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Determination of iodine content in dried fruits in vitro
Inga Gaprindashvili, Lili Bolkvadze, Narguli Asanidze
Batumi State University
SUMMARY
It was found that the iodine content in the free-form or in the form of iodides gives the possibility of obtaining iodine
from dried fruits, persimmons and Kiwi.

OINPEJIEJIEHUE COJIEP)KAHUSA MOJIA B CYXODPPYKTAX B JIABOPATOPHBIX YCJIOBUSX
W.I'anpunpamsuiy, JI.bonksanze, H.Acanunze
Bbamymckuii 2ocydapcmeennulii yHugepcumem

PE3IOME
Br110 ycTaHOBIIEHO, UTO CofiepKaHue 1oaa B cBOOOaHOHN Gopme uiu B hopme HOAUIOB JAaET BOBMOKHOCTD MOTYICHHE
Homan3 cyxoppyKTOB, XypMBI U KUBH.
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DETERMINATION OF SOME ORGANIC COMPOUNDS IN WINES BY METHODS OF LIQUID
CHROMATOGRAPHY

Sh.1.Shatirishvili, M.T.Kiladze, I.Sh.Shatirishvili
Georgian Technical University
SUMMARY
By applying the method of high effective liquid chromatography in the wine “Gurjaani”, the consistence of organic
acids and sugars was determined as sorbents HPX87H, by using silica gels inoculated upon iogenic groups, on 4.6 x
150 mm sized columns.

OIPEJEJEHUE HEKOTOPBIX OPTAHUYECKHX COEJJUHEHUI B BUHAX
METO/IOM KHJIKOCTHOM XPOMATOI' PA®UU

HI.N.IHatupumBunu, M. T . Kunagze, U.11.1Iatupumsunu
I'pysunckuii mexnuueckuil ynugepcumem
PE3IOME
MeTooM BBICOKOA(EKTHBHOW XUAKOCTHOM Xpomarorpadguu B BuHe “T'yp/kaanu” ObUTH ONpeesieHbI
COJlep)KaHUE caxapa W OpraHHYecKHWe KHCIIOTbI, B KadyeCTBE COpOEHTa HCIIONB30BAJICS CHIIMKAreilb C
NPUBUTHIME HoreHHBIMU rpynnamu HPX87H na xononke pazmepom 4,6 x 150 mm.
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Cu 66,17 CusS Cu 66,49
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THERMIC DESTRUCTION OF d-METAL TETRATHIOARSENATES(V) UNDER HEATING
Izolda Didbaridze, Bela Gogichaishvili, Maia Rusia*, Nestan Bregadze,
Lasha Khvichia, Ekaterine Vashakmadze
Kutaisi A. Tsereteli State University
*lvane Javakhishvili Thilisi State University
SUMMARY

Chemical behavior of synthesized d-metals (that’s M=Fe(Il), Co(Il), Ni(Il), Mn(ll), Cu(ll), Hg(lIl), Zn Cd) tetrat-
hioarsenates(V) were studied in the heating process. Picture of their thermic destruction is essentially identical.
First of all flows dehydratation (there is two stages) then dethionation. At the end of the reaction Arsenicum moves
off, formed sulphide. Ultimate product of thermolysis is corresponding sulphide of metal. It is established, that
from given scheme of termolysis process of thermic destruction of Mn(Il) and Hg(l1) tetrathioarsenates is consi-
derably different. In particular, ultimate product of Mn(ll) tetrathioarsenate is oxide of MnO, whereas thermolysis
of tetrathioarsenates of Hg(l1) ends by full destruction — evaporation of model.

TEPMHUYECKOE PA3JIOJKKEHUE TETPATUOAPCEHATOB(V) d-METAJIJIOB TTPH
HATHEBAHUU
N.C. Aun6apunze, b.A.T'ormuanmsunu, M.II.Pycus*, H.JIL.bperaaze, JI.A. XBuuns, 3.1 .Bamrakmanze
Kymauccxuui 'ocyoapemesennvtii ynueepcumem um. A. L{epemenu
*Tounucckuu T'ocyoapcmeennvlii Yuugepcumem um. Hs. /icasaxuweunu
PE3IOME
Tepmorpadudaeckum HCCIICIOBaHHEM YCTaHOBJICHO, 9TO0 OOJBIINHCTBO CHHTE3UPOBAHHBIX
terpatroapceHato(V) d-meramwios mo Gopmyne Ms(AsSs)2:nH20, roe M=Fe(11), Co(ll), Ni(ll), Mn(I1), Cu(ll),
Hg(ll), Zn u Cd BeayT cebst OMHOTHITHO MPH HArpeBaHWH. B TIepBYIO OYepeb MPOTEKAeT IETHUTPATAIIHUSL, TPHYEM
HE OJHOBPEMEHHO a MO CTaaMsAM, 3aTeM HAET ICTHOHHUPOBAHWE, a B KOHIC-YAAJICHHE MBIIIBIKA B BHIE
cynbuaHoi GopMeL. B pesynrare ocTaercs cooTBeTBYIOIHNE CYIbGUIBI. V3 3TOit cXeMBbl pa3IoKeHHs 3aMETHO
otnuyaroTcss Tepmosin3bl TerpatnoapceHaToB(V) mapranna(ll) u pryru(ll). Ilocne momHo# mermnmparanuii U
IeTroHupoBaHus TerpatnoapceHartoB(V) mapranna(ll), mpoTekaeT yacTHYHOE OKHCIICHHE MPOMEXKYTOYHOTO
MPOJYKTa KHCIOPOAOM BO3/yXa, B pe3yJIbTaTe 4ero oxumaemMoro cyiduna, ocraercs oxena mapranma(ll). Uro
kacaetcst TerparnoapceHatoB(V) prytu(ll), To ero TepmMonu3 OTAMYAETCS OT APYrUX CHHTE3UPOBAHHBIX
COCIAMHEHHH TeM, UTO Pa3JIOKECHUE IPOTEKAET 03 0CTAaTKa, IONHOE PA3I0KEHHE - CYOIMMAIIHsL.
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ELECTROCRYSTALIZATION OF ELEMENTAL ARSENIC FROM ALKALINE SOLUTIONS
OBTAINED DURING OXIDATIVE LEACHING OF THE ARSENOPYRITE ORE

T.Tsilosani, I.Kakhniashvili
Georgian Technical Universiti
I.Javakhishvili Thilisi State University
R. Agladze Institute of Inorganic Chemistry and Electrochemistry

SUMMARY

The process of electrocrystallization of elemental arsenic from alkaline solutions obtained after leaching of
the Tsana arsenopyrite ore in a solution of sodium hydroxide with the addition of oxidants has been studied.
On the basis of the results of the study, the cathode material was selected and optimal parameters of the
cathodic deposition of elemental arsenic were established.

SJEKTPOKPUCTAJIJIM3ALUS JJTEMEHTHOI'O MBIIIBSAKA 13 HEJOYHBIX
PACTBOPOB ITIOJIYYEHHBIX TP OKUCJIMTEJIBHOM BBIINEJIAYABAHUN
APCEHOIIMPUTHOMU PY AbI

T.A.lnnocanu, N.b.KaxHuamsuimm
I py3uncKutl mexHuuecKuii yHugepcumem
Tounucckuii I'ocyoapcmeennviii Ynusepcumem um. U [ocasaxuweunu, Hucmumym HeopeanuuecKoll
xumuu u snekmpoxumuu um. P. Aenaoze

PE3IOME
I/ISy‘ICH MponeCC ICKTPOKPUCTAIIIN3ALIUN BJICMCHTHOI'O MBIIIIbAKA U3 HICJIOYHBIX pACTBOPOB, IMOJTYUCHHBIX

nocJie BhllIenaynBanus L{aHCKOH apceHOMMPUTHOM Pyl B pacTBOpE THAPOKCHIA HATPHA C A0OaBICHUEM
okuciureneil. Ha ocHOBe pe3ysbTaToB UCCIEN0BaHUs ObUI I0JO0paH KaTOAHBIN MaTepyual U yCTaHOBJIEHBI
ONTHMAJIbHBIE TApaMeTPhl MPOIecca KATOJHOTO OCAKACHUS HIEMEHTHOTO MBILIBSIKA.
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b PH=5,0-3;.
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WASTE WATER PURIFICATION FROM HEAVY METALS WITH THE USE OF LOCAL CLAYS
AND MINERAL BRUCITE
N.Kalabegashvili, D.loseliani, G.Balarjishvili, L.Samkharadze, R.Tsiskarishvili, A.Dolidze
Iv. Javakhishvili Thilisi State University
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Sorption properties of adsorbents prepared on the basis of natural clays (ascanclay, gumbrine) and mineral brucite in
the process of waste water purification of mining and concentrating mill of Bolnisi district from heavy metal ions are
studied. Tests on determination of ratio of adsorption properties of mentioned adsorbents to the composition, proportion
of adsorbents and adsorption time are conducted. It is mentioned that adsorbent brucite + ascanclay at the ratio of 1:1,
which has purified abovementioned waters to maximum allowable concentrations, turned out to be the best option both
from economic and practical viewpoint in the process of adsorption.

OUYUCTKA CTOYHBIX BO/J OT TAXKEJIbIX METAJIJIOB C IPUMEHEHUEM MECTHbBIX I'VIMH
1 MUHEPAJIA BPYCHUTA
H.I" Kana6eramswiu, J.K.Mocemmanu, I'.1.banapmxumsunm, JI.O.Camxapanse, P.I1.1{uckapumsuimy,
A.B.Jlomunze
Tounucckuii 2ocyoapcmeenuviil ynugepcumem um. 1. Jocasaxuweunu,
Hucmumym gpusuuecxoii u opeanuueckou xumuu um. I1. I'. Menuxuweunu
PE3IOME
W3ydeHsl cOpOIMOHHBIE CBOMCTBa aJCOPOCHTOB, NMPUTOTOBJICHHBIX HAa OCHOBE NPHPOJHBIX TJIMHOB (aCKaHTIIUHA,
TyMOpHWH) U MUHEpaJia OpyCUTa B MPOIECCEe OUYUCTKH CTOYHBIX BOJ FOPHO-000TaTUTEIILHOTO KOMOWHATA OOJTHUCCKOTO
paiioHa OT MOHOB TSDKEIBIX METAJUIOB. [IpOBEICHBI OMBITHI IS ONpPEACICHUH OTHONICHUH aICcOPOIMOHHBIX CBOWCTB
YKa3aHHBIX aJICOPOCHTOB OT COCTaBa, COOTHOIICHUH aJcOPOCHTOB M BpEMEHH aJICOPOLMHU. YKa3aHO, U4TO B MPOIECCEe
aJcopOIMY HAWIYYIIUM, KaK SKOHOMHYECKH TaK M NPAKTHYCCKH, OKa3alics aJcopOeHT OpycHT + acKaHTJIHHA B
cooTHoIeHHH 1:1, KOTOPHIi BBINIEYKA3aHHBIC BOABI OYHCTHII A0 MPEACIBHO JOMYyCTUMBIX KOHIICHTPAIIUH. .
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B0D03YMo Jodos

L EHGMbE0MAoL BLIZEMI0EMHMIEIGEGHOL 030EMEHOL Lobmgbo s dolo JodowyMo gs@sgdbols
390m33wg35
5.00.hm00b0dY, b.m.9bqwsdg, b.¢n.06g5d9
33530 Patg0¢rol Lsbgerfogm «bogg®mboBdgdo

Jodom6 9egdgbGHms 3gM0m@o bobEgdol I xamaol S-89¢3swgd0sb Lobmgbomgdwymos JsaEomdols
©5 35601930l BLYZM30OHMI3IHIBJO0 (3000MHMO39G9GJ00), Bog®msdM dgbffogerowo 6 Mol domo

09MIMNWo  25Msgdbgdo. 36mdgd0 JomomgdMwo FgBHowgdol bodwowm  53939GJOOL  MMBMEobol
dglobgd  dmo3mzgqds M0l 539GOGHJOOL  dqLobgd [1]. Fobsdgdstyg Lodmdsmdo Fomdmoygbowos

930gwmds  LEHMMbE0MAOL  300MM(399GOGOL  O30EMSGOL MYMHTIMEO  J5MJIbOL  4sdm33¢g30LY,
603 3ol 1000°C-37 go3bgergdol 89w9ao.

LEAHOMBE0TOL  30OMI3IHIGOL  ©030EGMOEHO  F0300g0  Tgbsdsdobo  IgGoEoL  JoMdMbBsEHOL
WMOPO0IONJIGEOIO0  FoMOBo©  9©0JOMO  Yobmemgzgsh  d0oMTgs35L006  Lomsbsm  dgmmogzol  [2]
dobgz0m. LEHOMBE0wMol 30MHMI39BHIGHOL ©030MIGHO BoMORBOENLJIOO JOOLEHIWGO0S, GMICIOO3
35909 5JBHOMMO© 93M0x0EHJd0b.

LobMYHBOMPOME  3MOLEHIWIIL  35300dOm  BLBIOL  ©s  3BHIMIPIPO0  BWODBL:  FgGol
fmbomo  99MEOMN-LWBIGMOO0  BMOT0m; 539BH9GH-0mbBL  3G0GMs3om NaOH-ob 0,1 beMHdsewrmero
blbsoom, ol 8999y, M3 LosbsoBm bogMml gos3094z3sbm qLodsdol Bm®Tsdo Jsmombo@ol KVY-2-
b Lodwgogdom. sbsErobol Fggagdo sLgmos:

Ba3mgbos (%): Sr - 28,8; CH:COO -58,1; H.O - 13,1

aodmogmowos (%):Sr—29,1; CHsCOO - 58,7; H,0 - 12,2.

09I 35Moddbol godm3zerg3ol ©sfygdsdy LobmgBoMgdmwo 3MoLEGHIWdo 59gbsdy
569  Jgufogomo  0db6s  M96GHRIBMLEHOMIEHMMI©O  OBMIGHMIgH®By: CAD-4-SDP, 6mdwol
990  3560LsbEgms  3MoLEIwmdodor®o  gmEdms  SI(CH3COO0).CH3COOH-2H20 56+
SrH(CH3sCOO0)3-2H20.

09MH MY 53009BHMME  359M3IZg35L  35BHIMIOOM  ©IMN035FEMYMoxbg ,L.MOM® 5EIMLGYHXIO
§6930L 306HMdgdTo HMamO 359MHBY, 1939 SBMGOL 5GHIMLBIOHMTo. BoIMTol do3bgmgdsl 3sbgbom
1000°C-8og LoRJs®00 5-15 gGo@/fo. $983965& Ol gsbmdgol LodmbEg gswagbos 5°C. gmomgdols
9G°@mbo - sedobol mgboo. 60dMTol fmbszo dgoagbos 150 Ty-b.

bo33eg30 603mdol  go3bgergdol ML 30-85°C  ¢gd3gMod ol  0b®Hgmgzswdo oo 500°C -bg
9bmmgOINwo  9gnqdGHoo 3060538 Tbob 19,2% (BobsBo 1), Gsbog ggLodsdgds dFs®Bgoz5L  9gHMO
9o3M@ol 535035  LEHMMBbEOoMIoL  Lodwewm  539BHOGOL  ©030MsEHOL  FoMmBmddboo:
Sr(CHsCOO0)2-2H20 (85b0L mgmeommo ©sbszs®ao 89596l 19,9%).

LEAHOMBE0IOL  bMOToEHO  539IGIGHOL  030MsEHO MYMIMWo© dEAMsos 105°C-dpg. 105-
175°C-0b  06@gM3owdo  AobmMgdolol  9bMmgMIMwo  gi39BHoo  0dwgds 140°C-By dobol  10,8%-0b
560300200, MLz 9gqbodsdgds §gwol 1,5 dmeg3meol ©o3sMmyazs s dgbodsdolo dggboemdol
300l Fomdmgdbs: Sr(CH3CO0)2:0,5H20 (3sLol omgm®ommo  @sbsgsdgo 11,2%)  mg®dmeobols
89000930  253Mdgamgds  175-200°C  3gd3gGed ol 0bBgMzsmdo  ©s353806M9dwemos  180°C-bg
9bm®OHIM 9539dGH6 (B5LoL obs3sto 2,1%), beerm 200°C-dg 9abmmgMmIne 36GmEgbmsb, Mog
O0am®O3 Bobl, Mbs 3s5bbmdEL Lodwowrm S39EGHOL 98MOHBYWO BMMOTOL IOHOLESWODIFOSL.

§omdmgdbocro  Sr(CH3COO), 325-425°C  3933965@@ve  0bGgM3oB8o  adbm®gdol  Jgwgyem
2390©50ddbgds LEHMMbE0MAOL 35MBOMbSES.

LEAHOMBE0MIOL  BLY3EMI0POMIFIGHIGHOL  O30MSEGHOL  MIMTMEODOL  FJEIAO©  FoModdbols
bdgds 9godegds  s50bLBL  Bo@sMgdMo LEMmWIEHMOMEo sb5¢0BoL Logwdzgwdy. LEHMWIGHMMSdo -
Sr(CH3CO0),CH3COOH-2H20 Lmegsocgdwgeo 93535 dmeg3mans 8900L 539&o¢IO0 Xav53900wsb
fomdmgdboero  ©odgmol  8gagbowmdsdo, gl ¢356sb3bgo 3o, ®mogolb  TbGMmOg, BMOIoMIdMEOs
abodgBHMoMo  §godoMo  dIoL  LEdMEEgd0™.IJNMY  [godoMo  BTs  ABBMOEFO0YEGdMOs
bogsGHomgdyer  dgo35L0 @ 3MHOLEIWODsEoGmOo  fywol  Imerg3Esbosb.  5dgbs,  fgywrol
309379505 3OOLGHIMYMIBOO  5M5BHMERBILM3690s  gobs30MMdIOL  1gMTMEmbol  Fgrgye©
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39959 H0 990960Mmd0oL 30MsGOL FoMdmddbsl, 380dOmdm, MM LlGo Ysedswemo 8dgdo s
LEAHOMBE0TOL  SGHMToL MooMLol FgsMmgdom domswo Loowyg (1,215 63) 860d369wmzsb Howo
Mbs 96530MMmdgdEIL BogHmol MIYMIMASL.
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@, 1. SrH(CH3COO0)3-2H20-0L 0vg3mgMoegog®mads 3590y 1000°C-0g obwcmgd0lsls

09MH MY 53009BHM0wo 459m33g30L dmbs3gdgdbg IYMHEbMdom s FMMTswMHo 30693030L
0900m@gd0L  [3] g9dmyqbgdom godmmgwowos bEMmMb30mdol BLYZEM30OMIEIGIGHOL 030MSEGOL
09MHINoBol 3OHM3gLgd0L 5dEH035300L 9bgMR0s, gbmo30s s LoBJsol  dmdogs (bM.1).

3bGoEo 1. LHOMbE30MAoL BLY3EM30OHMEIEHIGHOL MIMIMWODBOLASIEHOZ5300L gbgdyool (Ea), gbmsw3dools (AH) o

LboRJoGol 8vdogsl (k) 3603369 mdgdo
306903200 bHo©os "’iﬁfg’g’ggﬂi%?” 3 Jb;gm@o 33032«)@0 K
crhcooname. 30-85 36,8 14,7 6,477-10%%exp(-18520/T)
S OHO00) 050 105-175 265 84 11,15-10exp(-13337/T)
acrcooy O™ 175-200 53,8 226 7,78-10%%exp(-27076/T)
Sr(CH3C00)2 3 SrCO; 415-525 80,6 221 10,30 10%exp(-40579/T)
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515336900

LEAHOMBE0IOL  BLYIZOM30OHMI3IGHIGHOL  ©o030Ems@o  STH(CH:COO):2H20  ovg™dvyams
0058AM50s. LNLEBHO [YyoedosMOO BIJOOL SOLYIMBS GMM-gMmMO doMHoMsEo FobyBos MYMIMEO
396 5gdbol FroegEMo 3MMmEMJEHId0L sGBYIdIMBOLS. FgbsgMmol MmgMImEobo dM35¢bggbmMdMmO30
30039L005, OMIOL LHdMEMM 3OMEMIEH0S LEOMEEF0MTOL 3oMBdIMbsGO.
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SYNTHESIS AND CHEMICAL INVESTIGATION OF STRONTIUM
PSEUDOHYDROACETATE DIHYDRATE

A.D.Chubinidze, N.O.Endeladze, N.L.Bregadze
Akaki Tsereteli State University

SUMMARY

It is formed compound - Sr(CH3;COO) ;CH;COOH - 2H,0 - dihydrate of Strontium pseudohydroacetate from
the triple system: Strontium carbonate — acetic acid — water. Thermolysis of pattern is studied for temperature
1000°C. (derivatograph,,0J1-103%). It is established, that the compound was thermally stable below the
temperature 105°C. After this, thermal transformations goes in two stages: At first stage hydrate of normal
acetate is formed and at the final stage of process Strontium carbonate is obtained. On based of
derivatographic investigations and using methods of formal kinetics, some thermodynamical and kinetic
parameters are calculated.

CHUHTE3 JUT'UJPATA ICEBJAOT'UJPOALETATA CTPOHIIUSA U UCCJIEJOBAHUE EI'O XUMHUYECKOI'O
INPEBPAIIEHUSA

A J1.Yyoununze, H.O.Eanenanze, H.JI.bperanze
Tocyoapcmeennwiii ynusepcumem Ax. Llepemenu

PE3IOME

W3 tpoiiHoil cucTeMbl: KapOOHAT CTPOHIUSA-YKCYCHAas KHCIIOTa-BOJA BBIACIEH COCAUHEHHUS XUMHUECKOTO
cocraBa: Sr(CH3COO),CH3sCOOH-2H,0 — aurutpar nceBaoruapoarierara CTpoHius. M3ydeH TepMon3
5TOr0 coeauHenus npu Harpesanun g0 1000°C na nepusarorpade ,,O-103%. YcraHOBIEHO, YTO
coelMHeHne TepMudecky ycToiuns0 1o 105°C. Tlocnemyromiee HarpeBaHne MPOTEKAET MHOTOCTYTIEHYATHO,
KOHEYHBIM HPOIYKTOM KOTOpPOro siBlsieTcss oOpa3oBaHue KapOoHata cTpoHuus. Ilo nmaHHBIM
TEPMOTPaBUMETPHUECKOTO HCCIIEIOBAHUS, METOJOM (OpPMaJbHOW KHHETHKH PAacCUMTaHBl HEKOTOpHIE
TEPMOAMHAMUYECKHE U KHHETHUECKHE TTApaMETPHI.
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PHYSICAL CHEMISTRY
RECRYSTALLIZATION OF NATURAL ANALCIME IN LTA ZEOLITE

Vladimer Tsitsishvili, Nanuli Dolaberidze, Manana Nijaradze, Nato Mirdzveli
Petre Melikishvili Institute of Physical and Organic Chemistry
of lvane Javakhishvili Thilisi State University, 0186, 31 Politkovskaia str., Thilisi, Georgia
v.tsitsishvili@gmail.com

The synthesis of LTA zeolite by hydrothermal transformation of natural Georgian analcime from Gelati
preliminary treated by HCI water solution and suspended in NaOH solution was investigated. Products were
characterized by chemical, XRD, and FTIR analyses. Investigartion demonstrated that zeolites with low silicon
content are prepared at high basicity of reaction mixture, highly hydrated materials are created at low temperatures,
morphology and sizes of crystallites generally depend on duration of crystallization.

Introduction. Today natural zeolites generally are used in construction works and agriculture, and the
synthetic ones are used commercially more often due to the purity of crystalline products and the uniformity
of particle sizes. The sources for early synthesized zeolites were standard chemical reagents, but today
attention is paid to synthesis from low cost materials, such as clay minerals, natural zeolites, incineration
ashes, etc. For example, hard water softener LTA zeolite (UPAC chemical formula |Naiz (H20).7]s
[Al12Si12048]s-LTA) was synthesized from rice husk [1] and kaolin [2], recently we had prepared LTA by
two-stage re-crystallization of Georgian natural clinoptilolite-heulandite-containing rock with intermediate
sodalite product [3].

Analcime is rather widespread among the zeolites known on the territory of Georgia [4]: an abundance
of analcime connected with volcanic-sedimentary rocks is observable in the Middle-Eocene rock masses of
the Achara-Trialeti folded system, beginning with Mtskheta district, including the Borjomi valley and
westward in Bagdadi and Vani districts; analcime-containing stratified rocks are known in Western Georgia
in the deposits of Jurassic carbonaceous and colored suites of Kutaisi area, as well as analcime from a basaltic
geode (environs of Thilisi), analcime crystallized in the chemical way (sedimentary rocks from Kutaisi
environs), and analcime of diagenetic origin in volcanic-sedimentary rocks from the Akhaltsikhe deposit,
along with other zeolites (phillipsite, laumontite, mordenite, etc.).

The aim of present work was to demonstrate possibility to carry out synthesis of the LTA zeolite by
hydrothermal re-crystallization of natural analcime and production of materials with different sizes of
crystallites, as well as with suitable system of pores and channels.

Experimental. Preparation of synthetic zeolite material was carried out using yellow-grey Georgian
natural analcime-containing rock from the Gelati deposit having comparatively high zeolite phase content
(up to 90%) with chemical composition (NaiosKz150Ca06sMgo.40)Me1o[Alis4Sizz0096]15.7H.0 (Me —
impurity metals Fe, Cu, etc.), characterized by X-ray diffraction pattern, IR spectrum, water adsorption
capacity and thermal analysis data, and belonging to the Na,K,Ca,Mg-form of the ANA (UPAC chemical
formula |Nais(H20)16| [Al16Siz2Og6]) type natural zeolites.

As described in [3], processing of raw in target material includes steps of acid treatment of raw material
& preparation of suspension, gel formation & its aging, followed by crystallization at different
temperatures in water bath OLS26 Aqua Pro, separation and cleaning of prepared products.

Chemical composition of prepared samples was determined by elemental analyses carried out using a
Spectromom 381L plasma spectrometer and a Perkin-Elmer 300 atomic absorption spectrometer, as well as
by energy dispersive X-ray (EDS) analysis. X-ray powder diffraction patterns were obtained from a DRON-
4 diffractometer, employing the Cu-K, line and scanning at 1° per minute, FTIR spectra in the wavenumber
range 4000-400 cm* were recorded on the Perkin-Elmer FTIR spectrometer (version 10.4.2) using the KBr
pellet technique for sample preparation.

Results & discussion. LTA zeolite has been produced from the reaction mixture having following
chemical composition: 3.4Na;0:Al;03:1.1Si0;, in such case the chemical composition of prepared materials
is 0.92Na,O Al,052.04Si0,3.00H,0, that is in a good accordance with corresponding chemical formula for
LTA. The framework type of prepared material is testified by X-ray powder diffraction patterns with peaks
at 20 = 7.2° (100%, hkl — 200), 10.1° (70%, 220), 12.4° (44%, 222), 16.2° (42%, 420), and 21.1/21.2°
(18/93%, 600/442), as compared with calculated XRPD pattern from the “Database of Zeolite Structures” of
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the International Zeolite Association (http://www.iza-structure.org/). Developed zeolitic crystal microporous
structure in synthesized samples is been confirmed by high averaged value (>13 mmole/g) of water
adsorption capacity under static conditions at the “plateau” pressure p/ps=0.40 and room temperature.
Prepared materials pepresent nearly pure Na-forms, share of impurity metals in compensation of the negative
charge is 8%, but in some cases this value reaches 15%. Generally, during recrystallization analcime remains
more impurity metals in comparison with clinoptilolite [3].

Ratio of water molecules per compensating ion (H.O:Na) in ideal LTA structure is 9:4, in synthetic
samples it is higher — hydrated materials (H.O:Na=9:5.5) are produced by analcime recrystallization at low
temperatures, hydrothermal crystallization at high temperatures (>80°C) results in dehydration. Experiments also
show, that increasing basicity of reaction mixture results in creation of LTA structure with high aluminium
content (Si/Al~=1), rapid crystallization gives nanoscale crystals and aggregates, while slow crystallization at
comparatively low temperatures gives micrometric crystallites.
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PE3IOME

HccnenoBano rupporepManbHOe mpeBpaiieHne B neoauT LTA rpy3uHCKOro mpupoaHOTO aHajblMa M3
I'enatn, npenBapuTENT HO AKTUBUPOBAHHOTO COJITHOM KMCIIOTOHM M 3aT€M CYCIIEHAUPOBAHHOTO B IIEIOYHOM
pactBope. IlomyueHHBIE TPOXYKTHI OXapaKkTEpU30BaHbl METOJAMHU CKaHHMPYIOLIEH 3JIEKTPOHHOMH
MUKPOCKOITUH, peHTreHoBcKkon auddpakromerpun u Oypne-UK-criekrpanpHoro aHanusa. [lokazano, 4ro
MOBBIIIEHHE IIETIOYHOCTH PEAKIIUOHHOM CPEIbI IPUBOANT K OIYUEHHIO IPOLYKTOB C HU3KUM COJIEPIKaHUEM
KpEeMHUS, P HU3KOH Temmeparype oOpasyroTcs Oosiee THAPATUPOBAHHBIE LEOJIHUTHI, a MOpdosorus u
pa3Mepsl KPUCTAITUTOB B OCHOBHOM OTIPEAETISIOTCS BPEMEHEM KPHUCTAITH3AIIH.
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ONPEJAEJIEHUE ®OPM HAXOXXIEHUA XUMHNYECKUX 9JIEMEHTOB B BOJJHBIX
PACTBOPAX
N.I".bepnzennmBuny, C.B. Xutanumsunu, K.H.KamMmkamunze
T'py3unckuii mexnuueckuti ynugepcumem
i_berdzenishvili@gtu.ge

PaGoTa moCBsIIeHa YMCICHHOMY MOJACIHPOBAHUIO TIOBE/ICHIS IIEMEHTOB B BOAHBIX pacTBopax. IIpencraBieHsl
QITOPUTMBI PEIICHHUs OaHHOW 3ama4d. IIoka3aHO, 4TO B BOAHBIX PAacTBOPax Pe3yJbTaTe MPOTEKAHHsS PEaKIHil
rupponn3a u3Mensiercss pH pactBopa. PaccumTamel (opMBl HaxXOXKACHHS alIOMHHHS B DasHBIX Cpefax.
Y CTaHOBIIEHO, YTO AMIOMHHHI B PacTBOpe MOXHO BCTpeTuTh B Buae yactun AP, AI(OH).', ... , AI(OH).~.
BBIsiBIICHBI JOMUHUPYIOIIIE (POPMBI KAIbIIUS B PACTBOPE B 3aBHCHMOCTH OT BeauauH pH.

B npupoe Hanbosiee pacipocTpaHeHbl BOAHBIC PacTBOPbL. OHU PACIIPOCTPAHEHBI B )KUBOM M HEXKUBOI
IPUPOJIE U MMEIOT OTPOMHOE 3HAYEHHE IS JKU3HEAEATENLHOCTH JIFOJIEH, a COCTaB TUX PAacTBOPOB BO
MHOTI'OM KOHTPOJIUPYET €€ 6e30IacHOCTh. B BOJHBIX pacTBOpax B CHIIY MPOTEKAHHS PA3IMYHBIX MIPOIECCOB
Y XUMHUYECKUX peaKiuii (THIpon3a, KOMILIEKCO000pa3oBaHus U T.1.), EPEIISIIINE B PACTBOP IEMEHTHI
PacTBOPEHHOIO BELIECTBA, OYIYT HAXOAUTHCA B CaMbIX Pa3HbIX (OpMax, T.€. JOBOJLHO OOJIBIINE TPYIIIIbI
aTOMOB XMMHYECKHUX DJIEMEHTOB B KaXKIbIii IIPOMEKYTOK BPEMEHH HaXOIATCSI B KOHKPETHBIX OTHOCHTEILHO
YCTOMYUBBIX COUCTAHUIX MEKIY co00it [1-3] .

I[aHHI)IC COYCTaHUuA NN (bOpM]::I HaxXOXJICHUA XHUMHYCCKHX J3JICMCHTOB IMOAYMHAIOTCA Ppa3INnYHbIM
(HU3UKO-XMMHIECKMM 3aKOHOMEPHOCTSAM M BO3MOKHBI TOJILKO TIPH OINPEIEICHHBIX BHEIHUX YCI0BHAX. Kak
YK€ YKa3bIBaJIOCh, (JOPMBI HAXOXKICHHUS 3JIEMEHTOB B PACTBOPE B 3HAYMTENBHOW CTEIICHH ONPENEIISIOTCS
peaKIrsIMHU THAPOJIN3a, B pe3yJbTaTe KOTOPHIX m3MeHseTcss pH pacTBopa, 4TO MPUBOIUT K 3aBHCUMOCTH
(hopM HaXOKIEHHUS DJIEMEHTOB B PaCTBOPE OT KOHIIEHTpaIus HoHoB Bomopoaa [HY] [1, 4-7].

KoHIIeHTpaIus HOHOB BOJIOPO/Ia 3aBUCUT OT HOHHOTO TPOM3BENEHHS BOIBI (KOHCTAHTHI TUCCOLMAIIAH

Bozbl). [Tpu 25°C koncTanTa nuccormanun Boast (K, ) pasHa:
Ky =[H"]J[OH ]= 107 momp?/n2.
Ecnu B pactBope [H ] >10"" Mo/, To Takoii pactsop smsercs kucimbim; mpu [H ] <107 moms/n

— PacTBOp ILENOYHOI, a Isi HelTpanbHbix pactBopoB — [H 7] =107 moms/n (T = 25°C). IIpu ananmuse

KHCJIOTHOCTH PacTBOpa 4acTO BMECTO aOCONIOTHBIX 3HAYCHUI MOJISIPHOW KOHIICHTPAIMM UOHOB BOJIOPOAA
nmoJib3yroTcs moustueM pH pactsopa [1, 3, 8]. I1o onpeneneuuto

pH =1g(/[H"]) =—Ig[H"]

Ha puc. 1 kucnotHOCTB pacTBOpa BeIpakeHa uepe3 pH pacTsopa.

HeRrpansnas

H']

MO

<— VBommenne XHCTOTHOCTH Yeeamwenne mea0THOCTH
pH
Peaxaua 1 2 3 4 3 ) 7 ] g 10 12 13 14
PacTROPR Cunenoxmcras  Chaboxkncnas \L('.Ia(v(m;c.-lf.)'n-.;u Cuannromesosnas

Hefrpassias
Puc. 1. lllkana 3nayenuii pH
Lenpto HacTosIIeH PabOTHI ABJISETCS MPOTHO3 MOBEICHUS ATFOMUHHS U KaJbIUS B BOJHBIX PacTBOpPax

nyTeMm pacdera GopM HaxXOXICHHS JaHHBIX JIEMEHTOB B MPUPOIHBIX BOJAX MPH ONMPEICICHHBIX 3HAUCHHUSIX
pH pactBopa u moceayomHii aHaIU3 COCTaBa pacTBOPa MPU W3MEHEHHUH 3TOT0 MapaMeTpa.
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ANTOpUTMaMH IS pEIIEHNs JaHHOH 3a1a4K MOTYT CIIyKuTh [3, 5, 9, 10]:

® MPUMEHCHHWE KOHCTAHT PABHOBECHS XHMHUCCKHUX PEAKIM, BBIPAKCHHBIX YepEe3 PABHOBECHBIC
KOHIICHTPAIH KOMITOHEHTOBR,;

® pacyeT paBHOBECHOI'O COCTABA HCCIICAYEMOI CHCTEMBI METOJIOM MUHUMHU3AIIUK CBOOOHOM SHEPTHU
I'ub6ca.

SIBRSisICh OTHMM M3 CaMbIX PAclpOCTPAHEHHBIX 3JIEMEHTOB B 3€MHOH KOpE, AIOMHHHI COICPKUTCS
NPaKTHYECKH B JI000# mpupoHoit Boae [11] u paBHOBecHe MEKAY (hOpMaMH €ro HaXOXJACHHS B BOIHOM
pacTBOpE YCTaHABIMBACTCS B PE3yIbTATE MPOTEKAHUS THAPOIUTHUCSCKUX MPOIIECCOB.

HVicxo/1st M3 BBIIICH3I0KEHHOTO, B COOTBETCTBHH C IICPBBIM aJITOPUTMOM B OCHOBE HCCIICTIOBAHHS JICHKHT
pacyeT TepMOJANHAMUYCCKHUX OTESHIMAIOB IS CIICAYIONIMX PEAKIIHA THAPOIU3A:

A* +H,0=AI(OH)* +H";
Al(OH)* +H,0=AI(OH); +H";
Al(OH); +H,0=AI(OH)3 + H*;
Al(OH)S +H,0=Al(OH), +H".

Koncrants! pasaoBecust peakiuii (K) Beraucisum no ypasaenuto Bant-I'odda:
_ 0
RTIgK =—(AG%,)/2.3.
PacuerHble MeTOIB! ONpPEAETICHUS! KOHCTAHTHI PABHOBECHS CBOITCS K BBIYHCICHHIO CTaHIAPTHOTO

. 0
u3MeHenus cBoGojHoi sHepruu I'm66ca (AGLy) B xome peakuum [3,8,12]. Hcxommbie TepMo-

0 0 0
nunamuyeckue gannbie (AH5g 1 Soge), KoTOpEIE HeoOX0MMMBI 11 pacueta AG ,oq B3aTH 13 [8, 13].

TepMmonuHaMuyeckass MOJeNb IOBEACHHMA allOMUHUS B pacTBope B 3aBUcuMocTH oOT pH
PEaKIMOHHON Cpeabl TOKa3bIBAET, YTO B CUIIBHOKHUCIION cpelie aJIOMUHHUM B PACTBOPE IPUCYTCTBYET B BUIE

3 v 3
«apoctoroy» nona Al . B cnabokucnoii cpene konuentpamus nonos Al °" yMenbIuaeTcs, a KOHLEHTpaLus
2
gactur AI(OH)“" Bospactaer m mpu ycnosun pH = 3,75 uMEET MeCTO CIIEAYIONIEE PABEHCTBO

xonuentpamuit: [Al 3+] =[Al (OH)H] . B cmaboxkucneix ycnoBusx ¢ pH Beime 3,75 pe3ko yMmeHbIaercs [

Al*"], TakKe HAYMHACT YMEHBIIATHCS KOHICHTDAIHS AKTHBHOMN (POPMBI AI(OH)2+, a KOHIIEHTpauus
Al(OH), Bospacrars; npu pH = 5,43 HaOmojaeTcs PaBEeHCTBO KOHLUECHTpALWH Cieayromux (opm
amomunns: [ AI(OH)** ] = [Al(OH); 1.

B HeliTpanpHBIX ¥ ONM3KUX K HUM IO KHCIOTHOCTH BOJHBIX pacTBopax ¢ pH B mHTepBase 5,58—7,42

o o . 0
npeobiagaromeii GopMoil amrOMHUHUS SIBISIETCS HEPACTBOPUMBIA THIPOKCH] ATFOMUHHS N(OH)3; B

menounbix (mpu pH > 7,42) — AI(OH), (puc. 2).

AZ(CI)H )

ALY l AI(OH)“‘ ‘ Al(OH),’ IAI(OH);
I TTTT l | LI I LI} I LI lll I rrri [ 1 1 l ¥ I rrri I T ‘ LI I
0 1 2 3 4 5 6 pH7 8

Puc. 2. ®opmMbl HaX0KAeHUS ATIOMUHHA B pacTBope B 3aBUcUMOCTH oT pH cpeanbt
Takum o00pa3om, alOMHUHHWI, CTAaHOBUTCS PACTBOPHUMBIM MpPH HHU3KHUX M BBICOKHX 3Ha4deHHMsX pH.

IlornManne KOHTPOJIS 32 PACTBOPUMOCTHIO ATFOMUHHS BaYKHO, ITOCKOJIBKY €r0 TOKCHYHOCTh MOKET BBI3BAaTh
ru0enb phIOBI B TOAKHUCICHHBIX MpecHbIX Bojax. Tak, mpu pH Hike 4,5 He 0OHapyXHMBaIOTCS HUKaKue
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pakooOpasHble, YIUTKU, MUUH, U IPH 3TOM HE MOXKET JKUTh HHKaKas MMEIOIIas IIPOMBICIIOBOE 3HAUCHHUE
npecHoBoHas peida [14].
Ha puc. 3 B Bue quarpamMmbl 1aHa rpadudeckas HHTEPIpPETanus pe3yabTaToB pacyera [M](moub/kr)

— KOHIICHTpAIMH YaCTHII, B COCTaB KOTOPHIX BXOIHUT Kalbllnii B 3aBUcUMocTH OT pH pactBopa. Pacuers
BBINOJTHEHBI ¢ IPUBJIECUYEHUEM METO/Ia KOMIILIOTEPHOTO MOJIEIMPOBAHUs Il KOHIIEHTpauuu snementa 1073

(Monb/kT) M Peg, = 3-10™ Gap.

F11

Puc. 3. KOMIIOHEHTHBIH COCTaB CUCTEMBI B 3aBUCUMOCTH OT pH cpeapl ipu 25°C

MpH3

mpH7

pH 12

OTMeTuM, 4TO HalIW4YHMe B BOJE PACTBOPEHHOTO THIPOKapOOHATA KAIBIMS BO MHOTOM OIIpeesisieT
BpPEMEHHYI0 KECTKOCTh BoAbl. OnpeaeneHne KOMIIOHEHTHOTO COCTaBa BOJHOToO OacceiiHa uMeeT Oouibiioe
3HAa4YeHUE MpPHU OLEHKE MPUTOAHOCTU PUPOJHBIX BOJ IS PA3IUUHBIX LieJIeH BOAOIOTPEOICHNUS.
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DETERMINATION OF OCCURING FORMS OF CHEMICAL ELEMENTS IN AQUEOUS
SOLUTIONS

I.G.Berdzenishvili, S.V.Hitalishvili, K.N.Kamkamidze
Georgian Technical University

SUMMARY
The paper is devoted to the numerical modeling of the behavior of elements in aqueous solutions. The
algorithms for solving this problem are presented. It is shown that in aqueous solutions as a result of
hydrolysis reactions pH values have been changed. The occurring forms of aluminum in different
environments are calculated. It is established that aluminum can be found in solution in the form of AI®,
Al(OH),", ... , AI(OH)4 particles. The dominant forms of calcium depending on pH values of solution are
revealed.
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OU3NYECKAA XUMUSA

BEILIECTBEHHBI COCTAB BEHTOHUTOB U KHHETUKA U3MEHEHU S UX
HABYXAEMOCTH

K.K.Xauarypsia, H.A.I'erus, I'.111.Onykunze, P.}O.Keatamunze, T.C.I'ypynu, E.H.Ykieba
FOJIIIT TT'Y Kasxa3ckuii uHcmumym MuHepaibHo2o cobipbsa um.A.A. Teanupenuose

HccrenoBaHpl MHHEPAJOTHYSCKUH W XMMHYECKHH COCTaB, a TaKKe KHHETHKAa HM3MEHEHHS HaOyxaromen
crocoOHOCTH OEHTOHUTOBBIX TJIMH Pa3IMYHBIX MecTopoxaeHuid ['pysun (Apanu, [lapaBanu, Banuckenn —
Mrucnupu); A7 CpaBHEHHS HM3ydeHa Takxke  OeHTOHMTOBas rimHa un3 [perum. [lokasaHo, 4TO OHH
npeactaBieHsl Ca-MOHTMOPHIUIOHHTOM, @ B KadecTBE MPUMECHBIX MHHEPATIOB B HUX IPUCYTCTBYIOT
kaonmHUT, Ca-Na-momeBoil mmar, cmroma, kBapr, CaCOsz m o-kpucrtoOamuT. YCTaHOBIEHO, YTO TIPH
BO3IL€I7[CTBPII/I OIITUMAJIBHBIX KOM6I/IH3HHﬁ XUMHUYECKUX PEAarcHTOB MCCIICJOBAaHHBLIC 6CHTOHI/ITI>I COXpaHAIOT
BBICOKYIO CTa6I/IJ'[I)HOCTI) CTCIICHU HanyaHI/IH B TCUCHUC MUIMTCIIBHOTO MPOMEIKYTKA BPEMCHHU.

'muHBI  MOHTMOPWIIJIOHHUTOBOTO cocTaBa (OCHTOHUTHI), B CHJIy TPUCYIIMX MM Ba)KHBIX
CHeIM(UIECKAX CBOWCTB, IO CHX IOp MPHBIEKAIOT BHUMaHHE HE TOJNBKO Hccienosareneit [1,2], HO u
HETOCPEACTBCHHBIX HHBECTOPOB, mpuueM cdepa W MacmTadbl NPUMEHEHHs OCHTOHHTOB  BEChbMa
pa3sHoOOpa3Hbl, a MOTPEOHOCTh B HUX MHOTHX OTpacjeil MPOMBIILICHHOCTH U CEIBCKOTO XO3SICTBa
HenpepbIBHO pacteT. OHOH U3 obnacTeil npuMeHeHnss OEHTOHUTOBBIX [IMH SIBJISIETCS OypoBasi TEXHUKA, T/E
JUTSL TOJTyYEHHsI BBICOKOKaYeCTBEHHBIX MPOMBIIIJIEHHBIX [IIMHUCTBIX PACTBOPOB HCIONB3YIOTCA IIEI0YHBIE
OcHTOHUTHI [3].

B I'py3un Hanbonee BBICOKOKaYeCTBEHHBIE U XOPOIIO H3YUYE€HHBIE ACKAHCKUE OCHTOHUTHI SIBIISUTHCH
MHOTONPO(UIBHBIMA M HCIIOIb30BAJIMCh BO MHOTUX HAIlPaBJICHMSAX, HO B HACTOALIECE BPEMsl MX 3amachl
BECbMa OIPAaHUYEHBI, a MPOM3BOAMTEIBHOCTh IEHCTBYIOLIETO PYIAHHKAa 3HAYMUTEIBHO CHHU3MIACH [4];
MOATOMY OYEHb BaXHOH 3aiayeil SIBIsSETCS BOBJCUCHHE B CQepy HCIOIb30BaHUS OCHTOHUTOB U JIPYTUX
MecTopokaeHuil. OpHako, Kak W3BECTHO, OOJBLUIMHCTBO MECTOPOXACHUH OCHTOHMTOB ['py3un
NPEACTaBJIECHBI IET0YHO3EMENbHBIMI ()OPMaMH, TOT/IA KaK IIEJIOYHbIe OCHTOHHUTHI, KaK M BO BCEM MHpE,
MMEIOT OTPaHUYEHHOE PacTpOCTpPaHEHHE.

OnHMM U3 BaXKHEHIINX CBOMCTB OEHTOHHUTOB SIBJIAETCS UX CHIIbHAsI HA0yXaeMOCTh, IPUYEM CTEIIEHb
BHYTPHUKPHCTAIIIMYECKOTO Pa30yXaHusl B MPUCYTCTBUU BOJBI 3HAYMTENbHA JJIsl HaTPUEBBIX GOpPM U B
MEHbIIIEH CTENCHH MPOSBILSIETCS Y KAIbIMEBBIX MOHTMOPHILTOHHUTOB [3,5].

B KaBka3ckoM HHCTUTYTE MHUHEPAIbHOIO CBIPbSI Ha MPOTSHKEHHMH MHOTHX JIE€CATHIICTUI
MIPOBOJIUIINCH KOMIUIEKCHBIE TIOMCKOBO-OLICHOYHBIE, JINTOJOTUYECKHE M TEXHOJIOTHYECKHE HCCIEN0BaHU
OCHTOHWUTOB pa3IMYHBIX MECTOPOXKJCHUH, a Hacrosim@as padoTa sBISIETCS MPOAOIKEHUEM JTHX
HUCCJIEIOBAHUN.

[enbro MpoOBEAEHHOTO NCCIIEA0OBAHNUS SBISIIOCH YCTAHOBIEHNE MUHEPATIOTHIECKOTO U XUMUUYECKOTO
coctaBa OCHTOHHTOB W HW3y4YCHHWE KUHETUKHM W3MEHEHHsI MX Halyxaromleld CIOCOOHOCTH; OOBEeKTaMH
u3ydeHHs: ObUTM OCHTOHUTOBBIC TIHMHBI [py3mm w3 MectopoxkaeHuit Apanu, [lapaBanm, Banuckenu
(Mtucnupn), a 171t cpaBHEHHS UCCIIeI0BaH OEHTOHUT MecTopoxaeHus [ pernn.

Pentrenoandpakromerprueckoe M3ydeHUE MOKa3ajo, YTO XapaKTepu3yemble OCHTOHHUTHI UMEIOT
NoJIMMUHepabHOe ciokeHue (Tabn.l). Bo Bcex oOpaszmax wpeHtndunupyercs Ca-MOHTMOPHIUIOHHT,
npuueM B OeHTOHHTax MecTtopokaeHuil Banuckenn (Mtucnupu 1) u I'peunu oH sBsieTcss B BBICOKOM
CTEIICHH YIOPSIOYCHHBIM (Ha YTO yKa3bIBAET, B IEPBYIO O4YEPE/b, BEICOKAas HHTEHCHBHOCTH peduiexca Uoot),
a B OCTAJILHBIX TPeX 00pa3liax — OH CpeJiHe OKPUCTAJUIN30BaHHbIA. Ha nudpakTorpammax 3adukcupoBaHbl
TaKXe MEXIJIOCKOCTHBIE paccTosiHus kaonuHurta, Ca-Na-moneBoro mmara, ciaronsl, kBapua, CaCOsz u -
kpucrobanuTa. OHM KOJMYECTBEHHO MOAYMHEHBI MOHTMOPWIIJIOHHUTY W NPHUCYTCTBYIOT B I€PEMEHHBIX
KOJIMYECTBAX.

[o xumMHuUecKoMy COCTaBy OEHTOHUTOBBIC TIIMHBI PA3THYHBIX MECTOPOXKICHHH, U JTAXKE U3 OJTHOTO U
TOTO K€ MECTOPOXKIEHHS, YACTO 3HAYUTEIBHO OTIIMYAIOTCS APYT OT APYra. ITo OOBACHIETCS KaK YCIOBUAMHU
ux 00pa30BaHMs, TaK U TE€M, YTO OHM B MPUPOJHOM BHUJE IMOYTH BCETNA COAEPKAT JIPYTue THIbI TJIMH U
MOCTOPOHHKE HETJIMHUCTHIC BKITIOUEHHS, KOTOPbIE HWHOT/A COCTABIISIOT OOJBIION MPOIEHT U, TEM CaMbIM,
CHJILHO CHIO)KAIOT KauecTBO OeHTOHUTA. [IosTOMY Bechbma 3aTpyIHUTENIBHO JAaTh Oojiee WJIM  MEHee
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TOYHYI0  KAYeCTBEHHYIO XapaKTePHCTUKY MPHUPOIHBIX OCHTOHHTOB IO OJHUM TOJIGKO pE3yabTaTaM HX
XHMHYECKOro aHanuza [3,5].

Tadoauna 1. Munepagornieckuii coctaB OGHTOHHUTOB

Ne MecTopoxaeHue Coneprxanue
OCHTOHMTA MuHepanoruueckuii cocTan MOHTMOPUJUTIOHUTA, (%)
1 Apamm 1) Ca-MOHTMOPHILIOHHUT CPEIHE
OKPHUCTAJITU30BAHHBII
2) Ca-Na-mosneBoii mmar 25,0

3) Kaomuaut

4) Caenpl CITFOIBI

2 [TapaBanu 1) Ca-MOHTMOPHJUIOHUT CPE/IHE
OKPHUCTAIIIIM30BaHHBIN

2) Keapit 41,9

3) Cnenpt  Ca-Na-nonesoro mmara

4) Criesibl KaOJIMHUTA

3 Banwnckenn 1) Ca-MOHTMOPHIUTOHUT XOPOIIIO
(Mtucrmpu 1) OKPHCTAIITU30BAHHBII
2) Cnieibl CITIOIBI 92,3
3) Canenpt  Ca-Na-nonesoro mmara
4) Caenpr CaCOs
5) Cnennt SiO;
4 Banuckenu 1) Ca-MOHTMOPHJUTOHUT
(MTucnmpu 2) 2) Cnenp1  Ca-Na-moJreBoro mmara 80,75
5 I'perus 1) Ca-MOHTMOPHIUTOHUT XOPOIIIO
OKPUCTAJJIN30BAaHHBIN
2) a-KpHCTOOATUT 95,8

3) Crener  Ca-Na-mosieBoro 1mmara
4) Criegpl KBapIia

I'maBHOUN XapaKTepUCTUKOW MHHEpaia, KaKk WU3BECTHO, SIBJICTCS €ro XUMHYECKas (CTPYKTYpHas)
dopmyia, onpeaensomas KpUCTAIUIOXUMHYECKYIO CTPYKTYPY W TPUPOAY MHUHEpaia, IPUHAUIe)KHOCTh K
OTPEJICICHHOMY MHHEpPaTbHOMY BHJAY M €ro XHMHUYECKUE cocTaB. Xumuueckas (GopMmyna oTpakaer
OTHOIIICHHUS KOJIMYECTB aTOMOB DJIEMEHTOB, BXOSIIUX B COCTAB KPUCTAIUTMYCCKOM SJIEMEHTAPHOM SUCHKH.
B omimume or MeHsmomerocs (0T o0pasiia K 00pasily) BEeCOBOIO IMPOILEHTHOIO COCTaBa, THIT (DOPMYJIbI
MUHepaja SABJISCTCS BEJIMYMHON MOCTOSHHOMN. [ KaXKI0ro OTACIBLHOro o0pasia ¢gopmysia UMEET CBOM,
OTJIMYHBIN OT JPYrux 00pa3iloB, COCTAB JEMEHTOB, HO HE MEHSET CBOCTO TUIA U MPEICTABISIET COOOM Mo
CYIIECTBY pe3yJbTaT KOJIMYECTBEHHOTO XUMHUYECKOTO aHAIN3a, BRIPAKEHHBIM HE B BECOBBIX, @ B aTOMHBIX
oTHOmIeHUsAX [5,6].

Hcxons m3 BBHIIIEH3TI0KEHHOTO, ATl BCEX HCCIEAYEeMbIX OCHTOHUTOB Ha OCHOBAaHHMHU PE3YJIbTAaTOB
XUMHYECKOT0 aHanm3a (Ta0i.2) ObUIM COCTAaBJICHBI CTPYKTYpPHBIE QOPMYIBI; TaK, CTPYKTYpHast (opMmyia
6enronnra Bannckenu (MTtucnimpu 1) nmeeT BUI:

{3 H20 (Nap,004K0,0000Ca0,14M0,02)0.17 }(MJo.35F€%*0.15Al1.25)1,75[ Alo,16Si3 84] 4(O9 460H2,54) 12

Jis uccneyeMblx OEHTOHUTOB ObLIN OIIpEJeICHbI TaKKUe I10Ka3aTell, KaKk ColepKaHue MUHepasa
MOHTMOPHJUIOHUTA, 0OIIas OOMEHHas e€MKOCTb, OOMEHHBIE KaTHOHBI, HaOyXaeMOcTb, Ha OCHOBaHUH
KOTOPBIX 0OBIYHO MPOBOAUTCS UX TEXHOJIOTHYECKasl OIIeHKa. Pe3ynbTaThl ONpeesieHus MaccoBOM  JTONU
MOHTMOpWJUIOHUTA (Tabn.1) CBHOETENBCTBYIOT O TOM, YTO OCHTOHHTHI MECTOPOXKIAEHUH Apamm u
[lapaBanu XapakTepU3yIOTCS HHU3KUM COJAEPKaHMEM MOHTMOPWJIJIOHHTA, YTO MOXKET OBbITh, BEPOSTHO,
OO0BSICHEHO, B OCHOBHOM, 3aCOPEHHOCTBIO MX Pa3lMYHBIMU BKJIIOUEHHUSIMH, a TAKXKe — HPUCYTCTBUEM
KaOJIMHHUTA.
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Taoauna 2. XUMHAYECKHN cOCTaB OEHTOHUTOB

2017 8. 43 N 2

OKcuaHbIe MecTopokneHne OCHTOHNUTA
KOMIIOHEHTHI, Apanu [TapaBanu Banuckeaun Bannckenu I'penus

(% Bec.) (Mtuctiupul) | (Mtucnupu?)

Bnara 6,45 7,79 11,32 10,94 8,73
Il 7,64 7,99 8,20 7,96 7,29
SiOy 57,5 54,9 53,27 55,9 63,6
AlOs3 16,5 17,8 16,6 15,0 12,9
Fe.0s 5,4 5,3 2,72 4,1 1,1
P20s 0,04 0,05 - 0,05 0,03
TiO; 0,76 1,02 0,42 0,02 0,02
MnO 0,01 0,01 - 0,02 0,02
SOs 0,16 H.O. 0,49 0,07 0,19
CaOo 15 1,6 1,91 1,7 1,0
MgO 1,3 1,15 3,27 2,4 3,05
Na.O 2,2 11 05 11 13
K20 0,3 0,9 0,3 0,4 0,8

JlanHbpIe XMMHYECKOTo aHam3a (Tabi.2) MOKa3bIBAIOT, YTO BO BCEX HCCIIEIOBAHHBIX OCHTOHUTAX
COJEPKAHKE IIETOYHO3EMENBHBIX KATHOHOB IIPEBANUpPyeT Ha menounbiMu:  Ca?* + Mg?* > Na* + K*; B
obpasuax Mrucrupu 1 u I'penun oTMedaeTcss OTHOCUTENBHO BBICOKOE conepskanne Mg@?'; B rpy3sHHCKHX
OeHTOHMTAX HAOMI0JAETCs TAKKE BBICOKOE coiepkanue Fe¥* — 1o 5.4 % Bec.

Pesynbrarer onpesenennss 0OMEHHBIX KATHOHOB (Ta0i1.3) moka3anu, 9To o0mias 0OMEHHas eMKOCTh
HCCIIeTyeMbIX O€HTOHUTOB M3MEHSETCS B mpeaenax 56,2-76,3 mr-axs/100 T riIwHBI, 9TO XapakTepHO IS
OCHTOHUTOBBIX TJIMH [3], XOTsA y OeHTOHUTa MecTOpoXkaeHUs [lapaBanu oHa uyTh Hrke 60 Mr-3ke/100 r
TJIMHBL, 3TO 00YCIIOBIIEHO, TIABHBIM 00pa30M, 3HAYHTEIBHON 3aCOPEHHOCTHIO Pa3IMYHBIMUA MUHepanaMu. B
UCCIIeIyeMbIX OCHTOHUTAaX, BKIOYas OeHTOHWT ['pennn, OOMEHHBIH KOMIUIEKC TIPEICTaBIICH
1EJI0YHO3EMENILHBIMU KaTHOHAMHU: cojiepkanue oomenHoro Ca?* usmensiercs ot 24,2 1o 65,5 mr-5ks/100 r
[JIMHBI, COOTBETCTBEHHO COJiepKaHHe O0OMeHHBbIX KaThuoHOB Na“ um K* OTHOCHTENbHO HE3HAUUTENbHOE U
m3Mensercs ot 0,2 1o 2,5 mr-3ks/100 T TIIMHEIL

Taoauna 3. OOMeHHast EMKOCTH OEHTOHUTOB

OOMeHHBIe KATHOHBI, MI3KB/100 T TIHHEI OOMeHHas
No MecTtopoxaeHre E€MKOCTb,
Benronura Ca? Mg?* Na* K* mr-3k8/100 T
TJIMHBI
1 [TapaBaHu 435 11,1 1,1 0,5 56,2
2 Banuckenu (MTucnupu 1) 65,5 9,5 1,0 0,3 76,3
3 Banuckenu (MTucnupu 2) 46,5 16,3 0,2 0,3 63,3
4 I'perus 24,2 43,6 2,5 0,5 70,8

Nzyuenne HabyxaeMOCTH TIOKa3aJI0, YTO UCCIielyeMble OCHTOHUTHI B IIPUPOTHOM BHJIE TIPOSIBIISIOT
OUYEHb HU3KYIO Ha0YyXaloIIyl0 CIIOCOOHOCTh: UX Kod(h(UIMEeHT HaOyXaHUs U3MEHACTCS B Ipenaenax ot 1,88
(Apanu) g0 5,0 cM¥2r (Banuckenu - Mrucnivpu 1). Huskas HaGyxaroruas criocoOGHOCTb 00BACHSIETCS TEM,
4TO B UG PY3HOM CJI0€ MIETOUHO3EMEIbHBIX OEHTOHUTOB PE00IagaoT MaIo THAPAaTHPOBAHHbIE OOMEHHBIE
katronsl Ca?* 1 M@?* , IpoYHO CBA3BIBAIONIME YACTUIIBI TIIMHBI B KPYITHBIE arPEraThl, KOTOPBIE HE MOTYT
JIOJITO JIep>KaThCsl B BOJE BO B3BEIICHHOM COCTOSIHUH U OBICTPO BBIAJAIOT B 0CaI0K [3].

