJ:OM IIOBHHX IIOTeHu;iarriB. Crri.n: si.n:MiTHTH, mo i3 rrose.n:iHKOIO serr11q11HH rrapaMeTpa rpaTKH 
c .n:emo y3ro.n::>KyeTbC» ump11Ha cpiorremsoi" rri.n:cMyrn, »Ka e Hacrri.n:KoM rrepexo.n:y erreKTpoHiB 3 
.n:ecpeKTHHX piBHiB Mi)l(By3eJibHOro U:HHKY y BaJieHTHY 30HY' a i"i lllHpHHa rricrr5I orrpoMiHeHH5I 
cprrIOeHCOM 1016 

CM-
2 B 1,9 pa3H MeHllla Hi:>K B BHxi.n:Hi;fi Ta orrpoMiHeHiH: cprrIOeHCOM 2xl016 

CM-
2 

IIJilBKaX. 
qeTBepTHH p03}1,iJJ rrpe.n:crnsrreHOI .n:11ceprnu;iI rrpHCB5JqeHHH BIIJIHBY orrpoMiHeHH5I 

erreKTpoHaMH Ha srracTHBOCTi rrp03op11x rrposi.n:HHX rrrrisoK ZnO:Al, oca.n::>KeHHX rrp11 pi3HHX 
IIOTy:>KHOCT5IX MarneTpOHa. IlpH U:bOMY BH5IBJieHi 3arre:>KHOCTi iHTeHCHBHOCTi (002)-rriHiI si.n: 
rroTy:>KHOCTi MarHeTpoHa 3 MaKCHMYMOM rrp11 170 Bm Ta si.n:HollleHH» lid (d - msmirna rrrriBKH) 
e o.n:HaKOBHMH. EcpeKT IX 3pocTaHH» .n:o 170 Bm rros'»3YE:TbC5I 3 .n:ecpeKTaMH rpaTKH, »Ki 
BHKJIHKaHi 36irrhllleHH5IM eHepriI ioHiB Zn, 0 i Al, rrp11 oca.n::>KeHHi rrrriBKH, BHacrri.n:oK qoro 
BHHHKaE: ecpeKT 3Miu;HeHH5I 3ri.n:Ho po60TaM [76, 77], Ha 5IKi IIOCHJia€TbC5I asmp. IToc11rraIOqJ1Cb 
Ha p».n: po6iT [79-82] .n:11cepTaHT II05ICHIO€ 3HH)l(eHH5I iHTeHCHBHOCTi (002)-rriHiI .n:11cppaKu;iI Ta lid 
rrpH rri.n:s11meHH5I rroTy)l(HOCTi MarneTpoHa .n:o 200 Bm p».n:oM rrp11q11H: 1) rrp11 6irrhllliH: 
lllBHJJ:KOCTi oca.n:)l(eHH5I aTOMH He BCTHraIOTb 3aHH5ITH Ha rri.n:Krra.n:u:i CTiHKi IIOJIO)KeHH5I JJ:JI5I 
erriTaKciH:Horo pocTy; 2) U:HHK He BCTHrae rrpOB3a€MOJJ:i5ITH 3 KHCHeM i rropyrnyE:TbC5I 
cTexioMeTpi» ZnO. Y ce u;e crrp11q11H5IE: pi3Ke 36irrhrneHH» reHepau;il .n:ecpeKTiB, mo rrp11so.n:11Tb 
.n:o 36iJibllleHH5I rrapaMeTpy rpaTKH c, 5IKi iMOBipHO HaKorr11qyIOTbC5I B rrpocmpi Mi)!( 
TeTpae.n:paMH. KpiM Toro, 3aBJJ:5IKH TOMy, mo Harrpy)l(eHH5I CTHCKY B rrrrom11Hi rrrriBKH, 5IKe 

