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ELECTROCHEMISTRY

SELECTION OF MEMBRANE AND ELECTRODE MATERIALS FOR THE DIRECT
METHANOL FUEL CELL WITH HYDROGEN PEROXIDE CO-GENERATION

Paata Nikoleishvili, Giorgi Agladze, Gigla Tsurtsumia, Valentina Kveselava
Georgian Technical University

1. Introductien

Hydrogen peroxide is an environmental friendly reagent (only oxygen and water are products of
H,0, destruction) widely used in medicine as an antiseptic, in pulp and paper industry and in detergents as a
bleaching material, as well as in chemical synthesis and laboratory practice due to its high oxidative ability
(E°=17V) [1-3]. Hydroxyl radical (OH*), produced due to reaction on H,O, with Fe(ll) salts, ozone or UV
irradiation, has even higher oxidative potential (E°=2.8V) that determines its application in Advanced
Oxidation Processes (AOP) for effective treatment and disinfection of wastewaters contaminated by non-
biodegradable aromatic organic substances [4-8].

First industrial method of H,0, electro-generation was based on the electro-synthesis of H,S,05 at
elevated temperatures followed by the dimerizaticn of product and then hydrolysis of persulphate to
peroxide. Electrolysis of ammonium sulfate solution on plate platinum anodes proceeds at high anodic
potentials [9]. Due to high specific energy consumption and complexity of the process, this method has
been displaced worldwide by the so-called “Anthraquinone process”, cyclic chemical auto-oxidation, which
consists in reduction of alkylanthraquinone with hydrogen in presence of a catalyst to the corresponding 2-
alkyl 9,10-dihydroanthraquinone, which is then oxidized back to alkylanthraquinone in the presence of
oxygen, producing hydrogen peroxide as a by-product. The resulted solution is concentrated by distillation
to 40-47 weight % H,0, [10].

Along with high running and maintenance costs and necessity in huge hydrogen feedback that is
located only in few industrial sites, the drawbacks of the method are associated with holding and
transportation of hazardous concentrated solutions to remote consumers which usually use dilute solutions
(e. g < 2-3% H,0, for potable and wastewater treatment purposes).

The aiternative is based on two-electron electrochemical reduction of oxygen (or air) at carbonic
cathodes. Industrial application of the method was limited for a long time by the very low rate of these
reactions at traditional plate carbon cathodes due to limited solubility of oxygen in aqueous solutions.
Variety of electrodes with expanded reaction surface (gas-diffusion, packed bed, carbon felt cathodes)
became available recently that stimulated comprehensive studies of H,O, electro-synthesis in
electrochemical reactors with three-dimensional electrodes fed by power from the outer source of direct
current [6-8, 11-14].

Cost of the electric power is the main component of running expenses for electro-Fenton processes.
This can be avoided using the fuel cell technology which gives principal opportunity of simultaneous
generation of electric energy and hydrogen peroxide [15-17].

Hydrogen is used as a fuel and oxygen - as an oxidant in different types of fuel cells. Most of them
are based on 4-electron reduction of O, to H,O. Brillas and co-authors [16, 18] had described an
electrochemical method for the co-generation of OH; in an undivided alkaline fuel cell containing a H, gas-
diffusion anode, O, - diffusion cathode and 1 mol dm™ solution of KOH as an electrolyte. In continuous
operation mode close to 100% current efficiency has been achieved but the final OH,” concentration in the
solution was very low. In case of batch operations current efficiency dropped faster, because of OH,”
decomposition at the anode.

Otsuka and Yamanaka [19] had reported about a cell, divided by Nafion 117 cation-exchange
membrane with Pt deposited on a side, where H, is oxidized, and graphite or Au mesh adhered on the
reverse face, where O, is reduced to H,O,. Aqueous solution of HCI or H;SO4 was in contact with the
cathode. For an optimal solution of 0.1 mol dm™ HCI, the current density between 10 and 30 mA em? and
the 100% current efficiency for H,O, electro-generation was achieved at early stage of the process, but it
sharply dropped when the product was accumulated in the acidic solution, reaching values close to 70%
after 3 hours of operation.
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The Direct Methanol Fuel Cell (DMFC), which converts the chemical energy of alcohol into
electrical energy, is one of the most promising alternative power sources. Oxidation of CH;OH proceeds at
the anode via reaction:
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CH30H + 60H — CO, + 5H,0 + 6 e E°=-0.81V [¢))
The O, reduction proceeds at the cathode at different potentials, depending on pH:
Acid solutions: 0, +2H" +2e — H,0, E'=0.67V )
Alkaline solutions: O, + H,O +2e — HO, + OH E=-0.065V 3)

Convenience of transportation, storage and refuel is an important advantage of liquid fuel in
comparison with utilization of hydrogen gas, which is explosive in wide ranges of mixtures with oxygen or
air. The first attempt of simultaneous generation of hydrogen peroxide and electricity in the DMFC has
been described in our patent application [17].

This paper reports a study of the influence of the nature of membranes and electrodes materials of the
DMEC on cell voltage, current density, HO", generation current efficiency and productivity. Solution with
different concentrations of KOH for catholyte and with different ratio KOH and CH;OH in mixtures for
anolyte have been tested.

2. Experimental

Solutions were prepared using distilled water and chemical grade methanol, potassium and sodium
hydroxide reagents. Two type cathodes were used: commercial "A12H202 specialty ELAT® GDE for
Hydrogen Peroxide" made by BASF (E-TEK) and electrode supplied by ElectroCell AB, with carbon cloth
covered by an uncatalyzed "Black Pearls 2000" carbon — PTFE layer. "A11STDA Development ELAT ®
Gas-diffusion Electrode for DMFC" with 5.0 mg cm™ of Pt : Ru (1:1) catalyst was used as an anode.
Oxygen or air was supplied to the DMFC from the cylinder or by compressor, accordingly. Experiments
were curried out at ambient temperature using M2015 ammeter, M106 high-resistance voltmeter and HI
8424 microcomputer pH-meter. The concentration of HO,” accumulated in the electrolyte was determined
by standard titration with KMnO,. The OH™ concentration was determined by titration with standardized
1 mol dm™ HCI solution.

Principal scheme of the DMFC is shown in the Fig. 1, where (1) and (2) are accordingly cathode and
anode plexiglass frames of (10x10)cm size each; cathodic and anodic spacers (3) were used for distribution
of electrolytes at electrodes, which were pressed between rubber gaskets (4); oxygen (or air) was supplied
threw (4x4x0.2)cm size gas chamber (5) and nickel mesh (6) which served as a cathode current feeder to
the reverse side of O,-diffusion cathode (7); the anolyte supplied through the inlet whole to the anode frame
was washing the GDE, fixed on the DSA mesh (10) which served as a current feeder; electrode
compartments were separated by ion-exchange membrane (9).

Fig. 1. Scheme of the DMFC Fig. 2. Experimental plant under testing

Experimental setup of DMFC for the on-site production of hydrogen peroxide is shown in the Fig.2.
Pressure of oxygen or air, fed accordingly from the balloon (7) or compressor to the gas chamber is
controlled by manometer (5). Anolyte and catholyte solutions were circulated through the anode and
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cathode compartments to corresponding tanks (2, 3) by pumps (4). External load was changed using box of
resistors (R) and controlled by ammeter (A) and voltmeter (V).

3. Results and discussion

3.1. Influence of membrane nature on the electro-generation of hydrogen peroxide

Different anion- and cation-exchange membranes were tested for HO, generation process in DMFC
using 100 ml 1 M KOH solution as a catholyte and 100 ml 1 M CH;OH + 6M KOH solution as an
anolyte. DMFC was connected on 0.1 Q outer resistance. Test results are illustrated in the Fig. 3, 4.

In case of AEM application stable generation of 220 mA current (Fig. 3, curve 1) and close to linear
curve of H,O, generation (Fig.4, curvel) in time was observed that corresponds 100% current efficiency
calculated using Faraday law at the earlier stage and 93% after 3 hours. These data are in correlation with
those obtained in test of H,O, generation in the cell with outer power supply [20] and can be explained by
slight decomposition of the product when H,O, concentration increases in time. AEM ensures permanent
transport of hydroxyl-ions generated in reaction (3) from the catholyte to anolyte where they are consumed
in reaction (1) that keeps the internal resistance of the DMFC stable. Similar results are received at use
anion-exchange membranes NEOSEPTA (Fig.3 and 4, curves 2).
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200 2 1
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140
s 0.025 3
10 4 002
80 0.015 4 ¢
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3

b 001 4
20 0.005

g 0

0 2 4 & 0 100 120 1O 160 180 200 0 20 40 60 80 100 120 40 160 180 200

Time, min Tirme, min

Fig. 3. Variation of generated current in time in DMFC Fig. 4. Hydrogen peroxide accumulation with time
separated by AEM - MA-40 (1), NEOSEPTA (2) in tests carried out using in DMFC separated
and CEM - MK-40 (3), ASAHI (4) by AEM - MA-40 (1), NEOSEPTA (2) and

CEM - MK-40 (3), ASAHI (4)

In tests when MK-40 and ASAHI GLASS cation-exchange membranes were used, current decreased
in time. In case or MK-40 current drop from 220 mA to 210 mA after one hour and sharply felt to 65 mA
(Fig.3, curve 3), as well as the amount of generated H,O, (Fig.4, curve 3) had substantially decreased during
the second hour of operation. In case of ASAHI current decreased in time from 215 mA to 110 mA after the
same time (Fig.3 and 4, curve 4). Obviously internal resistance of the cell increased as concentration of
alkali decreased in time due to constant migration of K'-ions through the CEM from the anolyte to the
catholyte where they were connected with products of reaction 3).

Based on results of the comparative study all following experiments were performed using AEMs for
separation of anode and cathode compartments of DMFC.

32. Influence of a gas-diffusion cathode nature on volt-ampere characteristics of the DMFC

Fig.5 shows volt-ampere characteristics of fuel cell produced in the conditions of the use of
commercial O-gas-diffusion cathodes of two types — “A12H202” and “Black Pearls 2000” cathodes were
taken by same geometric area (6.7 cm?) and anode - “A11STDA” electrode of same area was used in both
cases. Compositions of anolyte and catholyte, separated by MA-40 anion-exchange membrane, were 2M
KOH + 2 M CH;OH and 2 M KOH, respectively. Oxygen pressure comprised 30 mm H,O.

As it evident from the curves, at the use of “Black Pearls 2000” cathode, volt-ampere characteristics
are more 2.5 times than the indications of the cathode “A12H202”. In the case of “Black Pearls 2000”
maximum power and cathode current density of fuel cell comprises 21 mW and 35.8 mA/cm?, respectively,
and at “A12H202” cathode these indications comprised 7.7 mW and 14 mA/cm?. This fact may be due to
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the different porosity of commercial gas-diffusion cathode. 1g ‘A12H202” surface area coated by the
carbon black of XC-72R type (particle size 30 mm) comprlses 254 m? and coated surface of 1 g “Black
Pearls 20007 (particle size 15 mm) comprises 1475 m”. Due to high specific surface area of “Black Pearls

20007 real current is very low and cathodic polarization is low too, that has god effect on the fuel cell
operation.

P Black Pearls 2000

Black Pearls 2000

Y A12H202
e

0.2 5
0.1
0+ T T v 0% T T T
0 50 100 150 200 250 0 50 100 150 200 250
I, ma Ima

Fig. 5. Volt-ampere characteristics of fuel cell

3.3. Influence of concentration of alkali on DMFC performance

Electro-generation of hydrogen peroxide was tested using solutions with 2M, 4M and 6M KOH as
the catholyte while 2M CH;OH + 2M KOH; 2M CH;OH +4M KOH and 2M CH;OH + 6M KOH
solutions were used as an anolyte to study the influence of alkalinity on DMFC performance. Other
conditions of tests were similar to those in previous experiments.

Curves a and b of Fig.6 shows that characteristics of the DMFC had significantly enhanced -
maximal generated power increased in two times with rise of current density in 1.5 times when electrolyte
concentration had been increased in this range between 2M and 6M KOH (Fxg 6) . This can be explained by
nse of specific conductivity of the electrolyte from (2.723-107) Q! sm™ for 2M KOH to (5221 107 '
sm’ for 6M KOH, and corresponding decay of for 8M KOH solutions. The IR drop is minimal in 6M
KOH solution that determines high current density and correspondingly, high rate of H,O, electro-
generation in the catholyte.

l; 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Ioma I, ma

Fig. 6. Influence of concentration of alkali on DMFC performance: 1 — cath. 2M KOH,
anol. 2M CH;0H + 2M KOH; 2 - cath. 4M KOH, anol. 2M CH;0H + 4M KOH; 3 - cath. 6M KOH,
anol. 2M CH;OH + 6M KOH

34. Influence of oxygen or air supply on DMFC performance

Influence of oxygen or air used in the electro-reduction process was studied using DMFC with Black
Pearls 2000 cathode. In both cases gas was fed to the hydrophobic face of the GDE with 35-40 mm H,O
pressure. Test results are shown in the Fig.7.

Fig.7 shows volt-ampere characteristics of fuel cell. At low outer resistances maximal generated
power was 32 mW and current had achieved 170 mA when O, was used, while in case of air corresponding
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values were equal to 22 mW and 105 mA. So advantages of pure oxygen are evident but for many purposes
utilization of air will also be probably profitable due to simplicity and negligible price of the reagent.

AT 35 PomW
0.9 0.
Y 30 b)
0.7 a) %
06 — Air
0.5 220
0.4 0, 15
0.3 Air
02 10
0.1 5
0+ - 1ma
[ 50 100 150 200 250 300 e N T = i Y 4
£ i [ 50 100 150 200 250 300

Fig. 7. Influence of oxygen or air supply on DMFC performance

4. Conclusions

It is established, that the fuel cell with a "A11STDA Development ELAT® GAS Diffusion Electrode
for DMFC" (A11STDA) anode and a "Black Pearls 2000" cathode, that has more developed surface than
"A12H202" cathode, is characterized by a higher output of the generated power and hydrogen peroxide.

The fuel cell with the anion-exchange membranes MA-40 and NEOSEPTA produce stable current,
because OH' ions , that are formed on the cathode, migrate through the membrane into anolyte, where their
equivalent quantity will be used in the anode process. In case of use of a cation-exchange membrane the
efficiency of the process reduces.

The volt-ampere characteristics of the fuel cell at oxygen or air supply in to the cathode with the
(2-6) M KOH concentration were obtained. The optimal conditions of the fuel cell : gas-diffusion cathode
- "Black Pearls 2000", oxygen pressure - 35-40 mm H,O , anion-exchange membrane - MA-40, catholyte -
6 M KOH, anolyte - 6 M KOH + 2 M CH3;OH; the power increases at the change of the outer resistance
from 104 Q to 0.1 Q; the generated maximum current at the outer resistance 0,1Q is 360 mA (i = 537
mA/em?); the output of hydrogen peroxide decreases after 3 hours from 100% to 93%; the hydrogen
peroxide rate of generation is 3.23-102 g-hr/ hr cm?.

The designate project has been fulfilled by the support of Georgia
National Science Foundation (Grant Ne GNSF/PRES08/X-XXX).
Any idea in this publication is possessed by the auther and may not
represent the opinion of Georgia National Science Foundation
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15589333560 RS LSIRIIB@EMRI ISLSRIBOL FIGHIZS IMSEMROL 30HRS30B0 JS6530L
BSMBMY IRIFIEBV0 TISR3SROL 3IGMILOROL M5653I6IGSGO0L 3HMGILOLSMZOL
3sshs bogmemgodzomo, gomdzo sae3dg, goams Fu@fgdos, 3oemabBobs g3gbgmsgs
bosorggererl Bafbosgio gbogatbodada

®Jb0I
FgbFagemomos  gmsbmmol  Jotgsdoto  gabagols (DMFC) bsmdmd  geogdghhdo  Fyomdsmol 3gomjlogobs s
amaddOmgby 1 Omgmo  396g@ageol  3Gmiglo bbgoslbgs bs3gddeshy (sBomblgmgdBogdo MA-40,

(3 JUEES

gooomBlgmadhonéo ASAHI GLASS @ MK-40), bsgmgddommy (bsgsomey - “A-12H202 Specialty
ELAT®” ws “Black, Pearls 20007 ws ULssbogy - “AT1STDA Development ELAT® GDE") sLagmgdols
338mggbRoo.  dmo  gpgdBatmdel  wsbaeggbee BbFogmomos  Lsodemdo  grgBgfBol  gmededdg@rgme
Absboogdmgbol s Fgsmbdagal 3g6o ool gsBmbsgmol  @sdngorgdymgds Bormols @8 gsommad B
Batob  gobEgbEOsoobagsb, 00blgmgddog@e  gdGstol  dybgdolisgeb s aob-ognbogOo  gsomgols
Bo3obogsb. wswagbormos Lsmdmdo 998060l 3xBsmdols m3odsggho Sotmdgdo: gob-ogggbondo  gsmmgol
3sbogms - "Black Pearls 2000", gobadoeol §bgze - 35-40 3 §g. V3. sbombohg@o 338dcsks - MA-40,
gooomopo — 6 M KOH; sbogwogyo — 6 M KOH + 2 M CHiOH. gsoéy §obsmmdols 104 Q-psb 0.1 Q-3
(33emomadobsl 2ma896Bol  Loddemaghy 300bO©s 0.13 338-rob 44.1 33-dg; 2g6pG06hgdgmo  3sJbodsemygdo
gbol Logoey 0.1 Q gocrg Gobommdaty - 360 3 (i=537 3s/13%); Fysemdseal Sgdmdbogol gsdmbsgsgeo 3
Losodo g3pds 100%-0s6 93%-30g; Ha02 3g696s(300b bohdstrg Fpoaghes 3.23 10-2 5/1511)1532.

IIOIBOP MEMBPAHHBIX U 3JIEKTPOAHBIX MATEPUAJIOB JIJIA IIPAMOT O
METAHOJIbHOT'O TOILIMBHOI' O 3JIEMEHTA (DMFC) C COTEHEPALIMEN IEPOKCHJIA
BOJOPOJA
11.0.Huxkoneuwswm, I'.P.Arnaaze, [.C.Lypuymus, B.M.Ksecenasa
Tpy3unckuil mexHuueckuil ynugepcumen

PE3IOME

Vsyuena OfHOBPEMEHHA FeHEepaLUs JIEKTPOIHEPTHIE U IEPOKCH/A BOXOPOAA B TOTLIMBHOM S/IEMEHTE NPAMOTO
MeTanonbHoro okucienus (DMFC) na anoze “A11STDA Development ELAT® GDE" ¢ ucrnons3oBaHHeM
pasnuUHBIX AHUOHOOOMEHHBIX mem6pan (AEMs) - MA-40 u NEOSEPTA CSA; KaTHOHOOOMEHHBIX MeM%paH
(CEMs) - MK-40 u ASAHI (GIASS); ras-muddysnonnbx katogos (GDEs) - “A-12H202 Specialty ELAT™ " u
“Black Pearls 2000". Jlns ycraHoBieHHs 5Q(EKTHBHOCTH HCIONb3YeMbIX MAaTEPHANoB B KAKAOM KOHKPETHOM
cnyuae mnpc 1 CP OCTH BOJIbTAMINCPHBIX XapakTepucTUK TOTJIMBHOTI'O 3JIEMEHTA U BbIXOJd
NepoKcHaa BOJIOpOAa OT KOHLIEHTpAllU1 LIEJI0YH B AHOJIUTE M KaTOJIUTE. OnrumanbHbie ycloBHs paGOTbl
TOILMBHOTO 3MeMenTa: ras-nuddy3nonnbii karon - “Black Pearls 2000", napnienne kuciopoza - 35-40 MM B.C.,
nonooOMenHas Membpana - MA-40, katonut - 6 M KOH; awonur — 6 M KOH + 2 M CH;OH. Tpu
W3MeHeHUH BHeLHero conpoTusienus ot 104 Q 10 0.1 Q MOIHOCTH dJIEMEHTa yBenHInBanack ¢ 0.13 mMBT 1o
44.1 MBr; nipu conpotyBieHnn 0.1 Q BeNMYUHA MAKCHMANILHO FeHEPHPOBAHHOrO TOKA COCTABHIIA 360 MA (i =
53.7 MA/CMZ); BBIXOJI MEPOKCHA BOJOPOJA Tocne 3-X HacoBoiH pabOThl TOMIMBHOTO 3JEMEHTA YMEHBIIUICH C
100% 10 93%; cxopocTs rerepauny H,O, coctapuna 3.23: 102 r /u.cM2.
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JIEKTPOXUMUSA

O/THOBPEMEHHOE DJIEKTPOXUMHAYECKOE IIOJIYYEHUE MEJU U JUOKCHUJA
MAPIAHIIA B OJJTHOM BJIEKTPOJIM3EPE U3 HUTPATHBIX PACTBOPOB

. N
W.B.Kaxaunamsuiu, [k I Henrenus , 1.V OKBTUMHIIBHIIH
Hucmumym Heopzanuueckot xumuu u snexkmpoxumuu um. P.H. Aznaose
*[ pysuncKuti mexHu4eckull yHusepcumem

H3BECTHBI COCOGHI COBMECTHON HHTPATHOM NepepaboTKN MEeIHBIX M MAPraHLIEBbIX PYAHBIX KOHUEHTPAToB [1,
2]. B npewiaraemoii paboTe MCCIIeI0BaH NMPOLECC OHOBPEMEHHOTO 3NEKTPOOCAKACHHA MM M IMOKCHAA Mapranua
13 3THX PaCTBOPOB B OAHOM 3NIEKTPOIH3EPE.

DKCEPHMEHTHI NPOBOIMINCH B SMEKTPOIM3EPE, PAsAeieHHOM auadparMolt U3 mepXJIOpBUHWIOBOH TKaHH,
Npe/IBAPMTENBHO YIUIOTHEHHOW KunsdeHueM B pactBope Na,SO,; Awnon mpenctasin coboit Ti-Mn cruias ¢
cofepkaHueM 8% MapraHua, KaToA - JIEKTPONUTHYECKYIO Mefib. PacTBOPbI TOTOBHINCH PaCTBOPEHUEM PEAKTHBOB
«X.4.» KBATMUKALUMM B MUCTHUIMPOBaHHON Boxe. [ KOJMMYECTBEHHOW OLEHKH pe3yJIbTAaTOB HCCIEN0BAHUA
[IPUMEHSINCH XMMUYECKHE 1 aTOMHO-a6COPOLIMOHHBIE METO/IbI AHATTH3A.

PacTROp HHTPAaTOB MEIW M MApraHi@ NOJaBaics B KATOXHOE MPOCTPAHCTBO dJiekTponusepa. Ha xarone
ocaxaanach Meb M PACTBOp, 0GeHeHHbIH Honamu Cu’', vepes aadparMy NpoCauHBAICA B aHOIHOE MPOCTPAHCTBO,
IJie Ha aHOJe MPOMCXOMIN JEKTPOCHHTE3 JIMOKCHAA Mapraia. OTpaGoTaHHbI# SEKTPONHUT, 00eAHEHHbI HOHAMU
Cu®* u Mn* m oborameHHbIii a30THOW KHMCIOTOH, WCMOJNB3OBAICA JUlA NPOBEICHHS IPOLECCA COBMECTHOH
nepepaboTKi MAPraHUEBOrO U MEHOTO PYAHBIX KOHLEHTPATOB. :

OHUM U3 3HAYMTENBHBIX (AKTOPOB, BIMSIOMMX Ha TOKa3aTeNld Mpouecca MOIyHYeHHs MeI¥ W AHOKCHAA
Maprahia B OTHOM JJIEKTPONU3Epe, ABMSETCS NOAGOP B AHONKTE M KATOJITE ONTHMATLHBIX KOHUEHTpALMi a30THOI
KUCOTHL. TTponece 3IeKTPOKPUCTAITU3ALMM MEM M3 HUTPATHBIX PACTBOPOB MCCIIE/IOBAH B patGotax [3-9].

ABTopamu [S] ycTaHOBIEHO, 4TO NpH snekTpomise pactBopos Cu(NO;), u CuSOy, conepxaumx NO;™-HOoHbI,
ONHOBPEMEHHO C BBIIECHHEM MEIIM Ha KaTo/le IPOHCXOHT BOCCTaHOBeHWe NO3™~ HOHOB. O6 9TOM CBHICTELCTBYET
nossenne B pacteope NO, 1 NH," — HOHOB, a Takske robimenue pH B npoLiecce s1eKkTposinsa.

Mpu snextponuse pactBopos CuSOy, comepiamux HeGONbIIME KOJMYECTBA HOHOB NO;", cTpyKTypa
KATOHHBIX OCAJKOB MEIM HECKONBKO YJIydlaeTcsi. DTO MOKeT ObiTh OGBACHEHO CBS3BIBAHHEM HOHOB Cu” 8
KOMILTEKC, A TakKe MOJAB/IeHHEM PEaKIliy KaTOAHOTO BbiJeNeH s BOIOPOaA MPH BBENEHHH B pacTBOp NOs - HOHOB.

Tl BBIACHEHHMS MEXaHW3Ma JJIEKTPOAHBIX TPOUECCOB JIEKTPOOCHKACHHS MEIU M3 HUTPATHBIX PacTBOPOB
M3yueHO XUMUueckoe rosenenue mead B pactsopax Cu(NO;), W yCTAaHOBJEHO, YTO ONpEAeNsioumee BIUAHHE HA
MPOLECC XMMUYECKOTO B3aNMOIelicTBHA OKasbiBaeT pH pacTBOpoB (6, 7]. C ysenuuennem pH snexrponmta ot 1.5 10
2.5 CKOpOCTh PACTBOPEHMS MeIM CHMXKanach. B pactsopax npu pH 4.4 macca Meay Ha JIEKTPOAAX yBeTHIHBANACE.
IIpu 3TOM MEHSUICS BHEIIHHM BUJ MOBEPXHOCTH ME/W, YTO CBUICTENLCTBYET 06 06pa3oBaHUK Ha €€ MOBEPXHOCTH
TPY/IHOPACTBOPUMO TUIEHKH U3 COEAUHEHNit Meau. COnoCTaBeHne YCTAHOBICHHBIX MOTEHLMANOB BOCCTAHOBICHHS
[OBEPXHOCTHBIX COEIMHEHUH MeJH C NaHHBIMHM JPYTHX HCCIEJOBaTeNeH CBHIETENLCTBYET O TOM, 4TO OCHOBHbIM
coefHeHHeM, 00pa3yloMMCs Ha MOBEPXHOCTH HEMOJAPU3YEMOr0 MEIHOTO JJIEKTPOAa, a Takke B mpolecce
anextpoocaknenns Mexu u3 pactsopa Cu(NO;), mpu pH 4.4, smusercas CuO. JlaHHBIH BBIBOX MOATBEPAMICS
27eKTPOHOrpAQHIECKUMY  HCCNeNOBaKMAMY, TIpeAnonaraeTCs, WTO OKHCIEHHE  HETONSPH3YEMOro  MEaHOro
anekTpoaa, npoucxout nonamn NO;™.

Tlo aHHBLIM PAfa MCCIIe0BATENeH, CKOPOCThL NPOLECca BOCCTAHOB/ICHHS MOHOB NO;™ B IIMPOKOM JMana3oHe
pH ompenenseTcs KOHUEHTpalkeli HOHOB H' ¥ Masio 3aBHCHT OT KOHLEHTpauu: HoHOB NO;™. 310 00YCIIOBICHO TEM ,
4TO B PeaKLMH BOCCTAHOBNIEHHS STHX HOHOB yuacTByioT H .

BeposTHOCTh COBMECTHOTO KAaTOAHOTO BOCCTAHOBIEHHA HOHOB Cu?' 1 NO;~ BeJTHKa, €CIH YHeCTh CTAHIapTHBIE
TOTEHLHANb] CIIEYIOIMX JIEKTPOIHBIX PEaKLHH:

NOy” +3 H" +2¢& —» HNO, + H,0 E*=0,939B
NO;” +4H" + 38 — NO+2H,0 0,960 B
NO;™ + 10H"+ 88 — NH," + 3H,0 E°=0,870 B

Cor1acHO OMyGIMKOBAHHbLIM JaHHBIM [9], B HEHTpaTLHOM 1 KHCIIOH cpelax KaTOJHOE BOCCTAHOBJIEHHe HOHOB
NO; npoTekaeT B ABe CTaiW: HUTPAaT-MOH BOCCTAHAB/IMBACTCA 10 HHUTPHT-HOHA, KOTOpBIH B HanbHeiuemM
BOCCT Tesi 0 TIpu >TOM NPOLECC BOCCTAHOBIEHWA 3ATPYAHACTCS C NMOHIDKECHHEM  KMCIOTHOCTH
PpacTBOpPA - MOTEHLUMA BOCCTAHOB/IEHHA CIABUIACTCS B OTPHLATENLHYIO CTOPOHY.

Pe3yJIbTaThl HCCIIEIOBAHNS TOKA3AIH, YTO Py KOHUCHTPALHH HNO; B katosuTe Bblie 4.5-5 r/j1, BHIXOA MO
TOKy MeJH Pe3Ko yMeHbIIACA W Npu 9 r/n HNO; goctaran 70% (puc. 1). DTOT IKCnepUMeHTaNbHBIN (haKT MOXHO
OGBACHUTL TeM, YTO C POCTOM KOHUEHTPALWMH a30THOH KMCJIOTH! yBENHIMBACTCA Zc:<opocrb €e BOCCTanowneHHs H,
COOTBETCTBEHHO, YMEHBLIAETCH CKOPOCTh KAaTONHOIO BOCCTAHOBJICHMS MOHOB Cu?". VMeHblIEHUE KOHLEHTPalm
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HNO; mwxke 2 I/n HeenaTeNbHO, TAK KaK YBEIMYMBACTCH BEPOSTHOCTh 0OpasoBanus rHapokcuaos meau(Il).
Ciiel0BaTebHO, 06JaCTh ONTUMANBLHOM KOHLEHTPALKY a30THOH KHCIIOTBI B KaTOJIMTE COCTABAACT 2-5 I/11.

C NOBBIIIEHHEM B KATOJIMTE KOHUEHTPALMK HOHOB MEIM, BHIXOJ 110 TOKY MENM yBEIMUHBACTCA W mpy 50-60
r/n Cu®* oCTHraeT MaKCHMATbHOTO 3HaueHns 95-96% (pwc. 2).

100 100
90 %
80 80
70
60 50
50
0 4—r—r—r—T T T T T 45 . y
0 2 4 6 8 101214 16 18 20 0 10 20 30 40 50 60 70 80 90 100
Chnos, T/ Cey2 10
Puc.1. 3aBHCHMOCTB BBIXOZA 110 TOKY Meau (1, %) OT Puc.2. 3aBUCUMOCTD KATOAHOTO BHIXO/IA 110 TOKY
KOHLEHTPALMH a30THOH KHCI0TEI (Chnos) B Katonute 3IEKTPOOCAXACHHS MeH (1), %) OT KOHIEHTPAIHH HOHOB Cu®*
VenoBus eKTPOIM3a: KATOLHAs IIOTHOCTB ToKa (i) - 400 (Ce,™) B anexrponute. VCrnoBUs 3MEKTPONN3A: KaTOLHAs
A/m?; koHueHTpaims HoHos Cu®” — 40 r/a, Mn?* — 40 /s, NI0THOCTH ToKa — 400 A/M?, KOHUEHTpaIMs HOHOB Mn®" — 40
POAOIIKUTENBHOCTE Npotecca — 4 4, t — 80-90 °C /11, KOHUEHTPAUMS A30THOI KHCIIOThI B KATOJIMTC — 2 /11,

MPOAOKHTEIBHOCTS Npouecca — 4 4, remnepatypa — 70-80 °C

C noBBIEHHEM MIOTHOCTH TOKa OT 100 10 400 A/M? BBLIXOZ MO TOKY Meaw yemmumsaetcs ot 60 10 99.9%
(puc. 3). Beime 400 A/M® BBIXOA MO TOKY Meiu CHkaercs. IIpM HM3KUX [UIOTHOCTAX TOKA, TO-BUAUMOMY,
npeolUagaloT peakiun BoccTaHoBieHHs MOHOB NO;. VBenudeHue BbIXOJA IO TOKY MEAM NPH TOBBIIICHHH
KaTOIHOM TUIOTHOCTH TOKA MOKHO OOBCHHTH NIPEHMYIIECTBEHHBIM YCKOPEHUEM OCHOBHOI'O MPOLECCA 1O CPABHEHHIO
€ IOGOYHBIM.

CHIDKEHHE BBIXOZA 10 TOKY MPH YBENMYEHHH KATOHHOM TUIOTHOCTH Toka Beiure 400 A/M? 0BycroBNeHO
OCTHKEHHEM TOTEHINANa BBIIEISHHS BOAOPOA.

TToBbILIEHHE KOHLIEHTPAMH a30THON KHCIIOTHI 10 14 /11 He OKa3bIBANIO CYLIECTBEHHOTO BIIMSHHS Ha BBIXOJ 10
ToKy Auokcnaa mapranua (puc. 4). Bere 15 r/n HNO; nabmonanoch peskoe CHIWKEHHE BBIXOLA 110 TOKY, 3HaUeHHe
xoroporo mpu 20 r/a HNO; cocrasiino 65%.

DTOT SKCHEPUMEHTANBHBIA (AKT MOXHO OOBACHHTL Ha OCHOBE U3BECTHOTO B JTHTEPATYpE MeXaHH3Ma
obpasosanmst DJIM. Tlepsas craaust obpasosanus DM — OKHCieHHE Mn’" no Mn*" npotekaer kak mepBHYHbIH
anombIl mpouece M okMcnenne Mn®* aTomamu KucI0poaa Kak BTopudmblif npouecc. [anbHeiimee dopMuposanme
KpUCTATHYECKOT0 MnO, ciielyeT OTHeCTH 3a cyeT THAPONM3A COEJUHEHWH HEeTHIPEXBAJICHTHOrO Maprasia
Mn(NO;)s. CKOPOCTb MPOTEKaHUsA MPOLECCa MHAPOIN3a

Mn(NO;); + 2H,0 — MnO, + 4HNO;
JIOJDKHA OKa3blBaTh HEMOCPEACTBEHHOE BIMsiHME Ha dopmupoBanue DIM: ¢ yBenuyeHHEM KOHLEHTPALMH a30THOH
KHCJIOTBl PABHOBECHE DEAKLWK CHBHracTCA Biepo. Cre/oBaTebHO, NPOMCXOIMT CHIKEHWE CKOPOCTH mpolecca

obpa: 3]IM ¢ noss! KOHLIEHTPALIHK a30THON KHCJIOTBI B 3JIEKTPOJIUTE.
' 100
90 £
~ 90
80 =]
H
70 80
60 70
50
60 + T T T
40
h 0 4 8 12 16 20
0 200 400 600
. AM? Chinog, 1
Puc.3. 3aBUCHMOCTb BBIXOZA 110 TOKY MeaH (1, %) oT Puc.4. 3aBUCHMOCTE BHIXO/IA 110 TOKY 3/IEKTPOJIHTHYECKOTO
KATOJIHOM TLIOTHOCTH ToKa (i) Y C/I0BUS 2AeKTPONIM3a: JMoKcHa Mapraniia (1, %) OT KOHLEHTpalmu a:oxuoﬁ
KOHLEHTPALMS a30THOR KHCNIOTSI B KaTOIMTe 2-3r1/n, KHMCITOTBI ((.H\,oé) B anonure. Cocras pacrsopa: Cu®' — 40
KoHUeHTpauws woros: Cu® —40r/n, Mn** - 40r/n, t - 80°C r/n, Mn* - 40 /n, i, — 400 A/M?, TIPOZIOMKUTENBHOCTS
TIPOAOIKUTEILHOCTS TpoLiecca — 4 4 npouecca — 4 u, t— 80~ 90 °C
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VCTaHOBJIEHO, YTO ¢ YBEIUYEHHEM TUIOTHOCTH ToKa Bbiue 100 A/M?, BBIXOT TI0 TOKY DJIM pe3ko yMeHbIancs
¥ nipu 200 A/M? cocraBu npumepHo 70% (puc. 5). VMeHbIenne BbIXoaa 1o Toky DM ¢ yBeMuYeHHEM TIIOTHOCTH
Toka Beime 100 A/M?, BUIMMO, BBI3BAHO TEM, YTO C TOBBIIEHHEM IUIOTHOCTH TOKAa AOCTMIAETCs MOTEHLHManN
BbIeTIEHHs KMCJIOPOA, B PE3YJIbTaTe Yero yBeJIMUMBAETCs CKOPOCTh KOHKYPHPYIOLIEro npounecca.

HoHbl MeiM B IUMPOKOM AHANA30He KOHIEHTPALKHA He OKA3bIBAIA CYIIECTBEHHOTO BIMSAHMA Ha BBIXOJ MO TOKY
Jvokcuaa Mmaprauna (puc. 6). C yBenuueHWeM KOHLEHTPALWMH HOHOB Cu®" 0 40 r/n BBIXOA MO TOKY AMOKCHAA
Maprasi@ CHWXaJICs JHIb Ha 2-3% M coctaBun 96-98%. TlonApu3aukoHHble H3MEPEHNs TTOATBEPAMIM OTCYTCTBUE
OTPULATENLHOTO BJIMAHAS HOHOB Cu®" na npouecc anexTpoocaxaeHuss DJIM B o6nacTi KoHueHTpamyu 10 40 r/a. B
YaCTHOCTH, C YBETHYEHHEM KOHIEHTPALMH MOHOB Cu* 10 40 /0 npezelibHas IWIOTHOCTh TOKa ocaxuenus DM
YBEJIMYMBANACH B 4 pa3a ¥ JHIIb JalbHCHIIEe yBeTMYeHHE KOHUEHTPALMY HOHOB Cu®' IPUBOMIIO K YMEHBIIEHHIO €€
3xavenus (puc. 7).

Havano 3¢dekra, TOPMO3SANIETO BIMAHUE Cu*" wa mpouecc snekTpoocaxcienns DJIM, cosmajaer ©
yBenuuernem cogepxanus Cu(Il) B anomwom ocanke (puc. 6). IIpn  KOHUEHTPAUWH HOHOB Cu®* no 40 t/n B
anextponute conepxanne Cu(ll) B DJIM konebanocs s obnactu 0.3-0.4 %, a sbuue 40 /i1 MPOHCXOAMI POCT aTOM
BETHYHHBL, TIPK 60 /71 KOHLUEHTPAUHH HOHOB Cu*" comepxanue Cu(Il) B O7IM nocturanol.02%.

n% 5
° % 100 e, T14q%
0 12
90 90 5
&0 &0 08
70 2 06
60 70
50 & 04
404 . : . . s 02
0 50 100 150 200 250 _ R i 0
I, AIM* 10 20 30 40 50 60 Ceu2, rin
Puc.5. 3aBHCHMOCTE BEIXOMA 110 TOKY DJIM (1, %) o1 Puc.6. 3aBucuMocTh Boixoaa no Toky M (n, %) u
aHOHOM NIOTHOCTH TOKA (i,). YC0BHUs 3NEKTPOIN3A: coneprkanus nprumecert Cu(Il) B DJIM (g, %), COOTBETCTBECHHO
KonueHTpauws HoHos Cu®* — 40 1/n, Mn®" - 40 r/x, asotHok (1) 1 (2), or kouenTpaH uonos Cu* (Ce,”") KouuenTpauws
kucnotsl — 5 r/n, temneparypa 85-90°C, npoa0IKUTEABHOCTS wonos Cu®* B pacreope (r/n): Cwn* - 60 /11, Cyanos - 5-8 /11

npouecca — 4 4

C yBenWueHHeM KOHUEHTPAUHH MWOHOB Mn’oTpuuarenstoe  BIMAHHE HOHOB Cu* wa mpouecc
snextpoocaxuenus JIM CHKaCs, TOBBILIANCSA BRIXOA IO TOKY DM un ymensuanoch coxepxkanne Cu(ll) B Hem.
Ddext CHIKEHHs OTPULATENLHOTO BIHAHUS UOHOB Cu** na nmpouece anekTpoocancienus DIM nabmonancs npu
NOBBINIGHAH KOHIEHTPALK a30THOHW KHUCIOTH B PacTBOpE. HabnromaeMplii  MONOXUTENbHBIA dDHEKT MOKHO
00BACHATL yMEHbLIEHHEM aJCOPOLIMKM HOHOB Cu®" ma nosepxnocTy DJIM NpH NOBBIIEHWH KOHUEHTPALMH HOHOB H™
u Mn®* B pacTBOpE.

+EB
10}

Puc.7.  AHOjHbE TOTCHUMOAMHAMHYECKHE KPHBBIC, CHATHIC Ha
SMEKTpOIe M3 THTaH- MapraHuesoro crnasa (8% Mn). Cocras
anekrposmTa (r/n): CM,,2+- 60, Cunos - 5, CCuZ’: 1-0;2-10;3-20;4 -
40; 5 - 60; 6 - 100

= 3 & Igi

Ha OCHOBaHMM MOJYYEHHBIX 3aBMCHMOCTEH MOXKHO 3aKIIOUHTH, YTO B Mpolecce snextpoocaxaenus DM,
MaKCHMaJIbHO HOIMyCTHMas KOHLEHTpaius MOHOB Cu?* B pactBope coctasnser 35-40 r/n, a onTaManbHasg
KOHLIEHTpallus HOHOB Mn?" 40-60 r/n. OnTumanbHas iemiiepaTypa pacTsopa 95-98°C mpu BeIXOAE MO TOKY MnO;
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99.9%. Xumuieckuii cOCTaB aHOHOrO MPOAykTa, %: MnO; - 90.9; Cu - 0,4. CTpyKTypa QHOKCHAA Maprasia
COOTBETCTBOBAJIA Y-MOAUDAKALMH.

Taknm 06pa3soM, yCTaHOBNEHbI ONTHMATBHbIC APAMETPbI MPOLECCa COBMECTHOTO SMEKTPOOCAKICHHS MEH 1
JIMOKCHAA MapraKua u3 HHIPATHBIX PACTBOPOB: a) B KaTOHOM NPOCTPAHCTBE: KOHLEHTpalys HoHoB Cu®* 35-40 r/J|,
KOHLeHTpauus MOHOB Mn?'  40-45 r/n, koHueHTpauus HNO; 2-5 1/, karoasas ImioTHocTh Toka 350-400 A/m’,
TeMnepaTypa pactBopa 60-80°C, BeIxoa 10 ToKy Mean 98.9%; 6) B aHOAHOM npocrpa){crse KOHLIEHTPALKsI HOHOB
Mn®" 40-45 r/n, xonueHtpamms HNO; 10-15 /11, aHosnas mioTHocTs Toka 100 A/m?, Temmeparypa pactsopa 95-98
°C, BBIXOJI 110 TOKY IHOKCHIA MapraHua 99.9%.

CocraB OCHOBHBIX TPOAYKTOB, %: SJeKTponuTHuecKas Meab — 99.98; Mn - 0,006; INEKTPOTUTHICCKUH
auoxcua Mapranua — 90.9; Cu - 0,4.

TlpoBeneHbl MCHBITAHMA MOKCHIA MAPTaHILA Ha HIEKTPOXMMHYECKYIO aKTHBHOCTb. MapraHIeBo-1iHKOBbIE
JJIEMEHTBI, M3TOTOBJIEHHBIC Ha €ro 6ase, OTIIMYAINChH BHICOKOMN yAeabHON eMKOCTbIO -150-160 MA-y Ha 1 r akTHBHO
maccel. CrieioBaTelIbHO, MONYYEHHBIH B NPOLECCE COBMECTHOTO 3IEKTPONN3A AMOKCHI MapraHua MOXET ObiTb
MTIONb30BaH B NIPOM3BOACTBE UCTOYHHKOB TOKA.
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SIMULTANEOUS ELECTROCHEMICAL PRODUCTION OF COPPER AND MANGANESE DIOXIDE IN

ONE ELECTROLYSER FROM NITR[C ACID SOLUTTIONS

Izolda Kakhniashvili, Jemal Shengelia”, Dali Ekvtimishvili
Rafiel Agladze Institute of Inorganic Chemistry and Elecrtochemistry
*Georgian Technical University
SUMMARY

The simultaneous process of elegtrodeposition of copper on the cathode and manganese dioxide on the anode has been
in nitric acid solutions in one electrolyser with diaphragm. The optimal parameters of the process were established.
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cr (OH),
S +2H,0, 2C¢HNH, Si . HO Si—O0—\H ‘
—_—
= 2CgHNH, HCH \ / S ]
= 1 === m I
Toa m~3.

Ggodpoot Bgegase domgdamo  IGmenddol  dgflsborsb 2905 360lhomadol 8g8mga  Bomgdm
of6s FygsmBo blbsgo mgodo ggdol yHolsmndo ogomogegds 1 - 64%-0s60 gsdmbsgmon, bomm
©gEsblbstoEst  3edblbymol  Bmomgdal  Fgdmgy  dogdym of6s  BabgztomgGobBema@e  Bsghoo 11
356333600 baBmomm BaGolboo m=3.

domgdamo  Bogmoghgdgdel OV L3gjd@Bo 36 9godRbgge =Si-Cl  33obsogols  @sdsbslosmgdgmo
LodgGogmo  gsmgbdgto Gbgzg00L Bosbmgdol beremo 470-530 13! 108680, o308 L3gJBeBo Rbrgds
slmgatgdamo,  sbggy  sGssbmEotpdgmo =Si-OH 33absogol  sdsbslosogdgmo  Bomsborgdols  boagmgdo
6ot 3600-3200 13, sbgzg 920 1871 69080 Bglsdedoloe [2-4]).

1,1-Qndggmﬁhnmagndgm335®35—3—nh 6sforomdtago dopdmmoabo Rsgogetgm as6bsggdgmo gogols
BLbst 3o —5+00C-‘63. Ggadaeol  3GmwEndgol BAsdembodgdol  Bgrgase asdmgogom  offs  oL,m-
admedlomsoogmm3ghdgblomedusbydo 3963460l Ubgerslbbgs  batolboo.  Ggsjies 3030bscrgmdls

Igdegae bjgdoo:
a,
Si +H,0 CI——Si4< O—Sij»q
s I\ L,
Bssg m=2(11D); 3(IV), 4(V).

Lobogbotgdamo  Bsghogdo Gohdmemaghgh  o@asbam  3e8blbarmgddo o6 blbse  gBgce
Toobggdl, Godgmos Bpeagfommds o LhETIGts g offs  gubdeonte = gwgdfdote
sbsgmobom, BmQadﬂQﬂﬁn 3sLols aoﬁho%qgénm, amrv,\nadf]g:raﬁn GggeedEeon, [0} s H dotrogamo
Bsbogyg@o  Ogbebsblgmo B3gdyGgdol  mbagzgdgdoo. I 6ogmoghgdal  dotroggmo 333608960
Ggbmbablol  b3gJ§edo BgodRbgze  Lobamadado  Logbso gmomghato  3GmEmbgbdabsmgol JoBogtro
Gobozgmgdon 5=1,40 386. s Goyma FneBodmato - CH=CH-, 330bsomgols 5,80:6,10 3.356.

Rohstrgdnem adbs  s3®m3g 1,3—Qndggmﬁ—],3—ggo(bnggagndq-m335@)35-3);{mhn;ﬂ\nm;jhaﬁnls Joteobo
b 3799 3680 -5+10°C @3333(‘»@36‘)"63. dogdgen ofbs 1,3@630;967(*:51}0—1,3»Qo(bngr¢ondgwm336®35—
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3)obogamgusbo (VI), émdgmo 396856006 25008300l smadol Bgdrgy FamBmamaghl megsbgm gsdb-
UbgemgdBo  getgs blbse mgméo Batol 3gs®  Bagmaggdsl. sembeboBbagas, Gmd domgdamo  Bogoag@gds

36 bolosowgds  Bra@semdon  ©s Ao 3s63s3mmdsdo  asboieol  Jmbrgblsgosl  Fgdmgae  Liydel
dobgmgoom:

+2H,0, 2C4HgNH,

Cl—=Si—0—si—C(lI HO—Si—O0—si—
< 7 ( 7 2CGHsNH, HCI TR oM
. — ] - ool Vi

VI Bogmogigdol off 13gJh@da Jogds =Si-Cl 33l Lodg@Gogmo  zomgbgeo  Gbgzgolamgol
33sbsbosmgdgmo  Bnsbogdol  bmmo 490-540! 108680 s FgdoBbggs  Borsbmdel  @stom  begmo,
©adsbsbosmgdgmo sbmzadgdagmo Jogbmdbomol xanpobsogol 3600-3200 131 3s6d0 [2-4].

FuGogmomn 0fbs  1,1-pammdlomaiogmm3gbiab-3-ob g gemnnbsonte 3066300l Ggsdizos
oggbomlomsbronmnst  s8bmmadgeo  Gomgmmol  s6g8o, 3oowobols  msbsmdolisl -5+00C $983g-
G eol 306m3gdeo. Ggsdios Feadsdmgds Bgdrgao Lggdoom:

cl, Ph
i 4 PusiOm), 2Py Cl“&l—O—E;"—O——Si—C] +
{ ) 2Py.HCI \ ] q )
— = — Vit
Ph Ph

CI—Si—0—S8i—0—8i—0—Si—0—Si—Cl

A S N

Lobmgbotgdgmo Bsghongdo 38391880 gMsgombotigdel Bgdrgs Fedmemagbab gugtm  Lombggdl,
Geodmgdagy e oblBgsnst mmysbym gsdblbgmaddo.

VII s VI 6ogoogegdgdel 0OV  135d#@80  dgodhbggs =Si-Cl  38olsogol  wsdsbsbosmgdgmo
Bosbondol  bermo  490-540 13! 90680, s3cgmgy  bsbemgsbo =Si-O-Si= 330l sLodgBGogmo  gomgb®ato
Gbgagdolsmgols sdsbsbosmgdgmo Bmsbogdol bewmo 1030 1l 70680 s =Si-Ph 33obsogzols wsdsbslios-
ogdgmo  Bosbogdol bemo 1435 13! 0680, s36gmzg Bgodhbzs CHa d3obsmgol  @sdsbsbosmgdgemo
Bnsborgdol beogmgdo 1410 @s 2900 1871 369080 [2-4].

3939, 1,5-pogeom®-1,5-po(bogos30gemm3ghigh-3) -3,3-eoggbomBGoboma Jlsbol Jopeamobon
Lol &ada 36980 asdmymggog  ofbs Bglsdadolo,  m@zebymo  asdblbymadBo  gstgse  blbswo,
36abgsmgeo Bogmog@gds 1,5—;\\)n30;35)mjhn>1 .S-Qn(baQoOnde\}aG@gﬁ—S) -3,3-;300‘3350Q’(5(‘mbn;@mdh‘360
69,7% godobsgmon (IX):

Eh +2H,0, 2CHyNH, Ph

CH—Si—0—Si—0—8i—Cl— o2 Belel e S O0—Si—0—Si—
< 7 Ph < 7 2CHNILHCI HOCS';O SE _SC '; Ol

B9damddo BglLFogmogn abs Lobogboergdnmao I,S-Qodgmﬁ-],S-Qn(bogoondgméaségﬁﬁ)~3,3—Qnuda»
Gogog@obogmedusbols  JgBadmgnbigogto  gnbegblsgaot  Ggsdies @oxgbomlomsbrommmst  5%-0s6
38l &m@nmgbhﬁoﬁ'ﬂo, 3otowobols 036530Lsk, ImGgsgoy gm33mbabggdol dmmeudo msbsgsd-
emdoo L1, -4:10°C Bad3gsdn@am 0bfghgem 8o, ol Ypegaswsy domndam 0bs (303mc0 smbsgmdol,
hgebyr 3edblbmaddo  gede blbsgo  gHobGswrgho Gogmogiigds X - 53% as8mlbsgmon. Ggsdzos
30800656gmdL Bgdrogae Ljgdoor:

Ph,
/S
Ph 2P / 0,
C—=SIZ0=Si—0—si=Cl + phsiom; —FX—w || s >i |
Ph 2Py.HCI 0. O
¢ ) ¢ 7 L
o — si
Ph,
X
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Lobogotgdamo X 6sghmol  dadoggmo  dsgbogato  Ebebsblol  bigdeGdo  dedhbage CH,
3obsmzol  adsbsbosmgdgmo  Lobamgdn@o Logbsmo JoBogo Febs3mgdoo 8~1,37 336, @ gxo® -
CH=CH- 36333368 0bsmgol  @sdsbsbosmgdgmo a9gstmmgbdagmo  bogbsgmo 580+6,10 336; U3yJB@80
BgodBbggs sbgzy  Bgbommol  3GmBmBgdalismgol wsdsbsbosogdgmo  Gorgmo  FgmGodmgdo  Jodogho
fsbsgggmbor 740+7.72 338.

sabgmgg  Bgbfegmoge  ogbs 1,1-podeomtlomaiogme3ghigb-3-0b  3adatngabisogte 30606~
Lagool  Ggados  odoéeJlomoggbombomsbost  dmGgsyaty 333069689008 1l 0sBsggstiemdoo,
aaﬁ‘hoaaé-ﬂr\"n b0 Bomgnmol BL6sc 3o, S=10°C B339 g nm abghgeeda, 3oGogabols
0sbomdobiol.  omBmfbes,  Ged 83 @Ol doopgds  GeRmG3 bobegsbo  sagdymgdol 1,5-
ofmetEGobogmmlsbo VII L@éagdgacon, by l,5-sgnhn;r{yaendg-\wm\}gﬁ@35®mﬁagaﬁowondgméaéﬁo—
Togrordlsbol X asbrmmpdoo 39% gedolsgmon @ 3Ggmgy 398360mpnmo  ogmmdgdlsbogamlsbo
XI bérndea@on. Ggsdpos 0dmabstgm3l dxdngan Ligdol dobgregeom:

Ph e
2py Cl1=Si-0-Si-O—Si:

Do PRCT D 0 7
“si - 3
Ph

X
I,l-;gn;];:vm(‘vbnQa()ndcgm&gﬁ@)aﬁﬁ-nh 3gatmgabisoto 30606Ls3000 ©0g00omsdobost  dmmado
036353360m0m 1:4  o8mgoggomm  ofbs @6 ooy - 1,1‘QngmoQg&nﬁm-l—bngaendmmf}gﬁégﬁ—:& -
33,3%-0s60 gadcmbsgmom (XII):

N(C;Hs),
\ SiCl, + 4 (CoHlg)yNH —————————= || Si/
2(C,HyNHLHCI N

N(C;Hs),
X

aboomo 1. Logs(zogmm3ghygh-3 x30B0L Bgdisgmo mHgsbmbomenlsbgdal bmgoghoo gobogge-
JoBog@o ogabgdgdo

200mliog " . omagdgéols Bpidho_shsgmabo % TasC | TwiC
s, % | m® | MRo | M gy c H si | onel | Povsvd
T 2 | _ - - 108 | SiCillsO: 110 | 673 | 2464 | 2877 | _ 2829
116 4138 | 690 |[2414 | 2931
[ 20 | _ - - 300 | SiCraHuOs 346 | 561 | 2523 | 9.89 B -
328 4390 | 610 | 2561 | 1037
Tl 2 14942 | 1,1468 | 612 | 244 | SiCsHOCL 3793 | 455 | 2167 | 2801 | 112-114 | _
61,5 251 3825 | 478 | 2231 |2829 | (D)
v 3 4981 | 1,1858 | 8627 | 358 | SuCnHuOCl, | 4168 | 492 [ 2407 [2007 1 138-139 )
86,80 | 349 2126 | 516 |2428 |2034 | (D
v 3 15011 | 1,1692 | 11316 | _ SiCln0.Cl; | 4235 | 498 | 247 1530 | 147-149
113,95 4205 | 537 | 2506 | 158 | (1)
Vi 7| B B 208 | SiCeHOs 4472 | 647 | 2589 | 1512 | _ -
214 1486 | 654 | 2617 | 1588
7 64 15463 | 11881 | 11923 | 438 | SiCabO:Cl | 33.64 | 465 | 1847 [ 1561 | 169-172 | _
119,78 | 449 5345 | 490 | 1871 | 1581
VIL | 167 | 1.5600 N 763 | SiCullwO:Ch | 5750 | 489 [ 1893 |97 238244 | _
745 5789 | 510 | 1879 |95
X 69,7 & B = 404 | SizCaoH2Os 57.87 | 568 |20.04 |84l _ =
412 5825 | 583 |2039 | 825
X 53 _ _ _ 568 | SiCaHzOs 6420 [5.52 |1864 | _ 230-235 | 122-124
(39) 592 64,86 | 541 | 1892 0,01
XI 14 _ _ _ 820 | SigCusHisOs 6420 | 552 | 1864 | _ 277283 | 9699
888 64,86 | 541 | 1892 (0,01)
XI1 33 T,4655 | 0,8898 | 7028 | 237 | SiCiHaeN: .10 | 1121 | 1253 | 1214 [ 9394
70,76 | 226 63,72 | 11,50 | 1239 | 12,39

L. T
*3hobggmBo Gs3mzbo 360Bg69emdgd0, 360dzbgemdo ae8mmgemogo 3603365cmmdgdo
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930 Bobogbodpdamo  Bsghogdol  Bgmpgbommds @8 sadamgds  wawagbormos  BbizonGo s
29396870 SBsmobom, dmmggamgco dsgdobs ©s dmmggnmamo GyRGs3ool aBlsbmgton, sa@gmgy
off L3gd®Hgdol dmbs(zBgdom (3bGogen 1).

smBaBbimo BGmds asEbmEogmes ghmaBamo bdyboghm
gobol gobsblnGo by dgfymdan (363630 NeGNSF/ST06/4-070).
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SYNTHESIS OF SOME SILICONORGANIC COMPOUNDS CONTAINING OF

SILACYCLOPENTENE-3 GROUPS
Khatuna Koberidze, Tamar Tatrishvili, Omar Mukbaniani
Ivane Javakhishvili Thilisi State University
SUMMARY
The reactions of partially and fully hydrolysis of 1,1-dichlorocilacyclopentene-3 have been investigated and
corresponding dichloro- and dihydroxyderevatives have been obtained. By hydrolysis of 1,3-dichloro-1,3-
di(silacyclopentene-3)disiloxane in a soft condition at -5 + -10°C temperature 1,3-dihydroxy-1,3-di(silacyclo-
pentene-3)disiloxane have been obtained. By heterofunctional condensation reaction of 1,1-
dichlorosilacyclopentene-3 with dihydroxydiphenylsilane in the presence of pyridine at various ratio of initial
compounds beside of linear polyorganosiloxane the cyclic organosiloxanes have been obtained. By
heterofunctional condensation reaction of 1,1-dichlorocilacyclopentene-3 with diethylamine by 1:4 ratio of initial
compounds 1:4, 1,1-bis(diethylamine)silacyclopentene-3 with 33.3% yield have been obtained. The structure and
composition of obtained compounds have been established by functional and elemental analysis, by IR and NMR
spectral data.

CHUHTE3 ¥ IIPEBPAIIEHUE HEKOTOPBIX KPEMHHUOPIAHHYECKHX COEJUHEHUN
COJEPKAUMX CHIAIMKIONEHTEH-3 I'PYIIILI
X.2.Kobepuaze, T.H.Tarpumsmnmm, O.B.Myk6annanu
T6unucckutr 2ocydapemeennuil yuusepcumem um. Meane [loicasaxuwisunu
PE3IOME
M3yueHs! peakuus YaCTHUHOTO W TMOJHOTO THAPOAM3a 1,1-AMXIOPCHIALMKIONEHTEeH-3 ¥ [OJyueHbl
COOTBETCTBYIONIME MXJIOP- ¥ IAMIHAPOKCUNpou3Bonnsie. ['uaponuszom 1,3-nuxnop-1,3-au(crnaunkionenTes-
3)IMCHIIOKCAHA B MATKUX YCIOBHSX TIPH TEMIiepatype -5 + -100C 6bu1 monyuen 1,3-muruapokeu-1,3-au(cuna-
LMKTOTEHTeH-3)IMCHIOKCaH. Peakumeil reTepodyHKIMOHANBHOMH KOHASH UM 1,1-MXI0PCHIIALMKIIONEHTeH-3
c ﬂHl‘HI{pOKCH}lHq}BHMﬂ"CHHSHOM, B NPUCYTCTBUH aKUENTOpa [UPUANHA, TIPY Pa3HbIX COOTHOLUECHUAX HMCXOAHBIX
KOMIIOHEHTOB, ITOMUMO JIMHEHHOro NoJIMOPraHoCHIIOKCaHa 06]333)/&01‘(25] LMKITHYECKUE MOJIMOPTraHOCUIIOKCAHBL.
PeakuusMi reTepodyHKUMOHANBHOM KOHAeHCAMH  1,1-MMX/I0pCHIALMKIIONEHTE -3 ¢ AMITUIAMUHOM, TpH
COOTHOIIEHUH MCXOIHBIX KOMIIOHEHTOB 1:4, o6pasyercsi 1,1-AM3THIAMAHO-1-CHIALMKIIONIEHTEH-3 C BBIXOIOM
33,3%. COCTaB U CTPOCHUE CUHTE3MPOBAHHBIX BEILECTB YCTAHOBIICHbI HA OCHOBE JIAHHBIX (DYHKIMOHANIBHOTO H
371EMEHTHOrO aHaIN3a, a Takke criekrpockonuyeckux meronos MK n IIMP.
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Ssi-u 4 O S %\Si\_\_ ]

blbso  LolBgdgdol  domgdols  dobbom  JoGmlogmamatigdols  Ggsdaogdo  Ygbfsgmoam  ofbs
2981860 60°C B083gHegcety.  sbommaon@ee, o3 3430mRgdneen  sfdonto =Si-H 330l
363968 Gs0ol Bgd0hgdel ©GBo. sfBonGo =Si-H 380l 4obegbdeegeel 80% 4ebzg@loot bdmo
spaama  JJmbes  Fgggcomo Lobgdgdols Fo@dmddbsl, Goi  3s3omBmmgsgmsndmeolo  JopGmbomama-
Ggdoo Bgadmgds o6l sblbogmo. sdogmd  Jopdmbamomamgdsl  3Fg3aBR0n 80% gmb3gGLosdry. do-
madgmo  mmoam3gho  geesimgdog 0d6s  Goegog  blbstopst 6-dgfbsbom, G0l Bgdmgasy  gsbrgbron
39370806988k ndog §Gbsdrg 40-50°C B39GB eam  obhgegemBo. $3pgbse, JopGmbomamomgdal
695308, Borgspse, 30drabsdymdl Fndegao bgdel dobgmgem [11]:

Me
oo L : 4 Me Me 7 [Me e
Me3810<8|r0>'SLM93+30 ALPECL e sioH—si0 Si-0 s;ci{g:% SiMe;
H /m il;za (|) e lali
3
® g &) )

Loagt [(HY)HDHP(K)=30 -1 (60°C)

Tobogbo@gdamo  mmogmdgho Fo6dmawa bl mgmto  ggGol drosbl  dsbel T]},ﬂ=0,ll, Gerdgemagy
396zo  oblERs  sOmBsmo  Hodol by 359bL6gem 3 Bo. I - omoamdgéal  Logdsgos
esagboem odbs  gemgBabEaco @ gabdeoaeo sbsgmabom,  off, 'H © Bc dotogymo  dspbognGo
6ybmbsbliol LgBegsom.

Tobongbo@gdgmo  mmogmBgGal of U3gd®da BgodRbyze =Si-Me s =0SiMe; xagpgdelsmgol
ws3sbsbosmgdgma  Jnsbogdol  bemgde 1270 s 840 1371 wRs680. L3dB@Bo  Bgodhbygs  bobemgsbo
SomeglsbyGo 380l sladgdGogme  Gogaebsogel  sdsbsbosmgdgmmo  dnsboglel  bome 1020 11
3680, B3ydedo  slggy  FgodRbyze o Egborool (30480 sGlRmmo  -CH=CH-  xangobsogol
sdsbsbosogdgmo  Logbsgmo 1650 13! 03680, Goz swsbgygdl Ggsdpool  Fomdstmgsl gho g6
3dsbg, omdgs o6 Fgodmgds odol geYMBHE, 608 Jopdmlomomo@gds Bgadmgds  Fedadstoml dgmmg
axa®  3dsByE, Gsbsg osgol dbeog  aebBmBzomo  sggdmgdols 3ermodg@gdols dormgdsdey  doggsgsio.
13gdB»Bo  BgodBbazs  fomol  xaypel  dgwamghyGo x3nBd0b  3mgbnGo  Gbgzdobsmgols
©sd3sbsbosmgdgmo  BosbmJdol  bermgdo 2800-3000 1371 435630, of U3gdB®Bo Bgodhbygs Ggedosdo
Fligemgemo =Si-H 33obsomgol @sdsbabosogdgmo Lo Logbsgmo 2170 131

1 egmogedgéols TH #3& U3gJ@©Bo  (bsbobo 1) BgodRbggs Lobaemgdto  Logbsgmgdo dgoogmols
3Gmgobgdolsmgol =Si-Me @s OSiMe; xaupgddo  Jodogeo aomssaomadon  8=0,10 ©s 6=0.15 336
Fgbodsdobs; BC L3gdeGdo  (Babsbo 2) Bpodhbggs  aegstrmmgdrmo  dgmBodmagdydo  Logbsmgde
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HYDROSILYLATION REACTION OF METHYLHYDRIDESILOXANE WITH
CIS-1.5-CYCLOOCTADIENE
Tamar Tatrishvili, Khatuna Koberidze, Neli Koiava, Omar Mukbaniani
Ivane Javakhishvili Tbilisi State University
SUMMARY

Hydrosilylation reaction of methylhydridesiloxane with cis-1,5-cyclooctadiene with 1:30 molar ratio of initial
compounds, in the presence of Platinum hydrochloric acid as a catalyst in melt condition, as well as in toluene
solution in temperature range 60-70°C have been investigated. By quantum-chemical half-empirical method
AMI1 the electronic characteristics of cis-1.5-cyclooctadiene: the charges on the carbon atoms and bonds orders
were calculated. The results verify that probability addition of hydrogen atom to cyclooctadiene is the same to
both 1-2 and 5-6 direction. The synthesized oligomers are white viscous compounds, well soluble in ordinary
organic solvent with ng=0.11. The structure and composition of oligomers were determined by functional and
elemental analysis, IR, 'H and '>C NMR spectra data. For synthesized oligomers roentgenographic, differential
scanning calorimetric and thermogravimetric analyses were carried out.

PEAKIWAUA r'MAPHIHOIO TPUCOEIUHEHUSI METHIT UAPHACHIOKCAHOB
K IUC-1.5-HUKJTOOKTATUEHY
T.H.Tarpuwsnan, X.2.KoGepnase, H.A.Kossa, O.B.MykGanuanu
Téunucckuii zocyoapc i yHusepcumem um. Haane [locasax:
PE3IOME
MccnenoBatbl peakuiy MHAPHAHOrO MPUCOSAMHEHUA METHITHAPHICHIOKCAHA K LHC-1.5-LMKIOOKTaHeHY NPH
MOJIGHOM COOTHOLIEHHYM MCXOAHBIX KOMMOHeHToB 1:30, B NpPHCYTCTBMM KaTalyu3aTopa IUIATHHOXJIOPHCTO-
BOJOPOJHOM KHCIIOTEI B TEMIIEPATYPHOM UHTEpBane 60-70°C, xak B paciuiaBe, Tak 4 B pacTBOPe aGCONOTHOIO
tonyona. [ToNy>MIHPUYECKMM  KBAaHTOBO-XMMHYECKHM — MeToZoM ~AMI  BBIYMCICHbI  NIEKTPOHHbIE
XApaKTePUCTMKM — 3apsiibl HA atoMaX —yriepoia W TOpsSAKM cBs3eil. PesyibTaThl NOATBEPKIAIOT, HTO
BEpOATHOCT TNPUCOEJMHEHMST aTOMa BOJOPOAA K UMKIOOKTAJUEHY OAMHAKOBA MO obenm, 1-2 u 5-6,
nanpasnennsM. CHHTE3NPOBAHHBIN OIUTOMEp ABIAETCS GenbiM BI3KHM BELIECTBOM, XOPOLIO PACTBOPHMBIM B
OpraHuYeCcKUX PACTBOPHUTENIAX C YAETBHOH BASKOCTBIO My =0.11. CocTaB M CTPOEHHE OJIHTOMEPOB yCTaHOBJIEHO
(yHKUMOHAJIBHEIM M DIeMEHTHbIM aHamu3om, a tawke MK, 'H u BC SIMP crekrpaibHbiM ananusom. s
ONMroMepoB MPOBENCHBI pEeHTreHorpaguueckne, AMpEPEHUMANLHO-CKAHNPYIOWHE  KaNOPUMETPUYECKHe 1
TEPMOrpaBUMETPUYECKUE UCCTIEOBAHMS.
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MAILLARD REACTION AND FORMATION OF FRAGRANT AND FLAVORING SUBSTANCES
Roza Kublashvili, Nino Karkashadze*
Ivane Javakhishvili Thilisi State University
*Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Maillard reaction plays the major role at technological processing of foodstuff. Aroma and taste of foodstuff
basically is determined by the compounds formed as a result of Maillard reaction; the mechanism of formation of
these compounds is discussed.

PEAKIUSI MAMJLIAPIA Y1 OBPA3OBAHUE ONPEJEJISIIOIMX APOMAT M BKYC BEIIECTB
P.M.Ky6nawsunu, H.I". Kapkamanze*
Tounuccrkuil 2ocyoapcmeennvlii yHusepcumem um. Heane Jlocasaxumeuwnu
*H ym ¢ KOl U opeanuieckoi xumuy wm. I1. Menuxuweunu

PE3IOME
TIpy TeXHONOrHYEcKoit NepepaGoTKe MULIEBBIX MPOJYKTOB peakius Maiifiiap/a urpaet BaxHeHiyio posib, TaK
Kak apomar W BKyC IMILEBBIX TMPOJYKTOB B OCHOBHOM OTpejensiercss o0pasyiolMMuCs B pesyisTare 3TOi
peakuuu coeanHeHmAMU. OBCYKIaeTcs MexaHu3M 06pasoBaHus ONpeeNsOLMX apOMAT U BKYC COSHMHEHNH.
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0635 %060gs3z0em0, 306sbrs BsBody, 36003 Bbsody, Bsbsbs dybstosdzamo, dbos (0isa0

3955 dgeragodgoerol goboygco s mEgsbgemo Jodool oblbiod o

4-3oermJbogndstobol  6sFstdgon  gedmodhggzast  dommemaono  sdBogmdal  gsGoe  b3gihtoo.
SbhomJbowsblygeo, s6BadsJBgogmo, 360 3msgnmsbnéo, 368045639603 96mmo sdiBogmds
©dmgopdmos Rsba3gmagdol seaomby s Rsdbssgmgdmol Gemdsty.

3065036 0bpmmols  doogol  Bgdgamo  admmemdobomobydo  slggy  asdmatBggest  dsmsmo
GO gnmmaon@o  sdiBogmdon, 3ghdor, Hdggamalgadoszno, gubaoseeyco, $EBongdtglsblgmo,
Sbogodrglgmo, 3680456390m396mmo sJBogmdom, LsobBgeglms 38 mGo Bodel bsgdmol 306g6Ls(300L
dmmdbodo.

obglo  moBaGedgégme  dmbsggdgden  Bomgdymos  4-doeeimJlogndstebol  obpmmBgdgamo
sg@mgdo, Gmdgmmsi sbsbnsmgde Jomemo  3@ed-pspgdomo  dGmBMghamo  dsdBgtogdol s Baglbolb
boGobssmdmgae sgBogmds [1-3].

Bggbo  g3mgggdol 30%sbos  sbagmo  Bommemgon®se sdBogeo obeme8gd(33gma 4-
3G Jlogndséabols 65Fs43580L bobmgbo.

Lobogbo  gebbmbzogmgdamos  4-dop@adlogndstobol  gmbrgblsgoan  smrgdogls s bad
Bbgorabbgs  3ommemJobomobost: 1) 3—(2’—S—Hammdbngaﬁngaoﬁnq»)~1H—30t‘>mg’gm[2,3-f]jn6mggoﬁo @, 2)
3-(3-8goemdbogzgbogmammodot ) - 1H-3o@mem[2,3-f]-Jobmmabo  (11), 3) 3-(xgborsreadab) -1H-3oMmmem[ 2,3~
fljobomobo (ITI) dBserdgegs g8 (Lggds).