MoauduuupoBanue  METOYHO3EMENbHBIX ~ OCHTOHUTOB  ONPEACICHHBIMH  KOMOWHAIMAMHU
XUMUYECKUX PEareHTOB MMO3BOJISET 3HAYUTEIHLHO IMOBBICUTEL X HaOyxaeMocTh [7,8]. M3yuenue xapakrepa
U3MEHEHUS] BO BpEMEHH Ha0yXaroller criocoOHOCTH UCCIelyeMbIX OEHTOHUTOBBIX TJIHH IPH BO3JICHCTBUH
YCTAHOBJICHHBIX HAaMH OINTHMAaJbHBIX KOMOMHALMi XMMHYECKHX PEareHTOB I[I0Ka3ajlo BBICOKYIO
CTaOUIBLHOCTH CTEIIEHN HAO0yXaHus (M COOTBETCTBEHHO BHICOKYIO CTA0MIIbHOCTh 00pa30BaBIlIelicss HA0yXIeh

176



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2

Macchl), YTO HarJsgHO TpEACTaBiIeHO Ha puc.l Ha mpuMepe OeHTOHHMTOB Bammckemm (Mtucrmpu 1) m
I'penun.

— 8 9Pe—0—0—__
——

Kosdduument nabyxanuwa, cm®/2r
N
(94

Puc.1. Kunernka n3aMeHeHUs CTETIEHN HaA0yXaH!sI OCHTOHUTOBBIX TJINH:
1 - T'peuecknii 6enrorut + (0,2r Na,COs + 0,05r CaO) ;
2 - benrtonut Banuckeau (Mtuctupu 1) + (0,2r Na,COs + 0,1r CaO) .

Kak BumHO M3 3TOrO pHIcyHKa, JUis OeHToHHMTa Banuckenn (Mtucnmpu 1) mocie mobOaBieHus
komOuHanuu 0,2r Na,COz + 0,1r CaO 3nauenne xodddumnmenta nHadyxanus (Kis) ugepe3 14 cyrok He
M3MEHSAETCA U OCTAETCA TaKMM ke, Kak M 4epe3 nepsble 24 uaca (K= 49,0 cM®2r); uepes 32 cyrok
BeauunHa K cHmkaeTcs ~ Ha 6% (Kias=46,0 cM®/2r), a uepes 68 cyTok — Bcero jumb ~ Ha 9% (Kyas =
44.5 cm®/2r).

Jlns rpedeckoro OeHTOHMTAa 3HadeHHE Kuu=42,5cM>/2r, mojdydeHHOe  mocie a00aBIeHHUs
xombuHauu 0,2r Na,COs + 0,05r CaO , uepes 5 cyTok gocturaer BeduuuHbl Ky, =49,0 cM3/2r, koTtopoe
3a nmocueAyromme 29 cyTok cHukaercs ~ Ha 8%, a uepe3 65 CyTOK OT Hayaya onpeeiicHUs Ha0yxaeMOCTH
oHo coctaBisgeT 42,0 cM%/2r, T.e. OHO TAaKOE ke, KaK ¥ Tociie 24 4acOBOTO CTOSHUSL.

Hnst 6enronnTa MectopoxaeHus llapaBanu sHauenue kodd¢unmeHTa HaOyxaHus dyepes 24 vaca
nocne pobasnenus komOunamuu 0,1r Na;COsz+0,05r MgO , paBHoe Kius=15,0 cM®/2r, uepes 8 cyTok
CTOSIHHUSI 3HAYUTENBHO MOBBIIAETCS U cocTapisieT 48,0 cm®/2r; emte yepes 12 CyTOK 5TO 3HAYEHHE CHIKAETCS
~Ha 20% (Kus. =38,5 cM¥/2r); a 3a cinenyromue 14 cyTok — Kis. =29,5 cm?/2r.

Bentonut Banuckenu (Mtucnupu 2) nociie 1o0aBiieHrss KOMOMHAINK XUMUYECKUX pearenTos 0,1r
Na,CO5+0,05r MgO uepe3 24 yaca IpOSBISET HU3KYIO HaOyxaromuryro crocoOHocTh (Kuws= 10,5 cM%/2r);
gepe3 8 cyTok 3HaueHne Ky yBeanuuBaercs B 2,2 pasa M IOCTHTAET BENUYMHBI 23,5 cM/2r, a elme uepes
5 cyTOK OHO cHmKaeTcss ~ Ha 17% wm cocrasiser 19,5 cm®/2r.

BenTonut mecropoxaenus Apanu uepes 24 daca nocie qo0aBieHus KoMOuHamu peareHtos 0,2r
Na;COs; + 0,1r CaO xapakTepusyeTcss HM3KUM 3HadeHHeM Kus=10,5 cM%/2r, koropoe uepes 14 cyrok
nocturaer 19,25 cM®/2r, a eme 4epes 9 cyTok OHO yBEIMUYHMBAETCS, HO Beero Jumb ~ Ha 2,6% (K =19,75
cM®/2r). 3nauenne K= 1,88 cM*/2r s npupoanoii popmbl, nomydeHHoe uepes 24 yaca, yepes 27 CyToK
cocrasiser 3,75 cM®/2r.

B 3axmrodenune criegyeT OTMETHTbH, YTO M3YUYEHHE MUHEPAJOTHYECKOTO M XHMHUYECKOTO COCTaBa
OeHTOHMTOB MecTopokaeHuil Apanu, [lapaBanu, Banuckenn (Mtucnmpu 1 m 2), a Takke OCHTOHUTa
I'pennu, mokaszano, 4yro oHM npeacTaBieHbl Ca-MOHTMOPWIIZIOHUTOM; B Ka4€CTBE IPUMECHBIX MUHEPAJIOB B
HUX TPUCYTCTBYIOT KaonuHuT, Ca-Na-monesoit mmar, ciroga, kBapi, CaCOsz u o-kpucrodamur. [Ipu
BO3/IEMICTBUY YCTaHOBJICHHBIX HAMH ONTHMAJIBHBIX KOMOMHAIMHA XUMHYECKUX PEareHTOB MCCIIeI0OBAaHHBIE
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OCHTOHUTHI COXPAHSIOT BBICOKYIO CTAOMJIBHOCTh CTETIEHH HaOyXaHUs B TEUCHHUE IJIUTEIbHOTO IIPOMEXKYTKA
BPEMEHHU.
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MATERIAL COMPOSITION OF BENTONITES AND KINETICS OF THEIR SWELLING
CHANGE
Karine Khachaturian, Nestan Gegia, Gulnazi Enukhidze, Revaz Kvatashidze,
Tamar Guruli, Ekaterine Ukleba
LEPL TSU Alexander Tvalchrelidze Caucasus Institute of Mineral Resources

SUMMARY
The mineralogical and chemical compositions, as well as the kinetics of the swelling capacity of bentonite

clays of different deposits in Georgia (Arali, Paravani, Vaniskedi-Mtispiri) are studied; as a comparison,
bentonite clay from Greece is studied too. It is shown that they are represented by Ca-montmorillonite, and
as the impurity minerals, kaolinite, Ca-Na-feldspar, mica, silica, CaCOs and a-cristobalite are presented in
them. It is found that on exposure to optimal combinations of chemicals the studied bentonites keep a high
stability of swelling degree for a long period of time.
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OU3NYECKAA XUMUSA

CBEPXKPUTHUYECKMUE CJIOU CEJEHUJA CBUHLA IIPU «OTPULATEJBbHBIX»
JABJIEHUAX

A M.IMamaes?, O.1.JlapapamBunu?, M.U.Enykamsumi?, 3.I'. Axsneauanu®®, JLI1.Bbrukosa?, P.I.I'ynses?,
M.A.JI3aranus®* , B.I1.3n0mMaHOB®

! Hayuonanvnas Axademus Asuayuu Asepbaiioocana , baxy
2 Tounuccxuti I'ocyoapcmeennwiii Yuusepcumem um.Me. Joicasaxuwsunu
3 Huemumym @uzuxu um.d.Anoponuxawsunu , Tounucu
* Huemumym ®uzuveckoii u Opeanuueckoii Xumuu um.JT. Menuxuweunu , Tounucu
® Mockosckuii I'ocyoapcmeennuiii Yuusepcumem um.M.B.Jlomonocoea

B Hacroseii pabore paccMoTpeH psj (HakTOpoB , CIIOCOOCTBYIOUIMX (POPMUPOBAHHIO CBEPXKPUTHYECKUX
CJI0€B B IIMPOKOM JUAla3oHe UX TOJUIMH . [TyTem JiernpoBaHus IPUMECSIMU C MEHBIIMM aTOMHBIM PaJuyCcoM
, 4eM Y 3aMel[aeMbIX KOMIIOHEHTOB B COSAMHEHNH U M0I00pa CKOPOCTH POCTa MOXKHO JOOUTHCS paCIIMPEHUsI
JMana3oHa ynpyrod naedopmanuy M peann3aldy BBICOKMX «OTPHLATENBHBIX» IaBJICHUH. DTO MO3BOJUT
yIpaBJIATh B OONBIIOM MHTEpBaie TONIIWH IIUPUHON 3amlpeIieHHON 30HbI HalpsbkeHHOTo cios. [lossnenue
HOBOTO YPOBHSI B 3aIIPEIICHHON 30HE MM 30HE MPOBOANMOCTH CEJICHNWAA CBHHIIA IIPH BBICOKOH AehopMalin
MPUBOIAUT K MAONOJHHUTEIHFHOMY IIOTJIOIICHHIO B ONTHYECKOM CHEKTpe. Takne OCOOEHHOCTH BIIEPBBIC
OOHapy»eHbI B (pU3NKE U TeXHONOTUK TONynpoBoaaukoB AVBY! n 0TKpEIBAIOT HOBBIE BO3MOKHOCTH IS HX
MIPUMEHEHUSL.

B npeapiaymux padorax [1,2] npuBOOMINCH JaHHBIE KOMIUIEKCHOI'O M3YYEHUS HANPSKEHHBIX CIOEB
nosynpoBoauukos A'VBVY!, Eciu B TONCTBIX C10SX M 00BEMHBIX KPUCTALIAX COCTAB — ATOMHBIA HOMEP WJIN
BEC KOMIIOHEHTOB, BXOJSIIMX B COCIMHEHUE , ONPEACIIIOT (PyHIaMEHTaJbHbIC CBOWCTBA MaTepHAOB —
LETOYKY B3aUMOCBS3aHHBIX (U3MUYECKUX U (PU3UKO-XHMHUUYECKUX CBOMCTB (IIMPUHY 3aIllPELICHHOW 30HBHI,
3¢ GEKTUBHYIO MacCy ¥ MOJABMKHOCTh HOCHUTEINEH, UKIOTPOHHYIO YacTOTY , TEMIEpaTypy IUIABJICHUS H
Ip.), TO B TOHKHX CIIOSIX YX€ TOJIIMHA CYIIECTBEHHO PETYJIHpPYeT CTENeHb peNakCali YIPYrHx
HaNpsDKEHUH B YCJIOBHSIX JedOpMall W ONpEeAessieT €€ OCTaTOYHYIO BEIIMYMHY , 4epe3 KOTOpYI H
¢dopmupyIOTCSI HOBBIE cBoiicTBa. Cpelu BIEPBBIE HCCIEAOBAHHBIX B IOCIETHHE TOABI MPOOIeM MO
HaNpsDKEHHBIM CJIOSIM B 3TOM IUIAHE BBIJICNSIOTCS: CBEPXKPUTHUYECKUE CIIOM TPU «OTPHLATEIHHBIX)
JaBJICHUSIX, BO3pAacTaHKE Tpe/ieia yIpyrocTy Ipy JISTHPOBAaHUK PUMECSIMU C IIEPEMEHHOM BaJCHTHOCTHIO
¥ C MEHBLUIMM aTOMHBIM PaJHyCOM, BBISBICHHE OCOOCHHOCTEH B HpOILECCE POCTa CIOEB, OOHApY)KEHHUE
JIOTIOJTHUTEBHOTO TIOTJIONICHUS TIPH CUCTEMATHIECKOM U3YUEHHUU ONTHYECKUX CIIEKTPOB.

Kak ykaspiBanoce B pabortax [1,2], nedpopmanmu B ciosix (OpMHUPOBAIUCH NPH PacCOTIacOBaHUU
napaMeTpoB KPUCTAJUIMYECKUX PELIETOK MEXKIY CJIOeM U MOAJOXKKOW M ONpEAeNsioTcs 4epes
IKCIEPUMEHTAIFHO H3MepsieMble TAHT'CHIIUATIbHBIE TTAPAMETPhI PEIIETOK HAPSHKEHHOTO ¥ HEHATIPSHKEHHOTO
CJIOEB. Y CTaHOBIICHHBIE PEHTTCHOBCKMM METOJIOM MPH UCIIOJIL30BAHUN U3TYYEHHs KOOAbTa M OTPAKEHHUSI
0 CHUMMETPUYHOM cxeMe OT miockoctd (400) 3HauYeHWs TaHTEHLMAJIbHBIX IapaMETPOB PEIIETOK
coemunennit AVBY! nmpusenens na puc.l. 31ech Ke MpeACTaBIEHbI TAPAMETPBI PELMIETOK MCIOIB3yEMBIX
mmanekrpuueckux mopioskek KCI, NaCl, BaF; u np. B Tabnuie 1 npuBefeHbl 3HAYSHNST TaHTEHITMATBHBIX
napaMeTpoB peuIeTok uis cioeB PhSe pasHoii TommuHeL, BeipanieHHbIX Ha noiokkax KCl. ITpu Tommmaax
cnoeB 30-450HM TaHreHUMANbHBIE MapaMeTpPhl PEHICTOK BBIIIE WX 3HAYECHUS B HEHANPSDKEHHOM CIIOE
(monoxpuctaie) PhSe, a = 6,126A.

OmHako, u3-3a pasnuuns B kodhdunuenrtax temiosoro pacupenus PbSe u KCI npu temnepartypax
pocra 240-300°C B nuanasone (10-15)-10°K? (puc.2) perucrpupyeMslii napaMeTp peIIETKH B CPEJHEM
normxkaercss Ha 0,010-0,15A. CormacHo omeHkaM, KpUTHYecKas TONIIMHA cioeB PbSe mpum pocre Ha
nomnokkax KCl, mpu koTopoit ympyras SHeprusi cjosi CTAHOBUTCS JIOCTATOYHOM Ui 3apOXKICHUS
mucnokanuii < 2aM. [losTomMy Bece npuBeieHHBIE B TaOUIe | CIOM SBISIOTCS CBEPXKPUTHUECKUMH. BMmecte
¢ tem npu aKCl= 6,290A, Gonbmem aPbhSe = 6,126A cioum PbSe sBusioTcs pacTAHYTBIMH, T.€.
chopmupoBanbl 1pu 3PPEKTUBHBIX «OTPHULIATENHFHX» JaBleHusX. Ha puc.3a,0 npuBeIeHbl 3aBUCUMOCTH
TaHTCHIMAIBHOTO napaMeTpa pemerkn PbSe ot Tommuubl cnos mpu pocre Ha nominoxkax KCl u BaF
(a=6,200A).
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Taéauna 1. /IaHHbBIE IO YCIOBUSIM POCTA, TAHTCHIIMATIBHBIM ITApaMeTpaM PelIeTOK 1
nehopManisiM B SITUTaKCHATbHBIX ¢inosix PhSe Ha mosioxkax KCI
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1 | CJI-537 | 470 280 90 | 159 | 1.8 5.0 6.142(1) | 0.27 21
2 | CJI-541 [ 470 300 80 ] 95 | 1.2 4.3 6.162(0) | 0.59 19
3 | CJI-555 [ 470 300 75 ] 73 110] 49 6.177(4) | 0,83 20
4 | CJI-562 | 470 300 67 | 56 | 0.8 6.0 6.188(5) | 1.00 20
5 | CJ-577 | 470 240 30 | 182 ] 6.0 7.8 6.149(9) | 0.37 22
6 | CJI-581 [ 470 240 10 | 35 | 3.5 | 12.5 | 6.210(1) | 1.38 26
7 | CJI-602 [ 510 240 12 | 226 | 19 | 22.6 | 6.139(2) | 0.20 31
8 | CJI-605 [ 510 240 20 [ 440 ) 22 | 23.9 | 6.132(6) | 0.10 36
| T | T
a kA
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Puc. 1. ITapameTp KpHUCTATUTIYIECKIX PEIIETOK Puc. 2. KosddunueHt TeroBoro pacimpeHus
nonyrposoaHukos A'VBY! 1 paznuuHbIX noasoKek nonynposozuukos AVBY! 1 paznmuHbIX moasoskex

Kak BugHo, mpu Ttomimue cioeB 25-30 HM MakcumanbHas nedopmaiiuss PbSe, BbipallieHHOTO Ha
nomnoxke KCI cocrasnser 1,5-102, a na nognoxke BaF, - 0,6:102. B o6oux ciydasx aepopmanuu Ha
ypoHe 0,110 mnpocruparorcs 10 TonmuH, npesbimaromux 200aM. 1 cpaBHEHUS Ha puc. 3B JaHa
1n0106Has 3aBUCHMOCTh s cros PbSe , seipamennoro na nomioxke NaCl (a = 5,640A) [3] . B stom
Cilydae TIpH TOM ke TommuuHe 25uM nedopManus cxatus Bbie 2- 1072 u3-3a GOIBIIErO PaccoriIacoBaHus,
Ho nedopmarus ~ 0,1:102 cooTBeTcTBYET yKe MeHbIueH Tonmuue — 60 uM. IIpu nedopmamuu cxkaThs
JIMana30H CBEPXKPUTHYHOCTH cokpamiaerca. OTMETUM, YTO CBEPXKPUTHYHOCTH CJIOEB €CTh PE3yiIbTar
co3naHus OapbepoB JUIA MEpPEMEIICHUS AMCIOKALMA HECTEXNOMETPUUECKUMU nedexramu,
AHHUTWIMPYIOUIUMHU B siApax Auciokauui [4].
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KCIl, NaCl u BaF, — ypoBeHp nedopmaiuii B 3TOM cllydae HEBBICOK

OTHOCHTEJILHOE paccoriiaco-

T T T T | d
S 0.6
— 15 a - d
[£%]
= 0.5
=)
=
g 0.4
= 1.0 p o .
=
= 0.3
=4
|
o 05F - 0.2
=
=
3 0.1
0 | 1 1 1 1 0 1
0 50 100 150 200 250 0 50
Toamuana d, HM
. | [ | | | |
(a3 ]
g2
E @ 3 B
SE T .
8 §
5% >
=2 T y
=
E 2
=
=
=g 1l i
=] =
= =
-
o =]
0 | | | | | |
10 20 30 40 50 60

100

Toamuaaa d, HEM

150

200

Puc. 3. 3aBucumocTh paccoriiacoBaHus —aehopmariui (OTHOCHTEILHO MOHOKpHUcTaia PbSe) B crosix PbSe,
BhIpaeHHbix Ha moiokkax: KCl (a), BaF; (6), NaCl (B)

B Ta6n1/1ue 2 MPUBEACHBI ITPUMEPHI CJIOCB C BBICOKMMU TOJIN[MHAMM, BBIPAIICHHBIMU Ha IMOIJIOKKAX

<0,001. Takxum oO6pazom,

CBEPXKPUTHYHOCTh CJIOEB ONpe/eNseTcs AeopManneil B HUX U 9YacTO KOJIMYECTBEHHO OIEHUBAETCS Yepe3
JlaBJieHUE (HApsDKEHUE) B CIIOSX.

Tadoauna 2. I[aHHLIe [0 yCJIOBHSAM POCTa, TAHI'CHIHAJIIbHBIM IIApaMETpaM PEUICTOK U ,Ile(bOpMaLII/IHM B OIIMTaKCHAJIBHBIX

ciosix PbSe, Beipamennsix Ha moyroxkkax KCI , BaF, u NaCl
= S > 5 _ N
< % s O :“ E g < g § g g S'.
g g: = %F‘ < 2 o a < = ZEw
= ¥ | 8EEd §5| 8 s g S 3 E s 2 E
N5 S | Bgf EE| & EE 2 22 EE
2 =
s | 25| 25| 8| 2§ 5 5 g SE&
~z | =g & £z = g2 582
5 m Fg g g !
2 = = O
1 CJI1-169 KCI 240 450 20 6.130(4) 0.66 0.033/(0.55) 0.065
2 CJI-67 KCI 300 510 40 6.127(2) 1.12 0.028/(0.47) 0.016
3 CJI-69 KCI 240 510 60 6.126(4) 1.83 0.030/(0.50) 0
4 CJI-98 BaF; 240 510 20 6.127(6) 0.76 0.038/(0.63) 0.019
5 CJ1-91 BaF; 240 510 40 6.126(8) 1.56 0.039/(0.65) 0.007
6 CJI-61 BaF; 240 510 | 120 6.126(4) 3.84 0.032/(0.53) 0
7 CJ1-167 | NacCl 240 450 20 6.119(4) 0.54 0.027/(0.45) -0.114
8 CJ1-92 NaCl 240 510 40 6.122(6) 1.42 0.035/(0.58) -0.062
9 CJI -86 NaCl 240 510 75 6.126(3) 2.43 0.032/(0.53) -0.002
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B o6ounx ciyuasx pepopmanuu Ha yposre 0,1-10 mpoctuparoTces 10 TommuH, npeBbimaromux 2001
N3-3a Gombiiero nuana3zona jaedopmanuy pacTsSDKCHUS BeChbMa IMPHBICKATENBHO MOAPOOHOE H3YyYCHUE
3(()EKTUBHOTO «OTPUIIATEIHHOTO» JABJICHUS B CIOSIX. AHAIIU3 T0Ka3ajl, YTO JAUCIEPCHOCTh B CIIOSX MPH
OOJBIINX KPUTHIECKUX pa3Mepax B HUX M3-3a HEBBICOKOH Pa30pUEHTAINH MEX Ty CyO3epHaMHy HE TPUBOIUT
K MOHIKEHUIO YPOBHs Aedopmanuii [5]. OcoOEHHO MHTEPECHO U3yUEHUE «OTPHUIIATEIBHOTO» JaBIICHUS B
CBSI3M C BO3MOXXHOCTBIO CO3JaHMS JTUAJICKTPUUSCKOTO COCTOSHUS TPU CMEIICHUM YPOBHS TPUMECH C
MEPEMEHHOM BAJICHTHOCTHIO TIYOOKO B 3alpelieHHOH 30He. Takue mpuMecH KOMIIEHCHPYIOT 3IEKTPHUECKH
AKTUBHBIC HECTEXUOMETPHUYECKHE Je(PEeKThl M TIepeMeHHbIE (pa3HBIX 3HAKOB) COCTOSHHS CaMHUX IKe
npuMeced. JlOMOTHUTENBHBIA pecypc 34eCh TMOSBISICTCS TMPU  UCCICAOBAHWUU YIPYTHX CBOMNCTB
noaynposoaaukoB A'VBY! ¢ Takumu xe npumecamu V, Cr, Mn u ap.. B Tabnuue 3 npuBeIeHb! JaHHBIE O
MOJIYJIIO YIIPYTOCTH U KpuTHieckoi nedopmanuu PbTe u PbSe, nerupoBaHHBIX STUMH TIPUMECSIMH [6].

Ta6auna 3. JlaHmHble 10 yIpyruM noctostHasM citoe PbTe u PbhSe

Kpurnueckas Moayns ynpyrocta Hanpsoxenue B cioe
Cocras neopmarys E- 10", nqun/cm? o - 107, nur/cm?
e -10*
PbTe 27,9 3,8 106
PbTe: In 25,5 3,3 93
PbTe: T1 37,5 4,1 153
PbTe: Bi 42,3 3,7 155
PbTe: Ca 59,5 5,6 332
PbTe: Mn 68,8 6,6 458
PbTe: V 71,3 6,9 494
PbTe: Cr 88,7 7,7 683
PbSe 28,2 4,3 120
PbSe:Cr 89,7 79 706

W3 Tabnuipl BUIHO, 9TO C YMEHBIIEHHEM aTOMHOTO Beca MpHMecei, B 4acTHOCTH, B psaxy Mn, Cr, V
KpuTHueckas nedopmanus ¥ MoyIs ynpyroctd PbTe u PbSe Bo3pacTaroT, COOTBETCTBEHHO U HATIPSDKEHUE
(maBnenue B ciosx). Bo3pacTanue Momysst ypyrocTy ¥ KpUTHUECKOM Jae(OopMaliiy Ipy TOH Ke TOJIIHUHE
CJIOSI IO3BOJISIET PAa3BUBAThH OOJBIINE «OTPULIATEIbHBIC» JaBJICHUS U COOTBETCTBEHHO PEAIN30BATh OOJIbILCe
yriyOJeHne YpOBHEW IpuMecedl B 3alpelieHHOM 30He, COOTBETCTBEHHO U 0Oojiee CYIIECTBEHHYIO
KOMIICHCAIINIO KOHIICHTPAIIMK HOCHUTENEH 3apsaa (He MeHee 7-8 TOpsIKOB)

MO>KHO 3aKJIIOUUTh, YTO «OTPHLATENILHOEY NAaBICHUE SBISIETCS NPUHIMITHAIBEHO BayKHBIM (DaKTOPOM IIPU
CO3JIaHMM JTUDIIEKTPUIECKOTO COCTOSIHHS B Y3KO30HHBIX nonynposoanukax AVBY! [7].

B pabore [8] mpuBomsTCS pe3ynbTaThl MO YIYYIICHHIO CBOWCTB JIa3epoB , Je(GOpMUPOBAHHBIX H3-3a
B3aUMHON JU(PQY3ud KOMIOHEHTOB Ha reTeporpanuiie. JlernpoBaHue aKTHUBHBIX CIIOEB TPUMECSMH,
MOBBIIAIOIINM TPeJesl YIPYrOCTH CJIOS, MPEeNoTBpallaeT PEeNaKkcalfio CO3/1aBaeMbIX Ha I'eTEepOrpaHulle
HaIPSKEHU .

Hns dopmupoBaHUsl B CIOSIX BBICOKHX jAedopMmanuii (CBEPXKPHUTHYHOCTH M «OTPUIATEIBHOTOY»
JTABJICHHS) HEOOXOMMO OTCIICKHUBATh yYCIOBHS POCTa C HAaYaNbHBIX cTaauid. B pabdorax [1,2] ormMewanocs,
YTO Ui OBICTPOro CIUIOIIHOTO 3apalllMBaHUs CIIOEB BBICOKAs YOpyrash SHEPrusi TOHKHUX CIJIOEB YXKe
nepeaacTcst TUCIoKalusaM (y TpaHUIIbl pa3iesia MOoAI0KKa - CJI0K) , TubGyHIUPYIONIMM U3 TOIJIOKKH WU
(bOpMHPYPYIOIIUMCST B YCIOBUSIX 3aMETHOTO PACcCOriiacoBaHMS. [Ipy 3TOM CIOW pACIUTIONIMBAIOTCS WIIH
NPOCTPAHCTBO MEXAYy NPOPOCHIMMH KaHalaMW IIOCJe peJaKcaldd HamnpsDKeHUH — 3aloiHsAeTCS
KPUCTAJUTH3YIOMHUMCSI MaTepHaioM. DTOMY CIIOCOOCTBYET TakKe TO, UTO MPHU paccorjacoBaHuu < 2%
OOJBPIIMHCTBO aTOMOB B CJIO€ OBICTPO TMEPECTPaWBaeTCs, PACTET B3aWMOJAEWCTBHE MEXIy aTOMaMH
MIOJUIOKKHU U CJIOSI TIPH 3HAYNTENILHO MEHBIINX Pa30pPBAHHBIX HA TMCIOKALUAX CBSI3aX .

Ha puc.4 npuBoauTcs 3aBUCUMOCTD TAHTCHIMAIILHOTO TapaMeTpa PELIETKU CI0EB CeJIHH Ia CBUHIIA OT
TOJIIIMHBI U CKOPOCTH pocTa ciioeB. B nuamazone tommuH 55-180HM U ckopoctu pocta cioeB 4-11HM/c
TAHTCHIMANBHBINA MapaMeTp peleTKH MeHsercs B npeaenax 6,140- 6,190A. Ipu Tommmuax 200-450HM 1
ckopocTH pocTa 20-25HM/C TaHreHIMATBHBIN TTApaMeTp PEIETKH MeHseTcs B npeaenax 6,126- 6,140A. s
TOJIIMHBI CIOsT 25HM W CKOPOCTH pocta 12,5HM/C TaHTEHIMAJbHBIA TapaMeTp PEIIeTKH COOTBETCTBYET
6,210A [9].
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Puc. 4. B3aumocBs3b MeXIy TOJNIIHMHON, CKOPOCTBIO POCTA U TAHT'€HIIMAJIBHBIM [TApaMETPOM PELIETKH B SIIMTAKCHATIBHBIX
ciosix PbSe : ® - TomuiHa cI0eB, X — CKOPOCTh poOcTa
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Puc. 5. 3aBUCHMOCTD TaHT€HIIMAILHOTO MapameTpa Puc. 6. 3aBUCHMOCTD TOJTYIIIUPHHBI PEHTTeHO, I pa-
PEILIETKH OT CKOPOCTH POCTA CIIOEB: KIIMOHHOM JIMHUM OT CKOPOCTHU POCTa CJIOEB

a) d < 100nM, 6) d~200HM

[HonpoOHee 0cOOEHHOCTH B 3aBUCUMOCTH TaHI'€HLUUAIBHOTO MapaMeTpa PEeIeTKH OT CKOPOCTH pOCcTa
JUISL CJIO€B PAa3HOM TOJIIMHBI MPEACTaBICHB Ha puc. 5. Jmsa cimoeB TommuHON ~200HM TaHTCHIMATBHEII
napamMeTp peIIeTKH TPOXOJUT Yepe3 MaKCUMYM IMPH CKOPOCTH POCTa Ha BTOPOM 3Tare SHM/C, JOCTHTast
3Havenus 6,150A u npu ckopoctu pocTa cnoes >25HM/c nazaet 10 yposns 6,130A. B To ke Bpems ciiou ¢
tomuuHOH <100HM HpU HU3KUX CKOPOCTAX pocTa ~lHM/C NPUHMMAIOT 3HAUCHHE MapaMeTpa PeIIeTKH
~6,180A, a ¢ BO3pacTaHMEM CKOPOCTH POCTa TapaMeTp PEMIETKH MaaeT, CIMBAsCh C 3aBUCHMOCTBIO JIIs
Oomnee ToncTeix cioeB [10-12]. s HM3KMX CKOpPOCTEH pocTa KOHLEHTpauus HECTEXHOMETPUYECKUX
Ie(eKTOB TOCTATOYHA JJIsl CO3AaHUS O0JIaKOB-OTPpaHUYUTENCH IS TIEpEMEIIEHUS TUCIOKALUI U TapaMeTp
pEIeTKH JOCTUTAET 6,180A st cnoeB ¢ tommumHamu <100HM, a Ui GOJBIIMX TOJIIMH IIOTHOCTD
JIICIIOKAIIMI BO3pacTaeT U KOHIIEHTPAIIHS HECTEXHOMETPUIECKHX Ie(DEeKTOB yKe Majia ¥ apaMeTp pelIeTKH
cocrasisier ~6,130A. C BO3pACTaHUEM CKOPOCTH POCTA CJIOEB, JIsl KOHKPETHOrO CJ10s TONIHUHON 70HM 10
8HM/C UCTIOKAIUK y TPaHWIBl pa3/ieNna TOMI0KKA — CIOM (OPMHUPYIOTCS HEPaBHOMEPHO — BO3HHKAIOT
CTYCTKH JTUCITOKAIINH U TO e KOJIUYECTBO JAe(DEKTOB JIOCTATOYHO JIJISl CO3JIaHMsI 00JIAaKOB, OTPAHUYHBAIOIINX
nepeMenienue aucaokanuid. COOTBETCTBEHHO, MapaMeTp PEIleTKH BO3pacTaeT 10 3HadeHus 6,150A u
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COBNAAAaeT B KOHKPETHOM CJIyyae CO 3HAYCHHEM MapaMerpa B cioe TonummHod <100HM, T.e. mpH
BO3PAaCTaHUU CKOPOCTH POCTa MHrpalys HECTEXHOMETPUYECKHX Ae()EKTOB HE TMOCHEeBAET, YTOOBI
OTpaHMYUTh TepeMelnieHre auciaokanui. Ilpu Bo3pacTaHMM CKOpPOCTH pocTa TakKe BO3pacTaeT
pasopHeHTanusl MEeXAy CyO3epHaMM M HMOHIDKACTCA KPUTHYECKUH pa3Mep BIOJIb IUIOCKOCTU CJIOS.. DTO
NIPHBOJUT K YMEHBIICHUIO TapaMeTpa PElIeTKH B 000MX ciyyasx 10 ypoBHs ~6,130A [13]. Takoii BbiBO.
MOATBEPXKIACTCS MPH HMCCIEIOBAHMHM 3aBUCHMOCTH TMOJYIMIMPHHBI PEHTTeHOAU(PAKIUOHHBIX JHHUH OT
ckopocTH pocta cioeB. [Ipu ckopoctn > 25uM/c momymmprHa Bo3pacrtaeT 110 35 (puc.6).
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[MomuMoO 0CcO0OI JBOSKON poiM AMCIOKAaIMi B (POPMUPOBAHUN TOHKUX HANPSHKCHHBIX CIOCB [2] U
YCTaHOBJICHHOTO BIUSHYSI CKOPOCTH Ha XapaKTep UX POCTa B OOJIBIIIOM JTUANIa30HE TOJIIIUH BaXKHBIM 3TarloM
aBIsieTcsl oOHapy)KeHHe TeKCTyphl B ciosax . [Ipu mccmenoBaHnu PeHTIeHOBCKHUX AMQpakTorpamm O-20
CKaHWPOBaHUs BBISABISAETCS, 4yTO Npu ToimuHax oT 300 mo 100HM mpu oTpaxeHun OT miockoctei (200),
(400), (600) peructpupyercs OJHa MOJOCAa C MOHWKAIOIICHCS WHTCHCHBHOCTBHIO MO MEpPE BO3pAaCTaHUS
uraekca h. Tpu tommuaax cinoeB Huke 100HM TOMOTHATETBHO MOSBISCTCS KK, BBISBISIETCS PacIICIUICHHE
peHTreHoqupakIMOHHbIX JuHUNA (puc. 7a, ©) [14,15]. IlosBmeHme Takoil TEKCTYpHI CBSZBIBAETCS C
(hopMUPOBaHUEM HOBOU TETPAaroHaJIbHOHN (ha3bl MPH MOBBINICHHBIX NedopMarusax. [1uk ciieBa mo yrioBomy
pacnonoxernto cooTBeTcTByeT iockocT (002). C moBeimeHreM ypoBHS nedopMaiiiil (C YTOHBIIICHHEM
CJIOEB) PACCTOSIHUE MEX Y OCHOBHBIM H IOTIOJHUTEIHHBIM THKaMHU BO3pacTaeT. Takas 0COOEHHOCTh MOYKET
CIIY)KHUTh KaJIMOPOBKOW MPH JOCTIKEHUM HAUOOJBINIUX Ae(opMaIuii, T.e. BBICOKUX «OTPHIIATEIBHBIX)
JIaBJIICHUM.

IIpm cucTemMaTH4ecKOM WCCIENOBAaHUH CIHEKTPOB ONTHYECKOTO IMPOITyCKAHHS CIIOEB Pa3IMIHON
TOJIIMHBI  pa3pabOTaHbl METOJABI IOCIIEIOBATEIBHOIO OIPEACICHHUS CHEKTPAJbHOW 3aBUCUMOCTH
noKazarenel IpeloMIIeHuUs, KOdPGHUIUEHTOB OTpaKeHUsI U noryiomeHus. [lyTeM crpsMiieHus] KBaIpaToB
KOA(GUITMEHTOB TOTIIOIIESHUS YCTAaHOBIICHHBIE IIMPHUHBI 3aIIPEIICHHON 30HBI B CJIOSX B HHTEPBAJIE TOIIIUH
ot 4mxm nmo 70 M mensmuch ot 0,286 3B mo 0,460 5B [16]. OTtmernM, B mocienHeir pabote yxe
VUUTHIBAJIOCH BIMsHHUE AedopManuy Ha ONTHYECKHE XapakTepucThku. Ha puc. 8 m 9 mpeacraBieHb
CIIEKTPaJIbHBIE 3aBUCHMOCTH TTOKa3aTeNs MPEJIOMIICHHS CIIOSI M KO PUIIMEHTa OTPAXKECHHUS, B TOM YHCIE U
JUTSE KOHKpeTHOTO cItosi ¢ TommuHoi 70uM [17]. Ecnu moka3aTtens mperoMIIeHus It STOTO CIIOS TI0 BCEMY
CIICKTPY BO3pacTall Ha SIUHHMITY, TO KO3 (UIIUEHT OTpaXkeHUs Bo3pacTal b B npeaeiax 0,05. C yuerom
BIIMSAAHUA I[e(i)OpMaHI/II/I Ha OIITUYCCKUC IMapaME€Tpbl HIMPUHBI 3aHpCHIéHHOI>'I 30HbI MCHAJIIMCH JIMIIb B
untepsaie 0,010-0,0155B.
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Puc. 8. 3aBucumocTsb nokazaress HpeJ'IOMJ'IeHI/IHuPbSB oT Puc. 9. 3aBHCHMOCTD KOO(DHIIACHTOB OTPAXKESHHUS CIIOS
SHEprun (OTOHA, MYHKTHP JUIsl CJI0SI TONIMHOM 70 HM PbSe ot aneprum ¢otona (r1- Ha rpanwie cios PhSe ¢

BO3yXOM , I2 —Ha rpanutie ciost PhSe ¢ momnosxkoit KCI,
ITyHKTHUP JUTS CITOSI TONMIHON 70HM)

Ha npumepe cnost Takke TonuuHoi 70 HM 1MOKa3aHo, YTO MPH MOSIBICHUH B PEHTTCHOBCKOM CIIEKTpE
TEKCTYpbl TETparoHaJbHOM (a3bl, pacHpeneieHHOH B OCHOBHOM KyOMUecKoH ¢ase, B 3alpeleHHONH 30He
WM B 30HE TIPOBOJIMMOCTH BO3HUKAET HOBBIH YPOBEHb M B CIIEKTPE MOTIIOMICHUS TOSBISCTCS MK BOJIH3H
0,33B [16]. OT0 0/1MH M3 BapHaHTOB AOMOTHUTEIHHOTO MOTJIOMICHHUS — B IPYTOM CIIydae MPY BOSHUKHOBEHUHN
MOJIOCHl TOTJIOIIEHHUsST BOJM3M Kpas 30HBI IPOBOAMMOCTH TEPEXOIbl 3JIEKTPOHOB CBS3BIBAIOTCS C
BUPTYaJIbHBIMU TIEPECKOKAMU HOCUTEIIEH 3apsiia Ha BBILIENEKAIINHA MUHUMYM B 30HE TIPOBOJAMMOCTH .
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CIIOEB noxynposogarkoB A'VBY! 1 pasmaaHEIX momoKkek

PbSe ot TaHreHIMaNBEHOTO MapamMeTpa PerieTK

Ha puc. 10 gns cinoes ¢ tommunamu oT 70HM 10 1830HM CBEZCHBI JaHHBIE 110 IIMPUHE 3aPEIICHHOM
30HBl U TaHT€HLHUANbHBIM MapaMerpaM pemietok [18], a Ha puc.l11 mpuBeneHbl NaHHBIE MO LIUPUHE
3aIlpeLIeHHON 30HbI B 3aBUCUMOCTHU OT Aedopmanun. Bo3pacTanue TaHI€HIIMAIBHOTO IapaMeTpa PeIIeTKH
¥ IMPHHBI 3anpemieHHoi 30ubl Ha 0,055A u 0,1605B cOOTBETCTBEHHO SIBISETCS Ba)KHON MILTIOCTparueit
JOCTIDKEHHS BBICOKHX JAe(opManuid, T.e. CBEPXKPUTHYHOCTH M BBICOKHX «OTPHUIATENBHBIX» TABICHUN B
cosx 110 yposHsi ~10 k6ap (mpu Momyse ynpyroctu ~5-10% qun/cm?).

Taoauua 4. CMmenieHue CeKkTpa Ui CJI0EB Pa3Hoil TONIIMHBI Ha JJIMHE BOJIHBI 2,632 MKM

JlmiHa BoJTHBI A =2,632 MKM
Citoit TomnuHa cnoes [Monroe [Tornomenne Ha Pasnocth K03 HUIEHTOB
d, am TOTJIOIIIEHUE CBOOOIHBIX HOCHUTEISX TIOTJIOLICHUA
o, cm? Olepir, CM 0L— Olepn, CM!
CJI-277 181 41,452 8,005 33,447
CJI-304 119 37,235 17,488 19,747
CJI-251 72 39,828 32,385 7,443

IToMuMO BO3pacTaHWs TAHTCHIMAIBHOTO MMapaMeTpa PEHISTKH W IIMPHHBI 3alpeIleHHON 30HbI ¢
YTOHBIICHUEM CJIO€B CBEPXKPUTUYHOCTh U «OTPHUIIATEIILHOS) NABJICHUE JONOJHUTEIBHO MOATBEPKIAIOTCS
W3MEHEHUEM IIBETa CJIOEB OT METATMUECKOT0, CEPEeOPSHOTO [0 MPO3PavyHOro W CMEIIEHHEM CIIEKTpa MpH
OJTHOM W TOW K€ YHEPTUY BOIM3H Kpas noroleHus (tadm.4) [19].

Takum o0pa3zom, 3ameTHBIe Aedopmarm B cinosix PhSe peamusyrorcst mpu TommuHax — BILIOTH J0
HECKOJIbKMX COTCH HAHOMETPOB B YCJIOBHAX HX PACTSHKCHUS, T.C. IPU «OTPULIATSIILHOMY» JlaBjcHUU. B
YCIOBUAX JISTHPOBAHUSI IPUMECAMH C IEPEMEHHOW BAJICHTHOCTHIO M MEHBIIIMM aTOMHBIM PATAYCOM B CITOSIX
W3-3a POCTa MOIYyJsS YIPYrOCTH W KPUTHYECKOH aedopMaluid WX YpPOBEHb NIIyOXe OMycKaeTcs B
3alpenieHHON 30He, 3HAYUTEIbHO KOMIICHCHPYS KOHIIGHTPAIMIO HOCUTeNs 3apsiaa. brnaronapst ocoboit pomu
JICIIOKAIIMIT B 3apOXKJICHUH CIIOEB YCKOpSETCS WX CIUIONIHOE 3apalliBaHUEe W peannu3yercs OONbIIHA
ypoBeHb nedopmariui. C moBbIieHHEeM TeOpMaITnii B CI0SX BBIABISICTCS TEKCTypa TETPArOHATIBHOM (assl,
MPHUBOJISAINAS K MOSBJICHHIO HOBOI'O YPOBHS B 3alpEIIEHHON 30HE WM 30HE MPOBOJMMOCTH, C KOTOPBIM
CBSI3BIBAETCS JIONOJHHUTEILHOE IMOIJIONICHHE B ONTHYECKOM CIEKTpe. Takue BO3MOXHOCTH BIICPBBIC
oOHapyxensl B noiynpoognukax AVBY' U OTKpBIBaIOT HOBBIE HEPCHEKTUBLI HMX HPAKTHYECKOTO
MPUMEHEHHUSI.

186



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2
D L ———————— ————— — — —————— ———————————

o3 gms¢m®s — REFERENCES — IMTEPATYPA

1. AMJlamaes, O.W.JlaBapampmwm, M. Enykamsumm, 3.I.Axsnenuanu, JLILberakoa, P.I'I'ynser
M.A [I3aranus, B.I1.3nomanoB. HanpsbkeHHBIE MOTYTIPOBOTHUKOBBIE CJION  Ha IUAJIEKTPHUECKUX TTOJUI0KKaX (Ha
npumepe matepuaios A'VBY'). Tlpenpunt, MHJI-TTY, T6umucu, 2016, 22 .

2. AMlJlamaes, O.W.[daBapamBwii, M. Enykamsumy, 3.1.Axernenuanu, JLII.Berakosa, P.I' I'ynses,
M.A [Izaranns, B.I1.3nomanos. HccrnenoBanue HanmpsKEHHBIX HaHocnoeB nonynpooguukos  A'VBY! na
IIIeKTpraeckux nomtoxkkax. Mzsectust HAH I'pysun, 2017, 4, 3, 1, 57-69.

3.  A.M.Pashaev, O.l.Davarashvili, M.l.Enukashvili, Z.G.Akhvlediani, R.G.Gulyaev, M.A.Dzagania. Supercritical
Epitaxial Nanolayers of Lead Selenide. Book of Abstracts of the 3™ International Conference of the Physics
of Optical Materials and Devices (ICOM 2012), Belgrade, 2012, 217.

A.M.Pashaev, O.l.Davarashvili, M.I.Enukashvili, Z.G.Akhvlediani, R.G.Gulyaev, L.P.Bychkova. Epitaxial Lead
Selenide Layers over a Wide Range of Their Thickness on Dielectric Substrates. Journal of Materials Science
and Engineering, 2013, B3(2), 97-103.

4.  AM.Pashaev, O.l.Davarashvili, M.I. Enukashvili, Z.G.Akhvlediani, R.G.Gulyaev . On the Contribution of Point
Defects to the Formation of Superctrical Nanostructures Based on Lead Selenide . Book of Abstracts of the
16" International Conference on Radiation Effects in Insulators, Beijing, 2011 , 216.

5. AM.lamaes, O.U.[JaBapamBunu, M.U.Enykamsumm, 3.I.Axenenuanu, P.I.I'ynseB, M.A./[3aranus. Ananu3
YCJIOBI/Iﬁ pocTa u CBOMCTB SITMTAKCHAILHBIX CIIOCB CCJICHHa CBHHIIA B CBsA3HU C peanmauﬂeﬁ B HHUX BBICOKHUX
«oTpuaTeIbHBIX» AaBnenunii . M3sectuss HAH I'pysum, 2010, 38, 1, 31-35.

6. AM.Jlamaes, O.M.[aBapammwm, B.A.Ammes, I.Ill [ apcaemimze, M.WU.Enykampsmwm, B.I1.3momanoB.
DKCIEpHMEHTAILHOE MOACIMPOBAHNE YIIPYTHX CBONCTB OuHapHbIX coemunennii AVBY!, Bectn Axkanemmn Hayk
Aszepbaiimkana, 2008, 5, 96-100.

7. TamaeB Apud Mup Dxananosuy, [lasapamsuin Omap Wieny, AnueB Byrap Amuposuu, Enykamsummu Meru
Wnbunnyna, 31omanoB Braaumup IlaBnoBud. «3akoHOMEpHasi CBSI3b MEXIY OJHOBPEMEHHOHW cTabuim3aiuen
ypoBHI PepMu U mpeoOpa3oBaHHEM YIPYIHX CBOMCTB B Y3KO30HHBIX momymnpoBoxHukax IV-VI ¢ wux
TpanchopManmeld B AWAIIEKTpHUUYEecKoe cocTosiHue». Hayunoe otkpbitue, qumuiom Ne340. COOpHHK KpaTKHX
OIMMCAHMI HAYYHBIX OTKPBITHH, HAYYHBIX THIOTE3. MeXayHapoaHast AKaieMust B ACCOLIMAIIHS aBTOPOB HAYYHBIX
OTKpBITHH, MockBa, 2008.

8. A.M.Pashaev, O.l.Davarashvili, M.l.Enukashvili, Z.G.Akhvlediani, L.P.Bychkova, M.A.Dzagania. The possibilities
for improving of radiation in heterostuctures based on IV-VI semiconductors. Book of Abstracts of the
International Conference on Functional Materials and Nanotechnologies, Tartu, 2013, PO-79.

9. AM.Pashaev, O.l.Davarashvili, M.I. Enukashvili, Z.G.Akhvlediani, R.G.Gulyaev, M.A.Dzagania, V.P.Zlomanov.
Peculiarities of experimental conditions for adjustment of characteristics of lead selenide nanolayers. Nano
Studies, 2014, 129-134.

10. Arif M.Pashaev, Omar |.Davarashvili, Megi |.Enukashvili, Zaira G.Akhvlediani, Revaz G.Gulyaev, Vladimir
P.Zlomanov. New Opportunities in Lead Selenide Layers. Advanced Materials Research, 2013, 855, 473-477.

11. A.M.Pashaev, O.l.Davarashvili, M.l.Enukashvili, Z.G.Akhvlediani, R.G.Gulyaev , L.P.Bychkova, V.P.Zlomanov.
Moadification of the properties of lead selenide layers at their nanothickness . Nano Studies, 2013, 7, 233-240.

12. A.M.Pashaev, O.l.Davarashvili, M.l.Enukashvili, Z.G.Akhvlediani, R.G.Gulyaev, M.A.Dzagania. Control of
Thickness and Residual Deformation in Lead Selenide Nanolayers. Book of Abstracts of Joint 12
Russia/CIS/Baltic/ Japan Symposium on Ferroelectricity and 9" International Conference on Functional
Materials and Nanotechnologies, Riga, 2014, 322.

13. A.M.[amaes, O.W.dasapamsmwin, M.1.Enykamsumy, P.I'.T'yses, M.A.[[3aranus, B.I1.3nomanoB. OcoOeHHOCTH
CO31aHus 3(1)(1)GKTI/IBHOFO «COTPULATCIIBHOTO» JaBJICHUS B HAHOCJIOAX CCJICHHa CBUHIIA. Georgian
Engineering News, 2012, 2, 109-112.

14. AM.IlamaeB, O.M.JlaBapamBmwm, M.M.EnykamBumy, P.I.I'ynseB, M.A.J[3aranwsa, B.I1.3nomanoB. O
TAHICHOUAJIIBHBIX W HOPMAJIBHBIX TIIapaMETpax PEHICTKHA JIMTAKCUAJIBHBIX CJIOEB CCJICHHWIA CBHHIIA. Bectun
WmxenepHoit Akagemun Asepoaiimkana, 2011, 3, 4, 13-21.

15. Arif Pashaev, Omar Davarashvili, Zaira Akhvlediani, Megi Enukashvili, Revaz Gulyaev, Vladimir Zlomanov.
Unrelaxed State in Epitaxial Heterostructures Based on Lead ~ Selenide. Journal of Modern Physics, 2012, 3, 6,

502-510.
16. A.M.Pashaev, O.l.Davarashvili, M.l.Enukashvili, Z.G.Akhvlediani, L.P.Bychkova, M.A.Dzagania, V.P.Zlomanov.
Investigation of Strained Lead Selenide Nanolayers . Global Journal of Engineering Science and Research

Management (GIESRM), 2016, 3(6), 56-64.

187



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2
D L ———————— ————— — — —————— ———————————

17. AM.Jlamaes, O.M.[aapamsmmi, M. .Enykamsumy, JLILBerakosa, B.I1.370MaHOB. AHammM3 CIEKTPOB
ONTHYECKOTO TMPOITyCKAHUS SMUTAKCHAITBHBIX CJIOCB CEJICHW/A CBHHIA. Y4eHble 3amucku HAA AsepOaiimkaHna,
2011, 13, 3, 3-12.

18. A.M.Pashaev, O.1.Davarashvili, M.I1.Enukashvili, Z.G.Akhvlediani, R.G.Guluaev, L.P.Bychkova, V.P.Zlomanov.
Stretching strain —effective “negative” pressure in lead selenide nanolayers. International Journal of Engineering and
Innovative Technology (JEIT).

19. A.M.Pashaev, O.l.Davarashvili, Z.G.Akhvlediani, M.l.Enukashvili, L.P.Bychkova, M.A.Dzagania. Study on the
Forbidden Gap Width of Strained Epitaxial Lead Selenide Layers by Optical Transmission. Journal of Materials
Science and Engineering, 2012, B2(2), 142-150.

AY30o  LgEgbool Bg3MoGH03MEo $B96990 ,MYMBomo“ §bgggdolisl

00093 358959301, M6 3505830002, 3ga0 96583002, BooMs sbzwg0s6023, M935% 4059302,
@MOLS BOBIMZoZ, D500 o900, 3es@0dgH BeEmdsbmgo®

15B9MmBs0x0560b 5305300L 963609¢70 535009005, Bsger.
203.20535b0830¢00L bsbyermBols 08oerobol bsbyerdfoge «960396L0BIAO.
30.0600M60,35830¢m0b bsbgermdob 30boz0b 0bbH OB B0, 0bogrobo
43.99¢mod0dz00m0l  bsbgermdol 50032960 ©s 63569er0 Jodool oblbBdodeiho, mdogrobo
2 8.¢r0mbealbmgols bsbgermbol dealizmzol bsbgerdfogyer «9bo396GboBd G0

®3J%0339

Bo9Mmddo  obbomaos  Fod@Bm®mgdo, GMIWdoag bawl MHgmdgb Gyzos bgwgbodo bg300EH03Nwo  3gbgdol
RMMHI0MOsL om0 bolgggdol o 0bEHIMZ5¢d0. B 5EHMIMYMHO MoEoMLOL IJmbg Bobstg39gdom YGROMYOOLSL
B0l LobdsMol dgmbgzom Fgbodargdgwos 896gd30 Y390 IBMMTS300L FoHBO® S FoPIEIO ,wY9MHYNGBONO*
§6g30L oMgds. gl 0deg3s LEGYSEBAL 53050 BMbOL LosBOL FoMmZgols sAsdWEo Bgbgdol boljol o
©0035HMbdo (330 gdgdoLLL. b EMBOL 2s9m3m0bgds BHY30s bYEgboOL 530MdswvEo b FodEsME bmbyddo
05000 EIRMOHT>300L  300HMdgddo 0fj393L6 5B Jd0m0  FMbmJdol  gsdmzgwgbsl Mm3GHo3Me L3gdBH®do. slgmo
05309095060 3039w 3O0L s0dmBgbowo AVBY! Bsbggsmasd@o®gdol gobozals s Ggdbmemansdo @s 8500
399myg9bgd0L sboen Fglodagdemdsl 0dwrg3s.

SUPERCRITICAL LEAD SELENIDE LAYERS AT “NEGATIVE” PRESSURES

A.M.Pashaev?, O.1.Davarashvili?, M.1.Enukashvili?, Z.G.Akhvlediani??, R.G.Gulyaev?, L.P.Bychkova?,
M.A.Dzagania?*, V.P.Zlomanov®

! National Aviation Academy, Baku, Azerbaijan
Z1v. Javakhishvili Thilisi State University, Tbilisi, Georgia
$E. Andronikashvili Institute of Physics, Thilisi, Georgia
*P. Melikishvili Institute of Physical and Organic Chemistry, Tbilisi, Georgia
> M. Lomonosov Moscow State University, Moscow, Russia

SUMMARY
There are considered some factors for the formation of supercritical lead selenide layers with thicknesses in

the large diapason . By doped with impurities with less atomic radius than for the components of composition
and choice of the rate of layer’s growth may reach high deformation and “negative” pressure. At these
conditions the width of the forbidden gap of the strained layers maybe realized in a wide interval . When
under high deformation a new level appeared in the forbidden or in the conductive gap an additional
absorption at the optical spectra revealed . These peculiarities were established in V-V semiconductors for
the first time and new of their applications are appeared.
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909bm-{goeblibo®gdosb  Lobmgbomgdwyemos Mn(ll), Co(ll) s Ni(ll)-ob  bmegs@adol  3mmemobsgomwo
Bogmmgd0 03900l amdbo®msb (EAbm). glfsgerowos LobmgboMgdmwo 3mmOmEobsgomwo Baghmgdol
30b0399M-Jodo6o 30190900 Qo dosbmgdol 0bg®msfomgaro b3gdEcgdo, spgboos
30039gbFoM0MIJIbgermsb ©0dgmow LB mdlmEol 3nmmEobomadol Hglo.

©odgmomliygmamJbools dgdiggeo bogdmgdols Jods®m 0bGgdglo Lsgdome wowos.

©odgmomlymamndboo  (dbm)  db0dgbganmgsbos  s@s  Fo@mBM  mgmGoygmo,  sModgE
305JB0g9e0 mgoelbsb@obomsi. @b Fomdmowygbl Omamd 3 s®omdasbyeo, oly measbyeo
6030009Mgdgo0l Loyggmglm aodblbganl. 0o dgooli d@sgoemo gmbdgdogy®o s Lsdgwoizobm
30930053 900l Jgdswagbenmdsdo. Lbgoslbgs dobogngdmseb dolo dpg@omds gsobodo®mmdgdls dols
Q>ANM Aodmygbgost [1, 2]

dLm-b 99339800 JMOOEObsE0Ymo bogAmgdo Egebesdpg LOYmymoms 5@ sGol
Ygb{ogeogmo  [3-6].  sdoBmd  dobbos  @sgolobgm  bmyoghmo  3d-go@@sdsgsgo  gmommbols
3OMO0bs3090 bogMmmgbdol Lobmgbo ws Jomo Bobogy®-Jodog@o mgolgdgdol dglfogens.

Lobmgbolmgols  goggbgowoom Mn(ll), Co(ll) s Ni(ll)-ol bymgsdgdl ds@gzom 4. m. a.”.
dooangdl Fobolifod golignmsoggdwomn gowsi@ol@segdom. s@bodbya do@oggdl goibgergdom
gblboom gmobmen-L3o@m@Ablbomdo. Jowgdyen blbsdl gydo@dgoom ©ILm-b bger  gmobmen-
Tgo@blibo@l dnay@o  msbogodmdon MeSOs (Me = Mn(ll), Co(ll) ws Ni(ll)) ©s ©Ilem 14.
dogd g blbotgdl goymgbgdom bogngdols godmymezsdwg.

