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Influence of exo- and endogenous factors on
bone remodelling in wistar rats

Abstract: we investigated the effects of pharmacological doses of melatonin (S mg/kg) on bone remod-

eling of 3-month-old male Wistar rats in autumn and spring periods during 28 days. In autumn, the admin-

istration of melatonin increased the concentration of free thyroxine (fT4) by 30%, the activity of alkaline
phosphatase (ALP) by 43.9% and hyaluronidase activity (HA) by 15.4%. However, the concentrations of
pyridinoline (PYD) and glycosaminoglycans (GAG) decreased by 48% and 46.7% respectively. In spring,

results of the similar procedure substantially differed. The concentration of free triiodothyronine (fT3)
decreased by 18%. Concentrations of { T4 and PYD increased by 31% and 42% respectively. The activity of
acid phosphatase (AP) and tartratresistant acid phosphatase (TRAP) increased by 78% and 72% respectively.
Our findings give us the reason to suggest that melatonin inhibits the physiological remodeling of bone tissue

(BT) in spring. This may lead to violation of the integrity of organic matrix and inorganic component of BT.

Keywords: melatonin; bone tissue, markers of bone remodeling, thyroid hormones.

I. Introduction

Previously, the researchers have shown seasonal
changes of the character and intensity of physiological
processes in the body and their biochemical markers [1].
It is known that the circadian (daily) rhythms provide
urgent adaptation of body’s functions to the lighting
change and seasonal rhythms — to the changes of energy
metabolism and regeneration processes [2]. Synthesis of
melatonin in the body has as daily, so seasonal rhythms.
In autumn and winter with a decrease oflighting the con-
centration of hormone increases, and in spring and sum-
mer, by contrast, it reduces [ 3, 4]. Biorhythmic structure
of bone tissue (BT) metabolism is sufficiently flexible
and easily modified by changes in environmental condi-
tions: temperature, degree of illumination and diet [4].
In the literature, there is a point of view that melatonin
affects the circadian rhythms of bone metabolism. How-
ever, the mechanism of its action on BT metabolism is
still insufficiently studied. Results of studies in vitro in-

dicate that melatonin plays a significant role in the regu-
lation of bone growth. It was shown that it stimulates
osteoblast differentiation and matrix mineralization in
culture [S]. Melatonin also increases the synthesis of col-
lagen protein and collagen bone matrix [6]. The possibil-
ity of circadian intensity of physiological regeneration
of BT by changing the amplitude and rhythm of daily
fluctuations in the concentration of melatonin in the
body was also established. Regarding to the seasonal im-
pacts — such data is ambiguous.

It was shown that thyroid hormones (thyroid)
play an important role in synchronizing the frequency
of bone metabolism in rats [7, 8]. They activate both
osteoblasts and osteoclasts [9]. The action of thyroid
hormone (TH) in osteoblasts is mediated by receptors
which are expressed on them and accompanied
by increased formation of osteocalcin, ALP, insulin-like
growth factor-1, interleukin-6 and 8. TH promote the
remodeling process as they stimulate the osteoclastic and
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osteoblastic activity of trabecular and cortical BT, but do
not have a noticeable effect on the synthesis of matrix
proteins and bone cell replication [10].

We are not aware of data published on the impact
assessment of melatonin administration on seasonal
bone metabolism in rats. Therefore, the purpose of our
study was to investigate the relationship between the in-
fluence of exogenous and endogenous factors on BT re-
modeling in young Wistar rats in different seasons.

I1. Methods

The study was conducted on 48 young (3-months-
old) male Wistar rats in springtime (March —
April), and in autumn (October — November). The
animals were obtained from the vivarium nursery of
Bogomolets Institute of Physiology, National Academy
of Sciences of Ukraine. The animals were kept in
standard vivarium conditions in the natural cycle of
light/darkness and received a regular diet.

An aqueous suspension of melatonin (“Uni-
pharm Inc®, USA) was introduced orally at pharmaco-
logical dose of S mg/kg, in the volume of 1 ml during
28 days at 10.00 a.m. An equivalent amount of physi-
ological sollution was introduced to the control rats at
the same time. After 28 days the rats were decapitated
under anesthesia according to the international prin-
ciples of the European Convention for the protection
of vertebrate animals used for experimental and other
scientific purposes.

The level of BT destruction and synthesis was deter-
mined by measuring the activity of specific enzymes of
osteoclasts and osteoblasts or other substances that enter
the bloodstream during remodeling.

We measured the levels of ALP (“Lahema”, Czech
Republic) as an indicator of the BT formation, AP
(“BioSystems”, Spain), TRAP (“BioSystems” Spain),
glycosaminoglycans (GAG) [11] and PYD («Quidel
Corporation», USA) as indicators of resorption which
were determined in rat serum using standard reagents
kit. In the bone tissue extract, we examined hyaluroni-
dase activity (HA) [12]. In blood serum we measured
concentrations of FT'3 and FT4 by solid phase competi-
tive enzyme-linked immunosorbent assay (ELISA) using
monoclonal antibodies («Diagnostic systems>, Russian
Federation).

Statistical analysis of the data was performed
by ANOVA. We determined the following statistic
parameters: the average value — M, standard
deviation — m, significance of difference of two data
sets — using the Student t — test. The differences were
considered significant when p<0.05.

III. Results

In autumn after oral administration of melatonin,
activity of ALP in the rats’ blood serum increased by
43,9% (P <0,05). In spring, on the contrary, we observed
only a tendency to decrease of the ALP activity by 8%
compared with control values (Fig. 1).
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Figure 1. The activity of alkaline phosphatase in the
blood serum of young rats of control group (1) and
after administration of melatonin in autumn (2), in

spring (3)
* P <0.05 — compared with a control group of animals
Inautumntheactivityof APand TRAPinserumunder
the same experimental conditions showed a downward
trend. In spring, AP activity significantly increased by
78% and TRKF — decreased by 72% compared to
control (Fig. 2).
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Figure. 2. Acid phosphatase (2) and tartrat-resistant
acid phosphatase (3) activity in the blood
serum of young rats after administration of
melatonin in spring (1 — control group)

* P <0.05 — compared with a control group of animals

In autumn we observed upward trend of
fT3 concentration by 13% compared to control
(P<0.0S). In spring this figure significantly decreased
by 18% compared to control (P <0.05) (Fig. 3).

Concentration of T4 after exposure of melatonin
was significantly higher by 30% in autumn and in spring
by 31% compared with controls (P <0.05) (Fig. 4).
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Figure 3. The concentration of free triiodothyronine in
serum of young rats: control groups (1, 3) and after
administration of melatonin in autumn (2), in spring (4)
* P <0.05 — compared with a control group of animals
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Figure 4. Concentration of thyroxine in the blood serum
of young rats in the control groups (1, 3) and after
administration of melatonin in autumn (2), in spring (4)
* P <0.05 — compared with a control group of animals

In autumn GAG concentration in serum decreased
by 46.7% (P <0.05) compared with control. In spring,
the figure rose by 29% (P <0.05) compared with control
(Fig. S). In the study period, we found no significant
alteration of the concentration of uronic acids, which

are composed of GAG.
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Figure 5. The concentration of glycosaminoglycans in
the blood serum of young rats in the control group
(1, 3) and after administration of melatonin in
autumn (2), in spring (4)

* P <0.05,***P<0.001 — compared
with a control group of animals

Hyaluronidase activity (HA) — is a combined effect
of two lysosomal enzymes that break down GAG in BT.
In autumn its activity was likely to increase by 15.4% in
the serum. In spring, this figure has not changed (Fig. 6).
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Figure 6. Hyaluronidase activity in the blood serum
of young rats in the control group (1, 3) and after
administration of melatonin in autumn (2), in spring (4)
* P <0.05 — compared with a control group of animals

PYD concentrations significantly decreased by 48%
in autumn (P <0.01) and increased by 42% in spring (P
<0.05) compared with control (Fig. 7).
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Figure 7. Pyridinoline concentration in the serum
of young rats in the control group (1, 3) and after
administration of melatonin in autumn (2), in spring (4)
P<0,01 ** * P<0,05-compared with
a control group of animals
Discussion
Our results are consistent with the literature on
the impact of melatonin on the formation of BT in young
animals [6, 13]. Molecular mechanisms of influence of
TH on skeleton are complex and only partially explored,
showing a direct or indirect effect on it. f T3 can induce
differentiation and inhibit cell proliferation of osteoblasts.
It was shown that fT3 increases the expression of several
genes related to bone, including osteocalcin and collagen
type L. fT3isinvolvedin the formation and mineralization
of bone matrix [ 14]. TH play a fundamental role during
skeletal development and growth, and in maintaining of
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bone mass, mainly due to the action of thyroid receptors
TRal [14].

Bone metabolism depends also on a number of
hormones including thyroxine [15, 16]. We assume
that inhibition of physiological remodeling of BT in
spring after the administration of exogenous melato-
nin increases endogenous endocrine effects that thyroid
occur.

The functional relationship between melatonin and
thyroid hormones is well demonstrated in scientific
researches. It is shown the dualism of thyroid hormone
effects on bone metabolism. On the one hand, T3 stim-
ulates bone formation through direct effects on osteo-
blasts and chondrocytes. On the other hand, f T3 initiates
bone resorption through indirect mechanisms of impact
on osteoclasts. TH stimulate osteoblastic and osteoclas-
tic activity both in trabecular and cortical BT [17; 18].
It is shown that exogenous melatonin inhibited levels of

.;:;-_.‘
S
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THYROID

tT4 in groups of 2 and 4-month-old male mice. The use
of melatonin also reduced the level of T4 in adult male
Sprague-Dawley rats [ 19]. And for the 8-month-old male
mice, melatonin plays a stimulating effect on T4 [20].

The secretion of thyroid hormones is regulated by
the hypothalamic-pituitary system [21]. The level of
thyroid hormone in serum is regulated by feedback
mechanism on the hypothalamic — pituitary —
thyroid axis [26]. Tyroliberyn (TRH — thyrotropin-
releasing hormone) is synthesized in the hypothalamus
and stimulates the secretion of thyroid stimulating
hormone (TSH) from the anterior pituitary. TSH stim-
ulates the synthesis and release of TSH. TH operate in
the bone through TRa receptors to regulate growth
and development of bone. TH also act through TR
receptors, which are expressed in the hypothalamus
and pituitary to inhibit the synthesis and secretion of
TRH and TSH [23] (Fig. 9).

P

Figure 8. Hypothalamic-pituitary-thyroid —bone axis

We assume that the inhibition of physiological remod-
eling of the BT exposed to exogenous melatonin is en-
hanced by endogenous endocrine effects. It is well known
that pharmacologic doses of melatonin suppress thyroid
activity, and a reduction in thyroid function significantly
affects the structural and metabolic state of the bone tissue.

According to the literature, reduced concentrations
of thyroid hormones result in decreased activity of both
osteoblasts and osteoclasts leading to a 2.3-fold inhibi-
tion of the bone remodeling rate [24].

Itis known that excess of GAG changes the colloidal
structure of BT, increases its hydrophilicity, causing

swelling and loosening of collagen fibers [25]. That is,
in spring there is a partial degradation of the BT organic
matrix under the influence of excess melatonin, which
reduces the consolidation of collagen fibers and their
relationship with mineral crystals.

Results of PYD concentrations are consistent with the
above in determining the concentrations of GAG. This
shows negative seasonal effect of pharmacological doses
of melatonin at BT remodeling in spring. Perhaps this is
due to a change in ambient temperature, spring beriberi
and a decrease of needs of high heat.
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Our results indicate the materiality influence of the
external environment on the activity of the thyroid and
related endocrine status of BT remodeling. We believe
that seasonal changes in receptor sensitivity of BT ele-
ments to the exogenous influences (including pharmaco-
logical) should be planned taking into account the actual
level of reactivity of BT.

Conclusions
of
melatonin in pharmacological doses (5 mg/kg body

1. Autumn  administration exogenous
weight) affects the physiological processes of bone
remodeling in young Wistar rats. It increases the activity

of alkaline phosphatase by 43.9%, by 15.4% —

hyaluronidase activity and reduces the concentration of
glycosaminoglycans by 46.7%.

2. Melatonin affects the seasonal rhythm of bone
remodeling by action on endogenous factors, such as
thyroid hormones — triiodothyronine and thyroxine.

3. In spring melatonin introduction to young
rats suppressed physiological remodeling of bone
tissue, helped to reduce the activity of osteoblasts and
osteoclasts activity growth, increased concentration of
glycosaminoglycans by 29%. This may indicate a violation
of the integrity of the organic matrix and weakening the
fixation of inorganic component connective tissue —

hydroxyapatite crystals.
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Some applications of quasiconformal geometry

Abstract: Quasiconformal geometry is a very useful tool in many applications. Computational quasi-

conformal geometry has been developed, which extends the quasiconformal theory into a discrete setting.

It has found various important applications in medical image analysis, computer vision and graphics. We

will mention some applications in medical morphometry and graphics.

Keywords: Beltrami Ceofficients, quasiconformal mapping, shape registration.

1. Introduction

The deformities on the elastic surface are formulated
as nonconformal deformations, whereas normal defor-
mations that preserve local geometry are formulated as
conformal deformations. We then detect abnormalities
by computing the Beltrami coefficient associated unique-
ly with the quasi-conformal map. Finally, by defining the
shape index as a combination of Beltrami coefhicient and
curvatures, it can be proven that the index describes all
shape changes up to rigid motion. Thus, it can be used
to detect subtle changes, in case more detailed informa-
tion is needed. We have tested the algorithm on synthetic
surfaces and real brain surfaces.

2. Quasiconformal mapping and Beltrami Coef-
ficients.

The quasiconformal mapping deforms the circles to
ellipses. For more information we refer to [1, 2]. The
Beltrami coefhicient is a complex-valued function defined
on the surface which measures the conformality distor-
tion of the deformation at each point. We define a quasi-
conformal mapping as a function f: C » C satisfying the
Beltrami equation:

oF_ I
iz Yoz
where y: C» C.

If fis conformal at z € C, y is 0. By considering the
norm of the Beltrami coefficient, we can effectively seg-
ment the regions of abnormal changes, which are invari-
ant under normal (non-rigid) deformations that preserve
local geometry. Furthermore, by considering the argu-
ment of the Beltrami coeflicient, we can capture the ro-
tational changes of the abnormalities.

3. Some of the applications

3.1. Colon Registration

Virtual colonoscopy techniques have been devel-
oped to Optical Colonoscopy for screening purposes.
The elastic deformation between supine and prone is
measured by the Beltrami coefficients through the result-
ing registration. Visualizing the amount of distortion in
this way may be useful to a doctor seeking to better un-
derstand how the colon deforms in certain regions.

The quasiconformal mapping deforms the circles to
ellipses. The deformation from supine to prone is quasi-
conformal. A general fundamental domain is chosen for
the supine segment. We use its flat coordinates as the
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texture coordinates and compute the circle-packing tex-
ture mapping, where the circularity is preserved. After
registration to the flattened map of the prone segment,
the supine planar image is changed and the circles are
accordingly deformed to ellipses. Using the bijective
mapping between supine and prone, we can compute
the Beltrami coeflicients on the triangular mesh sur-
face. The quasiconformality of the mapping is evalu-
ated by the local stretching and angle distortion. The
texture coordinates are transferred to each intermedi-
ate mesh surface carefully. Through the texture corre-
spondence, we can visually get a better understanding
of how the deformation behaves from supine to prone
and vice versa. After registration, the supine and prone
have the same mesh connectivity, but different geom-

etry. As shown in Figure 1, the morphing views sp1,
sp2, sp3 between supine and prone are generated by the
linear interpolation of geometry at each vertex. Directly
from the stretching views, one can easily comprehend
where the main deformation happens. The global sur-
face distortion is mainly affected by the local stretch-
ing deformation, valued by the ratio between the long
axis and short axis of the ellipse locally. The local angle
distortion, however, is intrinsic to the material prop-
erties of the organ muscle and tissue. Compared with
the stretching, the angle distribution is more uniform
through the whole deformation. The consistent texture
mapping of checker-board (b) and circle-packing (d)
textures demonstrates the quasiconformality of the
deformation.

{d} circle-packing textun: mapping

3.2 Brain structures and face recognition

This is of great importance for shape analysis, with
applications such as detecting abnormalities in biologi-
cal shapes (e. g., brain structures). We propose an ef-
fective algorithm to detect abnormal deformations by
generating quasiconformal maps between the original
and deformed surfaces. We firstly flatten the 3D surfac-
es conformally onto 2D rectangles using the discrete
Yamabe flow and use them to compute a quasi-con-

formal map that matches internal features lying within
the surfaces. The deformities on the elastic surface are
formulated as non-conformal deformations, whereas
normal deformations that preserve local geometry are
formulated as conformal deformations. We then detect
abnormalities by computing the Beltrami coeflicient
associated uniquely with the quasi-conformal map.
The Beltrami coefficient is a complex-valued function
defined on the surface. It describes the deviation of the

10
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deformation from conformality at each point. By con-
sidering the norm of the Beltrami coefficient, we can
effectively segment the regions of abnormal changes,
which are invariant under normal (non-rigid) defor-
mations that preserve local geometry. Furthermore, by
considering the argument of the Beltrami coefficient,
we can capture abnormalities induced by local rota-
tional changes. We tested the algorithm by detecting
abnormalities on synthetic surfaces, 3D human face
data and MRI-derived brain surfaces. Experimental
results show the algorithm can effectively detect ab-
normalities and capture local rotational alterations.
Our method is also more effective than other existing

methods, such as the isometric indicator, for locating
abnormalities.

3.3 Graphics

Conformal geometric methods have many applica-
tions in computer graphics. For global surface parametri-
zation are used isothermal coordinates. Texture mapping
use conformal mapping because it preserves angles. Fig-
ure 2 shows the example of the holomorphic 1-form for
texture mapping. For designing vector fields on surfaces
are used special flat metrics, which is very important for
non-photo-realistic rendering and some special art form
design. Figure 3 shows the examples for vector fields de-
sign on surfaces using the curvature flow method.

4. Conclusions

Quasiconformal geometry is a very useful tool in
many applications. Computational quasiconformal
geometry has been developed, which extends the
quasiconformal theory into a discrete setting. It has
found various important applications in medical image
analysis, computer vision and graphics, ect.

Shape registration is very fundamental for shape
analysis problems, especially for abnormality detection in
medical applications. The Beltrami coefficient is employed
to analyze the physical deformation of the colon muscle
and tissue. Experimental results show that the Beltrami
coefficient can effectively detect regions withabnormalities,
which are invariant under conformal deformation. More
research focuses on quasi-conformal mappings.
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SBOJIIOLMOHHOE MOAeNMpoBaHNe cTpaTernm noBeaeHus
MHANBUAYYMOB U npocTtenwmnx ¢opm Kkoonepaumm

AHHOTaHHﬂ: B crarpe PacCMaTpUBAKOTCA PA3AMYIHDIE 9BOAIOIINOHHDBIE CTPATETUN HHAUBHUAYYMOB B AH-

AEMME 3aKAIOYECHHOTIO. HPI/IBOAHTCH PE3YAPTATDI CAy‘IafIHOFO BSaHMOAefICTBHﬂ MEXAY I'pyniaMu ¢ pa3ami-

HBPIMH ITIOBEAEHIECKHMMU CTPATErHsIMH.

KaroueBpie cAoBa: 9BOAIOIJMOHHbBIE CTPAaTEruH, MOACANPOBAHNE, TEOPHS HUI'P.

Hamy mpepcTaBAeHHsI O CYLIeCTBEHHBIX ACIIEKTaxX
B 00AACTU MOAEAMPOBAHUS IIOBEACHHSI TOPA3A0 XYKeE,
9eM [IPEACTABAECHUSL, KOTOPBIE Mbl IME€eM OTHOCHTEABHO
MHOTHX APYTHX 00AacTeil. 3HAYHTEABHBIM ApTyMEHTOM
B II0AB3Y HCCACAOBAHIS CTPATETUIl IOBEACHIS] HHAVBH-
AYYMOB U IIPOCTeHAIIX GOPM KOOIIEPALIUH SIBASIETCS BO3-
MOYKHOCTD IIOAYY€HHS] OKOHIATEABHBIX PE3YABTATOB AASI
AKTYaABHBIX Pa3A€AOB M3 9KOHOMHKH, STOAOTHH, OHO-
COLIIOATUY, KHOEPHETHKH, KOHPAUKTOAOTHH, TEOPUH
aBOAoLN. PeleHreM BbIIIEN3AOXKEHHBIX 3aAa4 SIBASIET-
CsI IOUCK CTAOUABHON CTPATerHy — B CAyYae OHOAOTHH
9BOAIOIIIOHHO CTAOMABHOM CTPATErnH, KOTOPbIe 06AaAa-
10T 06001meHHOCTHI0. [Top 06001 HHOCTBIO TOAPa3yMe-
BaeTCsl BOSMOXXHOCTD IIOPOXKAEHHSI AQHHBIM pelleHueM
LIEAOTO KAACCA PelIeHH I, B OOADbILIEM CAydae, CMEKHBIX

3apad. [ToaTomy AAst momcka 06OOMEHHBIX pelleHuU
BO BpeMs MATeMATH3AI[|1 OIIHCATEABHBIX HAYK OBIAY pa3-
PaboTaHbI HOBbIE IIOAXOABI, TO3BOASIIOLIHE TIEPEXOAHUTD
Ha abCTpakyuio 60Aee BHICOKOTO YPOBHS, a IIPH IIOAY-
YeHHHU pelleHNs] CBOAUTD K YaCTHOCTH. B cuAy BbImrens-
AOYXXEHHOTO MBI OYA€M MOAEAMPOBATh KAACCHYECKYIO 3a-
AQIY «AMAEMMA 3aKAIOYEHHOTO0>, 6e3 yueTa crieruduku
IPUKAAAHBIX 00AACTel, YTOOBI HE IIOTEPSTh OOIIHOCTH
pemenust. PasanuHble BapHALUY MOAEAUPOBAHUS AASI
2 UrpoKoB mpuBoAATCS B [1].

«AnaeMMa 3aKAIOUYEHHOTO>» — (YHAAMEHTAAbHAS
npobAaeMa B TEOPHH UI'P, COTAACHO KOTOPON HIPOKH
He BCerAa OYAyT COTPYAHHMYATh APYT C APYTOM, AdKe
€CAH 9TO B UX MHTepecax. Ecan mpenebpeus mpukaapHOI
00AACTBIO B M3AOXKEHHUH 3aAAYH, TO €€ MOXHO cPopMy-
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AUPOBATh CAepyomuM obpasom. VIMeIoTcst HHAUBUABI,
KOTOpbIe MOTYT B3aHMOAEHCTBOBATb APYT C APYIOM,
npudeM 06a He3aBUCUMO BBIOMPAIOT MOAEAD (coraarre-
HUe U OTKa3) MOBEACHHS OT KOTOPOit 3aBUCUT HX Bbl-
urpoi (6aaant). [Tpu B3anMHOM OTKase 062 HHAMBHAR
TEPSIIOT HAAABL, IIPH B3AMHOM COTAACHH ITOAY4atoT. I Tpu
OTKa3e [ePBOTO U COTAACHU BTOPOTO IEPBbII TOAYYaET
IIAQTY 32 PUCK, a BTOpo# mTpad. CTOUT OTMETUTD, YTO
CpeAHee MeXAY IIAATOM 3a PHCK M ITPadOM He AOAKHO
IIpEeBbILIAT B3AUMHON HarpaAbL LleAbro urpst siasieTcst
MaKCUMM3ALUK COOCTBEHHOTO BhIUrpbiina. MHTepecHblit
CAyYail IPEACTABASIET MOAEAUPOBAHMUS UIPHI C IPOH3-
BOABHBIM KOAUYECTBOM HIPOKOB.

B 3BOAIOLIIOHHOM MOAEAMPOBAHUK BMECTO OTAEAB-
HBIX HHAMBUAYYMOB PacCMaTpUBAeTCst PyHKIIMOHUPYIO-
Iee B OrPaHUYEHHOM IPOCTPAHCTBE AOCTATOYHO HOAD-
moe coobmecTBo HHAMBHAYYMOB (0cobeit). O6o3HaumM
AaHHOe coobectBo yepe3 Q. B mpouecce pynkimonu-
poBanus Q MeXAy MHAUBHAAMU [IPOMCXOAST CTOAKHO-
Benust (urpsi). B kaxao0it urpe 0cobb MoxeT BbIGUpATh
OIPEACACHHYIO CTPATETHIO S; U3 MHOKECTBA BCEBO3MOX-
HbIX cTpaTeruil S. MHOXeCTBO S IIOAHOCTBIO OIIPeAeAs-
ercst MHOXecTBOM mpaBua [, Kaxkaast cTparerns paer
OIIPEAEACHHDIN PE3YABTAT, KOTOPBIN MOXET OBITh KaK
[IOAO’KMTEABHBIM, TaK U OTPHULIATEABHBIM.

Boo011ie roBopsi, UIPI MEXAY OCOOSIMU He SIBASIFOTCST
Urpamu ¢ HyaeBoi cymmoit. Kaxxaas ocobs MoxeT Me-
HSITb CBOIO CTPATETHIO 110 Mepe HAKOIAEHHS OIIbITA y4a-
CTUsI B Urpax. MHOXeCTBO CTpaTeruil, HCIIOAb3yeMbIX
0COOSIMHU B UT'PAX, IIPOUCXOASIIHX B AAHHOIN MOMEHT 060-
3HAUMM S . OBOAOLIMOHUPYS, 0COOb YIUTCS B KOKAOM
urpe BbIOMpaTh HaHOOA€e ONTHUMAABHYIO CTPATETHIO.
Hauboaee onruMaspHas cTparerust BbIOHMpAeTCs
I10 HeKOTOPHIM IpaBrAaM. OUeBHAHO, YTO [IEABIO B KaX-
AOT1 Hrpe MexAy K 0cOGSIMU SABASIETCS AOCTIDKEHIE MaK-
cumyMma $yukuuu O, onmceiBaromert ucxop urpst. Lle-
ABIO 9BOAIOLIMH SIBASIETCSI HAXOXKAEHUE TAKUX IIPABUA
BbIOOpa cTpareruit X , 6AaroAapst KOTOPHIM AASI KXKAOTO
B3aUMOAENCTBHS CyMMa BCEX HICXOAOB OYAET MaKCHMaAb-
HOI, 9TO MMO3BOAMT CUCTEME OBITh CTaOUABHOIM.

Ecan @ ompeaeasieT HCXOA OAHOM MIPBI MeXAy k
0CO0SIMH, TO QpYHKIJHS, OIIUCHIBAIOIIASI COCTOSIHUE CUCTe-
MBI (BCeX HCXOAOB):

D= OVP).

3anumieM B 9TUX 0003HAUYEHHUSAX LA 9BOAIOIHH:

max® =max (¥).

ByaeM cauTats, 9TO KasKAast 0co6b u3 Q MoXeT mpu-
AEPKUBATHCS OIPEACACHHO IIOBEACHIECKO CTPATETHH:

«  KOOIepaw¥s,

¢ OTKa3 OT KOOIEpPALHH.

[Tpu 9TOM BHIMTpbIm (TIPOMTPBIII) KAKAO# 0CO6H 3a-
BHCHUT OT TOTO, KAKyIO CTPATErnio n30para Apyras ocoob.
Taxk, pu B3aMHOM BbIOOpe KOOIIepaLiiy, OHK 002 OcTa-
HYTCsI B BBIUTPBILIE, IIPU OOOIOAHOM OTKa3e obe ocobu
npourpsiBaioT. Ho mpu 9TOM MaKCHMAABHbIN BBIUTPHILI
IIOAYYUT 0COOB, €CAM OHA IOFMAET Ha OTKA3, a ee CoIep-
HUK Ha Koomepanuioo. CoBceM He O4eBHAHO, KaK HYX-
HO BBIOMPATh CTPATETUIO B KAXXAON KOHKPETHOM UIpe,
9TOOBI CHCTeMa AOCTHIAQ IIeAH 9BOAIOIMU. P. AkceAbpop
nokasaa [ 1], 4uro Han6oaee CTabUABHOI SBASIETCS Ipa-
BHAO BbI6Opa «OKO 32 OKO>>, IPH KOTOPOM B KaXKAOM
UI'pe HHAUBUAYYM IIOBTOPSIET XOA mpeabiaymero. ITpo-
0OBaAMCh pa3AMYHBIE BApPHALUH BBIOOpPA CTpaTerwi,
U OKa3aAOCh, YTO HaMbOAee YCTONMYMBBIMU SIBASIFOTCSI
«AOOpBIe> CTpaTeruu, KOTOpbIe Yae KOOIePHPYIOTCS,
IIPH 9TOM <«3AbI€>, HAOOOPOT, SBASIIOTCSI HEYCTONYUBBI-
MU ¥ [IOAYYAIOT MUHFMAABHYIO LIeAb 9BOAIOLNH. Takoi
IIOAXOA OLIEHKH CTAOHABHOCTH CTPATETHUil BEpPeH, eCAU
IIPOBOAUTD UCIIBITAHUS AASI KKAOM CTPATErHH IIOMIAPHO
Y HE3aBHUCHMO OT OCTAaAbHbIX.

Mbi pacemotpum cuctemy Q us k ocobeit, kotopoie
pasAeAeHbI Ha HECKOABKO TPy, AudPepeHIpoBaHe
II0 KOTOPBIM OIIPEAEASIETCSI CTPATernei IIOBEASHHIS:

o  Cssarbie;

o JKapmuvre;

o CayuaiiHble;

o PacurerauBrie;

e Oryvasusre;

«  Tpycausnie;

o Oxo 3a oko.

PaccMOTpHM KaXKAYIO TPYIIITY IIOAPOOHEe.

«CBsiTBIE » 0COOU ITOCTOSHHO UAYT Ha KOOIIEPALIHIO,
BHE 3aBUCHMOCTH OT 3HAYEHUSI CBOEH LjeAH, U CTPATEr Uil
APYTHX 0CObert.

«JKapHble» 0COOM CTPeMSTCS IMOAYYUTb MAKCH-
MAABHYIO [IPUOBIAD, IIO3TOMY IIOCTOSIHHO OTKA3bIBAIOT
B KOOIIEPALHH.

«CayyaitHpie» 0cOOU He UMEIOT KECTKOM ITO3ULHH,
[I09TOMY OHU BBIOHUPAIOT CBOIO CTPATETUIO IICEBAOCAY-
YaHBIM 0OPa3OM.

«Pacuetauspie». Ocobu 3TOro BUAa OLIEHUBAIOT Be-
POSITHOCTb BBIOOpA CTpaTerud MPOTHBHUKA. Tak Kax
FIMeeTCs BCEIo ABa BAPUAHTA BEIOOpa: A — KooIepars,
B — otkas, To P(A)+ P(B)=1. Orcioaa, 3Has obmee
KOAUYECTBO HI'P X KOAUYECTBO AUOO OTKA30B, ALOO KOO-
IepaLuif, 0co0b OLjeHNBAEeT BEPOSITHOCTD BHIOOpA CTpa-
TETUU IPOTUBHHKA U, B COOTBETCTBHU C 3TOI BEPOSITHO-
CTBIO, A€AQET BBIOOP CBOEH CTPATETHN.

«OryasHHBIE> 0COOU PACCUUTHIBAIOT CBOIO BEPOSIT-
HOCTD Ha BBIUTPBII (YTO COMEPHUK 6YAT HOCTOSHHO UATH
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Ha Koonepaumo): €CAM 3Ta BepOATHOCTD NaAAeT MeHblle
0.3, TO OHM HAYMHAIOT OTYASTHHO OTKa3bIBAThCS OT KOOITe-
paLuy, B pacyeTe Ha MOAYIeHIe MAKCUMAABHOM IIPUOBIATL
A0 TaaeHIs BepOSITHOCTH OHU OTBEYAIOT CAYYANHBIM 06-
pasom. Ilpu aTom, ecan pu MOCTOSIHHOM OTKa3€ MX BbI-
UT'PbIII HAYMHAET PACTH, TO «IOPOT OTYASHHS> MOBBIIIA-
erca Ha 0.05, HO He mopunMaercs Boimie 0.6.
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OTYasTHHbIM. HPI/I IMAA€HHH BEPOSATHOCTH BBIMI'PbIIIA
menbire 0.3 OHH HAYMHAIOT paccuuThIBAaTh Ha B3AUMHYIO
KOOII€palio, 1 BCETAQ KOOIIEPHUPYIOTCAL.

«OKo 3a oko>» — BCErAa HAYMHAIOT UI'PY C KOOIIEpa-
OUH. Aazxee OTBE€YAIOT TaK, KaK UM OTB€YAAU B HPOHlAbIﬂ pas.

[Tocae BeprdHKAIIMH U yTOYHEHHUS MOACAH, ITPEHAEM
HEIOCPEACTBEHHO K ITPAKTHIECKHM BBIYHUCACHUSAM. MbI
CMOAEAUpPYeM BCe BapHaIlHH, yKa3bIBas B KauecTBe Mapa-
MeTpa BePXHIOI0 I'PaHb HATIOAHEHHS AASI KOKAOH IPYIIIIBL.
BosbMeM B kadecTBe mapameTpa 2 — OH OYAET HOPOX-
Aarp 3 —8=2179 BapMAaHTOB COCTABa ITOITYASIIHI.

