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CopepxaHue

AHAJIMTUYECKAS XUMMUSL

b.I'ocuvauweunu, H./Judobapuoze, H.bpezaoze. OmnpepnencHre MHKPOIJIEMEHTHOIO COCTaBa
HEKOTOPBIX MHUHEPANBbHBIX BOAaX [py3uH ¢ MpUMEHEHHWEM XpoMaTorpaduyeckoro
KOHILIEHTPUPOBaHUs

HEOPI'AHMYECKASI XUMMUSL
B.B.Pyxaoze, H.JI.Kamywaoze, M.I.Kyxanaweunu. BivsHue ycioBuii CHHTe3a cCyib(ara
Oapust Ha roKas3arenb KadecTBa™®

SJEKTPOXUMMUA

T.A.Yaxynaweunu, 1.B.Poxea, HK.M.Kebaoze, M.T Jaoynaweunu, 3.I1I.Bayaose,
HI. M. Maxamaoze, H.H.bymauaweunu. COOpKa OINBITHO-IEMOHCTPAIIIOHHOIO
YCTPOMCTBA IS MOJIYUEHHUS JISKTPOIUTHYECKOrO JUOKCHIa MapraHiia U BoJopoaa
W UCIIBITAaHKE YJICKTPOIUTHIECKON BaHHBI YKPYITHEHHOTO MaciTada™®

L. M.I'acnuoze, K.M.Keboaoze, @~ M.M.bonomaweunu, JLII. Kaxypusa, K.T.Yzpenuose.
HccnenoBanne BO3MOKHOCTH —HCIIOJIB30BAHUS  YIJIEPOAMCTHIX MAaTEpUaoB B
Ka4yecTBE KaTOJIOB B IMPOIIECCE OJHOBPEMEHHOTO JJIEKTPOIUTUYCCKOTO TIONTYYCHHS
JIBYOKHCH Maprasiia u Bogopoaa*

OPITAHNYECKAS XUMMHSI
U /Incunukaweunu, M.I[uuazu, K.Capaoxcuweunu, K.26panuoze, B.luyuweunu. Cunres
nupposiodranazuHoB*

H.T.Yacanaea, JI./l.Iocya. 3aBucumocTh (apMaKoJOrHUYeCKUX CBOWCTB XaJIKOHOB OT HX
CTPYKTYpBI*

OUBNYECKAS XUMUA

IIl.H.Anozynaoze, A.M.bepexcuanu,M.I'.bepexcuanu, I.H Mueonuweunu. KomnpiorepHas
CUM YA WA TUAPOAVHAMUKH TICEBAO0XKMKECHHOI'O CJ104 npu BOCCTAaHOBJICHUH

IPaHyJIMPOBaHHLIX OapUTOB *

I'.C.bezapaweunu, K.T. Cynaoepuose, /I.1.Ilemeuawieunu, JI.B.I'ypuymenua, M.I'.Kexenaosze.
K Bompocy o rereporeHHOM HMHTHOMPOBaHHUH TLTAMEHU*

P./Dicanenuosze, E.IMuyuwieunu. ToHkas CTPyKTypa DSKCUTOHa B HH3KOCHMMETPUYHBIX
KBaHTOBBIX TOYKaX™*

A.M.Ilawmaes, O.U. /Jasapaweunu, M.U.Enyxaweunu, 3.I.Axeneouanu, JIII. bviukosa,
P.I'.I'ynaes, M.A./[3acanua, B.Il.3nomanoe. ViccienoBanne HampsyKEHHBIX
Hasocnoes nonynposogankos A'VBY! Ha muanexkTpuueckux momiokkax*

MATEMATHYECKAS XUMMU S
H.O.Kynamaosze, 3.H.Mauauoze, M.B.beounaweunu, M.H.I'eepoyumenu. MaTemMaTHUKO-
XUMHUYECKOE MCCIIEN0BAHME MOABMKHOCTH PbsP’ MOHa B clIpTOBBIX pacTBOpax™

XUMHUA KOOPAUHAIIMOHHBIX COEJIUMHEHUN

H.T.Ouxukuose, T.P.Mamumauweunu, K.A./ludedyruose, 3.H.Inuséapaweunu. Cunres Cr’*
u Cu*" comepxamyx KOMIUIEKCOB HA OCHOBE MAKPOLMKIMYECKUX a30METHHOBBIX
COE/IMHEHUH M U3YYeHHE X TPOTHUBOMUKPOOHBIX CBOWCTB™*

XUMMA MAKPOMOJIEKYJISAPHBIX COEIMHEHUIA
A.Ilopuxuosze. llon3yuecTb TOJIMMEPOB B BOAHBIX CpeAax B YCIOBUSAX OTCYTCTBHUS
i Py3nOHHBIX OrpaHuIeHIH ™
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HEO®OTEXUMMUSA
I Xumupu, T.H.I'adynus, 3.C.Amupuoze. Hexoropbie cOOOpakeHHS II0 IPUMEHECHUIO
ocTaTKoB HedTempoBoaa™

BUOOPI'AHNYECKAS XUMUS
H.I' Illenzenun, JI.B.Tabamaosze, 3.B.Ilauynusa, P.A.I'axoxkuosze. Cunres 2-f-D-
[TFOKOITUPAHO3MI-0-D-MaHHOMHUPaHO3bI *

XHUMMS OKPYKAIOLIEI CPEJbI
H.Kyuasa. O B3anmojeiicTBuu xuMmmuueckoro sieMmeHTa xpoma (Cr) ¢ Bogopocibio Spirulina
platensis*

O.A.Pueynuweunu, JI.C.Tyeywu, E.H.Iunmypu, E.U.Kupkecanu, A.H.Pueynuwieunu.
Uccnenosanne ycBoenus syeMeHToB Cu, Mn, Cd u Zn u3 mouBb U HX
pacnpezieiicHHE B MIICHUIIC U OBCe™

ATPOXUMMUA

JLK. /Incanapuoze, Il.C.I'abenua, 3.I1I.Canykeaoze, H.A.Ocunosa, T.K.Keepnaose,
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M.M.benuoze, B.I.Heouepuoze, A.B.Cxupmnaosze, 3.Il. Kemepmenuoze, M.l anyepa.
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XUMHMNUYECKAS TEXHOJIOT'UA

M. JI.I'euanuose, E.I'.lllenzenusn, JI.H.I'sacanus. Bnusaue peaOunuTaliuy KaHaIM3allMOHHON
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CTOYHBIX BOI*

IIl.H. Anozynaoze, I.C.Mueonuweunu, A.M.bepexcuanu. Bo3MOXHOCTh MCIOIB30BAHU
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AHAJIMTUYECKAS XUMUSA

OINPEAEJIEHUE MUKPOJJIEMEHTHOI'O COCTABA HEKOTOPBIX MUHEPAJIBHBIX
BOJAX I'PY3UU C IPUMEHEHUEM XPOMATOI'PA®UYECKOI'O
KOHUIEHTPUPOBAHUA

B. lN'ornuaunmsuiy, U. Tuadapunze, H. Bperanze
Tocyoapcmeennuiii ynusepcumem Ax. Llepemenu

HecmoTrps Ha OONBIIyI0 HCTOPUIO W3yYeHHS MUHEPAIbHBIX BOI ['py3uu, colepaHHe HEKOTOPHIX
MHUKpPO3JIEMCHTOB B HHUX HCCIEIOBaHAa HeAoCcTaTo4HO. OCHOBHAS 4YacTh HCCIEIOBAHHBIX IPOO MpEelOCTaBiIseT
MUHEpaJIBHBIX BOJBI 3amagHoi ['py3uu, nmpuMeHsieMble B OCHOBHOM Ui OanbHeompouenyp. Ilpu paspaborke
Metoauku ompenenenus Zn, Cu, Co, Ni, Cr, Mn B MUHEpaJIbHBIX BOJIaX HAMU B KauecTBE BHHUIINU COPOCHTOB
OBbUIN UCIONB30BaHbI BUHIIIMPUINHOBEIN amponut AHKB-2 n nmunoananeratasiii amponut AHKB-10.

Juis onpeneneHusl ONTUMAJbHBIX YCIOBHI KOHIICHTPHPOBAHHS HapsAAy C M3yYCHHEM BIHSHUS COpOCHTa
HCCIIeIOBAJIOCh TAKKE U BIMSHHUE KHUCIOTHOCTH PAcTBOPOB M 00BEMOB IIP00, MPOITYCKAEeMBIX depe3 aacopOeHT
[1]. b1 HaliieH ONTUMANBHBIX JIEMEHT IS IeCOPOIIMU M YCTaHOBJICHBI PEXUMBI COPOITIH U JIECOPOIIHH.

Tadauna 1. BiausHue XuMHUECKOH MpUpOIB! ecOpOUpPYIOIIEro peareHTa Ha MOJIHOMY JIecOpOLnuu

MHKPOIJIEMCHTOB
HecopOup. [Iponym.o6sem KoH1eHTpanust MUKpodJieMeHTa B MT/JT
Pearent ML Cu Ni Co Zn
17 0,1 5,0 0,2 2,0
2N HCI
4 0,4 0,6 0,4 2,5
7 1,5 0,8 - 2,0
5 1,0 - - 3,0
2N HCIO4 0.2 . . 0.1
0,1 - - -

Pa3paboTka MeToANKa KOHLIEHTPUPOBAHUS 3aKIII0YACTCS B ClenyronieM. B xpomarorpauieckyio KOJIOHKY
nomeniaercs 0,2 r. Ancopbenta AHKB-2 B H-dopme. B uccnenyemyro Bony, B3ITyr0 B Konuuectse 1-2 nutpa
JUIA cpenHoi MuHepanu3zauuu U 3 1. [nst Bog ¢ Hu3KoM MuHepanuzanmed (MeHwine 1,0 r/im) moGasnsercs
consiHas kuciota jgo pH 2-3. Boma mpomyckaercs depe3 KOJOHKY co ckopoctbro 0,7-1,0 mu/muH.
MuxkpoasieMeHTsl roupytoTest 15-20 mi 2 N xnopHO#t kucnotsl co ckopoctsio 0,5 mu/muH. [lomydeHHBIH
amoaT BelmapuBaercs. Cyxoif 0CTaTOK B TUCTUIUIMPOBAHHOM BOJE, IEPEHOCUTCS B MEPHYIO KOJIOY Ha 25 MI U
JIOBOJTUTCS BOJIOM /10 METKH.

OnucanHasi  METOAWMKA  TO3BOMSIET ~ CKOHIIGHTPUPOBATH  MHKpodJieMeHTHI B 40-120  pas.
CkoH1nleHTpupoBaHHble 37eMeHTsl (Zn, Cu, Co, Ni, Cr, Mn) ompenenirs METOIOM aTOMHO-aOCOPOIMOHHOM
¢oromerpun. IlomydeHHbIe pe3yabTaThl IPUBEICHBI B TaOmuIie Ne2.

[To BenuunHE MUHEPATH3aUU CPEIN UCCIESIOBAHHBIX BOJI MMEIOTCS KaK BOJBI C MAJIOW MUHEpaIH3anueil —
1o 1 r/m, Tak ¥ cpeqHOM MuHepanu3auue — 10 5 r/n. Benumuuna pH nexut B npexpenax 6,2-10,1 npuuem mis
OOJBIIEBUCT MCCIEAOBAHHBIX BOA OJHM3Ka K HelTpambHOMY 3Ha4YeHHI0. Cpey KaTHOHOB BEAYIIMMU SIBISIOTCS
Kbl W HATpUil, B 3HAYUTEIBHOM KOJMYECTBE BcTpeyaercss Markui. Cpend aHHOHOB 4Yallle BCEro
npeobnamaet cyabhar -HoH, 3aTeM XJIOPUJ] — HOH.

W3 momydeHHBIX pe3yabTaTOB BUAHO, YTO MHKPODJIEMEHTHI, IS KOTOPHIX OBUIO IIPOBEICHO
XpoMmaTorpauyeckoe KOHLIEHTPHPOBAHHE, COAEp)KaTcs B HUCCICJOBAaHHBIX BOJaX B OYCHb MAaJbIX
KoHLeHTpauusax. Kobaner BooOmie He ObIT OOHApY)kKeH HU B OIHOW Boze. JIMIIb B HEKOTOPHIX NPoOax
obHapyxeH MapraHel. B cpaBHUTENBHO OONBUIMX KONWYECTBAX OMNpeNeNieH IUHK. Ero KOHIeHTparus ajs
HEYTJIEKUCIBIX BOJI JISKUT B IIpeaenax 1,3-10° - 8,1-10”r/n.

IIpenensl, B KOTOPBIX JIeKaT HaiiieHHble KoHneHTpanuu Meau (1,5-10° — 4,0-10°r/m) ropasna yixe, Hexenu
y nuHKa. KoHuenTpauus nexuT B npenenax 9,1 10 — 1,3-10'5r/n. Coneprkanue XpoMma B UCCIIETOBAHHBIX BOAAX
HE3HAYUTENBHO U JISKUT B IIPEaesiax 4.7-107 - 6,4-10°° /.

TakuMm 00pa3oM, TONy4YeHHBIE pE3YIbTaThl CBUACTECILCTBYIOT 00 3((EKTHBHOCTH INPUMEHEHUS
XpoMaTorpaduyeckoro KOHIEHTPHPOBAHUS IS ONIPEICTICHNS B BOJaX Psilia MUKPO3JIEMEHTOB. B cBoO ouepenpb
(hakTHUECKHE JAAaHHBIE MO COACPKAHUIO MHUKPOIIEMEHTOB MOATBEPKAAIOT I1eJIec000pa3HOCTh 0ojiee MHUPOKOro
W3yYEeHHUS 3TOr0 BOIPOCA B THAPOHOIOTHUECKOM, TOAPOXUMHUCCKOM U OANTbHEONIOTHUYECKOM acIlleKTax.
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Tabnuna 2.CpenHee copepkaHue MUKPOIJIEMEHTOB B MUHEPAIBHBIX BOJIAX

Kon1eHTpaIiuym MUKpO3JIeMEHTOB B I/J1

HaunmeHnoBaHye MUHEPAIBHON BOIBI U
ee XMMUYECKON COCTaB 7n Cu Ni Co Cr Mn

[Ixanty06o uct.6
t34%pH 7.1 1,7.10° | 3,36:10° | 9,1-10° | He o6u. | 4,7-107 | 4,3-10°
SO%43HC0°31CIl26

M
0.75 Ca61Na20Mg15

CamTtpenust
t61°pH 7,5 2,6:10° | 1,510° | 4,4-10° | Heobn. | 6,4-10° | 4,4-10°
Cl64S0*28

M —_—
28 Ca50(Na+K)38

Cynopu
£347 HaS 0,003 pH 10,1 1,310° | 1,1-10® | 2,810° | Heobu. | 4,7-10° | He o6m.
M (co3+HC03)5750%427
044 Na70Cal5

Awmarie0a
M CIHCO317 8,1-10° | 4,0-10° 1,3-10° Crmenel | He o6H. | He o6H.
103 T

Na67Cal8

Kypcebu
t137 HaS 0,005 pH 7.7 1,810° | 24100 | 5510° | Cneast | 1,9-10° | 8,510°
M HC0°7750%14
0.44 Na42Ca30Mg30

R0BIOOBGI> — REFERENCES - JIUTEPATYPA
1. K. M. OnmanoBa, M. A. TToranosa [IpakTtukym mo xpomarorpapuyeckomy ananusy. M. 1970.
2. H.H. Maropuna, I'.I'. [Dxunnuapamze, b.A. TormyammBuwin. O HEKOTOPBIXYCIOBUSAX COPOIHMH
MHUKPO3JICMCHTOB Ha aM(OJIUTAaX MPU UX ONPEICICHUM B MHHEPAJIbHBIX BOAax. M3BecTus AkageMuu Hayk
I'py3un. 1978.

3. 0. 4m0b50d300. 0. OJdMOd]. BMY0gMmo d03MMgmgdgbEolL JOHMTs@EMAMmox09wo 3mbEgbEMs-
(30900L M33085¢wMH0 30MHMBIOOL F96Bg3s 39690603 fywrgddo dsmo Qoblsbmzmol JoBbom. Lods®-
®39wmlb Jodomeo gwmbsero. @. 15. Ne1. 2015.

30360m9m9996@700L 25BlsBegMms LadsMmggemls dobgMegrnm fgamgddo JHmds@myMsgonmwmo 3mbEgbdmezoy-
00l dgmm©om
0. 30h50330¢0, 0. COBdIM0JY, b. dOYYSdg
33930p96900¢»ob bsbgerdpoge #bozgmlodado
9bomdy
Jodome 9egdgbGHadl dcmMol, G®MmIwgdos 33b3qds JobykocmE figargddo d;30Mg MomEabmdom, 4gMomyg-
05 0dLObMEIOL 2963390 BOMEIMROWOO 5dEH03MdOL Jengdab@gdo Zn, Cu, Co, Ni, Cr, Mn. dsmo ob6bo%b-
©36oLomz0l dq8v)ds390e0s sdxmwod AHKB-2 §obsbffs®o 0mbasagwomo Jhmds@myMogomwo dgmm-
0, H©3gog 99lsdegdEmdsl 0derg3s 8030Mgegdnb@gdol 3mbigbEHMmoMmgdsl 40-120 X96 5 Bo0 ©IEO-
@90l 3536030336963 9O0LY6. olgEgm LodoMmZgEmlb BmyogMmo BobgmowrMo Fywgdol bLobyxgddo
23960L5BOZMGds Bgdmo hsdmmgerowo J0z3MMmgegdgb@gdo. LEsE0sd0 dmyzsbowo BmaogMmo 36mdgdo

§958do 9e9dgbEHgdol 89993390rmdol dqbobgd domgdwe0s 30MHZJo.

DETERMINATION OF TRACE ELEMENT CONTENTS IN SOME MINERAL WATERS OF
GEORGIA WITH THE USE OF CHROMATOGRAPHIC CONCENTRATING
B.Gogichaishvili, I.Didberidze, N.Bregadze
Akaki Tsereteli State University
SUMMARY
Among chemical elements found in mineral waters in small amounts, trace elements Zn, Cu, Co,
Ni, Cr, Mn having certaint biological activing are of interest. To determine their contents in waters
meters method of preliminary chromatographic concentrating an ampholyte ANKB-2 was worked
out. This method permits to increase trace element concentrazion for 40-120 times and to separate
them at the same time from macrocomponents.
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350699000 Jodos

05M0Mdol LMEgzdsEolL LobmyBols 3oMHMdGBOL gs3wgbs Aol badolbmdmog
35B39b90¢90%by
3. ®Mbodg, 0. Jodw9dsdy, 9. 39bocsdzowo
33930 P9trgoremol bobgerfoge «9bog96GbodgB0

Bs86Omddo  dmygzoboos  oblobEzmmo  m30LYdYdOL  Fdmby  doMowdol  LyyagsBol  Lobomgbolmgol
F9LbOHMgdmo gdudg®odgbdwmo 33030l 899ag00. s0Lsbodbsg0s, HMA dsbzodio, MHMIgEoa 3s8moygbgds
3030963 9d0L 8995390, b53egdsss Bgliffogerowo[1,2]. d360wydol Lvyegoobs s sdmbomdol bryegs@ol
blbs6gdol  HM0gMmBmIdggds bmGdEogwgds 50-60°C  FH9d396Ms@GMEMmsbY. 3MmEgbol  0BMmgHIMEw™dOL
©5330L6 d0Bbom Lsgsjgom Jodom@mo Fods 9mmoglgdmmo ogm mgMdmbiGs@do. 3MmEgbol G939 weo
93MWoMHEIDPMES S 3MBGOHMOo  bmME0gwEIRdMmEs  LoMgedgom  9Mgdo  Immoglgdmeo  bogmb@oddm
09OHIMIGEBHOom. 3OMEgLo MYSoHBEOIIMES LaHgodE3om sHOL 0bEHIBLOGHO dmMgzoo (200-300 d6/fo), Mmdgedos
953900 0gm pH 9egdGHOm©gdo, M3 Lodwsmgdal 4353¢930s MHY39GHI© 33339usDM3MS LobmgBol pH.

36Mm3gboL s8Me3MYdOL 90y 33s Yymgbgds 24 Lo300. 3930l QSR EHIMO, F0WYdIVIE
Bogeol (BaSOs4) 3096Mmd©om 100-110°C. 30090910 dotr0¢990b bryergs@ol bgmaqdE3gemds s agsM30L
Mbs60 oLsBO3MYds (36Mmdowo I'OCT8784-5 LiEvbatEol dobgzom. bofiows3gdol Bmdsl gbsbrzmsgzom
99d GO d030Mmb3M3DY.

gb®ogo 1
d6958069 0953963900l F96930L 056803I3MMBdOL gogagbs desbgodlol doMoms© BobBoIME
30b9d9d3%bg
396930L 0560000 93MMds
BaS— (NH4)2504 (NH4)2S04— BaS BaS<>(NH4)2S0+4
@ (D (I1D)
D90 3H9350Mdo, 10 13 11
2/1009
55356Mm30L bsto 350 480 390
&/
Lobmgbol Lsfiyobo 6,6 12,5 7-7,5
pH
Lobmgbol Lodmemem 7.5 6.6 7-7.5
pH
32M3gM3HgdoL 0,32 0,12 0,28
LGOI 0STYEHOO,
030

950HgdMo 9Ju39M0896E0L 8909a900wL (FbEowo 1) BBL, HMI InMgoa0tg bogmogMgdsms
d96H930L 6300 Y3MMds 453¢gbsli sbgbl LobmgBol pH-bBg, bmwm gl 935653690 Bsfoeszgdol
LodMEM® HBMBoBg, Mg LEdMEMME 50LIHJOS BEsbROJLOL BoBOIME M30LgdgdTO.

50996005 LobmgBolb pH - ol gogagbs dsbROJLOL MobEMIgEHXIE 8905096 MdBY
(gbGoo 2). 300gdmewro 990939006 hobl, Mma 95539 56900 J00gdMEo 53mdgMo@Jool Lsdrgsm bmds
MG 39309, 300009 GG 909do. bmm OHmEs Lobmgbo GoMgds dmdog pH-by, 35806 dowgdwyemo
0obx30JloL bofiowrs3gdo sbarmliss dmbmoobidg®livyenmab.

