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INVESTIGATION OF PHASE AND CHEMICAL COMPOSITION
OF MANGANESE CARBONATE ORE

T.Rokva, T.Chakhunashvili, D.Dzanashvili, N.Butliashvili, T.Machaladze
Ivane Javakhishvili Thilisi State University
Rafael Agladze Institute of Inorganic Chemistry and Electrochemistry

SUMMARY
The mineral composition of carbonate ore of Chiatura manganese mine is studied by the methods of x-ray,
thermogravimetric, spectrophotometric and chemical analysis for its chemical-technological treatment. The
main components of ore has been established.

This work was supported by the grant of Sota Rustaveli National Scientific fond Ne FR/109/9-220/13.

UCCJETOBAHUE ®A30BOTO U XUMUYECKOI'O COCTABA
KAPBOHATHO¥ PYJIbI MAPTAHIIA

T.Poksa, T.Haxynamsunu, [.J{3anamsunu, H.bytnuamsunu, T.Mavanaaze
Tounucckuii I'ocyoapcmeennvlii Yuusepcumem
Hncmumym Heopeanuyeckou xumuu u d1ekmpoxumuu um. P.U. Aenaosze

PE3IOME
Meronamu peHTTreH0(a30BOro, TEPMOTPaBUMETPUIECKOT0 U XUMHYECKOT0 aHAJIM30B U3y4YeHBI (Da30BBIH U
XAUMUYECKUI cocTaBbl KapOOHATHOHM pyabl UHaTypcKOro MEeCTOPOXKISHUSI MapraHia ¢ Ieibio e€ XUMHKO-
TEXHOJIOrMYEeCKOH mepepaboTku. M aeHTHOUIMPOBAaHBI OCHOBHBIE MUHEPAIIBI, COIEPIKAIIUECS B PY/IE.

PaGora BeimonHeHna npu QuHaHCOBOH momaepkke rpanta HamumonansHoro Hayunoro ¢onma mm. Ilota
PycraBenu Ne FR/109/9-220/13.
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ANALYTICAL CHEMISTRY

QUANTITATIVE ANALYSIS OF IODINE IN THE SOFT DRUG FORMS

Pavel Iavich*, Nino Abuladze, Maka Javakhia, Luiza Churadze*, Ekaterine Khurtsidze
Akaki Tsereteli State University
lovel Kutateladze Institute of Pharmacochemistry

The paper dwells on the review of the modern methods of iodine quantitative analysis in the soft drug forms.
Iodine is a vital microelement. Its deficiency causes serious disorders in the organism. Making good the iodine
deficiency is possibly by various foods and pharmaceutical products. At first, iodine, potassium iodide,
potassium iodate, povidone-iodine and other substance should be separated from the base, and then their
amounts must be determined. Isolation from the fatty base mainly occurs by means of ethyl ether, as a result of
which there is chosen a particular method. Titrimetric determination is quite useful method, although at present
there are more widely used the instrumental methods of analysis, such as photometry, chromatography,
electrochemical methods, mass-spectrometry, etc. Studies of literary sources have shown that there exist many
methods of iodine quantitative analysis, but following from its acting and auxiliary substances, each drug form
requires individual approach to analysis.

Iodine is a vital microelement. It is concentrated in the thyroid gland and in the blood. From blood,
iodine reaches different organs and tissues, and mainly it is flushed out by kidneys. The main role of iodine
is to participate in the formation of thyroid gland hormones. As of today, the iodine deficiency-related
diseases pertain to the most common noninfectious diseases of people. According to World Health
Organization (WHO) data, about 2 billion people on the planet live in the conditions of iodine deficiency,
and 740 million from them have been diagnosed with endemic goiter, of which 43 million — because of
iodine deficiency. lodine deficiency is accompanied by the following symptoms: sterility, work decrement,
sleepiness, loss of hair, brittleness of nails, obesity, thyroid gland cancer, papillary carcinoma, etc.

Iodine pharmaceutical products are present in kind of liquid drug forms, such as aqueous, spirit,
glyceric and chloroform solutions; in the soft drug forms, such as potassium iodide, povidone iodine and
other ointments, as well as in kind of peroral tablets; but the most common is potassium iodide in the form
of tablets.

For prevention and treatment, more desirable are pharmaceutical products with a full guarantee of
quality. The preference is usually given to potassium iodide. It is an inorganic iodine-containing substance.
It is producing by international non-patented name Potassium iodide (Kalii iodidum), it is produced mainly
with two dosages — iodide 100 (130,8mcg KI) and iodide 200 (261 mkg KI) and with various patented
names, such as: iodinebalance, iodandine, iodomarine, antisrumine, etc.

As of today, peroral tablets remain the main drug, although this way of intake is not perfect enough
from bio-pharmaceutical standpoint; bio-penetrability is low because of instability of preparation to
stomach acid area. Intake of Per os potassium iodide disturbs mucous coat of stomach, thus there is
required intake of large amount of water or milk; it causes vomiting, faintness, diarrhea, abdominal pains,
nervousness, headache, iodism, salivary flow, tooth and gum aches, etc. On the other hand, assigning of
Per os may be undesirable during disorder of kidney function as well. Severity of the results of effects
depends on the concentration of taken iodine-containing preparation.

There also exist the forms of iodine-containing drugs for outward application, which are used on the
skin locally as bactericidal ones. Sometimes, in cases with danger of nuclear contamination, for resorptive
effect purposes, there is used smearing of skin with iodine solution. However long-term use of them causes
skin irritation.

The goal of our research consists in search for method of iodine isolation from the soft drug forms —
ointments, creams and pastes, and in studies of available data on quantitative analysis of iodine.

Just half a century ago, the iodine-containing ointments were preparing in drugstores, and their
quantitative analysis was carried out there as well.

Qualitative and quantitative analysis strategy of the soft drug forms is as follows:

1. Iodine (iodine-ion, iodate-ion) isolation and

2. Search for methods of determining iodine, iodine-ion from the base components (as well as from an
acting substance).

The content, method of preparation, properties and quantitative analysis of potassium iodide officinal
ointment(Unguentum Kalii iodidi 10%) are given in the Russian Pharmacopoeia IX. It should be noted that
the different way of iodine isolation from prescription formula hardly exists in the literature.
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In compliance with above mentioned Pharmacopoeia, the method for isolation of potassium iodide
from the ointment composition and for its qualitative analysis is as follows:

Approximately 2 g of ointment (correct weight) are placed in the 100 ml bulb and stirred up with 30 ml
ether until dissolution of ointment, and then 20 ml of mixture, which is composed of 3 ml of dissolved
acetic acid and 97 ml of water, is added; then it is thoroughly stirred up. The obtained solution is
transferred into the distributive funnel and after the layering, in the 100-ml measuring bulb, the aqueous
layer is filtered down through the cotton lump and paper filter. Sequentially, isolation of ether solution is
carried out by using the same mixture of acetic acid and water. Each time, 20 ml of mixture and aqueous
layer are taken and filtered in the same cotton and measuring bulb until obtaining of 100-ml liquid, and
then the solution is strongly stirred up. Then 50 ml of this solution is added to 0, 2 N solution of 10 ml of
mercuric nitrate. 5 ml of dissolved nitric acid and excess mercuric nitrate are titrated by 0,1 N ammonium
rhodanide solution (indicator is an iron-ammonium alum). 1 ml of 0,1 N mercuric nitrate is equal to 0,0166
g of potassium iodide, the content of which in the preparation should be 9,5-10,5%.

If potassium iodide is prescribed together with iodine, it is prepared without sodium thiosulphate. The
ointment is prepared both on fatty and emulsion bases. [1, 2]

The current Russian industry standard OCT 91500.05.001.00 (29.02.2000) envisages qualitative and
quantitative analysis of ointments (creams, gels, liniments and pastes): on identity, pH determination,
determining the solid particles sizes, determining foreign (product-related) impurities, determining
microbiological purity and sterility and, as a rule, a quantitative analysis as well. The amount of
therapeutic substances in the ointments is determined by methods given in private pharmacopeia articles on
the tested ointment.

The standard generally mentions spectrophotometry and chromatography. [3-6]

Quantitative analysis of all ointments is carried out by different methods (several alternative ones) by
chemical nature of acting substances.

Quantitative analysis of iodine to this time, despite existence of numerous methods, remains very
complex and labor-intensive. This is explained by its volatility, capacity to enter into oxidation-reduction
reactions with the components of analyzed substance, polyvalence and, in a number of cases, by its low
concentration. Of special importance in this regard is the correct choice of the sample preparation method
[7-15]. Herewith, we must take into account 2 major factors: a) presence of organic substances in sample
hinders carrying out the analysis; b) no ideal method exists for sample preparation — in most cases we face
losses of iodine in this process, and it turns on the question how to minimize them.

As of today, there are well-known the several sample preparation methods. Let’s consider just some of
them:

a) the method of alkaline dry combustion during processing of sample with sodium hydroxide or
sodium carbonate solution, the so-called dry ashing at the temperature from 400 °C to 500 °C; or

b) liquid (wet) ashing — prior processing with strong acids in the presence of oxidizing agents.

For reducing the iodine losses, there are introduced in these processes the various additives, for
example potassium carbonate, zinc sulfate and ethanol. In a number of works, as oxidizing agents, there is
used sodium nitrate or potassium permanganate that allows, on the one hand, getting rid of the influence of
organic substances, and, on the other hand, obtaining iodine in one oxidized form followed by post-ashing
neutralization of and deoxidization of sample. During the “wet” ashing, there are used the different
mixtures, for example, a mixture of sulfuric, nitric and perchloric acids, a mixture of chloric-hypochloric
acids, a mixture of concentrated sulfuric and perchloric acids.

According to our data, the minimal losses of iodine can be achieved only in case of using the method of
decomposition and further processing in an enclosed space, the so-called method of using of “bombs™ [16,
17].

As a modification of this method can be deemed combustion of sample in an enclosed space in the
atmosphere the oxygen in the conical or round-bottom flask made of heat-resistant glass with micro-
section, during simultaneous dissolution of forming products in in the absorbing liquid and iodine
determination in the solution [13].

It should be noted that according to data of authors, the method is applicable only for samples with a
certain content of iodine, and instrumentally permits using of weigh of order 0,05-0,01 t. Thus, as of today,
it is still continuing wide use “dry” or “wet” combustion of sample, where is permitted using of samples
with weigh of order up to 10 t.

Let us consider the existing methods of iodine quantitative analysis.

Titrimetric analysis (titration) [1, 19-22]. Titration is one of the most common methods of iodine
quantitative analysis. It is recommended for determining the iodine content in drinking water, bread and
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bakery products, in edible kitchen salt by potassium iodate, and is used in a number of countries to
determine the absorbed and linked by the double bonds iodine in oils and fats. It is simple and accessible
for implementing in any conditions, and has high sensitivity when determining all the forms of iodine, such
as molecular, iodides and iodates.

The most often used titrant is sodium thiosulfate (in the presence of starch as a indicator). lodometric
titration underlies the quantitative analysis of both iodates and iodides. An excess amount of potassium
iodide is added to the solution containing iodate for release of free iodine, the quantitative analysis of
which is carried out by titrimetry. Quantitative analysis of iodides in the solution is also carried out by
titrimetric method, when iodides at first are oxidized by bromine in the acid medium until iodates, which
are deoxidized by means of iodides in the acid medium until molecular iodine and titrated by sodium
thiosulfate in the acid medium.

Iodometric titration should be carried out in the cold, since at high temperatures there occur losses of
iodine due to its volatilization from the solution.

Photomentric methods [7-9; 23-31].

Photometric methods of iodine quantitative analysis can be divided into two groups. The first one is a
relatively simple method for determining iodine in extracting organic solvents — chloroform, benzol, carbon
tetrachloride, as well as photometric methods based on the formation of complex compounds of iodine with
different reagents, for example, with sodium nitrite in the acid medium. These methods are user-friendly,
simple, but usable with sufficient reliability at a relatively high content of iodine salts in sample. Of course,
they are preceded by preparation of sample and transform of iodine into a certain form. The second group
includes kinetic methods of analysis, which have higher sensitivity, but the reactions should be
implemented in strictly controlled conditions, with condition of providing of precise control of time,
temperature and pH. It is well-known for example, cerium-arsenite, based on catalytic effect of iodine on
the process of deoxidization of ceric cerium by trivalent arsenic in the acid medium. Decreasing the rate of
intensity of the solution coloring is measured by photometric method at a wavelength of 450 nm. At
present, there exist the different options of kinetic analysis of iodides on the basis of cerium-arsenite
reaction, which differ from each other mainly by modes of sample preparation for analysis.

It is also well-known rhodanide-nitrite method, which is based on the oxidation reaction of rhodanide-
ion by mixture of nitrate-and nitrite-ions, catalyzed by iodide-ions. There is described the method of
qualitative analysis of total iodine, which is based on the catalytic decomposition of ferric-thiocyanate
complex by nitrite, which is catalyzed by iodide and on the followed photometric analysis at a wavelength
of 450 nm. The methods are widely used for determining iodine in a number of biological liquids,
vegetable and animal foods, feed and plants, for example, in potatoes, carrots, apples, milk, sea products,
tea, sweets and in many other products.

Chromatographic methods [32-36].

The method of gas-liquid chromatography is developed for determining total iodine in foods. For
preparation of sample, after the ashing, iodide is dissolved in water. Its oxidizing until free iodine is
carried out by potassium dichromate in the presence of sulfuric acid. lodine released at this time was
interacted with 3-pentanone, and the obtained compound is extracted by n-hexane or by another similar
solvent, after which it is delivered to chromatograph. There are various possible modifications of method,
but its principle remains constant. The method is quite sensitive, and is used for objects with low content of
iodine.

One of the relatively new methods is a high-performance liquid chromatography. When using high-
performance liquid chromatography, there is required preliminary careful preparation of samples, removal
from them of fats, proteins, mineral impurities, etc. Detecting is carried out by using electrochemical or
ultra-violet detector. High sensitivity and selectivity of method allow its using in the wide range of
designated objectives. In the literature, there is considered the method of determining povidone-iodine in
the solutions and ointments by using HPLC. The povidone-iodine contents in liquid and ointment were
determined using high-performance liquid chromatography (HPLC). The chromatograph equipped reversed
phase ODS column and detector was set at 355 nm. The flow rate of the mobile phase of methanol: water
(7: 3) containing 1% KI was 1.0ml/min.

The retention time of povidone-iodine was 3.9 min. When this HPLC was applied to the povidone-
iodine preparations (gurgle and solution) on the commercial market, the povidone-iodine contents were
found to comprise more than 95%. In the povidone-iodine sugar ointment, which was prepared in the
hospital pharmacy, admixed with lysozyme chloride ointment, the iodine contents by this HPLC had a
good correlation with the available iodine contents by titration (r=0.9999). Furthermore, this method could
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also be applied to povidone—iodine in the organic solution after extracting the povidone-iodine sugar
ointment admixed with lysozyme chloride ointment. [37-38]

Electrochemical methods [39-44].

This group of methods can be divided into several types such as: voltammetry, polarographic,
amperometric, etc. The first one is based on the transformation of all forms of iodine into the
electrochemical active form of iodide ions by means of stripping voltammetry. lodide-ions are accumulated
on the surface of mercury electrode in the form of low-soluble compound with mercury with its subsequent
cathode reduction at pH 2 in the medium of inert gas. The method is quite sensitive, the limit of iodide
detection is 0,5mct in 100 g of product.

The potentiometric titration method is based on determining the potential of the indicative silver
electrode, during the process of iodide-ion titration by sliver. The amount of silver expended on the
potentiometric titration corresponds to the concentration of iodide-ions. The method can be used in the
wide range of concentrations from 0,2 to 500 mg/kg.

In recent years, the element-selective electrodes, including iodine-selective ones, are being used more
and more. The membranes of these electrodes are composed of low-soluble silver iodide salt in the mixture
with argentic sulphide. Actually, this method may be pertained to electrochemical methods of analysis. The
method is mainly used for assessing quality of natural and drinking waters.

It is also possible to emphasize a number of high-performance methods for iodine determining [45], but
practicable only in special laboratories, in particular the isotope dilution method and method of neutron
activation analysis, mass-spectrometric method with inductively coupled plasma.

The provided data prove that there exists a wide choice of methods of iodine quantitative analysis in
various objects, including different therapeutic forms. Each of them has advantageous and
disadvantageous. It should be remarked that many of these methods, which are used for iodine determining
and have high sensitivity and reliability, are inaccessible for using in mass broad analytical practice. The
most frequently used are more accessible and simple, though low-sensitive methods (titrimetric, some types
of chromatographic, photometric, etc.). It depends on the character of analyzed object, the content of
iodine salts in it, and required determination accuracy.
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OIIPEJIEJIEHUE MOJIA B MATKHUX JIJEKAPCTBEHHBIX ®OPMAX
[L.A.ABuu*, H. AGynanze, M. Ixxasaxus, JI.Uypaaze*, E. Xypuumze
Kymaucckuii ynueepcumem um. A.Llepemenu
*Unemumym gapmarxoxumuu um. U Kymamenaose

PE3IOME

CraThst ~ CIyXXHUT 0030pY COBPEMEHHBIX METOJIOB OIpEJeNeHUs Hofa B HOMOCOIEPKAIMX MSITKUX
JNIeKapCTBEHHBIX (opMax. Moa KM3HEHHO HEOOXOMMMBI MMKpOdIeMeHT. Ero neuIUT B OpraHM3Me
BBI3BIBACT CEpPhE3HbIC HapYIICHHs. 3aloiHEHHEe AeQHuIUTa HoJa BO3MOXHO MHOTHMH ITUIICBBIMH U
dapmanepTHUeCKUMH npoaykTaMu. Mon, kamus HoaMa, Kamus HOAat, TOBHMIOH-HOM M JpYrHe CpeicTBa
MPEABAPUTENBHO JOIDKHBI U30JMPOBATHCSI ¢ OCHOBBI MSTKUX JIEKAPCTBEHHBIX (hOPM, U 3aTEM MTPOU3BOUTCS
uX onpexaeneHue. M3omsmnus u3 )KUPOBOH OCHOBBI B OCHOBHOM IPOM3BOJUTCS STHIIOBBIM 3(HPOM, TIOCIIE
4ero BBIOMPAIOT TOAXOASIIMA MeToNl aHaiu3a. JIOBONBHO ampoOHMpOBaHHBIM METOJOM OKa3aioch
TUTPOMETPUYECKOE OIPEACIICHNUE, OJHAKO, HA CETOAHSIIHUNA JI€Hb IIMPOKOE MPUMEHEHUE HAXOAT TaKHe
WHCTPYMEHTAIBHBIE METOJbI aHajn3a, Kak (OTOMETpHs, XpoMaTorpadus, dJIEKTPOXUMHUUECKHE METOJIBI,
Macc-CeKTpoMeTpuss W Ap. M3ydeHWe  JIMTEpaTypHBIX HCTOYHHKOB II0Ka3al0, 4YTO CYLIECTBYIOT
MHOTOYHCIICHHBIE METOABI OMNpeAeNcHUs] Homa, HO KaKaas JeKapcTBeHHas ¢Gopma, HCXoas U3 eé
JEWCTBYIONIMX M BCTIOMOTaTENbHBIX BEIIECTB, TPeOYyeT WHANBUAYAIBHOTO MMOIX0/Ia K aHATIH3Y.
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ADSORPTION OF MELLITIC ACID AT THE MERCURY FROM ETHANOLIC SOLUTIONS
Irina Gurgenidze, Shukri Japaridze
Ivane Javakhishvili Thilisi State University R.Agladze Institute of Inorganic Chemistry and Electrochemistry
SUMMARY
The adsorption of mellitic (1,2,3,4,5,6-benzenchexacarboxylic) acid from ethanolic solution is stadied by measuring the
differential capacity of the stationary drop electrode. Analisis of the experimental data in terms of the Frumkin-Damaskin
theory shows that the adsorption of mellitic acid conform well to the Frumkin isotherm with particle-particle interaction
corresponding to attraction. It was indicated that at the anodic polarization adsorption was caused by the strong n-electron
interaction of the aromatic ring with the electrode surface.

AJICOPBIIMSI MEJUIMTOBOM KUCJIOTHI HA PTYTH U3 3TAHOJIbHBIX PACTBOPOB

N.A.TI'yprenunnze, 111.C.J[>xanapunze
Hucmumym neopeanuueckotl xumuu u saexmpoxumuu um. P.U.Aenaose Tounucckozo 2ocyoapcmeenno2o
YyHugepcumema um. Means Joicasaxumsunu
PE3IOME
Ancopbrms  MeuToBOM (O0eH30:1-1,2,3,4,5,6-rekcakapOOHOBOM) KHCIOTHI M3 3TAaHOJNBHBIX PACTBOPOB H3ydaiach
u3MepeHneM  TUQQepeHIMaTbHON  €MKOCTH — CTAllMOHAPHOTO  KAlleIbHOrO PTYTHOrO  DJEKTpoAa.  AHajus3
9KCIIEPUMEHTANIBHBIX JaHHbBIX, MPOBEACHHBINA C MCIONb30BaHUEM Teopud dpymkuHa-/laMacKUHA, YKa3bIBAET HA TO,
YTO afCOpOLUS MEJUIUTOBON KUCIOTHI OMUCHIBAETCS M30TEPMOM PpyMKHHA, COOTBETCTBYIOIIEH MPUTATATENLHOMY
B3aMMOJIEHCTBUIO aCOPOUPOBAHHBIX YacTHIl. [0Ka3aHO, YTO NMPH AHOAHBIX MOJSPHU3AIMAX DIEKTPOAA AACOPOIIHs
00yCIIOBJIEHA 7-3JIEKTPOHHBIM B3aMMOZEHCTBUEM apOMAaTHYECKUX sIep MOJIEKya ajacopbaTa C IIOBEPXHOCTHIO
AIIEKTPO/A.
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IJIEKTPOXUMUSA

KOPPO3UOHHBIE UCIIBITAHUA YIVIEPOJUCTBIX MATEPUAJIOB
B ATPECCHUBHBIX CPEJAX

L.M.T'aranaze, K. M.Kebanze, k.M. Anenu*, JI.IL. Kakypus, KT.Vrpenunze

Hnemumym neopeanuueckou xumuu u d2nekmpoxumuy um. P.Aenaose
Tounuccrkoeo I'ocyoapcmesennoeo Yuusepcumema um. He./ocasaxuweunu
*Unemumym mexanuxu mawiun um. P, /leanu

WuTeHcuduKarys 3MeKTpOXUMUYECKUX IPOIECCOB, IPOTEKAOIINX B Pa3IMYHBIX PACTBOPAX, BO3MOXKHA 32
CYET UCIIOJIB30BAHUS AIIEKTPOIOB C Pa3BUTON PEaKIIMOHHON IIOBEPXHOCTBIO.

HeobxoauMocTs MHTCHCH(UKAIIMK HJICKTPOAHBIX IMPOLECCOB OOYCIOBIEHO TEM, YTO 3a4acTyl0 MMEHHO
CKOPOCTB TIpoIiecca ONpeeNsieT BO3MOXHOCTh IPUMEHEHHUS MIEKTPOXUMUYIECKUX METOI0B, UX 3P (PEKTHBHOCTD
U KOHKYPEHTHOCIIOCOOHOCTH 110 CPAaBHEHHIO ¢ XUMUYECKUMH.

OpnuM u3 Hambosee pealbHBIX CIOCOOOB CYIIECTBEHHOTO YCKOPEHHUS Ipollecca 3JIEKTPONH3a SIBISETCS
HCIOJb30BAHUE B KAyeCTBE JJIEKTPOJOB TaKUX MATEpUasIOB, KOTOPbIE XapaKTEPU3YHOTCA BBICOKOPa3BUTOU
PEAKIIMOHHON TIOBEPXHOCTBIO, Ha KOTOPBIX JEMCTBUTENIBbHAS IUNIOTHOCTh TOKA MOHMKeHa. K TakuMm MatepuanaM
OTHOCATCS ~ YIVIEPOAMCTBIE MAaTEpHUalbl, XapaKTEpPU3YIOLIUECS BBICOKOW IIOPUCTOCTBIO, IPOYHOCTHIO,
JJIEKTPOIPOBOJHOCTEIO U MaJBIM BECOM. [X NpHMEHEHHE B pPA3IHUYHBIX OONACTAX MAAéT 3HAYMTENIBHBIN
SKOHOMHUYECKHH 3 PeKT.

[Ilupokoe HCHONB30BaHUE YIIEPOAUCTBIX MATEPHAJIOB B COBPEMCHHOW IIPOMBIIUICHHOCTH Tpedyer
U3y4YeHHs HMX TOBEICHHS B Pa3MYHBIX arpecCUBHBIX cpelax. B Hacrosmeil pabore Oblna HccieqoBaHA
XUMHYECKasi CTOMKOCTh YIIIEpOJUCThIX MatepuanioB B kuciod (30% H,SO,) wu memounoit (23% NaOH)
cpelax U OIpPEAENEHO BIMSIHUE KOPPO3HMOHHOW Cpelbl Ha CBOMCTBA ITUX MAaTEpUaloB M XapaKTep KOHTPOJIS
KOPPO3HOHHOTI'0 IIpoliecca.

OOBEKTOM HaIIMX MCCIIEI0BAHUH OBIIIM MUPOIM3HBIE ToauMepHble KoMito3uTs! (I1T1K) B Buae MOHONMHUTHBIX
MaTepHajoB U yIIIEpOJHBIC BOIOKHUCTRIE MaTepraisl (YBM) mapku BMH-4 B Buze xryra.

O6pasupr u3 [IIK ObutM MOMy4YEeHBI COTPYAHUKAMH MEXaHHUKO-MAIIMHOCTPOUTEIHPHOTO HWHCTUTYTa WM.
P.JlBalmi  MeTOXOM BBICOKOTeMmeparypHoii (600-1300°C) oGpaGoTky (IHpPOIMH30M) KOMIIO3HTOB Ha OCHOBE
cMmecel peHoapopManbaerHIHON U SMOKCUAHON CMOJ, a TaKkKe MOJIMMETUICECKBHOKCAHA U CTEKIOBOJIOKHA B
BaKyyM€ HJIM HMHEPTHOH cpene.bpuin momydeHbl MOHOJHMTHBIE MaTepHaibl, OOJIAMAIOIIME MPOBOAHUKOBBIMU
CBOWCTBaMU C YJEJIbHBIM COIPOTHUBIEHUEM 10°- 10°0OmcMm. B 3aBHCHMOCTH OT peKUMa  IIOJY4YECHHS
NUPOJI3HBIX KOMIIO3UTOB BO3MOXKHA pETyIMpOBKa B MaTepUale pa3MEpOB IOp, IJIOTHOCTH, HCTHUHHOU
MIOBEPXHOCTU U MEXAHUYECKOW NPOYHOCTU. BBy TOro, YTO IOPHI B NUPOIU3HBIX MaTepUalax B3aUMOCBS3aHbl,
obnerdena quddy3ust )KUAKOCTEH W Ta30B B HHUX, YTO SBISAETCA BaXKHBIM (DaKTOPOM JUIS WX HCIOJIB30BAaHUS B
Ka4yecTBe AJIEKTPOJHBIX MAaTEPUANIOB B 3JIEKTPOXUMHUECKUX nporeccaxx[1].

[Ilupoxoe mNpUMEHEHUE HAXOIAT B TEXHUYECKOM DSJIEKTPOXUMHUU B KAadeCTBE DJIEKTPONOB TaKkKe MU
yIJIEpOJHBIE BOJIOKHUCTBIE MaTepuanbl. X HCIIONb30BaHUE CBA3aHO C HAJMYMEM B HUX TaKUX CBOMCTB, Kak
pa3BuTas peakUUOHHAas IIOBEPXHOCTb, TEPMOCTOMKOCTH, XOpOIIas 3JEKTPONPOBOAHOCTh U MaJbli Bec. B
9KCIIEpUMEHTaX HaMH OBLT HCToNb30BaH YBM mapku BMH-4, coctosimuii u3 ToHkux HUTEH ¢ tuamerpoM 5-10
MKM, C TIOPUCTOCTHIO € - 90%, ynenbHON moBepxHOCThIO 0,2-0,3 M/T | yaeIbHON anekTponpoBoaHocTsio 0,09
oM™ em” [2-4].

Kopposuonnsie ucneitanus oopasuos u3 [1ITK u YBM npoBoauiy B clieNUabHBIX SYeiKax, CHA0KEHHBIX
BOJSHBIMH pyOamikaMu. TemmepaTrypy pacTBOpa peryiIupoBalIMd BOASHBIM TepMocTaToM. llepen ucnbiTanuem
00pasIbl XOPOIIO MPOMBIBATIM TOpSdel IUCTUIUIMPOBAHHON BOJION M BBICYLIMBAIU IO IIOCTOSIHHOTO Beca B
CYIIMIBHOM IIKady MpU TeMIepaType 60°C. Wsmepsnu pasmepbl 00OpasloB M ONpENeNsuld HUX MAaccChl,
B3BEIIMBasg MX Ha AHAJIUTUYECKUX BECax JO U IOCIE KOPPO3UOHHBIX MCHbITaHUM ¢ ToyHocThio 0,0001r.
OO6pa3Lbl MOJBEIINBAIN C IOMOIIBIO CTEKJITHHOTO KPIOUKA U ITOJHOCTHIO TOTPYKaIH B HCCIEAYEMBIH pacTBOp B
TeueHuu 2-X, 4-x u 6-u yacoB. VccnenoBanue BIUSHUSL TEMIEPATYpPbl HA KUCIOTHYIO U LIEIOYHYIO KOPPO3UU
00pas3IoB OCYIIECTBISUIA TIpU TemIiiepatypax: 25, 35, 45 u 55°C. Tlo OKOHYAHNH HCIIBITAHHIA 00pasibl XOpOIIOo
MIPOMBIBAJIM B NPOTOYHON BOJAE M CYLIMJIM B CyIIIIBHOM Ikady. IlapannenbHo H3MepsiM CTAllMOHAPHBIHN
MOTeHIHal O00pas3loB J0 M IIOCAe KOPPO3MOHHBIX MCHBITAHUI Ha SJICKTPOHHOM IIOTCHIIMOMETPE C
UCIIOJIB30BAHUEM XJIOP-CEPEOPSHOr0 BJICKTPOJa CpaBHEHMs. Pe3ynbTaThl INEpEeCUUTHIBAIM HA ITOTEHIIHAT
OTHOCHTEIBHO HOPMAJIBHOI'O BOJOPOAHOTO 3JEKTPOAA. OJEKTPOCONPOTUBICHHUE OOpas3loB 10 U IOCHE
HCIBITAaHUN U3MEPSUIM MOCTOM IlepeMeHHoro Toka BM-509.
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Ha ocHoBanuu PE3YIbTATOB KOPPO3HMOHHBIX HUCIBITAHUH OBLI pacuruTaH IIOKa3aTejb U3MCHCHUS MaCChbl
00pasIoB, H3MEHEHHE YACIbHOH AIEKTPONPOBOTHOCTH M CTALIMOHAPHOIO MOTEHIHAaNa. Pe3ynbTaThl HCIBITAHUI
MpuBeACHHI B Ta01.1-4.

Kak BumHo u3 Tab6mn.1-2, npu ucnbiTanun o6pasnoB u3 [IIIK B arpeccMBHBIX cpeAax C yBEIUYCHHEM
TEMIIEpPaTypbl U BpeMEHH IIPOUCXOAUT YMEHBIIIEHUE X Macc (Tabu1.1-2), 94To, 0OUYeBHUIHO, CBA3aHO C OKUCICHHEM
MOBEpXHOCTH ¢ BhAeneHueM CO, M 4aCTUYHBIM paspylieHHeM Matepuana ¢ BbiHocoM dacTuyek 111K B 06bém
pactBopa. boree cunpHOe BIMsSHUE Ha TOKazaTedw Kopposuu s obpasnoB u3 IIIIK B kucioit cpene
OKa3bIBAET TEMIIEpaTypa, C MOBBIIMIEHHEM KOTOpou oT 35 1o 55°C mokasaTenb M3MEHEHHS MACCHI OBBIIIACTCS
MOYTH B 2 pa3a. DTOT MaTepual Ooiee CTOeK B IIEJIOYHOM cpee. PaccunTaHHbBIN MOKa3aTeNnb U3MEHEHUS MacChI
(K'y) mms aTOro MaTepuana B HICJIOYHON Cpejie 3HAUUTENbHO MEHBIIIE, YeM B KUCIIOH, U TIPU TeMIIepaType 55°C
9TOT MOKa3aTeNib MOYTH B 1.5 pa3a MeHbINE MO CPaBHEHUIO ¢ KHcol cpenoi. Takum oOpa3om, HaOmrOAaeTCs
OTHOCHUTECJIBHOC IOBBIIIEHUE CKOPOCTU KOPPO3HMU NPU HNEPEXOAEC OT IMICIOYHBIX K KHCIBIM pacTBOpaM IJjisd
00pasnoB u3 [IIIK. OnHako, HY>)KHO OTMETUTh, YTO YMEHBIIIEHNE MacChl MaTeprasa B KUCIIOH cpene mocie 6-Tu
4acoBOI'0 KOPPO3UOHHOTO MCIIBITaHUs cocTaBiser Bcero Jumib 0,8 Bec.% , a B menouHou cpeae — 0,53 Bec%.
C mOBBIIICHHEM TeMIEpaTypsl 10 55°C IIPU 2-X YaCOBBIX MCIBITAHUAX 3TU U3MEHEHHs COCTABIIAIOT B KUCIIOH
cpene -0,89 Bec.% u B mienounoit -0,6 Bec.%.

Ta6u. 1. Pe3ynpTaThl KOPPO3MOHHBIX McIbITaHMi 00pasmoB u3 [1IIK B kucioit cpene (30% H,SO,)
0 =0.254 B; €=70-80 %; pp=0.197 Om.cm ; d =2.077 r/em®

T, K10’ ) ,
Ne wac | ® "C | -Amr r/m*4ac R,Om OI\/II)'CM (Ol\)/i"CM)'l Per,B
BIIMSIHHE BPEMEHH
1 2 25 0.0068 0,143 0.372 0,201 4,975 0.271
2 4 25 0.0552 1.1 0.578 0.305 3,28 0.297
3 6 25 0.157 3,8 0.721 0.389 2,57 0.362
BJIHSHHE TEMIIEPaTyphI
1 2 35 0.095 2.14 0.525 0.308 3,247 0.269
2 2 |45 |o127 | 287 0615 | 0313 |3,195 0315
3 (2 |55 0175 | 408 0071|0369 | 2,71 0.395

Ta6a. 2. Pe3ynpratel KOppO3WOHHBIX UcbITaHUH 00pasnos u3 I1I1K B menounoit cpene (20% NaOH)
e="70-80,%; py=0.1510mc™m ; @, =0.021V; d=2.077 /em®

K10’ \ .
N nu [4°C | -Amr r/m*4ac R,0m OII\D/I'CM (01\)4C'CM)‘1 Per,B
BIIMSIHHE BPEMEHH
1 2 25 0.021 0.42 0.346 0.162 5.692 0.032
2 4 25 0.066 1,49 0.364 0.176 5.669 0.061
3 6 25 0.079 1.56 0.361 0.177 5.65 0.099
BIIMSIHHE TEMIIEPATYPBI
1 2 35 0.036 0.71 0.308 0.167 5.98 0.052
2 |2 |45 0069 |13 0432 | 0.186 | 5376 0.117
3 |2 |55 |o1l 24 0486 | 0.23 4348 0.133

Ta6ur. 3. Pe3ynbpraThl KOPPO3HMOHHBIX UCHBITaHUH 00pa3ioB u3 YBM B kucioit cpene (30% H,SOy)
O =-0, 183 V; e=92-98 %; p= 71 Om-cm; d=1,7 r/em’

K"10° P, )
Ne T, Hac t°C Am,r r/em*gac R,0m OmcM (O)IE/I'CM)'I “PersB
BIMSHUE BPEMEHH
1 2 25 0.00039 1,1 8,22 62,5 0,016 0.103
2 4 25 0.00061 1,73 6.23 47.348 0.021 0.094
3 6 25 0.00096 2,71 4.96 37.696 0.027 0.082
BIIMSIHHE TEMIIEPATYPHI
1 2 35 0.00072 2,05 7.63 52.44 0.0191 0.112
2 2 45 0.00088 2,5 6.85 52.06 0.0192 0.084
3 2 55 0.00103 2,9 6.7 51E.02 0.0196 0.077

Ecmu xoppo3zust obpasnoB u3 I1IIK B kucioif cpesie conpoBoKAaeTcsi YMEHBIICHHEM UX Macc, TO KOPPO3HUs
00pasioB 3 YBM conpoBokaaeTcs yBeIHUCHHEM Macc Kak CO BPEMEHEM, TaK U C YBEJIHUCHUEM TeMIIepaTyphl
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(Tabn.3). YBenuueHne Maccsl 00pa3IioB, OYEBUIHO CBA3aHO C YBEIMUYCHUEM IITyOMHBI OKHUCIICHHS ITOBEPXHOCTH
. B menounoit xe cpene (Tabn.4), Ha IEpPBOM CTaIuu, 3a CYET OKKUCIEHHS TOBEPXHOCTH 00pa3iioB HaOo1aeTcs
TOBBIIICHUE UX MACC, BEJIMYMHA KOTOPBIX MOCTCIIEHHO YMCHBIIACTCH. MoskHO MPCaAIOIOKUTD, YTO OKMCJICHHBIH
MTOBEPXHOCTHBIA cJ0M 00pa3noB u3 YBM co BpeMeHEM U C MOBBIIICHHEM TEMIICPaTyphl ITOCTEIECHHO
YMEHBIIIACTCSl B Pe3ybTaTe PACTBOPEHUS ITHUX CIOEB ¢ 00pa30BaHMEM PacTBOPUMEBIX (yasBokucioT [5]. Kak
MOKa3aJM UCCIeNOoBaHMs, o0pa3ubl u3 YBM Mmexanudecku Oosiee yCTOWYMBEI B arpecCUBHBIX cpeAax (Kak B
KHCJIOH, TaK U B IIIEJIOYHOI) TI0 cpaBHEHUIO ¢ obpasmamu u3 I1T1K.

ITocTpoeHHBIE 3aBUCHMOCTH JIOTapH(Ma CKOPOCTH KOPPO3MH OT BEJIWYMHBI OOpaTHOW abcomroTHOH
TeMIepaTypbl Ul UCTIBITAHHBIX 00pasnoB, kak u3 [I1K, tTak 1 YBM, npenacraBistoT coOol mpsiMble JTUHHA
(puc.1,2). PacuutanHas u3 TeMIEpaTypHOH 3aBUCUMOCTH KOHCTaHT CKOPOCTE XUMHUECKOH KOPPO3UH, SHEPTUs
aKTUBaIM i1 oopasuoB u3 YBM B kucnoit cpene (B 30%H,SO,4) cocraBnser 3,4 kkan, B menouHoi (20%
NaOH) — 8,1 xkan. ns o6pasnos xe u3 IIIIK sHeprus aktuBanuu mpouecca XUMUYECKOH KOPPO3UHU B KUCIIOH
cpene cocraiser 6,9 kkan U B mesnoyHol — 8.0 kkai . 13 momy4YeHHbIX JaHHBIX OSHEPIUM aKTHBALlUU MOXXHO
3aKIJIFOYUTh, YTO OMPEACTIAIONINIA CKOPOCTH KOPPO3MOHHOTO Mpoliecca s 00pa3noB u3 YBM B kucnoit cpeze
sBasiercst au¢y3uoHHbIH (akTop, a B menouHod — kuHerndeckuil. [isa IIIK  onpenemnstronuii ckopocTH
KOPPO3MOHHOTO ITpOoIlecca KaK B KUCIION, TaK U B IIEIOYHOM cpefax sBISeTCs] KUHETHYEeCKuil (axrop.

Taour. 4. Pe3ynbpTaThl KOPPO3UOHHBIX MCIBITAHUN 00pa3ioB w3 YBM B mienounoii cpeae (20% NaOH)
O =-0,017B; e==92-.98 %; p=71 Om-cm; d =1.7 /em®

K*10° p %
o 0 ) ) _
N T, Tac tC Am,r r/em*gac R,0m Omem | (Om-em)! Per,B
BJIMSIHHE BPEMEHHU
1 2 25 0.0009 2,56 11.96 |90.136 | 0.011 0.013
2 4 25 0.00077 2,19 9.08 69.1 0.0145 0.039
3 6 25 0.00047 1,34 8.67 65.89 0.0158 0.068
BIIMSHUE TEMITEPATYPHI
1 2 35 0.00058 1,66 10.63 | 80.788 | 0.0124 0.051
2 2 45 0.0004 1,15 9.97 75.772 | 0.0133 0.071
3 2 55 0.00026 0,74 8.82 67.032 | 0.0149 0.087
-IgK lgK
54
23
5.6
2.5 2
1
55 5.8
I
6.0
29
2 L
= 3.1 32 33
3. X 3. : .
l "8 > 109, o 103/T, K"

Puc. 1. 3aBrcuMOCTb JIorapudma cKopocT Koppo3uu oT | Puc. 2. 3aBUCHMOCTh Jorapudma CKOpOCTH KOPPO3HU OT
00paTHOM BETUYUHBI A0COTIOTHON TEMIIEPATYPHI IS 00paTHOM BETUYUHBI A0COTIOTHON TEMIIEPATYPHI IS
obpasror u3 I1I1K B pactBopax: 1- 30% H,SOy4; 2-20% | obpasmor u3 YBM B pactBopax: 1- 30% H,SO4; 2- 20%
NaOH NaOH

ITocne ucnpiTaHui OBUTO OIpEAENEHO BIMSHUE KOPPO3SHMOHHOM CpeAbl Ha 3JEKTPOXMMHUYECKHE CBOMCTBA
TUX MaTepuanoB.BakupiM mokazaTtenem s obpasuoB u3 YBM u IIIIK B mporecce KOpPpO3HOHHBIX
WCIBITAaHUM SBJISIETCS U3MEHEHHME WX YICIBHOW 3JIEKTPONPOBOAHOCTU MU CTAllMOHAPHOIO IIOTEHLIMAJA, 4YTO
CBA3aHO C U3MEHEHUEM COCTOSHUS UX IIOBEPXHOCTEH.

UccnenoBanusa 1mokas3aad, 4YTO C YBEIMYEHUEM KaK TEMIEpaTypbl,TAK M BPEMEHU KOPPO3UOHHBIX
UCTIBITAHUM, 3JEKTPOIPOBOJHOCTh ¥ CTALIMOHAPHBINA MOTEHIMAT HCHBITaHHBIX 00pa3ioB u3 I1IIK mensrorcs
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HE3HAUUTENbHO B IIEIIOYHOM cpesie, B TO BpeMsl KaK B KHCJIOH cpese HaOII0AaeTcsl 3HAUUTENIbHOE YMEHBIICHUE
JJIEKTPOIPOBOHOCTH U CMEIEHHE CTAI[MOHAPHOTO MOTEHIMaa B 0ojee MOJ0KUTENBHYIO CTOPOHY (Tabm.1-2).
O6pazusl u3 111K kak B IIET0YHOMN, TaK M B KUCIION CpelaX XapaKTepU3YIOTCs TOJI0KUTEIFHBIM CTAI[MOHAPHBIM
MTOTCHIIMAJIOM, KOTOPBIC B NPIIECCE UCTILITAHUM CMENAoTCs B 00Jee MOI0KUTEIBHYIO CTOPOHY: B KHCIIOH cpese
Ha 0.017-0.141V , B menoynoif — Ha 0.011-0.112 V.

Hast o0pasioB u3 YBM B mpouecce UCHBITAaHUI B KUCTIOH Cpenie ¢ yBEIHMUCHUEM TEeMIIEpaTypbl U BPEMEHU
HaOJI0IaeTCsl HEe3HAYUTENbHOE N3MEHEHUE YACNBbHON AJIEKTPONpoBOAHOCTH. CTallMOHAPHBIA MOTEHIHAN IIPH
9TOM CMelaeTcs B 0ojiee MolokuTenbHyto cropony Ha 0,07-0,1 V (ta6mn.3). bonee cyniecTBeHHbI H3MEHEHUS
3JEKTPONPOBOAHOCTH M CTALlMOHAPHOIO MOTEHIMaja B LIENO4YHOM cpene. Ha mepoBoit cTaauu WCHBITaHUN
00pasoB B HIETOYHON cpele HAONIOJACTCS YMEHBIICHHE MX YACNbHOH 3JICKTPOIPOBOAHOCTH U CMELICHUE
CTAaLlMOHAPHOT'O TOTECHIANA B O0JIee TTOJIOKUTENbHYIO CTOPOHY IT0 CPABHEHUIO C IIEPBOHAYAIBHOIN BEINYHUHOM.
B npanpHeiimieM 3JEKTPONPOBOIHOCTH OOpA3I[OB yBEIMYHMBAETCS, a CTALMOHAPHBIN MOTEHLMAJ CMEINACTCs B
Oonmee oTpuLaTeNbHYIO cTOpoHY. [locnemHee cBsi3aHO ¢ jgecopOmMel XeMOCOPOHPOBAaHHOTO KHCIIOPOAA,
BOCCTaHOBJIEHHEM MTOBEPXHOCTHBIX OKCHUOB[6,7].

Takum o0pazom, KOppo3noHHBIE UcnbITaHus 0Opa3noB u3 [1IIK 1 YBM nokasanu, 4To HECMOTpS Ha TO,
yto o0pasubl u3 [MI1K obnamaroT Gonee BHICOKON 3IIEKTPOIPOBOIHOCTHIO, YeM 00pasisl n3 YBM (4To oueHb
BaXXHO TNPHU HX HCIONB30BAHM B IEKTPOXUMHUYECKHX IpOIECcCcaX) , OHM MEXaHHYECKH MEHEee YCTONYMBEI
(Tabn.1-2) B arpecCUBHBIX cpelax U UX yAelbHAasl 3JEKTPOIPOBOAHOCTh B MPOLIECCEe UCIBITAHUN YMEHBIIACTCS
(xots He3HaunTENBHO). OOpasIE! ke n3 YBM Oornee cToifkne B arpecCUBHBIX CpelaX U UX 3JIEKTPOIPOBOJHOCTh
MOBBIIIAETCS B MPOIECCE UCTIBITAHUH BCIASICTBUM W3MEHEHHsI MOPGOJIOTHH COCTaBIAOMMX Y BM BOMOKOH.

