ISSN 1816-5230

HAHOCHCTEMMN,
HAHOMATEPIAJINA,
HAHOTEXHOJIOTII

Nanosistemi,
Nanomateriali,
Nanotehnologii

3BIPHUR HAYROBUX IIPAIlb
TOM 19, BUIIYCR 2, 2021

HAIIIOHAJIBHA AKAJIEMIS HAYK YKPATHU

HAHOCUCTEMM NANOSYSTEMS
HAHOMATEPIAIN NANOMATERIALS
HAHOTEXHOMOMT ~ NANOTECHNOLOGIES



3acHoBHME: [HCTUTYT METAJIO®ISUKU IM. I'. B. KyPIioMOBA HAH YKPATHU
Bupagenpn: THCTUTYT METAJIO®IBUKH IM. I'. B. KyPaioMoBA HAH VKPATHU

«HAHOCHCTEMH, HAHOMATEPIAJIM, HAHOTEXHOJIOITi» ¢ ‘NANOSISTEMI, NANOMATERIALI, NANOTEHNOLOGII’
ITokBapransuauil 36ipHUK HaykoBux mpanb ¢ Quarterly Collected Scientific Transactions

PEJAKIIIMHA KOJIEI'TS

B. A. Tamapenxo

20n06HUiL pedaxmop,

wi.-kop. HAH Vkpaiuu, a.¢.-M.H., npod.,
Iu-t meranodisuku im. I'. B. Kyparomosa
HAH Vxpaian

£y

B. M. Mopo:

B. B. Jlisynoe

M. A. Banax

II. I1. Top6ux

B. 0. 3asxcuzanoe

B. 3aiidi

B. JI. Kapb6iecvruii

B. I1. Knadvko

0. A. KEopdiox

C. 0. KEompeuxo

M. II. Kyniw

B. I. Jles

€. T. Jens

10. A. Manemin

B. B. Monodxkin

B. €. IIanapin
P. P. Nanuyx

B. I. ITexnvo

0. J. Hozpebrax

IO. 1. IIpunyyvrui

B. A. ITpoxonenxo
0. A. ITyd
T. M. Paduenxo

II. €. Cmpuncax

B. H. Cyzaros

J. @. Cyxody6

B. M. Yeapoé

0. M. ®aiinneit

A. 0. Xapuenro

O. B. Xomenxo

A.}.-M.H., c.H.C.,

In-T meranodisukn im. I'. B. Kypaomosa
HAH Vxpainn

6idnosidanvruil cekpemap pedxonerii,
A.¢.-M.H., IH-T MeTamodisurn

im. T. B. Kyparomoa HAH Vkpaiau
wi.-kop. HAH Vkpaiuu, A.¢.-M.H., 1pod.,
Iu-T pisuKHM HaNiBIPOBIZHUKIB

im. B. €. JlJamkapsoBa HAH Vkpaiaun
A.@.-M.H., npod., In-T ximii noBepxHi

im. O. O. Yyiika HAH Vkpaian

wi.-kop. HAH Vkpaiuu, A.Xx.H., upod.,
Iu-T copbuii Ta npobiaemM eHZ0eKoIorii
HAH Vxpaian

KapAugaT QisUYHUX HAYK, PAKYIbTET HAYK
upo marepio, YH-T Batau 1 Xamx Jlaxgap,
Barna, Amxup

A.@.-M.H., npod., IH-T MeTamodisukn

im. T. B. Kyparomoa HAH Vkpainu
wi.-kop. HAH Vkpaiuu, A.¢.-M.H., 1pod.,
In-T GisuKn HamiBIPOBiAHUKIB

im. B. €. Jlamkaprosa HAH Vkpainn
axan. HAH Vkpaiau, A.¢.-M.H., 1pod.,
KuiBchbkuit akageMiunmil yH-T

wi.-kop. HAH Vkpaiuu, a.¢.-M.H., npod.,
In-T Meramodisuku im. I'. B. Kypaiomosa
HAH Vkpainn

wi.-kop. HAH Vkpaiuu, 1.¢.-M.H., npod.,
KuiBchbkuii HalioHaJTbHUH YH-T

imeni Tapaca Illepuenka MOH Vkpainn
akajg. HAH Vkpaiuu, a1.¢.-M.H., npod.,
IH-T TeopeTn4HOI (PisUKHI

im. M. M. Boromo6osa HAH Vkpainu
A.®.-M.H., upod., IH-T MeTasodisuxkn

im. T'. B. KypaiomoBa HAH Vkpainn
wi.-kop. HAH Vkpainu, a.X.H., C.H.C.,
Iu-T cop6uii Ta mpo6reM eHA0eKoIoril

HAH Vkpaign

wi.-kop. HAH Vkpaiuu, x.¢.-M.H., npod.,
In-T Meramodisuku im. I'. B. Kypaiomosa
HAH Vkpainn

JA.T.H., C.H.C., IH-T MeTamodisuru

im. T'. B. KypaiomoBa HAH Vkpainn
A.6.1., Ta-T Giosorii kiiTunM

HAH Vkpainn

axan. HAH Vkpaiuu, A.X.H., 1pod.,

Iu-T saraspHOI Ta Heoprauiuuoi ximii

im. B. I. Bepuancskoro HAH Vkpainn
A.@.-M.H., npod., CyMCbKUIl Jep:KaBHUI YH-T
MOH Vxpainn

A.®.-M.H., npod., HHIT «Iu-t 6iomorii

Ta MeguuuHN> KniBechkoro Ham. yH-Ty
imeni Tapaca IlleByenka MOH Vkpainu
JL.T.H., C.H.C., IH-T Giokosoigmoi ximii

im. @. [I. OBuapenxa HAH Vkpainu
A.X.H., npod., Ia-T Gioopraniunoi ximii

Ta Hadroximii im. B. II. Kyxapa HAH Vkpainn
A.d.-M.H., c.H.C., [H-T MeTamodizuxu

im. T'. B. KypaiomoBa HAH Vkpainn
wi.-kop. HAH Vkpaiuu, x.X.H., npod.,
In-T disuuHoi ximil im. JI. B. ITucapskeBcbKoOro
HAH Vkpainn

wi.-kop. HAH Vkpaiuu, a.¢.-M.H., npod.,
IH-T AXEPHAX JOCIi/KEHb

HAH Vkpainn

wi.-kop. HAH Vkpaiuu, x.¢.-M.H., npod.,
CyMCBHKHI HepiK. YH-T

MOH Vxpainn

wn.-kop. HAH Vkpaiuu, x.¢.-M.H., npod.,
Iu-1 meramodisuku im. I'. B. Kypaiomosa
HAH Vkpainn

wi.-kop. HAH Vkpaiuu, 1.X.H., npod.,
IH-T XiMii BHCOKOMOJIEKYIAPHUX CIIOIYK
HAH Vxpainn

A.®.-M.H., nupod., [H-T npukIagHOl Pisurn
HAH Vkpainn

A.@.-M.H., npod., CyMCbKUil JeprKaBHUI YH-T
MOH Vxpainn

V. A. Tatarenko

B. M. Mordyuk

V. V. Lizunov

M. Ya. Valakh

P. P. Gorbyk

V. 0. Zazhigalov

Beddiaf Zaidi

V. L. Karbivskyy

V. P. Kladko

0. A. Kordyuk

S. 0. Kotrechko

M. P. Kulish

B. I. Lev

E. G. Len

Yu. A. Maletin

V. B. Molodkin

V. Ye. Panarin
R. R. Panchuk

V. I. Pekhnyo

O. D. Pogrebnjak

Yu. I. Prylutskyy

V. A. Prokopenko
0. A. Pud
T. M. Radchenko

P. E. Strizhak

V. J. Sugakov

L. F. Sukhodub

V. M. Uvarov

0. M. Fainleib

D. O. Kharchenko

0. V. Khomenko

EDITORIAL BOARD
Editor-in-Chief,
Cor. Mem. of the N.A.S. of Ukraine,
Dr. Sci. (Phys.-Math.), Prof., G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Associate Editor,
Dr. Sci. (Phys.-Math.), Sr. Researcher,
G.V. Kurdyumov Inst. for Metal Physics
of the N.A.S. of Ukraine
Executive Managing Editor,
Dr. Sci. (Phys.-Math.), G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., V.Ye. Lashkaryov Inst.
of Semiconductor Physics of the N.A.S. of Ukraine
Dr. Sci. (Phys.-Math.), Prof., 0.0. Chuiko Inst.
of Surface Chemistry of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Chem.),
Prof., Inst. of Sorption and Problems
of the Endoecology of the N.A.S. of Ukraine
Docteur en Physique, Faculté des sciences de la
matiére, Université Batna 1 Hadj Lakhdar,
Batna, Algérie
Dr. Sci. (Phys.-Math.), Prof., G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., V.Ye. Lashkaryov Inst.
of Semiconductor Physics of the N.A.S. of Ukraine
Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., Kyiv Academic Univ.
Cor. Mem. of the N.A.S. of Ukraine,
Dr. Sci. (Phys.-Math.), Prof., G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., Taras Shevchenko Natl. Univ. of Kyiv
of the Ministry of Education and Science of Ukraine
Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., M.M. Bogolyubov Inst.
for Theoretical Physics of the N.A.S. of Ukraine
Dr. Sci. (Phys.-Math.), Prof., G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Chem.),
Sr. Researcher, Inst. of Sorption and Problems of
Endoecology of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., G.V. Kurdyumov Inst.
for Metal Physics of the N.A.S. of Ukraine
Dr. Sci. (Tech.), Sr. Researcher, G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Dr. Sci. (Biol.), Inst. of Cell Biology
of the N.A.S. of Ukraine
Mem. of the N.A.S. of Ukraine, Dr. Sci. (Chem.),
Prof., V.I. Vernadsky Inst. of General
and Inorganic Chemistry of the N.A.S. of Ukraine
Dr. Sci. (Phys.-Math.), Prof., Sumy State Univ.
of the Ministry of Education and Science of Ukraine
Dr. Sci. (Phys.-Math.), Prof., NSC ‘Inst. of Biology and
Medicine’ of the Taras Shevchenko Natl. Univ. of Kyiv
of the Ministry of Education and Science of Ukraine
Dr. Sci. (Tech.), Senior Researcher, F.D. Ovcharenko
Inst. of Biocolloidal Chemistry of the N.A.S. of Ukraine
Dr. Sci. (Chem.), Prof., V.P. Kukhar Inst. of Bioorganic
Chemistry and Petrochemistry of the N.A.S. of Ukraine
Dr. Sci. (Phys.-Math.), Sr. Researcher, G.V. Kurdyumov
Inst. for Metal Physics of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Chem.),
Prof., L.V. Pisarzhevsky Inst.
of Physical Chemistry of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., Inst. of Nuclear Research
of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., Sumy State Univ.
of the Ministry of Education and Science of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Phys.-
Math.), Prof., G.V. Kurdyumov Inst.
for Metal Physics of the N.A.S. of Ukraine
Cor. Mem. of the N.A.S. of Ukraine, Dr. Sci. (Chem.),
Prof., Inst. of Chemistry of Macromolecular
Compounds of the N.A.S. of Ukraine
Dr. Sci. (Phys.-Math.), Prof., Inst. of Applied
Physics of the N.A.S. of Ukraine
Dr. Sci. (Phys.-Math.), Prof., Sumy State Univ.
of the Ministry of Education and Science of Ukraine

© Imcruryt meramodisuku im. I'. B. Kyparomosa HAH Vkpaiuu (Kuis), 2021



HAITIOHAJIbHA AKAJTEMIS HAYK YKPATHU
Imcruryr meranogisuku im. I'. B. Kypmiomosa

TELATEIQCIZICTITBIL,
TELATSIONMLATIBIPILAJIIIL
EIVNELO N XELONIO)ININ

3BIPHUR HAYROBHUX IIPAIlb
TOM 19, BUIIYCR 2

HAHOCUCTEMM NANOSYSTEMS
HAHOMATEPIATIN NANOMATERIALS
HAHOTEXHOMOMT  NANOTECHNOLOGIES
PBB IM®

KHIB — 2021



YR 536:669

HAHOCHUCTEMH, HAHOMATEPIAJIA, HAHOTEXHOJIOTII / IlfoxBapranbumii 36ip-
HUK HayKoBuX npanb / Tom 19, Bun. 2. — Kuis: PBB IM®, 2021. — XVIII c. + 256 c.

Y 30ipHUKY HaBeIeHO OPUIiHaJJbHI Ta OTJISAOBI cTaTTi 3a pesyiabTaraMu pooiT,
BUKOHAHUX y pPaMKax JOociigkeHb 3a HanpamoM «IlepcmekTuBHi (hyHmaMeHTaIbHL
IOCHiIyKeHHsA Ta iHHOBAIliliHiI PO3pO0KM HaHOMATEPiaJIiB 1 HAHOTEXHOJIOTIN I moTPed
IPOMUCJIOBOCTi, OXOPOHHU 3[0POB’A Ta CiJIbChbKOro rocmozapctBa». OCHOBHY yBary
OpuAijieH0 PO3TaAAAYy NPOOJeMHMX NHUTAaHb HaHO(MI3UKU, HaHOEJEKTPOHiKWH,
ocobsuBoCcTell OYyJOBM HAHOCTPYKTYPOBAHMX MAaTepiaaiB, 3’sacyBaHHIO iXHiX
eJIeKTPUUYHNX, TEPMIiUHUX, MEXaHiUYHWX, PEOoJIOTIiYHMX i XiMiuHMX BJIacTHUBOCTEH,
MmoBepxXHeBUX ABUII i camoopranisariii. IIpexcraBieno pesyabratu (adbpuraiii,
0o0po0OeHHsa, TeCTyBaHHS W aHalid3yBaHHSA HAHOPO3MIpHUX UYACTHUHOK,
HaHOMACIITaOHUX CTPYKTYP i 6araTo@pyHKIIiOHAIbHIX HaHOMAaTepialiB TeXHiUHOTO Ta
0ioMeAMUYHOr0 TNPU3HAUEHHS B YMOBAX BIJIMBY 30BHIIIHIX UMHHUKiIB. Po3riadaHyTo
0CO0JIMBOCTI TeXHOJIOTiH olep:KaHHs, JiIATHOCTUKY Ta XapaKTepruaallil HaHOCHUCTEM.

CraTTi APYKYIOTHCA MOBaMI OPHUTiHAJIB.

30ipHUK po3pax0BaHO Ha HAYKOBUX MpPAI[iBHUKIB, iH)KeHepiB, BukKJagauis BH3,
acIipaHTiB i CTyZeHTiB BiATIOBiAHUX cHeIliaabHOCTEH.

PEJAKIITHHA KOJIETIA:

M. A. Banax, I1. II. I'opouk, B. O. Saxuzanos, B. 3aiidi, B. JI. Kap6iecvKuil,

B. II. Knadvko, O. A. Kopowk, C. O. Kompeurxo, M. I1. Kyxaiw, B. I. Jles, €. I'. Jlenv,
B. B. Jlisynos (6idnogidanvnuil cexpemap ), 0. A. Manemin, B. B. Mon0o0KiH,
B. M. Mopdwk (3acmynHuk 201061020 pedakmopa ), B. €. I[Ianapin, P. P. IIanuyk,
B. I. Ilexuwvo, O. []. ITozpebuak, I0O. 1. IIpunyyvruil, B. A. IIpoxonernko, O. A. I1y0,
T. M. Paduenxo, IT. €. Cmpusncax, B. H. Cyzaxos, JI. @. Cyxodyo,

B. A. Tamapenko (zonoeénuti pedaxmop ), B. M. Yeapos, O. M. @aiinneilo,

. O. Xapuenro, O. B. Xomenrxo

ISSN 1816-5230 © IM® im. I'. B. RypaiomoBa
HAH Vkpainu, 2021



HAI[IOHAJILHA AKATTEMIS HAVK VKPATHU @ THCTUTYT METAJIO®IBUKA M. T. B. KYPIIOMOBA

HAHOCHCTEMMH,
HAHOMATEPIAJIH,
HAHOTEXHOJOTTI

3BIPHUK HAYKOBUKX TMPALb
3ACHOBAHWIA Y XKOBTHI 2003 p.

Tom 19, Bum. 2; 2021 p.

3MICT

Pemakuiitai | Inpopmanisa nnsa mepeaniaTHUKIB
00’aBu | Iupopmarisa aaa aBTOPiB
Bupasuuua eTuka

MaruetHi BiracTuBocTi inTepdeiiciB HAaHOIIiBKOBUX
CTPYKTYp Ha OCHOBi 3d-MeTaJiiB

O.I. JMHUTPIEB,A. M. KACYMOB, B. M. KAPABAEBA,
K.O.BUIITHEBCEBEKA,JI.I. PIAJIKA, K. A. KOPOTKOB,
A.I.€BTYIIEHKO

Thermodynamic Description of Interface Interaction in
Nanolayers on the Metal Fe—Dielectric Al,O; Boundary
S.V.KNIAZ,O.J.KOTSIUMBAS,I.S.KUZ’,
O.M.BORDUN,O.I. MOROZ,0.N.KUZ’, and
D.S.LEONOV

Bnsus pH Ha HyKJearriio 3ayizoBMicHUX (has: aHagisa Ha
OCHOBI Teopii uacTKoBOro 3apany ra Meccoayeposi
IDOCJTimKeHHs

B.M.BOHYYK,M.A.TOJJJIEBCBHEA,

JI.B. MOXHAIJBKA, B. O. EOL[IOBHHCBHPII;I,

A.I. KAYMAP

HocaigxeHHA TPOIecy CIIiBOCaAKeHHA MOABIHHNX
rinpokcuzais Fe—Co

JI.A.PPOJIOBA,T.€. BYTHPIHA

The Comparison of Intercalation of Na and Li Atoms in
Nanostructured SnS, Anode of Battery: ab initio
Calculation

Yu. PRIKHOZHA and R. BALABAI

Template Synthesis, Structure, Morphology and
Electrochemical Properties of Mesoporous Titania
I.F. MYRONYUK,V.0. KOTSYUBYNSKY,
V.L.CHELYADYN,V.M.BOYCHUK, and
M.A.HODLEVSKYI

Predicting the Stability of the Solid-Solution Sc,_,Ln,AsO,
and Tb, Ln, ,AsO, Orthoarsenates

IX
XI
XV

231

239

247

263

273

281

© Imcruryr metasnodisuxu im. I'. B. KyparomoBa HAH Vxkpainu, 2021



3MICT Bum. 2 (t. 19)

E.I. GET’MAN,Yu.A.OLEKSII,and S.V.RADIO

Pre- and Post-Irradiation Annealing for TLD 600 and 700
Dosimeters; Comparison of the Properties of TL Glow
Peaks 5 and 5a

Mokhtar HALIMI, Dahane KADRI, and Abdelmalek
MOKEDDEM

MaremaTuuHe MOJeII0BaHHA IOBEJiHK YU
merasioHaHOgucnepcHUX [IBX-crucTeM mpu BUCOKUX
yacToTrax aedopmarrii

B.B. KOJIVIIAEB, B.C. KOJIVIIAEB, B. B. RJIEIIKO,
B.B.JIEBYYK,IO.P. MAKCUMIIEB,
B.O.CIIJJIEITBEHH

Determination of Optical Parameters of Polymer
Blend/Nanoceramics for Electronics Applications
Ahmed HASHIM, Alaa J. KADHAM, Aseel HADI, and
Majeed Ali HABEEB

Comparative Analysis of ZnO Quantum Dots Synthesized
on PVA and PVP Capping Matrix

Abhigyan GANGULY, Siddhartha S. NATH, and
Viranjay M.SRIVASTAVA

Structural and Optical Properties of PVP/PAA/MnO,
Nanofluid for Solar Collectors’ Systems

Maithem Hussein RASHEED, Ahmed HASHIM, and
Farhan Lafta RASHID

Synthesis of PVA/PVP/Sn0O, Nanocomposites: Structural,
Optical, and Dielectric Characteristics for Pressure
Sensors

Ahmed HASHIM,Alaa J. KADHAM ALGIDSAWI,

Hind AHMED, Aseel HADI, and Majeed Ali HABEEB

Optoelectronic Properties of Alumina—Tin Oxide
Nanocomposites Deposited on 1D Carbon Backbone
Deepti R. KULKARNI, Narasimha H. AYACHIT,
Raviraj M. KULKARNI, and Suresh D. KULKARNI

PDisuKOo-TeXHOJOTiUHiI mepeayMoBu (GOPMYBaAHHS Ta
CTPYKTYPHO-MOPGOJIOTiUHI XapaKTePUCTUKN KOMITO3UTIB
C/Zn i C/Ni 3 ByrJemeBoi TypOoCTPATHOIO CKIAZ0BOIO
I'.C. KOPHIOIIIEHKO,C.T.IIEBYEHKO,
B.B.HATAJII9,B.I.IIEPERPECTOB

New Organic-Mineral Fertilizer Based on Low-Grade
Phosphorites and Microflora of Activated Sludge
N.A.DONIYAROV,I.A. TAGAEV,M.N. MURATOVA, and
L.S.ANDRIYKO

Fabrication and Characterization of Novel Cement
Mortar/(PVP-CMC-Y,0;) Nanocomposites for
Antifungal and Antibacterial Agents

Naheda HUMOOD, Ahmed HASHIM, Auda J. BRAIHI,
Farhan Lafta RASHID, and Mahmmod Shakir HASHIM

KatouoBi acriekTy HAHOTEXHOJIOTIYHOTO MiAX0AY B
KOHCTPYKTOPChKO-TeXHIYHOMY PillleHHi cucTeMu
ynpaBiiHHA 6anacTHOO Bogoio Ha 6a3i [[II HY «OMA»
H.TIPOH-BOPOBHOBA, O.IBAHOB, A. JAHHJIAH,
A JEMY]Tb

287

297

315

327

337

347

353

363

375

391

407

413

v

ISSN 1816-5230. Hanocucremu, HaHOMaTepianau, HanorexHosorii. 2021. T. 19, Bum. 2



3MICT Bum. 2 (t. 19)

KoMmiexcHe BUsHaUeHHA TOKCUYHOCTH e3iHPeKTaHTy,
PO3po06JIeHOro Ha OCHOBI KOMMIO3HUIIil HAHOPO3UMHY cpibiia

Ta MOJIOYHOI KUCJIOTU

M.O.KYYEPYK,]].A. BACERIH,P.O. TUMEKO 433
3acTocyBaHHA HaHOOiOMAaTePisaiB y BeTepuHapHii
PeIpOAYKTOJIOTIT

II.M.CRJAPOB,C.A. PEJJOPEHKO,
C.B.HAYMEHKO,O.B.OHHIIEHEKO,

M.M.IBAHYEHKO, B.K. KJIO9KOB, C.JI. COIMOBA,
B.I.IIPYOHIKOB,|IO. B. MATTIOKIH| 445

Amnajiza cKOpOUeHHS CKeJIeTHUX M’ s3iB XpOHiUHO-
aJTKOT0JIi30BaHUX ITYPiB 3a Ail BogoposdunHHOTO Cgyf)-

dyiepeny

. M.HO3[JPEHKO, BAHI' HAH,O.II. MOTY3IOK,
O.B.BUTI'OBCBHKA, K.1. GOI'VIIBbKA,
H.€.HYPHIJEHKO, IO.I. IIPHJIYI[bEHH 475

Haykosui pepaktop Bunycky — B. A. Tamaperko

BignogiganbHui cekpetap pepakuinHoi konerii — B. B. JlizyHoB

Pepaktopu-kopektopu: L O. [onoBawud, [. C. JleoHoB, H. A. JleoHoBa

TexHiunun pepaktop — /J. C. JleoHoB

OpwriHan-makeT Ans NpsMoro penponyKyBaHHs BUrOTOB/EHO KOMM'loTepu3oBaHoto rpynoto PBB
IHcTuTyTy MeTanodiasuku im. I'. B. Kypatomosa HAH Ykpainu

LlpyKyeTbca 3a NOCTaHOBOIO peaaKLiHOI Konerii 36ipHWKa aHrNiMcbKolo abo YKPaiHCbKOIO MOBaMM
3artBepmykeHo Lo ApYKY ByeHoto pagoto IMD im. I, B. Kypaiomosa HAH Ykpaitu

Ceigoutso cyb’exkta BugasHuuoi cnpasu cepii K Ne 5875 sig 13.12.2017 p.

Csigoutso npo fep>kasHy peectpauio [13MI cepii KB Ne 23231-1307111P 8ig 22.03.2018 p.

Mign. no apyky 30.06.2021 p. ®opmar 70x100/16. MapH. SchoolBookC. Manip odpcet. Ne 1. Apyk pizorpad.
Anpeca pegaxuii «HHH»: [HctuTyT mMeTtanodizuku im. . B. Kypaiomosa HAH Ykpain,

6ynbe. Akan. Bepragcbkoro, 36, kab. 210, 1406, 1407; 03142 Kuis, YkpaiHa

Ten.: +380 44 4229551, +380 44 4249042, +380 44 4241221; cdbaxc: +380 44 4242561

En. nowra: tatar@imp.kiev.ua, dsleonov@gmail.com

Hagpykosaro B PBB IM® im. I'. B. Kypatomosa HAH Ykpainu.

6ynbe. Akan. Bepragcbkoro, 36; 03142 Kuie, Ykpaina. Ten.: +380 44 4240236

3aB. nonirpaciyHo-po3MHOXKyBaNbHOI rpynu — JI. [ ManiHita

ISSN 1816-5230. Hanocucremu, HaHOMaTepianu, HanorexHosorii. 2021. T. 19, Bum. 2 \%


mailto:dsleonov@gmail.com

NATIONAL ACADEMY OF SCIENCES OF UKRAINE @ G. V. KurpyuMov INSTITUTE FOR METAL PHYSICS

COLLECTED SCIENTIFIC TRANSACTIONS

NANOSISTEMI,
NANOMATERIALI,
NANOTEHNOLOGII

FOUNDED IN OCTOBER, 2003
Volume 19, Issue 2 (2021)

CONTENTS
Editorial | Information for Subscribers X
Announcements | Information for Contributors XIII
Publication Ethics XVI

Magnetic Properties of 3d-Metal-Based Nanofilm-

Structures’ Interfaces

O.I. DMITRIEV,A.M.KASUMOYV,V.M. KARAVAEVA,
K.O.VYSHNEVSKA,L.I. FIYALKA,K.A. KOROTKOYV,

and A.I.IEVTUSHENKO 231

Thermodynamic Description of Interface Interaction in
Nanolayers on the Metal Fe—Dielectric Al,O; Boundary
S.V.KNIAZ,O.J. KOTSIUMBAS,I1.S.KUZ’,
O.M.BORDUN,O.I. MOROZ,0.N.KUZ’, and

D.S.LEONOV 239
The Effect of the pH on the Nucleation of Iron-Containing

Phases: Analysis Based on Partial Charge Theory and

Moéssbauer Studies

V.M.BOYCHUK,M.A. HODLEVSKA,
L.V.MOKHNATSKA,V.0.KOTSYUBYNSKY, and

A.I. KACHMAR 247
Investigation of the Process of Coprecipitation of Double

Fe—Co Hydroxides

L.A.FROLOVAand T.Ye. BUTYRINA 263
The Comparison of Intercalation of Na and Li Atoms in
Nanostructured SnS, Anode of Battery: ab initio

Calculation

Yu. PRIKHOZHA and R. BALABAI 273
Template Synthesis, Structure, Morphology and

Electrochemical Properties of Mesoporous Titania
I.F.MYRONYUK,V.0.KOTSYUBYNSKY,
V.L.CHELYADYN,V.M.BOYCHUK, and

M.A.HODLEVSKYI 281

Predicting the Stability of the Solid-Solution Sc,_,Ln,AsO,
and Tb,Ln,_,AsO, Orthoarsenates

© Imcruryr metasnodisuxu im. I'. B. KyparomoBa HAH Vxkpainu, 2021



CONTENTS, Iss. 2 (Vol. 19)

E.I. GET’MAN,Yu.A.OLEKSII,and S.V.RADIO 287

Pre- and Post-Irradiation Annealing for TLD 600 and 700
Dosimeters; Comparison of the Properties of TL Glow

Peaks 5 and 5a

Mokhtar HALIMI, Dahane KADRI, and

Abdelmalek MOKEDDEM 297

Mathematical Modelling of the Behaviour of Metal-

Nanodisperse PVC Systems at High Frequencies of

Deformation

B.B.KOLUPAEV,B.S.KOLUPAEV,V.V.KLEPKO,
V.V.LEVCHUK, Yu.R. MAKSYMTSEYV, and

V.O.SIDLETSKYI 315

Determination of Optical Parameters of Polymer
Blend/Nanoceramics for Electronics Applications

Ahmed HASHIM, Alaa J. KADHAM, Aseel HADI, and

Majeed Ali HABEEB 327

Comparative Analysis of ZnO Quantum Dots Synthesized

on PVA and PVP Capping Matrix

Abhigyan GANGULY, Siddhartha S. NATH, and

Viranjay M.SRIVASTAVA 337

Structural and Optical Properties of PVP/PAA/MnO,

Nanofluid for Solar Collectors’ Systems

Maithem Hussein RASHEED, Ahmed HASHIM, and

Farhan Lafta RASHID 347

Synthesis of PVA/PVP/Sn0O, Nanocomposites: Structural,
Optical, and Dielectric Characteristics for Pressure Sensors

Ahmed HASHIM, Alaa J. KADHAM ALGIDSAWI,

Hind AHMED, Aseel HADI, and Majeed Ali HABEEB 353

Optoelectronic Properties of Alumina—Tin Oxide

Nanocomposites Deposited on 1D Carbon Backbone

Deepti R. KULKARNI, Narasimha H. AYACHIT,

Raviraj M. KULKARNI, and Suresh D. KULKARNI 363

Physical-Technological Preconditions for the Formation

and Structural-Morphological Characteristics of C/Zn and

C/Ni Composites with a Carbon Turbostratic Component
H.S.KORNYUSHCHENKO,S.T.SHEVCHENKO,
V.V.NATALICH, andV.I. PEREKRESTOV 375

New Organic-Mineral Fertilizer Based on Low-Grade
Phosphorites and Microflora of Activated Sludge
N.A.DONIYAROV,1.A. TAGAEV,M.N. MURATOVA, and
L.S.ANDRIYKO 391

Fabrication and Characterization of Novel Cement
Mortar/(PVP—CMC-Y,0;) Nanocomposites for

Antifungal and Antibacterial Agents

Naheda HUMOOD, Ahmed HASHIM, Auda J. BRAIHI,

Farhan Lafta RASHID, and Mahmmod Shakir HASHIM 407

Key Aspects of the Nanotechnological Approach in the

Design and Technical Solution of the Ballast Water

Management System Based on the Danube Institute of the
National University ‘Odesa Maritime Academy’
N.TIRON-VOROBIOVA, O.IVANOV,A. DANYLYAN, and
A.ZHMUD 413

ISSN 1816-5230. Nanosistemi, Nanomateriali, Nanotehnologii. 2021. Vol. 19, Iss. 2 VII



CONTENTS, Iss. 2 (Vol. 19)

Comprehensive Determination of the Toxicity of

Disinfectant Developed on the Base of the Composition of

the Nanosolution of Silver and Lactic Acid
M.D.KUCHERUK,D.A.ZASIEKIN, and R.O. DYM KO 433
The Use of Nanobiomaterials in Veterinary

Reproductology

P.M.SKLJAROV,S.J. FEDORENKO,
S.V.NAUMENKO,O.V.ONYSHCHENKO,
M.M.IVANCHENKO,V.K. KLOCHKOV,
S.L.YEFIMOVA,V.G.PRUDNIKOV, and

[Yu.V. MALYUKIN| 445

Analysis of Skeletal Muscle Contraction of Chronic

Alcoholic Rats under the Action of Water-Soluble Cg,

Fullerene

D.M.NOZDRENKO, WANG NAN, O.P. MOTUZIUK,
O.V.VYGOVSKA,K.I. BOGUTSKA,

N.E.NURISHCHENKO, and Yu.I. PRYLUTSKYY 475

Scientific Editor of the Issue— V. A. Tatarenko

Executive Managing Editor— V. V. Lizunov

Technical Editor—D. S. Leonov

Editorial-Publishing Department, G. V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine

Editorial Office: 36 Academician Vernadsky Boulevard, UA-03142 Kyyiv, Ukraine

Telephone: +380 44 4229551, +380 44 4249042, +380 44 4241221. Fax: +380 44 4242561
E-mail: tatar@imp.kiev.ua, dsleonov@gmail.com

VIII ISSN 1816-5230. Nanosistemi, Nanomateriali, Nanotehnologii. 2021. Vol. 19, Iss. 2


mailto:tatar@imp.kiev.ua
mailto:dsleonov@gmail.com

TH®OPMAIIIA OJIA ITIEPEOIIJIATHUKIB I ABTOPIB

HHPOPMAIINA AJA IIOAITHNCYHUKOB

Pegaxknusa exxeKBapTaJIbHOrO0 COOPHUKA HAYYHBIX TPYAOB

«HAHOCHUCTEMH, HAHOMATEPIAJIA, HAHOTEXHOJIOI'TI »

(CODEN: NNNAAT; ISSN (Print): 1816-5230, ISSN (Online): 2617-3794;

B «Karasore usgauuiit Y KpauHbI» IIOATUCHOI nHeKC: 94919)

M3BeIaeT 0 MOANUCKe (HaunmHaA C TeKYIero KBaprajaa BBIITYCKA).

Pexomenayem oOpMUTH MOANUCKY HEIIOCPEACTBEHHBIM II€PEUNCIEHHIEM OILIATHI

B I'PUBHAX:

«ITOIYYATEJIO» : NHCcTHTYT MeTamnodusuku uMm. I'. B. Kyparomosa HAH Ykpaunst

Ha pacuérHbil cuér Ne UA058201720313291001201001901 B 6anxe 'VI'KCY B r. Kuese
Kox Ganka 820172

rox 3KIIO: 05417331

misi «IIOCTABIIMKA» — Wucruryra metamnodbusuku um. I'. B. Kypaiomoa HAH Yikpauubt
CBueTenbCTBO ILIaTeabluKa Hajora Ne 36283185

MNHH 054173326066

Ko HABHAYEHUSA ILJIATEXA: 25010100

HABHAYEHUE IIJIATEJKA: 3a coopuuk «Hamocucremu, HaHOMAaTepiaau, HAHOTEXHOJIOTII» s
PUIO UM® HAHY

OCHOBAHUE: npegomaara 100%

B MHOCTPaHHOI BasoTe (nmosutapax CIITA, eBpo) uepe3 COOTBETCTBYIOIINE OAHKU-
roppecmouaeHTl AO «I'ocymapcTBeHHBIN dKCIIOPTHO-UMIIOPTHBIN OaHK YKpPaWHBI»:
«ITONMYYATEJIO» : @unuan AO «I'ocygapcTBeHHBIN 5KCIOPTHO-UMIIOPTHBIN OaHK YKpauHBI»
B . Kuese (Ykpauna, 04053 Kues, ya. Byissapao-Kyapasckas, 11°)

Ha pacuérHbiit cuét Ne UA603223130000025308000000067

M®O 322313

s «ITIOCTABIIMKA» — WucturyTa Mmetasuiodpusuku um. I'. B. Kypaiomosa HAH Vkpaunsbl
HABHAYEHUE IIJIATEJKA: 3a coopuuk «Hamocucremu, HaHOMAaTEpiaan, HAHOTEXHOJIOTIT» s
PUIO UM® HAHY

OCHOBAHUE: npegomaara 100%

IIpu 3TOM croco6e MOOIMCKYA HEOOXOAMMO COOOIIMTh PEeAAKIMM COOPHUKA II0 IIOYTOBOMY aJpecy:
PO (Ne 83) UM® HAHY,

oyabB. Axazn. Bepuaackoro, 36,

03142 KueB, Ykpauna

e-mail: tatar@imp.kiev.ua; dparc: +380 44 4242561; Tenedon: +380 44 4229551, +380 44 4249042

[aTy OILIAThI, HA3BAHUE YUYPEIKICHUS WM UM IOANKNCUMKA, afpec [JIs MMOYTOBOM JOCTABKHU, a
Ipyu HEOOXOAMMOCTH — CBOM DPEKBUBUTHI JJIA HAJIOTOBON HAKJIATHOIN.

ITepumoguunocTh — TOM U3 4 BEIIYCKOB B T'OJ.
C y4éTOM MOYTOBOM IE€PECHLIKM

Ui TOANUCYUKOB B YKDaWHy IOAIKMCHAS CTOMMOCTb: OJHOrO SK3eMILIspa BBITycKa — 312
TpH., ToMa — 1248 rpH.;
s moauucunKoB B crpanbl CHI' mogmucHAs CTOMMOCTB: OJHOTO SK3EeMILISpa BBIMyCKa — 36

US$, Toma — 144 USS$;
UL MHOCTPAHHBIX mopanucunkoB BoBHe CHI' mogmmcHas CTOMMOCTB: OJHOIO SK3EMILISIPa BBIITYCKa
— 40 US$ (36 EUR), Toma — 160 US$ (144 EUR).

< Oopasey, das onaamut 2000801 NOONUCKU
Cuér-daxrypa
«ITOCTABIIIUK» : UHCTUTYT MeTamnobusuku uM. I'. B. Kyparomosa HAH Ykpauubs!
«ITOJIYYATEIIb» : @unuan AO «TocynapcTBeHHBIN SKCIIOPTHO-UMIIOPTHBIN 0OaHK YKpauHbI» B I'. Kuese
(Yrpauna, 04053 Kues, yi. Byassapao-Kyapsasckasa, 11°)
Ha pacuérubiii cuér Ne UA603223130000025308000000067, MAPO 322313
HA3SHAUYEHUE ILJIATEA: 3a cOopuuk « Hanocucremu, HaHOMaTepianu, HaHoTexHoJorii» mis UM® HAHY

«IIMATEABIOUAK»:

OCHOBAHME: npegomaata 100%

Ne HaumeHoBaHuE Ex. usm. Kos-Bo Ilena Cymma

1 c6opuuk «Hanocucremu, HaHOMAaTepiamu, SK3. 4 36 US$ 144 US$
HAHOTEXHOJIOTii» (BKJIIOUAs JOCTABKY IOYTOM)

Cymma K omiarte 144 US$

ISSN 1816-5230. Hanocucremu, HaHOMAaTepiaan, HaHOTeXHOJIOrii. 2021 IX


mailto:tatar@imp.kiev.ua

IHO®OPMAIIA OJIA ITIEPEOITJIATHUKIB I ABTOPIB

INFORMATION FOR SUBSCRIBERS

Editorial Board of Quarterly Collected Scientific Transactions
‘NANOSISTEMI, NANOMATERIALI, NANOTEHNOLOGII’

(i.e. ‘NANOSYSTEMS, NANOMATERIALS, NANOTECHNOLOGIES’)

(CODEN: NNNAAT; ISSN (Print): 1816-5230, ISSN (Online): 2617-3794)
advertises the subscription on an annual basis for this year. Orders should
be placed through one of the methods described below.

Besides the subscription via the centralized service by State Enterprise
‘PRESA’ (2a Georgiy Kyrpa Str., UA-03999 Kyiv, Ukraine; faxes: +380 44
2890774 / 2480377 / 2480384 / 2487802 / 2480406; e-mail: pod ukr@presa.ua,
rozn@presa.ua, info@presa.ua) or via Internet:

http://presa.ua/nanosistemi-nanomateriali-nanotehnologii.html?___SID=U

the Editorial Board will take orders sent directly to the Editorial Board. To
obtain our edition, the persons and institutions, interested in this title, should
made the definite payment sent, according to the order, to the account of the
Publisher—Institute for Metal Physics of the N.A.S. of Ukraine.

This edition frequency is 4 issues per year. The annual subscription rate
for ‘Nanosistemi, Nanomateriali, Nanotehnologii’ is 160 US$ (or 144
EUR), including airmail postage, packing and handling charges. All other
currency payments should be made using the current conversion rate set
by the Publisher (subscribers should contact the Editorial Board).

Subscription is valid after obtaining by the Editorial Board of banker’s
order. Banker’s order should be sent to the address:

G. V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine,
currency account No. UA603223130000025308000000067, MFO 322313
in the Kyiv’s Branch of JSC ‘The State Export-Import Bank of Ukraine’
(Joint Stock Company ‘Ukreximbank’)

(11" Bulvarno-Kudriavska Str., UA-04053 Kyiv, Ukraine)

simultaneously with written notice providing the Editorial Board with a
copy of banker’s order for subscription and detailed address for mailing.

Address of the Editorial Board Office:

G. V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine,
36 Academician Vernadsky Blvd.,
UA-03142 Kyiv, Ukraine.

E-mail: tatar@imp.kiev.ua (with subject beginning by word ‘nano’).
Fax: +380 44 4242561.

After receiving of banker’s order, the Editorial Board will send the
guarantee letter to the subscriber’s address for mailing the collected scien-
tific transactions for a corresponding term.

Editorial Board of this edition hopes for effective co-operation with its
present and future readers and asks to promote the maximum information
about its contents to persons, institutions and organizations concerned.

X ISSN 1816-5230. Hanocucremu, HaHOMaTepianau, HaHoTexHosorii. 2021


mailto:pod_ukr@presa.ua
mailto:rozn@presa.ua
mailto:info@presa.ua
http://presa.ua/nanosistemi-nanomateriali-nanotehnologii.html?___SID=U
mailto:tatar@imp.kiev.ua

TH®OPMAIIIA OJIA ITIEPEOIIJIATHUKIB I ABTOPIB

HHPOPMAIIUA AJI1 ABTOPOB

CoopHuK HayuyHBIX TpynoB «HaHocucremu, nanomarepiaau, HaHorexHoJorii» (HHH) ny6aukyer emé
Heony6JINKOBaHHbIE I HE HAXOAAIIMECH HA PACCMOTPEHHUN [JId ONyOJUKOBAHUSA B MHBIX N3TAHUAX HAyY-
Hble 0030PBI ¥ OPUTHMHAIbHEBIE CTATHY, COJEPIKAIIe U XapaKTePU3YIOllie Pe3yIbTaThl SKCIePUMEHTAb-
HBIX U TEOPETUUECKUX UCCJIeLOBAHU B 00acT PUBUKY, XUMUY, TEXHUKU, METOA0B CUHTE3a, 00paboTKMI
¥ AUArHOCTUKYM HAaHOPa3MEPHBIX CHCTeM M HAHOMACIITAOHBIX MaTePHAJIOB: KJACTEPOB, HAHOYACTHII,
HAHOTPYOOK, HAHOKPUCTAJJIOB U HAHOCTPYKTYP (2IaTUTONOL00HBIX U AP. OUOCHCTEM, aMOP(MHBIX U KOJI-
JIONHBIX HAHOPa3MEPHBIX CUCTEM, HAHOCTPYKTYPHBIX IIJIEHOK ¥ TOKPBITU, HAHOIIOPOIIIKOB U T.J.).

CraTby MyOJINKYIOTCA Ha OAHOM M3 [BYX A3BIKOB: aHIVIMICKOM MJIN YKPAUHCKOM.

CraTbu, B 0hOPMJIEHNY KOTOPBIX HE COOJIIOEHEI cieayolire npasuia qid mybaukamnuu 8 HHH, Bos-
BpaII[aloTCA aBTopaM 6e3 pacCMOTPEHUA IO cyinecTBy. ([laToit mocTymieHusa cuuTaeTca JeHb IOBTOPHOTO
IIPeJCTABJIEHUS CTATHY IIOCJIE COBJIIONeHUsI YKAa3aHHBIX HIUKe IIPABUIL. )

1. CraTps 10/sKHA GBITH MOANIMCAHA BCEMU aBTOpPaMu (C yKa3aHueM MX aJPecoB JIEKTPOHHOM [10YThI);
ciaenyeT ykasaTh (paMuUINIO, UMA U OTYECTBO aBTOPA, C KOTOPHIM pefaKknusa OyAeT BeCTU IEePENucKy, ero
TIOYTOBRIH azpec, HoMep TesredoHa (hakca), agpec 3JIeKTPOHHOM TOYTHI.

2. N3nokeHne NOJIKHO OBITH SICHBIM, CTPYKTYPUpPOBaHHBIM (paszenamu «1. Beegenue», «2. Jkcue-
puMeHTasnbHasA/TeopeTnueckas MeTOguKa», «3. Pesysnbrarsl u ux obcyxaeHue», «4. BerBogsl», «Iluru-
POBaHHAsS JUTEPATYPa»), COKATHIM, 6e3 AJIMHHBIX BBEAEHUN, OTCTYILIEHUN U IIOBTOPOB, AYOJUPOBAHUSA B
TeKCTe JAaHHBIX TabJIUIl, PUCYHKOB U MOANNCEH K HUM. AHHOTAI[UsA U pasnes « BoIBOABI» HOKHEI He 1y0-
JIMPOBATH APYT Apyra. YucaoBble JaHHbIE CJIeLyeT IPUBOAUTDH B OOIIEIIPUHATHIX eUHUIIAX .

3. 06BéMm craThu noKeH ObITH He 60s1ee 5000 ci0B (¢ yIETOM OCHOBHOT'O TEKCTA, TaGJINI], IOLIUCEH K
PUCYHKaM, cIiucka juteparypsl) 1 10 pucyHKoB. Bompocs!, cBA3aHHBIE ¢ IyOanKanueil HAyYHbIX 0030POB
(ue 6osee 22000 cioB u 60 pucyHkos), perratorcs peaxosurerneiit HHH Ha ocHOBaHMM mpeABapuUTEIHLHO
IpeoCTaBIeHHOM aBTOPAMY PACIIIUPEHHON aHHOTAI[UY PaGOTHI.

4. B pefaknuio mpegocTaBiasiercsa 1 9K3eMILIADP PYKONNCH € MIIIOCTPATHBHBIM MaTepuajoM, Haleda-
TaHHBIN Ha Oymare ¢popmara A4 yepes JBOIHOI HHTEPBAJ B OAMH CTOJIOEI] C OLHOI CTOPOHBI JINCTA.

5. B pemaxknuio o0A3aTeqbHO IpefocTaBidercs (1o e-mail miu Ha KOMIakT-gucKe) Gaila pyKomucu
craTbu, HaOpaHHBINA B TeKcTOBOM pegakrope Microsoft Word 2003, 2007 mau 2010 ¢ HagBaHUEM, COCTO-
AmuM us haMuIny IepBoro aBTopa (JaTuHuIei), Hanpumep, Smirnov.doc.

6. ITeuaTHBII BapUAHT PYKOIIUCHU U €€ 3JIeKTPOHHASA BEPCUS JOJIKHBI ObITh HACHTUYHBIMU U COJEPIKATH
5—7 ungexcos PACS (8 mocnexnneit pegaknuu ‘Physics and Astronomy Classification Scheme 2010’ —
http://publishing.aip.org/publishing/pacs/pacs-2010-regular-edition) u ammoraummio (200—-250 cioB)
cratbu (BMecTe ¢ 5—6 KiaroueBbIMH cjoBaMu). TeKCTHI YKPAaUHOASBIYHBIX CTATell JOJKHBI TaKXKe COLep-
JKaTh 3aryiaBre CTaTby (BMeCTEe CO CIMCKOM aBTOPOB U aJpecaMy COOTBETCTBYIOIIUX YUPEeKAEHMHIt), pac-
mupensyto anaoranuio (300—350 cioB), KIOUEBBIE CI0OBA, 3aTOJIOBKY TA0IUI] U TOAIINCH K PUCYHKaM Ha
aHIIMIICKOM s3bIKe. KpoMme TOro, cogepoxkaHusi aHHOTAIUM HA YKPAMHCKOM U aHIJIMMCKOM S3BIKAX
A OJIXKHBI 6]:1’1‘]: UOEHTUYHBIMU 110 CMBICJIY.

7. PucyHKH (TOJIBKO 4€pPHO-0esIble WIN MOJYTOHOBbIE ¢ TPaJanueil ceporo) mIpeJocTaBIA0TCA Ha OT-
[eJIbHBIX JINCTAX C YKasaHWeM HOMepa PUCYHKa U (paMuUInu IepBoro aBropa. Bce puCyHKY JOJKHBI OBITH
JIOIIOJTHUTEJIBHO IIPEICTaBJIEHBI B BUle OTAENIbHBIX (haiioB (IIPeAIOUTUTENbHO B rpadudeckux ¢popmarax
TIFF, EPS nau JPEG) c HagBaHusAMu, cocToAuMy 13 ¢GaMuUIny IepBoTro aBTopa (JaTuHUIE) 1 HoMepa
pucyHka, Hanpumep, Smirnov_fig2a.tiff. KauecTBo minrocrpaimii (B ToM Yucje IOJTYyTOHOBBIX) LOJIKHO
obecreunBaTh X BocupousBegenue ¢ paspemenrem 300—600 Touek Ha gr0iiM. [[OTOJIHUTEIBHO PUCYHKY
IIPeoCTaBIATCA B hopMarTe IPOrpaMMbl, B KOTOPOI OHU CO3aBaJIUCh.

8. Hapnucu Ha pucyHKax (0COO€HHO Ha IOJYTOHOBBIX ) HaZI0 II0 BOBMOYKHOCTY 3aMEHUTb OYKBEHHBIMU
o6o3HaueHNAMY (HaOpaHHBIMU HA KOHTPACTHOM (hOHE), a KpUBbIe 0003HAYMNTD I{H(PaMU UJIN PASIHNIHOIO
THUIA IUHUSMYU/MapKepaMu, PasbsACHAEMbIMY B IOAIUCAX K PUCYHKaM Wi B Tekcre. Ha rpadukax Bce
JIMHUY/MapKEPHI JOKHBI OBITH YEPHOIO I[BETa U JOCTATOYHBIX TOJIIIVH/PAa3MePOB IJiA KaueCTBEHHOTO
BOCIIPDOM3BEEHNUsI B YMEHBIIIEHHOM B 2—3 pasa Buje (peKoMeHIyeMmas IIMPUHA pucyHKa — 12,7 cm).
CHUMKHU JOJIKHBI OBITh Y6TKMMU U KOHTPACTHBIMUY, & HAANUCHU U 0003HAUEHUS JOJIKHBI HE 3aKDPHIBATH
CyII[eCTBEHHBIE AeTaky (s 4ero MOXKHO HCIIOJIB30BaTh CTPEJIKM). BMmecTo ykasaHWs B IOJTEKCTOBKE
yBeJIMYEHUs [IPU CHEMKE JKeJIaTeJIbHO IPOCTAaBUThH MaciITad (Ha KOHTpacTHOM (oHe) Ha OAHOM U3 HAEH-
TUYHBIX CHUMKOB. Ha rpadukax moAnucH K 0CsIM, BBIIOJHEHHbIE HA A3bIKE CTAThH, JOJDKHBI COJEDPIKATD
0603HaueHns (NI HANMEHOBAHU ) OTKJIAJbIBA€MBIX BEeJIUUNH U Yepe3 3alsTYI0 UX eIUHUIILI U3MEPEHU .

9. ®opMmyasI B TEKCT HEOGXOJUMO BCTABIATH C IOMOIIbI0 pegakTopa popmysn MathType, mosrocThIO
cosmectumoro ¢ MS Office 2003, 2007, 2010.

10. Pucynku, a Tak:ke TaGJUIbI U IIOJCTPOUYHbIE MPUMeYaHUA (CHOCKM) JOJKHBI UMETh CILJIOIIHYIO
HyMepaIuio 10 BCeil craTbe.

11. CeblKu Ha JUTEpAaTypPHBIE NCTOUHUKY CJIEAYET JaBaTh B BHUE IOPAAKOBOIO HOMEpPa, HaleyaTaH-
HOT'0 B CTPOKY B KBaApPaTHHIX CKOOKax. CIIMCOK JIUTEepaTyphbl COCTABIIAETCSA B IIOPSIKE IIEPBOr0 YIIOMUHA-
HUS UCTOUYHUKA. IIpuMepsl 0POPMIIEHUS CCHLIOK IPUBEEHbI HIYKe; IPOCUM 00paTUTh BHUMAHNE Ha II0-
PANOK CJIeJOBAHWUA MHUIIMAJIOB U (PaMUINI aBTOPOB, 6ubarorpaduuecKuX CBEAEHUN U HA PasfeUTelb-
Hble 3HAKU, a TaKKe Ha HEOOXOAMMOCTh YKa3aHUs BCEX COABTOPOB IIUTHPOBAHHON paboTH U (B KOHIE
KasKI0i cchliku) eé nudposoro nuaentuduraropa DOI, ecsiz TakoBOII MMeeTCA Y COOTBETCTBYIOIEH Iy6-
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nukanuy (1 yKasaH Ha €€ MHTePHeT-CTPaHNIle U3JaTeIbCTBA):

1.T. M. Radchenko and V. A. Tatarenko, Usp. Fiz. Met., 9, No. 1: 1 (2008) (in Ukrainian);
https://doi.org/10.15407 /ufm.09.01.001
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HU3OTATEJIBCKAA 9TUKA
M IIPEJOTBPAIIEHUE HEJOBPOCOBECTHOM IIPAKTHKH ITYBJIAKAIUIA
Penaxkuunonnas Kojierns cGOPHUKA HAYUYHBIX TPYAOB « Hanocucmemu, Hanomamepiaiu, HaHome-
XHOJ02Il» CJefyeT 9TUUEeCKUM HOPMAaM, IPUHATHIM MEXKIYHAPOAHBIM HAYYHBIM COOOIIECTBOM, U
IesaeT BCE AJIs TPeJoTBpaIlleHus JI0ObIX HapyIIeHuil nx. B cBoell feATeIbHOCTH pefaKIiusA Omupa-
eTcs Ha pekoMeHzanuy Komurera mo sTuke HayuHbIx nyoaukamnuii (http://publicationethics.org).

O0s3aHHOCTH peJaKIuu

e Bce mpejcTaBeHHBIE CTATHU PELEH3UPYIOTCS 9KCIIEPTAMU B JAaHHON 00JIaCTH.

o Ilpu paccMOTpeHHU CTAaThbM YUYHMTHIBAIOTCS €€ COOTBETCTBUE IIPeJMETHOH 00JacT, 00O0CHO-
BaHHOCTb, 3HAUMMOCTb, OPUTUHAJIBHOCTb, YNTA0EJIbHOCTb U A3BIK (IIPABOIMCAHUE).

o Ilo pesynabTaTaM peleH3WPOBAHUSA CTAThbs MOYKET OBITh HPUHATA K ONYOJMKOBAaHUIO 6e3
IopaboTKMU, IPUHATA ¢ JOPAOOTKON MM OTKJIOHEHA.

e OTKJOHEHHBIE CTAThU IIOBTOPHO HE PEIeH3UPYIOTCS.

e CraTbu MOTyT OBITH OTKJIOHEHBI 0e3 PeleH3WU, €CJU OHU OYEBUAHBIM 00pa3oM He MOAXOMAT
UL TyOJUKaALUN.

e Pepaknusa nDpuHUMAaeT pelleHWe O MyOJIMKAIUui, PYKOBOJCTBYSCH MOJUTHUKON KypHAaja, C
YUETOM [eiCTBYIOIIEro 3aKOHOAATEJLCTBA B 00JaCTH aBTOPCKOTO IIpaBa.

e He gomyckaerca K nyOoaukamuy nHGOpPMAIUSI, €CJIU MMEeTCS AOCTATOYHO OCHOBAHWI moOJa-
raTh, YTO OHA ABJISETCA ILJIATAATOM.

ITpu BHanmuumum Kaxkux-au60 KOH(MIMKTOB MHTEPecoB ((pMHAHCOBBIX, aKaJAeMUUYECKUX, JIUUHBIX)

BCe YYACTHUKU IIPOIiecca peleH3upOBaHUSA HOJIXKHBI COOOIUTHL 00 9TOM penkoJuieruu. Bee cmop-

HbIE BOIIPOCHI PACCMATPUBAIOTCS HA 3aCETaHUN DEeIKOJIIErUN.

IIpuHATbIe K ONYOJMKOBAHUIO CTAThU PAa3MEIAIOTCSI B OTKPBITOM JAOCTYIle Ha caiiTe cOOpPHUKA;

aBTOPCKHUE IIPAaBa COXPAHSIIOTCA 34 aBTOPAMU.

BTuqecmne NIPUHUMIIBI B J€ATEJIbHOCTU PELEeH3eHTOB

o PeleH3eHTH OLIEHUBAIOT CTATHHU IO WX COAEP:KAHUI0, GE30THOCUTENbHO K HAIMOHAIBHOCTH,
IOJIy, CEKCYAJbHOM OPUEHTAINY, DPEJIUTHO3HBIM YOeKACHUSIM, STHUUECKON NPUHAIJIEMHKHO-
CTH WX MOJUTUYECKUM YOeKIEeHUAM aBTOPOB.

o COTpyJHUKU DENAKIMU He AO/KHBI COOOIIAaTh KaKyI0-In60 MHMOPMAIUIO O IOCTYIUBIINX
CTaThbAX JIWIAM, He ABJIAMIINMCA PeleH3eHTaMM, aBTOPAMHU, COTPYAHUKAMU pefaKIuu U
U3aTe bCTBA.

o PeneHsun TOKHBI OBITh IIPOBENEHBI 00BEKTUBHO. llepcoHaNIbHAA KPUTHKA aBTOPA HEIPHU-
emisieMa. PeleH3eHTH 0653aHbI 000CHOBBIBATH CBOIO TOUKY 3PEHUS YETKO M OOBEKTUBHO.

o PenensupoBaHue IMOMOTaeT M3JATENI0 IPUHUMATDL PEIIeHne W IIOCPECTBOM COTPYIHUYECTBA
C PeleH3eHTaM! U aBTOPaMH YJIYUYIIUTH CTATBIO.

e Marepuaibl, HOJyYeHHBIE IJIA PELEH3UN, ABIAITCA KOHPUICHINAIbHEIMYA JOKYMEHTAMU U
PeLleH3UPYIOTCI aHOHUMHO.

o PemensenT Takke 00s13aH 00palaTh BHUMAHNE PEJAKTOPA HA CYIIECTBEHHOE WM YaCTUUHOE
CXOJICTBO IIPEJCTABJEHHON CTAaThU C KAKOM-I100 MHOM paboToi, ¢ KOTOPOIl PelleH3eHT HeIo-
CPeICTBEHHO 3HAKOM.

IIpuHIUIBI, KOTOPHIMY JOJIKHBI PYKOBOICTBOBATHCA ABTOPHI HAYYHBIX IIyOIMKAIUIT

e ABTOpHI cTaTell AOJYKHBI IIPEJOCTABJATH TOYHBINA OTYET O BBIIOJIHEHHOU paboTe M OGBEK-
THUBHOE 00CY’KIeHIe e€ 3HAUNMOCTH.

e ABTOpHI CTAThU JOJIYKHBI IPEJOCTABJIATH HOCTOBEDPHBIE PE3YJILTATHI IIPOBELEHHOrO 0030pa U
aHaIM3a KCCIeJOBAaHUU. 3aBeIOMO OUIMOOUHBIE MIM CHATLCUDUINPOBAHHBIE YTBEPIKICHUS
HEIIPUEeMJIEMBI.

e CraTbs LOMKHA COZEPIKATh JOCTATOUHOE KOJMYEeCTBO MH(OpPMAIUU IS IPOBEPKHU U IIOBTO-
PEHUS DKCIEPUMEHTOB HJIM PACUYETOB APYIMMH HCCIeoBaTeasaMHu. MolleHHWYeCKue UIN 3a-
BeZOMO HeIpaBAWBLIE 3aABJIEHUS IIPUPABHUBAIOTCA K HEITUUYHOMY IIOBELEHUIO U SBJIAIOTCS
HENPUEeMJIEMBIMHU.

e ABTOpPHI MOTYT IPELOCTABIATH OPUTMHAJIbHBIE DEryJispHble u 0030pHbIe paGorel. Ilpm mc-
MOJIb30BAaHUY TEKCTOBON WM rpaduyecKoil wH(popMamuu, MOJYyYeHHON u3 pPaboT APYTUX
I, 00g3aTeNbHO HEOOXOAWMEBI CCHIIKYM HA COOTBETCTBYIOIINE IYOJMKAIWN WUIN IUCHMEH-
HOe paspellleHNe UX aBTOPOB.

o TIloxmaua craTbu Gosiee YeM B OAWH KYpDHAJ DacCIlleHHBAaeTCAd KaK HEITUYHOE IIOBeLeHUe U
ABJISIETCA HEIIPUEMJIEMOI.

e ABTODPCTBO [JOJI’KHO OBITH OI'PAaHWYEHO TEMM, KTO BHEC 3HAUMTEILHBIN BKJIAJ B KOHIIENIIIUIO,
paspaboTKy, NCIIOTHEHNE WY MHTEPIPETANNIO 3adBJIEeHHOTO UCCIEeJOBAHUA.

e NcrouHUKU (PUMHAHCOBOIH IOANEPIKKY IMIYOJMKYEMOTO HCCIeLOBAHUS MOTYT OBITH YKa3aHbL.

ISSN 1816-5230. Hanocucremu, HaHOMAaTepiaan, HaHOTeXHOJIOrii. 2021 XV


http://publicationethics.org/

TH®OPMAIIIA OJIA IIEPEOIINIATHUKIB I ABTOPIB

PUBLICATION ETHICS

AND MALPRACTICE STATEMENT
The Editorial Board of the Collected Scientific Transactions ‘Nanosistemi, Nanomateriali,
Nanotehnologii’ (i.e., ‘Nanosystems, Nanomaterials, Nanotechnologies’) follows ethics norms
accepted by international scientific community and makes every endeavour to prevent any
infringements of the norms. The Editorial Board follows the guidelines of the Committee on
Publication Ethics (http://publicationethics.org).

Duties of Editors

o All submitted papers are subject to strict peer-review process by reviewers that are experts
in the area of the particular paper.

® The factors, which are taken into account in reviewing process, are relevance, soundness,
significance, originality, readability, and quality of language.

® The possible decisions include acceptance, acceptance with revisions, or rejection.

e If authors are encouraged to revise and resubmit a submission, there is no guarantee that
the revised submission will be accepted.

® Rejected articles will not be re-reviewed.

Articles may be rejected without review, if they are obviously not suitable for publication.

® The paper acceptance is constrained by such legal requirements as shall then be in force
regarding libel, copyright infringement, and plagiarism.

When a conflict of interests arising, all the participants of reviewing process should inform
the Editorial Board. All the contentions questions are considered in the Board meeting.

The accepted papers are allocated in open access on the journal site; copyrights reserved.

Duties of Reviewers

® The reviewers evaluate manuscripts for their intellectual content without regard to race,
gender, sexual orientation, religious belief, ethnic origin, citizenship, or political philoso-
phy of the authors.

® The staff must not disclose any information about a submitted manuscript to anyone other
than the corresponding author, reviewers, other editorial advisers, and the Publisher, as
appropriate.

® Reviews should be conducted objectively. Personal criticism of the author is inappropriate.
Referees should express their views clearly with supporting arguments.

® Peer review assists the Publisher in making editorial decisions and through the editorial
communications with the experts from the scientific board and the author may assist the
author in improving the paper.

® Manuscripts received for review are treated as confidential documents and are reviewed by
anonymous staff.

® A reviewer should also call to the Publisher's attention any substantial similarity or over-
lap between the manuscript under consideration and any other published paper of which
they have personal knowledge.

Duties of Authors

® Authors of contributions and studies research should present an accurate account of the
work performed as well as an objective discussion of its significance.

® A paper should contain sufficient details and references to permit others to replicate the
work. Fraudulent or knowingly inaccurate statements constitute unethical behaviour and
are unacceptable.

® The authors should ensure that they have written original regular or entirely review
works, if the authors have used the work and/or words of others that this has been obliga-
tory and appropriately cited or quoted.

® Submitting the same manuscript to more than one publication concurrently constitutes
unethical publishing behaviour and is unacceptable.

® Authorship should be limited to those who have made a significant contribution to the
conception, design, execution, or interpretation of the reported study.

® Sources of financial support for the reported results can be specified.

XVI ISSN 1816-5230. Harocucremu, HaHOMAarTepiaau, HaHOTexHOIOrii. 2021


http://publicationethics.org/

Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2021 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainun)
2021, 1. 19, Ne 2, cc. 231-238 HaznpykoBaHo B YKpaiHi.

PACS numbers: 75.30.Et, 75.47.-m, 75.50.-y, 75.70.Cn, 75.75.Cd, 76.50.+g, 78.20.Ls

MarsneTHi BJIaCTHBOCTI iHTep(eliciB HAHOILTIBKOBUX CTPYKTYP
Ha OCHOBi 3d-MeTaniB

0. I. ImuTpieB, A. M. Kacymos, B. M. Kapasaesa, K. O. BuritaeBcbka,
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IIpoaHanizoBaHO eKCIIEPUMEHTAJBbHI Ta TEOPeTUUYHi AacIeKTH 30iJbITeHHSA
e(peKTUBHOrO MarLeTHOT0 MOMEHTY HAHOILIiBKOBUX CTPYKTYpP Ha OCHOBi 3d-
meraniB (Fe, Co, Ni). MaruerHi BiacTUBOCTI HAHOIJIiBKOBUX CTPYKTYP TUITY
3d-meran (Fe, Co, Ni)/4f-meran sanesxars Bix d/f-Bsaemozii Ha IxHil posmi-
JbUiii Mexki. ¥ BUHAAKy HaHOCTPYKTYpP 3d-Mmerasi/okcun P3M Hempsama 06-
minHa d/f-B3aemopia (cymepobmin uepe3d Oxcuren), fimMmoBipHO, Oyae rpartu
poab B pesyabTaTi riopuamsairii opbitaneit 3d-merany 3 opbOiTamamm 4f-
MeTaJTy 3a yuacTio OxcureHoBux opbiTaseit B iHTepdeiici. OqHaK BIJINB iHAY-
KOBaHMX MOBEepPXHEBUX MarHeTHUX BaKaHCiil He BuKJIioueHuii. [lutanus mpo
Te, AKMHI 3 WX MeXaHidMiB Hai0iabIII CUJIBHO 3MiHIOE MarHeTHi BJIACTHUBOCTI,
BUMATAa€ IIOJaJILIITOr0 OMpaIloBaHHA. ¥ HAaHOCTPYKTypax 3 miriBok Fe, Co, Ni
Ta giamarHerHux metaiais (Cu, Ag, Au), mapamarsetHoro merany (Pd) uu to
moaimepy moJieruaentepedranary (IIET) rako:x 6yB eKCIIePUMEHTAJIbHO BU-
sABJIeHUN edeKT 30iJbIlIeHHS MarHeTHHUX BJacTuBocrteil cucrem. Aje d/f-
B3a€EMOJidA B X CHCTEMAaX He MOKJInBa. EdeKT 30iJbIlIeHHa MAarHeTHUX BJIAC-
THUBOCTE! TAKMX CHCTEM MOXKHA IMOSCHUTH HOAATKOBOIO IIOBEPXHEBOI iHIYK-
Ii€I0 MarHeTU3My AOMIIIIKaMM Ta BaKaHCiaM1. Y BCiX PO3TIIAHYTUX BUOAJKaX
OCHOBHA POJIb HAJIEKUTH CTaHAM iHTep@deiicy CTPYKTYP.

The experimental and theoretical aspects of increasing the effective magnetic
moment for nanofilm structures based on 3d-metals (Fe, Co, Ni) in the differ-
ent combination are analysed. The magnetic properties of nanofilm struc-
tures of d-metal (Fe, Co, Ni)/f-metal are affected by the d/f interaction in
their interface. In the case of d-metal/REM-oxide nanostructures, an indi-
rect exchange d/f interaction (superexchange through oxygen) is likely to
play a role because of hybridization of the d-metal orbitals with the f-metal
orbitals by means of the participation of oxygen orbitals in the interface.
However, the concept of the theory of induced surface magnetic vacancies is
not excluded. The question of which of these mechanisms most strongly af-
fects the magnetic properties needs further elaboration. In nanostructured
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films from Fe, Co, Ni and non-magnetic films such as diamagnetic metals
(Cu, Ag, Au), paramagnetic metal (Pd) or polymer polyethylene tereph-
thalate (PET), the effect of increasing the magnetic properties of the systems
is also experimentally revealed. However, d/f interaction in these systems is
not possible. The effect of increasing the magnetic properties of such systems
can be explained by the additional surface induction of magnetism by impuri-
ties and vacancies. In all these cases, the main role belongs to the interface
states of structures.

Karouori cioBa: d/f-B3aemMofiia, HAHOIJIIBKOBI CTPYKTYypH, AiAMarHEeTHKH,
nmapaMarseTuKM, MarHeTHi BakaHcii, inTepdeiic.

Key words: d/f interaction, nanofilm structures, diamagnetic, paramagnetic,
magnetic vacancies, interface.

(Ompumano 9 uepsnsa 2020 p.)

1. BCTYII

IuTepdetic — merxka MOBepXOHb PiBHOPIAHUX MaTepiAJiB, 110 Bimirpae
BaXKJIUBY POJIb V OyIb-AKill cepi moacsbroi gigapHOoCcTH. OCO0IUBO Iie
CTOCYETBHCA aKTyaJIbHUX HAIPSAMIB CydyacHMX HAHOTEXHOJIOTiH i HaHO-
MaTepiAsiB, OB’ A3aHMUX 3 iHTepdelicaMu, AKi MalOTh BUHATKOBI Mar-
HETHi BJIACTMBOCTi, HaIPUKJIa], y MaraHeroontuili [1], comiarponimi [2],
MenuIuHi Ta 6ioJorii [3], oMmeHHilt MmarmeTHii mam’aTi [4] # immux 006-
JacTax. ¥ 0araTbox BUIIaJKax YMOBH, II[0 BUHUKAIOTh HA MeXKi das, cy-
IIPOBO/IKYIOTHCA 3POCTAHHAM e()EKTHBHOTO MarHeTHOTO MOMEHTY aTo-
MiB i HaMarHeToBaHOCTH IIapiB B oOisacTi imTepdeiicy. Ile mae MmoxKIN-
BiCTBH JOCATTH HMOCUJIEHHS BJACTHUBOCTEH (rajJbBAHOMArHETHUX, MarHe-
TOOITUYHUNX), AKi 3aJeKaTh BiJi HAMarHeTOBaHOCTH HaHO00 €KTiB, 6e3
BTpAaT eHeprii, 110 € BaKJIMBOIO IIepPeBarol0 IJad HaHoTexHoJorii. Ilaa
BUKOPUCTAHHS TaKMX IlepeBar HeoOXimHe poO3yMiHHA IIpoIlieciB, IO
MIPUBOAATH 0 3pOCTaHHA e()eKTUBHOTO MarHETHOTO MOMEHTY .

B mauiit poboTi MU POITJIAHYJIM UMOBipHi IPUYMHY 3MiHU MarHeTHUX
BJIACTHUBOCTEH y 3’ € THAHHAX HAHOILIiBOK Ha ocHOBi 3d-merauis (Fe, Co,
Ni) y kombOimamiax 3: 4f-meramamu (pigKicHO3eMeJIbLHUMU MeTaJIaMU
(P3M)), oxcumamu P3M, mnoaimepoMm (moJierueHTepedTalaToM
(ILET)), niaAmMarHeTHUMHY Ta TapaMarHETHUMU MeTaJaMu.

2. EKCIIEPUMEHT
2.1. Hanoctpykrypu 3d-metan/4f-meran

Marepisaau 3 yHIKaIbHUMU MarHeTHUMU BJIACTUBOCTAMU, SAKi 3acCHOBA-
Hi Ha B3aeMOJii eleKTPOHIB 3d-000JI0HOK MEepeXiJHUX MeTaJiB rpymnu
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sairiza (Fe, Co, Ni) Ta 4f-06070HOK pinkicHozemenbuux meranis (P3M),
B)Ke JJaBHO IPUBEPTAIOTh YBary NOCHiAHNKIB. BudHauaabHy pPOJIb y Mar-
HeTHUX BJACTUBOCTAX 3d- Ta 4f-meraiis (gani — d-, f-; 9K 3pas3ok — d-
i f-metanu) Bimirpae oOMiHHUU 3B’A30K €JIEKTPOHHUX MATHETHUX MO-
MEHTiB d- Ii f-eJIeKTpoHiB. 3aBAAKM TaKiil oOMiHHilI B3aeMOAii B JaHUX
MeTaJiaX BCTAHOBJIIOETHCSI MarHeTHA BIOPAIKOBAHICTD.

ToHKi nIiBKU, AKi CKJIAZAaI0OTHCA 3 KOHTAKTYBaJbHUX ITapiB, III0 Mic-
TATh d- i1 f-MeTaau, BIepIle O0yJI0 CUCTEMATHYHO poariasuyTo y [5]. Ha
IPUKJIaAi iX OyJIo IpOoIeMOHCTPOBAHO HAABHICTL 00MiHHOI d/f-B3aemomii
B iHTepdelici TOBEPXOHb PiBHOPIIHUX MAarHeTUKIiB i (paKTUYHO BKa3aHO
c1oci6 mTyuHOoTo (OPMYBAHHA CKJIATHNX MaruieTHUX CTPYKTYP.

Ha mexxi KoHTaKTy d- 1 f-MeTaiB MOMKYTh YTBOPIOBATHUCS iXHi CIIO-
JYKH Ta cTOIN. BOHM MOXKYTh BUHUKATH 34 PAXYHOK MisKIITapoOBOTO IIe-
peMimryBaHHs IIPU OJePKaHHi, HACTYIHOMY BiAIIa/JIIOBAHHI Y1 HOHHOMY
OIIPOMiHIOBAHHI MIiBOK. ¥ KpucTamiuHomy craui d/f-cronu uepes Bin-
MiHHOCTI HOHHUX pajilociB iCHYIOTH SK cTabiibHiI iHTepMmeTasieBi cIio-
ayku. OcobJIMBUMHU BJIACTUBOCTAMU TAKUX CIIOJYK € BHCOKiI MarHeTHa
aHi30TPOIIiA Ta MATHETOCTPUKITiA. B peanbHOCTI Ay:Ke TOHKI mapu d- Ta
f-MeTramiB, a HameBHO, I iXHi cIONIyKH, B iHTepdeiici MalOThL CXUIBHICTD
o amop@isarii. /lo icroTHMX BaacTuBocTelr amophHUX d/f-TIiBOK MO-
JKHa BiTHECTM BUICOKY CTPYKTYPHY CTiHKicTh, HaABHIiCTH MarHeTHOTO
BIIOPAAKYBaHHS y MINPOKill o0yacTi TeMiepaTyp, MOHOTOHHY 3MiHY OcC-
HOBHMX MarHeTHUX XapaKTePUCTUK 3a BapidIlii ckaamy.

ITossBa HOBUX METOJ HaHECEHHS CTPYKTYP TOHKUX ILIiBOK (fIOHHE po-
BIIOPOIIEHHA, MOJIEKYJIAPHO-IIPOMEHEBA eITiTaKcisg) Ta BUBUEHHA IXHiX
MaTHeTHUX BJAacTHUBOCTel (meiiTpomorpadis, MeccbayepoBa coeKkTpoc-
KOIlifg, CHHXPOTPOHHE PEeHTI'eHiBChbKe BUIIPOMiHIOBaHHS), a TaKOXK MO-
JKJIMBOCTI HPaKTUYHOTO 3aCTOCYBaHHA OaraToiiapoBux d/f-ILIiBOK ¥y
CIiHTPOHIIII 3HOBY Bimpoauu iHTepec M0 TaKuX 0AraToIIapoBUX CTPYK-
Typ [6], AKMii 30epiraeThcs i B HAII Yac.

2.2. Mar=eroomnip HaHOCTPYKTYpP 3d-merain/okcun PSM

OKucHeHHA f-MeTaJIiB i mepexin iX g0 OKCHUIiB IPUBOAUTE M0 IIPOCTOPO-
BOTO PO3IiJIeHHS HOHIB MuX MeTaaiB aromamu OKcureny. ¥ pesyabTari
MeTaJiuYHUH 3B’A30K MK f-aToMaMi HOPYIIYEThCA, a KOHIEHTpAIlis
BiIBHMX €JeKTPOHIB, #AKi B3yMOBJIOIOTH MAaTHETHY B3aEMOXil0 f-
000JI0HOK, Pi3KO 3MEHIITyeThCA. ToMy OiNbIIiCTL CTEXiOMETPUUYHUX OK-
cunie P3M e mienekTpukamu, B AKUX 3a KIMHATHOI TeMIIepaTypu BUSAB-
JIAIOTHCA B OCHOBHOMY ITapaMarHeTHi BJaacTuBOCTi [ 7].

Mo:xkausicTs spiticHuTu d/f-B3aemMofiro Ha MexXi Mixk mapamu d-
MeTaJiB Ta OKCUIB f-eJleMeHTiB OyJjI0 IepeBipeHo Ipu MOPiBHAHHI Mar-
Heroomopy (MO) miaiBku Fe Ta crpyxrypu Fe/Dy,0;, 110 yTBOpHIACS
mic/iga HaHeCeHHs Ha Iio miIiBky mapy Fe/Dy,0;. Illapu Hanocuamcs
€JIEKTPOHHO-TIPOMEHEBUM BUIIADOBYBAHHAM 3a HaCTYOHUX yMoOB: Fe
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Puc. 1. Sanexxuicte Mmarzeroonopy Ap/p, miisku Fe (1) i gBomapoBoi cTpyK-
typu Fe/Dy,0; (2) Bim HampysKeHOCTM B30BHIITHHOTO MarsHerHoro mossa H,
napaJjelbHOro cTpymy J, o IpoTikae uepes 3pasok: HJ|J.!

(P=5-10%TIa, V=380mM/xB, t=200°C), Dy,0, (R, =2- 1072 Ila,
V =30um/xB, t=25°C). [llapu Fe manu momikpucraniuny, a Dy,0; —
amopduy cTpykTypy. ToBiuua mapis Fe ta Dy,0O; nopiBHioBasma 80 HM.

Ha pucynry 1 npezacrasieHo 3ane:xkuicte MO Ap/p, miiBku Fe (1) ta
nBomapoBoi cTpykTypu Fe/Dy,0; (2) Big HanpyKeHOCTU 30BHIIITHBOTO
marHerHoro moasa H. 3 maHoro pucyHKa BUAHO, IO IIiCJIA OCaXKeHHSA
oxcuny P3M marnetoonip Ap/p, miriBku Fe 3pocrae B cepemasomy B 1,6
pasy. Ile mo:ke 6yTH BUKJINKAHO HAABHICTIO MarLeTHOI B3aeMOIil Mix
Fe ta Dy,0;. OcKinbku eqexkTpuanmii omip mapy Dy,0; (1,67-10* Om-cm)
Ha lecATh MOPAAKIB BuImuii, amixk y Fe (9,8-107° Om-cMm), To map okcuny
P3M He moxke BiuHyTH Ha Beamunuy MO spaska. Kpim Toro, miriBka
Fe € cyiinbuoIO, i ii mpoBigHICTE 3aMUITaETHCI METATIYHOIO AK 0e3 I11a-
Py, Tak i 3 mapom Dy,0;; ToMy 3MiHa XapaKTepy IPOBiAHOCTH ITicJisa
ocamxenua okcuny P3M me moxke 6yTu mpuumnHoo 3minu MO, 110 cio-
cTepiraeTbesa Ha puc. 1. Brius Hes30iry mapamMeTpiB CTPYKTYpPHU KOHTAK-
TyBanbHUX mapiB Fe ta Dy,0,; ma MO mapy 3ajisa Takok MaJoiiMOBip-
HUH, OCKiIbKU cTpyKTypa mapy Dy,0; € amopdHoo. Takum umHOM,
puc. 1 € cBigueHHAM HaABHOCTU MarHeTHOI B3aemoaii mixk Fe ta Dy,0;.
Y 11boMy BUIIIKY, BiporigHO, OCHOBHY POJIb Biffirpae HemmpAMa oOMiHHA
B3aeMogia (cymepooMmin uepe3d OKcuUI'eH) B pes3yJbTaTi ribpuausaiiii op-
biTaneit d-merany 3 opbitamaMu f-meranay 3a ydacTio opbitaieit Oxkcu-
reny B inTepdeiici [8].

Ha mizcraBi Bigomoro Bupasy, IO BCTAHOBJIOE 3B A30K Mixk MO
Ap/py nriBKkY hepomarueTukra Fe Ta ii HamarueroBanicTio I [9]:
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Ap/p,y o I*, (1)

MOXKHA 3pOOUTH BUCHOBOK IIPO 3MiHY HaMarHeTOBAHOCTU METAJy, BU-
KJIMKaHOI MarHeTHOI B3aeMojaieio Misk Fe ta Dy,0; B obiacTi iXHBOTO
KOHTAKTY.

2.3. MarHeToOnITHYHI BJIaCTHBOCTI HAHOIUTIBKOBUX CTPYKTYP Fe, Co, Ni/IIET

ExcmepuMeHTaJbHI JOCTiMKeHHA ITOKAa3aJau 30iJbIlIeHHs e(peKTUBHOTO
MAaTHETHOT'O MOMEHTY 3a YMOBU BHUKOPHUCTAHHS B SKOCTI HigKJIaTUHKU
MaTepiAxiB, I1T0 He MicTATE f-MeTau, HanpukJanm, noaimepy IIET [10].
IIniBrku d-meranis — Fe, Co, Ni, ocam:kxeHi Ha TOJTiMepHY HiAKJIaIUHKY
IIET, yrBOpIOioTh ABoIapoBy cTpyKTypy Fe, Co, Ni/IIET, aka smaTHa
obepTaTy MJIOIINHY HOJAPU3AaIlil cBiTya, 110 IPOX0oaAuTh uepes Hei (Pa-
pazmeiB e(eKT) Imig Ai€ro 30BHINMTHBOT'O MATHETHOI'O MOJIA. ¥ BUIIAAKY HO-
PpMaJbLHOTO HAIIPAMKY IIaMiHHS CBiTJIA, a TAKOK BEKTOPAa 30BHIIITHBLOTO
MAaTHeTHOTI'O II0JISA IO HOBEePXHi JaHOI CTPYKTYpPHU Ta HaMarHeTOBaHOCTHU
d-MeTasly KyT HOBOPOTY IJIOIIMHY IIOJAPU3AIlii cBiTJIa, 1110 IIPOXOAUTD,
Moske O0yTu onucauuii popmyJioro [11], MmogudikoBaHOIO A CTPYKTYPHU
Fe, Co, Ni/IIET:

O, = —Re{n ol [1zh—i(4n) " (ry = 1a) ||, )

e A — JOBMKMHA XBWJIL CBiTJIa, A — TOBIMHA IJIIBKU MeTaly, i — Koe-
dimieuT 3amomienHs, o = const, ] — HamarmeToBaHicTbh; iHngexcu 1, 2
Ta 3 BiAmoOBimaioTh cepemoBuIinaM: moBiTps, metan Fe, Co, Ni Ta IIET
BiZITIOBiZIHO; eeMeHTH MaTpuIli BigdusanuA |r,l| sHaxomaATHCA 32 mOTIO-
Mororo PpeHeaeBUX QPOPMY.JI:

r, =(n +n, )71 (n,—n,); (3)

n;Tan, — IOKa3HUKU 3aJIOMJIEHHS cepeloBUII i Ta k.

IIpu BuBeneHHi dopmynu (2) mpuAHATO, IO IJIiBKA Ta MigKJIaIUHKA
€ i30TPOMHUMHU CepelOBUINAMY; ILTiBKa HIPU IHOMY JOCTATHBO CUJIBHO
TIOTJINHAE CBiTJIO, a 6araTopa3oBUM BiIOMBaHHAM CBiTJIa B Hill MOYKHAa
sHexTyBaTu. SIK BuaHO 3 Gopmyau (2), KyT PapageiioBoro moBOPOTY
JIBOIIIapPOBOI CUCTEMU IIPAMO IPONOPIiiHUI TOBUIMHI MJIiBKY MeTasy h
Ta il HamarseToBaHoCTi I.

Ha pucyHKy 2 npeficTaBJIeHO 3aJIeKHICTh KyTa PapaiefioBOro IOBO-
pory nBorapoBux cTpyKTyp Fe, Co, Ni/ckio ta Fe, Co, Ni/IIET Bix To-
piquHU miapiB merany. Illapu Fe, Co, Ni Hamocuauch eJIeKTPOHHO-
ITPOMEHEBUM BUIIAPOBYBAHHAM XEMIiUYHO YMCTHUX METaJiB 3a TaKMUX
yMoB: P =5-10%1Ila, V =10-20 am/xB, t = 20°C.

fAK BugHO 3 puc. 2, 30epiraeTbCcsa 3MEHIIIEHHA BeJIUUYNHU P, IPU IIE-
pexoni Bix Fe go Co ta Ni, 1110 BigmoBigae 3MeHIIIeHHIO HAMArHETOBAHOC-
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Puc. 2. 3anexxuictes PapageiioBoro Kyra Big ToBmimuu miaiBok Fe, Co, Ni,
ocamkeHux Ha migxaasuHikax 3 IIET i ckma. MarmeTHe Imojie Hanpys:KeHiCTIO
y 0,2 T NesKuTh y IJIOMUHI cTpyKTypH.?

T nux MetatiB. OxHak Ha migkaaguai 3 ITET xkytu ¢,,, 3Ha4HO 6iJIb-
I1i, HisK Ha MarmeTHoiHepTHOMY cKJi. B [10] BBaxkaioThb, II10 Iie MOXKe
OyTH BUKJMKAaHO B3aEMO/Ii€0, 1110 BigoyBaeThed Misk IIET i metamom, Ta
MIPUBOIUTE 0, HAIPUKJIA, POCTY MeXaHIYHNX HAIPYKeHb B OCTPiBIIAX
IUIiBKY, AKi CTUMYJIOIOTH ITificujieHHa PapaneiioBoro ehpekTy. B Tako-
MYy BUOAIKY puC. 2 € OUiKyBAHUM IIiITBePIKeHHAM BIJIUBY IIOJiMepPHOI
niggaagumakyu IIET Ha MarHeTOONTHMYHI BJIACTHBOCTI TOHKUX ILIIBOK 3
Fe, Co, Ni, 1110 Ha Hilf po3TaIioBaHi.

