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ANALYTICAL CHEMISTRY

CHEMOMETRICS IN DRUG STANDARDIZATION

Natia Amashukeli, Maia Makhviladze
Georgian Technical University

Chemometric techniques provide a good opportunity for mining more useful chemical information from the
original data. Comprehensive methods and hyphenated techniques associated with chemometrics used for
extracting useful information and supplying various methods of data processing are now more and more
widely used in medicinal plants, among which chemometrics resolution methods and principal component
analysis (PCA) are most commonly used techniques. This review focuses on the recent various important
analytical techniques, important chemometrics tools and interpretation of results by PCA, and applications of
chemometrics in quality evaluation of medicinal plants in the authenticity, efficacy and consistency

World Health Organization (WHO) [2]provides guidelines for the assessment of the quality of Herbal
medicines (HMs). Now, one or two markers or pharmacologically active components in herbs or herbal
mixtures are currently employed for evaluating the quality and authenticity of herbal medicines. However,
this kind of determination does not give a complete overview of an herbal product [1], because multiple
constituents are usually accountable for its therapeutic actions and effectiveness. These multiple
constituents may work ‘synergistically’ and could hardly be separated into active parts [2]. There are
various techniques that are used for this sort of determination like high-performance liquid chromatography
(HPLC), gas chromatography (GC), ultra-high performance liquid chromatography (UHPLC) and thin
layer chromatography (TLC). Moreover, the recent approaches including hyphenated chromatography and
spectroscopy like high-performance liquid chromatography-diode array detection (HPLC-DAD), gas
chromatography—mass spectrum analysis (GC— MS), capillary electrophoresis-diode array detection (CE-
DAD), HPLC-MS and HPLC-nuclear magnetic resonance (NMR) might give the additional spectral
information which may be helpful for the qualitative and quantitative analysis and even for the structural
elucidation. With spectral information, the hyphenated instruments show greatly improved performances in
terms of the elimination of the instrumental interferences, retention time shift correction, selectivity,
chromatographic separation abilities, measurement and precision. Since complicated data from these
techniques cannot be evaluated easily, we need data processing techniques for this purpose. These
techniques provide a good opportunity for mining more useful chemical information from original
information-rich data. Chemometrics is the application of mathematical and statistical techniques to
retrieve more information from the chromatographic data [4-6]. The International Chemometrics Society
(ICS) defines chemometrics as the science of relating measurements made on a chemical system or process
to the state of the system via application of mathematical or statistical methods [7]. It promotes equipment
intellectualization and offers new ideas and methods for the construction of new and high-dimensional and
hyphenated equipments. Furthermore, with the rapid development of the microcomputer and retrieval of
the analysis of high dimensional data, artificial neural networks, research of artificial intelligence of
chemistry and expert systems have made great progress. With the development of analytical chemistry,
chemometrics is also being developed vigorously [8,9]. With the advance of computer technology,
chemometrics methods have become a leading tool among the scientific communities towards faster
analysis results and shorter product development time. Among others, an unsupervised pattern recognition
technique such as principal component analysis (PCA) is the most often used method for handling
multivariate data without prior knowledge about the studied samples. While the supervised classification
procedure using soft independent modeling of class analogy (SIMCA) based on making a PCA model to
assign unknown samples into the predefine class model has also been applied to the analysis. Thus, the
application of chemometrics techniques will greatly improve the quality of the fingerprint obtained
[4,9,10].

Furthermore, multivariate methods that are used to extract the information from the chromatographic
data like pretreatment of chromatogram, multivariate resolution methods and various classification and
discrimination methods applied in the chemical analysis of herbal drugs have been discussed. In the final
part is discussed its application in herbal drug standardization with respect to authenticity and
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determination of chemical components by analytical techniques, especially on the use of chemometrics in
combination with chromatographic fingerprint for quality evaluation based on active ingredients.

Herbal drugs may contain a large number of compounds even though many of them are present in low
concentrations but they may be important in terms of quality, safety and efficacy of the herbal medicines
because they show synergistic effects and their therapeutic actions are based on interaction between
numerous constituents. In order to evaluate the complete pattern of herbal medicine, chromatography offers
a powerful tool for separating the individual components and developing a characteristic profile of the
sample, called a fingerprint. This section basically deals with different chromatographic techniques used
for herbal fingerprinting and their advantages and disadvantages. Thin layer chromatography is a technique
used for fast screening of samples to identify herbal products and to differentiate between herbal species
[13-16]. One of the major advantages of TLC is its tractability to optimize operational parameters, such as
the sample application, plate collects information from the eluting compounds while a fingerprint is
recorded. In 2D chromatography, fractions eluting from a first chromatographic system are
chromatographed on a second system having different separation properties resulting in increased the peak
capacity of entire separation. To reveal all characteristics of complex HDs, 2D chromatography was
proposed. With the development of 2D chromatographic systems, a new era in herbal fingerprinting has
been clicked. The main advantage of 2D chromatography over conventional one dimensional
chromatography is to obtain high peak capacity which theoretically equals to the product of the peak
capacities of two individual dimensions. However, a major limitation is very long time span needed to
reach this maximum capacity [9]. Literature review reveals that 2D chromatography has been used with
different techniques such as 2D TLC [10], 2D HPLC [11], 2D GC and 2D chromatography combining size-
exclusion and RPLC [11].

Common chemometric tools used in chemical analysis of herbal drugs As is known, HPLC is
extensively applied for quality control of herbal drugs due to its sensitivity, superior precision, high
resolution and extensive applicability. LC-MS, GC-MS, and LC— NMR have been increasingly used in
complex chemical identification of HDs [12]. This advancement in instrumentation is able to generate
enormous amounts of data which record small differences between samples and this enables us to provide
large implications for the discrimination of herbal plants. Before analyzing data, pretreatment of data is
essential because unknown components or unclear interferences cause overlapped peaks and shifted
baseline. Thus, here various commonly used chemometric techniques in herbal drug standardization (HDS)
such as PCA, linear discriminate analysis (LDA), spectral correlative chromatography (SCC), information
theory (IT), local least square (LLS), heuristic evolving latent projections (HELP) and orthogonal
projection analysis (OPA) were discussed. To eliminate or reduce unwanted sources of variations due to
instrumental responses from hyphenated techniques and to obtain more efficient results, data preprocessing
techniques are applied. Commonly applied preprocessing techniques include LLS and normalization. To
obtain accurate quantitative results from the fingerprint, pretreatment of chromatographic data is necessary.
encompass the mixture spectra. OPA compares each spectrum with one or more than one reference spectra
and searches for the least correlated spectrum. Tools for displaying data are useful to resolve net analytical
signal by discovering the dominant factors while excluding the relevant interference, thus giving a more
accurate estimate. These include various methods such as LDA, hierarchical clustering analysis (HCA),
SIMCA and PCA, but among these PCA and LDA are found to be most commonly used. The central idea
of PCA is to reduce the dimensionality of a data set consisting of a large number of interrelated variables,
while keeping maximum variation in the data set. This is accomplished by transforming to latent variables,
the principal components (PCs) that are uncorrelated and ordered so that the first few PCs retain most of
the variation in all of the original variables [16]. PCA, a multivariate tool, is used to find out the main
source of variability present in the data sets. It is used to detect cluster formatting and to establish
relationship between object and variable.

The importance of chemometrics in the field of HDS needs no more description. Chemometrics is used
in optimizing experimental procedures, extracting useful information from the chromatographic data and
resolution of the mixture into linear components. Chemometrics is found to be a useful tool in estimating
the quality of HDs but we should also remember that standardization of HDs chromatographic fingerprint
is not always a perfect way to present all compounds, even though there are a number of monographs on
quality evaluation of plants in some countries, but still we lack an effective standard to make scientific
quality estimation [18]. To assess the quality of medicinal plants, new ways are regularly being explored
such as combination chemical fingerprint with biological methods, bio-fingerprint and metabolic
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fingerprint [17]. Quality metrology, pharmacodynamics and export system of medicinal plants have been
researched in some groups [19] but we still require a significant amount of work to achieve a perfect
system for quality evaluation of herbal drugs.
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XEMOMETPUSA B CTAHAAPTU3AIIUU JIEKAPCTB

Harna Amamykenu, Mana Maxsunanse
I py3unckuii mexHuueckuti yHugepcumem

PE3IOME

XeMOMETpUUECKHE METOABl O0ECIEUYMBAIOT XOPOIIYI0 BO3MOXKHOCTH JIOOBIYHM  0ojiee  MOJIe3HOM
XUMHAYECKOH HMH(pOpMAaUMU M3 HCXOIAHBIX MJAaHHBIX. KOMIIIEKCHBIE METOABI M METOJbl HEPEHOCOB,
CBSI3aHHbBIE C XEMOMETPHKOM, MCIIOJIb3yeMbIe ISl U3BJICUCHUS M10JIe3HOH MH(POPMALIMU U MPEIOCTABICHHS
Pa3IMYHBIX METOJOB OOpabOTKHM JaHHBIX, B HACTOSIIEe BpeMsi Bce Oojiee IIMPOKO HCIONIB3YIOTCS B
JIEKApCTBEHHBIX PACTCHHUSX, CPEIU KOTOPBIX HawboJiee YacTo MPUMEHsIeMbIe METOJbl OTpE/IeICHUs
XeMOMETPUUYECKHX MapaMeTpoB M aHaiu3 OcHOBHbIX kommnoHeHTOB (IICA). B stom 0030pe ocHoBHOE
BHUMAaHHE yJEeJIAeTCsl HOBEHIINM pa3IMyHbIM BaKHBIM aHAJTUTHYECKUM METOJIaM, BaKHBIM MHCTPYMEHTaM
XeMOMeTpUKkH u uHTepnpeTtanuu pesynpratoB CIIC, a Takke NPUMEHEHHIO XEMOMETPHKH B OICHKE
Ka4ecTBa JICKAPCTBEHHBIX PACTEHUN B ayTEHTUYHOCTH, 3()(HEKTUBHOCTH U MOCIIE10BATEILHOCTH.
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AHAJIUTHYECKASA XUMUA

OOTOMETPUUYECKOE OIIPEJEJIEHUE KOBAJIBTA C HCIIOJIB30BAHUEM
INPOU3BOJHBIX POJAHUHA

H.O.Mramo6mumsuau, HM.Temms, 11.C.Jxanapume*
Tounucckuii eocyoapcmeentwiii  ynusepcumem um. Me./picasaxuweunu
*Uncmumym Heopaanuueckoll xumuu u snekmpoxumuu um. P.U.Aenaose Tounucckozo
20cyoapcmeenno20  ynusepcumema um. Me./[picasaxuweunu

KobanbT OTHOCHTCS K YHCIY TEX MHKPOIJIEMEHTOB, KOTOPBIE HEOOXOIMUMBI JUISI KUBBIX OPTaHU3MOB.
OH BXOAWT B coOcCTaB BUTamMMHAa Bip (koOasiaMuH), ydacTByeT B TIporecce OOpa3oBaHUS KpOBH, B
(hyHKIIMOHUPOBAHUM HEPBHOH cucTeMbl. ExxenHeBHOE moTpebieHue kobanbTa dvenoBekoM coctasiser 0,007
— 0,015 wmr. B opranm3me ueioBeKa COACPKHUTCS 0,2 Mr xobanpTa Ha KaXIBIA KHJIOTPAMM MACCHI.
IIpenenpHO momycTHMas KOHIEHTparus (IIK) KoOaimbTa B Bo3ayxe pasHa 0,5 wmr/ M3, a B IUTBEBOH BOME
- 0,01 mr/ 1 [1,2].

Tak xak KOOanbT OTHOCUTCSA K UHCIYy HOPMHPOBAHHBIX 3JIEMEHTOB, pa3paboTKa aHAIUTHYECKOTO
METO/Ia €r0 OTNPEHENICHUs SBILSICTCS aKTyaIbHOU.

B Teuenue psga ner Ha kadenpe aHanmutuueckodt xumuu TI'Y mpoBOgMINCH HCCIEIOBAaHUS IO
pa3paboTKe HOBOI'O YYBCTBHUTECIBHOI'O METOJA IO OMNPEAENEHHUIO TSDKENBIX M I[BETHBIX MeTauioB [3,4],
JUIsL  9ero ()OTOMETPHUYECKHM pPEarcHTOM  HCIIOJNb30BAIMCh TPOM3BOAHBIC pOJdaHWHA [ 5 ] ¢ oOmei
hopmyoit
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JanHasi pa6ora, B KaKoii-TO Mepe, sIBJIsIETCSl MPOAOJKEHUEM MPEKHUX PadoT, B YACTHOCTH,
B TIPEACTABICHHOW paboTe OBUIM M3YYEHBl pEaKIMHd  KOMIUICKCOOOpa30BaHUs KOOadbTa C BOCHMIO
MPOU3BOJHBIMU POJAHKMHA, YCTAHOBJIEHBl ONTHMAaJbHbIE YCIOBUS NPOTEKAHUS ITUX PEaKUui, pacCUUTaHBI
CHEKTPOPOTOMETPUUECKUE XAPaKTEPUCTUKH W Ha OCHOBAaHMM WX CpaBHEHHS  BBIOpaHBI  CaMble
YYBCTBUTENIbHBIE PEAareHThl - HUTPO- U ITUHUTPOPOJAHHHBEIL.

[IpousBoaHble poAaHWHA, B 3aBUCUMOCTH OT MPHUPOABI 3aMecTHTelsl O€H30i1a, MOIyT OBITh
MOPOIITKAMHU KEITOro, (PHOIETOBOTO WIIM KPacHOro IBeTa. PeareHThl XOpOIO PacTBOPSIOTCS B 3TaHOIE,
areToxe, muMmetungopmamune. s YCTaHOBJICHUS ONTUMAJTbHBIX YCIIOBHH peaxiuit
KOMILIEKCOOOpa3oBaHus KoOanbTa ¢ MPOU3BOJHBIMUA POJAHMHA OBUIO HW3YyYCHO BIHSHUAC Pa3UYHBIX
(hakTOpOB Ha KOMIUIEKCOOOpa30BaHUE.

HccnenoBanne mokasao, 4YTO W3 MPUBEACHHBIX B Ta0JIMIlE POJAHHWHOB, IIEPBhIC JIBa BOOOIIEC HE
B3aMMOJICUCTBYIOT C HMOHaMHM KoOaybTa. TpeTwii, 4eTBEpThIid, MATHIA K IIECTOH peareHThl C KOOAJIbTOM
B3aMMOJICHCTBYIOT MEJICHHO W TPH 3TOM HEOOXOJMMO pEaKIMOHHYI0 cMmech Harpeth ~ jgo 40°C, duro
3HAYUTEIbHO YBEIMYMBAET CKOPOCTh peakUuud, a CeAbMOH H BOCBMOWM peareHTHl ( 2-OKCH-5-
HUTPOOCH30JIPOJIAaHUH U 2-OKCH-3,5-TMHUTPOOCH30JIPOIaHIH) TPH KOMHATHOH Temreparype o00pa3yroT
KOMIUTIEKCHBIC COCJMHEHHUS KPaCHOBAaTO-OPaH)KEBOTO IIBETA.

N3yyeHnuem BIIMSHHS HOHOB BOJOpOJAa Ha KOMIUIEKCOOOpAa30BaHKME JOKAa3aHO, YTO OKpalllCHHBIE
MPOJYKThI OOpa3ylTCsl B HEUTpalbHOW u cioborienodnol cpenax ( puc.l). MakcumanbHble 3HAYCHUS
CIIEKTPOB  CBETOIOTJIONICHUS OKPAIICHHBIX PACTBOPOB KOMIUIEKCCOCIMHCHHN pACIOJIOXKEHBI B  OOJIACTH
quHbl BomH 490 — 540 HM, a B ciaywae peareHToB - B oOsacté 400 — 410 HM.
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Puc. 2. KpuBbie, COOTBETCTBYIONIUE COCTaBYy KOMIUIEKCOB, TMOJyYEHHBIE METOJAMHU:
a) M30MOJIBHBIX CEpHid, 0) CABUTOM PaBHOBECHsI, B) MOJBHBIX COOTHOIIECHUH

Ha puc.l npencraBieHo BiIHMsSHUEC KOHIIEHTPAIMM HOHOB BOIOPOAa Ha KOMIUTEKcooOpasoBanue. Jlo
3HaueHU PH paBHOI 7, KOMIUIEKCOOPa30BaHUSI HE MPOUCXOAUT. MaKcHMalbHas ONTHYECKas IUIOTHOCTh
HaOmromaercss B mpenenax pH =7-9, mostomy uccnemoBanus npooawmuck nmpu pH = 8.

3akoH Jlambepra-bepa npumeHuM B mpeAenax CICAYIOMIMX KOHIIGHTpAIlMid KoOambTa : il 2-
OKCH-5-HUTpoOeH3onpogannHa - 0,4 — 4,0 Mxr/mi, a s 2-okcu-3,5-nmuHuTpoben3onponanuna - 0,5 - 2,5
MKI/MII, MOJISIpHBIA Koo duiuent mornomenus mopsaka 103, TTocne pacuera cnekTpodOTOMETPHYECKUX
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XapaKTePUCTHUK KOMIUICKCHBIX COEAWHEHWH, B 00pa30BaBIIMXCS BEIIECTBaX  OBUIO  YCTaHOBJICHO
COOTHOUICHHWE PEarupyroluX KOMIIOHEHTOB C IIOMOIIBIO METOJOB H30MOJIBHBIX CEpHUH, MOJIbHBIX
COOTHOIICHWH U CMelleHHs paBHOBecusa. [lomyueHHbIe NaHHBIE OJHO3HAYHO YKa3bIBalOT Ha TO, 4TO
BO BCEX CJIy4Yasx B KOMIUICKCHBIX COCIAMHEHHUSX COOTHOIICHHE pearupyromux kommoneHToB CoO @ HR =1
: 2 (puc.2). Ha abcmuce puc.2a OTJIOXEHB! BEIMUYMHBI, COOTBETCTBYIOIUE PABHBIM CyMapHBIM 0O0beMaM
cmecu pactBopoB  10°M CoSOs u 10° M peareHta (IMHMTPOPOJAHMHA) B CIEAYIOMUX OOBEMHBIX
COOTHOMIEHUssXx B wmm: 1- 1:9; 3-3:7;, 5 - 5:5, 7-7:3; 9-9:1. Ha puc.26 nana
norapuMuuecKas 3aBHCHMOCTh OINTHYECKOW IUIOTHOCTH OT KOHIGHTpaluu peareHta. Ha puc.2B maHa
3aBUCMMOCTh ONTUYECKOH IUIOTHOCTH OT KOHIEHTpAluM peareHTa. B 3TOoM ciydae o6bem 10°M CoSO4
pacTBOpa B CMECH IIOCTOSHEH M paBeH | M, MeHseTcs o0seM pacTtBopa peareHTa. OObeMHOE
cootnomenue B cmecu 10°M CoSO, pactBopa u 10°M pearenta : 1-1:2;2-1:3;3-1: 4.

B cnygae HuUTpo- U CyIb(OHUTPOPOJAHWHOB OBUIM  PACCUMTAHBl TaKXKe TOCTOSHHBIE
HEYCTOMYMBOCTH KOMIUIEKCHBIX coeanHeHnid. C HWCMONb30BaHMEM METOJ0B ACTaxoBOoW W SIMIoOIbCKOrO
[6] g peareHTa [AWHUTPOPOJAHMHA OSKCIIEPUMEHTAJIBHO YCTAaHOBJIEHO KOJIMYECTBO BBITECHEHHBIX
mpoToHOB. Ha OCHOBaHWMM TMONYYEHHBIX JAHHBIX YCTAHOBJICHO, YTO TMPH KOMIUIEKCOOOPAa30BaHWUU W3
MOJIEKYJIBI peareHTa BBITECHSIOTCS JBa NpoToHa. [loaTBep)kJeHHE MONYyYEHHBIX NaHHBIX BO3MOXHO Ha
OCHOBaHUH W3Y4YCHHUS CIEKTPOB WH(PPAKPACHOTO IOTJIOMCHHUS M KBaHTOBO-XMMHYECKHX pACcCUECTOB, UTO H
SBIISICTCS] LENBI0 HAIMX AajJbHEHUIINX HMCCIeJOBAHUM.

Ha ocHOBaHMM MOJNyuYeHHBIX AaHHBIX CIEIAHO 3aKJIIOYErHHE O TOM, YTO MPOHM3BOJHBIE POJAHMHA
— HATPO- W JUHHUTPOPOJAHWHBI - MOXKHO WCIIONB30BATh IS ONpEAeNeHHs KoOanbTa B IPHPOIHBIX
COCTMHEHUSX.
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PHOTOMETRIC METHOD TO DETERMINE COBALT BY USING RHODANINE PRODUCTS
Nana Mgaloblishvili, Neli Telia, Sh.Japaridze*
Ivane Javakhishvili Thilisi State University
*lvane Javakhishvili Thilisi State University R.Agladze Institut of Inorganic Chemistry and Electrochemistry
SUMMARY
A photometric method to determine cobalt by using rhodanine products (2-hydroxy, nitrobenzene-azo-rhodanine and
2-hydroxy, 3-dinitrobenzene-azo-rhodanine) is studied. It is established that the colored products are formed in neutral
and alkalescent areas. The ratio of the reacting components in complex compounds is identified and the values of
constant of instability of complex compounds are calculated.

3005cnE0ol 356l5BM3Mol BmEHMBgGHwOo 89000 MHrEsbobols Bofamdgdols gsdmygbgdom
Bobs IQomd0dz0w0, bgero mgwos, dMdmo xsxs00dg*
03569 x¢535b0830¢m0L Bocerobols bsbgerdpogne wboggblodgdo
*03069 x535b0dz00m0l 08ocroliol bsbyerdfonen «6039(HboB AL 6.58a5d0L sGsmmgsbryero Jodoobs s
99 HOFo8ool oblhodyHo
Mybowdy

FgLfogaomos  3mdsEOL  3obleBE3mOL  BMEHMIYGHOWWo  FgMMmEPOo  HMEBobol  Bsfo®dgool  (2—mduo,
B0GHMMOIEBNWIBMOM©IBobo s 2-mduo, 3 oboEHOMBYEDMWsBMOMPBobo) gsdmygbgdom. wowygbowos, H™I
39839600 36H:™mEYdEJoo Fomdmogdbgds bgo@Mowm® s LMLE GG 0M980. OERIBOWOs 3MB3WgJubsgMmgddo
06953009  3mI3mbbEHIOOL  MbsBMEMBS s Fom3E00s  3m33gdubgPmms  IyMoMdOL  3dogzsl
9600369 mdgdo.
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5050560 Jodoos

d-89¢3)50005 G9EH®500mMLYbsEHIBOL 09MFE0 TS ZsbwMdOLSL

0DMEES OBM0JY, dYS JMR0Rs0830¢00, F505 HMLOS,
BaLES6 dYYdY, €8s bgohoo, 939BgM0bg 30859dsdy
J9050b0b 33530 F9e900¢rol Lsbgerdfogm «60396GboBd G0
03569 x53560830¢70L bsbgermbol c8ocrobol bsbgerdfoge «bog96boB G0

65d6mddo  gbfogeoos B396L dogl Lobmgbodmgdwer d-09@owms BIGMI0MMLYbsGJooL(V) mgMdmwo Ji393s
3°bMOGOoLSL,  Losg  d-3g@owgdos:  omos,  35©dowdo,  39603Ebwobfyswo(l),  39GEbao),  L3owgbdo(Il),
056956m30(1II), ©3065(II), 3mdser@o(Il) o 60o3geo(II). 60dmAgdol AsbMgds bEgdm®s GgddgMod e 0bEgMzswdo
20-1000°C. 653969805 LobmgBOMGdE BogMmms MgMIMEoBOL 3BmEglol Fgladrm bggdgdo.

Qoﬁ)o'abol;o @)030'3(4)0 jog*\wquiog‘gﬁ)o 3@\03385@)00, oaoéi)ma 3353;336.) mdhm— 9, '383(55)31} gog:mg, 00-
mbsgmgdol Lsbom. ©s0dbsbdgd(33900 sOsMMYsbm  bogmmsash yzgmseby Lermmygmaomse  ©st0dbsb-
37935L 653635808 Bqlfagemaemo [1-6]. &3 ggbgds BgBGsmoms@ligbsdBgdl, astes BB gdgdsmos dg-
badadolo bagdmgdols, Bggbo 33mgz0b ©ofygosdwyg momJdol dmemoasbsw gqlifegmagmo ogm. gsa®dgmadm
A 33mg3sl d—aa(f_i)agmmo &3@6&m0mo6h85o(§gbok(v> Lobogbols ©s dsmo  Jadom@o  Ji3g30l  FgLFegemols
bggmBo [7-9], (0b6s3gdstry B6mdols dobbs @sgolsbgm Fga3qL§agems Lobogbodgdnm bsg@mms Jodos-
o 43930 asbyegdalisl.

0g®Imgesgonmo 33938 BsgsBetgo F. Paulic, G. Paulic, L. Erdey Lob@gdol Q-1500D @o3ols cog-
60358)macsx3by 9900l sBImbgg@mBo, sds Lsdmsemgds dmagse gPmEOMYmse dogzgom 4 mg@dgmo
3y 0, Gemdmgdoz smfgMgb bazgmaze 60d7dgd0l as;3bgmgdol 0sbdbrgd 3Gm3gLadk. a0z ma™sdg-
3ol RsFgds Bomwgdmes 2 bo-ols 3s63s3mmdsdo Rggmmgdtogo s@dmlggdnmo [6930Ls s Labgl@ols 3o0-
639880. 0,1 gcs3 60373 gsms3lgdwom  3ms@Bobol  BoggmBo, gBsmmbse  3sdmzaygbge  gsbsb®agdo
As;03. DTA-L 86666(*)60.55)0')6.5 'aaoggagﬁggo 250, Bmg:)m DTG-s 500 3(53, @38336&(55'36015 3.)%073301} Lo-
bldg ogm * 508, asbgegdals LbobJserg — 10 gérsw/on.

Lobogbotrgdnm  bsgtmms mg@dmeabols 3@mgbols sdbsbggmo mg@dma®sdgdo dmgdgemoas -
Gsmo  1-bg. Fgodemgds babaslidon s0obodbml, GmI dsmo mg@dnmo ©sTmals 3Gm3glgdo  sGbgdonsmse
0EqbdmE0s. 60d7ds  gsbzobommn  boggmoa(ll)-0l  EgBGsmams®lgbsBol(V)  ogddmmobo (bgé  1.s).
0G0 s8ms offygds @olgsmobson®o Fymol dmiomgdom, s DTA 36mobg solsbgds dmogmo
Pemng@dnmo  g39dd oo (3emEdsagdnmo  30z00) 70-180°C -0l 0635w o, dobodndgdom 90 s
140°C —bBg. Begme3 0633935, O0lGamabsgon@o Fymols dmzomgds dodwabstrgmdl me Lfswase: 3o6-
39 by 70-130°C -0l 0693580, 603md0 35613536 msgobo dsLols 10,2%-b, s Bgglsdsdgds 4 deemg-
3 VSQOB 3m$833®‘)1§ (m{]mﬁm"gg@o 9,9%), 83(')63 h@oggoo%a, 130-18098 -0l 06@363&;:7'80, 603'3'801}
3L 0gemgdls 9,7%-0m, @33 ©@6sGBgbo 4 dmemgzmms Fymol dmfgzgdomss asb30mmdgdmmo  (ngm®om-
wo 9,9%). 180-480°C -ols 0693580 30 60dndo oGzl megolo dsols 12,8%-L. gl gsdo, gsdmf-
397mos 3 dmmo  amgodeol dmzomgdom (ogmGonmo — 13,2%).  3sLols Bqdegmdo  gemgds, 30,10%,
15(336& 480-810°C —ols 06@)363&Q'Bo, (4)0(3 3¢6306m636‘3g0o ggot‘m’BlﬁoGoB Bﬁmgog‘aﬁ)o %mﬁ)aoh AS,Sy
ol Imfy3gd oo (mgméogmo — 29,44%), (Lgdsl):

_ 0 _ 0
NNNis(AsSs)2-8H.0 22222C o Nig(AsS,), - 4H,0 2X20C 5 Niy(4sS,), —
—4H,0 4H,0

_ 0
— NigAs,Ss(3NiS - As,S,) 222=819C _, 3nis

—As,S,
bggdsl
sbgmogg 3sbmbbmdog@gds Bgobodbgds & 306s(Il), 3mdsendo(Il), L3ogmgbdo(Il), sdondals
s ogmools, sbgzg 3963bmo(I)-0b 9B Gsmoms®ligbsBgdols ©sdmol eOmbsig, G gsdmobadgds

180—-480°C
_) ————————
-35

60373560l EadoEMsBs(300Ls  ©s  EHmomboMgdsdo, bBem  F9degmd  s®0dbsbols  dm(30emgdsdo
bgmgoen®o  gm®dol Leboo. 83 396mbbmoggdoesd  d6033bgemmgsbo  asblbgeggds dgobodbgds
336356930(I1) -0l B9 Osmoms®ligbsdols mg@dnem 4393580 400°C —bg Bgz00 3obgemgdolsls.
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336g56730(I1) -0l B98Gs00ms@lgbsob(V) Fmbszol mgddnmo ©s8ms offggds 360b@semobszo-
960 (ymol dogomgdon (bnge 18). gl 36mpgbo DTA 36moby solsbgds ghmo  gbomgngddomn 75-
185°C—ols 0b@gézsendo, dobodydom 154°C —%g. Lol gemgds Fgogabls 5,56%-L, @z dgglsdsdgds ™0
Imemggnms Fymol dmomgdsl (ogmGonmo — 5,27%). 185-450°C 399393 ernm  obBgMgemdo dgo-
6036705 gm0 93bmazggddo, dsJlodgdoon 240°C s ghmo gbemgngddo, dobodydom 300°C —%9. Gmbsgols
Lol 3mgds 33 OO Fgoeaqbls 16,24%-1, &g s0blbgds 3 dmmo amgoteols dmfyzgdoo (ngmeomemo-
15,82%). Jodome gotrsddbsms mzgsenlisbdolom, gozomagdoon Gormgmo 36m3gbo 30dabsGgmdls 4500(:7%3
Bazom  as;3bgmgdolbsl. 450-580°C—ols 39939Me g abgmgzsemBo  Fqgobodbgds gemo oo gabemgeygd-
Bo 3sm®dsggdnmo 3039800 490-570°C —%bg. 3 0bBgMgemBo saoeo szl dsbols dsBygdel, Gsig JsgMols
96305000 085363301 Fggaos. dsbol dsggds 83 Ol Bgewagbl 7,5%-L, Goz Fggledsdgds 3 o
smdo gsbadsols  dogOmgdsls (mgmGommo — 7,9%). 580-940°C—ols 0b@)g@zsmdo 3o 99060d6gds gm0
96em9539d0, dobodydom 710°C — by, 3sLol gmgds Bgoeagbl 58,4%, @3 asdmf3gnmos ©st0dbsbols
bmmgoen®o gm®dols doeosbo dmomgdon (mgm®onmo -59,27%), (bigds 2):

75-185°C 185-450°C 450-580°C
. J— _) — _) —
Mns(ASS4)2 2H-0 21,0 Mn3(ASS4)z T35 Mn3As,Ss T30

—_oan0
—>Mn3As,;S503 w — 3MnO

—As;Ss

s 2

3J39 “9bs ©s3d0bmm, Gmd ASSs 5000C—°63 25(3bgmgdalisls sM83gMsas ©s asbozeols ©sdmsls
[10-11]:
AS,Ss— ASS3+2S

LGoege sdodmd «gbos  3038M8memm, Ged 3o66o6*380(11)—015 @)aéﬁomomoﬁ)B{]Go@)oh(V) 0963~
obols Lsdmemmen 933ty brgds 868 ©@30dbsba(V) -0l bnmagoeols dmgoemgds, s®sdge ©s8mols 3Gem-
©@1dHgo0l — sE030gdbBols ©s amaoteal, s3slgg 30s603653L Bgsgdom owo gbemgngdée ~ 700
°C —%9. ob B0, Gm3 8¢63¢6~380(II)—01; B9 Osmomsdligbsol  mg@dmemobols hobmc\nmm 36 db
336956930(I1) -0l e Jloo  Fo®Bmsmanbl, bmem Bzgbls doge as®sdsgse gBsmms By Msmoms@ligbsd)g-
3olbsmgols  Fqlsdsdobo  bmemggomgdo, astes 390 brolfgsmoa(ll) -0l BgB@smooms@ligbsdols, swzoemso
98300908 65800l Jodomeo sbsemabols gogagdoo:

6s3m360s, % 65dmo asdmmgmomos %

Mn 77,03 MnO Mn77,46

Fe 63,18 FeS Fe 63

Ni 64,32 NiS Ni64,72

Co 64,32 CoS Co 64,79

Cd 77,40 CdS Cd 77,84

Zn 66,82 ZnS Zn67,01

Cu 66,17 CusS Cu 66,49

Ag 86,76 AQ2S Ag87,10

603780 6 Bgoesl 0,57% amaotel, G hggbo sBGom, asb306mdgdmmos sl O™
3363567930(11) -0l Lmmazoeols 6sFormmddogo Fomdmgdbom. s Fggbgds sbsRE ae®rsdsgsem IgBsems
39863000506 d0b(V)  ©s8mols bsderemme  3Gmenddgdol  Jodomeo  sbsgmobol Fgogaqdl, bos
3m0bodbeml, Gmd olbobo d339mGse asdmbsgimmo obpogoesrrn®o Fgrggbormmdol bmmaoaegdos ©s 36
390(39396 306 dobstrgzols Labomsy go.
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Am,dy
100

80

60

40

20
)

iy 2 § B
200 400 600 800 °C

h‘aﬁomo 1. 15050)8‘150636"3;:) 5o3(4)mmo maﬁ)amaﬁmgoaﬁmaabo
a)Nis(ASS4)2‘8H20; b)Mn3(AS4S)2‘2 Hzo; g)Hgg(AsS4)2-2 H,0.

OOamG3 300b0dbs, Lemmse asblbgsggdnmo bdgdoom 30dwabstrgmdl 396 (3bmolfgmob(Il) @Bgd)-
G300m3elgbsBol  mg@dnmo  ©sBms  (in®.1g). 6037ndols qdoGsdsgos ofygds 80°C —%g., ¢ DTA
by sobsbgds gbrmmgMdnmo  qi3q]@om 80-220°C—ols 0b@)g®38em o, dsglodndon 1700(:—%3. sd ob-
B9e35m o [mbszols dsbs dizategds 4,0%-0m, G Iggledsdads 2 dmeo (ymols dmomgdsls (mgemdom-
o — 3,4%). 3ol Bgdmamdo 3magds brgds 220-320°C —ols 0b@)g@zemdo. 83 Fgdmbggzsdo  dsbs
Iocgds 6,0% -0m, G35 Bgglsdsdgds 2 dmmo gmzodeol dmfy3gdel  (ogmeonmo -6,3%). 320-
400°C—ols 0693500 sbs  gemgdmemdl 38,0%-0m, gl 3o gsdm{3gnmos 2 dmemo 396 3benaligmols
dmzomgdoo (ogmerommo -38,4%). 400°C —bg bg3000 30 80d0bsGgmMdls 60dnBol LErmmo sTems gmgaem-
33560 633mols 30699y (Lgds 3):

— 0 _ 0 _ 0
H3(ASS2)2 2H,0 722 — Heg3(AsSe), oy = HgsAS:Ss ™
—2m, = Z
0
— HgAs:Ss %_OASCZSS = OO TS - SMOMJGdS
bigds 3

8360950, 396l 33emg398Ls s o s nE e 3mbs(39990bg ayHEbmdom [12-16] babasl-
door  Jga30dmos  sm36086mm, Gm3  d-dgemas  EodEsmocms®lighsBndol(V) mg@dnmo wsdmol
bdsmgdo s@lgdomse 0@gbdm®as. 3Gmigbo 0ffggds Lsz@aligsmobsigom Fymol dmfyzgdom, ds-
Lol 99degmdo  gemgds soblbgds amgodeol sBmdgdol  dmzomgdbom-Egmombom@gdom, bemmm mg-
dmemobol B39y Ligeeosby brgds ©s®08bsbol bmmaopamo gmedol (AS2S2) dmeosbo dn(y-
3939, 09637gmo Esdmol Lsdmmemm  3Omenddos I bsdsdolo ©-dgdsmol Lymaowo. 3 3sbmb-
bmdog@gdoesb  360d36gmmmgsbo  asblbgaggds  Bgobodbgds  3sb6gs6+do(Il) -0l BgBGsmoms@ligbs-
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“
&oL(V) og@dae  Ji393990 4500C—%3 B30 a9(3bgegdolsl. s saomo szl dsbols do@gdsl,
G 3960L  g9b3ds000 76330l Fgegase sGol 3sdm(3gmmo, mg®dmmobol Lsdmemm  3Gm-
©nddo  3sbasbmdo(Il)-0l  mdboos. s  ggbgds  390brolgmo(ll) -0l BgBGsmoms@ligbs-
BoL(V) 0gddnmo ©sdmols 3Gmigll, ol bemmose 3s6lb3gsg39dnmse  d030bsegmdl.  396dme,

9300583300, ©EgMomboMgdols s ©sM0Tbsbol  Lymgoen@o gm®dol  dmsomgdol  Fgdega
3300 843k 603930l Lermm ©sdms-scrdrmJmgdsl gmzggemaasto 6s3mals gs¢gds.

@o@gMs@d®ms — REFERENCES - JIMTEPATYPA

1. Masson J. Sur Les arseniates de stroncium. Compt.rend. 1977. v.c. 285, Nel12 —p.389-391.

2. beiinuaa A.3., Xymanoa K.M., MyngaxmeroB 3.M., Xamuroa P.C. O (HU3HKO-XUMHUECKUX
CBOWCTBaxX OCHOBHBIX apceHaTtoB Meau. KypH. @uz.xum. 1977.1.51,Bbim. 2.c. 480-482.

3. XKymanora K.M., beiiuna A.3., MynnaxmeroB 3.M. HccrenoBanue apceHaTHBIX COCTUHCHUN HUKEIIS
metogamu MK-cnektpockonmu, Tepmorpadgum u peHtreHodaszororo anamuza. Kaparamma, 1977.
12c.u. Jlen.s8 BUHWTI20.09.77, Ne3713.

4. Escobar M.E., Baran E. G. uber die Fallung von arsenaten der Seltenen Erden aus wabrigen Losungen.
Z. Chem. 1978.v.18.Ne11. p.418-4109.

5. Hamo6ammsumu E.M., JlemerpamBuan I[.I'., TI'abucomms I[.JI. m ap. Two-m OKCOCOCTMHCHHS
MIEPEXO0/IHBIX METAJJIOB HA OCHOBE MH/IUS U Mblbsika. TOwmcu. Mecauepeba, 1984.4. 1.119c.

6. Palazzi M.Sur lesthioarseniates et thiophiosphates de sodium. IX. Preparation, deshydratationet etude
radiocristallographique de NasAsO3S-11H,O et NasPOsS-11H,O. Bull. Soc. Chim. France.
1973.v.3.part. 1. 845-850.

7. Didbaridze 1., Khelashvili G., Chubinidze A., Gigauri R. Synthesis and Study of Tetrathioarsenates of
d*- Metals. Bulletin of the Georgian academy of sciences. 1998, 157 (1),256-259.

8. 0.00©s60dg, 3.6los, 3.37nbm@ady, s.boEsBgmoa, G.a0357m600, .31(308. 3-39Bsmms BB Gsmoms@ -
60@3601}(\/) 1}060)8%0 Q.} 608(‘)68@380, Bodoﬁ)mBanh 888608686&0’)& édéQaaOOl} 8«)868 2000%‘ (%26,
Nel-2, 23.59-64.

9. o0bmmEs ©oEdsedy, bmwsto ™g30830mo, 305 Gmlos, bsmmbs ds6dsdsdy, B Gehmmos, ©s-

0dbsbdgd339m0  Fomdmgdols bsdhgbgdo, Gmame dsBghosemg®o Oglm@lo sbsmo bsgmgdols do-
’l)éQObé(g hédéﬁ)ms{]w(’)lﬁ 88860868600)0 36)(")36‘852)0 .5(5.5;3380015 8&068 (']08001} 1}314)0.) é39 N93'4,
2013, a3.143-149.

10. CnpaBounuk 1o Heopranmueckont xumud. [lon pexn. Jlumuna P. A. M.: Xumus, 1987,c.12.

11. Thilo E., Hertzog K., Winkler A. //Z. Anong. Allgem. Chem.-1970. B. 373-9.111.

12. Ucabaer C. M., [TonykapoB A. H., 3ukanoBa T. A. TepMmuueckasi ycTOMYMBOCTh apCEHATOB MEAU U
B3aUMOJICHCTBHE OKUCU MEJHU C MMHAaTHOKOCKIO MbIbska. Kaparanna, 1980. 13c:. wn. Jlem.s BUHUTU
2.12.80, No5117.

13. MaxmeroB M. XK., 'opoxoga JI. I'. Tepmorpaduueckoe nccieroBanne B3aiMOACHCTBUS MBIIILIKOBOTO
anruapuga ¢ okuciaamu kobdampta(ll) m mapramma(ll), Tepmuueckas ycTOMYMBOCTD WX apCEHATOB.
XuUMHUSI 1 TEXHOJIOTHUS COSJMHEHUH MBIIIbsIKA U cypbMbl. AnbMa-Ata: Hayka, 1980. C.52-62.

14. MaxmetoB M. XK., I'opoxosa JI. I'., Emenuna A. B. Tepmuueckast yCTOHUMBOCTh apCeHATOB MEIH U
B3aumoselicteue okCuaa menu(ll) ¢ meHTaokcuaoM MbImbsKa. M3B. By3oB. Xummsuxum. TexHOIM.
1981.1.24.BbI11 2.C. 151-153.

15. Palazzi M. Sur les Thioarsenites de sodium. Stabilitethermigue de NaAsS; et NasAsS; dansdifferente-
satmospheres.Bull. Soc. Chim. France. 1972. P. 528-531.

16. Palazzi M., Guerin H. Sur de nouveaux arseniates de nickel et de cobalt. Bull. Soc. Chim. France.

1978. Part. 1. Ne3-4p. 119-120.

312



LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2017 §. 43 Ne 3-4
D s ———————————————— —————— ————————————————

THERMIC DESTRUCTION OF d-METAL TETRATHIOARSENATES(V) UNDER HEATING

Izolda Didbaridze, Bela Gogichaishvili, Maia Rusia*, Nestan Bregadze, Lasha Khvichia, Ekaterine
Vashakmadze
Kutaisi A. Tsereteli State University
*lvane Javakhishvili Thilisi State University

SUMMARY

Chemical behavior of synthesized d-metals (that’s M=Fe(ll), Co(ll), Ni(ll), Mn(ll), Cu(ll), Hg(ll), Zn Cd)
tetrathioarsenates(V) were studied in the heating process. Picture of their thermic destruction is essentially
identical. First of all flows dehydratation (there is two stages) then dethionation. At the end of the reaction
Arsenicum moves off, formed sulphide. Ultimate product of thermolysis is corresponding sulphide of me-
tal. It is established, that from given scheme of termolysis process of thermic destruction of Mn(ll) and
Hg(Il) tetrathioarsenates is considerably different. In particular, ultimate product of Mn(ll) tetrathioarsena-
te is oxide of MnO, whereas thermolysis of tetrathioarsenates of Hg(ll) ends by full destruction — evapora-
tion of model.

TEPMUYECKOE PA3JIO)KEHUE TETPATUOAPCEHATOB(V) d-METAJJIOB ITPA
HATHEBAHUHN

N.C. Iun6apumze, b.A.I'ornganmsumm, M.I.Pycus*, H.JL.bperamze, JI.A.Xsuuus, O.1".Bamakmanze
Kymaucckuii I'ocyoapcmeennwiii ynueepcumem um. A. Llepemenu
*Tounuccxuti I'ocyoapcmeenuwiii Yuusepcumem um. Us. Jocasaxuwmsuiu

PE3IOME

TepmorpaguyeckuM  UCCIIEOBAaHMEM  YCTAHOBJIEHO,  YTO  OOJBIIMHCTBO  CHHTE3MPOBAHHBIX
terparroapceHaroB(V) d-meramioB no dopmyne Ms(AsSs).:nH20, toe M=Fe(ll), Co(ll), Ni(ll), Mn(ll),
Cu(ll), Hg(ll), Zn u Cd Beayr cebs OAHOTHUIHO TNpPH HarpeBaHHH. B MepByI0 odYepeab MPOTEKaeT
JeTuipaTaiys, IpuieM He OJHOBPEMEHHO, a 10 CTajAusM, 3aTeM WAET JICTHOHHWPOBAHHE, a B KOHIE —
yIaJieHne MBIIIbsAKa B BUIE CynbhuaHON Gopmbl. B pesynbraTe ocTaeTcs COOTBETCTBYIOIIUE CYITb(OHUIBL
OT 3TOH CXEMBI Pa3JIOKEHMs 3aMETHO OTIMYAIOTCS TepMoim3bl TerpatuoapceHaron(V) mapranua(ll) u
prytu(ll). Tlocne monHOW jgeruaparanud u JeTHOHHpoBaHus TeTparnoapcenatoB(V) maprania(ll),
NPOTEKAeT YaCTUYHOE OKHCIICHHE MPOMEKYTOYHOTO MPOJYKTa KHCIOPOAOM BO3IyXa, B PE3YJbTaTe Yero
oxkuyaemoro cynduma, ocraercst okcuy mapranna(ll). Uro xacaercs terparnoapcenatos(V) pryru(ll), To
€ro TePMOJIU3 OTIMYACTCS OT JAPYTHX CUHTE3MPOBAHHBIX COCAMHEHHH TEM, YTO pa3jioKeHUe MpoTeKaeT 6e3
0CTaTKa, OJIHOE PAa3IoKEeHUE - CyOIMMaIys.
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007m00L bvyemgzools Lobmgbol Ls@gsdgom sMol pH-ol 3sgegbs
dols 3090963 30LgdgdBY

3.60mbodg, 0.45998sdg, 3.39bowsdz0w0
33930 Pgmgoremol bsbgerdfoger «bogamlodado

Igufogeoaos MZnSOs — N(NH4)2S — dH2S04— pH20 LobEgdosb  mwomool  Lyryangool  bobomgbol
Lo@godom sGoL pH- ol 3o3wgbs Mmool bvegool dozmmbsfjoszgdol Bmds®y ©s 30yd9bEmem
®30L9090bg.  IYIBOWos, MMI Mool bExoEoL bsfoszgdol Fomdmddbol 3MmEgbo  dmoEegl:
06 J30m®L,  BbBLObdOL  Fo®dmddbol s  BMOIoMmIdOL  3gM0MmEIdL.  0bMJzom@o  3gMomol
bobyMdwozmds ©sdm30gdwos Lobmgbol pH - Bg. 09753056Mm00L goBMHOm 0bwmdson®o 3gMompo
0BMEYds s B3 EOEHLBL FMdggds gb 3MMmEgbo, dom gBHos Mmool Lymaool bsfowszgdol
Dm3gd0. GBI 90930 Jomgdo bsfowszgdol bmdgdo 2 — 3 — xgM MBO™ bs3gdo Mogobss, 3069
07539 96M980. Mmool  bMwgool  303096GMM0  ®30L9d900  BMBI30MbsH  BMI0YOMEYdSF0s
Bofomszgdol bmdsliomsh. Mmool Lyyegool Bsfows3gdol Bmdgdo mgMdwmo ©sdw)dsgzgdol d9gys©
LS — 2 — x96 0%OEYds, g3y 0DOEIds  d9M@sGHgbol  dsB3zgbgdgo, Moz  990dwgds  s0blbob
3M0bGHMo dgbgMol ©IBIIGHIO0L 89930609800, MILOE SILEHMMIPL MIbERIBMBIBMGO sbsewobo.

0000l BYxB0o JoMH0mIEIE 350m0yggbgds HMamOE Mgmco 30d96¢0 ©s Wdobmngm®mgddo.
299mygbgdol  Lyygdmb  dobgzom  d03Mmbsfows3gdol  bmdgdo  Mbs ogml  Lbgoolbbgs o
9bmol3gmlrmsb sbanmlb, Gmdgwog bOWblgwygmgl dol Jopo Mm3GH03MEG 30L9090L. EIL-
©EIMdOm 99949353900 Mmool  bErool  Lobmgbol  Jodom®-EHadbmwmaon®o  3GMmEglgdo
9000905 30¢oEoL3ghlbvywmo bafowszgdo.