BHHHKae BHacrri.n:oK si.n:MiHHOCTi rrepio.n:is rpaTKH Si (100) i ZnO B 3HaqHiH: Mi pi KOMrreHcyeThC5I 
Harrpy)l(eHH5IM po3rnry qepe3 si.n:MiHHiCTb TepMiqHHX KOecpiu;irnTiB rriHiHHOro p03lllHpeHH5I, 
HarpoMa.n::>KeHH5I BKa3aHHX .n:ecpeKTiB, me H: B Mi)l(3epeHHHX rpaHHIJ;5IX .n:o.n:aTKOBO crrp11q11H5I€ 
3pocrnHH5I rrapaMeTpy c, »Ke .n:emo 3MeHrnyeThC» BHacrri.n:oK perraKcau;iI rpaTKH rrp11 
orrpoMiHeHHi rrrriBKH IIOTOKOM BHCOKOeHepreTHqHHX erreKTpOHiB. B11Mip5IHHH asmpoM IIHTOMHH 
orrip rrrriBOK BH5IBHB He3HaqHe H:oro 3pOCTaHH5I rrpH 36iJibIIIeHHi IIOTY:>KHOCTi MarHeTpOHHOro 
p03IIHJieHH», rrpoTe siH s.n:siqi 3pocrne rrp11 orrpoMiHeHHi .n:rr» rroTy)J<HOCTi 170 Bm i crra.n:ae .n:o 
serr11q11HH HeorrpoMiHeHoro 3pa3Ka, oTpHMaHoro rrp11 200 Bm. 

Po3rn»HyTi pe3yrrhTaTH po60T11 .n:aIOTh MO:>KJIHBiCTb ycsi.n:oMrreHo s11611paT11 rrapaMeTpH 
CHHTe3y U:HX rrrriBOK JJ:JI5I po6oTH B YMOBax :>KOpCTKOfO ~-BHIIpOMiHIOBaHH5I. 

B n'HTOMY p03}1,lm JJ.HcepTai.1.11 BHKrra.n:eHi pe3yrrhTaTH .n:ocrri.n:)l(eHH» srrrr11sy 
orrpoMiHeHH» IIIBHJJ:KHMH Ba)KKHMH ioHaMH Xe 3 eHeprieIO 167 MeB i iHTeHCHBHiCTIO rroToKy 
3 109 · / -2 .+. • 1012 · 1013 -2 • . • x 101-l!CM c .n:o 'i'JIIOeHClB I CM Ha CTPYKTypy, KOJIHBaJibHl Ta OIITHqm BJiaCTHBOCTl 
rrrrisoK ZnO, oca.n:)l(eHHX rrp11 TeMrrepaTypi 180°C MeTOJJ:OM peaKTHBHOro MarneTpOHHOro 
po3rr11rreHH5I 3 rroTy)l(tticTIO 100 Bm Ha rri.n:Krra.n:Kax KpeMHiIO i carrcpipy. OrrpoMiHeHH5I 
TeKCTyposaHHX BIOpU:HTHHX rrniBOK Ha Si, BiCb c 5IKHX B peKpHCTarri3osaHHX 3epttax BHXiJJ:HHX 
rrrrisoK ZnO BH5IBHrracb rraparrerrhHOIO .n:o rrrrom11H11 rri.n:Krra.n:KH, rrp11serro .n:o BTpaTH TeKcTyp11, 
TO.[(i 5IK rrrriBKH, oca.n:)J<eHi Ha carrcpipi 3aJIHIIIaIOTbC5I TeKCTyposaHHMH, mo € BeJibMH u;iKaBHM 
pe3yJihTaTOM. Ha rri.n:crnsi aHarri3y IIIHpHHH .n:11cppaKu;iH:H11x rriHiH: asmp BH3Haq11s po3Mip11 
6rroKiB OKP i BCTaHOBHB IX 3MeHrneHH» BHacrri.n:oK orrpoMiHeHH». AHarri3yIOqH B3aeMo.n:iIO 
BHCOKOeHepreTHqHHX ioHiB 3 erreKTpOHHOIO CHCTeMOIO KpHCTarry .n:11cepTaHT .n:iH:IIIOB BHCHOBKy, 
mo rrp11q11HOIO IJ;bOfO € yrnopeHH5I rraTeHTHHX TpeKiB B aMopcpHOMY a6o HaHOp03MipHOMY CTaHi, 
BHacrri.n:oK JIOKaJibHOro rrrrasrreHH5I i IIIBHJJ:KOro OXOJIOJJ::>KeHH5I 3pa3Ka Ha lllJI5IXY rrpoxo.n::>KeHH5I 
IO Ha. 

3 . 