2.4. PepoMarueTHUii pe3oHaHC HAHOCTPYKTYp Fe/miamarneTux

B [12] omucaHO MeTOAUKY, AKA BUKOPUCTOBYE (pepoMarHeTHHUil peso-
Hauc (PMP) nyia MipAHHA HaMarHETOBAHOCTH HACUTY I HAATOHKUX de-
poMarHeTHUX ILJIiBOK. BiH OyB BUKOPUCTAHUI AJs BUSHAUEHHS BiTHO-
IIIeHHA HaMarHeTOBAaHOCTU HacUTy HaHOILIIBOK Fe, posramroBaHux y
crpykrypax Ag/Fe/Ag, Au/Fe/Ag, Cu/Fe/Ag, Pd/Fe/Ag i Ni/Fe/Ag,
BigHOCHO (hoHOBOI maiBku Au/5,7MLFe/Ag, ne ML — ommoaToMOBuUii
map. 3HaueHHA HaMarHeTOBaHOCTY HACUTY, OJleP KaHi 3 BUpa3y

2nf/ly=H+1, (4)

ne f — mikpoxBuaboBa uacrora @®MP, y — ripomarueTHe BigHOIIIEHHS,
H — pesomamncue MarteTHe 1oJie, MePIeHANKYIAPHEe 10 MJIOITUHA IIJIiB-
KM, MaJId 3arajJbHy IIOXUOKY MipAHHS, Tpoxu O0inbiny 3a 1% . Bei mi-
paaaa @PMP npoBoguau 3a remneparypu y 77 K 3 MeT0oI0 BUBUEHHS TEO-
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PeTUYHUX IIPOTHO3 TOTO, IT0 aroMu Fe, po3raimioBaHi Ha IIOBEPXHAX 1 B
iHTepdeiicax mo6JAM3y UM TO OiJIg HIUX, IIOBMHHI MAaTH IIOCUJIEHI MarHeT-
Hi MOMEHTH IOPiBHAHO 3 aToMaMu Fe B OCHOBHOMY MacuBi. ¥ci mIiBKu
MaJiu CIiBBigHOINIEHHS MoMeHTiB Ginmbmre 1,0 (1,06+0,01-1,12+0,01).
Ha nymry aBTopiB [12] 11e cBiguuTh mpo Te, m1o atromu Fe B inTepdeiici
HaHOILIiBOK MAalOTh IOCHUJIEHI MAarieTHi MOMEHTH.

3. OBTOBOPEHHS PE3YJbTATIB

Kourakt manomiaiBok Fe, Co, Ni/P3M npuBoauTHL 10 MigBUIMeHHA Ha-
MarHeTOBaHOCTH CHUCTEMHU B IIOPiBHIHHI 3 HAHOMJIIBKAMM YHMCTHUX METa-
JIiB, IO MOACHIOETLCSA d/f-B3aemopicro. ¥ pasi MOKPUTTA HAHOILIiBOK

Fe, Co, Ni memarHeTHuMH IIIiBKamMu, — okcugamu P3M, mismarmer-
uumu meranamu (Cu, Ag, Au), mapamarmeruxom (Pd), momimepom
(IIET), — excrepuMeHTAJIbLHO TAKOK BUABJIEHO e(PEeKT HiABUINEHHA Ma-

THETHUX BJIACTUBOCTEM cucteM. EdeKT migBuIilleHHa MarHeTHUX BJac-
TUBOCTEM OCTAHHIX CMCTeM MOKHA IOACHUTHU He TiIbKU HadABHIicTIO d/f-
B3aeMOJii, aje ¥ iHIMMMU MexaHisMaMu, HAIPUKJIAT, TOAATKOBUM IIO-
BEepPXHEBUM iHAYKYBAHHAM MAaTHETH3My IOMIIIKaMHu Ta BaKaHCigMu
[13]. IcToTHUM € Te, w10 B [12] mismMarueTHi MeTaau ocaaKyBajiicAd Ha
HemocKkoHaay HaHomaiBky. Illap Fe ckianas Bix 5,5 mo 10,9 ToBImuH fio-
ro MoHoIIapy. Ilpu oMy cKJIagal0ThCSI YMOBU AJISA YTBOPEHHA BaKaH-
ciii B iHTepdeiicuomy miapi. B [13] TeopeTnuHO mOKasaHoO, IO IapHa
B3a€MOJid iIeHTUYHNX ITOBepXHEBUX AedeKTiB (IBOX OBO3apAIHUX IO-
MiIlToK abo BaKkaHCi# 3 1BoMa ejleKTpoHaMu abo mipkamu) mobJuay Iia-
CKOI IIOBEpPXHi i€ AK MarHeTHi JedeKTH 3 MaKCUMAJLHOIO OOMiHHOIO
eHepriero Ha Bigmami mixk gedekramu y = 5—25 um. B cTpyKTypax, I111o
MIiCTATH IOJiMep, TaAKO0K MOKJIMBA B3a€EMOMisd MisK MATHeTHUMU MOMe-
HTaMu d-MeTaJiB i MOJIeKYJIAPHUMU I'PYIIaMu IIOJiMepy.

4. BAICHOBRH

Ha MmarmeTHi BJIaCTHBOCTI HaHOILIiBKOBUX CTPYKTYp 3d-metan (Fe, Co,
Ni)/4f-meran BunuBae d/f-B3aemojisa B ixuboMy iHTepdeiici. ¥ Bumas-
Ky HaHOCTPYKTYP 3d-metasi/okcun P3M, Biporiguo, posb Bimirpae me-
npaMa oominua d/f-B3aeMonia (cymepobmin uepes OKcureH) B pesyJib-
raTi riopuamsarii opbitameir 3d-merany 3 opOiTanamu 4f-mMetany sa
yuacTio opbOiTaseit Okcureny B intepdeiici. OgHaK, He BUKJIIOUeHa KOH-
MemIrisa Teopil iHAYKOBaHMX ITOBEPXHEBUX MarHeTHUX BaKaHCcii. Ilu-
TaHHS IPO Te, AKUH 3 IINX MeXaHi3MiB HaliCHUJIbHIIIIe BILIMBA€ HA MarHe-
THi BJIaCTHUBOCTI, MOTPeOy€e MOIaIbIIIOT0 OPAIlIOBAHHSI.

Y manoctpykTypax 3d-metan/IIET, mismarHerHi Ta mapamartLeTHi
MeTasu d/f-B3aeMoIiag BoueBUAL BUKJIOUeHA. ToMy 3MiHy IXHiX Marue-
THUX BJACTUBOCTEH y MOPiBHAHHI 3 BJIACTUBOCTAMU BUKOPUCTAHUX Me-
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TaJIiB, BipoTilHO, 3yMOBJIEHO BUHUKHEHHAM B iHTepdelici iHgyKoBaHUX
IIOBEePXHEBUX MarHeTHUX BaKaHCiii a00 B3aeMO/i€l0 MAarHeTHUX MOMEH-
TiB 3d-MeTaJiB i MOJIEKYJISAPHUX IPYII HOJiMepy.
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Using basic equations of surface physics and thermodynamics of nonequi-
librium processes, a mathematical model is developed to determine the
interfacial energy, interfacial tension, energy of adhesive bonds, work of
adhesion and others physical quantities characterizing nanolayer on the
‘metal Fe—insulator Al,0;” boundary. The developed technique can be used
for evaluation of interfacial parameters of interaction between another
physical-nature composite pairs with taking the nature of the double elec-
trical layer into account.

3a JOIIOMOTOI0 OCHOBHUX DiBHAHB (Di3WMKU MOBEPXHi Ta TEPMOAWHAMIKU He-
PiBHOBaKHUX IIPOIECIiB PO3PO0JIEHO MaTeMATHUYHUIN MOIeJb OJIs BU3HAUYEH-
HA MixkdasHol eHeprii, mimdasHoro HarAry, eHeprii aaresifinux 3B’A3KiB,
poboTu axaresii ¥ immux (GpisMUHMX BEIWUYMH, II[0 XapaKTepPU3YIOTh HAHOIIIAPD
Ha Mexi «meran Fe—pienexktpur Al,Oz». Po3pobiieHy METOAMKY MOMKHAa BU-
KOpHuCTaTH IJsA OIiHKM MiK(pasHUX HapaMeTpiB B3aeMoOii MiK KoMIIO3U-
uiinumMm nmapamMu iHnmioi ¢iswyHOI mpupoAM 3 ypaxyBaHHAM IIPUPOJAU IIO-
IOBIAHOTO €JEKTPUUYHOIO IIapy.

Key words: metal, insulator, nanolayer, electric charges, interfacial ener-
gy, energy of adhesive bonds, aluminium oxide.

KarouoBi croBa: meras, HieJIeKTPUK, HaAHOIIAP, €JEKTPUYHI 3apAgud, MiK-
dasHa eHeprid, eHepria aaresiiuux 3B’ sA3KiB, OKCHJ aTOMiHifO.
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1. INTRODUCTION

The systems of ‘metal oxide’ are widely used as active and passive
elements of micro- and nanoelectronics, elements of power sources,
batteries capillary energy, corrosion-resistant materials and others
[1, 2]. Such systems have a unique physical and mechanical proper-
ties and a high chemical inertness.

Due to diffusion, a transition layer is formed at the boundaries
of such systems. The transition layers can be external and internal.
At the same time, in the macromodel description of contacting
‘metal—insulator’ surfaces, it is necessary to have reliable infor-
mation about changes in the physical characteristics of the metal as
well as the dielectric.

Their values should not only adequately correspond to the basic
energy characteristics of the interphase layers such as interphase
energy of tension, the energy of adhesive bonding and the work of
adhesion, but they also cannot violate the criterion of the strength
of the transition layer material. With the use of alloying impuri-
ties, one can change and optimize the electrical and mechanical
properties of the transition layer.

2. MATERIALS AND METHODS

It is a well-known example that aluminium oxide Al,O; is used for
metals’ corrosion protections and for increase of hardness charac-
teristics of aerospace devices buildings [3]. To improve composite
ceramics performance, the structures like ‘Al,O;—powder’ with a
higher strength parameter had found a widespread use [4]. By vary-
ing the concentrations and types of powders, one can produce the
composite materials with a wide range of physical, mechanical and
electrical parameters.

To obtain a thermodynamically stable composite of the ‘metal ox-
ide’ type with the assumed physical and mechanical properties, it is
required a deep understanding of the physical phenomenon on the
interface ‘nanolayer—metal oxide—nanolayer’. However, due to the
complexity of the processes on the interface of two environments,
their quantitative description is difficult. An empirical approach is
usually used to describe an interfacial interaction of two materials.
Therefore, the real situation of determining an electric charge on
the ‘metal oxide’ interface is absent [5]. Some parameters of the
free surfaces can be estimated by density functional theory (DFT)
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[6, 7]. DFT is rather complicated and cumbersome for practical use;
it is also uses the additional theoretical assumptions that simplifies
the calculation process but reduces the accuracy and reliability of
experimental data. In addition, DFT is not effective for interface
energy calculations. For a macromodel description of contacting
surfaces like ‘metal—dielectric’ one, it is important to have reliable
information about the variation of their physical characteristics,
which is included in the equation of state and is linked together
with the state parameters. Their values must properly meet the
basic energy characteristics of the interface layer, namely, interfa-
cial energy y,, and bounds’ adhesion energy y,, [6—9]. The positive
results of such an approach for ‘metal-semiconductor’ were shown
in Refs. [8, 10].

The aim of this paper is to introduce the evaluation methods of
thermodynamic and adhesive parameters (interface energy v,,, inter-
face tension o, interfacial electric charge Q, and electrocapacity of
double electrical layer C,,, electrical component v, of interface en-
ergy of interface nanolayers in ‘metal—dielectric’) by using macro-
scopic surface physics and thermodynamics of nonequilibrium pro-
cesses. The proposed methodology must be tested for calculating the
typical parameters of interfacial interaction in (Ag, Au, Cu, Fe)-
Al,O;. It is necessary to find the variations of interfacial tension
and energy, electric component of the surface energy, specific sur-
face charge and contact potential difference (CPD) according to
changes in the basic parameters of the dielectric layer. The main
information parameters of the interface are the interface tension
and energy (characteristics of the interfacial interaction).

3. RESULTS AND DISCUSSION

The proposed model for estimating the interface phenomenon be-
tween two materials is based on the assumption of connections be-
tween mechanical and electrical processes on the solid-state surface
[1]. Let us consider the interface between two mediums: ‘metal—
insulator’ or ‘metal-inert-gas environment’. Metal and dielectric
are multielemental continuous medium. Inside the metal, we have
the following components: ions of the basic substance (e.g., copper
Cu™), conduction electrons, impurities, point defects. In dielectric,
we have components such as atoms of the basic substance, which are
considered as dipoles and which characterize a bound electric
charge, impurities and point defects. In an inert gas environment,
the composition components are not considered. In the vicinity of
the medium boundaries, we can observe the separation of electric
charges. The double electric layer (DEL) is formed (nanolayer,
which corresponds to ‘surface condenser’), and an electric potential
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difference AY,, is appeared [2]. Let us consider the stationary posi-
tion of the contact media in the form ‘metal—inert gas environment’
(such as air), ‘dielectric—air’ and ‘metal—-insulator’. The surface
tension (ST) o, and surface energy (SE) y, which are basic energy
parameters of DEL, are proportional to each other and given by
Herring—Shuttleworth relation [8]:

el
c, = KR[’Y—FSZ,(&] J’
oS, ),

where S, is the body surface area, dy/dS, is the expression of the
characteristic of change on the energy surface y during a defor-
mation (because the derivative in surface area S, at the constant
temperature T is a deformation), K, =1 N- m?/(m - J) is the dimen-
sion-matching parameter, 6, is the Kronecker symbol, e; are compo-
nents of the deformation tensor e (i, j=1, 2 for two-dimensional
surface phases in Cartesian co-ordinates x, y).

The components of the deformation tensor e with the compo-
nents of the displacement vector u in Cartesian coordinates (x, y, 2)
are related by the following equations [8, 10]:

ou
ézDefe,[e =aux,e Y :8u2

=—=, e ,u=>(u, u, u,).(2
xx ax vy 8y 2z 62J ( y ) ( )

The deformation tensor e is related with the components of
stress tensor G by the equation of state, which is the defining equa-
tion of the generalized Hooke’s law [8, 10]:

c, = L[K - gGJe - o, KAT - K(B(I) + Bckck)J 5, +2Ge,, 3)

where K is a bulk modulus, G is a shear modulus, ¢, is the variation
of the concentration of impurity C, (=1, 2,.., n, ¢,=C,—C,),
AT =T - T, is the temperature variation, ¢ =® — ®, is the deviation
of the modified chemical potential of electron conductivity
(MCPCE), @, is the value of MCPCE metal at a considerable dis-
tance from the surface, where the effect of DEL on the conduction
electron is not manifested, f is the electrostrictive coefficient of
thermal expansion, o, is the temperature coefficient of thermal ex-
pansion, B, is the concentration coefficient of thermal expansion.

Then, the equation of state (constitutive relation) has the follow-
ing form [8, 10]:


https://en.wikipedia.org/wiki/Bulk_modulus
https://en.wikipedia.org/wiki/Shear_modulus
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o, = LLK - g GJ e- KB(I)J 8, +2Ge,, (4)

o, = po = pC,dp+PKe = E’g i+ PKe, k= ,ij(b /& - (5)

In this case, the electrostrictive parameter of thermal expansion is

1
written as B = Ma_w‘(t:const .
E oe

The redistribution of conduction electrons and the generation of
mechanical stresses are described by the two balance ratios, namely,
the equation of balance momentum (the equation of the equilibrium
of deformable bodies) and the equation that links electric vector
field E with density of electric charges o (state parameters) [8, 10,
117]:

Div6+poE=0, ¢VE=po=0,, (6)

where g, is the electric constant and poE is the ponderomotive force
in the balance equation of a local body element. The second Eq. (6)
is one of the Maxwell’s equations.

Let us consider the surface tension o,, surface energy (SE) v,
equilibrium condition of the surface layer and effective thickness A
of the surface layer in the equation of state for determining the
physical parameters  and & of the metal [8, 10, 11]:

h
Icyydx =0,, 6,, =0, (7
0
Yo &Y, =7, (8)
oly, +
o o ivp)zo’ ©
Ok Ok
c, =0 (x=h), (10)

h
where y, = J-wedx is the electric component of the surface energy
0

h
(SE), v, = J w,dx is the mechanical (elastic) component of SE,
0

2 c. (o —4vc 1-v)o®
w, _ & (0¥ and w = ”( = y"’) +( vIo, are the densi-
2\ ox P 2E E

ties of electrical and mechanical components of SE, respectively,
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p =100 kPa is the atmospheric pressure, & is the effective thickness

of the surface layer, E = GM is the longitudinal elastic mod-
3K +G
ulus (Young’s one), v = 3K -2G is the Poisson’s ratio, and k is the
28K +G)

variational parameter. Expression (10) gives the value of the sur-
face tension, and expression (8) gives the value of surface energy y
in the form of two components y=v,+7v,4,. The first component vy,
describes electrostatic components, and the second one vy, describes
kinetic, exchange, correlation components and energy of inhomoge-
neity of electron gas (based of density functional theory (DFT)).

The interfacial tension v,,,, interfacial energy o,,;, energy of adhe-
sive bonds y,, and work of adhesion A,; in the nanolayer at the
‘metal—cover’ interface are evaluated as follow [8, 10, 11]:

H, H, H,
Yint = ’Yme + E.‘m’Ymp 4 Yme = I wedx’ Ymp = I wpdx’ Gint = J nydx’ (11)

“H, “H, -H,
Yaa =Y+ Yp —Yine» Asg =0, +Op — Oy (12)

where &, is the ratio of the surface energy components on the ‘met-
al—covering’ interface; V,., Vimeer = En¥mp are electrical and mechanical
(elastic) components of the interfacial energy, respectively; H, + H,
is the effective thickness of the interfacial layer (—H, < x < H,); op
and vy, is the surface tension and the energy of the surface covering,
respectively, of insulator or semiconductor on the interface of an
inert gas environment (IGE) (or a physical vacuum).
For the ‘metal—inert gas environment’, we can write [11]

ye:(Q)z/(ZC):C(A\y)Z/Z, C=¢k/2,d =2/k. (13)
For the ‘metal—-insulator’, we can write [8, 11, 12]:
Yo = (2,) /(2C,)=C, (Ay,.) /2, C, =&k, /2, d., =2/ k, ,(14)

where C,, and @,, is the electrocapacity and the interface charge of
DEL, respectively; Ay, is the contact potential difference of DEL;
d:, is the effective thickness of DEL; k, is the DEL variational pa-
rameters.

Our calculations show that the quantitative values of the energy
parameters of interfacial interactions (i, Gings Yer Yag) in Fe—Al,O4
are slightly higher than the studied metals Ag, Cu, Au [8, 10-12].
In particular, values Y.y, Gints Yer Yag determined by us for the system
Fe—Al,0; are the following:
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Yae=1.51 Jm?, 6,,=1.23 Nm™, y,,=3.02 Jm2 A,,=2.45 Jm2

The values obtained earlier in [10] for a number of metals (Cr,
Cu, Au, Al) on Si, Ge, or Ni generally have slightly lower values
than the values obtained by us. For example, for the Si—Cu system
they are as follow:

Yint = 0.27 J'I'ﬂ72, Oint = 0.61 N‘mil, yAd = 2.90 J‘miz, AAd = 2.88 J'miz.
For the Cu—Ge system, the same values are correspondingly:
Yint = 0.20 J'miz, Gint = 0.46 N'mil, YAd = 2.71 J'miz, AAd = 2.73 J‘miz.

In general, based on the results of [10], one can argue that the
adhesion and higher levels of mechanical stresses at the Fe—Al,O,
boundary are better compared to a number of systems (Si, Ge, Ni)—
(Cr, Cu, Au, Al). Based on this, there is a possibility of practical
use of Al,O; as a stable protective and anticorrosion coating for Fe.

The obtained theoretical results show the presence of a certain
difference in the physical parameters of the studied electric double
layer of a metal and semiconductor in the corrosion-resistant (Au,
Ag, Cu) and both a metal and a dielectric in the non-corrosion-
resistant (Fe) metals.

The quantitative values of the certain parameters can be used in
the planning of the nanotechnological research and the quantitative
description of the surface properties and interfacial interactions of
metals and dielectrics.

4. CONCLUSIONS

Based on the results of this study, the following conclusions and
recommendations have been formulated.

1. The quantitative values of the energy parameters of interfacial
interactions (Yingy Oints Ye» Yaa) iN Fe—Al,O; are significantly higher
than in the studied earlier systems (Si, Ge, Ni)—(Cr, Cu, Au, Al).
This shows a greater adherence and higher levels of mechanical
stress in the nanolayer on the boundary of Fe—Al,O;. Based on this,
there are prospects of practical use of Al,O; as a stable protective
and anticorrosion coating for Fe.

2. The high value of electric component y, and the specific elec-
trical charge Q,, on the interface of DEL in Fe—Al,O; nanolayer tes-
tify to dipole-electronic nature of the concentrated electric field.
This also confirms the high value of the specific electrocapacity C,,
due to specific electronic configuration of Fe atoms compared to
Ag, Cu, Au. Thus, the electronic configuration of the metal is im-
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portant in the formation of interactions in the nanolayer on ‘insula-
tor—metal’ interface.

3. The developed technique can be used to estimate the interfacial
energy, interfacial tension, energy of adhesive bonds, work of adhe-
sion and other parameters, which characterize the interaction be-
tween other pairs of different physical nature, taking into account
the nature of the electric double electrical layer.
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Bnaus pH Ha HyKJIeaIiro 3ari3oBMicHEX (pa3: aHATiI3a HA OCHOBI
Teopii yacTKoBOro 3apamxy Ta MeccoayepoBi ToCTiaKeHHA

B. M. Boiiuyk, M. A. I'ognescbKa, JI. B. MoxHaIibKa,
B. O. Komobunceknuii, A. I. Kaumap

ITpurxapnamcovkuil HayionaavHUll yHigepcumem imerni Bacuasa Cmepanuka,
eya. Illesuenka, 57,
76018 Isano-Ppankiscvk, YKpaina

I3 BacTocyBaHHAM TeOpii YaCcTKOBOTO 3apAny IpoaHatrizoBaHo BIauB pH pe-
aKI[ITHOTO cepemoBUINA Ha INepPebir CTPYKTYPOYTBOPEHHS OKCUTIAPOKCUIIB
Ta OKCHUZIB IIPU OcaJKeHHi ix 3 BogHOro po3uuny cojeit @epymy. Excrepu-
MEeHTAaJIbHO IIOKasaHo, 1o npu pH = 6,0—-6,5 BindbyBaeThca 3apoOAKOYTBOPEH-
Ha dasu B-FeOOH, Toxi ax npu pH =10,5-11,0 dopmytorsca 3apoaku dasu
MarHetuty. MeTomaMu pPeHTI€HOCTPYKTYPHOI aHaJisu, agcopOIliifiHoi mopo-
meTpii Ta MeccbayepoBoi CHEKTPOCKOIiI IIpoaHATi30BAHO CTPYKTYPHO-
MopdosioriuHi BIaCTUBOCTI OZlepyKaHUX YIbTPafUCIepCHUX croayk Pepymy.

The effect of the pH values on the nucleation of ferric oxyhydroxide and
oxide phases in aqueous solutions of iron salts is analysed using partial
charge theory. As experimentally shown, at pH in a range of 6.0-6.5, the
nucleation of the B-FeOOH phase occurs, while at pH=10.5-11.0, the
magnetite phase is formed. The structural and morphological properties of
the obtained ultrafine iron compounds are analysed by x-ray diffraction
analysis, adsorption porosimetry, and Mdssbauer spectroscopy.

KarouoBi croBa: HaHomgucmepcHi okcuaum Pepymy, HyKJIeallis, CTPYKTYPOYT-
BOopeHHsI, MeccbayepoBa CIIeKTPOCKOIIis.

Key words: nanodispersed iron oxides, nucleation, structure formation,
Moéssbauer spectroscopy.

(Ompumano 3 cepnusa 2020 p.; ocmamournuil eapianm — 9 mcoemus 2020 p.)

1. BCTYII

VYasTpanucnepcHi okcuau Ta rigpokcunu Pepymy 3HaAXOLATH ChHOTOJ-
Hi INMUPOKe 3aCTOCYBAHHA B DiSHOMAHITHUX rajay3sax. 30KpeMma, Mar-

247
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HetuT Fe;0, BUKOPHCTOBYETLCA B cuUCTeMax MarHerHoi mam’saTtu [1] Ta
MATHETHOTO OXOJIOmKeHHA [2] AK edeKTUBHUI KaTajdisaTop mOpu
OUMIIeHHI HaBKOJHUIIHLOTO CEPEIOBUINA Bif OpraHiuHMX 3a0pyAHIO-
BauiB, 30Kpema (eHosy Ta dopmaabaeriny [3], ocHoBa raszoBuUX CeH-
copiB [4] i ¢doToraramiTuUuHMX HPHUCTPOiB reHeparii Boxmio [5]. Ha
OCHOBi HaHOYACTHMHOK OKCHUIiB PepyMy CTBOPIOIOTHLCSA MarHeTHi pigm-
Hu [6] Ta pamiomorauuanbHi mokpurrta [7]. IlepcunekTuBHUMU € 6io-
MeIWYHi 3aCTOCYBaHHSA TAKUX MaTepifdAJiB, 30KpeMa B AKOCTL KOHTpAa-
CTHUX AareHTiB IJs MarHeTHO-pe3oHaHCHOI Tomorpadii [8], areuris
rimeprepmiunoi Tepamii [9]. 3HauHMX ycHiXiB AOCATHYTO HpPU CTBO-
PeHHi ejexkTponx masA JirifioBux mxepen crpymy [10] Ta ribpmarmx
eJeKTPOoXeMiuHMX KoHAeHcaTopiB [11] Ha ocHOBI HAHOAMCIEPCHUX
cuoayk Pepymy. Ilomi6Hi chepu 3acTocyBaHHS MAIOTh TAKOMK TiIPOK-
cunu Pepymy pisHOrO CTPYKTYPHOTO BIOPAAKYBaHHA. 30KpeMa, Y-
FeOOH BuKOpPUCTOBYETHCA IIPM CTBOPEHHiI O0ioxeMiuHMX CEHCOPiB
[12], npucTpoiB (oTokaTamiTuUHOrO poskaaxy Boau [12], opraHiuamx
peuoBuH [13] Ta eneKTpon 4 cylmepKoHAeHcaTopiB [14].

Y 6inbirocTi BUmagKiB e(eKTHBHE 3aCTOCYBAHHSA TaKUX CHCTEM Y
MeBHiNM ranysi mepembavae Hamepen 3aZaHi ixHI MopdoJoriudi Ta
CTPYKTYpPHO-(}as30oBi 0co0IMBOCTI, IO BUBHAYATUMYTL eJEKTPUYHI,
ONTUYHI Ta QOTOKATAJIITUUHI BJIACTUBOCTI MaTepisaaiB. 3acToCyBaHHA
YIBTPAAVCIIEPCHUX OKCHUMAIB i rimpokcumip PepyMy gae 3MOTY PO3IIH-
putu cdepu 3acTOCYBaHHA iX Ta HiABUIMUTHA ePEeKTUBHICTL poboTHU
byHKIiOHAJIFHUX MAaTepifAsiB, 30KpeMa BHACJiOK 30iJbIIEeHHA BEJIU-
YMHU OTUTOMOI mjoli moBepxHi. IIpu mbomy Bubip MeToau CHUHTE3U
Ta mpobJieMaTUKa OJep:KaHHS MaTepiany 3amzaHoro (asoBOro cKJIamgy
3a YMOBHM BapidAmii yMoB ojep:KaHHS BUXOAUTL Ha IE€PemHIiNl IJaH.
Boguouac migBUINyIOTHCA BUMOTU A0 METOJ AiATHOCTUKU MAaTEPiAIiB;
30KpeMa, Ha 3aCTOCYBaHHSA PEHTI'eHOCTPYKTYPHUX MeTOJ AJIA aHaJisu
YABTPAAWCIEPCHUX  MAaTepPiAJiB HaKJaJaeTbcsad pAn oOMeKeHb,
OB’ A3aHUX 3 PO3IIUPEHHAM AUMGpPaKIiiHUX JIiHIN BHACIILOK BigHOC-
HO Manaux (< 5—7 HM) po3MipiB obsacTeli KOT€pPEeHTHOro posciguusa. B
IIBOMY BUIIAKYy OJHI€I0 3 MeTOJ OJep:KaHHd NOoJaTKOBOl iH(opmariil
PO YJAbTPAAMCIIEPCHI 3ayisoBMicHI MaTepiaau € MeccbayepoBa CIieK-
Tpockomia isoromis *'Fe. HamarserosaHicTh i mapameTpu MarsHeTHOI
aHisoTpomii TaKMX cHUCTeM 3ajiesKaTh BiJl po3sMipy YacTMHOK, OCOOJIM-
BOCTel B3aeMogii iX MiK c00010, CTaHy MOBEPXHiI Ta TUMNY OJUIKHLOTO
KJIACTEPHOT'O OTOUEHH:, IO BiJKPMBAa€E IIUPOKI MOXKJIMBOCTL AJIA Iis-
THOCTHMKM Ta HACTYIIHOTO IliJiecIpAMOBaHOTO MoAauGpikyBaHHA IXHIX
GisYHMX BJIACTUBOCTEI.

2. BACTOCYBAHHSA TEOPII YACTKOBOI'O 3APALY 10
AHAJIISH SAPOAROYTBOPEHHSA OKCUTIAPORCHAIB PEPYMY

IIpocTuM i eeKTUBHHUM CIIOCOOOM OJep:;KAHHA 3aJi30BMiCHUX HAHO-
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MAaTepisiB € ocaIKeHHs OKCUTIIPOKCHUAHMX (a3 3 akBasojio, chop-
MOBaHOTO TiIpOKOMIIJIeKcaM KaTioHiB @epyMy HIIAXOM HiIBUINEHHSA
Besqimunau pH peaxififimoro cepemoBuirna. BogHouac, NTPHUHIIMIOBUM
3aJINIIAETHCSA IMUTAHHA KOHTPOJIIO (pa3oBOTro CKJIAAYy Ta Biaxin Bim eM-
MipUYHUX PEKUMIB ofep:KaHHA MaTepianiB. OgHuM 3 BapiAHTIB 00-
I'PYHTYBaHHA BUOOPY €KCIEPMMEHTAJbHUX YMOB OJepP:KaHHA OKCHUJ-
HUX MaTepisjiB € 3acTocyBamHs Teopil uacTKoBoro sapsazny (Partial
Charge Model —PCM) [15], sska yMOXKJIMBJIIOE BCTAHOBUTHU UMCEJIbHI
CIIiBBiIHOIIIEHHA MiK XapaKTepUCTUKaAMM TiJpoJisoBaHUX HOHIB Me-
TaJiB i BUABUTH 3aKOHOMIiPHOCTI iXHiX OJAMiAHO-OKCOJAIIAHUX B3a-
€MOJill, XapaKTep AKWUX i BM3HAUATHME THUII CTPYKTYPHOT'O BIIOPS-
KyBaHHA 3apojJiKa HOBOI (asu.

3 TOUKHM 30py XeMiuHOi KiHeTHMKHN HYKJeallis KOHAeHCOBaHOI (hasu
3 po3unHy coJieii metanmy M Mae B cBOiYi OCHOBi peakiiii rigposisu Ta
KOHJeHcallil rizpokommiekciB merasaiB. Ileli mpoitec MOMKHaA OIIMCATH
B TepMiHax HyKJeo@iabHOro 3amimnienns Ak (R-paguxan) —-M-—
OR+XOH —»-M-0X+ROH, ne X=H y Bumaary rigpoJisamii 1t X=M
y BUNAAKy KoHAeHcarlii. B ocHoBi Teopii me:xuts CaHIEpCOHIB IMpUH-
IUII IPO BUPIiBHIOBAHHSA eJeKTpoHeraTuBHocTel. Iimposisamis iouis
MeTaJIiB y BOOHOMY CepemoBUII Ilepeabdavaec popMyBaHHSI KOMILIEKCiB

f
[M (OH, )NT , 1e N — KoopauHalifiHe umcio (fJs HepexifHUX Me-

ramriB N =6, ToOTO TUIOBUM € (POpMyBaHHS OKTAKOOPAMHOBAHUX
MOHHUX KOMILIEKCiB); 2 — CTYImiHb oKuUcCHeHHsA. [Ipu mpomy mepepos-
momia 3apsaAiB MixK KaTiomoMm i JirammaMu BigOyBaeTbcs uepes op-
MyBaHHs G-3B’A3KiB M—OH,, 1110 Bee 10 mepeposnomisy eJeKTPOHHOI
TYCTUHU 3i 3B’A3yBaJbHOI MOJIEKYJAApPHOI 3a,-opbiTaai KoopauHOBA-
HUX MOJIEKYJI BOAM Ha He3almoBHeHi opbOiTaui xarioma. OKTaeZpHUuHO
KOODPJUHOBaHI MoHOMepHi rispokommiexcu ioniB Fe™ ta Fe'™ exc-
MIepUMEeHTAJIBLHO OOocCaimKyBanucsa B pobori [16] meromoio EXAFS-
CIIEKTPOCKOMii; mpuuyoMy aBTOpaMu OyJIO IHOBEAEHO MOMKJIUBICTH Mps-
MOTO eJIeKTPOHHOTO OOMiHY 3a CXEeMOIO:
2+

[Fe(H,0),]" +[Fe(H,0),] < [Fe(H,0), ] +[Fe(H,0),] .

mo nepegdavae (popMyBaHHS IIEePeXifHOTO CTaHY, B SKOMY JiraHu B
epInii KoopaAuHAIiiHiN chepi AMA rigpOKOMILIEKCIiB 000X THUIIIB Ma-
TUMYTh iIeHTHUYHY KOHQirypaiiito. B pesaynasraTi mporo 38’sizox O—H
Y KOODAMHOBAHUX MOJIEKYJIaX BOAU OCJA0II0ETHCA Ta WMOBIpPHOIO
CTae peakllia NeIPOTOHi3allil KOMIIJIEKCY 3a CXeMOIo:

[M(0H,),]" +#H,0 > [ MOB),(0H,), " +rH,0".

Pospaxyuku, smiticueni B [17] ma ocHOBi Teopii pyHKITioHay ee-
KTPOHHOI T'yCTHHU, IIOKa3yIOTbhb, IO MIJs BUIIAAKY TiApoJisu HOHIB
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®epymy Ta (opmysamHa rigpoxommiexcy [Fe™(H,0),]*" snauennsa
I'i66coBoi BinpHOI emeprii cramoBuTb —1020 KKaja/Moub. PymriiiHoio
CHJIOI0 fmempoToHisamii € smenmenus [1606coBoi BinbHOI eHeprii: mis
nepiioro erany 3 yreopeHHaM [Fe™(OH)(OH,);]*" enepreTuunuii Bu-
rpail CTaHOBUTL 2—3 KKajJ/MOJb, MAJA MOPYroro 3 YTBOPEHHIM
[Fe"™(OH),(OH,),]" — -2-3 krau/monb. EiexTpoHeraTwBHiCTH Y,

. (z-h)+
YTBOPEHOTO IPH ILOMY TiJPOKOMILIEKCY [M(OH)h (OHz)th] BU-

3HAYAETLCSI THUIOM i CTyIleHEeM OKMCHEHHs KaTioHa (+2) Ta cTymeHeM
rizpomisamii (#). Teopia UacTKOBOrO 3apsaAy YMOKJIUBIIOE PO3Paxy-
BaTHU eJIeKTPOHETaTUBHICTh KOMILJIEKCY, IO, B CBOIO Uepry, Ja€ 3MOrY
BUSHAUUTH CTYIIiHBb TigpoJsisallii, Bil BeINUNHN AKOTO 3aJeKATUMYTh
cTepUYHi yMOBH HyKJearlii meBHOI KoHAeHcoBaHOI (dasu [18]. OgHum
3 (paxTopiB, IO BM3HAUATHME CTYHOiHBb TrigpoJisarmii € Beamumua pH
peakIifHOTO cepemoBHINA, SAKY JEerKOo MOKHA KOHTPOJIIOBATH B IIPO-
meci cuaTesu. K pesyabTaT, BiAKPHBAIOTHCA MOYKJIMBOCTI HAYKOBO
OOT'PYHTOBAHOTO KOHTPOJILOBAHOTO OJepP:KaHHA KOHAeHCOBaHUX (as
nepenbauyBamoro Tumy. Crymiabs rigpoJaisaimii riapoKoMILIeKcy

[M(OH)N]+ npu nesuomy pH Mo:KHa BUBHAUNTH 3 YMOBHU PiBHOCTHU

3arajJibHOTO 3apany +(z — k) i cymu 3apanmiB ycixX CKJIaZOBUX KOMIIO-
HeHTiB KoMmiuiexkcy. IIpum 1mboMy BiH BHM3HAUYATUMETBCA K

z2—-nd, —2Noy -9,
1-95,
cTyminb okmcHeHHA OKCUT'eHOBOro amioHa, N — KoopAuHAalliliHe UucC-
ao (N =6). 3uauenna yacTkoBux 3apaxpiB o, (i=0, H, M) Busraua-

0
IOTBCA BUPA30M 0, = M; TYT %, — €JeKTPOHEeraTHMBHIiCTH BOAU,

1,364y’

axa 3a Temmepatrypu y 25°C e miHifiHoio ¢QyHKIieio BemuuuHu pH:
Yw=2,732 - 0,035pH. 3HaueHHA eJeKTpoHerarusHocTeil ¥’ B MMO3Ha-
yeHHaX Allred—Rochow mia Oxcureny, I'izporeny cranosiasars 3,50 i
2,10 Bigmosinuo, misa karionmis Fe®' i Ni** — 1,72 i# 1,80 Bigmosimzo
[19]. Pospaxyukosi sane:xknocti h(pH) ana Bumagky rigposisarmii xa-
rioriB Fe®', Fe’" 3a ymoB:M (OpMyBaHHS OKTAaKOODAMHOBAHUX TiIpo-
KOMILIeKCiB HaBeJgeHo Ha puc. 1.

ExcmepuMenTasbHA IIepeBipKa OJep:KaHUX 3aJiedKHOCTeH y poboTi
[20] smificHIOBasacss MeTogaMu ONTHUYHOI CHEKTPOCKOIil y BUAMMOMY
migmasoHi (amasisyBasmcsa TpaHchopMmallii CIeKTpiB mIpomycKaHHS
po3uuHiB HiTpaTiB Pepymy B 3ajieKHOCTi Bijf BeauuumHu ixHiX pH y
CEepeloBUIIi, AKE 3aJaBaJiOCAd PO3UYMHOM amisaKy). BcraHoBieHo, IO
came B oOmactax sHaueHb pH O0amsbpko 6,3 Ta 10,1 cmocrepirarorbes
JOKAJIbHI MiHIMyMHM HOpomycKaHHSA, IO BiAIIOBila€ TEOPETHUYHO IIe-

h= , e Zz — CTYIIiHb OKMCHEHHS KaTioHa; n —
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Puc. 1. 3anexnicTs cTymeHsa rigposmisamii 2 moromepis [M(OH),(OH,),s_,]* ™"
(M =Fe®*, Fe?") Bin Bennumnu pH peaxuiiiHoro cepegosuia.’

penbadeHNM yMoBaM (DOPMYBAHHS KOMILIEKCIB [Fe(OH)(OH2)5]2+ i

[Fe(OH)2 (OH,) 4]+ — 6,1 i 9,7 BigmosigHo. TakuM YMHOM, CTYIiHb

rigposizamii MoHOMepiB, IeHTPAIBLHUM HOHOM B AKuX € Fe®', moxe
HabyBaTu sHadeHb Big 1 mpu pH=5 mo 3 mpu pH=13,5-14,0. Boa-
HOYAac, IJII MOHOMEPIB 3 IEeHTPaJbHUM HOHOM Fe?" crymimb rigpoJri-
samii mopiBuioe 1 timexu mpu pH =10,0-10,5 i He MoKe mepeBUIIY-
BaTu 3HaueHua h=2 mpu pH=13-14. Takum umHOM, (POpMyBaHHS
(dasm MarseTuTy 3i CTpYyKTypolo mmiHesi, ska micturh Horum Fe™ ra
Fe™, moxause sume npu suavenHax pH > 10,0.

Y monomepax [Fe(HI)(OH)(OHz)5T+, AKL (opMyBaTUMYThLCSA NIPU

sHaueHHaAX pH B gpismasoni 6,0—6,5, rpyna OH™ mae TepmoguHamMiuHy
mepeBary IoAo JoKajisallii B eKBATOPiANbHIN MJIOIMHI KoopauHa-
I[IAHOTO OKTaeapa, a MOJIEKYJU BOAU, B IIEPIINY Uepry, 3aiMaTUMyTh
akcisgapai mosumii [21]. Ilpu snauemmsax pH peaxiiifimoro cepemoBu-
ma 6am3pko 11 MoiKHa OUiKyBaTHM JOMiHYBAHHS B PEaKIiTHOMY ce-

PEelOBUINII  ONHO3APAZHUX  MOHOMEDiB [Fe(m’ (OH), (OH,), T i

[Fe(ﬂ)(OH) (OH2 )5]+. B ycix Bumagkax (GpopMyBaTUMYThCA AUMEPU 3

3apAmoM +2 i3 KiJbKiCHMM JOMiHYBaHHAM YacTHHOK MEPIIOro Ta
apyroro tumiB. JomaTKoBa acuMeTpis KOMILIEKCY APYroro TUIY, B
axomy npucyTHi fionu @epymy Fe'™ ta Fe'™, iimoBipHO, MoOXe cTH-
MYJIOBATH  IIPOIleC  OJAIIAHOTO 00’e¢IHAHHSA  [OBOX  AUMEpPiB
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(), (11 2+ . .
[Fe Fe™(OH), (OHz)J 3 TepMOJUMHAMIUHO CTabGiJIbHUM (GopMy-

BaHHAM MIiJIbHONAKOBAHOTO TEeTPAKOMILIEKCY, IO € arperaTuBHO
CTiiKMM 3a KimMHaTHOI TeMmIepatypu. BoamHouac, BiZOyBaTHMYyThCS
peaxirii OJIALIIITHOTO 00’e1HaHHA OKpeMUX KOMILJIEKCiB

(I (IT) 4+
[Fe2 Fe{"(OH), (OHz)w] 3 GOpMyBaHHAM CIOYATKY OJIOBUX, a IIO-

TiM MicTkoBMX OKCHUI'€HOBUX 3B’S3KiB i3 HyKJealli€io 3apoiKa OKCHU-
nHoi (pasu. VMMOBipHUM BapissHTOM eHepPreTHYHOI ONTHUMizallii KoM-

(D) (D) 4 o
ILIEKCY [Fe2 Fe{”(OH), (OH, )10] MO’Ke CTaTH OKCOJsALiiiHa mepely-

IoBa IIeHTPAJbHOI 30HHU KJacTepa 3 (pOopMyBaHHAM OOMIiHHUX 3B’ A3KiB
Fe™—-0-Fe'™, 10 cynpoBoOm:KyBaTUMeTHCA NeIIPOTOHI3AIli€I0:

[Fel"Fel”(OH), (OH,),, | +4H,0 — [Fe{"Fe{"0,(OH), (OH,), ] .

BasxkiuBo, 110 YTBOPEHUIT B PE3yJIbTATI TAKOTO IEPETBOPEHHS KOM-
IJIEKC € eJIeKTPUYHO HEeNTPaJbHUM, IO Iepenbdadyae BTPATy arperaTu-
BHOI CTiHKOCTH B30JII0 Ta MOMKJIHBICTH HIBUAKOrO Iepebiry xoaryis-
miftHMX 1mporeciB. BamamBy poJib B mpoliecax opraHisaiii Takmx KJja-
CTepiB IIle Ha eTalli HyKJeallil Bigirpae marseTHe BOOPAAKYBaHHA.
Takoro Tumy CTpPyKTypu Oyjau TeopeTuuyHo mependaueni B [22]. Hasa

2+
BUTIAAKY OJAIIMHOI B3aeMofii KoMILIeKciB [Fe(OH) (OH2)5] dop-

4
MyBaTUMYyTbCs NUMEPU [Fe(zm)(OH)z (OH, )S:I ", AMA AKMX KOODAUHA-

IMifiHi OKTaeapu MAalOTh CIiJbHEe pebpo, AKe He HajJeKaTHMe eKBaTo-
pignapuiit mmomuHL OoKTaeApiB. OcobJMBiCTIO TaAKMX AMMEPIB MOKHA
BBaskaTu BigcyTHicTs OH-rpyn, He samiganux y ¢opMyBaHHi 3B’A3KiB.
Ilomanbiia moJiKOHOEHcAIliss 3 YTBOPEHHS 3UIBAaroOMOAiOHMX UM CIIi-
pareBUIHUX OJIrOMepHMX JIAHITIOTIB Iiependadae mAeIpPOTOHi3alliio
KOMILTeKCY. B Me:kax OKpeMoro JIaHITIOTa MOMKJIMBa IIOAAJIBbINA Je-
OpOTOHi3aIlisga 3 (OPpMYyBAaHHAM OJIOBUX 3B’A3KiB 1 wacTKOBOI HeHTpa-
Jizarii KOMILIEKCiB, HPUUOMY 3apsAl OKPEeMOro JIAHIIIOTA IIepecTae
OyTu (PyHKITi€l0 UmcJia KaTioHiB:

[Fe(™(OH),, ,, (OH,),, |~ —[Fe™o0, ,(0H), , (OH,), | +(n - DH".

IIpu mpomy wmisk aromamu OKcureny ta [igporeHy TiIpOKCHJIBHUX
TPYIl OKPEMHX OJIIrOMepiB MOKYTh (hOpMyBaTHCA BOAHEBi 3B’SI3KWH,
ajie CTPYKTypa 3aJUINAaEThCA HEN[JILHOI Ta HACHUYEHOI0 MOJEKYJIaMu
Boau. 3a IuX YMOB (hOPMyBaTHUMEThCA 3apoAoK dasu rigpoxcuny Pe-
pymy. Ctpykrypu ¢as o-, B- i y-FeOOH yTBOpIOIOTHCA JaHIIOTAMU
OoKTaenpiB 3i cuimbHUMU pebpamu [23], mpuuoMy MiHiMaJbHY T'yCTH-
HY cepeq rigpokcuzniB @epymy mae 3-FeOOH (akaranir) [24].
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3. CHHTE3A MATEPIAJIB I METOIN JOCJAILNARKEHHSA

OpmepsxaHi mTomepeqHLO BUCHOBKU €KCIIEPUMEHTAJLHO TepeBipaaucs
Ha OCHOBi aHaJIi3W CTPYKTYPHU Ta BJACTUBOCTEH IIPOAYKTIB peakrIril
CYMiCHUM OCaJ»KEeHHAM PO3UMHIB cojeili @epymy Iipu 3HaueHHAX pH,
piBanNxX 6,0-6,5 i 10,5—11,0. IIpoToKoau cuHTE3 Oyau OJM3BKi O IIi-
IXO0miB, BUCBiTIIeHUX y pobOoTi [25]. [aa cuuTesu S1 roryBaBcs BOJ-
unii posuna FeCl;-6H,0 (0.3 M), B AKuMii Ipyu MOCTiHHOMY IIepeMiIry-
BaHHiI 3a Temmepatypu y 55—65°C mo kpamnax BBomuBca NH,OH
(25% sBomuwuit posuun). Ilicaa mocaranua pH cepemoBuina B miAmnaso-
Hi 6,0—6,5 omep:xanuit 6ypuil pO3UNMH BUTPUMYBaBCA 3a TeMIIepaTypu
y 65°C mporsarom 24 roja, BimminaBca meHTpu@yryBaHHSIM, IIPOMUBAB-
ca 6araTopasoBO AWCTUJILOBAHOIO BOJOI0 Ta BUCYIITYBaBcA mpu 85—
95°C mo mocriiinoi macu. ITpu peasizarii cuHTesu S2 B SKOCTi Ipe-
KypcopiB 3acTocoByBaaucs po3unHu xJjopuni @epymy (II) ta (III) sa
yMoBu criBBigHOmenna Fe®'/Fe* =1/2. Kinmesuit pH peaxmniitHoro
cepemoBUINlA ITiciA HmOKpameabHoro momaBanusa NH,OH sHaxomuBcs B
miamasoni 10,5—11,0. IToganbiri Kpoku OyaM aHAJNOTIYHUMU AK I
BUNAAKY cuHTesu S1.

HocaimskenHsa (asoBOro CKJIAAy Ta KPUCTAJIIYHOI CTPYKTYpPH CHUH-
Te30BaHUX MaTepiAiB nmpoBoauau MeTonoio audpakiiii X-npoMeHiB y
BUIIPOMiHeHHiI MigHOI aHOaM 3 (poKycyBaHHAM 3a Bperrom—BpenTaHo
(mudparxromerep [IPOH-3.0). Cepenniit posmip obsacreii KOTepeHTHO-
ro poaciauua (OKP) pospaxoByBaBca i3 sactocyBanHaMm IlleppepoBoi
dopmyau.

MeccbayepoBi mociimKeHHA OyJa0 BUKOHAHO 3a JOIOMOIOI0 CIEKT-
pomerpa MS-1104Em (izoron °"Co B marpuni Cr, aKTHBHICTb 6IU3LKO
25 mKi). KaniopyBanHA isoMepHUMX 3CyBiB Bifi0yBasiocs BiJHOCHO O.-
Fe. MeccbayepoBi CIeKTpU 3pas3KiB oJep:KyBajucA B HisIa30HI TeM-
nepatyp 80-293 K.

Bennumua nmuToMoi IJIOIII IMMOBEPXHI AOCaim:KyBajsacsa METOA0I0 HU-
3bKOTEeMIepaTypHoi amcopbiii asory (mpmiaanx Quantachrome Auto-
sorb Nova 2200e); nasa posmomijy mop 3a posMipaMu 3aCTOCOBYBaJia-
ca meroma DFT [26].

4. PE3YJIBTATH TA IX OBTOBOPEHHS

BigmosigHO M0 pe3ysbTaTiB PEHTI'€HOCTPYKTYPHOI aHAaJidw, MaTepisn
S1 xapaKTepU3yeThCs CTPYKTYPHUM YHOPAAKYBAHHAM, XapaKTEePHUM
s B-FeOOH (JCPDS #34-1266) [27], mpuuoMy cIocTepiraerbcs
3HauHe posmupernHa pediexcy (310) y mopiBHauHi 3 peduexcamu
(400) i (211), mo cBiguuTh PO aHizoTpomiio dopmMu 00JacTeil Kore-
PEHTHOTO PO3CiTHHSA Ta WMOBipHiCTH (OopMyBaHHS CTPUIKHETOMIOHUX
YACTHUHOK 31 CTPYKTyporo akaremity [28]. Marepian S2 xapaxTepusy-
€THbCS CTAHOM, OJM3BKUM 10 PEHTIeHOoaMOpP(HOTO 3a HAABHOCTH MO-



254 B. M. BOMYVE, M. A. TOIJIEBCEKA, JI. B. MOXHAIIBKA ra in.

TUBIB CTPYKTYPM IIIIiHENI — MaKCHUMaJIbHUM 3a iHTEHCUBHICTIO ped-
aekc (311) ognosnauHo igenTudikyernsea [29] (puc. 2).

Iz sacrocyBanusam IlleppepoBoro piBusaHa D = 0,89)/(Bcos0) Oy-
JI0 PO3pPaxoBaHO cepelHi po3Mipm objsacTeil KOrepeHTHOT'O PO3CisTHHS
D pna omep:kaHux wMarepianiB (y chepuuyHOMy HaOMMIKEeHHI 3
K=0,89), ne A — pomsxxkmHa xBuji CuK,-BunpomiHeHHs,  — IOBHaA
mupuHa pedJeKcy Ha IOJOBMHI BMCOTH, O — KyTOBe IIOJOKEHHS
Iugdpaxkiiiiinoro makcumymy. g BU3HaAUeHHA ITOBHOI IMUPUHU ped-

Puc. 2. PerrreniBebki gudpakrorpamu marepisaniB cucrem S1 i S2 (yabrpa-
nucnepcHi B-FeOOH i Fe,;0,).2

0,010 B

06'eM nop, cm’IT

12 14 16
OiameTp nop, HM

a 0

Puc. 3. Isorepmu azmcopbifii—aecopbirii Ta po3paxoBaHi HA OCHOBi iX po3Imomi-
JIZ TIOp 3a posMipamu mssa marepisiais S1 i S2.2
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JIeKCiB 3acTocoByBaJiacsa anpokcumailisa JlopeHTIoBuMy (GpyHKITigAMI.

Opepskani npu ampokcumarii sHaueHHA Aja cucteM S1 i S2 cra-
HOBJIATL 1,92+ 0,29° i1 2,93 +£0,22° BigmoBigHO, 110 Iepemdauvae 3Ha-
YeHHS CepelHiX po3MipiB obyacTeil KOTEPEHTHOTO PO3CiAHHA GJIM3BKO
4,2+0,3 Tta 3,0+0,2 am Bimmosimuo. BapTo Ie pas 3zayBaKuTH
IPUHIUIOBY BigMinuicTs poamipiB OKP i posmipiB wacTuHOK MaTepi-
ANy, 3a AKUX MIJs AAHOI TeMIepaTypHu CIIOCTepiraeThcsa mepexin y
MOHOJOMEHHHI CTaH i OJIOKYBaHHSA OCIIMJIAININA MarHeTHOT'O MOMEHTY.

IzoTepMu HHU3BKOTEMIEpPaTypHOI azncopOiii—mecopbIrii asory masa
000X 3paskiB (puc. 3) XapaKTepus3yIOThbCS HAABHICTIO TicTepesu THUIY
H4 sa knacudikamiero IUPAC [30]. Moskua 3po6uTu AKiCHUI BUCHO-
BOK IIPO Te, IO MopdoJioria 000X CHHTE30BaHUX MAaTepidjiB Iepepn-
0auae TPUCYTHICTL Me30IIOpP, IO Y3TOMKYEThCA 3 pe3yJbTaTaMU pPeH-
TTeHOCTPYKTYPHUX TOCJIiIKEeHb.

Iletns ricrepesu mnas BUNAAKY MaTepisay S1 moumHaeTheA 3a Je-
1o 6imbIiioro BimmocHoro tucky P/P,, amim mjna marepisay S2, 1o
CBiTUMTL TPO BiZHOCHO OiNBINMMI CTYIIiHL arperoBaHOCTU MOTO YaCTHU-
HOK. Bommouac miorri meTesb ricrepesu ajs 060X MaTepisiiB € Ou-
3bKHMMU, IO CBiIUUTL IIPO IMPUOJM3HO OSHAKOBUI BiTHOCHUII BHECOK
Me30II0p V BeJIWUYUHY IIUTOMOI IIJIOINi IOBEepXHi S .. 3HaueHHT S,
pospaxoByBasucs B pamkax Teopii BET [31] uepes mimeapusariio 3a-
JIeKHOCTH (PO/P;l/ A((E)/P)—l):l), ne A — muroMuii 06’e€M amcop-
00BaHOro 3a IMEBHOTO 3HAUEHHS BiJHOCHOTO THUCKY a30Ty.

3HaueHHA TUTOMOI ILJIOIi MOBEpXHi AjaA MmarepiamiB S1 i S2 cra-
HOBIATH 101 i 135 M?/r. Onep:xaHi 3HAUEHHA MOXKYTb OYTH BUKODH-
CTaHi OJid OIIiHKM cepefHiX po3MipiB uacTMHOK d 3a PiBHAHHAM
d= 6/(Sspecp) , AKIIO BifjoMa TrycTmHA MaTepidasy. 3HaUeHHSA T'YCTHUHU
nisa B-FeOOH i Fe;O, crasosaars 3,75 Ta 5,16 r/cm?®, mo Bignosizae
cepenHiM posmipam dacTuHOK y 16 i 9 um BimmoBimuo. Bci omep:xkani
olliHeHi nmaHi, BpaxoBylouu NMOBipHicTH edeKTiB arysomeparrii, ysro-
IKYIOTBCA 3 Pe3yJbTaTaMU PEHTI€HOCTPYKTYPHUX MOCIiIKeHb.

Hna ogepskaHHA nomaTKOBOlI iHGopmalii npo cTpyKTypHO-(hasoBuil
CKJIAJ OJep:KaHUX MaTepisjiB OyJi0o 3aCTOCOBAHO HU3BKOTEMIIEPATyp-
HY MeccbayepoBy cmeKTpockomiio (puc. 4). CueKTpu, omep:kamHi maas
Mmarepiany cucremu S1 3a temmeparyp y 290, 240, 210 i 180 K, ¢o-
PMYIOThCS AyOJIETHOI0 KOMIIOHEHTOIO 3 BeIMUYMHAMU i30MEPHOTO 3CYBY
() Ta kKBaapymosbHOTO posiemnnendasa (A) 0,36-0,39 i 0,73-0,78
MM/c BigmoBigHOo. BomHouac, cmocTrepiraerhbca UiTKa TeHAEHINA 0
3pocTaHHsA IMIUPUHN pe3oHaHcHOI Jsimii. Crmexrtep, omep:kanuii 3a 120
K, mae uiTKO BupaKeHWI IepexigHuii xapakrTep — 30epiraerbcs
IeHTPAJbHUNA Oy0JeT, ajie HPOABISIOTHCA POIMIMPEHi peaaxcalfiiixi
KOMIIOHEHTH, III0 BiANOBifaOTh pE3OHAHCHOMY WOTJMHAHHIO Y-
KBaHTiB aapamu Fe B crami, 6JiM3bKOMY 40 MarHeTOBIIOPALKOBAHOTO.

Cuexrep, omep:xkanuii 3a 80 K, ¢popMyeThbcad BUKJIIOUHO CEKCTETOM
Ipu 3HaUYeHHi edeKTHBHOIO MarHeTHOTo IoJisa Ha axpax Fe*' y 48,4
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IHTEHCUBHICTL, BigH. o4.
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Puc. 4. MeccbayepoBi criekTpu Mmarepisxis cucrtem S1 i S2, omep:xkaHi B Te-
MIepaTypHOMY Aismasomi 80—-290 K.*

Tn mpu Besmuwmuax 6 Ta A 0,30 i 0,10 mm/c BigmoBiguo. Ileit Habip
BiATIOBiZae mapamerpam cuektpy (asu B-FeOOH sa Temnepartyp, HU-
sKunx s3a HeesneBy temmepatypy [32], ska Oid axareHiTy CTaHOBUTD
290-300 K [33]. OcHOBHUM UMHHUKOM, II[0 BU3HAYATHME IIOHUKEH-
HA 3HaueHb HeesieBoi TemmepaTypu B JaHOMY BUIIQKY, MOKHAa BBa-
JKaTU MPOSBU ABUINA cyleprapamMarsHerusmy. Ilpu sMeHIIeHHI posami-
piB depoMarHeTHUX YACTHUHOK €HEPrisfi IPUIOBEPXHEBOTO IIapy CTae
MMOPiBHAHHOIO 3 00’€MHOIO €HEPTi€I0 BJIACHOTO MArHeTHOTO IIOJIS 3pas-
Ka 0e3 obJsiacTeil i3 3aMKHEHMM MarHeTHMM moTokoMm [34]. Ak pe-
3yJbTAT, €HePreTUYHA ONTUMIi3allis IPUBOAUTH A0 IEPEeXOAY UaCTUH-
KM B MOHOJIOMEHHUI CTAaH 3 OJHOPiJHOI HaMarHeTOBAaHICTIO 3a YMOBU
TerJ0BUX (PJIKTyaIifi MmarHeTHOro MoMeHTy. 1 ITOBOpPOTY BeKTOpa
MarHeTHOT'O MOMEHTY MijK OCSAMM JIETKOTO MarHETYBaHHS Ta pPeecTpa-
il cymeprmapaMarHeTHOI peJiakcallii eHeprisa TemJIOBUX KOJUBaHb Mae€
IIepeBUIUTH eHeprio MarHeTHoOi aHizorpomii wactTunku k,T > KV .

B zaragpHOMY BUIIAAKY BiJJCYTHOCTH 30BHIIITHHOTO MArHETHOTO IIO-
JIs Yac cylepliapaMarHeTHOI peJiakcallii BeKTopa MarHeTHOTO MOMEH-
Ty MOHOZOMEHHOI YaCTMHKU BU3HAUAETHCSI BUPA30M:

T, = 1, exp(KV/(k,T)),



BIIJINB pH HA HYRKJIEAIIIIO SAJIISOBMICHUX ®A3 257

me 1,~107° ¢, V — 06’em uacturKH, T — abcoaioTHa TemIepaTypa, K
— edexTHBHA KOHCTaHTa aHizoTpomii. MoHOZOMeHHA YacTHUHKAa Oyae
dixkcyBaTuca metomoio MeccOayepoBoi CIEKTPOCKOIIl AK ImapamarHe-
THa, AKITO MepPiof OCIUJIAIINl MarHeTHOTO MOMEHTY T, OyJe MeHIIIUM
3a yac KHTTA 30ymxeHoro crany Meccbayeposoro aapa Fe® (1,4-1077
¢). 3arajoM, yMOBa Iepexony B cymepliapaMarHeTHUI CTaH Iepernda-
Yyae MOMKJIUBICTh Bapidlii Bcix Tprox amimuux: V, T, K. Jlna HaHOUa-
ctuHoK [-FeOOH edexkTmBHA KOHCTAaHTa aHIi3OTPOIIil CTAHOBUTH
2,1-10° Tox/m® [35]. Baskaroun, Ijo Iepexin i3 cymepmapaMarsHeTHO-
ro0 B MarHeTOBHOPAIKOBAHUN CTaH IJII YaCTHHOK MAaTepiaay cucTeMu
S1 BimbOyBaeThca y pgiamasoHi Temmepatyp 80-100 K, ogmep:xyemo
HIUKHIO TPaHUII posMipy uvactuHOK (pasu -FeOOH — 13-14 Hwm,
o n00pe y3roMKyeThcA 3 Pe3yJabTaTaMU OIiHKW Ha OCHOBI aHasisu
ITaHuX ajcopOIifimoi mopomerpii. /g BUIaAKy MAaTepiany cucTeMu
S2 cmexkTep, omep:KaHMU 3a KiMHATHOI TeMmIeparypu, (PopMyeThCs
CYIePIIO3UIliel0 AyOJeTHOI Ta CEeKCTeTHOI KOMIIOHEHT, IIPUYOMY peJia-
KcallifiHa CKJaJjoBa NPUCYTHA B CIEKTPaX, OJepP:KaHMUX 3a TeMIepa-
Typ no 160 K Bratouno, xoua pos3mipu OKP nna martepiany S2 e Bin-
HOCHO MEHINMMM 3a OiinbImxX 3HaueHb S_,.. Oxep:kaHuii pesyabTaT
MOJKHA ITOACHUTH BILIMBOM OBOX UMHHUKIB. Ileprmr 3a Bce, sHaueHHS
KOHCTAHTH MarHeTHOI aHi3oTpomii a8 MArHeTUTy € BiIHOCHO BUIIIH-
mu, nopiBaAHO 3 B-FeOOH, mpuuomy cmocrepiraeTbcsa TEHAEHIIA IO
POCTy IILOTO MapaMeTpa 3i 3MEHINeHHAM PO3MipiB YacTUHOK. IHIIUM
YMHHUKOM MOJKHA BBayKaTH IIPOSABU MIiKUYACTUHKOBOI JUIIOJb-
IUIIOJIbHOI B3aemozii [36].

s 06’emHEOrO MarHeTuTy 3HaueHHA K nopiBioe 3-10* Tix/m® [37]
gz 1o 1,06-10* I:x/m® [38]. Bommouac, aBTopu [39] omep:xanm 3Ha-
YeHHS KOHCTAHTH OJHOBICHOI MarHeTHOI aHi3OTpPOIIi A5 HaHOUCIIE-
PCHOTO MArHETUTY B [isina30oHi 3HaUeHb AiAMeTpiB uwacTuHOK 10-30
HM, 10 € PO3MipOHEUYTINBUM i piBHUM 6iu3bK0 6-10° IIx/M°. OcHo-
BHUM UYMHHUKOM, IO BU3HAUAE PO3MipHHI edeKT MoKHa BBaKaTHU
picT BHecKy moBepxXHeBOi amizoTpormii. 3oKkpema, aBropamu [40] mpo-
HOHYEThCA  BUpas Oad e(eKTUBHOI KOHCTAHTH  aHisoTporril
K=K, +Kj/a, ne K, ra Kg — KoHCTaHTH 06’€MHOI Ta [I0BEPXHEBOI
CKJIQIOBUX BimImoBigHO, @ — po3mip yacTtmuKu. Ileil BUCHOBOK y3ro-
IKYETBCSA 3 €KCIEePUMEHTAJbHUMHU Pe3yJbTaTaMU BUBUEHHS BILIUBY
po3MipHUX e(deKTiB Ha MarHeTHi BJIACTHMBOCTI HAHOYACTHUHOK MarHe-
TUTy, omep:kanumu y [41]. Bapro BigsHauuTu, 1110 KOHCTaHTa aHi3OT-
porii 3a IeBHOTO 3HAUEHHSA PO3Mipy YaCTUHKU MarHeTUTY € HeJIiHii-
Holo (pyHKITielo cTyneHs OKcureHoBoi Hecrexiomerpii [42, 43]:

K(a,x) = K,a(1+2,27x - 10,42x° + 6,54x°) ,

le X — CTYIIiHb IIepeTBOPEHHSA MarHeTuTy B Mmaremirt. SIK pesyJbrar,
nmepexisy y MOHOZOMEHHUU CTaH AJiA HAHOYACTUHOK MArHETUTY Bim0y-
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Ba€ThCA 3a MEHINUX PO3MipiB y IOPiBHAHHI 3 MaremiTom, 10 BU3HA-
yaTHMe CIIOCTeperKyBaHe OJIOKYBAHHS OCIMJIAIINL MarHeTHOTO MOMEH-
Ty 3a BimHocHO Bumux temmoepatyp [44]. Iaa xapaKTepuCTUKU IIPO-
Iecy TaKMX IIepPeXOo/iB BBOAUTLCA IOHATTA TeMIepaTypu OJOKYBaHHS
Ty, AKa BUBHAUAETHCA SAK TeMIIepaTypa, 3a AKOI IJd YacTUHOK 3 IIe-
BHUMU 3HaueHHaMu K Ta V mpu maHili MeToni peectpaiiii BigOyBaeTh-
cs mepexin i3 cynmeprapaMarHeTHOTO Y MAarHeTOBIIOPSAAKOBAHMI CTaH.

ABtopamu [45] BimsHauaeThbcA pisKa B3asIeKHICTH TeMIIepaTypu
OJIOKYBaHHA AJIA HAHOUACTHHOK MATHETUTY BiJ cTaHy iXHBLOI IIOBepX-
Hi Ta 3arajoM Bii YMOB eKCIEpUMEHTY. 30KpeMa, IJA YaCTUHOK
Fe,0, y momimepHiii maTpurli BoHa ctanoButh 177 K, Tomi axk mjga uga-
CTHHOK 3 IOBEePXHEI0, IaCMBOBAHOIO MHOJIiBiHijJcyJab(paToMmM, BOHA 3Me-
Hiryetbea 10 90 K. [na cucreMm B3aeMOJiMHUX MarHETHUX KJIaCTEPiB
MOXKJIMBa TAKOXK CUTyallid IepeBaKaHHA eHeprii MarHeTHOI B3a€MO-
nil MmisKk gBoMa CyCcigHIMM KpucTajgiTaMW, OCHOBHHII BHECOK B AKY
BHOCATH oOMiHHA E 4, Ta gunonbHa E, , eHeprii, Hax eHeprieio aHizo-
tpomii E,,. Buasneno [46] 3HauHMii BOIUB OOMiHHUX edeKTiB Ha Ma-
KPOCKOIIiUHi MarHeTHi XapaKTepPUCTUKU MaTepidaiB, AKUI IIPOSABIA-
€ThCA Y TOABI BJIACTUBOCTEM MarHeTHUX HaAHOMATEPidAiB, aHaJOTid-
HUX [0 XapaKTepHCTUK CIIIHOBOTO CKJa, IIOABi 3CyBiB TemIepaTypu
OJIOKYBaHHA, PO3Y3TOMKEHOCTI TaHUX CTPYKTYPHUX i MArHeTHUX MOO-
ciaimxenb. JlogaTKOBUIM BHECOK eHeprii MarHeTHOI Mi)KYacTUHKOBOI
B3a€EMO/ii IPUBOAUTH O TOTO, IO, X0Ua €HEPTisd TEeILJIOBUX KOJNBaHbBb
epeBUINTyBaTME €HEpTilo aHizoTpomii, mpoTe, BHACTiIIOK B3aeMoiil 3
OJMM3bKUM KJACTEPHUM OTOUEHHAM, IIepeXim y cylmeprapaMarHeTHUIH
cTaH He Bim0yBaeThcA (MOJEJNb 3alIPOIIOHOBAHO B poborTi [47]); moniomi
eheKTH € TPOSIBOM OCOOJIMBOCTEl KOJEKTHMBHOI MOBEAIHKYU KJACTEPHOI
CUCTEMHU B3aEMOAINHUX (hepoMarHeTHUX HAHOUYACTUHOK [48].

BapTo 1m1e pas HaroJgocuTH, 110 MarHeTHi BJIaCTUBOCTiI cucTeM B3a-
EMOJIMHNX YACTUHOK Pi3KO 3ajiekaTh Bim IXHBOI (hopMu, posmomisy
3a posMipaMu, CTYHeHs IXHbOI KPUCTAJIUHOCTU, XapaKTEepPUCTUK II0-
BEPXHi (IPUCYTHICTh MOBEPXHEBUX T'PYIl, Pi3HUN CTYIiHb OKHUCHEHHS
atomiB @epymy), 110 Imependavae BU3HAUYAJIbHY POJbL YMOB CHUHTE3U Y
BUTJIAMI Ta BiATBOPIOBAHOCTI €KCIIEPUMEHTAJIBLHUX Pe3yJIbTaTiB.

TemmepaTypHa 3aJeKHICTh BeJIUUYNHN e(PEeKTUBHOTO MAaTrHETHOTO
monsda Ha aapax Pepymy B dacTHHIL 00’emom V 3a temmeparypu T

kT
2KV

e()eKTMBHE MartHeTHe IIoJie 3a BiACYTHOCTU (IIOKTyallii MarHeTHOTO
MOMEHTy. EKcomepuMeHTANbHI 3aJe;KHOCTLI OyJyio mepeOymoBaHO 3a
YMOBM HOPMYBaHHA Ha BEJIMYMHY IOJA A HoHiB Pepymy, IO Ha-
JexKaThb J0 d-TmiarpatHuili, BuMipAaHoro 3a temmneparypu y 80 K (puc.
5). Jlimitima ampokcuMaIllia Iriei 3aJeKHOCTU YMOMKJIUBUJIA OIIHUTU
IJIs BUOAAKYy MMOBIpHOI BeJIMYMHM KOHCTAHTH MAarHeTHOI aHisoTporril

onucyersca axk H(V,T)= H,V,T) (1— J [49], ne H,(V,T) —
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Puc. 5. HopmoBani sHaueHHA edeKTUBHIX MarHeTHUX IIOJiB Ha aapax ° Fe B
TeTpaeNPUUYHUX IiAI'DATHUNAX CTPYKTypu yJiabrpaaucuepcHoro Fe,O, (mare-
pian S2) ax GyHKIil TeMImepaTypu 3HiMaHHA.’

y 6:10° Isx/m® [50] cepenHi 3HaueHHS PO3MipiB WacTWMHOK MaTepiamy
— 9,56+0,3 uMm.

5. BUICHOBRH

Ha ocHoBi Teopii wacTKOBOTO 3apsAay IOOYyIOBaHO I eKCIIepUMEHTAaJb-
HO IIEPEBipPEHO MOJIEJIb CTPYKTYPOYTBOPEHHSA OKCUTIIPOKCUAIB DPepy-
MY 3a OCaJyKeHHA IX 3 BOJHOI'O PO3UMHY cojeil PepyMy B 3aJeKHOCTI
Bim Besmmuwmuu pH peaxiitinoro cepemosuira. IlokasaHo, IITo0 Opu Tif-
ponisi comeit Pepymy npu 3HaueHHax pH y migmasomi 6,0-6,5 i
10,5—11,0 onamiiino-oKcoadIifina B3a€MOIis MiK I'i TPOKOMILIEKCAMU
AKUX TPUBOIUTHL N0 HyKJealii das rinpoxkcuny Pepymy [-FeOOH rta
MaTHeTHUTy BigmoBimHo. BcramoBiieHo, 110, Xoua cepemHiil posmip 00-
JacTell KOTepeHTHOTO PO3CiAHHA A (asu MarHeTUTy € HOPiBHAHO
meHImuM (3,0 i 4,2 HM) 3a GiMBIINX 3HAYEHb IMTUTOMOI IIJIOII ITOBEPX-
mi (1835 i 101 m*/r BigmoBigHO), mepexij 3 cymepmapaMarHeTHOTO B
MarHETOBIOPAAKOBaHMUY cTaH AaA yacTuHOK [3-FeOOH BimbyBaeTbcs B
TemnepatrypHomy migmasoHi 100-120 K, tomi Ak maa Bumaaky ¢asu
MarHETUTy YacTHUHA MaTepifAJy BiKe 3a KiMHATHOI TeMIlepaTypu Iiepe-
OyBae y MArHeTOBIIOPAAKOBAHOMY CTAaHi, III0 IOACHIOETHCA BiAMiHHO-
CTAMHU y BeJWMUYMHAX MarHeTHOI aHizorpomii Ta, #iMoOBipHO, edeKTamu
MiKYaCTUHKOBOI AUIIOJNb-IUIIOJIBHOI B3AEMO/Ii.

Pobory BuKOHaHO 3a miaTpuMKM HamiomaabHoro ¢oHAy moCTi-
IKeHb YKpainm KomrrtamMu gep:xoOomxery (mpoext 2020.02/0043).
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Hocaig:xeHHS mpoliecy CIniBOCAIKeHHA MOABIHHUX TiApOKCHIIB
Fe—Co

JI. A. ®pomnosa, T. €. Byrupina

HepicasHuil suwyuil HABYAALHUL 3AKAA0

«YKpaincoKuil 0epicas8HUll XiMiK0O-MeXHON02iLHUL YHigepcumem»,
npocn. I'azapiuna, 8,

49005 [quinpo, Yipaina

®eputu KobanbTy, 110 MalOTh IIMiHEAbHY KYOiUHY CTPYKTYPY, IIUPOKO MO-
CIIIMKYIOTBCA BIPOJOBXK OaraThox pokiB. Ile, mepin 3a Bce, 3yMOBJIEHO HaJ-
3BUYANHO IMTUPOKUM CIIEKTPOM BUKOPHCTAHHA iX, IO OXOILJIIOE TakKi ramysi
3aCTOCYBAHHA SK MAarHeTHUH B3alnC BUCOKOI IIiJIbHOCTH, MeIUIIMHA
(komm’foTepHa Tomorpadif, KOHTPACTHI PEYOBHMHUM MAaATrHETHO-pPEe30HAaHCHOIL
Tomorpadii, mMisboBe BBeAEHHA JiKiB i rimeprepmis), ereKTpoHiKa, TeJeKO-
MyHiKalIliliHe Ta KocMiuHe 0o0JIafHAHHSA, IIPUPOJOOXOPOHHI TexHoJorii, raso-
Bi ceHcOpM, CYHepPKOHIEHCATOPH Ta iH. 3acTOCyBaHHSA PiAKO(MasHUX TEXHO-
Joriii omepsxaHHa (epuriB KobanbTy mae 3MOry 3MiHIOBATU CTPYKTYDPY,
CKJIax i, AK HACIiOK, (PyHKIiOHAJBbHIi BJIACTHUBOCTI KiHIIEBOTO HPOAYKTY.
ITomupenoto € rigpodasHa MeToma, IO BKJIOYAE CTAHil0 CITiBOCAIKeHHS
TPHU- Ta ABOBAJEHTHUX TiIPOOKCHUAIB 3 IMOJAJBIITUM TEePMOOOPOOJIEHHAM 3a
BHCOKHUX TeMIIepaTyp. BiJbIl IepCIeKTHMBHOI € TeXHOJIOTis, IMo 6a3yeThes
Ha cmiBocamxenHi riapoxcuziB Pepymy(Il) ta Kobanery(Il). Ommar 1eit
mpoliec BUBYEHO HENOCTATHHLO. B maHiit pobOTi 3a HOIIOMOTrO0 TepMOAMHAMI-
YHUX PO3PaxyHKiB, nmukJaiuHoi BoabTammepomerpii (IIBA) mocmim:xeHo cuc-
tremu Fe?—S0,>—H,0, Co**-S0,2-H,0, Fe*'—Co*—S0,> —H,0. Bcranosieno
mocJIimoBHI cTramii yTBopeHHA rimpoxkcoxkominiekciB. TepmogumHamiumi pospa-
XYHKU Tokasanau, 1o pH ocamkeHHs TigpoKCHIiB MalOTh CXOXKi 3SHAUEHHS.
Ogpepskani gami IIBA mpm moapHOMY cmiBBisHomenmi n=[0H]/[M*]=17y
cucremi Co®*'—Fe?'—S0,> —H,0O nokasaiu, Io Xifi KATOTHUX JiJTHOK KPUBUX
TIOCTiJOBHO 3MiHIOETHCA [JIA IMUKJIB 1-5, 110 CBiguMTh mpo pyHHYBaHHA
YTBOPEHUX IMPOMiKHUX CIIOJYK.

Cobalt ferrites, which have a spinel cubic structure, have been widely
studied for many years. This is primarily due to the extremely wide range
of their use, covering such areas of application as high-density magnetic
recording, medicine (computed tomography, contrast agents of magnetic
resonance imaging, targeted introduction of drugs and hyperthermia),
electronic, telecommunication and space equipment, environmental tech-
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nologies, gas sensors, supercapacitors, etc. The use of liquid-phase tech-
nologies for producing cobalt ferrites allows us to change the structure,
composition and, as a result, the functional properties of a final product.
The hydrophase method is widespread, including the step of coprecipita-
tion of trivalent and divalent hydroxides with further heat treatment at
high temperatures. Technologies that are more promising based on the co-
deposition of the iron(II) and cobalt(II) hydroxides. However, this process
has not been sufficiently studied. In this work, using the thermodynamic
calculations and cyclic voltammetry (CVA), we study the Fe?'—S0,2—H,0,
Co?-80,2-H,0, Fe?*—C0?*'-80,2-H,0 systems. Successive stages of the
formation of hydroxocomplexes are established. Thermodynamic calcula-
tions show that the pH values for the deposition of hydroxides have simi-
lar values. The CVA data were obtained with a molar ratio
n=[0H]/[M?*]=1 in the Fe?*~C0?*-80,2 —H,0 system. The course of the
cathode sections of the curves changes sequentially for cycles 1-5 that
indicates the degradation of the formed intermediate compounds.

Karouori caoBa: rigpoxcun, ¢epur KobanbTy, TipOKCOKOMILJIEKC, BOJIBT-
aMIIepoMeTpis, cIriBocaKeHHA.

Key words: hydroxide, cobalt ferrite, hydroxocomplex, voltammetry, co-
precipitation.

(Ompumano 6 aunnsa 2020 p.; 6 ocmamouriit popmi — 17 cepnna 2020 p.)

1. BCTYII

®eputu KobanbTy, 1110 Mae IMiHEAbHY KyOiUHY CTPYKTYDPY, IIUPOKO
IOCTiIKYIOThCA BIPOMOBMK OaraThox pokim. Ile, mepim 3a Bce, 3yMOB-
JIEHO HaO3BUUYANHO NIMPOKUM CIIEKTPOM IHOT0 BUKOPUCTAHHS, IO
OXOILTIOE TaKi raaysi 3acTocyBaHHSA AK MarHeTHUIN 3aIlllC BUCOKOI
HIIiTBHOCTH, MenuIlnHa (KOMII'IoTepHa ToMorpadis, KOHTPACTHiI pedo-
BUHU MarHeTHO-pPe30HAHCHOI ToMmorpadii, 1isiboBe BBeJeHHA JIiKiB i
rinmeprepmis), eJIeKTPOHIKa, TeJeKOMYHiKalliliHe Ta KOCMiuHe o0Jiaj-
HaHHS, IPUPOJOOXOPOHHI TEXHOJIOTii, rasdoBi ceHCOpPU, CYIEePKOHIEH-
caropu Ta iu. [1-7]. 3pocratounii iHTEpec OO TaKUX MaTePifAJiB 3y-
MOBJIEHO YHIiKaJbHUM ITOETHAHHAM IIHHUX (PiBMKO-XeMiUHUX BJIACTU-
Bocreii pepury Kobanbry. IIporHosoBane peryiaiOBaHHS CKJAAY IIIIi-
HeJieBUX (DEPUTIB POIMIUPIOE MOMKJIMBOCTI e(DEKTHBHOTO BUKOPUCTAH-
Ha TakKux MarepiaaiB. OcHoBHMUMU MeTomamMu omep:kanHHsa CoFe,O, €
TBepAo(dasHa cuHTe3a 3 BUXITHUX OKCHUIIB, 30Jb—TEJb-METOAU Ta Me-
TOJla XEeMiYHOTO CIiBOCAAKeHHS.

Hna peamnisamii TBepmodasHoi cuHTe3u MOTPiOHI BMCOKiI Temmepa-
TYypU BUIIAJY, IO IIPUBOAUTH IO CIiKAHHA Ta arjoMeparlii KiHIleBoro
npoaykTy [8]. ['omoBHUM HeZOJIKOM 30Jb—Te/lb-METOAU € TPUBAJIICTD
MIPOBEJIeHHS CUHTE3W BHACJIMOK TOTO, IO B OCHOBI IIPOIlECY JIEKUTH
TIEePEeTBOPEHHS KOJIOIMHOTO PO3UYMHY y KoJoimuuii ocajn. aHuii mepe-
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Xim 3milicHIOETHCS BIPOAOBIK TPUBAJIOrOo iHTepBaay uacy [9]. Meroma
XeMiuHOTO oca/KeHHSA € IIPOCTOI0 Ta He BHUMAarae JOPOToi amapaTypwu,
a TakoK Ja€ 3MOTY IOHU3UTU TEMIIepaTypy TepMoobpobiaenus [10—
12]. € BapiguTu cuHTEe3u (QEpPUTIB i3 3aCTOCYyBAHHAM HOHHOTO OOMiHY
[13], mnasmoBoro pospany [14], yaprpasByky [15].

Haiinmommupeniiioo € merona, IMO BKJIIOUAE CTAAiI0 CIiBOCAIMKEHHS
TPH- TA ABOBAJEHTHUX TiJIPOOKCHUIIB 3 HOJAJBIINM TepPMOOOPOOJIeH-
HAM 3a BucOKuX Temmeparyp [16, 17]. Ilpomecu ocamxenns Ko-
oanpT(Il)-rizpokcuny mocraimskyBanmcsa OaraTtbma asropamu [18—20].
Opguax mpomec coiBocamkenHna @Pepym(Il)- Ta  Kobaasr(1l)-
rizpokcuais O0yJIo ZOCIiZKEeHO HeIOCTATHBLO.

Bukopucranuda y AKOCTiI ocaKyBaJIbHUX areHTiB JYTiB Ja€e 3MOTy
oIep:;KaTH KiJIbKiCHO OTHOPiZHWI HPOAYKT. STigHO 3 iCHYIOUHUM ySB-
JeHHSAM, ocal:KeHHA mepebirae y mekinbka cramiii; Ha IepImiii HoHU
MeTaJIiB YyTBOPIOIOTHL KOMILJIEKCH 3 BOSHUM PO3UMHOM, a HOTIM yTBO-
prooerbea rigpokcua. Taki cTymiHyacTi mporecu COPUAIOTH CIIOYATKY
YTBOPEHHIO 3apOAKiB TBepmoi a3y 3 IOJAJbIIIUM YTBOPEHHAM BTO-
PUHHUX YACTUHOK IJIAXOM arperaiii HaaBHux. IIpu dopmyBamui Ja-
HI[IO’KKOBOI CTPYKTYpM HOABiHMX ImrapyBatux rigpokcuzgis (IIIIIIY)
BasKJIMBa y4yacThb aHiOHIB YTBOPEHMX OCHOBHUX coJjieii. EKcnepuMeHTH
MOKa3ajy MOMKJIMBICTh YTBOPEHHA OTHOPIMHUX OCAIiB TiApPOKCUIIB
pisHoMamiTHUX cKaagiB: Mg—Al-IIIII, Zn—Al-IIIIII', Ca—Al-IIIIT,
Ni—Fe-IIIIII', Mg-Fe-IIIII', Co—Fe-IIIII"' [21-24]. MoXauBicThb
YTBOPEHHS CIIiBOCAM)KEeHUX CIOJYK IOosdCHIOBaJacsad OJU3LKMMM 3Ha-
yenHaAMu pH ocamKeHHA BiAIIOBIiZHUX TigpoKCHUIiB. YTBOPEHHS IIIITi-
HeJbHUX (pas 3i cmiBocaaKeHUX TiIPOKCHUIIB 3a 3HAYHO HUMKUMX TEM-
mepatyp cmoctepiramu B cucremax NiAl,O,, CoAl,O, [12, 16].