@oBIOGHMOM@Oo  JoboegdoEsb  3bMmdowos, GMmI Mmool Lyyergool  Lobmgbol  3oMmMdIdO
239bLsBP3gMgL  Job  BoBogMm-Jodom® m30LgdogdL [1]. dgbfsgeromo  FsBMmEMmId0Esb 8650d3bgarmgsbos
Lo®godzom 6ol pH- 0 GsByz dommomgdl sg3@mmms [2] 9hmdgdo, MHmIwgdog bfsgarmdbyb ZnSO4 -
H2S — LobiEgdsb.

Lodvdocls d0Bsboo Fggzobfagermam MZnSOs — N(NH4)2S — dH2S04°— pH20 LobBgdsdo bscgsdgom ool
PH- ol go3agbs Mmool Lmewgool  Jogmhmbsfowszgdol Bmdsby o 30a396@MG  »30L9d9dBY.
LobmyHBOoMHYOMEo MMMool bwrool 650dMdgdo MgMIMWo  ©sFMTsg9dsL  oboows 0bgdEME
5980 650-700°C 3983965 m@0L 06963580 45 Fmmol go6853wmdsdo.

000l baeggool  boffomszgool §omdmgdbol 36MHmEgbdo 89odergds godmagmo Lsdo 39Momo,
OMEbsg  MYooLs s JMmPoMEOl  0mbgdol  3mb3gbGHME0gdOL  BsdMOZWo 96  50gToGJds G500
blibomdol bsdMogwls s bLbstol d9dsygbarmds

o6 033909, sl 390degds 310m©mom
a n 0600 3gmompo & —0 (Bsb.1).

C &

6sb. 1. Mmool bvyergool 3HoLEIwoDozool
30693403760 9GO

d90opmdo  39Mom©os  OMEILsg  830MEYds
LoPgobo  3mI3MbgBEBHIBOL  3MbBEIbEHMsEg0s  blbs®do,

= bBbgds  306MH39woo  Bobsbobgdo,  B0dEobstgmdl
Bobobiobgdol 06¢9bLoHo §o63mgdbos,
90360HMdWM3gdoL s 53MgRGJOOL  BMOToMmGds, MHMIJLsg Fgglodsdgds O — P 9mbszggomo. dmenml
99bsdg P — d 3mbogggmo, GmAgeos bsliosmgds BobBsLEbgdolL Bywo Fo®dmImdom ©s 93Mga5GJOOL
06¢9blomo  BmGIoMmgdom.  BsbsLobgdol  [o®dmgdbol LoBdstg Foduodmdl  sefg3l  0bwmdsom®o
396MH0mEOoL  dMEMl, 0bMJ30MHo  39MHoMm©OL  bobaMdwogmds  ©sIM30IOos LobmgBol pH- by
(655.2). LobMgBOL  B5553006MBOL  ABOO® 0bEJgoMo 3gMom©o 0BOEYdS s M3 OELIBL
3M®dgwgds gb  3OmEqbo, Goo  dgBHos Mmool  Lbyergzgool  65fowszgdol  Bmds.  3oMzgerso

k
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8 ®30L90900 a3bJaombocry®
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99009390 Mmool begool  Bsfogazqgdol
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5 19 15 20 an — 9900093  9608369emgbs  0BOEIBs MmOl
LMEROoEOL MG IHBoL s 30adgbG o

95639690 qd0.

0mools Brezool Bmaoghmo BobBogmmo dsBggbgdergdol sdmzogdegds Lobmgbols pH- by

B0BogMmo 35639690 gd0 pH
11 - 12 [o- 10 |65 -7 |42 - 45 ]32-36
09OINWIO ©¢)3¢)8539090
09OINYWIQ 31985390900
Bofosgzol Lsdrsmm ©osdgd Mo, 0.06 0.09 0.12 0.17 0.18
933 0.13 0.18 02 038 045
390G oL dobggbgdgero 1.55 1.53 1.9 1.6 1.65
1.7 1.8 2.1 1.8 1.75
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OKP, A” 700 800 850 550 300
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03903390 ds, /100y 33 30 26 27 29
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INFLUENCE OF pH ON SYNTHESIS OF SULFIDE OF ZINC AND ON ITS PIGMENTARY
PROPERTIES

V.Rukhadze, |.Kamushadze, M. Kukhalashvili
Akaki Tsereteli State University

SUMMARY

Influence of pH of the reactionary environment on synthesis of sulfide of zinc from system mzZnSQO4 —
N(NH4).S — dH.SOs — pH0 is investigated for the size of microparticles of sulfide of zinc and its
pigmentary properties. It is established, that process of formation of particles of sulfide of zinc contains
induction, a germ forming and forming - the periods. Duration of the induction period depends from pH
synthesis of sulfide of zinc. With increase in acidity the induction period increases and the longer this
process lasts, the it is more size of particles of sulfide of zinc. In the alkaline environment the size of the
received particles 2 - 3 times are less than in the sour environment. Pigmentary properties of sulfide of zinc
in functional dependence with the sizes of particles. The size of particles of sulfide of zinc after thermal
processing 1,5 - 2 times increases, the parameter of refraction that it is possible to explain reduction of
defect of a crystal lattice that proves to be true rontgenphase the analysis also increases.

BJMSIHUE pH HA CUHTE3 CYJIb®UJIA IIMHKA U EI'O IMTMEHTHBIE CBOMCTBA

B.Pyxanze, U.Kamymanze, M. Kyxanamsunu
I'ocyoapcmeennuiii ynugepcumem um. Axaxusa Llepemenu

PE3IOME

N3ydeHo BiusHue pH peaknnoHHO# cpenbl cuHTe3a cyinbduaa muHka u3 cucreMbl MZNSOs — N(NH4)2S —
dH2SO4 — pH20 Ha pa3mep mMuKpoyacTull CyibGHIa [IMHKA U €r0 MUTMEHTHbIC CBOMCTBA. YCTaHOBIICHO,
YTO MpoIecc 00pa30BaHUs YacTHIl CyIb(raa IMHKA COACPKUT UHIYKIIMOHHBIN, 3apOIbIIIC00pa3yOIHi 1
dopmupyrommii  epruobl. [IpoIomKUTENFHOCTh MHIAYKIIMOHHOTO Iepruoja 3aBUCHT OoT PH cuHTE3a
cynabduia nuHKa. C yBeTUUEHHEM KHCIOTHOCTH yBEIHMYUBAETCS WHIYKIIMOHHBIA MEPUOJ U YeM JOJbIIe
JUTUTCS 9TOT TIPOIECC, TeM Ooublle pa3Mep dYacTHll cyiab(uiaa nuHKa. B 1memouHoit cpene pasmep
MOJYYEHHBIX YacTHIl B 2 — 3 pa3a MEHbIIe, 4YeM B KHCIOH cpesie. [IurMeHTHbIe CBOMCTBa CyNb(huaa INHKA
HaxoJATCs B (PYHKIIMOHATIBHOW 3aBUCHMOCTH OT pazMepa yacTull. Pazmep dactuil cynbduaa IHMHKa 1Mocie
TepMHYECKOH 00paboTku yBenmuuBaercs B 1,5 — 2 pasa, TakKe yBeIMYMBACTCS OKA3aTENb MPEIOMIICHHS,
9TO MOXXHO OOBSICHHTH YMEHBIICHHEM Je()eKTOB KPUCTATMYECKOW PEIIeTKH, YTO IOATBEPIKAACTCS
peHTreHo(da3oBbIM aHAIN30M.
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ELECTROCHEMISTRY

THE INFLUENCE OF NATURE OF THE SOLVENT ON ELECTROCHEMICAL BEHAVIOR
OF MELLITIC ACID

I.A.Gurgenidze, T.R.Chelidzde, Sh.S.Japharidze, D.J.Tediashvili, S.T.Shigardelashvili
R. Agladze Institute of Inorganic Chemistry and Electrochemistry, lv. Javakhishvili Thilisi State University
E-mail: tamchelidze@yahoo.com

The purpose of our research is the study of the electrochemical behavior of benzene mellitic acid in solutions
which have different physical properties in water and in ethylene glycol. Investigations were carried out by
recording of voltammetric curves. It was established that mellitic acid shows electrochemical activity in the both
solvents and the height of diffusion wave is directly proportional to its concentration. It is shown, that the value
of the half-wave discharge potential of mellitic acid in ethylene glycol is much more negative than in water. By
our opinion, that is the result of the high viscosity of ethylene glycol

It is well known, that different structure benzocarboxil acids widely use in medicine and
pharmacochemistry, in particular, these acids are a necessary part of orthopedic and stomatologic materials.
They also have anti-tumoralability[1]. The purpose of our research is the study of the electrochemical
behavior of mellitic acid, which is benzocarboxyl acids with six carboxyl group( 1,2,3,4,5,6-
hexabenzocarboxyl acid). Its chemical structure is shown on the fig.1.

Fig. 1. Structural form of mellitic acid COOH

Investigations were carried out by recording of voltammetric curves
which is characterized by high sensitivity, accuracy, receiving
information and the availability of the method for introducing into
practice. For the study of the electrochemical behavior of mellitic acid HOOC COOH
was chosen  solutions, which has different physical properties — water
and ethylene glycol. The diatomic alcohol — ethylene glycol is about 20 COOH
times more viscous liquid than water.

The investigations will be performed through voltammeric methods with a dropping mercury electrode
(t=0.755 drop/Sec, m=2.6 mg/Sec) by a three-electrode cell. The voltammetric curves are recorded during
potential range from 0 to -2.2 V. The value of potential was taken respect to the saturated calomel electrode
potential and as an anode was platinum wire. The process was performed in the thermostatic cell (t=20°C).
During the experiment, twice-diluted solvents were used. For the determination of a degree of
reproducibility, the experiment was repeated several times under the same conditions. The deviation made
up £1.5%. It was established that mellitic acid shows electrochemical activity in the both solvents and
the value of the half-wave potential discharge of mellitic acid in water is E= -1,62 V and in ethylene
glycol E=-1,9V (fig. 2 and 3) respectively.

HOOC COOH

§ 100

80
Fig. 2. Concentration dependence of

a | polarography reduction of mellitic acid in
base of the 0,5 M NaClQO; in the aqua
solution:

gl | 1-0;2-8-10% 3-1.41-10%
4-189-10%5-2.28-10%6-275-10%

20 ¢ 7-3-10%8-4-10°M

0 ;

-0,2
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Fig. 3. Calibration curve of the
guantitative analysis of mellitic acid in the
aqua solutions

As can be seen from the figures, the
height of the diffusion waves is directly
proportional to its concentration in both
solutions. On the basis of this dependence
the calibration curve is constructed, which
makes it possible to determine exact
concentration of mellitic acid in range c=
8:10* +4-10° M, c=1-10% +5.6 -10°
respectively (fig. 5 and fig.6). The value
of half-wave potential in ethylene glycol

is much more negative than in water, which is probably due to the fact that large molecules of ethylene
glycol discourage diffusion of mellitic acid molecules to the surface of the electrode.

Fig. 4. Concentration dependence of polarography reduction of mellitic acid in base of the 0,5 M NaClO,
in the ethylene glycol solution: 1 -0; 2 —-1.5-10%; 3-2.03- 103; 4 - 2.45- 103, 5-2.79- 10®; 6 -3.16- 10,
7-3.46-10%8-4-10%9-45-10%10-4.95-103%11-5.35-10%12-5.61-10%13-6-10°M

12 ¢

Iy A

10

4 5 6

cx103,M

Fig. 5. Calibration curve of the quantitative analysis of mellitic acid in the ethylene glycol solutions
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BJIMSIHUE ITIPUPO/IbI PACTBOPUTEJISI HA DJIEKTPOXUMHWYECKOE ITOBEJIEHUE
MEJHMUTOBOM KUCJIOTBI

N.A.TI'yprenunze, T.P.Yenunze, 111.C.xxanapunze, . Ix. Tenuamsunu, C.T.Ilurapaenamsunu
Hncmumym neopeanuueckou xumuu u snekmpoxumuu um. P.Aenaose, Tounucckuii I'ocyoapcmeennbiii
yHesepcumem um. He. /icasaxuweunu

PE3IOME
B paGore moka3aHO 3NEKTPOXUMHUYECKOE MOBEIEHHE MEJIMTOBOW KHCIOTHI B JABYX PacTBOPHUTENX,
OTIMYAIOIIUXCS (PU3MYECKUMH CBOHCTBAMH — B BOJE€ M JIByXaTOMHOM CIHAPTE JTHJICHIIIMKOIIE.

HccenenoBanusi IpOBOAWIA METOJOM CHSTHUSL BOJIBTAMIIEPOMETPUYECKUX KPHUBBIX. Y CTAHOBJIEHO, YTO
yKa3aHHas KHUCJIOTa B OOOMX PAcCTBOPUTENSX MPOSBIAET AIIEKTPOXUMHUYECKYIO aKTUBHOCTh M BBICOTA
TP PY3MOHHON BOJHBI MPSIMOTPONOPIIMOHATIBHA e€ KOHIeHTpaluuu. [lokazaHo, 4To 3HaUeHUE MOTEeHIaIa
paspsiia MOJIYBOJIHBI MEIUTOBON KUCIIOTBHI B OTWJICHIIIMKOJIE TOPA3l0 OTPULATEIbHEE, YEM B BOJE. YTO II0
HaIlleMy MHEHHUIO BBI3BaHO BBICOKMM 3HAYEHHEM BA3KOCTH 3TUJICHIJIMKOJIS.
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PHYSICAL CHEMISTRY

SYNTHESIS OF FER TYPE ZEOLITE

V. Tsitsishvili, N.Dolaberidze, M.Nijaradze, N.Mirdzveli

Petre Melikishvili Institute of Physical and Organic Chemistry
of lvane Javakhishvili Thilisi State University, 0186, 31 Politkovskaia str., Thilisi, Georgia

The synthesis of FER type zeolite materials by hydrothermal transformation of natural Georgian volcanic glass
perlite treated by HCI water solution and suspended in presence of the Li ions was investigated. Products are
characterized by chemical composition, XRD, FTIR, SEM-EDS and thermal analyses, as well as water and n-
hexane sorption at static conditions. Possibility to prepare the nearly pure Li-form of the ferrierite by autoclave
synthesis at 160°C during 140 hours is shown.

Introduction

A silica-rich zeolite ferrierite first discovered in 1918 and described by P.A.Vaughan in 1966 (UPAC
crystal chemical formula [MgzNaz (H20)1s| [AleSizO72]-FER) [1], is listed among common zeolites in spite
of it is rare in nature. More than 20 only the US patents
according to the synthesis of ferierite and its applications have
been published in 1976-2015. Such attention is caused by its
structural properties: FER has two-dimensional channel system
with the 10- and 8-rings (Figure 1), it can include a spherical
molecule with maximum diameter of 6.31A, and a molecule
with diameter of 4.69A can diffuse along the ¢ axis.

Fig. 1. FER framework viewed along [001] [1]

Hydrothermal synthesis of ferrierite without organic
templates is based on results of investigation of strontium-
containing gels published by R.M.Barrer and D.J.Marshall in
1964, and the synthesis in the presence of potassium ions was
examined by Toyo Soda [2] and scaled up for commercial
production [3]. According to the US Patent 4,650,654, products
are characterized by chemical composition n;Na - noK - Al - xSi,
where n; varies from 0.193 to 0.824, n, from 0.366 to 0.905, and x from 6 to 11.75; the FER structure is
testified by X-ray diffraction patterns.

Ferrierite can be crystallized from an aqueous gel of composition n;Na;O - nK;0) - Al.O;3 - XSiO; -
yH20 - 2:CO; - zo(HCO,),, where ni = (1 —— 10)n,, n1+np=3.0, X varies from 6 to 15, y>120, z:1<1, z,>2, at
250°C in reaction periods ranging from 40 to 95 hours, the crystallization time can be reduced with seeding
[4]. The hydrothermal transformation is rather carefull procedure — in such system the ferrierite is a
metastable phase and it is transformed into tridymite, high sanidine and orthoclase at longer reaction
periods. At 200°C, chabazite was crystallized from the same batch composition at a very slow rate. At
temperatures higher than 250 °C and in the absence of carbonates and bicarbonates in the batch mixture,
tridymite, high sanidine and orthoclase crystallized directly without the formation of ferrierite [4].

Simple synthesis of the FER type zeolites with varying Si to Al ratios is possible in the presence of a
catalytic amount of pyrrolidine or ethylenediamine [5]. Application of surfactant moieties (sodium bis(2-
ethylhexyl) sulfosuccinate) that direct pyrrolidine molecules in a particular fashion, results in a sixfold
decrease in the required amount of template as compared to conventional procedure, for FER
crystallization [6]. Recently ferrierite zeolite nanoneedles [7] and hierarchical ferrierite with high catalytic
stability and product selectivity in the 1-butene skeletal isomerization [8] have been prepared.

Organotemplate-free synthesis of high-silica ferrierite is still popular [9], so as to develop a simple and
relatively cheap means of obtaining the FER type zeolites remains valid today.

The aim of our work was to study the synthesis of ferrierite in the presence of lithim ions and without
application of organic templates.
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Experimental
Preparation of synthetic zeolite material was carried out using Georgian natural perlite from the

Paravani Lake (Southern Georgia) deposit having chemical composition (3.58K.0 - 1.1Na,O - 1.4Ca0 -
1.45MgO) - (12.88Al.0;3 - 73.68Si02) - 6.72H,0.
Processing of raw in target material includes following steps:
Preparation & acid treatment of raw material — perlite powder was treated at room temperature by
the HCI water solutions under stirring, washed by water

7 Si/Al before the complete disappearance of Cl- ions, and dried
in owen at 100-105°C; from the results of the X-ray
6 powder diffractometry, it was confirmed that obtained

homogeneous compound was amorphous; changes of
chemical composition (the Si/Al ratio and relative content
5 of positively charged metal ions Me*) at different acid

19 concentration [HCI] are given in Figure 2.

Me*
1.0 Fig. 2. The Si/Al ratio and metal content in acid treated
0.8 perlite
0.6 ) . . o .
04 It is shown, that highest Si/Al ratio is achieved after

[HCI] % treatment |n 200/_0 HCI water sol_ution, the metal content in
o s 10 15 20 25 30 such conditions is decreased twice.

Preparation of suspension & base treatment — water suspension of the acid treated amorphous
material was prepared with the solid to liquid ratio of 1 : 3; prepared suspension was treated at room
temperature by 1% LiOH water solution, solid to liquid ratio of 1 : 6, gel homogenization takes from 30
minutes to 1 hour; water content generally is rather high to ensure viscousity suitable for crystallization
process, but water molecules are compulsory units to built zeolite structure and play a significant role.

Crystallization — crystallization is effected by charging a starting gel (slurry) in an autoclave and
heating the slurry at a temperature of 160°C, duration of the process — up to 140 hours; as in [4], in order to
uniformalize the temperature in the autoclave during the crystallization, it is preferred that the
cryatallization be carried our with stirring.

Separation and cleaning — after completing the crystallization, separation of produced crystalline
material from the mother liquor was carried out by filtration, solid material was cleaned by water until pH
8.0-8.5, and dried at 90-100°C.

Chemical composition of prepared samples was determined by elemental analyses carried out using a
Spectromom 381L plasma spectrometer and a Perkin-Elmer 300 atomic absorption spectrometer, as well as
by energy dispersive X-ray (EDS) analysis. X-ray powder diffraction patterns were obtained from a
DRON-4 diffractometer, employing the Cu-K, line and scanning at 1° per minute, FTIR spectra in the
wavenumber range 4000-400 cm™* were recorded on the Perkin-Elmer FTIR spectrometer (version 10.4.2)
using the KBr pellet technique for sample preparation, SEM images were obtained by using Jeol
JSMG6510LV scanning electron microscope equipped with Oxford Instruments X-Max 20 analyzer for
EDS. Sorption capacities are measured at room temperature under static conditions — water at p/ps=0.40
and p/ps=1.0, n-hexane at p/ps=1.0.

Results & discussion

Chemical composition of prepared material, (Lisz2Meg2)(Als4Siz1e5072)-11.8H,0, is in a good
accordance with the UPAC formula with the exception of small “lack” of the Al atoms and significant
decrease of water molecules in the frame. Commercial samples of ferrierite used in many applications and
studies generally are characterized by higher Si/Al ratio than the UPAC formula predicts, prepared sample
(Si/AlI=7.2) can be compared with ferrierite characterized by empirical formula Ko722Nag238AlSizg
(example 2 of the US Patent 4,650,654) and prepared in autoclave at 170°C during 72 hours from slurry,
containing metals in wt% ratio of NaOH:KOH = 0.50:2.21.

Prepared material is nearly pure (95.5%) Li-form, EDS spectra show irregular distribution of Na, K,
Mg, and Ca.
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X-Ray powder diffraction patterns of obtained
samples have been compared with experimental patterns
from the US Patent 4,650,654 [3] (see Figure 3) and
with calculated ones taken from the IZA database of
, ! K,Na-FER zeolite structures [10]. Experimental patterns of Li- and

' K,Na-forms are in a good accordance with the exception
5 of difference in intensity for peaks in a range of 12° <
, f 20 < 15° Pattern calculated for siliceous (Si/Al — )

| w "‘ ﬂ FER structure gives possibility to assign comparatively

| | LI w high intensity peaks at following 20 angles: 9.44° (hkl =
i ol a1V v, 002, d = 9.36A), 12.7° (hkl = 200 and 011, d = 7.04A
: iy and 6.9A), 13.5° (hkl = 110, d = 6.56A), 22.5° (hkl =

10 20 30 40— 213 d = 3.95A), and 25.6° (hkl = 400 and 022, d = 3.5
and 3.4 A). The (110) reflection is generally of much
less intensity than expected from pattern simulation, as
was mentioned and discussed in [11].

Li-FER

Fig. 3. Comparison of XRD patterns for obtained Li-
FER and reference K,Na-FER [3] samples in a range of
| ~| S EREENEEY L B9< 2@ < 40°

1 ““ ” LV Fourier transform infrared spectra of obtained
i

Nl i L L e e
A I s S e e
1

: * groups; peaks and shoulders in a range of 1510 — 1260

0 20 30 40 cm- ! due to bending vibrations of bridging ~OH-O—

groups; broad peak at 1000 cm~ ! and a shoulder at 750

cm- ! of asymmetrical and symmetrical external stretch vibrations of the TO, tetrahedra; peak at 660 cm™?!

and shoulders at 1190 and 700 cm * of internal stretch vibrations; peak at 550 cm~ ! of double ring
vibration, and peak at 460 cm~* of T-O bend vibration.

Both XRD and FTIR data show developed zeolitic crystal microporous structure in synthesized
samples, and it has been confirmed also by comparatively high averaged value of (4.42 mmole/g, see Table
1) of water adsorption capacity under static conditions at the “plateau” pressure. The synthetic ferrierite
behaves as a medium port molecular sieve and sorbs nonpolar organic molecules (benzene, toluene and
cyclohexane [4]), but the sorption capacity of n-hexane is comparatively low.

Table 1. Comparison of water and n-hexane sorption by Li-FER and reference K-FER, natural ferrierite
from Santa Monika mountains, California, USA [12]

. . H.O N-CesHus

Zeolite Sorption 0Ipe=0.4 0Ip=1.0 0Ip=1.0

. mmole/g 4.42 5.0 0.136

LI-FER cmdlcm? 0.164 1.917 0.289

Natural ferrierite mmole/g 3.63 3.95 0.102

from USA cmi/cm?® 0.138 1.151 0.217
a, mmole/g According to [5,11] and other studies of
= + s ferrierite structure, thermally it is rather stable
40 zeolite, the DTA curve show the endo-peak

(120°C) of dehydration, a dehydroxylation and a
35 sintering of the zeolite convert the ferrierite at
approx. 900°C into a glass-like species, unsuitable
for adsorption (see Figure 4).

Fig. 4. Water sorption on Li-FER after calcination
<500 500 600 700 800 900 gt different temperatures
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SEM images generally show micrometric crystallites (Figure 5a), a smaller part of which (up to 15
wt%) are comparatively large (diameter from 3 to 12 pum), and a large part has sizes from 0.5 to 1.2 um
(Figure 5b), creation of fibrous aggregates (Figure 5c¢) with average diameter of 0.06 um takes place
locally, and preparation of “hierarchical ferrierite”, as well as study of Li-FER ion exchange properties, is
the aim of our following work.

x10,000 1p

10um —e

Fig. 5. SEM images of Li-FER

Conclusion

The proposed method of Li-FER preparation is based on the use of natural silica-alumina raw material
and inexpensive reagents (HCI, LiOH), and gives possibility to obtain monocationic ready-to-exchange Li-
ferrierite without application of organic templates.
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2mMIol 39MH0gMHoEOL Jomgdols FglodmgdEMds 93GMIMs32IM0 Lobmg®Bol ybom 160°C 39d3g@e@wma®y
140 Lso00L 296353 MdST0.

CHUHTE3 HEOJIUTA THUIIA FER
B.I'.Hunumsunyn, H.M.Jonabepunze, M.O.Hmwxkapanze, H.A.Mupazsenu
Hucmumym usuueckoii u opeanudecxkou xumuu um. 111 Meruxuweunru Tounucckozo 2ocyoapcmeentozo
yuueepcumema um. 1. /icasaxumeunu, 0186, yu. A.llonumxosckou 31, Tourucu, I pyzus

PE3IOME

Wccnenosan cunres neonuta tina FER mytem ruapoTepMaibHOro BEICOKOTEMIIEPATYPHOTO MPEBPAIICHUS
IPY3UHCKOTO IPUPOJHOrO MEpiauTa, OOpabOTAaHHOIO COJISHOM KHUCIOTOW M CyCIIEHAUPOBAaHHOIO B
IIEJIOYHOM pPAacTBOpPE B MPHUCYTCTBUM HOHOB JINTHS. YCTAaHOBJIEH XUMHYECKHH COCTaB MOJIYYEHHOTO
NPOJIYKTa, OH OXapakTepH30BaH JaHHBIMA METOJOB peHTreHoBckor auddpakromerpun, Dypne-HNK-
CIEKTPaJIBFHOTO aHallN3a, aJCOpOIMHM BOABI M H-TEKCAaHa B CTAaTHYECKUX YCIOBHSX, TepMmorpadhuu u
CKaHUPYIOLIEH DJIEKTPOHHOW MHKPOCKONHMH. [loka3zaHa BO3MOXKHOCTH IIOJYYEHHsS MOHOKAaTHOHHOW Li-
¢dopmel PepbepuTa MyTEM aBTOKIABHOTO CHHTE3a pH Temmeparype 160°C 3a 140 yacos.
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OU3NYECKASA XUMUA

HNCCIEAOBAHUE KUHETUKHU CTPYKTYPOOBPA3OBAHUSA CAXKHU B YCJIIOBUAX
BBICOKHX JABJIEHUI U TEMIIEPATYP B CBETE BO3MOKHOCTH
AJIMA300BPA30BAHUSA

M.II1.Lepomze, 3.A.Apaymmsuiu. T.b.IIxananze, C.1.3acnasckuii, H.T.Jlomamze
T'py3unckuii mexnuueckuti ynueepcumem

[IpoBeneHBI UcclieNOBaHUS [T0 U3YYCHHIO KMHETHKH (ha30BBIX H CTPYKTYPHBIX U3MEHEHHH B cake (YIiIepo. MUpoIn3a
MetaHa -YIIM) mpu pasnuyHbIX TepMoamHammueckux mapamerpax (P=2,5-5,0 rlla; T=1270 - 1670K; t=5-60c).
YcraHoBieH (akT rereporeHHoi rpaduranun (y) HeanMasHoro yriepoma YIIM c obpasoBanmem nByX(hazHOTO
Mmarepuana. [lonyyeHHbIE yTIepoaHbIe MaTePHANbI B YCIIOBHAX KaTaJIUTHYECKOTO CHHTE3a HE MEPEXO/IAT B ajiMas3.

O BIMSHUM CTPYKTYPbl HCXOAHOTO YIJIEPOJHOIO CHIPbSl Ha MPOLIECC CUHTE3a ajMa30B, U3BECTHO, YTO
CIIOCOOHOCTh YIJIEPOJHOIO MaTepHana K aaMa3000pa30BaHUIO ONPENENSeTCS CKIOHHOCTBIO yIiiepoja
TOMOTCHHOW rpadutanuny. BbIXxoj anMa3zoB M3 yIiepoja C BBICOKMM MoOKaszareneM Tpaduramuu ()
3HAYUTENFHO MPEBBIIIAET BBIXO]I allMasa U3 yriiepoja ¢ HU3KuM 3HaueHnem v [1,2,3].

C nopyroii CTOPOHBI, 3KCTIEPUMEHTAIBHO YCTAaHOBICHO, YTO IIPHU BHICOKMX JABJICHHUAX U TEMIEpaTypax B
o0macTi cTaOMIBHOCTH aiiMa3a, MPOUCXOIUT rpadUTalUsl YIIEpOIHBIX MAaTepHaIOB HEYMOPSAOYCHHBIX
dbopM W OHM TPHOOpETarOT 0OoJiee COBEPIICHHYI0 KPHCTAUIMYECKYyI0 CTpPYKTypy [4,5,6]. B ciydae
NPUCYTCTBUS XHUIKOM MeTalundeckoil (aspl rpaduranys yriepoaHbIX MaTepuaioB MpOTeKaeT Ooiee
MOJTHO M ¢ OOJBIIMMH CKOPOCTSIMH. TeM He MeHee HeoOXOAUMO OTMETHTb, YTO, YYUTHIBast OCOOCHHOCTH
TEXHUYECKOTO Tpoliecca, KaTATUTHYECKOTO CHHTE3a aiMasoB, J0 JOCTHXKCHHS B Kamepax BBICOKOTO
JaBiieHUsT TeMmmeparyp Bbimie aBieHus: (=1500K) wmerannoB-karaau3aTopoB M Hadajo Ipolecca
KpHCTAIIM3alMU aMa3Hoi ¢a3bl U3 PacTBOPOB yIIIepoAa PaciulaBOB METAIOB, HCXOIHBIN YTiIepOJHBIH
MaTepual B TEUEHHH OIPEAENICHHOro NIpoMexyTka BpeMeHH (5-30cek.) mojaBepraercsi BO3IEHCTBHUIO
BeIcokuX Aasnenuit (P) u remneparyp (T). Mcxons u3 sToro, ¢ pacmiaBaMy METaNIOB-KaTaIM3aTOPOB yxKe
OyayT B3aMMOJEHCTBOBATh YIJIEPOJHBIE MaTepHalbl INPETEPIEBLINE OIPEACICHHBIE CTPYKTYpHbIE
M3MEHEHUSI. CrnenoBarenbHO, H3yYeHHE BIHMSHUS TepMoOapuyeckoil o00pabOTKM Ha CTPYKTYpY
YIJIEPOAHBIX MAaTEpUaoB IPEACTABISET HECOMHEHHBIH MHTEpeC MpH HCCIEIOBAaHWM MEXaHHU3Ma
NPEBpALICHUs YITIEPOIHBIX MAaTEPHAJIOB B ajIMa3.

C menpl0 TONYyYSHHS JIOTIOJNHUTEIBHBIX CBEJICHUH, HEOOXOIUMBIX JUIS TOHUMAaHHS MEXaHW3Ma
arMa3000pa30BaHus, ObUTM TIPOBEJICHBI HCCIICJIOBAaHMS, HAMpaBlieHHbIE HAa W3YYCHUE BIUSHUS
peaBapUTEIbHON TEPMUUECKON U TepMobapuyeckoil 00paboTku (KaK B IPUCYTCTBUU METAILJIOB, TaK U 0€3
HuX) yriaeponHoro wmatepuana (YIIM ) Ha mpouecc moigydeHHs aiMa3oB W3 Hero. B kadecTse
WCCIIeyeMOT0 BellecTBa ObLT BBIOpAH YIIIEPOIHBINA MaTeprall, sSBISIONIMICS MTPOAYKTOM OTX0/1a Mpolecca
OKHCIIMTENBbHOrO0 mHponu3a Merana. YIIM oTHocuTcss K KiacCy CaXX M OpEACTaBIseT coOoid
BBICOKOJHMCIIEPCHOE KpHUCTamiorpaguueckuii  (peHtreHa) amopdHOe BELIeCTBO C TypOOCTpaTHOM
CTPYKTYPOH.

Wzyunwnn BnusiHEE TepMoOapu4eckoil oOpaboTKM Ha KHUHETUKY CTPYKTYpPHBIX HM3MEHEHHH B Caxke
VIIM B amanazone pasieHuit 2,5-5,0 rlla, temmeparypax 1270-1670K u BpeMeHH BBIAEPKKH OT 5
mo 120 cek.

C MOMOIIIBI0 PEHTTEHOCTPYKTYPHOTO aHalln3a ObUIO yCTAaHOBJIEHO, uTO cTpykTypa YIIM mpereprieBaer
CYILIECTBEHHOE M3MeHEHUE yxe mpu aasnennu 2,5 10°I1a u temneparype 1270 K 3a Bpems Scek. ITocne
TepMobapuueckoii oOpabotkn YIIM mpu ykazaHHelx mapamerpax otpaxenue nuHun (002) Ha
pPEHTreHOTpaMMe MPUOOPETAET CIOKHBIA MPOQIITh U MPEACTABISIET COO0H HAIOKEHHOE OTPAKCHHE BYX
¢a3 - rpadutHOii ¢ doo2=3,361 ¥ cABUHYTOI B CTOPOHY OOJIBIINX YIIIOB - aMOP(HOIA.

[Ipu 3TOM CTPYKTYpa HEynopsAAOUeHHOH (ha3bl OCTaeTCsl MPAKTUUECKH HEM3MEHHOH - TypOOCTpaTHOH ¢
MEXIUIOCKOCTHBIM ~ paccTostHueM  Ooo2=3,68. Ilo Mepe yBenauyeHHs IapaMeTpoB TepMOOAPUUECKON
o0paboTku yriepoaa YIIM yBenuyuBaeTcs U coaep)kaHue TpapUTHOH CcOCTaBisIONICH (yBeauueHue
uatreHcuBHocTy JInHNK 002), HO CTpyKTypa 0benx (a3 Ipu STOM NPAKTHYECKH HE MEHSETCS.

Kak yka3pIBajaoch BbIllIE, IS KOJIMYSCTBCHHOMN OICHKH rpaduTHOM (hasbl, MOSBIMIONMIEHCS B MPoLecce
TepMobapudeckoii 00pabotku YIIM, OBUT MOCTpOEH KaTWOpOBOYHBIA TpadWK B KOOpAWHATAX —
KOJINYECTBO B %-ax obpasoBaHHOTO rpadura u leo2 rpadura/ loo amopd. Ha MOAETBHBIX cMecsIX TpaduT +
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L
amopdusiii yraepon (YIIM). Bouto BeIBIEHO, YTO HIKHUN Mpees KOHIEHTPAIUU M0 TpaduTy, KOTOPHI
¢ukcupyercsi Ha peHTreHorpamme mnosieieHueM rpadurtHoit nuauu (002), cocraBmser 2-3 Y%macc.
IMosiBnenne otpakenns (002) B Bume ramwio ot amopduoro yriepoma — YIIM  ¢uKcHpyeTcss TOIBKO B
CIIyJae ero cojiepkanus B cMmecu 0onee /-8 Y%macc.

Ha puc.1 npencraBnensr xapaktepubie npodwmu aunuid (002) YIIM no u mocne tepMobapuyeckoit
o0pabotku. CremyeT OTMETUTh, YTO TOsiBIcHUE cloXHBIX npoduneit muauu (002) (Hammume aByx das)
IIpH TepMOOApUIECKOI 00pabOTKEe YTIAECPOTHBIX MAaTEPHUATIOB OTMEUAETCS PSIIOM HcciiemoBaTeneh [3,4].

SN\ _(002)rw1-1870

N

(002)re

(0029

30 20 20

Puc. 1. Xapaxrepusie npodunu nuaun (002) yrneponHoro matepuana YIIM no tepmobapuueckoit
o0pabotku 1 m mocne TepMobapudeckoi oOpaborku npu: 2 —P=4.5-10°I1a, T= 1270 K, T=5¢;
3-P=7,710°Tla, T =1470 K, =60 ¢; 4 — P = 4,5:10° Ila, T =1670 K, =120 c.

Ha ocHoBaHMM TNpOBEJECHHBIX PEHTTEHOrpaQHUUECKHX HCCIEAOBAaHUN OBLIH TMOIYyYEHBl 3aBUCHMOCTH
BmusaHusi P — T — 1 ycnoBuid Ha npouecc rpadpuramuu YIIM (puc. 2). AHanu3 OpeacTaBIeHHBIX
3aBUCHUMOCTEH TIOKa3bIBaeT, YTO MpPHU TMOCTOSHHOM JIaBJICHWW TeMIlepaTypa OKa3blBaeT Haubolee
CYIIECTBEHHOE BIIMSHHE Ha IMpollecc MpoTekanus rpaduranmu. Tak, yBelnveHre TeMIepaTyphbl OMbITa C
1270 no 1670 K mpu o1nHaKOBOM NMPOMEKYTKE BPEMEHH MpoLiecca MPUBOAUT K YBEIMUCHUIO COJCPKAHUS
rpaduTHON (a3l B 6 - 7 pa3. D10, BEpOATHO, CBSI3aHO C YCKOPEHHEM IpoleccoB Aud(y3un, KOTopble
OTBETCTBEHHBI 32 MPOTEKaHne TBepo(a3HoM rpadUTaiK YrIIepOIHBIX MATEPHATIOB.

L3
O k=
P =t 509 o
Foell 5
=]
- i A
| i ] “f
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- a Trade o
?,I'-.-'e-?'c:'vr I[ =0k
20k }”_J]_,_"-‘?_ T_‘-.l'.??ﬂ.p{ H "
—— i i 5
? = @ T C 37 23 WA F e Y

Puc. 2. 3aBucUMOCTh cojepkaHus 00pa3oBaBIieiicss rpaduTHOH (a3pl B YIJIECPOJAHOM MaTepuaje
YIIM oT TeMmmeparypsl, TaBICHHS U BPEMEHH BBIICPIKKH
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AHaIOTHYHOE BO3JIEHCTBUE OKA3bIBACT M IJUTEIBHOCTH MPOLECCa, OJHAKO MPH BPEMEHH BBIIEPKKU
b6omee 30 cexk HaOmromaeTcss HEKOTOPOE CHIDKCHHE CKOpocTH rpadurtanuu (puc. 2a). Haumbonee
CYIIECTBEHHO BJIMSHHE JaBIEHHS Ha mpouecc rpaputanun YIIM B muamasone 2,5 -5,41Ta. Tak,
Bospacranue aapienus 2,510° ITa mo 5,4:10° [la npMBOAWT IpU OAMHAKOBOM TEMIIEpAaType U BPEMEHH
BBIJICPKKH K YBEJIMYEHHUIO cofepkaHusi rpaputHoil dasel ¢ 18% mo 34% . JanpHeiimee yBennueHue
JaBJICHUsI HE OKa3blBaeT CYIIECTBEHHOTO BIMSHHS Ha MpOTeKaHWe mporecca rpaduranuu YIIM. 3To,
OYEBHUIHO, CBSI3aHO C TEM, YTO CHCTEMa IOMamaeT B 00jacTs, rae rpadur meractadbmieH (00J7acTh
CTaOMJILHOCTH anMasa), HO B CHJIYy KHHETHUECKHMX OCOOCHHOCTEW mpouecc rpaduTaludl HpOJODKAET
MPOTEKATh C MEHBIIICH CKOPOCTHIO (pHC. 20).

IIyrem Tepmobapuueckoit 00paboTku, yriepomHoro matepuana YIIM B xamepe BBICOKOTO JaBIICHUS
OBLT TTONy4YeH LEIBIA P MAaTePUAIOB C PA3IMIHON CTPYKTypoil. OCHOBHOW OCOOCHHOCTHIO YKa3aHHBIX
YIJIEPOAHBIX MAaTEPHAIOB SIBISLIOCH NPUCYTCTBHE (ha3el rpaduTa ¢ BHICOKOW CTENEHbIO rpaduTamnuu.
KommaecTBo rpadutHON da3sl 3aBUcHT 0T ycnosust 00padbotku (P —T — 1) yrmepognoro marepuana YIIM.

YkazaHHble MaTepHaibl ObUIM MOJIBEPTHYTH BO3JCHCTBHIO BBICOKMX NaBiieHWid u Temmepatyp (P=5,0
10°Tla, T=1470K u 17=150ceK.) B IPUCYTCTBMU MeTamIoB-kaTanmu3atopos (Ni —Mn) ¢ LeIbio noaydeHus
anMazoB. HecMoTpst Ha pUCYTCTBUE YKa3aHHBIX MaTepHajioB, rpaduTHON (a3bl (B HEKOTOPBIX 00pasnax
1o 85%), anmasel He ObLIM MOJyYeHbI. [10-BUAMMOMY, 3aTOPMOKEHHOCTB IpOIiecca aiMa3000pa30BaHuUs
CBA3aHHO C HANIWYMEM B YyKa3aHHBIX YTIIEPOJHBIX MaTepHallaX 3aMETHOTO KOJIMYecTBa aMOp(HOH
COCTaBJISIOIICH, YTO CYIIECTBEHHO MEHSIET KHHETHKY Ipoliecca 3apopiiieodpazoBanus anmasa [3].
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INVESTIGATION THE KINETICS OF THE STRUCTURAL FORMATION OF CARBON-BLACK UNDER
HIGH PRESSURE AND TEMPERATURES CONDITIONS FROM THE VIEW OF DIAMOND
CRYSTALLIZATION
M.P.Tserodze, Z.A.Avalishvili, T.B.Phaladze, S.l.Zaslavsky, N.T.Loladze
Georgian Technical University
SUMMARY
Experimental works have been carried out to study the kinetics of phase and structural changes in carbon-black
(carbon of pyrolysis of methane-CPM) at various thermodynamic parameters (P =2,5-5,0 gPa , T = 1270-1670 K, 1=
5-60 sec.). The fact of heterogeneous graphitization of non-diamond carbon of CPM with formation of a two-phase

material is established. The received carbon materials during catalytic synthesis do not convert to diamond.

9w960L LEBHOYIGHMOOL 33Eogdol JobgEozol 3gmg3zs Jsmsgro [Bgzols s FYadgMeGmmol 3o6HMdYdA30
3¢ss(o68mgdbols Ggladangdemdols mzgselisbGolom

0.§96mdg, B.535¢00330¢0, 0.8bo5dg, b.BoLEsgL30, b.¢rmmsdy
bsgsozgerml 3946032960 296039(bodgd0o
MHgbomdy

Bo@omgdnmos 333900  399MHol  (836-0900060L  30HMmEobol  BobBoMds@o)  BIBMGO s LEAHOYIGHWOIEO
330 gdgd0l 30693 030L Tgbsbfsguro bb3salbgs mgMdmobsdogm®mo 35M53g@HMgdol 30MHmdgddo (P=2.5-5.0 33s;
T=1270-1670K; 1=5-60 §0.). 50096005, b5bGoMdsM3s60 doboewols 336-0l 393 gMmagbmo yMsx0EE00L Bogdo
mOLORGPMOOsB0 Lol GmGIoMIdom. FJowgdMwo  BsbdoMmds™3sbo  ToboErgdo  JoGHeo@03«ymo  Lobmgbol
3060MBYOT0 56 25005056 sedolido.
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10b03McmOo Jodos

5H5¢00, 930bMm3oN©O s BFMsg30 3gmMEOL s3Ts39ds MbMBOL J3MBEgEEMmogool
39b6L5BEgMOLsMZ0L

GO0 dsbosdg, abMog@s 8sbodg, Bsbsbs 3o s8300, bobm 330603391009, bLEbD
Gd05¢50d9.
03569 x535b6003000L 08ocroliol  Lsbgerdhogm «b0396LoBIA0, B3%309¢» 38sdol
3030035690 Jodoobs ©s JerddGFodools obbHodeydo.

39005355909 m0s  mBMboL  3MbEg6EM300L  goblaBrgMol  sboero, 93mbmdow®mo  Igmmo,
MMIgoE ©oxdbgdmwos -l 3mbEgbEHMmogool s dgledsdolo m3GHo3MMo Lod3zzmogzol iMooz
530300090 gdsDY (A=36060) mBmbol 3mb396@®s305%g 899MT0 49ImM3w0m. SBsermaommo
390093900 F0©gdE0s 0mEOoL blbsMYdHY Lobodgdwol sdo@gdolsl (A =60060).

3965533600 Pergddo mbmbo mogolo Towswo  H9By30m0 M30L7BYBOL  Jodm L  MBO®
RoOMNMEO odmoygbgds Labosrbm Fgm@bgmdol bbgoolbgs ©oMado, 850 dmMol bmxnwol dgm®bgymdsdo,
09000306580, 33990l dM9H3gwmdsdo s 5.9.

mbmbol  9sdmygbgds  MHBOMBl3gymxkl  g3mmaomGs©  Lgoms  296Mgdml 89bsebmbgdsl.
36Hm3989080  dmbsfomgmdol ML 359M30 bobgzsm0  Lvsmol, bowm  ffysedo Mo Losmol 989
mbmbo 09¢gds FMEg3MWNH S SEHMING 5630505, HMIWGdoE 9O 80bdMYOID goMgdml s oM
§o608mgdbosh  396390ma96e  603m0gMgdgdl, Golsg Moy 8gdmb3zg3gddo 5YOWo 5J3l  Jwwmemol b
AGHMOOL godmygbgdolsl.

306Ls3MMOHIBOo OO Mo 960Fqds MBMBL 33980l IMYH39w™dsT0. ol FoMdmoyqbl derogH
05009B0bx3030Mgdg  ©s  JodoMo  MLIRMMbM  Lsdregdsl. mbBMbol  godmygbgdom bsbyMdwogo
OMom  0bsbgds  bm®Eo,  mg3zbBo, 3396030,  yzgwo s  Ubg.  FgsMgdom  Rd™  Fowown
3993905365, 30069  Lods303MMm  IBsEYIMYdTo. MBMboMmIdOL O™ ob3MdS  FogMHMdYdO,
05JBH9Mogdo, 0536y  Jodomdo  bogmogMgdgdo, 30Mwlo, ™do s sbY3g I30M©Ids  BoE®moBgool
8903300™ds bowbs s dmbiEbgmendo.

2306L53MPOPOM Bl Mbmbo SbEHMEdL goEobsdo. dobo dwogmo ©sdyxsby3gwo  Mbstol
390 ol 259m0yggbgds  LodgoEobm  ©sbodbmegdol  65390MmdgdoL  LEBHIMOWOBOGO-0LM30L, 0LY3Y
MMAMOE IMH35¢0 953500700l gMs305d0.

bogwol  dgmebgmdsdo  mbBmbo  godmoyggbgds  Lobmgm-bsdgm@bgm  3MEEMM9dOL
2390303005500m396900L s YOO 06EgbLOROEOMBOLIMZOL  IMLHZ0sbMdOL  2sbM©Ol  doBbom,
21939 3OMENMIE00L  3o3gMo  Lobgmdgdol  Tgbobgol  3o@olL  golvbsbyMdwmoggdmws, Bs3ozgdol
©gb0obggdzoobsmzol s .9.[1].

0960m9bowo  LsdMdoml JoBsbos sbowo  2sdsMGH0390wo  gommeol  dqgdmdsggds MmBmbol
3mb396@®5300L  2obLsBLIMOLomMZ0L.

©OgoLsmzolb  3bmdowos MmBMbol  3mBEgbEHMsE3ool  sgbol  Lbgoolbgs dgomo,  GHm-
dwgdog  bsbosmgds  goM33gIro  LoMMgdOom. JOHM-gMo  SLge  FgomEL  FoMmdmMmawygbl
00EMIgEHM0s, HMIgwoE  0m35¢0olHobgdl ITsGJdoMo  MJodE039d0L  250myqbgdsl (KI, dvxnqewmwo
blbs®o, bo@®0omdol Mmomlegs@o, I2), s35msbogy 9ME0WYdI0s OIGOGHIMOL 3OHMELOL  Bo@SMYdS
[2].

