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V¥ 30ip1i npeacTaBiieHo MporpaMmy 1 Te3u HaykoBoi KoH(pepeHilii. HaBeneHo
OCHOBHI pe3yJIbTaTH €KCIIEPUMEHTAIBHUX 1 TEOPETUUHUX AOCITIIKEHb OYJIOBH Ta
BJIACTUBOCTEN (YHKI[IOHAJIbHUX MarepiaiiB, caMoopraHizamii ixX CTpPYKTYpH,
pO3pOOKH METOMIB OJiep)KaHHS METajiB, CIUIaBIB, KepaMmikh, KOMIIO3HUTIB 1
HAMIBIPOBITHUKOBUX CHCTEM, B TOMY YHCIl y HAHOCTPYKTYpPOBAaHOMY CTaHi,
BYIJICLIEBUX HaHOMAaTeplaliB, IUIBOK, OKPUTTIB 1 TOBEPXHEBUX CHUCTEM, & TAKOK
METO/IIB JIIarHOCTHKH, aTeCcTalli Ta MOJENIOBaHHS (PYyHKLIOHAJIBHUX MaTepiaiiB
JUISl IHHOBAI[IHOT EHEPreTUKH.

Jns ¢axiBIiB y raimy3l MaTepiajlo3HABCTBA, EJIEKTPOXiMii, €IEKTPOHIKH,
HAHOEJICKTPOMEXAHIKM Ta EHEPreTHMYHOl TEeXHIKA; MOXe OYyTH KOPHUCHOIO
BUKJIaJlayaM, aclipaHTaMm 1 CTYJIEHTaM 3a CHELIaJbHICTIO «HaHOMaTepialu Ta
HAHOTEXHOJIOT11», TpEACTaBHUKAM JIEPXKABHUX 1 KOMEPIIHHUX KOMIAHIH,
OpIEHTOBAHUX HA CYy4YacHY, BIJIHOBIIIOBAJIbHY Ta €KOJIOT1YHO YUCTY CHEPTETHUKY.
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HoBi Meromum JnochipkeHHs Ta arecTaiii MarepiajiB 1HHOBALIMHOL

€HEPreTUKH

s TeopeTuHi Ta  4YHWCEeNbHI  MeTOAM  (I3UYHOTO  Ta  XIMIYHOIO
MaTepiaJo3HaBCTBa Y c(hepl eHePreTUKH

» Heopraniuni Ta opraHiuHi Marepiaiv, y T.4. >KMBl OpraHi3mu, JIs
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% [IpobsieMu Ta nepcreKTUBH yTUIII3alli Teria



MMPOI'PAMA KOH®EPEHIIII

HoBiTHi pyHKIIOHAIBHI MaTepiaau 1151 IHHOBALl

TPAAMUiHHUX €HEPrOKOMILIEKCIB
1. O.M. bepouirxosa, A.B. bepnayvkuii, B./[. I[losnaxos, B.M. Cudopeyw, T.O. AnexceeHko,
O.l. Bywma. OcoOmuBOCTI CTPYKTYpU Ja3epHUX Ta Ja3epHO-AYIOBUX 3BapHUX 3 €JHaHb
BUCOKOMIITHHUX CTaJIeH.
2. Hexmsapenxo B.A., Ilpaoxo T.B., Cassaxin /J.I., bondapuyx B.l, Mocunvnuu I'.C.
[Ipouec riipuaoyTBOpeHHs y rerepodasHux cruiaBax cucteMu 1i1-Zr-Mn-V 3i cTpykTyporo dasu
JlaBeca Ta OLIK-TBepmoro po3unny.
3. Kosorukova T.A., Koval Yu.N., Odnosum V.V., Firstov G.S. The perspectives of shape
memory alloys application in nuclear power engineering
4. Kaiikan JIL.C., Ma3sypenxo FO.C. BrmB 3amilieHHS 10HIB KOOaJbTy B JIITIH-3ai3HI
HAHOPO3MipHI ()epPUTH HA IX MATHITHI XapaKTEPUCTUKU.
S. Huxumenxo [0.0., Ilanosanosé B.O., Axywa B.B., I'nizouno O.M., Konyov B.B.
CymnepBenrki MOHOKPHCTAIIM BOJIb(GPaMy Yy BUTIIA/I TUIACTHH Ta TiI 00epTaHHS.
6. Lapeepaocvka T.JI., [lwowai 1.B., Kozauenxko B.B., Kypuniox A.M., Posysan C.I,
IInowari O.1. BinuB ynbTpa3ByKOBOi OOpOOKM Ha MIKpOMEXaHIYHI BJIACTUBOCTI aMOpPpHHUX
CIUIaBiB.
7. Ilpsaoxo T.B., Hexmsapeuko B.A. KoMmIuleKCHUW TMiaXig 0 3aXUCTy THUTAHOBHUX
KOHCTPYKLIIH Bil BOJHEBOTO OKPUXUEHHS.
8. Awenko JILM., Cmebnenxo JLII, Boponyosa JI.O., Kypumnox A.M. MoaudikoBaHuit
€MOKCUYPETaH sIK 3aXMCHE MOKPUTTS KPEMHIHOBUX COHSYHUX €TIEMEHTIB.
9. Aumonenxo O.1., Kocanuyk JIL.®., Bbposxko O.0., bespoona T.B., be3poonuu B.L,
Heepiiiko A.M. TlomiypetaHu 3 IHKOPHOpPOBaHMMH B HHUX POJAAMIHOBUMHU OapBHHKAMHU SIK
TBEPJOTLIbHI Ja3epHi eIEMEHTH.
10. Inowan 1.B., [Topxasenxo T.B., Lapeepaocvka T.JI., Kanenux O.O., Ilmowai O.I.
[NepronpuHIMITHE MOIEITIOBaHHS 0COOIMBOCTEH eIeKTPOHHOT CTpYKTYpH Kommo3uty TiC-TiB;
11. C.IO.Maxcumos, O.O.Ilpununxo, O.M bBeponuxosa, FO.A. Illenemox. Onrumizaris
BIUTMBY 30BHIIIHBOTO €JEKTPOMATHITHOTO MOJS Ha SIKICTh METaly IIBa MPH 3BAPIOBAHHI i
BOJIOKO.

Hanomarepiaau 1J151 po3noaijieHoi Ta aBTOHOMHOI,

y T.4. Bi/IHOBJIIOBAHOI, eHEPreTUKH

12. KOcvko /I, Kaumap A., T'oonescoka M., Koywobuncekuu B.O., bouuyx B.M. Cunres,
CTPYKTYPHO-MOP(OJIOTIYHI Ta €JIEKTPOXIMIUHI BJIACTMBOCTI YJIBTPAAMCIIEPCHUX OKCHUIIB
MOJTIOICHY.

13. I.F. Myronyuk, V. O. Kotsyubynsky, V.l. Chelyadyn, V.M. Boychuk, M. Hodlevskyi.
Template synthesis, structure, morphology and electrochemical properties of mesoporous titania
14, [©'FO. Muxainosa. OcoOIUBOCTI €NEKTPONMPOBIAHOCTI HAHOCHCTEMH  BYTJICIIEB1
HAaHOTPYOKH - METaI.

InHoBaniiiHi eHeproeekTUBHI QYHKIIOHAJBHI MaTepiajan HA OCHOBI

HAANPOBIAHUX | MATHITHUX CTPYKTYP
15.  V.B. Boledzyuk, Z.D. Kovalyuk, S.P. Yurcenyuk. Magnetic metal-carbon nanocomposite.
16.  Frolova L., Pivovarov O, Hrydnieva T. Investigation of magnetic properties of Co-Mn-Zn
ferrites obtained by contact low-temperature non-equilibrium plasma.
17. V. N. Antonov, D. A. Kukusta, S. V. Moklyak, D. V. Mazur, L. V. Bekenov. Electronic
Structure and X-ray Magnetic Circular Dichroism in Ferroelectric CaMnTi,Og.




18.  Hocenxo A.B., Kupunvuyx B.B., bowxo O.1, €snaw I.K., Cemupea O.M., Hocenxo B.K.
Marnitom’siki amop¢Hi Co-CrijiaBU 3 HU3bKOIO 1HAYKLI€I0 HACUYEHHS.

19.  Kasatkin A.L., Shapovalov A.P. Critical current in superconductor/ferromagnet thin film
multilayers.

20.  Kasatkin A.L., Shapovalov A.P. Vortex escape from the columnar pinning site in current-
loaded anisotropic superconductor.

21.  Llanosanos A.1l., ’Kumnyxina O.C. Bin’emHa nudepeHiiitHa npoBigHicTs n-tuny B BAX
Haanposigaux MoRe-Si(W)-MoRe rerepoctpyktyp

22. Llamepnix B.€., Cysopos A.FO., lllanosanos A.Il. Haagnposinaukosi nepexoau MoRe-
Si(W)-MoRe B 30BHIIIHEOMY MarHiTHOMY ITOJTI.

23.  T. A Prikhna, V. V. Romaka, V.E. Shaternik, M. Eisterer, A.V.Shaternik, V.E. Moshchil,
A.P. Shapovalov, S.S. Ponomarov. Structure and functional properties of superconducting MgB.
—based materials.

24, M.O. Bacunves, B.K. Hocenxo, B.M. Illusanwok, LB. 3acopyivko. MartiToMexaHiuHi
edektu B amoppuomy cruiasi Fezs oCuiNDb3,0SiisgB7 2,

25. Solovjov A. L., Omelchenko L. V., Petrenko E. V., Nazarova E., Buchkov K., Rogacki K.
Features of excess conductivity and a possible pseudogap in FeSe superconductors.

26. Cysopos O.10., Illanosanos A.Il. ®opmyBanHs MoHoaroMHUX mmapiB FeSe meromom
MOJIEKYJISIPHO-TIPOMIHEBOT eITiTaKCii.

27. Kalenyuk A.A., Futimsky S.1., Kasatkin A.L., Shapovalov A.P. Power handling capability
of microstrip fractal htsc resonator.

InnoBaniiHi PyHKIiOHAJBbHI HAHOMATEPIAIH
28. M.S. Barabashko, D. Szewczyk, A. Jezowski, M. Drozd, P. Gluchowski, M.I. Bagatskii,
V.V. Sumarokov, A.N. Ponomarev, V.L. Kuznetsov, S.I. Moseenkov. Heat capacity, DSC and
raman spectra of MWCNTS.
29.  Ochkan K., Zhitlukhina E., Razmkhah S., Febvre P., Belogolovskii M. Charge current in
metal/complex oxide memristors.
30. Rudenko E.M., Dyakin M.V., Korotash 1.V., Polotsky D.Yu., Belogolovskii M.A. Low heat
resistance heat transfer element based on aluminum nitride films for high power LEDs.
31.  Filatov O.V., Soldatenko O.M. Mechanical properties of silver nanotubes and nanowires.
32.  [O. B. I'opbamenxo, O. O. Pomanyosa, O. 1. Kpusuixos, O. O. Koponiok. OcobauBocTi
TEMIIEPATYPHUX 3aJIC)KHOCTEH TEIIONPOBITHOCTI MOJICKYJISIPHUX KPHCTANiB, IO YTBOPEHI
71a01IbHUMH MOJIEKYJIaMU.
33. Cmapoxadomckuu /1.J1., Koxmuu JIM., M. Pewemnux, /[. Paccoxin. BniiuB HaHOYaCTOK
MarHeTHuTiB 1 (HepPOKCHUIIB Ha BIACTUBOCTI HAHOKOMITO3UTIB HA OCHOBI IOJTIEITOKCH/IIB.
34.  Kopuwwenko I'.C., lllesuenxko C.T., Hamaniu B.B., Ilepexpecmos B.l. ®opmyBaHHSA
OaraTomapoBUX MOpPUCTUX HaHOCUCTeM Zn/Zn0O 1 Zn/ZnO/NiO.
35.  Ilepexpecmog B.Il., Kocmincoka FO.O., I'anniu FO.B., Kopniowenxo I'.C. ®opmyBaHHS
OaraTomapoBUX KOMIIO3UTHUX 3aXUCHUX MOKPUTTIB Ha ocHOB1 C, Al, Cr, Hf, Mo, Ta, Ti, W.
36.  Ilepexpecmos B.l, Kocmincoka F0.0., Tauniu FO. B. CTpyKTypOyTBOpPEHHS
0araToKOMITOHEHTHUX TOKPUTTIB Ha ocHOBI Cr, Hf, Ti, Ta, W, Zr ta Byremto, chopMOBaHHUX po-
3MUJICHHSIM CTPU)KHEBOI CKIIQJCHOT MIIIIeHI.
37.  Pavlenko O. L., Dmytrenko O. P., Gaponov A. M., Kulish M. P. Pundyk I.P., Kachkovsky
O. D., Kurdiukov V. V., Lesiuk A.l., P.Kobzar. Spectral Pecularities of Merocyanine Dyes Films.
38. Onekcenxo JLII., Maxcumosuu H.II., Mamywxko LIl., @edopenxo I'.B., Jlyyenxo JI.B.
HaniBnposingaukosi Hanomarepianu Pd/SnO; amst cTBopeHHs ra30BUX CEHCOPIB
39.  Kopuwwenxo I.C., Hamaniu B.B., Illesuenxo C.T., Ilepexpecmos B.I CenexTuBHi
npouecH npu GopMyBaHHI IOPUCTUX HAHOCUCTEM BYIJIELIIO.




40. Hocenxo B.K., Hizamece M.C. JlocnmimpKeHHS BIUTUBY IIBHUIKOCTI OXOJIOJKCHHS Ha
TEPMIUHY CTIHKICTb aMOP(QHOIr0 CTaHy KOMIUIEKCHO JIETOBaHUX CIUIABIB HAa OCHOBI 3aJi3a.
41.  Ochkan K., Belogolovskii M. Transport properties of layered ternary Transition-metal
chalcogenides.
42. Ilemposcvka /[.P., Kompeuxo C.O., Tumowescoxuu A.M., Cmeyenxo H.M. Bnnus cunu
Ha BUCOTY €HEPTeTUYHOT0 0ap’epy po3pHBY KapOIHOBHX JIAHIIIOKKIB.
43.  Paoduenxo T.M., Tamapenxo B.A. Uytnusicte no npedopmarmiii i gedexriB Ta ix
KOMOIHOBaHUM BIUIUB HA €JIEKTPONPOBIIHICTH rpad)eHy.
44,  Rokytskyi M.O., Sichkar T.H., Shut M.l. Heat capacity features of PHTFE - SnO,
nanocomposites.
45. Cepoentox T.b., Ilpixna T.O., Ceéepoyn B.b., Ceepoyn H.B., Illanosanog A.Il., Onitinuk
B.B., I'pueopyk B.I., 3acopooniu B.B., Jlayneyv B.JI., Kapneyv M.B., Ilonikapnosa JI.O. HoBi
KOMITO3UIIiiHI MaTepianu Ha ocHOBI AIN 11 MIKpOXBHIIBOBOI €JIEKTPOHIKH.
46. Cepoeniox T.b., Ilpixua T.O., Ceéepoyu B.b., Ceéepoyn H.B., [llanosanoe A.Il., Yacnux
B.I, Kapneyb M.B., Mapuenxo A.A., Ionikapnosa JI.O. 3aliexHICTh e€IEKTPODIZUIHUX
BJIacTUBOCTEH Bix cTpykTypu Komro3uTiB AIN-Y;,03-C-Mo.
47.  Hlunxapenko O.B., bexemos [I'B., Jlinmyea A.l. XimiuHa wmonudikaiiis MOBEpxHI
MOJITICTUPOJIOBUX HAHOTLTIBOK.
48. Connyes B.11., Hazapenxo B.A., Connyesa T.0., Bacunvkiecoka M.A., JIyeoscvkuti 1O.D.,
bpoonikoscokuii M.I1. OcoOGIMBOCTI TEXHOJOTIYHUX, (I3UKO-MEXaHIYHUX 1 (YHKIIOHATBHUX
BJIACTMBOCTEN HAHOAMCIIEPCHUX PEAKIIHO-CIIEYEHUX HIKEIEBUX CIUIABIB.
49, Cepeiti Kompeuko, Anopii Tumowescokuii, €ecen Konisowrxo , Hamanis Cmeyenxo,
FOpiti Mamsitiuyk. ®13uKa MIIHOCTI 1 JOBTOBIYHOCTI KapOiH rpad)eHOBUX HAHOCJIEMEHTIB.
50.  Papancekuii M.JI., Onitinuu-Jlucrox A.B., Kypex LI, Tawyx P.FO, Tawyx O.FO. Tlpo
1HBepciro 3HaKy naedopmartii B mapax In.
51. S.O. Zelinskyi, N.G. Stryzhakova, O.V. Gozhenko, A.Y. Maletin, Y.A. Maletin.
Nanoporous carbon materials for high power supercapacitors.
52. Layenxo O.C., 3acumuyx O.E., Typuax T.B., bacxosa O.I. Camoopranizaris
MIKPOCTPYKTYpHU TNpH IUIaCTHUHINA nedopmanii B HaHokpuctanax MmetaniB 3 ['IK Ta OLK
IPaTKOIo.
53.  Zasimchuk E. , Turchak T., Chausov N. Hydrodynamic plastic flow in metal materials.

MeToau nocIiIKeHHs Ta aTecTallil MaTepiajis

IHHOBANIHOI eHEePreTUKHU

54, Cmebnauko I1.0., [Jvomiues.E., I[lempos O./]. MonentoBaHHSI IOBEIIHKH Tijia 3 TICEBIO-
MPYKHO-TUTACTUYHOT'O MaTepiany MpH HeCTAIllOHAPHOMY HaBaHTAKEHHI.
55. E.G. Len, V.V. Lizunov, T.D. Shatnii, M.V. Ushakov, T.S. Len, E.A. Tsapko. Peculiarities
of electronic structure and positron spectroscopy of magnetic binary alloys.
56. Jizynos B.B., Monookin B.b., Braoimiposa T.I1., Pewemnux O.B., Bacunux A.B., Kyniw
MIL, Jmumpenxo O.I1, Ilaerenko O.JI. BrnnuB edekTiB 0araTokpaTHOCTI pPO3CISHHS
BUIIPOMiHEHHS Ha (hOpMyBaHHS (a30KOHTPACTHUX 300paKeHb HEKPUCTAIIYHUX 00'€KTIB.
S57.  Bacumves M.O., Jlenv €1, Makeesa I.M., Konrecnux B.M., Illeguenxko M.A., Cmonvrux
C.B. 3MmiHM eNeKTPOHHOTO CTaHy MoBepxHi MOHOKpucTany W (110) micns tepmiunoi Ta HOHHOT
00po0OOoK.
58.  E.A. Tsapko, l.Ye. Galstian. Diagnostics of structural defects and electronic properties of
carbon nanotubes by positron annihilation.
59. Owenxko K.A, Aposuyun O.B., 3eacinyesa ['.B, Yepe’'sxos M.O, Bonocamos I.P.,
Onivnux FO.B. ®opMyBaHHS KOMIUIEKCY BUMOT JIO METOJUK OILIIHKK POOOTO3AaTHOCTI 3BapHUX




3’€/JHaHb «OCHOBHMI-HAIUIaBICHUN METa» HIKEIEBUX >KapoMilHUX ciuviaBiB Ttumy JKC6 Ta
KC32, m1o iMITYIOTh BITHOBJIEHHS! KPOMOK JionaTok asiamiitHux ['T/] B npoMHCIOBUX yMOBaX.

Heopraniuni Ta opraniuti marepiaau, y T.4. ;KUBi Opratizmu,

JJISl GHEPreTUKH W eKO0JIOTil
60. Frolova L.A. Investigation of the process precipitation of Fe-Co layered double
hydroxides.
61. Moklyak V.V., Hrubiak A.B., Ostafyichuk B.K., Chelyadyn V.L. «Biopolimer batteries» - a
new concept for environment friendly & safer energy storage.
62. Ivanov O.V., Voronkov E.O., Kiose D.F., Tiron-Vorobiova N.B. To the question of the
constructive solution of the ballast water management system based on the DI NU "OMA™
63.  Shumeiko M.S., Sharkevych M.S., Ryabokon V.I., Danylyan A.G. Testing of fuel catalyst
«fuel well» onboard.

IIpo6aemu Ta nepcneKTUBY YTUJIi3aNlil Temia
64. Kulahin E.O., Skorobrekha I.l., Maslova D.l. Naydyonov A.l Defining optimization
approaches to the process of deep utilization of marine diesel heat.
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Oco00.1MBOCTI CTPYKTYPH JIa3€PHUX TA JIA3€PHO-AYTOBHX 3BAPHUX 3’ €/IHAHD
BHCOKOMIIIHUX cTaJIel
O.M. bepanikoBa*, A.B. bepnaubkmnii, B./l. [lo3usakos, B.M. Cuaopeus,

T.0O. Anekceenko, O.1. Bymma

Incmumym enexmposeaprosannus im. €.0.11lamona HAH Ykpainu
*Ten.: +38 0442052563 E-mail: *omberdnikova@gmail.com

Haifuactimie npu BHUIOTOBJICHHI METAJIOKOHCTPYKILIN BiJIMOBIIAIBHOTO MPU3HAYCHHS
BUKOPHCTOBYIOTh MEXaHi30BaHe a0 aBTOMATUYHE 3BAPIOBAHHS B CEPENIOBUINI 3aXMCHUX Ta3iB.
[Tpy 1bOMY BUKOPHCTOBYIOThH TaKi pEKMMH 3BapIOBAaHHS, SIKi O 103BOIWIN 3a0€311EUUTH BUCOKY
MPOJYKTUBHICTh, HEOOXIMHUNA KOMIUIEKC MEXaHIYHHMX BIJIACTUBOCTEH Ta TPIIIMHOCTIUKICTh
3BapHHUX 3'eqHaHb. OCTAaHHIM YacoM BIPOBA/KYIOTHCS TEXHOJIOTIi JIa3epHOTO Ta TiOpHIHOTO
JIa3epHO-IYTOBOTO 3BapIOBaHHs, 110 Ja€ 3MOTY OTPUMYBATH 3BapHi 3'€IHAHHS HA MiABHUILEHIN
MIBUJKOCTI 31 3HAYHO MEHIIMMH PO3MipaMHM MIBIB Ta 30HH TepMidHOTO BILUBY (3TB), a Takox
MiABUIINUTH SKICTh 3BAPHUX 3’ €JHAHb Ta MIPOYKTUBHICTh TEXHOJIOTIYHOTO MPOLIECY.

B po6oti 3acTOCOBaHO KOMIUIEKCHHM MinxXix 10 (yHIAMEHTAIBHUX Ta MPUKIATHUX
JIOCTIPKEHb  OCOOJIMBOCTEHl  CTPYKTYpHO-()a30BOro CKjIaay MeTally 3BapHUX 3 €JIHaHb
BUCOKOMIIIHMX cTajei (Ha mpukiaai HusbkosieroBanoi cram 3 0,14%C) ta 3akoHOMipHOCTEH
oro BIIMBY Ha (Di3uKo-MexaHIyHI BiacTUBOCTI 1ux 3'eqHanb [1, 2]. OcoOnuBy yBary
NPUIIICHO 3’ICYBaHHIO JIii TEXHOJIOTIYHMX MapaMeTpiB 3BapIOBAHHS - MIBHJKOCTI 3BapIOBAHHS
(Vi) Ta oxomomkerHss (Wess), a TAKOXK CIIOCOOIB 3BaproBaHHs (Jyrose, ja3epHe Ta TiOpuaHe
na3epHo-ayrose). [lokazaHo, 10 TpuU TEpexoli A0 IIBUAKICHUX CHOCOOIB 3BapIOBAHHS
reOMEeTPHUYHI pOo3MipH 30HU 3BaproBaHHs (mMpuHa mBiB Ta 3TB) 3MeHmyroThes B 2...5 pasiB.
3’eHaHHs, BUKOHAHI JIA3EPHUM 3BapIOBAHHSAM, XapaKTEPU3YIOThCS HAHMEHIIMMH pPO3MipaMu
[[UX 30H.

Ha pexxumax na3zepHOro 3BaprOBaHHS BHUCOKOMIIIHOT CcTaji 31 30UIBIICHHSAM IIBHUIKOCTI
3MIHIOIOThCS: (Da30BHIA CKJIaJ METaly 3BapHUX 3'€HAaHb Bif (HEepUTO-OCHHITHOTO A0 OCHHITHO-
MapTeHCUTHOTO MpPU MpPEBAIOBaHHI 00'eMHOT wacTku HmkHbOro Ocitnity (by = 50...60%);
301IbIIyeThbes MiKpoTBepaicTh (HV); B kinbka pa3iB MoJpiOHIOETbCA MakeTHAa Ta cyO3epeHHa
CTPYKTYpa; (OpPMY€ETbCS MEPEeBaKHO ApiOHO3EpHHCTA CTPYKTypa by B ymMOBaxX piBHOMIpHOTO
Tepepo3IoAiNy minsHOCTI aucokariii (p = (8...9)x10™ em™).

[Tpu riGpugHOMY Ja3epHO-AYrOBOMY 3BapIOBaHHI 31 30UIBIICHHAM V. (Da30BUH CKiIan
Metany mBiB Ta 3TB OeiHITHO-MapTEeHCUTHUN, OJHAK: 3MEHINYEThCA 00'eMHa vacTka by (10
10...20%) npu mpeBamoBanHi OeiiHiTy BepxHboro (bg = 60...70%). XapakTepHa HasBHICTh
TPali€HTIB: 3a po3MipaMu CTPYKTypHHX ckiamoBux, HV, a Ttakox p. Ilpu dopmyBanHi
CTpykTypu bp IiIBHICTH AMCIOKAIN 30UTbIIyETHCA 1O P = 1,5x10"em™.  Haiibimpm
piBHOMIpHHIL Ti posmoin (p = (4...6)x10" cm?) xapaxrepruit mst crpykTypr By

[Ipn nasepHomy Ta TIOpUIHOMY JIa3€pHO-AYrOBOMY 3BaprOBaHHI BHCOKOMIIIHUX
HU3bKOJIETOBAHUX CTaJIel 3allpOIOHOBAHO 3aCTOCYBaHHS pexuMiB Vi, = 50 m/rog (Wes = 100°
Clc) Ta Vi = 72 m/ron. (Wes = 63° C/c), BianoBimHo. OTpuMaHi pe3yiabTaTH 03BOJSTH
BIIPOBAIUTH MPOTPECUBHI TEXHOJOTII Ta COCcOOU J1a3epHOro Ta riOPUAHOTO JIa3epPHO-AYTOBOIO
3BaplOBaHHS B Pi3HI raiy3i MPOMHUCIOBOCTI 1 3HAYHO MIABUIIMUTHU SIKICTh 3BapHUX 3’€JIHAHb Ta
HPOAYKTHBHICTh TEXHOJIOTTYHOTO MPOIIECY.

1. Berdnikova O., Pozniakov V., Bernatskyi A., Alekseienko T., and Sydorets V. Effect of the
Structure on the Mechanical Properties and Cracking Resistance of Welded Joints of Low-Alloyed
High-Strength Steels. Procedia Structural Integrity, 16 (2019) 89-96.

2. Markashova L., Pozniakov V., Berdnikova O., et al. Structure and Crack Resistance of N-A-
XTRA-70 Steel Joints Manufactured by Hybrid Laser-Arc Welding. Mat. Sci. Forum 927 (2018) 29-
34.
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IIpouec rizpuaoyTBopeHHsi y rerepodasHux cruiaBax cucremu 11-Zr-Mn-V 3i
cTpykryporo ¢asu Jlageca ta OLIK-TBepaoro po3unny
Jdextapenko B.A., IIpsiako T.B., Cassakin /I.I'., bongapuyk B.1., Morniasnmnii I'.C.
Inemumym memanogpizuxu im. I'.B. Kyporomosa HAH Vkpainu, Kuis, Ykpaina
Ten.: +38 044 424 12 20 E-mail: Devova@i.ua
Panime namu Oyno mokaszaHo [1, 2] mepcneKTUBHICTh BUKOPUCTAHHS y SKOCTI MaTepialliB

Ui Oe3rmeyHoro 30epiraHHs Ta TPAHCIOPTYBaHHS BOJHIO Yy 3B’S3aHOMY cCTaHi (Tiapun),
rerodasHux crasiB cucremu Ti-Zr-Mn-V 3i crpykryporo dasu JlaBeca ta OIK-tBepmoro
po3unHy. byno mokazaHo, IO 3a pPaxyHOK TEpPMIYHOi OOpOOKM CTae€ MOXKJIMBHM TiJpyBaHHS
CIUIaBIB JTAHOTO KJIaCy TPH KIMHATHIN Temmeparypi Ta TUcKy BoaHio 0,6 MIla [2]. Ane mpu
I[bOMY HE OYyJ0 JIOCTEMEHHO BCTAHOBJIEHO MEXaHi3M B3a€MOJIii JaHUX CIUIaBiB 3 BOJHEM IpHU
KIMHATHIN Temreparypi.

3 TuM 100 BCTAaHOBUTH MEXaHI3M TiAPUAOYTBOPEHHS OyJl0 BHIUIABICHO paHille
JOCITI/DKEHUN 3a€BTEKTUYHUI CIUIaB Tlg2,75Z127MNgo25V10 [1], CTpyKTypa sIKOTO CKJIagaeThes 3
NepBUHHUX KpucTaliB (a3u JlaBeca Ta eBTeKTUYHOI ckiafoBoi. Jlyig ykpynHeHHs (a30BUX
CKJIaJIOBHX Ta MOXJIMBOCTI HACHUYEHHS CIUIaBY BOJHEM IpH KIMHATHIM Temmeparypi ioro 0ymio
nigzaHo TepMidHi o0pobui mpu temmepatypi 900 °C Bmpomosx 24 roauH. Mertonom
CKaHYIOUYOi  €JNeKTPOHHOI MIKpPOCKOMmii Oyl10 BCTAaHOBJIEHO, IO CTPYKTypa CIUIaBy
Tig2,75Zr27MnNyg 25V 10 THiCTIs TepMiYHOT 0OPOOKH CKIIaJAETHCS 3 KPUCTAIIB OrpaHeHol popmu dhasu
JlaBeca Ta kpucrtaniBs OLIK-TBepaoro po3unHy. MeToioM peHTI€HIBCHKOrO (pa3oBOro aHamizy
OyJ10 MmiATBEPPKEHO JJaHi CKaHyI04u0i eJIeKTPOHHOT MIKpOCKOMIi po (ha30BHil CKIIaj CIUIABY.

[Tporec B3aeMoii CIu1aBy 3 BOJAHEM JOCIIPKYBAaBCs MPU KIMHATHINA TeMIepaTypi Ta TUCKY
BonHIO 0,6 MIla. AKTHBHE MOTJIMHAHHS BOJHIO CIIABOM PO3IIOYAIOCS BXKE Yepe3 I’ SATh XBUINH
MICs KOHTAKTY 3 BOJHEBMICHUM cepenoBuiieM. st 30epekeHHsT HUTICHOCTI 3pa3ka MpoIec
HOIVIMHAHHA OyB 3yNUMHEHWH NpPU JOCATHEHHI KOHLEHTpalii norinuuyroro BoaHwoo 0,82 mac.%
(MakcUMaJIbHO MOXJIMBA BOJHEBA EMHICTH 2,6 Mac.%).

Buxozsuu 3 pasile oTpUMaHUX JaHUX 1 JaHUX CKAHYIOYOI €JIEKTPOHHOI MIKPOCKOMII Ta
PEHTIeHIBCHKOTO (Pa30BOr0 aHamizy OyJio BCTAHOBJIEHO, IO MPOIEC MOTJIMHAHHA BOJHIO
pO3MounHaeThCsl Ha Kpuctaimax ¢(asu JlaBeca (nucowmiamiss MOJEKYIM BOJHIO HAa AaTOMH
BiZIOYBA€THCS HAa HECKOMIIEHCOBAHMX MIKaTOMHHUX 3B’S3KaX) 3 MOJAIBLINM HPOHUKHEHHSIM
aTOMapHOro0 BOJHIO B 00'eM KpuUCTaly. 3a pPaxyHOK pPO3UYMHEHHS BOJHIO BIJOYBa€ThCS
po3TpickyBaHHs KpuctaniB (azu JlaBeca, Mo B MOJAIBIIOMY MOJETUIYE TUCOIIAIII0 MOJICKYIH
BOJIHIO Ha aTOMHU (32 paXyHOK CTBOPEHOI MOBEPXHI YHCTOI BiJ] OKHCHOTO IIapy) Ta MPOHUKHICTh
fioro B 00'eM. Takox OyJa0 BCTaHOBJIEHO, IO aTOMApPHHHA BOJEHb SIKUIl MPOHUKAE B 00'eM
Kkpucrany (as3u JlaBeca, He 3aNMIIA€TLCS B HBOMY, a pyXaeTbes uepe3 Hporo 10 OLIK-tBeproro
poszunny. Lle mor’s3ano 3 tum mo OLK TBepamii po3uMH MICTUTh MaKCHUMalbHY KUIBKICTh
€JIEMEHTIB 3 BHCOKOK) CIOpPIJHECHICTIO IO BITHOIIECHHIO O BOAHIO (TUTaH, IHUpKOHiN). Lle
CBITUHTH TPO TE, IO Ha MOYATKOBOMY eTami B3aemoii, (aza JlaBeca ciyrye aoHOpOM
atomapnoro BojHto 171t OLIK-TBepmoro po3unny.

1. V.A.Dekhtyarenko, T. V. Pryadko, D. G. Savvakin, and T. A. Kosorukova, Metallofiz.
Noveishie  Tekhnol., 41, No. 11: 14551468 (2019) (in  Russian)
https://doi.org/10.15407/mfint.41.11.1455

2. V.G. Ivanchenko, V.A. Dekhtyarenko, T.V. Pryadko, et al. Mater. Sci. 51, 492499
(2016). https://doi.org/10.1007/s11003-016-9867-7
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The perspectives of shape memory alloys application in nuclear power
engineering
Kosorukova T.A., Koval Yu.N., Odnosum V.V., Eirstov G.S. (*)

G.V. Kurdyumov Institute for Metal Physics of the National Academy of Sciences of
Ukraine, 36 Vernadsky blvd., 03142, Kiev, Ukraine.* E-mail: yuri.firstov@gmail.com

Amongst nuclear reactor materials one would find those that represent fuels, cladding,
cool-ant, poison, moderator and structural materials. That is the list, which is considered as
closed one for a long period of time. Functional materials did not get into this exclusive club
despite some efforts that could be found in literature. In particular, shape memory alloys (SMA)
were introduced as possible solution of certain technical problems that can be dealt with in the
nuclear power engineer-ing [1-2]. The desire to use them arises from the several attractive
features of these functional mate-rials. SMA are known to exhibit considerable strokes that
might be triggered by the temperature, stress and even magnetic field. At the moment, NiTi and
Cu-based shape memory alloys are the mostly used functional materials in contemporary
industry [3]. Since the discovery of shape memory effect, a lot of effort was put into R&D of
shape memory alloys with some successes ranging from home appliances to aerospace or
automotive industries. The work output of shape memory alloys might reach even 20 J/cm3,
recoverable strains vary from 3 to 8 % in polycrystalline state and single crystals might exhibit
recoverable strains that could be close to 15%. Recovery stresses of 500 MPa might be generated
in constrained conditions.

Still, at this very moment only nitinol (NiTi) is in an industrial use almost exclusively in
med-ical sector, while other SMA applications came to a halt. Surely, NiTi possesses the best
functional properties if one would not need to generate them higher than 390 K. Despite of this
superiority over other SMA, NiTi exhibits shape memory degradation, thermal cycling and other
effects that together are known as functional fatigue [4]. That is the reason, why industrial
leaders in general are disenchanted with SMA. There is a need to win back their trust with the
breakthrough in functional and mechanical properties stability. In this regard, the successful
application of advanced shape memory alloys in such sector as nuclear power engineering seems
to be quite a challenge but will become a convincing argument. Recently, while searching for the
best solution for the problem of the design of high temperature shape memory alloys (HTSMA)
it was found [5] that they possess diminished mechanical properties, prone to functional and
structural fatigue [4]. Although it is pos-sible to deal to some extent with each issue separately,
the general improvement in all directions seemed to be impossible. At the same time, Yeh and
co-authors [6] performed a breakthrough in structural materials design offering so-called high
entropy alloys (HEA). These are multi-component alloys close to equiatomic composition that
possess the entropy of mixing higher than 13 Jmol-1K-1. Because of this contribution, Gibbs
free energy decreases and, as a result, HEA have shown outstanding structural and diffusion
stability. In addition, HEA demonstrate significant solution hardening phenomenon [7]. It
appeared that all the positive HEA features were those that HTSMA needed badly for acceptable
improvement. Paper [8] has shown the first positive result of the intentional search for
martensitic transformation and associated shape memory effect in HEA. Together with the
results published in [9], it all amounted to the creation of the novel advanced functional materials
- high entropy shape memory alloys (HESMA) that have shown mechanical and functional
properties superior to the existing industrial SMA.




Given example of MT and shape memory behaviour for HESMA [8, 9] indicates that these
new materials represent the significant advance comparing with industrial SMA because they
show remarkably stable functional characteristics. Comparison of selected properties for NiTi
and HESMA given in Table 1 confirms general superiority of HESMA.

Table 1: Mechanical and functional properties comparison for NiTi and HESMA

Properties NiTi HESMA
MT temperature interval, K 77-390 | 77-1000
Elastic modulus, GPa 45 70-95
Yield strength, MPa 70-600 1200
Recoverable strain (SME), % 8—1 3
Work output, J/cm® 10-20 30

It can be seen that due to the much higher yield strength HESMA retain 3% of the
recoverable strain without any degradation implying extended lifetime (Table 1), while NiTi
shows decrease in recovered strain from 8% at first cycle to 1% at 100000 cycles according to
[10]. Obviously, the reason for HESMA superior behavior is two-fold strengthening because of
significant lattice distortion implemented by the multi-component HESMA design. Such
distorted lattice may oppose not only diffusion or plastic deformation but radiation damage also.
In addition, HESMA show much higher than NiTi operation temperatures (up to 1000 K, Table
1). That is why, HESMA can be considered as perspective materials for actuators or sensors to
be applied in nuclear power engineering and can be used, in particular, in safety relief valves or
control rods etc.
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3. K. Otsuka, C.M. Wayman, Shape memory materials, (Cambridge: University Press: 1998).