So 000

OH

-oEon

X,= -CH=CH x2=-cH:1|\1
\ A i
‘ ‘ X3 =-CH =N— \ /
“ A
OCH;3 OCH;

1 I m

obgmeggbegstds  JHmBsgmaGegogmds sBsmobds  Lodogg FgdobggzeBo Bemagas @G0 doMomso
mads  asblbgsggdnmo Rf-om. 88 @60  ojol  Bglsdsdobo  Bogmoghgdgdo  seaomse  ©s0gm
JOBsgmpGeggm B398 bg- 0% s 33 L3gdhegiol Laggdggm by sa06@s, Gmd  gHo-ghmo s
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FotrBmsagbl  4-doéerlognds@obol  jmbrablsiaol 3Omendl 3gbbsmeglommst. gl sbGo  asdgaties
odomaz, Gmd Lsdogg BgdmbgggeBo Bogmogdgdgdo ogbdn®gde smdmBbebab.

os3ps30MggmsE  Gged3es  RsBsOrs 50—550C—‘h3. B339 G0l gebhsd 700C-3;33, 3oboes
30BbmdG030 3GmEddgdol asdmbsgmgdo. domgdymo Bogmoghindgde Bratseas, Gz LsBusmagdst adgmas
Baatigl Bscmo BabBhothgds dommmaon sgogmdsty.

9639650396 em0_bsfoemo.

6otgal, Gedgmai Fgoezt (0,099 83exm)  4-Jop@eordbognds@obl, (0,25 88mm)  396bsmmgdoel,
(0,009988c¢r  LILIIT)-L, <3sthgdgh 1,2 3em d3scBgagsl s @396 700C-‘b3 20 bo-ob gs68s3emmdsdo.
Godool  3Gowgddl obsggdgs 10% NaOH-om 6godesma®  s6gdmg. Badg bibstogsh  3Goeaddl
2980 3momsggh Jmmemgmedon, sdHmdgs Na;SO4-by. gogomph@oggh ws 3366yl s8mbgdgh GrEme-
2BsmGoJegdgen by Bomgdyen 36 Gl Sbyposgzgdgh Vogoo goggmash b398ty gemagbde
JromGogm@do/dgmomol Ldodgo 3011 asdmbsgsmo — I) 52%, (II) 40%, (IlI) 26%. m@. (1) 170-
175°C, (1) 169-172°C,-(111) 179-1820C.

306 Bogé domgdyem Lsdogy Bag@al Bendetms off @s 336 sbamobgdo. 36 Lslogy 3Gergdddo
3006036505 Ha 36m@ebolsngol  @sdsbsbosmgdgma 3040 8y . 6.0-64ppm(IH, s); 7.40 (4H, 3786060
3éogmba); 7.90(1H, 2s; N=CH); 11.90, 11.70(1H, 2s, NH); 8.30; 8.00(1H, 2s, N=CH); 8.03(CH). of. Vimax
/sdh: 3325(0H); 3180(NH); 1720(CO 8—gsdimbo); 3athogoa 3333; 3271 (NH); 1684; 1653(C=0).

20BIGSGIGS — REFERENCES - JIMTEPATYPA
1. Yasuo Yamamoto, Mizuyo Kurazono. Bioorganic & Medicinal Chemistry Letters 2007, 17, 1626-
1628
2. Yasuo Yamamoto, Kenzo Harimaya. J. Chemistry Letters Vol. 33, No.3, 2004, 238-239
3. A.MEI-Agrody, M.S.Abd El-Latif, A.H.Fakery, A.H.Bedair.J. Chem. Research (S), 2000, 26-27
CONDENSATION OF 4-HYDROXYCOUMARINE WITH PYRROLOQUINOLINES

Irma Jinikashvili, Miranda Khachidze, Mariam Chkhaidze, Manana Buzariashvili, Mzia Tsitsagi
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Three new compounds were prepared from coumarine, aldehydes and indole derivatives, in acetic acid. We
were interested in these compounds, because some indole-containing compounds were known to have high
biological activity.
KOHJIEHCATUS 4-THIPOKCUKYMAPUHA C TAPPOJTOXUHOJTUAHAMMU

W.B.xuaukamsuiu, M.M.Xaunase, M 1L Yxanaze, M.C.Bysapuauwsumm, M.B.Luuarx
Hnemumym usuneckoil u opeanuveckoi xumuy um. 111" Menuxuueunu

PE3IOME
Mosyuenst TPH  HOBBIX  COCIMHEHHS  KOHIEHCAlWeH — 4-TMAPOKCHKYMapuHa, — albleruia u

MHIOJNPOM3BOHBIX B yKCYCHOH Kuciore. Ham  mHTepec 0OyC/OBICH —TeM, 4TO  HEKOTOphIe
MHIONCOAEPIKALIUE COEMHEHHS XaPaKTEPU3YIOTCS! BBICOKOH GHONOTHUECKOH aKTUBHOCTBIO.
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B3MHISCIZS IR 36I38MHIG LMESISILOL BOBOIIEGH-JN30TSH0 356 SLOSMIBIBN RS
©3MIRIEMIGN30 3S6LIBRIGOL 330)MIRIB0

03856 Fgemadg, ooy 36ag60dg, 856565 berbsBgogmo, dsbsbs Rsb, 338300, 606er Bogetisdg*, 6ober adbsdy*,
Bnde0 gsgscady
5920900 3300l SG03569em0 Jodoobs s gemgdbGergodool oblbBod gdo
/&

*2,0, Lol bobommde
%

edfoger badgmagaber gbagg@bodgho

3900306580 333mgabgdmo LB gn@bomm  3Hg3sGathdol  BoTbabrsbabmmo  3sdmggbads Fopeme  stol
R8g33806gbamo 33 39356800l smbsgmdsls ©s Bobogg@-dodog®  mz0bgdgdcsh, Gomsy 3sbdatmdybmmos
bsd37@bsgom 3(‘733.)5)3&3&)1) otgsb0bdby  boaegmgbs, gHdmm, 36935608l Boffegols botalbo s Lohgstrg,
376306863308 dommmgond LombggdBo, domE@sblgm@dszes ©s mGasBobdawsb ae8mgmeol ©06s30gs.

e BoBabgmmgsbos  Ledyg@bomm  3G3s@apdol  sbamobol, Gmamty  sGlgdumo  dgmewgdols
gbogooigds, sbggy sbamo msbsdgetmay IPomegdols 9dn8sggds, doeo 30Ls(3 bl 299 ogbgds
dowsgno 3pAdbmdgrmmds, Lobulgy, 06gm@dspool domgdol Lobf@sgy ©s gomeol bymBolsfaemdmds dsmo
363804590 gsrome  Bsby@agzol Bobbom. 3G3e3) mGedmol @G, Gy 360336gmmasbos  bfGsgo,
Loodgom s B36d6mdostry  sbomobol  Roetgds  mGbamamdol  swadzedindo  dgomepdol  Fgéhgom,
336Lsggmergdam s smmdsl 0dgbl spsdosbol Lolbmol 3msbdsBo Ledzndbsmm 3635000l  sbsmobols
bbo dgomeal Bydydsggds.

bdoodymoesd  3edmdmobaty g3yl @dogddl  GeBmsmagbrs  abdtemat Byhggm Lobiggdty
oo BlofogGmdnmo  3Gg3sceBo  bebsdsdlo  (momGopsbobo  —  2-8gmommom-10-[2-(1-8gmom-2-
303gthoom)-goom]-ggbmmosbobols  JopGmdme@iono).  0zo  9Badd It asdmoggbads  glombglol ©
90030960 dmBmommdolsl, 8383y @8 JOmbognmo  Bobmggboolsl, gbemagbao  @gdGglogdel AL,
333939330 glodomdsmmgmaon@o J3ag0bsl s BmBsggdnmo s3b6gdsemdol eGml [1].

Tembadsglo Bgghl dog® Bgbfegmomo ogbs Lbgawalbbzs gobogn@-Jodon@o dgomegdon. eseagboma ofbs
dobo  JomsGeogbsnonmo  sdoghmds s domgdmmo  dgraandel Lsgpdggmby  BgdnBsggdmmos  3Gg3strol
Gsopgbemdtingo  3sblabmatol  dgomeogs, Gmdgmo  Beam8stgmdl  Bndega8or  bmbsdsflol 3L gblbogom
dogoligomsy o, domadymo BLbstopst Lbgswsblbzs Gsmegbmdol Lobyxagdo dgagdmbes 0,IM LiCl-ob gmbgé
bu6s6do s 3obgbon  gobgbdGepogmo  msdmgoadnmadol  aosmadsl.  smbBoBbygm  gamggsl
3fstdngdeon  Ladgrnfbtoos  grégedo, GmdjmBey  gomzel  Gomb  sbtgmades gahbrobgmel
3f3gmage gendBGmro, sbeowabsl - dmseobol dsgoymo, brme Bglsesdgdgm gmgddmngse 3sdmggbydamo
g Fymob baxgBo gommdgrmob gemgd§Gero.

33m03088s  sRgabs, o3 bmbsdsgbo  dmmstmpdagonmee sgBogos  @s  odmggs  goodsmmosh
Bgadosees ognbgco  bslosool  36mel  Gsbyzsmdamemol  Smggbgosgoon Eip=-18 3 (6sb. 1), bemgoe
brogéramo ©gbol Lomowy dobo dmEmmmdono  JmbEybgHseol 306033063OMINGE07mos, Gob Lsgmdggmbyi
s3gdamo Lo gsmodher dGgpa (Bsb. 2) odmggs bmbadsflol Gampabemdtogo 3eblsbmatol sdgsrgdst ¢ = (107
4+ 109 M gob3gbdszool bragérgdBo.

Tebsdsfbol  gmgddGododogto  Jogzob  BglsbGegmor  Rshetgdnmo  ofbs  satgogy  sebm@dgoygmo
J3mo3gdo.  sBobsmgol  (33mewo  ©obol dmpodol  asdeggbgdon  gersmgdamo  ofbs oo Rogygh30sETgG
Bazoedol  (C)  gempdGemol  3mggboseaby (B)  wsdogopgdnmodol  d6gregéo  (C,E-36pm9d0).
HpddGmdodogs axGeBe goomrae asdogbpdgmo oge Ldsgombsdgme  gahbrabfymob fagmo, sborl
Gotdmeaghrs  IxGaRol Blggdby  wsbbdgmo  feogmo  Gaemol Reedol  3Jmby 396 Ebmolfysmo,
Bglostigdgm ImaddGerl go — Bsxgho 33mmdgeols gegdBOmeo. gebse 298mggbodmo ogem 0,5M NaySO4-
ol Gyomblbsdo.  gdbdgadgbigmo C.E-36megdost  B6L  (Bsb.  3), Gmd  bembadsbo slmG3omwgds
JmadBemeel Joggbosmms gsbom 680 (0 + -10 3) s Bgdmbsbogdrymos 333006000 3s3mbsggmo
oo Eabe@daogme doggdom @8 300K 2o3mbaggmo  gsomeo dsflodydgdon. bsb. 3-%y dmsbogo
3meapo  (2-10)  Bogooogdl  0dsby, Gmd 88 Bogmoghgol  seloGdins 39306mdgdnmos  gergdEmeol
Bysdotby BLBsGoRsE sbodsgol domyygemgdol gedndgggdoo. bebadsdbols dsgmas 3oty gmb3gbGtsos
(105 M) off393b 059G gbosmn®o  Bageemdol  Brgham Bgdothgdsl  Soggbesmms geGom ndsbdo (E=-
0.25:-0.9 3). 33 Bogmoghighol  mb3gbBGsool Bés ot offzgal o®Bsae gregdhGgmoe Beob 33907mgdals
BgbodBbgy (33emomqdsl, Gy Bogmomgdl g3semdol ©g3Gglool Lowogol (aC ~ 8 3303/1)32) 9H00E0303)
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36033bg0m30l Fbstrbbgds gmaddGemol dopbiosmols E=-0.5+-08 3 wémb. Bogsomdol osbpsmsbmdono
Bgdotgdol doxfgze gbademgdgmos Lebsdsdlolb 3gzter zGm 306y gmbEKEEGsgegol dglnbggzeda (¢ <<
10-M), 3536133 38 @AM oomgds sGfbsbfmdnmo C,E-8¢rg0900 s, (3bswmos, 3698033 563 3m@gddmeos.
Lsgdsmp  Bsmsgmo  ge@gagomo  dmBgbosmgdol peml (E < -14 3) bobsdsglol  ggoms  3ebgbdGsaol
Fglsdsdabo oo gdobggzs Bebol Bl A3 0dsy  Byzgmodl, Gmd o3 3oabzesmby ol 7339
domosbse  @gboGdoGgdamos gmaddGool bywsdomogsb.
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T oas
m S0
a5
30 40
1
20 30
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s
cx 10t M
§ m 10
[ T B T AT B A 0 s 10 s 020 030 080 130 kg
Bsb. 1. Jogmatiengtaggammo Bsb. 2. Lobodogob 655, 3. oggghoBieosmmto Bagseedob
egbo 0.1 M LiCl-ob Sogostegdoggimo ablebegtol  (C) relmgoegdumads gealtborol
GgommbL6s6B0 Leobdagbol Vogomodéier 8o 0,1 MLIClob  deogbgosemby (E) 0,5 M NaySOj-ol
Vbgomabbgs gobgBibegoobst Gyomb6sATo GoroblBsBo Le.5adsglol Ubgsmabibgs

3063968 G300k
Berbsdsdbol gobagb@teges: 1-0; 2 — 1,210 3 - 3,4810%; 4 - 4,5610% 5 — 5,590
6 - 6,59:10% 7 — 7,5510%; 8 — 8,8810% 9 ~ 9,3810'% 10 - 1,0310° M

L3yddGogndmighegmo  dgmmgo  asdmogabads  geddsggadnme s Jodog@-Bodbogmemmaonte
sbagrobol gggms 9Be3byl 0g039mdal @swaghs, Lobygmagol Fgdmfidgds, Msmeabmdtogo asblsbmgms. dgmmeols
303gmathionds  ae3oGimdgdmos  dolo  smemo  33@dbmdgmmdon,  Lobgbeo, sofs@dmgden,  Bglergmadol
Lodstrhogom, Bgestgdom  osggslosbo  s3stadgioon. 38 30Gsgbmdgdols s dgmmeol  Fgbadmgdmmdgdal
Ugmow  3edmygbgdolomgol  80bbsw  @sgolsbgon  LmBsdsflol  Bsbsbomgdemgdol  aem®dsggdagmo  Fgbfsgms
edGsoobgg® (J0) @ bormgsr 735680, BndpamdBe dobo dommmaon® 3sbsmsBo gsblsbmgHobsmgel [2-3]
Bo3g3memo Bob6ol BobspGazer gbfegmommo ofbs Lebsdsduol 0 Ligfgee gosbmmBo (190-400 63 +35630)
@ opdgmo  offs  Lsgsmoddm  adegogo. Ldgddogol  gesmgds s Bmsborgdol  bggwemomo  dshgghgdemoals
g brpors bigddoagandmdyyety Shimadzu UV-240, sonzghob Lobjy — 10 83 g@smmbaco e
LadnyBsm BlBstrgdol Bebadboadmore bhsbpsgmo bogmoghgdols 25 33k gblbogor 100 dm GyomBo s
g0bsbagmom  4°C  $yd3g@ahmol  306mdgdBo.  Bydrgy  gedbsrgdon  LHsbesdamo  Bubshgdol  Ly@osk:
0.0025% (4.9-10°5 M); 0.005% (9.82:105 M); 0.0075% (1.47-10* M) 0.01% (1.9310* M), 0.015%
(294104 M). ©s3s030690 bembsdsguol  0.015% (29410*M)  30B3gbEGa00l  gmsbermosbo  Blstols
BosbngBol oJbodndPo (Aman=205+1 63; 263+l 68; 3152 63) s dobodndgto (Amin=200; 230+2; 285+2 63)
(6sbsbo 4).

B360  gamogol  Bpdoamd gBedl  Feddmewaghs 3 Bogmoghgdol  doJliodsrg@o  Bosbmdol  dgmby
Bommol LogMdgy (Amax263%163)  Logomoddm  a@sz04930L  s39ds @8 gmb30blGaaol 08 gstramagdols
saghs, Lsesy Bmsbmdds 98m@Raggds 3ol 3sbmbl. dmsbmfdol Bagudomoe 3shzgbabdmol spagbol dotboo
Udebpstnmo  BlBshgdol  Lyhool  Bolergdsw, dotomsgo  Blbshols (2533/1003m)  396%s350000  30madron
UHsbrstrgmo  bubadol  Lydosk:  0.0015%; 0.001%; 0.00075%; 0.0005% s 0.00025% s
gbsbmg@agom (36mdomo  gmBgbEGs0l BLbsHgdol m3Bogge 103336039b (6sbsBo 5). Bobobopsb 5 bsomep
BB, Omd 3G3sto  gdm@Romads dg@ol  gobebl figgbl Boge  By@Rgagmo  3ebgbBGaoglol  gatamadda
0.0025:0.015% s bsgomodtin ategogol Lfmebsbmgbgdol 860836gmmds R'=09924 Lsgdsere dsmsgmos.
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190-400 68 Bool bopGdob gaamgddo Usgsmodéim aGaggogo

sdoge,  smbodbyme Lad93smBo  3oggbosmans B 308680 @smagbogmos G goemBLBsGR0R6
Tobadsfbol  sebm®dool  gbsto, dobo  SmmstimpHegonmo sdBogGemds  (odgmggs gOodermost, Bad3asse,
roggbo Babosmols 3eagmatrerg@adsl Babiggadgscomols 3evgbgesgmoo Ejp=-18 3). 3mmsdmptsgogmo @8
WgddemgedeadgdGnmo  dgnnggdol 3s8mggbgdom  BgdyBaggdmos  spboBbyemo 36335Gehol - GamEgbmdéogo
336bsbrmgol Bgbigo dgmegogs.
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ELECTROCHEMICAL AND SPECTROFOTOMETRICAL CHARACTERISTIC OF MEDICAL
PREPARATION - SONAPACX
Tamar Chelidze, Irine Gurgenidze, Manana Khokhashvili, Manana Chankashvili, Nino Imnadze*, Nino Nizharadze*,
Shukri Japaridze
Raphiel Agladze Institute of Inorganic Chemistry and Electrochemistry
*Tbilisi State Medical University

SUMMARY
Medical preparation sonapacs influencing the central nervous system have anti psychotropic effect on human
emotional sphere. Consequently, the precise quantitative determination this preparation in the wide field of
concentration (1.010° = 1 10" M) by sensitive and prompt methods, namely polarography and spectrofotometry are
of relevance, especially, compared to the generally used method, that is complicated, laborious and less sensitive.
Investigations of the electrode/electrolyte interface and the nature of adsorbed species were carry out by classical
electrochemical measurements, such as the differential capacity dependence on the electrode potential.

JEKTPOXVUMUYECKUE 1 CNEKTPO®OTOMETPUYECKUE XAPAKTEPUCTHKH
JIEKAPCTBEHHOI'O TPENTAPATA COHAIIAKCA
T.P.Yennnze, U.A.Typrennaze, M.O.Xoxawsuny, M.B Yankamswin, H.3.Wmnase*, H.M.Hmwkapanse*,
1LL.C.[xanapuase
Hncmumym Heop2anu4eckoll Xumuul u SNEKMpOoXUMUL uM. P.H.Aznaoze
* Téunuckuii 20cyoapc 1 ] 2p

PE3IOME

npenapat — COHamakKce, BAMSIOUIME Ha LGHTPAIbHYIO HEPBHYIO CHCTEMY, OKa3hIBAeT
westoBeka. Cre0BaTebHO, NPHBEICHHOE B paboTe TOUHOE
KONMUECTBEHHOE OMNpEJeNeHue JTOro mnpenapara B wrpokoit obnactu KOHLIEHTpaLUi (1.010‘6 = 110° M)
nonsporpapuIeckuM 1 CHEKTPOPOTOMETPUHECKHM  METONAMH, 06NafAOMUMUE  MEHBLIEH TPYHOEMKOCTBIO ¥
OBBIIIEHHOW UyBCTBUTEJIBHOCTBIO MO CPaBHEHMIO CYUIECTBYIOMMMA METOZAMU TPECTABIAET ONPE/IeCHHbI
nnTepece. B pabore Takke WCCICNOBAHO aJICOPOLMOHHOE TIOBEJICHAE COHamakca wa MeXhasunii rpaHULe
3NIeKTPOJY/PACTBOP ITYTEM U3MEPEHHA 3aBHCHMOCTH nnddepeHIMaTbHOM eMKOCTH OT NOTeHIata 3JIEKTPOAA.

JlekapCTBERHBIH
AHTHICKHXOTPOMHBIH SPEKT HA IMOLMOHANLHYIO cepy
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BOB033IA0 30305

IRMEHM@SEIR0 3TLBOGOKIBOL @SMRIEMB0L dSBLOLREAHS 3IEIBH03 RS
300MRMBOBG Md0IIBHIBP0

gmds 330MbsbsBgomma, Jo0gash megsdsadgogma, 900336 398ycrgemody, 6565 Bootady
39869 dgeagodzocol goboggco s oegbgee Jodool oblbodgdo

2969301 @sdobdghgdols Ggobroagdols s dsmo  mgomsb  s3agmgdol abgdol  dogds  msbadyremgy
336oghgdals  gho-gho Sdommodgdam  3Godmadsl  Foddmewygbl. 206Lsggmégdomn  3608gbgmemgsbos
obgoo  dpdemo gsbamo Qoaabnﬁdﬂﬁgbgm}bnh BabFagms, Gergmdo(3ss j@mﬁmﬁa‘sﬁﬁqo 3gbBoiorgde,
3ovmogmamtotdgmo dagggbormgdo o 58, olobo  8oggpoghgdash 3963960396000, 6ogmoghgdgdl,
Godwgdoy  offg0306  goEbeo oeys60bdgdol  3dody o Bgudpases 95350009980 (5303073056
L03Lagbggdl, aﬂQ—bnbedoﬁgggma, ﬁab&nt‘m@)mﬁ)ﬂm 0533509398, 236080400 ©36039370L @8 8.3.).

ngénon;gabn Goc3sgdeon 6"3"’“8860&" Lmgmmols ngﬁﬁambo'an dmembgergdols, Lergmgdal @8
Lotrggams  dagbatgoms  Gobsomdegy  LedGImmggmmae [1-3]. LsjstrorggemeBo  bsbadmogo @m0l
396353000380 3gbogogdel  3mbdstgds 3305300 g88mggbgdom bogdmes, O3 BHIaOOImNR
Borgmgdgeos, 306506 Bsmo 98-99% Tdobbom” 04360 obabo  gmbBeghnGo  Bbsdgdos, 353609~
mgdedeg Bsmo dogsbs go — Gorgmo.

3bmdagmos, G0 gzgms Jodogdo Bogroa (306 3gmotgdl 296930 @309dBgd8o  (sdmbgghe,
Joeobggem,  boseso, JopGmdombo,  oEbswo otgbobdgde).  Lbgsmsbbzs Bogmoghgdals
(3063300l Bubydmogods  336Lbgagadgeoos. 39bBogorgde  dpategmdols s sJ6omspmdol  gsdn
(306 3e0tkgdg6 dsrash  Jtpam [2], G Bgbsdmgdomdsl adrmgas goigdel 309t pdowsb (Fysmo, 3sg-
4o, 6ospsao, .309\:60)30(-)6(50) dsmo s Fgbsdsdobo IBodemmoggdol L3390 36mwdadde dmbggr@st,
350 Boéols 3gdydndo ©ggdel dgdo, G aoﬁhodamﬁabnw Loboggsmms 35393580bsmgals, off3g3lb ®s oy
330030 3omadgdl.

bodaﬁm(wg‘gmh Bhndols, g@ﬁaﬁmggmbnha 'S bm@naquﬁn ©s(330L 133060l emls 3cba(398930L
dobggom, 2001-2005 §F. swaomo 3jmbes Jaagbols e bsbemgmdsdo LslgborJo g sbegdols 333500989000
Ashggbgdemgdols  beagal. 336Lsggomgdam gaeoEmgdsl  03gHmdl Lalrgbondo  measbmgdol 23535090803
3sh3gbgdemgdol Vs 353839080 (3bogmo 1) 8]

gbGomo 1. Lsbnbodo ogebeogdols posgergdgdals 293630m0%0 bygstonggmemdo 100 000 3mbsbemgby
(2001-2005 §F 8mbs393900)

( asgorgdol abobymgds eonéo
2001 2002|2003 2004 2005
dobéearnddo 49161 | 42063 | 36072 | 35622 | 46627
Lol o6asbons masgaeaddo
3638600 2569 | 2825 | 2693 | 2598 | 357.1
Jooboggmo o monbabbgbye b6l gobphs | 2393 | 3257 | 2329 | 2402 302.3
doeobjosgrndo_sbods 2817 | 2215 | 2259 | 957 102.9
Vbgo JGmbogaema_oogsegbgbo 33.1 29.9 1234 | 375 55.7
853839580
sbigbord eGasboms asgspmdgdo 10854.7 | 10669.8 | 9226.9 | 9421.5 | 10065.4
3638605 6573 | 7648 | 5956 | 588.7 | 6434
oo ggsmo 1o monbbbpgme decbdedoe, igebds | 2257 | 4774 | 2586 | 2964 317.3
dobosgmao_sbods 2482 | 2032 | 1903 | 211.0 | 2179
Vbgo Jémboggmo sosgoregbgbo 257 323 1246 | 325 299

396330 (333090 ‘Fgdsropabgemo GodBrtdgdel bstolbmdhogo 3amBstrmdols s ol bengmdals
X 363Gngrmdol Idstrgmdsby  dsoo 3030060l BgbFegmolisl, 230606 396 83nzmon A lsbgagmdsda
@B gm0t ©as30:gBg30L  dotomee 3sR3bgdegdl, Garysb 13065469 FeogdBa 2006086785 dson
Boheol  Bobrgbos Yagstronggmel dogen Badopmtesty (gboommo 2) [4-7, 9], s8sbosb dmbsbemgmdal
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%36360gemmdol  BrgmBstgmdsty 98 Bogoaggdsms 2932g6s  Fglsdmms  ogml  ghm-ghma s 8@
Jemspgeme dobgba.

306086 mo@sb 359m30bscg, Lsobgg@gle oge Jromemegsbamo 3gbBoiomgdols 89933980 mdols
BgbFagens §goemdo, 6oswsada, ©geol Adgls s mgzbda.

jbGomo 2. mbjmmmaon@o wssgaeadgdols dotomspo 83R3nbadeado bagstronggenedo 2002-2005 GengdBo
esbobemgdymo §iogbo
segomols 2002 2003 2004 2005
©sbsbymads ©353. Logze 003 Logge ©553. Loggre ©393. Bogge.
3sRg. 3sRg3. 3sRg3. 3sBg. 3sBg. 3oRg3. 3sBg3. 3sBg3.
s Jstronggeom™ 482.5 63.9 475.1 79.9 501.9 75.0 538.9 84.4
SFs6rs 4577 49.0 508.3 66.9 557.2 50.4 703.7 59.0
odogobo 499.0 76.4 465.8 94.4 452.5 87.6 480.7 471.7
$bgo0 695.5 82.1 693.2 87.9 701.7 96.5 809.7 88.0
adgégmo 532.8 725 532.1 822 549.4 84.6 602.9 100.3
bsdgatgme 3244 52.3 371.5 76.6 380.1 73.7 417.4 82.8
Bos Jsthorm 598.0 39.0 625.8 60.4 656.3 60.5 738.7 79.8
B33 Jodo. 269.7 42.8 216.5 48.6 209.8 41.8 242.8 41.1
7600 589.5 1142 5189 1672 5353 110.9 578.9 132.0
Lsd(3bg-xsg0b. 396.0 51.9 402.6 45.9 409.9 66.6 468.7 63.4
33b7009-80036. 462.6 54.8 429.0 99.4 471.7 53.8 550.0 67.5
Gsgs-mahbgdo J. 469.7 39.8 446.2 335 571.9 823 559.1 104.3
Lgs6gmo
F930_Lgebgmo - - - 57.5 - - 393.3 40.0
oo 402.6 29.5 182.5 48.7 201.4 50.3 193.5 139.5

B gnmmga® @osgergdems bRl Gbrgbool bsdyeme dsBggbgbgma bedsGoggmmo

@bdogo 3. JeoGoaysbgmo Jgbiogowgdol 3983gammds bsge@mggmml dubgdmog Fymgddo

L bzl mﬁ;}‘&) DDT, 3/ 0-HXCH, 33/
[ pobmgme Yo, bogzalonsgo 0212 ] 0556 ] 0241 | 0241 | 0006 | 0024 | 0.008 | 0.008
fosbipo Ggigho 0.51_| 0435 | 0545 | 0545 | 0018 | 0.059 | 0.006 | 0.006
[ sbolfipee ot 0.193 | 0539 | 1005 | 1005 | 0006 | 0.023 | 0.036 | 0.036
sWgpzo | Sosemgosb 150 g, | 0121 | 0322 | 0239 | 0711 | 0014 | 004l | 0.044 | 0.150
2) 1 dsorgo 0137 | 0402 | 0157 | 0393 | 0013 | 0029 | 0017 | 0045
Soghibs | o 01,0 bgon | 0155 | 0460 | 0.674 | 0948 | 0007 | 0029 | 0020 | 0.033
3)3 dsoro 0054 | 0398 | 0276 | 0423 | 0021 | 0042 | 0016 | 0033
s coreopo, 02490 o | 0.172_| 0412 | 0.182 | 0868 | 0021 | 0.066 | 0.024 | 0.100
s oo 0308 | 1271 | 0207 | 0403 | 0025 | 0.095 | 0.021 | 0.060

A0 odamobo 9)2 B Bedgbo | 0.196 | 0331 | 0258 | 0878 | 0014 | 0030 | 0014 | 0.043
LTS 48 a960b bggoo | 0296 | 0983 | 0166 | 0.524 | 0.034 | 0.137 | 0.026 | 0.046
Wagsho | )rglonsgost 01 3 bygoor | 0283 | 0924 | 0258 | 0377 | 0.020 | 0.114 | 0.014 | 0032

3) 4 linsgo 0241 | 0458 | 0.166 | 0993 | 0017 | 0.047 | 0026 | 0.085

WBogphe | gobégme 90025 @ J3. | 0154 | 0.683 | 0183 | 0.959 | 0.012 | 0.035 | 0.014 | 0.032
3)4.25 B J3azo0 0.224 0.660 0.159 0.462 0.013 0.037 0.015 0.046

0960 _goBdga0 0.071 0.188 0.085 0.244 0.010 0.049 0.021 0.041
S0 5)Bsbygez, 0234 | 0.609 | 0192 | 0.886 | 0.015 | 0.051 | 0.018 | 0.048
8)0.5 33 _Jaagoo 0.222 0.808 0.132 0.530 0.031 0.104 0.019 0.046

afbyeodabd g bsfomo
JromGmegsbamo 3gbgoiorgdols gd;3gmgmomds §goeBo, GospsgBo s @gool Gdgdo geblsbmg-
G offs obgzemo @ soG-obggspo  JEmdsBmaGegonmo  gomgon, US EPA 608  djmmgogels
Bglsdsdoboe  [10], bexmer  ogzbBo o3 Gogongdgdsms  Fglsbsgmse  gedmgoggbgor  Aghl  Bogd
BgdnBaggdgmo dgommogs [11].
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Ayegggdol gobborrgs ,
Bohotgdnmo  badndsml Bgegagde FodBmmagbomos  (3bGomBo 3. gudg@adgbdmme  dmbs3ndgdol
336bomzsd  sRggbs, Gm3  Jemertdysbnmo 3gbBoorgdol  860836gmmgsbo  Gemmgbmds Bodbocdrs

3r06sggdBo: gydsbymmo, BaBsbgdo, dstrsbsbs, dBggsM0, dsBsggds, amto, smmagmo, xbwsGs.

sbsgege bedstroggmaels 3ofolizgds Gymadol gbfegmsd a30hg9bs, Gmd bsgamaao Bogomaghgdade
BmBo o6 smBmbbrs. 830l gGm-gho  dobybo Fgodmgds  agelsbgmmm  @sbsgmam  LsgsGoggmal
Goddebogaco  sanbumgds, 306dm@  mobs  Bossao, G5 ghmagsd  splmGdgsdl §o6dmsma bl @s
sbgpnsggdl Rsdrobsdy  Fymgdl 8536y dabstigggdolsgsb.

Jmotmtasbamo  3gbgogergdel  Bgdiggmeds  Bolfsgmog  oes  smdmbsgmgm  Lsgetonggmel
6ossgdo, g9Mdme  gsbgmols 6300680 (0gmezo, Lombsmo), Lsws dsmo  Bgdggmmds  @sgagboms
3390l Lsboor.

Jemertreatasbgmo  3gboiorgdol Bgdigammds ol Gdobs s mggbal Rgghl dogh Bgbfsgerom
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DETERMINATION OF ORGANOCLHORINE PESTICIDS IN SOME ENVIRONMENTAL AND
BIOLOGICAL OBJECTS
Koba Amirkhanashvili, Ketevan Tavamaishvili, Ketevan Gamkrelidze, Nana Nadiradze
Petre Melikishvili Institute of Physical and Organic Chemistry
SUMMARY
The concentracion of organochlorine pesticids in some objects such as soil, water, homen milk, fish was studied by
liquid-liquid and gas-liquid chromatography. It has been shown that in some rivers of East and West Georgia the
amount of these toxic substances were higher than their norms. In soil samples of Kakheti region, there were only trace
amount of organochlorine pesticids, and in the studied samples of milk and fish these substances were not determined.

ONPEAEJEHUE COAEPKAHUA XJIOPOPTAHMYECKHUX ECTULMAOB B IPUPOAHBIX U
BUOJIOr'MYECKUX OFBEKTAX TPY3UN
K. Amug KI'T K.M.I'amxpennmse, H.A.Hagupanze
Hucmumym usuueckoii u opeanuveckoti xumudi um. Ilempe Menuxuweunu
PE3IOME
MeTozoM KMAKOCTHOM H Ta3’0-KHAKOCTHOH XpoMaTorpadmu Gbilo ONpENENeH0 CONEPKAHMe XJIOPOPraHMYEcKHX
NECTHLMIOB B PasHbIX 00beKTax I'pysuu: B nouBe, BOJE, TPY/IHOM MOJIOKE H pbifax. PaccMOTpeHa BO3MOXKHOCTD HX
BIIUAHWSA HA COCTOSHHME 3[0POBbA HACENEHUs. 3HAUNTENBHOE KOJIMUECTBO M3yYaeMbiX TOKCHKAHTOB GBLIO HAMIEHO B
HEKOTOPBIX PEYHBIX BOAAX BOCTOYHOH M 3amanHoi I'pysuu. B mpoGax MoyB KaXeTHH OKA3aMCh CIEAOBBIE KOJHYEC-
TBA, HO B M3YYEHHBIX NPOGAX rPYAHOr0 MOZOKA U PhIG 3TH BELIECTBA HE OKA3AIHCh.

314




b33S@MBIRML FIBE0IAGIBSMS IBMBEIRO 53SRIZ00L 35663, Jodool Lgeos

PHYSICAL CHEMISTRY

THERMODYNAMIC PROPERTIES AND MAGNETIC TRANSITIONS
OF ERBIUM - IRON GARNET

Vera Varazashvili‘, Murman Tsarakhov, Teimuraz Pavlenishvili, Tamar Mirianashvili, Tengiz
Machaladze, Mzia Khundadze, Nana Lezhava

Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry

Introduction

The erbium ferrite (ErlG) belongs to the isomorphic family of garnet-type oxides represented by
general formula R;FesO), with lanthanides R(IIT) from Sm to Lu. ecause of specific magnetic and electrical
properties the rare earth garnets are regarded as a promising ground compounds for elaboration a new
technologically important materials with advanced properties, including the nano-state structures.
Simultaneously, the analogous series of rare-earth iron garnets is especially interesting testing group for
examining the influence of ions characteristics (mass, radius, electronic state and s. 0.) on structural,
magnetic, thermodynamic and other macroscopic properties.

Because of applied importance, the magnetic properties of rare-earth iron garnets were thoughtfully
investigated and summarized in numerous publications [1-4]. These data were elucidated on the base of
Neel’s “ferrimagnetic” theory as the result of ‘antiferromagnetic interactions between metallic ions which
are distributed over sub-lattices of three type: octahedral (a) - occupied with 2Fe(Ill), tetrahedral (d) -
with 3Fe(Ill), dodecahedral (c) — with rare-earth ions R(II). The magnetic structure of garnets and
electronic state of lanthanide ions have specific effect on thermodynamic properties and cause some phase
transitions and heat capacity anomalies of cooperative and non-cooperative magnetic origin,

Though our previous works [12-18] and some other publications [5-8] deal with thermodynamic
properties of some garnet compositions, the dearth of these important reference data stipulate for their
further experimental investigation. An additional persuasive interest to this problem arose because of phase
transitions and anomalies of thermodynamic properties, related to the change in the type of magnetic
ordering of garnets (ferromagnetic transition, “low-temperature anomaly” [2-4]) and in the electronic
structure of rare-earth ions (Schottky anomaly) during heating process.

So, the objective of the present study is to fill the reference data with the results of experimental
calorimetric investigation of erbium-iron garnet heat capacity over a wide temperature range (20-1300K),
and to represent the relevant thermodynamic properties such as enthalpy, entropy, Gibbs energy, energetic
characteristics of magnetic transformations - which are urgent for technological application.

Experimental

Sample Characteristics:The sample of erbium garnet Er;FesO;, was prepared from the starting
oxides Er,0; and Fe,O; of high purity (99.9%) via a conventional high temperature ceramic processing
routes. After passing two stages of homogenization, briquetting and pre-sintering at 1300K, the final ferrite
synthesis process was carried out at 1650K in air atmosphere for about 40 h.

The chemical, X-ray and magnetic analysis give the following characteristics of the sample: Er ion
fraction — 28.70% (calculated - 28.53%), the lattice constant (a) of garn

et-type unit cell 1.234 nm ([1] -1.2349 nm), Curie temperature T;= 543K, magnetic moment at
300K M= 4.3 .

Heat capacity measurements:The heat capacity measurements were carried out in the temperature
range 20 — 1300K using the following calorimetric methods:

a) The low-temperature heat capacity was investigated in the interval 20-320K using the cryogenic
adiabatic vacuum calorimeter described previously [9]. The calorimeter-vessel assembly provided with tight
grind contact between them and combined with two automatically regulated adiabatic shields ensures the
minimization of heat losses. The gold-plated copper vessel (an internal volume ~ 5 cm®) is filled with
helium. The uncertainty in heat capacities determination, estimated by benzoic acid heat capacity

: v_varazi@yahoo.com
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measurements, is about 0.5% between 20-60K, about 0.15- 0.2% in the interval of 60-250K and 0.25-
0.3% above 250K up to 320K. The experimental heat capacity results (table 1, figure 1) were fitted with
overlap polynomials by using the least squires method, and the relevant thermodynamic functions -
enthalpy, entropy, Gibbs energy - were generated, including their values at standard temperature (table 2).

b) In the temperature range 300-900K the heat capacity measurements were carried out by using the
Calvet-type differential scanning calorimeter (model DSC-111) with accuracy about 1%. The calorimetric
data, fitted with polynomial functions, gives the heat capacity — temperature curve, represented in figure 2.

c) Above the temperature of ferromagnetic-paramagnetic transition (543K) up to1300K the heat
capacity data were estimated from the enthalpy measurements using the high temperature adiabatic drop
calorimeter described in [10]. The enthalpy and heat capacity functions were obtained by using the type of
equations and the method of high temperature calorimetric data fitting, which was suggested by N.Landia
[11]. The accuracy of enthalpy data is ~ 0.25%.

Table 1. Experimental low-temperature heat capacity for erbium iron garnet ErsFesO;; C, (J/K.mol)

T.K C; T.K Cy T.K C,
11.85 12.81 80.05 138.50 180.97 321.85
12.94 13.80 83.89 147.11 186.23 328.50
13.97 18.51 86.91 15225 190.80 336.32
14.02 18.55 89.15 157.20 193.45 339.85
15.56 18.59 92.44 162.42 198.50 347.51
17.04 21.05 95.12 167.91 203.60 353.10
18.00 21.94 97.84 173.45 208.16 358.50
19.03 23.30 100.35 178.40 212.78 364.12
20.52 25.67 104.15 188.30 21732 369.31
22.45 28.85 106.81 199.81 22235 37505
24.49 3222 112:85 206.32 227.05 378.00
26.55 35.75 116.51 213.82 232.24 386.21
28.41 38.89 119.22 218.51 236.40 390.25
30.80 42.99 122.49 224.10 241.55 394.52
34.21 48.98 126.70 233.10 251.05 404.11
36.90 53.69 131.12 240.22 255.72 408.45
39.81 58.82 136.45 250.50 261.80 415.22
4297 64.39 139.85 257.62 262.10 415.30
46.13 7011 144.02 266.52 265.11 418.00
49.26 76.12 147.61 269.63 270.52 421.21
5257 82.50 151.25 276.32 280.10 430.50
55.74 88.51 154.95 283.80 284.95 435.15
59.52 96.55 160.30 293.10 290.15 437.55
6231 100.21 164.87 300.05 294.61 441.10
65.12 108.32 169.52 307.50 298.95 443.25
68.98 118.05 169.80 307.60 303.05 445.20
73.50 124.62 170.20 307.62

76.53 129.10 176.75 317.20

Results

Thermodynamic functions: The heat capacity and standard thermodynamic properties of erbium-iron
garnet in the range 20-1300K are given in Table 2 for selected temperatures. They were obtained by
combination of low-temperature and high-temperature heat capacity data shown in figures 1 and 2.
Extrapolation below our experimental area to 0.K was performed by using the heat capacity data for 0.4-
20K given in [4,5] and is represented on Figure 1 by dashed line. The overlap of cryogenic calorimetric
values with DSC data in the temperature region 300-330K, as well as overlap of DSC with drop
calorimetric results, is well within the precision of their sets (figure 1 and 2).
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Table 2. Thermodynamic functions for ErsFesO,

Figure 1. Low-temperature molar heat capacity

of Er;FesOy,

TK C, (/K.mol) S, (K.mol) Hy-Ho (J/mol) «(GeHo)/T (J/K.mol)
20 24.82 1637 225.0 5.12
30 41.63 29.59 556.8 11.03
40 59.11 43.94 1059.8 17.45
50 77.49 59.00 1742.0 2425
60 97.49 74.97 2616 31.37
80 1383 108.6 4974 1643
100 178.7 143.8 8139 6237
120 2202 180.1 12135 78.94
140 257.2 211.8 16910 96.01
160 2923 253.5 22410 113.4
180 321.3 289.6 28555 131.4
200 348.9 324.9 35255 148.6
220 3723 359.2 42465 166.2
240 3932 392.5 50120 183.7
260 1132 124.8 58190 201.0
280 130.4 456.1 66630 218.1
298,15 4435 1859 75200 233.1
300 143.6 488.7 76020 2352
350 474.0 572.8 103750 284.6
400 498.0 624.3 123310 316.0
450 517.7 684.1 148710 353.7
500 5344 739.6 175030 3895
543 (Ty) 547.6 786.2 194750 4204
600 525.7 838.8 229370 456.5
700 533.0 920.4 282310 517.1
800 539.4 992.0 335940 572.1
900 545.1 1055.9 390170 622.4
1000 550.4 1113.5 441950 668.7
1100 5554 11665 500240 7115
1200 560.1 1214.8 556020 7515
1300 564.5 1259.8 612250 788.9
850 - 140
600 g. 120
£ 1A 4 L
550 -—8. X = = els ° 100
|t
500 A = + 80
o
E
450 5 E + 60
400 §ta
350 / 20
|\
300 0
300 500 700 800 1100 TK 1300

Figure 2. Molar heat capacity C,, of ErsFesO;; at high

temperatures: 1 - DSC data; 2 - ferromagnetic C,, heat
capacity; 3 - nonmagnetic baseline; 4 - drop
calorimeter data
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Heat capacity anomalies: The erbium garnet is the ferromagnetic insulator and contains the magnetic
lanthanide Er(IIl) ions in the “I;s, ground state. The specific magnetic structure affects the thermodynamic
properties and causes some excess magnetic contributions. So, the morphology of heat capacity of ErlG
could be expressed as the sum of following main components: the regular part of heat capacity Cr;=Cp +
C¢(Cy and Cq are lattice and dilation contributions), magnetic contributions of cooperative (ferromagnetic)
— C,, and non-cooperative Schottky —Cg, origin:

Cyp (ErIG) = Creg + Cin + Ca (€))

The excess ferromagnetic heat capacity C ,=C g+Cg is associated with the magnetic exchange
interactions between cations distributed over iron and lanthanide sub-lattices (a), (d), (c). Here Cp
corresponds to iron sub-lattices effects, and Cg — to lanthanide (c) contribution. So, the total heat capacity is
represented as:

Cp(ErIG) = Crcg, + C]-‘c + CR + Csh (2)

On the base of examination of magnetization functions M;(T) of garnet sub-lattices [1,2], electronic
structures of lanthanide ions [1-4] and theoretical evaluations given in [2-4], some reliable assumptions can
be stated. (i) - because of very week exchange interactions between lanthanide ions, the magnetic order in
rare-earth sub-lattice -c  abruptly diminishes below ~100 — 150 K causing s. c. “low temperature heat
capacity anomaly” with critical temperature at T <100K; (ii) - above T, up to ferromagnetic Curie point
(T, <565K) only iron (a) and (d) sub-lattices are responsible for total magnetization of RIG; (iii) - within
0-200K the value of Cy in eq.2 is expected to be negligible, because the magnetic moments of iron sub-
lattices are very weak function of temperature in this region; (iv) - because of isomorphic crystal structure
and almost equal volumetric characteristics, the regular part of heat capacity Cr negligibly vary through
the series of rare-earth iron garnets; (v) - neither Schottky Cg, nor the low-temperature Cg components are
expected for LulG with diamagnetic Lu(III) ion in %S |, ground state. Therefore, the heat capacity can be
represented as:

Cp (LUIG) = Creg + Cre ©)

Our low temperature investigation shows that the experimental heat capacity curve of ErlG (Figure
1) smoothly varies with temperature and neither phase transitions, nor obvious anomalies with sharp peak
of singularity are observed. However, the type of magnetic structure of ErlG indicates that in the region
T<200K both magnetic increments — Cr and Cqg, — should be expected. In order to reveal these excess
magnetic contributions and to resolve them from total measured heat capacity C, it have been used the
method, detail description of which is given in our previous publication [14]. Based on the assumptions (i-
v) named above, the resolution of magnetic excess heat capacity Cex of erbium iron garnet at low
temperatures was performed by using the heat capacity of lutetium iron garnet LulG [14,18] as baseline,
because neither Cg nor Cy, are inherent to this garnet with diamagnetic Lu(Ill) and besides the difference
between the values of C,e, contributions of these two garnets are negligible. Hence, the magnetic excess
molar heat capacity of ErlG is estimated as:

Cex = C(ETIG) - C(LUIG) = C + Cq @)

The corresponding curve is illustrating in figure 3 and in table 4.

The obtained excess heat capacity can be clearly associated with the sum of two magnetic
contributions: Cg - the “low-temperature anomaly” which coincides with sharp decreasing of magnetic
ordering in lanthanide sub-lattices, and Cy, - Schottky anomaly which is related to the thermal population of
electrons on the excited Stark levels. The curve on figure 3 shows a broad peak near 35K where the value of
C. reaches to ~ 23 J/K.mol. At present we cannot indicate the reliable way of separation these two
magnetic contributions Cg and Cg, from each other and therefore no attempt has been made to estimate the
thermodynamic characteristics — the excess enthalpy or entropy — for these two overlapping anomalies.
Nevertheless, taking into account that in the same temperature region the magnetization function of erbium
sub-lattice decreases most intensively [1,2], and that the value of Schottky contribution is expected to be
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smaller than Cr [2-4], the peak observed at T, =35K in any case can be associated with the temperature of
the “low-temperature” transition and a large plateau above this temperature - with Schottky contribution.

0

Figure 3. Low-temperature heat capacity anomaly C; = Cr + Cg,

Another anomalous area is observed on DSC curve, which extends in the broad temperature interval
from about 250 - 300K up to ~650K with maximum at Curie point T;=543K. This lambda-shaped heat
capacity curve is associated with second-order ferromagnetic-paramagnetic transition of erbium iron garnet
and is illustrated in figure 2, curve 1.

The excess ferromagnetic heat capacity was resolved by using the method, given in our previous
work [17]. The baseline curve over transition region has been determined from the dependence of magnetic
energy (and hence, the magnetic heat capacity) against magnetic moments of sub-lattices M; [1-4] and is
shown by curve 3 on figure 2. The excess ferromagnetic heat capacity is plotted against temperature and is
enlarged in the lower (2) curve. It is evident that this curve can be divided in two parts - below and above
Curie temperature T=543K. The curve below T. corresponds to the energy of long-range magnetic
exchange interactions, and the “tale” above T, - to the energy of short-range magnetic ordering. The values
of ferromagnetic contribution of heat capacity are given in table 3, and these data have been used to
calculate the values of the integral functions — the ferromagnetic enthalpy and entropy — which are found
to be: Hp= 7000 (+500) J/mol and Sy, = 14.5 (+1.3) J/K.mol. The energetic characteristics of the short
magnetic exchange interactions are: H, = 1150 (+15)J/mol and S,=2.3 (+0.3) J/K.mol.

Table 3. Low-temperature magnetic heat capacity anomaly for erbium-iron garnet C; = Cg + Cay (J/K.mol)

TK | C_ | TK C,_ | TK Ci TK | G
5 | 290 | 40 | 226 | 90 18.0 220 | 16.0
10 1237 | 45 | 221 | 100 18.0 240 | 155

15 20.85 50 21.0 120 17.8 260 14.9
20 22.4 55 20.7 140 17.7 280 14.2
25 21.4 60 20.0 160 17.4 300 17.0
30 22.4 70 19.5 180 16.9
35 23.0 80 19.1 200 16.2

Table 4. Ferromagnetic heat capacity of erbium-iron garnet Cyy(J/K.mol)

s [ 555 | 509 [0 60

319



LO3SGEMZINML 39B60IRHIBSMS IHMIBEIR0 S35RIBO0L 3SG6I, Jodool Lgeos 2009, .

R0BIGSBIGS — REFERENCES - IATEPATYPA

1. S.Krupicka. Physik der ferrite und der verwandten magnetischen oxides, Academia,Prag,1973, v.1,2.

2. K.P.Belov, M.A.Belyanchikova, R.Z.Levitin and S.A.Nikitin. Redkozemel’nie ferrro-i antiferromagnetiki,
Nauka, Moskow. 1965, p. 177-293

3. K.P.Belov. Ferrites in hard magpetic fields, “Nauka*, Moskow. 1972, p. 1-188.

4. K P.Belov. Rare-earth magnetics and their application, “Nauka“, Moskow, 1980

5. A.Henderson, D.Oor, H Mayer, Y.Remeika. Phys.Rev. 1969, v.185, Nel, p. 1218-1229

6. A.B.Harris and D.H.Mayer. Phys.Rev. 1962, v127, Ne1, p. 101-118

1. Kesler IA., Corokin B.B., Tret'akov I.D. Russian J.Inorganic Chemistry, 1976, v12, Ne§, p.1607-1609

8. S.C.Parada, K.T.Jacob and V.Vanugopal. Solid State Sciences. 2002, v.4, Nel0, p. 1245-1255

0

Gorbunov V.E., Gurevich V.M., Gavrichev K.C. Adiabatic microcalorimeter with aneroid--type criostate,

Russian J. Phys. Chem. 1982, v.56, Ne1, p. 235-237

10. N.A. Landia. Proceedings of Georgian Academy of Sciences. 1985, v.117, Ne3, p. 529-531

V1. Varazashvili V.S., Tsarakhov M.S., Chachanidze G.D. J. Inorganic materials (Moscow, Russia), 1990,
v.26, Ne2, p. 602-604

12. Varazashvili V.S., Pavlenishvili T.A., Tsarakhov M.S., Khutsishvili D.L, Chachanidze G.D. J. Inorganic
materials (Moscow, Russia), 1992, v.28, Ne9, p. 2029-2032

13. Varazashvili V.S., Tsarakhov M.S., Mirianashvili T.B. Russian J. Inorganic Chemistry, 1997, v.42, Ned, p.
597-599

14. Miri hvili T.B, Pavlenishvili T.A., Varazashvili V.S., Tsarakhov M.S., and al. J. Inorganic Materials,
1993, v.29, Ne6, p. 876-878.

15. Mirianashvili-T.B., Varazashvili V.S., Gavrichev K.S., Tsarakhov M.S., Tsagareishvili D.S. J. of Physical
Chemistry, 1993, v.67, Ne§, .p 1721-1723

16. Mirianashvili T.B., Varazashvili V.S., Tsarakhov M.S., Pavlenishvili T.4. J. Inorganic chemistry (Russian)
1997, v.42, Ne6, p. 1026-1028

17. Mirianashvili T.B., Varazashvili V.S., Tsarakhov M.S., and all. Russian J. Inorganic Chemistry, 1997,
v.42, Ne6, p. 926-929 k

36303806 BIGMdGS65B0L MNIGMRO65303I60 M30LIBIBO RS 353600 BSBIG0
35@RSIF6IB0
30603 3ssB3dzomo, InMdsh (35G8bmgo, mgodnGet B3gmgbodgomo, msdst Hnﬁooﬁo??;)n;g»n,
9630 dsBsgmady, dbos bobosdy, 6obs gmggsgs
G3970900 SBLdol sG0ZE 0 Jodoobs s g b fodool oblibad o
®J%0939
9630930l guepGbaBols EnFesOn  odmdggepmds  Jgbfegmomos  20-1300K obBg@gemda
gommaodgdeagmoe  dgmomwgdol  asdnggbgdon s @seagbomos  dofomswo  Lasbmdstier  bslasools
09@dmwobsdogndo  gubizogdo — gbosmdos, g6BHG™30s, a0dlol 9bger30s.  g3edmgmgbommos 3536060
obgto 3stsgdbgto ws SBmBsmogdor EsdsmEIASgGIBNGYm  sbmdsrmos dsJbodndoo  35K-bg, dmigols
sBedsmas s Gadmdsabodgto gstwsddbs ool Bgd3gesgnGen 543K, Bm3gdnmos o3 gsthesdbbol
2696980490 3sbslosmgdmgdo — gbBO™3as, gbmsgmdos.

TEPMOJUHAMUYECKUE CBOVICTBA 1 MATHUTHBIE ®A30BBIE IIPEBPAIIEHHUS
DEPPOITPAHATA DPBUSA
B.C.Bapasamsunu, M.C.Ilapaxos, T.A Ilasnesniusuin, T.B. Mupuanausuny, T.E.Mauananse,
M.I". Xynnanze, H.I".Jlexxasa
Hucmumym neopaanuyeckoil xumuu u anekmpoxumuu um. P.H.A2nadse
PE3IOME
Ha oCHOBe KaJiOPUMETPUUECKOrO HCCIeNoBaHns (YHKLUMM TErnoeMKkocTH (eppura-rpanara 3pous
Er;FesOy; mpencranienbl TepMoAMHAMUYECKHE BYHKIMH — TEIIOGMKOCTb, IHTAIBMHA, SHTPONHSA, SHEPTHS
T'u66ca — B o6mactu 20-1300K. Brisienens! (a3oBble NPeBpaIleHys ¥ aHOMAINH, BbI3BAHHBIE U3MEHCHHEM
MarHMTHONO COCTOSHHSA: (ePPOMArHUTHOE [peBpallleHne, «HU3KOTEMIIEpaTypHas aHOMaius» U d(dekr
ILoTTkK, a TaKkKe TEePMUYECKMEe TNapaMerpsl NpeBpalleHN: TeMnepaTypHbie O006NacTH, MarHuTHad
COCTABIISIOLLME TEIIOEMKOCTH, SHTPOTIHH W SHTAIBIHHN.
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OUBNYECKAS XUMUA
KPUCTAJUIMYECKASI CTPYKTYPA Bay(CH;COO), Hz[(CH3;COO);] Ho[(CH3;CO0);]
I'B.Ilununanze, H.O.Ennename*, A.Jl.Uybununze*, A.M.Mawmynamsuin

I'pysunckuii mexnuyeckuii ynusepcumem
*ocyoapcmeennviii ynusepcumem Ax. Llepemenu, 2. Kymaucu

Kpucrannuueckas cTpykTypa pelliena aHann3oM TpeXMepHoro pacripeaesenus bynkuuii [latepcona
C MoC/IeTyIOIEeH JoKaIM3alueii HeBOXOPOAHBIX aTOMOB.

Cremin MOHOKpHCTaLIOB pasmepamu (0,30x0,20x0,60) MM® poBOIMIIHCH HA aBTOAU(PAKTOMETPE
CAD-4-SDP — na M, usnyuennu (rpadurosbiii MoHoxpomatop). Bcero 3apermcrpuposano 4784
OTPaXECHWH, W3 KOTOPBIX JUIA BBIYMCIEHMS MCIONb30BaHO 3258  envuuu. [lapamertpsi 3jemMeHTapHOM
A4elikn M3yYeHHOro MOHOKpHcTaia a=7,408(2), b=12,726(2), c=14,817(5) A; a=90,64(2), B=102,63(8)
1=87,11(7)A; V=1363(3)A’; MpoctpancTeennas rpynmna - P1;z=2; Pown=1,835(7) rp/eM’, R=3,8; R,=4,81.

KoopnuHaTHble M TeIUIOBBIC IapaMETpbl CTPYKTYpPhl NpHBEJeHbl B Tabn.l, a MeKaTtoMHble
paccTostuus M yriiel B Tabn. 2. CriefyeT OTMETHTB, YTO BBHAY IUIOXOIO KAauyecTBa MOHOKPHCTA/LIA M €ro
Gombimoro pasmepa (KpHCTA/UIBI MEHBUIETO pasMepa pasiaraluch BO BPEMS CLEMKH), YTOYHEHHE
KOOPAMHATHBIX M TETUIOBBIX MapameTpoOB CTPYKTYPbl UAET OUEHb HECTAGWIBLHO. DTO MOIJIO CKa3aThCs B
OTIENBHBIX CTyyasx Ha BejuuuHax pacctosHun C-C B aleTaTHbIX rpymnnax.

Ha puc.] npusenena npoeximsi ctpykrypel Ba,(CH;COO), Hp[(CH3COO0);] Ho[(CH;COO0)s] Ha
m1ockocTs (0yz). VIHTepecHbIM siBsieTcs: TOT (hakT, 9TO B 3TOM COEAMHEHMH CYLIECTBYIOT TPUMEPhI JABYX
THIIOB, 06pa3yloumec;{ NPy [IOMOIIH CHJIbHBIX BOIOPOJHBIX cBs3ed u3 AUETaTHBIX TPyNm W MOJIEKYJ
YKCYCHOH  KHMCJIOTBI, KOTOPBIE pPAaCMpOCTPAHAIOTCA B ABYX HANPABICHMSX. AHAIH3 MEKATOMHBIX
pacctoshmuit C-O B kapGokcunbHbIX Tpynmnax (cm.Tabn.2) SICHO TOKA3BIBAET, UTO Kakbi TpUMEp
obpasyeTcst M3 ONHOM JENPOTOHMPOBAHHON ALETATHOW IPyNmbl M JBYX MONEKY] YKCYCHOM KHCIOTHI
TOCPENCTBOM CHIIBHBIX BOROPOAMBIX cBsizeit. CooTsercTBylomme paccroshus O..0 B 3TMX TpHMepax,
pasubie  2,57A(082..012), 2,57A(041..011), 2,63A(071..062) u 2,55A(061..052) xopouo
WLIIOCTPUPYIOT 3TOT BBIBOL.

P 7» TO 5
e
S

Puc.1. Ipoekuus crpykrypsl Bay(CH;COO),H,(CH;COO0);H,(CH3COO0); Ha nitockocTs (0yz)

B To e Bpemsi paccMoTpeHHble paccTosinug C-O B KapOOKCHIBHBIX TPyNNax MOKa3biBAKOT, YTO B
IpYNNMpoBKax aueTatHbix $parmentos Acd, Ac5, Ac7 u Ac8 ouu Gonee nuddepeHumMpoBanbl, YeM B
JPYTHX, ¥ 3TH TPYIINbI ABJISIOETCS MOJIEKYJIAMK YKCYCHON KHC/IOTBI.

3aMeTHM, YTO HaMH H3Y4YeHbl TAKXKe KPHUCTALUIMYECKME CTPYKTYPbl TMApOAaLeTaToB Gapusi Apyrux
cocragos [ 1, 2] B CTpyKTypax KOTOPBIX He 3aMKCHPORAHA alleTaTHas IPyNIHpOBKa — TPUMED.
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Ta6mua 1. Koopamuats! aroMor (x10%) 1 napamerph aHM20TPONHEIX TETUIORKIX KoneGanmuu (x10°) B
crpykrype Ba(CH;COO), Hy(CH3COO); Hy(CH3COO);

Atom

x/a

y/b zc By By Bss Bp Bis Bos
1 2 3 4 5 6 7 8 9 10

Ba(l) | 4800,7(7) | 4366,6(d) | 6512,7(4) | 8,4009) | 3,623) | 2,63(2) | 0,2(1) | 3,29(6) 0
Ba®2) | 609,1(7) |3759.4(4)|3949.1(4)| 8.649) | 330(3) | 2.96(2) | 04(1) | 3.58(7) | -0,18(5)
o(1) | -1103010) | 4150(7) | 21175) | 182) | 98() | 333) | 8@ | 5701 | 1.709)
0(12) | 3131(11) | 5464(8) | 2016(5) | 212) | 10.8(7) | 40G) | 92) | 11,1(10) | 0,8(9)
0(21) 7019(9) 3778(6) | 4083(5) 11(1) 5,4(5) 4,7(4) 1(1) 4,4(11) 1,2(8)
0(2) | 4512(8) | 3786(6) | 4648(a) | 10(1) | 42(4) | 3.13) | -1(1) | 478 | -12(6)
oG | 90619 | 5937(5) | 4143(4) | 13(1) | 3.94) | 326) | 2(1) | 5409) | -76)
0(32) | 117399) | 5767(5) | 3728(5) | 10(1) | 4.0(4) | 57¢4) | 1(1) | 84(10) 1(8)
O@41) | 6863(10) | 6197(6) | 7368(5) | 16(1) | 7.6(5) | 3.6(3) | -03Q2) | 22(11) | -4,58)
0@42) | 8707(13) | 6824(9) | 8621(7) | 182) | 13,18) | 5.0(4) | -0,02) | -1.6(13) | -7.6(10)
O(51) | 5408(13) | 7786(6) | 3387(6) | 26(2) | 47(5) | 63(5) | -0.12) | 3.9(16) | -0.8(9)
0(2) | 6736(13) | 9245(7) | 3975(7) | 24(2) | 5.5(5) | 7.4(6) | -2Q) |-0,16(19) | -1,3(10)
0(61) | 1395(12) | 1746(6) | 4636(6) | 252) | 3.8(4) | 46(4) | 0@ | 0513) | 1,08)
0(62) | 185(15) | 1742(6) | 3162(6) | 352) | 41(4) | 50(4) | -0@) | 1.0(17) | -118)
o -1177(17) | 862(10) | 2657(8) 31(2) 12,309) 8,1(6) 8(3) 3,8(22) -4,8(14)
0(72) | 50024) | -122(18) | 249412) | 52(3) |30,719) | 12,109) | 46(4) |-18,7(28) | -22,2(19)
O(81) | 2951(14) | 6327(10) | 1763(6) | 24(3) | 13,109) | 44(4) | 92) | 09(14) | 2,5(12)
0(82) 4942(17) | 6850(11) | 966(7) 42(3) | 12,8(10) | 7,0(5) 1193) | 14,9(17) 8,0(13)
C(11) -1990(1) | 4913(10) | 1707(7) 12Q2) 7,4(7) 3,2(4) -3(2) 3(1) 0,3(11)
c(12) 166(2) | 520316) | 759(7) | 39(4) | 154(18) | 52(6) | 16(5) | 20(2) | 2,3(20)
cen 5340(2) | 3295(7) | 4387(6) | 9) | 4.1(6) | 34 | 1) | sy | -0,1(10)
C(22) 504002) | 2157(9) | 445701) | 253) | 468 | LI1®) | 43) | 18@) | 26017
CG1) | 10300(1) | 6286(7) | 37586) | 10Q2) | 38(5) | 34 | -12) | 501 -0,6(9)
c(32) 9990(2) | 7308(10) | 328410) | 23 | 598) | 97(6) | 73) | 202) | 94(14)
c@n 20802) | 6677(9) | 8107(8) | 20Q) | 56(7) | 33(5) | 1) 32) | -0,5012)
c@2) 5560(2) | 7190(17) | 8449(10) | 193) | 15.8(14) | 6,5() | 53) 82) | -6.8(17)
c(51) 56702) | 8709(9) | 3323(9) | 18(2) | 52(18) | 6,1(6) | -1(3) 6(2) 1.2(13)
C(52) 4820(2) | 9343(13) | 2502(11) | 30(4) 9,0(10) 5,717 -4(4) 2(3) 3,6(17)
c61) 880(2) | 1255(9) | 3869(7) | 2102) | 39(5) | 48(5) | -02) | 9@ | 250D
c(62) 11503) | 94(12) | 3886(10) | 43(4) | 618) | 597 | -13) | 93) | -13(15)
1) | -10802) | 116(14) | 1261(11) | 320(4) | 10.9(12) | 53(7) | 6(4) 1) | 2607
) | -236003) | -436(19) | 48307 | 376) | 1671 | 10,102) | 8(6) | -14) | -9,025)
c(81) 330002) | 6848(12) | 1140(8) | 3513) | 69D | 3.06) | 8G3) | -20) | 0,1(14)
c(82) 1860(3) | 7552(16) | 550(13) | 44(5) | 9.009) | 69(10) | 7(4) | -124) | -0,1(20)

H)CA2) | 2402) | 581(12) | s52(11) | 6(3)

HQ)C(12) | -60Q) | 533(10) | 76(9) | 350

HG)C(2) | -210Q2) | 465(14) | 37(12) | 8(4)

H()CE2) | 500Q) | 187(12) | 47210) | 5(3)

HE)CE2) | 5902) | 183(12) | 378(11) | 6(3)

HG)CE2) | 710@) | 195(14) | 476(11) | 703)

HOYCG2) | 1,100) | 74709) | 3018) | 3.2

HR)CG2) | 8902) | 733(11) | 28309) | 5(3)

HG)CG2) | 9902) | 788(11) | 378(9) | 53)

H()C@2) | 600Q2) | 747(13) | 902(10) | 6(3)

HR)C@2) | 4902) | 766(11) | 803(10) | 5(3)

HG(C@2) | 460Q) | 670(14) | 846(11) | 7(4)

HOCG2) | 5102) | 1001(12) | 255(10) | 6(3)

HQ)CG2) | 510@) | 904(10) | 19909) | 353

HE)C(2) | 350(2) | 926(9) | 237(8) | 3()

H()CE2) | 80(2) 292y | 33100) | 63)

HR)CE2) | 242) a1 | 4130y | 6G)

HGIC62) | 602) | -23010) | 42709) | 5B
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Tabnuia 2. MexaToMHble paccTosHuA B crpyktype Bay(CH;COO),H,(CH;CO0);Hy(CH;COO)5

Ba()-0(12) 2,73 Ba@-0(11
el s e 27108y
. 2815(8) 0@z 2851
0@2) 3,042(%) -Dglg 3,0175?0)
0631) 224403 en 2206(8)
033 2677(9) 033 2746010
0@ 2927010 -0a15 298709
g5t 275414) -061) 277411
o ma s Bed 0% T
o : <Ba(2-0% 2833
can-ca 1,528(24) C@1)-C (42) 1,4745?7)
can-od 1,250020) C 4190 (1) 1,228(17)
CUDOA fAcl 124515 CED-0U [Acd 1290019
cancas Vasaag Séitso e o
cano@nl, . 124115 CER-OGD 1120252%
B0 T G
§ Y g 19601
CEH-C (3D 1,475(24) C (81)-C (63) 1,48852’;:))
canoanl, o Ly C (61)-0 61) 1.276018)
e ety SetoEs | g
' 0320 6D 2,5500169
O BIEH1) 1,265(19)
O (SI-H(1) 1,291(196)
CaD09 e
CaB0an (AT L1z
ogNO0 TP 2140028
dhid | g
c%x%b%i Ac8 1129352?)
C@1-0E2) 2196(25)
0620 (1 2,630(19)
0420 (22) 2565021
010 (42) 25750179

BasientHele yribl B ctpyktype Ba(CH;COO),H,(CH3COO0);Hy(CH;CO0);

0(11)-C(11)-0(12) 125(1) O(41)-C(41)-0(42) 122(1) O(TH-C(T1)-0(72) 121(2)
0(11)-C(11)-C(12) 118(2) O(41)-C(41)-C(42) 123(2) O(71)-C(70)-C(72) 117(3)
0(12)-C(11)-C(12) 117(2) 0(42)-C(41)-C(42) 115(2) O(72)-C(71)-C(72) 122(3)
0@21)-C21)-0(22) 121(1) O(51)-C(51)-0(52) 123(1) O(81)-C(81)-C(82) 121(2)
0Q1)-C(21)-C(22) 120(1) O(51)-C(51)-C(52) 123(2) O(81)-C(81)-C(82) 123(3)
0(22)-C(21)-C(22) 119(1) 0(52)-C(51)-C(52) 114(2) 0(82)-C(81)-C(82) 117(2)
0(31)-C31)-0(32) 122(1) O(61)-C(61)-0(62) 120(1) 0952)-H*-0(61) 170(1)
0(31)-C(31)-C(32) 119(1) O(61)-C(61)-C(62) 117(2)

0(32)-C(31)-C(32) 118(1) 0(62)-C(61)-C(62) 123(1)
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BgbFsgemomos 3sGogdol JopGmsagdetel - Bay(CH;CO0),Hy[(CH3;COO0)H,[(CH;COO);] géraligom
VRO DGs —  93Bmmog®sJthmdgdergm  jmddmafuby CAD-4-SDP. Lsdqgdsmb  ggdbogndo 6§
Bybergmgdgmos by “otge”-8a (J 8mlgmgo).  go0lGsmgdo Gogmobamos 3stsdgghgdon: a=7,408(2)
b=12,726(2), c=14,817(5)A; @=90,64(2), B=102,63(8). y=87,11(7)% Pasdon=1,835(7) 26/68% =2
Logbomo %3950 PT; 6920 GoGgdgmos 4784 Ggnegdlo, Gedgmmsgsh  gedmggbgdmmos — 325
R=3,8; R,=4,8.

CRYSTAL STRUCTURE OF BARIUM HYDROACETATE -
Ba,(CH3;COO0),H,[(CH;COO0):H,[(CH3COO0);]
Givi Tsintsadze, Naira Endeladze, Aleko Chubinidze, Aivengo Mamulashvili
Georgian technical University
*State university Tsereteli 4. city Kutaisi

SUMMARY

Barium hydroacetate — Bay(CH3;COO),H,[H(CH;COO);H,[(CH3COO)s], crystal structure was determin
on CAD-4-SDP diffractometer. Technical part of analisys has been carried out in IREA (Moscow). Barium
hydroacetate is triclinic crystal with following parametres: a=7,408(2), b=12,726(2), ¢=14,817(5)
0=90,64(2), B=102,63(8), 7=87,11(7)’; peuc=1,835(7) g/sm’; z=2; space group P1; It is registrated 47
reflexes, used — 3258; R=3,8; R,=4.8.
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OUBUYECKAS XUMUSI

LEOJIATHL B MPOIECCAX OBE3BOKUBAHUS OPTAHMYECKHX
PACTBOPUTEJIEM H HEO@TEITPOJIYKTOB

T.I'. Aunponukawsunu, T.H.Kopasaxus, JL.T . Dnpukamsumn, U.M.Py6amsunn, M.A Jlzaranus
Hnemumym guzuveckoti u opeanuveckos xumuu wm. I11.1° Menuxuweunu

PaccMOTPEHBI HEKOTOPBIE aCTIEKThl UCTIONB30BAHS B IPAKTHKE 06e3BOXKHBAHUSA OPraHUYECKUX PACTBOPHTENCH
¥ HeTeNnpoaYKTOB KaK CHHTETHYECKMX, TaKk M TPHPOMHBIX ueoauToB. OBG30p MccHefoBaHMA  TIO
HCTIONB30OBAHMIO LIEONMTOB B MpOLECCAX IKMAKO(DA3HON OCYNIKH PamIM4YHbIX HEPTENPOLYKTOB IOKa3as
Le1ecO00Pa3HOCTh M MEPCTIEKTHBHOCTD X HCTIONL30BAHHA.

