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EMISSION SPECTRA FOR ANALYSING ELEMENTS IN CLUES USING OPTICAL
METHOD

A Evtodiev S.", Koss A.%, Evtodiev Ig.3
'{. M. ,,Didact Vega” SRL, 200 Stefan cel Mare si Sfint Ave., MD-2004, Chisinau, Republic of
Moldova
Theoretical High School ,,Orizont”, 22/1 N. Dimo Str., MD-2004, Chisinau, Republic of Moldova
*Moldova State University, 60 A. Mateevici Str., MD-2009, Chisinau, Republic of Moldova
e-mail: didact.vega@yahoo.com

The following research was dedicated to the investigation of emission spectra of different elements and their use
in the analysis of clues. The used equipment was a spectrometer, the “Red Tide USB-650", and an application called
“Overture”. The spectrometer has a spectral range from 350 nm to 1000 nm. It’s a very lightweight and portable device,
not taking up much space and weighting only 190 g. The sensitivity of the device is 75 photons at a wavelength of 400
nm. The optical resolution of the spectrometer is 2 nm, while the program can display accurate graphs with a resolution
of up to 0.1 nm. The spectrometer’s integration time ranges from 3 ms to up to 65 seconds, but typically it doesn’t
exceed 15 seconds. For very precise data recording the spectrometer can also use the optic fibres. The used program has
a library of emission spectra of different elements. The experiment is performed by making the substance to emit
photons by exciting it. The light from this substance is received by the spectroscope and the data are transmitted to the
computer. The program generates an “Intensity-Wavelength” graph right away. But to analyse and to detect elements in
clues a graph is not the only required thing. Luckily, we have access to the emission spectra library built into the
program. Those can be enabled and disabled to detect if the given element is present in the earlier analysed substance.
Such a method can be used to detect elements in clues using spectral analisys at remarkable speeds and accuracies.

Keywords: emission spectra, clue, resolution, sensivity, photon.

Cercetari de fata sunt dedicate studiului spectrelor de emisie a diferitor elemente si utilizarea lor in analiza
probelor in criminalisticd. Echipamentul folosit era spectrometrul ,Red Tide USB-650” si aplicatia ,,Overture”.
Spectrometrul are diapazonul spectral de la 350 nm pina la 1000 nm. Este un dispozitiv foarte usor si portativ, nu ocupa
mult spatiu si cintdreste numai 190 g. Sensibilitatea dispozitivului este 75 fotoni la lungime de undd de 400 nm.
Rezolitia optica a spectrometrului este 2 nm, pe cind programul poate afisa grafice precise cu rezolutia de pina la 0,1
nm. Timpul de integrare a spectrometrului variaza de la 3 ms pind la 65 s, dar de obicei nu depaseste 15 s. Pentru
inregistrarea datelor cu precizie foarte inalta spectrometrul de asemenea poate folosi fibre optice. Programul utilizat are
o biblioteca de spectre de emisie a diferitor elemente. Experimentul se realizeaza prin emiterea de substanta la excitarea
ei a fotonilor. Lumina de la aceasta substanta este primita de spectroscopul si datele se transmit la calculator. Programul
imediat genereaza dependenta ,,Intensitate-Lungime de unda”. Dar pentru a analiza si a detecta elementele din probe
graficul nu este suficient. Din fericire, avem acces la biblioteca de spectre de emisie incorporat in program. Acestea pot
fi activate si dezactivate pentru a detecta daca elementul dat este prezent in substanta analizatd anterior. Asa metoda
poate fi folositd pentru detectarea elementelor din probe in criminalistica utilizind analiza spectrald cu viteza si precizie
remarcabila.

Cuvinte-cheie: spectrul de emisie, dovada, rezolutie, sensibilitate, foton.

INTRODUCTION To explain this concept Bohr’s atom
model will be used. Niels Bohr first proposed
that electrons can only gain and lose energy
by jumping from one allowed orbit to another,
absorbing or emitting electromagnetic
radiation with a frequency v determined by
the energy difference of the levels according
to the Planck relation:
AE=E,—E,=hv (1)
Bohr stated that photons are produced
when electrons move from a lower energy
state to a lower one, giving off that energy in
the form of an electromagnetic wave — a
photon (fig. 1). The wavelength of the photon

The following article explains how the
elements found in clues can be analysed using
spectral methods by a spectrometer and
software. By measuring the emission spectra
of excited substances it was possible to detect
elements in the sample.

Every known single element has a
different emission spectrum. It can be
compared with a type passport for every
known substance. But to understand this
concept of emission spectra, it’s necessary to
know the concept of emission of photons
from substances.
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can either be derived from the Planck relation,
where v = % or using the Rydberg formula:

_L_R(E_EJ
lif '?’l? ?’1,2 (2)

where R is the Rydberg constant, which is
different for various elements.

n=3

Fig. 1. A hydrogen atom according to Bohr’s model,
emitting a photon at a wavelength of 656 nm, which
would be a red visible light

For every atom there are multiple
different emission spectra. They have their
own intensities and wavelengths. For
example, hydrogen has 4 spectra in the visible
range. This series of spectra is called the
Balmer series. Photons of this series are
emitted when electrons transition from a
higher orbit to the second orbit (fig. 2).
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Fig. 2. Electron transitions from different energy states

6

There are other series for the hydrogen
atom, like the Lyman (Ultraviolet) and
Paschen, Brackett, Pfund, Humphreys
(Infrared) (fig. 3).

Ba-a Pa-a Br-a Pf-a  Hu-a
| | | l
|
visible

100 nm 1000 nm 10 000 nm

Fig. 3. The emission spectra of the hydrogen

There is also another way of
demonstrating  the  different  electron
transitions occurring in a hydrogen atom and
the photon energies according to the Rydberg
equation.

Such a representation helps to visualise
the energy of the photons emitted from
different electron transitions.

Again, we see that emitted photons have
different energies depending on the exact
electron transitions that occur inside the
atoms. Along with that the energies vary
depending on the atom emitting the photon,
so this again proves that the emission spectra
of all atoms are different.

But they vary not only from atom to
atom. The emission spectra vary from isotope
to isotope as well. Although the nucleus
charge of isotopes is the same, the mass is
different. This affects the emission spectra by
a slight amount. To explore this phenomenon
hydrogen and its isotope deuterium will be
used as examples.

Deuterium has an additional neutron in
its core, which changes the mass of the
nucleus. By expanding the Rydberg equation
we get the following formula:

E_F w,Ze* 1 1
T (4meg)?2R2 (n}% nz) 3)
where jt.. is the reduced mass of the atom X.
Since the equation depends on this mass,
isotopes have slightly different emission
spectra.

Looking at the image (fig. 4) we can see
that both emission spectra of deuterium have
a slightly shorter wavelength than the
hydrogen spectra, but only by a very slight
amount.
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Fig. 4. Comparison of the slightly different (by only
about 0.2 nm) emission spectra of hydrogen and
deuterium:

a) Emission spectra of I, and H
b) Emission spectra of Dz and H;

But since they vary, it’s possible to
distinguish deuterium and hydrogen in the
experimental studies. This relates to all the
elements and isotopes, since the same thing
applies to them.

ATOMIC EMISSION SPECTROSCOPY

All of the previously introduced
concepts are the basis of atomic emission
spectroscopy (AES). It’s a method of
chemical analysis used to determine the
amount of an element in a certain substance or
sample.

It is a very precise method of doing this
kind of analysis, due to the fact that some
spectrometers have a very high sensitivity,
and allow measurements with great precision.

Optical methods also allow
distinguishing atoms from its isomers if they
are present in the sample being analysed,
since the emission lines of isomers slightly
differ.

It is performed by exciting the atoms of
a substance sample using various methods.
The data is collected with a spectroscope and

is sent to a computer. Then, according to the
emission spectra of different elements, the
resultant spectrum is matched with the
emission spectra. If there is a match it means
that the substance, the emission spectrum of
which was used, is present in the sample.

There are various methods of
performing this analysis. The atoms can be
excited by a flame, which gives the atoms
thermal energy or, for analysing metallic
elements in substances, spark and arc
emission spectroscopy can be used. A spark
with high voltage excites the atoms and they
emit photons.

EQUIPMENT

To perform AES, a spectrometer and
computer are required. The used spectrometer
was the “Red Tide USB-650”, and the
program was “Overture”.

Red Tide USB-650 spectrometer (fig. 5)
[1-3]:

— Dimensions: 89.1x63.3x34.4 mm
Weight: 190 g;

Range: 350-1000 nm;

Sensitivity: 75 photons at 400 nm;
Integration time: 3 ms to 60 s (usually up
to 15s);

—  Optical resolution: ~2 nm;

— Able to work both with and without
optical wire.

Fig. 5. Red Tide USB-650 spectrometer

Overture software (fig. 6):
— Contains a library of sample emission
spectra of different elements which can be
activated and disabled;
— Able to take screenshots of multiple
spectra for comparison;
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— Allows to work with emission, absorption
and transmission spectra;

— Able to save spectra and export data for
building graphs and further research.

] = ] m 3 T

N Fig. 8. Mercury emission spectrum, taken from the )
integrated database

| | i The process of matching sample spectra
_with the spectrum of the light source was

Fig. 6. Overture software interface easy. It was done by simply disabling and
enabling different emission spectra in the
EXPERIMENT database, and matching them with the

emission lines of the spectrum (fig. 9).

After setting up the experimental
equipment we decided to try and detect the
elements in a simple light source — a lamp

installed on the ceiling of the room. By -
precisely pointing the spectrometer at the

light source (fig. 7) we were able to get a -
good image of the emitted spectrum. (Note ) q
the minor error on the bottom - it’s the :

background noise of the spectrometer. It can
be cancelled in the program).

an E & m [ m o

i:ig. 9. The mercury emission spectrum matched with
the received spectrum

o P T After turning on the mercury emission
E i ) spectrum in the software it matched the
emission lines peaking from the continuous
spectrum. This meant that the source
contained mercury, and proved the fact that
‘ the lamp emitting the photons was a mercury
o e lamp.

" Fig. 7. Spectrum received from the device while Due to the limited resolution of the

pointing at the source spectrometer it would be very hard to

precisely detect the amount of substance

The software used in the experiment emitting the light, but using latest laboratory

had a database of emission spectra of different technologies it is possible to do this job with
elements integrated into it (fig. 8). great precision.
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APPLICATIONS IN CRIMINOLOGY

This method of analysis has a vast
variety of applications, one of which is the
analysis of elements in clues in criminology.
Performing this analysis using optical
methods has a lot of advantages compared to
other methods.

Firstly, it’s very fast. In chemical
analysis for example in some cases it could
take a lot of time to detect the elements
making up a certain substance. Optical
methods are much faster compared to some
other methods. In criminology, this time
could be crucial.

Secondly, optical methods are very
accurate. Since the intensity depends on the
quantity of a certain element, it’s possible to
detect the amounts very precisely.

Optical methods allow very precise and
rapid detection of elements in clues.

CONCLUSIONS

The analysis of elements in clues using
optical methods is a very large part of
criminology. Due to the fact that atoms have
their fixed emission spectra, it is possible to
use them as passports in the detection of
elements. Using the latest technologies it is
possible to work with substances with
astonishing precision. But even using
standard equipment it is possible to detect
certain elements in substance samples using
optical methods.

BIBLIOGRAPHY
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2. Instruction Manual and Experiment Guide
for the PASCO scientific. p-3, PASCO
scientific, 1997.

3. www.pasco.com/prodCatalog/PS.

Prezentat la redactie la 12.09.2015
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CZU 543.3:502.5(204)

INVESTIGATII EXPERIMENTALE ASUPRA UNOR CARACTERISTICI FIZICO-
CHIMICI DE DETERMINARE A CALITATII APEI

Luchian E.*, Evtodiev S.2
lUniversitatea de Stat din Moldova, str. A. Mateevici 60, MD-2009, Chisinau, Republica Moldova
’Didact Vega SRL, bd. Stefan cel Mare si Sfint 200, MD-2004, Chisindu, Republica Moldova
*e-mail: efimia_86@mail.ru

Caracteristicile fizico-chimice joaca un rol esential la determinarea calitatii apei. Unele din aceste caracteristici
sunt: conductivitatea electricd, concentratia ionilor de hidrogen, oxigenul dizolvat. Determinarea conductivititii apei
ofera informatie asupra gradului de impuritate in esantioanele analizate. Cercetarile asupra determindrii concentratiei
ionilor de hidrogen reprezinta gradul de aciditate sau alcalinitate a apei, caracteristici care direct influienteaza sinatatea
populatiei. Lipsa de oxigen din apda duce la pierderea caracterului de prospetime, apa devenind nepotabila.
Caracteristicile fizico-chimice experimental au fost investigate cu ajutorul senzorului multifunctional de determinare a
calitatii apei PS-2169.

Cuvinte-cheie: apa, calitate, conductivitate, pH, oxigen dizolvat.

Physical and chemical characteristics play an essential role in determining water quality. Some of these features
are: the electrical conductivity, hydrogen ion concentration and dissolved oxygen. Determination of the water
conductivity offers information of the degree of impurity in the analyzed samples. Investigation of hydrogen ion
concentration provides information about the acidity or alkalinity of water, characteristics that directly influence the
human health. Shortage of oxygen in the water leads to loss of character of freshness, the water becoming the
undrinkable. Experimental physico-chemical characteristics were investigated with Water Quality Multi Measure

Sensor PS-2169.

Key words: water, quality, conductivity, pH, dissolved oxygen.

INTRODUCERE

Apa este un nutrient de baza a corpului
uman si este esentiala pentru viata populatiei.
Aceasta sustine digestia alimentelor, adsorbtia,
transportul si utilizarea de substante nutritive si
eliminarea toxinelor si a deseurilor din
organism. Apa este, de asemenea, esentiala
pentru prepararea alimentelor si cerintele
pentru pregatirea alimentelor sunt incluse in
discutarea cerintelor de consum [1].

Consumul total de apa include apa
potabild, apa din alte bauturi, precum si apa
(umiditatea) in produsele alimentare. Un
consum scdzut de apa a fost asociat cu unele
boli cronice, iar un consum corespunzator de
apa previne efectele nocive (in primul rand
acute) de deshidratare, care includ anomalii
metabolice si functionale. Starea de hidratare
este indicatorul principal utilizat pentru apa.
Activitatea fizica si conditiile de mediu au o
influenta semnificativa asupra nevoilor de apa.
Totusi, un consum excesiv al apei conduce la
intoxicare, care poate pune viata in pericol
datoritda manifestarii hiponatremiei (micsorarea
cantitatii de sodiu in sdnge) ceea ce poate duce
la edema sistemului nervos central, congestie

10

pulmonara, si slabiciune musculara. n
circumstante neobisnuite hiponatremia poate
aparea datoritd consumului excesiv de lichide,
inlocuirea sodiului, sau ambele Tn timpul sau
dupa efort fizic prelungit. Hiponatremia
simptomatica de exercifiu este de obicei
asociatd cu mai mult de 6 ore de exercitii
stresante prelungite. Toxicitatea acuta de apa a
fost raportata ca urmare a consumului rapid al
unor cantitdti mari de lichide care au depasit
considerabil rata de excretie maximd a
rinichilor de 0,7-1,0 1/ora [2].

Consumul zilnic de apa variaza in functie
de diferiti factori, cum ar fi: temperatura,
umiditatea, activitatea fizicd si alti factori care
variazd larg. Consumul mediu de apa (lichid)
de persoand pe zi calculat conform cercetarilor
din diferite surse reprezintd 1,63 litri. Totusi,
un volum mai mare, de ~2 litri/zi, a fost adoptat
ca reprezentand consumul de persoand pe zi
[3].

Consumul de apa potabila variaza Tntr-un
orag modern intre 100 si 530 litri pe zi de
persoana [4], ajungandu-se chiar si la valori de
600 litri pe zi [5]. Totusi, in anul 2007, la nivel
global consumul domestic de apa constituia
doar 5 %, iar in industrie fiind consumate 9 %
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din cantitatea totala (in cadrul intreprinderilor,
la prelucrarea materiei prime §.a.), cea mai
mare cantitate (86 %) fiind utilizatd 1in
agricultura (irigatii, cresterea animalelor s.a.)
[6]. In prezent aceste valori reprezinti 8 %
pentru consumul domestic, 12 % industrie si
80 % agricultura [5].

Intrucat apa reprezinta unul dintre cele
mai importante elemente in viata si activitatea
umana, evalurea si asigurarea calitatii acesteea
1i revine un rol foarte important.

Un rol deosebit in evaluarea calitatii apei
Ti revine atat indicilor de calitate (organoleptici,
fizico-chimici, microbiologici, toxicologici,
radioactivi, etc.), cat si metodelor de
determinare a lor, prezentate in Documentele
Normative n vigoare [7].

Apa plata este produsa sub control
sanitar, dar provenienta ei poate fi atat de la un
izvor, cat si de la un put de adancime, verificat
si avizat sanitar anume pentru comercializare si
consum. Principala calitate a apei plate, in
comparatie cu cea livratd de retaua publica de
alimentare cu apd, este aceea cd ea nNu a
strabatut tevile retelei urbane de aductiune si,
deci, nu contine clor rezidual, nu preia si nu
poartd produsele rezultate din depunerile pe
teava, din oxidarea metalului, din alte procese,
foarte fine, care pot avea loc in timpul
transportului [8].

Conductivitatea, pH, temperatura si
oxigenul dizolvat sunt indici fizico-chimici
care joaca un rol important la aprecierea
calitatii apei. Lucrarea are ca obiectiv
exemplificarea masuratoriloracestor parametrii
in vederea verificarii calitatii apei.

Scopul lucrarii este efectuarea studiului
de cercetare asupra indicilor de calitate a
esantioanelor analizate §1  corespunderea
valorilor obtinute cu normele stabilite n
Documentele Normative.

METODICA CERCETARII §I
ESANTIOANELE

Cercetarile asupra apei plate s-au
efectuatpe un lot de esantioane prelevate din
ape Tmbuteliate, a caror marci comerciale sunt
pe piata Republicii Moldova.

Drept indici ai proprietatilor fizico-
chimice a fost selectatd conductivitatea
electrica, determinatd cu ajutorul senzorului

multifunctional de determinare a calitatii apei
(Water Quality MultiMeasure Sensor PS-2169)
si in special cu senzorulde testare a
conductivitatii. De asemenea, prin aceeasi
metodad, cu senzorul multifunctional,s-au mai
investigat si concentratia ionilor de hidrogen
din apa, adica pH-ul si s-a determinat oxigenul
dizolvat (DO,), fiecarui din indicii investigati
corespunzandui senzorul cu electrod specific.

