BIATYK
oGiuiliHOro OIIOHEeHTa Ha JIUcepTaLiiiHy poboTy
[Netpymenko Cepris IBanoBu4a
«®a30Bi nepeTBOPEHHS TA TEMIIEPATYPHA eBoJIIOLis MopdoIoriyHoi Oy10BH
faraTolmapoBHX ILIIBOK, AKi CKJIaAal0Thes 3 HIApiB Jerkomiaskux meradis (Pb,
Bi, Sn a6o In) Ta Giibm TyroniaBkux pevosuH (C, Mo a6o Cu) »,
TIpe/ICTaBlIeHy Ha 3100yTTs HAYKOBOTO CTyIeHs KaHauAaTa QizuKo-MaTeMaTHIHIX HAayK
3a crieniansHicTio 01.04.07 - disuka TBepAoro Tina

1. AKTyaJbHiCTh TEMH.

BimomMo, 1m0 MiABHIIEHHS IOTY)KHOCTI  OOYHCNIOBaHHS  Cy4YacHOI
GNEKTPOHIKM 3HWKEHHsS E€HEPreTHYHWX BHTPaT B OCTaHHI YacH IIOB’53aHO 3
MiKpOMiHiaTIOpU3alliero eNneMeHTiB MpUCTPOiB. BinGypaeThcsi mepexin y HaHOMETpiB
Aiana3oH po3Mipis. [Toscrae nuTaHHs mpo HaGyTTS 3HAHB MPO BJIACTUBOCTI PE4YOBHHH,
ska TepebyBae B HaHOAMCTEpPCHOMY crTaHi. ITuTaHHA 30€pekeHHs CyUUIBHOCTI
TEXHOJIOTIYHMX IOKPUTTiB, OydepHux ImapiB i KOHTAKTHMX JOpiKOK HaOyBae
BAXIIMBOTO 3HAYEHHs. [ HAHOENEKTPOHIKM HeoOXiMHICTh BHPIlIEHHS LWX MHTaHb
[IPOIMKTOBAHO SK PUPOJHMM XOZOM PO3BUTKY i3HKM TBEpAOrO Tija, Tak i MoTpedamu
irKeHepHOT mpakTHKH. OJHUM i3 aKTyalbHHX 3aBlaHb CydacHO! (i3MKH TBEpAOro Tina
Ta MaTepiano3HaBCTBa € CTBOPEHHs HafiiiHux i cTablapHUX (YHKUIOHAIBHUX LIAPIB Ta
BHpIIIEHHs TEXHOJNOTIYHNX 3aBIaHb, SKi BIIHOCATHCS JIO rajy3i Cy4acHOi eleKTPOHIKH,
CEHCOPHOI TeXHIKH Ta «3ejeHoi» eHepreTHKH. Jlis BATOTOBNEHHS GiOCEHCOHOPOB i
0i0MiTOK, Q)OTOKaTamTHqHHx reHepaTopiB Ta COHSYHUX Garapei,
CBITJIOBUIIPOMIHIOIOYHX H10/1B HOTpe6y€TBCﬂ ¢dopMyBaHHs Ha migkiazaui abo B ManHHl
MacHBy OKPEMHX HAHOYACTHHOK, DO3MIPH SKMX PpO3NOMiNEHi y By3bKOMYy i
KOHTPOJILOBAHOMY iHTepBaJIi AXTyanbHHM 3aBAaHHAM riepes GaxiBLsAMU cTae po3podka
CIIPOLIEHAX METONiB (OpMyBaHHS MAacHBiB HAHOYACTHHOK, a TaKOX HaBMNaku B
HAHOTOHKHX IUTiBKaX 3amo0irTH IX AMCIepryBaHHIO, HiABULATH TepPMidyHy CTabilbHICT.
Tomy BcTaHOBIEHHs (i3MdHMX OcoOmuBOCTell (a3oBMX MEPEXOAIB B OararoliapoBUX
TiBKaX, BUBYEHHS IX TEpPMiYHOi cTaGiIBHOCTI Ta MpOLECiB JUCIIEPTyBaHHS € IHCHO
aKTyaJIbHUM MMUTaHHSM.