PaccMOTpUM IrHCTOrpaMMBI AAS BCEX IPYIIIL, HYA€BOMH
croAber] Be3apoe PaBHO AAMHBI U TTOSIBASIETCS 32 CUET UI'P,
B KOTOPBIX AQHHAs I'PYIIIA HEe YIaCTBYeT.

Y rpymnm: AbSIBOABI, TPYChI, CAyJaiHbIe, CBSThIE BBIAE-
ASIETCSI CBOFICTBO HECIIOCOOHOCTH aAQNTHPOBATHCS IIOA
Cpeay, KOTOpOe MOXXHO YCTAaHOBUTb HAAMYHEM UT'p C Ma-
ABIM KOAWYECTBOM OYKOB (CTOA6ubI Mexay O 2000).
Y 6aileCOBCKUX, OTYASIHHBIX U OKO 32 OKO 9TH CTOAOLIBI
B OCHOBHOM OTCYTCTBYIOT, OAAQroAapsi BO3MOXXHOCTH
MTOACTPAUBAThCS MOA CONepHUKOB. CpepHHe 3HaYeHUs
1o BceM urpam: casaTbie — 2107, aAbsBoabt — 3893, cay-
vartHple — 3023, pacueTauBble — 2956, OTUasIHHBIE —
3262, Tpycanspie — 2670, oko 3a oko — 2963. M3 yero
CA@AYET, YTO 3a CUET arpeCCUBHOM CTPATErnH, BCE PaBHO,
ABSIBOABI IMEIOT IIPEUMYIIIeCTBO M KOMIIEHCHPYIOT CBOU
[OTEePH 13-32 B3AMOAEHCTBHS C HOAee «OT3BIBUMBBIMI >
UHAVBHAAM.

EcAm >ke HCKAIOUHTD TaKOTO POAQ, CIIPABEAAUBYIO,
UMUTALUIO — TO, OYEBUAHO, YTO HOAEE AAANTUBHBIMU
SBASIFOTCSL OTYasiHHBIE (rMCTOrpaMma HauboAee AABHO
MACT Ha craa). [IpOTUBOTIOAOKHOCTBIO TI0 AAAMITALIUH,
KaK M OKMAAAOCH, BBICTYMAIOT TPYChl (THCTOrpaMMBbI
CAHMIIKOM MEAAEHHO HAT Ha ipupocT). Hanmenee aparn-
TUBHBIMU SBASIFOTCSI TPYChI M CAYYaiHbI€, B CBS3U C HH3-
KHMH 9KCTPEMAAbHBIMH 3HAYEHUSMU U TIAABHOCTBIO T'H-
CTOTpaMM IIPH POCTeE H YOBIAU.

Aaaee npoanaausupyem Pucynok 3. Bo MmEorux cay-
YasX HAOAIOAQ€TCS TEHAEHIMS K AMHEHOW 3aBUCHUMOCTH,
BepOSITHEE BCEI0 OHO 0OYCAOBAEHA Y€CTHOCTBIO CHCTEMBI
MopearpoBaHus. Ho Aaxke B TAKMX yCAOBUSIX P OSIBASIFOT-
CsI HEKOTOphle HeTpUBHAAbHbIe Tpoeknuu. Hanpumep,
TPYChI U OTYASIHHBIE OOA€E PACIIOAOXKEHBI K B3AUMHO-
BBITOAHBIM MI'PaM, YTO BBIPA’KEHO IIOAOXKEHHEM CaMOM
AanHO# AnHHU. OOPATHYIO 5Ke CHUTYALUI0 MbI HAOAIOAQEM
MEXAY TPYCaMH 1 pacdeTAuBbiMU (6aitecOBCKMMM), H3-
3a IPUCYTCTBHS OOABIIEH CTOXaCTHYHOCTH B [IOBEACHUH
pacueTAMBBIX. TakoKe CTOUT OTMETHTD, YTO, HAIIPUMEP,
CAy4aiHbIe TIOPTAT KPHUBYIO KOOIIEPAIIH BO BpeMs B3a-
MMOAEHCTBHSI C OKO 32 OKO. V13 puCyHKOB BHAHO, KaK pac-
YeTAUBOE IIOBEACHHE B OOABLIMHCTBE CAy4aeB 0OpasyeT
HEAMHENHY0, OAH3KYI0 K KBAAPATUIHOM 3aBUCHMOCTb.
Haunb6oabume pa3dpocs OTMEHAIOTCS Y ABSIBOAOB H TPY-
coB. Takue pe3yAbTaThI IOAYYAOTCSI GAATOAAPS TOMY, 4TO
CTOAKHOBEHHS IIPOUCXOAAT B PABHOMEPHO PACIIPeACALH-
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HO rpymie. B Takux ycAOBHAX Ay4Ineit cTpaTerueii apas-
eTCsI OTKA3, TaK KaK OH 0becreynBaeT MaKCUMYM OYKOB,
IIPY MHHHUMAABHBIX PUCKAX. «3AbIe> CTPaTeTHH SIBAS-
IOTCS HAMAYYIIMMHU AO TeX IIOP, II0Ka BEPOATHOCTD CTOA-
KHOBEHHS «3A0T0> CO «3ABIM> He CTAHET AOCTaTOYHO
BBICOKOM. B 3TOM cAyyae MOCTOSHHO MATH Ha OTKa3 CTa-
HOBHUTCSI HEBBITOAHO, M TAKHE CTPATeruu He GyAyT ONTH-
MaAbHBIMH. ECAM BepOSTHOCTD CTOAKHOBEHHMS C 0COOSIMH
CBOETO BHUAA He MeHbIIe YeM C 0COOSIMU APYTOTO BHAQ,
TO B 9TOM CAy4ae HanOOAee ONTHMAABHBIMHU SIBASIIOTCSI
«AOOpBIE> CTpaTeruu.

3akAroueHHe

B PEBYAbTaTe HPOBEAGHHOI‘O MOAEAI/IPOBaHI/ISI I'IOAY-
YE€HbI TOYHbIC YHCACHHDbIC XaPaKTePI/ICTI/IKI/I, BbISIBAC€HDI
OCHOBHbI€ 3aBUCHUMOCTHU U UX (POPMa, B PaSAI/I‘IHI)IX CO-
CTOAHUAX CUCTEMBI. TaK)Ke, 6I)IAI/I q?OPMaAI/ISOBaHbI: I10-
CTAaHOBKA 3aAAYH, CTPATETUH IIOBEACHHS, CHCTeMA B3a-
HMOCBsI3eil. AASI pa3paboTKy OoAee PeaAbHOM MOAEAH
nu YTO‘IHeHI/Iﬂ HPEAMCTHI)IX MEXaHHU3MOB B CAeAYIOH.II/IX
UTepaLUAX IIPOBEACHHUS AAHHOIO MCCACAOBAHUS, Heob-
XOAHUMO y‘{eCTb HPeAAO)KEHI/Iﬂ I10 YCAO)KHEHI/IIO CBﬂSefI
nu HOOHLPEHI/Iﬁ B CUCTeMe MOAEAI/IPOBaHI/II/I.
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Some main architects with their contributions in
the early history of general topology

Abstract: In this paper we want to present some of the main theories that have served as the basis in the

concepts of the general topology. Presentation of materials is made according to the course of the years since

the beginning of the seventeenth century until the early twentieth century. Many of the names mentioned in

our paper have a contribution to mathematics much greater than what we have mentioned. Our goal was
simply to highlight their relevance and contribution in the field of topology and not in other branches of

mathematics.

Keywords: history of topology, general topology, analysis situs, contributors, geometry of distortion.

Introduction

The term «topology>, introduced by Listing, in a
famous article published in 1847, became attached to
this branch of mathematics only at the beginning of our
century. Leibniz uses the words geometria situs. Rie-
mann used exclusively the term «analysis situs”. The
Latin phrase analysis situs may be translated as “analysis

of position” and is similar to the phrase geometria situs,
meaning “geometry of position” or “geometry of loca-
tion” used in 1735 by the Leonhard Euler to describe his
solution to the Konigsberg bridge problem. Euler’s work
on this problem also is cited as the beginning of graph
theory, the study of networks of vertices connected by
edges, which shares many ideas with topology. Topol-
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ogy deals with the properties of an object that survive
stretching, twisting, bending or other changes of its size
or shape.

The following are some contributors to early general
topology. Some of them are architects in the history of
topology.

In various papers confirm that Descartes in
1619 discovers what is now called the Euler- Poincare
formula. Somewhere in the years 1619-1621 René Des-
cartes wrote an Elementary Treatise on Polyhedra. Treatise
of Descartes was never published and lay hidden like a
mathematical time capsule for over two hundred years.
Descartes’ Theorem is a very lovely result in its own right,
and in 3 dimensions it is equivalent to Euler’s polyhe-
dral formula. The Euler-Poincaré formula describes the
relationship of the number of vertices, the number of
edges and the number of faces of a manifold. It has been
generalized to include potholes and holes that penetrate
the solid. To state the Euler-Poincaré formula, we need
the following definitions: Vis the number of vertices, E is
the number of edges, F is the number of faces, G is the
number of holes that penetrate the solid, usually referred
to as genus in topology, S is the number of shells and L is
the number of loops, all outer and inner loops of faces
are counted.A shell is an internal void of a solid. A shell is
bounded by a 2-manifold surface, which can have its own
genus value. Therefore, the value for S is at least 1. Then,
the Euler-Poincaré formula is the following: V- E + F -
-(L-F)-2(S-G)=0.

Gottfried Wilhelm Leibniz uses the words geo-
metria situs and foresees the importance of its study. In
his book Characteristica Geometrica (1976-1679) he
tried in modern terms to study the properties of figures
associated with their topological rather than their metric
parameters.

In 1687 displayed the Newton’s Principia Math-
ematica on calculus. The Principia, is a work in three
books by Isaac Newton. Newton learned mathematics by
borrowing the books of Descartes and others from the
library and reading them on his own. In his notebooks
Newton says that Descartes’ Geometry was so difficult it
took him many tries to get through it. When he was an
undergraduate, he developed a general, symbolic treat-
ment of the differential and integral calculus, known as
fluxions. Although he was doing mathematical work
that he knew was more advanced than anything cur-
rently available, he saw no reason to publish it. When he
composed the Principia, it was in the classical style, with
almost no indication of the more symbolic approach that
had lead him to his new ideas. He also included a short

section showing that some of the problems that Des-
cartes was most proud of solving could also be solved
using ancient methods.

In 1737 Leonhard Euler discusses the problem of
the Koenigsberg bridges. The problem is a classic exer-
cise in the branch of mathematics called topology. The
Koenigsberg puzzle is a so called network problem in
topology. In the town of Koenigsberg there were in the
18th century seven bridges which crossed the river Pre-
gel. They connected two islands in the river with each
other and with the opposite banks. He provided a math-
ematical demonstration, as some of the townsfolk had
already proved to their own satisfaction by repeated tri-
als, that the journey is impossible. He also found a rule
which answered the question in general, whatever the
number of bridges. Euler gives a explanation of the prin-
ciples involved and furnishes an example of the deceptive
simplicity of topology problem:s.

In 1799 Carl Friedrich Gauss publishes his thesis
containing the first proof of the main Theorem of Al-
gebra, making a passing remark on topological aspect.
Gauss, in his doctoral dissertation completed in 1797 and
published in 1799, gave a proof of the Fundamental The-
orem of Algebra that was rigorous by the standards of the
time. From a modern perspective, Gauss’ proof, based
on ideas in geometry and analysis, also has gaps. Gauss
gave three more proofs. His second and third proofs were
essentially algebraic, the last in 1849. There are several
equivalent versions of the Fundamental Theorem of
Algebra, including the following: (i) Every polynomial
with complex coefficients has a complex root. (ii) Every
polynomial with real coefficients has a complex root. (i)
Every polynomial with real coefficients can be written
as a product of linear polynomials with complex coeffi-
cients. (iv) very polynomial with real coefficients can be
written as a product of linear and quadratic polynomials
with real coeflicients.

In 1865 August Ferdinand Mébius published a
description of a Mobius strip. He tried to describe the
‘one-sided’ property of the M6bius band in terms of non-
orientable. He thought of the surface being covered by
oriented triangles. He found that the M6bius band could
not be filled with compatibly oriented triangles. To cre-
ate the strip yourself, simply join the two ends of aribbon
after giving one end a 180-degree twist with respect to
the other end. The result is a one-sided surface. A bug
can crawl from any point on such a surface to any other
point without ever crossing an edge. It s impossible to
color one side red and the other green because the strip
has only one side. August Mobius had simultaneously
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discovered his famous strip with a contemporary schol-
ar, the German mathematician Johann Benedict Listing
(1808-1882). However, Mobius seems to have taken
the concept a little further than Listing, as Mobius more
closely explored some of the remarkable properties of
this strip. The Mobius strip is the first one-sided surface
discovered and investigated by humans.

Bernhard Riemann was the first to use topological
techniques in analysis. Riemann (17 September 1826—
20 July 1866) was an influential German mathemati-
cian who made lasting and revolutionary contributions
to analysis, number theory and differential geometry.
He made some famous contributions to modern ana-
lytic number theory. He applied the Dirichlet principle
from variational calculus to great effect; this was later
seen to be a powerful heuristic rather than a rigorous
method. Its justification took at least a generation. His
work on monodromy and the hypergeometric func-
tion in the complex domain made a great impression,
and established a basic way of working with functions
by consideration only of their singularities.

In 1877-1878 Georg Cantor proves that for all n
and m there exists a bijection of R* onto R™ Cantor
showed that the points on a 2-dimensional square had
a one-to-one correspondence with the points on differ-
ent line segments, and this caused others to begin ask-
ing questions about the idea of dimension, leading to
the development of dimension theory. Before Cantor in
1872 introduced the concept of the first derived set, or
set of limit points of a set. He also defined closed subsets
of the real line as subsets containing their first derived set.
Cantor also introduced the idea of an open set another
fundamental concept in point set topology.

Maurice Fr’echet deserves credit as the father of
compactness. It was Fr’echet who gave the concept a
name, in his doctoral dissertation published in 1906.
Fr’echet also defined metric spaces for the first time,
though not using that term, and made inroads into
functional analysis, thus providing a context for which
the importance of compactness became clear. Fr echet
preferred definitions that had an intuitive feel rather
than analytic power. He defined a notion of compact-
ness, introducing first a definition of what we now call
countable compactness, using nested intersections, be-
fore introducing a characterization using limit points. In
Fr’echet’s thesis, he considered three kinds of spaces,
which he called L-class, V-class, and E-class. L-classes
were the most general, in which a notion of sequential
compactness was defined. E-classes, which we now
call metric spaces, and V-classes, a metric space with a

weak version of the triangle inequality, were less gener-
al, but easier to work with. The goal was to define com-
pactness for L-classes, but this turned out unsuccessful
because sequential compactness did not have all the
properties needed to generalize to abstract topological
spaces. Fr echet focused instead on the V- and E-classes,
in which notions of modern-day compactness and se-
quential or limit-point compactness were equivalent.
In 1906 Fréchet called a space compact if any infinite
bounded subset contains a point of accumulation. How-
ever Fréchet was able to extend the concept of conver-
gence from Euclidean space by defining metric spaces.
He also showed that Cantor’s ideas of open and closed
subsets extended naturally to metric spaces.

In1914 is appeared Hausdorff’ book “Mengenlehre.
In the midst of the struggle to explain the paradoxes of
set theory and somehow to avoid them by means of a for-
mallylogical or axiomatic foundation, there appeared the
enormously successful book Grundziige der Mengen-
lehre 1914 (Principles of Set Theory) by Felix Hausdorff.
It was the first true textbook on set theory. The book of-
ters a glimpse into a state of set theory in which its sub-
ject matter has not yet been clearly defined, in which set
theory itself as an actual independent subject had not
yet freed itself from descriptive set theory, the theory
of ordered sets, measure theory, the theory of metric
spaces, and the nascent point-set, or general, topology.
All these disciplines are mentioned in Hausdorft’s book.
In particular, measure theory appeared in there. Haus-
dorft introduced the notion of an abstract topological
space with arbitrary underlying set X, in which to each
element of the set there corresponds a system of subsets
of X called “neighbourhoods” that contain the given ele-
ment and can be made to satisfy certain conditions called
separation axioms.

In 1920 Stefan Banach introduces normed vector
spaces. Indeed the concept of the axiomatic infinite-
dimensional vector space was not rediscovered until
the 1920s, in the Banach school, when linear functional
analysis had attained a corresponding level in its develop-
ment and actually required such general concepts. It was
Riesz's work from 1910 that was crucial in the prepara-
tion of an axiomatic theory of complete, normed vec-
tor spaces and their operators which was undertaken by
the young Polish School in the 1920s under the leader-
ship of Stefan Banach. The relatively trivial fixed point
theorem for contraction mappings, which was later to
be called the Banach fixed-point theorem, had already
appeared in Banach's dissertation. Banach's fixed-point
theorem of 1920 did not require the linearity of the space
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and was valid for any complete metric space. The Hahn-
Banach theorem on the extension of linear functional
requires a vector space but makes no completeness as-
sumptions. The Hahn-Banach theorem has turned out
to be fundamental in linear functional analysis, for ex-
amples, in the theory of locally convex spaces staring in
1935 and distribution theory. In 1922, Stefan Banach
defended his thesis in which a well structured concept
of the norm in abstract vector spaces has been laid out.
Maurice Fr’echet in 1928 suggested be named Banach
spaces the complete normed vector spaces.

While Fr’echet was the first to formally define com-
pactness, in Russia, Alexandroff and Urysohn, appear
to be the first to state it in its most general form in the
context of abstract topological spaces. Also, though Al-
exandroff and Urysohn usually get credit for defining
open cover compactness, Fr’echet was not unaware of
the possibility of using neighborhoods to characterize
compactness. In a correspondence in 1905, Hadamard,
Fr’echet’s advisor, suggested that he think in terms of
neighborhoods to generalize the properties of to abstract
topological spaces. The first definition that Fr'echet gave,
in terms of nested intersections, is the dual of countable
open-cover compactness. Though Fr’echet may have
been motivated originally to define compactness for ab-
stract topological spaces, he in fact restricted himself to
metric spaces. His approach oflooking at sequences and
limits was not as general as the approach of using open
covers, which resulted in what we now take to be the
correct definition of compactness.

In1937 Eduard Cech proved the Tychonoft Theo-

rem. If Fr'echet 1906 proved that a countable product of
copies of (0,1) is compact and Tychonoffin 1930 proved
only that the product of any number of copies of the
closed interval [0, 1] is compact, in 1937 was the Czecho-
slovakian Eduard Cech who undertook a generalization.
He was the first to prove Tychonoff’s Theorem. Cech did
not restrict himself to Hausdorft spaces but stated his
results for arbitrary topological spaces. The papers of
Eduard Cech on topology have been collected in the two
books “Point Sets” and “Topological Spaces on general
topology”, both posthumously translated into English.

In 1976 Appel and Haken prove the Four-Color
Theorem. Mathematicians had failed to prove until 1976.
In that year two mathematicians at the University of II-
linois, Kenneth Appel and Wolfgang Haken, proved it
using a new kind of proof. They used three high-speed
computers to test the Four-Color Theorem with every
map conceivably possible. Their computers required
1.200 hours to do all the checking. When the job was
done, the Four-Color Theorem was confirmed in every
case: No map needed more than four colors. If Appel
and Haken had tried to do this without a computer, they
would have had to spend thousands of years checking
every possibility, similar to checking every pair of ver-
tical angles. Until computers were invented, it wasn't
humanly possible example. Even today, some traditional
mathematicians do not consider this method as a real
proof. However, most mathematicians have now come
to accept this method, called proof by exhaustions, as a
new tool in the search to verify mathematical relation-
ships such as the Four-Color Theorem.
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Innovation technology for using of disposals automobile tyres

Abstract: Environmental pollution is a major environmental problem and causes many diseases. The
effects of pollution are felt most strongly in two main areas — the urban areas where people experience
significant health problems and the ecosystems where the damnify of vegetation and eutrophication has

led to loss of biodiversity.

One way to reduce pollution is increasing the use of ,green” and more efficient technologies regarding
mining and use of alternative fuels in households and transport. The implementation of best available
technology by industry can significantly reduce the generated waste and significantly to improve their

recycling or utilization.

This article aims to show the pyrolysis as a technological variant for tyres utilization, as in this controlled

process alternative fuels from them are generated.

Keywords: tyres, waste, technology, pyrolysis, alternative fuel, green energy.

Globally more than 1, 2 billion cars are running on
the roads of the planet [7]. Automobile transport is one
of the main pollutants of the environment. The problems
with pollution from cars in the big cities are particularly
serious because of the intense traffic, concentrated in a
relatively small area and limited atmospheric circulation.
Observations indicate that in 2014 in republic of Bulgaria
around 94% of greenhouse gas emissions from the
transport are due to road transport. The car engines are the
main pollutant from automobiles. Over 90% of pollutants
are emitted by the car’s exhaust systems, i.e. these are
the exhaust gases emitted by the engines. Working cars

engines in republic of Bulgaria dispose over 4935 Gg CO,-
emissions of greenhouse gases and the use of gasoline as a
car fuel generates 1575 Gg CO, per a year [6].

Along with high rates of depletion of natural
resources and taking into account the model of
ysustainable development®, it is appropriate to be created
new modern technologies for proper exploitation on the
natural resources by reusing of already obsolete products.

In automobile transport the products that could be
re-used after recycling are metals from cars, working
liquids (such as oil, antifreeze, brake fluid) and the plastic
car parts.
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Cars are running on the roads with different covers
(asphalt, rocks, soil, etc.) in different climatic conditions
with different load and different car technical condition.
Under these conditions the cars generate waste from
emissions and waste from worn tyres [2, 13-17; 3,91~
98;4,113-116].

From the other petroleum products used in automobile
transport, the only tires, after regenerating, are subjected to
controlled removal and storage by traders in accordance
with the Directive 2006/12/EC of the European Parliament
and the Council of Europe [6]. Their burning in normal
conditions leads to releasing of substances that are harmful
to living organisms. Therefore their utilization is prohibited
and isn't applicable. However, their accumulation in
specialized depots leads to certain discomforts associated
with storage and capacity of these depots.

Suitable option for tires recycling is the application of
thermo-chemical process of their decomposition. Such
a process is known as pyrolysis, in which as a result of
heating in oxygen-free environment the chemical bonds
are decomposed and low molecular compounds in solid,
liquid and gaseous form are received (figure 1).

The technology for re-using of tyres includes on first
place the material received from the waste tyres, now
called (OT). According to the table 1 the total quan-
tity of this raw material for a period of 3 years is about
80045 tons [1, 344-349]. The data in table 1 show that
the tyres put into use during the period 2011-2013 will be
out of use in the period 2015-2016 and will be stored in
specialized depots.

Table 1. - Tyres in exploitation

Ne Year Tyres, tons
1 2011 24 867,61
2 2012 26359,67
3 2013 28817,66

Total 80044,94

-zl
1
-»?-»
&

The raw material through properly organized
pyrolysis process of thermal decomposition (PP) in
specialized furnaces is decomposed and the following
products are received:

« M — metal waste (scrap). It is known that in each
tyre has a certain amount of wire and metal ropes that
are easily separated in pyrolysis process. These waste
products are delivered as secondary raw materials for
subsequent recycling processing.

« CW — carbon waste. These are organic products,
which in the process of pyrolysis are not subject to
processing and are released in the form of solid residue.
This waste are applied in the industry, such as different
fillers for many products, concrete, plastics, etc.

o Fuel — that's the other residual product of
the pyrolysis process. The fuel, which is released in
the pyrolysis process of the tyres is in gaseous form
and through appropriate technology part of it can be
separate in the liquid state.

The next stage of the proposed technology is
condensation (C). This is the process wherein gaseous
fuel condenses into liquid. As a result of condensation,
the major part (about 80%) from the gaseous fuel is
converted into liquid.

Liquid fuel (LF) is suitable for transport and
storage. It is used for heating and glow installations of
large public objects such as schools, hospitals, health
care facilities, asphalt bases and production furnaces,
as well as in single family houses. Liquid fuel has
parameters similar to the oil fuel and its characteristics
are given in the table 2 [S]. Lately it is noticed a
reduction in interest to oil fuel, due to accumulation
of soot at its burning. This drawback is removable with
selection of suitable installation and with installation of
appropriate filters, so this problem is solved and there is
energy at a relatively low cost.

Products of tyres:
OT — old tyres;
PP — pyrolysis process;
M — metal waste;
CW — carbon waste;
C — condensation;
LF — liquid fuel;
PG — pyrolysis gas;
DW — domestic water

Figure 1. Technological process and pyrolysis
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Table 2. — Characteristics of liquid fuel from pyrolysis according to GOST 10585-99

Ne Characteristic Value

1 |Density at 20°C 955 kg/m?
2 | Kinematic viscosity at 80°C 16 m?*/s

3 |Water (humidity) max 0,1%
4 |Cinder (Ash) 0,05%

S |Freezing temperature -8°C

6 |Sulphur max 0,5%
7 |Flammable temperature in closed crucible 80°C

8 |Heat in burning 41454 k] /kg

Gaseous fuel (PG) is used where the application of
cleaning technologies for liquid fuel are not appropriate.
It is used for direct combustion in boileres of heating
and glow installations, as well as in the very process of
pyrolysis. As disadvantage of gaseous fuel use it can be
noted the need for a special sealed containers for storage.

As aresult of processes taking place in the presented
above technology domestic hot water (DW) is obtained
as the final product. The DW temperature of 70°C is suit-
able to satisfy the needs of staft for hot water as well as for
heating of the working premises and additional auxiliary
buildings.

Water for domestic use (DW) is obtained as a output
product of condensing installation of the system. This
water can be used for sanitary-household needs of staff
or for heating of buildings around the installation. The
cooling water temperature at the entrance of condens-
ing system is about 30°C. Thus he heat energy received
from DW in the condensing installation is 283,6 MWh.
Taking into consideration the market price of hot water
(in Bulgaria the price is 45 €/ MW h) financial effect of
12762 € will be realized.

Asaresult of the presented technology the following
quantities of decomposition products could be received

from 1 ton waste mass (tyres) after application of the
thermal decomposition:

« up to 400 kg liquid fuel in the form of oil fuel, or
about 200 €;

« up to 100 kg pyrolysis gas or about 60 €;

« up to 100 kg metal or about 7 €;

« up to 400 kg of carbon residue or about 90 €.

The market value of the products received by thermal
decomposition of the tyres is 357 € taking into account
the low level of the their prices and the monthly rate of
Bulgarian currency. According to priori information, the
market value of the products from the thermal decom-
position of tyres from raw material with weight of about
80045 tons is 28,57 millions €.

Conclusions:

1. Aninnovative technology for processing of dis-
posal automobile tyres is proposed.

2. 'The presented technology gives possibility for
tull utilization of the products obtained at automobile
tires processing and eliminates the need of large storage
depots.

3. Economic effect from the thermal decomposi-
tion of tyres of 357 €/ton raw material is realized fur-
thermore environmental pollution is avoided.
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Abstract: Xpert MTB/RIF Method’ analysis is made, which is named and represented as automated
molecular test, which allows to diagnose TB and to define resistance towards rifampin less than within a
couple of hours. There is comparative characteristics of bacteriological method to mentioned above test.
There is shown an effectiveness of GeneXpert MTB/RIF test use by TB diagnosing.
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OunarHocTnyeckoe 3Ha4eHue MOJIEKYJIAPHO-reHeTU4ecKoro
MeTopa genexpert mtb/rif npn tyoepkynese

Annoranust: [TpoBeaeH aHaAu3 MeTOAR, HasbiBaemoro Xpert MTB/RIF, npeacraBasiromero co6oit aBro-
MaTH3HUPOBAHHbIN MOAEKYASIPHBII TeCT, KOTOPBIi ITO3BOASIET IIOCTABUTD AATHO3 TYyOepKyAe3a U OIIPEACAUTb
yCTOMMMBOCTD K prdammnunuy (rifampin) meHee geM 3a ABa 9aca. [ [pHBOAMTCS CpaBHUTEABHAS XapaKTEPUCTHKA
GaKTepHOAOTHIECKOTO METOAR C BbIIIe YKa3aHHBIM TeCTOM. B paboTe mokasana s peKTUBHOCTb IPHMEHeH s
MoAeKyAsipHO-TeHeTndeckoro meropa GeneXpert MTB/RIF npu puarHocTrke 60ABHBIX Ty6epKyA€30M.
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KaroueBbie caoBa: GeneXpert MTB/RIF, MoAeKyASIpHO-TeHETUYECKHIT METOA, TYOEPKyA€e3, AUArHO-

CTHKaQ, 6aKTepI/IOAOFI/I‘IeCKI/Iﬁ METOA, 6&KT€PI/IOCKOHI/I$[.

Ty6epxyaes (TB), ocraeTcst 0AHOM U3 caMbIX 60Ab-
WX yrpo3 Bmupe uB 2014 r. on ynec xu3ub 1,5 MuAAOHa
venoBek [ 1]. B Hacrosmee Bpemst 0co6y1o TPeBOTY BbI3bI-
BaeT PacIpoCTpaHeHUe TybepKyAe3a C MHOXeCTBEHHOM
AeKapcTBeHHOi ycroitansocTbio (MAY-TB) u mupokoit
AekapcTBeHHOi ycroituuocthio (IIIAY-TB), koTopbie
HOBBIIIAIOT YPOBEHb 3200A€BAEMOCTH U CMEPTHOCTH.
YrcAO TaKUX OOABHBIX PACTET C KAXKABIM TOAOM 1 HECBO-
eBpeMeHHO [I0CTABACHHbIN AUATHO3 CIIOCOOCTBYET 9TOMY
nporeccy.

CBoeBpeMmenHoOe BbisiBAeHHe 60AbHBIX T 1 6p1cTpast
AMATrHOCTHKA, IO3BOASIIOIAsI OPEAEAUTD IITAMMbI MUKO-
OaKTepHil yCTOMYIUBBIX K IIPOTHUBOTYOEPKYAE3HBIM IIpe-
IapaTaM, HeOOXOAUMBI AASI PAHHETO HAavaAd AedeHMs,
IpeAOTBpalleHHs BOSHUKHOBEHUS! BTOPHYHON AeKap-
CTBEHHOM YCTOMYMBOCTH M AAABHEHIIEro PacIpocTpa-
HeHus uHPexyun [ 3; 4].

IIupoKo HCIIOAb3YeMbIit METOA AMATHOCTHKH Tybep-
KyAe3a AETKHX, TAKOW KaK OaKTepPHOCKOIHS MOKPOTHI
HEAOCTATOYHO YYBCTBHTEACH, K TOMY XK€ OH He II03BO-
ASIeT OIIPEACAHNTD AeKaPCTBEHHYIO yCTOMIHBOCTD. [Ipe-
HMYIIeCTBO OAKTEPUOCKOINK — B OBICTPOTE ITOAYYEHIS
pesyAbraTa. DTOT METOA SIBASETCSI HanbOAee IKOHOMHUY-
HBIM, OH peKoMeHAOBaH BceMupHoit opranusainuei sppa-
Booxpanenus (BO3) B kauecTBe OCHOBHOTO AASI BBLSIBAE-
Hus 60AbHBIX TD Aerkux i HCIIOAB3yeTCs GOABIIHHCTBOM
IpOrpamMm 1o 60pboe ¢ TyOepKyAe30M B Pa3BUBAIOIIHXCSI
CTpaHaX C BBICOKOH PacIIpOCTPAaHEHHOCTHIO AAHHOT'O 3a-
00AEBaHIs, TA€ 3a4ACTYIO BCTPEYAIOTCS AOXKHOOTPHIA-
TeAbHbIE PE3yAbTAThI M OMIHOOYHO ITOCTABACHHBII AUA-
rHO3 TybepKyAe3a. MUKPOCKOIHSI MOKPOTBI BBISIBASIET
muKobakTepuu Tybepkyaesa (MBT) npubausurespHo
B 56-68% cAydaeB, y maljieHTOB, MHQUIMPOBAHHbIX BH-
pycoM ummyHopeduimTa yesoseka (BMY), aTor moka-
3aTeAb yMeHbImaercs A0 43-51% [S; 8; 10].

BakTeproAOrnueckuil MeTOA AMATHOCTHKH 3Ha-
9UTEABHO 9 PeKTHBHee, YeM OAKTEePHOCKOINIECKUH,
HO TpebyeT 60Aee AAUTEABHOTO BPeMEHH AAS ITOCTa-
HOBKM AMarHo3a. FIcrioAb3yeMblil MeTOA IjeITHOM ITOANMe-
Pa3HOM PeaKIfiu AAeT YAOBACTBOPHTEABHbIE Pe3yAbTATHI,
HO AOBOABHO TPYAOEMOK H TpeOyeT HAAMYHSI CITeIjHaAb-
HOTO 0OOPYAOBAHUS, YTO OTPAHUYHBAET €T0 IPHMeHe-
Hue [11].