Bofoozgdol m3@0dow® bmds mbos dogobbomo 0,75 - 0,77 930, GmIgwoi doowgds pH — 1-4
063¢9M35¢do. 50 306MmdJOT0  FoEIdUIO  BdEabgoJLOL  sGM30L  Mbsmos  200-250 @/d%,  bmeom
bq0dg0339emds 7 — 7,5 @/100 3. LobmgbBol 3MmEgldo 99039 9MOL  Fgbos®BMBgdOl  dobboom,
30Bsb6g[mboros 58mbowdol Lwgs@o LEgdymIgEHOHM™MSb F9IMFd0M S5300M™ F5MBO MMEIbmdom,
bogem blibs®gdol 99Mqggzs 1 96 III 09s6d0dgz0mdoom.
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3gbMoero 2

LobmgbBoMmYPMo desbRoJiol FMsbEMTgE o 89950gbePMdOL TMIOWIOMLGDS
LoMgad3om ool pH - ol booq®y

pH 6503999900l 4696w9mIgEHMo 89do00a96emds Bofoamszgdols LEobsBGMwo
Bofoamszgdols Bofoamszgdols % Lodrgsenem 239obMS
058930, 930 50009bmds ©05093H60,d30
12 0,04 53 46 0,11 0,076
0,13 42 37
0,22 16 14
0,31 3 3
0,4 1 1
0,49 0 0
10 0,04 28 20 0,13 0,053
0,13 90 65
0,22 20 14
0,31 0 0
8 0.09 1 1 0.24 0.071
0.21 91 81
0.45 20 18
0.62 0 0
6 0.09 23 23 0.37 0.23
0.27 30 30
0.45 24 24
0.62 14 13
0.8 8 8
0.98 0 0
1.1 1 1
1.34 0 0
3-4 0.18 10 7.1 0.75 0.2
0.73 40 28.6
0.82 90 64.31
1.25 0
1-2 0.18 9 6.05 0.77 0.24
0.69 65 43.62
0.88 70 46.98
1.24 4 2.68
1.59 1 0.7

3900535990090 3OMEqLoL M3G0TomHo  30OHMdGOOL FgloMbg3s 33¢930L 30039 9FO3DY
950HgOME0s 24EH03olL LMo GodEmMmwo gdudghmodgb®o (EbOowo 3), bosg Yogme. ©s Y gdud.
0obxgodlol 4odmlisgowos.

36MmEgbo  50foMmIMGds0s  (3MbbyMol  3mgn03E0gbGHo Geve = 0,96 <Gy = 0,52) ©o ULodwgowm
33900M3GM0 45sbGs 0,41% 9500a9bL. 398Mm3E0E0s MHIAMILOOL dobEHMEgd.:

Y =57,95 + 0,05 X1+ 1.3X2 + 3.83 X+ 2.01 X4

doqdwo 8500995¢0329M0 M 300 0gdol sBseobo Joagz560d69dL, MHMI doGOMTOL bryeazs@ol

23000bo35¢mBY  Y3ges 3OO BoJBHMMO  9bgbl  ©oIdom  253wgbsl.  s©bodbo  3MMmigLiol
™33H0d0DoE00bsMZ0L MHYo0HgdMEos MLIMOxgLo SLgEol ggads (GbMowo 4).
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gb®oeo 3
2* 3o3ob bOmyeo 9dl3gMH0TY6EHOL MJocoBoEol 29335 O Lomsbogm s8mdsbowgdo
3ogdEHMOHgdoL (NH4)2S04 BaS, RBOOOMBOS 36mEgbob 0560190l
Bo@w®ogm®o Loowygdo 3/ 3/ (NH4)2S04/BaS | bsbga@derogmbds, LoEzsBol
€1 &2 ts Capo. 2090l535¢00
Y Y
0gmo., | 9dus.,
% %
do60m5©Oo ©mby 50 70 1,1 10
39006 5d0b 0bEIMHZso 5 10 0,05 5
bgs by J39s ©mby 55 80 1,15 15
45 60 1,05 5
(3305900l Xo X1 X2 X3 Xa
300.5060d360
9@o3o N
1 695 + + + + + 69,4 65,54
2 wobs + - + + - 68,5 65,44
3 3oob + + - + + 62,5 62,94
4 msbdo + - - + + 51,4 62,84
5 903 + + + - + 60,2 | 57,88
6 60do + - + - + 56,6 | 57,78
7 + + - - + 59,6 55,28
8 + - - - + 54,3 55,18
9 + + + + - 65,1 60,72
10 + - + + - 66,7 60,62
11 + + - + - 53,5 58,12
12 + - - + - 56,7 58,02
13 + + + - - 34,5 53,06
14 + - + - - 53,0 52,96
15 + + - - - 58,8 50,46
16 + - - - - 56,0 50,36
gb®ogo 4
05609990L bryeggsol Lobmgbol MHMsxglio sligemols 4gads
3odEHMMHgd0 (NH4)2S04 BaS, RBIOOMBOS 36mEgbob 056M0vdolb LYIEBSGOL
2/ 2/ (NH4)2504/BaS | bsba®derogmds 2590b535¢00
3} &2 &3 [ Yogme.,% Yqqu3.,%
sbogo 100 70 1,1 20
dotomsO
©mbggdo
693609Lool 0,05 1,3 3,83 2,41
3198303096¢380
Bi 0.25 13 0.19 12.05
- 0.8
A= bi pi
3500MHgd0L 0.2 10.4 0.15 9.64
0b@9gMzso
P* = pi=bi=A
00%900
1. 100,2 80,4 1,25 29,64 80,76 79,51
2. 100,4 90,8 1,4 39,28 98,24 98,52
3. 100,6 101,2 1,55 48,92 115,75 99,30
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doado 99093900 30335608690L, HMA HgooBgdgmo 3MmEqlol dgmMg 3o0MMdgddo e1- 100 o/w; &2
—-90,8 a/e; &3 — 1,4 5 €4 — 40 . dMH0MToL LrIEROEOL MO0 BosE0s S 89oAJbL 98,5%-U..
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INFLUENCE OF BARIUM SULPHATE SYNTHESIS CONDITIONS ON ITS QUALITY
INDEX

V.Rukhadze, I. Kamushadze, M.Kukhalashvili
AkakiTsereteli Kutaisi State University

SUMMARY

The results of experimental investigation in the work to obtain barium sulphate by interaction of barium
and ammonia sulfate solution are presented. It is shown that pH of the synthesis strongly aftects the size of
barium sulfate particles.It is shown that in the choosen optimal conditions of the process ((NH4),SO4 —
100.4 gr/l, BaS — 90,8 gr/l, the intensive pulp mixing time is 40 min), the yield of BaSO4 to obtain high
percent lithopone is 98,5%.

BJIMSTHUE YCJIOBUI CUHTE3A CYJIb®ATA BAPUS HA IIOKA3ATEJIb
KAYECTBA

B.B.Pyxanze, U.[].Kamymanze, M.I'.KyxanamBunu
T'ocyoapcmeennwiii ynugepcumem um. A. Llepemenu

PE3IOME

[IpuBonsATCS pe3ynbTaThl IKCIEPUMEHTAILHOIO HCCIEAOBaHMs Tpolecca MoiaydeHus cynbdara OGapus
B3aMMOJICHCTBHEM PacTBOPOB cyibduaa 6apus u cyibdara aMMmonus.[lokazaHo, YTO Ha BETUUMHY YaCTHI]
cynbdara Oapus cymectBeHHO Biuser pH cunresa. [lokazaHo, 4TO B TOHOOPAaHHBIX ONTUMAIBLHBIX
yenoBusix mporecca ((NHs).SOs — 100.4 r/m, BaS — 90,8 r/1, BpeMsi MHTEHCHBHOIO II€PEMEIIUBAHUS
myneiel — 40 MUH.) BbIXon 1eneBoro npoaykra (BaSQOy), mpurogHoro ass MoiaydeHHs BBICOKOIPOIIEHTHOT O
JINTOINOHA, cocTaBisier 98,5%.
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IRIISEHMR0HB°IG0 dd6356TINL ROMILOKDLS RS FISTdSROL
J0LOKRIBD LOCRI-1LHYNRIIMBLGEIGNM RI6SLISGOL SVIMdS KRS
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ASSEMBLAGE OF PILOT-DEMONSTRATION PLANT FOR RECEIPT OF
ELECTROLYTIC MANGANESE DIOXIDE AND HYDROGEN AND TESTING OF LARGE-
SCALE ELETROLYTIC BATH

T.A.Chakhunashvili, T.V.Rokva, Zh.M.Kebadze, M.T.Dadunashvili, Z.Sh.Vatsadze,
Sh.M.Makhatadze, N.I.Butliashvili

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

SUMMARY

Taking into account the deficiencies of current enterprises of electrolytic manganese dioxide (EMD)
production (poor sanitary-hygienic conditions, insufficient safety, considerable material and heat losses), is
shown the expediency and necessity of constructive improvement of the bath for EMD receipt. There is
described the equipment mounted on the pilot-demonstration plant for EMD receipt. Basic results of
carried out large-scale electrolysis tests are given.

CBOPKA ONBITHO-IEMOHCTPAIIMOHHOI'O YCTPOMCTBA JIJISI TIOJTYUYEHUSA
SJIEKTPOJIUTHUHYECKOI'O JIUOKCUJA MAPI'AHIIA U1 BOJAOPOJA U UCIIBITAHUE
SJEKTPOJUTUYECKON BAHHBI YKPYITHEHHOT' O MACHITABA

T.A.Yaxynamsunu, T.B.Poksa, XK.M.Ke6anze, M.T.lanynamewunu, 3.111.Bananze,
III.M.Maxatanze, H.1.byrnuamBunmu
Hncmumym neopeanuueckol xumuu u snekmpoxumuu um. P. Aenaosze
Tounuccrkoeo 2ocydapcmeennozo ynusepcumema um. U. Jcasaxuwmsunu

PE3IOME

Hcxons U3 HEMOCTATKOB CYIIECTBYIOMINX TIPOM3BOJCTB AIEKTPOIIUTUUECKOTrO AMOKCcHaa Mapranma (/M)
(TIoxXue  CaHWTAPHO-TMTHCHWYECKHE  YCJIOBHS,  HENOCTaTO4YHAas  0E30MacHOCTh,  CYIICCTBEHHBIC
MaTepuajbHbIC M TCILIOBBIC MIOTEPH), MOKa3aHa 11eJeCO00pPa3HOCTh U HEOOXOJMMOCTh KOHCTPYKIIHOHHOTO
yIIydllieHusT BaHHBI Juis momydeHus OJIM. OmnucanHo 00OpyqoBaHHE, CMOHTHPOBAHHOE HA OIBITHO-
JIEMOHCTPAIIMOHHOM yCTpOMcTBe s momydeHus /M um Bomopoma. JlaHbl OCHOBHBIE pPE3yJIbTaTh
MIPOBENCHHBIX YKPYITHEHHBIX OIBITOB IO AJIEKTPOIIU3Y.
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IJIEKTPOXUMMUSA

UCCJEJOBAHUE BO3MOKHOCTH UCIOJIBL30BAHMS YIJIEPOIUCTBIX
MATEPHAJIOB B KAYUECTBE KATOJIOB B ITIPOLIECCE OJITHOBPEMEHHOT' O
SJEKTPOJUTAYECKOT'O MOJYYEHUSA JBYOKHCH MAPTAHIIA M
BOJIOPOJIA

L.M.T'aranaze, )K.M.Kebaaze, M.M.bonoramsunu*, JI.II.Kakypus, K.T.Yrpenuaze

HHCTUTYT HEeopraHMYecKOW XUMHH U 3JIeKTpoXUMUU uM. P.Armanze
Towunucckoro 'ocynapcTBenHoro YHuBepcutera uMm. Me./xapaxuiiBuin
*
HNHctuTyT MexaHUKHU MalinH uM.P.JlBanu

[IpoBeneHsl TONMSPU3AMOHHE HCCIENOBAHUS YIIEPOIAUCTHIX BOJOKHHCTBHIX MartepuanioB (YBM) wmapku
BMH-4 B BHe xryra U NUpONU3HBIX moiauMepHbIX komro3utoB (I1I1K) B Buae MOHOJIMTHOrO Marepuana
JUISL UCTIONB30BaHUA MX B KAadeCTBE KaTOJOB IPU OJHOBPEMEHHOM IMOJYYEHHM 3JIEKTPOIU3OM IHOKCHIA
Mapraiia u BOIOpOJa.

YcraHoBIIEHO, 4TO Haubonee MpPUEMIIEMBIM KAaTOJIHBIM MaTEPHUAIIOM JUIS JIAHHOTO Mpolecca SBISIOTCS
yIJIepoAHblE  BOJOKHUCTBIE MaTepHalbl, Ha KOTOPBIX BOJIOPOJ  BBIAENAETCS C HAaWMEHBLINM
NepeHanpsHPKeHUEM TP BBICOKUX TeMIIepaTypax.

Hapsiny ¢ mpoueccoM aHOIHOTO OKHCIIEHHUS JBYXBaJEHTHOIO MapraHia J0 JHOKCHIA
Maprasia Ha yrJIepoJUCTBIX 3JEKTpoJax ¢ UCIOJIb30BAaHUEM IOJIKUCIEHHOIO pacTBopa cyibdaTa
Maprasua, HeOe3MHTEPEeCHBIM SBJSETCS M KAaTOJIHBIM IpPOLECC BOCCTAHOBJIEHHUS BOAOpOJa Ha
yraerpauTOBBIX KaTO1aX.

Lenp paboThi—HcceI0BaHUE 3aBUCUMOCTU IEPEHAIPSHKEHUS BBIJCIEHUS BOJAOpOJa OT
Marepuaiga yriepoaucTOro Karoja, MIIOTHOCTH TOKa W TemmepaTypsl u3 pactBopa(MnSO4-120
r/1,H2S04-201/11.), HCTIONIB3yeMOT0 ISl IOJIYy4EHHUS TMOKCUIA MapraHiia Y Moau(puKaium.

HccnenoBanusi MpoBOAWIM B TPXIJIEKTPOJHOM siUeHKEe C pa3/ieIHHBIM aHOAHBIM U
KaTOJHBIM IIpOCTpaHCTBaMU. Sluelika nMmena pyOallKky, B KOTOPYIO HETPEPHIBHO 0/1aBajach BOJia
U3 BOJSIHOIO TEpPMOCTaTa, IO3BOJIAIOLIETO MOJJIEPKUBATh IIOCTOSTHHYIO TEMIIEpaTypy C
tounocthio g0 +0.5°C. PacTBoppl TrOTOBMIM Ha [OUCTWUIMPOBAHHOW BOJAE H KAKIYIO
MOJISIPU3AaLMOHHYI0 KPHUBYIO CHUMAIM U3 CBEXEro pacropa. AHOJIOM CIy)XHJa IUIAaTHHOBAs
npy)knuHa. B kauecTBe »snekTposa CpaBHEHHs ObUT BBIOpaH XJIOP-CEPEOPSHBIA AIEKTPO/I.
Karoanolinosspu3zanuunoiBeprajuch CAEAyOLIUe yriepoaucTbieMaTepuabl:

1. Yraepoassle BosokHUCTbIE MaTepuaisl (YBM) mapku BMH-4 B Bujie xryra.
2. Tluponuszusie nonumepusie komno3utsl (I111K) B Bune MoHoaUTHOTO
Marepuana.

Karonper 3ampeccoBeiBaii B CTEKISIHHYIO TpyOKy. HepaGouas moBepxHOCTH pabouero
AJIEKTPO/1a TTIOKPHIBAJIACh TACTOOOPA3HON MaCCO, U3TOTOBIECHHOM M3 HOPAKPHLTIA.

Karoanast nonsipusanus ocyiecTisuiack Ha noteHuuocrare 11-5848 ¢ BoicOkuX 3HaUeHUN
MJIOTHOCTEW TOKa, MOCTENEHHO Tepexons K Oosee HU3KUM. [Ipu HanOoJbIIEH MIOTHOCTH TOKa
Katod mnoJisipu3zoBaii B TeueHuu 30 muH. M3mepenuss npoBogunu vepe3 5-10 MuHyT mocnie
YCTaHOBJIEHUS TpeOyeMOTo TOKa.

Pe3ynbTarhl NpoBeAEHHBIX SKCIIEPUMEHOB MIPEICTaBICHBI Ha puc. 1-6.

B uccnenosannbix o6nacTax Temneparyp (40-80°C), ¢ moBbleHHEM MIIOTHOCT TOKa OT 1
no 15ma/em? ( puc.1-2) moTeHIMan BhIAENEHHS BOAOPOAA Ha dnekTponax u3 K mosimiaeTcs
3HAYUTENIBHO OBICTpEE M0 CpaBHEHMIO C 3ekTpoioM u3 YBM. Tak, eciu i 37€KTpOJOB U3
YBM noTeHnman BhlieNeHHs Bogopoaa npu Temmneparypax 40-80°C ¢ pocToM MIOTHOCTH TOKa
Mmensietcs B npenenax 0.38-0.63V (puc.l), nmns snekrponoB u3 II1K sta BenmnunHa HaXOaUTCS B
npenenax 0.78-0.85V (puc.2) u mano MeHsercs ¢ MoBbllIeHneM TeMnepatypsl. [Ipu Temneparype
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80°C nns xaronos u3 ITIK nepenanpsikeHue BblieIeeHns Boopoaa coctasiser 0.7V, Torna kak
Ui 35ekTpoaoB u3 YBMBscero numis 0.36V.

1, Vi3
P -

Puc.1. Tonsspuzarmonnbie KPUBBIE KATOJHOTO BBIACIEHUS Bogopoaa HaYBM B pacrBope MnSO4-120r/m1,
H,S04-20r/n mpu Temmepatypax, ‘C: 1-40; 2-60; 3-80

Kak mokasblBalOT uccieoBaHus, BbIACIEHUE BOAOPOJAa Ha YIJIEPOJUCTHIX MaTepuanax
IIpY OTHOCHTEJHHO HU3KUX Temmeparypax (40-60°C) xapakrepusyercss HU3KOM KaTaamueckoii
aKTUBHOCTBIO (puc.l1,2). Katanuyeckass akTUBHOCTb 3HAUUTEJIBLHO MOBBILIAETCS HA AJIEKTPOJax U3
VYBM npu temneparypax Bbime 60°C (monspusanus cHmkaerca Ha 0.32 V mpu 80°C). Jlna
matepuanos u3 IIITK ¢ poctom Temnepatypsl B npenenax 40-80°C nmepenanpskeHue BbIIENEHHUS
BOJIOPOJIa YMEHBIIIAETC HE3HaUYUTENbHO—BCero Ha 0.15V.

18 %}4
| |

Puc.2. Tlonsspuzarmonnbie KpUBBIE KATOJHOTO BBIAENeHus Bogopoaa Ha IITIK B pacTBOpe
MnSO0;-120r/1, H,SO4-20r/n  nipu Temneparypax,’C: 1-40; 2-60; 3-80

21



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1
A —

CpaBHUTENIBHO ¢ MEHbIIMM nepeHanpsbkeHueM (~Ha 0.47V) BeluensieTcs BOJIOPOA, MPHU
temnepatype 80°C Ha yriepoauCThIX BOJOKHUTHIX MaTepyajax, YeM Ha IHPOJIU3HBIX KOMIIO3UTaX
(puc.3). TyT cka3blBaeTCsd METOJ MOJIY4eHMs yriierpauroBoro marepuaia. Y craHoBieHo [1],uto
C TOBBbILIEHHEM TeMIlepaTyphl obpaborku(mns IIIIK sto 600-1300°C, a ans YBM—2700°C)
YIIEpOAUCTOr0 MaTepuaia IepeHanpssKeHUE BBIACJIEHHS BOAOPOJAa CHMKAETCS, YTO U
MOATBEPKIAaeTCsl HallMMU 3KkcriepumenTamu. [locnenanee oOycinoBnuBaeTcs Kak yMEHbIIEHHUEM
COJIEpKaHUs KUCJIOpo1a B 00bEME MaTepuaia, Tak U yBeJIMUEHEM JIOJIH yHopsimoueHHo# ¢assl [1].
[lo mHenuto aBTOpOB [2,3] mpeaBapUTENbHOE BOCCTAHOBJIEHWE MOBEPXHOCTH YIIIEPOIUCTBIX
MaTepHUaIoB MPUBOAUT K YMEHbBIICHUIO [IEPEHANPSIKEHUS BbIICICHUS BOAOPO/IA.

1, 05/1502

S —

2014

e p——
o —

Puc.3. Tlonsipuzarmonnbie KpuBbie KATOIHOTO BbIAEIEHHs Bogopoaa HaYBM (1) u
TIIK(2) B pactBope MnSO4-120r/1, H,SO4-20r/n1  mipu Temnepatype 80°C

Jns yctaHoOBIIeHUSI NPUPOIBLI KaTOAHON moJisip3auuu Ha annekrponax u3 YBM u IIIIK
MOJTy4eHHBIE 3aBUCUMOCTH (puc.1,2) oOpabaThiBaIUCh TEMIIEPATyPHO-KUHETHYECKUM METOJIOM.
Ha puc.4 u 5 npencrasnensl nzonorenuuanst Igi—f(1|T) npu ¢=Const. 3aBucumocTs Jorapudma
IUVIOTHOCTH TOKAa OT OOpaTHOW BENWYMHBI aOCOIIOTHOW TeMIlepaTypbl MpH Pa3IUYHBIX

MOTCHIHAJIAX IMOJAPU3alU 3JICKTPOAa BeIPAKACTCA IPAMBIMU JIMHUAMU.
PacunTanHple HaMH  BEIUYHHBI OHEpPIruM  aAKTUBAlUK W HUX 3aBUCUMOCTH OT

HOTCHIII/IaJ'IaHOJ'ISIpI/IL’uaHI/II/I KaTOA0B U3 UCCIICOOBAHHBIX yFJIepO}II/ICTBIX MaTepI/IaJ'IOB HpHBeI[CHBIB
Tadm.1.
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Puc.4. 3aBucumocts noraprdma IIOTHOCTH TOKa OT 00PAaTHOM BETHMIUHBI aOCOTFOTHOM

TeMIepaTypsl IPU pa3IMYHBIX MOTEHIIMANAaX TMONApU3aluu 3JekTpona uz YBM ¢,V: 1-0.2; 2-0.25; 3-
0.3.2-0.6;3-0.7.