AKTyanbHiCTb TeMHM pOOOTH MiATBEp/DKYETbCA TakK €aMO ¥ TUM, LI0 BOHA
noB’s3aHa 3 BHUKOHAHHAM HaYKOBO-lIOCIIiI[HHX pobiT, M0 BHKOHYBaJUCh B
XapkiBchkoMy HauioHanbHoMy yHiepcuteri imeni B.H. Kapasima MOH Ykpainu:
«®Da30Bi MEPETBOPEHHS B OJHO- Ta JBOKOMIOHEHTHHWX HAHOPO3MIPHHX ILIiIBKOBMX
crcreMax» (Ne mepxpeectpauii 0111U007956), «IT e30xkBaprioBui pe3oHaTop K in situ
METOJl MOCTiMKeHHs (a30BUX IEPETBOPEHb B HAHOPO3MIPHMX MUIiBKAx MeTaliB Ta
crasisy (Ne mepxpeectpanii 0114U002586), «Pa30Bi i CTPyKTypHi NepeTBOPEHHS Ta
eJIEKTPOKIHETHYHI SIBMIIA Yy JBOKOMIIOHEHTHHX HaHOcucTeMax» (Ne Iep xpeecTparii
0115U000461), «Kinetuxa Mixkdasnoi B3aeMoii Ta audy3ifiHuxX npolecis B WapyBaTUX
mtiBkoBHx» (Ne meprkpeectpauii 0115U000478).
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2. Crynidib OOrpPYHTOBaHOCTI i /OCTOBIPHOCTI HAYKOBHX NOJIOKEHD,
BHCHOBKIB i pekoMeH/1aLiH.

Crymige OOGTPyHTOBAHOCTI HAyKOBHX IIOJIOJKEHb, BHCHOBKIB i peKOMeHAalil,
chopMmynboBanux B auceprauidinil pobori [erpymenko C.I., € nyxe Bucoxum. Lle
fasyeTbCs Ha JOCKOHAJOMY aHajli3i OaraTbOX BHMKOPUCTAHUX JUKEpen 32 JAaHOH
npo6eMOr0, TAPMOHIMHIA MOCTaHOBLI MeTH i 3ajad JOCIi/KEHHS, BHKODHCTaHHI
Cy4acHHX METOJIB JOCIiKeHb, PO3YMHOMY CHiBCTaBIIE€HHI pe3yJbTaTiB, KpUTHYHOMY
aHaNli3i OTPUMAaHMX PE3yJ]bTATIB y MOPIBHAHHI 3 Pe3yNbTaTaMM iHIIMX MOCIiIHHKIB,
SIKiCHOMY ()OpMYNIOBaHHI OTpUMaHMX BHCHOBKiB. [luceprauiiiHa po6oTa sBnse cobOK0
3aKkiHueHMd TpyA. BiH  moemHye ornsg  JliTepaTypu 3 OpUTIHAIbHHMHU
eKCIIepUMEHTAILHMMY METOJAMH, 3HaXiKaMH Ta pe3ylbTaTaMH, fKi CHOpsIMOBaHi Ha
BIIPOBAKEHHA. 3TiAHO 3 BUKJIAJCHUM BUILE OOIPyHTOBAHICTh HAYKOBHUX ITOJIOXKEHB,
BUCHOBKM pE3yJbTaTiB JAOCHIIDKEHHs 1 peKoMeHIamil, mo cpopMyIbOBaHi B
IMcepTaliiiHiii poboTi, He MANAralTh CyMHIBY.