Conductivitatea (sau Th mod specific,
conductivitatea electroliticd) este definitd ca
abilitatea unei substante de a conduce curentul
electric. Este inversul rezistivitatii. Toate
substantele poseda  conductivitate intr-0
oarecare masura, dar suma variaza foarte mult,
de la extrem de mici (izolatoare, cum ar fi
benzenul si sticla) la foarte mari (argint, cupru
si metale Tn general). Un interes sporit in
industrie este in masurarea conductivitatii
lichidelor care, in general, constau din compusi
ionici dizolvati in apa. Valoarea conductivitatii
acestor solutii sunt plasate Tintre valorile
izolatorilor si a conductorilor metalici.
Conductivitatea poate fi masuratd destul de
usor prin mijloace electronice, care permit un
test simplu, valoarea careea poate spune multe
despre calitatea apei [9].

Pentru a incepe prelevarea masuratorilor
si achizitionarea de date s-a conectat senzorul
multifunctional de determinare a calitatii apei
la interfata PASPORT, asa cum este ilustrat in
fig. 1 si ulterior la calculator si se da click pe
butonul de start pentru a incepe procedura de
colectare a datelor.

pH/ISE/ORP Fﬁ‘\ Conductivity

Temperature

=

-

[ "\ PASPORT
Interface

i

Fig. 1. Senzorul multifunctional de determinare a
calitatii apei cu modalitatea de conexiune la interfata
PASPORT
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Componenta senzorului de conductivitate
(fig. 2) masoara conductivitatea electrici a
solutiilor apoase. Ea determind conductivitatea
prin aplicarea unei tensiuni alternative la celula
electrodului de la capatul sondei si masoarda
curentul rezultat [10].

e —
Fig. 2. Electrodul de conductivitate:
1-tija de sticld; 2-conductori de platina platinati

Tnainte de a utiliza electrodul de
conductivitate  este  necesara  inmuierea
capatului sau in apa distilatd pentru 5+10
minute, apoi, electrodul se conecteaza la
senzorul multifunctional si se incepe prelevarea
datelor nu Tnainte de a selecta unul dintre cele
trei intervale de masurare: de la 0 puS/cm péana
la 1000 pS/cm, de la 0 pS/cm pana la 10000
puS/cm sau de la 0 pS/cm pana la 100000
pS/cm, in cazul nostru de la 0 pS/cm pana la
10000 pS/em. Capatul electrodului se scufunda
in esantionul analizat si se asteaptd pufin pana
se stabilizeazd citirea de date. Operatiunea se
repetd pentru fiecare esantion nu inainte ca
electrodul sa fie clatit in apa distilata. Instalatia
pentru determinarea conductivitatii

esantioanelor analizate este prezentata in fig. 3.

/

Fig. 3. Instalatia de determinare a conductivitatii apei:
1 — calculator, 2 — senzor multifunctional, 3 — sistem de
achizitii de date (SPARK SLS), 4 —electrod
conductivitate, 5 — electrod temperatura, 6 — pahar gradat
cu esantionul analizat
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In metale odati cu cresterea temperaturii
conductivitatea scade. Pentru a observa
dependenta de temperatura a conductivitatii in
apa am conectat la multi-senzor si o proba din
otel inoxidabil pentru masurarea temperaturii.

De asemenea, cu ajutorul conductivitatii
se pot estima solidele dizolvate total (TDS) cu
urmadtoarea formula de calcul:

o (u5/cm)
2 1)
unde o — conductivitatea esantionului analizat.

Determinarea valorii pH a esantioanelor
analizate a fost facutd cu electrodul pH al
multisenzorului de determinare a calitatii apei.
pH este prescurtarea de la ,,pondus hydrogenii"
si reprezintd logaritmul cu semn schimbat al
concentratiei  ionilor din  solutie [11].
Concentratia ionilor de hidrogen al unei ape
pure la temperatura camerei este 7, adica
neutra. Sub valoarea de 7 apa devine acida, iar
peste valoarea de 7 devine bazica sau alcalina
[12].

Electrodul pH se conecteazia la portul
corespunzator si se 1Incepe procedura de
colectare a datelor de la interfata SPARK SLS

(fig. 4).

TDS (mg/l) =

Fig.4. Instalatia de determinare a concentratiei ionilor de
hidrogen: 1 — senzor multifunctional, 2 — sistem de
achizitii de date (SPARK SLS), 3 — electrod pH,

4 — proba de analizat

Electrodul pH produce o tensiune
proportionald cu pH-ul solutiei in care este
cufundat. Aceasta tensiune este mdsurata de
multi-senzor, care si reprezintda pH calculat.
Inaintea oricirei masuratori electrodul se
clateste cu apa distilata.

Se scoate cu grija sticluta de depozitare
de pe capatul electrodului, astfel incat sa nu se
verse solutia de stocare. Inelul si capacul
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flaconului se Tmping in sus, spre manerul
electrodului. Capatul electrodului se clateste cu
apa distilatd. Daca se observa bule de aer in
bulbul electrodului, acesta se agita usor in jos
(similar cu agitarea in jos a unui termometru).
Se incepe prelevarea datelor. Electrodul se
plaseaza in solutia de masurat si Se astepta
cateva minute pana se stabilizeaza citirea
datelor de la computer.

Determinareca  cantitatii  de  oxigen
dizolvat in apa este predominantd in analiza
apelor, deoarece, oxigenul este necesar
supravietuirii §i cresterii multor organisme.
Pentru aceastd determinare s-a folosit
componenta DO, a multi-senzorului.

Cantitatea de oxigen dizolvat in apa
depinde de temperatura apei, presiunea aerului
side continutul in substante oxidabile si
microorganisme. Scaderea cantitatii de oxigen
din apd duce la pierderea caracterului de
prospetime, un gust fad, devenind nepotabila.
De asemenea, scaderea oxigenului reduce
capacitatea de autopurificare a apelor naturale,
favorizdnd persistenta poludrii cu toate
consecintele nedorite [13].

Electrodul de oxigen dizolvat este dotat
cu sonda polarografica constituita dintr-un
catod din Pt si dintr-un anod din Ag inconjurati
de solutie de clorura de potasiu (KClg), iar in
varf are o membrand ce separard mediul
respectiv de solutia de analizat (fig. 5).

Fig. 5. Partile componente ale electrodului de oxigen
dizolvat: 1 —anod din Ag, 2 — solutie de electrolit
(KCliag), 3 — carcasa sondei, 4 — izolatorul catodului,
5 — catod din Pt, 6 — membrana

Senzorul se bazeazd pe masurarea
curentului electric produs Tn urma reactiei
chimice care are loc pe sonda. Aceasta reactie
implica recuperarea moleculelor de oxigen (Oy)
si oxidarea atomilor de argint (Ag), la anod.
Printre electrozi trece o diferenta de potential

de 0,7 V, care si sustine decurgerea reactiei
redox dorita.

Cand sonda oxigenului dizolvat este
plasata intr-un mediu apos, cum ar fi apa, care
contine oxigen, molecule de O, difuziaza
printr-o membrana subtire Th solutia de
electrolit, care inconjoara electrozii sondei.

Aceastd membrana este semipermeabild
si permite trecerea O, dizolvat, dar nu permite
trecerea majoritatea altor molecule care pot
interfera cu cursul normal al reactiilor chimice
de pe electrozi. Aceste reactii produc electroni
care cauzeaza trecerea curentului prin circuitul
senzorului. Deoarece rata de difuzie depinde de
concentratia oxigenului dizolvat, cantitatea de
molecule O, va fi direct proportionalda cu
concentratia oxigenului dizolvat in solutia de
testare. Cand sonda este plasata intr-un mediu
apos, care contine oxigen dizolvat, moleculele
O, difuza prin membrana §i reactioneaza cu
moleculele de apa (HO) 1n prezenta
electronilor de la catod, pentru a forma ioni de
hidroxid (OH"). Ionii de hidroxid difuzeaza la
anod si reactioneaza cu atomii de argint,
formand oxidul de argint (Ag.0), H,O, si
electroni liberi. Prin urmare, numarul de
electroni produsi in timpul reactiei redox va fi
aproape direct proportional cu concentratia de
O, dizolvat in solutia de testare.

Dupa procedura de calibrare se incepe
colectarea datelor. S-a scos flaconul de stocare
de la sonda si s-a scufundat capatul sondei in
solutia esantionului. S-a agitat usor sonda
pentru prevenirea epuizarii oxigenului localizat
la capatul sondei si se asteaptd pand se
stabilizeazd datele. Inainte de a efecua o ald
masurare la o proba diferita electrodul s-a clatit
cu apa distilata.

REZULTATE EXPERIMENTALE §I
INTERPRETARI

Indicii de calitate caracteristici pentru
apa oferd informatia corespunzatoare calitatii
acesteia. Tn acest scop, rolul principal le revin
metodelor experimentale de analiza, cu ajutorul
carora se determind corespunderea acestor

caracteristici  cu  normele stabilite 1n
Documentele  Normative.  Caracteristicile
fizico-chimice investigate  au permis
determinarea conductivitatii si dependenta

13
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acesteea de temperaturd, concentratia de oxigen
dizolvat si a concentratiei ionilor de hidrogen.

In metale, odatdi cu cresterea
temperaturii conductivitatea scade. Pentru a
observa dependenta de temperaturda a
conductivitatii in apa s-a conectat la multi-
senzor §i o probd din otel inoxidabil pentru
masurarea temperaturii.

In experiment, viteza de incilzire a apei
cu temperatura a fost de 5,4 °C/min. In fig. 6
este prezentatd dinamica conductivitatii apei
plate in intervalul de temperaturi de la 20 pana
la 73 °C. Din grafic observam o crestere liniara
a conductivitatii apei cu temperatura, descrisa
prin functia liniara:
o= gy Tmt
unde viteza de crestere a conductivitatii
m = 54,7 u§-em~t-°C72

4000 T T T T T T T T T T

w

a

o

o
T

3000

2500

Coductivity (uS/cm)

2000

20 30 40 50 60 70 80
Temperature (°C)

jar o = 1020 uS/em,
Fig. 6. Dependenta conductivitatii de temperatura

Cresterea conductivitatii apei este
cauzatd de marirea mobilitatii ionilor cu
temperatura, atunci cand pH este in continud
descrestere.

Toate datele experimentale optinute in
urma testelor efectuate pentru caracteristicile
analizate sunt prezentate in tabelul de mai jos:

c QL =
= é g T g Conductivitatea | TDS
Z g 2 o < | la25°C (uSficm) | (ppm)
& O
L (o) Ia)
1 | Aqua Uniga 8,75 | 13,6 536 268
2 | Dorna 8,96 | 10,0 267 133,5
3 Gura Cainarului | 8,49 | 13,8 2634 1317
4 Morsinskaia 8,48 | 18,5 179 89,5
5 | OM 8,32 | 14,1 369 184,5
6 | Varnita 8,95 | 18,2 1984 992

14

CONCLUZII

Tn baza experimentului efectuat asupra
conductivitati s-a constatat ca nivelul de
impuritate este mai ridicat doar la un singur
esantion, valoarea caruia a depasit norma de
2500 puS/cm, stipulatd in  Documentele
Normative, valorile celorlalte esantione fiind
sub limita specificati. In urma investigatiilor
efectuate s-a observat ca la madrirea liniard a
temperaturii apei cu 5,4C/min, conductivitatea
electrica creste cu 54,7 pS-cm™C™. Tn urma
determindrii solidelor dizolvate total nici o
proba nu a depasit limita de 1500 mg/I.

La cercetarea concentratiei ionilor de
hidrogen am observat cd nici un esantioan
analizat nu intrece limitele stipulate (6,5+9,5),
acest indice variind de la 8,32+8,96, deci
putem spune ca apa este alcalina.

In cazul oxigenului dizolvat, cea mai
mare concentratie o are esantionul nr. 4 (18,5
mg/l) iar cea mai mica de 10,0 mg/l o are
esantionul nr. 2. Astfel, toate probele intrec
concentratia maxima admisibila, mai mult de 4
si mai putin de 10 mg/I.
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There are three fundamental mode of heat transfer: diffusion, convection and radiation. Although our modern
windows are really good at blocking heat transferred from diffusion and convection, a lot of energy is able to pass
through them in the form of electro-magnetic waves, mostly in the visible and infrared spectrum. It has been proven that
even transparent curtains will afford adequate protection from optical radiation in the ultraviolet region, but that all of
them will transmit high percentages of infrared radiation, while the solar irradiance is high in the infrared spectrum.
Using a system of polarizers active specifically for the range of the IR spectrum with the highest irradiance and a liquid
crystal cell (LCC) we can alter the energy transmittance of windows without blocking visible light. This way, using less
energy than usual conditioning systems we can control the temperature of the environment, without rendering our
windows opaque in the visible spectrum. This is achieved by using a system of combined Kerr and Pockels cells, with
high electro-optic constant, low energy expenses and longitudinal applied voltage.

Keywords: radiation transmittance, diffusion, convection, radiation, polarizer.

Exista trei moduri fundamentale ale transferului de caldura: difuzie, convectie si radiatie. Desi ferestrele noastre
moderne sunt foarte bune pentru blocarea céldurii transferate de la difuzie si convectie, 0 mare energie este capabila sa
treaca prin ele in forma de unde electromagnetice, mai ales in spectrul vizibil si infrarosu. S-a dovedit ca, chiar daca
perdele transparente vor permite 0 protectie adecvatd impotriva radiatiilor optice n regiunea ultravioleta, cu toate
acestea ele vor transmite un procent ridicat de radiatii infrarosii, Tntrucit iradierea solara este mare in spectrul infrarosu.
Folosind un sistem de polarizatoare, active, Th mod special, pentru gama de spectrul infrarosu cu cea mai mare iradiere,
si 0 celula de cristal lichid (CCL) putem modifica transmisia de energie prin ferestre fara a bloca lumina vizibila. Astfel,
folosind mai putina energie decit pentru sistemele obisnuite de conditionare putem controla temperatura mediului, fara
a face ferestrele noastre opace n spectrul vizibil. Acest lucru este realizat prin utilizarea unui sistem de celule
combinate Kerr si Pockels, cu constante electro-optice Tnalte, cheltuieli mici de energie si tensiuni joase aplicate
longitudinal.

Cuvinte-cheie: transparenta radiatiei, difuzie, convectie, radiatie, polarizator.

THE PROBLEM But, what would happen if we stopped

: . . i ?
As noticed before, air conditionings are a the heat before it had entered the room?

good countermeasure for over-heated rooms HYPOTHESIS
but a bad one for ecology.

For instance, let’s analyze the thermal
equilibrium of a sky-crapper. Almost all the
outer surface of a sky-crapper is covered in
windows. If there were no air
conditioningsystems the temperature would
easily reach 40 °C. This means that a major
amount of energy is lost to cool down the
building.

The problem is that these air conditioning
systems are fighting the heat that is already GOALS AND EXPECTED OUTCOMES
inside a closed room. Even though they are
cooling down the air using the air convection
effect, they are not able to combat the most
important source of heat, Infrared radiation.

We propose to decrease by half the
amount of energy spent on air conditioning of
the buildings with big surface of windows such
as sky-crappers. We would do that by placing
on the windows an additional heat-filtering
layer. Also, we purpose a method that will
automatically adjust the amount of filtered
heat, such that the temperature inside would be
constant.

The primary goals of this project are:
1) Creating an optical device (additional
window layer) that can regulate the amount of
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radiation which passes through the optical
device.

2) Proving the fact that it is possible to control
the amount of radiation which passes through
the optical device using a variable AC source.
3) Finding the theoretical dependence between
the voltage applied on the optical device and
the energetic transmittance of the device.

4) Applying this additional layer on a regular
window, in order to control the radiation
passed through the window as a function of the
voltage applying on the device.

5) Creating a program that can control the
voltage applied on the additional layer as a
function of the temperature inside the room. In
this way, if the temperature inside increases,
the voltage on the device is also increased and
as a result, the amount of heat that passes
through the window will be decreased and the
temperature will be automatically

RESEARCH METHODS

The first step was analyzing the
fundamental methods of heat transfer:
diffusion, convection and radiation. Although
our modern windows are really good at
blocking heat transferred from diffusion and
convection, a lot of energy is able to pass
through them in the form of electro-magnetic
waves, mostly in the visible and infrared
spectrum.

The stages of our research:

1) Assembling a liquid crystal cell by placing a
liquid crystal cell with variable birefringence
between two polarizers, thus creating an optical
device with a variable transmittance.
2) Then, we assembled an installation suitable
for visible light that proved our theory. As the
light source we used a red laser with the
wavelength of 700 nm.
3) After gathering and analyzing the data, we
plotted the dependence of the optical device
transmittance as a function of the voltage
applied on it. We noticed that the phase shift of
the light passed through the liquid crystal cell
is a power dependence of the voltage applied
on the cell. ;
Ap=c-U )
4) After analyzing the graphs we determined
the parameters of our installation, like the value

of B, which is B =1.85. Finally we deduced a

theoretical dependence of the transmittance of
our device as a function of voltage applied on
it.

5) After obtaining a working optical device
(for visible spectrum), we set our goal to create
a similar device which would work in the same
manner but this time with infrared light (800-
1500 nm).

6) The final step was creating software that
regulates the voltage applied on the liquid
crystal cell as a function of the temperature
inside the room. Which means that if the
temperature inside raises, the voltage on the
liquid crystal cell rises, and as a result the
temperature decreases.

7) Explaining the way we can use the
technology and assemble a smart window.

DETAILED EXPLANATION OF EACH
STEP

We assembled a liquid crystal cell, which
IS a component of our optical device.

Fig. 1. Two thin polycarbonate protective layers (1),
inner surface of the cell which is covered with zinc oxide
doped with aluminum (which is used as a transparent
conductor) (2), saturated KH,PO, solution (3)

The cell is made up of two polycarbonate
protective layers that are covered on the inner
side with a transparent conductive material
(zinc oxide doped with aluminum). And inside
a saturated KH,POy4 solution is found.

We chose specifically the KHyPO,
solution because after analyzing many
solutions that have a variable birefringence like
nitrobenzene, Lithium Niobate and others, we
came to the conclusion that the solution not
only has an optimal electro-optical constant,
but is also cheap and available.
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EXPERIMENT

The experimental installation sketch is
shown in fig. 2.

AW

U

First Polarizer Second Polarizer

Liquid crsytal cell
with KH,PO4

Fig. 2. Experimental installation sketch

The main goal of this experiment is to
prove that radiation transmittance is a function
of the voltage applied on the device. Our
optical device represented as 3 independent
layers (2, 3, 4) are shown in the fig. 3.

Fig. 3. Optical device

In the photo (from left to right):

1) Photoreceptor that gives voltage output;
2) Polarizer 2;

3) Liquid crystal cell;

4) Polarizer 1;

5) A red light source (700 nm).

Also we have a multi-meter for
calculating the voltage on the photoreceptor,
and also a variable AC source for the liquid
crystal cell.

First and second polarizers have parallel
polarization planes.

Then we start our experiment:

- Initially the voltage on the cell was zero, so
the light passes without meeting any obstacles.
- Then we start to apply voltage on the cell and
we notice that the voltage on the photoreceptor
decreases.
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- We measure with the voltmeter the
dependence of the voltage on photodetector as
a function of the voltage applied on the liquid
crystal cell, and then we plot the data.