-

l2i,05/1592
(P8

[
S
"

T ——

10°/T.°K

Puc.5. 3aBucumocTs norapudma miIoTHOCTH TOKAOT 0OpaTHOW BETMYUHBI a0COTIOTHOM
TEeMIpepaTypbl IPU Pa3IUIHbIX TOTEHIMANAX Nojspu3annu snextpoaa us [1IIKoe,V: 1-0.5;2-0.6;3-0.7.
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Tab6um.1. 3aBucuMocTh 3G HEeKTUBHON YHEPTUN AKTHUBAIIMU OT MOTEHIIMAJIATIOJISIPU3AIIMN KaTOI0B
U3 YIIIEPOUCTHIX MaTepruaioB B pactBope: MnSO4-120 r/m, H2SO4-201/n

VBM [IIK
o,V 0,KKaj1/MOJIb o,V 0,KKaj1/MOJIb
0.2 8.94 0.5 10.1
0.25 8.88 0.6 10.07
0.3 8.71 0.7 10.0

[Tony4yennsie qanHbie 3HEKTUBHON SHEPTUU AKTHBAIUUA CBUICTEIBCTBYIOT O TOM, YTO Ha
HCCIIEYEMBIX YIVIEPOJMCTBIX MaTepuanax, kak Ha YBM, tak u Ha IIIIK, nonagpuzauus
00ycIoBJIeHA IIEKTPOXUMUYECKON cTaiuel pa3psaa BOJIOPOIHBIX HOHOB.

Ha ocHoBannu sKkCiepUMEHTAIBHBIX JAHHBIX TOCTPOEHBI rpaMKK 3aBUCUMOCH KaTOHOTO
MepeHaINpsKeHHs OT Jiorapudma IIIOTHOCTU TOKa B MCCIEAYEMOM 3JIEKTPOJIUTE JJIsl 3JIEKTPOJIOB
u3 YBM u IIK npu Temnepatype 80°C(puc.6).

Puc.6. 3aBucumocts nepeHanpsbkenus BoieneHuss Bojgopoaa Ha I[IIIK uYBM ot norapugma
IJIOTHOCTH TOKa B p-pe MnSO4-120r/1, HySO4-20r/n mpu Temmnepatype 80°C

Kak BugHO U3 puc.6, nonspusalioHHbIE KPUBbIE UMEIOT TPU ydacka: HUKHUE YJacKu MpU
HU3KUX IUIOTHOCTAX TOKAa, OTBEYAIOIIMX MPOIECCY OCBOOOXKAECHUS OT MOBEPXHOCTHBIX OKHCIIOB
[IpH MOTEHLIHaaX, OJIU3KUX K CTAlMOHAPHOMY; YYaCTKU Iepexo/ia K MOTeHIHAly pa3psia HOHOB
BOJIOpoJia (TPSMOJIMHEWHbIE YYacTKH); BEpXHHME ydacTku. M3 rpaduxoB ObuM oOmpeneseHbl
K03 duLmeHTsl «a» U «B» ypaBHeHUs Tadens. [lonyueHHble pe3yabTaThl CBECHBI BTA0I.2.

Tab6n.2. Koapduiments! ypaHenus Tadens a1 KaToAHOTO BbIAEICHUSIBOI0POAA
Ha sy1ekTpoaax u3 YBM u ITIIK mpu 80°C

MnSO4-120 r/1,H2SO4-20r/1

YBM

[IIK

«an»

«b»

«an»

«b»

0.1

0.14

0.45

0.218
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Takum o00pa3om, NpPoOBEAEHHBIC HCCICAOBAHUS IMOKAa3ald, YTO IIPOLIECC BBIJCICHHS
BOJIOpPOJIa HA WCCIEJOBAaHHBIX YIJIEPOJMUCTHIX MaTepuaiax TMpU HHU3KUX TEeMIIEpaTypax
XapaKTEpPHU3yeTCsl BBICOKMM TEpEHANpPsHKEHUEM paspsga Bojgopona Ha Hux. OpmHako, ¢
noseinieHneM Temnepatypsl 10 80°C mepeHanpskeHHe BbIETEHHS BOJOPOJA HA AJIEKTPOJE M3
YBM 3ameTHO cHUXkaercs o cpaBHeHUO ¢ 3ekTpoaom u3 I1IK. [TosTomy B mpouecce aHOAHOTO
OCAXJCHHMS Y JUOKCHMJA MapraHia HauOoJieeé TMPUEeMIIEMbIM YIIEPOJUCTHIM  KaTOIHBIM
MarepuaioMm (¢ 0oJjiee HU3KMM TEpPEHANPSDKECHUEM BBIICTICHUS BOJOPOJA), JUIsl TMOCTABICHHON
e, seisieTcs YBM.

PabGoTa BBINOJIHEHA MPHU COECTBUU
Hay4Horo ¢onga ll.PycraBenau (I'py3usi)
B pamkax rpanta RT/208/3-200/14.
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INVESTIGATION OF THE POSSIBILITY FOR THE USE OF CARBON MATERIALS AS THE
CATHODES AT SIMULTANEOUS ELECTROLYTICAL PREPARATION OF MANGANESE
DIOXIDE AND HYDROGEN
Tsisana Gagnidze, Zhiuli Kebadze, Medea Bolotashvili*, Liana Kakuria, Ketevan Ugrelidze
I.JavakhishSvili Thilisi State University, R.Agladze Institute of Inorganic
Chemistry and Electrochemistry
*R.Dvali Institute of Machine Mechanics
SUMMARY
Polarization investigation of carbon fiber material and of pyrolytic polymeric composites were carried out
for their possible use as the cathode material at simultaneous electrolytical preparation of manganese
dioxide and hydrogen.It was established that the carbon fiber material may be considered as the most
acceptable cathode material where hydrogen is separated at high temperature by relatively low over
potential.
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SYNTHESIS OF PIRROLOPHTALAZINES

I.Jinikashvili, M.Tsitsagi, K.Sarajishvili, K.Ebralidze, V.Tsitsishvili
PetreMelikishvili Institute of Physical and Organic Chemistry
oflvaneJavakhishvili Thilisi State University

SUMMARY

An improved method for dehalogenation of nitrogen-containing heterocycles containing both halogen and
nitro groups has been investigated. Possibility of the expediency of this method in order to obtain the

corresponding amino derivatives is shown.

CHUHTE3 IIUPPOJIODPTAJIABUHOB
N. xunukamewig, M. Hunaru, K.Capampxumemium, K.90panunze, B.Lunumsumm
Unemumym gusuueckou u opeanuueckou xumuu um. 1. Meruxuweunu
Tounuccrkoeo 2ocydapcmeennozo ynusepcumema um. Me. [ocasaxumsunu

PE3IOME

M3ydeH  yCOBEpIICHCTBOBAHHBIA  METOJl  JCTAJOTCHUPOBAHMS  a30TCOIEPIKAIMX  T'€TEPOIUKIIOB,
CoJiepKallluX KaK TrajoreH, Tak M HUTPOrpymbl. [loka3aHa BO3MOXKHOCTH II€I€COO0Pa3HOCTH JaHHOTO
METO/1a ISl TIOTyYEHHUSI COOBETCTBYIOIINX aMHUHOIPON3BOIHBIX.
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RELATIONSHIP BETWEEN CHALKONES STRUCTURES AND THEIR
PHARMACOLOGICAL PROPERTIES

Nana Chaganava, Liana Gogua
Thilisi State Medical University

SUMMARY

Chalcones form a class of compounds that belong to flavonoid family and are widely distributed in plants.
Their simple structure and the ease of preparation make chalcones attractive scaffold for synthesis of a
large number of derivatives enabling the evalution of effects of different functional groups on biological
activities. In this review, structure pharmacological activity relationships have been highlighted.

3ABUCUMOCTDH ®APMAKOJIOTHYECKHAX CBOMCTB XAJIKOHOB OT UX
CTPYKTYPbI

H.T.Yaranaga, JI.[I.['orya
Tounucckuii 20ccy0apcmeeHblil MEOUCUHCKULL YHUBepCUmMem

PE3IOME

XaJKOHBI — MPOMEXKYTOUYHbIE TPOAYKThI OMocHHTe3a (1aBOHOB. M3-3a HECTOXKHBIX METOAOB CHHTE3a, a
TaKXe UX MPOCTBIX CTPYKTYP, B MOCIEIHNUE OBl BO3POC MHTEPEC K CUHTE3Y XaJIKOHOB, C LEIBI0 U3YUYECHHUS
X OMONIOTMYECKOH aKTHBHOCTH. B cTaThe paccMOTpeHa 3aBUCHMOCTh (hapMaKOJIOTHUECKHX CBOMCTB ATHX
COCIMHEHUI OT UX CTPYKTYPBI.
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COMPUTER SIMULATION OF THE FLUIDIZED BED HYDRODYNAMICS IN GRANULAR
BARITES REDUCTION PROCESS
Shalva Andguladze, Ana Berejiani, Malkhaz Berezhiani, Giorgi Mchedlishvili
SUMMARY
Computer model as an Excell spreadsheet is compiled for engineering calculations and visual presentation of the
fluidized bed hydrodynamic regimes. As an example the process of reduction of granular barite is considered.

KOMIIBIOTEPHAS CUMYJISILUA THAPOAUNHAMUKHU IICEBJOOXWKXEHHOI'O CJIOSA ITPU
BOCCTAHOBJIEHUU T'PAHYJIMPOBAHHBIX BAPUTOB
HI.H.Anarynanze, A.M.bepexuanu,M.I".bepexuanu, I'.C.MueqmumBuin
I'py3unckuti mexnuueckutl ynugepcumem
PE3IOME

CocraBneHa KOMIBIOTEPHAsE MOJENb B BHJE DJIEKTPOHHOW TaONUIBI IS MHXXEHEPHBIX PacueToB TI'TAPOAWHAMHKU
TICEBJIO0XKIKEHHOTO CJIOSl U BH3YaJIbHOTO OTOOpa)KeHHSI pPEXHMMOB. B KkadecTBe mpuMepa paccCMOTpPEH IMpolecc
BOCCTAHOBJICHUsI TPaHyJIHUPOBaHHBIX OAPUTOB.
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PHYSICAL CHEMISTRY

TO THE QUESTION OF HETEROGENEOUS INHIBITION OF FLAME

Giorgi Bezarashvili, Kakhaber Sulaberidze, David Petviashvili,Lali Gurchumelia*, Manana Kekenadze

Ivane Javakhishvili Tbilisi state University
Faculty of Exact and natural Sciences, Institute of Physical and Analytical Chemistry
*Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry

The article is devoted to the theoretical investigation of heterogeneous inhibition of flame propagation by solid
particles of Na,SOj. Inhibition of Hydrogen and Methane combustion had been selected as model processes. The
calculation results show that heterogeneousremoval of active centersof reactionmay really compete with
significant gaseous steps only in lower temperature region of preheat zone: Ty < T <600 K.At higher
temperature conditionsthe effectiveness of heterogeneous chemical inhibition of combustionis quitelow.

Study of influence of inhibiting additives on chemical reaction in combustion conditions is one of the
important tasks of modern physical chemistry. Determination of dependence of critical concentration of the
inhibitor on the characterizing parameters of combustible mixture andinhibiting additives gives opportunity
to be revealed inherent regularities of inflammation processes [1]. In this point of view study and
simulation of inhibition of chemical reactions occurring in the flame zone represents a substantial interest
in the further development of the theory of combustion.[2,3].

Study of impacts of active additives on the combustion processes is practically important task. It is
directly connected to the avoid problems of fire-fighting and combustible mixture flaming.[4]. The
successful resolution of scientific research task of new fire-fighting means requires detailed study of
inhibition of flame. The problems of creation of fire-fighting theoretical bases are connected to the
same.

Over the past decades for the suppression of combustion processes has been successfully used special
fire extinguishing powders produced based on the inorganic salts (halogenides, sulphates, carbonates,
hydrocarbonates), and mineral raw materials. They are distinguished by activity and universal action. [4-
7]. At the same time the detailed mechanism of their particles impact hasn’t yet been properly studied. Isn’t
finally identified individual role of homogenous and heterogenous factors, also contribution of interaction
with infibitor of separate active centers of combustion reaction in the flame quenching process. The relation
of effects of “thermal” and “chemical” factors in total term of inhibition are not properly investigated.[3,5].
The scientific researches related to the mentioned factors may give us qualitative new data about flame
suppression and set out new ways of general problems solutions of inhibition of reactions.

At present it is considered that by the large particles of inorganic salts powders (diameter of
particles &> 30 micrometer) during the inhibition of laminar flame the especial importance is given to
heterogeneous chemical factor; namely, heterogeneous removal of leading active centers of reaction —
atoms and radicals on the surface of solid particles. [3,4]. Unfortunately, so far there is not unified and clear
understanding about in which temperature regions of the flame is conducted effective inhibition of reaction:
in the lower temperature [8], average or high temperature regions.[9]. The goal of the presented work is to
contribute in the clarification of the mentioned issues based on the theoretical calculations.

Heterogeneous inhibition of the combustion of Hydrogen and Methane had been selected as model
processes ( kinetic schemes of high-temperature oxidation of H> and CH, are well identified nowadays). In
accordance with the existed perceptions in the Hydrogen oxidation process the most important step is
branching of the reaction chains, which proceeds by participation of Hydrogen atoms[10, 11] :

H + 0. -0H + 0 (1)

What about Methane high temperature oxidation process, here one of the important steps are
reactions of Formaldehyde formation, because subsequent transformation of Formaldehyde provides
branching of the reaction chains [12] :

CH; + 0> H;CO + OH (1)
CH;+0 - H;CO +H (1)
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As we can see the mentioned steps are carried out by participation of H atoms and CHjradicals.
Therefore, the heterogencous chemical inhibition of the combustion process by solid particles implies
heterogeneous removal of these active centers on the surface of the particles. :

H —heterogeneous removal (Iv)
CH;—heterogeneous removal (V)

Let us consider the temperature profile of so called “preheat zone” oflaminar premixed flame. In
accordance with Zel'dovich[9], in the mentioned zone thetemperature drop may be described by
exponential function:

T=Ty+ (Ty—Top)e ™, (1)

Wherein
A

I = . )

CpPoVo
Here Tyisinitial (indoor) temperature of reaction mixture, T{— maximal temperature of preheat

zone, x -distance perpendicular to the flame front, / - conventional thickness of preheat zone, A -
Average thermal conductivity of the mixture, c,- specific heat of the gas, vy - fundamental velocity
of combustion.

Initial composition of the combustible mixture awere the following (the relevant experimental data
for these mixtures was obtained by us earlier in the publication [13] ):

10% H, + 90 % air(a)
10 % CH;+ 90 % air (b)

For the Hydrogen combustion reaction vg= 20cm/ sec,but in case of Methane vy= 45 cm/sec [14]
(total pressure is equal to 1 atmosphere). As for the physical characteristics of gas mixtures they awere
calculated according to the monograph[15]. The obtained results are represented in Fig. 1.

2500

2000

1500 Fig. 1. Temperature

profiles in the preheate
zone :
1. “Methane — air “ flame;
2. “Hydrogen —air” flame

1000 +

500

X, mm

For effectiveness of inhibition it is required to fulfil the following criterion: velocities of removal of
active centres shall be equal or exceed to the velocities of the gaseous steps, proceeded with

participation of these centres. In the given case these criterion may be written as follows:
k(IV)

k(D[02] =1, G)
k)
k(ID[02] =1, )
kW)
k(aIn[o) = ®)
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where k (i) valuescorrespond to the rate constants of the abovementioned steps, but values in the
square brackets correspond to the molar concentrations of molecular and atomic Oxygen. If we designate
the ratio written in the left sidesof the equations (3) — (5) by symbol a, after taking the logarithm we
receive the following expression for effective inhibition:

Iga>0. (6)

Ttemperaturedependence of rate constants of homogenous steps (I)- (III) is described by
Arrhenius equation [12] :

D - 141 10%ep (- 1) el
k(1) =120-10"exp(— 2220), cmd-mol: s

k() = 342 108exp(— 222),  cm? mols?
What about heterogeneous steps ( IV ) — ( V) for the approximate expression of their rate
constants we can use Frank-Kamenetskiy formula [16] (in the case of solid particles with spherical

form ):

_ teUDpgs S
k(het)= 7m0 SW. (7)

Heree is coefficient (probability) of heterogeneous removal of active centre, U - average velocity
of thermal motion of this centre in gaseous phase,D - diffusion coefficientof the centre, pg -
density of solid particle, §' - specific surfaceof solid particles, W — weight concentration of particles
in the reaction mixture.

The variation of molecular Oxygen concentrationto thetemperature in the preheat zone of

flame may be expressed as follows [9] :
[02] -[02]0 _ _ T-To )
[02]f-[02]0 T(@max)-To ’

where [ Oz Jois the oxygen content in the initial mixture, [ O2]s - oxygen content in the combustion

products, T(nax) - maximal temperature of flame.

What about oxygen atoms, there concentration connection with gas temperature has more
complicated nature. Mathematical modelling conducted by us earlier showed that in case offlame
propagation in Methane-air mixtures this relationship is approximately described by power function:

(0]~ 10)mas [ ©)

where[0],;,4,1is maximal concentration of Oxygen atoms in the flame zone.

Quantitative computations were performed for Na;SO; powder particles, the inhibition ability of

which had been experimentally studies earlier by us [13].
For Hz/air mixture -

§ =70m?/kg ; W=0,5 kg/m? .
For CHz /airmixture -

S =45m?/kg ; W=15 kg/m? .

We note that here Wcorresponds to the content limit of solid particles in the reaction mixture
which is enough for suppression the flame propagation.

The calculation results are presented in Fig. 2 - 4. There is shown that in case of Methane as well
as Hydrogen combustion expression (6)is fulfilled to 550 — 600 K temperature for two different values
ofe coefficient. This means that heterogeneous removal of active centers of reaction while flame
inhibition by powders of inorganic salts may really compete with significant gaseous steps only in
lower temperature region of preheat zone:

Ty<T<600K .
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At higher temperature conditions the effectiveness of heterogeneous chemical inhibition of
combustion is quite low. Presumably, suchresult indicates that the flame suppression by the fire-fighting
powders is hardly to explain only by heterogeneous chemical factors. They must be added with effect of the
thermal factor, i.e. cooling effect of the combustion zone by solid particles, as well as with homogeneous
inhibition of combustion reaction.
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K BOIIPOCY O 'ETEPOI'EHHOM UHI'MBUPOBAHUU IIVIAMEHU
I'.C.bezapamBunu, K.T.Cynabepunse, 1.1 .Ilersuamsummy, JI.B.I'ypaymenua*, M.I".Kexenanze
Tounuccxuti cocyoapcmeennvlil yHusepcumem um. M. Jocasaxuweunu
Daxynvmem MOYHbIX U €CMECMBEHHbIX HAYK, MHcmumym @u3uueckou U aHarumuyeckol Xumuu
*UHcmumym Heopeanuueckou xumuu u snexkmpoxumuu um. P.U. Aenadse
PE3IOME
Ha ceromusmHuii eHp NPUHATO CYUTATh, YTO IPU HHTHOMPOBAHUM JAMUHAPHOTO IUIAMEHH KpPYIHBIMU
YaCTHIIAMH ITOPOIIKOB HEOpraHudeckux coneit (d > 30 mxm) ocoboe 3HaYEHHE NMPUOOPETAET reTepOoreHHbIH
XMMUYECKHH (pakTop; B 4aCTHOCTH, T€TEPOreHHasi THOENb BEAYLINX AKTHUBHBIX IEHTPOB PEAKIMHU — aTOMOB H
paIuKaloB Ha MOBEPXHOCTH TBEPABIX YacTHL. K cokalleHHIo, 10 CHUX MOp OTCYTCTBYET CIUHOE NPECTABICHUE
0 TOM, B Kakod TeMmImepaTrypHOil oOmactu ocymiecTBusercs 3(QeKkTuBHOE HWHIMOMPOBAHME PEAKLUHU: B
HU3KOTEMIIEpAaTypHOH, B CpelHEel MM B BBICOKOTEMIEpaTypHOHl oOsactu miameHu. Llenb mpencraBieHHOM
paboTHI 3aKNIIOYAaETCS B TOM, YTOOBI BHECTH HEKOTOPYIO SICHOCTH B ATOM BOIIPOCE HAa OCHOBE TEOPETHYECKUY
pacderoB. B kadecTBe MOIEIBHBIX IPOLECCOB OBIIM BBIOpaHBI I'€TEPOr€HHOE WHIMOMPOBAHHE TOPEHUS
BOJIOPOZa M MeTaHa. Pe3ynbTaThl COOTBETCTBYIOIIMX BBIYMCICHHI IIOKA3alM, YTO IPH HHTUOWPOBAHUU
pacipocTpaHeHHs IUIAMEHH TBEPABIMU YaCTHLAMU I'€TepOreHHasi THOeNnb aTHBHBIX LIEHTPOB PEAKIMH TOPEHHS
MOXeET 3P (EKTHBHO KOHKYpPHPOBATh C BEAYIIMMH Ta30(asHbIMU CTAIMSIMH TOJNBKO B HHU3KOTEMIIEPaTyPHOU
obyactu 30HBI mporpeBa IutameHu: 1< 600 K. B ycnoBusix Gonee BbICOKHX TeMmmepaTyp 3(pQeKTHBHOCTD
TeTePOreHHOI0 XMMHUYECKOT0 MHI'MOMPOBAHMS PEakIy TOBOJIBHO HHU3KasA. Takoil pe3yiapTaT yKa3blBaeT Ha To,
YTO TOAABJICHHWE IIJJAMEHM OTHETYIIAIIUMH IIOPOLIKAMH TPYAHO OOBACHHTH TOJIBKO TI€TCPOr€HHBIMHU
XUMUYECKUMH akTopamMu. OOBS3ATENBHO HYXHO YYHTHIBATH JCHCTBUS TEPMHUYECKUX U TOMOTCHHBIX

XMMHUYECKUX (PaKTOpOB , T.€. 3P PeKT oxmaxaeHus u rasodasHoe MHIHOMPOBAHHE PEAKIHH T'OPCHHUS.
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PHYSICAL CHEMISTRY

EXCITON FINE STRUCTURE IN LOW SYMMETRY QUANTUM DOTS

R.Djanelidze and E.Tsitsishvili
Institute for Cybernetics, Thilisi Technical University, S. Euli 5,0186, Thilisi, Georgia

The exciton ground state in a single semiconductor quantum dot (QD) with low symmetry iscalculated within the
Luttinger—Kohn and Bir—Pikus Hamiltonian theory. It is shown in an explicitform that an interplay of the
electron—hole exchange interaction and the heavy hole—light holecoupling plays an essential role. It is revealed
that the main impact on the exciton ground stateis due to the confinement and strain anisotropy in a plane of a
dot. For both the bright and darkexciton in this case, the mentioned combined effect leads to a dependence of the
fine structuresplitting and polarizations on the main anisotropy axis direction relative to the dot orientation.Some
special cases are discussed on the basis of the obtained analytical expressions.