BricTpoiit 1 3¢ PeKTUBHDBIN METOA AMATHOCTHKH TY-
bepkyaesa 6b1A IpepasrokeH AoKkTOopoM Karapunoit bo-
exm (Dr. Catharina Boehme) u ee koaaeramu. Metop,
HasbiBaemslit Xpert MTB/RIF, mpeacraBasie co6oii aB-

TOMATH3UPOBAHHbIN MOAEKYASPHBIN TECT, KOTOPBIM I10-
3BOASIET IIOCTABUTb AUATHO3 TyOepKyAe3a 1 OTIPeACAUTD
YCTOMYMBOCTD K pUPaMITHIIUHY, MEHee YeM 3a ABa Jaca.
OH obecmeunBaeT 60Aee BBICOKYIO YyBCTBUTEABHOCTD
¥ crieupIHOCTS, 9eM bakTepuockomnus. MccaepoBanue
¢unancuposarocr Ponpom Hoseftmux MeTtopos Aua-
raoctuku (Foundation for Innovative New Diagnostics
(FIND)) u Yuusepcurerom Meaunusst u CToMaToAo-
ruu mrata Hoo Askepcu (the University of Medicine
and Dentistry of New Jersey (UMDN])).

Tect Xpert MTB/RIF nposoautcst Ha 060pyaoBa-
unn GeneXpert ot kommanun Cepheid (Cannuseiia,
wrar Kaaudpopuus). ITo AByXCTyIeHYaTbIil Iporecc,
KOTOPBIF BKAIOYAeT B Cebsi 00pabOTKy KAMHUYECKHX
06pasioB U MoAUMepasHyto LenHyo peakiuio ([1LIP)
B PeXXHMe PeaAbHOTO BPEMEHH.

AeTaabHOe oImMCcaHue Ipoljecca:

1. O6pasipl 06pabaThIBAIOTCSI peareHTOM B COOT-
Homrenuu 1:2. CMech mepememuBaeTcs, HHKyOUpyeTcs
B TeueHHe 15 MUHYT NIpu KOMHAaTHOH TeMIIepaType, 3a-
TEM OILATH ITepPeMeIINBaeTCs.

2. ABa MUAAMAUTpA CMeCH U3 00pasIja HAHOCHUTCSI
Ha KapTPUAXK KOTOPBII 3aTeM BCTABASIETCSI B 000PYyAO-
Banue GeneXpert.

3. O6paser; puABTPyeTCS U TPOMBIBAETCS ABTOMATH-
JeCKH.

4. YabTpasBykoBas obpaborka Bbipeaser AHK
M3 CMeCH 00paslja C peareHTOM.

S. AHK nepemeniuBaeTcs ¢ CyXMMH KOMIOHEHTaMH
IIOAMMEPA3HOH LIEIHOM PeaKIIMH.

6. AHK rena rpoB amMnaudunupyeTcs, 3aTeM IpoBo-
AUTCS ACTEKITHS MOAEKYASPHBIMU MasIKaMU.

7. Pe3yAbTaThl COXPAHAIOTCSA Ha KOMITBIOTEPE U AO-
CTYTIHBI AASL QHAAH3A.

Ha ceropnsamumit oens Tect Xpert MTB /RIF sBAs-
eTcst HauboAee IMPOABHHYTOM TeXHOAOTHEH B 06AaCTH
AMATHOCTHUKH TyOepKyAesa, MO3BOASIOIIASI BBIIBASITD
Ty6epkyae3 y BIY-un¢urmposanusix marueHToB. Bee
CTaAMH TeCTa IIOAHOCTBIO aBTOMATH3HPOBAHbI; IKCTPAK-
s, ammandukanus u pcetekiust AHK ocymectBastoTcs
B 3aKPBITOM KapTPHAJKE, PE3yAbTAThI TECTA TOTOBbI MeHee
JeM 3a ABa Jaca.

K HepocTaTkaM aTOTro TecTa MOXKHO OTHECTH AOCTa-
TOYHO BBICOKYIO CTOUMOCTDb OOOPYAOBAHMS, & IIPHAOKE-
HHe COBPEMEHHbIX CYNepTeXHOAOTHII YBEAUYUBALT €ro
ce6eCTOMMOCTD, TOITOMY He BCe CTPAHbI MUPA MOTYT
n103BOAUTH cebe ero mprobpecr [2; 7].
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BO3 oa06praa npumenenue tecta Xpert MTB/RIF
B 2010 roay.

ITo aanHBIM HccAepOBaHHS, IpoBepeHHOTrO B M-
auu B 2011 roay, Ha xadeape MI/IKPO6I/IOAOI‘I/II/I, Aana
Pam Capym uHCTUTYTa TyOepKyAe3a U peCIUpaTOPHbIX
3aboaeBanmil HabAr0pAaAach 100% 4YyBCTBUTEABHOCTD
tecra Xpert MTB/RIF B o6pasuax MBT (+), uyBcTBH-
TEAbHOCTD U CIIeITMPUIHOCTD YyBCTBUTEABHOCTH K pH-
$amnuimny 6b1a1 cooTBeTCTBEHHO 98,2% 1 97% [9].

ITopobHOe  mccaepoBaHHME  OBIAO  IPOBEACHO
B2011 roay B Tausauuu. Bce caygan o6Hapyxerns MBT
0AKTEPHOAOTMIECKUM METOAOM OBIAU ITOATBEP>KAEHBI
tecrom Xpert MTB/RIF, ayBcTBUTEABHOCTD TECTA CO-
craBuaa 100%, B TO BpeMs Kak YyBCTBUTEABHOCTb MHKPO-
CKOIIMHU Ma3Ka MOKPOTBI cocTaBHAa 60% [10].

Ilo pesyapraTam HCCAEAOBaHMS, IIPOBEAEHHO-
ro B IOxnoit Kopee uyBcTBuTeAbHOCTD TecTa Xpert
MTB/RIF cocraBuaa 100%, B 98,4% TecT moATBepAUA
AEKAPCTBEHHYIO YCTONYMBOCTD MHKOOAKTEPHH, BBLSIB-
AEHHYIO ITyTeM InoceBa KyAbTypbl [Ipu Mukpockonuun
MasKa KHCAOTOyCTOitunBbIe Mukobakrepuu (KYM) 6biau
o6Hapy>xeHsI B 45,1% 06pasLoB, B TO BpeMsI KaK II0CEB
Ha TBEpPAbIE /SKHAKHE CPeABI OOHAPYXUA MUKOOAKTEPUH
B 60,6% [6].

IIpu cpaBHEHHHM MOAEKYASPHO-T€HETUYECKOIO Me-
topa GeneXpert MTB/RIF ¢ 6akrepuoaorudeckum
U MUKPOCKOIIMYECKIM METOAAMU AUATHOCTUKH Tybep-
KyAe3a B MCCAGAOBAHUH, IpoBeAeHHOM B bBeaopyccun

6I>IA CAC€AQH BBIBOA: MOACKYAHPHO-I‘CHCTI/I‘-IECKI/Iﬁ METOA

GeneXpert MTB/RIF siBasiercst 3¢ peKTHBHBIM U ObI-
CTPBIM METOAOM AMATHOCTHKH TybepKyae3a. Boicokas
apPexruHOCTh MeToAa GeneXepert MTB/RIF cocra-
BHAA He MeHee 97,5%. SIBASSCh IIOAHOCTHIO AaBTOMATH-
3HPOBAHHBIM METOAOM, OH IIOMOTaeT 00eCIIeINUTD AOAXK-
HBII ypOBEeHb OMOAOTHYeCKOM 6€30IIaCHOCTHU [IEPCOHAAR,
IIPOBOASILIETO UCCACAOBAHIS Ha Tybepkyaes. MeToa mo-
3BOAsIeT OBICTPO, 3a 2 4daca, BbuiBuTh AHK muxobakre-
puu TybepKyAe3a B 61IOAOTHIECKOM MaTepPHAAE, A TAKXKeE
YCTaHOBHUTb HAAMYHME AEKAPCTBEHHOH YCTOHMYMBOCTHU
MUKOOaKTepuu K pHaMIHULUHY. Pe3yAbTaTsl AeKap-
CTBEHHOM! YCTOMYMBOCTH K PHPAMIIUIIMHY, TIOAyYeHHbIE
0aKTEpPUOAOTHIECKHM MeTOAOM U MeTopAOoM GeneXpert
MTB/RIF, conocraBuMsbl. BcaeacTBre 3TOro BO3MOXK-
HO IIPOU3BECTH PaHHIOIO CBOEBPEMEHHYIO KOPPEKIJUIO
CXeMBI XHMHOTEPAITHH [2].

C LieABIO MOBBIIEHHS YYBCTBUTEABHOCTH U CIIell-
HPUIHOCTU METOAOB BbIsiBAeHHUS 1B oueHb BayKHOe 3Ha-
YeHHe FMeeT 1 BHeAPEHIe HOBBIX OBICTPBIX F HAAEKHbIX
MeTOAOB AMarHocTuku. Merop Xpert MTB /RIF aBas-
eTCsl HarboAee IIPOABHHYTHIM METOAOM AMArHOCTHKU
TyOepKyAe3a B HACTOsILIlee BpeMsi II0 PSIAY IIApaMeTPOB.

B mpeaapHOM cAydae, AuIra, popMyAupyomue I0-
AUTHKY, OTAAAYT IIPEATIOUTeHHEe SKOHOMUYECKH P Pek-
THBHBIM CPEACTBAM, KOTOPbIe HAHAYYIINM 06pa3oM co-
AEVICTBYIOT YAYYIIEHHUIO NCXOAOB BEACHUS IMAIIEeHTOB,
U 4epe3 COKpallleHHe 0XKHAAEMOM IIPOAOAXKUTEABHOCTH
He BBUSIBA€HHOTO HH(EKIJMOHHOTO 3200A€BaHUSI OTPAHHU-
YUBAIOT PACIIPOCTPaHEeHHEe HHPEKITIH CPEeA HACeACHHS.

Chucok AMTepaTyphI:

1. BOB3. Aoxaap o raobaabHO 60pbbe ¢ Tybepkyae3om 3a 2013 rop/BO3. — JKenesa, — 2013.- 213 c.
Tapaukesuy H. B. D¢ pexrrBrOCTD MOAEKyAsipHO-TeHeTHYecKOTO MeTOA2 GeneXpert MTB/RIF aast pniarso-
cTHKH TyOepKyAae3a//Meaumuna u 3ppaBooxpanenue: Marepuaast I1I mesxxayHap. Hay4. koud. — Kasans, — 20185, -

C.51-54.

3. Boehme C.C,Nabeta P, Hillemann D. etal. Rapid molecular detection of tuberculosis and rifampin resistance/ /N
Engl ] Med.-2010.V 363 (11).- P. 1005-1015. doi: 10.1056/NEJM0a0907847
4. Boehme C.C., Nicol M. P., Nabeta P. et al. Feasibility, diagnostic accuracy, and effectiveness of decentralised use

of the Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: multicentre implementation
study//Lancet.— 2011.- V 377 (9776). - P. 1495-1505. doi: 10.1016/S0140-6736 (11)60438-8

S. Handel T., Hampton K. H., Sanne I. et al. The impact of XpertW MTB/RIF in sparsely populated rural set-
tings//Int ] Tuberc Lung Dis. — 2015.- V 19 (4). - P. 392-398. doi: 10.5588/ijtld.14.0653.

6. KimS.Y., Kim H.,Kim S.Y. etal. The Xpert MTB/RIF assay evaluation in South Korea, a country with an interme-
diate tuberculosisburden//Int] Tuberc Lung Dis. -2012.-V.19 (10).-P.1216-1221.doi: 10.5588/ijtld.11.0602.

7. Lippincott C.K., Miller M. B., Van Rie A. et al. The complexities of Xpert MTB/RIF interpretation//Int ] Tuberc
Lung Dis. - 2015.- V19 (3).- P.273-275. doi: 10.5588/ijtld.14.0432.

8. Moyengal.,, Roggi A., Sulis G. et al. The impact of XpertW MTB/RIF depends on service coordination: experi-
ence in Burkina Faso//Int ] Tuberc Lung Dis. - 2015.- V19 (3).- P.285-287. doi: 10.5588/ijtld.14.0629.

9. Myneedu V.P, Behera D., Verma A.K. et al. XpertW MTB/RIF assay for tuberculosis diagnosis evaluation in
an Indian setting//Int ] Tuberc Lung Dis. - 2014.- V18 (8).-P.958-960. doi: 10.5588/ijtld.13.0328.

25



Section 4. Medical science

10. Ntinginya E.N., Squire S. B., Millington K. A. et al. Performance of the Xpert MTB/RIF assay in an active case-
finding strategy. Pilot study from Tanzania//Int J Tuberc Lung Dis.~ 2012.- V16 (11). - P. 1468-1470. doi:
10.5588/ijtld.12.0127.

11. Theron G., Peter ., van Zyl-Smit R., et al. Evaluation of the Xpertw MTB/RIF assay for the diagnosis of pulmonary
tuberculosis in a high HIV prevalence setting//Am ] Respir Crit Care Med. - 2011.-V 184 (1).- P. 132-140.
doi: 10.1164/rccm.201101-00560C.

26



Development of machine for removing rose rods from area between rows

Section 5. Mechanics

DOI: http://dx.doi.org/10.20534/EJTNS-16-4-27-29

Kehajov Dimitar,
Agricultural University Plovdiv
Department of Mechanization

Zahariev Ivan,
Agricultural University Plovdiv
Department of Mechanization

Komitov Georgi,

Agricultural University Plovdiv
Department of Mechanization
E-mail: gkomitov@abv.bg

Development of machine for removing rose rods from area between rows

Abstract: In our country production of roses is very important for the vocation of population in the areas

where the roses grow. The creation of mechanized technologies, which will reduce the applying of human

labor, will increase the productivity of labor.

In this article we considered the particularities of the design of a machine for removal the rodss of the rose
plants. This machine will help for easier harvesting (biomass) also it will help for development of effective

technology for utilization of this kind of waste mass.

Keywords: rose rods, biomass, machine, mechanized harvesting.

Plantation of roses in Bulgaria ocuppy 4000dka. Very
big part of operations in the growing of these crops are
carried out manually. Operation like annual pruning of
the rose bushes in arrays, removing the rodss of arrays
and harvest of roses itself are very difhicult and these op-
erations have to be done in certain annual periods. This
reqires making additional labor for performing these
operations.

Harvested rose rods are convenient waste product
and will be used as biomass for utilization of family or
small heating installations.

The designing of the machine starts with determina-
tion of spacings of the rose plants. The dater collected
during the observation of the rose arrays are statistically
processed, presented in table 1 and graphically inter-
preted in figure 1. With C is pointed the middle spacing,
d — diameter of the uncut rose bush and b — bright
clearance between the uncut plants.

During the process of the data, plantations are no-
ticed that the spacings of the arrays with young plants is
smaller than that of the older plantations. In all crops in

200 m across the lines are routed technological paths that
will be used for intermediate depots for storage of wasted
biomass.

Table 1.
Ne | Plantation type ¢,mm | d,mm | bmm
1 | Young 2575 53§ 2040
Old 2850 1141 1709
ols
a — distance

from the center
of the plantation
to vines (waste
biomass),

d, — pruning
rosebush

Figure 1. Scheme of spacing in pruning of the rose rods
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The distance from the center of the plantation to the
waste biomass is marked by a parameter. For our calcula-
tions it can be assumed that:

a=0,5-d,

Determining the clearance is carried out according
to the following formula:

b=c-2-a

In this case as energetic machine is an appropriate
use of a tractor with a transverse base 1350-2100 mm
and front linkage to join the designed machine. The
second stage of the design of the machine is connected
to the determination of agro-technical parameters of

7000

the rose branches. From the literature [3] it is known
that in 1 dka rose plants are grown an average of 450 to
500 bush. In normal fertilization year from bush to re-
ceive 24,5 m growth of rodss. The average diameter of the
cut rods iStandard title page of an article s about 0,01 m.
Following these considerations, 1 dka rose plantations
annually receives from 0,856 to 0,961 m* biomass.

The volume of the rose rods that remains after prun-
ing the bushes in an area of 200 m is around 0,450-
0,500 m? We need a working cage with an approxi-
mate volume of 0,5 m?.

Figure 2. Prototype of the machine for removal of pink rods

The last stage is the very design of the machine,
which intervenes on the tractor. Geometric parameters
are consistent with agro-technical characteristics of the
plantation and the volume of biomass after pruning. In
terms of harvesting the entire quantity of cut rods neces-
sary working width of the machine is equal to or greater
than the bright clearance for uncut plants b=1,7m. In this
work, with the aim of the unit from the axis marker and
small turns, not to damage or destroy a plant of the plan-
tation was accepted length of the machine 1m. At this
height is obtained 0,3 m. In order to increase the work-
ing volume, respectively productivity accepted height of
the machine in the front end is 0,3 m, and in the back —
0,1m. In the adopted geometric sizes working volume
of the machine is about 1,1 m?. Schematically it is pre-
sented in figure 2.

The machine consists of forks from a cold bent U
profile 80x40 [1]. Forks are used for harvesting vines

of bright clearance between plants b. They have tapered
top end of 150 mm, as shown in the figure, for misleading
the rods. Forks are arranged uniformly over the entire
width of the machine. The distance between the forks
for structural reasons is limited to to 101 mm.

To strengthen the forks in the construction are added
obstacles of distance of 300 mm from the tops of the pro-
files. Strengthening is done with square profile 30x1,5
[2].

To prevent unintentional scattering of bars serve
both sides and the back plate which, when assembled
create an opportunity for gathering rods with volume
about 1,41 m?. This restriction is imposed for reasons
of reducing the influence of the reactions of the load on
the tractor wheels. This will improve the stability of the
machine [4, 180-187, 5, 58-63]. Pages are assembled to
the last fork and strengthened each other with a square
profile 30x1,5.
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To the back plate is mounted three-point linkage to
join the tractor. The workflow goes like this — the trac-
tor is guided in bright clearance between plants and ma-
chine down on the ground. The movement of the tractor
forward rose rods are picked up on the forks and after
the tractor out in education between the lines pouring
rods. The volume of the working chamber of the machine
complies with minimum trampling of rows and traction

movement of the tractor [6, 182—186]. The volume of
the working chamber significantly exceeds the volume
needed for a station with a length of 200 mm.

Conlusions:

1. Design a machine for removal of waste branch-
es in the pruning of rose plantations.

2. Certain design parameters are the designed ma-
chine.
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The formation of productivity and quality of bread
wheat seeds depending on water supply

Abstract: The article is about the indicators formation of productivity and quality of bread wheat seeds
depending on water supply. It was observed about fundamental changes about quality indicators which
was learned in all variants depending on the conditions of irrigationin irrigated and non-irrigated varieties.
Especially, this difference was more observed the amount of protein contained in grains and the productiv-
ity per hectare.
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dopmMmupoBaHue KauyecTBa U NPOAYKTUBHOCTU 3epPHA MArKon
neHuUbl B Pa3/iIMYyHbIX YC/I0BUSX BogoobecneyeHus

AnHoTanusi: B craTbe mpuBeAeHBI AQHHbIE BAUSHUS YCAOBHUI BOAOOO€ECIIeue IS Ha TPOAYKTUBHOCTb

U KaueCTBO 3epHa COPTOB MSATKOM MIIEHMIIbL. Y COPTOB B 3aBUCUMOCTH OT YCAOBHI1 OpOIIEHMs, C TOAUBOM

U 6e3 IOAYBA, HAOAIOAQIOTCS PA3AMYHSI IO BCeM M3yUeHHbIM IMPH3HAKAM U rmokasareasiM. OcobeHHO Takue

PaBAHNIHNA Ha6AIOAaIOTC5I I10 MacCcCe 3€pHa, C OAHOTO I'€KTapa, 1 I10 COAEPIKAaHHNIO 6eAka B 3€pHE.

KaroueBbie cA0OBa: IIIEHNUIIA, YPOXKai, OpOLIEHHE, 3ACyXa, 3€PHO, KACHKOBUHA, XAe0, OeAOK.

Cpear pasAMYHBIX 3€PHOBBIX KYABTYP, SBASIONIHX-
s ICTOYHHKOM 0eAKa PaCTHTEABHOTO IPOUCXOXKAEHNS,
obecrievnBaroONINe IIPOAYKTAMH [INTAHHUSI HACEACHHE, HC-
KAIOUUTEABHO 0OABIIOE 3HAYCHUE IIPUHAAASIKUT IIIeHH-
1je. IToaToMy ee BO3A€ABIBAIOT BO MHOTHX CTPaHAaX MHpa,
OHa HanboAee [JeHHASI CEAbCKOXO3SIICTBEHHAS KYABTYPA,
obecreynBaroIasi IPOAOBOABCTBEHHYIO 0€30IaCHOCTD
crpanbl. B AsepbaiipikaHe, eXX€TOAHO BO3AEABIBAETCS
6oaee 600 THICSY reKTAPOB IIIEHULIBL.

B cymecTByromux TeHAEHIUAX, IPH HaIlpaBAEHHO-
CTH IIPOU3BOACTBA Ha BBICOKHIT yPOBEHb CAMOCHAOKEHHS
PEeruoHOB IIPOAOBOABCTBEHHBIM 3€PHOM XOPOIIero Kaye-
CTBa, BAOKHBIM SIBASIETCSI OLIEHKA YCAOBHI BO3AEABIBAHIIS
B KOHKPETHBIX CEeAbCKOXO3SHCTBEHHBIX IPUPOAHO-KAH-
MaTHYeCKUX YCAOBHAX [4;11].

Msuoroobpasue COpTOB MIUIEHULIbI B IPOU3BOACTBE
CIIOCOOCTBYeT yBEAUYEHHIO HX YPOBHS AAAIITHBHOCTH
K YCAOBUSAM BBIPAIIMBAHUA, A TaK XKe K KAUMaTH4eCKUM
YCAOBHSIM. DTO IIPUBOAUT K YAYUIIEHHIO 00BEMOB ceMe-
HOBOACTBa [ 8].

Hawu6oaee moAHast peaAn3aijyisi FeHETUYECKOTO I10-
TEeHIJUaAd COPTa BO3MOXKHA IIPU COYeTaHMH MaKCUMAAb-
HOJ IPHCIIOCOOAEHHOCTH K YCAOBHSM KOHKPETHOH 30HbI
C XO3SI/ICTBeHHBIMU NIPHU3HAKaMu [ 3 ].

MsBecTHO, YTO BapbUpOBaHHE TEXHOAOTHYECKHX
CBOMCTB M YPOKAaHHOCTU 3epHa COPTOB IIIIEHHUIIbI
BO MHOT'OM 3aBHCHUT OT F€HOTHUIIA H YCAOBHS I'OAQ BbIpa-
muBanus [9, 10].

Ha ¢popmupoBanne ypoxxailHOCTU 3epHa B IIEPBYIO
o4yepeAb OKa3bIBAIOT BAUSHHE MeTeOpOAOrHIecKHe dak-
TOPBI U XO3SCTBEHHbIE YCAOBUS BO3ACABIBAHUSA [6 .

KadecrBo 3epHa popMHpyeTCs B OAE B IIEPHOA BeTe-
TAIJM PaCTEHHIA, TA€ OTPOMHYIO POAb UI'PAIOT KaK HACACA-
CTBEHHbIE 0COOEHHOCTH COPTA, TAK X KOMIIAEKC TOYBEHHO-
KAMMATHYECKHX 1 arPOTEXHUMECKHX YCAOBHIl [ 8; 2].

Haunboabmrast yposkaitHOCTb AOCTUTAETCS 3 CET HC-
IIOAB30BAHUS CIEITMPHIECKON IKOAOTHIECKOH IPUCIIO-
COOAEHHOCTH COpTa [1].

MHoroo6pasue U CAOXKHOCTb IIPHPOAHO-KAMMATH-
JeCKHX 30H pecrybanku AsepbaripxaHa Tpebyer Au-
$epeHITMPOBAaHHOTO TIOAXOAA BBIPAIIMBAHUIO COPTOB
IIIeHHUIIbl B Pa3AUYHbIX IIOYBEHHO-KAMMATHIECKHX YC-
AOBHIIX C BBICOKHM YpOXKaeM M KadeCTBOM 3epHa. B yc-
AOBHSIX A3epOaiiAXKaHa, IPOU3BOACTBO 3e€PHa ITIIEHHUIBI,
TpebyeMOro BBICOKOTO KaueCTBa, OTPAaHUYEHO 3HAYH-
TEAbPHBIM BapBUPOBAHMEM M PE3KUMU KOAeOAHISIMU
KAMMAaTHYeCKUX YCAOBHI BhIpaltuBaHis. Bmecre ¢ TeMm,
HeCTaOMABHOCTD IIOTOAHBIX YCAOBHI U HEAOCTATOYHBIE
AAANTHBHBIE BOBMOXXHOCTHU HCIIOAB3YeMBIX COPTOB CO3-
AQIOT IPOOAEMY AASI IOAYYEHISI BBICOKOKA4eCTBEHHOTO
3epHa MIIeHHUIbl. AAS pelleHHs IIOCTaBACHHBIX 3aAa4
OBIAU 32A0XKEHDI [IOAEBbIE OIBITH HA TEPPUTOPUH All-
mepoHckoro onbeiTHOTo yyactka HHMM 3emaeaeans.
ITeAbro HCCA@AOBAHHS SBASIAOCH, U3yYeHHE POAU IIOAMBA
u 0e3 [MOAWBA, B OPOIIaeMON 30He AIIIepOHa, Ha IIPO-
AYKTUBHOCTb U IIOKAa3aTeAH KayecTBA 3epHa COPTOB,
MECTHOM CEAEKIIMH, MATKHUX TIIIEeHMII.

ITouBeHHO-KAMMAaTHYECKHe YCAOBHS, MAaTePHAA U Me-
TOABL HCCAEAOBAHUS

ATIIepOHCKUI MOAYOCTPOB OTHOCHUTBCS K 3aCyII-
AMBOM 30He. [opOBbIe aTMOC{epHbIe OCAAKH B CpeAHEM
coctaBAsoT oT 140 po 200 mm. B 30He HabArOparOTCA
CHABHBIE CeBepHbIe BeTPbI- Xa3pH. AMIIAUTYABI CpeAHe-
rOAOBBIX TeMiteparyp posrsoTcs 22-23 ° C. Ilo mHOTO-
AeTHHM ITOKa3aTeAsIM Ha ATIIIEpOHe B sIHBape MecsIle
cpepHsisl TeMmeparypa cocrasaster 3,8 °C, a B HioAe
22,6 ° C. CpepHETropOBasi BARXKHOCTD cocTaBasieT 79,1%.
30Ha OTHOCHTCS K OPOIIAeMOMY 3€MACACAHIO H B 3aBH-
CHUMOCTH OT aTMOCQEePHbIX OCAAKOB HOPMa OpPOIIeHHs
BecHom 140-170 mm, rAetrom 400-500 MM, a oceHbIO CO-
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craBasieT 160-210 mm. Temmeparypa mouBbl, HA4MHAS
C MapTa MecsIja ITOBbIIIAeTCA.

MarepuasoM HCCAEAOBAHUSA BASAUCD, COPTa MATKOM
IIIEeHUITbl MHTeHCUBHOTrO THma. ksyuyennsie copra mime-
HUIIbI BBIPALIUBAAK B ABYX BapHAHTaX BOAOOOeCIIeueH-
HOCTH: TIPU ONTHMAABHOM PeKUMe MoAMBA (KOHTpOAE)
u 6e3 MOAMBA B TedeHMe BereTaruu (OMBITHBIH). AAs
MOAAEP>KAaHHS BAAKHOCTH B IOYBe Ha ypoBHe 70-75%
3a BeTeTalMio. B 3aBUCHMOCTH OT TOAQ MCCACAOBAHHS
IIPOBOAMAU B KOHTPOABHOM BapHaHTe 3—-4 BapHaHTa.
Tax ke u3y4aAu BAMSHME IIOAMBA M 3aCyXHU Ha IIOKa3are-
AV Ka4eCTBa 3ePHa M Ha IPOAYKTUBHOCTb COPTOB MATKOM
IIIEHUIIB B TEYEHNE ABYX A€T.

CopepxaHHe CBIPOM KAEHKOBUHBI OIPEACASIAH
o 'OCT 10839-64, mocae py4HOH OTMBIBKH H OIIpe-

AEASIAM KaueCTBO KAeFKoBHHBI B ammapare MAK-1
[I0 METOAUYECKOMY YKAa3aHHUIO, COAep)KaHHe OeAka
¥ [IOKA3aTEeAb CEAMEHTALIUH [IPOBOAUAH 110 CYIECTBY-
IOL[UM METOANKAM. XAeOomeKapHOe KaueCTBO OIIpeAe-
ASIAHL TTO AA0OPATOPHO BBIIIEYKE HA CYXUX APO}OKAX,
OIleHKa 00'beMHOr0 BBIXOAQ XAe6a IT0 OAAABHOI IIKaAe
IIpH BBIIeYKe Oe3 IPUOaBKU YAy UIIHTEAEH I IOBTOPHO-
ro 3aMeca, a KauecTBa xAeba I10 MKaAe OCHOBHBIX IIPU-
3HaKOB KadecTBa xaeba (5).

Pe3yAbTaThI H HX 00CY>KACHHS

Ha AnmepoHCcKOM IMOAYOCTPOBE, B ABYX BapHaHTaxX
BBIPAIIUBAAKCH COPTA MSATKOM IIIEHUIIBI O3UMOTO U IT0-
AyO3MMOTO THIIA Pa3BUTHS, PA3AMYAOIINECS U IO Kade-
CTBY U I10 YPOXKANHOCTH B OAUHAKOBOM II0YBEHHO-KAHU-
MaTHYeCKOM YCAOBHHU OPOLIEHHUS C IOAUBOM U 6e3.

Tabnuua 1. — InemeHTbl ypoxas 1 cogepxaHue 6enka CoOpToB MArKOWM
MweHnLpbl B 3aBUCMMOCTU OT YCII0BUIN BOA00OECNeYeHus]

Bap- Macca 3epes, 3epHa c OAHOTO KOAOCA Coaepkanne | Bprxop 6eaka

Copra ABTEI /. Yucao Macca, 6eaka,% CreKTapa, u/ra
2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 201§
-84 1 47,3 | 369 | 396 | 60.6 | 1.54 | 244 | 11.7 | 140 | 5.53 5.16
2 390 | 334 | 420 | 472 | 1.54 | 1.79 | 146 | 148 | 5.96 4.94
AsavaTar-95 1 67,0 | 54,0 | 386 | 40.6 | 247 | 129 | 11.3 | 13.0 | 7.57 7.02
2 50,0 | 29,6 | 462 | 352 | 1.68 1.18 11.7 | 14.6 | 5.85 4.32
Hypay-99 1 56,7 | 51,1 | 63.0 | 59.8 | 224 | 1.14 | 122 | 132 | 691 6.74
2 36,3 | 36,6 | 424 | 50.6 | 1.65 144 | 13.8 | 140 | 4.87 5.12
Tobycran 1 58,5 | 46,0 | S1.2 | 686 | 193 | 242 | 133 | 13.3 | 7.78 6.11
2 42,0 | 37,8 | 424 | 60.6 | 1.60 | 2.23 13.8 | 14.0 | 5.79 5.29
Pysu-84 1 593 | 50,6 | 5S40 | S22 | 242 | 1.89 | 11.7 | 132 | 6.93 6.67
2 42,0 | 30,1 | 448 | 488 | 1.88 1.80 | 12.6 | 142 | 5.29 4.27
Totpnsiast-rion-1 1 74,5 | 42,7 | 440 | 548 | 1.72 | 2.06 | 12.3 | 134 | 9.16 5.72
2 52,5 | 33,1 | 42.0 | 43.8 | 1.44 | 1.51 126 | 139 | 6.61 4.60
Tare-38 1 63,7 | 524 | 430 | 614 | 2.07 | 228 | 122 | 13.0 | 7.77 6.81
2 40,0 | 283 | 39.6 | 458 | 1.59 | 142 | 134 | 146 | 5.36 4.13
Mupmaxis 1 S1,0 | 52,0 | 452 | 594 | 215 | 248 | 126 | 13.2 | 642 6.86
2 350 | 34,1 | 41.0 | 506 | 1.67 | 2.00 | 13.0 | 144 | 4.55 491
TroramAR 1 583 | 40,6 | 42.8 | 53.6 | 2.30 | 231 122 | 132 | 7.11 5.35
2 30,3 | 255 | 424 | 44.0 | 098 1.86 | 13.0 | 14.8 | 4.24 3.77

IIpumenanrue: 1 — c norusom 2 — 6e3 noiusa

Copra Oxunun-84, I'vipMbI3bI-TI0AD-1, A3aMaTan-95
O3HMbI€, 2 OCTAAbHbIE OTHOCSTCS K IIOAY O3UMOMY THITY.
Bce aTu copTa mocesiHbI B OAHO H TO 5K BpeMsI OCEHbIO
B TpeTbeill AeKape OKTSOpst. OIBITBI 3aKAAABIBAAKCH
B ABYX BapHAHTAaX BOAOOOECIIEYeHHOCTH, 10 METOAUKE
B OpOIIaeMOii 30He AIepoHa.