OIHMM M3 OCHOBHBIX HAa3HAYEHWH IEONMTOB SBISETCS OCYIIKA JKMIAKUX Cped, NpHuéM MO psiy
foKazaTesiell OHM BBIFOJIHO OTJIMYAOTCA OT JAPYIMX aacopOeHToB. OGBIYHO, B NPAKTHKE 00E3BOKUBAHUA
HCTIONB3YFOTCS KAK CHHTETHYECKHE, TaK U NIPUPOJIHbIC LeonuTst [1,2].

B omHoi M3 mepBbIX paoT, omy6aukoBaHHOW B HayuHol npecce Gbisiero Coserckoro Cotosa,
NPUBE/IEHBI IaHHBIE NO AZICOPOLOHHOMY 06€3BOKMBAHMIO ALETOHA CHHTETHIECKMM LieonuToM Tra NaA
[3]. DkcnepuMeHT GbLT BBIONHEH B NaGOPATOPHBIX YCIOBHAX. AUETOH M3 HAMOPHOTO Gaxa caMOTEKOM
roctynan B apcopGep, 3anoqHEHHsIH rpaHynamu ueonuta NaA M TPOXOAWN 4epe3 CNOH CHU3Y BBEpX,
NPOCKOKOBast KQHUEHTPALWs B MEPBbIii MOMEHT BPEMEHH COOTBETCTBOBAJA COAEPIKAHMIO BOJBI B ALCTOHE
0.02-0.03%. Bpemst 3ammutHOro IeHCTBHA 10 MPOCKOKA BOB! B aueTone — 0.05%, npu NuHeiHON CKOpOCTH
notoka 0.7 cM/MuH cocTaBuwio 45-50 uacos. Peresepauys cinos copOeHTa BHa4ajie OCYLIECTBIIANIACh
NPOMYBKOI a30TOM B TedeHHH 2 4acoB Ge3 NoAorpesa, a 3aTeM HarpeBoM /10 TeMIepaTypbl 300°C. O6wee
BpEMs PereHepaLu COCTaBIIsANo 26 4acoB.

Asropamu paboTsl [4] mOka3zaHa BO3MOMKHOCTb HCIIOJIB30BAHHMA LEOJUTOB THIA KA-3M u H-
MOpJIEHUTa MPOM3BOACTBA 1 OPBKOBCKOHM OMBITHON Gasbl BHUUHII (6uiBumit Coserckuit Coros) s
ryGOKOH OCYLUKM XJIOPOPraHMHYECKMX pacTsopHTesiedl (AMXIopITaHa u TpuxJiopaThieHa). OTbITb!
TPOBOXWIHCH Ha IMHJIOTHOW ycTaHoske. B ancopGep anamerpom 32MM, 3arpysKajlich TPaHyJibl LEOIUTa
KA, 3epHeryemM ~ 4MM U rpaHyibl LeoiuTa H-MopieHHTa, 3epHeHHeM ~ 2MM, MaKCHUMaJlbHas BbICOTA CJIOs
1200MM. OMBITHI IPOBOXMIMCH [0 AOCTHIKEHHs HA BBIXOJE M3 afcop0epa KOHUEHTpauuH Bilard paBHO¥
HcxonHoi. Mexo/iHast KOHUEHTpalWs Bilark [Ulsl TPHXJIOpITHIeHa Konebanack B npeaenax 0.285+0.329 r/n,
a s MXJIopaTaHa coctassuia 1.697 /. AncopGenTsl NPeBapHTENIbHO KOHAHLMOHUPOBAIHCH B TCHEHHE
7-10 uMKIOB pereHepauMd. Perewepauus 3aknodanach B CIyBKE OCTaTOYHBIX pactBopuTeneit
VBIDKHEHHBIM BO3AYXOM IPM KOMHATHOH TeMIiepaType, ¢ MOCAERyIOWHM MEUICHHbIM HAarpeBaHueM 10
100-150°C u manpHeimMM HArpeBaHMEM B TEUCHHHM 6 YacoB MU TeMIepaType 350°C, B MoTOKE CYXOro
BO3AyXa (TOUKA POCHL -60+70%) p1s nonHOTO yAaleH s Bark u3 aacopOenta. ClelyeT OTMETUTD, YTO NMPH
pererepaiyn H-MOp/IeHHTA, KOTOPEIH XapaKTepu3yeTes Gostee MHpPOKMMHE TIopamu yeM ueosut KA, nmeer
MecTo aficopOuMs B HEM MONEKYJ pacTsopurens. Kicxona us sToro, craams JlecopOLME TOTO LECONHTA
Tpefyer GONBIIErO BPEMEHW M CONPOBOKIACTCH BBIACNICHMEM XJOPHCTOTO  BOAOPOZR, 3a  Ccuér
KATATUTHYECKOTO PasloykeHHs, TIPHYEM 5T0 B GOsibIueH CTeNeHn HaOmOIaeTes B Cllydae AMXIIOpITaHa, HeM
TPUXJIOPITHIICHA. VeranosieHo, 4to B TeueHne 4000 wac. paGorsl 06a LeonuTa BBIAEPIKUBAIOT 10 50
LMKIOB pereHepaly Ge3 CYIIeCTBeHHOH noTepH MAAMHYECKO akTHBHOCTH. HaiineHo, 4ro no cBouM
MHAMHYECKMM TIoKasaTe1aM Heonut KA mpesocxoaut H-MopaeHuT. Tak, fApH UCXONHOM KOHLIEHTpaLWH
prary B Tpuxsiopatuiiene 0,326 1/, AuHaMHuUeCKas ajicopOLMOHHas aKTHBHOCTS B citydae KA pasHa 0,125
rlem’, a mis H-mopaewuta 0,06°10° r/cw’. Bpems 3alUMTHOrO JIEHCTBMS MpH OJMHAKOBBIX Pa3sMepax
afcopGepa ¥ CKOPOCTH U [I0AA4H PACTBOPUTENL UL LEoUTa KA npubnusutesisHo B 1,5 pasa Gonbiue, uem
s H-Moppenwra. OGa pacTBOPHTENS HA MOJEKYJIAPHBIX CHTAX KA u H-MopzieH#Te MOTYT GBITh OCYIUEHBI
10 OCTATOUHOM BJIAXKHOCTH 0,001% Bec. npu CKOPOCTH 0,56 /uacecm’. YCTOMUHBOCTD aaCOPOLIMOHHBIX
coiior teonmTa KA 1pu GOMBIIOM uKMC/e LHMKIOB paboThl NO3BONAET PEKOMEHA0BATE €ro [l OCYIIKH
XJIOPOPraHHIecKHX PACTBOPUTENIEH.

B pabore [5] nokasaHo, 4TO AN r1yGOKOH OCYNIKH HHAMBHIYalbHBIX YIJIEBOJIOPOSOB ClICAYeT
NpaBWILHO MOAGHPATL ONPENENENHbIE MAPKH CHHTETHYECKUX LICONHTOB. Tak, JUTsl OCYUIKH M30MEeHTaHa 1
H30NIPEHA BO3MOXKHO NPUMEHEHHE o000 (OpPMBI LEONHTOB THNA A, MPH OCYIIKE NMUMNEPUIEHA HEB3A
Honb3oBaThes neoauToM CaA, a JUlst OCYIIKHM AHBHHWIA H BUHHJIALETANCHA MOTYT 6BITH HCTIONB30BAHbI
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TONBKO ueonntTe THna KA. Takol 1moaGop aBTOpel CBSA3BIBAIOT C BO3MOKHOCTBIO TIPOHHKHOBEHH]!
YINICBOZOPOJOB B TMOJIOCTH LEONUTOB B IPOLECCE MX OCYIIKHM, YTO MOXKET CHOCOOCTBOBATH IHX
NOMMEPH3ALMH W yXYAUICHUIO JHHAMWYECKUX TIOKasaTeqeH ancopOeHTOB, T.e. TMOHWKEHMIO UX.
OCyLIaloLeH CIOCOGHOCTH M COKPALLEHHIO CPOKOB (UIMTENLHOCTH) HX MCTIONB30BAHMS B TPOMBILILIEHHOM
Maciurabe.

Moreky19pHO-CHTORBOH (PaKTOp HEOSUTOB, B OCHOBHOM, OMNpenenser 5(deKTHBHOCTS npoLeccd
06e3B0KMBAHMA MHAHBHIAYAIBHBIX YIVIEBOAOPOJOB. DTO TOATBEPIKIAETCS Ha NPUMEPE  MCIIOJIB30BAHNA
ueomita NaA B npouecce ray6oKoi sKMAKOGDA3HOM OCYIIKH W30MpeHa B AHHAMHYECKHX YCHOBMAX TIpH
MPOCKOKOBOM KoHUEeHTpawuu Bonel 1,0010%% sec. Mpn nexoxHoit KOHLICHTpaluu Boabl B usonpene 0,03%
BeC., JAWHAMWYECKas aJCOPOLIMOHHAA AKTMBHOCTbL LIEOJUTA pasHa 18,5 /100 r, a npu wucxomHO#
KOHUEHTpauuu Bo/sl B npoaykre 0,003% sec. - 14 1/100 r. Takum opasom, riy6okas ocyika H30MpeHa
JI0CTHraeTest laxke Mpy GOMBLION cKOPOCTH ocyinaemoro notoka (10-20 i/neuac).

B paborax [6,7] npuBeneHbl CpaBHUTENbHBIE NaHHBIE MO HCIOIb3OBAHHIO TIPUPOHBIX 1IEOJUTOB —
KJIHHONITU/IONIATCOAEPKALIHX TyhOB pasnuuHbIX MecTOpokaeHHi GbiBwero Coserckoro Cowosa  #
TIPOMBILIEHHOTO CHHTETHHYECKOro Leonuta Tuna NaA B MpoLecce OCYIIKH TAKHX OPraHHYECKHX
PacTBOPHTENICH, KaK WYeTHIPEXXJIOPHUCTBIN Yriepojl, TeKcaH, LMKIOreKcaH, GEH3ON, MpOMaHol, H30-
nponaHoi, GyTaHon. DKCHEPUMEHT NMPOBOAMICH B J1aGOPATOPHBIX YCHOBHAX. JKHAKOCTh ¢ H3BECTHON
HaYaNbHOM KOHUCHTPAUMEH BnarW, nojasamach B aacopbep AMaMeTpoM 2CM, BBICOTA COS aacopGeHta
MeHsutach B npenenax 0,5-20cm. Pacxol sKMAKOCTH NMOANEPKMABAICS MOCTOSHHBIM M COCTABNN 8 JI/MHH
[6]. B Gonee nosmneit paGore [7] Gbuia uCHONb30BaHA YKPYNHEHHAS naboparTopHas ycTaHOBKa ¢
AuamerpoM ancopbepa S,1cM M BBICOTOM cros ueonuta B azcopbepe paeHO 50cM. Ancop6enT,
3arpy)KeHHEIH B aficopbep, MOABEPracs TEPMUUECKOM PereHepaty NPONYBKOH CYXHM BO3IyXOM (TOUKa
pocti -70°C) B Teuennu 4 uacos. Temnepatypa pereneparu kiuHonTuionuta 6suia 200°C, a TeMneparypa
pereHepaLyi CHHTeTHYecKoro ueonuta NaA Ges cessywomero - 400°C. Pesymbratbi orpe/eneHus
MHHHUMAJILHO TOCTHIaeMOH B IMHAMUYECKOM NPOLIECCE KOHUEHTPALMK BO/bI B Pa3iMUHBIX PACTBOPHTENISX
NPH  MCTIONB30BAHMH  KIIMHONTUIIONMTOB  Pas/MHbIX MECTOpokAeHnH ObiBuiero Coserckoro Coosa #
CHHTeTHYeCKOro neosura NaA npusesens! B tTabauue 1.

Tabauua 1. MuHuMasibHas KOHLEHTPALNs BOABI B PACTBOPHTEIIAX (C-lO"'Bec.%) NPH OCYLIKE HX
KITHHOMTHIIONNTOM Pa3NMUHBIX MeCTOPOXK/AEHH I U Leonutom NaA.

Knunontunonnt /mecroposxaeHue NaA 6e3 cszs-—’
YIOLLEro, npo-
PactBopurens Jlzersu Xekopasyna Aii-Jlar CokupHuua W3BOJCTBA

Ipy3ust Ipy3us Asepbaiipkan Ykpauna I"OBBHUHH]{

(6.Coserckuit Coios)
YeThIpEXXTIOPUCTEI yTIIepox 6 4 6 8 3
I'excan S 5 6 7 3
Ilnkorexcan 8 10 10 13 4
benson 12 12 13 16 8
[ponaxosn 18 20 20 25 10
Wsonponanon 15 20 21 28 12
Byranon 15 18 19 25 10

KNMHONTUAOMUTBL  MPAaKTHYECKH — OBECreuuBaloT — OAMHAKOBYIO  OCYLUKY — BbIIIETPUBENSHHBIX
YIJIEBOAOPO/IOB, HO B ABA pasa YCTYNAlOT CMHTETHYECKHM LIEONUTaM, H, MpeXae BCEro, Leonuram 6es
CBA3YIOUWIErO, MO BEJUYMHE MpeNeNbHON EMKOCTH, NpWuéM, B Gosiblued CTEMEeHH 3TO Kacaeres
KIMHONTWIONMTCOAEpXKAUMX Ty(hoB MecTopoxkaeHui 3akapnares (Ykpauna). Bmecte c Tem, JanHble
ONBITOB [6,7] MOKA3BIBAIOT, YTO KJIMHONTUIONHTBI MOTYT OG€CIIEYHTh MOINIOLUIEHHUE BOBI U3 OPraHuYeCcKux
pacTBopHTeeil B 06nacTH KoutenTpamu Menee 1'107%sec u, c1e10BaTeIbHO, MOTYT GbITh HCIIOB30BAHS!
U1 Tipotiecca riryGOKO# OCYLIKH B JUHAMHYECKUX YCIOBHSIX.

Psnom wucciienosanuii MokasaHa  1e1€COO0GPA3HOCTb  MCMONB3OBAHMS LEONHTOB Uil OCYLIKH
PasnHuHBIX HeTenpoayKTOB.

PaGora [8] mnocpslieHa HccnenOBaHMAM OKMAKO(A3HOW OCYIIKH ONe)UHOBBIX M oneduHo-
ApPOMaTHYECKHX YIIEBOJOPOAHBIX CMeCeH C COlep)KaHHeM yriepoja B Mosekyle oT 6 no 10 aTomos,
TIpeJieNibHOe COMlepkaHne BoAbl B cMecsax cocrapisuio 0,1-0,15%sec. [lns mMccnenoBaHUs NPUMEHSITHCH
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cuHTeTMUECKMEe LeosiuThl THma A um X Kak B TIpPaHyJUPOBAHHOM BH/E, TaK H MeEIKOMMCIEPCHBIC
KPHCTAJUTUHYECKHE TIOPOILKH.

Hamny4immM  ocyuiutesneM yriieBOAOPOJAHBIX cMecell okasancs wneonut NaA, uTo 00ycnoBIeHO
coueTaHHeM JBYX (DAKTOPOB: MOJAPHOCTHIO ancOPOMPYEMOro BEIIECTBA M HAIMYHEM MOJIEKYJAPHO-
CHTOBOTO 3((heKTa y 3TOro LEeOHTa.

HccneoBaHus POBOMMIMCH B AMHAMHYECKHX YCIOBHIX Ha aACOPOLMOHHON KOJOHKE ¢ BHYTPEHHHM
nuameTpoM 18 MM H BBICOTOH criost teosuTa 800MM, cMech NIOAaBanach B aacopbep cHusy BBepX. [ybuna
OCYLIKM 3aBHCHT OT CKOPOCTH TIOJ[auH JKUAKOCTH, Hanbosree a¢pekTnBHas ocyika 6bU1a JOCTUIHYTA, TIPH
cKopocTsiX noTtoka He Gonee 0,5 nuTpoB/uac-em’. Tlocne oTpaBOTKM NEONUTA OCYINECTBIAIACh OTMBIBKA
NapoB YIJIEBOJIOPOZIOB a30TOM, BO3NAYXOM MM BaKyyMHPOBAaHMEM C JaibHeliuell aermaparaiuci
afcopbeHTa.

TMokasaHo, uTo mocse 85 LMKIOB COpOLMK-AECOPOLIMH BIIATH, CHIKEHHE aJICOPOUMOHHOM aKTHBHOCTH
1IONHTA He HAGIIONANoCch, KPOME TOTO, HE MPOMCXONMT M3MEHEHHe XHMHYECKOrO COCTaBa OCyLIaeMOH
CMecH.

BBIENPHBEEHHbBIC PE3y/IbTaThi ObUIH [OATBEPXKICHB! OIBITAMH, IPOBEJEHHBIMM Ha MHIOTHOH
yeTaHOBKe (BHyTpeHHMit iuameTp ancopGepa — 5 1MM, BbicoTa ciiost ancopbenta —2000mm).

Ha ocHoBamuu saGopaTopHbix OmeiTos [5] Obima paspaGoTaHa NPUHUMIMANBHAA —CXeMa
NPOMBIIIEHHOH OCYWIKM C TOMOMIBIO CHHTETHUECKMX UeonuToB NaA, Tak Ha3blBaGMOH TONOBKH
crabunuzanmu HedyTy, npencTaBisiomel co6o# cmech Cr-Cg  anKaHOB, HENPENETbHBIX H apOMAaTHIECKHX
YIIEBOZIOPOJOB, B TOM YHCIIe BHICOKOKHIIIHX C7-Cs, MPUYEM B 3HAUUTEILHOM KOJIMYECTBE [9].

B 6oKax OCYIIKi GbUTM YCTAHOBEHBI aICOPOEPBI INAMETPOM 2,6M, BbICOTOH 10M, npy BBICOTE €10
neonura 8m. B ancopGepst GbUI0 3arpysKeHo 1o 40m° neonuta. OcymaemMoe Chipbé MoaBasock B ancopbep
CHU3y BBEPX B XKHMIAKOH (paze MOJ HaBneHMEM OKOJIO 20 aT™ M TeMmepaType He Bblle 50°C, ¢ numeiino
ckopocTbio 0,5-0,8'107m/cex.

Perenepauyio ¥ NEPBUYHYIO aKTHBALMIO LEOUTA OCYIIECTBIAIA B TIOTOKE Harperou 10 350°C sran-
NPONAHOBOK (pakKumu ¢ TOYKOH pOCkI -35°C. TlokaszaTenem 3aBepuICHHs PEreHepaLyH CITYXKWIO
BHIPABHMBAHUE TEMIICPATYPbl M TOUKHM POCHI rasa [0  rocie ancopGepa. TTPOH3BOACTBEHHbIE UCTILITAHMSA,
NpoBeAEHHBIE B TEUEHHU TOJIYrojia, MOKasaiu, YTO MNPH OCYIUIKE LMPOKMX YIIeBOAOPOAHBIX dpakumii,
nIy6HHa OCYIUKHM B 3aBMCMMOCTHM OT MCXOJHOH KOHUEHTPaluH BOIBI, konebnercst B npegenax 4-810°
3Bec‘%, NpUYEM JHHAMMYECKask aKTHBHOCTH LIEOJIMTA COCTABJISACT B CPEAHCM 6,1-6,8 r/100r, uTo BBIIIE YEM
aKTHBHOCTb, TpHHATass B rpoekre (5 r/100r). Jlng HOpManbHOTO ()YHKUHOHHMPOBaHHA COBPEMEHHBIX
rasornepepabaTHIBAIOIIMX 3aBOJOB, OOMbIIOE 3HAYEHWE MMEET TLIATE/IbHAA OCYUIKA JKHIKOTO ChIpbil.
Hanuude B KHIAKOM ChIPE PACTBOPEHHON M 3MyJibCHOHHOW BIarM MOMKeT MPHBOMMTH K CEPHEIHBIM
HapyLIEHHSIM TEXHONIOTHYECKOTo peskuma. Poceuiickumu yuEHBIMU NoKasana LenecoobpasHOCTh 3aMEHBI B
mpolieccax  OCYWIKH JIETKMX —KOHIEHCATOB, TMPOW3BOJMMBIX HA razorepepabaTbiBalOMMX 3aBOJAX,
CHHTETHYECKUX afCOPGEHTOB Ha KIIMHONTHIIONHTCONEPIKALIME Ty (b [10-12].

TIpe/BapHTENEHO NPOBEAEHHBIMH J1AGOPATOPHBIMH OTIHITAMH TOKA3aHO, YTO B MPOLIECCax OCYLIKM
KIMHOMTHIONAT MMeeT GONBIIMH KOI(MHIMEHT 3alMTHOrO JEHCTBHsS CNOS, YeM aKTHBHBIA OKCHA
amomunus A-1 1 Gosiee BBICOKYIO aJICOPOUMOHHYIO EMKOCTh (4,8 r/100r nporus 3,5 r/100r mis ALO;).
Kpowme Toro, afcop6upyemocTb MOJIEKY BOIbI B 3HAYUTEBHOM CTENeHU MPEBOCXOMMT afcopOupyeMocTh
cpenbl. B 9KCHEpUMEHTaX, BBINOJHEHHBIX HA OTIBITHOM  YCTAHOBKE, YCTAHOBJIEHA CTaGMILHOCTH
a7COPOLMOHHBIX CBOHCTB KJIMHOTITWJIONUTA FIPH MHOTOKPATHOM MOBTOPEHMH LIHIUIOB ajgcopbuun u
pereHepaLuH.

[TpOMBILILIEHHbIE MCTIBITAHUSA 110 BOSMOKHOCTH TIPUMEHEHHA KJIMHONTHIONUTCOAEpXKAMX TyHOB ulst
OCYUIKH XHIKHX yI7IeBOJOPOAOB ObUIH NPOBEACHb! HA rasonepepabaThIBAIOIIMX 3aBOJAX: benopycckom,
Tlepmckom, I'Henunuesckom, CypryTekom (3aBoier Geiuero Coserckoro Coio3a).

Tlepsble MCMBITAHMS KIHHONTHIONUTCOACPKALIETO Tyda mectopoxaenus Jizersu (I'pysust) B
NPOMBILUTEHHBIX YCHIOBUSX ObUIH TPOBEACHBI B 1979r na benopycckom I'TI3 [10,11]. Ocywuky *KuaAKuX
YINIEBOJOPONIOB MPOBOAMIK HA ABYX nooché}zuo paGoratommx ancopbepax. [luamerp annapara 1M,
spicota 4m. Temnepatypa agcopbuun 28-35 C, nasnenue 3,7MIla, Bpemsi pereHepaumu — 8u. TMoTox
oCyIIaeMblX yIJeBOJOPOJIOB NOAaBancs B ancopGep ~ cHu3y BBEpX. BTOpoH afcopbep moasepraics
peresepaumy, KOTOpas COCTOAIA M3 CHCIYIOULIX 5TanoB: OTAYBKA JKMAKOCTH M3 anmapara — 2 4aca;
TepMOrasoBOH JerMApaTaLy LeOanTa — 4 yaca u oxIaxKIeHne — 2 Haca. OTAyBKY IPOM3BOJIMIN XONIOAHLIM
rasom ¢ napiennem 4 MIla cBepxy — BHu3. Pereseparus NPOMCXONIMNIA TIPH TeMIepaType 250-280°C u
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nasnennn 2,4 Mma TeM ske ra3oM, uTo M OTAYBKA. BaXHOCTb KMAKOTO CHIPbs TIPH OCYLIKE CHIDKaNach ¢
0,05%mac. 10 0,0008%mac. [TpOM3BOUTENBLHOCTD 10 OCYIIAEMOMY ChIPBIO COCTaBIIsIA 151/9ac [10].

Ocynika JKHAKHX YIJIEBOLOPOAOB Gbina BHeApeHa Ha I'HeJMHUEBCKOM I'M3. Ocymka KOH/EHcaTa
CHIHKareneM, MPeAYCMOTPEHHAs MPOEKTOM 3aBOJA, OKasanach He >(PGEKTHBHOW, M3-332 paspyLieHus
ancopBenTa KaneabHOH BAAroi, 3aHocHMON Kouzencatom. IToatomy B ancopGepbl BMECTO CHIMKaren
GBUIM 3arpy’KeHbl TIPHPOJHbIE LEONUTHI — KSIMHONTHIONUTCOAEPHKALINE Ty(bl MECTOPORKICHHS Jlzersu
(I'py3usi) ¢ pasMepoM YacTHLl 3-6MM M HackIHOMH Maccoi 890 kr/v’. Coneprkanue KpUCTAIMYECKOH (asbi
neosuTa B Tye cocTassio 85-90%. Iepe 3arpy3Koit B aAcopGepbl LEOIHT OUMIIANH OT MBI, FIIHHbI H
npomsiBany Bopoi. Takas NpeaBapuTeNbHas TOATOTOBKA ofecrieuuBana OCYIIKY KOHAeHcaTa [0
pnaroconepikanus 0,0008%. TIoTOK KOHIEHCaTa, NPE/HA3HAYEHHBIH JUIs OCYIIKH, MOAABANCA B ancopbep
cumsy BBepx. Pexxum ancop6uun: pasnenne 3,0-3,3 Mlla, Temneparypa — 30-35°C, npom3BOAMTENBHOCTS
ancop6epa 1o ceipbio 10-121/4.

Bropoii azcopfep B 3TOT )K€ [MEPMOA BPEMEHH HAXOAWICA B LMIJIC DEreHepauuy, KoTopai
OCYIIECTBIIACh OTOKOM CyXOro rasa. Pexnm peresepalyu: JaBieHne 0,5-0,7MI1a, Temnepatrypa Ha
Bxoae B ancopbep 200-220°C, Ha BBIXOZE M3 axcoplepa 180-200°C. ITo NpoeKTy, MaKCHMAIbHOE BpeMs
paGotsl copbenra Ges 3ameHbl 12 Mec. Hcnbitanus nokasaa, 4To rocie 3 u 12 mec. dKCrUTyaTauyi
copGenTa, riyGuHA OCYLIKH MPOJYKTA YIOBJNETBOPAET TPEOOBAHMAM TEXHOIOMHH, Npe/lyCMOTPEHHOM 1A
ITI3. 3a 12 Mecanes paboTh ajCOPOLMONHAR EMKOCTh KIHHONTHIIONUTA CHH3MAACK C 4,7 110 4,15 r/100r,
T.c. Ha 12%, B TO BpeMs KaK aKTHBHOCTh CMHTETHYECKHX LIEOJMTOB, B MPOLIECCE MHOTOUMKIOBOH paGoTs,
cHwkaeTes 3a Takod ke cpok Ha 20-25%. Ha 19-piii mecsan paGoTel AMHAMHYECKas AKTHUBHOCTh
KIMHOMNTHIONNTA CHU3WIACH B 3HAUMTENbHOI crenexu (10 2,0 r/100r).

Ha Cypryrckom [TI3 KIMHONTHIOJMT HMCMOIb3OBANCA B KOMOMHALWMH CO CIOEM CHHTETHIECKON
neonurta. Ciioii KIMHONTHIONNTA 3arpykaics B ancopbep B KOJIMYECTBE 70-74% ot obuiel BBICOTH
3arpy3k, BEpXHsS 4YaCTh KOJOHKA 3allONHSUIACh CHHTETHYECKMM  LCOIHTOM (25-30%). Ocyuika
npou3BOAWIach MPH HaBieHuu 5.6-5.8 Mlla u Temnepatype 30-40°C. Perenepauysi OCYLIECTBIIAIACh
TepMOra3oBbIM CHOCOGOM MpH TeMIIepaType 300°C u naenenuu 5.5 MITa.

DKCIIyaTalys YCTAHOBKH T0Ka3a/ia, 4TO KOMOMHMPOBAHHEIH CII0H paGoTaer ycTOHYMBO W HaA&KHO
ofecneunBaeT OCYWIKYy (4O TOYKM pOChHl — 80-85°C). B TeueHMM OJHOTO TOAA IKCILTyaTalHOHHAA
AKTHBHOCTh KOMOHHHPOBAHHOTO CIIOSi TO BOJE NpaKTHYeckd He chusumace [12]. Takum 06pa3zoM,
5KCTIEPHMEHTBI, NPOBEAEHHbIE HA Ta30MepepabOTHIBAIOLIMX 3aBOAAX GuiBurero  Coaerckoro Corosa,
noKazam GOJIBIIYIO MEPCTIeKTHBHOCTh HCMONB30BAHMS KIMHONTHIIONMTCOACPKALINX TyhoB st rnyGOoKoi
OCYLIKH YI/IGBOIOPOJHBIX KOHEHCATOB.

KuuonTunonutconepaumii Tyd mectoposkaenus Ai-Jlar (Asep6aiivkan), TaKKe yCrewHo 6
HCIIONB30BAH ISl  ODE3BOYKMBAHMA CMeCeH JKHUIKMX  YIJIEBOJOPONOB [13]. Tak, B mNpOWU3BOACTBE
cynbdanona, B KaUeCTBE ChIPhs MCNONB3YIOTCS p-napadunpt (Cyi-Cyz ¢ TeMnepaTypoi KMNeHH 493-523
K). ConepaHue BjarW B COCTaBe CbIpbA OTPUIATENBHO BAWACT HA XOL pEaKiwd, TaKx Kak TpH
XJIOPHPOBAHMY H-TIAPAGDMHOB, IPH HAMUKH BIIArH, HMEST MeCTO o6pasosanne NaClO;, B pesynbrare 4ero
NPOMCXOMMT Cropanme H-napaduma, 4TO, B KOHEYHOM MTOTe, MPUBORMT K MOYEPHEHHIO  MOIOLIEr0
MPOYKTa. i

HaiineHo, 4TO ¢ yMEHbLIEHHEM pa3Mepa 4aCTHL KIMHOMTHOJMTE, BO3pACTACT acopOLMOHHaT
COCOBHOCTS MO OTHOLIGHHIO K MONEKyNaM BOZbI, HO OJHOBPEMEHHO BO3PACTACT FHAPABIMHECKOE
COMpOTHBIIEHHE CJIOS 10 OTHOLICHHIO K JKHAKKM yIJICBOAOPOIAM. OnTumanbHON (pakuyed npu ocyuke
cMecH H-IapapvHOB SBJIAETCS 3ePHEHHE KIWHOMTHIONUTA 3-5 mm. ITokasano, 4to 10 LAKIOB aCcOPOLHH-
[ecopOIMM  JKMAKMX YIJIEBOJOPOIOB, TPAKTHYECKA HE BJMAIOT Ha U3MeHEHHe  ancopOIMOHHOR
CMOCOBHOCTH LEONUTA. BBIlIeyKA3aHHBIH MPHPOMHBIA LEOTHT PEKOMEHIOBAH K  POMBILLICHHBIN
MCTIBITAHMSM B IPOLIEccax 06eIBOKHBAHMS KUAKHX YIIEBOIOPOAOB.

B mHacrosiuee BpeMs BO MHOMMX TNPOM3BOLCTBAX B KAYECTBE MCXOMHOTO ChIpbA HCTIONTB3YIOTCA
apoMaTMuecKue yIJIeBOJIOPOabl, B UACTHOCTH  Mapa-kewron, Ha OCHOBE KOTOpPOro Gasupyer

NPUFOTOBNICHHE  BBICOKOMPOYHOTO nonus(UpHOro  BOJOKHa THna napcan. OTGOp  mapa-KCWION
OCYLUECTBAETCS M3 CMECH er0 M30MEpOB, MpH TOM COASpiaHue B HEM BJArM He JOJDKHO TPEBBIl
0.001%. Onnako, Ha NEHCTBYIOIMX YCTAHOBKAX, OHO BbILE HA TMOPAIOK H Gonee -ot 0.03 1o 0.05%
TT05TOMY KCHIIONBHYIO (PAKIMIO HEOGXOTUMO MOABEPraTh riyGoKoit ocyuke.

Jlnst riyGoKO# OCYLIKH OOBIMHO HCMOJB3YIOT LUEOTUThL. B paborax, npoBeASHHBIX B repuox 197
80rr., HCCIEOBAH TPOLIece I1yGOKOH OCYUIKK KCHIONBHO! (paKiyK KaK ¢ TIOMOLIbIO CHHTETHYECKHX,

1 npuponnbix ueonutos [14-16]. PaGorsi GLUTH BRITIONTHEHBI KaK B /1a00OpaTOpHBIX, TaK W B OMNBITH
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TIPOMBILLNIEHHEIX - ycroBusX. JKumkodasHoll ocyuwike nomsepraiach KcunonbHas (pakuus, B COCTAB
;00?12:'11 ;X(;ﬂﬂﬂfdl Tonyon_ = l,t%ma?; oTHIGEH301 — 23;2%Mac; Mera-xeunon — 51,8%mac; napa-KCHiaon —

) 5 Opro-Keuion — 2,4%mac; Bona — 0,2+0,07%mac. U3 NpUpOAHBIX LIEOJHTOB MCIOIB30BAICS
KIMHONTHIONHTCOAePKAlMIA Ty mecToposkaenns Xekopasyna (Ipysus) 3epHenmeM 2-3MM M
cuHTeTHYeckue ueonuthl THra NaA, CaA u NaX. O6pasusl Ue0nMTOB MOABEPTAUCh TEPMUUECKOH
akmiBauun npu Temnepatype 425°C B TeueHun 5 4acos, ChIpbE Ha OCYIIKY MOJABaJioCh CO CKOPOCTBIO
15mn/MuH.  PesynbTaTel OCymIKM KCHIONBHOH ()PakumH, BBITIONHEHHBIE B JaGOPATOPHBIX yCIOBHSX,
npuBENEHE! B TaGTHLE 2.

Taxoxe GbUTH IPOBECHBI HCCIIEAOBAHHS 110 OCYIUKE KCHIONBHON (GPaKiuy B OMBITHO-NPOMBIILTEHHBIX
YOIOBHAX HA TMMJIOTHOH yCTAaHOBKe, COCTOsIUeH W3 ueThIpéx amcopbepos amamerpoM S,6cM M 16,3cM,
BbicoToH cost ot 100 no 300cm [16]. B kadecTse ocyminTenst HCMOB30BAICA TONBKO KIMHONTHIOMHUT-
conepxaumit Ty, KOTOPBIN OTIHUACTCS JyuLieH 00e3BOKHBAIOIEH CIIOCOGHOCTBIO, YeM CHHTEeTHHECKHE
neomnts! [14]. ITunothas ycraHoska 6bina cMonTHpoBana na HoBokyiiGsimesckom HedrenepepaGaTsizaio-
IEM 3aBOJIE M OCYIIKE MOJIBEPrasach KCHIObHAS (hPaKIlks HEMOCPEACTBEHHO H3 MPOMBILIIEHHOTO TTOTOKA.

Kak crenyer u3 pesysibTaToB MPOBEAEHHOrO dKcriepuMeHTa (Tabnuua 3), yBelHdeHHe BBICOTHI COs
ancopbenta 10 300cm B ancopbepe auameTpom 5,16CM, 3an0MHEHHOM 4.7KT LEOIUTa, TO3BOIMIIO HOJYYUTh
13,51 rny6okoocyménroro npoaykra. J[MHamu4deckas akTHBHOCTH A0 «rpockoka» o siare 0,001%mac.
pasHa 0,2%mac. ITpy ocyike KCHI0IbHOM (pakiuu B afcopbepe auaMeTpoM 16.3¢M, 3arpyxeHHOM 15,6k
KIMHONTHII0MKMTA M BhicOTe ciiost 100cm, nosydeno 108,251 rimy6okoocyménHoro npoaykra. Jinnamuieckas
aKTHBHOCTB 110 «mipockokay o Bnare 0,001%mac. cocrasuna 0,73%mac.

Tabauua 2. Pe3ynbTarbl OCYITKHA KCHJIOILHON (paKiyy pa3fuIHbIMY LEOTHTAMH

LleonuTtsl

[Mokasaresns NaA | CaA [ NaX | KnuHont.
00bEM MPOIYKTA, OCYIIEHHOT0 JI0 «rpockokay (0.02%Bsec.),mi 700 1000 1800 8200
JlunamMuueckas akTMBHOCTb LeouTa A0 «npockokay (0.02%sec.) | 0.84 1.04 1.44 7.12
10 Briare %oBec.
06b&M MPOZIYKTa, OCYMIEHHOTO 10 UCUEPIbIBAHKS ancOpOUMONHBIX | 4800 4000 8300 12800
CBOHCTB afcopOenTa, M
[MonHast AMHAMMYECKas aKTUBHOCT 110 Biiare, %oBec. 2.5 2,13 3.9 83
BeicoTa 11051 LeonyTa, MM 80 80 100 83
JiiHa 30HBI Macconepeaiy, MM 64 58 42 30

Ta6nmua 3. Pe3ynbTaThl OCYLIKH KCHTONBHOM (PaKiiy KITHHONTHIONNTOM B OIbITHO-NIPOMBIILTEHHbIX
YCIIOBHSIX

Jlnametp ancopbepa,cm

Hanmenosanne 5.16 16.3
100 200 300 100
1.56 3.12 4.68 15.6

Beicora ciosi, M

Bec neonuta, kr
JluHeliHas CKOPOCTh [OTOKa, PacCUMTAaHHAs Ha CBOOOXHOE ceyeHue

4.5 4.5 4.5 4.5

ancopbepa, cM/MUH
Ci BJIard B ChIpbE, YoMacc. 0.07 0.07 0.07 0.04
M 1as COJePIKAHNE BIIArH B OCYMISHHOM NPOJyKTe, YoMacc. 0.007 | 0.004 | 0.001 | 0.001
KoamuecTso npoykTa ¢ coepxkanuem siarn 0.001%wmace., 1 - - 13.5 108.2
JluHaMpueckas aKTHBHOCTh LEONMTA [0 «IPOCKOKa» 1O  Bjare

- - 0.20 0.73

0.001%macc., Yomacc.

VCTaHOBJIEHO, YTO MPOLECC AeCOPOLMU KOMIOHEHTOB MOCHIe OCYIIKH KCHIIONBHON (PaKiiH B KUIKOH
tase Bmouaer ase ctamuu. Ha nepeoii cranuu HaGIIOaeTCa yaJeHHe yrieBOOPOJOB C MOBEPXHOCTH
Tpayn 1 necopGLHs X U3 BTOPHUHBIX 1Op. BTOpas cTaaus MpoTeKaeT NPU NOBbIUCHHEIX TeMmneparypax
(250°C 1 NPOROIKUTEILHOCTH SYACOB) H COOTBETCTEYET necopOLMK YTIIEBOAOPOOB W3 BTOPHUHBIX MOP H

) BMArM M3 NEpBMYHBIX MOp KiuHonTuionuta [15]. TlpeanoxenHas METOMKA 06e3BOKHBAHUS
T03BOJAET OCYL(ECTBHTH MHOTOLIMKIIOBOE HCTIONb30BAHHE KIIMHONTHIIONHTCONCPIKALLMX Tyc?os,

MHOFOLUKIIOBbIE HMCTIBITAHHS MOKA3aTH, YTO 3aMETHOE CHIDKCHHE AWHAMMYECKOH — AKTHBHOCTH

CIMHONTHIONNTA B MPOLIECCE OCYLIKH KCHIIONMBHON (PPaKIHM MMEET MECTO B TEHEHHE MEPBbIX 4-51MKI0B
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aacopbuun-gecopbumu ¢ 9,3.10 7,2%mace, a 3atem AMHAMHYECKas aKTWBHOCTh CTabHIM3MpOBaach Ha
ypoBHe 77% ot HavyaneHoW. ComepikaHue «KOKCa» Ha LIEOJMTe 1ocie TSTH LMKIOB Bospocio ¢ 0,18 1o
0.46%sec. [lanbHeliliee yBeqMYeHHE LMKIOB paloTbl He BHI3BIBACT 3HAYMTENIBHOIO YBEJIMUEHHT
CKOKCOBAHHMS» M MPAKTHYECKH HE BIIMSET HA BEJIMUMHY AMHAMMYECKON aKTHBHOCTH KIIMHOIMTHIIONNTA.

Takum 06pa3zoM, CYMMHPYs HOJyYeHHbIe pe3yibTaThl, MOXKHO CHEJIaTh K 3aKIIOYeHHe 0
MEPCIEeKTHBHOCTH HCMOJIb30BaHHUs LEOTUTOB, KAK CHHTETHYECKHX, TAK U IIPUPOAHBIX I 00€3BOXKUBAHHA
JKHIKHUX Cpe/l OPraHuyeCKOro NPOUCXOMKACHNUA.
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ZEOLITES IN THE PROCESS OF DESICCATION OF ORGANIC SOLVENTS AND OIL-PRODUCTS
Teimuraz Andronikashvili, Teimuraz Kordzakhia, Luba Eprikashvili, Imeda Rubashvili, Maia Dzagania
P. G. Melikishvili Institute of Physical and Organic Chemistry
SUMMARY
Some aspects of application of desiccation of organic solvents and oil-products with synthetic and natural
zeolites have been shown. The results of the investigation of application of the zeolites in the process of liquid-
phase desiccation of several oil-products prove expediency and perspectives of their application.
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PUSNYECKAS XUMUA

JAP®Y3IUOHHOE PACCOI'TACOBAHME B MOJYITPOBOHUKOBBIX
TETEPOCTPYKTYPAX: YCJIOBHsI BOSHUKHOBEHWS 1 ITY TU IIPEOIOJEHMS
ETI'O HETATUBHOTI'O BJIMSIHUSI HA U3JIYYATEJIBHBIE IIPUBOPHI

0.1 Napapaurswy, I.11. [apcasemuaze, JL.I1. Beraxosa, M.W.Enykamsunu, M. A J[3aranus *,
A.M.Ilauraes**, B.A.Anuen**, B.I1.310Man0oB* **
Téunucckuii I'ocyoapemeennoiti Yrusepcumem um. Ue. Jicasaxumeuny
* Unemumym gusuueckoil u opeanuyeckoti xumuu um. I1.17 Menuxuweunu
**Huemumym @usuxu HAH Asepbaiidocana
***Mocroeckuti I'ocyoapemeennviii Vuusepcumem um. M. B.Jlomonocosa

B paGore Ha mpuMepe retepocTpyktypbl Tuna PbSeTe/PbSnSele NOKa3aHbl MyTH NPEOAONEHUS
HEraTUBHbIX TMOCIEACTBMM PpAcCOrNacoBaHWs [apaMeTpPOB PELIETKH B CJIOSX TeTepOCTPYKTYPBI,
BBI3BAHHOTO nMdGy3ueli KOMIOHEHTOB B IIPOLECCE SIMUTAKCHANBHOTO BbIPALIUBAHHMS. PaccMOTPEeHBI
reTepOCTPYKTYPhl C AKTHBHBIMU CJIOSIMH KakK JOWHBEPCHOIO, TaK U 3aMHBEPCHOrO COCTaBOB. Brepsble
YCTHOBJIEHb! YCJIOBHS, KOIZIa «MOATSATMBAHHE» COCTABA 3MHUTTEpPa K COCTAaBY aKTHBHOIO CIOS HITH
JIETHPOBAHKE CJIOEB MTO3BOJISET YJIyYLIHTh H3MePseMble XapaKTePHCTHUKY H3/ydaTelbHbIX IPHGOPOB.

Hannas paora paccMaTpuBaeTcs Kak —00o0wWaromias —pesyNbTaThi HAIMX — MCCJe10BaHUH,
onybnukoBaHHbIX panee [1-3]. Peub waer o TOM, WTO B NpOUECCE IMHUTAKCHATBLHOIO BLIPALIMBAHHS
TeTepOCTPYKTYP MPOUCKXOAUT AMG]y3Hst KOMIOHEHTOB, BXOIAIIMX B COCTAB M3HAYAILHO H30MEPHOAHBIX
TeTepocioes, M 3TO TMPUBOAMT K OOPa3sOBAHHIO MEPEXOJHBIX CIIOEB MEPEMEHHOro cocTasa. Bmons
NePEXO/HBIX CJI0EB HApyLIAeTCs W3OMEePHOAHOCTH H, KaK Pe3ysbTaT, BO3HUKAIOT YNPYrHe HaNpsKeHHs.
Ecin paceMaTpuBath reTepoCTPYKTYPY Kak M3Jlydarolilyio, TO €CTh KaK Mapy: SMMTTep — aKTUBHBIA CIOH,
TO PaccoryiacoBaHye 10 NMEePHOAY KPUCTAIMYECKOH PEleTKH B OMUTTEpE YXyMIIAeT UX MHKEKUHOHHbIE
CBOWCTBA, a B aKTUBHOM CJIO€ BO3PACTaHHWE YNPYrWX HAMPSIKEHHH CBEPX KPHTUYECKHX MPUBOAMT K
00pa3oBaHMIO CETKH JIMCJIOKALMIA, CHIDKGHMIO BPEMEHM JKM3HM HOCHTENeH M  CyIIECTBEHHOMY
BO3PACTaHHIO, HATIPUMEP, MOPOTOBBIX TOKOB B Ja3epax (He MEHee, YeM B 5-6 pas).

Haubonee oruetnueo auddy3HOHHBIE NPOLIECCH NPOSBIAIOTCA B MojiynpoBoauukax [V — VI ¢
6ONBIION TIOTHOCTHIO HECTEXHOMETPUYECKUX 1e(eKToB, 00yc/aBnMBalolield BBICOKHE 3HAYCHHUs
uddy3uoHHbIX KO(PPHULUMEHTOB COCTAaBIIOMMX KOMIOHEHTOB. Ha mpumepe m0/ynpoBOJHHKOBBIX
rerepoctpyktyp IV — VI:

PbSeTe(PbSnSeTe) — PbSnSeTe — PbSeTe(PbSnSeTe)

HAMH NPOAHATH3MPOBAH JOMYCTUMBIH Manason sHauewuit Aa/ay, Tie d, - NapameTp KPUCTALIAYECKOH
PEIIETKH M30TIEPHOAHBIX SMUTTEPA M aKTUBHOrO Clos, a Ad=a-ay XapaKTepusyeT H3MEHEHHe OT
H30MIepHO/IBI TIAPAMeTPa PELIETKH aKTHBHOIO CJI0S 1O Mepe yAAlIeHUs OT reTeporpatuilbl B HarnpasieHuH
aktusHoro ciost d. Jlna addexTHBHOM paGoThl M3NYYAIOUMX CTPYKTYP YKa3saHHOro THMa CeayeT
106MBaTHCS KAK MOXHO MEHbLIMX 3HaueHnii Aa/ay W CBS3aHHBIX C HUM YNpYrux HanpsOKeHHH O .
TTocKO/IbKY OTHOCHTENEHOE PAacCOriacoBaHHe ecTh (pyHKIMs d [1] ¢ MakCHMyMOM BHYTPH aKTHUBHOTO
cnos (d >0), To B nanbHeiileM Mepoi paccorIacoBaHHOCTH KPUCTaIMUECKOH PEUIETKH B aKTHBHOM CJI0€
GyjieT CIYKUTH BEMKHA 5TOr0 Makcumyma (Aa/ag)my, a Mepoii yIpyrux HanpsKeHWH, COOTBETCTBEHHO,
NPONOPUMOHATBHOE MAKCHMATBHOMY PacCOT/IACOBAHHIO 3HAYCHHE MAKCHMAILHBIX YIPYruX HarnpsKeHnH
O 111

OCHOBHBIM KpHTEpHEM JOITYCTHMBIX ~3HAYEHWI OTHOCHTENLHOrO ~ PacCoriacoBanys SIBIAETCA
onpeieNseMoe  SKCTIEPUMEHTAJIBHO  3HaueHHe KPUTHYECKOH OTHOCHTeNbHON JedopMaluH  Eq. Ecnu
(Da/a) pax > €., » TO MAKCHUMATIBHBIE YIIPYTHE HATPSIKCHHSA (04 ) TRIOKE MPEBBIIIAIOT KPUTHIECKAE YTIPYTHO
HanpsbkeHust (O, ) ¥ TIPOMCXOUT PENAKCALMS YIDYTHX HANPSOKERHiT ¢ 06Pa3OBAHHUEM CETKH AUCIIOKAIMH.
TTpu 5ToM OGOPBAHHBIE CBA3H HA AMC/IOKALMAX CYWECTBEHHO NMOHMXKAIOT BPEMS SKU3HK HOcHTesed. Ouu

06pa3yl'0TCﬂ CKA4KOM, Korma o, .. JOCTUTraeT 3HAYCHUH O ig ﬂoaTomy, Koraa OTHOCUTEJILHOE
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PaccornacoBaHKe HIXKe YPOBHS KPUTHUYECKO 1e)OPMALIMH, YMEHBIIAIOTCS NOTePH Ha Oe3bI3mydaTenbHylo
PeKOMOMHALMIO ¥ YJIyYIIAKOTCS NOPOrOBbIC YCIOBHS JIA3€PHOH TIeHEPAUMH, a MMEHHO, M3MepseMblil
TIOPOTOBBIH TOK CHIDKAETCS M TEeMIEPaTypa J1a3epHO reHepalH NOBBILIAETCH.

TIOMHMO E¢ ¥ O, , AHATIOTOM TPE/IENa yIPYFOCTH B OMHUTAKCHAIIBHLIX CIIOSIX MOYXKET PacCMaTpHBATECA
KpUTHUECKas TOMUMHA hy, - BbIIE HEE B CIIOAX HAYMHACTCS 3aPOJ/ICHHE U [BIKEHHE THCIOKauuii. ECiu €
M W3MeHeHHe MOMyA ynpyrocTd E B 3aBHCMMOCTH OT JIETMpOBaHMs (COOTBETCTBEHHO, W O)
ONPENIENSIOTCS METOAOM BHYTPEHHEr0 TPEHHsI, TO hy - MO CTIEKTPaM NPOINyCKaHHs! B HAMPHKEHHBIX CIOAX
(M3MeHEHHe LIMPUHBI 3aNPELUeHHOM 30HbI £g 3aBUCHT OT 3HAKA PA3HOCTH @noon ~deron)-

Kak 0TMedanoch, PACCMaTPHBAEMOE PAaccOryiacoBaHMe CBA3aHO ¢ AM(dy3Hel KOMIIOHEHTOB uepes
reTeporpaHuily B XOJ€ SMHTakcHalbHOro npotgecca. Ilpu TemriepaType — MHMTakcHn 500 — 600°C u
KOHLIEHTPALIMH HECTEXHOMETPHUECKUX Ae(eKTOB, MPUGIIKAIOUIEHCA K KOHLEHTPALMK HOCTeNeH 3apsna,
10 ecth nopsaka 10" oM™, koshumenTs 1ubQy3nu 010Ba 1 TelUTypa IPUHUMAIINCH PABHBIMH 10" emfe
u 107? em¥/c cootsercrrenHo [4, 5] .Takum 06pa3oM, B YeTBEPHOM TBEPJOM pactsope Pb, . Sn. Sey., Tey,
WrpaloleM POJb aKTHBHOrO ¢iios, koadduument audysuu Tesutypa NOYTH Ha jiBa MOPAAKA NPEBbILIACT
koabuument auddysun onosa [1]. TlosTomy nudQy3nOHHbIE NPOLECCH! H, B YACTHOCTH, I dy3HOHHOE
DPAaccOrNacoBaHKe B OCHOBHOM ompeaensiorces auddysuelt Tennypa. Hamn Gbuti MpoaHani3upoBaHsl Tpi
THMNA COCTABOB aKTHMBHBIX CTOEB C Pa3sHBIM cojepkanueM Tennypa y, (I - 0,825; 11 - 0,6; III - 0,28), Ho
GIM3KUMH 3HAYEHHSMH LIMPHHBI 3anpetieHHol 3oub: Eg~ 0,12 -0,13 5B npu T=300 K. Cocrag 1o ooy X,
NoAGHpacs COMIACHO H303HEPIeTHUECKOH 3aBHCHMOCTH, KOTOpas Ml  TeMNepaType JKUAKOTO a30Ta
MMeeT BHIL [6]:

E (x,y )=0,17-0,95x+0,134y-0,09)>+0,182xy (1)

CoCTaB M30TIEPHOIHONO C AKTHBHBIM clioem smutTepa Pb Sey, Tey, ONpenenancs mo ypaBHEHHIO
H30TIEPHOIBI
a,=a,=6,126+0,334, (2)
L€ a, U g, — TApaMeTPbl KPUCTAITHYECKOH PELIETKH aKTHBHOTO CJIOS M SMUTTEpa .
TakuM 06pa3oM, BLIGPaHHbIE [l PACCMOTPEHHS FETEPOCTPYKTYPhI MMEH COCTaBbI:
1 — Pb Seg 266 Teo,734/Pbo 69 Sno 231 Seq.17s Teos2s 5
2 — Pb Seq,s5 Tegsi7 /Pbo,7ss Sno 214 Seo.s Tegs ;
3 — Pb Seq 757 Teq 215 /Phos22 Sno,i7s Seo.72 Teos -

3HAYeHHs MAKCHMAILHOrO OTHOCHMTENHHOTO PAccoriacoBaHus (Aa/dg)ma ObUIM pacCUMTaHbI M0
anroputMy, onucasnomy B paGore [1]. [luddysnonHoe pacnipesesieHue 1o cocTasy (X, ) B 3aBUCUMOCTH
or KoOpAMHaTEl d BJONb AKTHBHOTO ¢/0s (33 TONOXUTENIBHOE NPUHHMANOCE HANpPaBleHHE OT
reTeporpaHLbl K OMHTTepY) OMNPENeNAnoch C NOMOIIBIO HHTErpasa BEPOATHOCTH gy d ]

2 D.S‘n,kl
sapucawero or d, kosppuumnentos auddysun Ds, Dy 1 BpeMEHU SMATAKCHH [, 3arem JUIg KaXka0ro
JIOKAILHOTO COCTABa (X, ), COOTBETCTBYIOLIETO 3HAYEHMSM d, B3ATHIX ¢ miarom 50 A, onpenensics
napameTp peleTKH a(d ) B aHrCTpemMax.
a=6,126-(0,01y+0,123)x + 0,334 3)

(Aa/ag) max COOTBETCTBOBANIO MAKCUMyMYy 5TOil 3aBUCHMMOCTH. PesynbraThl pacuera MpeICTaB/IeHbl B

Tabnune 1.

-3
Tabanua 1. MakcuMasibHbIE 3HAUCHHA OTHOCHTEJIBHOIO PAaCCOriacoBaHuUs (Aa/ag)max 1107 B
FeTepoCTPYKTYPax C aKTHBHBIMH cloAMH Pb;. S, Se;., Te, NOMHBEPCHOTO COCTABA.

rNo CocraB 3MHTTEpa [ Cocras aktnemoro ciios Ay=vay, | (Da/ag)max 107
B X y x y

[ 0 0,734 0,231 0,825 0,091 1,87

[ 2 0 0,517 0,214 0,600 0,083 1,72
|3 0 0,213 0,178 | 0280 | 0067 | 1,42
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Vkasanueie B Tabmuue 1 3Hauenus (Aa/dg)ya, BHICOKH, H YMEHBIIEHHE PasHHLBl B COAEPIKAHUH
TeMlypa MEXKY aKTHBHBIM CJIOEM M sMuTTepoM Ha 0,024 cHIKaeT MakCHMAJIBHOE PaccoracoBaHWe Ha
24%. Mb1 BOCTIONB30BATIHCH STHM BBIBOJOM V1Sl YMEHbIUEHHs T dy3HOHHOTO PaccoryiacoBaHus B HALUKX
TeTEPOCTPYKTYpaX MyTeM «NOATAIMBAHKMS» COCTaBA 3MHTTEPa K COCTABY AKTMBHOTO CJOS TpH
OIHOBDEMEHHOM JIETMPOBAHWM 3MHTTEPA KATLLMEM WIM CTPOHUMEM. DTH 371eMEHTHI HMEIOT HEBBICOKHIA
koopduienT auddysnu, riyGuHa UX NPOHHKHOBEHHS B AKTHBHBIH CIOMH He3Ha4uTeabHa, HO Gnaromaps
HX BBEJICHUIO MOXKHO M30€KaTh yMEHBIICHHs [IMPHHBI 3aPELUEeHHOH 30HBI SMUTTEPOB MPH H3MEHEHHH HX
cocraga.

TpencraBnenbie B Tabnue 1 3HaUEHHS OTHOCHTENBHBIX PACCOITIACOBAHHI HMEET CMBIC/ CPABHUBAT
€0 3HAYCHHEM KPHTHYECKOW OTHOCHTENbHOW neOpMALMK £, , PACCYMTAHHOH Uil PACCMATPHBAEMBIX
COCTABOB AKTUBHOTO CJIOS 1O MHTEPIIONSALMOHHOH (hopmyre:

SC,(x,y) = gl’hSe(l = x)(l - y)+ 5Vn§ex(l = Y)"' gl’bn(l - x)y + Egre XV (O]

OKCIEPHMEHTAIHO OIPE/IE/ICHHbIC 3HAYEHHS KDHTHYECKHX OTHOCHTENBHBIX JeopMauuii GHHapHbIX
COCIMHEHHH NPHBOAATCS HIDKE B TaGiuiie 2. 3716k e NPUBOASTCS PACCUHTAHHBIE MO HHTEPIIO/SIUHOHHBIM
(opMynaM KpHTHuECKHE OTHOCHTeNbHbIE Ae(pOPMAlMH ANs TBEPABIX PACTBOPOB, COOTBETCTBYIOUIMX
paccMaTpHBAEMBIM COCTABAM aKTHBHBIX CIIOEB.

Tabanna 2. Kpurnueckne oTHOCHTeNbHbIE AeGOpMALIMH €+ 10° B GHHAPHBIX COSAMHEHHSX M B AKTHBHBIX
CIOSX PACCMaTPUBAEMBIX [€TEPOCTPYKTYP.

Marepnan PbSe | Suse | PoTe | spre | Flores Snozsi | Phozss Smoais | Pbosz  Snoirs
Segi7s Tegsss | Seps Teps Seq.7 Teg s

L0100 21 53 1,8 5 2,59 2,60 2,59

£,

CpaBHHBas BBICOKHE 3HAYEHHs MAKCHMANBLHOTO PACCONIACOBAHMS W3 TAGNMLBI 1 C pacCYMTaAHHBIMH 110
dopmysie (4) KPUTHUECKMMH OTHOCHTEIILHBIMU Ae(OPMALMAMH, MOXKHO CENATh BBIBOJ, YTO (Ad/dy)max<Ecr.
Takum 06pasom, XoTs no BiusHHeM Xu(Oy3ur H30TIEPHOIHOCTb B aKTUBHOM CJIOE HAPYLIAETCs, HO 3TO
HE MPUBOJAMT K BO3HHKHOBEHHIO CETKM AMCIIOKALKMH, MO KpalHeH Mepe, NpH NpHBEAEHHBIX B Tabiauue 2
3HAYEHHAX Eqr.

Onnako, B Gosiee AeEKTHBIX CIOAX, WIM B CJIOSIX, TAE HE CO3JaHbl YCIOBMA IS 3aKpETUICHHS
JMCTIOKALMM, 3HAYSHMSI KPUTHYECKUX OTHOCHTENbHBIX AedopMainii MOryT ObITh CYLUECTBEHHO HIDKE
(<2:10°) u, B TOM ciyyuae, JUlsl BBUTOSHEHUs yen0Bus (Aa/dy)max< € CIEAYET, KaK yKa3blBaaoCh BBIILE,
H3MEHHTB COCTaB SMUTTEPA M TEM CAMbIM YMEHbILIUTH 3HAYSHNS OTHOCHTENIBHBIX PACCOTIaCOBAHUMH.

«[loaTsrkBaHKe»  COCTABOB OMUTTEPA ¥ aKTUBHOHW OOJIACTM OCYIIECTBIAIIOCH B CIEAYIOLIEH
T0CeJOBATENBHOCTH:

» MakCHMMajbHO COMMKAIMCh COCTaBBI MO TEIYpy B OMHTTEPE C COCTaBOM aKTMBHOTO CJOs
HETIOCPE/ICTBEHHO y TeTepOrpaHHmLIbl, TO ecTh npu d=0 (Hanpumep, y cTpykTypsl Nel ¢ coctaBom
aKTHUBHOTO CJI0s MO TeTypy V.= 0,825 BbiGupanoch Takoe 3Hau€HME COCTaBa IO TEIypy B
riry6uHe smMuTTEpa, YTOGhI Ha rereporpatuie (npu d=0) y, 66110 661 paBHO 0,82;

» na TOro, 4robbl NPH STOM MApamerp PeileTKH SMHTTepa COBMajal C NapamMeTpoM PEeLIeTKH
AKTHBHOTO ¢J10si 2y=~6,370 A, 10 ypaBHEHHIO H30MEPHOBI PACCUATHIBAIIOCH COAEPIKAHHE 0JI0BA MPH
d=0:x,=0,219.

»  BBIYMCIIAUTHCH COCTAaBBI 3MMTTEpa B rinybune: x,=0,206; y,=0,815. Ananoruuno GeutH nonobpaub
COCTaBbl SMHTTEPOB B CTPYKTYpax N2 u 3.

TaKoit MOX0/ MO3BONSAET CHU3HTL (Ad/Gg) ey B HECKOBKO pa3 (0T 6 10 9). Pacuer nokaswiBaet, 4T0
NIpH PA3HOCTH B COCTABAX 110 TEJUTYPY MENLY AKTHBHBIM CIIOEM H IMUTTEPOM AY=),-y, He MpeBbILIAloNIeH
0,012, MmakcumanbHOe AMPDY3MOHHOE PACCOrIACOBAHUE CHMKAETCS 10 3HAYeHHH (Ad/ag) max = 0,25:10°.
BaxHO, B KK/ U3 TPEX PACCMOTPEHHBIX CTPYKTYP, KAK M3ONEPHOAHBIX, TAK U C M3MEHEHHBIM COCTaBOM
oMUTTEpa (/IETMPOBAHHBIX KAJIBLMEM M CTPOHLMEM), ONTHYECKOE OrPaHMYEHHWE B Jjla3epax MOMKeET
ofecrieunBaThCS Pa3HULIEH B IIMPHHE 3aNPELCHHBIX 30H IMUTTEPA M AKTUBHOTO €105 BENM4HHOM ot 17 10
22 M5B M COOTBETCTBYIOLIMM M3MEHEHHEM TTOKa3aTeNel NPEeNOMIICHHMS .

B Gonbleli Mepe pasHULa MeX/Iy PeabHbIM COCTOAHHEM YNPYrO HAMPsKEHHOrO aKTHBHOIO CJIOS B
TETEPOCTPYKTYPE ¥ TPENeNbHBIM COCTOSHMEM, HPEALIECTBYIOIMM —DPeJakCaluy, MNpPOSBILETCS NpH
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CpPaBHEHHHH MAKCHMAJIBHOTO  YMPYTOTO HANpPMKeHHUs (o’mx) M KPHTHYECKOrO YNPYroro HampsKeHHs
(0, ). VYnpyrue HanpsmKeHMs O  NPONOPLMOHATILHBI  OTHOCWUTENBbHBIM — PACCOITIACOBAHHMSAM  HIH
OTHOCHTENBHBIM  iehopManuamM ¢  K03(GGULUMEHTOM NPONOPUHOHAIBPHOCTH F, ONpeaenseMbIM  Kak
orHouenne moxysst FOura E x pasnoctu (1-v ), rae v - kosbduument INyaccona.
Aa E [ Aa E
O = F) — = — " o, = e, =—e, (5a,6)
v a, 1-v
max
Ipu neruposanuu, c¢ ysenuuenuem wmonayns FOwra, ysenuuuBaercs u  koohduument F
(npubimsurensro B 2,3 pasa). Kak nokaspisaeT pacder, ais Tex ke, 4To u B Tabnuue 1 coctasos, o,

ao max

npesbiwiaet o, Ha 100-160 M Ila . Takas 3ameTHas pasHuia 06BACHAETCS HE TOJILKO yBENIHUeHHEM F, HO
M CYLIECTBEHHBIM BO3PDACTAaHUEM KPUTHHECKOH Ae(opMalUM €, MPU JIETMPOBAHUK. [1ONOKUTENBHBIH
5(deKT NernpoBaHMs CTAHOBUTCH OCOOEHHO SBHBIM, KOTJAa B €ro OTCYTCTBHH (Aa/dp)m. Gnusko
(Ba/ay) .

Bonbiol  MHTEpeC NPeACTAaBNAIOT TAKXKE TETEPOCTPYKTYPhl € «CamMOperyiHpyIOLUAMCsS» ¢
TemnepaTypok rereponepexonom [7]. B ctpykTypax Takoro THra MHUTTEp co3naercs Ha Gaze 4eTBepHOro
TBEPAOrO PacTBOpa MOMHBEPCHOTO COCTaBa M AKTHBHOTO CIIOS 3aWHBEPCHOro coctaBa. Ilpuuem, cocrasbl
cJIoeB 1000paHel TaKMM 00pa3oM, 4TO MpH TemmepaType sxuakoro asora T=77K wmwupriHa 3anperieHHo#
30HBI 00OMX CJI0eB MMeeT OnM3KMe 3HaucHus, pasHpie 0,18 5B, HO M3-33 MPOTHBOIMOJIOXKHBIX 0O 3HAKY

oF, o
TeMNepaTypHBIX K03(hhULHMEHTOB —£ B 3THX CJI0AX NPM KOMHaTHOW Temneparype E, akTusHOrO crios
or
oF, OF,
yMeHblaeTcs ( Tak Kak B aKTHBHOM CIIOE 8715 <0), a E, smurTepa yBenuunaercs (B OMUTTEpE #>O)4 (¢

Y4ETOM TOro, uTO | | =410 5B/K, 310 0GecricunBaeT sHEpreTHUECKHit Gapbep

AE,=Ey(5)-Egfc) =24 10%:(300-77) =0,18 5B.
TakuM 00pasoM, TpW TOBBILIEHHH TEMIIEpPaTypbl [0 KOMHATHOW Ha TeTeporpaHHLe BO3HHKAET
JHepreTHyeckuit Gaphep, M ONTHYECKOe OrpaHHueHHe obecrnevynBaeT BOJIHOBO/JHBIE CBOMCTBA TaKOH
FeTepOCTPYKTYPEI.

OpnHako, SMUTAKCHATbHBIE CJIOH 3aMHBEPCHBIX COCTaBOB OOBIUHO ObIBAIOT ¢ GosiblIEH MIOTHOCTHIO
TOYEYHbIX Je(PEKTOB, YeM MarepHan HOMHBEPCHOrO COCTaBa. ECTECTBEHHO, YTO M3-3a  CYLIECTBEHHOTO
pas/MumMs B COCTaBAX SMHUTTEPA M aKTUBHOTO CJIOA B 9TOM citydae Au(dy3MOHHOE paccoriacoBaHue Mexay
IMHUTTEPOM M AaKTHBHBIM CJIOEM TOXKE NPOABJIAETCA CHIbHEE, YEM B  PAacCMOTPEHHBIX  BbIlE
reTepocTPyKTypax ¢ OJHOTHUITHBLIM COCTABOM B 3MUTTEPE H B AKTMBHOM CJI0€.

CocTaBbl aKTHBHOTO CNOS B TPEX HOBBIX THMIIAX TETEPOCTPYKTYP BLIGMpANMCh Ha NepecedeHmH
H309HEPTeTHYECKUX KPHMBBIX C H30TIEPHONAMH, MPOXOAALIMMH Yepe3 TOUKHM H30IHEPTETHYECKHX KPHBBIX,
COOTBETCTBYIOLME MAJIBIM, CPEJHUM H GOJBIIMM COCTAaBaM 10 TENUTypy YETBEPHBIX TBEPABIX PacTBOPOB
(cooTBeTCTBYIOIME IpaQUuecKHe 3aBUCHMOCTH - JIMArPAMMBI HM3OTICPHOJHBIX M H303HEPTeTHUECKHX
KPHUBBIX B 3aBHCHMOCTH OT COCTAaBOB Y€TBEPHBIX TBEP/BIX pacTBOpoB Pb, Sn.Se; ,Te, npuseneHs B padore
[6]). CocraBbl 5MuTTEpa MOAGMPANMCH AHAIOTHYHO COCTAaBAM PACCMOTPEHHBIX BbILIE JOWHBEPCHBIX
CTpYKTYp. Bce coCTaBbI COOTBETCTBOBANM M30IHEPreTHUECKOH KpuBOH, oTevdarowiei Eg~ -0,1/8 5B mpu
TeMMepaType JKHAKOro a3oTa. 3Hak MHHYC 37iech GOPMabHO CBA3aH C MHBEPCHEH 30H MPOBOAUMOCTH i
BAJIEHTHOH TpU JaHHBIX cocrtaBaX. [TOHATHO, YTO 3HAYEHHA MAKCHMAJIBHOTO PAccOracoBaHMA B ITHX
CTpyKTypax 6o/blle, YeM B IPe/IbIAYIIHNX, KaK U ykasaHo B Tabnuue 3.

-3
Ta6auua 3. MakcamabHbIe 3HAYeHU OTHOCHTEILHOTO paccoriacoBanust (Aa/ag)mx *10” B
FeTepOCTPYKTYpax ¢ AKTHBHBIMH C10sMH Pb ). Sn, Se,., Te, 3aMHBEPCHOTO COCTaBa.

[ CocTaB OMHTTEpPa [ Cocras akruenoro cnos A=Yy, | (Ba/ag)mx 107
X 1 y X y
1 0,052 0,720 0,506 0,900 0,18 3,68 |
2 0,045 0,521 0,482 0,691 0,17 3,52
3 0,020 0,177 0,427 0,375 0,20 3,26
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PaccMOTpeHHBIH BbILIE ANTOPUTM IOATATMBAHUA» COCTaBa IMMTTEPAa K COCTAaBY aKTHBHOIO CJIOA
NPUMEHSNICSS M B 3THX 3aUHBEPCHBIX CTPYKTYpaX, XOTS B 3TOM CJiydae BO3MOXKHOCTH CHHXKEHHS
mby3HOHHOrO PACCOrNIaCOBaHMs B 3HAYMTENBHOM CTeMeHH orpaHuueHsl. B TaGnuue 4 mpeacTapieHsl
Pe3yNbTaThl pacdeTa MAKCHMMAJIbHBIX PACCOITIACOBAHMH C YUYETOM  (TIOATATMBAHMA» COCTABOB B
3aUHBEPCHBIX CTPYKTYpax.

Tabauna 4. MakcuManbHble 3HaUEHHs OTHOCHTENBHOIO PaccoriacoBanus (Aa/ag) max 10° 8
reTepoCTPYKTYpaX ¢ aKTHBHBIMH CIIOAMHU Pb,., Sn, Se., Te, 3aMHBEPCHOTO COCTaBa C YHETOM

(MOATATUBAHUS.
CocraB sMuTTEpa CocTaB aKTMBHOTO CJIOS. Ay=y,y, | (Da/ag)max - 107
x y x y
1 0,205 0,780 0,506 0,900 0,120 2,03
2 0,250 0,600 0,482 0,691 0,091 1,89
3 0,205 0,290 0,427 0,375 0,085 1,80

Kak creziyer u3 Tabiniibl 4, 3a CHET «IOATATHBAHUS» AOCTUraeTcs cHkeHue (Aa/ay)max, B CPEIHEM, B
1,8 pas.

JUtst cpaBHeHUs GbUIH PaCCYMTAHbI M MPEACTABICHb! B TaOJIMIE 5 COOTBETCTBYIOLIME 3THM COCTaBAM
3HAYCHHS &, .