059096033 ol Jgdpge blboMmgdosb godmoygm bogngdo - Mn(l)-ols dgdmbgggedo @os-
gogobggg®o, Co(l)-ol  godolgg®mo, bomenm  Ni(ll)-ob  ©0s-3Fg5bg.  bogngdgdl  ggo@E@sgLom,
3093bogom gmsbmmon ©s gsdBmdeom gdlogs@dm@mdo CaCl-ol msbsmdbolisb.

dogdagmo  gom@Eobsgoygmo  bsgdmgdols  goygbognmds  sgepaobgmn  gangdgb@y®o
sbognoboo [7, 8. Bowgdyanos dgdwgao dgagbommdol jom@obsigoygeo bogdmgdo: MeSO4 - 4
©dbe (Me = Mn(ll), Co(ll) o Ni(ll)).

MnSOs - 4 Il — @os-godoligg®o (gMomo s3@olEsmgdos. Jogdby dpa®owos, sby@ym
d9dgendo 0bobgds obsbl. jodaom oblbgds Fysedo, gmobmando, o39@™bDo.

CoSOs " 4 wdlm — godpolygho [g®omo b9dbolgdydo gOobEs@gbdos. Jogdby Ja@owos.
3o0as© 0blibgds FyomTo, gmsbmendo, >39@™bJo.

NiSOs4 4 ©dlem — 005-37go69 Bgdol gbgboaos. dog@Hbg dpa@o@os. godysw oblbgds [ysdo,
90sbemando, 5i39@™b6do.

bgdmm sbodbymo gomm@Eobszonmo bosghmgdo s@ oblbgdosh gmg®do.

©Abe-b 3md3a@gJb{s®ImdJdbgenmsb (wommbgdbmsb) gmmawobo@gdols Fglol gslodygggem
dgg0L{sg@ 90 glodsdolo bogdmgdols dmsbmdol 0bg@sfomgao L3gd@®gdo.

©dbe  3md3egJlFomdmd dbgar  @ommbgdbmsb  jMMOEoboMgdl  Gmam®E  amao®ol, olyg
Jobadowols s@mdgdom. sbiggg dgydenos aodmgowgl boydo ogsbool @Gma 3o (gobydswols s
3030000l sGmdgdols dgdggmdom) [7-8].

©Abe-b 3md3e 9Ju{omdmdJdbgemsb 3mm@obo®gdol §glols slopagbo Lsgdom bsodgom
3003903l Fo®dmopaqgbls dmsbomddols 0bg@sfomgao (0V) U3gd@®gdo. gobpdswols s@mdgdom
30MAO©oboMgdobsls gmggammgol bpgds S—0 Logosamgb@m 3ol dglodsdolo dbgggool bomergdols
3o5bogangds  wsdsao Lobdodmggdolizgh, bmam gmaodool oGMdgdom gmmdwobo®gdobsl —
dowsao  LobdoMygdolyzgh mogolygoe  ©odgmogmligamamlopols dmegigamgdols V(SO) @Gbggom
Lobdodggdmob Ygoo@gdom, GmImgdos dpgds®gmdl  1045-1055 13! 4d56D0 [9].

Bosbondol 0bg@sfomgano 13gJd@gool hofg@s brgdmos 400-400013! 4d56T0. goygbgdeom
g3obgeobdo golidglol Igmmel. dgegagdo dmEgdgeos 3bGogodo.
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bogBogdo V(CH,) V (SO) V(CS)
MnSO4 " 4 wdliem 956,57 1018,28 709,71
CoS04" 4 wdlm 879,42 1087,71 725,14
NiSO4- 4 ©dlbm 871,42 1095,42 725,14
alm 954 1055 698

Mm@ gbMomopsh  hobl, dmEgdymo  gmm@Eobsgogmo  bogdmgdbol  0bg@sfomgan
b39d@®gddo dgobodbgds ILM-L dmer gz gdolbngol wodsbaobosmgdgano goengb@Gydo @bggol
Lobdomggdo. MnSO;- 4 dlbm -l Jgdmbgggsdo S — O V(SO) Lsgogmgb@m 6dol dglsdsdolo @bggols
boo dpgdodgmdl 101828 1! 43560, GmIgmoi yowsboEgmgdamos odsmo Lobdo@yggdolygb
5M53mMAE0boMgd Ym0  EIlm-Imnmgsamgdol  V(SO) @bggol  Lobdodggdmsb  dgoomdgdom,
Am3geoz Igdo@gmdls 1045-1055 13! 43560 [9], g9009d9eos 33,28 LI -om. 5do@md Ygodagds
©og5L33bom, MM ALem- dJmengzgegdo Mn(ll)-ol 5GM3gdmsb jmm@EoboMmgdymos gobadswols
s@mIgdom. Co(ll)-ol s Ni(ll)-olb  bogdmgddo S — O V(SO) Logoargb@dm 330l Lobdodggdo
Igdo@gmdls glsdsdolow 1087 LI s 1095 LF! 9356T0, GMIgEroi >Gs MG b7 M-
o 939950l V(SO) @bggol LobTomggdmsb dgosdgdom gosfgymos dowseo Lobdodggdolygb,
‘dglodsdolow, R om 0> 4519 -00m. 5do@md dgodangds ©ogolggbosm, M3 Ilm-I dmengyyergdo
Co(ll)-ol @o Ni(ll)-ol 5@3mIgdbmsb ©s353doMgdymos amao®Eol s@®Igdbom.

09 2530035006900, G SO42 0bgdo >50bodbym mmGE0bsGogm bog@mgdTo dgodegds
04l 30-9bBs@ M0 s gogomgs@olfobgdm mmbogg ILM-L dmeginegdol s do-gb@o@d o
SO42-01s JOMOE0bsEoPm bogMmgddo dpgdbedgmdsl, 35dob dgodengds gogo®oygwmm, MmI Lodogy
3OMO0bs30e bog@nl o5zl mJBogudygmo s@bsamds.
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SINTESES AND IR-SPECTRA OF COORDINATION COMPOUNDS OF Mn(Il), Co(l1) AND Ni(ll)
SULFATES WITH DIMETHYLSULFOXUDE
Maia Tsintsadze, Givi Tsintsadze, Aivengo Mamulashvili
Georgian Technical University
SUMMARY
Coordinational compounds of Mn(Il), Co(l1), and Ni(ll) sulfates with Dimethylsulfoxide are synthesized from ethanol-
water solutions. Some physical-chemical properties and IR-absorption spectra of synthesized coordinational compounds
are studierd. The order of coordination of Dimethylsulfoxide with complex formers is established.

CHUHTE3 U UK-CIIEKTPBI IIOT'JIOIMEHUSA CYJb®ATHBIX KOOPJUHAIIMOHHBIX
COEJMHEHUI Mn(l1), Co(11) X Ni(ll) C JAMETHJICYJb®OKCHUJIOM
M.I".Hunuanze, I'.B.1unuanze, A.M.MamynamBuian
I'py3uHCKUI TEXHUYECKUH YHUBEPCUTET
PE3IOME
U3 BomHO-3TaHONMBHEIX pacTtBopoB cymbdaros Mn(ll), Co(ll) U Ni(ll) 6bur cHHTE3MpOBaHHBI KOOPIUHAIIMOHHBIE
COEMHEHUS C TUMETHICYTb(OKCHIOM. VI3ydeHb HEKOTOphle (H3HKO-XxuMuieckue cBoicTBa u HWK-cnexTpsr
MOTJIONIEHUS CHHTE3MPOBAHHBIX KOMITJIEKCOB. YCTAHOBJICH CIIOCOO KOOPAMHUPOBAHHS TUMETWICYIB(GOKCHIA C
MeTaJuIaMHi KOMIUIEKCOOOPa30BUTEISAMH.

190



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2

3MmmM©obsgonmm 659Mmms Jodos

©@00™b3m33¢gglgdols G9agbowmdols 33¢935 0mMbobEo3s@EHM®MHMEo dgmmol dobgyzoom

WYOES ROBIMOIY, 30SNS 250JI0d, G0gM LoErryd3sdy, 63Bs MBO3MZs, M8Tot 339606597, TG MTmsdg
03. 5356033000l bsb. odocrobol bsbgerdfoge w1603965boBd0b
390369 99cr0godz0¢mol bsb. 30B0zwH0 ©s mHgsbriemo  Jodool obbBod oo

033039900 - @wommbobo3sGMOHmo dgommEol gsdmygbgdom godm3zwgwIeos 4sMsds35¢0 Wommbgdol-
Fe(III),Zn(II),Mn(II),Cu(II),Co(II) 3m33@gdufoedmddbs D-g6m9d@mBolomsh. ©osaobos, ®md Fos@dmddbowo
3033gdLbgdo bolinsmgd0sb F9a9b0MdOm - Wom™bo : oysboo = 1:1

139dBHOMBMEHMIYGGHOM - WoNMbOBPOZIGMOMWo FgMEO LsdsEgdsls 0dErg3s A560LIBEIMML
153307930 BogHOl M30L900mM0 b MomMmEgbmdomo Fgaqbowmds Lobsmerol Jmsbmgdol 0b@gblogmdols
dobgz0m. 50b0dbmEo dg0mmEol gsdmygbgdom Bs@e®mgdmwo Mom@gbmdMo30 33193900 ©sFYSMGOME0s
096 - WoddgmEG - 09MolL  Jobmbby, MMIOl Mbobdo  BHowrmol LogMdol oBMAZoLLL  TmMogoM
2963L5BOZOg BoJBHMOL BLBsOOL M3EH03YMHO LOT3Z3M039 s LE33eg30 F9x3gMHOEI0 bLbsMOL 3MbEIbGHMsE0s
fomdmogygbl [1].

Bo@Botgdmeo bsdwdomlb 80Bsbl d90ygbs wommbobozs@m®mvwo dgommol dsdmygbadoom
3033gdufomdmaddbgro @ommbols s WoysbEol MsbsgsMEMBdOL goblsbrg®s Fe(Ill)- D-gMwd@mbol,
230939 Mn(II),Zn(II),Cu(II),Co(II)-D-g6md@Hmbol 3:033wgdugddo. 33¢0g30L 3Gm3gldo gsdmyggbgdmwo ogm
0BMIMsMHo BgMogdol s HmbsLHMMMdOL dgmol Igmmado. 396¢) - 3M9bRol IgmmE By IyHEbMdOm
2390M0mM35¢s  WMYPSOHOMTNO ©ITMI0EIONgds blbsMTo wommbgdol 0mbgdol 3mbigb@®magosls o
3303996 bLod330M039L Mol {1-5]. 3mI3Egdbol blbadgdol Mm3EH03mGmo Lod33M039900 0BMIgdM©s Pacard-
ob LobEgdolb L3gdBHOHMaMEGHMIgEGHHBg UV-VIS. Fe(Ill)- 36:x9dEmBol 3mddegdbol m3EHo3mmo m30lgdgdol
33930L 3MmEgbdo 06O3sGHMMs© 2odmygbgdwo oym 30MMm353gbob 0obggho (330)- M3060L 0ombgdol
3MMM0d9GHOHMWo 6953030, bmwm  bEGBEIOGHW bsgMmo  bsdzowgb@osbo ®306olL  Bo@Mmado.
33039900 10933030l 33¢930L  M3GHOToWMEHO  J0MHMBJIOOL  EOLOPYIBSIV  FOIWIVGIMO oYM
LEABIOGH Mo bsghmol-  Fe(NO3)3- ol, 330- ob s Tomo 3mddegdbol doebomddol UL3gd@mgdo
(895350qd0m 1:1, PH=6), Goms ghomo dbMog Lszzwgzo 3065 3Ovyd@Embolsmgol d9mBgmmoygm  @Gswrmobl
LogMdol oligmo 360dzbgEMmds, HMIgEoE JogdlodoErMo 4oblb393Yds M3065- 06O ZsEHMEMOL 3MA3ergdlols
©>  bmmos  0bozo@m®ol  Gmobmddol  sbogrmaom®o  3sh3gbgdegdologsb, dgmég  dbGog 3o
296L5BOZOMOoYm  bLbsmGdOL  M3EH0Tormo  3Mb3IbGHM30900  0DBMIMMmYo  LyMogdoLasmzol.
5006, MMI doguodoMmo Lbgamds H3obs- 0boge@m®ol  3md3wgduols s brrms 0boZs@G™m®mOL
800bmgddsl dmeolb ( PH= 6 ) 9@gdstgmdl 520 63 <dsbdo, Gog 259mMoibsgl 98 05680 s0bodbreo
B59H»gdoL Fmsbmddol Bmergdols MHDOIMH0YIIBIMZSL.

do0m0 blBsMgdOL dmbodbo@adws IHBmd 3:mdgddo (BmiEwemds 25 3gr) 3mmoglgdwyeo
0gym 5 e 2.107* dmew /oo Fe(NO3)3 o 5 dg» 2.10* degr /e 330, 30090090 bbstgdl ogda@s Lbgomalibgs
5m©9bmdoL D- 3myd@mBob (Fru) bbomgdo s NaOH PH=6 dqy. bubségdol dmamanmds Fegdwg dgogbm
Pgom. [mbobfim®mdol ©sdgstgdol 89dgy 48Lm),- goobmds bLbsMYdOL ™m3H0ZMMO 1od3Z3M039900.
@woommb-  060035¢MOHMwo  LolGIdolb ™3IGH0IMNMO 1bod3zzmoz0l  TIMZOEIOMEGds  ©STSGIOYICO
RO EHMBoL 3mb396EME0sBY FMexz03o Loboo foMmdmyqbowos bab. 1.

3065 - gOHYIBHMBoL 3mI3egdbol Fgygbowrmds As0MmmM3E0Ero 0oym  FmbslHim®mmdol dzmol
d900mEol  Lsdmoegdom [2,3].  H0bslm®mds LolEgdsdo Fe(ll)- 330 - ROMIEHMDBs  2s0moliobgds
296@MEgdom:

Fe- 330 + n Fru <-> Fe- (Fru) n + 330 99 256¢magdol dv9c0dogs

K= [Fe- (Fru)n] x[330] / Fe-330] x [Fru]n

239MA5M000dgd0L s B39 gdMH030 PoM©addbadol 89dwgy doowgds:

lg[Fe- (Fru)n] x [330]/[Fe-330]- n 1g [Fru] + const=0

3033wgdbdo @omMMbobEo3s@MOHMb d9353d0690o Wommbol 3mbEgbGHMmoE0s gobolawnzms
obslHo® 92900 Bs350dM™ §Mx3030L Lsdwswmgdom [1], MMIgwoi 994s®gdl ©sdMm30JdIEgdsL
@0om™b - 0600035GHMMHMo LoLEJIol M3EH03wM Lod3IZM0ZgLO s FEBZgOIL FMEMOU. 5J9b QsdMOMZEGds
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[Fe- (Fru) n] = [Fe] bog®mm - [Fe- 330] .
[Fe] 00030Lv035¢00 x [330] 0530Lw9535¢00 = [330] LogPomm - [Fe- 330]

D

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

0 20 4.0 1.B 15.0

Cpy-107 Bongmy/gm
Bsb. 1. Fe(IID)- 330- g6+d@HmBob LobBgdol Lobsmerol dmsbmddol dGwwo, PH =6,0; 4 = 520 69

3OIBOZNWO ©IMI0EIOYLIBOWD
-1g = [Fe- (Fru)x] x [330]/ [Fe-330] ©s - lg[Fru]
LOEOEYOL FMGHOL MBIV TobFBodT0 OLEBPIMGOMPS FOFBOL EIHBGOL 3MMbOL FsbagbLo (tg o = n),
53 Heabolifimr®mdol dmbsfowg 3Mwd@EmBol 0mbgdol Hobgl Gggledsdgods [5]. 9dudgmodgbEol 3o0HMdgdo s
899500900 Q593 gdo InGsbowos gbMHowdo 1. bob. 2 - b BsbL, HMI 3GHIEMBoL blbsmgdolsmgzols
o~ 45, bogetga =1.

3bGool. Fe(III)-330-8360vd@mbob bobEgdol 33eg30L 8993900 Frmbslfm®mdol dztmol dgmmool dobgwgzom

D [Fe-330]x10° = [330]x 10> [Fe(Fru).]x10° [Fe(Fru)ax[330] [Fru]x10° -1g[Fru]
g/ oo/ doen/qo -1g [Fe.330] dme/eo
0, 30 1,55 2,25 2,30 1,70 | 4,40 4,80 13890,30 0,80
0,40 2,00 2,50 1,75 1,25 0,65 5,00 5,70 7475,20 1,10
0,50 3,10 3,65 1,25 0,20 6,79 4170,55 1,35
0,60 0,65 1588,15 1,70
0,70 0,20 145,60 2,80

-1g[Fe - Fru} x [330] / [Fe - 330]

7

1 2 3 4 -1g[Fru]

Bob 2. 205530390 BMI0YOMgds -lg [Fe- Fru] x [330]/ [Fe- 330] o
-1g[Fru]-U deméob ( PH=6).
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50605, ™3303MNMm0 8gomEol  LsdMowqdoo  3sdm33wgMEos  3md3wwgdufomdmddbs Fe- ol
15935¢296¢056 0MbgALS s BHMIEHMBoL FmMol (PH= 6). ©s©a0b©s, ®m3 dmagdye 3oMHmdgddo Fe(IIl) -
RO EHMDS 3nd3gdlido 3083mbgbE s MsbsgsMmomds - Fe : Fru 8996l 1:1.

365 ma0mMHo 99093900 04m 300gdMEo omMmbobogzs@memwmwo dgmmol godmygbgdom Co(ll),
Zn(II), Mn(II), Cu(Il)- D- g6wd@dmbol 3m33wgdbgdol  blbsmgdol 33mgzol dgwgys. Cu(ll)- Fru-
30339gdLbol d98b393990 LEBOEHMWO bgMool IMLsIHIEIOMsE Fodmygbgdmwo oym b3ogrgbdol
bmeggs@o.  b33wg3 blbaMgdbg 530530L ©sds@gool 8909y Fomdmddbowo dmdo wwexo bBLbsmgdoL
3303600 1093360039700 350BMTs 590 656MTYEHE GHowmol bog™dgby.

Zn(II)-Fru 3m33egdbol blbs®mgdol 3memm®modg@®m e Mgod@o3s@ godmygbgdmero ogm omobmbo,
29bLB0o MMbJWMEH056 BobdoMmdsd0. FoBMIZgd0 BoBsMgdvIo 0gm G@g 50980, 530 656mIgEH® GHowwmols
Loa®3dgBy.

Co(Il)- Fru- 3m33¢gdbol blbs®mgdol m3@Eozmmo 1od3zzm039gdo 0BmIgdm©s GnBg sMgdo 630 63
A5 ol LoaMdg by (3MEM®OdgEHOMWO bogMmo- boG®mbm R -8s®owo, 0,1% blbsmo).

Mn(II)- Fru 3»93¢gdugdob m3¢ o360 Lodzzmhogg asbobsbmg®s 3035 s@gdo, 540 63 30OHMBYdTO.

50065, ®md Co,Zn,Cu,Mn - Fru 3md3wmgdlbgddo ommboli s odsbol 0sbsgstmds
99500996l 1:1.

596050 M33H03MM0 FgDMEOm Fodm3zegyeos bbbsMgddo gsMmsdsgswo wommbgdol- M 3obol,
3M0ow@EHOL,  0woool,  b3owrgbdols s Fsbyebmdol  D-xMwdBHMmBILmE  3Mm33egdufemdmddbols
139JomIgBHMH0 Toboloomgdgd0. sYIBOWs, HMA 50bodbmEo WoMMbIdO BOHMIEHMDILMSE Jobosb
3003¢9dLgdL 3m33MbB9BEJIOL 9658350 MB0M - Wommbo : ogsbo = 1:1.

933MOM900 500EMdL “Y3bsgdgb Fmms HYlmsggwrol Lobgermdols gHmgbme bsdgboghHm gmbols
306Gl 3MmgdBHol #FR / 436/ 6- 480/ 14 ©580bsbLgdoLom30L, Mol Botrgmaddoa Bods®m®s g 33¢g3900.
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N

INVESTIGATION OF METAL-COMPLEX COMPOSITION BY THE METAL INDICATOR METHOD

Leila Japaridze, Tsiala Gabelia, Eter Salugqvadze, Nana Osipova, Tamar Kvernadze, Omar Lomtadze
Petre Melikishvili Institute of Physical and Organic Chemistry, lvane Javakhishvili Thilisi State University

SUMMARY
Ration of the components has been investigated by metal indicator method. It has been established that at pH 6 the
ration of metal/ D-fructose is 1/1 for the soluble salts of transition metals Fe (I11), Zn(I1), Cu(ll), Mn(I1) and Co(ll) to
D-Fructose.

N3YYEHUE COCTABA METAJIVIKOMIIVIEKCOB METAJVIMHANKATOPHBIM METOJ10OM

JI.JIxxanapunze, 11.I'abenua, D.Canyksanze, H.Ocunosa, T.KBepHamze, O.Jlomranze
Huemumym ghusuueckoii u opeanuueckoni xumuu um. I1. I Menuxuweunu Tounucckoeo eocydapcmeeHHoco
yHugepcumema um. 1e. /casaxuweunu

PE3IOME
C DNOMOIIBIO ONTHYECKO-METAJUIMHIANKATOPHOIO METOJA HCCICIOBAHO KOMILUICKCOOOpa30BaHHE MEPEXOIHBIX
mertanos- Fe(l11),Zn(11),Cu(11),Mn(11),Co(ll) ¢ D-dpyxro3oit B pactBope. YCTaHOBICHO, YTO OOpa3yrOIIHECcs
KOMIUIEKCHBIE COeTMHEHNSI MMEIOT COCTaB MeTalT : urasg = 1 : 1.
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3mM0bs3omE boghmms Jodos
Boggol (1) s 3mdser@Eol (1) Gg@E®Msmomsbondmbs@gdol (V) $80535¢ Mo 3md3grgdgdol Lobmgbo
@5 33wI3°

Joombs badbo®ody
33930 Pgmgoremol bsbgerdfoger «9boggmlodado

2396M©58535¢0 FgBHOwms 5805353JO0L SBLMWMEBHNMMO MIMOZgbmds fyserdo blbos 3ma3¢gdLgdl
§om8moyqbl [1]. s00FM3 50 M35bsL3bgEms 0bE030MsW MM TEYMIsMYIMdSF0 2odmygmas Fmombmal

©9sbLBsMOL ©3mb3EIbEHM0MdL, o3 360d369wm3s6 Lodbgerglmsbss s393806Mdo
0Ju39M0dgbEmemo bafjogro.
299mbogse 60g3m0gMgdgdo® 25dm3094gbgm: Boggerols (II) s 3mdoser@ol (II) JormGogdo, bmem
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SYNTHESIS AND CONVERSION OF TETRATHIOANTIMONIATE AMMONIATES
OF Ni(Il) AND Co(ll1)
M.G.Samkharadze
A. Tseretesi Kutaisi State University
SUMMARY
Ammoniate complexes of Ni(IT) u Co(III) tetrathioantimoniates. The composition and the structure of the synthesired
compounds were studied by chemical and X-ray-phase analyses, and IR spectroscopy.

CUHTE3 U UCCJIEAOBAHUE AMMUAKATOB TETPATUOAHTUMOHATOB Ni(ll) X Co(lll)
M.I'.Camxapanze
Tocyoapcmeennviii ynugepcumem um A.Llepemenu
PE3IOME
CunresupoBanbl ammuakatsl terparnoantuMoHatoB(V), Ni(ll) u Co(lll). Ux uccnenoBaHue NMpOBEOCHO METOIaMH
pentreHorpaduu, UK-ciekTpockonuu u tTepMorpadum.
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COMMUNICATION BETWEEN A STRUCTURE AND PROPERTIES OF POLYURETHANE
ELASTOMERS
N.Z.Lomtadze, M.l.Karkashadze, M.M.Shalamberidze
State University Of Akaki Tsereteli
SUMMARY
The article described the relationship of structure and properties of polyurethane foam. The properties of polyurethane
depend on the type and structure of the main molecular chains, and the importance isocyanates index - jncosos, the ratio
isocyanate groups and functional components. and also proved that the physico-mechanical properties of polyurethane
depend on the molecular weight of the starting oligoether.

CBS3b MEXKJY CTPOEHUEM U CBOMCTBAMM IOJINYPETAHOBBIX 3JIACTOMEPOB
H.3.Jlomtanze, M.U1.Kapkamanze, M.M.I1lanambepunze
Tocyoapcmeennwviti Ynusepcumem Axaxus [lepemenu
PE3IOME
B cTatbe onMcaHHO B3aUMOCBSI3H CTPYKTYPBI M CBOWCTB IEHOMOINYypeTana. VciieJoBaHHa, 4TO CBONCTBA MOIMypETaHa
3aBHCAT OT TUIA U CTPOCHUS OCHOBHBIX MOJICKYJLSIPHBIX LIEICH, a TAKKe 3HAYCHHE U30LHOHATHOIO MHIEKCA JNCO/OH -

COOTHOIIICHVSI H30LIUOHATHBIX TPYIII K QYHKIIMOHATFHOTO KOMIIOHEHTA. a TAK)KE JOKa3aHO, YTO (HU3NKO-MEXaHHICCKHE
CBOWCTBA ITEHOTIOINYPETaHa 3aBUCAT OT MOJEKYJISIPHON MacChl HCXOIHOTO OJUro3(upa.
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3o0endmeng 3wy 659Hmms Jodos
300 gmsbol Joxgol 3oMemEobMo yMomdols 33eg3d

6.c0mBmodyg, 9.Jodo85dg, 0.85¢s8dgModg
33530 Pgmgoremol bsbgerdfoner «bozambodado

Bm09MHm0  Lsbol  b3g30o MmO BB gdOL  Bgblsderolsmgol oo 360d3bgwmds  odgl  Esbhols
30MHMWoHMOH  IYMMIL. LbEHsG0sdo bsB39bgdos Lbgo@olbgs meogmdgol 1wdgbg sdbogdmwo
3EoGHgmsbol  Jogol  9aMEMds  30OMMOBNEMO  ©BIMJOOL  FoToM  ©d  IHIbowos, O™
3Mm0OHgmobmeo  LobGgds  3MmE030MH3MHM®I3BMbEomMmEol  Bxdgbg YOO ME39YMRL  dmEronMgmsbol
Jox3ol @bhgdol Jomgdsl Fowoo 30MHMEOHBWYMHO FEYMIOMOOM, Moi MHBOHYb3gEymal dso 2sdmygbgdsls
139(305WIMH0 606 gdol Bgbloadgerdo, MMmBgumog dsmds MbEgdsm 9dody doMmdgddo.

3oborgd0, OHMIWgdoE 3963m3bowos bdgEoswEmo IB0T6YMgdOL BgbLsEIwol domobsm3zol,
"bs  boboomgdm©byb gEslBoMMMdom, LoIGHI0E0M, TForswo  5©3gHo0m  0YGBEHLMLB, Fbodol
Jowoo 899339 md0m, goMmgdm s YobzsdAMIEMdOm, 5&HIMLRBIMHMEo Boergdolodo BEAMOEMdO
@5 LodMBsm  30HMdYOOLsdo  Imddggdom.  BBLLEIwOlL  Logdudwsdosgom  m30LgdgdoLsIO
96535dbG030  dmombmzbowgd  sbwsbgm  306Mdgddo  Fgmdmgdgwl bEol  ©s33854MBOEOI
39003l MMo olorgdoom.

9EsbGHMIgMYd0  ©95Jgowo  Jledgdermdol  MmEoaMmdgMgdol  Bmdgbg, Lobomgbdo  sbogn
Bodmbbdom  39dbmmyogdmsb  gsmomm@  499m0ygbgdosb.  goblogmmemgd e  0bGHIMILL  0f39396
90360M333333 300Mm96980, HMmIWgdoE L3956 ©OHMP0 15305600 M30LgdGdOW FoMdmowygbgb
39005609300 1bogzgMmLoe Toborgdl BabloEgdeol ebholl sdBogdoL 3MHMEgLdo.

b59939m9LM BoDoIM-09d56037M0 PM30LgdJdOL Fohgz9b9dd0m, Lol GosMEMdomo 1od3zzM0z0L
o3 oby oeowro 858396930l MMLsE 30, obhol sdDsIOOL  53EMToBHODBIEOLL TgbodEgdEMdS
odaggl  Foboewsll  ogml  MboggMlsgrw@mo.  JomomGdIMwo  gEsbBHmdgmgdol  Bobozm-dgdsbozmmo
30Lg0900L BIOMME Z5M0MYdS 33¢0g30Lsl Lodgogdsl 0derggzs Fs0Ysb ITBsEIL bbgowslibgs Labols
139bLsdgeo.

139305 M0 BB GdOL  Fgblogdgwo  Mbs  3sbbMdEIL  MLsBOPBMYdOL  FH9dbolzm®
dmbmgbgdl, 530l 9930w gdwmdom  bEgds  3H9dbogmMo  Bm®TsGHoggdol  LEHmymas. sy M™I
139305 MH0  BbLLEGIWOlL bRy Mbs 93059MmB0WgBEIL 90 9930wdIEY 30MMBIGRL: Toowro
0999603960  59396056Mds; FMEOITOAMOMDS; 9Jobozmmo ™m30Lgdqdol  F5B39bgdgdOL  Jbs®bbgds
05039 gd0b 890092; 30OMEOBMYHO IYMIEMDS ©IIZ39gooLIL; JEg]BOMLESGH03YMO0 TOAMIOMD;
AMGHIs  Jodommo oM gdmlbsdo  9yMIEMdY;  YobgsdaMmomds;  Fsmowro  mMgMIMODME0s300L
d9LsdegdMdy; domso 300969M0 M30LgdGdO.

bmy090Hm0 Lobob 1393050 sbodbmewgdol ggbloEdwobsmzol oo d60836gwmds  5J3l
@3bRoL 30MMEO0BME IMoEMBL.

LEOG0sdo 6583969805 Lbgosbbgs memogmdghol i3mdgbg sdBodMEo 3mEowMgmabol Jogol
900M5Mds 30OHMEWOHNYHO VYN JOOL F0doMo.  530LSMZOL Fodmygbgdmwo 0dbs Ggo®MTs “doogMol”
8900m@©O03s:  3m0Mgosbol  Jogzol 603498930 168 Lo-ol  gs6dsgemdsdo  ByGzommMo ogm  700C
G9939053MOolL Fgoedo, FOMdS bEIPMOs 30PN dEyMIsmgmdsdo  70°C 39839Ge¢ My 24—
Lo-0b 496093 Mdsd0 s 303 30Nl 24-L0r-0L 96053 MdsT0 MMsbOL  FJI3gMoGWMHaDy. MMaMO3
33w9359  9B39bs, 3mEr0mbol Joggologsdh @sdBsIdIMWo sbbgdo, GMIWgdoE oMo oym
Lbgoalbgs LobGHdolb BwYdgbHy: MEWOYMIPOEWIHAW03IME5E03065EOL, MEOYMIsM3HMEs3EHMbLOoMmEOl,
MOOOIM  ME0RMINGOMOL —  5Jgm  Lbgosobbgs dyMemds  30MMEObBMMHO  ©LdYMgdoLado [19]
(@BOowo  1). 5356096  3mEoME@IMbol  Jogol  BoBogm-09dsbozmemo  M30LYdId0  sIMIOWIDY0S
30MOMEWOBNMHO ©BYMGOOL bobyMdeozmdsby (bob.1).

OOaMO3 3bOHOWwosb Qo Bobsbosb Bobls 3 0M®YNbeo Lob@gds
3Mm035M3OHMWs3GMbomEol B3wdqgby MHOHMBlgwymal 3mEro®mgmbols Jogol @sbhgdols Bomgdsl
05050 300MMWOHDMOHO  JEYMIOMOOm, 53  YBOHMBZgwYmRL  Fom  2s0mygbgdsl 139309 HO
©56086mgdol BgblsEgdgemdo, GMIgemsg dMdsmds Mbgdsc ddody 3o0MMmdgdIo.

200



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2

D L ———————— ————— — — —————— ———————————

300 1. 3mwom®gmebol Joxzol gobogm-99dsbogm®o m30l9dgd0L (33w gds 30EOMEOBYGHO
©5096Mgd0L 99009

05639690900 3000HgNBoL oo Bwdgbg
E0yMIN0Egbaerogme- ME0RMIIMO3OME53GH™Mb- OO
500306530 QQOMEO ME03MYNIOH0
306mdomo bodB3039, 933 5,8/2,3 7,1/5,8 4,5/3,8
BoOMIOMO Foa®dgegds, % 440/270 450/370 440/340
BSOMdomO Bs®BRgBo 22/16 25/22 23/18
Doa®agamgds, %
L08336039, 33/8° 580/580 620/620 600/600
103s3Mg, 306.96. 66/66 74/72 70/66
BgMm5Mds IMZ5WR IO 45/7 45/20 45/30
096359, 00O (30300
(3399509093™ds, BBY 333L 120/346 145/223 350/430
8960036s: dG0o@Ebggedo Im3gdvaos dmbo3gdgdo odYMHYdsaEY, bmeem 360d369wdo ©sdgMgdol 899g).
Ao
L‘% E-E.}.:.
500 -

. Bsb. 1. Lbgoslbgs g3dgBg
©53%50090M0 300G IMIBOL
BMHOMBOMO {oa®mdgegdol (1), s
LO3BIOEOL BLZMOL Fobenghgolslb G (2)
300OHMWOBNOHO ©IOIHIOOL
boba®Awogmdsby ©odM30©IdYIdOL
230583030

400 -

9
:
7
0] &
5
2004 4
3

100 T T T T T 1
{1 2 3 r & 7 8€C,

s _aad

L0&IAHSSIHS — REFERENCES — JIMTEPATYPA
1. JI.M. Broucra -.KoMmo3unnoHHbIe MaTepHaibl Ha OCHOBE monmyperaHoB . M. Xumus — 1982.
2. I0.JlMapozoB — HayuHo-TexHWUYeckHe TMpoOIeMBI B  O0JACTH  XHUMHYECKOTO  (POPMOBAHHSA
3JTACTOMEPHBIXM3/ICTIMH U3 peakiocnocoOHBIX onuromepos- Kayuyk u pesuna — 1987 Nel2.

UCCJIENOBAHUS THUJIPOJUTHYECKON CTOMKOCTH MEHOMOJMUYPETAHA
H.3.JlomTanze, M.U.Kapkamanze, M.M.I1lanam6epunze
Tocyoapcmeennulii ynueepcumem Axaxus Llepemenu
PE3IOME
Jns monomB crienyalnbHON 00YBM OUYEHb BaXKHOE 3HAYCHHE MMEET MX T'MIpPOJMTHYEecKas CTOWKOocTh. B craThe
MOKA3aHHO HUCCIEA0BaHMUA THIPOJIUTHUYECKON CTOMKOCTH IEHOMOJUYpeTaHa HAa OCHOBE PA3JIMUHBIX OJHUIOMEPOB U
JIOKa3aHHO, YTO TIONMYpPEeTaHOBas CHCTEMa Ha OCHOBE IOJMKANPOIAKTOHIMONIA OOECHeunBaeT IOTydeHHE

TNICHOIOJNYPETAHOBBIX ITOJOMIB C BBICOKOM FHHpOHHTH‘IeCKOﬁ CTOﬁKOCTB}O, 4qTo O6yCHOBHHBaeT X IPUMCHEHUE JIA
HU3a CIIeIHaTIFHON 00yBH.

RESEARCH OF HYDROLYTIC FIRMNESS OF POLYURETHANE FOAM
N.Z.Lomtadze, M.l.Karkashadze, M.M.Shalamberidze
State university of Acacius Tsereteli
SUMMARY
Their hydrolytic firmness very much is important for soles of special footwear. The research hydrolytic firmness of
polyurethane foam on the basis of various oligomer is shown in article and proved that the polyurethane system on the

basis of a polikaprolaktondiol provides polyurethane foam soles with high hydrolytic resistance that causes their
application for a bottom of special footwear.
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HE®OTEXUMMUA
HUCCIEJOBAHUE HEKOTOPBIX IIPUPO/IHBIX BUTYMOB I'PY3UU

H.T Xeuypuanu, E.A.Ymapaynu, K..I'.I'ogepazumsunu, W./[x. Mueanumsuim, M.H.Konanenmsunu
1Ty, Uncmumym ¢husuueckou u opeanuseckou xumuu um. 111" Meruxuweunu

[IposiBieHnsT MPUPOIHBIX OUTYMOB 3a()MKCHPOBAHBI MOYTH BO BceX perdoHax ['pysuu. Beumm mcciemoBaHbl
outymer: [lepexon Kapm, baiina 2(xaxetmnckuii pernon) um UmOpesm (PaumHckmii permoH). Omnpenersmch
(M3UKO-XMMHUYECKHE XapaKTEPUCTHKH OJIEMEHTHBIl COCTaB M paclpesielieHHe MHKPOIJIEMEHTOB — UX
OPraHMYEeCKUX OKCTPAKTOB. BBIABICHBI apOMaTHYECKHE CTPYKTYPHI MOJEKYJT HCCISNyeMbIX OHUTYMOB.
Coornomenne V/Ni<l 6utymos Ilepexon Kapu u Baiina 2 ykaspiBaer, 4To cTpaTtHrpaduueckoil KOppessminu
OUTYMOB OHH OTHOCSITCSI TPETHYHOMY BO3pacty, a 6utym Yubpesu cooTHoineruem V/Ni>1 sBasercs Gonee
JIPEBHETO BO3PAcTa M MPHHAIICKUT Maneo3oiickoMy tuiy. I1o Konn4ecTBEeHHOMY COJEp)KaHHIO Macell, CMOJI U
acdaJbTeHOB HCCIeTyeMble OUTYMBI SBISIOTCS achanbTaMu.

Ilo mMepe ucrolIeHMs 3alacoOB JIETKUX U CPEIHMX HeTed Ba)KHBIM CHIPHEBBIM HCTOYHHKOM JUIS
YIOBIETBOPEHUS PACTYIIUX MOTPEOHOCTEH B TOIUIMBE W NMPOAYKTAX HEPTEXMMHUH CTAHOBSTCS TSDKEIBIC
BBICOKOBSI3KHE HE()TH M TNPHUPOIHBIE OUTYMBI. MHpOBBIE pECYpChl TSXKEIBIX M OUTYMHHO3HBIX He(Tel
3HAYUTENFHO MPEBBIIIAIOT 3aIachl JIETKUX HedTell u oneHuBaroTcs B komudectBe 750 mupa. 1. Hanbomee
KpyMHBIME 3amacamu pacronararor Kanmama (386 mupa. T) u Benecysna (335 mupa. T), 3HaYUTEIHHBIE
3amnachl Takke uMmetoT Mekcuka, CHIA, Poccust, KyseiiT u Kuraii. Boripoc ocBoeHUsI mpHpoHBIX OUTYMOB
0CcOOEHHO aKTyaJIeH ceidvac, B CBSI3M CO CHM)KEHHEM B ITOCTIeIHEE BpeMs 00BEMOB 3a1acOB KOHAMLIMOHHBIX
HedTel.

IIpuponHbple OGUTYMBI XapaKTEPU3YIOTCSI BBICOKUM COJEpKAHHEM apOMaTHYECKHUX YTJIEBOAOPOIOB,
CMOJIUCTO-ac(aIbTCHOBBIX BEIIECTB, BBICOKOW KOHIICHTpAIMCH METAJIOB W CEPHUCTBIX COCIUHCHMIA,
BBICOKMMH IIOKA3aTEJIIMU IFIOTHOCTH U BSI3KOCTH, ITOBBIILIEHHOH KOKCyeMocTh10. [lepepaboTka mpupoIHbIX
OMTYMOB SKOHOMHYECKH LIEIecO00pa3HOil MpecTaBisieTcsl TOJIBKO Onaroaapst MpuMeHeHuo 3(pheKTHBHBIX
TEXHOJIOTHIA MX MepepabOTKH ¢ MOJy4YeHHEM TOBapHbIX HedTenpoaykros [1-3].

[Ipupoanbie OMTYMBI paclpoCTpaHEHBl IO BCEHW 3€MHOW KOpe, CTpaTHUrpauuecKuil OTHOCATCS K
0CaJI0YHBIM [TOPOJaM U B OOJBLIMHCTBE CIy4aeB COMYTCTBYIOT NPOMBIIUICHHBIM CKOIUIEHUSIM He(TH. OHH
SBIISIFOTCS MIPOJAYKTaMU OKHCIHMTENLHOW TOJMKOHASHCAWH, (DU3UKO-XUMUYECKOH TudQepeHnmanmy,
Ouoxerpamanuu HeTH M JIpyrux mpouecco. Ilpupoansiii OuTyM, 0Opa30BaBIIMHCS B €CTECTBEHHBIX
YCIIOBHUSIX, B YUCTOM BHJIE BCTPEUAETCS PEIKO U OOBIYHO OH MPOINUTHIBAET OPUCTHIE TOPHBIE TOPOIBI.

[IpuponHsie GUTYMBI

OpFaHI/I‘IeCKaH JaCTb IPpHUPOJHBIX 6I/ITYMOB 110 CBOUM (1)I/IBI/IKO-XI/IMI/ILI€CKI/IM CBOIiCTBaM HpI/I6J'H/I)KaIOTC$I
K HC(i)TﬂHBIM 6I/ITYMaM. BI/ITYMOHOCHBIC nmopoAbl 3aHMMAIOT 3HAYUTCIBHOC MCECTO B O6HICM OanaHce
HCKOIMa€MBbIX U ABJIAOTCA MHOTOKOMIIOHCHTHBIM U MHOI'OLCJIEBBIM CBIPHEM, KOMIIIIGKCHOM Hepepa60TK0171
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KOTOPOTO MOYXHO MOJyYUTh MOTOPHBIE TOTTHUBA, Maciia Pa3INYHOTO HAa3HAYECHUsS, OUTYMHBIE MaTepHalbl U
MHoroe pyroe. OTaensHO B3sThIe TPUPOTHBIE OUTYMBI TAKXKE UMEIOT LIMPOKUI CIIEKTp MpuMeHeHus. OHu
HCIOJIB3YIOTCS B AJIEKTPUUECKOM MPOMBIIIJIEHHOCTH B Ka4E€CTBE 3JIEKTPOM3OJISAILMOHHOIO MaTepuania, s
THAPOTEXHUYECKUX COOPYKEHUH U (hyHIaMEHTOB 37[aHHUM, B TOPOKHOW M CTPOUTENHHON MPOMBIIIUIEHHOCTH
U T.J.

ITo cTenenn OKUCICHHOCTH U (PU3UKO-XUMHUYECKHX CBOUCTB, KOTOPAst MPOSIBISIETCS] B KOHCUCTEHIIUH
OpPTaHWYECKOW YaCTH, PA3NUYarOT CIEAYIONINE BHUIbI MPUPOJHBIX OUTYMOB: MAllbTHl — BA3KUE JKUIKOCTH,
conepxamme 40-65% wmacen, achanbThl — MOMyTBEpAble OWTYMBI ¢ KOHIeHTparnmend macen 25-40% u
ac(haNbTUTBI — TBEPJBIC OUTYMBI, collepKarime <25% macel.

IToutu Bo Becex pernonax [ pys3un oOHapyKEHBI TPOSBICHAS TPUPOIHBIX OUTYMOB, H3y4YeHHE KOTOPHIX
UMeeT OOJIBIIIOE TEOPETHIECKOE U MPAKTHUECKOE 3HAYCHHE KaK C TOUKH 3PEHHS TEOXUMUU He(PTH, TaK U I
BBISIBJICHHSI BO3MOKHOCTEH UX 1[eJIeCO00pa3HOr0 OCBOEHHS. XOTS MOIIHOCTH M T€OJIOTHYECKOE pa3MelleHue
NPUPOAHBIX OUTYMOB IOKA €1Ie HE ONpPE/ICICHBI.

Hawmmu 651510 Hicce1oBaHbl HEKOTOPBIE TPUPOHBIE ONTYMBI [ py3un: Ynbpesu (PaunHCKMiT peruoH),
Iepexon Kapu wu baiina 2 (Kaxetunckuii peruon). Ilnomans YuOpeu pacrnoniokeHa Ha MecTuiicko -
Tuamuerckoit 3one (B paitone Onu). B reomormdyeckom paszpese IIIOMATU Y4aCTBYIOT BEPXHEMETIOBBIC
W3BECTHSKH M TPETUIHBIE OTIIOKEHUS, HETIOCPECTBEHHO HAJIETAIOIIHE Ha MEJIOBBIE OCAIKH U COCTOSIIINE U3
TJIMHUCTBIX CJIAHLIEB M MECUYAHUCTBIX IIHH TeMHO-ceporo nsera. Ilnmomanu baitma u Ilepexon Kapw,
pacrosoXeHsl B npenenax [Ipuropckoil no30HbI MOAHATHSA, KOTOPas B BUJIE Y3KOM MOJIOCHI BBITATUBACTCS
BJIONH peku Mopu B ceBepHOM HaINpaBlICHUH, OTPAHUYHBASICH C CeBepa XalIMH-DIbIAPCKAM TITyOUHHBIM
pasioMoM, a ¢ ra — JpUKIAPCKUM PErHOHANbHBIM pazioMoM. B paspese mnomanu baiina ydactByroT
MOPO/Ibl, HAYHMHAS C BEPXHETO capMaTa BILIOTH J0 OJUIOIICHA.

JJis BBIIENICHHST OPTaHUUECKOW YaCTH MPUPOAHBIX OUTYMOB SKCTPAKIIUIO XJIOPOPOPMOM MPOBOIHIH B
anmapate Cokciera B mpojobkeHne 50 gacoB. DKCTpPakThl (GHUIIBTPOBAIH, OTTOHSIIN PACTBOPUTENH, a €T0
CIIeNIBI yIAISUTA BBIACPKIUBAHUEM O0Opa3IloB HAa BOISHOW 0aHE M B BaKyyM - TEPMOCTATe [0 MTOCTOSHHOTO
Beca. bouin OIIPEACIICHBI @HSHKO-XHMI/I‘ICCKI/IC XapaKTCpHUCTHUKHU, 3JIEMEHTHBIH COCTaB OpraHu4cCKoro
AKCTPAKTa U paclpe/elieHrue B HeM Macell, CMOJI U acpanbTeHoB. Pe3ynpTaTel mpuBeAeHs! B Ta0mmIe 1.

Tabanna 1. XapakTeprucTHKa OpraHu4ecKoi YacTH MPUPOIHBIX OUTYMOB

Ne | Tlokazatenu Uubpesu [epexon Kapu Baiina 2
1 Brixox macc.% 38,1 14,2 34,0
2 | InotHOCTS, T/cM® 1,07 1,17 1,03
3 | MonekynsipHas Macca 500 695 500
4 | Temnepatypa pasmsryenus, °C 9,5 73,5 40,8
5 30JIbHOCTB, Macc.% 0,154 1,750 0,219
CocraB, macc.%
6 Macia 37,2 28,3 37,0
7 CMOJIBI 37,6 495 41,0
8 AcdaibTeHbl 25,2 22,2 22,0
DJIeMEHTHBIN cocTaB, %

9 C - yrepon 85,90 82,62 85,40
10 | H - Bogopox 9,82 9,32 9,65
11 | S-cepa 0,62 1,18 1,25
12 | N -a3or 0,48 0,44 0,45
13 | O - kucnopox 3,18 6,44 3,25

Kak BWAHO W3 TaOmUIBI, BCE MPUPOIHBIE OUTYMBI MaJOCEPHHUCTHIC, UMEIOT OJM3KWUE 3HAYCHUS
TUIOTHOCTH U DJIEMEHTHOTrOo coctaBa. Y To kacaercsi 30i1pHOCTH OUTYMOB Tutomanu [lepexon Kapu nmeer
Oomee BeICOKHI TOoKazarenb (1,750%), koTopoe, TMO-BUIAUMOMY, OOYCIIOBJIEHA OOJBIIEH  CTEMEHBIO
OKHCIJIEHHOCTH, YTO MIPOSBISIETCA B 3HAYCHHUAX CoJlepkaHus kuciopoza (0omee 6%). Ilo qanHbIM TaOIHIIBI
npupoansie outymsl [lepexon Kapu, Uubpesu u baiina 2 conepxanuem macna (28,3% , 37,2% u 37,0%
COOTBETCTBEHHO) MPUHAJIEKAT K ac(albTOBOMY BUIY OUTYMOB.

B HacTosiiee Bpemsi 0oIbllioe BHUMaHUE YAETSETCS MCCICIOBAHUIO PA3IMYHBIX YIJIEBOJIOPOIHBIX
CTPYKTYpPHBIX (pparMeHTOB B He(TAX M mpupoAHBIX Outymax [4]. K HUM OTHOCHTCS KOHAEHCHPOBAaHHBIE
apomatuueckue cucteMbl. C LENbl0 ONpelesieHHs apOMaTHUYECKUX CTPYKTYP, BXOASIIMX B MOJICKYJIBI
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UCCIIEyeMbIX  TPUPOAHBIX  OMTYMOB, WX  OpPraHMYECKHE  OKCTPAKThl  OBUIM  MOABEPTHYTHI
THUIPONHUPOIUTHIECKON (PparMeHTay Mo pa3padoTaHHOW B J1abOpaTOpUM XUMHUU He(TH MeTomuke [5].
IIpouecc ruaponuponunsa npoBoauics npu temneparype 450°C u npoaoKUTEILHOCTH Npoliecca 4 yaca.
PacTBOpHI THAPONHMPOIN3AaTOB B ANOKCAHE aHAIN3UPOBAIN METOZOM I'a30-KHIKOCTHOW Xpomarorpaduu Ha
TpexMeTpoBoil KoJioHke ¢ xpomocopboM W (kuakas ¢aza OV-1017%). PesynbraTel razo-XKuaKocTHOH
xXpomartorpadum WITIOCTPUPYIOTCS HA pUCYHKe 1.

4 []¢ 5 t § 1
[ [ [

[ 15 o2 S\7

10

MMH. 20 10 o

MHUH 20 10 o

Pucynok 1. XpomarorpaMmsl THAPONIUPOIN3ATOB XJIOPOGOPMHBIX IKCTPAKTOB MIPUPOAHBIX OUTYMOB
I'py3un: Ilepexonx Kapu (a), Unbpesu (0), baiina-2 (8), | — nuokcan, 4 — vadranun, 5 — metnnHadTaIMH, 6
— nudenunn, 8 — guryopen, 10 — penantpen, 11 — metunenanTpen, 13 — nupeH, 15 — xpusen. OcrajibHbIe
MKy He uneHTuduimposansl. Temneparypa anamusza 100°C — 10° mun. — 325°C.

CpaeHenue xpomaTorpamm ourymos Uubperu, [lepexon Kapu u Baiina 2, mokassiBaeT, 4To OHU MTOUTH
OJIMHAKOBBI U COCTOSIT M3 OJHUX H TEX - K€ MMKOB, CPEIN KOTOPHIX OBUTH HIICHTU(MUIIMPOBAHBI: HATAIIHH,
MeTmHadTaIMH, (EeHaHTpeH, MeTuiheHaHTpeH, nudeHmI, GuyopeH, nMupeH W XpuseH. llpeBanmpyroT
CTPYKTYpHI HaTaJMHA 1 ()EHAHTPEHA.

TakuMm 06pa3oM, MOABITOKUBAS PE3YIBTATHI HCCIIEIOBAHMS THIPOIINPOIN3ATOB OPraHMYECKON YacTu
MPHUPOJIHBIX OWTYMOB, TMPHUXOAUM K BBHIBOJAY, YTO OCHOBHBIMH apOMAaTUYECKHUMH (parMeHTaMu
BBEICOKOMOJIEKYIISIPHBIX COEWHEHHI MPHUPOIHBIX OWUTYMOB SIBIIIIOTCA OJHHU M T€ K€ apoOMaTHUECKUE
CTPYKTYpBL. DTUMH CTPYKTypamH, KaK YK€ OTMEUYalOCh BBIIIC, B OCHOBHOM SIBJSIFOTCS Ha(TaTWHEIL,
(bayopeHsbl, (eHaHTPEHBI, TUPEHBI, XPU3EHBI U JIP.

[IpoBoaunock Takke McciaeqoBaHNEe MUKPORJIEMEHTHOTO COCTaBa UCCIEYyEMbIX OMTYMOB 030JIEHHEM
MX OPraHMYECKHWX JKCTPAKTOB METOJIOM MPSIMOTO CKHTaHUS. 30JbHBIE AKCTPAKTHl aHAIM3UPOBAINCH HA
SMHUCCHOHHOM CHIeKTpoMmeTpe. Pe3yiapTaTel mpuBeaeHs! B TabmuIe 2.

Tabéamua 2.KomyecTBeHO-CIIEKTPAILHBINA aHAJIU3 TPHPOJTHBIX OUTYMOB

Burymosznas CopeprxkaHue 3JIEMEHTOB B 307¢, %

TI0ManbL Sr Ba V Cr Ni Ti Cu Mn Co Pb Mo Be Zr V/Ni
UnGpenu 0,1 0,1 1,0 0,2 0,8 0,1 0,2 0,3 0,01 0,16 0,31 0,1 0,1 1,2
EZEE’“’” 04| 02|04 |02 |01 |02]|01]|04]00L |00l |0003]|O01]| 01 |07
baiina 2 0,7 0,1 0,6 0,2 0,2 0,2 0,3 0,4 0,04 0,02 0,002 0,2 0,1 0,3

W3 nanHbIX TaOJUIIBI 2 BUIAHO, YTO B MCCIIEYEMbIX OUTYMaX COAECPKATCS BCE DJICMEHTBI, XapaKTepHbIC
JUTst He(hTSHOM 30J1bI, HO B 00JIee BRICOKUX KOHIEHTpaIwsx. HamMeuaeTcs BO3MOKHOCTD paciiupeHust chepsbl

204



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2
D L ———————— ————— — — —————— ———————————

WCTIOJIb30BaHMSI TPUPOTHBIX OUTYMOB ITyTE€M M3BJICUEHUS U3 UX Psi/ia IIEHHBIX U Je(UIIUTHBIX METAJUIOB [6].
Crnenyet otMeTHTh, uTo oTHoIrieHue V/Ni B ouryme Iepexon Kapu u baiiga 2, MeHbIIIe eIHHHUIIB, T.€. 1O
cTpaturpaduueckoil Koppensuu OUTYMOB OHM OTHOCSITCSI TPETHUHOMY BozpacTy. UTo kacaercs GuTyma
Yubperu - cootHorrenne V/Ni>1 ykaspiBaeT Ha OoJiee ApeBHEE MPOUCXOXKICHUE OUTYMa, OTHOCSIIEMYCS
MaJIC030MCKOMY TUILY.

B utore MOXXHO TIOMYEPKHYTh, YTO CYNICCTBOBaHWE B ['py3uM MPOSIBICHUN MPUPOIHBIX OUTYMOB,
SIBIISFOLUXCS, TJIABHBIM aJbTCPHATHUBHBIM HCTOYHMKOM IIEJOTO psifia HEe(TEIPOMYKTOB M OUTYMHBIX
MaTepHaJIoB OINpeeNsieT BAXKHOCTh paboT, MOCBSILEHHBIX HCCIEJOBAHUIO 3TOr0 HcKomaeMoro. OHaKo st
OIIEHKH OpPraHUYeCKOW 4YacTH OMTYMOHOCHBIX IECKOB BECbMa Ba)KHO 3HATh MOIIHOCTH W pa3MEIICHUE
OMTYMOHaKOIUIGHWH © TposiBieHnid. K coxaleHWro, 3aKOHOMEpPHOCTH pasMelleHHs, (OPMHUPOBAHU
MECTOPOXJICHUN W TPOSIBICHUN NPUPOIAHBIX OUTYMOB, a TaKXe MPOTHO3UPYEMBIX U TPOMBIIUICHHBIX
3aracoB MO HHUM, (PAaKTHUYECKH HE W3Y4YeHBI. [IpUXOAMTCS KOHCTATUPOBATH HEOOXOIUMOCTH Pa3BUTHS
re0JIOropa3BeIoYHbIX U HAYYHO-HCCIIEI0BATENILCKUX pa0OT B TOM HAIPABJICHHH.
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INVESTIGATION OF CERTAIN NATURAL BITUMEN OF GEORGIA

N.Khetsuriani, E.Usharauli, K.Goderdzishvili, I.Mchedlishvili, M.Kopaleishvili
TSU, Petre Melikishvili Institut Physical and Organic Chemistry
SUMMARY
Manifestations of natural bitumen are recorded in almost all regions of Georgia. The bitumen of Kari Crossing, Baida
2 (Kakheti region) and Chibrevi (Racha region) were studied. The main aromatic structures contained in organic extracts
obtained from bitumen under investigation are identified, and physical and chemical characteristics, elemental
composition and distribution of microelements in these organic extracts are determined. The study of microelements
distribution showed that bitumen of the Kari Crossing and the Baida 2, in which the ratio V/Ni <1 stratigraphically
belong to the third-generation bitumen, and the Chibrevi bitumen with the ratio VV/Ni >1 is of older origin and belongs
to Paleozoic period. By content of oils, tars and asphaltes the bitumen under investigation belong to the asphalt type
bitumen.

Lsgdo@omzgamml bmyoghomo 3653Mogz0 doGwdol 33wggs
Bogws bg3m®0sb0, glds MBs®smero, J9093956 am©gMdodzowo, oMby 83Fgowrodzowo,
9535 3M35¢0g0830¢0
0bv), 3967 89¢00d0d30ol GoH0IMOO s MGYBMo Jodool 0bbEGoGHWMGHO
®J3%0333

06906030 d0GHWIGOOL 2odmzobgdgdo Lodo@Mmzgewml Momddol yzgws Mgaombdos sg30gboMgdwo.
dgLbPogeroos 39Mm0ob 250ololIgergEol, d50s 2 (39bgm0) s FodMmg30L (MoFs) d0EYdgdo. 45dmggboos
003wd900L  MmOYsbywo  gJuEHModBHJOdo  sOLYIMYWO  JOMOMIPO  SOMTIsGNo  LEHMMIGHMOPPO o
249bLsBPZOHos 9gJuEBHMJBHIOOL B0BOIMM-J0FoHO TobsllosMYdgdo, 9eqdgb@EHwmo Fgagbowmds ©s
90360Hmgagdgb@gdol  asbsfowgds.  d03MHmgargdgb@gdol  asbsfoegdol  dglfegarsd sBg9bs, GMD  35M0L
2905bLZE IOl s B50©s 2-0L doFMAYdo, MmIwgddoz V/Nicl LEHME0AMmIR0MW© #obg30369d056
d9bsdgmer sbs3ol doGHNMIYOL, bmem FodMgzoL domwydo V/Ni>l - ¢gdm d39wo Fo@mdmdmdolss s
00937036905  35¢gmHBmMO  GHodb. bgmgdol, BobgdoL s MBI GHI6Jd0L Fgdi339mdom L3z g30
003v99900 396930369006 SLGscEHOL FH030L doEwdgdb.
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069060z bagPomms Jodos
sbseo ggbomgmsbmogo Digitalis ferrugenea L. - sb

05056 3m350560!, 3555 6g00gMH0dg"?, 5cgdLsbmg LboGmEWsdy?, 65005 boyzsMgwody?, goge
J0896GIwody?, 8563l 3obEHs’
U bss0039¢00als bs3sHG0s07eol fios sbo®0s 30639 frg8sycrol bsbgermdol Jotorryemo
2960396603990, 0179 0380¢mobo, o. F33353500b 52, bsds6o39a7m
2oolliey 00390 J9095009e2500L RG0S 3070800b 0bbBHOBIH0, 0159 08ogrobo, 3. bsGsycodzoerob 36,
Uss60939¢m2
3020(0s300L 0bLHOAIH0, 350030986 Y00l ©I35HHSAIEA0, 0bLBG30b 99b039GBboB A0, 0bBsobol 80-82,
0bL86G30, 5UHP0s
Ether_kemertelidze@yahoo.com

Digitalis ferruginea L. - 35633565 Ls0009Msl 3960035030190050 259mymnowo ©s 0gbEGHOBOE0MIdNME0s Lsdo
1960 gmsbmoMo  wo3mBoo. b03m0ghgdsms  LEHMIGHMOIO  ©OYIBOWs  JESLogWHmo  BoboIMO-
J0309MHo 89mmMEYdom ©s M9BsIgEM™39g b3gIGHOWOo BsE0DBYIOL - gHM- s MMYEDMBowgdosbo 336 (TH, 13C,
HSQC, HMBC, COSY) s 9s1-Ldgd@emmbgm3ool (ESI/MS) gs0myggbgdom. gmmo omysbo sbswo megebwrwo
Bogmogmgdss 990930 LEHOWIGHMGom: 2-(3-0gomglo,4-30MOmdloggbowm)gmowr  O-B-D-amw3m3065bmBogn-
(153)-0-[a-L-65360m30656mbo-(1—-6)]-[0-L-s6580bm306056mBowr-(1-2)]-4- O-(E)-ggeyeomo-B-D-
33030656mboo.

