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The results of the researching of thermoelectric properties of samples, which are obtained by compressing
mechanical mixtures of microdisperse powders PdTe and CdTe, are presented. It was found that the using of
cadmium for telluride as an additional component to the lead telluride contributes to a decrease in the coefficient
of thermal conductivity of the materids of the studied system, which can be promising for the creation of

thermoel ectric converters based on them.
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I ntr oduction

Lead Teluride is a semiconductor material, which is
used to create on its basis thermocouples working in the
temperature range 300-500C [1]. The main
disadvantage of using PbTe is the reatively low
coefficient of efficiency of devices based on it (< 10 %).
Therefore, finding ways to increase this value is an
urgent task.

The efficiency of the material is determined by the
parameter Z - thermionic quality factor:

,_Ss
k

The complexity of the problem of increasing the
value of Z lies in, because while increasing the specific
electrical conductivity of the material, for example by
doping, due to increased carrier concentration, the
therma conductivity of the materia increases and the
coefficient of thermo-EMF decreases. As a result, the
significant improvement in thermoelectric quality isn't
observed.

Taking into account the above, it is relevant to study
the thermoelectric samples, which are obtained by
powder pressing method, which ensures the formation of
a large area of intergranular boundaries. In addition to
scattering of phonons, such limits can carry out the
filtering of current carriers by passing electrons (holes)
only with "high" energies, which should increase the
coefficient of thermo-EMF of the material. It should be
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noted that an important factor is the size of the powder
fraction for the pressed samples, which are used for
compacting. The use of an additional nano-disperse
component of another material can provide the creation
of an additional scattering surface for phonons, and, in
the case of the use of metallic nanoparticles, to create
qualitative conductive contacts for the electrons between
the grains[2-6].

In [7], the composite specimens, which are based on
the mechanica mixtures of microdispersed PbTe were
studied as a base material and nano-dispersed additives
ZnO, TiO2. However, the predicted decrease in thermal
conductivity was not observed. In view of this, the
mechanical mixtures of microdisperses PbTe i CdTe
were investigated in this paper. The main factor in
choosing cadmium telluride is that its thermal
conductivity is much smaller in comparison with zinc or
titanium oxides.

|. Experiment methodology

Synthesis of PbTe was carried out in vacuumed
quartz ampoules [8]. The resulting ingots were crushed,
pressed under pressure (1.0- 2.0) GPa and annedled at
temperatures (200 - 500)°C. In the case of mechanica
mixtures, the base material powder was mixed with the
microdisperse powder CdTe, the particle size was
reached (32-50) mkm. The phase composition and
structure of the synthesized ingots and samples were
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investigated by X-diffraction methods on the automatic
diffractometer STOE STADI P. Surface morphology was
studied using an optical microscope NEXUS 400A. Hall
measurements were carried out in constant magnetic and
electric fields using a four-zone method. The value of the
coefficient of thermo-EMF was calculated by measuring
the voltage at the ends of the sample when the
temperature gradient was created =5°C. The specific
electrical conductivity ¢ was determined by measuring
the voltage drop on the sample at the passage of
aternating current. The coefficient of thermal
conductivity k was determined by the method of radial
heat flux

Synthesis of cadmium telluride to produce the
mechanical mixtures was carried out in the sealed quartz
ampoules. Additionaly, unlike the conditions for the
synthesis of compounds IV-VI, the ampoules were
grafitized by acetone pyrolysis. The temperature mode of
synthesis consisted of several stages of heating and
aging, and the direct synthesis was carried out at a
temperature of 1120°C. The resulting ingots were
chopped in aball mill.

1. Results of the research and their
discussion

The chemical analysis of CdTe ingots showed a low
content of uncontrolled impurities (Table 1.). The
composition and technological parameters of preparation
PbTe-CdTe sample are given in Table 2. The optimum
pressure of compression for these compositions is
1.5 GPa, the shutter speed under pressure is 15 minutes,
the size of the fraction of the base materia - (0.05-
0.5) mm. All samples were annedled at 500 C for 15
minutes. Unlike the mechanical mixtures powder, which
was studied in [7], for these samples, an additiond

Tablel
The chemical composition of the synthesized ingots
of CdTe isdetermined by the method SIMS

Impurity Relative content, 10" mas. %
B 0.66
Na 0.62
Mg 0.03
Al 0.18
S 0.25
Cl 0.11
K 0.23
Ca 0.26
Fe 0.31
Co 0.13
Ni 2.27
Ag 131
Sb 0.15

I 2.68
Ba 0.15
Ta 0.01
W 0.23
Pb 9.23
Bi 0.44
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Table?2
Composition materids of PbTe-CdTe
Number Composition
of sample
la PbTe
1b PbTe
2a PbTet+1mas. % CdTe (32-50) mkm
2b PbTe +1mas.% CdTe (32-50) mkm
2c PbTe +1mas.% CdTe (32-50) mkm

component was not used for pressure gauges, and a
micrometer size in order to increase the volume of the
additional phase, and not the number of additional limits,
asin the previous cases.

The parameter of elemental cell of a homogeneous
PbTe is 6.4583(2) A, but for the pressed and annealed
composite sample — 6.4566(2). Such an effect may be
due to the influence of technological factors (pressing,
annealing) [8], and the chemical interaction between the
base and additional materias.

i ¥ !.‘.’ y “‘ ,f‘
LA Fyalg /] ]
L L
Nl y T
1 v,, 14 ll i
{ T ’
/
/!

b)
Fig. 1. Surface structure of the pressed at 1.5 GPa and
annealed at a temperature of 500°C for a sample PbTe
(8 and composite sample PbTe-CdTe (1 mas. %
CdTe) (b) (the size of the photo is 460x460 mkm?).
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Surface structure of pressed and annealed samples of
PbTe-CdT at 500°C, it turned out to be more porous than
in the case of homeless PbTe, but less porous than those
investigated in [7] composites. The hardness is HV =
312 MPa, which, unlike those studied in [7] composites,
which does not differ dgnificantly from the
homogeneous PbTe — HV =297 MPa (pressure of
pressing 1,5 GPa, annedling temperature 500°C).

Based on the Hall effect study, it was found that
when added CdTe (1 mas. % CdTe) the temperature
dependence of the carrier concentration is decreasing
(Fig. 2), however, the change in the value of nH in the
measured temperature range is not significant and does
not exceed the measurement error.
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£

=}
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Fig. 2. Temperature dependences of carrier concentration
in composite materials PbTe-CdTe.
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Fig. 3. Dependence of the logarithm of the specific
conductivity from the logarithm of the temperature for
the annedled samples of PbTe and the composite
samples PbTe-CdTe (1mas % CdTe). Points
experiment, curves - calculation according to the
equation Ig(c) = A-2.51g(T).

It seems logical to reduce the eectrical conductivity
of the samples and the invariability of the thermo-EMF
coefficient coefficient when adding CdTe: the additional
component reduces the total area of the conducting
channels, it practically does not pass the current, and the
kinetic parameters of the carriers passing between the
cores of the base material have no effect on CdTe. In
logarithmic coordinates, the dependence o (T) is
satisfactorily approximated by a straight line, according
to the equation Ig (o) = A-2.51g (T). The coefficient 2.5
clearly indicates the dominance of the mechanism of
scattering of carriers on acoustic phonons. The deviation
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from the linear of dependence for the points, which were
obtained a the maximum temperature, most likely,
indicates the beginning of the region of its own
conductivity. It is important to note that the presence of
an impurity does not change the dominant scattering
mechanism. In particular, there is no appreciable effect
of grain boundariesin the investigated materials.
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Fig. 4. Temperature dependences of coefficients of
thermo-EMF (a) and thermal conductivity (b) for
composite specimens PbTe-CdTe with the contents of the
mi crodisperse component CdTe 1 mas. %.

In contrast to the nanocomposites PbTe- ZnO (TiOy),
studied in [7], for samples PbTe-CdTe, a certain decrease
of the coefficient of thermal conductivity is recorded
(Fig. 4). That is, on the one hand, the dectrica
conductivity of the samples and their therma
conductivity decrease as a result of the addition of the
microdisperse CdTe, and on the other - scattering in the
composite materialsis determined only by the interaction
of current carriers with acoustic phonons. In view of the
above, we can assume that responsibility for reducing of
the quantities ¢ is not additional grain of boundaries,
since the dope of the curves ¢ (T) in logarithmic
coordinates for homogeneous and composite samples
does not change, but a decrease in the effective cross
section of the sample, which is carried out by the current
transfer. In the case of phonons, it is most likely that the
additional of boundaries are the main factor in reducing
the intensity of their dissipation. Comparing the obtained
data with the results, which are presented [7], it can also
be argued that it is equaly important that the thermal
conductivity of the additional component is no less
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important. It is the fact that the thermal conductivity ZnO Microdisperson component CdTe is the promising
or TiO, is much higher than the thermal conductivity of ~ material for creating composites PoTe-CdTe with alower
the base material; in [7], it was not achieved to reduce coefficient of thermal conductivity.
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[IpencraBneHo pe3yabTaTH IOCHIIHKEHHS TEPMOEJICKTPUYHUX BJIACTHBOCTEW 3pa3KiB OTPUMAHUX IILIIXOM
MpEeCyBaHHSA MEXaHIYHUX CyMilel mikpomucrnepcHux moporkis PbTe ta CdTe. BeranoBieHO, 1110 BUKOPUCTAHHS
KaJMii Temypuay SK JJONATKOBOIO KOMIIOHEHTY [0 IUTFOMOYM TEIypHIy CHpHUs€ 3MEHIIEHHIO KoedilieHTa
TEIUIONPOBITHOCTI MaTepiaiiB JOCTIKYBaHOI CUCTEMH, SIKI MOXKYTh OyTH IEPCHEKTUBHUMU JUIs CTBOPEHHS Ha ix
OCHOBI TEPMOEJIEKTPUYHUX TIEPETBOPIOBAYIB.
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KBanToBI e)eKTH HEOATICTUYHOI0 TPAHCIIOPTY B IJIIBKaX HA
ocHOBi coyk PoSnAgTe

1 o . o . . . .
Tpuxapnamcokuii hayionanvhuti ynigepcumem imeni Bacuns Cmeganuka, eyn. lllesuenxa, 57, Ieano-@panxiscoi, 76018,

Vpaina, e-mail: fcss@pu.if.ua
2Inucmumym usuxu iveni B.1. Cmenanosa HAH Binopyci, np. Hesaneocnocmi 68, Mincok, 220072, Binopycs

Ha ocHoBi Teopii cnabkoi Jokamizauii 3 BpaXyBaHHAM MEXaHI3My CIiH-OpPOITaJIBHOIO PO3CIIOBaHHS

PO3TISIHYTO  3aKOHOMipHOCTI

3MiHM MarHeTOIpPOBiJHOCTI

mwiiBok PbSnAgTe. ocmipkeHo —3aieXHOCTI

Marseroonopy miiBok POSnAgTe Big ckiaxy B neprneHIuKyIIPHOMY A0 IIOBEPXHI IUTIBKM MarHiTHOMY IIOJI.
[Nokaszano, 1m0 Ui MOJIKPUCTANIYHUX IUIIBOK Ha MIiAKIAIKaX 31 CIIOAW-MYCKOBIT 4Yac CIiH-OpOiTanbHOI
B3a€EMOJIIT 3aJICIKUTH BiJ] CKIIaTy Ta MOXE 3MiHIOBATH 3HAK MarHETOOIOPY.
KurouoBi ci10Ba: po3MipHi e)eKTH, TOHKI ILTIBKH, INTIOMOYM TeITypH, TEPMOEISKTPUYHI BIACTUBOCTI.

Cmamms nocmynuna 0o pedakyii’ 15.10.2017; npuiinama oo opyky 15.12.2017.

Beryn

[I1roMOyM Tenypum BXKe ITOCHUTH I00pe BimoMuit
Matepian IS JpKeped Ta ICTEKTOPIB iH(ppavuepBOHOTO
BUIIPOMiHIOBaHHS ONITUYHOTO CHEKTpY [1,2].
HamiBnpoBigaukoBi Matepiamu, Taki sk PbTe, Takox
MiIXOMATh JJIS  JOCHI/DKEHHS OaTiCTHYHUX e(eKTiB.

3aBasKu JIOCTaTHbO BHCOKiH JUeNeKTPUYHI i
nponukuocti €=1350 mpu 4,2K B PbTe Ta wmanii
epexruBHii  Maci M*=0.024m,, w0 cnpuyHHIE

eQeKTUBHE eKpaHyBaHHS BiJ| 10HI30BaHUX JOMIIIOK 1
nedekTiB. PesynmbraToM OO € JAY)KE BHCOKa
PYXJIHBiCTh 00'€MHUX 3pa3KiB, sika MOXKE IEPEBHUITYBATH
10° M%/V S 1ipu HIBBKEX TeMmrepatypax [2]. 3aBIskd M
BJIacTUBOCTSIM POTe Moxke OyTH BUKOPHUCTAHHN Y HOBIii
rany3i — CmHTpoHili. OJHAM 3 MOXIJIUBUX 3aCTOCYBaHb
PbTe e BukopucTaHHs HOro B SKOCTI CIIHOBOTO (ilbTpa
[3], 3aBasiku BECOKOMY 3HaUeHHIO (hakTopa JlaHe.

Bin' eMHuU#t MarseToomip, 0 9acTo CIHOCTEPIraeThCs
B HAIIBIPOBIJHMKAX TOSCHIOEThCS B pPaMKax Teopii
crmabKoi Jokasmi3allii Ta criH-opOiTanbpHOI B3aemoii [4].
Li edextn € cyTo KBaHTOBUMHU e(peKTaMU B pe3yJIbTaTi
iHTepepeHIil eIeKTPOHa 3 CaMUM COOOI0 Ta B3aEMOMIT
€JIEKTpOHa 31 CBOIM CIIHOM B MarHiTHoMy moii. B

JMAHOMY  BHIIQJKYy  BUKOPUCTOBYIOTBCS  KBAaHTOBI
ITOITPABKH IO MATHETOIPOBITHOCTI.
Jns mmiBox umcroro PbTe Bix'emni 3HaueHHS

MarHeToonopy cmocrepiraigucs B poboti [5]. Ilpore,
MepeBaXkHa OUIBIIICTh JOCTIIKCHb TOKA3ye, IO SBHUIIEC
Marueroornopy mias PbTe omnmcyeThes KITaCHYHMMHU
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3aKOHOMIipHOCTAMH. Y po6oTi [6] HocmimKeHO MOBEMiHKY
MarHeToornopy BiJ TEMIIEpaTypHu sl OJHOBHMIPHOTO
MaTepiady y BWIVIAAI HaHOAPOTIB. Ane HaBith i 1d
CTPYKTYpH HE  CIOCTEPIraeThCs NPOSBY  e(peKTy
HeOaIiCTUYHOrO TPAHCIIOPTY. BBeNeHHS JOMIIIIOK, TOOTO
MomudiKaIlis eJICKTPOHHOI IMiJICHCTEMH, Ta OTPUMAaHHS
MOMIKPUCTAIIYHUX IUTIBOK MOXKE BIUIMHYTH Ha IMPOIIECH
nepeHocy 3apsamy. Y poborti [7] mpencraBieHO MarHeTo
TPAaHCIIOPTHI ~ BUMIPIOBAaHHA ISl IUTIBOK  P-THITY
nposigHocti  PbyyEuTe mms  pisHoro ckimagy B
3aJIeKHOCTI BiJl TeMIlepaTypu. BUsBISETbCS BHECEHHS
MapaMarHiTHOI JOMIIIKKA BIUIMBA€ Ha B3a€EMOJII0 HOCITB
CTpyMy Ta TPHU3BOIWTH JO BHUHUKHEHHS CJIAOKOI
JIOKaJTi3alii, CHJIBHOI CIiH-OpOiTaNbHOI B3aeMomii 3a
paxyHok edekry 3eemaHa.

B panili  po0OoTi OTpUMaHO eKCIEepUMEHTalbHI
3ajJeKHOCTI MarHeroomopy IwiiBok PbSnAgTe Bin
CKJaJy B TEPIEHIUKYISIPHOMY A0 IOBEPXHi IUTIBKU
MarHiTHoMy mnomi. [IpoaHanizoBaHO iX MOsSICHEHHs Ha
OCHOBI Teopii KBaHTOBUX MOMPAaBOK [0 MPOBiTHOCTI,

OB’ A3aHUX 3 ClHa0KOI0  JIOKaji3alli€l0 Ta  CIiH-
opOiTaIbHOIO B3a€MoOi€l0. Bapro 3a3HauuTH, IO
JIETYBaHHA CTAaHYMOM B JOCHTI[DKYBaHHX  CKJIaaax

CYTTEBO 3MIHIOE EIICKTPHYHI BJIACTUBOCTI, a TAKOX THII
npoBigHOCTI. JlocmimKyBaHi CKIIaAd MAlOTh PI3HUHA THIT
npoBigHocTi: PbysSNiAgaTe 1 PhisSnAgLT e — p-Tu,
PbisAg,Tey — n-tun. lle miATBEpIKYIOTH XOJTiBCHKI
BHUMipIOBaHHS PYXJIUBOCTI HOCITB 3apsay U (Tabu. 1).
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|. MeTonnka ekcriepuMeHTy

JlocmimKyBaHi  IUTIBKM  OTPUMYBQJINM  OCADKEHHSIM
mapud  cuHTe30BaHoro  Marepiany  PbisSnsAgQ.T e,
Pb1sSn,AgTex Ta PoigAgaTep y BakyyMi Ha I IKITa KK
i3 cBixkux ckoiiB (0001) cmroau-myckoBit. TemmepaTypa
Bunapauka ckmagana TB=870K, a Ttemmepatypa
migxnanok Tn=470 K. ToBuHY IUTiBOK 3aJaBaid 4acoM
ocapkeHHst B Mexax (1-3) xB Ta BHMiproBamHM 3a
JIOTIOMOT OF0 MiKpoiHTepdepomerpa MUN-4 3
BUKOPHCTaHHIM METOJIIB I1(poBOi 00poOKH 300pakeHb.

BuMmipioBaHHs €IEKTPUYHUX IapaMeTpiB  ILTiIBOK
npoBoamiiocst pu temrnepatypax Big 77 K no 300 K y
MOCTIHHMX  MAarHiTHUX TOJNSX HAa  po3polJeHii
aBTOMAaTHU30BaHIll ycTaHOBI, ska 3a0e3meuye sIK
NPOLIECH  BHUMIPIOBAaHHS  EIIEKTPHYHUX  IApaMeTpiB.
BumiproBaHuii 3pa3ok MaB YOTHPH XOJUTIBCBKI 1 JBa
CTPYMOBI KOHTakTH. B sKOCTI OMIYHHX KOHTaKTiB
BHUKOPHCTOBYBAJIUCS ILTIBKU cpibyia. CTpyM dyepe3 3pas3ku
cknagaBe 1MA. MarnitHe mnone Oyno HampsiMieHe
MepIEeHANKYISIPHO JI0 IOBEPXHI TUIIBOK HpH iHIyKii 0 —
1,4 Tn. BumiproBaHHs TeMIlepaTypu TNPOBOIWIN 3a
JIOTIOMOT'OI0  TUTATHHOBUX TepMope3uctopiB. IloxuOka
BUMIpIOBaHb CTAaHOBUTH He Oisbiie 3%.

TeopernuHuii po3paxyHOK Uil ONHCY XapakTepy
3aJIeKHOCTI  MarHeToonopy B IEPIEHIUKYIIPHOMY
MAarHiTHOMY ITOJIi IPOBOJUBCS 3 BUKOPUCTAHHSIM 3aCc00IB
MaTeMaTH4HOro rmakera Maple 18.

1. EnemenTn Teopii

Pyx enexkTpoHa B PO3YHOPSIKOBAaHIM EIEKTPOHHIH
cucTeMi He OaJiCTUYHMH, a ITU(Y3HHHA, KON eIeKTPOH
0araTo pa3 CTHKA€ThCS 3 JOMIIIKAMH 1 1HIITAMH
neeKTaMu KPUCTATIYHOI TpaTKu. Takuil KBaHTOBHIMA
epekT Ak crmabka  JIOKami3allis i1 CHUCTEMU
HEB3aEMOJIIIOUUX €JIEKTPOHIB 00YMOBJICHHI XBUIbOBUMHU
BJIACTHBOCTSIMA ILIMX KBAaHTOBMX YacTHHOK. | mpum
PO3CISIHHI ~ €JIEKTPOHIB ~ BHMHHMKae  iHTepdepeHmis
€NIEKTPOHHUX XBWIb. OJHUM 3 TPOSIBIB €EKTy € IosiBa
BiJl EMHOTO MarHeToornopy, TOOTO MPOBIIHICTH CHCTEMH
3pOCTace 3i 3pOCTaHHSIM 1HAYKIT MarHiTHoro noist. Tomy
BHUKOPHCTOBYIOTh KBAHTOBI MONPABKU 10 HPOBiTHOCTI,
OB’ si3aHi 3 BUILE 3a3HayeHHM edekroM. [lompaBka 1o

MPOBITHOCTI ~ OOYMOBJIEHa  Ca0KOIO  JIOKAJIi3alli€lo
BU3HAYAETHCS PIBHAHHAM [4]:
2¢’D
)
ne C(r, r', ®) — KymepoH, L0 BHM3HAYAE AMIUTITYIY

poscisiHHs Ha nomimmi, D — koedinient audysii, e —
3aps eneKkTpoHa, Kg — crana bonbiiMana, L — pyXJIHBICTh
HOCITB 3apAy, T — 4Yac NPYXHOro po3cisHHA. DyHKIsA

C(r, r', ®) 3a10BOJIBHSIE piBHHHHIO [4]:
A% 4t 1uc:(r rgw) = d(rt'r ) @

g—iw +R iN - 2650
g & hs g
€ @ — YacTroTa 3O0BHIIIHLOrO IoNIs, A
MOTEHIIa] MarHITHOT'O I10JIs.

Jns ILTIBOK JIOBIIBHOT
MEPIICHAUKYIAPHOMY J0 IOBEPXHIi
IPaHUYHI YMOBU BU3HAYAIOTHCS SIK

BEKTOp-

TOBIIMHU B
MarHiTHOMY ITOJIi
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?-ZEA Cc=0,
%, -ZEA Cc=0.

& -

Po3B’sizkoMm  JubepenmiansHoro piBHsaHS (1) B
pamkax mudysiiiHoro Habmmwkenns npu o =0 6yae [8]
BHUpA3:

C(r.,r9=hq
" 4eBD

Y.y, 09 ,
2
&+ 1 Otnt; aﬂn 9
& 25 &d
wn(r) — HOPMOBaHI XBHIIBOBI (byHKun YaCTHHKH 31
3apsA7I0M 2€ B MarHiTHOMY IOJIi, N, M — KBAHTOBI YHKCIIA,
B — inaykuis MarsitHoro nomns, d — TOBIIMHA ILIIBKY, T,
— yac penakcaii (a3u XBHIbOBOT QYHKIIII.
Mincrapmsroun (3) B (1) M1 MarHeTonpoBimHOCTI

3)

'+hD

Ac=66(B) —605(0) Ta  BpaxyBaBmm, 1o d—oowo
OTPUMAEMO:
3 4eDB
Ds (B) =—— f,(——t. 4
(B) 2% A=) @)
al 16

ne f,(X)=Inx+Y 8—+§_, Y(X) — nuramMmma (QyHKIIiS,
X 2g

abo norapudmivna moxigHa Big [-pyHkii.
Cmin-opOiTaibHa B3a€MOJisl CWJIBHO BIUIMBAaE Ha
MAarHeTooIip CHUCTEMHU, OCKUIBKM BOHA IPH3BOAUTH 10
penakcariii cmina. [Ipu 11boMy MOXXE HaBiTh 3MiHIOBATUCS
3HaK Mar"eroomnopy. ['aMiibTOHIaH EIEeKTPOHIB B 30HI
MPOBIAHOCTI TS KYOIYHHX KPHUCTAITiB Ma€ BUTIIAA [4]

D vold (- p2))- )

=— +0
2m
Iie 6 —Matpuild [laymi, p— KBa3iiMITy/IbC €IeKTPOHA.
B pe3ynbraTi KyriepoH Oy/e HaCTYITHHM:

C(r,rq:§hé’1 ,_1 -
2 5 & 106 1 1
4eBDoh+= o+ ht 1+ 2ht ;]
g 25 !
, (6)
1 o 1
-Eha 16
" 4eBDZh+ = 2+ ht
g 25

IIe Ty, — Yac pellaKcarlii criHa.

Tomi 3aleXHICTh BHECKY KBAaHTOBOI IIOMPAaBKH,
3YMOBJIEHOI CIiH-OpOITAIIFHOIO B3a€EMOIIEI0, K (PyHKIT
MAarHITHOTO MOJIS, HANPSIMIICHOTO MEPHIEeHANUKYISPHO 10
TUTOIIMHY TUTiIBKU MA€ Bnrnﬂz[:

e é3 1, ,4eDB, .U
Ds (B) = f(———t ), (7
(B) pzhgzz( )22(h J)H (7)
nie rq,*— Moau(]iKoBaHMI Yac 3 ypaxyBaHHSIM CIIiH-
. . e ooV, 1,4
opOitanpHOi B3aeMoii, (tj ) =t, +§t -

Po3MipHicTh CHCTEMH € BaXKIIMBHM MapaMeTpoOM HpHU
PO3IIIsi/Il TIPOIIECiB HeOANiCTHYHOrO TpaHCHopTy. Bona
BU3HAYAETHCSl  CIIIBBIJHOUICHHSM MDK  HalMEHIINM
TE€OMETPUYHUM PO3MIPOM ILTIBKH Ta AOBKUHOIO Mu(Dy3il

3a "ac penaxcanii pasu xsutbosoi Qymkuii L =.t; D .
Sxkmo L,>>d, TO eneKTpoHHa CcHCTeMa BBAXKAETHCH
nsosuMipHoO (2D), a mpu L,<<d — tpuBumipHoO (3D)
B Teopil ciabkoi uokamizamii. J{iust  Toro, 1100
MpOaHaNi3yBaTH  TOBEJIHKY  MarHeToonopy  Juis
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JIOCNI/DKYBaHUX IUTIBOK, MOTPIOHO BpaxyBaTH Te, IIO
BOHM € TOBCTUMH, TOOTO KBa3ifBOMipHUMH. ToMmy B
IPaHUYHOMY BUIAJKy TOBCTOI IiiBku d>L, momnpasky no
MPOBITHOCTI Oy/AEMO pO3paxoBYBAaTH 3 BpaxyBaHHSIM
PpO3MipiB MIiBKH, MOI6HO 5K B [8]:

e d é3, 4eDB..

1. 4eDB
DS 5 (B) = —— %— x5 f,(—t ) - = f,(——
e ® = 5 ) S R

t), (8
u

ne |l =+h/eB — marniTHa noBxuHa. BoHa € 9acTo THM
mapaMeTpoM, SKHH  XapaKTepu3ye  IMOBEMIHKY 1
PO3MIPHICTh €IEKTPOHHOI CHCTEMH IO BiTHOIICHHIO IO
Teopii cnabkoi nokamizamii mpu lg<< L, Tobro,
3MIHIOFOYH MAarHiTHE IOJIe, MOYKHA 3MIHHTH PO3MIpPHICTh
CHUCTEMU.

Tpu cnaGkiit criin-opbiTanbHii B3aemonii (t o, >>t; )
3 ¢opmynu (7) MarHETONPOBIAHICT Oyae TOTATHOIO,
BIJIMIOBITHO KBAHTOBI MOMPAaBKUA BU3HAYAIOThH BiJl EMHUIA
MmarHeroomip. lle € omauM 3 mposBiB - ciaOkoi
sokamizamii. I[lpu CWIBHIM CHiH-OpPOITANBHIA B3aeMOIIT
(t <<t, ) BUHMKaEc aHOMaIbHHIi T0JATHi} MarHETOOIIp

3 norapupMiuHMM HACHYEHHSIM B CHJIBHHX IOJIAX.
Bumamok aHOMambHOrO JOJATHOTO MATHETOOMOPY B
Teopii cimabkoi JIOKaJTi3arii HA3UBAETHCS
aHTWIoOKamizamieto. lle sBuIme cnocrepiraeTbcs NpHU
iCHYBaHHI B CHCTEeMi CIiH-OpOiTalbHOI B3aeMOii, KOIU
CIIiH eNEKTPOHA MOYKE TMepeBepTaTHCs (3MIHIOBATH CBii
HAMpsM) TPH TPYKHOMY PO3CIFOBaHHI €NEKTpOHA Ha
momimii abo Ha moBepxHi. Tomi B dopmyni (7)
BU3HAYATBLHUM Oyie APYTuil J0MAHOK i BOHA TIEPEXOUTH
B HACTYITHY

1 & |, aeDB
R e A SR )

22p%h & h '

Sxuro yac criiH-opOiTanbHOI B3a€MOIT ITOPIBHIHUIMA 3
yacoM penakcaiii ¢a3u XBWIBOBOI (DYHKIIT eleKTpoHa
t, £t; Kpua MarHeroomopy B JoAaTHii obiacti

MIPOXOANUTH Yepe3 MAKCHMYM 1 IOTIM CTa€ BiJ' €EMHOIO.
OTKe, BUTJIAN KPUBHUX MAarHETOMOJBOBHX 3aJICKHOCTEH
MPOBIAHOCTI a00 OIOpY JO3BOJSE SAKICHO OLIHUTH
CTIiBBiTHOIIEHHA MiX T, Ta Tg TA OTPUMATH BiJOMOCTI
PO HASBHICTH CITiH-OpOITaILHOI B3a€MO/III.

_ 0

Ds (B) t

[11.Pe3yabTaTu Ta 00roBOpeHHA

Ha puc. 1 HaBeneHi eKcliepUMEHTaIbHI 3aJI€KHOCTI
BijHOCHOI 3Minu mutomoro omopy ((p(B)-p(0))/p(0)) Bin
THIYKITT MAar”iTHOr O TOJIS, HaIpPSMIIEHOT O
MepIEeHANKYISIPHO 10 TUIOMIMHM 3pa3Ka, I IUTIBOK Ha
ocHoBi cmonyk PbSnAgTe(LATT) mpu Temmepatypi
T=77 K. Ilo Burnani xpuBux 3 puc. 1. MOxHa ckasaTH,
mo KIaCHYHA  3aleXHiCTh  MarHeroomopy — ~uB?
BHUKOHYETBCS TUIbKM JUIsl IUTiBKM 4mcroro PbTe [lns
cnoinyk LATT croocrepiraeTbcss aHOMajbHA 3aJISKHICTD
marderoonopy. Jms miiBku PbigAg,Teyn mMarueroorip
BigeMHUA, I 1wiiBku PhigSn,AQ,Te — Mae MakcuMym
B jomatHiit obnacti, a mist P SnyAgaTeyy — monatHiii 3
JIOrapu(MIYHOO 3aJICKHICTIO BiJ] MAarHiTHOTO TOJI.
OTke, UIA OIHUCY CICKTPOHHOI CHUCTEMH Oyaemo
BUKOPUCTOBYBATU edexTn JIoKai3aii Ta
aHTIiIoKami3amii. KpiM Toro, BelWYMHA MarHETOOIOPY
IUTIBOK Ha OCHOBI crmonyk PbSnAgTe 6isbiia, HiX It
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gucroro PbTe. Omke mwiiBku POSnAgTe marots Ginbiiry
YYTIMBICTh A0 3MIHM MarHiTHOI'O IOJS i MOXYTh OyTH
BHUKOPHCTAaHI B SIKOCTi JaTYMKIB MarHiTHOT'O TIOJISI.

Crnig 3a3HauuTH, IO IUTIBKH IUTIOMOYM Telypuay
MPOSIBJISIFOTh TAKOK KBAHTOBO-pO3MipHi edektu [9], mo
MPU3BOJUTh JO OCHWILIT ENeKTPUYHUX IapaMeTpiB
TUTIBOK BiJI TOBIIMHU. Taki OCHMIISLIT POSBIISIIOTHCS TIPU
topmuHai d<300 HM. B mocmimkyBaHOMy iHTepBami
TOBUIMH I edekTH MokHa Ha Opatu m0 yBaru. Kpim
cnabkoi Jiokamizalii Ta CHiH-OpOiTaNbHOI B3aeMOmii
BKJIaJ IHIIMX IIONPaBOK, IIOB sI3aHUX 3 e(deKTaMu
MIXKEJIEKTPOHHOI B3aeMOJIii, He BpaxoByBaBcsi. OCKIIBKU
TaKUi BKJIQJ € HE3HAYHUM TPU JOCTIHKYBaHUX
TeMIIepaTypax.

1 Ap/pg, Yo

B, T

0,/

09 1,

.
e P £

g 1)1 6502 AZ2T 020
mfl Pl 4504 Ag2 TR0
== 'D1 A2 TC20

-20 4

Puc. 1. ExciepuMeHTaNBHI 3aJI€KHOCTI MAarHETOONOpY B
MEePIeH/UKYISPHOMY MAarHITHOMY IOJTi TIPH TeMIIepaTypi
T=77 K ja1d IWIBOK  CKIAdy: A —PbTe,
m — Pbi.SAQg, Tey, ¢ — PbisS,AQ, Tey, o —
PbisAg,Tex Ha cBiskux ckomax (0001) ciroma-MyCKOBIT.

KoHneHnTparist Ta pyxJiHMBICTH HOCIiB CTpyMy B
miiBkax PbSnAgTe Oyau BuMipsiHi 32 JaHUMH 3
XOJIIBCBKMX BUMIpIOBaHb Ta HaBezeHI B TaOmumi 2. 3a
IMMH TAHUMHU Oy pO3pPaxoBaHO 3HaYeHHS T00YTKY Kel,
ne ke — kBasixsunbosuit Bektrop ®epmi k. = (3p n)*3, | —
JIOBXKMHA BUIBHOTO TIPOOIry HOCIiB cTpymy, N
KOHLIEHTpallisi HOCiiB  cTpymy. [Jlns  MoOXIHMBOCTI
3aCTOCYBaHHS JIO €JEKTPOHHOro ra3y Teopii ciabkoi
JoKamizanii moTpioHo mepeBiputu ymoBY lodde-Perens
kel>>1. Sk BumHO 3 Tabmumi 1 11 BCiX JOCITIIKYBaHUX
3pa3KiB  BUKOHYETbCS LI YMOBa, MO JIO3BOJISIE
3aCTOCOBYBATH TEOPiI0 HEOATICTUYHOIO TPAHCIIOPTY IS
mwiiBok PbSnAgTe.

Pesynpratn  ampokcuManii  eKCHEpUMEHTAIBHUX
3ale)XHOCTe HaBeneHi B Tabmuii 2 Ta Ha pwuc. 2.
Koedimient mudysii D po3paxoByBamu 3a (GopMysor
Wl [10].

D=
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Tabauns 1
Enextpuuni BiractuBocTi 1uis miiBok POSNAQTe Ha cironi mpu temnepatypi T = 77K
KOHHeHTpaHM PyxnuBicTh HOB)K..ITIHa
Ckuan HOCITB CTpyMy 2 mudysii Lo, kil
3 M, cM/Be
n,p, tm HM
PbisAg.Tex 6,25-10"° -88,5 12,3 12,2
PbysSn,AG Tex 5,9-10% 126,4 98,1 1135,2
Pb14SNAQ Tey 2,310 2234 266,1 7428,6
Ao, Om'm' Ao, Om'Mm" OAG, OM'l M'l
16 200
14
12 150
10
100
8
T 50
] 0 02 0A* 06
02 04 06 08 BT

6) B)

Puc. 2. 3anexxHOCTI TUTOMOI MarHeTOONPOBITHOCTI B IEPIIEHAUKYIIIPHOMY MarHiTHOMY IO IIPU TeMIIepaTypi
T=77 K 15 nniBok cknajy: (a),® —PbisAgzTex, (0),4 — PbisSnAd.Tex, (8),m —P14SnyAg,Tey Ha cBikux ckomax
(0001) crromu-MyckoBiT. TOUYKH — EKCIIEPHUMEHT, JTiHIT — pO3paxyHOK 3rixHo 3 (8).

Jis wniBku cxmany PbigAg,Teyn npu TemmepaTypi
77K  MarHeTompoBimHICTH ~ Oyle  JONATHOI, a
MarHeToomp  BiAmoOBiAHO — Bix emuumid. (puc. 1,
puc. 2, a). CriBBiTHOIIEHHS MK XapaKTepHUMH YacaMH
Hacrynie — t >>t; . TpaHcnopr HociiB 3apsuy

BU3HAYAETHCSI B OCHOBHOMY  edekroM  ciaOkoi
JIOKamizamii, a BIUIMB CIiH-OpOIiTAIEHOTO PO3CIIOBAHHS
Ha0araTo MEHILHH.

Ta6auus 2
XapakTepHi 4acH: yac penaxcarii a3 XBUIbOBOI
GbyHKIIT T, Ta yac penakcanii CriHa Tg, MOB'sI3aHUI 31
criH-opOiTANBEHOI B3aeMOJIi€r0 s miiBok PhSnAgTe

ToBmunaa
Cxiazn ITiBKH O, | Ty, € Ty €

HM
T=77K
PbisAg.Tey 540 2,1:10™ | 8,86-10™
PbsSn,AgTey, | 810 9,510 | 3,85.10™
Pb1,Sn,AgTey | 540 39:10% | 1,35.10™
Jost UTiBKH CKIIamy Pb1sSn,Ag Tey

MAarHeToIPOBIIHICTE Ma€ MAKCUMYM Y BiJl' €eMHii o0nacTi
i TOTIM 31 30UIBIIEHHSM MAarHiTHOIO IIONISL JIOCSTaE
BHUCOKUX JOJATHIX 3HaueHb MOPIBHAHO 3 PhigAg,Te.
(puc. 2,6). Yac crin-op6iTanbHOI B3a€MOJT I JaHOTO
CKJIaZly OJHOTO IIOPS/IKY 3 YacoM penakcamii ¢asu, aie
ty £t . Hns TUTiBKH Pb14Sn/AQTex
MAarHeToIPOBIIHICTh Ma€ BUCOKI BiJ' €MHI 3HAuYeHHS 3

norapu(MiYHUM HACHYECHHSIM IIpU MAarHITHOMY IIOJI
B>06Tn (puc.2,8). Tobro mis JgaHoro 3paska

CIIOCTEpIraeThCsl SIBUILE AaHTHIOKANi3amii 3 CHJIBHOIO
CriH-0pOiTanbHO B3aeMoficro. Yac criH-opOiTalbHOTO
PO3CIsTHHS Ha TIOPSIOK MeHIle Yacy (a3oBoi perakcarii.
Sk BUAHO 3 TabiMIi 2 31 3pOCTaHHAM BMICTY CTAaHYMY
CIazia€ yac, MoB'si3aHui 3 CIiH-OpOiTaIbHOI B3aEMOJIIEI0
Tg- 1le CBITUUTH MPO Te, IO BETUYMHA CIiH-OpPOITaTBHOL
B3a€MOJii  3pOCTAa€  MPOMOPIIHHO Tgy . OCKITbKH
TOBIIMHA IUTIBOK OJHOIO TMOPSAKY, TO B JOCITIKYBaHUX
CHCTEMax 3pOCTa€ KiIbKICTh 3ITKHEHb EJIEKTPOHa 3
JOMIIIKaMU.  AHaJIOrYHI  pe3yJabTaTH  OTPHUMaHO
aBropamu [11] Ha OCHOBI JOCTIMKEHHS CIIEKTPiB
€JIEKTPOHHOT'O rapamMarHiTHOro pe3oHaHcy B
JIETOBAHOMY KPEeMHii. 3 pOCTOM KOHIICHTpAIii JEryHo4oi
JIOMIIIKK 301IBIIYEThCS CIiH-OpOiTaNbHA B3aEMOJIsS TIPH
poscisHHi Ha gowmimimi. CrmiH-opOiTaNbHA B3a€MOIISA
3pOCTa€ TaKOMX 3 POCTOM aTOMHOTO HOMEpa JIOMIIIKH.
Yac penakcamii $asu XxBuIbOBOI (GYHKIIi T, HAaBHAKH
3pOCTa€ Ha IMOPSJIKU 31 30UIBIIEHHSM BMICTY JIETYIOUOI
nomiky. BeenenHs AQ npu3BOAWTH 10 MOSBU e(eKkTiB
cmabkoi JIokaji3alii, a JOoJaTKOBE JIETYBaHHI SN
301IbIIYE PO3YIOPSIKYBAaHHS B CHCTEMI, IO JO3BOJISIE
CHIOCTEpiraTd  KBAaHTOBO-MEXaHiYHI  1HTepQepeHIiiHi
edexrn. Teopis Mo poO3CitOBaHHS €IECKTPOHA 32 PAXYHOK
JOMIIIOK Yy  HAANpOBITHMKY  Oyna  pO3BUHYTa
AbpukocoBuM Ta I'oppkoBum [12], nme mokaszaHo, IO
oOepTaHHs CIiHa TPU PO3CIIOBAHHI Ha JOMIIII MOXE
BiIOyBaTHCS 33 PaXyHOK CIiH-0pOiTaIbHOI B3aEMOIIT.

Publications are based on the research provided by
the grant support of the State Fund For Fundamental
Research (project N F73/38-

402



KBaHTOBi ehekT HEOATICTHIHOTO TPAHCIIOPTY B IUTiIBKaX Ha OCHOBI crionyk PhSnAgTe

BucHoBkn

1. TlpoBemeHO BUMIPIOBAHHS MAarHETOOMOPY IS
IUTIBOK Ha OCHOBI cmonyk PbSnAgTe Bix ckimamy Ta
TEeMIIEPATYPH.

2.  3aKkoHOMIpHOCTI 3MIiHM MarHeTONpPOBiAHOCTI
MOSICHEHO B paMKax Teopii cimabkoi Jokamizamii 3

BpaxyBaHHAM MeXaHi3My CHiH-0pOiTaIBHOTO
PO3CifOBaHHS.
3. Iloka3zaHo, o BUTJIS KPUBHUX

MarHeToNnoJbOBHX 3aJICKHOCTEH MPOBIAHOCTI a00 omopy
JIO3BOJISIE BU3HAYUTH OCOOJIMBOCTI TPaHCIIOPTY HOCIIB B
MAarHiTHOMY ITOJIi Ta OTPUMATH BiJIOMOCTi PO HasIBHICTh

[1]

[2]
[3]
[4]
[5]
6]
[7]

(8]
[9]

(2001).

G. Grabecki, J. Appl. Phys. 101, 081722 (2007).

4, 057111 (2014).

Physical Review B, 79, 085309 (2009).

CIiH-0pOITaIBHOT B3aEMOII.

4. CroocrepexxyBaHi KBaHTOBI iHTepdepeHwiliHi
eextn B mwriBkax POSNAQTe moke 6yTH mosiCHeHi CriH-
OopOiTaJIbHOIO ~ B3a€EMOI€I0 TPH  PO3CIIOBaHHI  Ha
JIOMIIIIKaX.

Kocmioxk O.b. —acnipaHr;
Pysincokuit. M.A. — mupodecop, H0kTOp (hizHKO-

MaTeMaTHYHHX HaYK;
Isakin €.B. — ipodecop, NOKTOp (i3UKO-MaTEMATHIHHUX

HayK;
Ilepezinuyyx M .FO. — CTyJIeHT.

E.M. Larramendi, O. Calzadillia, A. Gonzalez-Arias, E. Hernadzer, J. Ruiz-Garsia, Thin Solid Films, 389, 301
D. Khokhlov, Lead Chal cogenides Physics and Applications (Taylor & Frencis: London: 2003).

B.L. Altshuler, A.B. Aronov, A.l. Larkin and D.E. Khmelnitskii, JETP 81, 768 (1981);

AL Jlapkun Cobpanue tpyaos T.2(MIITHMO: Mocksa: 2011).

I.P. Krylov, Ya.B. Poyarkov, JETP Lett. V. 40, No 1, 721 (1984).

Dedi, C.-H. Chien, T.-C. Hsiung, Y.-C. Chen, Y.-C. Huang, P.-C. Lee, C.-H. Leg, Y.-Y. Chen, AIP Advances
L. Peres Marcdlos, V.A. Chitta, Ne F. Oliveira, D.K. Maude, P.H.O. Rappl, A.Y. Ueta, and E. Abramof,

O.V. Reukova, V.G. Kytin, V.A. Kulbachinskii, L.I. Burova, A.R. Kaul, JETP Lett. 101, No. 3, 207 (2015).

[10] M.A. Ruvinskii, O.B. Kostyuk, B.S. Dzundza, Journal of Nano- and Electronic Physics 8, No. 2, 02051-1

(2016).

[11] B.A. Barenkos Dsextpoxumus noaynpoBoanukos (baprayn: Anr. yu-1:2002).

[12] A.A. Exesckuii, JI.B. I'yceiinos, A.B. Cyxopykos, C.A. ITonkos, Becrnuk HHI'Y, 5, 330 (2010).

[13] A.A. A6puxocos, JLII. 'opskos, XKOT® 42, 1088 (1962).

[14] 10.®. Komnuuk, U.B. Bepkyros, B.B. Anapuesckuii, ®usnka Hu3kux Temneparyp, 31, No 3/4, 429 (2005).
[15] 1O.®. Komuuk, B.B. Anapuesckuii, U.b. Bepkyros, ®usuka nuskux temneparyp, 33, No 1, 105 (2007).

0.B. Koctiok', M.A. Pyginceknit', €.B. Isaxin®, M.IO. ITeperimuyk’

Quantum Effects of Non-Ballistic Transport in Films Based
on Compound PbSnAgTe

Vasyl Sefanyk Precarpathian University, Shevchenko Str., 57, Ivano-Frankivsk, 76018, Ukraine, e-mail: fcss@pu.if.ua

Based on the theory of weak localization, taking into account the mechanism of spin-orbit scattering, the
patterns of change in the magnetic conductivity of films PbSnAgTe are considered. The dependences of the
magnetoresi stance of PbSnAgTe films in magnetic field perpendicular to the surface of the film are studied.

It is shown that for polycrystaline films on mica-muscovite substrates, the time of spin-orbita interaction
depends on the composition and may change the sign of the magnetoresistance.

Keywor ds: quantum effects, weak localization, thin films, lead telluride, kinetic phenomena
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BB BHCOKOAMCIIEPCHOTO TUTAHATY 0apil0 HA CTPYKTYPY Ta
eJIeKTPO(i3uUHi BJIACTHBOCTI IJIIBOK HA OCHOBI
noJiBiHLTIAeHpTOPUAY

Incmumym ximii nosepxni im. O.0. Uyiika Hayionanenoi akademii nayk Yxpainu, eyn. I'enepana Haymosa, 17,
03164 Kuis—164, e-mail: ryash@i.ua

3 METol CTBOpEHHS e(QEKTUBHHX EJIEKTPETHUX MarepialiB OJep)KaHO KOMIIO3WUTHI ILTIBKM Ha OCHOBI
noniBiHimineapropuny (IIB®) i3 cernetoenexktpukom TutanaroMm 6apito (BaTiO3) B inTepBani konuentpariit 0,5 -
5,0 06. %. Bcranosieno, mo npucyTtHicth BaTiOs 3a Hu3bkoro Bmicty (0,5 00. %) mpu3BOAUTH 10 3pOCTaHHS
CTYIICHIO KPUCTATIYHOCTI 1 MPAKTUYHO HE BIUTMBa€e Ha HHOro 3a Bmicty 1,0 - 5,0 00. %. 3a HU3BKUX KOHIICHTpAIIii
(0,5 - 1,0006. %) 3ByKyeThCs TeMIiepaTypHHil iHTepBan miasneHHs [IB®, mo Bkasdye Ha (opMyBaHHS OiIbII
OJIHOPITHUX 3a pO3MipaMu KpHcTamiTiB. 3a Bucokoro Bmicty (5,0 00. %) BaTiO; cnocrepiraetbcsi 3pOCTaHHs
TemnepaTypu kpuctanmizamii Ha 5 °C Ta po3IIMpeHHs TeMIIEPaTypHOro IHTEpBalIy IBOTO MPOIECy, IO BKa3ye Ha
(hopMyBaHHsI KPYITHIIIKMX, ajle MEHII OJHOPITHHUX 32 pO3MipaMH KpUCTaIliTiB. Bu3HaueHo, 110 OBEpXHEBUI 3apsi B
KoMIo3uTHHUX IuTiBkax [IB®-BaTiO; naiibinemn crabinpHuii 3a Bmicty BaTliOs 4,0 00. % i mocsirae 3HaueHHS
10 Kynow/m? ipu 0Gpo0Li 3a HAIPYKEHOCTI SIEKTPUYHOrO MO KOPOHHOTO O3PSy 3apsiaku mwiiBok 500 kB/m.
HeniniiiHa 3ajeXHICTh AI€NEKTPUYHOI MPOHUKHOCTI SK Ha HU3bKHX, TaK 1 HA HA/IBUCOKHX YacTOTax MOXe OyTh
TIOB’ si3aHa 13 BIUIMBOM BUCOKOJMCIIEPCHOI 100aBKH Ha ()OPMYBaHHS KPUCTAJIYHOI CTPYKTYpH, a TAaKOX Ha OyIOBY
MIPUTIOBEPXHEBHX LIAPIB MOJIIMEPY.

Karwu4osi cioBa: nomiBiHiLTINeH(TOpUA, TUTAHAT Oapilo, CTYMIHb KPUCTANIIYHOCTI, €JEKTPET, MielIeKTpUYHA
MIPOHUKHICTH, TOBEPXHEBUH 3apsi/

Cmamms nocmynuna 0o pedakyii’ 15.09.2017; npuiinama oo opyky 05.12.2017.
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V. 18, Ne 4 (2017) P.

Beryn

OcTaHHIM  4acoM  CYTTE€BO  3pocTae  o0cAr
3aCTOCYBAaHHS MOJIMEPHHUX ENIEKTPETIB — JIeNeKTPHKIB,
SKi CTBOPIOIOTh B HAaBKOJHIIHBOMY TPOCTOpPI CHJIbHE
eJIeKTpUYHE IoJe. 3aCTOCOBYIOTHCS BOHM B 0araTtbox
cdepax KUTTS: Big MoOyTy JO TEXHIKH CHELiabHOTO
NPU3HAYEHHS, TaKUX SK EJIEeKTPOaKyCTHUUHI TpHiIaan
(emexTpeTHi MikpodoHH, cypaorenedoHH),
eJIEKTPOMEXaHiYHi NepeTBOpIOBaYi (emekTpeTHi
3BYKO3HIMaui, CEHCOpPHI MepeMHUKadi, yaapHi JaTYHKH),
€JIEKTPEeTHI MOBITPsHI (iNbTPU 1 iHIIE. AKTyaJbHUM €
MJIBUIIEHHS] EeJIEKTPETHUX BJIACTUBOCTEH IUTIBKOBHX
MONMIMEpPHUX MarepianiB. Bimomo Kkinbka croco0iB
BIUIMBY Ha €JEKTpo(di3U4Hi, B TOMY YHUCII 1 €IEKTPETHI,
BiIacthBocTi momiMepiB. lle BBemeHHs B momimep
UCTIEpCHUX ~ HamoBHIOBa4iB [1, 2], wmomudikyBaHHS
MOBEPXHI MONIMepy pi3HUMHU MeToaaMu [ 3], 3MinryBaHHS
pisaux momimepie [4]. MomudikyBaHHS MOIIMEpiB
LUIIXOM BBEJCHHS HANOBHIOBAYiB Pi3HOI MPHPOIH,
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IUTaCTU(IKATOPIB, 1HIIMX I[JILOBUX JO0ABOK JIA€ 3MOT'Y
BiJTHOCHO JIETKO KEPYBATH BJIACTHBOCTAMH KOMIIO3HTIB, B
TOMY YHCJIi HaJaBaTh iM CETHETO- Y I €30€JIEKTPUIHUX
BaactuBoctei [5]. MeToro pobGOTH € BCTaHOBJICHHS
0co0IMBOCTEN (dhopMyBaHHS Ta YTPUMAaHHS
MOBEPXHEBOI'0 3apsiy KOMITO3MTHHX IUTIBOK Ha OCHOBI

MO BIH1TI ICHPTOPUTY 3aJIEKHO BiJ BMICTY
BHCOKOJIMCIIEPCHOI I00aBKU Oapifo TUTAHATY.
|. ExcrnepuMeHTa/JIbHA YacTHHA

Sx  momimep ans omepKaHHS  ENIEKTPETHUX

KOMITO3HMLIIHHNX IUTIBOK BHOpasId MOJMiBiHLIIIEH(TOpUI-
2M(E) Bupobuurrea Kiposo-Uenepkoro XiMigHOro
komOinaty, Pocis. Sk 100aBKy BHKOPHUCTOBYBAIId
noponikonoAibHuii Tutanat Oapiro dipmu Fluka (Bmict
BaTiO3 98,0 %) 3 po3MipaMu YaCTHHOK 3 MKM.
IMomimepri kommosumii Ha ocHoBi [IBD-2M(E) 3
turaHatoM Oapito BaTiOz roryBanm cymilieHHAM



BruiuB BHCOKOMCIIEPCHOTO TUTAHATY 0apito Ha CTPYKTYPY...

Taoauus 1

TemrmiepaTypHi XapaKTEpUCTUKH IUIABJICHHS Ta CTYITIHb KPUCTATIYHOCTI ISl KOMIO3UTHUX TLTIBOK
TIOMIBiHLII IeH(OTOPUT — TUTAHAT Oapiro

Bwmicr BaTiO; ITnaBnenns, T °C
B KOMITO3HILiT,
00. % T, T T, ATy, CK, %
0 126 158 182 56 17,9
0,5 128 162 182 54 19,3
1,0 126 161 180 54 17,8
2,0 125 161 183 58 17,4
3,0 128 160 187 60 17,6
4,0 127 160 186 59 17,6
5,0 128 160 187 59 17,6
Tab6auus 2

TemnepatypHi XapaKTepUCTHKH KPUCTATi3allii Ta CTYITiHb KPUCTAIIYHOCTI TSI KOMIIO3UTHHX ILTiBOK
TMOMIBIHLII IeH(TOPU — TUTAHAT Oapiro

Buicr BaTiOs B Kpucranizauis, T °C
o
KoMmo3ullii, 06. % T, T, T, AT, CK, %

0 127 122 111 16 22,8
0,5 128 124 113 15 23,3
1,0 128 124 113 15 23,1
2,0 129 124 112 17 22,2
3,0 129 125 112 14 22,8
4,0 130 125 113 17 20,5
5,0 133 127 114 19 21,1

MOPOIIKIB IONIMEpY Ta JucHepcHoi J00aBKH uepe3
CYCNEH3il0 B €THJIOBOMY CIHPTI 3a IEpeTUpaHHSI B
dapdoposiit crymi Bropomork 30 xB. Bmict BaTiOs;
cxianas 0; 0,5; 1,0; 2,0; 3,0; 4,0 ta 5,0 00. %. Cymirmi
BUCYIIyBaJld Ha TIOBITPI 3a KIMHATHOI TeMIlepaTypu
23°C Bnpomoex 12roxm, micins 4oro IOCyNIyBaJd B
cymmnbHi madi 3a Temneparypu 80 °C  BmpomoBxk
S5ron. 3pasku npecyBamu 3a Temmeparypu 200°C ta
Tucky 30MIla nporsroMm 5XB 3  HacTymHUM
OXONIOMKCHHSAM Ha TIOBITpI 31 MIBHUAKICTIO 9 rpaj/xBs.
ToBmuHa 3pa3kiB ckiaanana 6 200 MM .

Kpusi JTA, TI' ta JTI' peectpyBaiu Ha
nepuBarorpadi Q-1500D ¢ipmu MOM, bBynanemr.
BukopucroByBanu IDIATUHOBI  TUIN, SIK  €TaJOH
BukopucropyBamu  Al,O;.  IlniBku  mompiOHIOBaH,
mociipkyBaHa — mpoba  ckimamgama Ot 200 mr.
TepMmorpamMu mporuecy IUIaBJICHHS pEECTpYBalM 3a
NIBUAKOCTI  HarpiBaHHA Srpaa/xB B iHTepBaii
TemnepaTyp Big kimMHatHoi g0 200°C, a moTiMm
3alMCyBajM  KPUBI  KpHUCTadi3alii 3a  IIBHUAKOCTI
oxomomkennss 1,5rpan/xs. 3 TepMorpaM BH3HAYATIH
TeMmepatypu nodatky rasnenss (T;), miasnens (Tyy,),
TeMmepatypHuii iHTepBai ruiaBneHHs (AT;), a Takox
TeMIepaTypH nouatky kpucramisaiii (Ts3), kpucramizarii
(Txp), TemmepatypHumii inTepBanm kpucramizamii (ATyy).
[Moxnbka BU3HAYEHHS TeMIepaTyp IUIaBJICHHS Ta
kpuctamizamii cknagana 2°C. 3a BiZIOMOIO METOIMKOIO
[5] Bu3HawaaM eHTanbmit0  IIaBiaeHHs. Jia 10
PO3paxyHKy MPOBOIUIIN KaaiOpyBaHHs IUIONII MiKiB 3a 3a
7-aMIHOOEH30MHOI0 KHCJIOTOI0, EHTAJbII IIJIaBJICHHS

sKo1 cxiazae 36,3 xanu/T.

