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Yaroslav Olikh

®I3NYHI, XIMIYHI TA IHWI ABALWA,HA OCHOBI
AKX MOXYTb BYTU CTBOPEHI CEHCOPNA

PHYSICAL, CHEMICAL AND OTHER
PHENOMENA, AS THE BASES OF SENSORS

BIJI PETAKIIII

Binomo, mo ymoBamMu ycHuinrHoi poOoTH
(hi3UYHOTO CeHCOopa €: MO-TIEPIIe, — MOKJIUBICTh
¢ikcanii curHany, i no-apyre,— iHTepIpeTanis
CUTHAIIY B peaJIbHUX (DI3MYHHUX BEITUYMHAX.

Skmo abcrparyBarucs Biji KOHKpETHUX (i-
3MYHHUX CEHCOPIB MOXKHA MPHHUTH JI0 AYMKH, 110
171eaJIbHUM CITeIIU(IYHIM CEHCOPOM MOXKE BBa-
KaTucs HeWPOHHA CHCTEMa, 0 POPMYE JTFONICHKY
MiJCBiIOMICTh. JlICHO, ICHYIOTh JAOCIIIKEHHS
TOTO, 1110 caMe MiJCBIAOMICTh JIOMYyCKa€e iICHYBaH-
HS 1ppallioOHaJIBLHOTO 32 MEXaMHu MaTepiajbHOT
peabHOCTI 1 € BiJIMOBIATBLHOIO 32 TIOPOKEHHS
i7Ief 111 BEJIMKUX TBOPIB MUCTEIITBA, MY3HKH,
NpO3H, Mmoe3ii, BEJIUKUX HAYKOBUX BiJKPHUTTIB
1 IMOOKUX JYXOBHUX MEPEKUBAHB, 110 B KiHIIE-
BOMY pe3yJbTari TpaHC(HOPMY€EThCS B palliOHAIb-
Hy hopmy.

JlJis peasibHOTO BUKOPUCTAHHS TaKOTO 1H-
CTPYMEHTY (CeHcopa) HeOOX1THO HaBYUTHCS Ha-
JIITHO KOPUCTYBATUCS AOCTYIIOM JI0 HAIIOT Mi/ICBi-
JIOMOCTI. 30KpeMa, OKpEMHUM 0co0aMm, K BiJIOMO,
B/IA€THCSI JOCATATH BIIYYTTS TAKOTO PiBHS y CTaH1
menuTarii. [Ipy 1boMy HaIBaXKJTMBUM YHHHUKOM
YCHIMHOI KOMYHIKalil CB1IOMOCTI 3 MiJCBiI0-
MICTIO, MOAIOHO 10 POOOTH (PI3MUHUX CEHCOPIB,
BUSIBIISIETHCSI CIIPOMOXKHICTB: MO-TIEPIIIe, — YCBi-
JTOMHTH (BII3HATH) B TMEBHUX NMCUXO(I3UIHUX
YMOBaX IIe# Jiajor Ta, Mo-apyre,— BIpHO HOTO
IHTEepIPETYBaTH.

VY 3anpornoHoBaHiii JUCKYCIiHIHM cTaTTi aB-
TOpoM 3po0iieHa crpoda po3mudpyBaTiH OKpemi
BJIACHI MCUXO0(}I3UYHI BITUYTTSA 1 CIPOMOTTHUCS
3aBJISIKK JIOCBiY (hi3MKa-eKCIIepUMEHTATOpa JI0-
TIYHO 11 BIIYYTTS JOKYMEHTYBaTH B 3pO3yMiii
MareMaTHuHii ¢popmi 3B’ 3Ky 3MIHU TICUXOJIOT14-

4

HOTO Yacy 3 TeMIleparyporo. SIk MmokazaHo B po-
00Ti, BUBHAYaIbHUM YMHHUKOM JJIsl YCIIIITHOTO
BHPIIICHHS 3aBJaHHS KiJIbKICHOT OLIIHKYA TPUBa-
JIOCTI Ta MIBUJIKOCTI 3MIHH IICUXOJIOTIYHOTO Yacy,
€ B3a€MOJIIS IBOX KOMIIOHEHTIB MHUCJIEHHS — CBi-
JIOMOCTI Ta ITACBIAOMOCTI.

Crarts, Ha Hallly AYMKY, MO>K€ TIPUBEPHYTH
yBary JOCJIIHUKIB 10 I[IKaBUX aCIEKTiB B3aEMO-
Jii CB1JIOMOTO 1 ITiJICBIIOMOTO €JIEMEHTIB (CUCTEM)
MO3KOBOT JIISTTLHOCTI 32 y4acTi crerugiqHoi CeH-
COPHKH.

IIe B mepri necstumitts 20 Biky G. Parker 13
€IbCHKOTO YHIBEPCUTETY IPH MOIIYKaX MPUMITHB-
HOI peIeKTOpHOI Tyry BCTAHOBUB, 10 HEMPOHHI1
HUISIXH, 3 JONOMOTOIO SIKMX 30y/IKEHHS TeHEepy€eMe
CEHCOPHHUM CTHUMYJIOM, JII0YHM Ha MEBHY YAaCTHHY
TiJla MOXKE BUKJIMKATH pyX. A CyTh pOOOTH 1LI€H-
TpaJIbHOT HEPBOBOI CUCTEMH — TOJIOBHOTO 1 CITMH-
HOTO MO3KY — € MPOBEJIEHHS BXiAHOI CEHCOPHOT
iH(pOopMaIlii 10 YUCICHHUX CTPYKTYP 1 KOHBEPIeH-
11is1 Ha HelipoHaX. By BUALICHI TPYITH CEHCOPHHUX
HEHPOHIB, BiJI IKUX, 30KpeMa, MMOCTYNal0Th CUTHA-
JI1 3 HaBKOJUIITHLOTO cepenouina. Cripodu, 1o
MAaIOTh MICIIE, TTAKITFOYMTH MO30K JI0 KOMIT I0Tepa,
a00 CTBOPUTH PO3YyM B CEPEIMHI KOMIT I0Tepa Ta-
KOXK PO3paxoBaHi Ha BUKOPUCTAHHS CEHCOPHUX
HEUPOHIB a00 1HIMHUX crenupIYHUX CEHCOPHUX
CUCTeM. YCIIIXH, UM TMEBHI Pe3y/IbTaTu, MPaKkTH4-
HOTO BTUICHHS TaKHUX 1/1el € O10HIYHI MPOTE3HU, Ha-
MPUKIAJ, pyKa, [0 KEPYEThCSI CUIIOI0 AYMKH Ha
MiJCBIIOMOMY PiBHI, pyKa-MpoTe3, K 3BHYaiHA
pobuTh HeoOXimHiI pyxu (enexTpuk [[xecci Cammi-
BaH, CIIIA). I TyT npairoroTh HEWPOHHI CEHCOPH.

Jloxmop ¢iz.-mam. nayk, npogh. A. Jlenix
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ON THE PHYSICAL NATURE OF SUBJECTIVE PSYCHOLOGICAL TIME

Yaroslav Olikh
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ON THE PHYSICAL NATURE OF SUBJECTIVE PSYCHOLOGICAL TIME

Yaroslav Olikh

Abstract. A simple temperature dependence of rate changing a psychological time ¢ (7.)
in human was suggested: (0, /0S )=D -0T, where D is some constant, S is the psychologlcal
entropy, characterizing current "human physwal/mental state ST is the normalized body temperature
oT=(t.—t), t.— the now temperature and 7" — the normal temperature. This dependence as an
empirical result of personal experience in “perception” of time intervals (~10 min) at high body
temperature (7,238,2°C) was ascertained. It has been shown the determining factor to successfully
finding the task of quantitatively estimating a duration and changing rate of the psychological time
there is cooperation of two thinking components — consciousness and subconsciousness. The optimal
physical conditions for involving the subconscious results in significant strengthening of the brain
capacity (synergy effect) were found out. The possible application of the formulas obtained for
analyzing the changes of psychological time with temperature and entropy was suggested. Using on
the calculations performed the graphical temperature dependences 07, 5tps (Dps AS, ) were plotted, that
confirmed the expected growth of these parameters.

Keywords: time perception, psychological time, psychological entropy, subconsciousness

PO ®I3UYHY MPUPOAY CYB'EKTUBHOI'O INTICUXOJOI'TYHOT'O HACY

Apocnas Onix

AHoTauis. 3anponoHOBaHO MIPOCTY TEMIEPATYPHY 3aJICKHICTh IIBHIKOCTI 3MiHU IICHXOJIOTTYHO-
ro yacy ¢, (1) y OIMHH: (atps/éSp ) =Dps-§T , e D — jesika KOHCTaHTa, S — TICUXOJIOTIYHA SHTPOITis,
10 XapaKTepu3ye MOTOYHHUN (i3WIHUN/TIICUXIYHUHN CTaH JIOAUHN; 67 — HOpMOBaHa TeMIeparypa Tijia
oT=(t.—t), t.— IOTOYHA TeMIIEparypa i ¢ ~HOpMaJbHa TeMIeparypa. BCTaHOBIEHO 1110 3aJIEXKHICTh
SIK EMITIPUYHUHA pe3ysbTaT 0COOMCTOrO TOCBIMY «CHPUHHATTSD iHTepBaliB yacy (~10 XB) mpu BUCOKIH
Temreparypi Tina (¢,>38,2°C). ITokaszaHo, 1110 BU3HAYa bHUM YUHHHKOM JUISl yCIIIHOTO BUPIIIEHHS
3aBJaHHS KiJbKICHOT OLIHKM TPUBAJIOCTI Ta MIBUIKOCTI 3MIHM IICUXOJOTIYHOTO Yacy € B3a€MOJis
JIBOX KOMITOHEHTIB MUCJIEHHS — CBIJOMOCTI Ta MiJCBiIOMOCTI. BusiBiieHo ontuManbHi pi3uuHi ymo-
BU JUJIS 3QJIy4€HHS M1ICBIIOMOCTI, 110 MPHU3BOJUTH J0 3HAYHOTO TIOCHJICHHS MOKIMBOCTEH MO3KY
(edexT cuueprii). 3anpornOHOBaHO MOXJIMBE 3aCTOCYBaHHS OTPUMAHHUX (POPMYI JUIsl aHATI3Y 3MiH
MICUXOJIOTTYHOTO Yacy 3 TeMIepaTyporo Ta EHTPOII€0. 3 BUKOPUCTAHHIM MPOBEJCHUX PO3PaxXyHKIB
Oynu moOyoBaHi rpadiuHi TeMIepaTypHi 3aJeKHOCTI 07, 5tps (D,AS), K1 MATBEPAUIN OUiKyBaHe
3pOCTaHHS IIUX MapaMeTPiB.

Kiro4oBi ci10Ba: cipuiiHATTS Yacy, ICUXOJIOTTYHUI Yac, ICUXOJIOT1YHa eHTPOITis, TiICBIAOMICTb

© Apocnas Onix, 2022
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Yaroslav Olikh

1. INTRODUCTION

Time is the decisive factor in behavior of
any living organism, but the nature of time itself
remains one of the most mysterious problems of
up-to-date science [1,2]. It appears that time is not
a universal quantity but only some conditionality.
This feature of individual time was known long
ago. It is common knowledge that perception
of identical time intervals determined using, for
instance, a chronometer, can differ essentially
for various persons as well as under different
conditions [3,4]. This individual time perception
is named by neurobiologists and psychologists
as the “psychological time” (¢,). This field of
studying the features of individual time perception
is essentially widened in recent decades [2,4,5,6].
How many efforts and methods were applied to
study this phenomenon of time perception. They
considered a lot of various influencing factors,
namely: changing the condition of consciousness
by using meditation, introduction of narcotics and
specific conditions of humans — neurologic and
psychiatric ones [4].

Indeed, results of the newest world studies
of psychological time in the field of psychology
and neurobiology are of great importance. The
main regularities of this phenomenon were
ascertained, and it was found that human time
perception is affected by strong emotions,
apprehensiveness, age, body temperature,
isolation (information deficiency), as well as
concentration [3,7,8,9]. However, up to date
there is no commonly adopted theory explaining
the coding mechanism (recording) of time
duration, and unfortunately comprehension
of this phenomenon remains at the qualitative
level [10,11]. Up to date, researchers have no
specific mathematical relations quantitatively
estimating the duration of the psychological time
L and predicting its changes under purposeful
modification of ambient conditions. To eliminate
this flaw, we suggested a simple formulation of the
physical relation between the rate of time course
and temperature (energy) in a separate biological
system. The dependence has been formulated on
the basis of considering subjective perception of

6

specific time periods (~10 min) under condition
of fever. We analyzed the physical conditions
that contributed to the optimal inclusion of
subconscious thinking to solve the task to
mathematically describe the rate of changes in
the subjective psychological time. A possible
applications of the found dependence arps/aspf
Dpx-éT D, is some constant, S, — psychological
entropy; 67 is normalized body temperature
oT=(t.—t.), t.— the current and 7" — the usual
normal human body temperature) were suggested
to estimate duration of the psychological time
under specific conditions.

2. EXPERIMENTAL

2.1.Equipment

Glass clinical thermometer to measure
the body temperature; smartphone used as a
chronometer.

2.2. Subject of investigation

Body temperature dependence of
psychological time (tps)

2.3. Journal of events the personal
experience in “perception” of time intervals

The experience was proceeded for
approximately 8 hours, starting at 22:00 up to
6:00 o’clock of the following day. Painful feeling
arose yet in the previous day. The preliminary
measurement of temperature approximately at
14:00 indicated its increase up to z. close to 38.2
°C. There arose a suspiction of the virus attack.
Thereupon, the author used only folk remedies:
localization, bed, water extract from medical
plants with arrowwood and raspberries and
without any antipyretics (as the increased body
temperature helps to withstand virus attacks). To
night, the temperature increased up to 7. = 38.5
°C approximately at 22:00. Feeling of “heaviness
in head”, desire to sleep, thought about this
“damned virus” did not leave. It is expedient here
to remind that this experience was performed
under Covid-19 pandemy, when the general
psychological situation itself created atmosphere
of an enhanced psychological pressure. Probably,
it affected the initial information message to
formulate the problem [12,13]. It is worth to
note that all descendant this night was stored in
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mind and made it possible to distinctly reproduce.
Nevertheless, to understand what was happened,
it was necessary to describe these events (to be
exact, feelings) in more details, including dreams
running all over the night. It should be emphasized
that in this case dreams are considered as specific
pictures that, first of all, reflect the emotional
background of thinking. All these dream details,
their geometry, shape — correspond to specific
psychophysical processes in subconsiosness. It
implies processes that form a final result [12,14].

In what follows, we shall intentionally
adduce all the details of this psychophysical play
that were stored in mind. As one can see from the
following analysis (Chapter 2.3, 3.2), the very
dream details (“The devil in dettails”) inform us
about subconsiousness content through original
images (signs). The dream pictures were repeated
especially persistently after brief waking up to
measure the body temperature (without room
lighting, using only the smartphone light). For
these studies, it was reasonable to choose the
time interval (~10 min) that could be controlled
with the smartphone chronometer. The following
development of events can be tracked using the
journal records.

I woke up at 23:30 and began to measure
temperature. I was perceiving a conscious
desire for these 10 min to run as quickly as
possible. Then, after recording the temperature
(t. = 38.6 °C), I fell asleep again. In fact, I was
falling asleep immediately, and in dream [ saw
some voluminous spheres, ellipsoid dumbbell-
like figures of rotation that were alternatively
blown and shrink, at the same time both parts
of dumbbells tried to approach each other, but
something prevents this motion. In parallel with
this approaching-tension, the thought arises
in mind almost consciously: why time runs so
slowly?

I woke up again approximately at ~01:30
to measure temperature and fix time by the
smartphone, waiting the result of temperature
measurement, and it seemed that the time to
record temperature has already come (i.e., 10 min
have past), and I am looking at my chronometer.
However, only ~5 min have slowly past. Two
looks at the chronometer more, and at last, the

10-min period has past. I fixed the temperature —
approximately 38.8 °C. I fell asleep immediately,
and again I saw the same dream with me among
spheres. In this condition, almost consciously the
thought of slowly running time comes to me. And
it is interesting, what is the exact way for changing
the rate of time? There appears (it is realized)
a professional desire to describe this time flow
changes from the mathematical viewpoint, i.e., to
reflect in some manner the rate of time running.
But how it can be made? The feeling comes that
my head is blown up like to those spheres! I do
not imagine how it could be made, but I am sure
to do it, as the solution is close to me. Physisists
got accustomed to express rate of all the physical
quantiiies via derivates with respect to time, but
here we have the time itself.

I woke up, fix the moment ~02:50, began
to measure temperature. Again I wanted to
make the measurement as quickly as possible.
And I feel that time would be stopped, so I look
at chronometer repeatedly for 4, 7 and, at last,
10 min. The thermometer indicates 7.~39.0 °C.
And again I fell asleep, that resembles me a jump
from steep and dive to the same dream, where the
spheres-dumbbels rotate and approach. However,
in addition, there arise some fuzzy signs,
formulas, Latin characters... For some reason,
the great capital letter “S” slows down, which
resembles these doubled spheres-dumbbels. At the
background of this letter, these spheres become
reduced, approached and assimilated in one figure
that look so elastic and smooth that causes desire
to stroke it. However, this letter S twinkled and
became more and more clear. Almost consciously,
there comes up the thought — what does it mean?
In physics, this letter is used to designate the
distance, the square... but not; something gives
me a hint that usually in thermodynamics this
designation is used for entropy.

It becomes easier, I don’t know how yet,
but already I feel that I will be able to write this
“damned” derivative of time with respect to...
what? Here, I cannot separate wether I am there
in dream with spheres, or already awakened, but
the term 0t/0S becomes to twinkle more and more
brightly. Stop, and where should I use my suffered
temperature 677 But it is already side by side,

7
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as with increasing the temperature, the rate of
changing my psychological time was increased,
too! Le., GtPS/GSPS ~ oT. In what follows, it becomes
obvious:

(0t /08 ) =D, JT. 1)

Here, 7 is the psychological time,
D, — some unknown constant that characterizes
the studied system, S, —entropy; 0T —normalized
body temperature.

That’s all! Having sensed and clearly seen
this relation, I fell asleep with relief, it seems
without any dreams, being calm, without any
fear to forget the suffered regularity. After some
period, I woke up with “light” head, measure
body temperature — 7. = 36.6 °C, it seemed to
be suspiciously low. I measure temperature once
more and get the same result. My chronometer
indicates 06:40. I begin to analyze, what does
it mean? Could it be real or only seems? What
relation could take place between the time running
rate and entropy? And what entropy should it
be? And may be it is not the entropy? It was the
morning. Recovery has come, the mind became
clear. Temperature increase was not repeated
neither in the same day nor in the following days.
The high body temperature has done its work:
allowed to (in the half-conscious condition)
the simple form of an extraordinary important
physical regularity indicating the quantitative
relation of the time flow changes in a separate
(biological) system with the energy (temperature)
of this system.

3. RESULTS AND DISCUSSION

3.1. Consciousness and subconsciousness
cooperation a decisive factor for successful
solution of the problem

Having analyzed records in the journal
of events happened that night, let us try to
find out and describe those extremely delicate
but so interesting and important basic details
of the process concerning human thinking as
well as cooperation of consciousness with the
level of subconsciousness. We believe that the
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main process here is cooperation between two
forms (phases) of thinking — consciousness and
subconsciousness. Just this cooperation of both
forms (in parallel) on the problem concerned
by an individuum at the moment, essentially
enhances abilities of the brain (synergistic effect).
This cooperation becomes a decisive factor
for successful solution of the problem, which
is unattainable under each of these conditions
separately. We use both of these categories
consciousness and subconsciousness that via our
thoughts are related to each other. The human
mind is one and indivisible, however, it includes
two phases interacting between each other,
namely, consciousness and subconsciousness.
The latter is the productive phase of mind, while
the former — governing. Consciousness chooses
what it wants to see in this life but is not be
able to create that. Subconsciousness is a tool
without which the choice cannot be made; we
regularly see and hear some signals from our
subconsciousness in the dream state. The only
difficulty is to correctly decode the seen things.
This is not a tribute to mysticism, con-
sciousness-subconsciousness is the subject of
serious study of a number of sciences; we are
forced to be properly awake and awake in a state
of sleep. Sleep is a form of communication with
subconsciousness. Such an analysis of dreams
discloses the secret of human subconsciousness,
dreams inform about the processes that develop
inside the organism and outside, dreams give the
most interesting information to those who try to
understand symbols appearing in them [15]. The
consciousness condition in its thermodynamical
sense corresponds to the definition for “open
systems” (human organism is the open system,
since it can receive information on the body
temperature 7, on time ¢, from the chronnometer).
Concerning the subconsciousness condition, the
situation is more complicated. Indeed, when
exchange with ambient by the energy (and
information) is inhibited (weakened) temporarily,
this system can be considered as the isolated one
(or quasi-closed). In our opinion, it is the dream
condition that corresponds to this situation.
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3.2. Stages of solving the problem (task)
of changes psychological time rate

Appearance of an idea (setting the problem)
about some dependence of individual time
duration Az for the chosen in the experiment time
period Az =10 min for temperature measurement
was conscious, i.e., when observing the
chronometer and thermometer readings. While
solution of this task was realized in fact at the
subconscious level. Consciousness formulates
the task, controls the process of its solution and
mobilizes subconsciousness to do it [14]. In its
turn, subconsciousness “digs into depth” but
all the time needs informational confirmation
(support) to: 1) not “turn to another way”, and ii)
be all this time “in contact” to transfer information
to consciousness in a real time scale.

Let us follow these stages in more details.
The revealed in the consciousness stage fact of
deceleration of individual time was apprehended
rather emotionally, so emotionally that it
penetrated into the dream condition (i. e., into
subconsciousness). It may be interpreted as
setting the task for subconsciousness. It was
confirmed by appearance of dreams (see section
2.3:...spheres, ellipsoids, dumbbell-like figures
of rotation...). However, this moment is very far
from solution of the task yet. Generally speaking,
it would be finish of this play. But attention! There
is temporal re-switching into the consciousness
stage (~01:30). As a result, another portion of
information and a new emotional pulse are added.
At the same time, the task is specified (...what is
the exact way for changing the rate of time?...). In
parallel, the reqirement to solve it is specified, too
(...to describe this change from a mathematical
viewpoint...), and motivation is enhanced (...
I am sure to do it, as the solution is close to me!).
Exactness of this delivery address is confirmed by
continuation of the same dream.

It is important to emphasize the observed
multiplicity (repetition and accumulation) of
moments corresponding to formation of the
same information and emotional requests that,
in fact, appeared randomly but undoubtedly
promoted successful solution of the task. The

smooth transition between consciousness and
subconsciousness stages (instant, without any
dissipation of ehergy and growth of entropy)
was favoured by quasi-closeness of our system
(absence of any light and sound contacts with
ambient medium, high body temperature as well
as the condition of dream).

Re-switching to the consciousness
phase took place again (at ~2:50). The further
temperature increase was fixed, which should
promote an energetic emhancement of work in the
consciousness phase. Deceleration of individual
time is perceived clearer, as a result, the same (but
more intensive!) information and emotional pulses
were sent again to subconsciousness. The dream
and its pictures were very similar to the previous
ones, but there appeared new important elements
(...arise some formulas... the capital letter “'S” ...
spheres approach to each other...). It means that
there was formation of solution for the set task
in some format accessible for the consciousness
stage. In this process, both phases of thinking
articipate now practically simultaneosly (...if is
difficult to distinguish wether I am there in my
dream, with spheres, or already waken up. But
the term 0t/0S becomes to twinkle more and more
brightly...). And at this moment, the partially
forgotten knowledge about entropy came out
very timely. So, the final formula (1) is created
in consciousness with not understandible
designations yet: 0t /0S =D oT Here, 0t,/0S
is the flow changes rate of psychological time
with changing the entropy or changing the body
temperature:

oT=(t.—1."), 2)
where 7, is the current and 7" — usual normal
human body temperature (in general, it differs a
little from one body to another). Let us take the
mean value 7" = 36.6 °C.

Therefore, the subconsciousness coped with
the set task, the quantitative relation between
thermodynamic parameters has been obtained
(...spheres become reduced, approached and
assimilated in one figure!).
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3.3. About terminology concerning
"deceleration/acceleration of psychological
time”

In what follows, for unambiguous terms,
one should make some correction. It is reasonable
to speak not about time in general but to deal with
specific time intervals. The interval of subjective
time as Az, in the consciousness phase differs
from the measured data of chronometer (clock)
At ie., Atps >At . Formally, it looks like some
delay in chronometer readings relatively to the
chosen time interval in consciousness. This
difference between Az and Az, shoud be naturally
named as individual deceleration/acceleration of
the psychological time:

ot =Mt —At,. 3)

On the other hand, according to the formula

(1):

ot =D S OT. (C))
ps ps ps
Here, 5Sps is a corresponding change in the
psychological entropy. Finally, from (3) and (4)
we get:

At =At +D 6S OT. Q)
ps ¢ ps o ps

3.4. The thinking process and
psychological entropy: the thermodynamics
aspects

Let us consider the formulas (4 and 5) in
more details. It is expedient to remined that the
individual biological perception is defined by
bio-psychological processes that go on in accord
with their own laws. But the governing factor
in these processes, as it was adopted intuitively
(subconsciously) in our observation, can be
entropy. Our consciousness cannot immediately
perceive such a definition for “S”, it cannot agree
with this offer obtained from subconsciousness
(...How could the rate of time running depend
on the entropy?). After deeper reflection, this
rejection vanishes. Indeed, the brain, like to
every molecular system, follows the second
law of thermodynamics, where the categories
of order and chaoc always play their role. Also,
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there are definitness and uncertainty, therefore,
the entropy can be represented in various forms
(thermodynamical, molecular, information)
[14,16]. By [17] was proposed the idea of
entropy use to the human information system
to understand uncertainty-related anxiety. At
the same time, in biological objects the entropy
has another nature as compared with that used
in Boltzmann’s formula; in these objects it is
not a measure of disorder. Rather it serves as
an information memory that really defines the
character of further development inherent to this
system. This entropy defines possibilities for the
system to exist and characterizes not only the
momentary state but possible states in the future,
[14]. Between the information amount I and
entropy S , there is an objective relation: both
these quantities are the measure of organization
in the studied biological system. By I. Zeman,
accumulation of information means decelaration
of time. In accordance with it, the time concerning
information processes slows down; therefore, the
rise of organization level in living organisms
causes deceleration of its own time [16], Le.,
assuming the relation 5Sps~ 5IPS, the equality (4)

can be written as
ot =D "0T-ol (4%)

ps ps ps

When analyzing the creative process
of solution searching, we emphasized the role
of such subconscious images as emotions,
instant associations, dream pictures. The
thermodynamical analysis of thinking process
shows that considering the brain only as a
biochemical cell and neurophysiological system,
is not enough to explain fundamental properties
of consciousness, namely: its capability to set a
task, to find a definite solution for it, to create
a special symbolics for these solutions, to code
corresponding information. When realizing all
these functions, the entropy acquires very low
values that should be provided by a source of
negative entropy to fully order some kinds of
thinking products — logic conclusions, single-
valued symbolic recording, and so on” [14,16].
As it was noted above, emotions slow down the
time and increase the entropy, however, it takes
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place in the consciousness phase of thinking. But
the process of solving the task is mainly created in
the subconsciousness phase: there is also selection
of information material as well as its ordering.
These processes lead to lowering 5Sps [18] and,
respectively acording (4), to decreasing 5tps.