399¢00b 3856M0LMBdOLIMZ0L F9Y33eger Lod3vMbowrm lsdsEgdgdl Logmeryg e03MHBOEIDOO S Too
dmeob ¢9603369wm3569LL Digitalis - Lsm0MYMHOL 350I6ME0EIdO FoMdmowagbgb, MmIwmgdog momddol
25 Lomznmbol  563s3emdsdo  [otmdo@gdom  53m0yggbgdosh dgwoiobsdo. Digitalis 33560L  (mxsbo
Scrophulariaceae) 40-8g 930690056 LodoOmggewmdo obMEIds 35335800L gbgdwdo Lobgmds Digitalis
ciliata Trautv. - §s9%59mgzs60 bLoooom®s, D. ferrugenea L. - 5563m3565 bosmomMs, 330609 Gom@gbmdom D.
nervosa Steud et Hochst o D. schischkinii Ivanina. [1]. §s8fo0mgs60 Lomomn@s 35335L00L Jgols s dob
29690907 o JolioggdlL Jabol, 00 Lom3gomgbim Lsd3MEOBswFsderm by gyeo s0dmPBBES s 259mygbgds
33m30 LodgoEobm 3GMad@ogzsdo [2].

D. ferrugenea L. - 356303565 Lomomw®s 960350 (iermgsb0 doesbmgsbo d3gbatgs, LmMo dod@Eogzo 40-
150 1O LOFsEOL VIOMMO S INMOYIMIOM Jofgmdowo 15-30 LA bogMdol WsbEgEHoLYdMmO mmEgdom,
bldoMo@ 9630L539M0 Wsdgdom, dBHI3bs Fg3Oyero bdoMo Yzs30om. A53M3EJIgdYwos bdgewmsdsys
B30l bsMgdo, 30609 560500, doen36gmol bobgzs63496deDby, 393395L0500. LodoHMZgErMmPo 0BMYdS T
Jo6H 0, 8000569000, 2569 35bgmTo, dgbbgo-x535b9080, 53561580, 58bsHYMT0, LoToBsdWMT0, LvdsEIZMH
Bmbsdo, Mdg@glfows Foxgwmbs® s dMbbst mos s IBMmEOEY Gyggddo [1].

23990 bov3mbol 30-40 Fengddo BMIszmdodool 0bbEoEMEGdo 3OHMRILME Bogmewmb dobbwyeosd D.
ferrugenea-b MM gdOEIb 990ddsgs 93903500 go@ds Hoffman La Roch-ob 9096 §o@dmgdmero
Digalen-ob sbsqnmaonm™o 309350930 o dobgob @oblbbgsggdoom Digalen-neo vfimeoos [3]. Digalen-neo-b
0000oboL  JodoMEm-8oMT>393GIWO  Jobobs sfoMmBmgdEs ©s 3OHMEJEos ;g LsdFmms 353906l
03054mx30¢qd©s [4,5].

D. ferrugenea L. 356©9bmeo@gdo 306M39ws© 1952 (gl Stoll s Renz-0s dgobfogargl [6]. D.
Ferrugenea-sb 45-0c0g ULbgoolb3s 5303mboll Fo®dmgdmwo gwozmboo odbs asdmgmzgowo s
Qobsbosmgdeo  [7]. bsBggbgdo oym, @3 ULbgosbbgs Mgaombdo dmbsdo dggbstg JodomMo
39003960 Md00m 46Lb3s30gds GMTE10LY6.

B39bl  B0Bsbl  Lodo@mggarmdo dmboto D. ferrugenea-ls Jodom®o dgpgbocrmdol  dgbfogeme
395009605. 93965607 OO H5MEgbMdOm 0630056l MGLEGIL, HMIYEo Fgodwgds 359mygbgdme 0dbsb
39933090 30MmJodoMMo MJodEHoz30L oyoEMbobol dobomgde. MgLEgd0EB OROEHMBOEOL FoMmdmgdol
QO™ 459mg9bgdgo GHRGdS boygmxbogs®ol - 39003503030l OO Tsbo.

33w930L 306390 gBs30 D. ferrugenea L. - 396035603030l 9gbfogensl 9dw3bgds. bogmaqdo
89360m390 0d6s ©sds B5399M0s6d0 2015 ferol Lgd@gddg®do.

200 g 3/0 ©sH3Cr0Tsbgdme 390035030 LEdXIMOEI©  Zhowsgom 80% Igoebmerom
056585ME™O00  1:5 fymol s05Dsbsbg Fomdmdom. L3oMEHOL dmEowgdol 899wy Fywosh bLbsGL
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395 BM53900M JEMOHMBMOHIOM S Yosd3Jmbs Diaion HP-20 Lggdbg. 9ermomgdsl 3sbgbwooom H20-
MeOH - 10:0—0:10 Lobgdoo. 99095, 0©gdme 0465 4 M0 59MmMHBMEo Bb360EOL Labom: fywosbo
(46.2 g), 30% MeOH (2.4 3), 80% MeOH (7.2 @) ©s> MeOH (0.8 g). 30% 09056mo0sbo gweys@ol
JOMI5GHMAMR3009d0m Xg6 Sephadex LH-20-ob, bmem 8999y bowogsggwol bggdgdbg dogzomgo 3
0600030050 M0 Bogmoghgds - 1 (2.3 dy), 2 (16.7 dy), 3 (11.4 Ty).

6030009690505 LEGMWYIEHIHJOO HOBPS JHM- 5 MOHYIBDMmToEgdosbo NMR (1H, 3C, HSQC, HMBC,
COSY) s 3sL-b3ggGHMmLgm300b (ESI/MS) 258mygbgdom. giomo dsmpabo (1) sbseo meysbrao bogmogmgdss,
bmem 60 ©sbsmbgbo 0gbEoxogoMgdwe 0dbgb, HmammE Jsdumbowo (2) [8] s 3wMm3mmgsboo E (3)
[9].

60300090905 1 ggomgwo sdmOFMmo gbgbowos. we. @&. 150-152°C, [a]p®®= -19° (¢ 0.50, MeOH).
9830600 3mMIMes CaHss024 ©o0a0bs HR-TOF-MS 9s-L3gd@eom, Hmdgaog ¢B39690L 0mbmd 303
m/z 9475 [M+H]*. Bogooghgds 1-ob 'H-NMR Ub3gd@®do s00bodbgds 1,3,4-Bsbs3emgdmero d96Bmemol
doMm3zoL 6 7.21 (d, 2.0 Hz, H-C(2"")), 7.10 (dd, j=8.0, 2.0 Hz, H-C(6""")), 6.80 (d, 8.0 Hz, H-C(5""")) &®Msblb-
mMBsbs33wgdMo Mm®MIsao ddob § 7.67 (d, ~16.0 Hz, H-C(7") s 6.42 (d, <16.0 Hz, H-C(8')) Logbocngdo,
I qd0E 80m0m 096 3-dgmmdLbo, 4-mdloggbowgmowgbols - Mol 35930l bsdmol s®LgdMdsby. TH-
NMR U39d&HMob bogbswgdo §6.73 (d, 2.0 Hz, H-C(2)), 6.83 (d, /8.0 Hz, H-C(5)) s 6.70 (dd, 8.0, 2.0 Hz, H-
C(6)) 1,3,4-Ps65330 5890 396BM0ol doM™M3Z0L, bnem mMo 9goowgbol 3GmEmbol §4.00-3.75 (m, CH2(8))
s 2.83 (t, 7.5 CH2(7)) 30 ®3960mgmowol 65dmol sbgdmdol dsB39698gaos.  dgmmgbo xawg9d0L
900g05M9Mds 530EYM - O 5303Mbol Bodmgdol C(3"") o C(3) 65HToMd® 5EHMIGOMb syobs HMBC
139JGHGOL 3MMYWS30IM0 3039000 (6 3.89 (MeO-C(3"'""))/6149.1 C(3"") s 0 3.82 (MeO-C(3))/6 147.0 C(3)).
dogemgzsb0 Bsfogrol TH-NMR b3gd@®ao, s0060d6gds mmbo sbmdghrmamo 3Gm@mbol & 4.65 (4, £7.9 Hz, H-
C(1")), 4.64 (d, 1.5 Hz, H-C(1"")), 4.54 (d, 7.2 Hz, H-C(1'")), 4.51 (d, /=8.0 Hz, H-C(1")) 05 960 39000l
Xd19noLb o 1.21 (d, 6.5 Hz, CH3(6")) Logbsengdo. BC-NMR b3g@®@do hsbl 41 BsbdoMdsol Logbswwo,
9 gd03 3093903690056 - 89Ol 35350, MO0 F-D-ge0)30m3060560mBol, a-L-6596m306056mbol s a-
L-560500b6m306056mbol Bsdomgdl [10]. H-'H COSY, HSQC s HMBC U13gJ@©9gdoo dqLsdwmadgwo aobos
60300096 gds 1-0b yzgams 3OMEMbol s bsbJoMdsol Jodom@mo dzcmomdol s©fghs (gbGowo 1). HMBC
139dBH®do 500b0dBYVS JNMYESEOIMO 303900 & 4.51 (H-C(1'))/6 71.9 C(8) s & 4.99 (H-C(4'))/6 167.5 C(9"),
O0Iwgdog  doMmomgdgbh  3-8g0mduo,4-mdboggbomgmowol s Fghyeol  F5935L  Bobogergdsl
396G MM0 ya3mbol C(1') s C(4') 9pmBsmgmdsdo, dglodsdolog. s3sbmsb, 3MMgmszom®o 303900
0bmAgH e 3HMEMBbIBLS s Aa03mBoMYdME bobIoMmdsgdL ImMol §4.65 (H-C(1"))/081.1 C(3'), 64.64 (H-
C(1")/6 67.2 C(6') s 6 4.54 (H-C(1"))/6 82.3 C(2') s0LGH6gdgb dtmbmlogdoto@gdol Mom@gbmdal o
Bobogangdol 3mboiosb.

0093505, 6030009Mgds 1-0LMZ30L OEAObEs LEHMIGMMs: 2-(3-GgmmdLbo,4-3oMHmJborgbow)gmoe
O-B-D-39330656mbo-(1-3)-0O-[a-L-6006m30656mBog  -(1—-6)]-[a-L-sH5d0bm306msbmnbo-(1—-2)]-
4- O-(E)-396@m0o-B-D-330306056mB0©o. 030 @wo@gmo@®sdo o6  56M0L  sofighowo,  sbogro
MM96w0 603000gMHgds FobEszm s BgOYRMBOEO A gfims.

Rha

1396MMBoo A
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3b®owo 1. bogmoghgds 1-ob ' H-s *C-NMR (CDsOD, 600 MHz) 139d&®gool dmbs3gdgdo (6 ppm-do, /

Hz-80)

2303mbo: C(1) 132.2 -

c(2) 116.7 6.73 (d, J=2.0)

c(3) 147.0 )

C(4) 146.8 -

C(5) 1125 6.83 (d, J=8.0)

C(6) 120.8 6.70 (dd, J=8.0, 2.0)

c(7) 36.5 2.83 (t, J=7.5)

C(8) 71.9 3.75-4.00 (m)

MeO-C(3) 56.2 3.82 (s)
BIBOOI@ YO0 yEry3mbe:

c(L) 103.2 4.51(d, J=8.0)

C(2) 82.3 3.70 (dd, J=9.4, 8.0)

C(@3) 81.1 4.10 (t, J=9.4)

c(4) 70.2 4.99(t, J=9.4)

C(5) 74.1 3.71 (m)

C(6) 67.2 3.77(m), 3.50 (m)
ae30%s (1-53): c(1") 104.1 4.65 (d, J=7.9)

Cc(2") 75.2 3.10 (dd, J=9.3,7.9)

C(3") 77 3.29 (t, J=9.3)

c@4" 71.7 3.02 (t,J=9.4)

Cc(5" 77.8 3.23 (ddd, 9.4, 6.5, 2.5)

C (6" 63.0 3.79 (dd, J=11.8, 2.5)

3.44 (dd, J=12.0, 6.4)

53605 (1—6): c(@m 101.8 4.64 (d, J=1.5)

c") 718 3.84 (m)

C(3") 72.1 3.65 (m)

c(4™) 73.7 3.34(t, J=9.5)

C(5™) 69.6 3.61 (m)

C(6™) 17.8 1.21 (d, J=6.5)
36500bmbs (1—2): c@am™) 105.1 4.54 (d, J=7.2)

c(2™) 72.9 3.57 (obsc)

C(3™) 74.8 3.49 (dd, J=9.0, 3.4)

c(a™) 69.5 3.73 (m)

C(™) 67.0 3.77 (br d, J=12.0)

3.20 (dd, J=12.5, 1.0)

B39O0l Bgo39 c(@™ 127.3 -

c2"™ 1115 7.21 (d, J=2.0)

c(3™) 149.1 -

c(@4™) 150.2 -

C(5™) 116.1 6.80 (d, J=8.0)

C(6™") 124.0 7.10 (dd, J=8.0, 2.0)

c(7) 147.1 7.67 (d, J=16.0)

c(8) 115.3 6.42 (d, J=16.0)

C(9) 167.5 -

MeO-C(3") 56.3 3.89 (s)
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NEW PHENYLETHANOID FROM Digitalis ferrugenea L.

T.Kopaliani?, V.Nebieridze'?, A.Skhirtladze?, N.Sakvarelidze?, E.Kemertelidze?, M.Ganzera®
1 St. Andrew the First-Called Georgian University of the Patriarchate of Georgia, 522 I.
Chavchavadze ave., 0179 Thilisi, Georgia
2 lovel Kutateladze Institute of Pharmacochemistry, 36 P. Sarajishvili st., 0159 Thilisi, Georgia
3 Institute of Pharmacy, Pharmacognosy, University of Innsbruck, Innrain 80 - 82,
6020 Innsbruck, Austria

SUMMARY
From the pericarp of Digitalis ferruginea L. are isolated and identified three phenylethanoid glycosides. The
structures of isolated compounds were established by classical physical, chemical methods and modern
spectral analysis mono- and bidomensional NMR (*H, $3C, HSQC, HMBC, COSY) and mass-spectroscopy
(ESI/MS) data. One of them new compound with following structure: 2-(3-methoxy,4-hydroxyphenyl)ethyl
O-B-D-glucopyranosyl-(1—3)-O-[a-L-rhamnopyranosyl-(1—6)]-[ca.-L-arabinopyranosyl-(1—2)]-4-O-(E)-
feruloil-B-D-glucopyranoside.

HOBBII ®EHUJIETAHOW/I M3 Digitalis ferrugenea L.

T.Konamanu®, B.He6uepunze'?, A.Cxuprnanze?, D.Kemepremunze?, H.Cakpapemuaze?, M.I'anuepa’
Y I'pysuncruii Ynusepcumem Ce. Anopua Ilepsoseannozo Iampuapxama I'py3uu, 0179 Tounucu,
npocn. . Yasuasaosze 52°, I pyszus
2 TTMY Uncmumym ®@apmarxoxumuu um. M. I'. Kymamenaose, 0159 Tounucu, ya. I1. Capadacuweunu
36, I'py3zus
8 Uncmumym Dapmayuu, JJenapmamenm Papmaroznosuu, Ynusepcumem Huncopyxa,
Unnpaun 80-82, Huncopyk, Aecmpus

PE3IOME
U3 nmepukaprust Digitalis ferruginea L. — HanmepcTssHKM prkaBO#l BbIAEICHBI M UICHTU(PUIIMPOBAHBI TPU
(eHnneTaHoONIHBIE TIMKO3UIbl. CTPYKTYpBI BBIICIICHHBIX BEIIECTB OBUIM YCTAHOBJICHBI KIACCHYECKUMHU
(GHU3UKO-XUMHYECKUMH METOJJAMH M COBPEMEHHBIM CIEKTPAJIbHBIM aHAJIM30M C TOMOIIBI0 MOHO- H
aByxmepubiM SIMP (*H, $3C, HSQC, HMBC, COSY) u macc-cnekpockonuu (ESI/MS). Onun n3 HUX HOBOE
COGJIMHEHHE ¢ CTPYKTYpoil: 2-(3-meTokcu,4-runpokcudennn)stun O-B-D-rmokonupanosui-(1—3)-0O-[a-
L-pamuonupanosmi-(1—6)]-[a-L-apadunonupanosun-(1—2)]-4-O-(E)-depynonn-p-D-rmokonupanosui.
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XUMUA MTPUPOJHBIX COEI[I/IHEHI/Iﬁ
®EHOJIOKAPBOHOBBIE KUCJIOTbBI U ®JTABOHOHNAbI IBETKOB Yucca gloriosa L.

M.M.Benumze!, B.I He6uepunse!, A.B.Cxuptnanze’, D.I1.Kemeprenuase!, M.I'anuepa?
LTIMY Hnemumym ®apmaxoxumuu um. M. I'. Kymamenaose,
0159 Tounucu, yn. I1. Capadoscuwsunu 36, I py3ua
2 Uncemumym Dapmayuu, Jenapmamenm DPapmaxoenosuu, ynusepcumem Huncopyxka,
Unnpaun 80-82, Huncopyk, Aecmpus
ether_kemertelidze@yahoo.com

N3 usetkoB Yucca gloriosa L. — 10kku cliaBHOM, HHTPOAYIMPOBAHHON B ['py3uH B MPOMBIIIIEHHOM Macirtade,
M30JIMPOBaHbl W WACHTH(OUIUPOBAHB 3 (PEHOIOKApOOHOBBIC KHCIOTHI: M-OKCHOSH30MHHAS, (epylioBas U I-
KyMapoBas U 3 (h1aBOHOM/IHBIC TTIMKO3U/IBL: PyTHH, Kemiiepon-3-O-pyTHHO3M U U30paMHETHH-3-O-pyTUHO3HUI.
BeleneHHble  BeliecTBa ObUIM HACHTH(MUIMPOBAHBI C MOMOIIBI0 (HU3UKO-XUMUYECKHUMHU IOKA3aTEISIMH |
COBPEMEHHBIX CIIEKTPANBbHBIX METOI0B aHAIN3a — MOHO- M AByxMepHeIM SIMP (*H, $3C, HSQC, COSY, HMBC) u
Mmacc-cekrpockonun (ESI/MS). Bee Bemectsa u3 Yucca gloriosa L. BeieieHs! BIICpBEIE.

M3ydenne xumudeckoro cocrara Yucca gloriosa L. — 1okku criaBHOW HHTPOIYLIMPOBaHHOM B ['py3un B
IPOMBIIIJICHHOM MaciiTabe MpeaMeT HalluX MHOroJeTHHX uccienoBaHuu [1]. M3 oTaenbHBIX OpraHoB
pacTeHus BBIICICHBI HECKOIBKO JIECATKOB CTEPOMIHBIX CAMOTCHWHOB W TIIMKO3MIOB. FOkka cliaBHas
o0MIIbHO 1BETET, 00pa3yeT KpymHbIE ¢ OOJBIIMM YUCIOM ILIBETKOB COIBETHS. Y PACTCHU, LBETYIINX
BIIEPBbIC pa3BUBACTCS OJTHO, & B MOCTIECIYIONIHE To/bl Yamie o 3-4 corBeTusl. LIBeTeT ABaX bl B TOJI — BECHOI
W OCEHBI0, TIPHYEM MAacCOBOE I[BETCHUE PACTCHUH HA0II0AaeTCsl BeCHOM [2]. B mpepIayIue ro/ibl Ha OCHOBE
CTEPOUIHBIX TIHKO3HUJOB I[BETKOB IOKKH CIIABHOH pa3pa0boTaH Mpenapar Moj| Ha3BaHUEM «AIICKCHHY» -
3 PEKTUBHBIN CTUMYJISITOP POCTA U PA3BUTHS CEIbCKO-XO3SIMCTBEHHBIX KYIbTYD [3].

[Iponomxkasd wW3ydyeHHE XHUMHUYECKOro coctaBa LBETKOB 200 I BO3AYLIHO-CYXOH pacTUTENbHBII
MaTtepuan, CoOpaHHBIi Ha TOWJIMCCKOM OINBITHOM Yy4YacTKe JICKAPCTBEHHBIX PACTCHHUH WHCTUTYTA
®Gapmakoxumun uM U. I'. Kyratenanze B utone 2014 r., m3pnekanu 70%-HbIM METaHOJIOM IIPH TEMIIEPATYPE
KUTICHHs pacTBopHTelis. [lociie OTTOHKH CIUPTa, BOAHYIO JKHUAKOCTh OUHIAIH XJIOPOPOPMOM, IEPEHOCHITH
Ha kosonke Diaion HP-20 u smroupoBanu rpaauentaoit cucremoit HoO-MeOH (10:0-7:3), coGupanu 2
¢pakuun mo 500 miu. M3 BogHOTO 3iroara MOCie OTTOHKM PAaCTBOPUTENST OCTAJCSl TBEPIHbI OCTAaTOK B
kommuecTBe 61 1, u3 30% MeOH — 2.5 r. [TocnenHblit XxpomaTorpagupoBaliv MOCIEI0BaTEIHLHO Ha KOJIOHKE
Sephadex LH-20 u Ha cusrkarese, ObUTH H30JMPOBaHbI 6 UHIMBUIYaIbHBIX COETUHEHHH - BemiecTa 1 (2.3
Mmr), 2 (1.9 mr), 3 (2.7 mr), 4 (6.3 mr), 5 (4.2 mr), 6 (4.1 mr).

CTpyKTYpbI HOJTY4YEHHBIX BEIIECTB YCTAHOBIICHBI MO (PU3NKO-XMMUYIECKUM [TOKA3aTeNsIM, TAaHHBIMU Y O
u SIMP (*H, BC, HSQC, COSY, HMBC) criekTpocKonuu.

BemectBo 1. Benbiit moporiok, C7HsOs, .1, 208-210°C. Y®-cniektp: Amax (C2HsOH) 230, 315 um.
'H AMP (CD3;0D, 600 MHz, & B m.1): 7.87 (1, J=8.7, H-2 u H-6), 6.81 (n, J=8.7, H-3 u H-5). ¥*C SIMP
(CD30D, 600 MHz, 6 B m.1): 123.5 (C-1), 133.0 (C-2, C-6), 115.7 (C-3, C-5), 163.1 (C-4), 170.5 (C-7).
[Tonmy4eHHBIMU JaHHBIMH U CPABHEHUEM C JJOCTOBEPHBIM 00pa3IOM M C JINTEPATYPHBIMU CBEACHUSMH €TO
UACHTHPHULIUPOBAIH C TT-OKCHOCH30MHOM KHCIOTOH [4].

BemecTBo 2. benbiii mopormiok ¢ skentoBathiM OTTeHKOM, CigH100s, T.1m1. 166-168°C. Yd-cniektp:
Amax (C,HsOH) 235, 320 um. *H SIMP (CDsOD, 600 MHz, § B m.x): 7.12 (1, J=2.0, H-2), 6.80 (1, J=8.0, H-
5), 7.03 (ux, J=2.0, 8.0, H-6), 7.44 (1, J=16.0, H-7), 6.40 (x, J=16.0, H-8), 3.89 (c, OMe). *C SIMP (CDsOD,
600 MHz, 6 B m.): 127.8 (C-1), 112.0 (C-2), 149.2 (C-3), 148.0 (C-4), 116.0 (C-5), 122.8 (C-6), 144.7 (C-
7), 116.5 (C-8), 171.5 (C-9), 56.2 (OMe). CpaBHeHHEM C JHUTEPATypHBIMH JAHHBIMH JIOCTOBEPHBIM
00pasmnoM OH OXapaKTepru30BaH Kak (epyoBas Kuciora [4].

Bemiectso 3. Bensrit moportok, CoHgOs, T.m1. 206-209°C. YV®-cmextp: Amax (C,HsOH) 228, 310 um.
'H SIMP (CDs0D, 600 MHz, & B m.x): 7.43 (1, J=8.7, H-2 n H-6), 6.80 (1, J=8.7, H-3 n H-5). 7.56 (x, J=16.0,
H-7), 6.29 (n, J=16.0, H-8). 13C IMP (CD3;0D, 600 MHz, § B m.x1): 127.6 (C-1), 130.6 (C-2, C-6), 116.1 (C-
3, C-5), 161.0 (C-4), 145.3 (C-7), 116.7 (C-8), 172.0 (C-9). BemiectBo 3 0Ka3anoch N-KyMapoBO# KUCIOTOM
[4].
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Bemectso 4. XKenrsrii mopomok,Cz7H30016 - 2H20, T.m1. 187-190°C, [0]o?® - 35.9° (¢ 0.3 meranon),
V®-cniexrp: Amax (C;HsOH) 260, 360 am. *H SIMP (CD3;0OD, 600 MHz, § B m.x): 6.21 (1, J=2.0, H-6), 6.40
(m, J=2.0, H-8), 7.67 (1, J=2.0, H-2"), 6.88 (x, J=8.0, H-5"), 7.63 (xx, J=2.0, 8.0, H-6"), 5.22 (x, J=7.8, H-1
Glc), 4.52 (n, J=1.8, H-1 Rha). $3C sIMP (CDs0OD, 600 MHz, & B m.n1): 158.4 (C-2), 135.0 (C-3), 179.3 (C-
4), 162.7 (C-5), 99.8 (C-6), 164.9 (C-7), 94.6 (C-8), 158.5 (C-9), 105.1 (C-10), 123.0 (C-1"), 117.1 (C-2Y),
149.7 (C-3'), 145.6 (C-4'), 115.7 (C-5'), 123.2 (C-6"), 104.4 (C-1 Glc), 102.1 (C-1 Rha). Bemecrso 4
UACHTH(QHULIMPOBAHO KaK KBepLEeTUH 3-O-pyTHHO3UA — PYTHH [5].

Bemectso 5. XKenteiii mopomok, Ca7H3001s, T.1m1. 206-208°C, [0] 0% - 29° (¢ 0.15 sTanon), Y ®-cnekrp:
Amax (C,HsOH) 267, 353 um. *H SIMP (CDsOD, 600 MHz, § 8 m.n): 6.13 (1, J=2.0, H-6), 6.31 (1, J=2.0, H-
8), 7.99 (u, J=8.5, H-2' u H-6), 6.82 (1, J=8.5, H-3' u H-5), 5.23 (n, J=7.8, H-1 Glc), 4.52 (1, J=1.8, H-1
Rha). 13C SIMP (CDsOD, 600 MHz, & B m.x): 159.0 (C-2), 134.2 (C-3), 175.5 (C-4), 161.9 (C-5), 100.0 (C-
6), 165.2 (C-7), 94.8 (C-8), 157.5 (C-9), 104.5 (C-10), 122.7 (C-1'), 132.1 (C-2', C-6"), 116.0 (C-3', C-5'),
161.5 (C-4"), 104.4 (C-1 Glc), 102.2 (C-1 Rha). Bemecto okazaics kemmdepoin 3-O-pytuno3uaom [5].

Bemectso 6. YKentoiit mopomok, CagHz2016-2H20, .11, 179-181°C, [a]p® — 31.5° (¢ 0.3 mumeTun-
popmamun), V-ciexrp: Amax (C;HsOH) 254, 356 um. *H IMP (CD3;OD, 600 MHz, & B m.1): 6.20 (x,
J=2.0, H-6), 6.40 (1, J=2.0, H-8), 7.94 (1, J=2.0, H-2"), 6.91 (1, J=8.0, H-5"), 7.62 (nx, J=2.0, 8.0, H-6"), 5.23
(m, J=7.8, H-1 Glc), 4.53 (1, J=1.8, H-1 Rha), 3.94 (c, OMe). $*C IMP (CDs;OD, 600 MHz, § B m.1): 158.8
(C-2), 135.4 (C-3), 179.3 (C-4), 163.0 (C-5), 99.7 (C-6), 166.0 (C-7), 94.5 (C-8), 158.5 (C-9), 105.6 (C-10),
122.9 (C-1), 114.2 (C-2"), 148.2 (C-3"), 150.6 (C-4"), 115.8 (C-5"), 123.6 (C-6'), 104.4 (C-1 Glc), 102.4 (C-1
Rha), 56.6 (OMe). BemectBo 6 oxapakTepHn30BaHO KaK U30paMHETHH 3-O-pyTHHO3UL [ S].

Bce onucannbie BemectBa u3 Yucca gloriosa L. BeiaeneHs! 1 HIeHTUGUITMPOBAHBI BIICPBbIC.
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Yucca gloriosa L. 43sgoemgdols 3gbmem 3563068553980 05 Bamsgmbmogdo
8.89600d9, 3.6980960091, 5.Ubo®E@sdgt, 9.99896Ggwodgt, 8.5956G96 s>
Y oolilsey 0mg90m J9025099¢5dol 3565833000800 0blBHOAIH0, 0159 mdogrobo,
3. bt 08300l 36, bsgs®ozgemem
2 25503300l 0bUAHOAIH0, B33G33086B00l ©I35GHSIbH0, 0bLBGX30l “96039GLod A0, 06Gs060L 80-82, 06LBHG30,
93UA3Gos
®J%0339
Bodo®mggermdo Lsd®gfizgaem dsUdEHed0m 0bEMMEE0Mgdwyeo Yucca gloriosa L. - 0935 00900l 435300980056 0Bmeo®gdmemo
©5 00096308030MMW0s 3 B96ME3MBdMBTFs3s: 3-mgdulodgbbmgl, BIMHMEOL s 3-3MToGMOL, 515939 3 BEs3MBMOEMMO E03MBOWO:
MmEobo,  3993960meoL-3-0-6EH0bmBoo s 0BME36YEH0BOL-3-0-OEH0bnBoo.  5030009MHgdGd0  0©I6EHOROEFOMYIME0s
80Bo3nO-Jodon®o 85839698 9d0m s Ms658gEMMZY B39JEHOSMO Sb5c0BOL BgmMmEIBOL - §Mm- s MOEEDMIowgdosto 336 (*H,
B3C, HSQC, COSY, HMBC) s 85b-U39d@®mbzm300b (ESI/MS) ¢s8myqbgdom, Gmdmgdog Yucca gloriosa-@sh 30639msemss gsdmygmgowmo.

PHENYLCARBOXYLIC ACIDS AND FLAVONOIDS FROM FLOWERS OF Yucca gloriosa L.
M. Benidze!, V. Nebieridze!, A. Skhirtladze?, E. Kemertelidze?!, M. Ganzera?
1 TSMU lovel Kutateladze Institute of Pharmacochemistry, 36 P. Sarajishvili st., 0159 Thilisi, Georgia
Z Institute of Pharmacy, Pharmacognosy, University of Innsbruck, Innrain 80 - 82,6020 Innsbruck, Austria
SUMMARY

From the flowers of Yucca gloriosa L., Introduced in the Georgia in the industrial scale, are isolated and identified 3
phenylcarboxylic acids: p-oxybenzoic, ferulic and p-coumaric acids, as well as 3 flavonoid glycosides: rutin,
kaempferlol 3-O-rutinoside and isorhamnetin 3-O-rutinoside. The compounds were identified by physical and chemical
characteristics and modern spectral analysis mono- and bidimensional NMR (*H, *C, HSQC, HMBC, COSY) and
mass-spectroscopy (ESI/MS) data. These compounds were isolated for the first time from Yucca gloriosa.
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OAPMAKOXUMMUSA

MN3YYEHHUE CHIITYYECTH NOPOILIKOB HEKOTOPBIX IEKAPCTBEHHBIX PACTEHUI
[LA SBuy, J.W.Yypanze, M.3.Kaxerenuaze, M.A.I"abenas
Unemumym gpapmaxoxumuu um. U.I' Kymamenaoze Tounucckoeo 0cy0apcmeeHH020 MeOUYUHCKO20
VHUSepcumema

Ha npumepe 14 BUI0B U3METBUEHHBIX IO COCTOSHHS MTOPOIIKA PACTEHHUH, OTINYAIOIINXCST MOP(OIOrHIECKUM
CTPOCHHEM M XHMHUYECKHM COCTaBOM, M3YUEHBI HEKOTOPBHIE (PH3MKO-XMMHUYECKHE NapaMeTpbl — BEIHMYMHA
CBIITYYECTH, HACBIIMHASA 1 00BEMHAsE MacChl, YTOJI ECTECTBEHHOTO OTKOca. ccrneoBaHme MpoBOAMIOCH KaK AT
OTAETBHBIX PACTEHWH, IS OTACIBbHBIX PACTEHWH B TPHUCYTCTBHM PAa3IMIHOTO KOJMYECTBA HHEPTHOTO
HAITOJIHUTES, TaK M JUTSI CMECH Pa3JINYHbIX pacTeHUI ¢ HarmoaHnTeneM 1 0e3. [lorydeHHbIe JaHHBIE TO3BOMISIOT
IPOTHO3UPOBAaTh H3MEHEHHE TEXHOJOTMUECKHX XapaKTEPUCTHK MOJOOHBIX CHCTEM B KOHKPETHBIX
TEXHOJIOTHYECKHX MPOIECcCax.

ChlimmyuecTb MOPOILIKOB JIEKAPCTBEHHBIX PACTCHUH SIBISIETCS OJHON M3 OCHOBHBIX XapaKTEPHCTHK TPH
OCYIIECTBIICHHH WX KalCyJIHUPOBaHUS, TA0IETHPOBAHNS, IOMYyUESHHsI ITOPOIIKOOOPa3HBIX CyOCTaHIINN U T.11.
[ 1,2 ]. MeToauka ee u3ydeHus BKJIIOYAET HAXOKIEHUE BEIMYMH YITIa €CTECTBEHHOIO 0TKoca’, HachIMHOM
Macchl T /cM®, 00beMHOM TIOTHOCTH T /cM® . B TaHHOM COOOIIEHNM ONMCHIBAETCS  ONpEIeIeHIE 3HAUECHUI
STHX MapaMeTPOB JIJISl OTJEIBHBIX BHIOB MOPOITKOOOPAa3HO N3METBUYEHHOTO CHIPhS 03 HATMYUSI WHEPTHOTO
HATIOJTHUTENSI U B €T0 MPHUCYTCTBHU , a TaK)KE€ BIHMSIHUE HATUYHUA B MOPOIIKE CMECH Pa3HBIX PACTCHHH,
pa3IMyaronIuXcs Kak [0 aHaTOMUYECKOMY CTPOEHHIO, TaK U II0 XMMUYECKOMY COCTaBY.

[Ipu ompeseneHny BENTMYUHBI CHITYYECTH HCIONb3oBanack Gopmyna W=M / 0,785 d? - S, rme W-
BEJIMYMHA ChITydecTH, M- Macca moporika, - guamerp OTBEpCTHSI W3 KOTOPOTO BBICHITIAETCS TOPOIIOK B
MM., S- BpeMs BBHICHIIaHUS MOpomIKa, cek. OcTalbHbIE MapaMeTphbl ONPENeNSUIUCh , PYKOBOJCTBYSCH
®dapmakonesiMi pa3HBIX BBITYCKOB.

JaHHple MO BeIWMYWHAM HEKOTOPHIX (PU3UKO-XUMHUYECKHX MAapaMeTPOB B OTCYTCTBHE HWHEPTHOTO
HAITOJIHUTES IPUBOAATCS B Ta0x. 1.

Tadanua 1. Pu3MKo- XMMUUYECKHE TTapaMeTphl TOPOIIKOOOPa3HOTO PACTUTEIHHOTO MaTepraia B OTCYTCTBUH
uHepTHOro HanosHuTens. (Pazmep wactun nopomika Meree 0,2Mm).

Ne | HaumenoBaHue (@3113%: Sev Vroin ectectBennoro otkoca’ | Hacwimnas maccwl, | O6beMHast IJIOTHOCTh
pacTeHus r/em?/Mun r/em® ,I/em®

1 JIuctes nmaBpa | Wm=0,78 50-60 P=0,50 Q=13
0J1aropoIHOTrO

2 Jluctes mandes Wm=0,46 60-70 P=0,36 Q=0,52

3 JIMCThS CKYMITHH Wm=1,07 50-60 P=0,40 Q=0,55

4 IIBeTkn pomamku | Wm=0,64 60-70 P=0,26 Q=0,38
aNTeYHON

5 JIncThs PBKAIUIITA Wm=1,36 60-70 P=0,42 Q=0,59
JIAHIIEBHTHOTO

6 JINCTBS MATBI Wm=0,54 50-60 P=0,34 Q=0,49

7 JInCTRs DBKAIUIITA Wm=1,17 50-60 P=0,32 Q=0,49

8 JINCTBST METUCHI Wm=1,14 50-60 P=0,32 Q=0,57

9 JIuCThs KpanuBsI Wm=0,89 60-70 P=0,38 Q=0,56

10 | JIuctes Wm=0,62 60-70 P=0,88 Q=0,58
TOZIOPOKHHKA

11 | Tpasa 3Bepobos Wm=2,27 50-60 P=0,44 Q=0,59

12 | JIuctest nMMOHA Wm=2,08 50-60 P=0,40 Q=0,50

13 | JlucThs MaHmapuHa Wm=3,2 40-50 P=0,40 Q=0,52

14 | Tpasa yabperia Wm=0,82 60-70 P=0,32 Q=0,44

15 | Jlucthst cymaxa Wm=1,2 60-70 P=0,42 Q=0,6

3HauynTeNbHAs Pa30pOC BENMYHMHBI CHITYYECTH OOBACHSIETCS , KaK TEOMETPUYECKOW pazHUIlel B
YaCTHIIAX CHIPHS TOCHE M3MENbUYeHUsA( HAJIMYMEeM B HEM 4YacTHIl HE TOJBKO JIMCTHEB U I[BETKOB , HO U
OCTaTKOB CTeOJIeH , TPOXKHUIIOK JIMCTa Pa3InYHON KOHOUTYpALIH) , TAK U XUMHUYECKUM COCTABOM PACTEHHUSI.
Hcxons U3 mosydyeHHBIX pe3ybTaToB, HAMOONBLICH BEIMYMHON CHITY4ECTH OONafaroT JIMCThs JIMMOHA,
MaHJapuHa ,CKYMITUH, CyMaxa, 3BKaJUNTa, , 3Bep000si- paCTeHHUH, COJIEPKAIINX B OOJBIIEM KOJIHMYECTBE
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a¢upHble Maciaa. O4eBUIHO, OHH CO3/AI0T BOKPYT M3MENBYCHHOTO MaTepualia CBOCOOpa3HYIO MOIYIIKY ,
CIOCOOCTBYIOIIYIO YBEIIMYCHHIO KO3 UICHTA CKOMBKeHHS. CleyeT OTMETHUTD , YTO 0 JTUTSPATyPHBIM
JTAHHBIM, ITPH U3METBUYCHUH Pa3IMYHBIX BEIISCCTB OHU MOTYT IIPUOOPETAaTh pa3HOMMEHHEBIC 3apsibl HA CBOCH
MOBEPXHOCTH, YTO TaK YK€ MOXKET BIHSTh Ha BEIUYHHY CHITYyYECCTH.

Bo BTOpOif YacTu ucClie0BaHUSI M3y4aJIOCh BIIMSHUC BBEJCHUS WHEPTHOTO HATOMHUTENS C MaJbIM
pa3MepoM YacTHIl Ha U3MEHEHHE (DU3MKO-XUMUYECKUX XaPaKTEPUCTUK TTOPOITKOOOPA3HOTO PACTUTEIHHOTO
Marepuana( Tadi. 2). B kadecTBe HAITOJHUTENS UCITOJIB30BaH KapOOHAT KAJIBIHS ¢ TUCIIEPCHOCTHIO YACTHIT
20 1 MeHee MUKPOH.

Tadauua 2. BausHue KOHIEHTPAIMK MHEPTHOTO HAIIOJHUTENS Ha (PU3UKO- XMMUYECKHE ITapaMeTPhI TOTyIaeMbIX

MTOPOIITKOB .
Ne Haumenoanme Conepxanue Ceimyyects | Yron ecrectBeHHoro | HaceimHas O06bpemHas
pacTeHus UHEPTHOTO rlem?/mun | otkoca’(ycpennensie Macchl,r/cm® IJIOTHOCTh
HarojHUTeNIsT % JTaHHBIE) ,i/em®
1 2 3 4 5 6 7
1 JIuctes mandest 83,0 W1=0,47 50-60 P1=0,66 Q:=1,0
71,0 W2=0,65 P2=0,62 Q2=0,98
62,5 W3=0,93 P3=0,56 Q3=0,89
55,5 W4=1,09 P4=0,49 Q4=0,85
50,0 Ws=1,18 Ps=0,48 Qs=0,80
455 Ws=1,40 Pe=0,46 Q6=0,79
2 JIuctes naBpa 83,0 W:1=0,49 50-60 P.1=0,70 Q1=1,30
6J1aropoTHOTO 71,0 W2=0,61 P.=0,68 Q2=1,20
62,5 W3=0,63 P3=0,64 Q3=1,04
55,5 W,=0,81 P4=0,62 Q4=0,97
50,0 Ws=0,80 Ps=0,60 Qs=0,91
455 We=0,90 P6=0,55 Qs=0,88
3 JIucTes cKyMIun 83,0 W:1=0,98 50-60 P1=0,68 Q:1=1,10
71,0 W2=0,92 P2=0,65 Q2=0,98
62,5 W3=0,97 Ps=0,62 Q3=0,93
55,5 W;=1,30 P4=0,60 Q4=1,93
50,0 Ws=1,00 Ps=0,60 Qs=0,91
455 Ws=1,04 Ps=0,50 Qs=0,75
4 IIBeTku pomamiku 83,0 W1=0,62 60-70 P1=0,75 Q:1=1,30
alTeyHon 71,0 W>=0,78 P»=0,70 Q2=0,89
62,5 W3=1,08 P3=0,68 Qs=0,89
55,5 W4=1,32 P4=0,60 Q4=0,84
50,0 Ws=1,56 Ps=0,55 Qs5=0,80
45,5 Ws=1,60 Ps=0,50 Qs=0,75
5 Jluctest 83,0 W1=2,76 40-50 P1=0,72 Q1=1,25
3BKaJIMIITA 71,0 W>=1,92 P>=0,70 Q2=1,20
62,5 W3=2,01 Ps=0,68 Qs=1,10
55,5 W,4=1,87 P4=0,64 Q4=1,07
50,0 Ws=1,41 Ps=0,62 Qs5=1,03
45,5 Ws=1,30 Ps=0,60 Qs=0,97
6 JIucTess MATBI 83,0 W1=1,07 60-70 P1=0,68 Q:1=1,14
71,0 Wo=1,15 P2=0,60 Q2=1,05
62,5 W3=1,44 P3=0,58 Q3=1,00
55,5 W4=1,49 P4=0,58 Q4=0,97
50,0 Ws=1,16 Ps=0,50 Qs=0,90
455 We=1,07 Ps=0,50 Qs=0,86
7 JIncTha Menucsl 83,0 Wi1=1,30 60-70 P1=0,70 Q1=1,20
71,0 Wo=1,27 P2=0,68 Q2=1,15
62,5 Ws=1,41 P3=0,60 Q3=1,10
55,5 W4=1,37 P4=0,58 Q4=0,90
50,0 Ws=1,49 Ps=0,54 Qs=0,88
455 We=1,49 Ps=0,48 Q6=0,83
8 JINCTBS KparUBbI 83,0 W1=1,31 50-60 P1=0,70 Q:1=1,16
71,0 W»2=1,59 P>=0,68 Q2=1,10
62,5 W3=1,95 P3=0,66 Q3=1,03
55,5 W4=1,82 P4=0,62 Q4=0,97
50,0 Ws=1,53 Ps=0,58 Qs=0,94
455 We=1,21 Ps=0,54 Qs=0,88
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9 JIuctesa 83,0 W1=1,53 50-60 P1=0,70 Q1=1,20
MOIOPOXKHHUKA 71,0 W2=2,18 P2=0,68 Q2=1,10
62,5 Ws=1,98 P3=0,64 Q3=1,03

55,5 Ws=1,19 P4=0,62 Q4=0,97

50,0 Ws=1,32 Ps=0,62 Qs=0,91

45,5 Ws=0,94 Ps=0,60 Q6=0,86

10 | Tpasa 3Bepo6Os 83,0 W1=1,55 60-70 P1=0,72 Q1=1,25
71,0 W>=1,03 P.=0,70 Q2=1,20

62,5 Ws=2,65 P3=0,68 Q3=1,08

55,5 W4=1,75 P4=0,68 Q4=1,03

50,0 Ws=1,38 Ps=0,66 Qs=1,00

45,5 Ws=1,57 Ps=0,64 Qe=0,97

11 JIncThs muMoHa 83,0 W1=1,02 50-60 P1=0,70 Q:1=1,16
71,0 W>=0,99 P.=0,68 Q2=1,00

62,5 Ws=1,35 P3=0,64 Q3=1,07

55,5 W4=1,38 P4=0,66 Q4=1,03

50,0 Ws=1,33 Ps=0,66 Qs=0,97

45,5 Ws=1,25 Pe=0,64 Q6=0,88

12 | Tpasa uaGpena 83,0 Wi=1,29 40-50 P1=0,72 Q:=1,20
71,0 W»>=1,34 P»=0,70 Q:=1,10

62,5 Ws=1,16 P3=0,68 Q3=1,00

55,5 W4=1,08 P4=0,66 Q4=0,94

50,0 Ws=1,41 Ps=0,64 Qs=0,81

45,5 Ws=1,45 Pe=0,56 Q6=0,78

13 | Juctes 83,0 W1=2,08 50-60 P.1=0,88 Q1=1,22
MaHIapuHa 71,0 W2=1,47 P2=0,80 Q2=1,10
62,5 Ws=1,26 P3=0,80 Q3=1,00

55,5 W;4=1,49 P4=0,74 Q4=1,00

50,0 Ws=1,47 Ps=0,70 Qs=0,94

45,5 Ws=1,41 Pe=0,70 Q6=0,91

14 | JIuctes 83,0 W1=1,96 50-60 P1=0,75 Q1=1,25
SBKAJIUITA 71,0 Wo=1,41 P»=0,70 Q2=1,15
62,5 W3=1,79 P3=0,70 Q3=1,07

55,5 W;4=1,51 P4=0,68 Q4=1,00

50,0 Ws=1,26 Ps=0,66 Qs=0,94

45,5 Ws=1,20 Ps=0,60 Qs=0,90

Hcxons 13 NaHBIX MPUBEACHBIX B Ta0J.2, BBEJJICHHE HHEPTHOTO HAMOIHUTENSI U €r0 KOHIICHTPAIHs
OKa3bIBAIOT ONPEAEIICHHOE BIMSIHUE HA BEIUYUHY chlllydecTu. [IpuueM, B ciiyyae pacTeHui, coaepkaiux
s¢upHble Macia ( 32 UCKIFOYEHEHEM JIMCThEB DBKAIMIITA) , MPU 3HAYUTEIILHOM KOJHYECTBE B CMECH
WHEPTHOTO HAIOIHUTENS HAOJI0JaeTCsl CHIYKCHNE BEIMYHMHBI CHIITYYECTH, YTO MOXET OBITh CBSI3aHO CO
CHIDKEHHEM 3P QeKTa MoSpU3aIii 1 , Kak CIe/ICTBHE, YMEHBIICHHEM TOJIMHBI CBOCOOPA3HON MOJTYIIKH.
OnHOM U3 BO3MOMKHBIX BEPOATHOCTEH ASTOrO MPEANOJIOXKEHHUS SBISETCS HE MOHOTOHOE H3MEHEHHE
BEJIMYMHBI CHIYYECTH INPU U3MEHEHHE COOTHOIIEHUS! WHEPTHOTO HAIONHUTENS U JIEKAPCTBEHHOTO CHIPhS
B cMecu. OHAKO, BO BCEX CIydasx MpH coaepKaHuu B cMecH 45-50 % HMHEPTHOTO HAOIHUTEINS BETUIHHA
ChHIIy4ECTH HAXOUTCS HA IPUEMIIEMOM YPOBHE U He cHkaeTcs Huxke 0,8-1,0 r/cm?/Mum.

Hcxons n3 gaHHBIX Tab.3 ,pu CMENIMBAHUE MMOPOIIKOOOPAa3HBIX MAacC Pa3HBIX PACTEHUH BEIHMYNUHBI
CBIITYYECTH MPAKTHYECKH OCTAIOTCS Ha TOM JK€ YPOBHE, KaK M W ISl OTJIENBbHBIX PAaCTeHHH U3 CMeceH,
VUIUTHIBAas BIASHHUE OTACIBHBIX HWHTPUIACHTOB. B TPHCYTCTBHE WHEPTHOTO HAIMOIHUTENS BEIWYMHA
CBIITy4YECTH IpH OONBLIEM COOTHOIIECHHE KonuuecTBa Cacos M MOPOIIKA PACTEHUH , PE3KO YBEINUUBACTCS
. Kak crenctBue mpoMCXOAWT YBEIWYCHHE BEIMYHWH HACHITHOW MAacChl M OOBEMHOW IIOTHOCTH. B
JATbHEUIIIEM NIPH CHIKEHHUS 3TOTO COOTHOIIEHHS BEJTMYMNHA CHITYYeCTH YMEHBIIAETCS U YXKe MIPH PAaBHOM
xonuuectBe B cMecu Cacos W TOpONIKA pacTeHuit pubmwkaercs K yposHwo 1,0-1,5 r/cm?/muH, T.€ 10
MIPUEMIIEMOTO Tpeiesia. AHaJIOTMYHO U3MEHAETCS M BEIMUYMHA yTia eCTECTBEHHOTO OTKOCA.

IlomydeHnHsle MaHHBIE AAIOT BO3MOXKHOCTH IPOTHO3UPOBATH M3MEHEHHE psAla TEXHOJOTHUYECKHUX
XapaKTePUCTHUK TOPOIIKOOOPA3HOTO PACTUTEIHHOTO CHIPhS B TNPUCYTCTBHE MHHEPAIBHBIX WHEPTHBIX
HaIOJIHUTENEH.
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Tadanuna 3. PuznKo-XUMHUIECKHE TapaMeTPhl CMECEH TOPOIIKO00Pa3HOTO PACTUTENFHOTO MaTepHala B OTCYTCTBHH
HMHEPTHOT0 HAMOJHUTENS U ero Hannauu (Pasmep uacTtuil pacturensHoro Matepuana MeHee 0,2MM, pasmMep 4acTHIL
HAaIoJTHUTENS — KapOoHaTa Kayblus — MeHee 20 MK)

No HaumeHoBaHUE paCTCHUS U YCIOBHS Celny4ecTth Vron Hacpins. O0beMHas
MPOBEICHUS IKCIICPUMEHTA r/cm?/Mun €CTECTBEHH Mmacca, MIOTHOCTD

HaumenoBanue [Tapamert- % (mpu oro r/em® ,/em®

pacTeHus PHL B coxep- HCIIO0JIb30 otkoca’ (mpu (pu
coornomrenue (1:1:1) | orcyrcT- | KaHHEH BaHHWH (ipm UCTIONb HCIIOJTB30-

BHE aroin HaIOJTHU- HCIIOJIb30B 30BaHHAN BaHUH
HAaIIoI- HUTEIS TEJs) aHuu HAaIIOo- HAITOJTHU-

HUTEIS Caco; HaIoJ- JTHUTEIIS) TeJIs)

HUTEJSI)

1 Jluctbst mandes, W=1,06 83,0 W;=1,85 30-40 P1=0,74 Q:1=1,20
JIUCTBS JIaBpa P =0,26 71,0 W,=1,82 30-40 P,=0,64 Q-=1,15
0J1aropOTHOTO, Q =0,46 62,5 Ws3=1,77 45-50 P3;=0,64 Q5=1,03
JIUCThSI KPATIUBBI 55,5 W4=1,39 50-60 P,=0,54 Q4=0,97

50,0 W;s=1,39 50-60 Ps=0,56 Q5=0,91

2 Jluctes mandes , W=0,82 83,0 Wi=2,41 30-40 P1=0,66 Q:=1,15
JIUCThS MSTEI, IUCThS P =0,26 71,0 W,=133 30-40 P,=0,66 Q2=1,10
KparuBbI Q=0,47 62,5 W3=1,21 45-50 Ps=0,62 Qs=1,07

55,5 W4=1,09 50-60 P4=0,58 Q4=0,91
50,0 W;:=1,01 50-60 Ps=0,58 Q5=0,88

3 JIMCTBS MSITBI ,JIUCTBS W=0,85 83,0 W1=2,65 30-40 P1=0,60 Q:=1,20
JaBpa OIaropoIHOTO, P =0,26 71,0 W»=1,89 30-40 P,=0,62 Q2=1,07
LBETKHU pomamku | Q =0,42 62,5 W3=1,53 45-50 P3=0,66 Q3=0,97
anTeYHON 55,5 W,4=0,96 50-60 P,=0,58 Q4=0,91

50,0 W;:=0,94 50-60 Ps=0,58 Q5=0,86

4 Jluctess  oBrammnra | W=1,33 83,0 W1=2,50 40-50 P1=0,80 Q:=1,15
JIACThS rasndgest P =0,3 71,0 W,=2,15 40-50 P,=0,66 Q2=1,07
JIUCThSI KPAITHBbI Q =0,46 62,5 W3=1,66 40-50 Ps=0,62 Q5=1,00

55,5 W,=1,63 60-70 P,=0,60 Q+=0,91
50,0 W;s=1,56 60-70 Ps=0,60 Q5=0,86

5 JIuctes  »BKanunTa W=1,1 83,0 W;1=2,26 30-40 P,=0,72 Q:=1,07
JIACTBS naBpa P =0,3 71,0 W,=1,36 30-40 P,=0,70 Q2=1,00
0JIaropoTHOTO, Q =0,45 62,5 W3=1,33 40-50 P3=0,66 Q3=0,97
JUCTBSI KPATIABEI 55,5 W4=1,33 40-50 P4=0,88 Q4=0,94

50,0 W;:=1,29 50-60 Ps=0,60 Q5=0,88

6 JIuctea sBrkaysmnra , | W=1,63 83,0 W1=2,03 20-30 P1=0,74 Q:=1,15
JMUCTBsI JaBpa Oxa- P =0,36 71,0 W»=1,95 25-30 P,=0,76 Q2=1,07
TOPOIHOTO, Q=05 62,5 W3=1,23 40-50 P3=066 Q3=1,04
JUCTBS Mandes 55,5 W4=2,29 50-60 P4=0,64 Q4=1,00

50,0 Ws=1,19 60-70 Ps=0,6 Q5=0,94

7 JIuctes mrandest, | W=0,89 83,0 W1=2,03 50-60 P.=0,72 Q:1=1,20
JIACThS ckymnuu, | P =0,42 71,0 W,=1,35 60-70 P,=0,66 Q2=1,15
JIUCTBS MSTBI Q =0,60 62,5 W3=1,35 60-70 P3=0,68 Qs=1,07

55,5 W.,=1,26 60-70 P,=0,68 Q4=1,00
50,0 W;5=1,08 60-70 Ps=0,64 Q5=0,94

8 JIuctes ckymmuun, | W=0,80 83,0 W;=2,07 40-50 P,=0,68 Q:1=1,20
JIACTHS MSTHI, P=0,34 71,0 W,=1,81 40-50 P,=0,68 Q2=1,10
JINCTHS nojgopox- | Q =0,55 62,5 W3=1,73 40-50 P3=0,66 Q5=1,03
HUKa 55,5 W,4=1,63 50-60 P,=0,62 Q4=0,94

50,0 W;s=1,16 60-70 Ps=0,58 Q5=0,91

9 JIuctes ckymnuu, | W=0,80 83,0 W;1=2,50 30-40 P,=0,76 Q:=1,15
JIUCTHS mmandes, P =0,34 71,0 W,=2,76 30-40 P,=0,72 Q2=1,07
JIUCTBS JIaBpa Q =0,55 62,5 W3=2,04 50-60 P3=0,68 Q3=1,00
0J1aropoIHOTO 55,5 W4=1,45 50-60 P,=0,64 Q4=0,97

50,0 Ws=1,71 60-70 Ps=0,58 Q5=0,91
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10 JIuctes ckymmummy, W=1,59 83,0 W1=2,99 30-40 P1=0,72 Q:=1,10
JUCTBS KpPamuBHL P=0,38 71,0 W,=2,65 30-40 P,=0,72 Q.=1,03
JINCThS DBKAJIMIITA Q=0,48 62,5 W3=2,15 30-40 P3;=0,70 Q5=1,00

55,5 W,=1,61 30-40 P4=0,64 Q4=0,97

50,0 Ws=1,29 30-40 Ps=0,62 Q5=0,91

11 | Jluctes ckymmuu, | W=0,90 83,0 W1=2,57 30-40 P1=0,70 Q1=1,15
JIUCThS P =0,38 71,0 Wy=2,76 30-40 P»=0,68 Q2=1,10
MOTOPOYKHHKA, Q =0,55 62,5 W;=1,69 30-40 Ps=0,66 Qs=1,03
JINCThS DBKAJIMIITA 55,5 W4=1,43 50-60 P,=0,64 Q4=1,00

50,0 Ws=1,76 50-60 Ps=0,58 Q5=0,94

12 JIuctes CKYMITHH, W=0,90 83,0 W1=2,76 30-40 P1=0,66 Q:=1,11
JINCTBS KpAaTHuBHI, P =0,36 71,0 W,=2,35 30-40 P,=0,66 Q:=1,10
JIUCThsSI JTaBpa Q=0,44 62,5 W3=1,99 30-40 P3=0,62 Q3=0,97
6J1aropoTHOTO 55,5 W,=1,50 50-60 P,=0,58 Q4=0,90

50,0 Ws=1,07 50-60 Ps=0,54 Q5=0,86
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STUDY OF FLOWABILITY OF POWDERS OF CERTAIN MEDICAL PLANTS
P.Yavich, L.Churadze, M.Kakhetelidze, M.Gabelaia
I. Kutateladze Institute of Pharmacochemistry of Thilisi State Medical University

SUMMARY
On example of 14 species of plants different in their morphological structure and chemical composition that
were segregated to the state of powder some physicochemical parameters (value of flowability, bulk and
bulk weight, angle of repose) were studied. Studies were carried out for individual plants, for individual
plants in the presence of different amounts of inactive filler, as well as for mixture of different plants with
and without filler. Acquired data allows to predict the change of technological characteristics of similar
systems in specific technological processes.
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OAPMAKOXUMMUSA

W3YYEHUE PEOJIOTTUYECKHX CBOMCTB JIEUEBHO- KOCMETHYECKOI'O KPEMA,
COJEPXAHIEI'O JIMITIO®UJIBHYIO ®PAKIINIO U3 O3I0POBUTEJIIBHOU I'PA3U
AXTAJIA

ILA Sy, M.A.T'abenas, M.3.Kaxerenumze, JI. . Uypanze

Hucmumym gpapmaxoxumuu um. U.I".Kymamenaose Tounucckozo 20cy0apcmeeHnoeo MeouyuHcKo2o
YHU8epcumema

M3ydeHBI HEKOTOpPBIE PEOIOTHIECKUE CBOMCBA JIe4eOHO- MPOPIIAKTHIECKOTO KpeMa, COepKaIIero, Hapsay C
IPYTAMH KOMIIOHEHTaMH, SKCTPAKT JHIOQIUIFHBIX BEIIECTB W3 JiedeOHOH Tps3m Axtana. KpeM BO3MOXXHO
OTHOCTH K HEHbTOHOBCKUM >KUAKOCTSIM, €r0 JAMHAMUYECKasl BSI3KOCTh CHMXKAETCA IO MEpPE  BO3pacCTaHHs
BEJIMYMHBI KPYTSIIEr0o MOMeHTa. M3yueHne BIUSHUS CKOPOCTH BpalllEHUsI POTOpa Ha BEMMYUHY AUHAMUYECKOM
U IDTACTUYECKON BA3KOCTH TOKAa3ajio, YTO MOyYCHHBIC KPUBBIC KHHETHKH Ae(opMarum Ma3eil uMeroT GpopMmy
MeTesb TUCTEPE3UCa, YTO MO3BOJIAET MPEANOI0XKUTh BO3MOKHOCTh TUKCOTPOITHON CTPYKTYpPBl HCCIIELyEMOro
obbekta. PaccumTaHbpl BENMYMHBI OCHOBHBIX PEOJIOTHYECKUX TOKa3aTeleH, MPEIO0JIOKUTENHHO
CBHUJICTCIILCTBYIONIHE O JETKOCTH HAHECCHHS KpeMa, ero XOpolield  BIUTHIBAEMOCTH U CBOOOTHOM
BBIJIABIMBAEMOCTH U3 TYO.