Keywords: Quantum dots, optical-related phenomena

LINTRODUCTION

During the last two decades, self—assembled quantum dots (QDs), also known as artificial atoms, attract a
great interest, in particular both for fundamental physics and for applied physics. One of the most
prominent applications of QDs is as the entangled photon emitters, based on the biexciton cascade process
[1, 2]. While ideally polarization entanglement proposals require a degeneracy of the intermediate exciton
state [1], real self-assembled semiconductor QDs (grown along the [001] direction) don’t meet this
condition. A splitting of the two bright exciton states, known as the fine structure splitting (FSS), occurs
even in cylindrically symmetric QDs as a consequence of the intrinsic atomistic asymmetry of the
underlying lattice combined with the electron—hole exchange interaction [3]. For QDs with an elliptical
base, excitonic fine structure is additionally produced by the long—range exchange interaction [4—6].
Besides, numerous experimental investigations of the neutral exciton emission in single self—assembled
QDs show that the growth conditions significantly influence the polarization properties and the FSS of the
bright exciton [7—14]. The observed results were attributed to a mixing of isospin states of heavy and light
holes in the valence band. This effect, called usually as the valence band mixing (VBM), is typical already
for bulk semiconductor crystals and for QDs can arise from anisotropic strains build up in a QD and a
geometrical asymmetry as well. Although some theoretical background has been provided in the cited
experimental references and in the recent paper [20] as well, detailed analytical description of the VBM
impact on the exciton fine structure in QDs is still absent, to our knowledge. Theoretical researches in this
field are devoted mainly to a change of the FSS under external perturbations [15—19]. The purpose of this
paper is to understand how actually the VBM affects the exchange interaction and, respectively, changes
qualitatively the FSS and polarization of the bright and dark excitons in a single QD with a reduced
symmetry. Analytical calculations are performed for model QDs using the Luttinger-Kohn and Bir—Pikus
theories. We believe that the obtained results are reasonable for flat (lens—shaped) QDs, where the
atomistic symmetry doesn’t cause any noticeable mixing of the orbital and Bloch characters for the electron
and hole levels [3]. We find that the main VBM effect is due to the confinement and strain anisotropy in a
plane of a QD and the orientation of the main (in—plane) anisotropy axis with respect to the dot direction is
of a paramount importance. The obtained results are applicable to QDs under external stresses and then
directly specify a dependence of the exciton properties on the stress direction.

IL.THE MODEL
We consider eight exciton states confined in a self—assembled flat QD grown in the [001] (z) direction: four
heavy—hole (hh) and four light-hole (lIh) states associated with the projection of the total hole angular
momentum |J,| =3/2 and |J,| =1/2, respectively. For ideal QDs, the Hamiltonian may be written as H = Hopt
Hex, where Hop=) nEn[n)(n| describes the exciton energies and Hex accounts for the electron—hole exchange
interaction. The energy E,= 0 for all hh exciton states and E,= Ei® for all Ih exciton states. For Stransky-
Krastanov type dots, where strain is required in quantum dot formation, a major effect responsible for the
heavy hole—light hole splitting is the biaxial in-plane compressive strain (known as the epitaxial strain),
which lifts the heavy—hole band, so that E”>0. Typical valence band splittings Ein'® found in quantum dot
experiments are large, on the order of 10 meV, and the hole ground state is in first approximation treated as
a purely heavy—hole state. For real QDs, the shape elongation and anisotropic distribution of the strain built
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up in a dot can, however, enhance the light-hole admixture. Basing on the Luttinger—Kohn and Bir—Pikus
(LKBP) theories [21, 22], the in—plane anisotropy of the confinement potential and strain leads to a mixing
between the J,= £3/2 and J,= ¥1/2 hole states, whereas the anisotropy in the growth direction couples the
J==£3/2 and J,= £1/2 hole states, see Appendix A. Consequently, the eigenfunctions for the exciton ground
state become a mixture between the pure hh and lh exciton states. The overall exciton spins are modified
further by the short-range electron—hole exchange interaction Hge, see Appendix B, which splits (mixes)
the states with the different (the same) total angular momentum M,= J,+ s, s, is the electron spin. Having
in mind the QDs with a nonspherical base, the M,= +1 states are coupled mainly by the long-range
exchange interaction [4, 6], whereas the atomistic anisotropy leads to a splitting of the bright exciton states
already in symmetrical QDs with C,, symmetry [3, 24]. As a result, the true exciton ground state in real
QDs becomes fully split into the four nondegenerate states.

[170] [110]
4

Py

Px
=~ [110] ~ [110]

FIG. 1: Definition of the angles involved in the simulation. Left panel: The angle 04, 65, and ysets the
dot orientation, the strain direction, and the main anisotropy axis, respectively. Rightpanel: pxand @vyare the
tilt angles of the |X)and |Y )eigenstates, and Q is the angle betweenthese two states.

IIILEXCITON FINE STRUCTURE AND OPTICAL ANISOTROPY

For the Hamiltonian (A6), the corresponding eigenvalue problem is solved exactly, according to Ref.
[22]. The resulting eigenfunctions are the linear combinations of the |J,)hole states and, consequently, the
electron—hole pair functions become superpositions of the |J,,s,)basis exciton states. To avoid the long and
bulky formulas, we consider below the VBM due to the in—plane anisotropy and the anisotropy in the z
direction separately.

A. The in—plane anisotropy.

The bright exciton ground states. Simultaneous action of the off-diagonal R term in the LKBP Hamiltonian
and the exchange interaction brings to the following linear combinations of the |¥;) and |¥,)pair states (see
Eq.(A7)):

. o _ v"_','d)l . J_

X) o ll) — i), )

. 1 2idy .

f O =— <t 2. 2

Y) o \/.-ZII\I'1>+c [02)] (2)

These true exciton states are split by the energy A= |[Ex- Ey| =V Xi+ /\/37 with
C2A, + C2A; cosda + 1 C1C2A, cos 2 (3)
x1 = C7A, + CJA; cos4 —=(C105A,, cos 20, J
1 1= g &l \/§ 1 {

2 .
X2 = 2(:‘2 sin QO(C‘QA[ COSs 2(') - %C‘] Asl ). (4)
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o =\ - 04 and Ap (A1) denoting a splitting between the | + 1h)and |- 1h)(] + 11)and |- 11)) bright states. As
noted above, we believe that Ay (A) is nonzero even in a shaped—symmetric dot. Remember also that the
angle y and 04 determines the main anisotropy axis direction and the dot orientation relatively to the [110]
axis, respectively. The phase @, (defined relatively to the [110] axis) obeys the equation

. Y1 8in 264 + x» cos 260,
tan(2®,) = X a7 X ‘

X1 €08 263 — Y2 sin 264

Note that the phase @; differs generally from the dot orientation 64 and at fixed 64 may change with p
and a, in difference from the results reported in Ref.[12] where a combined effect of the VBM and
electron—hole exchange interaction was neglected.

It is easy to check that the obtained |X)and |Y )eigenstates are linearly polarized in the dot plane but are
generally nonorthogonal. The corresponding polarization directions are tilted with respect to the
crystallographic axes [110] and [110], respectively, at the angles (see the right panel in Fig. 1)

V30, sin @, + Cs sin(2¢) — ®,)

. 6
\/§C‘1 cos 1 + Chcos(2v) — 0,) (6)

tanpyy =

The angle Q between them is expressed by

2 > 8in 2(v) — -
cos ) — 2v/3C5C4 sin 2(v — ®,) . 7

VICT — 6C3C3 cosd(v) — ®1) + C4

According to the above presented results, we can conclude that the FSS and polarization directions of
the bright exciton significantly depend on the dot symmetry. Ideal QDs with D,y symmetry show no in—
plane anisotropy, that is p = 0 and Ay= A= 0, so that the [X)and [Y )exciton states are degenerate and
orthogonally polarized along the [110] and [110] directions.

For QDs with Cy, symmetry, the dot and strain directions have to coincide with the high symmetry
direction, that is 8= 64= 0 and therefore the mixing phase y = 0. Consequently, the states are linearly
polarized along the [110] and [110] orthogonal directions and split generally by the energy A= |A + (4/V3
)C1CoAy|, where A = Ci*Ant C2*A1. The magnitude of the FSS changing from dot to dot can be tuned to
zero in dots with A <0, as has been observed experimentally for elongated InAs/GaAs self—assembled QDs
in Ref.[13].

100 : T 300 T T
30
95 —
—_ 0 %
O R .
(d)]
- o
85| N
2 100
(b)
80 1 1 . 1 N 1 "
0 60 B 120 180 0 60 o 120 180
6.-6,(") 0,0, (%)

FIG. 2: (a) The FSS of the bright exciton, (b) the angle between the |X)and |Y )eigenstates,and (insert)
the phase ®;as a function of the angle 0s- O4between the strain direction and thedot—shape direction.

For real QDs with C; symmetry, the strain and dot directions are generally different and the FSS and
polarizations exhibit a rather intricate dependence on 65 and 0q4. In a particular case of weakly asymmetric
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QDs, p =ps and y =0,, the FSS A, and the angle Q become very sensitive to the angle 0s- 04 between the
strain direction and the dot direction. Both A; and Q are modulated by a sinusoidal perturbation with an
amplitude defined by the exchange interaction and the light hole probability, respectively. At specific
values 0 0= nw2 (n is an integer), the FSS has extreme values and the angle Q = 90°. For the fixed
direction of the strain 6= 15, it is illustrated in Fig. 2(a) and Fig. 2(b). To evaluate numerically the FSS A,
and the angle Q from Eq.(3), Eq.(4), and Eq.(7), respectively, we also take Aq= 400ueV, Ax= A= 100ueV,
p«En®= 0.2. The insert shows a change of the phase ®; with 0;- 1. We observe that the FSS (varying
between 72ueV and 272ueV for the above chosen parameters) is minimal when the dot and the strain
directions are perpendicular and maximal when they are parallel. The angle Q varies around the angle in
90 (with a deviation of £7°) being acute at 0s- 04< w2 and blunt at 6s- 685> w2. A rather sharp switching
from the one mode (Q2 <90°) to the other (2 >90°) occurs at a critical point 0s- ;= 90°, where the FSS has
the lower bound. Note that similar features were reported in Refs.[9, 11], where numerical calculations for
the splitting of the emission lines and their direction of polarization in individual self-assembled
CdTe/ZnTe QDs and InAlAs QDs, respectively, are presented.

The dark exciton ground states. The two dark exciton states are read as

|Z1,2) ox F 7| Wy)). (8)

\/—“‘I’a

The phase @, is defined relatively to the [110] axis and obeys the equation

Y3 sin 42
fan(2®,) = —
Y1+ X3cos4dy

where y3= (4/3) C2*Ay and y4= 8,C,°. The FS splitting is given by

Dy = |Ez, — Ez| = \/\3 + X3 + 2x3xa cos 40 (10)

The most important effect of the hh—lh mixing is that both the |Z;)and |Z,)eigenstates are now weakly
allowed and contribute to the optical transitions polarized in the growth (z) direction. It is easy to check
that the corresponding emission probability |M j2?ocC’[1 Fcos2(Da- 2y)]. For the QDs with Cay
symmetry, the main anisotropy axis direction y = 0 and the FSS gets the upper bound A>= y4+ 3 at 3:>0. In
this case only the upper |Z,)state makes a weak contribution in the optical transitions.

B. Anisotropy along the growth axis.

The off-diagonal S term in the hole Hamiltonian (see Eq.(A6)), which is due to the anisotropic
confinement along the growth (z) axis of a QD and/or the off-plane shear strains, leads to a mixing
between the J,= +3/2 (-3/2) and J,= +1/2(-1/2) states and, as a consequence, between the (electron—hole)
pair states with the values of the total angular momentum M, differing on unit, see Eq.(A10) and Eq.(A11).
Hence generally the all four electron—hole pair states [¥;)are mixed by the exchange interaction. For self-
assembled QDs, however, the exchange energy Ay strongly exceeds, as a rule, the splitting of both the
bright and dark exciton states An and J,, respectively, so that the bright—dark coupling can be negligible.
The resulting exciton ground state then reduces to a form

4». 4 .
By ,) + 1h) F e*2%¢| — 1h)] — —=&®*[|07) F X201}, 11

')

|Dm>17n+’h ] = o)) - DL g 1y 5 2] 1), (12)

where the phases @, and @4 depend on the anisotropy parameters ¢ and ® [25]. For the obtained states, the
FS splitting Ag= |Egi- Es2| and Ap= |[Epi- Ep2| are given by
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1 8 .
Ap — \/ AiA2 4 Fﬁ_.qgag, + AN, cos2(20— 6), (13)
Ap = /AL + ASA? + 4AT A3, cos dw. (14)

We observe that in the presence of ¢ the heavy hole-light hole mixing, similarly to the previous (in—
plane anisotropy) case, leads to an appearance of the off—plane polarized component. (Remember that the
M,= 0 states are optically active with the transversal polarization.) As for the in—plane polarized states, it
seems that here the existence of p has more significant influence than c. Indeed, as discussed above, in the
presence of p the relevant [X)and |Y )states are generally nonorthogonal, see Eq.(7). However, from the
expressions (11) and (12) definitely follows that the Bi(D1) and B(D,) states are orthogonally polarized in
the lateral plane. The polarization directions are titled with respect to the [110] axis at the angles ¢v (q)
and @pt+ w2 (@at+ w2), respectively. It means that in the presence of ¢ the orthogonality of the bright states
is preserved, as for ideal QDs. Similar conclusion is valid for the FSS of the bright states. Comparing the
relevant splitting A; and Ag (see Egs.(3), (4), and Eq.(13)), one can see that the VBM—exchange interplay is
more effective in the presence of p as in the presence of 6. Indeed, A= Apt O(p) at p <1 (o = 0), but Ap~
At O(c?) at 6 <1 (p = 0). Hence we can conclude that the main VBM effect in QDs is due to the
confinement and strain anisotropy in the plane of a dot.

IV.IMPACT OF EXTERNAL STRESSES

The obtained results can be extended to the case of QDs under the external stresses. For the in—plane
stress, the stress—induced hh—lh mixing is introduced through the strain tensor components &x- €yy= p(Sii-
Si2)cos20x and ey= (1/4) pSasin20x, where p is the stress magnitude, S; are the components of the
compliance tensor, and the angle 0x sets the external stress direction with respect to the [100] axis. The
corresponding term in the Bir—Pikus Hamiltonian R(p) = pye™,, where the angle 6, determines the (stress—
induced) strain direction with respect to the [110] axis. For the tensile (compressive) stress along the [110],
[110], or [100] axis, 8,=3(0), 8,= 0(2), or 0,=7(-7). (We take the compressive stress as negative.) Besides,
the hh-1h splitting introduced in Eq.(A9) is replaced by En(p) = En“+ b(S11-S12)p [22]. From the results
presented in the Section III A we immediately conclude that the properties of the exciton ground state in
QDs under uniaxial stress depend on the dot symmetry and the stress direction which now operates the hole
mixing parameter y, in agreement with previous results based on the symmetry consideration [26].
Assuming that the dot parameters (An, Aj, and Ag) are not change under the external stress, a combined
effect of the stress—induced hole mixing and the exchange interaction will be here of a paramount
importance. Below we concentrate on a behavior of the bright exciton. For symmetrical QDs with Cay,
symmetry, which show no built—in anisotropic strains, the angle a = y = 6, and therefore the FSS is
governed directly by the external stress direction 6,. For the stress oriented along the high symmetry axis,
the FSS, according to the Eq.(3) and Eq.(4), is given by

A = |AF (4/V3)C1CA, (15)

where a ” - ” or ” + ” sign refers to the tensile (compressive) stress or compressive (tensile) stress along the
[110] ([110]) direction, C(Cy) is given by Eq.(A9) with p = p,= dSap4, and Ei®— En(p), as noted above.
Believing that A >0, from the result (15) follows that the FSS can be tuned to zero by means of the tensile
stress along the [110] direction or the compressive stress along the [110] direction. If the external stress
orientation deviates from the high symmetry axis, the original symmetry is violated and the FSS cannot be
tuned to zero. For example, for the stress along the [100] axis, o = +4 and A; reduces to

2 l el O (160
A = \/(C?L\I. - C34)" + ?GC‘TCEA;,. (16)

where Ci(C») are given by Eq.(A9) with Ex®— Ew(p) and p,=v3b(S1i- S12)p2. One can proof that the
elongated QDs with C,, symmetry (64= 0) will show similar features. For QDs with C; symmetry, no
crossing of the bright exciton levels is possible at all, since now the orientation of the main anisotropy axis
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and, consequently, the stress—dependent angle a in Eqgs.(3) - (4) will depart from the [110] ([110])
direction. To illustrate, the FSS versus p along the [110], [110], and [100] axes given by Egs.(15) - (16),
respectively, is presented in Fig. 3. Calculations are performed with a set of typical parameters b=-2 eV, d
=-5¢eV, Sy=1.17 x 10"? cm*dyn, Si»=-0.37 x 10" cm?/dyn, Ss= 1.7 x 102 cm?dyn [27]. For other
parameters we take Ex”= 20 meV, A= A= 10peV, and A= 100peV. The obtained results are in a
qualitative accordance with those based on the atomistic pseudopotential calculations for pure InAs/GaAs
QDs previously reported in Refs.[15, 26]. We observe in Fig. 3 that for the stress along the [110] and [110]
directions, the FSS behaves almost symmetrically. Besides, for the considered stress region, the splitting
shows a linear dependence on the stress magnitude because Ag > Ap, A1 Using the linear approximation, the
zero value of A, is reached at the critical stress
Ay VEES
PR Y-

([.'\.'44' ,

which may be different largely from QD to QD belonging to the self-assembled QDs structure. For the
stress along the [100] axis, the FSS has its lower bound A= Ay at p=0.

FSS (ueV)

60 30 0 30 60
External stress (MPa)

FIG. 3: The FSS of the bright exciton as a function of the uniaxial stress along the [110], [100],and
[110] crystallographic directions.

According to the above presented results, the polarization directions of the bright exciton states also depend
on the external stress magnitude and orientation, in agreement with the previous results reported in the
direction, the polarization direction is still set by the high symmetry axis. There are here, however, some
peculiarities. When the stress is oriented, for example, along the [110] direction, the |X)([Y }) state of the
bright exciton is polarized along the [110] ([110]) axis below piio, but the polarization jumps to the [110]
([110]) direction after pi1o. Indeed, y,= 0 and y; changes a sign at p = pi10 at 0= 0. Consequently, the phase
®;, which obeys the equation tan(2®;) = x4 at 0= 0, see Eq.(5), differs by 90" below and after piio.
Similarly one can check that at enough large values of |p| (when the approximation C;C,As>A is valid) the
stress along the [100] direction induces a rotation of the polarization directions from their conventional
directions along the [110] and [110] axes in unstrained QDs towards the [100] and [010] directions.

V.SUMMARY

In summary, the exciton ground state in real quantum dots is considerably affected by a mixing of the
isospin states in the valence band. In particular, the heavy hole—light hole coupling triggers a considerable
contribution in the off—plane polarized optical transitions. It turns out that the main influence on the exciton
properties is due to the confinement and strain anisotropy in a plane of a dot. For the in—plane anisotropy
case, the fine structure splitting of the exciton ground state and the polarization of emitted photons as well
are significantly dependent on the orientation of the main anisotropy axis in the plane of a dot with respect
to the dot orientation. Such result is a consequence of an interplay of two leading mechanisms which
modify the spin states in a quantum dot. The first mechanism is given by the Luttinger-Kohn-Bir-Pikus
terms which couple the hole spin states and are due to the shape asymmetry and anisotropic strains built up
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in a quantum dot and/or arising out of the external stresses. The second mechanism is due to the hole—
electron exchange interaction which modify the overall exciton spins. The presented here analytical results,
covering some special cases discussed previously in the literature, allow to predict qualitatively the
excitonic properties in quantum dots with different features. In particular, a behavior of the FS splitting in
dots affected by external stresses falls under consideration.

Appendix A: 4 x 4 Luttinger—Kohn-Bir-Pikus model.