Let us consider the physical sense of the
introduced parameter psychological entropy «s .
In general, application of the entropy conception
to describe psychological processes looks as a
most acceptible from the physical viewpoint
[14,16,17]. However, it is necessary to remember
that through extraordinary complexity of thinking
all the components of this process (information,
energetic...) cannot be comprised by this physical
conception. First of all, it concerns with a high
current physical/mental state. One can agree
with [11], who introduced the psychophysical
distinguishing character «S» that qualitatively
characterizes some physical/mental situation and
can influence the rate of processes in the brain It
1s worth to note that such «S» coincides with our
designation of psychological entropy in its notation
and, in fact, coordinates with our using <<Sps» as
some quantitative mental parameter.

3.5. Application a deceleration/accele-
ration formulas of the psychological time

Let us come out of the frames limiting
our “experimental method” that resulted in
formulation of the dependences (1) — (4) and
consider several examples of their possible
application. The importance of these formulas
are confirmed by their capability to formulate
some quantitative relations between t and other
system parameters. It is expedient here to remind
the expression by /. Kant: “In each knowledge,
there is so much truth, how much mathematics is”.

3.5.1. Why a high body temperature is
necessary for appearance of '""non-obvious"
ideas?

Let us re-write the formula (4) 5tp =D, 5Sps oT,
i.e., the change of individual psychological time
is pro rata to the change in entropy. It is clearly
seen from (4) “why a high body temperature is
necessary for appearance of “brain-damaged
ideas”. If we assume that “hallucination”

messages appear in the process of reading deeply
hidden subconscious information accompanied
by some thermal effect, then the necessity of an
additional energy is understandable. The source of
this energy (at the neuron level) can be increased
of body temperature. Some portion of the
negentropy (which lowers the entropy) provides
the additional internal energy source, which
according to (4) results in the increase of rate
(01,/0S ) fixed as a delay of external chronometer
(phenomenon of deceleration At)). So, the amount
of information read from the subconsciousness
level of the system is a negative additional term
to the total entropy: it is the negentropic principle
of information transfer. To confirm this thought,
it is reasonable to appeal to E. Schrodinger who
put forward the hypothesis on the constancy of
energy inherent to any living organism, explained
by the negative entropy that arises due to “highly-
organized” substances consumed by the organism.
These substances have a low entropy, and being
digested to a degraded form (with a high entropy)
are removed into the ambient medium [18]. It
turns out that arrival of negative entropy is caused
not only due to the information flux accompaning
the inflow of edible products but in other forms.
At the same time, the nature of negative entropy
is not clear yet and needs further investigations
[10,17].

3.5.2. Acceleration of the psychological
time or its deceleration

It is worth to note that the formula (5)
implies not only deceleration but acceleration
of the psychological time in the system, too,
in some definite conditions. Appearance of a
negative value for 5tps can take place for 67 <0
(for example, if cooling the body 7. < 36.6°C) or
when 5Sps < 0. It follows that Atps > At , i.e., the
acceleration of - is changed by deceleration [8].

3.5.3. Body temperature and the human
individual time

Let’s consider formula (5) once more under
conditions of changing the temperature. If the
body temperature is constant and corresponds to
the normal one #." = 36.6 °C, then 67 = 0. In this
case, accordingly to (3 to 4) 5tps= 0 and At =At;
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it means that under the normal body temperature
there is no deceleration of human time. In
confirmation of this let’s appeal to G. Whitrow
who emphasized “...it is very probable that the
constant body temperature is a decisive factor
that relates the human individual time with the
universal physical time and protects it from the
excess instability” [19]. This hypothesis was
checked up by M. Hoagland. In his investigations
of ”The chemical basis for our time perception”,
he found out that the experiments aimed at
estimation of time intervals by human with
increased temperature confirmed acceleration of
human biochemical chronometer, and the real
physical time seems to be decelerated [7].

3.5.4. Influence of human psycho-
emotional state on its body temperature

It is worth here to remind the known facts
about increasing human body temperature /. in
force majeure conditions of considerable emotion
(information) loading. Herewith, when the
nccessity of intensive energetic expences arises,
one can observe a pronounced deceleration of
its own time [3,7]. At the same time, according

to formula (4), 7. should also increase due to the
increase in 5tps.

3.6. Table and Figures

Using the formulas (2 to 4), let’s analyze
changes in psychophysical parameters with the
increase of body temperature (it means our results
from the Chapter 2.3 and the literature data [7].
Let’s remember that seeming time in brain At
= 10 min is the expected time interval chosen
for plausible measuring the body temperature;
At ,is the real physical time that corresponds to
that seeming time interval, 5tps is the change in
psychological time with temperature. Having
made previous estimation of d¢, and 67 (columns
3 and 6 in Table), we can formally characterize the
change in psychological entropy (D -0S ) with the
accuracy up to some constant factor D .

3.6.1. Table

The change of psychophysical parameters
with the body temperature. Values of Az , 7. Az,
were taken from the experiment (Section 2.3 and
data [7]. Calculation: 6T = (z.— 36.6); 5tpS=AtpS—
At, (D,:dS)) = ot /OT.

Parameters e, 'c oT,’C At,s (5tp oS Jtps/(Atp ) a.u. DPS-ASP o a-u. Data
1 36.6+0.1 0+0.1 60060 0+0.1 0 0 23
2 38.540.1 1.940.1 420+60 180460 0.3+0.13 95+32 23
3 38.8+0.1 2.2+0.1 300+£60 300+£60 0.5£0.15 137£36 2.3
4 39.0+0.1 2.4+0.1 240+60 360+60 0.6+0.16 150+33 2.3
5 36.6+0.1 00.1 60+10 0 0 0 (7]
6 39.4+0.1 2.8+0.1 34+10 26+£10 0.57+0.25 93+40 [7]
The results of these estimations are adduced in Figures a and b.
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. 1 & 5 @ 300f 1 213008
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1,5+ o /»% - 10,5 _& 3 —" %)
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3.6.2. Figure. Dependences of
psychophysical parameters on the body
temperature. Figure a): 67 is curve 1, dt /(At)
is curve 2. Figure b): 5tps is curve 1; (DPS-ASP y,
is curve 2. Points are calculated from the
experiment, lines is linear approximation. Our
results from Section 2.3 and data (x 10) [7].

As can be seen in Table and Figures, not
only ¢, but the product (D -dS)) increases with
increasing the temperature, i.e., the entropy is
expectedly increases, too.

3.7. Discussion

3.7.1. Can the experience of the first
person be convincing (determinative)?

Being joined to the discussion ...whether
the experience of the first person, independently of
data obtained from the third person, be a sufficient
basis for the theory of consciousness?”’, which is
profoundly considered in the brand new work
[20]. Being based on our own experience, we can
assume “yes, it is . However, it exists only when
a honest-minded analysis of the original results
concerning a subjective experience performed
based on true scientific conceptions, which, in
fact, belongs to the third persons. So, it taking
place the increase the scientific level of results
from the first person. Then the results of such
analysis performed by researchers, including a
first person as well, get the right to be considered
“the data from the third person”, which are
lacking. Also, it is strengthed when the pure
experience is accompanied not only by qualitative
reports but specific quantitative measurements
too.

3.7.2. About the “two times problem”
regarding the veridical and illusory nature of
time [5]

Our analysis on the physical nature of
quantitative dependence the psychological time
changes allows to assume that there really is "only
one physical time" in the mind, which is adapted
in the brain in accordance with the current human
physical/mental state. And the main biophysical
force (motivation) of this specific adaptation can
be precisely the "psychological entropy" as a

certain quantitative characteristic that the "two
times problem" formally may been reconcilesed.
"Feynman might agree that physics successfully
crossed the bridge into the cranium" [5].

4. CONCLUSION

Being based on the analysis of personal
experience concerning perception of the
specific time periods (~10 min), that took place
under conditions of high body temperature
(t. > 38 °C), the quantitative dependence of
the psychological time changes on temperature
5t,,s(fc)3 (5f,,s/55,,s) = Dm-éT was found (factor
D, is some constant inherent to every specific
system; S is “psychological entropy”, the
parameter characterizing current psychophysical
condition of the system, 67 is temperature).
A new interpretation of the term "entropy" in the
sense of "psychological entropy" as a parameter
characterizing the human physical/mental state
was introduced. It opens the possibility to apply
quantitative (physical) methods to the biophysical
problems.

The physical conditions that contributed
to the optimal inclusion of subconscious
thinking to solve the task to mathematically
describe the rate of changes in the subjective
psychological time were analyzed. It was shown
that controlled cooperation of consciousness
and subconsciousness considerably enhances
functional capabilities of the brain (synergetic
effect) being a decisive factor for successful
solution of the problem, which is unattainable in
any of these phases separately. Optimal physical
conditions for drawing the subconscious thinking
phase to solve important task arising in conditions
of high emotional (physical) loading were found.

The possible application of the formulas
obtained for analyzing the changes of psycho-
physical parameters with temperature and entropy
was suggested for explaination of:

(1) the possibility for not only deceleration
but acceleration of the psychological time in the
system, too (5Sps< 0 and 5tm <0);

(i1) the necessity of high body temperature
for appearance of “unobvious” (subconscious)
ideas;
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(iii) increasing human body temperature in
force majeure conditions of considerable emotion
(information) loading.

Using the calculations performed, the
graphical temperature dependences 67(z,), 5tps(tc),
5Sps(tc) that confirmed the expected growth of
these parameters were plotted.

It is noteworthy that, to perform more
accurate calculaions of Lo it is necessary to
apply the method for more adequate estimation
of 5Sps or SIPS. As a matter of fact, our work has
additional aim to attract resarchers’ attention to
quantitative study for the dependences of separate
human psychophysical characteristics both with
each other and with suitable for measuring
physical parameters (temperature, time, potential,
frequency, intensity, ... frequencies of heartbeats,
breathing, muscular tonus, diameter of vessels,
etc). We guess that further investigations will
enable to deepen understanding of the thinking
process, in general, and acceleration/deceleration
of psychological time, in particular.
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7. SUMMARY FOR THE
NON-SPECIALIST (LAYMAN)

The study of human perception of time has
a lack of mathematical dependencies that could
describe quantitatively such phenomena. The
author suggested the quantitative dependence of
changes in psychological time on temperature
in a particular biosystem and introduced a new
interpretation of the term "entropy" in the sense
of "psychological entropy" as a parameter
characterizing the current physical/mental state.
It opens the possibility to apply quantitative
(physical) methods to the biophysical problems.
The article substantiates the influence of the
synergy of two modes of thinking: Conscious and
Subconscious on the strengthening of the brain
functional capacity and clarifies the conditions
for effective involvement of the subconscious

mode. Just the original nature of the research
and a completely new result for quantitative
characteristics of such a delicate object as
consciousness are of great interest to researchers
and contribute to deepening understanding
of the thinking process in general and further
involvement of physical methods. A major
international journals in Philosophy, Psychology,
and Neuroscience invite interdisciplinary
research, including physical and biophysical ones.
The paper fully consistent with this area. If we
want to understand our consciousness, we must
not be afraid to break new ground; just such new
way gave new result.

8. LIST OF DESIGNATIONS

is psychological (human) time

ot 1is deceleration/acceleration of the psycho-

logical time

is normalized body temperature 67=(z.—1.")

t, isthe current human body temperature

is the usual normal human body temperature

is psychological entropy characterizing human

psycho-emotional state

is changing of psychological entropy

D is some unknown constant that characterizes
the studied system

At is the interval of subjective time as perception

At is interval measured data of chronometer

(clock)
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Summary

A simple temperature dependence of rate changing a psychological time tps(tc) in human was
suggested: (01, /0S| )=D, -0T, where D is some constant, S is the psychological entropy, characterizing
current human physical/mental state; 67 is the normalized body temperature 67=(¢.—t "), t,— the now
temperature and 7" — the usual normal human body temperature. This dependence as an empirical
result of personal experience in “perception” of time intervals (~10 min) at high body temperature
(2,238,2°C) was ascertained. It has been shown the determining factor to successfully finding the task
of quantitatively estimating a duration and changing rate of the psychological time there is cooperation
of two thinking components — consciousness and subconsciousness. The optimal physical conditions
for involving the subconscious results in significant strengthening of the brain capacity (synergy
effect) were found out. These are situations when the exchange of energy and information from the
outside is temporarily essentially weakened, and the human can be considered as isolated; a rise in
body temperature and sleep corresponds to this. The possible application of the formulas obtained
for analyzing the changes of psychological time with temperature and entropy was suggested. In
particular, the conditions for not only "slowing down" but also "acceleration" of psychological time
were emphasized. Also, it has been explained why an emergence of "non-obvious" (subconscious)
ideas needs for high temperature. Using on the calculations performed the graphical temperature
dependences o7, 5f,,s (DPS AS, /) were plotted, that confirmed the expected growth of these parameters.

Keywords: time perception, psychological time, psychological entropy, subconsciousness
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Pegepar

3anpoNOHOBAHO MPOCTY 3aJICKHICTh 3MIHH TICUXOJIOTIYHOTO Yacy 3 TeMIIEPaTyPOro 5tps(tps):
(ths/asps)szs- T (Dps — Const, Sps — HTPOIIISA, TApAMETP, 1110 XapakTepu3ye Hi3UuIHO-TICUXiuHui (abo:
(iznunO-eMONIAHMI) cTaH moaunu; T=(f.— "), {."— HOpMaJIbHa Temreparypa Tina). L{ro 3anexHicTs
BCTaHOBJICHO Ha OCHOBI aHaJTi3y 0COOMCTOTIO JIOCBITY (€Xperience) CIPUAHSTTS KOHKPETHUX MPOMIXKKIB Yacy
(~10 XB), sIKi POSBAIMCS 32 YMOBH BUCOKOI (7, >38,2°C) Temneparypu Tina. I[Tokasano, mo crinpars
napa’senbHo ABoX (a3 mucieHHs — Ceigomoi i [1icBioMOi, 3HAYHO MOCHITIOE (PYHKIIIOHATBHI MOXK-
JTUBOCTI MO3KY (e(eKT CHHEeprii) i € BU3HAYaIbHUM YMHHHKOM YCITIIIHOTO PO3B’S3aHHS MPOOIEMH,
HETOCSDKHOTO B KOXKHIN (a3l okpeMo. 3’s1COBaHO ONTHMaNIbHI (hi3W4HI YMOBH 3aJTy9€HHSI ITiACB1TOMOT
a3y MUCIIEHHSI IJIs1 pO3B's3KY BRXKJIMBUX 3aBJaHb, [0 BUHUKAIOTh B YMOBAaX BUCOKOTO €MOIIIHHOTO
(¢di13nunoro) HaBanTakeHHs. [lo-mepie, 11e cuTyarii, KOJIM THMYACOBO CYTTEBO MPU3YNMUHEHO (TIOCTIa-
OJIeHO) 30BHIIIHIN 00MIH €HEpriero i iHhOopMaIli€ro, a CUCTeMY (JIFOJACHKUI OpraHi3M) MO)KHA XapakKTe-
pU3yBaTH 5K 130Jb0BaHY; BBAXKAEMO, 1110 CTaH CHY BiANoBigae Takiil cutyauii. [lo-apyre, e norpeda
JI0IaTKOBOTO JIOTUIMBY €HEPTii 0 MO3KY; TAKMM BHYTPIIIHIM JKepesnoM (Ha HEHpOHHIM PiBHI) MOXe
OyTH MiABUILEHHS TEMIIEpaTypHu Tina. PO3MISHYTO MOXKIIMBE 3aCTOCYBAaHHS OTPUMaHHUX (HOPMYIT ISt
aHaJIi3y TEMIIEPAaTyPHUX 3MiH NCUXO(Qi3HYHUX MapaMeTpiB; moOynoBaHo rpadivni sanexuocti 7(7,),
5tm(tc), (DPS-AS[1 J(t;), AK1 MITBEPAUIN OYiKyBaHe 3pOCTaHHs [UX TnapameTpis. OOGroBOPEHO yMOBH
(06cTaBUHM), 32 IKHX MOKJIMBE HE TUTBKH «CIIOBUIBHEHHSD», & M «IIPUCKOPEHHSD) IICUXOJIOTTYHOTO Yacy
B cHCTeMi, TOOTO AS <0 a6o 7<0. [TosicHeHO, 30KpeMa, BaXJIMBICTh (MOTpely) BUCOKOT TeMIeparypu
JUTSI TIOSIBU «HEOUYEBUIHIXY (ITICBIIOMUX ) 17CH.

KirouoBi c10Ba: cipuitHATTS Yacy; ICUXOJIOTIYHUN Yac; €HTPOIIis; M1CBIIOMICTb.
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DETECTION OF SIGNS OF DEGRADATION
OF PHOSPHIDE-GALLIUM LEDS BY THE LEVEL
OF LOW-FREQUENCY NOISES

1. M. Vikulin, B. V. Korobitsin, P. Yu. Markolenko, O. A. Nazarenko

Abstract. The results of measurements of low-frequency noises of light-emitting diodes are
considered. It has been established that LEDs with an increased level of noise or with anomalous their
growth kinetics in the first hours of testing are potentially unreliable, that is, they show further rapid
or catastrophic degradation (failure). The prospects of noise measurements for the selection of LEDs
in terms of reliability are shown.

Keywords: LED, noise, degradation

BUSIBJEHHS O3HAK JETIPAJALIT ®OCPIJI-TAJIIEBUX CBITJOJAIONIB
3A PIBHEM HU3bKOYACTOTHHUX IIYMIB

1. M. Bixynin, b. B. Kopobiyun, I1. FO. Mapkonenxo, O. A. Hazapenko

AHoTauis. Po3rmsgaroTeest pe3ynbTaTd BUMIpIOBaHb HU3BKOUYACTOTHUX IIYMIB CBITIOIIOMIB.
BcraHoBieHO, 10 CBITVIONIONY 3 IMiIBUIICHUM PIBHEM IIyMiB a00 3 aHOMAJIBHOIO KIHETHKOIO 3pPOC-
TaHHs B MEPIIi TOIMHN BUNPOOYBaHb MOTEHIIIHO HEHAiIHI, TOOTO BHUSBISIOTH HA/IAJl MIBUIKY YU
KaracTpodiyHy Aerpanamiro (Bimmona). [lokazaHa nepCcneKTHBHICTh NIYMOBUX BHUMIpIiB IS BiOOpY
CBITJIOAI0/1IB 32 TOKa3HUKAMHU HA{IHHOCTI.

KurouoBi ciioBa: cBiTiiomion, mrym, aerpaiaiis

1. M. Bixynin, B. B. Kopobiyun, I1. FO. Mapkonenxo, O. A. Hazapenxo, 2022
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The assessment of the reliability of semi-
conductor devices that are part of electronic
devices is becoming increasingly important due
to the complication of these devices and the
increasing requirements for their reliability. An
important feature of LEDs is that there is a gradual
decrease in their luminous flux, while the issue of
reducing the flux, that is, LED degradation, is of
particular relevance.

The degradation of LEDs is studied by
various authors from different angles of view,
due to technological and metrological capabilities
and challenges. The paper [1] describes the results
of accelerated tests of gallium phosphide LEDs in
the forced mode. This allows for a relatively short
test time to determine the median resource of a
batch of LEDs — the time to halve the brightness.
At the same time, it was not possible to determine
the service life of each LED separately.

The works [2-3] describe testing of LEDs at
elevated temperatures and current densities. The
decisive role of current density in the degradation
process was confirmed and it was recommended
to avoid high current loads.

Measurements of the noise characteristics
of semiconductor devices also make it possible to
draw conclusions about their reliability [4—5]. Of
greatest interest are low-frequency noises, which
are caused by various defects in the structures of
devices. These noises are sometimes called flicker
noise or 1/f noise. Experimental studies have
shown that often the main cause of 1/f noise is the
presence of states near the interface between the
semiconductor and protective layers. Fluctuations
in the density of surface states cause a change in
the space charge in the depletion region and, as
a consequence, change the potential barrier [6].
This entails current fluctuations through the p-n
junction (noises).

Various volumetric inhomogeneities
(impurities, dislocations, microcracks), being
trapping centers, also strongly affect the passage
of current through the p-n junction. As a result
of relatively slow diffusion processes, the
impurity concentration in the region of the p-n
junction is equalized, the transition is broadened,
and impurities diffuse along dislocations,
which is accompanied by an increase in low-

frequency noises. Thus, an increase in noise is
a sign of degradation of the active regions of
the semiconductor structure, which can lead to a
complete failure.

The purpose of the article is to develop a
method for rejecting unreliable light emitting
diodes (LEDs), in a short test time, using the
example of gallium phosphide LEDs.

In this work, gallium phosphide LED sign
indicators of the ALS321A type were studied the
dependence of their noise and light characteristics
were investigated. The light-emitting segments,
identical in properties, were turned on one at
a time, since when all segments are turned on
simultaneously, their temperatures are different
due to their different location on the sign indicator.
The maximum allowable current of 25 mA
was passed through the segments. The spectral
density of the current noise was measured from
the voltage drop across the etalon resistor with a
selective microvoltmeter V6—2. The brightness
of the glow was measured by a silicon photocell
in the short circuit mode in relative units. The
Noise Power Spectral Density (NPSD) is obtained
by multiplying the current noise by the LED
voltage and dividing by the bandwidth of the
microvoltmeter (0.15 of the set frequency).

The measurement results are shown in
Fig.1-3.

Figure la shows the NPSD (denoted by
Q) of a typical LED sample No. 15, segment A,
measured before operation (curve 1), after 1 day
(curve 2), 3 days (curve 3) and 8 days (curve 4).
Figure 1b shows the dependences of the NPSD
on the operating at frequencies of 100 Hz (curve
1), 180 Hz (curve 2), and 540 Hz (curve 3). As
can be seen from Fig. la, b the noise spectrum
corresponds to the form 1/f, and as time goes by,
the noise sharply increases in the first 10 days,
becoming practically constant in the future up
to 50 days (1200 hours) and slightly increasing
after this period. Further operation showed a high
brightness stability of this LED.

Figure 2a shows the noise characteristics of
LED sample No. 31, segment G, measured before
operation (curve 1), after 2 days of operation
(curve 2), and after 10 days of operation (curve 3).
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Fig. 1a. NPSD LED sample No. 15, segment A, Fig. 1b. Dependences of NPSD LED sample No. 15,
with operation: segment A, on the operating time at frequencies:
1-0 day, 2—1 day, 3-3 days, 4-8 days. 1-100 Hz, 2-180 Hz, 3-540 Hz.
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Fig. 2a. NPSD LED sample No. 31, segment G, Fig. 2b. Dependences of NPSD LED sample No. 31,
with operation: segment G, on the operating time at frequencies:
1-0 day, 2-2 days, 3—10 days. 1-200 Hz, 2-500 Hz, 3-1000 Hz.
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Fig. 3a. NPSD LED sample No. 9, segment C, with Fig. 3b. Dependences of NPSD LED sample 9,
operation: segment C, on the operating time at frequencies:

1-0 day, 2-3 day, 3-5 days, 4-8 days.
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Figure 2b shows the dependences of the
noise spectral density on the operating time at
frequencies of 200 Hz (curve 1), 500 Hz (curve
2), and 1000 Hz (curve 3). As can be seen from
Fig. 2a, b, the noise spectrum of the original LED
differs from 1/f by the presence of three blurred
maxima in the frequency range of 100-1000 Hz,
and by the fact that the after operating in the first
1-2 days, the noise increases sharply in the future.
After 530 hours of operation, this LED segment
experienced catastrophic degradation (failure).
It should be noted that the initial noise level at a
frequency of 100 Hz was an order of magnitude
higher than that of LED No. 15, segment A.

Figure 3a shows the NPSD LED No. 9,
segment C, measured before operation (curve 1),
after operation for 3 days (curve 2), 5 days (curve
3), and 8 days (curve 4). Figure 3b shows the
dependences of the NPSD on the operating time
at frequencies of 80 Hz (curve 1), 160 Hz (curve
2), and 1000 Hz (curve 3). As can be seen from
Fig. 3a, b, the noise spectrum of the original LED
is characterized by an increased level, and with
operation, it becomes anomalous in the form of
a predominance of noise in the region of 160 Hz
and, in general, it have a very high noise level
in the entire frequency range. This LED rapidly
begins to decrease in brightness, the emission
spectrum shifts to the long-wavelength region, i.e.
significant degradation is observed.

In conclusion, it should be said that
measuring the noise characteristics of LEDs
in the low-frequency region, when identifying
devices with an increased initial noise level,
allows them to be rejected as potentially
unreliable. The identification of devices with a
non-monotonous initial 1/f noise spectrum and
with an anomalous growth of noise in the first
day at the maximum allowable current makes
it possible to reject specimens that are prone to

catastrophic degradation (failure) within several
tens of days of operation.

The considered measures make it possible
to significantly improve the reliability indicators
of the studied LED batch either immediately or in
2-3 days of testing at the stand.
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Summary

The results of measurements of low-frequency noises of light-emitting diodes are considered. It
has been established that LEDs with an increased level of noise or with anomalous their growth kinetics
in the first hours of testing are potentially unreliable, that is, they show further rapid or catastrophic
degradation (failure). Measurement of the noise characteristics of LEDs in the low-frequency region,
when identifying devices with an increased initial noise level, allows them to be rejected as potentially
unreliable. The identification of devices with a non-monotonous initial 1/f noise spectrum and with an
anomalous growth of noise in the first day at the maximum allowable current makes it possible to reject
specimens that are prone to catastrophic degradation (failure) within several tens of days of operation.

The prospects of noise measurements for the selection of LEDs in terms of reliability are shown.
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BUSIBJEHHS O3HAK JETPAJIAIIT ®OCPIJA-TAJIEBUX CBITJOAIONIB
3A PIBHEM HU3bKOYACTOTHHUX II'YMIB
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Pegepar

Po3rnsparoTeest pe3yabTaTi BUMIpIOBaHb HU3bKOYACTOTHUX IIYMIB CBITJIOA10IB. BcTanoBmeHo,
110 CBITJIOMAIONM 3 MiJBUIIEHUM piBHEM LIyMiB a00 3 aHOMaJbHOI KIHETHKOIO 3pOCTaHHS B MEpILi
TOIMHY BUMPOOYBaHb MOTEHIIHHO HEHAMAIMHI, TOOTO BUSBIIAIOTH HaJalll MIBUJKY YM KaTacTpodiuHy
nerpajaanito (BigMoBa). BumiproBanHs mymMoBux xapakrepuctuk CBJ B 061acTi HU3BKUX 4acTOT
IIpY BUSBIEHHI MPUIAJIB 3 MiABUINCHUM BUXIJHUM PIBHEM IITYMIB JO3BOJISE BiIOPAKOBYBATH iX SIK
NOTEHIIITHO HeHaMiiHi. BusBIeHHs X NpuiIaaiB 3 HE MOHOTOHHUM BUXITHUM criekTpom 1/f mymy
1 3 aHOMaJIBbHUM XOJIOM 3POCTaHHS LIYMIB Yy TepIiry 100y MpH MaKCUMAJIbHO JOMYCTUMOMY CTPYMi
JI03BOJISIE B1IOPAaKOBYBATH €K3EMIUISIPH, CXWIIBbHI 10 KatacTpodiuHoi Aerpaaarii (BiIMOBH) MPOTATOM
JEKITBbKOX ECATKIB /110 eKCIUTyaTalii.