Msirkue nekapcTBEHHbBIE CPENICTBA CO CTAaHAAPTHBIMHU CBOMCTBAMH MOTYT OBITH IIOJIyYEHBI TOJIBKO IPH
YCIOBUM NPUMEHEHHs] COBPEMEHHOM BBICOKOMEXAHM3UPOBAHHOW TEXHOJOTHH, COOJIOACHUHM IPaBHI
HaJJIeXKale MPOU3BOJCTBEHHON TMPAaKTHKHW, HAaNWM4YUsl W MCIOJIB30BaHUS OOBEKTHUBHBIX METOJIOB
OIIpeJIeJICHHs] UX OCHOBHBIX PEOJIOTMYECKUX MapaMeTpoB. M3yueHue CTpyKTYpHO-MEXaHHUECKUX CBOUCTB
Ma3eil HeoOX0IUMO MpH Pa3pabOTKe M COBEPIICHCTBOBAHUM TEXHOJIOIMYECKHUX MPOLECCOB MPOU3BOACTBA,
OIPENEICHUN ONTHUMAJIBHBIX YCIOBHUM HUX XpaHeHus. Peonormdeckue CBOMCTBA Mased BIUSAIOT Ha
TepaneBTHYECKUE M TOTPEOUTENbCKUE TOKa3aTeNd, TaKhe, KaKk BBICBOOOXKIAEMOCTh JIEKApCTBEHHBIX
BEILIECTB, JO3UPYEMOCTb U SKCTPY3Hs U3 TyO, yIOOCTBO M JIETKOCTh HAHECEHHSI Ha KOXKY.

B cooTBeTcTBHHM € COBpEMEHHBIMH TIOJIOKEHHSIMH  PEOJIOTHH K OCHOBHBIM PEOJIOTHYECKUM
CBOWCTBaM Ma3el OTHOCSITCS TUTACTHYHOCTD, CTPYKTYPHAsI BA3KOCTh, TUHKCOTPOITHOCTD U JIP., ONpe/IeIeHUE
KOTOPBIX , HAPSIY C APYTMMHU XUMHUKO-aHAIUTHYECKUMU U (PU3UKO- XMMUYECKUMHU TIOKa3aTENSIMHU, SIBIISIETCS
CpeACcTBOM Hanbosiee OObEKTUBHOM OLIEHKH HX KauecTBa. Masu 1 KpeMbl IPEACTaBIIOT CO00H 2-X (ha3Hyro
CHCTEMY THIIAa Maclio- Bojia JHOO BOJAa-Maciio, KOTOpas MOKET OBITh MPEJICTaBICHa KaK YIpyroe Tejo,
CIOCOOHOE MO/I BIUSIHUEM MEXaHWYECKUX Harpy3ok o0manats oOpatumoit nedopmanueii. [pu npunoxenun
CHJIBI OOJIbIIEH BEIMYMHBI Mpefesia TEeKy4eCTH , OHO CIIOCOOHO J1e(OpMHUPOBATHCA WM Te€Ub, IPUYEM
BSI3KOCTh MOXKET U3MEHSTHCS B IIMPOKHX TMPEJieNiaX ¢ M3MEHEHUEM JIeOpPMHUPYIOIICH CHIIbI (HATpsHKEHUE
C/IBHTA), CKOPOCTH Te€UeHUs (TPaJUCHT CKOPOCTH CIIBUTa), CTEIIEHU FOMOTCHU3AIUH U JPYTUX TePEMEHHBIX
(hakTopoB.

3aMepbl PEOSIOTHUECKUX XaPaKTEPUCTUK MPOM3BOIMINCH HA POTALMOHHOM BHCKO3UMETpE THIIA
NDJ-8SDigitalRotaryViscometer.Paccuer monHoro auamasona Bsskoctei (ITJB) mposoauiics mo dpopmyie
- IIAB (cII3) = TK x SMC x 1000 06/mur (1), rae TK —koHcTaHTa KpyTsimero momeHTa aist DV2T, B3sita
U3 MpuiaraeMor K mpubopy Tabumnsl mHCTpYKuuMu U paBHa 0,09373; SMC — xoHcTaHTa MHOKHUTEINS
mmuHaens. [Ipy BRIIOJTHEHHE HWCCIeIOBaHUsT M3MEPEHHUsS MPOBOJWIMCH MPH MmoMoInu poropa Ned. Pacuér
HanpspkeHus casura D mpoBoaunsics o popmyne: Hanpsibkenue capura (D) = grcnoBoe 3HaUeHNE KPYTSIIEro
momeHnta X SMC (2), rae NOJHBIA KPYTSIIMI MOMEHT NPYXHUHbBI — 67.3 HM( TaONWYHbBIE JaHHBIE) .
Ckopocts cusura T paccuuteiBaercss mo (opmyne T(c?) = BenuumHa maxauana3oHa/BeaHYMHA
HanpspkeHust casura. Bemmdnna Tekyuectu f(C') paccuuthiBaercsmodopmye: T = 1/m (¢?) (3), rmen —
BEJIMYMHA TUHAMAYECKOH BA3KOCTH. [1Jisl BBIYMCIIEHUS BEIMYMHBI IUTACTHYECKOM BA3KOCTH 1] HCIIONB3yETCsI
KpHBas 3aBUCUMOCTH BEJIMYMHBI KPYTALIETO MOMEHTa OT CKOPOCTH BpaieHus potopa . I[lo mporpamme
HaxoJIMM TOYKY IepecedeHHuss KpuBOH ¢ ochio adcrucc (Y =0). 3HaueHue X THpPH 3TOM COOTBETCTBYET
BennunHe Q1 — Haugany miactuueckoro TedeHus. OmpenesneHre AMHAMHYECKOTO Mpenaena TekydecTd Q
npoBoauiock 1o popmyne: Q = Q1 x K x 0.1 (Ila) (4), rae K — koadduuuent npunoxeHHON cuibi(
TabnuHble NaHHbIe). [InacTuueckas BS3KoCTH 1 paccumThiBaeTcs o gopmyne :n=0.1 x Ki x [(Q
- Ql/ow (¢M] (5), rme K1 — kosdpdunment mpudbopa 0.09373 (tabnawunsle maHHbie); Q - KpyTsmwii
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MOMEHT, BBI3BIBAIOIIMN BpAIleHWE POTOpa MPH JAaHHOW CKOPOCTH ® (C™) —YyIJIOBOW CKOPOCTH BpallleHUs
portopa B 00/c.

[locne mepeBoaa 3HAUYECHUS] HaYaJbHBIX KPYTSAIIMX MOMEHTOB IMPH Pa3IMUHBIX CKOPOCTSIX BPALICHUS
poropa u3 % B YHCIOBOE 3HAYEHWE, 1O BHIMICIPUBEICHHONH (OpMylie pPACCUUTHIBACTCA IIACTHYECKAs
BSI3KOCTH 1| TpH pa3nuyHbix ckopocTsx @ (1(0.3), n(0.6), n(1.5) ...) u HaxoauTcs cpenHee apudMeTHIECKOS
3HaueHue 1 =Xn/n. Ucnone3ys Beau4duHy 1), KO3()(OUIMCHT IUIACTUYHOCTH \y PACCUUTHIBACTCS MO hopmyie
6 ), rme: ¥ = QM (¢V), Te. BEITMYMHAAMHAMUIECKOTOIIpeIeIaTeKydecTn  /
BEJIMYNHYIIJIACTHYECKOUBSIZKOCTH.

B Hacrosimiem cooOuieHre ONMMCHIBAIOTCS PEOJIOTHYECKHE CBOMCTBA KpeMa, B COCTaB KOTOPOTO
BXOJSIT MOHOTIHUIICPUAB! IUCTUINPOBAHHBIE; BOCKH; IETHINAIBMUTAT, >KHPHOE MAacio ,CoAepiKaliee
TUNOGUIBHYIO (QPAKIUIO U3 JIe9eOHOU T3 AXTana; BOAY.

Cyns mo monydeHHbIM JAaHHBIM ( puc.l) mcciegyemble KOCMETHUECKHE KPEMBl OTHOCSTCS K
HEHbTOHOBCKHM YHIKOCTSIM, YTO CBSI3aHO C 2-X (Pa3HOCTBIO CUCTEMBI , COEPKAIIEH CyMMY BEIIECTB C
Pa3IMYHON CTETeHBI0 MOIIpHOCTH. DopMa MONYyYEHHBIX KPHUBBIX IMO3BOJISET OTHECTH KPEMBI K THITY
BCHICCTB C IICCBAOINIACTUYHBIM TCEYCHUCM, IIPHUCM HEJIMHEHMHOTI0 INIAaCTUYECKOTO IIOBCACHUA C
MpeJIeNbHBIM HanpsKeHueM casura [1].

700

0 100 200 300 400 500 600 700 8O0

Hanprsenwe casura (Hm 3

Cropocts casura (')
Pt [ 5] g (¥, ]
= = =
=] =] =] =]

=
=
=

Puc. 1. 3aBucumMocTh CKOpOCTH cABHTa (C') OT HANPSHKEHHSI CABUTA (HM?).

JIOTIOTHUTENIBHBIM ~ JTOKA3aTEIbCTBOM 3TOTO (pakTa SBISAETCS M3MEHEHHE BEJIMUYMHBI JTHHAMHUYCCKOM
BA3KOCTH B 3aBUCUMOCTU OT BCJIWYHHBI KPYTALICTO MOMCHTA, T.€ q)aKTI/I‘IeCKI/I OT CKOPOCTH BpallCHUA
potopa ( puc. 2).

P (7]
(%3] =

P
=

CHOpOCTh GPaLIEHMA pOTOPa 0
(o6 fmun)
[ et
(=] ¥, ]

0 10 20 30 40 50 o0

BennuvHa KPYTALLErND MOMEHTa [HMm)

Puc. 2. 3aBUCHUMOCTb BEJIUYHHEI KpyTAIIero MOMCHTa (HC) OT CKOpPOCTH C/IBUTIA.
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YBenuueHnue CKOPOCTH BpallleHUs] POTOpa CBSA3aHO C YBEJIMUYCHHEM BEJIMYUHBI KPYTSIIETO MOMEHTA ,
MpPUYEM XapakTep MPUBOAMMOrO rpa)uka COOTBETCTBYET HEIMHEHHOMY IUIACTHYSCKOMY MOBEIICHUIO.
Heob6xomumMo OTMETHTB, YTO CTENCHb CHIKCHUS TUHAMHYECKOW BS3KOCTH IIPHU BO3PACTAHHHM BEITHMYUHBI
KPYTSIIEr0o MOMEHTa CKOPOCTH B CITy4ae TICEBIOMIIACTHYHBIX KUIKOCTEH HEMTOCTOSTHHA BO BCEM MHTEPBAe
ckopocteid cnpura .Ilpu HHM3KOW CKOpPOCTM BpAIICHUS pPOTOpPa H3MEHCHHE CTPYKTYPHBIX CBOWCTB
HE3HAYMTEIBHO W BO3pacTaeT Npu mnepexojic K BenuunHaM mnopsaka 30 [la , Moyekynbl win 4acTHIBI B
o0pasiax CoBepIIaloT XaoTHIeCKoe OPOYHOBCKOE NBMKeHHE. [Ipr oueHbh HIU3KUX 3HAYCHUSX (HIDKE Mpeena
TEKy4eCTH) TAKHE Ma3d U KPEeMbI MOTYT BeCTH ceOs ce0sl KaK HbIOTOHOBCKHE KHJIKOCTH, C BSI3KOCTBIO, HE
3aBUCSIIEH OT CKOPOCTH CIBUTA, TO ©CTh «BSI3KOCTBIO TIPU HYJCBOW CKOPOCTH caBura». Korma ke
NPEBBIMIACTCS TPEET TEKy4ecTH 00pasloB, MPOUCXOINUT JC30PUECHTHPYIOIIEE BIUSHHE OPOYHOBCKOTO
JBMKCHHS HA OPUEHTAITUIO MOJIEKYJI, M BA3KOCTH 00pa3I[0B HAUMHAET YMEHBIIATHCS [2].

C yBeNIMYCHHEM BEIMYMHBI KPYTSIIErO0 MOMEHTA MIPOUCXOAUT MPOIECC YBEIMYCHHUS U TEKYYECTH .
[Tpuuem 3TOT Nporiece PpakTHUSCKU 2-X CTaIUHHBIN, YTO XapaKTEPHO JUIS BEIIECTB C MCEBAOIUIACTUYHBIM
TEYCHHUEM HENWHEHHOTO MIACTUYECKOTO MOBeJAcHUs . Tak, MpH BEJIMYHHAX KPYTSIIET0 MOMEHTA MOPSIKA
15-25 Ila Bo3pacTaHue TEKy4eCTH CUCTEMbI HE3HAUUTEIILHOC U TOJBKO MPH €ro YBEJIHYECHUE BO3pPAcTaeT
MPaKTUYECKA B JIMHEHMHOM TOPAIKE IO BOCXOAAIICH TUHUH (puc.3).

107
o o= m o
a2 oo =5 o
= & & &

1)
=
[=]

= N W
[ =T — I = ]
(=T — T ]

AMHaMMMECKaA BAZHOCTE W (Machk
2
[==] [=]

0 10 20 30 40 50

BenmunHa KpyTAWEro momenta [Ma)

Puc. 3. 3aBucumocTs JuHaMU4ecKoi Bs3kocTH W (MIlac) ot Benuuunbl KpyTsiiero momenra (I1a).

[Ipn u3ydyeHue BIAMSHUS  CKOPOCTH BpallleHHS pOTOpa HA BEJIUYUHY JUHAMUYECKOH BA3KOCTH
MOJTy4YeHHbIE KPUBbIE KHHETUKH JleopManuy Ma3eil nMeroT (opMy TMeTellb TUCTEPE3nca, YTO MO3BOJISET
MPEIOJI0KUTh BO3MOKHOCTh TUKCOTPOITHON CTPYKTYPhI HCCIeyeMoro oobekra( puc.4).

[Ipu sTOoM «HUCXOASAIIASH KpHUBas, XapakTEepU3ylollas pa3pylICHUE CHCTEMBI, OTJIMYAeTCS OT
«BOCXOXISIMIEH» KPUBOH, XapaKTepU3yOIlel BOCCTAHOBJICHUE CUCTEMBI, YTO OOBSICHIETCS COXPaHEHUEM
OTIpEJICIEHHON OCTaTO4HOW JeopMallui TOCie, B JOCTaTOYHOH Mepe, OCialJIeHUs] CTPYKTYPBI IIOJ
BJIMSIHUEM paHee IPUIIOKEHHOTO HANPsDKEHUA. AHATIOTHYHOHM ()OPMBI KPUBBIE TTOTYUEHBI P UCCIIEIOBAHUE
BJIMSIHUS] N3MEHEHUS! CKOPOCTH BpAILEHHUS pOTOpa Ha BEIMYMHBI TEKYUECTH M IIJIACTHYECKON BSIZKOCTH (pHC.
5,6). Haimame THKCOTPOITHBIX CBOMCTB Y MCCIEIyEMbBIX Ma3el XapakTepu3yeT XOpOIIyI0 HaMa3bIBaeMOCTb
M CIIOCOOHOCTH K BBIIABJIMBAHUIO U3 TYO.

Crenyer OTMETUTB, YTO KOA(QHUINEHT IIACTUYHOCTH BO3PACTAET C YBEIIMUEHHUEM CKOPOCTH BpaILleHUS
potopa (puc. 7). 9T0 MOXKET OBITh CBS3aHO C TIOBBIIIICHUEM CTETICHH TEKYYECTH Ma3d IIPH MEXaHHIECKOM
BO3/IEMICTBHE,YTO TaK K€ CIIOCOOCTBYET JIETKOCTH IpOIlecca HAHECEHHA Ma3d Ha KOXKY IPH MPHUIIOKEHUH
ONpeeICHON CHIIBI U AalbHENIIEH €€ BIUTBIBAEMOCTH.
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JIHHa M HYeC Han BAZHOCTL W {llac) x 10 ?
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CropocTe BpawednA potopa w (obfc)

Puc. 4. 3aBrcuMOCTb AMHAMHYECKOH BSI3KOCTH [L OT CKOPOCTH BpAIIEHUs] pOTOpa

Terkpects fx 107°
w
=

0 0,05 0.1 0,15 0,2 0,25 0.3
CHOpOCTE Bpawexwa potopa w (o6,/c)

Puc. 5. 3aBucumMocTh TekyudecTs f OT CKOpoCTH BpaleHus poropa (00/¢).

BA3KOCTDL 1)

MaacTvuecKan
L
=

0 0,05 0.1 0,15 0,2 0,25
LropocTe BpawednAa poTopa w (obfcer)

Puc. 6. 3aBHUCUMOCTH TUTACTHYECKOH BSI3KOCTH 1) OT CKOPOCTH BpalieHus potopa (00/c).
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Koadduumena naacvMuocTH 1

0 0,05 0.1 0,15 0,2 0,25
CHOpOCTE BpauweHwA potopa w (obfcer)
Puc. 7. lunamuka ko3 uiineHTa miacTAIHOCTH .
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3b@oesls 13 3mMbogoem Bsmmsbols eodmzommao gmsgdzool 89933geo bsdzmmbsmm-3emgomsddozm®o
3553t B9 0MHo M30lgdYdOL Bgbifagems
3.0530B0, 8.2509500, 0.35bgmgody, . F)6M5dg
oblvy 0. Jmmsmgesdols gs®dszmdodool obbGHoGMGHO
69ovwdy
dgLFo3wom 0gbs sbEGHsol Lod3MMbsM Gowsbol wodmaow Mo 6o3m0gMgdgdOL gduE®magdol 8993390
1533MOBEM-3OMBOSIEH0INOHO Togsdmb DBMYogMmo MIJMEW®Y0MHO M30L9ds.  dogrsdm  dgodergds
003539903600 5656099 EH™bMM Lombggdl. 33eg30L J9go® 50dmPBBS, ®MA dolo obsdow®mo LodsbEg
930MH©Yds dMMB30L IMTGBEHOL BOHILMD gHMoE. OBITOMEMHO s 3eolE0MO LodEsbEOL Loowgby
O0GHMOOL dMb3ol LoRJosMol  a53wabols gbfogersd sh3gbs, MM  Toodml EIRMOIs300L 30693030
0dfa® IOMEIOL  2osBbosm  30LBHIMgHBoLOL FsMygmsol BMMTS, o3 23580JMJI0BYIL  godmlisggerggzo
0094GH0L GHogbem@GmM3Mmo LEHOMIGHMOOL SMBYdMBOL TgbodwgdmdSL. gosbys®0dgdrw 0dbs doMHomowo
MH9Mmy0wOH0o ds5639690¢q00L LOWOYJOO0, HMIGOOG BodLYSEGdSl §35¢q3L 3035MIEMmM 3090l 3569
5@560L LodoMBH030L, 35MP0 9035 MBdOLS S G¥IBOID 530w A9EIMLZEOL TGLodEGdEIMDS.

STUDY OF SOME RHEOLOGICAL PROPERTIES OF THERAPEUTIC AND COSMETIC
OINTMENT, CONTAINING LIPOPHILIC FRACTION FROM THE MEDICAL MUD
AKHTALA
P.Yavich, M.Gabelaia, M.Kakhetelidze, L.Churadze
I. Kutateladze Institute of Pharmacochemistry of Thilisi State Medical University
SUMMARY
Some rheological properties of therapeutic and prophylactic ointmenthave been studied, containing extracts
of lipophilic compounds from the medical mud Akhtala, along with other components. The ointment can be
attributed to the non-Newtonian fluids, the dynamic viscosity of which declines depending the values of
torque. The study of rotational viscometer rotation speed influence on the dynamic and plastic viscosity value
has shown, that the obtained kinetic curves of ointment deformation have the forms of hysteresis loop, what
allows to suppose the thixotropic structure possibility of investigated object. The values of principal
rheological indexes have been calculated, presumably testifying the ease of applying the ointment to the skin,

its good absorbance and free extrusion from the tubes.
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25M93mL Jodos

BoEIROIEAMO 3306 LoliEgdol magolgd#madgdo Arthrobacter oxydans-ols 3me@®sbg JHmA(VI)-ob
dmgdggdolsl

606 5500560, bgeo Lodmsbo3zMmazs, 16356 JoHmN39w0dz00, ToMH0bs SdYMsdy, WoEwo SBEbOTZ30¢0

03569 x0335b03830¢70L bsbgermbols 08ocrobol bsbgerdfoge «1603960boB B0,
JCPIRBI 560 HMb05830¢0L bsbgermbol 50 Boz0l 0bbBHOBHXIHO

xM9©30 Cr(VI1) @®sbbgm®dothgds Cr(V/IV/IIIN-0g, 53 3530gbsb sbgbl 56036 EHMm »yxMgool IgddMabol,
00MH™M30U, 1939 (0WYOOLs S BIMTIDEHJOOL LEAHOMIGHWMLS s BBJ309dBY. Fos s A3y LabogmEbem
3061700l 305000 MmERBODHBIOL 5©3GSE30MM0 F9doboHTgdo IMsz3st Bod@GHMODBYS LTI, Too
Mol 9396GoLb  Imgdggdol EOHMBY. ImEgdme  Lsdmdsm8o  dglffsgeroo odbs  Cr(VI) buzdmwo
3M5GMmgbogzMo  3mb3gbGH®Msgool (35 933/0w) asgwgbs  mbgzs® 9Mgdo bobyMdwogzo ©®MoL (144 Lo)
396053mdsdo  dboM A. oxydans—bg. dogdwyemo Imbozgdgdo 99GY39wgdl 03By, HMI oIYXHIOYICO
3N GHm0Mmbo, HrymmE 9ML3YE0B0MM0  IBIWIMEYINWIM0 36EH0MILOIBEO, dmMbsfowgmdsl 0ngdl
39633000  bEH®LOL  Lofgol bBsogPDy  Cr(VI)-om  0bprso®hgdmmo  dmgddgogdol 3sbvbso. Cr(VI)
bsba®deogzo dmddggds (48 bLod Bgz0m) 3o 0fjggaL A. oxydans—ol L3gE0x8oMmo JHmIol s50doygbgero LolEgdol
39dBH03go3osl, Molog msgol dbGMog dm3yzgds Cr(lI)-ob 3memmonm®o blbsGol gm®mIocmgds ©s gxwdso

059d3H9M00L YR MIOOL 39Ol HgEs3oMby.

Abegzoml bgoalibgs 3Mmbgdo 833wg3smms JogM Bo@oMgdwo sBseoBgdom osyagbowos, GHM™I
bGHOmM3MMmaommo  bgdmddggdol 9o  9OLIPRWwo  GHMJLogMMo  Wommbgdo  goMgdml
5006399658580 2obb53MNOGOME HMEL 5859mdYb [1]. gBol FbMOZ, 3gEowgdo byl »Fymdgb dobsgysbo
560l 8965MmBMbgdsL o 530 gdge 30033MmbgbEAL HotBmaygbab MxMHgdo Bodobsty 39MHIgbEs0mwo
959d(30900L FoMdsMrmNzsdo, Igmegls FbE0g, Bomo F5MBO MoMmEIbMds bgwls Mol 00 JoEsxMHIOIE
36MHm39L90L, OMIIdoE 985 M) 08 FgBHowol 935309  JBLIBOZOMO  0mbgdoL Imbsfowgmdoom
90900656 gmdL.

0565090060M39 93MWMA0HO 3OHMIEGIJOOL 1530056 SboEOWGdMsE AoMgdmdo dmbggmowo ddody
393owgdol  ©EIAMJLOR0IIE0s  9Y30wgdIo  3GMMmEgLos. 50539 MM, 8s8obsg 30, OMmEs ML
©9&™JLog03sE0s  BodoMgdmwos, 9306y 3MmbEgbEGHMe309d0 350b3  Fgbsmbmbgdmeos  asMgdmdo o
303935000560 353 960L Fga30Lgds AoBLEIMMMGdMEr 360369 Mdsly 0dgbl [2,3].

3963396396900 ©9350050900L 33¢930L LogMMSTMMOLM Lasggb@mU (International Agency for Research
on Cancer, European Union) dog® {o®dmagboeo dmbsggdgdol dobgmzom JHmdo gsblsBomg®remos Gmymms
3°6396mp960@wo 9egdgbdo.

JO@I(VI)-ob mx6gdo LEGsgo 8gofagol wbsdo s0L3930803900 Bombr®o (HPOsZ ©s SO4%)
LoG@obL3MOEM 2Bl Lodrogdom Fo6530MHMdGBLL ol FbmEMJLo3WO s F0EAMAMILOZME og3Egbsl.
39009390, JOMIo BsMmOIMWOos MRMIVIOEs  Joba3-00RIB0m  3OMEILYdA0 olgmo  FYEHIBdMEOEHJOOL
GomImddbom, GmymGogss Cr(V/IVIIIIY, GmIgwbog 9mddgogdd  80@orx g domdmeodymhgd by
(300D, 3b0dgdBg s EHI-BY) s LbgsILHZS MBOL WS FHO30L IB0sBYOYIL 039396 [4-9]. gmegl
dbmog Mbs 500b0dbmb, M qsMgdmdo dmbggo®owo Cr(VI)-ob ©g@mdbogozsgos bs3dsm GomwmEo
36Hm39805, GMIgedo 3608369356 HMML  BMYOIOHPO WoMMbOHFHBOLEHIBEGHMWO dogd@gMos SbE¥Yegdl
[10]. sbgmo  Go30oL  dodBHa®ogdl odzm w9bsto  89obsbmbmb Ebmggwrddggds dgBHowgdom oy
2393934006900 §gocdo, 60ssale s LM H3gw™ 65MRY6JOT0 sOLGdMDdOLLL. glodsdolo, dsmby Cr(V1)-
ob  dmgddggdom o8mfi3gero  FoEoxMIIEO  Mgodios  sbabogl 03  (33WoEgdIRL, HMIgEos
30000656 gmdL X M9do ©IAHMJLOB0Io300L 3OMEgLol MmL [9,11-13].

296L539NOPOOo® MBS 500b0TEML, GMI MxGHgol Fgamgdomo dgdsbobdgdo sty s Jos sbowro
LobogmEbwm 306MHmdqdol Jods®m, 3609360wMm3bsss IBM30EIdMWO  5396¢ 0L FmJdggdol OmMBY.
s0o@mad Cr(VI1)-oom 9odmfiggmeo mdbosgon®o bgmgbol dglfogarolsl, dbgrggermdsdo mbws ogbsl
300900 M MOl 83530 LOLE oL 58MmJdgEgdoL FmbowmEbiwo Mo LaggbrMo.

LoPYoL 9B 93Dg LogoMMOMS YR MJOOL SOBL3HEOFOIMO 05309, 890MT0 L3HEOBOIMO 5EI3ES300L
99do60Bdol Bsogoo [10,14].
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Bggbo sMobogwo  33wg3900L F9gagdom BsB396gd0 oym, Gmd  Cr(VI) -ob a®mdgagsosbo
9cgd9gd0oLsl (144 Lm) 500 3Jmbos A. oxydans-ob gJbGH®od@Edo 3o Mm3zs60 3MA3mBoEoolL 33LwoEgdsl
JO@IoL 9ngddngd0sb 48 Lor-ob 999y, M3 MBOM Bosmwow Fx0s3bgdm©s FgsMmgdom Imy30569000
(72-144 bo). 33WoEgdgd0 dgbfagowo oym JOHmdol  sMoGMJLO3MNMO B3Oo 3MbEgbEMmsiool
306mdg0do (35 933M/0q) dogdBHIM0sWMHO 3MWGHNMOL HBOEOLIL Mbgzs Mgdo. dglsdsdolbs, b3zgbo
3990mdo 330935 Bo@ocgdwemos 08 dmboigdndol gomzswobfjobgdom, Mmd JOHmdol dmgdgogdol bsfyol
1G9©0gdbg MYxMIEOL 33396L530MHO MYodEos FEHMTsMIMOL 5ML3Y30580349M0, Fo™Msd 360dzbgwmzsbo
80X 900 B0BOMEMR0OHO 39dsboBagdol 5JE035(30580. YYRMIOL SBE0MIL0IBEMMO LolEgdol
(330gds 30, OMYMOE 3bMdOWos 0m3mgds HIBOLEIBEHMOOL sML3YE0B03MG 89dsboBdo, MHmIgwog
MROIOL 256099 EMmJLo3Ho Bmgdggdolsagsh ozegl [11].

50 385bsBOOLOMm s®lobodb305, HMI BIWTMEG3WMHO  FHM0393BH0O  JGsmombo (GSH),
3MEbOw  Mxmgdo  oOLYdMEO, Yzgwsby TJBHOI®  AI3IMEIWIINWO  SMBYMHTIBBHwo  FoMImBmdol

AGOME05. JAES0MBLS O JE900MmbETMI0GOME gMIgbEJOL Tgifigzm MbsMO gobsbm®Eogwmb
©5330L d4oliog®mo 35L1bo 7563000 3HM39L9d0L dodstm [10, 15].

B396L dog® 9dL3gModgb@EHdo godmygbgdeo A. oxydans-ol 05d@GHgMosgMo JMWGHWMS Jo0MmYgMBOOS
30n9dd00L  d@o@olL  (539) 3539394056909 0  B9OOGHMOH00L 35D GHI00b, 3N GH030M90E0s
@MOHIbL BgMIol Bo3ombo® WsdMMsEHMM0530 s obOlOMYIM0s, MIMYMOEF M5T-OIOIOMNO
05JBH9M0o.

dMMSGMOOME 306009dT0 dogd@JM0sMEOHO YR MJOIO0 0gm FgbsmBMbgdmEo 3MEGMMOL boboom
LEBIOGHME 90980, GMIgEol Mg3mdgbomgdmwos  Arthrobacter-ob mysbobsmgol [16]. 3mw@Em®ol
BOHOL 3MbEGHOHMOo 21°C 39339M9EwIMHOL 30MHMBJT0 [oHImgds Mm3@03MMmOo Lod3zM030L Foblsbrzmhom 490
5 590 B5bmIgBHMmBy (63). yz9ws 9900b39350 d5JBIMOIMOO JMWEGHWOS DBOEOL MOl 9933 IWS©
0bMYdMs (35 933M/dcw  Cr(VI)- Lo s dob 5693d9).

Mx9gd0l  9gaMmzgds bgdmos  39bGMmoxgmaomgdoo 10000 dHMbo/ frmdo  (d36G/fm) 10 fo
296053mdsdo (4°C) ©@s ™mOxgH 0Mgsbgdms 0,15 M bs@mHomdol Jarm®ooom. bogrgdl, Gmdgwog
99503965 2x10° ¢x@9@9dL 93s@gdm@s 500 83 dmmg®o -B-PER, pH 7.5 (Pierce, s38) o 4°C 6Bgdms
90090 ©sdom. WobHsEOL  (396GHMO0BMA0MGOOL 306:MdJd0 oym 15000 3G/For 20 ool  gsbdsgemdsdo
(4°C).

29 BHM0MboL 3mb396E®30s §obolaBE3MmdM©s BIOXYTECH GSH/GSSG-412™ (Oxis, USA) Lbobyxol
Lodmogdom. dgomEo 04gbgdl gadsbol JMHMIMgbme Gg539bBL  5’5-0m0MdOL-2-60EHMHMdIEDMOL
975356 (DTNB), 6mdgwoi GSH -msb Mgoa060900Lsl Fomdmddbol b3gd@®mmagGHOmws 412 63-bg
©939JBH0M905© 36:MmI@L. bodwddo sMLYSMWO b MO JErEHsMombo (GSSG) smyqds GSH -0y

309E00MbOgMIEHIbom (GR), H®Iganbsg dm3gzgds gerdsbol Mgodios. 3gmmo 0dergzs GHMEGOEOo
309EHsm0mbol  (GSHE)  99bLsBE3MOL  Lodrogdsl. dgmdg M9s39b@o  dgoow—-2-30bow3oMmoobond

A0xEHMMIG0bLwambs@o (M2VP) 0390l 3w@omombl, dogsd o6 0b@gdggmomgdl GR bobyx0sb.
sMBgbomo GSSG gsligds Bgdmo sehgMowo 3GMm39MM0m. FgmmEo 5193 00wg3s  LBodwgoegdsls
23960L5BEgMHMUL Lsfyolbo GSSG 999339 mds bodmddo.

05dBH9mose  wobBsGdo  3owgdol  3mIZMBogool  Fguoxgsligdws  edmoygbgdmms  10%
30¢0530M0sdoEOoL 9o 65@Momdol mEgEowbrwas@ol (SDS-PAGE )  osbomdolol ( Laemmli-ob
890m©0) [17]. 30e9d0L gModzogdol dmemg3:@mHo sbgdol goblsbmg®molamgol godmoygbgdmes 89090
000 396900: FOHJEMBM-6-3mbigsd) 30bsbs (84 300MmEIEEHMbO(3005)), batol IMs@Eol sedwdobo (66,3 3009),
230935853 ©93000MOMP965%s (55 3005) o M35¢dMT0bo (45 3s). g0 0wgdgdMmEs Commassie Blue R-250-
ol 99939Md00.

36mdowo0s, M dogd@gMool MYXMmIEOL dgEsdmEoHIol MbIbEgdO IOHMEILO Fobydowol sy@omMo
R3mMIJO0L (3300, HMIGE0s BB00EHO FEYMI>MGMds J0oow(igzs LOdMEW MM 3w GHWOHOL BOHEOL
BHoombsen® gsbsdo [18]. 580b gomzseolFobgdom, dsd@gmoswmo 3mwENGOL Lsbogmabwm 5693
Cr(V1)-ols 3g@sbol  898amd 35630050980 JOHmBol s0©agbol 3GmEgbol d™l GSH-ols  mbols
F0IMXOIOMO (33¢00gds  MIXOIEOL 33930 LobEGIToL 306039esE 35Lbo® Mbs Jogohbomo.

0439 Mbs 500b60dbmL, MHMI mJloogoMo  LGHMILOL EOML, FOEIMIXOIOMWO  BMRIOVICO
3mEM@mdol  dglobsmbmbgdms  35Lvboldygdwmds 3039w G0ddo  IBIEITMEYIMENIE

56BH0mJobEYBL 9B0F9dom, B@BGMogb FEEHID0Mbo §sbLs3OMYBd0m 8608369wmgsbos. GSH-ols
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»3egoem dmbsFomgmds Cr(VI1) -ols osrmx®gome 506530 @s 51939 8obo MBms@m ¥M0gMHMJ3gwIds
963050000 5g&0MH BMOHTGIMNB JOHMOL s0PJboL FosrxMIEME 3MM3EILMIBS ©s3930MYGdO.

B3960 30Bsb0 0ym 93398598065 OHMBo 4. oxydans—<og Cr(V1) -ols s65@mdlogmnmo Bugeememo mbols
(35 93p6/d@ Cr(VI1)) 8mgdgogdol 89wm9gagd0. 530Lsmgzgol 06m3@sEl BHEoLL Lsbogmebmwm 56930
985¢90ms  Cr(V1), 350080l JOH@Boob bsboo s GSH mbg sligdms @905 MHO 3MEEHMGHOL
BOHOOL y39ms Bobsdo (bob.1).

150

100 ‘

I .
50 lI I [I
2 16 24 48 T2

Time of Cr{VI1) action (h)

I Control
ECr

[GSH] pM

Bsb. 1. ae)@omombols Bgdggwmds 4. oxydans Bsd@gmHoswn® 3mw@nesby 35 8336/8w Cr(V1) 8mddgogdolsl.
0bs(398900L Foragbols s LEsGHOLEH03MOMO 5B5¢0BOLMZOL 353mYgbgdma 0dbs 3MMyMsdmwo MBOW3gEYmaol
Microsoft Excel-ols 396b0s 6.0.

O3 65bsB0b BBL, GSH-0l Hom@gbmds g5bLsbg@HMmo ogm JHmdol 8mddgogdowsb 2, 16, 24,
48 5 72 bo> 0bBHYM35¢qdd0, 53539 063 YMZ5¢gdTo 0ym 50900 Ly3MBEGHMMEM 6038gd03, GMIMYdo;
Cr(V1) -ob 8cd8909d0L g56M989 0DM9d0M©BI6. 50Ls60865305, I JHMBOL 356989 3sBH O 0bm3MEs@do
GSH  3mbggb@mogos 85dbodwdl sofggl 8o gdudmbgbgoscmm® 8sbsdo (16 bo) ©s I3oGHEYds
LEBOE0MBIEMHO Gobol abdfigoldo (24 bm). aeGHomombol gb Gocmgbmds doBbgmwo 0dbs brgMwmws,
0dob  bogwdzgawbg, @I gl mbg Fgbs@BbgdMmos HmamGE Fms (48 Lm), sbggg 93096 (72 Lom)
LEoEoMmbom 35Bsdo.

LogmbGHMmem  609m8gd0logsb  aoblbgoggdom, Mog ggbgds  JOMIoL  Msbomdolsl  obOoE
359H9M05E 37O, GSH 30b396¢ G305 3608369 m3bsm 30M©9ds Lmmgm 16 Lo-by , bmewm 24
Lon-96 IHYgdo 0BMEYOS s 5©Hg3L 03039 BOZOIE MBIL Mo BobL Lo3MbEHMMEm bodwxdqddo.

dmEgdne  94b3960896E3o 03039 LJgBom  gobolybwg®s 4. oxydans-ols mbgze IFNWGHMOO©6
23900gmBowo (30¢g00L LoghHomm 3MA3MD0E0sHY 9J3L35wIbEGH0B0 JOHMIol Imddgwgds GmMTo. d9gagd0
Pomdmepgbocnos bob. 2.

OeymmE 65bsHob hsbl, ool Bmaso 30m33MmBoEos JoMOMOIEsE  BEAWVOWMmOs 48 Lssmol
20685300mds30 (35  93a6/dw Cr(VI)-ob 56990 a5DOH©OLLL,) bowm 72 Lm-0©s6 5006086985 bmys©o
303560 30033MBOEOOL osModgdoL Bmbby WxMgoL 3geol (Imer Tsbs 60,5 300@) ool BModiool
3600369 m3960 H5mEIbMdM0Z30 BO. M3 3350¢g3L LHRMAZ9EL 3035M9IEM™ 1393083034900 TFIZ0
LobEBHQIOL  Bsmzgs  JOMIoL  AMAYEZ500060  FmJdggdoLsl  dodBHgMool  Labogmabarm  gubdiogdol
39656hmbgdol 30rem3gLdo.
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Oh 2h 16h 24h 48h 72h

e

RS o mA g wvx"-:w
B < 80kDa

— ‘<—— 66 kDa
"*-‘ <_ 60 kDa
-— ﬂ“ . «—45kDa

M""‘“"‘"ﬁ,

P m el e 7 »
. < 29kDa
<« 25kDa

Bob. 2. ©OMTo JOmAol dmddggds ool Laghmm 3MI3MBOEOoL 33E0EgdsbyY. bobol — 0 Lo — Fggbodsdgds
300l Lygmme 30083mbogool Lry@emb 4. oxydans—g Jom8ol 8mgdggdol gs69dg.

domadmeo  9mbs399gd0 9350¢0q3l  FgLlodergdeMmdIl  ogoL33bsm,  MHMI oMYV MEO
30GHIm0ombo,  OHMAMOE  5ML3YE0B0ZNM0  BIWINWYINWMEOO  3BGHoMmJLoBGHO,  9dEHoMMo©
dmbsfoegmdls Cr(Vl) —ob 8mgddggdom  58mfiggmeo  96330m0 LMoL  Lsfyol  9¢&e393%g
B0OIXOIMO  560L  BGmI>oBsEo0l 3GMmi3gbdo, bmwmem Moz dggbgds Cr(VI) —ol Hdgwgswosh
9mgdgogosl (48 Lo s IgE0), FoEgdMwo Bmbszgdgdo Jormomgdgb JHmToL bdgEogowHo Sedygdomo
BobB93ol go5d@HoOgdsDy EOM™MS 36853 mdsd0, Mlog Lodmmmm dm3yzgds Cr(l)-ol dsd@g®ools
MXOIOOL 39Ol ga®g Bgwsdomdy Cr(l)-ols 3memmom®o bibsmol gn®mdomgds.
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SPECIFICITY OF INTRACELLULAR DEFENSE SYSTEM OF Arthrobacter oxydans AT
CHROMIUM(VI) ACTION
Nino Asatiani, Nelly Sapojnikova, Tamar Kartvelisvili, Marina Abuladze, Lali Asanishvili
Ivane Javakhishvili Thilisi State University, Andronikashvili Institute of Physics
SUMMARY
In the cells Cr(VI) transforms up to Cr(V/I1V/111), that influences on structure and functions of cell membrane,
nucleus, and proteins and enzymes as well. Adaptation mechanisms of the organism to the new internal and
external living conditions depend on many factors, including time of the agent action The action of Cr(VI)
threshold concentration (35 pg /ml) on the A. oxydans culture growing in the liquid area has been investigated
in the present study. The data suggest that intracellular GSH as non-specific low-molecular antioxidant
participates in the early stages of oxidative stress in response to Cr(VI)-induced action. Cr(VI) long-term
action (more than 48 h) causes the activation of more specific chromium reducing systems of A. oxydans, for
its part and as the result formation and efflux of Cr(111) colloid solution on the cell wall surface takes place.

OCOBEHHOCTHM BHYTPHUKJIETOUHOM 3AIIMTHOM CUCTEMBI Arthrobacter oxydans
IPU JEHCTBUU XPOM (VI)
H.B.Acatnanu, H.A.Canoxuukosa, T.M.Kapreenmumeunu, M.K.AGynanze, JI.JI. Acanumisuim
Tounucckuii I'ocyoapcmeennuiii Yuusepcumem um. M. Jcasaxuweunu,
Hucmumym guzuku um. 3. AHOpoHUKaueuiu
PE3IOME
B knetkax merabomusm Cr(VI) cocrout B ero tpancdopmaruu qo Cr(V/IV/IIN), uto BiuseT Ha CTPYKTYPY
U (QYHKIMH KIETOYHOH MeMOpaHbI, si/ipa, a Takke OenkoB M (epMEHTOB. AJaNTAIlMOHHBIE MEXaHH3MBI
OpraHu3Ma K HOBBIM BHEITHHM U BHYTPEHHUM YCIIOBHSIM U3HU 3aBUCST OT MHOTHX (PAKTOPOB, B TOM YHCIIE
Y BpeMEHH BO3/CHCTBUA areHrta. B mpencraBneHHoM paboTe ObIJIO MCCIeOBaHO ACHCTBHE HETOKCHYHOM
noporoBori  koHueHtpauuu (35 mxr/mia) Cr(VI) Ha KyiabTypy A. oxydans pacTyllyro B JKHUIKOH cpeje.
[Mony4eHHbIE TaHHBIE CBUICTEIBCTBYIOT O TOM, YTO BHYTPHUKJIETOYHBIN TIIIOTATHOH, KaK HECTICIU(UIECKUMA
HU3KOMOJIEKYJIIPHBIN aHTUOKCHJIAHT, Y9aCTBYET Ha HA4aJ bHBIX ITANaX OKHUCIUTEILHOTO CTPECcCca B OTBET Ha
Cr(VI)-unnynuposantoe neiicteue. JnurensHoe neiictBue Cr(VI) (Gosee 48 4) npuUBOAMUT K aKTHBAIMH
Ooee crieUQHUUHBIX XPOM-BOCCTAaHABIIMBAIOIINX CUCTEM A. oxydans, 9TO B CBOKO OYepe/b MPUBOIUT K
dhopmupoBanuio 1 3parokcy komtonnHoro pacrsopa Cr(I1l) Ha moBepXHOCTH KIETOYHON CTEHKH OaKTepuil.
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25M93mL Jodos

35¢0oslBmdols GOl g3mboliBgdol sbslosmgds

3M0aM 5365305, GO 339MHHoMNJE0, OToGHMO JOHolmO30
bsgs®m39¢0mb 3996032960 #960396L0BIA0

39Bboamos  LgMH@MoTMOOLM IGO0  BYMOGMOO0L  BoGwgddo 05350 3o¢0abBHMIOL  GdOob

03006 dyMIsMmgmds, 0g d0bosMo 35sdnM9bo 13M0B3gwgd0, g3y dodBIMOMWO BWMES s To0
9096 9gbsdarem 0b68gd30MM0 ©9350YOJOOL 93MEIgOoL MOL3JP0 S 35¢0sLEBMIOL GHdsdo fgwolidogho

054300 353500 VM FYLTog3e0L 59930 GOEIMDS.

GodLboOOL  306396300L  MbobBo  FoMdBHYB0sBo  BHIMOBHMMH0gdOL  BMBbsTIDEHWMHO  93MEMYOMMHO

236430900 FoM0moag696 Fyaol 97000l BoMgaoMmgdEgdl s ©sdobolosmMIdIE0 FEMOOLS ©o
53011b0b, 29BLO3MMGO0m, Yol BMHOb3gEms sMLYdIMBOL YbBEOmW63gwYmaol LodobsEMm™M  °5EYHOEIGAL.
FoM0dBH9b0sb0  BHIMmoGHMOM0gdo [oMdmoyaqbab oo g3mbmdozmMo, JMwEHWOWwo, 993bogeymwo s
693095300  860836gmdols MHglm®LL, OMAOL 39MA3L  2sdMmMLTMMgdgwo Fgwgagdo dmyzgds.
Fo0d@ 36056 BHgMoBHMMH0gds0 0mzwqds: FoMmdJd0, FobFMOMdGDO, GHMMB0sbo sYowWgdo, Hyswlis@gzgdo:
0690030 My bawrmzbMo, 39do30 0¥ EOHMIBIOMO, 253E0BIMO 56 gomobs®o, 8E 36500, bs3zwgds
0500w0sbo 96 Booosbo, B30l 9335GHMO00L Psmzmom, MMIwol Loe®dg ©3MJ3a30L OML SO
20©gds@gds 6 gBHOL.

3mb3gbzool  dobgzom,  fgwol  3MHoblzgEgds  0m3wgdosh  FoMdBHIB0d  GHgPo@mm0gdby
93MEMP0MH® ©sIMI0JIM0 BOHOB3gM9d0. Yol BM0b39wgdo dsmo bgbmbmEmo Joamszogdol O™
dg0dmgds bbb 3Mb63MHgEHwo  sMgoEol  LobP3zMgdl s s8gbs obobo Mbs Bsomzsmb
L59OMHTMOOLM  MYLmOLYdSE. FoMdEIb0sbo  BHYMOBHMOOGIOL, To0 BEEMMOLS S BMbol  IE3S
3OM3WOWOos  gHm3bmwo  3nwo@ozols  ©@d  3mmMEoboMgdrer  Loghmsdm®mobm  J8ggdoms
MON0YJOHTg0sbbIgdol byggmadzgeby.

1996 9l Logdo®mzggarm 89g0mqs M53LsMol 30063963050 ,L59MMs8MEOOLM 8603369 mdOlL Hysw Fs6mdo,
296L53MNOPdom [ywol BOHOb3gEms LodobsMM® 5MPoLO, GHIMHoEGHMM0JdOL dgbobgd“ [1]. Msdbocol
3mb396300L Mmd0gdEHO© 2oTMEbOES 3MEbYmOL dEMBOL Yo Fo@do LogsMywgdo: 39Mdm@ FMool
F500900, 65005M0L F50B900, BoBMMS-35¢0LEHMIOL FomdYd0, 35¢05LEMA0L BHdS s 530 BOZOL 5335GHMM0Y,
2liggg 0LBsBOL Fomdgdo JMdWEgMb [2]. 3mb3gbEos bgwdmdfig® dboMggdl s603FgdL 3owEYdIgdIOL
MBOW6390Ymb  §yseFo@do  BHgMoGHMmMmogdol o335 @O FEAMI©O  49dmygbgds  J399bols  dmgen
A9IO0GHMEOH05Dg. 80530MdYdTS JoHombaMAgdEMmdol Lobgwdfoxzm ©sq3d30LsL MbEs 450035¢0L0bME
09935600 GHgM0GMMH09O0L E30L 930 GdMDS [3].

LogPMHmsdm®obm 3603369 mdol Fomdgdol 3M0EHIM0YTgd0, MMIgElsg 3sbbMdL Mmdogddo, 990ga0s:
3M0GHYM099gd0L XyMR0-5, Mmd0gdGHO 8m0oEs3L 003050 s Yb03owH Fomdol GH03gdL s 3sLvgbmdl 9
30039m0wadb, domm  JmGob: M009JAHL  3ooBbos  LogHmedmEobm  360d36gmds  domemaommo
953500 x396MHM36900L  3MbLgHZo300Lsmz0L;  bgwl  MPymdgl  doMIME35wBgMHM369d0L 3b™3gms
LobgmdgdL, 9993l ©9309LOBIML  Hyarol  dobsI  BMOB3gEadL s MYYMEIHIES©
MBOHb39wymzgl 20 000 gHobggerol Jowgdsls [4].

Fotmdgdl  LogoMmzggeomdo asblogmmMIdOm OO FsOMMdO — 627 3% 39305 ©S 8EYOIMHYIMBID
30bgool  sdwmdby [5]. 3MEbgmol sdEMdBy HoMImaqbowos  FoMmdEHIbosbo  GHgMo@mmogdo,
3ol Bsfowro 3mabgmol gmHmgbvw 356036 MFoMm3L. 30Ebgmol EsdEMdOL faror®o s@Imbgg@veo
Bongdgdol Momgbmds 1200-2800 99-ob gstgmgddo dghygmdl, bemem 6930560 yewgdol dofoldgzgds
Bodmbogboll dmyeno 4 /fd-b d9opqbL 1 302-0b, 35806, Gm@gbog 5 sBbol 3gwbY, bawsg 500-600 99
Bogngdo dmeob, s 5930560 §gwmagdol dofiolidzgds Bsdmbogbol dmewyeno 8goagbl 10-13 ¢/fo-b 1 30 2-
b [6].

35¢05LEGHMI0L BHdS I90L 30bgmol gHm3zbmEo 36 3oL 898500996mdsdo, GOl LygM MM GosOHEMdO
60l 44599,8 3qJ&o60. 5§90 BAggmol BoMmMd0s 29323,8 3994300, beagm B30l 9335¢™GMo0bs — 15276
3993560. 30bgmol gOHm3bw9mo o030 0gmes 9990099 MdbJdS: 5) BLZOL 335G MMO0L B560; B) sBs3eros-
F996H00L Mdsbo; @) 6505l Mdbo; ©) 0dBsmol dsbo [7].
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35¢05LEHMIOL OO FdS, OMIJOE 5T 49O 0gm, 3obWYgdME0s . HOoMbOL guEws@ool LsdbGmgom
Lobs30OMDBY [16]. 35¢0sLEHMAOL GBS IEIOsMIMBIL 3bgmOl OdWMBOL FoMdBHIb0sBO Gghodmemool
3960w bBsfowdo s Mbogsme fgswliozegl §omBmayqgbl [10].30oslGmdol &Hdol bgsdo®ol
BoMMMdO - 18 302, Fywol m@gbmds - 40 dogrombo 32, Lsdrsgrm Lo®Ag - 2.2 8, dogdbodscrwyMo Low®dy - 4 0,
§9oclogzMgdo Gommmdo-54733? (8, 9].

35@0sbGHMIOL GBS 298MmYmBow0s HBr30wsb 300-400 dgBHMo Logobol 2 3 Lodsmerol Fysaysdymao
d308546H0w0m. Gds 35603oL bsgrgdgdol 0bGHbLoM® Bl s 3989G)93GO.

3Mwbgmol  ghmgbmo 35030, 35c0sLEHMIOL  BHILMD gMmO®, 9005MJIMEs  LogMHMITMOOLM
36093690 md0ob s3I BHyMoGm®mos [3, 4, 5].

3Mmbgmol gemzbmer 356300 s dol FodEgdeMgE s0hgMowos 300 Lobgmdol, bmm xsgsbgmol
D9gobbg - 91 Lobgmdol gMobzgwo [14], GMIGEDesb bsbgzom0 JogMomgdo Lobgmdgdl FoMmBmaowygbab.
Jom  olLZgbgdg s LD NMYdJE 5HOWL FoMTMoYIbL 3Mwbgmol EsdMdo o300 BLZOL
L5b530MM DO, 35¢0sLEMIOL BHBOOLS s X935b9gOL BBl BHBIOOL LobEIoL Bs03E0m. LogsMSvYEM.,
63 dogMs300lb EOML 58 dosdmgddo 100-Bg 9g@o Labgmdol g®mobzgwo Img®mobsgl. IMogswo
30Mm0Mgdso  Lobgmds Fg@Eeboros FogaMoMmgdso  Lobgmdgdol o330l 3mbzgbzool (CMS - dmbol
306396¢309) I @5 II ©sbsH M0 ©s 5x3MM-93M5B0weo JoaMmoMgds©o fgwrol gMobgzguwgdol sizolb (AEWA)
Fgmobbdgdsdo [12].

o el B e e @
LbyGsoo 1. &T@o?b@)maob Adob ;2'360633@360

3bgmolb 9mHm36mwo 35030l GIMHoGMM0s, MbgMbIdwmms 3530EJwgdOL M35LIBOHOLOMm, G90dwgds
3003005 BT XJMIBI© E0YmL: 1) bbs3doMm Bmwo, LoEsE I35 IGHMOGHMBsRgd0 (Olygochaeta,
Crustacea); 2) fiyeobl bs®Bl d9oMm9d0m ©sdmMgdwemo Bmero (10 - 20 3-0m s dg@0m), bosg dobsEGMBdL
©IOHM0GHMRBRgo0L  (Talitridae, Amphypoda) mxsbo@sb ©s 9BHs3gdgo bmImgdo “Cicindellidae”-l
xobosh; 3) Mydem OMdsE, J30050d0 g3bzgds “Ophelia bicornis” (Polichaeta), “Orchestia bottae
”(Polichaeta) s "Donacilla cornea”. 53393 GgM0GHMM05%g LogsMam@ms MbgHhbgdwrm 3bmggewms 8380 a0
X2IBJOOL  9ObYdMds:  698s@m©gdo  (Nematodes), §«Odgwwgdo (Hirudinea), 9meomlizgdo (Molusca),
300lbsoMgdo (Crustacea), mdmdsLBsoMgd0 (Arachnoidea), ImGogwgdo (Scorpionidea) s MOHFOHMOsHIdO
(Diptera) [13].

bEom0 2. o Ly@omo 2.0 LbmEomo 2.y
35¢05LEGHMA0L FGHdOL sS9BHMTMEHM Mbo g4obbho 35¢05LGHMIol BHds

35e0oLGHMIOL GBS 0M3EYOMES JOM-9OHD YEOoEIL FYoboGI390 O FoL3HMPJGHOM 5B,
O0amO 3 093%ob, 51939 016gdM030 1533900l MLWEOLYdOL F9d339wo. MYIES 93MEMA0YMHTS BodEHMMJdTs
3905306005 3O godsTgds, M15853 Fodmofz30s HBgRs3w9hs BHIOL Lobgmdoms F9850agbwMdsbBy. 1940 Fgwls
93H900L  LobgMBsMS  BomEabmds Fgoaabs 40-b. Iz, Tomo GsmEIbmds FgdgoMs 24-0¢0g
30MOMEMA0MMO  M97000L  dg33wol 990y, M3 3odmfizgo  oym  oM0wosbmdol  gesbMOom.
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9099H95350 5d0Ls BoEM3WbJEHMbOL MmEgbmdol BOOL 0653035 FgMygmdl bLybmbowsb Lgbmbsdwg s
50060867905 8336500 {gerol BoGM3wsbdEHmbol 330 gds BL30L GodMm3wsb]dmbby.

©5830JL0MYOME LobgMdosms JNMmOLLS M5 ToMHGHM 5OHOWMOMOZ5 FMOMPIMO, 5M59gE FosIBMHIbO
260639 gd03. BHMOGBoLs o Fool Fomdgddo gooxzmgbol MM, 33bggds Mwmbo Fgom (Grus grus). o
0b3969096 o ¥EMdYE JIMSW 6533937dBg Lo (Crex crex) s 39w gdcm0og0 dfyg@o (Coturnix coturnix).
0939 Fomdgddo 03390905 Bmyogmmo 8@sEgdgwo BMobzgwo, 39MdmE Fomdol dmmdgFgos (Circus
aeruginosus) [13].

2010 ol d90mepmds®y (9/10/2010) Bs@omgdaeo g3mobzgums s0bmlibgol dggas© ©sgodloMs
1,114 g360bggaro, 18 Lobgmds, o0 Mol 7 Phalacrocorax carbo™@o@o B350 (522),” Anas platyrhynchos”
(172), *Sterna hirundo”™-b39+9cm986G0o30 obgo (115),” Anas crecca’™ 3033505 (66), ”Larus michahellis™
b8gamorsdears bmgol oeeros (64) s bbgs [25].