MeTorw maHOl cTaTTi € BCTAHOBJIEHHSA MeXaHi3My CIIiBOcaaKeHHS
Depym(Il)- Ta Kobansr(ll)-rizpoKcuziB Ha OCHOBI BUKOPUCTAHHSA
TEePMOAMHAMIUHOI aHaJi3M Ta IMUKJIIYHOI BOJbTaMIIEPOMETPii.

2. METOJUEKA ITPOBEJEHHS EKCIIEPUMEHOTY

JlocaimkeHHSA IpoOIlecy CITiBOCAMKEHHS NPOBOAWJMN B pPeakTopi, 3a-
0es3lmeueHOMY MIITaJIKOI0, PTYTHUM TepmomerpoM. IlocriiiHy Temme-
parypy miarpumyBaau 3a gomomoroi tepmocrara ITH-0-03.

TepMonmHaMiuHi po3paxyHKU BUKOHYBAJM 3TiHO 3 METOAMKOIO,
HaBezeHoio B [25].

CriBBigHOIIIEHHSA KOMIIOHEHTIB Y PO3UYMHI BU3HAUYAJU 3a (DOPMYJIOIO
n=[0OH]/[Me*].

Muraiuai Boabrammeporpamu (I[BA) omep:KyBaau 3a HOIOMOTOIO
morenitiocrary Potentiostat/Galvanostat Reference 3000 (Gamry) y
HOTEHITIOAMHAMIUYHOMY PeKUMi 3a HIBUAKOCTH PO3TOPTAHHSA ITOTEHITi-
any y 100 mB/c. Pobouoio ereKTpoao0 cayrysaja ILJIaTHUHA ILIOIIEI0
y 2,0 cm®. JTonomixcHa eJeKTpoja 6Gyja TaKO IJIATHHOBOI. EJeKT-
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poaa MOpPiBHAHHS — HacHUueHa XJopuacpiOza emexkTpona mapku EBJI-
1M1, 3’egHana 3 KOMipKOIO €IeKTPOJITHUYHNM MiCTKOM.

3. PEBYJIBTATH TA IX OBTOBOPEHHS

Hna kinbkicHoro omwmcy mporiecy ocamixenHs Kobanbr(II)-rimpokcumy
ra @epym(Il)-rizpoxkcuay OyJa0 po3paxoBaHO Ta IIOOYAZOBAHO 3aJIeik-
HiCTh JIOTAaPUTMY KOHIIeHTpAallii KOMIOHeHTiB Bix 3Hauenud pH.

Ha pucynky 1 mpeacraBiieHO po3paxyHKHu posmnoxiay ioHiB Koba-
JpTy Ta PepymMy, PO3UMHHICTH TiIPOKCHUIIB B 3aJIe’KHOCTI Bijl 3Ha-
yenHa pH. V¥ posunsi no pH = 8,9 Kob6ansT € y dopmi Co?* ta CoOH";
3a pH=9 yrBoproerbca wmanoposuunHauii Kobanabr(Il)-rigzpokcumn.
Kounenrparia Co(OH), 36imbiyerbea 3i s6imbmienuam pH. Kpusa,
1o mpexncraBisae 1gS.,, Mae rimepboJsiuny dopmy, Ta 3a pH = 8,9 3a-
rasbHa posunHHicTh Co(OH), BUX0oauThs Ha miaro.

Amnajoriuni pospaxyHKu OyJI0 IpOBeIeHO s BU3HAUEHHS PO3IIO-
Iiny rimpokcumuux cmoayk @epymy. Omep:kani mami cBiguars mpo Te,
mo 3a pH=8,2 ocamxyerbca Pepym(Il)-rizpoxcuzn, i moBHe oca-
IKkeHHA mocAraeTbeda mpu pH=10,5. Takum umHOM, TiATBEpAKEHO,
1o pH ocamxenusa rinpoxcunis @epymy ta KobanbTy MaioTh 0IM3bKi
3HaueHHsd. HadBHIiCTHL TaKoOro ILIATO € 3arajJbHOIO0 PHCOI0 AiArpamMu
posumuHOcTH mas Fe? i Co?' i ximpkicHo omumeye mismasom pH, nme
HOHM MeTalliB MOMYTh e(eKTUBHO CHiBOCAIKyBaTUCA 3 POIUUHY
MLJIAXOM YTBOPEHHSA TiJPOKCHUIIB.

MoOKJINBICTL YTBOPEHHA TeTEPOTiIAPOKCOKOMILIEKCIB BMBUAJU 3a
JOTIOMOT0OI0 ITUKJIIUYHOI BOJbTAMIEPOMETPil.

Hukniuui BombTaMIleporpaMu AJS JOCJIIMKYBaHUX CHUCTEM Xapak-

Puc. 1. 3anexHicTh JIOrapuTMy KOHIIEHTpAIlil HOHIB i riZpoKCcOKOMILIEKCiB
Kob6ansry(II) Ta @epymy(Il) Bix pH.!
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TepU3YyIOTh CTajil OKMCHEeHHSA—BigHOBJEeHHA B po3umHi. Ha pucyHkax
2—-5 wumasemeno IIBA, ogmep:kaHi AJA PO3UMHIB 3 Pi3HUM CKJaIOM
(Fe?**-S0,”-H,0, Co*-S0,-H,0, Co*-Fe?*-S0,°-H,0) sa n=1.
OOpaHe cIiBBiZHOIIIEHHS KOMIIOHEHTiB n =1 Bigmosimae mpucyTHOCTI
B PO3UMHI AK KaTioOHIiB MeTasiB, TakK 1 riIpoKCcOKoMILJIeKciB. B 3aie-
JKHOCTL BiJl CKJaAy BOHU XapPaKTepU3YIOThCS HASIBHICTIO HU3KM Xapa-
KTepHUX MiJAHOK.

Ha pucynky 2 mokasano mociaizoBHi IIBA, omep:xaHi mama cucremu
Fe**-S0,2-H,0 38a n=11i n=0 gna nuxiais 1-5.

3a n =0 comocrepiraeThCsa TNPAKTUUYHO IMOBHUK 30ir KPUBUX IIPU I[U-
kayBauui. KaTtomHi miIgHKM BigOoBiZaroTh mIpollecaM BiJHOBJIEHHS
kartioniB @epymy(Il); amomui mingauxku — oxucHeHHIO 10 Pepymy(Il)
Ta BUAIJIEHHIO KHCHIO.

3a n=1 mpu aHOAHiN moJapusallii cmocTepiraeTbca piske 3poc-
TaHHA CTPYyMY, AKe BimmoBizae mepebiry mporieciB BUAiJIEHHS KUCHIO
Ta OKuCHeHHIO crmonyk Pepymy(Il) (puc. 2).

Ha xarogmmiii rimmi IIBA cmocrepiraeTbes AexinbKa ImiKiB cTpymy,
3yMOBJIEHUX €JIEKTPOXEMIiUHUM BigHOBJAeHHAM. IliK BigHOBIEHHA
+0,28 B Bigmosimae Biguosi Fe(Ill) mo Fe(Il) 3a peakirieo:

Fe(OH); + H + e — Fe(OH), + H,0,
a E=-0,38 B BigmoBimae peakririi:

Fe?' + 2¢” — Fe’;

Puc. 2. IIBA posunris cucrem Fe**—S0,”—-H,0 3a MOJBHOTO CIIiBBigHOIIEH-
ga [OH/[M*]1=1 (x’ars nukais — 1, 2, 3, 4, 5) Ta 3a MOJILHOTO CIiBBiz-
pomernHa [OH]/[M?]=0 (n’ars nukiis — 6, 7, 8, 9, 10).2
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Puc. 3. IIBA posunnis cuctrem Co?'—S0,2—H,0 3a MOJBHOTO CIiBBigHOIIEH-
ma [OH)/[M?*]=1 (x’ars nukiis).?

Puc. 4. IIBA posuunis cucrem Co?—Fe?—S0,”-H,0 3a MOJBHOTO CIiBBif-
momernHa [OH]/[M?]=1 (n’arp nukris).!

BOHU IIPAKTHUUYHO 306iraloThbCs HA MOPAMiNl i 3BOPOTHiI PO3ropTKax.
Xoua B JaHUHA yac HaTIUyeThCA BeJWKa KiJIbKIiCTh OKCHUTIAPOKCHIHUX
cuoayk ®Pepymy, MOKHA IPUIYCTUTH caMe TaKUil Habip aHOOHUX i
KaTOAHUX PeaKIliil, aKuii 3yMOBJEHUHN TAKOX OOpPaHUM IiANa30HOM
MUKJIYBaHHS.

IIpu mpbomy mJjola HiKiB Mo:Ke OyTHM BUKOPHCTAHOIO AK KPUTEPii,
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Puc. 5. IIBA posunnis cucrem Co®*—Fe*-S0,2-H,0 (1) (mepmimit
mukia) i Co**—S0,2—-H,0 (2), Fe**—~S0,”—H,0 (3) 3a MOJBHOIO CIIiB-
BizHOmenua [OH |/[M*]=1.°

Puc. 6. IIBA posuunis cucrem Co*-Fe*-S0,-H,0 (1) (w’aTuii
mukia) i Co**—S0,—H,0 (2), Fe**~S0,”—H,0 (3) 3a MOJBHOIO CIIiB-
Bignomenua [OH ]/[M*]=1.°

110 XapaKTepusye iHTerpajbHy HIBUAKICTH IIPOIECY PO3KJIAZAHHSA Ti-
IPOKCOKOMILIEKCiB, TOOTO KOHIIEHTpAIlil0 BiAMMOBiAHWMX HOHIB y PO3-
ypHi (puc. 3). ¥ KOXKHOMY 3 HHUX IIiKu oKucuHeHHa E;=-0,38 B,
E,=-0,6 Bi E;=+0,87 B He s36iratorbca Mik c0o00i0 Ta 30iIbIIYIOThH-
cda Big 1-ro go 5-ro mukiy.

IIBA pgna m’ATbOX MOCTIZOBHUX IUKJIB A PO3UMHIB CHUCTEMU
Co**-S0,”-H,0 3a n=1 mokasamo Ha puc. 3. OueBHIHO, IO IPHU
IepIIoMy CKaHyBaHHI PO3UMHY BifOyBaeThCs MBOCTAAiliHE OKMCHEHHS
npu E;=-0,2B i E,=0,12 B ra BignoBnennsa npu —0,4 B i -0,27 B.
IIpu momanbIioMy MMKJIYBaHHI Iepminii aHOAHUY IIiK He 3MiHIOETHCA,
a Ipyru¥l 3HAUHO 30iJbITy€ETHCA.

fAx BumauBae 3 omep:kaHux mAaHux (puc. 4) 3a n=1, 3a HaABHOCTU
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B posuuHi omHouacHo kKariouiB @epymy(Il) ra Kobanbry(Il) mpucyThi
miKu, 170 He € afUTUBHUMHU J0 iHAuUBiAyambpHUX posumHiB Fe’'—S0,% —
H,0 ta Co®**-S0,>—H,0.

Kpim Toro, ma cmimbmomy rpadiky s3a n=1 Ha KaTOZHUX Ta aHOI-
HUX KPUBMX TMPUCYTHI IIiKU, AKiI BiAOOBimaroTh OKHUCHIOBAJBHO-
BimHOBHUM mporecaMm pyiHyBanHa KobaapT(Il)- Ta DPepym(Il)-
reTeporiipoKcokoMILIeKciB. IlocTymoBe 30inbIlleHHA IiKiB i meakwmit
3CYB KATOAHOIO IIiKy B OiK IIO3UTHMBHUX 3HAUEHb MOJKHA HOACHUTU
YTBOPEHHAM OiJbIN CTIiKUX, MOPiBHAHO 3 BUXIZHUMM, HTPOMiKHUX
KoMILIeKciB (puc. 5, 6).

HeobOxigHo Tako BigsHAuMTH, IO IPAMHKI 1 3BOPOTHiNI Xoaum Ka-
roguux AinauHok IIBA me 36iratrorhcs Mixk coboio, ITTO BKasye Ha 3HA-
YHUHN BIJIUB IIOCTYIIOBOTO BUBILJIILHEHHSA KaTiOHIB i3 yTBOpPEHUX Tiapo-
KcokoMmIieKkciB. ToOTo cmocTepiraeTbcs mOCTYIOBe PYHHYBaHHSA reTe-
POTiIPOKCOKOMILIEKCIB, IO (PiKCyeThCA II0OABOIO BiAMOBiMHUX ITiKiB
IIBA.

Ockinbku y aroma KobGanbTy pamiioc MemIe, HiK y aroma Pepy-
My, euepria 3B’sa3Ky Co—O 6inbie; Tomy, BigmoBimuo mo cxemu Koc-
ceJsi, OCHOBHi BjylacTuBOCTiI 3MeHINyOTbcad B pazxi Fe(OH),...Co(OH),
Ta 3pPOCTa€ CTiAKiCTh KOMILIEKCiB, IIT0 IIOB’sA3aHe 3 3alIOBHEHHSAM eJie-
KTpoHaMu d-opbOiTajieli 3 HU3BKOIO €HEPri€i0 IPU OKTAEAPUUHOMY
oToueHHi Jirammamu [26], ToO6TO HmpHM HOmaBaHHI JYI'y YTBOPIOIOTHCS
cuoayku [(H,0);Fe(OH)-O—(OH)Co(H,0);],, AKi mocTymoBo pYyIHHY-
IOThCA.

4. BAICHOBRH

B po6oTi 3ampomoHOBAHO BUKOPUCTAHHSA METOAU ITUKJIIUHOI BOJILTAM-
mepoMeTpil A5 BUBUYEHHA mpoiiecy yTBopeuHa Kobanbr(II)- Ta Pe-
pyM(II)-reTeporifpoKCOKOMIIIEKCiB.

3’sicoBaHo, IO peakIlig Bszaemopmii mixk posummamm FeSO,, CoSO,
ta NaOH mepebirae B mekimbka craniiti. Ha mouaTkoBsiii cramii yTBo-
pooTbea akBaionu. Ilotim BimOyBaeThcss (popMyBaHHA ocagy reTepo-
rizpoxcokoMiniekciB. 3a pesyabratamu IIBA rigpokcuau GopMyioTh-
ca y Buriani KobamsT(Il)- Ta Pepym(Il)-rereporiaipokcokoMILiekcis,
AKi € HeCTiHKMMU Ta IMOCTYIIOBO PYHHYIOTHCA.
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! Fig. 1. Dependence of the logarithm of concentration of ions and hydroxocomplexes of co-
balt(I) and iron(I) on pH.

2 Fig. 2. Cyclic voltamperegrams of Fe*-S0,2-H,0 solutions at the molar ratio
[OH1/[M?]=1 (five cycles: 1, 2, 3, 4, 5) and at the molar ratio [OH]/[M?']=0 (five cycles: 6,
7,8, 9, 10).

3 Fig. 3. Cyclic voltamperegrams of Co?-S0,2-H,0 solutions at the molar ratio
[OH)/[M?*]=1 (five cycles: 1, 2, 3, 4, 5).

4 Fig. 4. Cyclic voltamperegrams of Co?'-Fe?'-S0,2-H,0 solutions at the molar ratio
[OH)/[M?*]=1 (five cycles: 1, 2, 3, 4, 5).

® Fig. 5. Cyclic voltamperegrams of Co?—Fe?'—S0,2—H,0 (1) (first cycle) and Co*-S0,2—H,0
(2), Fe**-S0,2—H,0 (3) solutions at the molar ratio [OH]/[M?']=1.

5 Fig. 6. Cyclic voltamperegrams of Co*-Fe?'-S0,2—H,0 (1) (fifth cycle) and Co?*-S0,>—H,0
(2), Fe**-80,2—H,0 (3) solutions at the molar ratio [OH ]/[M?']=1.



Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2021 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2021, 1. 19, Ne 2, ce. 273-280 HazapykosaHo B YKpaiHi.

PACS numbers: 66.30.Pa, 68.43.Bc, 71.15.Dx, 71.15.Mb, 71.20.Tx, 73.20.At, 73.21.Ac

The Comparison of Intercalation of Na and Li Atoms in
Nanostructured SnS, Anode of Battery: ab initio Calculation

Yu. Prikhozha and R. Balabai

Kryvyi Rih State Pedagogical University,
54 Gagarin Ave.,
UA-50086 Kryvyi Rih, Ukraine

Applying the methods of the electron-density functional and ab initio
pseudopotential, the computational experiment is carried out, using the
author’s software complex on atomic models that correctly reproduced the
2D-layer structure of tin chalcogenides with intercalated Na and Li atoms.
We obtain the spatial distributions of the valence electrons’ density, the
energy reliefs of migration of the Na and Li atoms in the nanostructured
SnS, interlayer under various degrees of filling of the interlayers with
metal atoms. As established, the motion of the Na and Li atoms is accom-
panied by the overcoming of energy barriers. Barriers depend on the de-
gree of filling of the nanostructured SnS, interlayer with metal atoms.
The optimum filling of the SnS, interlayer with the Na and Li atoms in
percentage of 75% is determined, at which the motion of the Na and Li
atoms is accompanied by the least energy losses. The processes occurring
inside the SnS, layer during the migration of the Na and Li atoms are de-
termined by the interaction of metal atoms with each other, which are
filling the layer, as well as by the interactions of the Na and Li atoms
with a surface SnS, layer consisting of sulphur atoms. The distributions
of the valence electrons’ density, the energy barriers for migration of the
Na and Li atoms in the intermediate SnS, layer are compared.

MeTtomamu (yHKIIIOHAJNY €JIeKTPOHHOI I'YCTUHU Ta MICEeBAOMOTEHIIIANY i3 IIe-
PIINX TPUHIIUIIB, 3 BUKOPUCTAHHAM aBTOPCHKOTO IPOTPAMHOI0 KOMILIEK-
cy, II[0 aJeKBaTHO BiJTBODIOE IITapyBaTy CTPYKTYPY XajabKoreHiniB Cranymy
3 inTeprkanbBaHuMu aromMaMu Na Ta Li, BUKOHAaHO O0UYMCIIOBAJIbHUNA €KCIIe-
pumenT. Omep:kaHo IPOCTOPOBi PO3IOAIIN €JIeKTPOHHOI I'YCTUHHN BAJEHTHUX
eJIEKTPOHIB Ta mepeTHMHH iX, eHepreTuuHi 6ap’epu mirparii aromiB Na ta Li
B MiKIIIapOBOMY MPOINIapKy aHOAU aKyMYJSTOPa, BUKOHAHOI 3 HAHOPO3Mip-
HOTO SnS, 3a PiBHMX CTyHeHiB HamOBHEHOCTHU ii aTomamu Metany. IIpoamna-
aizoBaHo pyx aromiB Na Ta Li, 110 cympoBO:KyBaBCSA HOJIAHHAM €HEpPreTH-
yHUX Oap’epiB, BEJIMUMHU AKUX 3aJ€KaIU Bif CTyIeHsS HAIOBHEHOCTH Ha-
HOCTPYKTYPHOTO TPOIIApKYy SnS, aromamMu MeTaay. 3adikcoBaHo omTuMa-
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JIbHY HAIOBHEHICTh HAHOCTPYKTYPHOTO IIpoIapKy SnS, aromamu Na Ta Li B
75% , 3a axoi pyx atomiB Na Ta Li cympoBomkyBaBcAd HAUMEHIIIUMHU eHep-
FeTUYHUMU 3aTPATAMMU.

Key words: anode of battery, Na and Li atoms, nanostructured SnS, films,
electron density functional, ab initio pseudopotential, energy reliefs of
migration.

Karouori cioBa: aHonma akymysATopa, atomu Na ta Li, HaHOCTPpYKTypOBaHi
IWIiBKKU SnS,, GYHKIIOHAT eJIeKTPOHHOI I'YCTUHHU, IICEBAOIMOTEHIiAN i3 1mep-
MINX NPUHIIUIIIB, eHepreTuuHi peabedu Mirparrii.

(Received 2 June, 2020 )

1. INTRODUCTION

Lithium-ion batteries (LIBs) are now the leading energy storage sys-
tems, but the insufficiency, fast consumption, and high coast of
lithium resources concern on its sustainability [1, 2]. Sodium-ion
batteries (SIBs) are appearing as alternative energy storage device
for replacing lithium-ion batteries because of the Li-like electro-
chemical behaviour and the crystal abundance of sodium [3, 4].
Over the past decade, graphite has been considered as a state-of-the-
art anode material for LIBs. Unfortunately, it is an ineffective host
for Na ions, showing the low theoretical capacity because of larger
Na-ion radius [5, 6]. It is pivotal problem to develop high-
performance electrode materials and stimulate the commercial de-
velopment of the high-efficiency and low-price devices based on
SIBs and LIBs systems [7—10].

Two-dimensional (2D) layer-structured metal-sulphide materials
have a great potential as anode materials for SIBs owing to their
inherent structure-related properties in physical, chemical, electron-
ic as well as optical aspects [11-19]. Among these materials, SnS,
can have high theoretical capacity and good reversibility due to its
overwhelming merits such as large interlayer spacing and high re-
versible-conversion efficiency [20—-2T7].

2. METHODS AND MODELS OF CALCULATION

The results of the study of the properties of Na and Li atoms inter-
calated into the battery anode made on the SnS, base were obtained
using the author’s program code [28], which is based on the meth-
ods of the functional of electron density and ab initio pseudopoten-
tial [29-35].

To reproduce the material of the battery anode for the accumula-
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Fig. 1. The direction of migration of the Na or Li atoms from each other
into the interlayer of SnS, layer within the cell (the view of a primitive
cell with an atom basis) (a); the fragment of an infinite SnS, film with the
Na or Li atoms intercalated in its interlayer space (b); the cross section of
the cell at ¢/2 level with indication of the locus of migration of the Na or
Li atoms in the SnS, interlayer (c).

tion of the Na and Li atoms in the form of two endless monolayers
SnS, (Fig. 1, a), the artificial orthorhombic-type superlattice was
created (a#b#c, a=p=y=90°); the object at issue is determined
by means of parameters of the superlattice and the atom basis. For
the simulation of film structure, the lattice cell parameters in the
directions of the a and b crystallographic axes modelled the infinite
nanostructured SnS, film (Fig. 1, b); in a plane perpendicular to the
surface, the ¢ crystallographic axis was chosen, so that the transla-
tionally located films would not influence one another. The atom
basis of a primitive cell consisted of 8 S atoms and 16 Sn atoms. In
the SnS, interlayer space, it could be arranged from 0 to 16 Li at-
oms per cell. Li atoms were placed according their location in a sol-
id state at low temperatures.

3. RESULTS AND DISCUSSION

The spatial distributions of the valence-electrons’ density and their
sections were obtained (Fig. 2); the total energy of the atom system
is plotted in Fig. 3; the energy barriers for migration of the Na [32]
and Li [33] atoms in the battery anode made of SnS, are presented
in Fig. 4. The calculated results were obtained for the degrees of
filling of the SnS, layer by metal atoms from 12.5% to 100%.
Algorithm for calculating the energy barriers for migration of
the Na and Li atoms was such that, for each atomic configuration
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Fig. 2. The (110) cross sections of the spatial distributions of the valence-
electrons’ density for the filling of the nanostructured SnS, interlayers
with the Na (top row) and Li (bottom row) atoms at the fullness degrees of
12.5%, 25%, 37.5%, 50%, 62.5%, 75%, 87.5%, 100% from left to right.

corresponding to the elementary step of spatial migration (Fig. 1, ¢
(top row)), the total energy was calculated by means of formula:

2 2 2
Etotal _ Z |b (k G)|2 h |k + G| 4TE€ Z ' |p(G2)| + ZSXC(G)p*(G) +
k.G, 2 & |G| G
+ Y 8,(G- G')AW,ZL (k + Gk + G, (k + G, (k + G) + 1)
K,G,Gi,l,5

+2,"8,(G)Vg (G (G) + {Z o } {Q_IZ Zs} + Q Wgyaiar

thus, generating the energy relief along the migration trajectory of
the Na and Li atoms. Here, k is the vector within the first Brillouin
zone, G is the vector of the reciprocal lattice, b,(k + G) is the coef-
ficient of the expansion of the wave function, i enumerates occu-
pied states for a certain k, p(G) is the coefficient of decay of the
valence-electrons’ density, s enumerates atoms in an elementary
unit cell, S,(G) is a structural factor, V" is a local (l-independent)
spherically symmetric pseudopotential, I denotes the quantum or-
bital number, V,>* is a nonlocal (I-dependent) additive to V", Z, is
an ion charge, yg,.q is the Madelung energy of point ions.
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Fig. 3. Graph of dependence of the energy barrier on the filling of Na and
Li atoms in the interlayer nanostructured SnS, layers.
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Fig. 4. Graph of the migration energy reliefs of Na (top row) and Li (bot-
tom row) atoms at degrees of filling of the SnS, layer from 12.5 to 100%.

The length of migration trajectory was of 1.44 A and 1.52 A, and
a displacement step was 0.36 A and 0.830 A for Na and Li, respec-
tively. The reference level of energy on the energy relief graphs was
taken to be equal to —-391.02 eV/atom, i.e., the value of the total en-
ergy of the system at zero filling of the SnS, layer. The total energy
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of the system is increased with the number of the Na and Li atoms
in the SnS, layer.

Figure 4 shows the energy curves during the migration of two Na
atoms (two top graphs) and Li atoms (two bottom graphs) from each
other at different filling of the interlayer with the Na and Li at-
oms, respectively. It can be seen that the movement of the interca-
lated Na and Li atoms into the SnS, interlayer space was accompa-
nied by the overcoming of energy barriers, the magnitudes of which
are dependent on the degree of filling of the SnS, layer with metal
atoms. The barrier value was determined by the difference between
the minimum and maximum values on the energy-relief curve.
Thus, the migration energy reliefs for the Na and Li atoms have
one appearance when the SnS, layer was filled up to 12.5% and
25%, and the other appearance is at a percentage of 37.5% or more
(Fig. 4). However, when the SnS, layer was filled with 12.5-25%
Na atoms, the energy reliefs have two highs and lows, while the
same energy barrier was observed at the same filling with Li atoms.
From these figures, it can be seen that, at the final step of the tra-
jectory, the motion of Na atoms, when the interlayer SnS, is filled
with 37.5% or more, the total energy of the system increases rapid-
ly, and on the contrary, this energy for Li atoms decreases.

Figure 3 shows that, for the intercalated atoms of both Na and Li
in the interlayer space of the battery anode made of SnS,, there is
an optimal filling of the layer with atoms of 75%, when the atoms
in motion practically did not spend energy.

The presence of significant energy barriers on the migration tra-
jectory of the Na and Li atoms in the SnS, layer up to 37.5% can be
explained by the interaction of the Na and Li atoms with the SnS,
surface layer consisting of sulphur atoms. The presence of such in-
teraction was confirmed by the appearance of cross sections of the
spatial distributions of the valence electrons’ density for the indi-
cated degrees of filling (Fig. 2). The intense grey colour shows that,
in the region of sulphur atoms close to the Na and Li atoms, there
was a higher density of valence electrons. Starting from an inter-
layer fill of 62.5%, the density of valence electrons attached to
SnS, layers no longer had such features.

4. CONCLUSION

By means of the methods of electron-density functional and pseudopo-
tential of the first principles, using the author’s program code, we
calculated the spatial distributions of the valence electrons’ density
and their intersections, energy barriers for migration of the Na and
Li atoms in the interlayer of the battery anode made of nanostruc-
tured SnS, films containing 12.5%—-100% intercalated atoms.
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It was found that, as the number of metal atoms is increased in
the SnS, interlayer space, the total energy of the atom system is
increased too. The movement of intercalated metal atoms was ac-
companied by the overcoming of energy barriers, the magnitude of
which depends on the degree of filling of the nanostructured SnS,
layer with metal atoms. It was found that there is an optimal situa-
tion characterized by the lowest energy losses, when the SnS, layer
is filled with the Na and Li atoms in percentage of 75%.

The processes, which took place inside the SnS, layer during the
migration of the intercalated Na and Li atoms, were determined by
the interactions of the metal atoms with each other filling the lay-
ers, as well as by the interactions of the Na and Li atoms with the
nanostructured SnS, surface sulphur layer.

From the analysis of energy barriers for the migration of Na and
Li atoms, it can be concluded that the SnS,-based anode is better to
be filled with Na atoms. After all, the total energy of the system at
the intercalation of Na atoms in the nanostructured SnS, layer is
less than at the intercalation of Li atoms.
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Template Synthesis, Structure, Morphology and Electrochemical
Properties of Mesoporous Titania
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Structure and pore characteristics of the ultrafine titania synthesized from
Ti(OC,H,), in acid medium with cetyltrimethylammonium (CTMA) as tem-
plate are studied. As determined, the specific surface area and mesopores’
volume depend on the pH of reaction medium at the stage of titanium butox-
ide hydrolysis. The regularities of Li*-ions’ electrochemical intercalation in
mesoporous titania with different morphologies are investigated.

BuBuaThCSI XapaKTEPUCTUKY CTPYKTYPHU Ta IOP YJIBTPATOHKOI TUTaHii, CUH-
tezoBaHoi 3 Ti(OC,H,), y KMCIOTHOMY CepemOBHUIIi 3 IeTUATPiMETUIaMMOHI-
iom (CTMA) B AkocTi mabaony. Ik BU3HAUEHO, MHUTOMA ILJIOINA IIOBEPXHi I
06’eM Me3omop 3aje:karh Big pH peakiifimoro cepeoBuia Ha cTafgii rizposrisu
oyToxkcuny tTurany. IocaigikeHo 3aKOHOMipPHOCTI ejleKTpoxeMiuHOi iHTepKa-
aanii fownis Li* y Mesonopucriit Turanii 3 pisHuMu MopdoJaoriaMu.

Key words: mesoporous titania, sol-gel route, pore size distribution, ana-
tase phase.

Karouori caoBa: mesomopucrtuii giokcun Turamy, 30ab—Tejb-coocib, posio-
mis posmipiB mop, (asa aHarasy.

(Received 7 July, 2020)

1. INTRODUCTION

Nanostructured titania (TiO,) is one of the most wide used oxide
nanomaterial due to its various applications in industry and medi-
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cine as a microbiocide, active material for gas sensors and photo-
catalytic systems, electrode material of dye-sensitized solar cells
and electrochemical power sources. Functional characteristics of the
titania depend on its phase composition, structural and electronic
properties. Particle size and morphology are also important factors,
which determine the electric and catalytic parameters of nanodis-
persed titania. At the same time, synthesis of homogeneous porous
materials is an actual. The properties of TiO, and its possibility of
successful technological application crucially depend on the synthe-
sis method. The sol—gel synthesis of titania involves the chemical
conversion of titanium alkoxides, titanyl compounds or titanium
tetrachloride into a colloidal product in the liquid-phase reaction
medium. The nucleation of specific titanium-dioxide polymorph is
caused mostly by the spatial arrangement of the primary monomers
[Ti(OH),(OH,)s_,]*™* formed at the hydrolysis and is determined by
the pH of reaction medium [1].

2. EXPERIMENTAL DETAILS

Titanium butoxide Ti(OC,H,), was used as a precursor for titania
obtaining; sulphate acid (5M aqueous solution) was used as a hy-
drolysis agent, and cetyltrimethylammonium chloride (CTMA-Cl)
was a template. The hydrolysis agent was dropwise added to
Ti(OBu), (Aldrich) and CTMA-Cl (Aldrich) mixture with precision
control of reaction media pH value under vigorous stirring for 6
hours at 60-65°C with the next sol ageing for 4 days at room tem-
perature. Five titania samples were obtained at pH wvalues of 1.0,
1.2, 1.4, 1.6 and 1.8 and were marked as M1-M5, respectively. Ob-
tained colloidal solution was separated by centrifugation, washed
with distilled water and dried at 85°C; additional washing with ab-
solute ethanol was used for template (surfactant) extraction.

The structure of materials was investigated by XRD (DRON-4-07
diffractometer, CuK, radiation, Bragg—Brentano geometry, NiKj-
filter). Low-temperature nitrogen adsorption method was used for
morphology analysis (Quantachrome Autosorb Nova 2200e porosim-
eter; adsorption—desorption isotherms were measured at 77 K). The
samples surface area was calculated by the Brunauer—Emmett—
Teller (BET) method.

3. RESULTS AND DISCUSSION

It is known that the degree of hydrolysis is a function of reaction
media pH, and it determines the type of primary monomers formed
during the hydrolysis of titanium salts [1]. The reaction
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Ti(OC,H,),+ nH,0 — Ti(OH),(0OC,H,),., + nC,H,OH occurs during the
hydrolysis of titanium butoxide. [Ti(OH,)s]*" monomers, where Ti*'
ions are octahedrally co-ordinated, are formed at the final stage of
hydrolysis. The protolysis is happened as [Ti(OH,)]*" + hH,O0 <
& [Ti(OH),(OH,), ]“ ™" + yH,0" where h is a hydrolysis ratio. In
[Ti(OH),(OH,)s_,]*™*, the OH groups are located in the equatorial
planes of the octahedron, and the H,O molecules primarily occupy
the vertex position [2]. Applying the partial charge theory [3], the
hydrolysis ratio &2 was calculated from the pH (Fig. 1). It was de-
termined that, for investigated pH range, [Ti(OH),(OH,),]*" species
are the most probable hydrolysis products when the pH increasing
leads to increasing the possibility of Ti(OH);(OH,);]"-complexes’
formation. The pH values less 2 are the preconditions of rutile
phase nucleation because of primary monomers’ condensation by
joint edges in equatorial planes of octahedra [4]. The increasing of
hydrolysis ratio leads to the anatase or brookite phases’ formation
because of the merger of co-ordination octahedra by lateral planes
of faces. At the same time, both the chelating and bridging biden-
tate complexes’ formation between sulphate anions and octahedrally
co-ordinated [Ti(OH),(OH,),]*" monomers stimulates screw polymer
chains formation and the nucleation of TiO,-anatase phase.
Hexadecyltrimethylammonium bromide (CTAB) molecules in
aqueous solution lose Br  and, when the surfactant concentration
exceed threshold of 0.9-107® mole-L”* form spherical micelles [5]. In
our experiment, the concentration of CTAB was about 12.107
mole-L!, so, at this condition, CTMA" ions form a hexagonal array
of cylindrical micellae with hydrophobic alkyl inside and charged
hydrophilic groups on the outer side. The titania nucleation in this
array of tubular channels with the further template extraction leads

Fig. 1. Dependence of the hydrolysis ratio 2 of [Ti(OH),(OH,),_,]*™" mon-
omers on the pH of the reaction medium.
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to mesoporous materials obtaining.

All materials obtained by initial xerogels’ drying at 80°C and
ethanol extraction are amorphous (XRD data; see Fig. 2, a) states
with anatase structural motives and crystallized to nanostructured
anatase after annealing at 500°C. It was determined (low-angle x-
ray scattering data) that the titania samples have mesoporous mor-
phology (Fig. 2, b).

The Bragg spacing value for (100) reflex of ordered structure is
of 2.5 nm, and hexagonal lattice constant is of 2.9 nm. Specific
surface areas (low-temperature nitrogen adsorption data, BET mod-
el) non-linearly vary depending on the pH in a range of 88-348
m?/g with the maximum for M8 sample obtained at pH=1.4 (Fig.

a b

Fig. 2. Low-angle XRD pattern for M3 sample at annealing temperatures
of 80°C (a) and 500°C (b).

a b

Fig. 3. The specific surface area (a) and total mesopore volume (b) of tita-
nia samples obtained at different pH of reaction medium.
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Fig. 4. The discharge curves of the model lithium power sources with the
cathode on the base of mesoporous titania samples.

3, a). Total specific volume of mesopores (equivalent model of cy-
lindrical pores) changes in the range of 0.56—1.68 cm?®/g (Fig. 3, b).

The obtained titania samples were used as a base of the electrode
materials for the model lithium power sources. Electrode composi-
tion consist of titania (90 mass.%), acetylene black (8 mass.%) and
PVDF (2 mass.%). Polarizing and comparison electrodes were made
from lithium foil; 1M LiBF, in y-butyrolactone was used as the elec-
trolyte. 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 (Fig. 4).

The obtained values of specific power density vary in a range of
870-1750 W /kg. Specific capacity and power density increase with
the pore volume and specific surface area enlarging (Fig. 5, a, b).
The kinetics of the discharge process was investigated by means of
the impedance spectroscopy. The presence of the only one kinetic
process during discharge was determined. Diffusion coefficients,
calculated accordingly to [6], decline exponentially with the increas-
ing of intercalation degree in a range of 1-107%-2.10""' cm?/s.

4. CONCLUSIONS

Mesoporous titania with ordered hexagonal structure has been pre-
pared using CTMA-Cl-template-assisted sol—gel route. The specific
surface areas of titania samples change in a range of 88-348 m?/g
depending on the pH of reaction medium during hydrolysis. The
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a b

Fig. 5. Power density of the Li"-ions’ electrochemical intercalation for
electrode materials on the base of mesoporous titania as a function of spe-
cific surface area (a) and total mesopore volume (b).

specific power densities of Li'-ions’ intercalation vary in a range of
870-1750 W /kg for titania samples with different total mesopore
volumes and specific surface areas.
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Urusov’s crystal-energy theory of isomorphous substitutions is used to
calculate mixing energies (interaction parameters) and critical decomposi-
tion temperatures (stability temperatures) of solid solutions in the
Sc;_,Ln,AsO, (Ln=Sm-Lu, Y) (I) and Tb, ,LLn,AsO, (Ln=7Y, Tm) (II) sys-
tems with zircon structure. Based on the obtained calculation results, for
systems (I), a diagram is presented to estimate the stability regions of sol-
id solutions and predict the substitution limits based on the temperature,
or the decomposition temperature depending on the given substitution
limits. They are characterized by the presence of regions of thermodynam-
ical stability, instability, and metastability of solid solutions. In systems
(IT), solid solutions are thermodynamically stable above the critical tem-
peratures and metastable below the critical temperatures. Within the lim-
its of the method error, the calculation results for systems (II) do not con-
tradict the experimental data described previously in the literature. The
present results can be useful in choosing the ratio of components in
‘mixed’ matrices, the amount of activator in luminescent, laser and other
practically important materials, as well as in matrices for immobilization
of toxic and radioactive waste.

Y paMKax KpucTajJoeHepreTnuHoi Teopii izomopduuUx 3amimiens B. C. Ypy-
COBa PO3PaxXOBAHO €HEPTilo 3MilllyBaHHA Ta KPUTHUUHI TeMIepaTypu po3many
(crabinmpHOCTH) TBepauMX po3umHiB y cucremax Sc,_,Ln,AsO, (Ln=Sm-Lu,
Y) @i Tb, , Ln,AsO, (Ln =Y, Tm) (II) 3i crpykTypoo mupkouny. aa cuc-
tem (I) mpermcraBieHo miArpamMy TepMoAMHAMIUHOI CTAGiIBHOCTH TBEPAUX
PO3UYMHIB, AKA YMOMKJIMUBJIOE IIPOTHO3YBATH TI'PAHUIIL 3aMillleHb 3aJIeXKHO Bi
TeMoepaTypu abo TeMIepaTypy po3many 3a 3afaHUMU T'DAHUISMU 3aMi-
meHb. [1a HUX € XapaKTepHOI0 HasABHICTL o0jacTedl TepMoAMHAMiUHOI cTa-
6iTbHOCTHY, HECTAabiIbHOCTH Ta MeTacTabiILHOCTH TBEPAMX PO3UYUHIB. ¥ CHC-
remax (II) Bumie KPUTUUHUX TeMIIEpATyp TBePJi PO3UMHU € TepMOAMHaAMiU-
HO CTaOLIbHUMM, a HUMKUYe — MeTacTadlabHuMu. ¥ MeyKaxX IIOXMOKH MeTOLU
pesysbTaTu posdpaxyHKy muasa cucteMm (II) He cymepeuarsh eKcIepuMEHTAJb-
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HUM JaHWM, OIMCAHUM paHimie B Jiteparypi. PesyiabTaTu pobOoTH MOMKYTH
OyTHM KOPMCHUMM i yac BUOOPY CHiBBiZHOIIIEHHA KOMIIOHEHTIB y «3MiIra-
HUX» MAaTPHUIAX, KiJIBbKOCTHM aKTUBATOpa B JIIOMiHECIIEHTHHX, JIA3ePHUX Ta
iHIIMX TPAKTUYHO BasKJIMBUX MAaTepidjax, a TaKOK y MATPUIAX IJA iMMO-
6imisalrii TOKCMYHUX i pagioaKTUBHUX BiAXOmiB.

Key words: solid solution, energy of mixing, isomorphous substitutions,
orthoarsenates of rare-earth elements, scandium, terbium.

Karouori cioBa: TBepauii po3uMH, €HEPrisg 3MillaHHA, i30MopdHi 3amiieH-
HS, OPTOapCeHaTH pPifKicHO3eMeJbHUX eJIeMEeHTiB, CKaHJil, TepOili.
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1. INTRODUCTION

Even though the rare-earth element (REE) orthoarsenates in compo-
sition and crystalline structure are analogues of the REE ortho-
phosphates and orthovanadates, which are currently being inten-
sively studied as phosphors, lasers, light emitters, catalysts, ionic
conductors, matrices for radioactive waste [1], much less attention
is paid to orthoarsenates, apparently, due to the toxicity of arsenic
compounds. However, it is known that REE orthoarsenates possess
ferroelectric [2] and electroluminescent [3] properties and can be
used as matrices for immobilization of toxic wastes of arsenic and
selenium [4, 5].

Recently, luminescent materials have been intensively studied,
which contain not only isomorphically substituted activator ions,
including REEs, but also two or more different REE ions in the lat-
tice of the ‘host’ structure, the so-called ‘mixed’ phosphors, e.g.,
M Sc,_,AsOy:xSm?* [3] or Scgy¢;-,Ln, VO,.:Eu*',,; [6] compositions. Be-
sides, according to Refs. [4, 5], during the immobilization of arse-
nic or selenium, they are absorbed by compounds of one or more
REEs, resulting in the formation of REEs’ orthoarsenates’ solid so-
lutions. These solid solutions are slightly soluble in water and have
relatively high incongruent melting temperatures (1830-2000°C) [7]
that corresponds to the requirements for immobilization matrices,
although there is information about the beginning of decomposition
of solid solutions at lower temperatures of about 1550 K [8].

Since the waste of nuclear reactors contains up to 35 wt.% of the
oxides of radioactive isotopes of various REEs, as well as uranium,
plutonium, americium [9], they can also be immobilized in the com-
position of solid solutions based on REEs’ orthoarsenates.

Thus, in the above cases, orthoarsenates can be used in the form of
solid solutions that makes it possible to control purposefully their
properties. However, in the literature, there is practically no infor-
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mation on the state diagrams of Ln,_,Ln',AsO, systems, where Ln, Ln’
are REEs, which are the physicochemical basis for choosing the compo-
sition of solid solutions of orthoarsenates and the conditions for their
solid-phase synthesis. As a rule, there is information about certain
compounds, such as Prg 5,Ndo.478A80.08104.0s0> Lo 427PT0.487AS0.94804.1385
Er 493 Y00 512A80.08904.006 [8], Ndg 655m, 35A50,[10, 11], Nd, 955m, ¢5As0,,
Nd, 55Sm, ;AsO, [11], Ceq 4Lag 50Nd, 15As0, [1]. At the same time, to
study the dependence of practically important properties on the
composition of a solid solution, knowledge of substitution limits is
necessary, since a regular change in properties occurs in single-
phase regions of systems. In addition, when using materials made
from solid solutions, it is necessary to know the areas of their sta-
bility in order to avoid the possibility of decomposition during syn-
thesis, utilization, and storage. However, due to the toxicity of ar-
senic compounds, experimental studies are difficult, and, therefore,
it is rational their combination with calculating methods, as has
long been carried out, for example, in studying the isomorphous
substitution of radioactive substances for immobilization.

Therefore, the present research aimed to predict the limits of
substitutions and stability regions of the systems of Sc, ,Ln,AsO,
(Ln =Sm-Lu, Y) and Tbh,Ln,_,AsO, (Ln=Tm, Y) solid solutions with
zircon-type structure.

The choice of these solid solutions is since Sc compounds are one
of the most effective luminescent materials in related orthovana-
date systems [12, 13], and the experimental results are available in
the literature for Tb,Ln;_.AsO, (Ln=Tm, Y) systems, which will al-
low us to estimate the reliability of calculation results.

2. CALCULATING APPROACH AND RESULTS
2.1. Theoretical Analysis

The main task in calculating the substitution limits of solid solu-
tions using the Urusov’s crystal-energy method [14-16] is to de-
termine the mixing energy @ (interaction parameter). In the general
case, the mixing energy, according to V. S. Urusov, consists of three
contributions due to the difference in the sizes of substituting
structural units or interatomic distances in the components (@),
the difference in the degree of ionicity of the chemical bond (®,),
and the difference in their crystal structures (AH;/x;), where
AH_; enthalpy of the polymorphic transition from the structure of
the substituting component to the structure of the substitutable
one:

Q=Qr+Q:;+AH 1/x,.
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In this paper, we study mutual substitution of REEs in the group
of Sc,_,Ln,AsO, systems, both components of which have the zircon
structure. Therefore, the third summand in the above equation is
equal to 0. The second summand of the equation, according to Ref.
[16], must be taken into account in cases where the size factor is
large enough and the difference in electronegativities of the ions
substituting each other is greater than 0.4, or the difference in the
degrees of ionicity of the chemical bond in the components of the
systems is larger than 0.05. In this case, the above values are ap-
proximately by an order of magnitude smaller, and the dimensional
parameter is of 0.0607 or less (Tables 1 and 2). Therefore, consider-
ing Q. is desirable.

Given the difference in the sizes of the substituted structural
units and the differences in the degrees of ionicity of the chemical
bond in the components, the mixing energy will be determined by
the equation:

Q=Q+Q.=Cmnz,z,(AR/R,)?*+1390mz,,z,0(A)*/(2R,) [kJ /mole] [14—16];

here, C=112.6 kJ is a constant calculated from the equation
C=20(2Ay + 1) [16] based on the difference in electronegativities (%)
of cations and anion; the value y(AsO,*)=3.758 was accepted equal
to x(0*) as recommended in Ref. [18]; m = 2—the number of formu-
la units in the pseudobinary approximation of components;
n =5.3—effective co-ordination number according to S. Batsanov,
since in the zircon-type structure the cation is surrounded by six

TABLE 1. Initial data and calculation results of mixing energies [J/mole]
and critical decomposition temperatures [K] of Sc,_,Ln,AsO, solid solutions
(Ln =Sm-Lu, Y).

Ln| R, A | AR/R, [Qg J/mole] 3 | &, | Ae |Q., J/mole|T,, K
Sm 3.688 0.0607 39579  1.410 0.720 0.002 14 2363
Eu 3.678 0.0578 35887  1.433 0.715 0.003 32 2142
Gd 38.662 0.0532 30402  1.386 0.724 0.006 130 1815
Th 3.652 0.0503 27178  1.410 0.720 0.002 14 1622
Dy 3.634 0.0451 21849  1.426 0.716 0.002 14 1304
Ho 3.629 0.0437 20514  1.433 0.715 0.003 32 1224
Er 3.609 0.0379 15430  1.438 0.714 0.004 58 921
Tm 3.599 0.0351 13234 1.455 0.710 0.008 230 790
Yb 3.587 0.0316 10726  1.479 0.706 0.012 518 640
Lu 3.577 0.0287 8848  1.431 0.716 0.002 14 528
Sc  3.477  — — 1.415 0.718 — — —

Y 3.618 0.0405 17619 1.340 0.722 0.004 58 1052
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TABLE 2. Initial data and calculation results of critical decomposition
temperatures of Tb,Ln; ,AsO, (Ln =Tm, Y) solid solutions.

Ln | R,A | AR/R, |Qp J/mole| x T.., K

Tm 3.599 0.01472 2330 1.455 139
Y 3.618 0.00940 949 1.340 56
Tb 3.652 — — 1.410 —

tetrahedral arsenate anions located at two significantly different
distances; z,, z,—charge modules of structural units (Ln®*" and
AsO,*); R—interatomic distance ‘cation—the central atom of the
oxoanion’; R;—the smaller interatomic distance; o= 1.73—the re-
duced Madelung constant calculated by means of the Hoppe’s for-
mula; As—differences in the degrees of ionicity of the chemical
bond in the components, calculated from the difference in y of REE
cations and anion taken from [17]. The choice of the scale [17], in
contrast to the scales of other authors, was due to the fact that the
values of y change in it with regular periodicity, increasing in se-
ries Ce*~Eu®" from 1.348 to 1.433 and Gd*-Yb* from 1.386 to
1.479 with a sharp drop during transitions Eu**~Gd*" from 1.433 to
1.386 and Yb*-Lu® from 1.479 to 1.431, due to the structure of
REE electron shells. In addition, on the scale of y [17], there are
shown the values for y of scandium and oxygen. AR/R;—a relative
size difference of the substituted structural units (dimensionless
parameter) calculated by the Ln**—AsO,* distance values [20] or by
cubic roots from the volumes of unit cells [1, 2].

The accuracy of calculating the critical temperature is of +100 K,
according to [15].

Since the size parameter values in all cases are less than 0.1 (Ta-
bles 1 and 2), according to recommendation [14-16], the critical de-
composition temperatures of solid solutions were calculated in the
approximation of regular solutions using the equation:
T..=Q/(2kN), where k is the Boltzmann constant, N is the Avogadro
number. Moreover, the decomposition temperature T, at a given
substitution limit x or the substitution limit x at the decomposition
temperature are according to the Becker equation [21]:
-1- 2x)/1n[x/(1 - x)] =kNT,/Q.

2.2. Calculation Results

As can be seen from the data given in Table 1, the calculated values
of mixing energies and critical decomposition (stability) tempera-
tures of solid solutions of REE orthoarsenates of the composition
Scy_.Ln,AsO, with a zircon-type structure naturally decrease along
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the Sm—Lu series that is due to a decrease in the size of substitut-
ing structural units. The mixing energy and critical temperature
for the Sc, ,Y,AsO, system are between the corresponding values for
the Sc, ,Ho,AsO, and Sc, ,Er,AsO, systems, because the crystal-
chemical ionic radius Y*' has a value (of 1.040 A) that is intermedi-
ate between close to each other radii of Ho®*" (1.041 A) and Er*"
(1.030 A) ions [22].

The effect of differences in the degrees of ionicity of the chemi-
cal bond in the components on the critical decomposition tempera-
ture of solid solutions is within the error of the calculation method
(+100 K) and can be neglected. Slight differences in the degrees of
ionicity of the chemical bond in the components of the systems,
namely, equal to 0.002—-0.012 for Sc¢,_,Lin,AsO, (Ln = Sm—Lu, Y) (Table
1), are since the y(Sc®*") = 1.415, and it is very close to the  of elements
of the middle of the REE series: Sm*' (1.410), Eu®" (1.433), Tb*
(1.410), Dy®** (1.426). A similar situation exists for Tb,Ln, ,AsO, sys-
tems (Ln = Tm, Y), since electronegativity of the Tb?" cation (1.410)
has a slight distinct from y of the Tm?®" (1.455) and Y*' (1.340) cati-
ons (Table 2). Therefore, the critical temperature values shown in
Tables 1 and 2 are given without considering the effect of differ-
ences in the degree of ionicity of the chemical bond.

According to the calculated values of T, their dependence on
REE numbers for substitution limits x=0.01, x=0.03, x=0.05,
x=0.10, x=0.20 (Fig. 1) was constructed. The critical decomposi-
tion temperatures of the solid solutions were calculated in the regu-
lar solid-solution approximation for the composition with x =0.5.

Using the graphical dependences, as in Ref. [23], it is possible to
estimate the decomposition temperature of limited series of solid

Fig. 1. Diagram of the thermodynamical stability of Sc,_,Ln,AsO, solid so-
lutions, Ln =Sm (Z = 62)-Lu (Z = 71) (Z—REE atomic number).
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solutions by setting the substitution limit or to evaluate the substi-
tution limit of Sc by REE by setting the decomposition tempera-
ture. In the second case, the isotherm intersection point, which is
drawn from the given decomposition temperature with the vertical,
that is drawn from the REE number, allows us to determine the
composition interval, in which the substitution limit is located;
thus, interpolation between the two nearest curves gives the substi-
tution limit. It is possible to clarify the substitution limit by con-
structing, for a specific system, the dependence of decomposition
temperatures calculated by means of the Becker equation on the
composition, which will be almost symmetrical in the approximation
of regular solid solutions.

Unfortunately, as far as we know, there is no data in the literature
on the temperature, at which the decomposition of Se¢;_,Ln,AsO, solid
solutions would cease upon cooling due to kinetic difficulties (spon-
taneous quenching of samples). However, it can be assumed that it
is close to the temperature, at which the components interact dur-
ing the solid-phase synthesis of orthoarsenates. According to the
data from Ref. [8], the completion of ScAsO, synthesis occurred at
a temperature of 1073 K, and of LnAsO, at 973 K during calcina-
tion for 24 hours. Consequently, it can be assumed that, in solid
solutions of Sc, ,Ln,AsO, systems, the transition of samples to a
metastable state due to kinetic difficulties during cooling occurs
approximately in the temperature range from 1073 K (near the
ScAsO, composition) to 973 K (near the LnAsO, composition).

It follows from the calculation results that, in Sc¢;_,Ln,AsO, sys-
tems with REEs from Sm to Ho, there are unlimited solid solutions
in the region of systems adjacent to the thermodynamically stable
ScAsO, composition at temperatures above critical (2363-1224 K;
Table 1, Fig. 1). As the temperature decreases in the region between
T, and about 1073 K, the solutions become thermodynamically un-
stable and can decompose, forming limited regions. This occurs, if
the diffusion rate and time are large enough for stable nuclei of a
new phase to arise and begin to grow. At temperatures lower than
1073 K, these solid solutions become metastable.

In systems with REEs from Er to Lu, the critical decomposition
temperatures (790-528 K) are significantly lower than the tempera-
ture of 1073 K. Therefore, unlimited solid solutions synthesized at
temperatures higher than 1073 K should not decompose upon cool-
ing, and they will be stable at temperatures higher than critical one
or metastable at lower temperatures. The difference of degree in the
critical temperature for the Sc, ,Y,AsO, system (1052 K) from the
temperature of spontaneous quenching (1073 K) does not exceed the
calculation error; therefore, predicting the decomposition tempera-
ture of an unlimited series of solid solutions in this system is difficult.
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To our knowledge, there is no information in the literature on
mixing energies, substitution limits, and thermodynamical stability
of solid solutions of the REE orthoarsenates Sc; ,Lin,AsO, with zir-
con-type structure found experimentally. This does not allow com-
paring the calculation results with the experimental data for the
systems under study. At the same time, polymorphic transitions in
solid solutions of the Tb,Y,_,AsO, and Tb,Tm, ,AsO, systems at
temperatures below 30 K were previously studied [24, 25]. It was
found that, in the Tb,Y,_,AsO, system, the temperature of the phase
transition from tetragonal symmetry to rhombic one increases regu-
larly from 5.8 to 27.3 K when x varies from 0.32 to 1, and in the
Tb,Tm, ,AsO, system, when x changes from 0 to 1, it increases
from 6.1 to 25.5 K [24, 25]. This indicates in the first case a wide
range of formation of solid solutions, and in the second case, the
presence of unlimited miscibility of components at temperatures of
about 30 K.

From these experimental results, it follows that, in the
Tb,Tm, ,AsO, system, the critical decomposition temperature of sol-
id solutions is less than 30 K. In the Tb,Y;_,AsO, system, it should
be even lower, since the sizes of crystal-chemical ionic radii (for the
co-ordination number of 8) of Tb (1.18 A) and Y (1.159 A) differ to
a lesser extent than Tb (1.18 A) and Tm (1.134 A) [22].

Therefore, we have also carried out calculations for the Th,Y;_.AsO,
and Tb,Tm, ,AsO, systems. The results of critical decomposition
temperatures for these systems (56 and 139 K, respectively; Ta-
ble 2), considering the accuracy of the calculation method (close to
100 K), are consistent with the results of Refs. [24, 25].

3. CONCLUSIONS

The crystal-chemical approach in the approximation of regular solid
solutions was used to calculate the mixing energies and critical de-
composition (stability) temperatures for solid solutions of
Sc; ,Ln,AsO, (Ln=Sm-Lu, Y) and Tb, Ln,AsO, (Ln=Y, Tm) sys-
tems with zircon-type structure. With increasing in REEs’ charge
nuclei, the calculated mixing energy and critical decomposition
temperature for solid solutions naturally decrease that is caused by
the decrease in ionic radii in the lanthanide series from Sm to Lu.
The differences of the degrees of ionicity of the chemical bond in
the components of the systems are small and do not affect practical-
ly the calculation results. The mixing energy and critical tempera-
ture for the Sc,_,Y,AsO, system are between the corresponding val-
ues for the Sc,_,Ho,AsO, and Sc,_Er,AsO, systems due to insignifi-
cant differences in the radii of their cations.

The obtained diagram of thermodynamical stability allows one to
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evaluate the stability of Sc,_,Lin,AsO, solid solutions in a wide range
of compositions and temperatures, as well as to predict the substi-
tution limits for limited series of solid solutions at a given decom-
position temperature, or their decomposition temperature at a given
substitution limit.

In Sc, ,Ln,AsO, systems with REEs from Sm to Ho, unlimited sol-
id solutions are thermodynamically stable at temperatures above
critical one (2363-1224 K). By lowering the temperature in the
range between the T, and about 1073 K, these systems have become
thermodynamically unstable and decompose, forming a limited
range of solid solutions. At lower temperatures, these solid solu-
tions become metastable. In systems with REEs from Er to Lu, un-
limited solid solutions are thermodynamically stable at tempera-
tures above critical one (790-528 K); at temperatures lower than
critical one, they become metastable and will not decompose.

The obtained results for the critical decomposition temperatures
(56 and 139 K) in Tb,_,Ln,AsO, (Ln=Y, Tm) systems are consistent
with the experimental results described previously within the accu-
racy of the calculation method.
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LiF:Mg,Ti has found a wide spread application in artificial-phosphor do-
simetric methods of thermoluminescence (TL). The pre- and post-
irradiation annealing is an essential factor for materials response. The
main outcome of this study is focused on studying the low-temperature
pre- and post-irradiation annealings of the SLiF (Harshaw TLD 600) and
comparing them with those of the “LiF (Harshaw TLD 700), as well as the
corresponding consequences on the 5 and 5a peak trapping parameters.
We selected TLD 600 and TLD 700 dosimeters to evaluate the effect of
pre-irradiation and post-irradiation background measurements; readout
values indicated variation of the results for these two cases of the lithi-
um-fluoride family of materials.

LiF:Mg,Ti 3HalIIOB INHPOKE IIOIMIMPEHHA B3aCTOCYBAHHA B MITYYHO-
dochopHUX NO3MMETPUUHUX MeToxax TepMmosoMinecrennii (TL). Bignman go
Ta MiCJA ONMPOMiHEHHS € Ba'KJIUBUM UMHHUKOM peakIlii matepisiiB. OCHOB-
HUI pe3yJIbTaT IILOTO HOCJIMKEeHHS 30Cepel KeHUN Ha BUBUEHHI HU3BKOTE-
MIepaTypHHX Bigmaiis fo Ta miciaa ompominenHs °LiF (Harshaw TLD 600)
i mopiBEaHHI ix 3 mapamerpamu 'LiF (Harshaw TLD 700), a Taxosx Bizmo-
BiZHMMH HacCJiAKaMHu IJA IIapaMeTpiB HMiKoBOro saxomaeHHa 5 i ba. Mu Bi-
niopanu @ropucTo-miTiiioBi TepmosiominecrieHTHI mosumerpu TLD 600 i
TLD 700 gnsa omiHKKM eeKTy (POHOBUX MipAHBL IIOIEPEeIHLOr0 OIPOMiHEHHS
Ta IOCT-OIIPOMiHEHHS; 3HAUEHHS 3YNTYBAHHA BKAa3yBaJl Ha 3MiHY De3yJb-
TaTiB AJIA IIUX ABOX BUMOAAKIB JIiTiHi-(pTOPHUAHOrO ciMeiicTBa MaTepiAIiB.
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Key words: thermoluminescence, TLD 600, TLD 700, activation energy,
peak b5a, peak 5.
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(Received 17 June, 2020 )

1. INTRODUCTION

Lithium fluoride (LiF) material doped with Magnesium and Titani-
um (Mg, Ti) is set to be one of the most well established passive
thermoluminescence dosimeter (TLD). LiF:Mg,Ti is largely employed
to study the TL effects of parameters such as supralinearity, impu-
rity concentration, radiation damage, etc. [1, 5, 22, 24].

TL glow curves of lithium fluoride yield a number of overlapping
TL peaks, making thus deconvolution mandatory. Even though in
other luminescent dosimetric materials, such as quartz, the TL
peaks are named according to their peak maximum temperature
(T,.x); for the case of lithium fluoride, TL peaks were given the
names according to the sequential arithmetic corresponding to each
one. According to this terminology, kinetic parameters, such as the
activation energy E, frequency factor s, and kinetic order b, for the
so-called glow peak 5 of LiF:Mg,Ti have been a major topic of TL
research for many years. The interest on this topic is not only lim-
ited to the fact that LiF:Mg,Ti has been extensively used as a basic
TL dosimeter, but rather enhanced due to specific peculiarities re-
lated with the reported values of E, s and b as well [6, 7, 24].

Fairchild et al. [1], consequently after a good fit of the experi-
mental glow curve for the case of TLD 100, suggested the existence
of a glow peak 5a between the main glow peak 5 and glow peak 6.
This glow peak has shown its importance in the usual glow curve,
resulting after normal annealing at 400°C for 1 h and at 100°C for
2 h. Its existence was also experimentally confirmed based on nu-
merous techniques, including deconvolution.

The selection of both °LiF (Harshaw TLD 600) and ‘LiF (Harshaw
TLD 700) dosimeters in order to study the effect of pre-irradiation
and post-irradiation annealings on the final dosimeter readout val-
ues has been an attractive research topic of interest for more than
20 years. Kitis et al. have initially observed the presence of glow
peak 5a in TLD 700 after a rather high temperature of 125°C and
an irradiation by muons [4, 8]. At low-temperature post- or pre-
irradiation annealings, the same authors reported the increase of
T ..« of glow peak 5a [3, 8, 9]. Kitis et al. [9] estimated that the ac-
tivation energy of glow peak 5a has to be within the range 3—-3.8 eV
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for DTG-4 material. High E values lead to high frequency factors
(10*°-10*° s7!), values even higher, comparatively speaking, than
those of glow peak 5 for LiF:Mg,Ti, knowing that activation energy
and frequency factor for the latter material lie within the range
2.0-2.3 eV and 10"-10? s}, respectively [2, 6]. LiF:Mg,Cu,P has
even higher values of E=2.5¢eV and s=10% s, respectively [3].
These E and s values are considered as extremely high and were
characterized previously as ‘non-physical values’ [4], and they re-
quire special interpretation, since they are lying well above the 10—
10" s7* region adopted by Mott and Gurney [10]; however, Bohm
and Sharmann [11, 12] proposed an upper limit value of 3-10"° s at
27°C for s.

Various models have been proposed in order to explain the high
values of trapping parameters [1, 4, 13—-17]. Fairchild et al. [1]
were likely the first who proposed that the high values of E and s
result from a complex mechanism, and the obvious first-order Kki-
netics behaviour is a particular case or an approximation of more
complicated kinetics. By using a one trap—three centre model, Chen
et al. [16] correlated the rather high activation energy not only for
peak 5 but also some other TL peaks with the narrowing of peak
shape consequence of a competition in the excitation as well as the
heating stage. Piters et al. [15] attempted to explain these high val-
ues obtained for the kinetic parameters based on Randall and Wil-
kins model. For alternative explanations regarding these high E and
s values, the readers could refer to [2, 22].

The task of defining, under which conditions glow peak ba ap-
pears visibly isolated from both glow peaks 5 and 6, has been diffi-
cult, and the study is focused on the TLD 700. Kitis and Otto [9]
have performed pre-irradiation annealing between low temperatures
of 140°C and 160°C for 1 h. After establishing the temperature of
152°C as the most appropriate one, both post- and pre-irradiation
annealings were performed for various time durations up to 12 h.
The present study follows on directly from this latter aforemen-
tioned citation, which ends by questioning whether the same exper-
iment could be also performed for the TLD 600 dosimetric material.
The aims of the present work include the following: (a) studying the
low-temperature pre- and post-irradiation annealings of the
TLD 600 and compare them with those of the TLD 700 and the cor-
responding consequences on the 5 and 5a peak trapping parameters;
(b) investigating the TL response of peak b5a, appearing after pre-
and post-irradiation annealings at 145°C for various durations, for
both TLD 600 and TLD 700 dosimeters; (c¢) properly define condi-
tions, under which glow peak 5a appears isolated for TLD 600 and
TLD 700. This present study allows a one-to-one qualitative and
quantitative comparison between the glow-curve modifications in-
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duced by both pre- and post-irradiation annealing. This comparison,
as will be shown below, gives novel information, which leads to a
self-consistent explanation of the experimental results.

2. EXPERIMENTAL SET UP AND PROCEDURE

TL measurements were performed at the Nuclear Physics Laborato-
ry of the Physics Department, Aristotle University of Thessaloniki,
Greece, using a Littlemore type 711 setup, with a P/M tube: EMI
9635QA bialkali (Sb K—Cs) and a thermocouple type: 90/10 Ni/Cr
and 97/03 Ni/Al and an optical filter transmitting in the 320-440
nm range. In all cases, a beta test dose was provided by a “°Sr/*°Y
beta source delivering 0.3 Gy/min. TL measurements were carried
out in a nitrogen insulated environment with a constant heating
rate of 2°C/s up to a maximum temperature of 350°C. The glow ov-
en was first evacuated at 10" Torr, and N, of high purity was left
to flow during each TL measurement. The samples used in these ex-
periments were LiF:Mg,Ti chips purchased by Harshaw Bicron
(TLD 600 and TLD 700) with dimensions of 8x4x3 mm; the mass of
each LiF chip is equal to 3 mg. TL chips were thoroughly cleaned to
avoid any solid or liquid contamination. Chips were annealed in a
furnace at 400°C for 1 h and rapidly cooled to room temperature
prior to their use. Pre- and post-irradiation annealings were per-
formed at 145°C using an automatic furnace. Annealings were sys-
tematically followed by a rapid cool down to room temperature; a
metallic cup of 2 cm in diameter and of 0.7 cm in depth was used
for that purpose. Both pre- and post-irradiation annealings were
performed to a range of durations between 0 and 15 hours (¢,=0, 2,
4, 6, 8, 10 and 14 hours). Test dose was 500 mGy.

3. EXPERIMENTAL RESULTS
3.1. Computerized Curve Deconvolution (CGCD)

Analysis of obtained experimental glow curves in the present work
was performed by a Computerized Glow Curve Deconvolution proce-
dure (CGCD) [18]. The analytical expressions for general order Kki-
netics (termed as GOK hereafter), which have been proposed by
Kitis et al., were used [19-20] as follows:

I(T) = I,b"¢" exp((E /(D)) (T-T,)/ Tm) x

<[~ -8)(T* / T )exp((E / D)) (T - T,)/ T,) + Z, ]

where A=2kT/E, A,,=2kT,/E, Z,,=1+(b-1)A,, T is the tempera-

—b/(b-1) (1)
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ture, T, is the temperature at maximum TL intensity, I, is the
maximum intensity, b is kinetics order, E trap energy depth, and &
the Boltzmann constant. Curve fittings were performed by means of
the Microsoft Excel software package with solver utility [18]. Fig-
ure of merit (FOM) [21] was employed for adjustment and goodness
of fit defining; it is expressed by the following:

FOM(%) =100)_|TL,,, - TLy,|/ > TL, . (2)
p p

Low value of FOM index is synonymous of a good fit; a low value
of FOM is targeted when fitting is achieved by changing every glow
peak set of parameters.

Whether in pre- or post-irradiation annealings, the first-order
kinetics algorithm failed to fit the glow peak 5 region. This is also
the case for the glow peak 5a of the TLD 600 dosimeter, while, for
the TLD 700, glow peak 5a is very well described by first order of
kinetics. Thus, a general order of kinetics was adapted similarly to
the case of Kitis and Otto [9]. Typical examples of deconvolved glow
curves are presented in Fig. 1; plots a and b present the decon-
volved glow curves corresponding to pre-irradiation and post-

c d

Fig. 1. Typical examples of deconvolved glow curves; plots (a) and (b) rep-
resent the deconvolved glow curves corresponding to pre-irradiation and
post-irradiation annealings for 2 hours for TLD 600, respectively. Similar-
ly, plots (¢) and (d) represent the corresponding glow curves for the TLD
700.
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irradiation annealings for 2 hours for TLD 600, respectively. Simi-
larly, plots ¢ and d present the corresponding glow curves for the
TLD 700. An outline of the fitting parameters as yielded according
to the deconvolution procedure is presented in tabulated form in
Tables 1-4 with reference to glow peaks 5 and 5a.

TABLE 1. Fitting parameters of glow peak 5 in TLD 600 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5 TLD 600

Time pre- post-

E, eV s, st b E, eV s, st b
2h 2.21 1.74-10% 1.01 2.45 1.76.10% 1.01
4 h 1.85 7.84.10% 1.21 2.22 3.08-10% 1.10
6 h 1.78  1.86-10'° 1.30 2.12 1.69-10% 1.35
8h 1.75  2.02-10"° 1.61 1.95 1.73-10%° 1.52
14 h 1.74  1.30-10'® 1.80 2.01 4.16-10"° 1.71

TABLE 2. Fitting parameters of glow peak 5a in TLD 600 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5a TLD 600

Time pre- post-

E, eV s, st b E, eV s, st b
2h 3.11 4.71.10% 1.04 3.00 6.47-10%° 1.01
4h 3.22 7.52.10% 1.25 3.05 5.85-10%° 1.14
6 h 3.28 1.11.10% 1.40 3.11 1.42.10% 1.42
8 h 3.35 2.80-10%! 1.59 3.42 4.61-10% 1.55
14 h 3.43 1.13-10% 1.73 3.65 5.81-10%° 1.77

TABLE 3. Fitting parameters of glow peak 5 in TLD 700 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5 TLD 700

Time pre- post-

E, eV s, st b E, eV s, s b
2h 2.15 1.58-10%2 1.05 1.98 1.06-10% 1.02
4h 1.97 6.74-10%° 1.05 2.02 6.18-10%° 1.11
6 h 1.90 6.83-10" 1.15 1.98 7.78:10%° 1.35
8 h 1.78 5.67-10'8 1.33 2.06 4.19-10% 1.44
14 h 1.85 1.74-10"° 1.52 2.03 1.36-10% 1.65
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TABLE 4. Fitting parameters of glow peak 5a in TLD 700 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5a TLD 700

Time pre- post-

E, eV s, s! b E, eV s, st b
2h 3.03 3.27-10*° 1.05 3.14 1.28.10% 1.01
4 h 3.15 4.85-10% 1.01 3.40 1.47-10% 1.01
6 h 3.15 9.61-10% 1.001 3.48 1.85-10% 1.01
8 h 3.38 2.47-10% 1.02 3.81 1.87-10% 1.01
14h 3.63 2.31-10% 1.02 3.70 3.76-10% 1.01

3.2. Pre-Irradiation Annealing at Low Temperature

Firstly, the impact of the pre-irradiation annealing to the shape of
the glow curves is presented in Figs. 2 and 3 for the case of TLD
600 and TLD 700, respectively. Figures 1, a and ¢ show typical ex-
perimental glow curves of TLD 600 and TLD 700 both correspond-
ing to the pre-irradiation annealing duration of 2 hours at 145°C,
deconvolved into its individual TL peaks. Obtained pre-irradiation
annealing glow curves made the 5a glow peak appear very distinct
at 491 K; it is also interesting to note that glow peak 6 appears at
the same temperature as glow peak 5a, whereas, glow peak 7 re-
appears at 570 K. In Figure 2, a, direct comparison between the TL
glow-curve shapes corresponding to different annealing durations at
the steady temperature of 145°C for TLD 600 is given.

According to the experimental results obtained in the present
study, it was observed that the intensity of glow peak b5a decreases
as annealing time increases in TLD 600. Moreover, the isolated b5a
glow peak characteristics changed as pre-irradiation annealing du-
ration changes at the temperature of 145°C. These present results
confirm previous published reports detailed at Refs. [3, 8]. It is
worth noticing that the intensity of the glow peak 5 decreases as a
function of the annealing time. The glow peak 4 followed strongly
the behaviour of glow peak 5, while a slight increase of intensity
was monitored for glow peaks 1, 2 and 3.

In Figure 3, the evolution of the structure of the glow curve with
respect to temperature at different durations for TLD 700 may be
appreciated. Similarly to the case of TLD 600, the intensity of the
glow peak 5 decreases as a function of annealing duration. The glow
peak 5a appears in TLD 700 at higher annealing durations at 145°C,
while the intensity of peak 5a of TLD 700 is not only very low but
it is also completely distinct from glow peak 5. The intensity of the
glow peak H5a decreases as a function of annealing time.
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Fig. 2. Pre-irradiation annealing glow curve for TLD 600 for all tempera-
tures: (a) 0 hour, (b) 2 hour, (c) 4 hour, (d) 8 hour, (e) 14 hour.

Fig. 3. Pre-irradiation annealing glow curve for TLD 700 for all tempera-
tures: (a) 0 hour, (b) 2 hour, (c) 4 hour, (d) 8 hour, (e) 14 hour.

The intensity of the low-temperature glow peaks 1, 2 and 3 be-
comes more sensitive to annealing time. On the other hand, the in-
tensity of glow peak 4 is decreased considerably for both TLD 600
and TLD 700. We can conclude that the peaks 5 and 5a yield simi-
lar behaviour for TLD 600 and TLD 700 in the pre-irradiation an-
nealing. Nevertheless, the low-temperature pre-irradiation anneal-
ing induces a stronger variation of the glow-curve structure of the
TLD 700. The peak b5a is very prominently recognized after pre-
irradiation annealing for the case of the TLD 700 material, while
for the TLD 600, it requires deconvolution procedure so that it
could be either recognized or isolated. These figures are given in
such a way that a direct comparison is possible between the pre-
irradiation annealing results for both types of LiF TLDs.
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Fig. 4. Post-irradiation glow curve for TLD 600 for all temperatures: (a) 0
hour, (b) 2 hour, (¢) 4 hour, (d) 8 hour, (¢) 14 hour.

3.3. Low-Temperature Post-Irradiation

Figures 1, b, d, 3 and 5 present the glow curves after post-
irradiation annealing at the temperature of 145°C for 2 hours. As it
was stated above, in Fig. 1, b, the glow peak 5 was fitted using the
GOK algorithm. Glow peak 5a arises as an ingredient of the high-
temperature part of the main peak 5. The post-irradiation annealing
at 145°C for different time durations are presented in Fig. 3, from
which it can be noticed that the intensity of the glow peak b5a, iso-
lated at this temperature, increases with annealing time. With re-
spect to glow peak 5, its intensity decreases with post-irradiation
annealing time. Glow peak 4 behaved during post-irradiation an-
nealing in the same manner as glow peak 5, shifting to lower tem-
peratures, while annealing time increased. In Figure 5 for TLD 700,
we observe that the intensity of both glow peaks 5 and 5a decreases
as a function of annealing time. The properties of peak ba are con-
served in pre- and post-irradiation annealings as in the case of TLD
700. Isolated glow peak 5a remarkably maintains its characteristics
when thermally treated.

The TLD 600 glow peak 5a intensity behaviour for pre-annealing
is completely different compared to its behaviour after post-
irradiation, since an increase was observed in the intensity for the
former case and a decrease for the latter. Once again, these obser-
vations lead us to conclude that the same mechanism is taking place
during both pre- and post-irradiation annealing of TLD 700, even
though [4, 17] stated that situation are not quite the same for pre-
and post-irradiation annealing (empty traps for the first and cap-
tured one or more electron(s) for the second). Once again, similarly
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Fig. 5. Post-irradiation glow curve for TLD 700 for all temperatures: (a) 0
hour, (b) 2 hours, (¢) 4 hours, (d) 8 hours, (¢) 14 hours.

to the case of pre-irradiation annealing, the peak ba is very promi-
nently recognized after pre-irradiation annealing for the case of the
TLD 700 material, while this is not the case for the TLD 600. Low-
temperature pre-irradiation annealing and post-irradiation anneal-
ing similarly induce great alterations in the structure of glow peak
of the TLD 700.

3.4. Pre- and Post-Irradiation Annealings’ Properties at Low Tem-
perature

In the framework of the present study, we stress our interest on
glow peaks 5 and 5a, main due to the fact that T,,, of glow peaks 2,
3, 6 and 7 are not influenced that so ever by the conditions, under
which this study was carried out. Activation energies of glow peak
5a for both TLD 600 and TLD 700 lie within the range from 3.0 to
3.7 eV for both pre- and post-irradiation annealings. Of course,
these values are not high as those reported by Kitis and Otto [9]
just for TLD 700. The frequency factors, being evaluated from the
condition for the maximum, are extremely high in the range from
10* to 10* s™'. The fitting parameters are presented in a tabular
form in Tables 1 and 2, respectively. Similarly, for the case of the
TL, glow peak 5 for both TLD 600 and TLD 700 lie within the range
from 1.75 to 2.45 eV for both pre- and post-irradiation annealings,
while the corresponding values of frequency factors are of the order
of 10'"-10%' 7',

The strong modification in the glow-curve structure by low-
temperature pre- and post-irradiation annealings at 145°C directly
affect the T, of glow peak ba. Figures 6, a, b present T,,, of glow

max max
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a b

Fig. 6. Glow-peak maximum temperature T, ,, as a function of duration of
low-temperature pre/post-irradiation annealings at 145°C for SLiF and
"LiF: (a) glow peak 5, (b) glow peak 5a.

peaks 5a and 5 as functions of low-temperature pre- and post-
irradiation annealing at 145°C for various durations, respectively.
It is interesting to observe that T,,. of glow peak 5 is shifted to-
wards lower temperatures. Kitis and Otto [9] reported analogous
behaviour. On the other side, T,,. of glow peak 5a shifts towards
higher temperatures. Nevertheless, in the present study, T,,.. values
are comparatively lower to those reported by Kitis and Otto for the
case of TLD 600 [3, 9]. It is worth mentioning that a tendency is
monitored for the case of the value obtained for the order of kinet-
ics parameter b. In fact, as either the post- or the pre-irradiation
annealing duration is increased, the kinetics parameter b obtains
values, which tend to increase as well. This latter analysis feature
becomes prominent according to the contents of Tables 1-4. As it
was already previously mentioned, it can be easily resolved from
Table 4 that glow peak 5a for the TLD 700 dosimeter is described
by using first order of kinetics. We can conclude that T,,, of glow
peak 5a of "LiF behave in exactly the same way for both post- and
pre-irradiation annealings.

Finally, Figures 7, a, b present the dependence of the activation
energy values of glow peaks 5 and 5a, respectively, as a function of
the durations of low-temperature pre/post-irradiation annealings at
145°C. The behaviours versus annealing duration for TLD 600 and
TLD 700 are similar, indicating a decreasing trend of both activa-
tion energy and T, versus annealing duration for the TL glow
peak 5 and an inverse behaviour for both activation energy and T,,,,
versus annealing duration for the TL glow peak b5a. Finally, it
should be pointed out that these behaviours for the case of TLD 700
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a b

Fig. 7. The activation energy as a function of duration of low-temperature
pre/post-irradiation annealings at 145°C for various durations for °LiF and
"LiF: (a) glow peak 5a, (b) glow peak 5.

are in accordance with results reported in Ref. [9].

4. DISCUSSION

The similarities, which have been outlined above, lead to the con-
clusion that the same mechanism is operative during both pre- and
post-irradiation annealings for both materials. This is not so obvi-
ous when we keep in mind that traps are empty at pre-irradiation
annealing, whereas traps had captured one (or more) electron(s) at
post-irradiation annealing [9]. Therefore, the same mechanism could
be responsible for the properties of both glow peaks 5 and 5a. Nev-
ertheless, both pre- and post-irradiation annealings at 145°C result-
ed in a prominent 5a TL peak for the case of TLD 700 material,
while for the case of TLD 600, the peak 5a requires deconvolution
analysis.

The quality, nature and curve structure of glow peak 5a could be
closely linked to thermal treatment; serious modification was no-
ticed at 145°C. From an extensive literature review [20, 22-23],
where clustering and precipitation effects of the Mg?*—V~, dipoles
have been studied in detail, it becomes unanimously evident that
impurity—cation vacancy Mg*—V ", dipoles and their mobility are the
main causes of peaks 2 and 3; consequently, dipoles associate in
clusters of two or three (dimers) dipoles. Higher order clusters of
Mg*", V", dipoles might be associated to peaks 4 and 5.

Serial reactions, which occur during annealing and throughout
the entire temperature region, might be expressed as follow [5]:
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free Mg?'—V .+ cation vacancies — dipoles — trimers — precipitates. (3)

There are some distinct temperature regions in the above reaction
sequence. Below 125-130°C, the precipitation formation in very low
requiring very long annealing times in order to be observed. Above
130°C, the trimers start to dissolve, whereas the precipitation for-
mation starts showing a maximum between 140-160°C. Above
160°C, the trimers dissolve, but the precipitation formation is con-
tinuously decreased as the temperature increases up to about 250°C.
Above 250°C, the formed precipitates start to dissolve, so that,
above 300°C, they are completely dissolved. Therefore, above 300°C,
only a few trimers can exist and almost all the Mg is in dipole
form.

At 400°C, i.e., at the high-temperature annealing of LiF:Mg,Ti,
all the Mg is in dipole form. During the cooling to room tempera-
ture, the reaction sequence of the afore-mentioned chemical reaction
is forced towards the right-hand side. The final concentrations of
dipoles, trimers and precipitates at room temperature depend
strongly on the cooling rate. A high sensitivity for the glow peak 5
is achieved my maximising the number of trimers and minimising
the number of precipitates; this was made achievable by very fast
cooling rates.

According to the above considerations, the 140-160°C region is
the most effective region for precipitation formation, justifying
thereby the choice of the temperature of 145°C. Another phenomena
taking place in the above-mentioned temperature region is the dis-
sociation of the Mg®—V", trimers and a significant reduction of the
TL intensity of glow peak 5.

Observation of glow peak Ha appearance shows that, assuming
that the TL of peak 5a is due to dissolution of precipitates, precipi-
tation formation occurs equally and efficiently in the case where
Mg*—-V", has not captured an electron, corresponding to the pre-
irradiation annealing, but also where Mg*—V has captured an elec-
tron, corresponding to post-irradiation annealing.

In Figures 2—-5, results are shown, where the pre-irradiation an-
nealing intensity is less than post-irradiation annealing represent as
an exception, which has to be clarified though. As was stated earli-
er, precipitation mechanism takes place during post-irradiation an-
nealing; however, in the case of pre-irradiation annealing, one must
bear in mind that Mg* -V, dipoles are held by Coulomb’s forces,
which are fairly modified by the captured electron [2]. The captured
electron might inhibit the trimer dissociation, which may explain
why the post-irradiation intensity is higher than the pre-
irradiation.

According to the above discussion, the following mechanisms are
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acting during post-irradiation annealing. (I) The typical TL decay
according to first-order kinetics; (II) the dissociation of trimers
with two pathways, namely, (a) a recombination from some of the
Mg* -V, dipoles, i.e., to TL emission, and (b) a precipitation, i.e., to
TL emission loss; (III) precipitation of the trimers with other free
Mg?*-V", dipoles, i.e., to TL emission loss again. It must be noticed
that the cases I and IIa are considered here as different sources of
TL light emission. However, only the case Ila might exists as it is
discussed below about the origin of the glow peak 5. The precipita-
tion pathway leads to TL light loss. Consequently, the TL light ob-
tained during the readout after a post-irradiation annealing proce-
dure is lower than that expected due to the test dose, but still high-
er than the pre-irradiation annealing.

High E and s values can be considered as characteristics of the
main glow peak 5 of LiF:Mg,Ti. Details and models’ explanations of
high E and s values are extensively reviewed in Refs. [2, 4, 17]. We
dealt throughout this work essentially with glow peak 5a, which has
even higher E and s values than previously mentioned ones. Results
acquired from the present work show that glow peak 5a and glow
peak 5 are closely linked. We can then safely conclude that the
mechanism, which takes place, when high E and s values are rec-
orded, cannot be identical for both cases.

It was even assumed that high E values of both glow peaks 5 and
5a are not real values, but apparent ones (E,,,) [16, 17]. Decreased
glow peak FWHM was related to an artificial narrowing [15].
Therefore and due to the inverse relation between E and FWHM,
the E,,, will be larger than the expected one. Furthermore, due to
the high value of E,,, an irregular high value of the frequency fac-
tor is also derived. McKeever [22] fully adopted the concept of high
E,,, of both glow peaks; nonetheless, Kitis and Otto [9] brought mi-
nor modifications and elementary formulation to the concept. Ac-
cording to the afore-mentioned citations, the activation energy of
peak 5 could be expressed as the sum of the trimer binding energy
(0.89 eV) and a second term related to the release of charge from
the dissociated dipoles.