Tabanna 5. Kpuruueckne oTHOCHTENbHBIE Je)OPMALIH Ecr * 10°s GUHAPHBIX COCAMHEHHUAX U B aKTHBHBIX
CJI0SX PACCMATPHBAEGMbIX '€TEPOCTPYKTYP € YYETOM «MOATATHBAHHSY.

Marepuan PhSe | Snse | PoTe | SnTe Pbo9s Snosos | Pbosis Snossz | Pbosrs Snosx
Seo 100 Teooon | Seosos Teoeor | Seoers Teosrs
g, -10° 2,1 53 1,8 5 3,79 3,64 3,38

OKa3anoch, YTO OHM BIUIOTHYIO MPUOIMKAIOTCS K MAKCHMAJIbHBIM PaccorjiacOBaHUsAM, TMONYYEHHbIM
6e3 «NMOATATMBAHMA», Npesbiluas ux npubmusurensho Ha 0,0001. CooTercTByfOLIME 3HAYEHHA O,

npesbiuaer o, Ha 14-16 M Tla. Tax, Hanpumep, 1id CTPYKTYpbI Ne2 u3 tabmuust 3 o, = 500 M Ila, a

o= 484 M Ila. Dra pasHMLA CTAHOBMTCA HEAOCTATOUHOW JUIA YBEPEHHOrO MNpPEeAOTBPAIUCHHs

max

pelaKcauun yNpyruX HanpskeHui ¢ OOpasoBaHMeM — IMCIOKALMOHHOW ceTku. [lostomy Bo3HMKaeT
HEOGXOAMMOCTb B JIOTIONIHUTENLHOM JIETHPOBAHHM AKTHBHOTO CIIOS MPHUMECSAMH, TPHBOASIIEM K
3AKPETUICHHIO IMCIIOKALMI M yBENUUEHHIO KPHTHUECKOH Aedopmauun &, . Takumu npuMeECAMH, Npexie

BCero, ABNSIOTCS XPOM M Mapramell, HO TpeINIouTeHHe B M3yuaTesibHbIX npuGopax us-3a cnaboro
Bo3/ieiicTBUS Ha 3 (HEKTUBHOCTD U3JYY€EHN s OTAAETCS MapraHity.

Wrak, B paGoTe paccMOTpeHsI reTepocTpyKTyphl TUna PbSeTe/PbSnSeTe ¢ aKTHBHBIMU CIOAMH Kak
JOMHBEPCHOTO, TaK H 3aWHBEPCHOrO COCTAaBa M Briepsble NpH AH((Y3HOHHOM paccorIacoBaHHH
YCTAHOBJIEHBI YCJOBHS, KOIJA —TOATATMBAHME» COCTaBA OMMTTEPA K COCTABY AKTHBHOTO CIOA MM
JIerHPOBAHKE CJIOEB MO3BOACT YIYUIIMTL W3MEPIEMbIE XapaKTePUCTHKH M31yHaTelbHbIX npubopos. B
CTpYKTypax MepBOro TMNa HEraTHBHOE BIMAHWE AM(QYIMOHHOTO PACCOrNIACOBAHMS MOXKHO MOHMSHTE H
«TOATAT » W JIerupo ; B CTPYKTypax BTOPOTO THIA — TOJIBKO JIETHPOBAHHEM.

BJIATOJAPHOCTDb. ABTOpBI BBIP2XalOT ~OJIaroAapHOCTh Hayunomy
donpy I'pysud 3a (UHAHCHPOBAHME TMPOEKTA GNSF-409, B pamkax
KOTOPOrO MPOBE/IEHBI 3TH HCCIIEIOBAHUS
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DIFFUSIONAL MISMATCH IN SEMICONDUCTOR HETEROSTRUCTURES: CONDITIONS
OF OCCURRENCE AND WAYS OF OVERCOMING ITS NEGATIVE INFLUENCE ON
RADIATIVE DEVICES
Omar Davarashvili, Georgi Darsavelidze, Larisa Bychkova, Megi Enukashvili, Maya Dzaganija*,
Arif Pashaev**, Vugar Aliyev**, Vladimir Zlomanov***

The Javakhishvili Tbilisi State University
*Petre Melikishvili Insitute of Physical and Organic Chemistry
** Institute of Physics, Azerbaidjan Nationaly Academy of Sciences

* *¥*M.V. Lomonosov Moscow State University

SUMMARY
The ways of overcoming of negative consequences of mismatch of lattice constants in the heterostructure
layers, caused by diffusion of components in the process of epitaxial growth, are shown in the letter on an
example of heterostructure of type PbSeTe/PbSnSeTe. Heterostructures with active layers both less than
inverse and more than inverse compositions are considered. For the first time conditions, when "pulling up"
of composition of the emitter to _omposition of an active layer or doping of layers allows to improve
characteristics of radiative devices, are established.
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OUBNYECKAS XUMMUSI

HCCJIETOBAHHUE PEOJIOI MYECKUX CBOMCTB CUCTEMBI
Co-®PYKTO3A-ACKAHI'EJIb

W.C.T'abenmna, J1.K. ixanapunze, D.111. Canyxsanse, JI.K Kamna, K.I".D6panunze
Huemumym gusuueckori u opeanuyeckoii xumuu um. IT.17 Menuxuweuny

Bricokne  ancopbuUHOHHBIE, MOHHOOOMEHHBIE W MPOJOHTHMPYIOUIME CBOWCTBA ackaHrens —
GenronnTa ACKAHCKOrO MECTOPOXKIEHHS, [Py3ys, MOXHO HCIONB30OBATh IS MOJTYYEHHs METajlIo-
P MYECKHX COg, Y, KOTOPbIE MPEIHAZHAYEHBI VIS KOPEKIHH COACPIKAHHS )KM3HEHHOBAKHBIX
MHKPOG/IEMEHTOB B OPraHH3Me YeJIOBEKa 1 Pery/upoBaHus (GyHKLMH JKeITy JOYHO-KMUIEYHOTO TpakTa [1-3].
Hamu 6bu1 paspaboTan MeTOR rosyueHus CHCTeMbI skesie3o — (pykrosa — ackarens [1], koTopyio
MOKHO MCHOJIB30BATh MPH HEAOCTATKE JKENe3a B OpraHu3Me 4eoBeka. [Ipe/ulosKeHHBIM METOAOM TaKxkKe
6bita monyyeHa cuctema KOGANbT — (pyKTO3a — ackaHrenmb [2], KOTOpas MOXeT GbITh MPHIOHA VIS
KOpEKUHK KOGaIbTa, BXOASILEro B COCTaB BUTAMUHA By U MIPAOLIEro posib KaTanu3atopa NpH YCBOCHHH
kenesa. IToatomy Fe u Co copepxamme coenmuenns Fe-dpykrosa-ackanrens u Co-pyKTosa-acKaHresns
LenecoobpasHo BHECTH B OPraHW3ME HeIOBEeKa OHOBPEMEHHO (CYTOUHAs MOTPeGHOCTE XKese3a U KobaibTa
COCTaBJIAET COOTBETCTBEHHO 20 MuytHrpam 1 75-100 mukporpam) [4].

Deita  nocraBneHa 3ajava, TpeisBiseMas  KaKAOMY —Tpenapary, [MpeJHa3HAueHHOro i
MEJHLMHCKAX Lesiell - noy4eHus caboCTpyKTYpHBIX JIEKAPCTBEHHBIX CHCTEM C 3aIaHHBIMH CTPYKTYPHO-
MEXaHHYECKMMH U PEOJIOTHYECKMMHU CBOHCTBAMH M C KOPOTKHM BPEMEHEM Pacriajia B OpraHu3Me YesioBeKa
npy pH=2 (KHCIOTHOCTD HKETYJOUHOTO COKa).

CrpyxrypooGpasopanue B cycnensusix Co — Gppykrosa — ackaHrelns usy4anoch Ha npubope Beiinepa-
Pebunnepa [5]. Mepoit THKCOTPOIHM CITy’KHNIa BEIMYHHA OTHOCHTENBHOTO YNPOUHEHHMS — KOIHULMEHT
THKCOTpOHMH K. Peonoruueckue wuccnenoBaHus GbUTM BHITONHEHBI Ha POTALMOHHOM  BHCKO3MMETpe
«Reotest-2» B auanasose rpaamenta ckopoctd casura 1,5-1310 ¢! npu 20°C. Uccnenyemsie cycriensuu
TOTOBHJIMCH TTYTEM IPE/IBAPUTENILHOTO pacTHpaHus TycTol (20-25%) riIMHHCTOMN MacThl ¢ MOC/IeLYIOMHM
pa3baBieHMeM ero [0 3aJaHHON KOHIEHTpallky. B npouecce NPUrOTOBJIEHHsS B CYCTEH3MH BBOAWIN
onpesieNieHHoe  KOMH4ecTBO Kkomruiekca Co—(pykroza B COOTBETCTBHM C YCTAHOBIEHHBIMH HAMM
ONTHMAIBHBIMK ycaoBusamMH [2]. [ina nonyuenus 8%-oit cycnensum Co — ¢pykrosa — ackanrens, 40,64 r
nactsl ackanrens (c=21,11%) pacrupanu B 56 mit Boaws! u gobarnsiu 3,42 r Co—dpykrossl (¢=25,67%).

B kauecTBe KOHTPOJILHOro 06pasua cityrkHia 8%-as CyCreH3Hs BHICOKOIUCTEPCHOTO aCKaHres.

Beuny Toro, uro Co — ¢pykrosa — ackaHrens NpeJHasHayeH B KauecTBe JieueGHOro CpeicTBa npu
aHeMuH KoOanbTa, MCCIE0BAHUE CTPYKTYPHO-MEXaHHHUECKUX CBOMCTB CycreH3uH GbIIO MpOBEEHO Npu
pH 4,5 (ycnoBus mnomydenuss cuctembl Co — (pykrosa — ackanrens) m pH 2,00, Gmuskomy k pH
HKENyZOYHOTO COKa, JUTs 4ero ucnonb3osancs pactsop 0,1N HCI.

TaGmmua 1. Peonorndeckue xapakrepucTHky 8%-0# CyCNeH3uH BEICOKOAMCIIEPCHOTO aCKaHreNs 1
Co — ppykroza — ackanresb npu pH 4,5 u 2,0

IlnacTuueckas BA3KOCTh VcnoBHbIM npeaen
Koad T TeKy4ecTH ?(ET:;:CC-
0okt PH B S Havanbras, Ranvent- |- oo ﬂ“HaMfl " | TH9HOCTH
Ko I mras, (it P, Ta | €SKHA | Py 102¢?
i, Ha.c N Ma.c , P Py, ITa
Bricoxomicne | 4 50 3,50 500 8,90 0,96 2,60 16,00
PCHBIH
ackaHreb 2,00 2,80 1690 3,40 2,40 2,75 15,00
(MCXOIHBIH)
Co-¢pykrosa- | 4,50 0,40 20,01 0,45 0,30 0,75 1,5
acKaHresib 2,00 1,90 160,0 1,41 2,00 3,75 1,25

337



boddGMBINML 8IGENIRIBSMS IHIBEIR0O 535RIZOOL 3SB6I, Jodoob gos 2009, .

Uepes 24 waca ONpenensIMCh CTPYKTYpoOGPasOBAHME W PEONOrMUECKHE CBOWCTBA MONYYEHHBX
cycnensui. PesynbTarhl HCCle0BaHHS NpHBeeHb! B Tabskue | 1 Ha pucynkax 1 u 2.

gy-Mac
g Tac ¢
5 22
¥ Rz .
< |
5 4
& I +
¥9 L
i @
ot ad
1 at
1% A 5 6 7 1 & do i az
25 T, TMa 0z
14 a 7 Y
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55 23 Tr, [a
Puc. 1. 3aBucumocTb 3(pHEKTUBHOIM BI3KOCTH OT Puc. 2. 3aBucumocts 3G PEKTHBHOM BAKOCTH
HapsHKeHUst caBUra Juist 8%-0i cycneH3nu OT HapsHKEHUs CBMTa 11 8%-0H CyCieH3HH
BBICOKOIMCTIEPCHOTO aCKEHIeIst Co — (pykTO3a — ackaHrens

1 - pH 4,50; 2 — pH 2,00

TlokazaHo, yto uccnenyemas cucrema Co — Qpykroza — ackaHrejb obnagaer CrnocOGHOCTBIO K
YIPOUYHEHHIO CTPYKTYPbl BO BPEMEHH, OIHAKO OHA BBIABIEHO B MEHbIUEH CTENCHH, HYeM B HCXONHOM
ackaHrelie. YIIPOUHEHHE CTPYKTYpPBI B CYCIEH3HSX BBICOKOIMCIIEPCHOTO ackaHrenst Aautes ~120 4acos, a
B cycnensusx Co — ¢pykTo3a — ackaHrenb 3aK: TCA B TeueHHe 24 4YacoB W XapaKTepH3yerces
Menbluel npourocTsio (0,40 ITa), yem cycnensuax ncxoaHoro ackanrend (3,5 Ia).

CyCIIeH3HH acKaHTels OYeHb YyBCTBUTENbHBI K aniekrponutam. IIpu no6asnennn 10-20 i pacTeopa
0,IN HCl x 8%-oit cycrieHsuu ackaHrens s AocTibkenus oxemaemort (pH=2,00) cpensi, pesko
yBeJIMYMBaeTCs CTpyKTypHas (3((peKTHBHAS) BA3KOCTb, ONHAKO HAPYLICHHS KMHETHUECKOH YCTOMYHBOCTH
He HabmozaeTcs.

HccnenoBaHne peosiorHyeckuX CBOMCTB BBICOKOJMCIIEPCHOTO ackaHrens B 3aBHCHMMOcTH oT pH
cpelbl Mokasano, 4to ¢ nonmwkenvem pH ot 4,5 no 2,00 yeenuuusaetcs cTpykTypHas (o¢dekrusHas)
BA3KOCTH, KPOME TOTO — OT TIACTHYECKOTO A0 XPYNKOr0 MEHAETCs XapakTep paspyiieHus cTpykrypsl. IIpn
pH 4,50 xapakrepHo cTymeHuatoe paspyuieHuie, a npu pH 2,00 — peskoe cumkenue dddexTHBHOM
BSI3KOCTH BCJIEACTBHE HEOOPATUMOrO pa3pylleHus CTPYKTypbl. KpuBble  3aBHCHMOCTM  OT  HanpsKeHHs
caBUra ¥ COOTBETCTBYIOIIME PEONOrHYecKHe XapakTepucTuku 8%-oit cycnensuu Co — dpykrosa -
acKaHresb yKasblBalOT Ha oOpasoBaHue ciabble CTPyKTyphl Gonee xpynxoro xapakrepa. ITpu pH 2,00
paspylleHHe CTPYKTypbl BHA4ajle WMEET CTyNEeHYaThIi XapakTep, 3aTeM NPOM3XONMT pe3Koe NajJeHHe
BSI3KOCTH JI0 TMOJIHOTO Pa3pylueHus CTPYKTYphl. DPQeKTHBHAS BAKOCTh YBEIUUMBAETCS MO CPABHEHHIO
KOHTPOJIBHOM, Xapakrep paspylleHWs CTPYKTYpbl — IUIACTHUECKHH, Ha 4YTO yKa3biBAlOT H BEJTHIHHE
CTaTHYeCKOH nnacmtmoc‘m Pi/mi, KOTOpas Ha nopsaaok Gonbie (1,51 102 ¢™"), uem Y BBICOKOJMCIIEPCHOT0
ackanrens (1,5:10° ¢'), uro cBUmeTennCTBYET O Maolf MPOMHOCTH AaHHOM CTPYKTYpBI (1ab. 1). IIo
JINTEpaTyPHBIX JAHHBIM, [T YCTOMUHBBIX CUCTEM CTATHUYECKas! MIACTUYHOCT

Py/y S (60-80)-10° ¢
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Takum 0Gpasom, peoNiorHueckoe HCCeNOBaHHE MOKA3ano, 4To 8%-as CycreH3us Co-¢pyxrosa-
4CKAHre/Ist OTHOCHTCS K THITY MOJIONPOYHBIX TBEPA0OOPA3HBIX CTPYKTYP, XaPaKTePU3YIOLMXCA YCIOBHBIM
CTaTUYECKUM U JHHAMUYECKUM TpeielaMH TEKY4EeCTH.

Ha ocHoBanuu TIOJTy4€HHBIX [JAaHHBIX MOXKHO CHenarb BBIBOL, 4YTO Co—d)pyk'rosa-acxaﬂrenb
CTPYKTypooGpasyrolumMy  napamMeTpamu (c1aGoCTPyKTYPHbIE CHCTEMBI HM3KHM TOKa3aTenqeM BS3KOCTH,
JIETKO paspyliaeMei€ BO Bpemel-m) COOTBETCTBYET 'rpeGonaHmM, KOTOpBbIE€ MPEAsABIACTCS COECAUHEHHAM
MEAMLUMHCKOrO  HasHadenwus. Beumy Toro, uto Co-¢pykrosa-ackaHrenb B CycrneH3usx o6pasyroT
MJIOTPOUHBIX CTPYKTYP, LEI0CO0GPa3HO [is MPUEMa BHYTP €ro NpeuioraTh B BUE MOPOLIKA.
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(0SS 3dgemos, Moy xsgs0dy, gmg® bsgmdgedy, @omo gsBos, Jgoggeb gdGsmmady
398 dgemagodzommols goboyco s mEgsbamo Jodool ablord o

®J60333

Bgbfagmomos  Bomamealdg@limmo  sgsbagmol s Co-g@yddmbs-slgsbagmol  Fysmliglidgbbogddo
13GndEacel  Gamdmgdbol  3GmEglnde.  Ggommgogto  3sGedgd@gdol  asblebma@ol  baggndggmby
sEagbomas, ™3 pH=2 306035380, Co-gemddmbs-sbgsbagmo FysmlglidghbogdBo, dsmammalidg@liygm
Sligebagmmsb  Bgrstgdon Foedmgdbol bsbdmymy sBmol 3ghomeob, gemo Gogom ©sdsemo  Loddgaiel
byOndE 0. 30b0BEgmo JoGmds 9g8sgmpomgdl Lsdgn@bsmme asdabbamo Baghogdobswedo Foggbgdam
ombmzbadl.

INVESTIGATION OF RHEOLOGICAL PROPERTIES OF Co-FRUCTOSE-ASKANGEL

Tsiala Gabelia, Leila Djaparidze, Eter Saluqvadze, Lili Kashia, Ketevan Ebralidze
Petre Melikishvili Insitute of Physical and Organic Chemistry

SUMMARY
Process of structure formation in high dispersed and Co-fructose-askangel suspensions has been s_tudied. By
determining of rheological parameters has been established, that Co-fructose-askangel in (pH=2)

suspertions with short decay period makes one degree lower strength structures, then highdisspersed
askangel. Presented data corresponds pharmaceutical requirements for medical purpose compounds.
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OUBHYECKASI XUMMS

HWHKPEMEHTHBIN PACYETHBINI METO/{ ONIPEAEJIEHUSI TEMIIEPATYP
IVTABJIEHUSI BUHAPHBIX UHTEPMETAJUIMYECKUX COEJVUHEHUM

A A Hamnpanze, K.3.Vkne6a, W.b.Bapatawsunn, P.C.Pasmanse, A.T.ABanuanu
Hucmumym memannypeuu u mamepuanosedenus um. d.H. Tasadse

Hacrosiwas ctates sBisercs MpojoskeHHeM LuKia pabor [1-4], mOCBALIEHHBIX OTpeaesIeHUI0
TEPMOJUHAMHYECKNX XapaKTepUCTUK 6"HapHI>IX HHTEPMETATUIMYECKHX COeAMHEHUN Ha OCHOBaHWH pacueTHbIX
METO0B. B 4aCTHOCTH, B JaHHOIi CTaThe HAMM MOCTABJIEHA 3a7a4a onpeneneHus Temnepartyp maaBnedus (Ty,)
YKa3aHHbIX COEJMHEHHH  MHKPEMEHTHBIM MeTOOM pacyeta. Ha ocHoBaHMM ananmsa CIPaBOYHBIX JaHHBIX [5]
OTHOCHTEIILHO TEMMNEpaTyp TUIABNCHHs GMHAPHBIX WHTEPMETAINIMYECKHX COEAUHEHHH COCTaBa AmBy, HaM
YAQIIOCh MOL00PATE CeAyIOLY0 GOPMY PACUETHOro ypaBHEHHs s onpefeterns Ty, :

Toa=m/n I, +Ip @),
rae I, u Ip — MHKPEMEHTSI IIaBIeHns o1eMeHToB A u B, am i n — CTEXHOMETPUYECKHE KO3 PHIMEHTbI; TAKHM
06pasoM, MPeIoKeHHOEe HAMHU ypaBHEHHE SBJIAETCS TUHEHHBIM, B KOTOPOM OTHOLIEHHE M/N — NEePEMEHHOE, &
14 1 Iy — nocrosHHbIe.

Beuny TOro, uto HEBO3MOXHO NpeNBAPUTENLHO OMPEIENNTH, KaK — KOHIPYHTHO WM HHKOHIPYIHTHO
PACTNIABUTCS JAHHBIA HHTEPMETA/UINA, Mbl TPEANIONaraeM, YTO IPH PACCUMTAHHON MO ypasnenuio (1)
TEMMEPaType UCCIeNyeMOe COCIMHEHHE Ul PACILIABUTCS, WM PA3IOKHTCS 110 EPUTEKTHIECKON peaKium,

B npouecce pacuera Gblin paccMOTpeHb! JaHHbIE i Gonee uem 1750 HCXOJHBIX COEAMHEHHUH, O/IHAK0
MHKPEMEHTBI ObUTH OTpeeNeHb! /i METALIOB, COCTAaBNAIOWMX 1574 MHTepMeTauaa. Paccuntannble Havi
3HAYCHUA UHKPEMEHTOB IUIaBJICHUS] METAJIOB TIPUBE/ICHBI B TaGJ'lVlL[e il

Tabnmua 1. 3HayeHUs HHKPEMEHTOB METAIIA B 3aBHCHMOCTH OT HOMepa TMOArpy NIkl apTHepa JIeMEHTa B
PacueTHOM ypaBHeHUU TeMneparypbl nnasieHns (T, = m/n I, + I) GHHAPHBIX HHTEPMETANIHYECKHX
coeavHenuit coctasa A,,B,

Ne | meramn | TloArpynmbi MepUOIMYECKOH CHCTEMBI 1 3HAYEHHS MHKPEMEHTOB TTaBenns (I, 1 I) COOTBETCTBYIOLIHX /ICMEHTOB.
1 2 © P it ® A m® vA ve VAL vE L ViR | vt | v |
AL Ga S5 Ge
! Au 400 250 P
L4 T -100 I e Sn, Pb 400 700
50 110
Sn
2| Na -100 0 | T -100 400
360 Pb 35
Au Ga,In As
3| K 350 500 30
Sb
200
Bi
40
Au Ga-Tl Ge
4| Rb -100 1330 200 g
5| G 1590 20
Au Y, Th Fe,CoNi
70 | Ca B U, Pu )
61 Be cu | 2240 4250 Ce 60 L Ru P
150 50 20 M
Ca
cu, | 2240
Al Ga :
Ag | e | za | ARG | ] Nipd
7| Me A | ose0 | a3 | B & 20 300
210 | Ba |
1000
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Tponomxkexue Tabnuupr 1

12 * B i i nA e A ve vA VE L vie v | ovi®
Al
1500
Cu,Ag Ga
100 | Be, Mg -170 Sb,Bi Ni
| Cn Au | 2520 | -100 | In 300 30 200
100 320
TI
50
CuAg Si,Ge
9 | sr -150 Mg Cd | AFTI -400 Sb,Bi
Au 200 -150 | -200 Sn,Pb 100
-50 200
Al Si
Bl 5o cudg | Mg | ca | G poid Pa,Pt
2100 | -100 | -100 In, TI 49 -100
-100 -100
Sc Y
2270 3350
La-Tb,Yb v- | en Co
| B Be Al 4800 Zr Ta | w | Mn | -100
2500 2400 Dy, Ho 2300 3300 | 2600 | 2200 | Ni
2700 2000
Er Th,U
2160 2600
Fe
1200
Sc-La, 1
: Ti Mn Co
e o Cuo | MgCa B PrErIh 1550 N | €00 | 820
Al | Li 660 550 1260 1650 ZoHr 1800 | W | R i
” Ty, {3 1
20 Au Sr,Ba Yb,U,Pu 1900 960 | 1150 | s60
1200 | 1350 640 B
1540
LiK | Cu Mg Pr Pu Ti | AsSb | V Mn | Fe
13|Ga| 530 | 600 400 1800 1000 1300 | -1300 | 1350 620 | 1200
Rb Au | Ca-Ba ZrHf Nb
330 | 850 1300 1450 1500
Cs
200
Li Au Ca La-Pr,Pu As,Sb Mn
14| In| 650 850 850 1540 -200 620
Na Sr Yb
940 1150 1200
K Ba
530 1100
Rb
330
Li Mg La-Pr Ph Bi
15| T | 600 400 1540 -10 20
Na Ca Nd Gd
940 900 1600 1300
Rb Sr
330 1300
Ba
1100
Li Cu Ca Y,Ce Ti v Cr | Re Fe
16 | Si | 1080 | 270 1100 1900 1400 1830 | 1500 | 2200 | 1070
Sr Th,U Zr Nb | Mo
1800 1650 2100 2600 | 2260
Ba Pu Hf Ta w
1500 2070 1840 2390 | 2150
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12 IR I i i mA i WA L Ive VA VR VR | v | viE
Li Cu Ca Y Ce Zr Nb Cr Mn Fe
1220 | 270 1100 1240 1900 2100 1800 | 1100 | 1000 | 1070
Rb Sr La, Pr Mo Co
17 | Ge | 1080 1800 1800 1200 950
Ba Nd Th Ru
1500 2140 2070 1700
U
1750
Li Au Ca Y Ti Nb Mn | FePt
600 | 480 800 1200 1610 1100 750 | 1070
18 | Sn Na Sr La-Nd,Pu Zr Co
950 900 1380 1300 510
Ba Sm,Eu,Yb Pd
1000 1190 650
LiNa | Au Ca Ti Y,Dy Ti Pd
600 | 480 800 680 850 1500 500
Sr Ce-Nd,U,Pu Pt
19 | Pb 900 1380 700
Ba La,Sm,Eu,Yb
1200
Gd Lu
1060 360
Li Cu Mg Zn Ca Eu Mn Fe
400 | 300 1600 950 1600 1070 1000 | 1400
20 | As K Cd In Co
920 500 1400 1670
Ni
1200
Pd
1140
LiK | Cu Mg Zn Cadn | La NdU Cr | Mn | Fe
600 | 300 1600 770 1000 | 1280 1800 520 | 1000 | 1100
21 [ Sb | Na Ca Cd Gd,Dy Co,Pd
60 120 500 3500 1000
Rb,Cs Sr RhPt
840 1100 1200
Li Mg Tl Ce Nd Mn | Ni
22 | Bi | 300 1200 470 1500 2000 100 | 900
Na Ca Gd D Rh
60 1650 3500 390 690
K-Cs Sr Th Pd,Pt
910 800 1310 870
Be,Ca- Cd AlGa Sc Si,Ge | Ti | AsSb
23 | Cu Ba 100 240 1030 270 | 1090 | 250
1000 Y-Yb Th Zr
Mg 1240 1300 1300
1260
Na Mg Zn,Cd Sc,La-Sm Ti
1100 1260 380 1185 1090
24 | Ag Ca-Ba Y,Eu-Yb Zr
1000 1070 1380
Li Be,Ca | Zn,Cd Al La Ce [ SmPb | Ti
1000 1100 -50 =200 | 1400 1500 [ 270 | 1500
25 | Au | Na,Rb Mg Ga,In Pr,Yb
1300 1690 -100 1330
K Sr
1150 1300
Li Ag Mg Y,La,Ce-Sm Ti As Nb Mn
740 | 680 750 1140 920 | 180 | 1330 | 840
26 | Zn Au Ca Gd-Yb Zr Sb
1000 950 980 1100 | 40
Th
1300
U Pu
500 1200
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Tponoswkenue Tabauus 1

=T
bl 2 | 1* I nt 1 e | VA avE oA oy Fype [y vi®
Li Cu Ca,Sr,Ba Y,Eu,Yb As,Sb
740 620 1000 870 170
27| Cd | Na| Ag La,Sm,Gd
650 | 680 1000
Au
L 1000
Cu Mg B Fe
28 | Se 370 1000 530 -320
Ag Al
300 100
Cu Be Zn B Si Fe
-40 1500 240 -1720 190 -1000
9| Y Ag Mg Cd Al Ge,Pb Co,0s
370 1100 720 -200 800 =500
Sn Ni,Ru Pd
600 -300 _-130
Cu Mg Zn B Ge Sb Co,Ni
-400 1100 -50 -11000 =210 210 =200
Ag Cd Al Sn Ru,Rh
30. | La -20 240 -450 150 -300
Au In,T1 Pb
200 -200 390
Cu Be Zn B Si,Ge Bi Fe
-400 1500 -40 -14000 -160 100 -140
3| Ce Ag In Sn Co,Ni -240
-50 -100 80 Ru,Pd
Au Tl Pb 130 -600
20 -60 Yr
-300
Cu Mg Zn B Ge Fe
-400 1100 20 -12000 -30 -1300
Ag ALGa Sn,Pb Co
2| P 20 -400 160 -200
Au In,T1 Ni
350 -130 -300
Ag Mg Zn B Ge Sb Mn | Fe,Co,Rh
33 { Nd 40 1100 60 -12000 -320 200 280 -150
ALTI Sn,Pb Bi Ni,Pt
-250 150 -200 -300
Cu Mg Zn B Sn,Pb Mn Fe,Co
34 | Sm -140 1100 110 -12000 300 -500 -700
Ag cd Al
-30 300 200
35 | E Ag Mg Cd B Sn,Pb As Ni Pd
" -120 1100 240 -11000 150 200 1400 -300
Ag Zn,Cd B Pb Sb,Bi Mn Fe,Co
36 | Gd 300 440 -12000 440 -1100 -370 -600
ALTI Ni,Pd
=200 -270
B Mn
37| Tb -13000 -440
Ag Zn B Pb Sb Mn Fe Pd
38 | Dy 400 480 -600 700 -1100 -440 | -150 100
Al Bi
-200 930
Ag Zn Al Mn | Fe Co,Pd
39 | Ho 360 480 -250 -300 | -110 -300
Cu Zn B Mn Fe,Pd
90 750 880 -530 -40
40 | Er Ag Al Co,Rh,Pt
400 2250 -130
Ni
-300
S—
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Tponomkexue Tabuugl
112t e | e nA me A VB | VA | VB | VR | Vi v
a1 [ Tm Fe
120
Cu Mg Zn B Sn,Pb
340 | 1100 -30 | -12000 180
Ag cd Al
&2 | b 0 200 In
Au 2000
240 150
43 | Lu Mg Pb Fe
1100 960 210
Fe
B si -980
o Cu Be | Zn -600 520 Bi Co,Ni,R
-40 | 1500 | 40 Al Ge 380 K
-50 0 Pd
-250
Si Fe
B 400 e -80
45| U Be | Zn 300 Ge Pb Sh Co,Ry,
1500 | 6000 Al -60 200 1 4'50 -600
2400 180 Pd
3000
Be Zn | Al Ga Si Rh
46 | Pu 1500 | 20 | 2201000 220 5103
In Sn,Pb Pt
-120 90 120
& Fe.R%l;
i | AL | Be | zn | ALGa v Mn | Co
170 | 1500 | 420 200 110 50 460 | 200
Os,Ir
-290
B
Cu 2000 Si,Ge Fe
48 | Zr -60 Be Zn Al 200 Re -380 -l
Ag | 1400 | 300 -50 Sn -400 Ni
40 Ga 100 50
300
Be Al Ga Si Re | Ni
49 | Hf 1400 100 300 630 500 | 350 -
Be B o) Si Re Os, Ir
50 | v 2130 -800 20 250 30 30
g B i Fe
51 | NG Be | zn | -800 -100 cr | Ma %9
2130 | 80 | AlLGa Ge,Sn -100 | -100 R“il:;}m
|
200 250 g
Fe,Co
52 | Ta Be B Si Cr N e
2130 -600 170 100 Ni,Ru,
In,Pt
100
B Nb
53| cr Be 200 $i,Ge Sb | 2000
2120 Al 220 870 | Ta
800 2200
B Si
54 | Mo Be | Zn 100 70 Rh-Pt
2120 | 1150 Al Ge 2350
800 300
B Fe,Co,Ru,
550w Be 400 Si 4
2120 Al 300 Rh,0sle
1600 950
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i 2 "B oA i 118 m® vA ve Ve VB VP vIe | viP
b7 10 gl Ti | AsSb | Nb
J n i S, 1
| Mn 51 | ARG Er S5 0 | 120 | 2000
250 1530
A Zr
1 U si | 3000 v
g | e 700 3930 40 | mf 2370
3380
Se,Y Ce
2010 1350
Pr,Sm,Gd,
Dy, .
’ Nb
| T Be ALGa | flofr | SGe g ks [ 1900 w
1870 200 | N TmLa | 200 | 2100 | <100 | Ta 1160
O 1390
1520
Th
1800
Y,Sm,Gd
1710
B La  Ce | Ge Ti As | Nb
AP Be 1900 | 1400 1480 | 300 | 1500 | -260 | 1600 w
1870 Al Pr Nd | Sn Zr Sb | Ta 1160
1080 | 1450 1520 | 690 | 1800 | 500 | 1390
Er,U Th
) 1640 1600
Be Y,Gd,Th Ti
1870 B 1600 1480
Mg 200 [ La  Ce Zr | AsBi | Ta
| 1600 Al [ 1300 1200 1460 | 20 | 1700
6 | Ni Ca 1350 | PrEr Er Hf
1300 1400 1700 1440
p 4 La
2330 1900 Nb
Be Ce  Th | Ge 2300 w
| r 1860 2000 1600 | 50 Ta 1160
U 2230
2200
La Nd
1900 1670 Sb Nb Mo
Er  Th Ti 300 | 2300 | 2500
6 | Rh 1700 1820 2370 | Bi Ta w
U Pu 580 | 2230 1160
22002090
Y,Ga,Er
Be 1800 R
1000 CeHo Eu S0 ™
Li Mg 2000 1600 | Sn,Pb | Ti b, | 2300 Mo
& | pa | 162 1600 Dy  Th | 400 | 1800 | ¥ | Ta 2500
Ba 1700 1940 60 | 2230
1550 U Pu
900 500
Mo
Y Ti v 2500
6 | Os 3030 2700 2370 w
1160
v
Ce Th Ti 2370 Mo
2800 1770 2700 Nb 2500
Ir Hf 2300 w
65 | I 2300 3240 Ta 1160
2230
Er U Nb
Ba Al 2060 2650 | Sn,Pb Ti Sb,Bi 2300 Mo
66 | Pt 2100 300 Pu 300 | 2310 | 210 | Ta 2500
1950 2230
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TaGnuua 2. Pe3ynbTatsl CpaBHEHMS SKCIEPHMEHTANBHBIX H PACCUHTAHHBIX MO YPaBHEHHIO | BeNHYHH
Temneparyp ruasnenus (T,,) OMHAPHBIX HHTEPMETATHYECKAX COSTHMHEHUH
N Hurepmeramiu- Tua, K ATK .
uecine SacCHuTaRNELC DKcnepuMeHTaNbHble | T (pace) A%
COeAMHEHNS Mo yp s pacw)™ L nn (aken.)
1 BaTl 1000 1078 -78 -72
2 BaTl, 1050 971 +79 +8,1
3 BaTly 1070 875 +195 +22,3
4 BaTl, 1075 578 -500 -
S Ba,Tl 900 874 +26 +3,0
6 BaCd 900 862 +38 +4,4
7 BaCd, 950 915 +35 +3,8
8 BaCd,, 990 945 +45 +4,8
9 Ba,Cd 800 682 +118 +173
10 Ba,Cdy 980 893 +87 +9,8
11 BaCu 900 843 +57 +6,7
12 BaCuys 992 943 +49 +52
13 BaAg, 950 1070 -120 -11,2
14 BaAgs 980 1002 22 ¥
15 Ba)Ags 933 1123 -190 -16,0
16 BaPd, 1500 1633 -133 -8,2
17 BaPds 1530 1538 -8 -0,5
18 BaPt, 2050 2093 -43 -2,1
19 BaPts 2080 2123 -43 -2,0
20 BaMg, 950 883 +67 +1,7
21 Ba,Mg,; 988 978 +10 +1,0
22 BagMgy3 974 873 +101 +11,3
23 AlB, 1800 1673 +127 +7,6
24 AlBjo 2280 2323 -43 -1,4
25 AlBj» 2300 2473 -173 -7,0
26 GaAs 1500 1511 -11 -0,7
27 GaSb 900 985 -85 -8,6
28 InAs 1200 1215 -15 -1,2
29 InSb 800 798 +2 +0,2
30 TIBi, 480 484 -4 . -0,8
31 Th,Bi 483 487 -4 -0,8
37 TIsPbs 663 652 +11 +19
33 Tl,Pb 610 607 43 +0,5
34 ZnAs, 1040 1043 -3 -0,3
35 ZnyAsy 1220 1218 +2 0,2
36 ZnSb 805 819 -14 -1,7
317 Sn3Sb, 823 839 -16 -1,9
38 ZnySbs 817 837 -20 2,4
39 CdsAs 1010 994 +16 +1,6
40 CdSb 670 729 -59 -8,1
41 CdiSb, 455 695 +60 +8,5

Takum o6pasom, nonyyeHa ta6iuua GOTBUIOro 06beMa, OJHAKO ee WCITONb3OBAHME /N ONpeNeNeHus
TEMIEPATyp [UIABJCHH HMHTEPMETAINTUYECKHX COENMHEHHH — JOBOJNBHO MPOCTas ONEpauys; ANs MPHMEpa
onpenenim Ty, CleYIOMX HHTEPMETAIHAOB.

LiAs — no Tabnuue 1 HaXOmuM, 4TO WHKpEMeNHT ruiaBienss Li no oTHoweHuto snemenTos VA moarpynmsi

I; = 400, a MHKPEMEHT MBIILBAKA [0 OTHOUWIEHHIO THTHS 43 = 400, Toraa no ypasuenuto (1) nosy4aem T,.,.”“=
400 + 400 = 800 K; skcnepuMeHTanbHOE 3HaueHne 832 K.
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Mg,Ga — aHANOrMyYHO HAXOMUM MHKPEMEHT MarHus 110 OTHOIICHHIO 3JIeMEHTOB m noarpymnsi Iyg = 160, a
WHKPEMEHT rajiius no oTHowleHuio Marumsi Ig, = 400, toraa Tu, (Mg,Ga) = 21160 + 400 = 720 K,

P TaNbHOE =723 K.

YB; - ananornuuo, Iy =-1720, a Iy =3350; Temneparypa MiaBieHns 3TOr0 COEAMHCHN Tun (YBg) = 1/6 (-
1720) + 3350 = 3063 K, sxcrniepumeHTanbHoe 3Haderme papHo 3053 K.

Kax 6bU10 OTMeueHO Bbiiie, MO ypaHenuto (1) Gpin  paccdantansl Ty, A 1574 MHTEpMETAUIMIOB;
CpaBHEHHE MOJYYEHHBIX PE3YNbTATOB C 3KCIEPUMEHTANBHBIMY JaHHBIMU (tabauua 2) nokasano, yto ans 900
COSIMHEHMH, T.e. A9 57% OT PacCMOTPEHHBIX, MOrPEUIHOCTh KOjebieTcs B Mpenenax 0-5%, s 310
coeuueHmil, umm s 20%, 3TOT mokasatens cocrapiser 5-10%, a ewe At 165 coenunennit, unu as 11%,
NOrPeLIHOCTh HaXoAuTCs B npezenax 10-15%, us 80 coeMHEHNH, WK s 5%, MOTPELIHOCTh COCTaBseT S-
20%, 1 50 coepuHenwmii, win 3%, TOrPEIIHOCTb HE TIPeBbILaeT 20-25%, v nuLb Uit 68 COenNMHEHUH, Wi ~
4%, TOrpeIHOCTh MPEBBIIIAET AOMYCTHMBIE npeseisl Gonee ueM Ha 30%. B Tabiuie 2 NPUBEIEHB! PE3yJIbTaThl
CpABHEHHs PACCYMTAHHBIX HAMM M IKCIEPHMEHTANLHBIX JAHHBIX TIO Ty Ul OFHOW YaCTH PACCMOTPEHHBIX
COEZMHEHHUH.

ClIef0BaTeNbHO, MPEJIOKEHHOE HAMH ypaBHEHHE Ui OOJBUIMHCTBA PacCMOTPEHHBIX coeMHeHui
ofecrieunBacT IOBONBHO BBICOKYIO TOYHOCTb, OBECIESMBAIONUIYI0 HALEXHOCTh MOJyYeHHs IONONKHUTETBHBIX
Pesy/IbTaTOB MPY TEPMOJMHAMHYECKHMX pacyeTax.
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INCREMENT CALCULATION METHOD OF MELTING TEMPERATURES OF BINARY
INTERMETALLIC COMPOUNDS
Archil Nadiradze, Ketevan Ukleba, 1lia Baratashvili, Roland Razmadze, Anzor Avaliani
Ferdinand Tavadze Institute of Metallurgy and Materials Science

SUMMARY . |
An equation for determining the melting temperatures of binary intermetallic compounds is offered. It is
ales determine of T, with precision acceptable for thermodynamic

shown that this equation enab:
calculations. In particular, for 57% of compounds deviation ranges are from 0 to 5%, for 20%-between 5-
10%, for 11% between 10-15%, for 5% - between 15-20%, for 3% -between 20-25% and only for 4% of

compounds this characteristic exceeds the acceptable limit i.e. is more then 30%.
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xodo. 6oz Bggbgds J3obo-63-shBosl  (G78),  of osgmbagrgéo  gmgdgbgdo  dbmmer oo gmols
béﬁ:gj@mﬁgqn 130’7.)3335(3)35'30 Bgdsgsema Jodogéro gmgdgbiéadol GogmdMogo 6036930L 30

*6d-, @63- © &-aoét‘mea&ﬂs 29809969300 BorgmgggEnoms BguGogems  brogds o “Brdmgmponho
obogdlgdol”  (Beengaea®o ©obgH03gmGghol)  dgomeal  Ladgsmgdan [10-12].  ggdorng,  Bommagogh:
obgibgder 398cm0ga69ds: 1g(A663), Ig(Aé—AEﬂ)) © lg(Aﬁ%)‘ Gedgmms Logggdagmby  03de gt
Jnegmagogho asbbmEmgybo:

Axv Ayv Zv

P=a + lg(AG6S) + b (1)
P=a + Ig(A@6e) + b' )
P=a" + Ig(Aaw%) + b" 3)

ooy P — deogmggaeeol Gedgmady gotoggs-godogeo 356sdyde0s (T Tastobgbobs np®, d,%°, MRy, A
AH, AS, v @5 bbgs). a, b, a, b', 2", b" — 6sdwgomo Gogbggbos. (1) = (3) pobBmemydgdo wagds 3330786
30309l gasGeBms ool gsdmggbadoo.

aAS&mggﬂba&»’h 1) — (3) 398mygbgdoo ‘Bgodemgds Bahstigl  domggnmesms 3sbsbosmgdgmo  ggato
JoBog0 3633800l obBP3mmses RS 2dboe-3mgmsgos  Jodog® Bogomms  Lbgepollbgs !
208cB6s, “md gl @)m&m({»man‘g(‘m obgdlgde 0BG a0 ggﬁdoomﬁoﬁg&gﬁ Geget(3 S6retrg b,
ofysbnm © 3OmOROB30Y Bsgmms FgBnbgggeBo - 83 @sbygbols 3038 sbols LaBgomagdel odgmggs 8
Bammgon Lfsgmommo Bzo sogm¥y 3o Bsghoms gesbo [13-16].

58 dgmmmol Lebrghgddo Jodog@o Ggsdpogdols wsbsbosmgdobsmgol gsbobogngds 308cmbsbrmgds:

A =Ac- A 4)

Loa: Ar - godiool 36megdaeet Fgbodsdobo 6B-dsBtoEol (36 J35b0-66d-, 36 3g3em-663-3
Qs&aﬁ&)ﬁaﬁéoh 36083603 Ai — bsGgolo Lolggdol Fglsdsdolo ds®oal Qg(ﬂ)aﬁanﬁaﬁénh 3603gh;
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A— 298963063680l 3608369mmdgdols (33moargds JoBog@o 396039360k Bgrgasr. opasb A=l 3608g6gmmds
FaiBrsagbl 9.F. dmemngmemol bodorgmols [2,4] dsbsbosogdgenl, (5) 33mbsbygmadol Laggdggmby Bgodemgds
36365 Beg , o9 G 303 e oggmds  bolggdol  Lotogmg [17-26] sjzg sw3boBbsge, God
Jodogtho  Ggedpogbol b3gemegol  Bgbfogmobol blokew  goggbgdm Bzgbl Bogh  Bmmg@Bobgdam  Bgbmbols
0bge@ds300b 96BGM300l Bgomel.

mo0fBols bsdo smggmo Grool gamazel Bgegagdo asdmdaggbgdgmos 200-%y 3o Ledgboghor GsdGedal
Lsbom  Bergmry Jsonm, sbggg eberg®  bsdyboge 39Pomrogs8o, dmblgbgdnmos  3mbggmab3ogdty ws
Byxsgdmos 10 3embmg@sezosdo.
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APPLICATION OF ANB-, PSEUDO-ANB- AND QUASI-ANB-MATRICES METHODS IN ALGEBRAIC CHEMISTRY
Mikheil Gverdtsiteli
Ivane Javakhishvili Tbilisi State University
SUMMARY
ANB-, pseudo-ANB-, and quasi-ANB-matrices fall into the type of modernized iguity matrices of molecular graphs. Topol
indexes 1g(Aanp )» 12(Apsendo-ans ), and 1g(Aqusi.anp ) can be effectively used for constructing and investigating the correlation
equations “structure-properties”. Within the scope of these methods chemical reactions also can be characterized

ACTOJIb30BAHUE METO/AOB IHC-, ICEBJO-TIHC- 1i KBA3H-ITHC-MATPHIL B AJITEBPAMYECKON XMMUH
M.U. I'sepunrenu

T i 2p um.Hs. JI:
PE3IOME
THC-, ncesno-TIHC- u kBasu-TTHC-marpuubl OTHOCATCA K TUMy MatpHL M MOJIEKYIAPHBIX
rpago. Tonosoruyeckue 1g(Amic), lg(A mic) M 18(Agpaswrc) MOXHO HMCMONB30BATE JUIS TOCTPOCHHA M
X i “cTpykTypa- cBOHCTBa”. B pamKax 3TOr0 METOJa MOXHO M3YHHTb W XUMUYCCKHC

PP

PeakuHu.
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HEOTEXUMMUA

H3YUYEHUE BJIUSIHUSI UTHTUBUTOPOB HA ®OTOXUMMWYECKOE OKUCJ/IEHUE
JOPOXHBIX BUTYMOB

3.A.Vapaynu, H.T. Xeuypuanu, K.I'.I'onepasmmusuny, T.H.latakumsumm
Hucmumym ¢pusuveckoti u opeanudeckoi xumuu um 111 Meruxuweuiu

[naBHo# chepoit NpUMeHeH s HePTAHBIX GUTYMOB SIRJIAETCSH CTPOUTENBCTBO M PEMOHT [10POT ¥ NIPOMbILUJIEHHBIX
06bexToB. Hapsay ¢ Apyrumu (axTopamm, yCTOHUYHBOCTH HOPOXKHBIX GUTYMOB ONpPEAENSeTCH BO3AEHCTBHEM
COJIHEUHOTO M3JIY4EeHMs], BBI3BIBAIOLErO €ro MpeXkAeBPeMEeHHOe CTapeHne. B cTaThe NPHUBEACHbI pe3yJbTarhl
HCC/ICIOBAHNA PEAKUHH  (POTOXHMMHYECKOrO OKWC/ICHHs BBICOKOKMNAWMX (paKunii Hopuifckoi HepTH H
BBISIBAEHUS SPPEKTHBHBIX H TOCTYIHbIX HHTHOHTOPOB GOTOOKHCIEHMS

I'NaBHBIM  ChIpbeM Ul TOJy4eHHs HeQTAHBIX ~ OUTYMOB  SIBASIOTCS  BBICOKOKMITALINE
HEYI/IEBOJOPO/HbBIE KOMIIOHEHThI, T.H. HE(DTAHbIE OCTATKM, OCHOBHAs YaCTh KOTOPBIX COCTOMT H3
CMONIHCTO-ac(aTIETEHOBBIX COCIMHEHNH.

HedrsiHbie GHTYMbI, HEPACTBOPHMbIE B BOJIE COCIIMHCHHUS, NIPEJICTABIIAIOT COGOM yriieBoAOPOB! M HX
cepa-, KHCIOPO/- M a30TCONepIKallle MPOM3BOIHbIC. B HUX conepikates cMOJBI, acalbTeHbl ¥ Macia.
Achansrensl 00ecnedMBalOT BHICOKYIO TEMNEPATypy PasMsArueHus OUTYMOB, CMOJIbI YCHIIMBAIOT HX
LEMEHTALMIO M 3JaCTHMHOCTb, Macia — padKWKalouas Ccpefa, B KOTOPOH pacTBOPSIOTCS CMOJBL H
HabyxatoT acanbTeHsl.

HedTsnpie GUTYMbl LIMPOKO HCHIONB3YIOTCS B NPOMBIULIEHHOCTH, PEAKTHBHOM  TEXHUKE,
PHIPOM3ONISLMH M JIP., OJIHAKO OCHOBHOM c)epoli X MPUMEHEHMS SIBJIMOTCA CTPOUTEILCTBO W PEMOHT
JOPOr U MPOMBILUTEHHBIX OO0BeKTOB. OrpanHueHHbe CPOKH CITyKObI GHTYMOMMHEPATLHEIX MOKPBITHI
BBI3LIBACT HEOGXOAMMOCTH HEMPEPLIBHOTO YJy4LIeHHs KauecTBa OUTYMOB, COeplKaHHE KOTOPBIX B
6UTYMOMHHEpAIBHBIX KOMIIO3ULMAX cocTapsieT 6-10% ot MacChl HANOTHUTENA.

Cpeny MHOTOYHMCIIEHHBIX (PAKTOPOB, OMPENEIAIOLMX JA0JTOCPOYHOCTE YCTORUHBOCTH JIOPOKHBIX H
KPOBENBHbIX TOKPBITHIA, OJHHM M3 BOKHEHIIMX SBISETCS BO3ICHCTBHE atMochepHBIX  SBICHHH
(CONHEUHbIE Ny4u, AOKAb, CHEr W Ap.), MPH KOTOPbIX HeQTsHbIE OUTYMBI IIO/IBEPraroTCs CJIOKHBIM
XVMMHYECKHM TpeBpalieHnsiM. DOTOXUMHUECKHE PEaKLWH BbI3BIBAIOT MPEKICBPEMEHHOE CTAPEHHE U KaK
CIEAICTBHE — 3HAUUTEILHOE YMEHBLUICHHE NEePHO/IA UX CILyKObI.

UssecTHO, 4TO HedTh M HeQTAHBIE NPOMYKTbI ABAIOTCA CIOXKHBIMH, MHOFOKOMIOHEHTHBIMA
CHCTEMaMH, PeaKTMBHAS AKTHBHOCTh KOTOPBIX, B TIpoLecce (POTOXMMHHYECKOTO OKHCIEHHs, 3aBHCHT B
OCHOBHOM OT CBOMCTB M KOJMYECTBEHHBIX COOTHOLUEHHMIl 5THX KOMMOHEHTOB. V3-3a MCKIIOUMTENBHOA
COKHOCTH COCTaBa He(DTENPOAYKTOB, NPOMCXOAALHE B HUX (POTOOKMCIMTETLHBIC PEAKIUH, H3YUeHb!
HEOCTATOMHO XOPOLIO M YCTAHOBMTH MX MEXAHM3M NPE/ICTABIIseT IOBONBHO CIOKHYIO 3anady. B caasnc
STHM, UENBIO HALIEr0 WCCNENOBAHMs SBJUIOCH H3yYeHHE Peakuun (DOTOXMMUYECKOrO  OKHMCIIeHHS
He)TENPO/YKTOB H BbIABTEHNE 3((EKTUBHBIX H IOCTYIHBIX HHTHOHTOPOB (OTOOKHCIEHHS.

JIOpOsKHbIE ¥ KPOBEIbHbIE GUTYMBI HHTEHCHBHO MOTJIOIIAIOT M3JTYUEHHE COHUA B KOPOTKOBOJHOBOM
obnactn (290-400Hp), KBanTOBas dHeprus Kotopo coctapmierT 300/400 kJLk/MonMb W COOTBETCTBYET
sHeprun paspbisa C-C m C-H cpaseil. B pesysbTate Takoro MOMIOMEHHS BO3MOKHO TeMOJHTHYECKOS
paclieriente YIIeBOJI0POAOB, BXOMAUMX B HedTenpoAyKThl, 0Gpasosanme cBOGO/HBIX PaJHKaIoB H
pasBMTHE LEMHOH PEeaKuuy BCJEJCTBHE MX B3AHMOJCHCTBUS € KMCIOPOAOM [2,3]. Onnaxo, Hapsgy ¢
PATMKATLHO-LENHON peaKiuel, pOTOXMMHUYECKOE OKHCIeHUs HedTenpoayKTOB, B YACTHOCTH HEQTAHBX
GUTYMOB, MOXET OCYMIECTBIATLCS C YYAaCTHEM MOJIEKYJIAPHOro CHHMIETBO36YKACHHOTO Kucopoaa Op
CienoBaTeNbHO, HavaibHBIe 3Tanbl (OTOXMMHMUYECKOTO OKHCIEHHS He(TENPOAYKTOB MOTYT NPOHCXO,
KaK TO TepBOl, TaK M [0 BTOPOH CXeMe, XOTH MPEMMYIIECTBCHHOE PpasBHTHE hoToxumuec]
OKHMCITUTE/IBHBIX PeakLuil B HeTENpoAyKTaX, Hapsay ¢ APYrHMH MHOrOYHMC/ICHHBIMH (axropamu, Gy
3aBMCETh OT MX BEIIECTBEHHOrO COCTaBA M CKOPOCTH 06pasoBanms CBOGOMHBIX PajMKaios H
CHHIIETBG30YKIEHHOrO KMCIIOpOsia '0,.

| CormacHO  JMTepaTypHbIM  JaHHBIM  (DOTOXMMMYECKOE — OKHCJICHHE  BHICOKOMOJIEKYJIAp
YIIeBONIOpONIoB HedTH, B paHHEH €ro CTajMM, MO PajMKIbHO-LENHOMY MEXAHW3MY MpAKTHICH
MCK/TIOUaeTCs,, BCJEACTBHE HANMMMMS B HMX S(Q(EKTHBHBIX MPHPOAHBIX MHIHOWTOPOB, TaKMX
apOMATHYECKHE M CEpyCOAEpIKalIue YIJICBOAOPOabl K cmonucTo-acdanbTeHoBble  coenuHenns (4,5
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Buecre ¢ TeM, yuacTHe CHHIIETHOrO KHCIAOPOAA 0, B (OTOXHMHYECKOM OKHCIICHHH MAaCIISHbIX
JEBOZOPOZIOB He(TH, B HAYANBHOM CTAJMM OJHO3HAYHO OBUIO MOATBEPHKAECHO W3YYCHHEM BIMAHHS
MKQIbHBIX (MOHOJI) M MOJIEKYJSPHBIX (ApOMATHUECKUE aMMHbI, METAUICOAEPXKALIME OPraHuYeCKUe
H) WHrHOMTOPOB Ha (OTOXUMHYECKOE OKHMCICHHE apOMAaTUYECKHX YIJIEBOAOPOZOB, BXOAAUMX B
(rsHbie Macna[6]. Mcxons M3 BBINECKA3aHHOrO, MPOBOAMMOE HCCIENOBAHHME NpPE/lyCMAaTPUBAIIO
eHHe (POTOXUMHYECKOrO OKHMCIICHHsS BBICOKOKMILAMX (paxumit HedTH C ydyacTHeM pasiHuHBIX
MOJIEKYJISPHBIX HHIMOHTOPOB M BBIAB/ICHHE d(dexTHBHBIX GOTOCTAGHIN3ATOPOB.

Ilpu BbIGOpE 0OBEKTA HCCIIEOBAHUS YUHTHIBANM TO OGCTOATENBCTBO, YTO KAYECTBEHHRIC IOPOXKHbIE
GHTYMBI TPOMBBOAATCS M3 MaionapaGUHUCTBIX HE(TEH, C MOBBILUCHHBIM COACPKAHHEM aPOMATHYECKHX H
cMonHcTO-achabTeHOBBIX Bemects [7]. B taGnuue 1 mpeacTaBleHbl GH3MKO-XHMHYECKHE MOKa3aTesn
uHckux Hedreit. CoriacHo Tabnule, Hedtii MecToponcienns Mupsaanu, Cynca, Tenerd u Hopwuo
HiskonapaUHMUCTBIE W XAPAKTEPU3YIOTCs  CPABHHTENbHO — BBICOKMM  CO/CPYKAHMEM  CMOJIMCTO-
achanbTEHOBBIX COeMHEeHUH. [l M3ydeHus peakunn (OTOXMMUYECKOTrO OKMCIEHMA  MCCIeNOBANHCh
BHICOKOKMMSIIIME DPAKLMM HOPUHCKOH HedTH, BCIEJICTBUE CO/IEPKAHUS B HUX 3HAUHTE/BHBIX KOTHYECTB
POMATHUECKHX YTJIEBOAOPOIOB, UTO HIUTIOCTPUPYETCS AAHHBIMM Tab/IuLIbl 2.

Ta6auua 1. GUKKO-XUMHUCCKAs XapaKTePUCTHKA IPY3UHCKUX HedTei
\ TeMnepaTypa,"C \ Tlapaduubt 4\

= 2 =
B o2 T ye) 3 <) 8
5 2 = g s 2o 8 E;"_; X §
N HaumenoBanue E= & z 5 g E- g ] &% g
“| MecTopoxaeHus %é; 'é & g g § 3 3 g 5123 g
2 s
SRR RN
1. | Camropu 8373 4,65 3 -23 6,9 | 44,0 | 6,97 | 095 0,17
2. | Hunoumunza 830,3 7.50 -3 6,5 6,1 48,5 7,07 1,86 0,30
3. | Tapubauu 866,8 4,30 - - 83 - 8,67 | 5,16 0,38
4. | Tenetn 872,0 | 10,18 -13 - 0,5 | 40,0 | 570 ; 1,70 0,30
5. | Mup3aanu 826,7 20,6 -11 - 2,9 - 10,68 | 4,17 0,26 |
6. | Cynca 886,1 | 22,0 25 - 3.1 - 14,40 | 9,7 042 |
7. | Hopuo | 8870 | - = [08 | - | 860 | 7,00 023 |
Tabauua 2. XapakTepucTHKa BHICOKOKHIALIMX (paxuwii Hopuitckoi nedtu (ckB.31)
r Temmneparypa Brixon [110THOCTH np ['pynnoBoii COCTAB yrieBOJOpPOAOB, %
Ne KUMEHUs! pakunit, npu 20 C, apoMaTH4ecKue HadTeHo-
(pakuui, ’c macc.% Kr/m’ naparlmuoaue;(
1. 300 - 350 12,0 909,0 1,5070 47,5 52,5
2: 350 — 400 9,7 931,0 1,5223 54,7 453
3, 400 — 450 7,0 947,0 1,5315 60,7 39,3
4. 450 — 500 7,0 966,0 1,5370 63,6 36,4
5 500 - 550 67 980,0 1,5512 63,0 32,0
DOTOXUMHYECKOMY BO3JIEHCTBHIO TOBEPraiuch obpasubl  paxumit 400-450°C u 450-500°C.
VkazaHHble 0Gpa3Lbl M MX HHIUOMPOBAHHbIE AHANOTH B BUJIE TOHKMX CJIOEB HAHOCHMMCH Ha JIHO HallKu

TleTpn ¥ NP KOMHATHOH TeMIepaType & BHITsRHOM LKAy obmydanucs Y @-mydamu jlamribl TIPK-4 ¢
100-150 uacoe. OGpasyiomascsi mpu OOMydYeHHU Temneparypa He

paccrosnus 20cM, B NPONOIDKEHHH
npeBbiIAIa 40-50°C. Cunraetcs, uto 24 yacosoe Y ®-00iyuenye CoOTBETCTBYET 40 nHEBHOMY U3JTyYEHHIO

coniia B atmocdepHbix yenosusax [8].
B kayecTBe HHFM6HTOPOB (bOTOOKMCHEHYl)I nplflMeHﬂHHCb FH}IPOXHHOH W HEKOTOpbIE opraanecxue
COJIM HUKEJS U kobanbTa B pa:«nwﬂ-mx KOHUEHTpalMaX. HabnroneHue noxasano, YTO B NEepuoj 06ny'-lemm
3aMevacTCa BH3yaJ'leOe W3MEHEHNE TUIEHOK: 110CHe 20 yacoBoro 06.}1}’qu“5{ HpO"CXO}lHT HE3HAYUTEJIbHOE
MOMYyTHEHHE, Mocsie 60 yacoB HABIIOAACTCA BbIAEICHUE NMPOLYKTOB d)orOnma ¥ yMeHbLIEHHE BECa Hf. 2-
4%, 4TO 1O BCEH BEPOATHOCTH SBIETCS PE3yNHTATOM yicTIapenHust JIerKoH 4acTh UCCIIelyeMbIX paxuu.
XuMUUYECKHe npoueccm, TIPOHCXOHS{U.[MG npy 06nyquym TUIEHOK HCXOJHBIX H HHFP16HPOBaHHle
06pa3LoB, MCCIE0BANIMCh C IOMOLIBIO UK crieKTpoMeTpuH, 10 00/yuenHs W B TEpUOL obJyueHus, Ha
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cnexTpomerpe npespatierys FTIR Oypue. Ananus UK criektpos ykassiaeT Ha rosBneHHe MOTIOMEHHS
B obmacth  1704,857cm, XapakTepHoro  juisi  kapbonwnbho#  (C=O) rpynmel.  Bmecre ¢
TIPOZIOMKHUTENBHOCTBIO 001y deHHs HABMIOAACTCS POCT YNOMSHYTOrO THKA, UTO YKA3bIBAET Ha yriyGnenue
peakunu (OTOXMMUYECKOTO OKMCIeHUs. VccneIoBaHHe BBISBHIO COGAMHEHMUS, JOBOJIBHO adexTiBH
MHTHOKPYIOIIME PeaKUui OKMCIeHHs, B BHAY 4ero GyayT OBCYIKIATHCS JHub Pe3yNbTaThl H3y4YeHHs
(QOTOXUMHYECKHX NPOAYKTOB, WHIUOGMPOBAHHBIX OTHMH COEIHHEHHMAMH: l'uppoxunona, BITO-Ni
(AutpersGyTunamrunpokcupenunutnopocdar mukens), JITD-Ni (Mudenunnurinodocdar  nukens),
BAT®-Co (I - 1. 6ytunauruapokcubensua-urrodocdar kobaJibTa).

B Tabnuue 3 mnpuBeseHbl pesynbTaThl M3MEHEHMS ONTMYECKOH MIOTHOCTH B npouecce Y-
06JTyHeHHs HCXOMHBIX MHMHOMPOBAHHBIX (paKiyil B 061aCTH MOMIOWEH s 1704,85 cm, COOTBETCTBYIOMIEH
KkapGonmbHoi rpynne C=0. Jlanuble TaGnHuLb NOKA3BIBAIOT, uTO py 2% 106aBKe IHIPOXMHOHA CTereHb
MHrHGHpOBaHus coctamser 34%, a npu 3% n06aBKaX FHAPOXMHOHA W OpPraHUYeCKUX COJIeH HUKeNs i
kobanbTa, MHrMGWpoBanue nocTuraer 45-48%. Takoe nonoxkeHue WITIOCTPUPYETCS  rpadruyeckum
nsobpaxenuem, npencrasientbiM Ha puc. | u UK cnexrpamu 1 n 2, B KOTOpBIX SIBHO HaGJII0AaeTes PocT
nuka B obnacti 1704,85" cM BMECTe ¢ NPOAOIIKHTENLHOCTBIO 0o6syueHust.

TaGmuua 3. OnTueckas NI0THOCTh HCXOAHON M MHIHGHPOBAHHBIX (hpaKimil

Ontuyeckas MIOTHOCTb, D ®oroxumuye | Crenes

JirensHocTs YO — 06i1yyenus, 4 CKOE OKHC- | HHru6Hpo

Ne Hccnenyemsle oGpasupt 20 40 60 80 100 nexue, % BaHus, %
i dp. 450-500°C 0,02 | 0,04 | 0,07 | 0,013 | 0,27 100 -
2 | ¢p. 450-500C + ruzpoxuron 3% - 0,03 | 0,05 | 0,08 0,15 55 45
3 $p.450-500°C + JIT/I-Ni 3% - 0,03 | 0,04 | 0,09 | 0,18 66 34
4 | ¢p. 450-500°C + ruspoxuron 2% - 0,03 | 0,04 | 0,07 | 0,14 52 48
51 dp. 450-500°C + Ni -BAT®D 3% - - 0,06 | 0,08 0,15 55 45
LG ¢p. 450-500°C+Co- BATD 3% - - 0,08 | 0,09 | 0,15 55 45

3%

—+— §Pp.450-500 C

Pucynoxk 1. 3aBucumocts

—S— pp.+ATO-Ni

ONTHYECKOHN MIOTHOCTH OT BPEMEHHU

2
27
ot /‘/ OKHCIIeHNS.

20 40 60 80 100

Nel Ne2

Pucynox 2. MK - cniextpst ¢ppaxuun 450-500 c nurubuposantoit J[T® — Ni (Nel, 2)
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W3 pannpix taGauuer 3, pucyHok 1 u criektpoB (1, 2) OYEBHMIHO, YTO OKMCIEHHE MCXOIHOM
dpaxumu HauMHaeTcs ¢ 20 yacoB 06ITyHEHMs, TOMA Kak MHIGMPOBAHHbIE (PAKIMH HAYUHAIOT OKUCIATLCS
nocne 40 yacos. CpaBHEHHE ONTHYECKHX MIIOTHOCTEH HCXOMMBIX W MHTHOMPOBAHHBIX (BpaKiHii B poLecce
00MyueHUs TOKA3bIBAET, YTO TNPHUMEHEHHE BHILUCYNOMSHYTBIX MOJIEKYIAPHBIX MHrHOMTOPOB  (3%)
3a7IepXKUBAET (POTOXMMUUYECKOE OKUCIICHHE UCCIIeLyeMbIX (Gpakiuii Ha 45-48%.

I BO Y M IOCTYITHOCTh TMAPOXMHOHA CPABHUTENBHO C OPraHUYECKHMHE
CONSIMU METAJLIIOB, CYMTAEM BO3MOXKHBIM, PEKOMEH/IOBATh €r0 B KAYeCTBE MHIMOHTOpa (hOTOXMMHUYECKOrO
OKHC/ICHHS  IODOKHBIX OMTYMOB, 4YTO B CBOK oOuepeab OyheT CHOCOGCTBOBATH —MPOAJICHHIO
9KCIUTYaTaLMOHHBIX CPOKOB WX MCTIONb30BAHMS.
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STUDY OF INHIBITOR INFLUENCE ON THE PHOTOCHEMICAL OXIDATION OF ROAD
BITUMEN
Esma Usharauli, Natela Khetsuriani, Ketevan Goderdzishvili, Tamar Shatakishvili
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
The main sphere of application of oil bitumen application is highway engineering and industrial objectives.
Along with other factors, stability of road bitumen is defined by influence of a sunlight causing its untimely

deteuration. In this actiche are presented the results investigation of photochemical oxidation of high boiling
fractions of Norio oil and revealing of effective and accessible inhibitors for this reaction.
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CHEMISTRY OF COORDINATIONAL COMPOUN

INVESTIGATION OF THE COORDINATION COMPOUNDS COMPOSED OF SOME
BIOMETALS WITH ETHAZOLE AND CITRIC ACID IN SOLUTIONS

Nana Zhorzholiani, Spartak Urotadze, lamze Beshkenadze, Givi Tsintsadze,
Aivengo Mamulashvili
Petre Melikishvili Insitute of Physical and Organic Chemistry

The coordination compounds composed of essential bio-metals with citric acid by utilizing various
bio-ligands (aminoacids, sulfanilamides, hydrazides) are appealing for many scientists, because of their
characteristic chemical properties and structures as well as their potential utilization in medicine and
agriculture [1, 2].

The studies [3, 4] demonstrated that citric acid and sulfanilamides have good complex formation
properties. Oxyacids representative H;Cit molecule contains several functional groups that all participate in
a complex formation according to the changes of pH of a solution. The representative of sulfanilamides
ethazole which is characterized with animo-iminal tautomery produces compounds in a base as well as an
acid environment.

As the previous studies [3, 5] showed, citric acid interacts with sulfanilamides with 1:1 ratio and
produces intermolecular compounds. These compounds produce M- H;Cit- AH-X, complex with a metal ina
weak acid environment.

In this direction it was interesting to study synthesis and characteristics of M-H;Cit-AetH-ClynHy0
type compounds where M — Co™, Cu™, Zn™", Fe’', Mn*', Mg®, H,Cit-HOOC-CH,-C(OH)COOH-CHy-
COOH and ethazole

HC CH
H,N-C- -C-SO,NH-C-C- CHs (AetH)
HC CH
Synthesis was conducted in a methanol-acetone solution with the following ratio of components:
MCly:AetH:H;Cit = 1:1:1.
The individuality of synthesized compounds is studied based on the elemental analysis and the
measurement of the melting temperature of the compounds. The results of the elemental analysis of the

compounds are shown in table 1.

Table 1. Results of the elemental analysis of the compounds

Obtained, % Calculated, %

9
M c H N S Cl M C H N S Cl g

Co-AetH-H;CitCl,-2H,0 [8,78 {29,19 [4,01 |8,16 8,98 |10,17 [8,92 [29,10 |3,97 |8,48 [9,71 10,74 | 214
Cu-AetH-H;CitCl, 9,55 129,96 3,44 18,22 19,69 |11,12 {10,10 {30,55 |3,52 [8,91 |10,20 [ 1127 | 198
Zn-AetH-H;CitCl,2H,0 19,72 |28,22 14,01 |8,21 19,27 [10,61 [9,80 |28,82 [3,93 [8,40 [9,62 | 10,63 | 207
Fe-AetH-H;CitCl,2H,0 |8,17 |29,05 |4,08 [8,11 [9,32 10,66 |8.48 |29,24 [3,99 [8,52 [9,76 [10,79] 178
Mn-AetH-H,CitCl,2H,0 |8,25 [29,03 14,18 |8,44 |8,93 110,15 |8,37 (29,28 3,98 8,53 {9,77 110,80 | 166
Mg AetH-H;CitCl,-3H,0 |3,76 29,35 |4,32 8,54 |9,82 | 10,68 [3,77 [29,85 |4,38 [8,70 [9,96 [ 11,01 185

Compound Name

Melting

The compounds are easily degraded in water, soluble in acetone, methanol and ethanol, insoluble in
benzole and ether.

We studied biometals Co™, Cu®", Zn®", Mn’", Mg?" capability of the complex formation with ethazole
and citric acid by pH potentiometer titration method. We determined the steady state constants of the
produced compounds. The measurement of the steady state constants assists to locate the intraspheric links
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of the complex. It also helps to indicate the presence of correlation between the steady state and the
complex formation features of the compounds, according to which we can assess in advance the likelihood
of the production of the compound.

MCL+H;Cit+AetH system was titrated with ~0.1N KOH. The experiment was conducted in ethanol-
water solution because ethazole is water insoluble. The volume was 25 ml, t=25°C. CMCl,=CAetH
=CH;Cit=0,005 mol/l, ionic power was 0.1 mol/I (NaCl).