2360b39wgdolsmzol Moglbo 360dgbgwmds 5Jgl Bezol Lobsdomm bmel. 9. Gombol dglsdmsgo
39690 mos  2osdn®mIbo  BMOB3gwgdol  LsdoaMmogom  gbgdby  93MM30EIB s  MLgOLL
23903mxmHgboo Lobgmdgdolsmgol. 9. Hombol I EH0B bLmy. gmwrgzol Imbs330059g MgdIM3oL
03930 4mM390EOO0MOMI© 3Mo3L 10 5003 gaHga3wato Bbgs s bbgs obgzobbsoMo s Godpgbody
abgmo daGobbsoto [22].

35¢0obGHMI0L BHBOBY oxkg0JLoMmYPIWMWos  Fywol d0bsst BMObggwms bbgoolbgs Labgmdgdo [21]:
0O JMOGsws (Podiceps cristatus), ®mbarmyggds 3m3mbs (Podiceps grisegena), do6g 3G Gows (Tachybaptus
ruficollis).

bGsmo 3. o LbmGomo 3.0 L6500 3. @
fomgwmagzgs yz30bmos 93069 09O yobks 39960
(Aythya ferina) (Egretta garzetta) (Alcedo atthis)

30bgool  ghmgbmemo  35M30L6  MbsddMmMmIwgdol  3bmdom, Jmwbgmol  gMHmgbmo  3sm30l
AIO0GHMOH05DY, 35¢0sbBHMIoL, FE. MBMOOBL, 2MOOB3LS S Bomoyzsl FMEOL  2obersygden
A900GHMOH05Dg 00b5OMBL 50-200 939000, 20-30 450990 VMO0, 6-7 §530. 35¢0sLEHMIOL, PO S 35BS
Bo®omboerol, oo 89930900 s®bgdol 306l 33390 gd0sd s BEodmlibgdosb szgodloMgdmwos
&MOo (Canis aureus), dgewos (Vulpes vulpes), (ogo (Lutra Ilutra), dsBgo (Meles meles), @gomzss (Mustela
nivalis), 93900 (Capreolus capreolus) 51939 00O©bgwo bm@®os (Myocator coypus) [20].

0023505, GHYo LEgMHMdMmMOLe 360dzbgEMdOL, IMS35¢TBMHOZ0 Fodmygbgdol fgwol mdogd@os s
Lo FoMMgdL LobGYIoEe InboGmeobyb.

1924 o8y @do 933656 (i9oelio®gze@ 0m3mgdms. 505505 35¢00slGHMIoL  GHdoL  sMlgdmeo
30M0m©O  30OHMJ0doNMo 33930l Imbo3gdgdol  Lsgdzawby GHdoL Fywol pH=7.64; goblboero
79630500 - 5.2 3p/q; 3069Moc0boiEos - 4973.0-9p/w; LodwgMogy - 4.91 FTU; SiO2- 0.64. 9/ [10].

3bGoo 1. J0600s@0 0mbgdoL J99339¢ds 35¢0bEHMA0L GdOL fyswdo, da/w [10].

980bG®. Ne IHCOs~ CI-  (Ca™t Mg* [Nat K+ S04~ Zi
o3 - 300 180 40 120 |50 100 |-
RW-08-13 1232 698 80 162 [1500 675 P36 4967
RW-09-13 1867 4408 120 P88 200 [88.0 [240 7530
RW-10-13 1195  [623 78  [189 [1507 p5.0 [328 4900

35¢05LEGHMA0L BHO5d0 Bogobgds dobsdg gobm®mo. dolbo LogMdgs 57 30, s7Bol gomommdos 406 33.30.
L0939 993U Mool LgMol BOOWMA® oMby, B30l MboE 245 9 Lodswgbg. LEBOMMBL
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doM0mss© §3000L Fywom, MIbodzbgwmeo — dofjoldzgds s MMzl Hywom. sboliosmgdls 303900,
295939990 §goedmz56Hbgdo, Lsdoswm farom@mo botxos 8,2 8°/a [6].

0. 35wmg3s 35¢0sLEHMAOL GOl 835306090l BL3sLmsb. dolo LogMdg 1.5 30-b Fgoabl, mwdgs
Logdome 960960 (200 9-sb 300 9-0g) s dmMY 0bJds 993L. gb LMy ol sGbos, HMIgEoE 0™
35¢05LBHMIoL BHOOLS s BOZ0L OLSI3T0MmIdEs® 1924 Fgwb [10].

Adob fgwol Lodw3Mo3g TgEoMIO0m BIWNs, 30©MY FEOBIMOL. SBY3g AoBLBZIZ3dS FbadoOL
899339Md3. 5006086s goblboo 756adsEOL SBMBoErMo© Fowoeo G98339wmds - 11.0 I/, aoxgMgds
133 %, 6o gsdmfizgmeos §goed3gbodggdool 063 blodmo 49630meMgd0m s BmEHMLbobmgbol dgmgys©
299MygmR0wo 75690500m. 93390000 F50se0 FoMr0W0sbMdOL BmMEDY goblibowo #sbadsol 899;339wmds
Bem®3ob BsOEgddos — 9.0 s 9.6 /e, MIzs FmEgde BHYd3gMsGHMIby FoxgMgds 114 ©s 120 %-b
89500996V

3oob@mIol  Gds  FoMTmoagbl  LogMmasdm®obm  9603369wmdol ddmbg oM GHIOOGMOMOL.
005bobogg ol FoMdmowagbl 8603369wm3sb  BHGHoLEMo s LaMmgzMgozom  ™mdOYI@L,  H™Iol
MH9LmOLYdOM LIMPGOEMBL S1931 SROMBG0Z0 Tmlsbengmds.

Ao, MMM boYgmBIEbLMZOYdM s BOMIMIZoWBIMHM369d0L o330l MdogdBHo, 860dzbgermgsbos
2396L53MMMd00 Y30 3500@SBH0M.4mM39w0 bgbmbmMo dogMoMgdolsls 860d3zbgarmabsw oEgwgds
Ao0b 05dBHIMOMEO BEMGS, M5Ts3 gbodErms d9ddbol 3o0MmAgbM0 BJBHIMOMEo Bmbol oM.

bmmbmnbgdo  bmggwms 06x39d30MM0 ©93500gdgd0s, MMIWIIOEG BoITIV0S 5©T06gdOLIMZOU.
0603943099600 53963900 9900w gds 0gmb MFomEH039Lb0, Lmzmzsbo, dsdEHgMoMEo JwsdooswrMo 96
3069900, 53 bbgssbbgs do3Mmdmo 0bg3gd30g00l 06030 MMo TaMdbmdgumds  033wgds
abd30LS s K IBIGMYEMBdOL IYMIsMgMdOL dobgz00.

90360mmOy60H9gd0m  5B0BMS L9350 JOS 033 Gds  MOYSBOBIOL oMY GbEHMBMBLDD
©58Mm30090MWgdom, 306m36905bg  Bgdmddggdol mbom, g3y 0bxgdgool  HoMmdmBsgzmmdoo.
Jws80@ombo, Loedmbgermbo,  sMmOoBMbmLO’,  3MmEodsgowmbot, Mol g4zgwsby  A93MEILGIMO
5535090700.  Jesdo@ombo,  Logrdmbywmbo,  sM0BMbMLo, JmEwodsgowmbo, 9b3gzIwodo, ©s
0M0b39wgdol  GHMdgM3wombo  LogmaEbwolsmgol  Log®mbol  3m@Egbiow®mo  Molzol  dgboderm
FoBoMgdgdo 5M056 [6].

05J3H9M0ME0 sd0bINMGds Tglsderms A53mf39E0 0gmb, s53Mgmag, GHdIBY BoaMoMgdso BMHobggwms
Lobgmdgdol J0gMsE. 39sIRMID oMM BMOBlzgwms BdoMo IEYTs 290M{I3gmeEros Lbgsslbgs Labols
05JGH9MOME0 ©H9350090900m, HMIdO3 LogMIbMmdEOE o0DIMS dMEM sM{jEgw)ergdol 456853 mdsdo.
X96dOMgermdoLmM3ol oo ®obZol AsdMIF3g300 OLYMO 935 YOJOO, MMYMOOEGS: BOH0Zb3gW M
Jg©s, LogrdmbgwmBo, gMHobzgwms dm@GMwobdo, BMObzgw®Ms GHYBIMIMEombo, BMHOb3gwms 3Mo3o
o Ubgos [24].

054BHIM0ME0 ©53500JOJO0M FodMf 390 ©(3JTS oMIME BMHOB3YLMS F0MMLE 53500JOJO0
3900960900  MRMM  Jowoos. 0bx3gdEoslmsb  ghmo bBmyogMmo  Bdagd@ghogdol dogh  odmfizgmer
553500905l b sberoglh  dsm  Fogh  Fomdmdgdbowr  3m@Hgbsom®  GHmgbobos  bgdmddggds  [24].
3056Md5d3H9Mm05 G900l BMEHMIMGHMMNOMIN BoJGIM0sMS XJBT0. 030 BSOHOOM® 3OEIWEIdS fYomls o
bdgugmby.  30sbmdsdBHgMools MHsdm©gbodyg fywwol dbsdo Lobgmds ofjgg3l  dgmMs  Gmgbozm®
39G90ME0GHIOL, M53 LEboBsMMS 50530569d0LS s (3bMmzgwgdolsmgol [23].

09obdogMo  ©9350JdJd0  (Tod. ©OMYs,  FIBEAMMOBEHILEBIWMMO 59350 JOJd0),  OHMIgEO3
3990399905 bbgs s bbgs dsg@gmogdom ofj39396 93093090l [24].

ALegom xsbo3zoL MmMABoBsgool (WHO) dmbsizgdgdoom ymggwiieow®ma 3.4 dogombo ssdosbo,
299G 9Ls 053330, 003905 Fywobdogho ss35dgdom [25].

0950Ls3H93900L §yerolidogho 3smmagbqd0m ©sd0bdmEmads s 3500 JogH A5TIM{INMWO 935 YOJOO
©M396go  dbmgwoml  3603369wmgsbo  3MMdEgTss.  TaogMm  To@ostMgdl  fywol  bs®olbol
235999% mdYLGOSL, OHMYMOL 1539960l FEAMIO 23630 GdOL 9HM- M Fsg356 JoBIBU.

0023905,  35¢00sbBH™IOL  BHOOL  93MMYome  JEAMTIOIMBSDY  3omMmgbmo  dodBHIMOOOL
bg0cmgdggdol dgbfagers, dmEgEo@gds s Jolo s®339mol 369396300 Mbolidogdgdol AsEsMgds
993> 8608369 m3560 - s3GYIOEIMO 3BIMdYDss.

" 3606390900l 9350090 BHrIgEbsg 0§393L Lo dmbgwmbmEmo dodBge0s- Salmonella arizonae
T 3500969900 gdgMHobos 3mero (Escherichia coli)
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DESCRIPTION OF THE ECOSYSTEM OF THE LAKE PALIASTOMI
Grigol Abramia, Leila Gverdtsiteli, Dimitri Eristavi
Georgian Technical University

SUMMARY
Has been reviewed ecological state of the lake Paliastomi, internationally protected area, as well as its migratory birds, bacterial
flora and possible dissemination of infectious diseases in the lake Paliastomi and the need of the study of water born bacterial diseases.

OIMNCAHHME 3KOCHUCTEMBI O3EPA MAJIMACTOMHU
I'puron A6pamus, Jletina I'sepauureny, Jumutpuit DprcTaBu
I'py3MHCKUI TEXHUYECKUI YHUBEPCUTET

PE3IOME
PaccmatpuBaeTcs 3xonoruueckuii cratyc o3epa [lanuacromu, kak MeXIyHapOAHOH OXpaHsAeMOll TEppUTOPHUH, a TaKKe OOUTaroIIHe
BUJIBI MUTPUPYIONINX NITHII, OaKTepuanbHas (opa, BO3MOKHOCTh PaclpOCTpaHEHH UMH HHPEKIIMOHHBIX 3a00JIeBaHUI B 03epe
TMammacromu u HEOOXOMMOCTh MIPOBEICHHS HCCIIeIOBAHHS BOJTHBIX OaKTepHaTbHBIX 3a00JIeBaHMIA.
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25099ml Jodos

§95000 39656910756 Spirulina platensis Jodom®o gergdgbGol bgergbols (Se) ©9H0090M0J0gds

Bobo 3mFozs

03569 333560830000l 0380¢robol bsbyerdfogm «bogg6Gbod G0l
JCP99R0096 56 EHb05930¢m0b 30YO0L 0bUBOGXIGHO

LsdwgdsmTo dgbfageroe 0dbs figowdizgbo@ols Spirulina platensis (S. platensis) »xMgwo BOHEOL obsdozsdo
0339003 Zarrouk 06M99m8o Jodow®o gwgdgb@ob Lgagbol (Se) Jiggol 0s30L9dYMgdsbo, GMMmEs 50bodbrme
3909080 BsB30MHmMos  dobo  3Bmdowo  MHomEabmds.  gsdmygabgdmer  oym  SEGMIME-5dLMDd300
1399dGO@IgBHO00lL IgMEO.

35MdO0s, HMI 3mEbosr MGYboBIGddo Jodo®mo guqdgb@gdol dmddngds ©sIMI0IdIMYWos Tom
3Mb3gbBHMo30sby.  Mmommgmmo  gugdgb@olomgol dgodergds 9modgdbml 4903390 Momgbmdy,
HMIomsi 0L FoMdMY30090 oMM MYOMEMSE 5dGH0O 56 BHMJLo3ME dymdsMgmdsdo.

B396L 9dL3gMH0dgbBHIBT0 FMEbIE MMYbODBTsE doBbowIMmos (goad3gbstyg S. platensis, GHIgEros
§o6M8moy9bL domE9dbmemaool 3609369cm356 MmdogJBHL. ol sMOL 1533900, Lsd3MOBsEM 36935M5EJOOL
© OGN0 3OMONMIBHIOOL 930w gdIWo  BsTsG0, 58539 @OML  53054mBoEgdL  gmEbowo
mO2060D3g00L IMPHHBMZboEgdL B3 303)5306%Y.

@OoRIMHsGHMs8o  HomOmagbowos  bbgo@olbgs  Lsdggboghm  sdmMo@m®Mosdo  Bs@smgdmeo
Lodmdomgdo S. platensis 3M57GH03o 3s9mygbgdol dgbobgd. gMmgMom Bogomome© o3sLIHBYEgdM, H™A
391553005 50bodbwo fiyswdEgbstol 9993gmdom Gyzool (Pb) 899(339e0mdologsb Bsdobstg fywgdols
39U B053900L Bo30MHBO. 585l oMY, J98M33eYNME0d B30MLIOBSL 3MWEGNMSTo BHY300L BHMJLolWOMdOL
Logoombog [1]. 9331935609008 yMMomgds s0dbobym@s S. platensis d0mdolol  Lsdmowgdoom 93390530
2396099m@b Jodom®mo 9wgdgbEHol 30650wdol (V) 939999e06gdol dqbsdwgdermdsd [2]. 9dudgmodgb@gdoo
OEILAMMES, OHMI Bg8mmombodbmm F0sbmdsdBHmosl S. platensis do9hbos mgMmbs s 39MEbEOL
Bobmbsfoszgdol  Fomdmddbol mbosto [3]. §gowdEgbotol domdsls 50 ™Mo Jodorm@mo gegdgb@ol
B5bmbsfos3gdmeb  ghmo  godwgds  499mygbgdyemo  0dbgl  BoMmBs393B Ko s bsdgoEobm
doBbgdolsmzol. Mbs  500obodbml, MHmI sbgmo  Imddggdol  Jo3OMMOY60DBIGIOL  MoMm©Ib™dS
XIOXIOMI0m F30MgEs Fgbfagerowro.

58330390905, HMI 303boE0 MOY60DBIGOOL FgdoAgbermdsdo dmodmggds Jodow® guwgdgbdoms
396000 LobEgdolb 100gdol yzgws 9ergdgb@o. sdxgMs© YoM gdsl 99356960 gdm Logmabaolbsmzgol
9OMIM0 599300909 9eq396G B bgagbby (Se), dMIgELsg 8goEogL 5sdosbol Jumz0wgdo s MMYBMgdO
[4] @5 ®MIWol Gom©gbmdsg 033wgds (3ow3gMNE 3bMmggwoms, 8500  MmEOYRBMmms, 93Mgm3g, FoMgdm
3060009000  ©sIM30EPIMgdom. ol  Fgol  BgMIg6EHIOOL,  (Gowgdols s 5FobmTzgez9d0L
09050996Md580. 5yowo 5d3L bgagbols s8mygbgdsll 30MvBHY30lL LoFdwol @sbsds@oE. MMymM3
356050Md9b, sl 2958605 doMEMPOMOO HMEro. 030 23b3Ids MOYBM BogMMgddo, MHMIEgdTo;
05059m3L 24M0MHO0L 5bswMYoMH HML. ol FoMdmoyabl s6@sxmbobEL As, Zn, Cd, Te, Hg Jodonmo
998963900530l S 0393V 90530560l MEMYSBOBAL 53 gargdgbEgdom Bmfsdzwrologsb [5].

ByoGH®™MbMo  9dBH03530MM0  9BseoBol  (Bss) Tgoom@oo  dgufagarowos bgargbol 899339 mds
X9BIOMGo 35339008 LobbEb, MOYEMIBOL JuMmz0EgdLs s MW300WO0EE AsTMYMBOE WXMHIOMIIb
3033mb6963gddo: 30639000, Jo@mdmbo®ogddo, dogmhmbmdgdls s (30¢HM3wsHdsdo [6].

a®LgdMBL 55305b0L, bmggms s FMHOB3aW™Ms BMAOINDO 935D, 450mf3gwo bgergbols
©IBOGOGHOM 153390 3OMEwJBHJ0do s Lsldger Fysedo. Mbs 500dbml, M {gs®Hml, dobstrgms s
Fo0sMmms fyagdo dgoaogb bowgbl YBG™ OO GomEIbmdom, 30Mg BM3ad0L s ™3gsbgqdols.
M0 gdoL Jo0se0 MbsMol godm Lgwrgbo LHGMsxs 90fm3z9ds s@IMbggOmdo.

MmO 3 [7] LoddsmBos s0bodbrEo, MmOl BMYOIOHMO MYROMBOLLMZOL 5JEsEMMmOos bgwgbol
3993390 36935653 9d0L J0MgdoL 3MMdEGTs, MoPE 339006 Bmy GHGMIOEOMW 3OmEIGdo dobo
©130560bMdS FoM3Mmagbl g - LobbEIdsMMZMS, MBIMEMYOH 5535IOIMS S JoBMSJEHOL 358mT)393
dobgbL.
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B5d6OMdo [8] FoMTmoagbl 333¢gdume go0m33eg3oL Lergbol Jo3MMGMoMmEabmdol asbsfowgdols
500530060ls O (3BMZgWMS MMABOBITo s Lb3oILlbZs MMYbMTo(Lobbero, g0dwo, WM 3ITYO, J2IE0o,
a0 30, (3060, 399600, d35¢0) BAMTSLS O 3o0MEMA0580. 50b0TEE0s, HMD bgwgbols 53499MEO0MHYdS
5 dobo 30560bMds3 0f393L M0YO MMYIEODBIGOOL OHMAMEMF GHMJL0IME IMT>MIMd, sig3g Lbgswslbgs
055350705L53. 90b0dbMEo Logzombgdo dqLfogerowos bss gomol 3sdmyqbgdoo.

Lgegbob, s3Mm9gm3z9 BMP0IOHMO BHMJLOZMNMO gegdgbEHol WMo HmMJdgrgds S. platensis doMIsboIb
2399MygmBoE EMdIWIOHY 30 C - 3030305606056 g@EsmGmass glffogerowo [9] bsdwdsmdo. [10]
Lodm8omdo, ULbgs 30360HMmgergdgb@gdmeb Mm@, obLabgOwyos bgagbol MomEgbmds ™mGo Labol
609/3ddo:  3mbdmew  37d0L  obEMBWL©  3oMOdOL BE3sdo sMgden S. platensis BoGyGoErMH @
3009M300Lsm30L 2ob3m3boer 60dmdqddo. 28mygbgde oym MmO FJNMEO: SGMINMO SOLMMBEFOYICO
139JGHOMIYEHO0S 5 3EoHBINMO SGMINH - gdoLo©o L3gdGHOHMLIM30s.

M0ameE  bbgs 90Gmdgddo  0od3b  s0bodbmaro,  9.0.56MMbB03sd30olL  Lobgmdol  gobozol
0bbBoEMGdo yoedigbs®ol S. platensis domdsbol 8m 333900 FbOaEs Mlgmol Igboggdsms
939009300l 3.5.3030605H930L  Lobgemdol  Bobomwmyool 0bLE0GHMGH0B  Fowgdmwo  bodwdgdol
LodMogdom. 9dldgmodgbEqdol 80dobstgmdolols sEMMo oym 3oHMdgd0: pH > 8; 3500 ¢dlio gobsmgds;
30 — 34° C 3939653 65; FY39G0 d5MDoEGH0MIDs; 030MI3M3Mwo 3nbEHMmMEO; iysewdigbs@ol domdsbol
5053 9I3gMoGMOMWo  godmdmmds. 8©dogds  JozMMbOM3Mds  JnbGHOMM@Ts  ©99BHI0Es, OMI
9Ju39608963gdd0 godmygbgdmero S. platensis  d0mIsLOL YYXMIOIIO FOGHMEMYOWOMIE 5O AoB3b33YdS
3MBGHOMEOLOY6.

B3960 00Bsbo ogm 9339053 Zarrouk as09dmdo BsEzomowmwo bgwgbol bbgssbbgs 3mbigb@toiool
Bgo3gbol dgbfiogers S. platensis domdobol (33er0gdoL 3GMEgLBY, GObmZOLE Podmygbgdme 0dbs
Lgegbol dsmoerol H2SeOs 7.9 933/0¢» 0. 1 M blbsto. §ysedEgbs®ol 3mwm@ogssos dmbos 12 eob
2496853 mdsdo.

OmamO3 1 bsbsBosb Bsbl, 2 s 3 Jgdmbgzgzsdo §ysedEgbs®ol domdsliol bBMs sbermliss
9600056900056 - M0z 890b393530 d0MTobd 0BMEYDds, Fog™sd bmnMmIsBy 320 B3 gds. Mo 99gbgds
4 s 5 990mbg939dL, 9339003 Zarrouk sMq3mdo LyEgbol BgBMmmsMbodbry HomEgbmdsms BsBzoMmmgs,
fobs 99000b393900056 9905050000 sdNMYMB39ws dmddggdl S. platensis domdsliols BOHELBY.

3000 -
1
2
3

2500

2000

o

1500 —

1000

domdsliols (33eogads 3339083 3sc9dmdo

bgmabol Bsdzodmgolsls, 83/@

500 —

domdsbol BOEol o™, oy

Bsb. 1. S. platensis d0m3dsbol 33¢00gds 12 ol 496353erMdsd0, GMEs 8339053 3MgdmTo Bo@30MHMY0s
Lgergbolb bgoalibgs MomEgbmds: 1 3Mvyo dqqLlodsdgds beMasl - 9339053 4oM9gdmdo bgergbo 56 sGols

Bo@300Hmv0, 2 - BosBgo®mowmwos 1 8y/w , 3 - 10 dp/e, 4 - 50 3/, 5 - Bs@gomorveros 100 dy/e» Lgergbo.
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2800 -
2600 —
2400 —
2200 -
2000 —
1800 -
1600 —

1400

domdsbols (33emoemads, dg/m

1200 -

1000

0 ' 20 ' 40 I 60 ' 80 ' 160
3339993 a5693mdo Bsgzodornmo
bgemgbols Gamegbmds, da/em

6sb. 2. fyoad3gbs®ol dBomdslol 33wowgdol edm30©YdMEgds 9339093 A9Mgdmdo hoBH30MHMYIEO
bgergbol MomMgbmdoLoysb.

2 BobaoBbg go9mbobe0s [gowd3gbotol domdsbiol (33¢r0wgdol sdm30YOEgds 9339053 9M90Mmdo
Bo@30mHmveno bgangbols HomEgbmdolsgsb 5 wol gsbdsgwrmdsdo.

035L5B0bMgdOLEmM30L 12 - Eosbo gdudgmodgb@ol Mmb dgmbgmu odbs ob EYgdo, MMIwgddos
M3 9358300m@ BobL 9339053 3oM9dmdo bgegbol bbgsalibgs MomEgbmdoms Bo@z0MmmM300m 5dmf3gmero
29bLb3539ds. IMH9gd0L bMIMYdOLY S EYJOIOL Tglsdsdolmds sbgmos: 1 —12 g, 2 - 10 MY, 3 — 8 WY,
4 -5 g, 5 - 3 Y. H®AMOE BobsBod BsbL, doMIsLOL yzgasBg Bogargdo B dqLlsdhbgzos 8330093
239M90m8o 100 /¢ Bgergbols BsEH30M™M300 3 ®IL, bmwm dsdlodserHo BMs d90dhbgzs 12 gL
Lgegbol 1 T/ HomEgbmdOL BsB30mz0L MHML, Go3 bmMIol ymIsMgmdILID OIS
QOObBEMGdME0O.

Lo0bBgMgbm@  Rogmzgomg  dgaggbfogers 9339003 oMgdmdo  Bs@zoMmo  Lgwgbol oo
063903500  2oblbbgegzgdmmo 3mb3gbEMogool bgyegargbs S. platensis domdsbol BOHEOL dMM3gLbY.
390093900 FoMdmygbowos 1 gbMHogrdo.

3b®owo 1. S. platensis d0mdslodo LyErgbol 53999mEs30s 8339053 BoMgdmdo dobo Lbgswsabbgs
6500960000 bsEZ300™MZ0LSL. 89092900 oGO0 55U BgmMEOL 153w GOOm.

0330093 3960gdmdo Bs@Gzommvyaro Lgwgbol bgargbol Momgbmds S. platensis 60dw9d9dd0, 939
G50©96mds d3a/ /3
500 360033690 mds 56 33593L BHdbo3me Jobgbms asdm
1000 4.4
2000 11
3000 14
4000 18.5
5000 20.7
6000 22.6
8000 23.3
10000 30.0
12000 43.5
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| 15000 40.4

MmamO3 1 3bOowosb BsbL, 3s9m3z099bgm bgegboli BsBz0MmmEo Mom@gbmdol bs3dsm® OO
dmoago: (500 — 15000) 93y/ew. dogdyero 89gaqd0l dglsbgd 99330005 3mdzom, GMI bgwgbol
9ogdlodoEMHO  MomMmEgbmds FoMmBmyqbowos 09339053 goMgdmdo Lgwagbol 12000 93/ Homgbmdol
Bo@30mHGH30LsL, bmerm 15000 933/ Gomgbmdol Bo@zo®mgobsl 890930 3m@Gomo 89930690wwos.
M3E0MgL s 1oL 36093690MdIMs FMOL goblbgsgzgds osbEMmadom gMmo Mool GHmwos.

5060350, 9L gdMdOL Jobgzom, o356 33090 S. platensis domdsbodo bgwgbol 83w9dmesool
Ls3ombo. 3mgwom, MM Bz96L Joge abisbweo Bobsbo, JoMOMo©oE, IgltrEgdE0s.

B9gAL In35¢gMBS N3O FoEMBS os3MbIEM X AMBOL bgerddegsbgwl s. dgarm3mdowlizol,
X39530L §93690L: 9. 306GHOL s 5. boBsbodz0wl, HMIWgdMbsg JMHme© g3dmbsfowgmdoo
9939603963 gd0b Bo@stndsdo, bam s. MR 0d30el - 55l JgoMEOm F0©gdEo 99093900l
oMM 960Ls300.
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ON INTERACTION OF CHEMICAL ELEMENT SELEN (Se) WITH ALGAE SPIRULINA
PLATENSIS
Nana Kuchava
I. Javakhishvili Thilisi State University, E. Andronikashvili Institute of Physiks
SUMMARY
The peculiarities of the behaviour chemical element selen (Se) in the dynamics of cell growth of
cyanobacteria Spirulina platensis (S. platensis) in Zarroyk nutrient medium when certain quantity is
introduced into the mentioned medium has been studied in the work. The Method of Atom — absorption
spectrometry (AAS) was used.

B3AMMOJIECTBUE XUMHUYECKOT' O JIEMEHTA CEJIEHA (Se) C BOJOPOCJIBIO
SPIRULINA PLATENSIS
Hana Kyuasa
Tounucckuil cocyoapcmeennvlil yHugepcumem um. Meawne Jicasaxuwsuny,
Hnuemumym guszuxu um. dnegpmepa Anoponukaweuu
PE3IOME
B pabote ObuM HM3yueHBI CBOWCTBA XMMHYECKOTO 3JIEMEHTa celeHa (Se) B AMHAMHKE KJIETOYHOTO pocTa
nuanobakrepun Spirulina platensis (S. platensis), korga B nuTatenbHO# cpene Zarroyk sarpyxeHo ero
M3BECTHOE KOJIMYECTBO. Mcnoap30BaH MeTo] aTOMHO-a0COpOLIMOHHON CIIEKTPOMETPHH.
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ENVIRONMENTAL CHEMISTRY

STUDIES OF THE UPTAKE AND DISTRIBUTION OF Cs FROM SOIL IN FOOD CROPS
GROWN IN FIELD AND LABORATORY CONDITIONS

Olia Rcheulishvili, Lela Tugushi, Eter Ginturi, Elene Kirkesali, Alexandre Rcheulishvili, Timo Korpela

E. Andronikashvili Institute of Physics, Iv. Javakhishvili Thilisi State University

The ability to uptake cesium from soil was studied in Georgian endemic wheat [doli (Triticum georgicum)] and
barley [Hordeum sativum Lessen (Hordeum L.)], and also in garlic in field and laboratory conditions. The content
of elements in different organs of plants such as roots, stalks and leaves was studied at different stages of plant
growth and development. The concentrations of elements were measured by using an atomic absorption
spectrometer. In the leaves of wheat and barley, as well as of garlic, accumulation of Cs was much higher than in
the roots, and in the roots — higher than in the stalks.

With the development of nuclear technologies, humanity faces the threat of radioactive contamination,
which is confirmed by the events of recent decades (Chernobyl, Fukushima and other). Radioactive elements
(Cs, I, Ce, La, Ru, Ba, Zr, Nb, etc.) spread from the disaster site (contamination center) over long distances
in different ways and contaminate the environment. The plants growing on contaminated areas uptake and
accumulate radioactive elements during the period of their growth and development [1-3]. The plants that
are eaten by people and animals represent particular danger, as the radioactive elements accumulated in plants
get into human organisms with food and exert an adverse impact on the human health. In this regard, special
attention should be paid to the elements with long half-lives (long-lived ones). Such elements (Se, Co, Fe,
Sh, Cr, Cs, Zn, Mn, Hg, As, Ag, Mo and W) are more dangerous for the environment. They are produced in
the result of nuclear reactions proceeding in nuclear reactors.

As a result of the accident at the Chernobyl nuclear power plant in 1986, the environment in Georgia
was contaminated. The following radionuclides were found: 31, 1%2Te(1%2]), 134Cs 137Cs, 41Ce, 4Ce,
140 a(**%La), °°Sr(*°Y) and *Zr(**Nb). Subtropical agricultural crops in Western Georgia, in particular
Georgian tea, were seriously contaminated. The milk was also contaminated with radioactive iodine [4, 5].

Thus, it is topical to study the uptake of potentially radioactive elements (the elements easily acquiring
radioactivity) by plants, including edible and medicinal ones. [6] This will enable us to assess the potential
hazard in the event of radioactive contamination of the environment (accidents at nuclear power stations,
dirty nuclear bombs, etc.). It is essential to study the uptake of those elements in edible and medicinal plants
that could cause the radioactive contamination of the environment. Plants uptake radioactive elements from
soil and accumulate them during their growth and development.

Contamination of soil with cesium became topical after the Chernoby! disaster happened in 1986 [1-5].
After the Fukushima disaster happened in 2011, the importance of studying the contamination of soil
increased even more. It was revealed that, after accidents at nuclear power stations, radioactive 3’Cs spreads
in the environment, which causes the contamination of the environment with this isotope. Plants, including
food crops, assimilate *’Cs from the contaminated soil. Therefore, the experimental study of accumulation
of cesium in various plants is of great importance [7]. In this work, we investigate the uptake of potentially
radioactive element Cs in plants at different stages of their growth and development. For this purpose, we
chose wheat cultivar doli (Triticum georgicum), barley cultivar [Hordeum sativum Lessen (Hordeum L.)] and
garlic.

The experiments were carried out in field and laboratory conditions.

For cultivation of the crops, we selected a plot (the village of Naniani, Sagarejo Region), the soil
productivity, humidity and light exposure of which satisfy the requirements necessary for cultivation of grain
cultures. The soil taken from the plot was studied for the mechanical composition and the quality of humus
according to acidity (pH), total nitrogen and nitrogen hydrolysate, phosphorus, mobile potassium, carbonates,
total salts, and the mobile forms of microelements (Cr, Ni, Cd, Pb, Cu, Zn and Mn).

For the experiments, the soil was cleaned from stones and impurities, and then sifted. For field
experiments, the selected plot (with the area of 15 m?) was preliminarily fenced, and then containers with the
dimensions of 75x20x19 cm?® were placed on it. For laboratory experiments, the containers with the
dimensions of 53x17.5x20 cm? were placed in the glass and organic glass with the dimensions of 100x60x100
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cm?, which was illuminated by 12 14 W fluorescent tubes. In the greenhouse, the crops were cultivated at
constant temperature, which was controlled.

The element Cs chosen for studying was introduced in soil in the form of a cesium chloride (CsCl)
solution with the concentration of 5 g/l. The solution was introduced in soil so that, after its homogenization,
that the concentration of cesium in soil in each container made up 40 mg/l. In containers so prepared, we
sowed the selected cultivars of wheat, barley and garlic (garlic was seeded only in field conditions).

In laboratory experiments, the crops were watered every day for maintaining the required humidity level
(3%). The pH value of the soil also controlled (pH7.5). The crops were picked from the containers at intervals
of 28-30 days. The plants were washed with distilled water, divided into separate organs: roots, stalks and
leaves. The samples were dried in a drying cabinet (80°C) to a constant weight. Then they were ground with
a mechanical mill.

We weighed the samples (each sample weighed about 30 mg), placed them in appropriately labeled test
tubes, added concentrated nitric acid and heated up until the formation of a homogeneous solution. Then we
diluted the solution with bidistillate to the desirable volume. The concentration of Cs was measured by the
method of atomic absorption spectrometry.

The Laboratory of Atomic Absorption Spectrometry at E. Andronikashvili Institute of Physics is
equipped with spectrometers Aanalyst 800, Beckman-495 and C-115. Spectrometer Aanalyst 800 is a modern
atomic absorption instrument that ensures measuring of the concentration of elements both in absorption and
emission modes over the spectral range from 190 to 900 nm.

For the analysis, the preliminarily prepared sample solution is introduced into acetone-air flame. The
spectrometer automatically chooses the optimal mode for measurement of each element: resonance
wavelength A characteristic of the element, acetone and air consumption (I/min), the distance between the
atomizer slot and the atomic absorption zone (the zone of penetration of a light beam into the flame), the
width of the monochromatic slot, and the current of the spectral lamp. As reference solutions, we used
standard solutions with concentration of 1 mg/ml, Perkin Elmer. We prepared working solutions by diluting
the standard ones. The relative error of the analytical method made up 5-10%.

In field experiments, the crops were sowed in the autumn wheat sowing period. Four samples of wheat,
barley and garlic sowed in field conditions, and five samples of the same crops sowed in laboratory conditions
were taken for the analysis. The measurement results are given in Tables 1 and 2.

Table 1. Concentration of Cs in wheat, barley and garlic crops grown in field conditions (ug/g)

Field conditions

=

g _E Wheat Barley Garlic

; E roots | stalks | Leaves | ears roots | stalks | leaves | ears |roots | stalks | leaves | cloves | Blossoms
88th | 7443 | 4813 | 8365 - 779.7 | 829.5 | 1486.5 - 2 103 | 1M - -
day

ll6th | 297.2 | 3889 | 6517 - 8605 | 4241 | 6925 - 082 ( 084 | 072 - -
day

150th | 2463 | 260 | 4477 [ 1843 | 227 189 | 4283 | 2003 | 054 | 063 | 108 | 018 -
day

171st | 3371 | 2144 | 4175 | 2071 | 400.8 | 309.4 | 5988 |1098| 071 | 047 | 086 | 024 036
day

Table 2. Concentration of Cs in wheat, barley and garlic crops grown in laboratory conditions (ug/g)

2= Laboratory conditions

E'E - wheat Barley

828 roots stalks leaves roots stalks leaves
26th day 3695 5425 8210 1844.2 4750.5 7331.8
47th day 4986.8 3166.4 5063.1 136.2 2446.1 4146.3
70th day 3937.9 1522.7 4223 1645.6 807 1935.7
103rd day 2337.9 1216.9 1397.4 1171.7 831.4 2028.9
126th day 2977.3 1564.4 1677.1 12225 1161.1 1337.2

As is seen from the table, in field conditions, the uptake of Cs was much higher in wheat and barley
leaves than in roots and stalks, while in roots it was higher than in stalks. The uptake of Cs in barley and
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wheat ears formed was the lowest. The uptake of Cs was also higher in the leaves of garlic than in roots and
stalks. The uptake of Cs in cloves and blossoms of garlic was much lower

In the crops grown in laboratory conditions, the uptake of Cs was also much higher leaves than in roots
and stalks, while in roots it was higher than in stalks. Only in the roots of wheat samples 4 and 5, the uptake
of Cs was higher than in leaves and stalks.

The results of experiments showed that, in the crops grown both in field and laboratory conditions, the
intensity of uptake of Cs gradually decreased. At the beginning, the uptake of Cs was high in all organs of
plants, then it decreased with time. Generally, we can represent the results of experiments obtained for the
crops grown in both field and laboratory conditions in the following way: leaves>roots>stalks.

In field conditions, the uptake of Cs in both grain crops was similarly much lower than in those grown
in laboratory conditions. In laboratory conditions, along with Cs, the ability of uptake of the following
elements in wheat and barley was studied: Pb, Cd, Zn, Cr(l1l), Cr(VI), Mn and Cu. It is noteworthy that, in
the containers with the soil containing Cs, the crops (even weeds) rose earlier and grew faster [8, 9, 10]. From
the above-listed elements, only the amount of assimilated Cs in leaves was higher than in roots and stalks.
The concentrations of other elements were much higher in roots than in leaves and stalks. For instance, as
for the uptake of Cr(I11) and Mn in wheat and barley, it was higher in roots than in stalks and leaves.

Graphically, this dependence looks as shown in Figs. 1 and 2.
9000
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stalk 1200
7500 - 55 /\/\
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6000 - :
Fig. ] oLa—a=a——_ =4 1. Concentrations of Cs and Cr(lll) in the
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Our study shows that cesium in the soluble state at first easily enters plants. In this case, cesium competes
with potassium and rubidium in its sorption sites. Then cesium reacts with various compounds contained in
soil and its bioactivity decreases [10].

This work was supported by a grant #5TCU-SRNSF 5635 (09/14)
from the Ukrainian Science and Technology Centre (STCU)
»Studying the accumulation and distribution

of toxic elements by some Georgian feed plants.
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399 65363mdBo Fgbfsgmomos 16936103 @ sdmBsBmGonm 306mdgddo Lsdstmggmml gbegdn®o x0Bols dse33mgnmgddo
- bedogols [omemo (Triticum georgicum)] s Jg®8o [Hordeum sativum Lessen (Hordeum L.)] sbg3g 60m6 8o 6aswsgowsb Cs-
061}(*)6)6001’]0:70 1&335@)6)0’)33@)60% ko‘a‘aoﬂabom Bm&)bém'&ﬂ Q‘) daﬁ)'ao, ‘)15838 60(")&)'80 CS'O]J 1‘\)&66)(‘03366 1}&66)65(‘06&700\3 83&0‘)

HCCIEJOBAHUME YCBOEHUS U PACIIPEJEJEHUS DJIEMEHTA Cs B IMIIEBBIX PACTEHUAX
KYJbTUBUPYEMBIX B ECTECTBEHHBIX U IABOPATOPHBIX YCJIOBUAX
O.A Pyeynmumuny, JI.C. Tyrymm, 3. H.I'untypu, E.W.Kupkecanu, A.H.Pueynumsuin
Tounuckuii 2ocyoapcmeenuwviti ynueepcumem um. Y. [icasaxuweunu,
Hucmumym usuxu um. 3. AnOpoHuxaweuiu
PE3IOME
VccnenoBaHa criocoOHOCTh yeBOCHHMS 1eMeHTa Cs Ipy3MHCKUMHU HAEMHUYHBIMU 3€PHOBBIMH KyJIbTypamu mirexuieit [doli
(Triticum georgicum)] u oscom [Hordeum sativum Lessen (Hordeum L.)], a Takke W 94ECHOKOM KyJITHBHPYEMBIMH B
HNPUPOJHBIX U Ja0OPAaTOPHBIX YCIOBHUSIX B Pa3lUyYHbIC MEPHOABI POCTa M Pa3BUTUS KylnbTyp. VMcciemoBanmu copepikaHue
XHUMHYECKAX DJIEMEHTOB B OTACNBHHX OpPraHax PAacTCHUH - KOPHAX, CTeONIAX M JHUCThAX. KOHIEHTpaLUWIO 2JIEMEHTOB
OIIPEACISUI METOJIOM aTOMHO aOCOPOIMOHHONM CIIEKTPOMETPHH. Y CTAHOBJIEHO 3HAYUTENHHO Ooublree HakomieHue Cs B
JIMCTBAX, TI0 CPAaBHEHUIO C KOPHAMU U cTeOaMu. OJHOBPEMEHHO B KOPHSIX TOTO 3JIEMEHTa OOJIbIe YeM B CTEOMIX.
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AFLATOXINE ADSOPRTION USING TECHNICAL LIGNIN
Leila Tatiashvili, Irma Mikadze, Rusudan Uridia, Nana Tserodze,
Nino Nonikashvili, Nino Karkashadze
Ivane Javakhishvili Thilisi State Univesity,
PetreMelikishvili Institute of Physical and Organic Chemistry

SUMMARY
Aflatoxin represent aggressive and health-threatening group of micotoxines, which are characterized with
strong toxic and cancerogenic properties. There are known mechanic, physical and chemical methodology
of their detoxication. It is also worth to mention the process of aflatoxin decontamination using various
adsorbents. We are implementing research work toward aflatoxin adsorption with technical lignin presence,
which is rather affordable and gives us effective results.

AJCOPBIIUA ADPJIATOKCHUHOB C IPUMEHEHUEM TEXHUYECKOI'O IMTHUHA
JL.T.Tatnamsunn, .M. Mukanze, P.3.Ypunus, H.I1.Ilepoaze, H.Y. Honukamsumu, H.I".Kapkamanze
Tounucckuii I'ocyoapemesennovlii Yuueepcumem um. Me. Jocasaxuweunu,

Unemumym ¢husuueckou u opeanuveckou xumuu um. I[1.1. Menuxuweuiu

PE3IOME
A(naToKCHHBI SIBIISIIOTCSI arpecCMBHOM M OMAacHOW Ui 3[0pOBbsSI TPYNIOH MHKOTOKCHHOB, KOTOPBIE

XapaKTepU3yIOTCSl CUIIBHBIMA TOKCHYHBIMU M KaHIIEPOT€HHBIMH CBOMCTBaMH. V3BECTHBI MeXaHHUYECKHE,
¢u3nuecKkue ¥ XUMHYECKHE METOABl MX AETOKCHKAlUH. TarkKe cileqyeT OTMETUTbh 00e33apakuBaHHe
a(IaTOKCHHOB € TIOMOIIBIO Pa3IMYHBIX aJCOPOECHTOB. MBI MPOBOJUM HWCCICAOBAHWS B HAIPABICHUH
ajicopOnuu aIaTOKCHHOB B MPUCYTCTBHH TEXHUYECKOTO JIMTHUHA, YTO SIBJISETCS JIOBOJIBHO JIOCTYITHBIM H
naet 3QpPeKTUBHBIE pPe3yIbTATHL.
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CHEMICAL ECOLOGY

DEVELOPMENT OF ENVIRONMENTALLY SAFE REHABILITATION MODEL
OF HOUSEHOLD LANDFILLS

N.Barbakadze, N.Kavtaradze, T.Dgebuadze, K.Kochiashvili, M.Japaridze, L.Dolidze, 1.Mikadze
Petre Melikishvili Institute of Physical and Organic Chemistry at Iv. Javakhishvili Thilisi State University

In the developed countries the number of residential wastes is increasing, the average number of garbage per capita
per year is 400 — 500 kg. Recycling of so huge number of waste creates some problems. High temperature method
(insiniration and pyrolisis) in recycling is widely used, though it causes outflow of toxic compounds into the
atmosphere and requires high capital expenses. Proposed work includes development and using of effective
remediation methods with the interaction of the landfill contaminated soil, its land cover and a variety of plug-
layer, for the later uses of this area as a crop land. Active bioremediation method is distinguished by the less cost
and environmental safety.

Residential waste collection, separation and recycling, formed as one of the important manufacturing
sector. The work deals with waste recycling, using safe and less expensive method, which is reasonable for
developing countries. From the end of the last century abnormal flow of hazardous substances into the
atmosphere caused violation of equilibrium, which impacted the acceleration of global warming.
International organizations planned to reduce emissions by 2050 by 60%. Biomass energy is retrieval
resources and is available all over the world. For the developing countries it is possible to use soil self-
purification, pollution fixation and phytoremediation for safe recycling of residential wastes [1-3].

According to the recommendations of various influential environmental organizations, increasingly
used bioremediation methods for soil cleaning processes. This methods are less expensive and ecologically
safe, remediation expenses are 3-10 times less, than during the use of burning, but requires relatively long-
term period (5 years). During the use of bioremediation, soil aeration is growing, with plow, adding of
additives and microelement substrates, it also accelerates all three soil biological agent (Bacteria, fungi, and
plant roots) activation, garbage becomes degraded and new, less dangerous systems are created. Remediated
soil can be used for the agricultural purposes.

In some cases there are added such a mineral fertilizers, that are binding heavy metals and other
xenobiotics, in the result the sorption processes are blocked and pollution migration is stopped. Research of
interaction of landfill and soil, using modern complex methods and biological principles is very important,
on the restored soil cultivation of agricultural mainly non-edible technical cultures is possible. Harvested
biomass can be used as bio fuel component, in paints and auxiliary materials for producing construction
products and etc.

In Georgia there are implemented some works in the field of investigation of various bioremediation
methods of neutralization of dangerous substances. The results confirm the efficiency of activated self-
purification processes for contaminated soil remediation. Creation of relevant conditions is very important
for each biological agent for the acceleration of transformation process of dangerous substances into less
harmless compounds.

The working group with the gained experience can improve garbage contaminated soil bioremediation
scheme with the following approaches:

o Impact of trash rotting processes on the plant growth (Mustard, watercress-flax, linden trees and etc.).

o Influence of Askana clay (water-repellent) geochemical barriers on litter-soil system

e Humic acids micro-cell systems addition in the composition of litter-soil for the activation of the

local microorganisms

o Nutritional supplements addition in the litter-soil system for the activation of their interaction, for

extending the ability of deplete to the local biological agents

o Joint use of soil self-purification, phyto-fixation and phyto-extraction.

The aim of this work is to develop effective remediation methods with the interaction of the landfill
contaminated soil, its land cover and a variety of plug-layer, for the later uses of this area as a crop land.
Despite the prolongation of neutralization process, active bioremediation method is cost effective and
environmentally safe. In Georgia soil is added, at the height of 25-50 cm, to the landfill sites in order to
neutralize them, this soil is considered as useless for agricultural purposes for some time.
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For the implementation of the work the following tasks are needed:

o Allocation of trial plots on the selected landfills (experimental and at least 2 control area)
where soil will be added, thickness 25-50 cm.

e Humic acids micro cell composition addition,on the selected plots, with various
concentration, 1-5%.

¢ On the trial plots rich substrates will be added, with the selected concentration, through 5-
10%.

e Researching metals diffusion in the various depths of the trial plots.

¢ Influence of trash rotting on the various bioremediation process, especially with the using of
mustard, watercress-flax, lime seedlings and other plants.

o Survey of a variety of plats biomass for detecting hazardous substances.

e Studying how to use Ascana clay geochemical barriers.

Overall, the work is important for both developing and developed countries, especially for the
ecological safety and because of the relatively small capital expenses.

The novelty of the work is the interaction of the various bio- and phytoremediation methods, to develop
innovative model for further using the landfills contaminated areas. Heavy metals diffusion process and its
impact on the growth of the variety of crops will be studied. Especially interesting will be the seeding of
crops which have many other beneficial uses. In Georgia landfills are covered by soil at the height of 50 cm,
remediation of the area and its further use is very important and considered as scientific innovation. Ascana
clay use in the landfill remediation with using geochemical barriers is a new method, so deep researching of
this method is very important.

Thus, developed complex model of landfills eco rehabilitation is in compliance with the requirements
of the local market, because now the landfill is just overlapped only by soil which excludes further use of
contaminated areas. This innovation model provides the ability to accelerate the recovery of the
contaminated soil and the further uses of the land. The work is significantly perspective for the land-poor
countries (South Caucasus, middle Asia and etc.), but it also can become popular in some developed
countries.

In the future also interesting is research of trash rotting process during the phytoremediation. It is
possible to determine the relationship between the plants, selected for the phytoremediation and the trash
rotting process activity. Testing of fatty clays or other natural raw materials for the hydro-isolation of landfill
areas is very important. Geochemical barriers, filled with the local natural sorbents will be used to prevent
getting of different substances of landfills into the water [4,5].
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PA3PABOTKA 3KOJIOTHYECKHA BE3OITACHOM MOJIEJU PEABUJINTAIIMA BBITOBBIX
CBAJIOK
H.I".bap6akan3ze, H.A.Kaprapanze, T.A.Are0yansze, K.H.Kounamewiu, M.3.Jxxanapunze, JI.A.Jlonmunze,
N.1.Mukanze
Tounucckuii I'ocyoapcmeennvwiii Yuusepcumem um. HUs. /icasaxuweunu, Uucmumym gusuyeckoui u
opzanuueckou xumuu um. Ilempe Menuxuweunu

PE3IOME

B pa3BuTHIX cTpaHax KOJIMYECTBO OBITOBBIX OTXOJIOB BCE OOJIBIIIE PACTET, CPEIHEES KOJIMYSCTBO MycOopa B IO
coctaBisieT 400 - 500 kr Ha Ayn1y HaceneHus. Y TUIIM3alUs CTOJIb OFPOMHOIO KOJIMYECTBA OTXO/I0B CO3AET
HEKOTOpbIE MPO0JIeMbl. BrIcOKOTEMITEpaTypHBIE METO/IBI TIepePadOTKH CBAIIOK (MHCUHUPOBAHKUE U ITUPOJIN3)
IIMPOKO HCIONB3YIOTCS, XOTS B HEKOTOPBIX CIIyYasX TOKCUYHBIE COCIAMHEHUS MOMAagaloT B aTMocdepy, a
Takke TpeOyrOTCS BBICOKHE KalWTaNbHBIE 3aTpaThl. [lpemnoxkeHHas paboTa BKIIOYaeT pa3paboTKy U
UCIOJIb30BaHKe 3()(DEKTUBHBIX METOJIOB PEMEIHUAIINYU ITyTEM B3aUMOJICHCTBHS 3arPA3HEHHBIX TIOYB CBAJIOK,
MMOYBEHHOTO TIOKPOBA W PA3NHYHBIX J00ABOK IJISi MOCIEAYIONMIETO WCIOIB30BAHHUS 3TUX TEPPUTOPHHA B
KaueCTBE CEIbCKOXO3SIMCTBEHHBIX 3eMelb. MeTo 1 aKTUBHPOBAHHOM OHOpeMeTnaIiny OTINIaeTCS MEHBITICH
CTOMMOCTBIO M DKOJOTMYECKON 0€30IacHOCThIO.
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NANOTECHNOLOGY

The Synthesis of PEG-modified Superparamagnetic Iron Oxide nanoparticles (SPIONs) and the
Study of their Bactericidal Effects on Staphylococcus epidermidis

Sh.Kekutia, L.Saneblidze, V.Sokhadze*, M.Abuladze*, E.Namchevadze*, L.Tabatadze*, G.Tvauri*,
V.Mikelashvili, J.Markhulia

Vladimir Chavchanidze Institute of Cybernetics of the Georgian Technical University, Sandro Euli str. 5,
Thilisi 0186, Georgia.
*E.Andronikashvili Institute of Physics of the Thilisi State University, 6 Tamarashvili str., Thilisi, Georgia,
0177
E-mail: marina.abuladze@caucasus.net; kekuka@yahoo.com

Biocompatible 10-20 nm sized superparamagnetic iron oxide nanoparticles (SPIONSs) have been synthesized via
co-precipitation method in the vacuum environment. These nanoparticles have been modified with PEG in one-
pot synthesis. Vibrating Sample Magnetometer (VSM) studies show the effect of phase transformations on the
magnetic properties of the nanoparticles and surfactant influence on the characteristics of the magnetization at
room temperatures into high and low magnetic fields. The obtained PEG-coated nanoparticles were tested for
bacteriocidal effects on Staphylococcus epidermides, known as slime producing and biofilm-forming bacteria,
often associated with chronic wounds. The toxicity of the compound was estimated by the colony forming ability
and analyzed by the differential scanning calorymetry. The detected bactericidal effect was time- and growth
phase-dependent. Staphylococcus epidermides planctonic cell culture at the lag—phase was the most susceptible
to the toxic action. The long-term impact of the magnetic nanoparticles ceased the slime production that could
have influence on the ability of St. epidermides to form biofilm. The outcomes of this study will further lead to
the possible application of SPIONs for human chronic wound healing.

KEYWORDS:
Magnetic nanofluid, SPION, biocompatible nanoparticles, core/shell magnetic nanoparticles, bactericidal effect,
Staphylococcus epidermidis, biofilm, differential scanning calorimetry.

Introduction

Nanotechnology deals with materials and systems whose structures and components exhibit novel
physical, chemical and biological properties due to their nanoscale size which is in the range of 1 to 100 nm.
Among nanoparticles (NP), magnetic NPs have many unique magnetic properties such as superparamagnetic,
low Curie temperature, high magnetic susceptibility, etc [1 -3]. Magnetic NPs are used in important
bioapplications, including magnetic bioseparation and detection of biological entities (cell, protein, nucleic
acids, enzyme, bacterials, virus, etc.), clinic diagnosis and therapy (such as MRI (magnetic resonance image)
and MFH (magnetic fluid hyperthermia), targeted drug delivery and biological labels [4,5,6]. Recently,
magnetic NPs have been used for tissue cryopreservation [7]. However, it is a technological challenge to
control size, shape, stability, and dispersibility of NPs in desired solvents. The most conventional method for
obtaining FesOa or y—Fe;0s is by co-precipitation. This method consists of mixing ferric and ferrous ions in
a 1:2 molar ratio in highly basic solutions at room temperature or at elevated temperature [8]. The size and
shape of the iron oxide NPs depends on the type of salt used (such as chlorides, sulfates, nitrates, perchlorates,
etc.), the ferric and ferrous ions ratio, the reaction temperature, the pH value, ionic strength of the media,
and the other reaction parameters (e.g. stirring rate, dropping speed of basic solution).

Magnetic iron oxide NPs have a large surface-to-volume ratio and therefore possess high surface
energies. Consequently, they tend to aggregate so as to minimize the surface energies. Moreover, the naked
iron oxide NPs have high chemical activity, and are easily oxidized in air (especially magnetite), generally
resulting in loss of magnetism and dispersibility. Therefore, it is very important to provide proper surface
coating and develop some effective protection strategies to keep the stability of magnetic iron oxide NPs.
Many recent publications have described efficient routes to obtain the monodispersed NPs with surfactants
such as dextran [8], PEG [9] or polyvinyl alcohol (PVA) [10]. A surface layer of organic material provides
an interface between the core and the surrounding media. Surfactants act as protecting agent for controlling
particle size and stabilizing the colloidal dispersions. Following the investigation of the nano-sized magnetite
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particles, we assume that the resulted magnetic nanofluid based on PEG coated nanoparticles obtained by
co-precipitation method, could be used for biological applications [9].

There are increasing evidences that bacteria within chronic wounds often live in communities called
biofilms, in which they are protected from host defenses and develop resistance to the treatment with
antibiotics. Mature biofilms develop protected microenvironments within the polysaccharide, which forms
a complex structure including water channels to allow transfer of nutrients and waste products [11].
Antibiotics are rendered ineffective with formed biofilms due to their relative impermeability, the variable
physiological status of microorganisms, subpopulations of persistent strains, and variations of phenotypes
present [12]. A possible approach for biofilm prevention might be application of nanotechnology. The
bactericidal effect of superparamagnetic iron oxide nanoparticles (SPIONs) has been shown on
Staphylococcus epidermidis biofilm. Antimicrobial activity of SPION has been associated with generation
of reactive oxygen species. The small size of nanoparticles can also contribute to bactericidal effects [13,14].
It has been shown, that superparamagnetic iron oxide nanoparticles (SPIONs) can cause prosthetic biofilm
prevention as demonstrated by Taylor et al (2009) in the study of SPIONs effects on Staphylococcus
epidermidis [15]. Concentration dependent bacteria inhibition has been reported, as S. epidermidis density
progressively decreased at time points of 12, 24 and 48 hours when incubated with 100 pg/mL, 1 mg/mL,
and 2 mg/mL SPIONs [15]. Also bactericidal effect of SPIONs has been demonstrated on Staphylococcus
aureus [16]. Lee et al (2008) showed that the inactivation of Escherichia coli by zero-valent iron
nanoparticles could be because of the penetration of the small particles (size ranging 10-80 nm) into E. coli
membranes [17].

Hence, considering possible application of SPIONs for wound healing, in this study we tried to assess
bactericidal effect of the obtained PEG-coated SPIONs on Staphylococcus epidermidis — a biofilm-forming
bacteria. The toxicity of the nanoparticles toward bacterial cells was determined by the microbiological
methods combined with the differential scanning calorimetry (DSC). The implementation of the DSC method
is based on our previous experience of the rapid resolving of the toxic impacts on a bacterial cell culture
using the DSC analysis [18,19]. DSC is a bioanalytical technique, that provides information on the
conformational changes of biomolecules and other intracellular structural components on the basis of their
thermostability by the direct study of intact cells. The DSC method can be used to assess functional cellular
alterations and perturbations in cellular systems at a toxic compounds action on the whole cell level. Both
the thermal stability and the enthalpy of the cells denaturation were influenced by the toxic treatment.

Experimental
Synthesis of PEG coated iron oxide nanoparticles. The chemical co-precipitation method was used for

obtaining Fe;O4 nanoparticles. 3g PEG-4000 (provided by Carl Roth Gmbh+ co. Kg-Germany) was diluted
into 5 ml distilled water by magnetic stirring in vacuum environment separately at 40°C. Once the polymer
was dissolved, 0.16 g of FeCl,-4H-0 and 0.435 g of FeClz-6H,0 (1:2 molar ratio) were added [8]. When the
PEG and iron salts were well dissolved, 10 mL of a 0.75 M NH4OH solution was added under vigorous
stirring at a speed of 0.6 mL/min in vacuum (- 0.1 Mpa). After the addition of NH4OH, the suspension was
stirred further 30 min at 40°C.