These extremely high values of the fitting parameters for glow
peak ba require an explanation. According to McKeever [22], peak 5
appears exactly in the range where both trimer dissociation and
precipitate dissolution are taking place. This stands as a very con-
venient concept; however, as low-temperature pre- and post-
irradiation annealings’ time increases, T,,, of glow peak 5 dimin-
ishes, whereas T, of glow peak b5a increases, as in Ref. [9]. In oth-
er words, T,.. of glow peak 5 slips towards temperatures where the
dissociation becomes weaker and T,,, of glow peak 5a moves to
temperatures where the dissociation or precipitation dissolution be-
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comes faster. When the T,,, of glow peak 5 goes to lower tempera-
ture, the E,,, of glow peak 5 is decreased because dissociation is
weaker, thus, the artificial narrowing is weak too. When T, of
glow peak 5a shifts to higher temperatures, where the dissociation
and the precipitation dissolution becomes very fast, the artificial
narrowing is substantially increased and the E,  of glow peak ba
takes exaggerated high values [3, 9].

It is interesting to note that the properties of glow peak 5a are
the same for both pre- and post-irradiation annealings at 145°C.
This also means that, since the TL of peak 5a is attributed to the
dissolution of precipitates, the precipitation formation is expected
to be equally efficient in both pre-irradiation annealing (Mg*-V di-
poles, which have not captured an electron) and post-irradiation an-
nealing (Mg?'—V dipoles, which had captured an electron). Neverthe-
less, the appearance of the glow peak 5a is more prominent for the
case of TLD 700, while its corresponding properties, namely, £ and
s values, are a bit higher for the TLD 700 when compared to the
corresponding values of TLD 600. This difference could be attribut-
ed to the different temperature dependence of the equilibrium
states of chemical reaction (3). As it was previously stated, above
130°C, the trimers start to dissolve, whereas the precipitation for-
mation starts showing a maximum between 140 and 160°C. This lat-
ter statement is true for the case of TLD 700, while for the case of
TLD 600 material, this maximum yielded on the precipitates’ for-
mation is some shifted towards higher temperatures with a thresh-
old temperature higher than 145°C. This is the reason, why anneal-
ing at 145°C is not so efficient in isolating glow peak b5a for
TLD 600.

app

5. CONCLUSIONS

The conclusions from the present work are summarized as follow.

— Peaks 5 and 5a yield similar behaviour for TLD 600 and
TLD 700 in the pre-irradiation annealing.

— Glow peaks 5 and 5a react for TLD 700 in the same manner in
both pre- and post-irradiation annealings.

— The behaviour of peak 5a for TLD 600 is completely different
at post-irradiation annealing.

— Activation energy value of glow peaks 5a for both TLD 600
and TLD 700 is within the range of 3-3.7 eV for both pre- and
post-irradiation annealings.

— The frequency factors of the peak 5a are extremely high in the
range of 10%°—10% s,

— The TL glow peak 5 for both TLD 600 and TLD 700 lies within
the range of 1.75-2.45 eV for both pre- and post-irradiation anneal-
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ings, while the corresponding values of frequency factors are of the
order of 10'"-10* s,

— The low-temperature post- and pre-irradiation annealings at
145°C directly affect the T, of glow peak 5a.

It is important to note that the glow peak 5a appeared after a
special thermal treatment in both TLD 600 and TLD 700; its char-
acteristics are quite different from those of its neighbouring peaks
5, 6 and 7. We were able throughout this work to isolate this peak
in pre- and post-irradiation processes.
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MeTomo0 MaTeMATHYHOT'O MOJEJNIOBAHHA IIPOAHAi30BaHO Pe3yJbTATH HOCJIi-
IUKEeHHs BIUIMBY OOOPOTHBOI Ta HEOOOPOTHHOI NJIWMHHOCTH HA BEJIUUYNHY
B’ABKOIIPY:KHIX MOAyJiB i pucumnaiii emeprii 3a 06’emHo0i medopMmaiiii 3cyBy B
MerarepioBOMy AiAMNasoHi YacTOT y TeMmmoepaTypHii obismacti 298 < T <353 K
reTepPOTeHHUX CHCTEM, OJlepyKaHuX Ha ocHOBIi moiiBininxmopuny (IIBX), axkuit
MiCTHUTH B AKOCTi HamoBHIOBaua HaHoaucnepcHi mopomku miai (Cu). ITokasano,
1I10: MiK pejlaKkcalifiHUM 00’€MHUM MOJYJIEM i MOAYJISAMHU 3CYBY € KiMbKicHUIA
B3a€EMO3B’ 30K, Bi0OyBa€ThCcA WPOIlEC TEPETBOPEHHA B’SABKOCTHU y B’ A3KO-
OPYKHICTL i IPYyXKHIicTh KoMIIo3uTy. Brasami Me)ki 3acTocyBaHHSA PiBHSIHDL
MaxcBemna—Andpea—PpeHKensa A ONuUCYy B ASKONPYKHIX BJIACTUBOCTEH
THYYKOJIAHITIOTOBUX TOJIiMEPiB, HATTOBHEHMX HAHOAMCIEPCHUM ITOPOIITKOM Me-
rany B Mmexkax 0< ¢ <5,0 06.% . BeranosieHno, 110 uac pesakcaiiii cTpyKTyp-
HUX IiJCUCTEM B3a€MOIIOB’sA3aHUI i3 B’SA3KiCTIO, MOAYJIAMM 3CYyBY CHUCTEM i
YMOJKJIMBJIIOE BUSHAUUTY He JUIIe AUCUIIATUBHI BTPaTH, aje i BKasaTu yMOBU
eKcIUIyaTallil KOMIO3UTY B IMHAMIUHUX MEXaHIUYHUX i TeMIepaTypHUX IOJIAX.

Using mathematical modelling, we analysed the results of studying the
effect of reversible and irreversible fluidity on the value of viscoelastic
moduli and energy dissipation during bulk shear strain in the megahertz
frequency range in the temperature range 298 < T <353 K of heterogene-
ous systems based on polyvinylchloride (PVC), which contains as a filler
nanodispersed powders of copper (Cu). It is shown that, between the re-
laxation bulk and shear moduli, there is a quantitative relationship; the
process of converting the viscosity to both the viscoelasticity and the elas-
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ticity of the composite occurs. The limits of the application of the Max-
well-Alfrey—Frenkel equations to describe the viscoelastic properties of
flexible chain polymers filled with nanodispersed metal powder in the
range 0 < ¢ < 5.0 vol.% are established. As revealed, the relaxation time of
structural subsystems is related to the viscosity and shear moduli of the
systems and allows one to determine not only dissipative losses, but also
indicate the operating conditions of the composite in dynamic mechanical
and temperature fields.

Karouosi cioBa: B’SI3KOIPYsKHI MOAYJIi, IPY:KHiCTh, peJaakcalisa, KOMIIO3HUT.

Key words: viscoelastic modules, elasticity, relaxation, composite.

(Ompumano 30 uwepsus 2020 p.)

1. BCTYII

Y disumi moaimepiB BcTanoBieHo [1], 1m0 B pesyabTaTi medopmarrii
BimOyBaeThcA 3MiHA CTPYKTypu Ta GopMHU eIeMeHTy 00’eMy MaTepis-
Jy. 3a ITOIOMOIOI0 IeBiATopa Hampy:KeHHA mokKasaHo [2], mo xombi-
HAIligd JOKAJLHUX PO3TATIB a00 CTHUCKIB B3JOBK TPHOX B3AEMHO IIep-
NeHIUKYJAPHUX OcCell He CYIPOBOMXKYETHCA 3arajbHOI0 3MiHOIO
00’emy Tina. Ilpu mpomMy HaIpy:KeHUil CTaH SABJIAE COO0I0 JOKAJILHY
CYIIepIo3uIlilo Bce6iuHOTO CTUCKY (po3TaAry) i mBox 3cysiB [3]. Bigmo-
BilHO, Ile 3HAXOJAUTH CBifi NPOAB B YCKJIATHEHHAX, AKI BUHUKAIOTH
IIpY ONUCi MOBENiHKU CTPYKTYPHUX €JeMEHTiB IOJiMepHUX CUCTEM ¥
30BHIITHIX CHUJIOBUX i TeMIlepaTypHUX IIOJIAX.

Crixg sayBasKuTU, IO TEPIIi AOCTIIMKEHHSA BIJIMBY CTPYKTYDPHUX
YMHHUKIB Ha JaHWU mporec 0yJi0O MPOBEAEHO s OJHOATOMOBUX pPi-
nuH [4]. Bouu mokasasiu, IO IPW CTHUCKY Ma€ Miclle 3MiHa CTyIeHsA
OMM3BKOTO MOPAAKY B PO3MIIeHHI YACTHMHOK y 0iK KOMITAKTHOTO Iia-
KyBaHHsA. ¥ BUNAAKY PiAUH 3i CKJIATHIIINMU CTPYKTYPHUMU ejieMeH-
TaMM HeoOXiMHO BpaxyBaTW 3MiHY B ixHi#i B3aeMHi#l opieHTarii. B
OiHapHMX cTomax IIPM TaKMX IIpollecax 3MiHA B poO3MilmeHHi ii/a60
opieHTanii eJgeMeHTIB CTPYKTypM BUMAarae BiANOBiIHOI BeJIMYWHU
eHeprii aktuBarii (W) i Tomy MoiKe peayiisoByBaTucA JUIllEe 3 oOMe-
sKeHoto mBuUAKicTio. IIpm mpoMy HeOOXilHO BpaxOBYBaTH Uac pesakK-
camii (t;) mpollecy K XapaKTepUCTUKY 3MiH opieHTaIii ejieMeHTiB
CTPYKTYPHU, i IOPiBHATU 3 YACOM IXHBOTO «OCiIOTO JKUTTA» (T7). Oco-
OMMBY yBary HayKOBI[iB HpUW IIPOBEAEHHI AAHUX MOCTiIKeHb BUKJIN-
KaioTh rereporeHHi mosimepHi cucremu (I'TIC), omep:kaHi Ha OCHOBI
THYYKOJAHITIOTOBUX moJsriMepiB. Bigomo, m1o ix posriamaioTh AK KOH-
JIeHCOBaHi cucTeMU 3i 3HAUYHOIO B’SABKIiCTIO 3CYBY Ta MOCTATHHO IIIUPO-
KM PO3MIOJijioM YaciB pesakcariii T;, SKi mepeBUIIIYIOTh Yac peJaK-
carii 3Bmuaiiaux pigmea [1]. Kpim Toro, msaxomM aMiH TemMmepaTypu
(T), Ttucry (p), BBeleHHs DPIBHOMAaHITHUX iHTpeHi€HTIB MOKHA Ha-
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OpAMJIEHO peryJoBaTH 3MillleHHA peJjakcaiiiinoro cuexktpy I'TIC B
0ix BHINMUX 3HAUEHDb T,, B MaHOMY BUIIQAKY € TicHUII B3a€MO3B’SI30K
Mi’K BJIAaCTUBOCTSIMU Tijla mpu Aedopmairii 3cyBy Ta posrary [1].

Ommak, HeMa€e JOCTATHBLOI KiIbKOCTH eKCHepUMEHTAJLHUX pPe3yJb-
TaTiB, AKi 0 MOIIOMOIJIM BCTAHOBUTH CcHelU(}piKy IIOBeIiHKU IIeBHOI
CUCTeMU HPU OJHOUACHOMY IIPOsABi pisumx BuaiB medopmarii. Cirix
3ayBasKUTU, 10 MOCIHIIKEHO JUIle PAN THUIIIB BHYTPIIIHBOTO TEPTA B
MOJIiMEepHUX KOMMIO3UTAX IJs PiSHMX YacTOT KOJMBaHbL. 30KpeMa, B
3BYKOBOMY AiANasoHi JyacTOT OyJI0 BCTAHOBJIEHO MaKCUMYMW pPe30HAa-
HcHOro xapakxtepy [2]. B ximorepmoBomy mismasoHi cmocTepiraJacs
3aJIeXKHICTh BEJIMUMHU BHYTPIIIHBOTO TEPTA BiJl aMILIiTyau medopma-
mii [1]. B merarepmoBoMy OiAMAa30Hi PiMKHUINIO BeJIUUYNHU YJILTPa3BY-
KOBOT'O IOIJIMHAHHSA B MIHPOKOMY TeMIIepaTypHOMY IisimasoHi O0yJio
BIIEPIlle 3apeecTPOoBaHoO IJg oauBa [5]. OgHaK MOmiOHOrO TUIIY HOCJIi-
MUKEeHHA B METAJOHAHOKOMIIO3UTHUX CHUCTEMAaX, OJepP:KaHmX Ha OCHOBIi
THYYKOJIQHITIOTOBUX IIOJiMepiB, He ITPOBOAUJIUCAH.

IIpu mpoMy cJIifi 3ayBasKuUTH, IO PE3YJIbTATH MOCTIAMKEHb A 00-
JacTU Tepexoay 3 KijJlo- B MerarepiioBUi IiANa30H BaKJIMWBI 3 pany
npuuuH. Ilo-mepite, MipAHHA B IbOMY JifANIa30Hi YacTOT YMOJKJIUB-
JIOIOTh BUKOPHUCTOBYBATH Ha OJHOMY M TOMY K 3pasKy Hii0 JeKiJb-
KOX THUIIiB XBWJIb i UM 3a0€3MEeUNTU MOKJIUBICTh IEPEBIPKU PEYJIb-
TaTiB Teopii B’A3KOMPYKHOCTH aMOPMHUX TiJl 3 ypaxXyBaHHAM eQeKTy
B’aA3KocTU (IJIMHHOCTH). pyruM BaKJIUBUM MOMEHTOM € CIIOCTEpe-
JKEeHHA 3a peJIaKCallifHUMU B’ A3KONPYKHIMU IIpoIlecaMé Ta 3aJIerk-
HICTIO 1X BiJ CTPYKTYPHUX 3MiH y IIIMPOKOMY IifAIIa3oHi TeMIeparyp i
BMiCTy HAHOIUCIIEPCHOTO METaJy B THYYKOJIAHI[IOTOBOMY IIOJIiMepi.
XapakTepHO, IO Ii 3MiHM He MOXKYTh OyTH OIMCAHI B paMKax IIpocC-
TUX peJaKcaliiiHux mporeciB (3 1;) [1]. ¥ KoKHOMY BUIAAKY € 3HaU-
Ha KigbkicTh uaciB peaakcarii t;, [6]. He synuHsaouncs Ha OIiHI iX,
POSTASAHEMO BILJIMB CTPYKTYPHOI'O UMHHUWKA HA 3MiHY B’SABKOIPYIKHIX
MOZYJiB i BHYTPINIHBOTO TEPTA IoJiiMepHOro KoMmmosuty. IIpu mpomy
CJil 3ayBajKUTH, III0 OCHOBOIO IJiA PO3B’sI3aHHA HAHOTO 3aBAaHHI,
IMOB’A3aHOTO 3 MOJIEKYJAPHO-KiHETUYHUM MeXaHi3MOM B’S3KO-
MPY:KHOCTU, BUKOPUCTAEMO IiaXix, sanpoBam:xenuit Makcsesiom [4],
AKUIN BKasye Ha B3a€MO3B’A30K B’A3KOI Teuil 3 MPy:KHBOIO Aedopma-
I[i€l0 3CYBY DPiAWHM, 3YMOBJIEHOI OJHAKOBOIO CKJIAJJOBOIO IIPUKJIAJE-
HOI HaIpyru.

IIpoBeneni mocaimKeHHA BEJIUUYMHU CTUCKY (PO3TATY) Tijma MeTo-
Ioio npy:KHix KonuBaHb npu T > T, (e T, — Temnmeparypa CKJIyBaH-
Hs) TIOKAas3ajiu, IO € CTATUYHUN MOAYJb (OCKiJIbKH HEe BIAETHCA IIPO-
CIiIKyBaTH 3a PO3BUTKOM peJjiaKcariiinol medopmaiiii), a y BUIIAAKY
T<T, — murreBuii mMonyab (OCKiJIBKM 3aJuINIKOBa AedopMallisg He
cmocTepiraeTscs). B Toif jKe yac mpUIIyCKAalOTh, III0 B TeMIIepaTypPHO-
My intepBaii AT objacTu CKJIyBaHHSA, AKa Mmictuth T,, 3arajibHa Je-
dopMaIllia cKJIATAECThCA 3 MUTTEBOI Ta peJaKcalliifiHol ckjaagoBux [4].
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BigmoBimHO, TaKy CTPYKTYPHY CTHCJIHBICTH 3yMOBJIEHO 00’ €MHOIO
B’s13KicTi0 amopduoro Tina [7]. Amasoriuna B’A3KOIPYKHICTL CTPYK-
TYPHOTO MHOXOIKEHHSA Ma€ cIiocTepirarucs mpu Aedopmarii amopd-
HUX TiJI Ha 3CyB y BUIAAKY, KOJU iXHS B A3KiCTh € 3HAUHOIO, TOOTO
BOHU HE3TaTHIi A0 3BOPOTHLOTO KBAa3WPiBHOBAKHOT'O CTAHY.

Mera pocumigyKeHHA — Ha OCHOBI 3aIpPOIOHOBAHOTO MOAEJILHOIO
Oigxony aKyCTUYHOIO AWHAMIYHOIO METOAOI0 B YJbTPA3BYKOBOMY Iifd-
Ma30Hi YacTOT AOCTiANTH BILIMB OOOPOTHBOI Ta HEOOOPOTHHLOI IJIMH-
HOocTH (B’sisKocTm) modaiBiHinxisopuny (IIBX), mamoBHeHOr0o HaHOIUC-
nepcHUM mopotnkoM Mini (Cu), Ha BeIMUMHY pesJaKcalliiHUX MOIYJIiB
i BHYTPIIIIHBOTO TEPTA CUCTEMM B 3aJIEKHOCTi Bix BMicTy (@) HamoB-
mioBaua mpu 0 < <5,0 06.% Cu B IIBX-KoMI0o3uTi, AKUI 3a3HaE IO-
3MIOB:KHBOI, ITomepeuHoi i1 06’eMHOI medopMmalliii y TeMIepaTypHOMY
misgnasoni 298 < T < 353 K ua ugacrori o = 0,4 MI'.

2. EKCIIEPUMEHTAJIBHA YJACTHUHA

B sakocti marpumni ob6pano IIBX wmapku JI5 (pemenrypa YHIIIIII,
M. Kuis) 3 MM 1,4-10° — THIOBOrO IpeJCTaBHHKA I'HYYKOJAHITIOIO-
BUX IIOJIiMepiB, AKUIU IIOcimae Apyre Micie y cBiTOBOMY BMPOOHUIITBI
miaactMmac [7]. Hiamasoum Bukopuctanusa IIBX-cucrtem s3maunuii i mae
TEeHJeHIil0o M0 mocTiiimoro posmupeHHs [8]. Ak mamosuioBau IIBX
BUKOPHCTOBYBAJIMN HaHOAMCIIEPCHUH mopomok Mixi (Cu), omep:xkaHMit
NIIAXOM ejieKTpuuyHoro BuOyxy mpoBimuuka (EBII). Cepenniii posmip
yacTuHoK Cu, BU3HAUEHUH MeETOAaMHU PEHTIeHOCTPYKTYPHOI aHaJisu
(PCA) ta IMebaa—Illeppepa—Censaxosa [3], ckmamaB 45+ 2 um. Hano-
YaCTUHKH, STiAHO 3 mopoinkoBuMu crangzapramu JCPDS PDF-2, Bin-
nmoBigaroTh Kpuctaiitam Cu. O6’eMmHuii BmicT HamoBHIOBaua B IIBX
BapitoBasm B gisgmasonHi 0<¢<5,0 06.%. T—p-pekumMm 3HilicHIOBaAJIU
mpu T=403 K i p=10,0 MIla.

JocnimKeHHA IBUAKOCTeHl IOIIMPEHHS II03J0BXHBOI (V) i mome-
peuHOi (v,) Y3-XBuJb, a TaKOXK BiANOBiNHUX IM Koe(imieHTiB 3ary-
xaHHA (0, 0, ) IpoBoAuIN Ha yacToTi = 0,4 MI'm 3a qomomoroio ex-
CIEepPUMEHTAJBHOI YJbTPasdByKoBoi (Y3) ycramoBku [6]. 3 BuKOpuc-
TaHHAM AU(EepeHI[iiHOI KIOBETH iMIYyJILCHOI0 METOMOI0 3a OJHE Mi-
pAHHA BHU3Havajad BeJuMuyMHHM U, U,, «,, O, B obnacri
293<T<T.+10 K. KoHTAaKTHUM CEepPeIOBUIIEM CJIYTI'yBAJO CHUJIIKOHO-
Be macio mapku IIOMC-4. Ilpu npomy BeswyuHU U,, U,, O,, O, B
I'TIC pospaxoByBaJiu 3a popmMyIaMu

_ v,d
dtAtv,

(1)

v,

v, = vpd/\jd2 - (Artvp )2 —2dAtv, cosa , (2)
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o, = 1 lni , 3)
Tod A,

Ae d — TOBIIMHA 3pasKa, U, — IIBUJKICTH NOLINPEHHS YJIbTPasBy-
KOBOi XBUJi B iMepcifimiii pigmHi mpum Temmeparypi mdocJim:KeHHS,
At,, — 4ac IPOXO/PKEHHS YJbTPa3BYKOBOTO CUIHAJIY dYepe3 MOCJi-
I:KYBaHUI 3Pas3oK, BUMIpAHWI BUMiIPpHMKOM YaCOBUX iHTepBaJiB, o
— KYT IIOBOPOTY 3pasKa, A, — aMILIiTyZa yJIbTPasBYKOBOI XBHUJi B
imepcitigin piguHi, A, (4,) — aMILTiTyJa TO3MO0BXKHBLOI (IIOIEPEUHOI)

V3-xBuji micas mMpoxXomKeHHA Uepes 3pasoK. 3a BijoMUMM 3HAYEH-
HAMHI V,, V,, O,, O, AificHi i yaBHi wactuau moayiis IOura (E', E"),
3cyBy (G',G") Tta 06’emuoi gedopmanii (K', K") I'TIC BusHauaau K

2 272
Bk +ieop?|1-[20) |14 &%) |, (4)
3 ! 0} o)
-2
" " 4 " 2 alvl OLlUl 2
E'=K'+=G"=2p0? =L 14+| 4L | |, (5)
3 o) o)
o’v? o2t )’
G':pvt2 (1—#)[14‘#) ’ (6)
2 2\72
G”:%pvf(n%J , (7
! ! 14 4 1/2
K(G,E)=[K*(G*)+ K" (@G™)] . (8)

IToxubka MipAHHS IIBUAKOCTel Bimmosimuo cruaazana 0,5—-1,0%, a
KoedimnienriB mormmaanaa — 8,0% . I'yctuny 3paskiB (p) BusHaAUAIH
MeTOOI0 TigpocTaTUYHOro 3BasKyBaHusA [6] 3 Tounictio y 0,2%.

3. MOJIEJIb. ACIIEKTH TEOPII B’A3KOIIPYKHOCTHU TA
BHYTPINIHBOT'O TEPTA IIBX-CHUCTEM

BinbiricTs mosiMepiB i KOMIIO3UTIiB HA IXHiMl OCHOBI BUKOPHCTOBYIOTH
y TexHini B imTepBasi Hampy:keHb (p) i medopmariiii (€), 3a AKUX CIO-
crepiraerbea JiHifiHA B’a3KonpysKHICTD [1]. OgHuM i3 cmocobiB omucy
MeXaHiYHMX BJIACTHUBOCTEH B’ABKONPYXKHIX TiJ € BBeIEHHS ITOHATTS
koe(dinienta B’askoctu (R,) ta moayna scyBy (G,). B sanesxHOCTi Bif
3aIIPOIOHOBAHMX MOJEJIB € PisHi cmocobu 3’¢gHAHHA B’A3KUX i IpPy-
JKHiX emeMeHTiB (30xpema, mogmeni MaxcBesna, dPoitxra—KenbBiHa,
3inepa Ta iHmIi), AKi YMOMKJIMBIIOIOTL BBECTH BiIIOBigZHUI yac peJia-
Kcarrii (1,) cTPyKTypOoyTBOpeHSD Tija [1].
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B zaraspHOMY BUIIAIKY IIPOIleC pejlakcallii Hampyru He OIMMUCYEThCS
OOHUM YacoM peJiakcallii, a JucKpeTHUM (T;) ab0 HelepepBHUM CIIEK-
TPOM dYaciB pesakcarrii. ¥ BHIDagKy mepiogmuHoi medopmarrii 3 cume-
TPUUYHUM IMKJIOM, SKIIMO 3aJaHNil 3aKOoH IJA 00’eMHOI medopmarrii
CTUCKY (PO3TATy) Ta 3CYBY, CJil BpaXOByBaT! AMCUIIATHUBHI CKJIAmOBi
OpoIlecy y BUTJIAAI BHYTPINIHbOTO TepTA. IlpumnycTumo, 1Mo y BUIA-
Ky Ail Ha KOMOO3UT yJbTPa3BYKOBOI XBUJIi BiIXUJEHHA CTPYKTYPHOIO
eJIEMEHTY BiJi CTaHy KBas3WPiBHOBAru XapaKTepUI3YETHCS NEeBiAiAHUM
MOJAYyJIeM CTHCJIHMBOCTH Ta MOeBidgmiiinuM KoedimieaToM 006’eMHOL
B’A3KOCTHU TiJjia, AKi BHCTYIIAIOThL HMONPABKAMM [0 CTATUUYHHUX 3HAUEHD
BizmoBigumx BeamumH. OCKiIbKM cucTeMa ImepedyBae IIijg miero Mexa-
HiuHOI TMHaMiuHOI Hampyru, 3pocTaHHs Beauuuuu € (me € = AV/V Bu-
3HaUa€ BigHOCHY 3MiHy 06’€My), 3yMOBJIeHE BiJHOCHOIO 3MiHOIO piB-
HOBasKHOI CKJIaZ0BOi Ap. 3TiHO 3 TBEPKEHHAM IIPO Te, IO CIIiBBij-
HOIIIEHHSA MiK IIOBHOIO 3MiHOIO THCKY Ap I 00’eMHOI0 Jed)opMalli€ro €
Y BUOAAKY JiHiHUX 30ypeHb aHAJOTiuHe CIIiBBiIHOIIEHHIO Mi)K Ha-
npyroo (U) eJeKTpUYHOTO IOJIA Ta KijgbKicTio enektpuru (q) [4], Bu-
KOpUCTaeEMO naHy aHaJoriio nad omnucy IIBX-cucremm y BUmaaky il
Ha Hel yJIbTpPas3BYKOBOro mojsd. Ile mae MOKJIMBICTL BCTAaHOBUTHU HAasd-
BHICTHL «00OPOTHBOI HMJIMHHOCTH» KOMIIO3UTY B TeMIIepaTypHiii obiac-
Ti, 6msbKiit go T,, Tobro T, < T,<T,. 3anponmoHOBaHa METOJa MeXa-
HiYHMX KOJMBAHL B 00JacTi yiabTpasBykoBuxX uacToT (m= 0,4 MI'm)
YMOMKJIUBIIIOE HA OJHOMY I TOMY K 3pa3Ky BU3HAUUTU BEJIUUUHY
CTPYKTypHOro (abo penakcaliiinoro) o6’eMHOT0 MOAYJIS 3CYBY Ta CTHU-
cky (postary). Ilpu mbomy mopsn 3 0o0OPOTHBOIO ILIMHHICTIO, 3yMOB-
JIeHOI0 3MiHAMU CTPYKTYPH CUCTEMH, OI[IHMMO BEJIUUYNHY «HeoO0OpOoT-
HbOI mamHHOCTU» npu T << T, Jljiga 1IbOro BUKOPUCTAEMO METOLY
erekTpuuHoi amaJsorii [4] mo wmomembHoro migzxoxy MakcBesia—

a 0

Puc. 1. MogenbHEMHE posmoxis waciB pesakcanii.’
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Anppes [1] 3 ypaXyBaHHAM «3BUUANHOI B’ABKOCTU» CHUCTEMU IILJIA-
XOM BiAMOBimHOTO 3’€¢IHaHHS MPY:KHIX (IPY:KMHU) i B’ A3KUX (IIOPIII-
Hi) eleMeHTIB 3rigHO i3 3ampomomHoBaHOO cxemoio (puc. 1). Taxum
YMHOM, MOJeJbh BKJIOUae B cebe KoMmOiHAIlil0o NPY:KHiIX i B’A3KUX
eJIeMEeHTIiB B’ A3KONPY KHBOTO Tijla 1 YMOIKJINBJIIOE BCTAHOBUTU aHAJI-
TUUYHY 3aJIeXKHICTh, AKa iJIOCTPYE B3a€MO3B’ SA30K PisHOro BUAY Hedo-
pMmarii 3 meoboporHboo mamuHicTio I'TIC. 3B’A30K MiK KiabKicTio
eJIeKTPUKHU ¢ (€), AKa mpoimia B Koui (puc. 1), i mpuKJageHow Ha-
npyroio U (p) BUBHAUAETHCA AK

d
q=q1+q2,U=R1%, 9)

e ¢, ¢;, §; — 3arajbHa KiJbKiCTh eleKTpuKHU Ta ii yacTwmH, AKi mpo-
XOoATh uepes exemeHTu kKoJga C,, C,, R, i1 R, Binmosiguo. Bennuunanu
q, i U B3aemonoB’a3aHi Misk c0000 CIIiBBiAHOIIIEHHIMMU:

d au, U.
q1:C1U1’izcz dt2+E2’U1+U2=U (10)
2

dt

Ta

2 2
14G|da, 1 dg_odU |10 G\ 11dU, U _
C, )dt® R, dt da® |R\ ¢ ) R,|dt CRR,

Or:xke, piBuamuaa (11) BuM3HaAUAe PYX CTPYKTYPHUX e€JIEMEHTIB
B’ABKOIPYKHLOTO Tijla 3a HASIBHOCTH HEOOOPOTHBLOI I 00OPOTHBLOI
IJINHHOCTEeH, SKIO BBasKaTH, IO ¢ BUpa)kae medopmariiro 3cyBy, a U
— IPUKJAAEeHY OOTWYHE HaAOpyKeHHs, podymiroum mim 1/C, i 1/C,
MoznyJi 3cyBy, a mig R, i R, — xoedinienTu B’sa3kocTu Tina [4]. Bu-
KOPHCTAEMO III0 EJIeKTPUUHY aHaJorilo IJd aHajJisu [Oil Ha reTrepo-
TeHHY IIOJiMepHY CHCTeMy yJIbTPasBYKOBUX KOJWBaHb, AKi 3MiHIO-
I0TbCS 110 3aKOHY 7Y =7, Sinot =y,e™, ge ® — nukIiyHA YacToTa,
o=2nT,", T, — mepios KoIuBaHb, j = \ﬁ

Bpaxosytounu, mo ¢ i1 U nponopuiiiai e/, srigmo 3 (11) smaxomu-
MO

p=eK+GQ), (12)
e
. 1 . o’1 ot
K=—,G-= 2__4j 2 | (13)
o C,(1+0) "¢ (1+0')

K ta G — MonmyJsi 06’eMHOTO CTHCKY (PO3TAry) Ta 3CyBY BiAIoBimmoO.
Bennunna
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2 2 2 2
ReG=——2___— GO _ G(o) (14)
Cz(l+0312) 1+ o',

€ IMHAMiYHUM MOZYJIEM IIPYsKHOCTH Tija mpu yacToTi . BigmoBimHo,

ImG = ﬂ
1+ o't
BusHauae amHamiuny B’askicts, I'TIC [2]. Takum uwmHoOM, 3rigHO 3i
cuiBBiguomenaamu (12), (14) MoKHa TPOCIiIAKYBATH TPOIIEC IIEpPeT-
BOPEHHA B A3KOCTH y B’ A3SKOIPYKHICTH 1 HPYKHICTH cepemoBUIIA
(rak 3Bamy pejakcalifiny B’askicTs [4]) i 3’AcyBaTm Me:ki 3acTocy-
BaHHA MaKcBeJJIoBUX PiBHAHE [1] Ana ommcy B’ A3KOIPY:KHIiX Biac-
TUBOCTEHA Tija. BaKJamBOIO XapaKTepHMCTHUKOI BeJWYUHUW AUCHUIIAIL]
eueprii medopmMoBaHOro Tijia BucTymae KyT 3CcyBY ¢as (KyT BTpar) O
MK € i p, AKUIl Opu BpaxXyBaHHI NOTUUYHOI CKJIQIOBOI HAIPYy:KeHHS
medopmariii 3a HagBHOCTH MOAYJA 3cyBYy (G BM3HAYAEMO S3TigHO 3
YMOBOIO

te3(@) = G _ L, (15)

ReG or,

me 1, = R (K +G') — uac penakcamii. TaKkuM YMHOM, uYac peJaK-
camii 1, BUpasKaeTbCs uyepe3 B A3KiCTh (AK pes3yJbTaT «000POTHLOI
IJIMHHOCTH») i MomyJi 3cyBy (cratmuHuil i mesBianiuwmii). Ile ymox-
JuBIoe Bukopucratu MakcsesaiB momens [1] mana omumcy xmii Ha KoM-
IO3UT HAIPY:KEHHS 3CYBY, AKe 3 OQHAKOBOIO iHTEHCHBHICTIO i€ AK
Ha B’a3Ky G" (K"), tak i nmpy:xkHIO G (K') yactunu, a medopmarisa Ti-
Jia CKJIaaeThbcsa 3 ABOX yacTuH (auB. (12)).

¥V saraapbHOMY BHUOAAKy, KOJIHU AedopMallia BinOyBaeThCs B pesdyJb-
TaTi 060’€MHOTO CTHUCKY (PO3TAry) Ta 3CYBY CTPYKTYPOYTBOPEHBL Tija,
MAaEMO

L—coz (1+§]+jm%J = {Rf;z —%+jm[é(1+gj+ﬂ%“p , (16)

e=p/K,, (17)

e R i IR T

Ilicna BigmoBigHMX MaTeMaTHYHMWX IIePETBOPEHDb 3HAXOAMMO, IO
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1 _ K(G+2K)- j(K +G)(G +2K)

— (19)
K, K[(G +K)? + K2]
Takum ymHOM,
Re LLJ ___Gr2K (20)
K,) (G+K) +K*
G+K)(G+2K
Im[.ij: G+ K)(G+2K) (21)
K,) K[(G+K) +K’]
a BEJIMYNHY MexaHi‘:IHI/IX BTparT eHepI‘iI BU3HAUYNUMO AK
. ImK. K
tgd(K,) = — =2 = ) 22
go(Ko) ReK, K+G (22)

4. PEBYJIBTATH TA iX OBT'OBOPEHHS

PesynpraTé mociimxeHHsA B’A3KONpy:kHiX BiactuBocteii IIBX-cucrem
IIOKasaau, 10 BeJudynHu MoAyaiB K ta G, a Tako:K BiANOBiAHI IM Ko-
edpinienTn B’askoctu R;, R, Ta gucunaTuBHiI BTpaTH eHeprii tgd(G),
tgd(K) sanexxarp Bim BmicTy HamoxmcmnepcHoi mini B IIBX Ta Temme-
paTtypu Kommnosury (puc. 2, 3). Tak, npu ¢=const, y mipy 3pocTaHHA
Temmneparypu B Aisinasoni 298 <7< 353 K seswuuna |G| Hexniniiino
3MeHIIyeThCA, a tgd(G) spocrae. ¥ Bumagry T =const 306inpineHHA
BMicTy HamoBHI0Baua B IIBX B o61acti 0<¢<5,0 06.% Cu npuBoauTsb
mo HemiHifiHoro spocranHs BenumuuHHu |G| i smenmenHa tgd(G). Ile
3yMOBJIeHO CTPYKTypHuUMHU 3Minamu IIBX-cucreMm, SKi mIposSBIAIOTHCA
y 30inbIleHHI BeJMYWHU 4Yacy peJakcallii T, Ipu 3pOCTaHHI BMicTy
HaHomucoepcHoi w™Mini B Kowmmosuti (7T'=const); 30Kpema, 1pu
T=353 Kip=5,0006.% Cu Ta 0,10 06.% Cu BesnumHa T, ZOPiBHIOE
1,010°c i 6,2:10%¢c, a mpu T=333 K ni 3HAuYeHHA CTAHOBJIATH
1,2.107° ¢ i 8,0-10°° ¢ Bigmosigmo. Ina Buxigmoro IIBX BoHHU mopis-
H1010Th 5,0-10° ¢ i 7,0-10°° ¢ Bigmosizmo. PospaxoBaHi sHaYeHHS Be-
auunan | G | [IBX-cucrem moGpe y3rofpKylOThCA 3 Pe3yJbTaTaMU €K-
cepuMeHTy, 30Kpema, mpu T=3833 K ans suxigmoro IIBX |G |=
=1,210° Hm 2, TIBX+0,10 06.% Cu — 2,3-10° Hm?, IIBX +5,0
06.% — 3,6:10°H™m 2, a pgami ekxcmepumenty — 1,4:10° H-m?2,
2,5:10° Hm 2 ta 3,8-10° H-m 2 Bignosigmo.

OcCKiTbKM I'HYYKOJIAHITIOTOBi moJiMepu TpakTyioTh [1] K pizuHm B
IePeoXx0JIOAKEeHOMY CTaHi; HaABHICTh aMOP(MHOI CTPYKTYPH BUCTYIIA€E
OIMHIi€I0 3 MPUYMH PLKHUIN Y BiATIOBimTHMX BeaumumHax B’SABKOMPYKHIX
monyJiiB. IlizTBepmKeHHAM IITLOMY CJIYTy€ TAKOM 3aJIeKHICTH BeEJIH-
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Puc. 2. TemnepaTypHi 3aJIe;KHOCTi BEJIUUYNH |G |q, Ta tgd(| G [) IIBX-cucrem.
|G| : 1 — IIBX, 2 — IIBX+0,10 06.% Cu, 3 — IIBX +5,0 06.% Cu,
th(TG|) 4 — 1IBX, 5 — I[IBX + 0,10 06.% Cu, 6 — IIBX + 5,0 06.% Cu.?

Puc. 3. TeMHepaTypm 3aJI€KHOCTI BeIWUUH | K | Ta tgd(] Ko ) MBX-
CHCTEM. |K LD — TIBX, 2 — TIBX + 0,10 06.% Cu, 3 — IIBX + 5,0 06.%
Cu; tg5( K, |): 4 — IIBX, 5 — IIBX + 5,0 06.% Cu.?

unnn tgd(G) = f(9, T);,, (puc. 2).

Ha pucyHKy 3 mpeAcTaBleHO pe3yJbTaTH PO3PaxXyHKY B8TifiHO 3i
cuisBigHOmenHaAMu (19), (22) Beauuyusn |K | i tgd(K,) B 3anemHOCTI
Bim Temmeparypu 298<T <353 K i BwmicTty HaHomucmepcHoi wmismi
0<0<5,0 006.%. XapaxkTep 3MiH JaHUX B’ A3KOIPYKHIX XapaKTepuc-
Tk [IBX-cucTeM yMOMKJIUBIIIOE PO3IJVIAAATH KOMIIOSUT TaKWUM, IO
Ma€ Ba KBa3UPIBHOBaXKHI CTaHHU: CKJIOMOAIOHMI, Je CTaeTbCA JiHIiii-
Ha 3aJIeXHicTh |K | i/a60 tg8(K ) Bim 3min T i ¢, Ta BUCOKOEJIACTH-
YHUN — 3 MepexXiHOI0 00JIacTI0 MijK HUMH, AKa JEeKUTHh y MisdmasoHi
348-353 K. )

Ilns posrasanrytux cucrem | K, | € cknamooto 06’emuoro K Ta mo-
nyas scyBy G, IO Jae 3MOTY POSIOALINTHA eDeKTH U aHajdidyBaTu ix
3 TOYKM 30py pejlaKcalliiiHOro CTaHy, a TaKOXK peJaKcaIliliHuxX Iepe-
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xoxiB B amoppuux moaimepax [1]. B IIBX ax maTpuili KOMIIO3UTY
HeMae 3HAYHMX 3a 00’€MOM i Macoio GOKOBHUX TI'PYII, AKi gaBaam 6 ic-
TOTHUII BHECOK y BeJIMUYMHY AedopMallil B gaHiil o6sacTi Temmeparyp;
Tomy sanesknocri K, =f(T),, tgo(K,) = f(T), 6iamspki no siiniiinoi Ta
HOCATDH, BiANOBiAHO, cmagHWii/3pocTanbHuil xapaxrtep. OCKinTbKH B
IIBX 6oxoBumu rpynamu € atromMu ['izporeny ta XJjopy, AKi He IIpo-
ABIAIOTHECA Yy BUTIAAL BiANOBiAHMX IIONOXKeHb MAaKCHUMyMy BTparT
tg8(K ) (pumc. 3), sa xapaxrepom sauesxknoctu K, =f(T), moxHa
CTBEPIKYBATHU IIPO OJIM3BKY IIPUPOLY MOJEKYJIAPHUX PYXiB CTPYKTY-
PHUX eJeMeHTiB, AKi moB’as3aHi 3 06’eMHOI0 medopmaliieo Ta aedop-
Malliero 3cyBy. BBesleHHs HaHOJUCIEPCHOTO HAIIOBHIOBAaua IIPUBOJUTH
mo HemimifiHOro 3pocTamHsA Bemwuwnu | K, |,, 3cyBaroum 06MacTh TeM-
[IepaTypHOro IIepexony 3i CKJIOMOAIOHOIO y BUCOKOEJIACTUYHUI CTaH B
obsacts Buinmux temneparyp (puc. 3). Ilpum mpomy BesmumHa |K0 | v
Bunagky Buxigaoro IIBX mpwu smimi T y miamasoui 298<T<353 R
3MeHIIyeThcsa B Mexkax (2,5—1,1)-10° H-.m 2 BigmosimgHo, a 3POCTaHHA
BMiCTy HaIlOBHIOBaua [0 ¢ = 5,0 06.% awmimoe Benwuuny | K, |, B 7i-
anasoHi (6,0-3,0)-10° H-.m 2 mpu 298 K i 353 K, a sHaueHHA tg8(K )
— 0,20-0,28 (3a pesyabraTiB ekcrnepumenTty 0,15-0,27) [8].

5. BUICHOBRH

Ha ocHOBIi 3ampolloOHOBAaHOI'O MOJEJNBLHOTO IIiIXOAy IIpu ouwuci
B’SIBKOIPY:KHiIX BJyacTtuBocTeil IIBX, HamoBHEHOr0 HAHOAWCIIEPCHUM
TIOPOIIIKOM Mifli, BpaXxOBaHO HAABHICTh OOOPOTHBHOI Ta HEOOOPOTHBOI
IIJINHHOCTU KOMIIO3UTY B TeMmepaTypHiii obsacti 298 < T <353 K i 3a
BMicTy inrpexmienTty 0<¢ <5,0 06.% Cu. Mixx MomysAMu TPYy:KHOCTHU
mpu o6’emMHiNT medopmaliii Ta gedopmaliii 3cyBy € KiJbKicHMIT B3ae-
MO3B’A30K, KW iJIOCTPYE CIIJIBHUN MeXaHi3M PyXy CTPYKTYPHUX
exemenTiB IIBX mpu medopmaiiii KOMIOSUTY 3 HEOOOPOTHBLOIO IIJIMH-
HicTio. ¥ BUOagKy 00’eMHOI medopmariii Ta medopmarii scyBy pesak-
camiiHi momyii 3cyBy Ta Koe(dillieHT B’A3KOCTH 3aJ0BiJILHO OIIUCY-
I0ThcA Teopiero MakcBeana—Andpea—DPpeHKeA, IO YMOMKJIUBJIIOE
pos3paxyBaTu BiamoBigHi yacu penakrcariii. Hanpsamiene peryJrroBaHHs
yacy pejakcarmii CTPYKTypOyTBOPeHb KOMIIOSBUTY B IiAmasoHi
1,1.10°°-1,0-107° ¢, smin BeauumHM MOAYyJIiB 3cyBy — 1,6-10°—6,0-10°
H-m? ra iHmIEX B’A3KONPYXKHIX XapaKTepUCTHK MaTepifly IIpu
298<T<353 K i 0<¢90<5,000.% Cu BizKpuBae MOKJIUBICTH BUKO-
pucroryBatu cucremu IIBX + Cu AK aKycTWYHi JIiHil 3aTPUMKHU, IEeM-
ngdysaui 1 ysromKyBaJbHi IPUCTPOI.
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Preparations of PVA/PEG/zirconium oxide films for biomedical applica-
tion as antibacterial are investigated for electronics applications. Struc-
tural and optical characterizations of PVA/PEG/ZrO, nanocomposites are
examined. The results indicate that the absorbance and optical parameters
of polymer blend are raised, while transmittance and energy-band gap are
reduced as ZrO, content increases. The results of structural and optical
properties show that the PVA/PEG/ZrO, nanocomposites may be used for
various electronics fields.

g 3acTocyBaHHSA B €JIEKTPOHIII [MOCIIIMKYIOTBCA IIpelapaTyé OKCUIHUX
IUTIBOK TOJIiBiHiZIOBUIT cnupr/mosieTusneHraikoas/okcun Ilupkoniro npiada
bioMeIMUYHNX BXKMBAHDL AK aHTHOAKTEPisAAbHUX. PO3TIAHYTO CTPYKTYPHi it
ontuuHi xapaktepuctukm HaHokommosutiBs I[IBC/IIET/ZrO,. Pesyawbratu
TIOKAa3yIoTh, 1110 abcopOIia ¥ OmTWYHI mapaMeTpH! IOJiMepHOI cyMirmri € mia-
BUINEHUMHU, B TOH Yac AK Koe(iIlieHT IIPOMyCKaHHA Ta IIHPHHA 3a00pOHEe-
HOI eHepreTHUUYHOI 30HU 3MEHINYIOThCA B Mipy 36inbineHHsa BMicTty ZrO,. Pe-
3yJIbTATH CTPYKTYPHUX i ONTHYHUX BJIACTMBOCTEI IOKAa3YIOTh, IO HAHOKO-
mmnosutu [IBC/IIET/ZrO, MOXYyTh BUKOPUCTOBYBATUCS MIJSA PiSHUX Taaysei
eJIEKTPOHIKU.

Key words: zirconium oxide, nanocomposites, polymer blend, optoelectronics.
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1. INTRODUCTION

The nanocomposites materials are promising in the fields of sen-
sors, radiation shielding, antibacterial, thermal energy storage and
release, piezoelectric, solar cells, diodes and other fields with low
cost and lightweight. The important type of nanocomposites is pol-
ymer nanocomposites. The polymer nanocomposites have unique
properties, which combine between polymer properties (low cost,
dielectric material, good optical properties, low thermal conductivi-
ty, and poor mechanical properties in comparison with other mate-
rials) and additive properties, that determine the properties of the
resulting substance and depends on the concentration of the addi-
tive. The nanocomposites are characterized as antibacterial materi-
als. Due to the urgent need to find materials having good antibacte-
rial properties, it is important to determine the resistance of bacte-
rial to the antibiotics by novel antibiotics. The applications of nano-
technology in medicine may be used for fight against many types of
diseases [1]. The materials of nanoparticles have promised applica-
tions in the different fields of biomedical sciences, which are at-
tributed to their special properties [2].

The synthesis of new polymer nanocomposites has been studied by
the modern applications on inorganic nanoparticles as fillers in the
several applications [3]. Organic and inorganic nanocomposites have
been studied as unique type of hybrid nanomaterials attributed to
their structural, electrical, optical, and thermal properties [4]. The
optical characterization of nanocomposites is influenced by differ-
ent factors including filler size, distribution of sizes, dispersion de-
gree, and concentration of filler [5]. Zirconium oxide nanoparticles
have a special consideration due to the unique properties for bio-
medical application as antibacterial material [6]. The improvements
in D.C. electrical, dielectric, optical, and thermal properties of
composites and nanocomposites are increasing to great potential for
highly functional materials having good electrical, dielectric, opti-
cal, and thermal characterizations with low weight and low cost [7—
23]. This paper deals with preparation and properties of
PVA/PEG/ZrO, nanocomposites for biomedical applications.

2. MATERIALS AND METHODS

Nanocomposites were prepared from polyvinyl alcohol/polyethylene
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glycol, and zirconium oxide by means of using casting method. The
PVA/PEG/ZrO, nanocomposite was prepared with ratios of ZrO,
nanoparticles and blend: 1 gm of PVA/PEG with ratio 78 wt.% /22
wt.% was dissolved in 20 ml of distilled water. The ZrO, was added
with ratios 2, 4 and 6 wt.% . Optical properties were measured by
the spectrophotometer Shimadzu, UV at 1800 A.

The absorption coefficient o was calculated using the equation
[24-26]

o=2.303A/t, 1)

where A is absorbance, t is thickness of sample. The energy-band
gap was determined [27, 28] with

ahv =Y (hv-E,)"; 2)

Y is constant, hv is energy of photon, E, is energy gap, d =2 and 3
for indirect allowed and forbidden transitions.

The extinction coefficient (k) of nanocomposites is determined by
using [29, 30]

K = o) /(47). (3
The refractive index (n) was calculated by using [31]

n=(1+x"%)/(1-x2). (4)

The real (g;) and imaginary (e,) parts of complex dielectric con-
stant are given by using [32]

&= n2 - kz, (5)

€, = 2nk. (6)

The conductivity is determined by using [33]:

anc
==, 7
ym (7

3. RESULTS AND DISCUSSION

Figure 1 indicates to the absorbance variation with wavelength. The
absorbance reduces with increase in wavelength. Figure also shows
that the absorbance of PVA/PEG blend rises with raise in ZrO, rati-
os that is related to raise the charge carries [34, 35], as shown in



330 Ahmed HASHIM, Alaa J. KADHAM, Aseel HADI, and Majeed Ali HABEEB

Fig. 1. Absorbance with photon wavelength.

Fig. 2. Microscope images (x10): (a) for pure blend, (b) for 2 wt.% ZrO,,
(c) for 4 wt.% ZrO,, (d) for 6 wt.% ZrO,.

Fig. 2. These are consistent with the results of Refs. [36—40].
The absorption coefficient of nanocomposites is shown in Fig. 3.
It increases with an increase in ZrO, nanoparticles. The energy gap
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Fig. 3. Absorption coefficient for Fig. 4. Energy gap for allowed tran-

PVA/PEG/ZrO, nanocomposites. sition.
Fig. 5. Energy gap for forbidden Fig. 6. Extinction coefficient for
transition. PVA/PEG/ZrO, nanocomposites.

may be calculated by the values of absorption coefficient; they show
that the PVA/PEG/ZrO, nanocomposites have indirect band gap for
allowed indirect (Fig. 4) and for forbidden indirect (Fig. 5) transi-
tions. The energy-band gaps of polymers decrease with increase in
Zr0Q, concentrations; this behaviour may be attributed to raise the
localized level [41-46].

Figure 6 represents the extinction coefficient for PVA/PEG/ZrO,
nanocomposites. There is increased extinction coefficient with in-
creasing of the zirconium oxide concentrations that is due to in-
crease of the absorbance [47, 48].

Figure 7 shows refractive index of PVA/PEG/ZrO, nanocompo-
sites. Refractive index of blend rises with raise in ZrO, ratio be-
cause of raising the light scattering [49-51].

The real and imaginary parts of complex dielectric constant with
wavelength are represented in Figs. 8 and 9. These parts increase
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Fig. 7. Refractive index of Fig. 8. Relationship between the real
PVA/PEG/ZrO, nanocomposites. part and photon wavelength.

Fig. 9. Relationship between the im- Fig. 10. Conductivity with wave-
aginary part and photon wave- length of photon.
length.

with the increase in ZrO, ratios that is due to the increase in re-
fractive index and extinction coefficient [52, 53].

Figure 10 indicates to the conductivity variation with energy of
photon. The conductivity of polymer blend increases as ZrO, concen-
tration increases that is attributed to increase of refractive index
and absorption coefficient [54].

4. CONCLUSION

Absorbance of PVA/PEG blend rises as ZrQO, content increase.

The energy gap of PVA/PEG blend reduces with raise in ZrO, ra-
tio.

The optical parameters are changed with raise in ZrO, nanoparti-
cles ratio.
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The structural and optical properties indicated that the

PVA/PEG/ZrO, nanocomposites might be used for different electri-
cal and electronic applications.
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Polymer capping matrix plays an important role in the synthesis of quan-
tum dots via chemical methods. In this article, polyvinyl alcohol (PVA)
and polyvinyl pyrrolidone (PVP) polymers are used as capping matrix for
the synthesis of quantum dots. Quantum dots of zinc oxide are directly
synthesized from ZnO powder by thermal quenching methods on PVA and
PVP capping matrix, and standard characterization techniques are uti-
lized to characterize the samples. Thereafter, comparative analysis for the
properties of ZnO quantum dots for PVA and PVP is presented.

IlosimepHa IMOKPUMBHA MaTpUILA Bifirpae BalKJNBY POJIb y CHUHTE31 KBaHTO-
BUX TOUOK XEeMiUHMMM MeTomaMHu. ¥ daHiil cTaTTi moaimMepu mojiBiHiJIOBOTO
CIIUPTY Ta IOJiBiHIAMIPOMiZOHY BUKOPHCTOBYIOTHLCS AK IIOKPMBHA MAaTPUILA
UL CUHTe3U KBAaHTOBUX TOUOK. KBaHTOBi Toukm ZnO GesmnocepeHbO CUHTE-
3YIOTBCA 3 MOPOMIKY OKcuay IIMHKY MeTomaMu TepMiuHOTO rapTyBaHHS Ha
MMOKPUBHIN MaTpuni 3 moJjiBiHizoOBOoro cnupTy Ta NoJiBiHinmiposimony, a
CTaHZAPTHI MeTOAMW XapaKTepuaallil BUKOPUCTOBYIOTHCS IJISA XapaKTEePUCTH-
Ku 3paskiB. Ilicasa mboro mpeacraBiieHO HOPIBHAJNBHY aHAJNIi3y BJaCTUBOCTEN
KBaHTOBUX TOUYOK ZnO Ha MATPUI 3 HOJiBiHiJIOBOro COMpPTY Ta IMOJiBiHiJI-
mipoJigoHy.

Key words: quantum dots, quenching, polyvinyl alcohol, polyvinyl pyrrol-
idone, nanotechnology.
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1. INTRODUCTION

In recent times, quantum dots (QDs) find their use in a wide variety
of applications in photonics, sensors, photovoltaics, and biomedical
applications [1-3].

Various methods are available to synthesize quantum dots such as
molecular beam epitaxy (MBE), electron beam lithography, RF sput-
tering, etc. [4, 5]. Most of these methods require sophisticated in-
struments [6]. On the other hand, the chemical synthesis method is
considered a more economical and straightforward method of quan-
tum dot synthesis [7, 17]. One of the vital requirements for the
chemical synthesis of quantum dots is the proper capping matrix or
capping solution [8]. The quantum dots are produced in the intersti-
tial gaps of the capping matrix in a controlled manner. The capping
matrix function is to restrict the size of QDs, but itself does not
take part in the reaction [9]. Two of the most commonly used cap-
ping layer materials are polyvinyl alcohol (PVA) and polyvinyl pyr-
rolidone (PVP). Table 1 indicates the physical properties, and Fig. 1
shows the polymer structures of both the PVA and PVP capping
materials, respectively [10].

Both PVA and PVP are noncorrosive and easily soluble in water
at room temperature. In addition, the size of the particle can be
modulated by regulating the reaction time, polymer concentration

TABLE 1. Physical properties of PVA and PVP.

Physical properties | PVA PVP
Melting point, °C 200 180
Specific gravity 1.30 2.3
Thermal conductivity, W/(m-K) 2.0 1
Specific heat, J/(gm-K) 1.66 0.7
Resistivity, Ohm-cm (3.1-3.38)-107 5107
pH Neutral or slightly acidic 3-8
Dielectric constant 2.0 7

—[CH2 —cCH ‘1_ o
“n C\H
OH CH, n
a b

Fig. 1. Structures of polymers: (a) PVA and (b) PVP.
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or temperature. This article aims to analyse the physical, crystallo-
graphic, and optical properties of common quantum dots synthe-
sized on both polymer matrices.

For this purpose, ZnO quantum dots have been synthesized using
the quenching method (Fig. 2) [11]. Quenching is a chemical method
for synthesizing quantum dots directly from the bulk powder of the
material. The bulk material in powdered form is sintered, for a long
time, in a thermal furnace at an extreme temperature as high as
1000°C. After heating, the sample is immediately dropped into the
polymer-capping matrix in an ice-cold condition. As a result of a
sudden cooling of the material immediately after being treated at a
very high temperature, it causes fragmentation in the material. Due
to this fragmentation of bulk material, quantum dot nanoparticles
of the material are produced. These particles having their size re-
duced to nanodimension enter into the interstitial gaps of the poly-
mer matrix during the reaction and, as a result, produce stable and
well-shaped quantum dots of the material.

Thus, one can easily conclude that the polymer-capping matrix
plays a vital role in the quantum-dots’ chemical synthesis process.
The quenching-method main advantage is that the size of the quan-
tum dot can be controlled by varying the sintering temperature,
heating period, and temperature of the polymer matrix during
quenching [12]. It is a straightforward method and, as the nanopar-
ticles are obtained due to the fragmentation of pure bulk powder,
hence, high-purity quantum dots can be obtained. This is not possi-
ble in the case of normal chemical route synthesis techniques. In
addition, the quenching method, like the usual chemical method,
has an additional advantage that it is suitable for large-scale pro-
duction of samples.

The reason for choosing ZnO for the synthesis is that ZnO is

Fig. 2. Flow diagram of quenching process.
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readily available in the powdered form [13].

This paper has been organized as follows. In Section 2, the syn-
thesis of quantum dots used for this research work is described.
Section 3 has the analysis and discussion of the model. Finally, Sec-
tion 4 concludes the work and recommends the future aspects of the
work.

2. EXPERIMENTAL

To prepare the PVA capping matrix solution, PVA (4% by weight)
powder (99.9% pure, by E Merck) is taken and added into double
distilled water with mild stirring and heating to form a vicious and
transparent solution of PVA. Similarly, in another beaker, the PVP
solution is prepared by adding PVP powder (99.9% pure, by
E Merck) into double distilled water to form 4% aqueous solution
by weight. The solutions are then kept in a freezer for six hours to
make them ice cold.

Thereafter, to prepare the ZnO quantum dots by the chemical-
synthesis quenching method, 2 gms of bulk ZnO powder are heated
in a crucible inside the thermal furnace at 1000°C for about 6
hours. The white-hot powder ZnO is taken out, separated into two
equal portions and immediately put into the ice-cold solution of
PVA and PVP. The solution is then stirred continuously at about
170 rpm, for half about an hour, at normal room temperature. Both
the solutions are then left undisturbed in a dark chamber for 6
hours for stabilization. After 6 hours, the solutions are cast into
thin films on glass slides and dried by mild heating the glass slides
at 40°C.

The synthesized samples have been tested by UV/Vis spectropho-
tometer (PerkinElmer Lambda 35 ultraviolet—visible (UV—Vis) spec-
trophotometer), x-ray diffraction spectrometer study (Bruker AXS,
x-ray source: CuK,), scanning electron microscopy (SEM), and high-
resolution transmission microscopy.

3. RESULTS AND DISCUSSIONS

The UV-Visible absorption spectra for ZnO QDs in PVA and PVP
polymer matrix are shown in Fig. 3. It is noted from the absorption
plot that the absorption edge in the quantum dots are at 215 nm
and 210 nm for ZnO:PVA and ZnO:PVP, respectively. The band
edges in the UV—Vis absorption plot is determined by drawing tan-
gent on the curve, which meets the x-axis at the corresponding val-
ue of absorption edge. From the absorption edge, the value of nano-
band-gap, i.e., E,, is determined by the energy—wavelength relation
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a b

Fig. 3. Absorption spectroscopy of ZnO quantum dots in: (a) PVA capping
layer, and (b) PVP capping layer.

(E = he/)). Here, wavelength value is the corresponding absorption
edge value of the sample as obtained from the UV-Vis absorption
spectroscopy. For estimating particle size from absorption edge val-
ue in UV-Vis spectroscopy, we have utilized the theoretical hyper-
bolic band model (HBM), which is written as [16]:

212
R *znngb2 , @
m (Egn —Eg,,)

where R is the quantum-dot radius, E, (of 3.20 eV) is the bulk
band-gap of ZnO, E,, is the quantum dot band-gap, %2 is Planck’s
constant, m” (of 2.45-107® kg) is the effective mass of electron for
ZnO [15]. The data obtained from the absorption-spectroscopy study
for ZnO quantum dots are shown in Table 2.

Figure 4 shows the XRD pattern for ZnO quantum dots in PVA
and PVP. From x-ray diffraction of the synthesized samples, aver-
age diameter of particle is obtained by using the Debye—Scherrer
formula [17, 18]:

_0.9%
Wecos0

Here, D is the diameter or the size of the quantum dots to be esti-
mated, A is the wave-length of x-ray, which has a constant value of
0.1541 nm, 6 (theta) is the glancing angle as seen in XRD in the x-
axis, and W is known as the full width at half maxima, which is
abbreviated as FWHM [19, 20]. Considering all the peaks in the
XRD patterns in Fig. 4, a, b and calculating their glancing angle
from the x-axis (20 in degree), the average size of quantum dots is

(2)
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TABLE 2. Data from UV-Vis absorption spectroscopy.

Absorption edge|Energy gap in|Enhancement in [Quantum dot

Sample in quantum dot | quantum dot | band-gap in QD size, D
(a) ZnO:PVA 215 nm 5.77 eV 2.63 eV 11 nm
(b) ZnO:PVP 210 nm 5.86 eV 2.69 10.2 nm

a b

Fig. 4. XRD of ZnO quantum dots in: (a) PVA capping layer, and (b) PVP
capping layer.

calculated. In both cases (ZnO:PVA and ZnO:PVP), the average
crystallite size is of around 11 nm. Along with an estimation of size
of the prepared quantum dots, the XRD pattern also gives an idea
about the crystallographic structure of the sample. Further, analys-
ing the XRD pattern by comparing it with the standard Interna-
tional Center Diffraction Data (ICCD) database, it has been found
that ZnO quantum dots are having a wurtzite-type crystalline struc-
ture. The data for XRD study is shown in details in Table 3.

The scanning electron microscopy (SEM) images for the prepared
ZnO quantum dots are shown in Fig. 5. The SEM provides an idea
about the overall distribution and uniformity of the quantum dots
formed in the polymer-matrix gaps [21, 22]. From the SEM in Fig.
5, it has been observed that, in case of ZnO:PVA (Fig. 4, a), the
PVA polymer matrix has provided uniform gaps among the formed
quantum dots. The quantum dots on PVA are very closely arranged
to each other and uniformly distributed in an array on the capping
layer.

Therefore, it can be stated that the quantum dots formed on PVA
capping layer are of uniform size and orderly arranged close to one
another.

From an analytical point of view, it can be stated that, as the
quantum dots synthesized on PVA capping matrix are very closely
distributed, hence, it is challenging to study the property of indi-
vidual quantum dots in this case. Whereas in the PVP case, the
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TABLE 3. Data from x-ray diffraction study.

Sample XRD peaks (20) Quantum dot size (diameter)
(@) ZnO:PVA (002), (101), (102) 10.1 nm
(b) ZnO:PVP (002), (101), (102) 9.4 nm

o 3
_i‘- ".'r_ '& ) o _@,5
A

O N - :
AccV Spot Magn Det WD p——1m
200KV 3.0 32000« SE 12.4 JL265

i

Acc.V  Spot Magn Det WD —f1um
200kV 3.0 32000« SE 124 JL28S

a b

Fig. 5. SEM images of ZnO quantum dots in: (a) PVA capping layer, and
(b) PVP capping layer.

gapes in the PVP capping layer are well arranged and round. As a
result, quantum dots synthesized on polymeric PVP are round in
shape and adequately distributed on the matrix. In addition, for in-
dividual study of quantum dots, PVP is a better option as a capping
polymer. In addition, the time taken in the synthesis of same quan-
tum dots using PVA takes longer duration than that of PVP. More-
over, after weekly analysis of the samples under SEM, it is observed
that the ZnO quantum dots on PVP are more stable compared to
that of ZnO quantum dots on PVA capping layer.

The high-resolution transmission electron microscopy (HRTEM)
images of the synthesized ZnO quantum dots in samples on PVA
and PVP are shown in Fig. 6, a, b, respectively. The size of all
quantum dots is of around 10—11 nm in both the cases. This is in
close agreement with the size of ZnO quantum dots estimated from
the absorption spectra from the XRD pattern. The HRTEM images
also confirm the successful formation of quantum dots by quench-
ing method.

4. CONCLUSIONS

The ZnO quantum dots have been successfully synthesized on PVA
and PVP using the quenching method. The absorption characteris-
tics of the prepared samples are studied using UV-Vis spectropho-
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Fig. 6. HRTEM images of ZnO quantum dots in: (a) PVA capping layer,
and (b) PVP capping layer.

tometry, and the crystalline structure is studied by x-ray diffrac-
tion spectrometry. The overall distribution and uniformity of the
Zn0O quantum dots embedded in polymer capping layers of PVA and
PVP are analysed by scanning electron microscopy.

The size and the successful formation of ZnO quantum dots are
confirmed by high-resolution transmission microscopy. It has been
observed that both PVA and PVP can be used for the preparation of
quantum dots. However, the preparation of quantum dots on the
PVA matrix takes longer time than that of PVP. The quantum dots
embedded in polymeric capping layers of PVA and PVP matrix are
uniformly arranged in the orderly manner of array. Quantum dots
are observed to be very closely distributed in the PVA matrix, mak-
ing it challenging to study the properties of individual quantum
dots on the PVA capping layer compared to that of PVP. In addi-
tion, PVP polymer matrix is more stable than that of PVA.

These conclusions come in handy while using PVA or PVP poly-
mers in the nanoparticles’ synthesis [17, 23]. Although, in this
case, the quantum dots prepared are of ZnO, and the synthesis
technique utilized is quenching, the results can help material re-
searchers in case they go for other chemical-synthesis methods.
Polymer capping layers like PVA and PVP are common in most
chemical synthesis methods [24]. Thus, depending on their require-
ment, one can choose the ideal capping solution between PVA and
PVP.
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In this paper, preparation of PVP/PAA/MnO, nanofluid and studying its
structural and optical properties for solar collectors’ systems are investi-
gated. Optical characteristics of PVP/PAA/MnO, nanofluid are measured
at wavelength of 220-820 nm. Results indicate that the absorption of
H,0/PVP/PAA fluid enhances, while the transmission reduces as the
MnO, ratio increases. The optical microscope images show homogeneous
distribution of MnO, nanoparticles in H,O/PVP/PAA medium. The ther-
mal-energy storage application of H,O/PVP/PAA/MnO, nanofluid is test-
ed. The results of application indicate that the time of heating decreases
with the increase in MnO, nanoparticles’ concentration.

Y maniit pobori mocaimkeno migroroBky Hanodmoiny IIBII/ITAK/MnO, Ta
BUBYEHHA HMOT0 CTPYKTYPHUX i OONTHYHMX BJIACTUBOCTEH IJIA CHUCTEM COHAU-
HUX KoJjieKTopiB. OnTnuHi xapakrtepuctuku HazHoduoiny IIBII/ITAK/MnO,
BUMIipOOThCA Ha moBKUHI xBuai 220—-820 uMm. PesynbTaTu mMOKa3yioThb, IO
nornuHauHa piguau H,O/IIBII/TIAK migBuiyethcd, B TOH Yyac AK IPOIYyC-
KaHHA 3MEHIIYEeThCA B Mipy 30iabIneHHs cuiBBiguomenua MnO,. 3o6pa-
"KeHHA ONTHUYHOTO MiKPOCKOIIA IIOKA3yIOTh OTHOPiAHMI PO3MOAiJI HaHOYAC-
muHOoK MnO, B cepemoBuinii H,O/IIBII/TIAK. TectyeTbcs 3acTOCYBaHHS Ha-
vHoduroiny IIBII/TIAK/MnO, momo akyMmyJilOBaHHsS TemjaoBoi eHeprii. Pe-
3yJIbTATH 3aCTOCYBaHHS CBiUaTh PO Te, IO Yac HArPiBaHHA 3MEHIIYETHCA
3i 30iybIIEHHAM KOHIleHTpAaIlii HaHouacTuHOK MnO,.

Key words: nanofluid, PAA, PVP, nanoparticles, optical properties, solar
energy, energy storage.
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1. INTRODUCTION

Energy is a significant entity for the improvement of economics of any
country. Today, solar energy systems function is a significant part in
the energy creation from the renewable sources by means of converting
the solar radiation into electricity or useful heat [1]. Solar energy is a
better renewable source related to its natural distribution, availability
and absence of requirement for transportation [2]. It has huge ad-
vantages more than other kinds of renewable energy. Solar energy may
be divided to two main kinds: solar photovoltaic one, which is convert-
ed from the light of Sun to electricity directly, and solar thermal col-
lectors, which concentrate the light of Sun to produce heat and, hence,
use the heat to run the heat engines [3]. The storage of thermal energy
may be given as the provisional storage of thermal energy at low or
high temperatures. Storage of energy may decreases the rate or time
mismatch between supply of energy and demand of energy, and it plays
a significant function in conservation of energy [4]. Polymers are gen-
erally used relating to their cost, high manufacturability, lightweight
and chemical resistance [5]. Polyacrylic acid (PAA) is a water-soluble
thermoplastic polymer with high water sorption; it has carefully been
used in the numerous clinical fields [6, 7]. The MnO, is a significant
efficient metal oxide, which is scientifically attractive for fields in

Fig. 1. Variation of absorbance of H,0/PVP/PAA/MnO, nanofluid with
photon wavelength.
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various applications like catalysts, ion-sieves, artificial oxidase, mo-
lecular sieves, absorbent of toxic metals, component of the dry cell,
electrochemical batteries’ electrodes, inorganic pigment in ceramics,
and supercapacitors’ electrodes [8]. This paper deals with preparation
and characterization of PVP/PAA/MnO, nanofluid for storage of
thermal energy.

2. MATERIALS AND METHODS

The nanofluid of H,O0/PVP/PAA/MnQO, by dissolving of PVP/PAA in
H,O0 with concentration of 40 g/L with weight percentage 67 wt.%
PVP/33 wt.% PAA. The MnO, nanoparticles were added to the
H,0/PVP/PAA with concentrations of 1%, 2% and 3% . The optical
properties of H,O/PVP/PAA/MnQO, nanofluid are measured using the
spectrophotometer (UV/1800/Shimadzu) at wavelength of 220-820
nm. The microscope images of samples are obtained by optical micro-
scope. The storage of thermal energy includes the melting characteris-
tics of H,O/PVP/PAA/MnO, nanofluid during heating processes. The
H,0/PVP/PAA/MnQO, nanofluid is tested as the heat transfer, at which
the temperature is varied (from 30°C to 90°C) with measuring the tem-
perature by digital device of H,O/PAA/MnO, nanofluid with stirrer.

3. RESULTS AND DISCUSSION

Figures 1 and 2 show the variation of absorbance and transmittance
of H,0/PVP/PAA/MnO, nanofluid with photon wavelength, respec-

Fig. 2. Variation of transmittance of H,0/PVP/PAA/MnO, nanofluid with
photon wavelength.
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tively. From these figures, the H,0/PVP/PAA/MnQO, nanofluid
demonstrates high absorption in UV range.

c d

Fig. 3. Microscopy images of nanofluid: a—blend; b—1% MnOy; ¢c—2%
MnO,; d—3% MnO,.

Fig. 4. Heating curve for H,O/PVP/PAA/MnO, nanofluid.
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The absorbance of H,0/PVP/PAA fluid increases, while the
transmittance decreases with the increase of the MnO, ratio that is
related to the raise of the charge carriers’ numbers [9-13]. As
shown in Fig. 3, there is the distribution of MnO, nanoparticles,
which absorb the photons of incident light.

Figure 4 represents the heating curve for H,O/PVP/PAA/MnO,
nanofluid. The time of heating reduces with the raise in MnO, na-
noparticles’ ratio that is related to high thermal conductivity of the
MnO, nanoparticles in comparison with the thermal conductivity of
H,0/PVP/PAA fluid [14-24].

4. CONCLUSIONS

The absorbance of H,O0/PVP/PAA fluid rises, while the transmis-
sion reduces with the raise of the MnO, concentration.

The H,0/PVP/PAA/MnO, nanofluid has high absorbance in the
UV region that makes it possible be used for solar collectors.

The heating time decreases with the increase in MnO, nanoparti-
cles’ concentrations.
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Nanocomposites’ films are prepared from PVA/PVP blend with various
ratios of SnO, by using the casting method. The structural, optical, and
dielectric characteristics of nanocomposites are studied for pressure sen-
sors’ applications. The results indicate to the optical characteristics of
PVA/PVP/SnO, nanocomposites improved with the rise in SnO,-
nanoparticles’ ratios. The dielectric characteristics show that the dielec-
tric parameters of PVA/PVP blend enhance with rise in SnO,-
nanoparticles’ ratios. The pressure-sensor results for nanocomposites show
that the capacitance increases with an increase in pressure.

IIniBKM HAHOKOMHOO3UTIB roTyioThcsa 3 cywmimri ITBA/IIBII 3 pisaumwu cmis-
BigHOMeHHAMU SnO, 3a AOMOMOTOI0 MeToAUu JUTTA. CTPYKTYypHi, omTHYHi Ta
TieJeKTPUYHI XapaKTepPUCTUKU HAHOKOMIIO3UTIB BMBUAIOTHCS 3aIJisI 3aCTO-
CyBaHHS naBauiB TucKy. PedysbTaTu BKas3yloTh Ha Te, 10 OIITHUYHI Xapak-
repuctuku HaHokommno3utis [IBA/IIBII/SnO, mominmunuca 3i 3pocTaHHAM
cuiBBigHOIIEeHHA HaHOYacTMHOK SnO,. [lieleKTpuyHi XapaKTEePUCTUKU IIO-
KasyoTh, 110 giesexkTpuuHi mapamerpu cywmimti IIBA/IIBII moaimmiyiooTbesa
31 3pocTaHHAM CcHiBBigHOIIEeHHA HaHodacTMHOK Sn0,. PesymbraTtm maBaua
TUCKY [IJA HAHOKOMIIO3UTIiB IIOKA3yIOTh, IO €MHICTL 30iJbIIYEThCS 3i 306i-
JIBIIIEHHAM THUCKY.

Key words: pressure sensors, tin oxide, energy gap, conductivity, dielec-
tric properties.
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1. INTRODUCTION

In recent years, the electrical and optical characteristics’ studies of
polymers include attracted greatly attention in their approaches’
view in devices (optical, electronic ones). The electrical characteris-
tics are aimed to know the charge transport prevalent nature in
these substances, while the optical characteristics are aimed to anti-
reflection, achieving better reflection and polarization characters.
Optical and electrical characteristics of the polymers may be suita-
bly customized by the dopant addition, depending on their reactivi-
ty with the polymer matrix. Moreover, the polymer materials ad-
vantages such as good mould ability, high strength and flexibility
might be combined with the great characteristics of inorganic sub-
stances like heat stability, heat strength, high strength, and chemi-
cal resistance during producing composite substances. The large-
range fields of nanofillers like filters, tissue engineering, catalysis,
scaffold, sensors and wound dressing might be extended with im-
proving their electrical, mechanical, magnetic, optical, and thermal
characteristics by incorporating organic and inorganic constituents
in their structures [1].

The creation of polymer composites by means of polymer matrix,
which can offer high tensile strength and non-toxicity, will be ap-
propriate for food packaging and biomedical applications. Polyvinyl
alcohol (PVA) offers the property of biocompatibility, non-toxicity,
water solubility, superior tensile strength and is gradually replacing
other non-biocompatible plastics like polyethylene, polypropylene,
HDPE, etc. in many fields [2].

Polyvinyl alcohol is semi-crystalline, with low electrical conduc-
tivity. PVA has certain physical characteristics resultant from crys-
tal/amorphous interfacial effects. Its electrical characteristics may
be modified to an exact requirement by the suitable doping sub-
stance addition [3]. Poly(N-vinylpyrrolidone) (PVP) attracts particu-
lar attention between the polymers that is related to its excellent
stability of environmental, appropriate electrical conductivity and
easy processability. The reactive pyrrolidone group of PVP easily
forms complexes with many inorganic salts, synthetic or natural
functional polymers, biomolecules and biomacromolecules [4].

Improved characteristics of semiconducting metal oxides create
them to find approaches in several applications. Between the semi-
conducting metal oxides, tin oxide (SnO,) has been generally inves-
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tigated due to its large band gap of 3.6 eV and its potential fields
in different approaches like liquid-crystal displays, gas sensors,
photovoltaic cells, and solar cells [5]. SnO,-nanostructures’ multi-
functionality arises relating to their large band gap, high surface to
volume ratio, high exciton binding energy of 130 meV at room tem-
perature (300 K), variation of remarkable resistivity in gaseous en-
vironment, chemical, mechanical and thermal stabilities, etc. Optoe-
lectronic characteristics of SnO, depend on the impurities’ presence
and its stoichiometry with respects to oxygen [6].

2. MATERIALS AND METHODS

PVA-PVP-SnO, nanocomposites were prepared by casting tech-
nique. The solution of polymers was prepared by dissolving of 0.5
gm of PVP+PVA in distilled water (20 ml) with ratio 77 wt.%
PVA:23 wt.% PVP. The SnO, nanoparticles were added to blend so-
lution with ratios 1.5, 3 and 4.5 wt.% . The optical characteristics
were tested in wavelength range 220-820 nm by using spectropho-
tometer (UV/1800/Shimadzu). The dielectric characteristics were
measured in frequency range 100 Hz—5 MHz by LCR meter type
(HIOKI 3532-50 LCR HI TESTER). The pressure-sensor application
was tested by measuring the parallel capacitance (C,) between two
electrodes on the top and bottom of film with different pressures’
range 80—200 bar. Absorption coefficient, a, is given by [7, 8]:

a=2.303A/t; (1)

A is absorbance, and t is sample thickness. The energy gap is de-
termined by the equation [9, 10]

Ahv =B(hv-E,), (2)
where B is constant, kv is photon energy, E, is energy gap, r=3 for

forbidden indirect transition, and r=2 is allowed indirect transi-
tion. Refractive index, n, is given by the equation [11]

n=@1+JR)/1-JR); 3)
here, R is reflectance. The extinction coefficient, &, is defined by
k = a)/(4nm), (4)

where A is wavelength [12]. The parts of dielectric constant, real,
€, and imaginary, &,, ones are calculated by [13]:

g =n?— k2 (5)
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g, = 2nk. (6)

The optical conductivity, c,,, may be calculated by the equation

[14, 15]

op?

c,, = anc/(4n). )
The dielectric constant, ¢', is given by [16]:

£ =C,/C, (8)
where C, is capacitance and C, is capacitance of vacuum. The dielec-
tric loss, &”, can be calculated by using [17]:

g"=¢'D, 9)

where D is dispersion factor. The A.C. conductivity can be deter-
mined by using [18]:

c,.= we'g,, (10)

where o is angular frequency.

3. RESULTS AND DISCUSSION

Figure 1 explains the FTIR test of nanocomposites. The FTIR tests
of PVA/PVP/Sn0O, nanocomposites show the nanocomposites’ inter-
actions. From Figure 1, it is seen bands at around 3256 cm™, which
are related to OH groups. The peaks at around 1652 cm™ are due to
C=0 groups. The bands at around 1290 cm ™' are due to the other
bonds (C-0-C) [19, 20].

Figure 2 represents the absorbance variation of blend with wave-
length. The absorbance of blend rises with rising of the SnO,-
nanoparticles’ ratios that is due to the rise in number of charge
carries in nanocomposites [21-26], as exposed in Fig. 38, which
shows the SnO,-nanoparticles’ distribution in PVA/PVP blend. The
absorption-coefficient variation with energy of photon is shown in
Fig. 4. Absorption coefficient of PVA/PVP blend rise with rising of
the SnO, nanoparticles’ ratios that is related to rise of the absorb-
ance [27]. The absorption coefficient shows the nature of energy
gap. From the o values, the energy gap is indirectly corresponding,
as shown in Figs. 5 and 6, to allowed and forbidden transitions, re-
spectively. The energy gap for transitions (allowed and forbidden
ones) is reduced with rise in SnO,-nanoparticles’ ratios that is relat-
ed to creating the localized levels in the optical band gap [28, 29].
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Fig. 1. FTIR test of PVA/PVP/SnO, nanocomposites: a—blend; b—1.5
wt.% SnO,; c—3 wt.% SnO,; d—4.5 wt.% SnO,.

Fig. 2. Relationship between the absorbance of PVA-PVP blend and wave-
length.

The variations of n and k with wavelength are shown in Figs. 7
and 8, respectively. The refractive index and extinction coefficient
are increased with rise in SnO, content that is due to rise in absorp-
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Fig. 3. Microscope images of PVA/PVP/Sn0O, nanocomposites: a—blend;
b—1.5 wt.% SnO,; c—3 wt.% SnO,; d—4.5 wt.% SnO,.

Fig. 4. Absorption-coefficient wvaria- Fig. 5. Energy gap for allowed indi-
tion with energy of photon. rect transitions.

tion and density of nanocomposite [30].

Figures 9 and 10 show the variations of ¢, and g, of PVA/PVP/
/Sn0, with wavelength, respectively. g; and ¢, rise with rise in SnO,
that is related to the real part dependent on n® because the values
of k* are small as compared to values of n?, while imaginary part
mainly depends on the values of extinction coefficient [31].

Figure 11 explains the optical conductivity variation for PVA/
/PVP/Sn0O, films with wavelength.
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Fig. 6. Energy gap for forbidden in- Fig. 7. Variation of refractive index
direct transitions. with wavelength.

Fig. 8. Variation of extinction coeffi- Fig. 9. Variation of ¢; for PVA/PVP/
cient with wavelength. /Sn0O, with wavelength.

Fig. 10. Variation of ¢, for PVA/PVP/ Fig. 11. Optical conductivity varia-
/Sn0, with wavelength. tion for PVA/PVP/Sn0O, nanocompo-
sites with wavelength.

The optical conductivity of PVA/PVP blend increases with rise in
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Fig. 12. Relationship between dielec- Fig. 13. Relationship between dielec-
tric constant and frequency. tric loss and frequency.

Fig.14. Relationship between A.C. Fig.15. Variation of capacitance for
electrical conductivity and frequency. nanocomposites with pressure.

SnO,-nanoparticles’ ratios that is attributed to decrease in energy
band gap and rise in the o and n values [32—-35].

Figures 12—14 show the relationship between ¢', €", 6, and fre-
quency, respectively. The dielectric parameters of PVA/PVP blend
rise with rising of SnO, ratios that is due to increase of the charge-
carriers’ density in blend [36]. The dielectric constant and loss also
increase, while the conductivity decreases with rise in frequency;
this behaviour is related to polarization effects [37, 38].

Figure 15 shows the capacitance variation for nanocomposites’
samples with pressure (compression stress). As from Figure 15, the
capacitance increases with increase in pressure. This behaviour may
be due to the crystal consisting of many interlocking domains,
which contain negative and positive charges. These domains are
symmetrical inside the crystal with the result that the crystal has a
net charge of zero. When a pressure is applied to the crystal, this
symmetry is broken, and in order to restore the symmetry, these
domains realign themselves, and through the realignment, generate
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a current that causes the increase in capacitance [39].

4. CONCLUSIONS

The results indicate to the optical characteristics of PVA/PVP
blend, which are improved with a rise in tin oxide content.

The dielectric properties show that the dielectric parameters en-
hance with rising of the SnO,-nanoparticles’ ratios.