In the solution which contained similar concentrations of metals and ligands during a base titration
there should have been taken place following chemical reactions:

1. Dissociations of ligands:

AetH 5 Aet +H"
H,Cit™ 5 HyCit +H"
2. Formation of the complex containing one ligand:
M 2+ Aet” 5 MAet *
M 2+ HiCit™ 5 MH;Cit *

3. Formation of the complex containing verity of ligands:

M+ Aet ~+ HyCit” — MAetH;Cit

During the study we did not take into account a possibility of the formation of the complex with
variety of ligands in the solution, because M(H,Cit) type compound production is less at or below pH=5 [6].
During the formation of a balanced equation according to the concentrations of metals and both ligands we
ignore balanced concentrations of a non-dissociated citric acid and protonated ethazole (Aet’) forms,
because these forms do not exist in the solution with pH26. (Ethazole has weak base characteristics due to
NH, group at a benzole ring in the molecule and after adding NH, proton it transforms to NH;" form).

To measure the steady state constants we used equations from the study [7]. We first measured
metals and then ligands equilibrium concentrations: [M*'], [Aet’], [HsCit] respectively and then 1gB. We
determined in advance the dissociation constants of ethazole and citric acid for our conditions. Their values
are well matched with that of literature data: pK,=5,16 and pK,=2,58 [8], mec,‘=2,4-10'4, pK;=1,8107,
pK3=3,24-10, pK,=2,5-10" [9].

Also, we determined the steady state constants of the first complex of metals Cu, Co, Zn, Mn, Mg)
[10], which values are shown in table 2.

Table 2. The values of the steady state constants (IgB) of the first complex of metals with citric acid and
ethazole.

5 M
‘ngand Cu |Co |Zn Mn | Mg

AetH | 6,48 | 5,16 | 4,88 | 4,78 | 4,05

HCit | 1,90 [ 1,38 | 1,25 | 1,15 | 1,07

On the next stage of the experiment we determined equilibrium concentrations of all “particles” in

the solution and then calculated the steady state constants of the complexes with variety of ligands (table 3).

Table 3. The values of the steady state constants of MAet ‘H,Cit type compounds.

M 128

Cu | 5,386+0,04
Co | 5,200£0,02
Zn | 4212£0.02

Mn | 3,980+0,03
Mg | 3,946+0,03

As shown in the table 3, logarithms IgB of the values of the steady state constants are in close
proximity to each other, which indicates that MAet ‘H,Cit type compounds have similar str:ucture. The
difference should be caused by the nature of biometals, which corresponds to the following line up:
Cu>Co> Zn>Mn>Mg.
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6o6s ﬂmﬁ)ﬂmpoéﬁu, B3segeg QOaBsdg, 053y d98306dg, aogo (306(3599, 303963 3s37emsdgomo
39086 Jgeragodsomol gobogyto wo oxigebgero Jodool obgoacbo
®Jb0I33
pH-300@36300398 GOm0 BoBatel  dgmemgon  Tgbffsgroogos domgoombos  (Cu, Co, Zn, Mn,
Fgdgmemogsbrgdosto  bsghogdol 38309 JuFsGBeJB6ol  gbsGo  gosbmmast  (AetH) s guodebob

3g535Lm36 (H;Cit) 50% L3068 § yoenblbsBo 30830636 s Bgdmga0 By
MCl:H;Cit:AetH=1:1:1. 206bsbgergmos FodBemddborn bsgOmms dacspmdols dnmdaggdo.

N3YYEHUE KOMILIEKCOOBPA3OBAHUSI HEKOTOPBIX BAOMETAJIOB C 3TA30JI0]
1 JIMMOHHOWM KOCJIOTOU B PACTBOPAX
H.B.)Kopsomuanu, C.JL.Ypotame, M.A bemkenanze, I'.B.Lnnnanse, A.H-Mamynamsuma
Hucmumym gusuveckoii u opzanuyeckot xwauu um. I1.1" Menuxuwsunu
PE3IOME
OG6pazoBanyie Pa3HOJUIaHAHBIX KOMIUIEKCOB 6uometaiop ¢ srazonioM (AetH) m JTUMOHHOM KHCIK
(H;Cit) B 50% BOAHO-CIIMPTOBBIX PACTBOPAX MPH COOTHOLICHWH KOMIIOHCHTAB MCl,:H;Cit: AetH=1:1:]

rae M — ByXBaJleHTHbIE METaJLIbI (Cu, Co, Zn, Mn, Mg), u3yueHo pH-NOTeHLOMETPHUICCKIM METOX
Onpe/ieneHbl KOHCTAHTBI YCTOHYMBOCTH MOJTYISHHBIX COeMHEHHH.
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CHEMISTRY OF COORDINATIONAL COMPOUNDS

SYNTHESIS AND INVESTIGATION OF COORDINATION COMPOUNDS COMPOSED
OF BIOMETALS WITH ETHAZOLE AND CITRIC ACID

Nana Zhorzholiani, Spartak Urotadze, lamze Beshkenadze, Givi Tsintsadze, Gulnara Manvelidze
Petre Melikishvili Insitute of Physical and Organic Chemistry

Citric acid plays an important role in a metabolic process of an organism, and as a polydentate
ligand has a considerable ability of complex formation. sulfanilamides are used as therapeutic agents with
multiple purposes [1]. We proposed that citric acid and sulfanilamides concurrence in complex compounds
may play a certain role in metabolic process. In addition, this study will facilitate systematic research of
synthesis conditions and structure of complex compounds of biologically active metals.

It is known that sulfanilamides and one of their representative ethazole

HC CH N-N

I
H,N-C- ~C-SO,NH - C-C-C,Hs (AetH)
HC  CH S

produce chelatic complexes M(AH)2X2 in weak acid environment. Where M represents cu¥, Ni¥%, Co*",
Mn¥, Zn®, S, Cd”, Mg®", Fe*', X — CI', NOJ, NCS', SO;" [2, 3]. Also, as described in literature,
sulfanilamides with carboxyl acids produce compounds with 1:1 ratio [4, 5]. So it was simply possible to
make M-AetH-H;Cit-X, type compounds. Considering above mentioned, our goal was to make
M-AetH-H;Cit-X, type compounds, where M - Co*, cu*, zn®, Mn*', Mg*, H;Cit-HOOC-CH,-
C(OH)COOH-CH,-COOH, X — NCS', NO;".

Synthesis was conducted in methanol-water solution (4:1) with the following stoichiometric ratio of
components: MX,:AetH:H;Cit = 1:1:1.

M-AetH-H;Cit-(NO;) , Synthesis: 12+1.49 g metal nitrates, 1.42 g ethazole and 1.05 g citric acid is
dissolved in 50 ml acetone and methanol solution (ratio 2:1). A produced solution is filtered and placed on a
water tank. After certain time a fine crystal precipitate is formed from the concentrated solution. (Cu- green,
Co- pink, Fe- beige, Mn- milky white, Zn and Mg- white), which is treated with benzole and ether and dried
on room temperature.

M-AetH-H;Cit-(NCS), Synthesis: 0.7-1.14 g metal rodanides, 1.42 g ethazoles and 1.05 g citric
acid is dissolved in 40-50 ml acetone and methanol solution (ratio 2:1). A produced solution is filtered and
evaporated on a water tank. The concentrated solution is placed in a vacuum-exicator (CaCly) until is
completely dried. Formed precipitate (Cu- light blue, Co- pink, Fe- brown, Zn, Mn and Mg- white) is
treated with benzole and ether.

The synthesized compounds individuality is studied based on elemental analysis and the
measurement of the melting temperature of the compounds. The results of the elemental analysis of the
compounds are shown in table 1. The compounds are easily degraded in water, soluble in ethanol and
methanol, insoluble in benzole and ether. The melting temperatures of the complex compounds that are
ranging from 100°C to 196°C are measured in closed capillaries.

It has been done thermo-gravimetry study of Co-AetH-H;Cit-(NOs) and Cu-AetH H;Cit:(NO3),
compounds under temperature in the range of 20-1000°C using Hungarian derivatography system. The
Heating velocity was 5°C per second, DTA=DTG=1/10.

The thermogravigrams of above mentioned compounds show that they identically degrade. No-
water containing compounds start to melt at temperature 100-180°C during the first stage of melting and
degrade during the second stage. Here is one endo- and two exoeffects on DTG curve. Citric acid
molecule oxidation (Cu compound mass loss is 30.44%, calculated 30.21%, Co compound mass loss is
29.88%, calculated 28.94) occurs  on endoeffects in the range of 300-480°C.  Ethazole
molecule oxidation (Cu compound mass loss is 88.13%, calculated 87.51%, Co compound mass loss is
87.80%, calculated 87.04%) occurs on a large exothermic effect in the range of 400-5850C with the
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formation of Cu(NO;), and Co(NOs) respectively. It degrades to a metal oxide on 660-7500C temperature,
which is confirmed by chemical analysis on metals. The other compounds thermolysis occur similarly that
is represented schematically as following:

100-180°C 300-480°C
M MetH-H;Cit (NO3), === M-AetH H,Cit (NO;), <=2 M Aeth (NO,), ===
melting ) “HACit
3
400-585°C 660-750°C
=== M(NOy), === MO
-AetH -NO;

Table 1. The results of the chemical analysis of the coordination compounds

Obtained, % Calculated, % Melting
CompoundName  o—T—==T T\ T5s M [C [H | N T8 T°C
CoAetl H;Cit (NO3), |8,48 [27,57 |3,03 |1149 [9.16 | 8,69 [28,37 [3.27 |12,40 |9.47 | 195
Cu-AetH H,Cit:(NOy), [9.14 [27,48 [3,15 |11,55 (8,78 | 9,32 [28,18 |3.25 |12.32 [9.40 | 178
Zn Aetl H;Cit(NOy), [9,17 [27,52 [3.32 [12.01 19,11 | 9,56 |28.10 |3,24 [12,29 |9.38 | 182
Fe-AetH HyCit-(NOy), |7.98 [28.21 [3,11 112,10 [9,17 |8.28 |28,49 |3.28 |12.46 |9.51 | 194
Mn- AetH H;Cit:(NO,), |7,55 [28,14 |3.28 12,17 |9,14 | 8,16 |28,54 |3.20 12,45 [9,52 | 132
Mg AetH H;Cit (NOy), [3,92 [30,05 |3.33 12,63 9,77 |3,78 [29,89 |3.45 |13,07 |9.98 | 105

Co-AetH-H;Cit-(NCS), 18,23 |31,88 3,42 |12,19 [18,36 | 8,80 32,29 13,31 [12,55 [19,15 156
Cu-AetH-H;Cit-(NCS), 9,12 31,71 |3,12 [11,92 [18,42 9,42 {32,07 [3,29 [12,46 {19,02 164
Zn-AetH-H;Cit:(NCS), 9,46 |31,35 2,98 [11,78 [18,34 | 9,67 [31,98 |3,28 {12,43 18,97 172
Fe-AetH-H;Cit:(NCS), |7,84 {32,31 (2,82 [12,55 |19,10 | 8,38 32,43 |3,33 |12,6] [19,24 148
Mn-AetH-H;Cit(NCS), |7,78 32,27 (3,09 |i12,32 [18,78 | 8,25 [32,48 |3,34 |12,63 |19,27 138
Mg-AetH-H;Cit-(NCS), 3,85 33,65 |3,18 |13,18 20,18 | 3,83 [34,05 [3,49 [13,23 |20,20 112

To determine the structures of the synthesized compounds we studied their infrared spectra of
absorption, for comparison we also obtained the infrared spectra of absorption of free ethazole, citric acid
and sodium citrate.

Particular attention was paid to absorption bands of functional groups of the ligands during the
study of the spectra, which can participate in coordination bond with metal.

In the spectrum of citric acid Na;Cit characteristic C=O group valence vibrations (17501720 cm™)
disappear and appear COO" ion characteristic vibrations 1580 cm™ (yas) and 1400-1320 cm™ (ys) [6]. The
location of absorption band, which corresponds to non-dissociated ethanol group OH, in Na3Cit spectrum
is similar to H3Cit spectrum (3450 cm™). Considering the results of roentgenostructural analysis in the
study [7], it is proposed that Cit" forms metalocycles and is coordinated by central and one peripheral
carboxyl group oxygen and non-deprotonated hydroxyl group oxygen.

There are number of changes in the characteristic bands of citrate ion in the studied compounds -
M-AetH-H;Cit:(NO;), and M-AetH-H;Cit:(NCS),. All of the spectra demonstrate absorption bands
(1710-1720 cm™) of non-dissociated carboxyl group as well as absorption bands 1580 cm™(y,) and 1400-
1320 cm"(ys) corresponding to COO’ ion.

Regarding to the infrared absorption spectrum [8] of ehtazole here is observed two sharp bands
3478 cm™ and 3368 cm™) that belong to the v, and v, vibrations of -NH2 group. Also there are noted
wide, strongly intensive bands 1300 cm™ (y,) and 1152 em™ (y,) of SO2 group. The spectra of the
synthesized compounds repeat the spectrum of ethazole in the region of SO2 group vibration, which
obviously indicates that it does not participate in the formation of coordination bond with metal.

The vibration frequencies of citric acid OH group and ethazole NH2 group in H;Cit are located in
the same area 3450 cm™ (OH) and 3478 cm™ (NH,) respectively. These bands are remained in the range of
3420-3470 cm™ in the synthesized compounds. Since these bands (OH and NH,) overlap each other, we
can assume that this bands belongs to y(OH), similarly to OH group of citric acid. Thus, ethanol group
does not participate in the formation of coordination bond and corresponding vibration of ethazole NH,
group disappears indicating that one of hydrogen atom of carboxyl group of HsCit binds ethtazole NH,
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group, which protonates with the production of NH;" and between them is produced the ionic link (COO’,
NH;") in the same manner as between H;Cit and neutral molecules of MetH (intermolecular bond) [4].
The vibration frequency of y(CN) is located in 2075-2098 cm’ area that indicates the inner-
spherical nature of NCS' group and its coordination with a metal is accomplished by nitrogen atom.
Thus, the likely structure of the synthesized compounds is following:

CH, - COO"™* NH3*CgH4S0,
| |
Ciz O NH
| TCOOH~— . |
CH,-COOH ~~ W PR
NCS  SCN
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CHHTE3 ¥ U3YYEHUE COAEPKAIIMX 3TA30J M INMOHHYIO KHUCJIOTY
KOMILJIEKCHBIX COEMHEHUA BUOMETAJIOB
H.B.)Kopsxonuanu, C.J1.Yporanse, W.A Bewkenanse, [.B.usnanse, I.M.Manseanase
Hucmumym gusuyeckoi u Op2anUMeCcKOT XUMUU UM. Iempe Menuxuwewiu
PE3IOME

CuHTe3UpOBaHbI MTaH/HbIE KOMIUIEKCHbIE COSANHEH s HEKOTOPBIX OMOMETAIIIOB ¢ 3Ta30oM 2(AetH)
W nMMoHHOH Kkucnotoii (H;Cit) cocrasa M-AetH-H;Cit- X, rie M — Co¥, Cu, Zn¥, Fe¥, Mn™", Mg"', X -
NO3', NCS'. V3ydeHbl HEKOTOpbIE CBOWCTBA CHHTE3POBAHHBIX coeaMHEeHHH, B TOM YMCle TemnepaTypa
[7aBNeHus, PACTBOPUMOCTb, TEPMHUUECKas YCTOHSHBOCTD. PaccmoTpensl MK CHieKTpbI MOITIOUICHHS aHHBIX
KOMILIEKCOB 1 BBICKA3aHb! NIPENTONOKEHNS 00 UX CTPOCHUH.
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Introduction

Chromium is one of the most common environmental metal contaminants discharged into
environments primarily from industries such as leather tanning, metal plating and alloying, and wood
preservation. The two typical oxidative states of chromium commonly found in the environment are
hexavalent chromium Cr(VI) and trivalent chromium Cr(IIl), which have widely contrasting toxicity and
transport characteristics [1- 2]. Cr(VI) compounds are highly water soluble and toxic species, while most
Cr(IIT) compounds are less water soluble and less harmful. Indigenous bacteria in many chromium-polluted
sites are found to play important roles in the environment for transforming the highly soluble and toxic
Cr(VI) compounds into less soluble and less toxic Cr(III) compounds [3-4]. Today, a number of these
bacteria have been studied and a molecular understanding of this important microbial process has been
gained for some of these bacteria. However, so far almost all studies have been focused on the behavior of
Cr(VI), and very few laboratory studies have concerned the direct determination of the Cr(III) species in the
microbial systems [S- 6]. Until now the generation of Cr(Ill) complexes via the process of microbial
reduction of Cr(VI) has been investigated systematically. However, little is known about the speciation of
formed Cr(IIT) complexes. For example, Cr(III) precipitates of various sizes were detected on the surface of
different bacteria and also in the bulk solution [5-7]; but these precipitates have not been identified.
According to results from recent studies [8-9], bacterial reduction of Cr(VI) may re-mobilize chromium
due to the possibility of forming soluble organo-Cr(IIl) complexes. Thus, the speciation of Cr(IIl) and its
properties in bacterial systems needs further investigation. Results from our study can hold considerable
pragmatic importance, because they provide important data that can be used to predict the long-term
stability of reduced chromium in the environment, which is especially important in the development of new
biotechnologies to remediate the sites contaminated with Cr(VI).

The work described here is a continuation of our recent studies [10-12], where the nature and the
formation of Cr(V) compounds during the reduction of Cr(VI) by Gram-positive bacteria of Arthrobacter
genera was investigated systematically using ESR spectroscopy. Results from our batch experiments
revealed that 4. oxydans reduced Cr(VI) through the formation of Cr(V) complexes at the surface of
bacteria in the presence of oxygen [11]. Numerical simulations of the ESR spectroscopic data provided
strong evidence for at least two different diolato-type oxoCr(V) complexes ((I, gio=1.9801; II
&iso = 1.9796), involving the bacterial cell wall macromolecules in the Cr(VI)-4. oxydans system (10). In
the present work, we aimed at studying the decomposition of Cr(V)-diols to Cr(IIl) complexes by 4.
oxydans exposed to Cr(VI), and at gaining insights into the Cr(III) speciation.

Methods
Bacterial growth conditions and sample preparation

All chemicals were ACS-reagent grade and purchased from Sigma (St. Louis, MO, USA).

Bacterial cells were grown aerobically in 250-mL Erlenmayer flasks at 21°C. The cells were grown
with a constant shaking in a liquid medium (at a speed of 100 rpm) as described previously (11): 2 g of
K,HPO,, 0.01 g of FeSOy, 0.2 g of MgSO,-7H,0, 1 g of ammonium citrate, 1 g of glucose, 1 g of yeast
extract and 1.0 L of distilled water.
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To examine the reaction between Cr(VI) and 4. oxydans, we conducted two types of experiments
using A. oxydans cells that were grown to the early stationary phase. In the first type of experiments, we
examined the reaction between Cr(VI) and lyophilized 4. oxydans cells. Here A. oxydans cells were first
harvested by centrifugation (10,000 rpm, 15 min, 4°C) and then were Iyophilized according to the method
described in [13]. After lyophilization, a 400 mg/L of Cr(VI) [as K,CrO,] was added to the lyophilized
cells. The generation of Cr(I1T) from Cr(V) was measured at different time points by ESR spectrometry. The
same procedure was used to measure the formation of Cr(V) from Cr(VI)

In the second type of experiments, we examined the reaction between Cr(VI) and live stationary-
phase A. oxydans cells. Here Cr(VI) was added into the cell culture, which provided a final chromium
concentration of 35 or 200 mg/L. Prior to the ESR measurements, these Cr(VI)-treated bacterial cells were
harvested at various time points by centrifugation (10,000 rpm, 15 min, 4°C).

Electron Spin R e (ESR) M.

ESR was the key method employed in this study. ESR measurements were carried out on the RE
1306 radio spectrometer (Russia) with 100 kHz modulation at 9.4 GHz. The experiments were performed at
ambient temperature (300 K). The typical settings for spectral acquisition are described in detail in (11).

Results

Upon exposing 4. oxydans to the chromate solution of different concentrations, an ESR line with a g-
factor of 1.980 and a width of 12 G appeared within minutes. This ESR line corresponds to Cr(V)-diols
[11], indicating a rapid reduction of Cr(VI)- to Cr(V)-compounds. Results of further behavior of Cr(V) in
an A. oxydans system with a focus on the time-dependent formation of Cr(III) are presented in Figures 1 to
4.

In the first set of experiments, the lyophilized 4. oxydans cells were tested and results were
summarized in Figures 1-3. In Figure 1 are the Cr(V) ESR spectra registered in these cells at various time
points after exposure to 400 mg/L of Cr(VI). Here the Cr(V) ESR line with a superhyperfine splitting (of
about 1G) can be detected; which is characteristic of the superfine interaction of nearby hydrogen in the
diol-containing molecules Cr(V) complexes (11). According to our previous study (10), this spectral
character corresponds to diolato-type oxoCr(V) species. We found that the intensity of Cr(V) ESR signal
(shown in Figure 1), which is proportional to the concentration of oxoCr(V) -diols, was relatively stable and
often lasted for days. However, our data show that the subsequent reduction of this oxoCr(V) species in the
tested bacterial system was a significantly slower process. For instance, the Cr(V) ESR line did not
disappear until after two weeks. When the ESR field was expanded (as shown in Figure 2), a broad ESR
line with a g-factor of 2.02 and a line width of 650 G was also detected simultaneously with the sharp
signal of Cr(V). This broad ESR line corresponds to Cr(IlI) hydroxide (11). Furthermore, the Cr(III) ESR
line detected in our bacterial samples occurs later than the Cr(V) ESR line detected. This implies, that in the
our Cr(VI)-A4. oxydans system, it takes a few days to transform a detectable amount of Cr(V) to Cr(III). The
time-course of the relative intensity of Cr(III) ESR signal (Figure 3), which compares the time course of the
Cr(IIT) formation to that of the Cr(V) decomposition, illustrates that the time-course of Cr(III) ESR signal is
inversely correlated with the time-course of Cr(V) ESR signal. At each time point, the level of Cr(III)
increased as much as the level of Cr(V) decreased.

To quantify this behavior, we performed a kinetic analysis of the Cr(IIl) formation process. For this
purpose the following equation was successfully applied (R*=0.99):

I, =1, — Aexp(-k;1) €]
Here k; is the first-order Cr(IIl) formation rate constant (days™), 1, the Cr(Ill) ESR signal intensity
(arb.units), 7, the maximum value of Cr(Ill) ESR signal intensity (arb.units), 4 the coefficient of the
exponential (arb. units), and ¢ the time (days). The half-time of Cr(III) formation (#) s was calculated from
(1)os = 0.693/k; (days). From our data, we obtained that, k= 0.12 days” and (105 = 5.9 days. To describe
the Cr(V) decomposition process in A. oxydans, we used the equation given in ref 11 , which had been
applied to describe the Cr(V) formation and reduction in the fronds of the duckweed Spirodela polyrhiza,
and in basalt-inhabiting bacteria:
1, = Bexp(-kat) 2)

where k; is the first-order Cr(V) decomposition rate constant (days™), I, the Cr(V) ESR signal intensity
(arb. units), B the coefficient of the exponential (arb. units), and ¢ the time (days). From Eqn. (2), we
obtained k; = 0.17 days" and (£,)05 = 4.0 days. Thus, the kinetic analysis of Cr(IIT) complexes formation and
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Cr(V)-diols decomposition showed that &~ k,. Note that k; and k; were calculated using the curve fitting
(nonlinear Levenberg-Marquardt) method of Eqn. (1) and (2).
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Figure 1. Cr(V) ESR spectra from solutions of

Iyophilized A. oxydans cells incubated with
400 mg/L of Cr(VI). ESR spectra were taken
at 70 min, 27 h,2d, 5 d, 9 d, and 15 d after
exposure of samples to chromate solution.
Spectrometer settings: microwave power =
25 mW; modulation amplitude = 0.2G; time
constant = 0.3 s; field set = 3400 G; sweep
width = 50 G; scan time = 2 min.

Figure 2. Cr(III) and Cr(V) ESR spectra from
solutions of lyophilized 4. oxydans cells

exposed to 400 mg/L of Cr(VI). ESR sp
were taken at 3 d, 6 d, 9 d, 15 d, and 18 d af
exposure of samples to chromate solution.
Spectrometer settings: microwave power =.
mW; modulation amplitude = 20 G; time

constant = 0.3 s; field set = 3400 G; sw
width = 1500 G; scan time = 6 min,
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Figure 3. Time-course of Cr(V) decomposition and Cr(IlI) formation in lyophilized A. oxydans cells -
exposed to 400 mg/L of Cr(VI). Spectrometric settings are the same as those given in Figures 1 and 2.

The solid lines represent the simulated results based on the kinetic model.
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In the second set of experiments, 4. oxydans cells in a batch culture were exposed to both low (35
mg/L) and high (200 mg/L) concentrations of Cr(VI). We used lower Cr(VI) concentrations in this second
set of experiments to ensure that cells remained viable during our study. The Cr(III) ESR signal
corresponding to Cr(OH); was detected in bacterial cells again. After a long-term Cr(VI)-bacteria action, a
faint signals corresponding to Cr(IIl) hydroxide were detected in the liquid medium. Other types of Cr(III)
complexes were not observed neither in the bacterial cells, nor in the liquid medium. Data shown in figure
4 reveal that the formation of Cr(IIl) hydroxide in A. oxydans is dose-dependent. The Cr(III) ESR signal
intensity is higher at higher doses (200 mg/L) at each time-points. However the dynamics of Cr(III)
formation at both Cr(VI) doses has a character similar to that observed in Figure 3. We applied Eqn. 1 to
estimate the Cr(III) formation constants, and present the estimated kinetic values in Table 1; which shows
that the formation of Cr(IIT) from Cr(V]) takes a few days for all cases.

= A 35 mg/L of
‘@ T (VI
@ ] GVl
% .//—.
= 4
55 084
@ o
or =2
@ = 4
m g,
5 «
Q
A
0.0 T T T
0 5 10 15

Days
Figure 4. Time-course of Cr (III) formation in A. oxydan grown in a liquid medium. The bacterial cells
were exposed to 35 or 200 mg/L of Cr(V1) at the stationary phase of growth. Spectrometric settings are the
same as those given in Figure 2. The solid lines represent the simulated results based on the kinetic model.

Discussion

The reduction of Cr(VI) to Cr(Ill) is an important detoxification pathway of Cr(VI) in ecological
systems. Soil itself is able to reduce Cr(V1); but in natural soil, the reduction is extremely slow and can take
years (1,2). Many microorganisms, algae and plants can reduce the Cr(V1) contamination in soil to Cr(V)
and eventually to Cr(IIl) (14-16). In algae the reduction of Cr(V1) is a rapid process with the Cr(V) signal
reaching the maximal level about 10 minutes after incubation with Cr(VI) (as 2mM sodium dichromate0
(14, 16). In terrestrial plants it took longer than 10 hours for Cr(V) to reach the maximal level (16). The
further reduction of Cr(V) by algae proceeds for a few days (14) In some plant tissues, Cr(V) complexes are
decomposed to form both Cr(I1I) hydroxide and Cr(I1l)-oxalato complexes (15).

This study is a continuation of our investigation of the ability of widespread basalt-inhabiting bacteria
A. oxydans to form less toxic Cr(Il) species from toxic Cr(VI). In our previous work (11) the kinetics of the
formation and decomposition of Cr(V) during Cr(V1) reduction by A. oxydans had been investigated in
detail. It has been established that both formation and decomposition of Cr(V) occurred more quickly when
Cr(VI) was added at the exponential phase. More importantly, in comparison with other Gram-positive
basalt-inhabiting bacteria, the formation and decomposition of Cr(V) in A. oxydans was significantly
slower. For comparison, the half-time of Cr(V) decomposition consisted of about 40 min, when 35 mg/L of
Cr(VI) was added to other tested bacterial cells at the early stationary phase and the reduction of Cr(VI)
proceeded so quickly that we can not estimate the half-time of Cr(V) formation. In A. oxydans the half-time
of Cr(V) formation was about 10 min. It was suggested that the slow reduction rate in A. oxydans may be a
result of the special structure of the cell wall of Arthrobactrer genera. The cell wall of Arthrobacter species
contains the second bilayer of waxy lipids in the form of mycolic acids in addition to a thicker
peptidoglycan layer, polysaccharides, menaquinones, teichoic acids, and proteins (4). Our further
investigations confirmed the important role of the cell wall of 4. oxydans (17).

This current work involves the analysis of microbial reduction of Cr(VI) to Cr(Ill) with 4. oxydans
using electron spin resonance (ESR). We used a kinetic model to compare Cr(IIT) formation with Cr(V)
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decomposition in cells, and found that the rate of Cr(Ill) formation was similar to that of Cr(V)
decomposition. However, it is not clear whether the cellular uptake of toxic Cr(VI) occurs with reduction
localized to the cytoplasm or periplasm; or the reduction occur extracellularily.

We have demonstrated that in the Cr(VI)-contaminated environment, 4. oxydans is capable of
reducing carcinogenic Cr(VI) to relatively nontoxic Cr(Ill) hydroxide for a few days. Recently we also
observed Cr(IlI)-oxalato complexes during reduction of Cr(VI) by some strains of basalt-inhabiting bacteria
belonging to Arthrobacter genera (18). However, further corroborative data are needed to establish the
transformation pathways of Cr(V)-diol complexes to Cr(Ill) hydroxide and oxalato ones, which is critical
for the realistic evaluation of Arthrobacter spp. potential to remediate the environment (19). Additional
experiments are underway and will be presented in our next work.

Table 1. Half-time of Cr(III) formation by 4. oxydans exposed to Cr(VI)

Description Cr(VI) concentration half-time of Cr(1ll) R
of bacterial sample [mg/L] formation, (4)os [days]
Lyophilized cells of

A oxydens 400 59+1.6 0.99

A. oxydans cells grown
in a liquid medium 200 SoLs 0.95
A oxydans cells grown 35 3.7£1.7 0.95
in a liquid medium

This work was funded by Grant # STCU-GNSF 4330/131 from the
Ukrainian Science and Technology Centre (STCU) and Georgian National
Science Foundation (GNSF).
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Cr(III) 3M33=RIFLIB0L BM@H30®IB0 LOLBGIBSTBO Arthrobacter oxydans — Cr(VI)
6gmo FodoboBgoma, msdsb gomasdgaodzoma, smgdbsbrey GRgyamodzomo, gmgde aobdna,
90098 R BRSO3, EMEE Saéat‘mn..\‘, 336565 a-at‘ma;gmda*, 0mos t‘)ﬁaﬁqo’ﬁgnmn", Lagmmadg daﬁdgﬁxm“,
3300 aaoﬁxogadg**, sbs oba'anda*“
g Sbembos850m0b gg0Bog0l 0blBod b0, odogpolo 0177, bsfsGogaeme
L. ©F0dodols doerfodools ws dorydgferrerergaols ablgod o, mdogpobo 0159,
"o, fagfagedal bobgerdfogm gboggalodgdoe, mdogobo 0179, bustoggee

¥, geggdsdaomal ogemegol bobgedfogem gbogg@bodade, wawge, basdagge

[CHANOR R
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3herzgbo, Gedymog 0dmabatigmdls Lolggdsdo - Arthrobacter oxydans — Cr(V1). Arthrobacter oxydans
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JBRowsb.  Fgbfegmomoas  Cr(VD)-ol  Ubgselbbgs  @eobol Fgdmdgegds  dsBgbol  Gegme(
womegomoboigbym  xGRgbty,  lgay dodBodool obgie garedgheby. Bshgglgbos, G g
FPobgggsdo dsfBos Gedmegbedy wmgBe 4sbghmagbgm  Cr(VD-UL getmsjdbols Bagmgdae BHergbogn®
Cr(IlN)-ob 3opérmgbogols 30d3mgdlgdee.

®OPMMPOBAHUE KOMILIEKCOB Cr(Ill) B CUCTEME Arthrobacter oxydans-Cr(VI)
H.lu6axawsun, T.KanaGernimpuiy, A.PUeHIvBuim, ?‘.FHHTypH, M.beax:lpxaﬂm, ILPaT'fARam 4
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PE3IOME

B namHON paGoTe C TIOMOLIBIO METONA OJIEKTPOHHOrO TApamMarHWTHOTO pe30HamHca GBUIO M3YHEHO
dopmuposanne xomruiekcos Cr(Ill), koTopoe npoTeKAET B CHCTEME Arthrobacter ovxydans-Cr(VI).
Arthrobacter oxydans- TpaM-TIONOKHTEbHBIH, a3pOCHSLiT GaKTepHAIbHBIH LITAMM, KOTOPBIH GbU1 BbIAETCH
B CLUA u3 Konym6uitckux Gasanbros. Hamu Gu10 H3yueHO BoszeitcTre pasnuunbix 103 Cr(VI) kak Ha
KUAKOCTHYIO KyJIbTypy GaKTephii, Tak M Ha THO(UIH3HPOBAHHBIE KJIETKHU Gaxrepnii. BbUIO MOKa3aHO, UTO
Bo Beex cnyuasx Tpancopmaums kanueporennoro Cr(VI) B MeHee TOKCHUHBIC KOMILICKCBI XpoMa
NPOTEKAET B TEUEHHE HECKOJIBKHX AHEH.
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PREPARATION OF RESOLTYPE MIXED OLIGOMERS IN MELT ON THE BASE OF
OXIDERIVATIVES OF BENZENE
Nazi Gelashvili, Givi Papava, Eter Gavashelidze, Nora Dokhturishvili, Nunu Maisuradze,
Mzia Ramishvili, Rusudan Ciskarishvili
Petre Melikishvili Institute of Physocal and Organic Chemistry

SUMMARY
Resoltype mixed oligomers in melt are obtained on the base of oxi- and dioxidertivatives of benzene
formaldehyde. Paraform was used as aldehyde. Molar content of benzeneddooxiderivative in oligomer
changed from 0,1 to 0,5. The influence of temperature and duration of the reaction on the rate
transformation of oxi- and dioxibenzene components was studied.

NOJYYEHUE CMEIIAHHBIX OJIMT'"OMEPOB PE3OJIBHOI'O THIIA B PACILIABE
HA OCHOBE OKCHITPOU3BO/IHBIX BEH30JIA
H.C.I'enamsunu, ['.1LITanasa, O.11.I'asawenunze, H.C.J{oxtypuureunu, H.A.Maiicypanze,
M.I" Pamunisunu, P.I1.Iuckapumsuan
Hucmumym Qusuueckoi u opeanuueckoii xumuu um. 1.1 Menuxuwsunu

PE3IOME
TlosyyeHbl CMEIAHHBIE OJMIOMEPBI PE30JILHONO THIA B PACTLIABE HA OCHOBE OKCH- M IHOKCHIIPOH3BO)
6enszona u Gopmainbaernaa. B xavecrse anpaernaa Gbul HCrosib3osaH napadgopm. Monsproe conep:
JIMOKCHTIPOU3BOAHOro Gensona B onuromepe MeHsanock ot 0,1 1o 0,5 mon. Haydeno BiusHue Temrepal
M NPOJIOKUTEIBHOCTH PEAKLIMM HA CKOPOCTh NPEBPALICHHS OKCH- M AHOKCHOEH30/IbHBIX KOMIIOHEHTOB.
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THE MAINTENANCE OF NITRATES IN PRODUICTS OF FRUIT CROPS AND DIAGNOSTICS
OF THEIR POLLUTION
Riva Liparteliani, Shorena Gvachliani
Georgian State Agrarian University

SUMMARY

Considering that fact that recently has been noticed a certain connection between the abudant maintenance
of nitrates in human body and the development of malignant tumours, we carried out researches on studying
the maintenance of nitrates in products of fruit crops grown in soil climatic conditions of Svaneti. Samples
for the analysis were taken in different villages. The lowest maintenance of nitrates was revealed in
samples of fruits of taken in villages adjoining to Mestia area. As to the samples of fruit taken in villages
Mulahi, Latali and Becho the maintenance of nitrates considerably exceeds the maintenance of nitrates in
samples of fruit taken in mestia area. The maintenance of nitrates in samples of fruit taken in villages of
Lentekhi area exceeds the maintenance of nitrates in other villages. Authors make the conclusion, that for
the reception of maximum effect of nitric and artificial fertilizers and the minimum environmental pollution
— receptions of pollution-free fruit production, it is necessary strictly observe he rules of applying of mineral
fertilizers for each concrte zone.

COJEPKAHHUE HUTPATOB B ITIPOAYKTAX IVIOAOBBIX KYJIBTYP U IMATHOCTHUKA
WX 3ATPASHEHMS
P.I" Jlunaprennanu, UL A.I'saunuanu
I pysunckuii 2ocyoapc i azp i pcumem

PE3IOME
Vuuteisas TOT $akKT, UTO B MOC/ENHEe BpeMs Gbijia 3aMeueHa ONpeelIeHHast CBA3b MEKIY W3GBITOUHBIM
COEPHKAHUEM HUTPATOB B OPraHM3ME YEJOBEKAa M PAa3BUTHEM 3/I0KAYECTBEHHBIX OMyXOJNeH, HaMH GbUTH
NPOBEJCHBI MCCIC0BaHUs M0 H3YYEHHMIO COHEPIKAHHS HHTPATOB B INPOLYKTAX [UIONOBBIX KyJBTYP
BBIP IX B MO o-KnuMaTudeckux ycnosus Cpaneru. O6pasum uis aHanusa Gpanu B pasHBIX
cenax. ABTOpbl MENAIOT 3aKIIOYEHHE, HTO JUisi TIONYYeHHs MAaKCMMalbHOro >(pQdeKTa a3oTHHIX H
MMHEpaIbHbIX  YI0OPEHHH M MUHHMAIBHOTO 3arpA3HEHHs OKDY)KAIOWIEH Cpeabl —  TOMydeHHs
SKOJIOTMUYECKH YUCTOM (PKYTOBOM NpoayKuuu, HEOOXOAMMO cOGMIOAAaTh IMPABHIA  HCTONB30BAHHA
MUHEPATBLHBIX YA00PEHHUS [UTS KaX/10H KOHKPETHOM 30HBI.
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ATPOXMMMUSA
IIPUMEHEHUE JOMOHTHTA JIJIsI BBIPAIIUBAHUSI OBONIHBIX KYJILTYP

C.JLVporanse, T.K Ksepnanze, H.A.Ocunosa, JL.K.[xanapunze, 11.C.I'a6enns, E.ll.CanyxBange,
JI.J1.Kamma
Hucmumym ¢uzuvecxoii u opeanueckois xumuu um. Ilempe Menuxuweunu

CeNbCKOXO3SHCTBEHHBIE 3eMITH KATaCTPOPHUUIECKH YMEHBIIAIOTCA MO/l BO3AEHCTBHEM IPHPOAHOR U
TEXHOTEHHOH  nerpajauuu (3posuu). B mupe Ge3Bo3BpaTHO MOTepsHO 2 MHILIMappa ra, 27% Bcex
NPUrOJIHBIX 3€MeNb JUIl CENbCKOro Xossficrsa [1]; Tskenoe nonoxkenwe W B I'pysuw, rae Ha Aymy
HacesieHus: puxoauTest 0,14 ra MPUrOAHBIX JUIS CETBCKOTO XO3fHCTBA 3eMesb, a MPUMEPHO /3 3eMenb
CTpaHbl 3POAMPOBAHA W 3arps3HeHa B pasHoit crenenu [2]. ITosToMy 3ana4a MOBBIILICHHS yPOXKAHHOCTH
CeNbCKOXO3SHCTBEHHBIX KYJIBTYP 32 CUET HHT@HCHBHONO M PALHOHAIBHOTO MCIIONb30BAHHS MUHEPAIBLHBIX
ynobpenuii BechMa axtyansha. OQHAM K3 nokasatened >(pQEKTHBHOCTH MCIONB30BAHHA MUHEPATbHBIX
yRoGpeHuii ABASETCS OTHOLIEHHE CTOMMOCTH YpOdXkas K CTOMMOCTH YA0GpEeHHs, 4TO OnpenenseT HHTepec
NPOU3BOAWTE/IEH; BO MHOTMX CTpaHaX 3TOT MOKa3aTe/lb OCTACTCs MOBOIBHO HM3KHUM, KPOME TOTO, M3 3a
HECOBEPLIEHHOTO  MCMOJIL30BAHHUS MMHEPAIbHBIX ynoOpeHnii nourn 50% M3 HHUX He yCBauBaeTcs
PaCTEHHSMHU M BBIMbIBAETCS MIOJI3EMHBIMH BOJAMH, HTHM CAMHUM 3arpsasHsis OKpyKalolyio cpeay [3].

Takum obpasom, cos3naercs npobiema HeMTpaTH3aUM¥ OTPHUATENbHBIX CTOPOH JEHCTBHA
MHHEpaNbHbIX yAoOpenuit. [ina yactudnoro pelueHus 3Toi npobaemer B MUpe CO BTOPOH MOJIOBHHBI XX
BEKA HAyald TNPHMEHSTh NPHPOIHbIE MHHepaibl — LeoauTshl. Ocofoe 3HAUYEHUE NPUAACTCA MM Kak
JEIIEBBIM, BMECTE C TEM IO CBOMM CBOMCTBAM YHMKajbHbIM MHHEpanaM, 00JaJaloliiM OTHOBPEMEHHO
CENIEKTUBHBIMH, HOHOOOMEHHBIMM W aJCOPOLMOHHBIMM CBOWCTBaMM. Bo MHOrMX cTpaHax C UENbIO
MOBBINIEHHS YPOXKAMHOCTH CENIbCKOXO3SAHCTBEHHBIX KyJIBTYp i 0obor NOYBLI  TIP T
NPUPOAHBIH LEOJIUT — KIIMHONTHIIONHT.

Hcnonk3oBanuie MPUPOIHBIX LEONUTOB B PACTEHMEBONCTBE MOKasaso, uto HauGonee sddexTuBHOe
NOJIOKHUTENBHOE BJIMSHHE OTH MHHEPaIbl OKA3bIBAIOT HA XUMHUYECKHE, (U3MKO-XHMMUECKME |
arpoXMMHYECKHe CBOMCTBA MOYB C HM3KMM [uiofopoaneM [4-6]. O6oralueHue nNOUBbI MPHUPOIHBIMH
LEOJIHTAMH TOJIOXKUTENBHO BIIMSIET HA POCT KATHOHHOOMEHHON EMKOCTH 3TOH ITOYBBI.

B I'py3uu npeacTaBiIeHbl CIeAYIOUHE TUITEI MPUPOIHBIX LIEOTHUTOB — FOPHBIE MOPOAIBI, COEpPIKAILUe
AHATLLUMM, KJIMHOITUIONUT-THIAHUT, MOPACHMT, (WUIMICHAT M JIOMOHTHT, a TakKe pAA APYTHX.
HawnGornee u3yueHHble W NpPUMEHSAEMbIe B PACTEHMEBOJCTBE LEOAMTbI —  AHAJBLMM, KJIHMHOMTHIONMT,
MOpPZEHHT M (QHIUIMIICHT; YTO KAcaeTcs JIOMOHTHUTA, B JINTEPATYpPe OYCHb PEAKO BCTPEHAIOTCs PaboThi MO
NPUMEHEHHIO JIOMOHTHTCOAEPHKALIMX FOPHBIX MOPO/ B PACTEHHEBO/JCTBE.

Llenbro HaWero MecieaoBaHust GbUTO BRISBIGHHE BO3MOXKHOCTH TIPUMEHEHUS JIOMOHTHTCOAEPKALIMX
nopost I'py3uH, B KOMGHHAUMM C XENIaTaMM XKeJie3a, Uisi BbIPAIMBaHHsA OBOMIHBIX KY/LTYP (TOMATEI, JIYK,
GaxsakaH, Gonrapekuit nepen).

DKCMEPUMEHT NPOBOAMICA B 1a6OPATOPHBIX YCIOBHAX HA rouse u3 okpectHocTH TGuancH; 6buiM
M3yueHbl 06Pa3Lbl TOA0OPAHHBIX TIOUB; PE3yJIbTATE! NPUBEaCHDI B Tabuue 1.

Tab6.1. HekoTopbie hU3NKO-XMMMUECKHUE CBONCTBA 110100paHHbIX 11048 ( 06pasLibl BLICYLICHHbIC Ha BO3AYXE)

Cozeprxanue . Veiiosig
O6veM Y nenbHbii coJielt B IOUBEHHOMN BBITSDKKE, %0
TIpuponsas e creneHs
5 KanuIapHoOi BEC,

BIAXHOCTh, %0 3 COJICHOCTH

BIIXKHOCTH, %o oprasuyeckas HeopraHu4ecKas ——

4acTh 4acTh
331 38,0 112 0,42 0,11 ci1abo cosieHas

DKCTEPUMEHT NPOBOJMIIH 1O CIEAYIOLISH CXeme:
1. uncras nousa — aGCOMIOTHBIH (POH
2. nousa+cemeHa, 06pabOTaHHbBIC XETATOM
3. nousa+NPK (c pacuerom Ha lra 500 kr ynoGpeHHs) — KOHTPOJIbHBIH
4. mousa+ueonut 20% (OT Macckl (109BbI)
5. nousa+ueonut 20% (0T Macchl NO4BLI, 0GPaGOTAHHBIH XeNIaToM)
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Pacrenus Gbiiy BbIPALIEHBI B CNIELMalIbHBIX ropLikax. B kaxaom Bapuante cesnu 1o SO cemsH. s
06paboTKH CeMsIH HCIOJb30BAIH 5%-HBbIi pacTBOP Xenara jkesesa (MponuTKa nposoaniack 24 daca). Haxo
OTMETHTb, YTO XeJIaThl JIErKO aCCHMHITHPYIOTCSl PACTEHHAMH, B Pe3y/IbTaTe 4ero MOBBIIACTCA UX MPOIYK-
THBHOCTb; OHH TAIOKE BbIACISIOTCS BHICOKOI(PPEKTUBHOCTBIO NPOTHB Pa3HbiX 3a00JI€BaHIH PacTeHHi.

Bexoxects cemstH Habmopanach Ha 10-biif IeHb; CPaBHUTETBFHO OBICTpOE NpopactaHue Habmoanoch
B NATOM BapHaHTe (mouBa+uconut, obpaboraHHbiii xematom). Jlyumias yposkaliHOCTb TOMHIOPOB
nonyyeHHa B S5-om Bapuante (pH=6.0-6.2), mo Bceil BMAMMOCTH, 3TO BBI3BAHO KaK YMEHbILCHHEM
KHMCJIOTHOCTH MOYBBI, TAK H MUIPALIMEH NUTATENbHBIX IEMEHTOB M MOOHIN3ALMU X B PACTEHHH.

Hazo oTMeTHTB, UTO B TeX BapHaHTaX I/l HMCHOJNBL30BANM LIEONHUTEI, OGpaboTaHHbIE —XenaToM,
NPOPOCTKH BCEX NPEACTABNEHHBIX KYJIbTYP BBIAENIMCH OT aGCOMOTHOrO W KOHTPOIBHOrO oHa, B THX
BapuaHTax Haboganack Gosee BbICOKas yPOXKaHHOCTb, YeM B KOHTPOIbHBIX.

B pesysbrate NpPOBEAEHHOrO SKCTIEPUMEHTA MOMKHO OTMETHTb, YTO BHECEHHME B I0YBY MPHPOAHONO
LeoJIMTa JIOMOHTHTA, OOGPaGOTAHHOrO XenaToM JKele3a, IOJIOKUTENLHO BIMSAET HA BCXOKECTh H
NpOpacTaHHe CEeMsAH OBOLUHBIX KyJIbTYP, @ Takke NOBBIAECT YPOXKAHHOCTE STHX KyabTyp. Mo Beei
BEPOATHOCTH, 9TO BbI3BAHO OGOrOLIEHHEM IOYBBI Pa3HBIMM MHKPOIJIEMEHTAMH KaK MPH NOMOLIM LIEOJIHT,
TaK M XeNIaTOM, KOTOPbIH, B CBOIO OUYepe/ib, MUIPUPYET B PACTEHHM, TEM CAMHUM CMIOCOOGCTBYS MOBBICHHIO
YPOXKANUHOCTH 1 ps/ia XapAKTEPUCTHK PaCTEHHH.
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APPLICATION OF LAUMONTITE IN VEGETABLE GROWING
Spartak Urotadze, Tamar Kvernadze, Nana Osipova, Leila Japaridze, Tsiala Gabelia, Eter Salukvadze, Lili Kashia
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Effects of natural zeolite-laumontite, both in its natural state and treated by iron chelate as well, on growth of various
vegetables (tomatoes, onions, eggplants, and pepper) have been studied in the laboratory conditions. According
results of investigation it has been established that laumontite, treated by iron chelate, have positive effects on growth,
davelopment, and yield of the above-said vegetables.

376




1535@MBIRML BIGE0IGIBSNS IBMBEIRO 535RIFO0L 35G6I, Jodool Lyéas 2009, &. 35, Migiﬁmﬁu

XUMHUYECKAS 9KOJIOT U

OCHOBHBIE 3ATPSI3HUTEJM ATMOC®EPBI H UX TOKCUYECKOE
BJIMSTHAE HA YEJIOBEKA

O.I' Jlexseitupunu, H.T Xewypuanu, 3.H. Tonypus
Hucmumym gusuvecroii u opeanuvecroii xumuu um. Ilempe Menuxuweunu

3a nocyie/iHee BpeMst pe3ko YXyAUIMIIOCH SKOMOrHYECKOe COCTOHHE OKpYsKaollel Cpe/ibl B r106aIbHOM
maciurabe, 4T0 0GYCNIOBNEHO B OCHOBHOM HHTEHCHBHBIM Pa3BUTHEM MPOM3BOACTBA, GONBUIMM KOIHHECTBOM
Pa3NIMYHBIX BUIOB TPAHCIIOPTA, TEIIONEKTPOCTaHUMi 1 T.4. OcoGeHHO Tshkesoe MoNoXKeHne HabmonaeTcs B
9TOM OTHOUIEHHU B GONBLIMX TOPOJAX, T/€ COAePKAHHE TOKCHYECKNX BELIECTB B aTMOC(epe Bbillle CAHUTAPHO
gorycTuMeIX HOpM [1-3]. Tosibko B BBIXJOMHBIX ra3’ax BCTpeuaerTcs Gojee ABYXCOT TOKCHYECKHX BELIECTB,
cpean KoTophix ukcupyiores CO, CO,, SO,, yrieEoHopo/bl, KAaHEPOreHHbIE BELIECTBa, AlbAErH/bl, CaKa,
OKCHBI a30Ta u Ap. [4].

OnHolt 3 BaXXHCHIUMX 3374 B HACTOSILIEE BPEMs SBISETCS 3aLUTa OKpY> Katoel cpessl — aTMochepsl,
BOAB! M TMOYBBI OT TOKCHYECKMX BELIECTB, TaK Kak 3arps3HEHUE YBEJIMYHMBACTCA C KaXAbIM roJOM H
YeNOBEYECTBO HAXOJMTCS HAa IPaHM JKOJOrMUecKol xaTacTpodbl. 3arpasHeHue arMocdeps! Ha CeroaHAUIHHIL
ACHb MPOUCXOJUT TAKUMHU TEMITaMH, YTO BO3MOXKHO B YKUBBIX OpraHU3Max TMOABICHUE M€HETHYECKUX MyTaLlHl:I.
10% sarpssHuTeneli B aTMocdepe BO3HHKAIOT B pe3yjbTaTe €CTECTBEHHbIX MpolueccoB. Hanpumep, npu
M3BEPKEHUU BYJIKAHOB aTMocdepa okpyxkaioweit TeppuTopun Hachiuiaetcs SO, u ap. SInoBuTHIE BellecTsa
BBIENSIOTCS [IPH THHEHUH PACTUTCIBHOIO MOKPOBA, JICCHBIX TIOXapax, MbIIEBBIX OypsiX; B TO K€ BPEMS Cle/yeT
NPUHATH BO BHUMAHKE CYILECTBOBAHME B aTMocepe MHKPOOPraHU3MOB B BUe rpHOKOB, MUKPOGOB, BUPYCOB 1
GakTepuii, BBI3BIBAIOLIMX DS AJUIEPTHYECKAX W HHDEKUHOHHBIX GonesHed [5]. 90% 3arpsasuureneli atmocdepsl
HMEIOT aHTPONOreHHOEe NPOUCXOXKIeHHe. MHTeHcHBHOE pa3BUTHE MPOM3BOACTBA, TEXHHMKH, TPAHCIIOPTa,
XUMH3aAUUSA CeJIBCKOTo Xo3gHCcTBA M T.1. CnOCOGCTB)’K)T TMOBBIIEHUIO KOHUEHTPALMKU TOKCUYECKUX BELIECTB B
a‘rMochepe ¥ YMEHBLUCHUIO KOHUEHTpauMHu Kuciaopoaa, 4TO co3aaer Heﬁnaronpmrmue ycnoBus s
cymecTBOBaHMs  yenoBeyectBa. CyllecTByeT LeNblii  PAl  MCTOYHMMKOB 3arps3HeHMs —arMmocdepsi —
POMBILLIIEHHOCTb, TPAHCIIOPT, OTONHUTENbHASK CUCTEMA:

®  TEMIOAMEKTPOCTAHLMH, KOTOPbIE BIesOT B aTMochepy SO,, CO, COy;
e  MeTaIypruyeckue 3aBoibl, Bbliensomme B arMochepy oxcunbl asora, HyS, Cly, Fa, NHj, coeaunenuns

PTYTH, MBILIBSKA U JID.;

XHUMUYECKHE 1 LIEMEHTHBIE 3aBOJIbI;

MPOU3BOACTBO SAOXHMHUKATOB U UX CKJIA/IBI JIJisl XPAHEHHS];

(hapMaLieBTHUECKOE IPOU3BOACTBO;

J06bI4a HeTH OTKPHITEIM METOIOM (CKBAKHHbI);

ropHas XUMHUS;

slepHas TeXHUKa;

TEKCTHJIbHAS TPOMBILLIEHHOCTD;

pasIHyHbIE BHIbI TPAHCTIOPTA.
TTo pacyeTHBIM AaHHBIM B GONBLIAX ropojax OT o6luel MacChl TOKCHYECKMX BEIIECTB, BbIACIAIOUMXCA B
armocdepy, 30% - 70% npuxoauTCs Ha aBTOTPAHCTIOPT [6]. Cpeay TOKCHYECKHX BEUIECTB, MOMANAIOUIMX B
armocepy B pesynbrate paGoThl aBTOMOGHIBHOIO Tparcnopra, ~70% cocrasuser CO, ~19% - yrnesonopoas!
CuHy, ~9% - okeuzpl azota NOy. KOHUEHTpaLys yka3aHHBIX BEIECTB 3aBUCHT OT MHOTMX (DaKTOPOB: KauecTsa
TOTINBA, TPUPOJIbI 100ABOK, TEXHIUYECKOTO COCTOSHUS aBTOMOGHIISA, CKOPOCTH JBIOKEHHS. Y CTAHOBICHO [3:71
4T0 rpu paboTe MOTOPA TPH HU3KUX 0GOPOTAX M3BEPKEHHE TOKCHUECKNX BEUIECTB B aTMOC(EpY B HECKOMBKO
pas GoJtbliie, 4eM pH paboTe MOTOPA B HOPMATLHOM PesiMe. ABTOMOGHIL NpH paboTe B HOPMaNbHOM PEXUME
Ha Gensune mapku «Hopmansy, Bbiienser B cpeanem 2,7% CO, a npu HU3KNX CKOPOCTSIX JOCTHraeT 6,9%.
CriestyeT OTMETHTb, YTO MpH paGoTe aBTOMOGH/IA B MEJJICHHOM PEXUME U YacTOM BKIIOUCHWH TOPMO3HOMH
CHCTEMBI B BHIXJIOMHBIX razax oTMeueH n3GLirok CO 1 YrIeBONOPOIOB, a MpH paGoTe B YCKOPEHHOM PexHMe
HaGIIIOAeTCA TOBBILIEHHE {ONH OKCHIOB a30Ta; TpH OGPa3sOBaHMH TPAHCTIOPTHBIX «TIPOGOKY KOHLEHTPaLMsA
CO nocruraer 79mr/M” (T K = SML‘/MS) ¥ HAXOXKJEHHE HYeJIoBEeKa B 3THUX YCIOBUSX B TeYeHHe 24 MPUBOJHT K
3HAYMTETLHOMY H3MEHEHHUIO ero SHIEedaTorpamMMBl.

Kaxpiii aBTOMOGWIb, paboTalommii Ha BBICOKOKAYECTBEHHOM TOIIIMBE, H3BEpract B armocdepy
NPOAYKTHI MOJHOIO M HETIOJIHOrO FOPEHHM. B CpejiHeM eKerOAHO KaXplH Jerkoson aBTOMOUMIn ux—l,w.nnqg‘rss
armocdepy 800 xr CO, 40 kr oKCHIOB a30Ta, 200 Kkr yrieBoJ0opoOO0B U MOIJIOUWAET OKONO 41 kucaopoaa ([: ,H].
CriefiyeT OTMETHTB, 4TO MpH paboTe TPAHCTIOPTA HA JUI3EABHOM TOMIMBE soigeneane CO, NOx u CpHy
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TIPOMCXOIUT B MEHBLIEM KONMYECTBE, YEM B Ciydyae TpaHcropTa, paboraioiieM Ha Geusuhe. OfHako, mpi
NPUMEHEHUH [M3eNbHOTO TOMIMBA B BBLIXJIOMHAIX ra3aX MOBBIIIACTCS COAepKaHNe KaHLEPOreHHOro BElIecTBa
(6ens[a]mupena), abiMa, CaXKH M T.J., YTO OKa3LIBACT BECbMa OTPULATEIbHOE BINSHIE HA OKPYXKAIOLLYIO CPeLy
1,2,8}

Cpenu 3arpssHuTeNell OKpysKaroLel cpe/ibl MOXKHO BbIAEINTb JBE KATerOpHM: MepBUYHbIE U BTOPUYHBIE
3arps3HuTend. K nepBuuHbIM OTHOCATCA TOKCHYECKHE BEIUECTBA, KOTOPble HEMOCPEACTBEHHO BBIIENSIOTCH B
atMocdepy; K BTOPUUHBIM OTHOCATCS MPOAYKThI NpeBpalleHus nepsuuHbiX. Hanpumep, SO,, BbiAesIOLMICA B
atMocdepy TIpH U3BEPKEHHMH BYJIKaHA, OTHOCUTCS K MEPBUYHBIM 3arpssHuTessm, Ho SO3, HySOq4, (NHy)S04
OTHOCATCA K BTOPHYHBIM 3arpA3HHTENSAMH. AHAQIOTMYHO, B Pe3yibTaTe XHMHYECKHX H (DOTOXMMHUECKHX
peaxuuil NepBUYHBIX 3arpsA3HUTENICH ¢ KOMIIOHeHTaMK aTMoc(epbl 00pasyoTCs BTOPUYHBIE 3arpsisHuTeny 3, 9].

Cpean  OCHOBHbBIX 3arpsi3HuTeNell  aTMOC(HEPbI MMHUPOreHHONO MPOMCXOXKACHUS CJIEAYET OTMETHTh:
monookena yraepoaa CO, okeun cepsl (IV) SO,, okenpbt asora NOy, yriaeBoaopos!, AByokucs yriepoga COs,
caka, allbJeru/ibl, cCOeiMHerns (Topa 1 XJopa, aspo3oiu, poToxumudeckuit rymau (cvmor) u ap. 9, 10].

1. Monookeun yrnepoaa (CO) obpasyercs B pesysibTaTe HEMONHOTO TFOPEHMs YIIIepPOICOASPKAIHX
coemuHennii. Exxeroano B arMocdepy Bbinensercs ~1250man T CO, KOTOpBIA pearupyer ¢ pasinuHbIMA
BellecTBAMH B atMmocdepe, CNOCOGCTBYET MOBBILEHHIO TEMINEPaTyphl Ha IUIAHETE M BbI3bIBACT
TeTTHUHBIHA 3 dekT. 3

2. Oxcun cepsl (IV) SO, BeimensieTcss Npu NPUMEHEHHH CEPYCOJEPIKallero TONNMBA M nepepaboTke
CEepHHCTBIX PyJl, KOTOPBIH €XKEro/IHO BhIAENACTCA B aTMOC(epy B kKonuyecTse ~ 170 MiH. T. 1

3. Oxcua cepwl (VI) SO; obpasyercs oxucnennem SO; M SBASETCS HCTOHHMKOM a3pO307A CEPHON
KHCJIOTBI. TTupoMeTanaypriueckie 3aBojbl Y€PHON ¥ 1\BETHON METATYpruy | TEMI03JIeKTPOCTaHIUH
U3BEpPraroT B arMocdepy AeCATKH MHIITHOHOB TOHH SO;.

4. H,S u CS, Bctpeuatorcs B atMocdepe B CBOGOXHOM BHHe. X OCHOBHBIM MCTOMHHKOM SBISIOTCH
NPEATNPHUATHS 1O NPOM3BOJCTBY MCKYCCTBEHHOIO BOJIOKHA, CaXapa, KOKCOXHMHUYECKOrO MPOU3BOICTBA,
HeTEXHMUUECKOH —MPOMBILUTEHHOCTH.  YKa3aHHble COEMMHEHA  OABEPraioTes  MEIUICHHOMY
oKHC/IeHHIO B atMocdepe ¢ 00pa3oBaHieM OKCH/OB Cepbl.

5. OCHOBHBIM HCTOYHHMKOM OKCHIO0B a30ta NOy ABNAIOTCS NPEATPUATHA MO TIPOM3BOACTBY a30THBIX
yHOOpeHuit, a30THON KMCIOTHI, HUTPATOB, AHWJIWHOBBLIX KpacuTeneH, HUTPOCOEAMHEHHH U p.
EsxeroqHo Beiaenstores B armocdepy ~ 20 man. . (5, 9, 11, 12].

6. Aspo30iH, KOTOpbiE BCTPEHAlOTCs B atMocdepe B BUAE JbIMA, CAKH, TyMaHa, Mbuid. YacTHupl
a’po307ieli 4acTo CoAEpKAT COSNMHEHHA KPEMHMA, KalblMs, Yriepona, senesa, MapraHua, Xpoma,
ceNeHa, MBILbBSIKA M APYTHX 3JEMEHTOB, @ TaKKe OPraHW4YeCKHe COESMHEHHA, apoMmarHyeckue H
amidarnyeckue yrneBoxopobl.

7. MDOTOXHMHYECKHI! TyMaH (CMOT), KOTOPIi Mpe/IcTaBiseT co60ii MHOrOKOMIIOHEHTHYHO CHCTEMY [a3oB i
a3pO30JIBHBIX YACTHLL, SBJAETCH OAHUM M3 3arpA3HATENeH OKpyskatomleli cpesbl. CMOr COREPXKHT 030K,
OKCHJIBI 230Ta ¥ Cepbl, OPraHn4ecKhe CoeJnHeHns (YrIeBOI0POibl U NEPeKUcHble coenHenus). Tog
ZielicTBHEM COJIHEYHON pajuaumu B pesyibTate (pOTOXHMUUECKUX peakuuii B armocdepe obpasyiored
pasfuuHble NEPeKUCHbIE COCMHEHHs, KOTOpbIe SBISIOTCS WCTOYHMKOM PAAMKATIOB M NPEACTABIAIOT
GONbLIYIO OTIACHOCT [T AbIXATENBHOM 1 CepileuHo — cocynuctoi cuctem [9].

Tokcuueckue BelIEeCTBa, HaXoAsUECH B aTMoccbepe B BHJE ra3oB WJIK NbUIK, [0MN3aAat0T B OpraHu3M, B
OCHOBHOM, 4Yepes JbIXaTesibHble MYyTH M, B TEPBYK O4Epenb, B03ﬂeﬁCTBy)OT Ha HUX, BbI3bIBAs CEPbE3HB
HapyunieHus. Ha ocHOBE MHOTOYMCJIEHHBIX CTATUCTHYECKHX JAHHBLIX YCTAHOBJIEHA 3aBHCHMOCTH M€
3arps3HEHHEM aTMOCqJephl M TaKUMH 60H83H${MH, KaK Kartap BEpXHWX IbIXaTe/lIbHbIX nyTeﬁ, 3M(1)H3CM3. JICTKHX,
cep/ieuHas HeOCTATOYHOCTh, ACTMA, ITHEBMOHHS, BOCTIATIEHHE CIU3HCTOH 000JI0UKH 171a3, HOca  Ap. M3BecTHbl.
cilyuan, Korza B pesyibTaTe 3arpasHenus  Bosayxa mornGan moauw. B 1930 r B Benbrun B pesyinsrare
TPEX/IHEBHOTO CHIILHOTO 3arpsi3HeHHs Bo3ayxa norubmno 60 yenosex, a B 1956r B JlonoHe 110 TOH ke npudl
noru6no ~ 1000 yenosex [1,11].

PaCCMGTpVIM HEKOTOPbIE OCHOBHBIC TOKCHYECKHE BELIECTBA, 33Fpﬂ3Hﬂ}OU.l|’l€ aTMOCl‘)CpV

Oxkcuyr_yrnepoaa (I CO. Cpeansis  cyrounas IJK=! =3mr/m’ (nNpenenpHo J0nyCcTUMas KOHLEHTpAUH)
omopasosast I1JIK=5mr/m”  [12,13]. Kak ussectHo, CO ABNACTCA CHIBHO TOKCHYHBIM M B TO ke Bpey i
craGunbHbIM BelectBoM. Ilomamas B opranusM, CO JIeTKO NPUCOENMHSAETCA K TeMOriofuHy, o6pasys
kapGokcuremoriobun. Ecau  comepanne kapGokcuremornoGuha B Kposi npesbiwiaer  0,4%(Hopa)
YXyAWAeTCs 3peHue; MpU CoAepKaHiu B okpyxkaioiieit cpene CO 2 — 5%, HauuHaeTcs ronoHas 6o
HapyWIAeTest ICUXOMOTOPHas (DYHKLIHMS OJOBHOMO MO3ra; MpH KOHUEHTPALHK 5%, NOABIAIOTCA H3MEHEHNA 0
CTOPOHBI Cepilia W JEerkux; IpH MOBbILIEHUH  KOHUEHTpPALUK 10 10-80% mMOsIBASIOTCS TONOBHAsA uu_
TOJIOBOKPYXXEHUE, ClasMbl, 3aTpyAHEHUE IbIXaHUA, COHJIMBOCTb, YTO MOIKET 3aKOHYMUTBLCS J1€TAIbHBIM HCXO/O0)
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K cuactsio, 06pazoBanue KapGOKCHIEMOIIOOHHA ABIAETCS OGPATHMBIM TPOLIECCOM TIPY CPaBHH FeJIbHO HU3KUX
KOHUEHTpaLsX; NPH BbIBEACHNH NOCTPAABLIEro U3 cpelbl Okchaa yriepoza (I1), HaunHaeTcs BbIENEHHE ero
u3 opranusma [9,14]. Cnepyer oTmeTnts, uTO TOKCHueckoe jefictBue CO Ha uenoBeka ompemensercs Kak
KOHUEHTpalLueH, Tak u akcnosuuweii [S]. IMossinenne konnenTpanuu CO U yBenMYeHe BPEMEHH SKCTIO3HITHH
YCHIIMBAET TOKCHYECKOE BO3/ieliCTBIe Ha YenoBeka. Tak, mpu koHueHTpamuu CO 6MI/M® i BpeMeHH SKCIO3HLMM
25MMH MIMEET MeCTO MOHM)KEHUE 3PEHHs; KOHUEHTDALKS B 50-60mr/m’ TIPY NPOAOKUTENLHOCTH BO3JEHCTBHS
24 BBI3bIBACT NMOHMXCHUE CIlyXa; yBeJWYeHHe KOHUEHTpauuy 440-460Mr/m° u skenosuumy 14 HabmoxaeTcs
ronoBHas GOnk M HapylleHHe KOOPJMHALMHM JBIKEHUS W MBIULICHUS; KOHUeHTpaums 880Mr/M® M Bpems
OKCTIO3MUMH 24 NPHBOJMT K TOTEPE CO3HAHMS M KOJIANCy, a NMpH KoHUeHTpaumu 1800-2300Mr/M’ mpw
9KCMO3HLKMH 1-1,54 HMEIOT MECTO HapylIeH!s CO CTOPOHBI ABIXAHHS ¥ PabOTEI CEpAILiA H BO3MOXEH JIeTaNbHBIN
UCXO[; KOHUEHTpauus 3500 mr/m® [IPH SKCMO3ULKH 24 NIPUBOANT JleTalbHOMY ucxony [4].

Oxcenn cepet (VI), 0COGEHHO MpH BHICOKOH BIAXKHOCTH, OKA3hIBAET CHIBHOE TOKCHYECKOE IeiiCTBHE Ha
venoexa. Cpensisi cyrousas [TIK=0,05 mr/m’; [1JIK=10,0 mMr/m® B Bo3myxe paboueii 30Hbl. [elictre SO, Ha
OpPraHu3M HOCHT MHOIOCTOPOHHMH W ofweTokcuueckuii xapakrep. SO, BbI3BIBaeT HapylieHHe (yHKLMH
(epMeHTOB, TOPMO3HT OKHC/THTEIIbHBIE MPOLECCH B FONOBHOM MO3Te, TIeHeHH, MbIIINAX, ceNe3eHKe. BorpsacT
HApYUIEHUs NPOLECCOB GENKOBOro ¥ YriieBOIOPOAHOro 0GMEHa, aTOJIOrHYECKHE NPOLIECCH B SHAOKPUHHON U
KOCTHOM CHCTeMaX, MOHWXKAeT UMMYHMTET. [Ipu HeGnaronpHsATHBIX METEOPONOTHYECKHMX YCNOBHAX (TyMaH,
BBICOKas BJ@XKHOCTh) TOKcMyeckoe JelictBue SO, ycunuBaercs, HaONIOAAeTCs CHIBHOE pasipakeHne
IbIXaTeNBHONH cHCTeMBI M cnasmbl 6porxoB [9,13]. Tpu kouuentpaunsx 0,04-0,05% HMEIOT MECTO CHIBHBIH
Kalluesb, OTeK JIETKUX, NI0TePs CO3HAHUS, JIETANLHBIN MCXOJ.

Oxcnppr asora (N;O, NO, NO,, N;Oy4, NyOs3, N,Os) monajawT B OKpykaroulyio chepy W3 pasHbIX
HCTOYHMKOB: TPAHCTOPT, TOMIMBO, npousBoAcTBO Hy SOs m H NOs, GbiToBBIC MPUGOpBI, ra30Bble IUIMTHI,
CHrapeTHBIH JIbIM, pa3psii MOJHHM, HW3BepikeHWe ByikaHa M T.A. OOwmii Xapakrep TOKCHYECKOTO HeWCTBUs
OKCHJIOB a30Ta MEHSETCH B 3aBUCHMOCTM OT MX MPUPOAbI B BO3AYIIHOH cMecH. NyOs, NO,, N,Oy u NyOs
BBI3HIBAIOT OTEKHM OPOHXOB M JIETKHX; B KPOBH 0OpasyloTCS HHTPAThl M HUTPHTHI; MOCIEIHHE BbI3HIBAIOT
TIOHIKEHHA NaBJIeHHs ¥ 00pa3oBaHHe METreMOrIo0HHa, YTO IPUBOAUT K KMCIOPOAHON HexocTatodHOCTH. TIpn
OCTPOM OTpaBIEHMH MMEIOT MECTO CHJIBHBLIN Kallelb, rosioBHas 6oib, o6mas crnabocTh, TemrepaTypHas
JMXOpajka, LMAHO3, CYJOPOTH, HTO MOXET 3aKOHUMTCS NeTalbHbIM ucxofoMm. ClelyeT OTMETUTh, UTO
OGPBOBS.HHC B OpraHu3Me€ HHUTPWUTOB W HUTPATOB MNPUBOAMT K WX T[PEeBPALICHUIO B KaHLEPOI€HHbIC
HUTPO30COEIUHEHHS H TIOABIIAETCS OMACHOCTh BO3HUKHOBEHMS OHKONOrMYeckux 3abonesanuit [7,9].