To determine the intensity of the light
that emerges out of our optical device we used
the following formulas, which we deducted
from Malus law:

I =1 /2-sin” (Ag/2)

emerged (2)
We also know that 1~U, thus we obtain:
|
]
(Ap) = arcsin !
|Umax
N 3)

where A« is the phase shift created in the
infrared wave after it passed through the
birefringent medium.

In order to find the theoretical formula
for L. erzea @S a function of voltage applied on

the optical device, we analyze the graph of the
voltage applied at the liquid crystal cell as a
function of the voltage on the photoreceptor.
Then we plot the graph (fig. 4).

U fotoreceptor (V)

0.08
0.06

0.04

0.5 1 15 2 25 3

Fig. 4. Graph of the voltage applied at the liquid crystal
cell as a function of the voltage on the photoreceptor

Then we supposed that the phase shift is
a power function of the voltage applied on the
liquid crystal cell (formula (1)).

Then in order to determine the f
constant, we plot the graph of In(&A) function

of In(UL) (fig. 5).
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2| In(ad)

5 In(U,.c)

Fig. 5. Dependence In(2) function of In(U )

So, from the graph above we find that the
tangent of the line isp, and its value is p=1.85.
It’s a quite interesting result, because using a
solution of KH,PO, and applying transversal
voltage, we created a cell, similar to a Pockels
one, but in which the difference of refractive
indexes depends on the voltage applied as
roughly U? which is similar to a Kerr cell.

The final formula we obtained, which
defines the Intensity of the light that emerges
from the optical device as a function of the
voltage applied on the liquid crystal cell.

c = 1J*1.85 °

DR

After obtaining the final formula, we now
know the dependence and we created a similar
device, but whose aim is to block specific
wavelengths, infrared wavelengths (750-1500
nm). This is important because many building
are heated not only because of convection or
conduction, but also due to the radiation. In fig.
6 the red zone is occupied by radiation which
passes the atmosphere and thus can reach the
windows. A significant surface of the “red
zone” is in the infrared spectrum which means
that by regulating this radiation, we could
adjust the temperature of buildings.

We propose software which would relate
the voltage applied on the electro-optic cell and
the desired temperature inside the room. Also,
the software has a temperature regulating
function; that would mean that if you set a
desired temperature, for example 25 °C, the
window will be auto-regulating the voltage on
the optic device in such a way, that the amount
of infrared radiation passed through the
window will be able to heat the room
maximum to 25 °C.

— . ot
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Fig. 6. Spectrum of solar radiation at the Earth

This is how it works:

The temperature inside the room is read
by a device namedthermos-copper, which
works on the Seebeck effect. Temperature is
represented as a voltage. Our software has one
input and one output. For the input we have the
voltage from the thermo-copper. The output is
the voltage on the optical device. We then set
the device to execute one simple command, to
keep the ratio:

Voltage fromthe therme —copper

= constant (5)

Voltegs on the opticel device

The whole idea is that when the
temperature inside a building is higher than the
desired one, the system varies the applied
voltage such that the transmittance of the
infrared radiation decreases and therefore the
temperature decreases.

Explaining the way we assemble a smart
window.

To revise: a smart window will be
composed of a regular window with an
additional layer that we created. The layer will
be made up of small and thin “optical devices”
connected in parallel such that the voltage
would be the same on every “optical device”.

The efficiency of this product is much
higher than the efficiency of the air
conditionings, because it is working at small
voltages (1-5 volts) and don't require big
amounts of energy.

Take for examplea large 12,000 BTU air
conditioner, running six hours each day will
consume 270 kWh, at a cost of $36.26 per
month. However, our Smart window will
consume the maximum amount of 15$.
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RISKS AND SAFETY

The system will operate on a maximum
value of 10 Volts (AC). The created electric
field inside the windows will be of 10 to the 6"
magnitude. Although the intensity is high, it
will act only on a small interval of 10 microns,
which is unreachable for humans. On the other
hand, the electric field intensity outside the
window will be 0, so will pose no threat for the
user. Also in case of a leakage, the substances
used in the windows are non-toxic and can be
easily be cleaned.
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The following research was dedicated to studying and experimenting with harmonic oscillators of all kinds. The
used equipment was a portable computer, the “PASCO Spark”, a force sensor, 3 different springs and weights. The
portable computer is responsible for storing the data received from the force sensor, and constructing a “Force-Time”
graph. The force sensor has a range of £50 N, an accuracy of 0.1 N and a recording speed of up to 1000 Hz. It is also
equipped with a reset button to automatically set it to 0 N. The springs used in the experiment differed in damping. The
first spring had a very low damping coefficient, so after the weight was released they continued oscillating for a very
long time, fading away only very slightly. The second spring had a medium damping coefficient, so the time it took for
the oscillations to fade was much shorter, then with the first spring. The third spring however had a very high damping
coefficient, so the oscillations only continued for about 6 seconds. The experiment itself was performed by hanging a
weight on the spring, and starting the data recording as soon as the weight is dropped. In all 3 experiments the data was
recorded at a frequency of 100 Hz. Afterwards, the computer built “Force-Time” graphs for every experiment. This
allowed us to visualize the difference between the 3 springs. The computer used in the experiment has a very useful
ability of generating functions for graphs. This can be done in order to study ideal harmonic oscillations. The function
generated from the graph continues forever, and can be used for further research in the field of beats, which are
automatically calculated and simulated by the computer. Thanks to the precise data recording equipment human errors
can be minimized, which leads to very little inaccuracies in calculations.

Keywords: harmonic oscillator, sensor, accuracy, simulation.

Cercetari de fatd sunt dedicate studierii si experimentarii cu oscilatoare armonice de toate tipuri. Echipamentul
utilizat era calculator portativ ,,PASCO Spark”, senzor de forta, 3 arcuri diferite si greutati. Calculator portativ este
responsabil de stocarea datelor primite de la senzorul de forta si de construirea dependentei ,,Fortd-Timp”. Senzorul de
forta are diapazonul +50 N, precizie de 0,1 N si viteza de Inregistrare de pind la 1000 Hz. Acesta este, de asemenea,
echipat cu un buton de resetare pentru a-l ajusta automat la 0 N. Arcurile folosite in experiment difera dupa coeficientul
de elasticitate. Primul arc avea coeficientul de elasticitate foarte mic, astfel incit dupa ce arcul era incarcat cu greutate ei
continua sa oscileze pentru un interval de timp indelungat, disparea doar foarte Tncet. Al doilea arc avea coeficientul de
elasticitate mediu, astfel timpul de amortizare era mult mai scurt, decit la primul arc. Insi al treilea arc avea coefficient
de elasticitate foarte mare, intrucit oscilatiile au continuat numai aproximativ 6 s. insisi experimentul a fost efectuat
prin atirnarea greutitii de arcul, iar inregistrarea datelor a Tnceput indata ce greutatea era eliberata. In toate cele 3
experimente Inregistrarea datelor a fost efectuata la frecventa de 100 Hz. Pe urma calculatorul construia dependenta
Hforta-Timp” pentru fiecare experiment. Aceasta ne-a permis sa vizualizam diferenta dintre cele trei arcuri.
Calculatorul utilizat Tn experiment are o capacitate foarte utild de a genera functii pentru grafice. Acest lucru poate fi
facut in scopul de a studia oscilatii armonice ideale. Functia generata din grafic este incontinua si poate fi utilizata
pentru continuarea cercetarilor in domeniul batailor, care sunt calculate automat si simulate la calculator. Datorita
echipamentului precis de inregistrare a datelor erorile umane pot fi minimizate, ceea ce duce la erori foarte mici n
calcule.

Cuvinte-cheie: oscilator armonic, senzor, precizie, simulare.

INTRODUCTION harmonic oscillator is a system that, when

displaced from its equilibrium position,

The following article studies real and experiences a restoring force, F, proportional to

ideal harmonic oscillators. With the help of the the displacement, x. This can be put into the
experimental equipment | was able to record following equation:

accurate data, do some research and visualise Fe ki 1)
the difference between ideal and real harmonic . ' ‘
oscillators. This formula is derived from Newton’s

To understand the concept of harmonic  Sécond law of motion.
oscillators, let’s see their official definition. A
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IDEAL HARMONIC OSCILLATORS

For simple (or ideal) harmonic oscillators
the damping force is taken as 0, so the system
only depends on the mass of the oscillating
object and the distance from the point where x
= 0. With this in mind Newton’s second law of
motion takes the following form:

d?x
Frein mi = —kx @)

By resolving the equation we are able to
derive a function describing the motion of the
oscillator:

F=ma=m

x(t) = Acos(wt + @) (3)
B |’; B 21
“nT

The oscillator’s motion is repeating
continuously with amplitude A. The period of
one oscillation can also be found from the
following equation:

fm
T=2m |—
vk (4)
Or, if the frequency of the oscillations is
known, the time would simply be equal to the
inverse of the frequency:
1
"7y ©)
The position of the oscillator also
depends on the phase, @, which determines the
starting point on the sine wave. Ideal harmonic
oscillations continue forever with the same
amplitude due to the fact that damping is not
present.

A

X

y

Fig. 1. Asimple x(t) graph describing the motion of an
ideal harmonic oscillator
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REAL HARMONIC OSCILLATORS

But in reality it is not possible to find
ideal harmonic oscillators, since there will
always be a friction force. Due to this force the
velocity will decrease in proportion to the
friction force acting on it. This relation can be
shown in the following equation:

Ff = —CT, (6)
where c is the viscous damping coefficient.

So the balanced equation with all the
forces included will look like this:

F=F,,—kx—rcv, (7)
where F,... is the external force applied on the
system.

Since friction can’t be reduced to 0, in
reality only such oscillators can exist, which
gives them their name, “real oscillators”.

1_

0 1\/2'\/3' i
1 t

Fig. 2. An underdamped real harmonic oscillator
gradually slowing down with time

The best way to illustrate a real harmonic
oscillator would be a simple setup of a weight,
attached to a fixed spring, oscillating up and
down.

Fig. 3. An illustration of a harmonic oscillator in motion
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EQUIPMENT

To do experiments with harmonic
oscillators we used two different springs and
weights, along with a force sensor and a
computer. The spring was attached on the force
sensor, and the weight was hung on the spring.
The computer used in the experiment was the
“Pasco SPARK science learning system”, and
the force sensor was the “Pasco PASPORT”.

Pasco SPARK Science Learning System:

SPARK Science Learning System is an
all-in-one  mobile device that seamlessly
integrates the power of probeware with
inquiry-based content and assessment. With its
large,  full-color  display, finger-touch
navigation and completely intuitive data
collection and analysis capabilities, SPARK
completely redefines the concept of easy-to-
use, so the focus remains on the learning of
science.

- Full color, large screen for easy viewing;

- Finger-touch navigation — no stylus, ever!
- Simple two-button design;

- Temperature and voltage sensors included,
- Able to connect with a variety of sensors to
work with all fields of science;

- More than 60 free guided inquiry SPARK
labs pre-installed.

00:00:00.0 I Perlodic: 1 Hz

——
Fig. 4. The Pasco SPARK science learning system

Pasco PASPORT force sensor:

The study of force is critical to many
science explorations. An accurate and rugged
sensor will ensure your students get the most
out of their force experiments. An overload
stop in the force beam and a polycarbonate
plastic case protect the unit from student abuse.

- Easy to zero - just press the button and the
zero setting is stored digitally. No confusing
manipulations of data are necessary.

- Measures forces in the direction of the
sensor - side forces are minimized.

- Able to connect with the Pasco SPARK
Science Learning System.

- Range: £50 N.

- Accuracy: 1 %.

- Resolution: 0.03 N.

- Maximum data collecting frequency: 1000
Hz.

\
M (MRY)

pasfe™

05
pon

Fig. 5. The Pasco PASPORT force sensor
EXPERIMENTAL SETUP

The experimental setup is fairly simple
and does not require a lot of time to prepare.
On an elevated spot, the force sensor is hung.
A spring with a weight on it is placed on the
hook of the force sensor. The sensor is then
connected to the virtual laboratory.

The computer is programmed to generate
a Force-Time graph as soon as the
measurements start. Before performing the
experiment the force sensor is set to zero to
make it easier to perform calculations and
observations. As soon as everything is ready,
the weight is elevated at a height and released
to bounce on the spring.

The recording process is started at the
same time. After a few seconds of bouncing,
the graph can already be seen and analysed.
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Fig. 6. The experimental setup in action

EXPERIMENT

After preparing the stand with all the
equipment put in place and turned on, we
started with a spring with a very low damping
coefficient and a small weight. We hung the
weight on the spring and reset the force sensor
using the reset button on it, so that the spring
hanging with the weight on it would be 0 N.
Then we carefully lifted the weight to a height
of a few centimetres, and released it.

At the same time on the computer we
began the data collection at a rate of 100 Hz.
The graph was set to be a Force-Time graph.
After leaving the system oscillating for a few
seconds the graph was ready.

The graph proves that the oscillator is
damped only very slightly, since the force
amplitude is practically staying the same. Of
course, if the experiment was long enough, a
decrease in motion would be clearly visible. In
7 seconds 12 oscillations occurred.
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Fig. 7. The resultant graph of an almost perfect real
harmonic oscillator

Using this data we can calculate
T =~ 0.58s

From such a graph it is very easy to
calculate the time of one oscillation. Thanks to
the precise measurements made by the
laboratory we can clearly see the amount of
oscillations and time.

To compare the resultant graph to ideal
harmonic oscillations a function has to be
created from the graph. Luckily, the virtual
laboratory has such a function built into it.
Since we already know that harmonic
oscillators behave in a sinusoidal pattern, a sin
fit function would fit the graph.

The function is generated using average
values of the graph, and the overlapping of the
function and graph show how much the real
oscillator is different from an ideal one.
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Fig. 8. Graph with a Sine Fit function overlapping it
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This image again proves that the
oscillations were practically perfect, since the
function almost perfectly overlaps the graph.

After getting this result, we decided to
redo the experiment with a different, fairly
damped spring and larger weight. So we
removed the previously installed spring and
weight and installed the new ones. Again, we
reset the force sensor to O N, saved the
previous graph and opened a new, fresh one.

Already a few seconds after we released
the weight we could clearly see that the
damping was pretty strong and the oscillations
were gradually slowing down. In a very short
time the oscillations faded almost completely.

_ ]
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Fig. 9. The resultant graph of an underdamped
mechanical oscillator

In this graph it’s clearly visible how the
oscillator was gradually slowing down
throughout the experiment due to the damping.

After generating a Sine Fit function for
the second graph it was clearly visible how
much the oscillations were being slowed down
by the damping of the system.
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Fig. 10. Sine Fit function generated from average values
of the graph

Since the average values were taken to
generate an ideal harmonic oscillator function,
its initial values differ from the graph. But
nevertheless, observing this clearly shows the
effect of damping on a harmonic oscillator.

CONCLUSIONS

Harmonic oscillations are a very
interesting field of study and research. It’s
definitely fun to play around with them while
performing calculations and measurements. In
this experiment we observed real harmonic
oscillators and compared them to their ideal
counterpart.

Thanks to the great equipment it was
very easy to explore this subject of study and to
do precise calculations.
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Titanium dioxide is one of the most studied materials nowadays. TiO, nanotubular membranes find their
applications in solar energy conversion, hydrogen sensing, catalysis for decomposition of organic materials, in
biomedical applications, etc. In this paper we propose an electrochemical cost-effective method for obtaining both-ends
opened nanotubular membranes. The method implies several stages: the first anodization step for a short period of time
followed by removal of the formed oxide, the second anodization for growing the membrane, and a final stage of
detaching the membrane from the metal surface. By choosing the appropriate parameters for each stage we can fabricate
nanotubular membrane with large specific surface and identical nanotube sizes.

Keywords: titanium dioxide, free-standing nanotubular membrane, electrochemical anodization.

Bioxid de titan este unul dintre cele mai studiate materiale in prezent. Membranele nanotubulare de TiO, fsi
gasesc aplicabilitate in conversia energiei solare, senzori de hidrogen, catalizd pentru descompunerea materialelor
organice, biomedicina, etc. In aceasti lucrare noi propunem o metodd electrochimici rentabili pentru obtinerea
membranelor nanotubulare cu ambele capete deschise. Metoda presupune mai multe etape: prima etapa de anodizare
pentru o perioada scurta de timp, urmata de indepartarea oxidului format, a doua etapa de anodizare pentru cresterea
membranei si o etapa finala de desprindere a membranei de pe suprafata metalului. Prin alegerea parametrilor
corespunzatoare pentru fiecare etapa se poate fabrica membrane nanotubulare cu suprafata specifica mare si dimensiuni

identice nanotuburilor.

Cuvinte-cheie: bioxid de titan, membrana nanotubulara separata, anodizare electrochimica.

I. INTRODUCTION

Titanium dioxide is a wide band gap
semiconductor, with high chemical stability
and unique functional properties.

In recent years, more and more attention
has been paid to TiO, nanotubes due to their
advantages over TiO;, thin films, like larger
surface-to-volume ratio and unidirectional
electrical channel with fewer grain boundaries.
Today, anodic oxidation appears to be the
distinguishing alternative due to its simplicity,
low cost, self-ordering process and easily
controllable nanotube morphology. Without
special treatment, the TiO, nanotubes prepared
by anodization are generally attached to the Ti
substrate and their bottom ends are closed. One
end opened membranes are quite limited in
applications, and an eventual opening process
for the bottom end is absolutely necessary.

In order to open the bottom end of the
membranes many attempts have been
performed, like ultrasonic splitting [1],
selective dissolution of the metallic Ti
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substrate, and selective dissolution of the
amorphous layer between nanotube array and
Ti substrate [2].

In spite of considerable research efforts,
the bottom ends of the nanotubes remain
partially closed, or the membrane is being
destroyed. Chemical etching of the nanotube
bottoms in acid vapors is an often used method
for this goal. In this paper, we propose a simple
way of obtaining both ends opened membranes
using a single anodization step. By this way,
bottom end opening process in hazardous acid
vapors will be avoided, the second end of the
membrane being opened during the fabrication
process, detaching already both ends opened
membrane.

The used electrolyte consists of a mixture
of etilenglycol, ethanol and NH4F, with a ratio
of 50:2:1. The nanotube’s growing process is
initiated under anodic voltage increase from 0
to 120 V at a rate of 1 V/s and then maintained
for 2 h [3]. At the end, a higher voltage is
applied to detach the membrane from the Ti
substrate.
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I1. EXPERIMENTAL PART

For nanotubular TiO, membranes
fabrication Ti foils with a thickness of 250 um
and purity of 99.7 % were subjected to anodic
oxidation. At the first step, the Ti foil was
degreased in acetone and isopropanol in
ultrasound bath and then rinsed in distilled
water followed by drying in nitrogen
atmosphere.

The electrochemical anodization process
occurs by interaction of electrolyte with the
surface of the Ti foil (99.7 % purity) under the
influence of electrical field.