[Toxa3aHa nmepcrneKTUBHICTh IIYMOBUX BUMIpIB /7S BiI0OOPY CBITIOAIO/IB 3a MOKa3HUKAMU Ha-
MIHHOCTI.

Kuro4uoBi ciioBa: cBiTiomion, mym, aerpaaaris

22



Sensor Electronics and Microsystem Technologies 2022 —T. 19, Ne 4

PACS: 61.46.+w, 42.25.Bs, 07.07.Df
DOI: 10.18524/1815-7459.2022.4.271202

JIOMIHECHEHIIA KOJOITHUX HAHOKPUCTAJIIB CdSe:Cu

0. A. Hiyyk, O.B. Kapayw, A. 1. Jlenix, IO. @. Baxkcman, I’ B. Kopenkosa

Opnecbkuit HatioHanbHUM yHiBepcuteT iMeHi [. I. Meunukosa, Oneca, Ykpaina

JIIOMIHECHEHIISI KOJOITHUX HAHOKPUCTAJIIB CdSe:Cu

10. A. Hiyyx, O. B. Kapayw, A. 1. Jlenix, IO. ®@. Bakcman, I B. Kopenxosa

Anorauis. [{ocnimxeHo momiHeceHIio konoinuux Hanokpuctanis CdSe:Cu. Becranosneno,
1110 JIETYBAaHHS aTOMaMU MiJli He TIPU3BOJMTH /10 TOMITHOI 3MIHU pO3Mipy HAHOKPUCTAJIITIB. 3CYB ILIH-
PHMHU 3200pOHEHOT 30HU MTPHU JIETYBAaHHI MOYKHA MOSCHUTH MIKIOMILIKOBOIO KYTTOHIBCHKOIO B3a€EMOJIIEI0
MK yacTuHKamu. Iloka3aHo, 1110 JeryBaHHs MiJ/I0 NPU3BOJUTH J0 FaciHHA €KCUTOHHOI JIOMiHeC-
nenuii CdSe. BeranoBieHo, 1mo qoBroxsuiabosa jgomiHecteHuis CdSe:Cu 3ymoBieHa nepexogamu
BCEPE/IMHI JJOHOPHO-aKIENTOPHUX Tap, 10 CKIaay SKHX BXOAATH BIAacHI Ta JoMIMIKOBI fedextu Cu.

KurouoBi ciioBa: nanokpucranu CdSe:Cu, konoigHuil CHHTE3, ONTHYHE MOTTUHAHHS, QOTO-
JIIOMIHECLIEHIis, BIACHI Ae(EeKTH, JOHOPHO-AKIETITOPHI apu

LUMINESCENCE OF COLLOIDAL CdSe:Cu NANOCRYSTALS

Yu. A. Nitsuk, O. V. Karaush, Ya.l. Lepikh, Yu. F. Vaksman, G. V. Korenkova

Abstract. The luminescence of Colloidal CdSe:Cu nanocrystals was studied. It is shown that
copper doping does not lead to a noticeable change in the size of nanocrystallites. The change in the
band gap width can be explained by the inter-impurity Coulomb interaction. It is shown that copper
doping leads to quenching of exciton luminescence of CdSe. It is established that the long-wave
luminescence of CdSe:Cu is caused by transitions within the donor-acceptor pairs, which include
intrinsic and impurity Cu defects.

Keywords: CdSe:Cu nanocrystals, Cu impurity, optical absorption, photoluminescence, native
defects, donor-acceptor pairs

BCTYII MiHIOBaHHs HaHO4YacTHHOK CdSe y BuammMomMy Ta

Hanowactunku CdSe orpuManu mupoke
3aCTOCYBAHHS B SIKOCTI MOJIEJIbHUX HAHOUYACTHHOK
TP JTOCITIDKEHH] BIIACTUBOCTEH HAaHOMATepiaiB.
Ha ocnogi gocmimkens CdSe onyGmikoBaHo niep-
i pobortwu [1], mo mokaszanau MposiB KBAaHTOBO-
pO3MipHOTO €eKTy B CIEKTpaxX ONTHYHOTO TO-
rmHaHHSA Ta doronromMinectenuii. [Ipocrora
BUPOOHHUIITBA Ta €(DEKTUBHE EKCUTOHHE BHUIIPO-

ommxabOMY [Y-mianazonHi 3poOuiu 11eit Marepian
OJTHMM 13 HAWMEPCIEKTUBHIMINX Y OlOMeaUIHIN
Bigyamizarii. Hanouactunku CdSe, koH toroBaHi
3 aHTHUTUIaMH, BUKOPUCTOBYBAJIU ISl TIarHOCTHU-
KM BipycHUX iHGeKIiid Ha paHHii cTamii [2]. Ha
ocHoB1 HaHOoKkpucTaiiB CdSe CKOHCTpyHOBaHi
CBITJIO/NIO/N, aKTUBHI CEPEOBHINIA JIJISI JIA3€piB Ta
coHstuH1 enemeHTH [3—5]. B XiMiuHUX ceHcopax

0. A. Hiyyx, O.B. Kapayw, A.1. Jlenix, IO. ®. Baxcman, I B. Kopenxosa, 2022
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HaHokpucTaan CdSe BUKOPUCTOBYIOThCS /ISl BU-
SIBJICHHS HEOE3MeUHNX Ta3iB [6].

HaiinpocrimmM 1 HaliIemeBIIMM CIIOCOO0M
oTpuMaHHs HaHoyacTUHOK CdSe € xonmoinHuit
cuHTe3. HemonmikoM 11bOro MeToy € BeJIMKa JAHc-
nepcis OTPUMAaHKUX YaCTHUHOK 1, sIK HACIJOK, Be-
nuKa QIIyKTyalist CHEKTPAIbHUX XapaKTePUCTHUK.
[HIITIM HEZOTIKOM € HEKOHTPOJILOBAHE JIET'YBaHHS
Hanokpucranis CdSe aromamu mpekypcopis. €
JIBA CITOCOOM YHUKHYTH I[bOTO:

1. Po3poOka HOBUX METOMAIB CHHTE3Y IS
OTpPUMaHHS HAHOYACTHHOK 3 PEryIbOBaHUM Y Yaci
PO3MipOM.

2. OrpumaHHs €(heKTUBHOTO BHYTPIIIHbO-
LIEHTPOBOTO BUIIPOMiHIOBaHHS a00 BHUIIPOMIHIO-
BaHHS Ha JIOHOPHO-AKIENITOPHUX IMapax, Ha sIKe
HE BIUIMBA€E IIUpPUHA 3a00pOHEHOT 30HU (po3Mip)
HaHOKpHcTana. [le Moxke BIAKpUTH OUIBII MIHUPO-
Ki TMIEpCIIEKTUBU 3aCTOCYBAaHHS HAaHOKPHCTAIB
B PI3HUX 30BHIIIHIX YMOBax. ToMy J0CTII>KEHHS
JIOBrOXBHJIBOBOI (DOTOTFOMIHECIIEHITIT HAHOKPHC-
TaJliB, BU3HAUYCHHS MMPUPOH BIACHHX 1 JJOMIIITKO-
BHX Je(EKTIB B HUX € aKTyaJbHUM.

VY naniit po60Ti HaMu PO3pOOIEHO METOIH-
Ky oTpuManHsa HaHokpucTtaniB CdSe:Cu po3mi-
poMm 3—6 HM. JlocaikeHO (HOTOMOMIHECIICHLITIO
HeneroBanux Ta jeroBanux Cu kpucraniB CdSe.
[okazano, mo po3Mmip HanokpucranitiB CdSe:Cu
HE BIUIMBAE HA CIICKTPAJIbHI XapaKTEPUCTHKHU JIOB-
TOXBHJILOBOTO BUITPOMIHIOBAHHS.

Mertoto 1aHoi poOOTH € BU3HAYCHHS MPU-
PO LIEHTPIB, BIAMOBIJAIBHUX 32 JOBTOXBUIIHOBE
BHUNpOMiHIOBaHHS HaHOKpHucTaiB CdSe:Cu.

METOJAUKA EKCIIEPUMEHTY

JlocniikeHo HaHOKpPHUCTAIU, OTPUMaHI1
METOJIOM KOJIOTAHOTO cUHTE3y. JlkepenoM 10HIB
kaamito 0yB 10% BogHUI pO3YMH HITpaTy KaJ-
Milo, a JKepesoM 10HiB ceneHy — 10% po3uun
ceneHocyabpary Harpito. JleryBanus aromamu Cu
MIPOBOJIMIIN LIISIXOM JI0/1aBaHHs 1% po3uuHy XJ10-
pUILy MiJl 10 PO3YMHY HITpaTy Kaamiro. B sikocTi
ctabinizaTopa pocTy HaHOYaCTUHOK BHKOPHUCTO-
ByBaJId 5% pO34MH XKenaTuHy. BctanoBieHo, 110
edexTrBHE BOy0ByBaHH: atoMiB Cu B miarparky
KaJaMit0 B110yBa€eThCs MICs 5 XBWJIMH HarpiBaH-
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Ha po3unny npu T=373 K. Jlns gocmimxeHHs
ONTHYHOTO MOTIMHAHHA Ta (POTOTIOMIHECIICHIIIT
Ha CKJIAHI HIIKIaJIKA HAHOCUIN ILUTIBKH.

JlocnimKkeHHs] ONTUYHOTO MOTTIMHAHHS TTPO-
BOJAMJIM 3a JIONOMOTor0 MoHoxpomaropa M/IP-6
3 n1BoMa audpakuiiiaumu rparkamu 1200 mrp/mm.
B sikocTi npuiiMada CBIiTIOBOTO IMOTOKY BHKOPHC-
ToByBaBcs (horonmomuoxkyBad PEY-100.

Criextpu (OTOTFOMIHECIICHITIT TOCITIHKYBa-
7 Ha mpusMaTHuyHOMYy MoHoxpomaropi ICII-51
3 ®EVY-100 B sikoCTi pHiiMada BUIPOMiHIOBAHHSI.
Jist 30y/DKEeHHS] BUTIPOMIHIOBAHHST BUKOPHCTOBY-
BaBCs HaIIBIPOBIAHUKOBHH J1a3ep 3 JOBKUHOIO
xBuii 400 aM. 151 fOCHipKeHHs TeMIepaTypHOi
3aJIeKHOCT1 IHTEHCUBHOCTI (POTOIFOMIHECIIEHIIIT
BHUKOPHUCTOBYBAJIM KP1OCTAT, 1110 JI03BOJISIB TIPOBO-
JIUTH TOCTIPKSHHS B TEMITEpaTypHOMY JTiana3oH1
77-400 K. TemnepatypHi 3aj€KHOCTI IHTCHCHB-
HOCTEH (poTorOMIHECIICHIIIT, aHATI30BaHI B KOOP-
nuHarax [n(l) Bin 1/T, naroTh B 00aCTi TaciHHS
IpsSMYy JIHII0, IO HAXUITY SKOi BU3HAYAIIU €HEPTit0
aKTUBAIIli IPOIECY TEMIIEPATYPHOTO TaCIHHSL.

Po3Mip HAaHOYACTHHOK OIIHIOBAJIM 32 3CY-
BOM Kpato ()yHJaMEHTAILHOTO MOTJIMHAHHS B Ha-
OmkeHHI eekTUBHUX Mac (Tabm. 1) 3a dpopmy-
noro Bonra [7].

Tabmuns 1.

Pe3ysbTaT po3paxyHKiB ONTHYHOTO MOTIMHAHHS
o Cd(NO),, CuCl AE ,

Ne. NaZSeSSOZ KOHIIEHT[;aHi'l: E,eB ¢B R, Hm
1. 0.02% - 3.2 1.5 3
2. 0.03% - 1.23 | 3.5
3. 0.05% - 2.40 0.7 4.6

0.001%
o
4. 0.02% (2-10"em”) 3.18 | 1.48 | 3.1
0.005%
o,
5. 0.02% (2-10%em”) 312 | 142 | 3.2
0.01%
o
6. | 0.02% | 4igwemy | 29| 12 |35

Pesynbratu po3paxyHKiB MiATBEPHKEH] J10-
CJTIJDKCHHSIMH CKaHYFOYOTO €JIEKTPOHHOTO MIiKPO-
ckorry (CEM). Ha puc. 1 moka3aHo yTBOpEHHS
HanodacTuHOK CdSe:Cu po3mipom 3—6 HM.
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Puc. 1. CEM-300pa:keHHsI HAHOKPUCTAIIB
CdSe:Cu.

JAOCJIKEHHSA OIITUYHOTI'O
HHOITIMHAHHA

JlociiKeHHs. ONITUYHOTO OTIMHAHHS MPO-
BOJMIN B Jlarma3oHi JOBXHUH XBUWIb 370—-800 HM.
Ha puc. 2 HaBeneHO CIEKTPU MOTIUHAHHS He-
JeroBaHux HaHokpucrtaniB CdSe. BCTaHOBICHO,
10 31 30UTBLICHHSIM KOHILIEHTpAIlli TPeKypcopiB
Kpail MOTIMHAHHS 3CYyBa€THCS B 00JIaCTh MEHIIIHX
€HEpriii, IO MiATBEPKYETHCS 3MIHOIO KOJIBOPY
po3unHiB. [le moB’s3aHO 31 301IBIICHHSM PO3Mi-
piB HaHOKpUCTaNITIB (Tad. 1).

D?,

E, cB

Puc. 2. CieKTpu ONTHYHOTO MOTJIMHAHHSA
nanokpucraiis CdSe. [CANO,], [Na,SeSO,]
nopiBHiowTh 0.02 (1), 0.03 (2) Ta 0.05% (3).

JleryBanus Cu npu3BOIUTH JI0 3CYBY KParo
MOTJIMHAHHSA B 00J1aCTh MEHIIIUX €HEPTii MOpPiB-
HSHO 3 BIJTIOBITHIMH HEJICTOBAHUMHU HAHOKPHC-
Tajgami (puc. 3).

DZ

5

Puc. 3. CiekTpH ONTHYHOIO NOTJIMHAHHSA
nanokpucraigiB CdSe (1) ta CdSe:Cu (2-4).
[CuCl,] nopiBurorors 0.001 (2), 0.005 (3) Ta 0.01%(4).

Bennuuna 3cyBy ctaHoBuTh 20—70 HM.
Taxa moBejliHKa CIEKTPiB MOIIMHAHHS TPHU Jie-
TryBaHHI HAHOYACTHHOK aTOMaMH MiJIi JTOCIIiIKY-
Bajacs padimie B [7] 1 mosicHIOBaJIacs HAsSIBHICTIO
MIKOMIIIKOBOI KyJTOHIBCbKOi B3aemonii. CrmiB-
BiJTHOIIECHHS OYyJI0 BUKOPUCTAHO IS BU3HAUCHHS
KOHIICHTpAI[li ONTHYHO aKTUBHOT JOMIIIKH Mii.

JTOCJIKEHHSA
®OTOJIOMIHECIEHIIIT

CrnexTpu QoTomroMiHECIISHITIT IOWHO CHUH-
Te3oBaHuX HaHOKpucTaniB CdSe HaBeneHi Ha
puc. 4. CnexTpu XapakTepu3yrTbCs HasBHICTIO
OJTHI€T BUCOKOCHEPTETUIHOI CMYTH BUIIPOMIHIO-
BAHHSI, ITOJIOXKEHHS SKOi KOPEIIOE 3 MOJIOKEHHIM
Kparo noriHaHHA Ha puc. 2. [ToniOH1 miHIT BU-
MPOMIHIOBAHHS B KOJOITHUX HAaHOKPHCTaIax
CdSe, oTpuMaHuX 32 CXO)KOI0 METOAMKOIO, CIO-
cTepirajimcst HaMH pasimie B [8].

[Ticns TepmooOpoOKH B criekTpax GoTo-
JTIOMIHECIICHIIIT 3’ IBISETHCS 10/IaTKOBA HU3BKO-
E€HepreTHYHa CMyra BUIIPOMIHIOBAHHS B 001acTi
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Puc 4. Cnexrpu ¢orosrominecuenii
Hanokpucrajis CdSe. [CANO3],
[Na,SeSO,] = 0.02 (1), 0.03 (2) Ta 0.05% (3).

600—700 uM. Ii monoXkeHHs KOPETIOe 3 MOT0KEH-
HSIM BHCOKOCHEPTeTHYHOI cMyTH. [Ipu 3miH1 TeM-
neparypu 3pas3kiB Big 293 no 400 K makcumym
i€l CMyrd BUIIPOMIHIOBaHHS 3CYBa€ThCs B 00-
nacth MeHmux eHeprii Ha 0.07 eB. Lle#i 3cyB
BIJIMIOBI A€ TEMIIEPATYPHOMY 3CyBY 3a00pOHEHOT
3o CdSe. 3 nocmiKeHHs TeMIepaTypHOro ra-
CiHH#A JroMiHecteHii B oonacti 700 HM BHU3Ha-
YEHO €HEePrilo aKTUBAIll IIEHTPIB JTIOMiHECIIEHIII 1
0.14 eB, mo B CdSe BignoBigae aknenTOpHUM
uenrpam Na, [8]. [IpucyTHicTb aTOMIB HaTpirO
B HAHOKpHUCTAJAX MOSICHIOETHCS HOTO MPHUCYT-
HICTIO B MPEKypPCOpax 1 HU3bKOIO TEMIIEPATypOrO
rigpomisy coneii Harpiro (Na,SeSO, 1 NaNO,).

JleryBannst HanokpuctainiB CdSe migmio
MIPU3BOJUTH JI0 MIOMITHOTO TaCiHHS BUCOKOCHEP-
TeTUYHOI JIiH1T BUMpOMiHIOBaHHS (puc. 5).

Pa3om 3 TuM, B criekTpax BUIIPOMIHIOBAHHS
HaHokpuctaniB CdSe:Cu BUHHKAIOTH /1B HIMPO-
Ki CMyT'H BUIIPOMiHIOBaHHS B 3eneHiil (2.4 eB)
ta yepBoHii (1.85 eB) obmnacri (puc. 5.). [lepma
CMyTa 3MiHIOBaja MOJOKEHHSI MaKCUMyMy MpHU
3MiHI KOHIICHTpAIIli Mifli Ta TeMIIepaTypH 3pa3KiB.
3a TeMmepaTrypHOIO 3aJICKHICTIO IHTECHCUBHOCTI
BUIIPOMIHIOBaHHSI BU3HAUYCHA €HEPrisl aKTUBAIIil
0.3 eB. B 06’emuux kpucranax CdSe:Cu panimie
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lon, BIOH. OA.

1
01.4 1.6 1.8 2 22 24 2.6

E, eB

Puc. 5. ®orooMinecneHmis
HaHokpucrajiis CdSe:Cu.
[CuCL,] = 0.001 (1), 0.005 (2) Ta 0.01%(3).

[9] cnoctepiranuch BUNPOMIHIOBAIbHI IEPEXO-
JIY €JICKTPOHIB 13 30HU MPOBIAHOCTI Ha TIHOOKI
akuenrtopHi pigni Migi (Cu,") 3 moxibHOI0 eHep-
riero. Mu npuiycKaemo, 1o J0CiipKyBaHa GpoTo-
mroMiHecTieHITis Ha 2.4 eB mae moniOny npupozy.

Jpyra cmyra BunpomiHtoBanHs Ha 1.85 eB
HE 3MIHIOBaJa MOJIOKEHHSI MAKCUMYMY TIPH 3MiH1
TEeMIIepaTypH 1 KOHIICHTPAIIIT JOMIIITKHA MiJIi.

TeMmneparypHe raciHHS JTIOMiHECIEHIIT
il 001acTi XapakTepU3yeTbCsl KPUBOIO 3 TBOMA
JIHIAHUMHA AUITHKaMU. Taki 3aJIe’)KHOCTI 3 IBO-
Ma JIHIHHUMY JUITHKAMHA TaciHHS MOSICHIOIOTHCS
B paMKaxX MOJIeJi BUPOMIHIOBAJIbHOT peKOMOiHa-
1ii, 110 3A1MCHIOEThCS HAa JOHOPHO-AKIIENITOPHUX
napax. Y 1[bOMy BHUIIaJIKy €HEpTis BUIIPOMIHIOBA-
HOTO KBAaHTA BU3HAYAETHCS PIBHSIHHAM

: (1)

hv=E,~E,~E,+~
&R

ne: k£, E — eneprii akTMBalii 10HOpa 1 aKLenTo-

pa; R — BiJICTaHb MiX JIOHOPOM 1 aKIIETITOPOM.

B o6nacTi HU3BKUX TeMIIepaTyp CHocTepi-
rajocsi crabke raciHHs JIFOMIHECIICHIIIT 3 €Hepri-
ero aktuBarii omm3eko 0.06 eB. Taka eneprist ak-
THUBAIII] B CEJICHIIaX IMHKY Ta KaIMiIO BiMOBiIa€e
BaKaHCisAM ceneny V"
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Enepris aktuBaiiii, BU3Ha4YeHa y BUCOKO-
TemneparypHiii obnacti ctanoButh 0.8 €B, mo
NOpiBHIOE pisHuLi (E - €’/eR). 3rigHO M0CHTIKEHD
[9], B 006’eMHUX KpUCTaTaX TAKUM ITTHOOKUM aK-
[IENTOpaM MOXXYTh BiJITIOBIIaTH IIEHTPU Cu,. dz'.

B [10] noBroxBuiaboBe BUIIPOMIHIOBAHHS
CdSe:Cu noB’s13y10Th 3 acOIiaTUBHUMH IICHTPaMH
(Vo7 (Vy» Cu)’) Mu BBaxaeMmo, 10 €Hepris
axtuBauii 0.06 eB He MoXke BinmoBimaTu acoiia-
TUBHUM JOHOPHUM DPiBHSIM, TOMY OUIbII IMOBIp-
HUMH 6aunmo acomiatueHi uentpu (V ', Cu  »).
BincyTHICTh BHYTPIIIHBOLIEHTPOBUX BUIIPOMIHIO-
BaJIBHUX TIepexo/iB i0HIB Cu B miif 001acTi criek-
TPY MIATBEPIKYETHCS BIACYTHICTIO JTJOMIIIIKOBUX
JiHIN TOTJIMHAHHS.

TakuMm 4MHOM, YepBOHA CMYyra BUIIPOMi-
HIoBaHHS B HaHokpuctanax CdSe:Cu nos’s3ana
3 BUIIPOMIHIOBAJLHUMH TIEPEXOJIaMH BCEPEAUHI
JOHOPHO-AKIENTOPHUX Map. HasBHICTh KUTBKOX
CTIMKUX €EeMEHTapHMX JiHIi BUIPOMIHIOBAH-
HS B I[id CMY3i MOXHa TMOSCHUTH yTBOPEHHIM
JIOHOPHO-AKIENITOPHUX TIap 3 PI3HOIO BIJICTAHHIO
MIXK JIOHOPAMU Ta aKIENTOPAMHU.

BUCHOBKUA

B pesynbTari npoBeneHUX JOCiIKEHb M10-
Ka3aHo, 110 JIETyBaHHs M1/ITF0 TPU3BOIUTH JI0 T10-
sIBU €(DEKTUBHOTO BUIIPOMIHIOBAHHS Ha JJOHOPHO-
aKIENTOPHUX Mapax, Ha CIEKTPabHI XapaKTepuc-
THKH SIKOTO HE BIUIMBAIOTh 3MIHU IIMPHHU 3200p0-
HEHOT 30HH 31 3MIHOIO pO3MipiB HAHOKPHCTAMITIBI
TeMIeparypu HaHokpuctaiiTiB. [Tokasano, mo
TIpU JIeTyBaHHI MIJIJII0 Kpail pyHIaMEHTaIbHO-
rO MOIVIMHAHHS 3CYyBA€ThCS B 00JIACTh MEHIINX
eHepriii. MakcuMasabHy KOHLEHTPALI0 ONTUYHO
AKTUBHOI JOMIIIKHA M1/l BU3HAYAIIM 32 BEITUIUHOIO
3cyBy, ska ctaHoBmwia 4-10' cM” y HaHOKpHCTa-
nax i3 BmMictom 0,01% CuCl,. JloBroxsuiabosa
JIOMIHECILIEHIIIsl 3yMOBJIEHA [IEPEX0laMU BCepe-
JIMHI IOHOPHO-aKLENTOPHUX Map, 10 CKIaLy sIKUX
BXOJISITh BIIACHI 1e(DeKTH Ta aTOMH Mi/Ii.
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LUMINESCENCE OF COLLOIDAL
CdSe:Cu NANOCRYSTALS

Yu. A. Nitsuk, O. V. Karaush, Ya.l. Lepikh, Yu. F. Vaksman, G. V. Korenkova
Odesa I.1. Mechnikov National University, Odesa, Ukraine

Summary

The goal of the study is to establish the nature of the centers responsible for the long-wave
emission of CdSe:Cu nanocrystals.

CdSe:Cu nanocrystals obtained by the method of colloidal synthesis were investigated in the
study. Doping with a Cu impurity was carried out during the synthesis. The size of the nanocrystals
was determined in the approximation of the effective masses by the magnitude of the fundamental
absorption edge shift. The results of calculating the size of nanocrystals agree well with the results of
SEM studies. The nature of the centers responsible for long-wave radiation was determined by means
of studies of the temperature dependence of the photoluminescence intensity.

The obtained results showed that the size of nanocrystals can be influenced by changing the
concentrations of cadmium and selenium precursors. It was established that doping with copper atoms
does not lead to a noticeable change in the size of nanocrystales. A slight shift in the band gap upon
doping with copper can be explained by the inter-impurity Coulomb interaction. It is shown that doping
with copper leads to quenching of the excitonic luminescence of CdSe. However, doping with copper
leads to the emergence of effective long-wave radiation with a maximum at 1.85 eV. Changing the size
of nanocrystales and their temperature did not affect the position of the emission maximum. According
to the results of the study of the temperature dependence of the photoluminescence intensity at 1.85 eV,
it was established that the long-wavelength luminescence of CdSe:Cu is caused by transitions inside
the donor-acceptor pairs, which include intrinsic and impurity defects of Cu.

Thus, as a result of the research, it is shown that Cu impurity doping CdSe nanocrystals during
the synthesis process, there is no significant increase in the size of CdSe:Cu nanocrystals. At the same
time, during doping, a broad line of long-wave radiation appears on donor-acceptor pairs, the location
of which is not affected by the width of the band gap and the temperature of the nanocrystals. The
obtained results allow the use of CdSe:Cu nanocrystals as fluorescent markers and luminescent sensors.