IIpoBenéHnbIe HccIenOBaHUS IOKA3AIH, YTO U3YUEHHBIE YIIIEPOIUCTHIE MAaTEPHUAIIBI JOBOIBHO YCTONYHBEI B
arpeccuBHBIX cpenax. OOmamgast xopouield 3JIeKTPONPOBOJHOCTBIO U PAa3BUTON PEAKIIMOHHOM MOBEPXHOCTHIO,
OHU MOTYT OBITH PEKOMEH/IOBAHBI JUI UX MPAKTHYECKOTO MCIONB30BAHUS B 3JICKTPOXUMHUECKUX IIpoIecax B
kauecTBe dyekTpoAHbix MatepuanoB (IIIIK B kadecTBe kaTtomHoro martepuasia © YBM B KauecTBe Kak
KaTOIHOTO0, TaK U aHOIHOT'0 MaTepuaa).
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CORROSION TESTING OF CARBON MATERIALS IN AGGRESSIVE MEDIA
Tsisana Gagnidze, Zhiuli Kebadze, Jimsher Aneli*, Liana Kakuria, Ketevan Ugrelidze
LJavakhishSvili Thilisi State University, R.Agladze Institute of Inorganic Chemistry and Electrochemistry
*R.Dvali Institute of Machine Mechanics

SUMMARY
The influence of various factors on the corrosion rate of carbon materials in aggressive media and the nature of the
rate control process has been investigated. The effect on the properties of these materials, the possibility of their use
as electrodes for electrochemical processes intensification was studied.
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ORGANIC CHEMISTRY

N-GLYCOSYLATION OF AMINOBENZOIC ACIDS BY SOME CARBOHYDRATES

Roza Kublashvili, Vakhtang Ugrekhelidze, Nino Karkashadze*, Ketevan Ebralidze*
Iv. Javakhishvili Thilisi State University
*TSU, Petre Melikishvili Institue of Physical and Organic Chemistry

The N-glycosylation of o-, m- and p-aminobenzoic acids by G-galactose and L-rhamnose is described. The composition of
the synthesized products is established by microchemical analysis, and their IR and “C NMR spectra are investigated. As a result of
the N-glycosylation of isomeric aminobenzoic acids, an anomeric effect is observed: N-o-carboxyphenyl-D-galactosylamine
and N-p-carboxyphenyl-L-thamnosylamine appear only as 3-anomers, and the other N-carboxyphenyl-D-galactosylamines and
N-carboxyphenyl-L-thamnosylamines appear as a mixture of o- and B-anomers. The transformation of synthesized N-
glycosides into melanoidins is also investigated.

1. INTRODUCTION

The Maillard process for reducing sugars and the amino compounds (amino acids, proteins, amines, amides)
is initiated by a condensation reaction between the carbonyl group of the aldose and the free amino group of
an amino compound to give an N-substituted aldosylamine (N-glycoside). The latter forms the Amadori
rearrangement product. Subsequently, a range of reactions takes place, which ultimately lead to the formation
of brown nitrogenous polymers and co-polymers, known as melanoidins[1,2].

The formation of N-glycoside is the first stage of the Maillard reaction, and it is possible to stop the process
at this stage and isolate the corresponding N-glycoside quantitatively. Because of the instability of N-
glycosides of protein amino acids, the rate of their further transformation is very high, and to stop the process
beyond this stage is impossible. N-glycosides of aminobenzoic acids are more stable, and by selection of
suitable conditions for the reaction, a specific method [3-7] can be used for their preparation. The purpose of
our work is the synthesis of N-carboxyphenyl-D-galactosylamines and N-carboxy-phenyl-L-
rhamnosylamines by direct interaction of the isomeric aminobenzoic acids with D-galactose and L-
mamnose, as well as the investigation of the isomeric composition of synthesized N-glycosides, and their ability
to form melanoidins.

2. MATERIALS AND METHODS

N-carboxyphenyl-D-galactosylarnines and N-carboxy-phenyl-D-rhamnosylamines were synthesized by reaction
of the isomeric aminobenzoic acids with D-galactose or L-rhamnose. The following compounds have been
synthesized in  this way: N-o-carboxyphenyl-D-galactosylamine(l), = N-m-carboxyphenyl-D-
galactosylamine(2), N-p-carboxyphenyl-D-galactosylamine(3), N-o-carboxyphenyl-L-rhamnosylamine(4),
N-m-carboxyphenyl-L-rhamnosylamine (5), and N-p-carboxyphenyl-L-rhamnosylamine(6).

Optimal conditions for the realization of the reaction were selected. The synthesis was accomplished in
96% ethanol, under reflux, in the presence of small quantities of water and catalyst (glacial acetic acid). The
synthesized N-glycosides were purified by means of recrystallization (ethanol, diethyl ether), and their purity
was checked by TLC and paper chromatography. Identification of the N-glycosides was carried out by
analysis; infrared spectra (in KBr, with a UR-20 spectrophotometer or a Specord 75 IR), "*C nuclear magnetic
resonance spectra (with a BrukerNM-250 MGH, standard (CD;),SO), and melting points. The results are
shown in Table 1.

The anomeric composition of the synthesized N-glycosides was investigated by the method of ?C NMR
spectroscopy. These data are shown in the Tables 2 and 3.

We have studied the intensity of the formation of melanoidins from the synthesized N-glycosides at
different pH (phosphate bufters, pH 5.0,7.0 and 9.2), and at a temperature of 100°C. The reaction was carried
out within 2 hours, and the concentration of N-carboxyphenyl-D-glycosylamine was 0.1 mole/L. After the
specified period, the reaction mixture was quickly cooled to room temperature. The rate of formation of the
brown pigment was determined by the optical density of reaction product at 470 nm (Specord UV-Vis.). These
results are shown in Figures 1 and 2.

3. SYNTHESIS OF N-CARBOXYPHENYLGLYCOSYLAMINES
A mixture of 0.01 mole aldose (D-galactose or L-rhamnose), 0.0107 mole of o-, m-, or p-aminobenzoic acid, 15
ml of 96% ethanol, 0.5 mL of water and 0.3 mL of glacial acetic acid was heated up in a bath of boiling water until all the
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reactants were completely dissolved. The resulting solution was cooled to room temperature, then 50 mL of diethyl
ether was added and after stirring the mixture was left overnight at room temperature. The precipitated crystals were
ground with 96% ethanol. Diethyl ether was added to the resulting mixture, and after careful stirring the precipitate was
filtered. The purity of synthesized N-carboxyphenylgalactosylamines and N-carboxyphenylrhamnosylamines was
checked by TLC on Silufol UV-254 plates (Chemapol, Czech Republic). For the mobile phases the following have been
applied: for aminobenzoic acid impurities, benzene-dioxane 4:1 (in this system R, values for all N-glycosides were in the
range of 0.06-0.10, and for the aminobenzoic acids > 0.4), and for carbohydrate impurities, methanol-benzene
25:15 (in this system R, values for all N-glycosides were in the range of 0.08-0.11, and for the carbohydrates >
0.58).

4. RESULTS AND DISCUSSION

During the interaction of aminobenzoic acids with D-galactose or L-rhamnose (in 94% ethanol as solvent
and glacial acetic acid as catalyst, at a temperature of 100 °C), in the first stage of reaction N-glycoside is formed.
The complex process of melanoidin formation is initially revealed by a yellowing of the reaction mixture.
Prior to the start of yellowing, the reaction mixture was quickly cooled and an excess of diethyl ether added
so that the process of melanoidin formation stopped, and the N-glycoside precipitated at once.

The synthesized N-glycosides formed in this way are listed in Table 1.

The characteristic regions of the infrared absorption spectra of the synthesized N-carboxyphenyl-D-
galactosylamines and N-carboxyphenyl-L-rhamnosylamines are the following:

3380-3325 cm™ (valence vibrations of O-H bond of carbohydrate); 2910-2860 cm™ (valence vibrations
of C-H bonds of carbohydrate); 1700-1680 cm™ (vibrations of aromatic carboxyl group); 1660-1600 cm’
(vibrations of benzene ring); 1530-1520 cm™ (absorption of N-glycoside bond of N-glycosylamines); 1460-
1430 cm™ (deformation vibrations of C-H and C-O-H); 1375-1370 cm™ (valence vibrations of C-N of
secondary aromatic amine); 1290-1250 cm™ (deformation vibration of O-H and valence vibration of C-O of
secondary alcohol); 1180-1170 cm™ (valence vibrations of CI-N bond of anomeric centre at C1);

1060-1000 cm™ (vibrations of carbohydrate ring); 850-800 and 780-750 cm™ (absorption of cyclic
pyranose forms of N-glycosylamines); 650-640 cm™ (deformation vibrations of CI-H bonds of anomeric
centre at C1) [8].

For the N-glycosides of isomeric aminobenzoic acids the most informative parts of the spectra are the
absorption bands 1530-1520 cm™ and 1180-1170 cm™ of the N-glycoside bond. The characteristic absorption line
for N-alkylglycosylamines is at 1550 cm” [9], and in the case of N-carboxyphenyl-glycosylamines it is insignifi-
cantly shifted towards lower frequencies (1530-1520 cm™). It is suggested that the other characteristic frequency,
which is always present in the IR spectrum, is that corresponding to the N-alkyl- and N-arylglycosylamines
(1184 + 10 cm™) which is not dependent on aglycon (the non-sugar part of an N-glycoside), and belongs to a
sugar component [9].

Table 1. N-glycosides formed by the reaction of D-galactose and L-rhamnose with o-, m-and p-aminobenzoic acids

No.| N-carboxyphenyl-D-glycosylamine Yield / (%) M.p./°C
1 | N-o-carboxyphenyl-D-galactosylamine ~63 140-142
2 | N-m-carboxyphenyl-D-galactosylamine ~57 138-139
3 | N-p-carboxyphenyl-D-galactosylamine ~70 145-146
4 | N-o-carboxyphenyl-L-rhamnosylamine ~90 156-158
5 | N-m-carboxyphenyl-L-rhamnosylamine ~85 120-122
6 | N-p-carboxyphenyl-L-rhamnosylamine ~90 160-161

Features of the >C NMR spectra of the synthesized N-carboxyphenyl-D-galactosylamines and N-carboxy-
phenyl-L-rhamnosylamines are given in Tables 2 and 3. "C NMR spectroscopy has opened up new possibilities
for studying the rotational isomerism around the N-glycoside bonds, and the key parameter of C NMR
spectroscopy— chemical shift—is the most important [10]. It is known that the composition of the isomeric
equilibrium mixes of aldoses and their derivatives is defined by the ratio of free energy values of the structural
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and conformational isomers. N-glycosides, with simple aliphatic and aromatic N-aglycons in a crystal form, have
the pyranose conformation. In equilibrium water solutions the more stable form prevails, and the anomerization
rate of N-glycoside at a given pH depends strongly on the nature of the N-aglycon, firstly on the basicity of the
nitrogen atom of the N-glycoside bond [11], and secondly on the polarity of the solvent, which can have
considerable effect on the ratio of anomers [12].

The C NMR spectra of N-carboxyphenyl-D-galactosylamines and N-carboxyphenyl-L-rhamnosyl-
amines can be divided into three basic ranges. The carbon atoms which are bound with primary and secondary
hydroxyl groups resonate in the strongest magnetic field.

Table 2. Analysis of '*C NMR spectra of synthesized N-carboxyphenyl-D-galactosylamines and
N-carboxy-phenyl-L-rhamnosylamines. Chemical shifts (in ppm) of C atoms in the carbohydrate part.

Compound C1 (07) 3 4 (0] C6

1 B 84.17 74.36 74.57 70.94 77.46 62.63
o 81.36 69.49 70.39 70.58 72.16 62.93

) B 85.34 70.12 72.20 69.28 75.49 60.38
[0} 62.60

3 B 84.61 70.11 74.34 68.46 75.77 60.60
o 80.28 75.47

4 B 80.00 72.45 71.88 74.04 70.99 18.01
Q 81.70 71.23

5 B 81.20 71.60 72.10 70.79 72.79 18.11
Q 83.45 72.55 72.10 74.11 71.20 18.11

6 B 81.20 71.60 72.10 70.79 72.79 18.11

Table 3. Analysis of *C NMR spectra of synthesized N-carboxyphenyl-D-galactosylamines and
N-carboxyphenyl-L-rhamnosylamines. Chemical shifts (in ppm) of C atoms in the aminobenzoic acid part

Compound C1 2 C3 4 Gs C6 COOH %

1 B 149.85 113.14 130.34 115.94 134.27 111.06 169.78 100
o

5 B 147.53 113.83 131.97 118.11 128.81 117.24 167.83 88.1
o 128.89 11.9

3 B 151.53 112.33 130.97 118.56 130.9] 112.33 167.55 80
o 112.58 118.82 20

4 B 148.89 113.61 131.48 115.76 134.14 111.23 169.41 91
Q 116.25 134.47 170.15 9

s B 146.55 114.11 131.36 118.01 129.20 117.43 167.79 67
o 147.02 113.94 131.36 118.43 129.20 117.43 167.79 33

6 B 146.55 114.11 131.36 118.01 129.20 117.43 167.45 100

The carbon atoms of sugar, which are bound with two electronegative groups (O-C-N), resonate in the
weakest field. It is known that the chemical shift of a B-conformer of any monosaccharide (except rhamnose and
mannose) is more than just a chemical shift of the a-conformer [10, 13,14]. Therefore, a signal located in a rather
weak field is attributable to the B-anomer of galactose, and signals located in a rather strong field, to an a-
anomer. In the case of N-rhamnosides, the signal corresponding to an B-anomer will be located in the stronger
field. For the third range of the spectrum, it is necessary to examine the signal of the fifth carbon atom (C5) in
order to determine the pyranose configuration of the carbohydrate part (Table 2).

Aromatic fragments of o-, m- and p-aminobenzoic acids of N-glycosides are located in the range 110-152
ppm. The introduction of an amino group into an aromatic ring renders the strongest influence on the chemical shift
of the carbon atom directly bounded to it. In this case, the a effect of the field produces +18.2 ppm (because
of the -F effect of an amino group), i.. it disappears because of the shielding effect of C1. The [3 effect of an amino group
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is negative and is equal to -13.4 ppm. The presence of a shift of C2 in the strong field indicates that the y effect is
insignificant (+0.8), and at last, as a result of the conjugation (the +C effect), a rather strong 6 effect (-10.0 ppm) is
observed (which corresponds to shift of the signal in a strong field). Opposite (the -C effect) effects are induced by other
substituents of the aromatic ring—the carboxylic group. Its o effect is 2.1 ppm, its B effect is 1.6 ppm, its vy effect is -0.1
ppm, and its 8 effect is +5.2 ppm [15]. The assignments of carbon atoms of the aromatic ring from these data are shown
in Table 3. In the weakest field ranges are located the carbon atoms of the carboxylic group which is maximally
unscreened and which have a chemical shift of 167-170 ppm (Table 3).

BC NMR spectra show that the synthesized N-carboxyphenyl-D-galactosylamines and N-carboxyphenyl-L-
rhamnosylamines consist of alpha and beta pyranose anomers (compounds 2-5) or of beta pyranose anomers
only (compounds 1, 6). The percentage composition of the synthesized anomeric mixes is shown in Table 3.
After N-glycosylation, the anomeric composition of sugar considerably changes in comparison with a sugar
fragment of the N-glycoside molecule. For example, equilibrium mixtures of D-galactose in solutions contain
only pyranose anomers (36% of the a form, and 64% of the p form) [16]. However, with o-aminobenzoic acid it
forms the N-galactoside consisting exclusively of the f-anomer, and with m-, and p-aminobenzoic acids it forms
N-galactosides, which contain 81 % and 80% of the [} -anomer, respectively (Table 3). If the N-glycosylation reaction
is not stopped, then the N-glycoside formed is gradually transformed into a melanoidin. Similarly, the
synthesized N-glycosides produced under the reaction conditions described are similarly transformed into
melanoidins. Figures 1 and 2 show the intensity of formation of the melanoidins from N-carboxyphenyl-D-
galactosylamines and N-carboxyphenyl-L-rhamnosylamines.
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Figure 1. Transformation of N-0-, N-m- and N-p-carboxyphenyl-D-galactosylamines into melanoidins in acid, neutral and basic
media (phosphate buffer, 0.1M solution of N-carboxyphenyl-D-galactosylamine, 100 °C, reaction time 2 h, X=470 nm).
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Figure 2. Transformation of N-0-, N-m- and N-p-carboxyphenyl-D-rhamnosylamines into melanoidins in acid, neutral and
basic media (phosphate buffer, 0.1M solution of N-carboxyphenyl-D-rhamnosylamine, 100 °C, reaction time 2 h, X=470 nm)

In the process of N-glycosylation, the most significant influence is the basic nature of the reacting amine, and
those factors which define the stability of the sugar conformation. The more the basicity of the amine, the more actively
it participates in the reaction of N-glycosylation and the subsequent transformation of the N-glycoside formed
into melanoidin. The pK, for o-, m- and p-aminobenzoic acids has respectively the following values: 2.11,3.12 and
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2.41. Among these isomers, the m-aminobenzoic acid is the strongest base because of the absence of the
negative mesomeric effect of the carboxylic group. Therefore, N-galactoside or N-rhamnoside are formed with
the lowest yield (Table 1). But N-m-carboxyphenyl-D-galactosyl-amine and N-m-carboxyphenyl-D-
rhamnosylamine are more intensively transformed into melanoidins than the other isomers (Figures 1 and 2).
By the interaction of D-galactose or L-rhamnose with p- and o-aminobenzoic acids, the carboxylic group,
because of its negative inductive and negative mesomeric effects, reduces the density of the electron cloud of
the nitrogen atom, and thus reduces its basic nature. In this case, the N-glycosides are formed with higher yield
(Table 1) because of their high stability, but these N-glycosides, in comparison with their m-isomers, are
transformed into melanoidins less intensively (Figures 1 and 2).

The intensity of formation of N-glycoside depends on the structure of the carbohydrate molecule. So, D-
galactose forms a melanoidin more actively (Figure 1), and consequently, the yields of its N-glycosides are lower
(Table 1) than those of L-rhamnose, which forms a melanoidin less actively (Figure 2).

In conclusion, it is interesting to note that in contrast to protein amino acids, which form melanoidins
considerably more intensively in alkaline media, the isomeric aminobenzoic acids express such an ability more
strongly in acidic media.
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N-IJIMKO3UWJIMPOBAHUE AMUHOBEH30MHBIX KHCJIOT
HEKOTOPBIMH YIJIEBOJAMU

P.U.Kyonamsumu, B./1.Yrpexenunze, H.I'.Kapkamanze*, K.I.D0pamaze*
Tounucckuii 2ocyoapcmeennviil ynusepcumem um. Ms. [casaxuweunu
*TT'Y Unemumym gusuneckotl u opeanudeckou xumuu um. 111, Menuxuweunu

PE3IOME

Paccmorpeno N-TiIMKO3WIMpPOBaHUE 0-, M- M MT-OMUHOOSH30MHOM KHCI0Thl D-rajgakTo3oi u L-paMHO300.
CocraBbl CHHTE3UPOBAHHBIX MPOAYKTOB YCTAHOBJICHBI MHUKPOXMMHYECKHMMH aHaJM3aMH. Tak e ObuiH
nzyuensl ux MK u 13C SIMP cnekrpsl. B pesynbraTe N-riIuKo3WIHpOBaHUS H30MEPHBIX aMHHOOCH30MHBIX
KAcnoT OblT  3aMedeH aHoMepHbBI  3ddekr: N-o-kapOokcudenwmn-D-ranakrozwnamMuabl U N-p-
kapOokcupeHmn-L-paMHO3MITaMUHBl  OBUTH TTONy4eHBI TOJBKO B BHUJE [-aHOMEpPOB, a OcTajbHbIE N-
kapOokcupenmn-D-ranakrozmnamuabl 1 N-kapOokcupeHnI-L-paMHO3HIaMIHBl OBUTH TTONTyYEHBIB BHJIC
cMmecH o- B B-aHomepoB. Taxoke ObIIO MCCIEN0BaHO TpaHCHOPMAIUS CUHTE3UPOBAHHBIX N-TJIMKO3HMIOB B
MeNaHOUINHBI.
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FURFUROL PRODUCTION BY DEHYDRATION OF D-XYLOSE
IN THE PRESENCE OF H-CLINOPTILOLITE
N.G.Kalabegashvili, D.K.Ioseliani, G.I.Balarjishvili, L.O.Samkharadze, T.V. Korkia, O.R.Mkheidze
P. Melikishvili Institute of physical and organic chemistry
of Ivane Javakhishvili Thilisi State University

SUMMARY
D-xylose dehydration on hydrogen form of clinoptilolite has been carried out at 110-180°Cfor furfurol
production both at atmospheric (110°C) and at relatively high pressures (<5 Bar). Reaction time was 4
hours. Dependencies of furfurol outcome from water-toluene ratio and temperature during reaction of D-
xylose dehydration have been studied. It has been established that outcome of furfurol under the following
conditions: temperature 170°C, pressure 4,5 Bar, water-toluene ratio 170:10 and in the presence of 1 g of

catalyst is equal to 35.6%. Analysis of research results have been conducted at Infrared Spectrometer
Varian 660FT-IR.

MOJYUYEHUE ®YPDYPOJIA JETUJIPATAITUENA D-KCHAJIO3bI
B MIPUCYTCTBUU H-KJIMHOINITUJOJIUTA
H.I" Kana6eramsunum, [1.K.Mocenuanu, I'.W.banappxumsuiny, JI.O.Camxapanse, T.B.Kopkua,
O.P.Mxeumze
Unemumym gpusuueckou u opeanuveckou xumuu um. I1.1. Menukuweunu
Tounucckozo 2ocyoapcmeentoco ynusepcumema um. HMes. [ocasaxuwmeunu

PE3IOME
C uensto nonydeHus ¢Gypdyposa Oblia MpoBeAcHA aeruapaTanus JI-KCHUI03bI Ha BOJIOPOIHON (opme
xkiuHonTuionuta npu 110-180°C kak npu atMocdhepHoM (pu Temmneparype 110°), Tak U CpaBHUTEIBHO
BBICOKOM (<5 0ap) nmaBneHusX. [IpoAoDKUTENBHOCTh peakiMM COoCTaBisia 4 daca. BbUiM HM3ydeHbI
3aBHCUMOCTH BbIXozla (Qypdypora OT COOTHONIEHHS BOJIA : TOIXYOJd M OT TEMIIEPaTyphl MPH pPeakuu
neruapartaiun JI-kcuiao3bl. beuto ycraHoBieHo, yto mnpu Temnepatype 170°C u nmaBnenuu 4,5 Oap,
COOTHOIIEHUH Toxyout: Boja = 170:10, u B nmpucyrcTBuu 1T Kartanusatopa, BbIxoJ Qypdypona coctaBui

35,6%. AHanmu3bl pe3ylbTaToOB HCCIICIOBaHMSI TPOBEICHBI Ha HH(paKkpacHOM criekTpoMerpe Varian 660FT-
IR.
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SELECTION OF VARIOUS PROTECTORS FOR STABILIZATION OF SOME ORGANIC DYES
FOR THEIR PROTECTION AGAINST OZONE ACTION

R.Tushurashvili, M.Panchvidze, Ts.Basiladze, G.Khidesheli, G.Shanidze, M.Mamardashvili, N.Kvirkvelia
Ivane Javakhishvili Tbilisi State Univesity, Rafiel Agladze Institute of Inorganic Chemistry and
Electrochemistry

SUMMARY
The effect of various protectors on the process of stabilization of some dyes — direct red — 2C,
bromopyrogallol red, methyl orange, direct black and rezorcin has been studied at their ozonization. It was
established that among used additives thiourea causes the most efficient stabilization.

BbIBOP PA3JIMYHBIX TIPOTEKTOPOB C LHEJIBIO CTABUIN3ALIUU PAJIA
OPITAHUYECKHUX KPACUTEJIEH JJIsI X 3AIIATHI OT JTEMCTBHUS O30HA

P.I'. TymypamBunu, M.B.ITanusunze, LI.M.bacunanze, I'.. Xunewmenu, I'.B.[1lanuaze,
M.U.Mamapnmamsuinu, H.M. Ksupksenus
Tounucckuii I'ocyoapcmeennviii Yuusepcumem um. HMe./[picasaxuweunu, Uncmumym nHeopeanuuecko
xXumuu u dnekmpoxumuu um. P.Aenaosze

PE3IOME
WzyueHo BIMsSHUE Pa3IMYHBIX IPOTEKTOPOB Ha MPOIecC CTA0MIIN3aIlH HEKOTOPBIX KpacuTeel — MpsiMoro
kpacHoro — 2C, OpoMITUPOrasion KpacHOro, METHIIOBOTO OPAaHKEBOT0, MPSIMOT0 YEPHOT0 M PE30PIIMHA, BO
BpEMs KX O30HHPOBAHUA. HOKa?)aHO, 4TO CpCau HCII0JIb30BaHHBIX ):[063]301( THUOMOYCBHHA OKa3bIBACT
HauOoee 3 GHEeKTUBHOE CTAOMITM3UPYIOIIEe BIMSIHUE Ha UCCIICIOBAHHBIC KPACUTEIH.
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PHYSICAL CHEMISTRY

THERMAL PROPERTIES OF LITHIUM, MANGANESE AND NICKEL ACETATES —
AS STARTING REAGENTS OF CATHODE MATERIALS PRODUCING FOR LITHIUM ION
BATTERIES

Eteri Kachibaia, Ruth Imnadze, Tamar Paikidze, Dali Dzanashvili,
Tengiz Machaladze, Elene Kvaratskhelia
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Ivane Javakhishvili Thilisi State
University, 11 Mindeli st., Thilisi 0186, Georgia
Kachibaia@hotmail.com

Currently Li-ion batteries are most effective and therefore dominate the market of portable electronic
equipment. At the same time, to keep up with the rapid development in the production of portable
electronic engineering, the search is underway for new electrode materials with high capacity and power. In
comparison with conventional cathode materials such as LiCoO, (3.9V), LiMnO, (4,1V) and others,
modified spinel LiNigsMn; 5O, is characterized by higher potential (~ 5V) [1]. Theoretical capacity of
LiNigsMn; 504 is 146.7mAh/g. Due to high operating potential the energy density of LiNigsMn; sO4 is by
20% higher than that of LiCoQ,, hence Li-Ni-Mn - spinel can be considered as prospective cathode
material for electric motors and power storage systems of future. Various LiNiysMn; sO4 synthesis methods
are described in literature [1-4]. There is also information about obtaining materials based on Li-Mn-spinel
for lithium-ion accumulator batteries via simplified sol-gel method using appropriate acetates, but without
a chelating agent. Meanwhile, according to the data, presented in literature, there is an assumption that
below 80°C a triple eutectic of Li-Ni-Mn-acetates is formed, but not a proper gel [5,6].

The proposed paper presents the results of the study of the initial reagents - Li, Ni and Mn acetates
thermal properties, study of phase composition and structure of the products of mentioned reagents
interaction in the range of T = 0 + 1000° C, as well as preparation of cathode-material for lithium-ion
accumulators with following composition- LiNipsMn; sO4. TG-DTA curves of Li, Ni, Mn - acetates, as
well as their mixtures, composed for LiMn,O4 (normal spinel) and LiNi,sMn, 504 -spinels preparation are
shown in fig.

Thermal properties of lithium acetate - Li(CH;COO)* 2H,0, nickel acetate - Ni(CH;COO),*4H,0 and
manganese acetate - Mn(CH3COOQ),+4H,0 as starting reagents were investigating using F.Paulik, I.Paulik
and L.Erdei system with simultaneous recording of the four curves: temperature (T) and weight (TG)
variation curves, as well as corresponding differential (DTA) and (DTG) curves. Furnace heating rate was
10°/min, the sensitivity of the scale - 100mg. X-ray patterns of calcinated reagents were obtained on
DRON-3 device in the filtered copper radiation. The phase identification was carried out using
diffractometric data bases for inorganic compounds, along with the latest literature data related to Li, Ni
and Mn - acetates, as well as to cathode materials, synthesized on the basis of these acetates. Evaluation of
coherent scattering areas (d, nm) was carried out by the Debye-Scherrer’s formula: d = 0.91/B-cos, where
A - wavelength, B - width of the main diffraction peak half-wave, 68— diffraction angle.

Fig 1, 2 and 3 present TG - DTA curves of starting reagents for producing LiNiysMn,; sO4-type cathode
materials. Lithium acetate’s TG — DTA curves, shown in fig.1, indicate that Li(CH;COO):2H,0
dehydration occurs stepwise in 30 - 130°C temperature range. Initially physically adsorbed water
molecules (~ 60 ° C) have been removed. This process is clearly fixed in the curve of weight change and by
endo-effects on the thermogramms. Loss of crystallization water occurs in 100 - 135°C range. At 290°C
melting of dehydrated sample takes place. Exo-effect at 340°C indicates decomposition of lithium acetate
to lithium carbonate Li,CO;. Thus, X-ray diffraction pattern of lithium acetate, heat treated at 500°C
confirmed formation of Li,CO; . When the temperature goes upLi,CO; melts and decomposes into Li,O
and CO,.

Fig. 2 shows nickel acetate - Ni (CH3COO),* 4H,OTG - DTA-curves, where decomposition of
sample is fixed directly while temperature increases (endothermic peak with maximum at 120°C).With
further heating the final decomposition of nickel acetate dehydration residues takes place, which is fixed by
exothermic peak at 360 and 390°C. TG-DTA curves of Mn(CH3;COO),*4H,0 manganese acetate are
shown in fig.3. In 50 - 250°C range stepwise weight losses observed. At ~ 340°C reaction of manganese
acetate decomposition can proceed. Diffraction characteristic of samples calcinated at 500°C (t =2h)
corresponds to Mn,O;(Tabl.1).
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Fig.3. TG-DTA curves of manganese acetate

Table 1. Diffractuion characteristics of Li, Ni and Mn acetates calcinated at 500°C for 2h, in comparison with ASTM

CH;COOLi-2H,0 | ASTM - 22-1141, Mn(CH;COO),-4H,0 | ASTM-10-69, Ni(CH;COO),+4H,0 ASTM - 4-835,
500°C Li,CO; 500°C Mn, 05 500°C NiO
dun I, dun I, dun I, dun I, dun I, dun I,
4.16 32 4.16 85 - - 4.70 3 - - - -
3.80 10 3.80 20 3.84 15 3.84 25 - - - -

3.03 25 3.03 25 - - - - - - - -
2.93 75 2.92 80 - -
2.81 100 2.81 100 2.72 100 2.72 100 - - - -
2.63 40 2.63 30 - - - - - - - -
2.49 24 2.49 20 - - - -
2.43 48 2.43 40 2.35 16 2.35 11 241 60 241 91

2.27 30 2.27 20 - - - - - - - -
- - 2.26 12 - - - - 2.09 100 2.09 100
- - 2.11 4 2.01 10 2.01 13 - - - -
2.08 8 2.08 8 - - - - - - - -
2.01 4 2.01 2 1.84 11 1.84 13 - - - -
1.86 20 1.87 18 1.66 27 1.66 30 - - - -
1.82 5 1.82 2 - - - - - - - -
1.59 22 1.59 8 - - - - - - - -
1.57 25 1.57 2 - - -

1.54 15 1.55 1.52 5 - -

—
(=)
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Preliminary results of the work performed show that by optimization of Li - Ni - Mn acetate ternary
eutectic’s calcination temperature it is possible to obtain nanosized particles of LiNigsMn; sO4spinel as
cathode material for Li-ion accumulators. In such case Li(CH;COO)+*2H,0 and Mn(CH;COO),*4H,0
melting temperatures equal 70 and 80°C. Nickel acetate decomposes directly at elevated temperatures.
There is no need to decompose it.

TG — DTA curves of lithium acetate and manganese acetate mixture, composed for LiMn,O4 (normal
Li-Mn spinel) sample preparation, are shown in fig.4. Effect at 90°C can be interpreted as formation of
double eutectic solution. Endo-effect at 130 degrees corresponds to dehydration process. X-ray diffraction
and X-ray phase analyses of mixture’s calcination products in 230 — 360 — 400 — 500°C range confirm
mixture decomposition with Li,CO; and Mn,O; formation and their interacting accompanied with
nanosized (d = 14nm) LiMn,Os,spinel formation with cubic syngony and cubic spinel parameter
0=0.8246nm (Tabl.2). At calcination temperature 900°C reversible decomposition of Li — Mn — cubic

spinel takes place (fig. 4).

AG
0
20 1
| Fig.4. TG-DTA curves of lithium and manganese acetates
mixture composed for preparation of sample with following
composition — LiMn,O4
60 |
80
Fig. 5 shows TG — DTA curves of lithium acetate,
i . ; nickel acetate and manganese acetate mixture, composed

100 200 300 400 for LiNiysMn; sO4-type spinel preparation. In this spinel
parts of manganese atoms are substituted on nickel atoms
without destroying cubic syngony. Effect at 70°C corresponds to the formation of the ternary eutectic
solution. X-ray diffraction and X-ray phase analyses of calcination products of initial mixture at 200 +
500°C approve decomposition of this mixture with subsequent interacting products of decomposition and

formation of phase-pure nanosized (d ~14nm) cubic spinel with the lattice parameter o =8148nm (tabl.2).

500 t°C

Table 2. Diffraction characteristics of initial mixture for preparation of samples with following composition: LiMn,0,
(samples 1,2) and LiNijsMn; 50O, (samples 3,4) calcinated at 250 - 500°C, in comparison with ASTM

sample# 1 sample # 2 sample #3 sample #4 ASTM -18-736
LiMr1204, LiMr1204, L1N105 Mn1,504, L1N105 Mn1,504, LianO4
250°C 500°C 250°C 500°C
don /1, don /1, don /1, don /1, don /1,
4.74 40 4.74 96 4.75 27 4.70 69 4.72 100
4.04 14 - - 4.10 8 4.04 12 - -
3.06 20 - - 3.06 23 - - - -
2.87 14 - - 2.87 19 - - - -
2.76 41 - - 2.76 40 - - - -
2.47 100 2.47 100 2.47 10 2.47 100 2.47 90
2.37 15 2.38 22 2.37 0 2.35 19 2.37 5
2.21 10 - - 2.20 16 2.04 99 2.05 100
2.03 38 2.07 95 2,04 6 - - - -
1.87 6 1.88 18 - 52 1.87 17 1.88 10
1.76 9 - - 1.77 - - - - -
1.58 32 1.58 30 1.57 12 1.57 30 1.58 50
A 1.53 34 - - - -
27
o =10.8175 nm a = 0.8246nm o =10.8152 nm o =0.8148 nm o =0.824 nm
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Homogeneous nanosized samples - LiNigsMn; sO4, synthesized by decomposition of Li-Ni-Mn acetate
ternary eutectic and characterized by the cubic syngony, can present an effective cathode material for
lithium ion accumulators.

This work was carried out under the grant FR/36/3-17-170/13.

Works will be continued in direction of developing a simple, economical and relatively low tempera-
ture method for obtaining modified spinel-type compounds — LiMe,Nig s.Mn; sO4; where Me - Co, Cr, etc.
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9096 Johodsos, G0 036sdy, msds® 3503007, a0 dsbsdzomma, mgbaob dshsemady, gmgby 339Gs3bgmas
0336 xs38b0dz0emol bsbgermdol mdocrolbol bsbgerdfogem 9bogg@bodgiol Gogagen sgemsdol sGsedgsbagema  Jodoobs
@5 909981 Jodools 0bbBod o
®Jb0339

d9LHogwowos Li-ombm®o 53991ws@mcmgdobsmgol LiNiosMnisOs 8903960mdol bs3smmeg dsbogrgdols dolsmgdo Lsfgobo
6953969d0L - Li, Ni-ols o Mn-539393gd0b mgmdmmo m30l90900. godm3zwgmwos T=0+1000°C 0bEghgswdo bgdmom
50b0dbmwo  ©9596H9d0L  MOM0gHMNJIGgdOL 3OHMOMIEHIOOL BsbBOO Fgagbowwmds s LEAHM®NMIGHMGS. BsBIMYOMWO
331939000 39093900 5830390, G®™A Li-Ni-Mn-539@¢93900b bsddsgo 93mgd@Gozol 3s8mfizol $9ddgmadwmol m3@odobsgoom
d9Lodagdgeros LiNiosMnisO4-3498096H0 8306900l bsbm-bmdol bsfowszgool (d =~14 63) dowgds. Li-Ni-Mn-83069wo dg0dmgds
3ob630bom®m,  OMymGOE  dmdsgzso  MsmdoL  gangdBHOMIMdomgdols s 96gMaool  IMM3gdolL  LoliEgdgdolsmgol
30396309960 Lo oMY ToboEs.

TEPMUYECKHUE CBOMCTBA ALIETATOB JINTUS, MAPTAHIIA 1 HUKEJISI, KAK MICXOJHBIX
PEATEHTOB INOJIYUYEHHUS KATOJJHBIX MATEPHAJIOB JIJISI IUTUM-UMOHHBIX
AKKYMYJISITOPOB
D.1.Kaunbas, P.A.Nmuanze, T.B.Ilaukunze, JI.1./[3anamswiu, T.H.Mavananze, E.P.KBaparxemnus
Hucmumym neopeanuueckotl xumuu u saexmpoxumuu um.P.Aenaose npu Tounucckom

Tocyoapcmeennom Ynueepcumeme um U, [ocasaxuweunu
PE3IOME

N3yueHbl TepMUUecKue CBOMCTBA areTratoB Li, Ni 1 Mn — MCXOJHBIX PEarcHTOB IOJYyYeHHS KaTOMHOIO MaTephalia
cocraBa LiNigsMn;sO, mis Li-HOHHBIX aKKyMyJsSTOpoB. MccienoBanbl (ha3oBBIH COCTaB U CTPYKTypa IPOIYKTOB
B3aMMOJEICTBUA yKa3aHHLIX peareHToB B uuTepBane T=0+1000°C. Pe3ynbTaThl MPOBENEHHBIX MCCIEIOBAHUM
CBUJICTCIILCTBYIOT, YTO ONTHUMH3AIMEH TeMIIEpaTyphl OOKUra TpOHHOHM 3BTeKTHKU Li-Ni-Mn-aIieraToB BO3MOXKHO
noiydyeHue HaHopasmepHbix dactuil (d =.14 um) LiNigsMn; sO4-kyOudeckoit mmuHenu. LiNigsMn; sO4-mmuHens
MOJKET PaCCMaTPUBATHCS KaK MOTCHIMAIBHBIA KaTOMHBIN MaTepHall IS SJCKTPOABUraTeICH U CUCTEM HAKOILICHHUS
SHEpruu Oyerero.
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OU3BNYECKASA XUMUA

PEHNIEHUE YPABHEHUS KAITMJVIAPHOCTH
C IIOMOUbIO CTEIIEHHBIX PA10B

Huxo Enykunze

Topuwtit Unemumym um. I L]ynykuose

Ponbp MOBEpXHOCTHBIX SBJIEHWH B HAYKE M TEXHOJIOIMAX OrpoMHAa. Bce rereporeHHble IMpOLECCHI:
ANEKTPONU3, aacopOnus u anresus, (ioTanus, OMOXMMHUYECKHE PEaKIMH B KIETKax, MPOXOIAT Ha
MTOBEPXHOCTAX paszaena. PopMoBaHHUE U3IEINN U3 PACIIABOB METAIUIOB U IIOJIMMEPOB, IIPOLIECCHI CBAPKU U
MHOTHE JIpYTHE SABJIEHHS KOHTPOIHUPYIOTCS TTOBEPXHOCTHBIMH CHUJIAMH.

Cunpl, NEMCTBYIOIIME HAa TOBEPXHOCTAX pas3fesa, OMUCHIBAIOTCS ypaBHEHHEM KalWJUIIPHOCTU
Jlanmaca

1 1
{R—1+ R—E.J.— Bx+2, (1)

B=(p1.p,)b*/6-uncrno Bonna,

p1 ¥ P, TUIOTHOCTH TPaHUYAIINX Cpell, O-TOBEPXHOCTHOE HATSHKEHUE, b pagiyc KpUBU3HBI B MOJIIOCE
Kary, B Touke z=0,y=0 (puc 1,2)

xmﬁl i Y

B=-02 T zgn
Puc.1. Cucrtema KoopavHaT, HCTIOIb3yeMas Puc.2. Cucrema xoopauHart, UCronb3yemMas B
IIPU PELICHUN YPABHEHUS KAMJUISIPHOCTH JaHHOW pabore

MetoqaoM bamdopra- Anamcal4]

TodHOE aHaNUTHYECKOE pEIIEHUE YPABHEHMs KallWUIIPHOCTH HE HalJeHo. Maremartuyeckas
TEOpHUs PAaBHOBECHBIX KANWUIIPHBIX MOBEpPXHOCTEW omucana B MoHorpaduu P. ®unna [7]. B
JKCIIEpUMEHTaX TII0 OIpPENENeHNUI0 TOBEPXHOCTHOIO HATHKEHHS IMPEUMYIIECTBEHHO HCILTB3YIOTCS
TAOJUIIBI YUCIICHHBIX PElICHU ypaBHEHHS KanmmuisipHOocTH. CylllecTByeT OONBIIOe YUCIIO TaKUX TaOIUI
JUTS Ten BpaieHus. [lepBrie oOImMpHBIe TaOIUIIbI OB cOCTaByIeHbI bardoprom nu Amamcom [3]. Merog
YHCJICHHOTO pemeHns audepeHnnalbHbIX YpaBHEHUH, pa3paOOTaHHBIA ITHMHU aBTOPAMH, HIMPOKO
HCIIONIB3YETCS 110 CEH IEHbD.

Henpto nmaHHON paboThl sBIsieTcsl pa3paboTKa crocoba HaXOXKISHHS NPUOIMKEHHBIX
AHAINTUYECKUX pEUIeHUH ypaBHEHMs KalWUIIPHOCTH, KOTOPhIE MOTYT CTaTh OCHOBOW aBTOMAaTH3allUU
IKCIIEPUMEHTAIBHBIX METOJ0B HM3MEpPEHMsI IOBEPXHOCTHOTO HATSHKEHHS M KpaeBbix yriioB. [lowmcku
MPHOJIM)KEHHBIX aHAJMTUYECKUX PElIeHUH HadanCch elie co BpeMeH Jlammaca .OTu paOOThl MHTEHCHBHO
MIPOBOJISITCS U B HacTosIIee Bpems [6,9].

[lpu pemeHnu ypaBHEHUS KaMMWUISPHOCTH JUIS TNl BpAllleHHs OOBIYHO HCIIONB3YETCsl CHCTeMa
KOOpJMHAT, TaHHAas Ha puc 1. B mpemmaraemoii paboTe UCronb30BaHa CHCTEMa KOOPAWHAT, IPUBEICHHAS
Ha puc. 2. B 3T0if cucteMe KoopAWHAT ypaBHEHHE KallWIIJIIPHOCTA UMEET BU/I:

1 ¥y
—_— Bxv-2y=0. 2
Jito0 2 (:1+(y']2}"1,5 PXY-2¥ )
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YpaBHenue (2) moaydeHo BapHAIlOHHBIM METOA0M (HM30IepuMeTpuUeckas 3aaaqa [2,3]).
[Mony4ens! Taxke HHTErpaibHbIE GOpMBI ypaBHEHHS (2)

1 _BIf (x)=x],
}’\-"'1"‘(:3’;:'2_ 2 +1 3)
y' _BIf(x)+x]

[1+(y)2]8s 2 -1 (4)

1—x +,6’(x; +% [ ) d.\:)
1-E0e—r ()

U(x)=2 [

[udx
- 13

[Moxoxkue ypaBHEHUS IPUBEACHBI U B IpyruX padorax [6,8].

Hnst pemienust ypaBHeHHs (5) MOXHO NPHUMEHUTH METOJ TOCIEAOBATEIBHBIX MPUOIMKESHUH.
OnHako, eclii B KavecTBe MEepBOro MpUOIMKEHHsI MCIIONb30BaTh penieHue ypaBHeHus (2) npu =0, T.e.
ypaBHEHHE OKPYKHOCTH y=2X-X’, TO YyXKe IIOcle ITepBOH WTEepallM pelieHHe OyJAeT COJepXKaTh
anreOpanyeckue qpobu, norapudmudeckue GyHKIUHM U cTerneHHble psaabl. [1oaToMy peleHue ypaBHEHHS
(5) uckanu B BUIE CTEIIEHHOTO psifa. st 3TOro mpearmonoKuin:

2_ Yo =1 —y© 1
Y= ETI.:l aan (6) H f(x)_z:a:l bnxm (7)
[Tocne moacranoBku (6) 1 (7) B (5) M HECIIOKHBIX IPe0Opa30BaHUM, TPUPABHUBAS BEIUYMHBI ITPH
OJIMHAKOBBIX CTEMCHSX X, MOJIYYHIN 3HAYCHUS KO3(PPHIIMEHTOB:

rae u(x)=y?,  flx)

ap=2, a;=-(1-p/4), a=Pp (1+-7p/8)/18; be=1/2: bi=(1-p/4)/12: (8)
OcranbHble K03(h(UIMEHTH BEIYHCISIIN IO PEKYPPEHTHBIM COOTHOIIECHHUSIM
_ B [nan-1  bno _lyn-17, _
an n+1 [ 2 + n 2 Zk:o(n k)an_l_kbk] (9)
1 B n -
_bﬂ—g [(1 - Z) bn—l - man - E:% an—kbk] (10)

Beutn onpeneneHbl ciaenyronme Ko3QQUIUeHTHI:

bzzi(l _ﬁ_ﬁ_z)

24 3 12
_5B (4 _B 38
B es (1 2T ) (1D

b3=41—8(1 —1,1538 — 0,0582 — 0,0363%)

a:=—(1+ 0,288 — 0,08347+0.0356%)

Kak cnemyer w3 Buaa 9TUX KOX(PQHUIMEHTOB, aHAIWUTHYECKAas 3aBHUCHMOCTh MEXIY
TeOMETPUYECKUMH TapaMerpaMu : a0CIUccaMy X W OpAMHATAMH Y KOHTypa Karjiu W umcioMm borna f,
JOCTaTOYHO CIIOXKHAS.

B Toxe Bpemsi, Ul aBTOMAaTH3allMd MHCTPYMEHTAIBHBIX METOJOB M3MEPEHUS TMTOBEPXHOCTHOTO
HATSDKEHHS JKenaTellbHO UMeTh Ooliee MPOCTYI0 3aBUCHMOCTh MEXAy 4ucioM boHaa f u kakuM- mubo
TeOMETPUYIECCKAM TapaMeTPOM KarlIH.

Hwxe nmpuBoauTest nmpuOImKeHHOE peleHne 3TON 3a1auH.

N3 dpopmyn (9) u (10) cneayer,uro KO3PGHUIUSHTHI a, U b, SBISIOTCS MOJMHOMAMU CTEIIEHH N IO
napamerpy 3 mpu n >2

an:ZTilzl €ni ﬁl b,= E}lzl an,ﬁf (12)
B atom cirydae perienue ypaBHEHUS (5) MOXKHO 3aIlicaTh B BUJIE
Y= AX'(I'BM)XE_BE::Z €n1 xn+1_£2 E;E:Z €n2 X" (13).