The results of pressure sensors indicate that the PVA/PVP/Sn0O,
nanocomposites have excellent sensitivity for pressure.
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Optoelectronic Properties of Alumina—Tin Oxide Nanocomposites
Deposited on 1D Carbon Backbone
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Alumina—tin oxide nanocomposites deposited on 1D carbon backbone for
solar cell and optoelectronic applications are synthesized by simple co-
precipitation method. The nanocomposites are characterized by different
techniques. The TEM image indicates that the prepared Al,0;—SnO, nano-
composites are deposited on 1D carbon backbone. The length of the nan-
owire is in a few micrometers, and radius is of around 10 nm. The ele-
mental analysis shows the presence of peaks due to Al, Sn, C and O. The
average crystallite size of SnO, is found to be 5.185 nm from XRD analy-
sis. Further, no peaks related Al,0; are detected indicating amorphous
phase of Al,O; nanoparticles. Room-temperature photoluminescence spec-
troscopy of Sn—Al,O; nanowires reveals emission ranging from 410 nm to
540 nm comprising of multiple emission bands centred at 433 and 504 nm
and additionally shoulder peaks at 445, 455, 478 and 488 nm. None of
these bands corresponds to the band-gap of the material and, hence,
should be due to different defect states within the band-gap. UV—Visible
diffused reflectance studies reveal that the band-gap of the nanocompo-
sites is of 4.23 eV. BET investigation shows that the specific surface area
of the mnanocomposites is of 130 m?>g' and pore volume is of
0.268 cm?g!. The estimated high exciton-binding energy of alumina—tin
oxide nanocomposites deposited on 1D carbon backbone is crucial in optoe-
lectronic applications.
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HamokommosuTtu 3 ramHosemMy i okcuay CraHymy, AKHUX OCaJKeHO Ha Of-
HOBUMIipHi# Byryenesiii omopi, AJA COHAUHUX eJIeMEHTIB i ONTOeIeKTPOH-
HUX 3aCTOCYBaHb CUHTE3YIOTHCS IIPOCTOI0 METOAOI0 CYMiCHOTO OCaKeHHS.
HamokoMImo3uTu XapaKTepU3YIOTHCA PisHUMHU MeToxaMu. 300pasKeHHs IIPO-
CBIiTJIIOBAJILHOI €JEeKTPOHHOI MiKpocKomii BKasye Ha Te, IO IIiATOTOBJIEHI
nanoxommosutu Al,0;,—SnO, ocizatoTh Ha OogHOBUMIipHiil Byrieresiit omopi.
JoB:KuHA HAHOAPOTY CTAHOBUTH KiJibKa MiKpoMeTpiB, a pagiioc CTaHOBUTH
o6smmspko 10 EM. EjneMenTHa aHaiza moKasye HaABHICTH HiKiB 3a paxyHOK
Al, Sn, C i O. Cepegniii posmip kpucranitie SnO, cranoButs 5,185 HM 3a
JaHUMU PEHTT'eHiBCHKOI audparToMerpnuHoi aHanisu. Kpim Toro, He BuAB-
JIeHO mikiB, moB s3aHux 3 Al,O;, 110 BKasye Ha aMopdHy (asy HaHOUYACTHU-
HOoK Al,O;. 3a KiMHaTHOI TeMIlepaTypu CIEeKTPOCKOIid (oToaoMiHeceHIii
naroapotiB Sn—Al,O; BusABase emicito Big 410 um mo 540 HM, 10 CKJaja-
€ThbCA 3 MEeKiMTbKOX eMicifiHux cmyr, socepemsxenux Ha 433 i 504 um, a Ta-
KoK ycrynuacTi miku mpu 445, 455, 478 i 488 um. Komma 3 1nMux cMyr He
BimmoBizae 3ab6opoHeHil (eHepreTuuHiil) 30HI MarepiAny i, oT:Ke, Mae OyTH
IIOB'sI3aHA 3 Pi3HUMU Oe(PEeKTHUMH CTaHAMU BCepeAuHi 3a00pOoHEHOI (eHep-
reTuuHoi) 30HU. [oCHimKeHHS PO3CisTHOTO BigOMBHOTO BimoOpaskeHHA Yy BU-
IuMii i yabTpadioseToBiii ob6siacTAX BUABJISAIOTH, IO 3ab0opoHeHa (eHepre-
TUYHA) IiJTNHA HAHOKOMIO3UTIB cTaHOBUTHL 4,23 eB. Mocraimxennsa 3a Bpy-
HayepoM, Emmetrom i Tesnsmepom mokasye, 1o IHUTOMA ILJIOIIA IIOBEPXHi Ha-
HOKOMIIO3UTiB cTaHoBuTh 130 M%r !, a 06'em mop — 0,268 cm®r!. 3a omin-
KaMU BHCOKA €Heprisi eKCUTOHHOTO 3B A3yBaHHA [JA HAHOKOMIIO3UTIB 3
ranHo3eMy i okcuny Cramymy, IO OCAAKeHi Ha OOJHOBUMIipHiil ByrjeneBiit
omopi, Mae BUPIIlIaJbHEe 3HAUYEHHSA B ONTOEJEKTPOHHUX 3aCTOCYBAaHHAX.

Key words: alumina, tin oxide, 1D carbon backbone, band-gap, solar cells,
optoelectronics.

Karouosi caoBa: riimuoseM, okcun CTaHyMy, OJHOBUMipHa ByTJIeIleBa omopa,
3abopoHeHa (eHepreTuyHa) IMiJINHA, COHAYHI OaTapei, OITOEJIEKTPOHIKA.

(Received 23 July, 2020, in revised form, 12 September, 2020 )

1. INTRODUCTION

Semiconducting metal oxides have been comprehensively studied
due to their extraordinary optoelectronic and structural properties,
which are of technological significance [1, 2, 3, 4]. They demon-
strate good electrical conductance and better transmittance in UV-
Visible range. Hence, they find applications in the construction of
solar cells and nanosheet transistors [5, 6]. The efficiency of solar
cells and nanosheet transistors depends on the optoelectronic prop-
erties of the electrodes [7].

Dye-sensitized solar cells (DSSCs) and quantum dot-sensitized so-
lar cells (QDSSCs) based on semiconductor electrodes are highly re-
garded as substitutes for conventionally used silicon-based photo-
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voltaic cells, given the ease of fabrication, low-cost and eco-
friendliness [8, 9].

A perfect photoanode for DSSCs/QDSSCs must possess character-
istics such as large surface area, rapid electron transportation and
low electron recombination [10, 11]. Many attempts have been made
in the literature to develop SnO, photoanodes [12, 13]. Nanostruc-
tured tin oxide (SnO, NP) is n-type semiconductor having good
structural and optoelectronic properties [14, 15]. SnO, NP and its
composites find applications in photovoltaic cells, catalysis, gas sen-
sors, antistatic coatings, transparent electrodes, etc. [16, 17, 18].
The transparent and conductive nature of SnO, NP is possibly due
to deviations from stoichiometry, impurities and by the microstruc-
tures [19].

Aluminium oxide nanoparticles (Al,0; NP) exhibit remarkable
properties like large dielectric constant, wide band-gap, good corro-
sion resistance and good adherent to materials [20]. Al,O; NP have
recently emerged as an alternative passivation material [21, 22].
Al,O; NP are utilized in variety of industries in the manufacture of
catalysts, sensors, antireflection coatings, abrasive materials and
nanolaminates.

Nanowires exhibit rapid electron transport in DSSCs compared to
nanoparticles. This rapid electron transport in nanowires is due to
the presence lesser number of grain boundaries, good contact and
surface area [23, 24]. The nanowires offer direct electric route for
swift collection of charges in DSSCs/QDSCs [20, 21].

In the present work, we have reported a simple single step co-
precipitation technique to synthesize Al,0;—SnO, nanocomposites
and deposited on 1D carbon backbone.

The main objective of this work is to study the optical, electron-
ic, and structural properties of these nanocomposites for solar cells
and other optoelectronic devices.

2. EXPERIMENTAL

The precursors used for the preparation of Al,0;—SnO, nanocompo-
site were Al,(SO,);, SnCl,, polyethylene glycol (PEG 200) and am-
monia (NHj). All chemicals used were of analytical grade.

16.65 g of aluminium sulphate (Aly(SO,);) with 2.37 g of stan-
nous chloride (SnCl,) were dissolved in 100 ml distilled water. 3 g
of polyethylene glycol (PEG 200) was added to the solution in order
to prevent agglomeration of particles and precursor for carbon wire.
Above-mentioned solution was titrated with drop wise addition of
ammonia solution (30% conc.) and simultaneously stirred at
800 rpm using magnetic stirrer till the pH meter reads 9. The
product formed is heated to 400°C for 3 hours and then washed
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with ethanol and distilled water. Finally, the nanocomposites were
calcined at 550°C.

Be means of reactions

Alz(SO4)3 + 6NH4OH —> A12033H20 + 3(NH4)2SO4,
during calcination, SnO, is formed:
SDOH20 + 0.502 _> Sn02 + Hzo.

Transmission electron microscopy, energy-dispersive x-ray, scan-

ning electron microscopy, x-ray diffraction, BET surface area and

UV-Vis diffused reflectance techniques were used to characterize
Al,0;—Sn0O, nanocomposite on 1D carbon backbone.

Fig. 1. SAED and TEM image of Al,0;—SnO, nanocomposites on carbon
nanowire.

20kV X500 50um 0000 1249 SEI

Fig. 2. SEM image of Al,0;,—SnO, nanocomposites on carbon nanowire.
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3. RESULTS AND DISCUSSIONS

The transmission electron microscopy image indicates that the pre-
pared Al,0,—SnO, nanocomposites were deposited on 1D carbon
backbone. The length of the nanowire was in a few micrometers,
and radius was of around 10 nm. After observing SAED image
(Fig. 1), it was clear that bright spots are not visible because parti-
cle sizes were very small, and it was in the form of continuum addi-
tion to that, amorphous Al,O; covered the crystalline SnO, particles.

Figure 2 shows the SEM image of Al,0;—SnO, nanocomposites on
1D carbon backbone taken with JEOL JSM-6360 model. The SEM
reveals the spongy and porous structure of agglomerated Al,O;—
SnO, nanocomposites on 1D carbon backbone. These nanostructures
have diverse shapes and sizes, which lead to a better surface area.
The SEM image reveals that the agglomerated particles were closely
packed having irregular shape. This indicates that the nanowires
were entangled.

The XRD analysis (Fig. 3) of Sn-doped Al,O; nanoparticle shows
the characteristic diffraction peaks of SnO,, but no peaks of Al,O;.
This is because Al,0; formed is amorphous in nature, whereas SnO,
is in crystalline form. The positions of peaks (planes) at 26.576
(100), 33.379 (101), 37.501 (200), 51.502 (211), 65.398 (301) con-
firm the rutile-type tetragonal phase of SnO,. The XRD peaks are of
relatively lower intensity as compared to standard SnO,. This is be-
cause crystalline SnO, particles are trapped inside the amorphous
AlLO;,.

The average crystallite size of 5.185 nm for SnO, was obtained
from Debye—Scherrer equation. The small size of SnO, is because of
addition of excess PEG as a precursor for 1D carbon backbone is
also acting as a capping agent during preparation [25].

The EDX analysis of Al,0;,—SnO, composite on 1D carbon back-

20, deg

Fig. 3. XRD of Al,0;—Sn0O, nanocomposites on carbon nanowire.



368 D. R. KULKARNI, N. H. AYACHIT, R. M. KULKARNI, and S. D. KULKARNI

Fig. 4. EDX of Al,0;,—Sn0O, nanocomposites on carbon nanowire.

TABLE. Specific surface area and pore volume of Al,0,—SnO, nanocompo-
sites on carbon.

Specific surface area, Pore volume,
Sample 2 1 3 1
m*g cm’-g
Al,0;,—Sn0O, nanocomposite
on 1D carbon backbone 130.4 0.268

bone (Fig. 4) was achieved with the JEOL JED-2300 instrument. It
confirms the occurrence of four separate x-ray peaks belonging to
C, O, Al and Sn. The energy-dispersive x-ray analysis indicates the
existence of peaks related to Al, Sn, C and O.

BET nitrogen gas adsorption method (SmartSorb 92/93) was used
to measure the specific surface area of nanocomposites. The specific
surface area and pore volume of nanocomposites are given in Table.

UV-Visible diffused reflectance spectroscopy is a standard meth-
od in the evaluation of the absorption characteristics of nanostruc-
tures. Energy band-gap and absorption coefficient are the essential
properties of nanostructures for optoelectronic applications and are
estimated by means of the diffused reflectance spectroscopy.

The diffuse reflectance spectra of nanocomposites (Fig. 5) were
collected using a UV/Vis/NIR spectrophotometer equipped with a
150 mm integrating sphere using BaSO, as a reflectance standard.
The Kubelka—Munk theory was used to transform diffused reflec-
tance measurements (R,) to absorption coefficient o:

E (1-R)
S~ 2m - fem(R,) -

0

~
~
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Fig. 5. The diffused reflectance spectra of Al,0;,—SnO, nanocomposites de-
posited on 1D carbon backbone.

Fig. 6. The Tauc plot for determining the band-gap of alumina—tin oxide
composite deposited on 1D carbon backbone.

Here, fxu(R.) is the Kubelka—Munk (KM) function, whereas £ and S
are absorption and scattering coefficients, respectively. For the di-
rect transition, band-gap E, of nanocomposites was evaluated by the
Tauc method that is expressed as

1/2

(ahv) = A(hv-E,) ",

where A is a constant, which depends on the wavelength, 2 and v
are Planck’s constant and frequency, respectively [26].

Tauc plot of KM function was used to asses optical band-gap of
Al,0;,—Sn0O, nanocomposites deposited on 1D carbon backbone (Fig.
6). E, was obtained by extending the linear portion of [fxu(R.)hv]"?
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vs the photon energy (hv) curve on the zero ordinate. The band-gap
of the alumina—tin oxide nanocomposites on 1D carbon backbone is
of 4.23 eV.

Filatova et al. reported [27] the band-gap of 7.0 eV for amor-
phous Al,O; and 7.6 eV for y-Al,0,. Toyoda et al. reported [28] the
band-gap of 5.1-7.1 eV for Al,O; nanofilms. The variation in the
band-gap is primarily attributed to shift in the location of lower
edge of conduction band. The movement of electrons from alumini-
um to oxygen atom controls the location of conduction band.
Al atom coordination symmetry governs the charge transfer pro-
cess.

The room-temperature photoluminescence excitation and emission
spectra were collected by means of Jasco FP8300 photoluminescence
spectrometer. The instrument is attached with xenon light source
and a high-speed chopper.

Room-temperature photoluminescence spectroscopy of Al,0;—SnO,
on 1D carbon backbone (Fig. 7) revealed emission ranging from 410
nm to 540 nm comprising of multiple emission bands centred at 433
and 504 nm and additionally shoulder peaks at 445, 455, 478 and
488 nm. None of these bands corresponds to the band-gap of Al,O,
or SnO, and, hence, should be due to various defect states within
the band-gap.

The observed emission bands may be due to SnO, formed at the
annealing temperature of 550-600°C. Similar emissions were ob-
served with the SnO, nanoribbons [29].

Generally, oxygen vacancies in oxides serve as luminescence cen-
tres apart from other possible defects. Tin vacancies or tin intersti-
tials may also form trapped states within the band-gap [30, 31, 32,
33, 34].

Wide band-gap and high exciton-binding energy make any semi-

Fig. 7. Room-temperature photoluminescence spectroscopy of Al,0,—SnO,
on 1D carbon backbone.
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conductor suitable for optoelectronic-device applications such as
window layer for solar cells. Excitons are electron—hole pairs, which
are generated when photon strikes semiconductor nanostructures.
The thermal and electron transport properties are important to pho-
tovoltaic systems. The parting of exciton into a free electron and
free hole is the source of electrical energy in a dye-sensitized solar
cell. The diffusion of excitons to an interface that can then divide
them into electrons and holes remains a central challenge in many
photovoltaics. An attempt has been made to estimate the exciton-
binding energy for alumina—tin oxide nanocomposite on 1D carbon
backbone. Photoluminescence is fundamentally the recombination of
exciton, during which excited electron go back to the valence band.
Photoluminescence line is the difference between the band-gap and
exciton-binding energy (E, — E,.) [35]. The band-gap of 4.23 eV for
alumina—tin oxide nanocomposite was determined by UV-—Visible
diffused reflectance spectroscopy. Exciton-binding energy ~4.2-3.0=
=1.2 eV. These extremely high exciton-binding energies mean that
excitonic behaviour dominates at room temperature and above, and
we are indeed able to follow the evolution of these characteristics to
300 K [36]. Due to the large exciton-binding energy, the true band-
gap is substantially higher than the dominant spectral characteris-
tic normally observed with photoluminescence [37, 38]. This infor-
mation is crucial for developing future technological applications
and enables further progress in both experimental and theoretical
efforts to understand better alumina—tin oxide nanocomposite on
1D carbon backbone.

4. CONCLUSIONS

Alumina—tin oxide nanocomposites deposited on 1D carbon back-
bone were synthesized by simple precipitation technique. The nano-
composites were characterized by electron microscopy and x-ray dif-
fraction techniques. The crystalline phase of tin oxide is rutile-type
tetragonal, and alumina is amorphous. The optical band-gap of the
composite is of 4.23 eV. The photoluminescence property of the
nanocomposites may be due to tin or oxygen vacancies. The estimat-
ed high exciton-binding energy of alumina—tin oxide nanocompo-
sites deposited on 1D carbon backbone is crucial in optoelectronic
applications.
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®Di3NKO0-TeXHOJIOTiuHi mepeayMoBu (GOpMyBaHHS TA CTPYKTYPHO-
Mopdgoaoriuni xapakrepucTuku kommno3utiB C/Zn i C/Ni
3 BYTJIEI[€BOIO TYPOOCTPATHOIO CKJIATOBOIO

TI". C. Kopuromenko, C. T. Illesuenko, B. B. Haramiu, B. 1. IlepekpecToB

Cymcvruil Oeprcasruil ynigepcumem,
eys. Pumcvrozo-Kopcakosa, 2,
40007 Cymu, Ykpaina

Y pobori mmpoBemeHO aHANIZY (PisMUHMX HepeayMoB (popMyBaHHS KOHAEHCATIB
Y BHUIVISAI TOPHCTUX HaHocucTeM. Ha OCHOBI T€XHOJIOTiUHOTO MigXOAy, OCHO-
BAHOTO HA caMOOpraHisalii Majaux BiZHOCHUX INepecHuYeHb OCAAKyBaHOI Ia-
pu, omep:kaHO mopucTi HaHocucTeMu Zn i Ni, SKMX y TOZaJBIIIOMY BUKOPMC-
TaHO B SAKOCTi IIPEKYPCOPiB AJIs HaHECEHHA IOPHCTOrO TypOOCTPATHOTO T'pa-
dity. Ha mepitomy erami Ha JabopaTOpHOMY CKJi (hopMyBaaucsa IPEKypcopu
y BUIJIAAI mopuctuxX HamocucteM Ni a6o Zn. Ha gpyromy erami Hamocuamcs
KOHZEHCATH BYIJIEIIO ILJIAXOM PO3MOpOoIIeHHs rpadiry. Yci ByriemneBi KoH-
IeHcatu OyJio c)OpMOBaHO Ha 0a30BMX MOPHCTUX CTPYKTypax Zn i Ni za oxa-
HAKOBUX TEeXHOJOTIUHMX mmapamMeTpiB (p,, =7 Ila i P, =80 Br). Ile gamo 3amory
BUBHAUUTHU BILIUB MATEPifIy Ta CTPYKTYPHO-MOP(OJOTIiUHUX XapaKTePUCTUK
IIPEeKypPCoOpPiB Ha CTPYKTYPOYTBOPEHHS BYyTJIElleBuUX InapiB. EdekTuBHa TOB-
IUHa BYTJIEIIEBUX IMMapiB cKJaazana mpubiamsuo 12-15 mxm. ITokasamo, 1110
pisHa Mop@oJIoris MOPHUCTHUX MPEKYPCOPiB IIMHKY MaiiKe He BILJIMBAE Ha IIO-
JIaJIbIlle CTPYKTYPOYTBOPEHHS MMOPUCTUX HAHOCHCTEM ByTJIelio. Pasom 3 Tum,
IpU Tepexofi 0 IPeKypcopiB y BUIUIAAL mopucTux cucreM Ni cTpyKTypa
KOHEHCAaTiB BYIJIEI[I0 Ma€ OiJbIll PO3BMHEHY Ha HAHOPiBHI IIOPHUCTiCTh. 3a
JOTIOMOT'0I0 PACTPOBOi €JIeKTPOHHOI MiKPOCKOIIil, METOAM €HepProgucuepciiHol
PEHTI'eHiBCBKOI CIIEKTPOCKOIIl Ta peHTI'eHO(as3oBOi aHali3u IPOBEAEHO KOM-
IIJIeKCHI JocimKeHHA ofepskaHmx mopuctux KommosutiB C/Zn i C/Ni. Ilo-
Kas3aHo, 1[0 Ha JIOKAJbHUX AiJAHKAX HapOIYBAHOTO TypGocTpaTHOTO rpadity
CTBOPIOIOTHCA IIEPENYMOBU MAJISA 3aPOMKEHHA Ta POCTY BYIJIEIEBUX HAHOCTI-
HOK, BOJIOKOH a00 AisIMaHTOBUX BKJIOUEHL. 3P0O0JIEHO BHUCHOBOK IIPO MOMKJIM-
BiCTh BUKOPHCTAHHSA BUKJAAEHOTO B POOOTI TEXHOJOTIYHOrO Wigxomny IJisd
CTBOPEHHSA €JIEKTPOJ JiTi-HOHHUX aKyMYJISTOPIB.

In this paper, the physical preconditions for the condensate formation in
the form of porous nanosystems are analysed. Porous Zn and Ni nanosys-
tems are obtained using a technological approach based on self-organization
of low relative supersaturations of deposited vapours. Then, these layers
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are further used as precursors for the deposition of porous turbostratic
graphite. At the first stage, precursors in the form of porous Ni or Zn
nanosystems are formed on laboratory glass. At the second stage, carbon
condensate is deposited by graphite sputtering. All carbon condensates are
formed on the base porous Zn and Ni structures at the same technological
parameters (p,, =7 Pa and P,=80 W) that allows determining the effect of
the material and structural-morphological characteristics of precursors on
the structure formation of the carbon layers. The effective thickness of the
carbon layers is of approximately 12—-15 um. As shown, the different mor-
phology of porous zinc precursors has almost no effect on the further struc-
ture formation of the porous carbon nanosystems. At the same time, at the
transition to precursors in the form of porous Ni systems, the structure of
carbon condensates has a more developed porosity at the nanoscale. Com-
prehensive investigation of the obtained porous C/Zn and C/Ni composites
is carried out using scanning electron microscopy, energy-dispersive x-ray
spectroscopy, and x-ray phase analysis. As shown, in the local areas of ac-
cumulated turbostratic graphite, the preconditions for the nucleation and
growth of carbon nanowalls, fibres, or diamond inclusions are formed. It is
concluded that the technological approach discussed in the paper can be
used to create electrodes of lithium-ion batteries.

Karouori cioBa: mopucTi HAHOCTPYKTYpPH, MarHeTPOHHE PO3IOPOIIEHH,
BYTJIElleBi HAHOCHUCTEMU, cCAaMOOpTaHisailis, TypoocTpaTHUi rpadir.

Key words: porous nanostructures, magnetron sputtering, carbon nanosys-
tems, self-organization, turbostratic graphite.

(Ompumano 25 ywepsus 2020 p.)

1. BCTYII

PosBuTox mopratTuBHOI IMMPOBOI €JEKTPOHIKU, €JIEeKTPOMOOiJIBHOTO
TPAHCIIOPTY Ta BiHOBJIIOBAJIbHOI €HEPreTHUKU IpPUBeAEe B pAn TJo0a-
JBHUX Tpo0JieMy MiABUINEHHA e(DeKTWBHOCTH POOOTH JiTil-HOHHUX
akyMmyaaropis (JITA). Ha cerorogui B KomepuiiiHo mocrynmuux JIMA
HaNOiJBIII YacTO BUKOPUCTOBYIOTH B AKOCTi aHon rpadit, AKUNA BU-
3HAYa€e IXHIO MUTOMY €MHicTh Ha piBHI 372 mA:rox/r [1]. Ho omHmx
i3 memomikie JIMA ciix BimHecTm pyiHYBaHHS BYTJIELIEBUX €JIEKTPOJ
BHACJIOK ITUKJIYHOTO IIPOIECY 3apAAKeHH:/po3pAMKeHHA. 3as3Ha-
yeHa AECTPYKI[is eJEeKTPOJ BU3HAYAETHCS iHTepKajdAmiero iouiB Jli-
Tif0 y rexkcaroHajJbHUI TpadiT, IO TPU3BOAUTH A0 PO30YXaHHS Ta
pyiiHyBaHHA ocTaHHBOTO [2, 3]. OguH i3 BapiAHTIB BupimieHHS IIpO-
Onmemu nmerpajariii rpadiToBUX eJEKTPOA T'PYHTYEThCA Ha 3aJIydeHHi
iHKeHepil HAHOBYTIJIEIIEBUX MaTepiaaiB [4—6] 3 BUKOPUCTAaHHAM ILjia-
amoxeMiunux meroj [4—10]. Mo:xkHa CTBEPAKYBaTHU, IO B IILOMY BU-
nagKy Ha IIOBEPXHIO HApPOIyBaHHA KOHAEHCATY [MIilOThb XeMiuHO Ta
¢ismuHO aKTUBHI cepemoBuIa i, IK HACIiTOK, KOHIeHcallid BigOyBa-
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€ThCA 3a YMOB HaOJMM:KeHHA OO0 TepMoauHamiumoi piBHoBarm [11].

Jlo ogHMX i3 MepCIeKTUBHUX HAHOCHUCTEM BYIJEII0, IM0 MOMKYThb
6yTu Bukopucrari B JIVA, cuix BizrecTn Typ6octparruii rpadit (TT)
[12]. Hatiuactinme TT ckiamaeThbess 3 OKpeMUX KJIACTEPiB, IO MAaiOTh
3—5 rpadenoBux miapiB. Ilpu mbomy cTpyKrypa Kjaactepis TT' Bigpis-
HAECTHCSA BiJ KPUCTANIUYHUX 3€pPeH 3BUUANHOTO rpadiTy Tum, IO Ia-
pajsenbHi rpadgeHOBi IIPOINapKW 3MiIlleHi OAWMH BiJHOCHO OJHOIO He
peryiasapuo, aK y rpadiri, a xaoTuuHo, ab0 PO3BEPHYTI HA AeAKHUI
KYT HaABKOJIO MNEePIEeHIUKYJAAPHOI M0 rpadeHoBux miapiB oci. Ilpm
IILOMY HapajejbHiCTh IrpadeHoBUX IIAPiB y KJacTepax 30epiraerbcs.
Taxe posmimienHsa atomiB KapOoHY B KJacTepaxX € ABOBHMIpPHO YIIO-
pagkoBaHuM abo TypbocTpaTHMM. BaKJIMBO 3a3HAUUTH, IO CEePemHs
Bigmans mixx rpademamu B TT 6imbma mHa 0,06 A, amixxk y 3BHUaiiHO-
my rpadirti [12]. 3 mex npuuuH iHTepraasamnia wonis Jlitiro B TT Oyme
MIPUBOIUTH OO MEHIITOro pPo30yXaHHS Ta IIOJaJIbIIIOT0 PYHHYBaHHS
amox JIVIA. IIpu mpomy B kiactepax TI' atomu KapGony Ha Kpaax
rpadeHiB peaisyloTh MiIHI XeMiuHi 3B’A3KM 3 cycigHiMu rpadeHo-
BUMU ILJIOIIUHAMMU, IO € IIepeyMOBOI0 MexaHiuHol crifikoctu TT.

Ha manwuit yac Takosk HaOyBa€e PO3BUTKY CHUHTE3a HAHOBYTJIEIIEBUX
MarepianiB ana JIMA 3 BUKOPUCTaHHAM IPEKypcOpiB a6o CTBOpEHHA
KOMIIOSUTIB 3 KiJIbKOMA CKJIAJOBUMHU. B IIbOMY BUIIAAKY B AKOCTi IO-
ITaTKOBOTO IIapaMeTpa, IO BILJIMBAE HA CTPYKTYPOYTBOPEHHS HAHOBY-
TJIeIleBUX IMapiB, BUCTYIIA€ IONEPeIHbO HaHEeCeHWM Ha IiIKJIAIUHKY
MIPEKypCcop 3 HeBHUMU CTPYKTYPHO-MOP(OJJOTIUHUME XapaKTepPUCTH-
kamu [13, 14]. Bubip maTepiany s IpeKypcopiB He B OCTAHHIO Uep-
Iy HoB’si3aHUIl 3 iCHYBaHHAM HA CLOTOAHI TEeXHOJOTiM 3 omep:KaHHS
1IapiB i3 PO3BHHEHOIO ITOBEPXHEIO, IO € IIePeayMOBOIO IJs IOaJb-
moro ()OPMyBaHHSA IIOPUCTUX HAHOCHUCTEM ByrJerio. TakuMm uuHOM,
OOVH 3 MOKJIMBUX HAIPAMIB IigBUINTeHHA (PYHKIIIOHAJIBHUX MOMKJIU-
Bocteit JINA moB’a3anHuii 3 BUKOPHCTAaHHAM aHoj Ha ocHoBi TT. Ilpm
IBOMY IJIS PO3IINPEHHS CHEKTPY CTPYKTYpHO-Mopdosoriunux ¢opm
HAHOBYTJIEIIEBUX AHOJA B OKPEMUX BHUHOAAKAX BUKOPHUCTOBYIOTH IIOIIE-
pelHbO HaHeCeHi Ha MiAKJAJMHKU IOPUCTiI IpeKypcopu. Buxonaum 3
3a3HAaUEHOT'0 BUINle, OCHOBHA MeTa POOOTH MOJIATAaE y BUBUEHHI IIPO-
meciB cTpykTypoyTBopeHHs KoMmmos3utiB C/Zn i C/Ni 3 ByriemeBoio
cKJamoBoio Ha ocuHoBi TT'.

2. ®ISUYHI OCHOBU ®OPMYBAHHJ ITIOPUCTUX CTPYKTYP ¥
HABJINKEHUX 00 TEPMOAUHAMIYHOI PIBHOBATH
CUCTEMAX «IIJASMA-KOHAEHCAT»

Hobpe Bimomo, 110 MpM MiHYCOBHX TeMIlepaTypax i BHUCOKUX BiHOC-
HUX IIepecuuYeHHAX BOJSAHOI Iapu y IOBiTpi Ha IMOBEPXHAX HABKOJIU-
ITHLOTO CepPeJOBUINla MOXKe YTBOPUTUCA CYIliIbHA JILOASAHA IJIiBKa. B
TOIl ’Ke uac, 3a YMOB KPUTHYHO MaJIUX BiJHOCHUX IlepecUuYeHb, Ha
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MOBEPXHAX IIpeAMeTiB (opMyeThCA IIOPUCTAa HaMOPO3b i3 IMHMPOKUM
CIIEKTPOM CTPYKTYPHO-MOP(oJIoTiuHMX xXapakTepucTuk. OcKiabKHu
PiBHOBasKHUM THCK Tapu BOAM 3a OJHAKOBUX TeMIIEPATYPHUX YMOB
Ha JeCATKU IOPANKIB IIepeBUINyE€ PiBHOBAKHUU TUCK METAaJiB i, TUM
O0inpire, rpadiTy, omepsKaTH IOPUCTI CTPYKTypu abo «IaMOpO3b»
OCTAHHIX IOCTATHBO cKJIaAHO. OUeBHIHO, IO B IILOMY BUOAIKY HEO0O0-
XiTHO B CTaI[iOHAPHUX yMOBaX KOHIAEHCYBaTH IIapyd METAJIiB i3 Ham-
HUBBKVMHU BiTHOCHUMHU IIePECUUYEHHAMHU , IO BU3HAYAIOTHCA BUPA-
30M

¢=(p,—p.)/P. > (1)

e p, — TOTOYHUI THCK IIapu, 10 KOHAEHCYETHCA, a PiBHOBaKHUU
TUCK P, BUSHAYAETHCA CHiBBiTHOIIIEHHAM

Ed
p, —®expL—k J (2)

BT c

me E, — cepenua emepria mecopOirii amaTromiB, ® — xKoeditieHT, 1o
BM3HAYAETHCA TEMIIEPATYPOI0 POCTOBOI IOBEPXHiI Ta mapaMeTpamwu,
AKi sajemxarThb Bim QisMuHMX 0COOJIMBOCTEll KOHIEHCOBYBAaHOI pedyoBH-
Hu [15].

B axocti KpuTepid HaOMMIKEHHA CHUCTEMU <«MIapa—KOHIeHCAT» [0
TEePMOAVHAMIUHOI PiBHOBArW TAKOYK MOJKE BUCTYIIATH MAJiCTh BEJIU-
YWHY 3MiHU XeMiuHOTO IOTEHIiAJy aTOMiB Al IpU IXHBOMY IIepexXoni
y KoHIeHcoBaHuli craH. IIpm nmpomy BimHOcHe mepecmueHHa & i A
moB’A3aHi MixK co6oio Bupasom [15]

Au =k, TE. (3)

Pasom 3 TuM, 3a yMOB He3HAYHMX BiAXWJiB Bij piBHOBaru mJjs cu-
CTEeMHU «IIJIa3Ma—KOHAeHCAT»

Au=(Q,-Q)(p,—p.)-(S,-8.)(T,-T.), (4)

me Q, i Q. — muromi 00’emMu, IO TPUIIANAIOTh HA OAWH aTOM y He-
CKOHJIEHCOBAHOMY Ta CKOHAEHCOBAHOMY CTaHaxX Bimmosimuo, S, i S, —
eHTpomii aToMmiB y mjaasmi Ta KOHAeHcaTi BiAmoBimHO, Ap =p,—p, —
BiAXUJIM THUCKY OCAAKyBaHOTO IIOTOKY aTOMiB p, BiJi piBHOBasKHOTO
sHaueHna p,; AT =T,- T, — Bigxun Temneparypu Imiasmu 1, Bix pi-
BHOBAKHOTO 3HaUeHHS ab0 TeMIlepaTypu pocToBoi moBepxHi T, [16].
IIpoananizyemMo BIJIUWB ILIasdMu 0es3IlocepemHBO HaJ IMOBEPXHEIO Ha-
poIyBaHHA KOHJAEHCATy Ha BigHOcHe mepecumueHHA abo Au. Ilepmr za
Bce, 3i cmiBBigHOIIEHHA (4) MOKHa 3POOUTU BUCHOBOK IIPO ITOHUIKEH-
HA Al 3a paxyHOK IiJBUINEHOr0 3HAYEGHHA TemIepaTypu muasmu T,
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abo eHeprii ckJamoBuX ILTasMu. B poOOTi HaMu BHUKOPHCTAHO MarHe-
TPOHHE PO3IIOPOINEHHA PEUYOBMH 34 YMOBH MHiJBUIIEHOTO TUCKY Po0OO-
yoro rasy (Ar) = 5-8 Ila. Taki ymoBu BM3HAUAIOTHh TepMAaJildailiio Ta
BiATIOBimHE ycepemHeHHs eHeprii po3mopoIleHMX aTOMiB Ha PiBHi ge-
Kimbkox ommuuns eB [17, 18]. OcKinbKku eHepria TepMiuHO BUIIApPOB-
HUX aTOMIB CKJIQJa€ JIUIIE JIecsAaTi moJi eB, MOXKHa roBOPUTH IPO IIO-
HUKeHHsS MMOBIPHOCTH TEPMidyHOI aKoMoJaIlii agaToMiB Ipu IIepexoii
IO CUCTeMH «ILJIadMa—KoHAeHcaT». Caig TaKoXK 3ayBasKUTHU, IO B CH-
cTeMi «IIadMa—KOHIeHcaT» MOJKJIMBa Oe3IocepelHs Ieperaua eHep-
rii Big yacTHMHOK IJIasMHu OO afaTOMiB, a TAKOK BiZOyBa€ThCSA OOIAT-
KOBUII po3irpiB pocToBoi moBepxHi. 3asHaueHi (ismuHi mpollecu cTH-
MYJIIOIOTh PEBUIIAPOBYBaHHA aJaTOMiB i, AK HaCJiOK, E, y CHiBBif-
HoOIlleHHI (2) HOHMIMKYIOTH M0 edeKTuBHOro 3HaueHHsa E,, [19, 20].
Iamumuy caoBamm,

E,. = E,-dE, (5)

Ie 0E — croxacTuuHa BeJWYMHA MOHMMKEHHS eHeprii mecopOirii, ska
. 2,
XapaKTePU3YEThCs AUCIEPCIE0 G5 = (8E—<AE>) i mae cepenHe 3Ha-
YeHHSA, 110 BUBHAYAETHCA CHiBBiTHOIIIEHHAM IJIA <AE> [11]:
(5.-8)(1,-1) (&,

. 6
®(QU_QC) Xp kquc ( )

(AE) = BT, In| 1+

TaxuM dYWHOM, IOHMKEHHS eHeprii mecopOrii 10 edekTUBHOTO
3HAUEHHsd, 3TiAHO 3i cmiBBimHOMeHHAM (2), miaBuImye p, i, Bigmosiz-
HO, HaOJMKae CHCTEeMY <«ILTasMa—KOHIeHcaT» OO0 TepMOAMHAMIUHOI
piBaoBaru. Kpim Toro, 3asmaueHe BUIIle yCepeTHEHHS eHeprii posio-
POIIIeHMX aTOMiB 3a MHiABUINEHUX THUCKiB POOOUOro rasy CIPUUNHSE
HOHM:KEeHHs Jucmaepcii Gi: i, AK HaCJimOK, HMiABUIIEeHHS CTAIliOHAPHO-
CTHU IIPoIlecy KOHIeHcarlii.

Paumimre mamm BcTaHoBieHo [11, 21-22], mo 3a ymoB Boabmepa—
BebOepa mepexin Big KoHAeHcaIlil CyIiJIbHMX ILTiBOK O HPOSBY IIPOC-
TOPOBO-PO3MOAiJI€HOI CEJeKTUBHOCTH 3apPOMKEeHHS Ta POCTY KOHIEH-
cary BimOyBaerbsca mpu &< 0,1-0,5. Pagom 3 Ttum, srizmo 3 (1), mpm
JOCTATHBO HUM3LKUX i HE3MIiHHMX y Uaci BiJHOCHUX IIepecHuYeHHSIX
THUCK OCAIKyBaHOI mapwW p, IPOIOPIiAHUI PiBHOBAKHOMY THCKY P,
10 TIOSCHIOE BHCOKY IMBUAKiCTh (hOpMyBaHHSA BOASAHOI mamoposi. Bu-
XOAAYM 3 IIbOr0, MOJKHA CTBEPsKyBaTH, IO IBUIKICTH HapOIIyBaH-
HA TIOPUCTHUX CHUCTEM 3a Majaux 3HAUeHb § Oyme BUIlla B CcCHUCTEMi
«IJIa3Ma—KOHIEHCAT», aHiK Yy CHUCTEeMi «IIapa—KOHIEHCAT».

KopoTko posrisimeMo IpuYuHU (POPMYBAHHS MOPUCTUX CHUCTEM IIO-
0m3y TepMoauMHaMiuHOl piBHOoBaru. CrmodaTKy 3a3HaumMo, IO MaJa
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IIOBepXHeBa I'yCTHHA aJaTOMiB IPU HAOJIMKEHHi 10 TepMOAMHAMIiUHOI
piBHOBarum BuKJiouae (IIOKTyallifine 00’e¢THaHHS iX y 3aKPUTHUYHI
3apoaku. Buxogauu 3 1boro, KOHAEHCAI[IA MOXKJIMBA TiJIBKU IPH 3a-
KpiIlJIeHHI OKpeMuX aJaToMiB Ha pPOCTOBill moBepxHi. Pazom 3 Tum, 3a
yMoBu BimcyTHOCTHM KOHmeHcarii (£=0) i nmpu miacramorui (2) B (1)
MOJKHA OJlepsKaTu BHpas AJA KPUTUYHOLI eHeprii mecopo6mii E, B Ha-
CTYITHOMY BUTJISAMIi:

P,
B, =h,TIn . (7)

disuunuit 3mict eHeprii E, moadrae B Tomy, IO BOHA PO3MAiJid€
BeCh CIIEKTep MOXKJMBUX €Heprii mecopOirii, Axi mpuTamMaHHi pisHMM
AKTUBHHUM I[eHTPaM POCTOBOI MOBEpPXHi, Ha naBi wactumuu. Tax, 3a
ymoBu E, ;> E, BinOyBaeThCcs 3aKpimJieHHS aZaTOMiB Ha BigZmoBigHMX
aKTUBHUX IleHTpax i, HaBmaku, npu E,;< E, Ha aKTUBHUX IeHTpax
aJaToMu He 3aKpPiIIoioThCcAa. 3rigHO 3 BUpasoM (7), Ipu IigBUINEHHI
TeMIepaTypu pocToBoi moBepxHi 1. abo mpu BiAHOBiZHOMY 3MEHIIIEH-
HI0 { BimOyBaeThedA minBuiieHHA E,.. Ile, B cBOIO uepry, 3MEHIIIy€E IIO-
BEepXHEBY TI'YCTUHY aKTUBHUX II€HTPiB POCTOBOI MOBEPXHi, HAa AKUX
MOJKJIMBe 3aKpimyieHHda axatoMmiB. Takum umHOM, (hopMyBaHHSA KOH-
IeHcaTiB BimOyBaeThCA BUKJIOUHO 34 PAXYHOK 3aKPillJIEHHS OKPEeMUX
agaToMiB Ha aKTHBHHUX IeHTpaxX 3 MiABUINEHOI0 eHeprieio mecopoOirii
(E ;> E.). B nboMy BuUmaaky mpollecu HyKJealrii 3a ymMoB Boabmepa—
Bebepa Ta momanbIuii picT KOHAEHCATY XapaKTepPU3YIOThCA d00pe
BUPaKEeHUM IIPOSBOM IIPOCTOPOBO-PO3IOAiJIEHOI CEeJIeKTUBHOCTU, TOO-
TO (pOpMYyBaHHAM IIOPUCTUX CTPYKTYP.

3. METOJIU OJEP;KAHHS TA TOCJUIKEHHS IIOPUCTUX
KOMIIO3HUTIB C/Ni I C/Zn

Hns omep:KaHHA TMOPUCTUX HAHOCUCTEM HaMu OyJi0 PO3POOJEHO TeX-
HoJsoriuHmi miaxim [19], mio moB’sA3aHU 3 KOHAEHCAIIi€l0 3BOPOTHIX
nudysiiHUX TOTOKIiB PO3IOPOIIEHOI MarHETPOHOM pedoBmHH. Cxema-
TUYHEe 300pa’KeHHsA HEePEeTHHY MarHeTPOHHOTO PO3IIOpOoINyBaya, B 3a-
rnbJieHH]I cepeHbOI YaCTUHU AKOTO 3HAXOAWTHCA HiAKJIaAUHKA, Ha-
BeleHO Ha puc. 1.

OcobauBocTi hopMyBaHHA KOHAEHCATIB HA MiAKJIAAUHKAX, IO PO-
3Mmimnieni B s3araubJeHHI MarHeTPOHHOTO PO3IIOPOIIyBava, 3a10BOJIb-
HAIOTH yci BUKJIaeHi Buie (pisnuHi mepeayMoBU (POPMYyBaHHSA IIOPU-
ctTux HaHocucTeM. Tak, B IIbOMY BUNIAAKY KOHIEHCAT Ha MiAKJIAIWHITI
3 mepebyBae IIifi HETaTMBHUM IIOTEHIIiAJIOM MarkHeTPOHA, IO BU3HA-
Yyae MAil0 IJa3Mu Ha POCTOBY IIOBEPXHIO i, AK HACIIIOK, MOHIKYE
eHeprito mecopoOriii Ta . Ilpu oMy cTamioHapHICTL IPOIleCYy KOHIEH-
camii Ta BiATBOPIOBAHICTHL CTPYKTYPHO-MOP(OJIOTIUHUX XapaKTepuc-
THK 3a0e31eUyIoThcsa HelXiHIMHO ITOB’a3aHMMU Mixk coboio T, & Ta mo-
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Puc. 1. CxemaTnuHe 300pasKeHHsA IIEPETHHY MATHETPOHHOI'O PO3IIOPOIIyBada
3 POBMIiII[eHOI0 B HHOMY HiAKJIAaAMHKOIO 3 (I — MimeHb peyoBMHU, IO PO3-
IIOpoITyeThCcA, 2 — 30HAa eposii, 4 — 30Ha mOBHOI TepmaJisarii posmoporre-
HIX aTOMiB, 5 — MarseTHa cucreMa).’

TOKOM OCa/KyBaHOI peuoBMHU. Ba:K/iMBe 3HAUEHHA B TaKMX 3B’ A3KaX
Bimirpae migBuInieHmnii TUCK poOOUYOro rasy, B AKOCTi AKOro HaMu OyJIO0
Bukopucrano Ar. Tak, npu p,,.= 5—8 Ila posnoporiieni aTromu, Marumn
MaJy JOBXKUWHY BisbHOro mpobiry [18], moBHicTIO TepMasidylOThCA B
30Hi 4, a mOTiM YacTMHA 3 HUX B HOHi30BAaHOMY CTaHi IIiJ Hi€i0 eJeK-
TPUYHOTO MOJsA Apeiihye B 00JacTh PO3TAITYyBaHHA HiAKJIAIUHKU 3
(muB. puc. 1). Takum uMHOM, 3 TMiABUIMEHHAM IIiTBeIeHOI IO MarHeT-
POHHOTO POBIIOPOINyBaua MOTY:KHOCTH 30iJbIIYETHCSA IIOTIK OCAIKY-
BaHOI PeYoOBUHM i BOAHOUAC Aif HiBUINEHOTO IIOTOKY HOHIB ILJIadMu
Ha POCTOBY HOBepxHIO mimBuinye ii Ttemmneparypy 7,.. Hakonmwuenunsa
POSIIOPOIIIEeHOI PEeYOBMHM Oijisd MiAKJaAWHKN Ta HEJiHIMHUN 3B’SI30K
MiX OCaIKyBaHMM IIOTOKOM pPeuoBMHHU i T, BUBHAUAIOTH CAMOOPTaHi-
3allil0 HUBbKMUX CTAI[iOHAPDHUX IIepecudyeHb. B cBOIO uepry, camoopra-
Hizallig € IepeyMOBOIO BiITBOPIOBAHOCTU CTPYKTYPHO-MOPdoJIoTiuHIX
XapaKTEPUCTUK OJepP:KaHUX MOPUCTUX HAHOCHUCTEM HABITH Hmpu 3MiHi
Par T TOTYKHOCTY MaTHETPOHHOI'O PO3IMopoInyBaua P, y IeBHUX 30-
Hax [23]. Binem geranmbHO ismunHi mpolecu camooprasisarii za ma-
aux & Ta BiAmOBiAHMI MaTeMaTUYHUI MOJeJb BUKJAJAEHO HAMU B
[19].

SK mokasanu momepenHi AOCTiI:KeHHs, 3a HAABHOCTH B pobouoMy
rasi AesdaKoi KPUTUYHOI KOHIEHTpAIlil XeMiuHO aKTUBHUX TOMIIIIOK
(BomHIO, KUCHIO a00 a30Ty) (pOopMyIOThCA CYIIiIbHI IJIiBKM Tigpumgis,
okcuaiB abo HiTpuaiB mMertasiB. Matouwu 1e Ha yBasi, B AK0OCTi pobouo-
0 ra3y MU BUKOPUCTOBYBaJu Ar, MIMOOKO OUUINEHUN 34 METOAUKOIO
[24].

3a BUKJAIEHOIO BUIIE METOAUKOIO OAEP:KaHHA KOMIIO3UTIB BifOy-
Bajoca B JBa etanu. Ha mepriomy 3 HUX Ha JIabopaTOPHOMY CKJIi ¢o-
pMyBaJiMCcs MPEKYPCOPU Y BUTJIAAL mopucTUX HaHocucteM Ni abo Zn,
a TOTIiM NLJIAXOM PpO3HOPOIINeHHA rpadiTy HAHOCUIUCA KOHIAEHCATHU
BYTIJIEITIO.

CTpyKTYypHO-MOPGOJIOTIUHI XapaKTEPUCTUKU JOCJTiIKyBaIuCA 3a
JIOTIOMOTOI0 PacTpPoBOi eyieKTpoHHOI MiKpockomii (PEM) ma nmpunani
Inspect S50-B 3 Bukopucramaam EDX-amanisu, a mociimxenusa da-
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30BOT0 CTAHy KOHIEHCATIB IIPOBOLUIOCA 34 [JOIOMOTOKI IIPUJIALY
IIPOH-4.

4. PESYJIBTATHU JOCJIIIKEHHA ITIOPUCTUX HAHOCHUCTEM
Zn I Ni, A TARKO/K KOMIIO3HUTIB C/Zn I C/Ni

Ha pucynky 2 mpexacraBieno PEM-300pakeHHA CTPYKTYPU ITOPUCTUX
cuctem Zn (a, 6) ta Ni (8). Pisui 3a mopdogoriuHnMu xapaKkTepuCTH-
KaM¥ KOHJeHcaTu Zn Oysu onep:xkaHi npu p,. =6 Ila i P,=50 Br (a)
Ta po.=8 Ila i P,=20 Br (6), a mopucrti mapu Ni ¢popmyBanucsa mpu
Par=51Iai P,=60 Br (8).

EdekTrBHA TOBIMHA MIapiB cKJagajsa Beawumuy = 50 MKM mjaa Zn
i 210 mxMm gaa Ni. 3miHa TeXHOJOTIUHMX YMOB (pOpMYyBaHHSA KOH-
JIleHcaTiB IMMHKY HpPHUBENEe 0 Mepexoay BiJ CTPYKTyp Ha OCHOBi HaHO-
HUTOK 10 (hOpMYBaHHA MHOPUCTOCTH HA OCHOBI 00’€MHUX KPHUCTAJIB
(muB. puc. 2, a, 6). AHayiza HaBeleHUX Ha PUC. 2 CTPYKTYpP IPU Pis-

Puc. 2. CrpykTypHO-MOP(}OJIOTiyHI XapaKTEePpUCTUKN HMOPUCTUX KOHIEHCATiB
Zn, ogep:xkanux npu: P,=50 Br i p,. =6 Ila (a), P,=20 Br i p,,=8 IIa (6),
a Takox KoHgeHcaTis Ni, ofepxanux mpu p,, =5 Ilai P, =60 Br (8).?
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Puc. 3. Pesynabratu peHrtrenodasoBoi aHaaisu mopuctux cucrem Zn (a) i Ni
(6), a Takoxx xKommosuriB C/Zn (8) i C/Ni (2).2

HUX 30iJbIIIeHHAX BKasdye Ha J00pe BUparKeHy IXHIO IOPHUCTICTL AK
Ha MiKpo-, Tak i Ha HaHOpiBHi. IIpu LOMYy HaABHICTL OrpaHIOBAaHHSA
CTPYKTYPHUX (pparMeHTiB CBiAUYUTH PO IXHI0O MOHOKPUCTAJIIYHY Oy-
JTIOBY.

PenTrenogasoBa aHa/lisa MTOPUCTHUX CUCTEM, 300pPa’KeHHA AKUX
IIpeCTaBJIEHO HA PUC. 2, BKasye Ha (POpMyBaHHA KpucTadiuHux ¢as
Ha ocHoBi I'IIII- i I'TIK-das 3 mapameTpamu, III0 BiAIOBimaioTh Zn Ta
Ni (puc. 3, a, 6). IIpu oMy 3miHa opmMu Ta posMipiB CTPYKTYPHUX
dparmenTiB mopuctux cucrem Zn (xamB. puc. 2, a, 6) He BIJIMUBA€E Ha
pesyJbTaTH pPeHTreHo(ha30BUX AOCHiKeHb. TakoyK 3BeprTae Ha cebe
yBary no0pe BUpasKeHa TeKCTypa pocTy KoupaeHcaTiB Ni (quB. puc. 3,
0), 3a axoi (111)Ni || mromuni migkaaguaKM.

IIpu Kommencarlii B ymMmoBax, HaGJMKEHUX O TePMOAMHAMIUHOI pi-
BHOBarW, Taka TEeKCTypa MOACHIOETHCSA HAMOINBIN MIIILHUM IMaKyBaH-
Ham (111)Ni, o BusHauae migBUINEHY eHepriio mecopOIlii agaTomiB 3
miei kpucramorpadiunoi mimommum. 3a mux ymoB rabitycu I'TIK-
KPHUCTAJIB TaKOM IepeBakKHO (GopmyioThcAa Ha ocHOBi (111) i cmopin-
HeHuX 10 Hei iHmwmx miaomuH [19]. Ilpu nsomy (111)Ni MOKyTH BuU-
CTyIaTH B AKOCTi KaTajlizaTopiB mjaa ¢opmyBaHHs rpadity abo rpa-
¢enoBux mapis [25, 26], 1110, IeBHOIO Mipoio, BU3HaUaB BUOIp IOpHU-
ctux cTpyKTyp Ni B dKocTi mperypcopa OJis ITOJAJIBIIIOTO HAPOIIY-
BaHHSA BYTJIEITIO.

VYci ByrieneBi KoHAeHCaTH Oyiu chopMOBaHi Ha 0a30BUX ITOPUCTUX
cTpyKTypax Zn Ta Ni 3a OZHAKOBUX TEXHOJOTIiYHUX IIapaMeTpiB
(par="71Ila i P,=80 Br). lle yMOKJIMBUJIO BUBHAUNUTU BIJINB MaTepi-
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Puc. 4. PEM-300paskeHHA IIOBEPXHi BYIJIelleBUX KOHIEHCATiB, IO oAep:Kami
Ha IIUHKOBUX IIOPUCTUX CHUCTeMaXx (@ — B SIKOCTi IMpeKypcopa BUKOPUCTAHO
TIOPUCTY CUCTEMY Zn, AKY IPEACTaBJIeHO HA pUC. 2, a; 6 — B SAKOCTi IpPEKY-
pcopa BUKOPHCTAHO IIOPUCTY CUCTEMY Zn, AKY IIPENCTaBJIeHO Ha puc. 2, 0)
ta Ha nmopucrtomy Ni (8).*

ANy Ta CTPYKTYPHO-MOP(MOJIOTIYHUX XapaKTepPUCTUK IPEKYypPCcCOpiB Ha
CTPYKTYPOYTBOPEHHSA ByIrJelleBux IiapiB. EdekTuBHaA TOBHIMHA BYT-
JeleBUX ITapiB cKJazana mpubamsuo 12—15 mxMm. 3a mpeicTaBieHHU-
Mu Ha puc. 4, a, 6 PEM-3o0pakeHHAMU MOMKHa 3pPOOUTU BUCHOBOK
mpo MaiiKe BiACyTHilf BIJIMB Ha CTPYKTYPOYTBOPEHHS BYIJIEIeBUX
KOHJeHCATiB CTPYKTYpPU IMHKOBUX IpeKypcopiB. Pazom 3 Tum, fK
moxasyioTb PEM-mocrmimxenua i3 BeluKuUMHU 30iJbIIIeHHAMU, CTPYK-
Typa KouzaeHcatiB C, BupoineHux Ha Ni, Ha HaHOPiBHI Mae 6GijbII po-
3BUHEHY HOBepxHIo (muB. puc. 4, 8). Ciig sayBasKuTu, IO CIIiBCTaB-
JeHHsa Mopdosorii mopuctux cucreM C i3 pisummMuy 30iJbIlIeHHAMU
YMOIKJIUBJIIOE TOBOPUTH IIPO CAMOIIOAIOHICTH CTPYKTYPHUX (dopMm. Y
CBOIO Uepry Iie CBiAYUTH IPO (ppaKTaJbHYy OYZOBY IOPUCTUX CUCTEM
C.

Heranbai PEM-pochimsxenusa moBepxHi KommosuTiB C/Zn panum
3MOT'y BUABUTU OiJbINI AcCKpaBi Ha 3araJbHOMY (OHI BKJIOUYEHHSA
(omuB. puc. 5). @opMyBaHHS TAaKOro KOHTPACTY € HACJIiJKOM IIOHUIKE-
HUX 3HAaUYeHb POOOTU BUXOAY BTOPMHHUX eJieKTpoHiB. Ilpu mpomy mo-
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Puc. 5. PEM-zocifskeHHA CTPYKTYpY BKJIOUeHb B Kommosutax C/Zn.°

CHiI’KeHHS BKJIOUYEHb 13 BeJIUKMMMU B30iJbIIIEHHAMU ITOKa3aJiu, IO
BOHU B OKpPeMHUX BUIIKAaX € HEOJHOPIZHMMU 3a CTPYKTYPOIO, TOOTO
MalOTh Y cBoeMy ckJanmi maHocTinku (Cy) a00 HaHOBOJIOKHA BYIJIEILIO
(muB. pwmc. 5, a). I3 miteparypHux mxepena Bimomo [27-29], mo Cg
31e0iabIIoro MaioTh TOBIIUHY Yy 3—10 HM i mpeacTaBiIAlOTL c000I0 pe-
HTTr'eHOaMOP(hHMIT ab0 KPUCTATIYHMI MAaTepifaAja 3 BUCOKHM MOTEHIis-
JIOM BUKOPHUCTAHHA B AKOCTi aBTOKaron. HaitimoBipHimie, y Haiomy
BUIIQIKYy HAHOBOJIOKHA HPEACTABJIAITH CO00I0 CKPYyUYeHi B TPYyOKM Ha-
HOCTiHKMH.

Ciaim sayBasKMTH, IO TaKi BKJIIOYEHHS 3a Oil Ha HUX eJIeKTPOHIB
PEM mHe HaKOOWUYYIOTh HETI'aTUBHUI 3apAnd i, BiAmoBimHO, HE CTBOPIO-
I0Th HaBKOJIO cebe TemHUil ¢GoH. Pasom 3 Tum, € Oijgbiln scCKpasi
BKJIIOUEHHS, AKi 3a Ail Ha HUX IyYKa €JIEKTPOHIiB IOCTYIIOBO HAKO-
NUYYIOTh Ha co0i ixHiil 3apax. HagBHicTh TaKMX BKJIOUYEHHb JIETKO
BUSBUTHU 34 IXHBOTO SICKPABOTO CBiUYeHHS Ha A0Ope BUPAIKEHOMY TEM-
HOMYy ¢oHi (muB. puc. 5, 6). B nmpoMy BUNAAKY BKJIOUEHHSA ITOETHY-
I0Tb B co0i BMCOKi mieJeKTpuuHi I emicifini XapaKTepHUCTUKHU, IO
YMOKJIUBJIIIOE 3POOUTH MPUIIYIIEHHA IIPO iXHE MAissMaHTOBE IIOXO-
I:KeHHA. ByrieneBe MOXOmKeHHA BKJOUYEHBb 1 BiIIOBigHEe JOKaJbHE
¢dopMyBaHHA aJOTPONHUX MoAuikaliii ByIJenioo TiATBepAKYETbCS
ixHiM egeMeHTHHM cKJaazoMm. Tak, EDX-mocrmim:KeHHA eJeMeHTHHX
CKJIaiB BKJIOUEHb CBiUaTh HpO Te, IO IXHIO OCHOBY CKJIala€ BYT-
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Puc. 6. EDX-nmocrifgsKeHHA eJIeMeHTHOrO CKJIAAy JIOKAJbHUX MiJAHOK KOM-

mo3uTiB C/Zn, 1110 MalOTh BKJIIOUYEHHS Yy BUTJISAAI HAHOCTIHOK (a) i miamaHTO-
6

By dasy (0).

Jend (muB. puc. 6), a MpUCYTHICTh y cmeKTpax mmikiB Oxcuremy Tta
IIuuKy TOSCHIOETHCS afcopOIliclo BOAM Ha PO3BUHEHil ITOBEpPXHi mo-
pucTOro BYTJIEII0 Ta HASABHICTIO MpeKypcopa i3 Zn.

Pazom 3 TuM peHTreHodaszoBi mociaimsxenHsa kKommosutiB C/Zn i
C/Ni mokasyoTb, 110 IOPSAA 3 OKPeMUMHU ITUMPAKIIIHHIMI MaKCUMY-
mamMu Zn i Ni Ha peHTTreHOrpaMax IPHUCYTHI XapaKTepHi Mia TypbOoc-
TpaTHOTO rpadiTy mocraTHbO po3Muti makcumymu (002) i (004) (mus.
puc. 3, 8, 2).

IIpucyTHicTs, B ofepsKaHUX HAHOCHUCTEMAX PiBHUX aAJIOTPOIHUX MO-
mudikaIiii ByrJemio MOKHA HOACHUTH HaOMMKEeHHAM YMOB KOHIEH-
carii 10 TepMoauHaMiuHOI piBHOBaru, IO € IIEPEIYMOBOIO IJsA (POp-
MyBaHHS 3HAYHOI IIEPCTKOCTM POCTOBOI MHOBepxHi. 3a IIMX yMOB B
CHICTEMi «IIJTadMa—KOHAeHcCAT» Oisd MIJa3MOBUX IOTOKiB Ha JIOKaJbHI
TiISHKY POCTOBOI MOBEPXHi 3 yacoMm Oyne 3MiHIOBATHCSA MO-Pi3HOMY.

Hanpukiaaa, HABKOJO BHUCTYIAIOYMX YACTUH POCTOBOI IIOBEPXHi
HaAIpPy:KEeHICTh eJeKTPUYHOIrO IoJiA OyZe MaTu OiJbIIT BUCOKi 3HaUeH-
HA i, AK HaCJiZOK, MiA MOHHUX IIOTOKIiB IITasMHU TaKOXK OyJe IiaBu-
IeHOI0. 3 IMUX NPUUYMH y PisHUX MiCI[AX POCTOBOI MOBEpPXHi Oyae Ii-
IBUIIYBATHCS JIOKAJbHA TeMIepaTypa Ta BiAMOBiZHMM UYMHOM 3MiHIO-
BATHCS IMOJIOYKEHHSA KPUTUUYHOI eHeprii E, B CIIEKTPi MOKJINBUX eHep-
riii mecopOirii. 3asHaueHi 0coOGJMBOCTI 3MiHM yMOB KOHAeHcaIlii Ha
JIOKAJIbHOMY PiBHi I HPUBOAATH OO0 3apPOMKEHHSA Ta POCTY TOTO YU
iHITIOTO aJIoTpOoITy.

4. BAICHOBRH

B po6oTi posriAaHyTO INEepeayMOBHU IepexXoAy Bimx (opMmyBaHHS Cy-
MiJIBHUX IJIIBOK 3a BUCOKMX IIepecuYeHb ITapy, III0 KOHIEHCYEThCH,
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IO CTPYKTYPOYTBOPEHHS IIOPHUCTHUX CHCTEM NPU BiAMOBiZHMX HaIHU-
3bKHMX BIiJHOCHUX IIepPeCHUYCHHSIX. BHWKOPHCTAHHA TEXHOJOTIUHMX
YMOB, IIf0 0a3yIOThCSA Ha caMOOpTaHisaIii HM3LKUX IIepecruueHb, A€
3MOT'y BiiTBOpPIOBaHO (hopMyBaTu IopucTi cuctemmu Zn i Ni Ta Kommo-
sutiB C/Zn i C/Ni 3 pisHUMU CTPYKTYPHO-MOP(OJIOTIYHMMHU XapaK-
TepucTukamu. IlokasaHo, 110 pidHa MOPQOJOrid IIOPUCTUX HPEKYP-
COpiB Zn He BIIJIMBA€ Ha IIOJAJIbIIIE CTPYKTYPOYTBOPEHHA ITOPUCTUX
HamocucteM Byrienio y Buriaani TI'. IIpu mpomy BCcTaHOBJIEHO, IO Ha
gTeaxoMy eramni opmyBamHsa mopucToro TI' Ha JIOKaJbHUX OiIAHKAX
POCTOBOI IIOBEPXHi CTBOPIOIOTHCA IIEPEAYMOBHU IJA 3apOIKEeHHA Ta
pocTy ByTJIeIleBUX HAHOCTIHOK, HAHOBOJOKOH a00 [misMaHTOBUX
BKJIOUeHb. IIpu mepexoii A0 MpeKypcopiB y BUIJIAMLI IMOPUCTUX CHUC-
tem Ni BigOyBaeThcsa popMyBaHHA mopucTux HaHocucteMm TI' 3 6iabia
PO3BHHEHOIO Ha HAHOPiBHI HOPHCTICTIO. Y3arajJbHEeHHA BUKJIAAEHUX Y
poboTi pesyabTaTiB (pOpMYyBaHHS IIOPHUCTHUX CHCTEM METAJiB i ByrJe-
II0 YMOXKJIUBIIIOE HepembavaTH IIepPCIeKTHBY BUKOPUCTAHOTO TEXHO-
JIOTiYHOTO HifXOAY [JIA CTBOPEHHS esleKTpox aia JIMA.

MMOAAKA

PoGory BuKOHaHO B3a miaTpuMKo MiHicTepcTBa OCBiTHM i Hayku
Yipainu (mpoext 0119U100763 «3axomomipHocTi dopmMyBaHHS Ha-
nomopuctux Zn0, C, C/Zn0O i ZnO/NiO gaa moTeHmiiimoro sacrocy-
BaHHA ¥ AKOCTi €JIeKTPOIiB JiTif-iOHHUX aKyMyJIATOPiB»).
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! Fig. 1. Schematic representation of the cross section of the magnetron sputterer with a sub-
strate 3 placed in it (I —sputtering target, 2—erosion zone, 4—zone of complete thermaliza-
tion of sputtered atoms, 5—magnetic system).

2 Fig. 2. Structural and morphological characteristics of porous Zn condensates obtained at: P, = 50
W and p,,=6Pa (a), P,=20W and p,,=8Pa (6), and Ni condensates obtained at p,,=5Pa and
P,=60W (8).

3 Fig. 3. The results of x-ray phase analysis of porous Zn (a) and Ni (6) systems, and C/Zn (8)
and C/Ni (2) composites.

4 Fig. 4. SEM images of the surface of the carbon condensates obtained on zinc porous sys-
tems used as a precursor porous Zn system shown in Fig. 2, a (a) or used as a precursor po-
rous Zn system shown in Fig. 2, 6 (6) and on porous Ni (8).

® Fig. 5. SEM investigations of the inclusions’ structure in C/Zn composites.

5 Fig. 6. EDX analysis of the elemental composition of the local areas of C/Zn composites
having inclusions in the form of nanowalls (a) and diamond phase (6).
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New Organic-Mineral Fertilizer Based on Low-Grade Phosphorites
and Microflora of Activated Sludge
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The possibility of transforming a phosphorite rock containing less than 10%
P,0; into a full-fledged organic-mineral nitrogen—phosphorus multielement
fertilizer with subsequent disinfection of the obtained product is determined.
X-ray fluorescent analysis of phosphorites shows that its microelement com-
position in quantitative terms coincides with the plant one, and therefore,
applying this fertilizer, the plant can get all the necessary minor nutrient
elements. As revealed, for the samples with the liquid phase, microorganisms
have the high activity in comparison with the control variants that is associ-
ated with the impact of a biogenic factor only. The ability of microorganisms
of activated sludge to degrade insoluble compounds of phosphorite ore and
slime and to transform their insoluble form into soluble one is shown. The
process flow diagram and points of the addition of low-grade phosphorites
and phosphorite slime to the primary and secondary sedimentation tanks
tested at the operating biochemical treatment station are given. Thus, the
obtained solid condensed deposits from low-grade phosphorites and sludge
will contain up to 18-22% P,0;, 12-14% nitrates and nitrites, 4-5% K,0,
and CaO and MgO, which are digestible together with the accompanying set
of all trace elements by plants.

Busnaueno mMo:KJIuBicTh mepeTBOpeHHSA (hochopmTOBOI mOPOAM, IO MIiCTUTH
menmre 10% P,0;, y moBHOI[iHHe opraHo-MiHepaJibHe a3oTHO-(ochopHe Ga-
raToeJeMeHTHEe MOOPMBO 3 IOJAJBINOI Ne3iH(DEKIliel0 0nep:KaHoro MpPOAYK-
Ty. PenrrenoduiroopecienTHa aHanisza dochopuris nmokasana, 1o Horo Mik-
poesieMeHTHUH CKJaA B KiJbKicHOMY BUpaKeHHi MOXiOHWHM 10 POCIMHHOTO,
a OTiKe, 3aCTOCOBYIOUM Ie JOOPWBO, POCJIWHA MOKe OTPUMYBATH BCi HeoO-
XigHi mosKkmBHI MiKpoesemeHTH. BusBieno, mio mgaa 3paskKiB i3 pigkoio ¢a-
3010 MiKpOOpraHiaMu MalTh BHUCOKY aKTHUBHICTH IIOPiBHSHO 3 KOHTPOJIbHU-
MU BapigHTaMu, II[O0 TOB’s3aHe JIUIIE 3 BIJIUBOM OioreHHOro umHHUKA. Ilo-
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KasaHO 3JaTHICTh MiKpOOpPTraHiaMiB aKTHBHOTO MYyJIy HIigmaBaTu merpapmaiii
HEPO3UMHHI CIOJYKU PYAMW i IIamMy Ta TpamcoOpMyBaTH iX 3 HEpPO3UMHHOIL
¢dopmMu B po3unmHHy. HaBemeHo TeXHOJOTIUHY CXeMYy Ta TOUKMW BHECEHHS HU-
3bKOCOPTHUX (ochopuTiB i IIamMy B IEPBUHHI Ta BTOPWHHI BiACTIiHHUKH,
ampo6oBaHi Ha mitouilt crammii 6ioxemiunoi oumcTKu. TakumM umHOM, OHep-
JKaHi TBepAi KOHIEHCOBAHI BiAKJIaZeHHA 3 HU3BKOCOPTHUX Qochopuris i
uramy mMatumyTts go 18-22% P,0,, 12-14% wirparie i miTpurie, 4-5%
K,0, a Takoxx CaO Tta MgO, mo 3acBOIOIOTHCA POCIMHAMM Pa3oM i3 cymyT-
HiM HabOpoOM BCiX MiKpOeJeMeHTiB.

Key words: activated sludge, low-grade phosphorite, slime, fertilizer, mi-
croflora.

Karouori cioBa: aKTUBHUI MYyJ, HUSBKOCOPTHI (ocdopuru, muiam, IooOpu-
BO, MiKpodopa.

(Received 22 June, 2020 )

1. INTRODUCTION

The Republic of Uzbekistan is a country of intensive consumption
of phosphorus fertilizers. The problem of creating the new types of
complex organic fertilizer with increased agro-ecological value and
efficiency is currently relevant. The use of complex fertilizers con-
taining a complete set of both macro- and micronutrients will sig-
nificantly improve the productivity of agricultural production and
product quality. On the other hand, this will significantly reduce
the dose of fertilizer, balance the ratio of nutrients, and reduce the
technological costs of their application and storage.

Many naturally occurring wastes can be used as secondary raw
materials for the production of fertilizers, as well as means to in-
crease of land productivity and crop yields. Among such types of
organic waste, livestock waste (cattle manure, bird droppings), crop
production, as well as industrial production (low-grade phosphorite
of Central Kyzyl-Kum) can be highlighted. It should be noted that,
at the Kyzyl-Kum Phosphoritic Plant (KPP) of Navoi Mining and
metallurgical Combine (NMMC), during the enrichment of highly
carbonated phosphorites of the Central Kyzyl-Kum, waste is formed
in the form of off-balance ore with a content of 13-15% P,0O, and
sludge phosphorites with a content of 8-12% P,0; [1-7]. The total
volume of accumulated waste phosphorites has already reached
about 13 million tons.

At present, there is an acute question of finding new rational
ways of processing low-grade phosphorites of the Central Kyzyl-
Kum region into high-quality phosphorus-containing fertilizers.

The aim of this work is the usage of microflora of activated
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sludge from biochemical treatment plants for municipal waste as an
alternative for the recycling of low-grade phosphorite ores. For
this, low-grade phosphorites and waste from the Kyzyl-Kum Phos-
phoritic Plant (KPP) of NMMC were taken as initial materials for
obtaining a new type of organic-mineral fertilizer enriched with
phosphorus and activated sludge. This makes it possible to trans-
form phosphorite rock containing less than 10% P,0; into a full-
fledged organic-mineral nitrogen—phosphorus multielement fertiliz-
er with subsequent disinfection of the obtained product.

An achievement of such a result is possible by transforming the
indigestible P,O, form to a form that is digestible for plants using
the microflora of sewage treatment plants [8—12].

Thus, the objective of the present study was to study the chemi-
cal composition and microflora of activated sludge from the bio-
chemical cleaning plant of JSC Navoiazot and low-grade phosphorite
rock from KPP NMMC, resulting from the addition of both low-
grade ore and phosphorite wastes into the aerotanks of the station.

2. MATERIALS AND METHODS

Laboratory studies on the destruction of various types of minerals
from low-grade phosphate of KPP NMMC using aerobic types of
neutrophilic microorganisms of AS of the biochemical cleaning
plant of JSC Navoiazot were carried out at the Navoi State Mining
Institute.

The object of the study was low-grade phosphorite ore and sludge
from KPP NMMC with the following chemical composition (Tables
1, 2) similar to [13].

Analyses of the chemical composition of activated sludge and var-
iants with a mineralized mass and phosphorite slime were per-
formed at the Research Institute of General and Inorganic Chemis-
try of the Academy of Sciences of the Uzbekistan Republic.

For the cultivation of aerobic microorganisms of activated sludge

TABLE 1. The chemical composition of phosphorites of the Central Kyzyl-

Kum.
No Compound Elements No Compound Elements
: name content, % ) name content, %
1 P,0; 8-12.2 7 Cco, 8-15
2 Al,O4 1.5-3.0 8 Fluorine 1.8-3.2
3 SiO, 6.0-8.0 9 SO, 2.5-3.5
4 CaO 42-48.1 10 H,0 10.0
5 MgO 2.5-3.5 11 Organic substance 2.8-3.0
6 Fe,O, 0.6-0.8 12 Insoluble residue 8.0-8.2
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TABLE 2. Chemical composition of activated sludge from the shop of bio-
chemical cleaning of JSC Navoiazot.

Composition of activated sludge, %

Moisture Sl%”iiﬁt‘;s Nitrogen| P,0; | K,0 | CaO |MgO | Ash W];glt
95.38 2.99 0.12 0.14 [ 0.01 [0.17 [ 0.02 | 1.41 | 4.67
In conversion to oven-dry basis, %

10.05 | 28.54 | 11.44 [13.35] 0.95 [16.21]1.90 [13.44 [44.26

involved in the processing ore and slime of phosphorites, reactors
were created, resembling in their design aerotanks. 500 grams of
phosphorite ore or slime per 2 litres of the liquid phase or solid
precipitate of activated sludge were loaded into these reactors with
the same ratio. In other words, the ratio of solid (S) to liquid (L)
S:L =1:4 was completed.

The following variants for ore and sludge are drawn up (Table 3).

The reactor, created in the laboratory, simulated the processes
occurring in the aeration tanks. Variants for the interaction of ac-
tivated sludge with phosphorites were kept for 14 days.

In variants of the samples, the total content of P,0;, digestible by
Trilon B and in 2% citric acid solution was determined according to
a known method described in detail [14]. Studies were carried out
according to GOSTs: ash content in line with GOST 26714-85, hu-
midity in line with GOST 26712-94, organic substance content in
line with GOST 27980-80 [15—17]. The solid phase (after the separa-
tion of alkaline-soluble organic substances from it) is the final de-
composition product of organic substances. It was thoroughly
washed with distilled water and then dried to a constant weight,
and the yield of organic compound was determined.

After bacterial leaching out for 14 days, samples of the liquid
and solid phases were sent to the State Unitary Enterprise ‘Uzbek
Research and Development and Survey Institute of Geology and

Nonferrous Metallurgy’ (‘UzGEORANGMETLITI’) for study-

TABLE 3. Variants of experiments on phosphorite ore and slime.

Var:iants Ratio Variant 1 | Variant 2 | Variant 3 | Variant 4 | Variant 5
title S:L
Phosphorite| .. AS + AS ooy T+ AS iyt AS eyt
ore (Ph0) | 134 [Water+PhO| 515 | " Bh0 |+ PhO+0,| PhO+O,
. Variant 6 | Variant 7| Variant 8 | Variant 9 | Variant 10
Phosphorite 1:4 AS.  + | AS n
. . (l.ph.) (s.res.)
slime (SI) Water + Sl |AS + Sl )| AS( 1esy + S1 + Sli o, +S1+0,

Note: 1.ph.—liquid phase, s.res.—solid residue.


https://www.multitran.ru/c/m.exe?t=4541604_1_2&s1=%F2%EE%20%E5%F1%F2%FC
https://www.multitran.ru/c/m.exe?t=6877_1_2&s1=%E2%EB%E0%E3%E0
https://www.multitran.ru/c/m.exe?t=3095296_1_2&s1=%EE%F0%E3%E0%ED%E8%F7%E5%F1%EA%E8%E5%20%E2%E5%F9%E5%F1%F2%E2%E0
https://www.multitran.ru/c/m.exe?t=3095296_1_2&s1=%EE%F0%E3%E0%ED%E8%F7%E5%F1%EA%E8%E5%20%E2%E5%F9%E5%F1%F2%E2%E0
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ing by an universal x-ray fluorescent energy-dispersive spectrome-
ter BRA-135F, which allows us to determine simultaneously more
than two dozen chemical elements during a time not exceeding 300
seconds in a wide range of concentrations ranging from hundreds to
ppb. BRA-135F analyses samples in the solid, powdery, and liquid
states, as well as deposited on the surface or the filters.

3. RESULTS AND DISCUSSION

Kyzyl-Kum phosphorites consist mainly of phosphoritized faunal resi-
dues bonded with fine-grained calcite cement [18, 19]. Foraminifera
with shell sizes from 0.04 to 0.5 mm predominate among these remains
of fauna. Isotropic and slightly crystallized phosphorite with point in-
clusions of calcite fills the internal cavities of their shells. Relic calcite
preserved from phosphorite substitution sometimes forms the shell
and internal partitions of sinks as well. In the scientific and technical
literature, such a kind of calcite, which is located inside phosphate
formations, is called ‘endo calcite’ and composing the cement of the
rock ‘exo calcite’ [20, 21]. The third form of calcium carbonate is
found in the form of a phosphate mineral isomorphically entering the
crystal lattice. Phosphatized residues of other organisms play the sub-
ordinate role; they are the sections and nuclei of pelecites, gastropod
shells up to 5 mm in size constituting up to 5—-10% of the breed, elon-
gated conical Pteropods up to 4—5 mm, sea urchin needles, fish scales,
etc. Cementation is often fragile; therefore, many phosphorites easily
disintegrate under mechanical action, especially after soaking in wa-
ter. Among organic residues, primary phosphate materials, namely,
shark teeth, vertebrae and small (of a few millimetres) fragments of
the marine animals’ bones, are present in a small amount. Cement for
phosphate is fine-grained calcite mixed with clay and phosphate-clay
material. In the bottom part of the second stratum, the cement is
strong crystalline; it is represented by calcite and gypsum, sometimes
with a siliceous component. The results of the mineralogical study of
granular phosphorite ores indicate the monotony of their composition
[22—-24].

The main phosphate minerals are francolite (fluorocarbonate) and
calcite included in the ore by 80-90%. Francolite contains on aver-
age of about 42.1% P,0;, 55.4% CaO, 1.2% F, 2.3% Cl, 0.6% H,0;
the sum of rare elements (TR) reaches 0.03%. Such ores have the
following average mineral composition (weight, %): francolite—
56.0; calcite—26.5; quartz—7.5; hydromica minerals and feld-
spars—4.0—4.5; gypsum—3.5; goethite—1.0; zeolite < 1.0; organic
matter—about 0.5 [13, 22, 24].

The characteristics of the material composition of options with
phosphate ores and slime with activated sludge are given in Table 4.
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X-ray fluorescent spectral analysis of samples treated with acti-
vated sludge showed the presence in the solid phase of 25 elements,
including those related to rare and scattered metals. For all sam-
ples, phosphorus is converted to a water-soluble form. The amount
of calcium compounds in the solid phase ranged from 19.5085 to
16.32335 mg/l that indicates a partial transition of calcium com-
pounds to the soluble form. In addition, the calcium content in the
ore was higher (18.8715 mg/l) than in the sludge (17.8540 mg/l).
With this fact, a partial dissolution of calcium compounds by water
is evident. The amount of Fe compounds in the ore composition is
minimal of 0.3398 mg/l, and in the slime composition, it increases
to 1.4644 mg/1.

Adding a solid residue of activated sludge, the amount of Fe in
variants 5 and 10 increases and is of 1.9544 and 2.5010 mg/l, re-
spectively, i.e., Fe is extracted from active sludge. For the remain-
ing trace elements involved in the physiological reactions of living
organisms, the contents of Ti, Mn, Cu, Zn and partially Mo ele-
ments increase. Some decrease in the number of elements in the sol-
id phase is noted in the variants with vanadium. Here, it is ob-
served an ambiguous picture. If the amount of vanadium in phos-
phate ore increased from 0.0040 to 0.0045 mg/l, for the variants
with phosphate slime, its amount decreased from 0.0045 to 0.0040
mg/l, i.e., under the influence of microflora of activated sludge, partial
dissolution of vanadium occurs in the slimes, but in the composition of
the ore vanadium, perhaps, it is in insoluble form. Similar results are
noted for Ni, Ag, Sb, Ba, and Pb. For the others elements (Cr, Co, Ga,
Ge, Ni and W) significant changes were not noted.

X-ray fluorescent analysis of phosphorites showed that its micro-
element composition in quantitative terms coincides with the plant
one, which contains of about 75 elements of the D. I. Mendeleev pe-
riodic system, and therefore, applying this fertilizer, the plant can
get all the necessary minor nutrient elements. Among the chemical
elements necessary for plants, 16 ones are following as major organo-
genesis highlighted: carbon, oxygen, hydrogen, and nitrogen; ash ele-
ments: phosphorus, potassium, calcium, magnesium, and sulphur;
trace elements: boron, molybdenum, copper, zinc, cobalt, manganese,
and iron. The place of one element cannot be filled by another one, be-
cause each of them performs its own specific physiological function.

Trace elements are not random ingredients of tissues and fluids
of living organisms, but components of a naturally existing ancient
and very complicated physiological system that is involved in regu-
lation of the vital functions of organisms at all development stages.
Among the vital elements, there are cations: calcium (Ca*"), sodium
(Na"), potassium (K), magnesium (Mg®"), manganese (Mn®>"), zinc
(Zn*"), iron (Fe*"), copper (Cu®"), and cobalt (Co*").
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Microorganism excretions contain of a whole complex of organic
compounds consisting of vitamin-like substances, humid, abscisic,
gibberellic and other acids, which can be as the growth and devel-
opment stimulants of plant [25, 26].

Thus, along with the enrichment of low-grade phosphorites with
microorganisms of activated sludge and their secretions, they will
be enriched with additional organic compounds and trace elements,
which stimulate growth and development of plants. The results of
chemical analysis of phosphorite and slime samples treated with ac-
tivated sludge are presented in Table 5. Samples were taken directly
from the reactors. Therefore, they have a high humidity in the
range of 70-75% . As we can see from Table 5, the most optimal are
4™ and 5™ variants. The amount of organic substance, nitrogen,
phosphorus, calcium and magnesium in the variants with the use of
a solid residue significantly exceeds the amount of these compounds
in a liquid phase. However, the most interesting fact is following:
in the samples with the liquid phase, there is the high activity of
microorganisms in comparison with the control variants that is as-
sociated with the impact of a biogenic factor only. As a result,
there was a transformation of mineral compounds of ore and slime,
and these compounds turned from the insoluble form to the soluble
one.

Table 6 shows the results of measuring the density of phosphorite
ore and slime after treatment with activated sludge and pH value at
the ratio of solid (S) to liquid (L) 1:4. The decrease in density of the
medium from 1184.62 g/1 to 1092.2 g/1 is apparently due to a de-
crease in carbonates amount in the calcite mineral composition, in
which microorganisms for their growth and development use the
carbonium. Particularly intense decrease in density was noted in 4™
and 5™ variants. This circumstance allows under production condi-
tions to use low-grade phosphorites by direct addition into aero-
tanks. Due to their low density, they are capable to be carried by a
water stream into thickeners to separate the liquid and solid phases.
The pH of the medium in all the studied variants was mostly neu-
tral and changed insignificantly within 6.60-7.14. This fact con-
firms that the neutral and alkaline phosphorites, calcium phosphate
are present in the predominant amount. Therefore, in the biochemi-
cal processing of the household and industrial effluents in the
amount of 55—60 thousand m?/day (Fig. 1), phosphorite slimes can
be loaded into primary clarifiers, because, due to their low density
and fine dispersion, they can freely transfer to sludge accumula-
tors.

Thus, we carried out the pilot test of phosphorite slime at the
treatment plant in Zarafshan city, where 4 tons of phosphorite
slime were loaded into the primary clarifiers.
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Fig. 1. The basic process flow diagram of obtaining an organic fertilizer
(‘coagulants can be added).

After 24 hours, they were pumped out to the silt reservoirs.
Then, they were irrigated with excess activated sludge from aero-
tanks. Considering the daily volume of the biochemical treatment
plants, it is possible to adjust the supply of phosphorite slime. In
this case, daily up to 12 tons of phosphorite slime can be loaded in-
to the primary clarifiers of the Zarafshan treatment plant.

Low-grade phosphorites are recommended to be loaded into aero-
tanks, since they have a higher density (Table 7). By a flow of sup-
plied air, phosphorites with a higher density will be easily leached
from the aerotanks and get into the secondary clarifiers. Then, the
extraction of condensed sediments will be made from secondary
clarifiers. Every twenty-four hours, about 275 tons of low-grade
phosphorites can be loaded into aerotanks. Thus, up to 90 thousand
tons of phosphorites with a content of 8-10% P,0; (Fig. 1) can be
recycled per year, followed by the finished-product output.
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Obtained after primary and secondary clarifiers, solid condensed
sediments with low-grade phosphorites and slime added to them will
have up to 18-22% P,0,, 12-14% nitrates and nitrites, 4—5% K.,0,
and CaO and MgO are digestible by plants, together with the ac-
companying set of all trace elements.

In this way, it is possible to obtain the high-quality new fertiliz-
er, referred to as organic-mineral nitrogen—phosphorus poly-
microelement fertilizer [26].

In all major cities of the Uzbekistan Republic, there are the bio-
chemical treatment plants of municipal waste. It is not known how
excess activated sludge is recycled at these plants. Therefore, appli-
cation of low-grade phosphorites at these plants will allow us to ob-
tain the organic fertilizer. There would be a real opportunity to
provide phosphorus fertilizers in all Republic regions, without
spending additional funds on the import of mineral phosphorus-
containing fertilizers.

For the daily load of aerotanks of municipal waste-treatment
plants in the Navoi region, calculations were made (Table 7). It was
shown that, for the daily load, with a ratio of phases S:L=1:4, up
to 92 thousand tons of phosphorus-containing organic-mineral ferti-
lizers per year can be obtained. At KPP NMMC, slimes are released
as waste with a content of up to 10.5% P,0;. Such slime wastes
were accumulated in the first slime storage facility (dried out) with
16730 m®, in the second one, with 3000 m?, in the third one, with
about 7000 m?. Considering the size of the slime particles and their
ability to be in the peptized state for a long period of time, it is
proposed to add these slimes into aerotanks to activate by the mi-
croflora of biochemical treatment plant, since they will not linger in
them.