Cryninb kpucramiudocti (@, %) pospaxoByBaiy,
BUXOASYM 3  CHTAIbIMi  IUIABJCHHA  ITOBHICTIO
3aKpUCTAIII30BAHOTO MOTIMEPY 3a PIBHIHHSM:

a = DH/DH,,x00,
ne DHy, — Tennora miaBieHHs MOBHICTIO KPUCTATiYHOTO
nonmimepy, ska ckmamae mis [IBO 25 kan/v [6]; DH —
TEIIOTAa TUIABJIEHHS JaHOTO 3pa3Ka.

Hocnimkennst aificuoi (') Ta yaBuoi (") ckiagoBoi
KOMIUIEKCHOT JTieeKTPUYHOI TPOHUKHOCTI KOMIIO3UTIB
MPOBOJMIIKM B HaasucokodacTtotHomy (HBY) miamasowi
8 - 12ITu 3a gonmomororw iHTepdhepoMeTpa Ha OCHOBI
BuMmiptoBaua pizHumi (a3 PDPK2-18 Tta BumiproBaua
Koe(dillieHTa CTOSYMX XBWIb 1 mociabiaenns P2-60
0e3eNeKTPOIHUM METOJIOM [7], a HAa HU3BKHX YacTOTaX,
0,1, 1 i 10kl [8] — ABOKOHTAKTHHM METOAOM 3a
JIONIOMOror0  BUMipioBaua immitancy E7-14. IMoxuOka
BH3HAYCHHA €' He mepeBunryBaia 5 %.

IMoBepxHEBY TYCTHHY 3apsaiB S  BH3HAYAIH
OC3KOHTAKTHUM IHAYKIIHHAM MeTOJ0M (KOJHBaHHSI
enekTpera B eMHicHOoMy 3as3opi) [9]. VYcranoBka

CKJIaJanack i3 JBOX IUIOCKUX CTATHMYHUX KOHJEHCATOpIB
i3 HEpyXOMUMH OOKJIaguHKaMu. B 3a30p opHOro
KOHJICHCATOpa TOMIIIyBalld €JIEKTPET 3 BIJJOMHM G, a B
IHIIMA — 3pa3ok s Bu3Ha4YeHHs. OOuaBa 3pasku
(ikcyBay Ha paMKax, SIKi IPUKPIIUIEH] 10 MEXaHIYHOTO
BiOpaTopa, WIO 3/iCHIOBaB TapMOHIYHI KOJMBaHHS
3pa3KiB y HampsMKy [0 HOpMalli  OOKJIaJMHOK
KoHJeHcaTopiB. [loBepxHeBuUil 3apsn 3pa3KiB BU3HAYAIN
LUISIXOM IOPIBHSHHS aMIUTITYJ] HAalpyrd Ha 3pa3Ky Ta
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BiIOMOMY KaJiOpOBaHOMY eJleKTpeTi. 3a IONOoMOroro
IFOI'0 METOAY BHU3HAYCHO IMOBEPXHEBUH 3apsi IUTIBOK
IIB® ta komnosutis 3 BaTiOs; Ha fioro ocHOBI.

[1. Pe3yabTaTu Ta ix 00roBopeHHs

B T1abn.1 Ta 2 HaBegeHO TeMIleparypHi
XapaKTepPUCTUKH MPOLECIB IUIABJIEHHS 1 KpUCTami3amii
BIJIMIOBITHO Ta CTYICHIO KPHUCTAJIIYHOCTI 3aJISKHO BiX
BMmicty BaTiOg.

Sx BupHo 3 Tabm 1, npucyrHicte BaTiO; 3a
uusbkoro Bmicty (0,5 06. %) npuU3BOAUTE 10 3pOCTAHHS
CTYNEHIO KPHCTAJIYHOCTI 1 MPakTHYHO HE BIUIMBA€E Ha
meii mokasHuk 3a  Bmicty 1,0-5000.%. 3a
KOHIICHTpALI N 0,5-1,000. % 3BY)KYETHCS
TeMmIiepaTypHuii iHTepBai ruiaBnenHs [1B®, mo Bkazye
Ha QopMyBaHHs OiIbII OMHOPIAHMX 3a pO3Mipamu
KPHUCTAJITIB, IO  IOSCHIOETHCS  3apOAKOTBIpHUM
BIUIMBOM MOBEpPXHI YaCTHHOK JI00aBKU 32 PiIBHOMIpHOTO
pO3TONITYy YACTHHOK 3a HHU3BKOrO 1ii BMICTY. 3a
miaBuiieHoro  Bmicty  gobaBku (2,0 - 5,0 06. %)
CIOCTEpIraeThes PO3LIMPEHHS TEMIIEpaTypHOTO
iHTEpBally IUIABJEHHS, [IO0 BKa3ye Ha Te, MIO Oyiau
copMOBaHi MEHIIl OJHOPIHI 32 PO3MipaMH KPHCTAIITH
I1B®.

3a Bucokoro Bmicty (5,0 06. %) BaTiO; (tabi. 2)
CIIOCTEPIraeThesl 3pOCTaHHs TEMIEpaTypH KpUCTai3alii
Ha 5°C nopiBHsHO 3 Buxiguum [IB® Ta posmmpeHHs

TEMIIEpaTypHOT'0 iHTEpPBaJy LLOrO MPOIECY, IO BKa3ye
Ha (OpPMYBaHHs KpPYIHININX, ajeé MEHII OXHODPIJHUX 3a
po3MipamMu KpucTaliTiB. lle Moxe OyTu mOB s3aHO i3
3pOCTaHHAM YacTKM MAaKpOMOJIEKYJ TOJiMepy, UI0
KOHTaKTYIOTb 3 TIOBEpXHEI0 JUCIEpCHOI J00aBKH, i1
MalOTh TOHIDKEHY PpYXJIHMBICTh, TOMY KpHUCTaJi3amis
BIIOYBA€ThCA 3a MiJBHUINCHOI IMOPIBHAHO 3 BUXITHUM
MOJIIMEPOM TEMIIEpaTypH, a 3HAYUTh, 32 YMOB, OUIBII
HAOJVDKEHUX JI0 PIBHOBaXXHUX. B3araii, citij 3a3HAYHTH,
IO BBEJCHHS TBEPAOl BUCOKOAUCIIEPCHOI J00aBKU
BaTiO3; HecyTTeBO BILIMBA€E Ha CTYIiHb KPUCTATIYHOCTI
[MBD-2M(E).

Merogom JATT'A mocimimKeHO TaKoX TepPMOCTIHKICTh
wiiBok Ha ocHoBi [IB®-2M(E) i3 BaTiO3 3a mBuakocTi
HarpiBanHs 10 rpaj/xs. Ll xapakTepucTHKA € BaXIUBOIO
JUTst BUOOPY TEMIIEpaTypHOTO iHTEepBaIly
€JIEKTPETYBaHHSI.

Sk BumHO 3 Tabn. 3, npucyrHicts BaTiOz nonmxkye
TEMIIepaTypHi TOKa3HUKHA TEPMOCTIHKOCTI IOJIMEpy B
KOMITO3HTI, TPOTE TEMIepaTypa MOYaTKy IHTEHCHBHOTO
poskiaamy momimMepy B kommosuTi (390°C) 3HauHO
nepepuiirye T, momimepy (160°C), a 3Hauuth
eNIEKTPETYBaHHS MOJXKHA IIPOBOAUTH 3a TEMIIEpaTypH,

BHIIOI 3a Tipi cerHeroenexrpuxa BaTiO; (120 °C) Ta
T, momimepy.

Ha puc. 1 300pakeHO 3aIeKHOCTI TIHCHOT CKJIa0BOT
KOMIUIEKCHOI ~ JIeNIeKTPUYHOI ~ TMPOHMKHOCTI  Bif
06'emuoro Bmicry BaTiO; mif KOMIIO3WUTHHX IUTIBOK

Taomauns 3
TepMoCTIHKICTh ITIBOK HA OCHOBI TOJIiBiHLIIIEHDTOPHTY
Buicr BaTiOs TemnepatypHi xapakrepuctuky, T °C
B KOMITO3uIIii, 00. % Trox T, T, Tio%
0 400 485 575 460
0,5 390 480 575 450
50 390 440 560 440

Thoq — TEMIEpaTypa MoYaTKy iHTEHCHBHOrO po3kiany; T; — Temmepatypa ocHoBHoro JTI miky poskiany; T, —
temnepatypa apyroro JTI miky poskiany; Tige - TeMuepatypa Brpatu 10 % macu nomimepy.

s'
16 7

154

14 1

—
o

5 Cv, %

re

&
5.5]

4,51

3.51%

5Cy. %

Puc. 1 3aexHiCTb AIMCHOT CKIIa0BOI KOMIUIEKCHOT Ji€JeKTPHYHOI IPOHUKHOCTI BiJ 00’ eMHOro Bmicty BaTiOs
Juts wiiBok [IBO-BaTiOs; Ha Hu3bkuX yacToTax (a) Ta HaaBucokux 9 I'T'r (6).
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G.Ki/em?

» %

5 Cy %

Puc. 2. 3anexHicTh MOBEPXHEBOTO 3apsAay O ILTiIBOK
I[MB®-BaTiO; Big Bmicty BaTiOs; 1o il 30BHILIHBOrO
eJleKTpHUYHOro mons (a) Ta miciast oOpOOKH KOPOHHUM
pospsimom 0,5 kB/cM mosutuBHUM (6) Ta HETaTUBHUM
norennianom () 3a temneparypu 22°C uepes 5 (1) , 10
(2) ta 15 x8. (3) micist 3apsaKy.

I[IB® — BaliO; na Hu3bkux (@) Ta HaaBUCOKUX (6)
JacToTax.

BuHo, 1110 32 HU3BKOI'O BMICTY TBepIOi J00aBKH B
kommosuti (1o 1,0 06. %) crocTepira€TbCss 3MEHIIEHHS
! 110 MOKIJIUBO, I10B’ 13aHO, 3 OLJIbIII

8 )
JPiOHOKPHCTAIII YHOIO CTPYKTYPOIO KOMIIO3UTHHUX
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G.Ki/em 2
4

210711

4-107"]
61072

8-10711

-1-10°H . . . .
0 1

o, Ki/em 2

5 Cy, %

Puc. 3 3anexHicTh MOBEPXHEBOrO 3apsily  IUTIBOK
[IB® BaTiO; Bim sBwmicty BaTliO; mo mii
30BHIIHBOTO ENEKTPUYHOro Tmonst (a) Ta michs
00poOKH  KOpOHHHUM po3psiaoM 5 «kBlem 3a
temmepatypu 90°C mnosutuBHUM (6) Ta HEraTHBHUM
notenmiamom (6) uwepes 5 (1) , 10 (2) , 15 (3),
20 xB. (4) micis 3apsaaKu.

riiBok. [lopanbiie 3pocranHHs €' 3a MiJBHIIECHS BMICTY
BaTiOz 10 2,0 06. % moB’s3aHO, WMOBIpHO, 31 3MiHAMU
CTPYKTYpH Ha MOJEKYJIIPHOMY DpiBHI B amMoOp(HHX
obmacrax. JlimifiHa 3aJeXHICTP 3a  IIOJAJIBLIIOrO
3pocranHs Bmicty no6asku (3,0 - 5,0 06. %) BukIHMKaHa
BKJIaZIOM caMoi 106aBku, ockineku BaTiOz; Mae 3HauyHO
BUIL 3HAYEHHS €.

3 HaBeICHUX JNAHHX BHIHO, IO caMi BUXITHI 3pa3ku
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MAalOTh IIOBEPXHEBUI 3apsz 0e3 morepenHboi 00poOKH
enektpuyHuM moieM (puc. 2, a). Haiinmkui 3HaueHHs
TIOBEPXHEBOT'O 3apsily G Ma€ BUXITHUHU MOJiMep, a Bix
BBenenns BaTiOs; ¢ 3pocrae, MOXIHBO, 3a PaxyHOK
YTBOPEHUX IIO3UTUBHUX 1 HETAaTUBHHUX 3apsfiB Y
kommo3urax.  [licims  mepeOyBaHHS ~— 3paskiB Y
EJIEKTPUYHOMY TOJIi KOPOHHOTO PO3PsITy BIPOAOBK 1 XB
X moBepxHs OyJa 3apsKeHa K MO3UTUBHUM (pHC. 2, 0),
Tak 1 HeratuBHUM (puc. 2,6) mOTeHIiamTamMu. 3a
KIMHaTHOi ~ TemIepaTypu  OOpoOkM  3paskiB y
CIICKTPUYHOMY TIOJIi HAWOUIBII CTIHKO 30epiraroThes
sapsau y kommosuti [IBD® — 3,0006. % BaTiO; 3a
TIO3UTHBHOTO TIOTEHIIATY.

3a 00poOKM 3pa3KiB B €JIEKTPUYHOMY TMOMI 3a
temnepatypu IriBok 90°C TeHACHISA IO CTIHKOCTI
3apsy TICHs OXOJIO/DKEHHS 3ajIMIIAEThCS TAaKOK K

(puc. 36,6), a piBeHb 3Ha4Ye€Hb G 30UIBLIYETHCS
MOPIBHSHO 3 TOIEpelHIMH BHMipaMu OuUTbIN, HDK Ha
MOpPSAMOK  BENWYMHH.  [liIBUICHHS  TeMIEpaTypu

(GhopMyBaHHS TOBEPXHEBHX 3apsiOiB Y KOPOHHOMY
PO3pAIl MiABHINYE CTAOUIBHICTD 1 BEIMYMHY MHTOMOTO
3apsay B TOTIMEPHOMY KOMITO3HMTI 3aBAAkH (bikcamii
HaBEJICHUX 3aPS/IiB ITICIST OXOJIOKEHHS.

Jis mocsirHeHHst OUTBII CTaOUIBHHUX ENIEKTPETHUX
BJIACTHBOCTEH OJIep)KaHUX KOMIIO3HMILH, TemrepaTypa
MONIepeTHHOr0 HArpiBaHHS IOBMHHA OYTHM BUIIOK 3a
TEeMIlepaTypy IUIABJIEHHS MojJiMepy Ta Touku Kropi
CETHETOCNIEKTPHUKA, a OXOJIOJIKEHHS ITOBUHHO
MPOBOJIMTUCH Yy TOJI KOPOHHOro po3psany. Taka
METOJMKAa JIaCTh 3MOTY OJIepXKyBaTh KOMIIO3HMINI Ha
OCHOBI MoJTiMepiB 3 JUCTIEPCHUMU
CETHETOCNIEKTPUYHUMH HAIOBHIOBAYAMH 31 CTA01IbHUMHU
€JIEKTPETHUMH BIIACTUBOCTSIMHU.
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L.S. Dzubenko, S.M. Makhno, O.0. Sapyanenko, P.P. Gorbyk

The I nfluence of Finely-Dispersed Barium Titanate on Structural and
Electrophysical Properties of Polyvinilydene Films Based On

0.0.Chuiko Institute for Surface Chemistry, NAS of Ukraine, 17, Generala Naumova Str., 03164, Kyiv, Ukraine, e-mail:
ryash@i.ua

There were composite films based on polyvinylidene fluoride (PVDF) and barium titanate as segnetoelectric,
with purpose of effective electrets creation, in concentration range of 0.5 — 5.0 % vol. prepared. It is established,
that BaTiO3 presence at low content of 0.5% vol. leads to increasing of crystallinity degree, and, practicaly, not
has influence on at addition content of 1.0 — 5.0% vol. There were PVDF s temperature range of melting
becomes narrow one, at |ow addition concentration of 1.0 — 5.0 % val., showing on more homogeneous crystallite
formation by dimensions. There were increase of crystallization temperature on 5 °C of process given observed,
and one’s temperature range dilation of, showing on larger and less homogeneous crystallites by dimensions. It is
established, that in the composite films of PVDF — BaTiOs, surface charge is much stabile at addition content of
4.0% vol., and reach value of 10" Koulon/m?and, at conditions of crown discharging electrical field trestment of
intensity at value of 500 kV/m. There is nonlinear permittivity dependence observed, a low aswell as ultra-high
frequencies, and may be related with influence of finely-dispersed addition on crystal structure forming , and in
the same way, on the top polymer layers structure.

Key words: poly(vinylidene fluoride) (PVDF), barium titanate, crystalinity degree, the dectret,
permittivity, surface charge.
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Thin films of CdTe were obtained by vapor phase condensation, namely by open vacuum evaporation, using
different technological factors, in particular, different thickness (different time of deposition t) d = (540 -
2835) nm, deposition temperature T, = 200°C and evaporator temperature T, (500 - 600)°C. The films were
deposited on silicon substrates. The morphology of thin film condensates is determined on the basis of ASM and
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I ntr oduction

Cadmium Telluride (CdTe) is recognized as a very
promisng material for thin-film solar cells. CdTe is a
semiconductor of groups II-VI with a band gap
Eg=15eV, and is widely used for photovoltaic
converters of solar energy. It has aso a high absorption
coefficient >5x10°cm™, which means that 99% of
photons with energy greater than the band gap width (E)
can be absorbed within 2 um of CdTefilm [1-2].

The solar cells on the basis of CdTe take up from the
middle of the last century. In 1956 J. Lohorsky
theoretically verified the application of InP, GaAs, and
CdTe in solar cells as semiconductors with a higher
efficiency of photodectric converting than CdS, CdSe,
AlSb and Si [3]. The effectiveness of such laboratory
samples of solar cel with p-n-junction on
monocrystalline CdTe, first produced in 1959, was only
2% [4] and barely 20 years later it dightly exceeded
7 %, and subsequently even is 10 % [5, 6].

Technological difficulties to create a perfect p-n-
junction with athin front layer and sgnificant losses due
to surface recombination were main reasons for the low
efficiency of such devices. Therefore, further efforts
were made to find an appropriate heterojunction, first of
which was a junction of p-Cu,Ten-CdTe with
photovoltaic efficiency ~7 % and which, due to the
diffuson of copper, was too unstable [7]. Were
investigated the possibility of other materials using as
hetero-junction partners for p-CdTe: I1TO, In,0O;, ZnO
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(materiads with n-type conductivity and a comparable
band gap to CdTe), which performed the role of
"window", through which radiation reaches a
photovaltaic active absorbing cadmium telluride layer
[8].

In the first years of 21% century is managed to
improve the technology of obtaining and producing of
thin films solar cells based on CdTe, which can compete
with silicon analogues. In industry, the efficiency of thin-
film CdTe-modules is 10—11% with perspective of
increase in the near future by some percent [9]. In
laboratory, the efficiency of experimental samples of
CdTe thin-film solar cellsis 16 - 17 %, and its theoretical
limit is 28 —30 % [10-11]. The costs of modules during
last seven years decreased three times and overcome
$1US/ W, and the efficiency increased to 22.1 %. The
major producers of solar cells are focused on reducing
the cost of solar panels. Worth to note, that CdTe thin
films have become much cheaper compared to modules
on silicon plates.

Consequently, the semiconductor solar energy on the
basis of CdTe thin-film is one of the most promising
directions on the way of solving energy problems.
Today, the main problem is influence of technological
factors to obtaining the most optimal parameters of
resulting thin films.
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Vapor Phase Condensation for Photovoltaic CdTe Films

|. Experiment Methodology

For obtaining of semiconductor films and
nanostructured materials there are a large number of
methods. molecular-beam epitaxy (MBE), metal oorganic
vapor phase epitaxy (MOVPE), pulsed laser deposition
(PLD), magnetron sputtering (physical vapor deposition -
PVD), vapor-phase deposition ("hot wall" method for
epitaxial growth, deposition in open vacuum, gas
dynamical stream of steam) and others[12].

Cadmium Telluride synthesis was carried in vacuum
quartz ampoules by mechanical mixtures of initial
components. Additionaly, in contradistinction to
synthesis conditions of 1V-VI compounds, ampoules
were grafitized by acetone pyrolysis. The temperature
mode of synthesis consisted of several stages of heating
and withgtanding, and namely, the synthesis temperature
was 1120°C. Received ingots were ground up in
planetary ball mills Pulverisette 6.

To obtain of the CdTe thin film condensates of
different thickness by preset deposition temperature was
used vacuum heater, which has a specia design for films
deposition. It consigs five microheaters (Fig. 1,a b) in
form of the copper blocks of size 40x20x8 mm? [13]. In
frame of the copper blocks 1 are drilled holes for ceramic
tubes 2, which serve as an eectrica insulator between
the body of block and heating element 3. The lower
block has a pad with holders 4 for the material of
substrate 6. To reduce the surface heat losses of the

substrates and provide the necessary condensate layout,
tantalum screens 5 with a thickness of 0.3 mm were
constructed. All microheaters were calibrated to the same
temperature by selecting the resistance of a Nichrome
wire of 0.3mm in diameter. The temperatures of
microheaters are measured by thermocouples, placed
close to the substrates. The system of microheaters is
attached diagonally to the rotating cantilever, and the
heating elements are connected in paralle (Fig. 2). The
obtaining of vapor phase semiconductor condensates is
carried out on the next way (Fig. 2) [13]. The evaporator
7 isfilled with an investigated substance (pre-synthesized
CdTe compound). In advance prepared substrates 4 (for
example, glass, silicon, talk) are placed on surface
microheater 1. The substrate was pre-purified by
chemical etching. After the shutter is blocked, five
microheaters 1 with substrates 4 and evaporator with
synthesized composite are heated to preset temperature.

One of the microheaters places under the hole 6 in
the shutter over the evaporator and provides vapor
deposition on the substrate within a fixed time. Then the
flow of vapor from evaporator is blocked by shutter, the
next microheater with substrate is rotated, the shutter
opens, and the deposition is carried out with another
time. The process repeats five times for each microheater
with a substrate, accordingly.

CdTe thin film nanostructures were deposited by
vapor-phase condensation method on silicon substrates
under the same process parameters (different samples

b

Fig. 1. Constructive scheme (a) and the image of the vacuum micro-stove (b): 1 — copper block, 2 — ceramic tube, 3

— spiral of the hester, 4 — substrate holders, 5 —mask, 6 —material of the substrate.
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Fig. 2. Scheme (a) and image (b) of the device for films and two-layer structures deposition: 1 — system of
microheaters, 2 —heaters, 3 —radial brackets, 4 — substrate for steam deposition, 5 — shutter, 6 —asymmetric hole, 7
— evaporator, 8 — mechanical system for microheatersrotating.
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SEM HV: 30.0 kV WD: 6.33 mm
SEM MAG: 15.0 kx Det: SE
View field: 27.6 ym  Date(m/dly): 03/30/17
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Fig. 3. SEM- image morphology and 5 pum cross-section image of CdTethin films (sample 6).
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Fig. 4. SEM- image morphology of CdTe thin films (sample9).

Table 1
Technological factors of cadmium telluride films deposition on silicon substrates
Substrate Evaporation e . Deposition
%mglef temperature temperature Depots ggcn time Th&cl:]rrl]ss vel ocity
T,,°C Te,°C T ’ V, nm/sec.
6 200 550 300 2835 7.65
9 200 550 120 540 4.50

thickness) in single technological cycle. Deposition
occurs on silicon substrates. The evaporation temperature
of pre-synthesized cadmium telluride was Tg = 550°C.
This temperature was chosen in account of CdTe
evaporate features, in particular, Cadmium Telluride in
the range (500 - 600)°C evaporates congruently with
more than 98 % of the CdTe moleculesin vapor [1]. The
deposition temperature on the substrate was T4 = 200°C.
The thickness of condensate was determined by time of
deposition in the range of (120 - 300) sec. within (540 -
2835) nm (Table 1), usng the Bruker Dektak XT
profilometer [14].

The morphology of the films was pre-determined by
the Nexus 412 hardness meter, which makes it possible
to determine the presence of phases of various materials

412

in the base material and to investigate the defect
gtructure. It makes the possibility to determine of the
presence of phases of various materids in the base
material and to investigate the defect structure. It were
received using hardener surface the images of CdTe
samples (Fig. 5-6) obtained on silicon substrate with high
resolution (camera zoom of 10x, 40x). The scanning was
carried out aong the X-Y axes, the measuring range on
the samples takes 120x120 microns, the anaysis was
provided with 20x20 microns step. Results were
processed using special software HardworX.

The obtained surface morphology of the thin-film
structures were investigated by atomic force microscopy
(CSM Instruments Swiss made) in the periodic contact
mode. M easurements were made in the central part of the
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Table 2

The basic morphological parameters of CdTe thin films deposited in vacuum by vapor-phase condensation on
silicon substrates. Sample numbers and technological parameters of deposition correspond to the datain Table 1

. Root mean
. Average normal Maximum Average
Thickness . : square
Sample number d size normal size roughness
M he, nm Nrex, NM R, nm roughness
Cy maxs U Rq, nm
6 2835 24.98 36.17 7.10 8.99
9 540 23.19 31.05 5.62 6.98
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Fig. 6. Surface image of CdTe/Si thin films on a hardener Nexus 412A (sample 9, 10x camera zoom).

samples using serial silicon probes CSM with a nominal
radius of rounding up to 10 nm. According to results of
ASM analysis, in addition to surface morphology and
profilograms in the software package Gwyddion, the
normal sizes of nanocrystals, average roughness and root
mean square roughness were determined.

413

1. Resultsand discuss

The influence of technological parameters on
deposition process is main specify of formation and
growth of vapor phase condensates. It may be due to
significant supercooling and steam oversaturation
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Table3
The phase analysis data for CdTe/Si thin films (sample 6)
Error in
Element | AN | Series | Net | [wt%] [\;‘,t"[);;] [norm. at.%] [\;‘,t"[);;] WE% (3
' ' Sigma)
Cd 48 L-series 11711 41.4825 46.2809 49.4427 46.2809 4.1703
Te 52 L-series 8803 48.1494 53.7190 50.5572 53.7190 4,5827
Sum:; 89.6319 100 100
y cps/eV
3.0t
2.5{
2.0{
1.5
4 Te
{Cd
1.0:
0.5:
0.0 Lb‘h;.‘w‘.“1-"""“."%:'7‘&.&'} ey fomr i b A b e -
2 8 10

compared to crystallization conditions of bulk crystals
and the numerous physical and technological parameters
that make influence to their kinetics formation. In
particular, the following parameters can be controlled
[15]:

evaporation temperature T, at constant
temperature T, of substrates and time of deposition ;

deposition temperature at constant evaporation
temperature T, and time of deposition t;

deposition time t at constant temperatures of
both the substrate T and evaporator Te.

Some results of SEM anaysis of the CdTe films
deposited on silicon substrates are shown in Fig. 3-4. It
can be observed that al thin-film condensates are
characterized by homogeneous tightly ordered structure,
without the presence of distinct macroscopic grains. Here
it'smention layered growth of thin films[16], which is of
Stranki-Krastanov mechanism of growth typical [17].

The basic morphological parameters of deposited
CdTe thin filmsin vacuum by vapor-phase condensation
on slicon substrates are presented in Table 2, where
sample numbers and technological parameters of
deposition correspond to the datain Table 1.

We observed the uniformly distributed nanobjects on
the surface of deposited films. The experimental factor
that affects the change of nanoobjects morphology is
deposition time t, which varied with constant values of
evaporation and deposition temperatures. As can be seen
at Fig. 1, the shape and sze of these nanoobjects is

keV

Fig. 7. The EDS spectrum of CdTe/S thin films (sample 6).
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changable. The norma sizes of surface nanoparticles
increase with increasing of film thickness (deposition
time). Therefore, nanoparticles in normal direction
increased from 21 - 25 nm for a film thickness of 540 nm
to 22 - 28 nm for film of 2835 nm thickness. At the same
time there is observed a sharpening of nanobjects
vertices. For small thicknesses, they have a visible
domed shape.

As the increase of deposition time (thickness of the
film) causes a dlight normal growth of nanoobjects and
rounded vertices transforms into more sharped peaks,
one can argue about the implementation of Stranki-
Krastanov mechanism of growth — at first islayer growth
of CdTe on Si-substrate realized, with the subsequent
formation of separate uniformly distributed nanoobjects
on condensed film.

The Stranky-Krastanov mechanism is realized with
some inconsistency between film and substrate lattice

parameter (as~ 5,430 A, acqre~ 6,481 A). Therefore,
the presence of this mechanism by CdTe vapor-phase
condensation is evident both on amorphous glass and
silicon substrates.

From the cross-section of the film (Fig. 3) can be
noted that inside of investigated samples structure are
formed implicitly visible columnar nanofibers. The larger
is the diameter of nanofiber, the better film absorbs light
rays. The obtained results can be applied for cadmium
telluride thin films use in photod ectric converters.

The element or chemical analysis was provided on
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Table4
The phase analysis data for CdTe/Si thin films (sample 9)
[norm [norm [norm Error in
. o . . . o
Element AN series Net [wt.%] Wt.%] at. %] Wt.%] vgtg{;g
S 14 K-series 4204 21.3176 28.6496 63.2031 28.6496 3.2516
Cd 48 L-series 4701 24.3974 32.7886 18.0725 32.7886 2.6828
Te 52 L-series 3967 28.6930 38.5617 18.7243 38.5617 3.0086
Sum:; 74.4081 100 100
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the base of Energy-dispersive X-ray spectroscopy (EDX)
in SEM method. The EDX spectrum for sample 6 and 9
areshown in Fig. 7-8.

For the samples 6 and 9 (CdTe)/ S the chemical
composition analysis provided on SEM (Bruker
Quantax) usind the method of energy dispersive X-ray
spectroscopy (EDS). The assayed EDS anaysis was
carried out in the low vacuum mode. In particular, the
atomic weight percent consist Cd (49.44 %) and Te
(50.56 %) for the sample 6.

For the sample 9 the atomic weight percent of Cd
(18.07 %), Te (18.72 %), and Si (63.2) as basic element
of the substrate was obviously observed in the spectrum.
We can determine the condition for the deposition of
stoi chiometric CdTe semiconductor films using the vapor
phase condensation method from sequential experiments
result.

Conclusions

1. It was investigated that method of free vapor-
phase condensation in vacuum in a single cycle at preset
temperatures of the substrates and the evaporator
provides CdTe condensates of different thicknesses.

T T
6 8 10

keVv

Fig. 8. The EDS spectrum of CdTe/S thin films (sample 9).
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2. The analysis of SEM results of the CdTe/S
thin-film nanostructures obtained by free vapor-phase
condensation for different technological deposition
factors was carried out.

3. Were edablished the regularities of
nanostructures norma size change on the surface of
condensates, the most probable their normal sizes, as
well as the average roughness and root mean sguare
roughness magnitude from the temperature and time of
vapor deposition on the substrate and the evaporation
temperature.

4. It is shown that prevails Stranki-Krastanov
mechanism of nanoobjects growth.

5. The relevance and perspectives of CdTe thin-
film condensates applying as solar cells for photovoltaic
converters istheoretically substantiated.
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TexHoso0rist 0OcaJzKeHHsI BIIKPUTHM BUIIAPOBYBAHHAM Y BAKYyMi
¢doroesexTpuuHux miaiBok CdTe
'IBH3 «[Ipuxapnamcokuii nayionaneruil ynigepcumem imeni Bacuna Cmeganuka»,

eyn. lesuenka, 57, 76018, m. Ieano-Ppanxiscok, Vipaina, e-mail: roctyslaw@gmail.com
LK ewyscokuii ynieepcumen, yn. Peiimana 16C, 35-959 JKeuys, Ionsiya

MeTtonoM ocaKeHHs i3 mapoBoi (asu, a caMe HUIIXOM BIAKPUTOrO BUNAPOBYBAaHHS Y BaKyyMi OTPHMAaHO
ToHKi 1iBki CATE€, BUKOPUCTOBYIOUH Pi3HI TEXHOIOTYHI (haKTOpH, 30KpeMa, pi3HY TOBIIHMHY (3aa€ThCs 4acoM
ocapxenns t) d = (540 - 2835) uM, Temueparypy ocamkenss Ty = 200°C Ta Temneparypy Bumnapauka Te (500 -
600)°C. TLniBKkM oca/pKyBali Ha KpeMHieBi miaknaaku. Mopdosorist TOHKOIUTIBKOBUX KOH/ICHCATIB BU3HAYAETHCS
Ha ocHOBi aHanizy ASM Ta SEM pocnmimxens. Bynn oTpumani 3anexHOCTI cepeiHbOi IMIOPCTKOCTI Ta
CepeTHbOKBAIPATUYHOTO BIIXWICHHS BiJ Marepiaiy MiAKIaJKK Ta TOBIIMHM IUIIBKH. BcraHOBIEHO, IO picT
TIOBEpXHEBUX HAHOCTPYKTYpP BHU3HAa4YaeThest MexaHisMoM Crpanki-Kpacranosa.

KirouoBi ci1oBa: Texypun KaaMilo, TOHKI IUIIBKH, HAHOCTPYKTYPH, IPOLIECH POCTY.
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BrnuiuB BUTpUMKH Ha moBiTpi cmutaBy Zr-Mn-Cr-Ni-Al
HA HUKJIYHY CTIHKICTh

Incmumym npoonem mamepianosnaecmea im. .M. @panyesuua HAH Ykpainu3, syn. Kpowcuscaniscovrozco, Kuis,
03680, Vkpaina, 0.0aliy87@gmail.com

MeTooM pacTpoBOi  €JIEKTPOHHOI MIKPOCKOIii BCTaHOBIECHO, o cmwiaB  ZrMngsNip,Crgi1gAgMae
JICH/IPUTHY CTPYKTYPY, @ 3HOMKa THIIOBOI IiJISIHKM MOBEPXHi HUTi)a B XapaKTEPUCTUYHUX BUIPOMiHIOBAHHIX
BU3HAUMIIA HOr0 XiMiYHY HEOJHOPIIHICTb.

PenTreHiBcbkuM qU(GPAKTOMETPUYHUM METOAOM BCTAHOBIICHO, 10 OCHOBHUMH (a3amu ciuiaBy € pa3u Cys i
Cy4. Kpim Toro B crutai mictsitbest BropunHi Gaszu NiyZrz Ta NiggZro.

MeTonoM MOTEHLIOMETPUYHOTO LMKIYBaHHS BCTAHOBJICHO, 110 BUTPHMKA HA IOBITPi MOPOIIKY CIUIAaBY
ZrMngsNi1,Cro18Ap1 TPU3BOMKUTH JIO MiJABUILICHHS SJICKTPOXiMIYHOI CTaOiBHOCTI €JICKTPO/IB, CIPECOBAHUX 3
L[bOr'0 IIOPOLIKY 1 € NPUYMHOI 3HAYHOTO NOKPALIEHHS iX LMKIIYHOI CTiliKocTi. BaxxinBo, 0 MOKpaulyeThes
LUKJIIYHA CTIMKICTh cruiaBy ABj, JIeroBaHOro XpoMoM 1 aJroMiHIEM OJHOYACHO, IO, 3a3BUYaif, IPOBOIITH 3
METOI0 IIi/IBUIIEHHS ILMKIOCTIHKOCTI 3a PaxyHOK CTBOPEHHS NPOHUKIMBHX IUIsL BOIHIO CTIHKHMX OKCHUIHHX
IUIBOK.

CrnaBu 3 ofHakoBuM BMicToM (a3u NijpZr; MaroTh OHAKOBY IIBH/KICTh aKTHBAL] BUXIIHHX CJICKTPOIIIB.
36inbieHHs BTopuHHOI (a3u NijpZr7 IPU3BOAUTH 10 HOKPAIIEHHIO KIHETHKH TiIPYBaHHS BUXITHOTO €JIEKTPOLY.
BurpuMka Ha MOBiTpi HOPOILIKY CIulaBy 3 migBuieHHM BMmicToM ¢asu NijpZr; He NPUCKOPIOE KiHETHKY
rilpyBaHHSA, OJHAK INPU3BOJUTH IO CYTTEBOrO IOKpPAIICHHS HOro nukiIivHoi crifikocti. IIpu 3MeHIIeHHi
kinbkocTi @asu NipZr; MOKpaleHHS KiHeTHKU TiIpyBaHHS BilOYBa€ThCs B Pe3yNbTaTi BUTPUMKH IOPOLIKY
CIUIaBy Ha MOBITPI.

MexaHi3M 3apOKEHHS 1 HOMUPEHHS KOpo3il cIu1aBy 6e3 BUTPUMKH i 3 BUTPUMKOIO Ha IOBITPi NPOTAToM 7 i
15 ni6 3 nHacrynHoto BuTpuMKO B 30 % pozumHi KOH onmHakoBumii. 3rigHO 3 JOCIIKEHHSMH, KOPO3is
MaTepiary 3apoKyeThcsl Ha MiK(a3Hii TTOBEpXHI 1 MOYMHAE MOIIMPIOBATUCS Y3OBXK Hel , IO CBIMYUTH HpoO ii
MITIHFOBUH XapaKTep, a IOBEPXHs CaMOro IITTIHra Ma€ BUIJIA]] YELIYeK.

Kurouosi ciioBa: Zr-cruias, rifipyBaHHs, BUTPUMKA Ha IIOBITpi.

Cmamms nocmynuna 0o pedakyii’ 12.10.2017; npuiinsama oo opyky 05.12.2017.

Beryn

[IpoGnemy 3 HaBKOJMIIHIM CEpEIOBHIIEM POOIISATH
aKTyaJbHUM IIOIIYK aJTbTCPHATHBHHUX JDKEPET EHeprii.
BupimeHHs gaHOi MPOOJEeMH  MOXKIHBO — 3aBISKH
BUKOPHUCTAHHIO BOJHIO SK €HEPrOHOCIA 1 MajuBa.
30epiraHHs Ta TPAHCIOPTYBaHHA BOIHIO B YHCTOMY
BHUIUIAZI TPOIEC CKIAJAHUM 1 HeOe3meyHuidd, TOMY
BIIKPUTTS BUCHUMHM 3ATHOCTI IHTEPMETATIYHUX CIIOIYK
0 copOIIii - aecopOLii BOAHIO MPHU3BENO 10 CTBOPCHHS
CHUCTEMH «METaJI-BOJICHB» - K HAIIHHOrO 1 0e3MeYHOro
fioro cxosuma [1-3]. 3 momenry Bimkpurrs IMC
pO3pOOJIGHO 1 3aIpPOMOHOBAHO A0  IPAKTHYHOTO
BHKOPUCTaHHSA Ha iX OCHOBI 0arato HpWIIaiB, Y TOMY
YHCITi aKyMYJIATOPHI Oatapei. B octaHHi AecsSTUITITTS BCe
OLITBIIIOTO TOIIUPEHHS 3HaXOMATh HiKEJIb-
MeTaJoTi APHIHI (HMT) aKyMYJISITOPH.
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[epcriekTHBHUMU MaTepiajJamu JUTst HIKeITb-
METaJOTIAPUIHAX aKyMYJSTOpiB € ciulaBu tuny ABs,
AB,, AB34[4-5).

VY npaniii poboTi I AOCTIDKEHHS OOpaHOo CIUIaB
tunty AB; (¢pasu JlaBeca). Cepen OCHOBHUX HEMOIIKIB,
SKi YCKJIAIHIOIOTH OLIbII IIMPOKE X 3aCTOCYBaHHS -
HEeOoOXiTHICTh aKTHBaIlil i He3HaYHA IMKIiYHA CTIHKICTh
mpu poOOTI B JY)KHOMY EJICKTPOJITI, 3HMXKCHHS SKOI
MOXIIMBO 4Yepe3 MEXaHiYHe pyHHYBaHHS BHACIIJIOK
3Ha4YHOro o00'eMHOro edekTy peakuii TiIpyBaHHs-
JIeTiIpyBaHHs 1 KOpO3ii.

B pe3ynbraTi YMCIEHHHUX OCIHIPKEHb BCTaHOBJIEHO,
IO TIONIMIIEHHS IMKIIYHOI CTIMKOCTI IUPKOHIEBHX
CIUIaBiB MOXJIMBE NpU iX 00poOIi y (ropuaBMicTHHX
pO3YMHAaX, IPH JIETYBaHHI 3 METOIO 3HIKEHHS! 00’ EMHOTO
epekTy peakuii TiApyBaHHS 1 JleryBaHHI 3 METOIO
CTBOpPEHHS MPOHUKIIMBUX JJISI BOJHIO CTIHKUX OKCHIHHX


mailto:o.galiy87@gmail.com

0.M. Conosin, O.3. T'aniii, K.O. I'paiiBopoHcrka, A.B. Camentoxk, C.C. [TerpoBcbka

wiiBok [6-8].

ITpoBeneHi HaMM JOCTI/DKEHHS BCTAQHOBWIM, IIO
TIOMIIIIEHHS IUKJIIYHOI CTIHKOCTI IIMPKOHIEBOTO CILIABY
ZrMnCrNiV MoxHBe TaKOX MPU HOr0 eKCIIOHYBaHHI Ha
nopitpi y Bummmi nopomky a6o 3muBky [9-10].
ExcrionyBaHHS CIUIaBY Ha IIOBITpi HPU3BOAUTH 10 iOro
JI030BAHOT'O OKMCJICHHS, TOJIOBHHM YMHOM 3 IIOBEPXHI, i
CIIpUSE TOMY, IO ENEKTPOJ, CIPECOBAHHN 3 BXKe
YaCTKOBO OKHCICHOIO IIOPOLIKY, WPH TiApyBaHHI-
JIETIIpYBaHHI ~ BUSIBIISIETBCSL  OLIBII  CTIHKMM 110
HOZAJIBIIION0 OKUCIIEHHA B ENEKTPONiTi, B pPe3yJbTaTi
YOro HUKITIYHA CTIMKICTh MiIBUIIYETHCA. Y JMaHii poOoTi
MH BHUKJIaJEMO Pe3yJbTaTH KOPO3iHHO-ENeKTPpOXiMiuHUX
JOCII/DKEHb BUTPHMAHOTO HA IIOBITPi MOPOIIKY CIUIABY
ZrMnCrNiAl.

|. MeTtoanka ekcriepuUMEHTY

MeTonoM aproHHO-AyroBoi IUTABKH OyB OTpHMAaHHMIl
crwiaB ZrMnCrNiAl Baroro 7, 151 25 (crumaB Ne 1, 21 3
BiJITIOBiTHO), CKJIaJI SIKOr'O HAaBeIEHO B Tabmii 1.

Artecrarito 3pa3KiB CILTaBy HPOBOJIIIH
IU(GPAKTOMETPUYHAM  METOAOM,  BHKOPUCTOBYIOUH
JAPOH-3M 3 ¢oxycyBanusam 3rimHo Bperr-Bpenrano.
Hampyra i cTpyM Ha peHTreHiBChbKil TpyOIl CKiananu
30 kB i 25 MA, BignosinHo. 3iioMKy mpoBoamwn B Cu Ka
- MOHOXPOMAaTHYHOMY BWIIPOMIHIOBaHHI B IHTEpBaJi
kytiB 20 Bix 30 mo 80 rpamyciB 3 KpOKOM CKaHYBaHHS
0,05°, yac interpyBanns cranoBuB 10 cexyHza. B sixocri

MOHOXpPOMAaTopa  BHKOPHCTOBYBABCS ~ MOHOKPHCTAl
rpagiTy Ha BTOpHHHOMY ITyUKY.

Mopdonorito  TOpOUIKIB, CTPYKTYpY, XIMIUHY
HEOJHOPIMHICTL 1 MeXaHi3M  Kopo3ii  CriaBy

JOCII/DKYBAJIH 33 JOHNOMOIOI0 CKAHYIOYOI €IeKTPOHHOI
MIKpOCKOMii Ta PEHTreHIBCHKOro MiKpoaHamizy Ha

Tabauns 1
Crutaj Zr- BMICTHOTO CIUIABY

DopMynbHUH cKIag

Zr-1 [Mn-05] Ni—12 | Cr—0180 | Al01

Barosuii % KOMIIOHEHTIB Y CILIaBi

Ni — Cr-—
35,01 4,65

Al -
1,34

Puc. 1. TumoBuii BHJ TOBEpXHI
ZrM n0,5Ni1,2Cr0,13A|0,1 (X 300, BE')

nriga  cruiaBy
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MikpoaHaiizaTopi "Superprobe-733" (JEOL, Snonis).
3ifiomka  Mopdosorii  mpoBemeHa Y — BTOPHHHHUX
enektponax (SEI), CrpykTypu - y BiIOWTHX eJIeKTpoHax
(BEI). [ocmimkeHHS BHUKOHAHI TpU TPUCKOPIOIOUiit
Hanpysi 25kB i crpymi 1x10™°A mpu enextponHO-
Mikpockomiunnx  gocmimkennsx i 2x107 A mpm
PEHTICHOCTICKTPAIBHUX ~ JIOCHIIKEHHSIX. PoGounii
BakyyM: 1x10° atm.

BonbramiiepHi XapakTepUCTHKH BUBYAIH METOIOM
MKITiYHOi  BombT-ammepomerpii  (L[BA).  3iiomku
MOTEHI OIMHAMIYHIX TIOJSIPU3aLli HHHAX KPHUBHUX
HPOBOIIJINA BiJl CTalliOHAPHOTO IMOTEHIIANy eeKTPOoAa
no moreHnriany -1,6 B (mpsamwuii xix), i Bix -1,6 B 1o -
0,6 B (3BopoTHH# Xim) I[OAO OKCHAHO-PTYTHOTO
€JIEKTPOJIa TIOPIBHIHHS B TPHOXEIEKTPOIHIA KOMIpIl 3

po3mineHnMH  enekTpoaHuMu  npoctopamu B 30%
pozunni KOH Ha morenmiocrari [I1-50-1.1 mnpwu
LIBHJKOCTI PO3rOpTKH MOTEHIIATY 2 mBlc.

Bumiproasus npooxuie npu temmepatypi 20 + 2°C.

[ukiyHy CTIHKICTh 3pa3KiB BUBYAIH IUKIYBaHHSIM
B TaJbBAHOCTATUYHOMY DEXUMI B JBOCNEKTPOIHIN
KOMipIi Ha 4-X KaHaJbHOMY aBTOMAaTHYHOMY MOIYII,
00aJHAaHOMY  €HEProHE3aleKHOK  MaM'dTTIO, IO
3a0e3edye BIAHOBJICHHS EKCIEPUMEHTAIBHUX JaHUX
Ipy TOBTOPHHUX 3allyckax Iporpamu. BumiproBanus
nposomut npu Temmepatypi 20 + 2°C B 30 % pozummi
KOH. B sxocTi NpOTHBOENEKTPOAa BHKOPUCTOBYBAIIU
emektpon cucremu Ni/Ni(OH),. 3apsa enmektponis
npoBoawi ctpymoM 50 MA npotsirom 1,5 rox, pospsn -
CTpyMOM S5MA 110 [OCSTHEHHsI PI3HHUII TOTEHIaiB
0,8B.

[lix BUTpUMKOIO Ha TMOBITPI Ma€ThCs Ha yBasi
BUTPUMKa IIOPOIIKIB B JIa0OPaTOPHUX yMOBax Ha
BIJIKPUTOMY TOBITpi 1 NPUPOIHINA BOJOTOCTI, NMpHU SKiH
MOXIIMBI 3MiHM TOPOWIKIB B pe3yJabTaTi IPOIECIB
TipoTi3y, OKCIreHOMI3Y 1 TiJpOreHoMi3Yy.

1. Pe3yJbTaTn eKCIEPUMEHTY Ta iX
00roBOpeHH

Jast BU3HAYCHHS CTPYKTYpH CIUIaBYy
ZrMngsNiy ,CrigAlp; mpoBeneHa 3iioMKa MOBEPXHI HOTO
nuria. BeraHoBneHo, 1o marepian Mae JGHAPUTHY
CTPYKTYpY 1 CKIQJa€Thcsi 3 JEKUIbKOX a3, siKi
BIJIPI3HAIOTBCS MK COOOKO MO KOHTpacTHOCTI (pHc. 1).
CeiimMm ¢a3aM BiAmoBizae Oiyblna cepeiHs aToOMHa
Bara, a TEMHHUM, BiJ[IOBI1JHO, MEHIIIA.

IlpoBenena 3ifoMKa THIOBOi [ISHKA ITOBEPXHi
nuripa B XapaKTEPUCTUYHUX BHITPOMIHIOBAHHSIX BCIX
eNIEMEHTIB, M0 BXOMATH A0 CKiIaay Mmarepiany (puc. 2)
JIO3BOJTMJIA BU3HAYUTH HOTO XIMIYHY HEOJJHOPIAHICTh. 3a
pe3ynbTaTaMy 3HOMKH 3pO0JICHO BUCHOBOK, IO CBITJIIIIA
¢asa 36aragena Ni i Zr, mio, 3rifHO peHTreHO(ha30BOrO
aHaJti3y, JiarpaM CTaHy 1 po3paxyHKy CepeaHiX aTOMHHX
Bar, BianoBigae daszam Zr7Nijp u ZrgNip; 1, MOXIHBO,
ZrNi, ZrzAl (cepemus atomua Bara — 72-75) Binbm
TeMHuM (a3am BiamoBimae ZrMn, ZrCry, ZrNis, (cepenns
aToMHa Bara — 65-67) i, moxmuBo, ZrAl; ZrAl
(cepenns atomua Bara — 59 i 70, BiamosiaHo).BHacmizok
oimuspkocTi aromuux Bar Ni, Mn i Cr (58,71, 54,94 i
52,01, BignoBiaHO) Bi3yalbHO ~OUIBII  JETAIBHO
po3pi3HUTH (Pa3u HEMOXKIIUBO.



Bruius BuTpuMKkH Ha moBiTpi criaBy Zr-Mn-Cr-Ni-Al Ha 1ukimigny CTifKicTh

A413 302

Ad0-302

r

I

A411:302

(S

Puc. 2.Po3moain XiMiYHHX €IEMEHTIB Ha THITOBI# AisHIN moBepxHi mutida crutaBy ZrMngsNiy2Croi1sAlo ipu
36inpmenni x3000: a - BEI; 6- X-Ray Zr-L, ; B - X-Ray Ni- K;; r - X-Ray Mn-Kj; 1 - X-Ray Cr-Kg;
e - X-Ray V-K,.
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Puc. 3. TTopomrok crumaBy ZrMngsNi 2Crg18Alo 1 3 posmipom gacturok < 100mkm (a —x300 SEI, 6-x1000 SEI).
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Puc. 4. ludpakrorpamu cmiaBy Ne 1-3 ZrMngsNi; 2Cro18Alo 1.

[Ticnst mospiOHEHHsI CIUTaBy 10 YaCTHHOK PO3MipOM
< 100 MKM CKaHYIOHOI0 EJIEKTPOHHOIO MIKPOCKOIII€EI0
MIPOBEACHO JOCIIIKEHHS IX MOpQOIIOrii i BCTAHOBJIEHO,
0 BCI YacTWHKH, HE3QJIKHO BiI  po3Mipy,
HemnpaBwiIbHOI hopmu (puc. 3).

PeHTreHiBCHKUM  TU(GPAKTOMETPUYHUM  METOOM
Oynu arectoBani Tpu cmiaBd ZrMngsNig 2CrgisAlos
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(Ne 1,2 i 3 Baroro 7, 151 25 1, BigmosiaHo). OTpuMaHi
pEHTreHOrpaMy HaBeICHI Ha PUCYHKY 4.

OOpoOky  midpakrorpaM IPOBOAWIN  METOAOM
MOBHONPO(IJILHOTO aHai3y, BHUKOPHCTOBYIOUH
nporpamy PowderCell 2.4, ska 3actocoBye MeTon
PitBenpaa.  OTpumani  pe3ynbTaTd  PO3PAXYHKY
(R-dakrop nopisHioBaB 6 — 9 %) HaBeneHi B TabnuUIsAX 2
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Taonuna 2
Kinexicuuii azoBuii ckinan crutay Nel-3 ZrMng sNi; 2Cro 18Alo 1 3a pe3ynbraTaMu po3paxyHKiB.
OcHoBHI (a3u CrunaB Nel CrunaB No2 CrnaB Ne3
C15 (06.%) 25,7 46,6 54,4
C14 (06.%) 60,4 29,7 35,7
Ni10Zr;(06.%0) 9,1 9,7 50
Ni11Zrg(06.%0) 4,7 14,0 4,8
Taoauma 3
. Pe3ynpraTti po3paxyHKy napaMerpiB pemriTKiu OCHOBHHX (ha3 CIIIaBiB
Ne crnaBy AB,, C15, Fd3m AB,, C14, P6/mmc Niq1Zrg, 14/m NiqoZr7, Cmca
a, A a, A c, A a, A c, A a, A b, A c, A
1 7,0475 5,0006 8,1516 | 9,6604 | 6,5656 | 12,3446 | 9,1785 | 9,2352
2 7,0562 5,0030 8,1654 | 9,6068 | 6,6586 | 12,3488 | 9,2056 | 9,2293
3 7,0552 5,0037 8,1637 | 9,7014 | 6,5466 | 12,3602 | 9,2043 | 9,2247
Tab6auus 4
Ximiunuii cknaxg crutaBy ZrMngsNi2CroigAlgs No 113
Zr Mn Ni Cr Al
CmutaB Ne 1 45,0 13,6 34,8 49 1,3
CmutaB Ne 3 45,3 13,6 34,6 4,8 1,3
Taonunsa 5
Enextpoau, npurotoBai 3 nopomiky cruiaBy Ne 1-3 ZrMngsNi1 2Crg 18Alg1 pi3HOro renesucy
No crutaBy 1 2 3
Ne enekTposy 1 2 3 4 5 6 7 8 9
Hac BuTpiMiH Ha 0 3 15 0 3 10 0 7 15
TOBITPI, 11i0
Ta 3. BU3HAYEHHSl EJIEKTPOXIMIYHOI CTIHKOCTI €IEeKTPOMIiB

OcHoBHOWO (hazoro cmtaBy Nel € rekcoronanbHa
daza C1l4 (tum MQZn,), TakoX B JaHOMY CIUIaBi
MICTUTBCS 3HAYHA KUTBKiCTh KyOiuHoi ¢asu C15 (Tum
MgCu,) Ta BropmHHI ¢asu NipZr; ta NipZrg, Ha
OTpUMaHUX pEHTreHorpamax mis cruiaBiB Ne2 ta Noe3
OCHOBHOIO (pa3zoro € kydiuHa C15, 3MicT rekcaroHaabHOI
¢asu Cl4 cranoButh Omm3pko 30 %, TakoX MPHCYTHI
Bropunni  dasu  NiyZr; Tta NipZrg. Pesymbratu
pPO3paxyHKy MapaMmeTpiB  pEUNTKH  3pas3KiB,  sKi
aTeCTyBAJIUCh, IPEACTABJICHI B TaOHII 2.

Pi3uuit BMicT BropuHHOi aszu NipZr; y crumasi Ne 1
1 3 OB’ sI3aHUIA 3 PI3HOKO MIBUAKICTIO HOTO OXOJIOIKEHHS
TIPY BUILIABII, OCKLIBKH, 3T1THO IIPOBEIEHOT0 XiMIi4HOTO
aHai3y, CKJIaJl KOMIOHEHTIB ciuiaBy Nel i 3 omHAKOBHIA
(Tabu. 4).

[Ipu mocnmiKeHHI ENeKTPOXiMIYHUX BIACTUBOCTEH
OynM CHpecoBaHi ENeKTPOAM 3 TIOPOUIKY CIUIaBY
ZrMngsNiy2Crp18Alos Nel, 2 i 3 (6e3 Burpumku i 3
BUTPUMKOIO Ha TIOBITpi), MpeacTaBieHi B Tabi. 5.
EnexTpoay roTyBaiy METOIOM XOJIOJJHOT'O MPECYBAHHS B
HiKeJIeBit citii (miameTp TabneTku - 8 MM) 3 100aBKaMu
nomirerpadTopeTusieny B sSKOCTi 3B si3yrodoro. Maca
CIJIaBy B CIpecoBaHuX enekTpoiax cranoBmwia 0,1,
TUCK nipecyBanHs 15 MITa.