JAist IepBOro ¥ BTOPOTO MPHOJIMKEHUS onpenesiii KodQQUIUEHTHI €, U €. s BRIYHCICHUS
3THX KOA(PPHUIMEHTOB MPEITTOIOKHUITH:

.an:enl[?’_eni BE B _bn:C]nO_q'ﬂIB - (14)
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[Tocne noacranoku (14) B (9) u (10), nmpupaBHHBas KO3(DGUIIUESHTHI IPH OAMHAKOBBIX CTEICHSIX

B, momyumm:

n+2 1

_ _ n+2 n+1 1
- P In1=on 1- Zk:l_ . (15)
n(n+1)32 322 4 K

(ITID_32n+1 ] eTIl
Bripaxkenue e, U3-3a rpOMO3JKOCTH HE IPUBOINM.
MoncraBnssa(15) B (13), mocie HECTOXKHBIX MPEOOPa3OBaHMIA, I TEPBOrO MPUOIMIKECHUS

TOJTYIHITH:
YH(1)= (2+p/3 )X-XE—EB(I-X)ln(l-X.-"'Q) : (16)

Bropoe npubamkeHne paccunThIBaIM 00aBlIeHHEM K ypaBHeHUIO (16) wieHa
2y N+l
B Z n=26n2 X

Y2(2Q)z=y (1)+% X e x™ (17

st oueHKH morpemHocTH ypaBHenuid (16) u (17) Obmm Mcnonb3oBaHbl Tabmunbel banidopra-
Anamca [3] u Menuk-l'aiika3sHa [4,5] YHCIEHHOTO peUICHHWS YpaBHEHHS KamWwUIsApHOCTH. B 3Thx
TaONUIAaX JAIOTCS KOOPJMHATHI TOUYEK (X,y) KOHTYpOB Karumd Ui (PUKCHPOBAHHBIX 3HAYEHWH [3 Kak st
BUCSIIINX, TAK M CHSIIMX Karenb. KpoMe TOro cocTaBiieHbl OAPOOHBIE TAOMHIIBI 3aBUCUMOCTH B M Yi—
MaKCHUMAaIIBHOTO JIHaMeTpa Kak JUTS BUCSIINX, TAK ¥ CHISIINX Karemb.

U3BecTHO, YTO Yy, SABISETCS BaXKHEHITMM T€OMETPHUYECKUM MapaMeTpoM KarlIk MpU ONpeIeieHU
B, ¥ TO3TOMY MOTPEIIHOCTh MPUOIMIKEHNUS, B TIEPBYIO 0YePE]lb, IIPOBEPSITH IS Yy, Tak Kak aOCIUCCHI Vi, B
TAaONMUIAX HE MPUBOIATCS, CIIEJOBANO HMX BHUUCIUTE.V3 aHamm3a Tabmun (B,yn,) BHIHO,HTO JUIS
noctatouHo Manbix B (B 0,6), mis BUCAIIMX Kareidb, aOCIUCCY MaKCHMajdbHOTO JUaMeTpa Karllk Xy
MOXKHO 3aIIUCATh B BHAE Xn=l+AX, rme Ax<<l.Jlns Berumcienns AX ucronb3osamu yciosue (Y)'=0 mpu
X=Xp. Auddepennupys (16) u npupaBHUBAs HYJIIO POU3BOTHYIO, TOTYIHIIH:

2+B/3-2x-2B[(1-x)/(2-x)+In(1-x/2)]/3=0

[Tocie moacTaHOBKHU X,,=1+AX M HECJIOKHBIX ITPeoOpa3oBaHui onpenenin AX U Xy,

Ax = 22778 (18)
15
xm=1—ax=1—°’f—i_ff (19)

3

[ocne moncranoBku Beipakenus (19) B ypapaenue (16) BIaHCIsIH Yy, B Tabmune 7 s < 0,6
JlaHbI 3HAYCHUS Y, PaccUMTaHHbIe MeTonoM bamdopra-Anamca [5] u no ypaBHenuto (16), a Takke ux
pasHocTu. B TaGnuie npuBeeHbl 3HaYeHHs Y. Kak BUIHO M3 TaGIIHIIb], IOrPEIIHOCTD PACYETHBIX JAHHBIX
MenbIe 1%.

Beima mpoBeneHa mpoBepka TOYHOCTH TEPBOTO W BTOPOrO NPUONMKEHHS JUIS KOHTYPOB Kak
BHUCSIIICH, TaK ¥ JIOKaIIeH Kalulk P pa3IMYHbIX 3HaYeHHsX . Pe3ynbraTel cpaBHEeHUs TAONIMYHBIX (Yt) U
pacueTHbIX (yk) 3HaueHH#l mpuBeneHbl B Tabiuiax 1+6 misd HECKONbKUX 3HauYeHWH 4yucia bonma. B atux
ke TaGITHIaX MPUBEICHBI 3HAUCHHS Y~ , pacCUHTaHHBIE 1o hopmyite (20)

Y2=2x-xz-i-azx3-i-zl3x4-i-a4x5 . (20)

B Tabmmax gaHel TakKe 3HA4YeHHS OOBMOB KakK Uil CHUASIIMX, TaK ¢ BHUCSIIUX
kamens|3,4].Inomaan moBepxHoOCTeN PUBEIEHBI TONBKO I BUCALINX Kamnenb[4].

OOBMBI PACCUNTHIBAIIH 110 (POPMYIIC

V=3,14((1+p/3)x*-x*/3+Bx(2-x)In(1-x/2)/3) , (1),

KOTOpas IMOoJIydeHa UHTEerpupoBanueM ypaBHeHus (16). [lnomaas MOBEpXHOCTH KaIlId PacCUNUTHIBAIIA T10
bopmyie

P=6,28((1+p/6+P*/3)x+(B/6+P*/3-px/9(2-x))In(1-x/2)+p*x*/18(2-x)), (22)
KOoTopas noJrydaeHa u3 ypaBuenus (3). ist aToro ypaBuenue (3) 3anucaiu B BUJIE:

/ 7 __ 2 _wow n 5
Y 1 + y ’B(:f(:\.)i\.)JrZ 20 Cp X° (’-’3)
CJIC€a0BaTCIIbHO,

2%}:1 Cn x™ [B(f(x) - x) + 2]=2.
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Ho f(x) cormacho (7) sBnsiercs creneHHbIM psagoM. [locie moacranoBkH (7) B (23) M HECIIOXKHBIX
peoOpa3oBaHui MOTYUNIIH

- _Ben n—2
co=1, e bp—1 = Xp=1Cn-1-x Dy

2 o
[pennonoxunu : Ci=Cniftcny P° . C yueroMm coorHomeHui (15), mocie HECIOKHBIX
peodpa3oBaHuil MONTYyUNIM 3HAUCHUS KO (DUITUESHTOB :

- %Tlﬂ . e [+ D) (1427, 3) — 6] 25)

[locne mopcranoBku (25) B (23), MHTErpUpPOBAaHHA U CYMMHPOBAHHS TOJYYEHHBIX PAIOB,
nonyarin hopmyiy (22).

Kak BuaHO M3 Tabmui 1+6, MOrPEeIIHOCTH BBIYMCICHHBIX 3HAYCHWH  OpAUHAT , O0OEMOB M
TUTOIA/Iel TOBEPXHOCTH KaK Uil BHCAIIMX, TaK ¥ JISKANIUX Karedb JJIs PUBEICHHBIX 3HaUeHUH P 1 X <
1,8 mensbiie 5%.

JlocTH4b BBICOKOM TOYHOCTH aHATUTHYECKOTO MPUOIIKEHHS B IIMPOKOM JHANa3oHe 3HAYCHUN 3
MPEACTABIsACTCS HEBO3MOXKHBIM. Tak Kak B KOHKPETHBIX OSKCIEPUMEHTaX OOBIYHO HCIOIb3yeTCs
JOCTaTOYHO Y3KHH JAuamna3oH [3, C IMOMOIIBIO MPEUIOKEHHOTO IOX0/Aa, B BBIOPAaHHOM JHAlta3oHe
W3MEHEHUH 3, BO3MOXHO MOTyYeHH e aHATTMTUIECKOTO TIPUOIIKEHHS HE0OX 0IMMOM TOYHOCTH.

@4

CQ::L > Cn1:

Ta6muna 1. p=0,1

Xt yt Aykl Ayk2 Ayk3 vt Avk st Ask
0,004995 | 0,099833 | 0,000826 | 0,000771 | -7,9E-06 | 0,0001 | 2,18E-05 | 0,0313 | -0,00012
0,122239 | 0,479501 | 0,004229 | 0,003959 | -0,00039 | 0,0451 | 4,39E-05 | 0,7692 | 0,000509
0,302289 | 0,718101 | 0,006971 | 0,006545 | -0,00159 | 0,2589 | 0,000121 | 1,9062 | 0,006462
0,728188 | 0,970764 | 0,012323 | 0,011546 | -0,00688 | 1,2732 | 0,000719 | 4,6128 | 0,047283
1,023553 | 1,017439 | 0,016393 | 0,01518 | -0,01316 | 2,2035 | 0,001571 | 6,4996 | 0,099657
1,222752 | 1,002922 | 0,019787 | 0,018037 | -0,0195 2,8459 | 0,002221 | 17,7728 | 0,147653
1,508958 | 0,915918 | 0,027061 | 0,023612 | -0,03506 | 3,6859 | 0,003024 9,593 0,239437
1,683324 | 0,818435 | 0,035526 | 0,029414 | -0,05372 | 4,1013 | 0,002534 | 10,6858 | 0,317501
1,839532 | 0,693875 | 0,053801 | 0,04054 | -0,08838 | 4,3852 | 0,00117 | 11,6386 | 0,429122
1,909968 | 0,622923 | 0,075213 | 0,051367 | -0,11895 | 4,4814 | 0,00659 | 12,0525 | 0,527139
1,975124 | 0,547092 | 0,135549 | 0,055252 | -0,17027 | 4,5517 0,0188 12,4203 | 0,776783
2,090676 | 0,383979 | 0,034047 | 0,051607 | #NUM! 4,6328 | 0,04614 | 13,0067 | 0,332496
2,142966 | 0,298743 | -0,10503 | -0,08806 | #NUM! 4,6537 | 0,03099 | 13,2212 | 0,109659

Tabmuna 2. f=0,15

Xt yt Aykl Ayk2 Ayk3 vt Avk st Ask
0,004995 | 0,099833 | 0,00124 | 0,217893 | -7,9E-06 | 0,0001 | 2,18E-05 | 0,0313 | -0,00058
0,12215 | 0,479649 | 0,006213 | 0,216956 | -0,00069 0,045 -1,6E-05 | 0,7692 | -0,01042
0,301787 | 0,71847 | 0,010404 | 0,134713 | -0,00237 | 0,2585 | 0,000154 | 1,9067 | -0,01926
0,542188 | 0,896228 | 0,014898 | 0,057592 | -0,00614 | 0,7636 | 0,000452 | 3,4391 | -0,01925

0,726 0,974324 | 0,018232 | 0,02108 | -0,01014 | 1,2726 | 0,000834 4,618 -0,00923
1,020559 | 1,026251 | 0,024035 | -0,00272 | -0,01926 | 2,2114 | 0,002037 | 6,5159 | 0,024993
1,220112 | 1,017279 | 0,028805 | 0,003627 | -0,02836 | 2,8696 | 0,003247 | 7,8034 0,0611
1,509769 | 0,942103 | 0,039114 | 0,044674 | -0,05026 | 3,7547 | 0,004861 | 9,6612 | 0,133567
1,689523 | 0,854861 | 0,051756 | 0,090314 | -0,07581 | 4,2138 | 0,003748 | 10,5931 | 0,195962
1,854607 | 0,742253 | 0,081846 | 0,148962 | -0,12181 | 4,5475 | -0,00504 | 11,7991 | 0,29366
2,072032 | 0,53609 | 0,107549 | 0,287852 | -0,38123 | 4,8342 | -0,08772 | 13,0098 | 0,263139
2,13734 | 0,46037 | 0,013784 | 0,240711 | #NUM! 4,8853 | -0,08008 | 13,3229 | 0,028113
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Tab6muna 3. =0,2

2014 3. 40 Ne 2 - 3

Xt yt Aykl Ayk2 Ayk3 vt Avk st Ask
0,004995 | 0,099833 | 0,000832 | 0,000589 | -1,6E-06 | 0,0001 | 7,82E-05 | 0,0313 -0,0008
0,122061 | 0,479576 | 0,004615 | 0,000704 | -5,4E-07 0,045 2,38E-05 | 0,7692 -0,01545
0,301286 | 0,718839 | 0,00859 | -0,00466 | -4,4E-06 0,258 8,79E-05 1,9069 -0,03011
0,540775 | 0,89788 | 0,014404 | -0,01795 | -5,4E-05 | 0,7624 | 0,000526 | 3,4411 -0,03396
0,723793 | 0,977854 | 0,019842 | -0,03271 | -0,00021 1,272 0,001106 | 4,6231 -0,02369
0,918054 | 1,024357 | 0,027129 | -0,05342 | -0,00067 | 1,8874 | 0,002118 | 5,8847 | 0,000567
1,117402 | 1,037304 | 0,037131 | -0,08143 | -0,00187 | 2,5564 | 0,003628 | 7,1835 | 0,040584
1,413936 | 0,996593 | 0,061141 | -0,14143 | -0,00717 | 3,5312 | 0,006764 | 9,1113 | 0,132395
1,694227 | 0,891229 | 0,111121 | -0,23139 | -0,02364 4,326 0,005786 | 10,8998 | 0,274525
1,86707 | 0,790858 | 0,192642 | -0,30583 | -0,05044 | 4,7128 | -0,00971 | 11,9589 | 0,455804
1,948778 | 0,733227 | 0,293935 | -0,35434 | -0,07392 | 4,8621 -0,03488 | 12,4379 | 0,689538
2,103224 | 0,606262 | 0,240684 | #NUM! -0,1691 5,0816 | -0,13116 13,281 0,349351

Tab6nuua 4. p=-0125
xt yt Aykl Ayk2 Ayk3 vt Avk
0,0038 0,08715 0,01276 | -0,01283 | -0,01237 | 0,00006 | 1,47E-05
0,06014 0,34139 | -0,00175 | -0,00205 | 0,000168 | 0,01111 | -1,2E-05
0,17933 0,57049 | -0,00283 | -0,00334 | 0,000879 | 0,0948 5,07E-05
0,35133 0,75834 | -0,00348 | -0,00422 | 0,002528 | 0,34087 0,00019
0,56216 0,89278 | -0,00346 | -0,00446 | 0,005516 | 0,80038 | 0,000459
0,79537 0,96644 | -0,00243 | -0,00382 | 0,010253 | 1,44153 | 0,000982
0,95471 0,98042 | -0,00093 | -0,00271 | 0,014698 | 1,91816 | 0,001473
1,18686 0,95001 | 0,003207 | 0,000465 | 0,02418 | 2,60497 | 0,002383
1,39656 0,86333 0,01117 | 0,006653 | 0,039246 | 3,15332 | 0,003118
1,56962 0,73082 | 0,026591 | 0,018785 | 0,064938 | 3,50479 | 0,002857
1,69469 0,56842 | 0,057989 | 0,044411 | 0,111207 | 3,67521 | -3,7E-05
1,7651 0,40013 | 0,122155 | 0,100995 | 0,191821 3,7298 -0,00573
1,77663 0,3483 0,153581 | 0,130437 | 0,22714 | 3,73493 | -0,00753
1,78298 0,3008 0,189298 | 0,16491 | 0,265222 | 3,73705 | -0,00894
1,78487 0,25864 | 0,227871 | 0,203089 | 0,304534 | 3,73756
Tab6muma 5. f=-0,5
xt yt Aykl Ayk2 Ayk3 vt Avk

0,0038 0,08711 | -2,5E-05 | -0,00125 | -1,5E-05 | 0,00005 | 4,72E-06
0,05964 0,33952 -2E-06 -0,00487 | 0,000656 | 0,01092 | 1,31E-06
0,17506 0,56173 | -4,9E-05 | -0,00865 | 0,003405 | 0,08994 | 5,01E-05
0,33573 0,73752 | -0,00031 | -0,01325 | 0,009466 | 0,30934 | 0,000278
0,45946 0,82427 -0,0007 | -0,01754 | 0,015809 | 0,54826 | 0,000707
0,65707 0,90647 | -0,00181 | -0,02845 | 0,029309 | 1,01898 | 0,002253
0,85491 0,93283 | -0,00362 | -0,05601 | 0,04845 1,54971 | 0,005551
1,0392 0,90886 | -0,00571 | -0,12587 | 0,074898 | 2,04507 | 0,010794
1,1988 0,84306 | -0,00637 -0,075 0,111469 | 2,43356 | 0,016491
1,32531 0,74637 | -0,00108 | -0,07908 | 0,162089 | 2,68767 | 0,019605
1,41354 0,63197 | 0,019401 | -0,08114 | 0,230413 | 2,82159 | 0,017205
1,46252 0,5148 0,068069 | -0,05695 | 0,316235 | 2,87361 0,01036
1,47076 0,47773 | 0,092041 | -0,03873 | 0,347582 | 2,88002 | 0,008175
1,47542 0,44247 | 0,119657 | -0,01466 | 0,379544 | 2,88315 | 0,006618
1,47688 0,40941 | 0,150285 | 0,014804 | 0,411562 | 2,88398 | 0,006005
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Tab6muma 6. f=-1,5

xt yt Aykl Ayk2 Ayk3 vt Avk

0,038 0,08703 | 3,4E-05 | 0,01165 | 6,51E-05 | 0,0005 -0,00396
0,05838 | 0,33479 | -4,1E-05 | -0,04587 | 0,001893 | 0,01042 | 5,3E-06
0,16533 | 0,54144 | -0,00044 | -0,07845 | 0,009326 | 0,07938 | 0,000106
0,3042 0,69385 | -0,00207 | -0,11182 | 0,024093 | 0,25027 | 0,000821
0,45655 | 0,79152 | -0,00589 | -0,15105 | 0,045897 0,518 0,003678
0,6085 0,83987 | -0,01252 | -0,20312 | 0,073361 | 0,83855 | 0,010802
0,70453 | 0,84838 | -0,01847 | -0,24953 | 0,094112 | 1,05425 | 0,018697
0,79371 0,84067 | -0,02526 | -0,31027 | 0,116597 | 1,25468 | 0,028962
0,87427 | 0,81917 | -0,0322 | -0,39397 | 0,140926 | 1,42955 | 0,040915
0,97612 | 0,76644 | -0,04025 | -0,68099 | 0,181881 | 1,63217 | 0,059127
1,03006 | 0,72128 | -0,04134 | #NUM! | 0,213152 | 11,7263 | 0,069281
1,07229 | 0,67105 | -0,03615 | #NUM! | 0,248392 | 1,79009 | 0,07562
1,10284 | 0,61826 | -0,02197 | #NUM! | 0,287888 | 1,83104 | 0,080142
1,11387 | 0,59167 | -0,01081 | #NUM! | 0,309141 | 1,84373 | 0,08083
1,12218 | 0,56532 | 0,003338 | #NUM! | 0,331274 | 11,8525 | 0,080978
1,12792 | 0,53949 | 0,020421 | #NUM! 0,35409 | 1,85802 | 0,080759
1,13123 | 0,51439 | 0,040354 | #NUM! | 0,377415

1,13229 | 0,49026 | 0,06281 #NUM! 0,40097

Tabnuna 7. 3HaveHuss MAaKCMMAaJIbHHBIX THAMETPOB BUCSIIEH KaIlIM MOTyYEHHBIC YHCIEHHBIM METOIOM
(yt) [5] u paccumnranubie (yk) o dpopmyne (16) s B < 0,6, Ay = yt-(yk)*0,5

B Ax yt Y2k Ay B Ax yt Yk Ay
0,01 |0,004004 | 1,00168 | 1,003349 | -6,8e-06 0,3 ]0,149138 | 1,0604 | 1,135793 | 0,005336
0,02 | 0,008061 | 1,00337 | 1,006731 | -le-05 0,31 |0,155404 | 1,06291 | 1,141873 | 0,005675
0,03 | 0,12174 | 1,00508 | 1,010145 | -2e-05 0,32 |0,161776 | 1,06545 | 1,148081 | 0,006036
0,04 |0,016344 | 1,00681 | 1,013593 | -3,6e-05 | 0,33 | 0,168258 | 1,06804 | 1,15442 | 0,006399
0,05 |0,020571 | 1,00856 | 1,017076 | -5,8e-05 | 0,34 | 0,174851 | 1,07068 | 1,160893 | 0,006767
0,06 | 0,24856 | 1,01033 | 1,020593 | -8,6e-05 | 0,35 | 0,181559 | 1,077337 | 1,167503 | 0,007141
0,07 ]0,029202 | 1,01212 | 1,024147 | -0,00012 | 0,36 | 0,188384 | 1,07611 | 1,174255 | 0,00752
0,08 |0,033608 | 1,01393 | 1,027737 | -0,00016 | 0,37 | 0,195331 | 1,07891 | 1,181151 | 0,007898
0,09 |0,038078 | 1,01576 | 1,031365 | -0,0002 0,38 |0,202401 | 1,08177 | 1,188197 | 0,008274
0,1 ]0.042611 | 1,01762 | 1,035031 | -0,00026 | 0,39 | 0,209599 | 1,08468 | 1,195395 | 0,008661
0,11 |0,047209 | 1,01949 | 1,038736 | -0,00031 0,4 ]0,216927 | 1,08766 | 1,20275 | 0,00904
0,12 ]0,051874 | 1,02139 | 1,042482 | -0,00037 | 0,41 | 0,22439 | 1,09071 | 1,210267 | 0,009411
0,13 ]0,056607 | 1,02332 | 1,046268 | -0,00045 | 0,42 | 0,231992 | 1,09383 | 1,217949 | 0,009777
0,14 | 0,06141 | 1,02526 | 1050097 | -0,00052 | 0,43 |0,239735 | 1,09703 | 1,225802 | 0,01013
0,15 ]0,066283 | 1,02724 | 1,05397 | -0,00061 | 0,44 | 0,247625 | 1,1003 | 1,233831 | 0,010479
0,16 | 0,07123 | 1,02923 | 1,057886 | -0,00069 | 0,45 | 0,255664 | 1,10367 | 1,242039 | 0,01798
0,17 ]0,076251 | 1,03126 | 1,061849 | -0,0008 0,46 | 0,263859 | 1,10712 | 1,250433 | 0,011108
0,18 |0,081348 | 1,03331 | 1,065858 | -0,00091 | 0,47 | 0,272212 | 1,11068 | 1,259018 | 0,01138
0,19 ]0,086523 | 1,03539 | 1,069915 | -0,001 0,48 |0,280729 | 1,11433 1,2678 | 0,011636
0,2 10,091777 | 1,0375 | 1,074022 | -0,00115 | 0,49 | 0,289415 | 1,11811 | 1,276784 | 0,011839
0,21 ]0,097113 | 1,03963 | 1,07818 | -0,00128 0,5 10,298275 | 1,12201 | 1,28977 0,012
0,22 ]0,102532 | 1,0418 | 1,08239 | -0,00142 | 0,51 |0,307314 | 1,12604 | 1,295384 | 0,01211
0,23 ]0,108037 | 1,04401 | 1,086654 | -0,00158 | 0,52 | 0,316537 | 1,13023 | 1,30513 | 0,012141
0,24 |0,113629 | 1,04624 | 1090974 | -0,00174 | 0,53 | 0,32595 | 1,13459 | 1,314869 | 0,0121
0,25 | 0,11931 | 1,04851 | 1,095351 | -0,00192 | 0,54 | 0,335559 | 1,13914 | 1,324962 | 0,012
0,26 |0,125083 | 1,05081 | 1,099787 | -0,002 0,55 |0,345371 | 1,14389 | 1,335297 | 0,01166
0,27 | 0,13095 | 1,05315 | 1,104284 | -0,0023 0,56 | 0,355391 | 1,1489 | 1,345882 | 0,0122
0,28 ]0,136913 | 1,05553 | 1,08845 | -0,00251 | 0,57 | 0,365627 | 1,15421 | 1,356726 | 0,010576
0,29 |0,142975 | 1,05795 | 1,11347 | -0,00274 | 0,58 | 0,376086 | 1,15988 | 1,367837 | 0,00966

0,59 |0,386774 | 1,16804 | 1,379224 | 0,009364
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O06o03navenusi B Tapanuax: Tabnuynable naHHbIe abcumcc- Xt , OpAMHAT -yt ,00beMOB- Vt U TUTOIIAACH
MOBEPXHOCTEH -St YMCIICHHBIX PEHICHUI ypaBHEHUS KalMJUIIPHOCTH, B3ATHI 13 padot [3,4,5], Aykl, Ayk2,
Ayk3- pa3HOCTb TaONUYHBIX ¥ PACUCTHBIX 3HAUCHUH OPJIWHAT, BHIYMCIICHHBIX 10 ypaBHeHHsM (16), (17)u
(20) coorBercTBeHHO, Avk M Ask- MOrpemIHOCTH BBIYHMCIACHHS OOBEMOB M ILIOIIAJCH MOBEPXHOCTEH
Karenb., B—uucno BoHma: ToONOKHUTENbHBIC 3HAYEHHS JUIS BUCAIIMX, OTPHUIATEIBHBIC-IUIS JISKAIINX
Karenb, 3HaueHHs AX paccuntaHHbl 1o Gopmyne (18), B Tabmume 7 yt- TaONWYHBIC JaHHBIC JUIS
MaKCHMAJIGHOTO JHaMeTpa BHCAIIEH KarUld, B3sThle M3 paGoThl [5], y°k —JaHHBIE pacCUMTAaHHBIE MO
ypasuennio (16), Ay=(y’k)"0,5-yt
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A SOLUTION OF AN INTEGRAL FORM OF A CAPILLARY EQUATION BY POWER SERIES
Niko Enuqidze
G. Tsulukidze Mining Institute

SUMMARY

The solution of the integral form of the capillary equation by power series has been found. Recurrence
formulas for calculating series coefficients have been obtained. It has been shown that the series
coefficients are n degree polynomials of fBond numbers. The first five polynomial coefficients have been
calculated. The general formulas of the first and second members (e,, €y of the polynomial coefticients
have been calculated. On the basis of solutions obtained the formulas for a solution of the capillary
equation at a first and second approximation have been derived. Using the tables obtained by numerical
solution of capillary equation approximation error has been estimated. It has been shown, that when
calculating the maximum diameter of Pendent drop by the formula of the first approximation the error for
small values of Bond number (<0.6) is no more than 1%.

159



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2014 3. 40 Ne 2 - 3
e —————————  —— —————— ———————————

OU3BNYECKASA XUMUA

TEPMOJUHAMHMWYECKH AHAJIN3 B3AUMOJENCTBUIMA B CHCTEME BCl; — CH,
J.B.Opucrasu, A.B.Capyxanumsuin, A.P.I'orumsunu, M..K.I'yremmnze

I py3unckuti mexHuueckuu yHusepcumem

[IpencraBiaeHbl pe3ynbTaThl TePMOAMHAMHUUECKOW olleHKH cucteMbl B—CI-C—H c¢ menpio ompenencHus
YCIOBUH MaKCHUMAaJIbHOTO BBIAETICHUS IENIEBBIX IPOAYKTOB B KOHACHCHPOBAHHOM COCTOSHHUU B
temnepatypHoM uHtepBane 500-2500K. BrickazaHo MHeHHe, YTO yBEIHMUYEHHE KOJIMYECTBAa BOJOPOAA U
TeMIepaTypbl XapaKTepu3yeTcs SBJICHHEM CHHEPIru3Ma. YCTAHOBJIEHO, YTO B YCIOBHSX, IPUHATHIX B
9KCIIEPUMEHTE, MPUEMJIEMbIC PEe3yIbTaThl BhIXoaa Kapouma Oopa mocturatorcs npu 1500K u 101 xIla, uto
e KacaeTcsi KOHJIEHCUPOBAHHOTrO 0opa, TO NMpH BHIOPAHHBIX YCIOBHUSX SKCIEPHMEHTa €r0 BBIIENICHHE HE
HaOmroaeTcs.

Jnist peleHus: MHOTHX aKTyallbHBIX 33/1a4 XUMHH, METAJUTYPTHH, SKOJIOTHH TpeOyeTcs ompereieHne
XapakTepa TOBEIEHHS MHOTOKOMIIOHEHTHBIX CHCTEM B IIMPOKOM JHalla30He TeMIlepaTyp, NaBJIEHUH,
COOTHOIIEHU KOMITOHEHTOB M pAJa IPyTUX MapaMeTpoB.

OnHoli M3 TakuX 3ajad SIBJSIETCS YCTAHOBJICHWE ONTHMAJBHBIX YCIOBHMA MONy4YeHUs OOpa U MaTepu-
aJIoB Ha ero ocHoBe. Mcxons u3 3Toro, meiabio JaHHOTO UCCIIe0BaHMs ObLIO MPOJOKEHNE [TUKIIa padoT B
00JIaCTH M3YyUYEHHS CIOXKHBIX T€TEPOreHHBIX CHCTEM C aKTHBHBIM MOJIKIIOUEHHEM METO/Ia KOMITBIOTEPHOTO
MOJIEIMPOBAHMS TEPMOIUHAMUYECKUX IPOIIECCOB, a TAK)KE OMpeIe/eHHEe YCIOBHM, MPU KOTOPHIX HMEEeT
MECTO MaKCHMaJIbHO€ BBIJICJICHHE II€JIEBBIX MPOAYKTOB B KOHJIEHCHPOBAHHOM COCTOSIHHH, BOSMOXKHBIX B
cucreme BCl;— CHy4, paccMOTpeHHOI HaMu Kak yeThipexkoMonenTHas cucrema B—Cl1-C-H [1-3].

Kax m3BectHO, onpeneneHne 3TuX yCIoBHi SKCIIEPUMEHTAIBHBIMU CPEICTBAMHU HCCIIEOBAHUS BEChbMa
TPYZOEMKO U JIoporocrosie. B ATHX ycnoBusx Hambolsiee 1enecoo0pa3HbIM SIBISETCS HCIOJIb30BaHUE
MeTOoJ]a KOMIIBIOTEPHOr0 MOJEINPOBAHNS TEPMOJMHAMUYECKUX MPOIIECCOB, YTO MO3BOJISAET B KpaTyaiiue
CPOKH TIOHATH CYTh XapakTepa B3aMMOJIEHCTBHUI B CIIOKHBIX OOpCO/IEpKaIINX CUCTEMAX U, CIEIOBATENbHO,
NpHHATH HauboJee NpUEMIIeMble pelieHust B cdepe MoimydeHuss Oopa W MaTepuajoB Ha €ro OCHOBE,
3HAYUTENBHO COKPATUB YHCIIO HATYPHBIX SKCIIEPUMEHTOB.

B Xome KOMIBIOTEPHOTO SKCIEPHUMEHTA yKa3aHHAas HAMH YETHIPEXKOMITOHEHTHas chcTema Oblia
WCCIieIoBaHa MpH JlaBiieHuH ra3oBoit ¢asel 101 k[la B Temnepatypaom uaTepBaie T= 500-2500K, marom
o temnepatype 100K, mpu cooTHOIIEHUH HCXOHBIX KOMITIOHEHTOB OT 1 10 192.

IIpu npoBeaeHMH TEPMOAMHAMHYECKOTO aHali3a T€TEPOreHHOW CHUCTEMBI MEPEMEHHOW BETUYMHOMN
OBLITO MPHUHSTO CONEPKAHUE CYMMapHOTO BojiopoJa B cucreMe. OTHOIIEHHE TPUXJIOPH Oopa/MeTaH ObLI1o
MIPUHATO TOCTOSHHBIM M paBHBIM 4. B CBSI3W ¢ CyIIecTBEHHBIM HM3MEHEHHEM IIOKa3aTesel mporecca
(BBIXOZIa MPOYKTA) TIPH YBEIWYEHUH HAYAIBHOTO COIEP)KaHUS N30BITOYHOTO (TI0 OTHOIICHUIO K BOIOPOIY
MeTaHa) KOJHMYECTBa BOJIOPOJA B CHCTEME, pacuerbl ObUIM TPOBEICHBI C HM3MCHEHHEM CONCpIKaHMUsI
BOJIOpOAa B apH(pPMETHUYECKOH IPOrpecCHy IpH OTHOIIECHUSAX MeHee 6 (Bomopox/xjopua Oopa) u
TeOMETPUYECKON TpOrpeccHH TMpH Ooliee BBICOKUX COOTHOIICHHUsX. Bcero Obuto mpocuutano 55
PaBHOBECHBIX COCTaBOB JJIs OTHOIIEHUH BOJIOpO/Aa K XJopumy 6opa, paBHbIX 1, 2, 3,4, 5,6, 12, 24, 48, 96,
u 192 wmonb/mMonb. To ecTh, Uil CUCTEMBI HY)KHO OBUIO ONPEICTUTh BIUSHUS YBEITUYECHUS KOIUYECTBA
BOJIOPOJIa Ha BBIXOJ KOHJICHCHPOBAaHHBIX MPOIYKTOB, a B YaCTHOCTH OOpa m KapOuma Oopa B MoJcHCTEME
4BCl;+ CH,4 nipu pa3iuyHbBIX TeMIeparypax.

i pelieHusi MOCTaBJICHHOM 3ajja4uy HAaMHU B KauecTBe MaTemaTHueckoi Moaenu cucteMbl BCl,—CHy
MIPUHSTA COBOKYITHOCTD CIEAYIOIIUX BBIPAKEHHI:

— ypaBHenwue 3Heprun [ m66ca cucremsl mpu temrepatype 7,K:

n Px. n+K
G=>x;(G]+RTIn—")+ > x,G), (1)

j=1 Z ] j=n+l
x]

1

IJIE X; — YHACIIO MOJIEH j-TO KOMIIOHEHTa; G? — cCTaHJapTHOE 3HauyeHue sHepruu ['mddeca j-ro KOMIOHEHTA

npu T; P — naBieHue ra3oBoi (a3bl CHCTEMBI, aTM; /1 — OOIIee YKCIIO ra3000pa3HbIX KOMIOHEHTOB;, K —
YUCIIO KOHJEHCUPOBAHHBIX KOMIIOHEHTOB, BOUIEAIIMX B PaBHOBECHBIN COCTAaB;
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— YCJIOBHUEC 3aMKHYTOCTH CUCTEMBI I10 MacCcCe:
i=1l..,m, 2

re a; — YUCIO aTOMOB 3JI€MEHTa i B MOJIEKYle KOMIIOHEHTa j; b; — YMCIO0 TPaMM-aTOMOB dJIEeMEHTa |
B cHCTeMe; m — o0Illee YHCIO DJIEMEHTOB, M3 KOTOPBIX 00pa30BaHa CUCTEMA;
— YCJIOBHE€ HEOTPULATEIIBHOCTH YUCENl MOJIEH BCEX KOMIIOHEHTOB:

6520 3)

OnpezeneHre paBHOBECHBIX COCTABOB ISl  3aJaHHBIX b, G_?,P u T cBOAWTCS K OMPENCICHUIO

Habopa X;, JOCTABIAIOIIEr0 MHHUManbHOE 3HaueHne G mo ¢opmyne (1). INouck munumyma (1) mpu
yenoBusix (2) 1 (3) ecth 3amaya Tak Ha3pIBaeMOM "YCIOBHOW MHHUMH3AaMH', W M €€ PEIICHHS
MPEATI0KEHO MHOXKECTBO aJITOPHTMOB.

OnmunH w3 HauOonee “ymauHbIX” SIBISICTCS aaroputM Yaibita, J[xoHcoHa, JlaHimHra [4], Ha ero OCHOBE
B.JO.MunanubsiM pazpaboraHa HHTEpaKTHBHAS CUCTEMa MPOrPaMM ONpEIEICHUS] PaBHOBECHBIX COCTaBOB
oA MHOT'OKOMITOHCEHTHBIX T'€TCPOr€HHBIX CUCTEM, B COCTAaB KOTOPLIX MOXKET BXOJUTH OO0 10 snemenTOB
[5]. Ora mnporpamma Bkmouaer 0a3sl TepMmoamHamuueckux naHHbx VMBTAHTEMO wu JANAF.
TepmonuHaMuyueckue AaHHBIE IS BCEX KOMIIOHEHTOB 3aMMCTBOBAHEI U3 [6].

B mpomecce pacuera 3anaBanmch TeMIepaTypa, oOllee JaBlieHHE Ta30BOH ()a3bl U COOTHOIICHUS
MeTaHa K XJOpHAy Oopa, yKa3aHHBbIC BBIIIE. Pacuerbl MpOBOAMIMCH ¢ maroM 1o Temmepatype S00K.
Hnst yrounenus (Ha30BBIX TPAHUIL AT TI0 TEMIIEPATYPE U COCTABY YMEHBIIAJICS MO0 HEOOXOJJMMOCTH.

ITo OJaHHBIM pacdc€Ta IMOCTPOCHBI JuUarpaMmbl HW3MCHCHHA COCTaBOB KOHI[eHCPIpOBaHHOfI u
razoo0paszHoli a3 A BCeX TEMIIEpaTypHBIX pa3pe3oB W yciaoBUH. s oOnerdeHus: TONb30BaHUS
rpadukamMu 00e CHCTEMbI KOOPAWHAT MBI HAJIOXKWIIH JIPYT Ha Jpyra TakK, 4YTO Ha OJJHOM rpaduke oKa3aluch
COBMEIIICHBI IAHHBIE 110 KOHJICHCUPOBAHHOW U ra3oBoil (azam.

G080 K, fgm ' 500K, 1am

,/"‘E—__

i : L -g I it b g
/ z 3 & 5 8 : g 12 2 48 9 182
mons Hy [ 1moas BUES moms H, /1 mans 808,

Puc.1. Temneparypasiii pazpe3 T = 500K cucremsr “BCl; - CH,”, mons/Monb, uis gaBineHus ra3oBoit ¢assl 101xI1a.
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1000 K, iom : 1000k, 1om

g‘g %L n*

Bee,

f 2 3 4 N g & ié 2. &8 8 152
Mone He [ Imans BUE, mode Hyf 1 mags BOE,

Puc.2. Temneparypnsiii paspe3 T = 1000K cucremsr “BCl; - CH,”, Mmonb/Monb, 1uist gaBineHus ra3oBoii ¢assl 101kI1a.

1580 ¥, fom 1500h, tom
{ J
I Hy
33 E-L n*
Hie
X
Bce, 4
Lk 145
BHEE, 8,0%

e

-2 L—I‘A\—_‘\'ﬁ 7 L L
f Z 3 4 5 4 & A 24 48 3& 182
Mo Hy/imans BCE, mons Hy [ {mans BE,

Puc.3. Temneparypnsiii paspe3 T = 1500K cucremsr “BCl; - CH,”, monb/Monb, 1yt gaBineHus ra3oBoii ¢assl 101xI1a.

1 ZooL N, Tum

03

f ? 3 4 ) & i1 FRT I B4
staae He [ {wians 806 -

Puc.4. Temneparypnsiii paspe3 T =2000K cucremsr “BCl; - CH,”, Mmonb/Monb, 1yt gaBineHus ra3oBoii ¢assl 101kI1a.
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2580 &, “fam

¢ 2 3 4 5 & s . a8 % 1%
roaw Hy /| one BEEs Mans Hp /1mane BOE;

Puc.5. Temneparypasiii pazpe3 T = 2500K cucremsr “BCl; - CHy4”, Monb/Mosib, ai1st JaBiaenus ra3oBoi ¢aser 101kI1a.

Ha pucyHKe TIOKa3aHbl Te Ia3000pasHble KOMIIOHEHTBI, MONbHBIC JOMH KOTOphIX >107°. JlaHHbIE
MPHUBEACHBI B JIorapu(MHUUECKOM MaciiTade:
n
lng], xX= ija
x 1
rJe X;— 9UCIIO MOJIel j-ro KOMIOHETa; 7 — o0llee YUCII0 ra3000pa3HbIX KOMIOHEHTOB.

JIi1si KOHJICHCUPOBAHHBIX KOMIIOHEHTOB YKa3zaHbl umcia moneir n° Ha 1 monb BCl; B mcxomHoi
CMECH.

Ananu3 pesysbrata TepMoanHaMudeckoil omeHku cucremMbl B—Cl-C—H mnpuBOauT K BBIBOAY, YTO
YBEIUYEHHE KOJIMYECTBa BOJIOPOIa U TEMIIEpaTyphl CHHEPTHYHO, T.€. YBEJIHUEHHE KOINYeCTBa BOAOPOAa B
CHCTEME CITOCOOCTBYET YBEIMYEHHUIO BBIXOJa KapOuaa O6opa u 3TOT 3PQeKT CylIeCTBEHHO yCHIIMBACTCS
MIpH OJHOBPEMEHHOM YBENWYEHHH TemmepaTypsl. [lpuemiemsie pesynbratsl gocturatorcs npu 1500K u
101 kITa (latmocdepa) mist cootromenus Hy/BCl; >~ 24; a mia 2500K  gocrarouen 10 - 12 — kpaTHBIi
M30BITOK BOAOPOJIA ITPH TOM K€ JAaBIICHUU ra30Boi (asbl. UTo ke Kacaercs KOHACHCHPOBAHHOIO Oopa. TO
CIIelyeT OTMETUTh, YTO MPH BEIOPaHHBIX HAMHU YCIIOBHSAX SKCIIEPUMEHTA €ro BBIJCTICHUE HE HAOI0JaeTCA.
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Lodwdomb  33e9g30L FoBbL Fgoygbs Lbsdwdomgdol (3030l goaMAgEgds Mo 39EgHMAg6wo
LobEgdgdol dgbfogerol LggMmdo 0gMHIMEOBsdozwMmo 3MHMmEgbgdol  3MI3MEIOHMo  dmEgEotgdol

39300 BsOMZ0m. 0ym 353m33gryero “B-Cl-C-H” Lob@gds 500-2500K 3993g6e@wy@wen 0b@gMzsdo s
Ho/BCls 1-oob 192 Lofigobo  3m33mbgbgdol  mabogsmomdol  306mdgddo. 0owqdmwo  d9wgagool
Lo3wdzgaEbg GgladergdgEr0s 2539009l 336s, MHMT LobEdsdo Hgowdowol d99;339emdol BMHs byl
Mgmdl  dmOoL  JoMBOEOL  Asdmbogwol  BOELL s gl gx8gddo  860d36gmgbs  deroghmgds
399396053 1M0l 9MHEOHMME0o Togdom. dobowgdo 89093900 doomfigzs T=1500K ¢93396ms@Mol s 101
335 6930l 3060HMmdgddo Hy/BCl; > 24 0965535600 md0Lsl, begnm T=2500K-0l oMmb bszdsGolos 10-12-
XJO500 94oedool bLoFsMdg 00539 50650 BoBol FH930LL. Moz Tggbgds 3MbYbloMdwME dmOLs
LoFoMMs 500bodbmlb, ®MA h3zgbl dogH GgMmPBgmro 93L39MH0TgoEHOL 30MMdJdd0 dolo godmLsgso 56
500603b9d0.

THERMODYNAMIC ANALYSIS OF INTERACTIONS IN THE SYSTEM BCl; - CH,4

Dimitri Eristavi, Archil Sarukhanishvili, Anna Gogishvili, Maya Gugeshidze
Georgian Technical University

SUMMARY

The present study at continuing a cycle if works in the sphere of investigation of complex heterogeneous
systems by active inclusion of thermodynamic processes computer modeling methods. System “B-CI1-C-H”
is used for 500 - 2500K and the ratios of initial components Hy/BCl; from 1 to 192. Obtained results enable
us to conclude that increase of hydrogen content in the increase of carbide boron yield and that this effect
significantly increases with simultaneous increase in temperature. Acceptable results are obtained at 1500K
and 101 kPa for the ratio H,/BCl; > 24, and for 2500K, 10 - 12-fold excess of hydrogen in enough at the
same gas phase pressure. As for condensed boron should be noted that when we adopted the condition of
the experiment selection was not observed.

164



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2014 3. 40 Ne 2 - 3

OUBNYECKAS XUMUSA

TBEPIBIE PACTBOPBI ITIOJTYITPOBOJHUKOB A"B"' C 3BAMEILIEHUEM B AHUOHHOM
HNOJPEIIETKE

A.M.Ilamaes , O.I/I.)IaBapamBHnM* , M.H.EHyKaH_IBI/IJ’H/I*, 3.F.AXBHGJZ[I/IaHI/I*’**, P.F.FYII}IGB*,
JLILBbrukoBa , M.A.J[3arauus * , B.I1.3moMaHoB****

Hayuonanvnas Axoemus Asuayuu Azepbaiioncana, baxy
* Tounuccxuti I'ocyoapcmeennviii Ynusepcumem um. s /picasaxuweunu, Tounucu
**Uncmumym gusuxu um. . Anoponuxaweunu, Tounucu
*** Unemumym  ¢pusuneckou u opeanuieckou xumuu um. Il Menuxuweunu, Tounucu
**%* Mockosckuti I'ocyoapcmeennwii Yrusepcumem um.M.B.Jlomonocosa, Mocksa

Monoxkpucmannuueckue u CRIOWHbIE COU MEepOblx pacmeopos PbS; . Se. na nooroscxe BaF, (111)
NOTYUEHbl MeMOOOM MOAEKYAPHOU SNUMAKCUU C «20psAdell CMEHKOLY. YCemanosneno, 4mo ckopocmb
POCma cioes Modcem YRpasiambCs NPU USMEHEHUU B3AUMHO20 PACHONIONCEHUS OMKPbINO20 Kpas
K8apyesoll amMnyavl ¢ UCHOYHUKOM SNUMAKCUU U NOONOJICKY HA Hepacaseiowell Macke, 8 mo epems,
Kax cocmas meepdoco pacmeopa PbS;,Se, He Memsemcs cywecmeeHHo Npu  UMEHEHUU
memnepamypul cenenosoco ucmounuxa. Qbuapysceno, umo ciou PbS;. Se, umeiom menoenyuro
KpUCmaniuzoeamscs 8 opuenmayuu, omauunou om (111) — opuenmayuu noonodcku BaFs. Ilpu
3aMeeHUU amomMo8 CeleHd amoMamu cepbl (Ul HA0OOPOm) CO2IACOBAHHO MEHSAIOMCS Napamemp
KPUCMALIUYECKOU PEUemKy U WUpUHA 3anpeujeHHol 30Hbl. SHaYenus Wupunsl 3anpeujeHHol 30Hbl,
onpedenennvle no Mmooeisim unmeppepomempa Dabpu-Ilepo u MHOLOKPAMHO2O BHYMPEHHE20
ompasfceHusi cCognadarom npu HeboabUiol Koppexmupogke nponyckanus. s UK ¢pomonpuemnuxos u
A3epo6 ¢ ONnMu4ecKum 8030VicoeHueM OOHUM COCMAsoM akmueHou obdracmu PbS; . Se, -
Hanpscenno2o Hanocnos modcho npu T=300K nepexpvimv obnacmo cnekmpa 3-4 MKM, MeHsA
MOIbKO MOIUUHY CTOSL.