Keywords: CdSe:Cu nanocrystals, Cu impurity, optical absorption, photoluminescence, native
and impurity defects, donor-acceptor pairs
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JIIOMIHECHEHIISA KOJOITHUX
HAHOKPHUCTAJIIB CdSe:Cu

0. A. Hiyyk, O.B. Kapayw, A. 1. Jlenix, IO. @. Baxcman, I’ B. Kopenkosa
Opnecbkuit HatioHanbHUH yHiBepcuteT iMeHi [. I. Meunukosa, Oneca, Ykpaina

Pedepar

MeToro TOCIITKEHHSI € BCTAHOBJICHHS TTPUPOAM LIEHTPIB, BIIMOBITAJILHUX 32 JOBTOXBHUIILOBE
BHUNpoMiHIOBaHHS HaHOKpHucTaiB CdSe:Cu.

B po6oti nocaimkeno Hanokpuctamm CdSe:Cu, oTpuMaHi METOIOM KOJIOiITHOTO CHHTE3y. Jle-
ryBaHHs JoMimikor Cu 31iHCHIOBAJIOCH B TIporieci CUHTE3y. Po3Mip HaHOKpHCTAIITIB BU3ZHAYABCS
B HAONMMKeHHI e(PEeKTUBHUX Mac 3a BEJIMUYMHOIO 3CYBY Kparo (PyHIaMEHTAIBHOTO MOTTMHAHHS. Pe3yib-
TaTH PO3paxyHKy pO3MipiB HAHOKPUCTAJIITIB I0Ope CIIiBIIaIal0Th 3 pe3ysbraTaMu aociimkeas CEM.
[Tpupona 1eHTpiB, BiAMOBITaJBHUX 32 JIOBIOXBHJILOBE BUITPOMIHIOBAHHS BU3HAYAIACH 32 JJOTIOMOTOKO
JOCITIDKEHb TeMITepaTypHOT 3aJI€KHOCTI IHTEHCUBHOCTI (DOTOIFOMIHECIICHITIT.

OTpuMaHi pe3yabTaTH MMOKa3ajy, [0 3MIHOK KOHIICHTpAIlild PEeKypCcopiB KaaMil0 Ta CEJICHY
MO)KHa BIUIMBATH Ha pO3Mip HaHOKpHCTaIiB. BcTraHOBIEHO, 10 JIeTyBaHHS aTOMaMH MiJIi HE TPH-
3BOJIUTH J0 TIOMITHOI 3MIHU pO3Mipy HaHOKpHCTamiB. He3HauHuit 3cyB mIMpUHU 3a00pOHEHOT 30HU
MIPH JIETYBaHHI MiJIF0 MOKHA TMOSICHUTH MIXXJIOMIIIIKOBOIO KYJIOHIBCHKOIO B3aeMojiero. [TokazaHo,
10 JICTYBaHHS MIJIJIF0 IPU3BOAUTD JI0 TaCiHHSA eKCUTOHHOI JoMiHecteHiii CdSe. Pazom 3 Tum,
JIETYBaHHS MIJITIO TTPU3BOJIUTH IO BUHUKHEHHS €(DEKTUBHOTO JOBrOXBHUJILOBOTO BUIIPOMIHIOBAHHS
3 MakcuMyMoM Ha 1.85 eB. 3miHa po3mipiB HAHOKPHUCTAIIIB Ta iX TeMIiepaTypy HE BIUIMBaja Ha I0-
JIO)KEHHS MAKCUMYMY BHIIPOMIHIOBaHHS. 3a pe3ybTaTaMy JOCIIDKEHHS TEMIIEPaTypHOI 3alIeKHOCT1
IHTEeHCHBHOCTI (hoTOTIOMIHECIIeHIIIT Ha 1.85 €B BCcTaHOBIIEGHO, 10 JIOBrOXBUJILOBA JIFOMIHECIICHITIS
CdSe:Cu 3yMoBieHa MepexoaaMH BCepeInHI JOHOPHO-aKIIENTOPHUX Tap, 10 CKIaay SIKUX BXOISATH
BJIacHI Ta JoMimkoBi aedextu Cu.

TakuM 4MHOM, B PE3yJIbTaTi MPOBEACHUX AOCHIKEHb IMOKA3aHO, 1110 NP JIETyBaHHI HaHO-
kpuctaniB CdSe nominikoro Cu B mporieci CHHTE3y He BiIOYBa€ThCS ICTOTHOTO 301BIIICHHS PO3MIpPIB
Ha"okpuctanip CdSe:Cu. Pa3om 3 TuMm, npu jJeryBaHHI BUHUKA€E MTUPOKA JIHIS TOBTOXBHIIBOBOTO
BHUIIPOMIHIOBaHHS Ha JOHOPHO-aKIIENTOPHUX Mapax, Ha pO3TAIyBaHHS SKOi HE BIIMBAE IITUPHUHA 3a-
OOPOHEHO1 30HHM 1 TeMIiepaTypa HaHOKpHCTaliB. OTpUMaHi pe3ynbTaTH J03BOJISIOTh BUKOPUCTOBYBATH
Hanokpuctanu CdSe:Cu B SK0CTI (hIyopecIlIeHTHUX MapKepiB Ta JTIOMIHECIIEHTHUX CEHCOPIB.

Kurouosi ciaoBa: nanokpuctamm CdSe:Cu, KooigHUN CHHTE3, ONTUYHE TOTIMHAHHS, (POTO-
JIFOMIHECIIEHITis, BJIACHI 1 JOMIIIIKOBI JIe(heKTH, TOHOPHO-AKIIETITOPHI TapH
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CHUHTE3 HAHOYACTHUHOK BJAT'OPOJHUX METAJIIB
TA IX BUKOPUCTAHHS Y CEHCOPHUX IMPUCTPOSX,
YACTHHA 1: CUHTE3 HAHOYACTHUHOK Ag, Au

B. M. Crobeesa, B. A. Cmunmuna, A.1. Jlenix

AHotauisi. HaHogacTuHKH 61aropoIHUX MeTajiB MalOTh BEJMKE 3HAYCHHsI B 001acTi 6GioMeau-
IIUHU 3aBJSIKU J1y’K€ PI3HOMAHITHOMY 3aCTOCYBaHHIO SIK IPOTUBIPYCHI areHTH, 3aCO0M JIIarHOCTUKH,
HocIi JiKiB, 30HIM JUIs Bi3yamizauii. L{i HaHOpo3MipHI MaTepiaiu, 30KpeMa HaHOYACTHHKH 30JI0Ta Ta
cpibna, € KOPUCHUMHU ONTUYHUMHU 30H/IaMH JJIS1 BUSBJICHHS LIMPOKOTO CIIEKTPY O10JI0TTUHUX aHAIITIB,
NEepCIEeKTUBHUMU KaHAMIATaMU Ui pO3pOOKH BUCOKOHAIIMHUX Ta HAAUYTIMBUX METAJICBUX HAHO-
6i0ceHcopiB. YCHiX MPaKTUYHOTO 3aCTOCYBAHHS HAHOUACTHHOK 3aJI€KUTh BiJl PO3pOOKH O€3MeuHuX,
IPOCTHX, €(PEKTUBHUX, MACIITAOOBAaHMX Ta E€KOJIOTTYHO YUCTUX METONIB cHUHTE3Y. s 1boro Oyio
YCIIIIHO PO3pO0JIEHO PI3HOMAHITHI 3€JI€HI MPOTOKOJIM 3 BUKOPUCTAHHSAM PI3HOMAHITHUX BUIB pPOC-
JIMH, BOAOPOCTEH, TpHOKiB, OakTepiil Ta IHIIUX MIKpOOPTaHi3MiB.

VY nepuriit yacTuHI Li€l CTATTI MPEACTABIEHI BIIOMOCTI PO TPaJULIIHI METOAN CUHTE3y Ha-
HOYACTMHOK 3 aKIIEHTOM Ha, HalOUIbII MOIIMPEHUH, XIMIYHUN METOJl, HaBEeJIEHO OISl OCTaHHIX
JIOCATHEHD Yy Tally3l 3eJIEHOT0 CUHTE3y MEeTalleBUX HAHOUYACTHHOK 32 YYaCTIO POCIINH, X HIMOBIPHOTO
CUHTETUYHOTO MEXaHi3My, METO/IB XapaKTepUCTUKH Ta (aKTOpiB, 10 BIJIMBAIOTh HA IX CHHTE3. .
Busnaueno npo6iaemMu 610J10r1YHOr0 CHHTE3Y Ta CIIOCOOM X BUPIIIEHHS Y MalOyTHIHM MepCHeKTHBI.

K11040Bi c/10Ba: cHHTE3 HAHOYACTUHOK, HAHOYACTHUHKH Cpi0Jia, HAHOYACTUHKH 30J10Ta, XIMiY-
HUM CHHTE3, O10JI0T1YHUI CUHTE3

SYNTHESIS OF NOBLE METAL NANOPARTICLES
AND THEIR USE IN SENSOR DEVICES,
PART 1: SYNTHESIS OF Ag, Au NANOPARTICLES

V.M. Skobeeva, V. A. Smyntyna., Ya.l. Lepikh

Abstract. Noble metal nanoparticles are of great importance in the field of biomedicine
due to their very diverse applications as antivirals drugs, diagnostic methods, drug carriers and
imaging probes. These nanosized materials, in particular gold and silver nanoparticles, are useful as
optical probes for detecting a wide range of biological analytes and as promising candidates for the
development of highly reliable and ultrasensitive metal nanobiosensors. The success of the practical
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application nanoparticles depends on the development of safety, simple, efficient, scalable and
environmentally friendly synthesis methods. For this has been successfully developed various green
protocols using a variety of plant species, algae, fungi, bacteria and other microorganisms.

In the first part of this article have been presented information about traditional methods for the
synthesis of nanoparticles, with an emphasis on the most common, chemical method, an overview
of recent advances in the field of green synthesis of metal nanoparticles involving plants, their likely
synthetic mechanism, characterization methods and factors influencing their synthesis. Have been
determined the problems of biological synthesis and ways to solve them in the future.

Keywords: synthesis of nanoparticles, silver nanoparticles, gold nanoparticles, chemical

synthesis, biological synthesis

BCTYII

HanotexHornorii Ta HaHOMaTepianu € KITo-
4OBUMHU (DaKTOpaMH Il CTBOPEHHS MPOJIYKTIB
Ta MPOIIECIB HOBOTO TMOKOJIHHS 3 MOKPAIIEHUMHU
BIACTUBOCTAMU. Lle cTocyeThCs MUPOKOTO Kila-
CY PUHKIB CIIOKMBAHHS, TAKUX K a6pPOKOCMIYHA
Ta apialliiiHa TPOMHCIIOBICTh, aBTOMOO1JIEOYyTy-
BaHHs, TAJIMBHI €JIEMEHTH Ta 30epiraHHs BOIHIO,
OloMeMITHA Ta OXOPOHA 37I0POB s, CIIEKTPOHIKa,
(dhoToHIKa, 3aXHUCT HABKOJIUITHHOTO CEPEIOBHIIA,
MPOAOBOJIBCTBO Ta CIIBChKE TOCIOAAPCTBO, Oe3-
meka Ta 000OpPOHO3AATHICTh, TaTYNKH, COHSIHA
€HepreTHKa MPoIIeCiB.

BcebiuHa ominka MOXIMBOCTEH, [0 Ha-
JNAOTHCS IUMH YHIKQTbHHUMHU MarepiajlaMu Ta
TEXHOJIOT1AIMHU, HaBeJeHa y 3BiTi [1], B skomy
MpECTaBIICHI TIOBHI PUHKOBI MIPOTHO3HU /ISl Ha-
HOMaTepiaiaiB Ta TPOMHUCIOBHX CEKTOPIB, MOPY-
IIeHUX HaHOTeXHOoJoTisiMu 10 2027 poky. [{pomy
CBIJ[4aTh J1aH1 OLIIHHOT BAPTOCTI CBITOBOTO PUHKY
«Hanocencopu» y 2020 ta 2027 pokax. BpaxoBy-
F0YH, 1[0 TEMIIA 3pOCTaHHS CBITOBOTO PHHKY Ha-
HOCEHCOPIB 3a aHaJI30BaHU MepioJ]] CTAHOBIATh
75,5%, To y 2027 poui oliHHA BapTICTh PUHKY
craHoButuMe 21, 5 Mapa. gomapiB MOPIBHSIHO
3419,1 man. gonapis y 2020 porii.

HanorexHororii Ta HaHOMaTepianu MOXYTh
3HAYHO BHUPIMIUTH 0araTo TEXHOJOTTYHUX MPO-
O5eM, a TakoXX MPOOJIeMH CYCIHJIBHOI OXOPOHHU
3[I0pOB’sl, TII0 BUHUKJIM BHACIIIOK TTAHAeMii KOpO-
HaBipycy. B ananituunomy ozl [2] nokiagHo
PO3MIIAIA€ThCS, SIK HAHOTEXHOJIOT1T Ta HAaHOMa-
Tepialu MOXYTh JOTIOMOI'TH Yy OOpOTHO1 3 Ii€I0
MaHIEMIYHOI0 XBOPOOOIO, a TAKOXK IMMOTOYHI CTpa-
Terii oM’ sIKIIIeHHsT HACiIKiB. B manwuii yac po3-

pPOOISIOTHCS Ta BIPOBAKYIOTHCS TPOAYKTH Ha
OCHOBI HAHOTEXHOJIOT1H JJIsl CTpUMYBaHHS, Jlia-
rHocTukH Ta mikyBaHHs COVID-19. Anani3 pun-
Ky HAHOTEXHOJIOTTYHHX JIIarHOCTUYHHUX TECTIB Ha
COVID-19 Bkito4ae HAHOCEHCOPH, IO MICTATh
HAHOYACTUHKH cpi0ia i 30J10Ta, HAHOYACTUHKU
OKCHJy 3alli3a, Tpad)eH, KBAaHTOBI TOYKHU, ByIJIE-
11eB1 KBAHTOBI TOYKH 1 BYIJICIICBI HAHOTPYOKH.

VY pO3BUTKY pHHKY HaHOCEHCOPIB JIiIUPY-
I0Th Taki Kpainu sk Amepuka, Kutaii, Anonis,
Kanama, Himeuunna. Ha 11, HaBeieHUX BUILE
BUTpAT Ha MpOoOJIeMaTHKy HAHOTEXHOJIOTIH y 3a-
pyODKHHMX KpaiHaX, BUTpaTH YKpaiHW Ha JOCIi-
JOKEHHS y IIH ramxy3i BUDISAI0Th OUTBIIT HIXK
ckpomHUMHU. [IpoTe, 3aBIsIKM BUCOKOMY HAyKOBO-
My TMOTEHIlially YKpaiHChKUX BUCHUX, €(PEKTUBHOT
po0OTH HAyKOBUX IIKLJ, TEPEBAKHO MPOTATOM
MUHYJIEX POKiB, HAHOTEXHOJIOTis B YKpaiHi Mae
neBHi ycmixu. [leprni mociaiakeHHs Ha HaHOPIBHI
yKpaiHChKi BUEHI BEJIM II€ B IOBOEHHI POKHU —
MPAIOBATH 3 KOJOITHUMHU PO3UMHAMHU, BUBYAIU
BJIACTMBOCTI HAHOTUIIBOK Ta HAHOYACTHHOK. | 3a-
pa3 y AesAKUX Tary3sx HaHO(DI3UKK B YKpaiHi €
OpUTiHAJIbHI PO3POOKH, Cepell HUX — JIB1 Halmep-
CHEKTHBHIIII TaTy31 3aCTOCYBaHHS yKPaiHCHKHUX
HAHOTEXHOJIOT1H — eJIEKTPOHIKa Ta MaTepiaios-
HaBCTBO [3]. OgHUM 13 NPUKIIAAIB BUCOKOTO TO-
TEHITIaTy YKPaiHChKUX PO3pOOOK HAHOTEXHOJIOTIN
€ JOCJIIJDKeHHS, TIOB’sI3aH1 3 MPUCTPOSIMH ISl
aJbTEPHATUBHOI EHEPTeTHUKH — CYNEepPKOH IeCa-
TOpaMH, JiTIEBUMHU OaTapesiMH, MaTUBHUMHU OCE-
peakamu (IPUCTPOi, IO MEePEeTBOPSITh XIMIUHY
eHeprito 6e3rmocepeIHbO Ha eNeKTPHYHY). IXHiit
Koe(iLIEHT KOPUCHOT JIiT CTaHOBUTH 0113bK0 60%,
toxi sik KKJI cydacHuX mepeTBoproBadiB eHEprii
(HanpuKJaa, IBUTYHIB BHYTPIIIHBOTO 3TOPSHHS)
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3a3Buyail He nepeBuinye 35%. Sk manuBO BOHU
MOXYTb BUKOPHCTOBYBATH, HAlPUKJIa/, BOACHb.
I came y poMy KJIrOUi NPALIOIOTh CIIIBPOOITHUKU
[HcTuTyTYy nMpobnem marepianoznaBctBa HAH
VYkpaiau. OcHOBHI 3aBJaHHS Ta JOCHIKSHHS
HAaHOTEXHOJIOT1i Ta HAHOYCTPOiB BUKOHYIOTHCS
y Huzni iHctuTyTiB HAHY, Takux sx: IHcTuTyT
¢i3uky; [HCTUTYT TTpOOIIeM Marepiaio3HaBCTBa
iMm. I. M. @pannesuua; [HCTUTYT MeTanopi3uKu
im. I. B. Kypatomona; IacturyT ¢izununoi ximii
im. JI. B. ITucapxescbkoro; IHCTUTYT (hi3ukH Ha-
niBIpoBiAHUKIB iM. B. €. JlamkaproBa; [HCcTUTYT
ximii moBepxHi; [HCTUTYT 3araibHOT Ta Heopra-
HiyHO1 Ximii iM. B. 1. Bepnaacwkoro; lncturyr
6ioxomnoinHoi Ximii im. ®. JI. OBuapeHko; [HCTUTYT
enekTpo3BaproBanHs iM. €. 0. [laTtona, a Takox
y HayKOBHX JIa0OpaTopisix Ta MiApo3aiiax Mmpo-
Bimnux BH3 Ykpainu.

B Vkpaini ¢pyHaaMeHTanbHi Ta NpUKIaaHi
JOCIIIJDKEHHS, 1[0 CIIPSIMOBAHI1 Ha BUTOTOBJICH-
Hsl, BUBUCHHS BJIACTUBOCTEH Ta 3aCTOCYBaHHS
HaHOCTPYKTYPHHUX MarepialiB, 301HCHIOIOTHCS
MPOTATOM OCTaHHIX POKIB 32 MPOEKTAMH BiJ0-
myoro 3amoBieHHss HAH VYkpainu, rpantiB Mi-
HiCTEpCTBa OCBITH 1 HAYKH, TPAHTIB MIXKHAPOIHUX
HaykoBUX (QoHIB. CyKyNHHIA T0CBIJ] yKpaiHCHKUX
aKa/leMIYHUX JJabOpaTopii 3HAYHUH, Y CBITI OLIb-
LICTh 1X po3p00OK BU3HAHO SIK nepenoBi. OaHakK,
CJIJl 3a3HAYMTH, 11O HEJAOCTAaTHE (piHAHCYBAaHHS
HAyKOBUX JIOCIHIHKEHb BIIUYTHO CTPUMY€E PO3BH-
TOK Y rajry3i HAHOTEXHOJIOT1i Ta (Ppi3UUHUX 3acaj
CTBOPEHHSI HAHOCEHCOPIB B YKpaiHi.

Sk mokasye OIS JIiTepaTypHUX JaHUX, €
oOHaAIIIMBI TTepelyMOBHU JJIsl YCIIIIHOI peati-
3a11ii HAHOCEHCOPHOI €JIEKTPOHIKH B TETIEPIIIHBO-
My Ta MailOyTHbOMY NPAKTUYHOMY 3aCTOCYBaHH1
1 Ut TibOTO € Taki mijactaBu. Cdepa HAHOCEHCOPIB
€ OIHICIO 3 IEKIIBKOX 00JacTel, skl 6e3moce-
PEIHBO 1 BCEOCSIKHO BUKOPUCTOBYIOThH NIEpEBaru
HAHOTEXHOJIOT1H. YIbTpamali po3Mipu NPUCTPOIB
pOOIATH 1X y’Ke MPUAATHUMHM ISl BUSBICHHS
BUKJIIOYHO MaJIUX KOHIIEHTpaLil ra3iB abo vac-
THUHOK Oy/Ib-SIKOTO THITY, IOBOASYH iX Yy TJIHUBICTh
710 TeOpeTHUHUX MexX. HanodyHKIioHamizais
MIOBEPXOHb MOYKE BUPIIIUTH OCHOBHI MPOOIEeMHU
CEJIGKTUBHOCTI JaTYHKIB Ta OOMiHY iH(pOpMAITiEO
MIX HHMH, a TaKOX 3pOOUTH CEHCOPHI MOBEPX-
Hi CAMOOYMCHUMH 200 CaMONPUKPIILTIOBAHUMH.

32

Y HaHOCEHCOPIB HACTUIBKHU MaJie CTOKHUBAHHS
eHeprii, 1[0 BOHU MOXYTh OTPUMYBATH JKUBJICH-
HS 13 COHSYHUX TaHeJIeH, TePMOEICKTPUUYHUX
reHeparopis abo 3 MepeTBOPIOBAYIB KIHETHYHOT
eHeprii, IXHJ eHeproepeKTUBHICTh POOUTSH X MpHU-
JATHUMH I Oyb-sIKHX aBTOHOMHHUX MalOyTHIX
CUCTEM 13 JaTYMKaMU. BiabIIicTh HAHOMATYNKIB
MOYKHa BUKOPUCTOBYBATH Ha TEPEIOBUX HAHOE-
JIEKTPOHHUX IUIaT(OPMaXx, Ha SIKUX BXKE € HAHOY-
CTPOIO pO3MipOM MeHIIe 22 HM, 1110 03HAYaE, 10
€ BUCOKHIA PIBEHb TEXHOJIOT1YHOT TOTOBHOCTI JIJIst
BUKOPUCTAHHSI HAHOAATUUKIB OYIb-SIKOTO BHIY.
Taki mporpamu Oe3neKH, K eNEKTPOHHI HOCH, Ha-
HOO10CEHCOpH Ta BC1 BUIU IaTUYMKIB JIJISI MOHITO-
PHHTY HaBKOJIMIITHBOTO CepeIoBHUIIA OyIyTh MaTH
BEJIUKY KOPUCTbH BiJl PO3BUTKY HaHOCEHCOPIB.
CpOrosiHi 1aTYMKHU € KJIFOYOBUMHU KOMIIOHEHTAaMHU
Ta BU3HAYaJIbHUMU (pakTopamu y Oyab — SKOMY
KOMIUIEKCHOMY CILIEHapii, B IKOMY MaroTh MicCIe
PO3IIUPEH] B PealbHOMY Yaci JIFOACHKI BIIUYTTS
SIK JUTS IUBUIBHUX, TAK 1 U1 BIHCHKOBUX TONATKIB.
3arponoHOBaHO MEPEAOBI KOHIICTIIIi1, TOB’s3aHi 31
CTBOPEHHSIM KBa3iHEBUIUMUX, 3 HYyJIbOBUM €HEp-
TOCIIOKMBAHHIM MEpEeX JaT4YMKiB HA MOBEPXHIi
JIIOACHKOTO Tina, abo, AKIIO e HEOOX1AHO, IMII-
JAHTOBAHUX MPHUCTPOIB, SIKi 3A1HCHIOIOTH MOHI-
TOPHHT KUTTEBUX (DYHKIIIH Ta Jar0Th HEOOXiTHY
1H(hOpMAITiTO IS M IMTPUEMCTBA BiAMIOBITHUX Hii
JUIs 30€peKEHHS JIOJCHKOTO KUTTS. BoHM OynyTh
OTPUMYBATH YITKYy KapTUHY CTaHy 37I0pOB’sl TaHOT
oco0u, ajanToBaHy 10 iHIUBIAyaTbHUX MOTPEO
3 BUKOPUCTAHHSM TPAIIOI0U0i B peaJbHOMY 4aci
MYJIbTHIIApAMETPUYHY KOMOIHAIIII0 HEiHBAa3UB-
HuX, OlocuraansHux ceHcopiB (EKT, akcenepome-
TPH, TIPOCKOIIH, MMyJCOKCUMETPH 1 T.[1.). 1 TAKUM
YUHOM IOKpaIIeHHs SKOCT1 )XUTTS. Baxkiaugo,
10 CEHCOPH B HAHCUCTEMOX OYIyTh NpalioBaTH
3 YIBTPAaHU3bKUM €HEProCIOKHUBAHHAM. Y TaKUX
CHUCTEMaX MOXYTb 3aCTOCOBYBATHCS TaKi HOB1
TEXHOJIOT'1, SIK eJIEKTPOHHA IIKipa abo Hocii, 10
HOCATH Ha cO01 CaMOITLKUBIIIOBAHI CHCTEMH J1aT-
quKiB 3 0e3npoToBuM iHTepdeiicom. Lli cucre-
MU OyIyTh CyMICHUMH, 3 KOMYHIKaI[iifHOT TOYKH
30pY, 3 Oy/Ib — SIKUMH ICHYFOUYMMH 1HTEpPEHCHUMU
3B’s13KaMU (CMapT(OHU Ta PO3yMHI TONUHHHUKH),
13MOXYTbh (DYHKIIIOHYBATH SIK pO3yMHi €JIeMEHTH
MaiiOyTHBOTO. BisbIII yIOCKOHANEH] Bepcii TaKuX
PO3YMHUX CHCTEM MOTIIU O 3aXHILNATH JIONCH BiJl
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PI3HOMAHITHUX €KOJOTIYHHX HEOE3MeK, y TOMY
YHCIIi TTOB’SI3aHUX 3 BUKUJIAMHU IIKIUTUBUX PEYO-
BUH Ta 3 KaracTpodamu, pooisiun JOBKILIS 0e3-
neunimuM. [lependavaerscs, Mo Taki NPUCTPOi
Oy/lyTbh AaBaTH JOCTYH y PEKUMI peabHOTO Yacy
710 TOTIOBHEHOT PeasbHOCTI, y TOMY YHUCII MOTIe-
pEIKEHHS PO Taki HeOe3MeKH, K eIeKTpoMar-
HiTHE 200 10HI3yl0ue BUIIPOMIHIOBAHHS, BUCOKA
KOHIIGHTpAIlisl aJIEPTeHIB Ta MIKiATUBI ra3u. Bonu
OyayTh moOy/oBaHi Ha KOMIUIEKCHUX, €Heproe-
(hEeKTUBHUX KOMYHIKAIIHHUX TEXHOJOTiSAX, M0
0a3yI0ThCcsl HA HOBUX HaHOMaTepialax, HaJIaro-
YU MOKJIMBOCTI MTOBHICTIO MEPEXKEBOT pPOOOTH.
OuikyeTbcs 0€31114 €KOJIOTTYHUX 3aCTOCYBaHb,
HAIPUKIA] PO3YMHI CYIPOBOKYIOUI IPUCTPOT
JUIsl BHYTPILIHBOTO 1 30BHIIIHBOTO BUKOPUCTAHHS
3 IICThMA OpraHaMH IMOYYTTIB, 1[0 KOHTPOIIOIOTh
SIKICTh BOJIU Ta TIOBITPS, & TAKOXK HAIIiHI Iepco-
HaJIbHI IPUCTPOT NP HAA3BUYAWHUX CUTYaIlisX.