Yro kacaercs N,O u NO, repBblif 13 HAX (BeCCNALIMI ra3) BLI3BIBACT YAYLILE, BCIEJCTBUE BBITECHEHUS
KHUCIIOPOJA M3 JIETKHX, @ B CMECH C KHCIOPOJOM - HapKO3; a BTOPOH ABJAETCS KPOBAHBIM SOM, MEPEBOJUT
OKCHIeMOIJIOOHH B METreMOrIOOHH W OKasbiBaeT MpsAMoe NeHCTBHE HAa LEHTPaIbHYIO HEpPBHYIO cucTemy. Jlis
CMEeCH OKCHMIOB (HUTPOraskl) HZ[K:SMIZM] (8 nepecuere Ha NO,) B Bo3yxe paboueif 30HbI Ha NPOU3BOJICTBE.
Oxcupbl a3oTa MOA JAeHCTBHEM COJNHEYHON Daaualuy B3aUMOJEHCTBYIOT C HEKOTOPHIMH KOMIOHEHTaMM
BBIXJIONIHBIX [A30B aBTOTPAHCIIOPTA, @ TAKXKe C 030HOM, 00pasys Npy 3TOM Pa3jMyHbIE IEPOKCH/IbI, BXOJALIKHE B
coctaB (POTOXUMHMUECKOTO TyMaHa (cmora). O6pasoanne cMora 0COGEHHO XapakTepHO JUIst GOJBIIMX FOPOAOB.
CoeuHEHHs, BXOSIINE B COCTAB CMOTa, BBI3BIBAIOT CHILHOE Pa3fipKeHHE OPraHOB JbIXaHUs U B TO K€ BpeMs
CnocoBCTBYIOT 00pa30BaHMI0 B OpraHu3Me CBOGOIHBIX PalMKAJiOB, YTO B CBOKO OYEPENb MOXET MPHBECTH K
BO3HMKHOBEHHIO onyxoneit [7,9]. B pesynbrare sarpsisseHus okpyxatouieH cpesbl GonbuIof ypow npupose
HAHOCAT «KUCJOTHBE A0KAW» [15]. TepMuH «KHCIOTHBIE JOXIM» ObLI BBEAEH AHTIMHCKMM XHMMHKOM
A.Cvmutom cbnne 100 nmer Haszan. Opnako, mnaryOHbie 9KOJNOTMYECKME TMOCNEACTBUS KHMCIOTHBIX AOXKIEH
nposBunuck B nociemnve 20-25 ser. Tlpm cxuranuu moGoro Tomamsa (Yroab, MasyT), B COCTaBe
BBIAENSIOMUXCS Ta30B OOHAPY)XKHBAIOTCS JHOKCHbI CEpPbl W a30Ta, KOTOPbIE M SBISIOTCH HCTOYHHKOM
KHCNOTHBIX JOXJed. TlocneqHHe HAHOCST Bpejl 3€1eHOMY MOKPOBY — JIeCaM, CeNbCKOXO3AHCTBeHHBIM
KyJBTYpaM, KMBOTHOMY MUDY M 3[0POBBIO UesioBeka. BO3HUKAET NONONHHTENBHOE 3arPA3HEHUE TUTLEBBIX BOA
— KHCJIOTBI BBITECHSAKOT U3 NMOPOJ pa3InyHbIe TOKCHYHBIE METAJUJIBI: PTYTh, CBUHEL, IMHK, KaLlMHﬁA

E>erofHo MPOMCXOAMT 3arpsi3HeHHe OKPYKAIOIIEH CPEAbl PasIAYHBIMK YIIeBOAOPOaMH — AlKaHAMHU,
aNKeHamK, aiKWHamW, HadTeHamu, apesamy [16]. MICTOMHMKAaMH YKa3aHHBIX 3arpA3HUTENell SBIAIOTCH
BBIXJIONHBIE rassl aBTOTPAHCNIOPTA, BBIOPOCHI HedrenepepabaThIBalONINX, XMMHYECKHX,
MeTaonepepadaThIBAIOLIUX 3aBOJIOB, AaBTOTEHHAs CBAPKA U T.J. AJIKAHbI, ATKEHbI, ATKHHEI 1 yuksonapaduHel
06J1a1aI0T CHITBHBIM HAPKO3HBIM ACHCTBHEM, IOpakKas B OCHOBHOM LEHTPANbHYIO HEPBHYIO CHCTEMY, BbI3bIBas
QYHKIMOHATbHBIE PAacCTPOCTBA HEPBHOH CHCTeMbl. ApPCHBI B YCNOBHAX OCTPOrO BO3ZEICTBHS TMOPAXaKOT
IIaBHBIM OGPA30M LEHTPATbHYIO HEPBHYIO CHCTEMY, BbI3bIBAS HAPKOTHUCCKHHA 3(HEXT COHIUBOCTH, BAJIOCTb,
TpEeMOp, COCTOSHWE HapKo3a, CYAOpOrH, komy. CMepTh HACTYNaeT OT Mapaniya AbIXaTelbHOro LEHTPA ¥
OCTAHOBKM IbIXaHMA. B YCJIOBHAX XpO!{quCKOFI WHTOKCUKALMH 6eH30J1 M ero roMOJIOTH OKa3sbIBaloT Ha
OpraHu3M TNONMTPONHOE NeHCTBHE, MOpakas Pl OpraHOB ¥ CHCTEM. Ocoboe mecTo 3aHuMaeT 6Genson,
OGNaAOLH BHIPAKEHHBIM MUETOTOKCHUECKHM 3(()EeKToM, B CHIY KOTOPOrO XpOHHYECKad 6ensonbHas
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MHTOKCHKALMs BECbMA OnacHa. Jlaxe MPH HE3HAYUTE/IBHBIX KOHUEHTPALMAX GEH30/1a W ITHTENHOM KOHTAKTe
HHM, MOpakKAlOTCs KPOBb M KPOBETBOPHBbIE OpraHbl (neiikemus). I'nruenuueckne HopMaTusbl B aTMochep
Boslyxe (CPeJHECYTOYHAs KOHIEHTpAUus): JUisl aIKaHOB JIK=25mr/m’; 15 ankeHoB n}IK=3Ml‘/M3;
Gensona IIK=0, 1Mr/M*; qnst anennena TTAK=0,5Mr/n1 B Bo3/tyxe pabouyeii 30HBL.

Ocoby10 0nacHOCTh MPEACTABIAIOT MONMUHKIMYECKHE apOMATHYECKHE YIJIEBOROPOBI, CPEZ KOTOPHX
CneayeT BbiACUTh 3,4-GEH3MUPEH, ABMIOMIMMCS CHIBHBIM KAaHIEPOTEHOM. 3,4-6eH3nupeH MpUCYTCTBYeT B0
BCeX cepax OKpyKalomiel cpeabl: B aTMOC(EDHOM Bo3dyxe, B BO3/lyXe TNPOU3BOJACTBEHHBIX M KHIbX
MOMELUCHNH, B BOJE OTKPBITHIX BOJOEMOB (BKIIOYAS OKeaHbl), B PaCTeHHSX W noyse. Mcrounukamu 34
6e1-13nupena SIBJIAIOTCSE  [IPOMBILUJIEHHbIE npeanpusaTs, Tennoanex’rpocml—muu, OTOMNUTEJIbHbIE CHCTEMBl,
Tpancriopr. OH ofpasyercs B MPOUECCE MOPEHMs MATEPHANOB; MPHCYTCTBYET B aTMOCHEPHBIX a’po30IAX — B,
ABIMOBLIX Ta3ax, KONOTH, Caxe, NbUlM, cmore. 3,4-GeH3NUpeH SIBJACTCH OYEHb CUIBHBIM KAHIEPOTEHHbIN.
BEIIECTBOM, KOTOPOE BBI3bIBAET 3JIOKAYECTBEHHBIE onyxoJjin pa:muqﬂoﬁ JIOKanu3auMu — B JIEKHX, KOXe,
MOYEBOM  My3bIPE, ~KHMLIETHO-KENyAOUHOM  Tpakre. TIJK=0,15Mkr/M° B Bo3myxe paGoueil  30Hs]
[1JIK=0,001mxr/™’ B aTMOC(hepHOM BO3IyXe.

HeGnaronpustHoe Bo3jeHcTBAE HA HelloBeKa OKA3bIBAET CBUHEL[ [17]. Wcrounukamu cBHHUA H ero
COSAMHEHHUH ABIAIOTCA MPOAYKTHI, 0GPa3OBAHHBIE NPH BBICOKOTEMIEPATYPHBIX TEXHOIOrHUECKHX Tipoweccay,
METallypriu4eckas NPOMBILIICHHOCTh, MPOAYKTHI HEMONHOTO CrOpaHus yris W GensuHa M T.1. J[ia cBHH
TIJIK=0,003mr/M> B arMocdepHom Bo3ayXe, Ul coeauHennit csunna I1JIK=0,0003mr/mM° B aTMOoc(hepHo
BO3jlyxe. CBHHEL M €rO COEJMHEHHS OTHOCATCA K CHJIBHO TOKCHYECKHM BemecTBam. OHH TIOpAXKAIOT
LCHTPIILHYIO U NEPU(DEPUHECKYIO HEPBHBIE CHCTEMbI, KOCTHBII MO3T, KPOBb, KPOBEHOCHBIE COCYIbI; HapyLIaT
CHHTe3 Ge/IKOB, BBI3LIBAIOT H3MEHEHUS B HEPBHOI, SHIOKPHHHOI 1 CEPAIEYHO-COCYTUCTON CHCTEMAX, KHIIEYH)-
KEIY/IOUHOM TpaKTe; HapyIAloT QYHKLUMIO MOYEK W NOHWKAIOT HMMYHHTET.

C KaxIbIM TONOM B pesy/bTaTe XO3fHCTBEHHOM NEATENBHOCTH UYeNOBeKa B atMocdepy mnoctynaer
OIPOMHOE KOJIMYECTBO ra3008pasHbIX COSMMHEHHH Cepbl, B TOM yMcie ceposoaopon [18]. Hcrounmkamn H$
ABISIOTCA  MOMYTHBIE  rasbi  HeTeH, NpUPOAHBIE Ta3bl, MWHEPATbHbE (CEPOBOLOPOMHBIE) BOTBI,
METaJUTypruieckas MPOMBILIEHHOCTb, NPOMBILICHHbIE CTOKH, BBIXJIONHbIE Ia3hl ABTOTPAHCIOPTA H T/
Onnopasosas MakCHMasbHas KOHUeHTpatus HyS a armocdeprom Bosayxe [1JIK=0,008mr/M>. H,S Bbiseizact
TOopa’keHue HepBHOﬁ CHUCTEMbI, NbIXaTEIbHBIX ﬂyTeﬁ W TJia3, HapyllaeT TKAHEBOE JbIXaHHe. an BBICOKHX
KOHLIEHTpaUusiX BO3MOMKHbI NoTepst CO3HaAHUs, CYAOpOTH, rajItOLMHALHHU, napanuy AblXaTeabHOro LieHTpa ¢
JICTAIbHBIM UCXO/IOM.

Takum o6pasoM, 3arpa3HEHHE NPHPOABI YETOBEKOM npeacTaBisier cofoif OaHY M3 CaMbIX APEBHHX
npoGnem uuBuM3aUMK. [TposABIIAS PECTYNHYIO GECHeUHOCTb, YeNOBeK GBICTPO U3MEHSI CTECTBEHHYIO cpeny.
obutanus. Ha MecTe OTHOCHTENSHO HETPOHYTOH Cpeibl BOBHHKATH KyNbTYpHbIE JIaHAA(Thl U TOPOACKHE
arnomepaiuu. O3epa, pekn — «KPOBEHOCHBIE COCYAIBI) CYIIH MIPEBPALIATHCH B CTOKM HEYHCTOT TIPOMBIIIIIEHHBIX
OTX010B, Bee Gombiue M Gosnblue 3arpssHseTcs atMocepa adpo3oNsMH M razamu, HEPE/IKO STOBUTHIMHA. B
pesynbTaTe ObICTPO CKyAeT KHMBOTHBIH MUp, GEHEIOT pacTHTENbHbIE COOGLIECTBA. Ipy peieHun 3aza9n
CHWKEHNS 3arps3HeHHs NPUPOAHOIE CPe/ibl IMABHBIM SIBJISICTCS CO3JAHME H BHEJPEHUE NPUHIMINATLHO HOBHX
Ge30TXOAHBIX TEXHOJIOTHYECKMX MPOLECCOB. BMecte ¢ TeM, B YCIOBHAX 3apOJIMBILETOCS JKOJIOTHYECKOr):
KPH3HCa, OCTPO CTOMT BOMPOC 3allUThl YENOBeKa OT BO3AEHCTBHS HA HEro BHJOU: it 1 3ap ]
Cpeibl, T.e. 0GecreyeHne 9K0I0rHueckoll 6e30nacHoOCTH. DKONTOrHYeckas 6e30MacHOCTh — 9TO TIPEIOTBPALLCHHE
SHAYUTENBHBIX DKOJIOTHHYECKHX KaTacTpod M apapuii B rnobanbHom Macwrabe. JOCTHXKEHME 3KOIOTHYeCKol
Ge3omacHoCTH - 9TO 3ajia4a Beero yenobevectsa [19]. CocrosiHne OKpY>KaloLIeil YeNoBeKa NPHPOBI — OJIHA H3
TNIaBHBIX MUPOBBIX HPOGJeM COBPEMEHHOCTH. DTy MpoGIieMy yUeHble PACCMATPHBAIOT Kak HeoOXOIMMYI0 4acTh
HAy4YHO-TEXHMYECKOIro pasBUTHSA. HSOGXOLWIMO BCECTOPOHHE YYHMTLIBATE BCE BO3MOXKHBIE GHHBKHE "
OTAAICHHbIE  MOCNEACTBUSA  MPOMBIULICHHOTO,  CENbCKOXO3ANCTBEHHOTO  BOSNGHCTBMA  HA  MPUPOLY,
pa3pabaThiBaTh CHCTEMY AONTOCDOMHOTO JKOJIOMHYECKOTO MPOTHO3A M Mepbl M0 JMKBHAALWMU MOCTenCTRii
3arps3HEHMs NPUPOJHON Cpeibl (0UMCTKA BOABI, BO3MyXa, MOUBkY). COXpaHeHHe M yBeTHUeHHe CTAOHIBHOCT
Guocdepsl — HacylHas 3a/1aua BCEro COBPEMEHHOTO HeIOBEYECTBA U GIvKaifiiiX MOoKoNeHHi
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BASIC CONTAMINANTS OF ATMOSPHERE AND THEIR TOXIC ENFLUENCE ON HUMAN
Erna Lekveishvili, Natela Khetsuriani, Elza Topuria
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Basic contaminants of the atmosphere-oxides of carbon, sulfur and nitrogen, hydrocarbons, hydrogen sulfide,
carbon disulfide, smoke, soot and ets.have been considered. Transport, thermo electric power stations, heating
systems, industrial enterprises represent sources of contamination of the atmosphere. The paper discusses
interrelation between the contaminants of the atmosphere and a number of various diseases caused by them.
Ways of the environment protection as well as the biosphere stability conservation are presented.
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HCCJIENOBAHME HAHOMOIM®UKA AN AJTYHUTCOAEPKAIIMX ITOPOJ] OKCHJAMA
CEPBI C LIEJIBIO UX MCITOJNB30BAHUS B KAYECTBE JAOBABOK B HEMEHT

I I.Iuaukananse, P.E.CxBurapumse*, b.®.K *, T.B.Ilap n3e, .11 Tatapamsuu*,
M.H.bypmxananze
Hucmumym ¢ KO U Op Kot xumuu um. I1.I" Menuxuweunu

*HHCMUmMym cmpoumensnoti MeXanuxu u cesicmocmoiixocmu um. Kupuara 3aepuesa

Hcenen1oBanus  BO3MOXHOCTb  HAHOMOM(HIMPOBAHUS OKCHAAMH Cepbl  ATYHUTCOAEPXKALICH MOPOaB M
AIDKapcKoro pervoHa C LENbIO e MCTIONB30BAHHS B KAUECTBE HAHONOGABKM B LEMEHTHBIX KOMMO3MLIHSX,
M3ydeHpl CTPYKTYpHBIE M3MEHEHMs, WMMEIOLIHE MecTo NPH  HAHOMOAM(DHUKALMY STHX MaTepHanos, H
YCTaHOBJICHO B HUX cofiepikanue SO;.

OcHoBHoIi 3ajaueii cosp Oro Martepuaino s ABNSETCS (POPMHMPOBAHME BBLICOKOKAYECTBEHHBIX
JOJITOBEYHBIX KOMITO3MLIMOHHBIX MaTepHuasioB, 4YTO SABJSIETCS OCHOBOM YMEHbLUIEHHUSA CCGCCTOHMOCTM "
YNyHIICHHs KauecTBa NpoAyKUMH. OXHUM U3 HanGosiee pacipoCTPAHEHHBIX METOLOB MOAM(UKALIH CTPYKTYpHI
LEMEHTHBIX KOMITO3HTOB MOXHO CHMTATh BBE/ICHHE B MX COCTAB BLICOKOAKTHBHBIX MUKPOJOGABOK, IOy HEHHBIX
Ha 6ase aKTMBHBIX aMOP(GHM3NPOBAHHBIX OKCHIOB, BXOAALIMX B COCTAB MUKPOKpPEMHE3eHa, MHKPOIIIHHO3EMa,
METaKaoJIMHHUTA, UeoNMTa U T.A. [1, 2].

B uemenrax xonuuectso SO; OTPaHUYEHO 1 cocTasiseT 3,5%. B LeMenTax e creluansHoro HasHayeHHs
zmonyctuMoe konnyectso SO; B 3-4 pasa Gonbuie.

Ha HavanbHom stane Teeprenns uementa SO; pearnpyer ¢ BXOAALMM B COCTAB EMEHTa TpeXKaJbLHEBBIM
amomunatoM C3A 1 0GpasyeTcs MEHepa STTPHHIUT C3A-3CaS04-32H,0 [1]. B 3aBucumocty ot PEaKLHOHHOM
CPe/ibl MOXKET 00Pa3OBLIBATLCA PAHHMH, TIEPBUMHBIA MM BTOPHYHBI ITTPUHIUT. PaHHUI STTPUHIUT BIMAET HA
CPOKH CXBATBIBAHMA LIEMEHTA, A TAKKE HA MPOUHOCTB, 0GPA3OBAHKE BTOPUUHOrO ITTPHHINTA (T.H. ,,LIEMEHTHAL
Gaunnna,,) HeXenaTesbHO, Tak Kak C €ro HATM4YMEM CBS3aHbI JECTPYKTHBHBLIE W KOPPO3HOHHBIE MPOLECCH,
KOTOpbIE MOTYT HMETh MECTO B LieMeHTe, GeToHe. [103TOMY npu TBEpAEHUH B PeaKLHOHHOMN CPeJie NOMKHBI ObiTh
CO3JAHBI TAKHE YCIOBHS, MPU KOTOPbX SO; MONHOCTBIO XHMUYECKH DPearupoBai Obl ¢ LEMEHTOM ¢
06pA30BAHHEM PAHHErO STTPUHIUTA, T.e. 4T06 SO; TNONHOCTBIO HCHOB30BANCA GbI ZUIA TIOBBILICHHA
MeXaHH4eCKOii MPOYHOCTH LeMeHTa [2]

Munepan anynnt (K, Na)Ali(SO4)(OH)s, KOTOpbIH ABISETCS ATIOMOCHINKATOM HATPUS U KaIus, MOXKET
GbITh HCTIONB30BAH C LE/IHIO BBEAEHUS B COCTAB LEMEHTA OKCHAA Cepbl. AJIYHUT WJIH, KaK €ro PaHbLue Ha3bIBal,
»»KBAacCUOBBIH KaMeHb,, GbIT W3BECTEH B MUpe, B TOM uucie n Ha Kapkaze. C JAPEBHEHINMX BpEMEHH M3 HEro
ToJTyalu KBaclbl, KOTOpbIe HCNONL3OBATNCE B IeUeGHbIX LesX. B Tpuauatsie roxst XX Beka cnpoc Ha anyHt
pacteT. Ero nenone3sylor kak KOMILIGKCHYIO pyJly, U3 KOTOPOH M3BIEKaiOT 0K 40 Pa3NUYHBIX BUJIOB ChIPhL
(amoMHHIHA, CepHas KMCNIOTA 1 e& COMM, pasnuyHble abcopbenTsl); Takxke ¢ YCNEXOM NPOM3BOMAT alyHUTOBHIE
CHELLEMEHTSI [3] .

B I'pysuu ajyHMTOBBIC NMOPOAbI B 3HAUMTENHLHOM KOJMYECTBE BCTpeustoTest B Amkapun [4] OGbekTom
HALIETO M3yueHuss M ObUIM  QNyHHTCONEPXKALIME TMOPOABI  A/PKAPCKOro MECTOPOX/IeHHs. Pesyibratsl
XMMUUECKOrO aHANM3a 3TOH NOPOAbI NpHBe/eHbl B Tabuvue 1. Kak BUAHO U3 ZAHHBIX XHMHYECKOTO aHATIH3a,
KOJIHYECTBO OKCHJA Cepbl B HCCNenyeMoM odpasie coctasnser 3,75%.

Tabnuua 1. Xumuyeckuii cocTas anyHuTCOnepsuei TIOPOJIB! A/PKAPCKOTO MECTOPOXKAEHHS
[Si0, [TiO, [ALO; [Fe03 [CaD | P,0s |MnO_[SiO; | NaO [K:0 [ mmn. [ sm
(7139 [07 1110 [10 [07 Toa4 07 1375 103 |02 75 |40

PeHTreHOnPakTOMETPUUECKHH — aHAIN3  AlyHUTCOAEPHNAIMX  TOPOJ, KOTOPbI  npoBoxwmi  Ha
aubpaktTometpe ,,JIpoH-2,, MpH CKOPOCTH CKAHUPOBAHHS 1°/MuH. nokasan (puc.1), uto B Mccne%yemou obpasiie
Kkpome anynuta (K, Na)AL(SOq):(OH)s (- 1,747°A; 1,900°A; 2,28°A; 2,966°A; 4,89°A; 5,68°A; B Gonbuon
xonmuyectse conepxutcs kBapu (Si0;)-1412°A; 1,54°A; 1,673°A; 1,817°A; 1.980°A; 2,1250A; 2,454°A
3,348°A; 4,254°A; m xaomunut (ALO52Si0,-2H,0) — 1,488°A; 2,332°A; 3,58°A; 7,15°A.
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B cucteme TBepaas (asa-TBepias (asa MPOBOAWICS NPOLECC HAHOMOAM(MKALMM IyTeM ClIeKaHus
aTyHHUTCOAEPXKAIIEH NopoAbl C Cyib(}haToM HaTpus NpH 650°C B TeyeHHU ABYX YaCOB. XHUMHYECKHil aHAIN3
NOJIYHeHHOTO HaHOMaTepuala Mokasan, 4To coiepxanue SO; B obpasue mocturio 35,6%. 3atem GbuIo
NPOBEASHO MHCCIeJ0BaHHe alyHHTa U ero Hado-bopm meropom MK cnekTpoCKOmHM C HCMONb30BaHHEM
cnektpodpotomerpa UR-2 B cpeaneii MK o6nacti. DkcnepuMeHT nokasain (puc.2), 4To y HayanbHO# (GopMbl
ofpasua HMeIOTCS Kak SPKOBBID@KEHHblE Je(OpPMATHUBHBIE BHYTPUTETpadpHUUECKHe (4800M"), TaK M
MexTeTpadpuyeckue (545, 610 u 640cm™), a Tawke BaNeHTHBIE MeXTeTpasipuueckue (960, 1040 o™y
BHyTpuTeTpasapuyeckue (810, 11 10em™) mosocst koneGanms.

i
¥
>
b
X

Puc. 2. Cnextpsl B cpeaneit UK-o6mactu o6pasuos
ATyHUTCONEPIKALLEH OPOABI:

1 - ucxoHOM, 2 - HarpeTol 1o 650°C u 3 - nocne
CrieKaHusi pu 650°C ¢ Na,SO;.

962
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HccnenoBanue 06pasloB anyHuta MeToRoM MK CrieKTpOCKONHMH M0Ka3aso, YTO COAEPKaHHe KONMueCTB
Bobl B anyHutax menser MK criextp. B 9ToM misie 0000 UyBCTBHTENIBHBI NONOCH! TETPAadAPOB SO4 B
nuanazoHe 1240-1030cM™, KOTOpBIE UMEIOT TPH APKO BBIPSXKEHHBIX NIHKA, M3 HUX MAKCHMAIBHBIM ABNACTCH
cpeuuii [5]. B Hamiem ciyuae, B 3TOH 06J1aCTH y alyHHTCOACPIKALIEH MOPOASI HabJIIOfaeTCs Moocs CHIIbHOM
MHTEHCHBHOCTH C MAKCUMYMOM 1110em™ 1 ¢ nesom 1040 u 960cm™. CrefyeT y4ecTb, 4TO B 3TOH e 06aactu
HabmoarTes e(pOpMalHOHHBIE M BAJIEHTHBIE MHTEHCHBHBIE MOJI0CE! konebanus y anFOMOCHINKATOB [6], 1 uTO
Ham obpasel KpoMe IyHHTa B GONBLIOM KONWYECTBE COASPXKUT KBAPL M noseBoit mmar. Beé 310 BbI3bIBACT
nepexphITHe MoJoc B 3ToH o6nacTu UK criekTpa u HapyWaeTes: XapakTepHas [id anyHUTa of
CreKTpa.

[Mocne HarpeBaHus alyHHTa MpU 650°C meusietcst o6mas kapTuHa ero MIK criekTpa, uTo CBUIETEIbCTBYeT
06 H3MEHEHHSX, TPOUCXOMALUX B €ro CTpyKType. OCOOEHHO CIENyeT OTMETUT: YMEHBIICHHE UHTEHCHBHOCTH
nehopMaLOHHBIX MONOC konebanus 610 u 640cm™ .

Vnas kapruee HaGmopaercs wa WK  cnextpe obpasua alyHHTCOZIepIKallel MopoAbl, KoTopas
HaHOMOAMGbHMIMPOBaHA CNeKaHWeM ¢ Cyib(aroM HaTpus (prc.2, (3)). 3mech CYLUECTBEHHO yBEIMYMIACH
WHTEHCHBHOCTB Mosoc 625 1 645 cM™.

U3sBecTHO, uTO CBOGOAHBIE MOHBI SO; NPUUNCISIOTCS K Td ToyeuHOW rpymnme BBICOKOH CHMMETPHH.
COOTBETCTBEHHO M3 YeTbIpex OCHOBHBIX 4acTOT MK CrieKTpa AKTUBHBIMH YaCTOTaMM SBJISIOTCA TOJIBKO V3 ¥ Vg
wacToTsl. Jlns MOHOB SOy V3 4acTOThI HaOJIONAIOTCA B WHTEpBane 1050-1140cm™, a vy wacToTsl Mexzay 570-
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645cm”. B samicumoctn ot CTPOCHHS TETPAAPUYECKMX KPUCTAIOB CYNb(ATOB COOTBETCTBYIOLIHE HM
KonebaHus PBYTCA HA ABY WM TPEXTONOBBIE NONOCH YacToT [5] B Hamem ciyuae yBenuuenue uoHoB SO; B
obpasiie BbI3BAIO YCHIIEHME WHTEHCHBHOCTH JIBYTOJIOBBIX NYIJIETHBIX TOJNOC KoneGauus 624 u 645cM’,
TlonyyeHHble pe3yibaThl MOAKPEIIAIOTCS Pe3yNbTaTaMH XMMHUECKOTO aHain3a: B MEPBOM Clyuae, KODM
conepxanue SO; B 06pasue COKPATHIOCH O MHHHMYyMa, COOTBETCTBEHHO 10 MWHMMYMA YMEHbLIHNACH
VHTEHCHBHOCTb T10JIOC M, HA0GOPOT, MpH yBenuueHun komuuectsa SO3 B 06paslie MHTEHCHBHOCTD MOJIOC PE3KO
BO3pociia.

Ha Beex Tpex ofpasuax Gbuia M3ydyeHa aacopOuus BOASHBIX napoB npu P/P=0,4, 250°C, BpEMd
akenepumenta 110-120 vacos. TTonyyero, YTo ancopGiws BOASHBIX 1APOB MHHUMAIbHA KaK y UCXOMHBIX, 4, B
0COBEHHOCTH, Y HAHOMOAHDULIHPOBAHHBIX GOPM.

Taxum 06pa3om, Mbl MMEEM HAHOAOGABKH ¢ PA3IHUHbLIM cofepxannem SO3, KOTOPBIE MPY HEOGXOAUMOCTH
HCIONB3YIOTCS U CTPYKTYPHOM MOAM(HUKALNN LIEMEHTa.

[TpoekT ocyrecTsen npu GpuHaHCOBO! Monaepxke I'pysunckoro HalmoHasHoro
Hay4noro ¢onpa (rpant NeGNSF/ST07/7-253). JlroGbie HayuHble MOJOXKEHHS,
coiepxkauliecs B MyONvKalUuH, TPHHAIE)KAT aBTOPAM M MOTYT He OTpaKaTh
muenue ['pysunckoro HaumownansHoro HayqHoro $ponza.
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INVESTIGATION OF NANO-MODIFICATION OF ALUNITE-CONTAINING ROCK OF SULFUR OXIDE
WITH PURPOSE OF THEIR USE AS ADDITION IN CEMENT
Giorgi Tsintskaladze, Rajden Skhvitaridze*, Bela Keshelava*, Tinatin Sharashenidze, Giorgi Tatarashvili*,
Manana Burjanadze
Petre Melikishvili Institute of Physical and Organic Chemistry
*Kiriak Zavriev Struktural Mechaniks and Earthquake Enginering Institute

SUMMARY
Possibility of nano-modification of sulfur oxide of alunite-containing rock from Adjara Region has been investigated
with the purpose of their application as addition in cement. The structural changes having place at modification of
these materials are examined, and the containment of SO; has been established.
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XUMHYECKAS TEXHOJIOI'UsI

K ITIPOOECCY COPTUPOBKH CUHTETHYECKHX AJIMA30B B YCJIOBUSIX
BE3PEATEHTHOU SJIEKTPO®JIOTALIMA

H.A.TI'erus, I'.H.3Buananze
Kasxasckuti uncmumym munepanvrozo coipes um. 4. Teanupenudze

TTopouwky CHHTETHYECKMX aMa30B - HauGoIee HCMONb3yeMble MaTepHalbl MPH W3TOTOBJIEHHH
CHELMANBHBIX MHCTPYMEHTOB Ul HYXK/ PasiMuHbIX obnacTei npoMbiuuieHHocTH. Jlanasod cnpoca Ha
HHX OGYCIIOBIMBACT LIMPOKHIT CHIEKTP NPeIONKEHMH NPOM3BONMTENIEH aTMa30B.

TpelGyemblii ypoBeHb TBEPAOCTH M APYrHX CBOWCTB, 0GECTIEYMBAIOIMX HY)KHOE KAYECTBO MPOAYKTA,
onpezensercs GOpMOl HaCTHIL, IUCTIEPCHOCTHIO MOMYyYaEMBbIX [OPOLIKOB M AOCTUTAETCS, B OCHOBHOM, TIPH
HX CHHTe3e.

CyuecTBeHHOE pasnuune pasMepos, GOPM M yAEIbHOH MOBEPXHOCTH 3€peH CHHTE3MPOBAHHOTO
MOPOLIKOBOTO MPOAYKTAa TMPUBOAMT K HEOOXOAUMOCTH OOS3aTeNBHOTO BKIIOYEHHS B TEXHOJNOIHIO
MPOH3BOACTBA CHHTETUYECKMX AIMAa3HBIX MOPOIUKOB 3B€HA COPTUPOBKH. MeXaHHUecKasi COPTHPOBKA 3epeH
pasMepoM 10 125 MHUKPOH OCYINECTBNSETCS Ha BHOPALMOHHBIX CTONAX, a /IS BBIAENEHHS Gosiee METKHX
TBEPABIX YaCTHL[ AIMA3HOrO MOPOLIKA B MEHHBIH NPOMYKT, MPUMEHSETCH METOJ PeareHTHON (GIOTALHN.
Huskas ceneKTHBHOCTb NOCJIEIHEr0 MeToa 06y CIIOBHIA [IOCTAHOBKY 3a/a4H 110 paszpaGotke Gosee s(pek-
THBHBIX METOAOB CEJEKLHMH CHHTETHYECKHX aIMa3HbIX NOPOILKOB [1].

Panee, ofHuM M3 aBTOPOB HACTOsILUEH CTATHH COBMECTHO ¢ Kosuteramu 13 UTIKOH AH CCCP 6bin
HCTIONB30BaH METO/ Ge3peareHTHON 3MIEKTPONHTHYECKON (IOTALMOHHOW COPTHPOBKM CHHTETHYCCKHX
aIMa3HBIX MOPOMIKOB M pa3paboTaH crocol X pasieneHns Ha (pakuuy pasanyHOM TBeprocTH [S]. B
HACTOALIEH CTAaTbe JOIMOJHHTEIbHO U3J1araloTCsi HeKOTOPBIE acTeKThl aHAJTM3UPYEMOTo Nponecca.

Anma3sbl, B TOM 4YHMCJIE M CHHTETHUYECKME, OTHOCAT K STAlOHHO TBEPIBIM, WIH, KaK HHOIJa
ONpeIeNIAIOT - IPOYHBIM MaTepUaaMm.

B cBA3u ¢ TeM, 4TO 3TH CBOMCTBA (TBEPAOCTb M NPOYHOCTH), KaK MPABHIIO, HCTIONB3YIOTCH JUIS
XapaKTEePHUCTHKH aJMa30B, CYUTAEM HYIKHBIM YTOYHHTb B3aUMOCBA3b Mexay Humu. Ctporo opmansHo,
MPOYHOCTh ¥ TBEPAOCTh PA3/IMYHBIX TBEP/bIX MATEPUaIOB — NPHPOJHBIX M PYKOTBOPHBIX - MOHATHS HE
HAeHTHYHBIC. BelectBO MoXkeT ObITh TBEPABIM M OJHOBPEMEHHO, KaK anmas, XpynkuM. Ilpounocts
TBEPABIX TEI B MOHO- M TNOJMKPUCTAUIMYECKOM, a TaKkkKe B TMOPOLIKOBOM BHIE XapaKTepusyer
CONPOTHBIISIEMOCTh K HEOOPATHMBIM W3MEHEHHSM (DOPMbI MPH PACTHKEHHH, CKaTMM WU u3rube, T.e.
CTOMKOCTb K paspyuieHdto. TBepaoCTh Ten XapaKTepH3yeT €ro COMPOTHBISEMOCTh HeOOpaTMMOMY
H3MEHEHHIO (OPMBI NPH BIABIHBAHHHM MOBEPXHOCTH, T.€. COMPOTHUBJISEMOCTb K NPOHUKHOBEHHUIO JPYroro
TeJla Yepe3 MOBEPXHOCTh JJAHHOTO TeNa.

Takum 0Gpa3soM, TBEPAOCTb M MPOYHOCTH XapPAKTEPU3YIOT COMPOTHBIAEMOCTh K U3MEHEHHIO GopM
Tel TP TPHIOKEHHH BHELIHEro BO3JCHCTBUA KO BceMy 00bemy (MPOYHOCTb) M NpH MPUIOKEHHH
BHELIHETO BO3ACHCTBHA HA MOBEPXHOCTh (TBEPAOCTD).

CTporo roBopsi, MUCIBITBIBasS TBEPAOE TENO HA MPOYHOCTb WJIM TBEPAOCTb, Mbl MPECNIENyeM Lenb
ONIpENIeNIUTL BENMYHHY CONPOTHBIAEMOCTH Tela JMGO K MOJHOMY paspyIIeHMio, JM60 K H3MEHHHMIO
nepBoHa4anbHoOi GOpMbI.

U NpouHOCTb U TBEPAOCTh Tel 00YCIIOBICHHbI CHIAMH B3aUMOACHCTBHSA X MOJIEKYJI, aTOMOB, HOHOB.
CHNbl 5TH 3aBUCAT OT MX B3aMMOPACIIOJIONKEHHS, NIPUPO/IbI XHMHUECKON CBSA3H, BAJIEHTHOCTH JJIEMEHTOB,
KOOPAMHALMOHHOTO HYMC/IAa U CTPYKTYPBl KPUCTAUTHYECKOH PEIIETKH, T.e. MPOYHOCTHDBIC M TBEPAOCTHBIC
cBojicTBa Ten OGYC/NOBJIEHbl OJHMMH M TEMM )K€ CHJAMM, 3TH CBOWCTBA CBA3aHBI Mexuy oot u, B
HEKOTOPOM TPUONIWKEHHH, HX MOXHO CUMTaTb PABHOLEHHBIMH IO OKA3aHMIO COMPOTHBIIAEMOCTH,
MPOSBICHUIO CTOMKOCTH K Pa3spyLICHHIO MIM 3HAYHTEBHOMY H3MEHEHWIO MepBOHauanbHOH (OpMbI Mo
BceMy 06beMy (MPOYHOCTB) MM MOBEPXHOCTH Teja (TBEpAOCTh). BMecte ¢ TeM, CHIbI B3aUMOACHCTBHA
MEsKAy MONEKy/aMH, aTOMaMH W MOHAMH Ha NOBEPXHOCTH TEJl MEHEe YPABHOBELIEHHBI, UeM B MIyOnHe
CTPYKTYpBI M [IPH XAPAKTEPHUCTHKE H3MEHEHHs HX TIePBOHAYANILHON (OPMBI, C/IENlyeT pasiudaTh CBOACTBA
CTOMKOCTH BEILECTBA HA MOBEPXHOCTH (TBEPAOCTB) OT CTOMKOCTH BELIECTBA 1O Beemy ofbeMy. Boobuie,
YeM CUIIBHEE XMMUUECKHE CHITBI, TeM TBeprke Matepuas. Tak, KOBAJIGHTHOCTD CBA3M MeXIy aToMamy (Kak B
anMasax) OOYCOBIMBAeT MX OGOJIBLIYIO TBEpAOCTh. BOJBIMHCTBO MaTepuasoB C KPHCTALIHMECKON
PEleTKON M3 MOJIOXKHUTENBHBIX HOHOB M KOJUIEKTHEM3UPOBAHHBIX SIIEKTPOHOB, MPOSBISET CKIOHHOCTL K
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nyIacTHYeCcKol NeOpMALMK, YTO OrpaHHYMBAET WX XPYNKOCTb B HOPMAJIbHBIX YCHOBHAX. Takum
pecypcamu He 06JafarOT HEMETa/bi ¥ O0Pa3oBaHHbIE ¢ UX y4aCTHEM GOJBIIMHCTBO HEOPraHHUYECKHX
COEMHEHWH W MHUHEpasibl, BKJIOYAs alMasbl, IMPOABJISIOUIME CBOWCTBA XPYNKOCTH MNPH HAIMYAH
ype3BbIYaiHON TBEPAOCTH.

ToapiTosKMBas, cCunTaem Gosiee OTIpaBIaHHBIM CTOMKOCTh alMa30B XapaKTepU30BaTh UX TBEPLOCTHIO.

HeypaBHOBEWIGHHOCTh XHMHUECKHX CBsi3ell M pasindne dHEprui yacTvy B riyGuHe o6bema M Ha
NIOBEPXHOCTH TEN MPUBOAAT K TPOSABJICHHIO OCOGBIX CBOMCTB Ha Mex(asHbIX IpaHHL@X pasiena. O10
MPOABJIAETCA B TIPOLIECCAX a/ICOPOIMH, cMauMBaHus, GOPMUPOBAHUS TEKTPHUECKUX CIIOEB NPUIrPAHHIHBIX
obnacreii conpukacarommxcs a3, BOIHUKHOBEHHH dJIEKTPHUYECKHX T0JIeH Onpeie/IleHHO HaNpsKeHHOCTH
B YCJIOBHSIX JIBYDKEHUiT 3TUX (a3,

Amnanus ¢prioTalui NpaKTHIECKH UETMKOM OCHOBAH Ha MOJEIHPOBAHHH MeK(DA3HBIX TTOBEPXHOCTHBIX
MPOLIECCOB U HCTIONB30BAHMH X (DU3UKO-XHMHUYECKHMX 3aKOHOMEPHOCTEH.

DnoTauus, Kak SABICHHE BCIUIbIBAHMS TBEPAOTO Tejla B TOW WIM WHOW JKMAKOCTH [PH y4acTHH
ra3oBoi (asbi, HEMOCPEICTBEHHO OCYILECTBISETCS MMEHHO B3aHMOISHCTBMEM TOBEPXHOCTEN TBEpIOH,
JKHKOM M ra3oBo¥ (a3, MPUBOSIIErO K NPUIMNAHMIO FA30BOTO My3bIPbKA K NOBEPXHOCTH TBEPAOTO Tena.

B npouecce peareHTHOH (IOTALMM YCIIOBHS MPUIMIAHUS Ta30BOTO Iy3bIpbKa K MOBEPXHOCTH
TBEPAOrO TeNa, CO3JACTCs MyTEM BHECEHMA B OKMAKYIO a3y BemecTs, O0yCIOBIMBAIOUAX
ruapopobH3ALMIO YaCTHLL TBEPAOTO Tejla, HAXOMAIMXCA B JKMIAKOM, OOBIMHO BOAHOIM dase. PeareHTHbIH
BapHaHT (IOTALMOHHONO MPOLECCA, COCTABIMIOMIMI OCHOBY GONBIINHCTBA COBPEMEHHBIX TEXHOJIOTHI
CENEKIMH TOMKOMIIOHEHTHBIX W PA3HOJMCIEPCHBIX CHCTEM, MMEET PsJ CYLICCTBEHHBIX HEIOCTAaTKOB,
TAKMX KaK 3arps3HEHHE CHCTEMbl peareHTaMu, a JUld psla CHCTEM OTPAHHYEHHOCTb MoAGOpa PeareHToB,
00eCTeUNBAIOIMX HYIKHYIO CEJIEKLHMIO HHTPEUEHTOR CHCTEMBI.

OpHUM W3 TIEPCTIEKTHBHBIX HANpaBlIeHHH pa3paboTkh 3(p(EKTHBHON TEXHOJOTUH  CeNeKUHH
npeacTaBisercs Ge3peareHTHas NeKTpodIOTaLMS, KOTOPYIO B JIMTEPATYpe MMEHYIOT JIEKTPOIMTHYECKOH
baorauueit.

Crporo roBops, Ji000# (GIOTALUMOHHBI NPOLECC NPOXOMAUMH B TETEPOreHHOH CHCTeMe,
NPE/CTABIEHHON CONpHUKacarommMucs (asamu, oGyCIOBICH XapaKTepoM B3auMOJENCTBUS W JAMHAMHKON
B3aHUMHOro jBWkeHUs (a3. OH HeNoCPeICTBEHHO CBS3AH C IEKTPUYECKUMU SBICHHAMH HA IPaHUIAX
pasnena a3, (OPMMPYIOIIMX MEXaHW3M SJIeKTPOAHBIX U  3NIEKTPOKMHETHYECKHX MPOLIECCOB Ha
MOBEPXHOCTH UX pasJiena, a TOYHee B NMPOMEIKYTOYHOM MeX()a30BOM NPOCTPAHCTRE.

Ha rpanuue pasiena a3, npy ao0bIX COCTOSHUAX 00Pa3yOLIHX HX BELIECTB, HABIIOMAeTCs CKauoK
9/IEKTPUYECKOTO MOTEHLHUANA, ONPEAENAEMbIH Mepepacrpe/ie/ieHHeM EKTPHIECKHX 3apA/IoB B yKa3aHHOM
MesK(azHOM NPOCTPAHCTBE M XapaKTepU3yOLuh 1BOHHOM 3nekTpuueckuit ciioit. BMecte ¢ TeM, CoxKHOCTS
CTPOEHMS HBOMHOIO 3JIEKTPUYECKOro COsi y TOBEPXHOCTH TBepHoH (asbi, TouHee B MeK(asHOM
NPOCTPaHCTBE, & MMEHHO Hanuude B HeM JU(QY3HOH uacTH ¢ BO3MOMKHOCTHIO —TEpEMELICHH,
HaXoAsALIeHCs B Hell sxxuaKol (asel, yriekatolen coboi 3apsbl, BKIOUaeT B cebst OCHOBY (hOpMHpOBaHHI
cneunpUUecKX EKTPHUECKHX ABNCHHU B MPeaenax CTPYKTypPbl IBOMHOIO 3IEKTPUYECKOrO CIIOS.

Jlns noHnMaHus Mexanu3Ma (IIOTaLOHHOrO NPOLECca YPe3BbIMaiHO BaXKHO TO 0BCTOATENBCTRO, 410
NpY  TepeMelieHuH  CONpHKacalomuxcs (a3 Apyr OTHOCHMTENbHO —Jpyra, BO3HMKAeT — CKAuok
9MEKTPOKMHETHYECKOTO (/13¢Ta) MOTEHIMANa, Mo CBOeH MPUPOAE M BEJIMYMHE OTJIMYHBIN OT CKauka
NOTEHLKANA B IBOHHOM 2JIEKTPHUYECKOM CJI0e B IPOCTPAHCTBE COTIPHKACAIOLIMNXCS, HO HEMOABHKHBIX (a3,

U3BecTHO, 4TO Ha JIIOGOH TBEPIOH MOBEPXHOCTH TMPH CONMPHKACAHHH C JKHIKOCTHIO MPOUCXOJHT
afcopOLMs MOHOB, TPEJCTABIEHHBIX B KHIKON (haze BEUIECTBA UM AMNONBHBIX MOJNEKYJ PACTBOPHTEN,
YTO MPMBOAMT K OOPa3’OBAHMIO ABOWHOrO 3JEKTPHUECKOro CJI0sl, LEJMKOM PAacroNIOXKEHHOTO B IKMAKOH
(ase. CBs3b afiCOPOUPOBAHHEBIX MOHOB M MIOJBHBIX MOJIEKYJl Ha HEKOTOPOM PAacCTOSHHM OT TBEPAOH
MOBEPXHOCTH HACTONBKO cjraba, uTo CIOM JKMAKOCTH MOXKET NepeMeLaThes, yBiekas 3a co0o# 3apsbl
ocraBuleiics 4acth  AMG Y3HOro CJIOSi C ONpENENIeHHBIM — TOTCHLUHMATIOM WM HAoGOpOT, 9Ta YacTh
JIBOMHOTO CNOS MOXKET NIepeMeLlaThes B 3JIEKTPHUECKOM M0Jie, yBieKas 3a coboi MosieKysibl xuakoctd. Ha
MCTONb30BAHWK 3TUX SIBJICHUH OCHOBAHO (HOPMHPOBaHHME M M3MEPEHUE M3€Ta MOTEHUHaa.

H3mepenws NPOBOAMIMCE Ha TIOPOLIKAX CHHTETHUECKNX aIMa30B PasHbIX MaPOK ¢ TBEPAOCTHIO 20-40
HplOTOH. Pasmepu 3epen 180-80 MukpoH. B kauecTBe 3MeKTpOIMTa MCMOIB30BAICA PACTBOP XJIOPHCTONO
HaTpHA.

Tlpu nepeMeleHH YacTHL AIMa3HBIX MOPOIIKOB M OAEKTPONMTA, (hasbl 3apsukaroTcs 3apsiaM
NPOTHBOMOJIOKHBIX 3HAKOB, PHYEM, 3HAK 3aps/Ia 3aBUCUT OT BEJIUUHMHBI [MAIEKTPUUYECKHX MOCTOSHHBIX
BELECTB, MpeJCTaBsiomux Ga3 M OT NPUCYTCTBHA B XKHAKOH (hase BellecTsa, NPUAAIOIIETo el CBOHCTBA
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AMEKTPOITHTA. Kak npasuio, Npy yBENMYEeHHH KOHLEHTPALIMH EKTPOIUTA M3-3a YMEHbIICHUs M dy3HOM
YaCTH JABOHMHOI'O CJOsA IPOMCXOOUT YMEHBIUCHHE  BEJIUYHHBI OJIEKTPOKMHETHYECKOr0 noTeHUHa1a H
;f:;]d)l(eﬂﬂe €ro BEJIMYWHBI K CKaUKy [MOTCHUHAla MEXIy HenOHBH)KHOﬁ u llBH)KyllleﬁCfl YacTaiMH1 )KHI[KOﬁ
bl.
Ha PpHCYHKE 1 NpeJICTaBJICHa 3aBUCHMMOCTh [3€Ta INOTEHUHMala OT KOHUEHTpauWu 3JIEKTPOJIUTA.
Kpmssle YKa3bIBatOT Ha CHWIXKCHUE BEIIUUMHBI JICKTPOKMHETHYECKOro MNOTEHOHAIa IpH YBEJIMYCHHE
KOHUCHTPaLUUH dJICKTPOJIUTA.

‘Txlo_fs
504
4o Puc. 1. 3aBucuMOCTb
91EKTPOKAHETHIECKOTO
i OTEHUMAIIA OT KOHLEHTPAHH
él JMEKTpOIUTA

1 - Na,CO;

90 2 - Na;SO,
3 —NaCl

104 !

3 %
T T Y T
ol 03 0.5 1.0 C, Moty

DNIEKTPOKMHETHYECKHIT TOTEHIMAN CHHTETHYECKHX ajMa3OB MMEET OTPHUATEIbHBIA 3HAK, 4TO
NOXTBEPXKAAET M3BECTHOE IPABMIO O 3apsUKEHHOCTH TBEPHOH (hasbl, MMEIOWMA MeHbLiee 3HAuEeHHe
IMONEKTPUUECKOH TOCTOSHHOM, N0 CPAaBHEHMIO C BOMOH, 3apsKAlOUEHCs MNONOKUTENLHO H, HTO
NPUCYTCTBHE B KMAKON (ase 2MeKTpoNuTooGpasyloero XJIOpuCTOro HaTpUA He HapyllaeT yKasaHHoe
TPaBUIIO.

Ha pucyHke 2 MpeACTaBleHa 3aBHCHMOCTD SJIEKTPOKMHETHYECKOro MoTeHUasa OT pasmMepa HacTHLl
CHHTETHYECKOrO ajiMa3a, MOKa3bIBAIOLIEro, YTO C YKPYNHEHHEM 3€PEH BEIHYHHA 3JIEKTPOKUHETHYECKOro
fnoTeHuMANa yMeHbluaeTcs. 110 Mepe yKpyMHEHWs YacTHL, WX MOBEPXHOCTHAs JHEPTHs yMEHbIIACeTCH,
3ATPY/IHSETCS AncOpOUMs WOHOB, NPUBOMALIAA K NOABICHHIO 3apsioB M (DOPMHPOBAHMIO CTPYKTYpbI
mudy3HON HacTH, ONpeaeNsIolIel BEMUNHY 3/1eKTPOKMHETHYECKOrO NIOTeHLHANa.

‘fx'()',s 8
220 4
%00
180 4 Puc. 2. 3aBHCHMOCTE
1% 3MIEKTPOKUHETHIECKOTO OTEHIMANA OT
il | pasMepa YacTHLL CUHTETHYECKUX alMa30B
10 1- mapka AC-32
1904 2 —mapka AC-50
{004 % —

%0 100 1o Mo 160 g0 %00 Clymepo

TMpuBeieHHble JaHHBIC MONTBEPIKAAIOT MPAMYIO 3aBHCHMOCTE JICKTPOKUHETHHECKOrO noTeHIHMana
OT cocTaBa ONEKTPONMTA M pasMepa  YacTHl  ATMasHOro  Moporika. C  Jpyro#  CTODOHBI,
37IeKTPOKMHETHUECKMI  IOTEHIMAIL,00YCIOBICHHBIA  JIBIOKEHHEM  COMPHKACAIOLUUXCA ¢a3, B ciydae
IeKTPOIHTHYECKOH (PIOTALMM QIMA3HBIX NOPOILIKOB OTHOCHTENBHBIM JIBIOKCHHEM HaCTHLL anMa3oB
(tBepnasi daza), snextponura (Kuakas ($asa) U JEKTPONM3OM MONYHEHHBIX TasOBbIX IMy3BIPBKOB,
OCYHIECTBASIOMMX ABIKeHHe (a3, BIMSET Ha MOBEPXHOCTHEIE MeskgasHble CBOWCTBA BO3HWKHOBEHHEM
7EKTPOKATMILIAPHEIX ABIEHHH, 0GYCIOBIMBAIOMWMX B3ANMOCBA3h: TBEPAd YACTHULA — KHMAKOCTE, TBEPAAs
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UaCTHLA — Fa30BBIH My3bIPEK, HKUAKOCTH — ra3oBblil My3bIpek, obecrednsas NPEUMYILECTBEHHBIH BEIGOP
naptiepa B QJHOTOKOMI'UICKCe, co3aagasi yCiaoBUsS Ul TNIPUTTMIIAHKA ra30BOro Iy3bIipbKa K TIOBEPXHOCTH
TBEPJOH YaCTHLBI. ]

R0BGIASGIAS — REFERENCES — TUTEPATYPA

1. Jlasap B.P, I uti B.A., M A.A., Assaymos M.H. (1969) O6 nuTeHCHUKALMN H3BTCUCHNS
MENKHX aIMa30B 3IEKTPOIHTHYIECKOH daoTauun. JOM, Ne6, U1 AH MCCP. Kuumunes, c. 50-54.

2. Aesaxymos M.H. (1971). Usyuenue $roTaumum METKMX ajiMasoB C NPUMEHEHHUEM 3EKTPHUECKOTO TOKA.
Astopedepar. M., 18 c.

3. Mamaxos A.4. (1975). CoBpeMeHHOE COCTOSHME H NePCHEKTHBBI IPUMEHEHHs JNEKTPOJIUTHYECKOH (oTaimn
semecTs. M3a. "Itnunue". Knunes, c. 99-108.

4. Anexcees B.C. (1962)-Bnusnne pH cpeibl Ha cOCTOSIHME MOBEPXHOCTH aniMa3oB TIPY W3BJIEUCHUH (H3UKO-
XUMH4ECKUMH MeTonaMu oborauenus. L{setrbie Metamnl. Ne 6, ¢.76-78.

5. Jlaspunenxo A.A., TI'eeus H.A., Kopnunos FO.II., Hosdpaues B.H., FOouna T.B. (1986). O B3aumocsssn
3MEKTPOXUMUYECKUX [IOTEHIUHMAIOB C (PIOTHPYEMOCTBIO CHHTETHYECKNX AIMa3HbIX MOPOIIKOB. B ¢6.: «MeToms!
TIOBbILUCHNA 3P PEKTHBHOCTH TIepepaboTKH MHHEPAILHOTO Chipbsi». UITKOH AH CCCP. M., ¢. 52-57.

6. A.C.Ne 1474962 Jlapunenko A.A., I'erust H.A., Tombman AM., Kopuuio fO.I1., Hosapaues B.U., FOnuna
T.B. (1988). Criocob paspenieHns CHHTETHHECKHX MOHOKPUCTAINIHYECKUX AIMA3HBIX MOPOIIKOB HA paxum
PasIMYHON NPOYHOCTH.

3B35BI6BHM INIFIBSGHMBRMBSSGO0L 306MBIBBO LOEMIBIGO SLRISLIBOL RSLSGOLLIBOL
3GMGILOLOZOL
6ab%e6 ag309, 3030 Bgoswsdy
bbos ys549b00b s.og0emgEgmadol dobgoegtio bawengmemols ob6bgocg o

®Jb0I3J

336bogmgmas g Oomaggho Bemerds(300m Loborg ko 3mdslgdals @sbstolbgdsbosd
©33338069d 7m0 bemgoghme Lsgoobo. dgsto Lbggmgdol, 50dsligdol Rsorgmom, Lod®goobs s Lodsg@als
3963bsbg@gren 3Gmglgdal sBamabol Legdzgmby wsbedgmgdnmos dgmgamdol Lodsatoo  semdsbgdal
sbsbosogdal Lsgodmgds. dgsto (smdsbo) s obggso gsbol (gmgddGmmoBo) gsbsmsdm@obo 63530
2maddOnmo 3ol smbsamdols LoGorgmols ws 8olo woggbogho bsfomal dz@spmdaliysh 390m3abstrg,
bobgsbdgmos  gmgddGomogneo  gmogsgeol  3Gmiagbol  sbsmobobsmgol 90298 Om 0bgBagame
3oy gbosemols 36Lsbmg@ols 30%B568gFmbogrmds. 36LsBrmgHol Bggagdo 303l ngdeh
I20dE00g06gB0gg00  ImBgbosmol  Logogol  gBgsmm  sdmgomgdgmgdsl  geogddGemaals
63968 GsEasks @8 Lobogbgdo smdstiols bemdgdmsb.

ABOUT CLASSIFICATION OF SYNTHETIC DIAMOND UNDER CONDITIONS
OF NON-REAGENT ELECTROFLOTATION
Nestan Gegia, Givi Zviadadze
Alexander Tvalchrelidze Caucasus Institute of Mineral Resources

SUMMARY

Some questions on classification of synthetic diamonds with electric flotation have been considered. On
around of analyses of the processes, defining the hardness and ths ts)trenhgtb ?,f Zohd b?i‘::;e‘; \::m b
i i i haracterized by their hardness. :

established, that the resistance of diamonds mus.t b.e cl : r d f
olex structure of the electronic double layer in interphase of solid phase ((‘ilz’imond) gnlddllqmd. Eﬁ
Eeolecptrolyte) and mobility of the diffusion layer, the advisability of the electmkmet\}c1 s potznnaEd ett;:nslmmm

i inati show

i lectrolytic flotation is accentuated. Dates of detel"mmatlon; ave A h
g‘;;e?r?elr)llz: o(:'ftheeeecl;ZtZo;(inetic’s potential on electrolyte concentrations and size of particles of synthetic

diamond powder. i
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XUMHWYECKAS TEXHOJIOTHsL

NEPCIEKTHBA IIPUMEHEHUSI OCTATKA HOPMIICKOI HE®TH B KAYECTBE
JOPOKHOI'O BUTYMA

JI.®.Tonypunze, I'.IIL.Xutupu, T.N.I'aGyuus, T.H.Iatakuusumm
Huemumym gusuueckoti u opeanuieckoi xumuu um I1T. Menuxuweunu

Hecnenosanuem (bPBMKO-XHM"‘leCKHX CBOWCTB 1 TPYNIOBOro Yrii€BOAOPOJAHOI0 COCTaBa BBICOKOKUIALIETO OCTaTKa
HOPH]ZCKOR HerTH TIOKa3aHo, 4YTO OH SBJIACTCS 6J13]'0an}ITHblM CBIPBEM 15 MPOU3BOACTBA OPOXKHBIX 6HTyMOB‘

TIpoM3BOACTBO KAUYECTBEHHBIX JOPOXKHBIX OHUTYMOB M TIOKPBITHH SIBISETCS OJHOW W3 BaKHEHIIHX
NPaKTHYECKHX 3374 COBPEMEHHOM HedrenepepaboTku. BricokoMoneKynspHble HeTAHbIE OCTaTKH (He(TAHbIE
OUTYMBEI) MMEIOT OrpoMHYIO cepy NMpUMEHEHHst U Clie[[0BaTe]bHO, MOTPeGHOCTh K 3THM TPOAYKTaM OYEHb
Gonbinas. MIX MHTEHCHBHO NMPUMEHSIOT B NPOMBIILIEHHOCTH, B PEAKTHBHON TEXHHMKE, SEPHOM 3HEPreTHKE, KaKk
CPEACTBO 3AlUMTHl OT PAAMOAKTHBHBIX M3/IyueHHil, B MPOM3BOJACTBE KPOBEJBbHBIX MaTEpHaoOB, THIPO-
H3OJSILMOHHBIX  COOPYXKCHMif, B 9JIEKTPOTEXHHYECKOW, XHMHUECKOH, He()TeXMMHUYecKoM, B TuapomeTal-
NypridecKoll MPOMBIILIIEHHOCTH, B CEJIbCKOM XO3SHCTBE U T.J., HO OCHOBHOM C(hepoii MX NpUMEHEHUs SABIAETCS
BCE-TAKH CTPOMTEJBCTBO M PEKOHCTPYKLMS BKHEHNX aBTOMATHCTPANel M MPOMBILLIEHHBIX (CTPOUTENBHBIX)
obbexToB [1].

CaMbIM JIOPOrMM ¥ JepUIATHBIM MaTepyualoM [P CTPOUTENLCTBE OPOT MO ceil JeHb sBIAETCS
J10poxHbIi 6uTym. CBoiicTBa HE(TAHBIX GMUTYMOB 3aBHCAT KaK OT XMMHYECKOrO COCTaBa IepepaGaThiBaeMOi
He)TH, TaK 1 OT TEXHOJIOrMH UX MPOU3BOJCTBA [2].

VYrny6nenue mnpouecca mepepaGoTKH HedTH ¢ IEbl0 MOBBILICHWS BBIXOAA UEHHBIX TOBAPHbIX
He(hTENpPOAYKTOB SBNSETCS BakKHellel 3ajaueil HedTenepepaboTku. OCHOBHBIM PE3EPBOM JUIsl PEIUEHHs ITOM
337a4M TIPYMEHSETCS TSDKENas MIM BBICOKOKHMIAII@s YacTh HedT, coctapnsiomas 25-30% ot nocrynusieii B
nepepaboTKy ChIpOM HEMTH ¥ MOJYyUMBLIAsK HA3BAHUE TAHKENbIE HEQTAHBIE OCTATKH.

Usyuenue Hedreit [py3un ¢ ToUKn 3peHns BeIOOpa MyTeif HX HenecoobpasHoli nepepaboTkn NMEeT BaXHOS
3nauenne. VICXO/IA U3 BBILIECKA3aHHOTO, /T IPOU3EOACTBA AOPOXKHBIX GUTYMOB 0GBEKTOM UCCilefoBaHus Oblia
BbiOpana HedTh MecTopoaeHus Hopuo, ckBukiHa 31 co cneayoummy GpU3nKo-XMMHIECKUMH T0Ka3aTe/AMH:
MIOTHOCTh NPH 20°C 887xr/m’, BsizkoCTH TIpH 50°C — 1,55 cCr, BCmbIIIIKa B 3aKpeITOM THIIE 25 C, COfepikanie
cmon 32%, napacdunos 0,8%, conepsxanue cepsi 0,23[3].

TlorenuuansHoe conepanue Gpaxiuuit u ocTatka >500°C onpenensnocs neperonkoii B anmapare APH-2
npH aTMOC(HEPHOM JIaBJeHNH 10 200°C, a Boime 200°C — B BakyyMe. Pe3ynTaTsi npuseieHs! B Tabnuue 1.

Tabnuua 1. [ToTeHuMaNbLHOE CoAep/KaHHe ppakuui Hopuickoi HedTr

HHTepBan TeMnepaTypbl NEPEroHKy, " Bsixon, Bec. %
60-95 0.4
95-122 1.0
122-150 4.80
150-200 11.50
200-250 15.0
250-300 10.0
300-350 12.0
350-400 9.7
400-450 7.0
450-500 7.10
octatok >500°C 21.5

U3yueHneM CBOCTB OCTATKa HOPUACKOH HeQTH >500°C GBUIO NI0Ka3aHO, YTO OH SBJSETCS MOYTH TBEPIOH
Maccoif ¢ NMIOTHOCTBIO CBBILIE 1000kr/7° npu 20°C, ¢ TeMnepaTypoll BCTIbILIKM B OTKPBITOM THIJIE 150°C, ¢
YCIIOBHO# BA3KOCTBIO, HE TEKyUel pu 100°C.

KayecTBO GHMTYMOB OMpEAENAETCs HMX PEONOTMYECKUMH CBOWCTBAMM, T.€. COUETAHHEM TBEPAOCTH
(rny6uHOM NPOHUKHOBEHUS UIJIbL), BA3KOCTH, PACTSOKUMOCTH, TEMIIEPATYPhl Pa3MATICHHA. JIydImuM# CUUTAIOTCS
GUTyMbl, MMeIOLLIE GOJIBUIYIO PACTKMMOCTD, KOTOPAs XapaKTepH3yeT dJIaCTHIHOCTL 6uryma [4]. i

Jlns uceaenyemoro ofpasua Temneparypa pasMArdeHus (mo K wu LI) cocrasmer 50°C, riybuna
NPOHMKHOBEHHS UIIIBL TPH 25°C - 70MM, pacTHKMUMOCTb NPH 15°C - 55¢m.
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Jlnst Gonee riyGOKOro W3y4eHHsi CBOWCTB OCTAaTKA C LENBIO YCTAHOBJIGHHs MPUTOAHOCTH HOPHHCKOH
He(TH Ul IPOU3BOJICTBA TOPOXKHBIX GUTYMOB GbUI HCC/IEIOBAH IPYNNOBOH yIrIeBOJOPOAHBIH COCTaB METOAOM
afcopOLMOHHOMN XpomaTorpaduy Ha cuiaukarene [5].

CHavana mpoBojunu  JeachanbTH3aumio  uccineayemoro  obpasua.  [locne  neacdanbTusauun
OCYLIECTBIISIA aCOPOLUMOHHO-XpOMaTorpaduueckoe pasjiesieHue B CTEeKIISHHOMN KOJIOHKE Ha CHJIMKarese Mapki
ACK. AncopOLHOHHBI METON ONpejesieHHsl IPYyNnoBOro yrjieBOJOPOAHOTO COCTaBa 03BOJIAET yCTAHOBHTh
COAepKaHue Had:TeﬂonapaQJnHoamx, YeThlpex rpynn apoOMaTHYeCKUX yrieBOAOPOAOB U CMOJIMCTBIX BELIECTB.
JlecopOumo  ancopOUpPOBaHHBIX  YIVIEBOLOPOIOB INPOBOJAMIM OKMAKOCTAMH, OONANAalOMMMU  Pa3NUuHOM
JIMBNEKTPUYECKOM TOCTOAHHOM, MUIsl Yero MCIoNb30Bald ApOOHBIE PACTBOPUTENH, COCTOsAlMe U3 GeHsona H
neTposeiHoro a¢upa. 3atemM AecopOupoBanu GeH30JI0M U CMechio crupTo-6enzona=1:1. OtobpanHsle GpaKuu
OTTOHSJIM B TOKE WHEPTHOrO rasa M IO IOKa3aTeNsM INpelOMIEHHs ONMpPENEeNANd IPYNIbl YrieBOJOPOAOB H
CMOJIMCTBIe BeluecTBa. Pesyibrarel mpuBefeHs! B Tabnuue 2. Kak BHAHO M3 JaHHBIX TaOJHIbI, OCHOBHBIMA
KOMIMOHEHTaMH  SBJAIOTCS  HadTeHo-napadyHOBbIE  YIVIEBOJOPOAbI M CMOJNMCThlE  BeliecTBa. MOoHO
apoMaTHyecKhe COENMHEHMSA TPAKTHYECKM OTCYTCTBYIOT, 4YTO abCOMIOTHO JIOTHYHO. ApOMATHHecKHe
yraesogoponsi 11, 111 u IV rpynn conepkarcs cootserctsenno 7,7; 8,5 u 11,1%. ¥

Ta6nmua 2. pynmoBoii yrieBofopoIHbiif COCTAB OCTAaTKa HOPHIiCKO#H HedTH Bbiule 500°C

JleachanbTHPC ocratok_>500°C ]
n;;:g::;le 1 rp.apom. II rp.apom. 111 rp.apom. IV rp.apom. Cmonbl,
9
- YIIeBONOPOIOB YI7IEBOIOPO/IOB YIJIEBOJIOPOJIOB YTJIEBOAOPOAOB BeC %
BBIXOIL, 20 BBLIXO 0 BBIXO/ 20 BBIXOJ 2
BeC. % o - Bec. % . Bec. % i Bec. % p 7
342 1,4900 _ BT 1,5429 8,5 1,5640 11,1 15’394455 385

i

Takum 06pa3soM, WCCIEI0BAHHEM IPYITIOBOrO YrJEBOAOPOAHOIO COCTABAa W PEONOTMUYECKUX CBOMCTB
(TeMnepaTypa pa3sMArdeHus, NeHeTPallKs, JyKTHILHOCTh) BRICOKOKHITALIEro OCTaTKA HOPUHCKOH HedTH MOXKHO
3aKJTIOUHMTH, YTO OH SIBJISIETCS GJArONPUSTHBIM CHIPBEM JUIsi MPOM3BONCTBA BBICOKOKAYECTBEHHBIX JOPOXKHBIX
6uTYMOB. ’

L20BIGSS TGS — REFERENCES — JIMTEPATYPA

D.H. C AA A TeXHONOTHS 1107 6urymos, baky «2JIM», 2007, 160c.

2. Hedrebutymunosunie ropoisi Kasaxcraua, [poGiiemsl u nieperiektusbl, 3i-o, «Hayka», Kasaxckoii CCP, Anma-Ara, 1985,
376¢.

3. K nosuanmio npupoasl dyopecumpyiomux kommonentos vedrr, JLJ. Meaukaase, T.A. Dauasa, D.A. Yisapayau, 3150
Axkanemun Hayk, I'py3 CCP, T6unucu, 1958, 79¢.

4. Tosapusle Hedrenponyktsl. CBOKCTBA M NPHUMEHEHHME, CIIPABOYHHMK MO pefaKumei B.M. Illkonbuukosa, Mocksa, u31-B0
«Xumus», 1978, 472c.

5. MeToabl aHa1M3a, MCCIENOBAHMI U HCTIbITanuii HeTel 1 nedrenponykros, Mocksa, 1984, 289¢.

6MAB0ML 65300MB0L BSRIWIMRIZIRIG0 65®BIEOL d53MIFI6IB0L  3IAL3IIBHOZS LIS
30BBZT0L A0LORIdSR
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®J%0333
Beorocl Bagomdal  Bsmegdomgggergdo  Bsdhgbol  gobogyé-jodogy 30bgdgdobs s Raaace Byeagbommndl
YuGogmol  bogdggeby  Bohygbgdos, God  ago  FodBmomagfl  byebsyhgee  Goesmgamb  baabn  dodpdda
dobomgdore.
PROSPECTS OF NORIO OIL RESIDUE UTILIZATION FOR PRODUCTION OF ROAD BITUMEN

Leila Topuridze, Guram Khitiri, Tinatin Gabunia, Tamar Shatakishvili
LEPL Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Investigation of physical and chemical properties as well as of the high boiling hydrocarbon type content of Norio o
residue showed that it is acceptable raw material for production of road bitumen.