W3 momympoBOIHHUKOB AVBY! TBepabie pactBopbl PbiSn,Te u PbS,,Se, Hamwm nHambOosblee
npuMeHeHue, B yacTHocTH, B MIK onroanekrponuke. [Ipu atom B PbSn,Te npu 3aMerieHny B KaTHOHHOMH
MOJIpelIeTKE aTOMOB CBHMHIIA aTOMaM{ OJIOBa H3-3a HHBEPCHM 30HHOW CTpyKTypsl mpu T<77K
MepeKphIBacTCA 00JacTh CHeKTpa 5-50MKM Ui KOTEpEHTHBIX u3nydaTenell u  4-200MkM s
¢doronpuemMHuKoB. B annonHo# nmoxapemerke B PbS; Sex npu 3amerieHun aTOMOB cepbl aTOMaMHU CeJleHa
WHBEPCHsI 30HHOH CTPYKTYpBI HE UMEET MECTa M MPH KOMHATHOHW TeMIlepatrype MepeKphIBaeTcsl 00JIacTh
cnektpa 3-4,3 MKM, C TIOHIDKEHHMeM TeMmmepatypbel 1o 77K mepekpbsiBaemas 00NacTh CIIEKTpa
MPOTATUBAETCS BIUIOTH 10 7 MKM. TeM He MeHee B 3Ty 00JacTh MOMAJAr0T MOJIOCHI TOTJIOMIEHUSI BechMa
aKTyaJIbHBIX MOJICKYJ Ui pa3HbIX BHIOB razoaHamusa: H,O, NO, CO, CO,, CH4, CS,, NO, u ap. O6e
yYKa3aHHbIE CHUCTEMBI TBEPHbIX PACTBOPOB TMPHUBIEKATENbHBI M JUISI M3YYEHUS HX CBOWCTB B YCIOBHUSAX
JIETUPOBAaHUS MPHUMECSIMH C TEPEeMEHHOM BaleHTHOCThIO. Kak W3BeCTHO , MPH TaKOM JIETMPOBAHUU
OCYIIECTBIIICTCS BechbMa TIyOOKas KOMIIEHCANMS OJICKTPUYECKH AaKTHBHBIX HECTEXHOMETPHUUECKHX
nedexToB (KOHLEHTpamMs KOTOphIX BO MHormx momymposomaukax A'YBY' mpepsimaer 10" om™).
OcobeHHO HHTEepPECHO MO00HO0E JIETUPOBAHNE OCYILIECTBUTh B HAHOCIIOSX, BBIPAIICHHBIX HA MOUIOKKAX C
OONBIIMMHU  MapaMeTpamMH KPUCTALIMYECKOH pemerkd, T.e. Korjma peanusyercs 3¢ QeKTHBHOE
«oTpunaTenpHOe» naBieHue. [Ipu 3ToM ypoBHU TakMX MpHUMeEceil ¢ mepeMeHHON BaJleHTHOCThIO, Kak Cr u
In, mpoHuKkarT rIyOOKO B 3ampelicHHYI0 30HY M KOHIIGHTpAlMs HOCUTENeH 3apsiga mamaeT Ha 5-7
nopsakos [1, 2].

Jdnst  aHanmu3a CBOMCTB  HANpPSHKEHHBIX HAHOCIOEB HEOOXOAMMO 3HAHHE TapaMeTpOB
HEHANpPSKEHHBIX CJIOEB, KOTOpBIE paccMaTpHUBAIOTCA B KadeCTBE OCHOBBI KakK CTPYKTYpHBIX, TaK U
OIITHYECKUX CBOMCTB.

B uvactHOCTH, B HacrosIlei pabore uccieayores ciou PbSi,Se, ¢ Tommuuamu 3-5 MKM, Koraa
HanpsDKEHUE B HUX CBOAWTCS K MHHUMYMY. DIHWTaKcHajibHble ciou PbS;Se, momyuanucs meromom
MOJIEKYJSIDHOM DIUTAKCUM C «ropsiued CcTeHkoi». IIpemMylnecTBa 3TOro MeETOAA 3aKIKOYAKOTCS B
BO3MOXKHOCTH TOJUICPKaHUS JaBICHUSI CyOIMMHPYEMOro BElIecTBAa HA HEOOXOJMMOM YPOBHE 3a cyer
M3MEHEHHUS! KBa3M3aMKHYTOCTH POCTOBOI CHCTEMBI M HCKIIIOYEHHS IMOTeph MaTepHana W3-3a HaJu4dus
«ropsiuert creHkm» [3]. Poct cnoeB PbS,Se, ocymiecTBisiiics, B OCHOBHOM, Ha Moiokkax BaF, m3-3a
0JM30C¢TH KO3 (DHUITMEHTOR TEIJIOBOI'O PACIIMPEHUS CIIOS M MOJIOKKH U COBMACHHUS MX KPUCTAJUTHUSCKIX
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CTpYKTYp. ICTOYHHKOM SIIUTAKCHUU CITYXKHJI TOIMKpHCTainaeckuid PbS, ,Se, Hy)xHOTr0 cocTaBa (¢ yueToM
KOHTPYIHTHOCTH XapaKTepa pocTa CJIOEB), KOTOPBIA MOIy4Yajcs HarpeBOM COOTBETCTBYIOMMX Macc Pb, S,
Se npu temneparype 1170°C B teueHue 4" yacoB. C melblo yaaaeHus JETYYHX MPUMECEH IMOTyYeHHBIH
CIUIaB HarpeBaJics MpH TemiiepaType pocta cioeB 540-580°C. OTmerum, YTO MpH TeMIIepaType MOUI0KEK
BaF, 320-360°C cxopocth pocta cocrapisiia ~0,1 —1um/c.

JlonomHUTENbHBIA HCTOYHHUK cefleHa Tpu HarpeBe A0 140°C He oOKa3bIBaeT CYyIIECTBEHHOI'O
BIMSHUSL Ha cocTaB TBepaoro pactBopa. CyllecTBEHHOE BIMSHHE Ha CKOPOCTh pPOCTa OKa3bIBAIIO
W3MEHEHUE KBa3M3aMKHYTOCTH POCTOBOH CHCTEMBI — PACCTOSIHUSI OTKPBITOTO Kpasi KBapIeBOH aMITyJIbl C
HUCTOYHUKOM DSIUTAKCHW  JI0 TIOAJOXKKH , pacrojiararolieiics Ha Macke M3 Hep)KaBelolled craiu.
VYBenuuenue 3a3opa oT 1 MM 10 3 MM YMEHBIIIaJ0 CKOpOCTh pocta B 1,5 -2,5 pa3za. Panee takoii addekr
HaOmomancs 1 B ciiydae pocta PbSe Ha nomioxkke KCl [4].

[Monyuennsie crmon PbS;,Se, wuccnenoBanich PEHTrEHOBCKUMH M ONTHUYSCKUMH METOJAMH.
Bricokmne MaccoBbie K03 (OUITHEHTHI TOTIIOMIEHHSI TOTYITPOBOJHHKOB A"BY' aror Bo3MOXHOCTE MeTOIOM
PEHTICHOBCKOH JMU(PAKIUK ONPENCIUTh TapaMeTp KPUCTAUTUYECKOH pEIIeTKH CJIO0EB, OTHOIICHUE
WHTEHCUBHOCTEW PEHTTEHOBCKOI'O OTPA)KEHHUSI OT YMCTOM MOJUIOKKM U TIOKPBITOM CIIOEM, MOJYIIMPUHY
peHTI‘eHO}IH(bpaKHHOHHOﬁ muann. Ilo >THM JaHHBIM pPAaCCUUTBIBAIOTCA COCTaBbl TBEPIAbIX PaCTBOPOB
HEHaNPSHKEHHBIX clioeB PbS;Se,, X TONIIUHBI, CTENEHb MUCIEPCHOCTH CJIOCB M Pa30PUCHTALIUS MEXKIY
cyo3epramu [5]. Ha ocHOBe 3THMX JaHHBIX TOTOBSTCS TaKXKE AJIrOPUTMBI Ui aHajau3a jaedopMalui,
CIINIOUNIHOCTH, 1 OILICHOK MEXaHHN3MOB pcilaKCaliunu HaHp;I)KeHI/II‘/'I B ClIyda€ HAIIps>)KCHHBIX CJIOEB, T.C. KOTAa
WX TOIIIMHA YK€ COOTBETCTBYET HAHOpa3MepHOMY Juana3oHy. HTepecHO, 4TO pEeHTTEHOBCKUM METO/IOM
Takxke oOHapykeHo, cion PbS;Se, nHOrma uMeroT OTKIIOHEHHE OT OpUEHTaluu Noanokku BaF, Bronb
Harnpasnerus (I1I).

SPECORD

AMEM)
pi 2? QSI

f100¢cm™)

Puc. 1 Cnexrp ontrueckoro nponyckanus cios CJI-428 (PbS,Se,/BaF,)

OtoOpaHHBIN [UTS ONTHYECKUX HccnenoBanmii cinoit PbS, Se, CJI-428 corimacHo peHTreHOBCKHM
M3MepeHUsAM MMeJ TapaMeTp KpHCTalmmueckoi pemerku o = 6,021A, tommuuny d=4mkm, a cocTaB ¢
Y4ETOM MapaMeTpoB PENIeTOK KPaiHUX COCTABOB Opyse = 0,126A 1 apps = 5,932A 1 ¢ yuerom n3meHenus
MapaMeTpa peleTky 1o 3akoHy Berapaa (nmuHeiiHas 3aBUCUMOCTB) cOOTBETCTBYeT Xx=0,46.

CriexTpbl ONTHYECKOro Mporyckanus uccienopanuchk npu T=300K Ha nBymydeBOM NpHU3MEHHO-
mudpakiuonHoM criektpodoromerpe SPECORD -751R. Cnekrp nponyckanust ciioeB PbS,Se, (puc.1) co
CTOPOHBI KOPOTKHX JUIMH BOJH OIpaHHYeH COOCTBEHHBIM IOTJIONICHHWEM, & C JUTMHHOBOJIHOBOW CTOPOHBI
MOTJIONIEHHEM Ha CBOOOIHBIX HOCHTEISAX M JUAJIEKTPUYECKOW MOIUIOKKe. B mpomexyrouHoi obmactu
JUIMH BOJIH B pe3ylbTaTe HWHTEpHEpPEHIMH MpPH MHOTOKPATHOM OTPaKEHHH CBETa OT TpaHMUII
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MTOJTYIIPOBOAHUKOBOT'O CJI0SI PETUCTPUPYIOTCS MHTEP(EPSHIIMOHHBIC SKCTPEMaIbHUBIC TOUKH: MAKCHMYMBbI

¥ MUHUMYMBI [6].
1.3

)

koapprLpeHT nportyckanus T(0)
o
o

3,73 4,03 4,39 483 541 6,15 7,14 8,47 10,42 13,5117,86
JUIHHA BOJIHBIL (MKM)

Puc. 2 Pacuer ontuueckoro npomnyckanus ciiost CJI-428 6e3 moraomieH st Mo MOACIH
unreppepomerpa @adpu-Ilepo (npuBemeHSI AIUHBI BOJIH I HHTepPEPEHIMOHHBIX MAaKCHMYMOB)

CrekTpsl TIpONycKaHusi 00pabaThIBalOTCST MO OTpabOTAaHHOH HaMH paHee CcXeMe IyTeM
MOCIEOBATENIFHOTO ~ ONpPEJCNiCHUs —ToKa3aTeneld  MpeloMiIeHUs, KOd(P(OUIMEHTOB OTPaXKEHUS U
MOTJIONICHUSI U X CIIEKTPaIbHOM 3aBUCUMOCTH. KOHEUHOH LENbI0 3TUX PAacyeTOB SIBISETCS ONpeJeliCHHE
NIMPHUHBI 3aMpenieHHON 30HbI KaK HEHANPSKEHHBIX CIIOEB, TaK U HANPsDKEHHBIX HAHOCTIOEeB. PaccmaTpuBas
rerepocTpyktypy PbSSe/BaF, kak wunTepdepomerp Dabpu—Ilepo, MOXKHO BbIpa3suTh KOIPPHUIMEHT
rorJonieHus o, [7]:

T=(1-r,°)(1-r,°)exp(2Bid) / {(1-R)* + 2sin’pd} (1)

3nech f=2n N/A - nelicTBUTENbHAS YacTh KOMIUIEKCHON KOHCTAaHTBI pacnpoctpanenus, R = rirexp(2p;d) —
KO3((UIUEHT OTPasKEHHUS 110 HHTEHCUBHOCTH, i = -0/2, rae o — koaduiueHT noriomeHus, I} = (Nppsse —
Ni)/(Nppsse + N;) — KO3QPUIMEHT OTpaXkeHHs 10 aMILIUTYAE Ha TrpaHuie cios PbSSe ¢ Bozmyxom, 1, =
(Npbsse — NB;,FZ)/(prSSe + Npar,) - KOOQOHUUMEHT OTpaXkeHHs [0 aMIUIMTYJe Ha rpanuue cios PbSSe ¢

nojuioxkkor BaF,.
W3 paBencrtsa (1) moiay4ueHo ypaBHEHHE s onpenaeneHus napamerpa y = exp(2p;id) = exp(-a d) :

T(ri 1)y - {(1-r1))(1-12°) + T(r, 15) - 4 T(r, 12)Sin’2aNd/A}y +T =0 ()

4yepe3 KOTOPbI HaXomuTcss Kod(hUIMEHT moromennus o = -lny/d. B pe3ynbrare i BBIOpaHHOTO YHCIa
TOYEK DJKCIepUMeHTaldbHOro crektpa cios CJI-428 omnpenensiercs 3aBUCHMOCTh KO3 UIIEHTA
MOTJIONIEHUsT OT dHepruu (oToHa. B Ttabmume 1 mpuBOAATCS 3HAYCHUS IOKa3aTened MpeToMIICHUS,
OIIpeNIeNeHHbIX M0 IKCTPEMAIbHBIM TOUYKAaM B CIIEKTpe onTHdeckoro mpomyckanus CJI-428.

Tabnuua 1. [Tokazarenu npenomienus st cnost CJI-428, cooTBeTcTBYIOIIUE
IKCTPEMATILHBIM TOYKAM CIEKTPa OMTUYESCKOTO MPOITYCKaHHUSL.

Ne| 1 2 3 4 5 6 7 8 9 (10 |11 (12 |13 |14 |15 |16 |17 | 18 19 20 | 21 22

\ B,58 B,73 B,85 #,03 4,20 #,39 #,57 K,83 5,08 5,41 5,75 6,15 6,58 7,14 [7,63 8,47 D,35 [10,42 [11,49 |13,51 |16,13 [17,86

N 5,21 5,20 5,18 p,04 B99 ©,93 ¥.85 4,83 4,76 4,73 §,67 §,62 4,52 46 429 424 409 |3,91 |3,59 |3,38 |3,2 |2,23

U3 popmynsl (1) cnenyer, 9To B MakCUMyMe MHTEp(HEPEHIIMOHHBIX THUKOB, KOT/Ia MMPOUCXOUT HaOeraHue
- 2

(a3 npu MHOroKpaTHOM oTpaxkeHnu cera Sin"fd =0, T.e. 2Nd = mA (3a), rae m npruHUMAET JIFOObIE IeNbIe

3HAueHMs, a B MuHMMyMax Sin’Bd =1, T.e. 2Nd = m\/2 (36), rie m IPUHMMAET HedeTHbIC 3HAUYeHHs. U3
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pUC.2 BUAHO, YTO TNPHU OTCYTCTBHHM TMOTJOIIeHHsA (0 MpHUpaBHUBAETCI K HYJIO) BCE OAWHHAALATH
MaKCHMYMOB CBsI3aHbI C MHTEep(hepeHIuel B clioe.

Tabnuna 2. laHHBIE IO MOKA3aTENsAM IpETOMIICHUS, KO3 puilmenTaM oTpaskeHHs U TOTIIOMICHYS IS
ciost CJI-428 PbSSex(x=0,46) - ananu3 o moxaenu uarephepomerpa @adpu-Ilepo (pacuer mo
9KCTPAIOIIMPOBAHHBIM TOYKAM).

Ne| A, mxm [N(PbSSey) | 1, r, Toe |hv, 3B |a,cm™ a*2=(a-ac3,ﬁ,)z, em” | (a*hv)? cmsB?
1| 3,85 5,18 0,676110,5570(0,230( 0,322 | 1184 1,32E+06 1,38E+05
21 3,73 5,20 0,677410,5586(0,250( 0,332 | 1553 2,32E+06 2,56E+05
31 3,58 5,20 0,677510,5587(0,135( 0,346 | 1869 3,39E+06 4,06E+05
41 3,55 5,21 0,677610,5588(0,120( 0,350 | 2759 7,46E+06 9,12E+05
51 3,51 5,21 0,677910,5592(0,117| 0,353 | 3228 1,02E+07 1,28E+06
6| 3,46 5,22 0,678110,5602(0,105( 0,358 | 3602 1,28E+07 1,64E+06
71 3,42 5,22 0,678410,5605(0,077( 0,363 | 3971 1,56E+07 2,05E+06
8| 3,33 5,21 0,677910,5598 (0,059 0,372 | 4263 1,80E+07 2,49E+06
91 3,28 5,22 0,678110,5602(0,055( 0,378 | 4716 2,20E+07 3,15E+06

OtmernM, B 0OBIYHOM cIieKTpe (pHc.l) ¢ pocTOM JUTMHBI BOHBI CKA3bIBAIOTCS BO3PACTAIONIEE MOTIIOIICHHE
Ha CBOOOAHBIX HOCHUTENAX W B nomiokke BaF,. IIpaBuibHOCTH — ompeneiacHHs —HOpsiaKa
UHTEp(HEPEHIIMOHHBIX MAKCHMYMOB ITPOBEPSIACH M IO COOTHOIICHHIO:

N= hohans /20y + Ao )
31ech I Ka)JI0ro MakKCUMyMa TOACTABIISIINCH HaliieHHBIC M0 3a, O 3HaUSHMS MoKa3aTessl MPEeIOMIICHHS

N ¥ CcOOTBETCTBYIOIME AJAMHBI BOJIH — IIPOBEpKa IIOKa3ajla, 4TO IOPSAJOK MaKCHUMYMOB OIpelelleH
MIPaBHJIBHO.

2, 50E+07

2 00E+07 /

1 50E+07 /

1 .00E+07 7

5 0DE+06 +

KR par ICT.J.'1[|][|J HIHEHTE OO eH 1 (_U M'z)

_.__.-l-"l

0,308 0,322 0,332 0,346 0,350 0,354 0,358 0,363 0,372 0,378

G,00E+00

3Heprud dotoHa (3B)

Puc. 3. 3aBucumocTh KBagpaToB K03 GUIIMEHTA OTJIONICHUS OT YHEPTUU (OTOHA (KBaJpaThl — MOJICIb
unTepdepomerpa Dadpu-Ilepo, poMOBI-MOIETb MHOTOKPATHOT'O BHYTPEHHETO OTPaKEHHS )

[Nocne onpenenenus cCneKTpabHON 3aBUCHMOCTH TIOKa3aTeNsl MPEIOMIICHUS ObLITH HalIeHBI TAKKE
3Ha4YCHUS! KOA(QPUIMEHTOB MOTJIOMEHUS 10 SKCTPEMAILHBIM TOYKaM B CIIEKTpPE, HO OKa3alloCh, OHU HE
NaBaIi 3HAueHus o > 3-10° cM™ — HIDKHAS TpaHMLA JUIA IPAMBIX MEpexoioB B nomymnposouukax A'VBY!
[8]. TloaTomMy myTeM SKCTPAMONALIMK TOKa3aTeaeld MPETOMIICHHs ObUIM OIpPEAC/ICHbI JAOMOIHUTEIbHbBIC
3Ha4YCHUS! KOA(QPHUIIMEHTOB MOTJIOMICHHSI HA KOPOTKOBOIIHOBOM XBOCTE CIIEKTpa, MPUBEJCHHOrO Ha puc. 1.
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e E———————————  — ——————— — —————

PaccunTanHble 3HAa4YeHUs MOKa3aTeleld MPENOMIICHHUS, KOX(PQPHUIMEHTOB OTPAKEHHS Iy U I MO MOJCITH
unTepdepomerpa dadpu-Ilepo narorcs B Tabmuie 2. 31ech ke MPENCTABICHBI TAKKE COOTBETCTBYIOIIHE
sHauenns o u (ahv)’ wig aByX BHIOB cpamienns of = f(hv) u (ahv)® = f(hv). Ha puc.3 npuBoastcs nse
3aBucumoctr o = f(hv) s cnost CJI-428 — oxma mocTpoena mo Moxenu uurephepomerpa Pabpu - [epo,
Jpyrasi — 0 MOJIETIH MHOTOKPAaTHOTO BHYTPEHHETO OTPa)KCHUS. 3HAUCHHS IMUPUHBI 3alPelieHHOW 30HBI,
MOJTy4eHHbIE TP CIPSIMIICHUH 3TOTO BUJA COOTBETCTBYIOT 0,354 3B st o6oux moneneit (¢
Y4eTOM YCIIOBHS JUIS HPSAMBIX TIepexonoB o>9-10°cm™n Tounoctn onpenenenns Eg -0,00535B). B tabue
3 mpezcTaBIeHbBI IaHHBIE JUIsl MOJIEN MHOTOKPAaTHOTO BHYTPEHHETO OTPaXKEHHSI.

Tabnuna 3. JlaHHBIE IO TTOKA3aTEISIM MPETOMIICHHUS, KO GHUITMEHTaM OTPaXXeHUs 1
norsornenus s ciost CJI-428 PbSSe(x=0,46) - aHanu3 1o MOAEIM MHOTOKPaTHOTO BHYTPEHHET O
OTpaxkeHUsl (pacyeT 10 IKCTPAIIOTHPOBAHHBIM TOYKaM )

Ne | A, MkM [N(PbSi1xSex)| R | Toxen. | hv, 3B | 0, em! | a* 2=(0L-0LCB,H,)2, oM (()L”‘hv)z,CM'2 »B?
1 3,85 5,18 0,457( 0,22 | 0,322 | 981 8,58E+05 8,92E-+04
2| 3,73 5,20 0,459 0,21 | 0,332 | 1066 1,03E+06 1,14E+05
3 3,58 5,20 0,459 0,14 | 0,346 | 1956 3,64E+06 4,36E+05
4 | 3,54 5,21 0,459( 0,095 | 0,350 | 2865 7,94E+06 9,73E+05
5 3,51 5,21 0,460 0,08 | 0,353 | 3276 1,04E+07 1,30E+06
6 | 3,46 5,22 0,460 0,07 | 0,358 | 3598 1,26E+07 1,62E+06
71 3,42 5,22 0,460 0,06 | 0,363 | 3972 1,54E+07 2,03E+06
8 3,33 5,21 0,460( 0,052 | 0,372 | 4331 1,84E+07 2,55E+06
9 | 3,28 5,22 0,460( 0,044 | 0,378 | 4740 2,21E+07 3,16E+06

Ilpu Tex »xe AMMHAX BOJIH, 4TO M sl Mojenu uHTepdepomerpa Pabpu — Ilepo, momoOpaHb
COOTBETCTBYIOIIIME TOKa3areny npenomieHus. OnHako, st TpuoImkeHust Ko3QQUIMEeHTOB MOrIoneHus
K 3HAYCHHSM, MTOTY4YEHHBIM 0 Mojenu natepdepomerpa @abpu — [epo, ko3P PUIIMEHTHI TPOITYCKaHUS B
3TOM ciTydae B3sThl MeHbIe. ITo cipamiennio 3apucumocreii (ohv)’ = f(hv) nonyuarorcs 3HayeHus E, =
0,3503B (puc.4) u Takke ¢ yueToM TOYHOCTH omnpeseneHus E, oHo paBHO nepomy pesynsraty — 0,3543B.
[Mo-Bumnmomy, u3-3a cnaboro U3MEHeHUs: hv Ha ydacTKe CIpsSMIICHHS, TaKOe COBIJICHHE MOIydaeTcs
Ju1s nesoro psiia nonynposonaukos A'VBY' [9]. Y npu Bropom Bune cnpsmienus (ahv)® = f(hv) Tax xe,
KaK JUIs MEPBOrO BUAA CHPSAMIICHHS, JUII O0OMX MOjEieH 00paOOTKM CIIEKTPOB IOIY4aroTCs OJIM3KHE
3HAYCHUS IUPUHBI 3aIPEIICHHON 30HBI.

Takum oGpaszom, B cioe PbS,,Se, mpu x = 0,46 mupuna 3anpenieHHoi 30HbI E, nmpu T=300K
cocrapisger 0,3542B (Ao = 3,5Mkm). IlomyuenHoe 3HadeHHe E, XOpOIIO JOXKHMTCA Ha JIMHEHHYIO
3aBHCHMOCTb LIMPUHBI 3apelieHHoil 30HpI Mex 1y PbSe u PbS — coorBercrByromue E, — 0,286 u 0,4103B.
Onwmpasich Ha MOTYYEHHBIC paHee Pe3yNbTaThl, KOI/Ia B HAMPSDKEHHBIX HAHOCIIOAX IMMPUHA 3arlperieHHON
30HBI MOJKET Bo3pacTath Ha ~ 0,153B [10], HeTpyaHO 3aKIIIOYHTH, YTO OJHUM cocTaBoM ciiosi PbS;Sey B
UK dorompuemuukax u nazepax c¢ ontudeckuM BozOyxaeHuem npu T=300K mepekprbiBaercsi 00nacTb
crekTpa 3-4MKM , U3MEHSS TOIBKO TOJIINHY HAHOCIOA.

Takum o0Opazom, B mporecce pocra ciioeB PbSi,Se, oOHapykeHa TEHICHIUS CMEIICHUS
OpPHEHTAIIMHU CJIOEB OT opueHTaluu nomioxek BaF, snons (I11). Kak u B apyrux Hammx padorax mokas3aHo,
YTO CKOPOCTBIO POCTa CIOEB MOXKHO YIPABIATH H3MEHEHHUEM PACCTOSHUSI OT OTKPBITOrO Kpasi KBapIeBOH
aMITYJIbl C HCTOYHUKOM STUTAKCHH JI0 TIOJITOXKEK.
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0,308 0,322 0,332 0,346 0,350 0,353 0,358 0,363 0,372 0,378
sHeprug doTona (3B)

Puc. 4 3aBucumMocTh Mpou3BeNIeHUS KBapaToB K03 (HHUIIMEHTa OTTIONICHUS Ha SHEPTHI0 (poToHA

(xBazgpathl — Mojenb nHTeppepomerpa adpu-Ilepo , poMOBI — MO/IENb MHOTOKPATHOT'O BHYTPEHHETO

OTpa’KEHHSI)

OOpaboTka CHOEKTPOB ONTHYECKOTO TPOIMYCKAHMS IOKa3ajia COBMAJCHHUE pPE3yJbTaTOB JUIs

Pa3IUYHBIX MOAEJEH C y4eTOM KOPPEKTHPOBKH ONTHYECKOro MpomyckaHus. BakHo, 9TO B UCTOYHHMKAX U
npuemankax WK wmanmydeHust ogHuM coctaBoM HaHochos PbSiSe, moxno mpu T=300K mnepekpbITh
00nacThb crekTpa 3-4MKM, MEHSISI TOJIBKO TOJIIMHY HANPSHKEHHOTO HAHOCIIOS.
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SOLID SOLUTIONS OF A"VBY' SEMICONDUCTORS WITH SUBSTITUTION IN THE ANION

SUBLATTICE
A.M.Pashaev, O.I.Davarashvili*, M.I.Enukashvili*, Z.G.Akhvlediani***, R.G.Gulyaev*,
L.P.Bychkova*, M.A.Dzagania**** and V.P.Zlomanov****
National Aviation Academy, Baku, Azerbaijan
* Iv. Javakhishvili Thilisi State University, Thilisi, Georgia
** E. Andronikashvili Institute of Physics, Tbilisi, Georgia
**% P Melikishvili Institute of Physical and Organic Chemistry, Tbilisi, Georgia
**%% M. Lomonosov Moscow State Universities, Moscow, Russia
SUMMARY
The uniform monocrystalline layers of solid solutions PbS,,Se, on the BaF,(III) substrate were obtained by
the method of molecular epitaxy with “a hot wall”. It was revealed that the growth rate of layers could be
controlled by varying the mutual arrangement of the open tip of the quartz ampoule with the epitaxy source
and the substrate on a stainless mask. At the same time the composition of the solid solution PbS;,Se,
hardly changes with the changing temperature of the selenium source. It was revealed that thePbS;Se,
layers tend to crystallize in the orientation other than (III) — the orientation of substrate BaF,. When the
sulfur atoms replace the selenium ones (or vice versa), the lattice constant and the forbidden gap width
change in concord. The values of the forbidden gap width determined by the models of Fabry-Perot
interferometer and multiple internal reflection coincide at slight corrections of transmission. For IR
photodetectors and lasers by optical excitation by the same composition of the active area of strained PbS;.
ey nanolayer it is possible to cover the spectral region of 3-4um at T=300K by varying only the layer
thickness.
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OU3BNYECKASA XUMUSA

W3MEHEHUE CBOBOJHOM SHEPT UM ITPU NEPEXO/IE )KUPHBIX KUCJIOT
MEXAY ABYMS PA3JIMYHBIMU PACTBOPUTEJISAIMHU

N.I".bepazennmBuim
I py3unckuti mexnuueckuii ynugepcumem

Honyueno coomnowenue 0as u3MeHeHUss CMaHOapmHoOU c60O0OHOU IHepeuu npu nepexode 1 moinb
HCUPHOU KUCTOMBL U3 BOOHO20 pACMEOpa 6 dicuoxuu cenmau. Tloxazano, wmo y HUBUUX IHCUPHBIX
Kuciom npesaaupyom 2uopoguivhle ceoticmea. C yeeruuenuem Oaulbl yeies000poOHOll yenu cuia
63aUMOOeliCEUsT KUCTIOM C 8000U NO CPABHEHUI0 C H-2eNMaHoM usmeHaemca Ha 3,45 kloc Ha
kascoyio epynny CH,.

PaBeHCTBO XMMHUYECKHX MOTEHIATIOB PACTBOPEHHOI'O BEIIECTBA, HAXOJSIIEroCs MPU PaBHOBECHUHU B
pasHbIX (azax, MPUBOAUT K HEKOTOPHIM BECbMa IIOJNIE3HBIM M YIWUBUTEIBHBIM BBIBOAAaM. PaccMoTpum
TBEPJI0€ BEIIECTBO A, 100aBIEHHOE B U30BITKE K )KHIKOCTH / 10 00pa3oBaHUs HACKHIIIEHHOTO pacTBopa. B
JIpYroM COCyJe BEHIeCTBO A J0OaBJIEHO K JAPYTOH KUAKOCTH 2, TakKe M0 oOpa3oBaHMs HACBHIIICHHOTO
pactBopa. HacelleHHBIN pacTBOp — 3TO pacTBOp, HAaXOJIIUICS B PABHOBECHU C TBEPAOH (a3oi.
W3BecTHO, uTO 11 pactBopa 4

14(TB) = u, (B HacHIIIEHHOM pacTBOpe /) = 1, (B HACHIIIEHHOM pacTBope 2),
T.e. YCIIOBHE paBHOBECHS pacIpelelieHUus pAacTBOPEHHOI'O BEIIECTBA MEXAY IBYMS JKHUIKOCTIMHU
3aKIII0YaeTCsl B PABCHCTBE €ro XUMHYECKHX IMOTCHIINATIOB B ATUX (azaX. XUMHUECKAN MOTEHIMANI 1 MoJs
YHCTOTO BEIIECTBA MPH IMOCTOSHHON TemmepaTtype (7) W NOCTOSHHOM JiaBieHuH (P) paBeH CBOOOIHOM
sHeprun ['m00ca 0HOro Mo ATOro BerecTra [ 1-4].

Urak, uMeroTcs IBa HACHIIEHHBIX pacTBOpa 4 P OMMHAKOBEIX 7 M P, HO B pa3HbIX PacTBOPHUTENSX.
XUMHYECKre MOTeHIINAaJbl BEIIecTBa 4 B 3TUX JBYX PacTBOpax OJUHAKOBHI U NMPH YCIOBUHU, YTO PACTBOPEI
HE CONpHKacaloTcs Apyr ¢ ApyroM. [IpucyTCTBHE TBEpJOro pacTBOPEHHOTO BEIIECTBA B HACHIIIEHHBIX
pacTBopax BBISBISIET OOIIYIO 4YepTy, TO3BOJSIONIYIO YCTAaHOBUTH TEPMOAMHAMHYECKYIO CBS3b
XMMHYECKOT0 MOTEHIMala BeIlecTBa A, PacTBOPEHHOIO B Pa3HBIX PACTBOPUTENSAX TNPH OAMHAKOBOM
TeMmIepaType U JaBleHHUH, JaKe eCIH PACTBOPUMOCTH €r0 B ATHX PACTBOPHUTENSAX CHIBHO PAa3NUYaIOTCs U
HaCBIILIEHHBIE PACTBOPHl HE KOHTAKTHUPYIOT Ipyr ¢ aApyroM. Mcmonb3ysd aKTHBHOCTH PAacTBOPEHHOTO
BelecTBa A B K&KJOM HACKHIIICHHOM PAacTBOPE, MOXKHO BBIYMCIUTH CTAHIAPTHBI XUMHUYECKHNA MTOTEHIIAAT

BemiecTa B 9ToM pactBopurene, U9 (1) wim 4 (2), OTHOCHTEIBHO XMMHYECKOTrO ITOTEHIIMANa TBEPHOro

BemiectBa A, 1 (1B). CTaHmapTHBIC COCTOSHUS A COOTBETCTBYIOT pacTBOpaM ¢ akTuBHOCTIME d4(1)=1,0

i ay(2)=1,0, gaxxe ecam 3TH aKTMBHOCTH (KOHIIGHTpAIlMM JUISI HMJIEAIbHBIX PAcTBOPOB) BBILIE, YEM
peanbHble KOHIIGHTPAIlMK B HACBIIIEHHBIX PacTBOpax.
3Has craHAapTHHIE TOTEHIIUAJIbI, MOXKHO JIETKO BBIUMCIUTD

Apy = p3(2) = py(D), (1
KOTOpasi B 3TOM Cllydae XapaKTepu3yeT ABIKYLIyI0 CUIy Ipoliecca Iepexoja BemiecTBa 4 U3
pacTtBopuTens 1 B pacTBOpUTEND 2.

OtHocuTensHO THApPOGOOHBIE BemecTBa, Moa00HbIe KUpHBIM kucinotam Cy,H,, COOH  cn <5,
Jy4Ille PacTBOPHMBI B YTIIEBOAOpOJAE (HANpPUMEpP, JKUJIKOM H-TelTaHe), YeM B pa30aBICHHOM BOJHOM
oydepe. st mameMutrHOBOM Kucnothl 4 = CisH; COOH wu3mepeHne pacTBOpUMOCTEW NPUBENO K
BETMYHHE

-1
Uy = u (remran) — u (aq) = — 38 kJ[x-Monb .
JlaHHBIE 110 PACTBOPMMOCTHU PsiJia JKMPHBIX KUCJIOT C YMCIOM aTOMOB yriepoja 7. (rae n.=8

(oxtanoBast), 10 (mekanosas), 12 (momexaHoBas) u T.J. 0 #, = 22) MOKHO HCIOIb30BAaTh ISl TIOTYICHUS
cooTHOMmEHHs (B K[ MO ")

uy = uf (verrran) — u(aq) = 17,82 —3,45 n, ()

3T0 ypaBHEHHE JaeT M3MCHEHHE CTAaHAapPTHOW CBOOOIHON SHEPTUU NpH mepexojie | MOob JKUPHOH
KHUCJIOTBI M3 BOJHOI'O pacTBOpa B XUAKUM rentaH. IlonoXuTenpHOE 3HAYEHUE IEPBOrO WIEHA B IIPABOU
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yacTd ypaBHeHHs (2) oTpaxkaer mpeoOmananue nomapueix rpynn COOH B Boje Kak pacTBOpHUTEINE.
Hob6apnenue rpynn CH, 1 yBenudeHHe AIMHBI LIETH YIIIEBOAOPOIHON YaCTH MOJIEKYJIbI IPUBOIUT K TOMY,
YTO CHJIa B3aMMOJCHCTBHS C BOMOW IO CPaBHEHUIO C H-TENTAaHOM H3MeHsiercs Ha 3,45 xJIk Ha Kaxmayio
rpynmry CH,. Ilpu n. > 6 >kupHBIE KUCIOTHI Jy4Ille paCTBOPUMBI B YTJIEBOAOPOIaX, TOr/Aa KaK KHCIOTHI C
0oJiee KOPOTKOM IICIIBIO JIy4Ille PacTBOPUMBI B Boze [S5]. Puc. 1. mokassiBaeT, YTO 3KCIIEPUMEHTATbHBIC

JaHHBIC TAIOT OJU3KYIO K TMHEHHOW 3aBUCHMOCTD MEXKLY uj U n.

60 |-
_50 —
3
T 40 —
& Puc. 1. CrannapTHas cBOOOIHAS YHEPTUS
bl nepexojia OT BOJAHOTO PAcTBOPA K PacTBOpY B
§ % renTane Js anudaTHaecKux KapOOHOBBIX
< KHCJOT KaK (DYHKIIMS YMCIIa aTOMOB YIJIepoja B
& KUPHOU KHCIIOTE.
1 1. ] L
8 : 2 16 20 . 22

Yucno aromos yrnepona

OTu naHHBIE TOMy4eHbl NpH Temmepatype 23 - 25°C. OtpunatenbHble 3HAYEHUS  HU3MEHEHUS
CBOOOJIHOM SHEPTUM 03HAYAIOT, YTO JKUPHBIC KUCIIOTHI MPEAIOYTUTENLHEE PACTBOPSIIOTCS B HEMOISPHBIX
YIJI€BOIOPOJIAaX, a HE B BOJIE.
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THE CHANGE IN FREE ENERGY AT THE TRANSITION FATTY ACIDS BETWEEN TWO

DIFFERENT SOLVENTS

Irine Berdzenishvili
Georgian Technical University
SUMMARY
The relation to the standard free energy change at the transition 1 mol of fatty acid from the aqueous solution to
liquid heptane is obtained. It is shown that the lower fatty acids predominate hydrophilic properties. With
increasing length of the hydrocarbon chain the interaction of acids with water compare to n-heptane is changed
to 3.45 kJ per group CH,.
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OU3BNYECKASA XUMUA

PASJJEJUTEJBHASA CIIOCOBHOCTDB OPTAHOITPOU3BO/HBIX
BEHTOHUTOBBIX I'V'IMH

K.K.XauarypsH, H. A.I'erus
TTY Kaska3ckuti uHCmumym MUuHepanibHo2o colpbs um. A.Teanupenuose

Oco0yro TpyIy agcopOeHTOB C YITOPSA0OYEHHBIMH DIIEMEHTAMH CTPYKTYPBI MPEICTABISIFOT OO0
OpraHWYecKHE TMPOW3BOJIHBIC TIMHHUCTBIX  MHHEPAJOB, KOTOpbIE  XapaKTEPH3YIOTCS  BHICOKOH
rIpoQOOHOCTBIO; OHU IONYYaroTCs IMyTeM 00pabOTKM THAPOPHIBHBIX OCHTOHHUTOB ONpe/ICICHHBIMH
OpPraHMYECKHMH COCIUHEHUSMH KATHOHHOTO, aHHOHHOTO W HEHOHHOTO Xapakrepa, IpPH KOTOPOH
MPOMCXOIUT 3aMeHa HEOPraHMUCECKMX OOMEHHBIX KATHOHOB Ha opranudeckue [1-4].

OpraHoduipHbIE TJHHBL, HApsAAy C Pa3IUYHBIMH  BBISIBUBIIMMHUCS BO3MOXHOCTSIMH —HX
MHOTOCTOPOHHEI0 MPHUMEHEHUS, HUCIONB3YIOTCS B XpoMaTorpaduu B KadecTBE HAMOIHHUTENIEH KOJOHOK;
MOCKOJIBKY OHH TPOSIBIISIIOT CBOCOOPa3HYIO CENEKTHBHOCTH 110 OTHOIICHUIO K M30MepaM OpraHMYEeCKUX
COCIMHEHUH ¢ OJIM3KMMH CBOWCTBAMH, WX HCIONB3YIOT JUIS aHaiu3a TPYIJHOpA3JeNsIeMbIX cMecel
HEKOTOPBIX U30MEPOB U T.1. [5].

Lenpio TPOBENEHHOTO WCCIEAOBAHUS SIBISUIOCH HW3YyYEHHE pa3leUTENbHON CITOCOOHOCTH
OpraHOMPOHM3BOAHBIX OCHTOHUTOBBIX TNIMH OTHOCHTEIIBHO OTJENBHBIX MOJENBHBIX CMeceH, cojepKaliux
C;3-C4 u C4-Cp H-ntapahvHOBBIC YIIIEBOIOPO/IbI, @ TAKXKE OTHOCHTEIBHO OMHAPHBIX cMecer Bo3ayx — CO, u
OCH30JI-TOTYOJL.

B nmanHO#i pabore OOBEKTOM H3YyYEHHs CIY)XWAJa MOHTMOPHWUIOHHTOBAs TJIMHA ACKAaHCKOTO
MectopoxnaeHust (I'py3usi) — ackanrens u ee oOoramieHHas ¢opma — ackaHkou. /[l monydeHws
OpraHOMPOHM3BOAHBIX (HOPM OBLIO HCIOIB30BAHO KATHOHHOE OPTaHWYECKOe COCMHEHHE — MaJIaXHTOBBIH
3eneHbi (M3), KOTOpoe, Kak IoKasaln paHee MPOBEACHHBIC HAMU MCCIEAOBAHUS [6], OKa3bIBAET CHIILHOE
ruzipododu3npyIolIee e CTBUE.

[lo naHHBIM peHTreHo(a30BOTO aHalNM3a HCCIENyeMble O00pasllbl B MPHPOAHOM BHJE
MOJMMUHEPATbHBI: OCHOBHOH (a3oil B HHMX SBISICTCS MOHTMOPWJIJIOHHT, a B KauecTBE MpHUMeced 37ech
MPHUCYTCTBYIOT O-KPUCTOOATMT, CIIOAA, TOJIEBOM INMAT, KajdbUUT. MoauduuupoBaHue MallaXWTOBBIM
3eleHbIM OKa3blBaeT BIIMSHUE Ha Benu4yuHy OaszanmpHOro peduekca 001 (M3 pa3mBuraer makersl 10
doo1=1,88 HM), ero MHTEHCHMBHOCTh W Ha CTCICHb KPUCTAUIMYHOCTH CTPYKTYPhl MOHTMOPHJIJIOHHTA.
XUMHUECKUN COCTaB UCXOJHBIX U OPTaHOMPOU3BOIHBIX (POpM acKkaHTeNs U acKaHKoJIa PUBEJICH B TaOI. 1.

Hccnenosanus npoBoauinchk Ha xpomatorpade mapku JIXM-8MJI (Moaens 5) ¢ AeTEKTOpOM 110
TEIUIONPOBOIHOCTH. JIMHA HacaloyHOW KOMOHKK cocTaBisuia 600 MM; BHYTpeHHHI uaMmeTp 3 MM;
TemnepaTypa Konouku 25-170°C; 3eprenne TBepmoro Hocutens 0,4+0,8 MM; CKOPOCTh I'a3aHOCHTEs
(renus) 15 u 30 Mi/mMuH.

Xpomarorpaduieckoe H3ydeHHE MOKa3allo, YTO HAa acKaHKOIIe W acKaHTele B MCXOAHOH (opme
IpH KOMHATHOH TemmepaType (25°C) IpOMCXOmUT pasieneHne cMecH, cocrosmeil u3 Bozayxa (O,+N,),
CO, n C;Hg, mpuuem crenens paszneneHus cmecu Bo3ayx - CO, Ha ackaHrelne HaMHOTO HIDKE, YeM Ha
ackankone (puc.l). Jpyrume kommoHeHTHl, B d4actHocTH, Cs;Hg, H-C4H;p m u30-C4H,o, mpm nmamnHOM
TEeMIIepaType CUJIBHO aJICOpOMpYIOTCS Ha O3TUX CcOpOEHTaX M HE BBIMBIBAIOTCS M3 KOJOHKH TIPH
IIPOIOIKUTEILHOCTH SKCIIEPUMEHTa ~30 MUH.; OHH CHIBHO yaepxkuBaroTcs u mpu t=40"C.

TIpy HOBBIIEHUH TEMIEPaTyphl XpoMaTorpaduueckoii kononkn 10 60°C Ha ackaHKOIE 0Ka3aI0ch
BO3MOXHBIM pazlienenue cMmecu razos: Bo3ayx — CO, — C;Hg — C;Hg¢— v-C4H 0, OmHAKO pazmencHue
HeronHoe. Ha ackanrene npu 3Toil TemiiepaType H-apaMHOBBIC YTIIEBOIOPOBI C TPYJOM BBIMBIBAIOTCS
W3 KOJIOHKU, a TuKH, cooTBercTBytomue H-C4H;y, 130-C4H;y u C;Hg, cumpHO pasmeiTeie. Kak u mpu
KOMHATHOM TeMmIiepatype, 3llecb HaOJIolaercs BBICOKAS CEIEKTHBHOCTh aCKAaHTeNs OTHOCHTEIBHO
HeHachIeHHBIX yrieBogoponoB (C;Hg). KomMmoHeH-TBI »miowpyloTcs W3 KOJOHKH B CIEAYIOLIEH
nocaenoBaTensHoctu: 30-C4Hjg — H-C4H 9 — C3Hg, uTO XapakTepHO IS MOJSAPHBIX aaCcOpPOCHTOB, Ha
TIOBEPXHOCTH KOTOPBIX B PONM AaKTHBHBIX LEHTPOB BbICTymaioT Katmonbl Ca’” mmm Na'. Tak Kak B
acKaHresje, Kak M B acCKaHKOJE, OCHOBHBIMH KaTHOHAMH MMEHHO OHU U SBJIAIOTCA (cM. Tabm.1), To
B3aMMOJICHCTBIE HEHACHIIICHHBIX YIIIEBOJOPOIOB C 3TUMH AKTUBHBIMH IIEHTPAMH HOCHUT, B OCHOBHOM,
HOH-JIUIIOJIBHBIA WM MOH-KBAJIPYIIOJIBHBIN Xapakrep. B cucreme rivHa - NponuieH UMEET MECTO CUIIBHOE
T-2JIEKTPOHHOE B3aMMOJICHCTBUE C KATHOHAMH MOHTMOPHJIJIOHHTA.
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Tabnuna 1. XuMudeckuii COCTaB HCXOAHBIX U OPTaHOMPOM3BOAHBIX (DOPM aCKaHTe/Is M aCKaHKOJa

OxcuaHbie AckaHreinb AckaHkom

KOMITOHEHTHI, Hcxonuslit Moaudun. M3 Hcxonusiit Moaudun. M3
(% Bec.)
SiO, 52,20 44,70 52,00 45,50
AlLO; 18,10 16,50 18,40 16,10
Fe 03 3,17 3,20 3,65 2,68
Ti0, 0,35 0,22 0,34 0,26
MnO 0,21 0,08 0,11 0,09
P,0Os 0,03 0,18 0,05 0,09
CaO 1,50 1,00 1,53 1,00
MgO 4,00 2,40 4,00 2,00
Na,O 1,80 0,36 1,90 0,20
K,O 1,70 0,58 0,26 0,22
Bunara 11,50 1,90 11,70 1,80
IT.m.m. 6,00 27,10 5,98 30,00

Y cTaHOBJICHO, YTO TPH 80°C ma ackankone cmech: C3Hg — u-C4H,o — n30-C4H;o HE pazmensiercs;
C;Hg n 5-C4H ;¢ BBIMBIBaIOTCS M3 XpOMATOrpauuecKoi KOJIOHKH OJHOBPEMEHHO B BHJIC OJHOI'O OOIIEro
MHUKa, XOTS 110 BPEMECHH YACPKUBAHUS dTH KOMIIOHEHTHI 3HAUNTEIHHO OTJIMYAIOTCS APYT OT Apyra. Bmecte
C HUMHU BBIMBIBACTCS TAK)KE M M30-OyTaH, HECMOTPS Ha TO, YTO OH BBIXOJUT HAMHOI'O paHbIlIe H-OyTaHa.
CwibHasi pa3MBITOCTh IMHKOB AITHUX TPEeX KOMIIOHEGHTOB, TMPHUBEIIIAasl K MX HEpas3IeliCHUI0, BBI3BaHA
Halu49ueM Ha IOBEPXHOCTH acKaHKOJa HEOJHOPOIHBIX AaKTHUBHBIX IIEHTPOB, KOTOPHIE CYIIIECTBEHHO
OTIMYAIOTCS IPYT OT ApyTa Mo CBOCH cuie u mpupoze. Ilpu »Toit TeMmepaType Ha acKaHTelne pa3aeisieTcs
cMmech: (OrtN,) — CO, — C3Hg — v-C4H ;o — n30-C4H ¢, mpuuem H-OyTaH 1 130-0yTaH BBIMBIBAIOTCS OJHUM
KoM (puc.2).