Cni.n Bi.nMirn:n:1, mo rrapaMeTpH rpaTKH c BHxi.nHo'i Ta orrpoMiHe6Ho'i .no cpmoeHcy 

10 12 
CM-

2 
rrniBOK, oca)J,)l(eHHX Ha carr~ip, B Me)l(aX I10XH6KH TaKi )!(, 51K i B MOHOKpHCTaniqHOMY 

ZnO, a 36iJibllleHH51 cpmoeHcy .no 10 3 
CM-

2 
3HH)l(Y€ ueii rrapaMeTp JIHille Ha 0,005 aHcTpeMa i 

3MeHI1IY€ OKP 3 34,1 .no 23, 4 HM, mo IT051CHIO€ThC51 rrepeKpHTT51M TpeKiB ioHiB B rrniB.ui. TaKO)l( 

Baprn 3BepHyTH yBary Ha Te, mo ACM-.nocni.n)l(eHH51 BH51BHJIH 36inhllleHH51 IllopcTKOCTi rrniBoK 

BHaCJll)J,OK 'ix orrpOM1HeHH51 3 qoro 3po6JieHO BHCHOBOK rrpo .nerpa.nauiIO y HHX Mopcponori'i 

rroBepxm. 

5IK rrpH eneKTpOHHOMY orrpoMiHeHHi B crreKTpax cpOTOJIIOMiHecueH.ui'i IlJllBOK, 

oca)J,)l(eHHX Ha KpeMHi'i i aHaTa3i, BHacni)J,OK ioHHOfO orrpoMiHeHH51 3MeHI1IY€TbC51 iHTeHCHBHiCTb 

KpaiioBo'i eMici'i B ynhTpa cpioneTOBiii o6nacTi Ta 3pocrnE: rrp11 36iJihllleHHi cpmoeHcy B 

opaH)l(eBo-qepBOHiM .necpeKTHiM CMy3i. ITpH UhOMy, Ha cpoHi OCTaHHhOl y BHXi)J,HHX rrniBKax, 

HaITHJieHHX Ha aHaTa3, )J,Jl51 eneKTpOHHOfO orrpoMiHeHH51 (3-H: po3.nin), Ta oco6JIHBO, oca.n)l(eHHX 

Ha KpeMHi'i (5-H: p03.Il,iJI, p11c. 5.7), pe€CTpyIOTbC51 .iHTepcpepeH.uiiiHi JiiHi'i, IlOB'513aHi 3 

6araTOpa30BHM Bi.n611BaHH5IM BHrrpoMiHIOBaHH51 Bi)], rpaHH.Uh IllapiB reTepocTpyKTyp11, 

eHepreTHqHi IlOJIO)l(eHH51 51KHX 3HaXO)J,51TbC51 B THX )Ke iHTepBanax eHepriH: Ha cpoHi 36iJihllleHo'i 

iHTeHCHBHOCTi rriCJI51 orrpoMiHeHH51. U:bOfO He CI10CTepira€TbC51 )J,JI51 rrniBKH, oca.n)l(eHo'i Ha 

carrcpip )J,JI51 orrpoMiHeHH51 ioHaMH Xe, OCKiJihKH B crreKTpi opaH)l(eBo-qepBOHO'i CMyrn BHXi)J,HOl 

rrniBKH rrp051BJl51€TbC51 JIHille .ny)l(e cna6o BHpa)l(eHHM HaITJIHB B .niarrrooHi eHepriH: cpOTOHiB (2, 1-

2,2) eB, a rriCJI51 orrpoMiHeHH51 Ba)l(KHMH IlIBH)J,KHMH ioHaMH H:oro iHTeHCHBHiCTh 3pOCTa€ i 

p03)J.iJI5llOTbC51 JIHille 3 MaKCHMYMH 3aMiCTb 6-TH, 51K ue CilOCTepiranocb B rrorrepe.nHix BHIIa)J,KaX. 

BKa3aHa Bi.nMiHHiCTh € .ny)l(e uiKaBHM ecpeKTOM. 

IIIocTHH po1)1.iJI .n11ceprn.u:i'i rrp11CB5IqeH11ii .nocni.n)l(eHHIO BITJIHBY orrpoMiHeHH51 

IlIBH.Il,KHMH Ba)l(KHMH ioHaMH Ha BnacTHBOCTi rrniBoK ZnO neroBaH11x MaJIHMH KOH.UeHTpaui51MH 

i3oeneKTpOHHo'i .noMillIKH Ka.z:i;MiIO. I1oKa3aHo, mo 3aMimeHH51 UHHKY aToMaMH Cd rrpaKTHqHo He 

rrpHBO)J,HTh )J,0 3MiHH rrapaMeTpy c, 51KHM B OTpHMaHiM rrniB.ui Ha 0,015 HM MeHilIHM Hi)!( B 

o6'E:MHOMY KpHcTani, To.ni 51K orrpoMiHeHH51 ioHaMH Xe
26

+ crrp11q11H5I€ 36iJihllleHH51 rrapaMeTpy c 
)J,0 3HaqeHH51 B MOHOKpHCTani. 3HH)l(eHH51 rrpH UhOMY IlIHpHHH (002) JiiHi'i BKa3Y€ Ha 36iJihllleHH51 