B Tabaune 1 mprBeAeHBI AQHHBIE TIOAYYEHHBIE I10 JAe-
MEeHTaM YPOXKaiHOCTH U II0 COAEP>KaHHIO OeAKa B 3epHe
M BBIXOAQ 6eAKa C reKTapa B 3aBUCHMOCTH OT F'OAQ U YCAOBHIT

BbIpamuBanms. Kax BUAHO 10 AaHHBIM TabAmIbI 1 y Bcex
COPTOB Pa3AN4Fs HAOAIOAQETCSI TTO BCeM ITOKA3ATEASIM B 3a-
BHCHMOCTH OT YCAOBHII Bo3AeAbIBaHms. OcobeHHO Takue
PasAMYMST HAOAIOAAETCS Y COPTOB 110 Macce 3epHa ¢ 1 m?,
IO COAEPYKAHHMIO OeAKa B 3epHe U BBIXOAY OeAka ¢ reKrapa.
ITo AQaHHBIM TabGAUIBI BHAHO, YTO ypoXkait ¢ 1 M* 3aBrceA
He TOABKO OT YCAOBHI BbIPAIIUBaH¥sl, HO U OT OAQ BbIpa-
muBanuA. B 2014 ropy, B ycAOBUSX OpOIIeHHS U 3aCyXH,
Pa3AMYKA He TaK Pe3KH 10 cpaBHeHHIO ¢ 2015 roaom.
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Tabnuua 2. — 3aBUCUMOCTb Ka4ecTBa 3epHa COPTOB MSArKOM MLLIEHMLbI OT BAPMAHTOB YC/IOBUIA BbipalLMBaHUSA

Ba- Macca 1000 CreKkAoBUA- KaeiikoBu- CepuMenTa-
UAK
Copra pHaH- 3epeH, I. HOCTB,% Ha,% ITWSI, MA

o1 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015
5 o 1 442 | 360 | 460 | 555 | 280 | 356 | 101.1 | 90.7 | 33.0 | 36.0
KT 2 39.6 | 31.0 | 560 | 620 | 320 | 37.0 | 1040 | 985 | 36.0 | 39.6
N 0 1 418 | 361 | 460 | 465 | 256 | 30.0 | 993 | 79.0 | 33.0 | 360
SAMATAH- 2 | 386 | 294 | 550 | 535 | 280 | 356 | 1040 | 87.5 | 360 | 36.0
1 33.4 | 283 | 550 | 500 | 216 | 272 | 983 | 782 | 315 | 270

Hypay-99
2 332 | 282 | 63.0 | 545 | 256 | 288 | 103.0 | 1050 | 33.0 | 33.0
1 359 | 337 | 540 | 465 | 256 | 22.8 | 1060 | 75.1 | 315 | 315

To6ycran
2 | 344 | 327 | 620 | 540 | 308 | 252 | 113.0 | 80.1 | 450 | 49.5
Puan84 1 43.6 | 385 | 550 | 42.5 | 224 | 252 | 940 | 779 | 345 | 240
yeH 2 | 390 | 324 | 650 | 51.5 | 31.6 | 296 | 111.0 | 852 | 37.5 | 25.5
- B 343 | 300 | 450 | 460 | 24.8 | 280 | 90.0 | 778 | 450 | 33.0
PIPMPISPITION 2 | 329 | 288 | 550 | 515 | 268 | 296 | 862 | 779 | 52.5 | 42.0
Tire.38 1 435 | 340 | 340 | 41.0 | 252 | 292 | 987 | 950 | 435 | 345
2 | 412 | 294 | 410 | 475 | 324 | 324 | 111.0 | 101.0 | 43.5 | 39.0
Mo 1 1 460 | 383 | 470 | 475 | 280 | 278 | 977 | 786 | 345 | 33.0
P 2 404 | 339 | 590 | 59.0 | 23.6 | 340 | 113.0 | 793 | 345 | 375
I 1 430 | 405 | 670 | 655 | 260 | 280 | 1050 | 71.1 | 345 | 315
foHa 2 | 402 | 380 | 850 | 799 | 356 | 288 | 922 | 780 | 42.0 | 37.5

Ipumeuanue: 1 — c norusom, 2 — 6e3 nosusa

Kpome KAMMAaTHYEeCKUX YCAOBHI U YCAOBHH BBIpa-
IIUBAHKS 3aMETHO ¥ POAb TeHOTHUIIA COPTOB B GOPMHPO-
BAHHU ypOxKast. DTO HAOAIOAA€TCs B COPTax DKUHIHU-84
u I'bipMpI3bI-TIOA-1. YpOsKail BceX COPTOB, B yCAOBUAX
OpOIIeHHs], IpeBbIIaeT 10 CPABHEHHIO C YCAOBHEM
3acyxu. Beaok 3epHa u BbIxop OeAka ¢ rekrapa Ha000-
POT Bblllle, B YCAOBHAX 3aCYXH II0 CPAaBHEHHUIO C OpolIe-
HueM. YucAo 3epeH B KOAOCE U Macca 3epHa C KOAOCa
TO>XKe 3aBHCUT OT YCAOBUH BbIpamuBaHus. B ycaoBuax
OpOIIeHHsI HAOAIOAQETCS OOABIIIE YHCAO 3ePeH U Macca
3epeH c KoAoca. B Tabauie 2 oka3aHO BAMSHIEE yCAO-

BUH BbIPAIJUBAHNUS Ha KAYeCTBO 3epHa Y COPTOB MATKOM
IIIIEeHHIIbI.

Kak BupHO 110 AaHHBIM TabAmIB: 2 Macca 1000 3epew,
KaK UM ypOXail 3epHa y COPTOB B YCAOBHUSAX OPOLIEHHUs
BBIIIIE II0 CPAaBHEHUIO € 3aCyx0oil. CTeKAOBHAHOCTD 3epHa
U COAepKaHHe KAHKOBHMHBI, KaK M 0X)XHMAAAOCh Y COPTOB
B YCAOBMSAX 3aCyXH BbIIIe [0 CPAaBHEHMIO OpOIIeHHEM.
Ilpu aTOM KauecTBO KAGHIKOBHMHBI, TO €CTb ITOKa3aTeAb
HAK, B coprax, B yCAOBHAX OpPOIIEHHS II0 CPABHEHUIO
C 3aCyXOii BbIlIIe. YCAOBHE 3aCYXH ITOAOKUTEABHO IIOBAK-
SIAO ¥ HA YPOBEHb CEAUMEHTAITHH.

Tabnvua 3. — 3aBUCUMOCTb xne6oneKapHoro KayecTBa COPTOB MSArKOM MLIEHULbl OT BApUaHTOB

C Bapuan O61pem xaeba, cm? KauecTBa xae6a, 6aa Harypa sepHa, r/a
opra THI 2014 2015 2014 2015 2014 2015

1 2 3 4 5 6 7 8
N 1 500 500 48 4.6 788 790
2 550 600 49 49 775 680

R 1 500 400 4.8 4.0 784 782
2 550 500 4.6 4.0 798 730

Hypay-99 1 450 450 45 39 762 759
2 500 500 46 4.6 749 663

Tofycran 1 600 600 43 49 762 739

2 500 600 49 49 763 785

Pyan-84 1 500 400 46 3.8 778 772

2 500 600 5.0 46 746 757

— 1 500 500 43 46 762 759
2 500 600 4.7 49 749 663
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1 2 3 4 S 6 7 8
Tare-38 1 600 500 4.8 4.7 762 731
2 400 520 4.4 4.6 738 691
TMupmaxm 1 600 450 5.0 4.3 781 796
2 400 600 3.5 4.9 787 665

TioHamAL 1 550 520 4.7 4.6 788 78
2 600 550 4.9 4.8 757 706

ITpumenanue: 1 — c norusom, 2 — 6e3 norusa

Kpome aTHx mokasaTeAeit HAMU OBIAK OTIPEAEACHBI
xAebomeKapHbIe KauyeCTBa ITUX COPTOB. B TeueHne AByx
AeT BBITIEKAAH XAeb Ha OIMAPy B CYXUX APOJMOKAX IO Me-
Topuxke (S). ITo aToit MeToAHKe copTa ¢ 06beMoM xaeba
620-650 cM?® OTHOCATCS K CHABHBIM IIIIEHUIIAM.

Y nccaepyeMbIx cOpTOB 06BeM xAeba BapbHPOBAAO
ot 400 A0 600 cM®. Y HEKOTOPBIX HCCAEAYEMbIX COPTOB
06peM xaeha He 3aBHCEA OT TOAQ BBIPAIMBAHIIS IIPH 9TOM
$aKTOpPBI OPOILIEHUS U 3aCYXH BAUSIAH HAa HUX IIOAOXKU-
TEABHO.

Tax, y copra OxuH4u-84, B YCAOBHAX OPOIIEHMS,
00beM xAe0a B TeYeHHE ABYX A€T, He 3aBHCHMO OT IOAQ,
6bIA OAMHAKOBBIM. 110 AQHHBIM TabAMIIBI 3 BUAHO, 9TO
o6beM xaeba U ee Ka4eCTBO OOADBIIIE 3ABUCUT OT TOAQ BbI-
palMBaHUs, YeM OT YCAOBHUIT BbIpamuBaHus. besycaos-

HO, B OCHOBHOM HabAIOpaeTCs cHIbKeHue obbema xaeba
B YCAOBYSIX OPOLIEHHS], 10 CPaBHEHMIO 3acyxoit. Takas
KapTHHA HAOAIOAQETCS U B HATYpe 3epHa. B ycaoBsx 3a-
CyXH HaTypa 3epHa MeHbIIIe [10 CPAaBHEHHIO C YCAOBHEM
OpOLIEHUSL.

TaxuMm 06pa3oM, B IleAOM HEOOXOAUMO OTMETHUTS,
YTO YCAOBUSI BBIPAIIMBAHMUS UMEIOT HEIIOCPEACTBEHHOE
BAVSIHHIE Y HA YPO)KAMHOCTH, ¥ Ha KQ4€CTBO 3€PHA IIIIe-
Huubl. EcAn AOGaBUTH K 9TOMY MHOTOCTOPOHHEE BAMS-
HUE, METEOPOAOTHYECKHX PAKTOPOB, Ha OOXMMUYECKUE
IPOLIECChI, IPOUCXOASIUE B PACTEHUAX MOXKHO IIPEA-
IIOAOYKUTBH, KaK CAOYKEH BECh KOMIIAEKC YCAOBHIL, OT KO-
TOPBIX 3aBUCHUT Ka1ecTBO 3epHa. CAeAyeT OTMETHUTD YTO,
KOAUYECTBO M Ka4eCTBO KACHKOBUHBI, BAUSET Ha XAe60-
IIeKapPHOE KayeCTBO 3epHa MATKOM [IIIEHHUIIBL.

Cnucok AuTEepaTyphI:

1. Baaumxuit M. 10., Kpusenko A. A., Boiickosoit A. M. Arpobuoaorideckiie 0co6eHHOCTH HOBBIX COPTOB O3HMOIT

TBEPAOH IIIEHHUIIBL, TOAYIeHHBIX ITyTeM CAOXHDIX CKPEIIUBAHMUIL C y4aCTHEM XUMUYEeCKUX My TAHTOB, HA YepHO3eMe
o6bikHOBeHHOM, CraBpomnoabckoro kpas//Hayu. XKyp. Ky6. TAY, - Ne 62 (08),- 2010, - C. 1-13.

2. DBebsikun B. M., Crapuukosa H. H., Aoporo6ea A.A. KadecTBo 3epHa mimeHuIb! B 3aBUCUMOCTH OT COPTA U yC-
AOBHI1 pouspacTanms./ /3epHoBoe xo3siicto. — 2003.— Ne 5. — C. 17-19.

3. Axynycosa M. K., Orembepauena K. K. Tenernueckre meToab! B ceaekiun. Kuprusckuit arpapHsiil yHUBepCH-
teT., Fen Bilimlori Dergisi, — N° 10, - 2009, — C. 157-159.
4. Mapymes A. . ITytu ceaexnuu Ha BrIcOKOe KadecTBO 3epHa//IloBbimeHne kadyecTBa 3epHa mmeHHIsL — Mo-

ckBa, — 1972, - C. 60-66.

S. Metoamdeckue peKOMEHAAIINH IO OljeHKe KadecTBa 3epHa. — Mocksa. — 1977. - C. 169.

6. PaccrmnoB A. B. ITouseHHO-KAMMAaTHIeCKHE GAKTOPHI yPOSKAMHOCTH M Ka4eCTBa 3epHa sIpOBOH IIIEHUITHI COPTOB
Axraiickoit ceaexiuu. ABroped. Auc. K. 6.1, — 2004, — C. 26.

7. Pomanenxo A.A., Kypasmos M. H.//TloBbieHie KOHKypeHTHO criocobHOCTH 3epHa, Bectruk Poccuitckoit

aKaAeMHHU CeAbCKOXO3SIFICTBeHHOM Hayku, — 2006, — Ne 3 c.

8. Ckpumxka O.B. Ceaexrys MArkoi 03MMO MIIEHUITBI HA IIPOAYKTUBHOCTD M KaUeCTBO 3€pHA B yCAOBHUsIX PocToB-
cKo obaacTu: ABTOpedepaT AUCC. K. c-X.HayK. JepHOrpaa, — 2005. - 165 c.

9. Coboaesa E.B. QopmupoBaHue KauecTBa 3epHa COPTOB SIPOBOI MSTKOI IIIEHHUIIbI B yCAOBISIX LeHTpasbHOrO
paitona Heueprozemnoit 30ub1 PO. ABT. Aucceprarnmu k. Ceapxos Hayk. HemunzoBka, — 2005, — C. 124.

10. Cepreesa A.11. KasecTBo 3epHa, cMecHTEABHAS CIIOCOOHOCTD 1 AAAIITUBHOCTD COPTOB M AMHUFT O3UMOY ITII€HUIIBI

B CBSI3U CeAeKIHel. ABT. AMCC. KaHA. c-X. Hayku. Capatos, — 2007, - 23 c.
11. Finney K. F. an alkaline viscosity test for soft wheat flours\Finney K. F. Yamazaki\\ Cereal Chemistry/ — 1953.-

Ne 30.—P.153-159.

34



The results of Cluster analysis of Acoustic emission signals during the mechanical tests...

Section 7. Technical sciences

DOI: http://dx.doi.org/10.20534/EJTNS-16-4-35-38

Petrov Valery Ivanovich,

Novokuznetsk branch Kuzbass state technical

University named after T. F. Gorbachey,

candidate of technical Sciences,

associate Professor, Department of vehicles and road transport
E-mail: valerij.petroff@yandex.ru

Petrova Valentina Aleksandrovna,

FGBOU VO <«Siberian state industrial University>,
candidate of technical Sciences, associate Professor,
Department of mechanics and engineering

E-mail: valyaa.Petrova@mail.ru

Zvarych Evgeny Bogdanovich,

Novokuznetsk branch Kuzbass state technical University
named after T. F. Gorbachev, candidate of technical Sciences,
associate Professor, Department of vehicles and road transport
E-mail: zvarich83@mail.ru

Patanin Andrey Vladimirovich,

Technical management of JSC "EVRAZ ZSMK”,
chief specialist for development

E-mail: patanin.andrey@yandex.ru

Smirnov Alexander Nikolaevich,

OO0O Kuzbass RICC, the Examination of industrial safety,
doctor of technical Sciences, Professor, General Director
E-mail: galvas.kem@gmail.com

The results of Cluster analysis of Acoustic emission
signals during the mechanical tests of welded joints
of steam pipelines from Low-Carbon steels

Abstract: shows the cluster analysis of acoustic emission (AE) sources located in zones of welded joints
of carbon steels in different parts of the steam line.

Keywords: microstructure, mechanical tests, weld, cluster analysis, location graph, the total number of
AE signals, the energy accumulation of AE source, the amplitude distribution of events.

Ilempos Baaepuii Meanosu,

Hosoxysueyxuii puruar Kysbacckozo zocydapcmeentozo
mexruueckozo ynusepcumema umenu T. @. Topbauesa,

K. M.H., doyerm, kapedpa asmomoOuUAL U AsMomMoOUAbHbIE NEPeBO3KU
E-mail: valerij.petroff @yandex.ru

35



Section 7. Technical sciences

ITemposa Barenmuna Arexcandposua,

OI'BOY BO «Cubupckuii 20cydapcmeentuiii
UHOYCMPUAALHBLIL YHUBEpCUMEm >,

K. M.H., doyeHm, KaPedpa MeXaHUKU U MAUUHOCMPOeHUS
E-mail: valyaa.Petrova@mail.ru

3eapuiu Eszenuii bozdarosu,

Hosoxysneyxuii puruar Kysbacckozo zocydapcmeenozo
mexHuueckozo ynusepcumema umenu T. O. Topbauesa,

k. m.H., doyenm, 3asedyroujuii, kadedpa asmomoousU

U a6MoMoOULbHDLE NEPesO3KU

Iamanun Andpeti Bradumuposuy,

Texnuueckoe ynpasrenue OAO "EBPA3 3CMK”,
2AABHbLTL CHEYUAAUCH MO PA3BUMUIO

E-mail: patanin.andrey@yandex.ru

Cmupros Arexcandp Huxoraesuw,

00O Kysbacc PUKIL], Dxcnepmusa npomviuisenHoli 6esonacnocmu,

0. m.H., npodeccop, zeHeparvHbiii dupekmop
E-mail: galvas.kem@gmail.com

Pesynbratbl KnactepHoro aHannsa CUrHasioB akyCTu4eckom
3MUNCCUM NPU MEXaHUYECKUX UCTIbITAHNAX CBAPHbIX COeANHEeHUN
naponpoBOAOB U3 HU3KOYINIePOAUCTbIX CTaNen

AHHOTanMA: IpYUBeACH KAACTEPHbIH aHAAU3 HCTOYHUKOB A D, PACIIOAOXKEHHBIX B 30HAX CBAPHBIX COCAH-

HeHUI U3 YTAC€POAHCTBIX CTaAel Ha Pa3HBIX YIaCTKaX IIAPpOIIPOBOAA.

KaroueBbie cAOBa: MUKPOCTPYKTYpPa, MEXaHUYECKHE MCIIbITAaHMUS, CBAPHOM IIOB, KAACTEPHBIN aHAAU3,

AOKAITMOHHBIN IrpaduK, CYMMapHOe KOAUYECTBO CUTHAAOB AD, HAKOIIAGHHEe d9HEPTUH OT UCTOYHUKA AJ,

AMIIAUTYAHOE paCIIpEACAEHHE COOBITHUI.

ITepe HCCAGAOBAHHAMU METAAAA ABYX TPO6 (TabAu-
na 1) c npuMeHeHNeM aKyCTUYECKOM SMHCCUU IPOBO-
AHAUCH MEXaHMYECKHe UCIIBITAHIS 0OPA3IjOB y4aCcTKOB
IIApOIPOBOAA IIOCAE MEXAHUYECKHX UCIIBITAHUI Ha pac-
TSDKEHIE, XOAOAHBIN U3TH0, HA TBEPAOCTD U CIIAIOIIHBA-
HUe€, Pe3YABTATh KOTOPBIX IIPEACTABAEHDI B TabAuILe 2.

Tabnuua 1 — XuMnyeckuin aHanms OCHOBHOIoO MeTasnia

Ne ip o6 XUMHYeCKUMCOCTaB,%
C Mn Si P S
1 0,19 | 0,61 0,21 | 0,024 | 0,041
2 0,20 | 0,62 | 0,21 | 0,024 | 0,040
Tabnuua 2 — MexaHn4eckmne CBOMCTBa
OCHOBHOrO MeTasina
Criatomu- Yroa xo-
o,MIla | o, MIla |5, % | HB AOAHOTO
BaHHe 3aruba
YaoBaeT-
0,00031 [ 0,00044 | 30 |133| Bopu- 180°
TEABHO

B pa6ore [1] npuBeseHa METOAUKA MEXaHUYECKUX
WCIIBITAHUM CBAPHBIX COEAMHEHUM U3 HU3KOYTACPOAU-
CTBIX CTaA€H C UCIIOAb30BAHUEM aKyCTHYECKON OMUCCHUHN
B KaueCcTBe MEeTOAQ HepaspylIaolero KOHTpoAs. B npo-
Ilecce Harpy KeHHst 00PasIjoB AO Pa3pyIIeHUsI IPOBOAUA-
Cs1 KAACTepHbIN aHaAn3 ucToyHUKOB AD. [ToAydyennsie
3aBHCHUMOCTH IPEACTaBAEHbI Ha pUCyHKax 1-3.

B xaacTepHbIl aHAAN3 BXOAWT: a — PACIIOAOKEHHUE aK-
THBHOTO MCTOYHMKA CHTHaAa AD HA HCIIBITHIBAEMBIX 00-
PasIiax co CBApPHbIM COEAUHEHNEM IIPU AMHEHHON AOKALIUH
¥ akTUBHOCTD curHaroB AD (N); 6 — HakomAeHUe COOBI-
THI OT HCTOYHHMKA CUTHAAOB AD — CyMMapHOe KOAMYe-
CTBO UMITYABCOB 3a Bce BpeMs Aedpopmupopans (YN); B —
HAKOIIAGHHE d9HEePTHU BO BpeMs IPOBEACHH UCITHITAaHKs
(X E); r — ammauTysHOE pactipepesene cobbrruit (A, dB).

AHaAM3HPYS 3aBUCUMOCTH, IPEACTaBACHHbIE Ha PU-
CyHKe 1, cAeAyeT OTMETHTD, 4YTO MAKCUMAAbHAsl aMITAH-
TYAQ U3Ay4aeMbIX CUTHAAOB COOTBETCTBYeT CTAAUU ITPeA-
paspymenus (pucyHox 1, ).
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OmnpeaeAeHHDIN HHTEPeC IIPEACTABASIET Pa3pyIleHHe
obpasua o cBapromy mBy. [cxopst us rpaduka, mpea-
CTaBACHHOT'O Ha PHCYHKe 2, 3, MO)KHO AOCTaTOYHO TOYHO
OIPEAEANTh MECTOHAXOXXAEHHE OCHOBHOIO MCTOYHHUKA
CHI'HAAOB aKyCTH4eCKOM 9MMCCHH, YTO TIOATBEP>KAAETCS
AQHHBIMM AMIIAUTYAHOTO PAcCIIpeAeACHHS (pncyHOK 2,).
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PucyHok. 3. KnactepHbiii aHanm3 UCTO4YHNKOB AD Npu paspyLleHnmn

W3 pesyAbTaTOB HCIIBITAHHI o6pa3ua CO CBAapHBIM
IIIBOM (pncyHOK 3) o6pa3ua II0 30HE TEPMUYIECKOro
BAMSHHS — CBApPHOMY LIBY CA€AYeT, YTO pa3pylLIeHHe
IIPOM30IIAO B 30HE TEPMHYECKOTO BAMSHHUSA — HAIAAB-
AE€HHBIN METAAA.

IIpoBeaeHHBIN aKyCTHUKO-OSMUCCHOHHBIN aHAAU3
P UCTIBITAHHMH 06pa3uos CO CBapHBIM IIBOM IIOKA3aA,

4TO IIPU AOCTATOYHO HEOOABIION AKTHBHOCTH CUTHAAOB
akyctraeckoit amuccnu (N) cyMMapHOe X KOAUYECTBO
B CTAAHHU TIPEAPA3PYIIEHHUS 3HAYUTEABHO ITOBBIIIAETCS
(pucynku 1-3, 6), mpruaem HabAOAQETCS BBIACACHHIE 3HA-
YUTEABHOTO KOAMYECTBA S9HEPTUHU IIPU U3AYIEHHU BOAH
Hanpsokenuit (pucynku 1-3, B).
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Isospin dynamics of topological vortices in two-
dimensional nonlinear sigma model

Abstract: By methods of numerical simulation the isospin dynamics of interacting radially-symmetric

topological vortices (solitons) of the Belavin-Polyakov type in two-dimensional O (3) nonlinear o-model is

studied. The conditions that lead to the elastic interaction, gradual annihilation and long-range interactions

of topological vortices are determined.

Keywords: topological vortex, isospin dynamics, nonlinear c-model, numerical simulation.

L. Introduction

In the present paper we study the isospin dynam-
ics of interacting radially symmetric topological vortices
(topological solitons, TS) of the Bellavin-Polyakov type
[1]in the (2+1)-dimensional anisotropic O (3) nonlin-
ear o-model (NSM).

The Lagrangian of the model in an complex param-

eterization can be recorded is as follows [2; 3]:
0z0z2-zz

L=2—t———, (1)
(1+z z)
where
s +is 0 .
z(x,y)=x+iy="—2=tg—e" nu=0,1,2.
(%) vean SAEE
In this case s, (5,5, =1, a=1,2,3) — are isospin

parameters of the unit vector S(s,,s,,s,); 6(x,y,t) and
@(x,y,t) — are Euler angles, associated with S by the
stereographic projection from poles of S*-sphere on the
plane z(x,y). Lagrange-Euler equation of model (1) is
as follows [2; 3]:
(1+2'2)0,0"2-22'0 20"z +2(1-22)=0, (2)
n=0,1,2.
We perform a numerical study of the isospin
dynamics of interacting TS of model (2) with a nonzero

Hopf index Q, (topological charge) of the following
form:

Q
.
9=2arctg(ij ,0=Qy—or, (3)
2 2 2 X . y
r’=x'+y’, cosy==,siny==.
r r
The models of frontal two-soliton collisions

of vortices (3) moving in the opposite direction at
v(z,) €[0.0, 0.3] are investigated. Our numerical models
are based on the finite difference method [4], using the
stereographic projection and taking into account the
group-theoretic features of the designs class of the O (N)
NSM of field theory [2; 3].

The interaction dynamics of TS (3) of model (2),
that we studied previously (see, for example, [2; 3]) has
anumber of properties, including:

— collision and reflection of TS (a manifestation of
the particle-like properties);

— gradual annihilation of TS onto the units of Q, (by
energy radiation in the form of linear perturbation waves
propagating at speed ¢ =1);

- long-range T§;

— decay of TS onto the localized perturbation (re-
taining amount of Q, );
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—mutual attraction and repulsion of the TS, etc.

In present paper the configuration of isospin dynam-
ic fields that determining the interaction properties of
topological vortices are revealed.

IL. Particle-like properties of topological vortices

In Fig.1a shows the evolution of the energy density
(DH) of frontal collision of TS (3) at £ €[0.0,60.0] and
Uy, (£,) = 0.0995. In this case, occurs a collision and reflec-
tion of the vortices. A TS (3) of the model (2) that inves-

tigated in detail in our previous works [2; 3] have radially-
symmetric ring-shaped structure. Fig.1b shows a diagram
describing the dynamics of the isospins projections (S!)
of interacting TS on the two-dimensional plane.

Note to noncollinearity S! of interacting TS in the
resonance zone (Fig.1c), also we note that the interacting
S! revolve in opposite directions: S? (T)). Recall that
the increase in speed of the interacting TS (3) results in

their decay to localized perturbations (see, e.g., [2; 3]).

b) dynamics of S’ at t =0.0; ¢c) dynamics of S in the resonance zone

I11. Phased annihilation
Our research, conducted in [2; 3] have shown that at
the collision of the TS (3) with the TS of the following form:

Q
Q(T,R) = 2arctg(%} , 0=Qx-or, (4)

2
r )
occurs the process of gradual annihilation of the TS.

Fig.2 shows the process of a frontal collision of TS (3)
and (4) at v, (t,)~0.0995.

2 2 2 X :
r'=x"+y,cosy=——,siny =
r

Figure 2. Head-on collision of topological vortices (3) and (4): a) evolution of DH and its contour view;
b) dynamics of S’ at t =0.0; ¢c) dynamics of S’ in the resonance zone
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Note to the collinearity of S’ (TT) ofinteracting vor-
tices (Fig.2c), also we note that in the resonance zone
the S” of interacting vortices (3) and (4) revolve in the
same direction: S’,(T1).

IV. Phased annihilation of long-range topological
vortices

As we noted in our previous studies [2; 3] at the nu-
merical simulation of collision of TS (3) and the TS of

following type
Q
’
0,.(r,R)=2arctg| — | ,
1 (r2R) arcg(R)
Pr= _Qr% - 0T, (5)

AY

B

el

5

2 2 2 X : y

r’=x"+y’, cosy=—,siny ==,

manifest the properties oflong-range T'S. In this case, the
S! are antiparallel S’ (™) and rotate in the same direc-
tion S*,(T1) (Fig.3). At the incident type interaction of
TS (3) and (S) in [2; 3] were obtained model of phased
annihilation at certain speeds of incident vortex:
v(t,)>0.23.In this case, in the resonance zone the speed
of the incident TS approaches zero, at which occurs the
«forced» reversal of S’ to the state S’(T1), S2,(T1). As
was defined in the preceding paragraph, in which case
occurs the process of phased annihilation of topological
vortices.

4y

Figure 3. Numerical model of dynamics S’ in incident collision of long-range
topological vortices (3) and (5) at t =0.0

Numerical analysis of the results of experiments
showed that the condition of the phase radiation of en-
ergy and annihilation of interacting long-range TS in
two-dimensional O(3) NSM is a transition of S? of both
TS from state S’ (T»L) NS’ (™) to the
st (M)ns;, ().

rot

state

V. Conclusion
Thus, in the present study revealed the exact con-
ditions which determine the nature of the interaction

fields of topological vortices in two- dimensional O(3)
NSM:

— isospin configuration of non collinear S; and
N (™) causes to the process of collisions and reflection
of TS (Fig.1);

- configuration S'(MHNS? (TT) causes to the pro-
cess of phased annihilation of the TS (Fig.2);

- s (st (™t configuration causes to the pro-
cess of long-range TS (Fig. 3).

References:

1. Belavin A. A, Polyakov A. M. Metastable states of two-dimensional isotropic ferromagnets. - JETP, - 1975, - 22

(10), - 503-506.

2. Muminov Kh.Kh., Shokirov F.Sh. Dynamic and topological solitons in the nonlinear sigma model [in Russian]. -

Dushanbe, Donish, - 2014, - 386 p.

Moscow: Nobel Press, — 2015, - 388 p.

Muminov Kh.Kh., Shokirov F.Sh. Dynamics of localized structures in nonlinear field theory models [in Russian]. -

Samarsky A. A. The theory of difference schemes [in Russian]. - Moscow: Nauka, - 1977, - 657 p.

41



Section 8. Physics

DOI: http://dx.doi.org/10.20534/EJTNS-16-4-42-46

Fomin Denis,

Scientific worker, laboratory of Modeling,
information processing and control,
Scientific educational center,

Amur State University, Blagoveshchensk
E-mail: gefest-uni@yandex.ru

Umrikhin Iakov,

student, faculty of Physics and Engineering,
Amur State University, Blagoveshchensk
E-mail: yashapriceS4@gmail.com

German Anna,

student, faculty of Physics and Engineering,
Amur State University,

Blagoveshchensk

E-mail: dream-of-rains@mail.ru

Strukov Dmitry,

student, faculty of Physics and Engineering,
Amur State University, Blagoveshchensk
E-mail: tokloo@yandex.ru

Kovtun Julia,

Scientific worker, Scientific educational center,
Amur State University, Blagoveshchensk
E-mail: jkoftun@mail ru

The development of the methodology and functional structure of the
equipment for research of photovoltaic cells on the spacecraft

Abstract: Space technologies become increasingly available and widespread. Most of the spacecraft at the
moment, are near-earth spacecraft, among them the rapidly growing number of small and micro satellites. The
main source of energy are photovoltaic cells and solar panels built on them. Technologies of development
of photovoltaic converters dynamically progresses. So, studying of new photovoltaic converters is an actual
topic.

The aim of this work is to develop a methodology and functional structure of the equipment, which
allows the study of photovoltaic converters on board nanosatellites.

This work contains requirements to the methodology and hardware-software complex, a draft
methodology, functional structure of the equipment and a number of conceptual decisions concerning
hardware-software complex. Further ways of development of the project are also determined.

Keywords: nanosatellite, CubeSat, solar cell, photoelectric converter, photocurrent, solar panels,
hardware-software complex, payload.

Space technologies become increasingly available Technologies of development of photovoltaic con-
and widespread. Most of the spacecraft at the moment,  verters dynamically progresses: new materials and new
are near-earth spacecraft, among them the rapidly grow-  structural solutions are being found [8]. To predict the
ing number of small and micro satellites [3]. The main  characteristics of solar panels constructed on the basis
source of energy are photovoltaic cells and solar panels  of one or another photoelectric converter, it is necessary
built on them. to produce a comprehensive research of the photovol-
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taic devices created with the use of new technologies.
The main tasks of these researches is to determine the
dependence between characteristics of photovoltaic de-
vices and the environment in which devices will oper-
ate. However, comprehensive experimental researches
of the photoelectric converters in the laboratory faces a
number of problems: 1) studies that simulate the simul-
taneous impact of the key factors of space on the test
sample, is extremely difficult to implement in laboratory
because of nature and variety of this factors; 2) laborato-
ry equipment, allowing to simulate the simultaneous im-
pact of several factors on the study sample is complex
and expensive; 3) ordering studies in specialized testing
centers or using the centers of collective access to sci-
entific equipment may require significant expenditures
and time; 4) access to the necessary equipment may be
limited due to its complexity or specificity; S) the con-
ditions laboratory reproduced, are differ from the real
environment, so the data obtained during laboratory
experiments, is differ from the data obtained during the
observation in real conditions and this can significantly
affect the results of the research.

As a solution of these problems, we propose to per-
form a study of the photoelectric converters in the natural
environment. The main idea of the proposed solution is
the placement on a CubeSat satellite hardware-software
module that performs the investigation of photocon-
verter characteristics and registration of environmental
conditions.

This approach resolves the problems associated with
providing studies of simultaneous impact space factors
to a sample in real conditions, since the study is made
directly on the Earth’s orbit.

Thus, the aim of this work is to resolve some of the
problems related to the complex studies of photovoltaic
converters. Objectives of the work are: 1) development
of methodology for studying of photovoltaic converters
on a board of nanosatellites; 2) development of hard-
ware-software system that implements this methodol-
ogy.