8 4 0 12 8 1 0
. MITH.

Puc.1. XpomaTorpaMMmsbl pa3ieieHus CMECH ra30B Ha ackaHkoyie (a) U ackanreie (0):
1 - (044N,); 2 - CO,; 3 - C;Hg; Temmeparypa xpomartorpadudeckoii komonkn t=25°C; ckopocTs
razaHocutesns v = 30 Mi/MHH.
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12 g 4 0
t MHH.

Puc.2. XpomaTorpamma pasnmeneHusi cMecH TazoB Ha ackadrene: 1 - (O,+Ny); 2 - CO,; 3 -
CsHg; 4 - u-C4Hyo; 5 - m30-C4H;o; TemmepaTypa xpomatorpaduueckoii komonku t=80°C;
CKOpPOCTh Ta3za-HocHuTens v = 30 MJ1/MuUH.

Ha ackankone HaGmofaercs MmoiHoe pasaenenue cMecH Bo3ayX — CO, (t=25°C), npu 3toM muk
CO, xapakrepusyercsi BBICOKOH acuMMeTpu4yHOCcThlo. C  yBEIMYCHHEM TeMIlepaTypbl Harpepa
xpomarorpadudeckoii kononkn (1o t=100°C) MPOMCXOAUT YAaCTHUHOE YXYAIICHHE €ro Pa3ieIHuTENbHOM
CIIOCOOHOCTH, HO MPH STOM 3aMETHO yMEHbINAETCsl BpeMsi, He00X0oAuMoe JIJIsl aHalih3a YKa3aHHOW CMecH

(puc.3).

[
b2

on

| g
L]
I
| ]
=

2 0
L. MIIIH.
Puc.3. XpomaTorpaMmmel pasaeneHus OuHapHOW cMmecu Ta3oB Ha ackankoje: 1 - (O,+Np); 2 - COq;
TemIepaTypa XpomaTorpaduueckoii kononku: a) t=25C; 6) t=60°C; B) t=100"C; ckopocTb ra3aHocHTes
v = 30 MII/MHH.
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Ha ocHOoBaHMM MPUBEIECHHBIX BBIIIEC PE3YIHTATOB XPOMATOrpahuIeCKOro HCCIICIOBAaHUSI HCXOIHBIX
00pa3IoB acKaHKOJa U aCKaHTeJsl MOXKHO 3aKIFOUNTh, YTO JUIsl HUX XapaKTepHO CHIIbHOE yaepkuBaHue C;-
C4 H-mapa(uHOBBIX YIJICBOJOPOIOB; OHU MPOSBIISAIOT 00JIee BHICOKYIO 10 CPAaBHEHUIO C H-TIapaduHOBBIMU
YIJICBOIOPOIaMH CEIEKTHBHOCTh OTHOCHUTEIBHO HEHACHIIICHHBIX YTJICBOIOPOIOB C TEM K€ YHCIOM B HX
MOJIEKYJIax aTOMOB yIJIepO/a.

MoaubuiupoBaHue MAaJaxUTOBBIM  3€ICHBIM MPHUBOAMT K  CYIIECTBEHHOMY CHH)KEHHUIO
VIEpKUBAIOIICH CIOCOOHOCTH acKaHKOJIa ¥ acKaHrellss OTHOCHUTEIBHO KOMITOHEHTOB HCCIETyEMbIX
CMeECeii, 0 YeM CBHJICTEIbCTBYIOT JJaHHbIC Ta0.2.

Tabnuua 2. Y nenbHble yaepkuBaemble 00beMbl (V,, Mi/T) C;-C4 yriieBonopoJoB Ha acKaHKOIe
B MCXOJIHOM U OpPraHOMPOU3BOAHON (hOpMax MPH pa3HbIX TeMIepaTypax XpoMaTorpaduuecKoit
KOJIOHKH; CKOPOCTb raza-Hocutessi v = 30 MJI/MUH.

AckaHkon
KomnonenTst HcxonHblit | Mopaudurnuposanusiii M3
TeMriepaTypa XpoMaTorpayeckoil KomoHkn, 'C

25 60 25 60

C;Hg 27,6 10,7 6,8 5,4
C;Hg - 42,1 10,2 9,3
H-C4H - 84,8 17,3 10,3
I/I30-C4H]0 - 52,5 14,1 7,9

[Nony4eHHbIe pe3yNbTaThl BIIOJIHE 3aKOHOMEPHBI, T.K. IPH 00padoTke rHbl M3 HeopraHudecKue
KaTUOHBbI, KaK YK€ OTMEYaJIOCh BbBIIIC, 3aMCHIalOTCA I10 I/IOHOO6MCHHOMy MCXaHU3MY KPYIIHBIMU
OpPraHMYECKHMH KAaTHOHAMH, TNPOSBISIOIIMME THAPOQOOHBIH XapakTep. B Hammx wHcclenoBaHUAX B
acKaHrese 3aMeIaioTcs, B OCHOBHOM, KaTHoHbI Mg™, K™ 1 Na' , a B ackankone — kationst Mg>', Na'u
Ca™ (tabn.1). B pesyapraTe TaKoro 3aMEIICHHS MPOMCXOZHT OCHAONCHHE CHIIBI B3aHMOICHCTBHS
AKTUBHBIX HCHTPOB, YTO IIPOABIISACTCA B HeO)Z[PIHaKOBOfI CTCICHU U 3aBUCUT OT CHUMMCTPUYHOCTHU
pacrpeneneHus 3JIeKTPOHHON TNIOTHOCTH B MojieKynax ajgcopbatoB [1,2]. Jns opraHonponu3BOaHBIX (HopM
ACKaHKOJa ¥ acKaHTeNsl JOJDKHA CHIIbHO YMEHBIIATHCS WX YIepKHBAMOIMAs CIOCOOHOCTh OTHOCHUTEIHHO
MOJIEKYJ, HWMEIOUIMX IIOCTOSHHBIA JUIOJABHBIA WM KBaJPYMNOJbHBIA MOMEHT: TakK, YAEIbHbIN
yaepkKuBaeMblil 00beM V,, ponuiieHa Ha MOAU(GUIMPOBAaHHOM M3 acKaHKOJIE CHHKAETCSl 0 CPABHEHHIO
C MCXOHBIM 00pa3LoM B 3HAYMTENbHO Oonbluel creneHu (~ B 4,5 pa3), yem V, nponana (IOYTH B JIBa
pasza), 4yto 00ycioBleHO HanmnuueM B Moiekyiax Cs;Hg m-anmextponoB (tabn.2). Ha moandunppoBaHHOM
M3 ackaHrene BpeMsl BBIXOJIa TPOITHJIEHA YMEHbBIIAETCS [0 CPABHEHHUIO C €r0 UCXOAHOW (OPMOii TaKkKe B
HAMHOTO OOJbIIeH CTEeNeHH, YeM BpeMsl BEIXO/Ia MPOIaHa.

Ha opranonpousBogHoii (opMe ackaHkojiia HaOIIOAAIOTCA OYCHb CHUMMETPUYHBIC ITHKU
pasacidaeMbIX KOMIIOHCHTOB, XOTSA OAHO3HAYHO HEIb3A YTBEPXKAAaTb, YTO IapaUICJIbHO IIPOHUCXOAWUT U
CYIIECTBEHHOE YIYYIlIEHHUE eT0 pa3leuTeIbHON ClTOCOOHOCTH.

Ha ackankonme wu ackanrene, MoauduiupoBaHHbIXx M3, u3-32 CHIBHOTO CHHXKCHHUS HX
VIEpKUBAIOIIEH CIOCOOHOCTH KOMITOHEHTHI (make H-OyTaH W M30-OyTaH) CBOOOJHO BBIMBIBAIOTCS W3
KOJIOHKH YK€ TIpH KOMHATHOM TeMIiepatype B ciemyromei mocienoBarenpraoctd: CO, — CsHg — C3Hg —
n30-C4Hyy — H-C4Hyp, uTO sIBNI€TCS XapakTepHBIM s THAPOPOOHBIX ancopOeHToB. Tak jke, Kak Ha
HCXOMHBIX (OpMax, KOMIOHEHTHI JIIOUPYIOTCS W3 KOJOHKH IO MEpe YBEIWYCHHUS TEMIIepaTypbl WX
KUTIEHHA. DTO YKa3bIBaeT Ha TO, YTO B3aMMOJCHCTBHE MEKAY MOJIEKYJIaMH ajicop0dara M aacopOeHTOM
00YCIIOBIIEHO, B OCHOBHOM, JTHCIIEPCHOHHBIMH CHJIAMH B3aMMOJICHCTBHSI.

[Ipr xOMHATHOH TeMIlepaType Ha OpraHOMPOW3BOAHBIX (popMax BO3ZMOXKHO TOJHOE pa3/ielecHue
OMHApHBIX CMecel Bo3ayxa co cienyrommmu kommnonentamu: CO, (pa3aencaue HenoaHoe), CsHg, CsHg, H-
C4Hyo, n30-C4H,o (puc.4). Kpome Toro, Ha ackankone mnocie mMoaupunmpoBanus M3 0e3 yxyaAmeHuUs
pasaeneHus 3HaYUTEIbHO COKpaIaeTcs BpeMsi, Heo0XxoauMoe Jiis aHanm3a cMecH: Bo3ayx — CO, — C3Hg —
C3H6 — I/I30-C4H]o - H-C4H]().

177



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2014 3. 40 Ne 2 - 3
e —————————  —— —————— ———————————

g Gy Hig L
Dby
B d
]
g
Oy I' [Py
4 2
e
Cye
I./J L1 A _Afj,__J__
y

3 o 2 0
t, MITH.

Puc.4. XpomaTorpaMMmsl pa3ieieHus OMHAPHBIX CMECEH ra3oB Ha acCKaHKOJIe, MOAU(HUIIMPOBAHHOM
ManaxuToBbIM 3eneHbIM: a) (O +N;) — COy; 6) (O,+N,) — C3Hg; B) (O21Ny) — n30-C4Hp; T) (O+Ny) —
CsHg; 1) (O2+N,) — u-C4H o; Temmepatypa xpomarorpadudeckoii kononku t=25°C; ckopocThb
razaHocuTens v = 15 MiI/MuH.

Cg

A B
Ei' V
a
CH o
&

2

1L 0o

t. MITH.

Puc.5. XpomarorpamMmsl pasiencHusi cMecd H-TlapauHOBBIX yIiIeBoAOpoaoB (a): 1 — H-rekcaH; 2 — H-
renTaH; 3 — H-OKTaH; 4 — H-HOHaH; 5 — H-JIeKaH; ¥ OuHapHoU cMecu (0): 1 — OeH30m1; 2 — TONIyOI ; Ha
ackankone (A) u ackanrene (b), MoaupHUIMPOBAHHBIX MATaXUTOBBIM 3€JICHBIM; TEMIIEpaTypa
xpomaTorpaguueckoii kononku t=170°C; ckopocTb ra3a-Hocutens v = 15 mi1/MuH.

UccnenoBanuss mo paspenenuto cmeceir Cq-Cjp H-napaduaoBeix U C¢-C; apoMaTHUECKHX
YIIJIEBOIOPOIOB, MPOBEJCHHBIC NPU Pa3HBIX TEMIlepaTypax xpomMaTtorpaduueckoil komoHku (t=100 u
170°C), noka3ami, 4YTO ONTHMalbHOM sBuseTcss Temmeparypa t=170°C, mpum kortopoil Ha

178



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2014 3. 40 Ne 2 - 3

e E———————————  — ——————— — —————

OpraHONPOM3BOAHON (hopMe ackaHKoTa HaOIOAaeTCs 3aMETHOE COKpallleHHe BPEMEHH aHain3a (IIOYTH B
10 pa3), yMeHbIlleHHEe aCUMMETPUYHOCTH NMHKOB U YIyUIIeHHE KadecTBa pasfeneHus (puc.5 A), a Ha
OPTaHONPOU3BOIHON (DOpME acKaHTeIsl CTENEeHb Pa3lAeiCHUs yKa3aHHbIX CMecel HeBbICOKas (puc.5 b).

B 3akmioueHue ciemyer OTMETHUTh, YTO HH3Kas YIEepKUBalomas CHOCOOHOCTh OpPraHOoNpo-
W3BOMHBIX (OPM ackaHKOJIa W AacKaHTelss  [O3BOJISICT TPOBECTH pa3JielieHHe KOMIIOHEHTOB HEKO-
TOPBIX CMecel Y)Ke TPU KOMHATHOM TeMIlepaType, 4To He ObLIO BOBMOXKHBIM Ha WX UCXOJHBIX (hopMax.
MoaudunmpoBanssiii M3 ackaHKON MOXET OBITh UCIIONB30BaH JJIs aHammu3a cMmecel, cogeprkanmx Ce-Cig
H-mmapaduHoBbie u Co-C; apoMaTHuecKue VYIriieBOAOpOAbl. AcKaHTenb mnocie o0pabdorku M3 okazancs
CPaBHUTENBEHO MAI0d((HEKTHBHBIM.
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SEPARATING ABILITY OF THE ORGANIC DERIVATIVES BENTONITE CLAYS
Karine Khachaturian, Nestan Gegia
TSU Alexander Tvalchrelidze Caucasus Institute of Mineral Resources
SUMMARY

Chromatographic investigations of the initial and organic derivatives forms of askangels and askankols
carried out. It has been established that they in its initial forms shows higher selectivity relative to
molecules of non-saturated hydrocarbons, in comparisen with n-paraffin hydrocarbons of the same quality
of carbon atoms. It has been shown that modification with malachite green results in the considerable
decresion of holding capacity of askangels and askankols conserning components of separational mixtures.
The malachite green treated askankols might be used for the analysis of the mixtures containing C¢-C;¢ n-
paraffins and C¢-C; aromatic hydrocarbons.
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OU3NYECKASA XUMUSA

IMAPAMETP KPUCTAJUVIMYECKOM PEINETKA KAK HHIUKATOP TEXHOJIOTHA U
CBOMCTB MOJYINPOBOJHUKOB A" B"

A.M. Ilamaes, O.I/I.)IaBapamBMnM*, M.I/I.EHyKaIHBI/IHI/I*, H.H.BH‘IKOBa*, P.F.FYII}IGB*, M.A.)I3araHH;1*’**,
B.I1.3nomaHoB

Hayuonanvnas Axaoemus Asuayuu Azepbaiiosncana, baxy
*Tounucckuil I'ocyoapcmeennviti Ynusepcumem um. Us. /casaxuweunu, Tounucu
** Unucmumym @usuueckou u Opeanuyeckoti Xumuu um. 11 Menuxuweunu, Tounucu
*** Mockosckuil I'ocyoapemeennwlii Yuuseepcumem um. M. B.Jlomonocosa, Mockea

[IpoBenenHble HCCIENOBAaHUS MOKA3BIBAIOT, YTO MapaMeTp KPUCTAJUITMUECKOM PEemETKH MOJIYNPOBOJHUKOB
AVBY! mosxker sBsTBCS WHJUKAaTOPOM BHEIIHUX BO3JACUCTBUNA: U3MEHEHHUSI COCTaBa, NABICHUS U TEMIIEPATYPhI
TaK ke, KaK U IIUPUHA 3aNpemEHHON 30HBI. DTO OOCTOSTEILCTBO CTUMYIHPYETCS BBHICOKAM IOTJIONICHUEM
PEHTTEHOBCKOTO  M3JIy4eHHs B  IOJYIPOBOIHHUKAX A"VBY!.  Uccnenosanus rnapamMeTpoB  peméToK
SMHUTAaKCHABHBIX clioeB PbS;Sey, u Pb;Sn,Te. MO3BONMIM YCTAHOBHTH COCTaBBI M TEXHOJIOIMYECKYIO
CTaOWJIBHOCTh 3THX IIOJNYIPOBOAHUKOB, IOMOJHHUTEIBHO MOATBEPKIAEMYIO HEOOIBIION IONYIIUPUHON
PEHTTCHOBCKUX JMHHUE. JlaHHBIE MO MapaMeTpaM pEHIETOK OBUIM KCIIONB30BaHBI M IPHU OIPEICIICHHH
TOJIIIMHBI CIIOCB, KOT/Ia HEOOXOMMO MPENBAPUTEIBHOE ONPEICICHNE IIOTHOCTH CIIOS KOHKPETHOTO COCTaBa.
IIpocnexxeHsl pacu€THBIC 3Talbl ¢ SKCICPUMEHTAILHBIMH W TAOJMYHBIMH JaHHBIMH [UIS ONpEICTICHHUS
TOJIIIMHBL CJIOeB. PaccMoTpeHa I1e1ecoo0pa3HOCTh HM3YUYSHHs MapaMeTpa pEeHIETOK MpH HCCICIOBAaHUH
neopMaluii B CIIOSX, BRIPAIIEHHBIX HA Pa3IHMYHBIX MOITOKKAX.

C HaYajoM MHTEHCHBHOI'O HCCIIEIOBAHUS MOIYIPOBOIHUKOB CBS3aHO OOHApYKEHHE OCOOCHHOCTEH
coenmHennii u TBEpIBIX pactBopoB A'VBY' [1]. U3 comepikanus TSKENBIX 31EMEHTOB B HHMX BBITEKAET
IEMoYKa B3aMMOCBSI3aHHBIX  CBOMCTB: y3Kas IIMPHUHA 3alpeliéHHOW 30HBI, MPUBOIAIIAS K MAaJbIM
3Ha4eHUsIM 3(Q(QEKTHBHON Macchl, C KOTOPOH B CBOIO OYepelb CBS3aHBI BBICOKHE MOJBH)KHOCTh |
MUKIOTPOHHAS YacToTa. [IpsiMasi 30HHAst CTPYKTypa, e€ HHBEPCHUSl, CHIIbHBIE OTHOCHTEIBHBIC H3MCHCHHS
INIMPUHBI  3alpeliéHHON 30HBI C BapbUpPOBAaHHEM COCTaBa, JABJICHHUS W TeMIEpaTyphl CO3JAIH
MPEANOCBUIKA JIIsl  CO3aHWsl Ha HMX OCHOBE OJ(QQEKTUBHO TIepecTpaMBaeMbIX  HM3Iydarelnedl W
¢doronpuémuukoB B mupokoM MK cnekrpansHoM auanazone. Ecinu mpocinenuTs 32 M3MEHEHUEM ITUPUHBI
3anpenéHHON 30HBI TIPU BapbUPOBAHWHU COCTaBa, Hampumep, B TBEPABIX pactBopax PbS; Sey, To mpu
KOMHATHOM Temreparype oHO coctasiser ~0,123B [E, (PbSe)=0,29 3B, E, (PbS)=0,413B], 1.e. okono
40% ot nucxoxnoro. C u3MeHeHHeM TemrepaTypsl, Hanpumep, PbSe or 77 no 300K [E, (77K)=0,173B, E,
(300K)=0,293B], ono yxe cocraBisier 70% OT UCXOAHOrO, a MPU IPH U3MEHEHUH aaBiicHusS B PbSe Ha
20x6ap [E, (P=0)=0,173B, E, (20x06ap)=0] ono nocturaer 100% [2].

Ecmu mpocnemuTh Takke 3a COOTBETCTBYIONIMMH HM3MEHEHUSMHU IapaMerpa KpPHCTALTHYECKOM
pEemETKYA, OHU MEHSIOTCS B Mpeeiax OT JIECATBIX JIO €AWHUI] TPOIEHTOB OT WCXOMHOTO 3HAYCHHS
napamerpa perérku [3]. OTo, mo-BUAUMOMY, OOBICHSICTCS TEM, YTO SHEPrus B3aMMOJCHCTBHS aTOMOB B
pemérke 3HAaUUTENBHO OOJIbIIIEe SHEPTHH CBS3U JIEKTPOHA B KPHCTAJLIE.

Tab6auua 1. Jlanasie o mapaMmerpam KpUCTaUIMYECKOH PEHIeTKH U MOTYIIMPHUHAM
PEHTTeHOAU(PPAKIIMOHHBIX JIMHUH [T STIMTaKCHAIbHBIX Ci10eB PbS | Se,

No Croit Marepuan u OpuenTarus [Tapamerp [Nonmymmpuna
OpHUEHTAIIMS cJIos pemIeTKu PEHTIeHO U PPAKITHOHHOM
HOAJI0XKKHU cJ104, A JIMHUU, MUH.
1 | CJI-522 BaF2-(111) (111) 6,114(8) 12,6
2 | Cl-523 Ca F2-(100) (100) 6,118(4) 9
3 | CII-530 BaF»-(111) (111) 6,118(2) 23

[TosToMy 3JIEKTpOHHAs MOJACKCTEMA ObICTpee U dPPEKTUBHEE OT3BIBACTCA Ha BHEIIHUE BO3ICHCTBUS,
YeM cama peréTka.
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CJI-522
A=126

5000
5000

4000
3000
2000

1000

HHTEHCHBHOCTL PEHTICHOBCKOIO
orpaxenust 1 (Mmi/cex)

132 133,32 133.7 122.2 1226 123.13 123

L

¥Yron ckanupoBanus 20 (rpana)
Puc. 1. ludpakrorpamma 0-20 ckanupoBanus cios | Puc. 2. Tudpakrorpamma 0-20 ckaHupOBaHHsI CI0S
PbS,.Se, (BaF,), miockocts orpaxenus (444)p PbS,.Se, (CaF,), miockocts orpaskenus (600)a,

Tem He MeHee aOCONIOTHBIE 3HAYCHUST H3MEHEeHUs TapameTpoB pemérok B 100-1000 pa3 npeBbImiatoT
TOYHOCTh M3MepeHus mapamerpa pemérku (Aa=0,0003 A) u mosTomMy mapamerp KpuCTalIHdecKoit
pPEelETKM TakK e, KaK W I[IMpPUHA 3alpelléHHOM 30HbI MOXET CIY)KUThb WHIMKATOPOM BHEIIHUX
Bo3eiicTBHiT Ha Tomynposoxamkn A'VBY

IIpencraBisier HECOMHEHHBI MHTEPEC MCCIEAOBAaHUE TapaMeTpa KpUCTaJUIMYECKOW pemeETKH
SMHUTAKCUABHBIX  CJIOEB UM B 3aBHCUMOCTH OT TEXHOJOTHMUYECKHX YCIOBHH MX momydeHus. OObekramMu
HCCIIeIOBaHMs ObUTM BbIOpPAaHBI AMHMTAKCHAIbHBIC ClIOM TBEPABIX pacTBopoB PbSi,Se; u Pb;,Sn,Te,
BBIPAIEHHBIE METOJOM MOJEKYJISPHOM 3MUTAKCHH C «rops4eil cTeHkoi» [4,5]. DnurtakcuaibHBIE CIOH
PbS,.,Se, BrIpammBanich Mpyu TeMIIEpaTypax HCTOYHHMKA SMUTAKCHU (TTOJHMKPUCTAJUIMYECKOTO CILIaBa C
comepxkanneM PbSe ~90%) - 480-530°C, a TemmepaTypa GIM3KOI MO CTPYKTYpe K IOIYIPOBOIXHHKAM
A"VB"'  nommoxex BaF, u CaF, cocraBmuia 270-320°C. Jlns snurakcHaisHbIX cioeB Pby,Sn,Te
TeMmIepaTypa UCTOYHHKA (MTOMUKpPUCTAIUINYECKOro criaBa ¢ comepxanueM SnTe~10-11 %)- cocraBmisina
500-550°C, a Temmeparypa momnoxku BaF,- 300-350°C.

9000 CJI-530 T
2000 b A=23" J
7000 b
6000 |
5000 b
4000 ¢
3000 |
2000 b
1000 F

HHTEeHCHBHOCT B PEHTI¢HOBCKOI'O
orpaxenust 1 (umn/cex)

1253 133.15 1.;6.35.
Yroa ckanuposannd 20 (rpax)

Puc. 3. Iudpaxrorpamma 0-20 ckanupoBanus ciost PbS,,Se, (BaF,), miockocts otpaxkenus (444)3
[Tapamerp KpHCTaLIMYECKON peliérku TBEPIbIX pacTBOpoB PbS|,Se, u PbSn,Te, onpenensics mo

peHTreHoBCcKUM nudpakrorpammam [6,7]. dudpakrorpammel cHumanuch Ha audpakromerpe JIPOH-4 ¢
npucraBkoit I'TI-13 B pexxume 0-20 ckaHupoBaHUs ¢ UCHONb30BaHUEM M3TydeHHs Coyp. Hampspkenue Ha
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WCTOYHUKE PEHTTEHOBCKOrO M3TMy4eHHus cocTapisuio U=17kB, a Tok Ha TpyOke | = 13MA. Jlokanuzanus
MEPBUYHOrO Iy4YKa OCYIISCTBIIAIACH KOJUIMMATOPHON TPYOKoW [uinHOM 12 MM ¢ HabopoMm auadparm 0.05;
0,1; 0,25; 0,5mm. [TapaMeTp KpUCTAIUTMYECKON PEIIETKH PACCUUTHIBAJICS 110 (hOopMyIIe:

_ 7\, 2 2 2
a —ZSine\/h +k*+1 1)

rie A — JIMHA BONHBI PEHTTeHOBCKOro m3mydenus (A, =1,7889A) , 0 — yron Bporra, h,k,1 — unmexcsr

Munepa.

BBuay Toro, uro ciou PbS,,Sex BbIpamieHsl Ha nomiokkax BaF, ¢ opuentanmeii (111) u CaF, ¢
opuenrtanueit (100), wuccrenoBaHus MPOBOAMIUCH AN IUIOCKOCTel oTpakeHus (222), (333), (444),
(200), (400). B ciydae xe cioeB Pb;,Sn,Te, npu BeipanuBanuy Ha nmomiokkax BaF, (111) cimoun umenu
opuenTanuio (320).

Ha nHadanpHOM 3Tare ucclieloBaHus BBISBUIIOCH, YTO CKOPOCTh POCTA CIIOEB cl1a00 3aBUCHUT OT THIIA U
TEMIIepaTypbl TMOIOKEK, HO W3MEHsIeTCS B JBa pa3a NpPU IOBBIIICHHH TEMIIEPATyphl HCTOYHHKA
snurakcuu Ha 50°C.

B Tabmuie 1 mpuBemeHbl JaHHBIE IO MapaMeTpaM KPHCTAUIMYECKOH PEmETKH W IMONYHIMPHHAM
PEHTTeHO MU PAKIIMOHHBIX JIMHUH 1 ciioeB PbS, ,Se, IIpy oquHaKoBBIX TeMIepaTypax MOAI0XKeEK -3 00°C
s cinos CJI-522 Temmeparypa MCTOYHHKA 3HTakcHu cocrapisuia 530°C B To Bpems, kak mus cinoes CJI-
523 u CJI-530 ona 6buta 480°C. Menbiee 3naueHue mapamerpa pemérku misi CJI-522 cBsizaHo, 1o-
BUJMIMOMY, C Pa3liM4MeM B M3MEHEHHU CKOpPOCTeH  ucmapeHust monekyn PbS m  PbSe (sBmsrommxcs
OCHOBHBIMU KOMITOHEHTaMH B TIape) TpH BO3pACTAHHHM TEMIIepaTypbl UCTOYHHKA. CIeayeT OTMETHTD,
YTO MONYIIMPHHA PEeHTreHOBCcKOM JmHum uig ciost CJI-530 - 23", cBsi3aHa ¢ NMOBBIMIEHHONH OJIOYHOCTHIO
noiokkn BaF,. Ha puc. 1, 2, 3 mpuBogstes qudpakrorpammel aist cinoes CJI-522, CJI-523, CJI-530, mo
KOTOpPBIM  OINpPEACISJINCh 3HAYEHUS IapaMeTpoB pEETOK M IMONYLIMPHUHBI JHMHHUA. Perucrtpanms
MPOBOAMIIACH 11O O, O © 0Op, [3 JIMHHSIM B 3aBUCHUMOCTH OT UCIIOJIb3YEMBIX YTIIOB OTPaKEHUSI.

Tab6auua 2. Jlanasle 0 mapaMerpaM KpUCTaUIMIECKOH PEHIeTKH U MOTYIIMPHUHAM
PEHTTeHOU(PPAKIIMOHHBIX JIUHUH JJIs SUTAKCUAIbHBIX cnoeB Pbi,Sn,Te

[onymmpuna
Cioit Martepuan u OpueHTtanus [Tapametp peureTku peHTreHoAnppaKI
Ne OpHUEHTAIHS MTOJTOKKH crost cnos, A HMOHHOW JIMHUH,
MUH.
1 CJI-582 BaF2-(111) (320) 6,445(1) 5
2 CJI-583 BaF2-(111) (320) 6,446(0) 5,1
3 CJI-584 BaF2-(111) (320) 6,448(8) 6

B rtabnuie 2 mpuBeneHbl JaHHBIE IO MapaMerpaM KpPUCTAJUIMYEeCKOW PEmETKH W MOTYHIMPHHAM
PEHTTEHOU(BPAKIIMOHHBIX JMHUKA JUIS DIUTaKCHAIbHBIX ClIoeB PbjSnTe. s cmos CJI-584
TeMIlepaTypa MCTOYHHKAa snutakcum cocrapmsia 500°C, a s cmoes CJI-582 m CJI-583-550°C.
CootHomenne naBieHnit mapoB SnTe ' PbTe npu moBblmieHHH TemmepaTypbl HECKOIBKO BO3pacTaer,
noaTomy napamerp pemérku cimoeB CJI-582, CJI-583 monmxaercs. [lonymupuHa peHTTeHOBCKUX JTUHUN B
cmosix Pb;,Sn,Te HeBbIcOKas - ATO CBS3aHO KaK C JIy4YIIUM KadyeCTBOM IIOMJIOKEK, TaKk M OoibIIeH
6MM30cThI0 apaMeTpoB pemérok B PbTe u SnTe  (apyre=6,460A, as,1.=6,327A), uem B PbSe u PbS
(apbse:6,126A, apbs:5,932A).

Ha puc. 4 npencrasnena nudpakrorpamma mist crnos CJI-582. Tlpu 3ammcu  oTpaskeHHsI OT CIOS
XOpOIIO Pa3iWYUM MUK OTpa)XeHHUd OT IIockocTH cios (320): mpu COOTBETCTBYIOIIMX YIUIax JIMHUHU
OTPAXECHHS O M 0O HE Pa3AesAioTCs, a OTPaXCHHE IMPHU YIiIaX, COOTBETCTBYIOMMX IuTocKocTu (640)
pETHCTPHUPYETCS B PEAKHX CIyYasx Kak cIaOblii CHTHAIL.

AmnanornyHasi kaptuHa ¢ukcupyercs u s cios CJI-584 (puc.5). W 31ech XOpOIIO pa3iuyuMo, YTO
MpPH 3alMCH OTPAXKEHHS CO CTOPOHBI TOMJIOKKH HE BBISBIISICTCS JIMHUS, PETHCTpUpYyeMas JIMIIb CO
CTOPOHBI CJI0s M cooTBercTBYIoIIas opueHtanuu (320). Kak BuaHo m3 Tabmui 1 1 2, B 000MX TBEPABIX
pactBopax PbS;,Sex u Pb,Sn,Te npu oIMHAKOBBIX TEXHOJIOIMYECKUX PSKHMAaxX MapaMeTpbl PpeIIéToK
CIIOEB COBMAJAlOT, a MpPHU HU3MEHEHHH TeMIepaTyphl HCTOYHHMKA OIHUTAKCHHM OHH HE3HAUYHUTEIHHO
M3MEHSIOTCS, Y4TO YKa3bIBACT HA TEXHONOIHUECKYIO CTaGMIBbHOCTS nomynposoaikos A BV,
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MHTEHCHBHOCTB PEHTICHOBCKOIO
orpaxkenust I (umii/cex)

ry
v/

60,4 59.9 59.0 60.6 60.0 599 59.0
¥roa ckanuposaHus 20 (rpax)

Puc. 4. Tudpakrorpamma 0-20 ckanrpoBaHus :a) mouiokku BaF,,
TUIOCKOCTD oTpaxkenus (222)a ; 6) cnost Pby,Sn,Te, miockocts orpaxkenus (320)a

T T T T v T T T T
S 54000| a) o) e ]
2 = 45000 CJI-584 A= ]
3 - -
= 2 42000} .
T = 36000}
L =~ -
S.—  30000| 1
2 = 24000}
- W L .
z E 18000 ]
2 = 12000} .
s~ g 1
= 6000 | |
= i rys 1 ]

¥/

60.4 59.97 50.0 60.6 60.16 59.07 59.0

¥ro. ckanupoBanud 20 (rpan)

Puc. 5. [Qudpakrorpamma 0-20 ckanupoBanus: a) moanoxku BaF,,
TUIOCKOCTD oTpaxkenus (222)a ; 6) ciost Pby,Sn,Te , mutockocts otpaxenus (320)a

PeHTreHOBCKHM METOI0M OTIPEILISIIACh U TOJIIIMHA CIIOEB, HCIIOIB3Ys KpaTHBIC OTpaxkeHus [8]:
d= l/u’(sineysinej/sinej - Sil’lei) [11’1 Ihikili/lhjkjlj -1ln I,hikili/l,hjkjlj] (2)

e |- KO3(QQGUIUMESHT JMHEHHOr0 PEHTICHOBCKOTO MOTJIONICHHMS,
Lk ¥ Ihjjj - H3MEpeHHbIe MHTEHCUBHOCTH OTPAKEHHUsI OT YUCTOM MOMIOKKH, Dhikii M Dy
HU3MEPEHHBIE MHTEHCUBHOCTH OTPAYKEHUS OT MOJJI0KKH, TOKPHITON CIIOEM.

KoadduimeHT JHMHEHHOrO PEHTTEHOBCKOI'O TIOTJIOIICHUS OMNPEACHACTCS C  HCIOJIb30BAHUEM
TaOJIMYHBIX 3HAYCHHWH OTHOLICHWM KO3((HUIIMEHTOB TIOIJIOMICHUS OTICIBbHBIX KOMIIOHEHTOB K  HX
IJIOTHOCTH (p/p), BECOBBIX Jojieil KOMIIOHEHTOB B TBEPAOM pacTtBope Pi, a Takke IIJIOTHOCTEH
COOTBETCTBYIOIIIUX CJIOCB Pppsse UM PppSnTe-

1= [(Wp)eo Py + (W/p)s Ps + (1/p)se Pse] -prosse 3)

1= [(Wp)eo Pep + (W/P)sa Psa + (WP)re Pre] “prosnte “4)
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BecoBble nonu P; sBIsIOTCA BKIaAOM KaKJI0r0 KOMIIOHEHTa B CyMMapHoe 3HadeHue | Hampumep, 1
cinost CJI-523 npu x=0,959, 1-x=0,041 3nauenus P; Oyayt: Pp,=0,574, Ps=0,007 u Pgs.=0,421. Ucnonn3ys
tabamunbie 3HadeHus [8]: (Wp)p=340 cu’/e, (Wp)s=137 cm’/z , (Wp)se=126 cm’/e, u ompenemnss

TB.pacTB
N,a’
N, U IapaMerp KPUCTAILIMYCCKOi PEmETKH @), TTOCie MOACTAHOBKY 3HaueHni p=8,27 o/cm’ u (n/p)Pi=253
em’/2 , K09 GHUIMEHT THHEHHOro PEeHTIeHOBCKOTO MOTIIONIeH)s oy4daercs p=2097,3 cm™'. OT™Mernm, 4to
MOJO0HBIN KO3(p(PHUIIMEHT PEHTTEHOBCKOT'O TOTJIOMICHUS! B KPEMHUU 3HAYUTEIBHO MEHBIIE U COCTABIISET
219,2 cm'. C yuérom umHTeHCHBHOCTeH otpaxenus 1 (222)=10°, 1(333)=2,8 '10%, I' (222)=3,2 "10*T
(333)=2,1 '10%, Tonmuna ciost CJI-523 d=1,6MKM. AHAJOIHYHO B TAKOI K€ IOCIIEIOBATEIBHOCTH ObLIH
OIpeeNeHbI TOMIIMHBI U Apyrux ciioeB PbS |, Sex u Pb;,Sn,Te.

IJIOTHOCTH TBEPIOrO pacTBOpa Kak p = (4epe3 MoneKyIApHbIA BeC My, pacrs, YHCIO ABOrapo

Tadauna 3. JlanHbIe 10 cocTaBaM, BECOBBIM JOJISIM, IITIOTHOCTSM, KO PHUIIMEHTAM PEHTTEHOBCKOTO
MOTJIOLLIEHUS U TOMIIMHAM AIIUTAKCUAJIBHBIX ciioeB PbS . Se,

BecosasiBecosasi Becosas|IL10T-
M| Cuoii | Cocrap,| A0 | A0IE | 101d |HOCTH (;l;’p’)?b (]l;’!’)).s (;lf;:)se (;lfp)jl)pss:; i, oo |d,mxcm
X CBHHIA| cepbl |celleHa | p, | cM*/2|cm?lz | em?/2 cMr2
Ppb Ps PSe 2lem?
1| CJI522 | 0,948 0,574 | 0,008 | 0418 | 8,20 | 340 | 137 | 126 | 253,6 20795 | 1.2
2 | CII-523 | 0,958 0,574 | 0,007 | 0,419 | 8,27 | 340 | 137 | 126 | 253,6 20973 | 1,6
3 | CJI-530 | 0,958 0,574 | 0,007 | 0,419 | 8,27 | 340 | 137 | 126 | 253,6 20973 | 1.5

Oranbl pe3ynbTaToOB pacuéra coOpaHbl B Tabnunax 3 u 4. [Ipy >TOM 3HAauYEHHWS WHTEHCHBHOCTEH
orpaxenus or (222) u (333) 1 uMCTOl MOUIOKKH KonebmoTes B npenenax (3-10)10% u (1,9-3,1)10%, a
JUIS TIOJUIOKKH, TOKPBITOM CIIOEM, COOTBETCTBYIOIIME 3HaueHms oymyt (3,2-4,7)10% m (2,1-2,3)10"
CornacHo OIEHKaM, U3-3a BO3MOXKHOT'O TIOTJIOIIEHUS M3IIy4EHHUS B CIOAX TONIIMHON ~1MKM M3MeHEeHHe
napamerpa pemérku 6yaer ~0,001A, 4To HecylecTBEHHO CKaKeTcs Ha KOHEUHOM PE3yIIbTaTe.

B ormuume or PbSe, xoropelii BBHIY MIHMPOKOW OOJACTH TOMOI'CHHOCTH COJICPKHUT OOINbIIOE
KOJIMYECTBO PABHOBECHBIX HECTEXMOMETPHUYCCKHX Je(PEKTOB, CIIOCOOHBIX aHHUTWIMPOBATH B SIIIpax
JMCIIOKAIIMKM U BBI3BaTh UX TOpMOXKeHUe [9] , B TBEpabIX pacTBopax PbS,Sex u Pb,Sn,Te obmacth
TOMOTEHHOCTH YK€ W TpPH MEHBIIEH KOHIEHTPAIMH HECTEXHMOMETPHUECKUX Je(eKTOB HEoOXO0auMO
KOPPEKTUPOBATh PEXUMBI SMUTAKCUU Ui TPENOTBPAICHUS peNaKkcallid HanpshKeHui, ocoOeHHO B
HaHOCJOSX.

C nmpyroii croponsl, TBEpAbIE pacTBOopel Pbi,Sn,Te um PbS,,Se; wumeror npenmyiiectso nepen
OWHAPHBIMU COCJMHCHUSIMH, B TOM 4Hciie U PbSe - quanekTprueckoe COCTOSIHUE B HUX OCYIIECTBISETCS
s deKTruBHEE.

Tabauna 4. JlanHbIe IO cOcTaBaM, BECOBBIM JIOJISIM, IIJIOTHOCTSM, KO3 PHUIIMEHTAM PEHTTEHOBCKOTO
MOTJIONIEHHUS ¥ TONIIMHAM JTHTaKCHAIbHBIX clioeB PbySn,Te

BecopasBecoBasBecopas[ILioT-

Ne | Caoii | Cocras, 10,1 10151 ;mm.vq HOCT]:(]le)pb (1!;’[?@ (1[;’[:)Te (l”p)]:b_snn
CBHHIIA| 0JI0BA [TeJLIVpa| p, | eM=/2| em*/e | em=/e enf2

Ppb PSn P'[e 2em?
1 |CJI-582 0,113 0,70 0,05 0,25 8,10 | 340 | 386 | 289,5 | 329.7 26704 | 1,2

2 |CJI-583 | 0,105 0,71 0,05 0,24 8.10 | 340 | 386 | 289,5 | 330.2 26745 | 1.4
3 |CJI-584 | 0,082 0,72 0,04 0,24 8.15 | 340 | 386 | 289,5 | 329.9 26874 | 1,7

I, et |d MM
X

OT10 CBA3aHO ¢ NBYMs (haKTOpaMHU: YPOBHH IIPUMECEH C IepeMeHHON BalleHTHOCThIO In u Cr B HUX
PaCIOIOKEHBI OJIMKE K CEepeluHe 3alpeiléHHON 30HbI U IMPH JICTHPOBAHMU 3TUMH MPHUMECSIMH B HHX
OorpIlie BO3pacTaeT JAuana3oH ynpyroi aedopMmaivd, COOTBETCTBEHHO M IIMPHHA 3alpenEHHON 30HBI B
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yCIoBHUSX A((EKTUBHOTO «OTPUIATEIBLHOI0» JIABJICHHUS, T.C. MPUMECHBIH YPOBEHb CMEIIACTCS IIy0oKe B
3aIpenIEHHYI0 30HY.

Crnenyer OTMETUTH , YTO SKCTPANONALUS JaHHBIX IO MapaMeTpaM pelieTok K OombmuM 20 yriam ,
Hanpumep , s cios CJI-584 npusoaut K 3HaveHuto a = 6,435A | coorercTByrommii cocras Pb,,Sn,Te
oyzaer x = 0,19. TommmuHa TAKOTO CII0S COCTaBIAeT 1,9 MKM.

B panbheleM npy UCCIIeNOBaHUN HAHOCIOEB TBEPABIX PACTBOPOB BECbMa Ba)KHO UMETh B BHUJY, YTO
nedopMau B CIIOSX 3aBUCSAT OT COCTaBOB TBEPIBIX PAacTBOPOB M THUIOB MoJuIoxeK. Hampumep, mist
TEIIYPUAOB TpU AePOpPMALIMK CKATHS BIUSHUS paccoriacoBanus ¢ mopiokkoi KCI u n3-3a paznuuus B
KO3(pUIMEHTaX TEIUIOBOrO0 PAaCIIMPEHUs CKJIaJbIBAIOTCS, a MPH pocTe Ha momioxke BaF, onu umeror
pa3Hble 3HaKH. B ciydae cenennnoB nedopmaiiuu paccoryiacopanus Ha nomiokke KCl u u3-3a paznuuus B
KO3(pUIMEHTaX TEIUIOBOI'O0 PACHIMPCHUS BBIYMTAIOTCA, a Ha mnomioxkke BaF, ckimaaeiBatorcs.
CoOTBETCTBYIOIIME PE3YIbTaThl MO JAedopMaldsM B KaXKIOM Clydyae TakKKe OINPEACISIIOTCS 110
HM3MEPEHHBIM 3HAUCHUSM MapaMeTPOB PEHIETOK.

Takum 00pa3oM, MpPH KOHTPOJIE TEXHOJOTMH W YCTAHOBJICHUM TEXHOJIOIMYCCKOW CTAOMIbHOCTH
TIOJIYITPOBOJXHUKOB A" BY, HW3Y4YEHUU B HUX BIIMSIHUS BHELIHUX BO3JIEWCTBUM, UCCIIEIOBAHUMN CBONCTB U
neopManuii pa3IMYHOro THUIA HapaMeTp KPHUCTAUIMYECKOM pemérku BhICTymaeT Kak 3(hdexkTuBHOE
WH(POPMATHBHOE CPEICTBO.
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3BOLBIRIA0 A0 35@53IBH0 @MIMAHG AVBY' 656335@d53BSHIBOL
BJI6MKRMAINOL RS I30LJdIBOL 06R0D3>BHMIH()

5608 8535930, M356G 35653300 , dga0 9641dsd30m0 ", WsGOLS BoBIMZS , M935D 05930, B505
3595605, 30500006 bermdsbmgo

5B9HB50x 560 5305300L 93699000 53509005, dsJm
*08. %535b0d30000l bsbgarmdol mdocroliols bsbyerdfonm #60396GLodgBH0, M30crolo
3. 89¢v070d30am0l bosbgermBols 50B03)G0 s MGas6-3emo Jodools 0blHOBIH0, 0B8oerobo
*#% 0. eqnm3ababmzol bobgermdol 8mb 3030l bobgerdfoge «160396Gbodgd0, dmlizmzo

®Jb0339

Bo@o63dw@ds 330939005 3303965 Gmd  AVBY' Bsbggs6gs03)s6980l 3G0LEmo dqicol 356sdgEHMO
d90dmqds  39b30bowmm  HMaMME 06O35GMOO  29M9dg BOJBHMOGOIOL 493w gbols - (33EP0EgdgdOL:
3995009960md0ob, 69308 s BHYI3GMOGHNIOMOL, MOboG 93MJNZg 93MFocrmo HBmbol Logsbol 33¢wgz0oLols
3939bom. JguEOL  356MIgBHOOL  SbgmMO  BMEo  J9B30OHMBGOMWos  MYbGHYIBMwo Lboggdol  dosmswro
0560 gdom AVBY! Bobggamasd@e®gddo. 9303sionmo 539b9d0l PbSSe s PbSnTe 360Ldsmwy®o dgbol
20003300930L5L  oAgb00s Fomo F98saabemds s BHgdbmEMaonMmo  LEIBOMOMDS, MMIYLOS
2496933 30390Mwo0s  MH9bGHBWwo bsbgdol dzomg bobgzomlogsboom. Tgu®mol  3sMsdgEHE@ol dmboizgdgdo
24090ygqb9dmos s3Mmam39 896900L LoLJ)gdOL OEAJHOLL, HMmEgLsg Fobosbfodo dmbsigdgdo bodzzmogzol
d9Lobgd 0dbs 209b5e0HgdMo. FoMdmygboros 4odmm3zEol 9E93980 8gbgdol Lolidggdol sbogbs
99b39603gb GO MO0 s WOGHIMOGHIOMEo BMboigdol Asdmyqbgdom. 1qbgddo  AsBMHEOE Lbgowolbzs
L5939690%7 gobboEos FgMol 356sdgEHMOL 33¢g30L 360d36gMds YBMMTs300L ILYIBs®.