OKP Ta 3MeHI1IeHH51 Harrpy)l(eHh. ABrnpoM ue o6rpyHTOBaHo rrepe.naqeIO eHepri'i Bi.n ioHiB 

eneKTpOHHiii CHCTeMi, 51Ka qepe3 eneKTpOHHO-cpOHOHHY B3a€MO.IJ:il0 rrpHBO)J,HTh )J,O JIOKaJihHOfO 

HarpiBy KpHCTaniTiB i )J,OCTaTHbO .Il,OCKOHaJIOl erriTaKCiMHO'i peKpHCTaJii3aui'i. 

~ocni.n)l(eHi )J,HCepTaHTOM crreKTpH KOM6iHauiiiHOfO p03Ci51HH51 I10Ka3aJIH, mo 

rrp11cyTHicTh cna6Ko'i MO.Il,H E1 TO rri.nrnep.n)l(yE: .ne51KY p03opi€HTa.UiIO KpHCTaniTiB Bi)J.HOCHO 

rri)J,KJia)J,KH carrcpipy. BH51BJieHa HHM He3MiHHiCTb UHX crreKTpiB rriCJI51 orrpoMiHeHH51 CBi)J,qHTh, 

mo cpOHOHHi MO)J,H ZnO i Bi)J,ITOBi)J.Hi 3B' 513KH He 3MiHIOIOThC51, a ue BKa3Y€ Ha )J,OCHTb BHCOKY 

cTiMKicTh rrniBOK ZnO:Cd .no orrpoMiHeHH51 IlIBH.Il,KHMH Ba)l(KHMH ioHaMH. 

U:iKaBHM pe3yJihTaTOM ( IlO)J,BiiiHe 3pOCTaHH51 iHTeHCHBHOCTi crreKTPY KaTO)J,0-

JllOMiHecueH.ui'i BHacni.noK neryBaHH51 ZnO-rrniBKH 0,4 am. %-MH Cd i ri po3merrneHH51 Ha 2 

rri.ncMyrn rricn51 36inhllleHH51 Cd .no 0,5 am. %-iB. ABTOp BH51BHB, mo orrpoMiHeHH51 ioHaMH Xe26
+ 

KO)l(HOI i3 3-x rrniBOK rrpHBO)J,HTb )J,O 3HmKeHH51 iHTeHCHBHOCTi 'ix crreKTpiB MaM)l(e B.IJ:Biqi, a 

cpioneToBo'i rri.z:i;cMyr11 Ha 80%, oqeBH.Il,HO 3a paxyHOK 3H11meHH5I Mi)l(By3eJihHHX aToMiB Zni, Ha 

)J,OMillIKOBi piBHi 51KHX rrepeXO)J,51Tb eneKTpOHH i3 CTeni BaJieHTHOl 30HH. 

<l>aKTHqHo BCi )J.OCJii)J.'1(eHHH ( HOBHMH, OTpHMaHHMlf aBTOpOM Brrepllle. Bi.nMiqeHi 

Bm.u;e pe3yJihTaTH, Ha Mm I10fJI51)J,, MaIOTb Haii6iJihlll Ba)KJIHBe 3HaqeHH51 Ta 6e3rrepeqHy 

HOBH3Hy. XapaKTepu1y10''IH )J.HcepTau,iuuy po6oTy MupouroKa )l,.B. B u,iJioMy, MO)KHa 

crnep.n)l(yBaTH, mo BOHa ( 3aBepI1IeHOIO HayKOBO-)J,OCJii)J,HOIO po60TOIO, 3MiCTOBHa 3a 

IlOCJii)J,OBHiCTIO rro.naHHX pe3yJihTaTiB Ta 'ix TeopeTlfqHlfM OCMHCJieHH51M, a OTpHMaHi 

pe3yJihTaTlf, Bl:ICHOBKH i peKOMeH.naui'i )J,aHOl po60TH B CYKYITHOCTi MalOTb HayKOBY UiHHiCTh. 