VY cy4acHOMY CBITI HAHOTEXHOJIOT1i CTAIOTh
00JIacTIO CTpATEeTIYHUX JTOCII/KEHB Ta CTpaTeriy-
HOTO BUPOOHUIITBA 3 OISy O€3MeKu. Y 3B’ 43Ky
3 UM PO3pOOKa TEXHOJIOTIT Ta BUPOOHUIITBO Ha-
HOCEHCOPHHUX MPHUCTPOIB CTAIOTh JeAali aKTy-
anpHIMMHA. OUeBUAHO, 110 HAHOCEHCOPHU JIyKe
MEepCIEeKTUBHI JIsl 3acCTOCYBaHHS y cdepi 6e3-
nekn. Mo)kKHa BBa)KaTH, 110 HAHOTEXHOJIOT1T Oy-
IYTh KIIFOYOBUMH TEXHOJIOT1SIMU, HA OCHOBI SIKMX
0a3yBaTUMETHCS PO3BUTOK MallOyTHIX CEHCOPHUX
IHTEJNITEHTHUX CHCTeM. Mepexi NaTyuKiB, sKi
BUKOPHCTOBYIOTh HAHOTEXHOJIOT1, € CTPaTETi4HO
BXUIMBUMU JIJIs1 O€3IEKH, OCKUIBKH BOHH CTBO-
PIOIOTh JMHAMIYHY KapTHHY CEPEIOBHUINA 3 paH-
HIiM BUSIBJICHHSIM HeOe3IeK IUIIXOM aHalli3y BeJH-
KHX 0OCSTIB TaHUX y peanbHoMy vaci. st chepu
0e3IeKH 11l TEXHOJIOTI 3aCTOCOBYIOTHCS HA PI3HUX
PIBHSIX, IOYMHAIOYHU BiJ JTFOJICHKOTO Tia (Mepexi,
pO3TaIIOBaHi Ha TiJi) 1 3aKiHUyIOUU OyJIOBaMH,
MiCTaM¥ Ta HaBKOJIMIIHIM cepeoBuIem. JlaTau-
KM, SIK1 3aKpIIUICHI HA TiTi, MOXKYTh 3a0€31eUUTH
311 CHEHHS OLIIHKY METUYHOTO CTaTyCy COJIAATIB
Ha 110J11 000 JUI OLIHKYU Ha MicCI TSKKOCTI I10-
paHeHb Ta MiArOTOBKH HaWO1IbII €(hEeKTUBHOTO
JTIKYBaHHS.

[cToTHU# mporpec y raixy3i HaHOTEXHOJIO-
rifl Ta iX NPaKTUYHOTO 3aCTOCYBAaHHS, 30KpeMa
y po3po0ili HAHOCEHCOPIB, CTAaB MOXKIIUBUM ITiCTIS
PO3pPOOKH METO/IIB CHHTE3y HaHOMaTepiajliB, KOM-

MO3UTIB Ta (PYHKIIOHATBHUX HAaHOCHCTEM Ha iX
ocHOBI. JlociKeHHSI HAHOMATepiaiB, a TAKOK
(bi3MYHMX Ta XIMIYHHUX [IPOLIECIB y HAHOCUCTEMAX,
TEXHOJIOT1] Ta pi3HOMaHITHI 3aCTOCYBaHHS HaHO-
CEHCOPIB MPOAOBXKYIOTh PO3BUBATHUCS 1 B TaHUH
yac. HakonmyeHuii BeMUKUI TOCBIT HAYKOBHX J10-
CJIIJKEHB Ta pO3p000K, sIKi IPUCBSYEH] CEHCOpaM,
BUTOTOBJICHMX HAa OCHOBI OJIaTOPOIHUX METAJiB,
cepell IKUX BUAUICHO TaKl METallu, sIK HAaHOYaCT-
KU cpibrna Ta 30510Ta.

VY nepiiii 9acTHHI I[HOTO OISy MPEICTaB-
JIeH1 pO3/UTH 00 METOIB CUHTE3y HaHOdYac-
TUHOK Cpibjia Ta 30JI0Ta, AKi € NEePCIEeKTUBHUMU
HaHOMAaTepiajaMH Uil BUKOPUCTAHHS Y MEIU4-
HOMY Ta CEHCOpHOMY IpHu3HadeHHsAX. OKpeMo
BH3HA4YEHO MPOOIEeMH XIMIYHOTO 1 610JI0T1YHOTO
HiIXO/IB Y MOJAJIBIIIOMY PO3BUTKY CTpATerii CUH-
TE3y METaJIeBUX HAHOYACTUHOK.

VY npyriii yactuHi orsay OynyTh HaBelEHI
OCHOBHI (PI3UKO-XIMI4HI Ta ONTUYHI XapaKTepHC-
TUKH, 1110 BU3HAYATUMYTh CEHCOPHI BIaCTHUBOCTI
HY Ag, Au. BynyTh po3misiHyTi THIIU CEHCOPIB
JUIS Pi3HUX cep 3aCTOCYBaHHs, 0COOIUBY yBary
Oyze npuiiaeHo 6ioceHcopam. Y 3aKiIIOUHIN dac-
TUHI OyAyTh BU3HAYCHI MEPCIIEKTUBU PO3BUTKY
CEHCOPHHUX HPUCTPOIB Ha OCHOBI HAHOYACTUHOK
[UITXETHUX METalliB.

1. CTPATEI'II CUHTE3Y
HAHOYACTHHOK BJATI'OPOJIHUX
METAJIIB JJISI TIPUKJIATHOT O
BUKOPUCTAHHS

1.1. IlpakTHYHe 3aCTOCYBAHHS HAHOYAC-
TUHOK 0JIArOPOIHUX MeTaJiB cpid/ia Ta 30J10Ta

CuHTE3 HAaHOYACTUHOK — II€ MPOLIEC, KU
BBA)KA€THCS HAWBAXKITMBIILIOIO YACTUHOIO CTBOPEH-
Hs HAHOYACTHHOK, TOMY IO BiH 3HAYHOIO MIpPOTO
BH3HAYA€ 1X BIACTHUBOCTI Ta MPAKTUYHI 3aCTOCY-
BaHHs. )11 oTprMaHHs T1IOpUAHUX HaHOMaTepia-
JIB, SIK CKJIaJOBUX KOMITOHEHTIB, HeoOximHi HY,
SIK1 MarOTh Pi3HI PopMy, pO3Mip 1 MAFOTh MOTPiOHI
BiactuBoCTi. HasiBHICTH Takux BiactuBocteid HU
BH3HAYAETHCS PO3POOKOIO PI3HUX KOHTPOJIbOBA-
HUX CIIOCO0IB IXHBOTO CHHTE3Y.

Orisig miTepaTtypH 3 CHHTE3Y HaHOYACTUHOK
NUISIXETHUX METaIiB MOKa3ye, 10 3a OCTaHHI JBa
JNECITIITTS OYyJIO TOCSITHYTO BEIUYE3HOTO TPO-
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rpecy B po3po0ili HOBHX CTpaTeriil OLIbII eKO-
HOMIYHMX 1 HaAiiHUX MeToxiB cunTesy HY, sxi
3a0e3meuyroTh MaTepiaiu 3 Qi3uKO-XiMiYHUMH,
ONTUYHUMH 1 TEPMIYHUMH BJIACTUBOCTSIMH, 110
JIETKO HAJIAITOBYIOTHCS, @ TAKOXK 3 O10XIMIYHH-
MU (QyHKIIIOHATLHUMHU MOKIUBOCTSIMU [4]. B pe-
3yabTaTi Oyau po3poOJieHI HOBI YAO0CKOHAJICHI
riopuani HY 3 monimepom, rpadeHom, Byriiene-
BUMH HaHOTPYyOKaMu, KBAHTOBUMH TOYKaMU Ta
CUCTEMaMHU SIIPO-000TOHKH 3 1€ OLIBII MOKpa-
HICHUMH (P13UKO-XIMIYHUMH XapaKTEPUCTHUKAMH,
10 TMPHU3BEIIO A0 BUHITKOBUX JIarHOCTUYHUX Ta
TEPaNeBTUYHUX 3aCTOCYBaHb.

HanouacTtunku 30510Ta Ta cpibia BUKOpUC-
TOBYIOTHCSI Y HAHOO10TEXHOJIOT151X, O10CEHCOPHHX
JOCITIJDKEHHSX, Bi3yasi3allii KIITUHHUX CTPYKTYpP
[5, 6] Ta anpecHiit nocrtaBii JikiB [4, 5]. B nanwmii
4ac KOJIOiJJHI HAHOYACTKU BUBYAIOTHCS Y 3B’ SI3KY
3 X YHIKaJIbHUMH (PI3UKO-XIMIYHUMH BIACTUBOC-
TSIMH, BIIMIHHUMH BiJl «00’eMHIX» [9]. Dopma un
pO3Mip HAHOYACTUHOK BiJirpae y BCIX J0JaTKax
HaHoTexHoJori# [ 10—12]. YHikanbHI BIaCTHBOCTI
HAaHOYACTUHOK MeTatiB [13] mpu3BoguTh A0 ix
3aCTOCYBaHHsI, HAIPHUKJIIA/I, TAJIMBHUX €IIEMEHTaX,
3ax¥CTy HABKOJMIITHLOTO cepenoBuia. [lepcrek-
TUBHHUM HAaIPSIMOM MPAKTHYHOTO 3aCTOCYBaHHS
HaHOYACTHHOK OJaropoJHUX METaiB cpidia Ta
30J10Ta € po3poOKa CEHCOPHUX MPUCTPOIB HA iX
ocHOBI [14, 15]. OcHOBHMM NPUHLIKIIOM pOOOTH
LIUX MPOrpaM € yHIKaJbHI ONTHYHI BIaCTUBOCTI,
0COOJIMBO JIOKATI30BaHUI TOBEPXHEBHIA TJIa3MOH-
Huii pezonanc (JIIIIIP) [16-18].

[Topsia 3 Hanouactunkamu 3om0ta (HY Au)
HaHoudacTku cpibna (HY Ag) € BaxxnuBumMu Ma-
TepiajJjaMy 3 BUCOKHM ITOIATOM JIJIsi TKAHUHHOT
1HXKeHepii Ta aHTHOaKTepiaTbHUX JOJATKIB Yepe3
iX ehekTUBHY aHTHOAKTEpiaJbHy aKTUBHICTH SIK
y pO3uuHi, TaK 1 B komrnoHeHTax [19-21]. Ocran-
HIM 4YaCOM HAaHOTEXHOJIOT1l CTalH MepPCIeKTUB-
HOIO0 00JIaCTIO JTOCIIKEHb Ta MaroTh Oe3JiY 3a-
CTOCYBaHb y CLIbCHKOMY T'OCIOAAPCTBI, 0COOIH-
BO BHKOPUCTAaHHS HAHOYACTHHOK JJisi 00pOoTHOU
3 XBOPOOAaMH POCITUH Ta MiJBUILEHHS BPOXKaHOC-
Ti CITBCBKOTOCTIONAPCHKUX KyIbTyp [24]. Hano-
YACTUHKH Cpi0Jia KOPUCHI B MEAUITUHI Ta MEINY-
HUX TPHUCTPOSX, O10TEXHOIOT1i, €JEKTPOHII YU
Hay1ll PO HaBKOJIMIITHE cepenoBuie [25-27]. HU
Ag MUPOKO 3aCTOCOBYIOTHCS TAKOXK Y MPOTYKTAX
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OXOPOHU 37I0POB’sI, XapuoOBOI MPOMHUCIOBOCTI Ta
omsry [28, 29].

Cnijx 3a3HAa4UTH, 10 OKMCHA aKTHBHICTh
HY Ag cynpoBoKy€eThbCcsl BUBUIBHEHHSM 10HIB
cpibna, Mo NpU3BOIAUTH N0 PSAYy HETATUBHUX
edexTiB Ha 0iOJOTIYHI CHCTEMH, BUKIUKAIOUU
[IUTOTOKCUYHICTh, TEeHOTOKCUYHICTh 200 IMYHOJIO0-
Ti4HI peakIlii i HaBiTh 3arubensb KIiTHH [30-34].
MoxnuBicTh HeraTuBHoro BruiuBy HU meranis
Ha OpPraHi3M JIOJUHU € KIIUYOBUM MOMEHTOM
B ITUTAHHI 1X MEAMYHOTO 3aCTOCYBaHHSI.

VYenimHe npakTUYHE 3aCTOCYBAaHHS Ha-
HOYACTUHOK METAaJIB 3aJ€KUTh BiJ HAYKOBO-
0OTrpYHTOBAHOTO M1IXOMY /IO TEXHOJIOTI] 3 TIO3UIIIN
€KOHOMIUHOCTI Ta €KOJIOTIYHOCTI METOIB CHHTE3Y
3 KOHTPOJIbOBAHUMHU Ta BIATBOPIOBAHUMH XapaK-
TEPUCTUKAMU HAHOYACTUHOK, B1Jl YIOCKOHAJICHHS
TEXHOJIOT1{, IIJ0 T03BOJIsIE TX MacITabHe BUPOOHH-
1TB0. OCHOBHUMH HaHOMAaTepiajlaMH JUIsi CEHCO-
piB B MEIUYHOMY 3aCTOCYBaHHI € HAHOUYACTUHKU
cpibna i 3omoTa.

1.2. MeToan cuHTe3y HAHOYACTHHOK CPi0-
Jia, 30J10Ta

Bubip meTony cunTe3y, 3a3BUYaii 3aJI€KUTh
BiJl BIACTUBOCTEH BUKOPHCTOBYBAHOTO Marepiaiy,
BJIACTUBOCTEN HAHOYACTUHOK 3aJ]aHUX 3 ypaxy-
BaHHAM iX MMOAAJIBIIOrO Mpu3HaueHHs. Bubupa-
I0YM METOJ] IIPUTOTYBAHHS, BUBYAETHCS BIUIMB
PI3HUX TapaMeTpiB, SKi MOXKYTh BIUIMHYTH Ha
nporec. Ha 0cHOBI MX TOCIHIKEHb BUOIp IHX
napaMeTpiB 1acTh HaWKpaIli MOXKJIMBI XapakTe-
PUCTUKH i1 OaKaHUX HAHOYACTUHOK. 3a3BHU-
Yaii mapaMeTpy HAaHOYACTHHOK, 110 BUBYAIOTHCS,
BKJIIOYAIOTh PO3MIp, A3eTa-ToTeH il (ToBepX-
HEBUH 3aps/1) a00 XapaKTepUCTUKU 3aXOIUICHHS/
BHUBUIbHEHHS. MeTO CHHTE3Y, TUIT 00paHOTO MO-
Jaimepy 1 crabinizaTop, 110 BUKOPUCTOBYIOTHCS,
KPUTUYHO BIDTMBAIOTH HA BIACTHBOCTI OTPUMAaHHUX
HAHOYACTHHOK.

[Tpu npuroryBanni HY B 0CHOBHOMY BHKO-
PHUCTOBYIOTHCS JIBa PI3HI MIIXOU: «3BEPXY-BHH3
Ta «3HU3y-Bropy» [35]. Ilponecu «3ropu JOHU3Y»
BKJIIOUAIOTh PYHHYBaHHS CUIIKMX MarepiajiB Ha
OUTBII MPiOHI YACTMHKU HAHOPO3MIpIB 3 JOMOMO-
rolo pi3HUX (i3MYHUX 1 XiMIYHUX MeToAiB. Ha-
BITaKkH, y BUCXigHOMY miaxoai HY yTBoproroThes
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IUISIXOM CaMOCKJIaJaHHS aTOMiB, MOJEKYN abo
KJIacTepiB.

[Tigxonu «3ropu — BHHU3» BKIIIOYAIOTh TaKi
MeTonu: (i3uUHEe OCaKEHHS 3 MmapoBoi aszu
(PVD); mexaniuHe noApiOHEHHS; Ta3epHa a0iis-
11isT; MipOJIi3 XiMiUYHE OCAKEHHS 3 MapoBoi (pa3u
[36—-39]. Leit migxinx Mae ogHEe CyTTEBE OOMe-
KEHHS — HeJIOCKOHaNa cTpyKTypa nosepxui HY,
110 ICTOTHO BIUJIMBAE HA iX (i3UKO-XiMiuHi BiIac-
tuBocti [40]. Kpim Toro, 11eif MmeToa BUMarae
BEJIMYE3HOT KITBKOCTI €HEepTii s MiATPUMKHU
YMOB BHCOKOTO THUCKY Ta BHCOKOI TeMIIepaTypu
MiJ] Yac MpOoLeaypH CUHTE3Y, 10 POOUTH MPOIEC
JIOPOTHM.

[linxing «3HU3Y — Bropy» BHSIBUBCS BHTi[I-
HUM, OCKUIBbKH BiH 3a0e31euye HabaraTo Kparui
KOHTPOJIb HaJ (POPMYBAHHSM KIHIIEBOTO MPOTYKTY
3 OJHOPIAHIMIUME po3Mipamu, Gopmoro, (izud-
HUMH [TapaMeTpaMu Ta XiIMIYHUM ckiajoM. Kpim
TOTO, LIEH MiJIX1J 3arajJoM MEHII BUTpaTHuil. Bu-
CXIOHMH MiAX1J 3a3BAYAl BKIIIOYAE TaKl METOMLU
XIMIYHOTO CHHTE3Y, Taki sk Ximiunuii [41, 42],
enekrpoximiunwmii [43,44], conoxiMiuHmi [45,46]
1 3enmenuii cunres [47-50].

OpnHak, npy TiAX01 «3HU3Y — BIOPY» O4H-
IICHHSI CHHTE30BaHUX YaCTUHOK BiJ] IXHBOT peak-
LiHOT cyMiIi (TOKCUYHUX XIMIKaTiB, OpraHIuHUX
PO3YMHHHKIB Ta PEareHTIB) € CEPHO3HOIO MPo-
61eMo10 Tpu ix 610MEeTUYHOMY 3aCTOCYBaHHI, 3a
BUHSTKOM METOIB 3€JICHOTO CHHTe3y abo OKpe-
MHUX METOJIIB XIMIYHOTO CHHTE3Y 3 HETOKCHYHUMU
peareHTamMH. B oCTaHHBOMY BUIIQJIKY, 7Sl 3MEH-
HIEHHS 200 BUKJIIOYEHHS MTPOOIEMU TOKCUYHOCTI,
B XIMIYHOMY CHHTE31 PO3pOOIISIOTHCS TEXHOIOT ],
B SIKHX Y SIKOCTI peareHTiB BUKOPUCTOBYIOTHCS pe-
YOBHHH, SIKi HETOKCHYHI 1 010CyMICHI 3 IIUTLOBUM
00’exToM. 1o TakuX MaTepiaiB MOXKHA BiTHECTH
IJTIOKO3Y, TyOMIIbHY KUCIJIOTY, JKEJIaTHUH Ta 1HIII,
SK1 € BIJHOBHMKAMH 10HIB METaJIB Ta cTa0ii-
3aTopaMy HAHOYACTUHOK Y XIMiYHOMY CHHTE3I.
B octanHI poku BUHUK iHTEpeC 10 010JI0TIYHUX
METO/IIB OJIEp’KaHHS Pi3HUX HaHOMeTamiB. Po3-
POOIISAIOTHCS HOBI METOM O10JI0T1YHOTO CHUHTERY,
TaK 3BaHUN «3€JIeHU CUHTE3». [IpOIOBKYIOTHCSA
JOCTIPKEHHS 1010 BIOCKOHAJICHHS SIK XIMIYHO-
ro, Tak i 010JIOTIYHOTO METOMIB IIISIXOM OITHMI-
3aIlii MpoIeciB CUHTE3Y, MOUTYKY HOBUX BHX1THUX
MarepiasiiB — IpeKypcopiB.

HanoyacTuHKHM 01aropoJHUX METaliB €
NEPCHEKTUBHUMHU MaTepiajlaMu JJIsi 3aCTOCYBaH-
Hs y MeaunuHi. lle Bu3Hauae 0cobIMBi yMOBU
JUIS CHHTE3y HAaHOYACTUHOK. Y HACTYMHIN YacTH-
Hi cTaTTi OyayTh HaBEJCHI MOTOYHI JOCITHEHHS
cuntezy HU (Ag, Au). Cepen uMcieHHUX CIIOCO-
01B mpu mixxoni "3HU3Y — Bropy" HaiOiIbIIOrO
NOLIMPEHHs HA0yB XIMIYHUI METOJ] CHHTE3Y, 10
XapaKTePU3yETHCSI HAOUIBIIIOI BUBYCHICTIO Ta
BiJTHOCHOIO ITPOCTOTOIO.

1.3. XiMi4Hi MeTOAN CHHTE3y HAHOYACTOK
cpidaa, 30J10T2

OnHumH 13 CyTTE€BUX (PAKTOPIB HA KOPUCTH
3aCTOCYBAaHHS TOTO YH 1HIIOTO METOAY CHUHTE-
3y € X eKOHOMIYHICTh, IPOCTOTA, EKOJIOTIYHICTh
Ta MOXKJIUBICTH MAaCIITAOHOTO BUPOOHMIITBA. Xi-
MIYHI METOAM HANOIIbIIE 3a0BOJILHIIOTE UM
yMOBaM. B 0CHOBI I1bOT0 METOMY JICKUTH SBUILE
XIMIYHOT'O BIJTHOBJICHHS 10HIB METAJIB 13 COJIEH
IIUX METaJiB PI3HUMHU BiTHOBHUKAMH y MPUCYT-
HOCTI ctabimizaropis. Llelr MmeTox € HAWOIIbII
HNOIIMPEHUM 3aBJISIKH MPOCTOTI Ta MOXKJIHBOC-
Ti OTPUMaHHS BEJIMKOTr0 00CATY HaHOMAaTepiay.
VY sKoCTi BiIHOBHUKIB, OKPIM HABEICHUX BHUIIIE,
BUKOPHUCTOBYIOTHCSI IIUTPAT HATPil0, AyOMIbHA
KHCIIOTa, OOpTrifpaT HATPiIO, TiApa3uH Ta 1HII
OpraHiyHi peyoBUHH. Taki BiZIHOBHUKH, SIK IIUTPAT
HaTpilo, BUKOHYIOTh OJJHOYACHO 1 POJIb CTab1Ii3a-
Topa. [Iporiec BiTHOBIECHHS 10HIB METaTy MOJKHA
PETyIIOBaTH, 3MIHIOIOUH MTApaMeTPHU peakiii (Tem-
niepatypy, pH, KOHIIEHTpAIIiO Ta CIiBBIAHOIICHHS
BiJTHOBITIOBAJILHOTO Ta CTA01JII3yI0YOT0 areHTIB).

@dyHaaMeHTaIbHE JOCIHIKEHHS, PUCBS-
YeHe MpoliecaM 3apOoKEHHs Ta 3pOCTaHHS dac-
TUHOK TIPH CHHTE31 Y MPUCYTHOCTI LIUTPATY HAT-
pito, OyI10 OIyOITiKOBAaHO AMEPHUKAHCHKUM BUCHUM
Jxonom Typkesuuem. Hespakarouu Ha Te, 1110
15 cTarts Oyna omyOmikoBana me B 1951 pori,
ONMCAHUI METOJ € KIaCHYHUM aKTyaJIbHUM 1 Ha
ChOTOJHIIIHIN AeHb. HuHi po3pobiieno ynmano
Monudikamiil KIaCHYHOTO ITUTPATHOTO CUHTE3Y
metaneBux HU. Bonu cnpsimoBaHi, miepi 3a Bce,
Ha PO3IIMPEHHS Jliala30Hy PO3MIPY OJEepP)KyBaHUX
HaHOYACTHHOK 1 ()OpPMYBaHHS OUIBII OAHOPITHUX
3a po3MipoM Ta GOPMOIO YACTHUHOK. SIK mpaBuIio,
11l pe3yJIbTaTH JOCATAIOTHCS BBEACHHAM JI0[IaTKO-
BUX PEarcHTiB, AKi MOKPALTYIOTh XapaKTePUCTUKU
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HAaHOYACTMHOK 3a JIONOMOToI0 BapitoBaHHA pH
CepeoBUINA Ta TEMIIEPATYPH PEeaKIlii, BUKOpHUC-
TaHHS (PI3UYHUX METOMAIB 1HII[IFOBAaHHS CHHTE3Y,
crnoco0iB cTabimi3alii moBepxHi.

VY poborax aBropiB [51-54] HaBeneHo pe-
3ynerary cuHTe3y HY cpibna murpaTtHiM MEeToioM
13 3a3HaYEHHSM HOr0 TEXHOJIOTIYHUX MTapaMeTpiB.

VY TUNOBIM METONUIII CUHTE3Yy A0 PO3UUHY
(10 m) HiTpaTy Ccpibna NeBHOI KOHIIEHTpAIIIi 10/a-
BaJIM TaKUH ) caMuil 00CAT pO3UMHY BiJIHOBHHKA
(uutpat Harpiro). [lIBuake Ta piBHOMiIpHE Harpi-
BaHHS BCHOTO 00CATY PEakIiifHOrO po3unHy 3a-
0e3reuyBaiocs 3a JOMOMOTO MarHiTHOI MillTAJTKU
3 TMAIrpiBOM, IO CHPHUSIIO OAHOPIIHOCTI CKIaay
B YMOBax HyKJieallii Ta 3pOCTaHHs 3apOJIKiB.

Cunre3 HY Ag npoBoauBcs 3a HACTYITHUX
TEXHOJIOT1YHUX MapaMeTpiB:

— ekBiMoJApHi KoHueHTpauii AgNO, ta
Na,CH.O.: 10°M; 10*M; 10°M; 5 - 10°M;

— Binnomenns xonnentpaniii (AgNO,) /
(Na,CH,O,) = 1:4; 1:2;

— Ttemneparypa cuntesy — 100°C;

— 4ac cuHtesy, xB: 10; 15; 20; 30; 40; 50;
60; 70; 80.

XapakTepHO, 110 3 YCIX BUKOPHCTOBYBAHUX
napamMeTpax CHHTE3Y i3 3aCTOCYBaHHSAM LIUTPATY
HaTpio OyJI0 OTPUMaHO HAaHOYACTUHKHU Ccpibia
chepuunoi Gpopmu (puc. 1.).

~ WD:29.53 mm

SEM HV: 30.0 kV

Puc. 1. 300pa:xxennss HY cpibdia, orpumane
Y PacTpoBoMYy eJIeKTPOHHOMY Mikpockomi [51].
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VY crnekTpax MOMTMHAHHS OTPUMAHUX 3pa3-
KiB 3 po3mipamu 20-30 HM crnocrtepiranacs iH-
TEHCHBHA CMyTa 3 MaKCUMyMOM, JIOKaJli30BaHUM
B obmacti 390—420 um. [Ipupona cmyru, 1o cno-
CTEpIraeThCsl, MOB’A3aHa 3 IBUILEM TOBEPXHEBOTO
11a3MoHHoro pe3oHancy (III1P) B MmeTaneBux Ha-
HovyacTuHKax [55]. [TosiBa i€l cMyTHu B crieKTpax
NOTJIMHAHHS CBITYUTH MPO (HAKT YTBOPEHHS Ha-
HOYACTHHOK cpibia.