360Hm3qbo dmosegl 8909y Mgod3090UL :
2 Na2S2 O3 + T2 > Na2S4Os + 2Nal (1)
2KI + O3 +H20> 1> + O2 +2KOH (2)

mbmbol 3m6396@MoE0s oLEBOZMYDS Mgodio0m (2). 50bodbmwo Fgommol bogers Tgodwmgds
Boomzgoml  ©s35@gdomo  ©godBHoggdol  a5dmyggbgdol  sMEomgdEIMds @S 0MEOL  MoMmEYbmdOL
2496LsBPZMOLIL bUYB0YIBHMO BoJBHMOOL Fom35¢olfobgds.

Jo@dmopqboe  6sdMMITo  Bggblb doge  FgBMmmoz5HYPMmos  MmBmbol  3mb3gbEHGs300L
296L5BEZMHOL BoHOIME-JodoGmo FgNMEO, MHMIYEOE 350moMBI3s 3OMELOL LOTsMEGHOZ30m.
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090MmEOL 30039000 gBad0d JOWodMmO3009w0 IMHMEOL 53905 [20L Lbogslbgs 3mbigb@Msgool
blbsMgdls s Tomo Fgbsdsdobo ™m3EH03M Lod33M03990L INMOL, BMEHMIWIIGHOMIMWMmM0dgEe (KPK-
3)-0b 958mygbgdom (A =360 63).

99b3960995@0m oYHObs, HMI Fo IO EsIM3I0IIMMIds BR300 BOLOSMOLLS S A5
30mMHE0bsEGms Lomsggdo (bob.1), Mg dobo ds8mygqbadols Lodrsgdsls 0dergzs I2-0b  3mbEgbGHMsEool s,
39Ld5T0LO, MBMBOL 3m6396E®300L AoBLEBOZMOLIMZ0L (bob.2).

1,2 1,2D
: 7 ! /‘

0,8 0,8

0,6 / 0,6

0,4 / 0,4

o / Cl,J*102 | |02 // C[0,}*10?
0 ' ' ' ' ' 0 .

0 1 2 3 4 5 0 0,2 0,4 0,6 0,8 1
Bsb. 1 J2- ob 3m6396@GH®sgool - C Bob. 2 Os- 0L 3mb3g6EMo300L - C (29050300 J2
530300090 gds M3G03M Lod3zoM39by - D - 0L 3mb396&HG(3000096) s 30IdIYdS
(A=360 63.) 330396 bod3zzmozgbg - D (A=360 63.)

3b65¢ma0mMHo J9ga0005 80gdwo -0l blbsMgd by Lobsdgdeol sds@gdom, A =600 63 - by
(65b.3), OGmIgwoi 0mEmB  FoMBmgdbol  LGHVowG  3MA3agdll,  Go3  2ddMEOEbgL  omob
3gdOt0Md0m  353Mf39ME 30MI0EGISL S, TGLodsdols, MBMboL 3mbEabE®msEool  geblsbrzmol
15395 gdsL 0derg3s (65b.4).

3D 3 D
2,5 2,5

2 2
1,5 1,5

1 1
0,5 0,5

C[J,]*10 '
. / | | ) ; / | | _cloy]* 102
0 1 2 3 4 0 0,2 0,4 0,6 0,8
63b. 3 J2-0b (LobodgdEol Msbsmdolsl) Bob. 4  O3-0L 3mb3g6EHME00L -C (39300 J2 -
306396365300l - C ©8M300g0Egds m3G03ME ol Lobsdgdosbo blbstol 3mb63gbEHMs300ws6)
109336 039%9 - D (A=60060.) ©53M300090q0s M3E03M Lod330039%Y - D

(A=60060.)

©OoFJMsGHmsdo  3bmdowo Jgomeom [2] ©@s B3gbl doge  FgammzsBgdmo  dgomm@om
396L5BO3OMWO  MBMBOL  3MB3g6EHGMIE0s 3MdBH03MWwe© ghmbsoMos s Fgoagbl 0,34.107  a/aw -
0,31.102%  a/a, 99lsdsdologo.

Lobsdgdol  0565MmdOLLL  BoGMgdMO  (3IO0m  ABLIBEZOWWO MmBMBOL  J3MbEgbGGMs30s (A
=600 63) 0,3.102 p/e» gdobggzs 3bMdOO Fgomm©om [2] sRJboE MDMbol 3MbiE6EHMsEOsL.

50600,  890m0535H90Mo  JgomEo  F9sMgdom 930mbmdo®mos s MmbBmbol  LGsxo,
99005609300 oMBH030 2oBLLDBEIMOL BodoEgdsls 0derg3s.
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PA3PABOTKA HOBOT'O, CPABHUTEJIEHO DKOHOMWYHOTI'O METOJA OITPEAEJIEHUA
KOHIIEHTPAIII1 O30HA
LI.M.Bacunazge, I'.B.Illannzaze, M.1.Mamapgamsunu, H.M.Ksupksenus, C.B.Tabaraznze
Tonruccruti TocygapcrsenHsrs YruBepcurer um.HB. /[KaBaxuuBrin
HHcrnryr HeopraHnyeckod XuMuH H 271eKTpoxumun uM. P.H Arrazse

PE3IOME
IIpennmoixeH HOBBIHM, CpPaBHUTENBHO OSKOHOMHUYHBIM MeTOZ, OIlpefilefleHHA KOHIIEHTPAIUM O30Ha,
OCHOBAHHBIA HA JIMHEWHOHN 3aBUCHMOCTH KOHIEHTpallMM HOJA M COOTBETCTBYIOUIEH OITHYECKOHU
mnotHocTH (A=360HM) C HOCIeLyIOUMM IIepecyeTOM Ha KOHIIEHTPAI[MI0 O30HA. AHAJIOTHYHBIE
pe3yJIBTaTHI IOIyYeHbI IIpH fo0aBIeHnH KpaxMmaia K pactBopam noza (A =600uM).

ELABORATION OF NEW, ECONOMIC AND RAPID METHOD FOR DETERMINATION OF OZONE
CONCENTRATION
Tsiuri Basiladze, Genrieta Shanidze , Manana Mamardashvili, Nino kvirkvelia, Sulkhan Tabatadze.
Ivane Javakhishvili Thbilisi State University
Rafael Agladze Institute of Inorganic Chemistry and Elektrochemistry

SUMMARY
New, economic and rapid method for determination of ozone concentration has been proposed, based
on linear dependence of iodine concentration on corresponding optical density (A=360nm) by further
recalculation on ozone concentration. Similar results were obtained at the addition of the starch to
iodine solutions (A =600nm).
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MATHEMATICAL-CHEMICAL INVESTIGATION OF SOME DERIVATIVES
OF 5(p-NITROPHENYLTHIO)-INDOLE-2-CARBOXYLYC ACID
WITHIM THE STOPE OF QUASI-ANB-MATRICES METHOD

Nana Megrelishvili*, Mikheil Gverdtsiteli, Shota Samsonya, losib Chikvaidze

*Akaki Tsereteli State University
Ivane Javakishvili Thilisi State University

SUMMARY

Mathematical-chemical investigation of three derivatives of 5-(p-nitrophenylthio)indole-2 carboxylyc acid
was carried out withim the scope of qvassi ANB-matrices method. Two correlation equations were
constructed and studied. Correlations are satispactory.

MATEMATHKO-XUMHUYECKOE HCCJIEJOBAHUE HEKOTOPBIX ITPOU3BOJHBIX
S5(m-HUTPOPEHUJITHO)UHAOJI-2-KAPBOHOBOU KUCJIOTBI
B PAMKAX METOJA KBA3U-AHC-MATPHUI]

*Hana Merpenmumuim, Muxawun ['sepanurenn, lllota Camconns, Mocnd Ynksanaze

Tounuccxuti I'ocyoapcmeennwiti Ynusepcumem um. U./[oicasaxuweunu,
*[ocyoapcmeennviti Ynusepcumem um. A.llepemenu

PE3IOME
B pamkxax wmertoma kBasm-AHC wmaTpuiy MpoBeoeHO MaTeMaTHKO-XMMHYECKOE WCCIIEOBaHNE Tpex

MPOU3BOAHBIX  S-(M-HUTPOPESHUITHO)HUHI0I-2-KapOOHOBOM KHUCIOThI. [lOCTpOEHBI W HM3YyYeHbI JBa
KOPPEJSILMOHHBIX ypoBHEHUs1. Koppenanuu yoBIeTBOPUTENbHBI.
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MATHEMATICAL-CHEMICAL INVESTIGATION
OF SOME ARYHYDRAZONES OF p-NITROACETOPHENONE
loseb Chikvaidze, Shota Samsonya, Nino Chikvaidze*, Zurab Pachulia*, Mikheil Gverdtsiteli
Ivane Javakishvili Thilisi State University
*Sokhumi State University
SUMMARY

Tree aryhydrazones p-nitroacetophenone were studied withim the stope of quasi-ANB-matrices Method. Two
correlation equations were constructed and investigated. Correlations are satispactory.

MATEMATHKO-XUMHUYECKOE UCCJIEJOBAHUE
HEKOTOPBIX APUITUAPA3OHOB n-HUTPOALLETO®EHOHA
Nocud Yuksannze, lllora Camconns, Huno YnkBaunnze*, 3ypabd [Mauynus™, Muxawn ['Bepanurenn
Tounuccxuu I'ocyoapcmeennviii Ynusepcumem um. M. /picasaxusunu,
*Cyxymckuti ['ocyoapcmeennuiii Yuusepcumem
PE3IOME
[IpoBeneHO MaTeMaTUKO-XMMHYECKOE MCCIIEAOBAHNE TPEX apWITHAPa30HOB I-HUTPOALETOPEHOHA B paMKax METOZa

kBazu-AHC matpuu. [locTpoeHs! M M3y4eHsI 1Ba KOPPESIIMOHHBIX YpoBHEeHHs. Koppenanuun y1oBiIeTBOPUTENbHBI.
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APPLICATION OF IMPLANTS IN THE CARDIOVASCULAR SYSTEM
M.Karchkhadze, A.Mskhiladze*
Iv. Javakhishvili Thilisi State University
*Sukhumi State University

SUMMARY
High-molecular compounds are widely used in different spheres of medicine. Polymers that are in contact

with biological organisms belong to polymers for biomedical applications. In modern medicine, such
polymers have wide application in reconstructive surgery, traumatology, urology, ophthalmology,
dentistry, orthopedics, etc. For this purpose, synthetic polymers of various composition and structure are
especially successfully used.

INPUMEHEHUE UMILUIAHTAHTOB B CEPJIEYHO-COCYJIUCTOM CUCTEME
M.I".Kapuxanze, A.A.Mcxunanze*
Tounucckuii cocyoapcmeennbiil ynugepcumem um He /picasaxuweunu
*Cyxymckutl 20Cy0apcmeenHulil yHugepcumem

PE3IOME
BricokoMonieKyIsipHBIE  COCIMHEHHMS] HaxOIIT IIMpovailee NPUMEHEHHE B Pa3JIMUHBIX cdepax

MemuiuHel. K monmmMepaM MeauKo-OMOJIOTHYECKOTO HA3HAYEHUS OTHOCSIT TIOJMMEPBI,  KOTOPHIE
HaxOJIATCA B KOHTAaKTe C OMOJIOTMUECKHMH CpElaMHd OPTaHW3MOB. B COBpeMEHHONW MEIWIIMHE TaKHe
MOJIUMEpPHl HAIId [IUPOKOE MPUMEHEHHE B PEKOHCTPYKTUBHO-BOCCTAHOBUTEIBHOW XHUPYpPIruH,
TPaBMATOJIOTMH, YPOJIOrMH, OQTAJIbMOJIOTHH, CTOMATOJOTHH, opTromeaud u T. A. C 3ToH MHebio
OCOOCHHO YCHEIITHO MPUMEHSETCSI CHHTETUYECKHUE TTOJMMEPBI  PA3IMYHOr0 COCTaBa M CTPOSHMUSI.
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SOYA UTILZATION TO INCREASE VALUE OF CHILDRENS FOOD RATION
N.Kutaladze, A.Tzintskiladze
Batumi State University
SUMMARY
The article deals on the problem of albumen deficiency in children’s food ration and the ways to solve the problem.

The authors suggest producing albumen food additives from soybeans as tegnologic and economic option. Soya
varieties which can be used for processing have been studied and selected.

3HAUEHUE NPUMEHEHUS BEJIKOBOM MMPOJAYKIIAU, MOJYYEHHOM OT 3EPHA COU, IS
MOBBIIIEHUSA BUOJIOTMYECKOM IIEHHOCTH IMMPOJAYKTOB JETCKOI'O IUTAHUS
H.Kyrananse, A.llunckunanze
Bbamymckuii 2ocydapcmeennvlii ynugepcumem
PE3IOME

Paccmotpena npobGiiema 6enkoBoro AeduImTa B JeTCKOM KOHTUTEHTE U IyTH €€ pelIeHHs, OJHUM H3 KOTOPHIX, KakK
TEXHOJIOTHYECKOM, TaK W C DKOHOMHYECKOH TOUKM 3pEHUs, MpeJiaraetcsl MoJydeHne OENKOBBIX [100aBOK C
UCIIONIb30BaHUEM 3epHa cou. M3ydeHbl n BBIOpaHBI COPTAa COM, KOTOPBIE MOKHO HCIIOIb30BATh JUIS TEXHOJIOTHUECKOH
nepepadoTKH.
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XPOMATO- CHEKTPO®OTOMETPUYECKHWI METO/] KOJIMYECTBEHHOI'O
AHAJIN3A JTAIIMAKOHUTHUHA B ITOA3EMHBIX OPTAHAX ACONITUM NASUTUM
FISCH. EX REICHENB., TIPOU3PACTAIOLIEI'O B I'PY3UN

JL.T".Kunnypamsunu
Hucmumym gpapmaxoxumuu um. U.I. Kymamenaose Tounucckozo 20cyoapcmeeHHo20 MeOUYUHCKO20
yuusepcumema, Tounucu, 0159, I'pyzus, Ya. I1. Capaoxcuweunu 36

Paspabotana XpOMATO-CHEKTPOPOTOMETpUICCKAs METOIUKA KOJIMYECTBEHHOTO OTIpE/ICIICHUS
(apMaKoIOTHIECKH aKTHBHOTO aJlKaJOW/Aa JIANMaKOHUTHHA B MOA3EMHBIX  opraHax Aconitum nasutum
Fisch. ex Reichenb.( cem. Helleboraceae), npouspacratomero B I'pysun. CopmepikaHne JallaKOHWTHHA B
cblpbe Haxoautcs B npenenax 0,082-0,083% . Meroauka no3BoJIsi€T NPOBOAUTh KOJMYECTBEHHBIH aHAIU3
JIANITaKOHUTHHA B IPUCYTCTBHH COMYTCTBYIOIIMX TUTCPICHOBBIX aJKaIOWIOB. JlaHHBIE METPOJIOTHYECKON
XapaKTePUCTHKH MTOKA3alli, YTO ONMCAHHAS METOAMKA BIIOJHE BOCIPOW3BOINMMA, OTHOCHUTEIbHAS OIIHOKA
HaXOIWTCS B AOMYCTHMEIX npexaenax (3,1 %)

KaioueBble cj10Ba: ajKaaouasl, aKOHUT HOCATBIM, JammakoHuTHH, Aconitum, Helleboraceae, xpomaro-
CIEKTPOhOTOMETPHUS

Aconitum nasutum Fisch. ex Reichenb -Axonnt nHocateni (cem. Helleboraceae) muoromnernee
TPaBSHUCTOE pacTeHHE, IPOU3PACTACT HA CyOaNbIIUICKHX JIyrax U B CpelHe-BEPXHOTOPHBIX mosicax [1,2].
Pactenne comepxuT (apMakoJOTMUECKH AKTHBHBIA — aJKaJIOW[ JIAllIaKOHUTHH, Ha OCHOBE KOTOPOTO
CO3/IaH aHTHAPUTMHYECKUH TpemapaT AsmanuHuga [3,4, 5].

Henp wuccnenoBanust — pa3paboTka crocoba KOMMYECTBEHHOI'O aHanmu3a  (papMaKoIOrH4ecKu
aKTHBHOTO aJKajlouJa JAallaKOHWTHHA C LEeJbl0 CTaHJapTHU3alUMU pPAacTUTEIBHOTO ChIpbs. B ocHoBe
pa3spabOTaHHOW  METONUKH  JISKUT  CHEKTpO)OTOMETpHUS B  COUYETAHUHM C  TOHKOCJTOHHBIM
XpoMaTtorpadupoBaHUEM.

MartepuaJibl 1 MeTOABI HCCJIeA0BaHUSA. JIaNMaKOHUTHHY B CHIPhE COMYTCTBYIO aIKAIOHU/IbI:

KapaKoJIMH, aKOHUTWH, KaMMaKOHWH, aKOHOCHWH [6,7,8], moaroMy mnpu pa3paboTke METOAMKH
KOJINYECTBEHHOTO aHaJIM3a He00X0IMMa IPOBECTH CIIEAYIOLINE UCCIEJOBAHUS:

1. Pa3zpaboTath ONTHMaIbHYI0 METOAUKY MONyYeHHUsT (PPaKIUK JanaKOHUTHHA.

2. OmnpenenuTs MakCUMAJIbHYIO JJINHY BOJIHBEI B Y @-CIIeKTpe.

3. OmpenenuTh 3aBUCUMOCTh ONTHYECKOW IUIOTHOCTH JIANIIAKOHUTHHA OT KOHLEHTPAalUU B
aHAJIM3UPYEMOM PacTBOPE.

4. OnpenenuTh ONTUMANIbHBIC YCJIOBHS DJIIOANMHN JIANIIAKOHUTHHA ¢ COPOCHTA.

OObekTamMu HCCIIe0BaHUS ObUTH MOJ3eMHBIe opranbl  Aconitum nasutum Fisch. ex Reichenb.,
cobpannbie B [{uxumksapu B ase miogonomrenus B 2015 r.

UzBneueHne CyMMBl allKaIOMJIOB M3 CHIPbS TMPOBOJWIN  XJIOPOPOPMHOW IKCTpakiuend mpu
NpeaBapUTEIbHOM TOALIETIaYMBaHNH ChIPbst 5% pacTBopoM KapOonartoMm Hatpus [7,]. Ilpenenst pabounx
KOHLIEHTpAlMid YCTaHOBWJIM Ha pe3ylbTaTax aHalu3a CBHUACTENS XpOMarorpaduvyecku YHUCTOTO
JIANMAKOHUTUHA. YCTaHOBWIM: B Y®d-criekTpe ankajouia, CHATOro Ha crnektpodoromerpe CD-26 B
9TaHOlle, MAaKCUMAIbHBI THK TMOTJIOIIEHHUS TMPOSBISETCS TMPH JUIMHE BOJHBI Amax 308 HM.
XpomarorpadupoBanue NpOBOAMIM Ha copOeHTe cuiukarens LS 5/40pn B cucreme pacTBOpHUTENEH:
xnopodopm-metanon (4:1) [6,8]. 3oHY copOeHTa, CoeprKaIero JanmakKOHUTHH, OTPEICITHIN CPAaBHEHUEM
Y®-crieKTpoB CIUPTOBBIX MI0ATOB  AaHAJIM3UPYEMOTO AJIKAJIOWA M CBHUIETENSI- JOCTOBEPHOTO 00pasia
JanmnakoHWTHHA. B kadecTBe neTekTopa MCHonb30Baiu peakTus parenmopda. B ynsrpaduoneroBom
CBETE NIPU Amax 284HM U1 alKaJouaa XapakTepHo (uosueroBoe ceeuenue [9, 10, ].

Pe3yabTaThl M _HX 00CyxaAeHUs. B pe3ynbrare MpoBENEHHBIX HMCCIEIOBAHHMNA YCTaHOBWIIM, HYTO
ONTUMAJILHOE pa3jielieHHe (QpakiuM JIANMAaKOHUTUHA TP XpoMaTorpaupoBaHMM B TOHKOM  CJIOE
JIOCTMTaeTcss B CHCTEME pAacTBOpUTENEl: xiopodopm-meranon (4:1), u mecopbuuu ankasouna 96°
STUIIOBBIM cipToM [9]. Pabouas xoHnentpanus Haxomutcs B npenenax 0,00015-0,00055r/100 mor.

OnucaHue MeTOAMKHM KOJHMYECTBEHHOr0 OmpeejeHds AaJKaJouAa JannakoOHNTHHA B
noa3eMHbIX opranax Aconitum nasutum Fisch. ex Reichenb.

BoznymrHo-cyxue m3menbueHHBIE Moa3eMHble dacTH pactenwns (20,0 r) mommenaunBamu 5%
pacTBOpoM KapOOHaTa HaTpus, IepeMEIINBaIl, OCTaB/IUIM Ha 2 yaca, 110 HCTEYEHUH YKa3aHHOI'O BpeMEHH
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CBIpbE 3KcTparupoBanu xyuopodopmom B ammapate Cokcnera. XnopodopMHbIE U3BICUEHUS CTYIIATH IO
20-25 mn u ankamounpl u3Bnedand 5% BOAHBIM PacTBOPOM CEPHOM KHCIOTHl. OObe/eHeHHBIE KHUCIbIE
W3BIICUYCHUSI TIPU OXJKICHWH TOJIIeTaduBanu  kapboHatom  Hatpus a0 PH 8 wu anmkamomasl
sKcTparupoBaiy ximopodopmoM. [locime 00e3BOKMBaHUA XITOPOGOPMHBIH SKCTPAKT (PHIBTPOBATH HYepe3
OyMaXHBIH (QUIBTP, KOTOPBIM TPEXKpPaTHO NpPOMBIBaIM xyiopodpopmMoMm B KoimuecTBe (3x3 ).
[TpoMBIBHOH XJIOpPOQOPM MNPUCOEAMHSUIA K OCHOBHOMY O3KCTPAaKTy M YIapHBalM JOCyXa, OCTaTOK
MOACYIMBAIM JI0 MOCTOSHHOro Beca mpu 70° B cymmnbHoM mkady, pactBopsaia B 20 M 96%3trnosoro
cnupTa. Ha miactunky pasmepom 18x24 cM ¢ 3akperuieHHBIM ciioeM cunukarens LS 5/40u , pa3neneHHoit
Ha TPU paBHBIC YaCTH, HAHOCWIU: Ha nepByto nojocy 0,2 min 0,1 %-HOro cmpTOBOTO pacTBOpa oOpasia
CpPaBHEHHUS JAMMAaKOHWUTHHA; Ha BTOPY0-0,25 MJI CIHPTOBOTO pacTBOpa CyMMBI ANKAJIOWIIOB; TPETIOO
MOJIOCY OCTaBIISUTM B KadeCTBE KOHTPOJBHOW. XpomaTorpadupoBaiii BOCXOMSIIAM METOJOM B CHCTEME
xnopodopm-metanon (4:1), [locne noctwkenus ppontom 10 cM MIACTUHKY MOJCYIIUBAIN HA BO3AYXE 110
yIaJeHus 3amaxa pacTBOPUTENS W B YIbTPApHOIETOBOM CBETE NMPH  Amax 284 HM OTMEYaIH y4acTOK
CBEUEHHS AIKAJIOUa, KOTOPHIH IEPEHOCHIN B KOJIOy, 00beMoM 50 mu, 3ammBamu 10 mim 96° strioBoro
CIIUpPTa U 3KCTPArupoBay MPH MOMEUINBAaHNY HAa MarHUTHOW Memanke B TedeHuu 10-15muH, ocTaBismu
Ha 18 wyacoB, QuiabTpoBaNM uepe3 BOpOHKY ImoTa (Ned), W3Mepsuld ONTHYECKYIO IUIOTHOCTH Ha
cnekrpodoromerpe CD-26 pu 1mHe BoIHEL 308 HM, pPACTBOPOM CPAaBHEHMS UCIIONL30BaIH 96 3 THIIOBBII
CIIUPT.
ConeprxaHue JIaNMaKOHUTHHA B CHIPhE PAaCCCUUTHIBAIM 1O (popmyie:
K-Dx Cer V1V3100

X =
DcrV2 a(100-w)
rae K-xoaddumment nmepecuera, K=0,89.
a-HaBeCKa ChIpbs, B IIepecueTe Ha aOCOIOTHO CYXYIO Maccy, T
V1 — 00BbeM CITUPTOBOTO IKCTPAKTa, MIL.
V2 — 00BEM 3TAaHOIBHOTO PACTBOPA, HAHECEHHOTO HA TUTACTHHKY, MII.
V3—00beM 3TaHOIIEHOTO 3JIr0aTa ¢ copOeHTa, MIL.
Ccr-conepxaHue JanmakoHUTHHA B CTAaHIAPTHOM 00pasiie,%o.
D.—onTideckas mioTHOCTh CTaHJAPTHOTO PACcTBOPA JIAMMAKOHUTHHA.
Dy-onTudeckas mioTHOCTh HCCIIEAYeMOT0 PacTBOpa.
W-TIOTepsi B Macce, MPH  BBICYIIIMBAHUN Y0
CopeprkaHune JNalmakoOHUTHHA B ChIpbe HaxonuTcs B npeaenax 0,082- 0,083%.

Bocnpon3BoguMOCTh W TOYHOCTh METOAWKH aHAM3a  YTOUYHSIIACh METPOJOTUYECKOH 00paboTKOi
pe3yJbTaTOB U3MEPEHHUI M METOJIOM J100aBOK (Tadu.1,2).

Ta6auna 1. Merponornyeckas XapakTepHCTHKA KOJTHYSCTBEHHOTO aHAIIN3a JIAMAKOHUTHHA B
noa3eMHbIX opranax Aconitum orientale Mill, npouspacratomero B I'py3uun

N F X S2 S p % t (p,f) Ax E % E%m=10
10 9 16,54 0,0005 | 0,707 95 2,26 1,598 3,05 1,75
Tabauua 2. Pe3ynpTaTsl ONBITOB C TOOABICHUEM  JIANMITAKOHUTHHA
No | Comepxanme JobGaBneHo Conepxanmne X OtHOocuTenbHAs
JIAaNTMaKOHUTHHA JIANTMaKOHUTHH(MT) | JIaNMMaKOHWTHHA ommbka(E%)
EaCTeHHﬁ(Mr) 208 BbIYecieHo( | HalJeHo
MT) (mr)
1 | 16,60 1,40 18,0 17,6 17,73 +2,54
17,9
17,7
2 | 16,60 2,4 19,0 18,8 18,83 +1,46
19,0
18,7
3 | 16,60 4,4 21,0 20,6 20,9 +2,64
21,0
21,2
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[puBeieHHBIC B TaONHIIE JaHHBIC CBHACTEIBCTBYIOT O TOM, YTO pa3paboTaHHAs HAMH METOMKA
KOJIMYECTBEHHOTO Ompe/eieHus (papMaKoIOrHUecKd aKTHBHOTO —ajKaloWjia JIAMMaKOHUTHHA BIIOJIHE
BOCIIPOM3BOIMMA H TI03BOJISCT MPOBOJNTh KOJIMYECTBEHHOE OMPEICICHUE C JOCTATOYHOW TOYHOCTHIO B
OPUCYTCTBUU COMYTCTBYIOIINX TUTEPICHOBBIX AIKAIOWIOB B MOA3eMHBIX Aconitum nasutum Fisch. ex
Reichenb.
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CHROMATOSPECTROPHOTOMETRICAL METHOD OF QUANTITATIVE ANALYSIS OF
LAPACONITINUM IN UNDERGROUND PARTS OF
ACONITUM NASUTUM FISCH EX REICHENB., GROWING IN GEORGIA
Lali Kintsurashvili
Thilisi State Medical Universitiy, |I. Kutateladze Institute of Pharmacochemistry
Thilisi, 0159, 36, P. Sarajishvili st.
SUMMARY
The chromatospectrophotometrical method of quantitative analysis of lapaconitinum is elaborated for the
detection of productivity of the underground parts of Aconitum nasutum Fisch. ex Reichenb., family
Helleboraceae. We determined that the content of lapaconitinum in the underground parts of Aconitum
nasutum Fisch. ex Reichenb. is 0,082-0,083 % in the phase of fruiting. The elaborated metod is
reproducible, in consequence of experimental data. It is established that relative error is norm (3,1 %) from
statical processing of quantitative analysis results.

5353560060l (509bMdM030 565¢w0Bols JOHmBsdm-13gdGOMBMEGMIgGHEOo FgnmEOgd
Lsgotmggemdo 3536 3gegdaero Aconitum nasutum Fisch. ex Reichenb.- 983530l Jedols
dofioligzgds mMasbmgddo
W0 30bj©m 9300
oblbey 0. §2900509¢5d0b R3S 3090000 0bLBHOBIHO
m8o¢robo, 0159, 3. bstsyodzoemol 4. 36,

M9bomdg
0990853909005 SEN3OMOE Ws353mbo@obols 5m©YbMdomo 3Bseobols JOMoEH M-
139dBHOMBMEHMIYEHOWO FJNOMEOZSs Lodo@mzgemdo o3M39wgdwyer Aconitum nasutum Fisch. ex Reichenb.
- 900530l dm3ol (my. Helleboraceae - bo®obdoGmoligd®bo) dofioldggds  mMysbmgddo. bywgmedo
03535603060l 890339mds  Boymxz3osbmdol  ggsbsdo  Tgygmdl  0,082-0,083%-g56agddo.
39BHOME®A0OH0  obbosmgdegdol dmbsgdgdds a30h39bs, MO Fgdwdsgdwwro dgommEozs LOHYIOs©

00foMm3MYds©05, BIMEOMO0MO (MI0Egds BraMIol gsMyegddos (3,1%).
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HPEABAPUTE/IBHOE HCCIIENOBAHUE HA COAEP’)KAHUE ®JTABOHOU1OB 1
TPUTEPHEHONJOB HEKOTOPBIX PACTEHUMU, ITPOU3PACTAIOLINUX B I'PY3UHU

K.IlanamBumu, M. Ananust, M.Cyruamsumm, H.KaBrapanze, /[)x. Anenn

Hnuemumym gpapmaxoxumuu um. U.I. Kymamenaose Tounucckozo 20cyo0apcmeeHHo20 MeOUYUHCKO20
VHUSepcumema
Tounucu, 0159, I'pysua, Ya. I1. Capaodscuwsunu 36
E-mail: merialania@yahoo.com

[Mpomomxkas w3ydeHume pacTeHHil ¢uiopsl I'py3mnm Ha copepKaHHe OHMOJIIOTHMYECKH AaKTHBHBIX
COCIIMHEHM, HaMH OBbLIO MPOAHATM3UPOBAHO PACTUTENBHBIA Marepuai, coOpanubli B 2014-2015 rr
HeneBbIMH  (papMakoOOTaHMUECKUMH — OKCICAMLUSAMH  COTPYIHHKOB  HMHCTHUTYTa  (papMaKOXMMUHU.
Cucrematm3anusi CcOOpaHHBIX BHIOB OBUIO TpoBeneHO B oTaede (papMakoOOTaHWKH WHCTHUTYTA
dapmakoxumun. V3 BO3IYIIHO CyXHX PacTUTENBHBIX OOBEKTOB TOTOBHJIM BOIHO-CIIHPTOBBIE SKCTPAKTEHI,
KOTOPBIX HCCJICJOBAIM Ha cojepkaHue (hIaBOHOMJIOB W TpUTepneHouaosB [1]. s mpeasapurenbHOro
aHanm3a (IABOHOMIOB WCIIOJB30BAIM [UAHUIMHOBYIO peakuuio. VHTEHCMBHOCTh peakuuu Ha
(GTaBOHOMIIBI W TPUTEPIICHOMBI BBIPAKAIH 3HAKOM «+» MO TATHOANbHON cucTeme. J[s ompeseneHus
Ka4eCTBEHHOTO COCTaBa (pIaBOHOMJIOB B MCCIeNyeMBbIX oOpasuax mpumeHsuin b/X ananus B cucreme H-
OyTaHon - ykcycHas kucioTa - Bopa (4:1:2) [2, 3]. TpureprneHOBbIE COEITUHEHUS OOHAPYKHBAIH C
nomonipto TCX B cucreme xmnopodopm-meranon (10:1). Xpomarorpammsel nposBistin 25 % -bIM
METaHOJBHBIM PacTBOPOM QOCHOPHOBOILPPAMOBOI KUCTIOTHI [4].

Bcero Obuto mpoananmusupoBaHo 174 oOpasioB 63 Bujga oTHocsimuecs k 48 pomam u 22
CceMeNCTBaM.

Pe3ynprarel aHanM3a npuBeieHs! B Tadmuie 1.

Tabmuua 1. Pe3ynpTaThl mpeaBapUTEILHOTO aHATN3a HEKOTOPHIX PACTEHHUH (IIOpHI
I'py3uu Ha copepkaHue (IaBOHOMIOB U TPUTEPIICHOUIOB

Tpurep- D1aBOHOUIBI
ITenonanl
CeMeiicTBO, Mecro u Bpems Uccne- Peaxuus ¢
N pon, BUI coopa JIOBaHHAS 25% mera- Huanuau- | Komm- 3Hauenus Rs
4acTh HOJIbHBIM HOBast YECTBO MHTEHCHUBHBIX
pacTBopoM peaxiust IATEH IATEH
¢dochoposon | mo Bryant
b(hpamoBoit
KHCJIOTOM
1 2 3 4 5 6 7 8
Asteraceae
Artemisia Oxp. r. I'opy, c. JlucTps +7? ++ 7 0.41;0.79
1 absinthium L. Cseneru Crebnu +? + 6 0.54; 0.89
JIuctes - ++++ 11 0.45; 0.58; 0.69;
2 | Bidens cernua KobOynern, 0.81
L. TEPUTOPUS IIBeTkn ++ +++ 9 0.43; 0.56; 0.65;
Marnerura 0.81
Crebnu + +? 5 0.45; 0.61; 0.81
Kopuu + +? 2 -
Cichorium Oxkp. r. T'opy, c.
intybus L. Xuaucrasu Crebnu ++ +++ 5 0.32; 0.64; 0.86
Jluctes ++ +++++ 9 0.36; 0.46; 0.54;
Cirsium BopmkoMCKii 0.67; 0.85
obvallatum p-H, C. LBeTkn + +++++ 7 0.30; 0.40; 0.66;
(M.B.) bakypuanu 0.85; 0.90
Crebnn + + 4 0.19; 0.28; 0.33
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Grossheimia P-u Juctes ++ ++ 3 0.08
5 | macrocephala Terpwuikapo, IBeTkn + + 8 0.11;0.16
(Muss- OKp. ¢. Moxucu Crebnu ++ ++ 4 0.80
Puschk) Sosn. Kopuwu - - -
et Takht. -
6 | Pyrola media Okp. c. JIuctes + +++ 9 0.20; 0.31; 0.53;
Swartz. Komxopu Crebmm 0.86
++ ++ 5 0.19; 0.26;
JIuctes + +++++ 6 0.20; 0.36; 0.69;
7 Senetio Bopmxomckuii 0.77
othonnae M.B. P-H, C. IIBeTKHM +++ ++++ 5 0.39; 0.47; 0.57;
Baxypuanu 0.74
Crebau +++ +++ 4 0.36; 0.77
JIuctes - +++ 8 0.23; 0.31; 0.35;
8 Tanacetum Okp. 03. 0.43;0.65; 0.79
vulgare L. INapaBanu IBeTkHN +++ +++++ 8 0.22; 0.30; 0.35;
0.40; 0.48
Crebaun + +++ 8 0.27;0.32; 0.49;
0.60
9 Tussilago V. Arenu JIucTesa ++ +++ 9 0.36; 0.46; 0.60
farfara L. 0.73;0.81
Cariophylla- JlucToes + ++ 4 0.21; 0.29; 0.36;
ceae 0.45
10 Towunucw, IIBeTkH +? +++ 4 0.27; 0.43; 0.49;
Melandrium Banunmxapu 0.59
boissieriana Crebnu +++ +++ 4 0.25;0.42;0.48
Schischk. Kopuu + - 2 -
Cruciferae Oxp. 1. JIuctes ++ +H+++ 4 0.39; 0.56; 0.66;
Toumucwu, c. 0.76
11 Lepidium Jluromu IBeTkn ++ +++++ 2 0.56; 0.76
latifolium L. Crebin ++ +++ 5 -
Dipsacaceae
Dipsacus Uwmatypckuii p- | Comserne - - 2 -
12 | laciniatus L. H, ¢. Cakypiie Crebnu - - - -
Ericaceae
JIuctes +++ +++++ 6 0.43; 0.64; 0.75;
13 | Rhododendron XeBcypeTH, 0.84
caucasicum OKp. ¢. Pomka ByroHs! +++ +H++++ 5 0.43; 0.64; 0.75;
Pall. 0.84
Creban +++ +++ 4 0.45; 0.55; 0.73
JIncTesa ++ ++ 5 0.67; 0.75; 0.85
14 Rh. luteum XeBcyperH,
Sweet. OKp. ¢. Pomika IBeTkH ++ +++ 5 0.66; 0.71; 0.78
Crebian +++ ++ 6 0.65; 0.72; 0.78
JIuctes ++ +++++ 7 0.41; 0.65; 0.77;
15 | Rh. ponticum XeBcyperH, 0.82
Pall. OKp. c. Pomka IIBeTkH ++ +++++ 5 0.40; 0.65; 0.78;
0.83
Fabaceae
(Legumino- Ilappabanckuii
sae) P-H, OKp. Crebmnn - +++ 3 0.57
16 Alhagi launanun
pseudoalhagi Kopuu - +++ - -
(M.B.) Desf.
Oxp. JIucTesa + +++++ 9 0.47; 0.65; 0.75
17 Amorpha Towcckoro TInoas! + +++++ 7 0.24; 0.42; 0.53;
fruticosa L. Mopst 0.75
Crebaun ++ ++ 8 0.45; 0.59; 0.71
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JInctes + +++ 7 0.39; 0.66; 0.78
18 Astragalus Oxkp. Crebnu ++ + 5 0.78
brachyceras TOWIUCCKOTO Tltoas! ++ + 7 0.43; 0.54; 0.66;
Ledeb. Mopst 0.72
Kopau +++ +? 2 0.82
JInctes +++ +++ 9 0.29; 0.34
19 A. cicer L. P-u Crebmnn +++ ++ 5 0.19; 0.30
Terpunxapo, [Tnons ++ ++ 6 0.31; 0.57; 0.68
OKp. ¢. Moxucu Kopuu +++ - - -
A. Okp. c.
20 | galegiformis | Komxopwu, ropa Crebnun +++ + - -
L. Y30
A. Oxkp. .
21 | galegiformis Townucy, c. Crebmnn +++ + - -
L. Axannaba
JIucTesa + +++++ 6 0.35; 0.50; 0.67
22 A. maximus I{uBrom6op- IBeTkHN ++ +++ 4 0.57; 0.70
Willd. ckuit xpebet Crebnu + ++ 8 0.22; 0.73; 0.81
Ycukn + +++ 4 0.10; 0.21
P-n JIuctes ++ + 4 0.19; 0.25; 0.33;
23 | A.schischkini Terpuikapo, Crebnu 0.37
Grossh. c. [TanTnanu Kopuu ++ + 2 0.37
++ - 2 :
Balota nigra TOuIHCH, OKp. Jluctest + - - -
24 L. Banutumksapu Crebnu + - - -
JIncTes - + 5 0.77; 0.87
25 Doronicum MIIXeTCKHiA p-H, LBeTku +++ +++ 10 0.54; 0.66; 0.72;
orientale ¢. Carypamo 0.83
Hoffm. Crebin +++ ++ 6 0.68; 0.76; 0.87
JIuctes - +++ 5 0.34; 0.41; 0.52
26 Lathyrus Oxp. 1. TTnone! +++ +++ 7 0.36; 0.38; 0.43;
roseum Stev. Towucw, 0.48
Ixuetn Crebiu +++ ++ 5 0.36; 0.38; 0.43;
0.49
JIuctes, ++ +++++ 5 0.53; 0.68; 0.88
27 Melilotus Oxp. Kacnu Crebnu
officinalis (L.) LBeTku ++ +++++ 8 0.40; 0.51; 0.66
Pall. Kopuu + - -
Pueraria Jluctest - +++ 4 0.16; 0.42
28 hirsuta KoGyerckwuii p- [{BeTkn + +++ 3 -
Matsum. H, ¢. [llpoma Crebnu ++ + 5 0.08; 0.42
JIncThs, + +++ 4 -
29 Trifolium Bopmxomckuit Crebnun
alpestre L. p-H, [[BeTkn + +H++ 6 0.90
c. bakypuanu Kopuu + - - -
JIuctes ++ +++++ 5 0.35; 0.41; 0.66;
30 | T.alpestre L. Towmucn, oxp. 0.82
IlaBkucu Crebnu +++ +++ 7 0.28; 0.62; 0.70
IIBeTkn +++ +++++ 6 0.66; 0.82
JIuctes ++ +++ 9 0.35; 0.42; 0.50;
31 | T.canescens c. beranuna 0.65
Wwilld. IBeTkn + +++++ 6 0.36; 0.57
Creban ++ +++ 4 0.32; 0.57
JIucTesa + ++++ 8 0.38; 0.41; 0.56;
32 | T.fragiferum c. beranuna 0.65; 0.80
L. IBeTKHN + ++++ 9 0.28; 0.35; 0.43;
0.52; 0.65
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Crebmnn ++ + 6 0.42; 0.63
33 | T.pratense L. c. beranna Hamzem- + +++ 9 0.62; 0.68; 0.80
Has 9acTh
Gentianaceae JIucTes - +++ 4 0.13;0.51
Gentiana P-u Terpurikapo | LlBetku +++ +++++ 3 0.22; 0.45
34 | gelidaM.B. | oxkp.c. Moxwucu Crebmn ++ ++ 4 0.50
Kopuu - +++ - -
JucTes + +++++ 11 0.04; 0.19; 0.23;
35 Gentiana Okp. Bopmxomu 0.29; 0.34; 0.47;
schistocalyx 0.55; 0.90; 0.95
K. Koch. IIBeTKHM +++ +++++ 3 0.22; 0.48; 0.64
Crebnn +++ ++ 3 0.92; 0.50
Lamiaceae Oxp.
Betonica Tetpurikapo IBeTkH ++ ++++ 5 0.26; 0.30; 0.45;
36 | officinalis L. 0.63; 0.86
JIuctes - ++ 1 -
37 | Lamium album | Okp. r. T'opwy, c. [BeTku - ++ 2 -
L. Xunucrasu Crebim + + 2 -
JIuctes +++ +++++ 7 0.20; 0.27; 0.52;
Oxp. 0.69; 0.77
38 Mentha CrenaHIMiH-1a IBeTkHn +++ +++++ 7 0.23; 0.30; 0.52;
arvensis L. (Kazbern) 0.69; 0.77
Creban +++ ++ 5 0.20: 0.30; 0.55
JIucTesa + ++++ 12 0.30; 0.44; 0.50;
Phlomis Oxp. 0.58; 0.65
39 pungens Tounucckoro IBeTku + ++++ 10 0.39; 0.52; 0.68;
Willd. Mopst 0.75; 0.85
Crebaun + ++ 6 0.42; 0.62; 0.75
Jluctes +++ +++++ 7 0.14; 0.29; 0.36;
40 Salvia P-u Carapexo, 0.44; 0.55
tescuicola OKp. C. IBeTkn +++ +++++ 6 0.22; 0.28; 0.33;
Klok. seu S. T'uoprurMuH-/a 0.40; 0.66
nemorosa Crebun +++ ++++ 6 0.11; 0.30
Kopuu ++ - 5 0.23
41 Teucrium Okp. c. JIuctes ++ +++++ 4 0.39; 0.45; 0.53
multinodum IlaBkucu IBeTkn ++ +++++ 4 0.33; 0.38; 0.53
(Bordz.) Juc. Crebin - ++++ 7 0.14; 0.30; 0.44
JIuctes, + ++++ 6 0.23; 0.28; 0.37;
42 | T.orientale L. Okp. c. LBETKU 0.76
Maurnucu Crebnu +++ ++++ 5 0.15; 0.25; 0.38
Kophu +? - 3 -
43 Ziziphora Okp. c. JlucTes +++ + 7 0.31; 0.37
serpyllaceae [aBkucu
M.B. IBeTKH +++ + 9 0.28; 0.37
Z Okp. c. Haps. +++ ++++ 5 0.82
44 | serpyllaceae Komxopu 4acTh
M.B. Kopuu +? - 2 -
Liliaceae
Convallaria Oxkp. c. Hopuo JIucTes + +++ 10 0.36; 0.43; 0.57;
45 | transcaucasic 0.64;0.71
a Utkin. Crebun + + - -
Myrtaceae Oxp.
Vaccinium CremnannMuHa JIucTes + ++++ 6 0.65; 0.78
46 | arctostaphylos (Kazb6ern), c.
L. I'Benetn
Onagraceae
Chamaene- Oxkp. 03. Jluctes +++ +++++ 7 0.19; 0.46; 0.61;
47 rium ITapaBanu 0.77; 0.86; 0.96
angustifolium
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(L.) Scop. L{BeTkn ++ +++++ 5 0.18; 0.63; 0.82;
0.91; 0.98
Polygonaceae
Polygonatum Oxp. 1. 'opu Hams. + ++++ 10 0.40; 0.60; 0.68;
48 | glaberinium Yactb 0.72
C. Koch.
Polypodiaceae JIuctes + +++ 2 0.43;0.72
Pyllitis Yuatypckuii p-
49 | scolpendrium H, ¢. Cakypiie Kopuu + - - -
L. Newn.
Primulaceae Jluctes + ++ 6 0.50; 0.68; 0.73
Anagalis TInoasr + +++ 3 -
50 coerulea Oxp. Townmcy, Crebmu + + 5 0.50; 0.68; 0.73
Schreb. c. Axanaba Kopuu - - - -
Primula Oxkp. TownmcH, JIucths, + +++ 10 0.26; 0.29; 0.35;
51 macrocalyx Inpanu cTebnu 0.41; 0.67
Bge. IBeTkH + ++++ 10 0.17; 0.26; 0.32;
0.41; 0.49; 0.67
MixeTcKuii p-H, JIncTes, + ++++ 4 0.23; 0.29; 0.35
52 | P. macrocalyx c. Carypamo, cTebmm
Bge. xpebet MamHo IBeTkHn +++ +++++ 7 0.17; 0.21; 0.26;
0.32
Kopuu + - 2 0.21
MIIXeTCKHiA p-H, JIucths, + +++ 5 0.24; 0.33; 0.41;
53 | P.woronovii c. Carypamo, crednun 0.55; 0.64
A. Los. xpebet NanHo [BeTku - + 2 0.42
Kopuu +? - - -
Ranuncula-
ceae Okp. c. JInctes + +++ 7 0.28; 0.30; 0.58
54 Pulsatilla Komxopu IBeTkH + +++ 5 0.62; 0.72
georgica Crebuu +++ + 6 -
Rupr.
55 Pulsatilla Okp. TounmcH, JIucTesa - + 1 0.24
georgica c. llaBkucu Crebaun + + 4 0.56
Rupr. Kopau ++ - 3 -
Rosaceae Jluctes + +++++ 9 0.13; 0.19; 0.28;
0.36; 0.44; 0.73;
56 Agrimonia Oxp. ToumcH, 0.92
eupatoria L. c. llaBkucu Crebnn +? ++ 5 0.13; 0.16; 0.21;
0.27;0.78
JIucTes ++ +++ 7 0.14; 0.20; 0.29;
57 Filipendula Okxp. c. 0.39; 0.62; 0.84
hexapetala Komxopu IBeTkn +++ 44+ 14 0.10; 0.16; 0.23;
Gilib. 0.26; 0.30; 0.39
0.46; 0.58; 0.67;
0.78; 0.87; 0.91
Crebnun ++ ++ 7 0.14; 0.30; 0.40;
0.77
Kopuu +++ - 3 0.13; 0.16
JIucTesa - +++ 5 0.26; 0.59; 0.65
58 Pyracantha Yuatypckuii p-
coccinea H, ¢. Cakypiie ITnoet - ++++ 3 0.13; 0.28; 0.56
Roem.
Crebaun - +++ 3 0.13; 0.34; 0.62
59 Potentilla Oxp.
supina L. Tounmcckoro Kopuu +++ - - -
Mops
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Rubiaceae Oxp.
Galium TOWIUCCKOTO JInctesa +++ +++++ 10 0.31; 0.34; 0.50;
60 grusinum Mopst 0.60
Trautv. Crebin +++ +++ 10 0.42; 0.49; 0.60
61 | Rubia iberica Topw, c. Kopuesu- ++ +? 6 0.43;0.93
(Fisch. ex Xunucrasu ma
DC.) C. Koch.
Rutaceae
Tounucwu, JIuctes +++ +++ 7 0.22; 0.28; 0.56;
62 Ruta TEPUTOPUS UH- 0.91
graveolens L. Ta papmako- Crebnun +++ ++ 6 0.25; 0.32; 0.56;
XUMUH Kopuu +++ - - 0.90
Saxifragaceae JlucTos +++ ++ 4 0.74; 0.83
Saxifraga Oxp. TownmcH, Crebmu + - 2 0.30; 0.38
63 | cymbalaria L. LkHeTH Kopuu +++ +? 8 0.38
Scrophulariac JlucTes + ++ 2 -
eae Oxp. TomnmcHy, IBeTkH +++ ++ 6 0.02; 0.06; 0.12;
64 Linarea c. IaBkucu 0.17; 0.24; 0.55
caucasigena Crebaun +++ ++ 1 0.25
Kem. Nath.
Solanaceae Kobymern, JIuctes +? ++++ 5 0.25; 0.30; 0.56
65 Solanum BIOJH YepHOTO ITnoner ++ - 7 -
dulcamara L. Mopst Crebnu + - 3 -
Verbenaceae
Vitex KoOynetw, JIucTes + +++ 4 0.48; 0.64; 0.79
66 rotundifolius | okp. Marueruru TInoasr + +++ 7 0.55; 0.70; 0.87
Lin. Crebaun + + 3 0.68; 0.83

Cpenu uccienoBanHbix pactenuii Buasl Astragalus schischkini, Betonica officinalis, Bidens cernua,
Cichorium intybus, Doronicum orientale, Filipendula hexapetala, Grossheimia macrocephala, Lathyrus
roseus, Lepidium latifolium, Melandrium boissieriana, Mentha arvensis, Primula macrocalyx, Primula
woronovii, Pulsatilla georgica, Potentilla supina, Pyellitis scolpendrium, Ruta graveolens, Salvia
tescuicola, Solanum dulcamara, Tanacetum vulgare, Teucrium multinodum, Vitex rotundifolius, Ziziphora
serpyllaceae panee He ObLIM TTOABEPTHYTHI PUTOXMMHUUYECKOMY aHaIu3y (Tadu. 1).