)l,ocTOBipuicTb Ta o6rpyHTOBaHiCTb OTpHMaHHX pe3yJihTaTiB Ta Bl:ICHOBKiB 

3a6e3rreqy(TbC5I apryMeHTOBaHOIO IlOCTaHOBKOIO eKcrrepHMeHTaJihHHX Ta TeopeTlfqHlfX 3a.naq, 

BlfKOpHCTaHH51M KOMITJieKcy eneKTpOHHO-MiKpOCKOrriqHHX, crreKTpaJibHHX Ta iHilllfX cyqacHHX 

cepTHcpiKOBaHHX i cpi31:1qHo o6rpyHTOBaHHX eKcrrep1:1MeHTaJibHHX MeTO.Il,HK .Il,OCJll)J,)l(eHb 



5. 

MO,n:eneM: .n:ocm.n:)l(eHHX ~rnmu. y ci eKcrrepnMeHTa.IlhHl pe3yJihTaTH OTpHMaHl Ha OCHOBl 

3ara.IIhHOBH3HaHHX MeTo,n:rn, BHKOpHCTaHHH HKHX cyrrpoBO.ll:)l(Y€ThCH peTeJihHHM aHa.II130M 
MO)l(JIHBHX I10XH60K. 

Ilpa1nuque 1uaqeuuH OJJ:ep~auux pe1yJihTaTiB rronHrae rreprn 3a Bee B 

cpyH,n:aMeHTfillhHOMY xapaKTepi .n:ocni.n:)l(eHh. 0TpHMaHi B po6oTi pe3yJihTaTH MO)l(YTh 6yTH 

HaYKOBHM rriurpyHrnM .ll:JlH po3p06KH TeXHOJiori'IHHX rrpou.eciB o.n:ep)l(aHHH rrniBOK 3 Harrepe.n: 
3a,n:aHHMH OIITH'-IHHMH Ta eneKTpocpi3H'IHHMH xapaKTepHCTHKaMH, .ll:M po3po6KH 
Ma.IIOra6apHTHHX CTiHKHX .no pa.n:ian.il eneMeHTiB orrrneneKTpoHiKH, ceHCOpHHX rrpHna,n:iB, 

eneKTpOHHOro o6na,n:HaHHH BilichKOBo1 TexHiKH, rnmo. KpiM roro, u.i pe3ynhTaTH .n:ocni.n:)l(eHh 

MO)l(YTh 6yTH peKoMeH,n:OBaHi .no 3aCTOCyBaHHH B rrpaKTHIJ.i HayKOBHX .n:ocni,r:i:)KeHh 3aKna,n:iB Ta 

ycrnHOB Hau.ioHa.IIhHOI aKa,n:eMil HayK YKpa!HH, TaKHX, HK lHCTHTYT rrpo6neM 

MaTepia.II03HaBCTBa, lHCTHTYT cpi3HKH HarriBrrpoBi,n:HHKiB iM. B.€. JiarnKaphOBa, lHCTHTYT 

MeTa.IIocpi3HKH iM. r.B. Kyp,n:IOMOBa, KHIBChKOro Han.ipHa.IlhHOro yHiBepCHTeTy iMeHi Tapaca 

llleB'!eHKa, Han.ioHa.IIhHOro TexHi'IHoro yHiBepcHTeTy Y Kpa1HH "KITI", Han.ioHa.IIhHoro 
yHiBepCHTeTy "JihBiBChKa rroniTexHiKa", J1hBiBChKOro Han.ioHfillhHOfO yHiBepCHTeTy iM. lBaHa 

<DpaHKa Ta 6araThOX iHIIIHX yHiBepcHTernx i HayKoBHX ycrnHoBax. OcHOBHi pe3yJihTaTH po6oTH 

MO)l(Ha peKOMeH,n:yBaTH .no BrrpoBa,n:)KeHHH y HaB'lfillhHOMY rrpou.eci Ha cpi3H'IHHX cpaKyJihTeTax 

KJiaCH'IHHX yHiBepcnTeTiB rn Han.ioHMhHOro TexHi'IHOro yHiBepcHTeTy YKpa!HH "KH1BChKHH 

rroniTexHi'IHHH iHCTHTYT" rrpH BHKJia,r:i:aHHi KypciB cpi3HKH rnep.n:oro Tina i cyqacHoro 

MaTepla.II03HaBCTBa. 
3a pe3yJihTaTaMH rrpoBe,n:eHHX rrpH BHKOHaHHi .n:nceprnu.iM:HOl po60TH .n:ocni.n:)l(eHh 

aBTOpOM ony6JiiKOBaHO 6 po6iT, 4 3 HHX orry6niKoBaHi B BH,[(aHHHX, mo BXO,[(HTh .no HayKo­
MeTpH'IHHX 6a3 ,n:aHHX 2 - CTaTTi B cpaxOBHX BH,n:aHHHX, 10 - Te3H .n:orrOBi,n:eM: y MaTepia.IIax 