Orbits of CubeSat type satellites are at altitude of
300-800 kilometers, which corresponds to the low Earth
orbit. At the same altitude locates the thermosphere layer
where the temperature quickly changes from 200 K to
2000 K depending on solar activity. It is also possible to
thermospheric storms, which arise due to the interaction
of the thermosphere and large magnetospheric storms
[4]. Photovoltaic cells consist of semiconductors, which
characteristics directly depends on temperature. There-
fore, it is important to see how it will change character-

istics of the sample according to the sharp temperature
jump [10].

Another reason for the changing characteristics of
photoelectric converters is integral impact of the space
factors: the flow of charged particles of the solar cosmic
rays and the Earth radiation belt [ 7]. The influence of this
streams is the reason of different point defects [6]. The
damage from the impact ionizing radiation depends on
types and energies of it’s particles. The greatest damage
brings the impact of electrons and photons [1, 11].

One of the advantages of using nanosatellites as a
platform for experiments and observations is compara-
tive low research cost. Price of one CubeSat launch is
currently in the range of 10-20 thousand dollars [9].

Thus, studies of characteristics of photoelectric con-
verters on low earth orbit on board of CubeSat type
satellites are justified both from a physical and from an
economic point of view. In addition, this approach to re-
searches resolves a number of issues associated with the
use of terrestrial laboratories and satellites of larger types.

It follows that the development of the methodology
of studying photovoltaic converters on the nanosatellites
and the hardware-software system that implements this
technique, is relevant.

The main goal of this work is decreasing costs of the
time and money needed for researching photoconverters
and increasing the accuracy of the research given data. To
achieve the goal we suggest to conduct the researches on
CubeSat’s board. To do so, we need to develop a special
researching methodology and hardware-software equip-
ment.

During the solution of the objectives, requirements
to a technique of research and a hardware-software sys-
tem have been formulated.

The technique of researches has to allow to obtain in-
formation on key indicators of the photovoltaic cells
studied with her help, the most important parameters of
the environment in which researches are conducted and
to allow monitoring changes of the measured indicators
eventually. At the same time the error of measurements
and the subsequent calculations has to be less or is equal
to 0,5%. Besides, the technique has to be applicable for
carrying out researches on low Earth orbits onboard the
nanosatellite. The technique has to be applicable to pho-
tovoltaic cells of various type.

The key indicators of photovoltaic cells:

1. current in a solar cells chain;

2. voltage in a photovoltaic cells chain;

3. power;

4. energy conversion efficiency;
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S. current-voltage characteristic.

The key indicators of the environment of research:

1. tension on the source included in photovoltaic
cells chain;

2. temperature;

3. power of the light stream falling on the studied
solar cells.

We suggest satisfy these requirements as follows.
Measurement of current and voltage in a chain of the
solar cell, tension on a current source in a chain of the
studied photovoltaic cell, temperatures and capacities
of a light stream it is possible to make by means of the
corresponding sensors and measuring devices.

Based on data on current and tension in a chain of
photovoltaic cell it is possible to calculate the power
of the studied photovoltaic cells. Based on data on the
power of the light stream falling on photovoltaic cell, and
the calculated power of the studied photocell, solar cell
efficiency can be calculated.

For tracking of changes of the studied characteristics
of photovoltaic cell eventually, all measurements have
to include the tag of time defining when these measure-
ments have been made.

Thus, research can be conducted on the following
algorithm:

1. in a chain zero level of tension moves;

2. the pause during which in a chain the fluctua-
tions caused by change oflevel of tension of a source stop
becomes;

3. measurement of values of temperature, energy
of alight stream, current and tension in a chain is at the
same time carried out;

4. on one step the level of tension given to a
chain increases;

S. points 2-5 are repeated until the given level of
tension doesn’t reach the set upper bound;

6. return to the point 1.

The maximum level of tension of the source includ-
ed in a chain of the studied photovoltaic cell is defined
proceeding from the purposes and problems of concrete
research, with characteristics of the concrete studied so-
lar cell, mainly, proceeding from his tension of idling.
Level of tension of a source changes in steps at some
discrete size AU, depending on the required accuracy of
measurements. It is recommended AU=0,1V.

Energy of the light stream falling on a solar cell de-
pends on the angular speed of rotation of the satellite
w and on the angular speed of rotation of the satellite
around Earth Q round its pivot-center. According to
Nyquist—Shannon-Kotelnikov sampling theorem, for re-
ceiving the fullest picture, it is necessary to make removal
of key indicators with a frequency not less 2v. However,
for carrying out research it is necessary to choose higher
frequency of fixing of measurements as temperature in a
thermosphere can change in steps.

In addition, it means that performance of a series of
measurements in which tension of a source of current
changes in the range from 0to U__ established for this re-
search with a step AU (points 2-5 of the algorithm given
above) has to keep within on time an interval of relative
stability of external factors. That is the actual frequency
of measurements N has to be following:
2v-U, ..

AU

Requirements to hardware-software module:

1. it must to approach in all respects as payload on
the nanosatellite;

2. it must to have the minimum requirements to a

N2> (1)

communication system and a power component.

Photosensor

Thermosensor

Researching photo element
—( A )

[ ——

Qut 0

Out 1

Qut 2

In 0

Controller In1
Module In2
In3

Figure 1. Schematic diagram of the device for research of characteristics of the photovoltaic cell
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The development of the methodology and functional structure of the equipment for research of photovoltaic cells on the spacecraft

For measurement of temperature of the studied
device the thermal sensor is used. For measurement
of power of a light stream — a photo cell with already
famous, tested characteristics. Current is measured in a
chain of the photovoltaic cell by the electronic milliam-
peremeter. Tension in a chain — Analog-to-digital con-
verter. Digital-to-analog converter is the power supply in
an electric chain. Thus, the schematic diagram of the de-
vice for research of characteristics of the photovoltaic cell
has an appearance represented in figure 1.

The hardware-software system intended for place-
ment onboard spacecraft includes two components: the
set 1 placed on an external surface of spacecraft and the
set 2 placed in spacecraft. Package one includes: a stud-
ied photovoltaic cell, a photosensor, a thermal sensor.
This set has the appearance presented on a slide. Pack-
age two includes: Digital-to-analog converter, Analog-to-
digital converter, the electronic microampermeter and
the controller that is carrying out algorithm of research.

The function chart of the hardware and software sys-
tem intended for placement onboard spacecraft has the
appearance represented in figures 2 and 3.

Photosensor

Researching photoelement

Figure 2. The set 1 of the hardware-software complex
Memory chip Interface to connect the

complex to the onboard

computer of a satalite

Interfaces to connect
boards with sensors

Power interface

Microcontroller of the
complex

Figure 3. The set 2 of the hardware-software complex

It is supposed that when collecting indications from
sensors the controller will save the obtained informa-
tion in additional non-volatile memory and on command
to transfer her contents to the spacecraft on-board com-
puter for sending data to Earth. Values, received from
sensors, unite in packages. Each package contains the in-
dicators removed at a time from one set of sensors. These
packages are temporarily stored in the built-in memory
of a complex and transferred to Earth during a commu-
nication session.

More then one set of the first type could be used
at the same time. It can be placed on different parts of
the satellite surface. Using of some amount of the set in-
creases reliability of the complex, increases volume of
gathering data and lets to research more then one pho-
toconverter by the same time.

The set 2 will take about 1/5 of 1 unit volume. The set
1 will take about 1/9 of the square surface of the verge of
1 unit. This allows to place another equipment on unit’s
surface and inside it.

To manage the complex it is proposed to use Atme-
ga328 microcontroller. It has operating voltage of SV,
a clock frequency of 16 MHz and a built-in ADC. It is
assumed that complex controller will collect values from
the sensors, store the received information in the addi-
tional nonvolatile memory and by getting special com-
mand transfer stored information to the spacecraft on-
board computer of the satellite to send data to the Earth.

The values obtained from the sensors are com-
bined into packages. Each package contains indications
got simultaneously from one set of sensors: current
and voltage at the photoconverter, energy of luminous
flux, temperature of the photoconverter, identifier of
sensors set and timestamp. After packages is received,
it is stored in database and further processed: absolute
and relative errors are determined, power and efficiency
of sample are calculated, dependence between photo-
electric converter characteristics and environmental fac-
tors such as temperature, energy of the light flux, time
and ionizing radiation are determined.

In development of a technique and complex particu-
lar results are achieved:

1. the technique and the functional structure of
hardware-software module is developed;

2. the common algorithm of work of hardware-
software module is developed;

3. the choice of some electronic components for
the hardware-software module is made.

In the course of further work will be solved following
subtasks: fabrication, programming and testing complex.
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The proposed research methodology and hard-
ware-software system are implement new and effective
approach to solving the problem of studying charac-
teristics of photovoltaic converters in space, avoiding
a number of problems associated with alternative ap-
proaches: laboratory tests and researches on satellites
of heavier class.

In the development of the methodology and hard-
ware-software complex the results have been achieved,
as well the steps to be followed. In the future we plan to
apply the developed method and the complex for the

study of photoelectric converter on Earth orbit on board

of satellite SamSat series (contemporary is developed in
Samara national research university named after acade-
mician S. P. Korolev [5, 2]), or on board of satellite de-
signed in the framework of the Association of technical
universities of Russia and China.

The researches offered a technique and hardware-
software system for its realization realize the new and
efficient approach to the solution of a problem of study-
ing of characteristics of photo-electric converters in the
conditions of space allowing to avoid a number of prob-
lems, the bound to the alternate approaches: bench tests
and researches onboard spacecraft of heavier class.

10.

11.
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UK n 3P cnekTpbl KOoMnnekcoB BaHaguna (ll) Ha ocHoBe
auunrngpasoHoB apounTpudpTopaueTuiMmeTaHoB

AnnpoTanusa: B3anMoaericTBIeM CIIMPTOBBIX PACTBOPOB AITMATMAPA30HbI aPOUATPH-PTOpalleTHAMETA-
HoB, BaHapuAa (11)-cyAbdart, THPUAHH U aIleTaT HATPHUS B MOAIPHOM cOOTHONIeHuH  1:1:1:2 MOAyYeHbI KOM-
naekchl VOL-Py. CocTas u cTpoeHHe CHHTe3UPOBAHHBIX KOMIIAEKCOB YCTAaHOBAECHBI METOAAMHU SAEMEHTHOTO
anaam3a, MK u OI1P criekrpockonuu.

KaroueBbie cAOBa: BHYTPHKOMIIAEKCHbIE COGAMHEHMS], MEeXXMOAEKYASIPHASI CBsI3b, 0€H30MATHAPA3OHBI,
apOMATpUTOpAIleTUAMETAHbI, CTIMH-TAMUABTOHHAH, CBEPXTOHKAs CTPYKTYpa.

COQAI/IHEHI/ISI HOHOB C d 1-KOH(l)I/II‘YPE).LII/IEI‘/’I OAEKTPO- BaHAAMS B BOAHOM pacTBOpE. BoToMm Pa3AE€A€ IIPUBOAAT-
HOB HE€ SABASIOTCA YCTOfI‘lI/IBbIMI/I. EAI/IHCTBGHHBIM BaXK- Cs1 pE€3yAbTATDI UK-u JITP CIIEKTPAAbHBIX I/ICCAEAOBaHI/Iﬁ
HbIM COCAMMHECHHEM C dl-KOH(l)HFyPaHHeiI SABAACTCA Ka- BHYTPHUKOMITA€KCHBIX COEAI/IHeHI/Iﬁ BaHaAHMAQ (II) C alTHA-

THOH BaHAaAHAQ VO o Hanboaee YCTOI;I‘-II/IBaSI Cl)OPMa THAPa30OHaMU aPOI/IATpI/I(l)TOPaHeTI/IAMETaHOB B pacTBOpE
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Section 9. Chemistry

Pa3AMYHBIX pacTBO-pUTEAeH NP KOMHATHOM TeMIlepa-
Type u 3aMmopoxxeHHOM cocTosiHnu npu 77 K. Paccma-
TPHUBAETCS BAUSHHUE PUPOABI PTOPAAKMABHOTO U apo-
HABHOTO PAAMKAAOB Ha XapaKTep CBA3HM METAAA-AMTAHA
B CHHT@3MPOBaHHBIX KOMITAEKCaX.

AMHA, CMeCH COAeM cyabpaTa BaHAAMAQ (II) u anerara
HATPHS B MOASPHOM COOTHOImeHMHM 1:1:1:2 moAyuens
xommaekchl cocraa VOL-Py [1]. UK criekTpoB kxom-
MAEKCHBIX coeprHenuit Banaauaa (11) u aHaAM3 criek-
TpoB OIIP mo3BoAMAO mpUIUCATh ITUM KOMIIAEKCAM

Aas usyuenns komnaekcos Banapuaa (II) B3aumo-  crpoenue:
AEHCTBUEM CIHMPTOBBIX PACTBOPOB AUTAHAOB, IIUPH-
CoH,X-4 RF\C ¢CH\C _CeHyX-4
R N + VOSO, + 2 CH,COONa —2=  O_ O N
— -

OH™ N\~ ' S e

: AN, C

OéC\R Py 0" R

R"=CF;:R=CH; X = H (VOL'Py), CH, (VOL*Py), OCH, (VOL*Py), Cl (VOL*Py);
Br (VOLS-Py); NO, (VOL®Py); R¥=C F : X=Cl (VOL"-Py).

Heo6x0AMMO OTMETUTD, YTO KOMIIAEKChI BaHAAHAA
(II) ¢ KOOpAMHMPOBAH-HOI AOHOPHOM MOAEKYAOH aM-
MHMaKa B 4eTBEPTOM IIOAOXKEHUH KBAAPATa S9KBATOPHAAD-
HOM IIAOCKOCTH OTAMYAETCsl, TAOXOM PACTBOPUMOCTbIO
1 [I03TOMY HaMH OBIAO PeIleHO ITOAYYHTb U HCCAEAOBATD
KOMIIAEKCHbIE COCAMHEHHMS C KOOPAMHUPOBAHHOM MOAe-
KYAOH IIMPUAMHA, TaK KaK 9TO 00AerdaeT MCCAEAOBAHUE
HOAy4YeHHbIX 06pasrioB MeTopoM DITP criexrpockomnum.

B UK criexkrpax xommaekcos Banapuaa (II) (taba. 1.)
OTCYTCTBYIOT XapaKTePHBbIe AASL CBOOOAHBIX AUTAHAOB
IOAOCHI oraomenus. Kak 1 cAep0Bar0 0XKHAATD, TTOSIB-
ASIFOTCSI HOBble HHTEHCHBHbIE ITOAOCHI, 00YCAOBACHHBIE
BAaA€HTHBIMU 1 BAACHTHO-A€(pOPMAI[HOHHBIMH KOA€OaHH-
amu ¢pparmenTos urpymn C=N, N=C-O-, C=N-N=C,

C-0O u N-N cucreMon CBS3U IISATU- U MIECTUYACHHBIX

MeTaAAOIUKAOB [ 1; 2]. CAeAyeT OTMETHTD OAMHOYHYIO
XapaKTepPHYIO ITOAOCY IIOTAOLIeHHsT 0KoA0 ~1000 cm™,

06ycAOBAEHHYIO KoAebanuamu v, nona anaauaa(1l),

V=0
9TO CBUAETEABCTBYeET 06 OTCyTCT(BI/II; MEXXMOAEKYASPHBIX
ceasedi Tuna V=0...V=0...V=0... B TBepAOM COCTOSHUH
KOMIIAEKCOB [2-4]. B cAydae AOTIOAHMTEABHOMN KOOPAH-
HAL[UM AOHOPHBIX OCHOBAHUI1 UAU IOASPHBIX PACTBO-
pHTEAEl B TPAHC-TIOAOXKEHHE K “FIAOBOMY  KHCAOPOAY
9Ta 9acTOTa AOAXKHA cMemarbes Ha 20-40 cvm! B 06AacTb
HU3KUX 9acTOT [2], a mpu 06pa3oBaHNM TIOAMMEPHBIX
xommaekcos — Ha 70-90 cm ™ [2; 4]. XapaxrepHbie moao-
(v 1445455 em™!
CBUAETEABCTBYIOT O KOOPAMHAIIMH K IIEHTPAABHOMY

cb1 moraomenust mpu 570-590 cm™' v

Viv-0)
I/IOHY ABa’KADBI AEHPOTOHI/IPOBaHHOFO OCTaTKa TPI/IAeH'

TAaTHOI'O AMT'aHAAQ.

Tabnuua 1. — OcHoBHbIe kKonebaTtenbHble YacToThbl (CM~') B IK cnekTpax KoMniekcoB
BaHaguna(ll) Ha ocHoBe BeH30UNTMAPA30HOB aponNTpPUGTOPaLLETUIIMETAHOB

Coepnnenne C=N N=C-0" | C=N-N=C C-0 N-N V=0 V-N V-0
VOL'.Py 1580 1510 1460 1320 1040 1005 570 445
VOLPy 1585 1520 1470 1325 1060 1010 590 4SS
VOL*-Py 1590 1510 1465 1330 1055 1000 580 4SS
VOL*Py 1570 1500 1450 1320 1050 997 585 445
VOL®-Py 1575 1505 1460 1330 1055 998 590 450
VOLS.Py 1580 1495 1450 1315 1050 996 575 440
VOL’-Py 1570 1503 1445 1315 1045 994 580 445

Ay4muyM 9KCIIepHMEHTAaABHBIM AOKa3aTeAbCTBOM
pacIpeAeAeHUs] 9AEKTPOHOB MEXAY MOHOM MeTaAAl
U AOHOPHBIMU aTOMAaMH AUTAaHAOB SIBASIIOTCSI Pe3yAbTa-
Tl MeTopa OIIP cnexTpockonuu, MOTOMY 4TO Heca-
PEHHBIH 9AeKTPOH BaHAAUAQ (II) BepeT cebs Kak MarHUT
OTHOCHUTEABHO IIPUAOKEHHOT'O MarHUTHOTO TIOASI ¥ MO-
XKeT BBICTPHMBATCS ITAPAAAEABHO MAHM AHTHIIAPAAACABHO
BHemHero noas. B cnexkrpe OIIP usoanpoBanHOro Ho-
HAa-KOMIIAEKCO0OPa30BaTeAst KAKAOMY OAHOMY IIEPEXOAY

9AEKTPOHA COOTBETCTBYET €AMHCTBEHHbIM ITHK ITOTAOIIe-
Hus. OAHAKO KOMITAEKCHI UMEIOT H0Aee CAOXKHBIH CIIEKTP
OITP.

CBepxTOHKOE pacleliAeHHe IPOUCXOAUT B pe-
3yAbTaTe B3aHMOAEHCTBIS MATHUTHBIX MOMEHTOB SIApa
IIeHTPAABHOTO HOHA, SIACP AOHOPHBIX aTOMOB AMT'AaHAQ
C HeCIIapeHHbBIM 9AeKTPOHOM HOHA-KOMIIAEKCO0Opa3oBa-
Teas. B coorsercTBru ¢ aTHM criekTpbl DIIP xommaexcos
Banaauaa (II) B PACTBOpPaX TOAYyOAd U XAOPOdOpMa IpH
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KOMHATHOM TeMIIepaType, OIMCHIBACTCS CHMMeTpPHY-
ubM CI' (CIIMH-raMHABTOHMAH) M COOTBETCTBYET O6bI4-
HBIM U30TPOIIHBIM CIIEKTPaM B pacTBope. B aTux criex-
Tpax paspemaercst Bocempb annuit CTC (cBepxTOHKAS
CTPYKTypa) B pe3yAbTaTe B3aUMOAEHCTBHS HeCHapeH-
HOTO 9AeKTpOHa ¢ siapoM 'V, nuMeroniee 3HaYeHHE CIIH-
Ha sApa IV=7/ 2 (PI/IC. 1., Taba. 2.) , TaK KaK KOAYECTBO
aunuit CTC “n” 3aBUCHT OT CITHHA SIAPA LIeHTPAABHOTO
MOHA COTAACHO YPaBHEHHIO:
n=2I+1=2.7/2+1=8

3nauenus mapamerpos JI1P kommaekcos VO (II)
B pacTBOpe TOAyOAa 6AM3KU MesxAy coboit (Taba. 2.),
9TO CBHAETEABCTBYeT 00 OAHMHAKOBOM CTPOEHHHU KO-
OPAMHAIIMOHHO# cdepbl MeTaarxeAaTa Banapuaa (I1)
c mpanc- [NZO 2] oxpyxxerueM. [Tapamerpsr CI' xopomo
COTAACYIOTCS C AMTEpPaTyPHBIMH AQHHBIME [6-8] Aast
Kommaekcos BaHapmaa (I1).

HIupuna annmit ciekrpos IIIP pocTaTouno 60Ab-
L1as1, 3TO YKA3bIBAET HA TO, YTO KOMIIAEKCHI He 0OpasyioT
AVIMEpBI Ml OTCYTCTBYeT aHTH(EePPOMArHUTHOE OOMEH-
HOe B3aMMoAelicTBUe. B Hu3KoTeMnepaTypHBIX CTeKAaX
npu 77 K cexrpsr OITP onmcpiBaroTcst akCHaABHO-CHM-
merprynbiM CI' Bupa (1):

H=g pHS + g BHS +HS )+ (1)
+A-ST +A(S1 + Sy-Iy)

TA€ g M g, — AABHbIC 3HAUCHUS g-TEH30pA B Mapa-
AEABPHOM U IepIeHAUKYASPHOM opueHTanuax, Au B —
3HayeHust KoHCTaHT CTC oT siapa aToMa BaHaAuMS B Ia-
PaAAEABHOM U MEePIIEHAMKYASIPHOM OpHeHTaluax. Bua
criekTpos (puc. 2.) u 3HaYeHHs apamerpos (Taba. 2.)
criexrpos JITP (g” <gu A>B) xapakTepusyer cocTo-
siHue d'-MOHA C OAHUM HeCIIapeHHBIM 9AeKTPOHOM Ha

opburasnd [8].

Jz[cpr[r

PucyHok 1. CnekTp 3IMP komnnekca VOL1-Py B pacTtBope Tonyona npu 298 K.

100 5.

PucyHok 2. CnekTp 3INP komnnekca VOL1-Py B cTekne Tonyona npun 77K: A — nuHin A

¥
| {nomr

U

V= IMHK B,
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Tabnuua 2. — MNapameTpbl cnekTpoB AP komnnekcos BaHaguna(ll) Ha ocHoBe BEH30UNTMAPA30HOB
apountTpudTopaLeTUIMETaHOB B pacTBope Tonyona pu 293 K 1 3amMopoxeHHbIx cTeknax npu 77 K

Coepnnenne g,£0,001 | <O>,+0,015. | g,£0,003 A,£20, g 0,003 B,£1o.
VOL'.Py 1,969 89,53 01,952 139 1,986 61
VOL2.Py 1,971 87,48 1,953 137 1,985 62
VOL®.Py 1,972 86,84 1,951 138 1,986 62
VOL*Py 1,974 87,82 1,948 139 1,987 63
VOLS.Py 1,974 89,90 1,948 138 1,987 62
VOL®.Py 1,975 89,68 1,949 138 1,988 63
VOL’.Py 1,980 88,86 1,944 136 1,988 61

ITapamerpsr OIIP B cTekaaX, Kak M AASL pACTBOPOB
IpY KOMHATHOH TeMIIEPaType COOTBETCTBYIOT KOMIIACK-
cam Banapmaa (I1) ¢ mpanc-N,O, Habopom aTOMOB B K-
BaTOPHAABHOM MAOCKOCTH [ 4; 6; 8; 9]. Kak BuAHO 13 3Ha-
venuit criektpoB JIIP (Taba. 2.), u3MeHeHHEe AAMHBI
neppropaskuaa RF u samecTrTeAs: B Napa-IIOAOKEHUH
0eH30ABHOTO KOABIIA f-AMKETOHHOTO $pparMeHTa He3Ha-
YUTEABHO BAMSET Ha BUA U mapameTpsl OIIP cexTpos,
B OTAMYHME OT aHAAOTHYHBIX Komraekcos Mean (1) [7; 9;
10] c aHAAOTHYHBIMH AUTAHAAMH, TAE Pe3KO OTAMYAeTCs
BHA CIIEKTPa IIPU 3aMeHe Pa3AMYHBIX 3aMeCTUTeACH B MO-
Aexyae auravpa [9; 10]. Takoe pasanmdnme B crieKTpax
OI1P xommaekcos Meau(1l) u Banaauaa(Il) o6wscaseTcs
Pa3AMYHBIN AEKTPOHHBIX KOHPUI'YPALIUl 1 OCHOBHBIX
COCTOSIHUH ABYX ITAPAMAarHUTHBIX HIOHOB C OAHMM HecIIa-
PeHHbIM 2AeKTpoHOM. HecnapenHsiit sAeKTpoH HOHa
meau(1) c aaexTponHoit konpuryparueit d° B ocHOBHOM

COCTOSHMM HAaXOAMTCA Ha opburasm d, ., a HMOH
Banaauaa(Il) c d'-aaexTpoHHOit KOHPHUTyparUeit uMeeT
OCHOBHOE COCTOSIHUE dxy. B caeacTBuM aTOTO aTOM BaHa-
AU CMeIaeTCs U3 9KBATOPHAABHOM ITAOCKOCTH B CTOPO-
Hy “MABHOTO aTOMa KHCAOPOAQ K BEPIIHHE TETPAarOHaAb-
HOM IIMPaMUABI, TIepeKpbIBaHHe BOABHOBBIX PyHKIIUI
HECIIapEeHHOI'0 3AeKTPOHA B IPOCTPAHCTBE HAPYIIAeTCs
1 noH BanapuAa (1) Tak TOHKO He UYBCTBYeT U3MeHeHHe
9AEKTPOHHOM M CTEPUYECKON IPUPOADBI, OAVDKAMIINX
KOHIIEBBIX 3aMEeCTUTEAEH AUTAHAHOTO OCTAaTKa KaK HOH
meau(1D).

Usyuenne JITP criekTpos kommaekcos Banapuaa(1I)
B pacTBOpe U B cTekAe rpu 77 K okasao, 4To 1jeHTpaAb-
HbII1 MOH HAXOAMTCS B OKpyxenuu Tpanc-[N O,] ao-
HOPHbIX aTOMOB, 00pa3ysi KBaAPATHO-IINPAMHAAABHYIO
reoMeTPHIeCKyI0 KOHPUTYPAIIUI0 KOOPAMHAIIMOHHOMN
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CuHTe3 u cTpykTypa komrnsiekcos meam (l1) Ha ocHoBe
GeH3oMNrnapasoHoB 2-TpudTopaueTUILUKII0aJIKaHOHOB

AnnoTanus: B3anMopeficTBHEM CIIMPTOBBIX PACTBOPOB OEH30UATHAPA3OHA 2-TPUPTOP-AL[e TUAIIKAO-
aaxanonos (H,L) 1 BopHO-aMMuauroro pactsopa anerara Meau (II) B coorsomeruu 1: 1 moAyueHs KoM-
naekcet CuL-NH, kBapparnoro crpoenns. Meropamu asementHoro anaansa, UK-, OIIP-crnexrpockonnu
YCTaHOBAEHBI COCTAB U CTPOEHHUE TIOAyIeHHBIX KOMIIACKCOB.

KaroueBbIe cAOBa: 6€H30MATUAPA3OH, TPUPTOPALIETUALIIKAOAAKAHOH, CITHH-TAMUABTOHHAH, CBEPXTOH-
Kas CTPYKTYpa, AOTIOAHUTEAbHAS CBEPXTOHKAsI CTPYKTYPa, KBaAPaTHAs CTPOEHHSL.

PaboTHI [0 M3y 4EHUIO FEOMETPUYECKOTO M 9AEKTPOH-  Op10-OKCHKAPOOHUABHBIX COEAMHEHHI OBIAM BechbMa

HOTO CTpOeHH s KoMIAeKcOB MeAH (I1) c POU3BOAHBIMU  TIJATEABHO MCCAEAOBAHBI Pa3AUYHBIMH COBPEMEHHbI-
1,3-KeTOaAbAETHAOB U 1,3-AUKETOHOB, apOMATHYECKUX MU QUBHKO-XMMUYECKUMHU MeToAamH [ S; 6; 7]. OaHako
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xommaexcam meau (1) ¢ AuraHpaMu THITA ALMATUAPA30-
HOB QTOPHPOBAHHBIX B-AHKETOHOB AO HACTOSIIIETO Bpe-
MEHHM YACASIAMICh MAaAO BHUMAHUS. MexXAy TeM, u3ydeHue
reOMeTpUYeCKOM 0COOEHHOCTH U MATHUTHBIX CBOFCTB
MeAbCOAEPIKAIINX KOMIIAEKCOB [IO3BOASIET CAEAATD 060-
CHOBaHHbIE BBIBOABI M IIPEACKA3aTh HAMAYYIIHE OITH-
MaAbHbIe BAPUAHTBI CHHTE3a COEAMHEHUH C 3aAQHHBIMU
CBOMCTBaMHU.

Kommaekcupie coepunenus meau (I1) ¢ 6ersonarn-
ApPa30HAMH 2-11ep$TOP-ALHALIUKAOAAKAHOHOB OBIAU CHH-
Te3HPOBAHbl CMENINBAHNEM 3TAaHOABHBIX PACTBOPOB AH-
raHAOB M BOAHO-aMMHAYHBIX PAaCTBOPOB aIleTaTOB MeAH
(II) B 9KBHMOASIPHBIX COOTHOLIEHUX. Pe3yAbTaThl aae-

MEHTHOTO aHAAM3a U CIeKTPaAbHBIX HCCAEAOBAHUM I10-
3BOAMAO HAITMCATh 9TUM COEAMHEHHSIM CuL-NH3 cTpo-
eHue.

B MK criekTpax KOMITAGKCOB, B OTAUYHE OT CIIeKTPOB
CBOOOAHDBIX AUTAHAOB (Han) , OTCYTCTBYIOT XapaKTepu-
CTHUYHBIE TIOAOCHI TTOTAOIEHHUS BaAEHTHBIX KOACOAHMI
B obaacTax 1660-1680 u 3500 cm™! oTHeceHHBIE HAMH
COOTBETCTBEHHO, KapOOHHAY aMHAHOTO pparMeHTa

OH-rpymml, cBs-

V(c-0)
I'I/IAPa?)I/IAHOI/I qacTu MOAeKYAbI nuny (0-H)
3aHHOMH C ILXIThIM aTOMOM yI'AePOAa I‘eTePOLII/IKAI/I‘IECKOI‘O
HI/IPa30AI/IHOBOFO KOAbITa (Ta6A. 1.). 3T0 CBI/IAeTeAbCTByeT
(] AerOTOHI/IBaHI/II/I u KOAbanO'ueHHOﬁ HePerYHHI/IPOB'

ke auranaos H,L'-H, L' npur kommaexcoo6pazopanum.

L o
(CHy)n o Z
F N< CH
o o Ho, Cu(CH;CO0), | N R
H,N-NH-C(0)-C¢Hs (CH,)n N/N\ /
F | Cu
R VAN
| OH C6H5 O NH3
L, T \(O _|
B CeHs

RF=CF3: n=1 (CuL1-NH3), 2 (CuL2-NH3), 3 (CuL3-NH3), 4 (CuL4-NH3);

RF=C2F5: n=1 (CuL5-NH3), 2 (CuL6-NH3), 3 (CuL7-NH3);

RF=C E :n=1 (CuL’NH,),2 (CuL'®NH,).

B MK cnexrpe KOMIIAGKCHOTO COEAMHEHHS
CuL*-NH, (puc. 1.) BareHTHOE KOAeGaHMe V (cony 337
¢uxcupoBano B obaactu 1605 cMm™', mo cpaBHeHHIO

¢ UK crnexTpoM cBOGOAHOrO AMraHAa IIOAOCA IIO-

TAOIIEHHS A30METUHOBOM CBABH V (/= 1630 cm,
B
51
LY O, T
g 0 000 50 ang 10

cMeIlleHa B 00AaCTh HU3KUX 9acTOT Ha 25 cM™!, uto
YTBEPXKAAET O KOOPAMHALIMH AUTAHAQ K HOHY METaAAQ
ABYX aTOMOB KHCAOPOAQ AMUAHOI U -AMKETOHHOI Ya-
CTH MOAEKYABI, 2 TAK)KE a30METHHOBOI'O aTOMa a30Ta

[1;2].

R

———o

PuicyHok. 1. K cnekTp koMnnekcHoro coeamHenmns meam (I1) Cul®NH,
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Tabnuua 1. - MNapameTpbl MK cnekTpoB KOMMEKCHbIX coeanHeHunin mean (11)
Ha OCHOBE BEH30UITMAPA30HOB 2-NONNATOPLNKITIOANTIKAHOHOB

Coepnnenne NH, C-H C=N N=C-C=N | N=C-0O" N-N Cu-0
CulL'.NH, 3354 2975 1600 152§ 1494 1068 483
Cul*NH, 3360 2972 1608 1532 1507 1071 490
Cul’NH, 3345 2973 159§ 1523 1464 1075 475
Cul*NH, 3355 2984 1600 1527 1488 1073 490
Cul’-NH, 3358 2976 1605 1531 1489 1075 487
CulSNH, 3357 2977 1599 1528 1484 1070 488
Cul’-NH, 3359 2976 159§ 1530 1486 1070 485
Cul’-NH, 3350 2975 1597 1526 148S 1073 483
CuL'"NH, 3350 2986 1596 1528 1488 1072 483

Kowmmaexcubie coepnnenus meau (11) 6b1au usydenst
Taxoke MeTopoM DI TP criexTpockomnuu B TBEpAOM COCTO-
SIHUM U PaCTBOPE TOAYOAQ M XAOPO$OpPMa IIPH KOMHAT-
Hot Temneparype. ITo mapamerpam STTP xommaekcHbIX
COeAMHEHUI B TBEPAOM COCTOSIHUH, YTO-AHOO CKa3aTb
TPYAHO 06 HX CTPOEHHUH.