B pPE3YyabTAaTC 3HAYUTCIBHBIM COACPKAHUCM (l)J'IaBOHOI/I):[OB OTJIMYAOTCA CJICAYROIHUE PAaCTCHUA:
Betonica officinalis, Bidens cernua, Lathyrus roseus, Lepidium latifolium, Primula georgica, Primula
woronovii, Solanum dulcamara, Teucrium multinodum, Vitex rotundifolius. TTo comepxanuto TpHuTepIIe-
nouzoB MoxkHO BeimenuTh Filipendula hexapetala, Melandrium boissieriana, Mentha arvensis, Primula
macrocalyx, Pulsatilla georgica, Ruta graveolens, Salvia tescuicola, Ziziphora serpyllaceae (ta6m. 1)

Cpenu ucciaeIoBaHHBIX PACTCHHUN 3HAYUTEIILHBIM COZCpKaHueM (DJIaBOHOUIOB BBIICIISIOTCS Betonica
officinalis, Centranthus longifolius, Lepidium latifolium, Sophora japonica. Kpome Toro, oHu n3BeCTHBI
I_ICJ'IG6HBIMI/I CBOMCTBaMH. BrIsgBiieHsl HUHTCPCCHBIC OMOJIOrHYECKHUE Bq)(l)eKTBII ANYypETUYCCKAs,
aHTHOKCHJAHTHAs, aHTHOaKTepuaabHasi, GYHTHIHUIHAS U Ap. YTIOTPeOIIIoTCS P O0NE3HIX KOXKH, paHax,
mpu O0JSX B CyCTaBax, a TaKXKe MPH PacCTPOWCTBE HEPBHOW M MHUIIEBAPUTENLHOW CUCTEMBI. B HapoaHO#
MCAUIIMHE yr[OTpe6J'I$IIOTC$I KaK THUIIOTCH3MBHOC, PAaHO3AXKUBIIAIOMICC, CCAAaTUBHOC, OTXApPKHBANOLICC,
MPOTUBOBOCIIATTUTENIBHOE cpefacTBa [5-7]. B CBsI3u ¢ 3TUM  COWIM  TIEIECOOOpPa3HBIM  U3YYHTH
JOMHUHHUPYIOIIHE BEIIECTBA.

OTHOCHTENBLHO OCTAIBHBIX BUJOB, OHU IO COACPKAHUTIO OMOJIOrHYECKH aKTHUBHBIX COG,Z[I/IHCHI/Iffi (BAB)
Pa3HLBIX KJIIACCOB, MOT'YT CTaTb MHTCPCCHBIMU U MCPCIICKTUBHBIMU 00BbeKTaMH JIA ,Z[aJ'IBHefIH.IeFO HU3YyUCHHA.

Brinenenne cymm BAB u3 B/c nBeTkoB Betonica officinalis (6eTonuka nekapcTBeHHas) U U3 IIBETKOB
u JmcteeB Lepidium latifolium  (kIONMOBHUK IIMPOKONKMCTHBIM), a TaKkKe WX pa3leieHUe Ha
WHANBUAYAJIbHBIC KOMIIOHCHTBI OCYIICCTBIIAIN KIIACUYCCKUMU METOAAMU [8]

21_]'[5[ I/IIICHTI/I(i)I/IKaHI/II/I BBIACJICHHBIX BCUICCTB UCIIOJB30BaJIM IBETHBIC PEAKIUU, (1)I/I3I/IKO-XI/IMI/IT-ICCKI/IC
KOHCTAHTBI KaK CaMHX BEIICCTB, TaK U IMPOAYKTOB UX KHCJIIOTHOI'O MU IIECJIOYHOI'0 r’mapoJin3a, JaHHbIC I/IK,
Y@, 'H, BC SIMP cnekTpocKomuii.

W3 cymmMbl Ononornueck akTUBHBIX BemecTB Betonica officinalis Beinenunu BemectBa 1 u 2, a u3
Lepidium latifolium Bemectna 3, 4. BeineneHHbBIE COETUHEHUS OTHECEHHI K (DIaBOHAM U (DIaBOHOJIAM.
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Bemectso 1 coctaBa Co1Hz0011 kKenThle KpUCTAILIBI, T. M. 255-257 °C (u3 metanona), [o]o - 52, 0
°(c 0.52; meranon-mUpuanH, 3:2); YD-CHEKTP Amax, MeTaHoN, HM: 353, 268; UK-criektp, Vmax, KB, cmM™:
3460 (-OH), 1660 (C=0), 1580, 1500, 1480 (C=C). KucioTHBIM rHIPOIH30M 00pa3yeT arjiukoH C T. IUI.
327-329 °C, koTopblii TO CBOMM (DHU3UKO-XMMHUYECKAM CBOWCTBAM, MPOMYKTaM aleTHIMPOBAHUS U
IIEJIOYHOM JACCTPYKIMU MPU MApaIeTbHBIX OIMBITAX JOCTOBEPHBIMH OOpa3IaMU HICHTHUYCH JIFOTCOTUHY
[9].

B yrneBoaHo# yactu BemectBa 1 b/x aHanu3om ObUI0 Toka3aHo Hanuuue D -TimroKo3sl.

Ha ocHoBaHMM TOJNYYCHHBIX JAHHBIX BemecTBO | WaeHTHHUIUpoOBaTU Kak mrorenuH-7-O- B-D -
TJIIOKO3U]T WM [IuHapo3un [9, 10].

Bemecto 2 — cocraBa CisH1007, sxenroro nsera kpuctasmibl, T.Iu1. 312-314°C; YO crekTpe Avax, HM,
B Metanone 372 u 257; B UK cnektpe viyax KBr, cm™l: mmerorcs monocsl normormenus mpu 3385, 3300 (-
OH),1665(C=0), 1565 u 1516 (C=C). JlacT MOJIOKHUTEIBHYIO IHAHUIUHOBYIO peakiuio no Bryant [3].

ITpoxyKThI, TOJyYEHHBIC MYTHEM AalCTHINPOBAHUSA W IIEJOYHBIM CIUIABICHHEM OKa3ajKCh
UICHTHYHBIMH TIPOYKTaM MOJYIECHHBIM aHAJOTHYHBIMUA METOIaMH U3 ayTEHTUYHOTO KBEPIIECTHHA.

Ha ocHOoBaHWM aHaM3a XMMHYECKMX M CICKTPAJIbHBIX JAHHBIX BEIIECTBO 2 0XapaKTEPHU30BAHO Kak
3,5,7,3',4' — meHTaoOKCH-(IIABOH WM KBEPUIETHH [9].

BemectBo 3 -  BBIIEIECHHOE U3 Lepidium latifolim L. okasamcs HIEHTHYHBIM BEIIECTY 2,
BhIZICTICHHOMY 13 Betonica officinalis.

Bemectso 4 coctaBa C21H20012 TEMHO - 3KeJITOrO LBETA KpUCTaibl, T.111. 227 - 229°C, [a]p? - 80° (¢
0.1; numerundopmamun); B YO crekrpe Awax HM, B MeTaHose: 362 u 255; B UK-cnektpe vy, KBr, cm:
3400(-OH), 1670 (C=0), 1600,1580,1520 (C=C).

ITpu KKCIIOTHOM THAPOJIH3e 00pa3yeTcst arIMKOH JKEJITOTO [[BETA B BUJIE UIOIBYATHIX KPUCTAILIOB C T.
. 314-316°C, cocraBa C15H100 7. B yriaeBoanoit wacti X ananuzom mpokazano Hannuue D-rimoko3sl.

Ha ocHoBaHMM TOJIyYEHHBIX JaHHBIX BEIIECTBO 4 OXapaKTepPH30BaHO Kak 5, 7, 3', 4’ —teTpaokcu -3-
O-B-D - rmroxonupano3uiI-(hJIaBOH WIH W30KBEPIUTPHH [9].

BemectBa 1, 2 u3 B.officinalis u B-Ba 3, 4 u3 Lepidium latifolium L. dmopsr I'py3un BbigeaeHb!
BIIEPBBIE.
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PRELIMINARY RESEARCH OF SOME PLANTS GROWING IN GEORGIA ON THE
CONTENT OF FLAVONOIDS AND TRITERPENOIDS

K.Shalashvili, M.Alania, M.Sutiashvili, N.Kavtaradze, J.Aneli

Thilisi State Medical Universitiy, |. Kutateladze Institute of Pharmacochemistry
Thilisi, 0159, 36, P. Sarajishvili st.
E-mail: merialania@yahoo.com

SUMMARY

One hundred seventy four samples of 63 species related to 48 genera and 22 families were analyzed on the
content of flavonoids and triterpenoids. 23 species of Georgian flora were first studied. The promising
plants with a significant content of flavonoids and triterpenoids were revealed. Some of them are
recommended for in-depth chemical analysis. Two flavonoids were isolated from the flowers of Betonica
officinalis. They were identified as cynaroside and quercetin. Quercetin and isoquercitrin were isolated and
identified from the flowers and leaves of Lepidium latifolium. These flavonoid compounds were isolated at
first time from abovementioned species of Georgian flora. Structures of isolated compounds were
established by using methods of spectral and physical-chemical analysis.

15450003980 BmBIMEO BMY0gMo 3396500l Fobsliffoto gsdm3zemg3s BEsgmbmogdols ©s
A®0BgM396900L 390339 mdsBY
J.05¢5030¢0, 0.5¢0b0s, 9.v)005830¢0, b.Jo306MdY, X.06gwo0
obby 0. J29005009e5d0b 356G 30000800 0bLBOAIHO
mdogerobo, 0159, 3. bsspcodzomob d. 36,
9Bomdg
Bo@oMgdmos Lodo®mmzgeml ganm®olb 22 mxsbol 48 235(M0L 63 bobgmdol 174 bodwdol sbsgrobo
REo3mbmogdolbs s FHOoGHIM396900L 899339 mdSBY.  LoJoMmM3gEMml  GarmMol 23 Lobgmdo
30039Ws@  9MOL  200Mm33wgMo.  gddmgwgbowos  39ML3gdGHoMwo  d3gbstggdo,  BMIwgdog
RE53mbMoEIdols s BHM0EIM39bgdool 3608369 m3sbo 838339 Mdom  bolosmMYd0sb. BmAogHMO
000060 dmfimgderos  ©Mds  JodowGo  33wgzobomgol.  Betonica officinalis—ob  y3s30¢gd0sb
0DMoMmIOMWos 2 Bwogmbmoo, MMIwWwgdos 00IbGH0R0E0MYIMWBO 56H0s6 MMmymOE 30bsOMBoo
@5 33903930bo.  Lepidium latifolium—ol  gmomgdo©sd  ©d  Y3030gd0@sb  Jomgdos 2
RE53mbmoo. 0bobo  EIBILOIMGOMWBO  SMOE  MmaMmOE 0BM3IzIPEoGHMmobo s 33903gBH0bo. b
BEo3mbm0gdo  LodoMm3gml BEm®mOl 53 LobgMdgdoEsD 30M39wsEss  SOFIMHOWo.  AsBmYmBoE
BogOmms bLEGHOMIGHMOIPP0 OYIB0E0s SBsEOBOl BoBoZMG-JodoMo s L3gdGHMEo TJMPYOO.
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BUOJIOI'MYECKHU AKTUBHBIE COEAJUHEHUA

K UCCIIEJOBAHHUIO BBICBOBOXJIEHUS CYMMbI BUOJTOI'MYECKN AKTUBHBIX
BEIIECTB PACTUTEJIBHOT' O ITIPOUCXOKIAEHENS U3 HIOTEHIINAJBHBIX
CPEJICTB JJIs1 TEYEHUSI 3ABOJIEBAHUM KEJYJIOUHO-KUIIEYHOI'O TPAKTA

[L.A ABuu, M.b.Kaxerenunze, J.W.Uypanze, M.A.I'abenas, H.C.I opracinumze

Hucmumym gpapmaxoxumuu um. U.I. Kymamenaose Tounucckozo 20cyoapcmeeHH020 MeOUYUHCKO20
yuusepcumema, Tounucu, 0159, I'pysua, Ya. I1. Capadsxcuweunu 36

Hcnonp30BaHUE PACTHTEBHOTO CHIPhS JUIS JICUYCHHUS MHOTHX 3a00JICBaHUMN, B TOM YHCJIC U IS 3a00JIeBaHUN
KEIYTOYHO-KHUIIICYHOTO TPAKTA, TO3BOJICT H30€KaTh AIUICPIrHICCKUX M TOKCHYCCKHX SIBJISICHUH, JOBOJIBHO
4acTo BO3HHUKAIOIIUX MpPU TPUMCHEHHH CHHTCTUYCCKHUX JICKAPCTBCHHBIX IPEMapaToB, OCOOCHHO
AHTUOMOTHTKOB; XapaKTCPU3YeTCsA BBICOKOH CTEMEHBIO H3JICUYUMOCTH. B HacTosmeM  COOOIICHUU
MIPUBOJIATCS JAaHHBIE TIO CO3JIAHUIO MOTEHIIUAIBHOIO CPEACTBA CIAaOUTEIBHOTO NEHCTBUS, BKIIOYAIOIIETO TPH
Pa3IUYHBIX PACTUTENBHBIX KOMIIOHEHTA.

XKenmynouHo-kuiieuHble 3a007€BaHUS SBISIFOTCS OAHUMHE M3 CaMbIX pacnpocTpaHeHHbiX [1-3]. Ha
CEeroJHSALIMN JEHb [JJs JICYEHUS JTOr0 HEAyra MHCIONb3YIOTCI B OCHOBHOM MHOTOYHCIICHHBIC
CHHTETHYECKHUE JICKAPCTBEHHBIEC TIPETapaThl, B TOM YHclie U aHTHOMOTHKH. [Ipn 3TOM yacTo HabmOaI0TCs
CIIy4au aJJIeprU4ecKUX peakUui U NMpHUBBIKaHMSA . B TeyeHne MHOTHX JeT Ui JIeYeHHs 3TOW TpyIIIbI
3a00JIeBaHUI TAK)KE MCIIOJIL3YIOTCS JIEKAPCTBeHHBbIC pacTeHus | 4 |. CieayeT OTMETUTh, YTO aKTUBHOCTh
pPaACTHTENBHBIX KOMIIOHEHTOB TPW JICUEHUE pa3lIM4aeTCs B CBSI3UM C PAIOM OCOOEHHOCTEH oOpraHu3Ma
0OJIBHOTO M MeXaHU3Ma JACHCTBHS KOHKPETHOTO PacTeHUsl. ITO TpeOyeT MOCTaJuiiHOTO KOHTPOJIST YPOBHSI
JEHCTBUS KaXKJI0TO PACTUTENBHOTO CPEICTBA MPH ero HazHaueHue . B cimyyae paspabotrku BAJl-oB Gomee
[eIecoo0pa3Ho HMCIOJB30BaTh CMECh pACTHUTEIBHBIX KOMIIOHEHTOB, 4TO, B OIPENEICHHON Mepe,
rapanTupyet ux 3pdexr.

IIpr mpoBefAeHNWH MAHHOTO WCCIIEAOBAHMS MCIOIB30BaHBL JuCT ceHubl (Folium Sennae), kopa
kpyuuasl (Cortex Frangulae) u momsr skoctepa (Fructus Rhamni Catharticae).

Bce pacrenus npenBapuTenbHO U3MENBUYAINCH U IPOCEUBANIUCH Yepe3 olpeaesieHHble cuta. Kopa
KPYUIMHBI U JIUCT CEHHBI MIPU MTPpOCcenBaHUM 00pa3oBany 3 gpakuun: 1-as Gpakius co cpeTHbIM pa3MepoM
yactuil 0,315 mm; 2-as ppakius co cpeHbiM pazmepoM yacTuil 0,2 MM; 3-as ppakius ¢ pa3MepoM 4acTHI]
Menee 0,2 mM. Ilnogs! xocTepa yaanoch U3MENbUYUTS JIMIIb 10 cpeaHero pasmepa yactui 0,315mm.

N3yueHue CTPYyKTYPHO- MEXaHHUUECKUX IMOKa3aTesiel MPOBOIUIOCH, KaK I (ppakiui OTACIbHBIX
pacTeHwuid, Tak U Ui ux cmeceil. [lomydeHHble pe3ynbTaTsl NpUBeIeHBI B Tabmmie] .

Taoauua 1. CTpyKTypHO- MEXaHHUECKUX I10Ka3aTeIH Pa3IuuHbIX (paKuui

Kopa kpymuHsl.

Dpaxuus, O0nemHas
CpeaHui CrllTydecTh Vron orkoca’ Haceinnas TOTHOCTE
pasMep 4acTuIl r/cm?/cex macca r/cm’ © 030
(vv), r/cM
0,315 0,56 47 0,28 0,34
0,2 0,95 47 0,3 0,353
menee 0,2 0,59 49 0,4 0,526
[Tnons! sxocTepa
Opaknus,
CpeIHHI CrimyyecTtb Vron otkoca’ Haceinnas r?fT’TeHMHﬁ
pa3Mep 4acTHIL r/cm?/cex macca r/cm® © O??
(M) r/cMm
0,315 3,317 52° 0,4 0,729

354




LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos
e E——_——————— ——————— —

JIucTt ceHHbI

QDpa{cuI/m, Coinyuects | Vron otkoca’ Haceinnas Obnemmas
CpemHMiA pa3mep 2 3 TUIOTHOCTD
r/cM“/cex Macca r/cMm 3
JacTHIT (MM) r/cM
0,315 2,92 61 0,34 0,375
0,2 1,77 64 0,42 0,526
Mesnee 0,2 0,56 52 0,32 0,508
CMech UCTIOIp3yeMbIX pacTeHui B cooTHomeHuu 1:1:1
®pa£<u1/m, Vron otkoca’ Haceimnas Obnemmas
cpenuuii pasmep | CellmydecThb 3 IUIOTHOCTh
2 Macca r/cM 3
JacTHIT (MM) r/cM“/cex r/cM
0,2 2,03 54 0,37 0,54
HOHy‘-ICHH])IC JaHHBbIC IIO3BOJIAOT MPEAIIOJIOXKUTD HaJIn4ue BO3MOXHOCTHU (l)aCOBKI/I

2017 8. 43 N 3-4

HOTEHIMATBHBIX JIEKAPCTBEHHBIX MIPENapaToB, KaK B ITyaHCOHHI , TAK M B TTAKETHI.
Ot JaHHBIC B COBOKYIMHOCTU C AJOCTATOYHO XOPOUIMMM IMOKA3aTCIIAMHU BCIIWYHUH KOE)(b(I)I/IHI/ICHTa
npeccoBaHusl (Tabnuia 2) MpeanoiaraloT BO3MOXKHOCTB IOJyYeHHS MOTEHIMAIBHOTO MpenapaTa B BHIC

TabJIETOK.
Tabéanua 2. Kosdhdunment npeccoBanusi.
[TapameTpbl Ta0IETOK
# HanMeHoBaHue pacTeHui CpenHuit Bec Koopuument
(r) Cpenusist BeICcOTa (CM) PECCOBaHUs
1. JIuct cennsl, 0,2 MM. 0,75 0,42 2,86
2. Kopa xpymunsi , 0,2 MM 0,8 0,52 2,31
3. [Tnoas! xxoctepa ,0,315 MM 0,65 0,62 1,94
CwMmech pacTeHu# (JIHCT
4. CEHHBI (KOpa KPYIIUHBI, 0,7 0,45 3,22
IoAs! skoctepa) 1:1:1

C ydetoM paznuyHOW BenmuuHBl pH Ha OTAENBHBIX Y4acTKax J>KEIyJOYHO- KHIIEYHOTO TPaKTa,
OblJa HccieoBaHa KMHETHKA TTpolieca BhienieHus: cyMMbl BAB 13 TabneTok B pacTBOpP C HCIIOJIE30BAaHUEM
0,1 r-skB pacTBOpa COJISHOM KHCIOTHI M HaTpuii ammuadHoro Oydepnoro pactBopa ¢ pH=8,5, mo
CPaBHEHHIO C AUCTWIMPOBAHHON BoJoN. [lonydyeHHble naHHbIe pUBOASTCS B Tabmuile 3. B cpeanem Bpems
JIOCTHKEHHUS ONTHMAaJbHOTO pe3yjibTara COCTaBIseT OKoo 90 MUHYT, mpuveM HaOIo[aeTcs mpsiMast
3aBUCHMMOCTb BPEMCHU YCTAHOBJICHUA COCTOAHHA PABHOBECHUA OT COACPKAaHUA Kpaxmajla B Ta0JIETOYHOMN
Mmacce. Hauboree 1iesecoo0pa3Ho HCIOIb30BaTh Ta0JIETKU cojieprxkainue 5% kpaxmana (tabiuia 3) .

Ta6auna 3. Kunetnka npouecca u3snedeHust cyMmmbl bAB 13 TabneTok

# Bpewms OKCTpareHT
9KCTpakiy | Boga nuctunupoBaHHas 0,1 r-3xB pacTBOp Na-aMMuauHbIi
u (MUH.) COJISTHOM KHMCIIOTBI OydepHbIi  pacTBOp
pH=8,5
Conepxanue kpaxmaina (%)
2 | 3] 5 | 2] 3] 5 | 2 3 | 5
OnTHueckas MIOTHOCTh IKCTPaKTa

1. 10 0,21 0,2 0,17 | 0,28 | 0,25 0,2 0,46 | 0,42 0,52
2. 20 052 | 0,42 031 | 036 | 04 048 | 0,76 | 0,6 0,62
3. 35 0,66 0,6 0,64 | 0,46 | 0,58 0,58 09 | 085 0,9
4. 45 0,72 | 0,72 0,9 0,6 | 0,65 0,9 1,0 1,0 1,0
S. 60 0,8 0,8 1,0 0,7 | 0,78 0,92 15 1,5 1,2
6. 90 0,9 0,9 1,0 0,76 | 0,9 0,95 1,5 1,5 1,6

355




LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2017 §. 43 Ne 3-4
D s ———————————————— —————— ————————————————

[Tpumeuanue: YcnoBusi 3KCIEpPUMEHTa: OOBEM OKCTpareHTa 75 M, 4mciao TabmeTok — 1,
Temnepatypa - 3742 °C; mMcrHosb30BaHa MarHUTHAs MEIIAJKa C YMCIOM 000poToB 60 06/MHH.
M3mepenne onTHYeCKON MIIOTHOCTH U3BIICUCHUH IPOBOAMIOCH TPH JJIMHE BOJHBI A=425HM.

Bropoit BapuaHt BO3MOXXHOUM JjiekapcTBeHHOH ¢(opmer BA/Jl-oB npeacTaBisieT  coboit
CTaHJapTHbIC (PUIBTP-NIAKETHI, HATIOJTHEHHBIE KaK OTACIbHBIMU PACTEHUSAMH (JJMCT CEHHBI, KOpa KPYIIUHEI,
IUIOZIBI JKOCTEPA), N3MEIbYECHHBIMU 10 aHAJOIMYHOTO MUHUMAJIBHOTO pa3Mepa JacTHILl, TaK U UX CMECHIO B
cootHomieHnu 1:1:1. MccnenoBanre KMHETHKU BBIICICHUS CyMMBI OMOJIOTMYECKH aKTHBHBIX BEILECTB M3
BAJI-0B B skctpakTsl npu t=50-60 © (Tabu. 4,5) nokasaio, YTo BpeMsl HACTYIIEHHUS PABHOBECHS B PEXKUME
HACTaWBaHMA B CpeHEM He mpeBbImaeT 45-60 MuH, a B pexXuMe IPUHYAUTEIbHOr0 nepemermusanust - 30
— 40 muH. McknroueHne cocTaBiIseT KOpa KPYIIMHBI , YTO CBSI3aHO, 0 HAIlleMy MHEHHIO, C MAKCUMAaJIbHOH
JoKaJau3anreil OMOJIOTHYECKH aKTUBHBIX BEIECTB HA IOBEPXHOCTH €€ YacTull ( T.e. MPOUCXOJUT CMBIB,
4yTO O0yCIaBIHMBaeT TUICHOYHBI MeXaHu3M audy3nn) 1 ¢ OTCYyTCTBHEM HEOOXOJUMOCTH B IIpOIIEcce
HaOyxaHus. B ciydae SKCTpakiuM JIMCTa CEHHBI IPOHUCXOAWUT Ha IEPBOM CTaguu HaOyxaHUEe U ,KaK
CIIEJICTBUE TeNIeBbIi MeXxaHu3M auddysuu. JlocTarouHo HHM3Kas BenMuunHOW Kod(hdunueHTa audys3un
MIpU UCIOJB30BaHME IUIOAOB JKOCTEpa B OCHOBHOM CBsI3aHAa CO CMOJIUCTBIM XapakTepoM MaTepuana. B
Cly4yae SKCTPaKLMH CMECH BCEX 3-X KOMIIOHEHTOB B COOTHOIIEHHMH 1:1:1 3THM 3aKOHOMEPHOCTH MEHee
3aMETHBI.

Ta6aunna 4. Kunetnka mporecca n3BiedeHns cyMMbl bAB nipu ncronp30BaHud  QUIBTP-TIAKETOB B
peKuMe HaCTauBaHMA.

# Bpems OnTHueckas IIOTHOCTh U3BJICYEHHUS
AKCIIO3ULIUU Jluct censl Kopa xpyuinna IInons! sxocTepa CMmech pacTeHmit
(MuH.) 1:1:1
1. 10 0,42 15 0,9 0,65
2. 20 0,52 2,0 1,8 0,75
3. 35 0,62 2,0 2,0 0,85
4. 45 0,72 2,0 2,0 0,95
5. 60 0,82 2,0 2,0 1,0
6. 90 0,82 2,0 2,0 1,0

Ta6auna 5. Kunetnka nporecca uzsiedeHust cyMmmbl BAB npu ncnosib3oBaHuu QUIIBTP-TIAKETOB B
peXHUMe MPUHYAUTEITBHOTO ITePEMEINBAHNS.

# Bpewmst ak- OnTHueckas IIOTHOCTh U3BJICYEHHUS
UM (MUH.) Jluct ceHHbI Kopa kpymuna [Tnoas! )xocTepa CwMmech pacTeHmit
1:1:1

1. 10 0,85 1,0 1,0 0,9
2. 20 15 2,0 15 14
3. 35 2,0 2,0 19 1,6
4. 45 19 2,0 2,0 2,0
5. 60 19 2,0 2,0 2,0
6. 90 19 2,0 2,0 2,0

Hcxons w3 mpuBOAMMBIX JaHHBIX HCTOJIB30BaHHE Ta0JIeTOK W (MIBTP —MAKETOB , COAEPIKAIINX
CMeCh PAaCTHTENbHBIX KOMIIOHEHTOB IPECTABISIETCS BO3MOXKHBIM I1OCJIE YCTAHOBJICHUS HEOOXOIUMBIX
BenmumH 103 [ 5-9].
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FOR THE STUDY REGARDING RELEASE OF THE SUMS OF BIOLOGICALLY ACTIVE
SUBSTANCES OF VEGETABLE ORIGIN OUT OF POTENTIAL AGENTS FOR TREATMENT
OF DISEASES OF THE GASTROINTESTINAL TRACT

P.A.Yavich, M.B.Kakhetelidze, L.I.Churadze, M.A.Gabelaia, N.S.Gorgaslidze
Thilisi State Medical Universitiy, |I. Kutateladze Institute of Pharmacochemistry
Thilisi, 0159, 36, P. Sarajishvili st.

SUMMARY
Usage of vegetable raw materials for treatment of numerous diseases, including diseases of gastrointestinal
tract, provides a possibility for avoiding allergic and toxic results that are relatively common while using
synthetic drugs, especially antibiotics and causes high degree of recovery. Given study provides data on
possibility of creation of potential remedy with laxative effect containing three different vegetable raw
materials.
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$®3m8mdoL dOMEMYOMMSE 5dE0IM0 6030009M78gd0L KTl 4sdmbmsgzolirmegdol 33ergzolbmazols

3.0030B0, 0.35bgmganody, . F1Msdy, 3.2509w509, b.40mMsbarody
obby 0. J2900509e75dob 35605 30200800b 0bLBOAIHO
mBocgrobo, 0159, 3. bstsyodzoerob 4. 36,

M9bomdg
93969 o 6w gMeosd  ForgdMwo  Lsgsms®smm  dmddggdol  d3m@Eabaom®mo  Lsdwmowgdgdo
boliosmgo0sb 49639MBgd0L oo bosobboom. dsmo gsdmygbads 399F-bsfersgol BHMod@ol os350gd0L
15939ObserM©, Lodogdsl  az5deg3L  2odmMzMOiEbmm  segMA0o s  GmJbogmMo  dmzwgbado,
Omdwgdog  bs3dome  bAoMs  500d3Mgds  Lobmgbm@mo  bsdMEMbswm  3Mg3sMsB oL,  3gMAMm
9BBH000MmE03900L  358mygbgdoolsl. dmEgdner BsdM™MITo, Lsdo Lbzsolbgs  3m3mbgbEol Bsmmzom,
3my356005 3mbs398900 5060360 3mEHIb30wMo bydsmgdol 99Jdbols I0dsermwEgdoo.
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NATURAL & BIOLOGICALLY ACTIVE COMPOUNDS

INVESTIGATION OF TECHNOLOGICAL PROPERTIES OF
NEPHROPROTECTIVE BIOFLAVONOID

T. Kvaratskhelial, L. Tsiklauri?, E.Kemertelidze?
1St. Andrew the first-called Georgian University of the patriarchate of Georgia,
2TSMU I. Kutateladze Pharmacochemistry Institute

ABSTRACT: The aim of this study was to investigate rheological properties of nephroprotective
bioflavonoid - Kaempferol 3-robinoside 7- rhamnoside (KRR) obtained from the plant Pueraria
hirsuta Matsum. for successful dosage form design and development. The technological
characteristics of KRR were determined. The flowability study showed that KRR possess low
powder flow rate index; the evaluation of bulk density, tap density, Carr’s index, Hausner ratio, and
angle of repose values showed that the powder did not demonstrate excellent powder flow rate index
and for successfully formulating it requires a critical approach to ingredient selection.

Properties of the active pharmaceutical ingredients (API) are the primary driver of the
technology choice. Knowledge of the API technological characteristicsis essential for successful
dosage form design and development.

The aim of the present study was to investigate technological properties of
nephroprotective bioflavonoid Kaempferol 3-robinoside 7- rhamnoside (KRR) obtained from the
plant Pueraria hirsuta Matsum (1-3).

KRR is a yellowish - green colored, crystalline powder, insoluble in water. As the
rheological characteristicsof the drug substance may have significant effects on final drug product
performance (e.g., dissolution, bioavailability, content uniformity, stability, etc.) the particle size
and distribution, tap and bulk densities, angle of repose (AOR) and flowability of KRR powder
was determined in triplicate.

The particle size analyses were performed by standard sieve and laser diffraction analyzer.

The mean particle diameter and particle size distribution was evaluated by a sieve analysis
method using 7 sieves (1000, 500, 425, 300, 250, 140 and 90 pum) agitated for 10 min on a sieve
shaker (Engelsmann AKT - GES Apparatebau). The sieve load was 50.0 g. The retained weight
data obtained were used to construct a frequency distribution.

From the plots of log (particle size) against cumulative percent retained on a probability
scale, the geometric mean particle size (dg =161.51) and geometric standard deviation (cg) were
computed. According to the obtained data (Figure 1) tasted sample mainly contains (72.69%)
particles ranging in size between 140-250um; the particle’s narrow distribution range (cg = 1.70)
indicates the homogeneity of powder.

The volume mean diameter Dso and the Sauter Mean Diameter D(3,2) (um) of KRR were
calculated, and the particle size distribution was determined by laser diffractometry, using a
Coulter apparatus, model LS 100 Q Instrument (Beckman Coulter Particle Characterization,
Miami, FL). Results are the mean of triplicate experiments.

The main parameters: Dio = 6.76um, Dso = 90.51um, Dgo = 240.7um and the Sauter mean
diameter D (3, 2) =18.19, were defined for the tested powder.

As shown in Figure 2, KRR exhibits multimodal size distribution with the higher peak
around 100-250 um (modal diameter is 116.03um) and the lower peak around 700 - 800um; the
presence of the lower peak may be a result of the observed agglomerated particles in the system;
and the low values of width and height of this peak verify the homogeneity of tested substance.
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Fig. 1. Particle size distribution of KRR determined by standard test sieves.
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Fig.2. Particle size distribution of KRR determined by laser light diffractometry.

The deviations between the values obtained by sieve analysis and laser diffraction are due
to the different measurements obtained with each method.

Knowledge of the density of a powder is important in determining the volume that a
specific weight of material will occupy. Further, powders that differ significantly in density will
have a tendency to segregate, resulting in non-homogeneous blends [4-6].

An Engelsmann powder tester (AG Apparatebau) was used to examine tapped density,
three replicate measurements were performed under normalized conditions as describe in the E.Ph
[7]. For each determination, the test tube was filled with a known mass of sample and initial
volume (Vmax) was measured giving access to bulk powder density (pmin); the tapped density
(pmax) was determined by tapping a measuring cylinder against rubber flat surface until no
volume (Vmin) change of the powder in the cylinder was observed. Two commonly used indexes
are calculated from these measures. The Hausner Index (pmax/pmin) is used to indicate powder
flow [4]. Values above 1.25 demonstrate poor flow, while lesser values are associated with
moderate to excellent flow. The Compressibility or Carr Index ([(pmax - pmin) / pmax]100%) is
another popular method of predicting flow [5]. Values above 20% indicate poor flow while values
less than 15% indicate excellent flow. However, these indexes alone do not adequately assess
powder flowability.
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The Angle of Repose (AOR) is a measure of powder cohesiveness and is a popular
determination as it is an easy method to indicate powder flowability. Most free-flowing materials
have angles of less than 50°. The AOR was measured according to the method Svarovsky [8]. In
this measuring process, the material falls through a funnel onto a plate (5.4 cm in diameter) until a
cone is formed and the addition of more material does not lead to a further increase in the cone’s
height. The AOR (a) is calculated using the plate’s radius (r) and the height (H) of the corn:

tgo = H/r.

However, these indexes alone do not adequately assess powder flowability [4]. To
characterize the flowability, the mean flow index (a’/a ref) of the powder was determined on
apparatus SOTAX FLOWTESTER: a steal funnel was used, and a computer-connected balance
continuously registered the mass of the powder. A vibrator was connected with a funnel to
improve the powder flow. The mean flow rate was evaluated by linear regression (Fig 3).

The data reported represent an average value of at least five runs for each powder fraction.

The technological parameters values listed in table.

Flow character is rated based on compressibility index and Hausner ratio [4]. Lower Ic or
lower Hausner ratios of a material indicate better flow properties than higher ones. If powders are
readily compressed by tapping, their flow energy requirement increases. Based on the results
obtained, flow of KRR was rated as ‘very poor’ in terms of its flow based on Ic (27.31%), HR
(1.38) and Flow index (o’/aref = 0.37) values.

The use of methods for measurement of flow known as dynamic procedures presents close
correlations between the experimental data and the real technological characteristics of the
powder.

Table. Rheological Tasting Results

Substance | Bulk density Tapped Ic (%) HR AOR°® O’/ Olref
(g/cmd) density ( <20%) <1.2 (£45-50°)
(g9/cmd)
Mean £+ SD Mean £+ SD Mean £ SD Mean £+ SD Mean £ SD | Mean £ SD
KRR 0.50+0.05 0.69 +£0.07 27.31+1.09 1.38+£0.02 | 58.15+1.14 0.37

AOR: Angle of repose (in degrees)

Ic: Compressibility Index (in %)

HR: Hausner Ratio

o’/arer: Flow index (according to the SOTAX FT 300 method)

In this way, the angle of repose is a method that allows a dynamic measurement of flow
by assessing the difficulty presented by the particles to flow freely through an orifice to a flat
surface. The angle of repose is a traditional characterization method for pharmaceutical powder
flow and a value of <30° indicates ‘excellent’ flow whereas >56° indicates ‘very poor’ flow.
Based on this, the flow was rated as ‘very poor (AOR =58.15°) for tested powder (Tab.).

In conclusion, the obtained data suggest that KRR possess poor flow properties and
compressibility and for successfully formulating it requires a critical approach to ingredient
selection and suitable drug delivery system development.
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Method: TEST.RPX
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Fig.3. Flowability analysis of KRR determined by SOTAX FLOWTESTER.
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Lo3domdo obborryemos Fyswdigbstol Spirulina platensis (S. platensis) BHEOL Obsdo3sdo  Tobo domIsbiol

(330 gdsbg 8339003 3oMgdmdo JOPEOMMWs® BoGHI0OMo Jodom®o gwrgdgb@gdol: Jhmdols s Lgwgbol
36mdo Hom©gbmdsms Bgye3egbols 358m3zumg30L 99009900 5GHMING - 50LMMBIE30Oo b39JEHOMBYGHOOOL (55b)
390MmEOb 258mygbgdoo.

3™, BMI 50530560l MmMPb0BI0 08539 Jodome gagdgbBHgol Tgoiegl, Molog sMsmEbowo
0bgds.  (3mEbowo  MmMYsboBIol V9o qbermdsdo 80 - 8y Jodow®o gagdgbBHos, MMIJEMIQSD
doMomoos 6 gwgdgbdo: C, O, N, H, P, S. 0530m9wgdgb@gdos K, Na, Mg, Ca, Cl, bmgm
d0360Hmggdgb@gdos: Mn, Fe, Co, Cu, Zn, Mo, I, Se s bggdo, HmIwgdoa 3mHm3zwgds 0w30dwdo, dgegddo,
03Mmgmzg 3Mbmgddo, GHmMJuozMM 603x0gIMGBsmS 35993698 MdsTo s Lolbeol Fomdmddbsdos. Toz™m s
90360mggdgb@gdol  bo3agdmdol 96 LoFoMdol Fgdmbggzedo  3m@Ebowr  MmMYbobdgddo 0393
6030090 gdsMS 33W0s.

3@Ebo mOys60Bds hg9bL Ggdmbgggzedo 4obbowremos My - 3H3569 §god3gbstyg (30956mdsJEHgM0s
Spirulina platensis (S. platensis), ©m3geolog o93L sLgoo Lobg:

Bsb. 1. S. platensis LogMom bEomo, domgdwEo
99dBHOMbMo dozmmbzm3ol bydmowgdoom

0goedzgbo@ol S. platensis vjo0Mglo Bmzwy
QbOLosMYDS  SBYMOs: Ol SMOL  5sF0sbols o
3b™39ms 15533900L, L3O M 30g35G5EJdOLS
©5 ©0YAHNMMO 30MEdBHIdoL LoFomm ©bsds@o,
90M0s Jmdmgowom, 0300Jd0m,
3bodmgsbo 05539000. 2409m094gbgds bmy
Q055350905m5 3M9HYbGHE00LsMZ0L. Jolo o8mygbgds Fglodergdgmo s0dmBRbEs Modmgbody GHmdbolw®mo
9wg396GH0Lsdb B30bsMg Pywgdol aolslmmmsgzgdws. GmamMa [1, 2] 9Gmdgddos s0bodbmero, S.
platensis g59myqbqds 890degds 0doLomM3z0L, M 1530050 0469 BHMJLoZMM bogmoghmgdsms JogM mEbswo
mM560BTol  Imfodzws s dsmwEgl dobo 0dMboGg@o. BgMbmdowol s35MGool 990y dgEMmemwlo
05303900L 490339 Mom©IbMBdSDBY  BoGIMPOIMTs  ©5330603909dT> oB3gbs, MHmI  sbodbero
090 396560L  200mygbgds dgodegds MmMAsB0BI0E Moombrmzwogdol LbMmezgo Asdmygmaolamzgol.
4m39w039 Hg80mmo0bodbymols oM, IEILAEMMES, Mmd S. platensis QooBbos mJHMLs s 39GEbeEroL
B96mbsfos3000L Fo®dmddbols »bsto [3].

0-00.560MMb035d300L Lob. gobozol oblGodm@do S. platensis d0mdsLol A5dM33g3930 BoEIG©S
Mool BEIOS30Eo  MHYL3MdE030L  B9EbogMgdIms  535gIO0L  3.5.30F0M0sBY30L  LabgErmdOl
d39bstgms  gobomemaool  0bbEoGHWMEG0B  Fowgdmwo  Bodmdgdol  qedmyggbgdom.  hggbo
9939600963 gdoL FglieHEgdoLsl IEWo oym dgdgao 30MmMdgdo: pH > 8, gsbsomgds - 3500 qowduo,
G993965¢cs - 30 - 34°C, fy39G0 350DsBH0MYds, J03OML3M3wo 3mbGHOMEO, HMIgETs3 930G
Mmd  259myabgdeo  [goedEgbodol  d0mdslol  MXMIOIO0  FOGHMEMAONMS® o6 2oblbgoggds
306GOMEOobosb. yz3gws gdudghodgb@ol Mml 3owgdwao domdsls sdmddMow 0dbs womgoww®ma [4].
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ON INTERACTION OF SIMULTANEOQUSLY LOADED Cr(111) AND Se(1V) IN NUTRIENT
MEDIUM ON THE CHANGE OF BLUE-GREEN ALGAE Spirulina platensis

Nana Kuchava
I. Javakhishvili Thilisi State University, E. Andronikadhvili Institute of Physics

SUMMARY

The results of investigations of the change of biomass of algae Spirulina platensis are considered by the
method of Atom — absorption spectrometry (AAS) in the dynamics of its grouwth, when a known quantity
of chemical elements chromium and selenium are introduced simultaneously into the nutrient medium.

O B3AMMOJENACTBAU OJJHOBPEMEHHO 3ATI'PYKEHHBIX B IUTATEJIbHOM CPEJIE

Cr(111) ¥ Se(1V) HA UBMEHEHUE BHOMACCBI
CHUHE-3EJJEHOU BOAOPOCJIA Spirulina platensis

Hana Kyuasa
Tounuccxuti cocyoapcmeennulil ynugepcumem um. Meamne /[ocasaxuweunu,
Hucmumym guzuku um. Inecpmepa Anoponuxaweuiu

PE3IOME

MeTtoaoM aTOMHO-a0COPOIIMOHHON CIIEKTPOMETPHH PACCMOTPEHBI HTOTHM HCCIICOBAHMIA HW3MEHCHUS
ouomaccel Bomopociu Spirulina platensis B nuHammMke ee pocra, Korja B IUTaTeNbHOW cpene
OJTHOBPEMEHHO 3arpyKeHbl H3BECTHBIC KOJIMYECTBA XpOMa U CeJIeHa.
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350930l Jodos

3565699305 s JMHmBols I30Mg EMBIdOL gMmEOHMYEo 3rmgdggdol Gmdbozmmo 9xgdEoL
89350905 B3G9SO FNAIO oY

B0bm sLomM0sb0, Medo® JoMm3900d300, ToMmobs 53EsdY,
oo 55603300, 56000 MbgBaLzowo, Bymo Lodmgbogmgs
03569 x033560830¢70L bsbgermbol 038ocrobols bsbgerdfoger «160396b0BIG0; 9.06006b0,35830¢0b
bsbgermbol 30b030b 0bbBHoBIH0

dgbfogeoo  0dbs 3dodg  TgBHowgdom  ©d06INNMHGOMEo  LadsMmM3gwml  Mga0ombgd0b  gedmymazoo
9bomaabmmo  dsdBHgmogdol  3g@EowmgbolBbGHIMmdol  bmaogmmo  sL3gd@o.  Yg3gws  dgdombgglsdo
05dH9M05wNMmO  3NGHMES  0HBOEIBMEs  JOmdol  bdGMJLoZMGO (100ppmCr(V1) ) s 85649630l
s@o@mdbogm®o (50 ppm Mn(VII)) 3mbagb@®ezogdol Bgdmddgmgdol 398, sbggg 58539 Bg@oegdol 03039
3063963HM530900L  ghmOH™MMo  bobyMaobB o  Bdmgdggdolsl.  dgbfsgwowo  odbs  ggMIgbGHWo
2bBH0mJLoBEHMGO LobBIdol (LM3gMHmJio EOLIMEGIBs (LMPO) s JoGOWsD) 9gBH03MBS, Y3y EFOWOL
300300300l 35bbo  BodBHIM0IWMMHO  3NWEHWOMOL goMgdm 30MHMBYOMD  5Es3FHIE00L 30OHMdIBT0  (96Lm).
39006335, ™I Ig@owgdol bobyMdwogo 8mgdggdolsl s goMgdm 3o6OHMdgdME doJBHIMOOL 5Q83¢ (300
990mbggzsdo  doMomoo 330 bmGEogw©gds 37 3G 3owol  gModgool  dogk, 85806  GmEgLsg

9bGH0mJLoIBEHMMO LobBHYIS N 0B ©VYodEHOZ0MIOMWO..

Lobomabewm goMgdmbyg 8dodg dg@Eowgdol Bgdmddggdol 89ga0 s dsmo GmJuoznmo 9n9dEo,
0O bsbos 833g35MHms  gobl3MMNMmPIM  YMMo®gdsl 0dLsbwMmgdl. Egolsmzol  ¥3oM39gwgls
50m3obsl HomBmowaqbl 8dody 9@ s gdom d0bIMMYdIMmOo sMdmb ©9EMJLOR03ZSE00L LEHMIGHIRO0L
99049053905, 990gbs  oMmgdmBo  F9BHIdMWOBWM©  JOgEOMO  BsdBHM0gdol  MYHBoLEIbGHMEMdOL
399960%Bdol Fglfogers dg@o 9608369 m3zsb0s. s0lsbodbsgos ol godBHoa, ®md dbmerme bBmyog®omo
059BH9M00LM30L 5MHOL OAJBOEO TgEowgdol J0ToMm FEYMIMBOL Img3EGo dgdsboBdo, Mowysb
WdMMOGMOHOME 3060HMmdJddo gbfagrowo dsdBHgMogdol  Bofowo JoMasgl bmggeddnggdol wbsmls
393owgdom ©sd0bdMMGOME goMgdmdo A5s@bol dgrgyo® [1]. 99gbs MBM™m FobsbIghmbowow
0m3gds 9GO HBoLEAIOGHWWO  BodBHIMH0gool  sdmygmas s  dgbfagmrs AWM  dgBHOwgdom
Q50063995090 6050, J0bgMIX MO J56900sb s Hywrosb.