The electrolytic cell consists of a system
with two electrodes. As electrolyte we used a
mixture of ethanol, NH4F and etilenglycol. The
Ti foil is connected in the circuit as anode, and
a platinum mesh electrode is used as cathode.
During the anodization process, the electrolyte
iIs mechanically mixed by a magnetic stirrer.
Temperature control is secured by using a
cryostat.

The schematic representation of the set-
up for TiO, membrane fabrication is illustrated
in fig. 1.

Pt electrode |
- |Cooling
liquid

C——Ta—
Electrolyte

—

— — T foi

@

Fig. 1. Schematic view of the set-up used for TiO,
tubular membrane fabrication

From the electrical source we apply a
growing potential with a rate of 1V/s from 0 to
120 V and maintained for 2 h. In order to
detach the membrane from the Ti substrate, a
voltage as high as 100 V was applied for 20 s.

I11. RESULTS

Nanotubular structure formation under
anodic oxidation process results after Ti ions
migrates from the regions between pores to the
surface. At high voltage of oxidation, electrical
field value is high enough to be able to
mobilize the ions, and as a result ions
migration leads to voids formation between
pores, which contribute to the tubular structure
formation [4].

TiO, nanotubes formation process (fig. 2)
is influenced by many factors as electrolyte
composition and concentration, electrolyte
temperature, oxidation time, electrical voltage
applied during the growing process. Nanotubes
formation process by anodic oxidation
technique occurs in several stages. First, the Ti
foil was degreased in acetone and isopropanol
in ultrasound bath, rinsed in distilled water
followed by drying in nitrogen atmosphere.
After this process, a first anodization step for
15 min at 120 V was applied and then etching
of this oxide was realized to obtain a textural
surface. The second anodization step took place
for 2 h in the same conditions. The final stage,
consisting of detaching the membrane from the
metal surface, occurs when a 220 V potential is
applied for 20 s.

Oxidc

Barrier Layer
(d)

Fig 2. Schematic ilustration of TiO, nanotubes formation
process: (a) oxide continuous layer formation on top of
the Ti foil surface; (b) voids formation in the oxide layer
after the voltage is applied; (c) voids growing in pores;
(d) oxidation and dissolution of the metallic area
between pores in the presence of external electrical field;
(e) nanotubes formation [5]
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Fig. 3 illustrates SEM images of
nanotubular membranes obtained as a result of
electrochemical anodic etching. Electrolyte
concentration plays an important role in the
membrane detaching from the substrate. For
instance, fig. 3a shows that barrier layer is still
present on the bottom end of nanotubular
membrane. By increasing the oxidation time, it
Is possible to reach thickness of membranes as
high as 50 pum and even more without any
modifications in the nanotube walls thickness
or diameter. Also, the process temperature has
an important role. In particular, we observed
that at temperatures of about 30 °C the growth
process of TiO, nanotubular membranes occurs
well, but increasing the temperature to 40 °C,

SEM MAG: 2562 kx  DET. SE Detector
HV: 300KV DATE: 04/23/15 2pm

DET: SE Detector
DATE: 04/03/15

SEM MAG: 3826 kx  DET SE Detector
HV. 300KV DATE: 04728715

Vega ETescan
ut™

the surface of the membranes becomes not
homogeneous, the nanotubes being separated,
and nanotube etching occurs (fig. 3c). In the
fig. 3d one can observe the membrane surface
which was in contact with the electrolyte, and
in the fig. 3e it is shown the opposite side of
the membrane after optimizing process
parameters, which had the barrier layer oxide.
The membrane was detached from the barrier
layer oxide by applying a high voltage after the
growth process finished. Increasing the voltage,
the nanotube walls become thinner and, at a
certain time point, the membrane has no
connections with the metal substrate, being
released in the electrolyte solution.

(b) | g x']'Tm i

SEM MAG 369k«  DET. SE Detector

HV: 30.0 kV DATE: 04/26/15 20 pm Vega ©Tescan

U™

SEM MAG: 2490 kx  DET: SE Detector
HV. 300KV DATE: 04/29/15 2pm Vega ©Tescan

umm

Vega GTescan
um™

Fig. 3. SEM images of nanotubular membranes obtained without using ethanol in electrolyte composition (a); setting
the electrolyte temperature at 30 °C (b) and 40 °C (c); top (d) and bottom (e) surfaces of a membrane after optimizing
parameters
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From the fig. 3d and 3e it is possible to
see that the nanotubes diameter at the bottom
side of the membrane is about 70 nm for the
interior diameter and around 200 nm for the
exterior one. We suggest that this is due to the
gradient concentration of F ions inside the
nanotube. To avoid this phenomenon it is
proposed for the future experiments to increase
the stirring rate during the growth process.

CONCLUSIONS

In this work, we demonstrated a cost
effective method for obtaining both ends
opened TiO, nanotubular membranes. An
important advantage of the method is that an
organic electrolyte is used for Ti foil oxidation
instead of using hard acids. Opening the
bottom end of the nanotubular TiO;
membranes in the same technological process
is both time- and cost- effective, making TiO,
nanotubular membranes more accessible for
future applications as templates.
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INPUT PARAMETERS INFLUENCE ON PARTS HEIGHT DEVIATION OBTAINED
THROUGH BLOCK DRAWING

Gramescu T., Mocanu C., Carausu C.”
,,Gheorghe Asachi” Technical University of lasi, 59A Mangeron Ave., 700050, lasi, Romania
*e-mail: ¢_carausu@yahoo.com

The cold plastic working continue to develop compared to machining by molding or hot deformation. A number
of advantages, both technical and economic, can be obtained by the plastic deformation. The experimental researches
were carried out for three materials: aluminum, brass and copper. There are presented the influence of the number of
whirls, of the discharge energy and of the discharge voltage on the deviation from the height of the part for different
thicknesses of the sample. In case of aluminum there is a significant decrease of the deviation from height if the sample
is of 0.15 mm thickness and a reduced decrease when using material with a thickness higher than 0.15 mm. When the
brass material was used the increase of discharge energy leads to a significant decrease in height deviation of the parts.
At different values of discharge energy the increase of the number of whirls leads to the almost comparable decreases of
the deviation when the thickness was 0.15 mm and 0.5 mm. In the case of copper the increase of the discharge energy
leads to the decrease of height deviation of the part with comparable values for the two thicknesses of the used material.
The same observation can be drawn in case of the influence of the number of whirls on the deviation from the part’s
height.

Keywords: parameter, height, deviation, part.

Prelucrarea plastica la rece continua sa se dezvolte, comparativ cu prelucrarea prin turnarea sau deformare la
cald. Deformarea plasticd poate duce la obtinerea unor avantaje atét tehnice cat si economice. Cercetarile experimentale
au fost efectuate pentru trei materiale: aluminiu, alama si cupru. Sunt prezentate influenta numarului de spire asupra
abaterii de la indltime a piesei, influenta energiei de descarcare asupra abaterii de la indltime a piesei si influenta
tensiunii de descircare asupra abaterii de la indltime a piesei pentru diferite grosimi ale semifabricatului. Tn cazul
aluminiului se inregistreaza o scddere semnificativa a abaterii de la naltime Tn cazul in care grosimea semifabricatului
este de 0,15 mm si o scadere mai putin intensa atunci cind se utilizeazd un material de grosime mai mare de 0,15 mm.
In cazul in care a fost utilizat materialul alami cresterea energiei de descarcare conduce la o scidere semnificativa a
abaterii de la inaltime a piesei. La diferite valori ale energiei de descarcare, cresterea numarului de spire a dus la scaderi
aproape comparabile ale abaterii in cazul Tn care grosimea este de 0,15 mm si 0,5 mm. Tn cazul cuprului cresterea
energiei de descarcare duce la scidderea abaterii de la inaltime a piesei, cu valori comparabile pentru cele doud grosimi
ale materialului folosit. Aceeasi observatie poate fi trasa si Tn cazul influentei numarului de spire asupra abaterii de la
inalgime a piesei.

Cuvinte-cheie: parametru, indl{ime, abatere, piesa.

INTRODUCTION frequency. If this field is inserted inside a

massive piece (wire) made of a material with

The electromagnetic forming process is
based on the use of a concentrated source of
energy which releases the workpiece. At the
moment, due to increased accumulation of
practical and theoretical research results, there
are various construction-tool devices that allow
high concentrations and thus electromagnetic
energy flow distorting a certain areas of the
piece. Magnetic shaping applications were
extended peak areas such as automotive, civil
engineering, aviation and space, etc.

The process is based on the
electromagnetic ~ induction ~ phenomenon.
According to this phenomenon, when a coil is
driven by an electric current i(t), that varies
with the frequency f, creates in the space
around it a magnetic field B(t) of the same
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good electrical conductivity, the eddy currents
are induced therein (also called Foucault
currents) which have the same frequency f but
meaning less opposite current i(t). They are
located close to the sample surface because of
the skin effect. This effect was first described
by Lamb (1883) for the case of circular
conductors and was generalized to conductors
of any shape by Heaviside (1951) [1].

For in-depth study of the phenomena of
the electromagnetic field deformation process
was necessary to know, by specialists of the
mechanics of a dynamic process created high
power electrical circuits, in which the
parameters vary during the process. It should
be noted that during deformation the blank is to
induce an electromotive force in the coil, the
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inductor, which also can lead to a reduction in
the transfer of energy from the magnetic field
formed for the track is formed [2, 3].

In processing equipments through the
electromagnetic field, as noted above, energy is
accumulated in the capacitor. When high

energy that will be transferred in a very short
time the coil-inducer. From here, through the
electromagnetic field the energy passes to the
workpiece, which will change shape due to the
pressure exerted by it.

The way energy is split capacitors

voltage switch closure occurs discharge the (energy stock) during its transfer, is
capacitor. It will therefore be a discharge of suggestively shown in fig. 1.
Reactive energy left in the
power generator L f b
oss of energy by .
ﬁ dissipation Unexplo_lted
energy field
Electric
energy Transferred
capacitor Exploited ener
P energy to be used P field 9y Energy used to bend the part
Energy used_to heat
the coil Energy used to heat the

part

Energy used to heat
the circuit

Energy dissipated in
the circuit breaker

Fig. 1. Transfer of energy in electromagnetic energy systems [1]

The main parameters that influence the
processing system in electromagnetic field are:
electrical ~ conductivity; deformed plate
thickness; deformed shape and size of parts and
mechanical characteristics of machined parts
[4, 5].

METHOD AND RESEARCH
EQUIPMENT

As input parameters that influence the
process of forming through the electromagnetic
field was chosen the following: discharge
energy E; number of whirls N of the coil,
thickness of the sample.

As process output parameters chosen to
study the following parameters: relative
elongation at drawing; workpiece thickness
after deformation at drawing; firing the piece at
the height of the block.

Starting from choosing to study the three
input parameters chosen to organize a full 23
factorial experiment.

Inductor coil construction is shown in fig.
2.

Fig. 2. Shape of induction coils used in the experimental
research: a) induction coil without concentrator;
b) induction coil with field concentrator:
1 - support plate; 2 - active plate; 3 - workpiece;
4 - inductor; 5 - insulated plate; C - field concentrator

Based on the theoretical consideration,
coil form with Archimedes concentrator spiral
field (fig. 2a) was designed and built in three
variants (fig. 3a), which have the same outer
diameter (D=100 mm), but different steps
which led to the different lengths of the
conductor winding and the coil of the field
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concentrator (fig. 2b) has been designed and
made in a single embodiment (fig. 3b), the
outer diameter D=200 mm, and the diameter of
the active surface of 120 mm.

b)
Fig. 3. Induction coils built for experiments:
a) induction coil without concentrator; b) induction coil
with field concentrator

Based on the principle of electromagnetic
field for processing is required mold to shape
the sample. For this purpose it was necessary to
concept, design and implementation of a device
similar to a conventional molds, mechanical
processing principle. Besides the device itself
is a stamping die that punch is made of high
intensity magnetic field generated by a coil
charge.

Designed mold with inductor without
concentrator for semiflat deformation is shown
in fig. 4. In this construction there is a base
plate 1, a support plate 2 on which is mounted
the active plate 3, which will shape the plan
sample Sy. "Stamp™ is created through the coil
10 is placed on top of the sample in such a way
that the whole field created by it interfering
with the sample. Coil made of electrically
conductive material is fixed in epoxy 4,
considered a good insulating material with
good mechanical strength. It is fixed to a plate
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5 made of insulating material (textolit), the
whole assembly being fixed to a top plate 7.
The movable part centering is ensured by
means of two guiding columns 8.

After positioning the sample in the
working position, the mold is closed by using
of two nuts 9, which can be screwed into the
threaded portions on the ends of the guide
columns.

For adjusting the distance between the
coil 10 and the sample S between the bushing
6 and the coil holder plate 11 is inserted
additions of different thicknesses.

b)

Fig. 4. a) Layout of the working mould with inductor,
no concentrator for planar deformation of blanks;
b) 3D view of the work mould:

1 - base plate; 2 - support plate; 3 - active plate;

4 - epoxy resin; 5 - insulated plate; 6 - bush; 7 - top
plate; 8 - guide column; 9 - nut; 10 - inductor;

11 - surplus

It should be noted that the induction coil
with field concentrator is fitted with an
insulating  material between the field
concentrator and plates 7 and 5 (rubber,
lacquer, epoxy resin, etc.). Its purpose is to
contain the electromagnetic field of the
concentrator thus increasing process efficiency.

RESULTS AND DISCUSSIONS

In the case of aluminum experimental
conditions and results of stamping parts are
shown in table 1. Fig. 5 shows the influence of
the number of whirls on the height part
deviation.
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Table 1
Experimental conditions and results obtained in stamping aluminum parts
Experimental conditions Part code
AL | 1HA2 | IHA3 | 1HIA4 | IHAS | HIAG6 | IHIHA7 | 1IIA8
Thickness g, [mm] 0,15 0,3 0,15 0,3 0,15 0,3 0,15 0,3
Discharge energy, [J] 150 150 150 150 600 600 600 600
Whirls number of coil 16 16 26 26 16 16 26 26
Deviation from the * * * *
height of the piece, [mm] 0.2 0.1 0,13 0
*irrelevant
02 Moving to the study of the second
o material, brass, experimental conditions and
e main results obtained are presented in table 2
i o o, T~ ~ammoommand the influence of discharge power on the
e ’ deviation of height for different thicknesses is
o0 shown in fig. 6 and fig. 7.
0 P — Fig. 8 and fig. 9 show influence the
Numarul de spire N al bobinei (E=1501) number of whirls at different values of

Fig. 5. Influence of the number of whirls on the
deviation from the height of the piece

In the case of aluminum increasing the
number of whirls N at an energy of 150 J and a
thickness of 0.3 mm for insignificant sample
result in a decrease in the deviation from the
height of the piece. When using a thickness of
0.15 mm occurs significant precious drop of
this offense.

discharge energy.

In the case of brass material with a
thickness of 0.5 mm and 0.15 mm but increase
energy discharge from a total of 16 whirls leads
to a significant decrease in height deviation
parts. At different values of discharge energy,
150 J and 600 J, increasing the number of
whirls resulted in decreases almost comparable
offenses if a thickness of 0.15 mm and a
thickness of 0.5 mm in the case.

Table 2
Experimental conditions and results obtained from brass stamping parts
Experimental conditions Part code
IiB1 | 1IB2 | HIB3 | 111B4 | 11IB5 | 11IB6 | I1IB7 | 11IB8
Thickness g, [mm] 0,15 | 0,5 0,15 0,5 0,15 0,5 0,15 0,5
Discharge energy, [J] 150 | 150 150 150 600 600 600 600
Whirls number of coil 16 16 26 26 16 16 26 26
Deviation from the 267 | 215 | 211 | 292 | 061 | 043 | 038 | 0,29
height of the piece, [mm]
I BN
2 N
e e, oo o, e
05 \,' 05 \\.
EnergialdS: descarcare E, in J (SS:JG spire) Energialj: descircare E, in J (SZZB spire)

Fig. 6. Influence of discharge power on the deviation
from the height of the piece

Fig. 7. Influence of discharge power on the deviation
from the height of the piece
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3
2,5 \
"\\'
2 ———
Abaterea de la
inéltime a piesei, 1,5
in mm
1
0,5
0 T
16 26
Numarul de spire N al bobinei (E=150J)

—e— Alama g=0,15 mm
—=— Alama g=0,5 mm

Fig. 8. Influence of the number of whirls on the
deviation from the height of the piece

0,7
0,6 o
05
Abaterea de la 0,4 . =
inaltime a piesei,
in mm 03 —~=
0,2
0,1
0 T
16 26
Numarul de spire N al bobinei (E=600J)

—e— Alama g=0,15 mm
—=— Alama g=0,5 mm

Fig. 9. Influence of the number of whirls on the
deviation from the height of the piece

For copper discharge energy increase
leads to decrease deviation from the height of
the piece with comparable values for the two
thicknesses of 0.25 mm and 0.4 mm used. The
same observation can be drawn and where the
influence of the number of whirls on the
deviation from the height of the piece
respectively influence discharge energy.

Experimental conditions and results for
copper are shown in table 3 and fig. 10 shows
the influence of discharge power on the
deviation from the height of the piece obtained.
Influence of the number of whirls on the
deviation from the height of the piece is shown
in fig. 11.