According to the Luttinger—Kohn and Bir—Pikus (LKBP) theories, the valence band is described by a (4 x
4) matrix in the |3/2, J,)Bloch functions basis [21, 22]. In the {|3/2,3/2), |3/2, -1/2), |3/2,1/2), |3/2, -3/2)}
basis this matrix reads as

P+Q R —V2§ 0
Rl P-Q 0 V28

(A1)
—Vv258t 0 P-Q R
0 V2§' Rl P+Q
The matrix elements are given as a sum of kinetic and strain terms:

P = Fik* + as, (A2)
~ 9 2 9 h \
(2 = ",2(,1.; + l,; — 21._:) + 3(-:’11 + Eyy — 25::) (A3)
- , d , s
S = V6Ta(ks — iky)k: + —5 (e — i) (A4)
—~ 9 9 .~ \/§ . \
R = —V3[Fa(k2 — k2) — 2i73kzky) + bleasr — £y — ideay, (A5)

where k= {koky} (x || [100],y [/ [010]) is the in—plane momentum operator, g;= &; are the strain

tensor components with gi= & and € = gt &yt &, Ti= -;Tuyi with y; the Luttinger constants (in what
follows we take y>= v3), and a, b and d are the deformation potential constants. For self—assembled QDs,
the hh—1h degeneracy lift can be due to biaxial strains and/or different confinement in the growth direction
and in a plane of a dot, see Eq.(A3). Off-diagonal R (S) term describes the hh—lh mixing due to the
confinement anisotropy and anisotropic relaxation of strains in the plane (along the growth z axis) of a dot.
Using the heavy—hole band as the origin of the energies and taking an average over the hole envelope
functions (we take for simplicity the same envelopes for the heavy and light holes) (R)= pe™¥ and (S)= ¢
%o the dot Hamiltonian takes a form

0 pe”  _\f2ge7?

p o200 _ E,(,?) 0 \/30 o —2iw -
2 (0) 2%y (‘AG)

—\/50'6"'“" 0 _Elh pr_,.—-w

0 \/j o2 pﬁ:sc' 0

As noted above, the case of the in—plane anisotropy is described by the R term, see Eq.(AS), which leads to
a mixing between the J= +3/2(-3/2) and J,= -1/2(+1/2) hole states. Taking the amplitude ¢ = 0, the
resulting eigenfunctions for the electron—hole pair states (the exciton ground state) can be written as

|W1,) o Cy| # 1h) — Coe®¥| F 11), (A7)
|Ws4) ox Cy|# 2h) — Coe®¥ |0, (A8)
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and the corresponding energy is Eq=2 LEj,"- b )J. The phenomenological parameters p
and y determine the hole coupling strength (amplitude) and the main anisotropy axis orientation in the QD
plane with respect to the [110] crystallographic axis, respectively. The states involved in Egs.(A7) - (A8)
are labeled by a number denoting the projection of the total angular momentum M,= J,+ s, and a letter h or
1, denoting hh and lh exciton states, respectively. For the M,= 0, a "+" or "-" sign denoting electron spin up
or down is appended to distinguish between the two lh exciton states. Remember that the [M,| = 1 and M=
0 states are optically active (bright excitons) with the lateral and transversal polarization, respectively.
States with |M;| = 2 are optically inactive (dark excitons). The probabilities for the exciton to be hh and lh
exciton are given by

(10

: (0)
Cra = \% (1 " L) . (A9)
- (Ef)? + 4p?

respectively. Note that generally the parameters p and y depend on the mutual orientation of the dot
elongation axis 0y and the strain direction 0, see the left panel in Fig. 1. Taking (R)= pae st pse?’, it
turns out that p = [pa™+ ps+ 2papscos2(04- 65)]"* and tan(2y) = [pasin204+ pssin20][pacos204+ pscos26,] ™.
Similarly, keeping only the ¢ term in the above Hamiltonian, the resulting pair states can be written as

[W),) oc Ay +1h) — Ae*|0), (A10)

|W34) o Ay 2h) — Aoe™™| £ 11), (A11)
where the weights A, are given by the expression (A9) with replacement p — V2.

Appendix B: Short-range exchange Interaction

The fine structure of the exciton ground state in QDs is governed mostly by the short-range exchange
interaction, which can be presented as [4, 23]

]’Is“z = — Z ’fl,‘(f,’ ':z:l ], + ]),‘(7,‘ ':E:' Izl (B‘l)

2
=2,z

Here o; are the spin 3 matrices, a; and b; are the spin—spin coupling constants, and the cubic (second)
term in Eq.(B1) is believed to be small. In the (considered here) isotropic approximation, where a= a and
bi= b, the exchange Hamiltonian matrix in the space spanned by the | + 2h),|- 2h),| + 1h),|- 1h),| + 11),]-
11),|07),|0")states has a form

(-3 % 0 0 0 0 0 0 )

2 20 0 0 0 0 0

0 0 520 2£0 0 0

0 0 0 &0 220 0 -
st: = - ve (BZ)

0 0 2£0 20 0 0

V3 V3
At At

0 0 0 220 220 0

0 0 0 0 0 0 &= 28«

0 0 0 0 0 0 25 2= )

As follows from the above matrix representation, the linear (first) term in Eq.(B1) leads to a splitting
As= 3a2 between the bright and dark exciton states, whereas the dark states become hybridized by the
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cubic (second) term and, consequently, split by the energy d,= 3b2. Besides, there is a coupling between
the bright states of the hh exciton and the lh exciton with the same angular momentum M,= +1 and M= -1
as well. It means, according to the results (A10) and (Al1l), that for dots showing the anisotropy along the
growth axis, the exchange interaction mixes generally the all four electron—hole pair states. For the in—
plane anisotropy case, such a complication is absent and the exciton Hamiltonian reduces exactly to the two
independent submatrices describing the bright and dark doublets separately.

—
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TOHKASA CTPYKTYPA DKCUTOHA B HUBKOCUMMETPUUYHBIX KBAHTOBBIX TOUKAX

P.Ixanenuaze u E.l{umuimsuim
I'pysunckuti mexuuueckuti ynugepcumem, Mucmumym xubeprnemuxu um. B.B. Yasuanuose

PE3IOME

B pamxax teopun Jlattumxepa — Kona u bupa — Ilukyca pacunutaHO OCHOBHOE COCTOSHHE JKCHUTOHA B
OJIMHOYHOM TOJIYITPOBOJHUKOBOW KBAHTOBOM TOYKE C HU3KOW cuMmmerpueil. [lokazaHo B IBHOM BHAE, YTO
COBMECTHOE JICHCTBHE 3JICKTPOH — JBIPOYHOr0 OOMEHHOrO B3aMMOICHCTBUS M CMEIIMBAHHS TSHKEIOW U
JICTKOHM JIBIPKH UIPAET CYIIECTBEHHYIO POJib. DTOT KOMOMHHPOBAHHBIM 3()()EKT MPUBOAUT K 3aBUCUMOCTH
TOHKOW CTPYKTYpPbl 9KCUTOHHBIX YPOBHEH M MOISPU3AIMU SKCUTOHHBIX COCTOAHWN OT HalpaBlIEHUS OCH
AQHU30TPOITUU OTHOCHTEIBHO OpHEHTAIIMM KBaHTOBOM TOYKH. OOHAPYKEHO, YTO OCHOBHOE BO3JICHCTBHE HA
OCHOBHOE COCTOSHME IKCUTOHA CBA3AHO C aHM3OTPOIMEN B IJIOCKOCTHM KBAHTOBOW TOYKHU. IlomydeHHbie
AQHAJIUTUYECKUE PE3YNIBTAaThl 00CYK/ICHBI JJIs1 HEKOTOPBIX CIICHUAIBHBIX CITy4acB.
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OUBNYECKAS XUMUA

HUCCJIEJOBAHHME HAIIPSKEHHBIX HAHOCJIOEB ITOJIYIIPOBOJHUKOB A"VBY'HA
JTUAJEKTPHUECKHUX NOJIOKKAX

A.M.Iamaes', O.1.Japapamsum’ , M.U.Enykamsumi®, 3.I". Axsnemuanu™, JI.I1.Berukosa®
P.I' I'ynses’, M.A JI3aranus™* | B.I1.3nomaH0B’

"Hanmnonanpaas Axagemust ABHALNH Asep0Oaiimkana , baky
? Toumucckuii ocynapcTsennslii YauBepcuter uM. M. JlXkaBaxXumBumm
3 Uncturyt ®usuku um.D. Anaponukamsuny , Toumicu
* Uncturyr ®usnyeckoit u Opranuueckoit xumun um.I1.Menukumsuiy , Toumicu
> MockoBckuit ['ocynapcrsennsiii Yausepcurer uM.M.B.JlomoHocoBa

W3BecTHO, YTO B HAHOCIOSAX TIOJYIPOBOJAHMKOB OOHAPYXKEHbl W3MEHEHHsT B OJHEPreTHYECKOM CIEKTpe
HocHUTeNnell 3apsga, OOyCIOBJIEHHblE KBaHTOBBIMH d¢¢ekramu.Ho 3HaumTenpHO Oonpline KonebaHHs B
9HEPreTHYECKOM CIEKTpe HAOIIOAAI0TCA IPH aHU30TPOIHOM AedhopMaluy MONTYHPOBOJHUKOBBIX HAaHOCIOEB —
NPU HE3HAYMUTEIHHOM M3MEHEHHHM DPACCTOSIHUS MEKAY COCTaBISIIONIMMH HMX AaTOMaMH CYIIECTBEHHO
peoOpa3yloTcs TEIUIOBbIe, ONTHYECKHE, MEXaHWYeCKHe CBOWCTBA. TeXHOIOrust co3qanus ae)OpMUPOBAHHBIX,
HAINpPSDKEHHBIX HAHOCJIOEB OCHOBaHa Ha TETEPOSNHMTAKCHU 3a CYET pa3iduusi B TapaMerpax pemierkd. Ha
npumepe nonynposoanukos AVBY! nokaszano, uto, HanpuMep, MIMPUHA 3aIPENIEHHON 30HBI MPHU JeQOpMaIKAX
~ 0,01 Bo3pactaer ~ Ha 50% oT ucxomgHoro 3HaueHHsA. IloaTOMy BecbMa Ba)KHO MOIy4YaTh COBEPILECHHBIE
HaNpsDKEHHBIE HAHOCIOM C  YIPaBsIeMbIM TaHICHIMAJIbHBIM  IApaMETPOM  PEIIeTKU(OIPEIessIOIIero
nedopMaIrio B CIOSX)PU U3MEHEHUH X TOJIMHBL [IpencTaBieHsl pe3yibTaThl MO pa3pabOTKe TEXHOIOTHUH
TIOJTYYEHHs] HAHOCIIOEB C PEryIUPYEMbIM YPOBHEM HAIPsDKEHUH MPH U3MEHEHUH UX TOJIIMH, a TAKKe BIIHSIHHE
CyOCTpYKTYpBI CJIOEB Ha JOCTIDKCHHWE MaKCUMalbHBIX Jedopmanmit. OOCyXIaroTcsi MepCIeKTHBHBIC
WCCIIC/IOBAaHMSl HANPSDKEHHBIX HAHOCIOEB JUISl  pEAM3allid  HHU3KOMEPHBIX CTPYKTYp (ABYMEpHBIX |
OTHOMEPHBIX) U HAalpaBJICHUs] BEIYIIUXCS MHHOBAIIMOHHBIX IPHKJIATHBIX HCCIEJOBAHUI C HCIIOIb30BAHHEM
HAIPSDKEHHBIX HAHOCIIOEB.

HccnenoBanusi B MaTepUaIOBECHUN CYIIECTBEHHO PACHIMPHIIN TPENCTaBICHHE O (OPMHUPOBAHUM
(dyHIaMEHTaIbHBIX CBOWCTB MaTEpPHaliOB — OKa3aJioch, YTO OHU 3aBHCAT HE TOIBKO OT WX COCTaBa
(xummuecKkoil (OpMyIBl COCMHEHHWH WM TBEPABIX PACTBOPOB), HO M OT HE3HAUYHUTENLHOTO M3MEHCHHUS
paccTosHUSL MEKIY COCTABISIIONIMMHU HX aToMaMd. Ko BTOpOMY ciy4aro OTHOCSITCS M HaIllpsDKEHHBIE CIIOH
MOJYIPOBOJAHUKOB, OCOOCHHO, KOrJla OHHM TMOJy4YeHbl Ha JHRJICKTPUYECKHX TOMIOKKAX —TMpH
paccoriacoBanuu > 1%. BosHuKaer 1eblil psili BOIPOCOB, HAYMHAS OT Pa3paOOTKH METO/OB IOJIY4YCHHS
COBEpIICHHBIX CJIOCB B OOJNBIIOM JHara3oHe WX TOJIIMH, OCOOCHHO W HaHOJHMANa30Ha, W BKIIOYAS
WCCIICIOBAHNS PA3IMYHBIX CBOWCTB — PErHCTPAlliM WX W3MEHEHUS MO CPaBHEHUIO C HEHANPSHKEHHBIM
COCTOSTHHEM.

dusnueckne W TEXHOIOTHMUYECKHE TPOOJIEMBl B HANPSDKEHHBIX CIIOSX HMCCIIEOBalMCh HA TNPHMEpE
nomynposoaunkos A'VBY!. Huke mpuBomstcs pesyabTaThl, HONTydeHHBIE BIEPBBIE 3a TOCIEIHUE TOIBI U
MPE/ICTABJICHBI TAKKE TEKYIHE UCCISIOBAHUS:

1.Pa3paboTana MOJIEpHH3UPOBAHHAS TEXHOJOTHS MOJICKYJSPHOW SIMUTAKCHU C «TOpSYEH CTEHKOM»
ans BeIpamuBaHus cioes nomyrnpooaaukoB AVBY! (PbSe, PbTe, PbSnTe, PbSnSe, PbSSe) Ha
manekTpuyeckux nomioxkkax KCl, NaCl, BaF,, CaF, u BeicokoomHom Si (puc.l) [1]. B nuamazone
TemiiepaTyp pocra (temmeparyp mnomioxku) 200-350°C u TemmepaTyp MCTOYHHMKOB — TOJHMKPHUCTAIIIOB
cootBercTBYIOIMX coctaBoB — 450-510°C u ckopoctu pocta 0,1 -50 HM/C MOJy4YaucCh CJIOW TOJIIMHOM
20HM-4MKM. YCTaHOBJEHO [Ba JTala pocTa — MEAJEHHBIH U YCKOpeHHBIH (puc.2). Perymmpys
SKCTIICPUMEHTAIILHBIC YCIIOBHSI, MOXKHO MEHSTH BPEMS <«BaJlepKKW» - TEpBOrO dTara, CBA3aHHOTO C
3apOXKIICHHEM 1 00BEIMHEHUEM OCTPOBKOB — 3apOJIBIIIEH M CKOPOCTH POCTa Ha BTOPOM JTArle MOCIOHHOTO
3apanuBanus [2]. s ObICTPOro CILIOIIHOIO 3apallliBaHUs CJIOCB BaKHO YBEIWYHMTHh TaHTCHI[UAIBHYIO
CKOPOCTh YK€ 3apOJbIIIEH, KOTOPOE JOCTUTACTCS COBMEIICHUEM ECTECTBEHHHBIX U KCIEPHUMEHTAIBHBIX
ycnoBui. [Ipy GONBIIOM HCXOMIHOM PaCcCOTTIACOBAaHUU MEXKILY CIOEM U TOTI0KKON OBICTPO pacTer yrnpyras
SHEPTHS CII0S C TOJIMHON M Takxke OBICTPO (TMPH TONIIWHAX ~ SAMHUI HM) H3-3a peJaKcaliy HapsHKeHUH
BO3HHMKACT JHCIOKAI[MOHHAS O00NacTh y TPaHMIBI paszena Nomaokka—ciold. CHIBHO HampsuKEHHBIC
ATOMHBIE CBSI3U MIEPECTPANBAIOTCS, YKPEIUIACTCS B3aMMOJICHCTBUE MEX/TY aTOMaMH TOJIOKKH H CIIOs. DTO
MPHUBOJUT K YMEHBIICHHIO KPUTHUYECKOTO pa3Mepa 3apolbllliel, POCTy HMX 4YHciIa M K YCKOPEHHIO
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CILTONIHOTO 3apanuBaHus cinosl. Takoil mpolecc ycuinBaeTcs OHKEHHEM HOPMallbHOM CKOPOCTH pOCTa
CIIOEB, KOTOPOE JOCTHIaeTCs YBEIWYCHHUEM pPACCTOSHHUS OTKPBITOTO Kpas aMIylbl ¢ HCTOYHUKOM
SMUTAKCHH JI0 MOAJIOKKH B TeXHOMorumdeckou cucreme. [Ipm tommmuax cioeB Beime 20HM OHH pacTyT
CIUIOIIHBIMA M MOHOKpHCTalu4eckuMu. [Ipu paccoriacoBaHnu Mex1Iy MOJUIOKKOW U cioeM >10-12%
TUIOTHOCTh JMCIIOKAIMI BBICOKA M TAKXKE MPOUCXOTUT TIEPECTPONKA aTOMOB B CJIOE, HO B3aUMOJICHCTBHE C
MOJUIOKKOW 3aMETHO OCIa0eBaeT, CJIOM 4YacTO PacTyT C TPEHIMHAMH M HaMHOTO C YXYJIUICHHBIMH
Xapakrepuctukamu. Ha pwuc.3 mpuBOmUTCS 3aBHCHMOCTH TaHTEHIIMAIBHOTO ITapaMeTpa pPElIeTKH OT
JIIUTCIBHOCTU POCTa MJIsI HECKOJIBKHUX T'PYyHIT CJIIOEB C OTIMYAIOIMIMMMUCA TOJJIWHAMH, BBIPpAIICHHBIX IIPU
Pa3IUYHOM YaJICHUH MOUIOKKHM OT KBapIleBO ammyibl. Kak BUIHO, HA JIMHUH O, CJIOW C TOJIIMHAMHU 55-
180 HM MMEIOT HaWBBICIINE TaHTEHIIMAJIBHBIE TTapaMeTPhl PEIIeTOK U BeChbMa MPUTOIHBI JUI Pa3IMYHBIX
puiIoxkeHui [3].

Perympoeanue ckopocti pocra cnoes (T,., = 240°C)

Paccrosinte xpas
Tenmneparypa Cropocts pocta
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Puc.1. Cxema KOHCTPYKITHH TS BRIPAIIIMBAHKUS JITUTAKCHATIBHBIX CIIOCB METOIOM «TOPSTYC CTCHKH:
1 — momToKKa; 2- 3aCIOHKA; 3 — pauallMOHHBIN SKpaH; 4 — KBapIieBasl aMITyJla; 5 — HICTOYHUK; 6 — HarpeBatelib; 7 — TpyOKa
JUTs TIapOB ceJieHa; 8 — 9KpaHbl; 9 — HCTOYHUK TapoB cerleHa
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JnHTensHOCTE pocTa, © JIIMTeNBHOCTh pocTa, ¢
Puc.2. 3aBUCUMOCTD TOMIIIMHBI 3UTAKCHATIBHBIX CJIOEB Puc.3. 3aBucuMOCTb TaHTEHIMAILHOTO MapaMeTpa
PbSeoT BpeMeHM pocTa MPU  Pa3IMIHBIX PACCTOSHHSX PELIETKH OT JUTUTENLHOCTH POCTa CIIOEB HA BTOPOM dTalle:
AMITYJIbI C KICTOYHUKOM 3MUTAKCUH J0 TIOIJTOKKH: a) 1=2,5 MM , Tyuer=470°C,
a) 1=Imm, 6) 1=12Mm 0) 1 = 12mM, Tyer=470°C, B) I = IMM, Ty =510°C
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JIOmONMHUTEIRHOE BO3pPACTaHMe TAHTCHIIHAIBHOTO MapaMeTpa PEmIeTKH OXKHIACTCS TPH JajbHEAIIeM
YBEIUYEHUH PACCTOSIHHUSI MEXKIY TOATIO0XKKOM U aMIyioi 10 20MM U TIpU 3TOM BpPeMS «3aJIepKKu» OyaeT
nocturathb ~ 100c¢(puc.4a,0) [4].

25_ T T T T T T T ™ 100_ T T T T T T T ,J u
L 2 L s
’ 4
] a 0_ 5 »
= 20F 1 & 80r / -
: o s '
L E > 7/ J
8..; P 7
s 1 & 60f 1
= L -1 !
0 = 3 % L "
c = B 0
[T~ o
a: 10F . 540* :
035 4]
® B - . - L E
2 E 5
g 5 1 820f .
. T o
& ™ Ny - <
1 [} ! 1 1 1 i | i L 1 1 ] 1 A
3 10 15 20 3 190 15 20

Paccrosinue Mexay aMnysioil ¥ NoJJIONKKOH, MM

Puc.4.3aBucuMOCTb CKOPOCTH (@) ¥ BpEMEHH «3aIepKKn» pocTa (0) srHMTakcHabHBIX ciioeB PbSe
OT PACCTOSIHUS aMITYJTbI C UCTOYHUKOM JITHUTAKCHH 10 TOIOKKH

2.J11s1 MHOTHX 3aJa4 1e/Ieco00pa3Ho TOCTHIKCHHE MAKCHMAJIbHBIX OCTaTOYHBIX AeOpMalluii B CIOSX,
KOTOPLIC OUCHUBAIOTCA YCPE3 ONPCACIIACMBIC 3HAUCHNA TAaHI'CHIHAJIBHBIX MMapaMETpOB KpHCTaHHH‘IeCKOﬁ
pEIIETKN HAMPSHKEHHOTO ¥ HEHAPSHKEHHOTO CJIOEB (COOTBETCTBYIONIEH MOJTOKKE TAKOTO )KE COCTaBa): €=
(acn—an)/an (acs. U an, — MapaMeTpbl PEIICTOK CJIOS M MOAI0XKKH). C MPUPOCTOM TONIIMHBI CIIOCB M3-3a
peinakcannuu HaHp;I)KeHI/II‘/'I OCTAaTOYHBIC Z[e(bOpMaHI/II/I, €CTCCTBCHHO, YMCHBIIAIOTCA W MaKCUMAaJIbHBIC HX
3HA4YCHUS BBISIBIIIIOTCS B HAHOAMAIA30HE TOJNIIHMH, HAIIPUMeED, I ciiydast pocta ciosi PbSe Ha momnoxke
KCI1 — 0,018 (ucxomnoe paccoriacoanue 0,026), a npu pocre ciioss PbSe Ha momnokke NaCl — 0,023
(ucxonHoe paccorimacoBanue ~ 0,08). Hepbicokume ocraTouyHble AedopManuy HaOMIOMAOTC M B CIOSAX
TOJIIIIMHOM BIUIOTH 10 4MKM — CBEPXKPUTHUYECKUX CTPYKTypax.