ABTOpOM  KOpDEKTHO  BHMKOPHUCTAHO  KOMIUIEKC  JoOpe  ampoOoBaHuX,
B3a€MOJONOBHIOIOYMX  E€KCIIEPUMEHTANBHUX  METONIB  (i3MKH  TBEpAOro  Tija.
IpenapyBauHs IUTIBOK 3IHCHIOBANTH 3a METOJOM TEPMIUYHOIO BHIAPOBYBaHHS 3
He3WIeKHUX JDKepen B OesmacisHoMy BakyyMi. JIns BHKOHaHHI MeETH pOOOTH
JICEPTAHTOM OYJI0 pO3pOOJIEHO OpPHUriHANBHHN NPOrpaMHO-ANapaTHUH KOMIUIEKC Ul
BUMIpIOBAHHA EJIEKTPUYHOTO OMOpy OGararomiapoBux IUIBOK NMpH iX HarpiBaHHi Ta
OXONO/KEHHI B BaKyyMHill Kamepi, a TakoXX YIOCKOHaJIeHO MeTox  in situ
enekTpoHorpadiuHMX  JOCTiIKEHh 3  HarpiBaHHsM  3paskiB. Mopdomoriio 1
MiKpOCTPYKTYpPY BHBYAJIHU 332 BAKOPHCTAHHIM PacTPOBOTO €JEKTPOHHOIO MIKpOCKOIa Ta
NPOCBITIIOBATLHUX ENEKTPOHHUX MiKpockomiB. Po3paxyHKoOBI AOCHiIKEHHS pOOOTH
TIPOBOAMINCS B paMKax noOpe anpoGoBaHHX BiTOMHX Mozeneil (i3HKu TBEpAOro Tina i
GasyBanucsi Ha (QYHIAMEHTATGHUX OCHOBaX (i3WKM TBEPHOro Tina. 3acTOCyBaHHS
KOMILIEKCY HE3aIeXHHUX EKCIIEPUMEHTAIBHUX Ta aHAIITHYHHMX METO/IB, AKi B32EMHO
IOTIOBHIOIOTH OfIHE OJHOTO, 3a0€3eYnI0 JOCTOBIPHICTh OTPMMAaHUX PE3YJIBTATIB.

3. OcHoBHi HAYKOBi pe3yJbTaTH AHcepTalil, IX HOBH3HA.

OCHOBHI HOBI HAayKOBI pe3yNIbTaTH AUCEPTaHT BUKJIAB y CeMH IyHKTaxX. S 3 HUM
[IOBHICTIO 3rOJIGH, Xoua JesKki MoxHa Oyjo posaimuri. B kopotkil ¢dopmi Biamidy
OKpeMi 3 HuX, Ha Miif IOTJIs HaHOLIbII SICKPaBI.

1. Buepue mokasano, mo mMopgosioris BKIoueHb Bi B Gararomaposux IUiiBKax
Cu/Bi/Cu i Mo/Bi/Mo BIruiMBae Ha TeMIeparypy 1 XapakTep Horo Kpncmnisaui'f Komu
BICMYT MICTHTBCS y BHINISI €IAMHOI CHCTEMH BKJIOYEHBb, HOro KpucTaiizaiis HOCHTB
NaBUHONONIOHMH XapakTep. Kpucramisaumis BicMyTy, SKMH MICTHTBCA y BHIJISAL
PO3pi3HEHMX YaCTHHOK, BiAOYBa€ThCA B JETKOMY iHTepBasli TeMIeparyp.

2. YV Bucokoaucnepcaux miiskax Pb/Cu i Bi/Cu BusiBIeHO icTOTHE 30iNbLICHHS
PO3UMHHOCTI MiJi B KPHUCTQJiYHMX CBHHIIO Ta BICMYTI TOpPIBHSHO 3 MAacCHBHHMH
3paskamu. Jlia KoHmeHcoBaHux MiBok Pb/Cu Bmepimie mnobynoBaHa TemIepaTypHa
3aJIeXKHICTh PO3YMHHOCTI Mifli B KPHCTATIYHOMY CBHHIII