Table 3
Experimental conditions and results obtained on copper stamping parts
Experimental conditions Part code
11C1 11C2 11C3 11C4 11C5 11C6 1H1C7 111C8
Thickness g, [mm] 0,25 0,4 0,25 0,4 0,25 0,4 0,25 0,4
Discharge energy, [J] 150 150 150 150 600 600 600 600
Whirls number of coil 16 16 26 26 16 16 26 26
Deviation from the height of
the piece, [mm] g 015 | 0.2 0 01 0 01 * 0
*irrelevant
025 CONCLUSIONS
R In case of aluminum is a significant
waime 3 s, oo decrease of the deviation from height if a
* sample with 0.15 mm thickness and a decrease
o in reduced when using a 0.15 mm thick of
° - o material. In case of brass material discharge
Energia de descarcare E, in mm (N=16 spire) energy increase leads to a significant decrease
Fig. 10.Influence of dischargepower on in the deviation from the h9|ght of parts. At
thedeviationfromtheheight of thepiece different values of discharge energy, 150 J and

Cupru g=0,4 mm

0,25

0,2

Abaterea de la 0,15

—e— Energia de descarcare

inaltime a piesei,

E=150J
—s— Energia de descarcare

inmm 0,1 -

E=600J

0,05 \.
0 T

16 26

Numarul de spire N al bobinei

Fig. 11.Influence of the number of whirls on the
deviation from the height of the piece
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600 J, increasing the number of whirls resulted
in decreases almost comparable offense so if a
thickness of 0.15 mm and a thickness of
0.5 mm in the case. In the case of copper
discharge energy increase leads to decrease
deviation from height part with comparable
values for the two thicknesses of material used,
the 025 mm and 04 mm. The same
observation can be drawn and in the influence
of the number of whirls on the deviation from
the height of the piece for the two values of the
discharge energy of 150 J and 600 J.
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B3ANMO/JIEMCTBHUE METAJJIOB U CIITABOB C I'A30BBIMH CPEJAMH IO
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ZEanuKHﬁ I'ocynapcTBennsiii Y HuBepcuteT uM. A.Pycco, r. banub, Mongosa
3I/IHCTI/ITyT metautopusuku uM. I'.B. KypmaromoBa HAH Vkpaunsl, r.Kues, Ykpanna
4CeBep0-3arlallebn71 MOJIUTEXHUYECKUN YHUBEPCUTET, I. Cruanb, npoBuHuus [lankcu, Kuraii
5CaMapCKa;1 rocyJapCTBEHHAs CEIbCKOX03sUCTBEHHAS akajeMus, . Y cTh-Kunensckuit Camapckoit
00i1., Poccus
qupKaCCKHI?I HalMOHAIbHBIA yHUBEpcUTET UM. b. XMenpHULIKOTO, Yepkaccel, YKkpanHa
“e-mail: pereteatcupavel @yahoo.com

B pabote mpencTaBieHBI pe3yNbTaThl IKCHEPUMEHTANBHBIX HCCICIOBAHUN B3aMMOJCHCTBHS METALIOB M HX
CIUIAaBOB C Ta30BBIMH CpeJaMH TOJ ACHCTBHEM HCKPOBBIX pa3psmoB. Mcxons w3 pe3ymnbTaToB (PU3UKO-XHUMHUIECKOTO
aHaliu3a, yCTAaHOBJICHO, YTO HA MPOIIECC BBECHUS B MICKPOBOM pa3psAle JISTHPYIOMINX MpUMECcel B METAJUIBI U CIUIABEL,
HaXOJIAIINECS B PA3IMYHOM CTPYKTYPHO-(Pa30BOM COCTOSHUH, OOJBIIOE BIUSHUE OKA3bIBaeT Ta30Basi Cpeaa, B KOTOPOi
ocymiecTBisieTcsi 00paboTka. DTO HEOOXOJMMO YUYHUTHIBATh, IMOCKOJBKY COCTaB, a, CJIEIOBAaTENbHO, M CBOWCTBA
MOBEPXHOCTHOTO CJIOS, KaK MPaBUIIO, OTIMYAIOTCS OT TPEOYEMBIX.

KiroueBble ciioBa: HCKPOBOMW pa3psiil, MEeTalll, ra30Basi Cpeia, JIETUPYIOLINI JIEeMEHT.

Tn lucrare sint prezentate rezultatele cercetirilor experimentale privind interactiunea metalelor si aliajelor lor cu
mediile gazoase sub actiunea descarcarilor prin scintei electrice. Pe baza rezultatelor analizei fizico-chimice s-a stabilit
ca asupra procesului de introducere la descércarea prin scinteie a elementelor de aliere in metale si aliaje, care se afld in
stari structural-fazice diferite, influenteaza in mare masura mediul gazos, in care se efectueaza prelucrarea. Acest lucru
trebuie luat Tn considerare deoarece continutul si, respectiv, proprietatile stratului de suprafata, de obicei, difera de cele
necesare.

Cuvinte-cheie: descarcaarea prin scintei electrice, metal, mediul gazos, elementul de aliere.

This paper presents results of experimental investigations on the interaction of metals and their alloys with the
gaseous media by the action of spark discharges. Based on the results of physico-chemical analysis, it was found that on
the process of introduction at the spark discharge of alloying elements in metals and alloys, which are in different
structural-phase state, the great influence has the gaseous medium in which the processing is performed. This should be
considered because the composition and, consequently, the properties of the surface layer are usually different from the
desired.

Keywords: spark discharge, metal, gaseous medium, alloying elements.

3. PE3YJIbTATbBI
(ITpooonacenue. Hauano ¢ Ne 1, 2014)

PaccmoTpum OIHOBPEMEHHOE
IPOHUKHOBEHHWE B OCHOBHOW MeTall H
dopmupytoleecss MOKPBITHE aTOMOB MeTaylia
U Ta30B BO3AyXa Ha TIpuMmepe o00paboTKH
xKeneza MOJMOACHOBBIM — aHOZOM. AHaIH3
KOHIEHTPALIMOHHBIX npoduneit
ggacnpeneneﬁm MEUYEHBIX aTOMOB MOJIMOJIeHa

Mo B kene3e U B MOIHOIeHE, MPOHUKAOLIIX
B mpouecce OWNJI w3 npenBapUTENbHO
HAHECEHHOTO Ha JKelle30 clos p/a u30TONA,
1OKa3aJl, 4YT0 OHU HE MOTYT OBITb ONHCAHBI
MPOCTON IKCMOHEHIMAIBHOW 3aBUCUMOCTBIO, a

36

UMEIOT CJI0KHBIN Xapakrep 51
XapaKTepU3yIOTCsl HaJIM4YMEM 110 MEHbUIEH
Mepe OJJTHOTO KOHIEHTPALKMOHHOIO0 MaKCUMyMa
JUId Kaxaoil sHeprum paspsga W, mpuuem c
YBEJIMYEHUEM 3HaYEHUs W JTaHHbBIE
MaKCHUMYMBbI PACIOJIAraloTcsi Ha Bce OOJBIIMX
ryouHax (puc. 1). [leficTBUTENBHO, €CITU TIpU
W=0,23 JIx HauOoJbIIICe 3HAYEHUE
KOHIEHTpAallMd  HAaXOJUTCS  MOYTH  Ha
noBepxHoctd, To npu W = 6,4 J[x cmerienue
MakcuMyMa Cmax COCTaBJISET MPUOIU3UTENBHO
15 MkM B ryOb ocHOBHOro Meraiia. OHaKo
3a mpeaeramMH  MPUINOBEPXHOCTHOTO  CJIOA
3aBucuMocTh C = f(X) mma Bcex 3HAUYCHHUH

sHepruM E  MOXHO  anmmpoKCUMHpOBATh
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AKCMOHECHIIMATLHOM 3aBUCHUMOCTBIO oT
[NIyOMHBI KaKk B OCHOBHOM MeTaijie, Tak U B
MaTepuane TMOKPBeITUA. Kpome MoIoKeHUs
MaKkCHUMyMa C YBEJIMYEHHUEM JHEPruu TaKxKe
BO3paCTAIOT TIyOMHA MPOHUKHOBEHHSI aTOMOB
MonubJeHa B JKelNe30 U TOJIIIMHA
oOpasytomerocst mokpsitus (B ~ 1,5 u 2 pasza
COOTBETCTBEHHO). AHAJOTUYHbBIE PE3YJIbTATHI
MOJIy4eHbl TPU  HWCHOJIB30BAHUU MEYCHBIX
aTOMOB KeJie3a, HaxoIiUIuXcs J0 Hayana
00paboTKM B BHJIE HAHECEHHOTO Ha OOpasell
ciogd tTommmHOM ~1 MM, CwMemieHue
MaKCHUMyMa KOHIICHTPAIMd MEYEHBIX aTOMOB
kene3a B Mmommmbnene npu W = 6,4 JIx Taxke
cocraBisier okonmo 15 wmxm. [nmyGuna
IPOHUKHOBEHHS aTOMOB JKeJe3a ~ Fe B JKele30
¥ TOJIIMHA 00pa3yroIerocss MOJUOJAEHOBOIO
MOKPBITUSL yBenuuuBaroTcss B 1,7 u 2,5 pasa
cooTBeTcTBeHHO IIpu u3menenuu W B ~ 20 pas.

S, ommu. eo.

L R B I N
60 40 20 0 20 40 60 80 100 120

X, mMKkm

Puc. 1. KoHueHTpannoHHbie npoduim pactpeaeieHus

aToMoB MoniGaeHa **Mo B Kenese i MOTHOICHE MoCITe

BUJI ¢ sueprusimu 0,3 Ix (1), 0,9 Tx (2), 3,1 Tx (3),
6,4 JTx (4)

IToMuMo  B3aMMHOTO IIPOHHUKHOBCHUA
MCTAJJIOB TTPOUCXOAUT BBCACHHUC B ITOKPBITHC

U TOUIOXKKY  aroMoB  cpembl.  Tak,
MCIIONIb30BaHUE AKTHUBALIMOHHON
aBTopaguorpagum  TMOKa3ajgo  MPHUCYTCTBHE

a30Ta, KUCIOpoJa, aproHa U CIEAO0B YIIIepoa.
ATOMBI WHEPTHOTO Ta3a JIOKaJIM30BaJIUCh B
nopax JUaMeTpoM N0 1 MKM, HaXOMSIIUXCS B
00BbeMe 3epeH U B TBEPJIOM PacTBOpPE, a a30T —
MPEUMYIIECTBEHHO B BHJIE TBEPIOTO PacTBOpa
U HEOOJBIIOT0 KOJWYECTBA HHUTPUIOB HaA
rpaHunax 3epeH. UTo ke kacaercs KUCIOPOJa,
TO OH OBUI pPaBHOMEPHO paclpeeieH B
MmaTpuiie. IHTepecHO, YTO MHTePMETAJUIUTHBIC
dazel B n1uddy3noHHON 30HE OTCYTCTBYIOT.
OnHako TpU HAHECEHUH TOHKOTO  CJIOA
MoInOIeHa Ha J)Kene30 B 30HE

IPOTSKEHHOCTBIO0 ~ 2000 HM OT MOBEPXHOCTH

IIOMHAMO TBEPJBIX pacTBOpOB OBLIO
0OHapyX)eHO HaIn4ue HEOOJIBIIOTO
koimuyectBa coenuuenus Fey,Moiy.  Ero

0Ka3aJoCh HEJOCTAaTOYHO JUISi OIpPEICTICHHS
CUMMETpUHU JTAHHOTO COEIMHEHUS u
COIMOCTaBJICHUs ¢ uHTepMerauuaom Fe,Mo
(A-daza). Ilpu 00paboOTKE IO TaKOMYy K€
pexxumMy  ToHKoIieHouHoro  (~ 1000 mm)
FICXOJIHOTO TallbBAHUYECKOTO IOKPHITHS ° Fe,
HAXOJAIIETOCS HAa  MOHOKPHCTaNIMYCCKOM
MOJHOIeHe, MOJUONEHOBBIM aHOJAOM  Ha
MOBEPXHOCTH BO3HUKAET TBEPJBIA PACTBOP
&Kelleza B MOJMUOJEHE U HMHTEPMETaJUINYECKOe
coequnenne FeMo,, rme x < 0,66. Ha
rryonHe ~ 1500 HM BBISBISICTCS TBEPIbIA
pactBop MoymmbneHa B o-Fe B Bume (a3,
pa3Mep KOTOPBIX JAOCTUTAET 15 HM.

C pocTomM SHEPrUuu paspsaa
YBEJIIMYUBACTCS coJiepKaHue JIETKUX
anemeHTOB B keneze u npu W =15 kJIx oHO
CTAaHOBHUTCS COIOCTaBHUMBIM C KOJIMYECTBOM
aToMoB MoJubaeHa (puc. 2).

I, ommn. eo.

noKpsinute HOMTONCKA

750K 1

600

450

________________1

300

150

0 25 50_ 75 100 125

X, MKEM

Puc. 2. PacnipenienieHre 3I€EMEHTOB B MOKPBITHU
2
OCHOBHOM MeTaiute, 15 xJIx, 1 mun/cm”, 200 Mxc. Oxe-
CIEKTPOCKOTIHUS

PaccmoTpuM  B3amMoJelCTBHE — CTale
(Cr.3, Cr.45, Cr.20) ¢ marepuajoM aHoAa U
razamMM  BO3AyXa.  PEHTreHOCTPYKTYpHBII
(rabn. 1) W MHKpPOpPEHIe€HOCHEKTpPaTbHbIH
aHaJIM3bl MOJTMOIEHOBBIX TTOKPHITHI Ha cTanu 3
Mokaszanu, uro nmoj aerictsueM DNJI Bo3HUKaeT
muddy3noHHast 30Ha ¢ 0OJIBIINM KOJIUYECTBOM
(a30BBIX COCTABIISIONIUX.
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Tabamma 1
BimsiHue sHeprum paspsjga Ha nepepacnpeaeneHue coaepx anus Ga3 B MO0 1eHOBOM MOKPBITHH Ha ctamm CT.3
®dazoBblii COCTaB Mo a-Fe | a-Mo | Mo,N | Mo,C
Oneprus (E, 1x) OtHocuTenbHas KoHneHTpanus, (C, %)
0,3 100 20 10 <1 <1
0,9 100 4 12 10 <1
3,1 100 0 15 15 <1
6,4 100 0 15 15 1
Tabnuma 2
®da30BEIif cOCTAaB MOJMOICHOBBIX MOKPBITHIA Ha cTayu CT.20 IpU pa3aryHBIX YHEPTUAX UCKPOBOTO paspsia
0,3 JI:x 0,9 I:x
d/n, am (hkl) daza 1,% d/n, am (hki) Daza 1,%
0,260 100 Mo,C 1 0,260 100 Mo,C 1
0,238 002 Mo,C 1 0,238 002 Mo,C 1
111 Mo,N 111 Mo,N
0,222 110 Mo 100 0,222 110 Mo 100
0,206 200 Mo,N 5
0,202 110 Fe 20 0,202 110 Fe 5
0,157 200 Mo 30 0,157 200 Mo 30
0,146 220 Mo,N 3
0,147 200 Fe 5
0,128 211 Mo 50 0,128 211 Mo 50
0,124 311 Mo,N 2
0,117 211 Fe 10
0,111 220 Mo 20 0,111 220 Mo 20
0,109 220 a-Mo 10 0,109 220 a-Mo 10
0,101 220 Fe 7,5
0,990 310 Mo 50 0,990 310 Mo 50
0,930 310 a-Mo 10 0,930 310 a-Mo 10
0,911 222 Mo 40 0,911 222 Mo 40
3,14 Tk 6,4 JI:x
d/n, am (hkl) daza 1,% d/n, am (hki) Daza 1,%
0,260 100 Mo,C 1 0,260 100 Mo,C 1
0,237 002 Mo,C 1 0,237 002 Mo,C 1
111 Mo,N 111 Mo,N
0,228 011 Mo,C 2 0,228 011 Mo,C 2
0,222 110 Mo 100 0,222 110 Mo 100
0,205 200 Mo,N 6 0,205 200 Mo,N 7
0,166 3 0,166 3
0,157 200 Mo 30 0,157 200 Mo 30
0,146 220 Mo,N 4 0,146 220 Mo,N 4
0,128 211 Mo 50 0,128 211 Mo 50
0,124 311 Mo,N 2 0,124 311 Mo,N 2
0,119 211 a-Mo 1
0,111 220 Mo 20 0,111 220 Mo 20
0,109 220 a-Mo 15 0,109 220 a-Mo 15
0,990 310 Mo 50 0,990 310 Mo 50
0,930 310 a-Mo 15 0,930 310 a-Mo 25
0,911 222 Mo 40 0,911 222 Mo 40

Kpome ucxomHblx MonuOaeHa, TBEPAOTO
pacTBopa yriepoja B jKelle3e M IeMeHTHTa (B
HECKOJIBKO MEHBIIIEM KOJIHUYECTBE B CBI3H C €0
YaCTUYHBIM pacrajioM) B HEW MPHUCYTCTBYIOT
TBEpJAbIE PACTBOPHI 3aMEIIEHUS JKele3a B
MoiuOaeHe W MoauOaeHa B JKeJese,
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HEOOJBIIOE KOJIWYECTBO TBEPIBIX PACTBOPOB
BHEJIPEHUS a30Ta W yriiepoja B MOJUOACHE H
a30Ta B kemne3e, Gazbl BHEAPEHUS: HUTPUIIBI U

KapOuapl MonuOJeHa, a TakkKe  CIeIbl
nutpunoB xkenesa (FesN, FepN), mpuyem
TOJIGKO TIPH MAaJBIX 3HAUCHUSAX DJHEPrUU
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paspsana. C yBelMuYEHHUE OHHEPrUM paspsaa
pactep  TOJIIMHA  TOKPBITHS, O  YeM
CBUJICTEJILCTBYET, B YAaCTHOCTH, YMEHBIIICHUE
MHTECHCUBHOCTU AU(PPAKIIMOHHBIX MAKCHUMYMOB
JKeje3a, U 3aMETHO BO3pPACTacT COAEpKaHHE
HUTPUJOB MOJHOIEHAa, B TO BpeMs Kak
KOJIMYECTBO KapOuI0B U3MEHSIeTCS
HE3HAYUTEIBHO (TabJ. 2). ITO OTIIMYHUE MOXKET
OBITb  BBI3BAHO  pa3HbBIMU  MEXaHU3MaMHU
dopmupoBanus ¢a3 — MOsABIECHUE a30Ta B
MOKPBITHH CBSI3aHO C €0 3aXBaTOM U3 BO3JyXa
Opyd HMOHU3AaUMKU MoJieKyn Ny B IUIa3Me
MCKpPOBOI'O pa3psija, TOrjga Kak IOCTYIUIEHHE
aTOMOB  yrjepoja  JUMUTHPOBAHO  €ro
KOHIIEHTpaUue B cTanu. J{eMCTBUTENBHO, NPU
00paboTKe TI0 TOMY K€ PEXKHMY CTauu 3,
coJiepKalleil MeHblIee KOJIMYECTBO YIiepoia,
B 1U(QPy3MOHHOI 30HE TOJBKO MPHU 3HAYCHHUH
E = 6,4 JI’Xk MOXHO MOXHO YBHUJIETbH CJIEIbI
Mo,C.

IIpn MEHBIIUX SHEPrusax
TG paKIMOHHBIE MaKCUMYMBI,
COOTBETCTBYIOIINE JAaHHOU (haze, HaXOATCs Ha
YpPOBHE doHna. IIpu B3aMMO/ICHCTBUU
MOJIMOJ/ICHA C JKEeJIe30M KapOuasl MOJHUOACHA
PEHTTEHOCTPYKTYPHBIM METOJIOM HE
BBIABISIIOTCS  BooOmie. UYto ke Kacaercs
OTCYTCTBHSI HUTPHJIOB >Kejie3a Mpu oOpaboTke
c sHeprueil paspsiga, npesbimaromnieit 0,3 JIx,
TO 9TO CBSA3aHO C TeM OOCTOSITELCTBOM, YTO C
YBEJTUYCHUEM TOJIIMHBI  (OPMHUPYIOLIETOCS
MOKPBITHSL  aTOMbI  a30Tbl HE  YCIEBAIOT
IIPOHUKHYTH 3a BpeMsi 00paOOTKH B OCHOBHOM
METall B KOJUYECTBE, JIOCTATOYHOM JJif

o0pazoBaHUs HUTPHUJIOB. Coneprxanue
TBEPJOTO pacTBOpa a3oTa B Keleze MpHu
E =0,9 JTx TaKxke CTAaHOBUTCSA

HE3HAUUTENbHBIM, MPUYEM 3TO HMEET MECTO
Jaxe npu oOpaboTke MOJHOIEHOBBIM aHOJOM
xKenesa, He COJepiKallero aToMoB YIJepoja,
KOTOpbIE MOTYT MPETSTCTBOBATH
NPOHUKHOBEHUIO aTOMOB JIPYTHUX 3JIEMEHTOB
IpY UMITYJIBCHOM 00paboTke [1].