Ta6auua 1. TaareHuanbHBIC TAPAMETPhI KPUCTALTHISCKUX PEIICTOK, TOIIIMHBI 1 OTHOCUTEIILHBIC
paccorjiacoBanus - 1eopMaIiuy sl STUTaKCHaIbHBIX ¢l1oeB PbSe, BeipamieHHbIX Ha momnoxkax KCl

(100)
o = L2
Eo|g 5 z
=) E g g =
£ & b 2 < |8 OTHOCHT.
] 0 (=] 4
5 E " § Exg 5 = paccornac.-aehopMatus
Ne Cnoi & g =4 Z 3 = v A
s ak = g g |2 g= o TPbSe qm
f=" = =
=) 2 5 = = = g
el | &z | 2l
= 5 L & |8
= = g g
e = 15
1 CJI-69 240 510 3600 | 6,126(4) | 1830 0,5 0
2 CJI-216 240 450 300 | 6,136(4) | 193 0,6 0,163
3 CJI-237 280 470 90 | 6,142(1) | 157 1.8 0,261
4 CJI-578 240 470 30 | 6,149(0) | 181 6 0,375
5 CJI-541 300 470 80 |6,162(4) | 101 1,8 0,586
6 CJI-558 300 470 77 6,172(0) 83 1.1 0,751
7 CJI-555 300 470 75 6,177(4) 68 0,9 0,833
8 CJI-562 300 470 67 | 6,188(2) 52 0,8 1,012
9 CJI-185 240 450 360 | 6,203(3) 41 0,1 1,257
10 CJI-180 240 450 315 | 6.211(3) 29 0,1 1,379
11 CJI-177 300 450 330 | 6,219(5) 22 0,07 1,518
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Kputrnueckast ToimuHa, Mpu KOTOPOH BO3pOCIIasi ¢ TOJNIIWHON CIIOs YIPyTasi SHEpTHUs Iepenaercs Ha
CO3JIaHME TUCIIOKAIIMH M UX MEepeMEIeHIe, HanpuMep, s pocta cinos PbSe na noanoxkke KCI cocrasisier
~ 2HM. Peanm3zamus CBEPXKPHUTHUYECKHX CTPYKTYp SABISETCA CIIEACTBHEM BBICOKOW KOHIIEHTPALUU
HECTCXNOMCTPHUYCCKUX Z[e(i)eKTOB, pasMearmuxcsa, TOYHEC aHHUTHIMPYIOMUX, B dApax }:[I/ICJIOKaIII/Iﬁ,
BBI3BIAIONINX UX TOPMOXKEHUE M TIEPEXO0]] K BMKEHHUIO OT CKOJNBXKEHHUS K «IIEPEroi3aHuIo, 3HAUUTEIBHO
Oomee MeIeHHOMY. BeckuM MOATBEpKIACHUEM TaKOro BIHMSHHUS SIBISIETCS BO3pAcTaHUE YPOBHS
OCTAaTOYHBIX JieopMallyii B CIOSIX MPH OTHOCHUTEIBHO MOBBIMIEHHBIX Temrepatypax 280-320°C u mambix
CKOpOCTSIX pocTa ~ lHM/c (Tabmmma 1), korma murpanys IeeKToB yCHIMBAETCS M WX IepeMelleHue
MOCIEBAET 32 CKOPOCThI0 pocTa [5].IIpHpocT B TaHTeHIMANBHBIX MMapaMeTpax PEmeTOK HANpPsHKEHHBIX
CIIOEB TOJATBEPXKIACT, UYTO JeQOpMalii B HUX ONPEACISIOTCS PaccoryiaCOBaHHWEM C TIOJJIONKKOW, a He ¢
pas3iuyueM B HMX TEMIIEPaTypHBIX KOd(PQPHUIMEHTaX pacliupeHus: (Korja TaHTEHIMAIbHBIA Mapamerp
pEIIeTKA CIIOeB U3MEHsIeTCsl B 00paTHyI0 cropoHny).llpu wccienoBaHuM CTPYKTYPHI CIOEB JUIS OJHOM
TpYyNIBI, HapuMmep, Ipyu U3MeHeHHH ux ToinmuHbl, oT 300 mo 70HM, moka3zaHo, YTO pa3Mmep cyO3epeH
mensercs or 90 mgo 30HM W TpU pa3OpPUCHTAIIMH MEXIYy HHUMU ~ OTHAACCITUTHICAYHAS MUHYTHI
KpUTHYECKasi TONIMHA cocTaisieT 6osee 100HM U COOTBETCTBEHHO peNakcaius HapsHKeHUH Ha TpaHulle
cy03epeH He MMeeT MecTa. B To ke BpeMs pa3opHeHTalMs MEXAY OTIASIbHBIME KPHCTaNIMTaMH-0JIOKaMH,
Korjga OHHM BBIABJIAIOTCA, Ha UX T'paHUIC JOCTUTACT CAWMHUI] MUHYT U pElIaKCalluiO HaHp;I)KeHI/If/‘I B OTOM
cilydae yke HeoOXOJWMO YYHTHIBaTh. Pa3mepbl cy03epeH W HAmpsHKEHUS B CIOSX OMPEICISIFOTCS 10

MOJTYHIMPHHAM PEHTTEHOBCKHX AH(PPAKTOrpaMM CIIOEB, 3alTUCAHHBIX MTPH OTPasKEHHUHU OT Tutockocteit (200)
u (600) (puc. 51, II).
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]
o 2000 i 3
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2 e CJI-223 M A=30", 68 mm
5 Y1 A=9" 21mm 50
= 6 S0
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Vrael 20 ckaHMpOBaHHA , Ipaj.

Puc.5.[IudpaxrorpamMmel 6-20 ckaHUpOBaHUS SIMTAKCUABHBIX clioeB PbSe paznudanoit
TOJIIMHEI :] - TUIOCKOCTH peHTreHoBcKoro orpaxkerus (200), 11 - miockocTh
PEeHTreHOBCKOro oTpakeHus (600)

B tabnuie 2 npuBOAATCS WX 3HAYEHUS JUISL IPYrod TPYIIIBI CIIOEB B IMUPOKOM JHAINa30HEe X TONIIHH

1830 - 180uHM m pa3mMepbl cy03epeH MeHstorcs B mpeaenax 200-70um [6,7]. CpaBHuBas 00a ciydas,
MOKHO 3aMETHUTh, YTO IIPH MaJbIX TOJIIHMHAX CJIOEB pa3Mep Cy03epeH ObICTPee YMEHbBIAETCS.
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Tabauna 2. JlanHbIe TI0 aHANK3Y TUCIIEPCHOCTH W HANIPSHKEHUS B SMTUTAKCHANBHBIX cIosix PbSe

g | B z B-10°, pan
s |§ 4 |ad F; e e Py
& 2 |& . g | gz B9 a, =ape(——+1) 1-v 41g6
N |Eg|E g g g 6—7%& _Aa_Bany A4tg€
CH % E& =¥ E (200)((600) a  4igh .
e E
69 | 1,83 [6,126(5)] 205 -0,16 0,87 1,13 0,12 6,127(0) 0,09
223 [0,284]6,140(6)] 90 921 == 3314146 2,17 6,140(1) 1.7
578 [0,18116,149(0)| 72 3,61 2,70117.0 3,21 6,148(2) 2,6

3.Hapsgy co CTpYyKTypHOH XapakTepu3alliei B CJIOAX MPOBENCHO WCCICIOBAHUE OINTHYCCKUX
XapaKTePUCTUK M JHEPTeTHYECKOro CIIEKTpa HOCHUTENeH 3apdnaa MyTeM pa3BUTHA METOJa ONTHYECKOro
MPONyCKaHUA B IWANa30HE JUIMH BOJH 2,5-25MKM M B HHTEpBaJIe TONIIUH cinoeB SOHM -4MkM. OnTrueckas
XapakTepHu3alys — onpeie]eHrne ToKas3aTtelneil npenomieHus, KodGQpuIueHToB oTpaxkeHus U NOTJIOICHUS,
JUAJIEKTPUYECKOM TOCTOSIHHONM M IIMPHUHBI 3alIPEIICHHON 30HBI HAa IEPBOM 3Tale OCYLIECTBIUIACH IO
CIIEKTpaM TPOITYCKAHHUS CIIOEB TOMIIMHON > (,7MKM, Ha KOTOPBIX PErHCTpUpPOBaliach MHTEp(epeHIIMOHHAS
KapTHHA.AHAIM3 CIEKTPOB MPOBOAWICA 1O Monenu uHTEepdepomerpa Dadpu-Ilepo [8], ucxoms wu3
MapaIeIbHOCTH MOBEPXHOCTH CIIOS TPAHUILIE TTOAI0KKA-CIION M KOT/Ia JUTMHA KOTEPEHTHOCTH 3HAYUTENbHO
BBIIIIE TOJIIIIUHBI CIIOEB.
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JUIMHA BOJNIHBI, MKM
Puc.6. CriekTpbl ONTHYECKOIrO MPOMYCKAHUS SIMTAKCUAIBHBIX ¢j10eB PbSe npu TonmmHax:
a) d=1,83mxMm , d=0,181MxM

C yd4eroM KOT'EpEHTHOCTH OTpPa)XCHHBIC MYYKH CKIAJBIBAIOTCSA IO aMIuMTyae. Ha pucyHke 6
MPEICTaBJICHBl CIEKTPHI MPONyCKaHUs Ui ciioeB PbSe ¢ TommuHON ~1,8MKM M Ha MOPSIOK MEHbBIICH
~180uM. [Ipu Takux M3MEHEHHSAX TONIIMH WHTEp(EepECHIIMOHHAS KapTHHA BUJIOM3MEHIETCS B MOHOTOHHO
BO3PACTAOIIYIO 3aBUCUMOCTD MPOIMYCKAHUS OT JJTUHBI BOIHBI, XOTSI U B 3TOM CJIydae aHaJIU3 IPOBOIUTCS B
COOTBETCTBHHM C Mojenbio uHTepdepomerpa. M3 momenu Dabpu-Ilepo BeiTekaer, uro 2Nd=mlA B
MaKCUMyMax HHTeppEepPEHIIMOHHOTO CIIEKTpa Nporyckanus. [Ipy ompeneneHHBIX 3HAYEHHSX MOKa3aTes
npenomiieHrst N onpenenstores 1 Ko3QOUIMEHTHI OTpaXeHHUs M0 aMIUIUTYJIE T U 110 MHTEHCUBHOCTH R, a
W3 YpaBHEHHUsS MPOIYCKAHWS OICHMBACTCS TIONHBIA KOX(QQUIMEHT moryiomeHus o. [Ipu BbICOKOH
KOHIIGHTpaLMy HocuTenel 3apsama >1-10"8cMm® 30Ha-30HHOE MOrOMmIEHME MO CHEKTPY PACCUMTHIBACTCS
MyTEeM BBIYMTAHUS TIOTJIOMICHUS Ha CBOOOJHBIX HOCHTEINSX Ocyu. M3 IOTHOTO TMOTJIONIEHHS 0. [Ipu
CHIPAMIIGHHH KBaJpaTa POU3BEICHHUS PA3HOCTH 0. -Olcs 5. HA SHEPTHIO (POTOHA, T.€. BYHKITHH [(0f - Oles, )hV ]
= f(hv) ycranaBmuBaeTcs IIUPUHA 3aPEIICHHON 30HBI. ECIM KOHIIEHTpanus HOCUTENEH 3apsijia B CIIOSX
npesbimaer  1:10'%cM™, To HeoOXOmMMO yUMTBIBATH TakkKe BBLIPOKIEHHME HOCHTENEH BBEIEHHEM
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koo dumenta 1/y, 3aBUCSIIETO OT OPUEHTUPOBOYHOTO 3HAUCHHS IIMPHUHBI 3amperieHHOW 30HbI Eg U
nonokeHus: yposHsi @epmu Er. B pesynbraTte cnpsmMieHHs KBaJpaTOB MPOH3BENCHHUS KO3(PQHIIMEHTOB
MOTJIONICHUSI Ha DHEPruio (OTOHA B ATOM Cilydae YK€ ONpEACNsieTCs IMpUHA 3aIlpellleHHON 30HBI IS
YUCTOr0 MONynpoBoaHuka. Ha pucyHax 7 M 8 mpencTaBieHbl CIEKTPaJbHBIC 3aBHCHUMOCTH (DYHKIIUU
[(0 - Ocar)1/yhV]* = f(hv) mns cnoes ¢ TommmHamu 1,8 MkM u 180HM. OnpeseneHHbIE IO CIPAMICHUAM
[(0 - Ocpr)1/yhV]* mHPHHEI 3anpenenHo# 30861 cocTapsioT 0,286 u 0,3313B cOOTBETCTBEHHO I 060MX
cinydaes. T.e. B HanpsbKkeHHOM ciioe ¢ Aedopmanueii €=0,004 muprHa 3ampeleHHON 30HbI BO3PAcTacT ~ Ha
0,055B. JlucnepcuonHas 3aBucuMocth N? =f(A%) mocTpoeHa B pe3yibTaTe ONpeieleHHs IoKasaTeneit
MpENOMIICHHST B MAKCUMyMaxX HHTep(EepEHIIMOHHBIX JIMHHM, KaK YKa3bIBaJIOCh BhIIIe, Jis ciosi PbSe c
tonmmuHou 1,83MKM (puc.9).
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Dneprus dorona , 3B DHeprus $porona, 3B
Puc.7.3aBucumocTs KBaipaTa MpOU3BEACHUSA Puc.8. CriextpanbHas 3aBUCUMOCTb KBajpara
KO (pUIMEHTA TOTTIONIEHHS (C-Oes ) | /Y HA SHEPTHIO Npou3BEICHHS KOO(MUIMEHTA TOTTIOMEHHS (0-Ocsn.) /Y HA
(hoToHA OT 3HEPTUH (POTOHA JJISI AMUTAKCHATBHOTO CIIOS SHEPTHIO (h)OTOHA OT SHEPrUM (POTOHA JTS
PbSe Tommmmoii 1,83MxM SMHTaKCHANBHOro cinost PbSe tommunoi 0,181 Mxm
T T T T T T T T
30l 1. PbSe (n=1-10" cmew=24=1 N

2. PbS1Sey (v=0.96, 0=1,4-101 crr)ea=2321
3. PbS14Sey (v=0.36, n=8,7-10" cmH)e==21=1

Kpaypar nokasarelis rmpenomiuers , N?
wh
]

0 l | l | | | | l
40 80 120 160 200 240 280 320 340

Kpanopat ITHHBI BOTHBI, MEM?

Puc.9. JlucnepcroHHas 3aBUCHMOCTD KBaJpaTa MOKa3aTesis MPETOMIICHHUS OT KBaJIpaTa UIMHBI BOJIHBI TSl Pa3HBIX
cocraBoB PbS;.,Sey

U3 anmpokcuMaIuy AucIepcroHHoi 3aBucuMoct N?=f(A?) K HyNIeBBIM 3HAYEHHAM A ONpEensaach
BBICOKOYACTOTHASl JIMDJIEKTPUYECKAs] TIOCTOSIHHAS €. BaXKHBIH BONPOC — W3MEHEHHE IMOKa3aTels
MpEIIOMIICHUSA TIPU I[e(i)OpMaHI/II/I OLICHMUBAJIOCH ITYTEM aHalJiu3a IMMPOU3BOJHLIX IIHWPHUHBI 3anpemeHH0f/’1 30HbI
no naedopManuuy W TMOKa3aTelsl MPENOMIICHHS 10 SHEpruH (JIMHE BOJHBI), T.e. 1O JMCIEPCHOHHOH
3apucuMoctu [4]. Hampumep, npu aedpopmaiuu e~0,008 mokaszaTenb NPEIOMIICHHS BO3pacTaeT Ha
eNMHUILY, a n3MeHeHne koddduimenta orpaxenus He npepbimaer 10%. CooTBeTcTBEHHO, eciu 0e3 yueTa
3aBHCUMOCTH OITHYECKMX XapaKTEPUCTHK OT JeQopMaliu 10 pe3yibTaTaM CIPSIMIICHUS IMUpUHA
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3anpelneHHor 30HbI coctaBisuia ~ 0,4503B, To mpu ee ydyere ona Obuta yxke 0,4653B, T.e. ¢ yuerom
norperHocTy ee onpenenenns 0,005-0,006oB meHsack BecbMa He3HAYUTENBHO. [10 cMeleHnio CIeKTpoB
MOTJIONICHUSI ¥ W3MEHEHHIO IIBETa CJIIOEB MOXKHO CYAWTH O CTEeleHH JedopMalu B closX. B kadectBe
npuMepa, JUis TOIIUHBL ciios 70uM mpu nedopmaiuu e~ 0,008 mmpuHa 3anpelieHHOW 30HBI, Kak B
MepBOM NpHOIMKEeHUH OBbLIIO yKa3aHO BhIIIe,Bo3pacTaeT B menoMm Ha 0,15 — 0,163B [10].1LIBeT cioeB npu
TONMIMHAX 4MKM M 70HM MEHSETCS OT OJIECTAIIEro METAJUTMYECKOro 0 Ipo3padHoro. Takum oOpasom,
CMCIICHUE CIIEKTpa W W3MEHEHHE I[BETa CJIOCB B YCIOBHAX JeQOpPMAallid MOTYT CIYKUTh JUIS WX
MEpBUYHON xapakTepu3anuu. [lpy aHanmM3e CIEKTPOB TIOTJIOMICHUST MEXKIY OCHOBHBIM KpaeM |
MOMJIOIICHUEM Ha CBOOOHBIX HOCUTEISX BBISBJICHO JOMOJIHUTEIbHOE Mmorsioienue [11].

4.Belie Ha TpuUMepe HaNpPsOHKEHHBIX HaHocloeB PbSe mokazaHbl W3MEHEHHS CTPYKTYPHBIX H
ONTHYECKUX CBOWCTB TI0 CPaBHEHUIO C HEHANPSHKEHHBIM COCTOSIHHEM. VlccliemoBaHMs SIUTAKCHABHBIX
cioeB PbTe, PbSSe, PbSnSe, PbSnTe mno3Bomwnu ompenenuTb M MX CTPYKTYpHBIE M ONTHYECKHE
XapaKTepUCTHKH. B 4acTHOCTH, Ha puc.9 MPUBOIUTCS JMCIIEPCHOHHAS 3aBUCUMOCTh N*=f(A?) 1y1s1 TBepabIx
pactBopoB PbSi.,Sey ¢ comepxkanmem PbSe— 0,96 u 0,56 M ¢ HECKONBKO pPa3HBIMH KOHIICHTPAIHSIMHU
Hocureneii 3apana 8,7-10" u 1,4-10"cym’. HecMoTpst Ha MeHbIIIMe 3HAYEHHUS IIUPUHBI 3aMPEIIEHHON 30HbI
PbSe u3-3a BbICOKOW KOHIIEHTPAIIMK HOCHUTENEH B HUX 3Ta 3aBUCUMOCTH ITPOXOJIUT HUXKE, 4eM s Oonee
IIMPOKO30HHBIX cOcTaBoB PbSSe.Bricokas koHIleHTpalusi HocuTenel 3apsaa B PbSe ckaswiBaeTcs M Ha
pa3IMYHBIX HAaKIOHAX 3aBUCHMOcTei s cinoeB PbSe m PbSSe. B coorBercTBHM ¢ NPHHATHIMH
COOTHOIICHUSIMH BBICOKOYACTOTHAS JIMAJIEKTPUYECKash TOCTOSIHHAs CJIa00 3aBUCHT OT KOHIEHTpPAI[UH
HOCHUTEJIeH U YMEHbBIIIaeTcs ¢ BO3pacTaHHEM IIUPUHBI 3alpeleHHON 30HbI £,=24 mist PbSe, a s PbSi.,Sey
pu y=0,56 e,=21. braarogapst BEICOKOMY IOTIJIOIIEHUIO PEHTTEHOBCKOT'0 M3ITyYeHHs! MOIYIIPOBOJHIKAMHU
A"VBY! pa3BUTEI METOMBI MPENH3HOHHOTO HCCIIEOBAHMS TapaMeTpa KPUCTAINYECKOH peleTku (cocTaBa
u nedopmanun), CyOCTPYKTYphl M TONIMHBI CJIOEB. B 4acTHOCTH, TONIIMHA CIOEB OMPEAEISIETCS MyTeM
YCTAHOBJICHUSI JMHEHHOro Kod(dduilmeHTa peHTreHOBCKOTO TOTJIONICHUSI |L TPOW3BOIBHOIO COCTaBa

TBEPJOr0 pacTBopa uepe3 IUIOTHOCTH, KOI((HUIMEHTH IOTJIONIEHHS W BECOBBIC 0N KOMIIOHEHTOB
(Tabmnuma 3) [12].

Tabauna 3. JlanHbie IO cocTaBaM, BECOBBIM J0JISIM, KOO PHUIIMEHTaM PEHTI€HOBCKOTO
MOTJIONIEHUS ¥ TONIIIMHAM JITUTAKCHATIBHBIX clioeB PbSi.,Sey

BecoeasiBecopasiiBecosan{IL10T-

3 0.4 1019 J0 |IoCTBi(|/ 1/ 1/ 1/
| Cnofi | Coctas,| ™ a 1 (/P G P)s | (1/Psel (11/P) posse
CBHHLA| Cepul |cedena| p, |cyPle|cwtie| cwfe el

¥ Py Ps Ps. 2lea’
1] CT1-522 |0.948 0.574 [0,008 |0418 |8,20 |340 | 137 | 126 | 253,6 079,51 1,2

2| C1-523 | 0,958 0.374 [ 0,007 |0.419 |8.27 {340 | 137 | 126 |253,6 209731 1,6
3| C1-530 | 0.958 0,374 |0.007 |0419 |8.27 |340 | 137 | 126 | 2336 20973 | 1,5

et |d, vk

Ha pucynke 10 mpencraBieHO CHpsMIICHHE KBaJpaTOB IPOW3BEIEHUs pasHOCTH KoddduimenTos
MTOTJIOIICHUS O, - Olcsy, HA 3HEPTHUIO (pOTOHA A1 ciost PbSe ¢ Tonmuuol ~70uM. B 3TOM citydae ontudeckue
XapaKTePUCTUKU OLICHUBAIIMCH C YYETOM JeOpMallii B CJIO€ M, KaK OBUIO YKa3aHO BHIIIE, IMOMYyYEHHOE
3HAaYCHUE NIMPHUHBI 3alpelleHHON 30HBI OTIMYAeTCs OT ONpelelieHHOro 0e3 ydera nedopmaryu Ha
0,0153B. 3mech ke BuaHo, uro B oOmactu 3Hepruii 0,310-0,3205B 0OHapy»eHO IOMOJHUTEIBHOE
MOTJIONIEHUE, YTO MOYKET YKa3bIBaTh HA TOSBJIICHUE B YCIOBUAX AeOpMaIii JOIOIHUTEIHHOTO YPOBHS B
30HE IMPOBOJUMOCTH, PACIIOJIOKEHHOI'0 BbBINIE e¢ OCHOBHOro MmuHmMyma.Ha puc.11a,6 mpencraBieHo
CHIpSIMIICHHE KBAJpaTOB MPOU3BEACHUS Pa3HOCTH KOA(OHUIIMEHTOB TOTJIOMICHHUS O - Ocsn. HA JHEPTHIO
¢dorona s cioeB PbSiySey(y=0,56) u PbTe.lllupunsl 3anpemennoii 3oubl coctapisioT 0,340 u 0,3093B
COOTBETCTBEHHO — 3TO MPH TOJIIMHAX, MpPEBbIIaonmXx 2MKM. OTMETHM, YTO NMpH ToimuHax < 0,7MKM
cion PbTe na momnoxkax CaF,, BaF, u KCl BBISBISIOT yMeHbIICHUE NIMPHHBI 3alpeliecHHONW 30HBI B
COOTBETCTBUM C HX C)KaTMeM Ha Takux mnomioxkax [13,14]. B ycnoBusX OTCYTCTBHUA 3HAUMTENBHOM
nedopmanmu Ha puc.11a,0 JOMOIHUTENBHOE TMOTJIONICHHE BBISBISECTCS B BUJC CIANAIONICH MO DHEPTHH
MIOJIOCHI, YTO MOXKHO CBSI3aTh C BUPTYaJIBIHBIM IMEPEXOJ0M Ha YK€ CYLIECTBYIOUIUI Apyroi MUHUMYM B
3oHe mpoBomumoctu PbSSe u PbTe. Bo3pacranue mupuHbBI 3ampelieHHON 30HBI B HANPSIKCHHBIX CIIOSX
PbSe npu uM3MeHeHuu, Hampumep, UX TONIMHBI OT 2MKM g0 70HM B mpenenax ~ 0,155B npesblimaer
BO3MOXXKHOCTh €€ BAapbUPOBAaHHUS IyTEM HW3MEHEHHUS cOocTaBa B TBEpAbIX pacTtBopax PbSiySe,-0,123B
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(puc.12) . [lpu «oTpULATENBHBIX)» JaBJICHUIX B cl0siX PbSe auanazoH mepecTporKy SHEPTUN H3ITYyUCHUS
nipu 300K mpoctupaercs ot 0,25 1o 0,53B - (2,5-5)MKMm.