Thus, the Navoi region with the effective use of low-grade phos-
phorite ores and slimes at KPP NMMC can satisfy its regional needs
for high-quality organic-mineral fertilizers, but also sell the fin-
ished product to third-party organizations as well.

4. CONCLUSION

Based on the provision of agricultural production of the Uzbekistan
Republic with own phosphate fertilizers by 30-32%, a radically new
solution was found for obtaining a new type of phosphorus-
containing fertilizer, where the microflora of activated sludge from
biochemical treatment plants is used for transforming the insoluble
low-grade phosphorite in organic-mineral nitrogen—phosphorus
polymicroelement fertilizer. As a result of studying the degree of
production load at the biochemical treatment plants of Navoi and
Zarafshan cities, it is proposed addition of the low-grade phospho-
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rites at the ratio of the solid-to-liquid phases S:L =1:4 and, in this
way, to get the new type of fertilizer without prejudice to the sew-
age treatment plant.

For all agro-industrial regions of the Uzbekistan Republic, it is
recommended to use this technology to ensure their own needs in
phosphorus-containing organic fertilizers.
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Synthesis of novel cement mortar/polymer nanocomposites for antifungal
and antibacterial applications is investigated. The blend solution of poly-
vinyl pyrrolidone (PVP) and carboxymethyl cellulose (CMC) with various
ratios of yttrium oxide (Y,0;) nanoparticles is prepared with content of 1
wt.% by weight of cement. The (PVP-CMC-Y,0;) nanocomposites are
used with cement to fabricate the mortar/(PVP-CMC-Y,05;) nanocompo-
sites for biomedical applications. The cement mortar/(PVP-CMC-Y,0;) is
tested against Aspergillus, Lactose organisms and Proteus organisms. Re-
sults show that the inhibition zones increase as Y,0; nanoparticles’ ratios
increase.

HocmimKxeHO CUHTE3y HOBUX I€MEHTHUX PO3UNH/IOJIiMep-HAHOKOMIIOBUTIB
IS IPOTUTPUOKOBUX Ta aHTHOAKTepiliHUX 3acTocyBaHb. CyMiIl posuuny
moaiBiminmipoaigony (PVP) i xapb6oxkcumerunanentonosdu (CMC) 3 pisHuMu
CHiBBigHOIIEHHAMN HaHo4YacTHHOK okKcupay Irpito (Y,0;) roryerbca 3 BMic-
tom 1 Bar.% 3a Barow unementy. Hanoxkommosutu (PVP-CMC-Y,0;) BuKO-
PUCTOBYIOTHCA 3 IIeMEHTOM [AJs BUTOTOBJIEHHA HAHOKOMIIO3UTIB pO3-
yna/(PVP-CMC-Y,0;) mna 6GiomexzmuHux 3acTocyBaHb. lleMeHTHUII pOS3-
uynH/(PVP-CMC-Y,0;) TecTyeThca IpPOTH aclieprijiyca, JIJAKTO3HUX OpraHi-
3MiB i opraHismiB mpores. PedyibTaTym moKasyioThb, IO 30HU TaJIbMyBaHHSA
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30iJBIIYIOTBCA B Mipy 30iJIbIIIeHHA CHiBBiAHOIIIEHHA HAHOYACTUHOK Y ,05.

Key words: antifungal agent, antibacterial agent, yttrium oxide, cement
mortar, nanocomposites.

KarouoBi cioBa: mporurpuOKoBuii 3aci0, aHTmbOaKTepianbHMiI 3acib, OKCH
iTpifo, MeMeHTHUHN PO3UYNH, HAHOKOMIIOSUTH.
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1. INTRODUCTION

The introduction of nanoparticles or lamellar solids materials in
mortars and concrete to enhance it mechanical characterization has
been generally tested in present concrete technology. The modern
studies on nanoparticles and nanotechnology explain using these
nanomaterials in different fields such as automobile industry, medi-
cine, energy, construction, etc. This is related to the particular ap-
pearances of mater at the nanosize. Building materials can be con-
sidered as beneficiaries of the investigations and their applications
that will enhance the properties of concrete and insulating materi-
als [1].

Nanoparticles, including metals and metals oxides, can be used
and applied in cosmetics, electronics, agriculture, food industry,
and building materials. The manufactures of cement mortars and
concretes are mainly important branches in building materials [2].

In the present time of multidrug resistance, in which viruses,
fungi, parasites and bacteria are gaining resistance to various anti-
microbial agents, it is becoming especially complex for health care
staff to treat patients [3]. Antimicrobial agents are of high im-
portance in several commercial fields such as environmental one,
textiles packaging industries and medical products, etc. However,
random use of antibiotics leads to resistance of bacteria to the an-
timicrobial drugs. Nanomaterials with their huge surface area-to-
volume ratio have been studied to be expected candidates used for
antimicrobial agents.

Metal oxides nanoparticles have huge applications in many fields
ranging from water treatment, medicine, engineering, cosmetics,
etc. [4]. Yttrium oxide (Y,0;) is one of the mainly promising sub-
stances for the synthesis of chemical catalysis and optoelectronic
applications. Y,0; is a distinguished material due to its properties
of good thermal stability of high dielectric constant in a powder
state. Y,0; may be used as high-activity additive and useful compo-
site similar to yttria-stabilized zirconia films. In addition, Y,0; is
generally used as a host substance for different rare earth dopants
and is of attention for potential area in biological imaging [5].



FABRICATION AND CHARACTERIZATION OF NOVEL CEMENT MORTAR 409

2. MATERIALS AND METHODS

Nanocomposites/mortar is prepared according to the ASTM C373 with
ratio 1:3 for cement/sand. The solutions of nanocomposites are fabri-
cated with content 1 wt.% from weight of cement. The solution of pol-
ymers is prepared with content (50 wt.% PVP with 50 wt.% CMC).

The yttrium oxide (Y,03;) nanoparticles were added to solution of
polymers with ratios 1, 2 and 3 wt.% . The solutions of PVP-CMC-

TABLE 1. The chemical analysis of the used cement (according to IQS No.
472/1984).

Oxide Value Limits according to IQS
Ca0 61.00 —
Si0,, % 19.50 —
Al,05, % 3.80 —
Fe,05, % 5.60 —
MgO, % 3.00 <5%
SO;, % 2.00 <2.5% if C;A<5%
Loss on ignition, % 3.65 <4%
Total, % 98.55 —
Free lime, % 1.32 —
Insoluble residue, % 1.40 <1.5%
L.S.F. 0.93 0.66-1.02
M.S. 2.07 —
M.A. 0.68
CsS, % 55.52 —
C,S, % 14.02 —
CA, % 0.59 <3.5%
C,AF, % 17.04

TABLE 2. The physical properties of the used cement (according to IQS
No.5/1984).

Property Value ‘Limits ace ending to I1QS
Initial setting time, hour:min 02:27 > 00:45
Final setting time, hour:min 03:30 <10:00
Fineness (Blaine) in m?/kg 307 > 250
. 3 day 17.31 > 15.00
Compressive strength, MPa at
7 day 26.24 > 23.00




410 Naheda HUMOOD, Ahmed HASHIM, Auda J. BRAIHI et al.

Y,0; nanomaterials were added to cement to prepare the cement
mortar nanocomposites for antifungal and antibacterial agents.
Then, these ingredients were mixed for 4 minutes using a spark
mixer, and a vibrating machine further mixed the resultant mix-
tures with a frequency of 200 Hz for another 4 minutes. Finally,
the samples were subjected to humid environment for 24 hours and
immersed in distilled water for another seven days before testing.

The used cement was analysed according to the Iraqi standard
No. 472/1984 as shown in Table 1, and its physical properties ac-
cording to the Iraqi standard No. 5/1984 is shown in Table 2.

The antifungal and antibacterial agents were tested against fun-
gal (Aspergillus), positive bacteria (Lactose) and negative bacteria
(Proteus) by disc diffusion method.

3. RESULTS AND DISCUSSION

The antifungal and antibacterial tests of the mortar samples (ce-
ment/PVP-CMC-Y,0; nanocomposites) were tested against fungal
(Aspergillus), positive bacteria (Lactose) and negative bacteria (Pro-
teus) as shown in Figures 1-4. The inhibition-zones’ areas increase as
Y,0; nanoparticles ratios increase. Antifungal effect of cement mor-
tar/nanocomposites is explained by its high surface area. The Y,0; na-
noparticles can energetically inhibit the development of fungal strains
by interfering cell and effecting deformation in fungal hyphae [6].
The explanation for the antibacterial effect of cement nanocom-
posites can be related to occurrence of reactive oxygen species pro-
duced by Y,0; nanoparticles. The (cement—nanocomposites) mortar
goes on to contact with the dead bacteria; in one time, the hydrogen
peroxide was produced and, hence, prevents further the action of
bacteria and carry on to create and release the hydrogen peroxide to
medium. The mechanism, which is possible for action, is as follows:
Y,0; nanoparticles in mortar have positive charges, and the mi-

a b c

Fig. 1. Images of cement—nanocomposites mortar against: (a) Aspergillus;
(B) Lactose; (c) Proteus.
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Fig. 2. Antifungal agent of (cement—nanocomposites) mortar against As-
pergillus.

Fig. 3. Antibacterial agent of (cement—nanocomposites) mortar against
Lactose.

crobes have negative charges and, hence, produce the contact be-
tween the Y,0; and the bacteria. When the contact was created, the
bacteria become oxidized that leads it to the die [7T—10].

4. CONCLUSIONS

The cement—nanocomposites mortar samples are fabricated against
Aspergillus organisms, Lactose organisms and Proteus organisms.
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Fig. 4. Antibacterial agent of (cement—nanocomposites) mortar against
Proteus.

The areas of inhibition zones of antifungal and antibacterial tests
rise as the Y,0; nanoparticles ratios raise.

The prepared samples of cement—nanocomposites mortar have
good antifungal and antibacterial effects.
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Benuky salikaBJjieHICTH y HAIl Yac MPUBEPTAIOTH CUCTEMU OUMINEHHA OaJa-
ctaoi Boau (BB). Amxe B mporeci maebanmacTyBaHHA CyZHA BoJa 3 TaHKIB
IpoTiKae Kpidh GigbTpu Ta HifgmaeThbcsa 0O0POOJIEHHIO TinbKU yJabTpadiose-
ToMm (Y®P-ycTaHOBKOIO), IO He BiamoBimae mpuitHatromy B 2017 p. posmimy
D-2 (crammapT, II0 BuU3HA4Ya€ AKicTb MopcbKoi BB — MakcuManbHy Kijdb-
KicThb KUTTE3JaTHUX OpraHisamiB, AKi MoxkyTh MictuTucd B BB) srimzo 3
Kouseniriero MixkHapoauoi mopcskoi oprauisamii (IMO). ITigBuineni sBumoru
o ounineHHA BB mpusBOgATHL A0 MOAOPOKYAaHHA MOPCHKUX i PiUKOBUX IIe-
peBes3eHb, Pi3Ko 30iJBIIYIOTH CTABKY (ppaxTy IepeBe3eHOl TOHU BaHTAXKY. Y
3B’A3KY 3 IIUM CHOTOJHiI TOCTPO CTOITH 3aBJaHHSA 3 MiABUINEHHA SKOCTHU
OUMUINEeHHA Ta IOHMKEHHS Horo BapTocTu. B maHili cTraTTi 3ampomoHOBaHO
PO3TJISAN KJIIOYOBUX ACIEKTIiB HAHOTEXHOJIOTIUYHOIO IIigX0Ay KOHCTPYKTOPCH-
KO-TexXHiuHOTO pimeHHa cucremu yupabiinas BB ma 6asi I HY «OMA».
YMoBu 3ailicHeHHA cHoco0y 3HesapaskeHHSA W ouunineHHa BB sHailizeHo ekc-
mepuMeHTaNabHO. IlocTaByieHy 3aZjlauy BUPIIIEHO ABOMA BUHAXOJaMHU, IOEJ-
HAaHNMU BUHAXITHUIBKUM 3aZyMOM. ¥ IEpIIOMY BMHAXOJi IOCTaBJIeHE 3a-
BIAHHSA BUPIIIIEHO METOAOI0 3He3zaparkeHHsA I ouuilenHsa BB, mio mepenba-
Yae BBEeJEHHA y Hei OKMCHIOBaua Ta HOJAJIbIlle 00po6JieHHsS yJabTpadiosero-
BUM BUIIPOMiHEHHAM. ¥ JIPYyroMy BWHAXOIi IIOCTABJIEHY 3ajadyy BUPIIIIEHO
YCTAHOBKOIO [JI 3He3apaskeHHs ¥ ouulneHHsa BB, mo mictuth moemuani
MiK Cc000I0 TeXHOJIOTiUHMMM TPYyOOHpoBOAAMU OajlacTOBHUII TaHK-pe3epByap
oA smimyBauHs BB 3 okucHoBaueMm, mpucTpiit aas oopobsenns BB yabt-
padioseToBuM CBiTJIOM i (pisbTep TOHKOrO OUYHUINEHHSA, a caMe, TUM, IO, Ha
BimMiHy Bimg mpoToTHIly, BOHA JOZATKOBO MICTHTBH [I03aTOP peareHrTis,
dinpTp rpyboro ouMINEHHd, OaJacTHUII Hacoc i OGJIOK BHUCOKOYACTOTHOTO
eJIeKTporigpaBiiunoro yaapy. EiexkTporigpaBiiuHuii ygap HOPUBOAUTH [0
3HUIIEeHHA iHBa3ili i xBopoGoTBOpHUX ImITaMiB. CaMOpO3BaHTaKYBaJbHUI
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dinbTep 3 HAHOBYIJIENIEBUMU BCTaBKaMU YMOJKJIUBJIIOE POOUTH BiACiB TBep-
IUX ejieMeHTiB i MikpoopranismiB B isonmwoBaHiit BB. IlepeBara camopossa-
HTa:KyBaJbHOTO (QinbTpa mojfArae B 3a0e3meueHHi YCTAHOBIII II0 3He3apa-
JKeHHIO I oumineHHI0 BB Bucokuii piBeHb 3HUINEeHHA iHBasiit. YoMy KOHC-
TPYKIIisg caMOpO3BaHTAXKyBaJbHOTO (inbTpa and ouuileHHs BB e ontuma-
abHOI0? BimmoBiab mocTaTHBRO HpocTa: 36GiABITUBINK PO3MipH (QiIbTPYBATL-
HUX eJIeMeHTiB, MU 30iJbIIIyeMO HPOIYCKHY 3maTHicTh obpodienoi BB. A
TaKOXK, BTiAHO 3 JOCIHiIKEeHHAMU Ta pPO3POOKaMM HAHOTEXHOJIOTill, BOHU
3HAXONATHCA B CTaHi mixgliomMy B TOHUTBI 3a OpUIiHANIBLHUMU Ta KOPUCHUMU
peuaMu, i B TOH Uac, KOJU BigOyBaeThbCcs 3JiT (PaOdpUUHOTO BHUPOOHUIITBA,
30BCiM MaJi0 POOUTHCS AJIA TOTO, MO0 rapaHTyBaTH 0e3IeKy CYCIiJILCTBY Ta
HaBKOJIUIITHBOMY CEpPeJIOBUIILY.

Great interest in our time is paid to the ballast water (BW) treatment sys-
tem. Indeed, in the process of decalibrating the vessel, the water from the
tanks flows through the filters and is subjected to UV (ultraviolet) treat-
ment only that does not comply with the BW under section D-2 (the
Standard determining the quality of sea BW, i.e., the maximum number
of viable organisms, which can be contained in BW) adopted in 2017 ac-
cording to the IMO (International Maritime Organization) Convention. It
must be admitted that the increased requirements for the cleaning of
spent products lead to a rise in the cost of sea and river waterages, and
the freight rate of a tonne of cargo is sharply increased. In this regard,
today, the challenge is to improve the quality of treatment and reduce its
cost. This article proposes the consideration of key aspects of the nano-
technological approach to the design and technical solution of the BW
management system, based on the DI NU ‘OMA’. The conditions for the
implementation of the method of disinfection and purification of BW were
found experimentally. The problem is solved by two inventions connected
by an inventive concept. In the first invention, the task is solved by a
method of disinfecting and cleaning BW, providing for the introduction
of an oxidizing agent into it and subsequent treatment with ultraviolet
radiation. In the second invention, the task is solved by the installation
for disinfection and purification of BW, containing a ballast tank-tank
connected to each other by technological pipelines for mixing the spent
substance with an oxidizing agent, a device for processing the spent sub-
stance with ultraviolet light, and a fine filter, in which, unlike the proto-
type, it additionally contains a reagent dispenser, a coarse filter, a ballast
pump, and a high-frequency electrohydraulic-shock block. Electrohydrau-
lic shock leads to the destruction of invasions and pathogenic strains. A
self-discharging filter with nanocarbon inserts allows screening of solid
elements and microorganisms in isolated BW. The advantage of a self-
discharging filter is that it provides a high level of destruction of inva-
sions to the BW cleaning plant. Why is the design of a self-discharging
filter for cleaning the BW optimal? The answer is quite simple: increasing
the size of filtering elements, we increase the throughput of the processed
BW. Moreover, according to the research and development of nanotech-
nology, they are on the rise in pursuit of the original and useful things,
and at the time when the take-off of factory production takes place, very
little is being done to guarantee the safety to the society and the envi-
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ronment.

Karouosi cmroBa: 6amactaa Boga (BB), Kousenmia IMO, crangapt D-2, mop-
CcbKa iHAyCTpid, HAHOTEeXHOJIOTii, caMOpo3BaHTaKyBaJbHUN (iabTep.

Key words: ballast water (BW), IMO Convention, D-2 standard, marine
industry, nanotechnologies, self-discharging filter.

(Ompumano 11 aunusa 2020 p.)

1. BCTYII

Bci mMopebki mep:kaBu CBITOBOTO CHiBTOBApHMCTBa 3 KOHTPOJIO HaT
omepariamMu 3 O0amactHoio Bozoio (BB) mporsaroMm ocramHiX TpPhOX He-
CATUJIITHL MOCTiAHO BAOCKOHAJIOIOTH 3aKOHOAABUY 0asy IIOA0 3aXUCTY
cBOoel MOPCBhKOI €eKOHOMIUHOI 30HM Bijg iHBasiiiHux KuBuUX ictor y BB
CyHOeH.

IIpuitnaruit Ha mouatKy 2017 p. HOopMmaTuB o0pobaenns BB srigao
3 Kousenmiero Mixxkumapomsuoi mopcbkol opramisarnii (International
Maritime Organization—IMO) mo posginmy D-2 (crammaprt, AKHiI BU-
3Hadae AKicTh MopchbKoi BB — MaxcuMaJabHY KiJIbKiCTh KUTTE3mAT-
HUX OpraHisMiB, IO MOKYTh MicTuTmcs B BB) mocuamB BuUMOTHU 0
ouninennsa BB.

Habip cunm HOKyMEHTOM € BasKJIMBHUM KPOKOM y 00poThOi 3a 30e-
pexkeHHsI HaBKOJUIIHLOTO cepemoBuina. sKusi icrotu miamerpom y 50
MKM i 6impIne MaioTh He mepeBumiyBatu 10 oguHHNG Ha 1 M° BoOmW;
6inemm Api6HUX ictor (10—-50 MM) Ha 1 M® mae 6yTu menme 10 y BB,
AKa CKUAaeThcA. Taxkok JiMiToBaHO KijgbKicTh OaxTepiit y Bomi. Ilo-
pAoI 3 IMMU HOBMMM BMMOTaMM, IIOCHJIMBCA KOHTPOJb CKuianus BB
y mpubepesKHill 30HI mopTiB. AmMmiHicTpallia mopTiB aad cyneH, AKi
3aX0lsATh, IIPOIOHYEe CKumZaHHa BB, 1o He BiamoBimae HOpMATHUBY
craamapty D-2, B Oeperosi eéMHOCTi AJIf IOAJIBLIIIOTO OUMUINEHHS iX 3a
IeBHY IJaTy. BiAmoBigHO M0 MiKHAPOAHMUX HOPM IIOA0 3a0e3lmeueHHs
KOHTPOJIO 3a cKugaHHaM BB B mpubepe:kHMX Bogax (€KOHOMiuHOI
30HU), AEpP:KaBHI OpraHM MAaioTh IPaBO 3MilICHIOBATH KOHTPOJL 3a 0Oa-
JIAaCTHUMU olepalisamu cyxesx [1].

Ha cporoamimuifi meHb o(pimifiHO 40 BMKOPUCTAHHA IOIYIIEHO IIO-
Hang 60 TtumiB cucrem ouninieHud BB.

VYcraHoBKu KackagHoro tumny Kommaxiinh Wartsila (®Pinmnaugisa),
Alfa Laval (Illsemisi), Siemens Ta iH. ocHallleHO eJeMeHTaMu OaraTo-
piBHeBorTO oumieHHs BB. ¥ mmx ycTaHOBKaX IIMPOKO BHKOPUCTOBY-
IOThCA MeXaHiuHi 3aco0M OUUINEHHS 3 UMCJIEHHUMU IPUCTPOSIMHU Xe-
MiuHOi, OaxTepioJoriuHoi Ta IMPOMEHEeBOI eHeprii.

Benuky salfikaBiieHicTh y JaHMI YaCc 3BEPHEHO OO CHUCTEMHU OUM-
menua BB Xaiin rap,aiaH [2], mo-mepitie, ii mpocToTOIO Ta, IO AYKeE
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BaKJIMBO, eKoHOMiuHicTO. Ilo-npyre, cucrema Xaiin Iapaiad miikom
iHTerpyeThCcsa B HAdABHI CYJAHOBiI cHCTeMU aBTOMATUYHOT'O YIIPaBJIiHHA
Ta KOHTPOJIO. B xXoxi GajiacTyBaHHS BOJa IPOIYCKAETHCA BiJ KiHrc-
TOHA OO0 OaJIaCTHUX TaHKiB Kpish oOMABA CTyIeHi oOpoOJieHHA i3 3a-
CTOCYBAaHHAM YCTAHOBKU 3 yiabTpadioseroBum (YD) cBitiom i GiabT-
pom. Bci Giomoriuni ocagm Ta BKJIIOUEHHs, 3aJyUeHi B CHCTEMY B XO.i
O0asacTyBaHHS, MPOMHUBAIOTLCA Ta CKUIAIOTHLCSI 3HOBY B MOpPEe B IILOMY
perioHi.

B mporeci mebasacTyBaHHA cyJHaA BOJa 3 TaHKIB IIPOTiKae CKpisb
dinpTpu Ta migmaeThca 00poOJeHHIO TiTbKU YP-ycTaHoBKoro. Ilpu-
Jagy Xaunm FapaiaH aBTOMATHUUYHO (PIKCYIOTH yCi XapaKTepuCTHUKU Oa-
JACTHHUX OIlepalliii; 40 TOTro K CHCTeMy OO0JIagHAHO IPoOOoBimbipHUKA-
mu BigmoBiguo mo Ilpasmaa G-2 IMO.

1106 yHMKHYTH ITpapHUX CAHKIiIHA, CIipHMUX CUTyalliil, 10 BUHU-
KaloTh IIpu cKujgaHHi BB, Bech mporec OYHINEHHS Ta BUJIAJECHHS
OYHINEHOI BOAU 3a JOIIOMOTOIO CIEHiANbLHUX JaBaduiB PEECTPYETHCI Ha
OILTOMOOBAHOMY JKOPCTKOMY IHCKY cynHa. Tpeba BusmaTu, IO IIij-
BUINIEHI BUMOTU A0 ouuIlleHHA BB npusBogdaTh 10 IIOAOPOKUYAHHSA
MOPCBKUX i PiUKOBUX IlepeBe3eHb, PidKOro 30iJMbINTeHHS CTaBKU (pa-
XTy IIepeBe3eHO0l TOHU BaHTaKy. ¥ 3B’A3KY 3 UM HHUHi I'OCTPO CTOITH
3aBIaHHSA 3 IMiJIBUINIEHHA AKOCTH OUUINEHHS Ta IMOHWKEeHHSA Horo Bap-
TOCTH.

Bigomuii cmoci6 ounilienHsa 0aJacTHHUX BOJ, BiAIOBIZHO IO AKOTO
BUXiHA BOJa IIOIEPENHBO 3BLIBHAETHCA BiJ BeImMKUX (ppakxiiiii y ca-
MOOUYHMCHIX KOPOTKOIIMKJIOBUX (PiIbTpax, 3MIIIyeThCcA 3 IEPOKCUIOM
BOIHIO B CTPYMEHEBOMY alapari, 00po0JIgeThCcsa YJIbLTPa3sBYKOBOIO Ka-
BiTamiero, mepekauyeThbcA B 0ajacTHI TaHKM a00 HAKOMUUYBaJIbHI €M-
HOCTi, me 30epiraerbcs HeoOXimHUII yac, Iepel CKUIaHHIM B HaBKO-
JUIITHE CepPemoBUIlEe IIOBTOPHO AOOUUIIAETHCA IIIAXOM 3MIiITyBaHHA 3
BUNYCKHUMU Ia3aMM ABUTYHIB BHYTPIIIITHLOTO 3ropsaHHA abo KOTJoar-
peraris y cTpyMeHeBOMY allapaTi Ta 3HOBY OOpPOOJISIETHCA YJILTPa3BY-
KOBOIO KaBiTariero (mateut P® Ne 2591965) [3].

3asHaueHUil CIIoci0 Mae HACTYIIHI HeZOJIiKM:

— TPUBAJICTL MPOIlECY IepPepoOKY, 3yMOBJIeHA OaraTocTaaiiiHiCcTIO;
— HaABHICTL peaKIiiHUX €MHOCTEeH BeJIHKOro 00’eMy;

— He3aJ0oBLIbHI MacorabapuTHI IOKAa3HUKMN YCTAHOBOK i KOMILIEKCiB;
— BUCOKE €HeproCIIOKUBaHHS;

— CKJIQIHiCTh KOHCTPYKIIii;

— CKJIQJHiCTH yIpaBJiHHA i1 aBTOMaTHU3aIrii.

Bigomuit Takok cmoci6 3mesapakenHsa BB, akuii mepexnbauae 3abip
BB Ta momanbiiie o6pobseHHs ii o30HOM i Yd®-ompomimenHam. O30H
BBOIATL 3 O30HOBMIiCHOI ras3oBoi cywmiimmi a6o 3 cywmimri o3oHy 3 mpic-
HOIO BOIOI0 B MOPChKY BB, AKy 3He3apaxyioTh, 6e3II0ocepeHbo mepen
momaueo MopchbKoi BB y 610k Y®-cBiTiioBOro onpomineHHA. O30HOB-
MiCHY rasoBy CyMiIll HOZAIOTh uepe3 OapOOTaKHy ILIACTHUHY, PO3Ta-
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IIIOBaHY IEePHEeHINKYJIAPHO OO HANPSAMKY PyXy IIOTOKY MOpchbKoi BB,
AKY 3He3apaKyioThb. dac Bi BBeJeHHsS 030HY B IIOTiK MopcbKoi BB
o BUXonmy MopchbKoi BB 3 070Ky Y®P-cBiT/IOBOTO OIIpOMiHEHHS He IIe-
peBumiye 10 c. O30H BBOZATL Y KiJbKOCTi, 110 3a0e3meuye KOHIIEHT-
pamiio He 6imbme 2 Mr o3oHY Ha 1 gM° 00po6II0BaHOI MODPCHKOI BOIM.
Hoza YdP-cBiT/IOBOTO OIIpPOMiHEHHsS 030HOBaHOI MopchbKoi BB y 6oIri
Y®D-cBiTI0BOTO OIPOMiHEeHHs 3HaXoAuThcsa B misgmaszoHi 100-200
L%/ cm?.

Kpim Tor0, 030HOBMiCcHY ra3oBy cyMiin abo CyMilll 030HY 3 IIPiCHOIO
BOJOIO TIOAAIOTL y IIOTiK MOpCchKOl BB, aKy 3HezapaKywoTb, HiI Ky-
TOM IO HAIPAMKY Horo pyxy uepes3 (DOPCYHKU, PO3TAIIIOBaHi B ITOTOII1
mopcbKoi BB Ha Bxoxai B 610K Y®-cBiTsI0BOrO ompoMiHeHHA (IaTEHT
P® ma Bunaxig Ne 2500624) [4].

Hamomy cmoco0y mpuTaMaHHi Taki HemomiKm:

— BUKOPHCTAHHSA IIPiCHOI BOAM IJIs 3MIIITYBAaHHSA O30HY 3 MOPCBKOIO
BB Beze 1o momoposKUYaHHA KOHCTPYKILI Ta BHMCOKOI BUTpPATHU IIPicHOI
BOIU;

— BimciB ¢inmbTpa TOHKOTO OUUINEHHA He 3abe3medye JOKaJisalliio
Ipidumx imBasiifi i cmop IMKigJIMBUX BOZOpPOCTeli, OCKiJIbKM BiH IIpo-
mycKae Mikpooprauismu y mouan 50 MiKpowH.

ITeit cmoci6 He MoKe 3a6e3meYnuTH BUMOTHU cTaHZapTy D-2.

Kpim Toro, Bimomuii cmoci6 3mesapakeHHS BOAW MIISIXOM 3HUIIEH-
HA BOJHMX OpTaHidMiB, BUKJAMeHO B 3adBI[i Ha BuHaxix P®
Ne 2008121929 [5]. Cmoci6 mepembavae mpomycKaHHS BOOU 3 BimKpu-
TOTO BOJHOTO O0’€KTy uUepe3 MPOTIKHY CHUCTEMY TPYOOIIPOBOIIB IIpHU
OIHAKOBilf BUTpATi BOAMW y BCiX TOYKAX CHCTEMHU Ta ITOAAJIbIIIE HAIIpa-
BJIEHHS BOAU B 6ajlacTHY IIUCTEPHY cydHa. Bomay mpoBOAATH uepes Cu-
cTeMy TPyOOIPOBOAIB pi3HOro misMerpa; IpPU IILOMY Y BOIi CTBOPIO-
eTheA KaBiTarmia. [flomaTKoOBO BOAY IIPOIIYCKAaIOTh Uepes eJeKTPOau, Ha
AKi TOJAEThbCA eIeKTPUUYHUNA CTPYM, a TAKOXK BBOAATH B Hel rasu, 30-
KpeMa 030H.

Cooci6 sa zaaBkoio P® ma BunHaxim Ne 2008121929 mae mHacTynhi
HeIOJiK!.

1. VYcramoBKa, AKa BUKOPUCTOBYETHCA MO 3AiHICHEHHS JaHOTO
coco0y, € Ay’Ke TPOMIBIKOI0 3a CBOEI0 KOHCTPYKIIi€I0 3a PaxXyHOK
BEJIMKOI JOBKUHU TPYOOIIPOBONY, N6 METOAOI0 3MiHM IPOXiTHOTO IIe-
peTuHy B PiBHMX TOYKaxX TPYyOONPOBOAY CTBOPIOETHCA KaBiTalifiHe
cepenoBuitie. Ilpu «cxJyomyBaHHi» KaBiTamifiHux OyJILOAIlIOK BUBiJb-
HAETBHCS TEIJIOBA €HepTisd I eHeprid rigpoymapy, IO BUMAarae 3axmuc-
Ty CTiHOK TpPyOOIIPOBOJiB i BOyZOBaHMX arperaTiB yCTAHOBKHU Bij Ka-
BiTamiifinoro pyiHyBaHHA.

2. B ycraHOBIi BifcyTHi#I BHCOKWII piBeHBb BifCiBYy MiKpoopraHis-
MiB y (iIbTpi TOHKOTO OUMUINEHHSA, IO POOUTH MOMKJIUBUM BUKUI
JKUBUX MiKpoopraHidmiB s3a 60pT, AKi HaABHUMU (BIIPOBAIKEHUMM)
MeTomaMu 0o0poOenHsa BB He rapaHTyoTh BUKOHAHHS BUMOT CTaHA-
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pry D-2.

2. MATEPIAJN TA METOAN

2.1. HajimomupeHitii crmoco6u 060po0JIeHHS BOASIHOTO 0ajIacTy
710 3aABJIEHOT0 BUHAXOAY aBTOPaAMH CTATTi

HaiioamxuuM 10 po3po0JeHOr0 aBTOPaMM CTATTI BMHAXOAY € CIOCi0
00po0JIeHHS BOAAHOrO 0OajacTy, BUKJIAAEHWII B OIMCI MisXKHApOIHOI
dagBku WO 2010/149638 [6].

Cmoci6 mepembauae Kinbka BapiAHTIB o0poOsenHs BB. Bigmosigao
IO UeTBEePTOro BapiAHTY 3AilicHeHHA cmoco0y, BB cmouaTKy migmaroThb
dinpTparnii uepes ¢inbTep TOHKOro ouuineHHa (MiKpodinbrep). Bin-
dinpTpoBaHy BOAY HOTIM 00pO0JIAOTH 030HOM. Ilicas meoro cymimr
(MopchKa BOJla + 030H) IIOBEPTAETHCA B OCHOBHUI IIOTiK MOPCBHKOI BO-
IV Ta HAAXOIUTH y pe3epByap (3aKpUTHUH pPeaKTop), B AKOMY BUTPU-
MY€ThCS (3HAXOMUTHLCA i3 BUTPUMKOIO) Bify 2 ceKyHI 10 8 XBUWJIWH.
ITicaa mboro cymimm MopchbKoOi Boau If 030HY HMONAeThcA B KoMOGiHOBA-
HY YCTAHOBKY, /e 00p00JaseThecA yabTpad)iosleTOBUM CBITJIOM IJIA CTe-
puiisarii Ta BUgaJeHHS 030HY.

Hamuii crmocid 6ysa0 06paHo B AKOCTi IIPOTOTHUIY.

IIporoTum i cmoci6é MaioTh HACTYIIHI CIIiJIbHI omeparrii:

— (QinpTpania yepes3 (isbTep TOHKOTO OUUIITEHHS;
— 00pobserHa BB okucHIOBaueM (y IPOTOTHUIIL Ile — O30H);
— o06pobaennsa cymimri (BB + okucuioBau) Y®P-cBiTiom.

IIporoTuny npuTamMaHHUN iCTOTHUN HemOJiK — HeZocTaTHA edek-
TUBHICTh 3He3apakeHHa i1 ouminenHa BB. Ile moscHIOeEThCA HACTYII-
HUMU apryMeHTaMU.

Ilo-mmepitie, He BpPaxoOBYETHCA IMIBUJAKICTHL peaKIliii 030HY 3 COJMAMU
Bpomy, aKi MicTATbCSA B MOpCBHKiil BoAi, B pedyJsbTaTi AKUX, 3 ypaxy-
BaHHAM 4Yacy IPUTOTYBaHHA CYMIiIlli 030HY 3 MOPCHKOIO BOJOI0, KOH-
IeHTpaIlid O30HY B MOPCBHKifi BOJi 3HAUHO 3MEHIIUTHLCS IEepel BBe-
neHHAM cyMimii B 6ok Y®@-onmpominernna. Kpim Toro, Hi B omwmci, Hi
y (opmysi BUHaXony HeMae MOSICHEHHA, AKOI0 METOJ0I0 aBTOPU IIPHU-
MMyCKAalOTh YTPUMYBaTU O30H y CYMiIli 3 MOPCHKOIO BOJOI0 B yMOBax
3a3HAYEHOTO BUIIle MeXaHi3My HOro IMIBUAKOTO PO3KJIAJaHHAI.

Ilo-gpyre, 030H Ma€ cuJbHe NOTJIMHAHHA OaKTepuUIuAHOrO YP-
cBiTIAa.

ITo-Tpete, momaTkoBuii xapaktep 60Ky (Y®P-cBiTJIO + 030H) BKasye
Ha Moro BiIHOCHO HUBBKY e(heKTUBHICTb IPU CAMOCTiAHOMY BUKOpPUC-
TaHHi.

Ilo-ueTBepTE, BUCOKA KOHIIEHTPAI[iA PO3UMHEHOI'0 Y BOJi 0O30HY.

Bigomi ycramoBKU, cucTeMu, IPUCTPOI s 3HezapaskeHHsa BB [7],
Hanpukjaan, CN 101602562, RU 93057611, RU 2193015, RU
2468858, RU 85143, RU 2008121929 Ta iH.
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Haii6iapmn 6Ju3bKMM IO 3alIPOIIOHOBAHOI aBTOpaMHM CTATTi YCTaHO-
BKHU (cuCTeMHU YHOPAaBJiHHSA BOIHUM 0ajIacTOM) € IPUCTPiil 06pobIeHHS
BOISAHOTO OajacTy, I0 MiCTUTH 3’e¢THAHi MiK co00i0 QiabTpPyBaIbHUH
O0JIOK TOHKOTO oOuuileHHsa (MikpodinrbTep), r'eHepaTop O30HY, peak-
IMiAHUH pesepByap IJd cyMimri: 6ajmacTHa BoJAa + 030H, KOMOiHOBaHY
YCTaHOBKY IJs 00poOieHHa Y®P-cBiTiioM (AMB. ommc MiKHAPOIHOL
dagaBku WO 2010/149638 — ueTBepTHil BapidAHT BUKOHAHHA).

Hame Texmiume pimenua BuOpaHO AK mporotuil. IIpororun i ycra-
HOBKAa MaloTh HACTYHOHI CIiJIbHI O3HAKU:

— OanacTHUII TaHK — pesepByap (3aKpuUTa €MHICTBH), B AKi# 3Mimry-
0T i BUTpuUMYyIoTh BB 3 okucHIOBaueM (B IPOTOTHUIIL ITe — O30H);

— TpUCTPill aasa obpobaenns BB yabTpadionreroBuM cBiTIOM;

— QinabTep TOHKOTO OUUINEHHA (B IIPOTOTHUMI Iie MiKpodiabTep).

IIpucTporo 3a HPOTOTHUIIOM IIPHUTAMaHHI Ti K HEIOJNIKM, N0 Mae
cmocio-mmpoToTHI, a caMe, HU3bKA e(EeKTUBHICTL 3He3apakeHHA U
ounilieHHsa BB, agKa mOACHIOEThCA 3a3HAUEHUMHU BUINE apI'yMeHTaMU.

Ilo-mmepitie, He BPaxoOBYETBLCA IMIBUIAKICTHL peaKIliii 030HY 3 COJMAMU
Bpomy, aKi MicTATbCSA B MOpCBHKiil BoAi, B pe3ysbTaTi AKUX, 3 ypaxy-
BaHHAM 4Yacy OPUTOTYBaHHSA CYMiIlli 030HY 3 MOPCHKOIO BOJIOI0, KOH-
IMeHTpaIlid O30HY B MOPCBHKifi BOJi 3HAUHO 3MEHIIUTHLCSA IIEepel] BBe-
IeHHAM cyMimri B 60k Y®P-ompominenns. Kpim Toro, mi B ommci, Hi
y ¢opMyJi BUHAXOAY HeMAa€ IOSACHEHHS, AKO0I0 METOJOI0 aBTOPU IIPHU-
MIyCKalOTh YTPUMYBATH O30H y CYMIIli 3 MOPCHKOIO BOJOI0O B yMOBax
3a3HAUYEHOI'0 BUIIE MeXaHi3My HOro IIBUAKOTO PO3KJIATaHHI.

ITo-mpyre, 030H CUJILHO HOTJIMHAE OaKTepunuame ¥ @-csitio.

ITo-Tpete, momaTkoBuii XapakTep 00Ky (Y®P-cBiTiI0 + 030H) BKasye
Ha oro BiHOCHO HUBBKY e(heKTUBHICTH IPU CAaMOCTiiHOMY BUKOpUC-
TaHHi.

ITo-ueTBepTe, BUCOKA KOHIIEHTPAIliA PO3UNMHEHOI'0 V BOJi 0O30HY.

B ocHOBY BuHAaxoAy IIOCTaBJIEHO 3aJady CTBOPUTH CIIOCiO 3He3apa-
JKeHHA U ouninenHa BB, a TakoX yCcTaHOBKY AJIA HMOro 34iliCHEHHA, B
AKUX OLIAxoM obpobseHHs BB mBoma xemiuHmMmM peareHTamu, 3mili-
CHEHHS IBOX eTamiB (iabTpyBaHHS Ta AOTATKOBOIO €JeKTPOTiapaBJIi-
YHOTO yhapy B cmocobi, a TaKoK 3’€JHAHHS eJeMeHTiB YCTaHOBKHU 3a
cXeMoI0 3a0e3meuyeThbCcsa MiABUIleHHa e(peKTUBHOCTH 3He3aparKeHHs i
ounirieHHsa BB.

2.2. Bunaxiguuupkuii 3aaym. Crocié 3HesapasxxeHHsa it ounmeHHsa BB
Ha 0asi [JyHaiicekoro incruryry HamionansHoro yHiBepcurery «Ome-
ChbKa MOPCBHKA aKaJeMis»

ITocTaBiieHy 3aJauy BUpPiIlleHO ABOMAa BUHAXOAAMU, MOETHAHWUMU BHU-
HAXiTHUIILKUM 3aJyMOM.

Y mepiiiomy BUHAaXOMi IIOCTABJEHY 3aJauy BHUPIIIEHO CIIOcOO0M 3He-
3apaxkenud i ouninieHHs BB [8], 110 mepenbauae BBeIeHHS B Hei OKU-
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CHIOBaUa Ta IIOZaJjbllle 00poOJIieHHs yabTpadiosieToBUM BUIIPOMiHEH-
HAM, TUM, II[0, Ha Bigmimy Big mpororuny, BB 00po0sai0Th rimoxJo-
purom Hartpiro, axuii BBogaTh y Kimbkocti 0,2-0,4 r/am®, i xemarom
®depymy, AKHUH BBOAATH Vv KimbkocTi 8—9 r/am?, micaa goro o6pobie-
HY y Takuii cuoocio BB ¢inbTpyoTs uepes dinbTep rpy0bOro OUMINEH-
HA, Oiggai0Th yIbTPa(ioieToBOMY OIIPOMiHEHHIO, BHCOKOUYACTOTHOMY
€JIEKTPOTiAPaBJIiuYHOMY yAapy iMOyJibcaMM, IO YePrylOThCA, TPUBA-
gicrio y 107 cek mpm MuTTEBiil mory:xHOCTI iMmymscy y 50—1000
MBrT i mogaabriii (pigbTpallii 3 BUKOPHUCTAHHAM CaMOPO3BaHTaKyBa-
JBbHOTO (PiIbTPa TOHKOTO OUUIIEHHS.

Hocraimxenua BB mpoBoauincs 3a HOIOMOTOIO0 CydYacHOTO MiKpo6i-
osoriunoro amaJizaropa «BaxTpax 4300» BupoOmuiTBa GQipMmu SY-
LAB Gerite GmbH (ABcTpisi), AKuii € aBTOMATU30BAHOIO EKCIIpec-
CHUCTEMOIO IJA HMIBUJAKOI KiJIbKIiCHOI I SKICHOI OI[IHKM CTYIIeHS MiK-
pobHOI KoHTaMiHAaIlii, 30KpeMa, 00’€KTiB HABKOJMUIIHLOTO CEPEeIOBU-
ma.

Y apyromy BUMHaxXoOAi IIOCTaBJIEHY 3aJavyy BUPIIIEHO YCTAHOBKOIO
I 3He3apakeHHA U ouuineHHsa BB, 1o micTuth 3’e¢mmani Mixk co-
0010 TEeXHOJIOTIUHMMH TpyOOIpoBoAaMu OaJacTHUI TaHK-pe3epByap
oI 3MimryBaHHs BB 3 oxucHiOBaueM, OpuCTpiii naa odopodaeunus BB
yabTpadiosieToBUM CBiTIOM i (DibTep TOHKOI'O OUYMINEHHA, TUM, IO,
Ha BiAMiHY Bif mpoTOTHIIYy, BOHA MOJAATKOBO MiCTUTH H03aTOpP peareH-
TiB, QinbTP rpyboro oumineHHA, OasacTHUII HAcCOC i OJIOK BHCOKOYAacC-
TOTHOTO eJIeKTPOTiIpaBIiuHOTO yAapy; Ipu IbOMY OaJacTHUM TaHK
3’e¢mIHAHO i3 mo3aTOpoM peareHTiB i (igbTpoM Trpy0dOro OUUINEHHS,
AKUH uepesd OasiacTHUII HAacoc 3’€THAHO 3 MMPUCTPOEM AJA 0OpOOJIeHHS
BB Y®-cBiTi0M, AKHUI II0B’s3aHO 3i BX0A0M OJIOKY BHCOKOUYACTOTHOI'O
eJIEKTPOTiIPaBIiYHOTO yaapy, BUXiJ AKOro 3’€JHAHO i3 caMOpO3BaH-
TaXyBaJIbHUM (PiTBTPOM TOHKOTO OUUIIEHHS.

3. OBOBOPEHH{A (BURJAL, OCHOBHOI'O SMICTY)

YMoBu 3milicHeHHA croco0y 3Hes3apakeHHsA i ouuninieHHs BB suaiige-
HO eKCIIepuMeHTaJIbHO. BcTaHOBIEHO HACTYIHE.

1. T'imoxaoput HaTtpito 'XNa ciig BBoguTu B KinbkocTi Bix 0,2 mo
0,4 r/am®. TIpu BBejeHHi mboro pearenty menme 0,2 r/am® «3MiHIO-
IOTBCS» OKMUCHI Ta OaKTepUIIUIAHI BJIACTUBOCTI B IOPIBHAHHI 3 HiOK-
CUJIOM XJIOPY, 030HOM i Y®-BUIIPDOMiHEHHAM, a BBEJIEHHA HOTr0 Oisib-
me 0,4 T/0M° IPU3BOAUTEL A0 30LTBLINTEHHA eKCILIyaTallifHMX BUTPAT,
AKi YacTo cTaioTh BUIIE, HijK IIPU BUKOPUCTAHHI XJOPAiOKCHUIHOI abo
030HOBOI TEXHOJIOTiH; IIpu 3He3apaKeHHI BOAU 3 BUCOKOKI UYACTKOIO
KapOoHaTHOI KopcTKocTu ToBapHMM ['XNa yTBODPIOETHCSA HEPO3UMH-
Huii Kapbonat Kaubiito, AKuil BigKkJIagaeTbcA y BUTJIALL HAKUIY Ha
BHYTPIIIHITI TOBEPXHI TPYOONPOBOAIB i mMOCYAUH (KaJbIMHAIIA).

2. Xenat ®epyMy BBOAATH y KinbkocTi Bix 8 1o 9 r/am® . Buxin sa



KJIIOYOBI ACIIEKT HAHOTEXHOJIOTTYHOI'O IIIAXO0OY 421

MiHiMaJibHEe 3HAUEeHHS He € JiA0BUM, OCKIiJIbKM IIPU MEHINill KiJIbKOC-
TH — MEHIIIa MIBUIKICTh BIJINBY, a TaKOYK 3POCTAE CTiHKiCTh MOJIOC-
KiB 1O XempeareHTiB, a 3acTocyBaHHA xejgaTy Pepymy Oinbire, HiK
3adABJIAETLCA B POOOUMX PO3UMHAX, Ha OYKe JKOPCTKUX IIPUPOTHIX
BOJAaX € HEeIPUIYCTUMHM. BHCOKa m03a MOKe BUABUTUCA Ile OiIbIm
TOKCHYHOIO He TiJIbKH OJA OKPeMUX iHBa3ifiHMX BUOIB, ajle U OyTH
3aJIMIIIKOBOIO Y BiKe OUMIIeHill (TaKoK 3He3apaKkeHiil) Bomi, IIT0 MOKe
OIPUBHECTH HEr'aTHWBHI BJACTHBOCTI JKMBUM OpraHisamMam, AKi «He 3a-
BIAOTh HmIKoAM». OKpiM TOro, MOKJMBa MHigBUIeHA KOPO3isd CTiHOK
O0asacTHUX TaHKiB.

3. Yac TpuBaJOCTH iMIIyJbCiB, IO UepryloThed, mopiBHIOE 107° cex
i BubpaHo, BUXOQAYN 3 TOTO, IO iMIIYJbCH, AKi UEPrYIOTLCHA, 3 O0iJb-
IIIOI0 YaCTOTOI0 MAaIOTh OLIBIN cTabiibHY M AKiCHY Ayry, aje JOCTaT-
HBOIO OyJe i uacTora B miamasomi 107°-1076.

4. ITory:xHicTs iMmynsecy obpamo B mexxax 50—1000 MBr, Buxoms-
YM 3 TPOAYKTUBHOCTH YCTAHOBKH. ABTOpaMHU CXEeMATHUYHO HOKAa3aHO
3alIPOIIOHOBAHY CHCTEeMY YVIPAaBJiHHA BOTHUM OajacToM, me:

yCTaHOBKA 3He3apasKeHHsd If ounineHHsa Mopcbkoi BB (puc. 1) mic-
TUTL OanacTHUM TaHK I, 3’emHaHuil TPyOOIIPOBOAOM i3 M03aTOPOM pe-
areuTiB 2 Ta QiabTpoM rpy6oro ouuinenua 3; ¢imbTep rpydoro ouu-
meHHA 3 3’€IHAaHO 3 IPUCTPOEM I o0pobieHHs BB yabTpadionero-

Puc. 1. YcraHoBKa 3Hezapa)keHHd i ounimeHHs Mopcbkoi BB.!
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BUM CBiTJIOM 5 uepes OajacTHUI Hacoc 4; IPUCTPiH Aaa 00poOJIeHHS
BB yabrpadioseToBuM cBiTIIOM 5 mOB’sA3aHO 3 OJIOKOM BHCOKOYACTOT-
HOTO eJIeKTPOorigpaBJjiuHoro ymapy 6, AKuii, B CBOIO uepry, 3’€IHaHO
i3 camopos3BaHTaKyBaJIbHUM (PiILTPOM TOHKOTO OUMINEHHS 7.

CaMOpo3BaHTAXKYBAJNbHII (DLIBTEP TOHKOIO OUMIIEHHS 7/ Ma€ IBa
BigBIiZHMX BUXOAW: OAWH — MJiA BUIAJIEHHA ocany (Iiamy), a Ipy-
ruii — JJda BUAAJIEHHSA 3a 00pT ouuineHoi Ta sHesapakenoi BB. Ha
TpybompoBoIi, 110 3’emAHye OasacTHUIT Hacoc 4 3 MPUCTPOEM AJA 00-
pobieHHA yabTpad)ioseTOBUM CBiTJIOM 5, i Ha TpyOOIpoBOAi BimBe-
IeHHSA 00pobsenoi BB 3a 60pT, ycTaHOBJIEHO 3allipHy apMaTtypy 8.

Ha TtpyG6omposoxi, 1o 3’e¢gHye BUXiJ OJIOKY BHCOKOUYACTOTHOTO
eJeKTporigpasiaiuHoro yzapy 6 i3 BX0JOM CaMOPO3BAHTAMKYBAJIbLHOI'O
dinpTpa 7, a TAKOXK Ha BiABigZHOMY TPyOOHPOBOALI AJA BUIAJIEHHS
IIJIaMy YCTAHOBJIEHO KJAIlaHu TUIY «barepdiaaii» 9 (3aCyBKU 3 eJleK-
TponpuBogoM EA 220 3 meip:kasifimmmu amckamu). Ha BepxwHiil udac-
THHI CAaMOPO3BAHTAMKYBAJLHOrO (GiJbTpa TOHKOIO OUMIIEHHS 7 yCTa-
HOBJIEHO JmaBau THUCKY 10.

CamoposBaHTaKyBaJbHUN (DibTEp TOHKOTO ouuineHHaA 7 (puc. 2)
BUKOHAHO yV BUIJIALL IIOPOMKHHCTOrO Kopuycy I1, y cepemuHi sIKOro
BCTAaHOBJIEHO IIycTOTiinii Bajm 12, Ha AKOMY po3TaloBaHi (iabTpyBa-
JabHi auckm 13. @PinbTpyBanbHi aucku I3 BMKOHAHO 3 BYTJIEIIEBOTO
HaHoOMAaTepiaay, akuili Mae MikpockKomiuHi xaHamu (Tpy6ourmu). Ilyc-
Torisuii Ban 12 yepesd penykTop 14 3’enHaHO 3 eJeKTpompuBogom 15.
Y BepxHill yacTuHi mOpoKHHCTOrO Kopirycy 11 camMoposBaHTa’KyBa-

Puc. 2. Bursian caMopo3BaHTaKYBAIHHOTO (DilbTPa TOHKOTO OUYMINEeHHA. 2
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JbHOTO (hiJIbTPa TOHKOTO OUMUIIEHHS / PO3TAIllOBAHO IATPYOOK MIJIs
BBeZleHHs 00poOiroBanoi BB 16 i marpyOox 17 nnsd momadi mOBiTpA
(o1 TPOAYBKM) CaMOPO3BAHTAMKYBAJILHOTO (PilbTpa TOHKOI OUMCTKU
7. Y HmXHII YacTHMHI CaMOpPO3BaHTAKYBaJbHOrO (iJbTpa TOHKOTO
OUHINIeHHs 7 BUKOHAHO BiABim 18 mia BumaidenHsa ocany (mmramy). Bi-
adinpTpoBana i ouunireHa BB BuBOAMTHCA i3 caMOPO3BaHTAMKYBAJIb-
HOro (hinbTpa 7 uepes Buximumit orBip 19 mycrorinoro Bamxy 12 [9].

Cmoci6 sHesapakeHHs It ouniieHHsa BB spilicHioeThbca y HaCTYIIHO-
My mOpAAKy. ¥ OanacTtHuii Tauk I i3 mosaTopa peareHTiB 2 mOJaiOTh-
ca xemiumi pearemTu. I[osaTop peareHtiB 2 sabesmeuye BBEIeHHS Y
BB xenary ®epymy B Kimpkocti 8—9 r/am® o6pob6iioBaHoi Bogm Ta
rimoxsopury Harpito mapkm A B kimekocti 0,2-0,4 v/am®. Ilicas
xeMmiuHOro oopob6sierHa BB B TamkoBi I BB magxoguTh y (imbTep
rpyooro ouuireHHsa 3, a Aaji 3a mZomoMoroio 0amacTHoro macoca 4 1me-
pBuHHO ouniieHa BB mogaeThca y KaMepy IPUCTPOIO AJIA 00pOOJIeHHs
ii yapTpadiosmeToBuM cBiTJIOM 5. Y OpuUCTPOi I OOPOOJIEHHSA YJIbLT-
padioneroBum cBiTiom 5 BB mimzmaeTbca TpeThoMy 00pPOOJIEHHIO —
3HE3aPaKEHHIO IIJIAXOM OIIPOMiHEHHS.

Hami BB, Tpuui o0pobsieHa (xemMiuHMMU peareHTaMu, (QiJIbTPYBaH-
HAM i yabpTpadiosieTOBUM ONPOMiHEHHAM), HAAXOAUTL Yy OJIOK BUCO-
KOYaCTOTHOTO €eJIEKTPOTiAPaBIiuyHOTO yAapy 6, B AKOMY 3a PaXyHOK
€JIeKTPOTiAPaBIIiYHOTO PO3PALY iMOyJbCcaMU, 1[0 UePryIOThCA, TPHUBAa-
gictio y 107° cexk mpm MuTTeBiit moTyskHOCTi iMmyabcy y 50—1000
MBT cTBOpPIOETHCA eJIEKTPOTiApaBJIiuHUI yzap 3 BUCOKUM CTyIeHeM
MoHisaril yapTpasByKoBoTro eheKTy, 110 MPUBOAUTH A0 SHUIITEHHS iH-
BaBiilHUX BKJIIOUEHDb i OakTepisgnpHUX mTamiB. Ilicaa 60Ky BHUCOKO-
YaCTOTHOT'O €JEeKTPOTiAPaBIiUHOrO yaapy 6 4oTHpPOpas3oBO 00pobJieHa
BB mopaeThcsa B caMOpO3BaHTaMKyBaJbHUMN (DibTep TOHKOIO OUMIIEH-
Ha 7. Ilorik BB HagxomuTh ycepeiuHy MOPOKHUCTOTO Kopuycy 11
yepes3 maTpyook 16. Ycepemumui moposxuucroro xopmycy I1 morik BB
MIPOXOAUTL YV HAIIPAMKY BiJl HMKHBOI MO0 YaCTMHU M0 BEPXHLOI Uac-
TUHU; TUM CaMUM BimOyBaeThCA «PO3IOPOIIEHHA» BOAU Ha (GiabTpy-
BajbHI aucku 13, AKi o6epTalOThCA 3a MOMOMOTOI0 €JIEKTPOIPUBOLY
15. BB, mpoxomaum ¢inbTpyBanbHi aucku 13 oguH 3a apyrum (of-
HUM), IIOCTYIOBO OUMIIYETHCSA 3 MiABUIIEHHAM CTYIIEHS OUYUINEeHH.
IIpu nmpomy moTik BB mocTifiHo 3aKpydYyeThbcsa BHACJIILOK OOepTaHHS
dinprpyBambEUX AuCKiB 13 wa mycrorisomy BajsoBi 12. Buacaimok
BimmeHTpoBOi cusu BB moTrpamnsse Ha CTIiHKU ITOPOKHUCTOTO KOPIYCY
11 (B Tax 3BAaHOMY NIPUCTIHHOMY IIPOCTOPi), «BUIIITOBXYETHCI» YTrOpy
Ta uepe3 OTBip 19 BUBOOUTHCS 3 CAMOPO3BAHTAKYBaJbLHOTO (iJbTpa
TOHKOI'O OUUIIeHHSA 7.

CamoposBaHTaKyBaJbHUIN (DiIbTep TOHKOTO OYUINEHHA 7/ PO3BaH-
TAaXKYEThCA IUKJIIYHO mpoTtAroM 5—8 cex. 3a curHajsoMm npasaua 10,
AKUH CIpalboBy€e HpHU 3a0pydHeHHI (QinbTpa 7, MigABUINYETHCA THUCK
Ha BXO0Ji y (inbrep 7, i Toxmi cmpainboBYIOTH KjamaHu «b6arepduiaiis
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9. Ha Bxomi oguH 3aKPUBAETHCA, a APYTUil YHU3Y BiIKPUBAETHCA IS
ckumamua ciaamky (ocamy). EnekTponpuBon 15 BKJIIOUYAETHCA TiJIbKU
Ha Iepiof OuMINeHHsA, OTPUMYIOUM cUT'HAJ Bix maBaua 10. Ilicaa cxu-
JaHHA ocany uepes Bigsim 18 uepes maTpyOoK 17 MOJAEThCA CTUCHEHE
IOBITPA Ta BigOyBaeThCcA HPOAYBAHHSA CAMOPO3BAHTAMKYBAJIBLHOTO (}i-
JbTPa TOHKOT'O OUMITIEHHA 7.

4. PESYJIBTATH

BunpoOyBaHHSA YCTAHOBKM AJsA 3He3apaskeHHsA I oumninenua BB O6yio
mpoBeneHo Ha 0asi I[ymaiicbkoro imcruTyTty HariomaabHOTO yHiBEp-
curery «OmechbKa MOPChbKa aKaxeMid».

Y Buxigumizi BB micTuiocs:
— 40 xurre3maTHux opraHismis Big 10 mo 50 MKM y HaliMeHIIIOMY
BuMipi Ha 1 cm®;
— imamxaToOpHi MiKpoOM, SKi BUKOPHCTOBYIOThHCA IJs ITijeil cTaHma-
PTiB OXOPOHU 3M0POB’A JIOAUHU, B HACTYIHUX KOHIIEHTPAIliaX:
1) TokcukorenHuii xojsiepHuii BiOpioH (cipkorpymm O1 i 0139) — 4
KoJIoHieyTBOpIOBanpbHUX onuHUIb (KYO) Ha 100 cvm® a6o 4 KVO Ha 1
T (cupoi Baru) 3paskiB 300MJIAHKTOHY;
2) kumKoBa namuka — 400 KYO ma 100 cm?;
3) kumKoBi enTepokoku — 400 KYO na 100 cm®.

ITicaa o6pobieunnsa BB BigmoBimHo mo cmocoly Ha 3aIpOIOHOBAHI
YCTaHOBIII OJIEP:KAHO TaKi pes3yabTaTu:
— 10 xurresmaTuux opraxismiB Bix 10 mo 50 MKM y HaAWMeEHIIIOMY
BUMipi Ha oxmH cm®;
— imamxaTopHi MiKpoOM, SKi BUKOPHUCTOBYIOThHCA IJs ITijeil cTaHma-
PTiB OXOPOHU 3M0POB’A JIOAWUHU, B HACTYIHUX KOHIIEHTPAIlidX:
1) TokcukoreHHuii xojepHuil BiOpioH (cipkorpynu O1 i 0139) — wme-
mame 1 KYO ma 100 cm® a6o menme 1 KYO ma 1 r (cupoi Barm) spas-
KiB 300IJIaHKTOHY;
2) kumkoBa naauuka — menm 250 KYO ma 100 cm®;
3) kumkoBi enTepokoku — Menme 100 KYO ma 100 cm® (BmicT Beix
KHUIITKOBUX EHTepPOKOKiB MeHIme Ha 30% i3 3acTocyBamHAM eJIeKTPO-
rizpaBiiuHoro ymapy, a i3 B3acTOCYBaHHAM eJIEKTPOTiApaBIiuHOTO
yzapy Ta ToHKOI (inbTpariii yuepes camoposBaHTaKyBaJbHUMN (inbTep
3 HAHOBYTIJIelleBUMHU TPpyOKamu BimbyBaerbea 100% sHeszapakeHHs).

3acrocyBaHHA (DiTbTpa 3 HAHOBYIJIEIIEBUMU TpyOKaMu MoOKe 0e3
mTomaTKoBuX omiiii sabesmeuutu 100% sHesapakeHHA (OUB. BHIIE
BEJIMYUHY BificiBy Takum QinbTpom). 3a OarKaHHAM CYIHOBJACHUKA,
dinpTpyBaNbHI HAHOTEXHOJOTIYHI AMCKM MOMKYTH OyTM 3aMiHeHi Ha
merneBIni gucku 3 ¢Gidpu, 1MearoJio3u Ta iH. MaTrepisaniB. Aje mpu Ta-
Kiffi samimi HeoOximmHo Oyae HiAKJIIOUNUTH BUCOKOUYACTOTHHUI €JIeKTPOo-
rirpaBiiunuit ypap. YcTaHOBKa € yHiBepcaJbHOIO Ta 3JaTHA IIpallio-
BaTU TaKOXK II0 3HE3apaKEHHIO I OUMUINEHHIO CTIiUYHUX BOJ MiChKUX
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KaHaJizamii i migmpueMcTs.

Cmoci6 3HeszapaskeHHA ¥ oumnineHHs BB Ta ycraHoBKa aJa iioro
3IiMiICHEeHHS MAaIOTh iCTOTHI IlepeBaru, K B IOPiBHSAHHI 3 BiAIIOBiAHUM
IPOTOTUIIOM, TAK i B HOPiBHAHHI 3 iHIMIMMHK BiJoMHMM cmocobamu i
yCTaHOBKaMU [IJIs 3He3aparkeHHs U ounIrneHHsa BB.

EnexTporizpaBiriuaEuii ygap OPHUBOAUTL OO0 3HUINEHHA iHBasiin i
XBOPOOOTBOPHUX INITAMiB; CAMOPO3BAHTAKYBANLHIN (PiabTep 3 HaAHO-
BYTJIEIIEBUMH BCTaBKaMM YMOJKJIUBJIOE POOUTH BiZiciB TBepamx ele-
MeHTiB i Mikpooprauismis B izomwoBamiii BB mo 0,0024 MM 3 HU3b-
KHMM OIIOPOM BOJIM, IITO ITPOXOIUTD.

ByriemneBi mamoTpyOKuM MaioTh 6araTo IepeBar, 30KpeMa OiJbIm
MIBUAKUN PyX HOCIIB 3apany, Hi’K y KpeMHil; BOHU MOXKYTb MaTH PO-
3Mip y 5 pasiB MeHmui#, aHiK MiHiMalIbHUIT PO3Mip KpeMHiITOBUX
eneMeHTiB emexTpocxeM [10]. Asle cTBOpeHHS €JIEKTPUYHUX JIAHITIOTIB
Ha iXHIA OCHOBi IyKe yCKJIQJHEHEe BHACJIJTOK PO3MOIiJly OmepKaHmX
HAHOTPYOOK y XAaOoTHUUHOMY Hmopsaaky. Bueni 3 YHiBepcurery IliBmen-
woi Kaxidopuii migiépanu migxkJaaguHKy g HAHOTPYOOK, Ha SAKii
BOHM MOTJIM CAMOCTiliHO ymopanakoByBatucsa (mo 40 HaHOTPYOOK Ha
MikpoH). IIa TexHoJIOTiA mae 3MOTYy CTBOPIOBATH CYYACHY eJIEKTPOHi-
Ky, YYTJNBi CEHCOPHU TOIIIO.

Ilo-npyre, s3acTocyBaHHSA peareHTy, — Xxejgary Pepymy, — a4
3He3apakeHHA U OUUINEeHHA KUBUX opraHisamis y BB mpoi#imnuio ycmi-
ITHI BUIIPOOYBAHHA 3i 3HUINEHHSA INMKIiAJIMBUX MOJIIOCKIB i Jae moBHY
BIEBHEHICTh Y MOMKJIMBOCTI OTO BUKOPUCTAHHA B i30JIbOBAHOMY CY.I-
HoBOMY Oasacti. EHeprosurpatu ycranoBku ckiaamaioTh 0,3—-0,4 kBT
Ha 1 M°, 1m0 misKOM NpPUIIHATHO IJIA BUKODUCTAHHS HABiTH Ha HaMOi-
JBINNX OKEAHCbKUX CyIAHAX, e IPONYKTUBHICTL BigKauyBamuA OaJja-
CTY ZOXOAMTH 10 @ = 6 Tuc. m3/rox.

5. TUCKYCIS

IlepeBara caMopo3BaHTaKyBaJbHOrO (hinbTpa mosiArae B 3a0e3neueHHi
ycTaHOBIIi 3 ounlnieHHsaA BB Bucokuil piBeHb 3HUINeHHA iHBagitt. Iuc-
KOBUH (isbTep 3acTOCOBYEThCA M (pimbTpyBamHA apidHOIHMCIIEPC-
HUX CyCHeH3ill; cKJajaeTbcA 3 KOPIYCY, B AKOMY Ha HigIMUIHUKAX
3aKpinjieH0 MOPOKHUCTUU Bajd i3 mnepdopoBaHUMU JUCKaAMU,
3’eTHAHUMU 3 IMMOPOIKHUHOIO Banly (puc. 3).

Ha moBepxHi AUCKIB 3aKpinjeHO 3a JONIOMOI'0OI0 XOMYTiB (inbTpy-
BaJIbHY TKaHuHy. llix uac ¢QinbTpyBaHHA BajJ 3 AUCKAMU € HEPYXO-
MUM, (QigbTpaT IPOXoAUTH ueped (hiJbLTPYBAJbHY IEPETOPOJKY BCEpe-
IUHY OUCKiB, maji B IMOPOKHiN Ban i BuBoauThCA 3Bepxy. Illlap ocanmy
YTBOPIOETHCS Ha BEePXHill 1 HUIKHiN MOBepXHAX AUCKIB.

Ilicna sakinueHHA (QiABTPYBAHHS CYCIEH3is 3JIMBAETHCA, BCEpemu-
HY BaJly Ta JUCKiB IIOJaeThCA IIPOMUBAJbLHA PiiliHA, a BaJl 3 IMCKaMU
MIPUBOAUTHCSA B 00EPTAHHS €JEeKTPOIIPUBOIOM.
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Puc. 3. IuckoBuii caMOpPO3BAHTAKYBAJNBHUI (igbTep.?

Puc. 4. CamoposBanTakyBaiabHU# Ginbrep ToHKOTO ounineHus HDU CJC™:

1 — xopmyc QinpTpa; 2 — ocHoBa ¢inbTpa; 3 — Hacoc; 4 — eJeKTPUUHNH

MOTOp; 5 — MmaHoMeTep; 6 — QinbTpyBadbHUIN eJeMeHT; 7 — BUIYCKHUHA

KJamaH; 8 — MmacTuiompuiiMau; 9 — mactuiocnyck; 10 — Touka BimGopy
4

po06.

3a paxyHOK BifIIIEHTPOBUX CHUJ OCajJ CKMUAAETbCA 3 AUCKIB i BUBaH-
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TAKYEThCA 3 HUKHBOI yacTuHu (GiabTpa.

IToriMm nmukam GiabTpyBaHHA Ta IIPOMHUBAHHA MHOBTOPIOIOTHCA. Ilo-
3UTHBHA AKiCTb (piibTpa — aBTOMaATUUYHE BUBAHTAKEeHHS Ocay.

3acTocyBaHHSA HaABHUX TEXHOJOTiH Takoi Kommamii, ak CJC™, maa
OUMINEHHA IMUPKYJIAIINHIX MaCcTHUJ i BayKKOT'0 HaJMBa CYJHOBUX M-
3eJIiB Jae aBTOpaM IPaAKTUUHI HampalloBaHHA Ta HAOyTHIl HOCBim.

CrocoBHO ounmieHHa BB sampomomoBaHi (QiabTpu TOHKOTO OYN-
I[eHHSI MOJKYTh OyTH 3 YCIIiXOM 34CTOCOBaHi, OCKiJIbKM I'YCTHHA OJIM-
BM 3HAYHO BHUINe TI'ycTuHU BB, 110 30iJbIIlye HPOIMYyCKHY 3AaTHICTH
piguHM.

Bixgcie wmikpoopranismiB moske OyTu moBemenuii go 0,005 mm
(5 mikpom) npu 3anpononoBanux craggaptax IMO mo 2020 poxy y 10
MikpoH (puc. 4). Taxi craHmapT BUKOPUCTOBYIOTHCA AJA TimpaBiiu-
HUX, MACTUJILHUX i TpaHCMiciliHMX oJuB, MiHepaJbHHX OJUB (TpyIla
I, II ra III), cuareruunux oauB (rpyma IV Ta V), pinua Ha riaixose-
Biff ocHOBi, pinmmH Ha edipHiil ocHoBi (piguau rpynu HFD), pizun ma
BOJHIfT OCHOBi, IIPOMUBHUX OJIUB, OJIUB MJIA HPOKATKU, AJA Pisajb-
HUX iHCTPYMEHTiB, rapTiBHUX OJIVUB.

IIpunnun pobotu ¢dinbTpa-cemaparopa, 0 300pakeHo HA puc. H,
YMOJKJIMBIIIOE BUAAJNATH Bei Bim(imbTpoBaHi cyclieHsii B OKpemMy ITuc-
TEepHy, e SaJUINUJINACA MHicJsd 00poOJeHHA KUTTE3maTHI iHBasii, axi
TUHYTHh IIPOTATOM HAEKiIbKOX mi0, II0 Jae HaM IIOBHY BIIEBHEHICTD
IIPUITYCKATHU «IIOBHE» 3HUINEHHA iX Ha 98%.

IlinkoM oueBMAHO, IO 3i 30iJbIIeHHAM SKOCTH BinciBy (imbTpy-
BAJIbHUX YACTUHOK IOHMIKYETHCA IPOAYKTHUBHICTL YCTAHOBKU. Dijb-

Puc. 5. Ilpunnun pobotu dinbrpa-cemaparopa CJC™ (dinprp cepii PTU2

27/27): 1 — xopmyc QinbTpa; 2 — KoaJleCIleHTHUM esieMeHT; 3 — Hacoc; 4
— eJeKTPUYHUMN MOTOp; 5§ — MaHOMeTep; 6 — (QiabTpyBanbHUN eleMeHT; 7
— KJIAIlaH CIyCKY Boau; 8 — oaumBompuiiMau; 9 — oaumBocmyck; 10 — Bo-

MOCKMIAHHI.®
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4

GAARS

Puc. 7. Hanipauii GineTpyBaibHuil eleMeHT BUCOKOI IPOAYKTHBHOCTH. '

TPyBaJbHi AucKu (puc. 6) 3 BUKOPUCTAHHAM TKAHMHHUX €JIEMEHTIB,
¢iépu He mAOTH 3MOTY [AJSA BEJMKOTOHHAKHUX CyJeH 3abesmeuyuTu
cBocuacHe ckuganHa BB.

IIro mpobsemMy JIeTKO YCYHYTO 3 BUKOPHUCTAHHAM HAIIiPHOTO (iJbT-
pyBasJbHOTO ejieMeHTy: TucK y mariuHi — 10-350 6ap, TumoBa ImIBu-
nxicte moroky — 4—300 am®/xB., ToHKicTs (inmpTpanii — 3—30 MEM
(Mmaxkcumym), yrpuMmyBasbHa 3xaTHicTh — 20—100 r; BiH He abcopbye
BOAY, He 3aXUIIA€ BiJ PO3KJAAYy OJMBU; € CTAHAAPTOM JAJA BCiX OJIu-
BocucTeM (puc. 7), aje aBTOPU IIPOIOHOBAHOI KOHCTPYKIIii Ta TeXHO-
Jorii B6auarwTh, B HEPINy Yepry, HaAilHiCTh, AKICTH i AelIeBU3HYy 00-
pobaennsa BB, a Iie MOKJIMBO TiJIbKKM 3 BUKOPHUCTAHHAM CaMHUX CY-
yacHUX (GigbTpyBaJbHUX MaTepidaiB. Moske BUKOPUCTOBYBAaTHUCS aB-
TOHOMHO Pa3oM i3 HacocoM, aJjie He MOPiBHATH 3 IIMOMHHUM aBTOHO-
MHUM GigsTpom [11].

HanoTrexHoJ0ril BUKOPUCTOBYIOTHCA IJisl OIPiCHEHHA MOPCHKOI BO-
IIV; 3aCTOCOBYIOTH (ifbTPU 3 BUPOIIEHUX BYIJIENEBUX TPYOOK, AKi
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3a0e3meuyoTh HAOHU3LKUNA Koe(illieHT TepTs, IO Ja€ IIOHMKeHHS
pobouoro Tucky Bim 60 6ap mo 3 Gap B ompicHIOBaui. PimbTpyBaIbHI
nucku (puc. 6) MOXKYTb OYyTH 3 YCHiXOM BUKOHAHI 3 BHUPOIIEHUX BYT-
JeIleBUX HaHOMATepPiAJiB. 3alpoIoHOBAaHA TEXHOJOTiA — Mg cuiay
kommauii CJC™ Ta iH. g BUTOTOBJEHHSA CAMOPO3BAHTAKYBaJIbLHOTO
dinpTpa.

YoMy KOHCTPYKIIiA CaMOPO3BAHTAKYBAJLHOrO (iJbTpa mJS OYM-
mieHHsa BB e mafionTumasbHinow? Bigmosiabk moctaTHbo mpocTa: 30i-
JBIIMUBINKY PO3Mipu (QiIbTPYBAIbLHUX €JIEeMEHTiB, MU 30iJbIITyeMO
IPOIIYCKHY 3AaTHicThL 00podsenoi BB, mosiBmim piBens ¢inbTparrii mo
20-10 mixkpon. Ilpu mbomMy, BUKOPUCTOBYIOUMN (DiJIbTPYBaJbHI eleMe-
HTHU 3 BUPOIIEHNX HAHOBYIJIEIIEBUX TPYOOK, MU OLEP:KHMO 3aIlac IIi-
IBUINEHHS THCKY HA CTOPOHI IpokauyBauHs (ijbTpa, TOOTO, IigBU-
ITyI0OYM HE3HAUHO THCK IoHan 3 6ap, Mu OymeMo 30iibITyBaTH IIPO-
MMyCKHY 3MaTHICTL i TMM caMuM 30iJBIITMMO IPOAYKTUBHICTL yCTaHO-
BKH.

ITocTifiruit BuKuj i3 camMoposBaHTasKyBaJbHOTO (hisbTpa BindiabT-
POBaHUX iHBa3i#l y 3aKPUTY CYJHOBY €MHICTBH 3 ITiIBUIIIEHUM BMicCTOM
oKucy ®PepyMy HO3UTUBHO IIO3HAUUTHLCS Ha IIOJAJIBIIIOMY 3HUIIEHHI
TUX iHBa3i#l, 110 BUIKUJIA.

30inblIenHa B 2 pasu HAmpy:KeHocTH Y P-CcBiTJIOBOrO MOTOKY i mpu
IIbOMY BUKOPHMCTAHHS HOBOTO BUAY XEMiUHOT'O peareHTy [Ia€ 3MOTY
HaM JOCATTH MaKCHUMAaJbHOTO 3HUIIIEHHA iHBas3iii.

6. BUCHOBEU-TJIYMAYEHOHA

Ha nymMKy ekcrepTiB, HAHOTEXHOJIOTiII CTaHYyTh PYIIiAHOK CHUJIOIO
IIPOMUCJIOBOI PEBOJIIOIII Ta 3MiHIOBATUMYTh Hall cmoci6 xutra. Ioc-
JiIyKeHHS Ta po3poOKM HAHOTEXHOJIOTiM 3HaXOOATLCA Yy CTaHi mimiio-
My y TOHUTBi 3a OpUIiHAJIHLHUMU Ta KOPUCHUMU peuamu, i B Toi uac,
KOJIX BimOyBaeTbcsa 3JIiT (pabpUUHOro BUPOOHUIITBA, 30BCiM MAaJjo po-
OUThLCA IJis TOTO, II00 rapaHTyBaTu Oe3leKy CYCHiJILCTBY Ta HaBKO-
JUNTHBOMY CEPEIOBUIITY.

3a ouikyBanHamu HarmionanbHoro Haykororo ¢gouzay CIIIA, sa Ha-
CTYIHE OECATUJIITTA HAHOTEXHOJIOTII «3aXOILIATH» 1 TPUILHOH TOJI.
CBiTOBOTO PUHKY.

HanorexHoJsorii 06iInda0Th BeJIWUYe3Hi MOTEeHIIiHHI BUTOAU Y IIOJIIII-
IIeHHi MaiiKe BCix BHIIB HPOMUCIOBOI mpoayKilii. Aje, 3 immroro 6o-
Ky, IOCTA€ MUTAHHA: YN € BOHU 0e3MeUHUMU?

3pocTaoua KilbKicTh HAYKOBUX OOCIim:KeHb i 3BiTiB ypsanmis 3acre-
pirae, 10 CTBOpEeHi HAHOYACTUHKU MOYKYTH CTAHOBUTU HEOE3IeKY s
3I0POB’s Jofell i HABKOJMHUIITHLOTO CEePeIOBUINA, Xodya OyJio mpoBeze-
HO I1ie He6araTo AOCJIiAMKeHb IOA0 iXHBOI TOKCHMUYHOCTH.

OT:xe, HAHOTEXHOJIOTIi BKJIIOUAIOTH y cebe HIMIMPOKUII CIeKTep TeX-
HOJIOTi#l NI KOHTPOJIIO HaJ CTPYKTYpolo MaTepil Ha piBHI aToMmiB i
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MoJyeryJ. Hanomerep — Ile ogHa MiJbsapAHA MeTpa, MOBKUHA JIaH-
miora 3 10 posmimierux mopyu atomis I'izporeny; ToBIIUHA JOACHLKOL
BOJIOCMHM OopiBHIOE mpubau3uo 80 TucauaM HaHoOMeTpiB. Bamko Ha-
BiTb ysBUTH CcOOi IIOCh HACTLIBKM MaJie, IIfe BaKue IOBipuTH, IO Iie
MOJKe BUKOPHUCTOBYBATUCA YV BUPOOHMUMX mpoliecax [12].

Ha Takomy MiKpockomiumomMy piBHI MaTepis moBoauTh cebe He Tak,
AK Yy HAIIIOMY HOBCAKIEHHOMY KHUTTi Y IILOMY CBiTi, Je maHye KJacH-
yna HploToHOBa (ismka. Y HaAHOCBITI «BJacTMBOCTLI MaTepili o0yMOB-
JIOIOThCA CKJAAHMM i 0araTMM MOOEJHAHHAM KJIAaCHMUYHOI (pisuku Ta
KBAaHTOBOI MeXaHiKM» — MOBHWJOCA B EeKCKJIO3WBHOMY OHJAMNH-
BUNyCKY KypHamy Scientific American 3a ciuenbp 2006 p. Takox y
OiBIIMX KiJTBKOCTAX MiHITIOPHI HAHOPEUYOBUMHUW MOKYTH MAaTH BeJIN-
Ye3Hy IMOTYKHICTh uepes ixHe 3HauHO OijbIlle BiZHOINIEHHS IIJIOIIi IO-
BepXHi 10 00’ eMmy.

3i 3MeHIIeHHAM BeJIWYMHU YACTUHOK i pocToM iXHBLOI pearItiitHol
3IaTHOCTU, PEUOBUHA, KOTPA MOKe OyTH iHEepTHOI0 V MIKpO- UM MAakK-
pomacinTabi, sgaTHa HaOyBaTu HeGe3lMeuHUX BJIACTUBOCTEHN y HaHOMA-
crrtabi [13].

IIlomo comianbHUX Ta eTUUYHUX IIpobiem, To, 3rimHo 3 Vital Signs
2006—-2007, cepito3Hi TOOOIOBAHHA HE OOMEKYIOTHCA ITHUTAHHAMU
0esmexu Ta BILIMBY Ha 3J0POB’sA; MAIOTh OyTHM BUBYEHi OiJbII MIMPOKIi
comianpHi ¥ ermuHi Hacaigku. «HaHOTexHiIUHOIO PeBOJIIOIIi€I0 pyXae
IIOTOHSA 3a HPuUOYTKOM — He ImoTpeda y PO3BUTKY JIOACTBa; JOKU IO-
KOpiHHMMU mOpobyieMaMu € yOOricTh i collisiibHA HecIpaBeIIUBiCTh,
HOBi TexHOJIOTII HiKoMM He OyIyTh YHiBepcaJbHUM BUPIIIEHHAM iX»,
— cTBepAKyeThea y 3BiTi Vital Signs.

MOISAKH

BucisoBnioeMo NOAAKY 3a CHOPUAHHSA Ta Opodeciiiny aomoMory y
KOHCTDPYIOBaHHI €KCIIEPUMEHTAJbHOI CHCTEMMU YIPAaBJIiHHA 0aJIaCcTHOIO
Bogmoio Ha 6asi JlyHailickkoro iHctuTytry HailioHasbHOToO yHiBEpCHUTETY
«Onmecbka MopchbKa akameMia» B.o. gupektopa IIpAT «JlynaiicygHo-
pemoHT» (M. Ismain, Omecbka 00J., Ykpaima) B. M. Kynpieuka; mgu-
pektopy [MHynatickkoro imctutryty HamioHansHOro yHiBepcuUTeTy
«Omecbka MopchbKa axazemis» (M. Ismain, Ogmecbka 006J., YKpaiHa)
n.r.H., apod. B. I. Hummupy — 3a COpUAHHA Yy 3aKYIiBJIi YMHHUX
BysaiB cucremu; O. lO. 3Barianery (Imcturytr Oiosorii mopsa im.
A. B. i Kupmyucsrkoro [IBO PAH, BaaguBoctox, Pociss) — 3a cmpu-
AHHSA W HaJaHHA TJI00AJbHOTO iH(OPMAIiiHO-aHAJIITUYHOTO OIIUCY
IIOA0 TIAMOOKUX AOCJiMKEeHb CyJHOBOTO BOAAHOTO 06ajsiacTy, 0COOJHUBO
CTOCOBHO cKJIaAy (pyiopu Ta (payHU, IXHBOI KUTTEITATHOCTU Ta BUHU-
KHEeHHA BUAIB (HUM HaJaHO INMHUPOKY iH(OpMAIifo IoA0 PO3POOKU
MeToxoJiorii, MeToAiB i 3aKOHIB aJs 3am00iraHHs 3aHECEHHS IIaTo-
TeHHUX 1 TOTEHI[iliHO HeOe3NMeYHWX OPraHi3MiB BOJHUM TPAHCIIOP-
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! Fig. 1. Installation for disinfection and cleaning of marine BW.

2 Fig. 2. Appearance of self-discharge fine filter.

3 Fig 3. Disc self-discharge filter.

4 Fig. 4. Self-unloading filter of fine cleaning HDU CJC'": I—the filter case; 2—the base of
the filter; 3—the pump; 4—the electric motor; 5—the manometer; 6—the filtering element;
7—the final valve; 8—oil receivers; 9—the oil drain; 10—a sampling point.

® Fig. 5. The principle of operation of the filter-separator CJC™ (filter series PTU2 27/27):
1—filter housing; 2—coalescing element; 3—pump; 4—electric motor; 5—pressure gauge;
6—filter element; 7—release valve water; 8—oil receivers, 9—oil drain; 10—spillway.