PesynbpraTi eKCriepuMEeHTIB MOKa3alu, 110
cunte3 HY icTOTHO 3aJIe)KHUTh BijJ KOHIICHTpA-
1ii BUXITHUX MPOAYKTIB peakuii. BctanoieHo,
II0 TIPU KOHIEHTpawisx coii cpibna 10° M npu
KUIATIHHI PO3UUHY MPOTAroM 120 XBUIMH cMyTa
ITITP HY Ag He peecTpyeTbes, TOOTO HaHOYAC-
TUHKU HE BIATBOPIOIOTHCS. BU3HaueHo, 1o npu
MOAANbIIOMY 301IbIIeHH] KoHIEeHTpanii AgNO,
(10*M = 5-10°M) yTBOpEHHSI HAHOYACTUHOK
cpibyia BU3HAYAETHCA KIHETUKOIO XIMIYHOI pe-
akuii. JliicHo, sxio npu konuentpauii AgNO,
10*M cmyra IIIIP peectpyeThbes auiie yepes
50 XBUIIMH TICISI 3TUTTS peareHTiB (puc. 2.), T0
npu koHueHTpanii AgNO, 10°M uac, mo HeoO-
X1THUH JJ1s BITHOBJICHHSI Cpi0iia, 3MEHIIY€EThCS
1 cmyra IIIIP 3’sBasieThest Bxke uepe3 20 XBUIMH
BiJ] TOYATKy peakKilii.
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Jlo®KuHa XBUIT, HM
Puc. 2. 3anexuicTs cnektpiB normmuanns HY
cpidna Bix yacy cunre3y, xB: 50 (1); 60 (2); 80 (3).
Konuentpauii AgNO, Ta Na,C. H O, =10~M [53].
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Kineruka cunre3y HU nokasye 3anexHicTb
pO3Mipy HAaHOYACTUHOK BiJ yacy MpOTiKaHHS
peaxuii. e ¢akT mpoirocTpoBaHO HaA puc. 3,
Ha SIKOMY TpeACTaBICHI HOPMOBAHI CIIEKTPH TIO-
TJIMHAHHS 3pa3kiB. Jli1CHO, CIEKTP MOTIIMHAHHS
MICTUTh IHTEHCUBHY CMYTY, 1110 Biamnosiaae [P,
MPUYIOMY MAaKCUMyM CMYTH Ha TIOYaTKOBiH cTa-
nii cunTe3y (kpusa 1, puc. 3.) jg0kangizoBaHul y
M. = 405 BM, mo Bianosizae posmipy HU Ag
20 HM, a Ha HACTYMHUX cTaiax (KpuBi 2, 3) mo-
JOXKEHHS MaKCUMYMYy CMYTH 3MIIIYETHCS 10
=420 HM, 1110 BiAMOBiAa€ po3mipy — 30HM.
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Puc. 3. HopmoBani ciektpu nornmunanust HU
cpiona, Bumipsini yepes 30 xB (1), 40 xB (2),
50 xB (3) Bin mouarky cunre3y. Konuenrpauii
AgNO, Ta Na,C H O, =10"M [53].

TenpeHIis CKOPOUEHHS Yacy, HEOOXiTHOTO
BIJTHOBJICHHS 1 3pOCTaHHS HAHOYACTHMHOK METaTy
CTIOCTepiraeThes 1 31 30UTbIIEHHSIM COIi cpibna 10
koHmenTparii 5-102 M. Hanouactuuku cpibia,
10 BUSIBJISIFOTH MTOBEPXHEBUH MJIA3MOHHUI pe30-
HaHC, peecTpytoTbes uepe3 10—15 xBuuH Bijg no-
yarky cuHTe3y. [loganbiie 301IbIIeHHST KOHIICH-
Tpaii coui cpibiia CynpoBOKY€ThCSl YTBOPEHHSAM
ocany cpibna y peakropi.

TakuMm 4MHOM, 13 30UTBIIICHHSAM KOHIIEHTPA-
11ii peareHTiB 30UTbITY€ETHCS IHTEHCUBHICTD CMYTH

MOTIIMHAHHSL, IO CBIIYUTH PO 30UTBIICHHS KiJIb-
KOCT1 CHHTE30BaHMX HAHOYACTUHOK. XapaKTep-
HO TaKO)X 3MEHIICHHS HaMiBIIUPUHUA CMYTH IO-
[JIMHAHHS, 10 CBIAYUTH MPO 3HIKECHHS PO3KUIY
3a posmipamu HY cpibra i3 3011bIIeHHSIM Yacy
cunresy (kpusi 1, 3 Ha puc. 3).

L1i paxTu cBi4aTh HA KOPUCTH HACTYIIHOTO
mexaHizmy yrBopenus HY Ag. Ha nepmuiii cranaii
YTBOPIOIOTHCS. YACTUHKHU PI3HUX PO3MIpIB, MO-
TiM BiA0yBa€ThCA PO3UMHEHHS OUIbII APIOHUX
YaCTUHOK 332 MEXaHi3MOM OCTBaJIbJIBCHKOTO J10-
3piBaHHS 1, TapaJIeIbHO, 3MIHCHIOETHCS 3POCTAHHS
YaCTUHOK 32 PaxXyHOK BiJHOBJICHHS 10HIB cpi0ia
Ha MOBEPXHI HAHOYACTHHOK. ABTOPH 3BEPTAIOTh
yBary Ha BJIIaCTUBOCTI CTaOUTbHOCTI BIACTUBOCTEH
HAHOYACTHHOK 1 3AJIEKHICTD iX ONTUYHHUX XapaK-
TEPUCTHUK BiJ Pi3HMX 30BHIIIHIX (akTopiB. o
OJTHOTO 3 TAaKMX 30BHIIHIX (DAKTOPIB HAIECKUTh
YO — onpoMiHEHHS, 1110 MOXKE CYTIPOBOIKYBAaTHCh
nepediroM HaCTYNMHUX €EeKTPOHHUX MPOLECIB.
HiticHo, mix giero YO — cBiTIa B pO3UUHI 3 Ha-
HOYaCTHHKaMH MOJKJIMBI BiZOyBaTuCs HACTYIHI
SIBUIIA: TTO-TIEPIIE, B Pe3yJIbTaTi NOISIpU3alii Ha-
HOYACTUHKH, 10 CKIIA/IAl0THCS 3 IPIOHUX KIlacTe-
piB MOXKYTh MPUAOATH 3apsij, 10 BeAe A0 iX He-
CTaOUIBHOCTI Ta HACTYITHOTO PO3May, Mo-JIpyre,
IIPY ONIPOMIHEHHI CBITJIOM OOJIACTi CHIIBHOTO TO-
[IMHAHHS Y PO3YHHI, Y KOMY III€ HE 3aBEPLICHO
CTaJIit0 BiTHOBJICHHS 10HIB Cpibiia, MOXKe 3JIilic-
HIOBATHUCS 1IeHl mpoliec 3a paxyHOK (OToeneKT-
POHIB, CTBOPIOBAHUX CBITJIOM. SIKIIIO B IEPIIOMY
BUIMA/IKYy OUYIKYETbCS 3MEHILEHHS IHTEHCUBHOCTI
NOIIMHAHHS, TO B IpyroMy Oyze crocTepirarucs
301JIbIIICHHSI IHTEHCUBHOCTI 32 PaxXyHOK HOBUX
HAHOYACTHHOK Cpi0ia, 0 YTBOPIOIOTHCS.

Pe3ynpTatu NOCHIMKEHb LI0J0 BIJIUBY
onpoMiHeHHsI YD-CBITIOM i3 JOBKUHOK XBH-
ai A = 360 um Ha crabinpHicTs HY mokaszanu
3MeHIIeHHs iHTeHcuBHOCTI cmyru JIIITP HY
cpibna, 10 CBIAYUTH MPO MPOSB MEPIIOTO Me-
xaHi3mMy ¢otonecrabinbHOCTI [49]. [ns nigBu-
IIEHHS cTaOUTFHOCTI HEOOX1HO CTBOPUTH Ha MO-
BEPXHI HAHOYACTHHOK OOOJIOHKY 13 BiAMOBITHOT
noBepxHeBo-akTUBHOI peuoBuHu (ITAP). Hanpu-
knan, y skocti [TAP, nns nomarkoBoi cradimizarii
HY Ag y uiii po60Ti BUKOPUCTOBYBAJIH BOIHUMN
PO3YMH A0AEHMICYIb(AT HATPiIO, TKUN BBOAMB-
Csl KOJIOIHHUH PO3YMH MICIS MPOLECY CHHTE3Y.
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XapakTepHO, 110 OTPUMAaHi 3a JOMOMOTOI0 OIIH-
canoi texnounorii, HU cpibna 30epiraiorb cBoio
CTaOUTBHICTh MPOTATOM JACKUTLKOX POKIB 32 YMOBH
ix 30epiraHHs y TeMpsiBi.

1.4. Biosioriuni MeToaU CUHTE3Y

®i3uyHUl miaxig 10 BUpOOHUIITBA HAHO-
YaCTMHOK NOTpeOye O1LIbII BUCOKOTO BUKOPHCTAH-
HS €HEprii Ta € JOpOoruM. Xoda XiMIdHI MiIX01u
HEJOPOTi, ajle BOHM BUMAararTh HaiidacTimie BU-
KOPHCTaHHS TOKCHYHHUX PO3YMHHUKIB (00priapuI
HATPIO 1 CIUPTH, 5Ki, B OCHOBHOMY, TOKCHUYHI,
JIETKO 3aliMAIOThCS 1 HE TIAI0ThCs Ierpajariii).
Y TBOpeHHS TOKCUYHUX TOOIYHHUX MPOIYKTIB MPH-
3BOASTH JO XIMIYHOTO 3a0pyIHEHHS Ta HEO0OXiJI-
HOCTI BUTpAT Ha iX yTuiizamito. HaBeneni pakru
BUKOPUCTAHHS XIMIYHUX PEUOBUH Yy XIMIUHOMY
CHUHTE31 00MeXyIOTh 010JI0TiYHE 3aCTOCYBaH-
Ha MetaneBux HY. Ile cipuunHUIO BUBYEHHIO
OLIBII €KOJIOTIYHUX METOIB 3 MiHIMalbHUM
BUKOPHUCTAHHSM XiMmikariB. bionoriuni MeToau
CUHTE3y, KI OTPHMAaIH Ha3By «3elieHa XiMisy,
3 BUKOPUCTAHHSAM POCIMHHUX €KCTPAKTIB, MIKpPO-
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oprasizMmiB Ta 0ionojimMepiB BUSBUINCH MTOTECH-
MIHHUMU KaHAUJATaMH Ha 3aMiHy XIMIYHHUX Me-
toniB cuaTesy HU. BaxxnuBo, 1110 Ha BiAMIHY BiJl
XIMIYHO CMHTE30BaHUX METAJICBUX HAHOYACTHU-
HOK, JIO TIepeBar 3eJeHOT0 CHHTE3y HAHOUYACTHHOK
BITHOCHUTKCS MiIBUIICHHS X 610CYMICHOCTI, IO €
CIPUSTINBUM ISl O10MEIMYHOTO 3aCTOCYBaHHSI.
Takum 4uHOM, O10JIOTTYHUMN MIAXIJI, 1[0 BKIIFOUAE
POCIIMHHU, BOJOPOCTI, OakTepii, IpuOKH, IPixKIKI
Ta BipyCH, MOXKe 3a0€3MeYNTH BUCOKOTIPOTYKTHB-
HU, HEAOPOTUH Ta EKOJIOTIYHO Oe3MEeYHHI CUHTE3
HaHOYaCTHUHOK [56—68].

CxeMmaruvHe 300paskeHHSI METOIIB 3€JICHOTO
CUHTE3Y npoimocTpoBano puc. 4. [Ipu nonaBanHi
010JI0T1YHOTO EKCTPAKTY /0 MOIEpeHUKa CUH-
TE30BaHMX HAaHOYACTHHOK cpibna (cinb cpibia,
HaNpHUKIaJ, HITpaT cpibna, Xiaopuy cpidna), mpu
MEBHUX MapaMeTpax, TaKuX, siKk TeMreparypa, pH
cepeloBUIla, KOHIIEHTpAIlisl €eKCTPAKTy Ta IO-
NepeIHNKa, PO3YMH HaOyBae KOJIbOPY Bij CBITIO-
’KOBTOTO JI0 TEMHO — KOPHYHEBOTO, 10 CBIAYUTH
npo yrBopenHs HU Ag. Sk mpaBuio, MexaHizm
O10BITHOBJICHHS HAHOYACTUHOK METaJiB y poOC-
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\ Metal ion precursor
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Puc. 4. Cxemaruune 300paskeHHsI MeTO/IiB 3eJI€HOT0 cCUHTe3Yy [56].
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JMHAX Ta POCIMHHUX EKCTPAKTaX BKIIOYAE TPU
OCHOBHI eTanu: (a3 akTUBALii, B AKil BiIOy-
Ba€ThCS BITHOBJICHHS 10HIB METaly Ta 3apO0-
KyTBOPEHHSI BiIHOBJIGHUX aTOMiB MeTaiy; ¢a3u
3pOCTaHHS, 10 BIIHOCUTHCS A0 MHUMOBUIBHOTO
3JIUTTSI MAJIUX CYCiJIHIX HAHOYACTUHOK Y Yac-
THUHKH OUTBIIIOTO PO3MIpY, IO CYMPOBOIKYETHCS
MiABUIIEHHSIM TEPMOJUHAMIYHOT CTA0ITBHOCTI
HAHOYACTUHOK, 200 MPOIIEC, 3BaHUH T03PiBaHHSIM
OctBainpaa, 1 3aBepiasibHOI (hasu, B AKiid yTBOpPIO-
€TbCS OCTATOYHA (JOPMa HAHOUACTHHKH.

Marouu Garari pociauHHiI 6iopecypcu, Kpa-
iam [liBnenHo-CxinHO1 A3ii 3poOUIN OCHOBHUU
BHECOK Y PO3BUTOK 010JIOTIYHOTO CHHTE3y HaHO-
YaCTUHOK MeTaliB. bipmricts nocnimpkeHs 3 6i0-
cuHTe3y MeraneBux HY, nepeBaxHo, 3 CUHTE3Y
HY Ag i HY Au, 6yno npoBeneHo Ha pociauHax
3 BUKOPUCTAHHSAM POCIMHHOI OiOMacH, pOCIHH-
HOT'O €KCTPaKTy 4u camux pociuH [69]. Onnax
BHUSIBUJIOCS, IO HE BC1 BHJIU POCIIUH Oynu edek-
TUBHUMH BiJHOBHHKAMU 10HIB MeTaiiB. OCHOBHA
npoOiema BUOOPY POCIHH 3 IXHBOTO BEJIMKOTO
PI3HOMAHITTS MOJIATaNa y PO3KPUTTI MEXaHI3My
CHHTE3Y, BIIACTUBOTO IEBHOMY BHJly POCIHH. Tak
SK y IpUpOJii iCHye HeOOMEeXeHa KUIbKICTh poc-
JWH, SKi MOXYTh BiJIHOBJIIOBAaTH METAJIH, TO 3€-
JICHUW CHHTE3 PO3BMBABCA Y HANPSMKY MOILIYKY
HOBUX NMPHPOIHUX BITHOBHUKIB 3 OUTBII e(heKTHB-
HUMU BiTHOBHUMHU 3M10HOCTSMHU, a TAKOXK Yy BHU-
KOPUCTaHHI POCIHH, SIKI caMmi MajH JIiKyBaJbHI
BJIACTUBOCTI.

[opiBHiotoun pe3ynsrati cuntesy HU Ag,
Au 3a ydacTio pi3HHUX POCIHH OyJ0 3a3HaYCHO,
1110 OTPHMaHi HAHOYACTHHKU MAIOTh Pi3HI (Pi3HKO-
ximiuHi BractuBOCTi [70]. Onuc MOKIHBOTO Me-
xaHi3My 6iocunTesy HU Ag 3 BUKOpUCTaHHIM
Oy/bOHY JIMCTSl CarOBHHUKA MPEICTABICHO Y PO-
6oti [71]. ABTOpHU BKa3yiOTh, IO BiJTHOBIICHHS
10HIB Cpi0JIa POCITMHOIO CATOBHUKOM JIOCSITAETHCS,
HMOBIpPHO, 32 PaxyHOK (ITOXIMIYHUX PEUOBUH,
TaKUX SIK MOJi()EHONHU, [Ty TaTiOHH, K1 MICTATHCS
B JIUCTI CATOBHHKA 1 MOXYTh CHPUSTH YTBOPEHHIO
HY Ag, sixi MaloTh KpUCTaIIIYHy CTPYKTYpY Ta
po3Mip 2—5 HM.

JlocmiKkeHo CHHTe3 HAaHOYACTUHOK Cpid-
Ja Ta 30J0Ta 3 BUKOPUCTAHHIM EKCTPaKTiB
JUCTS IMIIIUHU 3MopIuKyBaroro [72]. Crek-
TPU MOBEPXHEBOTO IJIA3MOHHOTO PE30HAHCY

Jutst cpibna Ta 3070Ta oTpuMani npu 451 1 578
HM 3 KOPUYHEBO-)KOBTUM Ta POKEBO-YEPBOHUM
3abapBieHHsM, BianoBigHo. HY Ag ta HU Au
BIJIPI3HSIIUCS 32 PO3MIPOM 3aJIEXKHO BiJ] KOHIICH-
Tpauii eKCTPaKTy JHUCTS Ta METaIYy, [0 BUKOPHC-
TOBYyeThCS 1151 cuHTe3y. CunTe3zoBani HY Oynu
nepeBaxHo chepuunumu (y paszi HU Ag) 3 nes-
KUMU TPUKYTHUMH Ta IIECTUKYTHUMH (OCOOIHBO
y pasi HY Au) 3a popmoro i3 cepenHiM po3mipoMm
12 ta 11 um nns AgNP ta AuNP, BignoBigHo.
JocnimkeHo GpiTocuHTe3 HAHOYACTUHOK Ccpilia
(AgNP) nuctsam BogHoro exctpakty Dalbergia
spinosa (Bupa xomtouoi nianu) [73]. Pesynbraru
MOKa3aJiy, 110 301IbIICHHS TOYaTKOBOI KOHIICH-
Tpauii eKCTpakTy Nnpu KiMHATHIN Temmeparypi
301IBIITYBAJIO CEPEAHINA PO3MIpP Ta PO3LIMPIOBAIO
posnoain 3a po3mipamu AgNP, 1m0 npu3BoaniIo
JI0 YEPBOHOTO 3MIILIEHHS Ta PO3IIUPEHHS MOIJIH-
HAHHS MOBEPXHEBOIO IJIA3MOHHOTO PE30HAHCY.
Pe3ynbraru mokaszainu, 110 BIACTUBOCTI IIYKpPY
1 (p1aBoHOINIB, 110 BiAHOBIIOIOTH, HECYTh OCHO-
BHY BiJIIOBIJAIBHICTh 32 010B1THOBJICHHS 10HIB
cpibua 1 1o X BiTHOBHA 3/1aTHICTD IT1IBHIIY€THCS
npu 36 °C. AHani3 3a JOMOMOTOI0 €JIEKTPOHHOT
mikpockorii (TEM) nmoka3zas, 110 HaHOYaCTKH Ag
MaroTh Maibke cepuuny popmy i3 cepeaHim pos-
Mmipom 18 + 4 HMm.

HanouacTuHku 30510Ta Oy/nu CUHTE30BaHI
3 eKCTPAKTIB JINCTS KAPTOIUISHOI araBy 3 BUKOPHUC-
TaHHSAM TPbOX PO3UYMHHUKIB 3 Pi3HOIO MOJISIPHICTIO
(Boma, eTaHoun i rekcan) [74]. AHamni3 cekTpis
Y®-Buaumoi o0acTi BUSBUB YITKI CUTHAJIA IIO-
BEPXHEBOTO IUIA3MOHHOTO PE30HAHCY OJM3BKO
540 HM, HOJIOKEHHS KX 3aJI€XKAJIO Bl IEK1Ib-
KOX (haKTOpiB, TAKHUX SIK BIIHOBHHUK, PO3UMHHHK
1 Temmeparypa, 10 BUKOPHCTOBYIOThCA. Buko-
PUCTOBYIOUHU Pi3HI PO3YMHHUKH (BOJA, €TAHOII
Ta rekcan) Oynu orpuMani HY Au 3 pizHOIO MOp-
dororiero Ta po3mipamu (Ha puc. 5 — e pakmii
Fx1, Fx2 ta Fx3, BiqnoBiaHO, IUIsl BOAU, €TAHOITY
Ta rekcany). byno nokazano, mo ekcrpakt Fx1
OyB HaWIIBUIIIMM y BiJIHOBJICHHI PO3YUHY IO-
nepeanrka Au. IIoMiTHO BIUIMB pO3YMHHHKIB Ha
dopmy Ta posmip HY Au.

BinHoBiaeHHs 10HIB Au*® CTUMYIIOIOTH
OCHOBHI CIOJIyKH, IPUCYTHI B PI3HUX CIMeHCTBax
araBsu (IlyKpH, aMiHOKHCIIOTH, ()€HOJIU, CATTIOHIHU
Ta TEPIIECHOIN).
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Puc. 5. Cxemarnuna isniocrpaitisi BILINBY
PO3YMHHUKIB Ha pi3Hy Mopdooriio
Ta po3mipun HY Au y npoueci ix 6iocunresy [74].

[Ipouec BiAHOBIEHHS CYNPOBOIKYETHCS
CKJIaHUMH (PoTOXIMIYHUMU peakiisimMu. Hes3Ba-
YKal04YM Ha Te, 1110 OCHOBHI (PYHKIIOHAJIbHI TPYITH
Ta BIATOBIAQJIbHI 32 HUX (POTOXIMIUHI CiMEHCTBa
no1i0Hi1, ane (pakTUIHI XIMIYHI CTIOYKH Pi3HATh-
cs. Lle moxxe BruMHYTH Ha (h13MKO-XIMIYHI Bac-
tuBocTi HY, mo yTBoprototecst. Temmeparypa Ta
KOHIICHTpAIIisl €KCTPAKTY BIAITPAIOTh KIHOUOBY
poJib y BU3HaUeHHI po3mipy ta popmu HY Bigmo-
BimHO. Sk mpaBwiio, HY, cuaTe30BaHi 3a 401IOMo-
TOI0 POCTMHHMX 010BITHOBHHKIB, MaJIK CPepUIHY
dhopmy 3 pozmipom Bix 10 o 125 am. Yac peakrii
BITHOBJICHHS BapIIOETHCS BiJl KUTBKOX XBUJIUH J10
KUTbKOX TonuH. Tak, y 3eneHoMmy cunte3i HU Au
3 BUKOPUCTAHHSM BIJIHOBHOI 31aTHOCTI BOJTHO-
ro exctpakty aucTs kunapucy (Thuja orientalis)
peaxiris 3aBepmmiiacs 3a 10 XB mpu KIMHATHIN
TeMIeparypi 3 Buxoaom peakuii nonan 90%. Cun-
te3oBadi HYU Au Oynu nepeBakHo chepuuHUMU,
CepenHii po3Mip SAKUX CUIIBLHO 3aiiekaB Big pH
1 KOHIIEHTpaIlil €eKCTPAKTy 1 CTAHOBUB BiJ 5 110
94 um.

Po3mip Ta po3noaisn MmeTaneBuX HaHOYACTH-
HOK CHJILHO 3aJIeKaTh BiJl 0103’ €THAHB, TPUCYTHIX
B eKCTpaKTi. [[pUCYTHICTh CHUIBHOTO BIJTHOBHHKA
B €KCTPAKTI CIpUSE€ BUCOKIN IMBUAKOCTI peaKIlii
Ta CIPHUSE YTBOPEHHIO IPIOHININX HAHOYACTHU-
HOK. SIKI10 G10MOJIEKYJ M MIBHJIKO BiJHOBIIIOIOTH
cinb MetamiB Ag, Au, 1110 TPU3BOAUTH 10 Oe3Iie-
PEPBHOTO YTBOPEHHS HOBHX sijiep a00 BTOPUHHUX
s11ep, TO MOJKHA CIIOCTEPITaTH BY3bKUU PO3IMTOILIT
3a po3Mipamu. OHAK TOBUIBHA PEAKIIis MOXKE
B110yBaTHCS, SIKIIIO BTOPUHHE 3aPOJIOKY TBOPEHHS
MIPUTHIYYETHCS B MOPIBHSAHHI 3 MEpBUHHUM. bio-
MOJICKYJIM € BTOPUHHUM BapiaHToM 1Jist (opmy-
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BaHHS MOHOILIAPY HA MOBEPXHI HAHOYACTHHOK IS
3arobiraHHs ariioMepartii.

Ha chorogni COTHI pOCIMH Ta iX eKCTpa-
KTiB 3aJ15H1 y BUNIPOOyBaHHI CUHTE3y MeTalie-
BUX HAHOYACTHUHOK. JleTanbHuil 3BIiT Ipo OCTaHH1
TEH/ICHII] B CHHTE31 32 pPaXyHOK POCIMHHHX €KC-
TPaKTIiB Ta Pi3HUX 3aCTOCYBAHHS HAHOYACTHHOK
«3€JICHOT0» METaly POCIMHHOTO MOXOMKECHHS
HABEICHO B OIS AOBUX poboTax [69], [75-78].

KpiMm pociiuH, BOIOPOCTI TAKOXK BUKOPHC-
TOBYIOTbCS SIK O10aKTHUBHMI Matepiai. biopeayk-
Iisl BOJOPOCTEH MOKa3aia BEJIMKUM MOTEHIIial
y PO3BHUTKY YHCTOTO 3€JIEHOTO CHUHTE3y PI3HHX
HAaHOYACTUHOK METaJIiB Ta OKCUAiB MeTaiiB. He-
3Ba)KaIOUM Ha Te, 10 OyJIO BUSABJIEHO JOCHUTHh
6araTo BOJJOPOCTEM, 3MaTHUX CUHTE3YBaTH Pi3H1
HY, 3xilicHeHHS KOHTPOIIO po3Mipy Ta ¢hopm
INPOJYKTIB Ta iIeHTU(]IKYBaTH MEXaHI3MHU BiJI-
HOBJICHHSI BOZIOPOCTSIMH, BCE LI MOTpedye 10-
natkoBoro BuB4YeHHs [71]. Henocrarubo BuBUe-
HUM Mpolec BHYTPIIIHbOKIITUHHOTO YTBOPEHHS
HAaHOYACTHHOK 30JI0Ta 610Macoi0 BOIOPOCTEH.
VY xoai eBOdIONLIT BOAOPOCTI PO3BUHYJIHU 31aT-
HICTh BUPOOJISATU CKJIaHI HEOPraHiuHI BHY-
TPIIIHBOKIITUHHI Ta MO3aKIITUHHI CTPYKTYPH.
[TpunyckaioTh, 110 10HM METaJiB CIIOYATKY 3a-
XOIUTIOIOTHCSA HA TOBEPXHI POCIUHHOT KIITUHU
3a PaxyHOK €JIEKTPOCTATHYHOI B3a€EMOIiT MIXK 10-
HaMH Ta HETaTUBHO 3apsKEHUMH KapOOKCHIIaT-
HUMH I'pyIaMHy, TPUCYTHIMHU Ha TIOBEPXHI KIITH-
Hu. Hajmamnl 10HW BITHOBIIIOIOTHCS KIIITUHHUMU
dbepMeHTaMH, 10 MPHU3BOAUTH 1O YTBOPEHHS
A5ep, Kl 3r0I0M 3pOCTAIOTh IPH MOJATBIIOMY
BiJTHOBJICHHI 10HIB MeTaliB. [leski BogopocTi
BiTHOBIIOIOTH HY MeTamniB SK MO3aKIITHHHOMY,
TaK 1 BHyTPIIIHbOKIITUHHOMY MeXaHi3My. Tak,
YaCTHUHKHU 30J0Ta po3mipoMm <20 HM Oyiu BHU-
SBJICHI SIK yCEpeIuHi, TaK 1 Ha MOBEPXHI KJIITH-
HU cepenoBuiia 6iomacu L. majuscula (kinpei,
BHUJ MOpPCBKUX BojgopocTei) [79]. Bucymena
BojopicTek Chlorella vulgaris BigHOBIIOBaNA
npubnuzno 88% 3010Ta B MeTaleBOMY CTaHi,
a KpPUCTAJM 30J10Ta HAKOMUYYBAJIUCA K y BHY-
TPILIHINA, TaK 1 30BHIMIHIN YacTHHI KIITUHHUX
MOBEPXOHb 3 TETPACAPUYHOIO, AEKACIPUIHOIO
1 mKocaspuieckoit crpykrypamu [80].