23909080 sOBYdME0 BHMJLO3WOHO F9EHOgdoL 253wghs 5053056%Bg 0030505 M) dMObsEJdS JPMO
MHmdgwodg dg@owol  bgdmddgogdom. wdg@glb 89dmbggzsdo ol 05wegbgds Ms8wgbodg dg@owols
056590g8909d580. sbgmBs 3033egdLBTs  MOMN0YHMNJIYEIOJOBs Tgodwgds Asdmofizoml MmGmYsboBIol
LobgOROLE MO, FodogMgdwo 6 TG gdwo  IgBHOMWOoFGMMo  3sbwbo.  dmEm  3gHomoolb
290m33w390890  2obLOMMOMHPIMO  gMOEEIDds  gmdmds  goblbgeggdmmo  396339Mmagbmmo s
9993939699600 030L909d0L dJmbg FgEHowgdol ghmOmMmwEwo dmJdggdom dsdmf39mer JoEoxHIOIO
5H056909d0L dglfogesl [2,3]. 33erg30L Mmdogd@Ee© B396 godmgoygbgo  Msdowgdomo gbmwom®o
Arthrobacter &odol d5J3H9gMogd0,  353mgmzowo  bsJoMmM3gEMml  93MEMYPOWMOSE  Yzgeeby dg@o©
293739056900 M9gaombadol  (3sMbgmwo,  DBglGoxgmbo, JoBMIMOo) BB EIdOL  BoBdgdosb,
H0Iwgdog 056996180005 80IM0 s MIB3MHM©YJEHIOOL Laboo dgoEsgl olgm GmMJLozH om®bydl
GeymGgdoiass Cr, V, Zn, Ni, Pb, Mo.

0obaobmdo (Mn) Gdogzmomgbgds 03 gwgdgbBoms xaMBL, MMIGEoE 930 gdIWos  MEMRSE0BIOL
3b™39wddggdoLsmzol s 59539 MM 3mGIBEoMGm© GHMIJLolzMos [3]. dobo Tmbsfogrgmds, g@mol
dbMH03 53000 (30¢gd0Ls s 96gMRO0L BYEIVMEIOBTOLIMZOL S 5MY0I39 5JEH0YMO FobydsMgs6o
50035 gd0LsRD MMABODBIOL o3goLIMZOL [4], BgmMgl IbGog Mn —ob Fsmsero MBYdO Ho®Imoy9blL
A™JLo3MOHMdOL  godmdfzgg TJobgBL. Mn-ob  GHmJLogMMHMds F0MIMEIdS  Lbbgoslbgs  89dsboBdom,
OMAMO0355 996805000l 5dBHoMMo  FgBHdMo@gdol Homdmddbs, domdmerg3mwgdol 56935 [5], dos
MXROJMYwo 0mbgdol (Ca, Fe) 3mdgmbBebol ©o®memggzs [6]. oMo s80Ls 356396mdol  Bogdomgdo
B90530600L 6L53MMIOMO SELMOIFOWO WbsMOL godm FoMdmayabl 3m@Egbom® MgHgMzmsmgdl
Ubgs 3930w gdolsmzol s SbEOMEgdl o000 3MM350IO0L BBl [7,8]. TgLsdsdols, 08 5©sd0sbms
X9BIOMGEMBL, HMIgdog Tobgsbmdol Lodsmgdol FobEMdEMdELE (3bM3MMdIL, AsbLsgzWmMMIdM®O
LogzOmby 98499M9dsm, MoYob 9039396 0bgm BHMJLOZME WoMMbBYdL, HmymMoiss Cr .
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396390 ™ 960 ©99350gd9d0L 33eg30L LogMmsdm®olm Lossggb@mb (International Agency for Research
on Cancer, European Union) 8096 fo®dmaqbowo 9mbssgdgdol dobgmgom JHmdo  goblabog®eymos
MMAMOE 39639M™96mmo gwgdgb@o. B3zgbl dogm ISTC G-349 4MmsbGobL Logmdzgwbg (083-b dgMIEOl
Bo30Mmboe  WsdMMIGHMMOLMD  302EdMOS300L  306M0YdT0)  BoBGoMmgdIMMo 3393900l FgIRO©,
993b3596¢3H 0560 JOMTol 30609 MBYOOL Botymgddo FgMbgme 0dbs sGoGMJLozMMo, LydEmdLlozM®o
5 GH™JLo3MMo MBI OMPMO 3 dogd@IMH0swME 0l 50530560l 93030 Tol MXMIOME? 3 EGHWOSDY
[9,12]. wbs 0©0603bML, GMm3 ghomol dbMog, Cr(VI) Bosmx®gommo s0ygbobsl  Cr(l11)-0g
39596009090 MsbIbEgdo F5680500L 5B FgEVMEOGEHIdO s 1939 JOMTol seEYbowo gm™mIgdo
©5 35m0 3033 gdumeo 5©wIEJO0 doM3ME0IgMgdOL LEAHMNMIGHWMOL Lbzoolbgs MBOL sBOLBYIBIOL
0i39396. dgmégl dbGog, 856y6mTol  BHMJUOZMOMBS boloomds 96 FsMEHM  obadool  odGHoMo
39390ME0GHId0L Fomdmddbom, s6589® YxMgOL B9BIWMOo 3mdgmbdsbol (33e0wgdom.

50 d0vbboo Arthrobacter oxidans s Arthrobacter globiformis 3w=ao@m@gd by 499m3zwgmeo ogbs Mn-ob
3053MJL03MM0 EMDBOL Jo3wgbs JOMIol bBdGHMJLOIMMO 3Mmbi39BbEBHMIE00L BMbEDY, Bowgdmwro F9gaqdo
153995 gdsL 35393l Mn-Cr-ob gMomMmmeEo dmddggdol dgdmbgggzsdo dg3sx3sbm© EHMJLo3MO®dOL
LobgMgdol  Foboggugds. gsdm33wgmwo odbs Mn-Cr-ob ghmOH™mMeo  dmddggdoom  godmfizgoeo
3bGomJLosbGHMMo ©sd3s30 LOLEIIOL LEIGWLO, GobmzoLsg BmEIEwE LolEGgdsby 4oboLsBNIMYds
b3gMmgbo ©EoLIMEHsBIL (SOD) s 35BOwsBoL 5d@0zMds, SMgm3g Im39099w0 30HMBJIOL Fog3egbs
0594BH9M0sMEM0 MXOJOOL (30003560 3nd3MBoEoOL 33WowgdsbDY.

33930l MB09d@HO® 2o0myYgbgdaos mMo gbEMEomHO B5JBHIM0s, Pd0MYMBOEO LodsMmzgemls
93M@MP0MM©  Y439wsby  ©sd0bIMMPRMWo  Bgaombgdol  BoBow@gdol  bmdMIgdosb.  FobsbfoMo
9mbs(399900L dobggzom obobo 809393690056 sSOHPOMBBHIMMs GHO3L. FgMbgmwo dodBHgmogdol doge
Cr(VI)-ob s0@a360L 3OH™EgL0  EOILEHWIMJIMEs J3M(9egdO™m3sMsdsaboE WMo MHgHmbsblo), o@mdme®
BLMOBE300 S LOBIOMEHOME en L3gdBHOMLZM30MMO 33¢g39000. Fgbsdsdolo 0IBEHOBOEOMIOWWO
930900 (Arthrobacter oxydans o Arthrobacter globiformis [10] @53myggbgdmewo odbs dgdpmdo
33093900L5m30L B0 gBowms  F0dsdm  MHBoLEBHIBEGHWMdOL  Bmeg3MEmo  39dsbobagdol
dgLsbfogersco.

dMMSGMOHOME 300MDYOT0 doEHIM0sMO YYXMJEIOIO 0ym Tgbo@Bmbdwo JMwEHMEOOL Lsbom
LEBIOGHME 5Mgd0, MMIgwog Mg3mdgbomgdmwos  Arthrobacter -ob mxsbobsmgol [11]. 3w @GHMGoL
bOEOL 3mbEGmHmwo 21°C FH9d3gMs@wymol 3o6Mmdgdo Fomdmgds m3GH03MMo 1od3z3moz30L blabrzmol
Loggdzge®Bg 490 s 590 63. yggeo 8900mbgg3580 B5JBHIM0MO 39 EHWIOHS 0bMEIdMEs (100ppmCr(VI)
©> 50ppm Mn(VII)-ob s0gdo DBOH@OL oMol Ggm33egws© 4 ©Eol  asbdogenmdsdo( 430960
LBOE0MbOOHO BBY). 53 OHMOLIMZ0L YYXMYIdO FoJLOTIWMESE 53EH0MJIYO »bs 0gmb BMOL
239093, sdolsmzgol Cr (VI), 3oeonmdol JOmds@ol bsbom  ©s Mn(VII),  3sewowndol 3g@mdsbysbsdol
Loboo 9353 gdm©s 0bm3mEsEL 985390M©S 0bM3Mo@l bologmEbwrm s6M9do BOHEOL sfygdolmsbsgy.

WxM9g00L dgaMm3zgds bgdmos 396@Moxnmyomgdoo 10000 36/ffor 10 foo 9obdsgwmdsdo (4°C)
©5 mOXIO 06gabgdmos 0,15 M bs@®omdol  Jemmoom. Bbogagdl, Gmdgmog dgspagbos  2x10°
MROIOIOL 9ds@gdomes 500 Iz dMygcdo -B-PER, pH 7,5 (Pierce, s89) s 4°C GBgdm©s dmgemo madol
29685300580 WoBsGOL  (396GHM0BMR0MIOOL  306MdJd0 oym 15000 dG/Fon 20 Hmool gobdsgwmdsdo
(4°C).  JOmdob dgMbgmwo 3mbiagbBHMegos fobs 9mbsigdgdol dobggzom dgMbgmeo ogm HmAMO3
bmdEGmgbozweo (Cr(VI1)-100 ppm) [12], bonewm dobasbmdol 30 s®s@mdbogm®o (50 ppm).

05JBH9M0sNH  wobsBHIo  30wgdol  3m33mbogool  Tgbogsligders  4odmoygbgdmes  10%
30¢05300sdoEoL  g9o. Bo@®mowdol ©mEIEowbrwas@ol (SDS-PAGE) 0sbsmdolbsl (Laemmli-ol
d9omo) [13]. gogdol gMmod3ogdol BmeEg3meno  dsLgdoL  FoblobmgmOLsmzoL  4sdmoygbgdmo
3900930 9503960 gd0:  boMol FMo@ob sedmdobo (66 3009), 3WEs3sBHI30MMAI65%s (52 3s) s
350093060 (48 305) 39MdMbBo3 9630Msbo (3635). 3o 0gdgdmeEs Commassie Blue R-250-ob
09939mdoo.

beg396Geadboco @old«yhs bob s9h03m8s 3gcrdo. 3gdbozs 3moEogl bo@®mmdwvy Gg@®msbmeowdols (NBT)
B0A®  50Eagbsl  br3gOmdbo  EOLAMEIBIL  9dBHOZ3MIOL  goblslaBMzMogs  BsGomMo  ygar-
909d@OMBmOH)Bol (PAGE) Lodmosmwgdom. g9gwol ©sdmdsgzgdolsl bymdgmmdboombgdol Fomdmadddbgwo
H0dMBE3060ms s NBT -0 9glademgdgero begds SOD -0l dglsdsdolo 360m@Egobgdols 30Bmsobs30s
oMo mo Bmbol bobom, Gog Pomdmoygbl SOD dogé NBT -0l s@gygbol 0b3odomadol 8gwgal.

9aJOONBOGIboL Bademgdol dgdeay dgwo dgdgEgds ©6 Lxggbyie, ®xg odwgzs SOD -b
©939JBH0M9d0L Lsdrsegdb.
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3905e?5sbsl 59 B0o3mBol  gsblsbmaMs.  35BHosBol  9gBHo3zmds  wobsGHTdo  29boLsbEzmgds
139dBHOMIYGHOHMI©E FYodsol  Bggsbaol (10MM) ©sdwol dobggom 50 MM 3sarodol BMLBSGO
dmgg®do pH 7.0, 25°C, &r202=43.6 M1cm™,

d00gdMmo 990093900 Lodsegdsl g35dwg3l Mn-Cr-ob g@ommmwo dmddgogdol dgdmbggzsdo
9935856mm  BHMJLOZMOMBOL  Lobez™gdol  Fobosgzwrgds  d5JBHYM0sWE  MxGmgdo 53 ommbydol
MOHOMOJOMY3¢gbol F9095.

B59dBIMH0SWIOHO  MXOHIOMO  JMNWGHNOOL  goenmgsbo 3m030bogool  Fgs@gbolsl 06335, O™
Mn(VII)-ob  9mddgogdolsl m®o3g obm@sGobsmgol 56  Jgobodbgdmms  (0wwgdol  Gamagbomdols

330@gds bE3MBGHOMW® 6503wdgdMb FgsMgdom, bmem Cr(VI)-ol dmddgwgds 9608369mabs ggerols
30Ol 3m33mboEosl MmM03g 0Bmms@olb  Gg8mbzg3sdo, oz 2BLLIMMMIBom  Tgmozbgds 37
30MEoEGHMbol dmew. dsbol IJmbg gowol 333906 BOEsdo.(ob. bsb. 1).

N 61 Arthrobacter oxydans N 151 Arthrobacter globiformis

C Mn Cr MniCr M MM € Mn Cr MoiCr

Bob. 1. Arthrobacter oxydans s Arthrobacter globiformis @m@sro gowmgsbo gMadzool
IIIOOOBMOIbO
M - ds3960; Mn — Mn(VII)-00 ©589985390w9e0 4 ool 4o6853e0mdsdo; Cr — Cr(VI)-om
05085390900 4 oL 396353 MdIT0; -gMNOMMEo 3mJdggds 4 oL 496353wMdST0;
@omMb3d0 ©353HJOIEO 0ym MbMIMESE0L 49oEboLmMBsgg Lozzgd sMgdo

OemymO3 3bmdowos, MmI psad (Pneumococcal surface adhesion A) 53006906 37 300Mm@o@®bosb
@03m3OH™mAEJobl, Omdgmog  90939m36gds  ABC-3o30L  Lo@®Mmsbbdm®Gm  30¢gdol  30m33wgdul o
9mbsfoengmdl Mn(I1)-ob GHGbb3m®OETo. psad sbOHMEdL 36093690396 GeEl mJbosgoMMo LEGMgLoOL
Lodabvybm 139M396@gd0L 9du3Mglosls s BoIMXMIMO MHgMJl-3mdgmbisbol dgbs®hmbgdsdo [14].
Mo 99gbgds JH@Iobs s Mmanganumis gOHmEOMwE 3cmddggdsl dmgdwer 9du3gM0dgbdo, 58 gdmbgggedo
LYBOMO oML 6 033w, BMPSO  FOWMZBO  BEOI30JBOL  FowMmOdJIOL BMEDY.  39MHdM
Arthrobacter oxidans o Arthrobacter globiformis-omgol ©s8sbslbosmgdgeos 3033mBoEowdo 33Eromgds,
M0IgeoE 89gLodsdgds JOMIol sBM30 g dmddggdsl, obvy Tobgobmdol dmddggdol Fggys©
30X M9M0 3Om 39900 0bg3 JOMIToL bvydEMmdlogMo EMBOL go3wgbol §398 0dymegds.

29005a75DU 5 Hogmds 56 o33wgds, Arthrobacter oxydans -bsmgol 3oe3-goe3g JOmdol bydEmdbog®
@5 996956v990L 5Go@GHMJL0ZMO HoMm©YbMdsTo 0bmzms@ol gsbMmEOoLL bmenm Arthrobacter globiformis-
L0300l 30 JOMTo s FobYobMdo BOPOL 3oGIWSBOL 5JFH03MBOL EOTMI0WIOISE JOMNTIBINOLORE 56+
om0 ©3353gd0m BgMHTIDGHO 5dBH0MMmEYds. M3 F9gqbgds Bobsbad- JOHMTol gMmO™MEr dmddggdsl, 50
MO0 0BMEsGHOLIMZOL LMWL FoblbZ3gdMEo Fggagd0s Jorgdwo. 3gMdme: Arthrobacter oxydans -
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Bomgol 900 5943L BgMagbEHOL 59&H03mdOL 8339mG 35GEBL, bemeom Arthrobacter globiformis -bsogol 3o
2903Md5 3MbGHOME ™56 F9Mmgd0m 2oBMHOE0s 5699 0LgmM039 BH9bIBE0S 593V 33P0 GBSL, MMAME 3 53
M0 39350l sdM30J0Es© Imddggdobsl (Bsb. 2).

NG1 Arthrobacter oxpdans N151 Anthrobacier globiformis
o0 90
80 80
0 T - 0
— (7] ) (7 1]
E = Mn 50
25 @ uCr a0
30 Wit 30
20 20
10 10 -
0 0

695 2. 355 0b og¢H03mdOL 330 gds Cr(VI) s Mn(VII) 809930009090 @5 9OHMNEOOMIE0
9cgdggdolsls

d9L5dwgdg0s 3035MmYEM®M, MM dm390ve d90mbgg3580 F9GOMwgdo OTMMIOWIDIISP S JMMO®
Abao3L 989IAL 339509396, bmem Arthrobacter oxydans-bsorz0l 30 39@Gewms gb LobyMyoBdo ©bo s M®Oos.
969 HDM0gMmY3ghs 29blb3s390ww Fggal 59750e36900.

beao-0b sy ogmds. Arthrobacter oxydans 899mbgggsdo, 8sb396w990b s JOMBob ©sdme3000g09wo, 0bggg
GHOymOE 9ONOOMEo dmddgogdobslt bogds  $gmagbEol 0bsd@Gogsgool 3sbMs, bmeem Arthrobacter
globiformis 899mbgg35d0 JOHMBoL sIM300gdgo ImddgEgds , g3 GMAMGE IgEswms LobyMOLEHWO
d09gds 08gm®gdl  Arthrobacter oxydans — LUw@ooml, a56Lbgeggdom  9sbasb+dol  ©sdmvy30©adgeo
90989070056, HMIol G99 LEEOL 59@03MdS 3NBEHMMEOL Mbybg MRYds (bsb. 3).

SODNG61 Arkrobacier cxydans SODN151 Androbocier globifermis

C Min Cr Mn+Cr
C Min Cr M Cr

Bab. 3. Ly3gOHMJLoEOLIMEHSBOL 5JBH03mdOL 330w gds Cr(VI) s Mn(VII) ©s80m3009dIM0 ©d
9HOOHMMEo 8cmgdgogdolsb

O0amOE  65boBosb  Bobl, BOHOL 33056 LEOEoMboE  BsBsdo  (96Lbm), Loz  dogd@ghos
95gdl0doEMO® 5Q3EH0MYOMO Mbs 0gml oMM, 50O 593b G999y F9w9RgdL 1) Gg0608bgds
3OwgdoL LogMH oM 3MIZMBOEFOMMHO FosM0dIBOL BMEDY 37 300@. OOl 3MOZ30EYY0d S MromEIBMdM030
DOEs. 2) bmo EIGHMJLOBOISEO0L 03 LEBIOsDBY 9GS BsOMMEO BEHOMJLoEBEHWM ©s33990. Bggbo
5QM0bEgo  Lodwdsmgdo [15,16] sLEHWOHJOG6, ™I  GHmdbogzw®o dg@oswol Jdggdol  sEMgme
LBO0gdbg (16, 24Lm) bEYds 6GOMILOIBEHMMO LobEBIIOL Asod@OMMmgds. beagm WBGMM bsbymdwogo
dmgdgogoolol (48, 72bm) 30 5JBH0MMEYds B3YE0ROZMNMO ©IEI30 LoLEYs , OHMIgEoE s0EAJbowo
©wommbgdol gxwdimsb 6 domo 3mI3wwgdum@o 659MHMGdOL Mo30L9dMGOLMSS ©s393d0MYdO. 5T
©MHMOobsM30L 96 0MJLOoEIBEHWMOO 3330 LoLEYIs 339 0bsdEH030M90Mw0s s 396 0©IdL bsmsbsm
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9bsfoegmdol Mol ©o33000 LEHMOGIR0080. 53 TMbOBMGOLL  sEILEBHWOIRL ol BsJBHoE, OmI
0M53MJLo3MMo  Tobgobmdol  Mmdgangsosbo  9mddggdolsl  bmol  od@GHogmds  xg 3093
89b5eBMbgdME0s, 53 50 bgds M3 JOHmdol wdmswwm 9mddggdobsl s oG Fobysbmad-JHmdol
LobyOROLEHMWO  JggdOLsl  BodBHIM0SWNO  3MWEGHNMOGODY. 90539 ©OML  GHMJLOZMOO  TJGIWGdOL
9dcgd9gdolsols  Bme d98mbggzodo 8906086gds 39@9aBIL 5JEH0MMHMBOL (330 dS.

LodMEIMME, 250033193900l 899g0ds 330P396s, ™MD yBHMJLOR03ZsE00L 3MMmEgldo, MmMmYsEoBIol
53300 39d960D8gd0L  5@3FHE00LEL  (BOEOL 330060  LEIE0MbMMo  BsBs), SPOWO 53l
9bBH0MJLosbEHMMO 33530 LOLEJIOL s GBSOl JR3EYJuwMo LoLEYIGOOL VMMNOYOMNIMB(33EGMBdS.
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ESTIMATION OF TOXIC EFFECTS OF LOW DOSES MANGANESE AND CHROMIUM DUAL-
ACTION ON BACTERIAL CULTURES

Nino Asatiani, Tamar Kartvelishvili, Marina Abuladze,
Lali Asanishvili, Mariam Osepashvili, Nelly Sapojnikova
Ivane Javakhishvili Thilisi State University, E. Andronikashvili Institute of Physics

SUMMARY

Human exposure to toxic metals in the environment seldom occurs from a single pure compound. Most
environmental exposure are heterogeneous with co-exposure occurring with multiple toxic metal species.
Some aspects of metaloresistance of endogenous bacteria isolated from basalt samples taken from the most
polluted regions of the Republic of Georgia were sudued. In all cases bacterial culture grew under non-
toxic 50 ppm Mn(VII), sub-toxic 100 Cr(VI1) doses and under cooperative synergetic of corresponding
doses of these metals as well. The antioxidant system status, namely activities of superoxide dismutase
(SOD) and catalase and response of protein composition at complete adaptation of bacterial culture (96h)
were evaluated. At the long-term Mn-Cr dual action and bacterial adaptation to extracellular (external)
conditions the basic defense realized by efflux of specific proteins with active low molecular fraction 37
kDa. At the same time the enzymatic antioxidant system was completely deactivated.

OLEHKA TOKCHYECKOI'O 3P®EKTA HU3KUX KOHOEHTPAIITUU MAPT'AHIIA U
XPOMA ITPM OJHOBPEMEHHOM JIEMCTBUUN HA BAKTEPHUAJIBHBIE KYJIBTYPbI

H.Acaruanu, T.Kapreenumsuiu, M.A0ynan3se, JI. Acanumemwiu, M.Ocenamsuim, H.CanoxHukoBa
Tounucckuii I'ocyoapcmeennviii Yuusepcumem um. M. Jicasaxuweunu,
Hucemumym usuxu um. E. AnOponuxaweuu

PE3IOME

brumn mccneoBaHbl HEKOTOPHIE ACTIEKTHI METAIPE3UCTEHTHOCTH SHIOTCHHBIX OaKTepWH, BBIJEIEHHBIX 3
3arpsi3HEHHBIX TSDKENBIMH MeTalulaMu pernoHoB ['pysuu. Bo Bcex ciywasix OakTepHanbHas KylIbTypa
pocina mox BozaeiicTBuem cybrokcuueckoro (100 ppm Cr(VI)) xpoma u nHetokcmyeckoro (50 ppm
Mn(VIl)) xonudecTBa Maprasiia, a TakKe IPH COBMECTHOM CHHEPTHYECKOM BO3JICHCTBHU 3THX METAIIOB
COOTBETCTBCHHOM KOHIIEHTpanuu. M3yueHa akTUBHOCTh (DEPMEHTATUBHOW AHTHOKCHJIAHTHON CHUCTEMBI
(cymepokcun aucmyTtasza (COJl) u kaTanaza), a TakKe OTBET OSJIKOBOM KOMIIO3HIINY TIPH YCIOBHHU TTOJTHON
ajmanTanuu 0akTepuaIbHOM KyJIbTYPHI K BHEIIHUM yclIoBUsM (96 dacoB aeiicTBus). [lemaercs BEIBOA, YTO
MpH  JUTUTEIEHOM BO3JCHCTBHM META/UIOB W ajanTaliid OakTepuu K JaHHBIM BHENTHUM YCIIOBHSIM
OCHOBHYIO 000poHYy jaepxar creuuduueckue d3(QarokcHble O€JIKH ¢ aKTUBHBIM — y4acTHEM
HU3KOMOJIIEKYJIIPHOU OenKkoBO (pakiyeli ¢ MoieKyaspHOi Maccoi 37 k/la, Torna kak aHTHOKCUIaHTHAs
(bepMeHTaTHBHASI CHCTEMA TIOUTH MOJIHOCTHIO JIEAKTHBUPOBAHA.
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©3LobEgdMEo 3MbJEHGO0B, S3Mgmag, 30bodnd 100 3gEHEMmOL ITMEMII0M 353> 3HIOOLs S (FoWIYM
Lobgd0@sb. mzgommgmwo FgOGowo 3 IgEHMom ogm ©EsdmMgdMEo  bggdobogeb dglsderm {jzodol
Bo0mbo@gb0sb. mommgmw FgdGowdo 50 x 50 92 BsMOMdOEIB 009d®bI6 5-sb 10-dg J3g - Lobxl
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9O 30gdBHonmo Bodmdol Fgloygbo®. yzgas FgOHEHowobmzgol godlomgdmos bodswwg, GPS
3JMAMIR0NO  JNMOEObsGHIO0  ©s  bodmdol  smgdol  ©Mm. b3y  bgdms  FghGHowgdol
BO0AMYOIB0MId.

bogligdol 6008900 gofdgbow 0dbs Mibm Fobotgzgdologed (IdGMowo gmmewgdo, BboMmgdo,
6050530L 656BB3d0 s 5.9.) s 999y oTMIMMdOE 0gbs Fmdog ffmbsdpg 30-40 °C 3gd3gMod ety 48
L5500L 2633w mdsTdo. boddgdol AsM9Ebzs s 3mIMPIboBIE0s LEFOMM o6 oGOl [17].

Jodom®o 9agdgbBgool  3mbaab@®magos dglbfisgerowo odbs ssb Agmmeol  asdmygbadoo  03.
X939b08300L  LobgEMmdol MdoEOLOL Lobgedfonm vbogzg®dLoGgBHOL 9. sbMMbozsdz0wol gobozol
0bbBoGMEBTo [18]. sbl-0b WRVDMOIGHMO0s  50FMMmZ0w0s Bb3slbls L3gd@®M™mIgEHom, o0 dmeoL
»AAnalyst 800“-00m, ®mIgeog sHso Msmdol Msbsdgmmgg bgwbsfiyms. dobo bsdrsegdom Jgodangds
3booBgdOL  2539mads MHMAMOE MBLMEGdZ0MW, s1g3g 9dobow® Mg70ddo. bawbofiym (bob. 2) odergzs
95350  JodoMMo gugdgb@ol 3mbEgb®HMogool  oblaHmz®mol Lodwswgdsl. b3gd@®mmAgEH@mo  Twdomdl
139JGHGWME 0s35BmbIo 190 - 900 6a.

o0 3gmmEobmgol ddMswo  6509Mdgool (osbarmgdom 30 dy-ol mEabmdom)  Losbsgwrobmeo
90bodbogdEo©,  LoFoMMd oo  2ooY39bs  MHY39®  FEAMBoMgMdSTo, o3 bMME0YLOIYdS
30b6396¢H0MHJOMo sBMETo35L godmyabadom. do®gdmo Lssbswobm  blbsdo  sgBmbmeol  Lsboom
8959300 95@HMI0BsBHMMOL sSendo.

* JEE—— ¢
Atomic absorption spectrometer o '
“AAnalyst 800" I'he scheme of AAnalyst-800

Bsb. 2. 5@G™INGO VLMOBGoo b3gdBH®mIgBH®o ,AAnalyst 800

MMAMOE  (36Mmd00s, bagligdl 9J3l MooMmb3e0Egdol Fomoo 93M3WsEool ™mM30Lgds, sdo@ma
39bsdwme@ 80358605, 5036086mm, GMA [19] FOGMTs8o Tgbfogerowos 8530 BLZ0L EMboE Lbgsslibgs
Lodo@egBY: J3900Lbgz0L Bo3MIowol s JMOMME MM930L J0ETMIdOEB sMIdWMWo MLboggd o
bogliol 60ddgddo bganmzbwo Moombmzmwowol ¥Cs 9535 - 139dGHOMAGEHOO Fodm3zEg3s ©s J5000
500M5JBH03MmdOL  0bGHYBLOZMBOL Fguoligds bgMbmdowol 9350006 29 Herol dgdgy - 2015 Harob
Dogbmendo, HmEs 993039099 0465 §0bsdgdstg LoddsmTo 4s9mygbgdwgero Losbserobm bodwmdgdo.

1 gb®owdo dm3gdeos LosbserobBm 6038900l s0fgMowrmds, Lods®mzgwml bbgswalibgs Mgyombdo
9m3m390@0 603998900l s©Hghs s ssb BgmmEom gobmBowo Jodom®mo gargdgb@Hgool 3mbEgbEMmaiEos
(89LH o300 0dbs 42 B0odwmdo). Bodmdgdo Fgammzgdyo odbs LsdbOmgm Lods@mzgemls (sdsbommdsbo,
dmexmdol 37603035¢00E G0, Agbbgmo), sLsgmgm LogsMmzgwml (B3569000, 0dgMYIM0) O STTMBOZEIgo
LodommM39wmU (gm0, M0sbgmo) Mgaombgddo.
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gbMowo 1
2015 fewols Bsgbugemols bsgligdols 3magdgos
600¢9- bogligdol s@qdols
396, 6396¢HG>30s, 9
« | ool 5ROE@IEDIOIMBY, 9939630 3mbEgbH®>309, 83t/
699- bagligdol ¢o3o, Lod 8530 BgoL
@‘3 0 53bgoob odo 005Qe2) 0530 DRZO Ca cd Mg K Na Ca
5300 ©mbosb, d
Pleurozium
p | Wil | Schreberi(l): }';bai?)%i) bbdb@mg?)@:’ 155 | 7 25854 | 77796 | 18491 | 11005.4
+25 Hylocomium Splendens 93 [UNERG ' ’ ’ ’ ’
1977
&
Pleurozium  Schreberi | LodbMgm Lodo®mzggem,
2 2 11. 2. 4050.1 1 .2 13649.4
+3 @) S0l 65363500, 1661 8 8 050 8989 3906 3649
©oboggm  LagsGmzgam,
3 |4 Pleurozium Schreberi | 2320000 80bGoob ®sombo, 1, 3124 | 19881 o770 | 144012
9330006 RgwAIdowo, 4
1920
Pleurozium  Schreberi
4 i ;2:29 @ + Hylocomium bfﬁf N 5;‘;?;:’0)33%;;’ 15 | 52 2356 | 84902 | 24519 | 176063
Splendens (2) d32dolby3b Bagtdsero,
J. b3 95396(d0bol
000053m900,  396¢®oMo 11004
5 6 Pleurozium Schreberi 39335b00b 998mpscgbo, | 9.2 12 2864.4 4 ' 1610.4 14084.4
©930MM530L  bdo3 Mo
3yg, 1700
foamzol  Msombo,  bmg.
6 7 Pleurozium Schreberi 505B3ob  dosdmgdol By, | 12.4 23 3828 6311.3 3654.8 19956.8
1783
Pleurozium  Schreberi
7 f;ZES (1) Hylocomium l:°ab23°g - d?dbﬁ"l’z)?ﬁ@m’ 145 | 53 2132 | 77731 | 19089 | 98577
Splendens (3) figGob Bag®doco,
10413+ Pleurozium Schreberi+ E;?E@UO(';B s bagoGggee,
8 Hylocomium Splendens S 11 | 32 | 20036 | 77365 | 17395 | 94615
+15+23 3 ®BLYOZSBHMOOOL
39O0G™MO0o, 1603
LadbMgo Lodo®omnggem,
9 12+19 Hylocomium Splendens | ©93560b Mgw@gboero, | 13.8 2.6 3009.2 7051 1905.2 10056.2
2052
LadbMgo Lodo®omnggerm,
. dglbgomo,  dosdm  bmg.
10 | 16 Hylocomium Splendens Bedotgoobs > Bdgb 15.4 5.4 2598.1 7050.5 1896.2 17484.8
Jmeob, 1341
Lsdbego LodoGmggem,
18421+ | Hylocomium Splendens | dgbbgomo,  90sdm  bmg.
11 30431 ) BoBls © el o, 21.4 75 2359.3 8851.6 2523.7 10202.5
1885
. Lsdbego LodoGmggem,
Hyl J/
12 | 20426 (2,)V ocomium Splendens | q. oo, mogwdgbowo, | 132 | 46 | 22682 | 75284 | 1441 6903.6
1815
Lasdbego Lodo®mnggeom,
13 | 2 Hylocomium Splendens | 0900990 00339@ob bgod, |y g1 2002 | 79244 | 10956 | 8760.4
90bsmol o) 3960
LobsdoMm, 1220
dJ. b395396(30bo,
14 | 24 Hylocomium Splendens | ©930mMs30L  d0@sdmgdo, 16 6 2490.4 5359.2 1460.8 8316
1648
50dMbsggm  LdgsOMZgEM,
15 | 32 Hypnum Cupressiforme | &°°0020 471 | 5 2714 | 89893 | 9643 511.1
399603035¢0G g0,
Lol Byg, 1430
©3gmobl
16 | 33 Hypnum Cupressiforme | 999603035¢0039¢0, beogg. | 12,5 49 3269.6 7108.9 575.3 467.1
6330 d0dmgdo, 1228
@0l 12268
17 | 34 Hypnum Cupressiforme | 9960303503930, bengs. 12 53 3420 1 ’ 1473.7 744.8
©ME®dsl 0sdmgdo, 1355
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@dgorb 10641
18 | 35 Hypnum Cupressiforme | 9960303503930, bmg. | 15.3 5.8 2901.8 ' 621.8 802.5

6330l dosdmgdo, 1340

©oboggm  LagsGmgganm,
19 | 36 Hypnum Cupressiforme | 03g6gmols 6930mbo, 11 4.8 1606.7 7829.4 7454 766.8

09go@mdml Goombo, 161

50dmbogagoe  LagsGmggam,
20 | 37 Hypnum Cupressiforme | ©9%00Y 75 | 51 | 25235 | 90353 | 9353 479.6

949603035090, bengs.
do¢ool doodmgdo, 1378

500MbsgEgm  LagoMmMZgm,
0056gm0l
dmboi03swodgdo, bmgs.
em@ob dosdmgdo, 1300

21 | 38 Hypnum Cupressiforme 7.7 5.5 2782.8 9082.8 651.5 628

LsdbMgo LbagsGmggwm, d.

a3g0@O0b beds, 1305 4.6 53 2005.1 6949.4 643.7 677.5

22 | 39 Hypnum Cupressiforme

50dmboggo  LagsGmggam,
05690l

316030350 @ g0, bmgs.
005690m0b dosdmgdo, 1173

23 | 40 Hypnum Cupressiforme 8.4 5.7 3030.4 8265.2 1743 645.6

©dbogmgm  LagoMmzgm,

b3sbgoool  J3gdmom,  d. 11398
3b9boLfiyaol bgmdol | 6.5 49 2110.3 ’ 829.6 618.4

000053m900, bmg.  Lobodol
3y, 1147

Hylocomium Splendens

24 | 41+42
&

1, 2,4, 7 8 11, 13 0o 25 603698%9 s09829¢m05 9500650650 5030¢»309856(9080L 60dr3dgdols 30066969300l
bsdopsemer 3608269¢78s

2016 ool Bosgbyyawdo bsgbgdol 3megdaogdo 89a0Mm39dwo 0dbs 90dmbagegm LodsGmggeml
(39bgmo, d3gdm Jodowo, ©MIgmo, Ibgms - 00569000), ©oLOZWYm Lodo@mzgwml (sFoMs, GoFs -
wgbbmdo, 009Mgm0) o LsdbMgo  Lodo®mggwml  (bsdgbg -xo3s5bgmo) Mgaombgddo. 2 gbMowrdo
dm390veos dg9aMm3gdeo 6odwdgdol sfgMs s vsli 390mEom gobmdowo Jodonmo gargdgb@gdol
3mb39b@®s30s (Agbfogenrowo 0dbs 43 6odwdo).

3b6oo 2
2016 §iemols Bogbryemols bagligdols 3memgdzos
608 bagligdols sogdols 90989BEMs 3mBEIBEGsE0s, 833/7
dgdob
Bemdn- bogligdol Godo 5Q0Q0IYOMYMVS
ﬁ)?@ga Lodomang 8530 B30l Mo, 3 Na Cu Mg K Cd Mn Ca
5000bggm LogoGMNZgEM™,
1 Zzy};z::;ome 39bgm0ls Gga0mbo, sbdgEHols 1980 | 148 | 438 4416 | 44 | 1644 | 3666
P 500060, Dol B36dswo, 1341
5000bggm LogoMMNZIEM™,
2 H”’"”’T} 39bg090L Ggp0mbo, sbdgols 456 | 156 | 300 | 2496 | 36 | 868 | 3090
cupresstiorme 500060, Boffo®sls 6536350, 806
Hypnum 50MbOgEgm LogoGMNZ ™,
3 e 39bgmols Gga0mbo, shdg@ols 11333 | 249 | 3733 | 2820 | 489 | 2444 | 28133
cupresst 500060, Boffo®sls 6536350, 966
Hypnum 50Mbggm LogdoGMNZgE™,
4 cupressiforme 39bgmob Ggaombo, sbdgE ol 608.3 21.1 763.4 37055 | 0.83 177.1 4797.3
P G500b0, Bsfomsls BagHdseno, 1220
Hypmum VIS Ao
5 cupressiforme %29 030D, 50090 4903 | 232 | 11234 | 4289 | 166 | 185.4 | 48352
450mb0, 0. bLAHMOOL B> by
LsBadoMm, 586
Hypnum afgmbbi@ﬁgm bagbﬁ):;gg@(vl);
6 cupressiforme 32090200 63300200, 350950 977.1 | 219 | 1568.6 | 49757 | 2.14 | 132 | 49886
450mb0, 3¢0. Bo3MM0OL3ZgMHOL
oM 3bgbs Lobodo®m, 597
Hypnum 50dmbogango bogsGmgganm,
7 S forme 39bgo0ls Bgaombo, sbdgol 972 | 244 | 504 2466 | 68 | 816 | 3114
cup 6500060, Boo®sls 6536350, 781
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Hypnum 50dmbogango bogsGmgganm,
8 8 . 39b9m0b Bgu0mbo, LogsMHgx Ml 347.6 269 | 4159 | 2085.5 2.9 76.1 2464.1
cupressiforme
d99masegbo, 875
Hypnum 50dmbogango bogsGmgganm,
9 9 . 39bgmob Bgyombo, esgmogbols 464.9 246 | 6437 | 3653.6 | 3.58 141.1 3963.6
cupressiforme
Bo30dogro, 566
50dmbogango bogsGmgganm,
Hypnum 39b900b Mgy0mbo, yzsMeEol
10 10 cupressiforme ©50mb0, 9. Bger@ol dobibgbs 981.3 25.9 406.5 25316 | 7.35 276 2247.1
Lobodomm, beme. ool
0000530900, 690
503MbgEgm LogdoMMNZgE ™,
n| u |Apwum 32090b Bgp0mb0, bagHIXL 7755 | 264 | 5660 | 3209.4 | 302 | 155.1 | 30509
cupressiforme 650060, bmg. 3¢mELL JoEsdmgdo,
1425
50dmbogango bygsGmgganm,
1| 12 | pmum 32bgeob Ogpombo, 3ol 1160 | 307 | 2333 | 2740 | 4 964 | 23333
cupressiforme 6500b0, J. 435Mol dosdmgdo,
410
L3190 LodsMmzgM,
Hypnum 30bgool ©EadEmdoL LadbMgmo,
13 13 cupressiforme 5F560b 93BHMbmIonEo 995.6 26.3 658.1 2925 2.25 102.8 | 2998.1
69137035, 8495bg30L Bvombo,
b3, Bodgmol Josdmgdo, 601
51539 LodoMmnzggErm,
Hypnum 3bgmol sdEMdOL LsdbMHgmo,
14 14 cupressiforme 53560l 53BMbmIoMEo 498 28.8 582 2178 - 84.4 2850
M9L3BE030, JgOob Moombo, bmgs.
Jobyb39000L doadmgdo, 180
51539 LodoMmn3gErm,
Hypnum 30bgool EsdEmdoL LadbGgmo,
15 15 cupressiforme 5F560b 53BHMbmIonEo 818.2 27.6 257.1 2536.4 - 1142 | 2653.2
G9L3B03s, bryanml Msombo, Lme.
©003b0obol Josdmgdo, 982
L5390 LogsMmzgM,
Hypnum 30bgool EsdEmdoL LadbGgmo,
16 16 cupressiforme 3FoM0U 53BHMmbMmIon™o 919.3 30.9 649.3 2912.1 | 257 92.6 1767.9
913035, JMdEgmOol Moombo,
90. 306¢®03dol dosdmgdo, 324
©ob3wg0 LogsMm3geM,
Hypnum 30bgo0ol ™oL LadbMgmo,
17 17 cupressiforme 5F560b 53BHMbmIommo 563.2 47.2 | 1347.1 | 1736.1 | 542 269 2072.9
G9L3MB03s, MOl Msombo,
bg3. Jghogmol Josdmgdo, 170
L5390 LogsMmzgM,
Hypnum 30bgool EsdEmdoL LadbGgmo,
18 18 cupressiforme 5F560b 53BHMbmIonEo 1112.8 | 34.1 705.4 | 29432 | 4.05 83.5 3204.7
6934903039, JNdYgmOL Moombo,
beg3. Bogzo0Lmsgol dosdmygdo, 227
Hypnum ©ob3wg0 LogdsMm3gwM, J3gdm
19 19 cupressiforme 4535, 533MMEsMOOL Mo0mbo, bmgs. 396 36.4 1182 4692 - 117.6 5100
Lol s MEO30L 8vgs dosdm, 742
Hypnum ©ob3wg0 LogdsMm3zgwM, J3gdm
20 20 cupressiforme 535, 53OS MOHOL Mo0mbo, Lmgs. 438 37.6 1254 5454 2 140 5988
6530 J03M9d0, 873
Hypnum L5390 LydoMM39M, J3gdm
21 21 cupressiforme 4535, 53d3OMEMGHOL Moombo, 12218 | 393 536.4 2849.0 | 5.96 77.1 9089.4
Bodg@ogsl Jgco, 1213
Hypnum L5390 LydoMM39M, J3gdm
22 22 cupressiforme 535, 53OS MOHOL Mo0mbo, Lmgs. 321.8 39.7 154.9 17404 | 4.37 98.1 1913.2
6530l 30sdmgdo, 1119
o LO3gm LygoMM3gMm, Bgdm
23| 23 ypoum 6535, Bols G300B0, bougg. peomesls | 4407 | 42.6 | 3724 | 2507.6 | 29 | 1097 | 36372
cupressiforme
0053m9d0, 1190
24 | 24 | Fpmum ©2bogee baghOmgIn @gfbTd0. | g3y n | 411 | 5799 | 24644 | 644 | 793 | 34973
cupressiforme (3539600L Mo0mbo, bmgs. Bbvdol
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dosdmgdo, 503
Hypnum 51539 LogdoMmnzggem,
25 25 cupressiforme 00996900l MH9ga0mbo, ¢Hgodmeol 725.6 439 967.5 42919 | 113 162 7267.5
P 650060, Bgg®onals Jgoo, 1013
Hypnum 5539 LodoMmn3gErm,
26 26 cupressiforme 0096900l MH9gy0mbo, ¢Hgodmeol 1240.7 | 493 668.6 3638.6 | 2.57 265.3 3098.6
©500mbols doadmgdo, 608
H
27+ a;VIerZ;;ormH 0286690 - sednbigerge
27 P . LodoMmN39wMm, 0M05¢gmol Jgwo, 529.8 60.8 456.5 2563.1 | 6.43 135 2803.2
40| Hylocomium 55 Gigbgmob Bosdmgdo, 1106
Splendens @302 figBgrob dogadeglo,
Hypnum b?gmbbﬁs@;)mbb;jbﬁ)mggwm, ggbgol:b
28 | 28 | cupressiforme PO29POT MIBOO 20> QILINO 9707 | 527 | 3857 | 33686 | 6 204 | 37414
650060, bmgg. s6s6wMOl
d0odmgdo, 919
Hypnum b?gmb?s@gmbb;jbﬁ)mggqm, ggbg(zb
29 | 29 | cupressiforme PODIPOB HION X0: RILINO 7393 | 519 | 1543 | 16457 | 557 | 141 | 16136
650060, beg. 5656l
d0sdmgd0, 958
30 | 30 | cupressiforme O30, J350e JOow 1098.6 | 575 | 2421 | 1607.6 | 525 | 189.9 | 2141.4
6930060, IsMbgmwol Msombo,
bmg3. 5¢agmol dosdmgdo, 1057
. BO©Ow® - 50dmbsgargo
31 g1 | Hylocomium BodsBmggEem, sb3gol Gsombo, 2562 | 60 | 762 | 12738 | 738 | 969 | 14262
Splendens
b3, bl Josdmgdo, 2130
. RO - 50dmbegzwrgo
32 gy | Hylocomium BodsHmggeem, sb3gol Gsombo, 216 | 556 | 54 1116 | 96 | 2336 | 420
Splendens
b3, oMM Josdmgdo, 1913
BOH©OWM - 50dmbegzergo
Hylocomium LogdoMm39wm, 0M05IMNOL J9oo,
4 . 1764 - 179.
33 33 Splendens 39bgoob Mgyombo, sbdg@ol 83 >88 78 76 796 798
50060, 5056mb gbs, 2592
BO@Ow® - 50dmbogargo
. LogdoMm39wm, 0M05IMNOL J9oo,
Hyl
34 | 34 ylocomium 35b9070L G000, sbdgols 372 58 102 1512 | 24 | 118 1302
Splendens
©50mb0, bmg. dBeFGIOL
0900530900, 2368
. BOHOW® - 50dmbogergo
35 | 35 5};1“5”""’" BodsGmgyEm, MBS0l Jgo, | 2018 | 556 | 1473 | 13582 | 9.1 | 1073 | 16745
prendens 300935600L dosdmgdo, 2039
50MbZgm LodoGMNZgE™,
36 | 36 | Hylocomium 32b900b Bggombo, bagsHxob 498 | 608 | 306 | 2544 | 6.4 64 1998
Splendens 650060, bmg. 3L J0EsdMYdO,
1225
Hyl I
37+ S};eii?ejzlsim 3LO3gm LgoMMZgMm, Bgdm
37 P . 6535, @bol M50mbo, bmg. ganmensly 4515 69.9 160.9 27545 | 5.95 73 1529.1
+42 Pleurezium Focos3mnBo. 1190
Schreberi 0QoIMIO0r
38+ 5};5551:;”1 ©3LO3gm LgsHMZgEMm, Bgdm
38 P . 6535, mbol G50mbo, 379MHMGE Jmzol 421.2 67.4 71.3 1863.5 4.2 156.5 881.6
+43 Pleurezium Boosdnndo. 1626
Schreberi 0RUTMIO0s
Hylocomium LodbMgm LagoGmggem, Lsdaby -
g9 | 39 | Splendens: X233bg070b Hgombo, s@oa)bob 6793 | 652 | 3227 | 29335 | 45 | 144 | 17067
+41 Pleurezium 650mb0, bmgs. »E30LwBdbol
Schreberi 900530900, 1490
27, 37, 38 s 39 603698bg 59829¢005 95065060 35080¢0098569280L 60398980 300669693300 bsdrgserm
dbodz69¢0mds.
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300900 890930006  250mdobstg dgagodos ©z0L336sm, MMd 2015 fierol Bogbwwrol
bogligdol  3mangdogddo, obgmo  GHmJbogwdo  gagdgbGo, MmymMogss L3owgbdo (Cu), bsgzwrgdo
Mom©YbMdom (4,6 332/3) 2330000 Aglbgmdo, MMogwolL GYyol doEsdmgddo. bmeom Jowswo 3mbEgbEH®sgos
(47,1 9833/3) ©o80JLOMES  5©IMLOgWgm  Logo@mggmwmdo - 39MdmE, M0sbgmdo  (LLdsEMMOL  GYyol
Jobwmdo). 9905090000 Vo 3mbEgbGHMogool  3sdondo (Cd) (1,2 33p/y) 33b3wgds  J.
1B9BIBHIBEOL 2o0Tgdm, ©IZEMO30L LKYBdIE3NH GYgdo. Fomowo 3mbEgb@Mmogos 30 sgodloMm®s
LodbMgo LodoOmggewmdo - Igbgmdo (MTmOLS s MGl FmMmob). bogligdol 4 bodmdol 3mbEgb@Mmaiool
Lodnmom 9608369wMmds sGOL 7,5 933/,

Bo®Modol (Na) 3mb3gbBMaogos (3906,2 83/3) 9505005 5§gwgHob Bozmdsendo (LsdbMao Lads®mzggam);
bmem ©sdswo 3mbigb@dmegos (575,3 933/3) 33b3wgds @Mdgmol dmboigodserodg@do, bmg. GmJ3sdo.
3oeowdo (K) (12268,1 93p/) F56Boss ©139molb 34960303503 gGdo (Lmy. EmE™mds). bmaem dgrstgdom
5050 3mb396@Ms30s (5359,2 83p/3) 33b30Jds J. LEHYR6FI0bsT0 (©I3EMMS30L Fgdmystgbo) smgdmen
bsglol 603439ddo. 3oeEomdol (Ca) Fomowo 3mbEgbdGsgoom (19956,8 03y/3) 3o8mombggzs Howwzol
50bol  9g0maoMgbo  (LsdbMHY LodoMmzgerm). bmeom dobo  3mbagb@®moEos ©odswos (467,1 93y/y)
©Mdgmob  IMbogodowo@gdHdo (bLmg. OMI3Zs) 50gdME  boglgdol 60dmdgddo. 0oabomdol  (Mg)
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STUDY OF ACCUMULATION OF SOME CHEMICAL ELEMENTS IN THE ATMOSPHERIC
SEDIMENTS OF GEORGIA BY THE METHOD OF MOSSES BIOMONITORING USING
ATOMIC ABSORPTION SPECTROMETRY

Elene Kirkesali, Tamaz Kalabegishvili, Lela Tugushi, Eter Ginturi, Aleksander Rcheulishvili, Nana
Kuchava, Eter Gelagutashvili, Nanuli Bagdavadze, Olia Rcheulishvili
El. Andronikashvili Institute of Physics of Ivane Javakhishvili Thilisi State University

SUMMARY

In the present work, the concentrations of chemical elements: Cu, Cd, Mg, K, Na, Ca and Mn in the
atmospheric sediments by using the methods biomonitoring of mosses and Atomic Absorption
Spectrometry (AAS) have been estimated. There were used three species of mosses: Hylocomium
splendens, Pleurozium schreberi, Hypnum cupressiforme. The samples of mosses have been gathered in
different regions of Georgia during 2015-2016 years. It was established, that the international method of
moss biomonitoring by the estimation of concentrations of different chemical elements in atmospheric
sediments has been approved for the evaluation of the ecological situation in Georgia.