5 Fig. 6. Self-disassembling filter disks.

" Fig. 7. High-productivity pressure-filter element.
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KoMniexkcHe BU3HAUYEHHA TOKCHMYHOCTHU Ae3iH(eKTaHTy,
PO3p00IeHOT0 HA OCHOBI KOMIIO3UIIil HAHOPO3UYMHY Cpidiia Ta
MOJIOYHOI KMCJIOTH

M. O. Kyuepyk, . A. 3acekin, P. O. Jumko

Hauyionaavhuil ynieepcumem 6iopecypcis i npupodokopucmysauts YKpainu,
sy.z. I'epoie Ob6oponu, 15,
03041 Kuis, Ykpaina

Y cTaTTi HaBeleHO pe3yJIbTAaTH BUBUEHHS I'OCTPOI TOKCUYHOCTHU, KYMYJISATH-
BHOI, moapasHoi, ceHCHOiNisyBaJbHOI, IIKipHO-Pe3opOTUBHOI miii mesimdex-
IifiHoro 3aco0y, — KOMIIO3HUIlil HAHOUACTHUHOK CcpibJyia Ta MOJIOYHOI KHCJO-
TH, — Ha OpraHiaM JabopaTOpHMX TBApWH i HOro BIJMBY HA OpPraHU Ta
TKAHUHU O0iMnx Mwuiieil. BusHaueHHS cepelHbOCMEPTENIbHOI J03U MOCIIiAKY-
BAHOTO Me3iH(eKI[ifHOro 3aco0y MPOBOAMIN 3a aJallTOBAHOIO Ta PEKOMEH-
IoBaHOIO Iad xeMiuHux 3acobiB meromoro I'. Kepbepa 3a cmerisgiabHOIO (op-
myJiofo. ITim uac mocmimKeHHS KyMYyJIATHBHOI Aii IPOBOAUJIN CIIOCTEPEKEH-
HS 3a JOCTIAHMMU Ta KOHTPOJLHUMHU TBapuHamu. JKomHa TBapuHa He 3aTH-
"Hyaa. Ilicia sakiHuyeHHs mociaimy, eBTaHasili Ta pPO3THHY 3a0UTUX MUIIIEH
MaKpPOCKOIIIUYHMX 3MiH y BHYTpPIIIHiX opraHax He BcTaHoBJieHO. IIpu Bu-
BUEeHHi moapasHoi Aii 3aco0y BCTaHOBJIEHO, IO IIPOTATOM JOCJiJHOTO Iepio-
ny (30 mi6) mamecennsa 0,5, 1,0 i 2,5% po3uunHiB He CIPUUMHUIO OYIb-AKUX
BUAUMUX 3MiH Ha HMOBEPXHI IMKipu Ta 3miH (isiosoriuamx (GpyHKIi# mociiza-
HUX TBapuWH. 3a MOCJHiIKeHHsA ceHcuOigisyBaabHOI il BCTAaHOBJIEHO, IO B
pasi HaHeceHHSA Ha INMKipy TBapuH 3aco0y y BCiX MOCTiI:KyBaHUX KOHIIEHT-
pamiax (100, 75 i 50%) moxpasHa mia He cmocrepiramacsa. IociimsxenHs
HAABHOCTU CeHCHUOiJizyBaJIbHUX BJIACTHUBOCTEH IIOKA3aJio, IO MiCJA BHYT-
PIIIHLOIIKiPHOTO BBEAEHHS y BYX0 MYpPYaKiB y MicIlii BBeJeHHS 3MiHU MIKi-
pu He BUABIAOTHCA. AmIikarii sacoby y ceHcubinisyBanbHi# KOHIIEHTpAILil
mpoTAromM 7 mi0 He UMHWJIM IOApPAasHOl Aii Ha IIKipy MypuakiB. YIIPOZOBK
yChOT'0O JOCAiAY MIKipa Oyja YMCTOI0, 3BUUANHOr0 KOJILOPY. 3a Uac IIpoBedeHH
IOCTiIKeHb i3 BU3HAUEHHSA IIKipHO-pe3op6TuBHOI Aii 3aco0y HaMu He OyJ0
BUSBJIEHO O3HAK TokKcumuHOi mil 2,5% i 5,0% posumHiB Ha O6iamxX MMHUIIAX.
ExcrepuMeHTAIbHO OOBENEHO, IO AOCHiM:KyBaHuii aesindexrIirifinmit 3aci6
IIPY 3aCTOCYBaHHI #oro mepopaibHo B 06°emi 1 cm® y 0,5% -KoHIeHTpaIii He
CIPUYMHAEC BUAMMUX IIaTOJIOTOAHATOMIUHUX 3MiH. BcTamHoBiieHO, IO yV OOC-
JifHUX TBAapuUH 3a mepopanbHoro BBefeHHs 0,5% -KoHieHTpallii mesiHdex-
IifiHoro 3aco0y He BUHWKAJIU TiCTOJOTIUHI IMOPYIIEeHHS B OopraHax i TKaHU-
Hax. OTiKe, BCTAHOBJIEHO, IO MOCJiAKYyBaHUM 3aci6b Ha OCHOBI KOMITO3HMIIil
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HAHOYAaCTUHOK CpibJjia Ta MOJIOUHOI KHCJOTH, 3TiAHO 3 KJacudikallieio pedo-
BuH 3a TokcuuHicTio (I'OCT 12.1.007-76), BigHOCHUTHCS M0 4 KJacy TOKCHU-
HOCTH Ta He Ma€ BUPAKeHUX KYMYJATHUBHOI, IIOApPasHOl, ceHcuObiIisyBajb-
HOI Ta IIKipHO-pe30pOTUBHOIL miii.

The article presents the results of the study of acute toxicity, cumulative,
irritating, sensitizing, skin-resorptive actions of disinfectant—a composi-
tion of nanoparticles of silver and lactic acid on the body of laboratory
animals and its effects on organs and tissues of white mice. Determination
of the average lethal dose of the investigated disinfectant is performed
according to the method of G. Kerber adapted and recommended for chem-
icals according to a special formula. Experimental and control animals are
observed during the cumulative study. No animals died. At the end of ex-
periment, euthanasia and dissection of killed mice, macroscopic changes in
the internal organs are not found. When studying the irritating effect of
the tool, it is found that, during the experimental period (30 days), appli-
cation of the 0.5, 1.0 and 2.5% solutions do not cause any visible changes
on the skin surface and changes in the physiological functions of the ex-
perimental animals. During the study of sensitizing effect, it is found
that, in the case of application of all tested concentrations (100, 75 and
50%) to the skin of animals, irritant effect is not observed. A study of
the presence of sensitizing properties shows that, after intradermal injec-
tion into the ear of ants, at the injection site, no skin changes are detect-
ed. Applications of the drug in a sensitizing concentration for 7 days have
not an irritating effect on the skin of ants. Throughout the experiment,
the skin is clean, normal colour. During studies, to determine the skin-
resorptive effect of the drug, we found no signs of toxic effects of the
2.5% and 5.0% solutions in white mice. It is also experimentally proven
that the studied disinfectant, when applied orally in a volume of 1 cm?® in
0.5% concentration, does not cause the visible pathological and anatomi-
cal changes. As found, in experimental animals, with oral administration
of the 0.5% concentration of disinfectant, there are no histological disor-
ders in organs and tissues. Thus, as established, the studied agent based
on the composition of the silver nanoparticles and lactic acid, according to
the classification of substances for toxicity (GOST 12.1.007-76), belongs
to the 4" class of toxicity and has no pronounced cumulative, irritating,
sensitizing and skin-resorptive actions.

Karouosi croBa: nesimdexIfifinmii 3aci6, HaHOYACTUHKH cpibiia, MOJIOUHA
KHCJIOTa, TOKCUUYHICTD, Jab0opaTOpHi TBAPUHU.

Key words: disinfectant, silver nanoparticles, lactic acid, toxicity, labora-
tory animals.

(Ompumano 24 uepensa 2020 p.)

1. BCTYII

Hamu IIoIIepeagHbO 6y.JIO BHUBYEHO 6aRTepI/IH;I/I,7_'[Hy AKTHUBHICTHP KOMIIO-
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3uIlii HaHOPO3UMHY cpibila Ta MOJOUHOI KHUCJIOTH AK 3aco0y AJA Be-
repuHapuoi aesindexiii [1]. IIpore mpu BubOopi 3acoby mjma mpoBe-
IeHHA ne3iH@eKIil ciig 3BepTraTy yBary He JUIlle Ha Horo epeKTHUBHY
AHTUMIiKpOOHY Ta imimi mii, a TaKoX i Ha MOMKJIMBY TOKCHUUYHICTEL IJIA
TBapuH i Jroguun [2].

Ciaim sasHaumTH, IITO KOHTPOJHL CTaHy OPraHidaMy Ha KJIITHUHHOMY
PiBHiI € omHUM 3 HaliH(GOPMATUBHININX MOKA3HUKIB ITOA0 BUBUEHHIA
BILIMBY MJOCJHiIKyBaHMX PpPEUYOBHMH Oe3mocepedHLO Ha opraHism [3].
Ilopax 3 iHIIMMU AOCTiMKEHHSIMM, BILJINB 3acO0y Ha KJIITHHH YU TO
TKAHUHU 37e0iJbIIIOr0 BHBUYAIOTH IILJIAXOM IIPOBEJEHHS T'iCTOJIOTiuHO-
ro pocaimxenusa [4].

Came TOMY HACTYIIHUM eTamoM OyJO HPOBECTH MOKJiHiuHi moc.ri-
MIKeHHA Oesindexiiimoro sacody 3 BU3HaUeHHS I'OCTPOI TOKCUYHOCTH
Ta BCTAHOBJIEHHSA MOKJIMBOI IMKimaImnBoi mii 3acoby Ha opraxism Jabo-
paTopHUX TBapuH.

2. EKCIIEPUMEHTAJIBHA METOJUKA

IIpoBomunu mocaimxeHHA MOe3iH(EKTAHTY, IO ABJSIE CO00I0 CyMiIl
mostounoi xucaotu (15%), xKosoigHOro HaHoposumHy cpibuaa (0,2%)
ra Bogu (84,8%).

HocmimxeHnHa TOKCWYHOI Ail 3aco0y HPOBOAMIMN IMIJIAXOM BM3HA-
yeHHA rocTpoi ToxcuuHoctu (JII;,), KymMyaaTuBHOI, mMOAPa3HOI, CEH-
cubisisyBaabHOI Ta IMIKipHO-pe3opOoTHUBHOL miii [5].

VYci BTpyuanHsa I eBTaHa3il0 TBapUH IIPOBOAUIM i3 NOTPUMaHHAM
BuMor Ilonosxkenns «IIpo saxucT TBapuWH BiJl }KOPCTOKOTO IOBOMKEH-
Hs» Ta lloso:keHHa «EBpoOMEichKOI KOHBEHIIII PO 3aXMCT XpebeTHUX
TBapWH, AKi BUKOPUCTOBYIOTHCA IJs €KCIEPUMEHTAJHLHUX Ta iHIITUX
HayKoBux Iijeii» (Ctpacoypr, 1985 p.) [6].

s BUBHAUEHHA T'OCTPOI TOKCUYHOCTH IIpemnapary mixibpanm 7 mo-
CHIIHUX Ta ONHY KOHTPOJIbHY Tpynu Oiux mwuinein 3—4-THU;KHEBOTO
Biky mo 10 roxiB y KoskHil rpymi. [Josu 3acoly AJsa BU3HAUEHHA T'OC-
TPOi TOKCUYHOCTU Opaju TakK, 1100 HUKYA J03a He BUKJIUKAJIA 3aru-
Oeai muieii, suina — BukKJukKaga 6 100% sarubeab. Mim muMu go-
3aMu Opanu He MeHIle 4 IMPOMIKHUX [03, AKi BUKJIUKAJIU 3arundeib
O0inbiie a6o menmie 50% wmwumieit. Posumu gesiHdeKTaHTy BBOAUIN
IITTPUIIOM i3 TOJIKOI0, Ha KiHIi AKoi Oyso GyJiaBOBUAHE HOTOBIIEHHSA,
0esmocepeHBO B IILIYHOK 3 TAKOTO PO3PaXyHKY, 1100 00’€M PO3UUHY,
BBeJleHNUIl y ILIYHOK per os, He mepesuinysas 0,5 cm®. Mwumawm mep-
1101 AOCHiAHOI TPyNM BBOAWJIM IIpelapaTr y ILIYHOK i3 Po3paxyHKY
2000 mr/xr macu, gpyroi — 3000, Tpernoi — 4000, uerBepToi —
5000, m’aroi — 6000, moctoi — 7000, ckomoi — 8000 mMr/Kr macu
Tija TBapuHU. MuIIaM KOHTPOJbHOI rpynu BBoguau mo 0,5 cM® Boam.
Hocain 3 BUBHaUEHHA T'OCTPOI TOKCUYHOCTH TpuBaB 15 mi6 [7].

BusHaueHHA cepelHBOCMEPTENbHOI A03U OCJiI:KyBAaHOTO Aesimde-
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KI[ifiHOTO 3ac00y HPOBOAUJIN 3a ANAaITOBAHOIO i PEKOMEHIOBAHOIO IJISA
xeMmiuHMX 3ac00iB Mmetomoro I'. Kepbepa 3a HacTymHOIO (HOpPMYJIOI0:

D (zd)

LD,, =LD,,, —-
n
me LD,, — cepemmbocMepTeJbHA 103a, 3a AKOl ruayTh 50% TBapuH;
LD,,, — mosa, 3a skoi runyTh 100% TBapuH; z — MOJOBUHA CYyMU

KiJIbKOCTH TBapuH, AKi 3armHyJH B OOCJiZax 3 OOCIHIIKEHHAM IBOX
OCTaHHIX M03; d — PiKHUILT YNCJIOBUX 3HAUEHL JBOX J03, IO CTOATH
mopAI; n — KiJbKicTh TBapUH y KOKHiNM rpymi [7].

[ BUBUYEHHA KYMYJATHUBHOI nil chopMyBaid AOCTIAHY Ta KOHT-
poibHY rpynu O0inmx mwuiiein mo 10 roJis y KOKHiI IpyImi; TBapuHHU
Ooysu macoro Tizma y 18—20 r. TBapuuam mociigHol rpynu oguH pas Ha
Io0y 3aJaBajii 3 BOAOIO AOCJiAKyBaHmuil 3acib y Jo3ax i3 po3paxyHKy
1/5 Bim LD,,; KOHTPOJBLHiI# — BUIIOIOBAJIW Bomy 0Oe3 s3acoby. ocainm
TpuBaB mporAaroMm 60 mi6 [7].

ITompasuy mito mpemapaTy BUBUYAJIM Ha IIKipi mypuakis. 3aci6 moc-
JimxyBanu B KoumeHnrtpariax: 0,5, 1,0 i 2,5% . 3a moby mo mocmaimiB y
MypuUakiB Ha OiMAHII cOouHW 3 000X OOKiB BHCTpUTrajiu IIEPCTh
(2 cm?). Ina ekcmepuMeHTY 6ysI0 chOPMOBAHO TPH HOCTiTHUX i OTHY
KOHTPOJLHY TPyIn MypuUakiB mo 5 rouiB y koxkHiii. [IBiui ma moby
(BpaHIli Ta BBeuepi) HA BUCTPUIKEHY IIOBEPXHIO MiIAHKHU INKipu pis-
HOMipHO HAHOCUJM PO3UYMHU JAe3iH(MEKTAHTYy y 3a3HAUEHUX KOHIIEHT-
pamiax. TBapuHaM KOHTPOJLHOI TI'PYIM HA BUCTPUMKEHY IIOBEPXHIO
HaHocusu Bonay. JlocaimskeHHs mpomoB:KyBanucsa npotarom 30 mi6 [7].

3 MeTo0 BUBUEHHS CEeHCHOinisyBanabHOI mil mOoCaig:KeHHS IPOBOM-
Ju Ha Mypuakax macoro Tima y 340—-380 r. ¥V kokHift mocaimmiii i
KOHTPOJBbHIN rpymax OyJio mo 8 TBapuH. IlomepegHb0 IPOBOAUIIN ITij-
0ip ceHcubinmidyBasbHOI Ta TECTyBaJbHOI KOHIIEHTpAIlili Ha 4 Mypua-
Kax. BunpoOoByBajau BIJIUB 3acO0y B HATMBHOMY BUTJIALLI Tay 75% i
50% KOHIeHTpaIlii, HaHOCAYM #oro Ha mKipy TBapud mo 0,2 cm®
yupomoB:x 10 mi6. IIns cemcubisisariii opranisamy mesindeKTaHT Myp-
yaKaM BBOAUJIMN BHYTPIIIHBOINKIPHO, OJHOPa30BO, B 30BHIIIIHIO IIOBE-
pxHO Byxa no 200 mxr y 0,02 cm®; konTpoapHuUM TBapuHam — 0,02
cv?® nuerunanoBanoi Boxu. IloumHAarOuUM 3 ABAHANIATOL JOOU eKCIepH-
MEHTY, NOCJHiTHUM TBapuHaAM YIPOXOBMK CiMOX AHIB Ha BUCTPUIKEHI
NiIAHKK mKipu Hadocuau peuoBuHy 1o 0,02 cm® y Burasani 75% Bo-
IHOTO PO3YMHY; KOHTPOJBLHUM TBapMHAM — TaKy K KiJbKicTh amc-
TuaboBaHOI Boau. TecTyBaHHA TBapmH nmpoBoauau Ha 10-ty Ta 20-Ty
o0y eKcIlepuMeHTy npu HaHeceHHI 0,2 cM® peYOBUHM y HATHBHOMY
BUIJIAALI Ha IHTAKTHI MiAHKYW IIKipM AOCJHiTHMX i KOHTPOJBHUX TBa-
puH. Ilicasa HaHeceHHS TeCTyBaJbHOI KOHIIEHTpAIlil Ha INKipy orian
TBapuH mpoBoauan uepe3 24 Ta 48 roguH. Peakiiro mkipu oiiHmoBa-
JI BisyaJibHO 3a II’ATHOaJIbHOIO YHi(iKoBaHOIO IIKaJI0MH0 [7].

IIIxipHO-pe30opOTUBHY Ail0 IpeHapaTy BUBYAJM Ha OLIMX MUIIAX
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Macoio Tisma y 18—20 r, mikipa SKMX He MaJjia BUIUMHUX O3HaK IIaTo-
gorii. IIporarom 15 mi6 mo aBi rogumum Ha O00y XBOCTH MOCTiIHMX
muiei (o m’sATh roJiB) 3aHypioBaau B Ipobipku 3 2,5% Tta 5,0%
posumuamMu 3aco0y Ha 2 rox. XBOCTH KOHTPOJBHUX TBApUH 3aHYPIO-
BaJii B IIpobipxu 3 Bomormo [7].

i TpoBeleHHA eKCIIEPUMEHTY 3 IaToOMOP(OJOTiUHUX JOCIiIKeHb
O0yJ0 chopMOBAHO KOHTPOJBHY Ta 2 AOCHiAHI rpymnu OGiJux MHUIIEH II0
10 roniB y xo:xHill. TBapuHaMm IepIrnoi mocaimHOI rpymnu BBOAWIMN 3a-
ci6 mepopanbsHO v 0,5% KoHImeHTpamii B Kimbkocti 0,5 cm® ogun pas
Ha o0y BupomoB:x 30 mi0, apyroi — JeTalbHy KOHIIEHTpPAIlilo Je3iH-
dexTanTy B mosi 8000 Mr/kKr macu Tima Tako:xk y Kimekocti 0,5 cm®.
Hnaa mocaigy Bimbupaan KJIiHIUYHO 3M0pPOBUX OinmxXx MuIlleill 3 Macoio
riza y 18-20 r [8].

[1a BUBUEHHS BILJIMBY Je3iH@eKIifiHOTo 3aco0y 3a pisHMX KOHIIe-
HTpaIliil i 703 Ha opraHiadM JlaboOpPaTOPHUX TBAPUH IIPOBOJAUJIN €BTaHAa-
3ifo O0immx mMwuImeii, 3acTocoByoun edipHUil HapKO3, IO Y3TOMKYETHCS
3 Ilomoxxkeunam «IIpo 3axucT TBApMH BiJ *KOPCTOKOTO IIOBOMKEHHS»
Ta IlosoKeHHAM «EBpOMENChKOI KOHBEHIII NP0 3aXWCT XpebeTHUX
TBapUH, AKi BUKOPUCTOBYIOTLCA IJS €KCIEPUMEHTAJbHUX Ta iHIITUX
HayKoBux Iijeii» (Ctpacoypr, 1985 p.) [9].

Tpynou eBTaHA30BAHUX TBApPUH PO3TUHANIMN, TPOBOAUIN MaKPOCKO-
miuHe JOCHiMKeHHA iX, BimOupasau opradm IJisd TiCTOJIOTiYHOT'O HOCJIi-
I:KeHHs, a caMe: ceplle, JieTeHi, HUPKU, MEUiHKY, ceiaesdinky. Bimio-
paui spasku Qikcysanum y 10% Bommomy posumHi (popMmasiHy, 3aju-
BaJl B IIEJIOINWH, BUTOTOBJANN 3Pisu TOBIIUHOIO y 15 MKM, ¢apOy-
Bamu reMmartokcuiainom Kapari i eosmHOM, BHUBUYAJM IIiJ CBiTJIOBUM
MiKpPOCKOIIOM, BUTOTOBJAIN MiKpodoTorpadii [10, 11].

3. PE3YJIBTATH TA IX OBTOBOPEHHS

IIix yac BuBHAUeHHA I'OCTPOI TOKCUYHOCTHU IIpeliapary B IepuIiii rpy-

mi BCi TBApWMHM 3aJUMIUJINCA KUBUMM; B IpPyrili — sarumnyna 1 mu-
1a, B TpeTiii — 3, B ueTBepTiit — 4, B ' ATilt — 7, B mocTiit — 8 i B
CbOMii — 3BarmHyJin Bci TBapuHU. ¥ KOHTPOJBHIN rpymi Bei mwmri

BaJININIUJINCSA KUBUMHU. 3arubejb TBapWH, B OCHOBHOMY, CIIOCTepira-
Jlacs 3 IepInoi mo AecATy A00y eKCIepUMEHTY. Y3arajbHEeHi pes3yJib-
TaTH OOCJiIKeHb i3 BcramoBaeHHs LDy, 3a ¢opmysoo Kepbepa mase-
IeHo B TalJI.

TakuM YMHOM, IPOBIBIIM IiJpaxXyHOK, BCTAHOBUJIU, IO CEPeIHbO-
cmeprenbHa mosa LDj, cranoBuTh 5200 mMr/Kr macu Tija jabopaTop-
HUX TBapUH.

IIix wac mocraimxeHHA KyMYJATUBHOI Aii 3aco0y IPOBOAUIMN CIIO-
CTEpPE:KeHHs 3a MOCHIIHUMU Ta KOHTPOJHLHUMU TBapUHaMU; He BUAB-
JIEHO BiXWJIeHb y IOBeZAiHIIi Ta (isiosorivyHUX (QYHKIIAX MUIIIEN.
Komua TBapuua He saruuyJa. Ilicia saxkiHueHHsA mociimy, eBTaHasii
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TABJINIA. LD, nesindexiifinoro 3aco0y Ha OCHOBI HAHOPO3UHMHY cpibia
Ta MOJIOUHOI KHCJIOTH JJd JabopaTopHux Mmumieii (3a Kepbepom), mr/kr.!

Ne | Hosa saco0y, KinpxicTs . BarHHyﬂo, Bmmplo, - d 2d
m/uo MT/KT TBApUH B IPYIIi roJiis roJiis

1 2000 10 0 10 0,5 1000 500
2 3000 10 1 9 2 1000 2000
3 4000 10 3 7 3,5 1000 3500
4 5000 10 4 6 5,5 1000 5500
5 6000 10 7 3 7,5 1000 7500
6 7000 10 8 2 9 1000 9000
7 8000 10 10 0

LD,, 5200

Ta PO3TUHY TPYIiB MUIIIEH MAKPOCKOMIUHMX 3MiH y BHYTPIIIHiX Op-
raHax He BcTaHOBJIeHO. Ile majsio 3mMory 3po0uTHM BHUCHOBOK, IO BUpAa-
JKeHOl KyMYJATUBHOI il mesimdermiiiumuii 3acid He mae.

IIpu BuBuUenHi moxpasHoi Aii mpemapaTy BCTaHOBJIEHO, IO IIPOT-
rom pociigmoro mepioxy (30 mi6) mamecemusa 0,5, 1,0 i 2,56% posuu-
HiB me3iH(eKTaHTy He CIPUYMHWIO OyAb-AKMX BUAUMHX 3MiH AK Ha
IOBePXHi IKipu, Tak i amin (Qisiosmoriuamx (GyHKII# FOCHigHMX TBa-
puH. BpaxoByioun ozep:KaHi JaHI MOKHaA CTBepI:KyBaTH, IO IIpela-
paTr He Mae moapasHOi mii.

3a mociimiKeHHs ceHCHOiNTisyBaJbHOI nOil BCTAHOBJIEHO, IO B pasi
HaHeCeHHs Ha IMKipy TBapuH 3aco0y y HOCIiIKYyBaHMX KOHIIEHTPAILi-
sax (100, 75 i 50%), moxgpasHoi Aii He cmocrepiramocs. ocaimxeHHs
HaABHOCTH CeHCHOiIi3yBaJbHUX BJACTHUBOCTEHN IOKAa3ajio, IO MicJsd
BHYTPIIITHBOIMIKIPHOTO BBEJEeHHS Y BYXO0 MYypUaKiB y MicIi BBemeHHA
3MiH ImKipm He BuaBMIM. AIMrikaiii saco0y y cemcuOimisyBaibHilt
KOHIIeHTpaIlil mpordAroM 7 Ai6 He UYMHMWJIM IOAPas3HOl mii Ha IIKipy
MypuakKiB. YIPOIOB:K yChOTO HOCIimy IKipa OyJia UHMCTOI0, 3BUYAM-
HOro KoJbopy. Uepes 24—48 ronx micasd ImepIimoro Ta APYroro TeCTy-
BaHb yV JOCHiZHMX i KOHTPOJLHUX TBAPUH peaxilisa IIKipw Ha Aiio 3a-
coby cranoBuiia 0 GaniB. Ilporsarom mocraimsxenusa (10 gi6) sa mame-
CeHHs Ha IIKipy 3aco0y y KoHmeHTpamiax 50, 75 i 100% raxi peak-
ii AK rimepemis Ta Habpak OyJaM BiACyTHI y BCiX mOCJiZHWMX TBapuH,
a ToMy [Oifo mpemapary, AK aHTureny, 0yio ominesno K 0. TobTo pea-
KIid Ha amrikailii saco0y Ha IIKipy MOPCBLKUX CBUHOK, IO IPOSIBJISA-
€ThCA y BUIJIAAL Timepemii Ta HaOpAKY, YV BCiX MOCHiZHUX TBapwH OY-
Jia BimcyTHBOIO AK 3a HaHeceHHS 75%, Tak i 50% BOZHOTO PO3UUHY
IpoTATOM ycboro TepMmimy pmocaimkenHs (10 mgi6). 3a mpoBemeHHS
IIKipHUX TeCcTiB Ha CeHCcuOiIi3oBaHMX MOPCBKMX CBMHKAX peaxilid
IMIKipw Ha Aito aHTHUTEeHy OyJja BifiCyTHLOIO y BCiX TBapWH Ta OI[iHIO-
Bayiaca y 0 6amiB. Oxgep:xaHi pe3yabTaT CBifuaTh PO Te, IO B YMO-
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BaxX Aocaimy mesiHgekIiiiiHuii 3acid Ha OCHOBI HAHOUYACTHMHOK cpibja
Ta MOJIOYHOI KMCJIOTH He CIPUUYMHAE ceHcHOiaidyBasbHOI mii Ha opra-
Hi3M MypuUakis.

Ilinx uwac mnpoBemeHHsA MOCHiIKEeHb i3 BUBHAUEHHA INKipHO-
pesopObTuBHOI Aii 3aco0y HamMmu He OyJI0O BUSABJEHO O3HAK TOKCUUYHOI
mii 2,5% Ta 5,0% posumHiB Ha OLIMX MHIIAX.

YupomoB:x mpoBeeHHS TaTOMOP(OJIOTIUHMX TOCJIIIKeHb OPTraHiB i

TKAHWH MUIIEH 3a BIJIUBY Je3iH(eKI[ifHOTO 3aco0y Ha OCHOBiI HaHO-
YaCTUHOK cpibjsa Ta MOJIOUHOI KHCJIOTH Oy BUABJEHI HaCTyIHi Ma-
KpO- Ta MiKPOCKOMiUHi 3MiHM.
Maxpockomiuni 3minu. Ilig yac po3TuHy TpPYIIiB Mulleir K KOHTPO-
JBbHOI, TaK 1 IepImoi AOCTimHOI I'PyIll MaKpPOCKOIIIYHMX 3MiH y BHYT-
pimHix opranax He BuaBuaU. Ile cBiUNTH IPO HUBBKY TOKCUYHICTH i
HemIKiZaIuBicTh Aesin@eKIifiHoro 3aco0y 3a IMOTpaAIISAHHA HOro B 3a-
3HAUEHUX KOHIIEHTPAIliAX B OpraHisM.

Ilig yac po3TuHY TPYIIiB MUIIEN APYroi AOCTiMHOI I'PyIu CIIOCTEpi-

rajgu HabOpAK i 3acTiliHy rimepemiio JereHb, AMJIATAIlil0 IIPABOTO IIe-
pencepas Ta ILJIYHOUKa CepIid, IIEPEIOBHEHHA KPOB'I0 CeJe3iHKU,
KPOBOBUJIMBM Ta TillepeMiio CyIVH y HMediHITi.
Mikpockomiuni 3minu. ITigx yac MiKpoCKOIiUHOro MOCTHimKeHHA HAMU
BCTAHOBJIEHO, IO B JOCIIM)KYBaHMX TKaHWHAX 3pasKiB, y3ATUX Bin
TBApMH IMePINoi MOCHimHOl Ipymu, MaTOJOTIYHMX 3MiH He BUABWUIU,
ixHa MiKpockormiuma OymoBa OyJjia iIeHTHUYHOIO TaKiil y TBapUH KOHT-
POJIBHOL I'pyIHN.

Iloxazano, M0 Ha TicTo3pidax CTPYKTypa MioKapay MHUIIEH AK
MepIoi JOCHigHOI, TaK i KOHTPOJbHOI rpymn € momibuomo. Kapaiomio-
IIUTA MalOTh OJHOPiAHY # OAZHOTOHHY 3abapBJEHICTh ITMTOILIA3MU.
Aapa KIiTUH — BUTATHYTOI (popMu. 3pifKa TPANJIgIOTECA IOOAUMHOKIL
KapmioMionuTy i3 30iJbIIEHUMHN ITPOCBITIEHUMU AIPaMU BUIOBXKEHO-
oBasmbHOI opmu. IluTommasmMa B TaKUX KJIITHHAX — 3JIeTKa IIPOCBIT-
JaeHa (puc. 1).

Ilix yac mpoBemeHHA TIiCTOJNIOTIYHUX IOCIiAMKEHb JereHb HaAMW He
BUABJIEHO »KOOHUX 3MiH y Muineu, axuMm sagasaau 0,5% posuuH 3a-
coby (puc. 2).

Y HUPKOBUX CYAMHHUX KJIYOOUKaX MUIIEH TaKOK 3MiH He BUSAB-
geno. EniTesniti HUPDKOBMX KaHAJBI[IB — KyOiuHOi hopMU, 3 UITKUMU
KOHTypaMu. IHTepcTuIlia HUPOK — 0e3 BUAMMHUX 3MiH, 3 IIOMipHO
HaAaOOBHEHUMU CcyAuHAMM. ICTOTHOI PisKHUIIL y TiCTOCTPYKTYpi HUPOK
Munief KOHTPOJIBHOI Ta MEPINol MTOCHifHOI IPyIl He BUABJIEHO.

CTpyKTypa IEeYiHKOBOI TKAHMHU TBAPUH € IIOBHICTIO 30eperKeHOoIo,
remmaTolUTA MAalOTh HEIPABUJIBHY IOJNIroHaJbHY (OPMY 3 SCKPAaBO
BUPAKEHOI0 e03UHOMIJIbHOI0 3epHUCTICTIO, 6e3 o3HAK aucTpodii uwm
HeKkpody. KoBuHi Kamimsapu He posmupeHi (puc. 3). BeramorieHo,
III0 3a TricToJoriuHoio Oym0BOIO IeUiHKa TBAPUH IIEPIIOoi JOCJIigHOI
rpynu He BipisHAETHCA Bif Takol y MUIleil 3 KOHTPOJIIO.
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Puc. 1. Miokapa tBapuu mneprmioi mo- Puc. 2. Jlereni TBapus meprmoi gqociis-
ciaigmoi rpynu: I — KappmiomiomuTu; HOIrpynu: I — IpocBiTH anbBeosT; 2 —
2 — aHACTOMO3W KapAiomionuTiB; 38 MiKaJabBeoJsapHAa CIOJyYHa TKAHUHA;
— ganapa KapaiomionutiB. @apbyBaH- 3 — CEeKPETOPHi emiTelaidJIbHI TOBepX-
Ha reMmaTokcuiaimom Kapari it eosu- Hi Kiaitunu. PapOyBaHHA TreMaTOKCHU-
mOM. x4002, ainom Kapari it eosurOoM. x400.3

Puc. 3. Ileuinka TBapuH mepimnoi mo- Pwuc. 4. Cesiesinka TBapuH IepiIoi

craigmoi rpymmu: 1 — IeHTpaJibHA Be- gocaiguol rpymu: I — mimdoigHi BYy-
Ha YaCTOUKHU; 2 — TremaTonuTu; 3 — 3auku; 2 — TpabekyJa; 3 — UepBo-
cuHycoinHi kaninapu; 4 — meuinko- Ha mnyabna; 4 — BeHO3HI cuUHYyCH.
Bi Gamxu. PapOyBamHa remarokcu- PapOyBamusa remarokcuiainom Kapa-
ainom Kapani it eosurom. x400.4 mi # eosuHOM. x400.°

Ha ricrospisdax mokasaHo, IO ceJjie3iHKa TBapWH 3 IEPIIOi MOCJIij-
HOI rpynu BiANOBiZae HOPMAaJbHOMY CHIiBBIJHOIIIEHHIO UEpPBOHOI Ta
6inmol mynbn. CuHYCOiAHI CyAmHU YepPBOHOI NyJbIIM TOMipHO KPOBO-
HamoBHeHi. Cepell KJIiTUH YePBOHOI MyJLIU BUABJISAIOTHCA IMOOJUHOKI
Maxkpodaru, IUTOIJIa3Ma AKUX 3al0oBHeHa OYypUM IIiIrMEHTOM TeMOCH-
IepuHOoM. Biny mynbny cejiedsiHKu Muiieil mpejacraBjieHo JimdboigHu-
MU BY3JIUKaAMU, B AKUX BUABJIAIOTHCA CBIiTJII IIEHTPU HEBEJIMKUX PO-
3MipiB. Ycio mapeHxXiMy cesle3iHKM HpPOHMBAaHO TpabeKyJaMu, Po3Ta-
IIIOBAaHUMH y PisHUX HampaAMKax (puc. 4).

licTocTpyKTypa cejiesiHKM TBApWH HEPINOi AOCIiIAHOI IPymu IOIi0-
Ha [0 TaKol y TBapWMH KOHTPOJBLHOI I'PyNy MUIIIEH.

HocaigykeHHA BILIMBY JeTAJbHOI H03U Ae3iHdeKIlifiHoro 3acoly cy-



KOMIIJIEKCHE BUSHAYEHHS TOKCUYHOCTHU NESIH®EKTAHTY

Puc. 5. Hupku tBapmu Apyroi mocJi-
nHol rpynu: 1 — pyHHYBaHHSA Me3a-
Hriomuri; 2 — imdiasTpaTr y Impoc-
TOpi MiXK cyamHaMmu Ta KamcyJoio; 3
3epHUCTa JAucTtpodia emitesito
KaHaJbIliB. PapOyBaHHA TI'eMaTOKCH-
ainom Kapami it eosuroM. x400.5
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Puc. 6. Ileuinka TBapuH APYroi moc-
aigaoi rpymu: I — MiKuacToOuKoBa
CIIOJIyYHA TKaHMHA; 2 — rimepemia
Mi’KYaCTOUYKOBUX CYAWH; 3 — rema-
TOIIUTU B CTAHi 3epHUCTOI nucTpopdii.
dapbyBanHa remarokcuiainom Kapa-
i it eosuHOM. x400.7

mpoBomKyBasock 100% 3sarubesaio 0iaux MUIMei.

IIim yac MiKpOCKOIiUHOrO MOCJTiIKeHHsS 3pasKiB TKamuuH, Bimibpa-
HUX BiJi TBapmH APYroi AOCJiHOI rpynu, BUABJIEHO HACTYITHI IIaTOJIO-
riumi 3MiHM: B JlereHAX aJbBEOJIM 3allOBHEHI OTHOPiZHUM cJjabKoeo-
3UHOQMIILHUM BMiCTOM, CYAWHU pO3IIHPEHi, NIEepPEernoBHEHi KpPOB’IO.
Amnajyoriuauii BMicT BuABAAMM 1 B OpoHXiosax. ¥ Miokapai MuIei
OKpeMi KJiTuHM, — KapaiomiomuTu, — Oyju 3pyiHOBaHi. B HUpKax,
a caMe, y CYIMHHUX KJIyOOUKAaX, CIIOCTEpiraam pyHHyBaHHA Me3aHTi-
OIUTiB, 30iNbIIIeHHA KJYOOUKiB y posMipax, HaKOUWUYEeHHA iHOIIbT-
paTty B mpocTopi Mik cyamHamMm KJayOouka Ta KamcyJomo (puc. 5). Cy-
IVHU CeJIe3iHKM Ha TicTospisax Oyau po3MIHPeHi Ta IIepemoBHEHi
KpoB’f0. B meuiHIli OTpyeHMX MUINEH ITMTOILIa3Ma TeIaTOIUTIB Mae
HeomHOpiauuii, TiHUCTUHN BUTJIALN, Aapa moramo mpodapboBaHi, cynu-
HU (AK BHYTPilIIHBOYACTOYKOBi, TaK i MiKYacTOUKOBi) posmIupeHi Ta
mmepemnoBHEeHiI KpoB’1o (puc. 6).

4. BAICHOBRH

Hesindexrmiiinuii 3acib, po3pobieHN HA OCHOBI HAaHOPO3UMHY cpibdia
Ta MOJIOUHOI KHCJIOTH, STiAHO 3 KJjacudikKalli€lo PeUoBUH 3a TOKCUU-
mictio (I'OCT 12.1.007-76) BigHOCHUTBCA MO 4-TO KJAcy TOKCHUYHOCTU
Ta He Ma€ BUPaKeHOl KyMYJSTHUBHOI, IOApasHoi, ceHcubiaidyBaabHOI
Ta MIKipHO-pesopoTuBHOI mii. CepemubocmepTenbHa mos3a LD, moci-
I:KyBaHOro 3aco0y (mosa, 3a saxoi ruHyTbh 50% TBapuH) CTAHOBUTH
5200 mr/Kr macwu Tina.

IIpoBemeni mociimKeHHsS BILIUBY AesiHdexIiiifimoro sacody Ha op-
raism 6isimx mMwuIiei sa HOro mepopajbHOTO 3aCTOCYBaHHA B 00°emi 1
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cv® v 0,5% KoHIeHTpalii moKasasm, 0 OyAb-AKUX MAaKpO- Ta MiK-
POCKOIIIiYHMX 3MiH y opramax i TKaHMHaxX TBapuWH IEPIIOi AOCJTiTHOI
rpynu BUSIBJIEHO He OyJo0.

Y JneranbHUX mM03axX 3acib copuumHse maToMopdosoriuxi 3mMinm B
opraax i TKaHWHAaX, IO XapaKTepPHi IJsd iHTOKCHKAIil opraHismy
30BHIMIHBOIO IIOXOKEHHsS. BuABJIEHI 3MiHM CBifuaTh IIPO PO3BUTOK
TaKUX MNATOJIOTIYHUX IIPOIIECiB AK T'OCTpa BEeHO3HAa TilepeMid BHYTPi-
NIHiX OpraHiB, 3epHHCTA AUCTPO(RiA remaTOINUTIB Ta eIiTesito HUPKO-
BUX KaHAJBI[iB, HEKPO3 KapJioMionuTiB, KPOBOBUJUBU B CTPOMi BHY-
TPillIHiX opraHiB, rimepemia Ta HabpAK JereHb, AKWUN € 6Gesmocepe-
HBOIO IIPUYMNHOIO 3arubesi TBapuH APYyroi AOCTiZHOI rpymnu.

Bce BuiniemaseqeHe ga€ IifcTaBu CTBEPAKYBATH, IO PO3POOJEHII
HA OCHOBiI HAHOPO3UMHY cPibja Ta MOJIOYHOI KMCJIOTH He3iH(eKTaHT €
0e3meuyHMM i MOXKe 3aCTOCOBYBATHCSA MJis IIPOBeIEeHHA Aesimdexririi
TBAPUHHUIILKUX MIPUMIlleHb, IiATPUEMCTB HepepobHOi IPOMICIOBOC-
TH, MicIlb peaJsizaliii TBAPMHHUIIBKOI ITPOAYKIIil TOMIO.
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I TABLE. LD;, of disinfectant based on silver nanoparticles and lactic acid for laboratory
mice (according to Kerber).

2 Fig. 1. Myocardium of animals of the 1% experimental group: I—cardiomyocytes; 2—
anastomoses of cardiomyocytes; 3—nuclei of cardiomyocytes. Staining with Karatsi’s haema-
toxylin and eosin. x400.

3 Fig. 2. Lungs of animals of the 1% experimental group: I—lumens of alveoli; 2—
interalveolar connective tissue; 3 — secretory epithelial surfaces of the cell. Staining with
Karatsi’s haematoxylin and eosin. x400.

4 Fig. 3. Liver of animals of the 1°* experimental group: I—the central vein of a lobe; 2—
hepatocytes; 3—sinusoidal capillaries; 4—hepatic beams. Staining with Karatsi’s haematoxy-
lin and eosin. x400.

5 Fig. 4. Spleen of animals of the 1% experimental group: I—lymphoid nodules; 2—trabecula;
3—red pulp; 4—venous sinuses. Staining with Karatsi’s haematoxylin and eosin. x400.

5 Fig. 5. Kidneys of animals of the 2" experimental group: I —destruction of mesangiocytes;
2—infiltrate in the space between the vessels and the capsule; 3—granular dystrophy of the
tubular epithelium. Staining with Karatsi’s haematoxylin and eosin. x400.

" Fig. 6. Liver of animals of the 2" experimental group: I—interparticle connective tissue;
2—hyperaemia of interparticle vessels; 3—hepatocytes in a state of granular dystrophy.
Staining with Karatsi’s haematoxylin and eosin. x400.
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B ocTaHHi poKu 3acTocyBaHHS HAHOTEXHOJOriY y rymMaHHill i BeTepuHapHIiN
MeIUIIMHI MOKAa3aji0 BeJIUKUI Imporpec, AKUH Mir OM cTaTu Cepio3HUM IIPO-
PHUBOM y BUPIIIeHHI IIeBHUX NpPo6JieM, Y TOMY YMCJIL M y raaysi pempomgykirii
TBapuH. [IpuUKJIagy TMOTEHIIHHMX 3aCTOCYBaHb MAIOTh MOMKJUBICTH OiJIbIIT
IIIUPOKOT0 BUPOBAIKEHHA HAHOTEXHOJIOTIYHMX METOJ PeryJsilii pempoayk-
TuBHOI GYHKIII B MPaKTHUKY IJs TPUIIBUAINICHHSA TEMIiB PO3BUTKY TBa-
puHHUNTBa. BuBueHHs il HAHOUACTUHOK BUCOKOJAUCIIEPCHOIO JiOKCUIY
Cuiimiro yMOKJIUMBJIOE OITHMi3yBaTH MeETOAU KpPiOKOHcepBallili crepmu,
CIpusde PO3yMiHHIO MexaHi3MiB (hYHKI[IOHYBaHHS CTaTeBUX KJIITWH, OBapif-
JbHUX (osiKysiB Ta eMOpioHiB. P0o3pob6ieHO mepcreKTUBHI OioMuaHi HAaHO-
mpemapaTi, BUKOPUCTAHHA SAKUX 3a0e3ledye IiABUINEHHA 3alljIiJHeHOCTU
TBApWH, iMyHOOiOJOTiUHOI PE3UCTEHTHOCTH, IMOIEPeIKeHHA HeIlJIiTHOCTH
OTPUMAHHA 3A0POBOTO mpuIIony. HaHoakBaxesaTu MaioTh MOAUMiKyBaIb-
HUI BOJAWB Ha (pidiosoriumi mpoiiecm B opramiami TBapuH, IO 3HAXOIUTDH
BimoOpaKeHHA B aKTWBaIllil 0iOCMHTETUYHUX i €HEePreTUYHUX IIPOIECiB B
opraHiami, cTuMyJdIil KJIITHHHOI JIJaHKKM iMyHiTeTy. 3alIpOIOHOBAHO BUKO-
PUCTaHHA IX IJId JiKyBaHHS TBapUH, XBOPUX HA MACTUT, CTUMYJAIil IXHbOI
BiATBOpIOBANBbHOI (DYyHKIII. 3 MeTO0 HiABUINEHHA TepPaNeBTUYHOI e(EeKTUB-
HOCTHU BiTaMiHHO-TOPMOHAJIPHUX IIPelapaTiB BUKOPHCTAHO AOJAaBaHHS HAHO-
yacTUHOK Aiokcunpy llepiro i1 opToBaHazaTy pifKicHO3eMeJILHUX €JIEMEHTIiB.
3acTocyBaHHA IX Ja€ 3MOry OITHMi3yBaTH OKpPEMi IMOKA3HUKH TI'OMEOCTa3y
Ta MTPOOKCUAAHTHO-aHTUOKCUAAHTHOI CHUCTEMU, HODPMAJi3yBaTU CTPYKTYPY
Ta (PyHKIiI0 eToIIalleHTapHOTO KOMILJIEKCY BariTHUX TBApWH i ITiABUIUTH
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TMOTEHI[iAJT PO3BUTKY HOBOHAPOIKEHUX, e()eKTUBHICTh Tepalrii caMOK 3 Mac-
ToguCcTPOo(i€0 Ta TOHAAOMATIAMM, CAMIIiB 3 aHAPOJIOTIYHMMMU 3aXBOPIOBaH-
HaMu. OgHAK JOCTEMEHHO MeXaHi3MHu BILJIMBY HAHOYACTHMHOK Ha OpraHisMm
TIOKM He BifoMi; OGiJIBIII TOTO, MOCTIHHO AMCKYTYIOTHLCS MUTAHHS IIOJI0 IIOTE-
HI[ifTHOI TOKCHMYHOCTH HAHOYACTHUHOK, IO 3YMOBJIIOE HEOOXiZHiCTh KOHKpET-
HUX Timores3 i po3yMiHb MeBHUX acIeKTiB mociaimskeHb. OT:ke, OCKiIbKU Ha-
HOTEeXHOJIOTiI 3HAXOAATHCSI Ha PAHHIX CTafisX PO3BUTKY, IS OJepPyKAHHA
3HAUYIUX Pe3yJbTATiB MOKe 3HAZOOWTHCS IIeBHUII uac, 106 IIPOBECTH He-
o0ximHi mocmimsxkenHs Ta KJiHiuHiI BumpoOyBaHHA. Ileii iHCTpyMeHT, SKuMi
Oyme pO3BUBATHUCS IIPOTATOM HACTYHHUX JEeKiJIbKOX AeCATUIITh, MaTUMe
cepiio3Hi HACHIAKM Y BeTepMHAPHIN HayIli Ta PenpoAyKTOJIOTil BKJIIOYHO.

In recent years, the use of nanotechnology in human and veterinary medi-
cine has made great progress, which could be a major breakthrough in
addressing certain problems, including in the field of animal reproduc-
tion. Examples of potential applications make it possible to introduce
nanotechnological methods of regulating reproductive function into prac-
tice more widely to promote livestock development. Studying the action of
nanoparticles of dioxide silicon allows to optimize the methods of cryo-
preservation of sperm, promotes understanding of the mechanisms of
functioning of germ cells, ovarian follicles and embryos. Prospective bio-
cidal nanopreparations have been developed, the use of which provides for
the increases of animal fertilization, immunobiological resistance, preven-
tion of infertility and obtaining a healthy offspring. Nanoacquahelates
have a modifying effect on physiological processes in animals, which is
reflected in the activation of biosynthetic and energy processes in the
body, stimulation of the cellular level of immunity. Use of them for both
the treatment of animals suffering from mastitis and the stimulation of
their reproductive function is suggested. In order to increase the thera-
peutic efficacy of the vitamin and hormone preparations, the addition of
cerium-dioxide nanoparticles and rare-earth elements is used. Their appli-
cation allows optimizing individual indicators of homeostasis and prooxi-
dant-antioxidant system, to normalize the structure and function of the
fetoplacental complex of pregnant animals and to increase the potential of
newborn development, the effectiveness of therapy of females with masto-
dystrophy and gonadopathies, and males with andrological pathology.
However, the precise mechanisms of the influence of nanoparticles on the
body is still unknown; moreover, there are publications on the potential
toxicity of nanoparticles that necessitates specific hypotheses and under-
standing of certain aspects of research. Thus, as nanotechnologies are in
the early stages of development, it may take some time to produce mean-
ingful results to perform the necessary research and clinical trials. This
tool, which will evolve over the next few decades, will have major implica-
tions in veterinary science and reproduction inclusive.

KarouoBi croBa: BeTepuHapHa PEMpPOAYKTOJOTisI, HaHOTeXHOJOTii, HaHOOio-
MaTepiaan, HAHOUYACTUHKU.

Key words: veterinary reproductology, nanotechnology, nanobiomaterials,
nanoparticles.
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(Ompumano 1 aununs 2020 p.; nicas doonpauweanns — 26 uwepens 2021 p.)

1. BCTYII

HamoTexHoJOTiI0 BAjKKO BM3HAUUTK TOUHO; ii BUHMKHEHHsS BimgOyBa-
JIOCSI IIOCTYIIOBO IIPOTSATOM JECATUJIITh, i il MOKHA Ha3BaTH pe3yJbTa-
TOM PO3BUTKY Ta 3JUTTA PAAY HAYKOBUX HAIPAMIB y (isurii ta xemil
B XX croimiTti. BypxamBuii po3BUTOK HAHOTEXHOJIOTi#I TPUBIB 10
CTBOPEHHSA HOBMUX MAaTepidjiB 3 YHiKaIbHUMU BaacTuBoctamu [1-9].

HanomexHon0zii (TpellbKe CJIOBO «Nannos» O3HAYAE «KapJIUK») —
MixKIucCIUIIIiHApHA 00JIaCTh (PYHIAMEHTAJbHOI Ta IPUKJIALHOI HAYKH
i TexHiKHM, IITO Mae CIpaBy 3 CYKYIIHIiCTIO TEOPETUYHOTO OOI'PYHTYBAaH-
HA, OPAKTUYHUX METO] MOCJiKeHHs, aHaJli3W Ta CUHTEe3W, a TaKoK
MeToJ BUPOOHUIITBA Ta 3aCTOCYBaHHS IPOAYKTIB i3 3amaHOI0 aToMap-
HOI CTPYKTYpOIO MIJIAXOM KOHTPOJBOBAHOTO MAaHINyJIOBAHHA OKpe-
MUMHU aTOMaMM Ta MOJEKYJaMMU.

Ha cporoani ocHOBHUMHU rajy3sMU HAHOTEXHOJIOTiNl €: HaHOMAare-
pisgnu, HAaHOIHCTPYMEHTH, HAaHOEJIEKTPOHIKA, MiKpoeJleKTpoMeXaHiuHi
cucTeMu Ta HaHoOioTexHosorii [10—-14].

3aBIaHHA HAHOTEeXHOJIOTi#l — oJep:KaHHA HaHOMATepiAliB i3 3ama-
HOI0 CTPYKTYpPOIO Ta BJACTHUBOCTSIMU, 3aCTOCYBAaHHSA HAHOMATEPiAIiB
3a MeBHUM IIPU3HAUEHHAM i3 ypaxXyBaHHAM IXHiIX CTPYKTYpHU Ta Bjac-
TUBOCTEHM, KOHTPOJL (ZOCTiAKeHHs) CTPYKTYPU Ta BJIACTHUBOCTell Ha-
HOMATEPiAIiB AK B XOIi ofepsKaHHA IX, TaK i sacTocyBaHHsa [15—18].

Kpim immmx ranyseii Hayku, IIOB’A3aHMX 3 HAHOTEeXHOJIOTiAMU
(HaHOeJIeKTPOHIKa, CIIIHTPOHiIKA, MOJIEKYJSpHA eJeKTPOHiKa, HaHO-
CeHCOpUKAa, HAHOOITHKA, HAaHOMeXaHiKa), CJiJi BHUOKPEeMUTH HaH00io-
JIoTif0, IO BUBYAE CTPYKTYPHi, Oiosoriumi, Giodismuni mpoiecu B
MIPUPOAHIX 6GioJOTiYHMX CTPYKTypaxX UM IXHiX HaHOOioJOTiuHMX aHa-
jorax. Ii OCHOBY CKJIafaioTh Hi3HAHHA 3aKOHIB, AKUM IiAIIOPATKOBA-
HO OioJsioriuHi cucTeMu, CTBOPEHHS Ha I[ifl OCHOBI mirouMXx HaHOMOeE-
JIiB 0i0JIOTIUHUX CTPYKTYP, 4 HJOCATHEHHS — OCHOBY PO3BUTKY iHIITHUX
Hanpawmis [19-26].

Hanomamepianu — Iie TUCIEPCHI Ta MacUBHI MaTepidau, 110 Mic-
TATh CTPYKTYPHI eleMeHTH (3epHa, KPHUCTAJiITH, OJOKMH, KJAaCTepu),
reoOMeTPUYHI PO3Mipu AKMX X0U OM B OJHOMY BUMIipi He IIePeBUIITY-
ors 100 HM, i 10 MaOTh AKiCHO HOBi BIACTHUBOCTI, (PYHKIIioHaAJIbHI
Ta eKCIIyaTaliiiHi xapaKTepuCcTUKU.

Hanooiomamepiaau, 6ioQpyrkuyionanrizosani Hanomamepiaaiu, 0io-
Hanomamepisau (auria. biofunctionalized nanomaterials) — nHamopo-
3MipHI MITYYHO CMHTE30BaHi Marepiaam, moaudikoBaHi ngdA HamaHHA
imM GiocymicHOCTH 3 KMBUMU cepemoBUINaAMMU, abo HaHoMOoAM(piKoBaHI
MaTepianu 6iosoriuHoro moxomxenud [27—38].

HocnmimxenHa @isnuHux, xemMiuHmX, (Piswko-xeMiuHUX, (apmakro-
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Joriunux, OioxemiuHmMX, OiodismuHMX MexaHi3sMiB B3aeMozii HaHOUA-
CTUHOK 3 OGiosoriunmMu o6’ekTamMm (KJIiTMHAMM MaKpo- Ta MiKpoop-
raHismiB) He TiJILKM momoMarae 3’AcCyBaTH iXHiNl mosmTuBHUI abo He-
TaTUBHUIN BIJUB Ha GiOCTPYKTYpPU Ta HaBKOJUIIHIN CBiT, a I cupuse
IOMIYKY 3 IMOMiXK HHX e(eKTUBHHX i 0e3lmeuHMX IIPOTEKTOPiB (PYHK-
IMiOHAJBHOI aKTUBHOCTH KJIITMH i OpradiB, IMHPOKOMY 3aCTOCYBAHHIO
iX AK BHUCOKOe()eKTHUBHUX IIpelaparTiB, a TaKOX HOCIiB IiJibOBOI moc-
TaBKU JiKapChbKMUX 3acobiB i (pisiosoriuno aKTMBHUX PEUYOBUH IO Oce-
penky matosioriunoro mporecy [14, 40-57].

2. HAHOTEXHOJIOTII ¥ BETEPUHAPHIN MEIUITAHI

B ocranHiI poKu 3acTocyBaHHA HAHOTEXHOJIOTiN y rymMaHHi# i BeTepu-
HApHIA MemuIMHI MOKasajo BeJWKHI mporpec. BueHi mepembauaiors,
110 IIe¥l Impor'pec y rajays3i HAHOTEXHOJIOTiH Mir 6u craTu cepiiosHUM
IIPOPUBOM Y BUPIIIeHHI AeIKUX TeXHiuHMX IpobjeM, 3 AKUMU CTHU-
KaeThCA JIOAMHA Ta BeTepuHapisa. Xoua BeJUKi CIOAiBaHHA HaHOMeE-
JIUIIMHY TOJIATAOTh V BUSABJIEHHI 3aXBOPIOBAHb i HOBUX (hapMalieBTH-
YHUX IIpenapariB AJd JIOAWHN, BEeTepUHAPHE 3aCTOCYBaHHS HAHOTEX-
HOJIOTi!l MO’Ke cTaTu AOKAa3oM [AJA HellepeBipeHUX i cylepedJnBUX
METOJ BiJi HAHOKAIICYJbHMX BaKIUH O0 cejekiii. Hamorexmosorii
MOXKYTh BILIMBATU HE TiJIBKM Ha Te, AK MU KUBEMO, aJjie ¥ Ha Te, AK
MU IIPAKTHUKYEMO BeTepmHapHy Meaununay. IIpumraaam moTeHIiHHMX
3aCTOCYBaHb y BeTepUWHAPHIN MeIWIIMHI BKJIOUYAIOTh CUCTEMHU IiATHO-
CTUKH! 3aXBOPIOBaHb i cUCTeMHU JIiKyBaHHA, HOBi iHCTpyMeHTH mJId
MOJIEKYJISIPHOI Ta KJIITHHHOI cesieKIlii, 6e3leKu mpPOAYKTiB XapuyBaH-
HS TBapuH, MoAudiKyBaHHS TBAPUHHUX BiIXOIiB, BUABJIEHHS IIaTO-
rediB i 6araro iHIIOrO.

Bukonani mocaimikeHHS NMPOAEMOHCTPYBAJNM IOIiJBHICTHL BBEIEHHA
TBAapMHAM HAHOKYJBLOK i HAaHOTPYOOK MJIA IOIIYKY Ta 3HUIIEHHS ITi-
JAb0BUX KJIiTMH. OuiKyeTbecs, M0 Ii OyaiBeabHiI OJOKH HaHOTEXHOJIO-
riti OyayTh iHTEr'POBaHi B CUCTEMU MPOTATOM HACTYIHUX OBOX ECSH-
TUJITh Ha KOMepIiiiHiil ocHOBi. TaKoK BasKJIMBO 3TajgaTH, IO, OCKi-
JIbKU HAHOTEXHOJIOTiA 3HAXOAUTHCS Ha Ay’Ke paHHil cTazxil po3BUTKY,
I MPOBaIKeHHA 3HAUYIUX Pe3yJIbTaTiB MoKe 3HAZOoOUTHCS KiJabKa
PoOKiB, 1100 IIpoBecTy HEOOXiAHi mOCJimKeHHS Ta KJIiHiuHI BUIPOOy-
BaHHdA. el iHCTpyMeHT, AKUI Oyae PO3BUBATUCSA IIPOTATOM HACTYII-
HUX OeKiJbKOX AeCATUJITh, MaTUMe CEePHO3Hi HACJiIKU y BeTepuHa-
pHIi# i TBapuHHUIIBLKiN Hayi [58].

Y BeTepuHapHil MeIUIIMHI HAHOTEXHOJIOTil 3aCTOCOBYIOTHCA [AJIA
BUPIIIeHHA PANY 3aBIaHb, TOJIOBHUMHU 3 AKUX €:

— po3pobKa BUCOKOE(EKTUBHUX i eKcIIpec-MeToHd AiITHOCTHUKMU iH-
dexmiiHMX Ta iHBa3iiHMX XBOPOO TBApPUH;

— imgmkarnia i izeaTudikaia 36yIHUKIB;

— CTBOpPeHHA 3acobiB 3aXUCTy (BaKI[MH), II[0 MAalOTh BUCOKY iMyHO-
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TeHHICTh i HUBbKY PeaKTOTe€HHICTh;

— pospobra Ta 3acrocyBanHa [IHK-rexmosoriii y cesmekiiii TBapu;

— KOHCTPYIOBAHHSA HOBHUX JIKapCchbKMX 3acobiB i mocTaBKa ix mo
MimreHell B opraHiaMi XBOpoOi TBapuHU;

— CTBOPEHHsS 3aco0iB, IO IiABUINYIOTL PE3UCTEHTHICTh TBapUH:
mpobioTuKiB, iHTEPPEPOHiB, iHTEPAEHKiHIB, iIMyHOMOAYIATOPIB 1 T. 1.);

— BUPOOHUIITBO 6i0JIOTIYHO aKTUBHUX PEUOBUH (AMiHOKMCJIOT, aH-
TbioTUKiB, pepMeHTiB, BiTaMiHiB, TOPMOHIB Ta iH.) AJA CTHUMYJAILil
3POCTaHHA Ta MiABUINIEHHA TPOAYKTUBHOCTH TBApUH;

— 30iJbIIIeHHA KOPMOBUMX PECYPCiB IILIAXOM BHUPOOHHUIITBA KOPMO-
BOro 0Oinka, OiJIKOBO-BiTaMiHHMX KOHIIEHTPATIB, He3aMiHHHUX aMiHO-
KHCJIOT 3 BHKOPHCTAHHAM BiIXOHiB CLIBCHBKOTOCHOZapChHKOTO BUPOO-
HUIITBA;

— CTBOpPeHHs OiosoTiuHMX 3ac00iB 3aXMCTy TBAPUH i POCINH;

— JOIOBHEHHSA HOBUMHN mIxKepejaMu Ae@illuTy KOPMOBOTO OiIKa
IIPOIOBOJILUNX PECYPCiB;

— TMOJIIIIIeHHA OXOPOHU HABKOJUNIHLOTO CEpPeIOBUINA 3 BUKOPHC-
TaHHAM MiKpOOpTraHi3MiB;

— pillleHHA €HePTeTUYHUX IIPobJieM IIJIAXOM KOHBepcii 6Giomacu
pociuH i BiZXomiB TBapuHHHUIITBA B Oioras i 6iomanauBso;

— B3aXWCT HAaBKOJIUIITHBOT'O CEPEIOBUIIIA.

TexwHos0rii HaHOYACTUHOK MOMKYTH 3MiHUTH JauHAIa@T dapmalies-
TUUYHOI iHAyCTpii Ta PEeBOJIIOIIIOHI3yBaTH IIpoIlec PO3POOKMU JIiKapCh-
KuX 3aco0iB y HaMOJMKUi JecATHIITTA. 3aBIAKK CBOIM VHIKaJbHUM
GisuKO-XeMiUHUM BJIACTUBOCTAM HAHOYACTUHKU € IEPCIEeKTUBHUMU
IJIA IIiJBOBOI JOCTAaBKU IMHPOKOTO CIEKTPY MOJIEKYJ y IOTpPiOHI TKa-
HUHU opraHiamy. TexHoJsOrii HaHOYACTMHOK MOMKYTH IIiJBHUITyBaTU
TepaneBTUYHUN iHJEeKC JIiKiB MIJIAXOM ITiABUINEHHA 1XHBOI e(DEKTUB-
HOCTH Ta/ab0 MOJINIIeHHA IXHBOI IepeHOCHMMOCTH opraHisamom. Ha-
HOYACTHMHKM TAKOX MOYKYTbHb IIiABUINYBATH 0iOJOCTYIIHICTH BOIOHEPO-
3UMHHUX JIIKiB, 3aXUIaTH [Aifoui pedyoBMHM Bij (isiosoriuHmx 4YuH-
HUKIiB, a TaKOXK JalOTh 3MOTYy PO3POOJIATH HOBi Kjacu 0iosoriumo ax-
TUBHUX MaKpomoJjekysa (Hampukiaan, [THEK).

Bennky uacTMHY HAHOTEXHOJOTIYHMX NPOAYKTIB 1-TrO0 MOKOJIiHHA,
10 MPOUMIIN KJiHiuHi BUOpoOyBaHHS, IPEACTABICHO JIiIOCOMAJIbHI-
MU TOpelapaTaMd Ta KOH IOTaTaMU «IIOJiMep—JiKu», IKi IOPiBHAHO
IIPOCTi B NPUTOTYBaHHi, Ta B OiJbITOCTI BUIIaAKiB He 3maTHiI OO IIi-
JbOBOI MOCTaBKH JiKapCchbKUX 3acob6iB a00 KOHTPOJIHOBAHOTO BUBiJb-
HeHHS aKTUBHUX KOMIIOHEHTIB.

3a ocTaHHiI JeCATUIITTSA OJd TepaleBTUUYHUX Iijeil 6yja0 po3poo-
JIeHO KiJbKa pisHUX HaHOTexHoJoriunmx miaartdopm. Ili nmardopmu
0yJI0 PO3PO0IEHO AJIA IOJIIIIeHHS (PapMaKOJOTiUYHUX BJIaCTHUBOCTEH i
TEepPaIeBTUYHOTO iHAeKCY BeJUKOI KimbkocTu peuoBuH [59-104] vy Ko-
Hapctei [105], ceunapcersi [106—107] i nraxiBuumnTei [86, 108-115],
30KpeMa B AiArHocTuIli maroJoriit [116, 117], nna aikyBaHHA pecIri-
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paropumx [118-120] 3axBopioBaHb 1 B3aXBOpPIOBAaHL IIIJIYHKOBO-
KHUIIKOBOro TpakTty [121-124], xipypriummx matosoriii (pam [125—
130] i Bupasor [131-134]), mapasuTapHHUX XBOpo0O (MiKpocmopiit)
[135], omkomaroJorii [136, 137], migBuieHua pes3umcTeHTHOCTH [79]
Ta 60poThOU 3 MiKoTOKcuKozamu [138—140].

B Vkpaini B mpukJjagHOMY BeTepMHADPHO-MEIMYHOMY acIleKTi Ha-
HOTeXHOoJIOTil mouaau posBuBaTucsa odimiiimo mepesaskuo 3 2007 po-
Ky. B ocraHHiI mecATMJITTA 3HauHA yBara NPUIIIAETHCA BUBUEHHIO
HAaHOYACTHUHOK METAJiB, IO CBIAYUTH HPO IIEPCIEKTUBHICTH BUKOPUC-
TaHHA iX Y TEXHOJOTiAX KOHCTPYIOBAHHA BUCOKOe(hEeKTHBHUX 3aco0iB
TiATHOCTUKM Ta IiboBoi Tepamii [141-144]. Tak, xogoigHe 30J0TO
BiZome Iie 3 maBHiX-ZaBeH i BUKOPHCTOBYBAJIOCA 3 JIIKYBaJIBLHOIO Me-
Tor0. € madi IIpo 3HAUHE IIiJACHJIEHHS BJIACTUBOCTEH aHTHOIOTHKIB i
MPOTUMIYXJINHHUX 3ac0o0iB 3a KOH’Ioraiii ix i3 HaHO30JI0TOM i mo3u-
TUBHY [Iil0 HAHOYACTHHOK 30JI0TA Ha (PDYHKI[IOHAJLHY aKTHBHICTL Ma-
Kpodaris [145-14T7].

3HAUHUHN HAyKOBO-IPAKTUUHUI iHTepec MAaiOTh MOCJiIKeHHs IIpe-
mapatiB 3 HaHocpibma [141, 144, 148-150]. HamouactuHKu cpibia
HAO3BUYAHO aKTHUBHI Ta BUKJIMKAIOTL 3arubesb OaKTepiil, BipyciB i
rpubOKiB, iCTOTHO IepeBepIIyIOUM Oil0 HOHIB ApPreHTyMy B THUX JKe
KoHIleHTpamiax [23, 89, 141, 142, 145, 148, 150].

Opui 3 HaMWOiABIN I'PYHTOBHUX IOCIIIMKEHb y HAIPAMi BUKOPHUC-
TaHHA HaHOOioMaTepiAmiB y BeTepHMHAPHIA MeAUIIMHI IIPOBEIEHO
B. B. BopuceBuuemMm i3 cmiBaBTopamu [78, 79, 89, 90, 101, 105, 106,
118-120, 127-129, 132-134, 152, 155]. B npoBegeHux HUMHU TOCJi-
MKEeHHAX He TiMIbKU BCTAHOBJEHO UiTKi mepeBaru 3acTocyBaHHA Cpil-
Ja, Migi, MUHKY, Margiio, Ko0aiabTy, 3ajJi3a Ta iH. MeTaJiB y BUIIALL
HaHOaKBaxeJaTiB 3aMicTh IXHiX HeOpraHiuHUX coJjell i KoJjoigHuX
po3uMHIB BibHUX (HE3B’sI3aHWUX) HAHOUYACTUHOK, & W YaCTKOBO 00-
I'PYHTOBAHO MeXaHi3M i 3HaUHe IMOCHJIEHHS MeTaboJiuHOi aKTUBHOCTHU
Ta KOPUCHOCTU HaHOaKBaxeJyaTHOI ¢opmm MmeranaiB. Takuii aKIeHT Ha
3aCTOCYBaHHI HaHOaKBaxeJsaTiB 0iOreHHHX MeTaJIiB € 0COBJIMBO aKTYy-
alTbHUM Yy 3B’SI3KYy 3 IPOoO6JIeMOI0 TOKCHUYHOCTH Ta HellepeabadyBaHoC-
T™a Aii OcTaHHIX, Ha IT0 BKa3ye iHTEHCWBHO 3pocTaioua KiJbKiCTh Bif-
MmoBigHMX TyOJikaIiii. ABTOpu BBaKalOTh, II[0 BUSIBJICHHSA 3TaJaHUX
0co0JMBOCTeH BiZHOCUTBHCA He TiAbKM OO cpibisa, Mimi, muHKY, Mar-
Hif0, KOOaJLTy Ta 3aJisa; I 3aKOHOMiPHIiCTL HOIMHPIOETHLCS Ha BCi
iHmi MikpoesieMeHTH (B HepIIly 4Yepry, €CEHIIiAJNBbHi), IO BigKpumBae
HOBi1 MOXKJIMBOCTi 3aCTOCYBaHHSA HaHOAKBaXeJaTiB MeTaJiB y TBapwWH-
HUILTBI Ta BeTepuHAapii.

BaxkiuBo BigsHaumTH, IO B AOCTIMKEHHAX PANY BUEHUX CTOCOBHO
KOpUCHOI il MiKpoeseMeHTiB y OioreoxeMiyHMX HPOBiHIIAX YKpaiHu
He 3BEPHEHO MOCTATHIO yBary Ha PO3KPUTTA YUacTH B MiKpoeaeMeHT-
HOMY OOMiHi Takux JiraugiB, dK TpaHCEpUH, MeTaJIOTiOHEeIHM Ta
iH., a TaKOXX iIMYHOJOTiYHMX MpOIleciB, AKi BUPasHO BILIMBAIOTH Ha
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JiragHUA roMeocTtas. A caMe IIi MeXaHi3MM 3yMOBJIIOIOTH BUPA3HUI
e(peKT MiKpOeJIEMEHTIiB y pasi meBHOI HEeJIOCTATHOCTU OCTAHHIX y pa-
IMioHaX TBApMWH, a TaKOXK 3a 3aCTOCYBAHHS MiKpPOeJeMEeHTHOI IIiAromi-
Biai. HaBiTh 3a HadBHOCTU JOCTAaTHBOI KiJIBKOCTM MiKpOeJIeMEeHTIB y
pamioHax, aJjie 3a HOPYIIEHHS JIiT'aHZHOTO IOMEOCTa3y, HEPigKO CIIOo-
cTepiraroThbeA Ti K caMi KJiHiYHI O3HaAKM, K1 BBAXKAIOThCS XapaKTe-
PHUMHY i AJIT MiKpoeJieMeHTO3iB.

3acTocyBaHHS MiKpoejgeMeHTiB y (QopMi HaHoaKBaxejlaTiB 3yMOB-
JII0€ OiBINT iHTEHCHMBHUN BOJIMUB ix Ha oOMiHm peuoBuH (edeKT Bopuce-
Buua—Kamnnymenko—KocinoBa) i ma mepebir psamgy xBopoO6 TBapuwH 3a
PaxyHOK o0co0JuBUX 0io(dismuHMX BJIACTHUBOCTE HaHOaKBaxeJaTiB i,
K HAaCJiToK, OLILINT BUpPa3HUX OioXeMiuHMX XapaKTepUCTUK IIPodi-
JaKTUKO-JIKyBaJIbHOI e(peKTHBHOCTU HaHOMeTaliB. Bce Ie poOuTH
0inbIn epeKTUBHUM 3aCTOCYBAHHS HaHOAKBaXeJIaTiB MeTaJiB y IIOpi-
BHAHHI 3 BUKOPUCTAHHAM HEOPraHIUHUX coJielli MiKpOoeJIeMeHTiB.

Y nikyBaHHI Ta mpodimaKTuii XBOpOO NTHUIII Ta TBApUH 3aCTOCY-
BaHHA HaHOaKBaXeJaTiB MeTaJliB MOKHA BBasKaTH HOBUM eTAIIOM PO-
3BUTKY BeTepUHAPHOI MeIUIIMHU AK CBOepimHOI HamoBerepuHapii. Ile
YMOKJIMBJIIIOE TMiHATA Ha OiJBIIT BUCOKWII CTYHiHB BCIO BETEepPUHAPHY
CIIpaBy, IO BiJOBi/lae BeJNIIHHAM HOBOTO Yacy i € mogaJbIINM PO3BU-
TKOM BeTepuHapHuol menuniuan y XXI cTomiTTi.

o peanbHUX 3M00YTKiB yKpaiHCHbKOI HaHOBeTepHHAapPii caim Takox
BigHecTH pO3POOKY AaHTUMIKPOOHMX KOMILJIEKCIiB B30BHIIIIHLOTO Ta
BHYTPIilITHHOT'O BUKOPUCTAHHS Ha OCHOBI HaHOKApOOKCHUJIATIB MeTaJIiB
3 OIOIIMIHUMY BJIACTUBOCTAMHU. SIK IMOKas3aau JOCTiIKeHHS Ha PisHUX
BHIAaX CiJIBCHKOTOCHOMAPChKUX i MOMAIITHIX TBapWH, a TAKOXX KOpUC-
HUX KOMaXxXaX, I[i aHTUMiKpOoOHi KOMILIEKCH MAIOTh CYKYIHIiCTH YHi-
KaJlbHUX [OJA BeTePUHAPHOI MNPaKTUKM BJIACTUBOCTEH (HETOKCHYHI
ITOJI0 JIIOMel, TBapWH, KOPHUCHUX KOMaxX i MiKpooprauismiB), MaioTb
IIUPOKUI CIIEKTED MPOJIOHNOBAHOI aHTUMIiKPOOHOI Ail (aKTMBHI mpoTH
BCiX THIIiB IMaTOTEHHWX MiKpoopraHismiBe, BipyciB, rpubiB, cmop, Mi-
KobaxkTepiii TyGepKyJbOo3y TOINO), MAIOTh BUPaXKeHy Hes3iHBasiliHy
e(eKTHUBHICTh, TPHU B3aCTOCYBaHHI iX He (POPMYIOTHCS PE3UCTEeHTHI
mramMu. Po3po0KM yKpaiHChKOI HaHOBeTEpWMHApPili BiKe BUHUNIILIN 3a
Me:ki yabopaTopiii, aKTUBHO MOCJHiAKYIOTHCA 1 BIIPOBAIKYIOTHCSI Ha
TBAaPpUHHUIILKUX (epMax, Y BeTepUHAPHUX KJIiHiKax. 3a pesyJbTara-
MU JOCJiJKeHb y IiMl chepi oTpuMaHO AEeCATKU HATEHTIB, OMyOJiKO-
BaHO NECATKU cTaTel i amicToBHI MoHorpadii, B AKMX IpeAcTaBJIEHO
HAHOTEeXHOJIOTiIUHI HaIpaIljjoBaHHsA IIOJ0 OCHOBHUX IIpo0JeM y BeTe-
punapii [151, 152].

3. PE3YJIBTATH BUKOPUCTAHHS HAHOIIPEITAPATIB
3A PENPOJAYKTHBHUX ITATOJIOITA TBAPUH

Ilo3uTuBHI pe3ynbTaTU 3aCTOCYBaHHS HAHOTEXHOJIOTiNl CHOHYKAaIOTHh
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0 TONaJbININX AOCHiIMKeHb I y raxysi pempoaykiii TBapuH [69, 99,
153, 154].

BukopucTaHHS CydYacHUX BeTepHMHAPHMUX TOMEOIATHUYHHX IIperapa-
TiB IJA JiKyBaHHA Ta MPo(iJaKTUKM 3aXBOPIOBaHb TBAPUH JA€ MOXK-
JUBICTH IMUPOKOTO BIIPOBAIKEHHS HAHOTEXHOJIOTIYHMX METOJ pery-
JAil penpoAyKTUBHOI (GYHKI[I y IMpakTHUKy BeTepuUHapil AJIA ITPUIII-
BUAIIIEHHA TEMIIiB PO3BUTKY arpOIpPOMUCIOBOTO KoMILIeKcy. Tak, 3a-
crocyBauHaA mpemapartiB «Jliapcun» i «MactomerpuH» 3a0e3meUUIIO
no3UTUBHY e(eKTUBHY JIif0 HA BiATBOPHY 3JaTHIiCTb TBapUH, CIIPUAJIO
MiABUIMEHHIO HPOAYKTHUBHOCTH, 30€epe:KeHHI0 MOJIOAHAKY Ta IIOHU-
JKeHHIO Horo 3axBopioBanocTu [155].

BuBueHO BIIMB HAHOYACTHMHOK BHCOKOAMUCIIEpCHOTO miokcunmy Cu-
Jilifo Ha almonTo3 CcIepMiiB, KpiopesucTeHTHICTh AeBiTpudikoBaHUX
OOIUT-KYMYJIOCHUX KOMILJIEKCIB i PO3BUTOK MOiMILTaHTAIliliHIX eMO-
pioHiB Bos taurus, 30KpeMa, OxXapaKTepu3oBaHO e(peKTH TiOKCHUIY
Cuiimito Ha piBeHb amonTo3dy cmepmiiB OyraiB. IIpomeHTHMI BMicT
JKUBUX I HEKPOTMUYHUX KJITUH y IIPUCYTHOCTI BUCOKOAUCIIEPCHOIO
KpeMHe3eMy 3MiHIOBaBCcA He3HAUuHO. IIpm BUKOpUCTaHHI AJA OMiHKH
piBua amomToldy iomunmy 3,3'-mirekcinmokcakapbollismina B mapi 3
OpoMHCTHM eTHUAieM OyJIO OJep:KaHO CYIIepeuJuBi pe3yabTaTH — V
Bcix 3paskax, imkyboBaHux 3 miokcumom Cwuiimiio, majgo Micie Iio-
HUKeHHS MeMOpaHHOro IOTeHIiANy MITOXOHIPiil y cliepMaTo30oimax.
BizmcoTok BMicTy HEKPOTUUYHHUX KJITHMH KOJMBaBCSA HE3HAUHO; Bilco-
TOK iHTAKTHUX KJIiTUH IOHUKYBaBCA HPOIOPIIifiHO 36iIbLINTeHHIO Bis-
COTKa CIIEPMiiB 3 MOHMMKEHUM MiTOXOHAPiAIBHUM moTeHItidAmoM. Ome-
poxaHi maHi poO3UIMPIOIOTH YABJEHHS HPO MeXaHi3Mu BILIHBY KpeM-
HIBMiCHUX HaHOMATEpPiAJiB Ha JKUTTE3JAaTHICTHL YOJIOBiUMX ramer i
IeCTPYKTUBHI IIpollecu B XpoMaTuHi crepmia. Pesyabraty mociri-
IKEHHA CJIiJ B3ATH OO0 yBaru JJdA IIOAAJBINIOI ONITUMi3aIrili MmeTona Kpi-
OKOHcepBarii ciepmu [156].

InerTudgikoBaHo xapakKTep BILINBY HAHOUYACTHHOK Aiokcunay Cui-
I[il0 Ha NOKA3HUKM KpPiOPEe3HCTeHTHOCTH COMATHUYHUX (KyMYyJioc),
craTeBUX (0OIUTH) KJIITHMH OBapiAnbHUX (GOJiKyJIiB KOpiB i sammimHe-
HiCTh AUNEKJITHH. BUABIEHO MO3UTUBHY [Oil0 HAHOUYACTUHOK BUCOKO-
IUCIIEPCHOTO KpeMHe3eMy Ha 30epe:KeHHs Ta (PYHKIIOHAJILHUI cTaH
KJITUH KyMyJifoca Iiciad neBiTpudikarii Ta KyJbTUBYBaHHSA OOIIUT-
KYMYJIOCHUX KOMILIEeKCiB. KpiM BUABIeHUX MOSUTUBHUX edeKTiB mii
HBJIK Ha Mopdosorito Kymysaioca Ta no3piBaHHA AeBiTpudiKoBaHUX
oontuTiB Bos taurus, oxep:kaHi NaHi COPUAIOTHL KPAIllOMy PO3YMiHHIO
MexaHi3MiB (DYHKIIiOHYBaHHS COMATHYHUX 1 cTaTeBUX KJIITHMH oBapi-
ATLHUX (POTiKYJIiB B yMOBax HagHU3LKUX Temmepatyp [157].

BceranosieHo, 1110 BBeAEHHA 0 CEPENOBUINA KYJbTUBYBAHHSA raMeT
HAHOYACTUHOK miokcunay Cuirimiio 3abesmeunsio sHaYHe 3POCTAHHSA Pi-
BHSI 3aIlIiIHEHOCTH OOIMTIB i uacTKu emOpioHiB, AKi mocariau 3a-
KJIIOUHOI cTamii moiMIrmaHTaIifiHOro PO3BUTKY — OJjacToructu. B 11i-
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JOMY, OJepsKaHi JaHi cBigUaTh IIPO AOMiJBHICTH BUKOPHCTAHHSA HAHO-
yacTUHOK miokcuay Cuiiifio s MomepHisarii cucTeMu mo3piBaHHS
JOHOPCBLKMUX OOIIUTIB KOPiB IIJISIXOM BBEAEeHHS MOr0 B CepemoBUINA
IJIsT KYJbTUBYBaHHS. BiICyTHICTHP IIMTOKCHUYHOTO e(peKTy IMMETUJIT-
JinepoJsary Cuiimiro mepembavae MOKJIMBICThP BUKOPHCTAHHS IOTO B
AKOCTi KOMIIOHEHTa CTPYKTYpyBaHHA 3D-cucTteM A KYJbTHUBYBaHHS
sKimoumx ramert [158].

PospobieHo mepcnekTHBHI OioluaHi HaHoIpemapaTu, AKi 3abesie-
YyIOTh 3aXUCT BiJ HaToreHHOl MiKpodiopu 0e3 IIOPYIINEHHS TI'eHOMY
CIIaJKOBOCTU IILJIAXOM ITiJIeCIIPSIMOBAHOTO PEr'yJIOBaHHA IIPOIeciB Me-
TabO0JIi3My IMOKWBHIUX PEUOBHH i IiABUINEHHS IPOAYKTHBHOCTH TBa-
PUH 3a pPaxyHOK IIiABUIIEHHSA B3aCBOIOBAHOCTU POCIMHHUX KOPMiB.
HamovacTuHKM  mOpemapariB, BUTOTOBJIEHUX 3 eMOpioHmaJbHO-
IJaIeHTapHoOl PiIMHM Ta TKAHMHM, MAIOTh JIIKyBaJbHI iMyHOJOTIUHI,
TeHeTHYHi, AiArHOCTHMYHI BiacTmBocTi. IXHi CkIamoBi, — iMyHOpeakx-
TUBHI MENTHUAU, — IIO3UTHUBHO BILJIMBAIOTh HA KJIITMHHUU i rymopa-
JbHUI imyHiTer, 0OMiHHI mpoIlecu, BUKOHYIOTHL BiJHOBJIIOBAJIbLHY
posb mpu 3amajJbHUX IIpollecax. 30KpeMa, 3a BUKOPUCTAHHA ix 3a-
IIigHeHicT, KOpiB migBuinyeTbea Ha 8—10% . KommiaexkcHuil Jsikap-
cokuit 3acio «Comexin K-75», miroumMu pedyoBHHAMU SKOTO € TJIIITH-
pU3UHOBA M OKCUKOPHUYHA KHUCJIOTH Ta HOHU APIeHTyMYy, 3aCTOCOBY-
€ThCA IJIA MiABUINEHHSA iMyHOOi0oJOTiuHOI pe3uCcTeHTHOCTH, IIollepe-
IKEeHHA HeIJIiTHOCTU ¥ OTPMMAHHSA 3I0POBOTO IIPUILIONY.

Ha ocHOBi KOMIIJIEKCHUX JOCIiIKeHb HaYKOBO OOI'DPYHTOBAHO U €K-
CIIEPIMEHTAJIBHO TOBEIEHO IOIiJbHICTH 3aCTOCYBaHHA B TeXHOJOTII
BiATBOpeHHA cTaJa KOMILIEKCHUX OiompemapatiB ‘PS-2° ra
‘Prevention-N-A’ gnsa momepeqKeHHA IHEKOJIOTIYHUX 3aXBOPIOBaHb i
migBunieHHsA BigTBopHOI (yHKIii. Ilin BoamBoM IpemapaTy y KOpiB
CKOPOUYBaJUCSA TEPMiHM BiamieHHsA MIJIOZOBUX OOOJIOHOK, BiAIOBif-
HO, Ha 6,0 i 6,4 rox., momepem:KaNuCA 3aTPUMAaHHS IOCJHimy, Hicjs-
pomoBi yCKIaZHEHHS Ta 3aXBOPIOBAHHS MOJIOUHOI 3aj03u. PU3UK BHU-
HUKHEHHS CyOiHBOJIIOIII MATKU # eHAOMETPUTY 3MeHIITyBaBca B 3,0 i
2,0 pasu BimmoBigHo. Ha Tii iMmyHOKOpeKIlii y KOpiB cKOpouyBaJInC:
TepMiHN HacTamHA craTeBoi oxoru — Ha 11,6 i 14,2 xi6, imgexc oci-
meninusg — B 1,6 i 1,8 pasu, cepBic-mepion — ma 22,4 i 28,4 n1obu Ta
migBUIyBaJiacs 3allIifHeHicThr y mepiry oxory B 2,5 i 3,0 pasu
[159].