OTtmeruM, YTO BO3pacTaHHE BEIUYHHBI
DHEPTUHU pa3psiaa TaKkKe MPUBOAMUT K OOIBIICH
rOMOTeHM3allud BceX oOpa3oBaBHIMXCS (a3.
Tak, pmudpakoHHBIE  MaKCUMyMBl  Ha
pPEHTreHOrpaMMax CTaHOBSTCS MeHee
pasmbiTeiMu  (puc. 3). Creayer  o0OpaTtuTh
BHUMaHHE Ha TOT ()aKT, 4TO B IMOKPBITUU Ha
BCEX HCCIEIYEeMbIX CTAIAX U AUPPY3HOHHOM
30HE MEXAYy IOKpPBITHEM U  TOJUIOKKOM

OTCYTCTBYIOT OKCHJBI MOJHOJEHA U KeJe3a U
TBEpAbIE  PAcCTBOPBl  KUCIOpPOJAa B  3TUX
METaJJIax IIPU BCEX SHEPIUsX pa3psia.

~——

26
Puc. 3. ludpakmonHble MAKCUMYMEI ITIOCKOCTEH
(100), (002), (011) coenunenuss Mo,C u (111)
coenuHenust Mo,N npu o6padotke cranu 45
MouOAeHOBBIM aHooM ¢ sHeprusamu 0,3 JIx (1) u 0,9

Mk (2)
[Tpu HaHECCHUU MOJINO1EHOBOTO
MOKPHITHS  (MOJMUOACHOBBIA ~ aHOA)  Ha

HEPXKABCIOIIYI0 CTallb, OCYIIECTBISIEMOM Ha
BO3/yX€, MPOUCXOIUT HE TOJIBKO HACBIIICHUE
MPUIIOBEPXHOCTHOTO CJIOSI CTAaJM MOJHOJCHOM
u aTMOC(EepHBIMU ra3amu, HO u
nepepacnpesieiecHie  KOMIOHEHTOB  CTally,
NpUYeM COJCpKaHUE HHKEIs M XpoMa B
dopmupyrOIEMCS TTOKPBITHH AK€ HECKOJIBKO
BBIIIIE, YeM B OCHOBHOM MmeTaiuie (puc. 4). Ilo-
BUIANMOMY, OJTO CBSI3aHO C TIOSBJICHHUEM
IPaJIMEHTOB  KOHIIEHTPALMH  KOMIIOHEHTOB
cTamu TpH (GOPMHPOBAHWUU TOKPHITUS W3
MOJIMO/ICHA, T.€. MOSBJIECHUS B KaKIbIH MOMEHT
00paboTKK MeTaia, He Co/Iep Kalllero Xxpoma u
HUKEJIS.

I, omn. eo.

400F

300

200

100

¢ 50 X, sxn 100
Puc. 4. PacnipenencHre 31eMEHTOB B MOJIHOACHOBOM
nokpbiTuu 1 ctanu X18H10T, 15 x/Ix, 1 MI/IH/CMZ,
200 mkc. Oske-criekTpockomnus ¢ marom 0,5 MKkM
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[Ipu HaHEeCEHUH KEJIEe3HOTO MOKPHITHS (C
IIOMOIIIBI0 JKEJIE3HOT0 aHo/a) Ha
MOJMKPUCTAIUTMYECKUIA MOJMOJICH BO3HUKAIOT
cxonnsle ¢aspl. Tak, mpu sHeprum paspsaa
E =6,4 JK TOSBISAIOTCS TBEPHAbIE PacTBOPHI,
HUTPUIBI xKenesza u MonnbeHa,
UHTEPMETATHIECKOE COeIMHEHUE c
HapymeHHo#l crexuomerpuerr FeigMo (puc. 5,
6). KapOunnbie ¢a3bl HE BO3HUKAIOT, KaK 3TO
UMEJo MECTO npu B3aMMOJICHCTBUU
Mon0eHa co CTaJISIMH, MTOCKOJIBKY
KOJIMYECTBO YIJIEKHCIIOTO Ta3a B BO3AYXe
HE3HAYUTENIFHO MO CPAaBHEHHUIO C a30TOM, a
OPYTMX MCTOYHHUKOB TIOCTYIUICHUSI aTOMOB

noxpuvimue | 0CHOGHOU
Mmemaann

Puc. 5. KoHueHTpaIoHHbIe KpUBBIE pacHpeaeIeHUs

yIJIepo/ia B MOKPHITUE U OCHOBHOM METaJlJ HET.
Kpome TOro, Ha mMOBEPXHOCTH >KEJIE3HOTO
MTOKPBITHUS O00HAPYKUBAIOTCS aTOMBI
Kuciopoaa — nopsiaka 12 ar.% kucinopojna, He
CBSI3aHHOT'O B OKHUCJIBbI. MOXKHO MPEIOJIONKHUTD,
4YTO KHCJIOPO/T HaXOJIUTCS B BHUJE
MEPECHIIIEHHOTO TBEPJIOTO pacTBOpa B KeJe3e
U B pacTBope MoymOjeHa B o-Fe. B ocHOBHOM
MeTalljIe, T. €. B MOJIMOJICHE, aTOMBI KHCIIOPO/1a
HE BBIIBJISAIOTCS, KaK U B TOM cllydae, KOrjna
MonMOAeH ObUT MaTepualioM TOKPBITHS, a
JKENE30 MOIJIOKKOM.

e e
L R

-

2

U

N LA

MOJIHO/ICHA B KeJie3e U jkese3a B Moiubaene npu DUJI ¢

sHepruei paspsaa 6,4 JIx (a), CHATBIE B OTpa)KEHHBIX JIEKTPOHaX ene3a (6) u MmonuodaeHa (8), x350

OTMeTUM, YTO HWHTEPMETALTUYECKOE
COeZIMHEHUE 0o0pa3zyeTcs He Ha IOBEPXHOCTH
00pa3yromerocsi KeJIe3HOro TMOKPBITUA, a
TOJILKO B TIEPEXO/IHOM 30HE MEXKIY NOKPHITHEM
U TOMIOXKKOH. OHO TOSIBIISIETCSI B TBEPIOM
pacTBope Jkesne3a B MOJIMOAEHE M IPOpOCTaeT
U3 HEr0 B MOJHOACHOBYIO TIOMJIOKKY Ha
rnyouny 1o 30 MKM B BHJE UIOJOK,
PacCIIOJIOKEHHBIX 110 HOPMaJIA K MOBEPXHOCTH
MoIHO1IeHOBOTO 0Opasiia (puc. 6).

I[lpu wanmecenuu MonmOEeHA Mo
(MonuOneHoBBIM  aHOA) Ha oOpazen U3
MOJIMO/ICHA B Pa3IMUHBIX cpeaax  ObUIOo

nonyueHo ciuenyromee. [lpu W=6,4 JIx (1
mun/em?, 200 mke, 0,5 MM) BO BCeX
UCIIOJIb3YEMBIX cpenax riyouHa
IIPOHUKHOBEHUSI MEYEHBIX aTOMOB B MOJINOICH
coctaiisieT Oonee 60 MKM, IPUYEM MAKCHUMyM
KOHIEHTPAllUd  HAXOAUTCS B  IOKPBITHH
ToNMHOM 10 50 MKM Ha pacCTOSHMHM OT
TpaHUIlBl pazaena 5S—7 MKM. 3a mpenaenamu
MakCUMyMa HMMEET MECTO 3KCIOHEHLMaJIbHAs

40

3aBHCHUMOCTb PaJHOAaKTUBHOCTH MOJHOJEHAa OT
KBaJjpaTa r’IyOMHbI IPOHUKHOBEHUS B 0Opasel.
B 3aBucuMOCTH OT cpenabl, B KOTOpOil ropein
paspsn, OblI pa3IuyHbIi (a30BbIi cocTas.

ougppyzuoni ocnosnoi memann
nas zona

Puc. 6. MukpocTpyKTypa MOHOKPHCTAIITHYECKOTO
MOJIMO/IEHA C XKEeJIe3HBIM ITOKphITHEM, X 600
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IIoMUMO  IEpPECHIIIEHHOIO  TBEPAOTO
pacTBopa B MOJHUOJEHE COOTBETCTBYIOIIUX
nerkux snemeHToB (C, N, O) m wuHEpTHBIX
razoB Obut  Takke (a3el  BHEIpEHWUS,
CUMMETpUS KOTOPBIX COOTBETCTBOBAJIA
0o0pa3yromuMcs B PaBHOBECHBIX YCIOBHSX, U

Ta30HAINOJHCHHBIC IMOPLI:

Cpema N, NH; CO, CH, Ar Kr

®dazsr Mo,N  Mo,N  Mo,C Mo,C  Tlopsr
pasMepom
10 3 MKM

OTMmeTuM, 4YTO HH TBEPAOTO pPacTBOpa
BOJIOPOJIa, HU THAPHUJIOB HE OBLIO OOHAPYKEHO
JlaKe TIPU MCIIOJIb30BaHMHM aMMHaKa U METaHa,
MEYEHBIX [0 BOJOPOAY. B paBHOBECHBIX
YCIIOBHSX MX 00pa30BaHHE B MOJIMOICHE TaK:Ke
3arpyaHeHo [2, 3]. Uto ke kacaercs aToMOB
KHCJIOPO/Ia, TO CTEHCHb €ro IPECHIICHUS B
TBEPJIOM PacTBOPE CYLIECTBEHHO BHIIIE, YeM
9TO UMEET MECTO JIJIS a30Ta, yriiepoja, aproHa
u KkpuntoHa. Tak, coiepkaHue KHCIOPOIa
poxomut moutd g0 10%, B TO BpeMms Kak
KOHIICHTpAlUsl ~ JPYTUX  JJIEMEHTOB  HE
npessbimaer 0,1 - 1 %.

PaccMoTpuM B3auMOJEHCTBUS HUKENS C
paimyHbIME  cpeamu. OOpaboTKa HUKENsS
HUKEJIEBBIM  aHOJOM B  Cpeae  a3oTa
CHOCOOCTBYeT  OOpa30BaHWIO B  MaTpHUIlE
TBepAoro pactBopa azora u Hutpuzma NizN,
COXPaHSIONIET0 T'eKCArOHaJbHYI) CHMMETPHIO
u napamerpsl pemetku (a = 0,2668 HM,
¢ = 0,4294 um), xapakTepHble JUIs 3TOM (a3bl B
PaBHOBECHBIX YCIOBHUAX. J[pyrue, BO3MOXHBIE
B manHoii cucreme HuTpumbl NigN, NisN; u
asug  NiNg, T.e. NPOU3BOAHOE BEIIECTBO,
oOpasytoreecst Tpy B3aUMOJICHCTBUU HUKEIIS C

a30THUCTOBOAOPOJIHOM KHCJIOTOH HNs3,
oOHapy)XeHbl HE OBUIM Jak€ B TOHYANIIHX
MIPUITIOBEPXHOCTHBIX CIIOSIX. Ha

aBTOpaguorpaMmax-perijinkax, IMOJYYCHHBIX B
HN3JTYyYCHUN KaK HHUKCIIA, TaK U a30Ta BHUJIHBI

PaBHOMEpPHO pachpescliecHHbIe B MaTpHIlE
OJIMHOYHBIE BOCCTAHOBJICHHbBIE
MHUKPOKPUCTAIUTBI OPOMUCTOTO cepedpa U HX
CKOTUICHUS, JIOKAJIM30BaHHBIE

NPEUMYIIECTBEHHO BOJIU3M TpaHUIl 3€peH.
ITprueM u3-3a HU3KOM pPacCTBOPUMOCTH a30Ta B
mukene  (2-10%ar.% B paBHOBECHBIX
ycIoBHAX) npeobnanaer (aza BHenpeHus. Tem
HE MEHee, B pe3yibTare BO3ACUCTBUSA
UCKPOBBIMU pa3psilaMH, MOAOOHO TOMY, 4TO
HaOJ01aeTcsl MpU MOHHOM OoMOapaupoBKE B
TJICIOIIEM pa3psle, MPOUCXOIUT YBEINYEHHE

pacTBOPUMOCTH a30Ta B HUKENE B TBEpPIOM
¢daze, 1 MakKCUMaJIbHOE COJIEP)KAaHUE HUKEIS B
TBEPJIOM PACTBOPE B MPUIIOBEPXHOCTHOM CJIOE
nocturaer 0,1 ar.%. KonmenTtpauus azora B
KPUCTAJUIMYECKON PEIIeKTE HHKEIS PEe3KO
YMEHBIIAETCS ¢ TIYOMHOW W Ha PaCCTOSIHUU OT

IIOBEPXHOCTH ~ 50 MKM IIepECTAcT
(bukcupoBatbcs PEHTIE€HOBCKUMHU u
pPaaron30TOITHBIMU METOAAMMU. Yro XKE

kacaercs (aser NisN, To crexmomerpuueckue
COOTHOIIICHUSI HE U3MEHATCS, HO YMEHBIIAeTCs
KOJIMYECTBO HHUTPHIOB M Ha riyOmHe n0 40
MKM OHH HE  BBIBISIOTCA.  AHamu3
aBTOPATUOTPaAMM, MOJTyYCHHBIX npu
pa3nu4YHbIX mapameTpax obpaborku (W ~ 0,1 —
6,4 Ik, von~0 -2 MM, 7~1 -3 MI/IH/CMZ),
MOKa3aj, 4TO BHYTPH 3€pHA, Kak IMPaBUIIO,
pacrioyiaraercsi TBEpJAbIi pacTBOp a30T B
HUKEJIe, a HUTPHUJBI HaXOJATCS B METAJUIC B
OCHOBHOM BJI0JIb TPAHHUII 3€peH (puc. 7).

o - ¥ e -

- y - ~ of
13
Puc. 7. Pacipenenenue azora "N B HUKele mocie
JICUCTBHUSI KICKPOBBIX Pa3psioB B cpefe azora, by = 0,5
_ _ 2
MM, W =27 JIx, 7; = 200 mkc, 7 = 1 mun/cm” , x 4800

[Ipu o0OpaboTke HUKeNs Ha BO3AyXe
HUKEJIEBBIM aHOJOM B TBEPABIX PacTBOPax
BHEIPEHUsT TIOMUMO a30Ta MPHUCYTCTBYIOT
aTOMBbI KHCIIOpO/ia, yriiepoja (IocTynaromye B
HebombIoM koiudectBe u3 CO,) u aproua (1o
JTAaHHBIM aKTHBAIIMOHHOW aBTOpanuorpadun), B
TO K€ BpeMsS OKHUCIbI OTCYTCTBYIOT Ja)ke Ha
noBepxHocTu (B cioe ~ 200 HM). Ilockonbky
KHCJIOPOJ, a30T, YIJepoA U aproH B TBEPAOM
pacTBOpE ONpPEAEISUIM Pa3InYHBIMU METO/IaMH,
UX  COOTHOIIEHHE  ONpEAeIHUTh ObLI10
HEBO3MOKHO.

OOpaboTka HMKeENs HUKEIEBBIM aHOJIOM
B cpene yraekucnoro raza CO;z, Me4eHoro no
yrnepogy *C, mpuBomMT K 06pa3’oBaHHIO B
i dy3noHHOH 30HE Ha TpoTsokeHnn 50 — 75
MKM IpH 3Hepruu nMmyisca ot 0,9 no 6,4 Ik
KOHIICHTPAIMOHHOTO TPO(HIs ¢ TepeMeHHOH
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KOHILIEHTpaluen yriepona, B
MPUIIOBEPXHOCTHOM  CII0€  J0 S5 MKM -
MEPECHIIEHHOTO TBEPAOTO pacTtBopa

BHEJPEHUs] C MaKCUMAaJbHBIM COJECp)KaHHEM
yriepoga ~ 3 %. B paBHOBECHBIX YCIOBHAX
MaKCUMaJlbHas KOHIEHTpAlMsl yriepoja B
Hukene npu 1326°C ne mpesbiuaer 2,7 ar.%

[4].

AHaJOrMYHbIE Ppe3yJbTaThl (3HAYECHUS
MaKCHUMaJIbHBIX KOHIEHTPALUU Ha
noBepxHoctd - 3,05ar.% wu  TIyOUHBI
MPOHUKHOBEHUA — 78— 80 MKM) MOJIYydYEHBI

IpU DIIEKTPOUCKPOBOH 00pabOTKEe HUKENS B
cpene MeTaHa, MEYEHOro MO  Yriepoay.
HccnenoBanue B3aMMOJCUCTBUS HUKENS C
METaHOM, MEYEHbIM [0 yIJIepoay, IpH
sHeprusx paspsgoB ot 0,08 mo 0,12 Ix
M0Ka3ajo, 4To 00pa3yeTcsi TBEPbld PacTBOp ¢
MaKCUMaJIbHOU KOHIIEHTpaluen B
npunoBepxHoctHom cioe ~ 1,8 - 1,9 ar.%.
Benuunna mapamerpa pemeTkd JAOXOIUT [0
0,3534 M (B ucxomuom cocrtostauu - 0,3524

HM), TIpU 3TOM, HECMOTpsl Ha CTOJIb
3HAYUTEIBHOE yBEJIUYCHHE napamerpa,
pelIeTka OCTaeTcs TpaHEleHTPHUPOBAHHOM.
®azer BHeapenuss NisC, kak wu 1pu

U30TEPMUYECKOM OTKUTE€ OOHApyX eHbl HE
Obuld. OTOT KapOHUJA, Kak M3BECTHO, MOXKHO
HOJIYYUTh MpH HarpeBe nmyteM peakiuu 3Ni +
2CO = NisC + CO; 1 [5, 6].

Kak [oKa3aau pe3yJIbTaThl
3JIEKTPOHHOMMUKPOCKOIIMYECKOU
aBTOpaauorpaduu, IIPU  UCHOJIb30BAHUU

MEUEHEIX aTOMOB KPUITOHA °°KI, CMeIIaHHBIX
c aproHoM, B  1aud@y3uoHHOU  30HE
HOSABISIOTCS MeJKoIucCHepcHble ~ 1 -3 MM
ra30HaNoOMHEHHbIE TOPHI (pHC. 8), KOIMUECTBO
U pa3Mep KOTOPBIX Pe3KO CHajaeT ¢ IiyOrHOM.
Ha paccrossuun 10 20 MKM OT HOBEPXHOCTH
HaOJIOAl0TC CUMTAHHBIE TOpPBI, TOIZA Kak
TBEPJABIA PACTBOP MEPEMEHHOM KOHLECHTpPAIUU
MHEPTHOTO ra3a B HHKeNle MPOCTHpaeTcs Ha
paccrosiuue 6omee 40 MKM.