4, T. Niendorf P. Kroof3, E. Batyrsina, A. Paulsen, Y. Motemani, A. Ludwig, P.
Buenconsejo, J. Frenzel, G. Eggeler, H.J. Maier, Mater. Sci. Eng. A, 620, 359-366 (2015)
https://doi.org/10.1016/j.msea.2014.10.038

5. G.S. Firstov, Yu. Koval, J. Van Humbeeck, A. Timoshevskii, T. Kosorukova, P.
Verhovlyuk, Some physical principles of high temperature shape memory alloys design, in
“Shape Memory Al-loys: Properties, Technologies, Opportunities”, N. Resnina and Vasili
Rubanik Eds., P. 207-232, Trans Tech Publications, Zurich, 2015.
doi:10.4028/www.scientific.net/MSFo0.81-82.207

6. B.S. Murty, Jien-Wei Yeh, S. Ranganathan, High Entropy Alloys (Oxford: Elsevier
Science & Technology Butterworth-Heinemann Ltd: 2014).

7. O.N. Senkov, G.B. Wilks, D.B. Miracle, C.P. Chuang, P.K. Liaw, Intermetallics, 18,
1758-1765 (2010). https://doi.org/10.1016/j.intermet.2010.05.014

8. G.S. Firstov, T.A. Kosorukova, Yu.N. Koval, V.V. Odnosum, Materials Today:
Proceedings, 2S, S499-S504 (2015) DOI: 10.1016/j.matpr.2015.07.335

9. G.S. Firstov, T.A. Kosorukova, Yu.N. Koval, P. A. Verhovlyuk, Shape memory and
Superelas-ticity, 1, 400-407 (2015) https://doi.org/10.1007/s40830-015-0039-7

10.  D. Stockel, Proc. Actuator 92, Bremen, Germany, 79-84 (1992)


https://doi.org/10.1016/j.msea.2014.10.038

-4-

BruiuB 3amMilieHHs iOHIB KOOAJIBTY B JIiTili-3a/1i3Hi HAHOPO3MipHi depuTH Ha
IX MardiTHi XapaKkTepuCcTHKH
Kaiixan JL.C."), Ma3sypeHnko 10.C.2

' IBH3 "Tlpukapnamcoxuii HayionanrbHull yHieepcumem imeni Bacuns Cmeganuxa”, 8yn.
LUlesuenka, 57, 76018, Isano-Dpankiscovk, Yrpaina.
2 leano-Dpankiecokuil HayioHarbHUll MeouuHull yHisepcumem, éyi. I anuyvka, 2, 76000, leano-
@panxiscok, Yrpaina E-mail: larysa.kaykan@gmail.com

60

efore MeTto0M 3051b-TeNb aBTOCHAJIIOBAHHS OTPUMAHO CEpiro
“ 3pa3kiB  JITiH-3ali3HOrO  (peputry, 3aMilIEHOTO 10HAMH
B 201 K00abTy 3arayibHOl hopmMyiu Ligs.x2Fe25.x2C0x04, ne x=0,0,
g 0 0,4, 0,8, 1,0. CtpykTypa CHHTE30BaHOTO KOOAJIbT-3aMIIIICHOTO
= 20/ dbepuTy € uyrimBor o Bmicty iomie CO°'. Tak, 3pasku 3
i ] o BMicTOM K00anbTy 0< X <0.4 BUSBISIIOTh MPUHAICKHICTH JI0
N Bl - ‘C°1"° npocTtopoBoi rpynu cumerpii P4,32 npu 30i1bIICHH]I BMICTY
-2500200015001000-500 0 500 1000150020002500 o .
H [Oe] JIONIAOBAHOTO eleMeHTy X =>0.6 crmoctepiraerbcsi mosiBa
mimiHeni  mpoctopoBoi  rpymu FAd3m,  BmicT  siKoi 7
30UTBIIYETHCS IPU 3POCTAHHI KOHIICHTPAIlil BIPOBAHKCHUX 50-
ioHiB Big 5 mo 12%. IlpuumHoro Takoi TpaHchopmarlii € = 25
mopymienns  weprysamms  iomis LIt i Fe¥ y E
crmiBBimHomeHHi 1:3 B okraegpuuHux B-mosumigx 8 0
IITIHETbHOT TpaTKu. [IpoBeIeHi MarHiTHI JOCHi/UKEHHS Ha = 25]
npunaai LakeShore VSM 4700 mokaszanu, mo MarHiTHi -50] e restng
BJIACTHBOCTI  OTPHUMAHOTO  MaTepialy  HEMOHOTOHHO sl . after heating
3MIHIOIOTHCS TIPU 301TBIICHH] 3aMiIIIEHHS. 400, 5200 H[(())e] 2001 1400

Ha puc.] HaBeneHO 3aJeXKHICTP HAMarHi4eHOCTI BiJl
MPUKJIAJACHOTO 30BHIIMIHBOTO TOJIS 71 3pa3kiB 3 BMicToM kobansTy 0,4, 0,8 1 1,0. Ha puc 2
HABEJCHO TMETII0 TICTEPE3UCY HYHUCTOTO, HE3aMIlIEHOTO JiTii-3ali3HOr0 (Eeputry a0 1 micis
HarpiBaHHs 70 TEMIIEpaTypu 1200°C.

OCHOBHI MarHiTHI mapamMeTpy CUHTE30BaHUX CUCTEM HaBEJEHO B TAOIHII.

Bmict | Moaspn | Hamarnivenic | 3ammmkoBa | Koepuutus | EdexrnBH | Koncran Cryninb
K00aJbT | aMaca | Thb HACHUEHHSI | HAaMarHideHic Ha cHJIa Hi Ta KBaJPaTHO
y H Ms (emul/g) b HC MArHiTHUH | MArfHiTHo cri
X (kr/mMoa Mr (emu/g) MOMEHT aHiS.:.)T . S :w
L) My (Lg) i P Ms
K-10™"
0,0 207,1 70,8 30,2 112,0 2,63 0,8 0,43
0,4 218,1 72,2 39,8 888 2,82 6,7 0,55
0,8 228,6 68,7 36,3 839 2,81 6,0 0,53
1,0 234,63 57,7 32,8 1739 2,43 10,5 0,57
moxuok | 0,1 +0,1 +0,1 +1 +0,01 +0,1 +0,01
"

CuHTE30BaHI METOJOM 30Jb-Tellb aBTOCIANIOBAHHS HAHOPO3MIpHI JiTi€BI (QepuTH,
3aMilIeH] 10HaMH KOOAJIbTy TOKa3aJId TMOKPAIIEHHS MAarHITHUX XapaKTEPHUCTUK IOPIBHSIHO 3
He3aMilllEeHUM 3pa3KoM. 3MiHa XapakTepUCTUK € HEMOHOTOHHOIO BiJHOCHO 3MIiHHM BMICTY
3BMIIIEHUX 10HIB, IO, OYEBUJHO TOSCHIOETHCA OCOOIMBICTIO Mop(dosorii Ta KaTiOHHOTO
PO3MPOLTY eIeMeHTIB cuctemu. JlaHa moaudikallis Ja€ MOXIJIHMBICTh TUTAHOMIPHO 3MiHIOBAaTH
XapaKTEPUCTHKH OTPUMAHOTO MPOAYKTY 3TiTHO MOTPeO iX 3aCcTOCYBaHHS.
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Po3BUTOK 1 BIOCKOHAQJICHHS E€HEPrOTeHEPYIOUUX TMPUCTPOIB HEMOXKIUBO 0€3 PO3poOKH
HOBUX MarepianiB. Lle cTocyeThes SIK ICHYFOUMX JDKEPEN €HEpTii, TaK 1 TUX, 0 pO3pOOJISIIOTHCS,
y SIKUX B SIKOCTI JPKepesa €Heprii BUKOPUCTOBYIOTHCS TEPMOSACPHI peakiii, a TaKoX JKepena
eHeprii Ha OCHOBI TEPMOEMICIMHHMX IEepeTBOPIOBadiB. B eHepreTuill BEIMKHUX IMOTY>KHOCTEH
HANOUTBII TIEPCIIEKTUBHUM BBAXKA€ThCS HAIPSM, IIOB’S3aHUN 3 KEPOBAHUM TEPMOSICPHUM
CHHTE30M, a JUIS HAIIHHUX JPKeped eHeprii MKIUIAHETHHX KOpaOiiB 1 KOCMIYHMX CTaHIH —
TEPMOEMICIHHI IepeTBOPIOBaYi.

ChorosHi B EKCHEPUMEHTAIBHUX YCTAaHOBKAX KEPOBAHOTO TEPMOSICPHOTO CHHTE3Y
3aJMIIAETHCS BIIKPUTUM MUTAHHAM OOJMIFOBAaHHS BHYTPIIIHBOT MOBEPXHI KaMepH. YcepeauHi
peakTopa MOBHMHHA 3HAXOJHUTHCS BUCOKOTEMIIEpATypHa Iu1a3Ma. B TepMosiaepHUX peakTopax 3
MAIA0Y01 ACUTEPIEBO-TPHUTIEBOIO IJIa3MOI0 OoMOapyBaHHS HEHTPOHAMH 3 BUCOKOIO E€HEPTIEI0
CTBOPUTH BHMCOKY KOHIICHTpAIII0 pajialliiHuX JAeQEeKTIB Ha IOBEPXHI OOJHMIFOBAIIBHUX
MmatepianiB. ToMy 10 mux MaTepianiB mpe/’ IBISIOTHCS BUCOKI BUMOTH SIK IO TEPMOCTIHKOCTI TaK
1 110 pajianiiHoOl CTIHKOCTI.

Bonbdpam Mae HU3BKY pPO3UMHHICTB, MPAKTUYHO BCIX 130TOIIB BOJHIO, IO OCOOJIMBO
BaYXJIMBO, TOMY 1[0 po0Ooue CepeloBUINE peakTopa MICTUTh JeiiTepii Ta TpuTiil. Po3unHHicTh
BOJHIO B BOJIb(ppaMi ICTOTHO MEHIIE, HIX B CTAIAX. BOJECHb MPAKTUYHO HE PO3YUHSETHCS B
BOoNb(GpaMi, a 3axXOIUTIOEThCS Juiie JaedeKTamMu CTPYKTypu. HakomwueHHs neitepiro B
HOJIKPUCTAIIYHOMY BOJIb(GpaMi B 4-5 pa3iB HIKYE, HDK B HAMISTHOMY BOJIb()paMi, TOMY JTyKe
BaXJIMBA OIHOPIAHICTD Ta OE3AUCIOKAIINHICTH CTPYKTYpHU. TOMy KpiM YHUCTOTH METaly
0CO0JIMBI BUMOTH TIPE]I’ SIBJISIFOTHCS 10 CTPYKTYPU METAJIEBOTO BOJIL(PaMy 1 B I[bOMY HAIMPSIMKY
171eaibHOT CTPYKTYPOIO € — MOHOKPHCTAI 13 33JaHOI0 OPI€HTAIIIETO.

B IE3 im. €.0. Ilarona HAH VYkpainm Oyna CTBOpeHa yHIKaJbHa TEXHOJOTIS
BUPOIIYBaHHS MOHOKPHCTAJIB TYTOIUIaBKUX MeTamiB y Bursiai miaactud 170-160-20 mm (puc.
la) i BigmparpoBaHa TEXHOJIOTIS Ta MPOBEICHI MaTepialo3HABYI TOCIIKEHHS, 1O i ATBEPIAIN
iXHI MOHOKpHCTANIUHI BJIACTUBOCTI, Ta Jalld MIATPYHTS AJS MOAAIBIIMNX PO3POOOK Y IBOMY
HanpsMKy. B ocTanHI poku OyJ0 CTBOPEHO HOBITHIO HE MalO4y CBITOBHX aHAJIOTIB TEXHOJIOTIIO
BUPOIIYBaHHS CYINEPBEIMKUX MOHOKPHUCTAJIB BoJb(pamy y BUTISAAL TiA oOepTaHHS (LUMIIHAP)
niamerpom 85 MM (puc. 106). Ilpm mnpoekTyBaHHI 3aKJIaJ€HO MOXKJIMBICTH BHUPOIIYBaHHS
MOHOKPHUCTAIIIB Y BHUIJISAI Til oOepTaHHs (UWIiHAP a00 MyCTOTUIMH IMIIHApP) 30BHILIHIM
niametpom 110 100 mm (4 mroiiMu). ¥V sIKOCTI 3aCTOCYBaHHSI MOHOKPHCTAIH BOJIb(PpaMy MOXKYTh
3HaWTH Oe3anbTepHATHBHE BIPOBAIKEHHS, K y BUIJISAL MIUPOKO(GOPMATHOTO MPOKATY, TaK 1 y
BUIJISAJII BUPOOIB 31 3JIUTKIB.

‘T = —m

Puc. 1 30BHINHIA BUIISA: @ — MJIOCKUX MOHOKpHCTaliB Boibppamy 170x160x20 mm, 6 —
KpHUCTaly BOJb(GpaMy y BUIIISIII HMITIHAPY J1aMETPOM 85 MM
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ExcniepuMeHTaIbHO JOCIIKEHO BIUIMB YJIBTPa3BYKOBOI OOpPOOKM Ha MiKpOMEXaHI4H1
BiactuBocti amopguoro craBy FezsNisSigB14. BeraHoBieHo, 1110 MikpoMexaHiuHi BJaCTHBOCTI
aMOp(HOTO CIUIaBy, IHIUKATOPOM SIKMX BHUCTYIA€ BEIMYMHA MIKPOTBEPAOCTi, MiJ BILIUBOM
yIBTPa3BYKOBOI OOpOOKHM 3a3HAIOTh CYTTEBUX 3MiH, a caMe, CIIOCTEepIraeTbcs eqgeKT
miacTudikalii: MIKpOTBEPAICTh aMOP(HOTO CILIaBY IIC/SA MPOBEACHOI YIBTPA3BYKOBOT 00pOOKHU
3meHmryerbess Ha (10-28)%. (puc.l). 3MeHIIeHHS MIKPOTBEPIOCTI MOKHA MOSCHUTH TUM, IO
MPOBE/ICHA YJbTPa3ByKOBAa OOpOOKa MPHU3BOAUTH 1O 3MEHIICHHS PO3MIpiB ab0 pO3YMHEHHS
BMOPOKEHHX IIEHTPIB KpHUCTai3allii, BHACIIJOK YOro BiAOyBa€ThCS TOMOTEHI3allis CTPYKTYypU
amopdHoro crutaBy. Llei (akT mIATBEPIKYETBCA AOCHIIKEHHSIMHA TOIOJOTIl TOBEPXHI
amopdHoro cmnaBy FezsNisSigBi4, mnpoBeseHrMMH 3a JI0MOMOrol0 aTOMHOTO CHIIOBOTO
Mikpockoiy (puc.2).

(H-Ho)/Hs, %

10 20 30 4 S &
50 100 150 200 250 300
]

5
-10 5
-15 k\ - 1
\ - 2
-20
Co— i
25— B — 5) v r =
| —~—— 'f
-30 5 ‘g
[, XBHIHHH
as L o f 0 05 10 15 20
Puc. 1. 3anexHocTi BiJTHOCHOT smian  Puc.2. Tonosoris noBepxHi aMOpHOTO CILIaBY:

MIKpOTBEpPJIOCTI BiJi dacy yJIbTPa3BYKOBOi a) BUXIJIHHU 3pa3okK; 0) 3pa3ok Iicisi 00poOKu
00poOku: 1 - inTeHcuBHIcTh Y30: 1 Br/em?; 2 yIbTPa3BYKOM; B) Ta T') BIANOBI/IHI 3pi3H
— inrencuHicts Y30: 2 Br/em? TOTIOTpam a) Ta 0).

[ToBepxHsi amopdHOro cCIIaBy TiCHS  YJIBTPA3BYKOBOI OOpOOKH  KapJIUHAIBLHO
3MIHIOETBCS: MEHIII 3€pHA 3HUKAIOTh, @ OUIBIII YTBOPEHHS CTaloTh penbedHimmMu. Lle moxe
CBITUUTH MPO TE, 110 MEHIIl 3epHa, SIKI € BMOPOXKEHHMHU LEHTpaMU KpHUCTali3allii, mij Jl€ro
yIABTPa3BYKOBOI 00OpOOKM po3uMHAIOTBCS B amopduiid ¢asi. Ilnactudikyrounii Brums
yIbTPa3ByKoBOi OOpOOKM Ha aMOppHUI CIUIaB MOKHA MOSICHUTH CYKYIHICTIO I TaKHX
MEXaHI3MIB: PO3UMHEHHSM BMOpPOXEHHUX LEHTPIB KpUCTali3alii, a TaKoX aKyMYJSILi€ro i
AHITUIALIEI0 BUIBHOTO 00'€eMy, NEpepo3MOJALIOM 1 peJakcalield BHYTPIMIHIX HalpyKeHb,
MEePepO3NOIITIOM XIMIYHUX €TIEMEHTIB.
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KommuiekcHMM miaxix 10 3aXuCTy TATAHOBUX KOHCTPYKILii
Bi/l BO/THEBOI0 OKPUXYEHHS
Ipsako T.B., lexrapenko B.A.

Inemumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu, Kuis-142, byrveap
Bepradcwiozo, 36, Vipaina. Ten.: +38 044 424 1220 E-mail: pryadko@imp.kiev.ua
OcHOBHa yMOBa, IpH SIKIA Ma€ Micle KpUXKe pyWHYBaHHS TBEPAOIO Tija MiJ BIUIMBOM

BOJHIO, 11¢ WOTO TOTJWHAHHS 0 KOHIEHTpAIlil, 0 0O0YMOBIIIOE CYTTEBI 3MIHM 00’€MY 1, K
HACIIIOK - BUHUKHEHHS BHYTPIIIHIX HANpYy>XeHb JIOKAIBHO NEPEeBAXAIOUNX HAIIPYTH, HEOOXiTH1
JUIsL pyHHYBaHHA Matepiany. Y THX BHUIIaJKax, KOJIM TUTAH YH CIUIAaBU HA HOTO OCHOBI B MpoOLEC]
eKCIUTyaTallii OMMHSAIOTHCS B CEPEIOBHIL, 10 MICTUTh BOACHb, HEOOXITHO BXKMBATH 3aX0/H, 110
NEPELIKOIKAI0Th MPOHUKHEHHIO BOJHIO B 00’eM Marepiany. [IpOHMKHEHHsS BOJIHIO B METalu
JTIMITY€ETbCSL SBHINAMH, IO BiAOYBAaIOTbCS HA TIOBEPXHi, 1 IHTEHCHUBHICTh IIbOTO IPOLECY
BU3HAYAETHCS KATATITHYHOIO aKTUBHICTIO TOBEPXHI Ta ii «mpo3opicTio» s nudysii BOIHIO B
00’em marepiary. Y TakoMy pa3i MOXKJIMBHUMH CIIOCO0aMU OOpPOTHOM 3 BOJHEBOIO KPHXKICTIO
MOXXYTb OyTH 3aXHCHI MOKPHUTTA, IO MEpelKokatoTh HaBogHeHH0. llle omnuM crocobom
00poTHOM 3 BOJIHEBOIO KPHUXKICTIO TUTAHY € JIETYBaHHS, IO 3MEHIIYE IMIBHIKICTh B3a€MOJIi
MeTally 3 BOJACHbMICTKHM CEPEIOBHUIIEM Ta MIABHUINYE MAaKCHUMAaJIbHO JOMYCTHMI KOHIIEHTpAIil
BOJHIO. [l TUTaHy 3aXUCHUMH JieryiounMu enementamu € Al, Fe, Mo, Ni. 3okpema, antoMiHii
30UIBIITYE PO3YMHHICTD BOJHIO B o-(a3i 1 yCKIaJAHIOE YTBOpEeHHsS TiapumaHoi dazu. Tomy
30UTBIICHHS BMICTY altoMiHio B a-Ti - eQeKTUBHUI crOci0 3MEHIICHHS HOro CXHJIBHOCTI 710
BOJHEBOI KpHUXKOCTi. Hammi gociifkeHHs HampaBieHi Ha BHBYEHHS KOMIUIEKCHOTO BILTUBY
JIETYBaHHS Ta 3aXHWCHOTO TOKPHUTTSA HA CTIMKICTh THTaHy J0 OKPHXYEHHS Y BOIHEBOMY
CEPE/IOBHIIII.

Jlnist BUpIIIEHHS TIOCTAaBJICHUX 3a]a4 BUT'OTOBJICHO 3pa3ku KyOidHOi opMH 3 po3MipoM
pebpa 10 MM 3 meperiaBieHOr0 HOAMIHOrO TUTaHy Ta cruiaBy Ti+6,69%Al+0,81%Mo. Ilpu
BU3HAYCHI JIETYIOYMX €JIEMEHTIB OyJl0 BpaxOBaHO II0: BOHHM YacTO BXOASTH OO CKIATY
TUTAHOBHX CIUIaBiB; 3a YMOB MPOBEACHHS JOCIIDKEHb Mai)ke HEe B3a€MOMIIOTH 3 BOJHEM;
MABUIIYIOTh MAaKCHMAJIBHO JOIYCTHMI KOHIIEHTpAIii BOAHIO. B sikocTi Oap’epHOro mapy Oyio
obpano mokputTs AIN (Ha OCHOBI BiJIOMOCTEH, IO HITPUJ aIOMIiHIIO CTiiiKMiA B atMocdepi
BOJHIO Ta Byrjekucioro razy mo 980°C), HaHeceHI B TiOpHIHOMY TeIiKOH-IYyrOBOMY HOHO -
IJIa3MOBOMY PEaKTOpi Ha YCi IpaHi Ky0Oa, 110 J1aJ10 3MOTy MOBHICTIO 3aXUCTUTH 00’ €M 3pa3Ka Bif
0e3mocepeIHOr0 KOHTAKTy 3 BOJHEBUM cepefoBumieM.. [ 3abe3neueHHs] JOUIIBHOTO 4Yacy
MPOTIKaHHS EKCIIEPUMEHTY TemIepaTypo — OaphuHi yMOBH IMpPOLIECIB HABOJAHEHHS OOWpaluch
3HAYHO JKOPCTKIIIMMHU 32 YMOBH, TPH SIKUX, 3a3BUYald, CKCIUTyaTyIOTbCS THTaH Ta CIUIAaBU Ha
HOro OCHOBI.

Jnist 3pa3KiB i3 3aXMCHUM TMOKPUTTSAM XapaKTEpHE IS MMOTJIMHAHHS BiIXHWICHHS 3MiHU
TUCKY BiJ] TemrmepaTypu y 3amKHeHoMY 00’emi 3adikcoBano mpu Ttemreparypi 700°C (ans
He3zaxuieHoro tutany T= 450°C). Ile cBiuuTh Mpo Te, MO HaWBHINA KaTaTITHYHA 3aTHICTh
MpUTaMaHHa TOBEPXHI BUXITHOTO 3pa3Ky, a JAJisi MOKPUTTIB BOHA 3HAYHO HIDKYA.

B 3HauHIl Mipi 3HWKYETHCS 1 MPOHUKHICTh BOJHIO 4epe3 Taki 0ap’epHi mapu. KiibkicTb
MOTJIMHYTOTO BOJHIO 3pa3kaMd 3 HAHECEHMM 3aXHCHHUM IIApOM BIPOJOBXK 6 TOAMH TpHU
temriepatypi 450°C Tta 2 rogun — nipu 700°C Ha MOPSAIOK MEHINA HIK BIIMOBITHUN MOKa3HUK
JUTSL HE3aXHUIIEHOTO 3pa3Ky, MpoLec TiIpyBaHHS SIKOTO BiAOyBaBCA y 3HAYHO M’ SKIIUX YMOBaXx.
Takox cmii 3ayBaKHUTH, IO KUIBKICTh MOTJMHYTOTO BOAHIO THTaHOM i3 AIN — mokpurTsam
nepesuinye Ha 30% Takuii ke MOKa3HUK s cruiaBy T1+6,69%Al+0,81%Mo, mo Bkasye Ha
MO3UTUBHUII BIUIUB 3alPOTIOHOBAHOTO JIETYBAaHHSI.

OTxe, 3aMporOHOBAaHMA HAMU KOMIUIEKCHUHM MiJIXiJ A0 3aXMCTy TUTAHOBUX KOHCTPYKLIN
BiJI BOJIHEBOT'O OKPHMXYEHHS JOBIB CBOIO J1€BICTh: C)OPMOBaHI 3aXMCHI MIapi MPU3BOIATH JI0
MOHIDKEHHS KATAIITUYHOI 3[aTHOCTI TIOBEPXHi, a JIOJaTKOBE JIETYBaHHS IEPEIIKOKAE
MPOHUKHEHHIO BOJHIO B 00’€M Marepiaiay, Mpo IO CBIAYUTH CYTTEBE 3HWKEHHS KIIBKOCTI
MOTJIMHYTOTO BOJIHIO.
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MoandikoBanuii enoKcHypeTaH K 3aXMCHEe MOKPUTTH KPEeMHIil0BHX
COHSIYHUX eJIEMEHTIB
SAmeHko .JI.M.l, Cteb1eHKO0 JI.H.Z, BoponuoBa .JI.O.l, Kypuaok AM.2
1IHcmumym ximii sucokomonexynapuux cnonyk HAH Yxpainu, 48, Xapkiscvke wioce, Kuis,
02161, Ykpaina
2Kuiscokuii HayionansHuil yrigepcumem imeni Tapaca Lllesuenka, ¢izuunuii gp-m, 64/13, syn.
Bonooumupcora, Kuis, 01601, Ykpaina
Ten.: +38 067 967 2417 E-mail: la.voronzova@gmail.com

Jnst 3a0e3nedeHHss BUCOKOT €(EeKTHBHOCTI YyTIUBI (POTOETEKTPUYHI KOMIIOHEHTH
consiyaux enemeHTiB (CE) moTpeOyroTh 3aXucTy Bij Mii arpecUBHUX (PaKTOPIiB HABKOJUITHBOTO
CepelioBHINa, 30KpeMa MarHiTHOro mois Ta pagiamii. Yepe3s manmy Bary, HHM3bKY LIHY Ta
CreliajibHI ~ XapaKTepUCTUKU IOJIMEpPHI MarepiaJd MOXHA pO3MVBIIATH K  XOPOIILY
aTbTEPHATHBY OOPOCHUIIIKATHOMY CKJIy 3 IHKANCYJISTHTOM, IO JIO3BOJIMTH 3MEHIIUTH KUIBKICTh
3axucHUX MmapiB ¢poHTanbHOi yacTuHM CE Ta ontumizyBatu BUpOOHMYI 3aTpaTH. MeToro
poboTtu Oyno BHBUEHHs BIUIMBY Moau¢ikauii emokcuyperany (EY) sik 3aXMCHOrO MOKPHUTTS
KpeMHioBHX QoToenekrpuyHux neperBoproBadiB (DEIl) na 3amobiranHs mporiecam ixXHBOI
Jerpajaaiii.

Buxinauii EY monimep, oTpuMaHuii B3aeMOJIEI0 enokcuypeTanoBoro oniromepy (EYO)
Ha OCHOBI 2,4-2,6 Tonyinenaii3omianary i nmojiokcunponiienrimikomo MM 1052 3 moganbumm
noJaBaHHsAM emnokcuaHoi cmonu DER-330, OyB oTBepaHeHM i30MeTUnTEeTpariapodraaeBum
anrigpuaom npu 125 °C. MoaudikoBany xommosutito (A-EY) roryBamm mnisixom
nepemimryBanas EYO ta monudikatopa (TpuerunenriikonpaumetakpuiaaT TI'M-3) B KiIbKOCTI
10,0 mac.% 3 momanbIIMM BBEJICHHAM B CTEXIOMETPHYHOMY CITiBBiTHOLICHHI TBepAHUKA (i30-
MeTHIITeTparipodTaneBuii auriagpua) Ta npuckopronauda TBepaHeHHs (YII-606/2). 3pasku DEIT
kocmigHoro (®EII-x) ta nazemunoro (®PEII-3) nmpusHaueHHs 3 HAHECEHUMH Ha (POHTAIBHY
nosepxHio EY Tta A-EY nokpurrsmu miggaBanu Aii moctidiHoro wmarHitHoro monst (MII)
iHaykmiero B = 0,17 Ta nporsrom 7 1i6 ta B = 0,9 Ti npotsirom 1 roxa. 3axucHy ¢yHKITiO
MOKPUTTS BU3HAYAIH JTOCIIDKEHHSM IMIBUIKOCTI pEeKOMOiHAIil HEPIBHOBAXHHUX HOCIIB 3apsay
(HH3) 3a monmomororo merony penakcaiii ¢oto-EPC. 3a KiHETHYHHMHU 3aJ€KHOCTSIMH CIATy
doro-EPC po3paxoByBanu napameTpu Ti Ta T, 1110 BiANOB1Aa0Th yacy kuttss HH3 Ha moBepxHi
Ta B IPUIIOBEpXHEBIN 001acTi 3paskiB OEII.

Bcranosneno, 1o 3a HasiBHOCTI BuxigHoro EY nmokpurts 3HauenHs vyacy xurta HH3 ans
3paskiB @EIl-x Bumii B mopiBHAHHI 31 3paskamu ODEII-3 — Ha moBepxHi B ~2 pa3u, a B
MpUIOBEpXHEBil o6macTi B ~5 pasiB. [lopiBHsHO 3 EY MOKPUTTSIM HAaHECEHHS HA MOBEPXHIO
momudikoBanoro (A-EY) mokputrs npuBoamino: ansi PEIl-k — 10 3pocTanHs 11 Ta T2 B ~2,5
pasu; s DEII-3 — no 3poctanHs 11 B ~5,4 pa3u 1a T2 B ~13,3 pa3u. BusBieHi BiIMiHHOCTI
MOKYTb OyTH MPOSBOM B3a€MO/I] MOTIMEPHUX KOMITO3UIIIN 3 MITKIAAKO0.

Hocnipkenns BBy MII Ha 3pasku ®EIl-k 1 ®EII-3 3 EY ta A-EY nokputramu
MoKasajio, M0 MapaMeTpu T1 Ta Tp MPAKTUYHO HE 3MIHIOBAIUCH Tia aiero MII sk 3 HU3bKUM
3HaueHHsAM iHaykuii ( B =0,17 T ), tak i 3 6inpmmm ( B =0,9 T ).

Taxum yunoMm, 6e3 nii MII na 3pasku ®EIl-x ta ®EII-3 HasBHicTe A-EY moxpurrs
JIEMOHCTPY€ 3HaYHE 3POCTaHHS IapaMeTpiB T1 Ta T2 MOPIBHAHO 3 EY MOKpHUTTSAM, IO BKa3ye Ha
MOJKJIUBICTh BHUKOPUCTAHHSI TIOKPUTTS Ha OCHOBI MOJIM(]IKOBAHOTO E€MOKCUYpeTaHy Hjs
MIiJBUIIEHHS Yacy KUTTS HEPIBHOBAXKHUX HOCIIB 3apsany kpeMHiioBux ®EII. Ockinbku MII He
BIUIMBAE HA 3HAUEHHS T1 Ta T2 y BCIX JOCTIKYBaHHMX 3pa3kax, 1€ CBIAYUTH MPO 3aXHCHY
GYHKIIIO TOJMIMEPHUX KOMIIO3WIIIM, 10 3amofirae mepeliry mporecam jaerpaaarii
enekTpodizuuyHux mapameTpiB. OTke, ojepaHI pe3ydbTaTH BiJKPUBAIOTH TNEPCHEKTUBY
BUKOPHCTAHHA 3aXUCHUX MOKPUTTIB Ha OCHOB1 MOJIN()IKOBAaHUX €MTOKCUYPETAHOBUX KOMITO3ULIIN
Jutst iaBuIeHHs eexTuBHOCTI KpeMHioBux CE Ta 3HMKEHHS iXHBOI COOIBapTOCTI.
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IHosiypeTanu 3 iHKOPNOPOBAHMMH B HUX POAAMIHOBUMHU 0APBHUKAMU SIK
TBEPAOTLIbHI JIa3epHi eJIeMeHTH
AHTOHEHKO O.I.l, Kocaauyk JI.(I).Z(*),EPOBKO 0.0.l, be3poana T.B.z,
bespoaumnii B.I.7, Herpiiiko AM.?
1IHcmumym ximii sucoxomonexynapuux cnoayk HAHY, 48, Xapxiscvke woce, Kuis, 02160,
Ykpaina
2IHcmumym Gizuxu HAHY, 46, npocnexm Hayxu, Kuis, 03680, Ykpaina
Ten.: +38 044 29 10303  E-mail: Ikosyanchuk@ukr.net

OnHUM 3 TepCHEeKTHBHUX HANpsMiB PO3BUTKY Jla3epiB Ha OapBHUKAX € BUKOPUCTAHHS
MOJIMEPIB K MaTpPHUIlb B TBEPAOTUILHHUX Ja3epHUX ejemMeHTaxX. l[lomiypeTaHoBi Marpwuiri
BIZIPI3HAIOTHCS BiJ] IHIIMX TOJIMEPIB CBOIM HIMPOKHM CIIEKTPOM BJIACTUBOCTEH, SIKUMH MOXKHA
KepyBaTH, BapifOIOYM XIMIYHHMHA CKJIAJ]] BUXIJIHUX KOMIIOHEHTIB Ta 3aCTOCOBYIOYH DPi3HI METOIHU
3aTBEepAiHHSA, 30KpeMa (OTO-, TEPMOIOIIMEPHU3AIlII0 YK TOJIKOHJEHCAII0. 3aBISKH BUCOKIN
CerMEHTAJIbHIM PYXJIMBOCTI JIAHOK IOJIIypETAaHOBUX JIAHLIIOTIB MOXHA OJEp>KaTH IMPOMEHEBY
MIIHICTb JTa3€PHUX €JIEMEHTIB, sIKa HEOOXiHA ISl POOOTH MOTYXHHX Ja3epiB, 10 MPAIIOITh B
MOHOIMITYJIbCHOMY Ta B IMITyJIbCHO-TIEPIOINYHOMY PEXKHMAX.

PonamiHOBI OapBHUKHM XapaKTEpU3YIOThCS, 3 OJHIE] CTOPOHM, BUCOKMM KBAaHTOBHM
BUXO0/I0M (uroopecleHuii, o 3abe3neuye nops] 3 HAHOCEKYH/IHOIO TPUBAICTIO 11 3aTyXaHHS,
CTBOpEHHSI €()eKTUBHUX aKTUBHUX €JIEMEHTIB JUIs Jla3epiB Ha OapBHUKAX. A 3 iHIIOI CTOPOHH,
MOJIEKYJH POJaMiHIB B CHJIy CBO€i MOJEKYIspHOi OynOBHM (HasBHICTh aMIHOTPYIl Ha KIHLAX
KCAaHTEHOBOT'O0 MICTKa) CXHJIbHI 10 (hOpMyBaHHS acoIliaTiB. AcoIiaiis MOJIEKYJ POJIaMiHOBHX
OapBHUKIB BHSBJICHA B PI3HUX CEpEeAOBHUINAX, NMPUUOMY ii XapakTep (CTYHiHb 1 MOPSAAOK
acomianii, OynoBa arperariB) CyTTEBO 3aJ€KUTh BlJl MPUPOAM PO3UYMHHHMKA SK PIIKOrO TaK 1
nojiMepHoro. B nmosiyperanax poJjamMiHM acolilOl0Th 3/1e01Ib1I0r0 B AuMepr H-Tumy BHacnigok
YTBOPEHHSI BOJHEBHUX 3B S3KIB MDK IPUCYTHIMM B MOJEKyJaXx OapBHHUKIB aMiHO- Ta
KapOOKCUJIbHOIO TpynamMu. BHHUKHEHHS TakuX acouliaTiB 3HAYHOIO MIpOI0 BIUIMBAE Ha
¢dorodi3uuH1 Ta POTOONTUYHI BIACTUBOCTI OApPBHUKIB.

BukopucTaHHd HaHOKOMITIO3MTIB, II0 YTBOPIOIOTHCS HIISXOM MEXAHIYHOTO 3MIiIIyBaHHS
ab0o XIMIYHOI B3a€MOJIl OpPraHiuyHOI CKJIaJ0BOi MOJIMEPY Ta HEOPTraHIYHUX HAHOYACTUHOK
niokeuay kpemHito (aepocuity A-300), Moke 3HAUHO BIUIMBAaTH Ha CIEKTPANIbHI BIACTHUBOCTI
ponaMiHOBUX OapBHHUKIB B TIOJlypeTaHaX, OTPUMAHUX peakli€lo QoromnoiaiMepusalii Ta
HOJIIKOHIKEHCALli.

Ha mincraBi anamizy CHEKTpiB MOIJIMHAHHSA Ta JIIOMiHecHeHuii pojgamiHa 6K B
noJjiypeTaHax B 3aJIe)KHOCTI BiJl iX XIMIYHOTO CKJIaqy Ta KUJIbKOCTI HAHOYACTHMHOK aepocuily A-
300, BBEIEHOTO B pEaKIlHY MOJIypPETaHOBY CYMIIIl, TTOKa3aHO, 110 KOMOIHAIlIS A11301[iaHaTHOT
Ta OJIIFOETEPHOi CKJIAJOBOI IMOJIypeTaHiB, sKa BHU3HA4Ya€ MHOro MOJSAPHICTh (AIETEKTPUYHI
MIPOHUKHICTb, IKa B HAILIOMY BUIAJKY JIEKUTH B Mexax 4,1 — 11,2), 3Ha4HOIO0 MIpOIO BIUIMBAE HA
CHEKTpaJIbHI XapaKTePUCTUKN OapBHHKA.