After synthesis, the ferrofluid poured into a beaker and placed on the permanent magnet. The ferrofluid
washed several times with water by decanting the supernatant in order to remove excess of chemical reaction
residues and polymer, since reversible flocculation and rapid sedimentation observed before washing. This
caused by the depletion attraction created by unabsorbed polyelectrolytes in solution [9]. Finally, we got pH
= 7.5. For the magnetic measurements we selected 0.18 ml ferofluid samples with solid phase concentration
range 0.6-0.75 g/100ml.

Cell culture. The study was conducted using Staphylococcus epidermidis as a bacterial cell model
systems. Staphylococcus epidermidis ATCC 14990 was obtained from G. Eliava Institute of Bacteriophagy,
Microbiology and Virusology (Thilisi, Georgia). St. epidermidis were cultured in the brain heart infusion
broth (BHI broth) [20] at 37°C under permanent shaking. Cells were grown in liquid media as a batch culture.

Cell viability. For cell viability determination after treatment with SPIONs, 100 pl of cell suspension
after several serial tenfold dilutions (from 107 to 108) were exposed on agar plates. The number of colonies
was counted on the third, forth and fifth days after cell inoculation on agar plates. The data are presented as
colony forming units per ml (CFU /ml). Numbers of CFU per milliliter were calculated by multiplying the
number of colonies, the dilution factor and the volume of the total sample in proportion to the 100 ul sample
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taken for setting up the colony culture. The drop pate method was also used for the precise bacterial
enumeration [21].

Slime production. Congo red agar test of S. epidermidis culture have been used to detect the slime
production. Bacterial cells were cultivated on BHI agar (Difco) with 0.08%(w/v) Congo red (Sigma-Aldrich,
Germany) supplemented with 5% (w/v) sucrose [20]. The cells were inoculated by drop-plate method and
incubated at 37°C under aerobic conditions for 24 and 48 h. The slime-producer staphylococci formed black
colonies, while the non-slime producer cells formed red colonies.

DSC method. Calorimetric study was carried out by means of a modified device originally elaborated
and designed in the Andronikashvili Institute of Physics of the Academy Science of Georgia [22,23, 24].
The measurements were conducted at a sampling frequency of 1 point per 2 s, at a heating rate of 72 K/h,
that gave a temperature resolution of 0.02 K. The accuracy of absolute temperature measurement was not
less than 0.01 K over the temperature range of 25-125°C. The calorimetric ratio in accordance with the
thermal capacity change is 10~ J/K. With a time constant of 1 min, this enables one to resolve peak distance
no less than 0.6 K. All DSC measurement conditions (buffer system, scanning rate) were selected so that
only endotherms were observed.

For the calorimetry measurement the cell suspension was centrifuged at 10,000 rpm for 10 min and the
pellet was washed several times in the low ionic buffer solution at 7-7.5 pH with protease inhibitors (50mM
Tris, 0.1 M NacCl. 0.1 mM PMSF, 0.1 mM Benzamidine) by subsequent centrifugation. The selected pH
range did not influence the pattern of the thermal spectra. Afterwards 0.7 ml of the pellet was placed into the
stainless steel measurement cell. The consumption of the matter in the experiment was 5-15 mg of dry weight.
The thermal spectra were thermograms measured in the temperature range of 25-125°C, and normalized by
the dry weight of the sample after drying at 105+2°C.

Data processing. The initial data processing (e.g., baseline approximation, calibration and curve
normalization) was conducted using our in-house software. The final analysis (including identification of
spectra maximums, integration of curves and chart plotting) was conducted using program package Origin
6.0 (Microcal™ Software, Inc.).

Results and Discussion

Physical Parameter

Nanoparticle morphology was determined by transmission electron microscopy (TEM). Figure 1. shows
the TEM image of the the FesO. nanoparticles coated with PEG-4000. According to the SEM images, the
agglomeration is a little in the PEG coated FesO. nanoparticles. Particles sizes measured from TEM are
approximately ~12 nm. These measurements were carried out at the Wigner Research Centre for Physics
Budapest, Hungary, by Almasy Laszlo.

rf b g 2R Y

200 nm

1 He

Fig. 1. The SEM images of FezO4 nanoparticles.

The crystallographic analysis of the samples was performed by XRD powder method. Figure 2 shows
X-ray diffraction patterns of the PEG coated FesO4 nanopaticles. The positions and relative intensities of all
diffraction peaks fit well with those from the JCPDS file (PDF No. 65-3107) for magnetite with (220), (311),
(400), (551), and (440) peaks at about 260 = 30.17°, 35.46°, 43.38°, 53.69°, 57.23°, and 62.77° respectively.
(llia Vekua Sokhumi Institute of Physics and Technology, V.Gabunia)
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Fig. 2. XRD patterns of the as-synthesized PEG coated Fe3O4 nanoparticles.

To study the magnetic properties of the surface coated nanoparticles, magnetization measurements
were performed using Vibrating Sample Magnetometer (VSM). Figure 3. shows the specific magnetization
curves of the PEG 4000 coated samples 1. Any residual magnetization on the magnetization curve didn’t
observed. The magnetization curves indicate the presence of superparamagnetic nanoparticles in a magnetic
ferrofluid.
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Fig. 3. VSM Magnetization curve of PEG-4000 modified magnetite nanoparticles. (Thilisi State University,
D.Daraselia, D. Jafaridze).

Bactericidal Effects on Staphylococcus epidermidis

The time-dependent development of the response to toxic stress at the whole cell population level was
detected by the CFU method (Fig. 4). In our cell model of St. epidermides SPIONs (180 ug/ml) were added
to the culture medium simultaneously with cell inoculation (0 h) and at the midstationary phase (24 h). The
effect of SPIONSs on cells at the stationary phase was prolonged in time. The estimations did not show the
reliable retardation of cell viability up to 96 h (30% of control value) in the case of the compound
administration into the medium at the midstationary phase (24 h). The significant decrease of the cell
viability was detected in the presence of SPIONS, that had been administrated into the growth medium at the
lag-phase (0 h). The toxic effect slowly developed. The decrease of the cell number at the first 24 h was about
10% of control, than followed by the rapid fall to 45% at 48 h. The temporally increase of cell viability at
96 h points to the probable involvement of cell resistance mechanisms to the toxic impact. Microbes are
subject to their environmental conditions and have evolved a wide variety of ways to protect themselves and
optimize their growth pattern [25]. For instance, microbial response to elevated concentrations of a toxic
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metal include the formation and sequestration of heavy metals in complexes, reduction of a metal to a less
toxic species, and direct efflux of a metal out of the cell [26].
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Fig. 4. The time-dependent toxic effect of SPIONs on St. epidermides cell culture estimated by the colony
forming viability assay (CFU/ml). a - the viability of St. epidermides at SPIONs administration into the
growth medium simultaneously with bacterial inoculation (lag-phase,0 h), b - the viability of St. epidermides
at Spions administration into the growth medium at the stationary growth phase (24 h).

The DSC method was applied to obtain characteristics of SPIONSs toxic action at the whole cell level.
Multiple measurements demonstrated that the thermal spectra profile depended on cell culture conditions and
growth stage, and could characterize the cell functional state. The thermogram of whole cells exhibited a
number of overlapping endothermic transitions corresponding to denaturation of major cellular components.
The conditional graphical analysis of the whole bacterial cell melting spectra regarding the different
temperature ranges revealed the significant input of the melting heat at the range of 55-78°C to the value of
the total cell heat. This region of the thermogram had been connected with the state of the intracellular
ribosomal system by comparing the transition temperatures of isolated components with corresponding
transition temperatures of whole cells [27,28]. The interconversion of ribosomes between active 70S and
inactive 100S particles was coupled with cell growth phase transition [29]. Fig. 5 shows the typical
multipeaked thermal spectra of St. epidermides at the different periods of the stationary growth phase (24
and 48 h of growth). The multiple measurements confirmed the high reproducibility of the thermograms
with the three major peaks at 50, 61 and 92-93°C. The total melting heat (Q) of bacterial cells changed in
accordance with the growth phase of the culture. The reproducible increase of the melting temperature of the
DNA-protein (DNP) complex was detected at cell transition from the logarithmic to the stationary growth
stage and might reflect the structural changes of the complex. Stationary phase nucleoids are much more
compacted compared to exponential cell nucleoids in intact cells [30].

04- S$=9,015
T3,4F=91,630
0.2 24h
5=7,526 Fig. 5. The thermal spectra of bacteria
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The response to the toxic stress at the whole cell population level was detected by the DSC method (Fig.
6). The main disorders of the thermal spectra profile were predominantly connected with the temperature
range of 65-82°C, generally reflecting the state of the intracellular ribosomal system. The total melting heat
(Q) of whole bacterial cells and the melting heat (q) of the selected region of 65-90°C decreased in the case
of SPIONs implementation at the lag-phase (0 h), that coincides with the decreased viability of cell culture
revealed by the conventional microbiological method of the colony enumeration on agar plates (Fig. 4). It
could be identified some new peaks on the thermal melting profiles at the temperatures of 75.3, 77.5 and
81.9°C . The analysis of the thermograms could provide the possibility to discriminate the resistant and the
sensitive growth stages of St. epidermides to the SPIONs action and indicate the probable intracellular
targets of the toxic compound.
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SPION+Peg24h

0.10 4 Contr48h
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g 0,05 4
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Temperature °C
Name Q Q q/Q

Control 48 h 4.19 1.344 0.321
SPION/PEG 24 h 4,372 1.474 0.337
SPION/PEG 0 h 3.309 0.885 0.267

Fig. 6. The toxic impact of SPIONs on the thermal spectra of S. epidermidis at the stationary growth stage
after 24 h of it administration at 24 h of growth (total 48 h of growth). Q - the total melting heat of bacterial
cells thermal spectra of S. epidermidis; q - melting heat of the region 65-90°C; control- dashed line.

The prolonged action of SPION on St. epidermides cell culture for 10 days affected its capability to
slime production, as it was detected by the phenotypic method of the Congo red agar test (Fig.7).

Fig. 7. St. epidermidis strains cultivated on BHI agar with 0.08% Congo red supplemented with 5% sucrose.
The cells were inoculated by drop-plate method and incubated at 37°C under aerobic conditions for 24 and
48 h. The Staphylococcus biofilm producer cells formed black colonies (control), while cells treated by
SPIONSs for 10 days formed red colonies.

252



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2

D L ———————— ————— — — —————— ———————————

The Congo red agar assay (GRA) is commonly used for slime and/or biofilm detection [20]. Generally
slime production was assessed on the basis of the color of colonies regarding black colonies as indicator for
intensively producing slime cells and light-pink colonies for slime non-producing cells. The slime production
of St. epidermides could be correlated with the biofilm formation, but there is no strict association between
them [31]. The passage from biofilm phase to non-biofilm phase or from slime producing state to no-slime
producing state were initiated by the long-term effect of SPIONs. The pathogenesis of the infection and the
antibiotics susceptibility depend on the ability of St. epidermides to form biofilm. A biofilm serves to promote
bacteria persistence by resisting antibiotic treatment and host immune responses. Antibiotics are rendered
ineffective when biofilms form, due to their relative impermeability, the variable physiological status of
microorganisms, subpopulations of persistent strains, and variations of phenotypes present [11].

A possible approach for biofilms prevention might be application of nanotechnology.
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POSSIBLE MECHANISM OF HIGH-TEMPERATURE OXIDATIVE LEACHING
CHALCOPYRITE CONCENTRATE OF MADNEULI IN SULFURIC ACID SOLUTIONS AND
RECOMMENDATIONS FOR PROCESSING

R.Dundua
R.Agladze institute of Inorganic Chemistry and Electrochemistry of the lvane Javakhishvili Thilisi State
University

SUMMARY

In the result of conducted research it was found that the semiconductor properties of natural sulfides are the
determining factor in their oxidation in solutions of electrolytes. The variation of the composition (pH) of
solutions possible to regulate the direction and magnitude of rate of oxidation of sulphides. Based on this
proposed a rational way of processing ore chalcopyrite concentrate.

BO3MOKHBI MEXAHU3M BbICOKOTEMIIEPATYPHOI'O OKUCJIMTEJIbHOI'O
BBIIEJTAYNBAHUA XAJIBKOIIMPUTHOI'O KOHIIEHTPATA MA/THEYJIN B
CEPHOKHUCJIBIX PACTBOPAX U PEKOMEHJALIMU VIS EI'O IIEPEPABOTKH

P.I', lynnya
WucTuTyT Heopranmueckoi xumun 1 dnekTpoxumun uM.P.U. Arnanze TOumucckoro rocy1apcTBeHHOTO
yHuBepcutera uM. M. JxaBaxumBuin

PE3IOME

B pesynbraTe panee mpoBeAEHHBIX UCCIIEAOBAaHUN OBLUIO YCTAHOBJICHO, YTO MOTYITPOBOJHUKOBLIE CBOWCTBA
HOPUPOJHBIX CYJIB(QHUIOB  SBISIOTCS ONPEACIAIONNM (AKTOPOM TPH UX OKHUCICHHHM B PacTBOpax
3MeKTponnToB. M3menennem coctaBa (PH) pacTBOpOB BO3MOXKHO pETYJIHUpPOBAaHHE HAIpPABICHHUS U
BEJIMYMHBI CKOPOCTH TIPOIIECCca OKUCIECHUS CynbPuIoB. Mcxos u3 yka3aHHOTO, PEIOKEH palliOHaTIbHBIH
IyTh NepepadOTKN MaTHEYIbCKOTO XaIbKOMMMPUTHOTO KOHIIEHTPATA.
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WASTES OF BACTERIAL LEACHING OF TRACHYTE - POZZOLANIC ADDITIVE
FOR CEMENT
E.Shapakidze, L.Kartvelishvili, M.Nadirashvili, V.Maisuradze, 1.Gejadze, T.Petriashvili

Ivane Javakhishvili Thilisi State University
Caucasian Alexander Tvalchrelidze Institite of Mineral Resources

SUMMARY

The possibility of usage of high-silicic gelatinous wastes (HSGW) of bacterial leaching of trachyte
as a pozzolanic additive for cement, like "Microsilica” in quantity from 6 to 10% on mass has been
considered. Addition of HSGW together with water to cement raises both, the initial physical-
mechanical strength of a cement stone and strength in later terms as well — after 180 days of curing.

OTXOAbI BAKTEPUAJIBHOI'O BBIIIEJTAYUBHUS TPAXUTA —
ITYHOIMOJTAHOBASA JOBABKA JIJIA HEMEHTA

E.B.lllanmakuze, JI.I'. KaprBenumsuiu, M.P.Hanupamsuiu, B.H.Maiicypanze,
N.B.I'emxanze, T.I'.IletpuamBuim
Tounucckuui I'ocyoapcmeennwiii Ynusepcumem um. Heans Jocasaxuwmeunu
Kasxaszckuu Hnemumym Munepanvrnozo Coipvs um. Anexcanopa Teanupenuose

PE3IOME
PaccmoTpeHa BO3MOXKHOCTh MCTIOJB30BAHMS BBICOKOKPEMHE3EMHUCTHIX CTYAHEOOpPa3HBIX OTXOJ0B
(BKCO) 6GakTepuaibHOTO BBIIICIAYMBAHUS TPaXUTa B KayecTBE IMYIIIOJIAHOBOW JOOaBKH IS
LIEMEHTa, TUNa ‘MUKpOKpemMHe3ema’, B KoaumdectBe oT 6 no 10 % mno macce. Bcenencreue
nob6asinennss BKCO x 1memMeHTy B mpolecce 3aTBOPEHHUS BOJIOM TOBBIIAETCS KaK HavdajdbHas
bu3MKO-MeXaHUYECKasi MPOYHOCTh IIEMEHTHOTO KaMHsl, TAK U MPOYHOCTh B 0oJiee MO3HIE CPOKU
—yepe3 180 cyT. TBepACHHUS.
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ELABORATION OF THE DESIGN OF INDUSTRIAL SCALE ELECTROLYTHIC BATH
FOR GETTING MANGANESE DIOXIDE AND HYDROGEN
Temur Chakhunashvili, Teimuraz Rokva, Zhiuli Kebadze, Tamar Mestvirishvili,
Merab Dadunashvili, Zinaida Vatsadze
R. Agladze Institute of Inorganic Chemistry and Electrochemistry
of Iv. Javakhishvili Thilisi State University
SUMMARY

On the basis of carried out laboratory studies and large scale developmental works is elaborated the
design of industrial scale closed electrolythic bath for getting manganese dioxide and hydrogen, on basic
assemblies of which (anodes, cathodes, bath body and its chemical protection, sealed cover of the bath)
several applications are submitted to the Patent Bureau for patenting. We already received favorable decision
for patent issuance on two applications. More than 10 advantages of new design of closed electrolythic bath
are identified in comparison with open baths for getting manganese dioxide.

PASPABOTKA KOHCTPYKIHUU SJEKTPOJIN3EPA ITPOMBIIIVIEHHOI'O MACIITABA
JUISA ITIOJIYYEHUA JMOKCUIA MAPI'AHIIA U BOAOPOJA
T.A.Yaxynamswuiu, T.B.Poksa, )K.M.Keb6anze, T.IL.MecteupumBunu, M.T. Janyramsunm, 3.111.Banaaze
HUncmumym neopeanuueckoti xumuu u snekmpoxumuu um. P. Aenaoze

Tounucckoeo cocyoapemeaentoco ynusepcumema um. U. [ocagaxuweunu
PE3IOME

Ha ocHoBe mabopaTOpHBIX MCCIEOBaHUI U ONMBITHO-KOHCTPYKTOPCKUX padoT pa3paboTaHa KOHCTPYKLMS
3aKpBITOTO 3JIEKTPOJIM3Epa NPOMBIIUIEHHOT0 MaciTala Juis MoJIydyeHHs IMOKCHa MapTraHia 1 Bojopoja. B
MATEeHTHOE BEIOMCTBO ITOJIAHO HECKOJNBKO 3asBOK Ha IMATEHTOBAaHHWE OCHOBHBIX Y3JI0B 3JIEKTPOJIH3Epa
(aHOZBI, KATOBI, KOPITYC AIEKTPOIU3EPA U €T0 XUMUIECKAs 3aIUTa, TePMETH3NPOBAHHASA KPBIIIIKA BAaHHBI).
Ha nBe 3asBKHU 0Iy4eHO NONOXKUTENBHOE PELIeHUE Ha BbIAaYy naTenTa. BrisiBieHno Oonee 10 npenmyiecTs
3aKpBITOTO  DJIEKTPOJIM3Epa IO CPaBHEHHIO C OTKPBITBIMM  3JIEKTPOJIU3EpaMU S TMOJY4EHUsS
JIEKTPOINTHIECKOTO TNOKCH/Ia MapraHIIa.
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CHEMICAL TECHNOLOGY

POSSIBILITIES OF COMPLEX DEVELOPMENT OF THE COPPER-SULFIDE AND
OXIDIZED MANGANESE CONCENTRATES

Lamzira Bagaturia, Boris Purtseladze, Nana Barnovi

Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry
I. Javakhishvili Thilisi State University

The possibility of complex development of copper-sulfide and the manganese containing raw materials is
shown: the useful components existing in a copper-sulfide concentrate (Cu, Fe) pass into solution in the
maximum quantities, a part of sulfide sulfur passes into a deposit in the form of the partial, a part —
promotes formation of H,SO4. The solutions enriched with sulfuric acid received at the Il stage of a
lixiviation can be returned at the | stage of a lixiviation. Mn from a manganese concentrate completely
passes into solution. The gold and silver concentrated in settling can be processed by a cyanide method.
Cu-and the Mn-containing solutions after removal of iron are suitable for receiving metal copper and the
electrolytic dioxide of manganese.

Now there is a process of formation of new ideology — creation of selfcontained production.

Creation of similar productions has great social value in sense of protection of a subsoil, environment
protection and rational use of natural wealth.

Labor costs on production of underground natural wealth continuously increase. It leads to the fact that
the economical expenditure of raw materials which is expressed, in particular, in increase in coefficients of
extraction of metals is much more favorable, than padding expenses on an extraction intensification from a
subsoil. Therefore two aspects of resource-saving policy come to light: 1. More effective, complex use of
natural resources and 2. extraction of metals from more and more poor ores.

We set before ourselves the purpose in a complex to process the natural resources which are available in
Georgia: Madneuli Chalcopyrite concentrate and Chiatura manganese concentrate.

Good results on transition of copper and manganese in solution were received [1,2].

The copper-sulfide concentrate, besides principal components (Cu, Fe, Mn) contains also precious metals:
gold 3,2 g/t and silver - 14g/t After hydrometallurgical processing in settling gold and silver concentrate.

To draw such conclusion became possible after balance experiences.

Balance experiments were made for a ratio of solid:liquid =1:8, weight a shot - 20 g, amount of sulfuric
acid of 160 ml(d=1,140), the mass of the deposit received after a lixiviation- 7,636g.

Table 1
Contents, in g
of shot of solution of deposit
Cu 0,79 0,736 0,047
Fe 1,79 0,805 0,95
S 1,95 8,9 13
Mn 4,64 4,63 shade

The sulfuric acid added on ground mix (a chalcopyrite concentrate : manganese concentrate = 1:2,5) is
spent for receiving sulfates of principal components: coppers, manganese, iron, and also on impurity:
aluminum, calcium, magnesium (tab. 2)

The data provided in tab. 2 are obtained for 350 g a shot. The main experiments were made by 20 g a
shot, in terms of 20 g the shot quantity of H.SO., makes 14 g (4,6 g of S).

So, in spite of the fact that sulfuric acid is spent for a sulfatization as principal components, and impurity,
its quantity does not decrease, and on the contrary, increases.

Smaller part of sulfide sulfur of a chalcopyrite concentrate passes into a deposit in the form of the free
sulfur, and the majority promotes education sulfate ions in the form of sulfates of metals, and also in the form
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of sulfuric acid, and as it was mentioned [3] earlier pollution of the atmosphere is excluded by sulfur dioxide
or a hydrogen sulfide.

Table 2. Consumption of sulfuric acid for 350 g a shot
(ratio chalcopyrite concentrate : manganese concentrate = 1:2,5)

Contents in a chalcopyrite concentrate, % H»SO4 expense, in note
g

Cu 13,75 21 The expense of H,SO, is

Fe 31,4 21 calculated

CaOo 4,62 8 in terms of 100 g of a chalcopyrite
MgO 1,56 3,8 concentrate

Contents in a manganese concentrate, %

Mn 32,5 145 The expense of H,SO4 is
Fe,O3 1,96 6 calculated
Al,O; 1,64 12 in terms of 250 g of a manganese
CaO 5,78 3,8 concentrate

All 245,8

After hydrometallurgical processing in a deposit gold and silver concentrate (three times and more their
quantity increases). We plan to process further these slags by the method which is already tested at our
institute in cooperation with metallurgical institute [4]
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®Jb03930
65R3969808 Lsgsrmzggemmls dsebgdol 3md3egdlmmse smgzoligdols Bgbsdmgdememdgdo: Ldoggbdols bnmeoen®
363968330 s bgdgemo  Lobs@ggdme  3md3mbgbBgdo (Cu, Fe) asmsals blbserdo  dsglodsgoneo
3563969800, amaoteol  bsfomo  gemsol bagmgddo  gemgdgbB o gmaoteol  Lsbom, bsfomo 3o
0bstIx9ds 3ma0MEdgegsl Foedmddbsby, domagdmmo 63d7dg3s60 BlbsGgdo Bgbsdmms asdmygbgdme 0bsls
293 nH30L  Lafgol 9803Bg. 36356730l 30b30bEGsE o sGlgdemo (MN) Lernmsw gosol blbs®do.

269



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2

D L ———————— ————— — — —————— ———————————

bsemgddo  3mb396BGamEgds mdem ©s 39fibmo, GmIgmas sdmmgds ©89d39dgdsGgds 339 addm(zeaem
dgoeel. domgdne  Ldogmgbd - s dsbysbddgdzzgmo  blbstgdo gségabos dgdsemado  Ldomgbdobs s

9 ddOmmognéo 3sbgsbgdol womdlowals dobsmgdac.

BO3MOXKHOCTHU KOMIIVIEKCHOI'O OCBOEHUA MEJJHOCYJIb®U/IHBIX 1
OKUCJIIEHHBIX MAPI'AHIEBBIX KOHIHEHTPATOB

JI.B.bararypus, b.X Ilypuenanse, H.B.bapHosa
Tounucckuii I'ocyoapcmeennulii ynugepcumem
Hucmumym neopzanuueckoti Xumuu u d71eKmpoxXumMul

PE3IOME

IToka3aHa BO3MOKHOCTh KOMITJICKCHOTO OCBOCHHUSI MEIHOCYIb(OUIHOTO ¥ MapraHeICOACPIKAIIETO ChIPhSL:
CYIIECTBYIOILIUE B MEIHOCYJIb(UIHOM KOHIICHTpaTE mosie3Hbie komnoneHTsl (Cu, Fe) mepexonsar B pacTBop
B MaKCHMAJILHBIX KOJUYECTBAX, YACTh CYIb(OUIHOM Cephl MEPEXOUT B 0CAT0K B BUIE JICMEHTAPHOM, YaCTh
— cnocobcnByet obopazoBanuto HySOs [losnydennsie Ha Il 3Tamne BhimienauynBaHus 00OTallEHHBIE CEPHOM
KHCJIOTOM pacTBOpPHl MOTYT OBITh BO3BpalleHbl Ha | craauu BbIenaunBaHus. MN W3 MaprasiieBoro
KOHIICHTpATa MOJHOCTBIO MEPEXOAUT B pacTBOp. KOHIIEHTpHpYeMBbIe B 0CAJKE 30JI0TO U cepedpo MOKHO
nepepaboTath IUAHUIOBBIM MeTonoM. CU - m Mn-conepikariue pacTBOPBI TOCIE yHAJICHUS JKeje3a
TIPUTOJIHBI JJ1s IOJTyYeHHs MeTaTndeckoi menu u O/IM.
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XUMHUYECKAS TEXHOJOI'UA

PA3ZPABOTKA PEIENTYPbBI U TEXHOJIOI'MA ITIOJYYEHHUA KOJIbBA-KPEMOB C
HNCIIOJIb30OBAHUEM MUHEPAJIBHBIX U PACTUTEJIBHBIX PECYPCOB I'PY3UU

M.AT'abenas, T.I'.Iunauanze*, M.b.Kaxerenunze, [1.A.SIBuu

Hncmumym gpapmarxoxumuu um . U. I Kymamenaoze Tounucckozo 2ocy0apcmeeHH020 MeOuyuHCKO20
YHUBepcumema
*[ py3uncKuii mexnuieckull yHusepcumem

Pa3pa60TaHa peuernTypa KOJbA-KPEMOB Ha OCHOBE IIPUHIIUIIOB KOCMCIICBTUKH. Hcnonp30BaHbl Macia Id U
’K03k00a B KAUECTBE 3aMEHMTEIICH cranepMmaneTa, psaa ApYrux pacTHUTCIbHBIX Macell, MacIISTHBIA OKCTpPAKT
mnmponoJjuca, CyXOﬁ OKCTPAKT aJI03, 'PY3MHCKAsI MUHEPAJIbHAA BOJAA «Ilmate» ¢ LECJIBIO MMOJTYUCHUS NPOAYKTaA
C U3HA4YaJIbHO 3a/JaHHBIMHU CBOICTBaMHU.

Kounba-kpembl — 3T0 pa3sHOBUAHOCTH KOCMETUYECKUX KPEMOB, BBIITYCKAEMbIX C HayaJla MPOIIJIOro BeKa,
KOTOpBIE CO3/1aBAJIUCHh C YUETOM BBINOJIHEHUS ONpeNelEHHBIX 33/1a4 B KOCMETOJIOTHH C HCIIOJIb30BaHUEM
omnpenes€HHBIX BUAOB MHIpeaueHToB [1]. M3HauanbHO MX NPUMEHSUIM Ul MUTAHUS U 3aIIUTHI KOXKH OT
BPEIHBIX BHENIHWX Bo3aeWcTBU. OHH TIPENCTaBISLIA COOOW AMYJIBCHOHHYIO CHCTEMY THIIA «BOJA-B-
Mmacine». [Ipy HaHeceHNH Ha KOXY BoJa OBICTPO MCHApsIIach ¢ MOBEPXHOCTH, CO3/aBast «OXJIaXKAAIOLIHID»
a¢dexT. [lepBrie penentypbl KOJIbI-KPEMOB COACPKaId KOMIIOHEHTHI, SIBJISIOIINECS Ha CETOTHSIIHINA I1eHb
JOPOTOCTOSIIMMY U IeduunuTHBIMA. Hampumep, B UX cocTaB BXOIWJI HaTypaJIbHBIN CliepMaleT, KOTOPBIH
coyerajics C apOMaTHBIMH BOJaMH, OCIIBIM BOCKOM, MHHAAJIBHBIM M PO30BBIM Maciamy H T.n. OmHaKo
CTaOMIILHOCTh TaKOW CHCTEMbI ObLIa JTOBOJIBHO KpaTKocpouyHoH. [lozmHee mist cTaOMIM3ali CHTEMBI B
peuenType KoJbI-KPEMOB CTaIX MCIOJIb30BaTh MUHEpaIbHbIE Macia U TeTpabopat Hatpus. Kpemsl cranu
0osee yCTOHYMBBIMU K OKUCIICHHIO, OJJHAKO UX MUTATEIbHbIE CBONCTBA CHU3UIIHCH.

Ha cerogusmnuii 7eHb COCTaB PeLUENTYPh! KOJIbA-KpEMOB M3MeHMICA. OHU MOTYT COAEp)KaTh, LIENbII
Psi BEILECTB, UCIIOJIB3YEMBIX B PELENTYPEe KOCMETHUECKHX KPEMOB: BOIY W3 MHHEPAJIbHBIX HCTOYHHKOB,
0Cc0OEHHO NOMYJISIPHBI TEPMaJIbHbIE BOABI YPbsK U ABEH; Ba3eIMHOBOE MAcylo; XJIOPH] HATPHS, TIMLIEPHH,
UETWINAIbMUATAT, MHUKPOKPUCTAIIMUSCKUI TapauH; JIHMOHHYIO KHCIOTY H JAp. Mcnonb3yroTcs
MIPOTHUBOBOCHIAIUTENbHBIE M YCIIOKAWBAIOIHEe OMOJOTHYECKH AKTHBHBIE KOMIIOHETHI PACTUTENBHOTO M
JKUBOTHOT'O TIPOUCXOKACHUS, TaKhe, KaK 3KCTPAaKThl POMAILIKH, KaJeHIYJbl, 3BepoOosi, Oucaboson,
QIJIAHTOWH, J-TIAHTEHOJ U JIp.

PaccMoTpuM BapuaHThl TpPUMEHEHHsSI COBPEMEHHBIX KOJbA-KpeMoB. WX peuentypa MO3BOJSET
UCIIOJIb30BaTh MPOAYKT, KaK 3allMTHOE M OYMIIAIOUIEe OT MbUIM, CaKM M APYIHX TBEPIBIX YaCTHI,
OCEAOIINX Ha OTKPBITOHM KOXe JIMIa, PYK U JPYTruX 4acTeil Teaa B YCIOBHUSIX COBPEMEHHOI'O Merarosuca,
CpeICTBO [2]; KaK CPEeACTBO IS IeMaKHsDKa, CIOCOOCTBYIOIIEE YIAICHHUIO MYAPbI, IOMaIbl, PyMSIH, OCHOBBI
U T.JI., C YBIQKHSIONIMM U YCTIOKauBaromuM 3 ekToM; Kak 3aluTHOE CPEJICTBO JJIsl KOXKH JIMIA U PYK OT
BETpa M PE3KMX IEpenajioB TEeMIIEPaTyp B XOJOAHOE BPeMs roja C MOAMMUTHIBAIOIIUM U CMATYAIOIIUM
3¢ deKToM, TIpeIoTBpaIallee pa3apakeHne U menyeHue Koxu. OcoOOEHHO 3TO aKTyallbHO TP 3allINTe
He)XHON pgerckolt koxku [3].Ilpm cyxoif, memymamieics, ¢ BOCHAIWUTENBHBIMUA IPOLIECCAMH KOXKE,
NPUMEHEHHE KOJbJI-KpeMa C TPaBWIBHBIM HOAOOPOM  YBIQXKHSIOMIMX KOMIIOHEHTOB, II03BOJISIET
BOCCTaHOBUTH HAapyLICHHBIH 3aIUTHBIA Oapbep M CO3[aTh 3amac Biard Ui JalbHEHIIEro yBIaKHEHHS
BepXHUX CIOEB KOXH. C yu€TOM HEKOTOPBIX COBPEMEHHBIX TPEOOBaHUI KOCMEIIEBTUKH — HCIIOJIb30BaHUE
B KOCMETHYECKHX IIPOAYKTaX PETUHOWIOB M KHCIOT - BBEJIEHHE HX B PELENTYPY KOJBI-KPEMOB
o0ecrieurBaeT JONOIHUTENbHBIN YPOBEHb YBIAKHEHHUS U B 3HAUNTEILHON Mepe yMEHBILIEHHE BO3MOKHOCTH
pasapaxkeHus KOKHM MPH UCTIOIB30BAHUH PA3IMYHBIX METOAMK OMOJIOKeHus. brarogaps cMmsrgaromemy u
YBIKHSIONMEMY d(Q(hEKTy KOJbA-KPEMBI BXOJSAT B COBPEMEHHBIN CTaHIAPT JieueHus aepMatutos [4-7]. C
X TIOMOIIBIO BOCCTAHABIMBAETCA IIEJIOCTHOCTh BOJHO-TMIMIHOTO W POTOBOTO CIOEB SIHAECPMHUCA,
yIydIaTcs 0apbepHble QYHKIIMKA KOXH, JOCTUTAETCS W IOJICPIKUBACTCS KOHTPOIb HaJ CUMIITOMaMH
3a0oneBanus. HaHeceHne Kpema MPOU3BOJUTCS B IEPUOJ[ PEMHCCHUH ATOMHYECKOTO JIEPMAaTHTa IPH
OTCYTCTBHM SIPKO BBIPOKEHHOH CHMOTOMATUKU. Takue KOJBbA-KPEMBbI MUTAIOT U YBIAXKHSIIOT KOXY,
YMEHBIIAIOT €€ CyXocTh, 3(PQEKTHBHO BOCCTAHABIMBAIOT MNOBPEKACHHBIA T'HIPOIUIUIHBIA CIOH
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snuaepmuca. Cienyer OTMETHTh, 4TO MPOAYKTHI, CO3AaHHHbIE C IPUMEHEHUEM JIaHOIMHA U Ba3€JINHOBOTO
Maciia 00pa3yIoT Ha KOKe 3alIUTHYIO TUIEHKY, KOTOpasi MOKET CTaTh IPUYWHON aJNIeprHUeCKUX PeaKIui.

PaccmoTpuM penentypy HEKOTOPBIX M3 BBIITYCKaEMBIX Ha CETONHSIIHUHN 1€Hb KOJIbA-KPEMOB ( ¢ y4€ToM
TOTO, YTO COCTAB PELENTYPHI IPOAYKIINH U3BECTHBIX OPEHI0B HUKOTJa HE IyOJIUKYETCS B IIOJTHOM 00BEME).
3amuTHbIA Konba-kpem upmbl Weleda [8] mis cyxoit 1 oueHb CyXoil KoK pa3paboTaH CIeIHANbHO IS
3alIMTHI JIMIA W Tejla OT BPEAHBIX BO3JACHCTBUI OKpyxkKaromeil cpeasl.Kpem BoccTaHaBIMBAaeT CyxXylo H
YYBCTBHUTEJBHYIO KOXY, 1eJIaeT €€ MITKOM U 31acTUYHON. MUHIaIbHOE U apaxucoBOe Macia 3alUaioT U
YBIQXKHSIOT KOXY, SBJISSICh UCTOYHUKaMH BUTaMUHOB A, E, koMmruiekcoB Omera-6 u Omera-9, crmoco0CcTByIoT
€CTeCTBEHHOMY CHHTE3y KOJUlareHa, NPHUIAIT KOXKE YIpPYrocTh, 3allMIIalOT €€ OT BO3ACHCTBUS
yapTpaduaneToBsix Jydei. [Tuennnelii Bock 00pa3yeT Ha KOXKE€ 3alllUTHYIO IJIEHKY, COXPaHSsA IPU 3TOM
OOMEHHBIC TPOIECCHl MEXAy KOXeW M BHEImHeW cpemoit. 3ammrHbie kpembl Weleda must merei,
NpUMEHseMbIe B XOJIOJHOE BpeMsl rojia, HE CoAep)KaT BOAY M MPEACTaBISIFOT COOOH T'yCTOW MacisHBIHA
0ap3aM U3 KYH)KyTHOTO, MUHIAJIBHOTO Maceln U Bocka. Kpem Weleda muist neteii u 4yBCTBUTEIIBHOM KOXKHU
B3POCIBIX CONEPXKHUT — BOAY, KyHXXYTHOC W MHUHAAJIbHOE Macja, JAHOIMH, IMYEIUHBIH BOCK, HKCTPAKT
kajeHaynbl. Kompa-kpem Avene [utst feteil coaepKuT TepMalbHyr0 Boxy Avene, Oenblii m4enuHbli BOCK,
napaduroBoe Mmacio. ITuratensHbiit kpem Avene Cold Cream muraet, yBIaXHSET W 3alUIIAeT KOKY OT
HETaTUBHOTO BO3JICUCTBUS OKpyXaromeil cpeasl. Komba-kpeM ocOoOSHHO MOKa3aH AJs YyBCTBUTENBHOM
CyXOH U 04eHb CyX0il KOxKH. biarogaps cBoemMy cocTaBy, B KOTOPbIN BXOAST HATYpaJIbHbIC Maciia, MTYETUHBII
BOCK, TepMaslbHas BoJa AVENe, oH OKa3blBaeT YCIOKAIoIIee, cMATdarolee JAeHCTBHE, 00ecreunBas Koxe
MrHoBeHHoe omryiieHne komdopra [9]. Uriage Cold Cream — s3ammrHblii Kpem JUis JeTed U
HOBOPOXAEHHBIX. DTO CMSTYAIOLIUNA, CBEPXHUTATEIbHBIM KpeM Il 3alUThl CyXOM KOKHM OT BHELIHUX
arpeccMBHBIX (haKTOPOB,COMEPIKANTNI TepMabHyl0 MuHepansHylo Boay Uriage [10], koTopas 3a cuér
oTpeIeIEHHBIX MUKPO- X MaKpOdJIeMEHTOB (Hapsily ¢ BOCKOM U PaCTUTENLHBIMHU SKCTPAKTaMH) MPOSIBIISIET
OMOJIOTMYECKYI0 AaKTUBHOCTD PA3JIMYHOIO THUIA — aCENTHYECKYIO (MeAb, IMHK), IPOTHBOBOCIAIUTEIbHYIO
(kanpumii), TPOTHBOOKHUCIUTENbHYI0 (MapraHel), CMSATYAIIYI0 (KpPEMHUI), 3aXKHUBIAOMYI (IWHK).
Hapsiny ¢ BblleniepeYnciIeHHBIME dJIEMEHTAMH B €€ COCTaB BXOJUT KeJe30, KaJlkid, HaTpus Ccylb(aTol,
XJIOPUABI U JIP.

CornacHoO JMTepaTypHBIM JaHHBIM HanOoJiee 4acTO B COCTaB COBPEMEHHBIX KOJIbA-KPEMOB BXOIST
MUHJIAIHOE, apaxhcoBOe, coeBoe Macia. [IpakTuiecku He MPUMEHSIOTCS APyrie PasHOBHIHOCTH Maced,
KOTOpbIe MOXKHO HCITONIb30BaTh U KaK aHaJOr CIIepMalleTa, U B KayeCTBE YBIAXKHSIOMIETO KOMIIOHEHTA.
Crnenyer OTMETUTb, YTO MHOTHE M3 HHMX 00JaJaroT 3HAYUTENBHO OOJIBIIMM MUTATENbHBIM 3((PEKTOM U
CIOCOOHBI K 00pa30BaHMIO 1IEPaTOB, YTO HEMAJIOBAKHO TPU UCIIOJIE30BAaHUU KOJBA-KPEMOB MPU HU3KUX
TEMIIEpaTypax U CyXxoi pa3apakEHHOMN KOXe.

IIpu pa3paboTke penentypsl KOJIbI-KPEMOB OCHOBHOM aKLIEHT ObUI ClIeJIaH Ha MOJIyYeHHE IPOIYyKTOB
C ONpEIETCHHBIMU CBOMCTBaMH, YTO OOYCIOBMJIO BapHaHThl WX BO3MOXKHOIO IpHUMEHEHus. bbuio
pa3paboTaHo mecTh 00pa3OB KOJBI-KPEMOB, B COCTAB KOTOPBIX BXOJMIIM MAacClIO I M Maciio XK0Xo0a,
KOTOpbIE HCIIOJIb30BAJIUCh OJHOBPEMEHHO B KayecTBE BOCKOB M 3aMEHHUTENs cnepmaiera. Macio mm
MIPEJICTaBIsIeT COOON TBEPABI PACTUTENBHBI BOCK, CONEpKAlIMK YHWUKaJIbHBIA COalaHCUPOBAHHBIN
JKUPHOKHUCIIOTHBIN cocTaB — 65-80% ragonennosoit , 10-22% 3pykoBoii, 5-15% oneunnoroii, okoso 3,5%
HEPBOHOBOH, /10 3% MalbMUTHHOBOW KHCJIOTHI, & TaKXKe MMajJbMUTOJICHHOBYIO, OETEHOBYIO M P JAPYTHX
JKUPHBIX KUCIIOT; 3()UPbI KUPHBIX KUCIOT; aMUHOKUCIIOTHI; BuTaMuH E, kosnaren u ap. Ero npumenenue
obeperaer oIreiAepMHC OT BBICBIXaHHS, OOC3BOXKHMBAHUS, 3alUIACT JEepMy OT BO3JICHCTBHSA
HEOMAaronpuATHRIX BHEIIHUX (aKTOpOB (X0J04a, yIbTpaduoIeToBOro u3dydeHus). Mcmomp3yercs B
JepMaToJIOTUN TIPH JICYEHUH IICOPHa3a,’K3eM, IepMaTo30B . Maciio ’xoxko0a IO CBOEH CTPYKType
NpUOJMKEHO K JKUAKOMY BOCKY. AMHHOKHMCIIOTHI U IPOTEHH, BXOSIINE B €70 COCTAaB,CBOMMH CBOMCTBAMH
HAIIOMHHAIOT OEJIOK KOJIJIareH, TOIIePKUBAIOT YIPYTOCTh U AITACTHYHHOCTH Koxku. O0a Macia, IpOHUKas B
KJIETKH KOXKH, 00pa3yIoT Ha UX NOBEPXHOCTH IUIEHKY, KOTOpas yAEP)KUBasl BIIary, IpersiTCTBYET CyXOCTH
HIETYLICHUIO KOXH, OoOeperaer SHHICPMHUC OT BBICHIXaHUS W O0E3BOXKMBAHMS, 3alUILACT JAECPMY OT
BO3JICHCTBHS HEOIArONPHUATHBIX BHEIIHUX (PaKTOPOB (X0J1011a, YIbTpadHoIeTOBOro u3iyueHus). Macio
XKOXK00a MCTOIB3YeTCs TIPH JICYCHHE YBSNAIONIEH, MOTEePSABIIEH YIPYrocTh, OpsOI0OW KOXe C SIBHBIMH
NpU3HAKaMH CTapeHus ( Hamu4dre MOPIIKH U T.1.). KokocoBoe Macio conepUT He0OX0IUMBIE ISl TUTAHUS
KOXKM HAaCbIIEHHbIE )KUPHbIE KUCJIOTHI (JIAypHHOBAsA, KalpOHOBAsA, KallpUJIOBasi, OJICMHOBAsI, KalpUHOBAs,
MaTbMHUTHHOBASI, MUPUCTHHOBAS, CTEApHHOBAs) ; hutoctepossl; Butamunsl (K, xonun, E) u munepansr. OHo
oOmagaer  BBIP@XCHHBIM  AaHTHOKCHAAHTHBIM,  NPOTHBOBOCHIANUTENBHBIM,  OAaKTEPHLMAHBIM |
aHTU(YHTUIUAHBIM () PEKTOM, YTO MO3BOJSET MPUMEHSTH €r0 B JEPMATOJIOTHH NPU JIEYEHUH MHKO30B,
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KaHAMJO030B, TIepleca, BUPYCHBIX HHGEKIMH, IEpMAaTUTOB, IICOpHAa3a, 3K3€M, a TaKKe CII0COOHO
AKTUBHPOBATH JIMITUAHBIA 0OMEH U MOJACPKUBATh TIOCTOSHHBIN YPOBEHb BOAHOrO OanaHca. Burtamun E,
BXOISIIMA B COCTaB Macjia KOKOCa, aKTHBHPYET IMPKYJSILMI0O KPOBH B COCyJaxX MU CHOCOOCTBYET
HOBBIIICHUIO MX 37acTUYHOCTH. Ilpym HaHeceHMM  OBICTPO BIMTHIBAETCS, NMUTAsl, CMAr4asi U TOHU3UPYA
K0Ky.OJNHMBKOBOE MAaciO SIBISETCSI UCTOYHUKOM MOHOHEHACHIIIEHHOH OJIEMHOBOI KUCIOTHI (oMmera-9) mo
74%, criocoOCTBYIOLIEH PACTBOPEHUIO XOJIECTECPHUHOBBIX OJSIIEK B KPOBEHOCHBIX COCylaX, oONafaroiei
aHTHOKCHUIAHTHOW aKTHBHOCTHIO; JIMHOJIEBOM KHCIOTHI (oMera-6) ; TokodepoioB (ButamuHaE), ocoOeHHO
anb(a-Tokodepona; purammaa K. Hamnume (QeHOTBHBIX cOoemWHEHWH, CKBajeHa, BUTaMHHOB A, J[ m E
ompeJieNisieT AaHTHOKCHIAHTHYIO aKTHBHOCTB OJINBKOBOTO Macia. CozepKapHue CKBaJIeHa COCTABIISIET OKOJIO
0,7%, pu TOoM, YTO B IPYrux Macmax oHo KomeOmercs B mpemenax (,002-0,03%. Macno mposBisieT
AQHTHOAKTEPULIUAHYI0, CMSTYAIOLIYI0, BUTAMUHU3UPYIOIIYIO U YBIXKHSIIONYI0 aKTHBHOCTH. Macio
BUHOTPAJHON KOCTOUKH coAepkuT oT 0,8 10 1,5% HeoMbUIIeMBIX BEleCTB, OoraThix GeHonamu, Oaroaaps
YeMy NpOSIBIISIET BBICOKYIO aHTHOKCHIAHTHYIO, aHTUMHUKPOOHYIO M aHTHOAKTepHUATbHYIO aKTHBHOCTb.
Bxopsmas B ero cocraB nmuHoNeBast KucioTa(no 70%), o0aamaeT mpoTHBOBOCTIAIUTEIHLHBIMU CBOHCTBAMH U
aKTHBHA TpH JIEUEHUHN aKHE M JepMaTUTOB. B coBokymHocTH ¢ osnenHoBoi (1o 16%), manbMUTHHOBOM
(okono 7%), creapuHoBol (10 4%) W HEKOTOpBIC IPYTMMH KHCJIOTaMH OOECICUMBACT MHUTATEIBHBIN U
BojocOeperatonuii 3¢ ¢exkT. AHTHOKCHAAHTHBIE CBOWCTBA Maciia CIIOCOOCTBYIOT TOBBIIICHUIO BBIPAOOTKH
KOJIJIar€Ha ¥ 3JIaCTHHA, YTO OYEHb BaKHO AJIS 3710POBbS KOKM M JJIs 3aIuThl oT Y D-n3nydenus.Macio
Kakao, Onarojgaps HaJMYMIO HACHIIEHHBIX M HEHACHIIICHHBIX KUPHBIX KUCIOT(MHPHUCTHHOBAS,
NaJILMUTHHOBAS , CTEAPHHOBAS ,apaXMHOBAs ,[1AIbMUTOJIIEUHOBAS , JIMHOJIEBAsA, OJICMHOBasI (omMera-9)u ap.;
ButamuHa E, anbda Ttokodepona; TD creponoB, yBIaKHSET M MUTAET KOXY, U30aBisieT €€ OT CyXOCTH,
CIIOCOOCTBYET pereHepamnuu KIETOK, YCTpaHSeT MPOSBICHUS AJJICPTUU, OMOJAKUBACT U 3aMEJIsieT
IpoIecchl CTapeHus. B 3uMHee BpeMsi OHO 3alllMIIaeT KOXKY , HE TMO3BOJISIET TOKCHHAM, CKOMUBIIUMCS B
3arpsA3HEHHOM BO3AyX€, MPOHUKATh BHYTPb, COXPAHSSA NPHU 3TOM OOMEHHBIE IMPOLIECCHl MEXIY KOXKEH M
OKpY>Karolllel cpeoi, TO €CTh MO3BOJIsIA e AplaTh. CoeBoe Maciao, KOTOPOE YacTO UCIOIb3YIOT B KOJIb/-
KpeMax , COJACP)KUT: HACHIIICHHbIC W HEHACHIINICHHBIC JKUPHBIC KHUCIOTHI - JIMHOJIEBYIO, OJICHMHOBYIO,
NaJIbBMUTHHOBYIO, ab(a-TMHOJIEBYI0, CTEAPUHOBYIO U 1p.; MUHEPAJIbl; JIEUUTHH; BUTaMuH C u ButamuH E,
conepxammii 06e popmer — E1 Toxodeponsr (anbda, Oeta, ramma, nenbra) u E2 TokoTpueHomns! (anbda,
Oera, ramMa, nenbTa). Konba-Kpembl, cojepikaliue COeBOE Maciio, CIHOCOOCTBYIOT YXOAY 3a CyXOW H
HOPMaJIbHOM KOXKeH, TUTast ¥ YBIaKHsS €, BO3Bpalllasi TOHYC U YIPYTOCTh, 3aMeJUIsIsl CTAPSHUE U YCTPaHSIst
MeJIKie MOpIIKMHKY. [IprMeHenus nponosunca B KOJIbJ KpeMax OOBACHIETCS aHTHCENTUYECKUM JIeHCTBUEM
U CIIOCOOHOCTBIO TOBBINIATH MMPOHUIIAEMOCTh KOKHOTO TOKpoBa.OCHOBO# BOCKa SIBISIFOTCS  AUPHI (110
75%), oOpa3oBaHHBIC TAIBMHTHHOBOHN, HEOIIEPOTHHOBOM MEIMCCHMHOBON KHCIOTAaMU W IEPUIIOBBIM H
MEJIMCCUHOBBIM cnupTamu. Kpome Toro, B Bocke copepskaTcs LEpOTHHOBAsl, MOHTAHWHOBASL M OJICMHOBAsI
KHCJIOTHI M HEOLIEPHUIIOBBIH 1 MOHTAHWHOBBIH CITUPTHL. DKCTPAKT U3 JIUCTHEB aJI03 OKA3bIBACT KOMILJIEKCHOE
BO3/ICHCTBHE Ha BCE THUIBI KOXH, TIYOOKO M MSTKO OYHWINIAs, YBJIAXKHSSA, MHTash U OMOJIAXXHBas e€;
HOpMaJM3yeT OOMEHHBIE INpOLECCHl W OOHOBISET JMUACPMHC Ha KJIETOYHOM ypoBHe. Kocmeruky,
COJEPKALIYI0 SKCTPAaKT ajlod NPUMEHSAIOT NPH JICYEHUS] yTrPEeBOM CHIIM, JEpPMaTHTa, KOXHBIX SI3B H
9Kk3eMbl.JINMOHHAs KHCIIOTa CHOCOOCTBYET yNAJIEHHIO MEPTBHIX OPOTOBEBIIUX KJIETOK C BEPXHETO CIIOS
KOKH, KOTOPBIE YacTO BHI3BIBAIOT 3aKYIIOPKY TIOP H, KaK CJIEJCTBHE, MMOSIBICHHE aKHE; CIOCOOCTBYET POCTY
HOBBIX KieTok. Ilpm MecTHOM HaHeCEHHHM Ha KOXY JHMMOHHAas KHCJIOTa JeHCTByeT MOA00HO
AHTHOKCHJIAHTaM, T[IOMOTasi YCTPaHEHWIO IPU3HAKOB cTapeHus. BBeneHHe B COCTaB KOJIbJ-KPEMOB
YHUKQJIbHON MuHepanbHOM Boabl «llmate» oObsacHseTcs e€ XuMH4YecKuM coctaBoM. llpm obmieit
MHUHEpalu3allud OKOJIO 3 T/l, OHAa colepXaT MapraHel; OOPHYIO KHCIOTY; ABYOKHCh KpPEMHHS;
mukposementel Ca*2, Mg Na*, K™, Li*! u ap., kotopble HEOOXOAUMBI Il 037I0POBJIEHUS M TTUTAHHUS
koxH. [lo HabOpy Makpo- ¥ MHUKPOIJIIEMEHTOB 3Ta BojJa OJNM3Ka K M3BECTHOM TEpPMajbHOU BOJE Y PhSKX
[11-16].

Ha ocHoBe mmeromuxcsi JIuTepaTypHBIX JAaHHBIX B COCTaB pa3paldaThIBAEMBIX PELENTyp KOJbA-
KpEMOB BBOJIMJIMCh BENIECTBA, CIIOCOOHBIC OKAa3bIBaTh COOTBETCTBYIOIIUM Jie4eOHBIH dPQeKT, B
3aBHCUMOCTH OT MpEJIoyiaraeMoi el UCTI0IBb30BaHus TOTOBOTO MpoayKTa. Perentypa pa3paboTaHHBIX
00pa31oB KOJIbA-KpEMOB IpuBeieHa B Tabnuue 1.

PaccmarpuBasi BO3MOXKHBIE BapHaHTBl HCIIOJIB30BAHUS PACTUTEIBHBIX Macel B peLentType KOJbJ-
KpPEMOB, CIIEJYeT OTMETUTh, YTO COBMEICHHE IMYETMHOTO BOCKA, BOCKOOOPA3HBIX MPOAYKTOB- aHAIIOTOB
crepmarera (Macjo I 1 5k05k00a) ¢ pa3IMYHbBIMHA MacjlaMy TO3BOJISIET MOIYYHUTh MPOAYKTHI THIIA LIEPATOB
C YCWJICHHBIM CMSTYalOUIMM U pPEereHepUpYOLM ACHCTBHEM, KOTOPOE BIHMSET Ha CHHTE3 KOJUIareHa M
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MOBBIIIIAET YIPYTrOCTh KOKU. B oT/IMdme oT Ma3ei TeKCTypa IepaToB HaChIIeHHas!, KpeMooOpa3Hasi, HO He
OYCHB KUPHAst, KOMGOPTHAsSI ISl IPUMEHEHUS U ITOAXOJIAIIAS ISl BCEX THUIIOB KOXH, OCOOCHHO CYXOH.

Tadauna 1. BapuanTs! pa3paboTaHHOHN pelenTyphl KOJIbI —KPEMOB.

Ne | HaumMenoBaHye KOMIIOHEHTA CONCPIKAHHE KOMIOHEHTOB B %
} 1 2 3 4 5 6
1 2 3 4 5 6 7 8
1 | Maco kKokoca 8.62 8.62 21.38 11.02 6.91 5.80
2 | Macno 1 8.62 8.62 21.38 11.02 2.07 1.80
3 | Kakao macio 8.62 8.62 - 6.70 9.21 7.21
4 | Macio BHHOrpaHOH 8.62 8.62 1069 | 14.02 | 6.91 6.91
KOCTOYKHU
5 | Macino xo0xko00a 8.62 8.62 10.69 49 2,0 2,0
6 | Macio OJIMBKOBOE - - 10.19 4,0 10.32 10.32
7 | Macno coeBoe - - - 17.55 - -
8 | LleTunmanbMuTaT 24.80 16.49 10.69 15.10 9.46 8.0
9 | Bock SMyJIbCHOHHBII 5.50 8.62 - - 4.62 4.54
10 | Bock muennHbIi 4.46 8.12 - 7.40 - 2,0
11 | I'nuuepun 3.64 5.17 6.45 6.32 1,0 1,0
12 | IIponommc - - 2.95 - - -
13 | Cyxoii 9KCTpaKT aod - - 2.95 - - -
14 | Buramunel AE 0,5 0,5 0,5 0,5 0,5 0,5
15 | JIumoHHas KUCa0Ta - - 2.13 1.47 0.92 0.92
16 | MunepansHass Boma «llmate», | 18.0 6e3 | 18.0 6e3 46.08 49.0
JUCTHIUIMPOBaHHas Boja (I/T) paso0. pas0. i i (30:70) | (30:70)

[TOKA3aTEIH,

['munieprH, BKITIOYEHHBIH B COCTaB KpeMa, CIIOCOOCTBYET YBIAXKHEHHIO KOXKH W TIPETSTCTBYET ee
JIETHIPATAIIH, XOPOIIIO YBIAKHEHHAs! KOXKa CTAHOBUTCS TIIAIKOW U ITACTHYHOM.
Jlyis Bcex pa3pabOTaHHBIX BAPUAHTOB PELEHTYPHI KOJIbI-KpeMa ObLIH ONPENeICHBI PEOIOrHUECKUE

COOTBCTCTBYIOIIME JAaHHOMY THIIY MPOAYKIIUH. HonyquHe PCOJIOTHYCCKUX HdaHHBbIX

OCYIIECTBIISUIOCH HA poTanuoHHOM BHckozumeTpe monenn NDJ-8S Digital Rotary Viscometer. 3nauenus
PEOJIOTHYECKUX TTOKa3aTelIeH PUBEICHBI B TAOIHIIE 2.