Tem He MeHee, HalIW4YhMe aTOMOB
MHEPTHBIX Ta30B MPAKTHUECKU HE CKa3bIBaeTCS
Ha MEXaHMYECKHX XapaKTepUCTHUKaX MeTaJa,
HaunHas oOT Tiayomn ~10-15 w™MxkM B
3aBHUCUMOCTH OT TapaMeTpoB 0OpabOTKH.
bimke Kk MOBEpPXHOCTH M3HOCOCTOMKOCTH €IIe
MEHbIIIE, YeM IIpU 00pabOoTKE B UUCTOM a30Te.
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Puc. 8. ABTopanuorpaMmma-periinka moBepXHOCTU
Hukenst mocie DUJI B emecu “CAr u ®Kr, 6,4 Jx, 100

MKC

Paccmotpum 0COOCHHOCTHU
¢$az0000pa3oBaHus TpU  DIEKTPOUCKPOBOM
JerupoBaHuu TUTaHa. lIpu B3aumopencTBun
TUTaHa C TUTAHOBBIM aHOJIOM B Cpejie a30Ta Ha
MTOBEPXHOCTH oOpasma BO3HHKAET
pEeHTreHorpapuuecKy BHISBISIEMOE HEOOIbIIOE
KonmyectBOo HuTpuaa turana TioN (& -dasbr) €
terparoHanbHoil cummetpuert (a = 0,4943 uwm,
¢=0,3036 M), mpuueM C  yBEIUYCHHECM
JUTUTETILHOCTH 00pabOTKH 3aMETHO BO3PACTaeT
comepkaHue & -ga3pl, B TO BpeMsa Kak
3HAYCHUS IMAPaMETPOB PEIICTKH W3MCHUJIHCH
cmabo.  ABTOpaguorpaMMbl  TOBEPXHOCTH
TUTaHa U IBYX(a3HOTO TUTAHOBOTO cruiaBa BT
20, MEYCHBIX aTOMAaMH THTaHa  Ti, IOKA3ain
o0pa3oBaHNE HHUTPHUJIOB HA T'PAHUIAX 3€PEH H
da3. 3a mpexenamu ciosi HUTPUIOB COTIACHO
JAHHBIM aKTHUBAIMOHHOHN aBTOpamuorpaduu c
noMoIpo u3otoma N 1 BTOPUYHON HOHHOM
MacC-CIIeKTPOCKOITHH YMEHBIIICHUE

KOHIIEHTPAIIMK  a30Ta  MPOMCXOOUT  TI0
sKkcroHeHTe (puc. 9).
I -10’3, A

X, mMrm
Puc. 9. Pacnpenenenue a3ora, mocTynaromero U3 Cpesl,
1o TiryouHe 1ndy3noHHOM 30HBI TUTAHA IPU

006paboTke TUTaHOBBIM aHozoM (E£y=0,08 Ik, 7, =200

MKC, T = 10 C, IM3H = 0,5 MM)
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OTMeTI/IM, qTo YBCIUYCHUC
MIPOJIOJDKUTEILHOCTH 00paboTKu B 6 pas mpu
OPOYMX PaBHBIX YCJIOBHUAX CIHOCOOCTBYET

MPOHUKHOBEHUIO aTOMOB a30Ta B THUTaH Ha
ryouny no 30 MKM, T.e. mo4td B 5 pa3
BO3pacTaeT NPOTSKEHHOCTh AUPPY3HOHHOM
30HbI. PacrmpeneneHue B NPUIOBEPXHOCTHBIX
CIOSIX dbopMupyroierocs TUTAaHOBOT'O
IOKpPBITUSL HAa TUTaHE KHUCIOpoAa U yriepoja
nokaszaHo Ha puc. 10.

C, %am.

80r Ti

60

40

20

1 1 1 1
0 90 180 270 360
X, um

Puc. 10. PacnipeneneHue KuCIOposa 1 yriiepoaa,
MTOCTYTAIOIINX U3 CPEIIBL, IO TIyOonHe nudHy3nOHHON
30HBI TUTaHa IPH 00PabOTKE TUTAHOBBIM aHOIOM

(Ew=0,08 IIx, 7, =200 mxc, 7= 10 ¢, lyzn = 0,5 mm)

IIpu OJHOBPEMEHHOM HACBHIIICHUH
MOBEPXHOCTH THUTaHA HHKeNeM (MaTepua
aHO/Ia WJIM TOKpPHITUE HA TUTAHE) C a30TOM

(cpena), COTJIACHO JTaHHBIM
PEHTTEHOCTPYKTYPHOTO  aHalu3a, B  30HE
B3aUMOJICHICTBUS ~ BO3HHMKAlOT  (a3pl B
CIIEAYIOIIEM  TOpSAKE: HHUTPUI  HUKEIS,
TBEPJIbIA PacTBOp a30Ta M TUTaHA B HUKEJE U,
HaKOHell, TBEPAbII pacTBop obenx
JETUPYIOIIUX ~ DJIEMEHTOB  (MeTayia |

HeMerayuia) B Tutane (puc.1l). Ilpu sToMm
MHUKpOTBEPAOCTh H,  u3MeHseTca Takum
oOpazom, 4TO MOBTOPSIET bopmy
KOHIIEHTPAIMOHHOTO TIPOGUIIs pactpeeeHus
JIETUPYIOIIUX JIEMEHTOB B TUTAHOBOM CILIABE,
a B TPHUIOBEPXHOCTHOM cnoe H , jmocruraer

~ 1100 xI'/MM%, Tee. YBEJIIMYUBAETCS B ~ 2 U 3
paza 1o CpaBHEHHMIO C HUKEJIEM U THUTAaHOM

cootBeTcTBeHHO. C  pOCTOM  JHEpruu
WCKPOBOTO  paspsga W JUITHTEIBHOCTH
00paboTkH YBEJIMUNBACTCA riyouHa

MPOHUKHOBEHUSI B THUTaH HUKEIS U a30Ta,
KOHIIEHTPAIlMOHHBIN npo¢uib U

pacnpenenenne H, cmamaer ¢ riyOunOM

Ooinee IIOJIOT0, HO MAaKCHMaJIbHbIC 3HA4YCHUA

KOHIIEHTPAIUN " MHUKPOTBEPJOCTH
MIPAKTUYECKH HE U3MEHSIIOTCSI.
Tpubomornyeckue UCTIBITAHUS TTOKA3aJIH, YTO B
TOHKOM TPUIIOBEPXHOCTHOM cjoe (1o X = 5-7
MKM) CTOMKOCTh K UCTUPAHUIO HE3HAYHUTEIIHHA.
3ateM Ha  nporsbkeHun — 10-25 MKMm
M3HOCOCTOMKOCTh MPAKTUYECKU HE U3MCHSICTCS
U SBISIETCA MAaKCUMaIbHOW JJISl  KaKJOro

pexuma OWJI. Ha Oonmpmux — rioyOuHAX
HU3HOCOCTOMKOCTH PE3KO MajaeT.
Hy, kT/em’
1000f [
800T }
|
600+ 1 |
|
400 |
L o
0 40 80 120

--é

Puc. 11. I3meHeHHe MUKPOTBEPOCTHU TIO TITyOHUHE
nuddy3nonnoit 3o0us1 ocie IUIT (W = 0,9 JTx,

7,7 =200 mxc)

PaccMOoTpUM B3aMMOJEHCTBHE C a30TOM
U YIJIEepoJIOM THUTaHA, Ha TOBEPXHOCTH
KOTOPOIO B HMCXOJHOM COCTOSIHUM HaXOIUTCA
MHOTOKOMIIOHEHTHOE TOKPBITHE, COCTOSIIEe
U3 TBepAoro pacrsopa ¢ochopa B HUKEIE U
BBICOKOJHMCIIEPCHOM  YIPOUHSIONIeH  (a3sl
dochuna aukens NisP (puc. 12).

Kak BUIHO n3 pHUCYHKA,
MUKPOHAIPSKECHHUS, BO3HUKAOILNE B
MIEPECHIIIEHHOM TBEpAOM pacTtBope docdopa B
HUKEJE TI0CIE€ XUMHYECKOIO  OCAKICHMS,
HACTOJIbKO BEJUKH, YTO BCE PEHTIC€HOBCKHE
pediekcel CIMBAIOTCS B OJHY 4Yepe3BbIYaiiHO
YIIMPEHHYIO JHHUI0. OJIHAKO IMOCIIE 4acOBOTO
CTaOMIIM3UPYIOLIETO OTXKHUTa ¢bopma
TU(GPaKIUOHHBIX MaKCUMYMOB H3MEHSETCS, U
Ha pEHTreHOrpaMMmax MOSBJISIIOTCS JIMHUM,
COOTBETCTBYIOILIHE TBEPAOMY pacTBopy
dochopa B HuKene u pochuy HUKEIS.
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260
Puc. 12. PertreHorpaMMel 00pasIioB ¢ HUKENb-
(dhochopHBIM TOKPHITHEM HAa TUTAHE B HCXOIHOM
cocrosianu (1) u mocne wacoBoro omkura mpu 573 K (2),
Co-u3nyuenue

N3 puc. 13, Ha KOTOPOM MpPEICTaBICHBI
KOHIICHTPAIlMOHHbIe ~ KpuBbie mocie JUJI
HUKEJIEBBIM aHOJOM B Cpejie a30Ta, CIEAyeT,
YT0 TIyOMHAa TNPOHUKHOBeHUS (X) ®Ni B
TUTAaHE KaK C UCXOJHBIM MTOKPBITHEM, TaK U 0e3
HEr0 yBEIUYMBACTCI C POCTOM OSHEPTHH
paspsana ot 1o BenuuuH 80 - 120 MKMm.

N/N,
1,0
0,8
0,6 2 \4
0,4t 4

0,2

0 20 40 60 80 100X
y MKM
Puc. 13. KoHleHTpannoHHbIe KPUBbIE paclpeelieHUs
®3Ni B TuTaHOBOM CruiaBe: 1-6e3 HCXOJIHOTO MOKPBITHS
npu W =0,9 JIx, 2 -3,14 I, 3 - ¢ HCXOAHBIM
nokpertueM npu 0,9 /I, 4 - 3,14 JIx npu 06paboTke B
cpelne a3oTa

Heckonpko wuHas ¢opma HavaabHOTO
ydyacTKa  KOHIEHTPAallMOHHOM  KpuBOH  (C
NOSBICHMEM MaKcUMyMa) HaOJrogaercss Ha
o0Opa3lax ¢ MOKPBITHEM, YTO, MO-BUIUMOMY,
CBA3aHO C BIMSHHUEM Ha IIEpEepacIpeciICHHe
aTOMOB HQJIW4YMsA TPaHULbl IOKPHITHE -
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noanoxka. Cienyer OTMETHTh, YTO U3MEHEHHE
¢da30BOro cocraBa HCXOMAHOTO TOKPHITUS B
pe3yJibTaTe OT)KUTAa HE OKa3bIBaeT 3aMETHOTO
BIMSIHUS Ha (GOpPMY KOHICHTPAIIMOHHOTO
npoduns. AHanu3 GOpMbI KOHIIEHTPAIMOHHBIX
npopwiedl  3a  TpeAeTaMH  MaKCHMyMa
MOKA3bIBACT, 4YTO HAWIY4IIUM  O0pa3oM
U3MCHCHHE  KOHIICHTPAIlMM  MOXET  OBITh
OMHCAHO JKCIIOHCHIIMATHLHOW 3aBUCUMOCTBIO
oT TITyOUHBI. [TnaBHOE WU3MCHCHHE
KOHIIEHTPAIlMU HUKEIs B TUTaHE C TIIyOWHOM
CBUJICTEIILCTBYET B ONPECICHHON CTENICHH 00

OTCYTCTBHUH UHTEPMETAIITUIECKUX das,
obpasyronuxcsi B cucreme Ni - Ti mpu
temneparypax Beimme 673 K [2]. Orto

0OCTOSATENILCTBO MOXKET CBHJIETEIBCTBOBATH O
ToM, uYTo mepeHoc BemectBa (Ni - Ti) 3a
npejenaMu TOHKOTO MPUITOBEPXHOCTHOTO CJIOS
(1o 20 mxMm) mpoucxomut npu 7< 673 K, uro
00ycJI0BIEHO OBICTPHIM OTBOZOM TEIUIa MpPHU
JAaHHOM crocobe 00paboTKH. DTO yKa3bIBaeT
Ha JuGQY3MOHHBI  XapakTep  mpolecca
nepeHoca BemectBa 1npu OWJI.  Opgnako
HaOmroaeMple  TIIYOMHbI — IPOHMKHOBEHUS
CYIIECTBEHHO TMPEBBIIIAIOT  TAKOBBIE  JUIS
Jupdy3un B CTAlMOHAPHBIX YCIOBMSX Jake
IpU MNPEAIUIaBUIBHBIX TemrmepaTypax [/] u
ABJISIIOTCSL  COM3MEPUMBIMU € 3 deKTamu,
BO3HHUKAIOIIUMHU npu JIpyTUX BUIAX
UMITYJIbCHOM 00paboTKu B TBepaoi dase [8].

1 1 Il
130 120 110 100 90 80 70 60 50 40

Puc. 14. PerrreHorpaMmsl 00pa31oB THTAHA C HUKEIb-
(dochopHBIM TOKpBITHEM TTOCTE OTXKUTa (1), Iocte
nerupoBanus HukeneM B cpene CO, ¢ aneprusamu 0,9
Ik (2) u 3,14 [Tx (3), Co-m3imyueHue
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N3zyuenue ocoOeHHOCTeH
B3aUMO/ICHCTBUS TUTaHA c HUKEJb-
dbochopHOrO0 MOKPBHITHEM C JETHPYIOIIUMU
anementamu (N, C) B mpornecce DUJI anomamu
W3 HUKEJIA, XpoMa, ciuiaBa Ha ux ocHoBe BIKJI
¢ unerupyrommmu  dnementamu (N, C) B
nporecce DNJI mokazano, 4yTo (pa3oBbIi COCTAB
00pa3yIoNIMXCsl CIOEB HE 3aBUCUT OT TOTO,
ObTM M B  HUCXOJHOM  TIOKPBHITHH
NEPECHIIIICHHBI  TBEPIBI  pacTBOp  HIIH
nByxdasHoe cocrosHue (puc. 14, xpuBas 1,
puc. 15, kpuBas 1). M3 storo ciemyer, 4To
BBIXO]I U30BITOYHOTO docdopa u3
KPHUCTaTHICCKOM pELIeTKH HUKEIS
IPOUCXOAUT B TedueHue mnpouecca OUJI, To
€CTh 332 HECKOJIbKO CEKYH/JI, B TO BpeMsl KaK IpH
MU30TEPMHUECKUX OT)KUTAaX Ha 3TO TpedyeTcs
He MeHee | yaca. CreoBaTellbHO, Kak U JUIsI
aTOMOB JIETHPYIOIIMX TPUMECceH, A aTOMOB
OCHOBHOTO  Marepuajga  UMEET  MECTO
YBEIMYEHUE WX  MOJABWXKHOCTU.  Takum
o0pa3oM, OTMEYEHHOE paHee OTCYTCTBHE
BIIMSTHUS COCTOSTHHSI TIOKPBITHS Ha
pacripelieiecHie  aTOMOB [0  IIyOuHE
NPOHUKHOBEHHUS CBSI3aHO C  YCKOPEHHBIM
u3MeHeHneM (pa3oBOro cocraBa B HCXOIHOM
NOKpbITUM 1107 neictBuem DUJIL

3

1 1 1 ] 1 ]
110 100 90 80 70 60
20

! )
50 40

Puc. 15. PerTrenorpaMmma TUTaHOBOTO 00pa3na ¢
HUKEIb-(POCHOPHBIM TIOKPHITHEM B HCXOJTHOM
coctosiany (1) mociie JlernpoBaHust XpOMOM B Cpezie
azora ¢ sneprusmu 0,9 Ix (2) u 3,1 Ix (3), Co-
U3ITyYeHHe

IIpu BBeneHum yriepojga W3 CpPEIbl
BO3HUKAIOT TBEPHbIl pacTBOp yriepona H
TUTAaHa B YK€ CYILECTBYIOLIEM pPacTBOpE
dbochopa B HHKeIE, pacTBOp yriepoiaa u
TUTaHa B HHUKEJIC U YacTh aTOMOB yrjiepoja u
TUTaHA M3 TMOJUIOKKHU momnagaer B (ochum
Hukens. Hosele  ¢a3el  BHempeHuss  He
MOSIBJISIFOTCS. B MOKPBITUM U AUPPY3MOHHOM
30HE.

[Ipu nerupoBaHHM HHKEJIEM B cCpele
a3oTa BCJIEACTBHE B3aMMHOH  nud¢y3un
HUKEJS M TUTaHA B IPUJIETAIONIUX K TOKPBITHIO
ciosix oOpaslia MPOUCXOAUT HX B3aUMHOE
pacTBOpeHHe U 00pa30BaHNE HUTPHUIOB HUKEIS
NisN u Twrama TIN. Yro xe xkacaercs
yopouHsiome  ¢asel  pochuma  HuKens,
HaOmromaercss 4vacTWuHbld pacmany NisP u
cBs3biBaHue (ochopa B TBEpHbll pacTBOp C
HUKEJIEM, TIOCTYMAOIIUM B TOKPBITHE W3
aHoga. Kpome Toro, dvacte aromMoB a3oTa
MomazaeT Kak B TBEPAbIE PACTBOPBL, TaK H
pactBopsieTcs B hochuie HUKEIs.

JlerupoBanue XPOMOHUKEJIEBBIM
crutaoM BXKJI mpuBoAauT K aHaIOrHYHOMY
pe3ybTaTy - MCYE3HOBEHHUIO BCEX pe(iIeKcoB,
Kpome COOTBETCTBYIOIIUX pacTBopy
JICTUPYIOIINX JIEMEHTOB U THTaHA B HHKele. B
TO K€ BpeMsl MPU BBEACHHHM aTOMOB XpoMma B
30HE B3aUMOJCHUCTBUSI OCTACTCS HEKOTOPOE
konnuectBo coeaubHennss NisP. O6 »sTtoMm
CBU/ICTENIbCTBYET COOTHOIIICHHE
vHTeHCUBHOCTEH ymunn (200) B K, u K, -

U3JIydeHuH, npesblmaromee 1:13, kak 2T10
CllelyeT B OTCYTCTBHE HAJIOXKEHUS IPYTou
¢da3pl.  Ilo-BUauMOMYy, XpOM  YacTHYHO
pacTBOpsIETCSI B TBEPIOM PACTBOpPE HUKEIS C
dochopoMm, a HEKOTOpPOE €ro KOJIUYECTBO
nponukaet B coeunenne NigP (a = 0,9012 uwm,
¢ = 0,4422 uM), pacTBOpssiACh B HEM WU
BBITECHSISI M3 HETO arOMbl HHKENIs C
o0pa3oBaHUEM COEJIMHEHUS Cr3P,
obnanaromero toil xe cummerpuer (OLT) u
HECKOJIbKO  OTJIMYAIOLIerocs  MapaMeTpaMu
KpUCTAIIIMYECKONH  pemeTku oT  docduaa
Hukend. s ¢ocpuna xpoma CrsP 3nauenus
napameTpoB pemieTku coctaBisiror a = 0,9185
HM, ¢ = 0,4560 BM.