BUXIJIHUX CKJIAJJOBUX MPHUBOJUTH 10 3MEHIIEHHS KUIBKOCTiI acomiariB. 3OUIBIICHHS BMICTY
aepocwily B HAHOKOMITO3UTI Ha OCHOBI HM3BKOMOJSIPHUX TMOJIMEPIB MO3UTHUBHO BIUIMBAE Ha
JUCOLIIAIII0 TUMEPIB.
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HepmonanmmHe MOJCJIIOBAHHA 0Cc00JIMBOCTEH eJICKTPOHHOi CTPYKTYpH
KOMIIO3UTY TiC TiB,
TLmomaii 1. B. FopKaBeHKO T.B. Hapergancm«a T.JL.!
Kaﬂeﬂmc 0.0.%, ILiomaii O.1.%
YKuiscoruii nayionansruii yHigepcumem im. Tapaca Illesuenka,
8yn. Bonooumupcoka, 64/13 01601, Kuis, Ykpaina
2 Incmumym memanogizuku im. I'. B. Kyporomosea HAH Vxpainu, 03680, MCII,
Kuis-142, Ykpaina *
“Ten.: +38 0688074960 E-mail: plyushchay@gmail.com

Kommnosuthi marepianu Ha ocHoBi TiC — TiBy, mopiBHIHO 3 0aHO(A3HOI KEpaMiKoo,
BUSIBJISIFOTh HAJ3BUYAWHO KOPHCHUN KOMIUIEKC BIIACTHBOCTEH, BKIIIOYAIOUN BUCOKY TBEPIICTb,
XOpOIIY 3HOCOCTIMKICTh Ta BHUCOKY B'S3KICTh NMPU PYWHYBaHHI, Ta NPEICTaBISAIOTH COOO0IO
NEePCHEeKTHBHI (PYHKIIOHATIBHI MaTepiaiu JJisl IHHOBaLli TpaIuIifHUX eHeprokoMIriekciB. Hamu
OyJI0 MPOBEJCHO MEPIIONPUHIIMITHE MOJICTIOBAHHS aTOMHOI CTPYKTYPH, €JIEKTPOHHHUX CIIEKTPIiB
Ta MOJyJsl BceOiuHoro ctucHenHs kommnosuty TiC-TiB,. Po3paxyHok

IOPOBOJIUBCS METOJOM (YHKIIOHANYy TYCTMHH B Y3arajJbHEHOMY > O.ZC(B)
rpaZiieHTHOMY HaONMMKEHHI 3a fornomMoroto nakety nporpam ABINIT. Te) . J c(A)
CtpykTypy SIK TiC TaK 1 TiB, MoxHa mnpencTtaBuUTH SK . ol j 2
YepryBaHHA IIApiB  aTOMIB THTaHy, IO MAalTh CTPYKTYpY e’ @ (O
IIJIHOYTIAaKOBAaHUX c(ep, 3: B MEpIIOMY BUIAJAKY - IIapaMy aTOMIB  Ti(A) ‘
BYIJICIIO, & B JPYroMy — rpadiTonoaiOHUMu MIapaMu aToMiB OOpy. B(E.C)
Hns  monemoBanHs — komnosuty TiC-TiB, wMum  moOymyBamu  Tia) J
HAJIKOMIpKY, TpelcTaBieHy Ha puc.l (B IyKKax IO3HAYEHO THII B(B,C)

nakyBanHs cep — A, B uu C). By mpoBeeHuii YMCIOBHH BIANAT  Tj(a) J
HAJIKOMIPKH, TIPU SKOMY BiOyBasiacsi pejaKcais MmojoKeHb aTOMIB Yy B(B,C)
BiJITOBITHOCTI 3 CHJIaMH, PO3PaXOBAHUMH 3 NIEPUINX HPUHIUIIB. . - J%a

Ha puc. 2 npencraBiieHi €JIeKTPOHHI CIIEKTPH: a- HAJAKOMIPKH
TiC-TiBy; b, ¢ Ta d — JOKaIbHI CHOEKTPH AaTOMIB THTaHy 3 Pi3HUM
OTOUYEHHSIM BiAMOBiHOTO mapy. OCHOBHOIO OCOOJIMBICTIO €JIEKTPOHHHX CIIEKTPIB KOMIIO3UTY
TiC-TiB2 € mcesnominunaa B okoni piBHA Depmi, ska hopmyeTbest pjc 1 Hadkomipka.
nepeBaxHo 3d-eJIeKTPOHHUMH CTaHAMHU aTOMIB
Ti. Taka kKapTHHA EJIIEKTPOHHUX CIICKTPIB B 2000

.. . . . . TiC-TiB E-
okouti piBas ®epmi nmoaioHa 10 cnektpiB TiB,. 1000 ‘
Mu BBakaeMo, 10 el MIHIMYM € CTPYKTYpPHO d

iHIyKOBaHMM caMe IUIOIIMHOI aTOMiB 3i ' ' ' ' '

) =3 3d-Ti (C-Ti-C)
CTPYKTYpOIO UIUIbHOYMakoBaHUX cdep. Sk = 21 b A

MOKa3ylTh  HAIlll  PO3PAaXyHKH, JIOKAJbHI . . . . :

CHEKTPH aTOMiB TUTaHy MooOnu3y piBHS Depmi 3d-Ti [C_Ti_m
M

Jy’)Ke TOI0HI B HE3aJEKHOCTI B OTOYCHHS

|[E£| alla'llaa'bbll
SIS

(puc.2). IIpoBenennit HaMu aHayi3 40 1 ' ' ' ' '

€JIeKTPOHHUX  CHEKTPIB  BUSABHB  BUCOKY 2] 3d-Ti (B-Ti-B)

KOrepeHTHICTh (a3 B komno3uti TiC-TiB,. ; d P m
Jlinilina  ampokcuMmailist  3aJeKHOCTI o X a 0z a3 “E Ha

THUCKY BiJ 00’€My HaJKOMIpKH, 0OpaxoBaHa 3
NEepIIuX TPUHIUMIB, T03BOJIMIA BU3HAYUTH
MOJYJIb BCEOIYHOTO CTUCHEHH:
K=(252+2)GPa, 10 MPAKTHIHO HE
BiJIpi3HAETHCS B Takoro ais TiB,.

Puc. 2 EnekmpoHHi cnekmpu TiC-TiB;.
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OnTuMmizanist BIVIMBY 30BHIIIHHOT0 €JIEKTPOMATHITHOIO MOJIA HA SAKICTH
MeTaJly IBA NPHU 3BApPHOBaHHI i BOI0I0
C.10.MakcumoB, O.0.[Tpuaunko , O.M bepanukosa, fO.A. [llenenox

Incmumym enexkmposeaproeanns im. €.0.1lamona HAH Ykpainu
*Ten.: +38 0442052115 E-mail: ead56@ukr.net

[TigBuIeHHS SIKOCTI 3BapHMX 3'€IHaHb, pO3pOoOKa Ta BIOCKOHAJIEHHS EJEKTPOyTOBHX
OpoIeciB 1 MPUCTPOIB BUMAraroTh KOMIUIEKCHOTO €KCIIEPHUMEHTAIBHOIO 1 TEOPEeTUYHOIO
nociikeHHs. OTHUM 3 HalOUTBII EPCIEKTUBHUX METO/IIB, 110 3a0e3neuye HeoOXiTHy MIIHICTh
1 TUIACTUYHICTh MeTaly 3'€JHAHHS € METO]| 3BaplOBaHHS B 30BHIIIHBOMY €JIEKTPOMArHITHOMY
noJi. BiomMo nmpo mo3uTHBHUE BITUB MAarHiTHOTO T0JISL HA BIACTUBOCTI 1 CTPYKTYPY METaly pu
3BaprOBaHHI OaraThox crajuei [1].

[lepeminryBaHHs 3BaprOBaJIbHOI BaHHM Ma€ CYTTEBUH BIUIMB Ha MPOIEC KpUCTai3amii
PO3IUIaBJICHOTO METaTy, Ta3000MiHHI peakiIlii 1 popMyBaHHs CTPYKTYpH MeTany mBa. [IpoBeneHi
JOCIIJKeHHSI TiATBEPIWIN €(QEeKTUBHICTh BHKOPHCTAHHS 30BHIIIHBOTO EJIEKTPOMArHiTHOTO
BIUIMBY B YMOBaX 3BAapIOBaHH i BOAOIO JJIs MiJBUILEHHS MEXaHIYHHUX BIACTUBOCTEN MeTamy
mBa [2].

Jlis moJanbIoro BAOCKOHAJIEHHS TEXHOJIOTIT MEXaHI30BaHOTO MiIBOJHOTO 3BaplOBAHHS
OyJ0 BUKOPHUCTAHO METOJU MATEMAaTHYHOTO MOJCIIOBAHHS, SK HAWOLIBII palioOHATbHI IS
ONTUMI3aLi] eKCIIEPUMEHTAILHUX AOCIIIPKEHb B YMOBAX BOJHOTI'O CEPEIOBUILA.

MareMaTHuHi MOJIENI TO3BOJMIIM BpaxyBaTH BIUIMB SIK NMEPBHHHUX YUHHHKIB, a caMme
3aJaHUi CTPYM 1 Hampyra B 3BaplOBaJIbHOMY JIAHIIOTY 1 1HAYKTOpi, BIACTUBOCTI MaTepiaiB 1
YMOBH NPOTIKAHHS HPOLECY, TaK 1 BTOPUHHUX - (OPMYBaHHS CTPYKTYpH MeETasly IIBa 1 30HU
TEPMIYHOTO BIUJIMBY Ha BJIACTHUBOCTI 3BAapHOro 3'eAHaHHS. P03poOieHMI anroputMm I03BOJISIE
CITPOCTUTH TPOIIEC PO3PAXYHKIB JJIsl ONTUMI3allii TEXHOJIOTTYHOTO MPOIIECY 1 MiABUIIICHHS SKOCTI
3BapHOTO BUPOOY [3-4].

3a pomomorow po3pobieHoi mnporpamu Ha MoBi Delphi 7 mnpoBeneni uyucenbHI
€KCIEpPUMEHTH 13 JOCIIIPKEHHS OBEJIHKU PiIKOrO MeTally B 3BapOBAJIbHIN BaHHI 3aJIEKHO BiJ
napaMeTpiB 30BHINIHBOTO €JIEKTPOMArHiTHOIO BIUIMBY 1 PEXHMIB 3BAPIOBAHHS. AHAIITHUHOIO
OLIIHKOI TU(EpeHIIIOBaHOIO BKJIAJy CTPYKTYpPHUX CKJIQJOBUX Yy 3MIHYy MEXaHIYHHX
BJIACTUBOCTEN MeTajy 3BapHUX 3'€JHaHb MOKa3aHO, IO OCHOBHUU BHECOK B 3MIITHEHHS 1
HiIBUILIEHHS TPIIIMHOCTIHKOCTI BHOCSTh CKJIaJ{0B1 HUKHBOTO OCHHITY.

BukoHaro aHani3 BIUIMBY CTPYKTYPHHMX (PAaKTOpIB Ha JUCIIOKALIWHY CTPYKTYpPY 1 3MIHY
JIOKaJbHUX BHYTPILIHIX HANPYXXEHb - 30H JOKadi3alii aedopmaiii B CTPyKTypax BEPXHBOTO Ta
HIDKHBOTO OCHMHITY AJIs JOCIII)KYBaHUX BaplaHTIB 3BApHUX 3'€/lHaHb. BCcTaHOBIEHO MapameTpu
30BHIIIHBOTO €JIEKTPOMArHITHOTO TOJs, L0 3a0e3MeuyloTh OTPUMAaHHS SKICHUX 3BapHUX
3'€IHaHb MPU 3BAPIOBAHHI HU3bKOJIETOBAHUX CTaJIEH 1] BOJIOIO Ta iX TPIIIUHOCTIUKICTb.

1. B.IL. Yepnnm, Ycmamxysauus 015 36apro6anHs 3 eNeKMPOMASHIMHUM NepeMiuly8aHHIM.
Buma mkona: 1984. 56 c.

2. C.IO. Makcumos, P.M. Pwxos, E.A. Ilpununko, B.I. Koxyxap, Aémomamuueckas ceapxa,
Nel1(2004).

3. T'.A. I'pinbepr, Bubpani numarnHs mamemamuyroi meopii eneKmpudHux i MasHimHux aeuwy. -
M.: U3n. AH CPCP, 1948. - C.727.

4. O.B To3zoni, Mamemamuuni mooeni 015l poO3PAXYHKY eleKMPUdHUX i MacHimuux nouig. - K.:
HaykoBa nqymka. 1964. - 271 c.
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Llesuenka, 57, m. Isano-Ppankiecvk, Ykpaina
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INgporepMalbHUM 30J1b-T€Ib METOAOM 3IIHCHEHO CHUHTE3 YJIbTPAAUCIEPCHUX OKCHIHUX
CHCTEM Ha OCHOBI MOHOKJIIHHHX OKCH[IB MOJIIOJIEHY a TAKOX KOMITO3UTY MOHOKITIHHOTO OKCHUIY
MOJIi01eHY / MIKPOTIOPHCTHI BYTJICIb.

Kpucraniuna MikpocTpykTypa Ta MOPQOJIOTiuHI XapaKTepUCTUKH OTPUMAHHUX MaTepialiB
JOCTIIPKEHO METOJaMH PEHTTeHOCTPYKTYPHOTO aHali3y Ta HHU3bKOTEMIIEpaTypHOI ajacopOril
a3ory.

BceranoBneno, mo marepian OTpUMaHHl TpH TiIpOTEPMATbHOMY CHHTE31 10 Biamaiy
npezcTaBisie co0O0 CyMilll MOHOKIIHHUX (a3 Tpu- Ta ABOOKCHAY MouibaeHy. Bimmam B
inepruiii armocepi mpu temneparypi 400°C Bexe 10 mepexoay MeTacTabilbHOr0 TPHOKCHAY B
CTaOUTbHUI NTBOOKCHJ Ta MOHO(A3HOTO CTaHy 3pa3ka. 3a YMOBH BHUKOPUCTaHHS B SIKOCTI
KOMIIOHEHTH PEaKI[ifHOTO cepeoBUIIa MIKPOTIOPUCTOTO ByTelo (Ha30BUi CKIIaj MaTepiany He
3MIHIOETBCSI TMPOTE CIIOCTEPIraeThCs 3POCTAHHS MUKIUIONMIMHHUX BiJCTAaHEH B JBOOKCHII
MOJTIOJIeHY, 3yMOBJICHE, HMOBIPHO, BXO/KEHHSIM B KPUCTATIYHY I'PATKY BYIJICIICBUX ()parMeHTIB
Ha eTalll T1IpoTepMalIbHOTO CUHTEe3Yy. EHeprist akTuBallii NpoBIAHOCTI CyMIIl MOHOKIIIHHUX (a3
Tpu- Ta JIBOOKcHIy MoiiOaeHy crtanoButh (0,075 +0,018) eB. [Ins ByrieueBoro marepiary
o6nmu3pko 75 % 00’eMy mOp NpuNazae Ha MOPOKHUHU 3 CEPEIHIMH po3MipaMu < 2 HM IpH
BeJTMYMHI THTOMOI ruTomi Gmu3bko 1100 M. Pospaxynok 3a metonom DFT po3noainy mop 3a
po3MipamMH JUIS OKCHIHOTO MaTrepialy BHSBUB, IIO BiH XapaKTEPHU3YETHCS JIBOMOAAIBLHUM
PO3MO/IIOM 3 MakcCuMyMaMmu nipu 1,35 HM Ta 61u3bko 3 HM. 3araabHa MATOMO IIJIOIIA TTOBEPXHI
JUTSE OKCHUJHOTO MaTepialy CTaHOBUTh OnMu3bko 168 MT i pO3MOJIIIEHa MiX MIKpO- Ta
Me30I0paMu MPUOIM3HO B PIBHUX CIIBBIIHOMICHHSIX. J[JI1 KOMIIO3UTY, TPU CHHTE31 SIKOTO
3aCTOCOBYBANACSA BYIJIEIleBa KOMIIOHEHTA IUIONI TOBEPXHi CTAHOBHTH Om3bko 180 Mm%/, 3a
YMOBH JOMiHYBaHHS MIKpOIIOP.

[Ipu 3acTtocyBaHHI TiIpPOTEpPMAIbHO CHHTE30BAHOI CyMillli MOHOKIIHHMX (a3 Tpu- Ta
JIBOOKCHUIY MOMIONEHy B SKOCTI OCHOBH €JEKTPOAHOI KOMITO3MINI JUIsi TiOpHIHOTO
CYNEepKOH/ICHCATOpa JOCATHYTO 3HAYCHHS IMUTOMOI €MHOCTI 10 26 @O/ mpW MBHUIKOCTI
CKaHyBaHHS noTeHIiany 1 MB/c mpu 3acTocyBaHHI B SIKOCTI €JeKTpoiTy | M BOgHOTO pO34YHHY
KOH. [Iyns xoMmo3uTy Ha OCHOBI cyMmimni MOHOKTIHHMX MoO3z Ta M0oO; Ta MiKpOIOPUCTOTO
BYTJICHIIO TMHTOMA €MHICTh 3a aHAJOTIYHHUX YMOB CTaHOBUTh Oym3bko 54 @D/r, mo MoxHa
MOSICHUTH KPAaIlMMH YMOBAaMH €JIEKTPOHHOT'O Ta I0HHOTO TPAHCIIOPTY.
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Nanostructured titania is one of the most wide used oxide nanomaterial due to its various
applications. Functional characteristics of the titania depend on its phase composition, structural
and electronic properties. Synthesis of non-homogeneous porous materials with increased
reactivity and conductivity is an actual. The properties of TiO, and its possibility of successful
technological application depend on the synthesis method. The sol-gel synthesis of titania
involves the chemical conversion of titanium alkoxides or titanium tetrachloride into a colloidal
product. The nucleation of specific titanium dioxide polymorph is caused mostly by the spatial
arrangement of the primary monomers [Ti(OH)h(OHz)B.h](“"‘)+ formed at the hydrolysis and is
determined by the pH of reaction medium. Titanium butoxide Ti(OC4Hg)s was used as a
precursor for titania obtaining, sulfate acid was used as a hydrolysis agent and
cetyltrimethylammonium chloride (CTMA-CI) was a template. Absolute ethanol was used for
surfactant extraction. Five titania samples were obtained at the different pH -1.0, 1.2, 1.4, 1.6
and 1.8, marked M1-M5 respectivelly and and investigated by XRD, TEM and low temperature
nitrogen adsorption. The reaction Ti(OC4Hg)s+nH,O— Ti(OH),(OC4Hg)4-n+ NC4HOH occurs at
the first stage of titanium butoxide hydrolysis. The subsequent reaction is the formation of
[Ti(OH)2(OH>)4]*>* monomers. The possibility of rutile and anatase phases nucleation is close at
these conditions. The presence of SO, leads to chelating bidentate complex formation and the
anatase phase nucleation is initiated. CTMA" ions form a hexagonal array of cylindrical micellae
with hydrophobic alkyl inside and charges hydrophilic groups on the outer side. The titania
nucleation in this array of tubular channels with the further template extraction leads to
mesoporous materials obtaining. All materials obtained by initial xerogels drying at 80°C were
close to amorphous (XRD data) with anatase structural motives and crystallize to nanostructured
anatase after annealing at 500°C. It was determined (low angle X-ray scattering data) that the
titania samples have mesoporous structure. The Bragg spacing value for (100) reflecion of
odered structure is 2.5 nm and hexagonal lattice constant is 2.9 nm. Specific surface areas (low
temperature nitrogen adsorption data, BET model) non-linear vary depending on the pH in a
range 88-348 m?/g with the maximum for M3 sample obtained at pH=1.4. Specific volume of
mesopores (equivalent model of cylindrical pores) changes in the range 0.56 - 1.68 cm®/ g. The
obtained materials were used as a base of the cathode for the lithium power sources. Cathode
composition consist of titnia (90 mass %) acetylene black (8 mass %) and PVF (2 mass %).
Polarizing and comparison electrodes were made from lithium foil, 1M LiBF, in y-butyrolactone
was used as the electrolyte. The discharges were carried out in galvanostatic conditions at current
density of C/10. Character of the discharge curve is the result of the different processes
domination at different stages of discharge: intercalation, formation of double electric surface
layer, change of material phase composition. The obtained values of specific power density vary
in a range 870-1750 W/kg. Specific capacity and power density increase with the pore volume
and specific surface area enlarging. The kinetic of the discharge process was investigated by
impedance spectroscopy. The presence of the only one kinetic process during discharge was
determined. Diffusion coefficients, calculated accordingly to, decline exponentially with the
increasing of intercalation degree in a range of 1.10°%-2:10™ cm?/s.
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BYIJIelleBl HAHOTPYOKH-MeTaJl
I'.1O. MuxaiisioBa
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BnactuBocTi MacuBy ByIUIEHIEBUX HaHOTPYOOK abo wmarepiamy, mo Mictute BHT,
BIIPI3HSIOTBCS ~ BiJl BJIACTUBOCTCH  I1HAMBIAyaJIbHMX HAHOTPYOOK (omHOMmIApoBUX  abo
OararomapoBux). MacuB BHT, na BiaMiHy Big I1HIMBIZyalbHUX HAHOTPYOOK, MOXeE HeE
MPOBOJIUTH €NEKTPUYHMK cTpyM. lle moB’s3aHO 3 THUM, WO 3B’SI3KM MDK CYCITHIMHU
HAaHOTPYOKaMu € BaH-/IeP-BaaIbCOBUMH.

Oco61MBOCTI MeTaTOMaTPUYHUX KOMIO3UTIB, 3MintHeHnx BHT, o0yMoBieH1 HacTymHUMU
dakropamu: BigMIHHOCTI y BiacTuBOCTSX BHT; BaxkicTh pO3UYCIUICHHS arjioMepariB 1
piBHOMIpHOTO po3noairy BHT y meTaini; mpo6iieMa KoMIaKTyBaHHSI CyMIIlli TOPOIITKY METalIy Ta
BHT; mmpoka Bapiaris BigHOIICHHS IOBXHHH 10 giamerpy BHT; MoxIMBiCTH XIMIYHHX
PeaKIii MK BYTJIEIIEM Ta METAJIOM, 10 IPUBOIATH A0 YTBOPECHHS KapOiIiB.

CucrteMu, mo MICTATh YaCTUHKU Mili, Ta MOIM(IKOBaHI HAHOTPYOKaMH MAalOTh TapHi
XapaKTePUCTHUKU JIJIsl BUKOPUCTAHHS B IPUIaA00y/I1BHIN Ta eHEpreTUYHIN raimys3sx.

JlocnipkeHo enekTponposinHi BaactuBocti cuctemMu CU-BHT y nmporecax HaBaHTa)keHHS -
PO3BaHTAXKEHHS, SIKE CHpUA€ BCTAHOBIEHHIO KOHTAKTIB MK CYCIIHIMM YacTHMHKaMH Ta
30UTBIICHHIO X IUIONII, IIO 3MIiHIOE oOpieHTanito Ta reomerpiro BHT a, BiamoBimno, i
BJIACTUBOCTI.

Bcranosieno, mo 30utpmennas konueHtpanii BHT mo 17 mac. % Tta 30 mac. % cnpusie
3pOCTaHHIO EJICKTPONPOBIIHOCTI B 2 pa3d, MOPIBHSIHO 3 BHUXIJIHUMH KOMIIOHCHTAMH, IO
IIOB’S13aHO 3 TIEPEHOCOM EJEKTPOHIB 3 MeTaniunumx dvactuHok 10 BHT. Ilpu HactymHOMYy
30UTBIIIEHHT KOHIIGHTpAIIIi CIIocTepiraeTbes ii maaiHHS.
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Activated nanoporous carbon materials are used as electrodes for supercapacitor (SC),
lithium-ion batteries, hydrogen and lithium containers [1], and are being actively researched to
create metal-carbon nanocomposite materials with new functionality and are already being used
to improve performance. Of particular interest are carbon nanocomposites with ferromagnetic
metals - Ni, Fe, Co, which are promising for improving the specific characteristics of lithium-ion
batteries and SC. They can be effectively used as absorption and scattering systems for high
frequency electromagnetic radiation (20 - 40 GHz) [2] and materials with high catalytic capacity

[3].

There are a number of technological methods for producing metal-carbon
nanocomposites. Most of them are based on complex multi-stage processes, and the result is a
highly dispersed powder in which the metal nanoparticles are covered with carbon. The
manufacture of electrodes for SC from such powders requires the use of different types of binder
materials, which reduces the effective pore surface. Monolithic nanocomposites in which the
surface of the pores is covered with a thin film (solid or not solid) of metal are more promising
for SC electrodes.

In this paper, we attempted to obtain a Ni—-C nanocomposite based on pyrolysis carbon
obtained from organic plant origin. To do this, birch wood as blocs 1.5x0.5x0.5 cm was dried
and impregnated with 1M aqueous solution Ni(NOg3),"H,O for 140 h. Then the samples were
dried in a drying chamber at T=105-115 °C for 3 h and placed in a closed steel reactor (with free
release of pyrolysis gases) in a muffle furnace. The heating rate of the furnace was 5-7 °C/min.
Working temperature of pyrolysis 950 °C. Isothermal holding time of 15 min. As a result, get
monolithic samples of pyrolysis carbon with clusters of metallic Ni and its oxide are in its pores.
A simple confirmation of this is that the obtained monolithic metal-carbon nanocomposite reacts
to the magnetic field and is well attracted by the magnet. The powdered (dispersion < 75 pum)
nanocomposite is grab without a residue by a magnetic field, which indicates a sufficiently
homogeneous distribution of Ni clusters in the structure of the carbon frame.

On the basis of the obtained Ni—C nanocomposite, models of symmetric SCs with
aqueous 6M KOH-electrolyte were fabricated. Their specific capacity was 50-60 F/g. The
obtained values of the capacitance are typical for carbon-based SCs with aqueous electrolytes.
This indicates the need for further studies of Ni—C nanocomposites for different energy storage
systems.

1. Robert A. Huggins Energy Storage Fundamentals, Materials and Applications // Springer
International Publishing Switzerland 2010, 2016. 540 p.

2. Qi Li, Zheng Zhang, Luping Qi, Qingliang Liao, Zhuo Kang, Yue Zhang Toward the
Application of High Frequency Electromagnetic Wave Absorption by Carbon Nanostructures //
Adv. Sci. 2019, 6, 1801057

3. Chuangang Hu, Jia Qu, Ying Xiao, Shenlong Zhao, Hao Chen, and Liming Dai Carbon
Nanomaterials for Energy and Biorelated Catalysis: Recent Advances and Looking Forward //
ACS Cent Sci. 2019 Mar 27; 5(3): 389-408.
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low-temperature non-equilibrium plasma
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Ferrites of transition metals are widely used to produce permanent magnets, magnetic
fluids, microwave devices, and store high-density information. The properties of nanoscale
magnetic materials strongly depend on the shape, size and phase composition of the particles.
The great interest of researchers in nanoscale materials in recent years is associated with the
possibility of changing the properties of magnetic materials by controlling the size of particles
and the distribution of cations over the sublattices in ferrite.

Ferrite nanoparticles of several metals showed improved magnetic characteristics
compared to individual components due to the synergistic effect of the mutual presence of
cations. A variety of ferrite production technologies are currently used. However, obtaining a
single-phase product requires calcination of the precursors at a temperature of 1000-1300 °C. It
is causes agglomeration and sintering of the product. The use of hydrophase chemical synthesis
methods is the basis for the production of ferrites of transition materials with a given set of
properties. A characteristic recent trend is the development of new technologies for the
production of nanodispersed ferrites.

The aim of this work is to study the possibility of using contact low-temperature
nonequilibrium plasma for the synthesis of complex ferrites, to establish the relationship between
the cationic composition of ferrites and its phase composition, magnetic and structural
characteristics.

Ferrites Mn-Zn, Co-Zn, Co-Mn were synthesized in the form of nanoparticles using
contact nonequilibrium low-temperature plasma. The crystalline microstructure of the samples
was elucidated using x-ray diffraction and x-ray phase methods. Magnetic characteristics were
determined by hysteresis loops. EPR spectra were obtained using a Radiopan SE / X-2543 radio
spectrometer. To characterize the EPR signals, the signal intensity and signal width, resonance
frequency were used. The dependences of the technological characteristics of Co-Mn-Zn ferrites
on the cationic composition were visualized by the simplex method using the STATISTICA 12.

It was established that the nature of a divalent cation directly determines the magnetic
behavior of spinel ferrites. The effect of the mutual influence of the content of various cations on
the saturation magnetization and coercive force is determined.

The most influential factor is the content of cobalt cations. Coercive forces were found to
be low for Mn-Zn and Co-Zn ferrites and high for the entire range of Co-Mn ferrites. An
increase in the content of cobalt cations leads to an increase in the saturation magnetization value
for Co-Mn ferrites. The EPR spectra show that the values of the resonance field and line width in
the EPR spectrum correlate with the value of magnetic saturation.

1. V. Mameli et al., Journal of nanoscience and nanotechnology,19, No 8: 4857-4887 (2019)
2. A. Hajalilou, S. A. Mazlan, Applied Physics A, 122, No 7: 680 (2016)

3. S. C.Tolani, A. R.Golhar, K. G. Rewatkar, AIP Conference Proceedings, 2104, No 1: 030032
(2019)
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in ferroelectric CaMnTi,0q
V. N. Antonov,"” D. A. Kukusta,'” S. V. Moklyak,' D. V. Mazur, ' L. V. Bekenov'
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We study the electronic and magnetic properties of ferroelectric as well as the x-ray
absorption spectra and x-ray magnetic circular dichroism (XMCD) at the Mn, Ti L,3, and O K
edges for CaMnTi,Os within the density-functional theory using the generalized gradient
approximation (DFT-GGA) with the consideration of strong Coulomb correlations (DFT-
GGA+U) in the framework of the fully relativistic spin-polarized Dirac linear muffin-tin orbital
band-structure method (LMTO).

A-sitt Mn®" ions with high-spin states (3d°) exhibit long-range AFM order in
CaMnTi,0¢. Due to different types of the oxygen atoms surrounding the Mn ions and different
Mn-O intersite distances Mn; and Mn;, possess different valences (1.85" and 2.25") and different
magnetic moments (4.527ug and —4.628up for Mn; and Mn;, respectively).

Due to the AFM ordering and different coordinations (tetrahedral at Mn; sites and
pseudosquare planar at Mn,) the XMCD spectra at the Mn L3 edge have opposite signs and are
shifted to each other producing the spectrum with a major peak and two high energy shoulders.
The theory overestimates the intensity of the high energy peak. It can be explained by the fact
that the calculations have been performed for the ideal crystal structure without possible lattice
imperfections and without an external magnetic field. The external magnetic field might change
the spin orientation of some Mn; ions, and as a result, the sum XMCD signal from the Mn; sites
might be reduced.

Taking into account the core-hole effect has significantly improved the agreement with
the experimental Ti XAS and XMCD spectra at the Ti, Mn L,3 and O K edges. The core-hole
interactions strongly influences Ti and Mn empty 3d as well as O 2p states, they become much
more narrow and shifted downward by several eV.
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AmopdHni metanesi cruiaBu (AMC) Ha OCHOBI KOOAlIbTy BXKE JECSATKH POKIB MalOTh
MPOMHUCIIOBE 3aCTOCYBAaHHS B SIKOCTI €HEproepeKTUBHUX (PyHKIIOHATBHUX MaTepiajiB:
MarHiTOIpOBOMAIB, CEHCOpIB Ta (EepoAaTUMKIB Yy pI3HOMAHITHHX €JIEeMEHTaX BY3IiB
€JIEKTpOHHOT TexHiku. Ile 0O0yMOBIEHO HH3KOK BHUCOKHMX eKCIUTyaTalliiHUX
BJIACTHUBOCTEH, TAaKMX SIK: HU3bKI BTPATH Ha TNEpEMarHidyBaHHS B ITUPOKOMY YaCTOTHOMY
Jiama3oHi, BUCOKI 3HA4YEeHHS MOYaTKOBOI MarHiTHOI MPOHMKHOCTI, HAasSBHICTh TIraHTCHKOTO
MAarHiTHOTO IMIIEIaHCY, HU3bKUI PiBeHb IIyMYy Ta OJIM3bKa JI0 HYJS MarHiTOCTPHUKIA. Xoya Il
CIUIaBU 1 BUKOPUCTOBYIOTH JaBHO, ONTHMi3allis BiacTuBocTedl mmx AMC Ta momyku
e(eKTHBHOrO BIUTMBY Ha Ii BiacTUBOCTI ckiany AMC, a, BIANOBIAHO, 1 JOCHIKCHHS
(13MYHHUX BIACTUBOCTEH TaKWX CIUIABIB, 3aJIMIIAIOTHCA aKTYalbHUM 1 Ha CbOTOJIHI.

B AMC Ha ocHOBi KOOanbTy MOXHA 3MiHIOBaTH ()OpMY METII TiCTEPE3UCy, HaBOJASIYH B
HUX OJIHOBICHY MarHiTHY aHi30TpPOIIII0 TEPMOOOPOOKOIO0 B MAarHITHOMY TT0JIi Ta/ab0 TpH Bianati
MiJ] pPO3TATYBAILHUMHU HaNpyXeHHsMH. lle poOUTh TEpPCHeKTUBHHM 3aCTOCYBaHHS
MarHiTONPOBO/IB 3 HUX y PI3HOMaHITHHX €JIeMEHTaX Ta By3JaX €JIeKTPOHHOI TexHiku. B
MepITy Yepry mpu CTBOPEHHI MarHITHUX CEHCOPIB 1 MpEeHU3iHHUX BUMIPIOBAIbHHUX
TpaHchOpMaTOpPiB CTPYMY.

JlocmipkeHo TepMivuHy CTaOUIbHICTh, MarHiTHI Ta €JNIEKTPUYHI BIACTUBOCTI aMOp(HUX
CIIaBiB 3 BiJHOCHO HHM3bKOIO iHAyKIli€to HacuueHHs COg7Fe3Cr3Bi2Siss, CogsFesCrgBisSig Ta
CogsFesCroB14Sis. ITlokazano, 1m0 KpucTamizaiis CTPIYOK WX CIUIaBIB IMOYHMHAETHCS 3
dbopmyBanHs metaniunux Co ¢a3 mepeBa)kHO Ha BMOPOKEHUX IEHTpax KpucTamizalii, 1o
MICTSITh aTOMHU XpoMy. BUsiBJIeHI IEBHI 3aKOHOMIPHOCTI aHOMAJIbHOI OBEIIHKU TEMIIEPaTypPHOi
3aJIGKHOCTI €JIEKTPOOIIOPY CTPIYOK JOCHIHKEHUX CIUIaBiB. BCTAHOBJIEHO ONTUMAIIBHI PEXKUMU
ix TepMi4HOT 0OPOOKH, TP SKUX JOCATAIOTHCS HAMBHILI MarHiTHI BIAaCTUBOCTI. BHUsBieHO, 110
CIUIaBU 3 BUCOKHM BMICTOM XpOMY MaroTh iHAyKIito HacudeHHs 0,38T - HIDKYY HIXK CIUIaB 3
HU3bKUM BMicTOM XpoMy Co0gFesCrsBioSiis, B skomy BoHa ckiamae 0,45T. O6rosopeni
MEePCIEKTUBM BHUKOPUCTAHHSA aMOp(HMX CTPIYOK CIUIAaBIB IIi€i CHCTEMH B  SIKOCTI
BHCOKOYYTJIMBUX CEHCOPIB MAarHiTHOTO TOJISI.
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Heterostructures formed by superconductor and ferromagnet layers (S-F) are of
fundamental interest because at the interface between both materials a competition between
different kinds of ordering phenomena occurs. Also these heterostructures look rather
perspective for applications as superconducting composite materials with enhanced current-
carrying abilities. The latter is due to an additional magnetic pinning potential Uy ~ ¢- M(r)ds
for Abrikosov vortices which is provided by inhomogeneous magnetization M(r) of the
ferrromagnet film ( ds the thickness of thesuperconducting layer) in the S-F heterostructure.
Essential role of magnetic pinning was suggested by Bulaevskii et al. [1] and observed in a
number of experiments performed on different supercon-ductor thin film structures, e.g. in
YBCO/LCMO or YBCO/LSMO multilayers [2], where YBCO — is high-T. superconductor
(YBa;Cu307x), and LCMO or LSMO are ferromagnetic manganite compound (Lages7Cag 33
MnOs or Lag 6751033 Mn03).

In the present work we analyze the possibility of enhancement of the average critical
current density in S-F multilayer structure produced on the base of HTS and manganite films.
This class of materials is especially studied in relationship to YBCO thin films, as the two
materials have an excellent structural compatibility, which allows for the epitaxial growth of
heterostructures. We consider two possible issues for magnetic pinning of Abrikosov vortices in
S-layers: a) magnetic pinning which arises due to the static inhomogeneous magnetization M(r)
caused by the quenched disorder in F-layer [1]; and b) due to the polaronic mechanism of vortex
pinning in S-F multilayers suggested in [3]. In the presence of quenched disorder, the vortex
lines adjust themselves to take the advantage of the pinning potential, which destroys the long-
range lattice order. Below a threshold current, vortices remain pinned (actually they creep
between pinning centers due to fluctuations). In this region, the polaronic mechanism does not
play a role. When the current is high enough to depin the vortices from quenched disorder, the
vortices start to move and the lattice ordering is enhanced. By formation of polarons with the
nonuniformly induced magnetization, the vortex viscosity is enhanced. At a critical velocity
(current), the polaron dissociates and the system jumps to the conventional Bardeen-Stephen
flux-flow branch. Pinning due to quenched disorder works in the static region and polaronic
pinning works in the dynamic region. The critical current of the whole system is the sum of these
two threshold currents. We have analyzed conditions necessary for obtaining the maximal values
of the critical current density in such a S-F multilayer heterostructure.