* Beixon acaisrenos 23%
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03300 amamEsdg, 6ober d.>3m.>6voda, 05356 Jo@dos, Jgogasd Lathsgx08z0mm0,
0703963 3mameEady, Gmob Fogros
39089 g fodgogmol goboggco ws ogobmemo Jodool 0bldod b0

3UbgomdskBEedasto  JoBoméo  Gotdmgdgdo  dofomsmse  godemabeagomgdols a09myg6gdsbge
©oggadbdgmo.  godomobndo  3Geiglgdo  amomgl ol sbemegdgb  Bogmmdjodosts o
B3gorcdyareBsdBaggdom 36mglgdBo, GsbBobysmdangdol Bgdngmd gedemabyd gotesddbsdo. doMomsro
ntasbnmo Lobogbgdo sbgay gosmobad Ggsdaogdbys Reggdbgdgmo.

h3gamadtog  gedsmobsBmeo  dMsgermxgOeRse 3cBsGomgmdl  GgsagbBgdmsb Bgsmgen®  Jodoy®
A600g6nfdgedsBo,  dsgeed  smewagbl osgol  Jodon®  Bgdswagbromdsls oBomoabg@o  (30gmobs
(3B3mobol) @slGgmgdolisl. gaphommabsgmmmdol gibdmgsdepool bsba®drmogmds bemgaghm 36 39lgd8o
6399603 Gomofaml Bgo00agbL,  beagmer BegRg® 3o oo 3390980 Boﬁaﬁdgxoambo Fborgmere
6adgn60dy Famas. goBsmobsBmegdol LHGyiEgns oo Bdoreagbmmds mbrsmsbmdon opgmads 650y
Jodogero Gg8d0g00L, 39ds60g760 o6 B33gesdacgmo Bg8mJ3gegdols Bgrgase, G dso ©9bsJBogsost .
ofj3gal.  dogm G0y Jodoy® GoBogdgdBo oo Gsmggbndon  gudmgedepes  gegmomo
Qa%oj(lbngnégbﬂmn do&o;:m‘bo@)mﬁaboh 650hg630s  saG™Mzara, Gerdegdoy 363 dBogamse 3gGomEgmo
Lobgdol momgdol gggmes gmgdgddl Bgo(30306- 987035 B080Batrgmdl geGom L3 Bedols Ludydsmgdo
oo moombgdol dgd;3ggma oBemobaBmegdels jmddmgdlgho 2000837833900l M3GodsgogHo Lgndgdol
Hgsgobszoobsogols [1-10]

Lsotroggemmdo  gosmabsdmego  doBomspse sdosgol Fodmgdsdo  gsBmoaggbads  (J- Ggbosgo).
sdos gols W‘sﬁama&s 59009603y @3:}6:*»;“‘»(')30-36 Lgsosh 3e0(393b, Godgmmms ﬂﬂﬁwaggahmba da@aq:ﬁsﬂﬁno.
o] Gaogdol  8s6doemby  msg3Gezam0s aJu3omadsesgsgmogeo odemobagmégdo.  3g@bdgddogmer
doggehbos  Bergog@oo 33 BstRgbols aomadndoggds s bymobsydgeo 36mndaool domgds. gg@dme o
(0630l Bgdageme  gedemabsdeotol THUAIT-10-0bs s 6oggemol 8g333ge00 $Bomobsgmeol HKM-1-0b
adomobsze0s @ Bglsdsdolsw, (30bgobs @ 6oggemols Bng{péaénh Bomgds, Gedogdbgms oo
domberghss OM3mG3 Boges, sbg3g 369 dsbotrby. (30640L Lympsto a99moggbads Lerggemols 33966 gmdsBo
30360l o, agobmsz]gggmb.)ﬂo = bogggdel abodoor, Sbgag g 63030Rgd0L 3obomgdse, gobgmbol
Gt3mgdsda, Lsdoner-8endmggdon 369 303380, Baﬁdoﬁamaﬂgﬁabcgmbabo © bg;@baﬁ}’gmmﬁ'ﬁaﬁg&mmbaﬂn,
gotobaols  LsGobssmdegac ©sbogatgdol  Bobsmpds s SEBolbg3Bogné  bsBygsmpde. Boggemals
bgemagso aoBmoggGaba Tbgomslbgs 63 3gmmdsms 6o, dgq’nﬁg&nlmm 30, 298, 3350)@)336:) 3580,
odﬁa'awoémt‘rgboha © do&agpo‘to@)mﬁaboh Woﬁ»amabo'an, g}ﬂﬁanongg'gt‘m 36193568980k obsdbaegdrmse
ws bbg. [10-13].

sdosgol GoedmgdsBo Lafgol g3ty bogs bbgdGoge ool 3mpatrRB)d3gmo 63960gd0Lsgs6
355006, am3atEmeysbymo 6ogGagdols Jopeohgdolisl  Feédmdbagmo 303060 gsmdspal BonsboJds
beobr(zogemgds (30630b e Jbogols B3390 Bons860 JB3gemom THAIT-10-000, ogo  gs6as@ Fonsbogsgl
Goam63 aman(‘);gﬁ‘ﬂ.smbaggh, sbg3g 3maemEmGbYm 6sg@amgdlags. TUATI-10 94%-3g (30640L odlogl
(ZnO) Bgogzsgl, sbggy 1%-0 2ol (C). 20306 ysmdseol FnsboJdol Bgrgase (306408 e bogo
396303698 bgmagorar (ZnS). ¥ghgdéoge gsbol 35G3g6rs  Bggmmgdtog 400-500°C—%y beogds. o3
839Gttty (30640 o Jbogo, olgag Geymts amanﬁgﬁaaﬁm‘qaah BonsbngBols Fgmgysm Go6r3e Jd6ogmo
@obgol  bpmgogo 3G asboiol  Hdm obimosEest. THUATIT-10  400°C-3g  Lsdogmgho
Bors860 Jdgmas. THUATI-10 5X5 83 Bmdol g@ebymgdl Gotrdmsmaabl, dobo gmEosbmds 50%-8gs, 6sgstro
Gebs @ssbmmgdon 1.533/e0,  Bergmer amanﬁgg@)mo;{mbo 30 24-28%-1  Bgoragbl. 500°C-%y dspsem
BB396s ey dobo sdBogmds  0gmadl, o ZnO-b  b3égddacob Bg(33mosbonsbss  agsgdadpdgmmo.
39603 330bs, d30O@900 ©ol3gAlgmmds, Beotr0s6mds @5 amanﬁ;gﬁoaﬁma&nh Bonsbongdols b0, THATI-
10-0L  doptomds  Lbgs Bnsdbm JBgemgdonsh Fgeestrgdoon 330699, sdohed  Bsbonsh 296Ls ggmergdoo
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BHobomo dndghmdss snEomodgmo ws Bgbsbgals, BHBLIoGGOIBLs @8 Bohzotmgolsl bagsmgdrmms
oBUEHGJ3000 gsogemolfobgdmma Bmmbmgbydols Fgltrmads. sGlgdmdl [HUATI-10-0l dmeogo30687mo
Bo6ds, Gedgmog Bgogegl  blommghdol (1) mgboel  (5%). 3790036 398mBobstry, THAII-10-0k
9Ju3rgedsposgsgmomo  egbsdtogotgdgmo  BadRgbgdals 30007 Bsggds  Bglsdmgdgmos  @sBrghody
Bagbrmrmgogto  Ldgdom.  m3Bedsmacoes  Fgldmgae o JPoogo: L Gobsbfsr  308mdF30¢0 s
©ofadegodgme  Bosdboddgmol  nGmogGmddgegds  amaatmdgegsl  blbsGmss  (15-30%) ©s (30640l
bgegedol  gedogholdsmads  waesblbstowss. 1. 38m3F5s6 ForsdbonJdgemdo  s@lgdmmo  L3oggbdals
odbogols smeaghs 3gBemsdrg 3sL3o 3@Lgdnmo  6sbBoGdsgon (sbgag Bgbsdmadgmos CO+H,, COy+H,-
ol asdmygbgds) 400-600°C~%y, Bgdrgs dgatro skl 30306@dsgsgol blbstrom (15-30%)  sdyydsgpds
obgbgm  oGgdo  (B@omgco  Llammghdol  aeblbol  siomgdol  da%bom). Lotrgsgom  Bséiggols
39B0B3M0bs @8 GomgGeol smGadmadol Bgdwga 333360 smonds ZnSO4 7TH,0.
®gbeddogotgbamo TUAII-10-0b s373s3580L Ggsmoabsgos bgdeom 3sbbomamo m@ozg Jgomeon
90y dofomse m3g@sagdl dmombemgl: 1. pgbadBogotigdmo 9Jb3emgeBe30sgsgmomo  Bosdbo Jgmals
390035 2. wgbsdBogodgdamo  gssmobsgomol ©s3d3s; 3. Bompdymo  gbzbogols sopgbs; 4
Bbgbomol  sdnBaggds  3maotedgegol  blbstom; 5. 29g0mB36s; 6. BopBGsBol  sododmgds; T
3G0bhamabaios; 8. gsdmgmgomo 8s@omols (ZnSO4 7H,0) gsgoradzhs ws 9. 360bBamadols asB8Gmds.

33 a%0o dogdamo (3060l bgmessol a0dmygbgde dodomamse Fglsdemgdgmos 8o germgrndgbien
Lbmgmols dg9@6gmdsdo, sbg39 Badbogn®o 3ob6gdalsmgols.

Bogdgre (306308 byemgs®do Lagmgbdol Bydszgmmds 0.001-0.005% gstraeogddo 3gg9m0L. ol
Bobogg®-JodogGo golgdgdo Lergmer Bggbedsdgds gogomo Lle-b bsbymdFogm Lsbestdl (417471,
@boogo 1), Fgeggbommos 30640k bmegshol  domgdol  Bafbemmgornéo 930033960 Rsghstgdamo
3oEgme300m 83 ool Ggsaabagoal Bpdmbgygedo dmagds 1 Bebs 3Gmendgby 2000 msdl
Bgo0a96L. 4

@gboomo 1. 306406 Lnmgsgol gobogné-Jodagdo oz0bgdgdo %

Ne 3ebs38ms Lsbgefeorpgds 6e&ds 4
1 | 0640t bgmapsihol (ZnSO47TH,0) 8skiméo Gomo (%), 6 Bagmad 98

2 | GgoemBo 7blbsmo bsg@mgdols Bsligdo Gogmo (%), sths 3gdab 0.01

3 | s8mbogdols strogmgdols (NH,) Bl@o Fommo (%), s6s 938l 0.02

4 | Bogtsgdol (NO3) 8sboGo Gomo (%), s6s ndgdgh 0.005

5 | Jmodoegdol (CI3sknéo Gomo (%), o6 33nal 0.005

6 | ®4060l (Fe) Bsly@o Fogma (%), 36 93gdab 0.001

7| bsyoogdabs o gegnzondol (NatCa) dsbydo Foma (%), 65 w8l 0.06

8 | L3ogmghdol (Cu) 3sligéo Fogma (%), o6 13989 0.005

9 | As-ol 3slydo Gogno (%), s6s gl 0.0003

10 | Pb-ol  3skipéo Gogmo (%), s@s dgdab 0.005

11 | 36935600l 5%-0s60 blbstriols  pH 4.4-6.0

12 | F-oli  3skgéo Gomo (%), 363 a8aigl 36136m@Batgdmmo
13 | Ni-ol  8sbgéo Foma (%), 36 3qigb 3561360 dogdmma
14 | Cd-ol  3sbyo Gommo (%), 36 13ndol 361360 3otgdmmo
15 | Zn-ol  3sky@o Gogmo (%), s6s 5d3nihgl 3636mGIoHgdmma
16 | Mn-ol 3sbigéo Gogo (%), s6s 93l 3636mGoGgdmma

330340l Fo3mgdsdo  3s3moygbgds Fyemdsmo, Gmdgmary doowgds dgmsbols Qobo@&g&at‘m@gﬁgm;
36396000, Ggsmdswo 3306y GemEgbmdon CO-bs s CO2-b Bgog3e3b, Gedmgdoi 33030k Labogbal
360i39b0b  geBsmobeBeOl  Fedmsggh @  sdoBmd  dsmo  BmBmtigds  sbeE-Fysemdagals 5.36330@6’
5730 gdgmos. gl brdEagmegds JsBsmobgco dopGamgdol dgommen, Gob Jgogasws dgmsbo dooggls
©3 Bgledsdober, 83 3OmEgll  dgosbotgds  gfimegds. gl Ggsjges 400°C-%By @sdms  3GsBogmme
Bynde03omes, 930Hm3 CO s CO, dngmoasbse Bmdrgdash Fysmdsp-sbogol 63cig3b.

392



5535&MB3INML 8IG60IGIBSMS IHMBEIN0 535RIFNOL 35G6I, Jodaol LgHos 2009, @. 35, Ne

CO + 3H, === CH,; + H,0
CO, + 4H,=<==CH, + 2H,0

odemobsgocol aségdy gl Ggodpos 96 odobsenemdl. dgosbomgdol gagmsby asgdgmadgmo
SBsmobsHm@os  sergdobols  (III)  gobgoo  Lgsdomabadrgdgmo  Boggmol  gsgomobsgomo HKM-1,
Godgmo Bgoegh 32-40% Boggml (NIO-By  gorssbastoBgdom), obggy — S%-8eg atogodl [14-16].
SBemobsgato  offsddngds  ofbopgo  gm@den  EHdmgBgdel  Lsbom, Gm3gmes  Bedss 5X5 38,
Botasbemds  50%-8gs, Bogstio  Lodgztogy gemanbl ¢ 0.9-1.35/m.  9JLdmgedeool  §ob HKM-1-u
Gyomdomoo  spoagbah, ol Bgegassy NIO dggemgéd  Boggmsm  3sGes0dbgds.  gsdsmobsgmdals
39350l LogsdsbBom gees 4-5 {gml Fgemagbl.

9JU3ergeBeosgegmomo  egbsdgogomgdnmo HKM-1 3sg@by bsfommdtag 0gsbagds, sBoBmd ogo
dgBomog®  boggmbs s Boggmol  (II)  oflogl  Bgogsgh.  oogg  gb gm33ebgbdo  smgomee
IONn0gEn Jdgwegdl 303060375300 BLbstr0sb ©3 sdgrsb 398m3mabstyg, 398985390 memos
1J63eomeBe0sgsgmomo  gsBemobsgmeol a@omabszool Bgdegao Lsbal Badbmmogonta jgds (6sbsbo
D): mybsddogodgdgma  godemobspoto  dmbighoest (1)  gmbodmgdgmo  Gemrgbmdon assasbgds
- dghorgegdast  GolbjgomeBo (2). spdgomo  gogemobsBomn  aboGgdnmo  Gsmegbmdon  Bogfoggds
PPemotgdnm  GedBmel (4), Gmdgmog smntgomas ©nbolgdgeo 3m36rg3000.  G39JBmG B0, 3edogo
3ogz0l 3063380 Bgodzo  3maotidgezsl  blbsko (15-20%)  égbghgnstonst (3).  6gsdioot
wsbihmmndol  Bgdmgy  (Legsdom  Bstigzol  sbsgobols dobgezom)  dompdmmo  Lsdgsjaom  blbsto
ogomthgds  dgdsbogn®o  Bobstgggdol  dmBedgdols 6o (GogBHto-5).  gomGGago 300080698
635dBmG8o (6), s gdsBgds goabdogaco Vs Ni(OH)z-0b sbsmgdsr. 893mgy bsdgsdaom 636930
ogornBgds (8). Ni(OH)-b égibaggb Gyemoo, s0616gd6 GgodBm@do (4) s s3:3s39996 303060875350
blbstom, Bgiwgy BomeBGazgh  (9). BomGGsHo  gorsodgddgds 3Bt dmagdgemBo  (10).  BLbseol
©34mb(396%Gamgdals (50°C) 39dgy g@obemobsgmedo (11)  as8mg@olidsmemgds NiSO47H,0, Gedgmoy
ogom@tgds  (12) @ 86 LBGm3Ba  (13). qsblBatol  Gedrgbxa®@dy  ©sgmbEgbBtomhgdon
NiSO47TH,0-0b sdsggbomnn Gsmmgbemds gsdmagmes.

MICOH Yz

NKOHY;

SgnaGamabeboGn

6sb. 1. gbsBogatgdgmo 3osmobsgotol (HKM-1) a03:98353980L odbormmmpogdo Lggds.
1-gbsgBogotgdgmo Soyeobsgmmol 64940, 2-3pGorgmmgdasto Gobdgoemo, 3-3mpaotidgegst
Ggbg@asto, 4-6g3dBmc0, 5,8,9,12-goe @60, 6-Ni(OH),-0b @sbsgogdo GgsgBoto, 7-gobdogam0
Lol Blbstol Gybgogasto, 10-s8sm& 0 Jemgdgemo, 11- 360l smobogmta, 13-Ls3cmda
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domgdmo Boggmols limmegsdols (NiSO,47H,0) Boboge-Jodonto mgaligdgde Lergmae BggLadsdgds
gogogeo Wbegb babgmdfomnm  Lebpsthtl  (4465-74, @gbooma 2). Bgemgnmee  asdmggbgdamo
6oggemol  Bgdizamo  goemmobsmtol  (HMK-1)  6033dobs @ Bomgdmmo  Boggeols Liymaapols
NiSOs7H,0  woggésdyematodgdo dnggdnmos  Bob2.  Bgragbogos  Boggmols LgemagsBol  omgdols
Bafbormegontio HgamsdgbBo. RsBegdymo gomgmmsoom 83 &adberomgaols Hgsmobszool gdobggasda
dggds beBgemoe 3500 mo@l Ygomagbl 1 Gobs 3Gmwyddby.

3bOowo 2. boggmol bgmysdol gobogn®-Jodogeo mgaligdgdo

A PN
dsbsbosogdmgdols LabgmGowgds JoBogore shogpatobs o=
Lo g0l s
1 | NiSO47H,0-0b 3sbgéo Gomo (%), o6 93389b 98 98 97
2 | fyomBo gblbso Bogmog@gdgdol dsbméo Fomo 0.005 0.005 0.02
(%), o6 339l
3 | Jeomdoggdols Bslgéo Gomo (%), 36 dgdglb 0.001 0.002 0.01
4 [ sbogol  Lsghom kg Fogro (%), s 0.001 0.005 0.01
b SAICHL]
S | gomogdol Bsbygdo Fomo (%), sés g8gBgl 0.0005 3&6mOIoMdnm
6 | bsmogdol dsbgdo Gomo (%), 65 gdgdgl 0.002 3636m@oGgdmo
7 | geogdol dsby@o Fomo (%), o6 98gtal 0.005 3&6mGIoGgdnmo
8 | Bsabogdol Bslg@o Fomo (%), 36 gdgdgl 0.002 3636mE3oGgdmo
9 | 6060l Bskgéo Fogmo (%), o®s dgdgl 0.0005 0.0005 0.003
10 | gmdsgmol dsligo Gomo (%), sés ndgtgb 0.001 0.001 0.1
11 | 30630l 3sbg@o Gogoo (%), o6 dgdalb 0.002 0.002 0.01
12 | U3omgbdol skpée Gomo (%), oG ndghab 0.001 0.001 0.002
13 | $yz00l dskigéo Fomo (%), 6 93l 0.001 0.001 0.001
14 | 33803l dsbigdo Fogno (%), 6o dgal 0.001 0.002 366mGoGgdmmo
15 | 5% WBLbstrols pH 4-6 4-6 strabemddatgbamo
CuKa CuKa
“ % -Ni0 NiSO, - 7H,0
| o-Ni

Intensity

B L T ke T
I 1I
6sb. 2. gdbdmgso@es gogmomo HMK-1-obs (1) s domgdamo Goggmol bnmasgols NiSO, 7H,O (1)
©0gGJEmaGs3gdo
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UTILIZATION OF SOME DEACTIVATED CATALYSTS OF AMMONIA PRODUCTION
David Gogoladze, Nino Kavtaradze, Tamar Korkia, Ketevan Sarajishvili, Teimuraz Gogoladze, Roin Chedia
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY

The goal of the present work is obtaining economically profitable and perspective products zinc sulfate and
nickel sulfate from accessible industrial wastes - some deactivated catalysts of ammonia production. To obtain
zinc sulfate it was used already exploited deactivated absorber of sulphurous compounds FHAII-10. It contains
94% of ZnO, and modified absorber contains 5% of CuO. To obtain nickel sulfate it was used already exploited
deactivated catalyst HKM-1, which contains 32-40% Ni (converting on NiO). The technological schemes of
utilization of TUATI-10 and HKM-1 are worked out. Accordingly zinc sulfate (ZnSO47H,0) and nickel sulfate
(NiSO,7H,0) are obtained. This products are much in demand in home market and in foreign markets as well.
Obtained in such way zinc sulfate and nickel sulfate are recommended in agriculture and for technical purposes.

VYTHIA3AIUASA HEKOTOPBIX JE3AKTUBUPOBAHHBIX KATAJIN3ATOPOB ITIPOU3BOJICTBA
AMMMHJAKA
I.J.Toronanse, H.A.Kasrapazze, T.B.Kopkus, K.I'.Capamkuiisui, T.JI.Toronanze, P.B.Yenus
Hucmumym ®uzuueckoti u Opeanuveckots Xuwuu ww. 1. Menurxuusunu

PE3IOME

Llensio faHHOW paboTBl SBNAETCS MONYYEHMe M3 JOCTYMHBIX MPOMBILICHHLIX OTXOLOB - HEKOTOPBIX
JIe3aKTMBUPOBAHHBIX KATATM3aTOPOB NPOM3BOJACTBA aMMHAKa, epCTIeKTHBHON 1 SKOHOMHMUECKH BBIMOAHOH
NpoAyKUMH - Cymbdara LMHKA (ZnSO47H,0) u nuxens (NiSO47H0). Cynbgar UMHKA HOJNYYeH W3
JI€3aKTHBHPOBAHHOIO TIOTJIOTHTENSA CEPHUCTBIX coeqnuenuit [TUAII-10, KOTOpbI# B OCHOBHOM COACPKHT ZnO
(94%), a MogubuLpoBatHas popma 10 5% CuO. Cynbdar HUKeNs MOTy4eH U3 MPOANCHHOTO SKCILYaTalHIo
karanmsaropa HKM-1, KoTopeli cocTouT 13 32-40% nukens (na mnepecuér NiO). PaspaGoTaHbl
TexHonoruueckne cxembi yrunmsauun THMATT-10 u HKM-1, COOTBETCTBEHHO MOJIyHeHbI cynsar UMHKa
(ZnSO4TH,0) u cynbar Hukens (NiSO47H,0). DTi COEMHEHNs NONB3YIOTCS 6GOJIBLIAM CIIPOCOM KaK Ha
BHYTpeHHeM, TAaK M Ha BHEWIHEM phiHKe. [lonyueHHblii TakuM o6pasom CynbdaT UMHKA W Cylb(aT HUKeNs
PeKOMEH/I0BAKHBI LT UCTIONB30BAHMS B CCNIECKOM x034iiCTBE, M TAlOKe JUIsl TEXHUUYECKHX Lesei.
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39R6ITROL LHBM-05853R0R@IBINN 3MBB306SBOL 3IS3T 3SGHNIGH IR TIRI3B(
33BSRNIBOL RIWRIFZOL 30HMBIBOL JILY SRS

Bogmgs Sbrmmmady, 300630 33g@modzomo, sbs dgtg060
bsfsGoggenerl Bgfboggco gbagg@bodgso

Lsbstagdmm  Fosmobggmol  smdemBgbols @8 pomsdydaggdol  wGml  3dody  dggsmgdon
830609 mo  gadoghgm  Fymgdol  Fo@dmdbs  FohBmsmagbl  astgdnty  @edmydggmo  bgzegmgbol
3Jeby 9Oy gsdm@L [1]. dsebynmol Lsdmm-gs8sBpop@gdgmo gmd3obsdol (Aag) §obsdy wasl ddady
IgBomadols 0mbgdom 3o@gdml 330637930l 3Gmdeagds.

339bggmool Ladaol  dstogmdmmodgdema®o  dspbol  Jsbgdol  3omsdn8sggdolsl  Fabmadbyds
39037 googdrgmo Fymgdo (33F), obobo megolo Fgeagboramdon  Bogynoabgdoss Lgmasndo gmsbab
Bsr0megeb  Gymagdl s domo  wpdoBo s Bgeagbormmds  Famofamol  pGmby  sdmgopgdamaden
39Aggedls getom LsbpghgdBo [2].

Bgdmmagebgdgmo  3sFdgbmol  Hgfbmmmaos  omgsmolfobgdl  sdmg]  GgeagbBee  BoBGagdols
bgmagoeol  (NaS)  gedmggbgdsl,  Gmdmol  Bomgdsz  bedogmmads  gm83obagol  Badodmtsty
3bsFgmdgdgmo Byemgnmol- dstoggdol gepsdyBsggdom [3].

Esmgdzol  3GmEglol  m3@edsmyeo  Ggg0dol  Fgbs@hBagse  Bglfsgmomas  gstog@rgm  GymgdBa
goboms 3968693980L  Lohgseol, gedmgmgomo  bsmgdol BmEmmmdol @s  Bgbasbmdals ;gaamdnggabﬂ;go&s
bUbsr8o Bgyzebomo Bsgo7dol bymagoal Gsmpgbmdsts @s bLbstol pH-%g.

@6o3omos, Gmd  Lofs@dmm  Fymgdawpsb  dgBomadol  wsbsmgdee bBoé  FgBmbggasdo  3s3mygbods
3060 (gedmoggbgds alsad—'an), 3Bomd  gebegbo  3Gmiglol  Iodzbgmmgsbo  sGsdgB@adols 'Ba(gaﬁ)ab.sh
(5380l 3968693900 LoBJstrg, Bsgmgdndel dmEgmmds @8 Bgbosbmds) wsdmgdol Lsboo gotasbo Gdal
s Bsyoogdol  Lymgowol  3sdmggbgdols  dgdobggaeda.  Bsbabgdby  Getdmmagbomos  sbsmmponéa
2330 30dmadsbo ©sdmgdol Lsboo gspm30dol Jop®mygsbaol 3s8mygbadols dgdmbggasda.
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R ~ Ilw e B =
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gls g
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hlbachol pH Bhbafnl ph
6sb. 1. mabgdol as68é3900L LoBdstol adm z0- 656.2. BLGseol pH-ob gogmgbs 3edmgmgamo
@dgogds bolgdol pH-ob 360d36gmmdsty 63gmgdols Bevymmmdols Loeoenby

6ob.l-by  BsBggbgdos  ebgdol  as6BGg3030L  LoBgsol  meBmgomgdymgds  Lolggdol  pH-ob
360336ty ©dmgdol Lsboom 380l JopGmgsbaol (I 36w0) ©s BsBooydal bgmegamal (I
o) 3sdmggbgdols BBobggzsBo.

Gogetg bobsbopst  BBL, Bagoygdol  byrgopol  sGLdmdalst Bagmgdol  ammgdaol  boBdséyg
ooxg6 s0gdshds  sBsmmaon®  bogorgl TobigdsBo  3omogdol  Jopémgsbaol  sGLgdmdobst.  (3bagas,
03 3863hg3980L LoBJsGol dmdsthgds Lsboggmme sobsbyds Brosdsizegol gngdda®  gdbdmomseiesty.

6ob. 2-%y BoBggbgdos bLBstol pH-ob gegmgbs gsdmgmgomo Bsmgdol dmgymedol  bogogyhy.
©3drmgdol  bsbom  Bogtondol  bpmaomal  gedmggbgdolel  @smgdzol  pH-ob  m3@odsraygéo  bogogy
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Bgomagbl 4.5-5. gotosbo €dol 3sdmgghgdolisl armgdzologol pH-ol o3@odsmnéo bogory Bgemaghl 7-
8. 33 Aol Bamgdol Lobom oo dmgmmmdon gsdmogogs  dggemadal JopGmgsbagdo, Gmdmgdag,
gtz 3bmdamos  FoBmseagbyb yong, dopGmgoma® 63gGogdl, Gy dozgszetm  Brsdlsgsgols
3G3G330mBsmn@  3e8mygbadedeg.

©
° 1
e
2 . P 65b.3. Fo@3mgdbomo 6smgdol Bgbasbmdols 3éwgdo
|
3 L g
3 1® -
c
B>
e

o

o 2 a 3 s © 12

bbbadinb pH

Bogdol Bgbosbeds — Bgdeamdo  gedmygbpdologol Lsgdsme  sGlgdamo  3sBggbgdgmas. emgdzol
o3Bodsgoné  Gggoddo  (PH  7-8)  gam3o80l  dopéimlogols  as8mggbgdolsl  Fe@dmgdbagmo  Bagmgdols
Bgbosbmds Bowpaghl  wesbmmgdon 60% (656.3, 1 o), bowmm  ©dmgdol  Lsbom  Bseoydals
bgegorol gadmggbgdolsl (PH 4.5-5) pssbmaegson 38% (656.3, 1T 30).

3333960, 8608369mmgsbo  shzgbgdemgdal dobgrgom, ©sdmgdol  Lsboo  BaBGogdol Lgmegogol
3980906085 gnGe 3mdzgd0sbos, Fopég Jothasbo GoLs, sBsbosk ogo 23990930 Fmodlszsgols gBsmdols
3063930l 33m3xmdglgdol LsByemgdsl.
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ANALYSIS OF METAL ION PRECIPITATING CONDITIONS OF MADNEULI ORE MINING
ENTERPRISE ACID OPEN-CUT MINE WATER
Shalva Andguladze, Giorgi Mchedlishvili, Ana Berejiani
Georgian Technical University
SUMMARY
Influence of metal ion precipitating conditions in Madneuli Ore Mining Enterprise open-cut mine acid water on
sediment moisture, phase immiscibility rate and volume are discussed.

M3YVUYEHHE YCJOBHAU OCAMXJIEHUS METAJUIMYECKUX HOHOB B KHCJIBIX CTOYHBIX
BOJIAX MAJTHEYJILCKOI'O TOPHOOBOIOTHTEJILHOI'O KOMBHHATA
Illansa Auarynanse, leopruit MueuHIIBIIH, Amna Bepexuanu
T'pysunciutl mexnHudeckull ynugepcumemn
PE3IOME
OGCys/IeHO BIHSHUE YCIOBHI OCRKAEHHSA METaIIMIeCKHX HOHOB B KHC/IBIX CTOHBIX BOZAX MazHeyIbCKOTO
rOpHOOGOTaTHTENBHOTO KOMOUHATA Ha CKOPOCTS PACCIAUBAHHA, BIANGHOCTE 1 obbem ocazxa.

397



BSISOMBIRML 3IGE0IGIBSMS IGMBEIRO 535RIFOOL 3SG6T, Jodoob Lghos

XUMUYECKASI TEXHOJIOTHSA
OTJIEJIKA TPUKOTAXHBIX W3IETHIA

3.A.Banauxopus, E.ILByamse
Tocyoapemeennuiii ynusepcumem um. Ax.[lepemenu, Kymaucu

JlaHHas cTaThs HOCMT OG30pHBII Xapakrep, Lelb KOTOPOH NokasaTh HEOOXOXMMOCTD Mpolecc
OT/EIKH TPUKOTAXKHBIX MOJNOTEH.

OTiesika — 3aK/IIOUUTENTBHBIN TPOLECC NPOM3BONCTBA TPUKOTAXKHBIX M3/ie/nH. FIHOr1a OTAC/BIBAIOT
NpsKy B KauecTBe CHIbA AN HEKOTOPBIX CTauMil Mpom3BoAcTBA. OTAeNKa TPHKOTAKHOIO MONOTHA
piouaer B cebs Gomboe KonnuecTBo onepaiuii, Grarogapsi KOTOPBIM TPHKOTAKHBIM  H3/IEHIM
MPHAAIOT TOBAPHBIN BU K TpeByemble NOTPeGUTENECKIHE CBORCTBA, MO3BONIAIOLIME YCICLIHO HCIIONIb30BATh
5TH m3senus. CreuuasbHON OTHENKOM TPUKOTAKHBIM MMOJIOTHAM — MPHZIAIOT Takue CBOHCTBA, KOTOpHIE
JIeNaloT WX TOXOKMMH Ha TKaHW. TPUKOT@KHBIA CrOCOG MPOM3BOACTBA  OANKMIbI HEKOTOPBIX BHIOB
[10JIHOCTBIO BHITECHH TKALKKM CTIoco6 MPOU3BOACTBA M OCOBEHHO TAKMX M3AEIMH ,KAK MYKCKHE COPOUKH
K JKeHCKMe TuiaThs. Kakol MMEHHO MpOLECC OTAENKHM HCMOMb30BaTh JUI TPUKOTAXA 3aBUCHT Kak OT
NPUMEHSEMOrO ChIpbs (IIEPCTSIHBIE , MOJYLIEPCTAHbIC, BUCKO3HBIE LUTATIENbHBIC  JAPYTHE XMMUUCCKHE i
HATypaJlbHBIE BOJOKHA), TAK H OT HasHAueHus W3femit. OTAENOUHbIC ONepaunu Cyxkar s Toro, 4106
BBISABHTH CHIEUM(UUECKHE CBOHCTBA TPUKOTAXKA U YMEHBLIUTH €rO HEJOCTATKH, HO OCHOBHOC Ha3HA4EHHE
OTJENKH - yNyUllIeHHe KauecTBa u3zienuii. Oraesika TPHKOTaKA JODKHBI OTAMHATECA OT OTACIKH TKaHeH
TEM, YTO  OT/EJIOUYHbIE ONEPALHH HE JIOMKHBI M3MEHSTh PACTHKUMOCTD TPHKOTAKA.

PasnuyaloT OTHENKY, BBIIOJHAEMYIO TPEMMYIUECTBEHHO —MEXaHW4ECKUMH criocobamu, Te.
JOCTHraeMyto (pM3MYECKUMH BO3JEHCTBUAME, H OTHGINKY, ONepalyy KOTOPO#i CBSI3aHBI C BO3/IEHCTBHEM
XMMHYECKMX TMpenapaTtoB W MpPOLECCOB, B Pe3y/bTaTe KOTOPBIX H3MEHAIOTCHA (uzHKO-MEXaHMYECKHE
cBoiicTa M3aenumit. K mepBoMy BHY OTE/IKM OTHOCATCS KalaHAPMPOBAHWE, BOPCOBAHWE M THCHEHHE;
BTOpO# BHJ| BKJTIOUAET B ce0a GeneHue, Mepeepusallio, KpalleHne 1 MedaTanue ,a Takke CrieLUaIbHEE
OT/IEJIOYHbIE ONEpaLH.

K dusnueckum BO3NEHCTBHAM OTHOCHTCA JaBIIEHNE PpasHO¥ BENHUMHBI, PA3BUBAEMOE PABHOMEPHO B
TeueHHH OTIPEENEHHOTO BPEMEHH, PacTSKEeHNe, TPEHHE, NPOCAChIBAHHE BO3/YXA, a TAKKE BO3/IEHCTBHE
Temna Ha MOKpble ,BIDKHble MM cyxue usnenus. Dusnueckoe BO3EICTBHE Tera HalpaBieHo Ha
H3MEHeHMe MOBEPXHOCTH MATepHala. NPHIAHMe M3JIENUsIM OMpE/Ie/ICHHOM (opmbl 6e3 HapylueHHs HX
crpykTypsl. Hampumep, mom Baikod ofecneunpaetcs ycaaka W3lenuii, BOPCOBAHWEM HOCTHraeTcs
CIUIOWHOM BOPCOBBIH MOKPOB, B PE3y/IbTaTe Hero M3 MepBOHAYAIbHO HEMJIOTHOrO MaTephana obpazyerca
M3/IeHe, HMEIOIIHE TOBBILEHHBIE TerI03alUTHbIE CBOHCTRA.

XuMHUECKUE NIPOLECCH H3MEHSIOT CTPYKTYPY BOJOKOH, Ha BosokHO BO3ZIEHCTBYIOT XUMHUYECKHMH
npenapaTaMi, MPUAAIOLMMH W3/IeTUAM HOBBIC cpoiicTBa. Hampumep, TPUKOT@X [10C/€ NPOIMMTHIBAHHAL
STMMM TperiapaTaMM  MOXKET —npuobperars BOJAOOTTA/IKHBAIOUIMC HIM  MOJE3AUIMTHBIC CBO¥CTBA.
Xumuueckas OTIENKA M3NETUH M3 BHCKO3HBIX BOJNOKOH HMCKIIOYAET BO3MOXKHOCTBH yCAlKH BOJIOKHA.
MOSTOMy ~XMMHMYeckH OOpaGOTaHHBIH TPHKOT&K TPH  CTHPKE HE  yCAXHBACTCA. XUMHYECKUMH
BO3EHCTBHAMH MOXKHO TaloKe IPUAATH GNieck MOJOTHY, OKPACKHTH €r0 B OZMH M3 LBETOB ,MONYHTH HA HEM
LBETHOM PUCYHOK W T.JI.

TIpy HEKOTOPBIX MPOLECCax OTASIKH HCTIONBb3YIOT H (hU3MUECKOEe M XMMHYECKOEe BO3JCHCTBHE Ha
W37enre, UTO TIO3BOJIAET MPUAATH eMy Tpebyemoe KauecTso. PasnuualoT OTIENKy CyXylo H MOKpyio. B
3aBUCHMOCTH OT  ACCOPTHMEHTA W Ha3HaueHHH M3IENUH NPHMEHAIOTCA OMNPEACNCHHBIC OTACTOUHEIE
onepauuu ¥ HeOGXOIMMOE KPaCHIbHO -OTAEIOHHOS o6opynosanne Jis BbiGopa crocob0B OTAENKH H HX
[IPaBUJILHOTO MCIIONB30BAHHMS HeobxomuMo, uTo6 paGOTHMK XOpOWIO 3HAN CBOWCTBA Marepuaia. Ox
JIOJDKEH COBEPLICHHO TOUHO OMPEENMTL BWIL BOMIOKHA, MEPEIICTEHHE M3CIHNA 1 €ro noBe/IeHue Tpi
HaMeuaeMblX OT/IEJIOUHBIX ONepalusiX.

OT/ieiKa TPUKOTAXKA 3aBUCUT TIEPBEIM JOJITOM OT BHJA BOJIOKHA. TpHKOT@XKHAS MPOMBILULIEHHOCTD
nepepabaTbiBaeT NPSKY H HUTH, H3rOTOBJICHHBIE KAK U3 HATYPAIbHBIX, TAK H 13 XHMHUYECKHX BOJIOKOH.
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HpnmeHeHuev OCHOBHBIX BHIOB MNpPSDKH M3 XMMHYECKMX BOJIOKOH MPUBENO K IIMPOKOMY PasBUTHIO
TPHKOTAXKHOH NPOMBILLIIEHHOCTH ,HX MCTIOJIb30BAHHME ABJISETCS TAKKE OCHOBOM €e AaIbHEHIIEero PasBHTH.

K mpske ¥ HUTAM, MCTIONB3YEMBIM [UIsl H3rOTOBJIEHHS TPUKOTAXKA, TOMUMO OOBIMHBIX TpeGoBaHMH K
MOGOH MpsKe M HUTSM — DaBHOMEPHOCTH, IPOYHOCTH, PACTSUKHMOCTH, HM3HOCOCTOWKOCTH M T.Ii-
NPENBSBIAIOT JONONHUTENbHBIE TpeGoBanus, 63 KOTOPHIX HEBO3MOXKHA MepepaboTKa JAHHOTO ChIPbs MO
TPUKOT@KHOM TEXHOJNIOTHH M HEJb3s, NIPHAATh U3IeIuAM Tpebyemble noTpebuTensckue cpoiicraa. [psky
H HUTH, TPUrOJHbIe [Uis  MepepaboTKe IO TPUKOTAKHOM TEXHOJOIHHM, HA3bIBAIOT CBIPbEM JUIs
TPUKOTAXKHOIO MPOM3BOACTBA.

OGs3aTeNIbHBIMU  CBOMCTBAMM  GOJIBLUMHCTBA BHUJAOB MPSDKH JUIS TPUKOTAXKHOTO MPOHM3BOACTBA
ABASIOTCS. MATKOCTH 3NIACTHYHOCTb, YNPYrOCTL M INIAAKOCTh, ONpENeNeHHas NPOYHOCTb W YHCTOTA.
Co3jlaHie TPUKOTAKHOTO TOJIOTHA HAYHHAETCS C M3TOTOBJICHHA KA4eCTBEHHOM MPSXKH C PAaBHOMEPHOH
CTaGUILHOM  KPYTKOM M JIMHeifHOW nuioTHOCThIO. HyKHO TNOAYepKHYTH Takke TpeGOBaHUA K
IyXOBBIIEJIEHHIO MPSKHU, TAK KAK MyXOBBIICJICHHE 3arps3HACT TPHKOTAKHOE 0GOPYAOBaHHE U NPHBOIHUT K
CyIIeCT IM €ro MOBPEX

Inajxag noBepXHOCTh NpskH HeoOXOAMMA /IS TOro 4YTOOBI HE TNOBPEXAATUCH BOJOKHA IPH
NPOXOXNIEHNH TIPSOKM uepe3 Bs3adbHOe OOOpYNOBaHME; KPOME TOrO , TIajKas MOBEPXHOCTH MPSKH
T03BOJISIET MOJTYYHTh MOJIOTHO TPEOYEMOTO MEperieTeH s,

Bobluoe 3HaYeH#e IS CBOHCTB MPSKH UMEET HE TOJILKO HCXOIHBIH BOJIOKHUCTBIN MaTepuai, HO H
LeJBIA PSA MEXAHHYCCKHX M XMMMYECKHMX OT/ENOHYHBIX ONepaluid, KOTOPhIMH OOYCIOBIMBAIOTCA ITH
CBOMCTBA; MHOTA TH OMEPAIMH, MO3BOJISIOT NepepabaThiBaTh TAKYIO NPSKY, KOTOpas B MEPBOHAYATILHOM
Brze ObLIa HEMPUIOAHOM ISl TPUKOTKHOTO MPOU3BO/ICTBA.

Ha cBo¥cTBa TPMKOTAKA W NPOLIECC MPOH3BOJICTBA OCOOEHHO BIUSIOT BU/ BOJIOKHHCTOrO MaTepHasia
¥ Cre/lyfoLHe CBOMCTBA NIPSKH: TONIIUHE, TPOUHOCTE, PACTAKUMOCTD, KPYTKa, PABHOMEPHOCTS, INTA/IKOCTh
M YHCTOTA.

Bce Gonblumii pocT TpukoTaxa B ofuleM o0bemMe MNPOM3BOJCTBA TEKCTHILHBIX MAaTepHaloB
CuMTAETCA Temeph caMo cOGOH pasyMeoLMMes SeieHueM. TPUKOTOKHOE HOIOTHO NPHMCHAIOT HE TOJIBKO
JUI TIPOM3BOACTBA OENbEBbIX M3LEIMH HO M Ui  TPOH3BOJCTBA BEPXHEH ONEKMIBI ,TEXHHYECKOrO
TPUKOTAXKA, MOAKIAIOUHBIX CJIOEB JUTsl - AyGIUPOBAHHBIX M KAUIMPOBAHHBIX MAaTepUAOB H B PANE APYrnX
obnacTeil. DTO yBeNMuEHHE JONM TPUKOTAXKA CONPOBOKIACTCS 8 PAAOM npobiieM, Tak Kak MPExKHHE
OT/EJOYHBIE  TEXHOJOTMYECKHE MpOLECCh M 00OpYIOBaHWE MPEHMYLUECTBEHHbIC IEPEHAThIE H3
TEKCTHIbHBIX OTHEIOUHBIX NPOU3BOJCTB, T.e. OT IIPOK3BOMCTB, MepepabaTHIBAIOLMX TKaHH, o0/Iafatomme
3HAUNTENLHON CTAGWIBHOCTBIO JIMHEHHBIX PA3MEPOB, YK MEPECTAlOT GbITh MPUIOAHBIMU IS OTACIKH
TPUKOTAXKA.

Ha TeXHOIOTMYECKHe MpOLECCh OTAENKH B HACTOSWIEE BPEMs  BIIMSIOT HE TOJBKO OCHOBHBIE
XApAKTEPUCTHKH ~ TPHKOTAKA, T.. €0 OJaCTHYHOCTh W MEPETUIETeHHe, HO M TO, YTO GOMBUIHHCTBO
TPHKOT@KHBIX W3NE/HIA, BEIPAGATHIBAEMBIX C MOMOLIBIO HOBBIX MPOLECCOB, CONEPXKHT JHAUUTENLHYIO 0O
CHHTETMYECKUX BOJIOKOH. YacTO TPUKOTAK M3TOTABJIMBAIOT HCKJIIOYMTENBHO M3 CHHTETHHECKHX BOJIOKOH;
1IPOM3BOJICTBO 3HAYKTEILHOMN YACTH TPHKOTAKHLIX U3ASTHI OCHOBAHO Ha nepepaboTie TeKCTYPHPOBAHHON
CHMHTETHYECKOM MPSOKK W HUTEH.

BoNbIIAM KOJMYECTBOM TPHKOTKHOTO MONOTHA, MOCTYNAKOLEro B OTIAEI0YHOE MPOW3BOACTBO,
CTHMyJMpyeTCsi Talke MAKCHMATBHOS HCMIOJb30BAHME  HEMPEPBIBHBIX  OTACJOUHLIX  TPOLECCOB,
HOBbILIGHHE CTENEHH MX ABTOMATHM3ALMM M BHEIPEHHE ABTOMATHUECKOrOo KOHTpois 3a obpaboTkoi
TPUKOTAXKA.

3HAUUTENBHOE KOTHYECTBO TPMKOTAKHOTO MOIOTHA M3rOTOBNACTCS HA KPYTJIOBA3AIBHLIX MAIIAHAX,
UTO CO3JAET OTIPEENeHHbIE MPEANOCHUIKM JUIs OT/IEKH TPHUKOTAKA B BUAE TpyOku. HekoTophle nosoTHa,
NPOM3BOJMMBIE HA OCHOBOBA3AIBHBIX MAIMHAX, TAKKE Les1ecooGpasHO MHOTAIA CLIMBATE B TPYOKY, 4T0GbI
YCTPaHUTh YPE3MEPHOE 3aKPYIHBAHUE KPOMOK.

O6pa6oTka mooTHa TPYGKOH MpencTapseTcs BechMa 6GNaronpuATHON., HO OHA CBA3aHA C PAAOM
HENOCTaTKOB, OCOBEHHO MpPM M3rOTOBJEHWH TPUKOTaXa M3 CHHTETHHECKMX HWTEW M MCIIONB30BAHHH

HenpephIBHBIX TIPOLIECCOB pa601‘x,l .
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B HacTosiee Bpems yBeTHUHBAETCS 10 TPUKOTAKA OTAENBIBAEMOrO B PacnpaBKy, IPUYEM pedb
HIET KaK O TPUKOTaXKE, M3TOTOBJEHHOM Ha OCHOBOBS3AIBHBIX MAlIMHAX, TAK M O DPa3pe3aHHOM H
pasmy6IHpOBAHHOM KPYITIOBA3ATEHOM TPHKOTAXE.

ACCOPTHMEHT TPHKOT@KHBIX W3JEMHH MOKHO pasfelMTh Ha OelbeBOH, BEpXHHH TPUKOTaK,
TPUKOTAKHOE NOJIOTHO, YyJOUYHO-HOCOYHbIM, MEPYaTOUHbIA, MCKYCCTBEHHbIM MeX Kaabiii W3 3THX
aCCOPTHMEHTOB TpeOyeT CBOeH OTAeNKU.

XapakTep NMPOLECCOB OTHENKH TpPUMEHSIEMbIe MPH KPANIEHHH U OTJE/IKE ONPEAENSIOTCS BHAAMH
H3JIE/THH U BOJIOKOH B HHX, @ TAKoKe Ha3HAUEHHEM H3/1eNHi.

TpHKOTaXHBIE MOJOTHA C KPYIJIOBSA3AIBHBIX MAIMH MPOXOAAT OOBIYHO OT/ENKY, COCTOSAIIYI U3
cTaauii:

> Bapka WIH pa3MaciuBaHHe (MPOMbBIBKA) — Ul yNQJ€HUs M3 BOJIOKOH 3amaciuBatelne,
3arps3HeHUi W IPUPO/IHBIX TIPUMECEH M MOBBILIEHHs CIIOCOOHOCTH BOJIOKOH MOITIONIATh PACTBOPBI
GesleHure WK KpallleHHe IIPH KOTOPBIX MOJIOTHY NPHAIOT ONPEIeieHHbIH LBeT
annpeTHpoBaHMe —/UIS TPHAAHUA [OJIOTHY ~ ONpEJEeHHbIX CBOWCTB HEOOXONHMBIX I
YJIyqIIEHHs KauecTBa U3AEIMH U3 Hero.
peBapUTEIbHOE MEXaHHYECKOoe 00e3B0XKNUBAHNE
pAcrpaBeHUE U CyLIKa
pa3bpakoBKa- JUIsl BbISIBJICHHSE KAUeCTBA U Je(EKTOB OTAEIKH
LIMpeHKe — pasriaknBaHue (KanaHIpOBaHHE) U IeKaTHPOBKA
(ycaxkuBaHie B MpOLIECCE 3amapuBaHms) Ais MPUAAHKS MNONOTHY YCTOHUMBBIX Pa3MepoB, MATKOrO
rpuda, ucripasienns aedopmalnit €ro neTeibHOR CTPYKTYPbl.
TMpouecc annpeTHpoBaHus ABJISAETCS NocnenHel onepauueii o6paboTKK B pacTBOpaXx, a MO3TOMY
3TOT MPOLECC M MOCIEAYIOIHME CTNN OTACIKH OTHOCAT K 3aK/IHOYHTEILHOM OT/IEIIKE.

OT/ienKka OCHOBOBA3AHBIX MOJIOTEH CKJIANBIBACTCS M3 CTa[uil :Bapka WIIM pa3MaciiuBaHMe, GeneHue
WM KpalueHMe, MeXaHuueckoe OGe3BOXKMBaHWE, PAclpaBlEHHe W PaCTiapblBaHMe [POMOJIBLHONO LIBA
TOJIOTEH, aNMPETUPOBAHME M OTHKHM, CYUIKa-IINPEHHE, Pa3OpakoBKa, CABAMBAHME H HAKATKA.

TToI0THA M3 CHHTETHYECKHX HUTEH OJHOBPEMEHHO C CYLIKOHM HJIM MOC/IE CYLIKH , @ MHOrJa Tepeq
Kpar unn 6 noasepraioT Tepmodukcauyi. OTAETbHBIE BUABI MOJOTEH W3 XUMHYECKHX
BOJIOKOH MOTYT MPOXOAMTH TOCJIE CYIIKH THCHEHME JUIA CO3/IaHMs HAT MOBEPXHOCTH pesbeHOro Wi
nnKccupoBanye. ECIM MOJOTHO Ha TOJBEPraloT MEYaTaHWIO , TO Tepe]l IeYaTaHHeM OHH MPOXOMAT
OObIYHbBIE CTAJMM OTIENKH,a NOCNE TeuyaTaHusl - 3arapuBaHue WIH TepMOOGPabGOTKY, MPOMBIBKH,
annpeTHpoBaHWe, OTHKHM, CYLIKY — IIMPEHUE, pasOpakoBKy.

Jlns KYNoHOB M IUTYYHBIX M3[€/Mii BEPXHEro TPUKOTAkKA OT/AEJKA MOMKET COCTOATh W3 CTali:
NPOMBIBKH, aNNPETHPOBAHHS, MEXAHHUECKOro 00E3BOKMBANMS, CYLIKU 1 GOPMHUPOBAHKS, COBMELLEHHOTO
¢ TepModHCAKLMEH 15 U3/IENHH N3 CHHTETHYECKUX BOJIOKOH.

[ToNnoTHA HCKYCCTBEHHOTO TPUKOTAKHOTO MeXa C BOPCOM M3 HYECAHOM JIEHTbI IIPH OTAE/IKE MPOXOAAT
onepauMM : MNpOK/IeMBAHWE TPYHTa TOJOTHA JUlA 3aKperuieHus BOpCa, NOAUMEepH3auusi Kies H
TepMOUKCALMK BOPCA, MOMMPOBKA BOPCA JUTA NIPHIAHHS €My TEPIICHAMKYJIAPHOrO K FPYHTY TOIOKEHHS,
CTPIKKA JU1S BHIPABHMBAHHKS BOPCA, ANNPETHPOBAHHE V1Sl COOBIIEHNS MEXY BOLOOTTAIKHBAIOLIMX CBOHCTE,
COPTHPOBKA MeXa.

UyJIOYHO-HOCOUHBIE M3/IENHs U3 HATYPATbHBIX M HCKYCCTBEHHBIX BOJIOKOH TNOIABEPraioT Bapke HIH
pasMacTHBaHMIO, GE/IEHUIO ¥ KPAIIEHHIO, ATPETHPOBAHMIO, OTXKUMY, PasGopke, CylluKke — (HOPMUPOBAHHUIO.
Ipouece 3aKAHYMBAIOT COPTUPOBKOH, NOAGOPKOM M3JenMM B Maphl, CLIMBAHUEM, MapKHPOBKOH,
CKNaJbIBAHHEM ¥ YNAKOBKOH. BapKy M pasmaciuBaHue STHX M3/e/uii OOLIMHO COBMELIAIOT ¢ GerienneM
Wov  KpauwleHdeM. Y3jenvis, M3rOTOBJEHHOE M3 TONMAMMAHBIX HWTEH, Tepej KpauleHueM WiH
OJIHOBPEMEHHO C KPALICHHEM MPOXOAAT TePMO(HKCALMIO.

CraausaMi OTHENKM TPSHKA W HUTeH OOBINHO SBIAIOTCA :BapKa W pasMaciusanne , GerneHne H
KpallleHue, OTKHM, CYIIKa, COPTHPOBKA H yTakoBka. EC/IM npsky NoJBepratioT OTAENKe B MOTKaX, T0 NEpel
CyLIKOH MPOM3BOAAT PACTPYCKY —PacIpaB/ieHie MOTKOB.
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HWrak, Kak MOXKHO YBHMJAETh, KKIBIH aCCOPTHMMEHT TPHUKOTWKHOTO H3JENUs MMEEeT CBOH
XapaKTepHbIH mnpouecc 06pabOTKM M OMUCAHHLIE BBIIIE TEXHOJOMMYECKHE IUIaHbl OTJAENKH HE
HCUYEPIBIBAIOT BCEIO MHOrOOGPa3ns Orlepaliuii OTAEIKH TPHKOTKHBIX nonyhabpukaros [1,2].

B nocnesinee Bpems B JMTepaType BCTPEYaeTCs MHOIO HAy4HBIX TPY/OB MOCBSILIEHHBIX HOBBIM
BHJaM pa3pabOTKM TPUKOTaXKa, KAK B HANpPaBICHHH HOBBIX TEPETNIETCHUH W y30pOB, TaK W B IUIaHE
XMMHUECKOH OTAENIKH C LEJIbIO TPUJAHUS H3CIHIO DoNlee KpaCUBOrO TOBAPHOIO BHIA M C YIyYIUCHHBIMH
NOTPEOHTEILCKMMH CBOHCTBAMHU

Ha xadenpe rexHomorun M amsaiina texkctuis KyTancckoro rocyfapCTBEHHOIO YHMBEPCHTETA U
AxIleperenu nposoasaTcs paboTel no pa3palboTKe HOBLIX BHIOB MEPENJIETEHHH M OTAE/IKE TPUKOTKHBIX
TKaHei, 10 CO3NAHHIO HOBBIX MEANLHHCKUX TPUKOTDKHBIX MOJIOTEH W XHPYpPruueckux Hurek [3,4].

R0BIHSBGIGS — REFERENCES - INTEPATYPA

1. A6pamos CA., T'yces BII. TexHonorys OTAENKH TPUKOTKHBIX TKaHel. Mocksa: «Jlerkas MHIYCTPHS»,
1973.

2. Cumon A, Keanune M. Otnenka TpUKOT@KHBIX wu3fenui. Mocksa: «Jlerkas u muuieBas
TIPOMBILIIEHHOCTE, 1982.

3. Byaose EII., JKopowonuanu CA. OCOBEHHOCTH MPOEKTUPOBAHHS TApaMeTpPOB JleueGHOro TPHKOTaXKa
HmxenepHbie HoBocTy I'pysun, 2007.

4. Taoocues Jic., Byaose EJI. OcobeHHOCTH epepaGoTKH TPOLIEHHBIX HUTEH 1 MOy4YeHHe TPUKOTAXA U3
nux. U3secrus HanvonansHoii Akanemun Hayk Asepbaiimkana, 2004, Ne 12,

BE030BHSI0L 65VSA30L 358MI356S
FBobsos 3eaggmG0s, gmobsdye dysdy
Jgomsobols szs50 [acgormmol bobgemdfoge gboggtloBabo

®J033I
Gobsdoadstry 653G0dl 53l dodmbogmgemo  bsbosco. BsRggbgdas oy G Ahozmengemgsbos B0 gmdsgols
65F3630b  asBmggsbol Lhomogdo @ Geby 6ol wsdmgorgdyme 335 oy 03 ULepool gedmggbgds. sbgzy
6sBggbgdos oy G LadnBscpdl sbemgdl o3 dodstorgmgbo o4 Fatgomol Labgmdfogm gbogadlogdol
©adudomol  Bydbmmmaools s @obsobol ©93568389680,  goPdmm 3030636rgmdl LadyBsmgdo  Bmshogdol
shogo  Lsbggaols  Bydtol 30dstroeagdon,  BHO0EsgIwo Joergogmgdol  3s8mygsbol  babom s sbagmo
badgroebo Hoogmdegamo Gogmomgdol o Jotréaogmo dsggdol Bngdbol dodstrorgergdoo.

DEVELOPMENT OF TEXTILE PRODUCTS
Zinaida Vadachkoria, Elizabed Buadze
The Akaki Tsereteli Kutaisi State University

SUMMARY
Presented work is a survey. It is mentioned here how various are the stages of development of textile products
and what its usage is depended on. Also, here is shown what king of work the department of Textile Technology
and Design of Akaki Tsereteli State University is performing in this direction. In particular, the work in the
direction of obtaining new kinds of hooks, of developing textile for clothing and of developing medical textile
and surgery thread.
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XUMUYECKASI TEXHOJOT'HS

BAPUAHTHI MPAKTHYECKOTI'O IPUMEHEHW ST XUMWYECKA
MOJAN®UIUPOBAHHBIX INTHUHOB

M.C.Jlxeitpanuwsnin, B.A Xanuxsan*
Tpysunckuti mexnuyeckui ynusepcumem, Tounucu
*PXTY um. /. U. Menoeneesa, Mockea, Poccus

Jlns POM3BOACTBA LEJUTIONO3bI €KETONHO B MUPE NepepabaThiBaloT OKONO 100 MAIH T ApeBECHHBI, YT0
ABTOMaTHYECKH MPUBOJUT K YBEIIHUCHHS «3anacoBy JIMrHUHA. MeTo/bl ero YTUIM3AUUU aKTHBHO 06cy>|<ual01'cx
u uccnepytorest [1-4]. HexoTopbie W3 HUX Yike ObINM 0BEJIEHbl 10 CTaJ{{ NPaKTHYECKOH NpOBEPKH, HO
peasn30BaHHbIX KPYTHOMACIUTAGHBIX IPOEKTOB /IO CHX MOP HET.

B miaHe TOro, 4T0 OCOGEHHO AKTyalbHbIMH CTAHOBATCS PabOTbI, KOTOPbIE CBA3aHbI C MPEBPALICHHEM
GHOMAcChl B SHEPrUI0 MM TOILIMBO, CAMOE CEPbe3HOE BHUMAHUE CIEAYeT YJENUTh Ha TEPMOXMMHHCCKHE
crocoBbl  nepepabOTKH  NEWEBBIX M BO30OHOB/SEMBIX — OTXO/OB CEJILCKOXO30MCTBEHHON 1 JIECHOM
NPOMBILILICHHOCTH (KPEKUHT MK HM3KOTEMIIEPATYPHBII TUPONN3, TUAPOKPEKHHT, THAPOTEHU3aLNs) [4].

B [@HHOM KPAaTKOM COOBIIEHMM PACCMOTPEH BApPHAHT MHTEHCH(UKALMU TEpMO M TEPMOXUMHYECKOH
nepepaGoTKH TUTHHHOB 3a CYET NMPEABAPHTENLHON AKTHBALMH HCXOIHONO ChIPbA, KOTOPBIf ¢ ycrexoM Obil
anpoGupoBaH paHee Ui MPOLECCOB He(TeXHMHUH [5]. CrnenyeT OTMETHTH, 4TO METOJ MPEeBaTHTENLHON0
030HMPOBAHUA MOKET ObITh C YCTIEXOM TIPUMEHEH W JUli HENOCPE[CTBEHHOTO CHKUraHms aKTHBMPOBHHONO
JIUCHAHA, HANPUAMEP, MPH [IPON3BOICTBE HIEKTPOIHEPTHN (ia)Ke MPH TOBBILICHHOM CONepKaHue B HEM BIIATH N0
CPABHEHUIO C MCKOTIAEMOM TOTUTHBOM). Panee a70T nipuém ofecreymT NOBbILIEHNHE TEMIOTBOPHOH CMOCOGHOCTH
cnabocnexalomuxcs yrieif ApMeHnu 10 35 MuK.Kr, 4T0 BIIM3KO K MAKCMMAJIBHO BO3MOJKHOM.

BBC}IEHP‘C 3TOM CTauy B TEPMOXMMHUUYECKHUX MeToaax nepepa60Tku JUTHAHA OKa3ajoCch MaKCHMAalbHO
sdexTiBHON. B yCIOBHSX HH3KOTEMIEPATYpPHOro (750-800 K) muponu3a JUrHMHA Ha BBIXOL JKHAKHX
MPOLYKTOB B 3HAUMTENbHON CTENEHHU BINAET 06paboTKa ChIPbs 030HCOAEPXKALMM ra3oM. JJocTaTouHo BBECTH A0
4-5 1 030Ha Ha | Kr AMrHMHA (B TIepecyeTe Ha CYXOif), 4TOObI yBEIMUUTH BBIXO/ TaK Ha3bIBAEMOro Guomacia,
MOTEHUHANBHOTO 3aMEHNTENs HETSHOrO TAIKONIOTO rasoiis Wik MasyTa Ha 46-75% (8 3aBUCHMOCTH OT THMA
nurHuna). TIpy 5TOM B JydlIyK [Uls AanibHelillel nepepaboTki CTOPOHY MEHseTCs Kak COOTHOUIeHHE TaK i
coctaB BOJHOW W oprammueckoii a3 skuikofi (pakuuu MUPONHU3A. B 4acTHOCTH B OpraHudeckol dase
TPOMCXOAMNT yBEJINYEHHE J1OJIA HU3KOMOJIEKYJIAPHBIX NPOAYKTOB.

Mexanu3M B3aHMOAEHCTBUS 030HA C YIJIEBOJOPOAHBIMU CTPYKTYpamH JIMTHUHA BO MHOIOM aHANOrH4eH
ero B3auMOEHCTBHIO C aPEHCOIEPIKALIUMH YITIEBOJOPOIHBIMU CHCTEMaMH HedTAHBIX CMOJI i acaTbTeHoB [5].
TTpakTHYECKH MTHOBEHHO NPH KOMHATHOH TeMIepaType NpoTeKkaeT ACCTPyKLus (eHONA M €ro NPOU3BOJHBIX C
ﬂpOMe)KyTO'-leIM 06pa305aHueM FHHPOHCPOKCM}:{OB, aNbACTUAOKUCIIOT M KHUCJIOT pasnnqﬂoro Thna. 10
NPUBOAUT HE TOJBKO K yBenuqumo KUCJOTHOIO 4YuCjia U YMEHBIICHHIO MOJIeKyIlﬂpHOFO Beca ChbIpbs, HO H K
NOSBIEHMIO TPONYKTOB, CIIOCOOGHBIX WHMLMMPOBATH MPOUECCHl TEMIEpaTypHOro  KpekuHra TIPUPOMHBIX
yrneaouopouoe‘ HECMOTPS Ha 3HAYUTEJIbBHOE pasnwme B CTPYKTYpe JIATHUHOB M CMOJIMCTO aC(beTeHOBbD(
BewlecTB He(TH ObUIa MONydeHa OMNpeleNeHHas KOppensuus Mexay rnyOMHOM aKTHBALMK ChIPbs O30HOM H
JOCTUTraeMbIMH pe3yanaTaMM npu OAVHAKOBBIX METOJax WX TepmonepepaﬁoTxu. 210 YyKa3bIBaeT Ha :
BO3MOKHOCTb HATTMHHS CXOMHBIX CIIOCOGOB yTUITU3aLUK i 06)1aCTe! MPUMEHEHHS.

Tono6Hbli 3(hdekT CpaBHUMBIA C JAHHBIMH HMCHONB30BAHNS HEAKTHBHPOBAHHLIX H AKTHBUPOBAHHEIX
030HCONEPKAIUM rasoM yrieit [6] Obu nonyuer Npu rMApOreHH3alH NUrHUHOB. TPy NPOBENEHUM aKTHBALMH
JMCHWHA B YCJIOBUAX QHAJOTMYHBIX YIVIAM NPOMCXO/MT yBENMYEHHE CTCMEHH konBepcuu B 1,66-1,8 pasa. B
5TOM Cilyuae NPOLECC aKTHBALMH MaJI0 3aBHCHT OT NPHPO/IB! PACTBOPHTENS (Tosyos, TETPAIMH, 3TAHO).

Cnegyer OTMETMTb, 4TO [pHMEHeHHe IiyGOKOro O30HMPOBAHHA TO3BOMACT BOOOLIE OTKA3aThCA OT
MpUMEHEHNs KaTANu3aTOpPOB M BBICOKOTO JAABICHHUS (rupporenusauns). B OnpeneneHHbIX YCIOBHAX, B
PacTBOPUMOE COCTOSIHNE NIPEPEBOAUTCS HE TONIBKO JIHTHUH, HO ¥ IPEBECHHA, NpHYeM TNPH JOCTATOYHO BBICOKOM
COOTHOIUEHUH JPEBECUHA/PACTBOPHTENb (2 1 soite) [7]. U B aTOM ciyuae HalJIofaeTCs aHalorus ¢ paiee
MMEIOIUMHCS JAHHBIMK 110 OJKVIKEHHUIO OypsIX YrileH. TpensapuTebHOE 030HUPOBAHME CYCTIEH3HH OKasanoch
BecbMa d(hdEKTHBHBIM CPEACTBOM YBEIMHYCHUS CTENICHH KOHBEPCHU Gypbix yriei npu ux ckuwxeHnn. Ipn
350°C oHa yBeNUUMBANACH BJBOE, a IPH 400°C — B 1,5-1,6 pasa 1o CpaBHEHMIO C MOKA3ATENAMH OXKIKEHUS
AHAJOHYHOTO UCXOAHOTO HEAKTUBHPOBAHHOIO CHIPOrO YIiis [6].

JIpyriM TIEpCrIeKTHBHBIM U JOCTATOYHO TOHHAKHLIM HAMPABJICHUEM MOXCT ObITb  HCHOMb30BAHKE
MOAX(HLIPOBAHHBIX TMTHHHOB, KAk OMOAKTHBHBIX ¥ CTUMY/PYIOWHX POCT pactenuii coenunenui. ITokasana
BO3MOXXHOCTH 3Cl')¢€KTVIBH0I7I 3aMeHbl TYMUHOBBIX BEIECTB Ha JIMTHUHBI, 4TO OObsICHAETCS HAIMUHEM B 000HX
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NPOAyKTax OnpejeneHHoro Habopa (coueranus) crielupuaeckux GpyHKIMOHATLHBIX TPYIII, OTBEYAIOLINX 33 HX
BBICOKYIO PEAKLIMOHHAs CIIOCOOHOCTH U OTIp LIMX CIIEKT TP

JlononnuTenbHas OKMCIUTENbHAs MOAM(HKauua (O30HMPOBAHME) JMIHMHOB MPUBOJAMT K MOJY4YEHHIO
npoaykTa, B Gosiblleli CTEMeHM MOXOXKEro IO CBOWCTBAM C TyMHHOBBIMH KHCIIOTaMbl. bBonmee Toro,
6MOaKTUBHOCTB €r0 HACTOJIBKO PE3KO BO3PACTAET, YTO AHATOTAMM TOr0 MPOJYKTA CTAHOBSTCS YiKe HedTsHbIe
KHCIIOTBI, YTO B CBOIO OYEPE/b YKas3hlBaeT Ha JPyrue BO3MOXXHOCTH TNPHMEHEHHs NUrHuHOB [8]. BaxHo
OTMETHTb, YTO K aHAJIOTHYHOMY BBIBOLY (O BIMSHHK 030HA Ha GMOAKTUBHOCTH) NMPULLIM W aBTOPh! crocoba
noNy4eHHs GHOAKTUBHBIX COJel IyMUIHOBBIX KHCIIOT M3 UHOTO IPUPOJHOTO ChIpbsi — Topda [7].

Hanuune onpeseneHHoro 6uoaxTuBHOro 3G¢ekrta y TNPOMU3BOAHBIX TEXHHYECKOro (B TOM YHCIE H
THAPOJIM3HOr0) JIMTHUHA M3BECTHO JIOCTATOYHO JaBHO [1, 8], 4To moATBep:AeHO Ha TIPAKTHKE /i LEJOoro psaa
CeNbCKOXO3AHCTBEHHBIX KYJIbTYp. VIX NpHMeHeHHe He TOJbKO CMOCOOCTBYET TMOBBILUEHHIO YPOXKAHHOCTH
oBowef, kapTodens, XJIOMYATHMKA, pUca W T.J., HO M AKTHBUPYET MNPOTEKAaHWE MNPOLECCOB TMAPOIM3HO-
JIPOXOKEBBBIX IIPOU3BOACTB [5].

Jlnst Toro, 4roObl NPOBEPMTH BIMSHHE OKHUCIMTENbHOW 06pabOTKM TIMAPONM3HOTO JIMrHMHA HA
GHOaKTHBHOCTh TOJyYaeMbIX M3 HErO NpernapaToB, 4acTh WUCXOMHOrO ChIPbS MOABEPTIM NPEABAPUTEIBHOM
OKMCIIMTENBHON ~aKTHBALMM B PEXHMe, ONTHMU3MPOBAHHOM pauee. 3areM, M3 06paboTaHHOrO M
HeoOpaboTaHHOro JIMFHUHA TO W3BECTHOM Meroauke [8], ObUIM TMOJyYeHbI JIMTHUHOBBIE CPEICTBA POCTA
pactenui, koTopble Gonee yH0OHbIE [N NPAKTHYECKOro NMpHMeHeHus. MX GHoakTUBHOCTH Gbula CpaBHEHa C
paHee CUHTe3HpOBaHHbIMU HeTsHbIMH Tipenaparamu (cepus ITKT) u rymatom kanus.

[MonyyeHsle pe3y bTaThl CBUAETENBCTBYIOT, YTO NPEeABAPUTE/IbHAA OKUCIHUTENbHAs 06paGoTKa JIMIHHHCO-
JlepyKaliero Chpbsi 030HCONEPIKAIMM ra3oM B OIPEIENCHHOM DEXHUME HE TOJBKO TOBBILAET €ro yHEIbHYIOo
GHOJIOrMYECKYIO aKTUBHOCTS MUHUMYM B JIBA pa3a, HO U MPUBOAUT K YBEJMYEHHIO BBIXO/A [IEOCBOrO MPOJyKTa
(B cpentem Ha 42% macc.). DbdekT nelicTBus TaKuX NpenapaToB CPaBHUM C ASHCTBHEM IYMHHOBBIX CTUMYJIs-
TOPOB POCTA PACTEHHA, HO, YCTYNAET AHATOTHYHBIM [I0KA3aTENAM JyHIIiX HeQTAHBIX CTUMYATOPOB [4, 5, 8]

TakuM 06pasoM MPOAHANM3MPOBAHbI ABA HATPABICHHS MepepaGOTKH XUMHYECKH MOIM(HIMPOBAHHBIX
JIATHUHOB, KPYNHOTOHH@KHOE — TEPMOXMMHMYECKOE M MENKOTOHHKHOE, HANpaBieHHOe Ha MojyueHue
GHOAKTHBHBIX COSJIMHEHNIL.

205305 I®S — REFERENCES — JIMTEPATYPA
1. Hu Thomas Q. Chemical Modifications, Properties and Usage of Lignin. Kluver academic/plenum Publichers/ New York.
2002, p. 291
2. Kysueyos b.H. Axtyanpibie mpoGiieMbl MPOMbILIICHHOH opranmueckolt xumun. Moworpagus. KpacHospek, usi. «KI'Y»,
2002, c. 310.
3. Kuznetsov B.N,, Kuznetsova S.A., danolov V.G., Kozlov L.A., Tarabanko V.E., Ivanchenko N.M., Alexandrava N.B. Catalysis
Today. 2002, v. 75, p. 211-217

4. M.C. uop. X p neHHocTs cerojus. 2006, Nel, ¢. 39-40

5. Jlumeunyes M.FO. Xumusi xu3ub, 2005, Nel, c. 14-18

6. K B.®., Cusup ILIT, H.JO. XviMusi B MHTEPeCcax yCToiumuBoro passurus. 1999, Ne7, c. 141-155

7. Kobayashi Masahiko, Asano Toshuki, kajiyma Mikio. Lournal of Wood Science. Springer Tokyo, Japan. 2005, 51(4), p. 48-
356

8. Taspumouux E.H., I'opoun H.B., Konocos M.A. Asr.ceun. 946485 CCCP. 1982

FOROBOBOBIBPIR0 F20B606350L IGSIOOIVR0 358MYIEIB0L BILSIRIBRMBIB0
Bstr06s R g0cs60Bgomo, gererady® babogosh*
Usgsemgamel Bofogeo ghozlodydo
Headoiyéo Bfiggmagacl obgrombel Grbgmals Jodog® Gadrmeaogto BogyElodse

$0%0339
moghobighal  pupodglogpdel o BodsGorgmogds  Ahsgsmrbagosio —

assBamobgdgmos  dmgogaetgdymo
s dgonbobogosbe - Budsore dommogeghee sdbogen ExGogiel

s dols 9
gHdngodonéo  gersddsg) 0PN

Bogggbobsagob.
POSSIBILITY OF PRACTICAL USE OF MODIFIED LIGNINS
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SUMMARY . ) ) )
Two variants of processing chemically modified lignin’s are analyzed. Large capacity variants is thermo chemical one,
and low capacity variants is designed to obtain bioactive solutions.
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XUMHUYECKAS TEXHOJIOTHS

XUMHAYECKASI MOJUOUKAIS INTHUHA U3 OTXOA0B
BUHOTIPATHOM JIO3BI

M.C.J[xeiipaHUIIBAIN
T'pysunckuti mexnuyeckuil ynueepcumem, Tounucu

JIiis Haulero pervoHa W APYTMX CTPaH Pa3BUTOTO BMHOIPAJOBOACTBA MOXKET HAHTH MPAKTHYECKOE
NpUMeHeHHe THAPONM3HAs TepepafoTka OTXOOB BHHOrPAJHOH IO3BI, KOTOPbIE MHOTOTOHH@KHB H
NPAKTHYECKH HE MCToNb3yeMbie. B 9TOM miaHe HECOMHEHHbI NpobieMbl YTHUIM3AUMK THAPOITH3HOTO
JIMTHUHA,

Panee Hamu Obula [OKa3aHa NPUHLMINMAIBLHAS ~ BO3MOKHOCTb  MCIIOJB30BaHHs — METOJIOB
OKHMC/IUTENBHOW AKTHBAMM TEXHMYECKOTO JMrHMHA W NPHUMEHeHHs MOIM(UIMPOBAHHOTO MPOMYKTA B
KauyecTBe GHOAKTHBHBIX M a/Ir€3MOHHBIX MPEITApaToB, & TAKKE SMYJBraTOPOB BOJHO-GUTYMHBIX SMYJbCHI
[1,2].