Mi)l(Hapo,n:HHX KOHcpepeHn.iM:. ITpe,n:CTaBJieHi po60TH Ta aBTOpecpepaT, B HKOMY BH3Ha'!eHO 
oco6ucTUH BHCCOK 3JJ:06yBaqa, IlOBHiCTIO Bi,r:i:o6pmKaIOTh 3MiCT Ta BHCHOBKH ,n:Hceprnu.iliHOl 

po60TH. 
AHa.IIi3 ,n:Hceprnu.iM:Ho1 po6oTH MHpoHIOKa ,n:.B. rroKa3aB, mo rropH.n: 3 BeJIHKHM 

I103HTHBHHM Ha,n:6aHHHM .no po60TH € ,n:eHKi 1ayBa~eHHH. 

1. OcKinhKH B po6oTi rrpoBO.ll:HThCH po3Kna,n:aHHH JIIOMiHecn.eHTHHX crreKTpiB i 

aHa.IIi3YIOThCH 3MiHH IIIHpHHH niHiM: B pi3HHX .n:iarra30Hax eHepriM:, TO Heo6xi,n:HO 6yno B 2-My 

po3,n:ini BKa3aTH p03,n:iJihHY 3,n:aTHiCTh crreKTpOMeTpiB ).j /'),./..., Ta TO'IHiCTh BH3Ha'!eHHH eHepriM: 
TO'IOK crreKTpy. 

2. BKa3aHe B 3-My p03,n:ini rnep.n:)l(eHHH rrpo p036yxaHHH rpaTKH BHacni,r:i:oK yrnopeHHH 

.n:ecpeKTiB rpyHTY€ThCH JIHIIIe Ha 3MiHi rrapaMeTpa c, ,r:i:aHHi rrpo rrapaMeTp rpaTKH a Bi,n:cyTHi i He 

o6roBOpIOIOThCH. THCH'la ceKyH,n: (~20 xe), rrpornroM HKHX orrpoMiHIO€ThCH rrniBKa - ,n:OCHTh 

BeJIHKHH qac, .ll:JIH o,n:HaKOBOro rrporpiBaHHH ycie! IIJiiBKH, HKa .no Toro )£( OXOJI0.ll:)l(Y€ThCH B 

rrapax pi.n:Koro a30Ty, .n:nH crn6ini3an.i1 TeMrrepaTypH. ToMy He3po3yMino, 'IOMY rrpH 2000 c 
orrpoMiHeHHH, .n:ecpeKTiB, mo crrpH'IHHHIOTh po36yxaHHH CTa€ 3Ha'IHO MeHrne Hi){( rrpH 1000 c, .no 
Toro )£( rrapaMeTp rpaTKH c rricnH cpnIOeHcy 10 16 

CM-
2 .n:y)l(e 6JIH3hKHH .no TaKOro B o6'€MHOMY 

KpHCTa.IIi, pi3HHIJ.H Mi){( HKHMH JIHIIIe 0,006 A 0
, mo Ha KYTaX ,n:JIH (002)-niHil € B Me)l(aX I10XH6KH. 

KpiM rnro cni.n: rroHCHHTH, mo 03Ha'lae BHcniB eneKTpoHHO-H,n:epHi 3iTKHeHHH. Mo)l(JIHBO u.e . . 
B3a€MO,r:i:rn 3 OCTOBaMH aTOMlB. 

3. Cni.n: 6yno 6H 3'HcyBaTH 'IOMY (002)-niHiH BTpH'Ii HH)l('!a Bi,n:HOCHO niHi1 Ah03 (006) 

rriCJIH orrpoMiHeHHH cpnIOeHCOM 2x 10
16 

HbK rricnH 10
16

' mo MOrJIO, pa30M i3 aHa.IIi30M 
p03IIIHpeHHH (002)-niHil, rrpOHCHHTH rrpH'IHHH 3MiHH rrapaMeTpiB c. 