Juns  orpumanns  iHdopmamii
TiIpyBaHHs, OLIHKK  ITOBEPXHEBOI

po  KiHETUKY
aKTHBHOCTI 1
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BUKOPHCTOBYBAJIM METO IUKJIIYHOI BOJIBT-aMIIEPOMETPil
(IBA). 3 mopomiky cmiaBy Ne 1 ZrMngsNiy 2Cro1Alos
Oynu crpecoBaHi €JEKTpomd 0e3 BUTPUMKHA Ta 3
BUTPUMKOIO Ha TOBiTpi mporsrom 3, 7, 15.
EnexTpoxiMiyHa MOBEAiHKA €IEKTPOJIIB, CIPECOBAHUX 3
BUTPUMAHOT'0 OPOIIKY HpoTsiroM 7 1 15 1i6 npakTudHO
CHiBIIaZae, TOMY B pOOOTI HABOAATHCS PE3YJIbTATH
JIOCII/DKEHb  €JIEKTPOAIB 3 CBDKENPHUTOTOBAHOTO
nopomiky crmiaBy Ne 1 (BUXigHHE €NEKTpOI) Ta Micis
HWoro BUTpMMKM Ha TOBiTpi mporsroMm 3 i 15 xi6
(emextpomu Ne2 i 3. BiANOBIAHO). AKTHBHICTB
CJICKTPOJIIB B KATOAHIA OOJIACTI B 3aJICKHOCTI BiJ 4acy
BUTPUMKH CIUIaBY Ha IIOBITpI IpeACTaBlIeHa Ha
puc. 5, (a -B) y Burisiai Habopy KpUBHX, BiAMOBIAHUX 1,
2 1 4 mykIaM TMOTEHI[IOMETPUYHOrO IIMKIYBaHHS Ta
Tab671.6

3rigHO 3 JaHMUMU pUC.5 JUIA  BCIX €NEKTPOiB
BJIACTHUBA LTUPOKa obnactb IIACUBHOCTI BiJ
cramioHapHoro noreHmiany g0 E = -1,2-125B B 4-x
LUKJIaX TOTEHIIOMETPUYHOrO IMKIyBaHHs. HaiOinpury
aKTHBHICTb POTATOM YCiX JOCIIIPKEHUX [UKIIIB TI0Ka3ye
Buxigauii enekrpox Ne 1 (0 ni6 Butpumku). Kartommi
CTpYMH JaHOI'O €JeKTpoAa B JPYrOMy LHUKII B
MOPIBHSHHI 3 TEpIIUM I[MKIOM 30UIBIIYIOTHCS, a
enexktponiB Ne 2 i 3, HaBMaku, 3MEHIIYIOThCA. Tak, mpu
moreHmiani E =-1,6B enekrponq Nel B 1 i 2 nukmi
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Puc. 5. Karossi kpuBi BuxigHoro enextpony (1) i micist BUTPUMKH Ha TOBITpi mopomiky criasy Ne 1
ZrMngsNiq 2Cro18Alg1, 1i6: 2 - 3, 3-15; a-1 uuki, 6- 2uuKi, B-41uuKi.

nmokazye crpymu 43,0 i 50,0 MA, enextpon Ne 2 - 37,8 i
35,8 MA, enextpon Ne 3 - 34,01 29,8 MA, BimnoBigHO.

B X071 MOTEHIIIOMETPHYHOTI'O IUKIYBAHHS BUSBJICHO
Pi3HY eNEKTPOXIMiUHy CTaOlIbHICTh EICKTPOMIIB, B
3B’SI3Ky 3 YUM IIPOBEICHO aHAJII3 MOBEIIHKU CJICKTPOIIB
MPSIMOT0/3BOPOTHOTO XOY IUKIYBAHHS 1 BiJ IHMKIY 10
ukity. Tak, Buxiguuii exexktpon Ne 1 (Oni6 ButpumMku) B

Ta6muus 6
3MiHa BEJIMYUHU KATOAHOTO CTPYMY YETBEPTOrO
LUKITY BITHOCHO TPETHOIO ITUKITY MPSMOT0 XOIY
LUKITYBaHHS eNeKTpodiB Ne 11 2, cipecoBaHuX 3

nopomky craBy Ne 1 ZrMng sNi 2Cro 18Alg1

3MiHa BETMYMHU KaTOAHOTO
CTpymy, MA
E,B Howmep enexrpony
1 2
-1,25 -0,08 +0,02
-1,30 -0,8 -0,03
-1,35 -1,0 +0,1
-1,40 -1,3 +0,1
-1,45 -2,6 +0,3
-1,50 -1,6 +0,3
-1,55 -1,15 0
-1,60 -2,0 -0,1
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Puc. 6. 3ajeKHOCTI IHMTOMOI €MHOCTI €JIEKTPOIIB
Ne 1-3, 9 Bixm ximpkocti 1mkimiB. Homep kpuBoi
BIiJITIOBi1a€ HOMEPY €JIEeKTPO/a 3riTHO TabI. 5.

MIEPIIOMY IMKJII MUKIYBAaHHS, 3TiHO 3MiHAM BEIUYHMHH
KaTOZHOI'O CTPYMY 3BOPOTHOIO XOIy MIONO HPSMOTO
X0y, TIOKa3ye HaHOLIbITY eNeKTPOXiMiUHy CTaOlIbHICTB,

SKy BIH TIOCTYIIOBO BTpaya€ IIpd MOJAIBIIOMY
nuKnyBaHHi. J[os  maHoro enekTpoma B 0OjacTi
norenmianie E  =-1,4-155B crpymn mpsimoro i
3BOPOTHOTO XOJy B TMEpUIOMY LHKIl TOBHICTIO

criBmaaawoTh. EnekTpoxiMiuyHa cTaOlIBHICTh €IEKTPOIiB
Ne2 i 3 npsMoro/3BOpOTHOIO XOAY IIMKITYBaHHS
CIIOCTEPIraeThCsl BXKE B JIPYroMy LUK, B pe3yJbTaTi
YOro 3MiHa BEIMYMHH KaTOXHOTO CTPyMy JaHHX
€JIEKTPO/IB Ha 3BOPOTHOMY XOJY BIJIHOCHO IIPSIMOTO
xony B 3-4 pa3su MeHIIa B TODPIBHSAHHI 3 BHXIJTHUM
enexktpomom Ne 1.

AHamni3 OTpUMaHMX pEe3yJIbTaTiB EJIeKTPOXiMIYHOI

MOBEIHKM  €JIEKTPOAIB TMPH  MOTEHI[IOMETPHYHOMY
LUUKIYBaHHI BiJl IWKIY A0 LWKIY TOKa3ye, IO IS
€JIEKTPO/IB, CIIPECOBAaHMX 3 BUTPUMAHOrO Ha IIOBITPI

nopomky craBy (3 1 15 mi6), moYHHAIOYM 3 TPETHOT'O
LUKy 3MIHM BEJIMYMHU KaTOIHOTO CTPyMy HE3Ha4Hi B
MPOTHIEKHICT, BHXIHOMY €JEeKTpOAy. 3TiHO NaHHX
Taba. Noe 6 3MiHAa  BENTMYMHM  KaTONHOTO  CTPYMY
BuxigHoro enekrpony Nel (0 nmi6 ekcmosuiii) B
YEeTBEPTOMY IMKJI BIHOCHO TPETHOTO IMKIY HPSMOTO
xony muknyBaHHs B 9-10 pasip Ouniblie, HiXK BiIIOBITHI
ctpymu enekrpoga Ne 2 (3 mo6m). Lli mani a Takox
HaBeJICHI BUIIE MOBHICTIO KOPENIOIOTH 3 pe3yJIbTaTaMU
3MIHM EJEKTPOXIMIYHUX XapaKTEePHCTHK EJEKTPOAIB B
MpoIleci TalbBaHOCTATHYHOrO NUKIyBaHHS (puc. 8) i B
mporeci  aktuBamii  (puc. 9), a aHam3 MOBEIIHKH

CNIEKTPOMIB SK BiA IHUKIy A0 [HKIy, TaK 1
MPSIMOT0/3BOPOTHOTO xXony MTOTEHI[IOMETPHUYHOTO
LIUKITYBaHHS TIOKa3ye, IO BHTPUMKAa Ha TOBITPI
MOPOIIKY  CIUIaBY  INPHU3BOOUTH JO  IIiABHIICHHS

€JIEKTPOXIMIYHOI CTAOLIFHOCTI ENIEKTPOIIB 1 € IPUYUHOIO
3HAYHOT'O ITOKPAIIEHHS 1X IIMKITIYHOI CTIHKOCTI.

Ha mingcraBi puc. 6, MakCHMajbHO JOCSTHYTY
EJIEKTPOXIMIYHY €MHICTh TIOKa3ye BUXIJHHH EIEKTPO]
Ne1l (Oni6 BUTPUMKH), SKHA. 3TITHO 3 pe3yabTaTaMH
IIBA, mMae MakcUMajbHI KaTOOHI TOKH B 4-X HHKIAX
LUUKIyBaHHA.  MakcuMaibHy  IMKJIIYHY  CTIHKIiCTh
neMoHcTpye enektpon Ne 2 (3 no6u Butpumkw). ITicns
500 umkmiB TixpyBaHHS-AETiIAPYBaHHS BTPAaTH €MHOCTI
JAHUM €JIEKTPOIOM CKiIanaroTh 26 %0, a enekrpogom Ne 1
(O ni6 ButpumMKH) — 56 %. Takum dyuHOM, enexTpox Ne 2,
sk 3a nmaHuMu [IBA mokasye kpally eJeKTpoXiMidHy
cTabijpHiCTh B TOpiBHAHHI 3 edektpomgoM Ne 1l (Bix
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Puc. 7. 3anexHocTi mutomoi eMHOCTI enektposiB Ne 1-3 (a), 4-6 (6) i 7-9 (B) BiJ KiIBKOCTI IUKJIIiB B IIPOLIEC
aktuBalii. Homep kpuBoOi BiANOBiae HOMEPY eNEKTPoAa 3rifMHO Tab. 5.

[UKITY 10 IUKITY i Ha TPSIMOMY/3BOPOTHOMY XOIy), Mae
MiBUIIEHY LUKIIYHY CTiHKicTh. MakcuMaibHi BTpaTH
€MHOCTI JJAHUM €JIEKTPOIOM BiZOYBAIOTHCS MPOTIIOM
nepummx 70 mukimie  (15%), Hamam  BOHH
VIIOBUIFHIOIOTBCS 1 MaroTh ,,CTYIIHYACTHH~ —XapakTep.
IMoBeninka exextpoaa Ne 3 (15 ni6 BUTpUMKH) TPOTATOM
nocinipkernx 150 mUKITIB - MPakTUYHO —CHIBNAAae 3
MOBE/IIHKOIO enekTpoaa Ne 2, 3a BUHATKOM MaKCUMAaJIBHO
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Puc. 8. TlopiBHsUTBHI 3aJIeKHOCTI TTHTOMOI €MHOCTI
enexktporiB Ne 1, 4 i 8 Bix KiNbKOCTI LUKIIB B
npoueci axruBamii. Homep kpuBoi BiamoBigae
HOMepY eNeKTpoAa 3rigHo Tabm. 5.

A329 301

Puc. 9. TloBepxHs cBixenpuroroBaHoro nuurida
cmaBy ZrMngsNiq 2Cro 18A¢ 1 TicCHs HOro BUTPHUMKH B
30 % po3zuuni KOH npotsrom 7 auis (x300, SEI).

JOCATHYTOI EMHOCTI.

HaBeneni xpuBi enekrponiB Ne 1-3 crmaBy Nel B
MpolLIeci aKTHBAIlil, IPEACTaBIIeHI Ha puC. 7, a, CB1I4aTh,
[I0 BHUTPHUMKA TMOPOMIKY Ha TIOBITPI HE MOKpAIILyE
KiHeTHKy rimpyBaHHsa. [nsa exextpoma Ne 2 (3 mobu
BUTPUMKH) BOHA MPAKTHYHO CIHIiBIAJa€ 3 BHXIAHUM
enexktpogoM Ne 1 i moripmryerbest st enmextpoga Ne 3
(15 ni6 BuTpuMKH). MakcuMasbHa EMHICTD EIEKTPOAAMH
Ne 11 2 nocsiraetbest 3a 15 1ukiiB, a enekrponoM Ne 3 —
3a 19 nuknis. TpuBana BUTpuMKa nopouiky cruiay Ne 1
Ha TOBITPi NMPHU3BOJAWUTH 10 3MCHIICHHS MaKCUMAaJIbHO
nocsirHyToi eMHocti. J{ist enmextpomiB Nel i 2 BoHa
craHoBuTh 235 i 225 MAroa/T , a Just enekrpoaa Ne 3 —
195 mArom/r.

AKTHBaIlisl €JEKTPOIB, CIPECOBAHHX 3 IOPOILIKY
cwiay Ne2 (puc.7,06) cxoka 3 aKTHUBAIEO
BiamoBimHUX enekTponiB craBy Ne 1. Tak, mBHAKICTH
aKTHBallii 1 MAKCUMAaJIbHO JIOCSATHYTa EMHICTh BHXIJIHOTO
enektponry Ned i chpecoBaHOr0 3 BUTPUMAHOTO Ha
noBiTpi mopomky tporsrom 3 mib (emektpon Ne 5)
MPaKTHYHO CIiBMAjae, a TPUBada BUTPHMKA IMODPOIIKY
(10 ni6) moripurye ngaHi XapaKTEPUCTHKU. BuxigHuit
enektpon Ne 4 mae makcumanbhy emHicTh 230 MATOM/T,
sKa Jocsraetbes 3a 16-17 1MKIIB B TOPIBHSHHI 3
200 MAroa/t, 1o gocsAraeThes 3a 23 MUKIH eEKTPOIOM
Ne 6, cipecoBaHMM 3 BUTPUMAHOI'O Ha MOBITPi MOPOLIKY
craBy npotsarom 10 7i0.

AKTHBaIlisl €JEKTPOIB, CIPECOBAHUX 3 IOPOILIKY
crmaBy Ne 3 BiApi3HsI€TbCS BiJ aKTHBALil BiJIINOBIIHMX
enektporie cmiaey Nel i 2 (puc.7,B). Buximuuii
enekTpo Ne 7 aHOTO CITaBY Ma€e MOHMKEHY IBUIKICTh
aKkTHBallii 1 MaKCUMallbHy €MHICTh, fKa CKJIaJae
203MAron/r i pocsaraerbes 3a 21 muki.  OnHak,
BUTPUMKa ITOPOILIKY ciuiaBy Ne 3 Ha moBiTpi npotsirom 7
ni6 (emextpon Ne 8) mokpariye KiHETHKY TipyBaHHS, B
pe3ynbTaTi 4oro axTHBAllisi JaHOro eJleKTpoma i
Buximuux enmekrpomie Nel i 4 (crmiaB Nel i 2
Bi/MOBiAHO) cmiBnagae (puc. 8). [Ipu TpuBaiit BUTpUMIIL
noporiky cruiaBy Ne 3 va noBitpi (15 1i6) moripuryerses
KiHeTHKa TigpyBaHHS 1 3MEHIIYEThCS MaKCUMallbHa
nocarHyTa €MHIicTh (emektpon Ne 9), onHak maHuid
€JIEKTPOJ] TIOKa3ye MaKCHMaJbHY IMKIIYHY CTiHKiCTh
(puc. 6).

Cnig 3ayBaxutd, 1m0 cmwiaBd Nel 2 wMarwoTh
OJTHAKOBY IIBHJIKICTb aKTHBAIlil BUXIJHUX €JEKTPOIB 1
oJIHAKOBHIA BMicT BTOpuHHOI (asu NijpZr, sika ckiamae
9,11 9,7 06.%, sianosizuo. 3rigno [11], daza NipZr,
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A351 102 107um

a

Puc. 10. IMommpeHHs kopo3ii mo moBepxHi nutida crmaBy ZrMngsNip ,Cro 18A01 6e3 excriosutii (a) i3
EKCIO3HIIIEI0 Ha MOBITPi mpoTsaroM 7 ai6 (0) 3 HACTYmHO BUTPUMKOIO B po3unti KOH mpotsirom 7 i
(a, 6 - x1000, BEI.

A328B 301

Puc. 11. Bunx postuny (a- 300, BEI) i noepxHi mitrinra (6- 1000, BEI) cmray ZrMng sNi; 2Cro18A0;1.

CTBOPIOE CHPUSATINBI YMOBH ISl peakiii rifpyBaHHs Ha
TIOBEPXHi TOJIOBHUX KOMITOHEHTIB CIUIaBy - a3 Tuny Cis
i Cy4, CyMapHHU BMICT SKUX B JIOCHIPKyBaHOMY CIUIaBi
Nel i 2 mpubnuzHo onHokoBuil. IlinBuieHuit BMicT
BTopuHHOI (haszu NijpZr; B crutasi Ne 11 2 B mopiBHsAHHI 3
cwaBoM Ne 3 copuse MOKpaIIGHHIO  KiHETHKU
TiIpyBaHHS BUXIJHOTO €JEKTPOAY 1 HE BIUIMBAaE Ha
AKTHUBAI[IO EJIEKTPOIB, CIIPECOBAHHUX 3 BUTPUMAHOTO HA
TIOBITPi TOPOIIKY CILIaBY.

Jlnst  BU3HAUGHHS MeEXaHi3My KOpo3ii  CIuiaBy
ZrMnggNiq 2Cro1s Algq B po3unHi KOH
BUKODHCTOBYBAJM METOJ CKaHYIO4YOl  eJIEKTPOHHOL
Mikpockomii. Ha puc. 9 mnpencraBieHi pe3yabTaTh

JIOCII/DKEHHST TTOBEPXHI CBIKENPHUIOTOBAHOrO Iumida
cmwaBy ZrMngsNip 2CroigAlgy micis #oro BUTpUMKH B
30% pozumni KOH npotsirom 7 aHiB. AHaii3 MOBEpXHi
uutidha micas B3aeMoJIii 3 PO3YMHOM TMOKa3ye, 10 Ha Hil
CIIOCTEPIraroThCs OKPeMi OCEpeAKH PO3YMHEHHS, IO
BKa3ye Ha JIOKAIBHUI XapakTep KOpo3ii cIuiaBy.

3iioMKa [JUISHKM KOPO3IMHMX ITOUIKOMKEHb Ha
MOBEpXHi nuTiha B BIIOUTHX €NEKTPOHAX CBIAYHMTH PO
Te, II0 KOpO3is MaTepiany 3apomKyeThesi Ha MikdazHii
HOBEPXHi i MOYMHAE IMONIUPIOBATHCS Y3[0BXK Hei 3TiJHO
piBasiHb 1-7 (puc. 10, a).
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H,ZrOs+ H,0+ 4e—Zr+40H- E°=-236B (1)
AI(OH); +3e — Al + 30H- E°=-231B (2
Mn(OH), +2e —Mn+ 20H- E°=-155B (3)
Cr(OH)+ 26 —Cr+ 20H- E°=-14B (4)
Cr(OH)s+ 3¢ —Cr+ 30H- E°=-13B (5
CrO, + 2H,0+ 36 —Cr+ 40H' E°=-12B (6)
Ni(OH)+ 26 — Ni + 20H E°=-072B (7)

VY pa3i nonepeaHb0i BUTPUMKM Ha MOBITpi mumida
craBy npotsroM 7 i 15 n1i6 3 HACTYIHOI BUTPUMKOIO B
30 % pozunni KOH MexaHi3M 3apoKeHHsI 1 TOIIUPEHHS
KOpO3ii 3anuiaerbes TakuM xe (puc. 10, 6),

[IBuakicTh po3YMHEHHS CBITIUX (a3 MeHIIa HiX
TEMHHX, B pe3yJbTaTi 4YOro Ha IIOBEPXHi PO3THHY
MITTIHTA ~ CIIOCTEPITaloThCsl  BHCTYINH  HEPO3YMHEHHX
cBiTimx (a3 (puc. 11, a). [ToBepxHs caMoro miTTiHra Mae

BUTJISII YeUlyeK, sIKi OTo4eHl CBiTIol  (a3oro
(puc. 11, 6).
BucHoBku

MerogoM pacTpoBOi  €IEKTPOHHOI  MiKpOCKOMIT



HO.M. Comnosnin, O.3. T'aniii, K.O. I'paiioponcbka, A.B. Camentok, C.C. ITerpoBcbka

ctaB  ZrMngsNiq 5Crg1gAg1Mae
a 3HOMKa THIIOBOI MIISHKH

B XapaKTEPUCTUIHHUX
BHU3HAaUYMIa foro XiMIUHY

BCTaHOBJIEHO, WIO
JCHIPUTHY CTPYKTYDPY,
TIOBEpPXHi unrida
BUIPOMiHIOBAHHSX
HEO/IHOPITHICTB.

PeHTreHIBCBKUM  JIU(PPAKTOMETPUYHUM — METOIOM
BCTaHOBJICHO, 1110 OCHOBHOIO (ha3oto cruaBy € ¢a3u Cys i
Cy. KpiM Toro B cmiaBi MICTIThCS BTOpPHHHI (haszu
NilOZr7 Ta Niang.

ButpumMka Ha  MOBITpI  TOPOMIKY  CIUIaBY
ZrMngsNiy 2Cro18Ap1 MPHU3BOAUTE [0 €IEKTPOXiMiuHOT
CTaOIJIBHOCTI  €JICKTPOMIB, CIOPECOBAHUX 3  IHOIO

MOPOIIKY 1 € TPUYMHOI 3HAYHOTO MOKPAIIeHHS iX
LUKITIYHOI cTilikocti. Enexrpon, sikwmii 3a manmvu [[BA
MOKa3ye MAaKCUMaJIbHy eJIEKTPOXIMIUHY CTaOlIbHICTh
(BiZ IUKITY JI0 MUKIY i HA MPAMOMY/3BOPOTHOMY XOIY),
Ma€ MifBUIIEHY HUKIIYHY CTifKicTh. BaxmuBum € Toi
(axT, 10 TMOBITPSHA EKCHO3MUINS MOKPALlYe HUKIIYHY
cTifikicTh crmmaBy ABj, JeroBaHoro amrOMiHIEM, IIIO,
3a3BMYail, MNpPOBOIATH 3  METOI  ITIiJBHIICHHS
LUKJIOCTIMKOCTI 32 PaxyHOK CTBOPEHHS IPOHHUKIUBHX
JUTSL BOJHIO CTIHKMX OKCHIHHX ILTiBOK.

CriaBu 3 OJHAaKOBUM BMICTOM BTOPUHHOI (ha3u
NipZr; (9,1 i 9,7 06.%), MaroTh OIHAKOBY WIBUIKICTH
aKTUBAIlll BUXIIHUX €JEKTpOMiB. 30UIbIICHHS (asu
NiyZr; chopuse TOKpAIIEHHIO KIHETHKH TiApyBaHHS

[1]

BHXIJTHOTO €JIEKTPOAY, @ BUTPUMKA Ha MOBITPi MOPOLIKY
LBOTO CIUIABY HE IPHCKOPIOE KIHETUKY TiJpyBaHH,
OJTHAaK MPU3BOJMUTH JI0 CYTTEBOTO MOKPAIIEHHS IIUKITIYHOT
critikocti. Ilpu 3menmenni Bmicty ¢asu  NipZr;
MOKpAIeHHs] KIHETUKW TiIpYBaHHSA BiIOYBaeTbCd B
pe3yNbTaTi BUTPUMKY TOPOIIKY CIUIaBY Ha MOBITPI.

MexaHi3M 3apOKEHHS 1 OIUPEHHST KOpO3ii CriaBy
0e3 BUTPUMKH 1 3 BUTPUMKOIO Ha IMOBITpPi MpoTsAroM 7 i
15 ni6 3 HacrynHoro BuTpuMKoio B 30 % pozunni KOH
ONHAKOBMW. 3riHO 3  JOCHI/DKEHHSIMH, KOpO3is
Matepiany 3apoIKyeTbcs Ha MikGasHINl TOBEpXHi 1
TOYMHAE TTOUTUPIOBATUCS Y3/I0BX HET , O CBIAYUTH MPO
il MiITIHFOBUI XapakTep, a MOBEPXHS CaMOr'o MiTTiHra Mae
BUTJISIT YEITYEK.

Cononin IO.M. - akanemik, npodecop, DOKTOp (izuko-
MaTeMaTu4HuX Hayk, aupexrop ITIM HAH Vkpainy,
Tanin 0.3. —Monoamuii HAYKOBUH CIiBPOOITHHK;
I'paiigoponcvka  K.O. CcTapmmii  HayKOBHM
CHiBPOOITHHK, KaHAUAAT (Di3MKO-MaTEMaTUYHUX HaYK;
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Yu.M. Solonin, O.Z. Galiy, K.O. Graivoronska, A.V. Sameljuk,
S.S. Petrovska

Theinfluence of air exposition of the Zr-Mn-Cr-Ni- Al alloy on cyclelife
Frantsevich Institutefor Problems of Material Sciences, NAS Ukraine 3, Krzhyzhanovsky gtr., Kyiv, 03680, Ukraine

It was found by scanning electron microscopy method that the ZrMngsNi; ,Crg18A0 dloy has a dendritic
structure, and the shooting of a typical section of the surface of the metalographic sample in characteristic
radiation determined its chemical heterogeneity.

The X-ray diffraction method has found that the C15 and C14 are the main phases of the alloy. In addition,
the aloy contains secondary phases NioZr; and Ni;Zrq.

The method of potentiometric cycling has established that the air storage of ZrMngsNi; ,Crg1sAg; aloy
powder results in an increase in the electrochemical gtability of the eectrodes pressed from this powder and
causes asignificant improvement in their cyclelife. It isimportant that the cyclic stability of the AB, alloy doped
simultaneoudly with chromium and aluminum is improved, which is usualy carried out in order to increase the
cyclic stability due to the creation of hydrogen penetrating oxide films.

Alloys with the same content of the NioZr; phase have the same activation rate of the initial e ectrodes. The
increase in the secondary phase of NijpZr; leads to an improvement in the kinetics of hydrogenation of the initial
electrode. Exposure to air of a powder of an alloy with an increased content of the NijpZr; phase does not
accelerate the kinetics of hydrogenation, but it leads to a significant improvement in its cyclic stability. By
reducing the amount of NiaZr; phase, the improvement of kinetics of hydrogenation occurs as a result of the
storage of the powder of the dloy in the air.

The mechanism of originaion and distribution of corrosion of the alloy without storage in air for 7 and 15
days with subsequent aging in 30% solution KOH is the same. According to investigations, corrosion of the
material originates on the interphase surface and begins to spread aong it, indicating its pitting nature, and the
surface of the pitting itself has the form of flake.

Keywords: Zr-aloy, hydrogenation, expositionin air.
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BruiuB oprasiyHux MoOJIEKYJI HA JIIOMIHICHEHTHI BJIACTHBOCTI
KOMIIO3HUTIB HA OCHOBi KBAaHTOBHX TO4oKk CdS

1
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JocnimkeHo BIUIMB OapBHMKIB MeTwieHoBoro OnakutHoro (MB) i akpuamuoBoro sxoeroro (AX) Ha
CIIEKTPH JIFOMIHECHeHIli KOMIO3uTiB GapBHUKIB ¢ kBaHTOBbIMH Toukamu (KT) CdS. Iloka3aHO, 4TO CheKTp
nrominecueHii rerepocucreMud HaHokpuctanie (HK) CdS - GapBHHK 3aieXurh Bif 001acTi MOTrJIMHAHHS
GapBHuka. [Ipu BBeneHHi B KonoinHuii pozumH MB GapBHHMKa CHEKTp JIFOMiHECHEHLIl KBaHTOBHX TOYOK
3MIIYETBCA B 4EepBOHY 00nacTh, a npu BBeaeHHI AX - B OGnakurHy. OTpuMaHi pe3yabTaTH HOSCHIOIOTHCS 3
TOYKHM 30pYy Iepenadi eHeprii Bix kBaHTOBUX To4ok CdS 1o 6apBHUKiB 3a MexaHizMoM Deperepa.

Knrouosi cnosa: xpanroBa Touka, 6apBHUK, JIFOMIHECLICHLIis, MEXaHi3M Iepe/iayl eHeprii.

Cmamms nocmynuna 0o pedakyii’ 05.10.2017; npuiinsama oo opyky 05.12.2017.

Beryn

OnHiel0o 3 OCOOJUBOCTEH KPHUCTATIB, IO MAaOTh
HAHOPO3MIPHHM Jiama3oH 1 130JpOBaHI B MOMIMEPHIH
MATpHIl, € ICTOTHAa XiMIYHAa AKTHUBHICTh IX ITOBEPXHI.
ToMy akTyaJbHUMH € EKCIICPUMEHTAJIbHI JOCIIIKEHHS
HAHOCHCTEM, IO MalTh MK (a3Hi  rpaHuIi
HAHOKPHUCTAI-MATPUI 1 JOCITIPKEHHS IPOIECIB, SKi
NPOTIKAIOTh Ha Wil Tpanuni. ['eTreporeHHi cucreMu
MICTATh HAHOKOMIIO3MTH Ta HAHOCTPYKTYPH, CTBOPEHI
HAHOOO €KTaMU 3 pi3HUMH ONITHYHUMHU
XapaKTEePUCTUKaMU. BIIaCTHBOCTI TaKMX HAHOCTPYKTYD
00yMOBJIEHI HasBHICTIO HEOIHOPITHOCTEH, TPaHHUIlb, LI0
MIPU3BOIATH 10 CKJIAJHUX B3a€MOAIN eIEKTPOMArHiTHOTO
OJIS 31 CTPYKTYPHHUMU €JIEMCHTaMHU.

Oco0iuBoro 3HaueHHsT HaOyBaIOTh JOCIIIKEHHS

CKJIaJIHUX TiIOpUIHUX CHUCTEM, IO CKJIAIIOThCs 3
HAMBOPOBiMHUKOBUX  kBaHTOBUX Touok (KT) Ta
0i0JIOTiYHO aKTHBHUX Monekya. KomoigHi KBaHTOBI

touku (CdS, CdSe, CdTe, ZnS, ZnSe) 3 mosekyaamu
nop(UpUHOB, (TAIOMAHIHOB, OAPBHHUKIB MOXYTh OyTH
KOPHCHUMHU B SIKOCTI MOJENi TiOpUIHUX HaHOCTPYKTYpP
JUIs  pi3HUX  BHUIIB  BUKOPUCTaHb.  AKTYyaJIbHICTh
JIOCITI/PKEHb TAaKUX HAaHOCHCTEM OOYMOBIIEHA, MO-TIEpIIE,
MOXIIUBICTIO CTBOPEHHS y3arajibHIOBAaJbHUX YSBICHb
moa0  (I3MYHMX  B3aEMOMIA MDK KOMIIOHCHTaAMH
TeTEePOKOMIIO3HTIB, TMO-JpYre, BEJIUKUM Jiala30HOM
3aCTOCYBaHHb B ()OTOKATAIM3aTOPaX, POTOraaIbBOHIYHIX
MIPUCTPOSIX, OloceHCOpax, M0 MAlOTh IMEPCICKTUBHICTH
IUT  BIPOBA/DKCHHA B  OIOMEIUIIMHY 1 €KOJIOTIIO
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HABKOJIMIIHLOTO cepepoBuiia [1-6].

OpHuM 3 HaHOUTBII TEPCHEKTUBHUX MaTepiaiB Juis
CTBOpEHHS  TiOpWAHMX  CTPYKTYp €  OapBHHK
MmeruneHosuii  OiakutHuit (MB). BmactuBocTi 1poro
O0apBHUKA JO3BOJSIIOTH BHKOPHCTOBYBATHM HOro Iuist
pi3HHX oOJIacTell 3acCTOCYBaHHS, BKJIIOYAIOYHM XiIMIidHI
MMOKAa3HUKH, MAapKEpHU 1 CIEKTPaIbHO-CEHCHOITi3aIliiiHi

cucreMud uis  (OTOraybBaHIYHMX 1  (OTOKATATI3Yy
enemenris [7-10].
Bapeuuk AKPUIUHOBUIHA JKOBTUH (AX)

3aCTOCOBYETHCS B SIKOCTI 1HAMKATOPIB B MEIUIIMHI,
6ioJjorii, MikpoOiosorii, hapMaleBTHIll, A BUSIBICHHSI
3QJIMIIKOBUX MIKPOKIIBKOCTEH JIIKApChKUX — 3aco0iB,
HaIPHUKJIad, aHTHOIOTHKIB HAa OCHOBI OKCAI[MIIIHHA. Y
MiKpOOIOJIOTii BHKOPUCTOBYETHCA SIK MYTareH MpH
poboti 3 xpomocomamu. lle Takox (ryopecieHTHHIHA
OapBHUK 1 TPOTH3ANaJbHUNA  areHT  MICIICBOTO
3acrocyBanns [11, 12].

|. Marepiaau Ta MeTOAUKA
eKCIIePUMEHTY

JocmimpKyBaHi HaHOKPUCTAIN CYJIb(iay KaaMiro
Oy oTpuMaHi XIMIYHAM METOJOM 3 PO3YHHIB COJNEH
KaaMmito (HiTpar KaaMiro) i cipku (cymedim cipku) B
KOJIOITHOMY PO3YMHI JKEJTaTHHU. YTBOPEHHS YaCTHHOK
CdS BinbOyBaeThes B pe3yinbTaTi 0OMiHHOI peaxiiii:

Cd(NO;), + Na,S => CdS + 2NaNO,,
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BrutuB opraHiqyHUX MOJIEKYIT Ha JIFOMiHICIIEHTHI BIIACTHUBOCTI. ..

BapBHuxu: METHJICHOBUH ONMaKUTHUH Ta
aKpHUIMHOBUH JKOBTUH Pi3HOI KOHIEHTpAIii 107aBajucs
0 KOJIOITHOTO PO3YMHY CYabdiAy KaaMmilo Iicis
3aKiHYEHHS NIPOIIECY CHHTERY.

CrieKTpH ONTHYHOTO TOTJIMHAHHS BUMIipPIOBAJIUCS Ha
cnekrpodoromerpi CD-26 B 001acTi JOBKHH XBHJIb Bijl

320um mo 600 HM. Jlng 3MEHIICHHS IIOXHOKH,
MOB'sI3aHOI 3  BIUIMBOM  PO3CIIOBaHHSA CBITJIA, B
KOPOTKOXBHJIbOBIH obmacri (320 — 360 um)

BUKOpHCTOBYBaBCs cBITIIOMLIbTp YCD-2, sikuii BiATHHAB
BUAUMY 00nacTh crektpa. [loxuOka BHMiproBaHHS He
nepepumryBasia * 1 %. JlromiHecueHniss 30y/pKyBanacs
iMmynscauM nazepom LCS-DTL-374QT 3 noBxuHOIO
xBwii cBiTia 355 Hm. [loryxkHicTs nazepa — 35 MBr.

CepemHiil pagiyc YaCTHHOK OI[IHFOBABCS 31 CIEKTPIB
OIITHYHOTO MOTJIMHAHHSI.

BiamoBinHo 10 Teopii Mik30HHOTO mmornuHanHs [13],
eQeKkTUBHA INMUpUHA 3a00POHEHOI 30HM HAHOKPHCTAIIB
Eg* (enepris mepexomy MiK BEpXHIM JiPKOBHM i HIDKHIM
ENICKTPOHHUM DIiBHAMHM) 30UIBIIYETHCS 31 3MEHIICHHAM
paniycy 4aCTUHOK 32 3aKOHOM:

hw = E; + E;", )
ne Eg* - ontryHa mmpuHa 3a00pOHEHOI 30HH 00'€MHOT0
KpHcTana; Eme'h - EHepris pO3MIpHOTO KBAaHTYBaHHS,
00epHEHO MIPOMOPIIifHA KBaJparty paaiycy
HAHOYACTHHKH, | 1 N - opOiTajgbHE 1 TOJOBHE KBAHTOBE
yucio. EHeprist po3aMipHOTO KBaHTYBAaHHsI BU3HAYAETHCS
SK PI3HHULS MK €(pEeKTUBHOI HIMPHUHOIO 3a00pOHEHOI

30HM HAHOKpHCTala 1 MOHOKpHcTama. Ii MoxkHa
pospaxysatu 3a hopmyioro (2):
2
eh _ _Mop
Eln - (3)

2me pr?’
e Mgy — eeKkTpuBHI Macu eJIeKTpoHa Ta JipKH; [ —
cpemHiil paliyc HaHOYACTHYKH, ¢, — KOpHI (QyHKIIT
Becenst (s kBanToBux umcen | = 01 n=1, gg = 3,142).

1. Pe3yabTaTH 10C/iI:KeHb Ta iX
00roBOpeHHs

Kopucryrouncek ¢opmynoro 3, Oyln0 BH3HAYCHO
posmip KT CdS, skuii piumii 3,1+ 0,3 am. Otpumani
KT MaroTb mMpoKy CMYTy JIFOMIHECIIEHIIi1 JIOKaIi30BaHy
Y Ayare = 620 HM.

Ha pucynky 1 npencraieHi CIIEKTPH ITOTIMHAHHS
HK CdS (kpuBa 1), 6apeauka MI' pi3HOi KOHIIEHTparIii
(xkpuBi 2-4) i 6apeuuka AX (kpuBa 5). bapsuuk Mb mae
LIMPOKY CMYTY NOINMHAaHHS B obOyacti Big 450 HM 1o
700 uM, a akpunuHOBU# xk0BTUH — Bif 320 HM 10 S500HM.
[pencraBnenuii rpadik UIIOCTPYe CHEKTPH ITOTIMHAHHS
OapBHUKIB IIPU PI3HUX KOHICHTPAIIisX.

Ha  cnekrpi  mornmHanHs ~ GapBHuka  Mb
CIIOCTEPIraeThCsl CTPYKTypHA CMYTa, siKa CKIaJaeThes 3
JIBOX KOMITOHEHTIB, $IKi, 3T1IHO 3 JIITepaTypHUMH JaHUMHU
[14], BiamoBimaroTh pI3HMM CTaHaM: MOJCKYJIIPHOMY
(A=630uM) i arperoBanoro (A=580uM) (kpuBa 2).
JIOBroXBWJILOBIM 4YacTWHI BIiJIIOBiA€ MOJIEKYISIPHA
dopma, a KOPOTKOXBHITHOBIil — arperoBana (aumepH). 3i
301IbIIEHHSAM KOHIIEHTpallii OapBHHKA IHTEHCHUBHICTH B
arperoBaHoMy crai 3poctae (kpusi 3, 4).

Cnektp nornunantst KT CdS (kpusa 1) 36iraetbes 3i
criekTpoM TormuHaHHs GapBHuka AXK (kpuBa 5) i He
30iraeTbcsi 31 CIEKTpOM TMOTIMHAHHA OapBHMKa MB

180 4

160 a2

OnTuyHa rycTUHA, BIJIH. OJ.

T T T T T
400 500 600 700 800

JloBXKMHA XBHJIl, HM

Puc. 1. Cnexrpu nornmunanuas HK CdS (1) ta 6apshuka
MB konuentparii 5-10°M (2); 27-10°M (3); 80-10°M
(4) Gapsruka AXK xounentparii 37-10° M (5).

280+

OnTryHa TyCTHHA, BITH. OJI.

400 500 600 700 800
JloB>KrHA XBHIII, HM
Puc. 2. Criekrpu mornmunanas HK CdS (1) i HK CdS

3 GaperukoM MB pisHoi kounenTpaii: 5-10°M (2);
11-10°M (3); 16:10°M (4); 27-10°M (5).
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Puc. 3. Crexrpu mominicueniii HK CdS (1), 6apsuuka
MB konuentpaii 5-10°M (2) Ta HK CdS 3 GapsHukom
MB, konuentpauii: 27-10°M (3); 21-10°M (4);
16-:10°M (5); 11-10°M (6); 5-10°M (7). Ha Bxmasui:
3aJIOKHICTh  TMOJIOKEHHS  MIHIMyMYy Ha  CIIEKTpI
moMiHecteHmii  HaHocuctemu — CAS-O0apBHHMK — Bif
KOHIICHTpAIlii OapBHHKA.

(xpuBi 2-4).

Crektp noriuuands cuctemu KT CdS-6apeauk MIT
npe/icTaBieHnidt Ha pucyHKY 2. KopoTkoxBuiboBa
YacTHHA cHeKTpa 30iraeTbest 3 KpuBoro norauHanHs HK
CdS, a 10BroxswiabOoBa 4YacTUHA 31 CIIEKTpOM
MOTJIMHAHHS OapBHUKAa. 3BEpHEMO yBary Ha Te, IO B
obnacti 355 HM (J0BXKHMHA XBWIII 30YKYIOUOro Jlazepa)
OapBHUK HE IMOMIMHAE 1 I JOBXHHA XBWI €
30ymKyounM cBitiom Tiaeku g HK  CdS. Ile
3ayBa)XCHHS € ICTOTHMM IIPH TIOSICHEHHI HACTYITHHX
PE3YIbTATIB.

Cnekrpu mrominectennii HK CdS (puc. 3, kpusa 1)
MalOTh I1HTCHCHBHY JIFOMIHECICHIIII0 3 MaKCHMyMOM
A=600um. Ilpu pmomaBanHi OapBHuka MBbB 1o
KOJIOIJTHOTO PO3YMHY 3 HAHMEHIIOI KOHIEHTPALIEI —
5.:10°M (puc. 3, kpuBa 7) iHTEHCHBHICTH OapBHHKA
3pocrae B 20 pa3iB BiJHOCHO OapBHHMKa B ITOYaTKOBOMY
crani (kpuBa 2). Ilpu 1IbOMY KOHTYp JFOMiHECHIEHINT
3a3Ha€ ICTOTHUX 3MiH, a came, 3HHMKAac JIIOMIHECLIEHIIS
JIOBrOXBUIIbOBOI yacTuu (oromominectenmii HK CdS i
3'IBA€ThCS  Oibllle BY3bKa CcMyra OapBHHKAa 3
MakcumymoM B obOsacti 700 HM, IHTEHCHBHICTH SIKOI
3aJIeKHUTH BiJl KOHIIEHTpallii OapBHHUKA.

Bapsuuk nornmunaae B o0sacti Bix 550 HM 1o 650 HM,
a BHIIPOMIHIOE B O0JIACTI BEJUKUX JOBXKUH XBHJIb.
XapakTepHo, IO B OO0JIaCTi MOMIMHAHHS OapBHUKA
mrominecriennis HK  CdS Bimcyras. Bech crmektp
CKJIZIa€ThCsl 3 JBOX CMYI, a caMe, MIHIMyM CBIiTiHHS
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Puc. 4. Crextpu mominicueniii HK CdS (1), 6apsauka
AX xouuenrpamiit: 37-10° M (2), 183-10° M (3) ta
HK CdS 3 6apsruxom AXK konmnenTpariii : 7-10° M (4),
22-10° M (5), 37-10° M (6), 183-10° M (7).

cucremu KT CdS — 6apeauk MB Bianosinae MakcuMymy
nrominectennii KT CdS.

3MiHa IHTEHCHUBHOCTI JIIOMiHECUEHHii B MiHIMyMi
nrominectiennii rerepo cucremu KT CdS - 6apsauk Mb
MOKa3aHa Ha BCTaBIl 10 MajioHKa 3. [HTEHCHBHICTh
nrominecriennii HK CdS 3 6apsaukom B obmacti 620 am
31 30UIBIIEHHSIM KOHIIEHTpAIlil OapBHUKA 3MEHITYEThCS.

31 30UIbIIEHHSM KOHIIEHTpalii OapBHUKA IIUPUHA
obnmacti #ioro mormuHaHHS 30iMbHIyETHCH  (pHC. 3).
Jlrominecuentiist HK  CdS y BiamoBiawmii  obmacti
MOTIMHAHHS GapBHUKA 3MEHIyeThes (puc.3, kpuBi 3-7).
3aKOHOMIpHICTh, SKy MH CIOCTEpiraeMo, MoXke OyTh
TMIOSICHEHA 3 TOYKHU 30py MPOILIECIB IIEPENOrJIMHAHHS B LIl
CTPYKTYpi 1 mepenaueto eneprii gromineceniii HK CdS
OapBHUKY B Tili 00sacTi, ae Bin moriuHae [15-18]. s
MiATBEPIKCHHS IIBOT'0 MEXaHI3My OyJ0 IPOBEICHO
aHAJIOTIYHUN eKCIEePUMEHT 3 OapBHHUKOM, SIKHHA Mae
CMYT'y TIOTJIHHAHHS B KOPOTKOXBHJIbOBIH 00JIaCTi.

Crnektp mornuHanHs i Gapeauka AXK, i HK CdS
3HAXOIATHCS B OJHOMY IHTEpBANi JOBXUH XBHWIb
(puc. 1). Ha pucynky 4 TmpeACTaBieHi CIEKTPH
nrominecriennii HK CdS (kpuBa 1), 6aperuka (kpusi 2,3)
i HK CdS 3 6apeaukom (kpusi 4-7). Bujso, 1o B mii
CTPYKTYpi BIIOYBA€THCS MEPEIIOTIIMHAHHS OapBHUKOM
€Heprii, sKa BIAMOBIZAE KOPOTKOXBUIILOBIM YaCTHHI
cmyru Jromidecueniii HK CdS. B pesynbrati 4oro B i
00J1acTi CIIOCTEpIraeThCsl JIFOMiHECHEHIsl OapBHUKA. Y
TOW JK€ Yac, B JIOBITOXBHWJIBOBOI 0OJNACTi CIIEKTp
mrominectiennii HK  CdS 3anuimmaetbcss HE3MiHHHM.
Oco01MBO 1I€ MOMITHO B pPO3YHMHAX, L0 MICTATH Pi3HI
KOHIIGHTpallii OapBHHKAa, a caMe, MNpH 30iIbIICHHI
KOHIIeHTpalii OapBHHKa BHecok romiHectieHmii HK
cyabdimy KaaMmito B 30YyMKEHHS JIFOMiHECIICHITT
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Puc. 5. Hopmoani ciextpu mominicuennii HK CdS (1), 6apsranka AXK xoruentpauii 37-10° M (2) Ta HK CdS3
GapsrmkoM AXK, kormentparii: 37-10° M(3), 183-10° M (4). Beraska: Criekrpu mominicrienmii HK CdS: 6e3
6apsuuKka (1), Ta 3 6apsauKoM (2). Criektp DJI (2) OyB oTpUMaHHii B pe3yNbTaTi BiqHIMAHHS KPUBOI 2 3 KpUBOI 3.

OapBHuMka 3pocrae. lle Takox IIATBEPIKYETHCS
HOPMOBAHUMH CIIEKTPaMH IUX KPUBHX (puc. 5).

[Insixom BHpaxyBaHHS KpHBOi 2 3 KpHBOi 3 (puc. 5)
OyJI0 OTpUMaHO CIEKTp JIIOMIHECHEHII cynbdiny
KaJIMifo, SIKMH C()OPMOBaHHMH B PE3yNbTaTi IOTIMHAHHS
YaCTHHHU eHeprii #oro JomiHecueHmii 6apBHukoM (pHc.
5, BcTaBka).

Croctepiraerbes, i (o) JIFOMIHECLIEHII S
KOPOTKOXBHJIHOBOI YaCTUHHM BiZICYTHSI, TaK SK, sl €HEePris
Oyna moryiMHeHa GapBHUKOM.

BucHoBkn

B pesynbrati gocnipkeHHs BIUTMBY OapBHHKIB Mb i
AX nHa ®JI KT CdS BusBieHa tpancdopmallis CrekTpa
@®JI KT. Cnekrp mrominecuenuii rerepocucremMu KT
CdS - GapBHMK 3aJeKHTh Big 007acTi IOTIMHAHHS
OapBHuKa. [Ipu BBeJIeHHI B KOJIOiqHUN pO34nH OapBHUKA
MB cnexrp irominectennii KT 3minnyerbesi B 4epBoHY

obacth, a ipu BBeAeHHI AXK - B OakuTHY.

Iloka3zano, i (o) JIFOMIHECLIEH LIS OapBHUKIB
30ymKyeThes cBiTiiom Jrominectennii KT CdS, a mpu
301IbLIeHH] KOHLIEHTpALi | OapBHUKIB BHECOK

mrominecriennii KT CdS B 30ymkeHHs JFOMiHECICHII
OapBHUKIB 3pOCTae.

MexaHi3M, 1m0 00YMOBIIOE TpaHC(HOpPMAIIIO
kouTypy criektpa ®JI KT CdS nos's3anuii 3 mporecaMu
nepenecenns eneprii Bigx HK CdS mo 6apBHuKiB.
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V.A. Smyntyna’, V.M. Skobeeva’, K. A. Verheles', N.V. Malushin®

I nfluence of Organic M olecules on the L uminescent Properties of Composites
Based on CdS Quantum Dots

1.1, Mechnikov National University of Odessa, Pastera . 27, Odessa 65026, Ukraine, klara2010@meta.ua
2].1. Mechnikov National University of Odessa, Dvoryanskaya . 2, Odessa 65026, Ukraine

The influence of dyes of methylene blue (MB) and acridine yellow (AY) on the spectra of luminescence of
dye composites with quantum dots (QD) of CdSisinvestigated. It is shown that the luminescence spectrum of the
heterosystem of nanocrystals (NC) CdS - dye depends on the absorption region of the dye. When injected into the
colloidal solution of the MB of the dye, the spectrum of the luminescence of the quantum dotsis shifted to the red
region, and when the AY isintroduced into the blue. The obtained results are explained in terms of the transfer of
energy from the quantum dots of CdS to the dyes by the Forster mechanism.

K ey words. quantum dot, dye, luminescence, mechanism of energy transfer.
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IToxkpamenHs nmnapaMeTpiB copOuii ioHiB HikeJ10 0€eHTOHITOM
BHACJIIIOK ONIPOMiHEHHS HOT0 HAABMCOKOYACTOTHUMU XBUJISIMH
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JlocnimkeHo copOmiiiHi XapakTepucTHKU 3a HikelneM MNpUpOJHOrO TIMHHCTOrO MaTepialy OCHTOHITY,
MiTOTOBJICHOTO CHEMiabHAM OMPOMIHCHHSM HOTO0 HAJBUCOKOYACTOTHUMH EJIEKTPOMArHITHUMH XBHIJISIMU
(«mikpoxBrsiMu»). Ilepen mouaTkoM CcOpOLIAHOI OYMCTKH MOJEIBHHX PO3YMHIB BHBYEHO (Hha30BHA CKIal
BKa3aHOr0 COPOEHTY PEHTTE€HIBCLKUM METOO0M MOopoIiKy. Ha npukiazi npomuecy copOuii ioHiB Hikeito 3 BOTHUX
PO3UYHHIB y CTaTHYHHX YMOBaX ITOKAa3aHO, IO 3pa30K IbOr0 COPOCHTY, MOMNEPEIHBO 3BOJIOKCHHN Ta
ONPOMIHCHUI <«MIKPOXBWIIAMHU», BUSBIAE y 2,7 pasa Kpanli COpOIiiiHI BJIACTHBOCTI, HiXK HEOOPOOICHHUIT
(HaTuBHMI) 3pa3ok. Po3paxoBaHO COPOLiiiHI MapamMeTpy IIiArOTOBIEHOTO 3 BUKOPUCTAHHIM <MiKPOXBHIIB» Ta
HATHBHOTO 3pa3KiB OCHTOHITY 3a piBHAHHAMH Moxenm Jlenrmiopa. I'paHndHa eMHicTh 3a HikeneM onpoMiHEHOro
copbenty cranoBuTh 16,4 mr/r (0,28 MMoIIb/T), B TOM Yac SIK JUIss HATUBHOIO OCHTOHITY 3HAYEHHS aHAJIOT YHOTO
mapamerpy ckinagae 6,0 mr/r (0,10 mmons/r). TIpHUMHOIO TAaKOro MOCHIIEHHS COPOLIMHMX BIACTUBOCTER MOXKE
OyTH 3MiHa KPUCTAIIYHOI CTPYKTYPH Ta PO3MOALTY MIKPOIIOP Ha IMOBEPXHI COPOCHTY MiJl €0 «MIKPOXBHIIBY» Y
BOJHOMY CepeOBUINI. BHCIOBIEHO MNPHUIYIIEHHS, IO CIUJIBHA it JBOX (hakTOpiB — OIMPOMIHEHHS
«MIKPOXBIISIME» Ta TiAPOTEPMAalbHA JECTPYKIisS - BIUIMBA€ HA TNPHUIIOBEPXHEBY CTPYKTYPY TIIMHUCTOrO
Marepiaily, PO3IMOAiI MakKpo- Ta MIKpOIIOp, AKTHBI3AIi0 IONNIMHAKYOI IMOBEPXHI, a I, y CBOI Yepry,
MPU3BOAUTH JIO 3MiHM COpPOLIMHHMX TapaMmerpiB. BupimaisHuMu (dakTopaMu y mpouecax MONepeaHbOL
IiATOTOBKH COPOSHTY 3a JOIIOMOT0I0 «MiKPOXBHJIb» MAIOTh OYTH ONTHMajIbHA MOTYKHICTh Ta 9ac OPOMiHEHHL

KirouoBi ci1oBa: ouncrka Bozmy, copOeHT, 6eHTOHIT, Hikenb, akTHBaIlist, MIKpOXBHIII.

Cmamms nocmynuna 0o pedakyii 18.09.2017; npuiinama oo opyky 05.12.2017.

Beryn

Baxxxi meranu, cepen skux i Hikenb, € BaXXJIHMBOIO,
aje W HeOE3MEeYHOI CKJIAMOBOI0 NPUPOAHHUX BOA. Y
PIYKOBUX HE3a0pyIHEHHX 1 ¢1a0Ko 3a0pyIHEHHX BOIAX
KoHIieHTpamis Hikenro konuBaeThes 3a3uyaii Big 0,8 1o
10 Mxr/aM®; B 3a6pyAHEHMX BOHA CTAHOBHTb KiIbKa
necsTkiB Mikporpamie B 1 am°. Cepelsi KOHLEHTpAILis
HIKEIIO B MOPCBKIH Bomi — 2MKr/aM®, y 3BHYaiiHMX
migsemunx Bomax — nopsiaky 10° mxr/mv®. V' mimemanx
BOAaX, IO OMHBAIOTh HIKENBBMICHI TIpChKI IOPOJIH,
KOHLIEHTpaLis Hikemo iHoxi 3poctae 1o 20 mr/am [1].

Sk wmikpoenement, Hikens ©Oepe ywacts, B
OCHOBHOMY, B TIpOIIECi KPOBOTBOPECHHSA 1 BXOAUTH IO
CKJIaJy YEepPBOHMX KIITHH KpoBi (epurporwmriB). Kpim
IFOI'0, BaXJIMBA HOro pOJb B OKHCHO-BiTHOBHHUX
mpoiecax opradiamy. Y  TKaHMHAX 1  oOpraHax
PO3MOIIISETECS HACTYIIHUM YHHOM:. M'SI3M, TI€UiHKa,
JIETeHi, HUPKH, MiANUTYHKOBA 3aj103a, TOJIOBHHUI MO3OK,

431

IIMTOBHIHA 3aj103a. Lle Ti opraHu, B SKUX BiIOYBarOThCS
OCHOBHI ITPOLIECH OOMIHY.

3 ypaxyBaHHSM I[OT0, yBara 0araThOX CIIEIIajIiCTIB
Ta JOCIHIOHUKIB Yy Tally3l BOJOOYUCTKH 30CEpemKeHa
3apa3 Ha IIOMIYKY Ta BJOCKOHAJEHHI HAHOLIbII
e(PeKTHUBHUX METOJIB OYMCTKU BOJ BiJ| HAJUIMIIKY 10HIB
Ba)KKHUX METaJiB, B T.4. Hikero.

CopO11is € OMHUM 3 THIIOBUX METO/IIB OYUCTKU BOIU
Bim 3a0pymHIOBauiB, 30KpeMa, 1 3raJaHuX METalliB.
T'onoBHOIO TIPOOJIEMOI0 TaKOro METOAY € IOIIYK
JIEUIEBUX, ajie BUCOKONPOAYKTUBHHX COPOEHTIB s
BUKOPHUCTAHHA 1X SIK Y HATUBHOMY BUIJISII, TaK 1 IMiCISA
perenepaiiii. 3HauHi 3aTpaTH €Heprii Ta peakTHBIB Ha
MOMEPENHIO OYMCTKY, aKTHBAI[I0 Ta perecHepariio
CUHTETHYHUX COPOEHTIB CHUIIHHO BIUIMBAIOTh HAa BapTiCTh

BOAOOYMCTKH. Y IBOMY IUIaHI TEPCHEKTUBHUM €
ONTHMI3allisg  CIIOCOOIB  BHKOPHCTAHHS  TJIMHHCTHX
MPUPOAHUX MAaTepiadiB 3 BUCOKUMH COPOIiHHUMHU

XapaxkTepucTukam [2].
BeHTOHITOBI INIHHA BUKOPHCTOBYIOTHCS Y MPOIECax
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COpOMIHHOI OYUCTKH TOCUTH TABHO — K Y IPOMHCIIOBHUX,
Tak 1 B mobOyroBux mimax [3]. ITluranHs 11omo
BHUKOPUCTAHHS IMX TIPCHKUX MOPiA B SKOCTI COPOCHTIB
JUTSL OYMCTKH TIPUPOHUX Ta CTIYHUX BOJ € aKTyaJbHHM i
HaOyBa€ BCe OUIBIIOrO 3HAYCHHS, OCKIJIBKH ITOITHPEHICTD
LUX MaTepiaiiB, IPOCTOTa Y BUAOOYBaHHI Ta BiAMOBiIHA
iX JeIeBH3HA POOUTH MPOILEC BOJOOUHUCTKH MEHII
3arpaTHuM [4].

[lepcneKTHBHUM HAIPSIMKOM ITi ABUIIIEHHS
e(heKTUBHOCTI TPOILECY COPOILIHHOI OYMCTKH BOIU Ta
HACTYIHOI pereHepailii COPOEHTIB € BUKOPUCTAHHS IS
i€l METH HAIBHCOKOYACTOTHOTO EJIEKTPOMATrHITHOT'O
unpominioBanuss (HBU EMB a6o «mikpoxBuib»). Ha
JAHWHA Yac Taki JOCHIDKEHHS NPOBENCHO HA TMPHKIAI
OKpEMHUX CHHTCTHYHHX COpOEHTIB, y TOH 4dac SK
MIPUPOHI TJIMHUCTI MaTepianyd y HbOMY IUIaHI BHBYEHI
JTy’Ke MaJIo.