LATTICE CONSTANT AS AN INDICATOR OF TECHNOLOGY AND PROPERTIES OF A'VB!
SEMICONDUCTORS

A.M.Pashaev, O.1.Davarashvili, M.I.Enukashvili’, L.P.Bychkova*, R.G.Gulyaev*, M.A.Dzagania*’**,
V.P.Zlomanov'

National Aviation Academy , Baku , Azerbaijan
"Ivane Javakhishvili Thilisi State University , Thilisi , Georgia
" Petre Melikishvili Institute of Physical and Organic Chemistry, Thilisi , Georgia
"*M.Lomonosov Moscow State University, Moscow, Russia

SUMMARY

Our investigations show that lattice constant of IV-VI semiconductors maybe as an indicator of the
influences: composition, pressure and temperature such as forbidden gap width. This fact is stimulated also
by high absorption of X-ray by IV-VI semiconductors. By research of the lattice constants of epitaxial
layers PbS; Se, and Pb;,Sn,Te were determined their compositions and technological stability,
additionally confirmed by narrow halfwidth of X-ray lines. Data on lattice constants were used also at
layers’ thickness analysis, when at the beginning was necessary the knowledge of the density of the
concrete layer. In the paper are presented also steps of the calculation of layers’ thickness by using
experimental and literature data. The object of the discussion is an expediency of the determination of
lattice constants at the research of the deformations in the layers obtained on the different substrates.
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350385®039m0 JN30S

OR356300L 85MIFdBN3IM-J0FNIMO 353(I33RIZS J30BN-968-35BH®HNGISOL 3INMKROL
BOMHORISA0

606(") 6‘330(50()3, 60"(‘]@0 (*)0)060’830@0, 801‘)30;:) 638&)Q$’0m8§20
03&63 xogobnggngmb Z}db O')&OQ)OZ}OZ} bobggn?ﬁ’ogm 3608(761}0(‘53(50

330193580 396-Jodose  Fglifsgmoamos  sem 336930l dmBmmemzon®o  Gogo  J38b0-0bd-3sBGozgéels  dgmmeols
RoG3maddo. s396mmos Bsdo 3mAgmszonco  asbBimemgds. 3mEgms30980 sds3dsgmazamgdgemos.

dorg3nmn®o 36500l 0sbsbostimbol  dsoigdo s dsmo  dmeoggagsogdo  FeMdsEgdom  gsdmaygbnds
g nmgdols s dsmo  Jodogmeo  astsgdbgdals  dsmgdsogne-Jodon@o  Bglfsgmolsmgal [1]. skgo ds@eozsms

&3l Boggmozbgds  ObO-BsEGoisi, GmAmol  @osgmbsgm@o  gmadgbgdos  dememgsnmsBo  Bgdsgsemo  Jodoto
9099968580l sEmnGo 6mdBgdo, sGIE0saMBsrIMEo emgdnbBgdos Jodommo 83580l xgMsmds [2].
ABC 13604@ 60l 8megimnmolsmgols dbd-8s8o(30l 3sshbos gmeds:

ZA AAB AAC

Asxg Zg  AsBC (1)

Aac Apc Zc

Lot Za, Zp @3 Ze AB @s C Jodoneo gegdnbgdol smdneéo 6mdégdos, Axp, Aac ©s Age A~ B, A~C s
B~C Jo3oméo 33gd0L  xq6ra0mdgdos.

Gomo  smbsgmdols dmemggnmagdol 39dmbggzs8o, asdmmamgdals 3sds®Bozgdols dobbom, wudm BgmlsgPgmos
Sb6-3sB G030l asdstrBozgdnmo 39605680l J35B0-O6d-sBG0(3900l  3sdemggbgds. J38b0-O0bd-dsEGois Beddoo (1)
BBGool  bommaon@os, bmmme o] A, B s C spmbodbsgl s6s  (3omggme  sBmdl, smsdge  dmmgznmol
bidOaddaeam gGdsbdadt [3)

J3560-066-3sBM0(3980L  Fgoemwals BsGamgddo Bglisgmoamos sem 33690l Jmdmermao@o Mogol  3oMzgmo s
Fo3cdsagbaemo  (Bgmsbopsb ©q3965807). dsomzgols Bgdndsggdmmos IstBogo dmwgmo Me-R, bswsy Me spbodbsgls
CH; éapo0gsemls, R s 336980L Gowozemgol. 33335680, 9gbsdsdolio dbd-dsgdacsss:

1 Zn (2)

33 dMa39d0l B g™dabsbBo asdmomgmgds dsgogzo GmEINmon:
A=97z-1 3)

b%0orBo 1 deBebogmos 1g(A), t toomm. 90 d-b 3608369emmdgdo gmsborsb ©q3560L Rsmzmomn

QR

gbdomo 1. 1g(A), tps toms 00 d 3 386930smzols [4]

3em 3960 1g(A) |- 0C | — 0c | d (09350 dogm3s619m3580)
CH, 0.90 -184 -162 0.42
C,He 190 -183 -88 0.45
C;Hg 2.18 -168 -42 0.54
CsHyo 235 -138 0 0.60
CsHi, 2.47 -130 36 0.63
CeH 4 2.57 -95 69 0.66
C;He 2.64 -91 98 0.68
CsHig 2.71 57 126 0.70
CoHy 2.77 -30 151 0.72
CioHx, 2.81 10 10 0.73
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19306900 3330038900l Igmemeals asdmygbgdom mddond by sggdnmos Lsdo gmEgmsson®o gsbBmegds:

ten, = 383.3 1g(A)— 953.3 @)
teme. = 333.3 1g(A) — 9107 )
d =0.30 lg(A) —-0.11 (6)

30Ogmsz00l  gmggoogbgo T dglsdedolse  Beos  0.988; 0987 ws 0.986. 330690, Kexqgb
3608 gG0ndgd0l dobgwzom[5], 3megmsz0gde s 38sgmaamgdgeos.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF ALKANES WITHIN THE SCOPE OF
QUASI-ANB-MATRICES METHOD
Nino Kupatadze, Giuli Otinashvili, Mikheil Gverdtsiteli
Ivane Javakhishvili Tbilisi State University

SUMMARY
Within the scope of quasi-ANB-matrices method three correlation equations were constructed and
investigated for alkanes Correlations are satisfactory.

MATEMATHKO-XUMHWNUYECKOE UCCJIEJJOBAHUE AJIKAHOB
B PAMKAX METOJA KBA3U-AHC-MATPHUI]
H.O Kymnaranze, I'.I'.Otunamsunu, M. J.I'Bepaiurenn
Tounucckuii 2ocyoapcmeentulil yrusepcumem um. M. [casaxuweuiu

PE3IOME

B pamkax merona kBazu-AHC-maTpuil mocTpoeHb! U UCCIIEIOBAaHbI TPU KOPPENALMOHHBIX YPaBHEHUS IS
asnkaHoB. Koppensiuu y10BJIeTBOPUTEIbHBI.
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[Co(NH;)sHal*" + V** @3R0)dl @353IG0I30L 350I3SB03IA-J030I@0 353(M33RIBS 3= (M3-
3o®®0GISOL 3IMMIROL BS®@IRIST()

390936 393s0dg, dobgoen 339eefomgmo*
0;:)0.51) 15.5]53;:)3%’0(300 '35033(4)1)0(553(550
*ngobb Xogobnggnmonb Lsk. m&ng)nlmb bobggﬂﬁ’ngm 3503361;0(53(50

3 3-ds Mool dgmmeals ggeamaddo  BoBetgdnmos  Bemgog@mo Ggomd Ggsdiogdol  dsmgdsdozn®-Jodon®o
399033939, 89385398708 3MGms30A0 abBmmgds. JEgme30s 335 385gMR0r 9dgmos.
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dorgmg 3 n@o 30853980l 086sbosOmdol dsBGoizgdol 83s oy 0d Imeogogsiool  dsbsaby [3]

B376l doge BgdnBsggdamo s $3Omdotgdamos mmbo  sbsmo  Bmdmmmgondo  0begdlo, Gemdmgdo
30LBO oMb mmos 366-, J35b0-968-, g3ligzEm-s63- s 93-dsBFo3gdol Lsegndgamby [4-5]. smbsbodbsgos,
603 Fedomogondo  0bogdlgdol  dgomwo  B3gis05053m6  Lodormegl 3Fgogds  gmemdEabs;zommo
bogmgdols s domo  aseEsJdbgdols  Fqlfegmolisl. LFmEge 3 36mdmgdals asps Mol 960-9600
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[Co(NH;)sF]*" 2,84 0,415
[Co(NH;)sCI]* 3,12 0,568
[Co(NH3)sBr]** 3,42 1,406
[Co(NH3)sI]** 3,61 2,080
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MATHEMATICAL-CHEMICAL INVESTIGATION OF REDOX REACTIONS
[Co(NH;)sHal]*" + V**
WITHIN THE SCOPE OF BLOCK-MATRICES METHOD

Ketevan Kupatadze, Mikheil Gverdtsiteli*
1lia State University
*Ivane Javakhishvili Thilisi State University

SUMMARY
Within the scope of Block-matrices method four redox reactions were investigated. The correlation
equation was constructed. Calculations show that correlation is satisfactory.

MATEMATHUKO - XUMUYECKOE UCCJIEJOBAHUE PEJJOKC PEAKIINIA
[Co(NH;)sHal]*" + V**
B PAMKAX METOJIA BJIOK MATPHUII

K.T.Kynaranze, M.W.I'Bepaiurenu *
Tocyoapcmeennuiii ynugepcumem um M. Yasuasaose
*Tounuccxuu eocydapcmeennvlil ynusepcumem um. M. [picasaxuwunu

PE3IOME
B paMKax MCETOJa 010K~ MaTpul IPpOBEACHO MAaTEMATUKO-XUMHUYECKOE NUCCIICA0BAHNEC HCKOTOPEIX
penokc peakuuii. [locTpoeHo KopperaiuonHoe ypaBHeHne. Koppensiuus yaoBIETBOPUTEIIbHA.
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CHEMISTRY OF COORDINATIONAL COMPOUNDS

Bis(2,4-bis(trichloromethyl)-1,3,5-triazapentadienato)-M(II) (M = Cu and Ni) COMPLEXES AS A
USEFUL SYNTHONS FOR THE CONSTRUCTION OF SUPRAMOLECULAR
ARCHITECTURES

Namiq Q. Shixaliyev

Baku State University, Department of Chemistry, Azerbaijan namigst@gmail.com

1,3,5-triazapentadienato complexes [M{NH=C(CCIl;)NC(CCI;)=NH},].(Solvent), [M=Cu, solvent = (CH;),NCHO
(1); M = Ni, solvent = (CH3),NCHO (2); M = Ni, solvent = (CH;),SO (3); M = Ni, no solvent (4)] were prepared
by reaction of CCI;CN with ammonia in the presence of CuCl, or Ni(CH;COO),. The complexes were
characterized by ESI-MS, IR spectroscopy, elemental and single-crystal X-ray diffraction analyses. Their
molecules are interconnected by means of N-H--*O hydrogen and N-+Cl or Cl-+-Cl halogen bonds between the
solvent molecules and the NH of 1-3, and —CCl; groups of 1-4. The non-covalent bonding motifs are identical in
all the four inclusion compounds showing the robustness and directionality of this perspective synthon for crystal
design and supramolecular chemistry. Accordingly, the overall arrangments in 1-4 are related; the mutual
orientation of the host molecules provides identical helical catemers by means of strong N-H:--O and N---Cl or
Cl---Cl intermolecular hydrogen and halogen bonds .

Introduction

The coordination chemistry of 1,3,5-triazapentadienes (tap) is a topic of current interest, as attested by
the diversity of the synthesized members of this growing family and the increasing number of their
structurally characterized complexes [1]. The tap complexes are related to the well-studied and widely used
phthalocyanines [2]; they are very stable and possess interesting structural, magnetic and catalytic
properties. For instance, they behave as catalysts for the Henry reaction or in oxidation of alkanes and
alcohols [3-5]. Particular attention has been paid to the synthesis of complexes with halogenated tap
ligands due to their thermal and chemical stability, specific volatility and high solubility in halocarbons and
supercritical CO, [1,6-24]. The complexes of chlorinated aliphatic tap ligands can be easly generated by
the single-pot reaction of metal salts with the organonitriles [25]. The important advantages of this method
are its simplicity, use of inexpensive and commercially available chemicals, rather mild reaction conditions
and good yields of products. At the same time not much attention has been payed to the possible
application of the rather robust and stable metal complexes of halogenated tap ligands as usefull synthons
for crystal and supramolecular design with predictable geometry of the non-covalent interactions.

It is known [26] that halogen atoms can participate both in hydrogen and halogen bonds which can
provide relatively strong and directional intermolecular interactions. In particular, the halogen bonding is of
interest in all the research fields where the control of intermolecular recognition and self-assembly
processes play a key role. This type of non-covalent interactions has been intensively studied and can be
considered as a possible option in the design and synthesis of new supramolecular systems with desired
architectures and functions, liquid crystals, magnetic and conducting materials, biological systems, etc.
[26-30].

Hence, we describe herein the easy synthesis and characterization of a series of symmetrical complexes
with chlorinated aliphatic tap ligands, [M{NH=C(CCI;)NC(CCl;)=NH},].(Solvent), [M = Cu, solvent =
(CH;),NCHO (1); M = Ni, solvent = (CH;3),NCHO (2); M = Ni, solvent = (CH3),SO (3); M = Ni, no solvent
(4)], derived from the corresponding metal salts and trichloroacetonitrile (CCI;CN) in the presence of
ammonium hydroxide. The main aim of this work is to evaluate the potential of the synthesized complexes
for supramolecular chemistry, with particular attention payed to the halogen-halogen interactions.

Experimental

Materials and methods
Infrared spectra (4000—400 cm ') were recorded on a BIO-RAD FTS 3000MX instrument in KBr
pellets. Carbon, hydrogen, and nitrogen elemental analyses were done using a "2400 CHN Elemental
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Analyzer" by Perkin Elmer. Electrospray mass spectra of all solutions were recorded on an Agilent
LC/MSD 1100 SL mass spectrometer (electrospray ionization at atmospheric pressure, positive ion mode,
ion trap mass analyzer, solution flow rate of 10 uL/min, drying gas (N,) temperature of 120°C, nebulizer
voltage of 5500 V, capillary voltage of 0-300 V). Scanning was performed from m/z 100 to 1200 in
methanol solution.

Syntheses of the complexes

To the mixture of 1.6 mL (11 mmol) CCI;CN and 2.5 mL (1 M) NH4OH in 20 mL DMSO, 1 mL water
solution of 1.1 mmol of the appropiate metal salt [CuCl, or Ni(CH;COO),] was added and stirred for 10
min at ambient conditions giving red (1) or orange (2—4) precipitates of the products which were filtered
off and dried in air. The suitable for X-ray structural analysis crystals were obtained by recrystallization of
1 and 2 from DMF, 3 from DMSO and 4 from ethanol.

[Cu{NH=C(CCl;)NC(CCl3)=NH},].((CH3),NCHO), (1): Yield 70 %; IR (KBr, selected bands, cm):
3253 and 3227 v(N-H), 1684 v(C=0), 1661 v(C=N), 1613 6(NH). ESI-MS (in methanol): m/z 674 [M-
2DMF+H]". Elemental analysis calcd (%) for Ci4H 5C1;;NsCuO,, M = 819.33: C 20.52, H 2.21, N 13.68;
found: C 20.43, H 2.23, N 13.47.

[Ni{NH=C(CCl;)NC(CCl;)=NH},].((CH;),NCHO), (2): Yield 66 %; IR (KBr, selected bands, cm):
3251 and 3219 v(N-H), 1681 v(C=0), 1660 v(C=N), 1607 d(NH). ESI-MS (in methanol): m/z 669 [M-
2DMF+H]". Elemental analysis calcd (%) for C4H sC1,,NgNiO,, M = 814.47: C 20.65, H 2.23, N 13.76;
found: C 20.49, H 2.27, N 13.81.

[Ni{NH=C(CCl;)NC(CCl;)=NH},].((CH;),SO), (3): Yield 71 %; IR (KBr, selected bands, cm™'): 3244
and 3216 v(N-H), 1652 v(C=N), 1611 §(NH). ESI-MS (in methanol): m/z 669 [M-2DMSO+H]". Elemental
analysis calcd (%) for C,H6C11,NgNiO,S,, M = 824.55: C 17.48, H 1.96, N 10.20; found: C 17.31, H 1.92,
N 10.08.

[Ni{NH=C(CCl;)NC(CCl;)=NH},] (4): Yield 77 %; IR (KBr, selected bands, cm'): 3226 and 3202
v(N-H), 1655 v(C=N), 1616 5(NH). ESI-MS (in methanol): m/z 669 [M+H]". Elemental analysis calcd (%)
for CgH4Cl1oNgNi, M = 668.29: C 14.38, H 0.60, N 12.58; found: C 14.17, H <2.00, N 12.37.

cl,c CcCls |
\. H H /
/C:N\ N:C\
S]
CCIsCN + NH,OH + [M'] —» N\ /M< /N@ - solvent
C=N N=C
/H H o\
Cl,C CCls

1: [M'"] = CuCl,, solvent = DMF

2: [M'] = Ni(CH;COO),, solvent = DMF
3: [M'] = Ni(CH3C0O0)5, solvent = DMSO
4: [M"] = Ni(CH3COO0)s,, no solvent

Scheme. Synthesis of 1-4

X-ray structure determination

For the crystal structure determination, the single-crystal of compounds were used for data collection
on a Bruker APEX-II CCD diffractometer. The program SHELXTL [31] was used for collecting frames of
data, indexing refections and for the determination of the lattice parameters, SAINTP [32] - for integration
of the intensity of refections and scaling, SADABS [33] - for absorption correction, and SHELXTL [31] -
for the space group and structure determination, least-squares refnements on F,. Crystallographic and
selected structural details are listed in Table 1.
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Table 1. Crystallographic data and structure refinement details for 1-4.

1 2 3 4
Empirical formula C14H18C112CU,N802 C14H18C112NiN802 C12H16C112N6Ni0282 C8H4C112N6Ni
fw 819.30 814.47 824.54 668.28
AA) 0.71073 0.71073 0.71073 0.71073
Cryst. Syst. Triclinic Triclinic Orthorhombic Triclinic
Space group P -1 P -1 Fddd P -1
a () 5.868(5) 5.9010(4) 13.9360(5) 5.8003(13)
b (A) 12.078(2) 12.0713(9) 19.2741(7) 9.053(2)
c(A) 12.537(5) 12.4494(13) 23.0434(8) 10.960(3)
@, ° 114.310(4) 114.794(2) 90 99.397(4)
B ° 94.935(3) 95.144(2) 90 96.082(4)
y, ° 101.946(6) 102.5060(10) 90 101.985(4)
v (A% 777.5(8) 769.49(11) 6189.5(4) 549.6(2)
Z 1 1 8 1
Density 1.750 1.758 1.770 2.019
GOOF 1.030 1.069 1.000 1.000
R1* (I > 20) 0.0403 0.0377 0.0318 0.0437
wR2" (I > 20) 0.1034 0.0878 0.1098 0.1187

“RI=X||F,| — [FJI/ZIF,|. "WR2 = [S[W(F," — F)) Z[wF,) 11"

Results and Discussion

Template condensation of trichloroacetonitrile with ammonia

The Cu"- and Ni"-1,3,5-triazapentadienato complexes [M{NH=C(CCl;)NC(CCl;)=NH},].(Solvent), [M
= Cu, solvent = (CH3),NCHO (1); M = Nj, solvent = (CH;),NCHO (2); M = Nj, solvent = (CH;),SO (3); M
= Ni, no solvent (4)] were easily prepared in one step, by modification of a known method [4,5,23,24],
using simple and cheap starting materials i.e., CuCl, or Ni(CH;COO),, CCl;CN, ammonium hydroxide and
DMSO (Scheme). The reaction involves the template nucleophilic addition of ammonia to the cyano group
of CCI;CN, and the derived 1,3,5-triazapentadienato acts as a chelating ligand forming a square-planar
confined arrangment, as in other air-, thermo- and moisture-stable metal’—tap complexes [1]. All the
products were characterized by IR spectroscopy, electrospray mass spectrometry (ESI-MS), elemental
analyses and single-crystal X-ray diffraction.

The IR spectra of 1-4 show typical [4,5,24,25] v(NH), v(C=N) and 6(NH) vibrations with maxima in
the ranges of 3202-3253, 1652—1661 and 1616-1607 cm ', respectively, while the v(C=N) band of the
starting nitrile disappears. Moreover, in 1 and 2 the v(C=0) of DMF is observed at 1684 and 1681 cm ',
respectively. Elemental analysis and ESI-MS in methanol (peak of [M+H]" at m/z 674 (Cu" complex) and
669 (Ni' complexes)) support the proposed formulation as a diligand monomer,
[M{NH=C(CCI;)NC(CCIl3)=NH},], the common composition for many other tap complexes [1], which is
also supported by X-ray crystallography (see below).

Single crystal X-ray structural analysis of 1-4

The X-ray-quality crystals were obtained upon slow evaporation of solutions of the compounds in
DMF (1 and 2), DMSO (3) or ethanol (4) at ambient conditions. The crystallographic data and processing
parameters are summarised in Table 1, crystal structures are presented in Fig. 1. In 1-4 (Scheme), the
central metal atoms are in square-planar coordination environments with two monoanionic 1,3,5-
triazapentadienato species acting as N,N-chelators and forming two six-membered metal metallacycles; the
average N-M—N [88.05(9)—91.95(9)°] and the average M—N [1.852(3)—1.950(2) A] bond lengths are close
to those in relevant bis-1,3,5-triazapentadienato-M" complexes [4,5,24,25] (see footnote of Fig. 1). The
C—N bond lenghts [1.286(3)—1.326(3) A] support [4,5,24,25] the formation of delocalised m-bonding
systems within the metallacycles. The positive charges of the metal ions are equilibrated by the
deprotonated nitrogen atoms of the ligands (Scheme). In 1-3, the (N)H atoms of the ligands interact with
oxygen atoms of (CH;3),NCHO or (CH;),S=0O with formation of the six-membered intermolecular
resonance assisted hydrogen bonding, while Cl1 atoms of the —CCl; groups participate in Cl---Cl interactions
thus generating a 2D supramolecular assembly of a distinctive geometry. The nature of metal ion does not
significantly influence the N—H--O distance, while upon the replacement of DMF by DMSO the distances
shorten from 2.989(3) to 2.868(3) A in 2 and 3, respectively (Table 2).

193



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2014 3. 40 Ne 2 - 3

o1 Cl Cl2

Fig. 1. Crystal structures of 1-4. Bond distances and angles (A, °),
1: Cul—-N1 1.941(2), Cul—N3 1.950(2), N(3)—C(2) 1.286(3), N(2)—C(2) 1.326(3), N(1)—Cu(1)-N(3) 88.05(9),
N(D#-Cu(1)-N(3) 91.95(9), N(1)—Cu(1)-N(1)#1 180.0;
2: Nil-N1 1.861(2), Nil-N3 1.866(2), N(3)-C(2) 1.298(3), N(2)—C(2) 1.322(3) N1-Nil—N3 89.74(9),
N(D#-Ni(1)-N(3) 90.26(9), N(1)#-Ni(1)-N(1) 180.000(1);
3: Nil—=N1 1.9443(19), Ni(1)-N(1)#1 1.9443(19), N(1)—C(2) 1.296(3), N(2)—C(2) 1.322(3), N()#1-Ni(1)-N(1)#2
91.43(12), N(1)#2—Ni(1)-N(1) 88.58(12), N(1)#1-Ni(1)-N(1) 179.07(12);
4: Ni(1)-N(S)#1 1.852(3), Ni(1)-N(1)#1 1.858(3), N(1)-C(2) 1.287(5), C(2)-N(3) 1.319(5), N(3)—C(4) 1.327(5),
N(S)#1-Ni(1)-N(1)#1 89.40(13), N(5)—-Ni(1)-N(1)#1 90.60(13), N(5)#1-Ni(1)—N(5) 180.00(19).
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In the structures of 1 and 2, two types of halogen bonding are found. The first is an interaction with the
negatively charged nitrogen (N2) with contact distances of 3.425 A and 3.227 A in 1 and 2 respectively.
The second halogen bond is a Cl--Cl interaction with distances of 3.445 A and 3.232 A in 1 and 2
respectively. Thus, in 4, the Cl---Cl distance is longer in comparision to 1-3. Moreover, the presence of
DMSO instead of DMF allows to eliminate the halogen Cl---N bond formation and creates a hydrogen
bonding CI---H—C (from methyl group of DMSO). Thus, the solvent molecule plays a key role in the
interplay between the hydrogen and halogen bonding in this type of compounds (Table 2).

Table 2. Hydrogen bond interactions in 1-4 (A, °)

Compound D-H--4 Distances (A) Angels (°)
D-H H-A | DA D-H-A
1 N(-H()-O(1) | 0.84 220 |2.9994) | 1598
NG)-HG)~O(1) | 0.84 214 |2.9543) | 163.6
2 N(-H(1)~O(1) | 0.84 216 | 2.9893) | 1675
NG)Y-HG)~O(1) | 0.84 214 |29523) | 1623
3 N()-H(1)~O(1) | 0.86 203 |2.8683) | 1635
4 N()-H(1)~CI2) | 0.86 247 [2.9633) | 1167
N(5)-H(5)~Cl(4) | 0.86 243 |29323) | 117.8

Symmetry codes: (1) -x, -y, -z+1; x-1, y-1, z; -x+1, -y+1, -z+1; (2) -x, -y+1, -z+1;
(3) -xt5/4, y, -z+5/4; x, -y+1/4, -z+5/4; -x+5/4, -y+1/4, z; (4) -x+2, -y+2, -z.

In general, the change of solvent molecule and metal ions strongly influence the supramolecular
arrangement of 1-4. The complex molecules are assembled by Cl---Cl intermolecular interactions between
four chlorine atoms, thus creating the molecular assembly which extends parallel to the crystallographic ac-
plane [34,35]; the Cl---Cl distances vary with the nature of the central metal-ion and solvent molecules.
Moreover, the central and coordinated nitrogen atoms participate in the intermolecular halogen and
hydrogen bonding, respectively (Fig. 2). As a consequence, an overall 2D supramolecular structure is

formed.
% \
\ W p X
¢ )ﬁj; <S¢ L \( /‘L//}’V
a5 ;;( T *(kf;")ﬁ“ J_Tx%,
SO s\ A
R IR
\\ \ \
Fig. 2. Hydrogen N—H:--O and halogen Cl---N bonding in 1 albng the crystallographic c-axis.
Conclusions

A series of Cu" and Ni"-tap complexes are prepared and fully characterized. In the complexes, the
central metal ions are in square-planar coordination environments with two monoanionic 1,3,5-
triazapentadienato species acting as N,N-chelators and forming two six-membered metal metallacycles.
Intermolecular six-membered resonance assisted hydrogen bonds are formed between an oxygen atom of
(CH3),NCHO or (CH;),S=0 and (N)H moiety of the tap ligand. The formation of intermolecular CI---N
halogen bonding depends on the solvent molecule used for the preparation of the M"-tap-solvent assembly.
The complexes are combined by strong hydrogen N—H:-O, N—H:-Cl and halogen CIl--*N, CI---Cl
interactions in infinite strands, thus producing supramolecular 2D sheets.
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Appendix A. Supplementary material

CCDC 963562, 963563, 905624 and 903468 contain the supplementary crystallographic data for
compounds 1, 2, 3 and 4, respectively. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
Supplementary data associated with this article can be found, in the online version, at http://dx.doi.org/..
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3MA3RKRIILIBO d0L(2,4-00L(BAHNIRKRMHITINOR)-1,3,5-B@05HBS3I6BHORNDI6SSH())-M(II) (M = Cu
RS Ni), @MIMHG L'I3MSIMIRNRIGINIAH) LAGIIBIDHIO0L SLdOTESR LOLOMIIBR(M)
LO6B(™M6J50
6.3.90bsemag3o
&ojmb Z;obgmoﬂﬁ’ogm 3503361}0(53(50, o?jgt'/)&ooxob‘o
®@Jdb0Jad

1,3,5—@60&%&335@&;303[%@"360 dmﬁBg\f\ngngbo [M{NHZC(CC13)NC(CC13)=NH}2]'(6.531515539@0)2 [M = Cu,
6‘58]51’639:’0 = (CH3)2NCHO (1); M= Ni, 6‘58]51’639:’0 = (CH3)2NCHO (2); M= Ni, 6‘58]51’639:’0 = (CH3)2SO (3),
M = Nj, 333blbgrmols  g0693q 4)] 30Q36'3Q0 0g™ CCL;CN-ols 3308306 1983000 CuCly-os o6
Ni(CH;CO0)-0l 03630930bsLs. 33 9dlmeo 6&3(4)0)360 ggol‘mhnamgbﬂmoo BL-135JBOmdgB e gmo, 0.
1)33{](55(4)'3;:)0, 3;:)8836(55"360 OGOQO%OBO ©5 636@636'2]@—1)@)6'3{]@)'36'35::0 aammggabom. 6030)0363601)
3(*);::36"3@360 303(4)0)36'3;@0.5 Egogboggﬂﬁo 633600) N-H---O ©5 .3.5;:)(*)&)6‘360 N--Cl o6 Cl---Cl 683600),
ﬁ)mag:){]bol} voﬁamoda&)bo 359bLbgemols amgvgad'z]g:)abho ©5 NH'X&‘U(BDM’ (6.53(4)0)360 1 - 3), sbg3g CCls-
xaﬂc&)bh (6.53(4)0)360 1 — 4) 3meéol. m0bogg 6590080 5618339009680 683601} 6'36360 9O0bsoM0s ©s
sd 3361’33[](55"3@0 1)05(550053601) aggaﬁaggmboho ©5 15‘3]36&3(*);*\035‘3@‘36 doaoo'ao dﬁmh@)og@{)boh
©obsobobsmgols  dsomo 608(*)3363601} 'aghodg)gbg)mbocba 30'30)00)361). 'Bahoboaohogg .501‘)1)636.5 Lsgerom
6°6Q’°636° 5.)860)36'30 1 - 4, 1)@)'330(4)0 80@35‘3@3&015 mﬁ)oal;@ogoo 6o6o306m63615 OQOG(B)UF)O
BLoGsmgo 39893960k oéhgbmboh dg:mgﬁm N-H---O ©5 N--Cl s Cl-Cl derema 3 sms dméobo
%’80@6.5;3'3(4)0 ©5 30@(*)635"360 633601) 33’333(*)600).

KOMIIJIEKCBI BUC(2,4-BUC(TPUXJIOPOMETNJI)-1,3,5-TPUASAITEHTAAUEHATO)-M(I)
(M = Cu U Ni), KAK ITOJIE3HBIE CUHTOHBI AJ1s1 TOCTPOEHUS
CYITPAMOJIEKYJISIPHBIX CTPYKTYP
H.I'.IIlnxanues
baxunckuii F'ocyoapcmeennwiii Yuusepcumem, Azepbatiodcan
PE3IOME
1,3,5-rpuazanenraguenarusie komriekebl [M{NH=C(CCl;)NC(CCL;)=NH},].(pactBoputens), [M = Cu,
pactBoputens = (CH;),NCHO (1); M = Ni, pactBopurens = (CH;),NCHO (2); M = Ni, pactBoputenp =
(CH;)%,S0 (3); M = Ni, 6e3 pactBopurens (4)] Obuiu nonyuenbl peaknuein CCLCN ¢ ammuakoM B
npucyrcteun ~ CuCl, wmu Ni(CH;COOQO),.  Kowmmekcel  ObUlM  OXapaKTepU30BaHBI — Macc-
criektpoMerprueckuM, HMK-CreKTpOCKOMMYECKUM, JJIEMEHTHBIM M PEHTICHOCTPYKTYPHBIM METOJaMH
aHanmm3a. MOJNEKyJbl COCAMHEHHsI B3aWMOCBSI3aHBI MEXIY co00i BOAOpOAHBIMH cB3siMA N—H:--O wu
ranoreHoBbIMH N--Cl wimu Cl--Cl cBsI3iMH, BO3HHKAIOIIUMH MEKIY MOJeKyilamu pactBoputens u NH
rpynmnamu coequaenunit 1-3, a tTakxe —CCl; rpynnamu coenunennii 1-4. TIpupoaa HEKOBalCHTHBIX CBsI3EH
BO BCEX YETBIPEX COCAMHEHUSIX BKIIIOYCHUS OMHAKOBA U YKa3bIBaeT HAa YCTOHYMBOCTH U HANPABIEHHOCTD
9THX TIEPCIIEKTUBHBIX CHHTOHOB JUIA JIU3aifHA KPHUCTAJIOB W  CYNPaMOJEKYISIPHOH XHMUHU.
COOTBETCTBEHHO OTHOCUTCS o0Iee pacronoxeHne B 1-4; B3auMHas OpPUEHTAIMS MOJEKYN TOCTS
obecrieunBaeT WIICHTUYHBIN CUPabHBIA KaTemep mocpenctBoM cuiibHbIX N—-H-+O u N-+Cl umu Cl--Cl

MEKMOJIEKYISPHBIX BOJOPOJHBIX U FAJIOTEHOBBIX CBSI3EH.
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Bo®353(MIN3NS

Tribulus terrestris — 3IAML0)O30L GOR3IIR( 3JdIBSBHOIA0 (V®MIS6(NIS0L
353(M33R3J3>

BOﬂb 686086068

bsgs6039¢00b bo3shBhostdmbl los sbotos 306339¢frrcogdenemol bobgermdob Jstoeiemo #1bogg®bodgdo
obbey 0039¢ J9025099¢sdob Rs68s30290000L 0bbBHOGXIHO

536005 (39603990 3929HOGH0YO0 MMPBML TobyHo Fowo FOHMbmsgol dmeosh d39bsmgdo: gmmwgdo - 36,6%;
Bogmpgdo - 26,3%; 0gmmgdo - 31,5%; 39liggdo - 2,6%. gOmbEsbmewr@o aao3mbogdol 899339wmds 8950996L: Bmmegddo -
3,9%, bogmggddo - 1,35%, 0gmhmgddo - 0,33%, ggqbggddo - 1%. LEHIOMOEYYEOo 4E03mBOEIdOL MZ3oLMdMOZ0 Fgagbow mdom
B0 gd0, bogmagdo s ggliggdo Abasglios, Bgbggdo 3608369 m3zba 3oblbgs3ds Fompsb.

LGHIOMOJO0, OMYMOF B0DBOMEMYOMOS© 95BN b030gMHYd5d0 YOIl MMl SLEWEgdgb
™mO560Bdob 3bMZgEdYmagEMmdsdo. bEYMHMOgdoL Jesliol IMogz5¢MmOEbMmzsb0 X¥AM30E d3gbstngddo
do0m5@s©  d0MLObMIHBOMOGd06: §300BMbgd0, L3oMm - s BYOMULEBMEMOHO  ywo3mbowgdo,
39M9bM0d0, 35350096MmE0EId0, Jmeglidebgdo, 36M9absbgdo, HGMIwmgdog 89weMgdom 0830505
56056 493039 gdMbo s domo  F9di3gwo  939gbaMggdol  2sdmzobads  dJ@VPEME  Ls3ombl
o60moygbL.

239Lo Low3mbols 60-0sb0 {ergdol sbsfiyolido 30M39wo bodoMmmzgumls 3gibogMgdoms 535009800
3o®do3mgodool  0bbBHoGMEBHI0  ©IE0bs  LEHIOMOMEO  Lodmygboboli-  omlgygbobol s dobo
609900 4e03MmHB0IdOL sOlYdMds 839bsty Tribulus terrestris-8o [1].

Tribulus terrestris L. - 37960mbo;ogo (mxosbo Zygophyllaceae) 5056500 2565359990 0gdHmgdom,

ooy aommbdmmo, gOmfeosbo, LoMgzgwd, BIMMOME o3MEIEgdMwo dggbstgs - a3bzwgds yzgws
30b63H0b636G Dy BGIOIBHoOL  ao0s.  83gbstg  dzgglo  OHMOED  gsdmoyabgds  BHEooEomw
99000306580 Lb3o0slbgs s9350gd0LsmM30L [2].

39OMbmogol  LEIOMOEWWO  AW03MBoEIPOL  Loxwdzawby  FoMIszmgodool  oblGHOGME0
369350530 “Tribusponin®-  “@@ModL3mbobo“  890mdsgs  50gMMLZgmHmBOL  33Mbswmdols s
36O BoEsdGH030L5m30L, 9M3MEMIMBIWMMO  9bIdMEIOGHWMO s 5sd0sbol 3969300 BWbdiool
3sLEH0IMWoMgdgo Ladengds [3-5]. 9 b3gE0seoBoMgdmer  Ladgoiobm 0bbEo@MEdo §o®mds@gdoom
BoGoM©d BHM0dM3Mbobol 3e0b03MGM0 53MMBE305 S BsdFMms 3o3d0Mol X 9bsE30L LsdobolE®m™L dogH
B9dsom Mo odbs dobo FoMdmgds s bsdgEoEobm 3MsdEHozsdo BsMmm Asdmygbgds. GHMOdML3MBObOL
LBLEPbEosl B0d39bEHOL Jodom®- BsMmBo393GNI0 Jo@bobs ofoMTmgdEs, dbs Lod3MObsErm BMEAsL -
G90WYAHJOL  BoMTs3mdodool  0bbBHOGMEHOL  9JudgM0dgbEME-Lofomdmm  dsbs. 3MMmEwYd30os  LadFmos
3930060L,  Lodo®mggwml, ©bo  J399bgdol  Losgomoodm  Jugedo  GgoeroHEIdMOs  ©d  ©OEO
dmbm360egd00 LoMJOMBS.

dmEm 39M0MmEdo  B5MT53mJodool 0bbEOEMEGH0 3YOHMLMOZ0©s0 F9dwmdsgzgdmwos BodEogrMo
369350530 “Atherospinin” — “600gML3MBO6OL” LobgEfmEgdom (3o8LEdO), BOMELMAOIMI® 59EHOMO
5653530l bobom, MHMIgedog dgbs@bmbadmwos d3gbstgdo sGLYdMEo b03m0gMgdgdo dBadMOZ0 Loboo
5 BM00M13mb0bOL sbsEMYy0Gmo dmddggdoom boliosmgds [5].

90-0560 fargdosb dmger oy J399bgddo  0bFgblomGa  sofigm  FMEMLMOgol  JodonMo o
B30 Q0MEOHO FgLFoges, oR0bEs dolo M350 TBMH0Z30 MME393EIE0 9539IEVIMMDS MEYEOBIOL
00mgdol yzgmws xmbJ30sbg; 99dmdags 93gbodol IMsgswMoEbmgsbo LsdzMMboerm 3M93sMoG0 s
00MEMAO0MM©  9dBH0MM0 ©obsTsG0. bbgosolbgs agmaMegome Bmbsdo FmBIGM©O  JMOMLMSZ30©0
209gmz30e0s: ombigqbobo, Goymagbobo, yodEmagbobo, 493magbobo, MHlzmygbobo, 0sdmygbobo s dsmo
§o60mgdMEo yero3mBogdo [2].

&M0dL3Mb0bo Mog30b0 IEOEIMO s LEOBE MM Fgagbowwmdoom 4sblbzsgwgds 3 dEgbstol bbgs
36935653 Jo0oLogsb, Mog Job oo MgMa393EwYer dmgdgqdsls 530MMdGIL.

LEGHIOMOENO  AWOIMDOEII0  3YOMLMOZOL  FIWIGME MERBMdTo bbgoslbgs Mom@gbmdoom
3030905 s d00sb d3gbstgdo dsmo 899339¢™Mds 3939H9GH0VIM0 Boffoegdols fmbom 89356 gdsBgs
50300093990, Lsd3M@boerm  3Mg3oGMoEol  FoMmdmgdolomgol  dggbotols  obol  edmygbgdol
30Bsb6g[bomdol sboygbo LoFoMmgds InmMbM3L ow3go MmEYBML fmbomo F9x3sMEgd0L
o080 dmgddgo 60gm0gMadgdol AoblsBMZMLL, Mols 9dm369ds HoMdmwygboro GMmIs.
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0533003999005 430h396s, MM Mdowobol JoEsdmgddo LgdEaddgMdo Tgadmmzoe  39OHML;Lgzdo
3939990 MmMABML Fmbomo Ggnemogdomo fowo dmwosbo dggbstrols odsom sbgmos (%): gmommero
39,6; Bogmgo 26,3; wgdm 31,5; 8gb30 2,6. GoModol 39wby dmbBostr 83gbstgdo (o390 MmMPsbmgdoL
fmbomo 8953smH@9ds GMA39MO© 033WGds, FoMed BMMEGIOL GMomEqbmds  30-40%-0l gsMpergddo
dgygmdb.

39OMbmog0L  boba®mdwogo 393939300L  396M0MmEdo  Ym®GHgdol  53mboysto  0bMmgds, di39bstyg
9439300MdL s Bogmxz0gMmdL. Fglodsdobo (339939 MBL (35¢39Mwo bofforgdols Mom@nbmds, mwydiss
3500 mbomo 8953500900l seGogbmwo G9gbgbios 99bscmbmbgdwmos.

33w930L 89999 9B93BY gob3LSBOZMYIN (35¢39MWO MMABMIO0IB LEINMOEIOIOL 2oTMZE0
39009960Mds.

35963Mo0  ©ofizMrowdsbgdymo bgowgmeol 100 g-l 75%-0560 gosbmeoo gfizwowmsgoom 3
XIM5Q. 39MHM05690wo gJuBHEodBHosd LE0OHEHL #sdmzboom, fywosd Lombgl 3sbR3M390Om
Jmcmagm®dom, 358d9wgdom, 350MMdEOom ©s 3hmboom. Bsdmo  Aooy3dmbos  sLm®BYEE
050mbol HP 20-ob bgg@by.

L39AHL 3MYEbogom fywom, 35% dgmobmeom, LEHIOMoEWE bogzmogMgdsms JurmoMgodsl 80%
d9omobmmom  3sbabom. gl 3sLdgegdom, 358HMdom s  3fimbowom;  LGyMMmoMEo
3W03MHBoEIdOL X0l AoBMLOZswo  BMOGdoELE  d950p96s  5,5%-b, Boymxgdosb  3,2%-U,
©9HMYd0sd  2,4%-U, ggLggdoEsE  4%-U. JoegRWo Xs9gOoL  BWYOMULEBMEWGOHO  LEYMMoIdOL
30bMd0MO FJPqb0WMds MbEWxRg6mz560 JOHMTsEMYM73099w0 bseEoHol Jobgzom Fo®dmoygbowos
Lo by 1.

1

1. ggbgo

2. mg6Hm

3. gmomeo

4. bogmgo

by@smo 1. 3rGmbimsgol mMysbmgdols
gOMLEBMEGo 4mozmbogdol ;mgd.
Lob®gds:JemBmam®do:3gmsbmnmo:figsmo 26:14:3;
©95JBH0g0-gMemobo

Bo35¢96Mgm 250Mmygmzowo X59900L b3gdGHOHMRMEGHMIGGHOMEO MomOIbMdIOMNO b5E0Bo. 503mAbs,
™3 MmEgdol ¥ o030 BWOHMLEBIOOL MomEgbmds 89sgbl 71%-b, boymnqddo 45%-b, wgHmgddo 14%-U,
391390do  25%-b. 59M0Q5© JMOMLMIZoL Bmmgdo 3,9% GMOMLEHBMEWMOHO ool bEHIMMogdl
390393V, bagmagdo 1,35%, mgmgdo 0,33%, bmem iggliggdo 1%.
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gbMogo 1. 330930l 990093900 Tgxsdgds

2014 3. 40 Ne 2 - 3

dzgbstols doeosbo L GHoMMoEEo x5d80 dzgbstols
0O56mgd0 9396560056 303mbogdols BOMLEBmEMGO (35 3gmeD
dsbydo foero, X530b 58mbsgseno, 303mbogdols Oys6mdo
% % 399(339¢0mds, % BOMLEBmEmGO
303mbogdols
899(339¢0mds, %
eIl lpTuele) 39,6 5,5 71 3,9
09hHm 31,5 24 14 0,33
bsgmezo 26,3 3,2 45 1,35
aqbgo 2,6 40 25 1,0

39OMLmOz0L  MmMABMGOoL  LEHIOMONEO  AWO3MBOEYIOL XsToL  FomoEgngdGHwIMo Lombmgsbo
JOMI>GHMAMR0o sbsewobo HPLC hogo@otgo Agilent 1100 byMHool bobEHgdol s356s@bg, dmdowrw®
3B 3094969d0m: A - fyoswo +0,1% TFA s B - sgg@mbodMowo +0,1% TFA. ogmgs 80dobstgmds
3b5¢oBM® 1393 By Cis (4,6x250 83), 9900099 3M9©096E™ME 306)Md9dT0:

0 foo
20% B

20 Hoo
40% B

40 Hoo
60% B

60 oo
80% B

80 oo
100% B

90 oo
100% B

dmdoMEmO Robol obgdol Lohdstg goygbos 1,00 de/fiod. 1 9w Fgomsbmendo asblboero 5 gy
LooboEoBMm bodmdol 10 93¢ 953G MToG Mo Joghimmadmos 3gEb.

39OMLmOz0L BMmmEgddo 439wy 3930 LBEIOMOEWWO JE03MBOEIdOL 303900 Tgwo3zbwgds, Tols
MobEM3gds Bogmxygdo s MBRGM MIMOd0s MIMHMGdo.  BLZId0 MZOLMIMOZSE bLblszwIds Lbgs
Bofowqdoligeb,dglsderms 350080 Jrnergl@ebgdo s 309656990 4e03mBogdo dombobmgboMogds.

BnoEgdol  LAHIOMOENMEO  JE03MHBOEIOOL  KSToL  SELMOIFOMO  JOHMI>GMYMSBOMIO00)
bbgoolbgs Bmdol bogrogsageol 13gEHBg, OHMEILLE TMIOWMEH BsBo@ FodmygbgdwEo ogm Lbolb@gds:
JmOHMEMOHI0-090056mEo-fgsemo 26:14:3 45839453000 bymo 0bogz0gsmto gwrozmbowo, HPLC/MS
(Agilent 6100 cos 'HNMR (300 K AV-300) sbscrobols dmbs3gdgdol dobggom m®o dsmgabo @omliggbobol,
Lsdo BHoaMagbobol Fomdmgdmwo awo3mHBoEIdos. 33¢g3900 603M0gHGdsMs LEMWIGHWIMHOL LB
RSHNC Y

5093565 3OMLOZ0L J00sh Folodo (Foe39990 MMYBMGdOL fmbomo 99535MYd00 doMH0MOEO
Rnogdo, 9909y boygmxugdo, ©ghmgdo, nqlggdo. dnddgo  bogmoghHhgdgdol - LEIMMoEo
3W030MHB0oEYdoL  omoeo 98339 md0m  odmoMmBg3s  BMMEIGdO, Tom  MobermzEads boygmxugdo o
©gMHMgdo. 39139330 MAgBHIL oo WmmmE bbgs B03mM0xMIdIdO AMM3Yds, Md3 dmdsgswo 3330l
Lo50bEHYMYLM MdOYIEHL FoMTmowagbl.

36935653 Jool  BHM0dMI3MboBoL s 50gMML3MbOBOL  [omdmgdolsmgzol, 3gbsMmol  3sd0FEHlosb
209m30bs6My I0BbTgfimboos dofolibgws Boffoeols Fomwosbo doliols godmygbgds.