1. L.N. Bulaevskii, E.M. Chudnovskii, and M.P. Maley, Appl. Phys. Lett., 76, No.18: 2594
(2000). DOI: https://doi.org/10.1063/1.126419.

2. T. Petrisor, M. Gabor, C. Tiusan, V. Galluzzi, G. Celentano, S. Popa, A. Boulle, and T.
Petrisor, J. Appl. Phys. 112, No.5: 053919 (2012). DOI: http://dx.doi.org/10.1063/1.4748049.
3. S.-Z. Lin and L.N. Bulaevskii, Phys. Rev. B, 86, N0.6: 064523 (2012). DOI:
https://doi.org/10.1103/PhysRevB.86.064523.
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Enhancement of the critical current density value in high-T. superconductor (HTS) films
and coatings at liquid nitrogen temperature, as well as reduction of its dependence on magnetic
field and specimen thickness, is one of the major challenges toward their use in large-scale
applications. The critical current density j. value in superconductors depends on the material
defect nanostructure ability to pin Abrikosov vortices and prevent them from motion which leads
to the resistive state emergence and to the related electrical resistance. It is commonly assumed
that the extended linear defects with radii comparable to the coherence length & of the
superconducting state are the most effective pinning sites for vortices, ¢ being about a few
nanometers for the HTS materials [1].

In the present work the problem of Abrikosov vortices depinning from extended linear
(columnar) defect in 3D-anisotropic superconductor film under non-uniformly distributed
Lorentz force is studied for the case of low temperatures, disregarding thermal activation
processes. We treat it as a problem of mechanical behaviour of an elastic vortex string settled in
a potential well of a linear defect and exerted to Lorentz force action within the screening layer
about the London penetration depth near the specimen surface. The stability problem for the
vortex pinning state is investigated by means of numerical modelling and conditions for the
instability threshold are obtained as well as the critical current density j. and its dependence on
the film thickness and magnetic field orientation [2]. The instability leading to vortex depinning
from extended linear defect first emerges near the surface and then propagates inside the
superconductor. This scenario of vortex depinning mechanism at low temperatures is strongly
supported by some recent experiments on high-Tc superconductors (HTS) and other novel
superconducting materials, containing columnar defects of various nature.

When the current density on the surface exceeds the critical value jo. the stationary solution
for the pinned vortex string vanishes. This corresponds to the loss of stability for the pinned
vortex state and starting the vortex escape from a linear defect under the Lorentz force action.
The dyna-mic of a vortex line evolution during its escape from the linear defect under the
influence of overcritical current is described by the non-stationary nonlinear equation for the
vortex string viscous motion, which can be easily obtained from Lagrange’s equations for an
elastic vortex string dissipative motion and generalizes the equation explored earlier in [2] for a
stable curved vortex line within the pinning potential well of columnar defect in a current-loaded
superconductor. When a vortex during its escape dynamics goes far enough from the defect it
gets almost free from the pinning potential and travels evenly taking the stationary form of
viscously moving elastic vortex string under the action of nonuniformly distributed Lorentz
force. We have obtained the time of vortex escape from the columnar pinning site and explored
its dependence on the specimen thickness and transport current values, which characterizes the
delay of vortex depinning process and related response on applied strong current pulse.

1. W.-K. Kwok, U. Welp, A. Glatz, A.E. Koshelev, K.J. Kihlstrom, and G.W. Crabtree,
Rep. Prog. Phys, 79, No.1l: 116501 (2016). DOI: https://doi.org/10.1088/0034-
4885/79/11/116501.

2. V.A. Fedirko, A.L. Kasatkin, S.V. Polyakov, J. Low Temp. Phys. 192, No. 5-6: 359
(2018). DOI: https://doi.org/10.1007/s10909-018-1986-0.
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[TocriifHuii mporpec B MiHiaTIOpu3allii HaMIBIPOBIAHUKOBOI TEXHIKH 1, 30KpeMa,
KOMIT IOTEPHOI TaM’sITi Ha HAaHOPO3MIPHOMY piBHI MOTpeOye HOBUX EIEKTPOHHUX IPHUCTPOIB,
3JaTHUX MaclITa0yBaTUCh O HAJAMaJIMX pO3MipiB. Y Hamiil poOOTI MM 3alpoNOHyBald Ta
peaizyBasii KOHIICTII[IIO HOBOTO €JIEMEHTY /Il HAaHOENEKTPOHIKM Ha OCHOBI MIapyBaToOi
CTPYKTYpPU 3 METAJIEBUMHU €JIEKTPOJaMM Ta KOMIIO3UTHMM KpPEMHIEBHUM HPOIIAPKOM
HAaHOMETPOBOI TOBIIMHU 3 BOJH(PPaMOBHUMH HaHOAOTaMH. Ll cTpykTypa Mae BeTUKUI
HOTEHIIiaJ AJIl BUTOTOBJIEHHS (DYHKI[IOHAIBHUX MPUCTPOIB, 110 JEMOHCTPYIOTh XapaKTEPUCTHKY
Bi’eMHOI AudepeHmiadbHol MPOBIMHOCTI 1 HTETPAIli€l0 BHCOKOI HIUTBHOCTI. AHAi3 KPHBHX
nuQepeHIiaabHoi IPOBIAHOCTI Bil HAPYTH MOKAa3aB, 10 L€ SBUIIE MOKHA YCHIIIHO OMUCATHU 32
JIOTIOMOTOI0 TIPOCTOT MOl JBOPIBHEBUX CHUCTEM 3 HAI3BUYAMHO BEIMKUMHU MapaMeTpamH
acuMeTpii, K 1e nepeadavanocs padime B podoTi [1].

Pa3oM 3 TuMm, ¢ 3a3HaYMTH, 10 3aMpPOINIOHOBAHA IHTEPIIPETallisd 3aJIMIIa€ HEBUPILICHHUM
IUTAaHHS MIKPOCKOIIYHOIO MOXO/KEHHS e(eKTy BiJ’ eMHOi AudepeHIiaabHOl MPOBIAHOCTI Y
Hammx 3paskax. [IeBHy i/1€10, 0JJHaK, MOKHA OTPHMATH, TIEPEBIPUBIIH TEMIIEPATYPHY TTOBEAIHKY
3alpONOHOBAHMX 3Pa3KiB, AMB. Hallll ONEpeaHi pe3yibTat [2]. Byno BcTaHoBieHO, 1m0 edeKT
BII’EMHOI JudepeHuiaabHoi MpoBigHOCTI B mepexogax MoRe/Si(W)/MoRe 3Hukae npu
MiABUIICHHI TemmepaTypu Buimie .. OmTxe crnenupiyHUi MIKPOCKOMIYHUNA MeXaHI3M, SKAN
BUKJIMKA€E MAaJIHHS CTPyMy IPU NEBHINA HANpy3i 1 € BIACYTHUM Yy 3BUYAaHOMY CTaHl, Ma€ OyTH
[IOB’SI3aHUM B JIaHOMY BHIIQJIKYy 3 JICSIKOI0 HU3bKOCHEPreTHYHO0 IIKajow. LliTkoM mpupoaHo
MOB’SI3yBaTH Pi3KI 3MIHM MPOBIAHOCTI TPAHCHIOPTHOIO KaHATy 3 3aTPUMKOIO EJIEKTPOHIB Y
HEerTMOOKHUX JIOKAIbHUX CTaHax, fKi MOXYTb YTBOPHTHCS Ha TpaHUIl HAJNpPOBIIHUKA 1
13omsTopa [3]. ochimkeHa HaMu TeMIIepaTypHa 3aJeKHICTh 0OTOBOPIOBAHOTO SIBUIIA BiI €MHO1
mudepeHIianbHOl MPOBIAHOCTI CBITYUTH MPO CYTTEBUN BILTUB HAAIPOBITHUKA Ha 3B'I3aHI CTaHU
B KOHTAKTI 3 HAIBIPOBITHUKOM.

PobOota BukoHaHa B pamkax TeMHu «KBaHTOBa IuMHaMika KBa3i4aCTUHKOBHUX 30yIKEHb B
MeTaJIeBUX TOPUIHUX CUCTEMAX.

1. A. Halbritter, P. Makk, Sz. Csonka, G. Mihaly, Phys. Rev. B., 77: 075402 (2008). DOI:
https://doi.org/10.1103/PhysRevB.77.075402.

2. A. Shapovalov, V. Shaternik, O. Suvorov, E. Zhitlukhina, and M. Belogolovskii, Applied
Nanoscience, 8: 1025 (2018). DOI: https://doi.org/10.1007/s13204-018-0687-y

3. L. Faoro and L. B. loffe, Phys. Rev. Lett., 96: 047001 (2006). DOIL:
https://doi.org/10.1103/PhysRevLett.96.047001
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CTBOpEHO Ta €KCIEePUMEHTAJBHO A0CikeHo rerepoctpyktypu MoRe-Si(W)-MoRe, o
CKJIaJalOThCs 3 HAANPOBITHUX OOKIAMOK (CrutaB ModiOJeHy 3 peHieM) Ta TiOpuIHOTO
HAIIBIPOBIIHUKOBOTO TYHEJIBHOTO ©Oap'epy 3 HAHOPO3MIPHOTO IMapy KpemHio Si 3
HaHOKJIacTepamu Bobppamy W B HbOMY. J[OCHIIKEHHIO OCOOIHMBOCTEH MAarHiTOIIOIHOBHX
3aJeKHOCTEH  cTBOpeHHMX mepexomiB  JIxosedpcona MoRe-Si(W)-MoRe 3 MetaneBuMu
HaHOKJacTepamMu W, BMilieHUMH B Oap'ep 3 amopdHOro KpeMmHiro Si, 1 IpUCBsSYeHA 151 podoTa,
OCKINIbKY Yepe3 Taki KiacTepu B Oap'epi peanizyeThcsl KBa3i0JHOBHUMIPHUN TPaHCIOPT 3apsifiB,
0 poOUTh iX 3a BIACTHBOCTSAMHU MOAIOHMMHU KBa310JHOBUMIPHUM HaiBIPOBITHUKOBUM Ta
METaJIeBUM HAHOAPOTHHKAM, SIKi 3apa3 1IHTEHCHUBHO JOCIHIKYIOThCS B CBITI B SKOCTI 6a30BOT0
eJIeMEHTY nepexoaiB J»o3edcoHa HOBOTO TUITY.

[Tpu mpukIagaHHI 30BHIIIHBOTO MAarHiTHOTO Mot /H, napaneabHOro IUIOIKHI epexoay, B
JOCIIIDKYBAHUX TIEpexojax crocTepiranacs ciaabKo OCHIWIIYA 3aJIeKHICTh BEJIMYWHU
HaJIPOBITHOTO KpHUTHYHOTO cTpyMmy JDkoszedcona Big wmarHitHoro mons Ic(H), sxa
IHTEpIIpETYeThCSl B pamkax TeopetuuHoi mozeni A.JI. Kacartkina i3 cmiBaBTOopamu [l], sk
OpUTaMaHHA CiTLI [apaleilbHO BKIIOUYEHUX HAJINPOBIAHMKOBUX HAHOMICTKIB, a TaKOX
croctepiraBcsi HOBUM e(eKkT - eQeKT 3pOCTaHHS B OUIbLIINA, 4YM MEHIIIH Mipi BEIUYHUHU
KBa319aCTUHKOBOTO CTpyMy uepe3 nepexin lqi(H) , Ha BeTMIuHy 10JaTKOBOTO CTPyMY la.

EnepretnuHuii criekTp eNeKTpOoHAa B MAarHiTHOMY Toii H B TPUBUMIPHOMY BHITQJKy
3aMUCYETHCS Y BUTIIAL

21,2
E(n,kz)zhzrl;Z +hao, (n+%) (1)

TYT ®c — HMKJIOTPOHHA YacTOTa. TOOTO €Hepris KBa3i4aCTUHOK BCEPENIMHI KIACTEPY BOJIbPpamMy
30UIBIIYETHCS IPU MPUKIIAJaHHI 30BHIIIHBOTO MAarHiTHOTO Moyt /H, B pe3ynabTaTi yTBOPIOETHCS
HEpIBHOBa)KHA 3aCEJICHICTh PIBHIB eHeprii B kiactepi. KBasiwacTuHku B 6ap’epi 3HAXOAATHCS B
KOJIOZSA31 MDK JIBOMa HaJINpPOBIAHMKAMH, TOMY BOHM HE MOXYTh DPEJaKCyBaTH IO EHEprii.
OOGroBOPIOIOTECS OCOOTUBOCTI TPAHCTIOPTY 3apsIiB B TOCIIKYBAaHUX F€TEPOCTPYKTypax Ha Oasi
MoJiesiel, sIKI BpaxoBYIOTh HEPIBHOBa)KHY 3aCENICHICTh PIBHIB Ta CHIH-3aJICKHUN TPaHCIOPT
HOCIiB 3aps/ly B TeTePOCTPYKTYpax, a TAKOXK B paMKax Mojeli ciaabkoi jiokamizarii HociiB b.
Anprirynepa, A. AponoBa, A. Jlapkina ta J[. XmensHu1BKOTO [2].

Po6ota BukoHana B paMkax TeM «KBaHTOBHI TpaHCIIOPT B TIOPUAHUX HAAMPOBITHUKOBUX
HAHOCTPYKTYpax 1 10HHO-TUIA3MOBHUX KOHJEHCATax Ta iX eJNEeKTPOMArHIiTHI BIACTHBOCTI» Ta
«HaHoiH)XeHepisi HOBHX BHCOKOC(EKTUBHHX HAMPOBIAHUX 1 MArHITHUX KepaMidHUX
KOMITO3UIIIHHUX MaTepiajiB Ta IUIIBKOBUX FE€TEPOCTPYKTYPY.

1 A L. Kasatkin, V.E. Shaternik, O.Y. Suvorov, A.A. Kalenyuk, A.P. Shapovalov, Physica
C 566: 13535 (2019). DOI: https://doi.org/10.1016/j.physc.2019.1353539.

2 B.L. Al'tshuler, A.G. Aronov, A.l. Larkin, and D.E. Khmel'nitskil, Zh. Eksp. Teor. Fiz. 81:
768 (1981).
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Superconducting materials based on MgB, are promising for many various applications
such as fault current limiters, magnetic resonance imaging, superconducting magnetic energy
storage devices, transformers, electrical motors and generators, cryogenic pumps, adiabatic
demagnetization refrigerators, magnetic separators, magnetic levitation transport and bearings,
magnets for high-energy physics. Superconducting MgB, wires can be used for aviation and
space applications and for powerful offshore wind generators, etc.

MgB, is oxygen-free superconducting compound with hexagonal AIB, type of
crystallographic lattice. It contains close packed Mg layers and graphenelike B layers alternate
along the c axis of the hexagonal unit cell. MgB, shows a complex bonding structure consisting
of ionic interlayer bonding and covalent/metallic mixed in-plane bonding. The XRD study
demonstrates that the MgB,-based materials usually contain MgB, phase and some admixture
MgO phase even if special atmosphere is used during preparation for avoiding oxidation, what
can be explained by high affinity of Mg towards oxygen. Besides, the presence of other
admixture phases such as MgB, (orthorhombic), MgH, and BN, etc. can be observed on XRD
patterns. But in MgB,-based materials structures can be as well present dispersed inclusions of
higher magnesium borides, MgBy, with x>4 (as SEM and Auger study witnessed), which cannot
be reveled by XRD on the background of MgB, reflexes. The dispersed inclusions of the higher
magnesium borides can be practically ‘invisible’ for a traditional XRD analysis.

Analysis of XRD patterns by Rietveld refinement has been shown that the main phase of
superconducting MgB,-based materials (with high level of superconducting characteristics) has
AlB; type structure and near MgB s.1.6s00.2-0.32 Stoichiometry. The materials demonstrated j. up
t0 0.9 — 0.4 MA/cm? (at 0 - 1 T, 20 K); Bc,, and B, up to 15 T at 22.5 K and 18 K, respectively.
The ab-initio simulation confirmed (1) benefits in binding energy and enthalpy of formation if
stoichiometry of the solid solution is near MgB17500.25; (3) energetic advantage in case if
impurity oxygen present only in each second boron plane of MgB, cell while the first boron
plane of the same cell stays pristine and what can be explanation of two zone behavior of MgB,
and (4) advantages from location of substituted oxygen atoms in the nearby positions in the same
boron plane, i. e. formation of oxygen pairs or zigzags. Besides, the results of ab-initio modeling
allow explanation of the tendency towards segregation of impurity O in MgB. structure during
synthesis or sintering, and formation of Mg-B-O inclusions or nanolayers (with MgO type of
structure) which effect pinning. Calculated transition temperatures, T for MgB; 750025 occurred
to be 23.3 K, while for MgB; it was 21.13 K only. Experimental T¢ of the materials was 35.7-
38.2 K.
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®epomMarHiTHI aMOpQHi CIUIAaBH HIMPOKO BHUKOPHUCTOBYIOTbCS B SKOCTI MAarHiTOM’SKHX
MarepiaiiB, BUPOOHHUIITBO Ta EKCIUTyaTallisl IKUX IOB’s3aH1 3 BUKOPUCTAHHSAM 30BHIIIHIX MarHiTHUX
noniB (MII) piznoi HampyxeHocTi. OTXe, JOCTIHKEHHS 3MIHHM iX CTPYKTYPH Ta BIACTHBOCTEH, SIKi
BiZIOYBAIOTHCS i/l BINIMBOM MarHiTHOTO IOJIS, € BAKIIMBUMHU 1 aKTyalbHUMU. Y JaHiid podoTi Oyio
JIOCIIJDKEHO MarHiromexaniuni eextu B amoppromy ciaBi Fezz gCuiNb3 oSiis gB7o.

Amoponuii crutaB ckinaay Fezs oCuiNbseSiisgB72 y Burisai crpivok ToBmmHOK 25 —
30 MKM Ta MWHPHHOI |5 MM OTpUMYBalHM CIIHIHTYBaHHAM pO3IUIaBy. AMopdHuil cTaH
OJIEpXKAHUX  CTPIYOK  KOHTPOJIOBAIM  METOJaMHM  PEHTTEHOCTPYKTYPHOTO  aHalizy Ta
MPOCBIUYIOUYOi €JIEKTPOHHOI Mikpockorii. [y o6pobku B MII amopdHy cTpiuKy moMimand y
3a30p MiX [JBOMa IUIACTUHAMHU TIOCTIMHHMX MAarHiTiB, IO 3a0e3MeuyloTh pPIBHOMIPHY
HanpyxeHictb nons (0,2 Txa) B Micui po3TallyBaHHS €KCIIEpUMEHTalbHOro 3paska. Ilicns
BUTPUMKHA B MAarHiTHOMY TIOJIi TPOTATOM 33JaHOTO 4Yacy 3AIACHIOBAIM BUMIPIOBAHHS
mikporBepaocti (10-15 xB.), micias yoro 3pa3ok 3HOBY nomimanun B MII mis monanbiioi
BUTPUMKHU. KiTBbKICHOIO MipOI0 MarHiTOMEXaHIYHOTO eQeKkTy y JdaHiii poOoti Oyna BenuuMHA
MIKpOTBEPJIOCTI, Ky BHMIpIOBaid Ha cTanmaptHomy mnpwianai [IMT-3 npu HaBaHTakeHHI Ha
igaenTop p = 100 r. 3mMiHy XiMIYHOTO CKJIaay MOBEpXHi 1 MOpQoorii aMOppHUX CTPIYOK Micis
nii MIIT mocnimkyBanu 3a JOMOMOTOI0 PAaCTPOBOTO €JIEKTPOHHOTO Mikpockomna Mapku VEGA3
SBU PEM. Mlns BumpoOyBaHb Ha pO3pUB aMOpP(GHHUX CTPIYOK BHKOPHCTOBYBAJIH PO3PUBHY
mamuay Mmapku HOUNSFIELD moneni HS5KT.

Bbyno mokaszaHo, 10 B 3aJIeXKHOCTI BiJ 4acy BUTPUMKHM y MarHiTHomy moxi (0,2 Tm)
MTOCJTIZIOBHO Peajli3yIOThCs JIBa MPOIECH: HA MOYaTKOBOMY eTami ekcriepuMmeHTy (10 — 18 roaun
BUTPUMKH) JIOCIIJKYBAaHHUH CIUIaB 3HEMIIHIOETHCS (TOOTO HaOyBa€ MiABUILEHOI MIIACTUYHOCTI),
ajie 31 30UThIIEHHAM dYacy ekcrmosuiii 10 90 roa. WOoro MiKpOTBEPAICTh MOCTYMOBO 3pOCTAE,
IepeBepIIYIOYH MMOYaTKOBI 3HaueHHs Ha ~15%. Mexa MilHOCTI Ha pO3pUB aMOP(HOI CTPIUKH,
BUTPUMAHO1 y MarHitHomy noiii 90 roa., Takox 3poctae Ha 15 % y MOpIBHSAHHI 3 aHAJIOTIYHUM
napaMeTpoM BUXITHUX 3pa3KiB.

MeTtomoM pacTpoBOi €JIEKTPOHHOI MiKpocKoIii Oyno gociimkeHo dpakrorpadiro
TIOBEPXHi PO3pUBY aMOppHUX CTpiuok cruiaBy Fers oCuiNbsoSiisgB7 2. [Tokazano, mo moBepxHs
PO3PHUBY BUXIJTHOTO 3pa3Ka CKJIAMAEThCS 3 JBOX 30H (IJIaAKOi y 00’€Mi CTPIYKK Ta «BEHO3HOI»
OnmK4ye 0 Kparo), y TOW Hac siK CTPYKTypa MOBEpXHI BUTPUMAHUX y MarHiTHOMY MOJI 3pa3KiB
MOBHICTIO CKJIAZIAE€THCS 3 «BEHY.

BrmnuB  MarHiTHOrOo moisi  Ha  3MiHY — MIKPOTBEPAOCTI  amMOppHOro  CIUIaBy
Fez30CuiNb3¢Siis gB72 MOXHa TOSCHHUTH aKyMyIIAIIE0 1 aHITUIAMIE0 BIIBHOTO 00’€My,
Nepepo3MnoIiIOM KOMITIOHEHTIB Ta PeJaKcalielo BHYTPIIIHIX MOBEPXOHb aMOP(HOI CTPIUKH, II0
OB’ S13aHO 13 PO3IMaIoM a00 MepedyI0BOIO KIIaCTEPiB.
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The temperature dependence of the excess conductivity ¢’(T) in three polycrystalline
samples of the FeSeggs superconductor prepared by various technologies [1] was studied.
Obtained from the measurements, the temperature dependences of the parameter A*(T) which in
cuprates is associated with a pseudogap, were analyzed in the model of local pairs. At high
temperatures, all three samples exhibit a high narrow maximum A*(T) at Ts; ~ 250 K, which is
characteristic of magnetic superconductors. Below T = 225 K, the dependences A*(T) become
different. In almost the entire temperature range below Ts;, sample S2, prepared by the solid-
state reaction method and not containing impurities, shows A*(T), which is typical for Fe-
pnictides [2]. An exception is the interval from the temperature of the structural transition Ts =
85 K to T, where A*(T) exhibits an atypical broad maximum. An analysis of the obtained
dependence indicates the opening of a pseudogap in this FeSep g4 sample below Ts. Sample S1,
containing 4 wt.% Ag and S3, with a nominal composition but containing non-superconducting
inclusions of the hexagonal phase, both obtained by partial melting, show identical A*(T) but
different from S2. They reveal a number of features that correlate with temperatures at which
singularities are observed on M(T), and the Hall coefficient Ry(T) changes sign several times
with decreasing T, indicating a change in the type of charge carriers in FeSe. The dependence
A*(T) of sample S3 below T has practically no maximum, since non-superconducting impurities
of the hexagonal phase prevent the formation of paired fermions in S3 near T.. As a result, S3
has a minimum density of local pairs <n;n;> = 0.26, determined by comparing A*(Tg)/Amax Near
T, with the Peters — Bauer theory [3], and the dependence A*(T) does not follow the theory. S1
has a maximal <n;n;> = 0.47, most likely due to the influence of Ag impurities. S2 does not
contain impurities, and found <n;n;> =~ 0.3 is the same as in YBa,Cu3O7.;. Importantly, both
dependencies A*(T) for S1 and S2 follow the theory in a wide temperature range.

1. E. Nazarova, N. Balchev, K. Nenkov, K. Buchkov, D. Kovacheva, A. Zahariev, G. Fuchs.
Supercond. Sci. Technol. 28, 025013 (2015) (in English). DOI:10.13140/RG.2.1.3687.4964.

2. 2. A. L. Solovjov, L. V. Omelchenko, A. V. Terekhov, K. Rogacki, R. V. Vovk, E. P.
Khlybov and A. Chroneos, Mater. Res. Express 3, 076001 (2016) (in English).
DOI:10.1088/2053-1591/3/7/076001

3. 3. R. Peters and J. Bauer, Phys. Rev. B 92, 014511 (2015) (in English).
DOl:https://doi.org/10.1103/PhysRevB.92.014511
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Cepen ycix HaJIpOBIIHUKIB Ha OCHOBI 3ajli3a HalOUIbIIy yBary npusepTae FeSe uepes
MIPOCTY KPHUCTATIYHY CTPYKTYpPY 1 IiKaBi eIeKTPOHHI Ta (pi3uvHi BIacTUBOCTI. HaampoBigHICTE ¥
FeSe 3 kputnunoto temneparyporo 8 K 6yno Bigkpuro y 2008 poui y terparoHanbHiit B-FeSe
dazi 3 PbO crpykryporo 3a armocdepnoro Tucky [l]. Emextponna crpykrypa FeSe, —
HAWMPOCTIOro HaampoBigHuka Ha ocHoBi 3amiza (Fe-SC), — wmae moTeHmian pi3Koro
30UIBIICHHS TEMIIEpaTypy HaIIPOBIAHOTO MEPEXOTy, IKUHM peani3yeThbes M TUCKOM a00 B MOHO
aToMHUX TuTiBKax [2]. Taka cTpykTypa, 3aBASKH CBOiM IPOCTOTI, € 1/I€aTbHOI0 JIJIST TEOPETHUHUX
Ta eKCIIEPUMEHTAILHUX AOCII/PKEHb MEXaHI13MIB HaJIPOBIAHOCTI y 3aJ1i3HUX HAAMPOBITHUKAX.
3a 10TOMOT0K0 BaKyyMHOTO OOJIaTHAHHS JJISI MOJICKYJIIpHO-TIpoMiHeBoi emitakcii Octoplus 300
Oyno chopmoBaHo ToHKI mmapu 1iBok Fe Ta Se Ha kpucramiuxi migkiaaaku SrTiOs. Bymno
OTpUMaHO JU(paKIiiHy KapTUHY TOBEPXHI 3pa3ka MIAKIAAKKA Ta OCAKCHHX IIapiB 3a
JIOTIOMOT 010 TU(paKIlii BACOKOCHEPTETHYHUX BIIOUTHX €NEeKTPOHiB. (auB. Puc.l a-B). Sk MoxHa
no0aynTH BUXiAHA TOBEPXHS MIAKIAIKM Ma€ JOCKOHAY KpPHUCTaliuHI CTPYKTypy (IIpo Iie
CBiIUUTH HasBHICTH JiHIM Kikyui Ha Puc.l a). Uitka audpakuiitna kapTuHa npu ocapkeHHi Fe
3’ABIA€THCS MpU ocakeHH1 Oinbine 10 monomapiB (Puc.l 6). Se mpu ocamkeHHI CTBOPIOE
aMOp(QHY CTPYKTYpy — TOMY 4iTKa Audpaxiiiina kapTuHa He crnocrepiraerscs (Puc.1 B).

a 0 B

Puc.1. a) minknagka STO, 0) Fe, ocamkenuit Ha nigknaaky STO, B) Se, ocamxeHui Ha
migknanky STO

1 Y. Mizuguchi, F. Tomioka, S. Tsuda T. Yamaguchi, and Y. Takano, Appl. Phys. Lett., 93:
152505 (2008).

2 X. Liu, L. Zhao, S. He, J. He, D. Liu, D. Mou, B. Shen, Y. Hu, J. Huang, and X. J. Zhou, J.
Physics Condens. Matter, 27, No. 18: 183201 (2015).
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Superconducting thin film planar microwave structures, such as resonators and filters
based on them, delay lines, antennas, are widely applied for objectives of modern microwave
electronics. Usage of high-temperature superconducting (HTS) films as a material for the
manufacture of planar microwave devices gives a significant advantage, e.g. a large increase in
the resonators quality factor up to the order of 10° [1]. Novel type fractal geometry (e.g. in form
of the Hilbert curve) used for these HTS thin film resonators makes them much more compact
and attractive for applications in microwave filters and other more complicated HTS thin film
microwave devices [2, 3].

In the present work we investigate the microstrip YBCO resonator in the form of a Hilbert
fractal curve with a copper plate as a background. The amplitude-frequency characteristics, the
resonance frequency values, and quality factors (Q-factor) for the first five resonant modes of
fractal resonators were obtained in [3] in the linear operation regime (i.e., at minimal dependence
on microwave power level). In the present work the nonlinear response of YBCO fractal fifth
order Hilbert curve microstrip resonator was studied (fig 1). The resonator has a 0.1 mm line
wide and 8.47x8.47mm total size. The surface resistance of microwave resonator is proportional
to 1/Q. For common metals, the 1/Q value does not depend on incoming power (1/Q(P;j,)=const).
In the case of nonlinear response, this value becomes power depended. The nonlinear response
for YBCO fractal resonator is demonstrated in fig 1 (b). At the minimal power value P;,=(-40 to -
20) dbm the resonator operates in a linear regime. With increasing power at Pin>-20dbm the
resonator acquires nonlinear losses. The difference between linear and nonlinear resistance
values is more than 10 times. We also note that at high power levels, the resonance peak loses its
symmetry and the Lorentzian shape. This produces an error in measurements of Q-factor at high
power levels. We suppose that these nonlinearity effects are related to the entry of microwave-
induced vortices through the corners of the fractal curve where the rf current has a maximum
density. We have performed theoretical and numerical modeling of this nonlinearity effects and
argued that the negative effect of this type of nonlinearity for operation of passive microwave
devices can be suppressed by smearing of the sharp corners of the fractal resonator and also by
use of HTS films with inserted additional strong pinning sites, which prevents entry of
microwave-induced Abrikosov vortices.

a b

-40  -20 20

0
P.(dbm)
Fig.1. Design of YBCO Hilbert fractal microstrip YBCO 200nm thin-film resonator (a),
and the nonlinear 1/Q power dependence at the temperature 78K (b).

1. A. Megrant, C. Neill, R.Barends, et.al., Appl. Phys. Lett. 100: 113510 (2012).
2. H. Yue, H. Tang, C. Wu, Q. Xie, C. Li, Physica C, 557: 1 (2019).
3. A. A. Kalenyuk and S. I. Futimsky, Metallofiz. Noveishie Tek
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Calorimetric, DSC and Raman studies of multi-walled carbon nanotubes (MWCNTS)
were carried out. Three types of MWCNTSs with average diameters of 7.2, 9.4, and 18 nm were
obtained by the CVD method. MWCNTSs contained more than 99.4 at.% carbon, the main
impurity was the remainder of the catalyst (several tenths of at.%). The heat capacity of
MWCNTSs was measured by the relaxation method in the temperature range from 2 to 275 K by
using PPMS [1]. In the temperature dependences of the specific heat of Cp(T) for MWCNTS,
size effects are observed. As the temperature decreases below 20 K, the Cp(T) curves shift to
lower values with an increase of the nanotube’s outer diameters. Below 6 K, the Cp(T) of
MWCNT with a diameter of 18 nm approaches the Cp(T) of graphite.

The Kinetic processes in MWCNTSs were studied at temperatures from room temperature
to 500 K in a nitrogen flow using differential scanning calorimetry (DSC) on a Perkin - Elmer -
8000. It was found that exo- and endothermic peaks are not observed on the DSC curves. This
indicates that all studied MWCNTSs have a small number of defects, functional groups, and other
impurities.

The Raman measurements were performed in backscattering geometry using a Renishaw
InVia Raman microscope equipped with a confocal DM 2500 Leica optical microscope and a
CCD detector. An Ar laser with a wavelength of 514 nm was used. In the Raman spectra of
MWCNTSs, defect-induced phonon mode so-called D band is observed at around 1346 cm ™. The
high-energy G mode (1572 cm?), due to vibrations of carbon atoms in the walls of the
nanotubes, is shifted toward the lower frequencies compared to the G mode of graphite
(1580 cm ). The 2D band related with the two-phonon scattering is observed near 2688 cm™.
The dependence of the Ip/lyp ratio on the average diameter of MWCNTS is in good agreement
with the data of [2]. Ip> Ip for MWNTSs with an average diameter d <15 nm and Ip <Iyp for
MWNTs with d> 15 nm.

1. 1 V.V. Sumarokov, A Jezowski, D Szewczyk, M.I. Bagatskii, M.S. Barabashko,
A.N. Ponomarev, V.L. Kuznetsov, S.I. Moseenkov, The low-temperature specific heat of
MWCNTSs, Low Temp. Phys. 45(3), 347-354, (2019). [Fiz. Nizk. Temp. 45(3), 395403 (2019)].
2. S.N. Bokova-Sirosh, V.L. Kuznetsov, A.l. Romanenko, M.A. Kazakova, D.V. Krasnikov,
E.N. Tkachev, Y.I. Yuzyuk, and E.D. Obraztsova, J. Nanophotonics 10, 012526 (2016).
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Circuit elements retaining information of their past dynamics, e.g. memristors, are among
the most promising devices able to cause a paradigm change in information processing and
energy-efficient neuromorphic computing [1]. The resistance of a memristor depends on the
history of electrical charges crossed through it, encoded in the physical configuration of the
device. The last few years have witnessed significant developments in memristive junctions
where an electric field is employed to switch from high- to low-resistive states. In spite of the
great progress, many aspects of their current-voltage curves still remain unclear. In particular,
the non-uniform spatial oxygen distribution near the interface of metal/complex transition-metal
oxide bipolar devices based on a voltage-enhanced oxygen diffusion model is not yet well
understood. Within this framework, the search of the microscopic factors that determine the
electrical conduction properties through inhomogeneous interfaces is an important task to
improve the resistance switching properties of devices [2].

In the present work, we interpret resistance hysteresis loops in metal/ YBCO (YBa,Cuz07.
¢) devices. The most probable mechanism of switching in the resistive memory elements is the
change in the concentration of oxygen vacancies ¢ that occurs in nanometer-scale regions near
the interfaces. An interest of devices based on the YBCO compound well studied in the 90s is
associated with their capacity to shed light on the electrical transport mechanisms through a
metal/oxide interface. Our main concern is about the shape of current-voltage (I-V) curves in the
two main states. We find that, within our model, the low-resistance region of the hysteretic 1-V
characteristic is ohmic while in the high-resistance mode the I-V dependence is strongly
nonlinear. Following the paper [2], we plot the power exponent y = dIn(l)/dIn(V) as a function of
VY2 and get a linear function that can be interpreted as an evidence of Poole-Frenkel charge
transport. The latter mechanism is arising for Coulomb centers in the studied materials while in
our approach such effects are ignored. It means that the related analytical formula has a wide
range of applicability and is valid for extremely disordered interfaces with strong variations of
local resistances.

This work was partly performed within a joint French-Ukrainian project supported by the
French-Ukrainian Partenariat Hubert Curien (Project DNIPRO No. 37984RL) and the Ministry
for Education and Science (MES) of Ukraine (Project M-62/2019). K. Ochkan, E. Zhitlukhina
and M. Belogolovskii are deeply grateful to the International Mobility Credit (IMC) of the
Erasmus+ Programme for support of their stay at the Université Savoie Mont Blanc.
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It is known that almost 75-80% of the electrical power brought into the LED is converted
into heat, which must be removed. This is one of the main problems when creating devices based
on high-power LEDs. One solution to this problem is to reduce the thermal resistance between
the heat source and the environment. To reduce thermal resistance at the interface between two
different media and provide an effective thermal interface, heat transfer elements with low
thermal resistance based on special thermal interface materials (TIM) should be used.

This paper presents the results of studies of high-power LEDs in which aluminum nitride
(AIN) films were used as IMT.

AIN films are characterized by high thermal conductivity, thermal expansion coefficient
(2,7x10° K*) and resistance to thermal shock, have excellent insulating characteristics. The heat
transfer element is an aluminum substrate, the surface of which has been processed by a low-
temperature high-energy plasma of a helicon source, with an aluminum nitride film deposited on
it. The synthesis of AIN films was carried out in a single vacuum cycle in a helicon-arc ion-
plasma reactor. The technological installation includes a helicon plasma source with an operating
frequency of 13,56 MHz and plasma-arc accelerators combined in one technological chamber.

For research, experimental samples were made in which industrial LEDs White 280 Lm
BIN1 with a power of 3W were installed on heat transfer elements with low thermal resistance.
For comparison, samples were also made based on printed heat-conducting boards T-101-G,
consisting of an aluminum base, an insulator - polyamide and copper foil.

The electrical and temperature characteristics of LEDs and thermal interface structures
were studied using direct current sources by measuring the current-voltage characteristics of
LED structures during their operation and comparing them with the reference family of current-
voltage characteristics of the same device obtained at various crystal temperatures. The current-
voltage characteristics were also studied at various load currents and different dissipation
powers, and their thermal resistance and thermal conductivity were measured.

As a result of a comparison of the current-voltage characteristics, it was found that for
White 280 Lm BIN1 LEDs mounted on a standard T-101-G printed circuit, under the action of a
load current of 550 mA, a significant heating of the crystal is observed and its temperature rises
to 65 - 75°C. at the same time, the same load current heats these LEDs mounted on a heat
transfer element with a TIM AIN film only to 23-25°C (room temperature was about 14°C).