Mertoro Hamoi poooTH 0yJ10 BU3SHAYCHHS IapaMeTpiB
copOmii ioniB Hikenro 3 BOIHUX CHCTEM Ha 3pa3Kax
MIPUPOJHOTO  COpPOEHTY OEHTOHITY Yy HATHBHOMY
(HeoOpobIeHOMY) CTaHi Ta Micis MOIEpeaHbOl 00POOKH
ioro 3 Buxkopucranasm HBU EMB.

. Cran BUBYeHOCTI NpodJieMH

3a XIMIYHOI MNPHPOMOI0 Ta (Ha30BUM CKIAJIOM
OCHTOHITH €  KOMIIO3HIISIMH  QJIFOMOCHIIIKATHHX
MiHepasiB. 3aranbHa QopMmysa IMX MiHEpaJiB MOXe
OyTH IpeJIcTaBJICHA SK:

[X(A1202)*Y(S O2)]* z(OH)* m(H20)* n(MeOy),
ne MeOy — okcuam wMetamiB (3amiza, JYKHHX 1
JTY)KHO3EMEITbHUX METAJIB Ta iH.)

OCHOBHOIO CKJIaJIOBOI0 YaCTHHOIO OEHTOHITIB, SK
NpaBWJIo, €  aJIOMOCHJIIKaTHI ~ Marepialiu  TUIY
MOHTMOPHJIOHITY, ~XJIOPUTY, TiApociiond Ttoumio. Y
KPHUCTAJIOXIMIYHOMY IUIaHI YCi BOHM MarOTh HETaTUBHO

CTPOr0 PETYJISIPHOI CTPYKTYPOIO. Y MPOMIKKAX IBOTO
KapKacy 3HaxOIIThCA TiApaTOBaHI IO3WTUBHI 10HH
JIYXKHHUX 1 JIy)KHO3EMEJIbHUX METaNiB, AKi KOMICHCYIOTh
3apsa  Kapkacy, 1 MOJIEKYJAH Boad. Y ancopOIliiiHi
MOPOXXHMHU ~ IIMX ~ MarepiaiiB  COpOYEThCS  JIUIIe
MOJICKYJIM PEYOBHMH, KPUTHUHHUH PO3MIp SKHX MECHIIIC
eeKTUBHOrO PO3Mipy BXiIHOro BikHa [5].

3arajgpbHUMU (DI3HKO-XIMIYHUMHU XapaKTEPUCTUKAMHU
OCHTOHITOBHX TJIMH € BEJIMKAa IMTOMA IIOBEPXHS Ta
BHCOKa JIUCIIEPCHICTh, HACTIJAKOM SKHX € XOpOIIi
MMOKa3HUKHM aJcopOlii, a Tako)K IMOMITHA 3JaTHICTH 0
HabyxaHHs (OCHTOHITOBE WYHCIIO), TEPMOCTAOUIBHICTH
TOIIO .

3 Merow MiACWIEHHsS I[HHHX BiaactuBocredl (y
mepury  4yepry copOuidHmx) OEHTOHITH MiJJaroTh
akTuBaIli abo Momudikalii, 11 Y0ro BUKOPUCTOBYIOTH
pi3HOMaHITHI (Di3UYHI Ta XIMIUHI MPOLEAYPH. BIIUB mux
MIPOLIEAYP Ha IMPOLEC COPOIil 10HIB HIKEIIO OEHTOHITOM
BHUBYaBcs Oarathbma aBTopamu [6-10 Tta in.]. Sk mpaBuio,
MOPIBHAIBHOMY BHBUCHHIO IiIaBaIU 3pa3Ku OCHTOHITY
0e3 momnepeaHspoi 00poOKku (HaTHUBHI) Ta IMiCHs XiMiYHOI
aKTHUBAL] (comoro, KHCJIOTaMH, OpraHiYHUMU
peareHTaMu TOIIIO).

VY Tabn. 1 3BeAeHO HEBEIUKY YaCTUHY PE3YJbTaTiB
BHBUYCHHS COPOIIMHUX BIIACTHBOCTEH OCHTOHITY IIO
BINHONICHHIO 10 i0HiIB Hikenro, OTpUMaHUX pPI3HUMHU
aBTOpaMH MPOTITOM OCTaHHIX ACCATIIIITE. 3a IX JaHUMHU,
MaKcHUMalbHa COpOIiliHa €MHICTh I[LOTO COPOEHTY 3a
Hikenewm cknanae: y HatuBHOMY cTaHi — Big 6 10 30 mr/t;
ITiCIIs aKTUBallii po3uuHoM coau — Oibiie 300 mr/T.

Cnig  BII3HAYUTH 3HAYHUH PO3KUA  YHUCIIOBHX
3HaYeHb TI'PAHUYHOI COPOIIHHOI €MHOCTI IS 3pa3KiB
OCHTOHITY 3 PI3HUX POAOBHIN. Y 3ralaHUX BUIIE CTATTSIX
aBTOPH HE 3aBXKIU HABOIATH TPAHYIOMETPUYHHMNA CKIIAM
3pa3sKiB, XO4Ya OCHOBHOIO IPHYHUHOIO TAKOT'O0 DPO3KUIY
pe3ynbTaTiB MoXke OyTH caMe BiMIHHICTH y po3Mipax
3epeH COpOeHTY.

3apsHKEHUH TPUBUMIPHUM aJFOMOCHITIKATHUN Kapkac 31 IMuranHs pereHepamii MOMYJIAPHUX  KITaCHUHHX
Taoauus 1
[opiBHSAHHS MapaMeTpiB cOpOIlii OEHTOHITOM 10HIB HIKEIIO 3 BOXHUX PO3YHHIB
Macoge I'pannyna copOriiina
3pa3zok [TigroroBka (irng;iI;: CMHICTD H:jg
P ' MMOJTB/T Mmr/t P
PO3YMH»
Benronit 3upsHCHKOrO p-11a pocy o ) 1,20 70,7 (pH~10)
s mpu 105 °C 1:100 (6]
(Kypraucbka o61., Pocist) .
conosa 5,47 321
AKTHBAIlis
Benronit Tarancbkoro COI[OBa. HeBiL 0,60 35 [7]
p-uia (Kasaxcram) aKTHBAIlis
Benronit Xakacbkoro coJI0Ba .
p-tia (Anraii) AKTHBAIlis HEBIL L1 65 (8]
BeHTOHIT «kOMepIiHHUI» HATHBHIH _ 1:400 0,10 6,0 9]
(Pocis) AKTHBOBAHUI 1:40 033 192
YJIBTPa3BYKOM ' '
da3za MOHTMOPHIIOHITY, HATUBHUI 0,44 - 0,56 26-33
BUJiJICHa 3 GEHTOHITY cOoBa 1:1000 [10]
Jamykiscekoro p-mia (Uepkacbka 001.) AKTUBAISA 2,37-3,05 139-179
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COpOEHTIB MICJsl OYUCTKA HUMH MPUPOTHHUX Ta CTIYHHX
BOJI BHBYAJIOCH JOCHTHL IMpoko [11 Ta im.], ame momo
MPUPOAHUX COPOEHTIB y IbOMY IUIaHI B HAyKOBiit
JIiTepaTypi MPUILIIETHCS 3HAYHO MEHINE yBard. bijbiie
toro, BruiB HBY EMB Ha copOuilini BiacTuBOCTI Ta
MOXIIUBICTh pereHepalii came TIJIMHHCTHX MatepialiB
NPakTHYHO HE BHUBYABCSI. ABTOpDU JaHOI poboTh
po3rovaiu Taki JOCHI/DKEHHS Yy CBOIX IOIepenHix
myOJTiKalisiX — BUBYEHHS IPOIECiB copOIii OioreHHux
iOHIB Ha TPHPOAHOMY Ta cTuMyinboBanoMmy HBY EMB
6enroniti [12, 13].

[l. MeTonka BUKOHAHHSA AOCJIiIKeHb

IcHye psim METOMK OYUCTKU IIPUPOAHOTO OEHTOHITY,
SKi BUMararmTh 3HaYHHX 3aTpaT 4Yacy Ta JOJATKOBOTO
obnagHanHs. OCKUIBKM Ba)XJTUBHM 3aBJIaHHSM HAIIUX
JIOCITI/PKEHb € MiHIMi3allis 3aTpaT Ha MPOIec COpOIiHHOT
OYHCTKH BOJ, TO Y JaHii poOOTI MU BHUKOPHUCTOBYBAIIU
HEOYHUIIEHUH 3pa3ok cOpOeHTy. 3okpema,
JIOCITI/PKYBaBCsl OGHTOHIT TOHKOT'O TIOMOJTY, IPUA0AHUN Y
3araipHii TOProBeJbHiM Mepexi (T. 3B. KKOMEpIIHHHI»).

Jis yrouneHHs (a3oBoro ckiiaay poOodoro 3paska
BKa3aHOTO COpPOEHTY OyJIo POBEAECHO BUBYECHHS HOro 3a
JIONIOMOTOI0  peHTreHo(a3zoBoro  aHajizy. 3HOMKa
mudpakTorpaMu 3pa3ka HAaTHBHOTO OcHTOHITY (0e3
CrieIiabHOT 00pOOKH) BUKOHYBAIACh METOIOM ITOPOLIKY
Ha qudpakromerpi [IPOH-3 3 BUKOpHUCTaHHAM MiTHOTO
Bi(1IETPOBAHOTO BHIPOMiHIOBaHHs. SIKicHUI (hazoBHit
CKJIaJ] 3pa3Ka BH3HA4YaBCSA HUISXOM iHmekcamii mikis hkl
BIJIMOBITHMX MiHEPAJiB 32 iX TaOMHIHUMU 3Ha4eHHs d/n;
KiJIbKiCHUI  (a3oBUil  ckiaf 3a  IHTErpaJbHUMHU
IHTEHCHUBHOCTAMH  (IUTOIIAMHM)  BIiAMOBIAHMX  MIKiB
nmudpakrorpamu [14].

CopOuiiiHi BIACTUBOCTI OCHTOHITY BHUBYAIHA Y
cTaTMYHUX yMoBax. JlochmikyBamu sK HAaTUBHUH
(«koMepIliiHMI»)  3pa3oK, TaKk 1  TOMNEPEaHBO
IMiJITOTOBJICHUH KOMOIHOBaHUM CIIOCOOOM: IMPOMMBKOIO
HOro QUCTWIBOBAHOIO BOJOI0 OJHOYAacHO 3 xiero HBY
EMB.

BimoMo, 1m0 mis «MIiKpOXBHJIB» Ha BOJHI CHCTEMHU
NpU3BOOUTH A0 iX HarpiBy. ToOro, Takmii crocio
MOTIePeIHhOI 00pOOKHM COpPOEHTIB MoeaHye y co0l IX
riipoTepMalbHy ~ OYUCTKY 3  BHUCOKOYAaCTOTHHM
ompomineHHsM. el mpomec MoxHa BBaXKaTH 1
OYHCTKOIO BiJl IPUPOJAHUX 3a0pyIHEHB, 1 aKTUBAIII€IO, 1
Moaudikariero, TOMY pasimie HaMU Oyio
3aIpPOINIOHOBAHO BXKHUBATH TEPMiH «CTUMYIIALLs [12].

30KpeMa, IS CTUMYISIT» HATHBHOIO OEHTOHITY
Horo HaBaxxku Macor 1,0 momimanu y CKisHI KoJiI0u
mictkicTio 250 mi, 3anuBanu 30 MJI JUCTHIHOBAHOI BOIH
ta migmaBanu aii HBU EMB cepennboi moryxHOCTI
nporsirom 180 cex. Ilicnst BigcTorOBaHHS OTpUMaHOI
CycreH3ii 3aJIMIIKH TPOMUBHOI BOJIM 00EpPEKHO 3HIMAIH
3 copOeHTa 3a AOMOMOI0I0 BaKyyMHOI IOMITH. Y IIHX K€
Koj0ax MpoBOAWIIM aOCOpOLiHHY OYHCTKY pPOOOYHX
PO3UHHIB.

B sxocti mxepena HBU EMB BukopucroByBaBcs
PO3pO0JIeHUI Ta BUTOTOBJICHUI aBTOpaMH TeHepaTop Ha
MarHetponi moneni M-10. Bukopucrano craHmapTHy
CXeMy BKIIOYEHHs Ipwiagy. 0e3  iMITylIbCHOTO
MOJIYJIIOBaHHS, Jniama3oH BurpoMiHioBaHH 2,45 1T,
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BUXIJHA MOTY)KHICTh 790 Br. Jns KpaIoro
PO3IIOAINIEHHS] Ta KOHIEHTPYBaHHS BHIIPOMiHIOBAHHS
BHUKOPHCTOBYBAJIACh PYIIOpHA aHTEHA.

MonenbHi posunnu cyibbpary Hikemro («Mozeni»)
BUTOTOBJISUTH 13 IIpOCYyIIeHOi coii KBamiikamii «a» Ta
JMUCTHIbOBAHOI BoAU. P0o0OOYl pO3UMHH OTPUMYBAIH i3
MOJICTTBHUX LIJISIXOM KpaTHUX po30aBiieHb
JTUCTHIIHOBaHOIO BOJIOIO. Bruus KHCIJIOTHOCTI
cepeoBUIla POOOYMX PO3YMHIB y Tporeci copOuii Ha
BEIUYMHY COpOIIHHUX MapaMeTpiB y JaHid poOoTi He
nocmipkyBanu  (mporiec  copOuii  IPOBOIUBCS Y
HeWTpanbHOMYy cepenosunt, pH ~6). JocmimKkeHHs
BHUKOHYBAJIMCh TIPH KiMHATHI# Temnepatypi (22 - 24°C).

Y konbu 3 HatuBHuM abo HBY-migroroeneHum
6enroniToM 3anuBany mo 200 mu pobOYOro po3yuHy Ta
BUKOHYBaJIM TIPOIEC COpPOLIHHOI OuYuCTKU: 3-pa3oBe
MepeMINTyBaHHs Ta BiJICTOIOBAHHs. 3arajbHa TPUBAJICTh
KOHTaKTy OCHTOHITY Ta pO3YMHY CTaHOBWIIA Onn3bko 24
roauH. ITicnms BiACTOIOBaHHSA copOaT 00EPEKHO 3JIUBAIIH
3 ocaxy 0e3 (iNbTpYBaHHS, 1 JIMIIE TOMI, A1 cTadiTi3aIii
jonin Ni** | Yy PO3YMHU JOIaBald HEBEIHKI KUIBKOCTI
HITPaTHOI KUCJIOTH A0 oTpuMaHHs pH ~ 2.

Konuentpauii ionis Ni?* y MoxensHux Ta poGounx
pO34YMHAX BH3HAYAINCHh aTOMHO-a0COpOLITHIM METOI0M
3a BIIOMUMH MeToJuKaMH Ha cnektpomerpi C-115.M-1.
OxpeMi Tpobu  pobOYMX PO3UUHIB  (BHYTPIIIHBO-
71a00paTOPHUM KOHTPOJIb) BHMBYAIMCH Ha BMICT 10HIB
HIKEJI0 32 METOIUKOI (OTOMETPUYHOTO BU3IHAYECHHS
BOI0 10HY pEaKIli€er0 3 JUMETWINTIOKCUMOM i3
BHUKOPHUCTaHHAM eJeKTpodoToronopumerpa KOK-2 [15].

[TiaroroBka copOEHTY, BUTOTOBJICHHS MOJENBHHX 1
poboYMX PO3YHHIB, OE3MMOCEPEHbO MpoIec CcopoOmii
npoBoamiuck y HJIJT ekobesnexu JIJIY BX]/I; atomuo-
abcopOiiHi Tocii ke s — y 1abopaTopii MpoMHCIOBOT
TOKCUKOJOrii JIBBIBCHKOIO MEIMYHOTO YHIBEPCHUTETY
iM. Jlanuna [anuipkoro.

OnpaitoBaHHs E€KCIIEPUMEHTAJIbHUX Ppe3yJIbTaTIB -
nodynoBy i3orepM azacopOwii, ix rpadiuny Ta
aHaITHYHY  OOpOOKy,  pO3paxyHKH  COpOUiHHHX
rapameTpiB - 3IHCHIOBAJIH 33 KIIACHYHUMH METOJUKAMH:
Jlenrmropa, ®peitamiixa, Jyoinina-Pagymkesuua ta iH.
[16]. 3a  YucnOBMMH  3HAYCHHAMH  KPHUTEpiiB
CTaTUCTHYHOI  OIIIHKM BUOpaHi Ti Momenmi, sKi
HAMKOPEKTHIIIE ONMCYIOTh KOXKHY 130TepMYy.

[11.Pe3yabTaTu Ta 00roBOpPeHHA

®dazoBuM aHANi3OM JAUPPAKTOrpaMU  HATHBHOTO
3pa3ka OCHTOHITY BCTaHOBJICHO, IO y WOro CKJajui
NPUCYTHI 4 MiHEpanu y IPUOIU3HO PIBHHUX KUIBKOCTSX:
rigpocmroma (6m.  27%  ar.);  MOHTMOPHJIOHIT
(6n. 25%ar.); xBapr (6m. 22% ar.) Ta XJIOpUT
(611. 20 % aT.); cepem AOMIIIOK - KAJIBIWT, CHIBBIHIT Ta
IHIII MiHEpaH.

Judpaxrorpama HATUBHOTO 3pa3ka OEHTOHITY
(CuK, — Bump.) micns BiAmoBigHOI 1H(BPOBOI 0OPOOKH
HaBelAeHa Ha puc. l; pesyabratd 11 (hasoBoro

KPHUCTAJIOXIMIYHOI'0 aHaji3y —y Tadum. 2.

B sikocTi MOmeTbHOrO OYJI0 BHTOTOBJICHO BOIHHMA
posuns cynsdary Hikenro 3 koHuentpariero 250 mr/av>
(3a meramom). IomanbuiMM MOKPOKOBUM PO30aBICHHSIM
fioro y 1,5 pa3u orpumano cepiro poOOYHMX PO3UHHIB B
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Puc. 1. Pe3yabTati peHTTeHO(a30BOro aHai3y AU pakTorpaMu HATHBHOTO 3pa3ka 6enTonity (CUuK, — Bump.).

Taoauus 2
Pe3ysnpraTi (ha30BOro KpUCTAIOXIMIYHOTO aHaJi3y HATUBHOI'O 3pa3Ka OEHTOHITY
20, rpax Oray A IHTeHCcHUBHICTE, BiIH. Of. ®dasza (MiHepan)
6,33 13,82 50 MOHTMOPHJIOHIT
6,42 14,00 45 XJIOPUT
8,93 10,00 430 rigpociona
12,58 7,08 170 XJIOPUT
17,75 4,99 135 MOHTMOPHJIOHIT
18,92 4,69 42 XJIOPUT
19,92 4,45 37 MOHTMOPHJIOHIT
20,95 4,24 133 KBapI{
23,18 3,86 15 KaJIBLIUT
25,32 3,53 104 XJIOPUT
26,82 3,35 400 MOHTMOPHJIOHIT
27,02 3,28 300 KBapI[
27,08 3,32 350 rigpociona
28,07 3,18 126 MOHTMOPHJIOHIT
29,56 3,03 114 KaJIBLIUT
31,10 2,88 215 XJIOPUT
34,68 2,58 28 MOHTMOPHJIOHIT
35,10 2,56 39 XJIOPUT
36,18 2,48 42 KaJIBLIUT
36,62 2,45 46 KBapI[
39,58 2,28 23 KaJIBLIUT
39,62 2,26 35 KBapI[
42,58 2,13 64 rigpociona
45,68 1,98 109 KBapI[
48,68 1,87 18 rigpociona
IHTepBajJi KOHIICHTpAIlid 10HIB Ni2* Bix 250 no Mmoka3zajia oOpoOKa i30TepMH 3a KIIACHYHHM JIiHIHHUM
6,6 mr/mv°. piBasHHEAM Jlenrmiopa (bopmynu 11 2; puc. 2):
Awnanmiz i3orepM anxcopOuii  ioHIB  Hikemo 3 Co- Ce
MOJICTIPHUX PO3YMHIB Ha 3pa3kax OEHTOHITY, KW He =———V> @)
MPOXOAMB  TOMEPEAHL0I 00poOKkKM (HATUBHOMY), Ta m
ornpomineHomy HBY EMB mporsrom 180c¢ y mamiii "'ice’ (2),
KUIBKOCTI BOAU (TOOTO, «CTUMYILOBAHOMY»), IOKa3aB ay K ay

HaCTYIIHEC.

IIe Qe — PIBHOBa)KHA COPOIifiHA €MHICTH, MMOJB/T; Qy, —

Haii0Oinpm d4iTKy 3aJeKHICTH B 000X BHIAaIKax
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Puc. 2. I3orepmu anacop6iiii ionis Hikerro Ha 3pa3kax GEHTOHITY HATUBHOTO (HMKHIHM rpadik) Ta onpoMiHEHOTO
HBY EMB («cTUMYIb0BaHOT0%»; BEpXHiit rpadik).

rpaHnYHa copOIliiiHa eMHiCTh (MOHOMIAPY), MMOIB/T; Cy
Ta Cg - KOHIIGHTpamii i0HIB Miai 0 Ta micis copOiii,
MMOJIB/JT; M — Maca GeHTOHiTY, T} V — 00’ €M po3uuHy, II;
K —koHcTaHTa copOILiiiHOi piBHOBArH.

3aranpHHH Xig i30TepM azcopOlLii B 000X BUMAAKaX
€ moAiOHMM, aje 3HaYeHHs COpOUIMHMX mapaMmeTpiB
MOMITHO BiJPI3HAIOTBCS. 30KpeMa, pO3paxoBaHi 3a
piBasHHEAMH (1) 1 (2) KOHCTAaHTH JiHIH TPEHAY BKA3YIOTb,
IO 3arajbHa TpaHUYHA €MHICTh 32 HIKeleM Y
«CTHMYJIBOBAHOT'0» COpOeHTy y 2,7 pa3a BHINa, HIX Y
HeoOpoOneHoro 3paska (tabm. 3). Y cBow uepry,
KOHCTaHTa COpOLIiHOI piBHOBaru OIMpPOMIHEHOrO 3pa3ka
€ Ha 22 % MeHIIoI0, HiXK y HAaTUBHOTO. L{e ToBOpuTH 1po
Te, W0 copOIiifHa piBHOBara MK pPO3YHMHOM Ta
«CTUMYJIBOBaHUM» copOeHToM Hacrtae y 1,3 pasza
LIBHJIIIE, HIXK Y BUIA/IKY HATUBHOTO 3pa3Ka.

Sk BigomMo, MexaHi3M copOrlii 3a0pymaHeHb Ha
[JIMHUCTUX MaTepiajax JOCHTh CKIAJIHUM 1 BKIIOYAE
uimmit psa Gpi3uKo-XiMIYHUX TPOLECIB, B T. Y. BaH-AEp-
BaaJIbCOBY B3a€MOJIII0 MOJIEKYJI cOpOaTy 3 pO3BHHEHOIO

Tabauuns 3
[Mapamerpu npouecy cop6uii ioHiB Hikexnro Ha
OEHTOHITI
I'pannuna
cop6wiiina Koncranra
3pa3ox €MHICTE copOuiitHoi
mmoms/r | wrfr | PIEHORAMH
HartusHauii 0,102 5,98 2,82
CTUMyIIbOBaHUN 0,279 16,40 2,20
Kpartnicts 3mMiHn 2,74 1,28
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MIOBEPXHEI0 MIKPOKPUCTATIB CHJIIKATIB Ta KYJIOHIBCBHKY
B3a€MOJIII0 MOJAPU30BAHUX MoKy (ioHiB) copbaty 3
MO3UTHBHO  3aps/DKCHUMH  JAUISHKAMH  [TOBEPXHi
copbenty, mo micrats ionn H, AI** Ta inmi [5]. Okpim
MOJICKYIISIPHOT Ta KYJIOHIBCHKOI CKJIAJI0OBHX, 3HAYHHI
BHECOK y COpOMLIMHUI Ipollec Ha OCHTOHITOBIN TJIHHI
BHOCHTH 10HOOOMiHHUI MexaHi3m [17].

InuaucTi  MiHepanmy, SIKi  BOJIOIIOTH  CXOXHMH
eNeMeHTaMu  CTpykTypu (miapamMu  TeTpaeipiB  Ta
OKTaeapiB), pI3HATBCA MK  Cc0000  crmocobaMu
cronydeHHst ix |y makeru. KpiMm TOro, BOHH

BIIPI3HSIOTBECSA TMPHPOIOI0 Ta CHEPri€l0 3B'A3Ky MiX
LUMH [TAKETaMH, XapaKTepOM 3aceleHHs TeTpacIpUIHIX
Ta OKTaeJIPUYHUX CITOK 1 IIIUM HAOOPOM iHIIMX, OUIBII
TOHKUX CTPYKTYPHHUX OCOOJMBOCTEW. Y CYKYITHOCTI, BCi
i (akTOpH CTBOPIOIOTH BEIHUE3HY PI3HOMAHITHICTD
(i3UKO-XiIMIYHUX BIACTUBOCTEH OKPEMUX IPECTABHUKIB
AJFOMOCHJIIKATIB, OCKUIBKA BJIACTHBOCTI  OYIb-SKOT'O
JIMCIIEPCHOTO0 MaTepiaily 0arato B 4OMY BH3HAYalOThCS
came OyJ0BOIO HOTO CKJIaJOBUX YaCTHH.

Ha panmit vac MokHa BUAUIMTH [IBi OCHOBHI
MIPUYWHH, SIKI 3yMOBJIIOIOTH EMHICTh KaTiOHHOTO OOMIHY
TJIMHUCTUX MaTepiatiB:

1) 3amilmieHHS  YOTHPHOXBAJICHTHOIO  KPEMHIO
TPHOXBAJICHTHUM aJIOMIiHIEM B TETPaeApUYHUX CITKax i
TPHOXBAJIEHTHOT'O AJFOMIHIFO 10HaMu HUKYOT
BaJICHTHOCTI B OKTAa€APHYHHX CiTKaX, IO CIPHYHHIOE
MOSIBY ~ HETaTUBHOTO  HEKOMIIGHCOBAHOTO  3apsidy
CTPYKTYPHOI KOMipKH;

2) po3puB XiMIYHHX 3B'S3KiB y TETpaeApUYHHX i
OKTaeIPUYHUX CITKaX KPUCTAJIB TNIMHUCTUX MIHEpaiB,
IO TNPHU3BOAWUTH N0 MOSIBM Ha I1X OOKOBUX TIpaHsIX
TIIPOKCHIBHUX TpPYI, aTOMH BOJAHIO B SIKMX 3JaTHI
BCTYIIaTH B peakilii oOMiHy.



JL.B. Cuca, JLIL. lleBuyk, A.3. Koniyp

lomo  mepumioro  BUMAAKy, TO  HaWJacTime
HOBOCTBOPEHHH HETaTUBHUI 3apsi]i KPUCTAJIYHOI IPATKU
YPIBHOB&KYETHCS BHYTPILIHBOCTPYKTYPHUMHU 3MiHAMH:
HANpHKIad, NPOTHIEKHUM 3a 3HAKOM 3apsioM, SKHH
BUHHMKA€E 32 PaxyHOK 3aMiHM YacTHHU CTPYKTYPHHX
aTOMIB KHCHIO TiJpoKCHILHUMH ioHamu. Lleit ke edekr
CTBOPIOIOTH «BIIACHI» (BHYTPIIIHBOCTPYKTYPHi) KaTiOHH
MeTajiB, M0 MOXYTh 3aiiMaTH YacTUHY BaKaHTHHX
OKTaeIPUYHUX TO3HUIIIH.

Kpim Toro, HajuTMIIKOBUI HETaTUBHUI 3apsi]] IPaTKU
Moxe OyTH  KOMIICHCOBaHMH  I03aCTPYKTYpHHMH
OOMIHHUMH KaTiOHAMH. Bonu Haifyacrime
pO3TaIIOBYIOTBCS Ha 0a3aJbHHUX IUIOHMIMHAX YacTOK
TJIMHUCTOr0 MaTepiany. EHepris B3aeMo/Iil TakuX 10HiB 3
MMOBEPXHEIO 3aJIGKHUTh HE TIJIBKH BiJl iX BaJCHTHOCTI 1
PO3Mipy, ane i BiJ Miclis JoKami3awii 3apsay TpaTky.

30kpeMa, 3apsaad, 3yYMOBJICHI TeTepOBaJICHTHUM
i30MOp(i3MOM B OKTaeApHYHIN CiTIi, mepeOyBalOTh
Janblie  BiJ TIOBEPXHI IaKeTiB, HDK 3apsad, sKi
BUHHMKAIOTh 32 PaxXyHOK HECTEXIOMETPUYHOI 3aMiHH B
TeTpaeApPUYHUX CiTKax. BigmoBigHO, KaTiOHH, SKi
HEWTpaNi3yIOTh HEraTHBHHM 3apsil OKTACAPHYHOI CITKH,
OynyTh 3B'si3aHi 3 TOBEPXHEIO CJIAONIMMHU CHJIAMH Y
MOPIBHSAHHI 3 KaTiOHaMH, SKi HEHTpaJi3yloThb 3apsj
TeTpaeaprUyHOl CITKH.

Skmo TycTMHa 3apAdy TETpaeApHUYHHX  CITOK
Mminepamis tumy 2:1 Bucoka (1,5 oauHumi Ha
eIeMEHTApHy KOMIpKYy 1 BHWIIE), a B SKOCTI #Horo
KOMIIEHCATOpa  BHCTYNAIOTh  BEJUKI  OJHO3apsaHI
KaTiOHH, TO BOHHM, 33 BHHSTKOM KaTiOHIB Ha 0a3ajbHUX
rpaHsx KpHCTAIy, BUSIBIISIIOTHCA, (akTH4HO,
HeoOMiHHMMHK (Hanpukmaa, Miknakerni iomn K&y
CITIO/IAx).

Y npyroMy BHIAnKy, TOJOBHY pOJb BiAirparoTh
BJIACTHBOCTI CaMUX TiJPOKCHJIBHHUX Tpyn. SIKIIO0 BOHU
3p’ssani 3 kariomamn Al** a6o Mg® okraexpmanoro
mapy, TO iX MOXHa, Yy TIepuioMy HaOJIMKeHH,
npupiBHATH A0 rpyn OH Ha moBepxHi rifipaToBaHUX
OKCHUJIIB aJIFOMiHiI0 200 MarHito.

TakuM 4nHOM, TIOps 3 130MOP(QHUM 3aMillICHHIM Y
KPUCTATIUHIA  IpaTIli  JDKEpEIOM  KaTiOHOOOMiHHOI
3ATHOCTI TJIMHUCTHX MIHEPANiB BHCTYNAIOTh TaKOX
TiAPOKCUIIBHI TPYIIH, PO3TAIIOBaHI Ha OOKOBHX IpaHIX
Ta pebpax IX KPUCTaNiB i 3B’sA3aHi 3 aTOMaMHU KPEMHIIO.
IMosiea HeratuBHOro 3apsiny B S—O — ciTkax mux
MaTepiaitiB BHAacHizoK i3oMopdHoro samimenms Ai¥* —
S* B uactmHi TeTpaenpiB IOCHIIOE  KHCIOTHI
BaacTUBOCTI yrpymyBanb =Si—OH , i ToMy 00MiH iXx
MPOTOHIB HA iHIII KaTIOHM CTAa€ 3HAYHO MOJETIICHUM
BiJTHOCHO KpEMHE3eMYy.

[HOIIMMU coBamMM, WiA Yac pO3MIISAY NMUTAHHS PO
NMPUYMHA  KaTIOHOOOMIHHOI ~ 3MATHOCTI  TJIMHHCTHX
MiHepaJiiB, IJIKOM IPUPOJHO TOBOPHUTH HE NPO BUOIp
MK JIBOMa OINHCAHUMH BHIIE MEXaHIi3MaMH 10HHOTO
oOMiHYy, a TpO Ty poib, SKy BOHHU BIJIrpaloTh Y
BU3HAYEHHI EMHOCTI I[LOr0 OOMIHY Ul TOTO YH 1HIIOTO
TIpEe/ICTaBHUKA TPYNH (PiJOCHITIKATIB.

Hampukian, y Bumagkax MOHTMOPHWIIOHITY 1
BEPMUKYIITY i30Mop¢Hi 3amimeHHs ctBoptototh 80 %
BiJ BCi€i eMHOCTI KaTioHHOro oOMiHy, a 20 % emHOCTI €
HACIIJIKOM «IOpYyIIeHHS 3B s13KiB» [5]. IlinTBepmKeHHsM
TAKOT0 MPHITYLICHHS MOXE CITY)KUTH TOH (haKT, 11O ITicIs
Tepmiunoi 00pobku mpu 250 - 300°C Li-dhopm okpemux
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SKi B HATHBHOMY CTaHi
MPaKTHYHO HE MICTIATh 130MOpP(HUX 3aMillleHp Y
TeTpaeApUYHUX IIapax, CHOCTEpIranoch MNamiHHS IX
obMminHOi eMHOCTI Ha 82 — 85 % [10].

OueBUIHO, B TMPOLECI OINPOMIHEHHS ITOBEPXHI
ATIOMOCWIIIKATHUX ~ KPHCTATIB  «MIKPOXBHIISIMI» Y
Oe3rocepelHbOMY KOHTaKTi 3  MOJEKyJaMH BOJU
3MIHIOETBCS ~MeXaHi3M copbuii (y mopiBHAHHI 3
HATUBHUM OEHTOHITOM). 30Kpema, iCHye WMOBipHiCTb,
1o KpiM i0HOOGMiHHOrO Mexamismy (3amiHa ionis Ca’’,
Mg?" a6o nyxuux merainis Ha Ni?*) Berynae B miro me i
¢iznuna copOuis ioHiB Hikeqro y HOBOCTBOpEHHX
MiKporopax.

ABTOpPHM JaHOi CTaTTi BBa)XalOTh, IO CIIBHA i
nBox (akropis (HBY-onpomineHHs Ta TiApOTepMabHOI
JECTPYKINi MOBEpXHi COPOEHTY) MOMITHO BIUIHBAa€E Ha
KPHUCTAJIUHy CTPYKTYpYy TJIMHUCTOIO MaTepialy, Ha
pO3IOAIT  Makpo- Ta  MIKpOIOp,  aKTHBi3allifo
TIOTJIMHAIOYOI MOBEPXHI TOIIO, a 1€, Y CBOI 4epry,
MIPU3BOJUTH 10 3MIHH COPOLIMHUX MTapaMeTpiB.

[MiaTBepauTn abo BIAKMHYTH 1€ TNPHITYLICHHS
MO)XKHa Oymo O 3a pe3ylbTaTaMH IPEHU3iHHOTO
PEHTITCHOCTPYKTYPHOI'O ~ aHANIi3y 3pa3KiB OCHTOHITY,
orpomineHoro HBU EMB 3 oaHO4YacHOI MPOMHBKOIO
BOJIOIO, OJ[HAK TakKi pOOOTH € NOCHUTh CHeHH(DIYHUMH 1
BapTyIOTh OKPEMOTO JAOCIIIKEHHS.

VY OyIp-sSIKOMY BUTIAJIKY MOXKHA CTBEPJDKYBATH, IO Y
MOpiBHSAHHI 3  HeoOpoOieHuMm  3paskoM, HBU-
OIpOMiHEHHH  OCHTOHIT Mae  Kpami  COpOIiiHi
XapakTepucTuky 3a ioHamu Hikenro, Tomy Moxe OyTu
MIEPCIIEKTUBHUM COPOEHTOM JUIsl OYMCTKU MPHUPOJHUX Ta
CTIYHHX BOJI CaMe BiJl IMX TOJIIOTAHTIB.

Bupimansaumu (axTopamu y Iporecax
MOIIePEHBOI MiATOTOBKK copOeHTy 3a momoMororo HBU
EMB, o4eBHIHO, MaIOTh OYTH ONTHMAajbHA MOTYXKHICTH
Ta mo3a omnpoMiHeHHs. CaM mpollec BUTOTOBJICHHS Ta
HalaITyBaHHS ycraHoBKM Ui HBUY-ompomineHHs €
HECKJIaTHUM, 3aTpaTH eJIeKTpoeHeprii mix Jac ii podoru
BIIHOCHO HEBEJIHKi, TOMY CKOHOMIYHA BHIOAa BIJ
3aCTOCYBAaHHS TAKOI'O0 METOAY MOXKe OYTH BiUyTHA.

3paskiB  MOHTMOPHJIOHITY,

BucHoBkn

1. BuBueHo i3orepmu abcopOuii ioniB Hikenro 3
BOJHHUX  PO3YMHIB  HAa  3pa3kax  MPHUPOIHOTO
(HeoOpobIeHOr0) Ta MiATOTOBIEHOrO 3 BUKOPHUCTAHHIM
Ha/IBUCOKOYACTOTHOT'O ONPOMiHEHHS! OCHTOHITY.

2. Tloka3aHOo, IO OMNPOMIHEHHS I[LOIO COPOCHTY
HBY EMB opHOYacHO 3 IPOMHBKOIO HOTO YHUCTOIO
BOJOIO 30UIblIye 3HAYEHHS TpaHUYHOI COpOUIHHOT
emHocTi 3a HikeneMm y 2,7 pasa.

3. IlpuumHOIO Takoro TMOKpaIleHHs! COpOLIHMX
BJIACTHBOCTEH MOXe OyTH 3MiHA  KPHUCTaJi4HOI
CTPYKTYpH TIIHHHUCTOrO MaTepiajy, po3moily Makpo- Ta
MIKpOIOp, aKTUBI3allisl HOTIMHAI0YO] IIOBEPXHI.
Cuca JI.B. — KaHmumat XiMiYHHX HaykK, MIOILEHT,
HaykoBuH cniiBpooiTHuK HJJT;

Lleguyx JI.II. - HaykoBuWii CIiBpOOITHUK Jabopartopii
MIPOMHCIIOBOI TOKCHKOJIOTIT;
Konuyp A.3. — ciiyxad an 'OHKTYpH (acmipaHTypH).
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I mprovement of Sorption Parameters of Nickel 1ons on Bentonitein the
Result of itsIrradiation by Microwaves

Lviv Sate University of Life Safety, 79007, Lviv, st. Kleparovskaya, 35; e-mail: teacher_|eon@ukr.net
2 Danylo Galytsky Lviv National Medical University, 79010, Lviv, t. Pekarskaya, 69, e-mail: |_shevchuk@ukr.net

The adsorption isotherms of nickel ions from agueous solutions on bentonite, a natural argillaceous material,
previously prepared using ultrahigh-frequency electromagnetic waves ("microwaves') were researched in the
article. The phase composition of the sorbent was studied by applying the X-ray powder method. Bentonite
sample being pre-wetted and irradiated by microwaves shows 2.7 times better sorption properties than untreated
(native) sample, which was shown on the example of adsorption process of nickel ions from model solutionsin
static conditions. The sorption parameters prepared by using the "microwaved” and the native samples of
bentonite were calculated according to the Langmuir adsorption equations. The barrier density of nickel in the
irradiated sorbent is 16.4 mg/g (0.28 mmol/g), whereas for native bentonite the value of the ana ogous parameter
is 6.0 mg/g (0.10 mmol/g). The reason for such an increase in sorption properties may be the change in the
crystalline structure and distribution of micropores on the surface of the sorbent under the action of "microwaves"
in the agueous medium. It is suggested that the joint action of two factors — microwave irradiation and
hydrothermal destruction — affects the near-surface structure of the clay materid, distribution of the macro- and
micropores, activation of the absorbing surface, which, in turn, leads to a change in the sorption parameters. The
determinantsin the pre-preparation of sorbent by "microwaves" are ultimate power and time of irradiation.

K eywor ds: water purification, sorbent, bentonite, nickel, activation, microwaves.
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BB remneparypu cuHTe3y Ha (a30BHil CKJIAX Ta CTPYKTYPY
NOTPINHUX CMOJIYK, OTPUMAHUX i3 MOPOIIKOBHUX CyMillei
cucremu TiH,-Al-C

Incmumym npoonem mamepianosnascmsa im. I. M.@panyesuwa HAH Vipainu, Kuis-142, Vkpaina, 03680,
eyn. Kporcuscanoscokoeo 3, gbag@ukr .net

B po6ori HaBeneHi pe3ynbTaTH JOCIiKeHb 0co0IMBOCTEH (ha30- Ta CTPYKTYpOYTBOPEHHS IIPH TEPMIUHOMY
CHHTE31 OTPIHHKX CIONYK i3 opoiKkoBoi nmxTu cucteMu TiH,-Al-C. TepMiuHH CHHTE3 IPOBOAIIIN y BaKyyMi
npu Temmeparypax 1150, 1300 ta 1400 °C. 3a pe3yabTaTaMu PeHTreHo(a30Boro Ta CTPYKTYpPHOIO aHaNi3y
BCTAHOBJIEHO, WO micis cuuTesy mpu 1150 °C ocHoBHOIO (hasoio cumaBy € kapGix Tutany. Y (azoBoMy ckiafi
cruiaBy ineHTH(IKyIOThCs Takoxk IoTpiiina cronyka TiAlC Ta intepmeranin TizAl. TlinBuimeHHs TeMieparypu
cunTesy 1o 1300 °c MPHU3BOUTH JI0 CYTTEBOrO 30UIBIICHHS BMICTY MOTpiiiHOI crionykd TioAlC Ta BianoBigHOro
3MCHILCHHS! BMicTy Kapbimy Tutany TiC, a micis curtesy mpu 1400 °C 6azoBoro ¢a3oro cru1aBy crae HoTpiifHa
crionyka TizAlC,. 3anpononoBana MoxudikoBaHa MOJETb TSPMIYHOTO CHHTE3Y HOTPIMHUX CIONYK B cucTeMi Ti-
Al-C, mo BKIIOYaE IUIaBICHHS ATIOMIHIIO Ta HOro B3a€MOAII0 3 THTAHOM Ha HHU3bKOTEMIICPATYPHHX CTaIisX
npouecy, hopmyBanHs (asu iHTepMeraniny TizAl, yrBopeHHs 3epeH KapOily THTaHy B Pe3yibTaTi B3aeMOii
npoMikHol MeTactabutbHOl dasu Al,Cs 3 TTaHOM abo iHTepMeTtamigoM TizAl, Ta cHHTE3 MOTPIMHHX CHOTYK
Ti,AlC ta TizAlC, B pesynbrati B3aemonii inTepmeraniny TizAl 3 Byriienem ta TioAlC 3 kap6inom turany TiC.

Kiouosi ciioBa: MAX-dasa, THTaH, aJioOMiHIi, MOPOIIOK, TEPMIYHUIA CHHTE3, CTPYKTYypa, IHTEpMeTawis,

KapOiz, peHTreHoa3oBuii aHai3.

Cmamms nocmynuna 0o pedakyii’ 25.10.2017; npuiinama oo opyky 05.12.2017.

Beryn
B ocramHi poku Bce Ounblry 3allikaBiEHICTh
¢axiBuiB BukiIukaloThb MAX-¢a3m - wMarepianu Ha

OCHOBI IIAPYBaTHX CTPYKTYP MOTPIHHHUX CIOIYK CHCTEM
tuny Mp+1AXp (N = 1+3), ne M — nepexinnuii merain, A —
enemeHT miarpymud A, X — Byriens abo asor [1-4]. Lli
CIOJYKA MAaroTh YHIKaJbHY KOMOIHAII}0 BJIIACTHBOCTEH
MeraniB 1 kepamik. MAX-dazu € mpupogHUMHU
HaHOJIAMIHATAMH Ta BiJI3HAYAIOTHCS BHCOKUMH EIIEKTPO-
i TEIUTOMPOBIAHICTIO (HATIPUKIIA, [li XapAKTEPUCTHKH B
TisSIC, kparie, HiX y YHCTOrO THUTAaHY) i HHU3BKUMH
koe(illieHTaMH TepTs B IOPIBHAHHI 3  BIJIOMHUMH
TBEpAMMH  MaTepiaaMH, BHCOKOI TBEPIICTIO B
CIIOJIYYCHHI 3 HU3BKOIO IIJIBHICTIO 1 BETUKOIO CTIHKICTIO
JI0 MEXaHIYHUX YIIKO/KEHb. BiIbIIl TOTO, 11i BIaCTHBOCTI
MAX-da3u Moxyte 30epiraTd 1 TIpU  BHCOKHX
TeMmIepaTypax, IpU SKUX BOHU TaKOX BHSBISIOTH
BHCOKY CTIiHKICTh JIO OKHCJIIOBAaHHS 1 TEIIOBOTIO yaapy.
BaxnmBoro ocobnuBicTIO MartepianiB Ha ocHOBI MAX-
(a3 € TakoX BiJJHOCHA JIETKICTh TX MEXaHIYHOI 00pOOKH

[1].
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Marepianu Ha OCHOBI IapyBatux mnorpinHux MAX-
(a3 NOTEeHLIHHO MOXYTh OyTH BHKOPHCTaHi B 0araTbox
005IacTsIX TEXHIKU, HANPHKJIAJ, SK eJIeMEHTH IBUTYHIB
ra3oBux TypOiH, Jerajed 3 BHCOKOK CTIHKICTIO 0
a0Opa3MBHOTO  3HOINYBaHHS, C€JIEMEHTIB  XIMIYHOTO
yCTaTKyBaHHS, TEII000OMIHHUKIB, €JIEKTPUIHUX
KOHTaKTiB, IO MTPAIIOIOTh IPH BUCOKMUX HABAHTA)KEHHSIX,
Tomo. HaiOinpm nepcHeKTUBHUMHU Ul TPaKTUYHOTO
BUKOPDHCTaHHS BBQ)KalOTbCS MaTepialli Ha OCHOBI
Ha#6inb moBHO BuBYeHHUX MAX-da3 — TizAlC,, TiAlC
Ta T|3SC2[1, 2]

OtpumanHs matepianiB Ha ocHOBI MAX-¢a3 sBisie
co0or0  CKIagHy — 3ajady ~ BHACHiIOK  HHU3BKHX
TEPMOAMHAMIYHUX CTHMYJIB YTBOPEHHS 3MillIaHUX
CHONYK 13 CYMDKHMX mOIBidHUMX (a3, Mamux
IIBUAKOCTEH IU(Y3ii KOMIIOHEHTIB y HHX, a TaKOX
CKJIQJIHOCTI Ta HEBEJNUKOi TOYHOCTI BHU3HAUYEHHS
(akTHYHOTrO BMICTy (a3 B CHHTE30BaHUX Marepianax. B
SIKOCTI BHXIJTHHX MartepianiB st orpumanHsi MAX-da3z
SIK TIPaBUJIO BUKOPHCTOBYIOTh CYMIIlll ITOPOLIKIB TUTAHY
(kap6iay THTaHY), aMtOMiHiIO Ta Byrero [1, 4-6].

B Toii xe yac, onHUM 3 e(PEeKTUBHUX TEXHOJIOTTUHHX
MiIXOMIB JJI1 OTPUMAaHHS CIICYCHUX MaTrepiajiiB Ha
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BrnuB Temnepatypu cuHTe3y Ha (pa30BHil CKJIaJ Ta CTPYKTYPY NOTPIMHUX CIOIYK...

Puc. 1. Mopdororist BUXiTHUX MOPOMIKIB TiAPHITY
tutany (a), amominito (6) Ta Byrieo (B).

Puc. 2. 3oBHImHIH BUTIISII 3pa3KiB, OTPUMAHHUX TEPMIYHHM CHHTE30M i3 CYMIIll MTOPOIIKIB TipUaY THTaHY,
AIFOMIHIIO Ta BYTJIELIO.

OCHOBI THTaHy, IO YCHIIIHO PO3BHUBAETHCS OCTAHHIM
4acoM, € TEXHOJIOriuHI cXeMHu, mo O0a3yloThCs Ha
BUKOPUCTaHHI B SIKOCTI BUXiJHOI CHPOBHHH IOPOLIKY
rigpuny TutaHy TiH; 3aMicTh THUTAHOBOI'O TMOPOIIKY.
Taxka 3amiHa 3a0e3neuye 3HAYHY aKTHUBALIO AU(Y3iHHIX
MPOLIECIB ITiJ] Yac CIHiKaHHSA, a TaKOX Ja€ MOXIIHMBICTh
OYMIICHHS MaTepialy 3aBAsSKM aTOMAapHOMY BOJHIO, IO
BUIULIETBCS 3 KPUCTATIYHOI IPATKH TiAPUAY TUTAHY NIPU
BakyyMHOMY Harpiei [7, 8]. Bukopucranus TiH, B
SIKOCTI BUXIJHOI CHPOBUHH, KPIM TOT0, Ma€ €KOHOMIYHHIA
ACIIEKT, OCKIJIBKH TiPUI TUTAHY € CYTTEBO JCLICBIINM Y
TIOPiBHSIHHI i3 CEpITHUMH MOPOIIKAMU TUTAHY.
BpaxoByroun BHUIIEHABEAEHE, METOI0 TaHOI poOOTH
Oy7I0  BCTAQHOBJEHHS  OCHOBHHX  3aKOHOMipHOCTEH
GopMyBaHHS CTPYKTYpH Ta ()a30BOro CKIagy HpH
TepMiuHOMYy cuHTe3l cnomyk tuny MAX-¢paz 3
MOPONIKOBHX CyMilieit Ha ocHOBI cucteM TiHx-Al-C.

439

|. Marepiaau Ta MeTOAUKA

eKCIePUMEHTY

B skocti BuxigHMX ~MaTepiamiB B poOOTi
BHUKOPHCTOBYBAJIH MOPOIIKHU TiPUIY TUTAHY, AIIOMIHIIO,
HAITIBIIPOBIIHUKOBOTI'O KPEMHIO Ta TEXHIYHOT'O BYIJIEIIO.
Mopornoris BUXiJHUX HOPOIIKIB HaBeJeHa Ha puc. 1.
BuxizHi MOpOIIKOBI CyMill 3MillyBajJd B MOJSPHOMY
cmiBBifHOmIEHHI ~ KommoHeHTiB  Ti-Al-C=32:11 vy
3MilllyBayl TUIy «II'siHa 004Ka» MpoTsAroM 2 roiud. I3
OTPUMaHUX MOPOIIKOBHUX cyMimrei mif TuckoM 400 MIla
NpecyBaJld  JIOCHIJHI 3pa3ku, SIKi B MOJAJBIIOMY
MigaBaiucsl CIIKAaHHIO y BaKyyMi IIpU TeMIeparypax
1150, 1300 Ta 1400°C 3 i30TEpMiYHOK BHTPHMKOIO
60 xB.

MiKpocTpyKTypa BUXIJHUX MOPOIIKIB Ta CIIEYEHHX
3pasKiB JOCII/KYBaJlaCh Ha ONTHYHOMY MiKpPOCKOII
XJL-17AT Ta Ha  CKaHyIOUOMY  EJIEKTPOHHOMY



I'.A. Barmok, O.B. Cynpys, A.A. MamoHOBa

A TiC
B TiAIC
O TisAl

>

| [0

A TiC
<O TizAl
B Ti>Al C

0

] |

s T
< TisAlIC2

or
or

or

<

<
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
40 So 60 70 80
26, zpao

UL

6
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mpu 1150 (a), 1300 (6) Ta 1400 OC (B).
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mikpockormi JEOL Superprobe 733. dasoBuit ckman
BH3HAYaBCS 32 JOMOMOI'OI0 PEHTI'€HIBCHKOI'O aHali3y Ha
mudpaxromerpi JJPOH-3M y BindinsrpoBanomy B CoKa
BHnpoMineHi B aiamasoni kytis 20 + 130° 3 mokpokoBuM
CKaHyBaHHIM. 3pa3oK i 4ac audparyBanHs odepTaBcs
HaBKOJIO cBOET oci. [lonryk BianoBiaHOCTI qudpakmiiHux
JiHiA BimoMuM 3'eqHaHHAM B cucremax Ti-Al-C
B1IOYBaBCsI 3 BUKOPHCTaHHAM 0a3u maHux PDF-2.

1. Pe3yabTaTH 10CTiIKeHb Ta iX
00roBOpeHHs

B pesyapraTi  TEepMIYHOTO CHHTE3y  CIUIaBiB
BIIOYBA€ThCA IMOMITHHI 00 €MHUH pIiCT BHXIIHUX
MIPECOBOK, OTPUMAaHMX i3 CyMilli MOPOLIKIB TiAPHIY
TUTaHy, aIOMIHII0O Ta BYIJICIIO. 3pa3Kd  IICIA
TEPMIYHOTO CHHTE3Y SBJSIFOTH COOOIO JIOCTaTHHO MIiIHI
ry04acTi KOHIVIOMEpATH, IO HarajayloTh 3a 30BHILIHIM
BUITIAZOM 3pa3kH, II0 oTpuMyiorh Merogamu CBC
(puc. 2).

PesynpraTn  aHamiziB  peHTreHorpaM  3pasKiB
MaTepiajiiB, CHHTE30BaHUX IPH PI3HUX TeMIeparypax
(puc. 3) mokasanu, MO OCHOBHOK (DA30F0 CIIEYCHOI MPH
1150°C cymimi € kap6ix THTamy 3 KyGi4HOIO
KPHCTAJIIYHOIO PELIITKOIO.

Iopsn 13 kapOimoM THTaHy Ha pEHTTeHOrpami
IIeHTH(IKYIOTBCSI TAKOXK pe(IIeKCH MOTPIHHOI CHONTYKH
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TUTaHoamominieBoro kap6iny TiAlC Ta inTepmerainu
Ti3Al 3 rekcaroHa bpHOIO permiTKo (puc. 3, a).

Iligsuimenns Temnepatypu crmikamns 1o 1300 °C
3YMOBHJIO TIIOMITHE 30UIBIIEHHS BMICTY MOTPiHHOI
cnonyku TioAlC, sika ctae OCHOBHOIO (pa30i0 CIUIABY, Ta
BIJMOBITHE 3MCHIICHHS IHTCHCHUBHOCTI JIHIA KapOimy
turany TiC (puc. 3, 6).

[Nopanpmie 30iMbIIEHHS TEMIIEPAaTypU CUHTE3Y M0
1400 °C cympoBOIKYETBCS MOSIBOKO y CKIaAi CILIABY,
nopsz i3 MoHO kapbimom tutany TiC , HOBOI MOTPiHHOT
conyku  TizAIC,, sxa crae mepeBaxkHo (a3oro
criedenoro npu 1400 °C crutasy. Cotin 3ayBauTh, 1wo Ha
PEHTTeHOTpaMi CIUIaBY HE BHSBJICHO CAMOCTIMHUX JIIHIH
TiC ta niniit intepmeranizis (puc. 3, B).

3MiHu (a30BOro CKiaay MaTepiaiy 3 MiJBUIIEHHSIM
TeMIepaTypyd CHHTE3y 3YMOBHJIM, TaKOX, 1 BiJIOBIIHI
3MIHM CKJaxy Ta MOp(oJorii CTpYKTYpHHX CKIIQJIOBHX
crmaBy (puc. 4). Sk MokHa Oaumt 3 puc. 4, a,
CTpYKTYpa 3paskiB, cumTesoBammx mpu 1150 °C,
XapaKTEepU3yeThCs HASBHICTIO II[OHAMMEHIIE TPhOX
CTPYKTYPHHX CKIIaMOBUX. TeMHI BKJIIOYCHHS SBISIOTH
c00O0I0 YaCTHHKHY BIIBHOT'O BYTJIELIO, 1110 HE IIPpOpearyBaB

B mpoueci cuHTe3y. [padiTHi BKIIOYEHHS OTOYEHI
SICKpaBO  CBITJIOIO  KINBIEBOIO  30HOI, siKa  3a
pesynbraramu  EDS  anamizy imeHTHU]IKyeTbCsS — SIK

TuTaHoamoMidieBuil kap6in TiAlC, skuii, BoueBHIb,
copMyBaBcsi B pe3yabTaTi B3aeMOAIl IHTEpMETasiTy
TisAl 3 Byreniem. CBiTiIo-Cipe mojie OCHOBHOTO (hOHY
Mmikponptipa ckmamaetbes i3 iHTepMeranmimiB TizAl Ta
JIACTIEPCHUX YaCTUHOK MOHOKapO6imy tTutany TiC.

Puc. 4. MikpoctpykTypa criasis cucremu Ti-Al-C,
CHHTE30BaHMX Ipu Temmeparypi 1150 (a), 1300 (6)
Tta 1400 °C (B)
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[MinBumenns temneparypu cuntesy no 1300 Tta
1400°C npusBomuTs 10 CYTTEBOi 3MiHH MOpdomorii
ckmanoBux cmaBy. CyYTITEBO 3MEHIIYETHCS BMICT
MOHOKapOiny turany TiC, BimpHOro ByIJIEIIO Ta
intepmeraniny TisAl, HaTtoMmicTh mepeBaxHOI (Ha3or
CIUIaBY CTAlOTh TOJKOIOMIOHI 3epHa TUTAHAIIOMIHIEBOIO
kapbimy Ti,AIC - mmx 1300°C (puc. 4,6), Ta
naminatonomi6ui sepua TizAlIC, - mms 1400°C (puc.
4,8). 3Beprae Ha cebe yBary MOMITHO GinmbIn
IpyOOMCIIEPCHUI  XapaKTep 3EpeHHOI  CTPYKTYypH
Kapbimmoi (asu criaBy, orpumamoro mpu 1400°C y
TOpiBHSHHI i3 CruIaBoM, cuHTe3oBammM mpu 1300 °C:
TOJI SIK JiaMeTp IOIEePEeYHOro Mnepepilzy ToIKOMoIiOHUX
seper Ti,AlC sk mpaBwio He mepeBuinye 2+ 4 MKM
(puc. 4, 6), To micns cunresy mpu 1400 °C monepeurmii
posmip 3epeH TisAIC, ckmamae Bxe 5+ 10wMrm
(puc. 4, B).