HNCCIEAOBAHUE AKKYMVYJIAIIMU HEKOTOPBIX XUMHWYECKHUX 2JIEMEHTOB B
ATMOCO®EPHBIX OCAAKAX HA TEPPUTOPUN I'PY3HNU C UCITIOJIB30BAHUEM
BUOMOHUTOPHUHI'A MXOB 1 METOJIA ATOMHO-ABCOPBIIMOHHOM
CIIEKTPOMETPUM

, T.JI.Kanabernmsuny, JI.C. Tyrymu, 3. H.I'uatypu, A.H.Pueynumsmim, H.E.Kyuaga,
E.C.I'enaryramBunu, H.B.bargasaaze, O.A.PaeynumBunu

Hucmumym gusuxu um. 3. Anoponuxaweunu TOUNUCCKO20 20CY0apcmeeHno20 Yuueepcumema
um. U. [{ncasaxuweunu

PE3IOME

B mpezcraBieHHoi paboTe MCCieI0BaHbl KOHIICHTpAIMK XuMudeckux aementor: Cu, Cd, Mg, K, Na, Ca
u Mn B arMocdepHBIX ocaikax MeToJaMu OWOMOHHTOPUHTAa MXOB W ATOMHO — aOCOpOIHMOHHOM
cniektpomeTprn (A4C). B xadecTBe OMOMOHHUTOPHUHIOB HCCIIOJIb30BaHbI TPH BHAa MxoB: Hylocomium
splendens, Pleurozium schreberi, Hypnum cupressiforme. O6pa3siiel MXOB ObUTH COOpaHbl B PasIHYHbBIX
pernonax ['py3mm B 2015-2016 romax. B pesynbTare mccieqoBaHWi OBUIO YCTAHOBIEHO, YTO C IEJIBHIO
OIIEHKH DKOJIOTHYECKOTO COCTOSIHWSI HA TEPPUTOPHH [ 'py3ur MCCIIONB30BAHUE BCEMHUPHO MPUMEHIEMOTO
anpoOUpPOBaHHOTO OWOMOHUTOPHUHTa MXOB MOXET OWTH YCIICHIHO WCIIONB30BAHO ISl OIpEJeIICHUS
KOHIIEHTPALIM1 XUMHYECKUX 3JIEMEHTOB B aTMOC(EPHBIX OCaIKax.
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HOW THE QUALITY OF LIME MILK EFFECTS THE SUGAR TECHNOLOGY

Teimuraz Rukhadze, Lela Osadze*
Georgian Technical University,
*Agara Sugar Company

SUMMARY

Milk of lime is used in the production of sugar for cleaning sweet juices and its quality mainly is
characterized by the density, usually determined by weight method. Also in the enterprise the densitometry
method is applied for better efficiency of the process of production. Results of the density calculated by
weight method and densitometry method are not similar for most of the cases in 2015-2016 season at the
Agara Sugar Company. In such cases technological indices of the syrup and granulometric indices were
significantly deviated from the norm. To maintain technological indices in the process of production it is
necessary to control density of the lime milk by both methods, and the less is the difference between the
indicators of the density calculated by two distinct methods, the better technological parameters will be
maintained in the process of sugar production.

BJIMSAHUE KAYECTBA U3BECTKOBOI'O MOJIOKA HA TEXHOJIOTI'NIO CAXAPA

Teiimypa3 Pyxanze, Jlena Ocanze™
I'pysunckuti Texnuuecxuti Ynusepcumem,
*Aeapckasn caxapras KOMNAHUs

PE3IOME

21_]'[5[ OYHMCTKH COKOB M CHUPOIIOB B CaXapHOM IIPOU3BOJACTBE NPUMEHACTCA U3BECTKOBOC MOJIOKO, OAHUM M3
OCHOBHBIX IOKa3aTels KauecTBa KOTOPOIO SBISAETCS €€ IUNIOTHOCTh, ONpeNenseMas BECOBBIM METOAOM, a
JUTSL ONIEPAaTUBHOTO ONPEENCHU Ha IPOU3BOJCTBE — JEHCUMETPHUUECKUM METOAOM. B Arapckoii caxapHoi
KOMIIaHUH, B MPOM3BOJICTBEHHBIN ce30H 2015-16 romos, moka3aTeny IUIOTHOCTH M3BECTKOBOTO MOJIOKA,
ONpeCICHHBIE BECOBBIM M JEHCHUMETPHUUECKMM METOJIOM, YacTO HE COBHAaJaldd, IpPH 3TOM
TEXHOJIOTMUYECKUE TI0KA3aTeNH CHPOINIOB U IPaHYJIOMETPUUYECKHUE ITOKA3ATENH caxapa NecKa OTKIOHSUINCH OT
HopMbI. IlokazaHo, 4TO mpu COOMIOJICHUN BCEX TEXHOJIOTHMYECKUX IIOKas3aTelel B IPOU3BOJCTBE caxapa,
HYXXHO KOHTPOJIHNPOBATH IINIOTHOCTH N3BECTKOBOT'O MOJIOKa ABYMs METOAaMU: BECOBBIM u
JEHCUMETPUUECKIM, M Y€M MEHblIe OyAeT pasHMLA MEXIY STHMHU IOKa3aTeJsIMHM, TeM KadeCTBEHHEH
OyZAeTr U3BECTKOBOE MOJIOKO JJISl OYUCTKU CUPOIIOB U IIPOU3BOJCTBO Caxapa B 1IEJIOM.
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ANODIC PROTECTION OF CONSTRUCTIONAL STEELS IN SULFURIC ACID
TECHNOLOGY SOLUTIONS
Lia Akhvlediani, Manana Mikaberidze, Dali Ramazashvili
Ferdinand Tavadze Institute of Metallurgy and Materials Science
SUMMARY

Results of electrochemical and corrosion researches of some steels in production of caprolactam are shown.
Main parameters of anodic electrochemical protection have been defined. The possibility of application
sparingly alloyed nickel chrome-nickel steels (12X18H10T, 08X22H6T) and chrome-manganese steels
(08H25T'15C, 10X14AT'15MC, 10X14ATI'15) as construction materials with the use of electrochemical
anodic protection is proved.

AHOJHASI 3AIIIATA KOHCTPYKIIMOHHBIX CTAJIEM B CEPHOKHCJIBIX
TEXHOJIOI'MYECKHUX PACTBOPAX
JI.Axnennanu, M.MuxkaGepuaze, Jl.Pamazamsunn
HUncmumym memannypeuu u mamepuanogeoerust um. Pepounanda Tasaoze
PE3IOME

IIpuBeneHbl  pe3ynbTaThl  KOPPO3MOHHO-VIEKTPOXMMHYECKHX  HCCIENOBAaHMM  psAga craneil B
MPOM3BOACTBEHHBIX  cpefax  KamponakTama. OmpeneneHsl  OCHOBHBIE — TapaMeTpbl  aHOAHOM
JIEKTPOXUMHUYECKON 3alUTHl. Y CTAHOBJIEHA BO3MOXXHOCTh HMPHUMEHEHHS] B Ka4eCTBE KOHCTPYKIIMOHHBIX
MaTepUaoB SKOHOMHOJIETHPOBAHHBIX MO HHKENMO0 XpoMmoHukeneBblx - 12X18HI10T, 08X22H6T wu
xpomoMmapranneBeix  08X25I'15C, 10X14AT'15MC, 10X14AI'15 crameit ¢  mpuMEHEHHEM
3JIEKTPOXUMHUUECKON aHOTHOU 3aITUTHI.

392



LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2017 §. 43 Ne 3-4

Jodom®o ¢gdbeagmmyos

MenG®3d39M000 ©s JegdGHOMEOBMMO 9JuEMsd00l FgommEom
13g305L GO guBMsgd@ol omgds

2300630 39600930, Bobsbs dBa®0sdzowo, JoMmsbrs bahodg

03.50535b0d30¢m0l dogroliol bsbyerdpogem #9bo396BLodgB0
390969 G9cr0fod30cmol 30D03HIH0 @S MEgsbicro Jodools obbBdodHO

99LG®5J300L  godmboger0sbmdol  4oBM©OLS ©5  30mEgbolb  m33H030BsEoolmZoL  sdmygbgdwo  odbo
MEGO0YIN0N0  ©5  JEgdBOHmobo  guBHmsgsos.  Bgowgmms  dgodbs  ghomficrosbo  bGggosl
30900 (Lmg. 9Hmo, 4M0s), bonwm gdbBMeagb@s® -fiyswo. domgdmwo ddMswwo gdu@Mad@o sGob mgmMo-
dmboobg®m  ggMol.  asdmbisgowo  bgomgmeol  ddGo  Tobobg  gossbasmodgdom  8.23%-0s.
JOMB5@GMPMR0Mo 5Bsgobol dobgzom LEI305L FMswo gbBHMagdBo 8goEegl 85.2% bBggombol ©s 2.5%
990500 BOL.

QOG0 935 JONMMs MHobzo gl dbmaeomdo s o0 Jmeol  LodsGmzgermdos dogby
©O0QOS @5 5056 gmz9Whwom®ms©  sboasdmgmmgbowo  353096@gd0  9doGgds. 90 Bod@Bds s
©09HMEWMygdol dmbmzbsd  IdIIOWMMO 3bgdMH03 ©sTs3H3IOMIWGODY godmofjgos FboMo
06 9Mgbo. sLgm 9396509 ©T5BIOMOYEL FoMTmayqbl-iGggos (ewsm. Stevia Rebaudiana). gl dogosbo
mEo0mPsb639 BIOMNME 2odmoyggbgdmms 0bogwms GHmdgdol dogl Mmam®E Lsd3MOBswm s Bs33900
5853 30M0dgwo0. 139305 3496980350 0HBOIGdS 35M5y350L O BMIBOEIOL Q56133979 MgR0mbgddo. dolio
3990 GH0300905 5 393039005 dmbs 89-20 Lom3wbols dgmeg Bobgzs®Bo, 350 Jmol Lods®mggermdog.
19300 IIHOWO BMMWgdo 30-50-x9M , bomwm 339656006 Asdmygmaowo ywozmbogdo 50-450-x96
WMBOE 33005 F5doM00b Fgomgdom, M3 ©sdM30©YdE0s  dIMowo 9duEMag@Eol d9dsagbumdsby
5 LOLMBRMOZ0L BoMOLLBY.

1B9300L  MBOMSEJLMBs  sMOL  ob, MM ol  sMoGHMJLOZMG0s,  Foblbgeggdom  LobmgdozM®o
5053 30M0gd0LoYsD. sl 93l 39MRA0  9gdm, Go3  goblogmm®mgdom 860d3bgrmgsbos  OLdYGHOM
Q059350000 MIMZOL @S Fo0M3Z0L, 30LsE fmbsdo s3wgds LwEL. sMOL doe0sh F3Jdowo, 5d3L WdsWO
96902930390 oMJOMEgds,  MAEWGOL  Foow  3HYB3gMOGHMIMSL,  5E30Ws©  0blbgds  fgoemdo o
mO560Ddols Jog Imobdotgds 0blvyerobol 3s69dg. s80GH™A 5MHJAw0Mmgdl Lolberdo Jod@ol MHoMm©abmdL
5 15339MBsM 1535 GOSS OBYEHOD 1935 JOILMONZOL.

3659303530 30H0M© ImobIomgds ddMoco gjuBMod@o. dobo boMolbo ©sdm3ogdwymos dzgbadol
RO gool 9993390 mdsbg, Mobg3 BYRo3wgbsl  sbIbL  goMmgdm  3oMHMdYdO:  Bgd3gPedEes, ©LOL
L0650l BsbaMIOzMds BOEOLS S FMbgEOL 50gdol  3g@omdo [7]. 05DoMBY OGO
9mbo399900lL dobggzom [7-8} aoLogoo 3OHM©YYIEO 9goEogl  M0bs3zwgd 80% ™M  doMomoEly s MG
dgmmg HsOOLHOL Fe03MDOEPL X sTMMOE 96 9B gd 70-75% ULEHg30mbBoEL s MYOsEOMBOE-A-U
X999650. 3069 999(3390Md0l J0bgs35, YoM HBoEo C ©s M3MDHBOEO  3obs3oMMdgd96
Moo gduBH®agd@GHob bLo@gdml Imdyman oty gdmb. LEgzosl FdMsE gJuEHMod@do dosmo Fga33gEMdS oM
Mbs s@gFsH98mglb 5-7%-b. G98865brcmo B0 BBs300L b3gr0sereBmo  Hgdbmermgool gsdmygbgboor
39L53gdgE0s Bomo dg8339wmds d9830MEaL 0,2%-3 [8] (gbGowo 1).

dd6owo 9du@®ogd@BHol  Fobosmgds 9JuEH®RIBEGH© 398mMm0Yygbgds M3oMs@glbsw fgswo [1-5] o6 b3oM@Eo
[6]. 99bGH®SJ300L FgMEs© 09gbgdgb Fo3gMoE0sL s 9damd Mg gduEMed3osb[l] b Mg
99bEH®59d30sL [2-5]. 096smsbMdom MG ™ 39ML3JJEH0w0 BEYds MEHMIdAIO0m0 gJuEHMod30s[9-10].

Lododmggemdo LEgz0oL FdMocro gduE®msd@o 0fsMmTmgds 3069 MomEIbmdom ©s 0loE WHdSWO
bo®obbob. 959403530 )isbmm@o bofo®do. s80F™A 39ML3gdEH0wos dolo Fo®mdmgds. sdolsmzol Mbos
899853096 B9gdbmermyos, MMIgeog Ima33gdl bedmowgdsl gbEMogd3ool 2sdmbogEosbmdol gsbmols
@5  ™330dobsool  Lsdmwgdom  FgdzoMEgl 3 GHOL  030mQ0MGOMIds O 23ob@gl
306396096 BHwbsM0560  boMolbom ©s gFobom. @obsbEo FoBBOL AsbLsbmM0gwgds b3zgbl dogH

2990y969099e00 0465 ME@©d39M0m0 gduE®msgdEos s 9JuEHMIG0s 9 gdBHOMEobob Jodmygbgdoom.

393



LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2017 §. 43 Ne 3-4

lihga0eb @360 JhdGagdol Sorgdob bjods

Baemagmemols @egdas

adugfagsos

BOOBE0

gormGfedol dmgmrendols 97850008 2/3-0m

gomBfgol JduGHageos gromaEIGHom

gommdHogoel gdbdHadees dndebomon

Boebormnol gdbGMedBowst 88Memo Gsliol Bo0gds Bmdabemols

3o30@afo gadnbeoon.
gb®oo 1.
Lobogmbenm scafig®s bBggomen Reb-A STV Reb-C LoE3dM  Fodo@rsb
30O v AW03MmHBoEId0 ©s DUl | 890569300
SGI98RA98 98% 6985v9000MBOEO-A 98-98.60% 83-20% 0.1-06% |0 480 %96 990
SGI97RA95 95% 905v90MmbBOO-A 97-98% 95-96% | 2-3% 8'%;/0 450 %96 8960
SGI95RA90 90% 698599000MmBOEO-A 95-96% 90-91% | 5% 1% 380 %96 990
SGI95RA80 80% G905v9000MmbOEO-A 95-96% 80-82% | 10% 5% 360 %96 990
SG90RAG60 60% 9d5v9000MmbOEO-A 90% 57-60% | 25% 5-6% 320 %96 d9¢0
SG90RA50 50% 6985v9000MmbOEO-A 90% 50-52% | 33% 6-7% 300 xq96 89¢0
SG85RA40 40% H9d5E0MBOEO-A 85-87% 40-41% | 38-40% | 7-8% 280 %96 990
SG90RA40 40% H9d5E0MBOEO-A 90-92% 40-41% | 43-45% | 7-8% 280 %96 990
%
SGYORA20 i&);:g%i‘g’ofo 90-92% 20-23% | 57-59% | 7-8% | 250 %96 d9¢h0
%
SG8ORA20 2&2:2‘%%23%00 80-82% 15-18% | 57-60% | 9-10% | 220 %96 390
SG95ST90 LEggomdboo 90% 95% 6% 90% 1-2% 250 %96 990
LHYZ0M EW03MbOEIdO
SGISLDAC | o s 95-96% 15-16% | 80-83% | 0.2% | 270 %9 90

394



LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2017 §. 43 Ne 3-4

9Ju39m0dgbEmero bsfowo

299mbs33wg30 bgowmgmmo ghmfierosbo LEgz00l FnmEgdos HEGHMIBoMMOH® (Lmggwo dmbmomo,
3609). 5IEWINWO ©08Y3>  JIJOHOMBY Fobgzowby, asdblbwse sdmyggbgdrywo ogbs fgswo,
0565035MHMds  Bgomgmmlbs s gdu@®oggb@l dmeol - LEg3gs : Pgoewo / 1 : 10.  gduBHGodzosl
3505003gd00 M GHMdRIM0m0 9JuGHMsdGmMoo (ds@zs MO-230.00I1IC), gdu@®agagool boby@dwmogmds -

30 §000, $H983gMs@EHyMs- 20-25°C, bLoddrsg®y- 100 35¢0, Lobdomy -100 3o m3gHso.
d00gd9o ddMowo 9dbBMogdEob dobs bgwgmuol ddMaw olisbg 2509625609000 5%-0s.

99dHOMWobHo gfbBHaggos
93bGH®ogd300L boba®deogmds - 180 fymo, bLoddwragMyg -200 s@o. 58 Igom@om B30l by gmwo

56 dmombmgl dob Fobolio® ©oxd3sL o gJuEHMoJGHOL BoEMHE0L, MoEsb gduBmagdgool dMmmaglol
9000b656Mgmd0LOIL MM E0gEEgds BowGHMOE0sE. dgbsdsdobs Mmoo gduEMaed@ol dowgdol bgqds o3
890mbgg39d0 sLgmoo:

‘ 24BEMag3o0+ GowGmaEs. ‘

gom@fsdol dmamermdol B133oM)ds 2/3-000

‘ Bod®adol )JudMageos JoowsaidGo. ‘

l oGP0l JgudMegaosdyGbmeroo.

iy sBenemols a5 30035 R0 Bsls0ls Bogds beybexmols |
3237099950 gedmbgoo.

‘ BomBreo S8M3e0 ggbEMIIHO §IEsIMOLEsmIBs Bgoool
Lidof@oom.

domadmeo  ddMswo  gJuB®odBHo 9Ol MgM®MO-8MmbsgMolEm™M  RMOL.  Asdmbsgswos  8.23 %
Byowgmamols RO LBy
2390556250H0d9000m. LobodsG M
- 9Ju39OBH0BOL  ghmzbmer  dowGdmdo
Bo@oMgdmero JO®ASGHMAMB0ME0
oboeoBol  Fgogagdds  sBggbs,  GMI
1G939oL Moo  gJuBHGod@Bo  8goEagL
bEgzgmbol - 852 % Q5
Madomomnbol - 25 %. dowgdm
d9009390L vy 9350056900 bMo-1-do
03909 0bgm®3sosl, 8933000
| 3035M0Mmm, HmI Jogdwo FdMswo
- 93LE®5gGH0 220-250 x9M MBOM GHIBOW0S

| Gododby o ddbodby  9®LYdMo
dmbo3gdgool dobggom  [7-8]  dgglodsdgds  golivyoo  3MMmEMIGHoLb  dmmbmgbgdl,  Gmymes
39050996mdom, 939 LOEIOMMO.

395



LdS@MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2017 §. 43 Ne 3-4

D s ———————————————— —————— ————————————————

@o@g®s@d®ms — REFERENCES - JIMTEPATYPA

JIucurmu B.H.,XakumoB X.M. Crioco0 monyueHust SKCTpakTa u3 pactenus Stevia rebaudiana
bertoni. 3aseka- 20011114770, 01.06.2001. Patent 219.2198548.html.
Ckopoxonosa M.B.,EBnoknmoB U.A.,badorensimes C.I1.,CxopoxomnoB A.I'.,bynkesud P.O. Crioco6
MIOJIYYCHHUST OCBETBIICHHOTO SKCTpaKTa u3 pacteHus Stevia rebaudiana bertoni. 3asska -
2012132917/10. 01.08.2012. http://www.freepatent.ru/patents/2501329
Curanayk W.10., Ctpmxea E.H., Ypemon A.A., [lepsummna I'.I". Pa3pabotka addextuBHOTO
crioco0a BBIIETICHUST CYMMBI JUTEPIICHOBBIX TIIMKO3UA0B U3 Stevia rebaudiana bertoni. Xumus
pacTutenbHOro coipbs. 2002, Ne3 ¢.73-75
[Ia330 P.U., Epamos JI.JI., ITaBnosa I'.H., Epmonenko P.C., Anexuna JI.A., Aptiox JI.B .Croco6
MIPOM3BOACTBA DKCTPAKTa U3 pacTeHus Stevia rebaudiana bertoni i1 KOHCEPBUPOBAHHS.
http/www.findpatent/ru/223/2239333/html
5.3y610B B.A.,Munoponora E.U.,lI0OporaE.10.,Pscenckuii C.C.,Ocumnora JI.JI. Crioco6 momyueHus
creBuo3uga. mareHT Ne 2111969. [lara 3asBku 08.11.1995
Kenuk C.A.,Cranumesckuit SI.M., ApuesY.U.,JIsopsakun H.A. MeTox BeaeneHHs] CyMMapHOU
(hpakIuy TUTEPIICHOBBIX TJIMKO3UI0B U3 JIMCThEB cTeBHH (Stevia rebaudiana). MockoBckas
rocyapCTBeHHAs aKaJeMus TOHKOW XxuMudeckor TexHomoruu M. M.B.JlomonocoBa(MUTXT).
Mockaa. http;//www.rushauka.cjm/ESPR-2006/Chimia/4-kedik%20s.a.doc.htm
Wallin Harriet. STEVIOL GLYCOSIDES Chemical and Technical Assessment . The 63 JECFA.
© FAO 2004 A.
http://www.chinaaddiitives.ru/Stevia-Extract.htm,
Abdalbasit Mohammed, Gasmalla A ,Yang Ruijin, Musa Abubakr, Hua Xiao Zhang, ZhangVerbin.
Physico- chemical Assessment and Rebauidioside A. Productively of Natural Sweeteners (Stevia
Rebaudiana Bertoni) Jour,nal of Food and Nutrition Research, 2014, Vol. 2, No. 5, p.209-214
Available online at http://pubs.sciepub.com/jfnr/2/5/1 © Science and Education Publishing
DOI:10.12691/jfnr-2-5-1
10.  Alupului Ani *, Lavric Vasile .Ultrasound Extraction of Active Principles with Hypoglycaemic

Activity from Medicinal Plants. University Politehnica of Bucharest, Chemical Engineering

Department RO-011061, Polizu 1-7, Bucharest, Romania *alupului_ani@yahoo.com

=

~ o g > w no

© ©

RECEIVING OF DRY EXTRACTS OF STEVIA BY USING
ULTRASONIC AND ELECTROLISYS EXTRACTION METHODS
Giorgi Kandelaki, Manana Buzariashvili, Miranda Khachidze
Petre Melikishvili Institute of Phyzical and Organic Chemistry at lv.Javakhishvili State University
SUMMARY
Ultrasonic and electrolyze extraction methods were used for optimization extraction conditions and
increasing yield of Stevia dry extract. One —year leaves with branches (Shukhuti/Guria) were used as a
raw material and water- as a solvent. Yield of white- grey powder is 8.23%. HPLC analysis showed that
dry extract contains 85.2% steviozide and 2.5% rebavudiozide.

CIIOCOB MOJYYEHHUS CYXOI'O 9KCTPAKTA CTEBUH YJIbTPA3BBYKOBOM U
SJIEKTPOJIN3HOM SKCTPAKIIMEN
I'mopru Kannenaku, Manana by3apuamsunu, Mupanna Xauuasze
Hucmumym usuueckoii u opeanudecrkou xumuu um. 111 Menuxuweunu Tounucckoeo 20cy0apcmeentozo
YHUsepcumema um. HMs./[orcasaxuweunu
PE3IOME

C 1espio ONTUMH3ALNH POLIECCa U YBEIMYCHUSI BBIXOA CyXOI'0 HKCTPAKTa CTEBHH ObLI MIPUMEHEH METOX
YIBTPa3ByKOBOHM M 3JIEKTPOIM3HOM IKCTpaKIMU. B KadecTBe sKCTpareHTa MCIOJIB30BaId BOAY, & ChIPbS —
BBICYIICHHYIO HAJ[3¢MHYI0 9acTh roanuHoi cresun (ceno Lyxytu, ['ypust). [Tony4€HHbIi CyXOi 9KCTPaKT
- Oeno-ceporo 1Bera, BbIXxoN - 8.23 % B mepecuere Ha MacCy HCXOJHOTO ChIpbs. [lo JNaHHBIM
xpomarorpaduyeckoro ananuza (HPLC), nomydeHHbI cyxoii skcTpakT comepxut 85.2 % creBuo3uia u
2.5 % pebaymuo3uma.
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Lsbols 3560b g58(dgbwo 3mldgGozm™o Mdy

bs0bs bnHody, 9300 x0b6Fo6r5dY, 0sbs gdbM0ody, 6565 dBm3mBogs
U539l 39960329650 #960396boBIBH0

300395 300gdY0s Lobol 4sd(dgbo 3mbdgBHozMMo Iy Lmoslk GAoL gsdmygbgdom, GMIGEoE SEOEdL
93390L, BHowsbl s Bosdol bamhgbgdl. 30LBYEH03MMO MIoL F9ygboEMdsTo bLmool MAg godmoygbgds MMAMM
991 39GH™0, BLEANVDOWODBBHMMO, J9MWIbG0. 080 33Ol E0EgM0bL, BgEs3oMMWsE 5d@0wM BogzmogMgdsl
(096), 99m@bon® 330l s bbgs. bLmosl Mg s5©sIL 930IMHAOLOL BIMOYOL S 5353901 LObgLEBIL 3956%g.
39986005 godmbs@meo s6ga9b69m0Mgdgeo dmddgwgde.

Lobol 3960l 9s8(0gbo 3Mgdgdo s 3mbAgBHo3MMo Mdg FoMdmoagbl 3960l ofdgbool yzgumaby
3930390 Lodwsegdsl. 3mbdgBolzmmo Mdg doswoshd BOMbOsE, d5d30L Fod3mbol gsdmygbgdoo,
53090l 8BH3gML, BHosbl s bowsdol bsMPBgbgdl. ddMmowo 96 530w FoloobosbIdgwo Jsbolmgol,
2398500 LoLbEds®3gd0L SMBGOMBOLLL, Y3y WdBOL 9y 39601 §3olsl s sF0d30LsL
bo3bosbo  fgmom  @sdsbs 96 M0l M93mIgbgdmmo. sbgom  Fgdmbzg3zgddo  39bol  golsfidgboso
9300090905 25303960 30939d0l, b 3MLBgE03MMo MGIoL As0MYgbgds. Mg MBGOM JIME0s 3560, dom
MO bSFoOMYOL 45HIgbIL.

245000960 36099900 LB Yoo 56 BsBMOBIBYDS, bmerm 3MLdgEolzmMo MAg BsdModsbgds fywom,
dHMEME 930 gBG0s MMoboL $Ha39eMoEMol Hgwrol godmygbgds, HmIgedos g gdvEos d53d0L
Go93mbo [1].

30L09BH039OH0  MIoL Lobgmdsl 90937036905 499(89bo gy, GmIgwoi AobLbgzszgds Ebodol
Q5050 899(33900d00m. boMmo 9w 990393 bbgoalibgs 96@0lg3@03me 6030009M9d90L, sdo@mad dolo
24900yg9bgds Fm3Fgosbo 3sbolsmgol godergds 08 890mbggzs80, HmEs babol 3960 13gMOLIFsdgergdosbos.

A@Boml 35HBOHOL  sbomaom®mo  3MM©IBgdol 333900l 89gagddo bsdmzbos BmaogHmo
068m&MT5:305, J0MHOMSOE M3 sdYHO S B3BBG M boliosmol, GMIgeoa G033l beoslsd wgio@0bl.
5boMhgbo 3mI3mbgbBHgdo 3Mgdgddo, GmymME §gbo, bogengds dobsfigmdos. sdo@Emd B3gb wsogsygbgom
doBbs obgmo Mg3g3EHwMoL 9gaqbs, HmIgerog LOHMEs 0gbgds MgseobBomgdEo B39l 30HMBYBTO.

B396L 096 Jowgdmeos Lsbob s8(dgboo 3midgEoz®o Mdg Lmosl HAob 3sdmyqbgdoo.

3mb09BH03mo  MdoL  Fgagbowmdsdo  bmosl  ®dg  4o8moygbgds  OMYMOE  GIMWRASGHMOO,
1G900WOBsGHMMO, 9IMEgbBHo. M93g3GHWMsT0 030 (33Ol AWoigMObL,  BYISOMmWsE  5dGHOWG
603000965390 (Bsb), 98MELOWG 330L s 5.0.

50539 ©MML Lmosl Mdg, OHMYMOE 9JBH0OO ©BTsGHO, LobgmygBHozmw dmddggdsl  sbgbl
30L39GH039OH0 HIoL BsI3MEBsMm s 3MMBOESIGH03NO M30LgdgdBY, 960FJoL Tob o@mbobomgdgw,
0535600 gd9, 535896056909, 0339053, 2b6mgdLHobs>BgaM, 2b&0LY3EH03MO,
bm3mboffobsomdaam, 9605w gH0E M30LgdgAL [2].

bmosl MJdgdoddMmoo b03m0gMgdgdol dobwydmo foo - sMsbs3zwgd 10%, Lodzzmogy - 9MHBs3Egd
1020 39/@3, 8553006005 - 565999 EHaL 15-17°T (FHgMbgeo).

L@OSL Mg 505IBL 930EIMTOLOL BMOIML s 535390 LObYLEAEJL 396Bg. 4o9Bb0s Fodmbo@ o
356929596000 gdgo dmddggds.

L@OSL MIOL EOLHTDOYIWS LMool FoM 33 gdL Bd39396, (30056 (0,1 93 LoggMdo). g hsols 3m3HD
(10 9) bLeOSL BJzol s35Eqd96 ghm Fods (200 ) 50V HYyol. BWMez9b, 99ym3zbqdgb go309d50Y,
399099 (965396 m®Bsgy MEdsbol i3gbsdo.

"do95m© beOoSL FoMEzEgdol d9dmbzgzsdo, gMm Bsol Fods (200 g) Leosl ToMmEZoEL 5d5@ b
960 o@em (1000 ) s@M®dE Hysb, Bmegzgb, sBgMgdgb 4-6 Lo, Fgodwrgds BaMgzol dmmogligds
9ol 90356y 10-15 (oo, 9900098 390TMEPsdg6 ©o 5309096 Mmmsbol 3Hgd3gMHo@Msbg. dmenmls
ROWGHM5396 MMy EMEdBEOL B9bsdo.

30b3gEH03mHo Mol dgygbowrmdsdo  3bodmgsbo gwxdol Lsboom dgyzsbowros bEgs®obo - baxgMo

3b0dmgebo 8553900l BoMgzo, GMIgerms dmMol LFoMdMBL LEHMOboL 87535. Boowgds 3bmgzgw o s
93396909990 HomdmTMdOL 3b0dgdoL oymMeoL J9IRs©.
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3b®oo 1. bmosls Mdol dggboenmds

bmoob Gdol dgagbowmds
05396909000 296%Bmdogds 399(33900MdS

(30930 % 3,3-3,8
3b00900 % 1,5-2.3
Bobdo®fgyergoo % 2,2-25
0050060 Jp/1009 0,19
H0dMBwsdobo Jp/1009 0,08
Boszobo 03/1009 0,18
303500b Bs J7/1009 0,049
R0l 95535 Jp/1009 1,8
3903080 Jp/1009 5-15
dopbowgdo Jp/1009 20
Bo®®owdo 03/1009 15
35001980 J7/1009 45;

6 3obo Jp/1009 0,5-0,7
MO0 J7/1009 0,1

30L39EH0399MH0 J0Bbom 2odmboygbgdgeo bEgsMmobo gsdmbowos. 030 MgmMo, JbbgzowIGMOLEIW MO
3obos, dgoto, Abmdwydo L3gE30BR0MMOLWbom, 6 Tmygzomowrms - F3MOWIMOLEHIWMMO. LEJIMObob Laby
5803009005 005%BY, My GMIgwo BIEWGMWoEIH sGoL ol gsdmymaowo. oblibgds sbgw L3oM@do,
9009680, (3b0dgddo s Bgmgddo. 3mbIYE03580 odM0Ygbgds 3GMgdgool, Lodbgdol, Lodsdlo 3GMgdgdol
3LIBOIOWS, 030 YYDBOHMB39YMGBL EITIMHBOWGOGE s 39630 5030w FgrgzomdOL WbsML [3].

3bodmgsbo  gdmaliogdols s UBEgeMobols 3M9dgdol  sdBsgdolsligsdmoygbgds mgmMo, Miwbm
30p0ML3Mm309wo 133600 3mEsdo - (K2C03) - 35¢0013ol 3oMmdMbBsEH0 1-5% blibs®ob Laboo.

30L39BH0399MH0 MOl bEHsdOOBGoOLmZ0L FgMBgEos LMool JoM33egdOLIRE oTBsEIdMEo My

(00565535 MdOm 1:5).

3b60o 2. 3013930 3MM0 HAoL Fobslinsmgdgdo amli® 29188.0-91 dobggzom

056396909¢0 I II 111 v \4
pH 6,3 6,2 6,1 6,3 6,0
QO QO QO
3900 Q0bogHobgyHo BozMobiggMo Boobiggdo Boobiggdo Qo> BagOobgyho
9003560Mm3560 | ghmy35MMm3z560 | ghmy3s-OHM3560 | gMmagzs-tmzs60
239092690 3sLo, asLs, asLs, asLs, 5659MM-3350m3560
Lobg d0boM93900L Jdobotgzgd0l dobotgz9d0L dobotygz9d0L 3obss
80399 3>0g99 3>0399 3>0399
bgbo bggo- | PRERCNT | boetgeo- | bosigeo- | SOCHEE
23563500L bgmo b0 239603500L BJNO | oMMl Bgmo By

306039 momb 600dl  ©s35@ g0 5g3l 100 I Lmosl MIgEs bGHowo 2 dmbs3gdgdol Mebsbds,
do0gdo 35839690 gdo ©sledgzgd bm®mdgddos, dbmeme dgbmmg  dgagbomds, bosog bmoslt Gdob
5mgbmds AoBM©Ow0s (150 Igr-0g) 653wgds 3¢sliG03mE0s. 59gbs, Lemosl Mol Msm@gbmdol
8903069053 Bofo®ddo 958mof30s 9dmElool dEYMIEMBIOL IM®3939, LOdEIBEHOL AsbMs, beagrm dolo
50m©bMdOL b - LOdEIBEOL M3GH0ToEMMHBY 9o dgd3ocMgds.

3bMoeo 3. 30b39gE03MO0 HGAOL HINEMROHO NZoLYdIdO

B9co3gBo@mds ©9bsMdOL BLzs6M0, bbby, 35 3@01)@)03‘36)(0??01)
35 30980309630, 13!
I 260 6,0 65
I 250 5,7 62
111 250 5,7 62
v 260 5,8 64
\4 210 3,1 55
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320890903290 GHdol owgbol

5 A9Fbeagnmgos
WHdMOSGMOOME  300HMdIdI0

3b09EGH0399MH0 MHIoL LI BsIdEs 10
3 bAHYIMOBL v MBI Fyarol sd5BbsBY
(6 2©Y06).  3byel 0J398396
304l o MIBPIMBMBdOm 5853796
50539 993965 wMol 100 dgr beaosl GIgl
(00565535 MdOM 1:5), Mmdgedos
aoblbowos 0,1 a3 3m@sdo (K2COs).
0J399396 foplelolu 90 M0o6gmdsdo
L5000 1. Lerosl BoHamndo ©s3mLAsH03MHe Gy 9603350m3560 dsbols 8009053qy.
dmmb  5d53g0gb LOBgL (oMol
b90).

1. Leosbt 3s63gmgdo. 2. 3mbdgdoznto Gdy

3mbBgG03mMo Mol 89aqbowmds, dsl%
bEgotobo - 9,1
bemosk Gdg - 90, 7
3m@odo (K2COs) - 0,1
Lbm®Bywo (Fotgamolb bgmo) - 0,1
350m996900b fgbo.
05930l (od3mbl sligggdgb MIgdo s SLYBM39dg6 Lobol 3obb. BoBsbdgfimboeros Lsbols 3s6ob
29099605 Lowsdml, dogrol {ob.
900900 FSMHOOEGOJO, IT5BYb0sbgdgE0, BosBmbobomadgwo, 83390530 3MLAg@o3MMo Mdg
2490003505 8mboeolingdbg. 030 9MEH0305 ILITBHIOESE s IMOMBMZL FobodsEH Fo5EHIMHOSW O
5BobscIND.

@o@gs¢mems — REFERENCES - JIMTEPATYPA

Ouninaronie KpeMbl TS JIAIA U TyaneTHoe Mojioko. https://argo-tema.ru/article-1344.htmlro

2. W. Kpachiok, I'. Muxaiinosa, E. Umkosa. JleueOHo-kocMeTHueckue cpeacrsa. M:Acaaema, 2006. c. 156-
157,

3. IO. [IpudHoxon. Kocmernka, kocmerosnorus. CioBaps cnpaBoynuk. Mza-so. ,,.Bec*. Cankr-IlerepOypr,
2002. c. 333;

4. H.B. bokyuasa, JI.I'. Jxurgapanze, JI.O. D6anounnze. Mcnonb3oBanue COEBBIX MPOJYKTOB B COCTaBe
KOCMETHYECKUX cpelcTB. Xumudeckuii xypHan ['pysuu. 1.10, Ne3, Tommien,2010. c. 357-360.

=

FACE CLEANSING COSMETIC MILK
Kh.Nozadze, D.Jincharadze, |.Ebanoidze, N.Bokuchava
GeorgianTechnicalUniversity
SUMMARY
Face cleansing cosmetic milk for elimination of dust, mud and mask wastes based on a soy milk is obtained. The soy
milk is used as an emulsifier, stabilizer, emollient in the cosmetic milk compaosition. It changes glycerin, sarfictants,
emulsion wax, etc. Soy milk can restore the epidermal barrier, have moisture retention ability and regenerative action.

KOCMETHYECKOE MOJIOKO AJIs1 OYNCTKH KOXHN
X.I''Hozanze, JI.I'. I xuauapanze, JI.O.O6anounnze, H.B.bokydaBa
I'pysunckuii Texnuueckutl Ynusepcumem
PE3IOME

BriepBrie mosrydeHO KOCMETHYECKOE MOJIOKO JJISI OYMCTKH KOXKH JIMIA C IPUMEHEHHEM COEBOTO MOJIOKA, KOTOpPOE
CHUMaeT MBUIb, I'PSA3b M OCTAaTKH MacKh. B cocTaBe KOCMETHYECKOTO MOJIOKA HCIOJB3YETCS COEBOE€ MOJIOKO Kak
SMYJbBraTop, CTAaOWIN3aTOp, SMOJICHT. 3aMEHseT TIHUICPUH, IOBEPXHOCTHO akTuBHOe MemiectBo (I[TAB),
SMYJIBCHOHHBIH BOCK H Ap. COeBOE MOJOKO BOCCTAaHABJIMBAeT Oaphep IMHUIACPMHUCA U 3aJCPKUBACT BIAXKHOCTh HA
nune. Meer BeIpakeHHOE pereHepupyollee AeicTBUE.
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33963M9Meo bgmgmemols bo@ogzm®mo gm®mdol 399:339¢00, Lsd3Mbsgrm— 3OMBosdGHo3Mo
30900l 8bgbowol MY393EMOOL s GHgdbmemmyool 9gdmaBsggds

. F9Msdg, 3.0030P0, 0.35bgmgerody, 3. 3od9gws0s
obby 0. JMmsmgEsdol Gocdszmgodool obLlEoGHWEHO

LAHoGH0sdo  gbboweos  LodzwGbogrm  I3gboMggdol  BoBogzm®o  gm®Iol  F9d3gero LT3 ObsEm—
3MOMBosdBH03MMo  300wolb  8bzbowgdol  Jomgdol  Logoombo.  F9dmTsggdvcos  3dowol  gbgborgdol
309bMwo300l Lygzombo, HMAgEoE  Lbodwgsgdel 335deagl  BIgoGIOM™  FMsbEsE0s 3dowol gbgzbowgdobs,
Gdgms 99950096 mdsdo  Ggool  Forooldgmlvmo  33MEo  Bsfowszgdl bmdoo 2-20 336 s
§300oL3YOLo BOMSJ30s LOdgMEMbswm di396s6MggdoLs , GMIMgdoE Fgo3s396  domEIMYOMs© sd@oM@o
B0g3m0gMgd0L bbgoolbbgs 3esll. dmfmEadwyeos 3dowol gbgbowgdol mMo 350M056E0, MMIgwms sd@0gzmds
390Mm3000 0gm bgummaby® 3GmmgBBY. 300gdMeEds 990090 oa39Bsbs  sbowo GHo3dol 3dowol Bbzbowmgdol
3°009ggbgd0l  39ML3gdGHormmmds. 390v93s390v9eos 30b6EgobgMol 3mb3EHOMmdzos goglo 3dowol Bbgbowgdol
d9bogmmaco.