= T T T *

*’:'E 4.3 & 5 —— ; —

3] % .

S st 3¢ 4

o B o

2 g2 23 1 .

3.5 =

) [T, .

g Bg =

e 4t 2 .

g Ex 1af 1

= <~

® 35 = 1 5

E g

o ~ L 03F b

2 up = E:=0,465 5B -

= 0465 0471 0477 0484 S|

R DHeprusa ¢otona, 3B

=

8§ -t N

a |

3

£ o5t ]
‘W-_H_‘ < E¢=0,465 5B

0,285 G304 031003160322 0,329 0.3350.34] 0,360 03380397 0,413 0434 DA530A56 0359 0AB20 650471 0,477 0484

Oueprua ¢otoHa, 3B

Puc.10. 3aBrcuMocThb KBagpata ko3 HUIMEeHTa TONTOMECHHUS (0-0cs ) 1/y OT 3HEprHM OTOHA, Ha BCTABKE JACTCS
CIIpsIMITEHHE HA Y3KOM YJacTKe CIIeKTpa /Ul KBajpaTa MpOM3BeACHHUs Kod(HIIMEHTa MOTTIONICHHS Ha SHEpTHio GoToHa

Dueprus dortona, 2B

L)
[
-
=9
= =
§.0
F:f i 35 T T T T T T T r - 4,0 T T T T T T 1 T
- -
= 35 =]
S = 30f - - 5
2= a &
S O 30 |-
S E 28} -
= 2, 25 F 1
= < 20 A
= 20 | .
= ]
) E 15 - _
g = 15 | §
g % 10
g2 oz 10 | ]
= ™ M ”
=z 0.5 r - 1 o5t .
= 4 3B ig=
= E 0 r L I’l Eﬁém s 1 1 1 1 0 X L v hgTﬂﬁ['ﬁIQB .
g - 032 0332 0346 035 0353 03% 036 0372 037 0,123 0,164 0,202 0,242 0,278 0,312 0,335 0,360 0,384
= <
=
gg
e
[
[=]
=

Puc.11. 3aBucuMoCTh KBaJpaTa Mpo3BeaeHus Ko GHUIIMEHTa TOTIONIEHHUs Ha SHEPTUIO (DOTOHA OT PHEpruH (HOTOHA :
a) s ciost PbSi.ySey (y=0,56), 6) mns ciost PbTe

5.Hecmotpst Ha TO, 4TO ajsl HampsbkeHHOro ciios PbSe Tommmuoid, Hanpumep, 70HM mapamerp
KPHCTAJUTMYECKOH PElIeTKH 10 CPABHEHHWIO C HEHANPSDKEHHBIM CIIOEM (MOHOKPHCTAIIIOM) W3MEHSETCS
b Ha 0,05A, 4TO MeHbIlEe OJHOrO MPOIEHTAa OT UCXOMHOTO 3HAYEHHMS, IIMPUHA 3alPEelieHHOH 30HbBI
BO3pacTaeT NpuONM3uTEenbHO Ha 50% OT HMCXOAHOTO 3HAYCHHSA. ODTH HW3MEHEHUS MPOHCXOAAT MPH
neopMaluK pacTsHKEHUS, HAIPSHKSHUH, COOTBETCTBYIOIIETO «OTPUIIATSILHOMY» JaBiieHuo ~ 10-15k0ap.
3TO sABJSIETCS WILTIOCTpalleld TOro, YTO NMPH HE3HAYUTEIHHOM CMEIICHHH aTOMOB B clioe (KpUCTalie)
CBOMCTBA MX M3MEHSIOTCS CYIIECTBEHHO. VICXOIs M3 OIEHKH DHEPTUU JIOKadu3anuu E = h’n?/8md? (n -
HOMeEp ypoBHsI, d — ToNmMHA ciI0s), TP ToimuHe 70HM CMEIIeHHe SYHEPTUU COOTBETCTBYET HECKOIbKHM
ThICSTYHBIM 3B. TakuM 00pa3om, M3MEHEHHs B SHEPreTUYECKOM CIIEKTPE, CBSI3aHHBIE C aHW3O0TPOITHOM
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nedopmanmell  OKa3bIBAOTCS 3HAYHUTENFHO BBINIE, YeM BIMSHUE KBAHTOBBIX J(PQEKTOB, KOTOpHIC
MPOSIBISIOTCS. IIPYU PACLIECINIEHUN YPOBHEH B YK€ CMELIEHHOM CIIEKTpE.

TonmuHa , HM
300 250 20 S0 5
A 200 L0 190 0 0 3T 1

0.44

042

0.40

Tupuna 3anpenieHHOH 30HEI, 3B

E

1

1 1 1

0.2

1 1
0.6 04
Cocras, y

Puc.12. 3aBucuMOCTb HIMPUHBI 3aMPEIIEHHON 30HBI
SIUTAKCHAIBHBIX CIIOEB :
a) (e) or TomuHEI croeB PbSe ,

| 1
PbSe 0.8 PbS
Puc.13. Cmemenue npuMecHsIx ypoBHeil Cr u In
B 3aIPEILEHHOI 30HE MOMynpoBoaHuKoB AVBY!
TIPH OTPHLIATEIHLHOM) IaBJICHHH

6) (A) ot cocTaBa TBepIbIX pacTBOpoB PbS,Se.y [-PbSnSe: Cr, I -PbSnTe : In

B rtabmuie 4 pns cioeB B mpenenax TommH 1830-70HM TpHBEACHBI pealiM3yeMble B HHUX
nedopmanu U pa3BUBacMble HANPSHKEHHS, a TaKKE COOTBETCTBYIONIME BO3POCIIME 3HAYCHUS ITHPHHBI
3anpelneHHoN 30HbI [16]. DddekTUBHOE «OTpPHUIIATENBHOEY JaBICHUE MOXKET MPUBECTH K (POPMHUPOBAHHIO
HOBOW KpucTayuorpadguyeckoid ¢aspl ¢ cOYCTAHMEM TaKUX CBOWCTB KaK BBICOKAs MOJBHKHOCTD,
TEIUIONPOBOTHOCTh, OUYEHb MHTEPECHBI TaKXKe HMCCIEOBAHMS IO CBEPXIPOBOJUMOCTH B TaKHUX CIIOSIX C
MOHWKEHHON pa3mepHocThio. OcoObIil MHTEpeC MPEICTABISICT U3yYCHHE JICTUPOBAHHBIX NMPHUMECSIMHU C
TIepeMeHHO} BaeHTHOCTBIO, TakuX Kak Cr, Mn HaNpsKeHHBIX HAHOCI0eB HonynpoBoaaukoB A'VBY!,

Tadauna 4. /lanHbIe 10 TAHTEHIMATBHBIM NTApaMETPaM peIIeTKH, qehopMaiusiM
(HarpsDKeHUsIM) U COOTBETCTBYIONIMM MIMPHHAM 3ampenieHHON 30HbI B ciosix PbSe

A ]
= 2 OTHOCHT. paccornac.- APIAHCHUG
m
. o § g«f nedopmarus o= E " E ]
. oK é 2 ¢ e &~ Appge 1—v & 2
= =
g g Appse koap
& 2
E
[—1
1 CJI1-69 1830 6,126(4) 0 0 0,286
2| CI-578 | 181 | 6,149(0) 0,0038 56 0.331
3 CJI-304 119 6,154(8) 0,0047 6,8 0,355
4 CJI-551 72 6,175(4) 0,0081 11,9 0,456
5 CJI-562 52 6,188(2) 0,010 14,7 0,472
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Kak M3BeCTHO, IIPHMECH ¢ TIEPEMEHHOM BaleHTHOCTHIOB nonynposoauukaxA' BV Moryr s¢dextusno
KOMITEHCHPOBaTh HOCHTENH 00oMx 3HakoB. OTIMYascCh TakkKe MEHBIIMM AaTOMHBIM PaIUyCcoM, YeM
xommonenTsl coenunenuit A'VBY!, sTm mpumecu mpu MX 0CTAaTOYHON KOHIEHTPALMH OCYIIECTBIAIOT
ONOKMpOBaHWE JHCIOKAIIMA W PACIIMPSIOT TMpeleNl YOPYroCTH HAHOCIOEB 110 CPaBHEHUIO C
HEJIETHPOBAaHHBIMU CJOSIMH C TOM JK€ TONIIMHOM. OTO BBITEKA€T W3 PE3yJIbTATOB HCCIEIOBAHUS
BHYTPEHHETO TPEHUS B JiernpoBaHHBIX puMecsmu Cr, Mn, Yb u npyrumu Ounaphbsix coennnenuii PbTe u
PbSe. Ilpu sTom kpuTueckas nedopmaiiys Bozpacraia JIo TpeX pas, a MOIYJIb YIPYrOCTH OONbIIE ABYX
pa3 [17]. C npyroii CTOpPOHBI, YPOBHHU 3TUX IIpUMECeH IpH aAeOpMaInsiX PACTIKSHHS, «OTPUIATEIBHBIX)
JaBIICHHUSAX, CMEIAIOTCSL K CepeIMHE 3apelnieHHON 30HbI MOTYIPOBOAHUKA H dYPPEKTUBHO KOMICHCHPYIOT
KOHIICHTPAIMIO HOCUTENEeH 3apsijia, B OCOOCHHOCTH, TIPH BBICOKOM COJIEPKAHUH JJICKTPUUYECKUA AKTUBHBIX
HectexuoMeTpuueckux aedexror [18]. Ha puc. 13 npeacrasieHa cxema cMeleHus ypoBHeil mpumeceii Cr
u In B TBepapIX pactBopax PbSnSe u PbSnTe . J{nst TBepapix pactBopoB Pbi«Sn.Se, Hanpumep,npu x= 0,1
u nerupoBanuu Crero ypoBenb mpu 77K orcroutr wHa 0,0313B oT aHa 30HBI MPOBOJUMOCTH,H
KOHILIEHTpalus HocuTenel cocrasnser ~ 10'%cM™, ymenbimascs ~ Ha 5 mopsaxos. B TBepapIx pacTBopax
PbSnSe u PbSnTe ypoBHHM mpumecell ¢ MepeMeHHON BaJEHTHOCTHIO OBICTpEEe CMEIIAIOTCS K CepeliHe
3arpernieHHoN 30HbI U 3aMeTHee KOMIIEHCHUPYIOT KOHIIEHTpAIMIO HocuTeNnel 3apsna. B TBepabix pacTBopax
9TH MIPUMECH TIPUBOJIAT U K OOJbIIIEMY BO3pacTaHHIO Mpeeia YIPYrocTy .

6.Ha ocHoBe HampspKEHHBIX HAHOCIOEB, B TOM WYHCIIE JIETHPOBAHHBIX MPHUMECSIMH C TMEpEMEHHOMN
BaJICHTHOCTBIO, OCYIIECTBIISETCS PSIl BAKHBIX TPUMEHEHHI:

a)3HauUMTENbHOE TIOHW)KEHHWE KOHIIEHTpAaIllMl HOCUTeNel 3apsiia B IMONYNPOBOJHUKAX IIpU
JITUPOBAHUU MPHUMECAMHU C TEPEMEHHON BaJIEHTHOCTHIO MPHUBOAMT K pPEATH3ALMNH AUIIEKTPHUECKOTO
COCTOSIHVSI B YCIIOBUSIX OJIHOPOAHOCTH CJIOEB. B HAHOCIOSAX TPH UX pacTSHKEHUH MPOUCXOTUT YIIyOlieHHEe
YPOBHEH 3TUX MPUMECEH B 3ampeIlieHHON 30He, cTabmin3anus ypoBHs DepMu U paciiupeHue auarna3oHa
yrpyroii aedopmanuu, COOTBETCTBEHHO M OoJblliee BO3pacTaHWE HIMPHHBI 3ampenieHHoH 30HbI [19].
OtkphbIBaeTcs mepcrnekTuBa co3nanus Ha ux ocHoBe MK (oTonpreMHIKOB ¢ BEICOKOI YyBCTBUTEIBHOCTHIO
U nipu OoJiee BBICOKUX PabOYMX TeMIepaTypax, a TakkKe OTIUYAIONIMXCS BBICOKHM OBICTPOJCHCTBHEM M
HU3KUMH TEMHOBBIMH TOKaMH;

0)Ha ocHOBe HampspKEHHBIX CIIOCB PEaM3YIOTCS Ja3epbl ¢ ONTHYECKUM BO30YXKIIEHHEM,B KOTOPBIX
MIPH U3MEHEHHH UX TOJIIMHBI BOZHUKAET BO3MOXKHOCTH IIMPOKON MEpecTPOKM 4acTOThl M3nydeHud. s
WHKEKIIMOHHBIX JIa3epOB, 0OCOOCHHO Ha OCHOBE MHOT'OKOMITOHEHTHBIX TBEpPJBIX PAaCTBOPOB, B KOTOPHIX B
TEXHOJIOTMYECKOM TIpollecce CO3JaHMs CTPYKTYp H3-3a B3auMHOW Ju((y3uH KOMIIOHEHTOB, HAallpUMeEp, B
ctpykrype PbSe—PbSnSeTe-onoBa u Temiypa BO3HHUKAET 3HAYMTEIBLHOE PACCOrIacOBaHHWE B aKTHBHOM
obnmactu, aedopmanus, NMPEBOCXOJSMAs TMpelell YIPYrocTH M IMPHBOAUT K 3aMETHOMY ITOHHIKCHHIO
BpEMEHHM KU3HH HOCUTENEH 3apsja MpH Bo3pociiei 1e()eKTHOCTH U K MOBBIIIIEHHUIO TOPOTOBBIX TOKOB. [Ipu
JIETUPOBAHUN aKTUBHBIX 00JacTeil Takux JazepoB npumecsmMu Cr 1 0coOeHHO Mn MOXKHO MPeNOTBPaTUTh
HEraTHBHOE BIUSHHE NU(PQPY3MOHHOTO PaccOTiIacoOBaHMs 3a CUET BO3PACTAHHS MPH 3TOM KPUTHUYCCKOU
neopMani MU MOIYJSl YINPYroCTH M COOTBETCTBEHHO IMOHM3WTH IMOPOrOBBIA TOK B 5-6 pa3 [20,21].
Pabouyto TemnepaTypy Jia3epoB (BKIFOUAs ¥ HEMPEPHIBHBIA PEKUM PabOThl) MOXKHO IMOBBICUTH BIUIOTH 10
KOMHAaTHOH TeMIIepaTyphl;

B) C o0HapyXeHHEM JIOMOTHUTEIBEHOT'O ITOTJIOMICHHUS ¥ MIPU BBICOKOW MPO3PAvYHOCTH C YTOHBIICHHEM
CIIOEB Ha OCHOBE HaINpSKEHHBIX HAHOCIOEB MOXHO co3faBaTh Monyisatopsl MK wusnydenus. Ilpu
WHXXEKIIUM HOCUTENIEN 3apsija B TAKOW TOHKUM CJIOM MOTJIOIIEHUE MOKET 3aMETHO MEHSATHCA, YTO IPUBOAUT
K OoybIIoMy inHamMuueckomy nuanazony MK momymnsitopos;

r)aTepecHas mepcrekTHBa HUCIONB30BAHUS TaKUX HAHOCIOEB CBs3aHAa ¢ OOHApYKEHHWEM Y HHUX
MOBBIIIEHHOW XWMHUYECKONH aKTHBHOCTH — OHHU MOTYT CIYKHUTh YyBCTBUTEIBHBIM 3JIEMEHTOM CEHCOPOB
INIUPOKOTO TpuMeHeHus. Takue ceHCopbl 00JalaloT CIIOCOOHOCTBIO PErUCTPUPOBATH  YIbTPAHHU3KHE
KOHIICHTpAIlMM KOMITOHEHTOB aTMOC(EpHOH cpefpl,a TakKe B3PHIBOONACHBIE W SJOBUTHIC BEIICCTBA.
HanoctpykTypHBIE CEHCOPBI IPUAYT Ha CMEHY MEHee YyBCTBUTEIbHBIMH MEJIEHHBIM yCTPONHCTBAM.

n) JlanpHeiee paciiMpeHre HampaBJICHHH MPAKTHYECKOTO MPUMEHEHHS MOXET OBITh CBSI3aHO C
MOJTy4YeHHeM yJIbTPATOHKMX HAHOCIOEB, B KOTOPBIX MOTYT peaJH30BBIBATHCSA paHee HEU3BECTHBIE
IBYMepHBIe Kpuctamuiorpaduueckue ¢aspl. Ha mpumepe nBymepHoii ¢asel rpadeHa TNOKazaHO, YTO
CTPYKTYpPBI IOZOOHOTO PO/ia OTIMYAIOTCS TAKUMH HEOXKHJAHHBIMU CBOMCTBaMU Kak HyleBas dddexTruBHas
Macca dJIeKTpPOHa, aHOMaJIbHO BBICOKHME MPOBOAMMOCTD M TEIUIONPOBOJHOCTH BIONb CJOA. SICHO, UTO 3TH
HAHOCIION SIBJISIOTCS] MaTeprallaMy OYAyIIEero B MUKPOJIEKTPOHUKE U (POTOHHKE.
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Ha nmpumepe cioes PbSe B mmpokoM auamna3oHe WX TONIIUH HM3YYEHBI CTPYKTYPHBIC M ONTHYCCKHE
croiictBa. Mccnenoanuchk taxxke cinon PbTe, PbSnSe, PbSnTe, PbSSe paznuunoit TOMIIMHBI, BKIHOYas U
HaHOJHMAla30Ha, U 9acTO C MCHBIICH KOHIIEHTpalluell HocuTenel 3apsia, yeM B ciosx PbSe. brnaromaps
BBICOKOMY TIOTJIOIIECHHIO PEHTI'CHOBCKOTO H3JIyYEHHS STHMH MaTepHajlaMH yIaloch Pa3BUTh METObI
MPELIMU3UOHHOIO HW3YYEHHUs IapaMeTpa KpUCTAUIMUSCKOW pemeTkd (cocTaBa | jaehopMaliiu),
CYOCTPYKTYpPbl M TOJIIMHBI cjoeB. [lo pe3ynpTataM pPEHTICHOBCKMX W ONTHYECKHUX HCCICIOBaHUMN
YKa3aHHBIX CJIOE€B MOYKHO 3aKJIIOYUTh, YTO NpH JchopMamuM CKaTHS OTHOCHUTEIBLHOEC H3MEHEHHE
rmapaMerpa peIICTKH W IIUPHHBI 3allpelICHHON 30HBI CYIIECTBEHHO MEHbIIE, 4eM npu aedopMaiiuu
pacTsDKEHUsI.

B TBepapix pactBopax, ocobenHo, PbSnSe u PbSnTe, ypoBHM mnpumeceli ¢ mepeMEHHOMH
BaJICHTHOCTBIO OBICTPEE CMEHIAIOTCS K CEpPeauHE 3alpeIIeHHOW 30HBI M 3aMETHEE KOMIICHCHPYIOT
KOHIICHTpaIio HocuTenel 3apsiaa. C Ipyroi CTOPOHBI, B TBEPBIX PACTBOPAX ATH MPUMECH IPUBOAAT U K
OoJIbIIIEMYy BO3PAaCTaHHUIO Tpeaeia YIPYrocTd U MO3TOMY 3P (eKTHBHEES MOHMIKAIOT MOPOTrOBBIH TOK B
Jla3epax Ha OCHOBE TPOWHBIX U YETBEPHBIX TBEPIBIX PACTBOPOB.