B po6Gorax [9-11] 3ampormoHOBaHi MOENI CHHTE3Y
noTpiHuxX cmoiyk B cuctemi Ti-Al-C. 3 ypaxyBaHHAM
HaBeJEHUX BUIIE pe3ynbraTiB Ta gaHux JTA naHoi
cucremu 3 [10], Bimomi wmomeni MoOXyTh OyTH
Moau(ikoBaHI 1O BapiaHTy MOJENi, sSKa OIHUCYETHCS
HacTynHuMH peakiismu (1)+(9):

TiH, (9 ® Ti () + H, «y

(2
3
(4)
(5)
(6)
(")
(8)
(9)

Al (5 ® Al (l)
3Ti (9) + Al (1) ® TisAl (9)
4A1 (1) +3C® Al,Cs (9
Al,Cs (5) + 3Ti () ® 3TiC (s) + 4Al ()
Al,Cs + TizAl ® 3TiC + +5Al())
TisAl () + C (9 ® Ti,AIC(5) + TiC (9
Ti,AIC (5) + TiC (9 ® TizAIC, (9)
TisAl (5) + 2C® TizAIC, (9)

ne iHgekc (S) BiIMOBifae TBEPAOMY CTaHy PEYOBHHH, a
inmeke (1) — BiAMOBiAHOMY pO3ILIaBY.

3rigHO 3amlpONOHOBAHOI MOIENi, Ha IOYATKOBIH
cTanmii HarpiBaHHA BHUXITHOI IMUXTH [MOYHMHAIOYH 3
~400°C  BigOyBaeTbcs — {HTGHCHBHE  BHJIUICHHS
aTOMapHOrO0 BOJHIO 3 KpPUCTaTIYHOI IPAaTKU TiAPHIY
tutany (peakiis (1)), a mpu Temmeparypi OnU3BKO
660 “C nounHaeThCsl TIABJICHHS aNOMiHIO (peakiis (2))
Ta HOro B3aeMOisi 3 TUTaHOM, B pE3YyIbTAaTi 4YOro
dbopmyrotees dasu intepmeraniay TizAl (peakiis (3)).

Ipu migsumensi Temmeparypu g0 1150 °C 3rimo 3
pe3yabTaTaMH PEHTTEHOCIIEKTPABHOrO aHami3y (puc.
3,a) B ckiani Matepiany 3'sBistothes azu TiAlC ta
TiC. Oanak, TepMOOWHAMiYHA OIIHKA MPSIMOI peakiiii
cuaTe3y TiC 3 TuTaHy Ta BYIJIEHIO BKasye, IO
MIPOXOKEHHSI TaKol peakiii MOXIHMBE NpPU CYTTEBO
6ibII BHCOKHX TemnepaTypax (e mikue 1600 °C) [11].

Ileit ¢dakT NPU3BOAWTE OO BHCHOBKY, IO JUIs
¢dopMmyBaHHs KapOigHux (a3 TUTaHy IIpU BiJHOCHO
HU3BKHX TeMIlepaTypax HEOOXIJHO iCHYBaHHS OibIl
JIETKOIUTABKUX TPOMDKHUX (a3, 3 SAKUX MOXKYTh
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bopMyBaTHCs Ta POCTU KpUCTaIH KapOixy turany. Tak,
aBTopu [11] mpunycTHiIM iCHYBaHHS NPU TEMIIEpaTypax
~ 660 + 800 °C mpomixHoi MeractabinsHoi pazu AlCs,
10 CHHTE3YEThCA 3a peakiiero (4), Ta 3a HAIBHOCTI SIKOT
MOXxJUBe (OpMYBaHHS KapOiliB THTaHy 3a BIJIHOCHO
Hu3bKHX Temrepatyp (peakuii (5) Ta (6)).

IMorpiiina cronyka Ti,AlC, HasiBHICTH SIKOI B CILIaBi,
cederomy mpu 1150 Tal300°C, mixrBepKyeThCs
JIAHUMH PEHreHorpaM, HaBeJeHUM Ha puc. 3, 0, B, MOXe
OyTu OoTpUMaHa B pe3yJbTaTi B3aeMOii iHTEpMeTamimy
TisAl 3 Byrnenem (peaxitist (7)).

B pa3i mijBuIIeHHS TeMIlepaTypH CHHTE3Y M0
1400 °C moxuBa B3aemois moTpiiinoi crionyku TiAlC
3 kapbimom turany TiC Tta intepmeramigy TizAl 3
ByrienieM  (peakiii  (8) Ta (9)). B pesymbrati
MIPOXOKEHHSI TAKUX PEaKiliii OCHOBHOIO (ha30l0 CIUIaBY
crae Bxe motpiiiHa cronyka TizAlC,, HasBHICTH KO B
crnasi, curresoBasomy npu 1400 °C, mixrBepmKyeThes
JAHUMH crieKTpockorii (puc. 3, B).

BucHoBkn

1) TlokazaHa CyTT€Ba 3alE€XKHICTH CTPYKTYpPH Ta
¢dasoBoro ckmamy cmiaBy cucremu  Ti-Al-C  Big
TEMIIEpaTypyd TEPMIYHOrO CHHTe3y. BcTaHoBIeHO, 10
micnst cunTesy npu 1150 °C ocHoBHOIO (Ba3oio criiasy €
kapOing Tutany. Y  ($a3oBOMy CKIadi  CIUIaBY
ieHTU(DIKYIOThCS TaKOXK MOTpiliHa crmomyka Ti,AlC Ta
intepmeranin TizAl. [TinBuIeHHsT TEMIEpaTypH CHHTE3Y
m0 1300°C mnpusBOAMTE 40 CYTTEBOrO 3GiTbIICHHS
BMicTy TOTpiiHOT cmoiayku TiAlC Ta BianmosimHOro
3MEHIIIEHHST BMicTy KapOimy Tutany TiC, a micnus
cunresy mpu 1400 °C GasoBoro (pasoro crmaBy crae
notpiiiHa croayka TizAlC,.

2) MigsumieHns temmepatypu cunTtesy 3 1150 mo
1300 Ta 1400 °C mpusBOANTE TAKOK 0 CYTTEBOI 3MiHH
Mopdoorii  cknagoBux cruiaBy. Toxai sk y cruasi,
cunTesoBanomy mpu  1150°C  kapGimma  ¢asa
MIpEe/ICTaBlIeHa PIBHOBICHUMH 3epHaMHU KapOiqy TUTaHY,
TO B Marepianax, CHHTE30BaHHX MPU IIiJBHUIICHUX
TeMmIepaTypax  IepeBakHy  IUIONy  MiKpounrida
3aiiMaOTh  TOJKOMOMIOHI  (JTamiHaTOmOmiOHI)  3epHa
notpiiiHux cnoiyk TiAlC ta TizAlC,.

3)  BampormoHoBaHa ~ MomudikoBaHa  MOJIETb
TEPMIYHOTO CHHTE3Y MOTPIHHKUX CIONyK B cucteMi Ti-Al-
C, mo BKIIOYaE IUIABJICHHS aJIOMiHIIO Ta Horo
B33a€MOII0 3 TATAHOM Ha HU3BbKOTEMIIEPATYPHUX CTaIisIX
nporecy, Ta (opmyBaHHs ¢asu iHTepMmeramigy TizAl,
YTBOPEHHSI 3€peH KapOiqy TUTaHy B pPe3YJbTaTi
B3aeMoii mpoMikHOI MeracTabineHOi (azu AlCs 3
TUTaHOM abo inTepMetamimoMm TizAl, Ta cuHre3s
notpiHux cronyk TiAlIC ta TizAlC, B pesynbraTi
B3aemoii intepmeramiay TizAl 3 Byrmenem ta TiLAlC 3
kap6imom turany TiC.

Bazniok I''A. - 1.1.H., CT. HAyKOBUH CIIBPOOITHUK,
3aCTYIHUK JUPEKTOpa 3 HAYKOBOI poOOTH;
Cynpyn O.B. — acmiipaHr;

Mamonosa A.A. - K.T.H, cTapiIiii HAYKOBUN
CHiBPOOITHHK.
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G.A. Bagliuk, O.V. Suprun, A.A. Mamonova

The I nfluence of the Synthesis Temper atur e on Phase Compaosition and
Structure of Tenary Compounds Obtained from the Powder Mixture of the
TiH,-Al-C System

Frantsevich Institute for Problems of Materials Science NAS of Ukraine, Kyiv-142, Ukraine, 03680,
st. Krzhizhanovsky 3, gbag@ukr.net

This paper presents results of an investigation of the features of phase and structure formation of a ternary
compound during thermal sintering use of compacted TiH,-Al-C powder blends. Thetherma
sintering was carried out in vacuum furnace at temperature 1150, 1300 and 1400 °C. The x-ray diffraction pattern
and structural analysis show that the main phase after synthesis at 1150 °C is titanium carbide. The ternary
Ti,AIC and intermetallic TizAl compound were also identified in the phase composition of the aloy.
Increasing the sintering temperature to 1300 °C leads to significant increases the content of Ti,AlIC ternary
compounds and accordingly decrease the content of titanium carbide TiC. After synthesis at 1400 ° C, the base
phase of the aloy becomes the TisAlC,.ternary compound. Is propose a modified model thermal synthesis of
ternary compounds of the Ti-Al-C system, which includes the melting of aluminum and its interaction with
titanium at low-temperature stages of the process, formation of the TizAl intermetdlic compound, formation
titanium carbide grains as a result of interaction of the Al,C; intermediate metastable phase with titanium or
TizAl intermetalic compound and the synthesis of ternary Ti,AlIC and TisAlIC, compounds as a result of
interaction of the TisAl intermetallic compound with carbon and Ti,AlC with titanium carbide TiC.

Key words. MAX-phase, titanium, duminum, powder, thermal synthesis, structure, intermetallic compound,
carbide, X-ray phase anaysis.
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Promising Cathode M aterial for Lithium Power Sources
LaFeysCros03
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Nanoscale powders of LaFeysCrosOs with perovskite structure were synthesized by sol-gel combustion
method in thiswork. From X-rays phase analysis obtained material was consisted of one phase LaFe, sCrys03 (Space
group P m -3 m). The average size of RCS of test material is 21 nm. Specific surface areais 14 m%g. The average
particle size is 63.7 nm by approximation that particles form is spherical. Nanoscale powders of LaFe sCros0; were
tested as cathode material for lithium power sources. The cathode material demonstrates the specific power capacity

of 571 A-h/kg when the discharge of the sourceisup to 0.5V.

K eywords: sol-gel method, galvanostatic discharge, impedance, specific capacity

Cmamms nocmynuna 0o pedakyii’ 30.10.2017; npuiinama oo opyky 05.12.2017.

I ntr oduction

During the last decades, a number of electrode
materials with different mechanisms of lithium insertion
and extraction have been developed for lithium-ion
batteries. Such materials own not only a high specific
capacity, but also a drop in capacity throughout tens,
hundreds, and even thousands of charge-discharge
cycles. Nevertheless, in order to find more advanced
electrode material, many research groups are searching
for cheap, easy to obtain and environmentaly friendly
promising materialsfor lithium current sources[1, 2].

Structural type of perovskite with the general
formula ABO; is one of the most widespread materias
among inorganic substances, it realized in alarge number
of oxide systems. Perovskites have been widely used as
heating e ement, interconnector of solid oxide fuel cdl,
catalyst, thermistor materials and for e ectrochemical
repeat hydrogen charge and discharge in akaline
solutions [3].

Simple and cheap methods of obtaining, good
reproducibility of synthesis of such materials with
predefined properties and the high stability of these
materials to external factors make perovskites promising
materials for studying. And implementation perovskites
in production of lithium power sourcesin the future [4].

The aim of this work is studying the mechanisms of
synthesis nano-sized LaFesCros0Os perovskite-like
structure by sol-gel method with auto-burning, and using

as electrode material for lithium power sources.

|. Experiment technique

Sol-gel method with auto-burning was used to
receive complex oxide compound. This method does not
require complex and expensive equipment, or rare and
expensive reagents for synthesis compared to other
methods. The initial materials for the sol-gel synthesis
were nitrates crystal  hydrates La(NOs)s-6H,0,
Cr(NQO3)3-9H,0O, Fe(NO3)3-9H,O and citric acid as
complex formation. Reagents dissolved in distilled water
and mixed. Then in the resulting solution was added
25 % ammonia solution to establish the level of PH to 7.
Prepared solution dried with access to air in the oven
during a day at 140°C. After that the resulting xerogels
heated to a temperature of 230°C, at this temperature
activated auto-combustion. After the auto-combustion
process nano-sized complex oxide LaFeysCrosOs was
formed.

Phase composition was controlled by x-ray analysis
on DRON-3 diffractometer with Cu (Ko) —radiation. The
obtained diffractograms were analyzed by the Rietveld
method with software «Full Prof».

The dependences of the materia's conductivity on
the frequency were received by method of eectron
impedance  spectroscopy  with  device  Autolab
PGSTAT/FRAZ2 in the frequency range 10°>-10% Hz.

The specific surface of the samples was measured by
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Fig 1. Diffractogram of dried xerogel (a), and synthesized nano-sized powder of perovskite-like structure
LaFey 5Cros04(b).

chromatographic method in gas sorption analyzer NOVA
Quantachrome 2200e. The method consists in
determination of the volume of adsorbed (desorbed)
nitrogen by the samples at a temperature of liquid
nitrogen and further calculation of the specific surface by
BET method.

Measuring of intercalation discharge characteristics
LaFeysCros0; as cathode material for lithium power
sources were made by two electrode scheme: cathode
based on LaFey sCros0s /electrolytel metalic lithium. All
technological operations for the production model of
LDS were carried out in a glove-hermetic glass box with
an argon atmosphere. The e ectrochemical cell contained
a lithium anode and a cathode based on LaFeysCrosOa.
The working mixture for the cathode was a homogenized
pulp with LaFeysCros0s (85 % weight) with the addition
of acetylene soot (10% weight) as a conductive additive
and (5 % weight) of an acetylene suspension of Teflon as
abinder. 1 M solution of LiBF, in y-butyr-olactone was
used as an eectrolyte. After sealing, for reliable wetting
of electrodes by eectrolyte, LDS models were kept at
room temperature for 24 hours. Parameters of discharge
were selected using units C with adimension A/ kg. The
value of xC is the current dendty at which specific
capacity of the source discharged by 1/x hours. The
resulting cells were discharged in galvanostatic mode
with different values of current in units of C.
Galvanostatic charge-bit curves were automatically
logged on to the computer by computerized multichanne
installation for cycling current sources [5].

Il. Resultsand Discussion

For synthesis of nano-sized powder of perovskite
structure was used one of the varieties of the Pechini
methods: sol-gel method with auto-burning. Complex
oxide LaFeysCros0; of perovskite-like structure was
formed as aresult of the chemica reaction:

La(NOg) 4 %6H ;0 + Fg(NO3) 5 *9H ;0 + Cr(NQg) 5 *9H ,0 + CgHgO, ®
® LaFeo_SCro_503 + CO2 +N, + HZO + O2

Methods and peculiarities of synthesis by this

method were described in the paper [6]. Ammonium
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nitrate (1V) is formed in xerogd at an intermediate stage
after drying the solution in drying box [7]. Experimental
x-ray diffractogram of formed xerogel during synthesis
by sol-gd method with auto-burning presented on
Fig. 1, a

The phase of ammonium nitrate is clearly visible on
the diffractogram (1V), and also the absence of any other
phases of metal oxides or aready formed perovskite
Fig. 1, a Thediffractogram of the resulting material after
auto-burning is presented on Fig. 1,b. The reflexes
present on this diffractogram belong to one phase
LaFey sCro50s. It meansthat the chosen synthesis method
allows synthesizing a single-phase nano-sized powder of
complex oxide perovskite-like structure LaFey sCros0s.

After simulation and decryption of diffractogram the
following data were received: space group of perovskite
powder P m -3 m, lattice Size a = 3.904 A, cell volume
V = 59.5 A% x-ray density p = 6.724 g/sm’. The average
size of the coherent scattering regionsis 21 nm.

By the chromatographic method was measured
specific surface area of the synthesized powder, which is
14 m?g. In the approximation that powder particles of
nano-sized complex oxide perovskitelike structure
LaFeysCros0; have a spherica shape, average particle
diameter d. and specific surface area S, are related:

6

rSp

where p — materid dendty [7]. With the measured
specific surface area by the chromatographic method and
caculated x-ray density of the synthesized material
established, that the average particle size is about
63.7 nm. We can be considered, that particles, on average
in three times bigger than coherent scattering regions.

The images of the transmission eectron microscope
are represented on Fig 2. At detailed consideration of
Fig. 2, a it can be selected particles with size about 40
and 60 nm, it in two and three times bigger than coherent
scattering regions. Fig. 2, b. shows a hexagonal particle.
It consist of a few grains with close to the size of
coherent scattering regions. All the above confirms the
theoretical calculation of coherent scattering regions and
the size of particles of the investigated material.
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a 0
Fig 2. TEM pictures of synthesized nano-sized powder of complex oxide perovskite-like structure LaFeysCro 5053
in scale 50 nm(a), and 10 nm(b).
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Fig 3. Dependence of conductivity on the frequency of current (a), and experimental Nyquist curve
for LaFeysCros0s(b).
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Fig 4. The discharge curves of cathodes based on LaFe, sCrys03 in gal vanostatic mode.

To determine the electrical properties of the nano-
sized complex oxide perovskite-like structure
LaFesCros0s were prepared pressed tablets of
LaFeysCros03. Cels were formed with tablets, and

measurements were made at room temperature.
Measurement by method of electron impedance

spectroscopy were made in the frequency range 10°-

10 Hz, dependence of conductivity on the frequency of
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Promising Cathode Material for Lithium Power Sources LaFe; sCros03
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Fig. 5. Ragone plot with point of LaFeysCros0s.

current (Fig. 3, @), and Nykvist curve (Fig. 3, b).

The synthesized materid has a mosaic
microstructure, which explains the increase in
conductivity with increasing frequency of current.
Particles of materia, formed by crystalites, have
conductivity which far exceeds the conductivity of the
intergranular boundaries.

Nyquist curve Fig. 3, b indicates double conduction
mechanism of synthesized material. The high-frequency
section is a pronounced arc of a semicircle, this is the
electronic conductivity of the material, and the second
part of the curve shows the ionic nature of the
conductivity of thisstructure.

Cathodes for LDS modeling were prepared from
synthesized materia. The synthesized powder was mixed
with acetylene soot to increase conductivity, and with
acetylene suspension for binding in a proportion of
17:2:1. Then a suspension mixture was applied to etched
aluminum films. The cathode was dried overnight.
Models of LDS were made in a glove-hermetic glass box
with an argon atmosphere. 1M solution of LiBF, in
v-butyr-olactone was used as an eectrolyte. Cathodic
galvanostatic discharge curves Fig. 4.

LDS modd shows specific bit capacity about
571 Ah/kg at discharge to 0.5V and current density
0.05 C, which is a good result for a material with a high
molar mass and a smal specific surface area. The
discharge curve has a characteristic appearance: a sharp
decline in capacity from the initial value 3.5V to 2V,
long plateau at around 2 V and the next slow decrease in
potential to full discharge. The first section describes the
processes of changing the charge of a double dectric
layer and slow recovery of eectrolyte. On the second
plot there is accumulation of lithium ions on the surface
of the material and the third section corresponds to the
intercalation of lithium ionsinto the perovskite structure.

Ragone plot is using to compare the performance of
different generation and accumulation devices Fig 5.
Area under the discharge curve is specific energy, and
for current 0.1C equal 191 VAh/kg, discharge time 15.28
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hours. Calculating the specific power, the point for
LaFeysCros0; was delayed on the graph. This point
shows that nano-sized powder of complex oxide
perovskite-like structure LaFeysCrosO; has better
parameters then materials which are using in indudry. It
means that such material has a perspective of using in
sources of accumulation and generation of eectric
energy in future.

Conclusions

The sol-gel method with auto-burning of synthesisis
developed for synthesis nano-sized powder of complex
oxide perovskite-like structure LaFey sCros0s.

X-rays analysis shows. space group of perovskite
powder Pm -3 m, latticesizea = 3.904 A, cell volume V
= 59.5 A3, x-ray density p = 6.724 ricm®. The average
size of the coherent scattering regionsis 21 nm.

Synthesized material LaFeysCros0s characterized by
two mechanisms of conductivity, which is a consequence
of the mosaic microstructure of the material.

LDS model with cathode based on nano-sized
powder of complex oxide perovskitelike structure
LaFeysCros0; shows specific bit capacity around 571
Ah/kg at discharge to 0.5V and current density 0.05C.

Ragone plot shows, that nano-sized LaFeysCros0s is
promising material for lithium power sources.
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LII. HpeMiﬁl, M.JL MOXHauLKHﬁl, JI.B. MOXHaHBKal, C.L HpeMiﬁZ, A.l KaqMap1

IlepcnekTMBHUI KATOAHUI MaTepias AJs JITiEBUX JAKepes1 CTPyMy
L aFepsCros03

'IBH3 «[Ipuxapnamcokuii nayionanenuil ynigepcumem imeni Bacuns Cmeganuka», gyn. lllesuenxa, 57, Ieano-@panxiscok,
76025, Vrpaina
2Jgano-Ppankiecokuii HayionanoHuli MeOuynuil yuieepcumem, syn. Fanuyska, 2, leano-®panxiscok, 76000, Vipaina

B naniit poboTi cuHTe30BaHO Mopomky HaHopo3MipHOro LaFeysCrosOs 31 CTPYKTYPOIO MEPOBCKUTY 3011b-
rejb METOJOM 3a ydacTi aBTOrOpiHHA. 3a JaHMMM X-IIPOMEHEBOro (ha3oBOro aHallizy OTpUMaHMi Marepian
cknamaerbest 3 oxmmiel ¢asu LaFeysCrosOz; (mpoctopoBa rpyma P m -3 m). Cepenniit posmip OKP
nociipkyBaHoro Matepiany 21 am. ITuroma mionia nmoBepxHi Matepiany ckianae 14 M. 3a HAOJIDKEHHAM, 10
YaCTHHKH cepryHoi (OpPMH pO3paxOBaHUIl CepenHii po3Mip YacTWHKH CTaHOBHTH 63,7 HM. 3xificHeHO
€JICKPOXIMI4HI JOCII/UKeHHS 3 BUKOPUCTAHHAM HAHOPO3MipHOro nopouky LaFeysCrosOs y sikocTi kaTomaHoro
Martepiany IS JiTiil ioHHUX ukepel cTpyMy. Karomuuii MaTepian nokasye muroMy emHicts 571 A-rom/kr npu
po3psani mxepena go 0,5B.

KitrouoBi ci10Ba: 301b-Te)1b METOJ, raJIbBaHOCTATUYHHUN PO3PS, IMIEJaHC, TUTOMA EMHICTb.
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3anaJoBaHHS Ta CAMONIATPUMYI0Ye FOPIHHS ra30MOBITPAHUX
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B pobori aHaNTHYHO 3HAXOIATHCSA I'PAHUYHI 3HAYEHHS KOHILIEHTpALii JAOMIIIKM BOIHIO Ta TeMIeparypi

KaTaji3aropa,

BUIIE SIKUX CIIOCTEPIraeThcsl KaTaJliTHYHE Oe3IOiayM’ sHEe CTallioHapHe CTilike TOpiHHA

ra3onoBITPSHUX CyMillell KiMHATHOI TEMIepaTypu Ha IUIATMHOBUX JApOTHKaX. [loka3aHWil BIUIMB IIBHIKOCTI
o0TikaHHA Ta NOBITPSHOI CyMillli Ha IIyKaHi BeMYMHU. Bu3HadeHi o6yacTi MoyaTKOBUX TeMIIEpaTyp IIATHHOBOI
HHTKH, JI0 AKUX HOTPiOHO NONepeHbO HArPITH ISt 341 CHEHHS KaTaJiTHYHOTO 3alaiOBaHHS.

KorouoBi cioBa: MeTasneBi Karayi3aTopy OKHCIEHHsS, HHTKa, BOJAEHb, TiCTEPE3UC TEIIOMAcOOOMiHY,
caMo3aiiMaHHs1, IoracaHHs, oBepxHeBe (Oe30ayM’ sIHe) TOPiHHS.

Cmamms nocmynuna 0o pedakyii 28.09.2017; npuiinama oo opyky 05.12.2017.

ExcriepuMeHTanbHI  JIOCHIDKEHHS — 3aJI€KHOCTI
TEMIIEpaTypH IJIATUHOBOI HUTKYU BiJl CHJIM HAarpiBalO4yoro
CTpyMy TOKa3aJd, WO ICIs 3alajlloBaHHS XOJOJHOI
ra30MOBITPSHINA CyMilI 3 JOMIIIKaMH BOJHIO Ta aMiaky
MOXe BiJOyBaTHCS CTiliKe KaTaJiTHYHE TOPIHHS HAaBITh
Opd  BUMKHEHOMY  €JIEKTPHYHOMY cTpymoBi  [1].
3nifiCHEeHHS KaTaJiTHYHOTO TOPIHHS B TAKMX YMOBaxX Mae
mepeBary B TOMY, IO Ta30By CyMIIl 3 JOMIIIKaMH
TOPIOYOro ra3y HEemoTpiOHO IOCTIHHO mMiJirpiBaTH, a
OOMEXHTHCS  JIMIIE  Ha  TIOYaTKOBOMY  eTarli
MiJIrpiBAaHHAM  IUTATHHOBOI HWTKH  BHIIE  JCSKOI
KPUTHYHOI TeMIEpaTypH (TeMIepaTypH 3amaitOBaHHS)
[2]. TIpu npoMy MOYATKOBA TEMIIEpaTypa APOTHUKY
MOBUHHA OyTH OUTBII TEMIIEPATYpH 3alalOBaHHS 1 Mell
3a TeMIepaTypy 3racaHHs,a KOHIIEHTpAllis TOpIOYOro
ra3y B Ta30MOBITPSIHOI CyMillli OyTH OLNIbII KOHIIEHTpALii
3racaHHs.

BuHuKae mUTaHHSA. BiJl YOO 3aJICKUTHh KPUTHYHE
3HAYCHHS KOHIIEHTpAIli 3racanHsa? OYeBUIHO, BiJ] YMOB
TEIIOMACOOOMIHY JPOTHKY (YACTHHKH) KaTamizaTopy 3

ra3o0MOBITPSIHOIO  CYMIIIIIIO, SKI B CBOIO  4epry
00YMOBJIIOIOTBCSI JTlaMETPOM YacTHHKHA Ta IIBUJKICTIO
MIOTOKY. Tobro pu 3aJlaHin TeMIepaTypi

ra3onoBITPSHOIO IMOTOKY, Tpeba 3HaWTH 3aJICKHICTh
KPUTHYHOTO 3HAUCHHS 3TacaHHSA JOMIIIKA TOPIOYOrO
rasy BiJ JiaMeTpy APOTHKY (YaCTHHKH) Ta NIBHIKOCTI
ra30IMoBITPSHOIO MOTOKY.

ToMy Meror0 JnaHOi pOOOTH CTajJ0 aHATITHYHE
BH3HAYCHHSA MIHIMAJIBHOI KPHUTUYHOI KOHIICHTpPAIiH
JMOMIIIIKA TOPIOYOro Ta3y 3racaHHsd Ta BiIMOBIIHOL
TeMIepaTypyd IUIATUHOBOI HUTKH, BHINE 5KOI Oyae
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BifOyBaTHCS CaMOMIATPUMYIOYE KaTaJliTHYHE TOPiHHS
XOJIOZTHOT Ta30MOBITPSHOI CyMillli 3 JIOMIllIKaMH BOJIHIO
Ha JPOTHKY KaTajli3aTopy IpH 3alaHii TemIepaTypi
ra30MOBITPSIHOTO CTAI[IOHAPHOTO IOTOKY Tg,¥ .

B po0oTi aHami3yIOThCS IIPOIECH 3alaIOBaHHS
(BIUTMB TOYATKOBOI TEMIIEPATypH) 1 camoopraHizarrii
CTIHKOTO CTalioOHapHOTO TOPiHHS XOJIOJHHUX
ra30MOBITPSIHUX CyMilIeH 3 JOMIIIKaMU TOPIOYOTO raszy

(omenn) (H, +0,50, %9@ H,O) ma miatumoBii

HUTHI. TemIo00MiH HArpiToro IPOTHKY 3 XOJOTHOIO

ra30MOBITPSIHOI  CYMIIIIIIO  OMUCYETHCS  3aKOHOM
Herorona-PixmaHa, sikuii pecTaBuMo y BUIIIS
I gNu

G =a(T-Tgx) =5 —(T-Tgx),

d
d,.=—, 1 4 =F(Y,T),
h Nu 9 :

ne | g~ F(Y,T) e neanuruHa QyHKIlis KOHIEHTpALii

PEYOBHH, SIKI CKJIaJaroTh ra3oBy cymy. JloCTOBipHICTH
eKCIIePUMEHTAIBHUX JTAHUX o KoeilieHTy
TEIUIONEPEHOCY  MOB’Si3aHa M€ 3 BpaxyBaHHSAM
TEIUIOBTPAT BUIPOMIHIOBaHHSIM. binbnr  gocToBipHi
JaHHi 1Mo KoedilmieHTy  MacomepeHocy,  SIKHA
BU3HAYAETHCS KOE(DIIIEHTOM KOHIIEHTpaliiHOl nudys3ii.
3aKoH MEPEeHOCY MacH TOpPIOYOro rasy J0 ITOBEpXHI
JPOTHUKY TPEJICTABUMO SIK:

- ja,b =brg(Y'Ya,¥),
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MIBHIKICTh TOTOKY, Vg — KiHEMaTHYHa B'SI3KICTh CyMilli,
m2lc.
Tomy muist onucy Temo00MiHy HarpiToro APOTHKY 3
XOJIOJTHOIO Ta30IOBITPSHOI0 CYMIIIIIIO 3 JAOMIillIKAMH
JIOLITbHE BUKOPUCTAHH: aHajorii JIsioica

1
o =a(T- Tgy) =Cp gr gbLe Mer. Tg¥)-

HarpiB IpoTHKY €NeKTpUYHHM CTPYMOM BpaxyeMo
BBEIICHHSM €()EKTHBHOI TeMIlepaTypy TIa30MOBITPSHOT

cyminri

2
I
oy =a(T-Tgy)+ 2 =a(T-Ty),
h=h, (1+x(T- T.), )
Ie M — mnuroMui omip miatuad, Om-M; | — cuma
cTpymy, A.
Bukopucrosyrouu (1), Maemo
- 1+m
q, =a(T - Tg) =cp g gbLe (T-Tg)
Tyt iz e(EeKTUBHOIO TeMIepaTyporo

ra30MoBITPSIHOL CyMini Tg PO3YMI€TBCS TEMIIEPATYpa, 10

SKOI MPSAMYE 3 YacOM TeMIIepaTypa iHEpTHOrO IPOTHKA,
110 HATPIBAETHCS ENEKTPUYHUM cTpyMoM [3]:

2
a2l 0 h

Tg=Tox¥*Ag 12 A7

I+m*
ShDgr gCp, gLe

[IpencraBuMO pIBHSHHS TEPMOIUHAMIKA HHUTKH 3
BpaxyBaHHSIM TepMOAN(Y3iHHOro MEpeHoCcY BOIHIO Ha
MeTajeBill HUTII KaTalli3aTopy OKUCIEHHS, SIK BiKPUTOT
CHCTEMH, IO aHaJorii 3 pIBHSHHAM JMHAMIKH PYyXy
YaCTHHKH Y BUTJISIII

Ohe = 77000 Br/M®; Tooms = 850K, Och.comb = Oh,comb = 22000 Br/M®,

Ve TT
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VC I Se—

KaTajizaTopy J0 IUIOMI TOBEPXHI M.

Q. — TemioBuil edekT

peakmii, JDx/xra, BIIHOIICHHS 00’ €My

[MpoBenemo aHai3 Ot (T,Yg) (puc. 1, 8). baunumo,
o Ui CTIKKOro CaMoOMipUMYIOYOTr0 KaTaJliTUYHOTO
TOpiHHS XOJIO/IHIM Tra3oMoBITPSHOI CyMilli HEOOXiaHO,
mo0 mouaTkoBa Temmeparypa kartamizatopa T (0) =Ty

Oyna Oijblle KPUTHUYHOI ITOYATKOBOI

(r. I,

K1

TeMnepaTypu

3arajarOBaHHA Ti*

Y

a’

(puc. 1) npu KOHIIEHTpaIIii

JIOMIIIIKHA IIOBUHHI  BIAIIOBiZAaTH

YMOBI

MIOPYIICHHS CTi#KOCTI CTaIliOHAPHOCTI

(qeff =0, ﬂqeﬁ /9T >0).

POSanyHKI/I JJId BUIIAJIKY KaTaiTHYHOIO FOpiHHH
BOJHIO TMPOBOAWIMCA 1HpPU HACTYIIHUX  3HAYCHHAX
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3anantoBaHHs Ta CaMOITATPUMYIOUY€E TOPiHHS T'a30MOBITPSHUX CyMillIeHi. .

nmapaMeTpiB. IIaTHHOBa HUTKA aiamerpoM 100 mxwm, E =
55 kJIx/Monb, Ko = 0.8 x10° m/c, Q, = 120.9 MJI/krH,,
Dao = 0.6 -:10* M%c, m=0.33,n = 1.82, Sh = 0.51 (U =

nomimka Y. i

KonuenTparii a

ﬂqeﬁ /9T >0).

TeEMIIEpaTypa CTIMKOI'O T'OPIHHA Tcon.b 3aBXau OlbIIIEe

0.15 m/c), To = 293 K, | go = 0.024 Br/(m-K), rgO = BIJIMIOBITHMX 3HAYeHb KOHIIEHTpAIlii 1 TeMIepaTypu

1.293 kr/m®, €, =1005 JT/(xr-K).

Camomniarpumyrode TOPiHHSA XOJIOMHIH
ra30MoBITPSIHOI CyMilli BifOyBa€ThCs MPH KOHIEHTPAL|

3racaHHs Ya, o Ta T6, sIKi BIJIITOBIAIOTH YMOBI 3racaHHS
(qeﬁ‘ =0, ‘quff /T =0, ﬂzqerr /1TT2 < 0) (Touxa e,

nomimka Y, i

4 puc. 1, &). Ouesnnno, mo Y, . 3anexuts Big d/ Sh.

XapaKTEePU3YETHCSI  TEMIIEPATYPOIO
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1+y+ e EO SHhxD  _1+m
Q4 gsY- eXpe- ~=Cpqglfg—— Le (T-Tqy)
ol gsYa | g, K0P or=Cpafg g o
y BUTJIAII:
Qar o <Yqdk 1+ E 8
Tg =T- 2 g,S 2 _01+m yT ko expg 21 (41 a)
Cp,g" gDaShLe 1+&e RT g
rg 1+Se ShxD Cpg(T-Ty) =
-9 pg(T-Tg)  eeE 6 @5

1+y d l-m EXPSE P
fgs1tyy dxg Qyle 2
[1100 3HAWTH KOHLEHTpALIO 3TracaHHs] BUKOPHCTAEMO 3AJISKHOCTI KPUTHYHMX KOHLEHTpaliil camo3aiiMaHHS i

3racaHHs Ya|i e BiJl TEeMIIEpaTypH ra30MOBITPSIHOI CyMiliri Tg‘i R B MApaMETPUYHOMY BHTJISI:
! )

i 2
. ~ Cp,gRT Sh><D>¢g &E 2(1- BT*)
Yali o = epg— {1+ ) , (5,2)
alje 1-m d
! Qale™ TE dXg X gg 2 il+yT)
i RT2
}Tg|i LT () (1 B, (5.0).
Y,,%
450“‘?" K 03:. @ o 2 b
.: l
0.241 :
400t :
018t | < -
1
3 0.12
0.06t
'*—T ; T K
300 400 500 600 700 800 900 300 440 580 720 860 1000

Puc. 2, a. 3anexHicTh TeMIlepaTypH ra30MOBITPSIHOI CyMillli 3 JOMILIIKAMU BOJTHIO BiJl CTAalliOHAPHOI TEMIIEpaTypH
miatuHoBOl HUTKU 1ipu 1) Y, = 0,09 %, 2) Y,=0,108 %, 3) Y,=0,19 % (d= 0,1 mm, Sh=0,51, U = 0,15 m/c).
Kpusa 4 — ciinogasns (5, 06).

Puc. 2, 6. 3anexHicTs KOHIEHTpaLii BogHIO B X010aHOI rasonosirpsaroi cymimi (Ty = 293 K) Bix cranionapHoi
TeMIIepPaTypH TUIATHHOBOT HUTKH. O — ekcriepuMeHT. Kpusa 2 — criinonans (5, a).
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Puc. 3. 3anexHicTb KpUTHYHOT KOHIEHTpawii 3racaHHs Y, (a) Ta KpuTU4YHOI TeMHeparypu 3racaHHs (0),

BHIIIE SIKHX BiJIOYBAETHCS CTiHKe O€3M0TyM’ siHe TOPiHHS NPU BUKJIIOUEHHI HArpiBY €JIEKTPUYHUM CTPYMOM, Bij
JiaMeTpy IIaTHHOBOI HUTKHM TPH 11 00IyBaHHI MOTOKOM ra30MoBiTPsAHOI cyMmiln KiMHaTHOI Temmepatypu (293 K):
1) U=0,15m/c, 2) U =0,75m/c, 3) U = 2m/c . Pospaxynok mo (7), (8).

gka orpumaHa B poboti [4] ang  BuUnaky
TEPMOKATATITHYHOTO OKHCIICHHS BOJHIO Ha TIATHHOBOI
HUTLI.

Cucremy (5, a)-(5, 6) nHeBaxko otpumatu 3 (4) i

YMOBH E€KCTPEMYMIiB Ha 3aJICKHOCTSX T(Tg)(npn

nocriitanx d Ya, S) ta Ya(T) (upu mocrifinux d,

Tg, Sh).
KoxHna 3 3anexHoctedl (4) BU3HAuYae ricTepe3svCHY
obmacte (puc. 2) Ha BIAMOBIAHUX  CTAIllOHAPHHUX

3aJI€)KHOCTIX Tg (T) ta Y5(T). 3nira Bix ricrepesucHoi

o0JacTi po3TalroBaHi HU3BKOTEMIIEPATYpHI CTalliOHApHI
CTaHM, COpaBa — BHCOKOTEMIICPATYpHi (KaTaJiTHYHE
ropinust rasiB). J[msa BUXOQy Ha PEXHUM KATATiTHYHOTO
TOpiHHS 3a TIEBHUX YMOB (TeMIiepaTypa ra30BOi CyMillli,
YacTKa TOPIOYOro rasy), siki BiAMOBIAalOTh TiCTEPE3UCHI i

obJtacri, HEOOXITHO 3M1MCHUTH 3aIlaJIFOBAHHS
katamiThyHoi peakmii. Ile o3Hauae, MmO HEOOXiTHO
30LIBIIUTH  IIOYATKOBY TEMIIEPATypy KarajizaTopa
(mTaTHHOBOTO JIPOTHUKY) BHIIE TEeMIIEPaTypH

3aMaiioBaHHS — IIEBHOTO KPUTHYHOI'O 3HAYEHHS, IO
JNeKUTh MK TodukamMu i Ta e. KpuTuyHi 3Ha4eHHs
MOYaTKOBOI ~ TeMIepaTypd  HUTKH  Karami3aTtopy
(TeMmiepaTypu 3amanoBaHHs, PUC. 2) JEKATh B MeXax
< T« < T, sKi 33710BOJBHSOTH piBHAHHSA (3). [IpH 11BOMY
KPUTUYHI 3HAYEHHS TEMIIEPATypH a3y Ta KOHIIEHTpAIii
JIeKaTh B IHTEpBAIi:
Toe<Tgir <Tgi  Yai < Yajr < Yae

3BepTaeMoO yBary Ha Te€, IO 30UIBIICHHS
KOHLIEHTpallii TOpIYoro Trazy B JEKibka pasiB
NPakTHYHO HE BIUIMBAE Ha KPUTHYHE 3HAYCHHS
moyaTtkoBoi Temmepatypu (puc. 2a). Lle mosicHroeThCS
TUM, IO 3alalIOBaHHSA IPOTIKAE B OCHOBHOMY B
KIHETUYHOMY PEXHMI KaTaliTUYHOI peakxiii, 3rigHo
SIKOMY KpHUTHYHA TeMIlepaTypa 3amajioBaHHs € cIa0Koo
(YHKIII€I0 KOHIIEHTpAlii JJOMIIIIKK TOPIOYOro Trazy.

Awnaniz  (5,a)-(5b) mokasye, mo mit Se>1
MOXIIUBO TUIBKM OIWH PpO3B'SI30K, SIKWH BiAIOBigae
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KPUTHYHUM 3HAYCHHSAM TEMIIEPATYpPH 3TacaHHs i MacoBOl
YaCTKU JOMINIKM TOPIOYOro rasy 3racaHHsi Ygg IIpH
3ala”ii  TeMIeparypi ra30HoBITPSHOT cymili,
HAMpPUKIA, Tg =293K. Hns mworo 3 (5,6) Bupasumo

mudy3iiiHO-KIHETUYHE  BIMHOIIEHHS  Ta

IJIATUHOBOI'O APOTHUKA:
(o)
RT?(1 )

:nggge(TZ'Tg)E 19 -

oo ERTO(1-Br.)

[Mincransroun (7) B Bupas (5, &), Maemo:

JiaMeTp

-1, (6)

de

T-T,|EO
2 aﬁ?%%)
_ R & RTT 1
Yae = QLe" Me (T- Tg)E (1+y1)’ ©®
- =

RT
[IpoBenemo awnamiz pwuc. Ya,e(d) mpu KpuTepii

Mlepeyna Sh=0,51 (puc. 3,a). BugHo, mo mA0CUTH

3Ha4yHe 3OUIBIICHHS [iaMeTpy IUIAaTUHOBOI HHTKHU

HPUBOMUTE JO 3MEHINEHHA Yg g 1, fAK HaCIiJoK,
i

TpaHWU4YHOl1 TEMIICpATypHU KaTaJITUYHOI'O TOPIHHA -I_e

(puc. 3, 6). Temmeparypa moracaHHsi T € TPaHUYHOIO
TEMIIEPaTYpOI0 KaTaliTUYHOTrO TOpiHHA. TepMmoaudysis

nonatkoBo 3meHmye Y, (Ha 10-15 %.

Tak, mua 1wiatuHoBoi HuTkM d=0,1mMM, w0
OOTIKAETHCSA MOTOKOM CYMIIII KIMHATHOI TeMIepaTypy 3
nmigiforo meuakicto 0.15 M/c MaeMo 3HaYeHHA Yae =

0,104 %, mo Bianosigae 06’ emHiil yactui Boguro 1,51 %.
Ile 3HaueHHS Y3rOMKYETHCS 3 EKCIIEPUMEHTAIHLHUM



3anantoBaHHs Ta CaMOITATPUMYIOUY€E TOPiHHS T'a30MOBITPSHUX CyMillIeHi. .

8007
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Puc 4. 3anexHicTs TeMIepaTypH IIaTHHOBOI HUTKH 3 4AaCOM B Ta30Biif cyMmimi Temnepatypu Tq = 293K 3
JIOMIIIKOFO BOJHIO MPH KOHIeHTpaii BoaHio a) Y, = 0,19 %, b) Y, = 0,107 %. [TouaTkoBa TemmepaTypa HUTKU:
a) Tpy =400 K, Ty, = 440 K, Tp3 =450 K, Ty = 500 K. b) Ty = 500 K, Tpp =530 K, Ty = 550 K, Tps = 600 K.

nmiamnaszoHoM 00 eMHoi yactku BomHro 0,95-1,95% , B
SKii  BiIOYBa€TbCs CAMOMIATPUMYIOUE KaTaliTHYHE
TOpiHHSI IPH BUMKHEHOMY cTpyMi [2].

Sk BumHo 3 (7) Ta (8), Big umcnma IllepByna i,
BIJMOBITHO, BiJ INBUAKOCTI ITOTOKY 3aJIC)KUTH JIUIIIC
KPUTUYHHMN JliaMeTp KaTaji3aropa 3TiJJHO 3aJIeKHOCTI

d U 0.305

TEIUTOBTPAT KPUTHUYHA KOHIICHTPAIliS TOMIIIKHA BOMHIO i
TeMreparypa Katamizatopa (puc. 3), HEOOXimHHMX s
CaMOITIATPUMYIOUOr0 KaTaJIITUYHOTO TOPIHHS IOBUIBLHO
3pocta€ 31  30UTBIICHHSAM  IIBHIKOCTI  OOTiKaHHS
KaTaJizaTopa CyMIlIIIIo.

Ha puc. 4,a i puc. 4,0 npeacraBieHi dYacoBi
3QJIKHOCTI  TeMIIEpaTypu HUTKH KaTtaji3aTtopa IpH
PI3HUX KOHIIEHTpAISX JOMIIIKH BOJHIO B CyMiIIi
KIMHATHOI TEMIIepaTypd MUl 1ITIOCTpallii, BiOBIIHO,
KPUTHYHHMX TOYOK 3allajioBaHHS i+ Ta moracaHus € (puc.

. Came 3aB1iIKY 301IBIIEHHIO KOHBEKTUBHUX

1). Tak npu komuentpauii BomHio Yz = 0,19% mnpu

301IbLIeHH]
BiIOyBaETHCS

novyatkoBoi Temmepatypu Bume 450 K
mepexiZi Ha  KaTaJiTWU4YHE TOpPiHHS
ra3onoBiTPsiHOI ~ CyMmilli, MpUYOMY  TemIepaTypa
KaTaJIiTAYHOTO TOpIHHA HE 3aJIeKUTh BiJ TOrO,
HACKUIBKM  TIOYaTKOBAa  TEMIlepaTypa  IEpEBUIIYE
TemIiepaTypy 3anairoBaHHs. [Ipu MeHmil KoHIEHTpalii

BOJTHIO Ya =0,107% (mo MeHmIAa Ha Oy)KE Maly

BEIMYMHY 32 KPUTHYHY KOHIIEHTpAIif0 3racaHHi B
CyMillli KIMHATHOI TEMIIEpaTypH) 4YacoBi 3aJICKHOCTI
TEMIIEpaTypd HHUTKA TakKoX SKICHO BiaMiHHI. [lpu
MOYATKOBHX TeMIEpaTypax HUTKU Tp > Te (kpuBi 3 i 4)
3HAYHUI Yac CaMOIiITPHUMYEThCS KaTaJliTHYHE TOPIHH,
a 3roloM BINOyBAaeThCS CAMOBIJIBHHN IIepeXill Ha
HU3bKOTeMIepaTypHuii pexkum. Ilpu Ty < Te (kpusi 1 i

2) — HUTKa 3 9acOM JIOBOJIi IIBHIKO OXOJOMXKYETHCSA IO

KIMHATHOI TeMmmepaTypu. Pi3HMIA Yac OXOJOMKEHHS
HUTKH J0 KIMHATHOI TEMIIEPaTypH IMOSCHIOETHCS
MOBUILHOIO 3MIHOIO TEMIIEPATypH HHUTKH IOOIH3Y
KPUTHYHOI ~ TOYKM  moracaHHs  (Mayi  3HAYEHHS

eheKTHBHOT HIBUAKOCTI TETUTOBUIiICHHSI, pUc. 1).

BucHoBkn

Taxum YHWHOM, OTpHMaHa CUCTEMa NapaMCTpUYHUX

piBusib (7) i (8), mo omucye 3anexHicTs Y, ., BHIIE

e
Kol  BiIOYBaeThCS CaAMOIIATPUMYIOYE KaTaliTHYHE
TOpiHHA  Ta30MOBITPSHOI  Cymimi, Big  JiaMeTpy
IUIATHHOBOTO JIPOTHKY TIpH 3aJaHii  CTarioHapHii
TEMIIEpaTypi XOJOAHOI'O Ta3oNOBITPSHOTO MOTOKY MpH
BHKITIOUCHOMY JDKeperi mocTifiHoro crpymy (puc. 3).
Tpeba BigMITUTH, IO CHJIa CTPYMY 3amlajiOBaHHS YU
TeMIlepaTypa 3alajllOBaHHS Ta3OMOBITPSHOI  Cyminmi
MPAaKTHYHO HE 3MIHIOETHCS 31 3pOCTAHHSAM KOHIIEHTpAILii
JOMIIIKA TOplodoro rasy. Bukopucrana aHamoris
JIproica MiXK TMEpEeHOCOM TeIla I MacH OLIbII TOYHO
JI03BOJISIE 3HAWTH KPUTHYHI KOHLEHTpAIT 3a1aTFOBaHHs 1
CaMOITi TPUMYIOUOT0 TOPIHHS Ta30MOBITPSIHUX CyMilIei
3 IOMIIIIKaMH TOPIOYOro rasy.
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I gnition and Self-Supporting Burning of Gas-Air Mixtureswith Hydrogen
Admixtures on Platinum Wire

'Odessa I. I. Mechnikov National University, st. Novorossiysk, 2, Odessa, 65082, Ukraine
2Odessa Sate Ecol ogical Universty, street Lviv, 15, Odessa, 65016, Ukraine, teplophys@onu.edu.ua

The proposed work describes analytical identification of hydrogen admixture concentration and catalyst
temperatures limit values beyond which catalytic flameless steady combustion of gas-air mixtures at ambient
temperature at platinum wires is observed. Effect of gas-air slip velocity upon considered values is shown. Initial

platinum wire preheating temperatures required for catalytic ignition are determined.
Keywords: metallic oxidation catalysts, wire, hydrogen, heat and mass transfer hysteresis, self-ignition,

fade, surface (flameless) combustion.
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Beryn

3arasibHa XapaKTepUCTHKa MpOOJIEeMH Ta aHaji3
JiTepaTypy. 3arajbHOBIIOMHM Y MEIAWYHIN TPaKTUI €
TOH (paKT, W0 TEMIEPaTypHHH BIUIMB € BaXKIUBUM
YUHHHUKOM JIIKYBaHHs 0arathbOX 3aXBOPIOBaHb OpraHi3My
mroquan [1]. OmHMM 3 TEpCHeKTHBHHX HANpsMIB €
KpIOAECTPYKISl — CYKYIHICTh XipypriYHUX METOMIB
JIKyBaHHS, 3aCHOBAaHUX Ha JIOKAIFHOMY 3aMOpPOXYBaHHI
OilOJIOTIYHMX TKAaHWH JIIOACBKOro opraHizmy. Jlims
3MIACHEHHS KPIONECTPYKII HEOOXIAHO  OXOJIOIUTH
NIeBHY IUISHKY Tijla JIIoAuHK 1o TemrepaTtypu -50°C. Ha
CBOTOJIHI ~ Take  OXOJOMKEHHS  pealli3yeThcs  3a
JIOTIOMOTOI0 ~ CHIEI[iaJIbHAX  KPIOIHCTPYMEHTIB i3
BHKOpHUCTaHHAM a30Ty [1-6]. [IpoTe BUKOpUCTAaHHS a30Ty
Ma€e HH3KYy HEAONIKIB. a30T He Ja€ MOXIIHUBICTh
3a0e3MeUNTH OXOJIOJDKEHHS 3 HEOOXIJHOI TOYHICTIO
MiATPUMAHHS TEMIEPaTypH, TaKOX ICHYIOTb PHU3UKHU
MIEepEOXOJIOMKEHHSI 3 HEraTMBHUMHU Haciiakamu. Kpim
TOT0, PiAKHUI a30T € JOCUTh HEOC3MEYHOI PEUYOBHHOIO i
BHUMarae HaJeXHOI 00epEeXKHOCTI MiJ| YaC BUKOPUCTAHHS,
a JIocTaBKa PIJKOro a30Ty He 3aBXIHW JOCTYITHA, IO
3BY)KYE MOXIIUBOCTI BHKOPHCTaHHSI Takoro meroxy. Lle
BiJIKpUBa€E MIEPCIIEKTUBU BUKOPHCTaHHS
TEPMOEJIEKTPUYHOTO OXOJIO[DKEHHS JUIS KPioJeCTPYKIIii,
SKUM MOXKe€ OyTH peaji3oBaHe OXOJOMKEHHS [0
temmepatypu (0 +-80)°C. TepMoeTeKTpHYHI MPHIAIHA
MEIMYHOTO TPU3HAYECHHS JAl0Th MOMJIUBICTH TOYHO

3a/1aBaTH HEOOXIIHY TeMIepaTypy pobouoro
IHCTPYMEHTY, dYac TEMIIEpaTypHOro BIUIMBY Ha
BIMOBIMHY  JAUISIHKY  JIFOACBKOrO  OpraHi3My Ta
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3a0e3rneuyBaTi HUKIIIYHY 3MiHY PEKHUMIB OXOJIO/DKEHHS 1
HarpiBy [7, 8]. Opnak, po3pobieHi 10 IBOro yacy

TEPMOCTICKTPUYHI ~ MEOUYHI NpWIaad HE  MAaloTh
MOKJIMBOCTI  KOMII FOTEPHOTO  KEPYBaHHSI  CTPYMOM
JKUBJICHHS TEPMOETEKTPUUHUX MOJYJIiB JUTSt

BIITBOPCHHS HEOOXIMHUX Hamepen 3aJaHuX JUHAMIYHUX
TEMICPaTYPHUX PEIKUMIB.

Tomy, Meroro maHOi pobOTH €  po3poOKa
KOMIT' FOTEPHUX METOIIB I MOJICTIOBAHHS Ta OMTHMI3allil
JIMHAMIYHUX ~ PEKHMIB  pOOOTH  TEPMOEJIEKTPHIHOTO
TIPUIATY VI KPiOAECTPYKITi.

|. TemmepatrypHi Ta 4acoBi pe:xHMH
JJIS1 KpioaecTpyKuil

3 nmiteparypu Bimomo [9-12], w0 3HIDKEHHS
Temmepatypu Oiomoriunoi Tkanmam g0 (-5+-10)°C
MIPU3BOJUTH JI0 TIOYATKY IPOILIECY KPUCTAIIOYTBOPEHHS Yy
MO3aKIITHHHOMY  TPOCTOpPi, a 31  3HIDKCHHAM
temmepatrypu 10 (-15+-20)°C i HmWKYE MOYUHAETHCS
YTBOPEHHSI KPHUCTANIB JIbOAY BCEpPENUHI KIITHUH, WIO
MIPU3BOIMTE 0 3aruOelti 010JI0TiYHOT TKAaHWHU. BaXkIuBo
BIJIMITUTH, 1[0 Maca YTBOPEHOT0 JbOAY 3aiiMae o0csr Ha
10 % Oinpmmii, HiXk 0OCAT PiAMHH, 3 SIKOI YTBOPIOIOTHCS
KPHCTAJH JIbOIy. MaKCUMabHO MONIKOKYIOUHN eeKT
JIOCATAETHCA 3 OXOJOMKEHHIM O10J0r4HOI TKAHUHU 10
-50°C, a mopanble 3HIDKEHHS TEMIIEpaTypud He
36inblirye netanpHOCTI KiaituH [4, 5, 10-21].

[HTEHCHBHICT  JECTPYKIII KIITHH Yy BOTHHIII
3aMOpPOYKYBAaHHS 3QJICKHUTh HE TUIBKHA BiJ] MiHIMaJBHOL



Amnatnuyk JLI., Buxop JI.M., Koownsucekuii P.P., Kagentox T.51.

TeMIepaTypd Yy BOTHHMIN, aje ¥ BiX MIBUAKOCTI
OXOJIO/DKEHHs OioyoriuHoi TkaHUHH. ONTUMAJBHUAM €
BiJIHOCHO HIBUIKe 3amMopoxkyBanHs — (40 - 50)°C/xB. npu
excrosutii 30 ¢ [9, 22]. EdexTuBHicTh KpiomecTpyKIiil
KJIITHHHA BUCOKA, SIKIIO BOHA HE BCTHI'A€ BUTICHUTH Yepe3
MeMOpaHH BHYTPIIIHBOKIITHHHY piAMHY B Mpoleci
OXONIOMKCHHSI TKAHWHH Tiepe]] 3aMopoxyBaHHsM [10-
15].

Binemr  moBimbHe  3amopoxyBanHs (3 - 5°C/xB)
HEJOIVIbHE, OCKUIPKM MNpU LBOMY HE BiJOYBarOTHCS
MPOLIECH  BHYTPINIHBOKJIITUHHOTO  JIbOJOYTBOPEHHSI.
Takox He pallioHaJbHO BUKOPHCTOBYBATH 1 HaIIIBHIKE
samopokyBanHs (Oimbmme 100°C/XB), OCKiNBKH TpU
LIOMY YTBOPIOETHCS aMOP(HUIL JiJI, 0 HE MOUIKOIKYE
cTpyKTypy Gionoriunoi Tkauuuu [10].