YcTaHOBAGHO, YTO IIOAyYEeHHbIE KOMIIAEKCHI HMEIOT
3¢ PeKTUBHBIN MarHUTHBIM MOMEHT paBHbIN 1,73-
1,74 M. B., paccanranmbiit o opmyae p =1/ x'-m'
KOTOPbIH IMPAaKTUYECKH He 3aBUCHT OT TeMIepaTypbl
B TBepAbBIX MOAMKPHCTAAAUYECKUX 0Opa3IlaX dTUX KOM-
[IA€KCOB OTCYTCTBYIOT AUHUH ‘3aIIpeljeHHbIX IIepPexo-
AoB B HU3KMX noAasx ipu H = 1700 . Ot moxaszaTean
MarHHTHBIX MOMEHTOB CBHAETEAbCTBYIOT O TOM, YTO BCe
MOAEKYAbI KOMIIAEKCOB SIBASIIOTCS. MOHOMEPHBIMU U HET
aHTHEePPOMATHUTHOTO OOMEHHOTO B3aHMMO-ACHCTBHS
Mexay Humu [4; S; 7; 8].

MccaepoBaHHbIE HaMM KOMITAEKCHI B pacTBOpax
HMMeIOT U30TponHble criekTpsl DIIP, aHarormyHsIe pa-
Hee M3y4eHHbIM coepuHeHwsM [ S; 7; 10] u xapakrepHb
AASL MOHOSIA@PHBIX KOMIIAEKCOB MEAU (II). OTH CIIeKTPBHI
umeror yerbipe AnHUU CTC (CBEpPXTOHKOM CTPYKTYpbI)
C Pa3AMYHOM MUMPHHOI M MHTeHCHBHOCTDIO (puc. 2.),
IPEACTABASIOT COOOII CYIIepIIO3UIIUIO CIIEKTPOB OT SIAP
SCuu “Cu (I =3/2). Bce 9T0 OAHOZHAYHO CBHAECTEAD-
CTBYET O IIAOCKO-KBaAPAaTHOM CTPOEHUH KOOPAHHAITHOH-
Horo y3aa Meat (1) ¢ mparc-pacnoA0KeHHPIMU ATOMAMHK
[N,0,] [4; 5; 7; 89]. Pasanunas mmpuna anamin CTC
AASL TIPOEKIUIL IACPHOTO CITHHA OOBSCHSAETCS MEXaHU3-
MoM peaakcaniuu Mak-KonHeas, mapameTpsl KOTOpPBIX
npuBeAeHsI B TabA. 2. CrieKTpbI BceX KOMITAEKCHBIX CO-
epunenuit Meau (I1) OMUCHIBAIOTCS M3OTPOIHBIM CIUH-
ramuasroruarom (CI') Buaa (1):

H=gpH-S+<a >I S+a IS (1)
3AeCh g — Mepa 3P PEeKTHBHOTO MarHUTHOIO MOMEHTa
9AEKTpPOHA, 6e3pasMepHbIi g-PpaKTOp, TO eCTh OTHOIIIe-
HHe MarHUTHOTO MOMEHTa JAEKTPOHA K ero IIOAHOMY
YTAOBOMY MOMEHTY HHA4e Ha3bIBAIOT ero ¢pakropom AaH-

e (AASL cCBOBOAHOTO 2AEKTPOHA g:2,002322) , B — mar-
HeToH Bopa, S = 1/2,1=3/2 - cun siapa aroma Mean,
IN — CIIMH SIApPa aTOMa a30Ta.

Mupuna anaui cnekrpoB IIIP oA KOMIIAEKCHBIX
COEAMHEHNN MEAU (II) OIIMCBIBAETCS CACAYIOIIUM yPaB-
mernmm (2) [3,7]:

H=a+pm +ym’ (2)
A€ M, — IPOEKIHUS IACPHOTO CIIMHA aTOMA MEAH T10 Ha-
IPaBAEHHUIO BHELIHErO MAarHUTHOTO IMOASL, a, 3, Y — KO-
addumeHTbl, 00YCAOBACHHBIE PA3ANYHBIMU BKAAAAMH
B PEAAKCAIJHOHHbIE MEXaHHU3MBL

B usyuennbix coepunenusx meau (11) HecrapeHHbrit
9AEKTPOH HAXOAUTCS HA MOAEKYASIPHOM OpOHUTAAM THITA

Blg.

a'(5,-0,+6,-6,)
oy =a-d, - L O0E0Z0) )
rae o’ u (a)? — K09 PPHUIMEHTHI IPU ATOMHBIX Op6HTa-
asxmean (d .. ) maromos anranaos (o), coorsercraen-
Ho. CeMaHTHYeCKOe 3HAUeHHe KOdpUIlMeHTa a B ypas-
HeHun (3) MOXHO BBIPasHTb Yepe3 ero KBaApaT Kak
IIAOTHOCTb BEPOSTHOCTH HAXOXXAEHHsSI HeCIIApeHHOTO
9AeKTpOHa Ha opburasm |d ,_ . >. Toraa Beanmauna (a)?
€CTECTBEHHO, OIIPEAEASeT CTelleHb AEAOKAAM3AL[HU
HeCITAPEHHOT'O 9AEKTPOHA Ha OPOUTAAU ATOMOB AWIaH-
AoB. Ecau a® u (a”)? paBHsi 0,5, TO CBSI3b METaAA-AMTAHA
B KOMIIAEKCAX SIBASIETCSI KOBAAEHTHOIL. B cAydae ke, ecan
a?>=1 u (a¢)?=0, xapaxTep cBs3u 6yAET YUCTO HOHHOIL.
OTH K03)PUITHEHTHI o U ¢ CBA3AHBI APYT C APYTOM ypaB-
HEeHHeM HOpMHUpPOBKH (4):

a+(a')’2a-a"-S=1 (4)
rAe S — MHTerpaA IepeKphIBaHMs. DHEPrHs U30TPOII-
HOTO CBEPXTOHOKOTO B3aUMOAEHCTBUSI HECIIAPEHHOTO
9AEKTPOHA C SIADAMH AMTAaHAA BHIPXKEHA ypaBHEHHEM

(5) [7]:
<a>=try, BB YIp 0TS L (9

3AECH Y, — I'MPOMArHUTHOE OTHOIIEHHE aTOMa a30Ta,
B, — marneron Bopa, B, — siAepHBIN MarHeToH, p,
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(0) — maoTHOCTB 2S-opbuTaAn Ha siApe aToMa a30Ta.
Heo6xopuMo oTmeruts, uto nips (a')?=0 HecriapeHHbIit
9AEKTPOH He HAXOAUTCSI XOTSI OBl YACTHYHO Ha AaTOMAX AU-
ranpoB 1 ACTC (AOHOAHUTeABHAS CBEPXTOHKAS CTPYK-
Typa) Hcue3aer.

EcAu AAS KOMITAEKCHOTO COeAMHEHUS CuLl-NH3,
HMEIOIEro B Ka4ecTBe 3aMeCTHUTEAs [-AMKEeTOHHOTO
$parMeHTa ITUKAOIIEHTAHOHOBOE KOADI]O, BEAMYMHA ITa-
pamerpoB OIIP umeer Bearduny: g=2,099, a,,=89,53 5,
a,=12,81 3, a’=0,82; To pas CuL>NH, ¢ 3amecTutesem
LIMKAOTEKCAHOBOE KOABI[O 9TH 3HAUYEHUS HAXOASITCS
B nipeaerax: g=2,101, a_ =87,48 9, 2 =13,02 3, a*=0,82
(puc. 2., Taba. 2.). Takoe He3HAYUTEABHOE H3MEHEHME
B mapameTpax crekTpos JIIP cBuAeTeAbCTBYeT 0 TOM,
4TO yBeAMYEeHHe KOAUYeCTBA aTOMOB YTA€POAQ B ITUKAO-
AAKAHOHAX He MMeeT CYI}eCTBeHHOIO BAMSHMSA Ha Iapa-
MeTpsl OITP criekTpoB 1o cpaBHEHHIO C IEPPTOPAAKHAD-
HBIM 3aMeCTUTEAEM [B-AMKETOHHOM $pparMeHTe MOAEKYAbI
AMTaHAOB. IToaTBepxAeHHEM BBIBOAOB O IMAOCKO-KBa-
AparHOM cTpoenuu komrnaekcos meau (II) B pacTopax
XA0podOopMa U TOAyOAa IIPU KOMHATHOM TeMIlepaType
BEAWYMHA 3HAYEHHI CTElleHH KOBAAEHTHOCTU CBSI3HU
MeAb-AMTaHA, PACCUMTAHHAS M3 M30TPOIHBIX IapaMe-
tpos JITP no popmyae (6):

2 1 ( a,
0,43 0,036
B Hanboaee HHTEHCHBHOM Y€TBEPTOM KOMIIOHEHTE

+¢-2)+0,02 (6)

CTC cnekrpa OIIP KOMIIAEKCOB AOAKHA Pa3penraTcs
ACTC u3 AeBATH AMHUI OT SAEP ABYX HE9KBUBAAETHBIX

100 5.

aTOMOB a30Ta XEAATHPYIOUIETrO AMIAaHAA U MOAEKYABI
amMmuaka. CoraacHO TeOpHH, KOHCTAaHTa PacIeNAeHUs
OT aTOMa a30Ta XEAATHPYIOIIETO AUTAHAA AOASKHA OBITH
B ABa pa3a 0OAbIIle KOHCTAHThI PACIjelAeHUS OT aTOMa
asora ammuaka. Ilaoxoe pazpemenne ACTC ot AByx
HEOKBUBAAEHTHBIX aTOMOB a30Ta (pHc. 2., Taba. 2.), 1mo-
BHAUMOMY, OO'BSICHSIETCSI CHABHBIM YIIMPEHUEM AUHUI
ACTC mop BAUSHHEM 3A€KTPOOTPHUIIATEABHBIX AaTOMOB
dropa papukasa RF, cocepAcTByIOIIErO C METAAAOLIMKAOM
wona meau (1) [4; 7; 8; 9].

IIpn mepexope OT HENOASIPHBIX PacTBOPHTEAEH
K CHABHOIIOASIPHBIM, Takue Kak mupuaue, AMCO, AMOA
IPUBOAUT K M3MeHeHMsIM B criektpe DI 1P pactBopos mpu
KOMHATHOH Temieparype. Habaropaercs yBeamdenue
g-pakropa u ymenpmenue koHcTaHTel CTC oT aTomoB
MEAH, CO CMeLleHHeM CIIeKTPa B 06AACTH CAAOBIX ITOAET
paspemenre ACTCoT AByx aTOMOB a30Ta Ha BBICOKOIIO-
AeBOH KOMIIOHEHTe CHAYAAQ YXYALIAeTCs, 2 3aTeM HCYe3aerT.
Taxue nsMeHeHHs BUAA U mapameTpos crekrpa JIIP (g
=2115a, = 69,78, = 9,8), BHI3BAaHO, Ha HAIII B3TASIA,
M3MeHeHHeM KOOPAMHAITMOHHOM cdephl 3a CUET AOTIOAHH-
TEABHOI KOOPAMHALIMH MOAEKYAI pacTBopureas (puc. 3.).
CHayaAa IPOMCXOAHT IIPUCOCAMHEHHE MOACKYABI PACTBO-
puTeAs B sToe oaoxkenue nona Meau (I1), a sarem B me-
CTO€ AaKCHAABHOE ITOAOKEHHE U KOOPAMHAITOHHAS cdepa
IIEHTPAABHOTO MOHA MEHSETCS U3 IAOCKO-KBAAPATHOM
B TETParOHAABHO-IIMPAMHAAABHYIO, a 3aTEM B OKTadApHIe-
CKYIO, 4TO BHIPA)KACTCS B yBEAUYEHUH g-HaKTOPA U yMEHb-
mrennu xouctanTel CTC [3; S; 7].

JA@TIT

Puc. 2. Cnekrp 3P komnnekcHoro coeavHerns Cul'-NH, B pacteope
xnopodopma npu KOMHaATHOM TemMnepartype
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Puc. 3. Cnektp 3P komnniekcHoro coeaviHeHns CuL*NH, B pacTeope nupuavHa npu KOMHaTHOM TeMnepaType

Tabnvua 2. — NMapameTpbl cnekTpos MNP komnnekcor meam (Il)
B pacTBOpPE TOyo1a Npy KOMHATHOM TeMnepaType

Coepnnenne g, 0,001 a_, 0,015 a,+0,015. a’
CuL'"NH, 2.100 89,53 12,81 0,82
Cul>NH., 2,101 87,48 13,17 0,82
Cul*NH, 2,104 86,84 13,75 0,82
CuL*NH, 2,104 87,82 13,86 0,82
Cul®>NH, 2,108 89,90 12,65 0,83
CuLSNH. 2,105 89,68 12,42 0,83
Cul’-NH, 2,106 88,86 12,78 0,83
Cul’-NH, 2,106 89,94 12,33 0,84
CuL'>NH. 2,106 89,82 12,42 0,84

IIpu mepexope OT HENOASIPHBIX PacTBOPUTEAEH
K CHABHOIIOASIPHBIM, Takue Kak mupuamH, AMCO,
AMOA mpusoaut k usmeneHnusM B criekrpe 1P pac-
TBOPOB IIPY KOMHATHOM TeMmeparype. Habaropaercs
yBeAmdeHHe g-pakTopa u ymeHbmeHHe KoHCTaHTh CTC
OT ATOMOB MEAH, CO CMelleHHeM CIIEKTPa B 00AACTH CAQ-
651x moaeit paspemenne ACTCoT AByx aToMOB a30Ta
Ha BBICOKOTIOA€BOM KOMITOHEHTE CHA4aAa YXYAIIAeTCs,
a 3aTeM Hcye3aeT. Takye H3MeHEHHs BUAA U TTAPAMETPOB
cniexrpa OIIP (g=2,115a_ =69,78,a =9,8), Bb13BaHo,
Ha HaIll B3TASIA, U3MEHEHHEeM KOOPAUHAIIMOHHON Cheph
3a CYeT AOTIOAHHTEABHON KOOPAMHAIIUH MOACKYABI Pac-
tBopureas (puc. 3). CHavaAa MPOUCXOAUT IIPHCOEAMHE-
HHE MOAEKYABI PACTBOPUTEAS B IIATOE ITOAOXKEHHE HOHA

meau (II), a 3aTeM B mecTOe aKCHAABHOE MOAOYKEHHE
U KOOPAMHAIIMOHHAS cdepa IIeHTPAABHOTO HOHA MEeHSI-
eTCsl U3 TAOCKO-KBAAPATHOH B TeTPArOHAABHO-TIHPAMHU-
AQABHYIO, @ 3aT€M B OKTadAPUYECKYIO, YTO BBIPAXKACTCS
B YBeAMYeHHH g-paKTOpa M yMEeHbIIEHUH KOHCTAHTbI
CTC[3;5;7].

Taxum obpasom, meropamu VK- u SIIP crexrpo-
CKOIIMH, U3y4eHHeM MarHe TOXUMHUYECKHIX CBOMCTB KOM-
niaexcoB Meau (1) ycTaHOBAEHO, UTO 9TU COeAUHEHMS
B TBEPAOM COCTOSIHHH H B PaCTBOP€E HeIIOASIPHBIX PACTBO-
pHTeAeH UMeIO TAOCKO-KBAAPATHOE CTPOEHHE C MPaHC-
N,O, KOOpAMHALIMOHHOH C)epOr, KOTOPast IEPEXOAUT
AO OKTadAPHYECKOTO Yepe3 KBAAPATHO-IIMPAMUAAABHOE
IIp¥ BBIOOpE CHABHO HOASIPHBIX PACTBOPUTEAEH.
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Enviromental conditions of former Soda PVC
plant in Vlore (Albania) after the remeditation

Abstract: In this paper, we treat the evaluation of mercury concetration, in the soil samples taken in the
studyThese sampels are taken in the area of the ex-Plant of PVC Vlora. (Albania) after the rehabilitation of
this area.The results of the samples analysis, done by CVAAS methodology, are in a higher concetration than
0.07-0.3 mg/kg (“the preliminary critical limits to prevent ecological effects” according UNEP Chemicals.).

Keywords: Pollution, concentrations of Hg, Soda-PVC, CVAAS.

Introduction with an area of about 1km?, is located the territory of the
Vlora city, with a population of about 200,000 in-  former industrial complex of Soda PVC.
habitants, is the largest city of the South-West area of During the 1976-1992, this industrial complex pro-

Albania, which stretches along the bay that holds the  duced chlorine-alkali products, by using the mercury
same name. Five kilometers north of the city of Vlora, and its compounds as key elements in technological
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processes [ 1, 7-8]. The remains of this complex, which
contain mercury, are deposited close to the sea and it's
surrounding buildings, thus enabling environment pol-
lution.

The process of remeditation of the polluted area is
realized through the combination of several technolo-
gies, which consist of the encapsulation, excavation of
contaminated soils and deposit of waste in the ground
[2,2-3].

So0da-PVC
plant -~

Figure 1. The map of Vlora city (Albania)

During 2007-2008, was conducted a rehabilitation
project in this area. The project anticipated in several
stages of work that will be finalized through cleaning of
the area.

Previously would be opened a huge pit, which
will be laid with a layer of clay in its bottom and slats,
thereafter will be raised a thick plastic layer in order to
prevent filtering of hazardous waste in the ground or in
the sea. In the area would be demolished some of the
buildings already left as skeletons, while inert would
go into the isolated opened pit, also a thickness of soils
and waste to a depth of two meters will flee the area,
and then would be thrown into the open pit and will be
carried out their isolation by covering the entire pit by
planting greenery on it. In the cleaned area would be
thrown pure and friable soil, and the whole surface will
be planted with grass and trees [4, 1-2].

After the remeditation is conducted a monitoring in
order to analyze the evolution of pollution in the

area. This monitoring conducted during the month of
December 2015 and consists in the analysis of several
samples at different depths in the former soda plant PVC.

Materials and Methods

Sampling Procedure

Area included in this study is the surrounds of the
tormer Soda PVC plant, located 5 km North of the city
of Vlora.

The sampling has been done at 13 points within
the study area. Each point are formed by three samples
at different depths, respectively at 30 cm and 150 cm.
The geographical coordinates of the points have been
measured using GPS. Soil samples were collected up
to 150 cm deep from the surface, were air dreid, sieved
through a 2.0 mm screen, and then grounded and sieved
through a 0.063 mm screen. The homogenized samples
were stored in airtight pure plastic bags.

Analytical Procedure of soil samples:

A procedure based on UNEP/IAEA Reference
Method for Pollution Studies was used [8, 12—13].
A 0.3-0.5 g sub samples was treated with a mixture
of HNO,+HCI (9:1) in a hot plate at 70-80 °C for
3 hours in closed PTFE vessels. After cooling, 1ml of
5% K,Cr,0, was added and water up to 50ml. Depending
on mercury content on the sample, an aliquot of clear
solution was used for mercury determination by
Cold Vapor Atomic Absorbtion Spectrometry (CV-
AAS) [S, 81-82]. All measurements were carried out
using a Varian SPECTRAA 10 Plus instrument equipped
with a home-made schema having a sensitivity about
0.2ppb Hg. All reagents used for mercury analyses are
“low in Hg” quality (from Merck).

The determination of Mercury

The system used for volatilization and atomization
of mercury is shown schematically in Fig.2 [1, 16]. The
optimum of the operation of cold vapor system were
sample volume injected: 20 ml and air carrier gas flow
rate: 2.0 L/min.

Reagents

All reagents were of analytical grade and met the
requirements for determination of mercury. Tin (II)
chloride was used as a 10% solution in HCl for reduction
of Hg** to Hg®* The solution was purified in the gas wash
bottle for 10min with airflow of 2.0 L/min.

Operation of cold vapor system

Samples ready for determination of total, inorganic,
or organic mercury were transferred to the gas wash
bottle and SnCl, solution (10 mL) was added. Gas
flowing from the bottom of the bottle transferred
mercury (Hg®) vapor through the measuring quartz
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cell, mounted in the optical path of the apparatus.
After signal recording the stream of gas was changed
to cleaning mode and the system was ready for next
measurement. The signal from standards was measured

Lamp D2

Hg - HCI

I Hg(0) outlet

Quarc Cell

by the addition method, after removal of mercury vapor
from sample. Blank samples were prepared from distille
water and treated in the same way with natural samples
[3,12-13].

Dedector

Monochromator

A0

] Hg(0) inlet

'[AAS/.L

Air
Compresor -

e Air
Cleanning
Reaction
flask

] digested

tfed

i sample

Figure 2. Schematic diagram of the system used for volatilization and atomization of mercury

Quality assurance of the data

Two reference certified materials (CRM) were
analyzed at the same time with sediment samples of
studied area, SDM/2-TM and IAEA 405 purchased
from IAEA Monaco. It could be noticed that data
obtained were in good agreement with certified values.

A reference certified materials (CRM), IAEA
086 and an inner standard prepared in our laboratory,

were analyzed at the same time with our samples of the
studied area. It could be noticed that the data obtained
were in god agreement with certified values.

Results and discutions

In Table 1. are presented concentrations of Hg (mg/kg
DW), which were obtained by laboratory tests. Every S.
point represent the average of the soil samples, collected
on a circle with a radius of one meter [6, 56-57].

Table 1.- Hg content (mg/kg DW) in soil, ex-Plant of Soda-PVC Vlora

1 2 3 4 S

No. sample S S S S S S

S S S S S S S

7 8 9 10 11 12 13

Hg [mg/kg]

DW 7.667

0.029| 18 |0.0230.148

55.6

7.286 | 16.7 | 450.7 | 1.279 | 2.543 | 0.464 | 0.170

S,i=1, ..., 13 it shows the center of a circle which has
radius of one meter, where some samples have been taken.

As clearly seen from Table 1, the concentration of
mercury found in this area ranges from minimum value
0.023 mg/kg (DW) in maximum value 450.7 mg/kg
(DW); with an average of about 43.12 mg/kg.

In S, point, we have a very high concentration of mer-
cury (This point represents the maximum value), but in
S, point, we have a lower concentration of mercury.

Meanwhile is also noted that in the points S, S,
S, the concentration of mercury is high, by exceeding
the amount of about 10 mg/kg. Thus, about 30% of
the samples have a mercury concentration higher than
10 mg/kg.

The results of the description of statistical analysis of
mercury concentration, determined in soil samples are
shown in Table 2.
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LD | 2005 - I

Figure 3. The map of ex-Plant Soda-PVC, made by Google Earth

Table 2. — The results of statisticaly treated data

- 2 =] »

§ % g g F: 9‘ - § ° a 8 g g 'E
2 g b g TS g3 > | 8 E | E & z
g = S | 3% | S8 S| 5| 82| E 5 S
3 & ) > ~ 7 S S

Values 43.12 2.54 123.41 15230.78 | 2.86 | 12.49 | 3.51 | 0.02 | 450.70 | 13.00

High variation exists in the concentrations of Hg
data in soil samples under investigation. Coefficient
of variation (CV%) is very high (286%> 75%). The
coeflicients of skewness and kurtosis are respectively
higher than 0 and 3, indicating that the frequency
distribution of Hg in the area under investigation are
strongly positively skewed. The great variation, positively
skewed distribution, and high kurtosis suggest that the
Hg concentrations were still under the pollution level.

The highest concentration level as found in point S,
when Hg concentration goes more than 10mg/kg.

Actual Hg concentration in soil samples are lower
than the concentration level before the remediation. If
we compare the range of concentration before and after
remediation, it is as is show in Table 3.

Table 3. — The concentration of Hg
(mg/kg, DW) in different periods

fH
Hg (Mean) Rang o 8
concentration
Before 205.6 0.08-2472
remediation
Actual study 43.12 0.023-450.7

Beside the Hg concentration in actual study is
low compare to the values before the remediation it is

still high in the area of the electrolysis building
(C=43.12 mg/kg, DW), that is higher than 0.07-
0.3 mg/kg, the “preliminary critical limits to prevent
ecological effects” according UNEP Chemicals [7; 7].

Conclusions

The area of the former industrial complex of PVC
Caustic represents the highest mercury pollution area.
This pollution comes as a result of technological waste
thrown in an uncontrolled manner.

During the years 2007-2008 was carried out the
remeditation of this area. Soils contaminated with
mercury (> 10mg/kg DW) are replaced with clean soil
(unpolluted with mercury) and the whole surface will
be planted with grass and trees.The measurements of
the area, at a depth of 150cm include precisely these
soils.

Although the area has been rehabilitated, by the
results of the measurements performed, results an
average concentration of 43.12 mg/kg DW.

Around 30% of the analyzed samples result in a
concentration higher than 10 mg/kg, showing that the
concentration of mercury in the area of former Soda
PVC plant is still high, compared to the rates allowed
by UNEP.
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AneKkTpoxnmMmmnyeckoe AecTPYKTUBHOE OKMUCIEHUEe OpraHn4ecknx
cyO6cTaHUuMii KeporeHa IMUTPUEBCKOIro roployero cnaHuya

AnnoTtanus: V3ydeHO 9AeKTPOXMMHUYECKOe AeCTPYKTHBHOE OKHCA€HHE OPraHMYeCKUX CyOcTaHIui
KeporeHa AMUTPHEBCKOro roproyero caauija. [TokasaHo, 4To CAOXKHBIE OpraHUYeCKHe CYyOCTaHIIUU CTOXA-
CTHYeCKOTO XapaKTepa CII0COOHBI [IOA AeHICTBHEM BBICOKO SHEPTHHU TPOTOHOB IIPEBPAIATHCS B PH3UYECKH
MHAMBUAYaAbHbIE M XUMHUYECKU He3aBUCHMbIe COCAMHEHH S C HEBRICOKON MOAEKYASIPHOM MacCOM M ITPOCThIM
CTpOEHHEM.
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Pa3paboTKa HOBBIX X yCOBEPIIEHCTBOBAHIE U3BECTHBIX
TEXHOAOTHIL, CIIOCOOHBIX 06eCrednBaTh pu arMocdep-
HOM AQBACHHUM U HEBBICOKUX TEMIIEPATYpaX Pa3AOKeHHe
AFOOBIX OPTaHUYECKHX BEIeCTB, [IPUBACKAET BHUMAHIE
MHOI'HX UCCAepoBaTeAel. C 9TOM 11eAbIO, B HACTOSIIEM CO-
OOIEeHNH C TOMOLIBIO OAHOTO U3 METOAOB XMIMHHU BHICOKHX
SHEprui [1], IIPUBEAEHBI PEe3YABTAThI HCCAEAOBAHUM IO Ae-
CTPYKIJUH BBICOKOMOAEKYASIPHBIX OPFaHUIECKUX CYOCTaH-
IIUH KeporeHa AMUTPHEBCKOTO TOPIOYero cAaHua. Aas
AECTPYKTHBHOTO OKHCACHHSI OPTaHUYECKUX CyOCTaHIMI
KepOTeHa UCIIOAb30BAAH B 3AEKTPOAHOM IIPOIIeCCe BO3ACH-
CTBUE BBICOKOM 3HEPIHMH IPOTOHOB, IO3BOASIIOIEH ITPO-
BOAUTD IAEKTPOXUMHYECKYIO PEAKIMIO ITPH HEBBICOKOM
TeMIIepaType U arMoc$pepHOM AABACHHU.

AAs TpoBeAeHMS MCCAEAOBAHMI HCIIOAB30BAAM
AMUTpHEeBCKMIT FOPIOYMIT CAAHeI] (Ky36acc) , AMEIOLTUI
CA€AYIOIYie OCHOBHbBIE XapaKTePUCTUKU. TexHuyeckuit
aHaAmus,%: W'=1.5; Ad=72.1; V&=74.2; JreMeHTHBII1 CO-
craB,% Ha daf: C=67.2; H=8.3.

B nacrosmee BpeMs OCHOBHOE KOAUYECTBO T'OPIO-
YUX CAQHI|eB IepepabaThIBAeTCS METOAOM ITHPOAH-
3a [2]. Kak mokasaHo B 0630pe, OCHOBHAS IleAb BCeX
TePMUYIECKUX MPOLIECCOB 3aKAIOYAETCA B IMOAYYEHUU
TOBApHOM IMPOAYKLIMH B BUAE KUAKUX CAAHIIEBBIX Ma-
CeA, ra30B IIOAYKOKCOBaHHMS M TBEPABIX IPOAYKTOB. To-
MHMO T€PMHYECKUX IIPEeBPalleHH KePOTreHa TOPIOYUX
CAQHIIEB IIPU MOBHIIEHHBIX TeMIIepaTypaX U3BECTHbI
COOOIIeHUSI O HU3KOTEMIIEPATYPHON XUMUYECKOM
nepepaboTke KeporeHa. B paMkax aToro Hampasae-
HHS KeporeH-70 MOABEPramT IeAOYHOMN 06pa60TKe
IIpU YMEPEHHON TeMIlepaType C IPOAYBKOH BO3AyXa
B CTAaHAAPTHBIX 3aBOACKUX aBTOKAABAX [3]. IIpu aTtom
MOAYYAIOT IIEAOYHOM 3KCTPAKT, COAEPKAIIMM CMeCh
OAHO- U ABYXOCHOBHBIX KaPOOHOBBIX KHCAOT, & TAKXKe
Ba)XHbIe OMOAOTMYECKM AKTHBHBIE 3AE€MEHTBI. XOTS
HanOOAbIIIee YHCAO UCCAEAOBAHHII IIPOBEAEHO B 006-
AACTU TEPMUYECKUX MpeBpallleHUul KeporeHa, Takxke
M3BECTHbI MCCAGAOBAHHUA IO IIOUCKY HU3KOTEMIIepa-
TYPHBIX CIIOCOO0B 9KCTPAKIIMU KePOTeHa U3 FOPIOYUX
CAQHIIEB C IOMOINbIO OPTaHUYECKUX PACTBOPUTEAEH.
Tak, B pabore (4] H3Y49aAu BO3MOXXHOCTDb 3KCTParu-
POBAHISI OPraHUYEeCKUX CyOCTAHIUI KepOTeHa U3 Kap-
MAaTCKUX MEHUAUTOBBIX CAAQHIIEB PAa3AUYHBIMHA THIIAMU
OpTaHUYeCKUX pacTBOpUTeAel. AAs 3TOro IpPOBOAH-
AM 9KCTPAKIMIO IIPY KOMHATHOM TeMIlepaType IIyTeM
HacTauBaHUA B TeueHHe 24 4acoB 06pa3ua rOproYero
CAQHIIA C M30BITKOM PACTBOPUTEAS [IPH [IEPUOAMIECKOM
nepeMeIlIuBaHUK PacTBOpa. ABTOPBI YCTAHOBUAH, YTO
BBIXOA 9KCTPaKTa CBS3aH C PU3UKO-XMMUYECKHMU Xa-
PaKTepHUCTHKAMH OPTAaHUYECKHX PAaCTBOPHUTEAEH, IPH

YCAOBHMH IIPEACTABACHMS AAHHBIX B BUAE KOAMYECTBA
9KCTPAKTA, U3BAEKAEMOTO OAHMM MOAEM 3KCTpPareHTa.
ITpu 9TOM 9KCTPAarupyroLyIo CIOCOOHOCTh PAaCTBOPHU-
TeAel B IIepBYI0 O4epeAb OIpeAeAsieT X OCHOBHOCTD
U IOASIPHOCTD. B cOOTBEeTCTBMM C M3BECTHBIMH AUTE-
PaTypHbIMH AQHHBIMHU U AAS TIOBbIIIeHHUS 9 PeKTHB-
HOCTH PacTBOPEHHUs KeporeHa AMUTPHEBCKOIO TOPIO-
4ero CAQHIIA, B HACTOSII[eM COOOIIeHHN PacTBOpeHUe
KepoTeHa IPOBOAUAU B MEAbHHIIE CO CTAABHBIMU IIa-
paMy IpH MeXaHMYeCKOM MCTHPAHUHU TOPIOYEro CAAH-
Ila B pacTBOpe IpeKypcopa Ipyu KOMHATHOM TeMIlepa-
Type A0 pasmepa 3epeH MeHee 20 MkM. [Ipu mopbope
IpeKypcopa OBIA0 YCTAHOBAEHO, YTO PAaCTBOPUMOCTD
KepOreHa B 3HAYUTEAbHOM CTeIIeHH 3aBUCHUT OT pasMe-
POB 3epeH roprovero CAaHIja, KOAMYEeCTBa IpeKypcopa
U BpeMEHHU ero BO3AEHCTBH Ha roprouuii caanerl. Yem
TOHBIIIE OBIA IOMOA, TeM OOABIIIE KEPOTeHA [IEPEXOAHAO
B pacTBOp. [ToAydeHHBIH pacTBOpP CyOCTaHI[MU KepOTeHa
B IIpeKypcope oTaeasiau ¢uabTpanueit. [locae Toro, kak
OT MaTepHUHCKOMN MaTPHUIIbl K€POTeHa OTAGAUAU OIIpe-
AeA€HHOE KOAUYECTBO CYOCTAaHIIMU KepOreHa C mepe-
BOAOM €r'0 B PAaCTBOP, OCTABUIASICS B COCTaBe TOPI0YEro
CAQHI]a YaCTHYHO ACTIOAMMEPH30BaHHAas U, TEM CAMbIM,
XMMHYeCKH aKTUBUPOBAaHHAs MacCca OpraHUYecKoi Co-
CTaBASIOILeNl TOPIOYETO CAAHIIA OBIAA IOABEPTHYTA BbI-
IeAQYMBAHUIO ¢ ToMombio 10%-ro pacTBopa rHApOK-
CHAQ HaTpHs HarpeBaHHEM B TeYeHHe 2-X YacOB IIpHU
remneparype 90 °C. Ilo ncreyennu BpeMeHH Harpesa
I[EAOYHOMN PACTBOP OTAEASIAM QUABTpAIell OT TBep-
AOTO Hermapoausyemoro ocrarka. OObesnHeHHbIe
PacTBOPBI OPraHMYECKUX CyOCTAHIIUI KEPOTreHa IIOCAE
9KCTPAKIHK MPEKYPCOPOM U BBILIEAAIUBAHUS OBIAK
IIOABEPIHYTHI 9AEKTPOXHUMUYECKOMY AeCTPYKTUBHOMY
OKHCAEHHIO B 9AEKTPOAHOM IIPOLieCCe C OBICTPHIM IIPO-
TOHHPOBAHHEM, YTO 00€CIIeYrBAAO IPOTEKAHUE PeaK-
LM IT0 HEPAaBHOBECHOMY MeXaHH3MY 0e3 06pa3oBaHHs
CMOAMCTBIX BEI[EeCTB.