4. IIpakTHYHA 3HAYUMICTL Pe3yJIBTATIB AJI8 HAYKH | BUKOPHCTAHHSL

Orpumani pesynsTaty € uiHHMM MatepianioM. IHdopMaris PO TepMidHy
CTabUIBHICTL MiTHMX ITIBOK MOXXe GYTH BMKODHCTAHA SK IPH PO3POOLI TEXHONOTIi,
CHPAMOBAHHX Ha (OPMYBAHHA Ha MiIKIAJUi CHCTEMHM i30IbOBAHMX YACTHHOK, KOXKHA 3
SIKMX MOX€ BUKOHYBAaTH DOJIb CEHCOpa, KaTalli3aTopa, TOLIO, Tak i /I8 BHpIiIUCHHS
3aBJaHb, WO CTOCYIOTBHCS MiJIBULIEHHA HANiHHOCTI ICHYIOYMX Ta NMEpCrNeKTHBHUX, 3
NPUKIAAHOI TOYKH 30py, TOHKO ILTIBKOBHX IPOBIIHUKOBHX i 6yQepHnx wapis. Hosa
iHpopMmallis, MO0 3MiHKM PO3UNHHOCT] BHCOKOIMCIIEPCHHX KOMIIOHEHTIB Yy KOHTaKTHUX
napax Pb/Cu Tta Bi/Cu, Moxe GyTH BHKOpUCTaHA IS MPOTHO3YBAHHS CTAGLIBHOCT
KOMITOHEHTIB Y TIPOLEeCi MOAANBINO] MiHIaTIOPH3aLii eNeKTPOHHMX IPHCTPOIB.

S. IloBHOTa BHKJIAJEHHS pPe3YJbLTATIB AOCTAIKeHL B  ONMyG/IiKOBAHHX
npausx.

OCHOBHI TOJIOXEHHS Ta pe3yJbTaTH AUCEpTaLliiHOi POGOTH HOCTATHBO MOBHO
omy0iikoBasi B 30 HAYKOBHX MpALsX, y TOMY YHCi y 8 CTATTAX Y HAYKOBHX (haxoBux
BUNAHHAX YKpaiHM Ta iHIMX KpafH. ¥V wuinomy, piBeHp i KimpkicTh myGiikauiii Ta
arpobanis MaTepiaiiB auceprauii Ha KOH(EpeHLisX MOBHICTIO BiANOBIAAIOTH BUMOraM
HAK MOH Vkpainu. AsropedepaT € iNeHTHYHMM 3a 3MICTOM 3 OCHOBHHMH
MONOKEHHAMH  JIUCepTallii i NOCTaTHBO TOBHO BiOOGpaXkac OCHOBHI 1i HayKOBi
pesynpTaTH, WO oTpuMadi 3mobyeauem. Cepex poGiT, omyOGaiKOBaHHMX 3a TEMOIO
aucepTanii Hemae IyOmikauiii imeHTHuYHHX 3a 3MicTom. JluceprauiiiHa pobora He
MICTHTB O3HAaK aKaJeMiqyHOro Iariary.

6. 3aysaxenni 10 Tekcry, Ta 3micTy AucepTanii

1. Ha puc.3.5 y muceprauii (puc. 4 y aBropedepaTi) HaBeleHO YOTHPH KpHBI
«HAarpiB-OXONO/DKEHHS», alleé He NOSCHeHO y IiAmMCi 0O pHCYHKa YHUM BOHH
BIIDI3HAIOTBCS, SKUH Iepimil, skuil ocTamuid. HeMa NOSCHEHHS 3MiHM caMoro
3Ha4eHHs eNeKTpoonopy. AHanoriuxo puc3.11.

2. B poGoTi HaBeneHi eNneKTpOHOrpamu, aie Hijle HEMAE 3HAYEHHS MepiojiB
pewliTok. Yu BOHM CTaGinbHi, YM 3MIHIOIOTBCS B MHMKIAX HarpiB-0XOJIOMKEHH?
OcobnuBo 1e wikaBo [ ILTIBOK Hanpuknaa cucremu In/Cu, ne Bigmiyaerncs
popmyBaHHs npomiksoi ¢asu Cu;Ing .