Haniiinicte  kpiofecTpykuii — 3Ha4yHOIO  MipOIO
3aJIeKUTh HE TUIBKU B HIBUIKOCTI OXOJOKEHHS, ane i
Bil IMIBHOKOCTI MOJAJBINIOrO 3irpiBaHHs, OCKIIBKH
IIKI[UIMBA Jisl HU3bKUX TEMIIEPAaTyp BHHHUKA€E SK B
TMIPOLIECi MTEPEeTBOPEHHS KIIITHH Y KPUCTANHU JILOAY, TaK 1
mig yac X BiATaBaHHS /0 HOPMAaJbHOI TEMIIEPaTypH.
JlecTpykilist KITITHH i1 Yac BiTaBaHHS BiAOYBa€ThCS HE
MEHIII IHTCHCHBHO, HDK TIiJ Yac 3aMOPOXYBaHHS,
OCKIJIBKH B mporieci BiTaBaHHS BUHUKAE
MEPEKPHUCTATI3AIS JTHOY, IO MOCUITIOE JECTPYKTUBHUMA
BIUIMB HAa JKMBI KIITHHU. 3a TMOBUIBHOTO 3irpiBaHHS
IHTpALIEMIONSIPHI  KPUCTANU JIbOAY 1€ JeSIKUA Yac

MIPOJIOBXKYIOTh poctu i YIIKODKYBATH
BHYTPIIIHBOKJIITUHHI ~ yTBOpeHHs.  BixraBanus  3i
mBuakictio  (10-12) C/xe  3abe3meuye  HailGimbn
HafifHy nectpykiiro kiritus [10 -15].

BbaraTtopasose LUKJTIYHE 3aMOpOXKYBaHHSI-
BiJITaBaHHA POOWUTH MOXIIMBHUM 3HHU3UTH JICTAIBHY JUIS
MaToJOTiYHOI ~ TKAaHWUHHU TEeMIIEPaTypy, 3HANTH

CBOEPIHUIA KOMIIPOMIC MIXK TIparHeHHsM sSKOMOTra
ITyXJIUHHUH

CHJIBHIIIE ~ 3aMOPO3HUTH ocepemok i

HEeOoOXiHICTIO 30eperTH 3/J0pOBi HABKOJMIIHI TKAaHHHU
[10 - 21].

[I. CxemaTnuHa Moaejab
TEPMOEJIEKTPUYHOT 0 MPUJIALY AJIs1
KpiogecTpyKuii

Ha puc. 1 CXEMaTU4HO 300paxeHo
TEPMOCIEKTPUYHUA TPHIaT ISl KPiOASCTPYKILI, [0
3'ennanmii 3 [IK 3 ans BCTaHOBIIEHHS Hamepen 3aJaHol
ONTUMANBHOL ¢byHKii CTpyMy YKUBJICHHS
TEPMOENIEKTPHYHOT O MIKPOMOMYJIS 3 METOIO0
3a0e3MeueHHsT HEeOOXIAHOr0 TEMIEPAaTypHOTO PEXUMY
poboUoro iHCTpyMEHTY mpuiaay 2.

[Mpunan cknagaeTbesi 3 OBOX OCHOBHHX YaCTHH:
€JIEKTPOHHOTO OJIOKY KepyBaHHS Ta >KuBJIeHHS 1 Ta
pob0oYoro iHCTpYMEHTY 2. Y CBOIO Yepry, poOodHii
IHCTpYMEHT 2 BHKOHAaHWH 3 TOHKOCTIHHOI MeTaJeBOl
TpyOku 4, KOaKciaJbHO pO3TAIllOBAaHOI TPYyOKH 5,
PIIMHHOTO TEIUIOOOMIHHMKA 6, TEPMOEICKTPHUHOTO
Mikpomoayist 7 i Hakoneunuka 8. ITo TpyOkax 4 i 5
LIUPKYITIOE OXOJIOKYIOYa piJvHa Ul BiJABOLY Teruia

4yepe3 TEIUIOOOMIHHMK 6 Bil TepMOEIEKTPHYHOTO
Mikpomonyiast /. Takum  4YMHOM,  TOHHXKYETHCS
TemrepaTypa HakoHeuHuka 8. Ilpum BuKOpHCTaHHI

MOTIepEeTHHO  OXOJIO[DKEHOI PpIAMHU [0 TeMIlepaTypu
5+10°C TtemmepaTypa HAKOHCYHHKA 3HIKYETHCA IO
(-40 +-50)°C. PoGouuii iHCTpyMEHT 2 MOke OyTH
BUKOPHCTaHO  JUId  JIOKAJIBHUX  KPIOJECTPYKIIiH,
BUJAJICHHS TNPUMOPOXKEHOI TKAHWHU, a TaKokK JUis
BUJAICHHS  CTOPOHHIX  BKIIOYEHb  HULIXOM  1X
MIPUMOPOXKYBAHHS 10 TOBEPXHI poOOYOro iHCTpYMEHTA.

3 MeTol0 BH3HAYEHHS ONTUMAJIbHUX YaCOBHX
¢GyHKIiT KepyBaHH CTPyMOM KUBJICHHS

4 5 6 7 8
| —
7 e — l AY
l —
~— I
—J

Puc. 1. CxematnuHe 300pakeHHsI TEPMOEIEKTPUIHOTO MPHIaAy Al KPioAeCTPYKIIi:
1 — eneKTpOHHHMIA OJOK KepYBaHHS Ta KUBJICHHS, 2 — podounii iHcTpyMeHT, 3 — nepconansHuit komr' forep (1K), 4
— TOHKOCTIHHA MeTaJieBa TpyOKa, 5 — koakciaipHa TpyOKa, 6 — piJuHHHH TEIJI000MiHHHUK,
7 — TEPMOEJIEKTPUIHUI MiKPOMOJYJIb, 8 — HAKOHEYHUK.
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TEPMOCIECKTPUIHOTO MOMYNs, SKHM 3a0e3MeuyroThes
3ajaHi 3aJeXKHOCTI 3MIHH TEMIIEPaTypu OXOJOKCHHS 3
4acoM, HEOOXiTHO 3aCTOCYBAaTH METOJH KOMIT FOTEPHOTO
MOJICITIOBaHHS. PesynbraTi KOMIT FOTEPHOT'O
MOJICITIOBaHHSI HABEICHO HIDKYE.

[11. Komn'roTepHe Moenl0BaHHSA
ONTHMAJIbHOI QYHKIII KepyBaHHA
CTPYMOM KUBJICHHSI
TEPMOEJIEKTPHUYHOI 0 IPHJIALY

3agaya KOMII' FOT€pHOT'0 MOJEJIOBaHHS
HECTAI[lOHAPHOTO  PEeXUMY poOOTH mpuiagy s
KpiofiecTpyKuil mojsrae y BU3HaYeHHI 4acoBOi (yHKIT
KEpyBaHHs CTPYMOM HBJICHHS TepmoeneMenTiB | (t), sika
3a0e3neuye 3aqaHy 3aJeKHICTh TEMIIEpPAaTypu MOBEpXHi
po6oYoro i {HCTPYMEHTY Npunajy Bix gacy T¢(t).

3agaga  pos3B'A3yBajacd i3 3aCTOCYBaHHAM
HACTYITHUX HaOJNWkeHb B MOJEIN Npuiany. Beaxkaerncs,
0  BCI  TEpMOENEMEHTH  MIKPOMOAYJs,  SKUH
BUKOPDHCTOBYETbCS B TIPUCTPOi, € IJCHTHYHUMHU 1
nepeOyBalOTh B OIHAKOBUX  yMOBaX.  BiTku
TEPMOECIEMEHTIB BHUCOTOIO | 1 Tiepepi3oM S BHKOHaHi 3
MaTepiajiB N- i P-TUIy NMPOBiAHOCTI. XapaKTepPUCTUKU
MartepianiB BiTOK, a came koedinienru TepMoEPC a,5(T)
i muToMoro omopy I p(T) 3anexaTs Bix TeMmepaTypy, a
Koe(ilieHTH TeIUIONPOBITHOCTI K,p 1 TEIIOEMHOCTI Cnp
BBXKAIOTHCS KOHCTAaHTAaMHM BHACHIJOK iX HECYTTEBOI
3aJIOKHOCTI B TEMIepaTypd B TEPMOECIEKTPUUHHUX
MaTepiajax il OXOJNOIKyBauiB. I[lpumyckaerbcsi, 10

TEIUIOBUIIIAIOYA TIOBEPXHS TEPMOCIIEMCHTIB
q, qr U
A x x gx
=0

Tn(L, D) =Tp(L)° T,

e T(t) — rtemmeparypa pobo4oi  IHOBEpXHi
TEPMOECJICMEHTA € 3aJITaHOI0 (DYHKITIEIO Yacy.

3a yMOB, KOJM IIOYATKOBE 3HAYEHHS CTPYMY
lo=0A, a Ty=T, mo4yaTkoBi yMOBH KpaiioBoi 3amadi

(2)-(2) maroTh POCTHIA BUTIISIT
Tn(XIO) :Tp(XIO) 0 Ta, (3)

Sk 3a3Havajnocs, 3ajaya IIOJIArae B TOMY, 100

- & pTe®) +an (T OTc 1) g——

MiATPUMYETHCS TIPU (QiKCOBaHil TemrepaTypi Tp, OOKOBI
MOBEpPXHI BITOK € afiadaTHYHO 130JhOBaHUMH. Ha
pobounx  cHasx  TEPMOECIEMEHTIB  BPaxOBYIOTHCS
MOTTMHAHHS 200 BUAITICHHS (B 3aI€KHOCTI BijJl HAIPIMKY
CTpyMy) TemioTu [lenbThe Ta BUIUICHHS Teruia JxKoyms
Ha KOHTaKTax CHal0 3 KOHTAaKTHUM OIIOpOM [g.
BpaxoByeThcss cymapHa o00'€eMHa TEIUIOEMHICTH
KOMYTAIIMHUX Ta 130JMIHHOI TUTACTHH MOIYJIS 1 MiTHOT
pobouoi MOBEepXHI NpWiIaAy y PO3PaxyHKy Ha OJHMH
TepMmoeneMeHT. [IpuiiMaeTbCsi A0 yBaru TemioBe
HABaHTA)XEHHS TOTYXHICTIO (p, IO CTBOPIOETHCS B
poboYoMy pEeXHMI Ha XOJOIHI CIHai TePMOCIEMCHTIB
TEIUIOBU/IIJICHHSM OpraHi3My JIIOIHH.

Jlns Takoi Mozerni po3IOJiN TeMIepaTypu y BiTKax
TEPMOEJIEMEHTIB 3aJIa€ThCSI CHCTEMOIO OIHOBHMIipHHUX
PIBHSIHB HECTAI[IOHAPHOI TEIJIONPOBITHOCTI y BUIJISI:

i 2
P ) w0l
'}Cﬂﬂ; knwz+rn(T) 2 nﬂTn s
i

Moy T, /) 3 1) T
Pe Pyl P s W

e xI [O,l] , tl [O,tmax] ; 1) — ctpym y BiTKax
TEepMOEJIEMEHTa, KU € (QyHKHiero yacy. Y piBHSIHHIX
(1) BpaxoBano BIUTHB epekTy TOMCOHA, SIKHIi BUHUKAE B
00’eMi BITOK TEpMOEJIEMECHTa BHACIIIOK 3aJICKHOCTI
koedinieHtis TepMoEPC a,(T) Bix Temneparypu.

KpaiioBi yMOBU A1l IIMX PiBHSHb MalOTh HACTYITHUH
BUTJISI;

c() 2r—C|2(t)+q0=0,
s

(2

3HaWTH (YHKIIO KepyBaHHs ctpymom I(t) Taky, mio
3a0e3neuye 3a7aHy 3aJIeKHICTh XOJIOAHOI TeMIlepaTypu
Bij yacy Tc(t).

Merton po3B’ s3yBaHHs Takoi 3a1a4i onucaHo B [23].
Jns chopmynboBaHOI 3a/adi po3B’ 30K OTPUMYETHCS Y
BUTJISIIII HACTYITHOTO 1HTETrPajIbHOTO PiBHSIHHS!

1 érc 2 (t) >
'O= o8 d
® (t)Tc(t)eS (t) + OK(t t)I=@t)dt +F(t, TC(t))u, @)
ae
d at
FtTcM))=-9 Tgt(t) +0g - ? 8J1(t t)dTgt(t ) at ; a—%; K(t) =J,(t)- I, (1),

3,0 =1+ 28 exp(- pKat)

k=1

a(t)=(@,)+

Jo(t) =1+ 2a( 1" exp(- p2k2&t)

k=1

a, (/2 r(t)=(r_p(t)+r_n(t))/2: k=(k,+k,)/2 c=(c,+c,)/2,
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ano(t)=@,,(T) +a,, ,(TLMO)/2; T, ()=

Tc, C
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Puc. 2. 3amana 4YacoBa 3aleXHICTh poOOYOI
Temrepatypu T(t) npunamy 1 KpiogeCcTpyKIIii.
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Puc. 3. Po3paxoBana (yHKINS KepyBaHHS CTPYMOM
sxuBieHus | (t) TepMoeneKTpUYHOrO MiKpOMOIYJIS.

Heminiitae piBHsaHHS (4) pO3B’A3YETHCS YUCETHHUM

METOJIOM  IIOCTIZOBHMUX  HaOJNWKeHb.  AJTOpUTM
pPO3B’SI3yBaHHS TAaKOrO pIBHAHHA peali3yeThCs 3a
JIOTTIOMOTOK0 ~ TIPOTPaMHUX ~ 3aCO0IB  KOMIT FOTEPHOTO

MOJIETIOBaHHSI, po3pobiieHnx B cepenouit MathLab.
V. Pe3yJbTaTu KOMII' OTEPHOT 0
MOEJTI0BAHHSA

MopentoBanHs (QyHKIIT KepyBaHHS CTPYMOM, sKa O
3a0e3nedyBaja 3ajaHy 4YacoBY 3aJeXKHICTh poOodoi

TEMIIepaTypy, MPOBOAMWIOCS /ISl 3aCTOCOBAaHOTO B
npwiagi A KpIOAECTPYKIIl  TepMOENEKTPHYHOTO
Mikpomonyiast Antek-98A, skuii MicTuTh 62 BITKH
BHCOTOIO | = 0,093 cMm, TUTOIIECHO nepepisy

s=0,058" 0,058 CM2, 3 BEJIMYMHOIO KOHTAKTHOT'O OIOpPY
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Th
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re=540°Owem®. Bitku BuKOHaHi 3 MaTepiamiB Ha
ocHoBi Bi-Te n- Tta p-TumiB  mpoBiAHOCTI i3
CTaHJapPTHUMHU TEPMOEIIEKTPUYHIUMHU XapaKTePUCTHKAMHU
anp np Knp, Cnp [24]. YV cramionapHoMy pexunMi
pobOTH MOAYAb Ma€ HACTYNHI  XapaKTEPHCTHKH:
MakCHMajbHa  XOJIOJONpOAyKTHBHiCT 3,6 Br  Ta
MakcuManbHui nepenay temieparyp 70 K nocsirarorecst
MIPU MaKCUMaJIbHUX 3HAYEHHSX HarpyrH i ctpymy 3,9 B i
18A BiZINTOBiTHO 3a YMOB TeMIepaTypu
TEeILIOBUALIAI0UOT moBepxHi Moxyis 27°C.

CymapHa 00'eMHa TCIUIOEMHICTh KOMYTAIlIHHUX Ta
IBOISIIMHUX ~ IUIACTMH ~ MIKPOMOAYJAS 1 MIJHOTO
HaKOHEYHHKa pOOOYOro iHCTPYMEHTY B PO3PaxyHKy Ha
onHy BiTKy ckiagae g = 0,0064 Ix/K. TemmoBuaiieHHs
Tijla JIFOAWHH TPUAMAaocs piBHUM 5MBT/CM2, i (o)
CTBOPIOE TEIUIOBE HABAHTAXKEHHS Ha TEPMOEIEKTPHUYHY
BiTKy npuiiaay Op = 0,017 mBT.

VY BiamoBigHOCTI 10 MemuuHuX BuMor [9-15] mms
po60UOro peXUMY MpHIaLy s KpioAeCcTpyKIli BUOpaHa
YyacoBa 3aJIOKHICTh TEMIIEpaTypd Ha TOBEpXHI Tiia
nroquan T(t), sKy HaBeJeHO Ha puc. 2.

Y poGouomy pexumi (puc. 2) HEOOXiTHO TOCATTH
OXOJIO/DKEHHST pobodoro iHcTpyMeHty no -45°C 3a 60
CeKyHJl, yTpUMYBaTH If0 Temneparypy nporsrom 30
CeKyHJ 3 TOJAIBIIMM HArpiBOM JO IOYaTKOBOI
temrepatypu 25°C 3a 15 cexkyHa. Y pasi HeoOXigHOCTI
el MK MOYKHA TIOBTOPUTH JIEKiJIbKa PasiB.

Ha pwc.3 nokazana pospaxoBaHa  (yHKIIsS
KepyBaHHs cTpyMoM |(t) KUBJIECHHS TEPMOECIEKTPUIHOTO
MiKpoMoayssl, ska  3a0e3lmedye  3aJjaHy  4acoBY
3aJIeKHICT poOOYOi TemmepaTypu mpuiaany (puc. 1).
Hampsimok  ctpymy, mo 3abesrnedye  OXOJIOMKEHHS
po00OYOi TOBEpPXHIi, BBAXKAETHCS MONATHIM, a Harpip —
Bim'eMHUM. [  JOCATHEHHS  3a/laHOTO  PiBHS
oxonokeHHs mpoTsiroM 60 cexyHa BETHMYHHY CTPYMY
HEOOXITHO IMOCTYMOBO miaBuimTd 10 1,75 A, motim
JIOCTATHBO 3HHM3UTU #oro BemuuumHy g0 1,15 A, mio6
MiATPUMYBATH OXOJIO/pKeHHs1 Ha piBHI -50°C mpoTsrom
30c. Hamaxni as1st HarpiBy MiHSIIOTH HAIIPSMOK CTPYMY Ha
MPOTWICKHUKA, mporsaroM 15¢ migBuIIyrOTh HOro
BeiuuuHy 10 0,4 A 1 BUKIIOYAIOTH JKUBJICHHS, KOJH
temrepatypa pocsrae 25°C. Taka ¢(yHKIsI KepyBaHHs
ctpymoM |(t) Ha mpakTHIl peamnizyeThes 3a JOMOMOTOI0
CHELiaIbHOTO eJIEKTPOHHOTO PETYIIATOpPA.

BucHoBkn

MeTomoM KOMIT FOTEPHOT'0 MOJICTFOBAHHS BU3HAUCHO
ONTHMAabHY YacoBY (YHKINIO KepyBaHHI CTPYMOM
JKUBJICHHS] TEPMOCIIEKTPUYHOTO MIKPOMOMIYJIS Y TPHIai
JUIL KpIOAECTPYKIIi, KO 3abe3nedyyeTbcs HeoOXiqHa
JacoBa 3aJIeKHICTD TeMIepaTypH poboyoro
IHCTPYMEHTY, 1[0 KOHTaKTY€ 3 TiJIOM JIFOTUHH.

Busnauena ~ ontuManbHa ~— 4acoBa  (YHKIIA
BHKOPUCTOBYETHCSI TUTSt KOHCTPYIOBaHHS Ta
aBTOKaJIiOpOBKH CrewiaJbHOro €JIEKTPOHHOT'O
perymasaropa OJIOKYy KepyBaHHA, IO 3abe3nedye poOoTy
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CHCTEMU  aBTOMAaTHYHOTO  DEryNIOBaHHA  poOodol Anamuuyx JII. - akagemik HAH VYxkpainu, nokrop
TeMIepaTypy IPWIATY I KPiOAeCTPYKIIii. (hi3UKO-MaTeMaTUYHUX HAyK, JAupekrop IHcTHTyTy
TEPMOEIEKTPHKH,
Buxop JIM. - noktop (Qi3MKO-MaTeMaTHYHUX HaYK,
TOJIOBHUI HAYKOBUH CIIBPOOITHUK;
Koounancoexkuit P.P. - xaugunar (i3uko-MaTeMaTHIHAX
HayK, CTApIINi HAYKOBUH CIIBPOOITHHK;
Kaoeniox T.A. - monomuuii HAyKOBHH CIIBPOOITHHUK.
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Computersimulation of the Dynamic Operating M odes of Ther moelectric
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This paper presents the results of computer simulation of optima dynamic modes of thermoelectric device
for cryodestruction. The optimal time function for controlling the supply current to thermoelectric micromodule
in a device for cryodestruction is determined, which ensures given cyclic temperature effect on the local area of
human body.

K eywor ds: computer simulation, optimal dynamic mode, cryodestruction, thermoelectric cooling.
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I ntr oduction

About 60 % of high-pressure polyethylene is used
for making products by method of moulding and
pressurization-containers for food industry, products of
domestic chemistry and children’s toys, 20 %- for
making special films, which are stable to thermo- and
photooxidation, films of capacitors and cable isolation
with the heightened demands to the thermal aging and
dielectric properties [14].

One of the most important problems of the making is
choosing the high lubrication gaskets of the cylinders or
shafts of ethylene compressor. Delivering fluid lubricant
to the friction pair is redized either by injection it in to
the gas (phase of the suction- when use gaskets with the
pistons rings) or by feeding it through the openings of
drilling of gasket's element (when use glad gaskets)
[1,3].

According to [1], in compressors at the compression
up to 22-40 MPaspecific loadings of the gasket's
elements reaches 7 —10 MPa. In ethylene compressors
gas compresses from 25 up to 110 - 120 MPa (on the
first degree) and from 110 —120 MPa up to 180 - 250
(and even to 350) MPa (on the second degree). There
fore, gasket elements of compressors experience during

460

lubrication influence of the limit specific loadings from
the hydrodynamic to limit regime and even to seizure
[2; 14].

In ethylene compressors friction pair are used:
piunger made from the nitrided steel 38 XMIOA
or with coating of Wolfram carbide ; gasket elements
from the bronze bp OCH 7-13-1,
bush of the cylinder from the carbide of
Wolfram (type BK-6), gasket rings from the special
alloyed cast iron or from the bronze bp O® > 10-1.

And also indexes of flow of plastics (g for 10 mm.),

changes of bound of strength
and flow during tenson, relative extension during
breakage ought to be found.

Demands to physic-and-chemical properties of
polyethylene are determined by STATE STANDARD
16337-77 (for polyethylene) and STATE STANDARD
16336-77 (for compositions of polyethylene). Dialectical
properties of polyethylene and its composition are
determined by [11-14]:
tangent of angle of dialectical loss — STATE
STANDARD 22372-77;
electrical strength at variable voltage (frequency
50 hertz) — STATE STANDARD 64333-71;
dialectical penetrability (frequency 10° hertz) —
STATE STANDARD 22372-71;
resistance to thermal aging

STATE
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STANDARD 16336-77.

Block-effect (sticking together films) and content of

extraction substances which are in initial polyethylene
and which educe from it during secondary processing
relate to quality indicators of polyethylene too. Content
of these substances is estimated by excess of organic
substance during lubrication of ethylene compressors
with mineral oil and by using light minera oils as
solvents during peroxidative initiation of polymerization
of ethylene[12-14].

Feasibility study of supplying of lubrication of seal

dementsreates not only to quality of polyethylene but to
time wasted of compressor’s equipment for repair (up to
2—7days for a year), which for high productivity
producers (synthesis of polyethylene) turns as substantial
economical losses. More over it is necessary to add that
after every seal replacement necessity (100 - 300 hours)
of feeding through lubricators excess of oil (for running-
in of friction pair) comes into existence. Polyethylene
made in this period contents of substantial quantity of oil

that is not up to the requirements (for cable isolation) [6-

Materials

The demands to wear resistance of surfaces are

intensity of wearing counterface from alloy BK-6 is
ought to be not higher than 0.02 um/hour or 0.05 mm for
2500 hours of compressor work.

Pressure of pumping is 200 — 300 MPa, temperature

of gas at the end of process reaches 373 K, average
velocity of piston — up to 2.5 m/s. Consumption of the oil
for 1 t final product — polyethylene for different
compressorsisfrom 0.7 - 0.9t0 4.7 - 6.5kg.

Properties and nature of oils determine quality

indicators of polyethylene and reiability of work of seal
pistons and plungers of ethylene's compressors. For
lubrication of friction pair of these compressors mineral
(naphthene - «white» qils), polybutene and polyglycol
oilsareused [3; 4],

Specifications to  odils are  trangparence,
colourlessness, absence of sediment and mechanic
impurities, viscosity (not less than) approximately 450 cs
at 303 K, 200 csat 323 K, 50 csat 373 K; temperature of
flash must be highe than 293 R from the maximal
allowable (373-383 K), but better not lower than 473 K;
temperature of solidification — not higher than 273 K;
acid number -not more than 0,4 mg KOH/g; alkali
number 0 mg KOH/g; content of moisture not more than
0.1 %; ashes -0 %; point of turbidity of 1 % solution -not
more than 353K [9].

According to manufacturers naphtene and polyglycol
oils for the most quantity indicators satisfy these
requirements (Tablel).

Physic-and-chemical properties and guantity of oil
which ingresses in polyethylene determine its properties
and use for cable isolation, products, which contact with
food etc. [8].

II. Methods of testing

Content of oil appreciably has an influence on such
quality indicators as resistance (durability) to therma
aging and cracking and photooxidation processes,
tangent of angle of dialecticd loss, dialectica
penetrability, breakdown electrica stress, sanitarian-
hygienically properties. Content of ail in polyethyleneis
estimated by |R-spectroscopy (graduate by solution in
CCl,), tangent of angle of didlectric loss (frequency 10°,
10%, 10° hertz), dielectric penetrability (frequency 10°

Tablel
Characterigtic of properties of naphtene and polyglical oils (information of producers)
Index Riesla-33 NKM-40 NKM-70 Lapr°'7%502'2' Orites-270 DS
Density,kg/m®
at 293K 884 873 884
at 303 K 878 867 878 1078 1080
Coefficient of
refraction of light 1.4820 1.4794 1.4800 - -
(293K)
Viscosity kinematic,
cs 126 80.2 180 417 462
at 293K 42.4 39.3 70.4 182 186
at 303 K 8.8 9.8 12.8 54 46.8
at 373K
Acid number, mg
KOHIg 0.007 0.006 0.006 0.019 0.016
Temperature of
solidification, K 255 255 260 - <270
Temperature, K
in closer crucible 475 470 478 489 493
in open crucible 494 488 498 523 523
Content of water, % 0 0 0 0,1 0,1
Cor!tent of _mechanlc 0 0 0 0 0
impurities, %
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hertz) [5-7].

Were tested properties of high-pressure polyethylene
(trademarkl0803-020), which was made in autoclave
reactor with lubrication of compressors by naphtene oil
Risdla-33, and its artificia mixtures with 0.10 and
0.15 % of ails: polyglycol Orites-210 DS and Syntheso-
201 N, polyvynilbutylether (PVBE) and mixture 70 %
PVBE+30 % Risdla-33 without or with addition of
thermostabilizer and 0.1-0.5% inhibitors of chain
oxidation process —ionaol, monox, diafen.

Artificial mixtures were got on laboratory mixer
«Venbery» with mixing during 5—-7min. (t=393-
403 K). After were made tablets, which were rolled
(T =433+ 5K) andfiictioned 1:1.2 during 2 - 16 hours.

Were found indexes [6-9]:
tangent of angle of didectric losses tg &
(frequency 10° Hz) by STATE STANDARD 22372-77;
electrical strength U, during variable voltage

with frequency 50 Hz by STATE STANDARD 6433.3-
71,

dielectric penetrability e(frequency 10° Hz) by
STATE STANDARD 22372-77;

density p, boundary flow o7, limit strength o
and relative elongationduring breskage y by STATE
STANDARD 16337-77,

index of solution flow (ISF).

More over were taken into account methods of
finding sanitarian-hygienical, dielectric, physics-and-
mechanics properties and resistance to thermooxidative
aging [10; 13; 14], Polyethylene for cable isolation by
STATE STANDARD 16336-79 has to have such indexes:
tangent of angle of didectric losses tg 6
(frequency 10° Hz) not more than
tgd < 3-10%

Table?2

Physi cs-mechanics and diel ectric properties of polyethylene (trademark 10803-020), synthesized during ingress of
naphtene oil Risella-33, with addition of 0.15 % of different oils and thermooxidants (recipe 01 and 02)

, Time of
. Qils 3 | IFS, g/10 4 OB, o7,
Recipe - thermal p, kg/m . tgo,10 v,%
additives aging, hours min. MPa MPa
- - 0 918.5 2.05 1.0 12.65 9.91 630
- S}[/)nztgﬁ\ol i 0 919.2 2.16 211 12.75 10.30 613
Syntheso -
0.2 D201 N 0 919.5 2.07 1.95 13.54 10.89 595
Syntheso - i
0.2 D201 N 6 11.6 10.95 9.32 10.89 555
Syntheso - i i
0.2 D201 N 8 16.8 8.50 9.90 430
Syntheso -
0.1 D201 N 0 920 2.15 1.95 12.96 10.3 598
Syntheso - i
0.1 D201 N 6 221 1.99 12.85 10.2 574
Syntheso - i
0.1 D201 N 8 2.26 4.28 11.67 10.0 563
- PVBE 0 918.3 2.15 1.68 12.56 104 583
0.2 PVBE 0 918.5 2.22 1.65 13.54 11.09 608
0.2 PVBE 6 - 241 171 13.44 10.79 561
0.2 PVBE 8 - 2.51 25 13.34 10.59 560
0.1 PVBE 0 918.5 2.20 1.15 12.75 10.79 593
0.1 PVBE 6 - 2.22 1.52 12.16 10.20 565
0.1 PVBE 8 - 2.30 1.85 11.28 9.42 577
PVBE+30%
- Risdlla33 0 918.3 2.06 1.98 12.56 9.71 600
PVBE+30%
0.2 Risdlla33 0 918.3 2.37 2.10 13.63 11.09 612
PVBE+30%
0.2 Risdlla33 6 - 2.39 2.19 12.26 10.04 555
PVBE+30%
0.2 Risdlla33 8 - 244 272 11.48 9.91 550
PVBE+30%
0.1 Risdlla33 0 918.3 2.22 1.05 13.54 10.40 603
PVBE+30%
0.1 Risdlla33 6 - 2.32 1.36 12.85 10.20 600
PVBE+30%
0.1 Risdla33 8 - 2.35 144 12.36 9.91 593
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Table 3

Viscous-mechanical properties of polyethylene (trademark 10803-020) during addition of different
quantity of lubricants

Polyethylene oil Concentration of ISF tas. 10° Resistance to
trademark oil 9/10 min g0, cracking, hours
M 10803-020 - - 2.05 1.0 25
. Syntheso D-
M 10803-020 201N 0.15 2.16 2.11 25
M 10803020 | YheD- 0.10 211 182 25
M 10803-020 PVBE 0.15 2.15 1.68 25
M 10803-020 PVBE 0.10 2.23 1.04 25
PVBE
] (70%)+
M 10803-020 Risdla-33 0.15 2.06 1.98 25
(30%)
PVBE
] (70%)+
M 10803-020 Risdl|a-33 0.10 2.35 1.09 25
(30%)
Polyethylene ol Mechanical properties Density, km/m®
trademark 61, MPa 65, MPa v, %
M 10803-020 - 12.65 9.91 630 918.5
M 10803-020 Sy ”ztgﬁ\ol D- 12.75 103 613 919.2
M 10803-020 Sy ”ztgﬁ\ol D- 13.04 10.69 608 919.3
M 10803-020 PVBE 12.56 10.4 583 918.3
M 10803-020 PVBE 12.94 10.49 600 918.7
M 10803-020 PVBE
(70%)+
Risdla-33 12.56 99.971 600 918.3
(30%)
M 10803-020 PVBE
(70%)+
Risel|a-33 12.26 10.11 555 918.1
(30%)

- dielectric penetrability ¢ (frequency 10° Hz) not
more than £ <2.3;

- dectrical strength when thickness of specimens
islandi variable voltage with

- frequency 50 Hz not less than U, > 40 xB/mMm
[6-10].

I11.Results and discussion

Results of laboratory tests are adduced in Table 2. As
we can see from Table 2, resistance to thermal aging for
ethylene composition determines by oil's nature, its
content in polymer and activity and content of
thermostabilizer — antioxidants. For recipe with content
0.05% of ail Orites:210DS and 0.1- 0.2% <abilizer
nonox WSP resistance to thermal aging is 8 hours, that is
up to the requirements of STATE STANDARD 16336-
77, for ethylene composition with content 0.05% of
polyvynilbutylether oil is morethan 14 hours.

Asiit is seen from the table 2, addition of 0.15 % of
poly glycol Syntheso — D201 N with additive to initial
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and with thermoadditives (by recipe 01 and 02) of
polyethylene leads to substantial changes of physics-and-
chemica and diaectic properties. For recipe 02 of
thermal aging during 8 hours leads to decreasing: tgé
from 1.95 to 16:10™, o from 13.54 to 8.5 MPa, o1 from
10.89t0 9.9 MPg, v from 595 to 437 %, and for recipe 01
these changes smaller: tgs from 1.95 to 4.2810, og
from 12.96 to 11.67 MPa, o7 from 10.3 to 10.0 MPg, y
from 598 to 563 %.

Addition of 0.15 % of initia polyvynilbutylether or
with mixtures of Risdla-33 to initid and with
thermoadditions polyethylene leads to small changers its
properties (these changes are smaller for recipe 01 than
for recipe 02) for indexes: tgé from 1.05-2.1-10™ to 1.44-
2.72:10", og from 12.75-13.63 MPato 11.28-13.34 MPa,
o7 from 10.4-11.09 MPa to 9.42-10.59 MPa, y from 593-
612 % to 550 — 593 %. In table 3 are adduced properties
of polyethylene (trademark 10803-020) during input to it
of 0.1 and 0.15 % (weight) of tested qils. Asis seen from
the Table 3, physics-and-mechanical properties of

polyethylene stay up to requirements of STATE
STANDARD 16337-77.
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Table4
Properties of ethylene compositions (recipe 0,1 and 0,2) with different content of dilsinside
Recipe oil Concentration of Theirr:nal IFS, /10 Tgs, Resistance to
P ol aging, min. 10* cracking, hours
hours
Syntheso D- init. 2.07 1.95
0.2 201 N 0.15 55 116 10.95 25
init. 2.19 2.59
0.2 Syniheso b- 0.10 6 donotsugt, | 9.32 25
8 do not sust. 16.9
init. 2.15 1.95
0.1 antgﬁ\ol D- 0.15 6 2.21 1.99 25
8 2.26 4.28
init. 2.21 1.88
0.1 antgﬁ\ol D- 0.10 6 2.18 1.79 25
8 2.22 1.96
init. 2.18 1.15
0.2 PVBE 0.10 6 2.22 2.19 25
8 2.30 2.30
init. 2.22 1.65
0.2 PVBE 0.15 6 241 1.71 25
8 2.51 2.5
init. 2.20 1.48
0.1 PVBE 0.10 6 2.17 154 25
8 2.09 2.19
init. 2.20 1.15
0.1 PVBE 0.15 6 2.22 1.52 25
8 2.30 1.85
PVBE init. 2.37 2.10
(30%)+ 6 2.30 2.19
0.2 Risdlla-33 0.15 8 2.44 272 25
(70%)
PVBE init. 2.31 1.50
(30%)+ 6 2.35 153
0.2 Risdlla-33 0.10 8 238 154 25
(70%)
PVBE init. 2.15 1.09
(70%)+ 6 2.25 1.11
0.1 Risdla-33 0.10 8 2.25 1.35 2.5
(30%)
PVBE init. 2.22 1.05
(70%)+ 6 2.32 1.36
0.1 Risdla-33 0.15 8 2.35 1.44 2.5
(30%)

Analysis of results in Table 4, shows that physics
and-mechanical properties of compositions are up to
requirements of STATE STANDARD 16337-77. Qil
PVBE and its mixtures with oil Risdla-33 provide
quality of compositions of recipe 0.1 and 0.2 up to
requirements of STATE STANDARD 16337-77, (and to
index “resistance to thermal aging”. Oil Syntheso D-201
makes worse properties of polyethylene compositions of
recipe 0.1 and 0.2, especialy its resistance to
thermooxidative aging [14].

Conclusions

Were tested properties of high-pressure polyethylene
(trademarkl 0803-020), which was made in autoclave
reactor with lubrication of compressors by naphtene ail
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Risdla-33, and its artificial mixtures with.

It is shown resistance to thermal aging for ethylene
composition determines by oil’s nature, its content in
polymer and activity and content of thermostabilizer —
antioxidants. As is seen, addition of 0.15% of poly
glycal Syntheso — D201 N with additive to initial and
with thermoadditives (by recipe 01 and 02) of
polyethylene leads to substantial changes of physics-and-
chemical and dielectric properties.

Analysis of results shows that physics-and-
mechanical properties of polyethylene (trademark 10803-
020) during input to it of 0.1 and 0.15% (weight) of
tested oils and of compositions are up to requirements of
STATE STANDARD 16337-77. Oil PVBE and its
mixtures with oil Risdla-33 provide quality of
compositions of recipe 0.1 and 0.2 up to requirements of
to index “resistance to thermd aging”. Oil Syntheso D-
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Continuation Table 4

_ _ Concentration of Mechanical properties Densit%/,
Recipe Qil ' km/m
oil o1, MPa o1, MPa o1, MPa
Syntheso D- 1354 10.89 595
0.2 201 0.15 9.32 10.89 555 9195
12.76 10.39 595
0.2 Syntheso 0.10 12.36 11.18 594 920.0
D-201 10.40 11.48 436
12.96 10.30 598
0.1 Syntheso 0.15 12.85 10.20 574 920.0
D-201 11.67 10.00 563
12.46 10.69 610
0.1 Syntheso 0.10 12.07 10.69 449 919.5
D-201 11.38 10.59 448
13.74 11.08 597
0.2 PVBE 0.10 12.46 0.32 555 018.7
12.26 9.52 560
13.54 11.09 608
0.2 PVBE 0.15 13.44 10.79 561 9185
13.34 10.59 560
12.85 10.89 505
0.1 PVBE 0.10 12.95 10.40 585 018.7
13.54 10.49 588
12.75 10.79 593
0.1 PVBE 0.15 12.16 10.20 565 918.5
11.28 0.42 577
PVBE
(30%)+ 13.63 11.09 612
0.2 Risdla-33 0.15 12.26 10.40 555 918.3
(70%) 11.48 0.01 550
PVBE
(30%)+ 12.36 10.11 570
0.2 Risdla-33 0.10 12.46 9.01 563 918.3
(70%) 12.75 0.01 580
PVBE
(70%)+ 13.34 10.69 585
0.1 Risdla-33 0.10 12.95 0.01 577 9185
(30%) 12.26 0.01 595
PVBE
(70%)+ 1354 10.40 603
0.1 Risdla-33 0.15 12.85 10.20 600 918.3
(30%) 12.36 0.01 593
201 makes worse properties of polyethylene Sulyma |.V.— Ph.D. student of Department of General
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H.B. H_[Manbuepl, M.L erTOBs, A.M. 3a1301711<04, O.B. Ky3H1HHH1

IIpoOsiema BUOOPY Ta BJIACTUBOCTE MACTWIBLHUX MaTepiaaiB s
eTeJIEHOBUX KOMIIPeCOpPiB HAABMCOKOI0 TUCKY. 5. CyMicHiCTH 0J1HB 3
NOJIieTHJICHOM

Ypukapnamcoruii nayionanemui yrisepcumem imeni Bacuns Cmeganuka, syn. Illesuenxa, 57, m. Ieano-®panxiscok, 76018,

VYkpaina
2Xmenvruyoruti nayionaneruti yrisepcumem, yi. Incmumymecoia, 11, m. Xvensnuyoxuii, 29016, Vpaina
3BO «d30m» m.ITpoono, Pecnybnixa Binopyce.
*Hayxoso-oocaionui incmumym «/TenHU xummauw» m.Canxm-Ilemepbype, Pociticoka Dedepayis

JlociikeHO TEXHOJOTII0 OTPUMAHHS Ta BIIACTUBOCTI €THICHOBHX KOMITO3UIIK 3 PI3HMM BMICTOM MacCTHII
BcepeauHi. [Toka3aHo B'I3K0-MeXaHi4YHI BIACTUBOCTI MOMiETIWICHY IPH JI0laBaHHI Pi3HOI KUIBKOCTI MacTHIIbHHUX
MatepianiB. [IpuBeneHi pe3yabTaTH JOCTIDKEHb (Di3MKO-MEXaHIYHMX Ta MiCIEKTPHYHUX BJIACTUBOCTEH
TONTieTHIICHY, 110 CHHTE30BaHUI PU Ha/IXO/PKEHHI HaTEHOBOT0 Macia, 3 pofaaBaHHsM 0,15% pi3Hux MacTwi Ta
TEPMOOKCHIAHTIB.

KirouoBi cooBa: momiermiieH, MacTHia, KOMIIO3MMIi, IONITJIIKOMI, Ji€JIEKTPUYHI BJIACTUBOCTI,
TEPMOOKCHIAHTH, KOMIIPECOPH.
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B crarti onmcano croci0 BUMiprOBaHHsS KOHLIEHTpaUil PiBHS IJIIOKO3M B KPOBI JIIOJMHH HEIHBa3MBHUM
METOZOM 3 BHKOPHUCTaHHAM ONTHYHOI TEXHIKM OMKHBOrO iH(padepBOHOrO BHUIPOMIHIOBAaHHS. Y MEIUUHIi
MPAKTHUL KOHLEHTpALlisl INIIOKO3M B KPOBI y OUIBIIOCTI BHUNAJKIB BUMIPIOETbCS 1HBa3MBHUMM METOAAMH, IO
nependavaroTs 3a0ip KpoBi 3 NMajblsl UM BEHH, B TOW 4ac, K HEIHBA3MBHI NPUCTPOi BU3HAYCHHsI PIBHSA INIIOKO3H
JIOB30JISIOTH ONEpaTUBHE BUMIpIOBaHHS PiBHA Oe3 3a00py KpoBi. [HBa3MBHI METOIM € NOPOrMMH Ta OONFOUMMH.
Yacre NpOKOIIOBaHHS NaNbLiB BUKIMKAE MO30J1 Ha LIKIpi, a TaKoX 301JblIye PU3MK MOIIMPEHHS iH(eKIiiHIX
3aXBOPIOBaHb. TAKUM YMHOM, PO3POOKa CUCTEMH HEIHBa3UBHOI'O BUMIPIOBaHHS IUIFOKO3HU B KPOBi OyJie KOPHCHOIO
JUIL XBOPMX Ha IykpoBui niaber. HeinBa3uBHuMiI croci® BHMIprOBaHHS PIiBHS IJIIOKO3M B KpPOBI JIIOIMHU
IPYHTYEThCS HAa BHKOPHUCTaHHI 6e300iicHOI OonTHYHOI TexHomoril Ha 6a3i GunkHboOro iHdpauyepsoHoro (BIY)
BUIpOMiHIOBaHHs. [IpornoHOBaHa crcTeMa CKIafaeThesl 3 BUIPOMIHIOBAYIB CUTHANIIB JIOBXKHMHOMO XBHI 940 HM.
IIi onTuuHi CHUTHAIM HAJICWIAIOTBCA uepe3 MOUKY ByxXa, a IIPOMEHi, KOTpi npoimum ii, dikcyroTscs
(boToTpaH3UCTOPOM, PO3TALIOBAHUM Ha iHININ YyacTHHI npuiaxy. KoHueHTpauis IOKO3M B KPOBI BU3HAYA€THCS
LUIAXOM aHaJli3y Bapiallil iHTEeHCHBHOCTI OTPUMAaHOrO IIic/s MPOXOPKEHHS CUI'HAly. Pe3ynbTaT, oTpuMaHi Bif
PO3po0IIeHOi CUCTEMH, MOKa3ylOTh AOLUIbHICTh BUKOPUCTaHHS HeiHBa3MBHOro Meroxy BIY mist MoHiTOpHHTY
PIBHS IJIIOKO3M B KpoBi. TOYHICTH BUMIpIOBaHb 3allpONOHOBAHOI CHUCTEMH MO)Ke OyTH MHOKpalleHa MHUIIXOM

IHTEerpaIbHOr0 BUKOHAHHS il UyTJIMBHX Ta BUNPOMiHIOIOUMX eieMeHTiB Ha ocHoBi KHI KMOH-crpykTyp.
KirouoBi ciioBa: rimoko3a B KpoBi, aiadet, OiwkHINA iHppadepBonuid, HeinBasuBHui Meron, KHI KMOH-

CTPYKTYpH.

Cmamms nocmynuna 0o pedakyii 08.10.2017; npuiinama oo opyky 05.12.2017.

Beryn

IykpoBuii miaber - 1€ TUO METAOONIYHHUX
3aXBOPIOBaHb, PH SIKOMY BMICT TJIFOKO3H B KpOBi (IIyKpY
B KpOBi) B OpraHi3Mi JIOJIMHH CYTTEBO 3pOCTaE abo €
MEHIIMM 332 HOPMaJbHUH piBeHb. 3OUTbIICHHS PiBHS
IYKpY BiAOyBaeThCsA dYepe3 HeaJeKBaTHE BUPOOJICHHS
IHCYJIIHY B KJIITHHaX KpOBi, a00 11e MoXe OyTH TOB's13aHO
3 HEHAJIE)KHOI0 PEaKIi€l0 KIITHH OpraHi3My Ha iHCYIiH.
Jiaber Moke TPHU3BECTH N0 CEPHO3HUX YCKIIAIHEHb,
Hamp., - cepleBa HEIOCTATHICTh 1 CIIIIIOTAa B OpPraHi3Mi
mroquan  [2]. ToMmy perynspHHIA MOHITOPHHT piBHS
TIIIOKO3HU € aKTYaJIbHOIO MPOOIEMOIO.

Jns  edextuBHOrO IikyBaHHS [ia0eTy mallieHTH
TIOBUHHI TIEPiOINYHO BUMIPATH PiBEHB INIIOKO3U B KPOBI
3-5 pasziB Ha JcHb, a0 HAOWpPATH CTATHCTHYHI MIaHI
yrpomoBxk nodu. B pmanmit wac mromm 3 giaberom
BHUKOPHCTOBYIOTh ~ 1HBAa3WBHHIl  IHCTPYMEHT  JUIs
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IHWBIAYyaIbHUX BHMIpIOBaHb - MIOPTaTUBHI
TJIIOKOMETPH.
HeinBasuBHI ~ METOAM  MOHITOPHHTY  TJIFOKO3HU

3MCHIIYIOTh TPYIHOII, TOB'S3aHi 3 BUMIPIOBAHHIM
TJIIOKO3M, 1, OTXKE, 3HWXKYIOTh BapTiCTh MEIUYHOTO
oOciyroByBaHHsl. HeiHBa3WBHHMII MeETO] BUMIpPIOBaHHS
rimoko3H, sk [Y crextpockorisi, HaOyBae TOMMPEHHS 3
pOKaMH, ajie IPUCYTHI Iie MPoOIeMH 3 TOYHICTIO TaAKUX
TIPUIIAIIB.

Y ommkHill iH)padepBoHi cmekrpockomii [3],
KJIITAHH TJIIOKO3U OyIyTh BUPOOJISATH HAMOUIBII CIaOKi
CUTHQJIM TIOTJIMHAHHSI B OpraHi3Mi JIFOMUHH, OCKUIBKH

IJIOKO3a € OJHHMM 3 OIOJIONYHHMX KOMIIOHEHTIB,
NPUCYTHIX ~ BCepeAMHi  JoAckkoro  Tima.  [lpwm
BuUMiptoBaHHI piBHA 1imoko3n BIY  cnekrpockormis

JIO3BOJISIE TIPOHUKATH CHTHAIAM BCEPEIMHY TKAaHWHH Ha
rmbuay B Mexax Big 1 mo 100 mimimerpi. ['nmubuna
NPOHUKHEHHSI ~ 3MEHIIYETHCS,  OCKUIBKM  3HAYEHHS
JIOBXKMHY XBHJII CUTHAJY 3011bIyeThes Ha [4, 5.
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|. TlpuHIMN HeiHBA3MBHOIO
BUMIPIOBAHHS PiBHA IVIIOKO3U B
KpOBi

Ilpu B3aeMoii CBITJIOBOrO MPOMEHS 3 TKAHHMHAMHU
JIIOZICHKOT'O TiJIa, BiH OCTIA0JISE€THCS PO3CITHHIM, a TAKOXK

MOTVIMHAHHAM ~ TKaHMHAMU. Yepe3  HEBIANOBITHICTH
MMOKAa3HWKA 3aJIOMJICHHS IIO3aKIITUHHOI pIIUHH Ta
KITHHHOI MeMOpaHM B  TKaHHMHaX  BiJOyBa€ThCs

poscitoBaHHsl cBiTia. [Hmexc pedpakiii MoO3aKiIiTHHHOI
PIIMHU 3aJIC)KUTh Bil KOHIICHTpAIi TJIIOKO3H, TOMI 5K
IHICKC KIITHHHOI MeMOpaHH BBa)KA€ThCS BiIHOCHO
moctiiauM  [6].  3akon  "Byrepa-JlamGepra-bepa"
(bopmyma 1) Bimirpae BaKIUBY pOJib Y BHMIpIOBaHHI
MOTJIMHAHHSA, SKHA TOBOPWTH, IO IOTJIMHAHHS CBITIIA
yepe3 OyIb-sKMH PO3YMH MPONOpPLIHHE KOHIEHTpAILii
pO3UMHY Ta JOBXHHI NUIAXY, MPOWICHHUX CBITIOBHUM
npomeneM [7].

Ha puc. 1. cxemMaTWyHO TOKa3aHO €(PEKT BIUIUBY
MOJIEKYNT TJIIOKO3M Ha CBiToBHH muisx [3-5]. Memmra
KUIBKICTh ~ TJIFOKO3W  MPHU3BOAMTH IO  MEHIIOIO
pO3CifOBaHHSA, MEHIIOI JOBXHHHA IUIIXYy 1, OTKeE,
MEHIIIOr0 TOTJIMHAHHS, TOMI SK OUIbIIe TKAHUH TITFOKO3H
MPU3BOAWTL JO OUIBIIOrO PO3CIIOBaHHs], OLIBIION
MOBXKUHHM ONTHYHOTO NUIAXY 1, OTXKE, OUIBIIOro
MTOTVIMHAHHS TKAHUHU.

Uepes Outbiry aOCOpOIiI0 Y BUCOKIH KOHIIGHTpAITT
TJIIOKO3M BiJIOWTE CBITJIIO Ma€ MEHINY iHTCHCHBHICTH B
MOPIBHAHHI 3 TKAHMHAMU 3 MCHIIIMM BMICTOM TJIFOKO3H 1
BHU3HAYAETHCS CITiBBITHOIICHHSM:

1 = I ek, 1)
ne I,- THTeHCUBHICTh IIpOWAEHOro cBitia, I - magaroua
IHTCHCUBHICTh CBiTJa, d- JOBXXHHA ONTHYHOTO MUIAXY
BCEpPENMHI TKAaHUHH, C — KOE(IIi€HT TIIIOKO3H, KOTpUH
3aJIeKUTh BiJl KUIBKOCTI TJIIOKO3U B ONPOMIHIOIOYOMY
cepenoBuili. IIpoBiBmIM MaTeMaTH4Hi MEPETBOPEHHS i3
piBHAHHAM 1, OTpUMAaeMO BHpa3, [UIS BU3HAYCHHS
KOHIICHTPAIIi TJIIOKO3U:

_ In()-In(lo)
T —ka 2

[Micns 3amian a = kd, ne @ — Aeskuil KoeQillieHT
0CcOo0HUCTOCTI, KA Oyne 1HIUBIAyaJbHO
pO3paxoByBaTHCh 1  3allpOrpaMOBYBaTHCh,  MpH
BIUTATO/DKEHHI ~ POOOTH  HEIHBA3WBHOIO  IPUCTPOIO
BUMIpPIOBaHHS PiBHS TNIIOKO3HM B KpoBi. Toni piBHSIHHS 2
HaOy/ie BUTIIAY:

QRIS
IHTeHCHBHE
CBITIIO

CaitoBHit
MPOMiHb

MeHIIle IIIIOKO3H B TKAHHHI

CaitoBHI

NPOMIHB MeHII

IHTEHCHBHE
CBITIIO

GlIblIIe ITIOKO3H B TKAHHHI
Puc. 1. Mogens B3aeMOIi OJKHBOTO

iH(ppaYepPBOHOI'0 BHIPOMIHIOBAHHS 3 MOJIEKYIaMHU
TJIFOKO3H.
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c= ln(I)—ln(IO),

— 3

OTKe, BUXOASYM i3 BUpa3zy 3, KOHIIEHTpalisl pPiBHS

IVIIOKO3W B KPOBI  3alIKUTh B  IHTEHCHBHOCTI

Malalouoro Ta TPOHAEHOr0 BUIIPOMIHIOBAaHHS, HeE

BKIIIOYalO4M  KoeilmieHT  0COOHMCTOCTi,  KOTpUH

00paxoBYeTbCA  TIJIBKM  OOUH  pa3, 1  IOTIM
BHUKOPHCTOBYETHCS SIK MOCTIi{HA BEJTHMYHMHA.

[1. Ob6rpynTyBaHHs BUOOPY NOB:KMHHI
XBHJIi BUIIPOMIHIOKYOT 0 CBITJI0XiONY

Ceimio B gmiamazoni Big 700mM g0 2500 am
MOTparuisie B 00JIAaCTh  OJNIMKHBOTO  iH(PauepBOHOTO
BHITPOMIHIOBaHHS, 1[0 B3aEMOJII€ 3 TKAHUHOIO 3 HU3BKHM
eHepreTnyHuM BunpomiHoBaHHsIM. Bin 600 am mo 1300
HM PO3IJISIAETHCS K ONMIKHE iH(ppadepBoHE BikHO [8],
SIKE TAKOX BiJIOME K TepaneBTUYHE a00 ONTHYHE BIKHO.
Jliama3oH MOBXXWUH XBWJIb, 1€ CBITIO Ma€ MaKCHMaJbHY
IIMOMHY TPOHUKHEHHS B TKAHWHY, HA3MBA€ThCS
"IndpauepBone BikHO".

I'mroko3a Mae miky MOTVIMHAHHS CBIT/Ia Ha JOBKHHAX
xBwib 940 um, 970 um, 1197 amM, 1408 umMm, 1536 nmMm,
1688 um, 1925 um, 2100 um, 2261 M i 2326 um [1], ane
npu jgopxuHi xBwi 940 HM oCNaGJICHHS ONTHUYHHUX
CUTHAIIB IHIIMMU KOMIIOHCHTAMH KpOBi, TaKUMH SK
BOJa, TPOMOOIIMTH, CPUTPOIUTH 1 T. A. € MIHIMAILHUM
[6], omke, Ha nomxuHi xBwiai 940 HM Moke OyTH
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JnocsirHyTa OakaHa TNMOWHA TNPOHMKHEHHS, 1 MOXHa
MPOTHO3YBAaTH 1 BH3HA4YaTH (AKTUUHY KOHIEHTpAIIO
TJTIOKO3H.

Haii6inpin onTUManbHO HEIHBA3WBHE BHUMIPIOBAHHS
PiBHS TJIIOKO3W B KpPOBI TPOBOIUTH 32 JIOIMOMOTOIO
MEPCOHAIBHOI BYIITHOI KJIICH, IO CKJIATAETHCS i3 TBOX
€JIEMEHTIB BHUITPOMIHIOIOUOTO  CBITJIOAIONAa  Ta
¢doroTpaH3zucTOpa, KA BHITPOMIHIOBAHHS i
TIOTJIMHAHHS, SIKUX € CYMICHHMH 13 IIKOM TOTJIMHAHHS
rimoko3n — 940 um. Ilix yac mpoBeneHHS AOCIIIKEHHS
Oyno cTBopeHO 4 mapW YyTJIMBUX €JIEMEHTIB, KOTpi B
CBOIO 4epry, JaBajlld pi3HI TIOPOTM YYTJIHBOCTI.
CeiTionmioqn Bcroau Oynu oxHakoBi - TSAL6100, a
HalKpaml YyTJIUBI XapaKTepUCTUKU Oylno OTPUMAaHO 3
¢dororpanzucropom - VEMD2000X01. Kpusi momxuH
XBWIb TOTJMHAHHS 1 BUIIPOMIHIOBaHHS 300pa)KeHO Ha
puc. 2.

[11.Ouinka BIUIMBY TeMIepaTypu Ha
TOYHICTh BUMIPIOBAHHSA PiBHSA
IJIIOKO3U B KPOBI

TemmepaTypHa 3a€XKHICTh, € OJHUAM i3 IMapaMeTpiB,
KOTpi CYTTE€BO BIUIMBAIOTh HAa TOYHICTH BHUMIpIOBaHb,
TOMY OJIHIEIO i3 BUMOT' JI0 TPOBE/ICHHS BUMIPIOBAaHHS €
CTaOlIBHICTh MoKas3y npuiany B MIEBHOM Y
TeMIIEPaTypHOMY Jiana3oHi, abo MIPOBEICHHS
BUMIpPIOBaHHS TIPH CTaOUIBHIN TEMIepaTypi.