ITporecc aAeKTpOCHHTE3a BeAH B CTEKASIHHOM KIOBETe
C BOASIHOM py6a1m<0171 U KPBIIIKOH, B BOAHO-3TaHOABHOM
CAQ6OIIIEAOYHOIT CpeAe B eAUHOM IIPOCTPAHCTBE MEKAY
KaTOAOM U QaHOAOM U3 IIAATHHBL B KpbIIIKY aAeKTpoAn3e-
Pa BCTPOEHBI OOPATHBII BOASIHOM XOAOAUABHHIK, [IOABO-
ASIIIIYie KOHTAKTBI K 9IAeKTPOAAM, KAPMaH AAS TEPMOTIApBI,
9AEKTPOABUTATEAD C MEITAAKON — AAS TIEPHOAUYECKOTO
nepeMeIlBaHMs PAcTBOPa aAeKTpoauTa. ITpu yseanye-
Hun pH cpeapt 60aee 7,5 pacTBOP IOAKHCASIAM YKCYCHOI
KHCAOTOH. JAEKTPOCHHTE3 TPOBOAHMAH IIPH ITOCTOSHHOM
CHA€ TOKA AO TEX IIOP, II0Ka OKPAcKa pacTBOPA He HAYMHAAQ
ocBeTAaThCS (110 KOAOPHMETPHYECKON mkaae). ITo oxoH-
YaHMU SAeKTPOCHHTE3a PaCTBOPbI IAEKTPOAMTOB aHAAM-
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3UPOBAAU C TIOMOIIBIO XpoMarorpada. XpoMaTorpaMmbl
cHuMaAn Ha xpoMatorpade «Agilent 6890N/5973 Inert>
C KammMAASIpHOM KoAOHKO#M DB-SMS. Pasmepsr koAOHKH
30 M x 0,25 mm. I'a3-HOCHTEAD — reAmit. AHAAU3 IIPOBO-
AVAU B TeMIIepPaTypHO-TIPOIPaMMHPOBAHHOM peXUMe:
HavaAbHas TeMieparypa koaoHkn — 120 °C (1 mum);
ckopoctb HarpeBa 10 °C/MuH; KOHe4Hasl TeMIIepary-
pa — 280 °C (30 mun). Xpomarorpad ocHaimeH Macc-
CIIEKTPOMETPUYECKHM AETeKTOpOM Toii ke ¢pupmbl. Co-
CTaB M BpeMs BbIXOAQ OCHOBHBIX XpOMaTOTrpadpuueckux
nMKOB (MHH), HOAY4EHHBIX IPOAYKTOB AECTPYKTHBHOTO
OKHCAEHUSI BBICOKOMOAEKYASIPHBIX OPTaHUYEeCKHX Cy0-
CTAHIIUI KEPOTeHa OBbIA CAEAYFOLIIHIL:

4-Xaop-1-Byranon (3.182);

2,4-Anokcurmpupun (3.248);

OTHAOBBIN 3QHP-2-MeTHAIIPOIIAHOBOM KHCAOTEHI
(3.473);

MeTuaoBbiit 9¢pup-3-TUAPOKCHOYTAHOBO KUCAOTBI
(3.568);

Mertunosbiit adup-3-TupApoKCHIIEHTAHOBOM KUCAOTBI
(3.639);

MertuaoBbiit a¢pup-2-Merua-3-OxcobyTaHOBO KHC-
Aot (3.722);

1-(Tuapoxcumerua)-nponuaanetar (4.562);

MsonponuaoBeiii  9pUp TenTaHOBOM KHUCAOTHI
(4.874);

1,4-Byranpuoapuarerar (5.069);

3-Amun0-4-MeTHAanuKkoArHOBas KucaoTa (5.129);

1-Byroxcu-1-UsobyrokcubyTan (5.265);

n-Texcapexanosas kucaora (12.239);

OTHAOBBIN 3QUP reKCaAeKAHOBOH KHCAOTHI (12.607);

AnOyTHAOBBIEL 9¢UP CeOALUHOBOM  KHUCAOTHI
(14.554).

TaxuM o00pa3oM, B Ipoljecce A€KTPOCHHTE3A
YCTaHOBAEHO, YTO BBICOKOMOAEKYASIpHBIE CyOcCTaH-
ITMH KeporeHa AMUTPHEBCKOTO FOPIOYEro CAAHIIA ITOA
AEHICTBHEM BBICOKOH S9HEPTUHU IIPOTOHOB B 9IAEKTPOXH-
MHY€ECKOM IIPOLiecce C OBICTPHIM IIPOTOHUPOBAHIEM
CIIOCOOHBI II0ABEPraThCsI IPU HEBBICOKOI TeMIIEpaType
U aTMOCPEPHOM AABACHUH ASCTPYKTHBHOMY OKHCAe-
HHIO C 00pasoBaHueM QU3HIECKU HHAUBHAYAABHBIX
U XMUY€eCKHU He3aBUCUMbIX COEANHEHU C HEBBICOKOM
MOAEKYASIPHOHM MacCOH M MpOCThIM cTpoeHueM. Ilo-
AydeHHbIe KHCAOPOACOAEPSKAIHe IMPOAYKTHI HAPSAY
C BO306HOBASIEMbIM PACTUTEABHBIM CHIPbeM [ S ] MoryT
TaKKe HANTH CBOE IPUMEHEeHHe B 00AACTH OHOTOAN-
Ba M OMO9HEPreTUKU KaK CAMOCTOSITEABHO, TAK U B CO-
YeTaHHHU C APYTHMH AOOaBKaMH, IIPH IIPOMBIMIAEHHOM

OT1raoBBIT  9pup-5-OKCOreKCAaHOBOM  KHUCAOTBI  PACIPOCTPAHEHHM CIIOCOOOB 3aMeHBI HEPTSHOTO TO-
(4.630); ITAMBHOTO CBHIPbS.
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AnnpoTanus: VccaepoBano popmupoBaHue mpodpeccHOHAAPHOMN KOMIIeTeHIIUM IPY U3yYeHUH AUCLIU-

IAMHBI «XUMUS OKpY>Kaloljeil cpeabl>». PazpaboTaHbl KOMIIETEeHTHOCTHO-OPHEHTHPOBAHHBIE CPEACTBA,

TIO3BOASIOIMHE OEHUTD IPAKTHKO-OPUEHTHUPOBAHHYIO HAIIPAaBACHHOCTD 3HAaHUHN U IIOATOTOBAC€HHOCTD T€X-

HHYECKOro CrieqaArcCTa K H&Y‘-IHO-PICCAGAOB&TGAJ;CKOIZ ACATEADPHOCTH.

KaroueBbie cAOBa: OlleHOYHbBIE CPEACTBA, KOMITeTeHIIN, XMMUS OKPY>KaIolllel CpeAbl, SHepreTHKa.

3HavyeHHe 9HePreTHKH AAS COBPeMEHHO IJUBHAM3A-
run BeAnko. OHa ompepeAsieT KaK pasBUTHE ITPOMBIII-
A€HHOTO ITOTeHIJHAAA CTPAHBI, €€ 9KOHOMHUKH, TaK H I10-
BBIIIEHNE KaueCTBa )KU3HH, U SIBASIETCS] OAHOM U3 CaMbIX
HAyKOEMKHX U TeXHHYeCKH OCHAIIleHHbIX oTpacAeil. Op-
HAKO 9HEPreTHUKAa OTHOCHTCS K OCHOBHBIM aHTPOIIOTeH-
HbIM HCTOYHHKAM 3arpsisHeHus 6uocdepst. M aast obe-
CIleYeHUs] YCTONYMBOIO PA3BUTHsI 0COOOe BHUMAHIE
AOAKHO YAEASITHCS TIOATOTOBKE KBAAUQPHITUPOBAHHBIX

KAAPOB, BOCTPeOOBAHHbIX HA PHIHKE TPYAQ, H CIIOCOOHBIX
pelIaTh He TOABKO TeXHHYECKHE 3aAQ9H, HO U IIPOOAEMBI
OKPY>KaIOI[eN CPeAbL.

OpueHTaIMs YIpPEXKACHUS BBICIUIETO 0OPa3OBaHMUS
Ha PHIHOK TPyAQ POPMAAU3YETCS B BUAE KPUTEPHEB ITPaK-
TUYECKOM MPUTOAHOCTH CIIeLIUAANCTA — KOMIIETeHIUH,
KOTOpPBIE OIPEAEASIIOTCS COBOKYITHOCTDIO 3HAHMIA, yMe-
HUI1, HABBIKOB U OIIBITA, HEOOXOAUMBIX AAS 9P PEKTUBHOM
AeSTeABHOCTH B PO eCCHOHAABHOM 00AacTu. M3yueHue
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«XUMUHU OKPYXKAIOIeH CPEeAbI> ITPH MOATOTOBKE 6axa-
AQBpOB II0 IPOPHUAI0 « ABTOHOMHbBIE dHepreTHIecKre
CHCTeMBI» AQeT CTYyACHTaM IIPEACTABACHHE O BPEAHOM
AHTPOIIOreHHOM BO3AEHCTBUU Ha 9BOAIOIIMOHHO CAO-
JKMBIIHMECS] PABHOBECHsI B OKPY’KAIOIeH IMPUPOAHOI
Cpeae, O B3aUMOCBSI3H H3yYeHHBIX XUMHIECKUX PeaKIIUi
c mporeccamul B buocdepe, pacKpbIBaeT BO3MOXKXHOCTH
XHMUWH B pelleHUH 9KOAOTUYECKUX IIpobAeM 0061ecTBa.
Y HUX $OPMHpPYeTCs eCTeCTBEHHO-HAyYHOE MbIIIACHHE,
oIpepeAsioliee IPUOPHUTET COXPAHEHUS OKPY KAIOIeit
Cpeabl, ¥ TpodeCCHOHAAbHBIE KOMIIETEHIHHU, KOTOPbIe
XapaKTepHU3yIOT KOHKYPEHTOCIIOCOOHOCTb BBITyCKHHKA.
[1, C. 422-442; 2, C. 5]. OBrapeHHE KOMIETEHIIUIMH
B IIpoliecce 0Oy4YeHUs OLleHUBAETCSI KOMIIETEHTOCTHO-
OPHEHTHPOBAHHBIMHU CPEACTBAMH TEKYI[er0 KOHTPOAS
YCIIeBaeMOCTH H IIPOMEKYTOYHOI aTTeCTALIUHL.

Panee [3; 4] HamMu 6b1AU O6CYXAEHBI OLIEHOUHbIE
CPEACTBa II0 AUCLIUIIAUHE « XUMUSI>»> AASL CTYAEHTOB Ha-
HpaBAeHHI ToAroToBkU I Tpubopocrpoenue u Yipasae-
HHe B TeXHHYECKUX CHCTeMax (ypOBeHb 6akaAaBpHaTa).

Ileabro HacTosiIeN pabOTHI SIBASETCSI pa3paboTKa
OLIEHOYHBIX CPEACTB, IIO3BOASIIOIINX KOHTPOAUPOBATD
yCIIeBaeMOCTb, AHATHOCTHPOBATh Pe3YABTATBI OCBOCHUS
AUCITMIIAUHBI « XUMHUS OKPY>KAIOIeN CPeAbI> H OLleHH-
BaTh pOpMUpPOBaHUE IPOPECCHOHAABHBIX KOMIIETEHIIUIH
y 6aKaAaBpOB, IIOAYYAOLINX 0Opa3oBaHuUe [0 HAIIPABAe-
HMUIO TIOATOTOBKH TerAoaHepreTrKa 1 TEIAOTEXHHUKA.

ITpu peasnsaruu IporpaMMsI 6aKaAaBpHaTa U IOA-
FOTOBKE BBIITYCKHUKOB K HAyYHO-HCCAEAOBATEABCKOI
AesSITeAbHOCTH U3y4YeHHe Kypca «XUMHU OKpYy>Karomjedt
cpeabl» (S cemecTp 06yueHHs) IPOBOAUTCS C IPUMe-
HeHMeM AUCTAHIJHOHHbIX 00Pa30BaTEAbHbIX TEXHOAOTHIL.
Hcnoab3oBaHre MHPOPMALMOHHBIX, KOMIIBIOTEPHbBIX
U CeTeBBIX TEXHOAOTHII IIO3BOASIET IIPOBOAUTD IOUCK
HHPOPMAIMU U3 PAa3ANYHBIX MICTOYHUKOB U 623 AAHHBIX,
BBIPA0ATHIBATH HABBIKH €€ 0OPabOTKU 1 B COOTBETCTBUH
¢ TpeboBaHmwsiMu DepeparbHOTO TrOCYAAPCTBEHHOTO
06pa30BaTEABHOrO CTAaHAAPTA BBICLIETO OOpPa30BaHMS
(®rOC BO) o nanpasaenuto moarorosku 13.03.01 Te-
TAO9HEpreTHKa M TeNMAOTeXHHKa (6aKkaraBpuar) 6bITh
FOTOBBIM K COOPY MaTepHaAa AASI HAYIHBIX Ty OAMKALIHIA,
0630pOB M COCTABACHHUIO OTYETOB I10 TeME IIPOBOAUMbIX
uccaeposanuii [ S, C. S].

B mporjecce ocBoeHusI porpaMMsl HakasaBpHaTa
y cTyaenTa popmupyrorcs obmekyabrypabie (OK), 06-
menpodeccronassusie (OITK) u npodeccrnonabHbie
xommerennuu (I1K) 5, C. 6-8]. OcBoenue pucrmmau-
HbI « XHMUS OKPYKAIOLIeH CPpeABI» CIIOCOOCTBYeT pop-
MUPOBAHHUIO CIIOCOOHOCTH 0becrednBaTs COOAIOACHHUE
9KOAOTHYECKOI 0€30IIaCHOCTH Ha IIPOU3BOACTBE U IIAQ-

HHPOBATb 9KO3AIUTHbIE MEPOIIPHUATHS H MEPOTIPHATHUS
II0 9HEPro- U PecypcochepesKeHNI0 Ha IIPOU3BOACTBE
(TIK-9).

dopmuposanne xomnerennuu [1K-9 mpoucxoaut
Ha BCeX JTalax U3y4eHUs AUCIIUIIAUHDI U KOHTPOAUPY-
eTcs TecTpoBaHUeM (OlleHKa 3HaHUi1) K KOHTPOAbHBbI-
M paboTramu (OlleHKa yMeHMit) 0 OCHOBHBIM Pa3AeAaM
Kypca. O1eHKa BAAACHHS HABBIKAMH U OTIBITOM, HCIIOAD-
3ysl CIPaBOYHYIO AUTEPATYPY, OCYIIeCTBASICTCS IIPH 3a-
ITMTE PACYETHOTO 3aAAHHS M IIPU IIPOMEXXY TOYHOH aTTe-
cranuy B popMe 3aueTa C OI[eHKOM.

Texymuil KOHTPOAD YCIIEBAEMOCTH, IIPOBOAHMMBIH
B Te4EHHe CeMeCTPa, II03BOASIET AMATHOCTHPOBATD yPO-
BEeHb OCBOEHHS AUCLIUIIAMHBI, CTeIIeHb CGOPMHUPOBAHHO-
CTH ITPOeCCHOHAAPHOH KOMITETeHIIUH 1 AAeT HHPOpMa-
o 06 apPexruBHOCTH 00yUeHus. TecTupoBaHue, Kak
KOAMYECTBEHHBIN MeTOA $OPMHUPOBAHHS KOMIIETEHIUH,
II03BOASIET IPOBEPHTH 3HaHMe pakToB. Kaskabi TecT co-
CTaBA€H U3 7 BOIIPOCOB PA3AMYHOM POPMBI: 3aKPHITOMN
(OAMH M3 MHOTUX, MHOTHE M3 MHOTHUX, A2/HET), Ha yCTa-
HOBACHHE COOTBETCTBHS, IOCACAOBATEABHOCTH M OTKPbI-
TOW pOPMBI, B KOTOPHIX He IIPEAYCMOTPEHbI BAPUAHTHI
oTBeToB (Ha AOTIOAHEHHE, Pa3BepPHYTbIit OTBET).

Paspaborano 6 TecToB:

1. «TepMuHBI M OITPEAEACHHS XUMUHU OKPY>KAIOIIe
CpeAbl» — KOHTPOAHMPYeTCS 3HAaHHE OCHOBHBIX IOHATHUH
XUMUH OKPY>KafoIel Cpeabl 1 pyHAAMEHTAAbHBIX 3aKO-
HOB dBOAIOIIUH BceaeHHoi.

2. «X¥MHUYECKUI COCTaB M CTpPOEHHe arMocde-
pbI» — 3HaHHE PAKTOPOB, ONPEACASIONUX YCTONIH-
BOCTb aTMOCQepBbI, €e COCTaBa, CTPOEHHS U TeMIIePaTyp-
HbIH IPOPHUAD.

3. «PoroxuMuIecKue MpOIecCh B aTMOCdepe>» —
3HAHUE XapaKTePUCTUK COAHEYHOTO U3AYYEHHUS H 0CO-
6eHHOCTe pOTOXUMHMYECKUX PEAKIIUIL B BEPXHIX U HIDK-
HHX CAOSIX aTMOCQephL.

4. «O30HOBBIH CAOH CTpaTOCPephI> — 3HAHHE Me-
XaHHU3MOB 00pa3oBaHIsI U rubeAr aTMOCEPHOTO 030HA,
€ro 3Ha4YeHHL.

S. «Tpancpopmarus COeAMHEHUI Cepbl M a30Ta
B ruApocdepe>» — 3HAHHE IIPOIECCOB MpeBpalleHI
BEIIeCTB B TPUPOAHBIX BOAAX.

6. «ITpeaeAbl CTAOUABHOCTH BOABI» — 3HAHHE yC-
AOBHI CAMOOYHIIIEHUS B THAPOCpepe — OCHOBE JKH3-
HEAeATEeAbHOCTH HACEACHHS M CYIIeCTBOBAHUSA PAOPHI
U payHbL.

Heap3st oTpuIjaTh BepOATHOCTHBIN XapaKTep TeCTH-
POBaHIs, HO, II0 HAllleMy MHEHHIO, OHO 00AaAQeT AOCTO-
BEPHOCTbBIO, 0OBEKTUBHOCTBIO ¥ IIO3BOASIET KOHTPOAH-
POBaTh OCBOEHHE CTYAGHTOM 3HAHHI, OPUEHTUPYSICh

64



Competence-based assessment tool of “Environmental Chemistry” discipline

Ha CAOXXHOCTb TeCTOBOTO 3aAQHHS U YPOBEHD IIOATOTOB-
A€HHOCTH TeCTHPYeMOTO.

Ha xaxxpoe ymeHHe 1o pa3aeAaM AUCLIUIIAMHBI IIPeA-
AaraeTcsi KOHTPOABbHASI pab0Ta, COAepPIKAIAst 3AAAUH, KO-
TOpbIe BHITIOAHSIIOTCS IO TUIIOBBIM MeToAMKaM (6a30Bbiit
YPOBeHb ), U HECTAHAAPTHbIE HHAUBHAYAAbHBIE 3aAQUH
(mpoaBuHyTHIt ypoBeHb). [1o paspeAy AMCLIMIIAMHDI
«AtMochepa> IpepraraeTcss KOHTPOABHASI paboTa
N¢ 1 «Hakomnaenue u TpancdopmManus npumecei B Tpo-
nocepe>, o paspesy «luapocpepa» — N2 2 «Ilpo-
I1eCChl ¥ PaBHOBECHS B IIPUPOAHBIX BoAax>. OreHKa
IIePBOI KOHTPOABHOM PabOTHI OIIPEAEASIET YMEHHE CO-
CTaBASITb ypaBHEHHS XUMHYECKUX PeaKIUi K pacCIUThI-
BaTb BpeAHble IPUMeCH B Tporocdepe, OCyIeCTBAITD
BBIOOP METOAOB OYHCTKU BHIOPOCOB, BTOPOI KOHTPOAD-
HOI pabOThI — yMeHHEe PACCUUTHIBATD H AHAA3UPOBATH
HMOHHOOOMEHHBIE 1 OKMCAUTEABHO-BOCCTAHOBUTEABHBIE
IIPOIECCHI B IPUPOAHBIX BOAOEMaX.

BaapeHue ombITOM MANM HaBBIKAMHU OILIEHHBAETCS
Ha 3aBepUIAIo]eM dTalle OCBOEHHUS AMCIIUIAMHBL 3adeT
IIPOBOAMTCS B ICbMEHHOM BHAE. 3a4eTHbIE OHAETHI CO-
Aep>XaT TeopeTH4ecKHe BOIPOCHI M pacyeTHbIe 3aAAUN.
ITpuBOAYMM IpUMep 3a49€THOTO OrAeTa:

1. ITpudmHbI AETPapAIIK IPUPOAHOM CPEABI, 0CO-
OEHHOCTH IIPOSIBACHHSI IIPOM3BOACTBEHHO-XO3SIFICTBEH-
HOM A@STEeABHOCTH.

2. Ompeaeanre cpepHee BpeMsi IpeOBIBAHHS ITa-
POB BOABI B arMOCdepe, ecAu B aTMOCPepe HaXOAUTCS
12900 xM* BOABI, @ Ha ITOBEPXHOCTb CYLIM M OKeaHa
BBIITAAAET B BUAE aTMOC(EpPHBIX OCAAKOB B CpEAHEM
577.10'2 M3 BOABI B TOA,.

3. OaAuH U3 BpeAHBIX KOMIIOHEHTOB ABHIATEAS
BHYTPEHHET'0 CTOPaHus — OKCHA yraepoaa. Ero moxno
oxucAuTb 1o peaknum: CO + 1/202 = COZ. Ecan B cu-

CTeMe YCTAaHOBHUTCSI pABHOBECHE, KaKye BHEIIHHE BO3-
AEHCTBUS OYAYT CIIOCOOCTBOBATD IPOTEKAHUIO ITOM pe-
akiuu? B xakoit o6AacTu TeMieparyp BO3MOXEH 9TOT
nporecc?

4. PaccunTaiiTe KOAUYECTBO JAEKTPHIECTBA, KO-
TOpOe HEOOXOAMMO AASI 9AEKTPOOCAKAECHHS CBHHIIA
u3 100 > crounsix Bop, copepxxamux 0,03 r/a Pb* nmpu
BbIXOA€ 110 TOKY 80%.

3akAroueHne

®opmuposanue mpodecCHOHAABHOM KOMIIETEeHIIUH
ITK-9 npu n3ydeHHH AMCITUIIAMHBI « XUMUS OKPY>Karo-
I CPEABI>»> XaPAKTEPHU3YIOTCS CIIOCOOHOCTBIO K aHa-
AU3Y COCTOSIHHSI OKPY’KAIOIell CPeAbl, YMEeHHeM IIpO-
IIATAHAMPOBATH PALIMOHAABHOE [IPUPOAOIIOAB30BAHIIE,
obecreunBaroee BO3MOXHOCTh CAMOPETYASILIUH B 9KO-
CHCTeMe, COXpAaHEHHe, BOCIIPOM3BOACTBO M PasyMHOe
pasBuTHe OHOC(Eephl ¥ TOTOBHOCTBIO K IIPUHSITHIO pe-
IIEHUI 110 06€eCIeYeHNIO SKOAOTHYECKOM 6€30IacHOCTH
C MEHHMAABHBIM PACXOAOM BeILleCTB U 9Hepruu. Boimyck-
HUK, OCBOHBIIHIT IIPOrPaMMy aKaAEMHIeCKOro OaKaAaB-
pHaTa, ¥ OBAAAEBLINIT TPO(EeCCHOHAABHBIMU KOMIIETEH-
LUIMU OYA€T TOTOB BBIIOAHSTH IKCIIEPHMEHTAABHbBIE
HAyYHO-HCCAEAOBATEAbCKHE PAOOThI U pelaTh APyTHe
IPaKTUYeCKUe 3aAA9H B PAMKAX CBOEM IIPOU3BOACTBEH-
HOI1 A€SITEABHOCTH, 0OeCIIednBasi IIPU 3TOM YCTOMYHUBOE
pasBuTHe 6uocdepsl «B HHTEPeCaX HbIHEIIHUX 1 OYAy-
IIUX TOKOAeHUT>. O6AAAAST COAUAHBIM TEOPETUYECKUM
pyHAAMEHTOM 3HAHHUIA, OH B TO 5Ke BpeMsi OYAeT BAAAETD
IPAKTHYeCKUMU HABBIKAMH, CTAHET BOCTPeOOBAHHBIM
Ha PBIHKE TPYAQ U CMOXKET IIOCTPOUTD MPOPECCHOHAAD-
Hy!0 Kapbepy. Ha Ham B3rasia, B 9TOM 3aKA09aeTCs CMBICA
IIepeOPUEHTUPOBAHMS yIeOHOM IIPOrPAMMbI AFCLIUITAU-
Hbl «XUMUSI OKPY>KAIOIell CPeAbI»> Ha COOTBETCTBHUE
Tpe6OBaHMAM PaboTOAATEACT.
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Mercuration of propargyl ethers with OH-acids

Abstract: The interaction of propargyl ethers with OH-acids with sodium salts of methanol and

2-aminoethanol in the presence of mercury (II) acetate in dioxane has been investigated. It has been

established the possibility of obtaining of products of direct O-alkylation and hydration.
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MepkypupoBaHue nponaprunoBbix 3a¢pupos OH-kucnoramm

AnnoTanms: ccaep0BaHO B3aMMOAEHCTBYE IPOMIAPTUAOBBIX 3QHPOB C HATPHUEBBIMU COASIMU METAaHOAQ

M KOAAMUHA TIPH 9AeKTPOPUABHOM copelicTBuu aretata (I1) pryTu B puokcane. [Tokasana BO3ZMOXHOCTD

HOAyYeHHS IIPOAYKTOB IpsAMOro O-aAKMAMPOBAHMUS U THAPATAIHH.

KaroueBbie caoBa: OH-KicAOTbI, MEpKypHPOBaHUe, AeMEPKYPUPOBaHHUe, IPONAPTHAOBbIE dPUPBL, OOp-

TUAPHAQA HATPHSL

Panee Ob1Aa HCCAEAOBAHA QYHKIMOHAAUBALIMS TEP-
MMHAABHBIX aIJeTHA€HOBBIX TPOU3BOAHBIX PA3AUYHBIMU
C, N, O-nykaeodpraamMu B IPUCYTCTBHHU aIleTaTa (II)
PTYyTH U 060CHOBaHAa BO3MOXXHOCTb 0OPa30BaHUS aA-
AYKTOB THAPATAIlMY, AAKHAMPOBAHHUSA IO 3aMeI]eHHO-
MY YTAE€POAHOMY aTOMY TPOMHOM CBSI3HU, TOCACAYIOIIUX
IPOTOTPOIHII X BHYTPUMOAEKYASPHOM IUKAM3aLmH [ 1,
904 ]. BpIAO ITOKA3aHO, 9TO AIjeTHAAIIETOH U aIleTOyK-
CYCHBIN 3QHP AETKO AAKHAHPYIOTCS AMITUAIIPOIINHH-
AAMHUHOM U IPOIMHUAMOP(OAUHOM B IMPHUCYTCTBHH
aneraTa pTyTH, IpuBoAs K 1,3- u 1,5-ankero- xeroe-

HOABHBIM ITPOM3BOAHBIM, MOAYYAIOIIUMCS KaK B pe-
3yAbTaTe HeIOCPEACTBEHHOI'O BUHMAMPOBAHMS, TaK U
IIOCAEAYIOIIEM MPOTOTPOIHON M30MepHU3aluei (2,
746-749; 3, 1800-1804].

B pAaHHOIT pab0oTe HAMU HCCAEAOBAHO [IOBEACHHE Me-
TaHOAA M HATPHEBOM COAM KOAAMHHA BO B3aUMOAEHCTBUM
C 3aMeIlleHHBIMU IPOTIAPTHAOBBIMU dPUPAMHU B IIPUCYT-
crBum anerara (II) prytu. Tak, npu B3auMopeHcTBUM
AAKHA-TTPOTIAPTUAOBBIX 3¢upoB 1 (a, 6) u 2—(Hpon-2—
MHUAOKCH)3THAaneTaTa (1 B) C METAaHOAOM B AHOKCaHe
6b1AM BhIAeAEHBI Okcoaduphi 3 (a, 6, B):

OCH;
— __Or % | acorg A _OR| o5 OR
— He(OAc), H,0

Ipea) R=CH,, 6) R=CH,, B) R= C,H,OAc

I'lo Bceit BeposSTHOCTH, BOCCTAHOBAGHHEM IIpOMe-
JYTOYHBIX COeAMHeHH i 2 (a, 6) MOAyJar0TCS TTPOAYKTBI
TUAPATAIMU TPOMHOM CBsI3H — 1-aTOKCH- U 1-6yTOKCH
npoman-2-onsl (3a, 6). CaepyeT OTMETUTD OTCYTCTBHE
IPOAYKTA THAPATALUH IIPU [IPOBEACHUH peakiuu 6e3
MeTaHOAA. AHAAOTHYHBIE PEe3yAbTAThl IOAYYAIOTCA U
IIPH BBEACHUHU B PEaKIIUI0 METOKCHMEePKYpHUpPOBAaHMUS

2- (HpOH-Z-I/IHI/IAOKCI/I) aruaarerata (38). Bce mombirku
BOBAEUYEHMS B BBIIEIIPUBEACHHYIO PEAKIIUIO 2-aMUHO3-
TaHOAQ-KOAAMMHA ObIAY Oe3pe3yabTaTHBIMU. OAHAKO IPH
IpYMEHeHHHH B KauecTBe HyKAeOpHAA HAaTPUEBOM COAU
xoramuHa (4) moay4aroTcs mpoAyKTbl O-aAKHANPOBAHHS
AAKHATIPOTIAPTHAOBBIX 9QHPOB C ITOCACAYIOIIMM BOCCTa-
HOBAeHHEM — 2-( 1-aAKOKCHIpOTIaH-2-MAOKCH) 3TaHAMH-

o1 (7).
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éo/

Hg(OAC)2 R

—

R + NaOC,H,NH, "~ , ACOHg/\O/\O/
1(a,0) 4 d o 5(a,0) C,H,NH,

R
C,H,NH,
6(2,0)

Ipea) R=CH,, 6) R=C H,

ITpu B3anMOAEHCTBHM METAHOAQ U HATPHEBOI COAU
KOAQMHHA C AAAMATIPOIIAPTHAOBBIM 3dupom 1r o6pasy-
eTCsI MOAMQYHKI[HOHAABHBII CIUPT 9. DTO 0OBSICHSET-

R

\((\O/
C,H,NH,
7(a,0)

Cs1 ATKOCTBIO BOCCTAaHAaBAEHHS aKTMBHPOBAaHHOM Kap-
OOHHABHOM TPYIIIIBI IPOMEXYTOYHBIX HECOIPSDKEHHBIX
KapOOHUABHBIX COEAVHEHHUH 8 B COOTBETCTBYIOLIHIA I10-
AMQYHKITMOHAABHBIH criupT 9.