[Ipu nermpoBaHuM YIJIEpOAOM M a30TOM
(YyrompHbI aHOJ, a30THas cpeAa) oOpasyroTcs
tBepabie pactBopbl NiTi-C u Ti-N, a Takxe
KapOuasl 1 HUTpUIBl TipN TUTaHA U HUTPUABI
aukens  NigN. Tlpu 3tom  coxpaHnsiercs
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cCUMMeTpus  oOpasoBaBmuxcst a3,  HO
HapylIaercs CTEXUOMETPUYECKUE
COOTHOIIIEHUSI B (pazaX BHEAPEHUS — BO BCEX
ClIy4asix HabJIo1aeTcst U30BITOK METAJLIOB.

OTMmeTuM, 4TO0, KakK u npu
B3aMMOJICHCTBUM Kejle3a U MONHOJeHa, Ipu
HAHECCHUH B3aWMOJICHCTBUM THTAHA C HUKEIh-
bochopHBIM HUCXOAHBIM MOKPBITUEM C a30TOM
U YIJIEKHCIBIM Ta30M TIPH  YBEIUYCHHUH
SHEPruu pas3pslia BO3pPAcTaeT T'OMOTE€HHOCTb
TBEPJABIX PACTBOPOB BHEIPCHHS THUTaHA W
Hukens (kpuBele 2 um 3 Ha pwuc. 14, 15).
AHaJOTHYHBIN pe3yabTaT roMoreHu3anmu ($as
UMEET MECTO MpHU HCIOJb30BAHUM aHOJIOB,
U3TOTOBJICHHBIX M3 HUKEIh-XPOMOBOTO CILJIaBa
BXIJI u xpoma, kak mpu oOpaboOTKe B cpeje
a30Ta, TaK U Ha BO3yXeE.

BbIBO/IbI

Takum 00pa3oM, ¢ MOMOIIBIO KOMILIEKCA
Pa3IMYHBIX METOJOB  (PH3HKO-XHMMUYECKOTO
aHaM3a yCTAaHOBJEHO, YTO Ha IMpOIEecc
BBCJICHUST B HMCKPOBOM pa3psilie JICTUPYIOIINUX
HpHMeCGﬁ B MCTaJUJIbl U CILJIaBbl, HAXOOAIIUECCS
B pa3InIHOM CTPYKTYPHO-(a30BOM
COCTOSIHUH, BCer/ia HaKJIaIbIBACTCS
NPOHUKHOBEHHE Ta30B Cpelbl, B KOTOPOii
OCYIIECTBIISIETCS 00paboTKa. ITO HEOOXOIUMO
YUUTHIBATD, MIOCKOJIBKY COCTaB, a,
CJIEZIOBATENIbHO, U CBOWCTBA IMOBEPXHOCTHOTO
Closi, KaKk TMpaBWIO, OTIMYAIOTCSI  OT
TpebyeMbiX. M1 3TO MOKHO HCIIONB30BaATH ISt
CO3MaHMUS HEOOXOJIMMBIX COCTaBa U CBOWCTB
W3JIeNTUi, YYWUTHIBas, YTO B JaHHOM 0030pe
pPacCMOTPEHBl ~ MHOTHE  KOHCTPYKIIMOHHBIE
MaTcpHraJIbl u MIPOMBINIJICHHBIC PEKUMBI
00paboTKH UCKPOBBIMU pa3psIaMHu.
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naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul
ratiunii naste monstri, somnul ratiunii nagte monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri,
somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste

monstri, Francisco José de Goya y Lucientes.
Cuvinte-cheie: (introduceti 5-6 cuvinte-cheie).

|. DESTINATIA REVISTEI

Materialele prezentate in revistd vor
reflecta realizarile obtinute in ultimii ani in
cadrul catedrelor, laboratoarelor de cercetari
stiinifice ale USARB, institutiilor de
invatdmint si de cercetare din Republica
Moldova si de peste hotarele ei.

In revista se publica articole stiintifice ce
tin de urmatoarele domenii de cercetare:

- propagarea undelor de radio Tn diverse medii;

- elaborarea dispozitivelor electronice
analogico-numerice;
- elaborarea laserilor i aplicarea lor 1In

tehnologiile de prelucrare a materialelor;

- studierea infleuntei factorilor exteriori asupra
proprietatilor fizice ale substantei;

- tehnologii clasice §i neconventionale de
prelucrare a materialelor.

II. CERINTE FATA DE ARTICOLELE
PREZENTATE

2.1. Dispozitii generale

Nu se vor admite pentru publicare
materiale care au fost publicate in alte edifii.
Articolele vor fi 1insotite de extrasul din
procesul verbal al sedintei de catedra, al

laboratorului sau seminarului stiintific la care
au fost discutate si propuse pentru publicare.
Lucrarile primite la redactie vor fi recenzate de
specialisti calificati in domeniul respectiv,
numiti de colegiul de redactie.

2.2. Structura lucrarilor si regulile de
prezentare

O persoana poate fi autor sau/si coautor
la maximum doua articole. Volumul unui
articol nu va depasi, ca regula, 7 pagini.

Fiecare articol va cuprinde:

e CZU,

etitlul in limbile originalului, romand si
engleza;

edate despre autor/autori in limba
romana si engleza;

erezumatul in  limbile originalului,

romana si engleza;
e cuvinte-cheie;
earticolul propriu-zis;
ebibliografie.

2.3. intrebuintarea suportului electronic
Materialele vor fi redactate in
Microsoft Word, fontul Times New Roman si

vor fi prezentate pe foi in formatul A4
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(297X210 mm). Parametrii paginii: 25 - stinga
(Left), 20 - sus (Top), 20 - jos (Bottom), 15 -
dreapta (Right), 12,5 - antet (Header), O -
subantet (Footer), 2 coloane. Dimensiunile
fontului de imprimare - 12 points. Aliniatele —
1 cm. Spatiul dintre liniile (Line Spacing)
aceluiagi paragraf, inclusiv titlul lucrarii si
informatiile despre autori - un interval. Se va
accepta cu trecerea cuvintelor dintr-un rind in

fi completa.
2.4. Structura articolului

CZU se va situa In partea stingd a paginii.

Titlul se va da complet, maximum 3
rinduri, pe toata latimea paginii (12 points,
BOLD, CENTER, ALL CAPS).

Informatiile despre autori se vor da cu
aldine, in limba 1n care este scrisa lucrarea, in
urmdtoarea  consecutivitate:  Numele  si
Prenumele autorului, afilierea. Daca coautorii
lucrarii  sint angajatii  aceleiasi institutii,
denumirea ei se va da o singurd data. Pentru
corespondenta se indica e-mail-ul unuia din
autori, Tnsemnat cu asterix.

Rezumatul va cuprinde descrierea
succintd a obiectului, metodelor si rezultatelor
cercetdrii n limbile romana si engleza si nu va
depasi 10 rinduri. Marimea caracterilor — 10
points. Cuvintul ,,Rezumat” nu se va indica.

Cuvintele-cheie vor fi indicate dupa
rezumatul articolului Tn limbile originalului,
romana si engleza.

Introducerea va reflecta stadiul actual al
cercetarilor in domeniu. In caz de necesitate, va
cuprinde o scurta analiza istorica. Introducerea
se va incheia cu expunerea scopului lucrarii.

Continutul lucrarii va include expunerea
metodicii  cercetarii  (experimentalda  sau
teoreticd), obiectul cercetdrii, echipamentul,
metodele de masurare si de observare, precizia
si erorile metodicii experimentului. Se vor
indica rezultatele obtinute si analiza lor. Nu se
va admite repetarea datelor in tabele, desene si
texte.

n concluzii se va expune succint esenta
cercetdrii efectuate, relievindu-se importanta si
gradul de noutate a rezultatelor obtinute.

Titlul fiecarui paragraf se va evidentia cu
aldine. Titlurile de capitol vor fi separate de
textul curent printr-un spatiu.
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In fata textului fiecare titlu de subcapitol
cu doi indici se lasa un spatiu liber de un rind.
Aliniatele se vor marca prin introducerea unui
<Tab»”. Pentru scoatereca in relief a unor
concepte se vor folosi aldinele (fara
subliniere).

Tabele se vor numerota cu cifre arabe n
partea stinga (de ex.: ,,Tabelul 1), dupa care,
in acelasi rind, va urma denumirea si tabelul
propriu-zis. Tabelele vor fi separate de textul
curent printr-un spatiu. Toate liniile ce
formeaza coroiajul tabelului vor avea aceeasi
grosime (1 points). In tabela textuala cifrele se
vor scrie cu fontul 10 points, normal. Daca
textul va contine un singur tabel, acesta nu se
va numerota.

Hustratiile (figurile, schemele,
diagramele, fotografiile etc.) se vor prezintd in
alb-negru, inserate in textul de baza sau pe foi
aparte. Toate figurile se vor numerota cu cifre
arabe (in ordinea aparitiei lor in lucrare), dupa
care se va da legenda lor. Toate semnele sau
marcirile ilustrate se vor defini in legenda. In
cazul marimilor fizice, se vor indica unitatile
de masura. Daca lucrarea va contine o singura
figurd, ea nu se va numerota. Figurile vor fi
separate de textul curent printr-un spatiu.
Fotografiile introduse n text se vor scana cu 0
rezolutie de minim 300 dpi (preferabil 600 dpi)
si se vor prelucra pentru un contrast bun.

Nu se admite lipirea fotografiilor sau
desenelor pe foi separate. Adnotarile de pe
figuri se vor face in cifre sau litere cu ndlfimea
caracterelor echivalentd fontului 10 points.
Legenda se va culege cu 10 points.

Formule matematice. Toate formulele
matematice se vor scrie, TN MOD
OBLIGATORIU, cu editorul de ecuatii din
procesorul de texte Microsoft Word for
Windows95/, 97/, 98/, 2000, (Version
6.0/,Version 7.0, 2000) italice, centrat, prin
culegerea fiecdreia din rind nou. Exigentele
corespunzatoare vor urma imediat dupa
formulda si se vor introduce prin ,unde”,
respectindu-se ordinea semnelor din ecuatie sau
relatie. Daca textul va confine mai multe
ecuatii sau relatii, acestea se vor numerota cu
cifre arabe la sfirtitul rindului, in partea dreapta
a coloanei. Dupa descifrarea simbolului-litera,
se va pune virgula, apoi se va indica unitatea de
masura.
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Unitatile de masura ale marimilor fizice
se vor prezenta in sistemul international de
unitati (SI).

Bibliografia Termenul ,,Bibliografie” va
fi separat de textul curent prin spatiu. In text,
referintele se vor insera prin cifre incadrate
intre crosete, de exemplu: [2], [5-7], si se vor
prezenta la sfirsitul articolului 1intr-o lista
aparte, in ordinea aparitiei lor in text, in
conformitate cu cerintele CNAA al Republicii
Moldova. Referintele bibliografice se vor da in
limba originalului. Nu se vor accepta referinte
la surse nepublicate.

ITII. OBSERVATII FINALE

Informatia despre autori si rezumatele in
alte limbi decit originalul se vor plasa dupa

bibliografie. Continutul rezumatului expus in
trei limbi va fi identic.

Materialul cules se va prezenta in format
electronic prin e-mail la adresa secretarului
stiintific (alexandr.ozhegov@yahoo.com) sau
la adresa redactorului-sef al  revistei
(pavel.topala@gmail.com), precum si intr-un
exemplar printat (cu contrastul bun) semnat de
toti autorii (dupa bibliografie).

Pentru relatii suplimentare se va indica
adresa, numarul de telefon si e-mail-ul unuia
dintre autori.

Articolele care nu vor corespunde
cerintelor expuse, normelor limbii si stilului
vor fi respinse.

Materialele prezentate la redactie nu se
vor restitui autorului.

Prezentat la redactic la DD MMMM YYYY
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UDC XXX. XXX

GUIDELINES FOR SUBMISSION OF SCIENTIFIC PAPERS TO THE JOURNAL
»PHYSICS AND TECHNICS: PROCESSES, MODELS, EXPERIMENTS”

Name_author P.}* Name_author P.?, Name_author P."
Full address of the first author’s institution
2Full address of the second author’s institution
"Full address of the next author’s institution
“e-mail: adresa e-mail a autorului pentru corespondenta

Abstract: (max 10 lines) The sleep of reason produces monsters, the sleep of reason produces monsters, the
sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters, the
sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters, the
sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters,
Francisco José de Goya y Lucientes.

Keywords: (please, list 5-6 keywords).

Rezumat: (maximum 10 rinduri) Somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii
naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul
ratiunii naste monstri, somnul ratiunii nagte monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri,
somnul ratiunii naste monstri, somnul ratiunii nagte monstri, somnul ratiunii naste monstri, somnul ratiunii naste

monstri, Francisco José de Goya y Lucientes.
Cuvinte-cheie: (introduceti 5-6 cuvinte-cheie).

I. THE JOURNAL SCOPE

The submitted materials should reflect
recent achievements of the Alecu Russo Balti
Sate University departments and research
laboratories and of educational and research
institutions from the Republic of Moldova and
abroad.

The journal publishes scientific articles
related to the following research areas:

- radio wave propagation in various media;

- development of numerically-analogical
electronic devices;

- development of lasers and their application in
material processing technologies;

- the study of external factor influence on the
physical properties of the substance;

- classical and non-conventional technologies
of material processing.

I1. REQUIREMENTS FOR ARTICLE
SUBMISSION

2.1. General arrangements
Papers that have been published in other
editions are not accepted. Articles should be

accompanied by an extract from the minutes of
the Chair/Laboratory/Scientific Seminar sitting
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where the papers had been discussed and
recommended for publication. The submitted
papers should be subject to the review of
qualified specialists in the field, appointed by
the editorial board.

2.2. Paper format and rules for submission

A person may be the author and / or
coauthor of at most two articles. The volume of
an article should not exceed, as a rule, 7 pages.
Each article should include:

+ UDC,;

« the title in original language, Romanian and
English;

 information about the author/authors in
original language, Romanian and English;

« the abstract in Romanian and English;

the keywords in Romanian and English;

the article itself;

the bibliography.

2.3. Use of electronic support

Materials should be edited in Microsoft
Word, Times New Roman font and page size
should be A4 (297X210 mm). Page
parameters: 25 - Left, 20 - Top, 20 - Bottom,
15 - Right, 12.5 - Header, 0 - Footer, 2
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columns. Font size Print - 12 points.
Paragraphs - 1 cm. Line Spacing within the
same paragraph including the title and
information about the author — one interval.
Transference of words from one line to another
is accepted. It is desirable that the last page
should be complete.

2.4. Structure of the article

UDC should be placed on the left side of
the page.

The title should be complete, up to 3
lines, on the full width of the page (12 points,
BOLD, CENTER, ALL CAPS).

The information about the authors should
be given in bold in the language of the written
paper in the following sequence: author’s
surname and first name (full), affiliation. If the
co-authors are employees at the same
institution, its name should be given only once.

The abstract should include a brief
description of the subject matter, methods and
research findings and should not exceed 10
lines. Font size - 10 points. The word
"Abstract™ should not be typed.

The keywords will be listed after the
abstract in original language, Romanian and
English.

The introduction should reflect the
current state of research in the field. If need be,
it will include a brief historical analysis. The
introduction should end with an account of the
paper aims.

The main text should include an account
of the research methodology (experimental or
theoretical), subject of research, equipment,
measurement and observation methods, the
precision and errors of the experiment
methodology. It should include the results and
their analysis. It is not allowed to repeat data in
tables, drawings and texts.

The conclusion should briefly expound
on the essence of conducted research
highlighting the importance and degree of the
novelty of results.

The title of each paragraph should be in
bold. A space should be left between chapter
titles and the text.

One line space is left before the text of
each two index sub-chapter title. Paragraphs
should be marked by the introduction of a

"<Tab>". Bold type (no underlying) should be
used to emphasize certain concepts.

The tables should be numbered with
Arabic numerals on the left (e.g.: "Table 1");
this should be followed in the same line by the
title and the table itself. The tables should be
separated from the current text by one space.
All the lines that form the table welding should
have the same thickness (1 point). The font of
the figures in the text of the table should be
normal, 10 points. If the text contains a single
table, it should not be numbered.

The illustrations  (figures, charts,
diagrams, photos, etc...) should be black and
white, inserted in the main text or on separate
sheets. All figures should be numbered with
Arabic numerals (in order of their appearance
in the paper) after which they should be
explained. All signs and markings should be
defined in the explanatory text. If there are
physical dimensions, the measurement units
should be indicated. In case the work contains
only one figure it should not be numbered. The
figures should be separated from the current
text by a space. The photographs included in
the text should be scanned at a minimum of
300 dpi (preferably 600 dpi) resolution and
should be processed for a good contrast.

It is not allowed to stick photos or
drawings on separate sheets. The notes on
figures should be in numbers or letters with
similar 10 point font characters. The
explanatory text should be typed with the same
character size - 10 points.

Mathematical formulas. It is obligatory
to write all mathematical formulas using the
equation editor of Microsoft Word processor
for Windows 95/97/98/2000, (Version 6.0 /,
Version 7.0, 2000) in italics, centered, each one
should be typed beginning with a new line. The
corresponding requirements should
immediately follow the formula beginning
with “where” and observing the order of signs
in the equation or relation. If the text contains
more equations or relations, they should be
numbered with Arabic numerals at the end of
the line on the right side of the column. A
comma should be used after the letter - symbol
is deciphered; the measurement unit should be
indicated.
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The measurement units of physical
dimensions should be presented through the
International System of Units (SI).

The bibliography. The term
"Bibliography" should be separated from the
text by space. In the text, the references should
be inserted by numbers enclosed in square
brackets, e.g. [2], [5-7], and should come at the
end of the article in a separate list in order of
their appearance in the text, in concordance
with requirements submitted by NCAA of the
Republic of Moldova. The references should be
given in the source language. References to
unpublished sources are not allowed.

I11. CONCLUDING REMARKS

The information about authors and the
abstracts in languages other than the source one

should be placed after the bibliography. The
content of the abstract presented in three
languages should be identical.

The typed material should be presented
both in electronic format send by e-mail (on the
scientific secretary address
alexandr.ozhegov@yahoo.com or on the
responsible editor’s address
pavel.topala@gmail.com) and in a printed copy
(with good contrast) signed by all authors (after
the Bibliography).

One of the authors’ address, telephone
number and E-mail should be indicated for
additional information.

The articles that do not meet the
described requirements, the norms of language
and style will be rejected.

The materials submitted to the editorial
board will not be returned to the author.

Prezentat la redactic la DD MMMM YYYY

Bun de tipar 20.08.2015. Garnitura Times New Roman. Comanda nr. 6. Tiraj 100.
Tipografia Indigou Color, m Balti, str. Puskin, 38
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