9Gmds GgbOmeErgdmmos BogsGmggermlb dmoms HMLmsggmol ghmgbmmo Lsdggboghm gmbool
80bsbLmGo dbsGEsF Moo (3GmydEoD0O/101/6-420/13).
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STUDY OF CERTAIN VEGETATIVE ORGANS OF Tribulus terrestris
Vazha Nebieridze

St. Andrew the first-called Georgian University of the Patriarchate of Georgia
TSMU lovel Kutateladze Institute of Pharmacochemistry

SUMMARY

Mass portion (%) of vegetative parts of whole plant Tribulus terrestris is the following: leaves 36,6; fruits
26,3; stems 31,5; roots 2,6. The content of furostanol glycosides in leaves 3,9%, fruits 1,35%, stems 0,33%,
roots 1,0%. Steroidal glycosides composition: of leaves, fruits and stems is similar, but significantly differs
in the roots.

Chemical study of certain organs of Tribulus terrestris is in progress.

HNCCIEOLOBAHUME OTJIEJIbHBIX BET'ETATUBHBIX OPI'AHOB Tribulus terrestris
Baxa HeOuepunse

I'pysunckuii Yuueepcumem nampuapxama I py3uu um. Auopes Ilepso3zsarnnozo
Unemumym gpapmaxoxumuu U. I'. Kymamenaosze TIT'MY

PE3IOME

MaccoBas 10/l OTACIBHBIX BEreTaTHBUBIX OPTraHOB LIEIBHOTO pacTeHHs Axopyvl cmenioujuecs: TaKOBbBI
(%): muctes — 36,6; mwiombl — 26,3; credam — 31,5; xopuu — 2,6. Comepxkanue (ypoCTaHOJOBBIX
IJIMKO3UJI0B COCTABJISET: B JIHCThAX — 3,9%; B mogax — 1,35%; B credmsax — 0,33%; B kopusax — 1,0%. Ilo
KayeCTBEHHOMY COCTaBY CTEPOHIHBIX TTUKO3HUJIOB JIUCThS, TUIOJBI ¥ CTEOIH MPUOIIKAIOTCS APYT K JAPYTY,
KOpHI/I 3HAYUTCIIbHO OTJIMYAKTCS OT HUX.

XUMHUYECKOE U3YUCHHUE OTCIbHBIX OPTaHOB SIKOPIIEB CTEIIOIIMXCS TPOI0JIKACTCS.
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OAPMAKOXUMUA

IPEJIBAPUTEJIBHOE UCCJIEJOBAHUE HEKOTOPBLIX PACTEHWM,
ITPOU3PACTAIOIIMX B I'PY3UH, HA COJEPXKAHUE BHOJJOI'MYECKHN AKTUBHBIX
COEJJUHEHUH

K.I'.IManamemwmm, M.I".Cytuamsuwim, T.I'.Carapenmsru, H.I1.Karapanse, [x.H. Anenu, M.B.Uypanze,
M. /1. AnaHust

Unemumym @apmaxoxumuu um. .1 Kymamenaosze Tounucckoeo I'ocyoapcmeennozo Meouyunckozo
Yhueepcumema

B nanHolf paboTe NPUBOIATCS pE3yNbTaThl MPEABAPUTEIBHOTO HWCCIENOBAHUS PACTUTEIHLHOTO
Matepuana, cobpanHoro B 2009-2013 rr meneBbiMH (apMaKOOOTAHHYECKUMH BBIE3JIaMH COTPYIHUKOB
WNuctutyra ®dapmakoxumun B pasHble paiioHsl ['py3un. [epbapHblii MaTepuan XpaHUTCS B OTHEIE
¢dapmakoboTanuku. CucTeMaTH3anus pacTeHui Obla nmpoBeieHa B otaene (apmakodoraHuku MHcTUTYTA
DapMaKOXUMUH.

U3 pactuTenbHbIX OOBEKTOB TOTOBMIIM BOJHO-CIIMPTOBBIE JKCTPAKThI, KOTOpPBIE HCCIENOBAM HA
MPHUCYTCTBHE (DITABOHOWIOB, TPUTEPIICHOWIOB (IIUKJIOAPTAHOB), [IMAHOTEHHBIX TITHKO3U/I0B, AMUHOKHCIIOT
W Y-aMHHOMACISTHON KHCIIOTHI.

AHaNHU3bI IPOBOIMIIA METOAAMH, OMMMCAHHBIMY B HAIIUX PaHHUX myOiaukausx [1,2,3].

Bcero mpoananusupoBaHo 99 obOpasiia pacteHuii, oTHocsmecs k 35 Bugam 37 pacreHuit (2 U3 HUX
coOpaHbI B pa3HbIX MecTax MpouspacTanus), 26 pogam u 21 cemeiicTBy. Pe3ynbraThl aHam3a NPUBEACHBI B
Tabmuie 1.

Jnst aHanmu3a (IaBOHOHMJOB KCIONB30BAIH [HAHUIUHOBYIO peakinio. VHTEHCHMBHOCTh peakluu Ha
(IaBOHOMIIBI BBIpAXKAIM 3HAKOM “ + “ 1o TpexOanpHON cucreme. [[ns ompeseneHus: KayecTBEHHOrO
cocTaBa (IIABOHOWIOB B MCCIEAYEMbIX 0Opa3iax npuMeHsiin b/X ananus B cucteMe H-OyTaHON-yKCYCHAS
KucnoTta-sofa (4:1:2) [4].

dnaBoHouABl OOHapyxkeHbl B 77 oOpasmax. 37 OOpasipl AalOT CUIbHYIO(+++ U BBIIIE)
LIMAaHWJMHOBYIO peakuuto, 24 - cpemnymo(++), 16 - cmabywo (+). OcranpHble 00pasibl JalOT
OTPHIIATENBHYIO peakiuio (Tab. 1).

Cpenu ucclieloBaHHBIX pacTeHWH 14 BUIIOB He ObLIM paHee MOABEPTrHYTH aHamu3y (Tabm. 1. NelNe :
2,3,4,5,6,8,9,12,15,22,26,30,34,35).

B pesynbrare aHammza BBICOKHM coJiepKaHHWeM (IIaBOHOHMJIOB OTJIMYAIOTCS pacteHus Alhagi
pseudalhagi, Colchicum speciosum, Hedera colchica, Galathella dracunculoides, Origanum vulgare,
Polygonum equisetiforme, Rhus coriaria, Satureja spicigera, Scabiosa columbaria, Silene compacta,
Sophora japonica, Trifolium pratense, Verbascum laxum, Vicia angustifolia.

Buapl pacrenwii, coOpaHHbIE B JpPYTMX pErHOHax [py3unm Hamu paHee OBUTM OTHECEHBI K
MEPCIIEKTUBHBIM M PEKOMEHIOBAHbI IS JaJbHEHIIIETO U3yYCHUS.

ConepkaHre IUKIOAPTAHOBBIX TPUTEPIICHOWIOB aHANMM3WpoBaM ¢ momombio TCX B cucreme
xsopodopm-meranoia(10:1). Kpome paHee BhIsBIEGHHBIX BHIOB Astragalus (cem. Fabaceae) GoratbiM
coJiepKaHueM OTInvaroTcs Apium graveolens, Origanum vulgare Rhus coriaria, Silene compacta,
Verbascum laxum, oTHOcsIIeHCS K ceMmeiictBaM Anacardiaceae, Apiaceae, Caryophyllaceae, Lamiaceae,
Scrophulariacea (ta6n.1) [1-3,5].

OO6pasipl UCCIECIOBAIKCH TAKKE HAa COIEpKaHUE Y-aMHHOMACISIHHON KHCIOTHI, TAK KaK OHa SIBJISIECTCS
OMOJIOTMYECKH aKTHBHBIM COCITUHCHHEM, POSIBIISIOIINM THIIOTCH3UBHYIO aKTUBHOCTb. Y-AMHUHOMACISHAS
KHCIOTa OOHapy)kKeHa B HE3HAYMTENBHBIX KONMYecTBaX B 15 oOpas3mnax, a -IMaHOTeHHBIC TJIMKO3HJIbI
HalJIeHbI TOJILKO B BEreTaTHUBHBIX opraHax Acalypha australis (cem. Euphorbiaceae) [6, 7].

AMHWHOKHCJIOTHBIH COCTaB MJACHTHYEH TIOYTH I BCEX  PAaCTCHUH. AMHHOKHCIOTA IIPOJUH B
3HAYUTEIILHOM KOJIMYECTBE MPHCYTCTBYET BO BCEX aHAIM3UPYEMBIX BHJax pacteHuil. M3sectHo [8], uro
OHA CHHTE3HMPYETCs B OpraHM3Me >KUBOTHBIX W YEJIOBEKa, BXOIUT B COCTaB HWHCYJIMHA W SIBIISETCS
aHa0OIUTOM.
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Ta6auna 1. Pe3ynbTaThl KaUeCTBEHHOTO aHAJIM3a HEKOTOPBIX pacteHui (iiopsl ['py3un Ha copepxaHue
OMOJIOTMYECKN AKTHBHBIX COCIMHEHHH

M TpuTtepneHoHNIE! R
(UUET0APTaHE)
i = Hecaegyemele Pearmus c 23% Peaxmua 2
CeMeilcTEO, poJ . BILY MecTo i BEpens coopa 2 [z Koamge- Ry
qacTH thochopHOBROIE Bryant d
bpasionoit [4] CTBO HHTEHCHBHBIX
g OATEeH OATEH
L5 2 3 4 3 6 7 8
Anacardiaceae
Rhus coriaria L. Oxp. Tonmen, Juctea ++ +++++ ] 0.62:0.75
1 Basncybanm, 2013 B (155351 ++ +++++ 3 0.51
Credm Caegsl +++ 5 0.33:0.44:0.73
Apocynaceae
Vinca herbacea Waldst. ¢t | Oxp. Tonancm, JucTeA - +4+ 7 0.23:0.32
2 Kit. Bammzreapm, 2013 Credm ++ ++ 4 0.32:0.58
Kopan + - - -
Apiaceae
Apium graveolens L. Ogkp. Tonamcn,
3 Bammzxeapm, 2013 Kopan +++ C.1eIb!
Araliaceae
4 Hedera colchica K.Koch. Orp. Tonmcm, 2013 Ileerrn Caeasl ++++ s 0.70:0.60:0.23;
0.20:0.08
Asteraceae Juctea - +4+++ 5 0.49:0.67
5 Galatella dracunculoides Bakypuasm, 2013 IeeTrn - ++++ % 0.59:0.64:0.69;
(Lam.)Nees. Credm ¥ + 3 0.59
Boraginaceae
Orp. TonancH, JdncTea - +
6 Aegomvchon purpureo- Bertanns, 2013 Maoaw - -
caeruleum (L.)Holub. Credm + *2
Kopan - -
7 Echium biebersteinii Oxp.Tonancm, JucTeA - + - -
(Lacaita) Dobrocz. Betanns, 2013 HeeTren - ++ 6 0.65
Credm - +
Kopan - -
Carvophyllaceae
MeeTrn
8 Siline compacta Fisch.ex Bakypuanm, 2011 Juctea, +++ +++ 4 0,55:0,70
Hornem. Credm + ++ 1] 0,55
Kopan - -
Colchicaceae
] Colchicum speciosum Stev. | Oxp. Baxypmann 2013 | IMeetrn + o+ 4 0.28:0.40
Cornaceae
10 Swida armazica MupxeTa, ApMazcroe JducTea + + A+t 1] 0,70:0,78; 0,83
(Sanadze)Gwiniasvili vime.be, 2013 IeeTrn + e 4 0,33:0,53; 0,67
Crebm + ++ 4 0,55
Coryvlaceae
11 Corylus avellana L. Xodcrnil pafioH, OroI0m103- cIedsl +++ =] 0,15; 026; 052
Aamomn, 2011 HHE
Dipsacaceae
Jncresa
12 Dipsacus laciniatus L. Tapiabasn.oxkp.Hopumo, | HeeTrm, 4+ 44 6
2011 HITHITED ++ + 3
Credm ++ L 2
Kopan ++ = = =
13 Scabiosa columbaria L. Owp.Tonancn, Juerea - ++++ i 0.25;:0,45;0,53;
Agrer, 2013 0,75
Ieersn - +++ 3 0,30; 0,50; 0,65;
0,75: 0,80
Credmm - ++ 4 0,52; 0,72
Euphorbiaceae
14 Acalypha australis L Orp.Ténancn, JAncTea, - # - -
Bammzsxeap, 2010 cTedm - - - -
KOPHI
15 Euphorbia iberica Boiss. Muoxeta, ApMazckoe + ++ 3 0,67
vimeake, 2013 JHCcTRA, +++ - - -
Kopan
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Taonuua 1. Ilponomxenue
1 2 a 4 6 7 8
Fabaceae
Alhagipseudalhagi Orp. Tapexsm, 2013 JdncTeA - s T 0.61:0.73
16 (AMLBieb.)Fisch. IleeTEn - +++++ 7 0.52:0.65:0.76
Credmt + + 3 0.69:0.76
Hramms + ++ 5 0.60:0.65:0.76
CeMeHa - ++ 2 0.66:0.76
=5 ] Oxp.Tonancn, Jductea ++ +++ 4 020;038
Ly Astragaiusfakatos Lan: Axaxzada, 2010 Credm ++ C.IeJBl -
18 Astragalus galegiformis L. MyxaTurapo, 2010 OeeTrn ++ +++ 7 0,26 0,46: 0,80
Credm +++ ++ 3 0,46
19 Astragalus galegiformis L. Oxurerm, 2010 Juctes +++ +++ 6 0,31;0.45: 0,73
Crebm +4++ C.IeJbl -
20 Astragalus glvcvphyvlloides | ITxmer, 2010 JIHCTBA.OI0IED | +++ +++ 5 0,09; 0,45; 0,63
DC. Credm +++ + .
21 Astragalus raddeanus Regl | OrpIlareepu, 2013 Hazz.gacTe - ++ 8 0,50; 0,63
22 Astragalus troizkii Grossh. | Kacmernit pafton JncTea,
c./Iamucrana, 2010 Credm +++ +++ 4 0.26;0,47
IeeTrn ++ ++ 3 0,53
Kopan et 5 _
23 Lotus caucasicus Kuprian. | OxpIlareepn, 2013 JncteA - ++ 4 0.26:0.40
ex Juz. Credm - + - -
IL103B1 - +++ 3 0.56:0.72
Kopen + -
JducTeA,
24 Medicago caucasica Vass. Orp.Ténamcn IeeTkn & +++ 3 0.20; 0,60
Bammzseapn, 2010 Credm - ++ 3 020,025
Kopen - -
15 Sophora japonica L. Orp.Ténamen, 2011 JncTeA - S0 o o 5 0,60; 0,75
10381 - ++ 4 032
26 Trifolium pratense L. Oxp. Tonancm, Hazz.gacTe - ++++ ] 0,65; 0,78; 0,85
Betannsa, 2011
i Oxp. Tén-mcn JncTea - +++++ 6 0.7:0.85
27 Vicia angustifolia Reichard 8 j ? Credm ++ i & -
Eeranuns, 2013
Maoaer + ++ -
Gentianaceae JucTea.cTedan | +++ +++ 6 0,47;0,52: 0,36
23 75
Gentianella caucasea e o
(hodd ex Sims.)Holub. OrpBbakypuasn, 2013 Husain 2 R L D’i' fg’:z 6
Lamiaceae
20 Origanum vulgare L. Oxp. Tonanemn, Jnctesa ++ Caedrr -
EBetauna, 2011 Credm +++ + -
IeeTEn ++ ++ 3 0.31:0.87
Kopan ++ - - -
30 Satureja spicigera Owp. Bopzaonm 2013 JncTea ++ +4+++ 3 0.41:0.61:0.80
(K.Koch.)Boiss. IeeTrn - +++++ o 0.30:0.40:0.62:
0.80
Credm - +++++ 3 -
Kopan - - -
Lythraceae
31 Lythrum salicaria L. Xobcruil p-H, Jncrtea + ++ 5
Keamommn, 2012 OeeTrn + ++ 4
Credm - - - -
Oleaceae
32 Forsythia suspensa Xobckuit p-u, OeeTrn + ++ 4+ 1 0.64
{(Thumb.)Vahl Keaaomn, 2012
Polygonaceae
33 Polygonum equisetiforme Xobdckuit p-H, Juctea + +4++ 4 0.60:0.81
Sibth. ef Smith. Keagosn, 2012 IleeTEn + ++++ li] 0,40
Credm + ++ 5 0.24:0.62
Kopan ++ + 3 -
Ranunculaceae
JIncTea,
34 Ranunculus arcis L. Xamypcknii p-H, Credm ++ ++ 3 0.21:0.35
Kenmxern, 2013 IeeTEn + +++ 3 -
CeMeHa - + - 0.18:0.24
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Taonuna 1. [Iponomxenue

1 2 3 4 6 8

Scrophulariaceae

N

3z Verbascum laxum Filar. et | Orp.Ténmmemn, 2011 Jncrea +++ +++ 3 0.45:0.65
Jav. HeeTrn +++ ++ 2
Credm ++ + -
Kopan +++
<111 Verbascum laxum Filar. et | Orp.Ténamcm, JneTea + ++ 3 0.52
Jav. Eeranns, 2011 OeeTkn +++ + - 0.55
Crebm + CIeJbl

Verbenaceae

Orp.Iénancn JncTea ++ +4++ 3 0.46:0.70
37 Verbena officinalis L. Bammzseapi, 2010 Crebdm ++ ++ 3 0.50:0.75
Kopan ++ - -
CeneHa - + 3 0.50
IIpoBeneHHble aHalM3bl TOATBEPAWIIA paHEE TMOJYYEHHbIE PEe3yJbTaThl 10 COAEPKaHUIO

¢dmaBoHoN10B. OJJTHOBPEMEHHO JIOTIONHUTENBHO BBISABICH PsIJl MEPCIEKTUBHBIX Pac TEHHH, COAEpIKAIINX
(1aBOHOMIHBIC U ITUKJIOAPTAHOBEIE coenuHeHus. Cpe HUX HEKOTOphIE cTand 00bEKTaMu yriTyOJIeHHOT0
uccinenosanus (4. troitzkii, Satureja spicigera, Trifolium pratense, Verbascum laxum); 4to Kacaercs
OCTaJIbHBIX BHUJOB, OHU MOI'YT CTaTh 00BEKTaMH JaJIbHEHIIIEro yriyoieHHoro uydenus [1-3,10].

BBuny toro, uro Trifolium pratense, npouspacramiuii B I'py3un, He UCCIENOBAICS Ha CONEPIKAHUC
OMOJIOTMYECKH AaKTHUBHBIX COCIUHEHHH MBI COWIH II€Jeco00pa3HbIM IPOBECTH Oojice yriayOleHHOE
W3yYEHHE €ro XMMHUYECKOTO COCTaBa C IIENbI0 PEIICHUS BOIPOCa O BO3MOXHOCTH €ro NMPHUMEHEHUS B
MEIUIIHE.

B HapomHo# MenuIHE OTBap U3 KIIeBepa KPAaCHOTO yIOTPEeOIsIeTCsl KaK 0TXapKUBAroIee, MOYETOHHOE
U KemueronHoe cpencrBo. Cymma  (IIaBOHOMIIOB 3TOrO PACTEHHS TMPEJIOKEHA B  KadecTBe
THITOITUIHIEMUYecKOro npenapata “Tpuzodnan” ajst npoBeqeHNsT KIMHUYECKOro uernbitanust [11].

BoieneHre cyMMbl OHOIOTMYECKH aKTUBHBIX COCIUHEHMM U3 B/C HAJI36MHOM YacTH KiieBepa KPacHOro
U €€ pa3cicHUe Ha MHIMBUIyalbHBIC KOMIIOHEHTHI OCYIECTRBIISLIN U3BECTHBIMU criocobamu [12 ].

Jnst uaeHTHQHUKALMN BBIJIETICHHBIX BEIIECTB MCIIOIb30BAH I[BETHBIC PEAKIINH, TIOKA3aTeMH (PU3UKO-
XAMHAYECKUX KOHCTaHT KaK CaMHX BEIIECTB, TaK W TPOJYKTOB HUX KHCIOTHOTO, IIENOYHOTO H
(dbepMeHTaTHBHOTO THIpONK3a, AaHHbie K, YO, 'Hu ®C IMP u MAacCC-CIIEKTPOMETPHH.

W3 cyMMBbI 3KCTPAaKTUBHBIX BEIIECTB KieBepa kpacHoro (Trifolium pratense) BoIACTWIN BeliecTBa 1-
4, KOTOpBIE€ OTHECEHBI K U30(1aBOHaM U (hJIaBOHOJIaM.

BemectBo 1- cocraBa Ci5H;¢O; sipKo-KenThIE KPHUCTAJUIH, T.w.311-313°C (u3 meranona), B YO
CIIEKTPE Amax B MeTaHone 372 u 257 um; B UK-criekrpe, v, KBr, em': 3385, 3300 (-OH), 1665(C=0),
1565 u 1516 em™ (C=C).

Ha ocHOBaHWM TOJTyYeHHBIX JAHHBIX U CPAaBHEHUEM C ayTEeHTHYHBIM 00pa3IloM KBEpPIETHHA BEIIECTBO
1 upenTudumposamy kak 3,5,7,3',4' — puruapokcu-hpuaBoH (ksepuerun) [ 12 .

BemectBo 2 — coctaBa CyH,0)), KpHCTaIBI KeNTo-3eeHoBaToro nsera; 1.mm.270-271°C; [a]p -
48,0 (c 0,1; meranon); WK —crektp, Vi, KBr, em™: 3000 (-OH), 1660 (C=0), 1570,1520 (C=C). Y®
CTIeKTP(METaHOM), Amax, HM: 365 1 263; BemmectBo 2 ruaponusyercsi 2% pacTBOPOM COJSTHON KHCIIOTHI;
armukon ¢ T.uL. 278-280°C, na B/X 10 MOABMKHOCTH COBMAZaeT C ayTeHTHUHBIM Kemmeponom. B
yrieBoaHON 4yactu BemectBo 2 Ha B/X obHapyxkena D-rmiokoza. B Y® cnekrpe cHsATOM mo0aBieHuEM
KOMITJIEKCOOOPAa3yIOIINX U HOHU3UPYIOUIUX PEarcHTOB, MOKa3aHo MpucyTcTBue cBoOomHbsix OH-rpynms B
C-3, C-5u C-4' nonoxxeHusx u 3aMelieHne oKcH-rpynims! mpu C-7.

Ha ocHOBaHWM MONyYEHHBIX JaHHBIX BeHIECTBO 2 WaeHTH(UIMpoBamu kKak kemrdepon-7-O-f-D-
TTFOKOMTUPAHO3U /] FJTH MOy IHUH [12].

BemectBo 3 - cocraa C ¢H ;04 GecrBeTHbIC KpUCTAILIBL, T.ILL 255-257°C; Macc-cniextp (JY,70 3B),
M/Z (Lo %): 268 (M, 100). UK crmextp, KBr, vmax, cml: 3460, 3350 (-OH), 2900 (OCHs3), 1640 (C=0) u
1590, 1560, 1460 (C=C). Y® cnekrp(meraron), Amax, HM: 250, 300(ma); +AcONa 335m1, 258. AMP
H(400 MTlmu, CDsOD, 6, m.z., JT'm): 8.06(1H,c,H2); 8.08(1H,x(8.7),H5); 7.42(1H,xx(8.7;2.3),H6);
6.92(1H,x(2.3),H8); 7.55(2H,x(8.90,H2',6'; 6.96(2H,x(8.9), H3'5"); 3.82(3H,c,OCHs). AMP3C
(CDsOD,8,m.xm): 150.81(C2); 124.87(C3); 177.6(C4); 128.10(C5); 116.01(C6); 163.71(C7); 102.92(C8);
159.0(C9); 117.73(C10); 125.16(C1"); 129.00(C2'); 114.45(C3"); 160.27(C4"); 114.45(C5"); 129.00(C6");

55.61 (OCHs).
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BemectBo 3 mox AeHcTBHEM IIENOYM W KHCIOTHl HE HCIHBITHIBAET CTPYKTYPHBIX HM3MEHEHHU.
nanuauHoBast peakiys OTpHUIaTelibHa; Ha b/X MpH NposBIeHUN KOHIIEHTPUPOBAHHON CEPHOI KUCIIOTOM,
OKpAIIIMBACTCsl KPACHBIM I[BETOM, YTO YKa3bIBa€T Ha €ro u30()iaBoHOBYIO ipupoay [ 13 .

Ha ocHOBaHMM MONMYYEHHBIX JAaHHBIX BEIIECTBO 3 MICHTU(UIMPOBAIH KaK 7-THAPOKCH-4’-METOKCH-
n30¢1aBoH - (opMoHOHETHH [13 ].

BerectBo 4 — Genbie kpuctambl, coctaBa CyHynO1, T.1m1. 208-209°C, [a] *°p-24,8° (¢ 0,4; Meranon);.
UK-cnektp, KBr, vmax.,cm’: 3490, 3380, 3288(-OH); 1660 (C=0); 2910 (OCHs), 1620,1520, 1510, 1460
(C=C). Y cnekrp(meTaHo), Amax, HM: 262 u neperud npu 323; +AcONa 262.

KHCIOTHBIM THAPONH30M 2% CEepHON KMCIOTHI TONYYMIH ariukoH ¢ T.m1.214-215°C, koropsrii
UICHTU(OULIUPOBATIM KakK 5,7-TUruapokcu-4’-MeTokcu n3o(iaBoH - OuoxaHuH A. B yrieBomHoi#t dactu
MetogoM b/X obnapyxunu D-rirokosy [12].

Ananmu3 naHHbIX Y@  CIEKTPOB TPUBOMUT K 3aKIIOYCHUIO, YTO YIJIEBOAHAS YacTh K TCHUHY
npucoeaunena no C-7 ¢nasoHonaa. CienoBaTenbHO, BemecTBO 4 uaeHTHuHO 7-0-f-D-riaroxonupano3u-
5-runpokcu-4’—Merokcu-u3odaaBony - 6noxanud A - 7-0-B-D-rmrokonupa Hozumy [ 13].

BerectBa 1-4 u3 Trifolium pratense ¢nopbl ['py3un BeieieHbI BIIEPBHIE.
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PRELIMINARY INVESTIGATION ON THE CONTENT OF BIOLOGICALY ACTIVE
COMPOUNDS OF SOME PLANTS GROWING IN GEORGIA

Ketevan Shalashvili, Marina Sutiashvili, Tamar Sagareishvili, Nana Kavtaradze,
Jemal Aneli, Manana Churadze, Meri Alania

lovel Kutateladze Institute of Pharmacochemistry of Tbhilisi State Medical University
SUMMARY

Preliminary phytochemical investigastion has been carried out on the contained of flavonoids, cycloartans,
amino acids, cyanogenic glycosides and y-aminobutyric acid 37 objects of 35 plants growing in Georgia.
Some perspective plants rich by biologically active compounds were revealed. Some of these are proposed
for the deep chemical investigation. There were isolated and identified 4 flavonoids: quercetin, populin,
formononetin and biochanin A-7-0-B-D-glucopyranoside from Trifolium pretense. The structure of this
compounds was determined on the study of physical-chemical properties, transformation products and
spectral (UV, UR, 'H and °C NMR) date.
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BIOLOGICALLY ACTIVE COMPOUNDS

STUDIES OF POSSIBILITIES OF THE USE IODINE AS A REMEDY FOR IODINE
DEFICIENCY TREATMENT AND RADIOACTIVE PROTECTION

Nino Abuladze, Pavel lavich*, Maka Javakhia, Luiza Churadze*, Ekaterine Khurtsidze

Akaki Tsereteli State University
*lovel Kutateladze Institute of Pharmacochemistry

In the modern world, the scale of large incidents and disasters create seriously threaten life and health of world
population. Increasing general radiation background and other reasons have caused iodine deficiency
progression./odine prophylaxis and treatment with iodine-containing preparationsare of crucial importance for
avoiding thyroid gland pathology. In the conditions of increased radiation pollution, use of iodine as a
radioprotector is of essential importance. Introducing of stable-isotope potassium iodide before penetration of
radioactive iodineinto the organism protects thyroid gland from radioactive isotopes. The proposed review is
aimed at formulation of theoretical foundations for developing iodine-containing alternative preparations, which
will certainly help the world population to cope with iodine deficiency problem and to exhibit radioprotective
properties. As such type of preparation, we consider the transdermal transport iodine-containing soft drug forms
in kind of cosmetic, skin and mouth cavity care preparations, the unique high-absorptive base of which would
serve transdermal transport of iodine for its further general action.

People’s health is the greatest asset to them and so all works associated with the recovery and
preservation of health have a very great value.

All modern scientific discoveries and achievements must be considered in terms of the improvement of
quality of human life and preservation of people’s health. Based on this fact, producing of a new
therapeutic material with long-term (prolonged) therapeutic effect is a very important and resource-saving
task because a human being and his health represent a basic resource of any society.

In the modern highly-industrialized world, the extent of severe accidents and disasters pose serious
threat to life and health of the planet’s population. Worsening of environmental situation associated with
increased general radiation background, as well as in the atmosphere — an increase of the amount of toxic
substances in soils, water, air and foods, and simultaneously insufficient content of micro- and macro-
elements in foods, have caused growth of iodine deficiency.

As of today, the iodine deficiency-related diseases pertain to the most common noninfectious diseases
of people. According to World Health Organization (WHO) data, about 2 billion people on the planet live
in the conditions of iodine deficiency, and 740 million from them have been diagnosed with endemic
goiter, of which 43 million — because of iodine deficiency. [1; 13—15; 28; 32; 36]

Iodine is a vital microelement, and it is concentrated in the thyroid gland and blood. From blood, iodine
reaches various organs and tissues, and mainly it is flushed out by kidneys. The main role of iodine is to
participate in the formation of thyroid gland hormones. lodine deficiency is accompanied by the following
symptoms: work decrement, sleepiness, loss of hair, brittleness of nails, obesity, thyroid gland cancer,
papillary carcinoma, etc. According to WHO, the recommended daily amount of iodine daily for adults is
120-150 micrograms, which should be consumed with foods, but the American Thyroid Association
recommends 100-250 micrograms. At the same time, the recommended daily dose for Europeans is 500
micrograms, but 1000-1500 and over dose causes pathology. [2; 3; 8-10; 22; 29; 30]

The iodine deficiency problem is a source of concern for the Child Rights Protection Committee.
Spread of endemic goiter is expanding, and registered from an early age. The number of women with a
thyroid gland dysfunction has been significantly increased before pregnancy and during pregnancy and
childbirth. lodine deficiency causes thyroid hormone insufficiency in fetus; irreversible damage of its brain
function, which is resulted in mental subnormality and cretinoid idiocy, physical abnormality, and
reproductive system disorder. Deficiency of these hormones damages child’s sense of hearing and vision,
memory capacity as well as verbal ability. In consequence of all abovementioned, the problem consists not
only in goiter, but a negative effect of iodine deficiency on the developing neonatal brain within the
“mother-placenta-fetus” system, that is finally manifests itself in reduced intellectual potential of the plant,
particularly of nation. [11-12; 33; 38; 40]

Regarding iodine deficiency in our country there had long been sound the alarm, and our doctors
together with public health representatives and international organizations have been fighting against it for
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many years. The positive results are reflected in numerous final reports, although Georgia still remains an
endemic region of disorders caused by iodine deficiency. lodine deficiency causes serious and complex
problems to the country. According to data of epidemiological surveys, 43, 5% of the population are
suffering from endemic goiter, including 38% of children. It has been established that among children in
the endemic regions there is an alarming tendency of the reduction of intellectual level. The cases with
impediments to physical and mental development have become more frequent. There often occur cases
with cretinoid idiocy. Every child born in the endemic regions is mentally defective by 10 IQ items in
comparison with age mates.

Endemic goiter is much common among the population of high-mountain regions: Mountain Adjaria —
53%, Mestia — 54%, Racha-Lechkhumi and KvemoSvaneti — 60%. It should be also noted that the cases of
enedemic goiter in the same regions are rather more frequent in the mountains (Chokhatauri — 76&,
Sacjkhere — 62%), than in the lowlands (Lanchkhuti — 32%, Zestafoni — 26%). At the same time, the
number of cases with nodular goiter is much higher than among the population of lowlands that indicates
severity of iodine deficiency. After launching the state program on ‘“Prevention of Diseases Caused by
lIodine Deficiency” (1997), according to Georgian President’s Edict N466, there has been adopted “Inter-
Branch Program for Prevention of Diseases Caused by lodine Deficiency in 2004-2008”. This Program has
contributed to re-establishment of service for prevention of diseases caused by iodine deficiency. The
system of epidemiological surveys of disorders caused by iodine deficiency has been put in operation, on
the basis of which there has been created epidemiological data bank; conducted the group prophylaxis by
iodine preparations among children, youngsters and pregnant women. Specific preparations, such as
antistrumin and L-thyroxyne have been transferred free to population. There has been conducted
distribution of prolonged action iodized capsules among children, pregnant and lactating women. In spite
of these efforts, the problem of iodine deficiency still remains serious. [13]

How to help organism to maintain the necessary balance of iodine?

The main source of iodine is the earth, which is steadily depleted. The modern agricultural technologies
are not capable of combating to this increasing catastrophe. lodine should naturally accompany water, air,
plant from the earth, and sea products. The scale of ecological catastrophes and their long-term
consequences still further strengthen iodine deficiency in the environment and in human organism.

lodine prophylaxis is of crucial importance for avoiding thyroid gland pathology.

Already in the twenties of the 20" century there had sounded the alarm on goiter, hypo- and
hyperthyroid caused by iodine deficiency in the world that had led to the necessity of producing and
spreading of iodine-treated salt. If one century ago the world’s healthy food policy implied using of iodine-
treated salt in food rations, today, because of dietary prohibition for people suffering from cardiovascular
diseases, restriction of the amount of salt may lead to lamentable results, moreover, if bio-penetrability of
iodide into the organism is only 10%.

lodine-treated salt is widely consumed by all age groups over the world. However, it is capable of
preserving iodine just for the period of 3-4 months, but during thermal treatment loses it completely. The
amount of iodine-treated salt imported to Georgia cannot meet even half of the population demands for this
product. It does not also meet state standards and is not similarly accessible to population of different
regions of Georgia.

For high-risk bearer populations there are used the alternative ways for iodizing of foods as follows:
edible fats (Romania), drinking water (Italy- Sicilia), tea (China), sugar (Guatemala, Sudan), as well
increasing of iodine content in dairy products by adding iodine into cattle fodder that was used in Great
Britain, and so on. [1-6; 18; 21; 23-27]

It is 28 years since Chernobyl nuclear disaster; the nuclear incidents had global consequences. As a
result of disasters the environment has been polluted with coming from the nuclear reactor radionuclides,
including uranium, iodine-131-135, plutonium, cesium-134 and 137, etc.. From 37 iodine isotopes, only
iodine-127 is a stable one.

After the radiation illnesses, from the incidents consequences the most dangerous is an action of
radioiodine. The biological efficiency of isotopes, which got into the organism is 10 times higher in
comparison with *'"'*’I. It is especially dangerous babies before one year of age. Isotopes, which got into
the skin, lungs, mucous coat and foods at a large amount are concentrated in the thyroid gland and entered
the same metabolic process as stable iodine. If there is also iodine deficiency in the environment, the
situation is getting worse: by increasing the absorbed dose of radiation radioactive isotopes are intensively
accumulated in the thyroid gland. Iodine deficiency in the organism strengthens the ionizing radiation — the
synergism effect is revealed. The cases of thyroid gland pathologies among liquidators Chernobyl disaster
consequences increased considerably; the large share in this accounted for allergic thyroiditis nodular
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goiter. The most diagnosed pathology in surrounding adjacent territories is a diffusion nontoxic goiter, the
second place is positioned by chronic lymphocytic thyroiditis, and the third one is nodular goiter.

The long-term consequences of disaster manifest themselves in somatic stochastic effects, in thyroid
cancer among children and youngsters; there have been confirmed genetic effects as well.

In consequence of above stated, in the conditions of increased radiation pollution, use of iodine as a
radioprotectoris of essential importance; before radionuclides get into the organism, injection of potassium
iodide, while accumulating in the thyroid gland, will protect it from radioactive isotopes that is effective
before or immediately after radiation, even after 6 hours, but later the effect is inconsiderable.

Regular supply of iodine to organism is needed not only by thyroid gland, but by women’s mammary
gland and mucous coat of stomach as well. lodine deficiency leads us to mastopathy and to mammary
gland and stomach cancer. lodine deficiency may be a reason for issuelessness and pregnancy rejection.
That’s why the daily amount of iodine recommended by WHO for nursing mothers is 200-290 micrograms
in their food ration.

Iodine deficiency prophylaxis is of essential importance in increased radiation pollution conditions in
countries, where have been the nuclear accidents, or which are bordered such territories (Chernobyl,
Fukushima -1).

Thus and so, the regular iodine prophylaxis is one of the main possibilities for avoiding accumulation
of radioactive iodine in the thyroid gland and iodine deficiency. lodine prophylaxis reduces the number of
cases, which require necessity of surgical operation, in particular thyroid gland cancer, papillary carcinoma,
and sometimes — the risk of formation of large nodes of nodal goiter. That is why for correction of this state
and avoiding creation of new nodes, one of the means is consumption of iodine containing preparations.

For prevention and treatment, more desirable are pharmaceutical products with a full guarantee of
quality. The preference is usually given to potassium iodide. It is an inorganic iodine-containing substance.
It is producing by international non-patented name Potassium iodide (Kalii iodidum), it is produced mainly
with two dosages — iodide 100 (130,8mcg KI) and iodide 200 (261 mkg KI) and with various patented
names, such as: iodinebalance, iodandine, iodomarine, antisrumine, etc. [16-20; 39]

As of today, peroral tablets remain the main drug, although this way of intake is not perfect enough
from bio-pharmaceutical standpoint; bio-penetrability is low because of instability of preparation to
stomach acid area. Intake of Per ospotassium iodide disturbs mucous coat of stomach, thus there is
required intake of large amount of water or milk; it causes vomiting, faintness, diarrhea, abdominal pains,
nervousness, headache, iodism, salivary flow, tooth and gum aches, etc. On the other hand, assigning of
Per os may be undesirable during disorder of kidney function as well. Severity of the results of effects
depends on the concentration of taken iodine-containing preparation.

There also exist the forms of iodine-containing drugs for outward application, which are used on the
skin locally as bactericidal ones. Sometimes, in cases with danger of nuclear contamination, for resorptive
effect purposes, there is used smearing of skin with iodine solution. However long-term use of them causes
skin irritation.

Studies of literary sources have shown that despite global importance of problem, the level of
knowledge and depth of its influence, diversity of the range of iodine deficiency preventive, dietary and
pharmaceutical products, they are not similarly available and affordable to all segments of population, they
are in short supply and mankind is suffering again from undesirable and perfidious effect of iodine
deficiency that is often leads to lamentable results.

In the form of conclusion, we just shall note that the proposed review is aimed at formulation of
theoretical foundations for developing iodine-containing alternative preparations, which will certainly help
the world population to cope with iodine deficiency problem and to exhibit radioprotective properties. As
such type of preparation, we consider the transdermal transport iodine-containing soft drug forms in kind of
cosmetic, skin and mouth cavity care preparations, the unique high-absorptive base of which would serve
transdermal transport of iodine for its further general action.
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UCCJETOBAHUE BO3MOKHOCTEN UCMOJIb30BAHUS MOJA, KAK CPEJICTBA J1JISI
JEYEHMS HOJOJE®ULUTA U PATUAKTUBHOM 3AILIUTHI

H.AGynanze, I1.A.SIBua*, M. IxxaBaxust, JI.Uypanze*, E. Xypuunaze

Kymauccxuii ynusepcumem um. A.llepemenu
*Unemumym gapmarxoxumuu um. 1. Kymamenaose

PE3IOME

Maciurabbl KpYIHBIX aBapuil ¥ KaTacTpod) B COBPEMEHHOM MHPE CO3JIAI0T CEPhE3HYIO YIPO3Y IS KU3HU U
3JI0POBbSI HACEJICHUS IUTaHEThl. PocT 001Iero paauanuoHHoro GpoHa u Apyrue NPUYUHBI BHI3BAIH MTOIBEM
romoneduiurta. Jns mpemoTBpalleHus NATOJNOTMH INMWTOBHMIHOW JKEIe3bl KIIOYEBOC 3HAYCHHUE HMeEET
HomonpoduiakTika W JICUEHHE INpenaparaMd iojaa. B yCIOBHSX MOBBIIMICHHOIO paMOaKTUBHOTO
3apakeHus, ocoboe 3HAaueHHE MPHIAETCS NMPUMEHEHUs Hoja, Kak pamuonporekTopa. Jlo momananus B
OpPTraHHW3M DPAJUAKTUBHOI'O HO/Aa, BBEACHHE HOIMIA Kalus CO CTaOMIIBHBIM H30TONOM #omia, cOeperaer
IIUTOBUAHYIO JKeJle3y OT PaJHOaKTHBHBIX HM30TOINOB. llenbpio Hamiero o63opa sBisieTcs (GOpMHUPOBAHUE
TEOPETUUECKUX OCHOB [UIS CO3MaHMS HOJCOMEp)KAIUX albTEPHATUBHBIX IpENapaToB, KOTOPHIE XOTh
HEMHOTO MTOMOIIH Obl HaceneHuio [lnaHeTsl Ui peoJalieHus MpobIeMbl HoMoaepHIINTa W TPOSBICHHS
PaauONPOTEKTOPHBIX CBOUCTB Hoaa. TakuMu CcpencTBaMM, Mbl JyMaeM, MOTYT CIY>KUTb BBEIECHHBIE Yepes3
KO)KY B OpraHu3M HOIOCOAEpIKAIINEe MATKUAE JeKapCTBEHHBbIC ()OPMbI B BHUIE KOCMETHYECKHUX CPEICTB,
CPEJICTB /ISl yXO/a KOXKH U MOJIOCTH PTa, YHUKAIIbHAS, BBICOKOICOPOIIMOHHAS OCHOBA KOTOPOT'O CITY>KHIIa
OBl TpaHCIIOpTa Hoja Yepe3 KOXKYy JJIs ero JajabHEeHUIero ooIero aeicTBusl.
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STUDY OF MTSAREKHEVI OIL
N.Nonikashvili, N.Kavtaradze, Z.Amiridze, T.Uchaneishvili
Petre Melikishvili Institute of Physical and Organic Chemistry at
Iv. Javakhishvili Thilisi State University
SUMMARY
Physical-chemical operational indicators of oil of Mtsarekhevi mine are studied. Studied oil belongs to the oil of
heavy type, is characterized by the small exit of the petrol and light fractions, by the low content of general sulfur
and by low freezing point. By technological classification is determined by the code: 1T2M2I1P2. The
hydrocarbonic composition of oil fractions is studied by GC-MS method. It is established that in isomeric alkanes
the content of the mono substituted isomers predominates over the disubstituted isomers.

HCCJEJOBAHUE MIIAPEXEBCKOW HE®THU
H.VY.Honukamsunu, H.A.KaBrapamze, 3.Amupumnze, T.I'.Yuaneumsuiu
Tounucckuui I'ocyoapcmeennwiil ynusepcumem um. M. [icasaxuweunu, Mncmumym @usuueckoul u
opeanuyeckou xumuu um. I1. Meruxuweunu
PE3IOME

Wzydensl (pu3MKO-XMMHUYECKHE DKCILTYaTal[MOHHBIE MOKA3aTell MIApexeBCKoi npuuckoBoi HepTH. Mccnenyemas
HeTh NpHHALIEKHUT K HEPTH TSDKEIOro THIA, XapaKTepu3yeTcs HeOOJbLIMM BBIXOIOM OEH3WHAa W CBETIBIX
¢dpakuuii, MaabIM  COAEpKaHWEM OOIIeld cepbl M HU3KOW TemIleparypod 3amep3aHus. [lo TexHoIOrmueckoi
knaccudukammu onpexaensercs umbpom: 1T,M,MI,. XpomaromaccneKTpOMETPUYECKUM METOIOM H3y4eH
YIIIEBOJOPOMHBIA cocTaB HE(TSIHBIX (pakiuil. YCTaHOBJIEHO, YTO B HW3OMEPHBIX alKaHaX, MOHO3aMEIIEHHBIC
npeo0IalatoT Ha/l AU3aMenIEHHBIMA H30MEepaMHu.
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DEVELOPMENT OF BRIQUETTE COMPOSITIONS ON THE BASIS OF LOCAL SECONDARY
RESOURCES, PREPARATION OF BRIQUETTE SAMPLES AND DETERMINATION OF SOME
OF THEIR CHARACTERISTICS

E.Topuria, N.Khetsuriani, Z.Gongliachvili, E.Usharauli, K.Goderdzishvili, .Mchedlishvili, M.Chkhaidze,
Z.Molodinashvili
Shota Rustaveli National Science Foundation
TSU, Petre Melikishvili Institute of Physical and Organical Chemistry

SUMMARY

Several briquette compositions have been prepared on the basis of local secondary resources (coal, subdust,
chipboard millings) with addition of binding materials (clay, heavy oils, etc.) and modificators. Samples of
briquettes have been prepared from these compositions in different temperature and pressure conditions.
Technical and mechanical characteristics of the briquettes have been studied and compression resistant
compositions have been revealed.

PA3PABOTKA BPUKETHBIX KOMITO3UIIMIA HA OCHOBE MECTHOI'O
BTOPUYHOI'O CBIPBA, TIPUTOTOBJIEHHUE OIIBITHBIX OBPA3LIOB BPUKETOB U
HN3YYEHUE UX HEKOTOPBIX XAPAKTEPUCTHUK

3.H.Tonypus, H.T.Xenypuanu, 3.1 onrmuamsumm, 2.A. Ymapaymu, K.I'.I'ogepazumsuimy,
N.Jx. Muepmumeunu, M. H.Uxanmze, 3.®.MonoguHamBuim
Hayuonanvnuoui Hayunwiti @ono um. Lllloma Pycmasenu
1Ty, Hucmumym guszuueckoi u opeanuieckou xumuu um. Illempe Menuxuweunu

PE3IOME

Ha 06a3e MecTHOro BTOPHYHOTO ChIpbS (KaMEHHBIH Yroib, IIpeBEeCHas CTPYKKa, IOMOJ JIPEBECHO-
CTPY)KEUHOH TUIUTBI) IPUTOTOBJICHO HECKOJIBKO OPHKETHBIX KOMITO3HMIIUN ¢ TOOABICHHEM KaK CBSI3YIOIINX
BellecTB (TMTUHA, TSOKENble HeDTH U Jp.), TaK U MoAU(UKATOPOB. M3 yKa3aHHBIX KOMIIO3UIIMIA B pa3HBIX
YCIIOBUSIX TEMIIEpaTypbl W JaBIICHHUS MPHUTOTOBJIEHBI OMBITHBIE 00pa3ibl OpHKeTOB. M3ydeHbl TEXHHKO-
MeXaHHUYECKHE TI0Ka3aTeli OPUKETOB U BBISBICHBI YCTOHUMBBIC K CKATHIO KOMITO3HIIHH.
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NEW EFFECTIVE DRUG "GIOMETRIN" AGAINST PARASITIC MITES OF ANIMALS

Omar Lomtadze, Givi Chimakadze, Ketevan Ebralidze, Nunu Shalvashvili, Amiran Ramishvili
Petre Melikishvili Institute of Physical and Organic Chemistry of Tbhilisi State University

SUMMARY

Was developed emulsion drug "Giometrin" with prolonged acaricidal action, to protect animals from attack
by parasitic mites. Field tests "Giometrin" were conducted in different geographical and climatic zones
Georgia. Was shown that the cost of protective measures which been performed using "Giomtrin" almost
two times lower than the costs using imported acaricidal drugs.