It was established that the thermal resistance of the created AIN-AIl thermal interface is
several times lower than the thermal resistance of industrial TIMs (in particular, Al prepregs),
and the thermal conductivity of AIN ion-plasma condensates is tens of times higher than the
prepregs.

So, the results obtained indicate that the use of an input element of heat transfer with low
thermal resistance based on AIN films can effectively remove harmful heat from the LED, which
will significantly improve the stability and durability of high-power LEDs.
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Recently nanowires have been used extensively in composites for increasing the overall
strength of a material. Now nanowires and nanorods continue to be actively studied, with
research aiming to translate enhanced mechanical and physical properties to novel devices in the
fields of MEMS or NEMS. Some of them, for example, silver nanowires (NW) and nanotubes
(NT), form a special sphere of interests. Both this nanostructures show similar thermal properties
[1] and this properties very differ from their bulk counterparts. And what about mechanical
properties?

Uniaxial tensile test was modelled to study mechanical properties of silver nanotube and
silver nanowire using the molecular dynamics simulation. Diameter of nanowire was 3,7 nm and
was the same as an external diameter of nanotube. The main axes of nanostructures coincided
with the [110] direction of FCC lattice. Three atomic planes at the beginning and the same
amount of atomic planes at the end of nanostructures were fixed. Fixed planes were displaced in
the on-axial direction with the constant rate 1,25x10°® s for modelling of hydrostatic load. The
temperature of investigation was 350 K.

Table 1 — Mechanical properties of silver nanotube and nanowire obtained by molecular
dynamics

Nanotube Nanowire

Tensile strength o,, GPa
4,940,1 4,9+0,1

Young's modulus E, GPa

9645 85+5

Maximum elastic deformation e;, %

4,75 5,5

1. Filatov, O., Soldatenko, S., Soldatenko, O. The determination of temperature stability of
silver nanotubes by the molecular dynamics simulation. Appl Nanosci 9, 853-857 (2019). DOI:
https://doi.org/10.1007/s13204-018-0770-4


https://en.wikipedia.org/wiki/Microelectromechanical_systems
https://en.wikipedia.org/wiki/Nanoelectromechanical_systems
https://doi.org/10.1007/s13204-018-0770-4
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Oco0IMBOCTI TEeMIIEPATYPHHUX 32JI€KHOCTEH TENJIONPOBIAHOCTI
MOJIEKYJISIPHUX KPHUCTAJIB, 110 YTBOPEHI JIa0LIbHUMHU MOJIEKYJIAMU
10. B. I'op6aTenko, O. O. Pomanunosa, O. I. Kpusuikos, O. O. KopoJrok
Dizuxko-mexHiuHuu iHcmumym Huzbkux memnepamyp imeni b. I. Bepxina HAH Ykpainu
horbatenko@ilt.kharkov.ua

TemmepatypHa  3aJ€XHICTH  TEIUIONPOBIAHOCTI  JI€IEKTPUYHOTO  OpI€HTALIHO-
BIIOPSIKOBAHOTO KPUCTAIly MA€ 3BOHONOMIOHUN BUIVIAL 3 SICKPABO BUPAXKEHUM MAaKCUMYMOM B
HHU3bKOTEMIIEpATypHiil 001acTi; npu 30UIBIICHHI TEMIIEPaTypu TEIUIONPOBIIHICTh JEMOHCTPYE
obepHeHO-TIponopIIiiiHy 3anexHIcTh Bifg Temreparypu sk K(T)=A/T+B. Tlpu nocmimxeHH1
TEMIIEPaTYPHUX 3aJIKHOCTEH TEIUIONPOBIIHOCTI OPIEHTAIIITHO-BIOPSIKOBAHIX MOJIEKYIISIPHUX
KpucTaiaiB 0eH30()eHOHOBOTO Py OyJIO BHUSIBICHO aHOMaJbHE 3pPOCTaHHS TEIUIOMPOBITHOCTI 31
30IMBIICHHSAM TEeMIIepaTypu, sKE ONHCYBalu 3a JOMOMOTOK pIiBHSHHA AppeHiyca:
kra (T)=xoeXp(-E/KT), ne E - enepris axrtuBamii. IToka3aHo, [0 aHOMajJbHE 3POCTAHHS
TEIUIONPOBITHOCTI B IIMX PEYOBMHAX 3yYMOBJIEHE IMPOSBOM TEPMOAKTHUBALIHHOIO MEXaHI3MY
TETUIOTIEPEHOCY, SKWH TIOB'S3aHMN 3 BIUIMBOM BHYTPIIIHBOMOJICKYJISIDHUX KOJMBaHb Ha
(OHOHHU CTIEKT.

Ha mnpuxiagi MONEKyJISIpHOTO TOJIKPUCTANy Iapa-XJIOpHITpOOCH301y, sKuid OyB
OTpUMaHUIl B OpIEHTAIIHO-PO3YNOPSAAKOBAHIN Ta OpieHTaliiHO-BHOPSAAKOBaHIN (azax,
MOKa3aHo, IO 3POCTAaHHS TEIUIOMPOBIMIHOCTI 31 30UIBIICHHSM TEMIEpaTypH Mae Micle 5K B
YIOPAIKOBAaHUX, TaK 1 B po3ymnopsikoBaHux (aszax. Llei ¢akT Bkazye Ha Te, IIO MpPOsB
TEPMOAKTHBALIHHOTO MEXaHi3My HE 3aJIe)KUTh BiJl CTYNCHsS BIOPSIKYBaHHS, a BHU3HAYAETHCS
BHYTPIIIHBOIO Oy10BOIO KpucTana. [lokasaHo, 1110 3pocTaHHs TEIIONPOBIAHOCTI € XapaKTePHUM
JUTSL MOJIEKYJIIPHUX KPHUCTAJIB, 1110 YTBOPEHI JaOUTbHUMU MOJIEKYJIaMHU.

1. 1 Yuliia V. Horbatenko, Olesia O. Romantsova, Oksana A. Korolyuk, Andrzej Jezowski,
Daria Szewczyk, Joseph LI. Tamarit, Alexander I. Krivchikov, Journal of Physics and Chemistry
of Solids 127, 151-157 (2019).
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HAHOKOMIIO3HUTIB HA OCHOBI NOJIieNMOKCH/IIB
CrapoxkagoMckuii I[.JI.l, KoxTnu JI.M.2’3(*),PemeTHmc M4., Paccoxin I[S.
! Inemumym ximii nosepxnui im. O. O. Yyuxa HAH Ykpainu, eyn. I'enepana Haymosa, 17, 03164
Kuis, Ykpaina
2 Inemumym ¢hizsuku HAH Yxpainu, npocnexm Hayku, 46, 03028 Kuis, Yxpaina,
3 Hayionanonuu mexniunuu ynisepcumem « Kuigcbkuti nonimexniunutl incmumym
im.1.Cixopcokoeoy, 03506 Kuis, npocnexm Ilepemocu, 37
“E-mail: kokhtych@gmail.com
*Hayionanonuii Haykogo-npupoonuuuti myzei HAH Ykpainu, eyn. boeoana
XmenvHuywvroeo, 15, 01030 Kuis, Ykpaina
517pua3060b7<uﬁ Oeporcasnuul mexuiunuul ynisepcumem /[BH3 "IIJTV", eyn.
Vuisepcumemcwoka, 7, 87555, m. Mapiynons, Ykpaina

3ami30BMICHI  €TIOKCHIAHI KOMITO3UTH 3HAXOIb IIHUPOKE 3aCTOCYBaHHS B Tally3sx
MIPOMHMCIIOBOCTI, 1[0 BUMAararoTh CHEeHU(IYHUX BIACTUBOCTEH KIIEIB 1 MOJIMEPKOMIIO3UTIB —
MarHiTOYYTJIMBUX, TEIUIONPOBIAHMX a00 HaOMMKEHMX 3a BIACTHBOCTSMH IO 3ali3y i HOro
CIUIaBiB. 3HAYHOIO MIpPOI0 BOHHU TMOTPiOHI MPH PEMOHTI BIAKOMIB 1 epeKTiB 00JaTHAHHS, KON
METOAM 3BapIOBaHHS CKJIAJHI, JOpOryBaTi ab0 HempUImycTHMi. PO3MIpHICTP YacCTHHOK
HaHOMAarHeTUTIB HE JI03BOJIIE BBOAMTH iX 0araTo B €MOKCHAHY cMoidy 1 Bxke mpu 5-10 mac.%
KOMIIO3MIIISl 3HAYHO BTpayae eKCIulyaTalliiiHi XapakTepucTuku. Ilpu npomy BinOyBaeTbes psij
CTPYKTYPHHUX 3MiH, 5IKI MOXKYTb ICTOTHO 3MIHIOBaTH Pe3y/bTyI0Uy MILHICTh MaTepiaty.

Bigomo, 1mo enokcuaHi KOMIIO3UTH, €(PEKTUBHO CYMIMIAIOTHCA 13 3aJTI3HUMH MIKpPO Ta
HaHOPO3MIPHMMHU 4YaCTHUHKaMH Yy MopoukonoaioHoMy ctadi. IIpm 1mpoMmy cepenosuiia,
IHKOPIIOpOBaHI BKa3aHMMM YacTKaMM, HaOyBalOTh KpalluX eKCIUlyaTalllfHUX Ta HOBHX
BJIACTMBOCTEH, HAMIPUKJIA I MiABUIICHHS MOKAa3HUKIB MII[HOCTI 32 PI3HUX YMOB 00pOOKH.

Jlnst BunpoOyBanb Oyiia Bukopuctana itaniiicbka cmoia EPOSiR-7120, sika BigpizHAeTbCS
TEPMOCTIHKICTIO MOJIIMEpPY, SIK MpPHU HU3BKMX TaK 1 NMPH BUCOKHUX Temreparypax. B skocti
HAINlOBHIOBAYiB BUKOPHUCTAHO: HAHOPO3MIPHUIN (EpUT 1Tpi€BUI, MAarHETUT, IPOMUCIOBUI CYDIK,
TOHEP MarHiTHUM.

3 BUKOPUCTaHHSIM ONTUYHOI MIKPOCKOIII MMOKa3aHoO, 1110 HASIBHICTh YaCTOK MAarHeTUTIB Ta
beppokcuaiB MPUBOJIUTH 10 KapKacoMoAiOHMX YTBOPEHb, SKI B CBOK 4Yepry MOXYTh
MOCWJIFOBATH MIIHICTh. 3a MonoMmoroi 300paxeHs ACM-MiKpoOcKoIii BHSIBJIEHO, IO 3MiHA
Mopdosorii MoBepXHi BiOYBa€TbCs IIC/s HANOBHEHHS Ta YKPYHNHEHHS HEOJHOPIAHOCTEH
CTPYKTYpH.

OTtpumaHi J1aHi BKa3ylOTh Ha HE3HAuyHUH BIUIMB 5 Mac.%- HAlNlOBHEHHS Ha MILHICTh MpPHU
CTUCKaHHi, SIK TpH 3BHYaiHIA 00poOIi orBepaimux kommo3utiB (50-60 °C), Tak i micius
BUTPUMKH B arpecuBHUX ymoBax (250 °C uu ButpumKka y pimuni). IToxiOHuii BIUIMB JaHHMX
HAINOBHIOBAYIB OTPUMAHO MPHU OLIHLI MIIHOCTI KOMIO3MUTIB Ha 3TUH. MoOAynb MPYXHOCTI (SIK
OpU CTUCKY TaK 1 MpH 3rHHI) Moke nocumoBathcs Ha 10-15% micns nHanoBHeHHs. Crin
BIJIBITUTH, 1110 HAlTOBHEHHS BKa3aHUMH YaCTUHKAMHU JI03BOJISIE CYTTEBO (y 2-2,5 pa3u) MOCHINTH
BOTHECTINKICTh PE3YJIbTYIOUUX CTPYKTYD.

TakuM 4YMHOM, BKa3aHi pe3yJbTaTH BIAKPUBAIOTH MUIIX JO0 TEXHOJIOTIH CTBOPEHHS
MarHiTOUYyTJIMBUX MOJIMEPHUX KOMIIO3UTIB 13 3aJJaHUMU TTapaMeTpamu.


mailto:kokhtych@gmail.com
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dopmyBaHHS 6araT0ma]é)Oan NopUCTHX HaHocucTeM ZNn/Zn0O i Zn/ZnO/NiO
Kopuromenko I'.C. *), IleBuenko C.T., Haraniu B.B., [lepexpecTton B.I
Cymcokuil Oepacasnull yuigepcumem, gyauys Pumcvkoeo-Kopcarxosa, 2,
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“E-mail: a.kornyushchenko@mss.sumdu.edu.ua

[Topucti HaHOCHUCTEM Ha OCHOBI OKCHIIB METaJiB NPUBEPTAIOTh 3HAUYHUN HAYKOBHM
IHTEpeC 3aBISKH MEPCTICKTUBAM 1X BUKOPHUCTAHHS B SIKOCTI aHOJIB JIITIH-IOHHUX aKyMYJISITOPIB.
J1o ocTaHHIX BIIHOCATHCS TOJIOBHUM YHHOM OKCHU Zn 1 Ni Ta KOMIO3UTH Ha iX OCHOBI [1-2].

Y po0OoTI MPOMOHYETHCS TEXHOJOTiSI OTPUMAHHS JIBOIIAPOBHUX 1 TPUIIAPOBHX MOPHUCTHX
cucreM Zn/ZnO i1 Zn/ZnO/NiO. Ha nepmoMy erami po3risiHyTO CTPYKTYPOYTBOPEHHs 0a30BHX
MOPHUCTUX CHUCTEM Zn B MpoIeci OMM3bKOPIBHOBAXXHOI CTAI[IOHAPHOI KOHJEHCAIll, a TaKOX
PO3TISHYTI JAESKI AacleKTH YNpaBIiHHA [HUM TIPOIECOM 3a JIOTIOMOTOI0 CaMOOpraHizarii
HE3MIHHUX B Yaci MaJIUX NEPECHYCHb KOHICHCYIOUNX TapiB.

[Tpu oTpuMaHHI HOPUCTUX CHUCTEM Zn CIOYATKy Ha MiJKIAAKH 3 JTaOOpaTOPHOTO CKiIa 3a
JOTIOMOTO0 JIBOX MAarHETPOHHHMX PO3IMUJIIOBAYiB HAHOCHJIKMCS JIBOIIAPOBI KOHTAKTHI MIOUIMHKU
Ha ocHOBI Cr i1 Au. 3arampHa TOBIIMHA KOHTAKTHHX IUIOMIMHOK cTaHoBWIA (.8 MKM.
HeoOximHICTh TOMEpEeTHHOTO0 HAHECEHHS KOHTAKTHUX IUIONIMHOK OOYMOBJIGHA THM, IO
MEXaHI3M 3apO/KEHHS MOPUCTUX CTPYKTYP Zn 1 MOAAJIBIIOrO iX HApOILYBaHHS 3ajeXaTb Bif
IpUPOJIY MOBEpXHI MigkIaaAKu. OTKe, MaloOuu Ha yBasi MEPCHEKTUBY BUKOPUCTAHHS MOPHCTUX
HI1apiB B SKOCTI €NEKTPO/IB JiTIH-IOHHUX aKyMyJISTOPIB, iX (popMyBaHHS HEOOXiTHO MPOBOIAUTH
Ha MIIKIaKax 3 MPOBITHUM IIAPOM.

Ha nHacTynmHOMy eTami Ha KOHTAKTHUX IUIOIIMHKaX OynM OTpUMaHi MOPUCTI mapu Zn
TpbOX THMIB. J[71s 1iboro Oyna BUKOPUCTaHAa pO3poOJeHa aBTOpAMU METOJUKAa MAarHETPOHHOTO
PO3NMJICHHS IIMHKY 1 MOAAJbINa KOHACHCAIS HOro mapiB mo0au3y TepMOAMHAMIYHOT PIBHOBATrH
[3-5]. ITpu peamizaliii rpaHYHO CIa0KHUX MEPECHUYCHDb YTBOPIOIOTHCS MOPHCTI CTPYKTYpPH Zn y
BUTJISI/II TTOB'SI3aHUX HAHOHUTOK, a TIPU TIOCTYNOBOMY IiIBUIIICHHI IEPECHYEHHSI CIIOCTEPIraeThes
nepexia 10 yTBOPEHHS MOPUCTUX CTPYKTYp Ha OCHOBI 00'€éMHHX KPUCTAIIiB.

[Toka3zaHo, 110 HEMOBHE OKMCHEHHS 0a30BUX MIapiB Zn ab0 HaHECEHHs Ha MIapu Zn TUTiBKU
Horo okcuay, a TakoX IuTiBku NiO, MiABUITYIOTh MOTIEPEYHUN OMIP MOPUCTUX cHCcTeM Zn/ZnO
a6o Zn/ZnO/NiO Tinpku Ha 1Ba ab0 TpU TOPSAKH, IO € BAXKIUBUM JUIS TMPAKTHYHOTO
3aCTOCYBaHHS OTPHUMaHUX IapiB B SKOCTI E€JIEKTPOMIB JITIH-IOHHUX aKyMyJSATOpiB. 3a
JIOTIOMOTOI0 PAacTpPOBOI Ta  MPOCBIYYBAJIBHOI E€JIEKTPOHHOI MIKPOCKOIi, a TaKOX METOIY
EHEePTOAUCIIEPCIHHOT  PEHTTeHIBCHKOI  CIEKTPOCKOMIi Ta  peHTreHo(a30BOTo aHa3y
ontuMizoBaHi (a30BUI 1 ENEMEHTHUH CKIaad, a TaKoXK CTPYKTypHO-MOp(OIOTiuHi
XapaKTEPUCTUKU CKIIaIoBUX 1apiB Zn/ZnO 1 Zn/ZnO/NiO.

1 J. Tarascon, M. Armand, Nature, 414: 359 (2001). https://doi.org/10.1038/35104644

2 J. Y. Xiang, X. L. Wang, X. H. Xia, J. Zhong, J. P. Tu, J. Alloys Compd., 509: 157 (2011)
https://doi.org/10.1016/j.jallcom.2010.09.013

3 V. I. Perekrestov, A. I. Olemskoi, A. S. Kornyushchenko, Yu. A. Kosminskaya, Phys. Solid
State., 51: No. 5: 1060 (2009). DOI: 10.1134/S1063783409050266

4 V.M. Latyshev, A.S. Kornyushchenko, V.I. Perekrestov, J. Nano- Electron. Phys., 6: No. 4:
04023 (2014) (in Russian).

5 A. S. Kornyushchenko, A. H. Jayatissa, V.V. Natalich, V.I. Perekrestov, Thin Solid Films,
604:48 (2016). https://doi.org/10.1016/j.tsf.2016.03.017
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Ilepexpecrtos B.1., Kocmincbka 10.0.", T'anniu 10.B., Kopnromenko I'.C.
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Ten.: +38 0542 687 767 E—mail: y.kosminska@phe.sumdu.edu.ua

Jlnst TIOKpalleHHsI eKCIUTyaTalliiHUX XapaKTePUCTHK KOHCTPYKTHBHHX CJICMCHTIB B
aTOMHIM eHepreTHili iCHye 3aBIaHHS PO3POOKH Ta BIOCKOHAJICHHS TEXHOJOTI (OpMyBaHHS
MOKPUTTIB Ha BHYTPINIHIA TOBEpPXHI TPyO BIAHOCHO MAjoOro JiaMeTpy 13 MiIBUIICHUMU
3aXMCHUMH BJIACTHBOCTSIMH 32 YMOBHM [ii Ha MOKPUTTS HecnpuaTiuBux ¢axtopiB. Cepen
ICHYIOUMX BapiaHTIB 3aXHMCHUX ITOKPUTTIB TPEJCTABIAIOTh IHTEpeC OaraTOKOMIIOHEHTHI Ta
OaraTomapoBi MOKPUTTS Ha OCHOBI CUCTEMH METalliB, iX HITpHIiB ab0 kapOimiB. Taki MOKPUTTS
3/1aTHI THYYKO 320€3MEeYMTH KOMIUICKC eKCIUTyaTallliHUX BJIACTUBOCTEH MOKPHTTIB BiAMOBIAHO
710 TOTpeO, 1 B TOMY YHCI CTIMKICTh JI0 Aii MOTOKIB 3apsKeHUX 4acTUHOK [1, 2]. Takum 4rHOM,
METOI0 1€l PoOOTH € pPo3poOKa 10HHO-IIIIA3MOBOI TEXHOJIOTIT HAHECEHHsI OaraToriapoBHX
0araTOKOMIIOHEHTHUX MOKPUTTIB Ha BHYTPIIIHIO IOBEPXHIO TpyOM niamerpom 39 Mm i3
BUKOPHUCTAHHSAM TaKO1 CUCTEMH CKJIaAoBUX XiMiuHUX eneMeHTiB sk C, Al, Cr, Hf, Mo, Ta, Ti, W.

OcHOBY  po3po0OJieHOT  TEXHOJNOril  CKIajae  3amaTeHTOBaHA  10HHO-TLIa3MOBA
pO3NWITIOBAJIbHA CHCTEMa, KOH]irypaiisi sikoi 0a3yeThCsl Ha €JIEMEHTaxX MAarHeTPOHHOTO
pPO3MIIICHHSI Ha MOCTIHHOMY cTpymi Ta edekTi MmycToTuioro karona. Jlo mporo vacy s
HAaHECEHHs 0araTOKOMIIOHEHTHHMX KapOigHUX a00 HITPUIHUX MOKPHUTTIB IIJISAXOM TPATUIIHHOTO
MarHeTpOHHOTO PO3MMJICHHS BUKOPHCTOBYBaM aTMocdepy cymirui rasi (Ar+Ny abo Ar+CHa),
CIUIaBHI MileHi Ta/ab0 KOMIO3HWIiID 13 0araTb0X OJHOKOMIIOHCHTHHX, PIIIIE CKIIaJICHUX
MilIeHei. 3ampornoHOBaHUA PO3MWIIOBAY MICTUTh OJHY MilI€Hb, II0 MPEICTABISE COOOIO
CTpUXKeHb AiameTpoM 11 MM, CKIaJieHUl 13 OAHOKOMIIOHEHTHUX JIMCKIB Y TaKid MOCIiJOBHOCTI
Cr-W-Mo-Ta—Hf—(Ti-C),~Ti/Al-C. HeoOxigHo 3a3Ha4uTH, IO Yy 3B’S3Ky 3 BUCOKUMH
pobounmu temmeparypamu (Ouibiie 600 °C) 3amMiCTh YHCTOrO alOMiHII0 BUKOPHCTOBYBABCS
cron BT6. Takox MosxinBa Bapiallisi HA0OpY €JIeMEHTIB Ta TEOMETPUYHUX PO3MIpPiB CKIaIOBHX
qacTUH. Po3nuieHHs CTpUKHS BiIOYBA€EThCS B aTMOC(Epi BUCOKOYHCTOTO aprony 3 Tuckom 5 [1a
Ta 3a MOTYXHOCTI po3psiay ~ 380 Br. KoakcianbHO CTPHIKHIO PO3MIIYEThCS pyxoma TpyOa, Ha
BHYTPIIIHIO TOBEPXHIO $KOI HAHOCUTHCS TOKPUTTS. [3 METOI MOAaIbIIUX JIOCIIIKEHb
CTPYKTYpPHO—()a30BOTO CTaHy, €IEeMEHTHOTO CKJIamy, Mopdomorii Ta (i3MYHHX BIACTUBOCTEH
HOKPHUTTIB Y3[0BX TPYOM PO3MILIYIOTECS MIJIKIAJKU. 32 paXyHOK MEPEMILICHHs TPyOu Y310BXK
OCi pO3MWIOBadYa MOKPUTTS (POPMYIOThCS OaraTromapoBUMH, TPAJAI€EHTHUMH, 31 3MIHOIO
esleMeHTHOro ckiangy B HanpsiMky Cr—W—Mo—Ta—Hf—Ti—C—Ti/Al-C. BcranosneHo,
IO 3MiHa €JIEeMEHTHOTO CKJaay Yy 3a3HA4eHOMY HAIPSIMKY CYNPOBOKYETHCS MEPEXOJOM Bif
KapOily cymilli MeTaiB 13 cepeAHIMH pO3MipaMu 3epeH Jekinbka HanoMmeTpiB g0 TiC i3
po3mipamu 3epeH ~ 8—15 M. OHOYACHO i3 3a3HAYESHUMH CTPYKTYPHUMHU 3MiHAMH BiI0OYBa€ThCS
30UIBIIEHHS LIOPCTKOCTI TMOBEPXHI TMOKPUTTIB. BoaHodac ycTaHOBIEHO IMiJBUIICHHS
MIKpOTBEPJOCTI MOKPUTTIB 10 ~ 26 ['Tla, 1m0 BU3HAYAETHCS JOJATKOBUM PO3IrPIBOM IMOBEPXHI
POCTY TEMJIOBUM BUIPOMIHIOBAHHSAM CTPHIKHS, PO3IrpiTOro i0HaAMM, Ta €JIEMEHTHHM CKJIaJIOM
MPOLIAPKIB KOMIIO3UTY.

1. V. V. Uglov, G. Abadias, A. Y. Rovbut, S. V. Zlotski, I. A. Saladukhin, V. A. Skuratov,
and S. Petrovich, Nucl. Instrum. Meth. B., 354: 269 (2015). DOI: 1016/j.nimb.2014.11.012.

2. A. D. Pogrebnjak, I. V. Yakushchenko, O. V. Bondar, O. V. Sobol’, V. M. Beresnev,
K. Oyoshi, and Y. Takeda, Tech Phys Lett+, 41, No. 11: 1057 (2015). DOI:
10.1134/51063785015110085.



-36-
CTpyKTYpPOYTBOPEHHS 0AaraTOKOMIIOHEHTHHUX MOKPHUTTIB HA OCHOBI
Cr, Hf, Ti, Ta, W, Zr ta Byrjemo, chpopMOBaHUX PO3NHIEHHIM
CTPHUKHEBOI CKJIAIEHOI MillIeH]

ITepekpecrtoB B.1., Kocmincbka 10.0.”), Ianniy 10. B.
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Ten.: +38 0542 687 767 E—mail: y.kosminska@phe.sumdu.edu.ua

Ha panuii yac nmpoBOOUTHCS AKTHUBHUI HAyKOBHUH IOLIYK PO3B’A3aHHS MpoOiIeMH 31
CTBOpPEHHSI «CTIMKOro A0 aBapiii ToimepantHoro namuBa» abo Accident Tolerant Fuel (ATF).
OnHUM 13 MOKJIMBHUX BapiaHTIB PO3B’sI3aHHS 3a3HAYEHOI MPOOJIEMH € HAaHECEHHs MOKPUTTIB Ha
noBepxHio oOomoHok TBEJIiB. [Ins 1mporo 4acro BHKOPUCTOBYIOTH MOKPUTTS 3 TaKHUX
komnoHeHTiB sk Cr, Zr, T1, Hf, Ta, W ta Byrneus [1—4]. EkcTpemanbHi yMOBH (yHKI[IOHYBaHHS
HOKPHUTTIB B aTOMHOMY PEaKkTopi Ta norpeda MaTy BiJNOBITHUHI LIbOMY KOMILUIEKC BIaCTUBOCTEH
MOKPUTTIB BKa3ylOThb Ha HEOOXITHICTh iX OaraTomiapoBoi Ta 0araTOKOMIIOHEHTHOI OylOBHU 3
HEOOX1THUM (PYHKITIOHAJTHbHIUM HAalOBHEHHSM KO>KHO1 CKJIaJjoBOi. Marouu 11e Ha yBasi, MeTa i€l
poboTH ToJiArae B CTBOPEHHI Ta ampoOarlii MPUHIMIIOBO HOBOI CHCTEMU 10HHO—TIIa3MOBOTO
pO3NMIeHHs JUIsl (OpPMYBaHHS 3aXUCHHUX MOKPUTTIB Y BUIUIAAI OaraTouiapoBOro IpaJi€HTHOTO
KOMIIO3UTY 13 3a3HAYeHMX METalllB Ta BYIJIELIO, AOCIIKEHHS IX €JIEeMEHTHOIo CKJanay,
CTPYKTYPHO—()a30BOr0 CTaHy Ta MEXaHIYHUX BIACTUBOCTEH.

Jlnst oTpuMaHHS TIOKPUTTIB aBTOpamMu OyB pO3pOOJICHHH MPUCTPIA 10HHO-TIIa3MOBOTO
PO3MUIJICHHS, Y SKOMY PO3MIJIIOBAIbHA MIIIICHb MPEICTaBIIse cOOOk0 naket 3 mwiactuH Cr, Zr, Ti,
Hf, Ta i W, 3akpimuieHux y 3ariauOieHHsx rpaditoBoi ocHoBH. Ha BiAMIiHY BiX TpaguiidHUX
PO3MUITIOBAYiB  MAarHeTpOHHOTO THITy, B 3alpOIIOHOBAHOMY pPO3MMJIIOBAdl peaizoBaHUN
PIBHOMIpHMI pO3MOJUTI MOTOKIB 10HIB aproHy, IO pPO3NUJIIOIOTH MOBEpXHIO MimleHi. lle
JIOCATAETHCS MOETHAHHAM MIX CO00I0 e(eKTy MyCTOTIIOr0 KaToay Ta MarHETPOHHOTO e(eKTy.
[nsxoM mnapanenbHOro MEpeMillleHHs MIIKIaJA0K BIIHOCHO MillIeHI MOXKHa MPOTHO30BaHO
OTpUMYBaTH OaraTOKOMIIOHEHTHI T'PaJl€HTHI KOMIIO3UTH 3 HEOOXiTHUMH (PYHKLIOHATBHUMU
MOYJIUBOCTSIMHU.

YcTaHoBNIEHO, 0 OTpUMaHi B poOOTi MOKPUTTS XapaKTePU3YIOThCS IPaJAi€HTHOIO 3MiHOIO
€JIEMEHTHOTO CKJIaay Ta BIAMOBIAHOIO 3MIHOIO CTPYKTYpH, IO 3aJIeKUTh BIA MICI
pO3TallyBaHHs MiAKIAAKH BIJHOCHO PO3MMIIIOBAIBHOI MilleHi. 3MiHA BiIOYBA€THCS y HAMPIMKY
BiJ MmigBuUIIeHOI KoHUeHTpauii xpomy Ta OL{K-rpatku no I'lLIK-rpatku kapbiny cymimii MeTaiiB
3 OJHOYACHOK HEMPOMOPIIHHOI 3MIHOK MIKIUIOIMIMHHUX BiJCTaHEH Ta I1HTEHCHUBHOCTI
T pakifHIX MaKCUMYMiB. 32 YMOBH MEPEMIIIEHHS MiAKIaAKOTpUMaya 3 MiAKIaIKaMH1 IiJ] 9ac
PO3NMJICHHSl MapajelbHO IMOBEPXHI MIIIEHI MOXKHA OJepXKaTh OaraToliapoBe MOKPHUTTS 13
BIJIOBIIHOIO TPa/IEHTHOIO 3MIHOIO CKJaay Ta CTPYKTYPH 3a TOBIIMHOI. OTpHMaHi MOKPUTTS
MaJin IpiOHOMCTIEpCHY OYyA0BY 3 po3Mipamu 3epeH 10 ~ 10 M. MakcuManabHa MIKpOTBEpPAICTh
nokpuTTiB ckiamana 28 I'Tla. Maroun Ha yBa3i BijoMy Ha Iied 4ac 1H(OpMAIIO II0A0
pamiamiiiHoi CTIHKOCTI TMOKPUTTIB, a TaKOXX BHUXOAAYM 3 MIKPOTBEPAOCTI Ta PO3MOALTY
€JIEMEHTHOI0 CKJIaay 3a TOBIIMHOK B OTPUMAaHUX KOMIIO3UTaX, MOXHa IPOTHO3YBAaTH
MOYKJIMBICTh BUKOPHCTAHHS OCTaHHIX K KOHCTPYKIIIMHUX MaTepiaiiB aTOMHOI €HEPreTHKH.

1. J—C. Brachet, A. Billard, F. Schuster, et al, FR patent 3025929 Al. Ne 1458933; fi L
17.09.2014; publ. 21.10.2016. P. 43.

2. A. C. Kynpun, B. A. Benoyc, B. B. Bpeik u ap., BAHT, 2, No. 96: 111 (2015).

3. J. Bischoff, C. Delafoy, C. Vauglin et al., Nucl. Eng. Technol., 50, No. 2: 223 (2018).
DOI: 10.1016/j.net.2017.12.004.

4, A. D. Pogrebnjak, S. O. Bor’ba, Y. O. Kravchenko, E. O. Tleukenov, C. V. Plotnikov, V.
M. Beresnev, A. l. Kupchishin, J. Superhard Mater., 38, No. 6: 393 (2016). DOI:
10.3103/S1063457616060034
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Optical properties of merocyanine dyes films prepared by spin-coating on the glass
substrates were studied. Spectra for solutions and films are characterized by different maxima
due to interaction of the molecular chromophores and functional groups. Quantum-chemical
modeling of interaction between the dyes, calculations of equilibrium geometry, charge
distribution and electronic states were carried out.

Absorbance of films of merocyanine dyes prepared by spin coating on the films
comparing to the spectra in solution undergoes to the following changes: absorption maximums
shift towards red region and new wide maxima appear; absorption intensity of the main peak
decreases. The first one is caused by interaction of the considered molecules due to alternation of
atomic charges on the molecular chromophores. As a result of that J- and T-type aggregates are
formed, which is confirmed by quantum-chemical calculations. According to the obtained data
T-aggregation prevails. Therefore, merocyanine dyes in films absorb more wide spectral region,
which is useful for harvesting of solar energy in order to transform it into electricity power in
solar elements of organic electronics.
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HamniBnposinnukoBi Hanomatepiaim Pd/SnO, nis crBopeHHs

ra30BUX CEHCOPiB
Ounekcenko JLII., MakcumoBuu H.II., MaTyiiko I.H.,(*),
®enopenko I'.B., JIynenko JI.B.
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Ha cporomnimHiii AeHh po3poOka HOBUX (YHKIIOHATBHUX HaHOMATEpialliB €
HA/3BUYAIIHO aKTyaJIbHOIO, 30KpeMa, JUIi CTBOPEHHS HAIliBIPOBIIHUKOBUX CEHCOPIB,
MPU3HAYEHUX 11 BUMIPIOBAHHS KOHIIEHTpAIlii TOKCMYHMX Ta BHOYXOHEOE3NMEYHUX Ta3iB Yy
noBiTpi. Taki ceHcopu HEOOXiHI AT KOHTPOJIIO CTaHy MOBITPS OTOYYIOUOTO CEPEIOBUINA Ta
pobounx 30H mianpueMcTB. Ha choroani, 30kpema, 0coOIMBOI aKTyalbHOCTI HAOyBa€e CTBOPEHHS
BUCOKOUYTJIMBUX, HHU3bKOTEMIIEPATYPHUX Ta CTAaOUIbHUX HANIBIPOBIIHUKOBUX CEHCOPIB
OpU3HAUYEHUX I BUMIPIOBAaHHS  BHOYXOHEOE3MEYHOro  BOJAHIO,  SKUH  IIUPOKO
BUKOPUCTOBYETHCS JJII XIMIYHOTO CHHTE3y B MPOMHUCIOBOCTI Ta B SKOCTI €KOJOTIYHO YHUCTOTO
E€HEPTOHOCIS B BOJHEBIM CHEPTETHIII.

[lepcrieKTUBHUMHU AJIsi CTBOPEHHSI TaKUX CEHCOPIB € HAiBIPOBIIHUKOBI Marepiajau Ha
OCHOBI JIIOKCHJy OJIOBa, IO JOMOBAaHUIN KaTaJiTUYHO-aKTUBHUMH J00aBKaMH, SIKI CIIPUSIOTH
30UTBIICHHIO IIBUAKOCTI KaTaJITUYHOI peakiii OKucHeHHs Hp, KucHem, 1o XxeMocopOoBaHuUi Ha
ra3ouyTiuBii moBepxHi ceHcopa. Cepen Takux A00aBOK AOLIIBHUM € BUKOPHUCTAHHS MalaJiio,
SIK aKTUBHOTO KaTaJizaropa okucHeHHs Hy.

l'azouytnuBi Pd-BMmicHI HaHOMaTepiald 3 PI3HAM BMICTOM Malalil0 OJCPKyBalH Ha
ocHOBI SN0, mo OyB CHHTE30BaHWUW 30JIb-T€Jb METOAOM. /[l IbOrO 3 OTPUMAHOTO
HaHOpo3MipHoro SnO; roTyBalu macTy 3 JOAABAHHSIM PO3YHUHY KapOOKCHUMETHIILETIONO3H.
[Tacty HaHOCHIM Ha KepaMiyHi Ijiatu ceHcopa po3MipoM 2x2x0,3MM, SKi Maid TUIATHHOBUH
HarpiBay Jjis 3a0e3nedeHHs MeBHOI TeMiiepaTypu cencopa. [lananiit BBoauam y ckjiaa ceHcopa
POCOYYBaHHIM HOro ra3ouyTiauBoro mapy po3unHamu PACl, pi3HOT KOHIIEHTpaIlii.

Jliia 3amo6iraHHsl YKpYMHEHHS YaCTMHOK HaHOMartepially B mpoleci ioro (hopMmyBaHHs
OyJi0 3ampOIIOHOBAHO ONTUMAIBHUN BHCOKOTEMIIEPATYpHHUI PEXUM CIIKaHHA CeHCOpiB 10 620
°C, sIKuii 103BOJIMB OTPUMATH HAHOMATEPiaaK 3 po3MipoM YacTHHOK 10-11 Hw.