©OILEEIMBO® (35ME0L 399333910 3d0E0ol Bb3zbowgdo, 30MmOL VMM dmzgerol Lodrmsmgdsms FmmOb,
003300009096 05300600 sa0L [1,2]. 3300l 3bgbowgdol »30Ms@Eqlmds 3sbEHJdmb FgsMgdom sGol
ob, ®md 3dowob xgbzbowgdo 9x39d@MMs© JOMAZ3056 B0l Jmger Moy 3OHMBEGIGOL. Joerowydol
396M3mbo@ol  Fomowo  godfdgbo  ™30Lg00l s AVBLLBEIBWO  BGHOLYIGHOZNMO  5dBH0Z3MdOL
239035¢0obobgdom, gbgbowo oMo s LbiMexgs §dgbol  300wadl  LsFdwol  bsmBgbgdoloysb,
3fgLM0g0L Bx5399M-GGHM39D BsEBLL oML Mo, goMd30L BMYdom 3MM3gLYRL. 3sbGHYdo I306M9©
989dBMIO05  ©5  3oBLLYBOZOWWO  BodBHdoL  gomzsolfjobgdom  o0mbmzgb dson  F9dsygbarmdsdo
00M5BomMwo gwgdgb@gdol s BmyogHmo sbEH0BOME030L PoMm3sl, Mmdgwoms dodsmo  89dygdEMmds,
39d0mddo Jabol 906339  Lodbgenggdl bbgs MmMsbmgdol 93MBswrmdolsl [3]. dmagyegh  Godom®o
3000l 35LEH0ob 99doAgbemds: B5GHM0MT WsMHOWLMWRBIGO  5IMMBL 3060l VOB WMOFMZ96 oML,
BOHOL ©HIogdoL IPd6MBYMBL  segMRgbgdHg s 0LYM A9FoOB0s6JdWGdbY, BrMYMOOE3sS 1533900
0553900. 905 530Ls 0L dE0JMHO OMIDB0Z05, MMIWOL FbToMmgdslsz 803493500 3000l Jobsbdmols
339005Lmsb.  bs@B®omdol  3m3mbergzsGo gl 02039  JodozeBos, M3 bsGHMomd WMol gs@o,
Omdgwoi ©odlobrMgdes 99305  bo@MMomo  3mbdgBHozol  0bymgwoog@gddo. sdodmad
3039090 565 MY0MHO® — 34OIMOM 35BGJOL 58 0baM9g0gEJIOL 2509T9. BEHMMOL dMmTgEgd
om©9bMdsl 303945350 3d0ol JobsbdMol sdEslimsb, LoblMgdol 3MmMdEgdgdmsb, oM 3dgwgddo
d3900L  omBmgdbolimsb, dzwol #3060l  sdEslbmsb (MbGHIM3mOHId©g ©s 3ol  30dMIIY3 30)-
bMy0gmHmo  399m33wg30L  Mbobds, FEHMOL Fgmdwos  odmofigoml  Bzobol  Juimzowol  sdws,
0033509960 AbYogLO O535IBs s F3YOLHYLEAEHMBOL Lb3sOLBZs BMMTs. BHMOIWMbsbo sBEH0BdOMEGH0Z0s.
3b6GH0d0MEH03L MF53H09b 30Ol 3sLEol J03MMBIOOL gobosaMgdol  BoBbom. 3OMdEIGIL Fo®dmoyqbl
ol, ®™3 59 EOHML 00390056 5M5 FoMGHM 35369 05dBHYM0YOO, 5589 LELEMYJOWM BoZMMMMYb0DBIGOO(S,
O™IgdoE s®LYdMdI6 3060l MMTo s HoMmIMoIbgb MEYBOBIOL sbmymagen Bsfol. Labomygderm
059390900l 35Mm390TYNRBMdOL 3OHMEILT0 sdmogmBs BogmogMgdgdo, MMIWgdoy s8gMbgdgh 05369
90360mMGOHYs60H3gd0L BOHEOL s JodMeg3egdsl: LEHIBOoWM3M3qdo, Bafiarsgol BboMmado ©s Lbgs. OHM™MS
296353000530 LolaM O™ J03OMBEMEMS 0l dEwogMe© LLEEYds, HMA 339 56EG0dOMEH03JO0L A5M9dg
396 999305300905 3308 F00356 59MEBL — 56 FosEIMmML Fo369 d5dBHM0gd0 T8I MGYboHTd0. 5Tobs
30394935000 ©0oLdSJBHIMOMBIFY. 95¢Fobol od@BoBo oMy Fgofimgqds s 0wgdgds mMmysbobddo —
34390380, ©300wdo, BoMmobgdM KxoM3zswdo s Mg Fmz35Mm05 — BH306d0. 356 803Ys35M™ FH3z0b0b
DMmA0gOH»M0 Y MHIOoL ©I)bgMo3E05d©g s Lodmermm xsddo — 935000YMmBMdsIEg — dgblogHgdol
3999509190599, 950MmIM3909w0 BYbJ3o0l  IMIWsT©Y, SEE350dgMHOL 5350 YOT©Y s BHZ0bMB
05353006090 Ibgs ©093500909059©9. 39O 530bs, sedobol omogdol LoFoMdg  bgwl »deol
35030dol  99353900L MmGeboBddo, 5539MHbIAL 39dmyemdobol LobmgBL, s930MIOL BmbBMMOL s bbgs
90360 mggdgb@gdol  dgmzolgdsl.
300wol  1bgzbowgddo Lsd3MMboerm I3gbsMggdol boBogzmMmo BMOIOL BsGMZs  LodwseEgdsl
339993L, 20033999 HowdE 535350WMO Fo00 5dGHOMMBS JO0EGdOL, MHAOWJIOL S 30MHOL WL bbgs
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05535900l dodoMm [4,5]. gOMIOHDO BsEMPO0MMO 35M06EH0s — Ld3wMbsgrm 9;39bsMggdols bodogzweo
g0m®Iol BsO™MZs, GMIGoE gosdmygbgdmw ogym dmEgdmeeo Lsdndoml dgbeHyengdolsl. s8sbmsb, o0
39000b39993590, 3dool  gbgbowol duyogbo M93g3GHMGS  Lodmowrgdsl a35dwg3l  godmgoygbmm ol
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DEVELOPMENT OF THE RECIPE AND TECHNOLOGY OF THERAPEUTIC
PROPHYLACTIC TOOTH POWDER CONTAINING VEGETABLE MATERIAL
L.Churadze, P.lavich, M.Kakhetelidze, M.Gabelaia
Thilisi State Medical University |.Kutateladze Institute of Pharmacochemistry
SUMMARY
The article discusses obtaining of therapeutic prophylactic tooth powder containing new therapeutic
vegetable materials. The issue of granulation of tooth powder was developed. This gives us opportunity to
granulate tooth powders containing particles of high dispersity above 2-20 microns — Carbonate de calcium
Espira de J’Agly-France and fraction of medical plants of thin dispersity that contain different classes of
biologically active components. Two variations of tooth powders are provided. Their activity was tested on
artificial prosthesis. Obtained result showed us perspective of the usage of new type of tooth powders.

Construction of containers is developed in order to pack analogue tooth powders.

PABPABOTKA PELENTYPbI U TEXHOJIOT'UHU JEYEBHO-ITIPO®PUJTAKTHYECKUX
3¥YBHBIX IOPOLIKOB, COAEPKALIINX JIEKAPCTBEHHBIE PACTEHUSA
B HATUBHOM ®OPME
JL.W. Yypanze, [1.A.SlBuu, M.b.Kaxerenmunze, M.A.I'abemas
Hucmumym papmaxoxumuu U.I. Kymamenaose Tounucckozo 20cy0apcmeentozo MeOuyuHcKo2o
YHUBepcumema
PE3IOME

B HacTosmieM cooOIIeH!H MPUBOJISATCS JaHHbIE IO CO3JIaHHIO HOBOM JIEKAPCTBEHHOW (POpMBI j1eueOHO -
npoHUIAKTHYECKUX 3YOHBIX TOPOILKOB, COJEPKALINX HAPSAY C MEJKO AUCIEPCHBIM KapOOHATOM KaJIbLHSI
( pasmep wactun 2-20 MK), psSA JIEKapCTBEHHBIX PACTEHHH — CKYMIIMSA, MATa, MOAOPOKHUK, Iander,
KpalnuBa, dBKaJIMIT, 3Bepo00ii, Menncca. HoBusHa (Gopmbl 3akimoyaeTcss B TOM, YTO 3yOHOH IOPOIIOK
MOJTy4YeH B BUJE TPAHYN U TIPEAIOKEeHa KOHCTPYKIHSA JUTSl €T0 YIMAKOBKH, YTO B COBOKYITHOCTH TIO3BOJISIET
HaHOCHUTh TpaHyJbl HEMOCPEACTBEHHO HAa CMOYEHHYIO BOAOM 3yOHyro metky. [Ipm stom, ornanmaer
BO3MOXHOCTh MHKPOOHOTO 3apaskeHHs BCEH Macchl 3yOHOTO IMOpOIKa, YTO Halnromaercs npu (acoBke
O0OBIYHOTO 3yOHOTO TMOpOIIKAa B KOPOOKH ¥ B3STHA €r0 M3 YIIAKOBKM MOKpPOH  3yOHOH MIETKOM.
[Ipennaraemast Qopma MO3BOJIET WCHOIB30BAHKE 3YOHOrO MOPOLIKA BCEMH WICHAMH CEMbH M3 OJHOM
YIIaKOBKH.
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CHEMICAL TECHNOLOGY

ONE-STEP SYNTHESIS OF LTATYPE ZEOLITE

V.Tsitsishvili, N.Dolaberidze, M.Nijaradze, N.Mirdzveli, H.Alem-Marchand*
Petre Melikishvili Institute of Physical and Organic Chemistry
of Ivane Javakhishvili Thilisi State University, 0186, 31 Politkovskaia str., Thilisi, Georgia
*Institut Jean Lamour, Universite de Lorraine, Parc de Saurupt, CS 50840, F-54011, Nancy, France

One-step synthesis method for preparation of zeolite materials by hydrothermal transformation of natural
Georgian analcime treated by HCI water solution and suspended in NaOH solution was investigated. Chemical
composition as well as XRD, FTIR and water sorption characteristics of products testify the LTA type zeolite
structure.

Introduction

Recently it was shown [1,2], that zeolites with high silicon content and low ion exchange capacity,
like mordenite (the UPAC formula |Nas(H20).4| [AlsSizOs]-MOR) type materials can be obtained by
hydrothermal re-crystallization of the Georgian natural clinoptilolite (empirical formula of used samples —
(Na33K1.15Cao.71sM(o.25] Me]oss) (Al7.0Si20 3072)22.5H,0) in the absence of seeds and organic templates, but
materials with high aluminium content and ion exchange capacity, like the LTA type zeolites (the UPAC
formula |[Nai2 (H20)27]s [Al12Si1204s]s-LTA) can be obtained only by two-stage re-crystallization of raw:
natural zeolite firstly was transformed in the sodalite (|[NagClz| [AleSisO24]-SOD) structure, and then in
the target structure: HEU — SOD — LTA.

It is clear, that the main reason of such behavior is a comparatively high Si/Al ratio (>4.0) in raw
material, so to produce the synthetic zeolite with Si/Al=1.0 ratio, it is better to use common zeolites with a
comparatively low Si/Al ratio: chabazite (Si/Al=3.0), analcime and laumontite (Si/Al=2.0), or phillipsite
(Si/Al=%/3). The aim of our work was to study the re-crystallization of the Georgian natural analcime to
obtain the LTA type zeolite structure in one step.

Experimental
Preparation of synthetic zeolite material was carried out using Georgian natural analcime from

Chachubeti [3,6] characterized by empirical formula (Naio.sK1.52Ca0.64Mgo.40[Me]o.0)(Al1s.3Siz30006) 16H.0
(Me = Fe, Cu, etc.) and zeolite phase content of approx. 70% (major impurities — chlorite and
montmorrilonite).

Processing of raw in target material includes following:

Treatment of raw material & preparation of suspension — zeolite-containing rock powder was treated
at room temperature by HCI water solution under stirring, washed by water before the complete
disappearance of ClI ions, and dried in owen at 100-105°C; water suspension of homogeneous amorphous
(XRD tested) material was prepared with the solid to liquid ratio of 1 : 3.

Gel formation — suspension was treated at room temperature by NaOH water solution, solid to liquid
ratio of 1 : 6, gel homogenization takes approx. 30 minutes. General characteristics of produced zeolite
material are in strong dependence on the chemical composition (kNa,O:mSiOz:Al,O3:nH,0) of gel
prepared for aging and crystallization: the Si/Al ratio determines the type of microporous structure to be
produced, and application of sodium hydroxide gives possibility to prepare nearly pure sodium forms; high
water content ensures suitable viscosity and other physical properties for crystallization process.

Gel aging — generally the process without application of seed crystals takes several days at room
temperature, details are described in [1].

Crystallization — crystallization of aged gel was carried out in the Teflon flasks using temperature-
controlled water bath (OLS26 Aqua Pro); the temperature (up to 95°C) and duration (up to 120 hours) have
been adjusted to prepare crystals with average diameter of 5 um.

Separation of produced crystalline material was carried out by filtration of mother solution, solid
material was cleaned by distilled water until pH 8.0-8.5, and dried at 90-100°C.

Chemical composition of prepared samples was determined by elemental analyses carried out using a
Spectromom 381L plasma spectrometer and a Perkin-Elmer 300 atomic absorption spectrometer. Zeolites
have been characterized by the X-ray powder diffraction patterns obtained from a DRON-4 diffractometer,
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employing the Cu-K, line and scanning at 1° per minute, by the FTIR spectra in the wavenumber range
4000-400 cm* recorded on the Perkin-Elmer FTIR spectrometer (version 10.4.2) using the KBr pellet
technique for sample preparation, and by the SEM images obtained using Jeol JSM6510LV scanning
electron microscope. Water adsorption (p/ps=0.40) and ion exchange capacities have been measured under
static conditions at room temperature.

Results & discussion

Chemical composition of prepared material, Nai125(K,"2Ca,2Mg)o.7(Al11.95Si123048) 18H,0, is in a
good accordance with corresponding chemical formula with the exception of small “lack” of the Al atoms
in the frame as in a case of two-stage crystallization; all prepared materials are nearly pure Na-forms (80-
90%), transition metals observed for raw materials are removed in full during acid treatment and
crystallization.

The framework type of prepared material is testified by the X-ray powder diffraction patterns
compared (Fig. 1) with calculated one taken from the “Database of Zeolite Structures” of the International
Zeolite Association Structure Commission (http://www.iza-structure.org/). Experimental XRD pattern has
the same peculiarities as was mentioned in [4]: high intensity peaks are observed not only at 2@ = 7° and
10°, butat 20 =24, 27, 30, and 34°.
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Figure 1. Experimental XRD pattern compared with LTA calculated XRD pattern

FTIR spectra shows the peak at 465 cm™ assigned to T-O bend vibration, peaks at 552 cm™ (double
ring vibration), peaks between 660-800 cm* and 1000-115 cm* assigned to symmetric and antisymmetric
T-O-T stretching vibration, broad band in the region of 3470 cm™ — asymmetric stretching of OH group
and the bend at 1648 cm™ — bending vibration of H-OH, all typical for the LTA structure.

Developed zeolite crystal microporous structure in synthesized samples has been confirmed also by
comparatively high value (up to 0.24 cm®g) of water adsorption capacity under static conditions at the
“plateau” pressure. The total ion exchange capacity in reaction Na*«<>Ag" is 5.8 mequiv/g, comparable with
6.0 mequiv/g for the ideal structure.
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Conclusion
The proposed method of the LTA preparation is based on the use of natural silica-alumina raw
material and inexpensive reagents (HCI, NaOH), and gives possibility to obtain effective ion exchanger in
one step of crystallization without application of organic templates.
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OJJHOCTAIUMHBIN CUHTE3 IIEOJIUTA THUIIA LTA

B.I'.IMunumeunu, H.M.Jlonabepuaze, M.O.Hmwxkapanze, H.A.Mupazsenu, X.Anem-Maprran™
Hncmumym ¢usuueckoii u opeanuveckou xumuu um. I1.1. Merukuweunru Tounucckozo 2ocyoapcmeeHnozo
yrusepcumema um. U [xcasaxuweunu, 0186, yr. A.Ilonumrosckoii 31, Tounucu, I py3us
*Uncmumym Kana Jlamypa, Ynusepcumem Jlopena, Hancu, @panyus

PE3IOME
IIpennoxen MeToI CHHTE3a LIEOJMTHOIO MaTepraia IyTeM THAPOTEPMAILHOTO MPEBPALLEHHS TPY3UHCKOTO
IPUPOJHOIO aHaIbIMMa, OOpabOTaHHOIO COJIIHOM KHCJIOTOH M CYCHEHIUPOBAHHOIO B IIEJIOYHOM
pacTBope. XHMMHYECKHI COCTaB TOJYYEHHOTO MPOAYKTa, a TaKKE€ €ro XapaKTePUCTHUKH, IOTydYeHHBIC
METOaMH PEHTreHoBckoi aud¢pakromerpun, Dypwe-MK-cnekrpansHoro anammsa u ajacopOLMy,
YKa3bIBAIOT HA €ro MPUHAIEKHOCTH K neonuty tuma LTA.
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XUMHUYECKAS TEXHOJIOI'UA

METO/J OUYUCTKU I'PYHTOBBIX KAPBEPHBIX BO/{
MAJHEYJIBCKOTI'O HOJIUMETAJIVIMYECKOT'O MECTOPOXKJIEHHUA OT CYJIb®ATOB
TAKEJBIX METAJIJIOB C NOCJIEAYIOIUM CEJEKTUBHBIM U3BJIEYEHUEM
METAJUIOB B UNCTOM BUJIE

H.II.bubunypu, I.B.OpucraBu, A.P.I'orumswm, II.LH.Aunrynanze, H.A.Kynuasa,
M.JI.KaBrapanze, M.K.I'yremuaze, J1.B.Kepkanze, E.JI.Mana6epunze, H./[.Pausenumsuau

T'py3unckuii mexnuueckuti ynugepcumem

C uenpio yCTpaHEHUs IKOJIOTHYECKOH kaTacTpodbl bomHucckoro u MapHeyIbCcKoro paiioHoB ['py3un,
BBI3BAHHOW cOpachiBaHWEeM B peKky MaiaBepa KHUCIBIX KapbepHBIX TPYHTOBBIX BoX [1], comepikaimmx
CyJb(haThl [IBETHBIX TSHKENBIX METAUIOB (MU, IIMHKA, KaJMUs, JKeJie3a U CBOOOIHOM CEepHOUM KUCIOTHI) B
COTHH pa3 MPEBBIIANINX MPEAETHHO JOMYCTUMbIE KOHIIEHTPALNH, PEIIPUHUMAIUCH TTOTBITKH OYHUCTKH
3TUX BOJ pa3HbIMU MeToiamu [2,3], HO HYM OAWMH W3 HUX HE JABaJ BBICOKOTO DKOHOMHUYECKOTO H
sKojororuyeckoro addexra. B padorax [4,5] onmrcan MeTO]] OYMCTKH ITUX BOJ, KOTOPBIA HA HAIl B3I
pelaeT 3Ty npoosieMy.

[Ipemnaraemplii METO TIO3BOJSAET MOIHOCTHIO HEUTPATHN30BHIBATE CYIb(aTHI, IEPEBOJUTH TSHKEIBIC
METaJTBl B OCAJIOK, OT(HIBTPOBBIBATH OCAIOK W TMOJYYCHHYIO IOCIE OYMCTKH BOXY, HE COAEPIKAILYIO
0oJiee MIOHOB TSDKEJIBIX METAJUIOB M UX CYJb(]aToB, COpackBaTh B PEKY.

[llenouHocTh cOpachkiBacMBbIX B peky Box pH=9,5, uro B CBOIO oOdYepenb MO3BOJIAET OCAXIATh
UMEIOIINECS B PEKe THKENbIe METAJUTBI, T.€. TEM CaMbIM YITydIlIaTh 3KOJOTHIO OacceitHa pek. [Ipu sTom, B
KaueCTBE PEarcHTOB HCIIONB3YIOTCS OTXOJBI APYTUX MPOU3BOICTB, TAK XKE 3arPA3HSIONINX OKPYKAFOIIYIO
cpeny Apyrux paiioHoB ['pysum. OTuiIbTpOBaHHBIA OCAJ0K, COJCPXKAIIUN JOCTATOYHO BBICOKHE
KOHIICHTPAIIMM IIBETHHIX METAJUIOB, MOJBEPraeTcsi XUMHUYECKOH U JIEKTPOXMMHUYECKOW 00paboTke,
MTO3BOJISIONIEH CEJIEKTUBHO M3BJIEKATh MEIb, IIMHK, KaAMHH, YJUCTOTOH 99,95 xaKIbIH, a OCTaBIIAsICS YacThb
noJiBepraercsi 00KHTy ¢ ToydeHneM rurca 4-ro copra (anebactp, raxa). OTUM CaMbIM TPOU3BOJICTBO
CTAaHOBUTCS HE TOJBKO OE30TXOJHBIM, HO M NPHUHOCUT OOJIBIIYI0O SKOHOMUYECKYIO NMPHUOBUIL 332 CYET
pealiM3aliii TOTOBBIX TPOAYKTOB KAaTOAHOM wmexu, MemHoro mopomka [IMC-1, mmeka 11-0,
3JIEKTPOIUTUIECKOM IByoKkucH Mapranna /M u np.[6].

JlaHHBIT METOJ MOXKET TPHMEHATHCA He TONBKO B [py3uu, HO M B APYruX TOCYAapCcTBax, T
UMEIOTCSl aHAJIOTUYHBIE IMOJMMETAINTNYECKHE CyNb(UIHBIE MECTOPOXKIEHUS U TIe TaKKe CYIIECTBYEeT
npoOjeMa rpyHTOBBIX KapbepHBIX (IIaXTHBIX) BO/I.

BBejnenue

MajHeynbpcKoe MONMMMETAIINYeCKOe MecTopoxaeHrne HaxomuTcs B 80 kM ot crommubl [py3mm —
Tounucu, B bonancckom paiione, rae J0OBIBAIOTCS OTKPBITHIM KapPbePHBIM METOJOM HONMMETAIUTHIECKUE
pyabl. JloOblua OTKPBITBIM METOJOM, HapsSay C OKOHOMHYECKHM d(PQPEKTOM, CO3JIaeT Cephe3HbIC
9KOJIOTHYECKHE TMPOOIEeMBl, T.K. TOJA BO3ACUCTBHEM CYIbGUAHBIX a’pOOHBIX OaKTepUil MPOUCXOANUT
YaCTHYHOE NPEBpAICHUE HEPAaCTBOPHMBIX CyibdumoB Tsokensix meramioB (Cu, Zn, Fe, Cd, Pb) B
pacTBOpUMBIE CyNb(aThl, KOTOPbIE BBIHOCSATCA TPYHTOBBIMH BOJAaMH B pa3palOaTbIBacMbIi Kapbep, 4TO
CO31aeT Cephe3HbIe MPOOJIEMBbI TEXHOJOTMYECKOTO IUIAaHA., T.K. UX J1e0eT ( B 3aBUCMMOCTH OT BPEMEHH
roza) konebnercs B npenenax 80-450 m3/uac

Hapsany ¢ aTum npoucxoauT U 3KojIorudeckas karactpoga u3-3a cOpoca 3TUX BOJ B peky Mamasepa,
BO/IaMH KOTOPOH TOJIB3yeTcsl HaceneHune Beero perrnona (bomancckuii 1 MapHeynbCcKuil paifoHsI).

Kak wu3BecTHO, CymecTBYIOIIUE METOJAbI OYUCTKH CTOYHBIX BOJ SIBJSIFOTCS HEOOXOJMMBIMH, HO
JOTAllMOHHBIMH, T.K. TPEOYIOT 3aTpaT Ha XUMUKATHI, PUIILTPBI, SJEKTPOIHEPTHUIO U T.1.

M5! paccMaTpuBaeM MOCTaBICHHYIO 3a/1aqy C MO3UIMN SKOJIOTHU U PEHTa0eIbHOCTH.

IIpemyiaraemas HaMM METOJMKA OYUCTKM KapbepHBIX TIPYHTOBBIX BOJ Ha IIEpBOM 3Talle
NpeayCMaTpPUBET YIyYLICHWE JKOJOTMYECKOH CHTyallid B PErHMOHE MyTEeM OCAKICHUS COJEH TSHKEIBIX
METAJUIOB U IOJyYSHHS YUCTOW BOABI (TEXHUYECKOI), KOTOpasi MOXeT OBbITh COpoIlIeHa HETOCPeICTBEHHO
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B peky MaiaBepa, HpOTEKAIOUIyI0 HEBJaleKe OT Kapbepa. JTa 4acThb pPabOThl SBISAETCS KpaifHe
HEoOX0IUMOI U TpebyeT ompeAesieHHBIX 3aTpaT. BTopas yacTe paboThl, KOTOpas SBISETCS JTOTHUECKUM
IPOJODKCHHEM TNEpBOM BKIIOYAaeT B ce0S CENeKTUBHOE W3BICUYEHHE IICHHBIX METAUIOB W3
00pa3oBaBIIErocsi B MEPBOI YaCTH Ocajka. ITO, B CBOIO O0Yepelb, IIO3BOJIUT HE TONBKO OKYIHUTH 3aTPAThI
Ha pelIeHHe JaHHOW SKOJIIOTHUECKON MPOoOIeMbl, HO U cIeNaTh BBICOKOPEHTa0eIbHBIM BCE MPOHU3BOACTBO
OUHCTKHU KapbepHBIX BOJ [7].

MatepHuaJjbl H METOABI

Orar |. O4ncTKa TPYHTOBBIX BOJ OT MPUMECH TSHKEIBIX METAJIIOB

OCHOBHBIMH  3arps3HAOIMNAMH (pakTopamu OacceiHOB pek MamaBepa W XpamMHl  SBISIOTCS
cOpacbiBaeMble B peKy MaiaBepa TI'pyHTOBBIE KapbepHBIE BOJBI M YTEUKH M3 XBOCTOXPAHMJIHILA
oborarutensHON (aOpuku. J[aHHBIE BOJBI COJEPKAT UOHBI IIBETHBIX TSHKEJIBIX METAJUIOB: MEIH, [IMHKA,
KaJMus B BUJAC CyNb(haTOB a TakkKe CBOOOIHYIO CEpHYIO KHCIOTY B KOHIICHTpAIMSIX, BO MHOTO pa3
npesbimaromumx [JIK ( Cu*? — 0.8 + 1.2 r/m; T Fe™? + Fe™®* — 0.5 = 0.8 r/n; Zn*?— 0.6 = 0.9 r/n ; Cd*? -
0.002+0.005 r/m; HSO4 — 2.5+3,5 1/m). DT MeTauibl OCaXIArTCs B BUAe KapOOHATOB MPHU MOMOIIH
crexuoMeTpudeckoro konmdectBa u3BecTHska (CaCOs), KOTOpBIA B TO K€ BpeMsl HEUTpalImu3yeT
CBOOOHYIO CEPHYIO KUCIIOTY:

MeSO, + CaCO3; — MeCOs + CaSOs (pH+7.5) Q)

IMocne dero, no6aBnenuem pactBopa exaxoro Harpus (NaOH) mosomum pH pacteopa 10 9,5, uto
MO3BOJIMT MOJHOCTBIO OCAIUTh BCE METAJLIbI, OCTABIIMECS B PACTBOPE.

MeSOs+ 2NaOH — Me(OH); + Na SO4 2
rie Me - Cu*? Zn*? Fe* Fe*? Cd*

ITocne yero pacTBOp ¢ 00pPa30BABIIMMCS OCAJKOM OTIPABICTCS Ha (PUIBTPAIIUIO ISl Pa3aeICHHUs
T/ K. OrdunpTpoBaHHBI PAcTBOp TMpPEACTaBISIET COOONH TEXHWYECKH YUCTYIO BOAY W MOXKET OBITh
YHOTpeOJIeH I TEXHOJOTHYECKUX HYXK][ WIIU COPOIIEH B PEKy, T/ie B CBOIO OUYEPEIb OCAIUT TSDKENbIE
METaJLJIbI.
Cxema TEeXHOJIOTHYECKOTO Tpollecca MpeicTaBiIeHa Ha cxeme 1.
Cxema 1.

CaCO3 KapbepHBI€ TPYHTOBBIE BOJBI NaOH

hd

h 4
F Y

Ilaposas
MeJdbLHHIA

PeakTop PeakTop l—— H20

Boaa ansa INIPOMBIBEAHHSA 0CATKA

O"HINEHHAA BOJA

h 4

Ocagor KﬂpﬁOHﬂTOB, THIPATOB OKHCIOB META/LIOB,
a.ﬂeﬁacrpa H HENIPOPEATHPOBABINEr 0 H3IBECTHAKA

Ha nepepadorky Ha IT 3Tan padoTsl

Otan |l TexHonornueckui OponecC MPOorU3BOACTBA TAXKCIIBIX METAJIJIOB M3 06pa30BaBmeroc;1 ocaaxa.
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Ocamok, comepxariuii KapOOHATBI W THAPOOKHCIBI MEIH, JKelle3a, IHWHKA, KaaMHUS W KaabIlHs
pacTBOpsieM B HEOONBIIOM KOJHUYECTBE CEPHOW KHUCIOTH IS TOJTYUCHHUS JICKTPOIMTOB, MPUTOAHBIX IS
JaNbHEHIIeH CeeKTUBHOM AIEKTPOICTPaKIuUH, T.¢. 1o Meau Cu*? o 30 r/n u cBoboauoi H2SO4 nopsaka
20 r/m. PactBop ¢unprpyercs. DunbTpaT HampaBIsIeTCS Ha JJIEKTPOIKCTPAKIMIO, a OCAA0K, MOCTe
COOTBETCTBYIOIIETO O0KHUTa, IIpeBpalaeTcs B ajgedactp (Tamka).

CuCO; + CU(OH)z +ZnCO3+ Zn(OH)z + Fez(CO3)3 + FE(OH)3 + FeCO3 + FG(OH)Z +
+ CdCOS +Cd(o H)Z + CaSO4°2H20 + CaCOS(He NpopearupoBaBUIHii H3OHITOK) + HZSO4 -
— CuSO04 +ZNnSO4 +Fey(SOu)s + FeSO4 + CASO4 + CaSOs2H20] + HzS04 (20 r/n) (3)

Ho mockoibKky MOHBI BYX W TPEXBAJICHTHOIO JKeJie3a , MPUCYTCTBYIOIINE B PACTBOPE PE3KO CHIKAIOT
BBIXOJI TI0 TOKY MPOJYKTOB JICKTPOIKCTPAKIIMU PACTBOP CYJIb(ATOB C colepkaHHEeM CBOOOHOM CepHOIl
kucnotel 10 20 1/m obpabarbiBaeM KapOoHATHBIM (ioTokoHIeHTpaToM IV copra UYmarypckoro
MECTOPOXKACHUS (KOTOPBI HWIET B OTBal M3-3a HHU3KOTO cojepkaHus Mmaprania). Conuepxamuiics B
kap6onatHoM (uoTokonuenpate MnO, okucnser Fe*? B Fe'S, a kapOomar mapranua HeWTpaamusyer
CBOOOHYIO CEPHYIO KUCIIOTY.

Fe*2 + Mn** — Fe™ + Mn*? ;
Mn*2 + MnCOjs + H,SO4 — MnSO; + H,0 + CO,?
B ocamok Beimamaer Fe(OH)s, koTophlii BMecTe ¢ MycTOM MOPOMOH, conepikaieiics BO

(moTokonnenTpare,  oTGUILTPOBBIBacTCA.  OTQWIBTPOBAHHBIA  OCAJOK  HAmNpaBiIseTcs  Ha
BOCCTAHOBHTEIBHBINA OOKHT B CPEJie TIPHPOHOTO Taza € TOJyYEHHEM I'y0uaToro xkejes3a Wik KeJIe3HOro
IIOPOLIKA. ®unstpar  comepxkammii cynbdarel Cu*?,  Zn*'2, Mn*?, Cd*2, manpaBnsercs Ha

anekTposkcrpakuuo. [Ipu Temneparype 90°C npoBoAUM 3KCTPAKLMIO NpU aHOAHOM mioTHOcTH Toka 100
A/M?, a xatomnoit 2000 A/M?, 4TO MO3BOJAET MONYYaTh HA AHOJAE KPYIMHOKPUCTAIUTMYECKYH) IBYOKHChH
mapranna (MnOy) Y MoaupuKalMM, a Ha KaroAe MEAHBIH MOpomok uyucroro 99,95 [89].
DJIEKTPOIKCTPAKIMA MEIU BEIACTCS J0 OCTaTOYHOM KoHueHTpamuu 0,5 1/m, 3areM mo0aBlicHHEM B
3JIEKTPOJIUT LHMHKOBOIO MOPOILKA MPOM3BOAMM LIEMEHTAlMI0O OCTaTKOB Meau M kaamus. [locie wero
ANEKTPOUT OTPUIBTPOBBIBaeTcs. Ocaliok copepKalluii METAIUTMIECKYIO ME/b, KaMHUid, IIHHK, TI0aeTCsI
Ha n3Bieuenne Cd (TexHomornueckuii mporecc omucas B [10]).

QOunbTpar, O0OOralleHHbIH LWHKOM, I[OCIE€ LEMEHTAalM{d HaNpaBleTCsl Ha HEHTpalu3anuio
MaprasueBbsIM (ruoTokoHIeHTpaTtoM |V copra [uis BOCHOJHEHUS KOHLEHTPAalMM HOHOB MapraHia B
pactBope. Ilocnme cooTBeTcTByMOmEeH (GUIBTPAMU 3JICKTPOJIUT HAMPABISETCS HA DIEKTPOIKCTPAIUIO
uueka. [Iponece Bemercs npu t= 90°C aHOAHOM M KAaTOAHOM IUIOTHOCTHIO TOKa paBHbIXx 100 A/m% Ha
KaToJ/ie TIoNydaeM KaTOAHBIM IUHK 4ucTOTod 99,95, uro coorBercByer Mapke ZNn-0, a Ha aHOZE TaKKe
MnO; y-moaudukaruu. [Iporiecc BeaeTCs 10 OCTATOUHOM KOHIICHTPAIIMM IIMHKA B DJICKTPOJIUTE MOPSIKA
10 1/n. OtpaboOTaHHBIA 3IEKTPOJIHT, COACPNKAIIMNA CBOOOJHYIO CEpHYIO KHCIOTY B JIOCTATOYHOM
KOJINYECTBE HAIpaBisieM B TOJIOBY IIpolecca Ha PacTBOPEHHE Ocajaka, oOpa3oBaHHOro mocie srtama |.
Orar |l mokazan Ha cxeme |l.

Pe3viabTaThl M 00CYKIEHHE

B xoj1e ipoBeieHHOM PabOThI MOJYYEHBI CICIYIOIINE PE3YJIbTAThI:

1. Ynmanachk mojiHasi O4MCTKA KaPhEPHBIX BOJI OT BCEX TSDKEJIBIX METAJIOB ITyTEM UX OCAKICHMS.

2. VI3Bie4deHbl IEHHBIE METAJIbI: CKBO3HOE U3BICUEHUE KOTOPBIX COCTaBUIIO 95+98%.

Takum 00pa3oM, HCIIOJIB3YSl JAaHHYIO TEXHOJIOTHIO, €KEr0JAHO MOXKHO IOJIy4aTh IIEHHBIC MPOIYKTHI,
KOJIMYECTBO KOTOPBIX Ipe/acTapiieHo B Taduie 1, nopsaka 1000 T — Cu; 800 T —Zn; 1500 T — MnOy; 1,5 T
—Cd; 1200 T — Fe.

Tadauua 1. TlonyyaeMble IPOAYKTHI B TO.

Cu ~ 1000t
Zn ~ 850T
MnO, ~ 500T
Cd ~ 15T
Fe ~ 1200 T
CaSO0q 0.5 H,0 ~ 2000 1

Cxema Il
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HepepaGom 0CAJKA C C&TEKTHBEHDBIM H3BJI€YEeHHEM LHEHHDbIX

METALIO0B.

Ocazxox nocae NnepBoro 3rana

l H-O  H,S04
I Feaxrop }¢m o lpomu]l Feaxrop l:_
l ocaxxa
| PRILTP
Ca SO+2H:0 | MADIANNERLI KADGORATHALE
g l $aoroxoruentTpar I\ copra
Obaur Peaxtop BOJA 118 DPOMBIERE OCAIKA
|
PrILTP
Fe(OHp+CaSO+H20 ~Si0: T
Ha mguonnmnﬁ a Cu <
AKHT IEXTPOIMI e >
Fe-«CaSOv?nO‘:manTu
MATHETHBLIE CeNapaTop
Fel PeaxTop
HA Cxaax Cu
CaS0¢5i02
ru. 218 NPOMEIERE|
Cu+Cd+~Zn l I TIpoMsiexa |
{ PRIABTP I
H:S0« Minam 2
»le—2I0TMAPL.RAROOR | Cradmamanns |
I Peaxrop | l PeaxTop I
¥
l I PRIPTP ' Cymxa I
l ] Cu | I JaexTpOaN3 ] MnO:
1 I Voaxoexa I
Zn
I SnexTpoIN3 J H:S04++10 r/3 ZaSO«
l ¥ ZnS0. v v v
Cd MnO: Cu Cu
(mopomox)

OcranpHOE B OCaJKe ITyCTON TOPO/IBI, HAPABIISIEMOH B OTBAJL.
[IpuBenenHsle B TaOiuie 3JIEKTpONMTHYECKass OBYOKuch Mapranua (MnOz) u xenezo (Fe) He
coJepKaT BpEAHOTO ISl YepHOoi MeTaiutypruu ocdopa.
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3. TlpumecHEHHE NaHHON TEXHOJOTHMH CBOJUT K MHHHMYMY 3arpsi3HCHHE OKPYXKAIOIICH Cpelbl,
SIBIIICTCS BBICOKOpEHTAOCHTAOCIbHBIM, YYHMTHIBAS HBIHCIIHWE IICHBI HAa pPBIHKE, U MPAKTHYECKU
MaJIOOTXOIHBIM.

[Mony4yeHHble pe3ynbTaThl OMPOOOBAaHBI HA MONYMPOMBIIIICHHOW YCTaHOBKE B [ py3wHCKOM
TEXHUYECKOM yHUBepcutete [1].
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METHOD OF PURIFYING OPEN PIT GROUND WATER OF MADNEULI POLYMETALLIC DEPOSIT
FROM SULPHATES OF HEAVY METALS WITH THE FOLLOWING SELECTIVE EXTRACTION OF
PURE METALS
Nodar Bibiluri, Dimitri Eristavi, Anna Gogishvili, Shalva Andguladze, Nazibrola Kutsiava, Maya Kavtaradze, Maya
Gugeshidze, Jimsher Qerkadze, Eka Matsaberidze, Nana Rachvelishvili
Georgian Technical University
SUMMARY
The tested technology of purifying open pit ground water and similar waste waters makes it possible to solve
environmental problems of two areas in Georgia — Bolnisi and Marneuli, and the problem of pollution of the Caspian
Sea basin, particularly the Mtkvari River. Realization of the products received in the course of purifying water from
ferrous and non-ferrous metals makes the technology highly profitable and practically non-waste. That, in its turn,

enables us to use the natural resources more efficiently.
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XUMHUYECKAS TEXHOJIOI'UA

TEXHOJIOTHYECKOE U3YYEHUE ACITUHA3CKOI'O ITEPJIMTA
K.K.Xauarypsa, H.A.I'erus, I'.111.9nykunze, T.C. I'ypynu

FOJIIII TT'Y Kasxaszckuil uHCmumym MuHepaibHozo colpobs um.A. Teanupenuoze

[lepautr — 3TO KuMCiIas CTEKJIOBHUIHAA BYJIKAHHYECKAs TOpHAasd IIOpoja, Oorarast KpeMHE3EMOM;
TUNUYHBIA NEpIUT XapaKTepU3yeTcs KOHLEHTPUYECKONM TPEUIMHOBATOCTHIO, SPKO BBIPAKEHHBIMU
KOHIICHTPUYECKHMH [IAPOBUAHBIMA CKOPJIYIKaMH C OJIECTSAIICH TepiaMyTpOBOH IMOBEPXHOCTHIO,
HanomuHatomei sxkemuyr [1]. Comeprkanuie BOABI B EPIUTE JOXOIUT 10 8 %, IpHUEM OHA MIPUCYTCTBYET B
BUJIE IBYX OCHOBHBIX (popM (1 — cBOOOIHAS, MONEKYISIpHAs BOJA; 2 — CTPYKTypHas, CBsi3aHHas Boga). B
MepiauTe, KpPOME CTeKia, MPUCYTCTBYIOT BKPAIUIEHHUKH, KPUCTAJUIUTHI, MHKDPOJIHUTHL, CQEpPOIUTHI,
BTOPUYHBIE MUHEpAIH [2,3].

[IpakTHueckoe NpUMEHEHHE MepiauTa, Kak IIEHHOTO MHHEpPAJIbHOTO CBIPbs, HA4daJloch IIOCIE
BEISIBIICHHST €T0 YHHUKAIBHOTO CHEIM(PHUUECKOTO CBOWCTBA — CIOCOOHOCTH K  BCIIYYWBAaHUIO IIPH
HarpeBaHUM, COMPOBOXKIAIOIIETOCS MHOTOKPATHBIM YBEIIMYSHHEM IePBOHAYAILHOTO 00bheMa, Ha YeM U
OCHOBaHA TEXHOJIOTHSI €ro TepepaboTKH. BcmydeHHBI NepiauT xapakTepu3yeTcs BaKHBIMU (PH3HKO-
TEXHUYECKUMHU CBOMCTBaMHU, OOYCIIOBJICHHBIMUA €0 BBICOKOPA3BHTOM MOPUCTON CTPYKTYPOU, U SIBISETCS
CBIPHEM MHOTOIIEJIEBOTO MCIOJIb30BaHus [3-5].

Ilenpf0 MaHHOTO WCCIIENOBAaHUS SBISUIOCH TIPOBENCHHWE  TECTUPOBAaHUS TpeX Mpo0 TepiuTa
acnuHa3ckoro pygpomnposiBienus (Camixe-/kaBaxeTusi),  M3y4eHHE HX BEIIECTBEHHOIO COCTaBa,
TEXHOJIOTMUYECKUX MapaMeTPOB U YCTAaHOBJIEHHE YCIOBHM BCITyUYHBaHUS.

Jnst M3y4eHuns BEMIECTBEHHOTO COCTaBa U CTPYKTYPHBIX OCOOEHHOCTEH MepiuTa OBLTH MCIIOIB30BaHbI:
XUMHYECKAH, MHUHEPAIOTO-TIeTPOrpaduIecKuii, PEHTTeHOCTPYKTYPHBIA W TepMOTPaBUMETPUICCKHUN
METO/IbI aHAIIN3a, & TAKIKE — HH(PaKpacHas! CIIEKTPOCKOIIHSL.

Mumnepanoro-nerporpadguyueckoe  uccieqoBaHWe NDTUGOB  IMOKA3ajio, dYTO MPOOBI  MEepiIuTa
MPEJICTABICHBI KUCIBIM BYJIKAHHYECKUM CTEKIIOM (IIEPIUT) C C1a00 BBIPAKEHHON NEPIUTOBOM CTPYKTYpOI
U OTHOCATCS K HecheponuT-pudbponnacTuaeckoil pa3HOBUIHOCTH CTPYKTYPHI MEPINTa, WMEIOIIEH
MapajuIeIbHO-BOJIOKHUCTOE CTPOEHHE.

Pe3ynbTaThl XUMHUYECKOTO aHaM3a IPUBEICHBI B Ta0mIe 1:

Tabauna 1. Xumudeckuit cocTaB MmepimTa

[Ipoba OkcuJiHbIe KOMITIOHEHTHI, (Bec. %)
nepimTa Biara IT.o.m. SiO; AlOs Fe,O3 SO; Na.O K20
[Ipoba Ne 1 0,8 4,55 67,5 13,9 1,05 0,3 4,0 51
[Ipoba Ne 2 1,35 5,14 65,5 13,7 1,31 0,31 3,7 5,0
[Ipoba Ne 3 2,52 5,0 67,4 12,8 0,96 0,15 3,7 5,0

PenTtreHoga3oBblii  aHanmM3 MMoOKaszal, 4YTO 00pas3lbl MEepiuTa MPEJCTABICHB, B OCHOBHOM,
pertreHoamopdHO# (azoii (mepnurt+oOcuanan); B HHUX 3aUKCHPOBAHO TaKXKE HAIUYME B MaJIbIX
KOJINYECTBAaX MIMHUCTOH (a3bl (Ca-MOHTMOPWIIIOHUT) M IPUMeECEH TMOJIEBOTO IIMaTa, KBapia u CIOJbI,
Ha PEHTreHOrpaMMe YeTKO OYepUeHHbIE MMKKU He oTMedatoTces (puc. 1).

Amnanu3 nony4eHHbIX AuddepeHIraIbHbIX TEPMUUECKIX U IPaBUMETPUUYECKUX KPUBBIX MTOKa3all, 4To
npoObl epINTa XapaKTePU3YIOTCA HE3HAYUTEIbHBIM SHAOTEPMUYECKUM 3(D(HEKTOM, KOTOPBI HaYMHAETCSI
ot 80°C m 3akanumBaetcst pu 500-550°C, u cBsi3aH C BBIICICHHUEM Pa3IMYHBIX QOpM BOABI (pHC. 2).
CryneHuaTblil XapakTep BbIICICHHS BOJBI U3 MEepiauTa OOBICHACTCS Pa3IMYHON CTENEHBIO SHEPTHU CBSI3H
BOJIbI B KaHaJIaX aJIFOMOCHJIMKATHOTO KapKaca; 110 Mepe MPUOIMKEHHsS K CTEHKaM KapKaca CBSI3H BOABI C
MOBEPXHOCTHI0 YCHIIMBAIOTCSA. B HU3KOTEMIlepaTypHOM WHTEpBalie HAUYMHAET BBIACIATHCS MOJEKYJIsIpHAs
BOJIa, KOTOpas CBsI3aHa BOJOPOJHOM CBA3BIO C MOBEPXHOCTHBIMU THAPOKCHIIBHBIMY Ipymmamu [4].

HccnenoBanue MeTofoM MH(PaKpacHON CIEKTPOCKOMMHU II0Ka3ano, 4ro B oomactu (1500-400) cm?
CIIEKTp MOIJIOIIEHHUS TIEPJIMTA XaPaKTEPU3yeTCsl HHTEHCUBHON T10J10coi mormomenus 450 cm™, kortopas
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00yCII0BJIEHa BAJIEHTHBIMU KoJiebanusamu cBs3u - Si — O, a monoca nornomenns 820 cm™ xapakrepHa ais
MOBEPXHOCTHBIX T'MAPOKCHUIIBHBIX TPYHN T'HAPaTHPOBAHHOIO CHJMKaTHOro Marepuana. Ilupokoe

acuMMeTpraHOe Konebanue B obmactu (1000-1200) cm™ oTHOCHTCS K BaleHTHBIM KOJIE6AHHAM TPy Si
-0 -Si (puc. 3).

W ’
20 ACu
35’ 25° 15° 5
Puc. 1. JudpaxrorpamMmma npupogHoro nepiuta (mpoda Ne 2)
80°
520°
€-4.1%
15 10 8 4

Puc. 2. Tepmorpamma npupoaHoro nepiura (mpoda Ne 2) Puc. 3. MudpakpacHblii ciekTp

OpUPOIHOTO TepiuTa (mpoda Ne 2)

Jlist OlleHKH BCIyYHMBAIOIEH CITIOCOOHOCTH aCIHMHJ3CKOTO IMEpIUTa MPEIBAPUTEIBHO OBLI MPOBEACH
CUTOBOH aHaJ3 W YCTAHOBJICH BBIXOJ (Ppakiiuii; MOJyYeHHBIC PE3y/IbTaThl IPUBEACHBI B Ta0J. 2; TaKKe
OBLIM ONpe/ie/iCHbI OCHOBHBIE (PU3NYECKHUE XapaKTEPUCTUKHU nepiuTa (Tadi. 3).

Ta6auna 2. [poGnenue-kiaccuduranys nepauTa

Beixon dpaxiuii, %
IIpo6a Cymma,
nepiauTa -5+25 | -2,5+1,25 | -1,25+0,63 | -0,63+0,315 | -0,315+0,16 | -0,16+0 %
MM MM MM Mwm MM MM
ITpoGa Ne 1 35,3 29,9 13,9 9,1 45 7,3 100,0
IIpo6a Ne 2 22,3 23,2 14,9 14,9 11,1 13,6 100,0
IIpo6a Ne 3 18,4 16,3 14,5 15,1 11,0 24,7 100,0
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Taoauna 3. OusnuecKre XapaKTePUCTUKH MEPIUTA

N UctrHHas Cpenusis
[Ipoba Haceimnoii Bec, o
3 IUIOTHOCTB, MIOTHOCTB, [opucrocts, %
TIepIIATa KT/M o /e
IIpoGa Ne 1 1022,2 2,37 1870 21,0
IIpoGa Ne 2 11275 2,36 1980 21,0
[Ipoba Ne 3 1150,5 2,34 1870 20,0

C HCJIbI0 YCTAHOBJICHUS OINTUMAJIBHOIO PEKHUMa

BCITyYMBaHUS, HaMH ObUTH OMPOOOBAHBI Kak

OJTHOCTaUiHas, TaK U IBYXCTaAUKHAs TeMIepaTypHas 00paboTKa.

Kak n3BecTHO, OCHOBHAsI TEXHOJIOTHYECKAs TPYAHOCTh BCITYUMBaHHS MEPIUTA 3aKIIOYACTCS, TTIaBHBIM
00pa3oM, B MPaBWIIFHOM MO00pE peKMMa TETIOBOM 00paboTku mopozsl. [Ipu MemieHHOM HarpeBe Boa
ucmapsieTcsi, He BbI3bIBas BCIyYMBAaHWE, a TMPH YPE3MEPHO HHTEHCHMBHOM HAarpeBe MPOHMCXOAUT He
BCIIyYMBaHHE, a pacTpecKWBaHHE MOpOIbl U ee pazapobienue. [lapaMeTphl BCIydMBaHUS IJIsi KaXAOH
Pa3HOBHUIHOCTH TIEPJIMTAa YCTAaHABIMBAIOT SKCIEPHMEHTANbHO. Ha BCIyunMBaeMOCTh MEpIUTOBON HOPOIBI
OKa3bIBAIOT BIMSHUE Takue (PakTOpbl, KaKk XMMHUYSCKHH COCTaB, COJEpKaHHE NMOCTOPOHHHX IpHMeEcei,
CTEeTICHb U3MEIBbYCHUS, PEXKUM TETUIOBOW 00pabOTKH — TeMITepaTypa U MpoI0JKUTEIHHOCTH Tporecca [3].