Taoauua 2. Peosornueckie nokasaresin pa3padOTaHHBIX BAPHAHTOB PELENTYPhI KOJIbA-KpeMa

No HaunmeHoBanue BapuaHThl penentypbl
| mokazarens 1 2 3 4 5 6
1 Jlmamirieckui mpezet 1191 | 1304 | 1949 | 2101 | 2402 | 2495
tekydectu (Ila)

2 | Hunamudeckas Bsa3kocth W (ITa) | 136.8 129.6 121.0 117.2 93.8 91.0
- 73x10|7.7x10 | 83x10 | 85x10| 10.7x 11.0x

3 Tekyuects T (¢') 3 3 3 3 10 > 10 >

4 IImacTudeckast BA3KOCTh 1 27 28 29.5 30.2 30.8 31.2

5 Koa‘i"b“““?;”(:f)acmq‘*ocm 4.4 4.7 6.6 7.0 7.8 8.0

OO0pasIrel KOJIBI-KPEMOB, TIOTydeHHEIE 110 penentypaM Nel,2.3 oTimuarorcst 60mbIiel TBEPIOCTHIO IO

OTHOIIEHHUIO K JAPYTHUM 00pasmam, Oiarojaps COUYETAaHWIO BOCKOB M PACTHTENBHBIX Macel IO CTPYKType
HAIlOMHUHAIOT IepaThl. 3acTeiBaloT npu Temmeparype 25-30°C, mpu KOHTAaKTe ¢ KOXKEH pa3MArdaroTcst u
nerko HaHocsTes. [Ipu cnabom BOUTHIBaHUM 00pa3yIOT 3alUTHBIN CIIOH, KOTOPBIM COXpaHseTcsl He MeHe 4-
X yacoB. Komnb1-KpeMbI 10100HOT0 THTIAa OOBIYHO HUCIIONIBL3YIOT KaK 3aIUTHBIC (3aIIUTa KOXKH OT MOHWKEHHSI
TeMIIepaTypbl, OCOOEHHO B XOJIOJHYIO U BETPEHHYIO MOTOY M 3alIUTa OT MbUIH, BEIXJIONIOB aBTOMOOMIEH U
T.JI. B YCJIOBHSIX COBPEMEHHBIX METAIOINCOB).
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3a cuéT Haymuus B oOpas3iax Koiba-KpeMoB Nelw2 BOIBI, pacTHUTENBHBIX Macen (Kakao, >K0xo0a,
KOKOCa, IIId, BUHOTPAJHBIX KOCTOYEK), IMYSITMHOTO BOCKA U MHHEpaIbHOW Bonbl [lmare, mnuraHue Koxu
OCYIIECTBISCTCS KaK PACTUTEIILHBIMH MacliaMH, TaK © MUHEPAIBHBIMU dJIeMeHTaMH. [lociieHss oka3piBacT
CHHEpPrUYecKoe JISHCTBIE B BOCTAHOBICHUU 0aphepHBIX CBOMCTB KOXKH, HE HapyIIas MeI0CTHOCTh KIETOK U
HE U3MEHSIS UX 00BeM, COMPOBOXKIAEMOE TPOTHBOBOCHATUTEIBHBIM U 3aKUBIISIIOMINM 3 heKToMm.

OO0pas3en koyba-kpeMa Ne3 COICpKHUT PACTUTEILHBIC Macjia B OOJIBIIEM KOJHYECTBE, YeM OOpa3Ilbl
Nel,2, 6omee jierko BIUTHIBAETCS B KOXKY, MAKCUMABHO 1Tast e€. OcoOeHHO OIXOANT B KA4ECTBE 3aIUTHI
UTsT 00€3KUPEHHOW M YBSAAOIMIEH KOXH B XOIOAHYID W BETPeHHYI0 moroay. Hammume B Kpeme
OTHOCHUTENFHO BEICOKOTO COJEPKAaHMUS ETHINATbMHUTATA, 00pa3yOIEero NPOYHbIE KOJUIOUIHBIE CTPYKTYPBI,
3aIUIIAET OT MPOHUKHOBEHHSI TOKCHHOB, COJIEPIKAIINXCS B 3aTPA3HEHHOM BO3/AyXe, B OoJee riryOoKue cion
snunepmuca. Hamuume B penentype psima OHMONOTHYECKH AaKTHBHBIX BEIIECTB IO3BOJSET OKAa3bIBaTh
JOTIONTHUTENbHBIN Te4eOHbIH 3 dekT. Tak, SKCTpakT anos, 06aanas 6akKTepULIUAHBIMU CBOHCTBAMH, aKTHBEH
MPH  CTPENTOKOKKOBBIX M CTa()MIOKOKKOBBIX HH(pEKIUAX, 3QPeKTHBeH npu 00yUCHNUH, BOCTIATUTEIBLHBIX
3a00JIeBaHUAX, CBEKHX paHaX, NEHCTBYS KaK HMMMYHOMOIYISTOP M YCKOPSS TPOIECC pereHepallum.
[Ipomnosuc 06sagaeT pereHepUPYIOIIMMH, aHTUCETITUYECKUMHU M aHTUOAKTEPHUIIMIHBIMU CBOMCTBAMHU.

OO0pa3en kosba-kpema Nod 3a CYET CHMKCHHS COACP)KAHUS IIETHIINAIbMHUTATA, TIOBBIIICHUS OOIIETo
KOJIMYECTBA U KOMOMHAIIMN B OTPEAEIEHHOM COOTHOIIECHUH, OTIMYHOM OT BapuaHToB Nel,2.3, macen iy,
’K0k00a (aHAJIOTOB criepMarieTa), Kakao, KOKoca, COM, BAHOTPAJIHBIX KOCTOUYEK , MPHOOPETAET YBETHMIECHUE
MUTATEIbHBIX CBOMCTB. OH MOXKET OBITh MCIIOJIB30BaH JJIs MUTaHUS 00€3KUPEHHON, CYyXOM 1 TPOOIeMHOM
KOXH TIPH MPOXJIAAHONH W BeTpeHHOoU morome. OcOOEHHO ClelyeT OTMETHTh, YTO Macia IMU H KOoxKo0a
WCTIONB3YIOTCS B IEPMATOJIOTHH TIPH JISYCHHH psifa 3a00JIeBaHHN — ICOpHa3a, SK3EMBI, I€pPMaTO30B, KOXKHOH
CBhIIIN paSJII/ILIHOI\/'I 3THUOJIOTUH U T. 1.

B o6pasmax Ne5,6 xonudecTBo HeTHINaTIbMUTaTa He npeBbiact 10%, a KoJTU4eCTBEHHOE COIepIKaHue
Macel TaKOBO, YTO B COBOKYITHOCTH C HH3KHM COAEpP)KaHHEM aHaJOroB CIHepMarieTa W BBICOKUM
COJIep’KaHuEM BOJIbI 00ECTICUNBAET UM MATKYIO, ITIACTUIHYIO TEKCTYpPY, HE 3aCTHIBAIOMIYIO ITPH KOMHATHOM
TeMIepaType, OTIMYHYI0 OT IepamuaoB. Hamwuwme ButamMuHoB A u E yBenmWyuBaeT NHTATEILHYIO
aKTUBHOCTh. [IOBBIIEHHOE CcoOAEpKaHUE AUCTHWIUIMPOBAHHON BOABI C MUHepanbHOU Biomod Ilmate
MO3BOJISIET OCYIIECTBIIATH MUTaHNE OoJiee TITyOOKUX CIOeB JAepMbl KATHOHAWMHU M aHHOHaMH. OJIMBKOBOE
macio (10%) obecrieurBaeT MOBBIIICHHOE CO/IepKaHne (PEHOIBHBIX COCIMHEHHM, CKBaJIcHa, BUTAMUHOB A,
D u E, uTo mpeanosoKuTenbHO CIIOCOOCTBYET YCUIEHHIO aHTHOKCHUIAHTHOW aKTUBHOCTH KpeMoB. Macio
BUHOTPAJIHBIX KOCTOYEK, oOorameHHOe (DEHONBHBIMA COCIWHEHUSMH, TPOSIBISIET aHTHOKCHIAHTHYIO,
AHTHUMUKPOOHYIO U aHTHOAKTEPHAIBbHYIO aKTUBHOCTh. BhICOKast MUTAaTENbHAS aKTHBHOCTH HAPSTY C JIETKOM
JKUPHOW TEKCTYpOH TO3BOJSIET PEKOMEHJI0BaTh 3TH 00pa3lbl KOJBIKPEMOB KaK COJHIIC3ANIUTHBIC H
YCTIOKaWBAOIIUE TIPU Pa3IpaKEHUH U BCEX THUMOB KoxH. Ciemyer oTMeTuTh,uTo 00pa3isl Ne5 u 6 mo
PSAY KOMIIOHEHTOB aHAJIIOTHYHBI KOJIBI- KpeMaM, YIOTPeOIseMbIM [T KOPPEKIINU KOKHBIX 3a00JIeBaHUIA,
YTO pacHIMpsieT AWana3oH WX mnpuMeHeHus. Bribop kpema Ne5 m Ne6 HOmKEH OCYIIECTBISATHCS
WHIMBHUTyalIbHO caMUM ToTpeOuTeneM. Takue KpeMbl MpelHa3HAYEeHbI IS MUTAaHUS U 3allUTHI B Clydyae
CyXOii, 00€3BOKEHHOH, TPOOIEMHON KOXKH.

Bce BrlmeykasaHble BapHaHTBl PELENTYpPhl KOJBA-KPEMOB 32 CYET HAMW4YUS B HUX OOJBIIOTO
KOJINYECTBA PACTUTENBHBIX Macel C AHTHOKCHJAHTHOW aKTHBHOCTHIO, a TaKXKe MACIISTHOTO JKCTPaKTa
MPOTIONUCA U CYXOT'0 AKCTPAKTa all0d, CTAOWIIBHEI , HE MPETEPIIEBAIOT U3MEHEHUS B TeueHue | roja mnpu
temneparype 4-25°C.

TeXHOJIOTHS OTyYeHHs KOJIbJI-KPEMOB: B PEaKTOP ¢ MEIIANIKOW 1 pyOaIIkoi st 000orpeBa 3arpyxaroT
MacJio KOKOCa, INW, Kakao, BUHOTPAJHOW KOCTOYKH M TIUIEPUH B ONPEACIEHHBIX KOJINYECTBAX.
CMenMBaHue ¥ OCTaIbHbIE CTaJMU TEXHOIOTMYHCKOTO IPOIlecca IPOBOAUTCA TIpu TemmepaType 50-60° C,
CKOpOCTh 000poToB Memianku 60-70 00 /mun. [lociie monydeHus OJHOPOJHOM MacChl  00ABJISOTCS
AMYJIBTaTOPBI — IETHINAIBMHUTAT, 3MYJIbCUOHHBIN U MYSITMHBIA BOCK JI0 MX ITOJIHOTO PACTBOPEHUS , @ 3aTEM
ocTaybHbIe Macia. Ha crmemymeit ctaguu B ciiydae IpuUroToBiieHus kpemoB Ne 1,2.5/6 mpu TiIaTeIbsHOM
NEpEMCUIMBAHNN BBOAUTCA BOJa 10 IIOIYUYCHUSA OHHOPOHHOﬁ OMYJILCHU. 3areM B KpeM Ne 3 BBOJUTCA
MAacCJISTHBIN OKCTpPaKT IIPOIIoJIMCa U CYXOﬁ OKCTPAKT ajIod MpHU THIATCJIbHOM NIEPEMECUIMBAHUEC 10 ITOJTHOTO UX
JUCTIeprupoBaHus B Kpeme, a B Ne 4-6 nmumoHHas kucioTa. Ha 3akmouuTenbHOW CTaguu B pyOalnky
peakTopa IMmojaeTcs BOJA JUIS OXJIXKACHHUS KpeMa JI0 KOMHATHOW TEeMIIepaTypbl M J00aBJISETCS MPHU
HIepeMENIMBAHKIE HEOOXOIMMOE KOJIMUECTBO BUTaMUHOB. KpeM BeiiepsxuBaeTcs npu temneparype 18-20°C
JI0 TIOJTHOTO CO3pPEBaHMA B TEUCHUE 72 4acoB M MOCTYIAET Ha (DacoBKY.
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DEVELOPMENT OF RECIPE AND TECHNOLOGY FOR COLD CREAM USING MINERAL
AND VEGETABLE RESOURCES OF GEORGIA
M.Gabelaia, T.Tsintsadze*, M.Kakhetelidze, P.Yavich
I. Kutateladze Institute of Pharmacochemistry of Thilisi State Medical University
*Georgian Technical University
SUMMARY

On the basis of principles of cosmeceuticals recipe and technology of cold cream is developed. In order to
receive product with initially defined properties shea and jojoba oils were used as substitute for spermaceti,
along with other vegetable oils, propolis oil extract, aloe dry extract and Georgian mineral water ‘“Plate”.
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XUMHUYECKAS TEXHOJOI'UA

YACTOTHBIN AHAJIN3 KOJIEBAHUI 3AJJHEN CTEHKHA ITAPOT'A30BOI'O KAHAJIA IIPH
JIABEPHOM CBAPKE

(ITpomomkenue - MaTeMaTHdecKUi aHanu3 KojaeOaHu 3aIHeH CTEHKH I1apora3oBoro KaHasa fpH
nazeproit ceapke. Xymumsuin M. I'. // UI3BECTUSA HALITMOHAJIBHOU AKAJJEMUUN HAYK
I'PY3UH, CEPUA XUMUYECKAZ. 2017. Tom Nel, c. 118-131.)

M.I'.Xyuumsunu

I py3unckuii mexnuueckuii yHueepcumem

C MOMOIIIBIO TEOPETHUYESCKOTO aHATN3a MATEMATHIECKOH MOJIEITH KOIeOaTeNnbHOTO0 MpoIiecca 3aHeH CTeHKH
Mapora3oBOro KaHaja TPH JIa3epHOM CBapKe HAa OCHOBE PEIICHHS COMPSDKCHHOW 3aJauil B3aUMOJCHCTBHS
nap->KUIKOCTh-TBEPABIH METa/ll MOJY4EHO, YTO Al obecreueHns: SPPEKTUBHOTO BBITECHEHUS KHUIKOTO
MeTalljIa U3 HIDKHEH 9acTH KaHalla He00X0AUMO, YTOOBI JOMHUHHUPYIOIIHE KOJICOAHHs HAXOIUITUCh B 00J1aCTH
Pa3BUBAIOIINXCS KOJIEOAHUIA, YTO, B CBOIO OYEPElb, TPEOYET HATIOKEHHS APYTOro KoJeOaHusI.

[Ipu paccMOTpeHNH THAPOIUHAMUYECKON HEYCTOMYMBOCTH OCOOBIN HHTEpEC MPECTaBIISIeT YacToTa
KoJieOaHuil 3aJHeH CTEHKH [Iapora3oBoOro KaHaia, ¢ KOTOPBIMHU CBS3aHO HATEKaHHE METajlla U BBITEKArOIee
U3 Hero kojebaHue TayOuHsl mporiasieHus. C 3Toi 1ebio OblT IPOBEICH YacTOTHBIN aHaIN3 MpoLecca C
LEJNBIO TIOTYYEHHs KaueCTBEHHON M KOJIMYECTBEHHON MH(POPMALIMK B XapaKTepe KoJIeOaHu! CIIOST AKHUIKOTO

MeTajula Ha 3ajHell CTeHKe maporasoBoro kanana mpu capke CO, -nmasepoM. J[jst 3TOro aHaIUTHYECKH

HEOOXOIMMO BBISIBUTH 3aBUCHMOCTb KOMILIEKCHOIT 4aCTOTHI KONEOAHHIT 0 U BOIHOBOTO 4ncia K 3afaHHBIX
YCIIOBHIi TIpoliecca U3 JHMCIIEPCHOHHOTO yPAaBHEHHS, T.e. HEOOXOAMMO B OOIIEM BHJE Pa3pelIdTh 3TO
ypaBHEHHE OTHOCHTENIBHO () M UCCIIEN0BATh CBOHCTBA ITOrO pentenus [7] .

IIpesxe BCero ¢ IOMOMIBIO TONYYCHHBIX PaHEe PEUICHWH MOCTABJICHHON 3a/[aud HCCIIe/I0BAIN
B3aMMOCBA3b aMIumiTy s nporecca A, A, A, A, A, . B o0mem ciydae 3T aMIUTATY bl IPEJICTABIISIOT

c000l KOMIUIEKCHBIE BEIMYHMHBI, YUUTHIBAIOIINE CABHUT KojeOaHui mo ¢asze. ['panuunbie ycnoBus (6) u
omnpenenenre (31) komOuHMpoBanu B JuHEHHOe and¢epeHInaIbHOe YpaBHEHHE, B KOTOpPOE 3aTeM

HOJCTaBUIIM 3aBUCHUMOCTH (28) n pemenue (40) u B utore npeodpa3oBaHuii ObLI MOTyYeH IPH Y = O CBS3b
BUJIA:

2]
A=A ?exp(ké) (106)
rae nonaraeM exXp(ko) =1 BBuIy TOrO, 4TO 5>68 wms npeJenbHOM Clyvae 556,
Jlanee BOCHONB30BAINCH TPAHUYHBIM ycIoBUEM (9) mpu Y = &, B KOTOPOE MIPOBENIN NOJCTAaHOBKY
3aBucuMocTtH (29), pemenus (51) rae xoncrantsl A u B, onpenenstorcs Bepaxenuamu (47), (48) u

pemenus (72), rae koncrantel A, u B, onpenensrorcs Beipaxenusamu (68), (69). Ananus pemenwit (51),

(72) n 3aBucumocTH (29) MoOKa3bIBAET, YTO MONYUHTh CBA3b Mexay A n A n3 rpannynoro ycnosus (9)

MOJKHO, €CJIM JIBaX[IbI TIpoBecTH ero nuddepeHmupoanue mo X. B umrore mpeobpazoBaHmii moiydaem
3aBUCHMOCTb:

A, = As{iop,(0— A —kB) —ic,k® —i(p, — p,)kg cosy —
—p AV +\7wsiny)5% k[(w—kBZ)ch(kE)—iAzsh(kS)]} (107)

Jlns BeisBieHus cBsisu Mexay A u A; Obuto mpoBeneHo auddepeHIMpoBaHHE TPAHMYHOIO

ycnoBus (15) mo X B OKPECTHOCTH TOUKH Y = -5, X= X,
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0, 24,05, 0T
OT ox 05 ox " Oyox

[IpoBenena moxacranoBka B ypaBHeHun (108) 3aBucumoctn (29) m pemenus (87) um mocie
npeoOpa3oBaHHil TIOTyUeHA CBS3b:

(108)

aq,,

ArB = A& l’ (109)

% + ﬂ’TB kTB
oT

rae K, onpenemsiercst BeipaxenueM (87).
OKBUBAJICHTHOCTH 0011IeT0 BUaa 1o Temneparype (88), (94), (105) maeT BO3MOKHOCTH 000CHOBATH
TOXJICCTBCHHBIC PABEHCTBA A0COIIOTHBIX 3HAUYCHHH aMIUIUTY] TEIUIOBBIX BOJH, T.e. IPH Y =—0 HMeEeM

A,=A,; mpu y=oumeem A=A _;
A=A =A_=A. (110)

AHanornyHas TIOJICTAaHOBKA IpaHWYHBIX ycrmoBuit (7), (12), (13), (16) B rpannunoe ycnosue (10)
MOKAa3bIBACT:

oT — .
q,= A, —=p0  Vesiny +
oy
00 — 00 — .
' | Wx——-Ux—-=-VaSiny |; 111
P ( P o J/j (111)

i€, B CBOIO 0Yepeb, 110 BCEH BUAMMOCTH BHYTPH NApOra30BOro KaHana (pyHKUMsS (| 3aBUCUT TOJIBKO OT
KOOPIMHATHI Yy ¥ IUIOTHOCTH MOIITHOCTH JIa3epHOTO n3inydeHus. [locne nuddepennuposanus (111) mo X B
OKPECTHOCTH TOUKH Y = O, X = X, UMEEM ypaBHCHHE
k =\ —
ATAT—FT _ A ksh(k3) +iA, (@—U k); (112)
it K

Hcxons u3 xotoporo B cBs3u (107) 1 (109), mociie B3anMHBIX COKpalIeHui aMmuuTy 1 A; momydaem:

3
{a)&(a)—Al—kBl)— oK +[&—1Jkg cosy +

X X

X

HA NV +V asiny)d [ (@—kB,)cth(ks) +iA,]+

+(a)_U>Kk):|:i/erkTB%/p)Krk [ﬂ/erTB_'_%j}; (113)

rae koadpdunuentsr A, B, A, B, onpenenstorcs coorBeTcTBeHHO BhIpaskeHusamu (47), (48), (68), (69), a

TUIepOOTMYECKUI KOTAHTEHC 10 ONPEJICIICHUI0 PaBeH:

cth(kd) = (ko).
ch(ko)

Crnenyetr orMeTuTh 4To ypaBHeHue (113) mo cymiecTBy SBISIETCS UCKOMBIM JHCIIEPCHOHHBIM HIIN
XapaKTePUCTUYECKUM ypaBHEHHUEM, KOTOPOE HEOOXOIUMO Pa3pelIuTh OTHOCHTEIHHO KOMILICKCHON
YaCTOTHI (¥, YTOOBI MOJTYYHUTh 3aBUCUMOCTh (¥ OT BOJHOBOI'O YKC/Ia K M IMapaMeTpoB UCCICIyeMOM 3a1auH.

Ecmu rnyOuHa mporuiaBieHusl HACTOJBKO BEJMKA, YTO BOJIHOBOE YHCIO K MOXET NMpPUHUMATH
MHOJKECTBO JIMCKPETHBIX 3HAYCHWW, TOTJa KojeOaHWs TpaHUIBl pasfena ¢a3 Mmap-KAJKAH MeTal
MPENICTABISIOT  COOOM  CYNepro3uIuio  OSCKOHEYHOTO MHOXECTBA  YACTHBIX  pemeHudt  (29),
COOTBETCTBYIOIIUX PA3IMYHBIM 3HAUYCHUAM K .

3aBHCHMOCTh aMIUIUTYbl A; OT BOJHOBOTO uMcia K ompezensercss HadaabHOH KoHbHTyparmeit

IMMOBCPXHOCTHU pa3aciia (1)33, KOTOpad B pCaJIbHBIX ClIydasaX UMECT CJ'Iy‘IafIHLIfI XapakTep. HOCKOJ’IBKy MHHMas
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YacTh YaCTOTHl (@, XapaKTepHU3yIollas U3MEHEHNE aMIUTUTYIbl KoJieOaHHsI BO BDEMEHH, SBISCTCS PyHKLIUEH
BOJIHOBOTO 9uCla K , ¢ Te4eHreM BPEeMEHH B 3TOM CJIOKHOM JBM)KCHHU HAYHET JOMUHHPOBATH KoJiebaHne
¢ Haubosnee OBICTPO Bo3pacTamomei ammutyaoi. Uz (29) cneayer, uyTo 1 JOMUHUPYIOLIETO KOJIeOaHMs
KOA(pGUIMEHT HapacTaHUS aMIUTUTYAbl (MHIMAas 9acTh KOMITIEKCHOW YacTOTHl) MPUHUMAET HanOOJbIIee
3HAYCHUE!

@, =Supim(w), (114)
k

B peanbHBIX cily4asx BOJHOBOE YHMCIO K MOXET NMPUHUMATH JIMIIL HEKOTOPHIC IHUCKPETHHIC
3HAYEHUS, yIOBIETBOPSIONINE TPaHUIHBIM ycioBueM (5)-(16). B aTom cirydae, KOTOpBI 3HAYUTETHHO Yallle
BCTpEUaCTCsI Ha MPAKTUKE, ABMXKCHUE TPAHUIIBI pa3jiena a3 map-KuaKuil MeTami (CM. puc. 2.) IpeCTaBIIseT
c000i1 yKe CyNepro3UIMI0 KOHEYHOTO MHOYKECTBA TAPMOHUK, B KOTOPO C TSYCHUEM BPEMEHH TaKKe OyayT
JOMHHUPOBATH KOJICOAHUS! ¢ HAMOOMIBIIMM KOO()QULMEHTOM HApACTAHUS aMILTUTY/bl @), , ONPECISIEMbIM
u3 (114) c yaerom (13) u JOTyCTUMBIX 3HAYEHUI BOJTHOBBIX YHCET.

Paspemnte ypaBHenue (113) oTHOCHTENBHO @ B OOINEM BHJE TOKa HE HPEACTABIACTCS
BO3MOJKHBIM, OJTHAKO YJAeTCs MONyYUTh PEIICHHE IS MPEEeNbHBIX YaCTHBIX CIy4aeB TETUIO(PH3NIeCKUX
CBOMCTB TBEPAOr0 METAJLIA.

Jlast Huskoterutonposoasoro mMarepuana (A — 0) npasas gacte ypaBuenus (113) npesparaercs
B HyJ1b. J{J1s1 BBICOKOTEILTONPOBOAHOro MeTamna (A, —> c0) mpasast yacts ypaBaeHus (113) npuHuMaeT BUA:
i 1 aqTB
p, I, 06
st aTux mpenenpHbIX cirydaeB u3 (113) umeem:

o {& + cth(kg)}— o{A +KB, +Kk(B, +U)cth(k3) -
yo)

X

— 3 _ _
—i {Az +%%Cth(k5)}+(&—q gcosy-k Ay «B,cth(k o) —

A OG- Vi+Vasiny —
A —— A+ | ——— L |- AU+
AT 26 [AZ [ 5 ] A
kB, DD hk3) | =0, (115)
p . 00

rie A - GopMasbHBIH apaMeTp, XapaKTePHU3YIOIIUH TEIIONPOBOTHOCTh MOBEPXHOCTH HArpeBa:

1 — 0,
A= npu- Ay, — © (116)
0 mpu A, —0,
a xoadounuentsr A, B, A ,B, onpenensrorcs monyueHHBIMU paHee BBIPaKEHHAMH:
U, —
= ; B = U Iy
A== :
A =S &OU_“; B, =0o5| 2 %;
Px) 06 Py ) 00

KOTOpEIE Takxke mojcTasiseM B ypaBHeHue (115). B utore u3 (115) nonyyaem pemenue [10]:

Vs o kTu+k| 55| 2o |PY7 1T, [ethka)
05 o) 06

+
2{'0"+cth(k5)}

X
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p, |0V .
JP?Z+N?-P ° p.) 05"
* +i A

2 Z{p“+cth(kc_3)}

K

A oG, S

——— e cth(ko) -

+p),<FK 00 T VP +2N +P; (117)
o]

Pu 4 cth(ko)
P
rae Gyakiun P N ompenenieHsl Clienyonmm o0pa3oMm:

Pu_1|gcosyk +k2U_55| 2o |V ctn(k3)
p_\Ps 09 _

X

Py cth(ks)

X

Ouis o[ £ )Un A oG,
p,) 00 pI' 00 N

—_— p)K
Py cth(ks)

X

—_ — —_ 2
Vo T, +k| 58] 2o |V LT, lethks)
36 o, )00

~

- 2
’0“+cth(k5)}

K

—_ 2
g| Lo |Mr A Wy h5)
pi) 06 p L, 06
- . (118)
4{'0"+cth(k5)}
Pu
5 (Ve +Vasing)s| 2o |Xr_gks| Lo |2
Py ) 00 P
Pu 4 cth(ks)

N =

X

kos| Lo | Mo A Ay 5
p.) 5 p,T, 06

Pu | oth(ko)
Py

Vo (T, +k| 58] 2o | VoL T, lethks) Ls| 2o | Y
06 p. ) 86 p. ) 06
— — : (119)

4{'0“+cth(k5)}

K
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1 opu N>0
-1 mpu N <O0;
Cremyet oTMeTUTb, 4TO pemenue (117) nomyyaercs B pe3ysbTaTe MoCIe0BaTeIbHOTO IPUMEHEHHS
W3BECTHOM TeopeMbl Buera ans ompeneneHWss KOMIUIGKCHBIX KOpPHEH KBaJpaTHOTO YpaBHEHHS C
KOMIUICKCHBIMU MapameTpudeckuMu ko3 punmenramu (115).

[ockoneKy B uccaemyemoii 3amaue Bcerna — =<0, mapamerp P moxer npunumath

00

OTpHLIATeNIbHBIE 3HAYEHWs] NpPU OYeHb MalbIX JUIMHAX BOJH, KOTZA JIOMHHHPYET KalwuisipHas
cocransiomas  o,K*/p . 3Hak mapamerpa N  3aBHCHT OT COOTHOIIEHMS MEXKAYy CPEIHHMH
SHEPreTHYECKUMHU XapaKTEPUCTHUKAaMH CBapHUBAaEMOI'0 MaTepuaa: yaeJlbHON TeII0Tol $a30Boro nepexoaa
IpY KOHAEHCALUH XKUIKOTO METaJIa U T'PaJMeHTOM TEIUIOBBIX IOTEPh B TBEPIOM METajlle, B YACTHOCTH,
IIpU KOHJIEHCAllUM HACBIIEHHBIX napoB Metaina N > 0, Hu3koTemnonposogHoM marepuaie N ~0, a Ha
BBICOKOTEIUTONPOBOAHOM MaTepuaiie (Mmetamie) N < 0.

Jus ompeneneHus AOMUHHPYIOIIEH BOJHBI KONEOAHWH 3aJHEH CTEHKH MAapora3oBOr0 KaHaia
Heo0xoauMo BEIOpaTh (117) 0065acTh MONIOKHUTENBHBIX 3HAYCHUN KOO PHUIIMEHTa HApACTAHUS AMIUTATY/TBI:

S pn aUl‘[

o = Im(w) = L) 00

2| Py cth(k5)

A W )
r a6

X K

2| oy cth(kS)

K

(121)

Ungexe (*) npu @, B (121) o3Havaer, 4TO OHA MoONy4YeHa O€3 yueTa BIAMSHHUS CHII BA3KOCTH Ha

uccienyeMblii  KonebarenbHeld mponecc. OueHka BIMSHUS BS3KOCTH JKHIKOTO MeETajlla METOZOM,
npennoxenapM JI. JI. Jlangay u E. M. Jlupmmnem [5], nmokasama, 4ro mpu p, K p, U U, KU,

KOG GUIMEHT 3aTyXaHHsl aMILTMTYbI BCIEACTBHE JUCCUTIAINM MEXaHWYECKON SHEPrHel OmpenesieTcs
hopmyJoii:
_ 2
@, =20,K", (122)
B TOM YHCIIC U JUIS MaJIbIX IUIOCKHX I'PABUTAIIMOHHBIX BOJH B MOJIyOECKOHEYHOM CJIOC KHKOCTH.
C y4eToM BS3KOCTH BhIpOKEHHUS 1151 KO3 GUIIMESHTA HApaCTAHUS AMILTUTY Il UMEET BHI:

— . 2
o, =w  —20,K". (123)
JanpHelinmass 3ajadya COCTOMT B ONpEAETICHUU kﬂ, COOTBETCTBYIOIMX HAMOONbIIEMY (0, JUIs
uccieayemoro npouecca konebanui. U3 (123) cneayer, 4to MakCuManbHOE 3HAYCHHE (), HAXOAMTCS B

o0jacTy HanOOJBIINX TOJOXKHUTEIBHBIX 3HAYEHWH mapameTrpa P HamOompmmMX aOCONIOTHBIX 3HAYEHHUH
mapameTpa N .

Jna xadecTBeHHOro aHanm3a moiydeHHoro pemenus (117) mucnepcnonnoro ypaBuenus (115)
BOCIIOJIB30BAJINCh  CIEAYIOIIMM M3BECTHBIM CBOMCTBOM: KBaJpaTHOE YypPaBHEHHE C KOMIUIEKCHBIMH
napaMeTpuYecKuMu  Kod(pduimentaMu HMeeT JEHCTBUTENBHBIH KOPEHb @, €CIM MHOTOWIEHBI,
MOJIYYCHHBIE B pe3yibTaTe BBIACICHUS JCHCTBUTEIILHOW ¥ MHHUMOM dYacTeil ko3 uImeHToB
JIUCTIepcuOHHOr0 ypaBHeHHs (115), MOXHO NpHpaBHATH K HYJIIO M IOJYyYUTh INPH 3TOM oOIee
BEIIIECTBEHHOE 3HadeHHWe mapameTrpa K. PaccMoTpeHHOoe cBOWCTBO mo3BoJsieT mpeoOpaszoBath (115) B
SKBUBAJICHTHOE YPaBHEHUE, COOTBETCTBYIOLIEEC HE3ATyXarOLIUM M HEPAa3BUBAIOIIMMCS BOJIHAM Ha
IIOBEPXHOCTU pa3zeiia MNap-KUIAKAW MeTaul Ha 3aJHEd CTEHKE [apora3oBOro KaHaua Uil Cilydas
HEUTPaAJIbHON yCTONYUBOCTH.
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U.cth(kd)
s (124)
A +cth(k3)
Px
rae Kk ompenensiercs U3 TPAHCLEHICHTHOTO YPaBHEHHUS
k? (& + ZU’“U)KJ +kU [\7K +Vasiny + (L_Jn +
Px
— U - A g,
cth(ko «Cth(kS) —
5] (k6 |+ =G5 [ U»cth(ks)
Vi —Vasiny+5| 2o M| [ Pe g gcosy =0. (125)
R 00 N
aL_JH ~ %
IIpu A =1, 5 =0 cucrema ypasuenwuii (124)-(125) npeoGpasyeTcst K HOBOMY BHILY, KOTOPBI

HCCJICIOBAJICS aBTOPOM JIJIsl aHAJIOTHYHOM 33/1auM, HO B 0O0JIee yIPOIIeHHOH nocTaHoBke [11].

Anamns 3uakoB (+,—) nepen napamerpamu B (123) yuerom (118), (119), a taxxe B (124) ¢ yuerom
(125) moka3pIBaeT, 4T0 CTAOMIU3NPYIOMINMHE (DaKTOpaMH IIPH KOJIeOaHUH MTOBEPXHOCTH pasjena (a3 MexIy
KUJIKUM METAJJIOM U IIaPOM SIBJIAETCS: MOBEPXHOCTHOE HATSIKEHHUE — O, ; BA3KOCTD KHAKOTO METaIIa — U,

; I COS A < 0— rpaBUTaLMOHHAs MOCTOSIHHAs ¢ ; HA BBHICOKOTEILUIONPOBOIHOM Marepuane (MeTrauie) —

rpaavCHT TCIIJIOBBIX IMOTEPb , HAa HA3SKOTCIUIONPOBOAHOM MaTCpHaJiC — YACIbHAaA TCIIOTa (I)EBOBOFO

nepexoja npu kouaencarmu I' . Jlecrabunusupyrommmu pakTopaMu py KoJIeOaHHAX ABJIAETCSA: CKOPOCTh

newkenns napa — Un u skuakoro meramna — U x; koadduument ckonbxenns has-S; COOTHOLIEHHE
IUIOTHOCTEH Mapa 1 KUIAKOr0 MeTaiia - P, / p, ; TpaiMeHT CKOPOCTHU JBIDKECHHS 1apa BOJIM3U ITOBEPXHOCTH

oU .

pa3zaciia (1)&3 —a—; npu cosA>0- rpaBUTallMOHHAA IIOCTOsSIHHAsE ¢, HA HU3KOTCIIOIIPOBOJHOM

aq,,

MaTepualie rpaiucCHT TCIUIOBLIX ITOTEP

(l)aSOBOFO nepexoaa FK 5 CKOpPOCTb KOHACHCAIINU I1apa — V k 5 CKOPOCTBb CBAPKH — V CB .

C nomompto ypaBHeHUs (121) MOXHO OLEHUTH YacTOTy JOMHMHHUPYIOIIMX KojeOaHWH, a u3
ypaBHeHuit (124) u (125) moayYuTh TpaHUYHOE YCIOBHE ISl HEUTPAIBHONW YCTOMYUBOCTH B 3aBUCUMOCTH

OT pasnuuHbIX napamerpos capku CO, -masepom.
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Puc. 3. BausiHue cCKOpoCcTH CBapKH Ha KOJICOaHMS 3a]THEH CTEHKU Mapora3oBOro KaHaja JUisi CUTalia;
1- Ge3 monmauwm raza; 2 — ¢ mofadeil JOMOTHUTEIBHOTO Ta3a; 3 — pacyeTHas .

y NN
% 2
O6nacte

14

HEHTPaIBHON YCTOHIABOCTH

N2

7

-~
O6nacTh
6
Ppa3BHBAOMUXCA
4
BOJIH

2

0 5 10 15 20 25 V103, mic

Puc. 4. BnusiHue ckopocTy cBapKu Ha KoJjieOaHHe 3a/IHEl CTEHKH Mapora3oBoro KaHaa Jajisl CTallu:
1. Hwxnss rpanuna HeiiTpanbHO# ycToiunBocTH; 2. JJoMUHUpYOLIUE KOeOaHusl.

Jl1s IoJTy4eHusl pacueTHBIX 3aBUCUMOCTEH Takue IapaMeTphl Kak y , Ux, Un, 0 onpenensinu ¢

MIOMOIIBI0 CKOPOCTHOW KHHOCHEMKH NIPU MOJICITMPOBAaHUH MIPOIIECca, & OCTANIbHBIC JaHHbIe Opaiiu u3 padbot
[1,2]. Ha puc. 3 npeacraBieHO BIMSHHAE CKOPOCTH CBapKU Ha KoyleOaHWl 3aJHEHl CTEHKU Mapora3oBOro

KaHajla OJis1 cuTalljia. Ha PUCYHKE TaAKKC HNPCACTABJICHA PACUCTHAA 3aBUCUMOCTH C()ﬂ. ComnocraBieHHe

PaCUYCTHBIX U IKCHCPUMCHTAJIbHBIX JAHHBIX IMOATBCPIKAACT, YTO XAPAKTECP U3MCHCHUS YaCTOThI KoJIeOaHMA

283



LOdS@MBINML 3IBG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByMos 2017 §. 43 N 2

D L ———————— ————— — — —————— ———————————

OT CKOPOCTH CBapKH, pAaCCUNTAHHBIH IO MOJEIH, HISHTHYEH peabHOMY Tiporieccy. Ha puc. 4 mpeacraBieHbt
pacueTHBIC 3aBUCHMOCTH (), U @, OT V & mns cramu. ITon HuKHel rpaHuieil HeWTpaabHOH ycTONYMBOCTH

JJI4 CTaJIM paciiojiaracrcs 00JacTh Pa3BUBAIOINXCs KOJ'IC621HHI>1, rac a)H HUMECT MOJIOKUTECIbHYI0O MHUMYIO

yacTh. Kak BHIIHO U3 pUCYHKA, YacTOTa KOJIeOAHMIA 3a]JHeH CTEHKH Mapora3oBoro KaHaia, Kak JUisi MeTaia
(umeercst B BHAY @), ), TaK W Ul CHTala PacTeT NPUONM3UTENbHO N0 V, = 15-10°m/c, a nanee

dakTrueck He u3MeHseTcs. s o0ecreueHnss HHTCHCUBHOTO BBITECHEHUS KUJKOTO METallia M3 HIKHEH
YacTH KaHalla HEOOXOJIUMO WHHIIMAPOBATH Pa3BHBAIOIIUICS XapaKTep KOJIeOaHWH KHUAKOTO MeTaslia Imo
XOJly PaclpoCTpaHEHUsI BOJIHOBOTO JBIDKCHHS (CO JHA K BBIXOAY KaHalia). DTO O3HAYACT YBEIHYCHUE
aMILTUTYIbI KOJICOAHMI KaHasa 3a CYeT YMEHBIIICHUS JIOH PacIUIaBIIEHHOTO MeTaliia B KOpHeBOH yacTu. M3
puc. 3 creayeT TakkKe, YTO MPHMCHCHUE JOTOJIHHUTEIBHON MOJaud Ta3a C TOCTOSIHHBIM PacXxoJaoM
HE3HAYMTEIBHO BIIMSAET HA XapakTep KojebaTenbHOro mporecca. TakuM o0pa3oM, Juis oOecreucHUs
3¢ (PEeKTUBHOTO BBITECHCHUS JKHAKOTO MeETala W3 HIDKHEH dYacTH KaHajla HEOO0XOIMMO, YTOOBI
JIOMHHHUPYIOLTHE KOJICOaHHS HAXOAUIKCh B 00JIACTH Pa3BUBAIOIIUXCS KOJICOAHHA, 4TO, B CBOIO OUEPE/ib, KaK
M3BECTHO U3 TEOPUH KoJicOaHuH, TpeOyeT HANIOKEHHUS APYroro KojacOaHus.

C NOMOIIBI0 TEOPETHUYECKOTO aHajIM3a MATEeMAaTHUECKOW MOJENH KojeOaTelbHOro mporecca Ha
OCHOBE PEUICHUI COMPSHKEHHOM 33]1au Map-KUKOCTh-TBEP/IbIA METAILT ITOMYYCHO, YTO IPAaHMIIA TIepexoa
OT Pa3BUBAIONIETOCS K HEHTpaIbHOMY XapakTepy Kosebanuii gexut okono 10 ' u, cnenoBarensHo, ISt
00eCrieYeHns WHTCHCUBHOTO BBITCCHEHHWS KHJKOTO MeETaJla M3 HIDKHEH 4YacTH KaHajia HeoOXOIMMO
WHUIMUPOBATH PA3BUBAOIMICS XapaKTep HAJIOKEHUS JTOTIOHUTEILHBIX HMITYJIbCOB JIABJICHUS 4acTOTOM 10
I'mo.
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FREQUENCY ANALYSIS OF OSCILLATIONS OF REAR WALL OF STEAM-GAS CHANNEL
DURING LASER WELDING
M.Khutsishvili
Georgian Technical University
SUMMARY
Through theoretical analysis of mathematical model of oscillation process of rear wall of steam-gas channel
during laser welding, on the basis of solution of conjugated problem of interaction between steam, liquid,
and solid metal is obtained that in order to provide a squeezing of liquid metal from lower part of the channel
is necessary that dominant oscillations would be in the area of developing oscillations that in its turn requires
superposition of other oscillation.
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CONGRATULATION
The Petre Melikishvili Institute of Physical and Organic Chemistry of Thilisi State University congratulates
Corresponding Member of Georgian National Academy of Sciences Vladimer Tsitsishvili with glorious 70"
annyversary.

IHO3APABJIEHHUE
HuctuTyT $msndeckoit n opranundeckod xumuu uM. [1L.I . Menukumsunm TOUIHCCKOTO TOCYAapCTBEHHOTO
YHUBEPCUTETA MO3APABISIET WICH-KoppecnoHaeHTa HannonaneHoit Akagemun Hayk ['py3un Branumupa
I'eoprueruua L{uumsuim co cnaBHbIM 100mwiceM 70-neTus.
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IMamaru Hazuas ®da3uiab orabl :xkanudexoBa

IxannbexoB Hasunp ®Dasunp oriel, OAMH W3 BUAHBIX
azepOaliPKaHCKUX YYEHBIX B oOjactm HedTEeXWMHH, KaTalu3a,
XMMUHU BBICOKOMOJIEKYJISPHBIX COCAMHEHHH W HEPTEXHUMHUUECKOTO
CHHTE3a, XOPOILIO U3BECTEH B IIMPOKUX HAYYHBIX Kpyrax.

On pommncs 21 cenrsops 1942 roma B 1. baky, B cembe
ITOTOMCTBEHHBIX Bpadeir, B 1960 ToAy OKOHYWI CPEITHIOI IIKOTY
Nel r. Baky u B TOM e oAy MOCTYNII HA XUMHYECKHN (aKyIbTeT
Azepbaiimkanckoro ['ocymapcTBeHHOro  YHHBEpPCHTETAa WM.
C.M.Kuposa (e bakunackwii ['ocymapcTBeHHBII YHUBEPCHUTET),
KOTOPBIA 3aKkoHUYMJI B 1965 romy © Haydaid CBOIO TPYIOBYIO
JesTenbHOCTs B MHCTUTYTE HE(PTEXMMHUYECKHX MPOIECCOB HM.
I0.I''MammenanueBa AH AsepOaiimkaHa B JODKHOCTH MITAIIIIETO
HAyqHOTO COTPYAHUKa JIaOOpPaTOPHUH  BBICOKOMOJIEKYJISIPHBIX
coequnenunii. B 1967 romy H.®.[>xaHnOexoB mOCTYNmUI B
acnupaHTypy 4 B 1972 rony 3aluTii KaHAUAATCKYIO TUCCEPTALIUIO
o teme «MccnemoBanue cepodocdopcoaepKamux COeTUHEHUN B
KadyecTBe CTaOMIIM3aTOPOB MPOTHUB CTapeHHs moyumnponuieHay. C
1986 roga H.®.J)xannbekoB Obl1 3aBenytomuM Jabopatopueil «IlonmupyHKIMOHAIEHBIE KOMIUIEKCOHBI U
METAJJIOKOMIUIEKCHBIE coenuHeHus», a ¢ 2012 roma — 3aBemyrommm otaenoMm «Hedrexummdaeckoro
CHUHTE3a.

B 1988 romy H.®./[)xannOekoB 3alUTHI JOKTOPCKYIO AHMCCEpTalnIo Mo Teme: «Jutnodocdarsl Ha
0a3e GpeHoI0B — CTAOMITN3aTOPHI TOTUMEPHBIX MATEPHAIIOB).

B 1994 rony emy 0puTO mpHCBOEHO ydeHoe 3BaHHWe mpodeccopa, a B 2007 romy H.D./Ixannbexos
n30paH wWieHoM-KoppecnonaenTom HAHA.

3a pazpabotky «Crocoba razoxpomarorpapuieckoro pasieieHus napapuHOBEIX U apOMATHYECKUX
YTIEBOJIOPONIOB, CHUPTOB W 3¢upoB» B 1979 romy H.D.J[xaHnOEKkoB MONy4YWJI HArpyIHBIA 3HAK
«M3o6peratens CCCPy.

Eme B konne 60-x rogop H.®./[>kaHMOCKOBBIM HPOBOJWINCH HAayYHBIC MCCJICIOBaHMS B 00JaCTH
CO3JaHMs METAJICOACPKAIMX CTAOMIM3aTOPOB sl TEPMOIUIACTHYHBIX IOJIMMEPOB, KOTOPHIE SBHIIUCH
nuoHepckumu B ObiBiieM CoBerckom Coroze. OOpaTwB BHUMAaHWE, 4YTO JUIsS 3aIUTHl ITOJMMEPOB
HEJIOCTATOYHBI TOJIBKO TEPMO- U CBeTO-cTabminn3aropsl (Y P-abcopOepshl), HO HEOOXOAMMBI CTA0MITU3ATOPHI
¢bu3nuecKkol HagMOJNEKYJSIpHOM CTpyKTypel mnoiuMepoB, H.D.J[xaHnOEkoB C COTpyAHHUKAMH Hayal
HIMPOKOMACIITAOHBIE HCCIENOBaHMS B O0JIACTH CO3JaHMSA CTAOWIM3MPYIOIIMX A00aBOK, 00JaJaroImux
HIMPOKUM JTUAMTAa30HOM JICHCTBUSL.

Ha ocHoBe 3THx mccnenoBaHust UMu Obula pa3paboTaHa MHOTO(YHKIMOHAJIbHAS CTAOMIN3UPYIOIIAs
mobaBka  «CraHazy  (O,0-mudenmngurnodocdar Hukens), paborarom@as KaKk  aHTHOKCHIAHT,
TepMoctabunmzarop, Y®-abcopbep, KBeHUEp, 3apobilieoOpa3oBaTeslb W T.J., W TMPEBOCXOISIIAs TIO
addexTrBHOCTH «MpraHokcy, BeIITycKaeMblii BCEMUPHO U3BecTHOM pupmoit «Cuba-I'eitiru AI'» Hproctao,
3aBOCBABILMI Ha MHUPOBOM phIHKE mo3uuuH 3¢dexruBHoro dorocradbunmuzaropa. H.D./[xaHnOEKOBBIM C
COTpYZAHUKaMH pa3paboTaHa TEXHOJIOTHS ToiydeHus: crabmnmzaropa «Cranas». Ha ©aze atoil no0aBku
coemectHo ¢ OHIIO «IImactmomumepy MXII CCP m A® BACXHUJI MCX CCP pa3zpabortana
NOJMATHICHOBAsT IUIEHKA S CEJIbCKOTO  XO3SCTBA, MNpHUMEHseMas B  KaueCTBE  YKPBITHH
CEJIbX03COOPYKEHHH OTKPBITOrO M 3aKpeIToro rpyHToB. PaspabGorannas H.®./[xanuOexoBbiM ngo0aBKa
oM yHKIIMOHATBLHOTO Tpod Wit ObUIA BHEJPEHA B MPOU3BOJICTBO MoirMepoB Ha EdpeMoBckoM 3aBojie
moJiMMepHbIX MaTepuasioB. Cradunmuzarop «CTaHas» BKIIIOYEH B CIPABOYHUK «XHMMHUYECKHE T00aBKH K
nonumepam» (Mocksa, «Xumusi», 1981, ¢.78).

B konie 70-x rogoB npounioro Beka B MHXII BeigBuraercs npuHIMIKAAIBHO HOBas Hjes B 00JacTH
pa3paboTKH Karaim3aTropa crepeocrernuduieckoil momumepusamnuu aueHoB. K ocyIecTBIeHN 0 3TOl naen
OBUI IPUBJIEUEH P MOJIOJIBIX COTPYJHUKOB HHCTUTYTA, B ToM yncie u H.®.[xxaunbGexos. UMeHHO B 3TO
Bpemst H.®.J[xannbexkoBeiM ¢ corpynHukamu uHCTHTYTa A.I.A3n30BeiM U ©.A.HacupoBbIM npoBeICHEI
CHUCTEMAaTHYEeCKUE Hay4yHbIe HCCIEJOBAHNS METAUIOKOMIUIEKCHBIX COCJMHEHMH Ha 0a3e pasIryHbIX
mutrodocdaroB B KaUeCTBE KaTaIUTHUYECKUX CUCTeM. B pesynbrare nMu pa3paboTaH KaueCTBEHHO HOBBIN
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TUN OW-(QYHKIMOHANBHBIX CHCTEM — KaTalM3aTOPBI-CTA0MIIN3aTOPhI MPOIECCOB TOIYYCHHS HHU3KO- U
BBICOKOMOJIEKYJIIPHOTO TOJIHOYTaTUCHOB.

BnepBrie ynmamoch ONpOBEPrHYTH MHPOBOE MHEHHE O TOM, YTO KHCIOPOA-, a30T-, Cepy-,
¢dochopcoaepkaiiie JTUTaHIBI, COAEPIKAIINECS B KATATMUTUYECKUX CHCTEMaX, MPUBOAAT K yXYIIICHHUIO
aKTUBHOCTH W  CTEPEOCHCIM(PUYHOCTH HMX  KATAIUTUYECKOTO  JCHCTBUA. OTUMU  paboTamMu
H.®./[)xannOekoBbIM, (AKTHYSCKH BIEPBBIC B MHPOBOM NPAKTHKE, HAYaThl CHCTEMATHUECKUE
HCCIIEA0BAHUS 10 UCIIOJIB30BAHUIO OPraHUYECKUX AUTHONPOU3BOIHBIX NEPEXOAHBIX METANIOB B KAUE€CTBE
KOMIIOHEHTOB BBICOKOAKTHBHBIX CUCTEM JUJISl PEAKLUI MOIUMEPHU3ALUU U OJTUTOMEPU3ALIUU.

Wx HOBM3HA 3aKIIOYAaeTCsA B TOM, YTO OHHM OOJIAJAF0T BHICOKOW aKTHBHOCTBHIO M CEICKTUBHOCTBIO, C
OJTHOM CTOPOHBI, & C JPYTOI CTOPOHBI, OCTATKH HX B IMIOJIMMEPE B AATTbHEHIIIEM JeHCTBYIOT Kak 3 (eKTHBHBIE
CTa0MIIM3aTOPBI, 3aLTUIIAIOIINE ITOJIMMED OT TEPMO- B (poTocTapeHus. biaarogaps BeICOK0# Y PeKTHBHOCTH
3TUX CHUCTEM B MPOIIECCE MOTUMEPU3ALINN MOKET ObITh HCITOJIb30BaH JaKe HE COBCEM YHCTHIN OyTaaucH, a
OTCYTCTBHE CTaJMH MPOMBIBKA KOHEYHOTO TOJMMEpPa OKa3bIBaC€T OJIATOTBOPHOE BIUSHUC HA 3KOJIOTHIO
JTAHHON IPOMBIIUIEHHOCTH, YTO MO3BOJIIET YMEHBIIUTh KOJUYECTBO CTOYHBIX BOJ, COAEPKALIUX HOHBI
TSKETTBIX TOKCUYHBIX METAJIIOB.

Bonpiioit uHTEpEC MPEACTaBIIAIOT MPOBOJUMBIC UM PAa0OOTHI MO CUHTE3Y AMTHOPOCHATOB METAJLJIOB
MEPEeMEHHOW BAJICHTHOCTH Ha 0a3e pa3IMYHBIX CHIIMKATHBIX MAaTEpUANOB (CHIMKAreilb, MOPACHUT, U T.1.),
MPUMEHEHUE KOTOPBIX B MPOLECCE MOJUMEPU3ALMH JTUEHOBBIX YIJIEBOJOPOAOB MPUBOAMUT, C OJHOU
CTOPOHBI, K CYIIECTBEHHOMY IMOBBIIICHHIO aKTHBHOCTH, CEJICKTHBHOCTH M CTAOWMJIBHOCTH KaTaju3aTopa, ¢
JIPYTOH CTOPOHBI — K OOJIBIIIMM BBIXOJaM IIFIC- WJIH TPAHC-U30MEPOB, B 3aBUCUMOCTH OT HAJTUYHS TOTO HIIH
WHOTO MeTaJuia B (hopMyIie Katanu3aTopa. M, 9To oueHp BaXKHO, PeIIaeT IKOJIOTHISCKHUE IPOOIEeMBI JAHHOTO
MPOU3BOCTBA. JTH Pa3pabOTKU UMEIOT OOJBINYIO TIEPCIIEKTUBY MPUMEHEHNs B A3epOaiikane, Kak B TUIaHe
CO3/IaHUS HOBBIX THUIIOB KaTaJIM3aTOPOB-CTA0MIIN3aTOPOB, TAK U B IJIaHE UCIIOIL30BAHMS UX JUIS MOJTyUCHHUS
Y CTa0MIIM3aluy APYTUX BUIOB KAYIyKOB.

H.®./[)xanuOexoB sBIsieTCS aBTOPOM CBBINIE 244 HaydHBIX TPYAOB, BKIOYas 25 aBTOPCKUX
cBUCTENLCTB U 20) TATEHTOB, U 3a IUIOJOTBOPHYIO HAYYHYIO, HAYYHO-OPraHU3aIMOHHYIO M OOIIECTBCHHYIO
JIeSTENIbHOCTh OH OBLI HarpakJeH Menaibio WMeHH akagemuka H).MamenanueBa W 30J0TOM Memaibio
u3narenscTBa «EBponeickuid Jom.

Hapsiny ¢ uaTeHCHBHON Hay4dHOU AesrenbHocThi0 H.®./[)kaHnOeKkoB aKTUBHO BBICTYIAN C JOKIaJaMH
Ha MEXIyHapoAHBIX KoH(pepeHmsx U cumnosuymax Poccun, Typuum, CIHA u npyrux crpanax. Tak, B
IBetmn u SAnonmn, H.D./[)xannOexoB BeicTyman c¢ neknusasmMa B CrokrompMmckoMm KoponeBckom
TEXHOJIOTHYECKOM HMHCTUTYTe, YalMEpCKOM IMOJMTEXHUIECKOM HHCTUTYTE, JIYHICKOM YHUBEpPCHUTETE, B
TOKHHCKOM TEXHOJOTUIECKOM YHUBEPCUTETE, B YHUBEpcUTeTax ropogos Kuoro u Ocaxa.

H.®./])xarnbexoB BriroueH B uzgarommiics B CLLIA cnpaBounnk «KTo ecTs kT0 B Mupe». OH sBIsIICS
YIEHOM pPEeNaKIMOHHON KoJuteruu xypHana «[Ipomeccel HedTexumMun u HedTenepepadOTKU» U KypHaa
«Xumuyeckue npoodsieMbry. H.®D.rxannOexor sBisijics Takxe wieHoM CriennanuzupoBannoro Cosera 1o
3amute Aoktopckux aumccepranuii mpu MHXIT HAHA. H.®./[)xann0OexoB ObLI MpEeKpacHBIM MEAaroroM,
MOJTOTOBUBINKAM JUIS cBOeil poamHbl HaydHble Kagpbl — B 2003-2004 rombl OH Ben Kypc XUMHUYECKOMH
TEXHOJIOTHH Ha Kadeape «XuMudeckas TEXHOJIOTHS M SKOJIOTHs» A3epOaiiikaHCKoi HeQTIHOW AKajgeMun
U pYKoBOACTBO pabGoramu MmaructpantoB. [lox pyxoBoactBom H.D.J/[)xannbGexoBa mHOATOTOBIEHBI 6
KaHJIUIAaTOB HayK W | OKTOp HayK, OH MHOTHE ToJbl ObUI YWIEHOM COBETa IO MPUCYXKICHUIO YUEHBIX
crerieHeit MHcTuTyTa rsndeckoit u opranmueckoi xumun uM. [1.I.Memmkutieuin AH ['py3un u akTuBHO
COTPYAHHUYAJ C TPY3UHCKUMH YIEHBIMH.

C ero koHuMHON A3epOaiipKaH IMOTEPsUT BHIAAIOIIErocs y4€HOro-XUMHUKa, a ['py3ust — BepHOTO Jipyra,
HO namsTh 0 Hasune Jl>xanubekoBe Beerna OyeT )KUTh B CEpAIIax T€X, KTO ero 3Hall.

IN MEMORY of Nazil Janibekov
Died a distinguished scientist-chemist, Corresponding Member of National Academy of Sciences of
Azerbaijan, Doctor of Chemical Sciences, Professor Nazil Fazil-ogli Janibekov.

BsBogn %960893m30L blmgbsls

239MO0(335Ws  godmbgbowo  dg3bogmo, sBgMmdsoxsbol  dgEboghgdsms gHmzbumo  s3sgdool  §Fg3m-
30693mbgbE0, Jodool 3g3bogMgdsms mIGHMMO, 3OHMBILMMO bsbow Kxs60dg3m30.
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NHO®OPMALIUA A ABTOPOB

Kypuan "U3BecTusi HanuonanbHoii Akagemuu Hayk I'py3un. Cepusi xumudeckas" myOlIuKyeT cTaTbu
U KpaTKue COOOINCHHS B 00JACTH XMMHYECKUX HAyK HAa TPY3MHCKOM, aHTJIMHCKOM U PYCCKOM SI3bIKaX;
0030pHBIE CTaThl W MaTepHaibl MHPOPMAIMOHHOTO XapakTepa MyOJIHMKYIOTCS MO MPEABAPUTEIHLHOMY
COTJIACOBAaHMIO C PeJaKIMOHHOU Kouternei. O0beM, Gopmar M yCIOBUS MpEICTaBICHUS MaTepuaia Ui
NyOJIMKAIMK CIIETyeT COTJIacoBaTh C OTBETCTBEHHBIM CEKPETapeM; aBTOPHI JIOJDKHBI MPEICTABUTh TEKCTHI B
Bujie daiisio MicrosoftWord (***.doc unm ***.rtf), a pucynku, yepresxku 1 GOTOCHUMKH — B BHIIE YSPHO-
oenbix rpaduueckux (*.bmp, *.dib, *.jpg, *.0if u ap.) daitnos. {1 okazaHMs TOMOIIM aBTOpaM Hay4YHBIX
cTaTei, pellakiys MpeayCMaTpUBaeT CTaHAAPTHBIC JIEKTPOHHBIE (OPMBI Ha BCEX TpPeX S3bIKAX, a TaKKe
JPYTyI0 TeXHHYeCKyto momaepxkky. [ms pedepupoBanus cratbu B ChemicalAbstracts(sa anrmuiickom
si3pike) U ['py3uHckoMpedepaTuBHOM *KypHaiie (Ha aHTIIMIHCKOM M TPYy3HMHCKOM SI3bIKaX) aBTOPaM ClIEAyeT
HPETyCMOTPETh COJIepKATEIbHBIC PE3FOME Ha 000HX SI3bIKAX.

OrutaTta pacxo/10B MO IyOJIMKAIMY TIPOM3BOJUTCS IEPEUNCICHIEM COTJIACOBAHHOI ¢ KOJIIETHel CyMMBI Ha
cuétr HammonamsHoli Akagemuu Hayk ['pysum B KaszmaueiictBe I'pysmm (kom Oanka TRESGEZ22, kon
noyyarens 708777499).

292