3. He 3posymino, yoMy AMCepTaHT [BO- Ta TPHIUAPOBI IUIiBKM HA3MBAE
OaraToimapoBUMH.

4. TpeGa Big3Ha4YMTH NEAKYy BIIBHICTH y BUKIANAHHI MaTepiany muceprauii. [leski
Te3H HaBEeJICH] AK aKciomu, 6e3 noACHeHb, Ta 6e3 nmocuians. Lle cTocyeThes, HAPUKIa,
piBHsHHS 3.1. [luTaHHs, K BHYTPIWHI MiKpOHANpyKeHHs BiX dasd mo Mmexi MOXYTh
3MIHIOBATH €EKTPOOIIp. SIK TPUIIAPOBI MTiBKY MiAMAKAOTH [T/ MOAENE KKOMIO3UTHIX
CHCTEM THUITY «JIETKOIIABKA YaCTUHKA y TYTOIUIABKii MaTPUILi».

BkasaHi HEZIONIKA He BINIMBAIOTH HAa 3arajbHy MO3UTHBHY OLHKY BHKOHAHOL
pobotw.



BHUCHOBOK

Huceprauiitna po6ora [Terpyienko Cepris IBanosnua «®a3osi TIEPETBOPEHHS Ta
TEMIepaTrypHa eBomoLis  Mopdoorinoi  GynoBu OaraTomapoBux IUIBOK, sKi
CKIIaJIAf0ThCA 3 IApIB JIerkomaBkux Metanie (Pb, Bi, Sn a6o In) Ta Gimsw Tyronnaskux
pegoBuH (C, Mo a6o Cu)», € 3akinyeHOO HAayKOBOKO TpaLeo, y sKili BHpileHOo
TIOCTABNCHE HAyKOBE 3aBHaHHA. Y MUCEpTALii pO3B’SI3YETHCS BaKITHBE HayKoBe
3aB/IgHHA, CyTb SKOTO IIOJNATa€ y BH3HAYEHHI IPaHHIb CTaGiTBHOCTI piakoi dasu B
OaratomapoBux mITIBKOBHX cHCTEMAax (Cu/Pb/Cu, Cu/Bi/Cu, Cu/Sn/Cu, Cuw/In/Cu,
Mo/Pb/Mo, Mo/Bi/Mo, Mo/Sn/Mo, Mo/In/Mo, C/Pb/C, C/Bi/C, C/Sn/C), sxi €
MOZCJUTIO KOMIIO3UTHUX CHCTEM THITY «JIETKONNIABKA YACTHHKA Y TyrOMIABKii MaTpHIL»,
@ T4KOX BCTAHOBIAEHHS (i3M4HOI CyTi BOIMBY HasBHOCTI piaxoil Gasm i kirerHku
HarpiBaHHsi Ha TEMIIEPATyPHY CTaGiTbHICTD TOHKOMTIBKORIX nokputtiB Cu Ta Pb/Cu i
Ha PO3BUTOK AHGY3iHHMX NPOLECIB Y apyBaTHX MIIBKOBUX CHCTEMAX.

Bona 3a cBoim 3mictom Binmosimae nacnopry cmeniansaocti 01.04.07 — pizsuka
TBEpAOro Tina. Jluceprauiiina po6ota BimmoBinae BUMOram . m 9, 11, 12 “Tlopsaaky
TIPUCYIOKCHHS HAYKOBHUX CTYMEHIB” IMIOA0 KaHIHUAATCHKHX AucepTalii, a 3700yBayq
Hetpymenko C.I. 3acnyrosye IIPHCY/DKEHHS HOMY HAyKOBOTO CTYNEHS KaHIUIaTa
(i3uKo - MATEMATHYHUX HAYK 3a crienianpHicTIo 01.04.07 — dizuka TBepIOro TiNA.

Odiuiiiauii ononenT

3aBiftyBau xadeapu hisuky MeTanip Ta HaIiBIPOBI JHHKIB

HanionansHoro rexsiynoro yHIBEpCHUTETY

«XapKiBCbKMit TIOMiTeXHIYHuH IHCTHTYT»

JIOKTOP (i3uKO-MaTeMaTHYHUX HAYK, npodecop " Mamxiu C.B.

Higmuce 3as. xad. ®MH, gokropa ¢iz.-mar. Hayk, npod. Manuxina C.B.
3ACBIIUYHO
ap HagionansHoro texuiunoro yHiBepcuTeTy
\ "AapkiBcbkuii mosiTexHiqnmit iHcTuTyT"
3akoBoporaui O.10.