MikpoOHHII CMHTE3 HAHOYACTHUHOK IpHU-
BaOJIIO€ TOCTITHUKIB 3aBIsAKH Oararomy 06i0-
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PI3HOMAaHITTIO MiKpOOiB, MOXIJIUBOCTI BUKOPHC-
TaHHS TPOCTOTO MIKPOOHOTO KyJIbTHBYBAHHS,
IpU KIITHHHUX, O10XIMIYHUX Ta MOJICKYJISPHUX
MexaHi3Max JUIsl MOKPAILeHHsI BIaCTUBOCTEH Ha-
HOYACTHHOK. bararo oHOKJIITHHHHUX Ta Oararo-
KJIITUHHUX OpPTraHi3MiB, TaKuX sK OakTepii (1mpo-
KapioTu), rpudu (€ykapioTn) Ta BipycH, BUpoOIs-
I0Th 200 BHYTPIIIHBOKIIITUHHI, 200 TO3aKIITUHHI
HeopraHiuHi marepianu [81-83]. Sk mokazanu
JOCIIKEHHsI, BHYTPIIIHHOKIITUHHI MEeXaHi3-
MU BKJIIOYAIOTh NIEPEHECEHHS MO3UTHUBHUX 10HIB
METaJiB y KJIITUHHY CTiHKY LUISIXOM B3a€MOZIi1
3 HeTaTUBHMMH 10HAMH KIITHHHOI cTiHKH [81].
Jani ¢pepMeHTH KIITHHHOIT CTIHKH BiTHOBIIOIOTh
10H MeTaJly 10 HAHOYACTHHOK, a TIOTIM HaHOYaC-
TUHKHU TUQYHAYIOTh Yepe3 KIITUHHY CTIHKY Oak-
Tepiil. Y pasi rpubiB NO3aKIITHHHE BUPOOHUIITBO
HAaHOYACTHUHOK € CHHTE30M, OMOCEePEIKOBAHUM
HITPaTPEaYKTa3010 y MPUCYTHOCTI PepMEHTY Hi-
TpaTy, AKU cripusie 010B1THOBICHHIO 10HIB METa-
JiB Y HAHOYACTUHIL.

biocuHTe3 MeTaneBux HAaHOYACTUHOK 3 Me-
TAJOBMICHUX OakTepiil MpU3BOIUTH JJO KOHTPO-
JLOBAaHUX ONTUYHUX Ta ENIEKTPUYHUX BIACTUBOC-
Te 3 MOTEHLIHUM 3aCTOCYBAaHHSAM Y MaiiOyTHBO-
My [84]. BuiryueHHst MeTasiB i3 HABKOJIHUIIHBOTO
cepeoBHINa HUIAXOM aacopOuii Ha 6iomaci Oak-
TEpiid JOAATKOBO MPU3BOIUTH 10 O10B1THOBIICHHS
METaJIiB y HaHOYaCTUHKHU. Tomy GiocopOrtist y mo-
€IHaHH1 3 010BiTHOBJICHHSM ISl TIEPETBOPEHHS
BIJIXO/IB BXXKUX METAJIIB HA HAHOYACTUHKUA BU-
KJIUKA€ Bce OLMBIIUHN 1HTEPEC Y MPOMHUCIOBOMY
CHHTE31 HAHOYACTHUHOK.

CuHTe3 HAHOYACTUHOK rpubamMu Mae rnepe-
Baru nepes 6akrepisiMu. BiH € eKooriyHo YucTUmM
Ta €Hepro30epiralouum Ta MiIXOAUTH JUIS BEJHKO-
MacmTabroro CHHTE3y MeTaJeBHX HAaHOYACTHHOK
JUTSE MOYKJIMBOT KOMEPIIHHOT KUTTE3IATHOCTI. 3a
JIOIIOMOT'010 TPUOIB MOKHA CHHTE3yBaTH HaHOUAC-
TUHKH 3 OUIBIIIOI0 MOHOIUCIIEPCHICTIO TIOPIBHSIHO
3 TUMH, 110 CUHTE3YIOThcs OakTepisMu. CHUHTe-
30BaHi HAHOYACTKU BUSBISIOTH JOBrOTPUBAILY
CTa0lIBHICTDh Y PO3YMHI 3aBASKU 3B’ S3yBaHHIO
3 OLIKOM 32 paxyHOK 3B’ 513Ky 3JIMIIKIB IIUCTETHY
Ta Ji3UHY. 3aBISKH [l BIACTUBOCTI MOXJIMBA
iMMOOiTi3allis Ha MAaTPUIX 200 TOHKUX TUTIBKAX
JUTSL 3ACTOCYBAHHS B ONITOCIIEKTPOHIII Ta HEJIHiH-
Hiit onTuili [85].

1.5. /1o nuranHs BUOOPY MeTOAIB CHHTE3Y
HY post MeIMYHOr0o BUKOPUCTAHHSA

HaBiTbh KOPOTKHI OTJISIT METOIB 010J10-
TiYHOTO CHHTE3Y CBIIUUTH PO mepedir cKias-
HUX O10XIMIYHHMX peakIliii y mpoieci CHHTEe3Y.
KoHTponb Ta ynpaBiiHHA TaKUMH MPOIECAMU
Ha CbOTOJHI € MPOoOIeMaTHIHUM. 3 TIOPIBHSHHS
010JIOTIYHOTO METOY CHHTE3Y 3 KIIACHYHUMH Me-
TomaMu (HI3UYHOTO TA XIMIYHOTO CHHTE3IB CIIiJT
BIJI3HAYUTH ITO3UTUBHI Ta HEFATUBHI SIKOCTI KOXK-
HOTO 3 X MeTofiB. [lonepeani mocmipKeHHs
¢GI3UYHUX Ta XIMIYHUX METOJIB MOKAa3ajH, M0
Ha (I3UKO-XIMIYHI BIIACTUBOCTI, TaKi K PO3MIp,
MopoJorisi, cTabiIbHICTh Ta peakiiiiiHa 31at-
HICTh HAHOYACTHHOK METaJiB, CHJIBHO BIUTUBAIOThH
YMOBH €KCIIEPUMEHTY, KIHETUKA B3a€EMOJII MiXK
10HAMHM MeTaJly Ta BiTHOBHUKAMH Ta aJICOPOIIis
MK CTaOUII3yI0OuMM areHTOM Ta HAaHOYaCTHUIICIO
[51-54, 86].

XiMIYHI METOM HAWOUIBIIEC MHUPOKO BHU-
KOPHCTOBYIOTBCS /ISl CHHTE3Y METaJeBHX HAHO-
YACTHHOK 3aBJISIKU HAWKpaIiii BUBYCHOCTI, IIIH-
POKOMY BHOOPY JIIIIEH30BaHUX XIMIYHHUX CIIOJIYK,
K1 HE BUMAararoTh IOMEPEAHBOTO MTPUTOTYBaHHS.
OpHak, BUKOPUCTAHHS HAHOYACTUHOK, OTPHMa-
HUX XIMIYHHMM IIIIXOM, 0OMEXKEHO B KIIIHIYHINA Ta
OloMeaMuHIi 00JIacTsX, OCKIIBKH MPOIIEAYpa CHH-
TE€3y BKIIIOYAE€ BUKOPUCTAHHS KIJTBKOX TOKCHYHUX
XIMIYHUX Ta HEMOJSIPHUX PO3UYMHHHKIB. [lesKi
3 IMUX XIMIYHHUX MPOIIECIB BKIIOYAIOTh BUKOPHC-
TaHHS TOKCHYHHUX XIMIYHUX PEYOBHH Ha IMi3HIIINX
CTaJIisX SIK CHHTCTUYHI JJOOABKH 1 3aKyIOPIOBAIIb-
Hi 3acobu. Kpim Toro, BUKOpHCTaHHS TOKCHIHHUX
XIMIYHUX PEUOBHH Yy MPOLECI CHHTE3Y 3PEIITOI0
MOTPANUTh Y HABKOJUIIHE CEPEIOBUILE, TAKy SIK
IPYHT 1 BOJIa, IO TIOCKJIUTH MPOOJIEMY TIOPSIT 3 1H-
IIMMH TOKCUYHUMU TOOIYHUMHU MPOJYKTAMH.

Ha BigMmiHy BiJ XiMi4HHX Ipouecis, 6i0-
JIOT1YHI METOJIM HE CIIOKUBAKOThH CHEPTii 1 IPo-
BOJSITHCSL B €KOJIOT1YHO CHPUSATIMBUX YMOBaX.
Takox BIICYyTHICTh TOKCUYHHUX XIMIKaTiB Ta pO3-
YUHHUKIB POOUTH IPOLIEC EKOJIOTIYHO Oe3med-
HUM. Taki «0i0TpOaYKTHY» HETOKCUYHI 1 MOXKYTh
BUKOPHUCTOBYBATUCH Y KIIIHIYHUX Ta OioMeand-
Hux nisx [87, 88]. bionoriuae BUPOOHULITBO
BHCOKOCTAOUIBHUX 1 100pe 0XapaKTepU30BaAHUX
HAaHOYACTHHOK MOXKe OyTH peaji3oBaHUM B pe-
3yJBTATI OMTHMI3aIlil )KUTTEBO BAXIIMBHUX ACIICK-

41



B.M. Cxo06eeBa, B. A. Cmunruna, 5. 1. Jlemix

TiB, TAaKMX SK BiI01p TUIIIB OPraHi3MiB, BUBYCHHS
MEXaHi3MiB 3pOCTaHHS KJIITHH Ta POJIi aKTUBHOCTI
(bepMeHTiB, TIONIYKY BiIIOBITHUX Oi0KaTami3aro-
piB. @epMeHTH, 1110 BUAUIAIOTHCS MIKpoOamu, Ta
MIPUCYTHICTh OLIKIB 3a0€3MeUyI0Th EKCTparyBaHHs
010JI0rYHO CUHTE30BAHUX HAHOYACTHUHOK, IO
€ 11e OJHUM KPOKOM JI0 «3€JEHOT0 CHHTE3Y» 3a
paxyHOK BiIMOBH BiJl CTaOlIi3ylOUMX PEareHTIB.
@dyHaMeHTallbHI BIACTUBOCTI, TaKi SIK €J1eKTPO-
HHI, ONTHUYHI, MArHiTHI Ta KaTAJITU4YHI BJIACTH-
BOCTI, KOHTPOJIOIOTHCSI pO3MipoM Ta GopMOro
HaHoyacTHHOK. Kpim TOro, 6i0I0Ti4HO CHHTE-
30BaHi HAHOYACTHHKH, B MOPIBHSAHHI 3 XIMIYHO
CUHTE30BAaHUMH HAHOYACTUHKAMH, € TOJiUC-
nepcHUMU. ABTOpU podoTu [89] BBaXkatoTh, 1110
Yyepes JIETKICTh Ta BeJTMYe3HUI BHOIp 010J0TTYHIX
cucteM, 010JOTTYHUN CHUHTE3 HAHOYACTHUHOK €
OUIBII 3pYYHUM METOJIOM, HIXK XIMIYHUUN CHHTE3.
Tum He MeHII, OCHOBHUM HEJIOIIKOM, HallpHKJIIal,
MiKpOOHOTO 010JI0TTYHOTO CUHTE3Yy HAaHOYaCTUHOK
€ TPUBAJICTh BUPOOHHUIITBA, OCKIIBKH MIKPOOH
POCTYTh y IPUPOJHUX YMOBAX Ta CHHTE3YIOTh Ha-
HOYACTKH, 110 HEOOX1THO BUPIMIUTH Y MallOyTHIX
JOCITIJKEHHSX.

1.6. Maii0yTHi nepcneKTUBY BUPiLLIEHHSI
npoo1eM 0i0JIOTiYHOr0 METO1Y CUHTE3Y

bionoriunuii cuHTE3 HAHOYACTUHOK € T0-
PIBHSIHO HOBOIO 171e€10 1 epedyBae y cTaii po3-
poOKH, TOMY 1151 0067aCTh JOCIIIKEHb CTUKAETHCS
3 MEePBICHUMH MPOOIEMaMU CUHTE3Y, 30KpeMa,
3 (hopMOIO, PO3MIPOM 1 PO3IOALIOM 3a PO3Mipa-
MU, KOHTPOJIEM POCTY KPHUCTATIB, CTAOUTBHICTIO
1 arperaii€0 CHHTE30BaHNX HAHOYACTHHOK [8&8,
89]. 11 ocHOBHI TpOOJIEMH € HAWOLIBII CIUTHHU-
MH JIS BCIX METO[IB CHHTE3y HAHOYACTUHOK; OJI-
Hak y 010JI0T1YHOMY CHHTE31 ICHYIOTh NPo0JIeMH,
SIK1 TTOTPEOYIOTh MOJAIBIINX JOCIIKEHb.

1. Takum 9yuHOM, MalOYyTHI JOCIIIKEHHS
MaroTh OyTH 30cepe/KeHl Ha BUBYCHHI (pepMeH-
TaTUBHHUX MEXaHI3MIB Ta OLIKax, BiANOBIIAIBHUX
3a CHHTE3 HaHOYaCTHHOK. KpiM Toro, BIacTUBOCTI
CUHTE30BaHUX HAHOYACTHHOK HEOOXiJHO cHCTe-
MaTHUYHO BUBYATH B MOPIBHSHHI 3 iX XIMIYHUMU
aHAJIOTaMH.

2. MaJo BUBYEHOIO 00JIACTIO € KiHIIEBa 00-
pobka cunTezoBanux HY. Ile#t mpomec BKIiIIO-
Yae OUMIICHHS CHHTE30BAHUX HAHOYACTUHOK BiJ|
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Oy/b-SIKUX MPUCYTHIX AOMIIIOK, TAKUX SIK MIKPO-
6u. Ci 3a3HaYUTH, 110 CI1JI YHUKATH OLIBIIOCTI
MPOIIECIB XIMIYHOT OYUCTKH, 1100 HAHOYACTHHKHU
He OyJIM TOKCHYHUMH. Maso pocmimpkeHi GizuuHi
MPOLIECH, TaKi K HeHTPUYTyBaHHS, 3aMOPOXKY-
BaHHS — PO3MOPOKYBaHHSI, POIIECH HATPiBAHHS,
VABTPA3BYK T4 OCMOTHYHUH IIOK.

3. Jlo uporo 4yacy 010710T1YHUN CHHTE3 METa-
JICBUX HAHOYACTUHOK 3/IeOUTBIIIOTO 31MCHIOBABCS
y nabopatopHux Macmrabax. [{ns 6ararocepiii-
HOTO BUPOOHUIITBA MOTPiIOHA ONTUMI3allisl MPO-
MHUCJIOBOTO MacmTady. 3a HassBHOCTI HAJICKHUX
OINTUMI30BaHUX YMOB Ta BIJMOBIAHUX MIKpOOpra-
HI3MIB 111 «010HaHO(PAOPUKI» MOXKYTh BUPOOIIATH
cTabiIbHI HAHOYACTKY 3 YITKO BUSHAYEHUMU PO3-
MipamMu, ckjiagoM Ta Mopdosoriero. Komepuiiiai
MIPOLIECH MPU3BEIYTH 10 CTBOPEHHS HETOKCUYHOT
010JI0TIYHOI CHUCTEMH, 34aTHOI BUPOOIATH MeTa-
JIEBI HAHOYACTHHKH, 1[0 CTAHE 1€ OAHICI0 BIXOK0
IIUISAXY JIO CTAJIOTO PO3BUTKY.

4. ExoHOMiYHa €()EKTUBHICTh € IIe OJHUM
dbakTopom, kUil HE0OX1AHO BpaxoOByBaTH, 11100
3poOuTH mpolec cTiikuM. ExoHoMiunmii anani3
HEOOX1HO MPOBOAUTH MOPIBHAHO 3 IIMPOKO 3a-
CTOCOBYBaHMMHM XIMIYHUMH MeToaMu. Sk 3raay-
BaJIOCS paHillie, BEIMKOMACIITAOHE BUPOOHUIITBO
HAaHOYACTUHOK 32 JIOMIOMOT0I0 010CUHTE3Y IIe
HaJIGKHUTh 3MIMCHUTH, 1100 BIPOBAHKEHHS II€T
TEXHOJIOT1i Y TPOMHUCIIOBICTh CTAJI0 PEaTbHUM.

5. MaiiOyTHi TOCIi>KeHHSI TOBUHHI aKIeH-
TyBaTH yBary Ha HIBUAKOMY CHHTE31 HAHOYACTH-
HOK, Ha BUSBJIEHHI MEXaHI3MiB 010BIIHOBIECHHS
Ta cTabinizamii 010HAHOYACTHHOK.

YcninmHe BUPIMICHHS TUX MPOOJIEM J103BO-
JIMTH CTBOPHUTHU HOBY 010JIOT1UHY IJIaThOpMy CHH-
Te3y HAaHOYACTUHOK METalliB JIJIsl 3aCTOCYBaHHS
B MEIUIINHI.

BUCHOBKUA

V w1iii cTaTTi NpeAcTaBIeHo O poOIT, AKi
ommy0JikoBaH1 nepeBaxHo 3a ocTaHHi 10 pokiB,
y Tally3i CUHTE3y Ta MPaKTUYHOT'O 3aCTOCYBaHHS
HAHOYACTHHOK OJIarOpOITHUX METAJIiB.

Ha cboromni HaKOIMMYEHUH BEIUKHAN JOCBIT
HAyKOBHUX JOCIIKEHb Ta PO3POOOK, SKi IPUCBS-
YeHI IPAKTUIHUM 3aCTOCYBAaHHSM TaKUX HAHO-
MarepiainiB, ik HaHOYacTUHKH 3070Ta (HY Au) Ta
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HaHodacTku cpibna (HY Ag). Hanouactunku Au
Ta Ag € BOKIIMBUMH MaTepiajlaMH 3 BUCOKHM TO-
MTUTOM JIJIs1 PI3HOMaHITHHUX 3aCTOCYBaHb y Pi3HUX
00JacTAX )KUTTEAISIBHOCTI JTIOAUHU, 30KpeMa
B MEIUIMHI Ta MEAUYHUX MPUCTPOSIX, O10TEXHO-
JIOT1{, €JIEKTPOHIIII YK HaYIIl PO HABKOJIUIITHE CE-
penosutie. OcoOIMBY pOJTb BIIBOIUTHLCS PO3pOOII
HaHOCEHCOpPIB Ha ocHOBI ux metaniB. Cdepa
HaHOCEHCOPIB € OJHI€I0 3 JEKUIBKOX 00NacTel,
SIK1 0€3MOCEPEHbO 1 BCEOCSHKHO BUKOPHCTOBYIOTh
nepeBaru HaHOTEXHOJIOTIH.

JocsraenHst B 001aCTi HAHOTEXHOJIOTIT 3a
OCTaHHI POKH MOKA3aJIH, IO MPAKTUYHE 3aCTOCY-
BaHHsI HAHOTEXHOJIOTI] 3aJIeKUTh BiJl pO3POOKH
METO/IIB CHHTE3y HaHOMaTepiaaiB, KOMIIO3UTIB Ta
(hyHKIIIOHATFHUX HAHOCHCTEM Ha iX OCHOBI. P03-
poOIeHO PI3HOMAHITHI METOIM iX CHUHTE3Y, TaKi K
(hi3uyHi, XiMi4HI Ta O10JIOT1YHI.

B naniif crarti npeacTaBiIeHUN OrNsa Xi-
MIYHUX METOJIIB CHHTE3y HAaHOYAaCTUHOK Cpibia
1 30J10Ta, SIK HaWOLIBII MOMIUPEHUH, TOKa3aHO
3aJIeXKHICTh BIACTUBOCTEH HAHOYACTHHOK BiJI TE€X-
HOJIOTIYHHX YMOB iX OTPUMaHHs. 3BEpHEHO yBary
SIK Ha TIO3UTHBHI TaK 1 Ha HETaTUBHI (aKTOPHU
uporo meroay. /1o mo3utTuBHUX ¢GakToOpiB BiI-
HOCHUTBHCS BIIHOCHA TTPOCTOTA, MAJIOBUTPATHICTh
Ta HasIBHICTH IIMPOKOTO BUOOPY PEAKTHUBIB, 11O
€ ceprudikoBani. KputuuHi 3ayBakeHHs 11010
XIMIYHOTO CHUHTE3Y MOB’s3aH1 3 MOOOIOBAHHAMU
TOKCHYHOCTI BUXIJTHUX MaTepiaiBb.

AnbTEepHATUBHUM XIMIYHOMY, B OCTaHHI
poxu HaOyBa€e PO3BUTOK METOJ CHHTE3y HAHO-
YaCTHHOK METaJIiB, 30KpeMa cpibiia i 3010Ta, 1110
0a3yeThCs Ha BITHOBJICHHS IUX METaJIIB 010JI0T14-
HUMU PEYOBHHAMHU (POCIMHH, BOJOPOCTI, MIKPO-
Ou, rpubu). biojoriuHi METOIM HE CTIOKUBAIOTH
€HEprii 1 MPOBOATHCS B €KOJIOTIYHO CIIPUATINBUX
yMmoBax. Takox BiICyTHICTh TOKCHYHHUX XIMiKa-
TiB Ta PO3YMHHUKIB POOUTH MPOLIEC EKOJIOTIU-
HO Oe3neunuM. Taki HaHOMaTepialu HETOKCHYHI
1 MOXXYTh BUKOPUCTOBYBATHCh y KIIHIYHUX Ta
OloMeanuHuX 1isax. [Ipore, aHami3 K0CHiKEHB
poOiT momo Gionoriunoro cuatesy HY Au ta HY
Ag mokasye HeI0CTaTHIO BUBYEHHICTh MPOLIECIB
O1I0TIYHOTO BITHOBJIEHHS Cpibia 1 3ajm0Ta, BHa-
CIITIOK CKJIATHOCTI (hepMEHTATHBHUX MEXaHI3MiB
Ta OlJIKax, 110 € BiAMOBIJAJbHUMH 3a CUHTE3 Ha-
HOYaCTHHOK. OCHOBHUM HEIOIKOM, HAlIPUKJIAI,

MiKpOOHOTO 610JIOTTYHOTO CUHTE3Y HAaHOYaCTHHOK
€ TPUBAJICTh BUPOOHUIITBA, OCKIIBKH MIKpOOH
POCTYTh y MPUPOJIHUX YMOBAxX Ta CHHTE3YIOTh
HAHOYACTKH, IO HEOOXiTHO BUPIIIUTH Y Maki-
OyTHIX JocnipkeHHsax. He BupimeHa y nepcrnek-
THUBI TIpoOiieMa OaraTocepiifHOTO BUPOOHHUIITBA
Ta ONTHUMI3allls IPOMUCIOBOr0 MacIITady TaKux
HaHOMaTepiamiB.

Januii ormsg iTEpaTypHUX JaHUX LI0JI0
CHHTE3y HaHOMETaJiB cpilia 1 30J10Ta MOKa3Ye,
10 KJIFOYEBUM MOMEHTOM YCITIIITHOTO TPUKJIIA/I-
HOTO 3aCTOCYBaHHS € po3poOKa METOIB 1X CHH-
TE3Y, K1 MatOTh OyTH MaJOTOKCUYHUMH, MAJIOBH-
TPaTHUMU, KOMEPIIIHHO 31aTHUMHU, OTITUMI30BaH1
10710 KOHKPETHOTO BUKOPHCTaHHA. Bubip metomy
CHUHTE3Y, 3a3BUYall 3QJIC)KHUTH BiJl BIACTUBOCTEH
BUKOPHUCTOBYBAaHOI'O Marepiaiy, BIacTUBOCTEH
HAaHOYACTHUHOK 3aJlaHUX 3 YpaxyBaHHAM iX IO-
JAbIIOro MpU3HaYeHHs. Taki TOCTIIKEeHHS aK-
THUBHO MPOJOBXKYIOTHCS SIK 1HO3EMHUMH, TakK 1 Bi-
TYU3HSIHUMU JTocaigHukamMu. B Ykpaini ocHOBHI
3aBJAHHS Ta JOCIIIKEHHS HaHOTEXHOJIOTII Ta
HAHOYCTPOiB BUKOHYIOTHCS y HH3L1 IHCTUTYTIB
HAHY a Takox y HayKOBHX J1a00paTopisix Ta Mmija-
pozainax npoBigaux BH3 Vkpainu.
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SYNTHESIS OF NOBLE METAL NANOPARTICLES
AND THEIR USE IN SENSOR DEVICES,
PART 1: SYNTHESIS OF Ag, Au NANOPARTICLES

V.M. Skobeeva, V.A. Smyntyna., Ya.l. Lepikh
Odesa I. 1. Mechnikov National University, 65082, Odesa, street Dvoryanska, 2, Ukraine

Summary

The technology and application of nanosensors is one of the areas in which the benefits of
nanotechnology are directly and to the full are used. Significant progress in practical application of
nanotechnologies, particular, in the development of nanosensors, has become possible as the result
of development methods for the synthesis of nanomaterials, composites, and functional nanosystems
based on them.

By now, a large amount of experimental work has been carried out, as both in the synthesis of
nanomaterials and in the manufacture of nanosensors for various purposes.

The article which consist of two parts is devoted to a review of works in these two directions.
The purpose of the first part is to provide an overview of resent trends in the synthesis and various
applications of noble metal nanoparticles, in particular the silver and the gold. The article gives
examples of the chemical method for the synthesis of silver nanoparticles and shows the dependence
of their properties on technological conditions. As an alternative to the traditional chemical synthesis
method, this review presents a comprehensive analysis of recent advances in green fusion, the method
for synthesizing silver and gold nanoparticles involving various plant species, algae, fungi, bacteria,
and other microorganisms. Actual problems of the biological synthesis metal nanoparticles and ways
to solve its are outlined.