BusiBneHo, 110 CTBOpEHI CEHCOPH, SIKI TECTYBAIM NPH PI3HUX MOTYXKHOCTSAX HArpiBayiB
CCHCOPIB, BUSBHJIM BHUCOKY YYTJIHUBICTH JO MIKPOKOHICHTpaIlil BoaHIO (40 ppm) y TMOBITpI.
BcraHoBIeHO, 1O 3aJIEKHOCTI BEJMYHH EJICKTPUIHOTO OMOPY Y MOBITPI Ta 4yTIMBOCTI 10 40
ppm Ha ceHcopiB Bia BMICTy B HUX Majajiio MPH Pi3HUX NOTYXHOCTAX HarpiBada (0,2 - 0,5 Br)
MalOTh EKCTpeMaJbHHH XapakTep, [I0 BHU3HAYAETHCS Hacamrepell KiJIbKICTIO KHCHIO, IO
XeMOCOpOY€eThCS Ha CIUIBHUX aKTUBHUX IIEHTPaX, YTBOPEHUX YaCTUHKAMU JIOKCHUAY OJIOBA Ta
nanasio.

Jlnst cencopiB Ha ocHoBi Pd/SnO; BCTaHOBJIEHO JiHIAHY 3a71€XKHICTh X MPOBIAHOCTI Bij
KOHIICHTpaIlii BOJHIO B jaianazoni 2 — 1089 ppm Hy, 1m0 € BakuBUM 17151 3aCTOCYBAHHS CCHCOPIB
Ha TPAKTHI Yy CKJIaJl ra30aHaliTUYHUX MpuiaafiB. BuszHayeHo, w10 Haiuytnusioi g0 Ha
nanagiiBMICHI CEHCOpHU € JTMHAMIYHMMM: MPHU MOTYKHOCT1 HarpiBada 0,35 BT BoHM MaiOTh yac
MBUIKOIIT 3 ceK, 1 yac penakcaiii 7 cek. EkciepuMeHTaIbHO TTOKa3aHo, M0 MPOTATOM 6 MICSIIIB
BUNIPOOYBaHb CTAOUIBHOCTI CEHCOPIB BEJIMYMHA iX UYYTIUBOCTI JI0 BOJHIO Oysa MpakTHYHO
MOCTIHOIO, SIK ISt ceHCopiB Ha ocHOBI PA/SNO,, Tak i 6e3 100aBOK manairo.

BcraHoBneHo, 1110 ceHCopH, CTBOPEHi Ha 0ocHOBI HaHoMaTepianiB Pd/SnO,, MaroTh 3HauHO
Buily uymiuBicth g0 40 ppm Hj Hik Pd-BmicHi CeHcopH, po3po0JjicHI Ha OCHOBI
MIKPOKPHUCTATIYHOTO JIIOKCHJIy OJIOBA, OJIEPKAHOTO METOAOM OCaDKEHHS, IO € HACIIIKOM
BILJTMBY HAHOPO3MIPHOTO €(heKTy Ha BIIaCTUBOCTI ra304yTJIMBOIO HAHOMAaTepially CEHCOPIB.
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Po3BUTOK MOPTATUBHOI PO3YMHOI €JIEKTPOHIKH, €JIEKTPOMOOLIIB, BIIHOBIIOBAHUX JIKEPEIT
eHeprii moTpedye BUCOKOS(EKTUBHUX aKyMYJISTOPHUX JKepel. Jlo OCTaHHIX, TIepIl 3a BCe, CIIiJT
BIJIHECTH JiTiHi-10HHI Oatapei. [Topsia 3 UM MOCTIMHO 3pOCTalounid MOMUT Ha Cy4acHI JpKepena
eHeprii 3 BHCOKMMH eKCIUTyTyalliiHUMH XapaKTePUCTHKAMH CTUMYJIOIOTH  PO3POOKY
TEXHOJIOT1YHHUX MiAXOiB, HEOOXITHUX JUIsl CTBOPEHHS HOBUX aKyMYJSTOPHHX MaTepialiB Ta
CTPYKTYp. 30KpeMa, HAaHOBYTJICIIEBI HAHOCUCTEMH IPUBEPTAIOTh 3HAUHY YBary, siK MepCIeKTUBHI
CJIEKTPOIHM JiTik-ioHHuX Oarapeii [1-4].

Y poOOTi pO3IISIHYTI CENEKTHUBHI TMPOLECH, MOB'SA3aHI 3 POCTOM MOPHCTUX CTPYKTYP
BYIJICLIO TPH BHKOPHCTAHHI PO3MIIIOBAILHOTO MPUCTPOIO, IO IPAIOE HA OCHOBI €PEKTY
MNOPOXHHUCTOTO Kartoma 1 wmarHerpoHHoro edekry. IloTik ocamkyBaHOro Byriemmo OyB
OTPUMAaHUI TNPH BHUKOPHCTaHHI MapiB almeToHy B SKOCTI poOoyoro rasy. B cuimy pexopaHo
HU3BKOT'O 3HAYCHHSI TUCKY PIBHOBAXHOTO Mapy IS BYTJICIIO, MPOSB MPOIECIB CENEKTUBHOCTI
J0CAraBcs  3a JOIOMOIOK HOro BHCOKOTeMIepaTypHoi Kouaencanii (1500-1600°C) na
OiIKIAAKK 3 TaHTalny B rpadiroBomy karoxi. Ilpu 1mpoMy ocampkyBaHHMiA HOTIK BYIJIELIO, B
OCHOBHOMY, (hOpMYBaBCs 3a JIOTIOMOTOK0 PO3KIIJAaHHS i i€ PO3psly MapiB aleTOHY, TUCK
SAKUX y BakyyMHiil kamepi cranoBuB 3000 ITa. Bapitoroun niamerp moposKHHUCTOTO KaTOAy HpU
OCaJ[’KeHH1 BYTJICLI0, MOXKHA 3MIHIOBaTH KOH(]ITypalil0 BHYTPIIIHBOTO €JIEKTPUYHOTO MO 1
CTYITiHb KOHIICHTPAIII] TJIa3MH, [0 BIUIMBAE HA XapakTep (GOpMyBaHHS KOHICHCATIB. Y 3B'S3KY 3
UM OCOOJIMBUII IHTEPEC MPEICTABIISAIOTH JAOCHIHKEHHS 3aKOHOMIPHOCTEH CTPYKTYPOYTBOPEHHS
[IapiB BYTJICIIO 3aJIKHO Bif JlamMeTpa BXiIHOTO OTBOPY KaToja , IO 1 MOKJIAZEHO B OCHOBY
NPOBE/ICHHS CKCIICPUMEHTY.

TakuM YWHOM, BUKOPHCTAHHS PIi3HUX TEOMETPUYHHX XaPAKTEPUCTUK MOPOKHHUCTOTO
Karo/Ja JO03BOJSIOTH OTPUMATH IMOPUCTI KOHAEHCATH TpadiTy 3 pi3HUMU MOPGHOIOTTYHUMU
XapaKTePUCTHKAMHU. Y Mipy IMOCTYIIOBOTO 3MEHIIICHHS JlilaMeTpa OTBOPY KaToAy axypHa dopma
HIapiB TOCTYMAEThCS OUTBII BUPAKEHOK CTOBIYACTOK CTPYKTYPOI, MPUYOMY ITOCTYIOBO
BiJI0OYBA€ThLCS TIEPEXiT BiJl CTOBIIIB, CKOHJACHCOBAHUX B PSJIM, JO CTOBIIIB, BiJAJICHUX OJHH BiJ
OJIHOTO Ha Jiesikii BifacTaHi. [Ipu 11boMy MpoCcTOPOBO PO3MOAiNIEHA CENEKTUBHICTD 3aPOKEHHS 1
3pOCTaHHS CTOBIYACTHX CTPYKTYp TpadiTy BHU3HAYAETHCA (QUIYKTYAIisIMH HAMPYKEHOCTI
€JIEKTPUYHOTO TOJIs1 HaJl POCTOBOI MOBEpXHE0. Sk Mmoka3zaB peHTreHO(ha30BHid aHai3, 0CaKEH]
Ha TAHTAJOBI MiIKIAJKH KOHJCHCATH CKJIAQNAIOTBCS 3 TEKCarOHAIBHOTO TEKCTYPOBAHOTO
rpadity, mig SKUM 3HaXOAUTHCA BIJHOCHO TOBCTHH 1, SIK MOTIM OyJI0 BCTaHOBJEHO, TOCHUTH
TBepAui map, mo mae ['TIK-pemritky TaCo 7,

1. B. Scrosati, J. Garche, J Power Sources, 195: No. 9: 2419 (2010).
https://doi.org/10.1016/j.jpowsour.2009.11.048

2. Y. Gogotsi, Nature, 509: 568 (2014). https://doi.org/10.1038/509568a

3. W. Liu, MS. Song, B. Kong, Y. Cui, Adv. Mater., 29: 1603436 (2017). DOI:
10.1002/adma.201603436

4. H. Sun, Z. Xu, C. Gao, Adv. Mater. 25: 2554 (2013). DOI: 10.1002/adma.201204576



-40-
JocaigkeHHs: BIVIMBY IIBUIKOCTI 0XOJIOMKEHHSI HA TEPMIYHY CTIHKICTH
aMop(dHOro cTaHy KOMILJIEKCHO JIETOBAHUX CILIABIB HA OCHOBI 3aJ1i3a
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3a J0MOMOro MeToaa JU(EPEeHIaTbHOI CKaHYIUO0l KaJOpHUMETpii OYyJI0 JOCTiIHKEHO
BIUIMB INBUJIKOCTI OXOJIOJDKEHHS Ha TEPMIUHY CTIHKICTh aMOp(HOro CTaHy CIUIaBiB
Fes0Co0s53Cr166W39M0105MNg 2B4C149Si17Al1 Y19 (HBCY-1-1) Tta  Fes36C054Cris9Wsg
Mo07.9MngBg sCosSip1Al1Y, (HBCY-2-1), mo Oy oTpuMaHi y BUTJISAI CTPIYOK Ta 00’ €MHUX
3pa3kiB (MPYTKIB Ta IUIACTUHOK). BUXimHI CIUIaBM BUTOTOBJISUTM 3 XIMIYHO YHCTOI CHUPOBHUHU
METOJIOM €JeKTPOAYyroBoi TutaBku. [lIBuaKo3arapToBaHi 3pa3Kd OTPUMYBAIUd METOJIOM
CIIIHIHTYBaHHS (CTPIYKH) Ta €XKEKTyBaHHSAM y MiJHY ¢opMy (MacwBHI 3pa3ku) B atMmocdepi
reiio.

O06’eMHI 3pa3Ku MPOJIEMOHCTPYBAIM 3HUKEHHS TEPMIYHOI CTIMKOCTI aMOpP(HOTO CTaHy,
1110, CKOPIII 32 BCE, MOB’S3aHO 3 MEHILIOKO MIBUAKICTIO OXOJIO/KEHHS, Y TIOPIBHAHHI 3 CTPIYKaMH.
OCHOBHY pOJIb y IIbOMY MOXYTh I'PaTH «TapTiBHI» 3apoJKd, 00'€MHA HIUIBHICTh SKUX 3POCTAE
MIPY 3MCHIIIEHH] IIBUIKOCTI OXOJIOKEHHSI.
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Pucynox 1. ITopiusuus tepmorpam JICK amopduux crpidok (uepBoHi KpuBi - 1) Ta muacTHH
(cuHi kpuBi - 2) crutaBis: HBCY-1-1 (a) Ta HBCY-2-1 (6).

3 nopiBHaHHA JICK-Tepmorpam CTpiukoBHX Ta MacuBHUX 3paskiB cmiaBiB HBCY-1-1 Ta
HBCY-2-1, sxi HaBenmeHi Ha puc. 1, MOKHa 3pOOWTH BHCHOBOK IPO BIAMIHHOCTI CTPYKTYpPH
BUX1JTHOT'O HEPIBHOBAKHOTO CTaHY, 110 COPMYBABCS ITiJT 4aC OXOJOIKEHHS 3 PO3ILIaBYy.

3a momomororw Meroaa Kicinmkepa Oynu po3paxoBaHi eQEeKTUBHI €HEprii akTHBAIlli s
KOXKHOI cramii kpuctamizamii. Eneprii axTuBaimii KOXHOi 13 YOTHUPBOX CTajii mpoiecy
KpucTanizauii s 06’emuux 3paskiB ciiapy HBCY-1-1 € na 18, 20, 34 ta 47 % meHmuMu 3a
BIJINOBIJIHI BEJIMYMHU JUIsI aMOP(HHUX CTPIYOK OJHAKOBOTO XiMIWHOTO ckiany. Jms 06’eMHHMX
3pa3kiB crmaBy HBCY-2-1 (3 MeHIIMM BMICTOM BYTJIELIO 1 KPEMHIIO 1 OB HIXK BABIYI BULHM
BMIiCTOM Oopy mopiBHsHO 13 cmmaBoM HBCY-1-1) xapaktepHuMm € BiacyTHICTh 3 1 4-1 cramii
NEPEeTBOPEHHS Ta 3MEHILIEHHS eHeprii akTUBAIIi]l MepIIoi Ta OCTAHHBOI CTaii HAHOKpUCTATI3aIi]
npuOiIn3HO Ha 26% TOPIBHAHO 3 aMOP(HOI0 CTPIUKOIO AHAJOTIYHOTO XIMIYHOTO CKIIaAdy.
30UTbIICHHS PI3HMIII €HEprid akTHBalii Ha PI3HIX CTafisX HAHOKpHCTaNi3alii CBIAYUTH MPO
CYTTEBO BWIIIM BMICT KJIAcTEepiB (BMOPOXKEHUX IEHTPIB) OOpOKapOiMIHUX CIIOJYK B 00 €MHHX
aMOppHHX 3pa3Kax, L0 € HACIIJKOM MEHNIOI Ha 4 TMOPAJKM MIBHJIKOCTI iX OXOJIOJKCHHS
MOPIBHSHO 3 aMOP(PHUMH CTPIYKAMHU.



-41-
Transport properties of layered ternary transition-metal chalcogenides
Ochkan K.}, Belogolovskii M.**")
Kyiv Academic University, 36 Academician Vernadsky Boulevard, UA-03142 Kyiv Ukraine
2G. V. Kurdyumov Institute for Metal Physics of the N.A.S. of Ukraine,
36 Academician Vernadsky Boulevard, UA-03142 Kyiv, Ukraine
3 Vasyl’ Stus Donetsk National University, 21 600-richya Street, UA-21021 Vinnytsia, Ukraine
“Ten.: +38 044 424 1331 E-mail: belogolovskii@ukr.net

Four layered ternary transition-metal chalcogenides MM'Te, with M = Nb, Taand M’ = Ir,
Rh belong to a new class of topological materials which are topological Weyl semimetals in their
bulk form and display quantum spin Hall effect with sizable fundamental gaps in their
monolayers. All four ternary compounds are known to be thermodynamically and dynamically
stable. Their interlayer binding energies are slightly weaker than that of graphite, making them
promising for experimental synthesis, mechanical exfoliation, and direct electronic
characterization thereafter. These unique properties provide an ideal materials platform for
exploring both fundamentals of topological phase transitions and novel device applications.

We have studied transport characteristics of TaRhTe, macroscopic structures. TaRhTey is a
typical van der Waals material, which consists of individual atomic-sized layers bound by weak
van der Waals forces. Therefore, its transport properties are expected to be substantially
anisotropic. These anticipations were controlled by measurements of the transport properties of
macroscopic bulk samples cooled to 4.2 K. It was found that the resistance along the c axis was
an order of magnitude greater than that in the ab plane. To determine the effect of the conduction
anisotropy on the current and voltage distributions inside a sample, numerical finite element
modeling was performed with COMSOL software package. For the first iteration of the model,
we have chosen a simple 3D block with contacts represented by cylinders on top and bottom and
assumed a diagonal conductivity tensor with the ratio of ¢ to ab conductance as a fitting
parameter. For an isotropic crystal, almost all current density lines are going through the center
of the bulk, whereas it is not true for strongly anisotropic crystals. Calculations of the electrical
voltage distributions and current density lines for different conductance anisotropies were in
good agreement with TaRhTe, transport characteristics measured. The next activities are planned
to reveal resistive switching effects in TaRhTe, nanostructure, as literature indicates the c-axis I-
V hysteresis in transition-metal tellurides nanostructures. Additionally, theoretical investigation
TaRhTe, predicts that it has both type-I and type-l1l Weyl nodes, which makes the material
interesting from both phase engineering and topological perspective.

Currently, we started the nanostructure fabrication process. Mechanical exfoliation
technique, that was originally used for graphene fabrication, was applied to macroscopic
TaRhTe, samples. Crystal flakes transferred on Si/SiO, substrates by adhesive tapes were
characterized by an optical microscope. The height profiles of selected flakes were obtained via
atomic force microscopy. We were able to get 15x15 um flakes with 10-15 nm in thickness
which allowed us to get enough contacts for a standard Hall-bar setup. Measuring and
characterizing obtained structures are the next steps in our research.

K. Ochkan is deeply grateful to the Leibniz Institute for Solid State and Materials
Research, Dresden, Germany where experimental research of the tellurides has been performed.
This study was partly carried out within the Fundamental Research Programme funded by the
Ministry of Education and Science of Ukraine (Project No. 0120U102059).
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Kap0in (nminiitna gopma Byriero) Ta kapoiH-rpad)eHOBI HaHOEIEMEHTH (TpadeHoBi JIUCTH,
10 3’€IHaH1 MK COO0I0 KapOIHOBUM JIAHITIOKKOM) € TICPCIICKTUBHUMH MaTepialaMH 3aBJISIKU 1X
VHIKQTHbHAM BIACTHBOCTSAM. Y TOM € dYac, MOXJIHBICTh MPAKTUYHOTO BUKOPHUCTAHHS IIHX
BJIACTUBOCTEH B HAHOCHUCTEMAaX JIMITYEThCS CTAOUIBHICTIO 1 JOBrOBIYHICTIO WX OO’€KTIB B
yMOBaX TEPMOMEXaHIYHOTO HaBaHTaKeHHs. Ha cboroaHi poOsaTecs cipoOu alanTyBaTH TEOPII0
KypxoBa my1st po3B’si3aHHSA 111€1 MPOOIEMH.

Meta poGoTu mossrana y 3HaXO/KCHHI aHATITHUYHUX 3aJIEKHOCTEH BEIMYMHHU POOOTH
PO3pPHUBY MI>KAaTOMHOTO 3B’ 513Ky BiJl pIBHS IPHUKJIAJACHOTO CHIIOBOTO TIOJIA.

Y po6OTi pPO3MIIAHYTO MEXaHI3MHU PO3PUBY KpaHBOro (JIsi KapOiHOBHMX JIAHIIOKKIB) 1
KOHTaKTHOTO (711 KapOiH-Tpa)eHOBUX HAaHOENEMEHTIB) 3B's3KiB. [IpoaHanizoBaHO KIaCHYHUUN
miaxin JXKypkoBa, sKMi TPYHTYEThCS Ha TOMY, LIO BEIMYMHA POOOTH PO3PUBY 3B’SA3KYy €
JTIHIHHOIO (PYHKITIEIO MPUKIAICHOTO HANpPYXEHHS, a Koe(IMiEHT HaXWiy Ii€l 3aJeKHOCTI Mae
CEeHC aKTUBAIliifHOTO 00’ eMy. 3a pesynbratamu DFT-po3paxynkiB Oynu oTpumaHi nedopmariiini
3aJIKHOCTI JJII OKPEMHUX KapOIHOBHX JIAHIIOKKIB 1 KapOiH —TpadeHOBUX HAHOEICMEHTIB.
Crimparoumch Ha i 1aHi OyJo OOTpyHTOBaHO HEKOPEKTHICTh BUKOPUCTAHHS Teopii KypkoBa s
HaHOOO €KTIB, OCKUIBKH ISl HUX 111 3aJIEKHOCTI € CYTTEBO HENIHIHHUMHU.

BcranoBieHno, mo po0oTa po3puBY MIXATOMHHUX 3B’SI3KIB Y JOCTIPKYBAaHUX CTPYKTYypax
JIOCUTh TOYHO OIMHCYETHCS 3aJCKHICTIO Mop3e, a aedopmalriiiHa KpuBa - MOXiTHOIO BiJ i€l
3anexHocTi. Lle 103BoIniIo oTpuMaTi aHaIITHYHUA BUPA3 JUIsl BACOTH EHEPreTUYHOTO Oap’epa B
CHJIOBOMY TIOJII JjIs1 KapOiHy 1 KapOiH-rpad)eHOBUX HAHOEJIEMEHTIB.
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YytausicTh 10 nedopmaniii i nedexriB Ta iXx KOMOIHOBAHM BILJIMB HA
eJIEKTPONPOBIAHICTH rpadeny
Paguenko T.M.*, Tartapenko B.A.
Tnemumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu,
oyveap Axademixa Bepnaocvroeo, 36, 03142 Kuis, Ykpaina
“men.: +380 44 424 9042; enexmponna adpeca: tarad@imp.kiev.ua

SIK 1 A7s BCIX KPUCTAJIIUYHUX TBEPAMX Tijd, HASBHICTH MEBHOI «KUIBKOCTH» O€3MOPSAKY
(medexTiB) y rpadeHOBOMY IIapi, — CaMOTO «TOHKOIO» 3 Hapasi BIIOMHX MaTepiaiiB, IO
BOJIOJII€ YHIKAJbHUMH €JCKTPOHHUMH W MEXaHIYHHMHU BJIACTUBOCTSAMH, — IPOAUKTOBAHO
JIPYTUM 3aKOHOM TepMoauHaMiku. JlepekTu BimirparoTh posib 0€3MOPSAIKY Ta 3aBXKIM BIACTHBI
rpadeHOBUM 3pa3Kax i3-3a HEJOCKOHAJIOCTH TPOIECY WOro BUPOOHHITBA. IMIUIEeMEHTYIOUH
KBaHTOBO-MeXaHiuHuU dopmaiizm Ky0o 11 4ucenbHOTo po3paxyHKY €JIEKTPOIPOBITHOCTH, B
PpOOOTI AEMOHCTPYETHCS, IO EIEKTPOHHO-TPAHCIIOPTHI BIACTUBOCTI TPa)eHOBOTO IIApy MOXKYTh
OyTH «KEpPOBaHUMMU» («PETryJIbOBAaHUMU») Yepe3 KOMOIHOBAaHHMH BIUIUB ACPEKTIB (TOUYKOBUX 1
JTIHIMHUX PO3CiIOBayiB HOCIIB 3apsily — €JNEKTPOHIB) i nedopMaliiii OAHOBICHOTO PO3TATAHHS YU
3cyBY (puc. 1). HedexTn it nedopmarii (Harpy>keHHsI) 3a3BUYail HasBHI B Tpad)€HOBOMY IIapi B
CHIIy OCOOJIMBOCTEH TPOIEAYpPH HOro pOCTYy Ta KOJH HOTO 3aCTOCOBYIOTh B HAHOEIEKTPOHHUX
«aeBaicax» (MpucTposix). MOTHBYBAaBIIMCH JBOMAa €KCIIEPUMEHTAIBHUMU podotamu [1, 2], me
TPAHCIOPTHOI IIUTMHY HE CIIOCTEPIraiocst HaBiTh 3a BEIMKHUX Jedopmartiid (22.5% po3Tsaranus i
16.7% 3cyBy), MU HOSCHIOEMO MOKJIMBI MPUUMHU, aKIEHTYIOUM yBary Ha 4yTJIMBOCH TrpadeHy
no nedopmanii 1 gedexriB. Bussrnena (oOymoBiena aedopmamisMu  Ta aedeKTamMu)
€JICKTPOHHO-IPKOBA aCUMETPisl W aHI30TPOMIIO MPOBITHOCTH Ta HEMOHOTOHHICTh OCTAHHBOI SIK
¢ynkuii gedopmarnii Moxe CIAyryBaTH PYyHIIHHMM YHHHUKOM Ha NUIXY (yHKIioHami3amii
(onTuMmi3zallii) eNeKTPOHHUX 1 TPAHCIOPTHHX BiacTUBOCTEH rpadeny Ta iHmux 2D-maTepianiB Ha
fioro (i1 He numie) oCHOBI KOMOiHYBaHHSIM BIUIMBaMHU Ae(eKTiB 1 mpukiIageHux aedopmariit
yepes 1X THIL, BMICT («IIOTYXKHICTBY») 1 KOH]Iirypauii.

Unstrained Zigzag tensile Armchair tensile
y lattice (@

Armchair direction

; T » X
Zigzag direction

Zigzag
shear

(d

& 5

csoopl5

tg0 =g, = AX/Y

Puc. 1. I'padenoBa rpatHuIls (a), CmoTBOpeHa Pi3HUMHU JedOpMaIliIMH: PO3TATAHHIM B3JIOBXK
HaNpsIMKY TUITy «3ur3an (b) abo «kpicio» (c), 3cyBoM B310BX 3ur3aroBoro (d), kpiceabHOro ()
4yu 000X (f) HANPAMKIB, 1€ Exx, Eyy, Exy 1 Eyx — MapaMETPH TEH30pa AedopMallii.

1. 1 X. He, L. Gao, N. Tang et al., Appl. Phys. Lett. 104, 243108 (2014).
2. X. He, L. Gao, N. Tang et al., Appl. Phys. Lett. 105, 083108 (2014).
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Heat capacity features of PHTFE - SnO, nanocomposites
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*Ten.: +38 044 239 3076 E-mail: maksalrokitskiy@google.com

It is widely recognized that the interfacial layer at the interface of the polymer - oxide
nano-filler exerts the active effect of on the formation of properties of polymer nanocomposites,
moreo-ver, even at low concentrations of the filler, major changes in the composite occur due to
changes in the structure of the polymer in the interfacial and wall to the particles of the filler
layers. While us-ing nanoscale particles as filler, a significant effect of filling is achieved with a
low content of modi-fier. In this regard, the development of new nanocomposites based on oxide
fillers is promising.

In terms of functional properties, nanocomposites based on highly stable and chemically
re-sistant polar polymer polychlorotrifluoroethylene (PCTFE) and tin dioxide (SnO;) are deserve
spe-cial attention.

SnO; with a particle size of 40 - 150 nm and a typical tetragonal structure of crystallites
and PCTFE with a particle size of 200 nm in a shape close to spherical were used for the
composites preparation. In the process of the samples for the study preparation, a mixture of
PCTFE and SnO; was carefully homogenized in a liquid acoustic medium. After heat treatment
in the vacuum cabinet, the samples were pressed from the polymer melt under the same
thermobaric conditions (T = 513 K, p = 32 MPa), which meet the technological conditions of
processing PCTFE into products using a device that allows to reproduce the set conditions
automatically.

Investigations of specific heat capacity temperature dependences of nanocomposites were
conducted by the differential scanning calorimetry method using experimental facility DSC
Q2000 produced by TA Instruments (USA) in 74 - 493 K temperature rate for different disperse
fillers vol-ume content (0 < ¢ < 54 vol. %).

As a result of experimental studies of the temperature and concentration dependences of
the specific heat of the composites, it was found that characteristic melting peaks of the matrix in
the temperature range =~ 443 + 489 K with the corresponding specific melting heat have been
observed at graphical dependences.

Dependency analysis shows that, for small PCTFE concentrations of 0 + 4 %, the melting
point varies slightly. A noticeable increase in the melting point of the matrix is observed for the
con-centration range of 4 + 12 %, which corresponds to the achievement of the percolation
threshold and its development. This is confirmed by the increase in system density associated
with the devel-opment of the transition of an increasing volume of the matrix to the state of the
wall layer. Howev-er, after a concentration of = 12 %, the melting point decreases markedly
(from =~ 489 K to 479 K), which corresponds to the cessation of the increase of the system
density in this concentration range despite the increase in the amount of denser filler in the
volume less dense matrix.

In addition, maximums are observed in the temperature dependences of the specific heat
ca-pacity in the temperature range ~ 343 + 443 K. According to the results, these peaks belong to
the properties of pure SnO,, because they are observed on its calorimetric curve in pure form,
and the brightness of their manifestation increases with increasing concentration of the filler.

Particular attention is drawn to the powerful decrease in the specific heat in the melting
range, which is more clearly manifested as the concentration of the filler increases. Such a
process can only be clearly observed in the presence of structural transformations with heat
release.

Thus, the calorimetric studies of the non-composites of the PCTFE - SnO, system indicate
that there are transformations in SnO, in the temperature range 343 - 443 K, which are
accompanied by heat release in the melting zone and above, which leads to a significant drop in
the specific heat.
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Hosi koMno3umniiini marepiaiau na ocuoBi AIN nist
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Ha ocnosi moporikie AIN-4%Y;,03-(1-5)%C(anma3) MeTo oM BUIBHOIO CIiKaHHS OyI0
OTPUMAHO HOBI KOMITO3MIIIMHI MaTepiaii MPH OJHAKOBHX TEXHOJOTIYHUX MapaMmerpax (uaci
3MIITyBaHHS, TEMIIEpaTypli Ta TPHUBAJIOCTI CHiKaHHA). J[Is IOCHIKEHHS CTPYKTYypH Ta
BJIACTUBOCTEH KOMIIO3UTIB OyJI0 BUTOTOBJIEHO 3pa3Ku pPi3HOI KOHIrypaiii, a ix HIUIBHICTH
cranoswia 3,14 — 3,16 rlems.

da3oBHil cKian MaTepialiB  JOCHIIKYBall BUKOPHUCTOBYIOUM pEHTreHO(a30BUM Ta
PEHTTCHOCTPYKTYPHUI aHAI3U 3 BUKOPUCTAHHIM PeHTIeHiBCbKOro audpakromerpa JJPOH-3 Ta
merony PitBenpaa. JlocnmipkeHHS CTPYKTYypH MNpOBOAMIAM MeTogoM (Orke-CHeKTpOCKomii 3
BHCOKOIO PO3JIUTBHOIO 3[JaTHICTIO 32 JOTIOMOT0l0 MikpoaHamizaropa JAMP-9500F (¢ipma JEOL,
SInoHis), a TaKoX 3a JOMOMOIOI0 CKaHyH4Ooi enekTpoHHoi Mikpockomii (CEM). Ha BekropHomy
anamizatopi kin Keysight Technologies PNA N5227A Oynu npoBeieHI BUMIpIOBaHHS OCHOBHHX
BEJIMYUH EJICKTPOJIMHAMIYHMX XapaKTEPUCTUK PO3pOOJICHUX KEpaMiK B Jiama3oHi 4acToT Bix 1
10 30 I'T.

JJis IOpIBHSIHHA 3MiHHM €TIEKTPOAMHAMIYHUX XapaKTEPUCTUK PO3POOIECHUX KOMIO3UTIB, B
TOMY K Jlialla30Hi YacTOT OYIJIO MOMIPSHO YSIBHY 1 NIHCHY BEIMYMHHU J1€IEKTPUIHOT MPOHUKHOCTI
KOMIMO3HIliiiHOro Matepiany Ha ocHOBI AIN-4%Y,03, Oe3 monaBaHHS MOPOIIKY anmaszy. Tak,
BHU3HAYEHO, 110 3HAYCHHS MICIIEKTPUYHOI MPOHUKHOCTI (€) CTAaHOBUTH 8-9, a TaHreHca KyTa
nienektpuynux BTpaT (tgd) 0,03. Ilpu nomasanni mo manoi cymimi 1%C(anmasy) BigMideHO
HEBEJIMKE 3HIKEHHS MIeJEeKTPUYHOI MPOHUKHOCTI 10 7,5-7, B TOM Yac K 3HA4YEHHS KyTa
JENeKTPUYHUX BTpAT HaBIMAKU Jienio 3pocio i cranoBuio 0,09. [lpuyomy, BapTo BIAMITUTH, IO
€ 3HWKyBaiacs qumre Ha gactotax Big 1 o 10 I'T 3 7,5 mo 7, 1 Bxke B 4acTOTHOMY aiarna3oHi 10-
30 I'T'y 3anumanaca He3MiHHOKO. Taka caMa TEHJEHIIIA MO 3HI)KCHHS 3HAUEHHS € Ha 4acTOTax
Big 1 1o 10 I'T criocrepiranacs i npu BMicTi 3% C(anmasy) y mmxti. Jlo TOro %k Taka KiIbKiCTh
C y KOMIO3MTI IpU3Besa 10 CYTTEBOrO 3MEHIICHHS A1eJIeKTPUYHOI MPOHUKHOCTI 1 11 3HAYeHHS
carano 3,2, a tgd=0,06. Ane Bxe npu momaBanHi 5%C €=9, a tgd=0,11, mo cBiAUUTH TIPO
3JIaTHICTh KOMITO3UTIB 10 €()eKTUBHOTO MOTJIMHAHHS MIKPOXBHJIBOBOI'O BUIIPOMIHIOBAHHS.

AHaJi3 CTPYKTypH MarepiajiB IMOKa3aB HasBHICTh OCHOBHHX (a3 y kommosuTi: hAIN,
CAIN, Y3Als0;; Ta HanouactuHok C, SKHii TpeACTaBICHUN y BUTJISAAI KapOOHY, IO BipOTiAHO
YTBOPHUBCS BHACHIOK rpadiTu3alii anMasy IiJ 4ac crikaHHs. byno BCTaHOBIEHO B3a€EMO3B’SI30K
MDK CTPYKTYpOIO MaTepiajliB Ta iX BJIACTUBOCTSMHM 1 BIAMIYEHO, IO JiiicCHa Ta ysIBHA YaCTUHU
JieNIeKTPUYHOT MPOHUKHOCTI BUMIpsHI B Aiana3zoHi yactot a0 30 I'T' maiixke HE 3MIHIOIOTHCS Y
KOMIIO3UTIB, 1110 MalOTh OJTHOPIHY CTPYKTYpPY, TOOTO TaKy, y sIKii €JIeKTPONPOBIIHI BKIIOUCHHS
HAaHOYACTHHOK KapOOHY po3TalloBaHi y MaTpuuHii ¢a3i piBHOMIpHO. TakuM 4MHOM, OTpUMaHi
3HAYEHHSI XapaKTEpUCTUK, a TAKOX iX HE3MIHHICTb Y BUMIPSHOMY YacCTOTHOMY Jiama3oH1
CBiYaTh MPO MOXKIIMBICTH BUKOPHCTAaHHS PO3pOOJIEHHMX Kepamik B 00JacTi MiKpOXBHIIBOBOI
€JIEKTPOHIKH.



-46-
3asekHiCTh eJIeKTPO(diZNYHNX BJIACTUBOCTEH Bil CTPYKTYPH
kommo3uTiB AIN-Y,05;-C-Mo
Cep6eniok T.B.*"), IIpixna T.0.}, CaepayH B.B., CaepayH H.B.,
HIanoBanoB A.H.Z, YacHuk B.I.3, Kapneusb M.B.l, MapueHko AAL
Iosikapnosa J.0.
1IHcmumym Haomeepoux mamepianie im. B.M. baxyna HAH Ykpainu, Aémoza-600cvka 2,
04074, Kuis, Vxpaina,
2Inemumym memanoizuxu im. I'.B. Kypdiomosa, Axademixa Bepnadcwikozo 36, 03142, Kuis,
Ykpaina,
3ﬂep9fca6He nionpuemMcmao Haykogo-oocaionuu Incmumym «Opiony, E. I[lomee 8- a, 03057,
Kuis, Ykpaina, “Ten.: +38 044 430 1126 E-mail: serbenuk@ukr.net

B ymoBax BUIBHOTO cIikaHHS O0yJ10 po3p0o0JIeHO HOBI KOMITO3HMIIIMHI MaTepiaju Ha OCHOBI
nopomkiB  AIN-4%Y,03-5%C(nopomok  anmasy)-5%Mo Ta AOCTIKEHO BIUIMB MPOIECY
OTPUMAaHHS JIaHUX MatepianiB Ha (OPMYBaHHS iX CTPYKTypu Ta (YHKIIOHAJIbHI BJIACTHUBOCTI.
JIiHiifHUH pO3paxyHOK IOKa3aB BUCOKY INIJIbHICTH KOMIIO3UTIB, sIKa CTaHOBWIA Onm3bko 3,16
r/em®,

3a pmomomororo gudpaktomerpa JPOH-3 Oymo mpoBemeHo peHTreHodaszoBi Ta
PEHTICHOCTPYKTYpPHI  JIOCHTI/DKCHHS, pe3ylbTaTH SKUX 00poOiieHo wMeroaoM PitBenbaa.
CTpyKTypy po3p0o0sieHuX KOMIIO3UTIB nociimkyBanu Mmerogamu CEM ta Oske-CreKTpocKorii 3
BHCOKOIO PO3JUIBHOIO 3AaTHICTIO Ha MikpoaHanizatropi JAMP-9500F (dipma JEOL, Anonis).
Bynu npoBeeHi BUMIpIOBaHHS €JIEKTPHYHOTO ONOPY 3pa3kiB MaTepianiB npu Hanpysi U = 50 B
3a JIOMOMOTOK YOTHPHOX30HJIOBOIO METOJY 3 HAHECCHHSM CpiOHMX KOHTAKTIB Ha 3pa3KH Ta
BUMIPIOBAHHS 3aTyXaHHS MIKPOXBHJIBOBOT'O BUIIPOMIHIOBaHHSA B Jiama3oHi yactot 34-36 ['T1 Ha
npwiaai P2-65.

JocnimkenHst $a3o0BOro CKIaay MoKasaiu, o KomMno3utu Ha ocHOBi  AIN-Y,03-C-Mo
npejactaBieHi y Bursaai ocHoBHux ¢a3 hAIN, C, Y3Als01,, MoB i Al30s. B pesysbrati
CTPYKTYPHHUX JOCIIPKeHb ITUX MaTepiaiiB 3a ponomororo CEM Oyiio BiMiueHO, 110 BipOTiIHO
i yac crmikaHHS BigOyBcs mpolec rpadituszalii anmasy, OCKUIbKH BMICT KapOOHY BHUSBICHO B
HEBEJIMKUX KUTBKOCTSX B 3epHax AIN, xoua B ocHoBHOMY ¢a3za C mpeacTaBiieHa OKpPEMHMH
HAHOBKJTIOUCHHsIMU. CaMe 3a paxyHOK PIBHOMIPHOTO PO3IMOJALTY €JIEKTPONPOBIIHUX 3EpPEH Y
CTPYKTYPi KOMIIO3UTY 3a0€3MeUyIOThCS MOTJIMHAIOYI BIACTUBOCTI MaTepiaiy.