HOBBIN D®PEKTUBHBIN ITPENMAPAT « TMHOMETPHUH» ITIPOTUB ITAPA3UTAPHBIX
KJEIIENW )KUBOTHBIX
Owmap Jlomranze, ['muBu Unmakanze, Kerepan D0panunze, Hyny lansamsumm, AMupan Pamusuim
Tounucckuii I'ocyoapcmeennviii Yuusepcumem um. HMe. /casaxumeunu,
Unemumym gpusuneckou u opeanuveckou xumuu um. I1.1. Menukuweuu

PE3IOME
Paspaboran  xommosuimonHbiii  npemapatr «[MMOMETPHH»  ucnonb3oBaHHEM  CHHTETHYECKOTO

MUPETPOUa U BEICOKOCTAOMIILHON BOJOMACISIHOW 3MYJIbCHH. [10 akapuIlMaHONW aKTHUBHOCTH TIOTYYCHHBIH
rpenapar IOYTH JIBa pa3a IPEBOCXOIUT CYLIECTBYIOIINX UMIIOPTHBIX aKapHUIIMIHBIX IIPENapaToB.
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QUANTITATIVE DETERMINATION OF CHLORINE AND IODINE IN THE FRESH WATERS
OF GVISHTIBI VILLAGE, TSKALTUBO DISTRICT

Manuchar Kikalishvili, Madona Kukhaleishvili
Akaki Tsereteli State University

SUMMARY

It’s the first time chlorine and iodine content has been identified in twenty-five water samples according to
the different times of the year in the fresh waters of Gvishtibi village, Tskaltubo district for the purpose of
which there have been selected relatively simple and fast methods —mercurometric methods for chlorine
and Reznikova’s methods for iodine. The average chlorine content of the selected samples is the most in
#14 well water (153,4 mg/l) and it’s the least in #2 well water (11,4 mg/l). Chlorine ranges from 21,4 to
93,3 mg/l in the rest of the waters. lodine content is the highest in #4 (12,0 mecg/1), #17 (12,0 meg/1), and
#6 (12,4 mcg/1) well waters. lodine content ranges between 2,0-11,0 mcg/l. The greatest amount of chlorine
and iodine is contained in spring waters because of the abundant amount of percipitation in June and July

KOJMYECTBEHHOE ONPEJEJIEHUE XJIOPA U HOJIA B TIPECHBIX BOJAX JIEPEBHU
I'BUIITHUBHU HXAJTYBCKOI'O PAMOHA

M. Kukanumsuinn, M.Kyxanenmsunum
Tocyoapcmeennuiii ynugepcumem um. A.Llepemenu

PE3IOME

B npecubix Bogax cema ['Bumtu6u L{xantyOckoro paiioHa Hamu BIiepBbie OBLIO OMPEIETICHO KOIHYECTBO
xjiopa ¥ #oma. ljns Drtoro B pasHbIe BpeMeHa rojaa ObLIM B3ATHI IS HCCICIOBAHHUS JABAIATh IATh
o0pasioB Boabl. KonnyecTBo Xitopa onpeaersyii MpoCThIM U ObICTPBEIM MEPKYPOMETPHUYECKHM METO/IOM,
KOJTMYECTBO Hoja ompenensui MeTogoM PesnnkoBa. CaMoe BBICOKOE KOJTHYECTBO XJIOPa B CPEHEM OBLIO
obHapyxeHo B konmozue Neld (153,4 mkr/n). Camoe Hu3koe — B komomie Ne2 (11,4 mxr/m). B Bomax
OCTaJIbHBIX HMCTOYHUKOB KOJIMYECTBO  xyopa koneonercs or 21,4 mo 93,3 mkr/nm. Camoe BBICOKOE
cojiep’KaHHHE Ho/Ia BBUIO 0OHapykeHo B Boje komoxaneB Ned (12,0 mkr/m), Nel7 (12,0 xr/m) u Ne6 (12,4
MKTI/J), B BOJaX OCTaJIbHBIX HMCTOYHMKOB KOJUYECTBO Homa konebmercs or 2,0 mo 11,0 mkr/m. Camoe
OoIbIIIOE KOJIMYECTBO XJIopa U Hoja oOHapyKeHO B o0pasiax, B3ATHIX BECHOM, YTO M0 HAIIEMy MHEHHUIO
CBSI3aHO C CE30HOM JIOXKJIEH B UIOHE U B HIOJIE.
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EXPECTED "CLAY-SLATE DISASTER" AND TECHNOLOGICAL WAYS OF ITS PREVENTION
E.Shapakidze, V.Sxvitaridze, L.Gabunia, [. Kamushadze, .Gejadze
Ivane Javakhishvili Thilisi State University
Caucasian Alexander Tvalchrelidze Institite of Mineral Resources
SUMMARY

Danger of the expected ecological disaster in the river Duruji gorge and rational ways of avoiding it are
discussed, which means maximal utilization of millions of ton of river load (decomposed clay-slates)
accumulated because of mudflow for many years and using them in producing building materials. For this
reason the most perspective is producing heat-insulating materials and mineral additives of cement. In the
laboratory conditions, by sintering of clay-slates of the river Duruji and natural correcting additive at 1200-
1250°C temperature, light heat-insulating material of homogenous structure is produced with the following
parameters: volume weight — 500 - 900 kg/m3, ultimate compression strength — 0.6 — 2.5 MPa, water
absorption- 3.5 — 7 %, porosity - 60 — 80 %. Researches are being conducted for improvement these parameters.
Not least important is producing mineral additives for cement by European standard (EN 197-1) on the basis of
the falling rocks of mudflows of the river Duruji — for producing “Port land cement with burned clay-slates”,
which needs additional laboratory researches.

OXUNIJAEMAA "TJIMHUCTO-CJIAHLHEBASI KATACTPO®A" U TEXHOJOI'MYECKHE ITYTHU
EE NIPEBEHLUN
E.B.llanakumze, P.E.CxButapumze, JI.B.I'abynus, W.I'.Kamymanze, 1. B.I'emkanze
Tounuccxuii I'ocyoapcmeennvlil Yuueepcumem um. Means Jocasaxuweunu
Kaexasckuit Unemumym Munepanvroeo Coipbs um. Anexcanopa Teanupenuose
PE3IOME

OTMeueHa OMACHOCTh SKOJOIMYECKOM KartacTpobl B ymense p. Jypymku M paipoHaJIbHBIE IIyTH €€
MPEAYNPSKACHUS, YTO MOAPAa3yMEBAaeT MAKCUMAIBHYIO YTHIM3AIMI0 MIJUIMOHOB TOHH TOPHBIX MOPOX
(TIMHUCTBIX CIAHIIEB), HAHECEHHBIX CEJIEBO-TPSI3EBBIMU IMOTOKAMH, C IIEIBIO UX HCIONb30BaHMS B IIPOMU3BOICTBE
CTpOUTEIBbHBIX MaTepuasioB. C 3Tol TOUYKHM 3peHus Oojee MEePCHEKTUBHBIM MOXKHO CUHTATH IPOM3BOACTBO
JIETKUX TEIUIOM30JIALMOHHBIX MaTepHAIOB M MUHEPAJIbHOM N0OaBKU AT LieMeHTa. B mabopaTopHBIX yCIOBHAX
CIIEKaHHUEM TJIMHUCTBIX CIAHIIEB M KOPPEKTHPYIOIIeH 1o0aBKy pu TemmepaTtype 1250 ’c MIOJIy4€H MOPUCTHIN
TEIUION3OJSIIMOHHBIA MaTepuall OJHOPOTHON CTPYKTYpBI, C AKCIIIyaTal[MOHHBIMU IapaMmeTpamu: oObeMHas
Macca - 500-900 KF/M3, MPOYHOCTh Ha cxkatue - 0.6-2.5 MIla, Bogonornomenue 3.5-7%, nopucrocts - 60-80%.
HccnenoBanus Mo ONTUMHU3AIMHI 3TUX [TapaMeTPOB NMPoAoKatoTces. He MeHee BayKHO MOJTydeHHE MHUHEPATIbHOM
N00aBKH K IIEMEHTY Ha OCHOBE INIMHHUCTHIX claHieB p. Jdypymxu s mpousBozactBa "[lopTinananeMenta c
000XOKeHbIM claHieM" 1o TpeboBaHusM eBpoctaniapta (EN 197-1), uro Takxke TpeOyeT JAOMOTHUTEIBHBIX
HCCIIEIOBaHUH.
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CHEMICAL ECOLOGY

PROSPECTIVE PREPARATIVE FORMS OF ANTIOXIDANTS FROM UNRIPE GREEN
FRUITS OF HAZELNUT
A.Dolidze, Z.Alavidze*, M.Goderdzishvili*, . Mikadze, N.Kavtaradze, L.Dolidze
Petre Melikishvili Institue of Physical and Organic Chemistry
of Iv. Javakhishvili Tbilisi State University
*@G. Eliava Institute of Bacteriophage, Microbiology and Virology

Plant extracts are the main source of antioxidants. Unripe green hazelnuts have not been yet used for extraction
of antioxidants mixture. The gathering of unripe green hazelnut fruits, reprocessing with extracting of
antioxidant concentrates and elaboration of different preparative forms on their basis is proposed. Expansion of
the raw material base for antioxidant preparations promotes improvement of health and living standards of
population.

The significance of antioxidants in environment is well-known. Plant extracts are the main source of
antioxidants. Important properties and economical value of the hazelnuts have specified wide spread of
their plantations. Unripe green hazelnuts have not been yet used for extraction of antioxidants (vitamin C,
bioflavonoid and etc.) mixture. At the same time, it is known, that there are lots of vitamins, microelements
and different antioxidants, as well as multifunctional compounds in unripe green fruits of hazelnuts.

The species of Hazelnut (Corylus) belongs to the family of Betuceae. Growing wild plants of this
species often called as hazelnut fruit, but cultural as filbert. The worldwide production of filbert annually is
about 200-250 tonnes, approximately 50% of it is produced in Turkey. Azerbaijan and Georgia play
leading role in producing hazelnut in former Soviet Union. The kernel of a nut contains 72% oil, 20%
protein and about 8% carbohydrate, 2-3% mineral salt and some vitamins as well. The culture lives near
100 years, fructification is in 4-5 years after planting. After harvest it is kept for 2-3 days in shelter and it is
usually dried in the sun. After fruits are ready for prolonged storage. The hazelnut fruit are usually kept at
3-10°C in the dry place during the year or in the refrigerator at 0° C for 4 years. Generally hazelnut yield is
2-3 tonnes of hazelnut per hectare.

Researches concerning antioxidant content in the foodstuff were carried out at Boston university USA.
Antioxidant content in the spices is high, less in the beans and hazelnut fruits. It is significant to indicate
that antioxidant ability to convert into grams of walnut and hazelnut are the similar.

Antioxidant set in the plants is richer than in the tissues of animals and human beings. Along with
vitamin C and E the plants contain carotinoides and flavonoides as well (phytoestrogen or polyphenol).
Flavonoides are characterized with strong antioxidant qualities. They keep vitamin C and E in active
condition and protect from destruction. The issue to fight against free radicals is the subject for all plants.
All extracts are characterized with antioxidant quality. Although there are some plants that contain the most
successful antioxidant mixtures.

The producers interest is rising in view of the natural antioxidants. Nevertheless, chemists make an
attempt to synthesis new antioxidants or modify structure of natural ones. However, the quota of synthetic
antioxidants is insignificantly. The extracts of pine cortex, red grapes, horse-chestnut, sea-buckthorn, green
tea, rosemary and etc are often used as a source of antioxidants. The manufacture interest requires
expansion of base for obtaining antioxidant on the basis of vegetable raw materials, especially hazelnut.
Antioxidants are most effective in sufficiently low concentrations. The hazelnut for a long time is used as
restorative and pyretic in folk medicine, regulates metabolism, assists cholesterol level reduction,
strengthen cardiac muscles and improve circulation of the blood. They are useful in case of anemia.
Hazelnut fruits are effective remedy for tiredness removal, are used in sportsmen's diets, are recommended
for insertion in food allowance in cases of urolithiasis, rheumatism, burns, hair falling out and etc.

There are lots of vitamins E, B, B,, C, as well as potassium, calcium, phosphorus, iron, selenium and
etc. It contains substances conducive liver ablution from scoria and immunity restorative matters. There is
also detected the substances that depresses cancerous cells.

234



bodd®0)3IRNML 3IG60IATS)S IAMB6IN0 535RIBNOL 39G6J, Jodool Lgeros 2014 3. 40 Ne 2 - 3

e E———————————  — ——————— — —————

Vitamin E (a-tocopherol) is liposoluble antioxidant (so-called youth vitamin). In organism it works
together with ascorbic acid, catches free radicals, stops peroxidation chain reactions. Vitamin C (ascorbic
acid), water-soluble antioxidant, protects various biological active compounds from oxidation, including
vitamin E. Bioflavonoids (plant polyphenols) are plant origin, there structure looks like human estrogen
(called phytoestrogen). In plants bioflavonoids produce antioxidant mixtures, that displays synergism of
action. The own flavonoid composition exists in various plants. They define medicinal properties of
extracts. Resverotrol (3,5,4 -trihydrostilben), phytoalexin is synthesized in different plants (pine-tree,
vine, hazelnut and etc.). It is fat regulator, joins and removes free radicals from organisms and etc.

It is well known that imbalance of redox reaction initiates free radicals that causes oxidative stress.
This factor causes maturation of different pathologies: infectious, inflammatory, burn, allergy, pain, fever,
radiation injury and others [1-4]. Lipid peroxidation is one of the ways for producing free radicals in vivo.
That is regular metabolic process, that is expanded practically in every organs and tissues. Fe ™ is the strong
catalyst for lipid peroxidation, reacts with hydro peroxides, as a result their decomposition takes place and
new chains of radicals are formed. It is well known polyunsaturated fatty acids in lipids contain methyl
groups that are oxidized simply as by auto-oxidation as well as by enzymatic. Hydro peroxides are obtained
in both cases according [5]. The generation of different radicals via membrane-combined enzymes should
be noted particularly. The different type abnormalities are connected with such structures, that are formed
due to influence on organism, namely on membrances as a result of various physical and chemical factors.
Mitochondrion during oxidation by different substrate forms super oxide anion and hydrogen peroxide.
This rapid oxidation is the initial stage of immune response. Neitrophyles have the same ability. Flavin
nucleotide dependent oxygenases of blood participate in this process that is usually destroys foreign cells as
bacterial, viral or metastases intruded into organism [6].

Application of bioflavonoides in the applied sciences such as biology and medicine becomes topical.
Bioflavonoides are the vegetative biologically active compounds and can be used to produce preventive
medicinal preparations against inflammatory processes [7-8]. As opposed to synthetic preparations they are
characterized with wide action spectrum, are non toxic, do not have any side effects and contraindication. It
should be noted that the scientists have investigated only 10% of the vegetative world with the object to
search biologically active compounds [9]. Flavonoides easily take part into biological redox processes and
therefore presents effective catalyst for electron transferring reactions. It indicates that their physiological
standard potentials are localized in the biochemically active redox couple and that the activation energy of
gain and loss of an electron is quite low. Flavonoides generally are inactivated after oxidation and easily
lose the electron than gain one. Accordingly large quantities of flavonoides is consumed to capture
omnipresent active form of oxygen. In this connection protection of biological oxidants is the one of the
important functions of flavonoides (for example ascorbic acid) [10]. Recently flavonoides inhibit ability
towars enzyme systems were discovered, such are cyclo oxygenase, lipoxygenase NADPH-oxidase and
others [11-14].

These enzymes are characterized with redox activity and play a great role as inflammatory mediators.
They are involved in the process of conversion of polyunsaturated fatty acids , especially arachidonic
acid. This is the initial stage in formation of cell inflammatory response. Two isomers of enzyme
cyclooxygenase are known: cyclooxygenase 1 and 2. Cyclooxygenase 1 is permanently synthesized in the
organism and along with other processes participates in the organism reducing processes while
cyclooxygenase 2 is only released during inflammatory processes. As a result toxic products for organism
are produced. Acetylsalicylic acid (aspirin) inhibits the both isomers of this enzyme and correspondingly
high dose causes serious side effects such as bleeding, decreasing lymphocyte activity, neural disorder. In
comparison with it alternative means flavonoides directly inhibit only cyclooxygenase 2 activity and those
processes that cause allergic and inflammatory reactions. Prostalgandins and eicosanoids play signal
compound role in case of pain, chemotaxis and clonuses. Some flavonoides can: stimulate macrophages;
stop subsequent formation of eicosanoids; destroy oxidative compounds and provide recovery of inflamed
tissue to the normal condition.
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It is quite perspective to employ flavonoids in combination with other preparations to prevent and treat
different pathological infectious and oxidative processes [15]. Hence, during developing inflammatory
processes in the organism caused by oxidative stress, the employment of flavonoids has a great perspective
as preventive and medicinal means.

Improvement of health of the population can be reached by means of expansion of the base of
vegetative raw materials for obtaining of effective antioxidant preparations. Effective preparative forms
of antioxidant connections from unripe green fruits of hazelnut. Such vegetative raw materials are applied
for the first time to manufacturing of antioxidant preparations. Selection of system of solvents and
optimum conditions if reception of various biologically active fractions will allow to define the
maintenance of target connections in green fruits of hazelnut and to plan rational use of all volume of raw
materials. The further characteristics of separate fractions, definition of influence on processes of oxidizing
stress, research influence on physiological functions of organisms, definition biophysical, biochemical,
microbiological, immunological parameters, definition of pharmacological properties becomes a basis of
rational reception of treatment-prophylactic means and their application.

The combination of vitamins, bioflavonoids as well as various biologically active substances is
perspective for definition of new valuable properties of natural mixes of these substances, basically
antioxidants. Working-out of effective preparative forms of medical appointment on the basis of allocated
vegetative extracts is expected. The developed method is a waste-free, all crop of unpolluted unripe green
fruits of a hazelnut is used, thus, problems of storage and processing of an unsuitable shell disappear.

Realization of proposed method will permit expand source of raw materials for getting of phytogenous
antioxidants, together with subsequent production of effective preparations for medical purpose. Plant raw
materials without content of mycotoxin as well as without negative impact on environment ensure the
obtaining of medical products without side effects.

Harvest of hazelnut unripe green fruits will be conducted at the end of the June and will be reprocessed
according to selected principles for the purpose of flavonoid fraction separation. After physico-chemical
characterization and composition identification antioxidant activity of flavonoids will be studied by means
of chemiluminescent method. To determine medical and preventive properties of flavonoids, their
influence on the processes caused by oxidative stress will be investigated. Various biophysical,
biochemical, microbiological, immunological and physiological parameters will be used in experiments
(both in vitro and in vivo). On the basis of experimental data analysis we will gain insight about
mechanism of influence of investigated extracts on pathological processes. Solving of these problems
will assist creation of medical and preventive remedies against inflammatory and infectious diseases. The
diagnostic recommendations, as well as medical and preventive ones for the procedures that assist human
rehabilitation will be worked out.
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HNEPCIIEKTUBHBIE TIPENNAPATUBHBIE ®OPMbl AHTUOKCUJAHTOB U3 HE3PEJIbIX
3EJIEHBIX IIJIOJIOB ®YHIYKA
A.B.Jlonmunze, 3.U. AnaBunze*, M.I'.I'onepmzumsuinn*, U.M.Mukanze, H.A.Kasrapanze, JI.A.J{lonuaze
Tounucckuii 2ocyoapcmeennviil ynugepcumem um. Ms. [casaxuweunu
Unemumym gpusuneckou u opeanuveckou xumuu um. I1.1. Menukuweuu
*Uuemumym baxmepuogpaza, muxpobuonoeuu u eupyconoeuu um. I.Onuasa

PE3IOME
PacTuTenbHbIe SKCTPAKTHI ABJSIOTCS OCHOBHBIM HCTOYHMKOM aHTHOKCHUIaHTOB. He3pemnbie 3enéHbie T10abl
(dyHIyKa I BBIICICHUS CMECH aHTHOKCHIAHTOB IMOKa HE MPUMEHsUTUCH. [Ipeanaraercs cOOp HE3penbIX
3¢JEHHBIX IUIOAOB (YHIyKa U €ro nepepadoTKa ¢ BbIICICHHEM aHTHOKCUIAHTHBIX KOHIICHTPATOB U
pa3paboTKa pa3MYHBIX IpenapaTuBHbIX (OpPM Ha HMX OCHOBE. PaciimpeHue ChIpbeBOM 0a3bl IS
MOJIyYCHMSI aHTHOKCHUAAHTHBIX IPENapaToB CIOCOOCTBYET YIIYYIICHHIO 30POBbS M JKM3HCHOTO YPOBHS
HaCEJICHUSI.
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NEW GENERATION OF THERAPEUTIC AND PROPHYLACTIC PRODUCTS
T.L.Tsivtsivadze, N.Sh.Chigogidze, R.Sh.Kldiashvili, R.A.Skhiladze, G.A.Sulakvelidze

Scientific Center of biologically active substances
Georgian Technical University

SUMMARY

As a result of long-term purposeful searching and research, scientists of the scientific center of biologically
active substances of Georgian Technical University selected a group of prospective reserve vegetable crops
of strategic importance, among them Jerusalem artichoke, that is able to survive in harsh climatic
conditions (within temperature range from -50°C to +50°C) and provides the nutrition of population after
the natural disasters. Foods cooked of Jerusalem artichoke along with unique nutritional value have also
invaluable therapeutic and prophylactic qualities. Jerusalem artichoke contains up to 18% of natural
polymer - inulin - a biologically active substance that has antidiabetic qualities and is used in medicine to
substitute sugar and starch in the treatment of diabetes. We have proposed antidiabetic new generation
white bread "Elite" that is enriched with flour made of Jerusalem artichoke (up to 5%), its compositions
and production flow chart are elaborated. New generation black bread "Savoury" with the concentrate of
mixture of Georgian spices as antidiabetic supplements has been also proposed. It was awarded with
certificates of conformity and production standard. We have proposed new type of iodinated "Mustard
bread." Patented technological innovations and a number of "know-how" are used in its production.
lodinated "Mustard bread" is primarily useful to consumers who suffer from intestinal dysbacteriosis,
goitre, and diabetes.

JEYEBHO-ITIPO®UJIAKTHYECKHUE IMPOJAYKTbI HOBOI'O TIOKOJEHUA
T.W.Husnusamze, H.ILL.Yurorumze, P. 1. Knmuammsunu, P.A.Cxunanse, I'.A.Cynaksenuaze

Hayunviii yenmp 6uonocuuecku akmueHvlx eeuyecmas
I'pysunckoeo Texnuueckozo Ynusepcumema

PE3IOME

B pesynbrate MHOIOJIETHErO LIEJICHANPABICHHOIO MTOMCKAa M HCCIeNoBaHUM ydy€éHbiMu HaydHoro nentpa
OMOJIOTMYECKH aKTHUBHBIX BellecTB [ 'py3uHckoro TexHHYECKOro YHHBEpPCHTETa, OTOOpaHa TrpyIa
MEPCIEKTUBHBIX PE3EPBHBIX PACTUTENBHBIX KYJNbTyp CTPAaTETMUYECKOTO0 3HAYEHUs, CpeAd HHUX U
TomMHAMOyp, KOTOpBIH CHOCOOCH BBDKMBATH B CYPOBBIX KIMMAaTHYECKHX YCIOBHSIX (B HWHTEpBale
temnepatyp ot -50°C mo +50°C) u mocie NpUpOAHBIX KATAaKIU3MOB OOCCIICUUTh HACEIICHUE MUTAHHEM.
[IpuroroBneHHble U3 TONMUHAMOYpa MPOAYKTHI MUTAHKS HAPSLY ¢ YHUKaJIbHOW MUTATENEHOW [[EHHOCTHIO
obnmamator emeé u OeCIeHHBIMU J1e4eOHO-NPOMMIAKTUIECCKIMH CBOWCTBAMH. TOMMHAMOYp CONEPXKHUT JI0
18% mpupomHOro monuMepa WHYJIHHA — OUOJOTMYEeCKH aKTUBHOTO BEUIECTBA, KOTOPOE XapaKTepusyercs
AHTUMA0CTUYECKUMH CBOWCTBAMH M HCIIONIL3YETCS B MEOUIIMHE JUIsl 3aMEHBI caxapa W Kpaxmala IpH
Tepanuu caxapHoro auabera. Hamu mpemnokeH aHTuanadeTwueckuid Oenblii Xi1e0 HOBOTO TOKOJICHHS
«OnuTapHbIiiy, oboraméHHpd MyKoH H3 TomuHamOypa (mo 5%), paspaboraHbl €ro peuentypbl U
MPOM3BOJICTBEHHAs] TEXHONOTHYECKass cxema. TawkKe NpPeANoXeH YEpHBIA XJied HOBOrO TOKOJCHHS
«[TuKaHTHBIN» ¢ KOHIIEHTPATOM M3 CMECH TPY3MHCKUX MPSHOCTEH B BUJIC aHTUIMAOCTHUYECKOH J00aBKH,
Ha KOTOPBIH TONyYeHBI CEPTHU(HKATHI COOTBETCTBUSI W TPOWU3BOJICTBEHHBINH cTanmapt. Hamu mpenmoxen
HomupoBaHHbI «[ OpYNYHBIN XJ1€0» HOBOrO TUIA. B ero nmpon3BoACTBE UCIOIb30BaHbI 3alIaTCHTOBAHHBIC
TEXHOJIOrMYECKHE HOBIIECTBA M Pl «HOy-Xay». MoaupoBanHblii « OpUnMdHBIHA X1e6» MONE3eH, B MEPBYIO
o4yepeqb, TEM IOTPEOMTEISIM, KOTOPBIC CTPaJaloT KHUIICYHBIM JUCOAKTEPHO30M, 3000M U CaXapHBIM
a0eToOM.
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PETROMASS 2014,

PETROMASS 2014, the 10" International Mass Spectrometry Conference
on Petrochemistry and Environmental, organized by Russian Society for
Mass Spectrometry, Ivane Javakhishvili Tbilisi State University, Petre
Melikishvili Institute of Physical and Organic Chemistry, and Georgian
Association of Petrochemists under sponsorship of MS Analytica, has been
held in Tbilis 1-4 September.

Opening Ceremony started at the Ivane Javakhishvili Tbilisi State University
by speech of President of the Georgian National Academy of Sciences Giorgi
Kvesitadze, followed by speeches of the Conference Chairmen Albert T.
Lebedev, President of the Russian Society for Mass Spectrometry, and Vladimer G. Tsitsishvili, Director of
the Petre Melikishvili Institute of Physical and Organic Chemistry.

- LB,
SFORGL

Following lectures and reports have been presented:

A.G.Marshall (co-authors V.V.Lobodin, Y.E.Corilo, P.M.Lalli,
L.C.Krajewski, S.M.Rowland, A.M.McKenna, R.P.Rodgers; Ion
Cyclotron Resonance Program, National High Magnetic Field
Laboratory; Department of Chemistry & Biochemistry, Florida State
University; Florida State University Future Fuels Institute, USA)
Petroleomics: Characterization of Crude Oil by Fourier Transform lon
Cyclotron Resonance and lon Mobility Mass Spectrometry.

V.G.Tsitsishvili (co-author N.T.Khetsuriani, Petre Melikishvili Institute of Physical and Organic
Chemistry, Tbilisi, Georgia) Georgian Crude Oil and Bitumen Deposits.

A.T.Lebedev (co-authors D.M.Mazur, O.V.Polyakova; Organic Chemistry Department, M.V.Lomonosov
Moscow State University, Moscow, Russian Federation) Mass spectrometry of snow samples to estimate
air pollution.

A.A.Shvartsburg (Deptartment of Chemistry, Wichita State University, USA).
High-Resolution Differential lon Mobility (FAIMS) Separations with Mass
Spectrometry.

E.S.Chernetsova (co-authors G.A.Kalabin, .A.Revelsky; Peoples Friendship
University of Russia, Science and Innovation Department; Lomonosov Moscow
State University, Chemistry Department, Moscow, Russian Federation)
Methodological aspects of using DART mass spectrometry for fast analysis of
pharmaceuticals and other complex samples.

G.M.Shaydullina (JSC “LECO CENTER-M”, Moscow, Russian Federation).
Enhancing of petroleum components determination by GCxGC-TOFMS.

V.Tsitsishvili (co-authors V.Gvakharia, T.Lagidze, N.Gelashvili, G.Maisuradze, M.Stamateli; Gamma
Consulting, Thbilisi, Georgia) Past pollution with petroleum products- one of the major environmental
problems in Georgia.

N.S.Fomina (co-authors L.N.Gall, S.V.Masukevich, D.N.Kuleshov, N.R.Gall; Institute for Analytical
Instrumentation RAS. Petersburg, Russian Federation) Supersoft ionization: problems, solutions,
limitations, and ion-optic decisions.

V.L.Kozlovskiy (co-authors I.V.Sulimenkov, V.S.Brusov, A.R.Pikhtelev, V.V.Zelenov, V.V.Filatov; The
Branch of Talrose Institute for Energy Problems of Chemical Physics of Russian Academy of Sciences,
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Chernogolovka, Russian Federation). Analysis of gaseous samples containing organic compounds traces
using the glow discharge ion source combined with the high resolution O-TOF MS.

M.LTokarev (MS Analytica, Russian Federation). Review of the mass spectrometry instrumentation for
accurate and routine studies in oil chemistry, geology, and quality control produced by ThermoFisher
Scientific.

C.A.Gonzales (National Institute of Standards and Technology,
Gaithersburg, Maryland, USA). NIST Standard Reference
Materials (SRMs) and Development of Standard Reference
Materials and Data (SRMDs) for Environmental and
Petrochemical Studies.

A.L.Mikaia  (co-authors
K.V.Tretyakov,
N.G.Todua; National
Institute of Standards and
Technology, USA) GC-MS
- for structure determination

| of aromatic amines.

A.L.Mikaia  (co-authors
N.T.Khetsuriani, E.N.Topuria, J.A.Murray, N.G.Todua,
C.A.Gonzalez; National Institute of Standards and Technology,
USA; Petre Melikishvili Institute of Physical and Organic
Chemistry, Tbilisi, Georgia) Study of the Composition of Polycyclic
Aromatics in Crude Oil.

J. Schwarzbauer (co-author N. al Sandouk-Lincke; Institute for
Geology and Geochemistry of Petroleum and Coal, RWTH
Aachen University, Germany) Analysis of drilling fluid additives
by pyrolysis-GC-MS with regard to their application as
environmental marker.

N.Machitadze (co-authors  N.Gelashvili, G.Maisuradze,
V.Gvakharia, N.Janashvili, T.Skhiereli; Scientific-research firm
Gamma, Tbilisi, Georgia) Petroleum hydrocarbon pollution of soil
in Thilisi.

R.S.Borisov (co-authors ~ N.Yu.Polovkov, D.1.Zhilyaev,
V.G.Zaikin; A.V.Topchiev Institute of Petrochemical Synthesis,
Moscow, Russian Federation) One-pot Derivatization of Alcohols
for Analysis by MALDI-ToF.

L.S.Glebov (co-authors V.G.Zaikin, G.A.Kliger, A.l.Mikaia;
A.V.Topchiev Institute of Petrochemical Synthesis, Moscow,
Russian Federation; National Institute of Standards and Technology, USA) Application of online Catalysis
— GC/MS for the development of high efficiency fuels.

N.Khetsuriani (co-authors E.Usharauli, E.Topuria, K.Goderdzishvili, [.Mchedlishvili; Petre Melikishvili
Institute of Physical and Organic Chemistry, Tbilisi, Georgia) Bituminous Rocks of Georgia.
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P.Schmitt-Kopplin, (co-authors M.Harir, M.Gonsior, N.Hertkorn;
Helmholtz Zentrum Miinchen; Deutsches Forschungszentrum fiir
Gesundheit und Umwelt (GmbH), Germany). Weighting molecules
with the precision of the electron to understand organic matter
transformations on a global scale.

S.V.Masyukevich (co-authors V.D.Sachenko, N.S.Fomina,
L.N.Gall, N.R.Gall; Institute for Analytical Instrumentation RAS.
Petersburg, Russian Federation) lon optical solutions for mass-
spectrometer MI-3504V for simultaneous isotopic and chemical
studies.

L.N.Gall (co-authors, S.V.Masukevich, N.R.Gall; Institute for
Analytical Instrumentation RAS. Petersburg, Russian Federation)
Multicriteriality of mass-spectrometric measurements using
electron impact.

S.Khokhlov (MS Analytica) — Application of mass spectrometric instrumentation produced by
ThermoFisher Scientific in Life Sciences (forensic and medical applications, doping-control, food and
drinks control

N.R.Gall (co-authors M.N.Lapushkin, A.S.Berdnikov; Institute for Analytical Instrumentation RAS.
Petersburg, Russian Federation) Specifics of ion motion in gas-filled Archimedean ion guides.
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ITETPOMACC 2014

ITETPOMACC 2014 — 10* MexxgyHapogHas Macc-CIIeKTpOMeTprudecKas KOHpepeHIus 1o HepTeXuMuu
U DOKOJIOTMH, OpraHW30BaHHAad PoccHiiCKMM O0OIIeCTBOM MacC-CIeKTPOMETPHH, 1OMIHCCKUM
TOCyZIapCTBEHHBIM yHUBepcuTetoM uM. VBame J[DxaBaxumBmim, WMuHcTHTyTOM Odu3MYecKoil u
opranndeckoil xumun uM. [lerpe Memukumsunu u ['pysuHCKO# acconuanyeil HeTeXUMHUKOB IOJ,
coHcopcrBoM komnanuu MC AHanuTuKa, mponuia B Tounncu 1-4 ceHTOps.

Ha mepeMOHMH OTKPBITHA C PeYBIO BBICTYIHII
mpesuzieHT HamwonampHO! Akasemuu Hayk ['pysunm
akagemuk  leoprmit =~ Ksecurazse,  3acemaHma
IPOBOAMIN TpezcemaTenu KoHpepeHuuu Ansbepr
TapacreBuu JleGemeB, mpesuzeHT Poccuiickoro
obulecTBa  MacC-CIIEKTPOMETpHH, U Bragumup
l'eopruesmuy Dunumswin, pupexkrop MHcTHTyTa
¢busnyeckoii M opraHmdyeckoir xumuum uM. Ilerpe
MenuKumBUIN.

Bsinu mpepcraBieHs! clenyoye JeKIUN U ZOKIABL:

A.l'Mapmann (coaBropsl B.B.Jlo6omann, W.E.Kopuno, II.M.JIammm, JI.K.Kpaesckuii, C.M.Poynanz,
A.M.MakKenHna, P.I1.Pomkepc; [IporpaMma HOH-IMKIOTPOHHOIO pe30HaHca, HannonansHas labopaTtopus

3 | CWIBHBIX MAarHUTHBIX monel; DakynbTeT XUMHH U
!, ouoxumuu ¥ HHCTMTYT  TOIUIMB  OYIyIIEero
YHuBepcutera mTaTa ®nopuna, CIHIA)
Ilemponeomuxa: xapaxmepucmuxa Hegpmu ¢ NOMOWbIO
Dypve  Mmacc-cnekmpomMempuu  UOH-YUKIOMPOHHOZO
PE30HAHCA U UOHHOU NOOBUICHOCTIU.

A.T.Jlebemes (coaBtopsl J[.M.Masyp, O.B.IlonskoBa;
@aKkynbTeT OpraHUYecKod XUMUH  MOCKOBCKOIO
rOCyJIapCTBEHHOTO YHUBEpPCUTETA HM.
M.B.JIomonocoBa, MockBa, Poccuiickas ®emepanmus)
Macc-cnexmpomempus 00pazyos cueaa 018 OYEeHKU 3a2PAZHEHUS. 8030VXA.

B.I"ITunpmeuau (coaBrop H.T.Xenypuanu, MacTutyT duzmueckoil 1 oprannyeckoir xumuu uM. [lerpe
Menukumuim — UOOX, Towunucu, ['pysus) I pysunckue mecmoposicoenus Heghmu u bumyma.
B.[Mumumswau (coaBtopsl B.I'Baxapus, T.Jlarunze, H.I'enamsumm, I.Maucypanze, M.Cramarenu; ['amma
Koncantunr, Tounucu, I'pysust) Hcmopuueckoe 3azpsiznenue Heghmenpooykmamu — 0OHA U3 OCHOBHBIX
aKonozuyeckux npooaem I pyzuu.

E.C.YepHenosa (coaBTOpPBI I'.A.Kana6us, W.A.PeBenbcknii;
JlemapraMeHT Haykd ¥ HMHHOBammid YHuBepcutera pyxObl Hapomor
Poccun, Xumuueckuii daxyrvmem MOCKOBCKOTO TroCyAapCTBEHHOTO
yauBepcutera uM. M.B.JlomonocoBa, MockBa, Poccuiickas @enepartus)
Memodonocuueckue acnekmvl NPUMEHEHUS — MACC-CHEKMPOMEmpuu
DART o0na 6vicmpoeo auanu3a JReKkapcme U Opyeux KOMHIIEKCHBIX
0bpasyos.
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I'M.[Ma#gynnuaa (AO “LECO CENTER-M”, Mocksa, Poccuiickas
Oenepanns). Vayuuwenue onpedenenus KoMnoHeHm Hegpmu Xpomamo-
macc-cnekmpomempueti TOFMS.

H.C.®omuna (coasropsr JI.H.Tam,
C.B.Macrokesuu, JI.H.Kynemos, H.P.I'am;
HNHCTUTYT aHATUTUYECKOTO
npubdopoctpoeHus Poccuiickoit AH —
HATIPAH, IlerepOypr, Poccutickas
Oenepanus) CeepxmsacKas UOHUZAYUL:
npoobiemvl, peuteHust, 02paAHULeHUs U UOHO-
onmuueckue YCmpoLcmad.

B.JI.Ko3m0BKMIi (COaBTOPHI
N.B.Cynumenkos, M.bl.bprocos,
A.P ITuxtenes, B.B.3enenos, B.B.®unatos; Otnenenue Muctutyra
Tanbpo3e sHEPreTHYeCKUX MpodiieM XuMudeckoi ¢pusuku PAH,
UYepHorososka, Poccuiickas denepaiius) Ananus eazosuix 06paszyos,
cooeparcauux ciedbl OPeaHUYecKUX COeOUHeHUl, ¢ UCNOIb308AHUEM
UOHHO20 UCIMOYHUKA Meowe20 paspsaoa 8 KOMOUHAYUU ¢ Macc-
cnekmpomempom vicoxoeo paspeuierus O-TOF.

M.M.Tokapes (MC Ananutuka) O630p
npouszeooumotl komnanueti ThermoFisher
Scientific macc-cnexmpomempuieckou
annapamypul 0151 MOYHLIX U PYMUHHBIX
usMepenutl @ Heghmexumuu, 2eon02uu u
KOHMpOJle Kauecmad.

C.XoxsnoB (MC Ananutuka) —
Ipumenenue macc-
CREKMPOMEMPUYECKO20 000PYO08AHUSL
npouszeoocmea ThermoFisher Scientific
6 HayKax o dcuzhu (bvimosoe u
MEQUYUHCKOE NPUMEHEHUe, OONUHE-
KOHMPOIb, KOHMPOIb KAYeCmed
nuwesblx NPOOYKmMo8 u HanumKos).

A.A.TlBapn6ypr (Xumuueckuil (akynbTeT YHUBEPCHTETa IITaTa
Buuuta, CIA) Pazdenenus ¢ 6vlcoxoll paspewaioujeli cnocobHoCmvio
no uonnou noosudicnocmu (FAIMS) ¢ nomowwio macc-cnexmpomempuu.
K.A.Tonzanec (Hanmonanbuelii uHCTHTYT cranfapToB U texHonorun — HUCT, CIHA) Cmandapmuuie
omanonwt HUCT u pazeumue Ccmanoapmuuix OSMANOHHLIX Mamepuaniog u 06a3 OaHHLIX 071
NPUPOOOOXPAHHBIX U HePMeXUuMULeckux ucciedo8anull.
AWM. Muxkamua (coaBropbl K.B.Tperbsixkor, H.I'.Tomya; HUCT, CIIA) Xpomamo-macc-chexmpomempust
071 onpeodeneHuss CmpyKmypbl ApOMAMUYecKux amMuHo8.
A .Muxkaua (coaBtopel H.T.Xeunypuanu, D.H.Tomypus, JIx.A.Mrwoppeii, H.I.Toaya, K.A.I'on3anec;
HUCT, CHIA; UDOX, I'pysust) Hccredosanue cocmasa NOIUYUKIULECKUX APOMAMUYECKUX COCOUHEHU 6
Hepmu.
A.IlTBapubaysp (coarop H. Amp Cannyk-JIunke, WHCTHUTYT TIeoNOrMH M TCOXUMHH HEDTH M YIS
VYuuBepcutera AaxeHa, ['epmanus) Awnanuz 000a60k K OYpOGbIM  HCUOKOCHISIM C  NOMOULIO
NUPOIUMULECKOT XPOMAMO-MACC-CREKMPOMEMPUY C YETbI0 UX UCNOTb308AHUSL 8 KAYEeCHEe IKOIOSULeCKUX
Mapxepos.
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H.Mauwuragze (coaBropel H.I'emammsumm, [.Maucypanze, B.I'Baxapus, H.xanmamsumu, T.Cxuepenu;
Hayuno-uccnenosarensckas ¢upma «[ammay, Towmucu, ['pysus) 3aepssuenue nousvr ¢ Tounucu
HepmAHbIMU Ye1e6000P00AMU.

P.C.Bopucos (coastops! H.1O.ITonoskos, JI.11.2Kunses, B.I".3auxun;
HuctutyT Herexumuueckoro cuuTe3a uM. A.B.Tomunera, Mocksa,
Poccuiickas @enepanust) [onyuenue npouzsoOHbIX CRUPMOS «8 0OHOU
npobupkey 05 ux ananuza ¢ nomowvro MALDI- T T

ToF.

JI.C.Tne60B (coaBTopsl B.I'.3aukuH, I'.A.Knunrep,
A.W.Mukauna; HCTUTYT HEQTEXMMHUCCKOTO
cunte3a uM. A.B.TonmuueBa, MockBa, Poccuiickas
Oenepanus, HUCT, CIHA) Ilpumenenue
CONPSAHCEHHOU C XPOMAMO-MACC-CREKMPOMEMPOM KAMATUMULECKOU YCMAHO8KU
07151 pazpabomKu 8bICOKOIPHEKMUBHBIX MONIUS.
H.Xenypuanu (coaBropbl O.Ymapaymu, O.Topuria, K. oxepazuimsuim,
N.Muenmumusuinu; UOOX, I'py3us) bumymcooepacawue nopoowt I pysuu.
®.1MImutr-Konmanu (coaBropsr M. Xapup, M.I'oucuop, H.I'epriikops; MionxeHckuii I'eTbMIONbII-IIEHTD,
lepmanus) B3gewuganue Moaekyn ¢ moyHOCMbI0 00 00HO20 IAEKMPOHA O NOHUMAHUS NpespaujeHull
OpP2aHU4ecKUx eeujecmas 8 2100aIbHOl WKae.

C.B.Maciokesuu (coaptopsl B.J[.Cauenko, H.C.®omuna, JI.H.I'amn, H.P.I"amr;
HATIPAH, IlerepOypr, Poccuiickas @enepanus) HMonoonmuueckue ycmpoicmea
onst macc-cnexmpomempa MI-350A4V 0nst u30mMonHbIX U XUMUYECKUX
uccnedosanuil.

JI.H.T'ann (coasTopsl C.B.Mactokesuy, H.P.I"an;
HATIPAH, IlerepOypr, Poccuiickas ®eneparms)
Mnoecokpumepuanvuocms macc-
CNEeKMpPOMEMPULECKUX USMEPEHULL NPU UCHOTb306AHUU
AEKMPOHHO20 Yoapa.

H.P.T'ann (coaBropsl M.H.Jlanmymmikus,
A.C.bepnuukos; UATIPAH, ITerepOypr, Poccutickas
Oenepanns) Creyugpura uonHo20 08udicetus 8
3ANOTHEHHbIX 2A30M APXUMEO0BbIX HANPAGTAIOUJUX.

COopHUK MaTepHUasoB KOH(pepeHIINN
ITETPOMACC 2014 cogepxut 30 crareit u
HayuHaercs ¢ «Mcropun KoHbepeHIMT
ITETPOMACC», cocTaBieHHOM ppdeccopom
B.I".3aukunsm.
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NH®OPMAINIUA 1A ABTOPOB

Kypuan "U3Bectust Hannonanbnoii Akanemun Hayk I'py3un. Cepusi xumudeckas" myOoJIHKyeT CTaTbH
W KpaTkue cooOIICHUS B 00NAacTH XMMHYECKUX HAyK Ha TPY3MHCKOM, aHTJIMHCKOM M PYCCKOM SI3BIKaX;
0030pHBIE CTaThbW M MaTepHalbl WH(POPMALMOHHOTO XapakTepa MyOIMKYIOTCS MO TMPeIBAPUTEIHLHOMY
COTJIACOBAHHIO C PENAKIIMOHHON Kosuierneil. O0beM, GopMaT M yCIIOBHS MPEACTABICHUS MaTepHuaia JUis
MyOJIMKAIUH CIIEYeT COTIacoBaTh C OTBETCTBEHHBIM CEKPETapeM; aBTOPHI JOJKHBI IPEJICTABUTH TEKCTHI B
Buje daitno Microsoft Word (***.doc wim ***.rtf, TekcTsl Ha Tpy3uHCKOM B LitNusx, Ha aHTTIMICKOM H
pycckoMm — B Times New Roman), a pucyHku, depTeku u (OTOCHUMKH — B BHUJIC HYEPHO-OEIBIX
rpaduueckux (*.bmp, *.dib, *.jpg, *.gif u ap.) daiinos. [y oka3aHus TOMOIIY aBTOPaM HAay4HBIX CTaTeH,
penakius nperycMaTpuBacT CTaHIAapTHEBIC JIEKTPOHHBIE (JOPMBI Ha BCEX TPEX S3BbIKAX, a TAKKe JPYrylo
TeXHUYECKYI0 mojuepkky. s pedepupoanus cratbu B Chemical Abstracts (Ha aHTJIMHACKOM SI3BIKE) U
I'py3unckoM pedepaTHBHOM JKypHaje (Ha aHTJIHICKOM W TPY3MHCKOM S3bIKax) aBTOpaM CIIAyeT
MPEAYCMOTPETh CoJiepKaTellbHbIC pe3loMe Ha 000MX SI3bIKAX.

OmnnaTta pacxo;oB MO MyOIUKAIIMH TPOU3BOUTCS MIEPEUHUCICHIEM COTJIACOBAHHON C KOJUIErHell CyMMbI Ha
cuér HammonanpHoit Axamemun Hayk [pysum B Oanke «JIubGeprm» Ne GESOLB0121115150495000,
uaeHTuuKaMoHHbIN Ko 203851536.
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