B JaHHOM COOGLIEHMM TIPUBEEHbI PE3yjbTaThl MOAMMDHMIMPOBAHHS JIM[HHHA, MOJYYEHHOro M3
OTXOIOB MNepepabOTKK BHHOTPAJIHOM JIO3BI HE OKHMCIIMTEBHBIMM, & KJIACCHYECKHMU XUMHYECKHMH
METOJaM# — XJIOPMPOBAHUEM M aMUHHpOBaHMEM. VI3yueHHeM pasiuyHBIX acreKTOB STOrO HarpaBIeHWi
3aHMMAIOTCS XMMMKH PasHbIX cTpaH [3-6]. TIockonbKy JIMIHHH SBJSETCs GUOTIONMMEPOM M €ro CTPOCHHE
3aBUCHT OT LENOro psfa GakTopos (B MEPBYIO CHEPEh — NPHPOMIBI PACTEHHIH, a TAKXkKe OT 0COOCHHOCTEH
KOHKDETHOH MECTHOCTH, THIIA MOUBBI, KJIMMaTa 1 T.J1.) MOTY4EeHHbIC Pe3Y/IbTATbl HEOHO3HAUHDI.

C 1e/bIO NONyYEeHHs YCPEHEHHBIX Pe3y/ibTaToB B Ka4€CTBE MCXOJHOrO MaTepuaia MCroJb3oBai
OTXO/IBI JI03bl PA3HBIX COPTOB BHHOrpaja Takux kak Pxauutenu, Canepasu, Terpa u Ap, MOjyYeHHbIE H3
pasanyHbIX paHoHOB [ py3uu.

Kapiii 06pasel ChIpbsi MPEABAPHTENLHO U3MENbUAN IO OAHOPOIXHON MacChl C pa3MepaMi HacTHl
B mpenenax 0,25-0,5 MM M OKCTparnpoBaii M3 HeE CMOJbI W KMpbl (10 5% Macc OT MCXONHOTO Beca
o6pasua) B annapate Cokciiera cmechto sTanon/Genson (1:2). TlomyueHHBIH MPORYKT BLICYIMBATH H
noxsepranu ruapoausy mertonom Knacowa (moaudukauus Komaposa). Jins kakaoro obpasua OTXOMIOB
OMNpeIeNsIIH BHIXO/ JTATHMHA M [POLEHTHOE CONEPIKAHNE B IUTHHHE (YHKUMOHAIBHBIX IPYIIIL.

XJ10pHpoOBaHHe OCYLIECTBIISIA MOJCKYIAPHEIM XJIOPOM ¢ 06aBKaMi HHHMLMATOPA B CYCIEH3HH,
Bapupys cpeny (BoJa, YeTHPEXXJIOPUCTBIH YIIIEPO) M YCIIOBHS MPOBEJCHHS PEaKLMH. OrdusbTpOBaHHBI
0CAZOK NMPOMBIBATM JMCTH/LIMPOBAHHBIH BOJOHM (1O MOTy4eHHs HEHTpaIbHOM Cpebl), BHICYIIMBATM B
BaKyyMe W aHATM3HPOBAI CONEPKaHHe (PYHKUHOHANLHBIX IPYMIL. BbIX0/ XJIOPIMrHHHA B 3aBUCHMOCT OT
MPUPOIBI CHIPBS COCTaBIAN OT 120 0 126%, MaKcHMaibHOE COAEpKAHHE XJIOpa [0CTHrano 28%. B
K@KIOM OIBITE OTPEJENsU KONHYECTBO (Mace %) BBEJCHHOTO XJIOPA M OCTABUIMECS METOKCHIbHBIE
rpynmsl Meroaamu MK-crieKTpocKonmm.

JUist TOMyueHHUs] CPABHMTEIIBHBIX JAHHDIX, XJOPHPOBAHKIO MOABEPraii TakKe 06pasiibl HCXOAHBIX
9KCTPAarMpOBaHHBIX OTHIIOK.

AMMHMpOBAHME XJIOPJMIHMHA TIPOBOJMIM CYXHM aMMMAKOM TIpW Temnepatype He Bbilie 70°C
BapbUpysl BPEMsl PeaKUMu I MOMyHeHUT MPOYKTa ¢ HEOOXOAUMBIM COACPHKAHNEM a30Ta. Konuuectso
[IOCIEAHOrO ONPEENAY B BHICYLIEHHOM HEHTPAIbHOM Ocajke. BhIXOA aMHHOXJIOP/IHTHKHA B nepecteTe
Ha MCXOJHbIH XJIOPAHIHUH coCTaBisul oF 76 110 83,4%. naHHbie aHANN3a NPEIICTABJICHDI B Tabnnue 1.

Tabnuua 1. JlaHHble aHan3a aMHHOXJIOPJIUTHUHA

Copepsxanue Cl, % f [ Auanus amuHoxsI0paMrHMHa [ o
. SR ] [Ipupona ceipbs T CL% ‘ N, % | BBIXOZ, %0
L 25,00 | nmrann «Pranmrenuy [ 8,70 [ 2,32 | 80,4 1

B MOJIyYEHHOM NpPOAYKTE Onpeaesisin cojieprKaHue a3oTa, XJiopa 1 METOKCHJIbHBIX I'PYITI.
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KpoMe ammuaka iss aMHHHPOBaHHMs OOpA3LOB XJIOPIWFHHHOB MPUMEHSIM HAUIATHIPHBIA CIMPT.
Peakuus npoTexajia B MACKMX YCIOBHSAX, PH KOMHATHOM Temnepatype, 6e3 karanuszatopa. Bapbuposanu
TOJIBKO COiepKaHue 00pabaThiBAEMOro MPOAYKTa U NPOAOKHTENILHOCT IIpoLecca.

TlonyyeHnble Ha KaXOOM 3Tane o6pasusl MOXU(HIMWPOBAHHBIX JIMPHHHOB OBUIM TPOBEpEHbI HA
GHOAKTMBHOCTb, aAre3MOHHYIO CIIOCOOHOCTb, BO3MOXKHOCTH INPHUMEHEHMS B KayecTBe HAIOJIHWTENL
IDIACTMACCOBBIX M KepAMITIECKHX wsnenuii v .. TIpOBEEHO CpaBHEHME TOJYYEHHBIX JAGHHBIX C
JIHr MC POBaHHBIMA OKUCIMTE/bHBIMK MeTofamu [1, 2].

KonnuecTso. Bbl}leHBHHOI‘O NUrHYHA B GOMbIUEH CTENeHH 3aBHCHT OT NMPHPOAbl (COPTa) OTXOOB
7103bl, YeM OT reorpapuUecKuX XapakTepuCTHK, HO s 90% o6pa3iioB KoaeGeTCsl B 10CTATOYHO y3KMX
npenenax ot 32% y Pxauurenu 10 28% (macc.) y Canepasy ¢ COOTBETCTBYIOLINM CPEHUM COEPIKAHUEM
MeToKCHIbHBIX rpynn 10,3 u 15%. IlpouentHoe conepxkaHue (yHKUMOHAIBHBIX IPYNI B FHAPONH3HOM
nuraude «Pxauprenu»: -OCH; - 10,32; HO - denonsusie 5,60; HO - cpr 10,00; HO - onpenenéunbiii
TurpoBanueM 7,90; - COOH - 2,20.

Cpapnennie MIK-criektpo (puc. 1) HCXOIHOrO Chipbsi (ONHJIKH), JIMTHHHA H XJ!OpHHFHHHa
[OKa3bIBAIOT, YTO BCE o6pa3ul>l conepxat xapaktephsie nuiun OH rpynn B o6nactu 3500 cv’ ¥ ankaHoB
B o6mactu 1400-1500 cm™.

XJI0pHpOBAHHbIE OMUIKH H JIMTHUHbI COAepKaT XapaktepHpie iuaun C=0O rpynn B obnacti 1600-
1700 em™.

THAPOAM3HBIN IMTHUH B OTIMYME APYrHX OGpa3LOB COJAEPXKHT XapakTepHbIE JIMHHM aIKaHOB B
o6mact 1600 e

Bo Bcex Tpex o6pasuax NpCyTCTBYeT sipkas obnacts 3000 cm’! XapakTepHas i apOMATHYECKHX
rpynm.

AL\

o

|
N |

RN oo sawn

o ovann Tis weo o Tees Toer e

a) 0)

T e e r)

Puic. 1. MK-CriekTpbi: a) THAPOU3HBIH TUTHIH «PRaluTenn»; 6) XJI0pMpOBAHHbIE ONHIKH «PKAUNTENH; T)
XJIOpMPTIBAHHBIT FUAPOIU3HEIH JIMrHIH «PranuTen

a o
B XJIOpUPOBAHHOM THIPOJM3HOM JIUPHHHE HCHe3Na JIMHUA 1000-1100 cm”', xapaxrepnas ais —C=C
apOMaTHUECKHX CBA3EH, KOTOpbIE CBA3aHBI C —~OCH; rpynmamu. OTO ABIseTCS IOKasaTesieM mpouecca
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JIeMeTHIHPOBAHMA B TIpOLECCe XJIOPUPOBaHMs. Toxke camoe MONTBEPKIAET XWMHUYECKui anams. B
npomykTax xjaopuposanus ~OCH; rpynmer ymenwaiores B 2,5 pasa.

Ilo CpaBHEHMIO C THAPOJIM3HEIM JIMTHHHOM B XJIOPUPOBaHHBIX ONMJIKAX W JIMPTHHHAX pacter
KONHYECTBO XapaKTepHbIX obnacted kapGokcwunbHbix rpynm (1750 CM"). B XJIOpMpOBAaHHBIX TMPOMYKTaX
noseunach auuus C-Cl apomatHbix cesiseli B obmactu 1045 cm’, wro moarsepknaercss paGoTam
Cepreesoi 1 ap. [7].

Cpasnenne MK-cnexrpo xyopnurauna ¢ MK-cieKTpoM MCXOAHOro JMravHa «PKauyTensy
[IOKa3bIBaeT HANMMYKE HOBOH Tosiocsl mornowenus B MK-crekrpe xsiopnuruuna B obnacta 700-800 om’,
4T cooTBeTCTBYeT McuesHoseHuio C-H cBfizeli B METHIBHBIX M METHICHOBBIX IPYINIaX W TOABICHHIO
HOBBIX Tpyrmn [7, 8].

MeXaHu3M pPeakudio XJOPHPOBaHWA B BOJAHOH M B OPraHMYEKOW CYCTICH3MH  PasfIMyiHEL
TonyyaeHHbIe pe3y/bTaThi, OLEHHBAEMbIE HAMH NO COJEPIKAHMIO XJIOpA, B CONOCTABMMBIX YCIIOBHAX
(cocTa mexonHBIX cycriensuu 1:10, nponosmkuTeHocTs 0GpaboTKM ONMH Yac) oTMyaloTes Gonee, YeM B
[Ba pasa.

B ueTHIPEXXJIOPHCTOM YIJIEPOJe Cpeaee ComepikaHue XJIopa i 4 COPTOB FMAPONH30BAHHOIO
nurHuHa xonebaercs B unTepsaie ot 9,2 10 10% (ana Canepasu — 7,5%).

B BOZHOM CYCNIEH3MM 3TOT MOKasaTelh BO3pacTaet 10 24-28% Aist Beex 06pasLoB (BEPOSTHO B 3TOM
cyuae 3a cuerT O6Pa3OBaHHMsS ATOMAPHOTO KMC/IOPONA M3 FMNOXJIOpHAA MpeoliajnaeT Rojii Mapiipyra
OKHCIIUTEIIBHOTO XNOPHPOBaHUA).

MHTEpeCHO OTMETHTb, YTO 3aMeHA JIMPHMHA HA OMWIKHM COOTBETCTBYIOLIMX COPTOB MO3BOJIAET B
nepBoM ciydae Ha 20% yBeNMUMTH COJepKaHMe B HUX Xiopa (1o 11-12%), a Bo BTOpOM, Haobopor,
CcHu3HUTH 110 18-20%.

B xone peakuun onpeaensin copepxanne OCH; rpynnbl v BBIXOA OTOro rnokasatesnd Ha
MOCTOSHHYIO BEJIMYHHY CUMTATH OKOHYAHMEM XJIOPMPOBaHHA. OTOT MapuipyT (AeMETHIMpOBaHHE
METOKCHIIBHBIX TPYTIT) ABISETCS MNPEBATMPYIOIUMM Uil 00euX BapHaHTOB XJOPHPOBAHHMA B MSATKHX
yCsIOBHAX (KOMHATHas TemIiepaTypa, aTtMocdepHoe [HaBieHue, YTOOBI He paspyliajiach CTPyKTypa
JMIHUHA), XOTA BO3MOMKHO U MpOSIBJIEHME XJI0pa B GOKOBBIX LEMSX MyTeM 3aMelleHHs (yHKUHOHATbHBIX
IpynIL, PHAPOIN3 SGUPHBIX CBA3CH H, KAK yske OTMEUAoch BhIlIE, OKHCIeHHE (B BOAHOH cpene).

YactuyHoe 3amerienve atoMoB Cl Ha aMMHHYIO TPYMITy [O/KHO MPUBOAMTE K IOSBICHUIO y
MOAM(HUMPOBAHHBIX TAKHM 0GPa30M JIMTHUHOB HOBBIX NOTPEOHTETLCKUX CBOVCTS. OOBIMHO 3Ty PeaKuyio
NPOBOAAT B BOAHOM (ase, MOBBILIAS KOHUEHTPALMIO aMMHAKa M CMAryas yc/ioBus 1A MpeAOTBPALICHAA
napaiienbHOro NpoTekanus ruaposusa. [locsieoBaTenbHO U3 XI0PTPOH3BOAHBIX 06pasyroTCs NepBUYHbIE,
BTOPMUHBIE M TPETMUHBIE aMHHbI.  YJKECTOUEHHEM YCIOBMHA MpOUECC MOXHO  JIOBECTH  JI0
MPEeUMYLIECTBEHHOTO 00Pa30BaHHs HEThIPEX3aMEILEHHON CO aMMOHHS.

M3HauanbHO KEeITOBATHIM LBET XJIOPHPOM3BOJHBIX C Hauaja aMMHHHMPOBAHMA IIPEBPALIACTCS B
KOPHH4HEBBIiL, a 110 Mepe MPOTEKAHMs MPOLECCa NPOYKT NONHOCTHIO HEPHEET. 3a XO/I0M PeaKLyH CIEIUIH
MO CTercHM TpHOLUIM COJEpIKAHMA XJI0pa M POCTY CONepKaHHA a30Ta. MaKCHMYM TOCIEAHOTO He
npessunan 2,3% (Macc.), TOrAa Kak COASPIKAHME XJIOpa C MCXONHBIX 25% MOXKHO ObINO CHH3UTH 10
nokazarens 8%, konuuectso OCH; rpynn npaxriyeckn He Mensercs [9].

X7I0pNpOM3BO/IHBIE M AMHHOXJIOPIPOM3BOJHbIE JIATHMHA  GbuH anpobUpoBaHbl ¢ LEJIBIO
Orpe/ieNeH s BOSMOXKHBIX 06J1aCTel X NIPUMEHEHHUA.

Hanuuse onpefesieHHoro GUOaKTUBHOTO QeKTa y MPOM3BOMHBIX TEXHMYECKOrO (B TOM wHCIe i
IHAPO/M3HOr0) JMFHMHA W3BECTHO JIOCTATOMHO JABHO (CTHMYJATOPEI pPOCTA pacrenuii) u GbuIO
MOATBEPKACHO Ha TPAKTHKE A [EJIOr0 PAa CenbCKOXO3MHCTBERHBIX KyJILTYP [10-11]. Monudukauus
FMAPOJM3HOTO JIUTHUHA, POBECHHas B JaHHOil paGoTe, B OT/HMYHE OT OKHCIIMTENIBHOM HE YBETUYHBAET
GHOCTUMY.TUPYIOLIMH 5P DEKT TUrHIHA, 3 HATIPOTHB, TIO3BOJISET er0 HCTIONB30BATH B KAYECTBE MPUPOAHOrO
MHIHGUTOPA, B PA/e CIlydaes 3aMe/UTAIONIEro MW OCTAHABINBAIOLICrO POCT PACTeHMH. Ecan nectuim/nbe
CI0COBHOCTH XJIOPIPOM3BOHBIX JIUIHUHA ObLM PaHEe W3BECTHBI, TO 9TO HOBLIA d(deKT, Tpebyrouuh
Gonee AETANILHOTO U3yYEHUS.

ITo METOAMKE, AHAJOTMYHONM paHee WCIOJb30BaHHON [2] GbUT MPUrOTOBICH Mperiapar Ha OCHOBE
MOIU(HMUMPOBAHHBIX JIMTHHHOB 7103bl. [lokazaHa, YTO ero aaresHoHHas CNOCOGHOCTH  BBILUE, YEM Y
nperapara Mojy4eHHOrO TOJIBKO OKHC/IHTEIBHLIMH METONAMH. Takum 006pa3oM, OH TOXE MOXKET ObiTh
3anelicTBOBaH Ul OGPaGOTKM CHIMYHHX I€CUAHBIX MOBEPXHOCTeH, OCOGEHHO B PErHOHAX C MANbIM
KOJIMYECTBOM OCA/IKOB.
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TpuMeHeHHs MOAM(MUMPOBAHHOTO JIMTHUHA B KA4yeCTBE HATOJIHUTEN TMpU  TPOU3BOACTBE
Pa3INYHBIX M3/ENHHA ¥ HEKOTOPBIX CTPOMTENIbHBIX MATEPHAIIOB, MMEET SIPKO BHIPAXKEHHOE MPeHMYIIECTBO,
YTO CBA3aHHO C NPUOOPETEHHWeM YJIyYeHHBIX AaJre3HOHHBIX CBOWCTB 3a CYET BBEJCHMS HOBBIX
(YHKUMOHANBHBIX FPYTIIL.

Takum 06pasoM, TPeMVIONKEH HOBBI CHOCOG YTHIM3AUMM OTXOJOB BMHOTPagHOM  JIO3BI,
TO3BOMSIOMH MOMYYaTh HOBBIE MPOLYKTHI, 00JIaAAIOLIHe HHTEPECHBIMU MOTPEOUTENLCKUMHU CBOMCTBAMH.
ONTUMH3UPOBAHB! YCIOBHS CTAAWN XMMHYECKOH 06paboTKM THAPOIM30BAHHbIX JIMTHHHOB, NOJTYYEHHBIX H3
OTXO/I0B BHHOTPAHOM JIO3BI.
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CHEMICAL MODIFICATION OF LIGNIN OF GRAPE WASTE
Marina Jeiranishvili
Georgian Technical University

SUMMARY
Raw material nature’s (vine’s waste products) influence on the hydrolytic lignin’s solution was researched.
Results of its chlorination and further amination methods were provided. The conditions to carry out such
methods were optimized and opportunities to apply modified lignin were discussed.

407



b5dS@MBIRML BIGEOIGIBS0NS IHMBEIRO S3SRIBO0L 85B6I, Jodool Lythos 2009, 3. 35?

XUMHUYIECKASI TEXHOJIOT U

AKAPUIMJHOE JEVCTBUE IIPEIIAPATA B ®OPME MA3U HA KJIEIENA
RHIPICEPHALIS SANGUINEUS (npeasaputenbHble HCCAEI0BAHMS)

I'.A.Yumaxanze, O.I" Jlomranze*
I'pysunckuii I'ocyoapcmeennvil azpapHnbiil ynueepcumem
*Hucmumym guzuueckoi u opeanuueckoti xumuu um. Ilempe Menuxumsunu

HKkcosioBble KNEIM B NATOJIOTMK CENbCKOXO3AMCTBEHHBIX KUBOTHBIX MMEIOT OFPOMHOE 3HAUCHHE Kak
NEPEeHOCUMKH PasIMUHBIX SHAOMI00YAspHbIX 3a001eBaHMii (TMpenia3Mo3 HyTanuo3 u Ap.) OTpuuarenbHas pos
KIIEWeH 3aKII04aeTCs Tak XKe B XPAaHGHMM U TIEPEHOCe MMM MHOIMX BO30yauTeneil GosesHedl 4emoseka
KUBOTHBIX (KNEIEBOH SHUedanuT, Tynapemus, KieileBblie pukereHosbl u ap.) [1-4]. Jins 6ops6bl ¢ 3TUMH
KIIELaMH NIPEVIOKEHBI Pa3/INIHBIE XMMUUECKNE CPEICTBA, B TOM HHCIIe [PeNaparhl ¢ aKapHUMAHBIM AHCTBIEM
Ha OCHOBE CHHTETHUYECKHUX NMUPeTpOuAoB. COBpEMEHHbie CTAHIAPThI MPEABSBIAIOT Psifl TpeGOBaHUM K ITHM
npenaparam: JUIMTENbHBIH NMPOTEKTUBHBIN 3(eKT; Wupokuit crnekTp AeiCTBUs; 3(eKTHUBHOCTh HE TONLKO
MPOTHB MKCOAOBbIX KIIELIEH, HO U MPOTHB 6JI0X, BIACOENIOB, YECOTOUHBIX M YUIHBIX KJELUeH, a Tak jKe IPOTHB
MOCKHTOB, KOMapoB ¥ MyX.

OO6BINHO MApasUThl UMEIOT MPONOTIKHTENbHBIC LMKIIBI PA3BUTUS. B CBSI3M © yKa3aHHbIM, KOHLEHTpaLUs
L(eﬁc‘my}oulero Havyaja B TIpUMEHSIEMBIX T[Ipernaparax JoJDKHa ObITh JOCTAaTOYHOW Ha BeCh nepuonx
TPOAOCIDKATENIBHOCTH  LMKJA Pa3BUTUSA, YTO TNPENOXPOHAET UMKJ peUHBa3UM. ATHBHOCTH npenapara B
OTHOWIEHHH PA3JIMYHBIX CTAJWH PA3BUTHS MAPA3HTOB, a TAK e WX SHL, 00eCHeynBaeTcs 3a CYeT KOMOUHALMH
BEILECTB C PA3IMYHBIMH MEXaHHU3MaMH ueﬁcmnx.

Llenbm Hauero ucciaeaoBaHusd [9851) TIPUrOTOBJICHHE aKapuLMIHOrO nperapara NPOJIOHTHPOBAHHOTO
neiicteus B opme Masu. PaHee Hamu Gbinn  paspaGoTaHbl pasnnyHble MpenapaTHBHble GOPMbI aKAPULMIHBIX
npenaparos (Kaparmam, ny}.‘[pa) B KOTOPBIX YBEJIMYECHHE TNIPOAOJIKUATEIIBHOCTH JIeHCTBUS CHHTETHYECKHUX
MHPEeTPOMIOB obecreunBaeTcs Giorogaps MX (MKCALMM Ha MOBEPXHOCTH MPHPOINHOTO LEOINUTCOAEPIKALLETO
tyba knuHonTMionuta [S]. HamnonHenmeMm  pasnuuHBIX  (OPMOOOPA3YIOIMX — CHCTEM  [OPOLUKAMH
KJIMHONTUIIONNUTA, C d)MKCPIpOBaHHLIM Ha ITIOBEPXHOCTH IHMPETPOHUIAOM, HE YJAJIOCh NONYYUTh Masu Hy)KHOﬁ
KOHCHCTCHLIMH ¥ TpebyeMbIMH (PU3UKO-MeXaHMYeCKHMH CBOMCTBAMU. B CBA3M C yKasaHHbIM, CHHTETHUECKHE
NUPETPOMb! peunin 3aduKCHpoBaTh Ha oborameHHOH (opme TPHPOAHON MOHTMOPHITOHHTOBOH IIHHBI
Ackanckoro (Ipy3us) MeCTOpOXJIEHHMs, NOCNONbKY 3Ta INMHA HAXOAWT TPHUMEHEHHE KaK KOMIIOHEHTOM
pasnuuHbIX JieueOHBIX Maseld W mact. J{ns 3akpermyieHus —aKTHBHOIO Hauana (CHHTETHYECKHH NHPEeTPOMA
LUMEPMETPHH) Ha TIOBEPXHOCTH 06OrameHHol GopMbI ACKaHCKOI IJIMHEI NPUMEHAN MeXaH0aACOPOLHOHHBIIH
Metoa [6] M TONyYEHHbIM TOPOLIKOM  HamonHsaM  (dopmoobpasyioniylo cucremy. B kauectse
(hopmooOpasyroIMX KOMIOHEHTOB MPUMEHAIN MPHPOHBIE YreBOAOPObl BA3eNMH ¥ MHHEpalbHOE Macio,
KOTOpble O0ecrneyMBany JIMTENbHOE 3alIMTHOE AEHCTBHE mpenapara Mpu KOHTAKTe JXHBOTHOTO C BOJOM.
COOTHOLUEHHE KOMIIOHEHTOB n0)16upanu Tax, 4TOOBI ToNny4Ye€HHas I110CJI€ TOMOIr€HMU3auuu CUcTeEMa yl:l06H0
HaHOCHUJIaCh M BTHpanace B KOXHBIH TOKPOB JKHMBOTHOTO. CO}JEP)I(&HV[C ﬂEﬁCTByI’OU.lel'O BEIECTBAa B FOTOBOH
masu coctasisiet 0,05%. Takasi npepanaTuBHas (opMma aKapUUMIHOIO fnpenaparta o6ecneynBaer nocTyieHue
JIeHCTBYIOIIEro BelecTBa B OONACTh CalbHBIX JKeJe3, MX HAKOIUICHHE TaM W IIOCTENEHHOE BbIIENEHHE C
KOXKHBIM CaJIOM.

AKapHuHﬂHy}O AKTHBHOCTH TOJIYYEHHOrO nperapara M3y4dajld HaHECEHUWEM Ma3d Ha TeJie XUBOTHBIX C
HaCa)X€HHbIMH Ki€llaMHu. OnbIT TIPOBOAMIICA Ha TPEX cobakax u MsTH IIEHKaxX Ha Tejie KOTOPbIX ObLIM HE MEHee
100 5K3eMIUISIPOB  TOJIOAHBIX, MOJYHACOCABLIMX M CHITBIX Rhipicephalis sanguineus (xopuuHeBblii cobaumii
knei). 3a 06paboTaHHBIMY JKHBOTHBIME M KJIEIIaMBl BeJlM TOCTOSHHOE Habmonenye. Kneleii ornagapumx ot
cobak ¥ EeHKOB, a TaK jke cNabo yNepKHBAIOIINX Ha HUX, NOMEILANH B YMCThIe IPOGUPKY M Bei Habmoaenue
32 1IX COCTOSHUEM.

IMpoBejeHHble KMCCIENOBAHMS TOKa3asld, 4TO TONOJAHbBIE M TOJyHAacocaBliMe wumaro Rhipicephalis
sanguineus mNapanu3oBanuCch depe3 10 MuHyT M noruGanu yepes 24 yaca ¢ Hayana KaHtamMuHauuu. ChiTble ke
CaMKH Mapajiu30BaJIuCh 4epes 10-20 MHUHYT ¥ OTNajajiyd OT XXUBOTHBIX NMapajlv30BaHHbLIMH WU MEpPTBBIMH B
TeyeHun 35-40 uacoB. BbUIO yCTAHOBNEHO, YTO HU OJHA CBITAas CaMKa, U3 YMCJIA CHATBIX C JKMBOTHBIX TOC/e
0GpaboTKH, He OTIOXKUNA SULL M norubana B TeueHun 4-5 cytok. Cnefyer OTMETHTB, YTO HA Tese XUBOTHBIX,
nocie ux 06pa60TKVl Ma3blo, HE BBISIBJIEHbl HUKAKMAE NTPU3HAKUA pasapaKeHUs KOXHU OT neﬁc‘mm LHNEPpMETPUHA.

Boicokas akapuLliaHas aKTHBHOCTB, I0KA3aHHas pa3pabOTaHHBIM [PENapaToM B MpeABapHTETBHBIX
HCClIeA0BaHUAX yKaseIBaeT Ha uenecooGpasHoc’rb MPOAOJIKEHUS paﬁo'r o BbISABJICHUH poim
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MOHOTMOPOJUIOHHTOBOI MIHHBI ACKAHCKOrO MECTOPOXKICHHS B MeXaHW3Me e(pdexra MpONOHrHPOBAHHOTO
JIeliCTBHS CHHTETHYECKOTO MMPeTPOMIa.

Vka3aHHli TPOEKT OCYIECTBIeH GUHAHCOBOH MOMIEPIKKOH HALMOHANLHOTO Hay4HOro $poHAa
(rpant Ne GST/ST07/8-272). Jto60e MHEHHe BBICKA3aHHOE B IAHHOI MyGIMKaLMK NPUHAMIEHKUT
aBTOPAM M MOXKET HE OTpaXaTh NPEICTABIIEHHS HALMOHATLHOTO HAay4HOTO (oK.

205IH5GIHS — REFERENCES - JIATEPATYPA
1. Jypcynos C /., Jlasapes I'M. TlapasutoayHa v napasurapHbie GoNe3Hb! MACHOTO K.p.C. B apHIHO#H 30He 0ra
pocun. Marep. n0k. Hayd. kond. «Teopus u ripakTuka GOpbObl ¢ MApa3sMTapHBIMK GONE3HAMbI (300HO3bI)»
Mocksa, 2002, Buim. 3, ¢. 12-14
2. Banazyna T., Bondapenxo H. TIMponasMo3 cobak B TeopHu i Ha MpakTHKero «[ipyr»,1998, Ne6, ¢. 3-5.
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2004, Ne 8, c.
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5. h oze I"A., Maxap JILA., J 03e” O.I. TIpuromc npenapaTHBHBIX HOPM aKapULMIHBIX

IpenapaToB ¢ MpOJOHIHPOBAHHBIM Aei{CTBHEM (IIpenBapuTesbHbIe Heenenosatus). Hayy. Tpyast I'pysunckoro
T'oCyRapcTBEHHOTO arpapHoro yHusepeurera. 2009, 1.2, Ne3, c. 120-124
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[0JTy4eHHs HANOTHEHHBIX OIMMepPOB. XHMHUECKHi xKypHat ['py3un, 2008, Ned, ¢.356-360.

BIGBOL BOGA0L IGIISGSBOL SISHOGORILO 53B0M3S RHIPICEPHALIS SANGUINEUS bobdMd0bL
©30333%9 (Fobobiamo 33mgggdo)
2030 Rodsgedy, 3ot eBmsdy
Bsgstronggemol babgedfagm satetgmo bogg@Lbodadoe,
3986y dgmodaBaomal gobagnto ©s oeabgwme Jodook oBlBGTG

@0%0389

Aendborgres boggbol goodol gsbsbatdmagdnme dngigeel sgxhopomgmo 3GglGage, buwsg dateose Bmdfte
Bogmoggdor gsdoggbodsmes boboaeo JodbGooge (03gedyhobo, bome obaGgeogbibgbu sbgsbob Ldigol
Beigrcrogmcoo ks (asdzomegbmma goods) o dubgbhego 6obBFgssdimgio (Bofgeego  Booo,
a5Tgmabio). Sogletal sfBogheds gsdmogaes bsd dgnby s bgm engghy, Godglog weobgsbadgbysze 0gabed
Rhipicephalis sanguineus bobgmdol  $godgdom. ol Jgegaghds 3gohaghs. Ged 363s6eBon  (3bmgamms  gebol
Bsggotrgnmol odBogodoeb 10 Gyl Bydiegy dobrs  babggéo ABogho e Fdogho mdsgmpbol doaatbs,
oo oboggs goflodegdoms 24 lesoob  aoBlgreedsda. ddmatio  mgesgmo Bedgle  Iabarzobrepbonebyf
56 sBodsgoos 10-20 GrgnBo, boogme 3scgmobpyenn o ssbmgomgbols gsbol oggemomsb hdoggfe, begbs
35-40 Losoolb gy (begames ©37Baggdgmo gbol Bogpetrggmost gatmgosmds s ghods rgromds 08533
st godloolggasgs gagbbiegbol mhsGo. B0 bnggs ragodbotrs 4-5 b Bicos:

ACARICIDE EFFECT OF OINTMENT FORM PREPARATIONS ON RHIPICEPHALIS SANGUINEUS
SPECIES MITES
Givi Chimakadze, Omar Lomtadze*
Georgian State Agrarian University
*Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY

Acaricide ointment form preparation of prolonged effect was developed where synthetic pyrethroid - cypermetrine was
used as the main active substance, while montmorillonite clay of Askana origin (enriched form) and natural
carbohydrates (mineral oil, Vaseline) were used as ingredients. Ointment activity was tested on three adult dogs and
five puppies, which were contaminated by Rhipicephalis sanguineus species mites. Results of the carried out
experiments proved that in 10 minutes after treatment of animal skin coating by the above-stated preparation the semi-
hungry and hungry imagoes were paralyzed, while death was fixed within 24 hours. Satiated female mites were
paralyzed in 10-20 minutes after contamination, while the paralyzed or dead mites fell from the skin coating after 35-
40 hours. None of the female imagoes collected from the treated skin coating revealed egg-laying ability. Their death
was fixed after 4-5 days.
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XUMHUYECKAS TEXHOJIOT'HA

UCCJIEJOBAHUE 0-PEJAKCALIMOHHBIX NEPEXO/0OB JIMHEWHBIX 1
CTPYKTYPUPOBAHHBIX TEPMOJDJIACTOIIJIACTOB OBYBHOI'O HAZHAYEHUS

M.M.anambepunze, H.3.Jlomranze, M.I'.I'pmzenuaze
Kymaucckuii 2ocyoapecmeennuiii ynusepcumem um. A. Llepemenu

B nerkoit IPOMBILIIERHOCTH B KAYECTBE MaTepualia Hu3a o0yBH LIMPOKO NPUMEHSIOTCS, Kak JTMHEHHbIE, Tak i
CTPYKTYpPUPOBAHHbIE OyTaJMeH-CTUPONBHBIE TEPMOJJIACTOMIACTH Ha OCcHOBe Ouok-cononumepo JICT-30
Cubunen.

[Tpouecchl CTPYKTYpHpOBaHHS, TEPMOAKTUBALMM ¥ MOAMGDHKALIMM MONMMEPHBIX KOMIO3HLMI Ha OCHOBE
JCT-30 u Cubunen ¢ TpaJMLHOHHBIMH OTBEPAMTENAMH HAXOAAT LIMPOKOE IIPMMEHEHHE B TEXHONIOTHH 0OYBHOI
NpOMBIILTeHHOCTH. Haubonee mMpoOko u3ydeHbl ¥ BHEIPEHBI B NMPOM3BOACTBE OOYBH CEpHBIE BYJIKaHM3YHOLe
IpyNIbl AJI8 MOJMMEPHBIX KOMIO3ULMOHHBIX MaTepuanoB Hu3a o6yBH. OAHAKO 3TH CTPYKTYPUPYIOLLME areHTsi He
JIALIEHBI HEJOCTATKOB. K Henocrartkam CePHOﬁ BYJIKAHU3aUHUUA OTHOCUTCS HeOGXOﬂMMOCTb BBEJICHHA B ITOJIUMEPHYI
CHCTEMY YCKOpMTeNell ByJIKaHM3alMH, 3ameuinTesnel MOJABYJIKAHW3AUWM, aKTWBATOPOB W APYrMX areHTOB, 910
co3naer GosbluMe TPYZHOCTH B MPOM3BOACTBE CHHTETHYECKHMX MAaTepPHaNoB Ui Hu3a 00yBH. Byikanusats,
MpUMeHsieMble B OO0YBHOH NpPOMBIIIEHHOCTY XapaKTEePU3YIOTCS TaKKe CPAaBHHTENIbHO HH3KMMH MPOYHOCTHBIMH,
JAeOpMALMOHHBIMU M A[re3HOHHBIMU CBOiicTBaMH. Kpome Toro, B mpoiecce CepHOH ByJKaHM3aUHUH BbIENseTct
OKCHI Cepbl, KOTOPBI CUMTAETCs TOKCMYHBIM M KaHLUEPOTCHHBIM BEIIECTBOM, YXY/IUAlOLlee CaHWTapHO-
THTHEHHYECKHE yCTIOBUS TPYJa.

Bbline nepevncieHHble HEAOCTaTKH MOXKHO YCTPAHUTD ITyTeM NPUMEHEHHs HOBBIX THIIOB CTPYKTYpPHPYIOUIHX
areHToB. Mcnonb3oBaHue JiaTeHTHBIX oTBepautenedl ("ckpeiTeie" orBepmutTenu JIO-3 — 3TO  Belyectso,
MPOABJIAIOLIKE CBOIO aKTUBHOCTB MPH IMOBBILUEHHbBIX Nmnepa'[ypax) W HCClIEI0BaHNs (i-peJlakCallMOHHbIX MEPEeXO0/I0B.
JIMHEHHBIX W CTPYKTYPUPOBaHHBIX OyTaaueH-cTuponbHelX TepmoanacromiactoB JICT-30 u Cubnnen 1uemsio
MPOrHO3UPOBAHHUS TEXHONOTHYECKHX XapaKTePHCTUK MATEpPUaNoB SBIAETCA AKTyalbHOH mpobmemoli s obyHoli
TIPOMBILIIEHHOCTH.

O-PENTaKCALMOHHbIe MEePexoibl M TEePMOIMHAMHYECKME CBOWCTBA BHUIE YKA3aHHBIX MOJMMEPOB —
TEIJIOEMKOCTh W €€ W3MEHEHWs, SHTAIBIHIO U DHTPONHUIO q)BSOBbIX Nepexo/10B, JHEPreTUYeCKUe U3MEHEeHUS
PasNMYHON MPUPOABI M KHHETHYECKHE XapakTEePUCTHKM MPOLECCOB MPEBPAIUEHUS WCCIENOBAIH METOJIOM
AuddeperranbHO-cKaHupyFotel kanopumeTpun Ha npubope "Du Pont Instruments 912 DSC" (CILIA) [1-3].

Ha puc. | u 2 npeiacTaBieHbl 3aBHCHMOCTH JHEPrHM aKTUBALMM OT TEMIEPaTyphbl HCCIEAYEeMBIX
JINHEHHBIX U CTPYKTYpHpPOBaHHBIX Orok-cononnumepos JJCT-30 n Cubuinen ¢ pasiuyHbIMU CTPYKTYPHPYHOLIMME
areHTamu.

Q wrg
Qwrg
0.8 4
03 4
0.6 2,6
04 04
02 024
| ;
g T.°C A T,°C
150 200 250 300 150 200 250 300
Puc. 1. 3aBUCHMOCTH 3¢ dexTHBHON JHEprux Puc. 2. 3aBucumocTb >hdexTuBHON IHEPrun
akTHBaUM¥ OT Temneparypbl. 1 — JICT-30 aKTHBaUMK OT TemmepaTypel. | — Cubunen
6e3 otepaurens, 2— JICT-30 ¢ naTeHTHbIM 6e3 orepaurens, 2 — CubuieH ¢
orsepautenem JIO-3 u 3 — JICT — 30 cepHbiit JaTeHTHBIM oTBepauTesem JIO-3 u 3 —
BYJKaHHU3AT. CubuiieH CepHbIN ByJKaHU3aT
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BBenieHue  NaTEHTHOro OTBepAMTENs INpPAKTHYECKM HE BIMACT Ha [OJIOKEHHE MAaKCUMYMa,
COOTBETCTBYIOIUErO  (-PEJIaKCALlMOHHOMY Tepexojly, TpH O3TOM OJHEPrus aKTHBALMH KOONEPATHBHOTO
CerMEHTaIbHOTO ABMWKeHMs Bo3pacTaer y JICT-30 u Cubunena moutd B 3 pasa, MpU 3TOM HE yXyAUIAKOTCS
TIACTO — 3NIACTHYECKHE CBOHCTBA MOJTUMEPOB.

B cityyae McTionb30BaHUA CEpPHOH BYJIKAHU3YIOLIEH CHCTEMBI TEMIEPAaTypPHBIE MEPEXOJbl CMEMIAIOTC B
CTOpoHy Gonee BBICOKMX TEMIIEpaTyp M SHEprus akTWBALUU 0-PelaKCAallMOHHOTO MEPEeX0/a HECKONBKO BhILIE.
OT0 TO3BONAET NPEAMONIOKHTb, YTO TMPOBEASHHE CEpHOM BYNKAHM3ALMH MO CPAaBHEHMIO C JIATEHTHOM,
MPUBOJUT K TIONyYeHMIO Gonee JKeCTKUX CHCTeM, MPH JTOM Pe3K0 yXYJIUAloTCs IIACTO — 3JacTHYECKHe
CBOHCTBA NMOJIOLIBEHHBIX NOMUMEPHBIX Matepuanos J(CT-30 u Cubunen.

Taxum 06pa3om, NPOBEACHHbIEC UCCIIEI0BAHHS 03BOJIAIOT CAENATH HEKOTOPbIe 0606IIEH s :

»  CTPYKTYypUpOBaHHE WJET 1O HENpepblBHOH (hase, OrpaHMuMBast MOABHXXHOCTb MOJHOYTAMEHOBBIX
6110K0B;

» B NPHUCYTCTBMM CIUMBAIOIMX areéHTOB, CTPOGHHE W MOPSLOK PacHONOKEHHUs JOMEHOB NpeTepreBaloT
H3MEHEHUA. i

» wmeron JICK rokassiBaer, 4TO B Cily4ae MPUMEHEHHs jaTeHTHoro otsepaurens JIO-3 mapamertpsi o-
penakcalii B JOMEHaX MEHSIOTCS MEHbLUE, YeM y CEePHBIX BYJKAHM3aTOB, T.€. COXpaHsercs Gonee
MOIBKIKHAS CTPYKTYPA, MEHSETCs TONBKO d1acToMepHas (asa.

Takum 00pa3oM, CONMOCTAaBJIGHHE PE3YJIbTATOB MHCCIIEOBaHUs TOKa3blBAeT, YTO ¢ MCIOJIL30BAHHEM
JaTenTHoro oteepauTens JIO-3 10 CpaBHEHHIO C CEPHBIMU BYJIKAHH3YIOIIMMH IPyNaMd TMOKa3ajo, YTo BCe
TEMIEpaTypHBIE IEPexOAbl CepPHbIX BYJIKAHM3aTOB CMEIUAIOTCS B CTOPOHY Gojiee BBICOKMX TeMMEpatyp H
9HEPrusi aKTUBALWK O — PENAKCALMOHHOTO MepPexo/a HeCKOJNBKO BBILIE, YTO MPHBOIMT YXYALIEHHIO MIAcTO —
9JIACTHYECKHX CBOMCTB NMPOAYKTOB CePHOH BYITKAHW3ALMHU MO CPABHEHHIO C JIATEHTHBIMH, YTO HEMATOBAXKHO WIS
00yBHO#1 MPOMBILIIEHHOCTH.

R0BIGSBIHS — REFERENCES — JIUTEPATYPA

1. T'odosckuii FO.K. Ternodusuueckne METOAB! NCCISNOBAHNS MONMMEPOB. M.: Xumus, 1996, 216 c.
2. Tlepexonbl U peiakcalMOHHbIE sBieHus B nonumepax. [loa pen. P. Boitepa. M.: Mup, 1988, 348 c.
3. Bapmenes I'M. CTpyKTypa i peakcalliOHHbIe CBOWCTBA nacToMepos. M.: Xumus, 1979, 228 c.

BLOIBIL LGN RIENTEIRIBNL FHBOD VS LA IISIHNHI> IR0
0MIGHIMITILEMIDILSGIB0L ¢ -HIRSILICNTH0 BSVILIIBOL 3382335
Igrsd Bomsddadodg, Bagamos goedosdy, dsos a®dgemady
09040 Fgcdgoemols bobgandfoger 9bogg@bodgdo

350333

bdoes8o  3sdm geggmos Lagggblodgmy  ©sboBbgmadol  Gégogo  wo LyGndGIG0tgdm
. oghdogesligodmabggdel JCT-30 @ bodoggbol a -G dbsgondo  gawslamado  Lbgseslbbgs Lsbolb
30353g0gdmadols  3sdmyggbgdoon. 330030000 swagbomos,  Gmd 0gA3mgeaslgeodmaliggdo  msdbygee
39053gshgdemgdols  grydgby bobosogdosh  dgpstigdon  gstgo 3emalim-geosbgondo  ogolgdgdon  gowdy
Fgbsdsdolo Smmodggdols am306rm360 Famgsbobaggso.

INVESTIGATION OF o— RELAXATION TRASFER OF LINIER AND STRUQTURIZED
THERMOPLASTES FOR SHOES
Merab Shalamberidze, Natalia Lomtadze, Maia Gdzelidze
The Akaki Tsereteli Kutaisi State University

SUMMARY
a-relaxation transfer of linier and struqturized thermoplasts JCT-30 and sybelene by using varipus
hardeners has been investigated. That thermoplasts on the base of the latent hardeners have better plastic —

elastic properties then corresponding sulfurous vulcanization of polymers has been established.
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XUMHUYECKASI TEXHOJIOT U

BJIMSTHUE TEIVIOBOI'O M CBETOBOI'O CTAPEHHSI HA ®U3HUKO-
MEXAHWYECKHUE CBOMICTBA CTPYKTYPUPOBAHHBIX BYTA/IUEH-
CTHAPOJIbHBIX KAYYYKOB JJIs HU3A OPTOIEJUYECKO ObYBH BOJILHBIX
CAXAPHBIM TMABETOM

M.M. HlanamGepuaze, H.3.Jlomranze, M.I'. I'pazennase
Kymaucckuii 2ocyoapcmeennviii ynugepcumem um. Ax. Llepemenu

B 06yBHOH MPOMBILLIEHHOCTH WIHMPOKO MPUMEHSIOT CEPHbIe BYJIKAHM3ATHl HA OCHOBE 3ACTOMEPOB
(pesuHOBbIE cMecH OyTaaMeH-CTUPONIBHBIX KayuykoB). Bompochl cepHOW ByJNKaHM3alLMH H3yHeHsl H
PaccMOTpeHbl B TpyJax W MoHorpadusax 3apyGexHbix yueHHsix [1-4]. Mertonom cepHoil By/lKaHW3aLuu
TIOYYaIOT AETAH HU3a OGYBH W3 HEHACHILICHHBIX KaydyKoB. JUIi CepHOM BYJKaHM3aLMK B POU3BOICTBE
UCTIONB3YIOT  BYJIKAHM3YIOLWUME CHCTEMbl — KOMOMHALMSI Cepbl ¥ OPraHWYecKUX COeNMHEHHMH, Tak
Ha3bIBAEMBIX YCKOpUTENeH W aKTHBATOPOB a TAKXKE 3aMEUIMTENH IOABY/KaHu3auuu. OAHAKO 3TH
CTPYKTYPUPYIOIIME areHThl HE JIMLIEHBl HeJocTaTKoB. K HeocTaTKaM CEepHOW BYJIKAaHW3aLMM OTHOCHTCS
HEOOXOIMMOCTh BBEJEHHS E IOJMMEPHYIO CHCTEMY YCKOpHTesell ByJKaHM3alUMH, 3aMeidTeneii
MO/BY/IKAHN3ALMK, aKTHBATOPOB M JIPYTHX areHTOB, YTO CO3/aeT GONbIIHE TPYAHOCTH B MPOM3BOACTBE
CMHTETHYECKUX MaTepHasioB JUlsl HU3a OpToneandeckod oOysu. CepHble BYJIKaHW3aThbl, IPUMEHAEMBIE B
OOYBHOH ~TPOMBILJIEHHOCTH ~ XAPAKTEPH3YIOTCS TakKe CPABHHTENIbHO HU3KHMH  IPOYHOCTHBIMH,
neOpMaLMOHNBIMH M a/Ire3HOHHBIMM  cBOMcTBamMu. Kpome Toro, B mpouecce CepHON ByJKaHW3ALMH
BBIIEJIAETCS OKCH/I CEPbI, KOTOPBIH CUMTAETCSH TOKCHYHBIM M KAHUEPOreHHBIM BEIECTBOM, YXyALIAIOLee
CaHUTAPHO-TUTMEHUYECKUE YCIOBHS TPY/1a.

Bbline nepeuucneHHblE HEAOCTATKH MOXHO YCTPAHUTh IIyTeM MpPHMEHEHHs HOBBIX THIIOB
CTPYKTYpHUPYIOLIMX areHToB. Flcronb3oBanue naTeHTHbIX oTBepanTenedi ("ckpeithie” otBepaureny JIO-3 —
3TO BEIIECTBO, MPOABJIAIOIME CBOKO AKTHBHOCThH IPH MOBBILEHHBIX TEMIEPATYPax) M HCCIIEAOBAHHUS
BJIMSHUSA TEIUIOBOFO M CBETOBOTO CTapeHWs Ha (PM3MKO-MEXaHUYECKHE CBOMCTBA CTPYKTYPHPOBAHHBIX
6yranuen-cruponbheix kaydykoB CKC-30 APK u CKC-30 APKM-15, kak ¢ JIaTEHTHBIM, TaK U CEPHBIMH
BYJKaHM3YIOLIMMH  rpynmaMy (Ui CPaBHMTENBHOrO  aHajii3a) ¢ LENbl0  MPOrHO3MPOBAHHS
TEXHOJIOTHYECKHX XapaKTePUCTHK TOJOLIBEHHBIX MaTepPUasoB, SABJIACTCS AKTyalbHON MpobNemMoil mnpu
NPOM3BOACTBE CHElHaNLHON 00yBU GOMBHBIX CaxapHEIM IHabeTom.

IMpu skcrutyatanyi o6yBM TMOJNOLIBEHHbIE MATEPHANBl [OMBEPralOTCS TEIUIOBBIM M CBETOBBIM
BO3/ICHCTBUSIM, 4TO OCODEHHO BBISBISETCH NPH HOCKE OPTOMENNUecKol oOyBH GONBHBIX CaxapHbIM
auaberom. Tlostomy, cumTaeM HeOOXOJMMBIM, HCCJIE0BATh MOJYYEHHblE OOpa3lbl  METOAaMH
HCKYCCTBEHHOTO CTAapeHMs (TErUIOBOTO MW CBETOBOIO), KOTOPBIE MO3BOJISIOT 3a KOPOTKHMM CPOK BbI3BATh y
MOJOIUBEHHbIX MAaTEPHANIOB W3MEHEHHs (H3MKO-MEXaHH4YeCKMX CBOMCTB. [IpH eCTeCTBEHHOM CTapeHuii
H3MEHEHHs (PU3UKO-MEXaHUIECKHX CBOHCTB NPOABIAIOTCA YePe3 HECKOIBKO JIET.

Terui0Boe crapesne NpousBoAMIH pH Temneparype 100°C B Teuenne 2 cyrok [5]. CornacHo [6],
JIECTPYKLIMS TOJIMMEPHBIX KOMMO3HLIMOHHBIX MAaTepHaioB Juls Hu3a OOyBH HAaubONee HHTEHCHBHO
npoTeKaeT NpH OOMyYeHWH MX CBETOBBIMM Jiyyamy B AuanasoHe 250-350HM B TeueHue 2 CyTOK, 4TO
NpUGIIM3UTEIEHO COBMANAIOT IO MHTEHCHBHOCTH BO3AEHCTBHAM C CONHEHHBIM 001y HeHHEeM.

Ha ocHoBe pa3paGoTaHHBIX MOJHUMEPHBIX KOMTIO3HLMH ¢ JaTeHTHBIM ("CKPBITBIM") OTBEpAMTENEM
JIO-3 monyuanu nogouiBeHHbIe MaTepuanbl [7], KOTOPEIX MCTONB30BANM B XOJA€ JKCHEPUMEHTA, a TakKe
CepHbIe BYJIKAHH3AThl COOTBETCTBEHHBIX MOJIMMEPOB JUIS CPABHHUTEJIBHOTO aHAJIN3a.

B Tabnuuax 1 ¥ 2 npuBOAITCH JaHHbIE O BIMSIHMS MPOLECCA TEIIOBOTO M CBETOBOIO CTAapeHMs Ha
1eOPMALIHOHHO-TIPOUHOCTHBIE CBOKCTBA NOJIMMEPHDIX KOMIIO3ULIMH KaK C JJaTEeHTHbIM oTBepauTenemM JIO-
3 14 HU3a OPTONEANYECKOH O0YBH, TaK H CEPHBIX BYJIKAHM3aTOB COOTBETCTBEHHbIX MOIUMEPOB.

U3 ananusa TaGanu 1 v 2 MOXKHO CAENATh BBIBOJ, YTO MOJMMEPHEIC KOMIO3HIIMOHHBIE MaTepHabl
VIS HU3a OpTOMEAMueckoil oOyBH OGONBHBLIX CaXapHbIM AMAGETOM Ha OCHOBE OyTaJMEeH-CTHPOJbHBIX
KaydykoB C JaTeHTHbIM otBepauteneM JIO-3  npeBOCXOAAT MO BCEM OCHOBHBIM  TOKA3aTelisiM
1ehOPMALMOHHO-TIPOYHOCTHEIX CBOMCTB aHAJIOTMYHBIX KOMIIO3ULMH HA OCHOBE CEPHBIX BYJIKAHH3ATOB MPH
TEMJIOBOM M CBETOBOM CTapEHHU MaTepHAIIOB.
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Tabnuua 1. BausiHue npoLecca TemioBoro crapesus Ha Je(OpMaOHHO-TTPOYHOCTHEIE CBOHCTRA
TIOJIMMEPHBIX KOMITO3ULIMH

Ne Tennosoe Tlpenen OrnocutensHoe | OctaTouHoe
i TlonumepHsIe KOMIIO3ULMK | CTapeHHe, TIPOYHOCTH, ya yA
yac. MIla % %
1 2 3 4 5 6
Komnosuuuss Ha  OCHOBe 12 38,2 750 40
| | mommmepa CKC-30 APK ¢ 24 36,1 710 35
JIATEHTHBIM ~ OTBEPIHTENIEM 36 30,7 650 30
JIO-3 48 242 590 23
Kommosuuuss Ha  ocHose 12 353 790 45
o | mommmepa CKC-30 APKM- 24 334 730 37
15 c JIATeHTHBIM 36 2749 670 30
orsepautenem JIO-3 48 23,2 310 25
KoMnosuuuss Ha ocHose 12 33.1 580 30
3 | momumepa CKC-30 APK, 24 29,5 510 24
CepHBIH BYJIKAHU3AT 36 21,4 440 17
48 17,2 370 10
Komnozuuus Ha  ocHOBe 12 29,7 610 35
4 | monumepa CKC-30 APKM- 24 233 530 28
15, 36 18,1 470 20
CEpHBIH BYJIKAHU3AT 48 14,5 390 12
Tabnuua 2. BruaHue npoLecca CBETOBOTO CTapeHHst Ha 1ehOpMaLOHHO-
NPOYHOCTHBIE CBOHCTBA NOIMMEPHBIX KOMITO3HLIHIH
N CaeroBoe [penen OtHocuTeNnbHOoS Ocrarounoe
n/_n TlonumepHbIe KOMNO3UTHI crapeHue, [IPOYHOCTH, YIUTHHEHHE, YAJIMHEHHE,
uac. MiIla % %
! 2 3 4 5 6
Komnosuuus Ha OCHOBE 12 37,5 750 35;
1 nonumepa CKC-30 APK ¢ 24 32,2 700 30
JIATEHTHBIM OTBEPAHUTENIEM 36 30,8 640 30
JIO-3 48 25,3 590 25
KoMnosuuus Ha OCHOBe 12 34,7 770 40
o | nomamepa CKC-30 24 30,5 720 37
APKM-15 ¢ nateHTHBIM 36 25,2 650 30
otsepautenem JIO-3 48 21,0 530 24
Kommnosuius Ha OCHOBE 12 30,8 580 30
3 | mosumepa CKC-30 APK, 24 233 520 25
CepHbIH ByJIKaHU3aT 36 20,7 460 25
48 15,4 350 18
Kommosuuus Ha OCHOBE 12 28,7 600 33
nosuMepa CKC-30 24 22,1 530 27
4 | APKM-15, 36 18.4 440 20
CepHbI ByJIKAHM3aT 48 14,2 330 16

Taxum 06pazoM, pa3paboTaHHbIe MOTMMepHbie KOMIIO3MIMEA ¢ aTeHTHbIM oTBepauTenem JIO-3 s
HM3a OpTOrE/MYEcKoll 00yBH GONBHBIX CAXapHHIM AHAGETOM MO KOMIUIEKCY (H3MKO-MEXaHHYeCKHX
CBOWCTB TPEBBILIAIOT AHANOTWYHBIC [OKA3aTENM CEPHBIX BYJIKAHM3aTOB. KICTIONB30BAHME JIATEHTHOrO
otBepautenss JIO-3 B MOSMMEPHBIX KOMIO3MUMAX CMOCOGCTBYIOT TAKKe MOBBIICHMIO YCTOHYHBOCTH
MaTephaioB K TeIUIOBOMY K CBETOBOMY CTADEHHIO 1O CPABHEHMIO C CCPHBIMU  BYIKaHM3aTaMH
AHAIOTHYHBIX NOJIUMEPOB.
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INFLUENCE OF THERMAL AND RADIATE OLDENING ON PHYSICO-
MECHANICAL PROPERTIES OF SUGAR DIABETIC PATIENTS ORTOPEDIC
STRUCTURATED BUTADIENE-STYRENE RABBER MATHERIALS OF SHOES SOLE

Merab Shalamberidze, Natalia Lomtadze, Maia Gdzelidze
The Akaki Tsereteli Kutaisi State University

SUMMARY

Results of investigation of thermal and radiate oldening on structured butadiene-styrene rubber
CKC-30 APK and CKC-30 APKM-15 with latent hardener and sulfurous vulcanizations are
described in Article. Those polymers on the base of LO-3 latent hardener have better deformation
characteristics are more strength, than corresponding sulfurous vulcanization polymers was
established by experiment.
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396158 3003533000, 606m ng’gnda, Joomgas Rotgadg, @os 3565 3g0mo, 0606s 33&3%3@063
Jogmsobol spsg0 [acgoeol bsbgmdfogm gboggibodado
bsfotonggeneml Bgbogaco mbogg@bodado

badgghgeme  baggomdsms  wsdgsgo ws  Jogogbgto 030bgdgdal  pbobzgmymgol  batolbo
BoBgbgmmzsbFomemss  EsBmgopgdgmo  3eBoggbgbum  dsbagmsms bstolbbeodtog  dohgbydamby.
203mggbgdmm  dsbagmsms Gmgmo  geblsggmegdon ogos obgmo L3g0g0mto  Boblsdmal  ©sggadstgdols
3603gbdo,  Gedmplsy  Ndgsme  gobeddoe  Fgodegds 3Jobogh  Fbsdodogehoderst  [1]. 83
0gomlabéolon  Leobg@glos  Jgggbol  3skBatom  bogmol y@Bgmdsdo  aedeygbydmmo  JodogHo
BsBgsmgdgdol  bydmgdgegdol  gamogs  swsdosbol  FHmIsks s Vogobmolbgbs@osbmdsty.  gamgaol
odogdder sOBgnm 0bs bmgmal 3gg@bymdsdo  wsbsdgdgmo 8g3g60bgms s 3gbomgms  3Gogglogmo
%3780. dmbogoeobzol Fabom as8mggmgrmo ofbs dsmo %63G0gmmdol BramBstgmds @ 3sBm0gzgms
3%60bs @3 Lbgs olgoo SgMonmo  ss3segdd0, Gedmgdos Bgbsdmgdgemos 3330 gggmo  ogols &3
LggghmBo aedmygbgdgmo Bbsdgodogsdadal Bgdmdgegdon 121

odobsogal, A3 3sJbodsemse mbogl  8mdydsgy Sg&bmﬁogmh (338 'Shoa-jnandoéaéoh
363Lslg@ggmo ﬁsaamdagggabohaaoﬁ, sbggg  Bgbsbybrogh dma.}m&)@-ﬂmmbnh ol 3nbodsgny®o 30tmdgdo,
Godgmo  sgEemgdgmas  BGmdono b3J30sbedol  Goddsggdom 206bsboGEogmdrsg,  Lagabos
Q&aaaaoﬁgggb B3g0sm o ;goﬁo'aﬁz);:rabols BobLs(zdgeo, Gedgmagy ﬂ%ﬁﬂﬁaggam‘gk Bgdmm Radmangemogm
306dgdl.  sgoo  B3gEosmgho Bo6Ls3dmol  maggadstigs 3o Bgdmgdgmos  3s8mygbadam  dsbsmsos
3G addadame s dmgmgebo BgBareagbemmdols asmzsmalifobadols 39698y [3].

Bgdmm  smboBbmo  Bmmbmgbydol  Fglisdsdolo L3goeeg@o  Beblsdmol ©s33856930L  dobboo
Jobggm  G03B0 Bgbfsgmorn  agbs  Lewgrols BebmdsBa  3sdmggbgdgema Fbad-Jodogothgdol gobogne-
Jodomtro oz0bgdgde [4]. Bodega o3ty wswagbor 0fbs Bbsd-Jodogegdol FgoFggomeds @ asHsegdol
3toggbo Juogomagddo, slggg dsmo 3 gmgdosh Bglbadmem 3mBgmgdgdo.

30 gmgdol Blbsmds 3Gsddognmo 258mgbdgem Bbsd-Jodo 3o 8o 8eggsbomos (3bGoemBo 1.

Gboomo 1 d3mggmgdol blbspmds bad-JodogsBddo

doggols baby JoBagoBol Labyg ]
gobsmebo | Jmotogabo (396930 2030600 | Bsd0s8s60 | Bsdjérsgmo 3060

b33 a.b. a.b. 3.b. b b b
Lgemo 3.b. d.b. 3.b. b b b
Bagmo a.b. ab. 3.b. b b b
Bogypemn@o 3830 3.b. 3.b. d.b. b b b
golgmbs i a a 3.b. 3.b. 3.b.
3B I00 bl a ) b b 3.b.
3936bo ) ] 3.b. 3.b. 3.b. a
3.5.06000 ) i) a 3.b. P 9
gogbsbo i i i) 3. ki) i
Bogrmbo 2 ) 3.b. 3.b. ) a

}» Jimerthobio 2 2 av. | 9 2 2

g - 9bLBgmo; b — BLbswo; 3b — dp0tye Bbbso

(sbcomBa 1 Beotyebomds  Borgagdols sBagmatds  3goBagbes 6md  FbsdodogapdBo  dgbgdGogo
3mFgmgdols blbsgmdols batobbo gp®e dspsrmos Jodog dmFgmdmsb Byrstrgdoo.
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odobsogols, Gmd s33e306mm  139¢3896Ls(389mals ©3Ls3Bsgdmsm 93039600693 memo 3sLamgdols
Ooamei bgGgddnGnmo, olg  dmgsmgsbo  Bgdowggbimmds, LoobBgdgbms  @sgeeaobmm  dsmBa  Tbsd-
Jodogegdals  Bgmfgzol 0bBgblogmds.  (36mdagmos  ols Boddo, O3 Jueogomgddo  Loobol a5 ségdols
Aobobosogdemgdo  860836gmmabomss  ©sdm gomgdgmo  dsbarmoli  dmFgmgsh BgBoragbromdsls s dsgggdols
Lodgomemggloss  (bgpsdonmo  bodZowbegy aﬁxhaz)A blgbgdmmo  3sR3gbgdemols  Ggagmatipds
Fglsdmgdgemos  dsmo Lhgsmalbgs Bogmog®gdols 3gegbogols bsox by (0bgd0, 3563060l 939 bogdo,
dobgsmmo Bsbsmmgdo ws Lbg.).

33030 Bodetgdamo  offs  Rggbl  3ag®  BgdnBoggdamo  gF.  Jolol  dgommoo. 2396039680l
©3{ggds80g 339063 mse  3s8mFGHog Jumgomols 6039890 %bg, Gepmég  Jigemobs, aby  dobsdlgmols
3odstorgegdon 39begbroon 39dsbogned  bgdmddgeadsls: 3308301, ©33373360L s 36gbgol  Lsboo.
39dsbogncd bsBsgdgdBo sBsagdam JobsBo 3ebmgbre Bbod-Jodogepgdolsgsh ©e8bspgdnmo gdnmlools
Bsbbas. Gmol ol debsgggmo, Gedgmoi  bsgodms  Jolol dgmerg Fbsdrgl  Fggools asdmBgbobsmzols
306mdamsr  smadamo  0fbs 399mb30L  shggbgdmasrm. 9Ju3960396@absmgols 35830k, 30bgmbol, moglsbals,
35385-golgmbol 50X 50, 3538s-30lgmbols  35X65  Jumgomgdmeb 960 s@Ryym  o6s  3stugobols
933mboons @8 ggmsboo  gsgmgboomo  Bg@gnmo  Jumgomgdo. 9Ju3900896@ 0L Bgrgagdo  Bemebogmas
cbGomBa 2.

@bGomo 2. Bbad-Jodogegdol gdnmboon Jumgomol 603785080 asgembzol dsBggbgdmgdo

Jbergogmo Lolidy, | Bgmedotrgmo 3906308 3gGomeoa, Fo
39 Lod 336039, gorbs- | Jmmee- | 306gdo | amaotieo | Bsdos- | Bed@agmo
3&1}82 mbo sl dsbo 3060
35335 0,5 160 6,7 6,7 6,5 7,8 43 8,2
gobgembs 0,35 125 22 2.3 2,0 33 3.3 3,7
e3ls60 0,3 130 2;1 2;1 1,8 220 2.2 2,8
30883-gobs gk 0,45 180 4,8 5 4,7 5.3 52 6,7
50X50
35883-gobs geobs 0,40 180 4,9 4,9 4,7 52 52 6,6
30X70
S33bs-3s6r5306000 0,6 190 15,3 153 14,8 16,7 16,3 20,0
aoggbmagzo
353b5-35¢msboo 0,6 200 14,2 14,2 13,5 15,5 15,0 19,3
3sg@gboogo
Ss83s-goligmbs 0,45 180 12,6 12,8 10,5 13,4 13,1 14,5
&g dbobon
35385-30b gk 0,45 180 11,1 11,3 10,7 123 12,0 14,6
Lemgbom

o a.;aoaﬁéqo‘babm gb®omdo 2 dm@ebome  dmbs3gdgdl,  agobsbsgm A3  BsghyGern@o
asgaegbosge 8380l Jumgomo ngtm dgegaos Bbsd-Jodogedgdol gdgmlool asdedgdaby, oy Jodon®
30Fgogdoligsb  (30lgmbs,  moghsbo)  sdbspgdumo  sbammpon@o  3Goegdde.  bogdieme  dspseo
§obssmdgamds 200B60s 833bs-30obgmbal gemgegbosy Jimgomlsg, Go gee dgdos Bghgmm JumgomBa
3s3ol  dorggol  Bgdggmmds, oo Gsgemgdos dsLBo Loobol  aededgdol  8sBzabgdgmo. 88 wowgdomo
030L93900L Bogbgrsgsm, 35380l dmFgmbs s dolgsb ©sdbamgdym Jumgoel msgobo gedygmgamo dbstgs
a00B60s. 335L s@slin@gdl (3bGomBo 1 8m@sbomo dmGgmms Bbsd-JodogstgdBo Blbspmdols dshggbgdgma.
Lsobhghgbos asgmaboomo Jimgomadol dog® Loobol 3sddstigdmmdal dshggbgdmmgdo. 33 mgsmbsbHobon
gg0mmaby  dgdo  GobssmBrogamdols  Bshggbgdemgdo. 33 ogsmlsb@oloo  gggmsby dgdo  Fobssmdwgamdon
3stsm0boo  gegmaboomo dsbsgmgdo  gedmo®Bggs. stgmo  Jlmgomadol Metgmgoma mgolgds dpamdstgmdls
08580, 63  3sGegobol  Fgdizgmmds  JlmgomBo  dggmtise  dodrgds  Beblssdmol  aségibgols
Bgdobggzsdo.
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THE DEPENDENCY OF THE DEFENSIVE CHARACTERISTIC SEWING MATERIALS ON
THE STRINGY COMPOSITION AND TYPE OF THE SOAK
Merab Datuashvili, Nino Dolidze, Ketevan Chirgadze, Lia Lursmanashvili,Irina Ugrekhelidze
The Akaki Tsereteli Kutaisi State University

SUMMARY
Actual question of the work is the protection of the person from the influence of pesticide under the direct contact with
it. The analysis of used pesticide and occurring process of the dissolution of the filaments has shown the advantage of
chemical filaments (rayon, lavsani). Worked out method was discussed with the help of mixing of the recommended
materials with pesticide. According the analysis of the research, it can be concluded that better for special clothes
(uniforms) of workman is mixed material, cotton-rayon, cotton-lavsan soaked in like velan.

3ABHCHMOCTD 3AIUTHBLIX CBOMCTB IIBEUMHBIX MATEPHUAJIOB OT
BOJIOKHMCTOTI'O COCTABA 1 BUJIA IIPOIIUTKA
M .B.JTaryamsunu, H.A. Jlomunse, K.A. Yupranze, JLT .Jlypemanawsunu, 1.1 Vrpexennnse
Kymaucckuii 2ocyoapc u pcumem um. Ax. Ilepemenu

PE3IOME

B pa6o‘re paccmatpuBaeTcs aKTya!lebIﬁ BOIIPOC 3alUMTHI Y€JIOBEKA OT BO3ACHCTBUS A10XHMHKATOB npH
HeNoOCPEeACTBEHHOM KOHTaKTe C HHAMH. AHaIH3 KCTIOJIL3YEeMBIX ANOXMMHUKATOB ¥ TNPOUCXOJSALLMX MTPOLIECCOB
pacTBOpeHHs B HHX BOJIOKOH [IIOKa3ajl MPEeUMYLIECTBO XHMHUYECKHX BOJIOKOH (BHCK033., nchaH).
Pa3p8.60TaHHblM METOLOM (985174 UCCNENOBaHbl IIpoLecC NPUHUKHOBCHUA CYCNIE€H3WH SI0XMMHUKATOB 4€pe3
PEKOMEHAYEMbIX MaTepuainosB. Ha ocHoBe aHajii3a UCCIEAOBAHWHM MOXXHO C/€/1aTh BBIBOJ a TOM, YTO IJs
CNeUOACHK B! paGOTHl/lKOB, TIPUKOCABIIUXCA K AA0OXUMMKaATaMm, IIGHCCOOGPBSHD UCIONIH30BaTh CMEIIaHHbIC
TKaHY XJIOMOK-BUCKO32, XJIONOK-JIABCAH C MPONUTKAMK BCHB.HOHOHO6H}AMH BELICCTBAMM.
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