BHacijok BUMiprOBaHHsI €JIEKTPUYHOTO OMOPY 3pa3KiB KOMITO3HUTIB OYyJ0 BCTaHOBIJICHO,
10 BCi po3po0iicHI MaTepiaal € YHCTUMH JICJICKTPUKAMH, OCKUIBKM MHUTOMHUN eIeKTPHYHUN
orTip 3pa3KiB 3HAXOIUTHCS B MEKaX 1.10 - 1,25-1011 OM-cM.

BusnaduenHss  enekTpo(i3MYHMX ~ BIIACTUBOCTEH  MaTepiamiB, 30KpeMa 3aTyXaHHA
€JICKTPOMArHITHOTO BHUIPOMIHIOBaHHS Ha dactotax 34-36 [T, mamo 3mory BCTaHOBUTH
B32€MO3B’SI30K MK TE€XHOJIOTIYHUM TMPOIIECOM BUTOTOBJICHHS KOMIIO3UTIB, OCOOJIMBOCTAMH iX
CTPYKTYPOYTBOPEHHSI Ta BJIIACTHBOCTSAMH. Tak, MOKa3aHO, IO BHACHIJOK TiJBHIICHHS Yacy
pO3MeIy Ta 3MIITyBaHHS MUXTH 3 3 10 6 XB. BigOyBaeThCsl (POpMYyBaHHS TOMOTEHHOI CTPYKTYPH
KOMITO3HTIB, 10 CYTTEBO BIUIMBAE 1 HA IX MOTJIMHAIOYY 3aTHICTh, OCKIJIbKHA 3HAYCHHS 3aTyXaHHS
€JIEKTPOMArHITHOTO BUIPOMiHIOBaHHS 3poctae Bin 7,1 mo 13,2 nb. Ane mpu po3meni HIMXTH,
npotaroM 9xB. 3aTyxaHHs Jemnio magae i craHoButh 13,0 nb, mo BiporigHo TOB’s3aHO 3
PO3IIOIITIOM 3epeH KapOOHY Y CTPYKTYpi KOMITO3UTY.

3 OTpUMaHUX pEe3yNbTaTiB BHIHO, IO BCI PO3pOOJEHI MaTepiald MalTh BHCOKI
TEJEKTPUYHI BIACTUBOCTI Ta BUCOKI 3HAUEHHS 3aTyXaHHS MIKPOXBHJIHLOBOT'O BHUIPOMIHIOBAHHS,
a ONTHUMAaJbHUMHU MapaMeTpaMH BHUTOTOBJICHHS HOBHX IIUTBHUX KOMITO3HMIIIMHUX MaTepialiB Ha
ocHoBi AIN € miporiec pu IKOMY 3MIIITYBaHHS Ta PO3MEIN MUXTH BiIOYBAETHCS IPOTATOM 6 XB.
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[ToBepXHsl MOMICTUPOITY HIMPOKO BUKOPUCTOBYETHCS B iMyHOpepMeHTHOMY aHami3i (IDA,
anri. enzyme-linked immuno sorbent assay, ELISA) s BU3HA4YCHHS HasBHOCTI MEBHHUX
AQHTUTCHIB Ta JIarHOCTUKM pPI3HOMAaHITHUX 1H(EKUIHHUX 3aXBOPIOBaHb, MUISIXOM peakIii
aHTUTeH-aHTUTLIO0. IDA MMPOKO BUKOPUCTOBYETHCS B HAYKOBO-AOCIITHINA POOOTI Ta KIIHIYHIN
71abopaToOpHil A1arHOCTHII.

UyTnuBicTh Ta JOWHAMIYHUKA J[diana3oH BUMiIpioBaHb MeroaoM IDA 3amexuTs Bifg
copOLiitHOI €MHOCTI MOBEPXHI MOJMICTHPOTY. CBITOBI BUPOOHUKH MIKPOTUTPYBAJIBHUX IUIAIIOK
st IGA He po3royioniyroTh CMOCOOM AaKTUBAIlll MOBEPXHI MOJICTUPONY JUIsl 30LTBIICHHS
COpOIIiITHOT EMHOCT!I.

Jlana poOoTa TPUCBSIYECHA OIMHUCY EKOJIOTIYHO OE3MEeYHOro, Mayio3aTpaTHOTO Ta
HETPYJOEMKOT0 METONy XiMiuHOi Moau(ikamii HAaHOIUTIBOK IOJIICTHPOINY JUIsl IMiJBUIIEHHS iX
a7ICOpOIiHHOT 3JaTHOCTI.

Bnacna texHonorig rigpodimizamii CHpuUATHME KOHKYPEHTOCIIPOMOXKHOCTI MiCLIEBUX
BUPOOHMKIB TPOMYKTIB, ISl JOCHIKeHb MertomoM IDA Ta cropustuMe 3MEHIICHHIO
c00iBapTOCTI TAaKUX JTOCIIKCHb.

Pi3H1 THIH XiMIYHHMX 3B’S3KiB, 110 O€pYTh y4acTh IIPH aAcopOIlii 010MOJICKYJT Ha TIOBEPXHI
noJicTupoy 300paxeHi Ha puc.l.
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Puc. 1. Tunm XiMiuHMX 3BS3KiB, 10 OepyTh yd4acThb NpH aacopOmii 10 TOBEPXHI
nojictupory. Ban-nep-BaanbcoBebki 3B'3KH: (2) - BOJHEBHI 3B'130K MK JBoMa qunossMu; (d)
- 3B'S30K MOJSIPHOCTEH IO YEPTYIOTHCS MK BYTJICBOJHEBHMH 3anuinkamu; "lcTuHHI" XiMidHI
3B's3kH: (b) -KOBaJIeHTHUH TUCYIh(DITHUN 3B'S30K; (C) - I0HHUI 3B'I30K MK 10HOM KapOOKCHITY
Ta aMiHO-10HOM, (€) - KOMOIHOBaHa /il BOJHEBUX CHJI Ta 3B'S3KIB 3MIHHHMX TOJSIPHOCTEH MiX
BYTJIEBOJTHEBUMH 3ajUIIKamMu [1].

HaBeneno pesynpTaTH JOCHIKEHb IMOBEPXOHBb TiAPOQITI30BAHOTO TOJICTUPOIY 3a
nornomorotro  FTIR-cnekrpockomii, ckaHyloo4oi 30HJOBOI  MIKPOCKOMii, BHUMIpIOBaHHA
KOHTaKTHOTO KyTa Ta aJCcOpOLIMHMX BJIACTUBOCTEH i1 BUOpaHUX KIiaciB OlOMOJIEKYIL.
OOroBOpIOIOTbCA  MOXKJIMBI MEXaHI3MM Tipodimizanii Ha OCHOBI XapaKTepHHX peaKiii
(GeHUIBHOTO SApa Ta YTBOPEHHS Ha MOBEPXHI MONICTUPOIY MOJAPHUX QYHKIIOHAIBHUX TPYIIL.

1. Principles in Adsorption to Polystyrene / Peter Esser. // Application note. — 2014. -
Thermo Fisher Scientific Inc. - https://assets.thermofisher.com/TFS-Assets/LSG/Application-
Notes/D19
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Oc001MBOCTI TeXHONOTIYHUX, Pi3UKO-MeXaHIYHMX i QYHKIIOHATBLHUX

BJIACTHBOCTEIl HAHO-IUCIIEPCHUX PeaKUiHHO-CIIeYeHNX HiKeJIeBUX CIIABIB
Coanues B.I1., Hazapenko B.A., Coanuesa T.O.,
BacuibkiBebka MLA., Jlyroseskuii 10.®., Bpoanikosebkuii MLII.
Incmumym npobaem mamepianosnascmea HAH Ykpainu im. .M. @panyesuua
eyn. Kporcusrcanoecoroeo, 3, Kuis, 03142, Ykpaina
Ten.:+380508003845 E-mail: SolntcevVP@gmail.com

Po3po0ieHo0 HOBY TEXHOJIOTIFO OTPUMAHHS TUCTIEPCHO-3MIITHEHUX CIIaBiB, OCHOBOIO
AKOI € peakiliiHe cmikaHHd. Ha BiIMiHY BiZ TpaauIiifHOI TEXHOJIOTiiT Ha OCHOBI
MEXaHOXIMIYHOTO CUHTE3y, SIKa 3aCTOCOBYETHCS B CBITI 3 MOMEHTY CTBOPCHHSI JMCIIEPCHO-
3MILIHEHUX CIUIaBIB, TEXHOJIOTi PpEakKLIHHOIO CIIKaHHA JI03BOJISIE OTPUMYBATH MaTepiaiu
BHCOKOI BTOMHOI MIIIHOCTI 1 TEXHOJOTIYHOi IUIACTHYHOCTI, a TaKOX 1 TIJBUIIMTH 1HIII
¢dyHKLiOHATBHI Ta (i3uko-mexaHiuHi BiacTuBocTi [1]. Came mpu peakuiiiHOMY CIIKaHHI
JIKBIAYIOTBCS €(EeKTH CIagKOBOCTI CTPYKTYpPH MOPOLIKOBOTO Tijla B 3B'A3KYy 3 BHCOKOIO
MIBUIKICTIO POCTY TEMIIEpaTypHy MPHU PEakiiiHii B3a€MOJIii 1 BiAMOBIIHO BUCOKOIO HIBUIKICTIO
KpucTamizamii [2], 1m0 € HaCHiIKOM HE3BOPOTHHX TMPOIECIB TPH pPEaAKIiiHIN B3aemoil
KOMITOHEHTIB [3]. SIk BHsIBWIIOCS, HAHO1IBITY TEXHOJOTIYHY IUIACTHYHICTh MalOTh 3arapToBaHi
CIUIaBM Ha OCHOBI T'PaHUYHO JIETOBAaHMX TBEPJMX PO3YHHIB MPHU TeMIlEpaTrypax ONMU3BKHX IO
TeMIIepaTypu COJiAYCy. YTBOPEHHS TPILIMH B HUX HE BIIOYBANOCs NMPHU CTYNEHAX OOTHCKY IO
80%.

IIposiBU BHCOKOI TEXHOJOTIYHOI IJIACTUYHOCTI HMOBIPHO TMOB'SI3aHO 3  €(EKTOM
nedopmartiiitnoro crapinna. I[lpoBenenuit PDA cmnaBiB Ha BCIX CTaaisiX TEXHOJIOTIYHUX
ornepauii MoKa3aB, IO MICA CIIKAHHSA IPU OXOJIOMKEHHI 3pa3KiB y eyl CTpyKTypa CIjIaBiB
IpeJICTaBIeHa TBEPIUM PO3UNHOM Ha OCHOBI HIKEIIIO.

IIpu XoJ0AHOMY MpPOKAaTyBaHHI 3arapTOBaHUX 3aroTiBOK CIUIABIB 3 aJIOMIHIEM Yy
KUTBKOCTI, BIJNOBIAHIM TpaHUIl PO3UYMHHOCTI HOro B TBEPJAOMY pPO3YMHI NpPU TEMIIEpaTypi
comimycy, Matepian 3a3Hae JedopMalliifHOro CTapiHHsS, [0 NPUBOIUTH JO BHIUIEHHS
TEKCTYpOBAHOTO 1HTepMeTamniay. Po3mag TBepAoro po3uuMHy 1 BUAUICHHS BEIUKOI KITBKOCTI
UHTEpPMETANIly CYNPOBOIKYETbCS €K30TepMiuHUM edekrom. Lle mpu3BOgUTH A0 CIUIECKY
TEMIEPATypH 1 MIABUIIEHHIO MJIACTUYHOCTI CIUIABY, 1110 1 CIIOCTEPIra€eThCs.

BaxuuBy ponb BHUKOHYE 1 HAHOAMCIEPCHUM OKCHA 1Tpit0. 3BaXKaroud Ha BEIHKY
HIUTHHICTB JUCIOKAIINA OIS 1Or0 HAHOYACTHUHOK, 1HIIIIOIOTHCS MPOIIECH PO3Mady EPECHUECHOTO
TBEPJOTO PpO3YMHY, 1 CIIOCTEPIraeThcs penakcallis HaKOMMYeHoi BuIbHOI eHeprii. Ilpu
IIPOKATyBaHHI PIBHOB)XHUX TBEPAMUX PO3UMHIB IIbOr0 HE BiOyBaeThcs. IIpu 11bOMy BBenEHHS
1o 1,5% okcuay iTpiro miABMILYe Temrmeparypy micis nedopmaniiinoi pekpuctanizamii 1o 0,8
Ty 1 OLIBIIIE.

Meska BUTPHBAIIOCTI TAKAX MaTepianoB Ha 6asi BunpoOysans N = 107 uKIiB CTAHOBUT
He MeHie, Hixk 0,6-0,7 Mexi TeKydoCTi, 0 3HAYHO MEPEBUIIYE HeOOXiaHy Beanauny 0,4.

1.V.Solntsev V., G.Frolov, L.Kravchuk, V.Nazarenko, I.Bilan, K.Petrash, I.Husarova,
F.Potapov, International scientific journal “Machines. Technologies material”, Sofia, 2017 — p.
254-257.

2. B.II. Connnes, B.B. Cxopoxon, K.H. ITerpam, T.A. ConnneBa, COOpHUK Hay4HBIX TPYIIOB
«AJresus pacIulaBoB U Maiika MaTepuasoBy, Bbin.47. — Kues. — 2014. — C. 25-34.

3. B.II. Connues, B.B. Ckopoxoxn, T.A. Connnesa,[lopomkoBas metamtyprus, Ne 3/4 2010.-
Ne3/4.- C. 22 - 291.
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2Kuiscokuti nayionansnuii ynisepcumem in. Tapaca Illeguenka,

Kuig-01601, gyzi. Borooumupcwra, 64/13, Yrpaina
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OCOOMUBICTh CYyYacCHOTO CTaHy pO3BUTKY HAHO(I3UKM 1 HAHOTEXHOJIOTII MOJIATaE y
Mepexo/li BiJ MepHIoro eTamy, SKAW TOJNsAraB Yy TMOLIYKY HAHOCTPYKTYP 3 YHIKaJIbHUMHU
BJIACTUBOCTSIMH Ta PO3POOJICHHS TEXHOJOTIH iX OTPUMAHHA, 10 JAPYroro eTamy, OCHOBHOI
METOIO SIKOTO € MPAKTHYHE BUKOPHCTAHHS LIMX BJIACTMBOCTEH y HAaHOEJIEMEHTAX 1 HaHOBI/IpO6aX
Ha npomy erami Ha Hepiumii [iaH BUXOAUTE iX JOBIOBIYHICTB (PECYpC) B yMOBaX eKCILIyaTarlii y
BUpoOax. OCHOBHUMH (akTOpamu, siki OOMEKYIOTH PECypc € IMABHILICHI TEMICPATYpPH, i
CUJIOBHUX, €JIEKTPUYHUX Ta MArHITHUX TOJIB.

MerTa OTOBI/Ii TTOJISITa€e y aHami3i OCHOBHHX (DI3UYHUX €EKTiB, SIKi KOHTPOIOITH MPOIIEC
BTPAaTH CTAaOUIPHOCTI 1 PO3PHBY 3B’S3KIB B OKPEMHX JIAHIOXKAax KapOiHy Ta KapOiH -
rpad)eHOBUX HAHOEIEMEHTIB, IO CKJIAMAIOTHCA 3 JUCTIB rpadeHy, 3’€IHaAHUX JAHIIOKKAMHU
Kapbiny. B mimomy, mi eQekTH mNpuTAMaHHI HAHOCIEMEHTaM 1 HAHOKOMIIO3MTAM, IIO
CKJIaJIAIOThCA 13 OJTHO- ABOBUMIPHUX HAHOCTPYKTYP.

Crnuparourich Ha Pe3yJIbTATH TEPIIONPHHIUITHAX (DFT) po3paxyHKIB, MOZCIIOBAHHS
METOJIOM MOJCKYIIPHOI JMHAMIKH Ta CTaTHCTHYHOIO aHalisy, Oyiau BilHaiilcHi OCHOBHI
YUHHHKH, SIKI KOHTPOJIIOIOTh IOBI'OBIUHICTh I[OCJ'II,Z[)KYBaHI/IX 00’€KTiB, a came:

o [TosiBa «30HM HectabinbHOCTI» (IZ) B mporeci aedopmariii kapOIHOBOTO JAHITIOKKA, YU
Kapbin-rpaderoBoro HanoenemeHta (KI'H). JlOBroBiYHICTE HAHOCHEMEHTa CYTTEBHM YHHOM
3aNeXUTh BiJ mapameTpiB [Z. SIkmio BenuuMHA 10401 CHUJIM TEPEBUIYE PIBEHb HIKHBOT
rpannni 1Z (cuna «nomamae» B 1Z) - cmocTepiraeTbcsi CHHEPri3M BIUIMBY Ha JOBIOBIYHICTB
CWJIOBOTO TOJS 1 TeMmmeparypu. B pe3ynpTaTi 1IbOrO JOBrOBIYHICTh HAHOETIEMEHTIB MOXKE
3MCHIIYBATHCS HA JECATKU MOPSAAKIB. B TOMOBIi I PO3TIsAa€THCS MOJIEb OO SBHINA 1 TA€THCS
MIPOTHO3 TEPMOCUIIOBUX YMOB MOSIBH CHHepri3My

o KBantomexaniuni edektu, SKi MOXKHa Knacn(bleBaTH K «rpsivi» (Oesmocepeni) i
«Henpsami». [lo npsamux e(beKTlB BITHOCHTBCSI BIUTHB CHEPIii HY/TbOBHX KOIMBAHb Ha IMOBIPHICTH
po3puBy koHTakTHUX 3B’s3kiB B KI'H. [lo HempsMux KBaHTOMEXaHIYHUX €(EKTIB HaJICKHUTh
3aJISKHICTh BEJTMYMHU JIOBIOBIYHOCTI BiJl TOTO, MApHUM, UM HEMApHUM € KUIBKICTh aTOMIB B
KapOiHOBOMY JaHIIOKKY («even-odd» edexr). Llelt edekt € pesynabTaToMm icHyBaHHS «even-odd»
edexTy st eHeprii po3puBY 1 MIIIHOCTI KOHTAaKTHOTO 3B’s3Ky. KpiMm Toro, cmoctepiraerhcs
1HBEpCis bOTO €PEKTY MiJ II€0 MEXaHIYHOTO HABAHTAKCHHSI.

B nomnoBinmi po3rismaeThcs 3almponoOHOBaHA aBTOpaMu (QUIYKTaliiiHAa MOAETh BTPaTH
ctabinpHOCTI 1 goBroBiuHocTi KI'H, sika no3Bomsie mporHo3yBaTH iX pecypc (B IIMPOKOMY
IHTEepBaJi 3HaUYe€Hb TEPMOMEXAHIYHOTO HABAaHTAKCHHS.

B pamkax 3amporoHOBaHOTO MiAXOMy BiAHAWAEHO OOJIACTI TeMIeparyp 1 3Ha4YeHb
BEJIMYMHU MEXaHIYHOTO HaBAHTAXCHHSI, JIE MOXJIMBE NMpakTuIHe Bukopuctanus KI'H.

1. Mikhailovskij 1., Sadanov E., Kotrechko S., Ksenofontov V., and Mazilova T. Phys. Rev. B
(2013) 87 : 045410 (9). DOI: 10.1103/PhysRevB.87.045410

2. Timoshevskii A., Kotrechko S., and Matviychuk Yu. Phys. Rev. B (2015) 91 : 245434 (9).
DOI: 10.1103/PhysRevB.91.245434

3. Kotrechko S., Timoshevskii A., Kolyvoshko E., Matvivchuk Yu., and Stetsenko N. Nanoscale
Research Letters (2017) 12 : 327. https://doi.org/10.1186/s11671-017-2099-4

4. S. Kotrechko, A. Timoshevskii, E. Kolyvoshko, Yu. Matviychuk, N. Stetsenko and B. Zhang,
Eur. Phys. J. Plus (2019) 134 : 182. DOI 10.1140/epjp/i2019-12611-5
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IIpo inBepcit 3naky nedopmanii B mapax In
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[Ipu nmocmimkeHHi TepMoMexaHiuHOl nedopmarli B TOHKMX Imapax In mig d9ac
TepMOLMKITIOBaHHS B iHTepBaii 2+300 K Oyna Bussnena nuzpkotemmneparypsa (mpu 80 - 100 K)
1HBepCis 3HAKy CyMapHOi JIuiaranii mapye&;, Ta MOoJBIMHA 1HBepcid 3HaKy nedopmarii, y
HaIMpsIMKY, NepIEeHAUKYISIPHOMY JI0 IJIOLIMHU Mapy &,,[1], 1o npu pi3kii 3MiHI TeMIepaTypH 1
0o0OMEXeHHI MPOIIECiB pestakcallii HanpyXeHb B Iapi MOXe CTaTH MPUYUHOIO WOTO pyHHYBaHHS
[2]. MeToro HAIIOro AOCIIUKEHHS CTaIO BUSBICHHS MPUPOIM IHBEPCii 3HAKY &; TOHKUX LIAPIB

IHJII0 TIPU TEPMOIMKIIOBaHHI. KOpPOTKO OCHOBHI pe3yibTaTH AOCTIHKEHHS MOYKHA 3BECTH J0
HACTYIHOTO:

. JudepenuiioBanuil aHaii3 KpUBUX TEMIEPAaTypHO-CUIIOBOI Jii pOCTy TeMIepaTypHu Ha
TOHKI ImIapu N mokasas, 110 IpU MOCTIMHUX HanpykeHHAX ~1MIla B aykceTHYHUX HampsiMKax
JIOMIHYIOTb TEPMI4HI HalpyKEHHs &; , @ B HEAYKCETUYHUX HalpsMKax 1 TEpMIYHA, 1 MEXaHIYHa

&, CKIIaJIOBl CTAlOTh OJHOTO MOPSAAKY BEIUYMHH, NPHU LbOMY Jedopmariii y IIONMHI Mapy
3afiMar0Th MPOMIKHE MiXK ayKCETHYHUMH 1 HCAYKCETUUHNUMHU HAIIPSIMKaMH 3HAYCHHSI.

° TemneparypHi 3aJ€XHOCTI &, B HEAyKCETHUHHMX 1 AyKCeTHMYHMX HaNpsIMKax y IIapi
3MIHIOIOTBCSL TIO-PI3HOMY: JIHIHHO 3MEHIIYIOTHCSA 3 POCTOM T y TepIIOoMy BHIAAKY 1 HEMiHIIHO

de
POCTYTh — y APYroMy, MPUIOMY TOUYKA 3MiHH d—Tm B 000x Bumanakax piBHa 80K (Temmeparypa

iHBepcii g;; ) (puc.1).
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Puc.1. TemnepaTypHi 3anexHocTi mexaHiuHoi (1) &, 1 TepmiuHOi (2) &; CKIagoOBUX
nedopmariii B HeaykceTHuHOMY (@) 1 aykcetnanomy (D) HampsAMKy B miapi iHito.
. NOJABIMHA 1HBEPCIA 3HAKY &5, AeopMmanii 3yMOBJIEHa B OCHOBHOMY XapaKTE€pPOM

TEMITEpaTypPHOiI 3aJIeKHOCTI TEPMOMPYKHUX nedopmaliiii, siki BU3HAYAIOTHCSA OCOOIMBOCTSIMU
(OHOHHOTO CIIEKTPY 1HIIO.

1 Raransky M.D., TashchukR.Yu., Kurek I.G., Oliynich-Lysyuk A.V. Thermoplastic
Properties of Quasi-Isotropic Indium Layers//Abstractbook XVII International Freik Conference
on Physics and Technology of Thin Films and Nanosystems.lvano-Frankivsk, May 20-25, 2019.
—P. 257.

2. Cheng X., Liu C. And Silberschmidt V.V. Numerical analysis of thermo-mechanical

behavior of indium micro-joint at cryogenic temperatures. Computational Materials Science.-
2012.- 52 ( 1).-PP. 274 — 281.
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Nanoporous carbon materials for high power supercapacitors
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* Corresponding author; phone: +38 093 7025188;
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Structural and chemical methods for modification of nanoporous carbons have been
devel-oped to best match their electrochemical characteristics with key requirements for high
power super-capacitors. Microwave treatment has mostly been employed for more efficient and
less expensive processing that yielded the best adaptation of pore size distribution to organic
electrolyte and ena-bled modifying the carbon surface with N-heteroatoms. Microwave treatment
has been optimized taking into consideration the Maxwell-Wagner effect that can reduce the
surface accessible for the electrolyte and, hence, reduce the capacitance [1, 2]. The bell-shaped
curve in Fig. 1 illustrates the optimization process when the excess of microwave treatment
deteriorates the result.
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Fig. 1. Electrode capacitance vs. energy of microwave treatment of carbon impregnated
with water. Dashed line corresponds to the capacitance of initial carbon; area | corresponds to
Maxwell-Wagner effect resulting in surface reduction; area Il corresponds to activation process
that increases the sur-face; area Il corresponds to Maxwell-Wagner effect again after all the
water has evaporated from the pores.

Supercapacitor prototypes based on the improved electrodes and optimized
electrochemical cell design have been developed and manufactured in partnership with Yunasko-
Ukraine LLC. Pilot batches of both single cells with the capacitance from 200F to 3000F and
modules of 12V, 48V and 90V have been assembled, and their test results verify the highest
power density worldwide. The 90V/13F modules was successfully tested in Denmark for blade
pitch control in wind turbines. The 48V/165F modules can be used as a power supply in hybrid
buses.

1. K. Teawon, L. Jaegeun, L. Kun-Hong, Carbon Lett., 15, No. 1: 15 (2014) DOI:
https://doi.org/10.5714/CL.2014.15.1.015.

2. L. Zhang, M. Mi, B. Li. et. al., Res. J. Appl. Sci. Eng. Technol., 5, No. 5: 1836
(2013) DOI: https://doi.org/10.19026/rjaset.5.4946.
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Bigomumii dakTt, mo pgaseko BiA TEPMOJAMHAMIYHOI PIBHOBArd MOJXKIWBI IPOIECH
YTBOPEHHS CTPYKTYpH (caMmoopraHizailis) CHCTeMHU B eHepretuaHomMy nodi [1]. To6To, nikaBum €
caMe (I3MYHMA MeEXaHI3M caMoopraHizaiii CTPYKTYpH KpUCTaJi4HOrO Marepiaiay, IIIo
IOPU3BOAMTH A0 HOro racTuuHoi hopMo3mMiHu. MU 3MOIIIM TIOKA3aTH, 10 3a JESIKUX YMOB MOXKE
BUHUKATU YIOPSJIKOBaHA CTPYKTYypa, IO CKJIaJa€eThCs 3 BakaHCii. Taka CTpyKTypa MpU3BOIUTH
JI0 TIOSIBU B MIKp00O'eMax, Tak 3BaHUX aTOM-BakaHCiHUX cTtaHiB. OcTaHHI, B CBOIO 4YEpTy, €
3apoJKaMHU TiAPOAMHAMIYHUX KaHaJIB, MO SKUX BiIOYBAETHCS JIOKaIi30BaHa B 00’e€Mi B’SI3KO-
IUTaCTHYHA Tevist pedoBHMHU. Hamu Oyio po3risiHyTo BapiaHT camoopranizauii gedopmoBaHoro
KpUCTaja, Ta MMOKa3aHa MOXJIMBICTh TiIPOJWHAMIYHOI (POPMO3MIHM KPUCTATIYHOTO MaTepiary
0e3 yvacTti auciokamiid Ta iHMMX Ae(eKTiB KpucTaimidHoi OyIOBH 3a YMOB, KOJH CHUCTEMa
3HAaXOJUTHCS JaJIEKO BiJ TEPMOJUHAMIYHOI piBHOBAry [2].

AHaNITHYHUX PO3paXyHKH Ta KOMIT IOTEPHE MOJCIIOBAHHS MiATBEPIMWIA MOXKIUBICTh
YTBOPEHHS KaHaJliB B’SA3KOIJIACTHUYHOI TeYili PEUOBMHU B OE3IUCIIOKALIHHUX HAaHOKpHCTajaxX 3
'K ta OLIK xpucTamiyHOI TpaTKolo, IO 3HAXOJAThCA B MeXaHiuHOMY moii. [lokaszaHo, 1o
aTOMHU, 10 KOJHMBAIOTHCSA B JIAHIIOXKKAX, PO3TAIIOBAaHWX B JUISHKAX KOHIEHTpalii Hampyr,
MOXYTh CTBOPIOBATH BaKaHCIii, [0 MPHU3BOIUTH 0 YTBOPEHHS BIOPSAKOBAHOI CTPYKTYpH, SKa
CKJIa/Ia€ThCS 3 BakaHCIHHUX nedekTiB. Taka CTpyKTypa MOXKe pO3TIISIaTHCS SIK 3apOJAKH KaHATiB
B’si3ko1uacTHyHOi (rigponuHamiunoi) (I'K) Tedii pewoBuHH, sika TPU3BOAUTS JI0 JIOKAJI30BaHOI B
HUX IJIACTUYHOI (popMO3MiIHU. MoOentoBaHHs MPOBOIUIN METOJAOM MOJIEKYJISIPHOT AUHAMIKH 3
BUKOPUCTAHHSM T'PiJl — TEXHOJIOTII.

1. T. Huxomuc, U. Ilpuroxun, Camoopeanuzayus 6 uepaenogechvix cucmemax (Mocksa:
Mup: 1979)

2. E.3acumuyk, O. Backosa, O. I'anenko, T. Typuak J. Mater. Eng. Performance, 27, 8 (2018)
cc.4183-4196. https://doi.org/10.1007/s11665-018-3515-3
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The band structures (microbands and shearbands) were first discovered and attracted
attention of researchers in connection with plastic flow localization and absence of dislocations
sliding signs during deformation. Experimental investigations of structure formations during
plastic deformation conducted in subsequent 70 years did not make clear the nature of these
bands. Nevertheless the study of structure formation in various metals and alloys at different
means of deformation revealed the bands to arise in chaotic ensemble of dislocations after
destruction of previous cell structure, to become on all zoom levels and to localize the
deformation. Taking into account the plastic deformation to pass far from thermodynamic
equilibrium we proposed the synergetic model of these structures formation in metallic crystals.

Deformation structure formation in single-crystals and polycrystalline metals and alloys
was examined. It was shown the formation of structure in metallic materials during plastic
deformation to be realized in two scenarios: 1) Relaxation structure formation — formation of
the cellular and polygonal structure, recrystallization. It helps to reduce internal stresses, but
does not play an active role in the deformation process. 2) Self-organization of a deformed
crystal - synergistic structure formation.

It was shown that with sudden changes in the external mechanical field (impulsive load)
in conditions distant from equilibrium (plastic deformation), a significant softening of the
material and an increase in plasticity are observed. This is due to the formation of MBs and SBs,
despite the increase in external stress. The study of the internal structure of MBs and SBs
showed the localization of vacancy defects in them. It was concluded that the localization of
plastic mass transfer in the bands is due to the creation of a liquid-like amorphous structure,
which supports the hydrodynamic flow of crystalline material in them. The possibility of channel
formation in metals with using analytical calculations and computer simulation [1, and others] is
considered and proved. Based on these results, it was concluded that dislocation slip is not the
only possible mechanism of plastic deformation of crystalline materials, and plastic form change
in an external mechanical field may take place without the participation of dislocations. The
main reason for this is that plastic deformation occurs far from thermodynamic equilibrium,
where the laws of nonlinear physics work.

1. E. Zasimchuk, O. Baskova, O. Gatsenko, and T. Turchak, J. Mater. Eng. Performance, 27, 8
(2018) pp.4183-4196. https://doi.org/10.1007/s11665-018-3515-3
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CyvacHi ferani 1 €JIEMEHTH MAIIMHOOYIIBHMX Ta IHIIWX KOHCTPYKIIA 1 NPUCTPOIB
BUTOTOBJISIFOTHCS 3 MaTepialiiB, sIKi MAIOTh BIIACTUBICTh TIaM’sITi (JOPMU 1 MOBOIATH ceOE TICEBIO-
MPYXHO-TUIACTUYHO. B mporeci BUTOTOBICHHS BOHM MOXYTh OTPUMYBATH BEJHKI IMJIACTHYHI
neopmanii, mnepeOyBaTd MmiJ BIUIMBOM CKJIAQJHOTO  HECTAlliOHAPHOTO  CHJIOBOTO 1
TEMIIEPATypPHOTO HaBaHTa)XeHHs. J{0 CKIaaHUX mpoueciB 1edhopMyBaHHS MOXKe IPU3BOIUTH 1 1X
HEpIBHOMIPHMI HarpiB y TMO€IHAaHHI 3 CHJIOBMMH YMHHUKaMHu. Jlng MonenroBaHHA Ta
JIOCJTIJDKEHHS TIOBEIIHKUA TaKWUX €JIEMEHTIB KOHCTPYKI[H MOTpPiOHO BM3HAYATH HECTAI[lOHAPHUU
TEPMOMEXaHIYHUI CTaH HE TUIbKH Ha TCEBAO-TIPYXKHIM cranii nedhopmyBaHHs, a i 32 MEXer0
HNPYKHOCTI. [CHYIOY1 YKCeNnbHI METOAM PO3B’SI3aHHS TAKUX HECTAI[IOHAPHUX 3a/lay MPU3BOJATH,
SIK TIPAaBUJIO, JI0 3HAYHUX OOYMCIIOBAIbHUX TPYAHOIIB 1 HE 3aBXIU OyBalOTh eexkTuBHi. Tomy
pO3poOKa METOMAIB PO3B’s3aHHS HECTAI[IOHAPHHUX 3a]a4 TEPMOMEXaHIKHU JIJIsl MPOCTOPOBUX TiM 3
nam’STTI0 (OPMHU Ta MCEBAO-TPY>KHO-TUTACTHYHICTIO € aKTYaIBbHOIO 33/1a4€H0.

ABTOpaMH 3ampOINOHOBAHO HOBY (PEHOMEHOJIOTIUYHY MOJENb JJisl OMHCY BJIACTUBOCTEH
MmarepianiB 3 nam’atTio Gopmu npu 3HauHuX Aedopmamisx [1, 2]. B moxmeni BpaxoByeThCs
TEIJI0, SKE BHWJAUIAETBCS B Iporeci (pa3oBUX MEpexojaiB B MaTepiaibHUX Touykax Tima. Lle
JO3BOJIMJIO ONKCATH pSJl EKCIEPUMEHTAIbHUX JaHWX Ha pI3HUX 3pa3kax MpH Pi3HUX
TEeMIepaTypax 1 yMOBaX HaBaHTaXEHHs, OTPUMATH HEOOXiJHI KOHCTAaHTH 3alpPOIOHOBAHOT
denomenonoriyHoi mMozeni. IlpoBeneHo ekcrepruMeHTallbHE OOIPYHTYBAaHHIO 3allpONOHOBAHOT
MoJieJIi TTOBEAIHKU MaTepiany 3 mam'satrio ¢dopm. Ha Bumagok aegopmyBaHHS TepMO-TICEBIO-
NPYKHO-TUTACTUYHOTO MaTepialxy y3araJbHeHO (i3WyHi CIiBBIIHOMIEHHS TEOpii IIACTHYHOCTI
(Teopii Tewil 3 KIHEMATUYHUM 1 TPAHCIALIHHUM 3M1LIH€HH}IM) 1O JI03BOJMIIO 33CTOCOBYBATH
po3pobieHy  (EHOMEHOJOTiYHy MOJAETh  NpU PO3B’S3aHHI 3a7ad TEPMOMEXaHIKM Ha
KOHTHHYaJIbHOMY PiBHI.

Po3pobnerno HOBu BapiaHT e(QEKTHMBHOTO METOJNY pO3B'SI3aHHS HECTAaIllOHAPHUX
MPOCTOPOBUX 3a/lad TEPMOMEXaHIKM Yy BHUINAAKy JAe)OpMyBaHHA  TEPMO-IICEBIO-TIPYHKHO-
IUTACTHYHOTO MaTepiaiy, SKHii 3aCHOBaHO Ha BUKOPUCTAHHI 111 PO3IIETICHHS TOBHOI CUCTEMHU
pIBHSIHb 32 TE€OMETPHUYHHMMHU BIIACTUBOCTSIMH. 3aCTOCYBAaHHI JJsl alpOKCHMAIlll HEBITOMHX
GyHKIIN Ta X MOXIJHUX MO KOOpAMHATaX JBOBHUMIPHHUX HANPYKEHUX CIUIaiHIB. Takui miaxiz
JIO3BOJIMB MIJIBUIIUTH A0 YETBEPTOrOo MOPSJAKY (HAa JBa MOPSJKHA) TOYHICTh ANpOKCHUMALii
METOJTy 1 /1a€ MOKJIUBICTh 0OMpaTH OLIbIIy 32 PO3MIpaMHU CITKY IO KOOpAMHATaX B MOPIBHAHHI 3
KIHIIEBO-PI3HUILIEBUM METOAOM 32 YMOBH JIOCSTHEHHS O/IHAKOBOi TOUHOCTI oOunciensb. HaBeneHi
YHUCIIOBl pe3yibTaTH AOCIIKEHHS MOBEAIHKY craBy Ni-Ti, sSIKUM XapakTepuU3yeThCs MaM’ STTIO

dopmu.