[ HgOAC
Hg(OAC 1-NaBH,
+ HOR g(PA) 2.H,0
oA —~ X 0N
\/
Ir R
HO
8 9

Iae R= CH,mau C H NH,

IKCrepuMeHTaAbHAs YaCTh

Crextpsr SIMP' H perucrpupoBasn Ha criek-
Tpomerpe Varian Mercury-300 VX ¢ pesonaHcHOM
gactoronn 300.077 u 75.462 MI1; coOTBETCTBEHHO.
XuMHYecKue CABUTH IIPUBEAEHBI AAsl pacTBopa DMSO-
d,/CCl,:1/3 ornocureapno sryTpernero TMC npu
303 K. OTHeceHUe CUIHAAOB CA€AAHO Ha OCHOBAHMU
AausbIX 2 A cnexrpos DEPT u HMQC. 3nauenns J
npuBepeHs! B I 3a xoaoM peaknun caepnan o TCX
Ha maactuHkax “Silufol UV-254", mposiBuream —
KMnO, n napsi #ioaa. [DKX anaans nposeaeH Ha npu-
6ope “AXM-80 MA” (Mopeab 3,), Ha KOAOHKE AAUHOM
1.5 M, 3anoanennon naepronom AW-NMDC, npomnu-
taHHbIM 10% carbovax-20M, cxopocTp raza-HocuTe-
Ast — 40 Ma/MuH, TemmepaTypa petekTopa — 200 ° C,
ucmapureast — 250 °C.

O6mas MeToANKa B3aHMOAEHCTBHS IIPOIIAPTHAO-
BbIX 3¢upoB c MeTaHoAOM. 8 T (0.025 MOAs) areTaTa
PTYTH PacTBOPSIAU B METAHOA€ U IO KaIlASIM ITpUOaB-
Asau 0.025 MOAb COOTBETCTBYIOLIErO IPOMNAapTrHAOBO-
IO COGAMHEHHS M 3 AHS BHIACP)KUBAAH B TEMHOTE IIPH
25 ° C. K moAy4eHHOI1 peKIIMOHHON CMeCH IPHOABASAK
1.0 2 6opruapusa HaTpUs, epeMeIlnBaAY 24, IPUOaB-

Asiar SO MA BOABI M TPHDKADBI 9KCTParupoBaAu dpHpPOM
10 25 MA, 9QHpHbIe BBITSDKKH CYIMIUAN CyAbPATOM Mar-
His1. [Tocae yAaAeHUS PaCTBOPHTEAS OCTATOK ITePeroHs-
AY B BakyyMe. Bripeanan:

a) 11 (48%) 1-arokcunpomnan-2-oxna 3 a ¢ T.xut. 40 °
C (100 mm. pm.cm). Cuexrp SIMP' H, §, m. A., I'n:
1,11 tp (3H, CH,CH,, J=6.8),2,02c (3 H, CH, CO)
3.52-3.55 x8 (2H, CH, CH, O, J=6.8), 4.59 c (2H,
OCCH, 0).

6) 1.82 1 (56%) 1-6yTokcunpomnan-2-ona 3 6 c T.
xur. 64 ° C (100 mm.pm.cm). Cuexrp IMP' H, §, m. a.,
Im: 1,11 p (3H, CHZCH3‘]:6.8), 1.32-1.37 m (2H,
CH,CH,), 1.4-1.46 m (2H, CH,CH,), 2,02 ¢ (3 H,
CH, CO) 3.52-3.55 xs (2H, CH, CH,0, J=6.8),
4.59 ¢ (2H, OCCH,0).

B) 1.76 1 (44%) 2- (2-OKCOTIPOMOKCH)3THA aljeTara
3 B cT.xu. 68 ° C (70 mm.pm.cm). Cuexrp SIMP' H, §,
M. A, Tz 2,13 ¢ (3H, CH,CO),2,25 ¢ (3H, COOCH,),
3.65 p (2H, CH, 0,]J=6.8),4.35 T (2H, CH, 0,]=6.8),
4.59 ¢ (2H, CH,OCCH, O).

O6mast MeTOANKA B3aHMOAECTBHUS P OIAPTHAO-
BbIX 3QHPOB ¢ KoAamuHaoM. 8 T (0.025 MoAs) arjeTata
pryTu pactBopsian B AMCO mnoouepeato npubassau
0.0S Moap

COOTBETCTBYIOI]Er0  IPONAPTUAOBOTIO
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coepannenus (1 a, 6) u 0.05 Moab HaTPUEBOM COAU
KOAAMHHA B aOCOAIOTHOM 9TaHOAe. PeaknnoHHYIO
cMech nepemernnBasu 8 4 pu 25 ° C, mpubasasiau 1.0 2
OOpruApHAa HaTpuUs, IepeMelIUBAAN 24, IIPUOAASIAU
SO MA BOABI 1 TPHKABI 9KCTParupoBaAr 3QUPOMIIO 25 Ma,
aupHbIe BHITSDKKU CyMUAU CyAbdaTom MarHus. ITocae
YAQA€HHS PAaCTBOPUTEAS OCTATOK IIEpETrOHSAAM B BaKyyMe.
Bripeanan:

a) 3.97 r (54%) 2- (1-aTOKCHMIpOMaH-2-UAOKCH)
7 a ¢ .xum. 87 °C (6 mm pr ct). Cnextp SMP' H, §,
m. A., Tz 1,11 p (3H, CH,CH,,J=6.4), 1.25 m (3H,
CHCH,), 2.01 ym. (2 H, CH,NH,), 2.85 m (2H,
CH,NH,), 3.35-3.45 m (3H, CH, OCH,), 3.6-3.66 M
(4H, CHZO).

6) 3.15 r (45%) 2- (1-6yTOKCHIIPOMaH-2-UAOKCH)
sranamut 7 6 ¢ T.xum. 112 °C (3 mum pr cr). Ciextp
SIMP' H, 8, m. A, Tz 0.96 tp (3H, CH,CH, J=6.4),
1.25 M (3H, CHCH,), 1.32-1.37 m (2H, CH,CH,),
1.4-1.46 m (2H, CH,CH,), 2.01 ym.c. (2 H, CH NH,),
2.85wm (2H, CH,NH,), 3.35-3.45 m (3H, CH, OCH),
3.6-3.66 m (4H, CH,0):

O6mast MEeTOANKA B3aHMOAEHCTBHS AAAHAIIPO-
MapruAoBoro 3¢gupa ¢ HarpueBsiMu coasiva OH-
kucAoT. 8 T (0.025 MOASI) areTaTa PTYTH PacTBOPSIAH

B AMCO moouepepno mpubassau 0.0S moab
COOTBETCTBYIOIIET0 AAAUATIPOTIAPTUAOBOTro 3¢upa (1)
u 0.0S MoAb cooTBeTCTBYyIOmeH HarpueBoi coan OH-
kucaoTel B AMCO. PeakiinoHHYI0 CMech ITepeMelInBasu
12 4 mpu 25 ° C, mpubasasiau 1.0 r 6opruapupa HaTpus,
IIepeMeNInBaAu 24, MpUOAASAU SO MA BOABI U TPIDKABI
9KCTparupoBasu adupom mo 25 Ma, IPHUpHBIE
BBITSDKKH CYIIMAM CyAbdaToM MarHus. ITocae yaareHus
PacTBOPHUTEAS OCTAaTOK IIEPEerOHSAM B BaKyyMe.
Bripeanan:

a) B CAyuae HaTpHUeBOit coan koaamuna — 3.0t (52%)
l-aaamaokcumpomnan-2-oaa 9.

6) B cAydae HATPUEBOM COAM METaHOAA — 2.7 T (46%)
l-aaamAokcumpomnan-2-oaa 9.

B) 0.68 r (51%) 1-aaamaokcHIpomaH-2-0Aa 9 ¢ T.
xun 65 ° C (25 mm. pm. cm.), n* ° 1,4842, R 0,62.
Cuexrp SIMP! H, §, m. A., ' (mo mokazarusm Var-
ian Mercury-300 VX”): 1.14 (a, 3 H, CH,, J=6.4,), 2.02
(¢, 1H, OH), 3.22 (aa, 1 H, CH, CH,=9.3,]= 8.0),
3.41 (ap, 1 H, CH, CHY=9.3,3=3.1), 3.94 (v, 1 H,
CH), 4.01 (pas, 2 H, CH, All)J= 5.6,=1.6,"]=1.3),
5.18 (aat, 1 H, CH,,%J=10.4,7J=1.6,]=1.3), 5.26 (ax,
1 H, CH,,*J=17.2,)J=*]=1.6, CH,), 5.89 (aar, 1 H,
CH,’J=17.2,’]=10.4,%]=5.6).
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The development of methods of analysis for the
evaluation of chemical soil contamination

Abstract: The soil as part of the surrounding ecosystem can be contaminated by chemical elements
(Hg, Pb, Cd, Zn, As, Sb, Cr, Ni, Mn, Cu, V) because of human and industry activity. It can cause serious
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complications for human health. In order to maintain safe environmental conditions it is necessary to identify
the contaminated soil and apply different methods of recultivation and land readjustment based on methods
of analysis of contaminants information.

Keywords: soil, chemical contamination, methods of analysis, X-ray fluorescence method.
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Pa3paboTka MeToaAuKN aHanus3a AaJig OLLeHKN
XUMMUYECKOro 3arpsa3HeHus rnoys

Annoranust: ITouBa Kak 4acTb OKPY’KAIOLIel HaC 9KOCHCTEMBI MOYKET OBITH 3apakeHa XMMUIECKIMU dA€-
mentamu (Hg, Pb, Cd, Zn, As, Sb, Cr, Ni, Mn, Cu, V) B pesyabTare ASITEAPHOCTH 4€AOBEKa, TIPOMBIIIACHHBIX
HPEAIIPHUSATHIL. DTO MOXKET BBI3BaTh CEPhE3HbIE OCAOKHEHUSI AASI 3AOPOBbSI YeAOBeKa. B 1jeAsix coxpaHeHust
6AArOIOAYYHON 9KOAOTHYECKON 0OCTAaHOBKY, HEOOXOAUMO BBIIBASITD 3apaKeHHBIE [IOYBBI M HA OCHOBE METO-
AVIKH QHAAV32 AQHHBIX 3arPSIBHUTEAEH IIPUMEHSTh PA3AMIHbIE METOADI €€ PEKYABTHBALINY HAY CAHALIY 3€MEAD.

KaroueBble cAOBa: 1oYBa, XUMUYECKHE 3arPSI3HEHUS, METOAUKA aHAAM3d, PEHTTeHOPAYOPeCIIeHTHBII

METOA.

OxpaHa I104B OT 3arpsI3HEHHUI SIBASIETCSI BAXKHOM 3a-
Aaueil YeAOBeKa, TaK KaK AI0ObIe BpeAHbIE COEAMHEHNS,
HAXOASIIINECS B [IOYBE, PAHO HAH IIO3AHO ITOIIAAAIOT B Op-
raHusM JeroBeka. ITouBa, Kak 1 BCSIKOE OPUCTOE TEAO,
CIIOCOOHA MEXaHMYECKH 3aA€PKUBATh MEAKHE TBEPABIE
YJaCTHIIbI, B3BeIIeHHbIe B QUABTPYIOIIENCS yepe3 Heé
BoAe. XHMHYeCKOe 3arpsi3HeHIe TOPOACKHX II0YB IIOA-
pasAeAsieTcsl Ha 3arpsi3HeHHe TOKCUYHBIMY XUMHUIeCKH-
MU 9A€MEHTaMU U HeTeIIPOAYKTAMU U Ha 3arpsisHeHUe
AETKOPACTBOPUMBIME COASIMU — 3aCOAEHHE IOYB. AASI
OLIeHKY XUMHYECKOT'O 3arpsi3HeHNUS T0YB HanboAee pac-
IPOCTpPAHEHHBIM KOMIIAEKCHBIM F€ OXUMHYeCKUM [I0Ka3a-
TeAeM SIBASIETCSI CyMMApPHBII [TOKA3aTeAD 3arPsI3HEHIS —
Z . Ovaru TeXHOTEHHOTO 3arpsI3HeHHs, KaK TIPABUAO,
IPEACTABASIIOT COOOM H30OBITOYHYIO KOHI|EHTPALIUIO
B II0YBAX HE OAHOTO, & BCEI'O KOMIIAEKCA OIIPEAEASIEMBIX
XUMHUYECKUX 9AEMEHTOB.

AASL oIIpeaeAeHUSE 3arpsI3HEHHI IIOYBBI XUMUIECKH-
MU 9AeMEeHTaMH BO3HHKAQ HEOOXOAMMOCTD Pa3paboTKH
METOAVMKH QHAAW3a AASL IIPOBEAEHUS] 9KOAOTUYECKOTO
MOHUTOPHUHIA [I0YB PEeHTTeHOPAYOPECLIEHTHbIM METO-
AOM C IpuMeHeHHeM rpubopa Axios ¢pupmsi Panalytikal.
Peryaupyst mapameTpsl Ipr60opa MOXKHO aHAAUZHPOBATD

OT MaABIX KOHIJEHTPALIMI1 AO CTa IPOLIEHTOB BelleCTBa
B ripo6e. Takue BO3MOXKHOCTH ITO3BOASIIOT QHAAUSHPO-
BaTh IIMPOKMUI1 KPYT 0OPA3L0B: [IOYBbI, METAAADL U CIIAQ-
BBI, PYAbL, MIHEPAABL, CTPOMTEAbBHbIE MATEPHAABL, PACTH-
TEABHOCTb U Ap. Axios Advanced — 1mocAeAOBaTeABbHBII
CIIEKTPOMETP C OAHUM FOHHOMETPUIECKUM U3MEPUTEAD-
HBIM KaHAAOM, PabOTAIOIMM B IOAHOM AMAINIA30HE U3-
MepeHUuM.

Pa3paboTka KOAMYECTBEHHOM METOAMKY AHAAN3A [10-
TAIIHBII [IPOLIECC, ¥ BKAIOYAET B Ce0SI HECKOABKO CTAAMIL:
II0CTAaHOBKA AHAAUTHYECKOM 3aAauH, COOp HHPOpMALIUY
06 aHaAM3HMpyeMbIX 00pasljax, KAAUOPOBaHMe, AHAAU3
CTaHAAPTOB M CTATUCTUYECKAst 00pabOTKa MOAYyYEHHBIX
PEe3yABTaTOB. AASI KAKAOTO METOAQ QHAAM3A €CTh CBOM
KPYT Takux $paKTOPOB, BbIIBACHUE UX U YUET IIPH paspa-
60TKe BOXXHast 1 HeOTheMAeMast pabora. [IpumenuTeAbHO
K PEHTreHOPAYOPECIIEHTHOMY METOAY Ha AAHHOM IIpH-
6ope AASI pa3pabOTKH METOAUKHU AaHAAK32 [TOYB, HEOOXO-
AMMO YCTAaHOBUTb KaKOH COCTaB UMEIOT (OCHOBa U IIpH-
MeCHbIe 9AEMEHTbI) AAHHbIE TIPOGBL. AAS TAKO# OIeHKU
HEM3BECTHBIX IIPO6 IPUOOPHBIN KOMIIAEKC [TO3BOASIET
IIPOBOAUTD KaueCTBEHHBbII aHaAus. M3 mapruu orbupa-
0T HECKOABKO IIPOO 1 IPOBOASIT Ka4€CTBEHHBII AaHAAU3.
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B pesyabrare mOAY4arOTCsI CIIEKTPBI PAYOPECIIEHTHOTO
M3Ay4eHUs 9THX Ipo6. Takue CIIeKTPBI CPaBHUBAIOT MEX-
Ay c060I1 U1 BBISIBASIIOT 0011j¥ie 3aKOHOMEPHOCTH — IIPH-
MepHOe KOAUYECTBEHHOE COAEPIKAHIE IAEMEHTOB B 9TUX
npo6ax, BO3MOXKHOE BAHMSHUE 9AeMEHTOB (Ha aHaAM3H-
pyemble). Ilocae 3aBepIeHNs HACTPOMKH AIANKALIMH
IPOUBBOAAT U3MEpeHHe CTaHAApTOB (pob ¢ aTTecTo-
BaHHBIMH COACPKaHHAMH 9AeMeHTOB). CAeAyIomuit oTan
9TO PEAAKTHPOBAHHUE IPAAYHPOBOYHBIX I'PAPHKOB — BbI-
60p ydera GpOHA, HCKAIOUEHUE U3MEPEeHHI, N3MEHEeHHe
KOPPEKTHPOBOK.

AASL TOTO 94TOOBI CYAUTH O BO3MOXKHOCTH HCIIOAB-
30BAHMUSI TOTO MAU MHOTO METOAQ AASL QHAAWI32 OIIPEeAe-
A€HHOTO BUAQ HCCAEAYEMOTO MaTePHAAl, HEOOXOANMO
3HATDb €I'0 XaPAKTEPUCTHKH, B 00IIeM CAyYae 3aBUCSIIIE
OT IPHUPOABI AHAAMBHPYEMOT'O MATEPHAAA U OT COAEPIKa-
HUSL B HEM OIIPeAEASIeMOro KOMIIOHeHTa. Takum 06pasom,
IPUMEHNMOCTb METOAQ MOXKHO PAaCCMATPUBATh TOABKO
II0 OTHOIIEHHUIO K HEKOTOPOI 00AACTH COAEPIKAHIS KOM-
IIOHEHTA U OIIPEACACHHOMY BHAY MaTepUaAa.

XapaKkTepUCTHKY METOAQ AHAAM3A IIOAYYAIOT Iy TeM
M3MepeHMs. 9TAAOHOB U CTATUCTHIECKON 00paboTKOM
[IOAYYEHHBIX PE3YABTATOB. AASI OLIEHKH IPHIOAHOCTH
HCIIOAB30BAHUSI METOAVKH B AAOOPATOPHU IPOBOAST CTa-
THCTHYECKYIO OLIEHKY Pe3yABTATOB aHAAM3A ITAAOHOB.
O1jeHKa MOTPENIHOCTH PE3YABTATOB AHAAK3A C IIOMOIIIBIO
OAHOT'O CTAHAAPTHOTO 06pasIia AOIyCTHMA, €CAH COCTAB
COOTBETCTBYeT BAAOBOMY COCTABY AHAAM3HPYEMbIX 00'b-

€KTOB, a COAepIKaHKe B HeM aTTeCTOBAHHBIX KOMIIOHEHTOB
OTAMYAETCS OT OIPeAeAsieMbIX B 00beKTe He boaee deM
B 2,5 pasa. AAsI OLIEHKH METOAMKHU MOXET OBITH UCIIOAD-
30BAaH CTAaHAAPTHBIN 0Opaser] IPEAIPHATHS U HECKOAD-
KO 3TAAOHOB IIO BCEMY AHMAIA30HY OIPEAeAsieMBIX CO-
Aep>KaHMI. AAS BHITOAHEHHS OIIeHKU — PACCYUThIBAEM
Beamuny CKO (cpepHeKBaApaTHYHOTO OTKAOHEHWS)
AASL KQXKAOTO MHTEPBAAA COACPIKAHUM U OTIpeAeAsieMO-
ro KOMIIOHEHTa, KOTOpasl XapaKTepH3yeT NOrPelIHOCTH
pesyabraToB aHaau3a. Pacuer CKO oTHOCHTEABHOI 1TO-
TPEITHOCTHU IIPOBOAUM CAeAyroinuM obpazom. ITo dpop-
myae paccaursiBaeM CKO (morpemsocTs onpeaesenms)

TA€ 1 — KOAMYECTBO M3MEPeHHUH yJIacTBYIOIUX B pac-
yere, C ) — aTTeCTOBAHHOE COAEP)KAHHE JIAEMEHTA B 3Ta-
AoHe, C, — M3MEpEHHOEe COACP)KAHIE SACMEHT B 9Ta-
AOHe.

IToAydeHHOe, 3HAYe€HHE OTPEITHOCTH OTIPEACASHHS
nmoacTaBasieM B popmyay Aad onpepesernss CKO otHo-

CUTEABHOM IIOTrpeNIHOCTH
. G,-100%
£,r -

Co

ITpon3BOAMM TaKHe pacyeThl AAS KXKAOTO IAeMeHTa
M KQXKAOTO AMAIla30Ha KOHIJEHTPAIMI U COIIOCTABASIEM
noayyensble 3HadeHHs CKO% ¢ poomycTumbiMu 3Haye-
ausvu (Taba. 1).

Tabnuua 1. - CeBogHasa Tabnuua pedynbtatos pacdeta CKO n cpaBHeHus
¢ oonyctuMbiMun 3HadeHnamMmmn CKO ans aHanm3a no 3 kaTeropum TO4HOCTU

CKO,%
JreMeHT Anana3oH KOHIeHTpanmii, %
paccynTaHHOE AOIIyCTHMO€e
1 2 3 4
As 0,00050-0,00099 21 30
0,0010-0,0019 16 30
0,0020-0,0049 12 30
\% 0,0050-0,0099 20 30
0,010-0,019 10 25
0,020-0,049 7 21
Cr 0,0050-0,0099 16 18
0,010-0,019 S 14
0,020-0,049 8 11
Mn 0,020-0,049 13 21
0,050-0,099 10 17
0,10-0,19 4,5 11
0,20-0,49 S 8,0
0,50-0,99 8 5,4
Ni 0,0020-0,0049 21,5 30
0,0050-0,0099 10 25
0,010-0,019 11 23
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1 2 3 4
0,020-0,049 15 20

Cu 0,0020-0,0049 17 30
0,0050-0,0099 18 30

0,010-0,019 12 30

0,020-0,049 13 25

7n 0,0050-0,0099 16,5 27
0,010-0,019 18 25

0,020-0,049 7 21

Pb 0,0020-0,0049 20 30
0,0050-0,0099 20 30

0,010-0,019 12 25

0,020-0,049 13 21

Pacuer CKO npoBoanM AASL AMATIA30HOB KOHIIEHTpa-
LIUH, B KOTOPbIE BXOAST KpaliHKe 3HaYeHU s KOHIIEHTPALui
9AeMEeHTOB B IouBax: ¢poHoBoe copepxanue, ITAK u co-
AEPXaHHUS COOTBETCTBYIOMME YPOBHSAM 3arPA3HEHUSL.

B pesyabraTe nccaeaOBaHHM IPOBEAEHDBI PacyeTsl,
Ha OCHOBaHUH KOTOPBIX MO>KHO CAEAATDh BBIBOABI O IIPH-
MEHUMOCTH, paspaboTaHHOi MeToauKH. VI3 npuBeseH-
HBIX AQHHBIX BHAHO, YTO GOABIIAS YACTh 3AEMEHTOB, AAS
KOTOPBIX IIPOBOAUAU Pa3pabOTKy METOAMKH, UMeeT AO-
CTaTOYHYIO TOYHOCTD OIPEACACHHS IO 3 KaTeTOPUU KO-
AWYECTBEHHOT'O aHaAM3a. AASI OTUX 9AEMEHTOB MOXXHO
IIPOBOAMTD KOAMYECTBEHHBIN AaHAAM3 B YKa3aHHBIX IIPeAe-
AaX KOHIIeHTpauuil. AaHHbIe AUANIA30HbI KOHIJeHTpaLui
MTO3BOASIOT IIPOBOAMTD 9KOAOTHYECKHE MCCACAOBAHUS
Ha 3aTpA3HAIONINE JAEMEHTBI, B HUX YKAQABIBAIOTCS KOH-
LIeHTPAlui POHOBBIX COAEPKaHMI, IIPEAGABHO AOITY-

CTHUMBIX KOHIIEHTPALUi U YPOBHel 3arpsisHeHHs. AAs
HEKOTOPBIX KOHIIEHTPAIIMOHHBIX IPEACAOB, B pe3yAbTaTe
HCCACAOBAHIISI, OBIAH [IOAYIEHBI HEe yAOBAETBOPHTEAbHBIE
sanabie CKO — pag Mn B mHTepBaAe KOHIJ@HTpaIui
0,50-0,99 paccuntannoe sHauenne CKO 3HaunTeAbHO
IPEBBICHAO AOITycTHMOe. Takasi CHTyanus He ITO3BOAS-
eT MPOBOAUTD aHAAM3 MII B yKa3aHHOM AMAIIa30HEe KOH-
LEHTPALUH 110 3 KaTeTOPUM TOYHOCTH KOAMYECTBEHHBIN
anaaus. Ho pannoe sHauenne CKO 8% yxaappiBaercs
B pomyctumoe 3HadeHre CKO 10,8% u mo3BoaseT npo-
BOAUTD AaHAAU3 IO 4 KaTETOPUU TOYHOCTU KOAUYECTBEH-
HbII aHAAU3. Takoe yCAOBUe YAOBAETBOPSIET 3aKa34MKa
U AQeT eMy BO3MOXXHOCTb IIPOBOAHMTD OLI€HKY YpPOBHS
3arpsi3HEHHs OPUEHTHPOBOYHO, TeM OOAee, 9TO TaKue
COAEpIKAHHsI MapraHija IPAKTUYECKH He BCTPeYaloTCs
AQKe B 3arpsI3HEHHBIX IIOYBAX.
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O pearnposaHnu aMmMHOB C NPOMNapPrusoBbIMU
adupamum B npucyrtcremm auetarta ptytu (ll)

Annoranus: OcylecTBAeH CHHTe3 aMUHOIPHPOB B3aUMOAEHCTBHEM IIPOTIAPTHAOBBIX 3HPOB C HY-

kAeodpuaamu B mpucyTcruu anerata (1) pryTu. BoiiBAeHbI ONTHMAABHbIE YCAOBUS IPOTEKAHUS PEAKIHH.

Karouesnie caoBa: N-HykaeopuAbI, MEPKYPOHUHTEPMEANAThI, MEPKYypPUPOBaHUE, AeMePKypHUpPOBaHUe,

IIPOTIAPTUAOBbBIE dPUPBI.

AMUHOMEpPKYypHpPOBaHHE HENPEACAbHBIX CHCTEM
OTHOCHTCS K YHCAY HanbOAee H3y4eHHBIX U He yTPATHB-
IIMX aKTyaAbHOCTBH peaknuii [ 1, 118]. Oco6piit untepec
IIPEACTABASIIOT PEAKI[UH IPHCOCAUHEHUS COACH PTYTH
K AaAK€HaM U AaAKMHAM B IPUCYTCTBHU Pa3AMIHBIX HYKAe-
0¢uaoB. Tak, paHee OBIAO OCYIIIECTBAEHO COIPSDKEHHOE
npucoepuHenne CH-KHCAOT K aAKHAQIIeTHACHAM U IIPO-
MAprUAALIETaTy C UCIOAb3OBaHueM anerara prytu (1I),
COIIPOBOKAAIOIIeeCs] BHYTPUMOAEKYASIPHOM ITUKAH3a-
11ei 00PasyIOIHXCS Ha IPOMEXXYTOYHON CTAAUH HeHa-
CBIIIIEHHBIX AUKAPOOHUABHBIX COeAUHEHHUIT B ypaHOBbIE
npousBopHsle [2, 349]. 3amemenHble aMUHOQYpPaHbI
IIOAYYAIOTCS TAKOKE B Pe3yAbTaTe IIMKAU3AIIHMU AHMIIPO-
IIAPTHUAOBBIX d$HPOB, UHUIUHPYEMOH alleTaTOM PTYTH
(3, 2406]. B paabHeitmux paboTax GHIAO TOKA3aHO, YTO
AIleTHAAIIETOH, AI[eTOYKCYCHBIM U MAAOHOBBIN 9GHUPHI

\x/\o/Rl ¢ HNRIR? Hg(g'%c)z
1 00
R
~ | T
3(a,6,8,r)

A€TKO AAKHMAMPYIOTCS IPOIAPTUAOBBIMU 3PUPAMH B IIPU-
cyTcrBuu anjerata pryTu kak B AMCO, Tak u B AMOKCaHe,
pernocnenpUIHO IPUBOAS K H30MEPHBIM MPOAYKTaM
AVHEHHOTO CTPO€HHUS], TOAYJAIOIUMCS KaK B pe3yAbTaTe
HeIIOCPeACTBEHHOTO BUHUAMPOBAHHMS, TAK U ITOCACAYIO-
Ijel MPOTOTPOIIHON U30MEepU3aLuel.

AorudeckuM IPOAOAKEHHEM IIPeACTABACHHBIX paboT
SIBUAOCDH MCCAGAOBAHUE TIOBEACHHUSI HEKOTOPhIX AMUHOB
B KauecTBe N-HyKA€OPHAOB C PSAOM IIPOIAPTHAOBBIX
3QUPOB B YCAOBHUAX aMHUHOMEPKYpPUPOBAHUA-AEMEPKY-
pupoBanus. Tak, mpu MpoBeAeHUHU peaKI[ul AMHHOMep-
KypHPOBaHUA-AEMEePKYPHUPOBAHUS AAKUAIIPOIIAPTHAO-
BbIX 9¢upos 1 a, 6 ¢ AUITHAAMUHOM U MOPPOAUHOM
B AMOKCaHe OBIAU BBIAEAEHDI IIPeAeAbHbIe AMHHOIPUPDI
4 a-r o cAeAyIOIel CXeMe ITOCAGAOBATEAbHbIX IIPeBpa-

I[eHUM:
R1| 1.NaBH,
AcOHg™ ™ O | 2HO0_
2 NRZR®
. ()/R1
NR2R3
4(a,6,B,r)

a) RIZRZZ R3:C2H5’ 6) R]Z C4H9’ R2: R3:C2H5’

B) Rj=CyHs Ry Rj

= -CH2CH20CH2CH2-,

r) Ri= C4H9, R, R3 =-CH,CH,OCH,CH,-

C 1eApio BBIICHEHUS CPaBHUTEABHOM aKTHBHOCTH
ABOMHOM M TPOMHOM CBA3EH B PeaKI[UF aMIHOMEPKYPHPO-
BaHHSI-AeMePKyPHPOBAHIUS ObIAA UCCACAOBAHA PETOXUMIST
B3aMMOAEHCTBH AMOTHAAMHHA U MOPQOAMHA C AAAUATIPO-
mapriaoBeiM 3¢upoM 1 1. Tak Kax sp-rHOpUAU3OBaHHBI
aToOM yraepoAa 06AapaeT GOABIIElt IAEKTPOOTPHULIATEAD-
HOCTBIO TI0 CPaBHEHHUIO C SpZ-I'I/I6pI/IAI/130BaHHbIM aro-
MOM YTA€POAQ, CAEAYET OXKUAATh CPAaBHUTEABHO ACTKOM

araku IN-HyKA€OQHABHBIX areHTOB IO 3aMelleHHOMY
YTA€POAHOMY aTOMy TPOMHOM CBsi3H, ellle 6oAee aKTH-
BHPOBAHHOM aIleTaTOM PTYTH BCACACTBUE SAKTPOPHAD-
HOro copenicTBHA. Peakins B AMOKCaHe IPEACTABASETCS
IPOTEKAOMell II0 ITyTH OOPa3soBaHUSI HEYCTOMYUBOIO
€HAMHUHHOTO MePKYPOUHTEPMEAUATA S, KOTOPBI B YCAO-
BHSX AGMEpPKyPHPOBAHHs, 0-BUAMMOMY, IPeBpaIaeTCcs
B 3-aaannokcu-N, N-pustuanpon-1-en-2-amus (6). Aab-

73



Section 9. Chemistry

HEeHIIeHn TPchq)OpMaI_II/IefI €HAMHHHOI'O IIPOMEXYTOY-
HOTO COAMHEHHS IIOAYYAeTCs 1-aAAMAOKCHUIIPOIIaH-2-0H

Hg(OA
0 + HN(GyHs), g(T\C)‘z
1(r) o0

N(C,Hs),
6

HPI/I Hp0BeAeHI/II/I peaKuI/II/I MepKypI/IPOBaHI/Iﬂ-Ae-
MepKypI/IPOBaHI/U{ aAAI/IAHPOHaPFI/IAOBOFO 3¢Hpa (1 I')
MOPQOAMHOM B AHMOKCAaHe HAOAIOAAETCSI H3MeHEeHHe
XOAQ PEAKIIUHU BCAEACTBHE OOABIIEN HYKA€OPHABHOCTH
MOP(I)OAI/IHa 110 cpaBHeHI/IIO C AUDTHAAMHHOM. ITo Bcen
BEPOSATHOCTH, pE€aKIIMA IIPOTEKAET II0 ITyTHU 06PaSOBa'

O
\/\O/\/ +

1) N

NaBH,

(7), BoccTanaBAMBaeMblit B yCAOBHSX A€MEPKYPUPOBAHHS
B l-aaaMAOKcHTIIpOIIaH-2-0A (8):
1.N aBH4,
AcOHgNo/\/ 2.H,0
5 N(GHs)

| H
7 8

HUSl €HaMHHHOTI'O MepKypOIIPOM3BOAHOIO 9, BOCCTa-
HABAUBAaeMOIO OOPTHAPHAOM HATPHS B MHTEPMEAHAT
10, BocCTaHOBA€HHEM KOTOPOTO IOAYYAeTCs MPOAYKT
N-aAKMAMPOBaHHUS TPOiTHOI1 CBA3U — 4- (1-aAAMA-OKcH)
nponan-2-ua) mopdoaun (11).

He(0AQ), ACOHg N0 .
) ks

0_0

O

(]

O
10

Taxum 06P330M, npu B3aHMOAEfICTBHH HEKOTOPDBIX 3y€MbIX aMHHOB N YCAOBHfI AEMEPKYPHPOBAHMS ITOAY-

N-HYKACO(PI/IAOB C AAKHA- U AAAVAIIPOIIAPTHAOBBIMU Yar0TCS KaK IIPOAYKTDI IIPSIMOI'O N-aAKI/IAI/IpOBaHI/Iﬂ, TaK

3(1)I/IPaMI/I B 3aBUCHMOCTH OT HYKAeo(l)I/IAbHOCTI/I HCIIOADB- u N-aAKI/IAI/IpOBaHI/Iﬂ C IIOCACAYIOIHNM 3aMEIE€HUEM.
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