B Hammx ucciemoBaHUsSX MPOLECC OAHOCTAIAMHWHON TEIIOBOM 00pabOTKH MPOBEACH B TPyOUaTOM
neun npu Temmneparype 950 u 1000°C; ucnbitansl ase Qpakuum npob (-1,25+0,63 u -0,63+0,16 Mm);
paccuntan Kodddurment BcmyuuBaHus K, KOTOpBIN SBISETCS TJIaBHBIM Ka4eCTBEHHBIM MOKa3aTeleM
MEPIUTOBOTO ChIpbs. [lomydeHHBIE pe3ynbTaThl, KOTOPbIE MPUBEACHBI B Ta0IN. 4, yKa3plBalOT Ha HHU3KYIO
CTETIeHb BCITyYMBAHUS HCCIIEAYEMBIX P00 mepiuTa.

Taéanua 4. OgHOCTaAMIHOE BCITyYHBaHUE

3
IIpoba ®pakuus, ];l;erIMziII;?ng: (I)[?)LQM e HHTaI"I((:)I\sne Koadpumment
HepInUTa MM y 0 ’ BeyuuBanus, K
C BCIIYYMBAHUSL | BCIlyYMBaHUs

~1,25+0,63 1000 10 11 11

Mpoda Ne 1 =520 16 950 10 11 11

-1,25+0,63 1000 10 24 2.4

Tpoda Ne2 —5'¢320 16 950 10 20 2.0

~1,25+0,63 1000 10 15 15

Mpoda Ne3 56320 16 950 10 13 13

B acnuHa3cKOM nepinTe, KaKk BUAHO U3 AaHHBIX Ta0x. 1, BemuuuHa IL.ILI. ipeBbimaet 4,5 %, moaromy
OH OTHOCHTCS K Pa3HOBUJIHOCTH TIEpJIUTA, COJEpKallel IMOJIBUKHYIO BOAY B OOJBIIOM KOJHUYECTBE.
Ucxons u3 3T0T0, JUIS TOCTHXKEHHS TTOJTHOTO BCITYYHBAHUS IPOBOJMIINCE JIBa dTana 00XWra — cpejiHe- |
BBICOKOTEMIIEPATYPHBIi. [Ipu JByXCTaJUHHON TeMIepaTypHOU 00paboTke NIEPBUYHYIO
(npenBapuTeNbHyI0) 00pabOTKy MPOBOAWIM B MydenbHoi mneun npu temmeparype 350-400°C u 400-
500°C, npu KoTOpO# yaaysercss H30bITOYHAs BOJIA.

i ycTaHOBIEHMs TMapaMEeTPOB BCIIyUYMBAHMS ONBITBI Ha 3Tale BTOPUYHOW 0O0pabOTKHM ObLIH
NpoBeleHbl B TpyO4yaTroil meuum Ha BcexX (pakmusx HMCHOBITYeMBbIX NpoO (cM. Tabn. 2) mpu pasHbIX
Temnepatypax (850-1150°C) u unteppaine Bpemenn (30 /- 2/ 45 /). Ha oCHOBaHMH MOIy4EHHBIX JAHHBIX
onpenessuin  KO3(QQHUIMEHT BCIYYMBAaHUS, a TaKXKe - BbIXOJ HEBCIYUYCHHBIX 4YacTull. Pe3ynbTarsl
JIBYXCTaJIMHHOTO BCITyYHWBaHHS MPEICTABICHBI B TA0I. 5.

Kak BUITHO M3 JaHHBIX 3TOW TAOJHIIBI, TYYITUMH [TOKA3aTEIsIMUA BCIIYYHBaHUs BbiemsieTcs: mpoba Ne2
(remnepatypa BenmyuuBanusi 1100°C; nmpomoinkurensHocTs BenmyunBanus 50 7;  ¢pakuus -2,5+1,25 Mm;
K=4,3; Brixox HeBcmyueHHbIX dacTHll — 20,4 %); ocTanbHble ABE MPOOBI MPAaKTHUECKH HE TMOABEPraroTcs
BenyunBanuio (K=1,2-2,2; BeIxon HeBcmydeHHBIX yacTull — 75,0-99,8 %), uTo BBI3BAHO IPUCYTCTBHEM B
HUAX B OOJBIIIOM KOJIMYECTBE INIOTHBIX IMPUMECEH YepHOTo IBeTa (B OCHOBHOM, oOCHIHaHa), KOTOPHIC
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BUJHBI TPU BHU3yalbHOM HaOmrogeHuu. [IpumeuaTensHO, 4TO TOMydeHHOE IUisi mpoObl Ne 2 3HaveHue
ko3 duIMeHTa BCITydYHBAHUS SIBISICTCS MPUEMIIEMbBIM JUISI U3TOTOBJICHUS JIETKUX OCTOHOB [6].

OMIMPUYECKH YCTAaHOBJICHO, YTO BCIYYHMBAECMOCTh BYJIKAHUYECKHX CTEKOJI CYIIECTBEHHO 3aBUCHT OT
conepxxanus SiO; [3]. Tak kak B viccneayemMom nepiaute coaepykanue SiO; cocrasnser menee 70 % (Tabdi.
1), OH OTHOCHTCA K CpaBHUTENHHO Ci1a00 BCIyYMBAIOMIEHCS Pa3HOBHAHOCTH TeEpJiWTa, UYTO U
MOJITBEPIKIACTCS pe3yIbTaTaMU TPOBEICHHOTO HAMHU MCCIICIOBAHMUSL.

Ta6auna S. /[ByxcraaniiHoe BCITydYUBaHHUE

O6beM nepiuTa, cMS Beixon
IIpoba Temnepatypa Ho ITocne Koaddunuent | HeBCIy4YeHHBIX
nepinTa BCIIy4MBaHUsd, | BCIyYHBAHWSA | BCIyYHMBaHWs | BCILy4HUBaHUI, YaCTHII,
°C K %
dbpakuusgs -5+25 mm

ITpoba Ne 1 1000 10 20 2,0 -

1100 10 21 2,1 -
[TpoGa Ne 2 1000 10 33 3,3 35,7
1100 20 70 3,5 17,7
ITpo6a Ne 3 1000 10 18 18 87,2
1100 10 20 2,0 81,4

¢pakmus  -25+125 mm
ITpoGa Ne 1 1100 10 14 1,4 99,8
ITpoba Ne 2 1100 10 43 4,3 20,4
ITpoba Ne 3 1100 10 17 1,7 75,0
$pakmus - 1,25+ 0,63 mm

ITpoba Ne 1 1000 10 18 18 -

1100 10 19 19 -
ITpoba Ne 2 1000 10 39 3,9 217
1100 10 37 3,7 20,8
ITpo6a Ne 3 1000 10 18 18 89,0
1100 10 22 2,2 80,4

¢pakmusa - 0,63 + 0,315 mm

ITpoGa Ne 1 970 10 12 1,2 -
ITpoba Ne 2 950 10 33 3,3 28,9
[Tpoba Ne 3 970 10 16 1,6 84,9

¢ppakuus -0,315 + 0,16 mm

[Tpoba Ne 2 950 10 33 3,3 31,6
1100 10 35 3,5 34,2

B 3akitoueHue cielyeT OTMETUTh, YTO MEPIUT ACTIMH3CKOTO PYAOIPOSIBICHUS IPOSIBISIET HU3KYIO
CIOCOOHOCTh BCIYYHMBAaHHS W OTHOCHTCA K PAa3HOBHIHOCTH TEPIUTa C HE3HAYMTEIHLHOW CIIOCOOHOCTHIO
BCIy4MBaHUsI; poda Ne 2 MoxeT ObITh PeKOMEHJ0BaHa ISl IPOM3BOLCTBA JIETKUX OETOHOB.
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TECHNOLOGICAL STUDY OF ASPINDZA PERLITE

Karine Khachaturian, Nestan Gegia, Gulnazi Enukhidze, Tamar Guruli
LEPL TSU Alexander Tvalchrelidze Caucasus Institute of Mineral Resources

SUMMARY

Three samples of perlite of the Aspindza ore formation (Samtskhe-Javakheti) were tested: their material
composition, technological parameters and vesicle conditions were studied. It is shown that they are mainly
represented by the X-ray amorphous phase (perlite + obsidian) and feldspar, Ca-montmorilonite, quartz,
and mica as impurity minerals. The optimum mode of heat treatment (temperature and duration of primary
and secondary heat treatment, particle size) was established and the capacity for swelling was estimated. It
is found that the perlite of the Aspindza ore occurrence refers to a variety of perlite with a slight swelling
capacity; test Ne 2 can be recommended for manufacture of light concrete.
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o3 Boos MMM ©F1Ts3go0L  MmIBH0TsBO  Mggodo  (30M39EOEO s IgMMOEO
09953 853900L  Hgd39MoGwMs s bobyMdwogmds, bsfowszgdol Bmads) s Ggxroligdmwos 553900l
MBs05bMdS. F00OY0s, M S1306d0L FosbYIMZ0bydOL 39Mwod 0 30939m367ds 39MEo@ ol bo3wmgd
35399900L965M056  Lobglibgomdsls; Lobxo #2 8godagds ©93mdgboMmgdmwo oyml dbwydwydo d9E™bydol
o60mgdsdo.
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XUMHUYECKAS TEXHOJIOI'UA

HOBBI AHAJIN3 ONITHYECKUX ITAPAMETPOB HAIIPSIKEHHBIX HAHOCJIOEB
MOJYITPOBOJHUKOB A'VBY!

A M.IMamaes?, O.1.J]apapamBunu?, M.1.Enykamsunu?, 3.I'. Axneaquanu®?,
JLILBbrukoBa?, M.A JIzaranus®*, B.I1.3nomaHOB®

! Hayuonanonas Axademus Asuayuu Azepbaiioncana, Baxy
2 Tounuccuti I'ocyoapcmeennwiii Ynusepcumem um.Me. Jpicasaxuwsunu
 Hnemumym @usuxu um.d. Anoponurkaweunu, Tounucu
*Uncmumym @usuueckori u Opeanuueckoti xumuu um.IT Menuxuweunu, Tounucu
> Mockosckuii I'ocyoapcmeennuiii Yuueepcumem um.M.B.Jlomonocosa

[Mpenpinymue uccienoBaHus OKA3aI1, YTO MPH PAa3HBIX MOJBIXHOCTSIX HOCUTENEH 3apsiaa (HO ITOCTOSHHBIX
B Ka)XJIOM CIIydae MO CIEKTPY) MEHSETCS XapaKTep pacHpelesiCHHs] Pe3yIbTHPYIOIIETO MOTJIOMIEHUS o —
Olcg.s.B JUITMHHOBOJIHOBOH OOJACTH HMCCIEAYEMOTro CIIeKTpa. B Hacrosmeidl paboTe BHIEpBbIC MpeiiaracTcs
HOBBII aHaJIN3, KOT/Ia BMECTO IOJIBHKHOCTU PAaCCMaTPUBAETCS U3MEHEHHE BPEMEHHU PacCesHUs M0 CHEKTpY
(c sHeprueil) U COOTBETCTBEHHO OOHOBJICHHE IIOKa3aTellsd CTENEHW P B BBIPAKEHHM MAJS IOIVIONICHUS
CBOOOIHBIMH HOCUTEISIMH (Oczuw. ~A P). Takol momxon TMO3BOJMT Jydlle BBISIBUTH OCOOCHHOCTH B
CHEKTPaJbHOM PACIPENEIICHUH O — Oepn.. B paboTe Takike MPOBeJeH BaXKHBIN aHAIN3 BIMAHUA Je(opManuu
Ha ONTHYECKHE MMapaMeTphl, B IEPBYIO OUepe/ib, Ha MTOKa3aTelb MPEIOMIICHUS U KOIQ(UIIMEHTHI OTPaXKECHUSL.

HccnenoBanus B MaTepraloBeJCHUU BeCcbMa MPOJABUHYJIM HAIM 3HAHUS O Ipupoae: GyHAaMeHTaIbHbIE
CBOWCTBA MaTepHaNoOB 3aBUCIT HE TOJNBKO OT HMX XHUMHYECKOH (GOopMylsl — cocTaBa, HO U OT
HE3HAYUTEIBHOTO U3MEHEHHSI PACCTOSHHUSA MEXIy COCTABIISIIOIIMME MX aToMamu. C mpuBiIeYeHUEM 000UX
NOOXOMOB (M3MEHEHHE COCTaBa M CMEIICHHE AaTOMOB) IOSIBJISIIOTCS Marepuanbl A HayKOEMKHX
HaIpaBJICHHU, B YACTHOCTH, 3JIEKTPOHUKH, TPHOOPOCTPOSHUS U (hapMaKOJIOTHH, ONPEACTISIONINX, B IIETI0M,
nporpecc o0IIecTBa.

C pa3BuUTHEM HAHOTEXHOJOTMH U TOJyYE€HHEM HAaNpsDKEHHBIX CIIOEB, OCOOEHHO B YCIOBHSX
pacTshKeHUs], MPOCMAaTPUBAIOTCS BO3MOXKHOCTU THOKO M IUIABHO YINPABISATh CBOMCTBAMH MaTepHalioB, B
YaCTHOCTH, TIOJTYIPOBOJAHUKOBBIX, U OCYIIECTBUTh MHHOBAIIMOHHBIE IPUOOPHBIE pentenus. Wimoctpanueit
3TOTO ABJIAETCS, MO-BUIMMOMY, HCCIIEIOBAHUE HATIPSDKEHHBIX HAHOCIOEB Tonynposoauukos A'VBY! [1-3].
Hcxons m3 y3KOHW LIMPHUHBI 3alpPEIICHHON 30HBI U €€ NPSMO30HHOIO XapakTepa 3TH IOJYNPOBOIHUKH
HaxoNsAT TmpuMeHeHne B HOBbIX TtHnax WK  QoTonpueMHHKOB, OTIMYAIOIIMXCS  BBICOKOM
YYBCTBHUTEIBHOCTHIO U OBICTPOJICHCTBUEM U Jla3epax, TeHEPUPYIOIIUX MPH KOMHATHOW TeMIIepaTtype u C
BBICOKOH TIEPECTPOWKONW dYacToThl w3nmydeHHs [4,5]. BBumy He0OXOOMMOCTH JETaNBHOTO aHan3a
ONITUYECKUX MapaMeTPOB HANPSHKEHHBIX HAHOCIIOEB B HACTOSIIEH paboTe 10 CPAaBHEHHUIO C MPEIbIIYIIIUMH
[6,7] moka3zarenp mpenomiieHUs, KOAQPHUIMEHTHI OTPasKEHHUS W TOTIIONICHUS aHATH3UPYIOTCS C YUEeTOM
neopMaIiu B CIIOSIX.

AHanu3 ONTHUYECKHX IapaMeTPOB HANPSDKEHHBIX HAHOCIOEB IIpOBeleH Ha mpumepe cios PbSe,
BeIpamieHHoro Ha mommoxke KCl MeTomoM MONeKyIspHOM SIMTAKCHH C «ropsdyei CcTeHkoi». Jlis
KOHKPETHOTro cj1osi PbSe Tosmmuoii 70HM M mpu mapaMeTpax peleTkn MoHokpucTamia aPhSe =6,1264,
HanpsxeHHoro cios aPbSe=6,175A ocrarounas nedopmanus € = (acs. — an)/an. = 0,008.

OmnpeneneHHble 3HAYEHHUS] ONTHYECKHX TApaMETPOB HAMpPSKEHHBIX HAHOCIOEB IIOJCTABISIOTCS B
ypaBHEHUE JUTs OTIpeJIeNICHHS TIOTIIONIEHHS B paMKax Moenu uarepdepomerpa Gadpu-Ilepo:

T(rar2)?y? - [(1-r1%) (1-r2%) + 2Trarp -4 Trarssin?(2aN‘d/A)]y +T=0 (1),

3nech o =-Iny/d , r1 1 r> K03hGUIMEHTH OTpaKEHHS HA TPAHHIIE CION - BO3AYX W CIOH — TMOMJIONKKA U
onpenenstores yepesd nmokasatenb npeaoMiteHust N'cy 11=( N'cx- Ni) /(N'ci-Ns), 12=(N'ea- Ni) /(N'ex + Np) .
Yrobsl HAWTH 3HAYEHHS (1 W I mpu AedopManuyd HEOOXOAMMO 3HATH IMOKA3aTeNlb MPEITOMIICHIUS
HAMPSHKEHHOTO CJI0S , KOTOPBIA ONMPE/IeNAeTCs U3 COOTHOIICHUS:
dN/de =dN/dE - dE/de )
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U3 nucniepcHoi 3aBUcMMOCTH nokasarestst npenomiienuns dN/AE =5,55B[8]. Yuutsisas cpennee
BO3pacTaHue NIMPUHBI 3alpeleHHON 30HbI ci1ost PhSe mpu nedopmanuu € = 0,008 Ha 0,1753B, To dE/de =
225B. Torma dN/de =12,5 u dN =+1.

B tabnune 1 npuBoasTcs 3HaYeHHs mokaszartens npenomienns N/, a Takxke 1 Iz, 1- 1%, 1-r2,
rirc yderom aedopmanud . OTH BEJIWYHHBI HCHOJB3YIOTCS , KaK YKa3blBaJOCh , MPHU HAXOXKICHUU
ko3 duumenta nmornomenus. CpaBHUBas 3HAYCHHUS [1 U 2 IPH yueTe JeopManun U 6e3 Hero, BUAHO , UTO
MIpH JUTMHE BOJIHBI, HampuMmep, 4,65MkM 1 B ciydae aedopmanuu pacret Ha 0,065, r, — ma 0,082. IIpu
JUTUHE BOJIHBI 2,56MKM I pacteT Ha 0,040, r. — Ha 0,052.

Tadauua 1. OnTuyeckue mapaMeTpbl HanpsHkeHHOro Hanocnost PbSe ¢ yuerom nedopmaryn

A, MKM IQII (g)bbssee))Jr_l N(KCI) r r 1-ri? 1-r? rirz (1- rir2)?
6,452 4,350 1,469 0,626 0,495 0,608 0,755 0,310 0,476
5,882 4,550 1,469 0,640 0,512 0,591 0,738 0,327 0,452
5,405 4,850 1,469 0,658 0,535 0,567 0,714 0,352 0,420
5,000 5,200 1,470 0,677 0,559 0,541 0,687 0,379 0,386
4,651 5,500 1,470 0,692 0,578 0,521 0,666 0,400 0,360
4,348 5,550 1,470 0,695 0,581 0,517 0,662 0,404 0,356
4,082 5,650 1,470 0,699 0,587 0,511 0,655 0,410 0,348
4,000 5,710 1,471 0,702 0,590 0,507 0,651 0,414 0,343
3,922 5,760 1,471 0,704 0,593 0,504 0,648 0,418 0,339
3,846 5,810 1,471 0,706 0,596 0,501 0,645 0,421 0,335
3,774 5,870 1,471 0,709 0,599 0,497 0,641 0,425 0,331
3,704 5,930 1,471 0,711 0,602 0,494 0,637 0,429 0,327
3,636 5,990 1,471 0,714 0,606 0,490 0,633 0,432 0,322
3,448 6,100 1,472 0,718 0,611 0,484 0,626 0,439 0,315
3,279 6,185 1,472 0,722 0,615 0,479 0,621 0,444 0,309
3,125 6,250 1,473 0,724 0,619 0,476 0,617 0,448 0,305
2,985 6,280 1,473 0,725 0,620 0,474 0,616 0,450 0,303
2,857 6,330 1,474 0,727 0,622 0,471 0,613 0,452 0,300
2,740 6,330 1,474 0,727 0,622 0,471 0,613 0,452 0,300
2,721 6,330 1,474 0,727 0,622 0,471 0,613 0,452 0,300
2,703 6,330 1,475 0,727 0,622 0,471 0,613 0,452 0,300
2,685 6,330 1,475 0,727 0,622 0,471 0,613 0,452 0,300
2,667 6,330 1,475 0,727 0,622 0,471 0,613 0,452 0,300
2,632 6,330 1,475 0,727 0,622 0,471 0,613 0,452 0,300
2,597 6,330 1,475 0,727 0,622 0,471 0,613 0,452 0,300
2,564 6,330 1,475 0,727 0,622 0,471 0,613 0,452 0,300

B Tabnune 2 mpuBonsarcs paccunTtaHHble 1m0 (1) 3HaYeHHS KO3(PPHUIMEHTOB TOTJIOMIEHUS O TIO
CIEKTPY , a TaKKe KOI(PPHULINEHTOB MOTJIOMIEHUS] CBOOOTHBIMU HOCUTENSIMHU  Olcg.n. U PASHOCTH 0L — Clcp.u.-
MuHMMaNBHBIE U TIOJ0KUTEIbHBIE 3HAYEHUS O — Olcp.. IIOTYYEHBI IPH NOJABIKHOCTAX B UHTEpBale 4-
8cM?/B-c. 3aMeTnM, 4TO IIPU KOHLEHTpaluK HocuTenei 3apsaga ~ 1-10¥%m? makcumanbsHOe 3HaUCHHE
0 — Oes.u. = 2219cM™ cooTBETCTBYET UTMHE BOJHBI A =4,35MKM.

Jlyist cpaBHEHMsI IPM KOHLIEHTpaLUu HocuTenei 3apsana 5-10%cm™ sra pasnocts cocrasmsna 1214cm?
npu jumHe BOJHBI A = 3,92mkm [9] . IIpuBeneHHbIe 3HAYEHHUS MAKCUMYMOB O — Ocgu. MOTYT
KOPPEKTUPOBAThCS TPU HEOOJBIIOM M3MEHEHUM IMOJIBUKHOCTH B YKA3aHHOM JIMAlla30HE, B JIAHHOM
Cilydae TP HEKOTOPOM BO3PAcTaHMHM Haj 3HadeHueM 6,5cm?/B-c. Ho rpaHMibl BapbMpOBaHHS HE
OYEHB BEJHKH , T.K. B TUaNa30He 3-2,6MKM 0O — Ocp.n. MOJKET CTATh OTPUIIATENbHOW. MUHIMH3AIHAA O —

Ocsu. OOJIEE HYETKO OCYINECTBISCTCS BapbUpOBaHHEM BpeMmeHH paccesHus Tt (u = et/m). Ilpu
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MOTJIONICHUH (POTOHA DJICKTPOHOM MEHSETCS €T0 BOJHOBOM BEKTOP M M30BITOUHAS SHEPTHUS TepeIacTcs
pelIeTKe — XapakTep pacCessHUus] HOCHTENEH 3apsaa U Kod(DHUIMEHT MOTIIOIIEHHS 3aBUCAT OT BPEMECHU
paccesHusl, KOTOpOEe B CBOIO OYepe/Ib 3aBHCUT OT SHEPTHUH.

Tabéanna 2. Jlannpie 10 kK03 dunmentam norionieHus (00IIero U pe3yIbTUPYIONIETO) U TIOKA3aTeII0
p o crieKTpy AJst HaHocos PbSe

A, hv, N'(PbSe)= a, Olcg.u., o'=0- Olcp., a*ZZ(a' aCB.H)Zl
MkM | 5B | N(PbSe)+l N(kCh T cm? emt cm? cm P
6,452 | 0,192 4,35 1,469 | 0,215 133059 | 133006 53 2,88E+03 2,000

5,882 | 0,211 4,55 1,469 | 0,210 | 129242 | 128970 272 7,42E+04 2,112
5,405 | 0,229 4,85 1,469 | 0,205 | 122035 | 121486 549 3,02E+05 2,221
5,000 | 0,248 5,2 1,470 | 0,200 | 112135 | 111032 1103 1,22E+06 2,315
4,651 | 0,267 5,5 1,470 | 0,195 | 102091 | 100447 1644 2,70E+06 2,396
4,348 | 0,285 5,55 1,470 | 0,195 96405 | 94186 2219 4,93 E+06 2,468
4,082 | 0,304 5,66 1,470 | 0,195 88030 | 86861 1169 1,37E+06 2,534
4,000 | 0,310 5,71 1,471 | 0,195 83584 | 81659 1925 3,70E+06 2,534
3,922 | 0,316 5,76 1,471 | 0,194 80330 | 78476 1854 3,44E+06 2,548
3,846 | 0,322 5,81 1,471 | 0,194 76211 | 74244 1967 3,87E+06 2,550
3,774 | 0,329 5,87 1,471 | 0,193 72662 | 71505 1157 1,34E+06 2,566
3,704 | 0,335 5,93 1,471 | 0,190 69286 | 68356 931 8,66E+05 2,576
3,636 | 0,341 5,99 1,471 | 0,188 66088 | 65217 872 7,60E+05 2,584
3,448 | 0,360 6,1 1,472 | 0,181 58328 | 57370 958 98E+05 2,606
3,279 | 0,378 6,19 1,472 | 0,174 51867 | 51047 820 6,72E+05 2,629
3,125 | 0,397 6,25 1,473 | 0,168 46428 | 45759 669 4,48E+05 2,654
2,985 | 0,415 6,28 1,473 | 0,162 42073 | 41490 583 3,40E+05 2,680
2,857 | 0,434 6,33 1,474 | 0,156 38233 | 37576 657 4,32E+05 2,705
2,740 | 0,453 6,33 1,474 | 0,152 35159 | 34504 655 4,28E+05 2,733
2,721 | 0,456 6,33 1,474 | 0,152 34673 | 34002 671 4,50E+05 2,737
2,703 | 0,459 6,33 1,475 | 0,151 34198 | 33544 654 4,28E+05 2,742
2,685 | 0,462 6,33 1,475 | 0,151 33731 | 33093 638 4,08E+05 2,747
2,667 | 0,465 6,33 1,475 | 0,150 33275 | 32618 657 4,31E+05 2,751
2,632 | 0,471 6,33 1,475 | 0,147 35736 | 31695 4041 1,63E+07 2,759
2,597 | 0,477 6,33 1,475 | 0,145 36582 | 30895 5686 3,23E+07 2,770
2,564 | 0,484 6,33 1,475 | 0,143 37317 | 30435 6883 4,74E+07 2,792

Kak BHIHO M3 COOTHOMIEHMH I  Ocsn=Ne%/Ceomw? 1/1=B-NA?m-1/1(3) (BbImonHseTCa s
nonynposoauukos AVBY' npu ©t®>>1) npu M3MeHEHUH T 10 CHEKTpY OyJAeT 3aMETHO M3MEHATHCS
Ocs.i.. KOT/Ia BpeMsi paccessHusl T pacTeT C SHEPrueil MoKa3aTesb CTCIIEHH P CTAHOBHUTCS BBIIIE JBYX , B
00OpaTHOM CIIy4ae — OH YMEHBIIIASTCS.

W3 Tabnuiel 2 BUTHO , YTO TIOKA3aTeNb P YMEHBIIACTCS ¢ POCTOM JUIMHBI BOJTHBI — 3TO O3HAYAET , YTO
OCYIIECTBIISIETCSI TIEPEXO0Jl OT PACCesHHs Ha ONTHYECKHX (OHOHAX K PACCESIHUIO Ha aKyCTHYECKHX
¢doHoHax. [Ipy BBICOKOW KOHIIEHTpALMK HOCHTEICH TOKa3aTelib P IPU PACCeSIHUM Ha aKyCTUYECKUX
(doHOHax mpubIIKaeTcs K 1ByM. T.e. BpeMsi paccestHUs IIPU BBICOKMX JUIMHAX BOJH YMEHBIIAETCS, a
OpU MajbIX JUTMHAX BO3pAcTaeT — HOCHUTEIH 3apsiia MpH OOJbIIEH SHEPIHH JOJIbIIE MePEMEatoTCs
0e3 paccesHUSI.

[Ipy npuOIMmKEeHUH K JUIMHE BOJHBI ~40MKM SHEprusi CBETOBOTO KBaHTAa COBIIAJIAET C TEIUIOBOH -
BpeMs paccestHusl yMeHbImaercs. [Ipm 3ToM MexaHm3M paccesHHs OyneT M3MEHAThCS Ha JApYrou
(HanpuMep, OT paccesHHUsl Ha aKycTHYecKHX (oHOHaX OyHeT CMeIaThes K PacCestHUIO Ha aedeKTax
PEIIeTKH).
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OTMeTHM, YTO aHalM3 CIEKTPOB MPOBOAUTCS C UIMHBI BOJHBIS 6,5MKM. DTO CBS3aHO C JBYMS
NPUYUHAMU: TIPH TTOABMKHOCTH <10cM?/B-C BEMYMHA 0, — Ocs . CTAHOBUTCS OTPHUIATENBHON B JMANa3oHe
9-6,5mMkM. C apyroii CTOPOHBI, NMPH KOHLEHTpamuu Hocutenei 3apsna ~1-10°%m2 nuk pesonancHoro
TUTa3MEHHOTO TorIomeHus: coorsercTByeT mpu 300K-13MKM, a criafgaromuii XBOCT OOIBIIOTO MHKA MOYKET
MPOCTUPATHCS B CTOPOHY KOPOTKUX JUIMH BOJH . Hano momarate, 4To U3 pa3inuyHbIX KojaeOaTeIbHBIX MO B
a3Me — 0ObEeMHBIX, TIOBEPXHOCTHBIX M ABYMEPHBIX HanOojee KOPOTKOBOJIHOBOW SIBIISIETCSI 0OBEMHAs.
IloaToMy mpu ykazaHHOW KOHIIGHTPAMW HOCHTEJEH aHalli3 ONTHYECKOTO MOTJIOMICHUS W Yy JPYTHX
aBTOPOB ocyInecTisieTcs npu A < 7MiM [10]. 3amMeTum, 4TO MpU JJIUHE BOJIHBI 6,5MKM mpornyckanue T
B3jaT0 paBHbIM 0,215, ncxoxs u3 Toro, 4uro mpu 3HadeHHsXx T Hwke 0,215 pa3HOCTBO — Ocw. TPHU
noaBmwkHocTH <10cM¥B-C HONOXKHMTENbHA, HO NPHHMMAET BEChbMa BBICOKOE 3HAUYEHUE 3a Kpaem
norsomenus. [lpu T>0,215 pasnocTts 0 — Ocpu. CTAHOBUTCS OTPHUIATEIHHON TMPH MOABMKHOCTH <
10cm?/B-c[11].

B Tabnmie 3 MPUBOAATCS PACCUMTAHHBIE 3HAYEHUS (00 — Oepn)?, [(00 — Oesu)1/y]? B [0 — Ocs) 1/y-hv]?mo
CIIEKTPY.

Ta6auna 3. Jlannasie no kodpGuIMEeHTaM 00IEro U Pe3yJbTHPYIOLIETO MOTJIOMICHHUS U KBaJpaTam
HPOU3BEACHHS PE3YIbTUPYIOLIECTO TTOTIOICHHUS
Ha SHepruio (HoToHa

A, hv, . a, AF=0- O, | O 2=(0l- Olcpn)?, T (@)?=(a™1/y)? | (&-hv)?,

MKM | 5B cm? cm? cm? v cm? cM? B2

6,452 | 0,192 | 0,215 | 133059 53 2,88E+03 63,546 1,09E+02 1,09E+02
5,882 | 0,211 | 0,210 | 129242 272 7,42E+04 47,930 3,33E+03 3,33E+03
5,405 | 0,229 | 0,205 | 122035 549 3,02E+05 36,212 1,37E+04 1,37E+04
5,000 | 0,248 | 0,200 | 112135 1103 1,22E+06 27,420 7,52E+04 7,52E+04
4651 | 0,267 | 0,195 | 102091 1644 2,70E+06 20,824 1,98E+05 1,98E+05
4,348 | 0,285 | 0,195 | 96405 2219 4,93 E+06 15,874 3,96E+05 3,96E+05
4,082 (0,304 | 0,195 | 88030 1169 1,37E+06 12,160 4,18E+05 4,18 E+05
4,000 | 0,310 | 0,195 | 83584 1925 3,70E+06 11,141 3,89E+05 3,89E+05
3,922 10,316 | 0,194 | 80330 1854 3,44E+06 10,215 3,67E+05 3,67E+05
3,846 | 0,322 | 0,194 | 76211 1967 3,87E+06 9,374 2,02E+05 2,02E+05
3,774 1 0,329 | 0,193 | 72662 1157 1,34E+06 8,609 1,44E+05 1,44E+05
3,704 |1 0,335 | 0,190 | 69286 931 8,66E+05 7,914 1,08E+05 1,08E+05
3,636 | 0,341 | 0,188 | 66088 872 7,60E+05 7,283 1,09E+05 1,09E+05
3,448 | 0,360 | 0,181 | 58328 958 9,18E+05 5,714 113E+05 1,23E+05
3,279 1 0,378 | 0,174 | 51867 820 6,72E+05 4,537 1,06E+05 1,06E+05
3,125 1 0,397 | 0,168 | 46428 669 4,48E+05 3,654 7,33E+04 7,33E+04
2,985 | 0,415 | 0,162 | 42073 583 3,40E+05 2,991 6,77E+04 6,77E+04
2,857 1 0,434 | 0,156 | 38233 657 4,32E+05 2,494 7,86E+04 7,86E+04
2,740 | 0,453 | 0,152 | 35159 655 4,28E+05 2,121 9,18E+04 9,18E+04
2,721 | 0,456 | 0,152 | 34673 671 4,50E+05 2,069 9,13E+04 9,13E+04
2,703 | 0,459 | 0,151 | 34198 654 4,28E+05 2,019 9,10E+04 9,10E+04
2,685 | 0,462 | 0,151 | 33731 638 4,08E+05 1,971 1,64E+06 3,51E+05
2,667 | 0,465 | 0,150 | 33275 657 4,31E+05 1,926 1,54E+06 3,33E+05
2,632 |1 0,471 | 10,147 | 35736 4041 1,63E+07 1,841 5,37E+07 1,19E+07
2,597 | 0,477 | 0,145 | 36582 5686 3,23E+07 1,764 9,48E+07 2,16E+07
2,564 | 0,484 | 0,143 | 37317 6883 4,74E+07 1,695 1,38E+08 3,12E+07

[Toka3aTenbHO, (O—Ocpy)? TPUHUMAET MAKCHMMalbHOE 3HaueHMe npu A =4,348mkM. KoseGanus
MOJIBMPKHOCTH (BPEMEHH paccesHusi) B HEOOJbIIUX Tpeaeax MPaKTHYECKH HE MEHSIOT CIIEKTPaIbHOTO
MOJIOKEHUST ITOT0 MaKCUMyMa , HO HECKOJILKO MU3MEHSCIOT ero BhicoTy . C JApYrod CTOPOHEI, KojeOaHuUs
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TNOJIBMKHOCTH B TIPEENax Jake JECATKOB CM?/B'C He BIMSIOT CYHNIECTBEHHO Ha XapakTep pocTa
TIOTJIONICHHUS TIPH MaJbIX JJMHAX BOJH.

Ha puc.1 mpuBomutcsi 3aBHCHMOCTD KOd(pHIMEHTa TOTIOMIEHUS TI0 CIIEKTPY , OINpene-JIEHHOTO W3
ypaBHeHus nporyckaaus (1). HecMoTpst Ha criagaronryro 3aBUCUMOCTh AP (YMEHBIIIEHHE P ¢ BO3pACTaHHEM
JUTMHBI BOJIHBI)IPU JUIMHAX BOJIH 6,5-4,5MKM KO3((UIUEHT MOTIOIMEHHS CYLIECTBEHHO MPEBBIIIAET €ro
3HAUYeHUE NpHU AMuHax BOMH <4,5MkM. B pabote [12] mokazano, uro xo3¢pduimeHT 1/y, yUUTHIBAIOIIUI
BBIPOXKICHHE U COOTBETCTBEHHO KO3(D)(MHUIIMCHT MOTIIOMICHUS TP SHEPTHH , onpeaeeHHoi u3 hv —Eq = (1-
m¢/my)EF  nmpuOamM3uTenbHO B Ba pa3a BO3pacTaeT MO CPAaBHEHHIO C KOI(PQUIIMEHTOM IOTJIOUICHHS B
BBIPOX/ICHHOM CITy4ae.

IIpu koHneHTpauu HocuTenel 3apsana ~1-10%wm> nonoxenne yposns ®epmu npu 300K Er=0.

KosdpdpumenT noraomenus o, enr!

0.2 —

0.192 0.29% 0.267 0.304 0.316 0.32% 0.341 0.378 0.415 0.453 0.45% 0,465 0477

Jumeprua doro=a , 3B

0

Puc.1. 3aBucumocts ko3(uienTa nornomeHus o HanpsLKEHHOTO HAHOCIIOS
PbSe ot sHeprun ¢porona

Ha pwuc.2a,6 npecTaBieHa CIIeKTPaIbHas 3aHCHUMOCTH(0L — Ocs..) B (0L — Olcpn)? OT 2HEpruH GoToHa . [Ipu

sHeprun 0,2853B MakcuMyMm NOTJIOLIEHUS SIBHO BBIpaXkeH. B TO ke BpeMs IpU BBICOKUX DHEPIrHUsSX
crpsiIMIIEHHE KBaIpaToB KO3(pQHUIIMEeHTOB moToeHus mpuBoauT K sHeprun 0,462-0,4653B.
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Peyilb THpYIOLIEE [IOTJIOIEHHE & — @y, o OV
(%]

0

0,192 0.229 0.267 0.304 0316 0.329 0341 0378 0.415 0.453 0.459 0465 0.477

Jneprusa dotoHa , 3B

Puc.2a 3aBUCHMOCTD Pe3yIbTHPYIOIIETO MOTJIOMICHUS O — Olcg.u. OT IJHEPTUU (HOTOHA

6-107 T I I I I I I I I I I I I I I I I I I I I I I I I

2 aeed
Ay ) CM
Lh
T

[KRaypar pesviLTHPYIOIIETD TOTIOEHAS (4

0,192 0,229 0267 0,304 0,316 0,329 0,341 0,378 0,415 0,453 0,459 0465 0477

Sueprua doTtona | 3B

Puc. 26. 3aBHCHMMOCTB KBaZpaTa pe3yIbTUPYIOLIETO TOrIOMEHHS (0L — Olcp11.)?
oT 3Hepruu HoToHa
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0,192 0,229 0,267 0,304 0,316 0,329 0,341 0,378 0,415 0,453 0,459 0,465 0,477
Juepruaa dorTona , 3B

Puc. 3. 3aBucuMocTh KBapaTa NPOU3BEACHUS PE3YIbTHPYIOLIETO MOTJIOMEHHUS
[(o — 0cs.)1/y]?na sHEPrHIO POTOHA OT SHEprUK GOTOHA

Ha puc.3 npencTaBieHa 3aBHCHMOCTb [(0L — Ocs.s) 1/y-hv]?=f (hv) —MakcuMy™m 1 B 5TOM ciTydae
cootBercTByeT 0,2853B, a cnpsimiienue mpousBeeHUsT KBaaApaToB Ko (PUIIMEHTOB MOTJIOMICHUS
Ha SHepruro (HOTOHA MPUBOIAT K MIMpUHE 3ampemeHHon 30ub1 0,4653B. Tlpu EF=0 ogmHakoBbie

3HayeHus Eg Ha puc.2 u 3 BmonHe cornacoBaHbl. Ilpu nedopmarnuu pactsokenuss € =0,008
HIMPHHA 3aMPELEHHOM 30Hbl HANPsSKEHHOTo HaHocios Bo3pacTaeT Ha 0.1803B mo cpaBHeHMIO C©
HeHanpsbkeHHbIM citoeM PbSe (Eg=0,2865B).Panee Bo3pacTaHue IMHPHHBI 3aNPEIICHHOW 30HBI
HaIpsDKEHHBIX HaHOCI0eB PhSe B ycnoBusix ux pactsbkeHus Habmronanock B padorax [13-15].

OTMeTuM, YTO CIIEKTp TOTJIOUMICHHS TPH JJIMHHBIX BOJIHAX XapaKTEPU3YeTCs MaKCHMYyMOM,
BBICOTa KOTOPOTO HECKOJIbKO KOJeOJeTcsi MpH BapbHPOBAHUU MOABMKHOCTH, TOYHEE BPEMEHHU
paccessHusi. Panee Mbl OOHapyXWIM TakOMl MakCUMyM INpU KOHLIEHTpAlMM HOCHUTENEH 3apsnia B
cioe - 5-10%cm . TTo-BuguMoMy , 31€ch TIPOSBIAETCS TOTNOMHUTEIBHOE TIOTIOIIEHHE, CBI3AHHOE
C BO3HUKHOBEHUEM HOBOT'O YpPOBHS B 30HE NMPOBOJUMOCTH U C MEPEXOJOM HOCHUTEJEH 3apsana co
JTHA 30HBI IPOBOJUMOCTH Ha 3TOT YpOBEHS [16].

[losiBeHWe Takoro YpOBHS B HAampsHKEHHOM CIIOE€ CBSI3BIBACTCS C  OOHapy)KEHHEM
TeTparoHagbHOU (haszbl Ha (oHe KyOudyeckoi pemieTku. MHTepecHO, YTO BO3ZHUKHOBEHHE HOBOTO
YPOBHSI B 30HE NPOBOJAMMOCTH B HaIpsbKEHHOM MoOHOKpuctaiie GaAs Habmromanoch paHee B
pabote [17].

[lpu ompeneneHuH CIEKTPAIBFHONW 3aBHCHMOCTH KOX(QUIIMEHTa MOTJIOMEHHSI CBOOOTHBIMHU
HOCHUTEIISIMH 11eJIECO00Pa3HO PacCCMOTPETh HE BIUSHHUE MOIBUKHOCTH HOCUTEIIEH , a CBA3aHHOTO C
HEW BPEMEHH PACCESTHUS . KOTOPOE MOYKET MEHSATHCS 0 HCCIeTyeMOMY CIeKTpy . [TomBHKHOCTD
HOCHUTeNlell CBsi3aHa C YCPEIHEHHBIM IO CIEKTPY 3HAYeHHEM BPEMEHHU paccessHus . BrepBbie
MOKa3aHO , UMMEHHO C PacCMOTPEHUEM BPEMEHM paccestHUsl HaOoJaeTcsl CraJarouiuil Xoi Mo
CIEKTPY MOKa3aTessl CTeneH: p B AP [UIsl HanpsHKEHHOTO HaHOCTOA . B nanbHeieM u s Ipyrux
MOJCIIbHBIX 3HAaYeHUH KOA(D(HUIIMEHTOB TMOIJIONIEHUS CBOOOJHBIMH HOCHUTEISIMH  OyaeT
NPOAHAJIM3UPOBAH OTIMYHBIA XapaKTep W3MEHEHHs MoKas3aTessl CTeNeHW p C dHeprue (Imo
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CIIEKTPY) U TOJIHEE OOHAPYKEHBI OCOOCHHOCTH B JUIMHHOBOJHOBOW O0JIACTH paccMaTpHBAEMOTO
CIIEKTpa.

3AK/ITIOYEHHUE

HpI/I AHAJIN3C ONTHUYCCKHUX IMapaMCTPOB HANPSI)KCHHBIX HAHOCJIOCB PbSe CACJIaH aKLICHT Ha BIWIHUHN
nedopMaIiy Ha TOKa3aTelb MPeIOMIICHNS, KOAQQHUIIMEHTH OTPaXEHHS Ha TPAHUIIE CIIOW—BO3/IYyX H CIIOH-
IOJJIOXKKA. HpI/I TIOrJI0IICHU N CB060,I[HBIMI/I HOCUTCIISIMHA paCcCMAaTpUBACTCAd BIIMAHUEC ITOABHMXKHOCTH —
TOouHee OoJee YYBCTBUTCJIIbHOTO [UIA aHalin3a XapaKTepa CICEKTpa - BPEMCHH pPACCCAHUA. BHepBLIC
BBIABJICHO, YTO IIPH 3aBUCUMOCTH BPECMEHU paCCCAHUA OT SHCPIrUH IMOKa3aTejib CTCIICHU B AP YMCHBIIACTCA
IO CIIEKTPY — MEHSAETCS M XapaKTep PacCesHUs — MEPEXOIUT OT paccesHUs Ha ONTHYECKUX (POHOHAX K pac-
CCAHUIO Ha aKyCTUYCCKUX (bOHOHaX . I[axce IIpyu HCEKOTOPOM BapbUPOBAHUMU BPEMCHU PpPaACCCAHUA
O6Hapy)KI/IBaeTC$I HEBBICOKHUI MAaKCUMYM PC3YJbTUPYIOLICTO MOITIOMICHUA O — Ocp.n. IIPU AJIMHHBIX
BOJIHAX (JIOTIOTHHUTENHHOE TOTIIOMICHNE), KOTOPHIA acCOIMPYETCs C IMepexoJaMH HOCHTENeW 3apsaa Ha
HOBBIH YPOBEHb, BOSHUKHOBEHHE KOTOPOTO CBA3AHO C MOSABJICHUEM TETPAaroHAIBHOHN (a3bl B HAPSHKEHHBIX
CIIOSAX. AHalu3 IIOKa3bIBA€T, 4YTO U3MCHCHUC HOZIBI/I)KHOCTGI\/'I U BPpEMCHHU pacCCCaHHrd B IIHMPOKUX IIPEACIax
HE BIUSET Ha XapakTep CIPSAMIICHUS KBaApaToB KO3((HUIMEHTOB MOTIOMEHNS U ONpeelieHNe IIHPHHBI
3aIPEILCHHOMN 30HBL.
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NEW ANALYSIS OF OPTICAL PARAMETERS OF THE STRAINED
NANOLAYERS OF IV-VI SEMICONDUCTORS
A. M. Pashaev?, O. |. Davarashvili?, M. I. Enukashvili?, Z.G. Akhvlediani??,
L. P. Bychkova?,M. A Dzagania®*and V. P. Zlomanov®
! National Aviation Academy, Baku, Azerbaijan
2 lv. Javakhishvili Thilisi State University, Thilisi, Georgia
3 E. Andronikashvili Institute of Physics, Thilisi, Georgia
4P. Melikishvili Institute of Physical and Organic Chemistry, Thilisi, Georgia
5 M.Lomonosov Moscow State University, Moscow, Russia

SUMMARY
Previous investigations showed that character of the distribution of the resulting absorption o — os.c. at long waveof
the research spectrum changes in the every case at different mobilities of current carriers. In the present work is
suggested for the first time new analysis when instead of mobility is considered scattering time over the spectrum and
correspondingly change of the degree of index in the formula for absorption by current carriers (asc. ~ AP). This
analysis promotes revealing peculiarities in the o — asc. spectrum. It is considered also influence of the deformation
on optical parameters, at the first turn, index of refraction and reflection coefficient.

AVBY! Bby3o6399¢5M9d0l adsdvmo Bsbmggbgdol
33039900 350599GMIO0L sbagro sbsemobo

56093 53585930% , MBSO 3569830007 , Bg0 969195830 0? , B0Ms SbgE0s60?? , WOl doB3M3s? , B0
3535600%* , 300508960 B MIsbmzgo®
L5B9608505560L 5305600L 9GM3629¢00 5350980, BsF™.
209.20935b0830¢00l bsbgemmBol 80¢robols bsbgerdfoger #96039HboAIAO.
89.06@0G60,35830e0l bsbganmBols 30 ba0b 06LAOGZIHO, 0Boerolo
43.99¢m0508530¢70l bsbgermB8olb 30BoZmGHo ©5 Ggsboyero Jodool 0bbdOE G0, 0Boerobo
® 8.¢v3mbmbmgol bsbgermdol deligmzol bsbgandpogem #16039Gbodgd0

M9bomdg

QMg dgbOyengdmeds 9s9m33wg3900s 23063965, MM ©Ibol @odGsMms Lbgs s bbgs dzMomdol
306MmdId30  (33Momds  0v9dog0s  b3gJBHOMOWWMO oMl (335WIBIEMBOLLL)  033wgds  Fmsbmgdols
309983030963 900L  OHgBMwGH0OHGRMo  9603369@mdOL o —  dos 9650w gds  GHowgdol oo
LoMAqdOLLL. 80 A50M3Zg300 FoMTMEYgbowr0s 30M39ws® bowo sbsEr0Bo, GMmEaLsg IZHIMBdOL
0530305 bgds 25Bbowrgs 499356330l MMOL (9bgMyool dobgwzom) s Lomsbsmm gobsbergdwyeros
bamolbol 9563969090 p - 258@sMms  Jmsbmddol gm®IMwsdo (tes ~ AP). sbgmo Boymds Lsdwgsgdsl
00939 99390095 FodMmTgs3bIL a — aw s B3gdGMsHo AsbsFowmgdol mez0LgdMMgdsbo. 58 Lsdwydsmdo
5309039 399650 BoMmYIM0s EIBMOTo300L go3egbs M3BH03MG 356dgBHMYdbY, 39MIM®  FoMPIGHIHOL
856396909bY @5 509330l 39B0-30g6HYODY.
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