[lpoBenenHss  BUMIpIOBaHHS 32  JIONIOMOTOIO
HEIHBa3WBHOI MEPCOHAIBHOI BYIIIHOI KIIICH, BHKIIOYAE
MPOBEACHHS BUMIPIOBaHb IIPU PI3HUX TEMIIEpaTypax,
OCKIJIbKM BUMIPIOBaHHS MPOBOASATHCS Oe3rocepeIHhO Ha
T JIFOAMHM 3 BiHOCHO CTaOUIBHOI TEMIIEPaTypOro,
KOTpa 3aJMIIAETHCS CTAJNOK0 MPOTSATOM  TPUBAJIOTO
nepiogy uacy. Takox mpu NpOBEAEHHI BUMIPIOBaHb 3a
JIOTIOMOT'OF0 [T€PCOHANILHOT BYIITHOI KIIITIICH, 32 PaxyHOK
TEIUIO0OMIiHY, TeMmIleparypa MpUIady BCTaHOBIIOETHCS
TAKOIO X SIK 1 TEMIepaTypa MOYKH ByXa, i METOJIaMH, 1110
€ TIepEeBaroo, B MOPIBHIHHI 13 iHBa3UBHUMU. {11 OIIHKH
BIUIMBY TEMIIEpaTypd Ha TOYHICTH BHMIPIOBaHb 3
BUKOPHCTAHHSIM IOPTATUBHOTO 1HBa3WBHOI'O HPHUCTPOIO
BUMIDIOBAaHHSI PIiBHS TJIIOKO3U B KpoBi Bionime
RightTest GM-110 6ys10 mpoBeneHO cepito BUMipIOBaHb
JUId  pI3HUX TeMmmeparyp. Pe3ynbraTH BUMIpIOBaHb

Taoauus 1
3aJIe)KHICTh TIOKa3iB 1HBa3MBHOTO TJIFOKOMETpPa BiX
TEMIIepaTypy HABKOJIHMITHLOI'O CEPEIOBHIIA

Temneparypa | Ilokasu
Iarmienr Ianens BUMIPIOBAHHS | HpHIaxy
(T °C) (mmos1/i)
Oe3iMeHHui 23 13,9
IMarmient nmajenp 36 16,1
No 1 17 18,9
cepenHii 21 20,0
najenb 35 18,2
22 47
ITamient | Oe3iMeHHMIA 32 51
Ne 2 naJjerp 30 53
17 53
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HaBeeHOo B Tabmu 1.

3anexHicTh TOKa3iB  IMOPTATHBHUX IHBa3HMBHHUX
MIPUCTPOIB JJIsl BAMIPIOBaHHS PiBHS IJIIOKO3H B KPOBI Bij
TEeMIlepaTypyd TpHiIamy, 1 BIAMOBIIHO, TEMIIEpaTypH
MIPOXOKEHHS eJIEKTPOXIMIYHMX peakiliid, HaBeJAeHO Ha

puc. 3. Ockinbku  IepcoHaJbHAa  BYIIHa  KJIiIca
CKJIaIA€ThCA 13  BHUIPOMIHIOIOYOTO CBITIIOAIONA Ta
¢doroTpaH3ucTOpa Ha TCBHIM JOBXKHUHI  XBWI, 1i

TeMIepaTypHa 3aJCKHICTH MOXKHA TPHUPIBHATH 10
TEMIIePaTYPHOI 3aJIC)KHOCTI CJIEMEHTIB, KOTPi BXOIATH 10
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Puc. 3. Temnepatypu IIPOXOJUKEHHS

€JIeKTPOXIMIYHUX PEaKIIii.
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Puc. 5. TemmnepatypHi XapaKTPEePUCTHKU
¢doroTpaHzucTopa.
11 cKIIamy.
3aieKHICTE  POOOTH  JaHUX  CJIEMEHTIB  BiX

TeMIIepaTypHy HaBeAeHO Ha puc 4 Ta puc. 5.
SIK BUIHO i3 TEMIEpaTypHUX 3aJeKHOCTEH TaHHX
eJIeMEHTIB B iHTepBai pobounx Temiepatyp (20 - 40 °C)

BUPOOHMKOM TapaHTYeThcsi cTaliipHAa pobdoTa IHX
€JIEMEHTIB.
BucHoBku

[IpoananizoBaHO  0OCOOJMBOCTI  iH(PAUESPBOHOTO

OIITHYHOTO METOAY, IO 0a3yeThcsi Ha HEIHBa3WBHOMY
BUMIpPIOBaHHI TJIIOKO3M B KpOBi. Xopolla KOpensis

CIIOCTEpITa€ThCSI MK ~ BHMipaMH — TJIIOKOMETpa  Ta
pO3pO0JIEHUMH  CHUCTEMHHUMH BHUMipaMu. Otpumani
pe3ynbTaTu TaKOX MOKa3yIoTh JIOLJIBHICTD

BHUKOPUCTAHHS HEIHBAa3WMBHOI METOIMKH BHMIPIOBAHHS
TVIIOKO3W B KpoBi Ha ocHoBi BIU. [y mokpaiieHHS
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MMoBipHWIA NOKa3HMK pPiBHA FNHOKO3M B KPOBI
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IHTEHCMBHICTb CBiTNa NicnA
NPOXOAKEHHS MOYKM ByXa

Puc. 6. 3amexHicTh KoedillieHTa TJIIOKO3U Bif
IHTEHCHBHOCTI ITPOWJICHOT0 KPi3h MOYKY ByXa CBITJIA.

MPOAYKTUBHOCTI 1 TOYHOCTI CHUCTEMU MEPCIEKTUBHUM
BUAAETBCS PO3po0Ka BIATIOBIZHOI MiKpOCHCTEMH-Ha-
KpHCTall 3 iHTerpaJbHUM BUKOHAHHSM 3 BUKOPHCTAHHAM
KHI KMOH-ctpyxTyp [9].

Ha ocHOBi mpoaHamizoBaHOi eleMEHTHOI 0asu
pO3pOOTCHUI 1 BHUTOTOBICHHH —eKCIIEPHUMEHTATBHHM
3pa3oK MOPTATUBHOTO MPUCTPOIO ISl BUMIPIOBAHHS PiHS
TJIIOKO3M B KPOBI 32 JIOOMOT'O0 HEiHBAa3WBHOI ONTHYHOT
TEXHIKH OJIMKHBOTO 1H(PaYepBOHOI'O BUIIPOMIHIOBAHHS.
MIiKpOKOHTpOJIEp 3alporpaMOBaHUi Ha OCHOBI PiBHSHHS
perpecii  (3). Lle piBHAHHA (QOpPMYeThCS Tak, IIO
KOHLIEHTPALII IO TIIIOKO3M MOYKHA BUMIPSITH HEIHBa3HBHO.

Ha 6a3i po3po0iieHOro HaMu MPOTOTHITY HMPUCTPOIO
JUTSl HEIHBa3MBHOTO KOHTPOJIFO PiBHS TJIFOKO3H B KPOBI a
TAKOX 3TiJHO i3 BHU3HAYEHHX 3alieKHOCTEH (Bupas 3)
Oyii0 moOymoBaHO TpadivHi 3aJeKHOCTI IS MPOMIKKY

3HAYCHb IHTCHCHBHOCTI Ta 3aJaHoro KkoedillieHTa
ocobucrocTi (x =0.02) - mixibpaHuit
eKCIIepUMEHTANBHO (pHc. 6).

Komux M.B. — acnipanT kadeapu imKeHepii Ta
€JIEKTPOHIKH;

Kocym I.T. — nokTOp TEXHIYHMX HAyK, IHpodecop

Kadenpy IHKeHepii Ta eNeKTPOHIKH;
Caghpyp X.I. — crymentka |V kypcy MexaHiko-
MaTeMaTHYHOrO (haKyIbTeTy.
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The article describes a method for measuring the concentration of glucose in human blood by non-invasive
method using near-infrared optica technology. In medical practice, glucose concentration in the blood in most
cases is measured by invasive methods involving the collection of blood from the finger or vein, while non-
invasive devices for determining the level of glucose preserve the operational measurement of blood-borne levels.
Invasive methods are expensive and painful. Frequent piercing of fingers causes corns on the skin, and aso
increases the risk of spreading infectious diseases. Thus, the development of a system of non-invasive
measurement of glucose in the blood will be useful for patients with diabetes mdlitus. Non-invasive way of
measuring glucose levels in human blood is based on the use of pain-free optical technology based on near-
infrared (BIC) radiation. The proposed system consists of emitters of signals with awavelength of 940 nm. These
optical signals are sent through the earlobe, and the rays passing through it are fixed by a phototransistor located
on ancther part of the device. The concentration of glucose in the blood is determined by analyzing the intensity
variation obtained after passing the signal. The results obtained from the devel oped system show the feasibility of
using a non-invasive BIC method for monitoring blood glucose levels. The accuracy of the measurements of the
proposed system can be improved by integrating its sensitive and emitting elements based on the SOI of the
CMOS structures.

Keywor ds: blood glucose, diabetes, near-infrared, noninvasive method SOl CM OS-structure.
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Oco00,IMBOCTI CUTHAJIBHOI CHCTEMH ABTOMATH30BAHOI0 IPOECKTYBAHHS
NepeTBOPHBAYiB YACTOTH - CUCTEM HAJIBHCOKHUX YACTOT

Tpuxapnamcoxuii nayionanvhuti ynisepcumem imeni Bacuns Cmeghanuxa, eyn. Lllesuenka, 57, leano-@pankiscok, 76018,
Vxpaina, e-mail:iraabramova359@gmail.com

B pamiii crarri mpoBeNeHO aHalmi3 1 BHKIAQAEHO CyYacHI OCHOBH TeOpil CHUTHAIBHOI CHCTEMH
aBTOMATH30BaHOTO IPOEKTYBAaHHS IIPH IIEPETBOPEHHI YaCTOTH Ha HEB3aEMHOMY €JICKTPOHHOMY MpWiIaai —
TPaH3UCTOPI HAJJBUCOKKX 4acTOT. KpiM TOro, po3risHyTi CXeMOTEXHIUHI BapiaHTH MEpPeTBOPIOBAYIB YACTOTH Ha
MONIbOBUX Ta OIMOMSIpHUX TpaH3ucropax, miogax Iortki (Bapukamax); BHKJIaJeHAa CHIHAJIbHA TEOpist
TPaH3UCTOPHUX 1 JIOJHUX IIEPETBOPIOBAYIB YAaCTOTH: PE3UCTHBHUX 1 €MHICHUX. CXEMOTEXHIYHI BHKOHAHHS
MIepETBOPIOBAYiB YaCTOTH IPE/CTABISIIOTh BapiaHTH CHUTHAIBHOI CUCTEMH aBTOMAaTH30BAHOI'O IPOEKTYBAHHS Ha

HaJIBUCOKHX 4acTOTaXx.
Kirouosi  cioBa:
MiKpOIpoLecopu.

nepersoptoBaui  HBY,

I10JIBOBI,

6inomsipui, CAIIP, ®yp’e-neperBopeHHs,

Cmamms nocmynuna 0o pedakyii 14.09.2017; npuiinsama oo opyky 05.12.2017.

Beryn

B iHpopMariitHoMy TPaKTi (IT)
TEJIEKOMYHIKAI[IfHUX CHUCTEM 3MiMCHIOETHCS OCHOBHA
00poOKa CHUTHAJIIB 3 METOI BHJUJICHHS, IO MiCTHUTHCS B
HboMy, iHGbopMmamii (memomyssiii) 1 mocmabieHHsS
BIUIMBY 3aBajA. [Ipy IIbOMYy BaXKIIMBOIO 3aJauci0 €
BUAIJICHHs iHQOpMAaIii 3 MaKCUMaJIbHOIO JIOCTOBIpHICTIO
— TaK 3BaHUM onTuMmanbHe NpuiiManHA. {18 1pOro B
Buknazi [T nependavaioTh onTUManbHUHA (LIBTP, JTAHKA
MICISIETEKTOPHOT ~ OOpOOKH,  CIIJIKYIO4i  CHCTEMH
YaCTOTHOTO i ¢azoBoro aBTOMAaTHYHOTO
ITiIHANIAIITYBaHHS YacTOTH, II0 BHKOPUCTOBYETHCS IS
JIEMOIYJISALIT CHUTHAIly, a TakoX I HOro IOUIyKy i
CYNpPOBOIKEHHSI 32 YaCTOTOO, (ha3010 i 3aTpuMKo0. TyT
MIepeTBOPIOBaYi YaCTOTH BiJIITPalOTh YK€ BAXKIIUBY POJIb

B Ollepalisix NpUAMaHHSA YU TepeAadi CUTHay, sKi i
BusHauvae curnaigbaa CAIIP, Ha 0coOIUBOCTAX SIKOI MU 1
3YIMHUMOCH B JaHIN CTaTTi.

I. IlepeTBOprOBavi yacToTH! i
napaMeTpuyHi miacWiIKBayi

IMeperBoproBaui uactoru ([TY) mnpusHaueni mis
MEPEHOCY CICKTpa paJioCHrHany i3 onHiel obmacTi
paznioyacToTHOrO Aiana3oHy B iHIIy. Take nepeHeceHHs
CHEeKTpa TMOBHHHO TMPOXOMUTH O€3 3MiHM BHIY 1

mapamerpiB  MoOAyJAlii, ToOTo miHiitHO  (pHc. 1).
IlepeTBOpeHHsSI YacTOTH  MOXIHBE B  PE3yNIbTaTi
MIEPEMHOXKECHHS JBOX HATPYT.

OnHum 3 HUX €  [pudHATH] CUTHAI

Hpux

[ l"
o= (AN Dy

yacrotu __“_nux W %
] 2

np
(Jr

np
0,5mUpp 0,5mUpp

fl,[,—/“ fup jx;p‘Tf

Puc. 1. [TepeTBoproBaY 4acTOTH 1 CHIEKTpa BX1THOTO CUT'HATY Y BUX1THHH.
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U,=U.cos(w;t +¢.), a nOpyrum —  Hampyra
JIONIOMDKHOT'O TeHepaTopa, Mo GpopMyeThesl B pUHMayi
U, = Ucosw; t. Tomi mpu mepeMHOXKCHHI CHrHajga i
reTepoldHa MOSBIAIOTHCI TaK 3BaHI  KOMOIHAIi
CKJIaJIHUX YaCTOT:

= 05U, U.[(w, = w)t £ ¢,]

OxnuH 3 HUX BUIUIAETHCS (QIIBTPOM 1 Ha3UBAETHCS
Hanpyrow mpomixHoi wacrotu Uy, = Unpcos(wnpt +
(pnp). Sx Oaummo, TakMi TpHiiMad Hampyr MO)KHA
peanmizyBaTH 3a JOIOMOIOI0 HENIHIHHMX JIAHOK 3
NepioAMYHNX 3MIHHHUX TapaMeTpiB MiJ Ji€l0 reHeparopa.
B pomi HeniHifHUX a00 MapaMeTpUYHUX EINEMEHTIB, SIKi
HAa3WBAIOTh 3MillyBayaM, ChOTOJHI BUKOPHCTOBYIOTH
TPaH3UCTOPH B JUCKpETHOMY a0o0 iHTerpajsbHOMY
BUKOHAHHI 1 A101H.

Curnan Ha BXOJi 3MilllyBaya TIOBHHEH OYTH MaJliM,
o0 HeNiHIHHICTE HOro XapakTepUCTHKU He MPHBOIUIIA
JI0 3aMITHHX CIIOTBOPEHb CHUTHANy, L0 HPUAMAETHCS.
Hampyra rerepoanHa TEpBHHHO € BEIUKOIO, TOMY
MPOBIHICTh 3MillIyBada 3MIHIOETHCSA 33 3aKOHOM 3MIiHH
Hanpyru rerepousa (puc. 2).

3BHYAHO, HOTO0 MOXKHA MTOJIATH PSIOM BUpa3iB!

921 (t) = G + 2, 6P cosRw t, &)

k . " . . .
ne 02(1)_ ammtityqa K-oi TrapMOHIKM —TIPOBimHOCTI
e . ~(0 .
HeJiHIHHOTO eJ'IEMEHTa,Gz(l) — TIOCTiMHAa CcKiI1agoBa
MIPOBIiTHOCTI.

Crpym Ha BuxoAi 3MmimyBada | = Op(t)Ue.
[MigcraBnsroun 3HayeHHs () i U, orpumaemo Taky

3aJIEXKHICTh:
i= G(O)U ccos(w.t + @)+

+05%%, cz(’ﬁuccos[(kw, + w )t + @] 2

I3 maHoro BHpasy BHIHO, 1[0 KOMOIHAIIIHI CKJIaI0BI
(kw, £ w,) TOABIAIOTLCS BHACTIAOK 3MiHM MPOBiAHOCTI
Herminiiinoro ememenra (HE) mnpu gii  Hampyru
rerepoadHa. BoHM MaloTh TaKOXK CTPYKTYPY, fK |1
BUXigHMi cursain. [Toctifina ckianosa nposigsocti G¥py
HE Jla€ TePETBOPCHHS YaCTOTH. AHAJIOTIYHI PE3yJIbTaTH
MOJIyYaroThCs MPH 3MiHI €MHOCTI 3MIlllyBada MiJ Ii€l0
HAIIPYTH TeTEPOIMHA.

OcHOBHUMHM TMOKa3HUKaMu skocTi [T e: xoedirieHT
MiJCWICHHSA 3a HANpPYyrow 1 TOTYXHICTIO, Mdiama3oH
pobouux dyacToT, BHUOIPKOBICTH, KOE(]ILiEHT IIyMYy,
CIIOTBOPEHHS, CTIHKICTh, HAMiiHICTh. BOHM € aHAIOTIYHI
MMOKAa3HUKAaM PE30HAHCHHX ITiJICHIIOBAYIB, TPOTE MESKI 3
HUX  MaloThb  OCOOJHMBOCTI  XapakTepHI  PEXUMY
MEPETBOPCHHS 4acTOTH. Hampukian, Ha BiAMIHY BiX
migcunoBayis B IIY Marore Mmiclie NOOIYHI KaHaIU
NpuiiMaHHs, SIKi MOTiPIIYIOTh IX BUOIPKOBI BJIaCTHBOCTI 1
3aCTaBIISIIOTh IPUIMATH TIEBHI CXEMOTEXHIYHI PIllICHHS.

Il. Teopist nepeTBOPeHHs YACTOTH HA
HEB32€EMHOMY €JIeKTPOHHOMY
npuJjagi

V3aranpHeHa cTpykTypHa cxema IIY momana Ha
puc. 3. Bin cknmamaetbes i3 HeminiiHoro enementa (HE)
— 3MimyBava, ¢imbrpa mpomixHoi wactotu (PITY) Ta
rerepoauna ().

CaM 3MilryBa4 MOXKHa MOJaTd G-TIONMIOCHUKOM, Ha
SIKMH TIOJIAIOTHCSI Hampyra neperBoproyoro curHana Ug i
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rereponuHa U,, a Ha BUXOMI BHUIUIAETHCS HANpyra BXKe
npoMikHoi wacrotn U,,. B mnomamemomy mnomaHHi
Heminiitai Matepianu (HE) pasom 3 rerepomutom Gynaemo
Ha3uBaTH neperBoprorounmM enementoM (I1E).

Hanpyru curnana i mpoMi>KHOT 9aCTOTH € MEHIITUM
HANpPYTH TeTepOo/IMHa, TOMY MOXKEMO BBaXKaTH, IO
npoBifgHicth HE 3MiHIOETBCS TUTBKH i Ai€I0 HAIPYTH
rereponuHa. lle mo3Bonse 3actocyBatd mo aHamiza [14
MPOCTHI METOJ| Teopii HENMHIHHUX KUI: CTPYMH B KOJax
3MinryBaya sK (YHKUIT MiABEJEHUX HANpyr MO)KHA
MOAATH Y BUTIIAAI po3nany B psiau Teitopa mo creneHsm
MaJMX Hampyr 3 BiAKMIAHHAM WICHIB Py 3 BUCOKUMHU
CTCTICHAMU.

[pencraBumo BXimuuil 1 Buximauii ctpymu IIE vy
Burmaai ¢yskuii ip = f1(U,, U, U,,); 1= (U, UgU,,);
sIKI BHM3HAYAIOThCS CTATHYHHMH — XapaKTEPUCTHKAMH
3MilllyBa4ya 1 PeKUMOM #oro podotu. J[1s BuUBEIeHHS
PIBHSHHSI PSMOTO MIEPETBOPCHHS BUKOPUCTAEMO BUPA3H
CTPYMIB i1 Ta iy SIK (QyHKIUIT HANIPYT 1 PO3KIAIEMO B DS
Tetinopa 3a crenensmu Mamux U i Up,, 0OMexuBIIHCH
YJIeHaMH PO3KJIa [y HE BHIIE TIEPLIOTo MOPSIKY:

fZ(U ) + afz(Ur) afz(Ur) U +. (3)

TyT TepIuii z[oz[aHOK npez[CTaBnﬂe 006010 CKJIaJIOBY
CTpyMy 3MilllyBaya MiJ €0 HAMPYTH T€TEPOMUHY ip,=
fo(U,). et cTpym He MICTUTh KOMOiHAIIHHUX
CKJIJIOBHX, @ Ma€ TUIbKM KOMIIOHEHTH 3 YacCTOTOIO

reTepojMHa 1 HOro rapMoOHIK.
fz( Ur)

IoximHa —=—¢ naudepeHIiaTbHOI NPOBIJHICTIO

(KkpyTH3HOIO) HpHMOI nii TT4 nyist Hanpyru curHaiy, siky
MO3HAYMUMO 4epe3 Op;. BoHa mepionuyHO 3MIHIOETHCS 3

g"[

Puc. 2. 3anexHicTh NPOBITHOCTI 3MilllyBaya Bij
HAIPYTU TeTepPOIUHA.

B
l :

|
|
|

Puc. 3. CtpykTypHa cxema IepeTBOproBaya 4acTOTH
Ha HEB3aEMHOMY IIEPETBOPIOIOYOMY €JIEMEHTI.
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YaCTOTOI0 Te€TEPOJMHA 1 MOKe OyTH IoJaHa pPsIoM
, . afy(U
®yp'e. pyra noxinHa % MIPE/ICTaBIIsIE COOOI0 BXKE
np
nudepeHIianbHy BUXiIHY MpoBimHicTe I[TH gy, sKYy
TAKOX MOYKHA mojgaTH psaom DOyp'e:
—_ (0 )
922 = Gy, + X7, Gy, coskw,t, 4
ne G9,, — mocriiiHa cknanoBa BUMAIKOBOL IIPOBITHOCTI

sminryBaya  (cepeaHe 3HAYEHHS Oy 3@  [EPIOT

. ) R . .
rerepomunnoi  Hanpyrn); GUy — ammiityza R-of
TapMOHIKM BHXIJIHOI MpPOBiAHOCTI. 3 BpaxyBaHHSIM

NPUIHATHX TO3HAYCHb BEJIMYMHA CTPYMY i, MOXKe OyTH
MoIaHa BUPa30M:
i2=1 2O Ut OooUnp, (5)

[epexoasiunt 10 KOMIUIEKCHUX aMILIITYHl, BUpa3 [Uis
CTpYMY i,, MOKHA IIOJaTH.

I, =05600, + 60, (6)
I, =056PU, +6cQu (6
p ! 21 ~c¢ 22 Ymp

Tyr U, = U.e%¢; Uy, = Uye'®w - xommurexchi
aMIUTITYI HaIlpyr CHTHaja 1 IpOoMiXKHOI yacToTh. Yepes
U, = U,e /%cno3nauena
ammmrityga Ue.

Bupas (6) € piBHSHHS NPSIMOrO MEPETBOPEHHS
inBeptytouoro IIY, B skoro OOKOBI cMyrum TpHu
MEpEeTBOPEHHI ~ MIHSIOTBCS  MICIIMH:  HIDKHS ~ CTae
BEPXHbBOIO, & BepXHs HIKHBOIO (puc. 4, 6).

Iepmmit momaHoxk B (6") xapakrepusye Mpolec

KOMIIJIEKCHO-CIIPOMOXKHa

MEpEeTBOPEHHSI 4acTOTH, a Jpyruid oOyMOBIIEHHH
peakui€ro HaBaHTA)KEHHS. Koeoimient
MPOMOPIIOHATBFHOCTI MK ~ aMIUTITYIOK0  BHXIJHOTO

CTpyMy MPOMDDKHOI YACTOTH 1 aMIUIITYAO0K Hampyru
BximHoro curHany mnpu C.3 Ha BUXOJl Ha3WUBAIOTh
KPYTH3HOIO MEPETBOPEHHS:

fnp

Buximna mnpoignicte ITY npu C3 Ha Bxomi

BU3HAYAETHCSI  TMOCTIHHOIO  CKJIAJOBOI0  BHXIJHOI
MPOBITHOCTI ~ 3MilllyBaya, 3MIHIOETBCS — MiJ  JII€I0
reTepojrHa;

Inp
U
GZan = Gz((z)) = ULCP = O! (7I)

Sxmo 3MminryBad Mae HENHIHHY MPOBIAHICTH
obepHenoi naii, To B IIU mopsx i3 npsmum Oyne i
o0OepHeHe TepeTBOpeHHs. BoHO momsirae B ToMmy, IO
SIKIO JI0 BUXITHHWX 3aTHCKAdiB 3MIlllyBava IPUKIaICHA
Hanpyra MpOMIXKHOI YacTOTH, TO TPH Aii TeTepOANHHOI
HANpYTrd Ha BXOJl OyJe MpOTiKaTd CTPYM 3 YacTOTOIO
CHUTHATY.

Jnst BUBEICHHS PIBHSHHS 00epHEHOT0
TIEpETBOPEHHS BUPA3 IS CTPYMY i1 TAKOXK PO3KIAIAI0Th
B pan Teitnopa mo U¢ i U,, oOMexyrounchk mTiHIHHIME
YJIeHAMH

. af1(Uy) df>(Uy) "
i = fAU)+ au, U+ 2Um (7

Awnanoriyno BBoaaTh nosHauenus i;=f1(U;) — ctpym
Ha BXOHI 3MilllyBaya MpHU MAil HAIPYrd TeTePOIMHA,

_ 9£(Uy) . . ..
911 = 5, mudepeHnianbHa BXiJHA TPOBIAHICTS,
c

Oz = 0f(U)/U,, — nudepeHuianeHa MpOBiAHICTH
BHYTpilmHboro obepuenoro 3B's3ky (03). [anbie,
MPEACTABIAIOUN Qg | Q1 panamu Pyp’€ aHATOTIYHO SIK 1
UL CTPYMY ip OTPUMA€EMO BHpAa3H I KOMIUIEKCHUX
aMILTITYT;

UHp + ...

i,=690,+056¥0,, 8)
npu w=Kowr + w,, 60  ®¢ = ©y, — Koy,
I =600, +056% Uy, (8"
mpu w. = Kw; — we Ile i € piBHAHHI 00EpPHEHOTO
mepeTBOpeHHss  aias  HeinmBepryiouoro  (8) rta

inBepryrouoro T4 (8").
KoeoimieHT mponopiioHaNbHOCTI MiX aMILTITYA0I0
CTPYMY 3 YaCTOTOIO CHT'Hajla Ha BXOJi ¢ 1 aMILTITY/I0I0

BIl,

VAR JtF ¥

BI1,

Sy

e I

Sty Jelethy

BIT,

— U —n = (k)
GZlnp - (]np =0= 015021 (7)
Sk OaunMoO, BOHa BHM3HAYAETHCS IIOJIOBUHOIO
aMIUTiTYM R-0i TapMOHIKM TPOBIAHOCTI MPSIMOA.
BII,
L o L
a)
BIT,
VAR St
o)
BIT,
I ~Fp)

SRy I S,

A AL

»l
Puc. 4. Criektpu TiepeTBOpEeHHS HEIHBEPTYIOUOro (a) Ta iHBepTyrouoro (6) mepeTBoproBaya 4acTOTH.
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Hampyra MpOMiKHOI 4aCTOTH Ha BHXOAi 3Mimryada U,,
npu K.3 Ha BXOIi Ha3WMBaIOTh KPYTU3HOIO OOEpTaHHS
TIEPETBOPIOETHCS:

i
Gromp = Li’" =056, (8")
Buxinna mnposimmicte ITY npu K.3 wHa BuxoOmi
BU3HAYACTHCS IIOCTIHHOI0 CKJIaJI0BOIO BX1IHOL
MIPOBIHOCTI 3MillTyBaya;
Giinp = 01((1)) = IC(J/TZC! (8™)

Tomy B 3aranbHOMY BHUNAAKy IIpU BHUKOPHCTaHHI
inepuirinoro HE y 3minryBaui Bci mapamerpu y BUpaszax
(6) i (8) KOMIUIEKCHMMH, aHAJOTIYHO Iapamerpam
MiCHIIOBAILHOrO Opwiany (TpaH3uWcTOpa), aie i3
BpaxyBaHHSIM PEKUMY IEPETBOPEHHS YacTOTH Ta [l
HHAIIPYTH TeTepoAnHa. TakuM YUHOM, HEIHBEPTYIOUMH
ITY moxHa omucaTé HACTYIHY CHCTEMY JABOX JIHIHHHX
PIiBHSIHB 4-TIOJIIOCHUKA!

{Ic = 11U + 11,0, ©)

Iy = Yo1Up + YUy
Otpumannii  Bupa3z (9) chopaBeyIMBI  TINBKU IS
aMIUTITY]l, @ He MUTTEBUX 3HaY€Hb CTPYMIB 1 HAIIPYT, SIKi
BIIPI3HSIOTHCSA 3a YaCTOTOI Ha BXOAl 1 Buxomi. BoHwu
OITUCYIOTh pe3yJbTaT, a He MEeXaHi3M MepeTBOPEHHS
YacTOTH i BUNAIOTH TOM (pakT, M0 NPH MaJHUX CUTHajax
neperBoprorounii exeMenT (I1E) MoxHa po3risaaTu siK
AKTUBHHUM JTIHIHHUA 4-TTOJIIOCHUK, a Jis TeTepoauHa Ha
HE Bupaxaetscs B mapamerpax nepersoperts (7) i (8).
Tak sk piBusaHs (9) 3a (dopMmor0 cCHiBmamarTh i3
CHCTEMOIO PiBHSIHB aKTHBHOT'O 4-nIoJTFOCHUKA
(TpaH3ucTOpa) 3 BUKOPUCTAHHSAM BiJOMUX PiBHSHb:

I, =Yy, U; + Y550,

to mast ITY e chopaBeminBOIO €KBiBaJIEHTHA CXeMa
PE30HAHCHOTO MiJICHIIOBayYa 3 BpaxyBaHHSIM IMapaMeTpiB
neperBopenHs. Ile no3Bomse momuputn Ha 14
pe3yJbTaTu PO3IVISIHYTOL
Teopii pe30HaHCHUX 1 CMYIOBUX IiJICHJIIOBAaYiB 3aMiHOIO
rapameTpiB ITiICHITIOBaYiB HA TapaMeTPH MEePETBOPEHHS,
BUKOPHCTOBYIOUH TEOPil0 4-IIONIOCHUKIB, IO J03BOJISIE
cpopmyBatu curnansny CAIIP ans meperBoproBauiB
yactotd.  Hampukmax,  pe3oHaHcHWit — koedimieHT
00BaJICHHS MIEPETBOPIOBAYa BU3HAYAETHCSI BUPA3OM:

KOnp = mnlYZlnlec (10)
ae | Yau MOIY/Tb  KOMIUIEKCHOI ~ KPYTHU3HHU
nepetBopenns, K = pKy; p —xBHIBOBHIT omip dimbTpa, Ky
— xoedinieHT nepenadi GinbTpa.

OOepHEHE TMEPETBOPCHHS AHAJIOTIYHE OOCPHEHOMY
38's3ky (O3) B migcwiroBaui, ajie BOHA € BXKeE
HeniHiHOt0. B TIU Ha HeB3aemHOMy eneMeHTi O3 €
OUIbII CKJIAJHUM, HDK B ITJCWIIOBadYi, ajie HpOBIPSTH
NepeTBOpIOBaY  HAa  CTIMKICTh elieMeHTa IpHAMAaTh
BIIMIOBITHI MipH JUTS il TTiIBHUIIICHHS.

AHAJI3 MOOIYHNX KaHAJIB
nepersopenns B T4

Ha BigMiHy Bii p€30HaHCHOT'O IMiICHIIIOBaYa Harpyra
Ha Buxomi ITY Bixe MOSBIAETHCSA, BUXONAYM i3 Teopii
posminy 1, Ha pI3HMX YACTOTax BXIAHOTO CHTHAIY
fe = kfy £ fipB 3aNEKHOCTI BiI HOMEpa TapMOHIKH
gactotu retepoauHa (5).
Ha npowmixwiii wacrori f,, npencrasise co0or mpocTo
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MiICHITIOBAY 3 KPYTHU3HOIO 02((1))- Ile kaHam mpPAMOrO
npoxomkenns curnana U= U.CoS(wt+¢,.) 6e3 meperocy
CIIEKTpa BiJIHOCHO YaCTOTH reTepoanHa. IlepeTBOpeHHs
Ha Tepuiiii rapMoHili vacrotu rerepomuHa f. €

TpoIopIiiHa Gz(i) Ha YacToTax BHUXimHoro curHamy f, —
f,, i f. + f,. IleperBopeHHs Ha .Opyriii rapMoHili
rerepoauHa 2f, € Bke MpomopuiiiHo0 Gz(i) Ha YacroTrax
2f, —f,, 1 2f, + f,, 1 Tax ganpme. BignoinHo, sk 6a4nMo
i3 puc. 5 4acToTHa XapaKTEePHCTHKAa Ma€ BXKE JEKiIbKa
makcumyMiB (1, 2, 3...). TobOTO, YuUM BHIIUHA MOPSAOK
MIEPETBOPEHHS, TUM, SK NpaBWIO, MEHIIA KPYTH3HA
MEPETBOPCHHSA, 4, 3HAuuTh KOC(IIIEHT IiICHICHHS
3MinryBaya.B cMmyry mpomyckaHHs (indbTpa Ha BHXOII
ITY momasaoTh TPOAYKTH HMEPETBOPEHHS KOJIUBAHb BCIX
kaHasiB. OJHUM 13 IIMX KaHaJIB € OCHOBHHM, a pelTa —
MOOIYHUMH, SKI MIIIAIOTh MEpeTBOpeHHI0. Hampukian,
SKIIO OCHOBHHUM BHOpaHO KaHanm 2 3 yactorowo f,, To
nobiyHUM Oyzne MKaHall, SIKMA € HiOM J3epKabHUM
BIIOOpa)KCHHSAM OCHOBHOIO KaHaly 2, TOMy Horo
HA3WBAIOTh J3epKalbHUM (a0 CHUMETPHYHHM), #HOro
yactota f3 BiIpi3HAETHCS Bifl YaCTOTH OCHOBHOTO KaHATY
Ha  2f,,. TlomaBneHHA  J3€pKANBHOTO  KaHAIY
TIOJIETIYETHCSl HA OULTBII BUCOKIN MPOMIKHIM 4YacToTi.
PimmeHHs 1BOro MNPOTHPIYYS MOXHA JOCATTH TPHU
JIBIHHOMY 4M TpiHOMY mHepeTBopeHHI yactotu. Cxema
MOIBIHHOTO MEPEeTBOPEHHsI YacTOTH IoAaHa Ha pwuc. 6.
TyT 3acTOCOBaHHWI CHUTHANT 3 YaCTOTOK f. MOCIiTOBHO
MepEeTBOPIOETBCSI B MEPUIOMY 1  IIEPETBOPIOBavyax
4yacToTU.BiIHOCHO BHCOKa mepiia MNpPOMiKHA 4YacToTa
JO3BOJISIE  3IIMCHUTH  HEOoOXiTHe nocnabIeHHs
N3EPKaIbHOrO KaHama B mpecenekropi ¢imprpa fi.
IleperBopenuii curHan Ha dacroTi f,, BuuainseTscs
dbinsTpoMm f, BXe B TpaKTi mepIroi mpoMiXKHOI 4aCTOTH, a
MOTIM 1Ie pa3 MOHWXKYEThCS mepeTBopioBadeM [14s.
[NopiBHSHO HU3BKA Jpyra MPOMiXKHA YaCTOTa MOJIETIIYE
(dhopmyBaHHS BXKeE Heo0XiTHOT pe3oHaHCHOI
XapaKTEPUCTHKH 1 CMYTH IPOIYCKaHHA TPAKTY [0
dbinmsTpom f3.

Oco0MBiCTh ITOJBIHOTO TNEPETBOPEHHS YacTOTH
MoJATae B IOSBJICHHI JPYroro I3epKajbHOIO KaHaTy
f,p2, Mo Bincrae Bim wacroru f,, Ha T, i
PO3MIIIIEHOTO CUMETPUYHO BiJHOCHO YacTOTH IPYroro
rerepomuHa  (puc .7). B mpecemekropi  apyruit
JI3epKaJbHUI KaHaJl CYTTEBO HE MOCIAOIIOETHCS, TAK SIK
Jpyra npoMixkHa 4acrora f,,, BiTHOCHO € HU3BKOIO i fy;p

f()32 = fc -

pO3MiIyeTbcs  JOCTaTHBO  OJM3BKO A0  YacTOTH
MIpUHMAIOYOro CUTHAITY.
Ha Buxomi mepmoro ITY  wacrotm  fip

HepeTBOPIOIOThCA B HacTory f,1 —fy0 = .1 — (fc — 2f,,0) =
fupr + Tp2 = Tupa, KA NOBUHHA OyTH IOJABIIEHA B TPAKTI
nepiiol mpoMixkHOT dactotd (GimbTpoM fp, sikmit 1 mis
pOro  Tpu3HaueHwid. B indpaminax  (takwuit
CyneprerepoquHHuil npuiiMad, Koimu f,,> fomax, sAKumi
BIJIPI3HAETBCA THUM, IO NPU HOro poOOTi B Iiama3oHi
YacTOT IIEPeNalliTOBYEThCS  TUIBKM  TETEpPOIUH, a
MPECENIEKTOpP HE IEPeNaliTOBYEThCS), 3aCTOCOBYETHCS
MIEPETBOPEHHSI YacTOTH, NPH SKOMY Ieplia MpOMiXKHa
yacrora f,,; BUOMpanach BHIE MaKCHMAaJIbHOI 4acTOTH
curHanmy. Y JApyroMy IIEepeTBOPIOBAadi 4YacTOTH T,
HepeTBOPIOETECA BXE B f,,, 1 BUOinAeTsca QinbrpoM fo.
Tak sk gacrtora f,,pl BHUCOKa, TO IS IOHMXKEHHS 1i J0
HEeoOX1THOro 3HaueHHs1 ofHOro neperBopenHs 14 moxe
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Puc. 5. Cnextp BUXiZHOI HANPYr'y B IEPETBOPIOBAY] YaCTOTH.

@, Iy,

(4)] 2

114, O,

4 e I ‘np2
A Y o gy S 2
L 4
T 2
/‘\_/ /\/
h S R
Puc. 6. Cxema noiBifHOr0 NMepeTBOPEHHS YaCTOTH.
x4 YU, l'vaccencm'op
I
I
l
l "
/npl ~/npl f;: ’fw np f32 fc fr] /l I

Puc. 7. Pe3oHaHCHI XapaKTepUCTHKU MOIBIHHOTO IEPETBOPEHHS YaCTOTH.

Oyrn HemocTaTHIM, TOMy B iH]pamiHax MOxe
BuKopucToByBaTHCH 1 Tpetiit [TY. Tyt Bxke nobGaBiseThes
1 Tperii A3epKaJibHUH KaHaJ, TMOAABJICHHS SKOTO
3abesneuyeTbest GinbTpoM fa.

[lepesara iHdpazaiHa mojsirae B MEBHOMY CIPOINCHHI
npecenekropa (tobro ¢inptpa fi). B mpuiimaui i3
3MIHHMM II€pEHaJalITYBaHHSIM B IIUPOKOMY Iiarla3oHi
yacToT uei ¢uIbTp € HebaxxaHnuMm, 00 BiH MOTpedye
IUIABHOTO TIepe HaJalTyBaHHSIM B IIiAjiamna3oHi Ta
MepeHeceHHs] KOTYIIOK Ul 3MiHM Mijjiana3oHiB. Tomy
MeXaHIYHUH MepeMuKay € CKIaJHUM 1 MaJOHaIHHUM Ta
Henonyckae MiHiaTiopusanito. CeHCopHI mepeMuKadi €
TAKOX CKJIaJHUMHU 1 HENOCTaTHhO HanxidHumu. [lpu
yMOBi f,,1 > fomax NOOIYHMI KaHanm NpUAMaHHA Ha
MPOMDKHIA 4YacTOTi 3HAXOOWThCS 11033 Jialla30HOM
yacToT ImpuitMada. 3a BEPXHBOIO MEXEH CBOIO
JiamasoHa po3MillieHa 1 4acToTa A3EpPKaJbHOrO KaHaja.
Ipu f,, = f; + f,,1 BoHa nexuts B Mexax Bin (femin +
2f,p1) 10 (fomax +2 1) Lle i D03BONSE BUKOPHCTOBYBATH
B poni Qinbrpa f; mepenanamrroanuit dinetp ®IMY, TO
nporryckae Ha Bxix [TY; Bech ClieKTp 3 4acToTam, siKi €
MEHIIUMH feay.

YacrorHa xapakrepuctuka [14, mio nojana Ha puc. 5
Ma€ Miclle IpM MaJUX PIBHSAX BXIAHOTO CHTHAy, KOJHU
HEJHIMHICTh 32 CHUTHAJIOM BXXe He NposiBiseTscs. [Ipu
BEIMKUX PIBHAX BXIJIHOTO CHTHalTy HENiHIHHICTH
3MilllyBaya 1O BiJHOUIEHHIO JO CHT'HAJTy HNPUBOAUTH IO
301IbIIEHHsT YWCIa NOOIYHMX KaHaJiB NpuiMaHHs. B
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[OMY BHUIIAJKy MPOMIKHA YacTOTa YTBOPIOETHCS Y
purisani xkomGimanii f,, = kf, £ nf,, me k, n =1,2...Ilpu
Nn=1 wmae wMicie JiHIAHE TMEPETBOPEHHS YAaCTOTH.
Yacrotu MOOIYHUX CKJIaTHUKIB IpUAMaHHs
Bu3HavaeThes opmynoro f,, = kf./n = nf/n. Hanpuxiaz,
st R=nN=2 cTBOPIOIOTBCA JIBa MOOIYHUX KaHAIU TaK
3BaHoOI HamiBa3epKanbHoi yacroru f 0= f.+ 0,5f,, =f.
+ O05f ,, BoHM YyTBOPIOIOTBCS TIPH MPSIMOMY
[IEPETBOPEHHI 110 ApyruM rapMoHnikaM |2f .- 2| = f ..
Hanisnzepxanpuuii kanan f 5, = f .+ 0,5f ,, mpuf,>f,
abof,,, =f.—-05f,, mpuf.<f,e nyxe 6musskum 10
YacTOTH KOpHUCHOro curHaiay f. B & psami Ommkue

J3epKaJbHOr0  KaHaja 1 WOro JyKe  TpPYIHO
BiA(IIBTPYBATH.
Tomi 1i3-3a  [JOJATKOBUX IOOIYHHUX KaHaJIB

MOSIBIIIIOTHCSI 1HTephEPEHIliiHI CIIOTBOPSHHS Y BUIJISAI
cBuCTiB (3aBaj) HE TUIBKM Ha MPOMIXHIM yacToTi, aue i
Ha rapMoHikax 1 cyorapmonikax f,, a Takox Ha
yacToTax, 1o Bixnanewi Big f, va +0,5f,,, + f,,/3 1 Take
inme. IleperBoproBau € ONHHUM 3 TEPIIUX KacKaiB
npuiiMava, TOMy HOro IIyMH MOKYTh CYTTEBO BILUTUBATH
Ha 3arajbHUid Koe(illieHT IIyMy 1, BIiQIOBiIHO, Ha
peanbHy uyriuBicTs PIIpIl
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V. CxemHi 0c06.1MBOCTI TPAH3HUCTOPHHUX
my

Jlns  TmepeTBOpeHHs 4YacTOTH BHKOPUCTOBYIOTH  SIK
MONBOBI, Tak i OINONSPHI TPaH3UCTOPH, SK HENIHIHHI
elleMeHTH. B HHX NepeTBOpEeHHS YacTOTH MPOXOAUTH
BHACJI/IOK 3MIHM KPYTHU3HH XapaKTEPUCTUKU TPSMOI
nepenayi miJ Ji€l0 HAPYTH CHTHAJA 1 TETEpPOJUHY YyHa
3MilnyBanbHi enemeHtd. Ha puc. 8,a) mpuseneHi cxemu
M4 3 oxpemum rerepoaunoM Ha IIT i BT. B mepuiit
cXeMi Hampyra CHTHaja IIOJaHO B KOJO 3aTBopa, a
Halpyra TeTepoArHa — B KOJO BHUTOKY. 3a CHUTHAJIOM
orpumyeMo cxemy i3 3B, a s retepoanHa — cxema i3
33. B apyriit cxemi Ha BT Hampyra curnana nojaerscst B
0a3zy, a Hampyra rerepoguHa — B Kojio emitepa. Llum
JIOCSITAEThCS  BiIMIiHA  PO3B'S3Ka KT ~ CUTHAIY 1
reTepojrHa.

Kparria po3B’ si3ka MiXk CHTHAJIBHOIO 1 T€TEPOIMHHOIO0
JIAaHKaMHU JIOCATA€ThCsl B CXeMi Ha JBo3aTtBopHOMY I[IT
(puc.1.86), 1e Hampyra curHama 1 TreTepoauHa
MOAAIOThCI HA pi3HI  3atBopu. B Takiii  cxewmi
MEPETBOPEHHS YaCTOTH MPOXOAUTH TOMY, IO TPH 3MiHi
HAalpyTd Ha TEeTEePOJUHHOMY 3aTBOpPI  3MIHIOETHCS
KpYTH3HA XapaKTEePUCTHKU MO CUTHAJIBHOMY 3aTBOpY. Lle
opuriHajibHe cxemHe pitneHns [14.

Jyxe nobpa po3B’s3Ka KiJl CUTHaJa i reTepoiuHa Ta
BHCOKa CTIMKICTh O CaMO30YDKEHHS B IIMPOKOMY
qmiamasoHi  4acToT gocsraeTbess B Kackagaux (E-B)
3minryBayax. Ha puc.1.8,B mpuBeneHo BapiaHT cxeMH B
SIKIH HaNpyTry CUTHAaJIa i reTepoArHa MOAIOThCS Ha 0a3u
pisuux Tpausuctopis (BT).

3a curhgamamMu kKackomHa cxema 3E-3b, mo
3a0e3mneuye BUCOKY CTiHKiCTh. IlepeTBOpeHHS 4acToOTH
MIPOXOANTH BHACIIIOK 3MIHM KPYTU3HH XapaKTEPUCTUKU
npyroro BT, Ha sikomy 310paHuii 3MinTyBay. AHaJIOTi4HO
MOKHa MOOYAyBaTH KackomHuii 3minryBau Ha IIT (3B-
33).

[MincwiroBanbHuii enmement [MY — me TpaH3ucTOp,
SKMA MO)XKHAa  BUKOPHCTaTH  OJHOYACHO 1  JuIs
reHEepYyBaHHsA KOJHMBaHb (aBTOreHepatop). B maHomy
Bunaaky 1Y Ha3uBaroTh TeHepyrouuM a0 aBTOJAHHUM.
Ane onTuManpHI pEXUMH Ul TEHEpYBaHHS Ta
MIEPETBOPEHHSI 4acTOTH € HeoqHakoBUM. CTaOilbHICTH
YacTOTU TeHepallii OTPUMYEMO HH3bKOIO, ToMy Taki [TH
MOXKHa peaJli30BYBaTH TUIBKM B HEJOPOTHX NpHHAMadax
HEBHCOKOro kiacy. ToMmy HalOuIblle IONIMPEHHS
orpumaru 1Y 3 okpeMUM reTepoaHHOM.

Pexxum 3a MOCTIHHUM CTPYMOM 3MillTyBayiB

BUOMPAIOTh TaK, 100 NpamOBaTH Ha HEJIiHIHHOMY
yyactky (miasHIi) B mepemadi i MO MOMKIMBOCTI
BUKOPHCTATH 00JIaCTh 3 JIIHIHHOIO 3MIHOIO KPYTH3HH Li€l
xapakrepuctuk (puc. 9).

I3 puc. 9 a) aMmIuTiTY1a MIEPIIOl TAPMOHIKH KPYTU3HH

(R)
Gy = 0.5(g21max — G21min)»
MEPETBOPEHHS 3a MEPLIOIO

a KpyTH3HA

rapMOHIKOIO
Goimp = 056G, = 05(01max = G1min) B permvi
MICHJICHHS! MOXKHA NPUHHATH YMOBY, IO O21 = O21maxs
BiJITIOBITHO, KPYTH3HA B PEXUMI IEPETBOPEHHSI MEHINa
KPYTH3HH B PEXHUMI TiICHICHHS.

AwnanitTnunuii po3paxyHok mapamerpiB 14 na BT
MOXIJIUBHA 3  BUKOPUCTaHHSIM  EKCIIOHEHIIHHOI
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ampokcuMariii  xapakrepuctuk i, = f(Us.) , 1O
anpOKCHMYEThCS eKCIIOHEHTOI0 i, = io(ePVes — 1), ne ip
i 6 — mapaMeTpu EKCIIOHCHTH, SKi BH3HAYAIOThCA 13
peangbHUX Baja TpaH3ucropa. BpaxoByrouw i, = hydie,
BH3HAYUMO KPYTHU3HY

di di ,
92 = == = nUB—= = ndUsBige"V* (11)
B ubomy Bupasi Iy = Nyqi5le = Ny18ige?U%° - ctpym

KoJiekTopa B pobouiit Touri; Jo(bU,) i J(bU,) — momymi
(YHKIIH ySIBHOTO apryMeHTY MEPILIOro psiay HYJIbOBOTO i
R-ro.

BximHi 1 BHXiIHI ONOpPH TPAaH3UCTOPIB B PEXKUMI
MepeTBOPCHHS MpuOIM3HO B 1,5- 2 pasu Oinblna, HiX B
peXUAMI TIACWICHHSA, a BXIiJHI 1 BHXIJAHI €MHOCTI B
PEKHUMI ITiACUIICHHS 1 IEPETBOPEHHS € OJHAKOBI.

B TIIT crik 3aTBopHa  XapaKTEPUCTHUKA €
KBaJpaTUYHOI, TOMY 3aJ©KHICTh KPYTU3HH Mi€l
XapaKTepUcTUKU Uy Bia U,, miHiliHa (puc. 8, B). Buxigne
3MimieHHs Ha 3atBopi Ugy OepyTrb pIBHMM MOJIOBHHI
Hanpyru Binciuku. Uzy = 0,5Ua,,, a amrutityny Hampyru
rerepoauna U, piBHOIO Ugz, 1100 MOBHICTIO BUKOPHCTATH
JiHIHHY 00JIaCTh 3MIHM KPYTHU3HH 1 HE 3aXOJUTH B
00J51acTh MosIBM CTpyMiB 3aTBOpa. [Ipu 1iboMy amIuiiTyna
nepmroi rapMoHiku KpyTH3HU = 0,5Qmx=, ne
KpyTH3Ha B poOouiit Toumi. KpyTusHa neperBopeHHs
Goinp 0,5=0,5. 3Bigcm OGauummo, 10 KpyTU3HA
neperBopeHHs Gy, B 2 Pa3sdl € MEHIIOK KPYTU3HU B
PEeXUMI MiJICHIICHHST TPU Tii e Hamnpy3i 3MilleHHsS Ha
3atBopi Usz. B posrmsHyromy pexumi Oe3 BiaciueHHs
aMIUTITYq¥ BUIIUX TapMOHIK KPYTH3HH G21(2), 621(3) i
BHIIIC € PiBHI HYJIIO. BiAMOBiAHO, TYyT MAaTUMEMO TiIBKH
IBa TOOIYHMX KaHAy NpPUAMaHHA. J3epKaNbHUNA 1
IpSIMUi.

B inTerpansHoMy BrkoHaHHI [TU yacto BUKOHYIOTH
3a 0aJaHCOBOIO abo0 MOJBIMHOI 0aJaHCOBOIO CXEMOIO.
Tyr onanga  OalaHCOBHX  IIEpETBOPIOBAdYiB  YaCTOTH
BHKOPHCTOBYIOTH Au(epeHiianbHi kackaau (puc. 9).

Tyr xonekropHa Hampyra Ha  3MilIyBajibHI

tpausucropu VT; i VT, momaerscst depe3 cepeaHio
TOYKY KOTYIIKH IHAYKTUBHOCTI BUXIJJTHOTO PE30HAHCHOTO
KOHTYpa, HaJNalITOBAaHOTO Ha IIPOMDKHY 4YacToTy.
Crpymu i 1 Ta i, TpausucropiB mapu VT i VT, depes
BUXIJHUAI KOHTYPHU TE€UYTh 3YCTPIiYHO, 1 BUXiJHA Hampyra
€ TporopliiifHa iX pi3HHLI, SK B JAU(EpeHIaIbEHOMY
Kackaai. Hanpyra rerepoauHa Ha — 3MilIyBaibHI
TPaH3UCTOPH TIONAIOTBCS  4epe3 TpaHsucrop Vs
cuH(pa3HO, TOMY CTPYMH i1 Ta iz 3 YaCTOTOI TeTEPOIUHA,
HOro rapMoOHIK Ta CKJIaJIOBi CTPYMiB IIyMiB reT€pOIUHA,
MaloTh B 000X TPaH3UCTOPax OAMHAKOBI (pa3w, B3aEMHO
KOMIIEHCYIOTBCSI 1 HE CTBOPIOIOTH HAIIPYTH Y BUXITHOMY
komi. [lig gi€l0 Hampyru TeTepojuHa 3MIiHIOETHCS
KpPYTH3Ha XapaKTEPUCTUKH KOXXHOTO i3 TPaH3HUCTOPIB
VT, i VT, nudepeHiiaiapHoi mapu.
B posrmsnytux OamaHcoBux [IU He mMOmaBISIOTHCS
YacTOTH J3epKajibHOro KaHana. [leperBoproBau 3
KOMIICHCAIII€I0 3aBaJl JA3€PKAJBHOTO KaHala MOXHa
nobyayBati i 3a cxemoro (puc. 9). Ilpunimn pobotu
TAKOro JBOKaHAJBHOI'O KOMIIEHCaTopa 13 (ha3oBUM
TIOZIOB)KEHHSIM TIOJISITAE B TOMY, IO IPUHMAIOUUil CUTHAT
B Pi3HMX KaHaJlaX Ma€ OAHAKOBY a3y i Mpu CyMyBaHHI B
3araJlbHOMY TpakTi IOIBOIOETHCSA, a  BIAMOBITHO
J3epKaibHi 3aBaaM € mnpoTudazHumMu 3a ¢pazor i
KOMITIEHCYIOTh OJIUH OJTHOTO.
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Puc. 8, 6. [leperBoproBau 4acTOTH Ha IBO3aTBOPHOMY MOJILOBOMY TPaH3UCTOPI.
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Puc. 8, B. KaCKaI[Ha CcXeMa MepeTBOpProBavYa 4aCToTu Ha 6iHOJ’IHpHI/IX TpaH3UCTOpax.
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Puc. 8, r. CTok03aTBOpHA XapaKTEPHUCTHKA IIEPETBOPIOBAYA YaCTOTH HA TOJSPHUX TPAH3UCTOPaX
3 Oap’ epom IoTTKiI.

Hamnpyra Bix rerepomuHa IOTAETHCS HA 3MillTyBadi
Cy1 1 Cy2 B pOIIi IKMX MOXYTh BUKOPHUCTOBYBATHUCH JIFOO1

i3 pO3MIAHYTMX BHUINe CxeM. Hampyra curhaia
ocHopHoro kamamy U, = UgcosWwt + ¢.) Ta
I3EPKAIBHOr0  KaHaly IIOJAI0ThCA HA  3MillyBad

Toni Ha Buxomi 3minryBau C, micis ¢inetpa OITY Oyne
BUAUISATUCH HAIpyra NMPOMDKHOI YacTOTH OCHOBHOTO 1
JI3EPKAILHOT'O KaHAJTIB:

Uakl = UaKKnCOS[(waK - wr)t Py + (pc]
ne K, — kxoedilieHT mnepenaui 3MillyBadya pazoM 3
¢inerpom OITY. Ha Buxoni apyroro 3mimryBaua C,, mmicis
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Cyi1.0esmocepenmrnbo i Ha 3mimyBau C,, uepe3
¢aszomnoseprau f, i3 3cyBom 3a ¢asoro Ha n/2. B pobori
OCHOBHOI'O KaHAaJy MPUAMAETHCS CUTHAT Ha 9acToTi fo =
f. + f, a B pom msepkamsnoro f,, = f. + f,

OIMY  (saxmo  koedimieHT mepemaui  (asoobepraua
MPUAMalOTh PIBHUM OIUHMII) BiJIIOBIIHO MaTHME BHI;
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UaKZ = UaKKnCOS [(wak - wr)t F Qa T+ E - (pc]
IMicns  asomeperBoproBaua f,, dasa curmama U €
o/1HaKoBOI 3 (Ga3zot0 Uy (01 = 92 = 0. — ¢.), a paza
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3aBanu U, BiapisHAeThes Bia pazu U, Ha BETUUUHY 7.
Ilpn onmHakoBux KoedilieHTax Tmepenadi  TPaKTIiB
3MillyBa4iB HANpPYTH CHTHAJNIA HA BHXOJI cymMaropa Mae
BXKE TMOIBOEHY aMIUIITyIy, a Hampyra I3epKajbHOI
3aBald BIJIOBITHO KOMIICHCYIOTBCS 1 Ha BHXOMdI €
BiJICYTHI. B IIbOMY i OpUTIHATBHICTH TAHOI CXEMOTEXHIKH
3MilllyBaya 3 KOMIICHCAIII€0 3aBa/l.