1. Petrov, Yu. Chernyakov, P. Steblyanko, K. Demichev, V. Haydurov, Eastern-European
Journal of Enterprise Technologies, No. 4/7 (94): 25 (2018). DOI: 10.15587/1729-
4061.2018.131644

2. P. Steblyanko,Y. Chernyakov, A. Petrov,V. Loboda, Theoretical, Applied and
Experimental Mechanics, No8: 205 (Springer Verlag: 2019)
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A substantial contribution of the interaction energy between electrons as compared with
their kinetic energy exhibits as the strong correlations in electrons motion through crystal lattice,
which determines the unique physical properties of strongly correlated systems. There are two
major problems in the theory of such systems: the correlations are often nonlocal in time and/or
in space. In the present work, we consider the case of absolute zero of temperature, which makes
it possible to use a static approximation, and we use the cluster method to describe the spatial
nonlocality of correlations. Our approach [1] is convenient because it can be extended to
magnetic alloys with strong electron correlations and with arbitrary degrees of short and long
atomic and magnetic ordering. Moreover, the possibility of adequate analysis of both the
ordering behaviour and the different electron correlations’ effects in binary substitution alloys
determined mainly by changes in electronic structure allows to apply this approach for
interpretation of data of such powerful experimental method as positron spectroscopy, which
also are sensitive to the peculiarities of the electronic structure. Thus, the method of angular
correlation of annihilation radiation requires integration over the angles the electron spectral
function depended on the vector of electron quasi-momentum. As determined in the present
work, the maximal antiferromagnetic order can lead to the appearance of a not full gap in total
density of electronic states, but a quasi-gap due to the overlapping of different impurity bands.
The electron scattering processes on clusters of two or more lattice sites form peculiarities on the
density of states and lead to redistribution of charge and spin densities between atoms of
different types. At equal concentrations of binary alloy components, such redistribution can
provide the different magnetic moments on ions of different types, which leads to different
splitting of impurity bands into Hubbard sub-bands and to breaking of symmetry of both the
electronic density of states and the magnetic phase diagram of binary alloys. At low
concentrations of one of the alloy’s components and at values of electron concentration far from
half-filling, a Coulomb splitting can be appear for sub-band of main component only. Under
these conditions, the atoms of main component of alloy have the magnetic moments, but the
impurity atoms can be nonmagnetic even with similar characteristics of chemical elements
formed the alloy. Therefore, it is possible to observe the effect of switching-off the magnetism of
such magnetic atoms in alloys due to charge and spin densities redistributions.

1. E.G. Len, V.V.Lizunov, T.S. Len, M. V. Ushakov, V. A. Tatarenko, Metallofiz. Noveishie
Tekhnol., 2015, 37, 1405-1424. https://doi.org/10.15407/mfint.37.10.1405
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Po3BUTOK HEPYHHIBHUX METO/IIB JIarHOCTUKH HEKPUCTATIYHUX 00’ €KTIB € HA3BUYANHO
BOXJIMBUM JIJIS LILJIOTO psiy Tanyseld. Hapsay 13 TpaaumitHIMu MeIMYHUMU 3aCTOCYBAHHSAMHU 111
METOAM MOYHMHAIOTh BUKOPUCTOBYBAaTHCh B SJIEpHIN €HepreTulli, 30Kkpema, A XapakTepu3ariii
CTaHy CTIHOK peakTopiB. Ilpm 1bOMy IIMPOKO 3aCTOCOBYETHCS TPHBICHMH cHocid 3
BUKOPUCTAHHAM  KpHMCTally-aHali3aTropa, sKUH [JO3BOJSE€ OAEPKYBATH BUCOKOPO3AUIBHI
300pakeHHs IS 00’ €KTIB MIKPOMETPOBOTO PO3MIpY MPH BiTHOCHO MPOCTil anmapaTypHiid cxemi.

B nmaniii  poGoTi muisiXxoM BpaxyBaHHA e(eKkTiB 0araTOKpaTHOCTI  PO3CISTHHS
BUIIPOMIHEHHS! BU3HAYEHUH BIUIMB SIK MapaMeTpiB caMoro 00’€KTa, TaK 1 IHCTpPyMEHTaJbHHUX
(bakTopiB cXeMu.

HInsxoM MOJeNOBaHHS OAep>KaHo MPOo(iii IHTEHCUBHOCTI MOJICTBHUX HEKPUCTATIYHUX
00’€KTIB IpH PI3HUX YMOBAX IPOBEICHHA EKCHEPUMEHTY. 30KpeMa, pO3paxyHKH Oyio
NPOBEICHO JUIS BUIPOMIHEHHS PI3HHUX JOBXHH XBHIb y Pi3HIA reomeTpii audpakuii ta ams
i0ro Habopy BiACTaHEeH MK HEKPUCTATIYHUM 00’ €KTOM Ta KPUCTAIOM-aHAIi3aTOPOM.

[IpogeMoHCTpOBAHO, 110 3MiHA BiACTaHI MK HEKPUCTAJIIYHAM 00’ €KTOM 1 KPHCTAIOM-
aHaNIi3aTOPOM MOXE CYTTEBO 3MIHUTU (GopMy NpodiTiB IHTEHCUBHOCTI, OTXKE, 3MIILIYIOUn
KpHUCTAJI-aHAII3aTOp BITHOCHO 00’€KTa MOXHA IUIECIIPAMOBAHO 3MiHIOBAaTH (Gopmy Mpodiiaro
IHTEHCUBHOCTI Ta, B pe3yibTaTi, MOKpAIlyBaTH KOHTPACTHICTh 300paxeHs. llle ogHuM
napaMeTpoM, 3MIHOIO SKOTO MOXHA KEpyBaTH TPOSBOM Yy 300pakeHHI XapaKTepPHCTUK
HEKPUCTAJIIYHOTO 00’€KTy, € JOBXXHMHA XBUJI1 BUIIPOMiHEHHs. Tak, BUKOPHCTAHHS ‘KOPCTKOIro”
Ta “M’AKOro” pEHTIreHiBCHKOTO BHUIIPOMIHEHHS JIO3BOJIIE€ OJIEpXKaTH BiIMiHHI Tpodimi
IHTEHCHUBHOCTI OJTHOTO 1 TOTO 3K HEKPUCTAIIYHOTO 00’ €KTY.

Takoxx momaTkoBo OyJI0 IMOKa3aHO, IO HASABHICTh Je(EKTiB y KpUCTaNax, M0
bOopMyIOTh 1aHy PEHTI€HOONTHUYHY CXEMY, CUJIBHO 3MiHIOE (hOpMY IXHIX KPUBUX BiJOWBaHHS.
HeBpaxyBanHsi HasBHOCTI JeQEKTHOI CTPYKTYpH Ta il HEOJHOPITHOCTI B MOHOKpHCTajax
MOHOXpOMATOpa 1 aHajli3aTopa MOXE IMPHU3BECTH 10 HEBIPHOI'O BU3HAYEHHS XapaKTEPUCTUK
JOCITIPKYBAHOTO HEKPHUCTAIYHOTO 00’ €KTY.

OTxe, NOKa3aHO, 110 3aJauyy BU3HAUYEHHS XapaKTEPUCTHK HEKPUCTAIIYHOIO 00 €KTY
Moke OyTH pO3B’S3aHO IUISXOM BHKOPUCTaHHS (ha3oBaplallifHOrO MiXOAy, SIKUM MOJIArae B
TOMY, IIO JUIsl BUpIIIEHHsS BKa3aHO! 3a/Jadl BUKOHYIOThCS Bapiawii (a3u nuisxom mnepebopy
KOMOIHaIli PI3HUX YMOB €KCHEPUMEHTY (JIOBKMHHM XBWJII BUIIPOMIHEHHS, BHOOpPY reomMmerpii
nudpaxuii Ta pedaexcis i T.11.).
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Ha cporomni BHCOKOCTPYMOBI Ta BHCOKOIOTYXKHI TpsMi IEPEeTBOPIOBAYi TEIUIOBOI
eHeprii B eJNeKTPUYHY MOXYThb OyTH CTBOpPEHI JMIIE Ha OCHOBI BHCOKOTEMIIEPATYPHUX
tepmoeMiciiHux neperBopioBauiB eneprii (TEII) 3 enekTpomamMu 3 TYrOIUIaBKHX METAiB.
Ockinpku  enextpoau uisi Takux TEIl mpamioioTe B eKCTpEeMallbHUX YMOBaX BHCOKHX
temneparyp (> 2000 K), e 00yMOBIIIO€ psa TEXHIYHUX TPYAHOIIIB, OB’ I3aHUX, HAIIPUKIIA, 3
IHTEHCHUBHMM BUIIAPOBYBaHHSAM Marepiany karoxy. OmpHuM 13 cmocoOiB  OopoTeOM 3
HOripuIeHHsAM TexHiuHuX xapakrepuctuk TEII dyepe3 BumapoByBaHHS Marepialy €
BUKOPHUCTAHHS KaTOAy 1 aHOJly OJHAKOBOTO XIMIYHOTO CKIIaJy, aje 3 pi3HOI poOOTOI0 BUXOAY
EJICKTPOHIB 3 1X MOBEPXOHB. JJOMOrTHCS ILOTO MOXHA BUTOTOBJISAIOYM Karox 1 anon mis TEIT 3
MOHOKPHUCTAJIIB OJJHOTO W TOTO CaMmoOro TYrOIUIaBKOTO METajly, aje 3 Pi3HOI OpIEHTaLI€l iX
pOOOYMX MOBEPXOHBb BIIHOCHO KpHCTANIOrpadiuHuX IUIOMMH. Y 3B’S3KYy 3 MM, 0€3yMOBHO, €
aKTyaJIbHUM BHMBUYEHHS BIJIACTUBOCTEW IO-PI3HOMY OpIEHTOBAHUX IOBEPXOHb MOHOKPHCTAJIB
TYrOIUTABKUX METalliB, Y TOMY YHCIi Boib(pamy, 1 BIUIUBY (i3UKO-XIMIYHHUX 1 TEXHOJOTTUHUX
00po0OK 3pa3KkiB Ha POOOTY BUXOAY €JIEKTPOHIB 3 X MEBHUM YHMHOM OPIEHTOBAHUX MMOBEPXOHb.

JlocmipKeHHsT ~ eNeKTPOHHMX  CTaHIiB ~ MOONM3y ~ OpIEHTOBaHOI  TapaliebHO
kpuctanorpadiuniit miomuni (110) moBepxHi MoHokpucTaiga W micis ii MOCIiJOBHUX Pi3HOTO
BUAY TEPMIYHMX Ta WOHHOI OOpPOOOK BHKOHAHO 3a JIOTIOMOTOI0 METOAY IUIa3MOHHOI
cnekTpockomii. Bci  BuMipiOBaHHS ~BHKOHaHI 32 JIONOMOTOK  HAJBHCOKOBAaKYYMHOTO
HU3bKOCHEPTETHYHOTO EJIEKTPOHHOTO CIIEKTPOMETPY, IO OOJaJHAHUKA YOTHPHOXCITKOBUM
HamiBC(EpUUHUM EHEProaHalli3aTOpOM, a TaKOX EJIEKTPOHHOI Ta ioHHOIO rapmaramu [l].
PoGouHii THCK 3alMIIKOBUX ra3iB B KaMmepi craHoBuB He ripme 1,0-107 ITa. Jlist BHmiieHHS
MIKIB Y CHEKTPl BTOPUHHUX E€JIEKTPOHIB BUKOPHUCTAHO METOJ OHOPA30BOr0 JU(EPECHITIFOBAHHS
KPHUBOi 3aTPUMKH BTOPHUHHOTO CTPYMY LIUIIXOM PEECTpallii CUTHATYy MepIIoi TapMOHIKH CTPyMY
KOJIEKTOpA MPU MOAYJIAIIT 3aTPUMYBAJILHOTO MOTEHITIATY CHHYCOIIAIBHOIO HAMpyTomo [2].

BusHaueHo ycepenHEHI 3a €HEpri€l0 MEpPBHHHUX EJIEKTPOHIB 3HAYEHHS eHeprii
noBepxueBux (Es) i 06’emuux (Ep) mia3mownis, ix Bignomenus Ep/Es, KoHneHTparii enekrpoHis
MPOBITHOCTI, IO BiJIMOBIJAIOTH UM TJIA3MOHAM, BiIHOCHY 3MiHY MIXIUIOIIMHHUX BiJICTaHEeH, a
TaKOX 3HAYeHHs POOOTH BHXOMAY €JIEKTPOHIB 3 moBepxHi 3pazka W (110) y BuxigHOMY cTaHi Ta
micls MOCTIIOBHUX HarpiBaHb B iHTepBaii Temmeparyp 500-1750°C, excno3uiiii B YUCTOMY
aTOMapHOMY KHCHi i 60MOapyBaHHS HU3bKOCHEPreTHYHUMH HoHaMu At . JaHO MOSCHEHHS SIK
CYTTEBOI 3aJIeKHOCTI EKCIEPUMEHTAJIbHUX 3HAYEHb €Heprii 30y/KeHHs IUIa3MOHIB BiJ CTaHy
MOBEPXHI 3pa3Ka, Tak 1 MPUYHH HAOIMKEHHS ITUX 3HAYCHb B MPOIECI TEPMOXIMIYHOI Ta HOHHOI
00poOOK 10 3HAYEHb, PO3PAXOBAHMUX 3TIHO 3 KIACHYHOIO TEOPIEI0 KOJEKTUBHHUX EJIEKTPOHHO-
IJIa3MOBHX KOJHMBaHb B TBepAOMY Tull. OfepxaHO BaXKJIMBI Ui MPAKTUYHOTO 3aCTOCYBAHHS B
TEPMOEMICIHHUX TepeTBopioBayax eHeprii miHimanbHe (4,33 eB) 1 makcumanbue (4,46 eB)
3HAUYCHHS POOOTH BHXOAY e€JIeKTpoHiB 3 moBepxHi W (110), mo BW3HA4YalOTHCS TUIMAMH i
00po6ku. [IpoBeieHO NOPIBHAHHA 3 aHAJOTIYHUMHE JTaHUMH, PaHille OJepKaHUMH JJIsl TOBEPXHI

W (100).

1. M. A. Vasil’ev and S. D. Gorodetsky, Vacuum, 37: 723 (1987). DOI: 10.1016/0042-
207X(87)90261-2

2. V. A. Tinkov, M. A. Vasylyev, and G. G. Galstyan, Vacuum, 85: 677 (2011). DOI:
10.1016/j.vacuum.2010.10.008
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A specific feature of nanomaterials’ structure is that each of their components, in addition
to the atomic structure, has a specific local structure of free volumes. Moreover, we can study
their defects and electronic structure exactly within the frame of positron spectroscopy (PS) [1].
The interest in such objects is primarily because they do not have exact analogues in three-
dimensional systems and that a number of phenomena that have wide prospects of application
characterizes them. In particular such as high electron mobility in carbon nanotubes, effective
absorption of microwave and infrared radiation, etc. The defects’ influence on the parameters of
multi-walled carbon nanotubes’ (MWCNTSs) electronic structure is established via method of
angular correlation of annihilation radiation (ACAR). Analysis of the results shows that
annihilation occurs with both r-electrons (in the interlayer intervals), quasi-free electrons, and
electrons of covalent unsaturated bonds. As determined, the increase in the defects concentration
results to an increase in the radius of localization of the electron wave function (rmi1) in the
interlayer intervals and to an increase in the quasi-free electrons concentration. Due to the
formation of edge dislocations in the MWCNTSs, the doubling of rn: (up to 0.25 nm), the
hybridization of unsaturated and stretched o-bonds and, as a consequence, the increase of the
concentration of conduction electrons occur.

We can establish as follows. The average value of the parameter that is determining the
wall thickness of the nanotube is rpn, = 0.0535 nm; this parameter changes in the range 0.0493 <
rmp < 0.0680 nm. The values of the parameter ry, above the average are observed in a narrow
range of probabilities of positrons annihilation with almost free electrons Py, in CNTs near the
characteristic value of 13.7%. The average value of the parameter determining the interlayer
distance of the nanotube is rp; = 0.132 nm; it changes within the range 0.1204 < rp; <0.2175 nm.
In the studied set of strongly defective samples with the largest values of ry; and Py, an increase
of ry; is observed with an increase of Py_. Corresponding to the Fermi momentum values of the
parameter (angle) 6 of the ACAR form are in the range 7.293 < 0 < 10.311 mrad. The
probabilities of annihilation of positrons with almost free electrons Py, in CNTs are within
6.63% < Py, < 37.58%.

The high sensitivity of positrons’ annihilation to defects can be used to develop methods
for certification of MWCNTSs and identification of defects, i.e. obtained from ACAR values of
2rmb, 2rmi, and R are the layer thickness, the interlayer distance, and the effective radius of the
free volume of MWCNTS, respectively. The unique informativeness of PS, which provides the
simultaneous characterisation the defects and electronic structure taking into account their
mutual influence, opens up wide possibilities for using this method in the processes of studying
new nanomaterials and expanding the scope of their technical application.

1. M. M. Nishchenko, E. A. Tsapko, Yu. V. Lisunova, G. P. Prikhod’ko, and N. I. Danilenko,
Inorganic Materials: Applied Research, 2, No. 2: 186 (2011).
https://doi.org/10.1134/S2075113311020158
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B mpomeci wmikportazmoBoro moporikoBoro HartaBieHHs (MIIH) dopmyeTses
0COOJIMBHI THIT CTPYKTYpH HAIUIaBJICHOTO METAally Ba)KKO3BAPIOBAHUX HIKEJIEBUX >KaPOMIITHIX
criaBiB (HXXC) tumy XKC6 Ta JKC32, mo 30kpema BiJIpi3HIETHCS BiJi aHAJIOTTYHOTO JIMTOTO
NOJPIOHEHHSAM JEHIPUTHOI CTPYKTYPH, 3MEHIICHHSM pPO3Mipy KapOiTHMX YacTOK Ta OuIbII
piBHOMIpHUM iX po3moaisioM. bararourcenbri MeTanorpadgidai gocimpkeHHs, mpoeaeHi [E3 im.
€.0. Ilarona, AI1 «IBuenko-IIporpecy, AT «Motop-Ciu» i BiANOBIIHUX 3BapHUX 3’€HAHD
criaBy JKC32 3 00’eMOM HaIIaBJIECHOTO METay JI0 2 CM3, MOKa3aJIk BIJICYTHICTh CXUJIBHOCTI JI0
YTBOPEHHS TPIIIMH Ha YCiX eTamax pEeMOHTHOI TexHouyorii. POOOTO3MaTHICTh TakUX 3BapHUX
3'eqHanb craBy JKC32 B yMoBax TpHBaioOi €KCIUTyaTarlii BiIHOBJIECHUX POOOYHX JIOMATOK MPHU
950-1100°C 6aratokpaTHO mepeBipeHa Ha MPAKTHIII.

BaxxnmnBoro Ccki1a0BOIO Ha eTami JOBUPOOHHUYOI MiATOTOBKH PEMOHTHOI TEXHOJOTII Ha
6a31 mpouecy MIIH € mpoBeneHHs NOPIBHAJIBHUX aTeCTAallMHUX BUMPOOYBaHb MEXaHIYHHUX
BJIACTMBOCTEH (KOPOTKOYACHA Ta TPUBalIa MIIHICTh) BIAMOBIIHUX 3BapHUX 3 €HAHb B 00CsATaX,
eKBiBaJIECHTHUX BUMoram TexHIYHUX yMoB (TVY) na nutuit HXKC. BinnosiaHi 3BapHi 3arOTOBKHU
JUIST  HACTYMHOI BHUPI3KM  3pa3KiB s MEXaHIYHUX BHUNPOOYyBaHb  BHUTOTOBJISIOTHCS
OaraTomapoBUM HaIUIaBICHHSIM. [IpoTe 30inbIIeHHS 1WOro 00’€My ToOHan 2-5 em® wis HXKC
tunny JKC6 1 XKC32 cynpoBOKYeTbCS 3HAUHUM MiABHIIEHHSIM CXWJIBHOCTI /0 YTBOPEHHS
TpilMH. /[l 3’sicyBaHHS NPUYMH iX YTBOPEHHS BHUKOHAHO KOMIUIEKCHI JOCIIIKEHHS
MIKPOCTPYKTYPH 3a3HAYEHHMX 3BapHUX 3 €JHAHb «OCHOBHUH-HAIIABICHWA MeTam» (pacTpoBa
€JIEKTPOHHA MIKPOCKOIIISl) Ta OLIHKY MOKa3HHMKIB iX KOPOTKOYACHOI Ta TPUBAJIOl MIIIHOCTI MPHU
T=1000°C.

BceraHoBieHo, 10 KOPOTKOYAaCHI MEXaHIYHI BJIACTUBOCTI HaruiaBieHoro Merany JKC6
ta JKC32 micns mTatHoi TepmiuHOi 0OpoOKM  cIUTaBy  (30KpeMa TOMOTeHi3arllii)
XapaKTEePU3YIOThCS TIEPEX00M BiJ MIIBUIICHUX MOKA3HUKIB IpaHuIll MilTHOCTI 6 =~ 1200 MIla 1
JIOCTaTHRO BHUCOKHMX ITOKa3HUKIB BITHOCHOTO TMoAOBkeHHS (¢ =~ 12-15%) mpu 20°C go
ManormiactuyHoro crany mpu 1000°C 3 € = 1.1-2.1% ta nokazHukamu Go2 ado op Ha piBHi 0.90-
0.95 nopiBusino 3 nutuMm HXKC. Bignosinuuit nokasuuk miactuydocti npu 1000°C piast muroro
crutaBy JKC6Y cknamae 5.5%, a g autoro cmmaBy KC32 — 17.6%. Ilpu oOmexeHH1
Temmneparypu TepMiuyHoi 06poOku (1050°C — 2.5 ron.) HamIaBiIeHOTO MeTaly WOTo € Mpu
1000°C 3MeHImy€eThCst pa3oM 31 3HIKEHHSIM op y 1.2-1.4 pa3u: mns crmaBy XKC6O6Y — € = 0.45%j;
s craBy XKC32 — € = 0.1%. IlokazaHo, 1110 MadOIJIaCTUYHUN CTaH HAIUIABJIEHOTO MeETaly
KC32 npu Temnepatypi 1000°C Bu3zHayae piBeHb MEXaHIYHUX XapaKTEPUCTUK JIOCIHIKYBAHOTO
3BapHOTO 3’€IHAHHS B IIJIOMY (BUCOKOTEMIIEpaTypHa CTaTUYHA Ta TPUBaJa MIITHICTD).

[IponoHyeThCsl 10 KOMIUIEKCY aTeCTallifHUX BUIPOOYBAaHb MEXaHIYHUX BIIACTHBOCTEH
3BapuHux 3’eaHanb HXKC 3 BMmicTom 3wminHioro4oi y'-¢asu Outbme 50 00. % BKIIOUUTH
BUCOKOTEMIIEpAaTypHi BHUIIPOOYBAaHHS Ha CTaTMYHY MILHICTh HAIUIABJICHOTO METay, SKi He
nepenbaueni B TY Ha nutuii cria. lle M03BOMUTH SK BUSBISATH MOPYIICHHS TEXHOJOTIYHOT
MIITHOCTI, 200 MaJOIJIACTUHYHUYHUN CTaH IX JIOKAJIIBHUX 30H JI0 TPOBEACHHS O1IBIII 3aTPATHUX Ta
CKJIAJTHUX BUMPOOYBaHb (TpUBaja MIIHICTh, MaJIO- Ta 6araTo MUKJIOBA BTOMA, MMBHUJIKICTh POCTY
BTOMHOI TPIIIMHM), TaK 1 Ha/lai OUIbII aJleKBaTHO IHTEPIPETYBATH iX pE3yIbTaTH.
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Currently, much attention is paid to the development of technologies for producing
electrochemical capacitors due to the possibility of their use in electric and hybrid electric
vehicles. Spinel ferrites can mainly be used to charge storage. The dispersion of the product
obtained is very important. Ferrites of different morphologies have different surface areas of the
material, which leads to different values of supercapacity. Thus, the exclusion of the high-
temperature stage through the use of coprecipitation methods leads to the formation of highly
dispersed and, accordingly, high-capacity materials.

Researchers are developing new technologies and improving existing technologies for
producing spinel ferrites [1, 2]. The use of liquid-phase production technologies allows you to
change the structure, composition and, as a result, the functional properties of ferrites.

The experiments showed the possibility of the formation of homogeneous precipitates of
layered double hydroxides (LDH) of various compositions Al-Mg LDH, Al-Zn LDH, Al-Ca
LDH. The formation of ferrite prestructures in Mn-Cu or Co-Ni-Zn-hydroxide systems has been
the subject of many studies. The possibility of forming compounds of uniform composition was
explained by close pH values of the precipitation of the corresponding hydroxides. Usually, the
hydrophase method involves the coprecipitation of trivalent and divalent hydroxides with
subsequent heat treatment at high temperatures. However, the process of coprecipitation of iron
(11) and cobalt (I1) hydroxides has been studied insufficiently.

In this work, using the methods of thermodynamic analysis, potentiometric titration,
residual concentrations, cyclic voltamperometry (CVA), we studied the Fe®*-Co*" -SO,%-H,0
system and established the sequential stages of the formation of polyhydrocoscomplexes.

As follows from the data obtained, in the presence of both iron (1) and cobalt (1) cations
in the solution, the peak area CVA is similar to the individual solutions Fe? *-S04%-H,0 and Co?
*.50,4%- H,0. In addition, peaks corresponding to the redox processes of the destruction of cobalt
(11) and iron (11) polyhydroxycomplexes are present in the joint graph at the ratio [OH]/[M?*] =
1 in the cathode and anode curves. A gradual increase in peaks and a slight shift in the cathode
peak towards positive values can be explained by the formation of more stable intermediate
complexes in comparison with individual iron compounds.

It should also be noted that the forward and backward paths of the CVA cathode curves do
not coincide, which indicates a significant effect of the gradual release of cations from the
formed polyhydrocoscomplexes.

Since the cobalt atom has a smaller radius than the iron atom, the Co-O bond energy is
greater, therefore, in accordance with the Kossel scheme, the main properties decrease in the
series Fe(OH),-Co(OH), and the stability of the complexes increases, which is associated with
filling electrons of d-orbitals with low energy in an octahedral environment with ligands.

1 B. Bhamini, M. Tan, A.S. Shanmugam, Study of mixed ternary transition metal ferrites as
potential electrodes for supercapacitor applications, Results in Physics, 7, 2017, 345-353.

2 V. Venkatachalam, R. Jayavel, Novel synthesis of Ni-ferrite (NiFe204) electrode material for
supercapacitor applications, AIP Conference Proceedings, 1665, No 1, AIP Publishing LLC, 20
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Every year, contentment of the growing needs of modern electronics and electrical
engineering requires the development of energy-efficient technological solutions and the
activation of complex scientific research in the field of creating new functional cathode materials
for high-capacity portable lithium-ion power sources (LPS). We propose to use the
nanocomposites «3D-C-template / 3D-biopolimer» as the new type cathode material. This will
be solve a number of problems related to electrostatic transport, structural transformations,
energy-efficient performance LPS «Biopolimer Batteries». «3D-C-template / 3D-biopolimer» is
potentially attractive to create a conceptually new type of environmentally friendly high-energy
LPS. It was predetermined by advanced 3D hierarchy of structure, availability of free positions
for adsorption of electrolyte ions, relative electrochemical stability and satisfactory electrostatic
conductivity of the proposed composites.

LPS «Biopolimer Batteries»

formed on the basis of the cathode LPS "3D-C-template / 3D-biopolimer”
«3D-C-template /3D-biopolimery». Li u. v, hmA CVA, S=3 mVis

foil used as anode. Current density 4. 047 100 sycles

in galvanostatic discharge mode for ] 02

LPS was 10 A/kg. LPS discharge 3.5 ]

curve presented in Fig.l. The ' 0.0

specific  discharge capacity is ] 02l

1275 Ah/kg at discharge in the 3.01 ]

voltage range 4.5-1.5V. There is a 1 04+

sharp decrease in voltage upto 1.8V~ 2.5 o6

with a slight accumulation of

capacity. The discharge curve 2.0 C‘"“"““:;f;: Cv':;% j =10 A/kg
changes the slope from a potential of | iy .

1.8V. There is a horizontal plateau 41 = = TU~
and accumulation of considerable 0 200 400 600 800 1000 1200
capacity. After that, there is a rapid C, Ahlkg

decline in capacity. The specific
energy of the LPS discharge is
2180 Wh/kg. ) _ _

Testing of LPS in Fig.1 — LPS discharge curve of composite cathode
potentiodynamic mode (Fig.1, inset) type «3D-C-template / 3D-biopolimer» (on insertion
demonstrates  predictably  good of CVA-diagram of cycling of this LPS in the range
cycling of «Biopolimer Batteries» in of 1.5-4.5 V for 100 cycles)
the voltage range of 4.5-1.5V with
Coulomb efficiency Qe=Ceischarge/ Ccharge=98%. The loss of the cycle capacity after 100 cycles is
not more than 10%. The predicted current mechanism involves the flow of electrochemical
reactions and the course of surface adsorption / desorption processes of lithium cations on the
highly developed lateral surface of the bulk biopolymer chain with the participation of lateral
radicals of the main polymeric framework and localization of Li ions on the carboxyl C-terminal
groups of the polymer links.
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Today, the global crisis has acutely affected all economic sectors. This also applies to the
global Maritime industry and global shipping. Now everyone is hearing the same expression
everywhere - "infection". Infection crisis, loss-making crisis. Based on the severe danger of the
level of infection for all of the humanity, we analyzed the global market for related ballast water
treatment systems, (hereinafter BWTS — Ballast Water Treatment System) of the largest shipping
companies, world shipyards. Referring to the IMO Convention - according to which the strict
requirements of D-2 are spelled out, today, more than 70,000 thousand vessels are in the field of
equipment/re-equipment with BWTS data (fully meeting IMO requirements). The market of
BWTS is huge (it is called the "ballast water treatment market™). It is known that ballast acts as a
"balance” - to maintain bank and stability of ships. However, on the other side, it is an
accumulated mass of all kinds of living marine organisms. Which, moving in the open ocean
space, accumulate in themselves foreign materials, modify, accumulate inside ballast tanks and
are dumped into the ocean, causing enormous damage to marine life. World leaders in the
development of the BWTS address this issue in every possible way, analyzing global dangers
and creating the latest BWTS. These are the largest companies - Optimarin, Alfa Laval, Team
Tec Ocean Saver AS, Sunrui, Ecochlor, and Erma First, each of which supplies IMO-compliant
BMSs to the global market. Nevertheless, the world does not stand still. Today, the requirement
Is D-2 (the quantitative and dimensional ratio of alien invasive inclusions that are in sea (ballast)
water: microorganisms-destructors, pathogenic bacteria, viruses), and over time, they will be
tightened to D-3 [1].

In connection with the global environmental crisis for today, we, the scientific staff of DI
NU "OMA" (represented by the leader of our project: Danylyan A.G.1%), created an
experimental model of a BWTS that meets the requirements D-2 of the IMO Convention. The
priority of our BWTS is multifunctional, conciseness and an innovative solution; The main
structural units are Lev Yutkin’s electro-hydraulic shock unit and a nanofilter with carbon
inserts, which ensures the maximum screening of invasive foreign species residing in ballast
water. We have obtained a patent for a method for cleaning and disinfecting ballast water at the
Ukrainian Institute of Intellectual Property, we are waiting for the approval of a patent for an
invention, which should be evaluated by a qualified world commission by appropriate experts.
The credo of our project is scalability. Development (production) of the proposed BWTS at the
global level, adhering to the principle of national scientific unity. We have concluded an
agreement with a shipyard known in the Odessa region for the development of a large-scale
project - for the use, installation and research of BWTS on large-capacity vessels. Without being
indifferent, paying attention to the worldwide infection with COVID-19, we proposed BWTS in
connection with the constructive solution of the nanofilter (porous carbon tubes that trap "nano”
particles; according to the IMO Convention, the dimension ratio is less than 10 microns). It can
be also used as treatment facilities of large enterprises, business sectors that prepare water
resources exclusively for consumer needs.

1. Macnos [.3., Hanunsn A.I'. Tipon-BopoOiioBa H.b. Ta iH. YcraHoBKa 1 OYMCTKH
OanmnmactHbIX Box / HaykoBo-mpakTuuHmii xypHan «Exonoriuni Haykmy», [lep:kaBHa ekoyoriuHa
aKaJeMis MICISIUIUIOMHOI OCBITH Ta YHpaBiiHHA MiHICTepCTBa €KOJIOTii Ta MPHPOTHHUX
pecypciB Ykpainu, M. Kuis, 2019, ctop. 104-108. DOI: 10.32846/2306-9716-2019-2-25-16
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The marine diesel engine emits exhaust gases consisting of such combustion products as nitrogen
oxides (NOXx), carbon monoxides (COx), dioxide and sulfur (SOx), and others [1]. Having researched
the modern methods and technologies of emission reductions, engineers and scientists of the Danube
Institute of NU "OMA" have started research work with the use of the fuel catalyst (products "Eco-
Auto-Titan Ukraine") [2].

CONSTRUCTION

TITANIUM FILTER

ROD CATALYST

COPPER STRAINER
COVERED WITH
PALLADIUM CHLORIDE

CHEMICAL CATALYST
TABLETS

Fig. 1 Construction of the fuel catalyst «Fuel Well»

The catalyst has three chambers in which the processing of hydrocarbon fuels takes place in
order to optimize its state to achieve better and more intense combustion in the chambers of internal
combustion engines.

The first chamber is precipitated by heavy fractions that have entered the fuel, as well as
selective purification of diesel fuel from sulfur compounds.

In the second chamber, the fuel is catalytically treated by contacting its hydrocarbon molecules
with the active surface of the granular catalyst, which comprises metal compounds and catalytically
active organic inclusions. After that, the fuel is treated at the molecular level by additives tablets, salts
of metals, which settle on the surface of the details of the cylinder piston group.

In the third chamber, through the use of titanium activator glasses, the modified fuel is further
activated and stabilized. The effect of catalytic treatment of the fuel persists for 30-40 seconds, which
is enough to burn it in the combustion chamber of the engine [2].

There were a number of tests of the catalyst «Fuel Well» on the existing «UDSC» vessels M/V
«Portovy», M/V «Kobzev», M/V «Senilov» and on the seiner in the Indian Ocean («Shivaganga»
company), where fuel economy was 17.5%, and the smoke of exhaust gases reduced by 50% [2,3].

Integrated fuel treatment increases combustion completeness, thereby reducing fuel consumption
and exhaust emissions into the atmosphere of harmful substances.

1. Cemanos I'.H. Bpennsie BoiOpocs! B aTMochepy ¢ cyZoB Ha IyTH K ctangapram MMO. —
CII6.: U3n-Bo Hayka u Tpancnopt. Mopckoii 1 pednoit tpancnopt, 2013 — C. 45-47.

2. [Tporpamma ucneitanuit [Ipeo6pazoBatens cyqoBoro TorauBa Ha T/X «[lopToBBINH-22»,
«Ko063eB», «Shivaganga» — M3maunn: U3a-so dyHnaiickuit unctutyt HY «OMAy, 2016. — 8c.

3. Martepuansl 3acenanusi paboueid rpynnbl JlyHaliCKOM KOMHUCCHMM MO TEXHMYECKHUM
BorpocaM McnbitTanue karanuzaropa Fuel Well KT — 6/] Ha peuHbIX cynax ¢ HelIbl0 CHUKEHUS
BPEIIHBIX BEIOPOCOB B BBIXJIOMHBIX ra3ax apurateneit (18-21 oxtsaops) — 2016 bynanemr. C-12.
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At present, energy efficiency is increasingly in demand. This is due to the significant rise
in energy costs and the increased concern for the environment. The working scheme of deep
utilization of low-temperature heat offered by us, with its own versatility, is able to satisfy all
navigational modes of the ship in different latitudes of the oceans.

The main engine of the ship has the exhaust gases after a gas turbine supercharging with
parameters of 320-3400 C in the rated power mode, transferring them to a combined steam
boiler, which runs autonomously on the fuel, and as a propellant, operating from the exhaust
gases of the main engine. The steam in the boiler is supplied to the ship's distributor. All ship
consumers have varying degrees of thermal use of steam with parameters 260-2800 C. The
largest consumer of heat on board is the steam heater of heavy fuel storage tanks, whose
viscosity is at 500 C 380 mm2 / sec.

The proposed thermal scheme allows you to work in any latitude. A system is provided for
the operation of the liquefied petroleum gas (LPG) from the internal circuit of the engine, having
previously closed the collection of the exhaust steam and started consuming the coolant from the
main engine in its nominal mode of operation. The coolant in this mode is the water of the
internal cooling circuit of the engine with parameters 85-950 C [1]. Due to the versatility of the
scheme, it is possible to use a ship-based auxiliary boiler with autonomous combustion to
maintain the desired temperature in the cooling circuit of the main engine for efficient operation
of the HSTS (hydro-steam turbine set) [2]. Using the thermostatic valve, you can raise and lower
the internal circuit cooling temperature of the main engine.

When operating in medium temperate climates, the return of the steam-water mixture will
be 130-1150 C, which can be successfully used in the HSTS. In the northern latitudes, in the
conditions of increasing steam consumption and the need to maintain the heat balance of the
entire thermal circuit in the proposed scheme, it will be enough to open the valve of the
distributor and to pass more heat to the heat exchanger through the remote control valve. This
will at the same time increase the temperature on the condenser and the boiler warm box, which
will increase the temperature of the auxiliary combined boiler and the entire thermal circuit [2].
This operating mode can be used with the boiler's autonomous combustion system.

In order to maximize the use of low-temperature heat, we suggest mounting in a fuel
storage tank a heat column with a high degree of heat capture inside. It will only heat up to the
right amount of fuel used by the main engine and diesel generators. Other fuel in the storage tank
will be heated to a lower temperature.

1. A. V. Volyncev, A. N. Sobolenko. Utilizaciya teplovyh resursov glavnogo sudovogo
dvigatelya posredstvom ispol'zovaniya teplonasosnoj ustanovki [Vestnik GUMRF], No. 5 (39),
p. 144-150 (2016) (in Russian).

2. A.G. Danilyan, V.1. Chimshir, 1.V. Vlasov, A.l. Najdenov. Novye napravleniya glubokoj
utilizacii tepla sudovyh dizelej [Visny k Odes kogo nacional'nogo mors kogo universy tetu],
No. 3 (49), p. 91-103 (2016) (in Russian).
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