4. He rrpoaHa.IIi3oBaHe 3By)l(eHHH B 1,9 pa3H cpionernBo1 rri.n:cMyrn B crreKTpi rrniBKH 

orrrioMiHeHoi· 3 cpnIOeHCOM 10 16 
CM-

2 
y rropiBHHHHi 3 BHXi,r:i:HOIO Ta orrpoMiHeHOl rrpH cpnIOeHci 2x 

10 6 
CM-

2
, HKe CHM6aTHe 3 IIOBe,r:i:iHKOIO rrapaMeTpy c rrpo, mo 6yno Bi,n:Mi'leHo rrpH aHa.IIi3i 3-ro 

p03,n:1Jly. 
5. U:iKaBHH BHCHOBOK rrpo yrnopeHHH naTeHTHOro TpeKy rrpH rrpoxo.n:)l(eHHi ioHa B 

rrniBn.i, oca.n:)l(eHiM: Ha Si rn rrpo rrepeKpHTTH TpeKiB B rrniBn.i, HarrHneHili Ha carrcpip, Heo6xi,n:Ho 



6M rri,IJ,TBep.D,HTM eJieKrpOHHO-MiKpOCKorriqHJfMM ,IJ,OCJii,IJ,)l{eHH5IMM 3 BMCOKOIO p03,IJ,iJibHOIO 
3,IJ,aTHiCTIO. L(o Toro )I{, B TeKCTi II. 5.1 Ta Ta6Jimd 5.1 He IIO,IJ,aHO ,IJ,aHMX rrpo rrapaMeTpH rpaTKM. 

6. BiJJ:MiqeHy B 5-po3,IJ,iJii BiJJ:MiHHiCTb TOHKOI CTPYKTYPM BMXi,IJ,HMX rrJiiBoK, HarrMJieHMX 
Ha aHaTa3, ,Il,JI5I pi3HMX orrpoMiHeHb BapTO 6yJio 6M rrpoaHaJii3YBaTM i I105ICHMTM, TaK caMO, 5IK i 
Bi,IJ,MiHHiCTb y HMX Bi,IJ,HOIIIeHb iHTeHCMBHOCTi KpaifoBOI Ta .D,ecpeKTHOI CMyr, OCKiJibKM aBTOp Ha 
CTOpiHKaX 88 Ta 89 JIMIIIe BKa3yE:, mo Ha cpoHi .D,ecpeKTHOI eMicil 3aIIMCaHi iHTepcpepemdiiHi JiiHil 
6araTOpa30BOro Bi,IJ,6MTT5! BHIIpOMiHIOBaHH5! Mi)K IIJiiBKOIO Ta rri,IJ,KJia,IJ,KOIO. 

7. 3ycTpiqaE:TbC5! p5!.D, TeXHiqHJfX yrrymeHb i IIOMMJIOK B TeKCTi, HarrpHKJia,IJ,, He yci 
CKOpoqeHH5! i YMOBHi I103HaqeHH5!, 5!Ki 3YCTpiqaIOTbC5! B TeKCTi, BHeceHi ,IJ,O rrepeJiiKy YMOBHMX 
rro3HaqeHb a6o po3IIIHcppoBaHi B TeKcTi. He BKa3aHo Ha 5IKY iHTeHCMBHicTh HopMyBanac1 rriKoBa 
qlf iHTerpan1Ha iHTeHCMBHiCTh .D,HcppaK11,iiiHMx JiiHiii. B TeKcTi ,IJ,Mceprn11,il Bi,IJ,HoIIIeHH5! 
iHTeHCMBHOCTi (002) .D,HcppaK11,iiiHOI JiiHiI ,IJ,O TOBmMHM IIJiiBOK I103HaqeHi hid, a Ha pHCYHKY 5IK 

3aran1Ho rrpHHH5ITO lid. (cTop. 69, 70, pHc. 4.2). He mm ycix ,IJ,OcJii,IJ,)KeHMX rrniBoK BKa3aHi IX 
TOBmMHM. 

IlpoTe 3po6JieHi 3ayBa)l{eHH5! He BIIJIMBaIOTb Ha Ba)l{JIMBiCTb OTpHMaHMX y ,IJ,MCepTall,11 
MHpOHIOKa L(.B. pe3yJI1TaTiB i He 3HM)l{YIOTb i"i HayKoBy 11,iHHicT1. 