V. CxeMOTeXHiYHi 0CO0JIMBOCTI
TPAH3UCTOPHHUX MEePETBOPIOBAYIB
HBY

B piamazoniB  HBY  GimossipHi  TpaH3ucTOpH
BUKOpHCTOBYIOThC 10 wacror 10 I'Tum Ha Oinbm
Bucokux vactoT 1o 100I'Tu BukopucroBytors I1TII Ha
puc. 10, a.Tyr TpaHsucrop BkitoueHui 3a cxemoro 3b.
KonuBanHs 1 TrerepoauH TMOJaHI HAa eMiTep uepes
HampasiieHu# BimokpemmoBay (HB), skuii ciyxuth s
PO3B’ SI3KU KUJI CUTHAJIA 1 TeTepOAnHA.

Kontyp L;C, B komi emitepa HaiamToBaHWH Ha
MPOMDXKHY YacToTy 1 ycyBae oOepHEHMH 3B'S30K 3a
CTPYMOM IIi€] YacTOTH.

SR

Hpyruii xoutyp L,C4 y BuUXiOHIH JaHII TaKoX
HaJAIITOBAaHWH Ha TNPOMDKHY 4YacTory. Buxiane
3MillleHHs Ha 0a3y mojaHe depe3 MOJUIBHHK R3Ry.
Konnencaropu C; i Cg € po3niapauMu, a C; — OJJHOYACHO
1 y3TO/IKYIOUNH.

Cxema 3minryBaua Ha [ITII 3 momayero KoIUBaHBb
CHTHajJa 1 TeTepojinHa Ha 3aTBOpP uepe3 HalpaBJICHHUH
BiJOKpeMITIoBaY mojana Ha puc. 10, 6). B pomi dinsrpa
CHTHaja 1  OJHOYAaCHO  Y3TOMKYIOUOi  JIaHKH
BUKOPHCTOBYIOTh  Bi/Ipi30K  MIKPOCMYKKOBOI  JIiHI{
(MCIJI) nomxunoro |, = A/4 Ta KOPOTKO3aMKHEHU

criekTp noBxuHOIO | =A/4. Uepe3 manuit crextp
nmomaeThbcss Hampyra 3mimieHHs HawmzatBop (E3). VY
BUXIJTHOMY CTOKOBOMY Kkoii Tpanzuctopa IITII kpim
dbimpTpa mpomixkaoi wactotu (PITY) BHKOPHUCTOBYIOTH
bineTp BepxHix yacto (OBY), ¢yHKII IKOro BUKOHYE
pO3iMKHEHH# Bimpi3ok moBxuHOW |3 =1./4, TO
3abe3neuye K.3 Ha wactoTi rerepoAuHa YacTOTHO
MoCNabIIooyi  KOJIMBaHHA — JIPYrMX — KOMOIHAIIHHUX
4acToT A yCyHeHHs nepeBaHTakeHHs [IITY Hampyroro
rerepoanHa. Ha cxemi C, — po3aintorodi KOHAEHCATOPH,
Cy, R, — xommeHcatop i pesucrop QigbTpa B MO
YKHUBJICHHS.
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Puc. 9,a. meperBoproBau wyacrotH, BuKOHaHuMH 3a Puc.9,6. Cxema TIO/IBIHOTO 0aJaHCOBOTO
0aJaHCOBOIO CXEMOIO 3 BUKOPHCTaHHSIM 3MilllyBaya, sKa BUKOPUCTOBYE TpU Au(epeHIianbHi
IudepeHIiaabHOro KaHaTy. Tapy TPaH3UCTOPIB
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Puc. 9, B. HepeTBOpIOBaY YaCTOTH 3 KOMIICHCAIII€I0 3aBa] A3ePKATBHOI0 KaHAITY.
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Puc. 10. Cxema 3minryBaya: a) - Ha GIMONAPHOMY TPaH3UTOPi OiMOISIpHOMY TpaH3UcTOpi 3 Gap’epom LIoTTKi.;
0) - Ha MOJILOBOMY IOJISIPHOMY TpaH3UCTOpi 3 Oap’ epom IIIOTTKI.; B) - HAa TBO3aTBOPHOMY IOJILOBOMY TPAH3UCTOPI 3
6ap’ epom IloTTKi.

Henomikom cxem, mo nomani Ha puc.1.10,a), 06) €
HEOOXITHICTh BEJHMKOI MOTY)XHOCTI TeTepoxuHa i3-3a
nocnabiieHHs 11 B HampapisitodoMy BimeiTaroBadi (AB).
Cxema na JI3 IITUI, uo mogana Ha puc.1.10,8), ycyBae
IIi HEIOTIKH.

KonuBaHHs cHrHaimy MiABOJSTHCS 1O IIEPIIOTO
3aTBOpa 4epe3 BiAPI30K MIKPOCMYTroBOI JIiHIT TOBKUHOIO
[, = AJ4, a xonuBaHHS TeTepOJMHA Yepe3 Biapi30K JiHil
JIOBXHHOIO |, Ad4 mo ngpyroro 3atBopy. llum
3a0e3meuyeThcsl  SKICHA PpO3B'sI3Ka KiJl cuUTHanma i
rerepoarHa 0e3 BUKOPUCTAHHS MOCTIB a00 HaIpaBICHUX
BiziTmoBauie (HB). Bigpisku MikpocMyroBux miHii
JIOBXHHOIO |1 | |, € y3romkyouumMu JaHKaMd MiK
JDKepEeJIOM  CHWTHAJiB 1 TeTepoaMHa Ta BXOIAMHU
TpaH3uCTOpiB. BuxijqHe 3MillleHHsI Ha 3aTBOPH MOAAETHCS
Yyepe3 KOPOTKO-3aMKHEH1 MUIeH(H TOBKUHOIO |31 = Acp i
l33 = A,Mm. PosimkHenmii nuteii momxuuoro lz = |./4
3a0e3mneuye K.3 cTOKy U1 KOMUBaHb TETEPOIMHA.

Jns neperBopennss HBUY xapakrepHo OaraTokpaTHa
B3aEMOJIisl KOJIMBaHb KOMOIHANIWHMX YacTOT. 30Kpema,
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BUHHMKAIOTh e(eKTH, MI0 3yMOBJEHI OOepHEHHMHU i
BTOPUHHHUMHU [EPETBOPEHHSIMH. PO3TIITHEMO NIPOSIBIICHHS
mux e(peKkTiB Ha Npwiadi 3MillyBada 3 pPIi3HHUIEBOIO
gacroroo f,, = |f. — fJ. Cnexrpu ocHOBHMX wacTOT
smimyBaya, koiu f, Hwkue i Bume f. Ha puc.1l. Tlpu
00epHEHOMY MEPETBOPEHHI BUXIHA HAIPyra 3 YaCcTOTOO
fip CIBOpIOE Ha BXOZi 3MilllyBaya IIOPsJ 3 HAIPYroro
curHanbHoi wacrotw f. = f, + f,,. B pesynbrati
BTOPUHHOT'O TIEPETBOPEHHSI BXiJ[HA HANpyra JA3epKabHOI
YacTOTH YTBOPIOE Ha BHXOi 3MilllyBauya KOJWBAHHS 3
MEPETBOPCHOI0 YaCTOTOHO f,,p' = | fp — f| = f,,. Pazu
LILOTO KOJMBaHHS 3AJICKUTh Bij Oaratbox (paxkTopis i, sK
MIPaBWIIO, BIJPI3HAETHCS BiA a3y Hampyrd MPOMIKHOI
YaCTOTH, SIKY OTPUMYIOTh IIPH OCHOBHOMY II€pETBOPEHHI,
10 MOXK€ HPOBOJAUTH JO IOSBU YaCTOTHUX 1 (pa3oBHX
CIIOTBOpPEHb CHTHAJIA.

BuHHMKHEHHS KOJNMBaHb J3€pPKalbHOI YacTOTH B
3MIlIyBadi MOXKIIUBE 1 6¢3 00EPHEHOT0 MIEPETBOPCHHS 13-
3a Oe3mocepeHbOl B3a€MOJIl KOJNMBAaHb CHTHAJIBHOI
4acTOTH 1 Apyroi rapMmoHiku rereponuna 2f, —fo = fo £ 1,



Oco0IMBOCTI CUTHAIILHOT CUCTEMH aBTOMAaTHU30BaHOT'O ITPOEKTYBAHHSL. ..

= f,,. B 11bOMYy CHiBBiIHOIIICHHI BEpXHii 3HAK BiJMOBIIa€
sunajky f, < f., a wkwiii - f, > f..

B pe3ynbTati npsiMoro nepeTBOpPEHHs Ha BUXOJI IS
m3epkanbHoi gactotu (JI3Y), MOXYTh OYTH 3HAYHUMH i
CYTTEBO 3aJIOKHUMH BiJl YACTOTH.

[l 3ano0iranHs 4acTOTHUX 1 (pa30BUX CIIOTBOPEHB
i3-3a BBy komuBanb J[3U 1 CUY 3acTOCOBYIOTH
3MillyBa4l 3 BHUKOPHCTaHHSIM €Heprii KOMOiHAIHHUX
YacTOT UUIIXOM BigOuBaHHS a00 TOTJIMHAHHS IMX
KOJIMBaHb CHeliabHUX (iIbTpoBUX cxemax. OauH i3
BapiaHTiB MOOYAOBH 3MilllyBauya 3 BHKOPHCTOBYBAHHSIM
konuBanb 134 i CU npu f, < f, nomano Ha puc.12,a), ne
®C - cmyroBuit ¢ineTp, mo npomyckae f. i He
npornyckae fy,, ®CU — dinpTp, 110 3aKOpOUYE Ha BUXOMI
TpaH3ucropa Koauauus f.,.

Komnueannust a3epkanpHoi  wactotu  (J[34Y), 1o
BUHHMKAIOTh B TPAaH3UCTOPI 1 KOJIMBAHHSI CyMapHOI
yactoru (CY) npu f, < f. BinOMBarOTECS BiAMOBIAHO Bij
¢inpTpiB @C i ®CY i noBepTaloThCcs B TPAH3UCTOP.
®da3u  BIAOUTHX KOJHMBAHb MMiJOUPAOTECA BHOOPOM
3MilllyBaya OJHOYACHO 3 Pi3HULEBOIO f,, mOABIAIOTBCA i
koiuBaHHs cymapuoi gactoru (CH) f., = f, + f.. Ilpu
00EpHEHOMY 1 BTOPMHHOMY IIPSIMOMY TI€PETBOPEHHIO

BOHO CTBOPIOE HAMpyry 3 yacrororo foua Bxomi (fo =f., —

f.) i 3 wacrororo f,, Ha BUXoAi 3MilyBaya, IPUIOMY HPH
f,<f. Maemo f,,p": f, —f., a mpu f, > f. oTpumyemo f,,p" =
f, - f.. ®a30Bi 3cyBHM MiX MPOAYKTaMH OCHOBHUX i
BTOPMHHHX TE€PETBOPEHD, K 1 Bimcranei lp i |, Big mux
¢inpTpiB 10 TpaH3ucTOopa. Y BHUNAAKY CHH(A3HOCTI
KOJIMBaHb OCHOBHOI IPOMI>KHOI 4acToTH i f,,, oTpuMaHux
B Pe3y/bTaTi MEPETBOPEHHS BimOUTHX KonuBaHb fey i fy,
CHepreTHYHi BJIACTUBOCTI 3MilryBaya 3aMiTHO
MTOKPAIIYIOThCS. JOMOMOTOK MPOTH(HA3HOIO MOCTOBOT'O
npuctporo (IIMIT). B npusezewiii cxemi prc.12,a) TIMIT
Ha BUXOJIl IPOMIXKHOI YaCTOTH Ha CTOKaX TPaH3UCTOPa

TpanzucropHi 3MilTyBadi 3 MIOTJTMHAHHSAM
I3epKaJIbHOI 1 CyMapHOi  4YacTOT €  OuibII
IIMPOKOCMYTOBUMH, aje JIETIO MIOCTYMAETHCS

3MillyBayaM BiJIOMBHOTO TOHY 3a MiJCHJIIOBAJBHUMH 1
LIIYMOBHMH XapakTepuctukamu. [Ipum moOymoBi Takux
3MillyBa4iB 3a3BH4ail BHKOpHCTOBYeThcst DC 1 OII.
CxeMa Takoro 3MilllyBaya 3 MOMIMHAHHSIM J3epKaJIbHOT

yactorn (J[3U) npusenena Ha puc.ll. DepuroBuii
mupkynsstop (PI) Ha YacToTi CHUTHaANA IpaIoe SK
BeHTWIb. KonmBauus mzepkanbHoi wactotu (34), 1o

MOCTYMAaKTh  BiXl  TpaH3ucTtopa Jjgo aHera @II,
MOTJIMHAIOTECSL B Y3TO/pKeHOMY HaBaHTaxeHHi (YH).
3acrocyBanHss DY 3MeHIIye TakoX BUIPOMIHEHHS
reTepoiHa B KOJIO )KUBJICHHSI CHTHAJIA.
BanancHi TpansuctopHi 3minryBaui (BT3) ckmamarotbes
i3 JIBOX OIHAaKOBHX TPAaH3UCTOPHHUX JBO3ATBOPHHUX
KacKkaJliB B CYKyITHOCTi 3 MOCTOBUMH IpucTposiMu. [Ipu
YoMy Ha BIMiHY BiJ OalaHCHUX miacwioBadiB B BT3
TIOSIBJISIETBCSL  IOIATKOBA  MOMJIMBICTH  BCTAHOBJICHHS
Oamancy migoopom (asu rerepomuTa, i Tomy B BT3
3HAXOIATh TaKOX 3acTOCyBaHHS 1 cuH(pa3HUX, 1
KBaJIpaTYpHUX i MOCTOBMX mpuctpoiB. Ha puc. 13,a)
npuBeJieHa cxema OaancoBoro 3minryBaua Ha JI3I1TIL 3
BukopucTanuaMm [IMII. Ane 3mimyBayi 3 BigOWBaHHIM
KOMOIHAIITHUX TPOAYKTIB € BY3bKOCMYTOBHMH, TaK SIK
cHH(pa3HICTh PO3MIISIHYTHX KOJHMBaHb MOXe OyTH
3a0e3meueHa TUTBKA y BIJHOCHO HEBEJIHMKOI 00JacTi
yactoT. TyT 3MillyBajibHI TPaH3UCTOPH 30YIDKYIOTHCS
CHTHAJIOM MpOTU(a3HO, a TeTepPOAUHOM — CHH(DA3HO.
Buxingni xonmuBaHHs npoTtudasHi, 1 ToMy iX HE0OXiTHO
CyMyBaTH 3aBHKOHAHO y BHUIJIAI JBOX (ha3000epTadiB
(fo) i3 3arambHUM 3CyBOM (ha3 i cymaropa.

B OamaHcHux TpaH3ucTOpHUX 3MimyBadax (BT3)
CYTTEBO IOCIA0IIOIOTHCS MOOIYHI KaHa W MPUAMAaHHS 3
MapHUMU TapMOHIKAMHM BXIJHOTO CHTHaja. 30Kpema,

[oJaBJIEHi KaHanM MiBa3epkanbHoi yacrotu f,y, = f. +
0,5f,. Sx 1 OGamadcoBi mizcwiroBadi, TOOTO
nudepermianchi, BT3 MaloTh BemuKdil AUHAMIYHHH

nmiama3oH 1 Kpamuid Koe(iIlieHT CTOsSYoi XBHI
TIOPiBHSIHHI 3 OJJHOTPaH3UCTOPHUMH i JICUITIOBAYaMHU.

Kinmesi TpansucropHi 3mimrysaui (KT3), mio mogasi
Ha puc.13,6) OyayloThCS Ha OCHOBI JBOX OallaHCHHX
3MinryBa4yiB. B HHMX mMOJaBisiOThCS MOOIYHI KaHAIU
npuilMaHHg 3 [apHUMM TapMOHIKAMH 1 CUTHana, i
rerepoanHa. B mopiBHsHHI 3 BT3 BoHM MaroTh Kparii
XapaKTepUCTUKK IO  TOTY)KHOCTI ~ HacH4YeHHS Ta
IHTEPMOYJISIIHHAM CIIOTBOPEHHSIM, MIO TOSIBIISIOTHCS
IIpY 11ii AEKITBKOX BUCOKOYACTOTHHX 3aBal.

B OamaHcOoBHMX 1 KiJIBIIEBUX IIEpETBOpPIOBAYaX He
NOMABNSIOThCA  KAHATH  J3epKalbHOI  4acTOTH.  IX
nocnabimooTs 3a gonomoroto CJ/l B mpecernexTopi, ane
YaCTOTHI BUMOTH JI0 XapaKTEPUCTHK TaKHX (QUIbTPIB
HEMOXJIMBO ~ BHUKOHATH, OCOOJMBO TIpH  HU3BKIH
npomixkaiit gacroti (f,, << f¢). [t nogasieHHs kaHamis
m3epkanbHOi yactotd (JI3U) 06as3yroThes JBOKaHATbHI

B

Tiis

Puc. 11. TpanzuctopHuii 3MilllyBay 3 HOTIMHAHHSM J3€pKaJILHOT YaCTOTH i CyMapHOI YacTOTH.
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Puc. 12, 6. KomneHcaninuii 3MilryBad Ha ABO3aTBOPHHX IOJISIPHOMY TpaH3ucTopi 3 6ap’ epom HIoTTKi.

KOMIIEHCAI[IHI CXEeMH, SKI CKIaJaloThCAd 13 JBOX
3MilIyBa4iB, B POJI SKUX MOXYTh OyTH BUKOPUCTaHI
mo0l i3 PO3ISIHYTHX HaMU CXeM B CYKYIHOCTI i3
¢da3zoobeprayamu. BapianT moOymoBM JBOKaHAJILHOTO
KOMIIEHCAIIHHOrO 3MilryBaya Ha jaBo3arBopHux IIT 3
nomasnenHsiM J[34 mogana Ha puc.12, 6).

Tyt B poni KBaapaTypHOro MOAUTPHUAKA CUTHAja Ha
BXOZIi 1 KBaJIpaTypHOr'0 cyMaTopa KOJIMBaHb f,, Ha BUxomi
BHKOPHCTOBYIOTh KBaJpaTypHHH MOCTOBHH MpHUCTPii (
KMII), mio 3a6e3mnedye (Ga3oBuil 3CYyB MiXK BHXiTHUMH
ieyamu, piBaui n/2. 3actocyBanus KMII momnerirye
MOTOJDKEHHS 3 JDKEPEJIOM CHIHANTYy 1 HaBaHTa)KEHHSIM.
KonuBaHHs cuTHana IOAAIOThCS HA TEpIUIl 3aTBOPU
TPaH3UCTOPIB i3 3CYyBOM 7/2, a KOJHBAHHS I'eTEPOIUHA
nocnabmroTh 3a gonomoror CJ/I B mpecenekrtopi, ane
YaCTOTHI BUMOTH JI0 XapaKTEPUCTHK TaKHX (QUIBTPIB
HEMOXJIMBO ~ BHUKOHATH, OCOONMBO TIpH  HU3BKIH
npomixkaiit gacroti (f,, << ;). [t nogasneHHs kaHamiB
m3epkanbHoi yactotd (JI3H) 0a3yroThCst IBOKaHABHI
KOMIIEHCAIlIMHI CXEeMH, SKI CKJIaJaloThCAd 13 JBOX
3MilIyBa4iB, B POJIi SKUX MOXYTh OyTH BUKOPUCTaHI
mo0l i3 pO3IJSIHYTHX HaMU CXeM B CYKYIHOCTI i3
¢da3zoobeprayamu. BapianT moOymoBH JBOKaHAJILHOTO
KOMIIEHCAIIHHOTO 3MilryBaya Ha jaBo3arBopHux IIT 3
noxasienHsM J[3U. B poxi kBagparypHOro momibHUKA
CHTHajJa Ha BXO 1 KBagpaTypHOrO CyMaTopa KOJHBaHb
f,, Ha BUXOZi BUKOPHCTOBYIOTh KBaJPaTypHUI MOCTOBHUI
npuctpiii ( KMII), mo 3abe3neuye ¢Ga3oBuii 3cyB Mix
BUXIJIHUMH IUIedamu, piBHUH 7/2. 3acrocyBanus KMII
MOJNIETIIyE  TIOTO/DKEHHSI 3 JDKEpEeNIoM  CHTHaly 1
HaBaHTa)XeHHsSM. KoNWBaHHS CHUrHajga TONAIOTHCS Ha
TepIii 3aTBOPH TPAH3UCTOPIB 13 3CYBOM 71/2, a KOJIMBAHHS

[1] B.H. Tumonrees, JLM. Bemuuxo,

B.A. Tkauenko,

reTepofiHa TOAAIOThCS Ha JAPYri 3aTBOPH IUMX JKe
TPaH3UCTOPIB B OIHAKOBIiH (a3i, TooTo cuHdazuo. Ilicus
npoxomkeHHs BuxigHoro KMII BuUXigHI CHUTHAIH
CKJIaJaloThCsl CHUH(A3HO, a KOJIMBAHHS JA3EPKaJIbHOI
YacTOTH TacsAThCs B  Y3TOMKEHOMY HaBaHTa)KEHHI.
[IpoBeneHo ornspoBUH aHami3 1 BUKIAAEHO Cy4acHi
ocHoBU Teopii curHambHOi CAIIP mpu neperBopeHHi
YacTOTH Ha HEB3a€EMHOMHX E€JEKTPOHHHX TpHiIafax —
TpaH3ucropax i giomax HBY.

1. Posrnsnyti CXEMOTEXHIYUHI BapiaHTH
MIepEeTBOPIOBAYiB YaCTOTH Ha IOJHOBHX Ta OIMOJSPHUX
TpaH3ucropax, mioaax LIortki (Bapikamax).

2. BuxiazeHa curHaJbHa TEOpish TPAH3UCTOPHHX 1
JMIOAHUX TMEPETBOPIOBAYIB YaCTOTH: PE3UCTUBHHUX 1
€MHICHUX (ITapaMETPUUYHHX).

3. Po3pobneno opwuriHanpHuii ToukoBuii HBU-
nmion Ha GaAS s 3MillyBadiB Ta IEPETBOPIOBaYiB
YaCTOTH.

4., PospobiieHa i (akTHYHO peani3oBaHa Teopisd
ITOMHO)KYBa4iB YaCTOTH Ha MIKpOIpoIiecopHoMyY Gyp’e -
MEpEeTBOPEHHI U1 TIEPIOJUYHMX, HENepioAnYHUX,
JUCKpeTHHUX (IM(PPOBUX) CHUTHAITIB, CXEMOTEXHIKa SKHX
no3BoNUTh  BUrorosiasith  [IY B iHTerpoBaHOMY
BHKOHAHHI.

Hogocaonuii CJII. — [OKTOp TEXHIYHHX HayK,
npodecop Kadeapu KOMIT FOTEpHOI IHXKeHepil Ta
€JIEKTPOHIKH;

Aopamosa I.1I. - marictpanT Kadeapu KOMIT FOTEPHOI
IH)KEHepii Ta eNeKTPOHIKH.

AHajoroBsnie NEPEMHOXUTCIIN CUTHAJIOB B

panuodIekTpoHHOM anmapatype (Paano u cBsa3p, Mocksa, 1982).
[2] Tonesbie Tpansuctopsl Ha GaAs. IIpuHLBINKM paGOTHl ¥ TEXHOJIOTHS U3TOTOBJIECHHS. IlepeBoj ¢ aHII. MO,

Pen. A.B.Jlopenmo (Paauo u cBs3s, Mocksa, 1988).
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S.P. Novosyadlyj, I.I. Abramova

Features of the Signal System of Automated Design of Frequency Converters

Systems - Ultrahigh Frequencies

Carpathian National University. V.Sefanyk Sr. Shevchenko, 57, m. Ivano-Frankivsk, Ukraine, 76018, e-mail:
iraabramova359@gmail.com

The article analyzes and outlines the modern principles of the theory of the signaling system of automated
design with frequency transformations on a non-reciprocal dectronic device - the transstor of ultrahigh
frequencies. In addition, schematic variants of frequency converters on field and bipolar transistors, Schottky
diodes (varicaps) are considered; the signal theory of transistor and diode frequency converters is described:
resistive and capacitive. Schematic performances of frequency converters represent variants of the signaing

system of automated designing at ultrahigh frequencies.
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Beryn

3anpornoHoBaHuil  METON  OOpOOKM  CHUTHAIIBHOI
CAIIP momsrae y ToMy, mo0 MOKa3aTH HEOOXiTHICTH
pO3poOKH peKypcuBHUX HU(poBux ¢ineTpi (PLID) 3
MepeHANAITOBAHOI ~ CTPYKTyporo.  Benwmumuu,  siki
3aKjaJiecHi B OCHOBHOMY pO3paxyHKy 1 CHHTE3Y
nporpamyounx 1HUGPOBUX (IIBTPIB, B OCHOBHOMY
BU3HAYAIOTHCS BHUJOM II€pPEHAJAIITYBaHHs IapaMeTpiB.
Tyr  BiamoBiZHO  po3pi3HAIOTE  MacmTabHe 1
HeMacIiTaOHe TiepeHaIalTyBaHHs rapamerpiB
aMILTITYTHO-4aCTOTHHX ~ Xapakrepuctuk (AUX, a6o
rogorpad). Haituacrinie npu po3poOiii mporpaMoBaHUX

SK TPAHCBEPCAJbHUX TaK 1 PEKYpPCHBHUX IH(PPOBUX
¢inbTpiB BUKOPHUCTOBYETHCS MaciTadHe
NepeHANAIITYBaHHS, TPH  SIKOMY 3MIHIOIOThCS

nmapaMeTpy MacITaOyBaHHS :

— yacrorta 3pi3y 3 id (QUIBTPIB HMXKHIX YacTOT
(®HY) i dpinpTpie BepxHix yactor(®BY);

— IEHTpabHA YacToTa o i CMyTa MPOMmyCKaHHsI Ay
st emyropux (inetpi (CD). mpu 1pOMy JT0OPOTHICTH
Q 3anMmaeThCs MOCTIHHOIO |

— aHayoroBi (QIIBTPH € 0a30BOI0 OCHOBOIO IS
uuQpoBUX GLIBTPIB.

. Teopis i MeTonuKa

[IporpamoBaHuM pekypcHBHUX IHGPOBUX (inbTpam
MepIIoro 1 JAPYroro IOPSIKIB — BiJBOAUTHCS POJb
0a30BHX JIAHOK B KaCKaJHUX 1 MMapalenbHUX CTPYKTypax
Oinpir  BUCOKMX mopsakiB (> 3). Tyr Haibiabm
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VHIBEPCAIBHICTh Mae  OIKBagpaTHHA  OJOK,  SIKH
JIO3BOJISIE  pealli3yBaTHCSs Ha 0a3i  OJHOIO  CIIell-
obuucmoBaua DHY, @BY i cmyroBoro um
PEKYpCUBHOIO ¢inpTpa. ITepenatHa GbyHKITISA
(xapakTepucTHUYHA) JIAHKU JIPYroro TTOPAIKY
BHU3HAYAETHCS TaK |

H(z) = Bol+312_1+322_2 )

144,27 1+A,272’
ne By — macirrabyrounii MHOKHUK , A, Bi (1 =0, 1, 2) —
KoeiIlieHT ¢igpTpa Z—TONOKCHHS 3MIHHHX
Z-TIepEeTBOPEHb.

B naniii cTaTTi IpeacTaBiICHI aHAITUYHI BUPA3H IS
pO3paxyHKy (MomemoBaHHs) Koe]iIiEHTIB
nepenaBagbHoi (pyHkuii nmporpamoBanux PLI® € came
METOJIOM Ha OCHOBI aHajoroBux ¢ineTpiB. Ile
MOSICHIOETBCS THM, IO HA ChOTONHI Jyxke mo0pe
po3poOyieHi 1 g00pe BHBYCHI METOAM CHHTE3Y
aHaJOroBux (UIBTPIB 1 TYT € Ba)JIUBHU JIOBIJIKOBHH
MaTtepiai s pisHoro BuAy ampokcumariii. [Ipu mpomy
pO3paxyHOK  Koe(illieHTIB oyakuii  H@EZ) i3
nepenaBaybHOi  (PYHKIIT aHAJIOroBOro MNpPOTOTUIY 3
BEACHOTO 1O palliOHAJBHOTO BUIJIALY ollepaTopa
MIEPETBOPCHHS P-00J1acTi B Z-00J1aCTh.

1. IlpakTH4YHe 3acTOCYBAHHS

BukopucTaHHs aHaJOrOBOrO MPOTOTHIY JTO3BOJISIE
OCHOBI OUTIHIHOT'O Z-TIEPETBOPEHHSI OTPHUMATH HACTYITHI
BUpPa3H JUIS aHAJTITUIHOTO MOJICTFOBAHHSL:

s nudposux ®HY B, = 2;
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Kowmr' roTepHe MOeTIOBaHHS PEKYPCHBHUX IIU(POBUX QUIBTPIB...

03 (25 (2x2+1)-2 @)
07 (x2+0,5)+V2x024+1’
A :nfl (x2+0,5)—V2x24+1 |
2 07 (x2+0,5)+V2x024+1 '’
- st nudpporux OBY By= -2
A= 2-052(Q%(2x%+1)
17 052(x2+0,5)+v2Zx0gz +1’
A _ 05°(x?+05)—Vaxap'+1,
27 052(x2405)+VZx0g 1’
z[e x = sh[0,5ars(10°*™"  -1f""?);
=tgmpy ;YA =34 g =42,
TYT An—HeplBchTL AqX PCX B cmy3i nporryckanHust 0B;
Y, WYp— wacrorm 3pidy mmepposux DPHY 1 OBY
BIJIMIOBITHO [, — 9aCTOTa TUCKPETH3AIIIT;
- 1us emyroBux ¢inbTpiB Bg = 0;
2(-(20 _1) (4)

A1:

3)

0, = tgmpy;
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_ 1—%+n§
2 1+2+03
4n
ne d=102z0 — myonMHa anpoKCHUMAITii:
V1-d? b1} b1al/}
=50 03=tgE) 19,
TPy 7TIP1 °
@ =190, ) — 190 ~) -
D

Po3B’ sizyroun plBHHHHH (1) sigmocuo 4An,y,, (2)
BiJTHOCHO AN, g, OTPEMAEMO TaKi pO3PaxyHKOBI BUpa3H:

An=10lg(s?Qarsh——22 ) + 1, (5

/6A2 -A3-43-1
2 /6A2 -A3-4A3-1

Vo= LTy

2 /6A2 —A3-4A%-1

Vh = el

Ockinbku AN, Yy, Yp € TO3UTUBHUMH YHCIAMH, TO
i3 piBasaEs (1) i (2) BUKOHYIOThCS OOMEKEHHS Ha
BeNMMuMHa A1l Ao.

ArA+1>0,43 -4 A,>0,1-A,>0, (6)
A+tA+1>0

Obnacts obMexeHb (6) TyT iHTepmpeTyeTbes K
00J1acTh Ha IUIOMIMHI 3 MPSIMOKYTHUMH KOOPIMHATAMHU
A1 i A, sKa oOMexXeHa TPUKYTHUKOM, BEPIIHHH SKOTO
posmimieni B Toukax (-2,1) , (2,1) , (0,-1). Ils obmacts
crilixocTi GineTpa posmineHa napabonoro A,- A2/4 na
JIBI YaCTUHH obmacte crmabkoro aemrdipyBaHHS

A% . .
—1 <A, <1)i obnacte cuiIbHOrO JeMIipyBaHHS

(1< A2 < A?). V pumaaky peamiszanii ®HU i ®BY
YIIPaBJIiHHS YacTOTOI0 3pPOCTY JAOLIJIbHO BHUKOHYBAaTH B
mepIrii obnacti , ONMM3BKIN 10 mapabomu , TOOTO KOIH
JIONYCKAIOThCSl MIBHAKO 3aTyXaroui BIIACHI KOJMBAHHS
¢bimpTpa. Takum umHOM, obnacte anamizy AUX (uu
rozgorpag) oOMexeHa HEPIBHOCTIMHU:
2<A <2, 0<A;<1
CTpykTypy mporpaMu MamimHHOro aHamizy AlIlX
(®UX) posrisuyra Ha npukiagi ®HY. Bona Biitodace B
ce0Oe HACTyMHI OJIOKY alNropuTMy:
- BBE/ICHHSI 3HAUEHHS YaCTOTU AMCKpeTH3anii

1 MOYAaTKOBOI YaCTOTH aHaJli3ylo4doi obiacti 1P, aHaJ3y
A1), 3HaUeHHS KOe]iIlieHTIB Aj 1 Ay;

- 00uHCIIeHHSA 3HAYEHb
o = 2n(potidp)op;i=12..n

- nepeBiputn AUX Ha iCHYBaHHS €KCTPEMYMIB Y
BHOpaHOMY iHTEpBaJIi YacToT;

- momyk B MmacuBi H(@;) MakcumanbHOro i
MiHIMaJIBHOTO 3HAYEHHS i 3anam’ STOBYBaHHsI
BIJIOBIJHMX YaCTOT,

- nomyk B Macusi H(qo) Touku (A w @ -3) nb
Ha iHTepBani D> ¢ > ¢o;

- po3paxyHOK HepiBHOMipHOCTI AYX;

- BUBEJEHHA Ha €KpaH BUXIJHUX [JaHUX I
pe3y/bTaTiB aHaJIi3y.

[IpoBenenmii aHanmi3 mokasye, IIO IMPOrpaMoBaHi
muGpoBi GINBTPH, sAKi peai3oBaHi y BUIAAI 0a30BOI
JIAaHKY 3 HYJSIMH TiepeaaTHol GyHKIIT , po3MillleHuMHU Ha
KOJII OJIMHUYHOTO pajiyca, 30epirae J0CTaTHbO LIMPOKI
MOXIIUBOCTI mepebynyBanHs AUX nuisixom 3MiHH
koedimieHTiB A; 1 A, UYacrory 3pisy ®HY moxnHa
PEryJIIOBaTH , HANPHUKIAI HIpu ¢p = const i AH <3 b ,
skimo Bubpatd A, =05-055 a xoedimienT Aj
3MiHIOETBCI B Mexax -1,2<A;<0. Ilpu upomy
HEeoOXiTHO BUKOHYBaTH yMOBY MaciitaOyBaHHA Hpg= 0
NDISXOM 3MiHH MHOXHHKAa Bp B Mexax (4 - 30) ab.
PerynroBannst wacrorn 3pizy ®BU mnpum mmx ke
MOXITUBOCTSIX Ha @p 1 AH MOXJIMBO B MEXaX I'PaHUYHHX
i s uporo HeoOXigHo BUOpaTH koediuieHt A= 0,4 —
0,45 Ta 3HaWitu Jpyruil KoedillieHT B  Mexax
-1,2< A; < 1,2, migbuparoun st KoxHOI mapu (Ag i Ap)
koedinieHT MacmTadyBaHHS Bg, 3aBmsku SIKOMY Hpmax
3MIHIO€ThCS Ha Benuauny Bin 14,4 nb no 21,0 nb.

IIpoBenenuii aNrOpUTM PO3paxyHKy
BUKODHCTOBYBaBCS ~ NIpU  amaparypHid  peamizaii
nporpamoBoro PI[®, ne BuxopucroByBasuch 10-
po3psimHi  koedilienTn — nepepaTHol  QyHKINI, a
PO3PAIHICTH orepaTopiB BCEpEeIMHI caMoro
obumciroBava Oyna piBHa 12.

[NopiBHsBIIM pe3ynbTar EKCIIEPUMEHTY 3
TEOPETHYHUMH  PO3PaxyHKaMH, TIOKa3aHO BHCOKY
aJIeKBaTHICTh JJAHOTO KOMIT I0TEPHOI'0 MOJICITIOBAHHSI.

AUX  Hlp),

BucHoBkn

1. Po3poGiieHo aJITOPUTM KOMIT FOTEPHOT0
MOJICITIOBaHHS peKypcuBHUX IuppoBux dinptpis (GHY,
®BY, CD).

2. 3a gomomoror MacmrabHoro koedimieHra By
BHUKOHYETHCS alITOPUTM MaciuTaOyBaHHs PLD.

3. Po3pobiieHui alropuT™ MOJCITIOBaHHS BH3HAYAE
curnanoBy CAIIP mudpoBoi ¢inbrparii.

Hoegocaonuii C.II. — TOKTOp TEXHIYHUX HAYK, Ipodecop
Kaenpy KOMI' FOTEPHOI 1HXKEHepil 1 eJIeKTPOHIKY;
Banemep P.B. — cTyneHt.
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S.P. Novosyadly, R.V. Valter

Computer Modeling of Second-Order Recursive Digital Filters of the
Automated Design Signaling System

Precarpathian National University named after Vasyl Stefanyk, 57 Shevchenko K., Ivano-Frankivsk, 76000, Ukraine

In the article the anadytical method of modeling software recursive digitd filters of the second order with
zeros on the circle of the single radiusis presented. The corresponding al gorithm of scaling of this composition of
filters for signad CAD is devel oped.
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3 2nuGOKUM Cymom cnogiugaemo,
w0 27 aucmonaoda 2017 poxy niuioe 3 scumms

JImumpyx Mukona Jleonmitioeuu

00KmMop hizuxo-mamemamuyHux Hayk, npogecop,
3aeidyeay 6i00iny NOAAPUMOHHOI ONMOEIeKMPOHIKU

HaykoBa nisnbHiCTH jgokTOpa (hi3.-MaT. Hayk, mpodecopa
JImumpyxa Mukoau Jleonmitiosuua Oyna nos’ si3ana 3 [HCTUTyTOM
¢izukn HamiBrpoBigHUKiB iM. B.€. JlamkaproBa HAH Vkpainu, B
SKOMY BiH MpOHIIoB muIssx Bix acmipanta (1962/1965 p., Bimmin
Gi3MKM  TIOBepXHI HAMIBOPOBIAHUKIB) O 3aBigyBava BiqaiTy
MOJISIPUTOHHOT onToenekTpoHiku (3 1996 p.).

VYHIKaJIEHOIO 0COOIUBICTIO EKCTIEPUMEHTAIBHHUX 1 TEOPETUIHUX
pobit M.JI. [Imutpyka Oyio moeaHaHHS eNeKTpOo]i3HIHUX METO/IB
JOCTIIPKEHHS €ICKTPOHHUX SBHII HA TMMOBEPXHI HAIIBIPOBIAHMKIB 1
ONTHKA  TOBEPXHI  TBepAMX Tl  (MONAPUTOHHI  SIBHIIA,
HaHOIUTa3MoHiKa). Lle M03BONMMIO 3aKiIacTH HOBHH HANpsIMOK B
¢izuni  moBepxHi: CNIEKTPOHHO-TIOJSIPUTOHHI ~ sSBHINA B
TBEPJOTUILHUX CTPYKTYpax 1 B MPUKIaIHIH (Pi3HIll — NOISIPUTOHHY
OIITOCIEKTPOHIKY.

3a mpHKIamHI JIOCHI[DKEHHS B Taly3l MiKpOCIEKTPOHIKH
Omutpyk M.JI. OyB ymocroenuit 3BanHs Jlaypeata J[lepskaBHOT
npemii Ykpainu (1984 p.). IIpemiero im. K.JI. Cunensuukosa HAH
VYxpainu BiH OyB BinzHauenwuii y 1996 p., a 3a poboty “ HamiBIpoBiIHUKOBI HAATPATKH 3 HAPYKEHHUMH
[apaMy: eJIEeKTPOHHI 1 KOJMHMBHI cTaHW® BiH CTaB JlaypeaToM MNpemil Mpe3uacHTIB AkaaeMili Hayk
Vkpainu, binopyci i Mongosu (1996 p.). Muxkona JleonrtiiioBuu 6yB wieHoMm Ykpaincekoro (3 1990 p.)
ta AMepukancbkoro (3 1996 p.) disuunux ToBapucts. [lounnaroun 3 1970 p. 3xilicHioBaB pedepyBaHHs
HayKOBOI JIITepaTypH, 110 HaIXOAUTh A0 0i0mioreku [HcTHTYTY (hisvku HamiBnpoBimHukieB HAHY, Ha
OCHOBI 4Or'0 PEryJsipHO BHITYCKa€eThCsi brojereHb 3 (isuku moBepxHi HamiBrmpoBimHukiB (10-12
BHUITYCKIB 1IOpivuHO). ByB wieHoM peakosnerii sxypraiis “ Semiconductor Physics, Quantum Electronics
& Optoelectronics’ ta “®i3uka i ximis TBepaoro Tina”. Kinbka pokiB mpaifoBaB B MiKHAPOAHOMY
Enumknonemuunomy bropo 3 ¢(i3uku — HanmcaHHs, penaryBaHHsS 1 pelleH3yBaHHS CTaTed JuIs
YKpaiHOMOBHOT EHIMKJIONe/ii. 3a BaroMuii OCOOMCTHI BHECOK Y PO3BUTOK BITYM3HIHOT HAYKH,
CTBOPCHHS HAIlIOHATBHUX HAYKOBHX IIKiJ, 3MIIIHEHHS HayKOBO-TEXHIYHOTO MOTeHIiay YKpaiHu Ta 3
Haronu JIHS Haykm Homy OyJIO NPHCBOEHO MOYECHE 3BaHHS «3aciyXKeHWH His4 HAyKHd 1 TEXHIKH
Ykpainu».

Jdmutpyk M.JI. mpoBoAMB aKTUBHY HayKOBO-OpraHizaliiHy AisuibHICTh. 3 1983 poky mpaiioBaB B
crieliami3oBaHMX BUEHHMX pajax i3 3axucry mucepramid [nctutyry HamiBnpoigauwkie AH YPCP,
Kuiscpkoro yniBepcurery im. Tapaca IlleBuenka, [Ipukapmnarcekoro yHiBepcurery iMm. B.Ctedanuka.
Jlo nporo gacy OyB wieHOM JIBOX Paj i3 3aXUCTy NOKTOPCHKMX JHCEpTalliii, YWIEHOM OPTKOMITETiB
BITYM3HAHUX 1 MDKHAPOIHUX HAYKOBUX KOH(EpEHIil; Ml Horo KepiBHUIITBOM OYII0 miArorosieHo 19
KaHJMJIATCHKUX 1 JIBI JIOKTOPCBKUX Auceprainii. BiH miaTpumyBaB TicHI HayKOBi 3B'SI3KM 3 YYCHHUMH
Oaratbox Kkpain cBiry (Yropmwuna, Ilomsmma, Smownis, Bomrapis, CiaoBauumna, Pocis, V30ekucraH,
Mexkcuka Ta iH.), OyB kepiBHukoM rpantiB JJKHT Vkpainu, AMeprkancbkoro (izu4HOro TOBapuCTBa,
[Tonbschkoro 1 Yropcbkoro KOMiTeTiB 3 HaykoBux gociimkenb, YHTL, HATO ta in.

Muxona JleonTiiioBMY OyB JyKe BiAMOBINANBHOI, HAMIHOI Ta JOOPO3HUWIMBOKIO JIIOIUHOIO,
KOPHCTYBARBCs MTOBArol0 1 3aCy)KEHUM HAyKOBUM aBTOPHUTETOM CEPEJl CBOIX KOJIEr IO BIAIUTY 1 BCHOT'O
KOJIEKTUBY IHCTHTYTY.

BuciioBiaoemMo mmpi riamooki cniB4yTTS PiAHUM i 6JIM3bKUM NOKIHHOIO Ta KoJleram
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B xypuani “ @izuka i ximia meepoozo mina” (OXTT) ApyKyroOThCsA CTATTi, SKi MICTATH BiIOMOCTI Mpo
HAYKOBI1 JIOCIIPKEHHS Ta TEXHIUH1 po3poOKH y HaNpsIMKax:

Kpucranoximis i TepMOIMHAMIKA TBEPIOTO TiNa;
di3uka, XiMis 1 TEXHOJIOTiA KPUCTAJiB Ta TOHKHX ILTiBOK;
di3uKa i XiMisl TOBEPXHi;
HanocTpyKTypH 1 HAHOTEXHOJIOT];
BumMiproBaHHS BIacTHBOCTEH MaTepiais,
da30Bi niarpaMu piBHOBAry,
I'ereporenni cucremu Ta MixkdaszHi B3aeMoii;
Kommo3utHi Ta KOHCTPYKIiHHI MaTepiay;
. IndopmariiiHi Ta eTeKTPOHHI TEXHOJOTI;
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[IPOBOMTLCS aHOHIMHO (JIeTaIbHI YMOBH — Ha CalTi )KypHAIY).

MMPABUJIA O®OPMJIEHHSA CTATTI
CrpyKTypa mogaHoi cTaTTi 0QOpMIISETHCS HACTYITHUM YHHOM.

1. Koau PACS a6o YIK.

2. Inimianu Ta npizeuine (a) aBropa (is).

3. Ha3pa cratTi Mae OyTH JTaKOHIYHOIO 1 BioOpaskaTH CyTh CTAaTTi, BiJ3HAYAETHCS HAMIBXUPHUM HIPHPTOM
(16 keryb),y Ha3Bi CTATTI HE JAOMYCKAETHCS 3AMUC CKOPOUCHD, HABITH 3arajbHOIPUMHATHX.

4. YcraHoBa, jie BAKOHAHO po0oTy (MMOBHA TIONITOBA ajipeca, ajpeca eNeKTPOHHOI MOMITH). SIKIIO KONEKTHB
aBTOPIB BKIIOYA€E CHIBPOOITHHUKIB PI3HUX YCTaHOB, TO CIiJl BKa3aTH MicIle poOOTHM Ta EIEKTPOHHY aJpecy
KOXXHOTO aBTOPA.

5. Anorauisn: 06’'em — mo 200 cnig (Hamucana MoBoro crtarTi). KimrouoBi cimoBa: iX KijbKiCTh HE MOBHHHA
MIEPEBUILYBATH JECATH OJUHUIIb. JIOMyCKAa€ThCS BUKOPUCTAHHS HEPO3IUIbHUX TEPMIHIB, 110 CKIIAIAIOTHCS 3 JIBOX-
TPHOX CIB.

COoNoUA~WDNE
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[Hdopmanis amst aBTOpiB

6. Texkcr crarri. [locnminoBHicTh momaui Matepiany y CTaTTi - BCTYI, TOJOBHa YacTHHA (3 MOMKIIMBHM
pPO3OHTTAM Ha pO3mimu 1 mimposminu), BucHOBOK. Habupatu mipudtom Times New Roman 10 kermem 3
OJIMHUYIHUM MDKPSIKOBUM iHTepBanoM (BCi MOISI 3BepXy, 3HH3Y, 371iBa i ClpaBa — 110 2 CM). & TAKOX 3aroJIOBKH
migposainie (11 kernp). Tekcr Habupatd B OXHY KOJNOHKY. Bci ONMHHIN BHMIPIOBAHHS MOBHHHI OyTH y
Mixuaponsiit cucremi oguauip (CI).

3araipHUN 0OCST CTAaTTi, BKIIOYAIOUYM PUCYHKH, TAaOJIMIli, HE TIOBMHEH MEPEBHUIYBATH 8 CTOPIHOK, YKIAJICHUX
3riIHO BUMOT JKypHAaIy; 00csr orisiqoBux crateil — 1o 25 crop. Teker craTti npuiiMaetses y Gopmati MS Word
(*.rtf; *.doc; *.docx).

Pisnanns HeoOXimHO ApyKyBaTH y peraktopi popmyn MS Equation Editor. HeoOxinHo maBaTH BU3HAYEHHS
BEJIMYMH, IO 3’ ABJISIOTHCS B TEKCT1 BIIEPIIIE.

Tabauyi TOBUHHI OyTH BUKOHAHI HA OKPEMHUX CTOpIiHKaX y TaOIMYHHMX pefakTopax. BUKOpHCTaHHS CHMBOJIB
ncesnorpadiku s ohopMIICHHS TaOIUIb HE TO3BOISETHCS.

Pucynxu npuitmarotecst y ¢opmatax: TIFF, GIF, BMP, JEPG. Po3wmip daiiny K0XKHOTO pUCYHKa HE TOBHHEH
nepesutiyBatd 1 Mb. Bci rpadiuni 300paxeHHS MOAOTHCS OKpeMHUM (ailioM i3 3a3HaYEHHSIM MiINUCYy 10
PHCYHKa, MHPUHOIO 10 8 cM abo 10 16 cM koxkeH. Paiiny 3 MaTIOHKaMH HyMEpYIOTh 3T1THO 3 iX MOSIBOIO B TEKCTI
CTarTTi, Hanpukiaj, puc. 1. i T.a1. ToBumHa oci Ha rpadikax moBuHHA ckiagatu 0,5 pt, ToBmmHa kpusoi — 1,0 pt.
Pucynku moBuHHI OyTH SIKiCHi, PO3MipH MiAMHCIB 10 ocel Ta mkamu — 10 pt mpu BKasaHUX BHUIIE PO3Mipax
pHCYHKA.

Lnrocmpayii TpuiiMaroThes 10 APYKY TINBKUA BUCOKOSKICHI. [1imucy 1 CHMBOJIM MOBUHHI OyTH BIPYKOBAaHi.

7. BinomocTi mpo aBTOpiB: mpi3BuUIle, iM s, 1M0-0aTHKOBi, HAYKOBHH CTyIiHb, BUCHE 3BaHHS, Iocala Ta
CNIEKTPOHHA aJpeca KOXKHOro 3 cmiBaBTopiB. CiiJ BKazaTH ajpecy Ul JUCTYBaHHS 3 BiIOBiIATbHUM aBTOPOM
nozanoi crarTi (6axaHo BKka3ath MOOLIbHHI TeaehoH).

8. IlocujaHHs Ha JiTepaTypy. NMOBMHHI HyMEpyBaTHCh IOCTIOBHO y MOPSAIKY iX MOSBH B TEKCTi CTaTTi.
JliTepaTypa HOBMHHA OAAaBATHCh HA MOBI OpPUTIHATY Ta TPAHCIITEPOBAHO JIATHHHUIICIO OKPEMUM (haiiioM.

JJ1s1 mocuitaHk BUKOPHCTOBYIOThCS HACTYIIHI (popMaTu:

Kuuru: Asrop(u) (iHirianu, motim npi3suina), Hazsa kuuru (BuaaBHUIITBO, MIiCTO, PiK BHIAHHS).

Ipuxnao:.

[1]. B.K. Ridley, Quantum Processes in Semiconductors (Clarendon Press, Oxford, 1999).

Kypnuamu: Asrop(u) (imimiamu, motim mpissuina), Ha3sa xxypHany (BHKOPHCTOBYIOThCS abpeBiaTypu TilbKH
IUTsL BITOMUX JKYpHAIiB), HOMEp ToMy (HOMep BHITYCKY B IY)KKax), HOMEp MOYATKOBOI CTOPIHKK (piK BHAAHHS B
TyKKAX).

Ipuxnao:

[2]. N. Blutzer, A.S. Jensen, Opt. Eng. 26(3), 241 (1987).

Martepianu koHdepentii: Aprop(u) (iHirianu, norim mpizsumia), Ha3sa koH(epeHiii (BUIABHHUIITBO, MICTO,
PpiK), HOMEp CTOPIHKH.

Ipuxnao:

[3]. L. Stanko, XIV International Conference on Physics and Technology of Thin Films and Nanostructures
(Vyshha shkola, Lviv, 2013), p. 120.

9. AHoTalin aHIJIiCbKOK MOBOW. B KiHIi craTTi BKasaTd iHirianu Ta mpissuine (a) aBropa (iB), Ha3By
CTaTTi, YCTAHOBA, Ji¢ BUKOHAHO POOOTY, & TAKOX aHOTAIII0 3 KIFOYOBHMH CIOBAMH aHTIIHCHKOI0 MOBOIO (st
CTaTTi, 0 MOAAETHCS AHTITIHCHKOI0 MOBOKO — HABEIEH] IaHi BKa3aTH YKPAiHCHKOK MOBOIO).

OcHOBHI KpuTepii SIKOCT1 aHOTaNi{ aHTTIHCHKOI0 MOBOIO 10 YKPaiHOMOBHUX CTaTCH:

1. TnpopmaTuBHUMH (HE MICTHTH 3aTATBHUX CITiB).
2. OpwurinanbHiME (He OyTH KaTbKOIO YKPaTHOMOBHOI aHOTAIIT).
3. 3micTroBHUMH (Bi10OpakaTH OCHOBHHIA 3MICT CTATTI 1 PE3yJIbTATH OCIIKEHB).
4. CtpykrypoBa#i (CJTiLyBaTH JIOTIIi OMUCY Pe3y/IbTaTiB Y CTATTi).
5. «AHTTIOMOBHIMID (HAMHCAH] SKICHOIO aHTTiHCHKOI0 MOBOIO).
6. Komnaktaumu (ykiagatucs B 06'em Big 100 mgo 250 cris).
10. Jlo craTTi 1oxar0ThHeS.
1. VYrogma mpo nepenady aBTOPCHKUX NPaB.
2. Tlepenik MOXKJIMBHUX 2-X PEIICH3EHTIB, BKA3aBIIN iX €JICKTPOHHY aJpecy Ta 3aKial.
11. Cratti nonaThes JMIIE Yepe3 CHCTeMY eJIeKTPOHHOI peecTpailii:
http://journal s.pu.if.ua/index. php/pcss/about/submi ssi ons#onl i neSubmissi ons
12. KonrakTHi ampecu penakiiii xyprany “ @izuka i ximis TBepmoro Tina”: journal.pcss@gmail.com;

fess@pu.if.ua

Jlomawns cmopinka 6 mepeci Inmeprnem: http:/www.pu.if.ua/inst/phys che/start/pcss
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3amoBJsiiTe Ham xkypHaJja Ha 2018 pik!

Jep:xaBHuii KoMiTeT 3B’ 13Ky Ta iHdopmaTu3anii Y kpainu

®. CII-1
ABOHEMEHT Ha 22938
JKypHa
» @i3mKa i ximia TBepgOro TiNA" (immexc BuaHHs)
(HaiiMeHYBaHHS BHIAHHS) | Kinbkictb
| KOMILJICKTIB
Ha200 pik mo Micamsax
[1 T2 3 [4 |5 6 [7 s [9 10 J1u1 J12
Kynu:
(mowrroBwii iHmeKc) (anpeca)
Komy:
(npisBuume, iHigianu)
B | wicne | minep TOCTABHA KAPTKA - JOPYYEHHS
Ha 22938
JKypHa
» @i3mKa i ximisa TBepOro TiNA" (innexc BuaHHs)
(HaiiMeHyBaHHS BHIAHHS)
. nepenIaTiH TPH.___KOIL. KinbkicTs
Bapricts .
nepeaapecyBaHHA ____TpH.___KOIL. KOMIIJIEKT1B
Ha200 pik mo Micamsax
[1 T2 3 [4 |5 6 [7 T8 [9 J10 JTu J1
Kynu:
MOITOBUI .
. micro/ceno
iHzIeKe
P— obJractb
paifon
BYJTHIIS
Oyx. KOPII. KB.

npizBume, iHinianm



IlepeBipTe npaBubHiCTH 0hopmiIeHHs nepeanIaTH!

Ha aGonemeHTi moBHHEH OYTH MPOCTAaBJIEHUH BIATUCK KACOBOI'0O arapara.

[Mpu odopmienni nepemmuiati (mepeaapecyBaHHs) 0e3 KacoBOrO amapara Ha
aOOHEMEHTI NPOCTaBJISETbCS BIATUCK KaJCHJIApHOTO IITEMIIENS BiJAUICHHS
3B's13Ky. Y LIbOMY pa3i MepeIuIaTHUKY BUJAE€TbCSI aOOHEMEHT 3 KBUTAHLIIEIO
PO OIUIaTy BapTOCTI MepearuiaTy (repeaapecyBaHHs;).

[lepenmiaTHUK 13 CIJJaYEHUX HUM KOWITIB 3a [Mepearsiary JAopydae
PoznoscropkyBauy cratuti Bunasiuioo cymy B po3mipi BUIaBHUYOI BapTOCTI
NepelIUlayeHoro  BUJAHHA HAa  yMoOBaX 1 B CTPOKH, BHU3HAYeHi
Po3snoBcropxyBaueM.

[nignuc nepenmuatauka ($hizuuHoi 0coOu a60 KepiBHUKA IOPUIMIHOI YCTAHOBH, 3aBipeHHi ne4aTko)/)
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