Agropu [160] 3ampomoHyBasu camporesenpodilakTuKy, camporie-
JEeCTUMYJAIiI0 Ta camponeiereparrio i TioMeHCBKY MiHepaJabHY BOIY
I BeTepUHAPHOI Ta TriHEeKOJIOTiuHOI IMpaKTUKU AK CKJIAZOBI Tepare-
BTUYHUX i IPEBeHTUBHUX 3aXOMiB 3a PEIPOAYKTUBHUX PO3JALiB i He-
LTI THOCTH KOPiB.

[o mepcIeKTWBHUX HAIPAMIB MOJKHa BiJHECTH 3aCTOCYBAaHHS Ha-
HOUYACTUHOK MeratiB. Ilig MikpoesnemMeHTiB, AK y HOHHiN, Tak i, oco-
011BO, B HaHO(OPMi, He Mae IMIPAMOro OJHOCIPAMOBAHOIO BILIHUBY (Ha
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Bigminy Bim amTmbioTmkiB i ropmoniB). Ile — Gesmepeuna mepesara,
OCKiJIbKM TBapuHa OTPUMYE KOMILIEKCHY BUTOAY — O3I0POBJIEHHS
BCBhOI'0 OPTaHi3My 3a AOIOMOIOI0 aKTWBAIlil BJIACHUX CHUJI, ITiJBUIIEH-
HA aJallTUBHOCTU, IIOCUJIEHHA iIMYHITETY, CTUMYJIAIl BCiX KUTTEBUX
(GYHKIil, BKJIIOYAIOUU BiITBOPEHHA.

Jia inreHcudikallii penpoAyKTUBHOI (GyHKIII KOpiB y miciadapomo-
BUiI mepiox 3acTocoBaHO MeTajJomoJsiMepHy Kowmmosumiio MIIK-3K
"HanouyacTuHok Cu — 40%, Fe — 40%, Zn — 20%, omep:KaHUX Me-
TOMOI0 BUIIAPOBYBAHHA—KOHJIEHCAIlil i3 cepegHiM pO3MipoM YaCTHHOK
y 80 HM, INTOMOIO IIOBepxXHel0 — 6ausbko 8,0—-10,0 m? Ha TpaM mo-
pomiky. BcecTaHoBJIeHO, IO TaKa MeETAaJIOIOJiMepHa KOMIO3UIIiA Mae
mMoaupiKkyBadbHUN BILIMB Ha (pisiosioriuHi mpormecu B opraHisami Ko-
piB. Ile sHaxomauTh BimoOpasKeHHsS B aKTuBalii OiocmHTeTHMUHHX i
€HEepreTUYHMX IIPOIECiB B OpraHiami, cTUMyJaAIlili KJIITUHHOI JIaHKH
imysriTery [161].

3aIIponoHOBAaHO BUKOPHCTAHHS HaHOAaKBaxeJaTaMH KOJIOIZiB MeTa-
JiB IJA JiKyBaHHS KOpiB, xBopux Ha MacTuT [162], ctTumynsamii Bizg-
TBOpHOI QyHKIiI KopiB [163], Oyrais [164], ceuneii [165], oBemnp i Ki3
[166].

Y BariTHUX KpoJIeMaTOK i CBHHOMATOK 3a BIJIUBY XPOM ITUTPATY
3MiMICHIOETHCS KOPEKIlid PisHMX JIaHOK MeTaboJisMy, 30KpeMa cTabi-
JiByeThCA BMICT TJIIOKO3W B KPOBi, MiABHINYETHCA KiJbKiCTh TIriKore-
HY B HIeUiHIli Ta cKeJleTHMX M’ s3aX, 30iJIBIIYEThCA I'eKCOKiHasHa Ta
JaKTaTIerigporeHasHa aKTHUBHOCTI epUTPOIIUTIB, 3pOocCTae BMicT 3ara-
JbHOTO 0iflKa Ta MOHMMKYETHCS BMICT TPUAIMJTJIIIIEPOJIB i XoJecTe-
pony B KPOBi TBapuMH, HOPMAJi3yIOThHCA AHTUOKCHUIAHTHA CHCTEMa Ta
MOKa3HUKU IMEePOKCUIHOTO OKMCHEHHS JIIIMiZAiB, a TaKOMX MOJINNIyETh-
cdA CTaH iMYHHOTO 3aXHMCTy opramismy. MerabosriuHo epeKTUBHI Kilb-
KOCTi XpOM IIUTpAaTy, AKi JOJaTKOBO BBOJAWJMCS 0 PAaIliOHIB KPOJH-
KiB i cBUHel, MOXXYTh BUKOPHCTOBYBAaTHCH K PEKOMEHJOBaHi 103U
IO peryndAilii mporeciB oOMiHy pedoBHH i Impo@iJaKTUKU HeZOCTaT-
Hoctu Xpomy(IIl) B opraumismi [167, 168].

HanoakBaxesaTu Takux MeTasuiB, AK Aprentym, Kympym i ®epym
MalOTh 3HAYHUN BILJIUB HAa IIOCHJIEHHS crernudivuoi Ta Hecmermu@iuHoi
PEe3UCTEeHTHOCTH TBAPUHHOrO opraHiamMy. HamouacTHHKMN ITUX MeTAaJIiB
MaOTh GiOIMIHI BJIACTHUBOCTI, a TAKOMXK € IMOTYKHIMU MiKpoeJeMeHT-
HUMU HaHOaKBaxeJaTaMHu, sdKi HabaraTto eeKTUBHIII, HiXK MiKpoe-
JeMeHTH B KJACUYHOMY IHoHizoBaHoMy Buraami [78, 152]. Iloexuan-
Ha il HaHOAE31H(EKTAHTIB 3 BJIaCHUMU MiKpo0o-, Bipyco- Ta QyHTi-
IIUIHOI0 aKTUBHOCTAMM TBAPWUHHOIO OPraHisMy, a TaKOXK 31 cTUMYy-
JIOBAJILHUM e(eKTOM IIOCHJIEHHS PEe3UCTEeHTHOCTH TBApUH 3JaTHE
CTBOPUTH HEOOXimHi yMOBM HaZaHHA TBapMHAM BHCOKOE(EKTUBHOI
npodilakTHUYHO-TIKyBaJIbHOI AOMOMOTU. Y BeTEPUHAPHIN MeIWITMHI
mpernapaTru, SKHUX Po3pobJieHO Ha OCHOBI HAHOYACTUHOK, YCIIiIITHO BU-
KOPHUCTOBYIOTh IJisI OiATHOCTUKM, JiKyBaHHA Ta OPOoPiIaKTUKU 3a-



3ACTOCYBAHHSI HAHOBIOMATEPISIJIIB ¥V PEIIPONYKTOJIOTTI 455

XBOPIOBaHb pPisHOiI erioJorii [169]. 3amaBamHsa Maxkpo- Ta MiKpoee-
MEHTiB TBapmHaM y (opMi HaHOUACTHMHOK Ma€ pAJ IepeBar — HaHOAa-
KBaxejgaTu OioMeTasiB UMHATL BUCOKY OiOJOTiuHY mif0, 3aBAAKIK CBO-
iM HaHOPO3MipaM BOHU OiJIbIII ITOBHO 3aCBOIOIOTHCA OpraHisMom i ak-
TUBHO BUKOPUCTOBYIOTBCA y Ipollecax oOMiHy peuoBuH. IIpore mexa-
HidM 1il HaHOMATEPiAJiB HAa OpPraHi3aM TBapWH HEeAOCTATHHO BUBUYEHO i
moTpedye OiJbII TVIMOOKOTO JOCHifsKeHHsA. Bucoxy epeKTHBHICTH 3a-
CTOCYBAHHS HAHOUYACTHMHOK METAJIiB 3YMOBJIEHO YYacCTIO iX SIK Ko(pak-
TOpiB y OioxeMiuHMX peakKIliAXx i AK aKTMBATOPiB pereHepaTUBHUX
mporieciB y TBapuHHOMY oprauismi [162]. OpHieio 3 TOTOBHUX IIPUYUH
3MiHM (PiBMKO-XeMiUYHNUX BJIACTHBOCTEH MaJIMX YaCTHHOK y Mipy 3Mme-
HIITEHHA IXHiX pPO3MipiB € 3pocTaHHA BiIHOCHOI KiJIbKOCTU «IIOBEPX-
HEBUX» aTOMiB. SMEHIIIeHHS PO3MipiB UaCTHMHOK Bele OO0 30iIbIIeHHS
MJIOII BiJIbHOI ITOBEPXHiI PEeUYOBWHU, a 3 €HePreTUYHOl TOUKU 30Ppy —
0o 30iTIbINIeHHSA MOBEpPXHEBOI eHeprii. 3aBAaKM JaHOMY e(EKTy HaHO-
MeTaJy MaloTh YHiKaJdbHI BiacTuBocTi. HaHomopomriku meTasiB 3Ha-
XOAATH 3aCTOCYBaHHA YV SKOCTI BUCOKOUYTJIMBUX KaTalli3aTOpiB, CeH-
COPHUX CHCTEM, JiKapCchbKUX 3acobiB g MeIUWIIMHM Ta BeTepuHAapii
[170]. doBemeHO BHCOKY EKOHOMIUHY e(eKTHBHICTL 3aCTOCYBaHHS
HaHoakBaxejaaTiB Apreurymy, Kympymy, @epymy B JiKyBaHHi Mac-
TUTiB Ta eHpomMeTpuris [162, 171, 172].

depymM — omuH i3 HAUOIMBIIT BaKJIMBUX XEeMiUHUX eJIeMEeHTiB, AKi
3a0e3MMeuyI0Th OCHOBY JKUTTENIAIBPHOCTH TBapUMHHUX opraHiamis. Ileit
eJIeMEeHT Bifirpae BasKJIMBY POJIb Yy BiJHOBHMX IIpoIlecax OpraHismy,
iMyHOJIOTIUHNX peaKIligX, IpollecaxX KPOBOTBOPEHHS, Iepediry maii-
JKe BCix oOMiHHUX peakIliii, y pocTi Ta pPO3BUTKY opramismy. 3acTo-
CyBaHHA B PpallioOH TBapumHaM HAHO3aji3a Ta BBeNeHHA CTEePUILHUX
PO3UYMHIB IIOKasaJjio, I0 Taki ()opMU HAHOIIOPOIIKY CIPUAIOTH aKTHU-
Bamii umHHUKIB HecmernmudiuHoro imynitery (darommurapHoi peakiiii,
0aKTepUIIUIHOI Ta JIIBOIMMMHOI aKTUBHOCTEI CHUPOBATKU KPOBi) i cme-
nudiyHiili aKTUBHOCTI iMyHiTeTy (aKTHBY€ KJITUHU YEPBOHOTO KiCT-
KOBOTO MO3KY, TUMYCY, ceJiediHKu, JiM@poBysJaiB). KyabTuByBaHHA
IesIKUX IIaTOTeHHUX OaKTepilli 3 JoJaBaHHAM y pPiAKe cepemoBHIIE
HAQHOJAWCIEPCHOI'0 3ajli3a CIPUAJIO IOHMIKEHHIO 1XHiX BipyJIeHTHUX i
MmaToreHHUX BJjacTuBocTtei [173].

Kynpym — HeoOximuumii MeTan AJid HOPMAJBHOI JKUTTEMiAIbHOCTHU
opramiamy, sxuii 6epe yuacts y mepebiry 6araTbox BasKJIMBUX MeTa-
O0oiyHMX TIPOIlECiB i mpoABJAE 3HAUHY OaKTepiocTaTuyHy Ta GaKTe-
PUIIUAHY aKTHUBHICTL 3aBAAKHU YINKOIMKEHHIO ILIa3MAaTUUYHUX MeEM-
opaH. MexaHisM aHTubGaKTepiAabHOl Aii Mimi sacHoBamuii mepeBakHO
Ha mopymieHHi crpyktypu [JHK. HamouactuHKuM Mini, BBemeHi B op-
raHidM TBapuH, XapaKTepU3YyIOThCSA IIPOJOHTOBAHOIO Ji€l0 Ta MEHIIIOIO
TOKCUYHICTIO y TOpiBHAHHI i3 comamu Kynpymy. HocaimxeHHA Me-
xaHidmy nii Ha 6aKTepii cBigUaTh MPO MOPYIIIEHHA 0ap’€pPHUX BJIACTU-
BocTell MeMOpan OakTepiii mpu B3aeMogii 3 yacTMHKaMu Mini, ajge He
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MOJKHA CTBEPHAKYBaTHU, IO BUABJEHHA MeXaHI3My € 3aBepIIeHuM i He
moTpedye momasbInoro excrunepuMeHnTy [174]. HocaimxenHsa mokasasu,
110 HAHOYACTMHKM MifJi, Ha BiAMiHY BiJf aHTHMOiOTHMKiB, He BUKJIMNKA-
IOTh CeJIEKITiI0 Pe3HCTEeHTHUX IITaMiB MiKpOOpraHi3MmiB, IO YMOMKJIU-
BJIIOE B MHOJAJILIIIOMY PEKOMEHAYBATH HAHOMIiAb HNPM JiKyBaHHI T'Hii-
HO-CeIITUYHUX 3aXBOPIOBaHb, BUKJIMKAHUX IIOJiaHTUOIOTHKOpPE3UCTe-
HTHUMH IITaMaM# 30Ji0THcTOro cradimokoky [175]. Takum uwmHOM,
HAHOMETaJW — IEePCIeKTUBHI MIPEeTeHJeHTH HA CTBOPEHHS HOBOTO
KJacy aHTHOAKTepiaapHuX mpemapariB. Kynpym Oepe yuacTh y BaK-
JUBUX OioxeMiuHMX IIpoIlecax OpradisMy; AK KOMPaKToOp, BXOAUTH IO
cKJany 6araTboX JKMTTEBO BaKJIMBUX (DEPMEHTIB, cepel AKUX: THPO-
3MHAa3a, II0 KaTajaidye 0iocmHTe3y MeJIaHiHy, IIMTOXPOMOKCHLA3a, IO
€ IV KomMmmjaeKcoM eJeKTPOH-TPAHCIIOPTHOI'O JIAHIIOTA, JIi3HJIOKCHIA-
3a, 110 Oepe yuyacTh y OiocHMHTEe3i KoJiareHy ¥ eJIaCTMHY — OCHOBHUX
CTPYKTYPHHUX CKJIAJAOBUX KICTKOBOI Ta XPAMIOBOI TKaHWH, IIKipH,
CTiHOK CyIWH, TKAHUHU JiereHiB, Cu/Zn-cymepoKCcuaaucMyTasa, Io €
€HIOTeHHUM aHTHOKCHUIAHTOM — HeHTpajisye BijbHI pagmkaaud, NO-
daminy P-rigpokcmiasa, IO KaTaji3ye IepeTBOpPeHHA nodaMiHy B
HOpaJpeHaliH, IepyJOoIJas3MiH, III0 € OCHOBHUM CHPOBATKOBUM TpPAaH-
CIIOPTEPOM MifZli Ta peryJjioe TPaHCIOPT 3ajliza, aMiHOOKCHUAasu, IO
KaTaJisyioTh II€PEeTBOPEHHS IEePBUHHUX aMiHiB y anbaerigu (6epyTb
yuacTb y MeTtaboaismi aminmokucior) [170, 176, 177].

HanouacTuHKu cpibsa Haa3BUUYAaHO aKTWBHI Ta BUKJIUKAIOTH 3a-
rubenb OaxTepiii, BipyciB, rpubKiB, 3aBAAKU BeJIHKill mUTOMiil moBe-
pxHi, 110 36iabIIIye 06JIACTHL KOHTAKTY cpibisa 3i sOymHuKaMu index-
IMiAHUX 3aXBOPIOBaHb, 3HAUHO IIiABUINYIOUN HOT0 OAKTEpPUIIMAHI BJa-
ctuBocTi [170]. Ilpu posraazni eBosrornii cpibsa Bix #ioHiB J0 HaHOUA-
CTUHOK i mociimkenusa mii pisHMX mpemapariB cpibJsia Ha Bipycu, Gak-
Tepii Ta KJIITHHN BCTAHOBJIEHO, IO OiOMUIHUNA e(PeKT HAHOUYACTUHOK
cpibsa icTOTHO IepeBUINyE Oil0 HOHIB ApPreHTyMy B IUX iKe KOHIIEH-
rpamiax [170, 178]. HamouacTuuku cpibyia akTHUBHI MPOTU MiKpoop-
raHisMiB, CTIiKMX OO aHTUOIOTHKIiB, IO 3YMOBJIIOE MOKJUBICTL 3a-
CTOCYBaHHS iX MPOTH OaraThox iHQeKIiitHuX XBopob [178, 179, 180].
Bucoka 6iosoriuHa aKTHMBHICTH MiKpOeJeMeHTiB-MeTaJ iB y opraHismi
moB’si3aHa, IMepela yciM, 3 ydacTio iX y cuHTe3i AeaKkux (QepMeHTiB,
BiTamiHiB i ropMoHiB. 3aeKHO Bil KOHIleHTpAaIlii, KaTioHU ApreuTy-
My MOXKYTb SK CTUMYJIIOBATH, TaK i IPUTHIYyBaTHM aKTHUBHICTL Je-
axux ¢epmeHTiB. Ilix BuauBoM ApreHTyMy B JBa pasu IMOCUJIIOETHCH
iHTEHCUBHICTh OKHCHIOBAJIBHOTO (hochopuaioBaHHA y MiTOXOHIPiAX
TOJIOBHOTO MO3KY, a TaKOK 30iJIbIIIyeThbCA BMiCT HYKJIEIHOBUX KIUC-
JOT, IO IoJjinmriye (DYHKIIiI0 IMeHTpaJbHOI HepBoBOi cuctemwu. Ilin-
BUILIEHHA KOHIleHTpallii IoHiB ApreHtymy m0 0,01 MKr TOHUKYE
CTYIIiHb IOTJIMHAHHA KHCHIO KJITMHAMU WX OPraHiB, IO CBiAYUTH
PO y4YacTh KaTioHIiB ApPreHTyMy B PeryJdAllii eHepreTuuHOro OOMiHY
[181]. ¥ HaHOpPO3MipHOMY AiANA30HI MPAKTUYHO OYyAb-AKWUI MaTepiaa
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IPOSABJIAE CBOEPiAHI BJIACTHMBOCTI, 0COOIMBO, TaKWii MeTasl AK cpidJo.
HoHu ApreHTyMy MAalOTh aHTHCENITHYHY aKTUBHicTb., HaHOYaCTHHKH
cpibima posmipom y 10—-30 HM COPUUMHSAIOTL BUPAKEHUIN aHTHOAKTe-
pianbHUN edeKT i 3aCTOCOBYIOTBHCS AJISI MiCIIEBOTO JiKyBaHHS iH(MIiKO-
BaHUX paH MmKipu. BcTaHOBJIEHO, IO PO3UMHMN HaHOCPiOJsa € Haiede-
KTUBHIIMIIM 3acoboM Ipu 0e3mocepeIHbBOMY KOHTAKTI 3 IIOBEPXHIMMU,
3alajJeHnMU BHACJTiIOK OaxTepiiiHoro 3apakenHsa [182]. Haunouactu-
HKM cpibia, 3aBOAKKM MaJIOMy pPO3Mipy # iHmuM ¢isuko-xeMiuHUM
BJIACTUBOCTSAM, HAA3BUUAMHO aKTHBHI Ta BUKJIMKAIOTH 3armbeiib pis-
HUX MiKpooprauiamis: 6axTepiii, BipyciB, maToremnux rpubkis [179].
3acTocyBaHHS cpibsa y BUTJISAAI HAHOYACTHHOK YMOJKJIMBJIIOE 3HAUHO
HOHU3UTH KOHIIEHTpAIilo ApPreuTyMy 3i 30epe)XeHHSIM HPOTHMIiKpPOO-
HUX BJIACTHUBOCTEH, y TOMY UYHCJL OO MiKpOOpraHismiB, CTiHKHX 10
aHTHOiOTHMKIB. IHIMIMMK BaKIUBUMU e(EeKTaMM, IKi IPOABJISIE HAHOC-
pibyo, € mporuszanmadbHUM Ta iMmyHomozmyaoBambHMI. I1i edexTu moc-
JiZTHUKK IIOB’A3YIOTH 3 iHTiOyBaHHAM CHHTE3M IIUTOKiHIB, TAKMX AK
TNF-a, IL-12, IL-P, a Tako:X MeTajJompoTeiHa3 MaTpPHUKCY, 30KpeMa
MMP-9 [183].

Y mpodinakTumi ta JiKyBaHHI aKyIIepchbKol IIaToJjorii KopiB moc-
TaTHBO T'OCTPO CTOITH IIPoOJeMa 3aXBOPIOBAHDL, BUKJIUKAHUX YMOBHO-
MIATOTEeHHOI0 MiKpodopoio. ¥ 3B’A3KYy 3 UM y mpodimakTuili ta Ji-
KyBaHHiI gaHOI maTojorii IIMPOKO 3aCTOCOBYIOTH aHTHOAKTepPiaabHi
npenapatu. OgHak 3acTOCYBaHHA aHTHOIOTUKIB He 3aBXIU eeKTUB-
He 1 MaeMo puUSUK IITOJO aKyMYJIOBaHHS iX y M’d3ax i mepexony B
MOJIOKO, IIT0 3aCTaBJII€ BeTePUHAPHY MEIUITMHY IITyKAaTH OiIbIN mieBi
3acobu 60poTHOM 3 YMOBHO-IIATOTEHHMMM MiKpooprauisamamu. Bpaxo-
BYIOUHM IIi YMHHUKHU JOILIJHLHO BUBYATH BUKOPHCTAHHS HAaHOaKBaxeJa-
TiB MeTaJIiB, AKi MalOTh He TiJIbKU AHTHCEIITHYHI BJIACTHUBOCTi, ajie i
PiBHOMAaHITHY CTUMYJIOBaJbHY aKTHUBHICTh — TIeMaTOTeHHY, iMyHO-
reHHy, peremepariiigy Tomro [78, 89, 152]. HanoaxBaxegaTu MeTaJIiB
MalOTh KOMILJIEKCHY [Tif0 3a BiICYTHOCTM TOKCHUYHOI Ta MMObOiuHOl miii,
He BUKJIMKAIOTL 3BUKAHHA MiKpo@Jopu, He MOHMKYIOTHL AKiCTh ofe-
PIKYyBAHOTO IIPOAYKTY, XapaKTepU3yIOThCA BiTHOCHO HEBEJIMKOIO Bap-
Tictio [152].

HanoaxBaxemaTHa (opMa 3HAUHO IOCHUJIIOE BCi 6e3 BUHATKY aHTHU-
cenTHUYHi Ta 6iOreHHi BJIACTMBOCTI MeTaJiB, IO HAZA€ 3aCTOCYBAaHHIO
iX 0COOJIMBY €TiOTPOIIHY Ta IMATOTeHeTUUYHY KOPUCHIicTh [78, 89, 152].
AxyiepcbKi maToJsorii cTaioTh IPUYNHOIO TPUBAJIOI HEILIiTHOCTH KO-
piB, mepeguacHoOro BUOPaKyBaHHS iX, HAPOAKEHHS MEPTBUX 1 HEXKUT-
TE3NATHUX IIJIOJiB, HEPEeHTa0eJIbHOTO BUKOPHUCTAHHSA KOPMiB, UMM 3a-
BIAIOTh 3HAUHUX €KOHOMiuHMX 30MTKiB rocmomapctBam. Tak y Kopis,
AKi IIepexBOpiau IMicaApoJOBUM €HIOMETPUTOM, 30LILIITYEThCA 1HIEKC
damrigmenoctu Ha 0,64—1,53, TpuBasicTs HemmigHOCTHM — Ha 29—42
IHi, MOHMMKYETbCA 3allITigHenicTs Ha 17,7-23,3%, BUXim mpuiLiomy
— Ha 7-11%, monmouHa mpoayKTuBHicT — Ha 24% [184]. Beranos-
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JIEHO, IO HicJsaponoBUil eHipomeTpuT y 87,56% BumankiB BUHUKAE B
pesyJabTaTi IMOPYINeHHA POJOBOI AiAJBHOCTH, KA, B CBOIO Uepry, 3a-
JEKUTL BiJ] HOHM)KEHHS IPUPOAHBOI PE3UCTEHTHOCTH, OCOOJMBO, B
3uMOBO-ociHHilT mepion [152]. IlopiBHAHHAM TepalmeBTUYHOTO edeKTy
HaHOaKBaxeJaTiB MeTaJiB i3 ixTiodpypaHoBUMU IMaJlWUYKaMU Ta JIEBO-
TeTpacyiabpiHoM, JiOmuii TepameBTHUHUI edeKT OyJIo OoZep:KaHO 3a
JiKyBaHHS KOPiB PO3UMHOM HaHOAaKBaXeJIaTiB MeTaJiB. ¥ Iiii rpyi
BuayKaHHa Oyyo summuM Ha 30 1 20% BigmoBigHO, TPHBAJIICTE JKY-
BaHHA cKoporujaca Ha 11,8 ta 2,5 mgmi Bigmosimzmo [152]. 3 mboro
MOXKHA 3pOOUTH BUCHOBOK, IO JIIKYBAaHHA HaHOAKBaxejJaTaMU MeTa-
JiB € A0oCTaTHLO e(eKTUBHUM [AJdA JiKYBaHHS IiCJAPOJOBUX IIATOJO-
rifi. 3acayroBye yBarm MOKJIUBICTh TPODPITAKTUKU HiCIATPOTOBUX
YCKJaTHEeHb IpellapaTaMu 3 HaHOaKBaxejaTamu MertatiB. IIpodimak-
TUUHY e(eKTUBHICThL HpemapaTriB 3 HaHOMAaTepidJgaMM OIliHIOBaJIM B
NopiBHAHHI 3 (ypas3oJilOHOBUMU NaJIWYKaMU y BUIAJKaX HOPMAaJb-
HOTO OTeJIEHHS Ta IIicJsd omepaTuBHUX BTpydaHb [152]. PesyabraTtu
npodiJlakTUKM OIliHIOBaJIM 3a KiJIBKiCTIO TBapuH, IO He 3aXBOpijau
MicJAAPONOBUM €HJIOMETPUTOM, TepMiHOM cyOiHBoJIOIii MaTKu, 3a-
IUTiZHIOBAJIBHUM ociMeHimHAM. EdQeKTmBHiCTHL mpodinakTuKm i3 3a-
CTOCYBaHHAM HaHOAKBaXxeJaTiB MeTaJiB Y KOPiB 3 HOPMAaJIbHUM IIepe-
b6irom pozxiB Oyna Buioio Ha 10%, cybGiHBOJMOIiT MAaTKHM — KOPOT-
oo Ha 2,7 OHIB, Iepiox BiA OTeJleHHA OO 3aIlIifHEHHS CKOPOTUBCS
Ha 3,3 nHi, s3amurigHeHHs micas ociMeHims — BuimuMm Ha 3,3%. 3a-
CTOCYBaHHsA HaHOaKBaxeJsaTiB MeTaJiB Iicjsa ollepaTUBHUX BTPYYaHb
MIOHMIKYE 3aXBOPIOBaHiCThH KOpiB eHmomerpuroM Ha 30% mopiBHSAHO 3
dypasosifoHOBUMY MAJUYKAMM, CYOiHBOJIIOIiSA MATKH CKOPOYYETHCHA
Ha 4,6 muiB, mepiom Big oTesleHHA 0 3aILIiTHEHHS CKOPOTUBCA Ha
15,2 gui, sammigHeHHs micid ocimeHinb crasio Bumum Ha 40% [152].
TakuM YMHOM, KOMILJIEKCHE 3aCTOCYBaHHSA HaHOAaKBaxejaTiB MeTa-
JiB i3 mpo(dilaKTUYHOIO Ta JiKYBaJbHOIO METOI0 IIPU MiCJAPOLOBUX
TMaTOJIOTisIX BUABUJIOCA OiJbIll epeKTUBHUM y MOPIiBHAHHI 31 3BMUAali-
HUMMU JiKyBaJbHUMHU Ta IpodisakTruyHuMU 3acobamu [185].
Agropamu [186] maHo OI[iHKY IePCHEKTMBHOIO BUKOPUCTAHHA Ha-
HOYACTMHOK cpibja Ta OicMyTy y BeTepMHapHiI MeIUIIUMHI 3a JIiKYy-
BaHHSA B3aXBOPIOBaHb, BUKJIMKAHUX YMOBHO-TIATOTEHHOIO MiKpodJio-
poio, 30KpeMa 3a MacTUTIB i riHeKoJsoriuHmX xBOpoO. IIpu mbomy Te-
PMiH JTiKyBaHHA TBapUH CKOpOTHMBCA y moHan 1,5—2,0 pas mopiBHAHO
3 KOHTPOJILHUMY TI'PyHaMu, /e 3aCTOCOBYBaJIu aHTUOIOTUKH.
3acTocyBaHHA KJIacy KOMILIEKCHUX CIIOJIYK-HAaHOAKBaxeJaTiB y Ji-
KYyBaJIbHifl MPaKTUIII € aJbTEePHATHBOIO BUKOPHCTAHHSA aHTHUOIOTHUKIB
y Teparmii TpOAYKTUBHUX TBApPWH, IO MONEPEIKYyEe PUSUK BUHUKHEH-
HA aHTUOIOTMKO3YMOBJEHUX IIATOJOTIH y CHOMKHBAYIB TBapUHHOI
mponykiii. Ha Bigmimy Bixm anTumbGioTukiB i ¢ropxinomoniz y 91%
BUIAIKIB 30yHUKN MACTHUTy KOPiB OyJM UYTJIUBUMU OO0 KOMILIEKCY
HaHoaKkBaxesaTiB MmeraniB. IIpu sikyBaHHiI KOpiB, XBOopUX Ha MAacCTUT,
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HaHOAKBaXxXeJlaTaMU METAJiB Hepexij 3amajeHHA y NPUXOBaHy (Gopmy
Bigmivanu Tineku y 14,8% BumazkiB, a 3acTocyBaHHA ixX 3 mpodia-
KTHYHOI METOI0 IIONEepPelKyBaji0 BUHMKHEHHS mactuTy B 93—-95%
BUIIIKiB, B YyMOBaX 3aTPUMAHHA IOCIiy MOHWIKYBAJO 3aXBOPIOBA-
HicTe KopiB emgomerpuToM Ha 30%, TpuBaJicThL iHBOJIONMII MAaTKuU
cxKopouyBaJyiacsa Ha 4,6 mobu, a cepsic-mepiomx — Ha 15,2 mobu [78,
187-189].

BcranoBieHO MOSUTUBHUMN BIJIUB CYIIO3UTOPiiB i3 BMicTOM HaHOUa-
CTUHOK MiJli Ha aKTUBi3aIilo rymMopaJbHOI JAHKW iMyHHOI cCHCTEMU
IXHBOTO OpraHiaMy, IO CTBOPIOE IIEPENIYMOBU 10 BiJHOBJEHHA BiAT-
BopHOI (yHKIII micaa poxis. Tak, Iricasa 3acTocyBaHHA KOpOBaM CY-
MO3UTOPiiB 3 HaHOYACTMHKAMU Miai B IXHbOMY oprauismi migBuImy-
€ThCA BMicT iMmyHOr/IoOymiHiB Kiacy A B 5,4 pas, BMicT iMmyHOrI06Y-
aiiB kaacy G B 2,1 pas i BigmOyBaeThCcA HOHMIKEHHS BMiCTy iMyHOT-
Jo0yaiHiB kaacy M B 2 pasu, a TPHUBAJICThL CepBic-mepiogy CKOpPOTH-
aaca B 1,9 pas npu ingexci ocimeHinua 1,5 y mopiBHAHHI 3 KopoBaMu
KoHTpoabHOI rpymnu [190].

Agropamu [191] pospobseHo mpemapaT aHTHOAKTEpisAabHOI Aii Ha
ocHOBi HaHoTexHOJOTiH «MOAIPOTEKTHH» 3 TepAIeBTHUYHOIO eheKTH-
BHicTIO 3a emmomeTpuriB (96%) i macturiB pisHuUx (cyOKIimiuHHX i
Kainiuaux) popm (98% ), mio nepesurysao anagoru Ha 24—31%.

CoiBpobiTHuKaMu Kadeapu BeTepMHApPHOI pempoaykroJiorii Xap-
KiBCBKOI JIep:KaBHOI 300BeTEPUHAPHOI akazemii Ta Biamisy HaHOKpUC-
TaJTiYHUX MaTrepidanaiB [HcTuTyTy crmuHTHAANIHUX Marepiandis HAH
VkpaiHu yJocKOHaJIeHO psAJA BiTaMiHHO-TOPMOHAJLHUX IIpellaparis,
1[0 BUKOPUCTOBYIOTHCA Y CXeMaX JiKyBaJbHO-IIPODITaKTUUHUX 3aXO0-
IiB 3a aKyIlepCbKUX, TiHEKOJIOTIYHUX, aHAPOJOTIYHMX i MaMoJIOTiu-
HUX IaTOJIOTili TBapmH. 30KpeMa, 3 METOIO ITiIBUIIEHHS TepaIleBTUY-
HOI e()eKTMBHOCTHU IIpelapaTriB i3 BMICTOM KapOTUHOIfiB, eCTPOTeHiB
Ta aHAPOTEeHiB BUKOPMCTAHO JOJAaBaHHA DPEUYOBUH, IO BILIMBAIOTH Ha
MTPOOKCUAAHTHO-aHTUOKCUAAHTHY CUCTEMY Ta KUCHEBUIT MeTaboJism,
— nanouacTuHOK mioxcuny Ilepito (DC) it oproBanagaty (OV) pigkic-
HO3eMeJIbHUX eJIEMEHTiB, AKi A0 TOro X MOMKYTb HPOHUKATU Yy KJIi-
TUHU I akyMyJiroBaTuca B sapax [192, 193].

3oKkpeMa, 3aCTOCYBaHHA IIUX IIpelapaTiB Ja€e 3MOT'Y ONTHUMi3yBaTu
OKpeMi IIOKa3HMKHU T'OMEOCTady Ta NPOOKCHUAAHTHO-aHTUOKCUIAHTHOI
cucteMu (BMiCT y cHpOBaTIi KPOBi KapoTmHy, BiTamiHy A, IIUHKY,
3arajbpHOTO 0inKa, ambOyMiHiB, cymapuHux riobyrniHisB i dparmii o,
0y, p Ta Yy, MaJIOHOBOTO JiajbIeriny, KaTajasu, CyIepOKCUAIUCMYTAa-
3W, BMIiCT B €pUTPOIIMTAaX MaJOHOBOTO AiaJbJAerimy, Karajgasu Ta Bin-
HOBJIEHOTO TJYTATiOHY, a TaKOX IIOKAa38HUKU TPOOKCUAAHTHO-
QHTUOKCUAAHTHOTO CIIiBBiIHOIIIEHHSA Ta KHCHEBOTO MeTaboaisaMy —
KiTbKiCTh epUTPOIUTIB, BMicT reMorjio0iHy Ta KoOHIeHTpaliio 2,3-
nudocdoriinepary).

Tak, mpenapatu «Kammaectpoa + DC», «Kammaectpoa+OV», «Ka-
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ragig + OV», «Kapagecr + OV» ta «Kapadaug + OV» yMOKINBIIOIOTE
HOpMAaJIidyBaTH CTPYKTYPY Ta (PYHKI[iIO (heTOoIIalleHTapHOTO KOMILIE-
KCY KOpPiB, CBUHOMATOK, KPOJMNKiB, OBeIlb i Ki3, IMiABUITUTHA IIOTEHILi-
SAJI PO3BUTKY HOBOHAPOMIMKEHUX TEJAT, IIOPOCAT, KPOJEHAT, ATHAT i
Kozeuar [194, 195].

IIpenapar «Kammaectpoa + OV», KpiM I[bOro, BUSBUBCA e(heKTHB-
HUM 3a Tepalrii KopiB 3 MacToguCTPO(di€i0 CyXOCTiHHOTO Ta JIaKTa-
IifiHOrO ImepiomiB, 3a0e3lMeuyour HOPMAJI3allil0 IIUTOTPAMU CEKPeTy
MOJIOUHOI 3aJI03M, THUIIIB TEPMO- Ta COHOTPAMM, a TAKOK IIOHMKEHHS
KigbKoCTH MiKpPOOiB i coMaTmuHUX KJIiTHH (JIefiKo- I emiTesionuTin).

3acrocyBaHHa 1npenapariB «Kammaecrtpoa+OV» Ta <«Kammaecr-
pon+ DC» yMOMKJIMBHJIO IiABUINMUTH e(PeKTHUBHICTL Tepalrii KopiB i
Kis 3a romagomariii. Tak, 3a BukopucTanHa mnpemnapatiB «Kammaect-
pox + OV» 3a romamozuctpodii Ta «Kammaectpoa + DC» 3a rimoroua-
IU3My 3a0e3IIeumnjo CKOPOUEHHS IepiofiB Big mouaTKy OOpOOJIAHB O
pemnapaiiii s€e4YHUKIB i TPOABY eCTPyMy, a TaKOK MHiIBUIMEHHS 3aILi-
JHEHOCTH Ta CKOPOUYEHHS TPUBAJOCTH Mi06 Hemmimzmoctu [196].

3a pgioprammoi maToJiorii (TimosioTeoJis <> CyOKJIiHIUHUIT MeTpPHT)
BUKOpUuCTaHHA mpemnapaty «Kammaectpos + OV» yMOMKJIUBUJIO CKOPO-
TUTU TEePMiHM KJIiHIYHOTO OAy:KaHHA KOPiB i Ki3 Ta mepiomy micjs
JiKyBaHHA N0 IPOABY €CTPYMYy 3 IIiABUNIEHHAM 3alLIiJHEHOCTHU ITiCJIsd
mepioro ocimeninuga [197].

IIpenapar «Kapadaug+ OV» chopuse IMOJIMIIIEHHIO TOKA3HUKIB
BMIiCTy y CMPOBATIIi KPOBi KapoTuHy, BiTamMiHy A Ta ITMHKY, HOpMAaJIi-
3arii GaJyiamcy IPOOKCHUIAHTHO-aHTHUOKCHUIAHTHOI CHUCTeMH’, HOPMAJIi-
3aIii AuHAMiKM KHUCHEBOro MeTabosi3My, IiABUINEHHIO PiBHS TecTocC-
TEPOHY Yy CHPOBATIII KPOBi, BiTHOBJIEHHIO cTaTeBUX pedJieKciB, HOP-
MaJIisaIrii ImocTo-, TEPMO- Ta COHOTPAM i B CYKYIIHOCTI MO3UTHUBHOMY
BILIMBY Ha XapPaKTEPUCTUKU CHePMU — 30iJbIIEHHIO 00’€MY eAKYJIsd-
Ty, MiABUINEHHIO KOHIIEHTpAIlil cliepMiiB Ta iXHBOI PYXJMBOCTH, 3ME-
HIIeHHIO BMicTy cnepMiiB i3 MopdosoriunHnMu aHoMaigMu y KHYPIiB
i oyrais [192].

Ilopan 3 1mum, IMUPOKe 3aCTOCYBAaHHSA HAHOMATEPIAJIB BUKJIUKAJIO
3aHEMMOKOEHHS CTOCOBHO TOTEHIIIHHOI TOKCHYHOCTU HAHOYACTHUHOK.
PisHi TMnu HaHOUYACTUMHOK HEr'aTHMBHO BILJIMBAIOTH HA CTATEBi KJIiTHUHHT
CcaMIIiB, PEIPOAYKTHUBHY CHCTEMY CAMOK i PO3BUTOK IIJI0OJa, OCOOJIMBO,
3BaKAlOUM Ha HEBEJIUKHN Ppo3Mip HAHOYACTHHOK, IXHIO WIPOCTOTY
MPOHUKHEHHA Ta 6iocyMicHicTb, IXHIO IMOTeHIIiMHY 3maTHICTH HOPY-
uryBaT mianeHTapuHuil 6ap’ep. i BniuBu moB’sasaHi 3 Moaudikaii-
€10 HAaHOYACTUHOK, CKJIaJlOM, KOHIIEHTPAI[i€l0, CII0OCOO0M BBEIEHHS Ta
Bugom TBapuHu [198—-206].

Panui pocrmigskeHHSA JeMOHCTPYIOTH, IO BaBAAKU IMIOAEHHOMY
BILIMBY HAHOYACTHUHKU HAKOMUYYIOTHCA Ta 3B SI3YIOTHCS 3 KJIiTHHAMU
opramismy, mopyIlryiouud HopMaJbHi (isiomoriuni cucremu. Kpim To-
ro, HAHOYACTUHKM AaCOIIiIOIOTHCSA 3 PiBHMMM pO3JIalaMM, BKJIIOUAIOYUN
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JereHeBi YIIKOIKeHH:A, TemaTo-, Helpo-, iMyHO- i HUPKOBY TOKCUY-
HOCTi Ta HeoO0OpOTHE yparkeHHA ciMm aHuKiB [207-213].

OpHaK B iHIINX JOCHiAKeHHAX TaKUH BILJINB 3allepPeuyeThCA UM He
OiATBEPAKYEThCS, IO 3aJEKHUTh Big pAAy YMOB, TAKMX SK, HAIIPU-
KJaJ, XxapakTep, THUII i PO3Mip HAHOYACTHUHOK, a TAKOMK HO3U M, MOK-
JUBO, MLIAX BBemeHHa [214—220]. A HaHoakBaxejlaTH MeTaJiB YH-
HATH KOMILIEKCHY JiI0 3a BifICYTHOCTH TOKCHYHOI Ta mobiumoi mii, me
BUKJINKAIOThL 3BUKAHHSA MiKpoQJaopu, He IIOHMKYIOTh SIKOCTH OJep-
JKYBAHOTO IIPOAYKTY, XapaKTepHU3YIOThCS BilHOCHO HEBEJMKOIO BapTi-
ctio [152].

Ho Toro :x, mpobjema IIOB’sA3aHa Ie i 3 TUM, IO TOCJimKeHHSA
OyJIu IpoBeAeHi HeIOCJiZOBHO i, OTiKe, Ha HPEBEINKY CHUJIYy IIifJjsara-
10Th> mopiBHAHHIO. [1[00 3amOBHUTH I[I0 IPOTAJNHY, IOTPiOHA OGiIbII
TicHA CIIBIpaId HAHOTOKCHUKOJIOTIB i BUEHUX-PEIPOAYKTOJIOTIB HaL
PO3pO0KOI0 ¥ iHTepIpeTallico pe3yabTaTiB, a TAKOK KOHKPETHHUX Ti-
moTe3 i po3yMiHb MEBHUX ACIIEKTIB JOCIiIKEHb.

4. BAICHOBRH

TakuM YMHOM, HAHOTEeXHOJOTiI HabyBaioTh Bce OiJILIIIOT0 HMOIIHMPEHHS
y IPEeBEHTUBHUX i TepaleBTUYHUX 3aX0JaX 3a aKyIIepChbKUX, TiHEKO-
JOTIYHUX, MaMOJIOTIYHMX i aHAPOJIOTIYHUX 3aXBOPIOBaHb TBApPWH.

Y Toii ke uac 3’SABJAIOTLCA IIOBiTOMJIEHHS II[OJ0 MOXKJIMBOIO Hera-
TUBHOTO BILJIMBY HAHOYACTHMHOK Ha (DYHKIIiI0O BiATBOPEHH:, AKi Ilepe-
BajKHO € JUCKYCIHHUMMY i TOTPeOyIOTh MOJANBIITNX MOCTiIKeHb.

Toxx, BUKOPUCTAaHHA HAHOYACTMHOK 3 BUBUEHUM BILJIMBOM y CKJasIi
mpenapaTiB 3a JiKyBaHHA Ta OPOMPIIaAKTUKM PENPOAYKTHUBHUX IIaTO-
JIOTi#i TBAPUWH Ja€ MOXKJIMUBICTH OLIBIN IIMMPOKOTO BIIPOBAIKEHHS Ha-
HOTEXHOJIOTIYHUX METO]l V MIPaKTUKY BeTepHMHAPHOI MEAUIIUHU 3 IIPO-
THO30BAHUMU HACJHiJKaMHU Ta BHUCOKOIO e(peKTUBHICTIO.
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AHaiza CKOPOYEeHHS CKeJIeTHUX M’ fA3iB XPOHiYHO-
aJIKOT0JIi30BaHUX IMYyPiB 3a Ail Bogopo3uuHHOTO Cg\-pynnepeny

II. M. Hosaperko', Baur Har?, O. II. Morysiok?, O. B. Buroscoka?®,
K. I. Boryuska', H. €. Hypumenxko!, I0. I. IIpurynbkuii'

'Ruiscoruil nayionanvniii ynieepcumem imeni Tapaca Ilesuenia,
8y.. Borodumupcovra, 64,

01601 Ruis, Ykpaina

2Boauncokuil nayionanvruil ynieepcumem imeni Jleci Yrpainku,
npocn. Boaxi, 13,

43025 Jyuvk, Yrpaina

SHauionanvruii meduunuii ynisepcumem imeni O. O. Bozomoavys,
oyave. Tapaca Illesuenka, 13,

01601 Kuis, Ykpaina

Hocaimxeno gmito Bomopo3uwmHHUX Cgy-GyiiepeHiB Ha CKOPOUYEHHSA CKeJeT-
HUX M’ $3iB XpOHiuHO-aJKoroJgisoBaHux ImMypiB. Omep:kami mami cBiguaTh
PO 3MEHINeHHA (DIIOKTyaliflHuX KOJMBaHb M’ A30BOI cuau Ha (asax yTpHU-
MaHHA MaKCUMaJbHUX CUJIOBUX BinmoBineil i piBHIiB (epMeHTiB (KpeaTuHi-
HYy, KpeaTuH(dochoKiHa3M, JJAKTATy Ta JaKTaTAeTiAporeHasuW) y KPOBi eKc-
IIepUMEeHTAJIbHUX TBApPUH 3a BBeJeHHA BoAHOro posumHy C4-dyinepeny. Ile
BKa3ye Ha Te, 110 Bogopo3umHHi Cgy-pyiepeHn MoOKHA PO3IIALATH AK IIep-
CIIEKTUBHI JiKapchbKi 3acobu aad mpodislakTHKU Ta KOpeKIil GyHKI[ioHAIL-
HOI aKTUBHOCTU ITONIIKOIKEHOTO M’d3a 3a PO3BUTKY aJKOTOJbHOI Miomarii.

The effect of water-soluble Cg, fullerenes on skeletal muscle contraction in
chronic alcoholic rats is studied. The obtained data indicate a decrease in
fluctuations in muscle strength during the phases of maximum force re-
sponses and levels of enzymes (creatinine, creatine phosphokinase, lactate,
and lactate dehydrogenase) in the blood of experimental animals with the
introduction of an aqueous solution of Cg, fullerene. This indicates that
water-soluble Cg, fullerenes can be considered as promising drugs for the
prevention and correction of functional activity of damaged muscle in the
development of alcoholic myopathy.

Karouori cioBa: ckejeTHUiT M’d3, cujla CKOPOUYEHHsA, pPiBeHL (hepMEHTIB y
KpoBi, BogoposunHHi Cg)-dyimepeHn, XPOHiYHO-aJIKOI0Ii30BaHI ITypH.

Key words: skeletal muscle, force of contraction, level of enzymes in the
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blood, water-soluble C4, fullerenes, chronic alcoholic rats.

(Ompumano 28 ciuna 2021 p.)

1. BCTYII

Bigomo, 1m0 M’sizoBa AUCGYHKIIA PO3BUBAETLCA HE3AJEXKHO Big BiKy
ocoOm Ta TepMiHy 3JIOB:KMBaHHsA aakoroseMm [1]. Hacaigzxom aakoro-
JbHOI Miomatii € moripirenHsa QyHKIIIOHAJILHOI aKTUBHOCTH M’ A3iB [2]
i smeHIIenHsa cuau cKopoueHHs [3, 4]. [IpuuuHOIO IILOTO € AK OesIro-
cepenHs YJbTPACTPYKTYpPHA AesiHTerparisa miomumriB i ixHa arpodis,
TaK 1 3MiHM eJIEKTPOJiTHYHOrO roMeocTasy Ta 0ioeJeKTPuYHOI aKTu-
BHOCTH [2].

3a PO3BUTKY aJIKOTOJbHOI Miomartii, macammepen, Mae Miciie rime-
PYTBOPEHHSA BiIBbHUX pamumKajiB [5] y auchyHKIiOHAILHUX MiTOXOH-
apigx [6], mio mpu3BOAUTH MO PYHHYBAHHA MeMOpPaAHHUX CTPYKTYP
MionmuTiB i (PYyHKIiOHATLHUX IOPYIIEHL IXHiX (pepMEeHTHUX CHCTEM:
noHm:KeHHa aktuBHocTu Na', K'-AT®-azu Ta migBUINEeHHS aKTUBHO-
ctu Ca’"-AT®-asu [7]. IIlpurnivennio axktusHocTu Na', K'-ATd-azu
crupusic cuenudiune 30igpmenna Na'-mposigHocTu, mo BigOyBaeThCs
y BigmoBimL Ha ameKBaTHUII IOAPA3HUK i, TAKMM YMHOM, IIE€PEIIKO-
I:Kae PO3BUTKY 30ymKeHHA y Mmiomumrax [6]. Brim, 3a ¢isiomoriuno
HU3BKUX KOHIIEHTPAIIill aJKOroJi0 3MiHM MeMOPAHHOrO IIOTEHIifTy
CIIOKOI0 He3HauYHi, a BuUXigHa (dasa PO3BUTKY MHOTEHIIiAJYy Oii He 3a-
3Hae 3mim B3araui. IIpore C,HyO smatHuii ¢pismuHo B3aeMomiATH 3
MeMOpaHamMu MiomuTiB, mopyiryioun ixHio ¢dyHKIiIO [8]. IIpukiagom
0esImocepeHLOTO BILIMBY AJKOTOJI0 HAa KOMIIOHEHTH MeMOpaHM Mio-
IUTIB € MOPYIIEHHS eJeKTPOMEXaHiYHOro CHPSKEeHHSA 30yI:KeHHI—
CKOpPOYeHHd. 3’sICOBAHO, IO AJIKOTOJb iHTibye 3BimbHeHHSA HoHiB Ca?'
i3 capkomrasmatuuHoro peturkyaymy (CP) y miogibpmmax mocmyro-
BaHUX CKeJeTHUX M’ fA3iB MMHIIi, AKX OyJa0 ImiAZaHO eKCHO3UINii aJ-
KOroJieM, i, TaKUM YWHOM, IIEPEIIKOIKAE PO3BUTKY 30ymKeHHA [9].
Ileit edpeKT BUKJIMKAHUI, TOJOBHUM YNHOM, HNPUTHIUYEeHHAM BUXOIY
caprosiemanbHoro Ca®" uepes morenmisnsane:xui Ca®’-kamanm Ta pos-
TIATAETHCA AK MOMKJINBA IPUUYMHA M S30BOI CIaOKOCTH MHim Uac ajaKo-
roabHOI Mmiomartii [9]. OT:Ke, WOTipIIIeHHA CKOPOTJIMBOI aKTUBHOCTH
MioIIMTiB OZHOUYACHO 3 YJILTPACTPYKTYPHOIO HAe3opramisairiero miodi-
JaMEHTiB i CTPYKTYpHOIO Je3iHTerpali€io caMux KJIITHH € HpUYMHA-
MU CJa0KOCTH M’s3iB i BUHMKHEHHS iCTOTHUX TPEeMOPHUX (GJIKTya-
it M’A30BOI CUJIM 3a PO3BUTKY AJKOTOJILHOI Miomarii pisHOro cryie-
HS TAXKKOCTH.

PesynabraTty momepenuix mocaimkens [10—12] cBiguaTts mpo Bupa-
skeHUM 3axucHUU edeKT Cgy-QyimepeHy Ha PO3BUTOK IATOJOTiUHOTO
mporiecy B imemizoBamomy muscle soleus mypis. lleir BuauB, Ha Ha-
1y OYMKY, IIOB’SI3aHUU 3 iHAKTHUBAI[I€I0 YACTUHY BIIbHUX PaguKajiB
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Coo-bynepeHaMu Ha Pi3SHUX eTamax PO3BUTKY iIMIeMidHOTO KacKamy.
Omixe, BUKOpuCTaHHA OiocymicuHmx i BomoposumuaHUX Cgq-hyiiepeHin
[13] ak mory:KHUX aHTHOKcHUIAHTIB [14, 15] BizkpuBae HOBi moTeH-
MifHI MOMKJIMBOCTI A IPOMPLIAKTHKM Ta KOPEKI[ii HaToJOTiuHMX
mpoilieciB y M’ A30Bili TKAHMHI 3a aJKOTroJbHOI Miomarii.

2. METOOAUKA ERCIIEPUMEHTY

Hocmigu Ha TBapmHax OyJ0 IIPOBEIEHO BiAMOBiAHO MO IIPABUJ IOBO-
IJKeHHS 3 IIiAJOCJITHMMIN TBapMHAMH’, 3aTBEPIKEHUX BUEHOIO PAIoIo
KuiBchrkoro mHamionamnHOro yHiBepcurtery imeni Tapaca IlleBuenka
3rigHo 3 mpaBmiaaMu «EBpomelichbKOI KOHBEHIIII Ipo 3axmucT XpedeT-
HUX TBapuWH, 110 BUKOPUCTOBYIOTHCA B €KCIEPUMEHTAJHLHUX Ta 1HIITUX
HAYKOBHUX I[LIAX» i HOpMaMu OioMeZMUYHOI eTMKM, BigImoBigHO g0 3a-
Koy YEKpainm Ne3446-1V Bixg 21.02.2006 p. (m. KuiB) «IIpo saxwucr
TBapWH BiJi }KOPCTOKOTO ITOBOKEHHS» .

Hocmigu mpoBomuau Ha Oinmx HedimiiiHuUX ITypax macoioo y 135—
140 r. TBapuH, BigiOpaHuUX A eKCHIepUMEHTy, OyJ0o POo3IijieHO Ha
TPU eKCIepUMeHTaJIbHi Ipynu: iHTaKTHI TBapuHU, aJKOTroJIidoBaHi
TBAapWHU, AJKOTOJi30BaHiI TBAPMHU 3a BHYTPIITHHOUEPEBHOTO BBEMEH-
HA BomHOTO pPo3umHy Cg-QysiepeHy YIOPOJOBMK OCTaHHIX 5 OHIB aj-
KoroJisarii.

Hna mocaimxenns OyB oopanuii muscle soleus — TMOBiIbHUN M’ 3 3
aepooHuM Merabosizamom. IloBisbHI M’A30Bi BOJIOKHA CHJIBLHIINIE 3a-
JIeJKaTh Bifi OKMCHOTO (hochopuIOBaHHA, a OT:KE, € UYTIUBIIINMU IO
pyHiHiBHOI mil BimbHUX paguWKaJiB, IMOABY AKUX iHIiIifoe aJKoOTOJbHA
Miomarida.

Vupomos:x 60 muie mypu omzuu pas Ha moby orpumyBanum 40%
eTUJIOBUH cnupT (OJepsKaHUU ILIAXOM po3BeneHHA 96% erusoBOro
cuupty «Bio-®Papma JIT/l» (YKpaiHa) AMCTUIHLOBAHOI BOJAOIO) 3 PO3-
paxyaky 2 mu/100 r macu tBapunu. A BBemenHsa 40% eruaoBoro
COUPTY BUKOPUCTOBYBAJIM MeTaJeBUM KaTeTep. TBapuHU 3 KOHTPOJIb-
HOI iHTAaKTHOI IpynM aHAJOTIiYHMM YWHOM OTPUMYBAJU €KBiBaJIEHT-
HU# 00’eM IUCTUJIHOBAHOI BOJH.

Hns omepskanHa BogHOTOo po3umHy Cgo-ysaepeHy 6ysao sacTocoBa-
HO METONy, iKa I'PYHTYEThCA Ha IepeBemeHHI mMoJsiekya Cg, 3 TOMyoIy
Y BOAY 3a BUKOPHUCTAHHA YJHTPa3BYKoOBOi TexHoJorii [16, 17]. 3a mo-
IIOMOTOI0 MiKPOCKOIIIUHMX i CHEKTPOCKOIMiUHMX MeToi OyJ0o IOoKasa-
HO, 10 Taki BogHi posuuHU Cg-PyLIepeHiB € MoJiANCIepCHUME CHUC-
TeMaMM, AKi MiCTATH SK IIOOAMHOKI MoJieKyau mismerpom y 0,7 mm,
Tak i 06’emHi arperatu — y 2—100 um [18]. Kpim Toro, BogHUI poO3-
ynH Cgo-QyiliepeHy BUABUBCA CTaOiIbHUM ympomoB:kK 18 micArliB za
remieparypu y +4°C.

Bopuuit posumH Cg-hynnmeperny (Buximna =xoHmenrtpamia 0,15
Mr/mMJj) y m0o3i 1 MIr/Kr BBOAWJIM TBapuHaM BHYTPIITHHROUEPEBHO
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VIPOOOBXK OCTaHHIX 5 AHiIB ankorodizarii. Taka TexmoJioria iioro
BBeleHHsS 0asyeThcA Ha TOMY, IT0 MoJekyau Cqy, AKNX BBOAUJIU BHY-
TpimmHEbOUepeBHO mIypaMm (mosda — 500 mMr/Kr), BUBoOAMUINCA 3 OpraHi-
3My i3 ceuero ympomoB:k 2—4 mi6 [19]. Bubpana mosa BBegeHHA I'DYH-
TYEThCSA Ha EKCIEePHMMEHTaJbHO BCTAHOBJIEHMX JaHUX, AKi CBiguaTh
IIPO BUCOKY IPOTEKTOPHY mito Cgo-ynnepeny Ha Momedi imemii—
penepdysii [20, 21]. Bapro 3asHauuTH, 110 BUKOPUCTAHA 4034 BOIHO-
ro po3uuHy Cg,-byiIepeHy B eKcIepHuMeHTaxX Oyja 3HAUHO HUKUOIO
3a 3HaueHHA LD,,, AKe 3a mepopaibHOTO BBEJEHHA IIypaM CTaHOBUJIO
600 mr/xkr macu TBapuHu [19], a 3a BHYTPillTHbOUEPEBHOTO BBEAEHHS
muniam — 721 mr/xr [22].

AxnecTesilo TBapuMH B3iHCHIOBAJU IIJIAXOM BHYTPIIIHHOUEPEBHOTIO
BBemeHHsa HeMmOyTany (40 mr/xr). CrammapTHa IIiATOTOBKAa 0 eKcIie-
PUMEHTY TaKOK BKJIOUAajia KaHIoJoBaHHA (a. carotis communis
sinistra), TpaxeoTOMiI0o Ta JaMiHEKTOMil0 Ha PiBHiI mOmepeKOoBOro Bij-
Iiny cumHHOrO MO3Ky. Kambamomomiouuit m’as mrypa (muscle soleus)
3BiJIBHANU BiJ OTOUYHOUUX TKAHWH, y AUCTAJBbHIN UacTwHi Iepepisa-
JU HOTO CYXO:KUJIbHY YACTUHY Yy Iomepek. I[JIsa migroToBKM GO MOIY-
JbOBAHOI CTUMYJIAIII edepeHTiB mepepisanu BeHTpaJbHI KOpiHIIL 6es-
IocepeaHbo B MiCIAX IXHLOTO BUXOAY 3i CIMHHOrO MO3Ky. CHIIy CKO-
poueHHA M’d3a BUMipIOBaJIM 3a JOIOMOIOI0 OPUTiHAIBHUX TEH301aT-
YUKiB, PO3TAIIIOBAHUX Yy 3aAHIA yacTWHI MiKpOIIiIeTKu, A0 IepeaHbol
YAaCTUHU AKOI IPUEIHYBAJIU CYXOXKUJIOK HOCJTiAsKyBaHoro M’sa3a [23].
g popMyBaHHS CTUMYJIOBAJILHUX CUTHAJIB BUKOPHUCTOBYBAJU IIPO-
rpaMoOBaHi r'eHepaTOpPU CUT'HAJIB CIHeIiAJbHOI hopmu [24].

HocrmimxeHHa IUHAMIYHMX BJIACTUBOCTEM M’ A30BOTO CKOPOUEHHS
MIPOBOIMJIN 3a YMOB aKTHUBAIil M’A3a 3 BUKOPUCTAHHAM METOAM CTH-
myadainii edepenti. II’ars dimamenTiB mepepisaHMX BeHTPAJIbLHUX
KOPIiHI[IB 3aKpiloBaJd Ha CTUMYJIOBAJBbHUX eJIEKTPOAAaX, i 3a mo-
TIIOMOTOIO0 CIIEI[isIJIbHOTO HPUCTPOI0 3MiMCHIOBABCA IUKJIIUHUUA PO3MO-
IiJ TOCJIiTOBHOCTU CTUMYJIB Io (hisamenTax. Posnoginena ctumymis-
I[igd YMOKJMBJIIOBAJa OAEP:KaHHA MOHOTOHHOTO 1 OJHOPiZHOTO CKO-
poueHHA M’s3a 3a HMUBBKUX YaCTOT CTUMYJAIII oKpeMux QijsaMeHTiB.
Crumynainito edepeHTIB 3AiACHIOBAIN €JIEKTPUUYHUMU iMITyJILCAMU
TpUBAJIiCTIO ¥ 2 MC, chOPMOBAHUMH 3a JOIIOMOI'OI0 I'eHepaTopa iMmIiy-
JbciB, KepoBanoro AIIIl, uepes3 mIaTHHOBI eleKTpoau. XapaKTepuc-
TUKHA CTUMYJIOBAJILHOTO CHUT'HAJy 3aJaBaJii IIPOTPAMHO Ta IiepenaBa-
au 3 xomitekcy AILII-ITAII ma remeparop [24]. KouTposs 3oBHiII-
HBOTO HABAHTA’KEHHS Ha M’ I3 IIPOBOAUJM 34 OOIIOMOTOI0 CHCTEeMU
MeXaHOCTUMYJIATOPiB. 30ypeHHs HaBaHTAXKEHHS 3MiMCHIOBAJIMN JiHili-
HUM eJIeKTPOMAarHeTHUM IBUTYHOM.

Pisenr BMmicTy depMeHTiB (KpeaTuHiHy, KpeaTuHdochokinasu, ja-
KTaTy Ta JaKTaTIerigporeHasu) y KPOBi eKCIepUMeHTAJIbHUX TBAPUH
K MapKepiB ypakeHHA M’ SI30BUX KJITHH BUMipIOBAJU 34 JOIIOMOTOIO
KJIiHiYHO-IiATHOCTUYHOrO ObJIafHAHHA — reMoaHasizaTopa [25].
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OOpoOKY pesyJbTaTiB OOCJHIM)KEeHHsS IIPOBOAMIN METOJaMM Bapid-
IiAHOI CTATUCTUKU 3a MOIIOMOIOI0 IIporpamMuoro 3abesmeuennsa Origin
8.0. DBioxemiuni pmami O0yso0 Bupa)keHo AK cepegHe 3HAUYEH-
HA + cTaHZAPTHA IIOMHJIKA CEePeIHBOro IJA KOKHOI rpynu. BizminHO-
CTi MiK eKCIlepMMEeHTAJILHUMU TIpyHaMu OyJ0 BHSBJIEHO 3a TOIIOMO-
roro OmHO(paKTOPHOI JAHCIEpPCiiiHOI aHaJi3W 3 IIOZAJBLIINM TECTOM
MHOKUHHOTO HmopiBHAHHA BoH(peppoHi. 3uauenus p < 0,05 Bakaiu-
csA 3HAUYIITUMU.

3. PE3YJIBTATH 1 OBTOBOPEHHS

Ha pucynky 1 1mpeacTaBieHO MeXaHOTPaMH CKOPOUeHHA muscle
soleus ankoroJizoBaHoro miypa. Ha ¢asi yrpumanHsa MaKcUMaJIbHOI
CUJIOBO1 BiJITIOBiZli YIIPOAOBXK YCHOT'O YaCy CTHUMYJIAILIl cIlocTepirajamnch
sACKPaBO BUpaKeHi (OIOKTyalliiHi KoJMBaHHA. BeauuynHa MUX KOJIH-
BaHb PisKo 30iidbITyBajiacd 3 KOKHHUM HACTYOHUM CKOPOUYBAJIbHUM
mporiecom (puc. 1, 8) i craagana 0,68 £ 2% Ta 0,73 +£2% H ma mep-
IIIOMYy Ta II’ATOMY HIpoO6iry GespesaKcalliiiHOrO CKOPOUYEeHHS BiAIOBin-
HO. Awmajiisza MexaHoOrpaM  AaJKOrOJIi30BAaHUX  IIMypiB  micas

Puc. 1. Mexanorpamu muscle soleus anKoroJyii3oBaHOTO IIypa 3a BHYTpil-
HBOUEPEBHOI'0 BBeJeHHA BOZHOTrO po3umHy Cgo-Oyiiepeny B mosi 1 mr/kr: a,
0 — MexaHOTPaAMH AaJKOTOJi30BaHMX TBapuH 0e3 Ta 3a BBeJAEHHA BOJHOTO
posumnny Cgy-byirepeHy BiAmoBizHO; 6 — BenwuymHa (QIIOKTYamiiHUX KOJIU-
BaHb YIPOJOBK 5 MOCHiZOBHUX OespesakcaliliHux mojpasHeHb. Af; i Af, —
aMILTiTynu (QUIIOKTyalmiiHuX KOJMBaHb Ha (adi yTpuMaHHA MaKCUMAaJIbHOL
CHJIOBOI BiAIIOBiZli B aJKOroJii30BaHMX TBapuH 0e3 Ta 3a BBEJEHHS BOIHOTO
posuuny Cg,-Gyinepeny siamosizuo. ‘p < 0,05 BiZHOCHO IpymM aJIKOroJIiz0-
BaHUX IIypiB 0e3 BBeJEeHHS BOJHOT'O PO3UNHY CGO-CI)YJIJIepeHy.I
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I’ ATUIEHHOTO BBeAeHHS BomHOro po3uuHy Cg-QyiaepeHy moKasaja
3HayHy (iKcalliro cujaoBOI BiAmOBimi Ha (asi yrpuMaHHA MaKCUMAaJb-
HUX CHUJIOBUX 3HaUeHb CKopoueHHA (puc. 1, 0). Bermuumna ¢uroKTya-
MiAHMX KOJMUBaHL Ha (pasi JoCATHEHHS MaKCHUMAaJbHUX CUJIOBUX 3HA-
YeHb 3HAUHO IOHMMKyBajacA Ta ckiaagaaa 0,51 +2% i 0,563+2% H
Ha IIepIIOMYy Ta II’ATOMY IIPO0Oiry Oe3pesaKCalliffHOTO CKOPOUEHHS Bi-
amosigHo. Cuim sayBamuTu, IO 3i 30iIbIIeHHAM KiJbKoCcTH Oespelia-
KCaIlifHMX CKOpPOYeHb pPiBeHb (IOKTyaIllifi CHJIOBUX BiJIIIOBizeil
IPaKTUYHO He 3MiHIOBaBcA (puc. 1, 8).

ITaTomoriubne 30inbIieHHA BeauumHN QIIIOKTyalliii y TeTaHidYHMX
CKODPOUYEHHAX AaJKOTOJIiZ0BaHUX INMYDIB MOKHA HOACHUTU IIOPYIIEH-
HAMH piBHOBaru (isiosoriunmx Homis, mepexycim, Ca?’, ta mucdyHK-
I[i€}0 TPAHCIOPTHUX CHCTEeM MeMOpaHu MiomuTi. K Bimomo, masa
CKOpOUeHHA—po3caadaeHHsa M’ sd3a HeoOXigHa meBHA 3MiHA KiJIbKOCTH
itorie Ca?" y wmiomnasmi, sxa B HOopMi BimOyBaeThca i3 saTparamu
AT®, emepria rigposisu AKOI BUKOPUCTOBYETBHCA A (PYHKIIIOHY-
BauHA Ca?’-ATd-asu, mo tpancmoprye Ca®" y mucreprm CP. SIkmro
BpaxyBaTu Te, IO IIiJ 4Yac XPOHiuHOI ajskoroJizamii y wmiomrasmi
M’A30BUX BOJIOKOH KOHIleHTpaIia iHomiB Ca?' s6impmyersca [9], a mix
yac BTOMHU 3MEHHIYeThCS piBeHb AT®, Tomi ImiaKOM MOMKIMBO, M0 ii
HecTaua IIepeInKo/I;Kae POIIIeIlJIEHHI0 MO3J0BXKHIX MicTKiB i, 3ara-
JIOM, TIOBHOMY PO3CJabJeHHI0 M’ s34, OCKIIbKU /s 3a0e3IleueHHsd po-
3cmablieHHsa CcapKoMepiB i HACTYIHOTO AKTHH-CHOJYYHOTO B3aIlyCKy
MeXaHi3My CKOpOuYeHHS IOTpiOHe NoBepHeHHsA piBHA itomHiB Ca’" 1m0
mouyaTKoBoro craHy. lle mmoBeprae MOJIEKYJY TPOIOHIHY y BUXimHe
MIOJIOXKEHHA, BHACIIIMTOK YOTr0 OJIOKYETHCA MOMKJIMBICTH MOJIEKYJISPHOI
B3aeMOMil MiosMHY ¥ akTHHY. ¥ 3B A3KYy 3 IIUM 3MEHINeHHS pPiBHSA
durokTyaniinnx KosmBaHb npu BBegeHiI Cgy-QyJsiepeHiB MOKHaA TO-
SCHUTHU caMe MOHMKEHHAM KIiJIbKOCTH HOINKOIKYBAaJIbHUX MeMOpaHy
BiTbHUX paamKaigiB. [asa migTBepAKeHHS IIbOro HaMu OyJi0 IpoaHa-
JizoBaHO (POopMyBaHHA TIJIaJKOTO TETAHIYHOTO CKOPOYEHHSA M’sd3a 3
¢asu 3ybuacToro teramycy (puc. 2).

YupomoB:x  (OpMyBaHHA TIVIAAKOTO TeTaHyCy B  XPOHIUHO-
aJIKOT0JII30BaHUX IIYPiB CcIIOCTepiraBcs TPeMOpP MaKCUMAaJbHUX CUJIO-
BUX BimmoBizeii. Yac BCTAHOBJEHHS TIJIaJKOTO TETAHYyCY icTOTHO 30i-
JbIMUBCA Ta cKiaB 3864 mc (y KoHTpoai — 3545 mc). Ilicas BBemeH-
Ha BomgHOro pos3uuuy Cg-yinepeny 1eit yac ckaaB 3611 mc, 1110
MaiiKe BiZIlIOBiasio KOHTPOJIbHOMY 3HAUEHHIO.

TakuM YMHOM, Ma€ Miclle 3HAUHUU TepameBTUUYHUNA edeKT mii Cgo-
dynnepeHy Ha (POpPMYyBaHHSA TIAAKOTO TETAHiUHOTO CKOPOUYEHHS, IO,
Yy CBOIO Uepry, BILJINBA€ Ha 3MEHIIEHHS PiBHS (PIOKTyaIlililHUX KOJIU-
BaHb IIPM CKOPOUEHHAX AaJIKOT0JidoBaHOTo M’sa3a. Ha mamry aymkKy,
Ile OB’ ’A3aHO caMe 3i 3MEHINeHHAM KiJIBKOCTH BIJIBHUX PaAuKaJiB y
mporeci I’ATUAEHHOrO TEePaleBTUUYHOTO BBEIEHHS BOJHOTO PO3UNHY
Coo-bynepeny. MexaHismM IILOTO ABUIA MOXKe OyTHM HACTyOHUM. 3a-
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Puc. 2. Biomexauiuni mapamerpu mepexoxmy muscle soleus i3 3y6uacToro y
MIagKuil TeTaHyCc IIPU 3aCTOCYBaHHI CTUMYJNANINHOTO MOAPa3HEHHA 4YacTo-
Toro y 20 I'm;: a — MexaHOTpaMM aJKOTOJII30BAHUX ITYyPiB 3a BBENEHHS BOJ-
HOTrO po3uuBy Cg-yiaepeHy; 6 — yac BCTAHOBJIEHHS TJIaAKOTO TeTaHycy. I,
2, 3 — MexaHOrpaMa KOHTPOJILHOI I'pyIH, MeXaHOTpaMH aJIKOTOJIi30BaHUX
mypiB 6e3 Ta 3a BBeJeHHA BomHOro posumHy Cgo-dynnmepeHy Binmosiguo.
“p < 0,05 BiZHOCHO KOHTPOJLHOI rpymu.>2

3HAYa€ThCa, IMo (isMuHi HaABAHTAKEHHS Yy CTaHi aJKOTOJbHOTO
CcI’AHIHHA CIPUAIOTH BUBiLTbHeHHIO HoHiB Ca®’. BriM, 6esmocepeiHBO
C,HO He spaTHUil cipuunHATH BuBinbHeHHs Ca®’. BaramoM, BUBiIb-
HeHnit Ca®" cTBOpPIOE HAANHINIOK IOHIB y capKoILIasMi Ta IPHUBOIUTH
IO YVTBOPEHHS BiIbHMX pagukaiiB, soxpema H,0,, axuii 3a HU3BKUX
KoHIeHTpaniii (10-100 MM) axTuBye moTeHmismsantexui Ca®'-
BuUBLIbHAWOUI Kanamu i € aronicrom C,HO. Bigrak, H,O, moske maTo-
JIoTiuHO iHAYKyBaTH BuBiabHeHHS HouiB Ca®’. Aie i cam rimpokcuisn-
HUN paguKal 3AAaTHUNA CIPUUYMHUTH KOPOTKOUACHE IIOTEHITiI0OBAHHS
CHUJIM [JOBLJIBHHX M’ A30BHUX CKOPOYEHBb, IO 30iJbIlIye KiabKicTb Ta
aMIiIiTyny duaokryariin cuau. Take #ioro 30ijdbIlleHHA y MiommTax
IPU3BOIUTH A0 IOPYIIeHHA MexaHismiB Ca?’-omocepemkoBaHOI cuT'HA-
mizamii  [26]; Takox mpurHiuyerhca saaTHicTs  fomis  Ca®f
3B’asyBarucsa 3 TpomoHiHoM C i Ca®'-zase)kHe cIpsyKeHHA 30y KeH-
Hsa—cKopoueHHA [9]. Buacaizok mporo mionmury He 3maTHI ageKBaTHO
peasisoByBaTH CTUMYJAILINHI KOMaHOM, IO Bele A0 3aTPUMKM BCTa-
HOBJIEHHSA TJIAAKUX TETAHIYHMX CKOPOUYEHb i, BiATIOBimIHO, TpeMOPHUM
GIOKTyarifHuM KOJIMBAaHHAM M sa30BOi cuau. IHakTuBaiis Cgq-
dynnepeHaMU 3HAUYHOI KiJIBKOCTM BiJILHUX paaMKAaJIiB 3MEHIITyE€ Hapo-
CTaHHS WX KACKaIHUX IMaTOJIOTIUHUX IIPOIIeCiB.

Hna 3’sicyBaHHS 3MiH y (QYyHKI[iOHYyBaHHI M’s3a 3a mii BogHOTO pO-
sunHy Cg-(yiepeny OyJjio mpoaHaidoBaHoO mesaki 6ioxemiuHi mokas-
HUKHN KPOBi TBapwH, AKi BBasKalOThcA MapKepaMmu (iziogoriuHmx mo-
pVyIiIeHb Y M’A30Bili TKAHMHI BHACJIZOK PO3BUTKY BToMu. CamMe BTOMA
Bifirpae omgHy 3 KJIIOUOBMUX poJiell Y ()OPMYBAHHI TPEeMOPHUX peaKIliit
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Puc. 3. Bioxemiuni [IOKAa3HUKN KpoBi migmocmigamx mypis. “p < 0,05 moxo
KOHTpOJbHOI Tpymu; ~p<0,05 Iofo I'Pymu aJKOroJi30BaHUX IIypiB 6e3
BBeJleHHs BoAHOTo po3uuny Cg-dyirepeny.?

M’s130BOi cuctemu [27] (puc. 3).

3MmiHa piBHA KpeaTuHiHy (IPOAYKTY, IO YTBOPIOETHCA y M fA3aX 3a
PYHHYBaHHA BHYTPillIHHOM A30BUX CTPYKTYP) Hajia 3MOTYy OIIiHUTHU
pPiBeHBb TONIKOIKEHHA MIOIMTIB 3a PO3BUTKY AJIKOTOJBHOI Miormarii.
Ileit mokasHmK 36inmpmuBcsa 3 52+ 2 uM/n y kKoutposi mo 123+5
uM/n micia ankorosiszamii mrypiB. II’aTupeHHe BBeNEeHHA BOIHOIO
posunny Cg-yiaepery IIOHU3UIO el TOKa3HUK M0 BeauuuHu 64 + 2
uM/n. Ha mamy aymMKy, 3MeHIIIeHHA (pakiii KpeaTUHiHY 3yMOBJIEHO
M, IM0 MoJeRyaum Cg, 3axXUINAIOTL MeMOpaHM KJITHH CKeJeTHUX
M’s13iB Bim Hecmenu@diuHOr0O BiIbHOPAAWKAJILHOTO PYHHYBAHHA, edex-
TUBHO IOTJIMHAIOUMN aKTUBHI (GOPMHU KUCHIO.

B axTuBHOMY M’s3i OGinbIricTh, MeTaboaivunHmxX i OioxeMiuHMX IIpoO-
1eciB BimOyBaioThCA 3a aHAEPOOHUX YMOB, M’sI3 BUKOPHCTOBYE 3HAUHY
KiJIbKiCTh MITOXOHAPiANBLHUX (epMeHTiB, BHACJIJOK YOTO B HBLOMY
HAKOIIMYYEThCA BeJIMKAa KiJIbKiCTh JaKTaTy, AKMI He BCTUTa€ OKUC-
HIOBATHCA. Y KOHTPOJILHUX B3HAUEHHAX pPiBeHL JaKTATy CKJIAJaB
12+ 1 mM/ma. Ilicna ankoroJsisaiiii TBapuH HOT0o 3HaAUEHHS 3POCTAJIO
mo 17+ 1 mM/ma. Ix’eknii BogHOTO po3umuy Cgo-QyJiliepeHy TOHUBU-
au piBeHb jJakTaty mo BeauumHU 13 +£1 MM/mua. Takum umaOM, Cgyo-
dynmepeHoBa Tepamis DpuUBOAMJIA M0 30iJbIIIEHHA OKMCHEHHA JaKTa-
Ty maitzke Ha 40% .

36inbmienHa ¢pakiii JgakraTgerizporeHasu y KpoBi go 622+ 11
Ooll/N1 € pe3yJbTaToM AK (pisiosoriuHoro pyiHyBaHHA CTiHOK MioIm-
TiB, TaK i 30iJbIIIeHHA BMiCTy JaKTaTy 3a akTUBAIlii M’ a3a. BBemenns
BogHOTO PO3uuHy C4o-pyepeHy 3MeHIIINJIO PiBeHb JIaKTaTAerigpore-
Hasu no BeamumHu 311+ 11 ox/m, 110 MOKe CBIAUYUTU IIPO 3MEHIIIEH-
HA K MEXaHIUHOTO IOIMTKOKEHHA M A30BUX BOJIOKOH, TaK i KOHIIe-
HTpaIllii JakTaty y M’ A30Bill cucTeMi 3arajgom.

Kpeatundochorinaza — depMeHT, AKMHA y BUCOKIH KOHIeHTpAIil
MPUCYTHIN y CKeJeTHHX M A3aX. 3a HOIIKOI:KeHHS M’sa3iB cmocTepi-
raeTbCA BUBLIbHEHHA IBOTrOo (DEPMEHTY 3 KJIITWH i, BiAmOBigHO, mif-
BUINIEHHA HOr0 aKTHUBHOCTH y KpoOBi. 36isbimeHHsa Qpakxiii KpeaTuH-
dochokiHasm y KpoBi 3a PO3BUTKY aJKOroJbHOI Miomatii 3 560 + 13
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on/nm y KouTpoJai o 1680+ 22 ox/m € pesyabTaToM HMIBUIKOTO (hisio-
JIOTiYHOrO PYWHYBAHHA CTiHOK MIiOIUTIB, IO ITOCUJIOETHCA 3a TPUBa-
Joro OespeJaKCAaI[iiHOTO CKOPOUEHHA M’d3a. 3a BBeNEeHHsS BOILHOTO
posunny Cg-hyiaepeHy piBeHb KpeaTuH@OCHOKiHa3M iCTOTHO HOHU-
suBca (y moHan Tpu pasu) i ckamaB 871 + 23 ox /.

3 QYHKI[IOHAJBbHOI TOUKM 30PYy IIi JaHi BKasyiOTh Ha Te, IO 3HAUYHA
KimbKicTh BHCOKOeHepreTMUYHUX (ocHaTHUX CIOIYK BUTPAUAETHCS
MIOITKOMKEHOI0 M’ SI30BOI0 KJIITHMHOIO Ha HOiATPUMAaHHSA T'OMEOCTa3y
[28] i, Ak HacaigokK, Mae Miclle IOPYIIeHHA OOMiHY pPeUYOBUH, IIIO
OPU3BOAUTL OO0 BTOMM M’s3a. BomHouac, iH’€KIlii BOJHOTO PO3UUHY
Ceo-byanepeny iCcTOTHO MiABUIIYIOTH €HEPreTHYHI MOXKJIMBOCTI
M’sI30BOi CHCTEMM.

4. BAICHOBRH

Or:ke, ofep:KaHi MexaHOTrpaMM aJIKOTOJIi30BaHWX IIypiB Iicjsa
I’ ATUAEHHOTO BHYTPiITHLOUEPEBHOTO BBEJEHHS BOAHOTO PO3UMHY Cgo-
dynnepery (mosa — 1 MI'/Kr) ZeMOHCTPYIOTH (piKcailito cuJoBOi Bin-
moBizmi M’A3a Ha Gasi yTpuMaHHA MaKCHUMaJbHUX CUJOBUX 3HAUEHb
cKopoueHHsa. KpiM Toro, mae Mmiclie 3HAaUHUI TepameBTUYHUN edeKT
nmii Cgo-dynepeny Ha (OPMYBaHHA TJIaJKOTO TETAHIYHOTO CKOPOUYEH-
Hd, 10 TAKOXK BILJIMBA€ Ha 3MEHIIIEHHA PiBHA (QUIIOKTyallifiHUX KOJIU-
BaHb IIPU CKOPOUEHHAX aJIKOroJiizoBaHOro M’s3a. Haperri, BuABIEHO
3MEeHIIIeHHA piBHIB (QepmenTtiB (KpeaTmHiHy, KpeaTuH(dochOKiHa3M,
JIaKTaTy Ta JIaKTaTIeTiIporeHasn) y KPOBi eKCIepMMeHTaJLHUX TBa-
puH 3a BBeNeHHA BOAHOTO po3umHy Cgo-Gyinepeny. Ha Hamy nymky,
cmocTepesKyBaHi eheKTU 3yMOBJEHiI TUM, 110 MoJeKyau Cgy AK HOTY-
JKHI aHTHOKCHUIAHTU 3axXUIalTh MeMOpaHM KJITHH CKeJeTHUX
M’s3iB Bim Hecmenu@diuHOr0O BiIbHOPAAWKAJILHOTO PYHHYBaAHHA, edex-
TUBHO TMOTJIVHAIOUM aKTUBHI (OPMU KUCHIO, a OTKE, BOHU MPOSABJ-
I0Th BUPa)KeHU! 3axucHU edeKT Ha JUHAMIKY CKOpPOUeHHA muscle
soleus 3a POSBUTKY aJIKOTOJIbLHOI MiomaTili Ta MOMKYThH PO3TJIALATHCS
SAK MEepPCIeKTUBHI HAHOATeHTHU MJIA NPOMIIaKTUKU i KOpPeKI[ii ITOIKOo-
IKeHb MiOIIUTiB.
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! Fig. 1. Mechanograms of the muscle soleus of alcoholic rats for intraperitoneal administra-
tion of an aqueous solution of Cg, fullerene at a dose of 1 mg/kg: a, 6—mechanograms of
alcoholic animals without and with the introduction of an aqueous solution of Cg, fullerene,
respectively; 6—the value of fluctuation oscillations during 5 consecutive non-relaxation
stimuli. Af; and Af, are the amplitude of fluctuation oscillations in the phase of maintaining
the maximum force response in alcoholic animals without and with the introduction of an
aqueous solution of Cg, fullerene, respectively. “p < 0.05 relative to the group of alcoholic rats
without the introduction of an aqueous solution of Cg4, fullerene.

2 Fig. 2. Biomechanical parameters of the transition of muscle soleus from dentate to smooth
tetanus when using stimulation with a frequency of 20 Hz: a—mechanograms of alcoholic
rats with the introduction of an aqueous solution of Cg, fullerene; 6—the time of installation
of smooth tetanus. 1, 2, 3—mechanogram of the control group, mechanograms of alcoholic
rats without and with the introduction of an aqueous solution of Cg, fullerene, respectively.
“p < 0.05 relative to the control group.

3 Fig. 3. Biochemical parameters of blood of experimental rats. p <0.05 relative to the con-
trol group; “p <0.05 relative to the group of alcoholic rats without the introduction of an
aqueous solution of Cg, fullerene.
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