011,iH1010qM ,IJ,Mceprn11,iiiHy po6oTy MHpOHIOKa L(.B. y 11,iJioMy, cJii,IJ, rri.D,KpecJIMTM, mo 
BOHa 5IBJI5!€ co6oIO rpyHTOBHY HayKOBY rrpall,IO, B 5!Kiii 3 ,IJ,OCTaTHbOIO IIOBHOTOIO BMKJia,IJ,eHO BCi 
ernrrn OTpHMaHH5! HayKOBMX pe3yn1TaTiB - Bi,IJ, KpHTJfqHoro p03rJI5I,IJ,Y 3HaqHOI KiJibKOCTi 
JiiTepaTypHHX ,Il,)l{epeJI Ta OIIMCY MeTO,n.iB OTpHMaHH5! pe3yJibTaTiB, rrpo11,e.D,yp IX aHaJii3y i 
o6rpyHTyBaHH5!. ,[(Mceprn11,i5! HaIIMCaHa 5ICHO i IIOCJii,IJ,OBHO, rrpH BMKJia,IJ,eHHi MaTepiany 
36epiraE:TbC5! JioriqHMH 3B15!30K Mi)I{ oKpeMMMM qacTMHaMM po6oTM. OcpopMneHH5! po6oTM 
Bi,IJ,IIOBi,IJ,aE: HOpMaTMBaM, rrpHHH5ITMM .[(AK MOH YKpaIHM ,IJ,JI5! KaH,IJ,M,IJ,aTCbKMX ,IJ,Mceprn11,iii. 3 
aHaJii3y po6oTM BM,IJ,HO, mo MHpoHIOK L(eHMC BanepiiioBMq e KBaJiicpiKoBaHMM cpaxiB11,eM y 
cpi3Mll,i TBep.D,Oro TiJia. 

ToMy Ha MOIO JJ:YMKy, ,IJ,Mceprn11,iiiHa po6orn MupoHIOKa ,l(eHuca BaJiepiiloBuqa 

"BnJIHB J].eHKHX BHJJ.iB i0Hi3y10qoro BHnpoMiHIOBaHHH Ha BJiaCTHBOCTi UJiiBOK OKCHJJ.Y 
U.HHKY"' rrpe.D,CTaBJieHa ,IJ,O 3aXMCTY Ha 3,IJ,06yTT5! HayKOBOro CTyrreHIO KaH,IJ,M,IJ,aTa cpi3MKO­
MaTeMaTJfqHJfX HayK 3a crre11,iaJI1HiCTIO 01. 04. 07-cpi3MKa TBep.D,oro TiJia, Bi,IJ,IIOBi,IJ,aE: KpHTepi5IM 
.[(AK MOH YKpaIHM mo,IJ,o ,IJ,Mceprnuiii Ha 3,IJ,o6yrrH HayKoBoro cTyrreH5! KaH,IJ,M,IJ,aTa HaYK, a caMe, 
IIII. 9, 11, 12, 13 «Ilop5!.D,KY rrpHCY,IJ,)l{eHH5! HayKOBMX CTyrreHiB i rrpHCBO€HH5! BqeHoro 3BaHH5! 
crnpIIIoro HayKoBoro crriBpo6iTHMKa», 3aTBep.D,)l{eHoro rrocTaHOBOIO Ka6iHeTy MiHicTpiB 
YKpa"iHM si,IJ, 24.07.2013 p. N2 567 i3 3MiHaMM (oKpiM rr. 3), mo BHeceHi ,IJ,O rrocTaHOB Ka6MiHy 
YKpaIHM, 3aTBep.D,)l{eHMMM rrocTaHOBOIO Ka6MiHy YKpa"iHM Bi,IJ, 12.09.2011 p. N2 955, a MupoHIOK 
,l(eHuc BaJiepiiloBuq 3acJiyroBye rrpHcy,IJ,)l{eHH5! iioMy HayKoBoro cTyrreHH KaH,IJ,M,IJ,aTa cpi3HKO-
MaTeMaTMqHMX HaYK 3a crre11,iaJihHiCTIO 01.04.07 - <l>h oro TiJia. 

i(JICIBO vCliil , 
L(oKTOp cpi3MKO-MaTeMaTMqHMX HayK, rrpocpecop .;ft;'f,.;~v.,'V. no11lro.r,:t'/~\ 
3aBi,IJ,yBaq Kacpe.D,pH MeTaJI03HaBCTBa Ta TepMiq i·~ ~·· '*~· ~: ... \ 
lH)l{eHepHo-cpi3MqHoro cpaKyJI1TeTy Ha11,ioHaJib e;/~T xH· ·~~;·~,. 
yHiBepcHTeTy YKpaIHM "Kill iM. lropHCiKopc1Ko t~ , .., ~ /: 5I.B. 3ayJIMqHMH 

%'% ~ . ~tf 
Ili,IJ,rrMc .D,.cp.-M.H., rrpocp. 3ayJIMqHoro 5I.B. 3ac ·~~ .,.,. : . 'I 
BqeHMii ceKpernp HTYY "Kill iM. lrop5I CiKopc1Ko '~r ;t. ff'11fyt'r!Bt.\&4 · · A.A. MenbHMqeHKo 
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