Keywords: synthesis of nanoparticles, silver nanoparticles, gold nanoparticles, chemical
synthesis, biological synthesis
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CHUHE3 HAHOYACTHUHOK BJATI'OPOJHUX METAJIIB
TA IX BUKOPUCTAHHSA Y CEHCOPHUX MMPUCTPOSX,
YACTHHA 1: CUHTE3 HAHOYACTHUHOK Ag, Au

B. M. Crobeesa, B. A. Cmunmuna, A. 1. Jlenix

Opnechkuil HarioHanbHUH yHiBepcuTeT iMeHi 1. [. Meunukosa,
65082, Oneca, Byn. [IBopstHChKa, 2, YKpaiHa.

Pedepar

TexHoJoris Ta 3aCTOCYBaHHS HaHOCEHCOPIB € OJTHIEI0 3 00NacTel, B AKil OE3MOCepeIHbO Ta
BCEOCSHKHO BUKOPUCTOBYIOTHCSI TIEpEBaru HAHOTEXHOJIOT1H. [CTOTHHIA TIporpec y raiy3i NpaKTHIHOTO
3aCTOCYBaHHS HAHOTEXHOJIOTIH, 30KpeMa y po3po0Ili HAHOCEHCOPIB, CTaB MOMIJIMBUM y PE3ylIbTaTi po3-
pPOOKHM METOIIB CHHTE3y HaHOMAaTepiajiB, KOMIIO3UTIB Ta (DyHKIIIOHATFHUX HAHOCHCTEM Ha X OCHOBI.
Ha 1ieii yac BUKOHAHO BEJIMKUN 00CST eKCIIEpUMEHAIBHUX POOIT, SIK 13 CHHTE3y HaHOMaTepialliB, TaK
1 3 BUTOTOBJICHHSI HAHOCEHCOPIB Pi3HOTO NMpu3HadeHHs. Oy poOiT 3 IIUX TBOX HAMPSMIB TPHUCBSI-
YeHa CTaTTsl, IO CKJIAJAEThHCS 13 IBOX YACTHH.

MeToro nepiioi YaCTHHH CTATTI € MPEICTABICHHS OISy CyYacHHUX TEHICHIIN CHHTE3Y Ta Pi3-
HOMaHITHUX 3aCTOCYBaHb HAHOYACTUHOK IIJISIXSTHUX METAJIiB, 30KpeMa cpibia Ta 3010Ta. Y CTarTi
HaBEJICHO MPHUKJIAIH XIMIYHOTO METOJy CHHTE3y HAaHOYaCTHHOK Cpi0iia, MPOJEMOHCTPOBAHO 3aJIEK-
HICTh 1X BJIACTMBOCTEH BiJl TEXHOJOTIYHMX YMOB. SIK aJbTepHATHBA TPAJAUIIIHHOMY XIMIYHOMY METOLY
CUHTE3Y, y IIbOMY OIVISIII TIPEACTABICHU BCEOIYHUI aHalli3 OCTAaHHIX JOCSATHEHB y TaTy31 3€JI€HOTO
CHHTE3y — METOJly CHHTE3y HAaHOYACTHHOK Cpi0Jia Ta 30J10Ta 32 YYaCTIO Pi3HUX BUJIIB POCIUH, BOJIO-
pocTtei, TpuOKiB, OakTepil Ta IHIUX MiKpoopraHi3MmiB. [To3HaueHO cydacHi mpoOieMu 6i0JIOTIYHOTO
CHHTE3y METaJIeBUX HAHOYACTUHOK Ta CIIOCOOM 1X BUPIIIICHHSI.

Kawu4oBi ciioBa: cHHTE3 HAHOYACTOK, HAHOYACTKU CPi0Jia, HAHOYACTKH 30J10Ta, XIMIYHUI CUH-
Te3, O10JIOTIYHMI CHHTE3
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IHOOPMALIA ONA ABTOPIB.
BUMOI'M 0O OPOPMIIEHHA CTATEN Y XKYPHAII

Kypnan «CeHcopHa eneKTpOHIKa i MIKpOCHC-
TEMHI TEXHOJIOTii» ImyOiKy€e cTarTi, KOPOTKi MOBiIO-
MJICHHS, TUCTH 10 Pemakmii, a Takox KOMEHTapi, II0
MICTSTh Pe3yJbTaTH (PyHIAMEHTAIbHUX 1 TPUKIIATHAX
JOCITIKEHb, 32 HACTYITHUMH HaIPSIMKAMH:

1. ®i3uuHi, XiMiYHI Ta 1HIII SBUIA, HA OCHOBI

SIKUX MOXYTbh OyTH CTBOPEHI CEHCOpH

2. IlpoexTyBaHHS i MaTeMaTHYHE MOJETIOBAHHS
CEHCOPIB
Cencopu Gi3HUHAX BEITHINH
OnTHYHI, OMTOCNEKTPOHHI 1 pamiamiiHi
CEHCOpH
AKYCTOCIIEKTPOHHI CEHCOpH
XiMi4HI CEHCOPH
biocencopu
Hanocencopu (¢iznka, MaTepiaim, TEXHOIOTIS)
9. Marepianm st CCHCOPIB
10. TexHOMOTisT BUPOOHHUIITBA CEHCOPIB
11. Cencopu Ta iHdopMaIiifHI CHCTEMH
12. MikpocuctemHi ta HanoTexHosorii (MST,

LIGA-TexHomoTisI TA iH.)

13. lerpanmamisi, MeTpoJoTis i cepTudikaiis
CEHCOPIB

XKypHnan nyOmikye TakoK 3aMOBJICHI OTIIAIH
3 aKTyaJhbHHUX MHUTaHb, IO BiIOBIIAIOTH HOTO TeMa-
THL, TOTOYHY iH(QOPMAIIi0 — XPOHiKY, TEPCOHAII,
IJIaTHI peKJIaMHI ITOB1IOMJICHHS, OTOJOMICHHS IIOI0
KOH(EpEeHTIIH.

OCHOBHMII TEKCT CTATTI ITIOBMHEH BIAMOBiIA-
i Bumoram [locranosu [Ipe3unii BAK Ykpainu Big
15.01.2003 p. Ne 7-05/1 (bronerenr BAK Ykpainu
1, 2003 p.) i OyTu cTpykTypoBaHMM. Marepiaiu, 110
HaJICUIIAIOThCS 10 Pemaxiii, moBuHHI OyTH HamucaHi

>

Sl BRI

3 MAKCUMAJIbHOIO SICHICTIO 1 YITKICTIO BUKJIA/y TEKCTY.
VY nogaHoMmy pykKomuci MOBHHHA OyTH OOIPyHTOBaHA
aKTyaJIbHICTh PO3B’sI3yBaHOI 3a/1a4i, chOopMyIbOBaHA
MeTa JIOCIIIKEHHS, MICTUTHCSL OpUTiHAJIIbHA YAaCTHHA
1 BUCHOBKH, 1110 320€31eYyI0Th PO3YMIiHHS CYTI OTpH-
MaHUX pe3yJbTaTiB i iX HOBU3HY. ABTOpU MOBUHHI
YHHUKaTH HEOOI PyHTOBAHOTO BBEACHHS HOBHUX TEPMiHIB
1 By3bKOTIPO(LITEHUX KapTOHHUX BUCIIOBIB.

Penaxkiiist )xypHaiy mpocuTh aBTOPiB NP Ha-
MpaBJICHI CTaTel JI0 APYKY KepyBaTUCsSl HACTYITHUMHU
MpaBUIIAMHU:

1. Pykomucu mOBHHHI HAJICWIIATHCS Y IBOX MPH-
MIpHHKaX YKPaiHCHKOIO a00 aHTIIIHCHKOI0 MO-
BOIO 1 CympOBOJKYBaThcs (aiflaMu TEKCTY
i mamroakiB Ha CD. Pykomucu, gxi mpomony-
F0ThCS aBTOpamMu 3 Ykpaiau a0o kpain CHJI mo
BUIaHHS aHTIIIHCHKOIO MOBOIO 0OOB’SI3KOBO J10-
MTOBHIOIOTHCSI YKPATHOMOBHOIO 200 pOCifChKO-
MOBHOIO Bepci€ro. EleKTpoHHA KOs MOXKe
OyTH HajiclaHa eNeKTPOHHOIO MOIITOIO.

2. llpwuiinarai popmartu texcty: MS Word (rtf,
doc, docx).

3. IlpuiinsatHi rpadivni popmaTi Ui PUCYHKIB:
EPS, TIFF, BMP, PCX, WMF, MS Word i MS
Graf, JPEG. Pucynkwu, sxi cTBOpeHi 3a joro-
MOTOO ITPOTPAMHOTO 3a0e3MeueHHs IS MaTe-
MaTHYHHX i CTATHCTUIHUX OOYHCIICHb, TOBHHHI
OyTH IepeTBOpeHi 10 OHOTO 3 X (popMaTiB.

4. Ha crarri aBTOpiB 3 YKpaiH! MaroTh OyTH eKC-
MIEPTHI BUCHOBKH ITPO MOYJTHBICTH BiIKPUTOTO

APYKY.

PyKOHI/ICH HA/ICWJIATHU 3a a/Ipecoro:

Jlenix Spocnas Liiy,
3acT. roi. peakropa,

OpechbKuil HalllOHATFHUHN YHIBEPCUTET
imeni 1. I. MeunnkoBa, MHH®TIL] (H/JI-3),
ByJ. JIBOpsiHCBKa, 2,

Oneca, 65082, Ykpaina.

Teaedon / paxc +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,

http://semst.onu.edu.ua
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IIpaBusa miATOTOBKH PyKONHUCY:

Pyxonvicn moBUHHI CyTIpOBOKYBaTHCS O(iITiii-
HUM JIUCTOM, TiIHCaHUM KEPiBHUKOM YCTaHOBH, JI€
Oyia BukoHaHa poOora. Lle mpaBuio He CTOCY€EThCS
POOIT Ipe/icTaBIEHNX aBTOPAaMHU 13 3aKOPJIOHY YH MiX-
HapOJHUMHU I'PyIIaMH aBTOPIB.

ABTOpCBKE MPaBO MEPEeXouTh Bumasiro.

TutyneHUN apKyII:

1. PACS i VuiBepcanbumii Jlecarkosuit Kox
Knacudixamii (YAK) (s aBropis i3 kpain CHJL) —
y BEpXHbOMY JIiBOMY KyTi. JlomyckaeTbcs JeKijibka
BIIIIJIEHUX KOMaMU KOMIB. SIKIO HiAKI KOIU KJIACH-
(ixamii He mo3HaueHi, kon(u) Oyne(—yTh) BU3HAYEHO
Penaxmiitaoro Koneriero.

2. Ha3zBa po6oTH (110 LEHTpY, MPOMUCHUMH JTi-
Tepamu, WpUPT 14pt, KUpHO).

3. Ilpi3zBume (-a) aBTOpa(-iB) (IO LWEHTpY,
mpudT 12pt).

4. Ha3Ba ycTaHoBH, TIOBHA ajjpeca, TenepoHn
1 (akcu, e-mail Il KOKHOTO aBTOpa, HUXKYE, Yepes
OZIMH 1HTEPBaJ, OKPEMUM PSIKOM (IO LEHTPY, IPUPT
12pt).

5. Anoraris: 1o 1000 cumBoriB.

6. KittouoBi ciioBa: TXHS KiJIbKICTh HE TIOBUHHA
MEPEBUIIYBaTH BOCBMH CJTiB. B 0cOONMBUX BUMAIKax
MOYKHA BUKOPHCTOBYBATH TEPMiHH 3 ABOMA — YH TPHO-
Ma croBamu. Li ciioBa mMOBUHHI OyTH PO3MIIIEHI i
AHOTAIIEIO 1 HAaITUCAaH] Ti€I0 CaMOI0 MOBOIO.

IT.m. 2,3,4,5,6 mocaiJOBHO BHKJIACTH YKpaiH-
CBHKOIO Ta aHIIICHKOI0 MOBaMH.

Jlns aBTOpIB 3 3aKOPAOHY, SKi HE BOJIOMIIOTH
YKpaiHCBHKOIO MOBOTO, TITI. 2—5 BUKIIAMAIOTHCS aHTIIii-
CHKOIO MOBOIO.

7. Jlo KO’KHOTO PUMipHHKA CTAaTTi JOAAI0Th-
csl pedepaTH YKpaiHCHKOIO Ta aHIIIHCHKOI0 MOBaMH
(xoxeH pedepar Ha okpeMoMy apkyii). OcoOnmuBy
yBary CiIiJl MPUIIIATH HATUCAHHIO PE3IOME CTaTTi
aHTITIHChKOI0 MOBOO. J{JIsl IIbOTO JOIIBHO KOpHC-
TyBaTHUCS MOCIyraMy KBajli()ikoBaHUX CIIeLiaiCTiB-
JIHTBICTIB 3 TOJMANBIINM HAyKOBUM peJlaryBaHHIM
TekcTy aBTopoMm(-amu). Ilepen cmoBom «pedepar»
HE0OX1HO HamucaTd MOBHY Ha3BY CTATTI BIANOBIA-
HO MoBoro, YJIK, mpi3Bumia Ta iHimiamau aBTOPIB,
Ha3BU YCTAHOB.

Pedepar obcarom 200-250 ciiB mae Oyrtu
CTPYKTYPOBaHHUM: MeTa (4iTKO chopMyIpOBaHa), METO-
JIU TOCITIJDKEHHS, Pe3yJIbTaTh JIOCIIKeHHS (CTUCIIO),
y3araiabHeHHS a00 BUCHOBKH.

[Ticnst TexcTy pedepary 3 ad3aiy po3MilIyOTh-
Csl KITFOUOBI CJIOBA.
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8. Tekcr craTTi NOBHHEH OyTH HaJIpyKOBaHUH
gepes 1,5 iHTepBanm, Ha OijoMy manepi popmary A4.
[Monst: 3miBa — 3cM, cripaBa — 1,5¢cM, BBEpXy 1 3HHU3Y —
2,5cm. pudTt 12pt. IligzaronoBku, SKIo BOHH €,
MOBUHHI OyTH HAJPYKOBaHI MPOMUCHUMHU Il TEPAMH,
JKUPHO.

PiBHsHHS MOBUHHI OyTH BBEIEHI, BHKOPUCTO-
Bytoun MS Equation Editor abo MathType. Po6otu
3 PYKOITUCHUMH BCTaBKaMH HE MPUHMAIOTHCS. Tabmmii
MOBUHHI OyTH MpeACTaBIeHI Ha OKPEMHUX apKyIIax
y opmarti BiAMOBITHUX TEKCTOBUX (hopMaTiB (IUB.
BHIIE), UM y POopMaTi TEKCTY (3 KOJTOHKAMH, Bii-
JICHUMH 1HTEepBallaMH, KOMaMH, KparKaM 3 KOMOIO, U1
3HaKaMH TaOyTIOBaHHS).

9. V KiHLI TEKCTy CTAaTTi yKa3aTu Npi3BHIIA,
iMeHa Ta 1o 0aThbKOBI YCiX aBTOpIB, MOIITOBY aJpecy,
tenedoH, ¢akc, e-mail (7151 KopecIoHIeHTIIT).

10. Cnicok JiTepaTypy MOBHHEH OyTH Haapy-
KOBaHMIA uepe3 1,5 inTepBaiy, 3 JiTepaTyporo, IPoHy-
MEpOBAHOIO B MOPAKY ii osiBH B TeKcTi. bidmiorpadis
JPYKYETHCS JIHIIE JTATUHHUIICIO (KUPWIIUIS TIOIA€ThCS
B TpaHcmitepatii). [lopsaok opopmienHs miteparypu
noBUHEH Bianosigaru BumoramMm BAK VYkpainu, Ha-
HpUKIAIL;:

[1]. I. M. Cidilkovskii. Elektrony i dyrki v
poluprovdnikah. Nauka, M. 450 s. (1972).

[2]. J.A. Hall. Imaging tubes. Chap. 14 in The
Infrared Handbook, Eds. W. W. Wolfe, G.J. Zissis, pp.
132-176, ERIM, Ann Arbor, MI (1978).

[3]. N. Blutzer, A.S. Jensen. Current readout
of infrared detectors // Opt. Eng., 26(3), pp. 241-248
(1987).

11. Ilignucu 10 PUCYHKIB 1 TaOJIMIb TOBUHHI
OyTH HaJpyKOBaHI B pyKOTHCI 3 [BOMa MpoOilaMu
MICIIsl CIIUCKY JliTepaTypu. BUHOCOK, SIKIIIO MOXKIIMBO,
0a)kaHO YHHKATH.

[TpuiimaroTbcsl TUIBKM BUCOKOSIKICHI PUCYHKH.
Hanucu i cuMBOJIM 1TOBUHHI OyTH HaJIpyKOBaHi yce-
penuHi pucyHky. Heratuswm, ciaiiim, i 1ialo3uTHBU
HE IIPUIMAaIOThCSI.

KoxeH prcyHOK MOBHHEH OyTH PO3TAIIOBAaHUN
y TEKCT1 CTaTTi MicJsg MOCHUJIaHHSA Ha HBOTO Ta MaTu
po3mip, mo He nepesutrye 160x200 mm. st TekeTy
Ha pUCYHKax BUkopuctoByiite mpudt 10pt. Ogununmi
BHUMIipy NMOBUHHI OyTH IO3HAYCHI Miciisi KOMU (HE B
KPYIJIHX JTy’KKaxX). YCi pUCYHKH ITOBHHHI OyTH TIPOHY-
MEpOBaHi B MOPSIKY iX MOSIBU B TEKCTi, 3 YACTHUHAMHU
MTO3HAYCHUMH $IK (a), (0), 1 T. 1. Po3mimennst HoMepiB
PHUCYHKIB 1 HaNmMuCy yCepeArH] MalIOHKIB HE JJO3BO-
JSTFOTHCSL.

KonbopoBuii fpyk MOKIMBUMN, SIKILO HOTO Bap-
TICTh CIUIAYY€THCS aBTOPAMHM Y1 iX CTIOHCOPaMH.
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12. Crartst mae OyTH Tiimucana aBTopoM (yciMa
ABTOpPaMHU) 3 3a3HAYCHHSM JIaTH HA OCTAHHIM CTOPIHIII.

ABTOpH HECYTbh TIOBHY BiTIOBIAAIBHICTH 32 0€3-
JoraHHEe MOBHE O(OPMIIGHHS TEKCTY, 0COOIUBO 3a
MpaBUIIbHY HAYKOBY TepMiHOJOTO (11 cimif 3BipsTH 32
(haxoBUMH TEPMIHOIOTIYHUMH CIIOBHUKAMHU ).

13. Jlaroro HaAXOMKEHHS CTATTI BBAXKA€ThCs
JICHb, KOJIM JIO PEJIKOJICTii HAIHIIIOB OCTAaTOYHUI Ba-
pilaHT CTATTi MicIs peleH3yBaHHSI.

[Ticns onep>kaHHS KOPEKTYPHU CTATTi aBTOP IO-
BHHCH BHUIPABHUTH JIHIIE TOMUIKH (4ITKO, CHHBOIO

a00 YOPHOIO PYUKOI0 HENPABUJIbHE 3aKPECIIUTH, a MO~
PSA 3 MM Ha T0JIi HamucaTH MPaBUIBHUI BapiaHT)
1 TEpMIHOBO BiJiCIIaTH CTATTIO Ha aapecy peaKoJerii
€JIEKTPOHHOIO MOIITOIO.

[Mianuc aBropa y KiHIi CTAaTTi O3HAYae, MO aB-
TOp Tiepesiae mpaBa Ha BUAAHHS CBOET CTATTI peJaKiii.
ABTOp rapaHTye, 0 CTaTTs OpUTiHAJIbHA; Hi CTATTS,
Hi pUCYHKH 0 Hel He Oynau onmyOniKoBaHi B 1HIIMX
BUJAHHSX.

BinxwuieHi cTaTTi He TOBEPTAOTHCHA.

O YVBAI'l ABTOPIB

Mixcnapoona azenyin ISSN ecmarnosuna ckopoueny Ha38y HAUO20 HCYPHATLY
«Sens. elektron. mikrosist. tehnol. »

IIpocumo Bac y ceoix nocunanuax i 6ioniocpaghiunux oanux cmameti 6UKOPUCTIOBY8AMU
came maky Ha38y OCKLIbKU NO Hill OyOe 30iUCHI08amucs nocuianus na Bawy cmammio.
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INFORMATION FOR AUTHORS
THE REQUIREMENTS
ON PAPERS PREPARATION

Journal «Sensor Electronics and Microsystems
Technologies» publishes articles, brief messages,
letters to Editors, and comments containing results of
fundamental and applied researches, on the following
directions:

1. Physical, chemical and other phenomena, as
the bases of sensors
Sensors design and mathematical modeling
Physical sensors
Optical, optoelectronic and radiation sensors
Acoustoelectronic sensors
Chemical sensors
Biosensors
Nanosensors (physics, materials, technology)
Sensor materials
. Sensors production technologies
. Sensors and information systems
. Microsystems and nano- technologies (MST,
LIGA-technologies et al.)
13. Sensor’s degradation, metrology and
certification

The journal publishes the custom-made
reviews on actual questions appropriate to the
mentioned subjects, current information — chronicle,
special papers devoted to known scientists, paid
advertising messages, conferences announcements.

The basic article text should meet the SAC
Ukraine Presidium Decree requirements from
15.01.2003 Ne 7-05/1 (SAC Bulletin Ne 1, 2003) and
be structured. The materials sent to Editors, should be
written with the maximal text presentation clearness
and accuracy. In the submitted manuscript the
actuality of problem should be reflected, the purpose
of the work should be formulated. It must contain an
original part and conclusions providing the received
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results essence and their novelty understanding. The
authors should avoid the new terms and narrowprofile
jargon phrase unreasonable introduction.

Journal Edition asks authors at a direction of
articles in a print to be guided by the following rules:

1. Manuscripts should be submitted in duplicate
in Ukrainian or English, a hard copy and
supplemented with a text file and figures on a
CD. Manuscripts which are offered by authors
from Ukraine or CIS countries to the edition
in English are necessarily supplemented by
Ukrainian or Russian version. An electronic
copy may be submitted by e-mail.

2. Acceptable text formats: MS Word (rtf, doc,
docx).

3. Acceptable graphic formats for figures: EPS,
TIFF, BMP, PCX, CDR, WMF, MS Word
and MS Graf, JPEG. Figures created using
software for mathematical and statistical
calculations should be converted to one of
these formats.

4. For articles of authors from Ukraine there
should be expert conclusions about an
opportunity of an open print.

Manuscripts should be sent to:
Lepikh Yaroslav Illich,
The Vice Editor, Odesa National
L. I. Mechnykov University, ISEPTC (RL-3),
str. Dvoryanskaya, 2, Odesa,
65082, Ukraine.

Phone/fax +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,
http://semst.onu.edu.ua

Manuscripts of articles anonymous reviewing
is carried out
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The manuscript preparation rules:

The manuscripts should be supplemented with
the Official letter signed by a chief manager of the
institution where the work was performed. This rule
does not apply to papers submitted by authors from
abroad or international groups of authors.

Copyright transfer to the Publisher.

Title Page:

1. PACS and Universal Decimal Classification
code (for authors from CIS) in the top left corner.
Several comma-separated codes are allowed. If no
classification codes are indicated, the code(s) will be
assigned by the Editorial Board.

2. Title of the paper (central, capital, bold, 14pt).

3. Name (-s) of the author(—s) below, in one
space (central, normal face, 12pt).

4. Name of affiliated institution, full address,
phone and fax numbers, e-mail addresses (if available)
for each author below, in one space (central, normal
face, 12pt).

5. Abstract: up to 1000 characters.

6. Keywords: its amount must not exceed eight
words. In the specific cases it is acceptable to use
two- or three-word terms. These words must be placed
under the abstract and written in the same language.

Items 2,3,4,5,6 must be presented in series in
Ukrainian and English languages.

For authors from abroad which do not know
Ukrainian languages, items 2—5 may be presentd only
in English.

7. To each copy of the article abstracts in
Ukrainian and the English language are applied (each
abstract on a separate sheet). The special attention
should be given to the writing of the article summary
in English. For this purpose it is expedient to use the
qualified experts — linguists with the further scientific
editing the text by the author (-s). Before the word
“abstract” it is necessary to write the full article name
by the appropriate language, UDC, surnames and the
initials of the authors, names of affiliated institutions.
The abstract in volume of 200-250 words must be
structured: the purpose (precisely formulated),
research methods and results (shortly), generalizations
or conclusions. After the text of the abstract from the
item key words are placed.

8. Article text should be printed 1,5-spaced on
white paper A4 format with a 12pt, margins: left—
3sm, right— 1,5, upper and lower — 2,5sm. Titles of the
sections if it is present should be typed bold, capitals.

Equations should be entered using MS Equation
Editor or MathType. Papers with handwritten equations
are not accepted. Notations should be defined when the
first appearing in the text.

Tables should be submitted on separate pages in
the format of appropriate text formats (see above), or
in the text format (with columns separated by interval,
commas, or tabulation characters).

9. At the article text end one must indicate
surnames, names and patronymics of all authors,
the mail address, the phone, a fax, e-mail (for the
correspondence).

10. List of references should be 1,5-spaced, with
references numbered in order of their appearance in
the text. The bibliography is printed only by the roman
type (cyrillics represents in transliteration).

The literature registration order should conform
to DAS of Ukraine requirements, for ex-ample:

[1]. I. M. Cidilkovskii. Elektrony i dyrki v
poluprovdnikah. Nauka, M. 450 s. (1972).

[2]. J.A. Hall. Imaging tubes. Chap. 14 in The
Infrared Handbook, Eds. W. W. Wolfe, G.J. Zissis, pp.
132-176, ERIM, Ann Arbor, MI (1978).

[3]. N. Blutzer, A.S. Jensen. Current readout
of infrared detectors // Opt. Eng., 26(3), pp. 241-248
(1987).

11. Figures and tables captions should be
printed in the manuscript double-spaced after the list
of references. Footnotes should be avoided if possible.

Only high-quality pictures can be accepted.
Inscriptions and symbols should be printed inside
picture. Negatives, and slides are not accepted.

Each figure should be printed on a separate page
and have a size not exceeding 160x200 mm. For text
inside figures, use 10pt. Measurement units should be
indicated after a comma (not in blankets). All figures
are to be numbered in order of its appearance in the
text, with sections denoted as (a), (b), etc. Placing
the figure numbers and captions inside figures is not
allowed.

Color printing is possible if its cost is covered
by the authors or their sponsors.

12. The article must be signed by author (all
authors) with the date indication on the last page.

Authors bear full responsibility for irre-
proachable language make out of the text, especially
for a correct scientific terminology (it should be
verified under terminological dictionaries of the

appropriate speciality).
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13. The date of article acceptance is that one
when the final variant comes to the publisher after
a prepublication review.

After obtaining the proof sheet the author
should correct mistakes (clearly cancel incorrect
variant with blue or black ink and put the correct
variant on border) and send urgently the revised
variant to the editor by e-mail.

Author’s signature at the article end vouches
that author grants a copyright to the publisher.
Author vouches that the work has not been
published elsewhere, either completely, or in part
and has not been submitted to another journal.

Not accepted manuscripts will not be
returned.

TO AUTHOR ATTENTION

International agency ISSN has established our Journal shortcut —
«Sens. elektron. mikrosist. tehnol. »
We ask you in your references and article bibliographic dates
use such name as on it the reference to your article will be carried out.
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