HccnenoBanns HanpsyKEHHBIX HAHOCIOEB IOKA3bIBAIOT I[€J1€CO00PA3HOCTh MX HCIIONb30BAHUS IS
YIpaBJICHHUS CBOHMCTBAMH IOJIYIIPOBOAHHUKOB. V3MEHEHHE B 3TUX YCJIOBHSX XapaKTepa B3aMMOJACHCTBHS
MEKIy aTOMaM{ BEIIECTBA MOYKET NMPHBECTH K M3MEHCHHMIO TEIUIOBBIX, ONTHYCCKUX M MEXaHHYECKUX
CBOWCTB. BBIABIAIOTCS HEM3BECTHBIC paHee BO3MOXHOCTH JUIS CO3aHMS HOBBIX TPUOOPOB M YCTPOMCTB Ha
OCHOBE HH3KOMEPHBIX MaTepHAJIOB (IBYMEPHBIX M OJHOMEPHBIX). B OONBIIMHCTBE ClydyaeB 3aMETHBIC
HaIpsDKEHUST B CJIOSAX BBISIBJIAIOTCA NMPH HAHOTONIIMHAX. Tak Kak JUis MHOTHX 3ajad M MaTepHalioB
HaHOCJION SIBJISIFOTCS HAIPSDKEHHBIMH, TO M3YYEHHUE HAIPSDKEHHBIX HAHOCIOEB MPEICTABIIAETCS KaKk HOBOE
Ba)KHOE HAIpaBJeHNUE B MaTepHanoBeieHNH [22].
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INVESTIGATION OF STRAINED NANOLAYERS OF A"BY' SEMICONDUCTORSON
DIELECTRIC SUBSTRATES
A.M.Pashaev', O.1.Davarashvili?, M.I.Enukashvili?,
Z.G.Akhvlediani*’ R.G.Gulyaev?,L.P.Bychkova’, M.A.Dzagania** and V.P.Zlomanov’

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

It is well known, that in semiconductor nanolayers revealed changes in the energy spectrum of the current
carriers caused by quantum effects. But much more fluctuation in energy may observe under anisotropic
deformation of the semiconductor nanolayers — at the little change of distance between atoms in nanolayers
essentially modify thermal, optical and mechanical properties. Technology of the creation of strained
nanolayers based on heteroepitaxy with difference in the lattice constants.In the case of IV-VI
semiconductors it is shown that forbidden gap width under deformation ~0,01 increases ~ on 50% to its
initial value. Therefore it is very important to create perfect strained nanolayers with operation of tangential
lattice constant with change of their thickness. There are presented results on the technology of nanolayers
with the regulation of the level of the strain and on their substructure for the achievement of the maximal
deformation.There are also discussed investigation of nanolayers with one or two dimensionality and
innovative applied investigations on the base of strained nanolayers.
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MATEMATHUKO-XUMHUYECKOE UCCJIEJOBAHUE MOJIBUXKHOCTHU Pb,P" HIOHA B
CIIUPTOBBIX PACTBOPAX

H.O Kymnaranze, 3.M.Mauanmze, M.B.benunamsunu, M.WU.I'Bepaiurenn
Tounucckuii 2ocyoapcmeentulil yrusepcumem um. Hs. [casaxuweunu

PE3IOME
B pamkax merona kBa3zu-AHC-maTpuIl mpoBeaeHO MaTEMAaTHKO-XUMHUYECKOE NCCIEIOBAHKE TIOJBIKHOCTH

Pb,P" woma B ChOMpTOBBIX pacTBOpax. IlOCTPOEHO KOPPEIALMOHHOE ypaBHeHue. Koppensims
YAOBJIETBOPUTENBHA.

MATHEMATICAL-CHEMICAL INVESTIGATION OF THE MOBILITY OF PbsP" ION
IN ALCOHOL SOLUTIONS

N.O.Kupatadze, Z.1.Machaidze, M.V.Bedinashvili, M.I.Gverdtsiteli
Ivane Javakhishvili Tbilisi State University

SUMMARY
Within the scope of quasi-ANB-matrices method mathematical-chemical investigation of the mobility of

PbsP" ion in alcohol solutions was carried out. The correlation equation was constructed. Correlation is
satisfactory.

72



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1

3M03¢9JubsgMm s Jodos

8536(MG03RIB0 SHMIIN06IA0 65IAMIBOL Cr’ RS Cu** 3(M33RIJLIBOL LOGMIBO RS
35000 353BIGHOGORIKRO 0)30L3dIOL FILVO3RS

6.)0)0.) mﬁl‘mdodg, 0)8.) 3.50)00).50'830;:)0, dé’bé QOQO&"JQ’O(}D, 3@0%606 8@0%6060’830;"\"0

['X) joﬁmg 90000 L 33 36 M0 27503 3(4) Zmé 0
e.elizbarashvili@agruni.edu.ge

@3@6030;360){]1}06013350;:)01}0 QO 801)0 é%(‘) OBOQ(‘O&O’[} hb(B‘BJBQO%{] 30Q36'3Q0.> 3066(')(305;:)'3(4)0
06@08066(‘06‘8@0 od(fbogmbo QO QOBUGOQ’\"’OO, 6)(*)8 06) bOBOOmQabOOG 605@36080Q"JC’\“0 0)8015368600)
'831).56.)301).);3 015060 '8315‘5651’363520‘5 9068«)&8600) od&)l} 608(*)33536'3;:)0 66{1(58608601} -2]666301)

Boggols  ggydggdo s dsmo  3md3mgdlgdo  Lbgsslibzs  SeamogemabBot  Igdemgdmsb  wowo  bsbos
039l d33em93560ms  grsEmadsl. dso d0dstrm skigmo ©s0bBgMgligds 3sb30Mmmdgdmmos Lsdo  doMomswo
B JBmG0m: domgdol dseBogo Ignmwon, szomse bymdolbsfgremdo bgomgnmons ©s m30lgdsms GsGmm
b3gdd®om.  sbmdgmobgdols  domagds  doGoms@se  FoMdmadl  3s@dmboen o bsgPmgdols  3mbegbls;zoom
a53JB0g90mm  830690ms6  dmestrgmo  3sdblbgemols 36930 30-60 Faomol  3963s3emdsdo  batgsJisom
1)015(553301) Q"JQOQOB (5533336o(55‘3€)a%3. 36mQ'2]d(8)0, ﬁmamﬁe %’3150, 3¢Q¢g"\n0 3&3m1§¢3g10a5m250m 300;3825&
[1]. @oBgdsdn®sdo  stsghmo  (ystrm  dmodogds, Gmdmol  msbsbdssy  Bogol  ggdggdl  gsshboso
cgm@mdﬁmaﬂmo ©5 Qﬂami;ahoal;(fb‘aﬁm m301§86360 [2]. @3560&5&5 ©5 06;3‘31)(55(4)0&'30 olobo 9339
353m099690086 ¢ dabgli396d e  bsorn@gdBo, ggnbaooEadsE. 3sMEs 8dols, 1396830  Femgddo dsmds
o  3md3emaJlndds QOmo  gsdmygbgds  33mzgl Omamd(3  ©edgebazgmgdds s gebadarols
(56.)51)30)(4)(55000(4)368.) 60(*);:)(*)60'3(4)0 15015(55333601) 3(*);33;::0(4)36.)'80 [3]. 3.566.53 od33 '35;3& .)QOGO'BGNB, 6d
o gesdn@sdo  smfgMomo  sbmdgmabgdo  doMomsse  [sdmemaghbab  mos  xsg3b0sb  bsgPogdl o6
bofg3t0s6  3o3ma®  LobBgdgdl, 390dme g0 oflsbmmol 6sFs6dgol. mudm oo bmdol  (303e07®
3sBdgnbgdby 0bgmE@dszos dsemosh 3Focos.

3s36m3050m00  sbmdgmobols  Lobmgbol  gPo-9emo  Jo6ggmo  degmmds  Fa@dsBgém  0fbs
Fbermemadaemo  Msdmgbody  Fmol  Fob  Bggbo  Ladqsbogdm  xamaol  dogH [4]. 3olo 030l589001s
BgbFogmobsls  smdmBbes, ®m3d  ogo  bsbosowgdmes  dsmogmo  3md3mgLFeedmdbols  @bstroms s
B9 30LsBmbsgemols 96230 Jdbols 3gbsdmgdemmdoo, A3 0sg30l dbérog 160 33 mE0s
sB3sHBbomEolsmgol  sbmgmemagdols Hgsd30980. Bggbo 33mgzol dobsbl Fo@dmswgnbls ds30m30 30 mc0
sBmdgmobgdol  3sdmygbgdols  Bgbadmgdemmds  gsbadsol  BEbImGomMgdse  dommmgon@o  gsbg3ol
LobBndgdol  dmwgmotigdolsl.  sdpqbse, 33mgz0l 3oMg9m 983ty B0bsbdgfmbomasr  Rsgmgsmgm  dolo
docragmmgomo sBomemdols FgLGegme. (0bsdrqdstig 6586»d 3o o63m35003 960 Beag0ge00
Bobogbotgdnmo 3s30m303e0700 sBm3gmobgdols dsddg@oioenmo mgoligdgdol FqlFsgmols Bgoqaqdl.

JIRIBIBOL dOBLXS

80%6006(4)030 ds 6‘4"')80 dg:raﬁm ocbmagmol;abols dm33Q3dh6¢36m360h 1}060)37501}00)301} ho%‘aolﬂs Bogﬁ)mgboo\)
oQ{]b'an ojSQ 2,4,2’,4’—@3@30;{)600;]1}060(3360@0 (Ia) ©5 (E)-4,4’-(QOO%{]G-l,z-QOOQ)601)(686%(');:’-1,3-
Qmmg:m) (Ib) dsoo doﬁ)bm&)maﬁ){)bo 630305—(5503.55015 aameom dg‘f\nmﬁ)mcgmﬁ)aom (55"3(?501) 3630l
o%mSﬁ)m&)Qoh .5(4)3'80 odg:)ggo '8315.56.5301} Qodoébm&)g 50%’0633&1} (ITa,b). 30Q36"3Q0 36(*);3"35(5536"60
QQQ{).}OQOB xagcgoh 6.56.5(33@36.5 3(*)6'8;336on mbag\'\r)—cBaSmBoGo dﬁ)mao(fbmaﬁocgooh aameomo 5080"360
.55.5;:)0(600) (33(4)(31‘);:)01} hoﬁ)doh F)gojeoo). 14)(')6(')(4)0 %‘gho, 14)3‘5(:]0001} 30633;@ hocB{]Bﬂﬁcbg 300;336.5 dmbm-
3 Qodoﬁ)bm&)g@ 50%’0633&01} 50(4)330 30633;::01) QmBOSéG@‘aﬁm '838(3339\')(')600). BOQab"L"]g"\"O Sagg(j\no
3(4)0053'3{](5501) oGonaoﬂﬁ) 30(4)00636'80 60633(*)63600)0 doﬁboGog\Qoﬁ)aboh 30 8038o3o€)m 80‘1’)60)6603 IIa ©5
IIb-\ 6).5(*);335(*)6(4)03 9.56)3(*){]35.51}0)05.

ﬁ)godeooh '838;336 hocgah‘aﬁ)h Voﬁamoggaaﬁh deggaShoGO(ﬂs F)aodooo ol‘)g\f\no;g 1)050)3‘?50636‘3;*\')
.30;3(4).5%06 .}00\)(4)‘5(550)05 (ITa) o6 900096 033060056 (ITb) 3393 MboB Mool 86 dgmsbmeols 561930

73



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1

bab@o dgegzs  gedemobon dg:maﬁm 805%033&01} 30(4)(')636'80. Lodrgedigom  bob@gdoesh  asdmengdomo
3(4)6);3"3{](553601) (ITa-d) 33530360l 6.5@5(3(4)01)(550@8601).5 ©s 60'85)(*)601} 39993 aoamsaﬁab'z](g)o o6
3d0Bbmd030 33 dbadols  dobsmads.  3mA3emgdligdol  Lobmgbo  Fo®dmgdes IIla-d-b  3gosbmen®
blbshdo  JHmdo (III) Jeoedopols s b3omgbdol  wodmmdopol  Blbseol  ©sds@gdom pH 7-7.5
306m89830.  3m3mgdbgdols  gm®domgdsls  glsFoGmgdmes 5-10  Lssmosbo oo,  Gmdmol  EOHmbsg
d0Bbmdtog IVa-e godmogmgmms 38377330 3s3blbgemols dmzoemgdom (ob. Bdaao).

& s - gy

A HO =N N= OH
HO HO
OH dOH HO%?}
oH CH,CI HN"A~NH,
2 T X X
X I CH X li(c,d)
OH HO
OH OH
HO =N N= OH
HO HO =0 \Q/
IV(a-d
l(a.b) l(a,b) st}
bog®mo X Q M
la. Ila - - - M*
Ib, IIb -N=N- - -
[I1a - - -
[11b - -CH»-CHa»- -
IVa - : - B
. S = OH
IVb N=N- - - @OH
— HO
Ve - -CHxCH» - % s
Ivd N=N-  -CH,-CH,- 2 M X
Va - - O OH Hoﬁ
- = - - ‘.3. HO ==
Vb N=N C‘lx‘ N\ ~N=
Ve 2 -CH>-CH»- Cr Q OH
Vd -N=N- -CH»-CHa»- Cro* V(a-e)
Ve - - Cu?*

bdgds: dsgm(ogmndo sbmdgmobgdolsps dsmo dgBem 3mddmagdlgdol Lobmybo

bobogbotgdnmo  Bogol  ggmdggdol JAmdols s B3ogmgbdol  3md3emadligdols  docmgmmgomto
sJBonOmdol  Igbelfegmom  Bsgpmgdmmo  ofbs  dsmo  bzdobobgo.  gg@dme  Bgbfsgmomo  obs
dsJBgoioenmo  m30bgdg80  3somagbadols  Salmonella Enteritidis, E.Coli, Pseudomona Aeroginosa.
Strephtylo-coccus Aureus, Strephtylococcus Ojs. 303s6  Jomsemeol  ©olzmgdol  wogmbools  dgmmeols
a33mygabgdom [5]

3 30 0339860l ool Jemsmeolsoash ©sdbswgdnm @oligmgdby w@sgsfzgmgm  ds3Mm0 3o
3sBmdgmogbqdols  3memd3glbsg@mgdol  odgmomam@dsdowol  gsbbsggdmmo  BlbsGrgdo (0.3 33/3@)
3036303930l Lsdmemgdom. ©oligmgdl gsbsdmmdse  gsmsgligdoom 48 Lssools 356353em3330 37°C-%3
3937708 Led6Omd  sMesdo, bomme  Bgdmgy  aesgzdmbes  sgstom  sgstrmem  3g@@ols 58390y,
6.5;:](553(4)03601) 6‘51"5%‘4’53352‘553 603(*)83636"3@0 oy™ oaoﬁmh B@oSQoﬁé‘ac\no SOaQoao. dols 38063
GomEgbmdsls 3sms3lgdmom (Q.).)Bg:)mgbom 50 6) 1 mod® sbmse asdmbrorm Fgemdo ©s 3sgm3bgdwom
15 Faob  mosbol 39939698 sy, bome  Fgdogy  drmmsetrg  Fymol  $3sBsbsBo  sgsetol e
35665

53560l godgdols  Imbedbswgdmse  batgal  Gobslfe®  3smsgbgdoom 120°C-%3 15 Famom
03(55(*)(3;*\003'30 ©5 60Q063dm5Qo 9’0501}%’0(4) 60‘4’3(3]55:'05:’ ©5 B@aﬁo@o%a&ac\n 33@601} xoaab%a.

0begmesios Rspdgdamo odbs 3msdobols dsgormgmol gnmagdom, Gmdgelsig Foogem  bsmgdsdog
39Gbgmgdeon L3omE)Jamols semBo, 383037000 ©s dq9dray  30g96900m 3sJBgPommo  Esmsdsggdolsmzols.
'8385336 VoSthoﬁ) 3m3%og386'3@ cgogm(fbﬁmb doQoQQob Qohdmabls 1)(?5360;'\')"360 30503@01} Bo'&aog@{]&)m

74



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1

o ————————

©533Jmbs 5350l ggodby s gobrgbrom 37°C-%g 24 Lssmols as63s3emedsdo 0bgmdomgdsl. 24 Lssmols
390093 3bm3sz000 0308061980k ©0835bMbL (©033gBHOL) ©olzmb as®Bgdm (ob. Lm@.).

béomo: Foggol gdggdol JHmd(ID)obs s L3oggbd((II)ols 3md3madladols dsddgdoioegmo mzolgdgdals
AglGagms Jomemeol eobgmgdol maggnbool dgomeol gsdmyggbgdom

dogol  g3dgdols  3md3emgdlgdols  dsdBgoommo  sbsmobol  Fgegagdo  dm(zgdmmos  (3bGoedo.
06303069601 Bebs  asdmygbgdnmo ogm LsbestBo: 0630d0cgdol bmbol ©osdgdeo (33,  0b630doGmgdals

%): +, 6-10 (27-45%); + +, 10-14 (45-64%); + + +, 14-18(64-82%); + + + +, 18-22 (82-100%).

3bMogmo: Jogol g7dggdol JOmdols ©s L3omgbdol 3M33mgdlgdols dod@gMozopgmo

0ngoligdgdo
Ne | Bogémo Salmoyel{a E Coli Pseudqmona Strephtylo- Strephtylococcus
Enteritidis Aeroginosa coccus Aureus Ois.
1 | Va - - - ; -
2 | Vb - - - - -
3 | Ve - - - - -
4 |vd - - - - +
5 | Ve - - _ i -

Oeamey 3bMomBo dmygsboemo 3mbs(398g00msb Bsbls, bsgtmgdo Va-e 3@sddogmmse o6 s3mmabab
3630330 3dBogmdsls, Fbmmme Vd bsg@malbsmgol 8906086985 bqbo sdidozmds Strephtylococcus
O;5-0l5 303s6r0n.

33603500, BodOs3oeemJbodoggbomols s dobo  sbem  sbsgrmgols  Lsegndgmgby  domgdmmo
3530030300900 sbmIgmabyo  bsgPmgdol  Jemdols  (III) s B3oggbdols  (II)  3033emgdlgdo o6
bslosmegdosh  dsd@gdoioemmo  mzolgdgdom, ©s Bgbsdsdolse obobo dglsdmadgemos  FomdsBgdom ofbsls
333mygabgdmmo dsdBg®ogdols 5363301 3Mmalgdols dm@gmodgdalsmgols.

3300m09M90s.

bsdmdsm Fqlergmagdnmos dmms Grabosggmols
96mzbgmo Lsdg(36096m Bmbrols ©sx0bsblgdom
(a®680 FR/177/6-420/13)

75



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1
o ————————

KROB®IAOD IAGO-REFERENCES-JIMTEPATYPA

1. J. M. Longmire, B. Wang, X. Zhang. Highly Enantioselective Ag(I)-Catalyzed [3 + 2]
Cycloaddition of Azomethine Ylides. J. Am. Chem. Soc., 2002, 124 (45), 13400.

2. M. Nonoyama. 2 Bivalent metal complexes of phototropic N-(2-pyridylmethyleneamino)-2-
pyridinecarboxamide. Inorganica Chimica Acta. 1974, 10, 133.

3. Z. H. Chohan, S. H. Sumrra, M. H. Youssoufi, T. B. Hadda. Metal based biologically active
compounds: Design, synthesis, and antibacterial/antifungal/cytotoxic properties of triazole-derived
Schiff bases and their oxovanadium(I'V) complexes. European Journal of Medicinal Chemistry,
2010, 45, 2739.

4. E. Elizbarashvili, T. Matitaishvili, Kh. Topuria. Synthesis of Macrocyclic Polyazomethines.
Journal of Brazilian Chemical Society. 2007, 18, 6, 1254.2

5. Z. Chochan, M. Praveen, Synthesis, characterization and antibacterial properties of symmetric 1,1'-
ferrocene derived Schiff-base ligands and their Co(II), Cu(Il), Ni(II) and Zn(II) chelates. Appl.
Organomet. Chem. 13, 376 (2000).

SYNTHESIS OF Cr'* AND Cu** CONTAINING COMPLEXES OF MACROCYCLIC
AZOMETHIMES AND INVESTIGATIION OF THEIR ANTIMOCROBIAL ACTIVITY

N.Ochkhikidze, T.Matitaishvili, K.Didebulidze, E.Elizbarashvili
Agricultural University of Georgia

SUMMARY

It has been synthesized chromium (3+) and cupper (2+) complexes of macrocyclic azomethines obtained
from tetrahydroxybiphenyl and its azo analogue. The screening of biological activity was performed and it
has been found that they are not characterizing with antimicrobial activity. Therefore, these complexes may
be successfully used as a dioxygen carriers in the modelling of oxidation processes of microorganisms.

CHUHTE3 Cr* ¥ Cu** COAEPKAIIIMX KOMIIJIEKCOB HA OCHOBE
MAKPOIIMKJIMYECKHX A3SOMETHUHOBBIX COEJJUHEHUA U U3YYEHUE UX
MNPOTUBOMUKPOBHBIX CBOMCTB

H.T.Ouxukunze, T.P.Maturanmsuny, K.A.[lunedynmunze, 3.H.OnuzbapamBsunm
Aepapnwiii ynusepcmem I py3uu

PE3IOME

CunresupoBanbl KomiuiekcHue coequHenuss Cr(3+) u  Cu(2+) MakpOUMKINYECKUX a30METHHOB,
MOJyYCHHBIX U3 TeTparuIpoKcuOndeHuIa u ero a3o anajuora. M3ydyeHo ux 6uonorndyeckoe akTUBHOCTb U
O0HapyXeHO, YTO OHH HE XapaKTEePU3YIOTCS TPOTHBOMHKPOOHBIMH CBOMCTBAMH M BO3MOXHO WX
UCIOJIb30BaHME Ul IIepeHoca KHUCIopoda IIpU  MOJAEIUPOBAHUM  OKUCIUTENBHBIX IIPOLECCOB
MHUKpPOOPTaHU3MOB.
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THE POLYMERS CREEPING IN THE WATER SOLUTIONS DURING THE DIFFUSION RESTRICTION

ABSENCE

A.Porchkhidze
A.Tsereteli State University

SUMMARY
To find out, which process limits in the polymers creeping whole speed water solutions was done the experiments.Is
determined that, the polymers thin films creeping whole speed is resticted by water diffusion processes in the water
liquid area in the polymers.

MHOJIBYUYECTH NIOJIUMEPOB B BOJAHBIX CPEJAX B YCJOBUSIX OTCYTCTBUA
JANO®DPY3UOHHBIX OTPAHUYEHUU
A Ilopuxumnze
Tocyoapcmeennviil ynusepcumem Axaxusi Llepemenu
PE3IOME

C nenpio yCTaHOBJIGHHSI, KAKOU IPOIIECC IUMUTHPYET OOLIYIO0 CKOPOCTbH MOI3YYECTH MOJIUMEPOB B )KUAKUX Cpeiax
OBUTH ITPOBEIEHBI SKCIIEPUMEHTBHL. Y CTAHOBJIEHO, YTO OOIIYIO CKOPOCTh TOJI3YYECTH TOHKHX TUICHOK ITOJIMMEPOB B
KHUIKUAX Cpelax JUMUTHPYIOT MPOIIECCH MpoTekaromme auddy3ucit Bomoil B moaumepax.
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dobo  9gdamdo  aomsdndsggdols s asdmyggbgdal  gbgdol  @sbsbzol  dodstrorgmgdom.  Lsgo@ms 83 osego
bgemgnmal g omobszoobsmgol gg9ddnco dgmmegdol dmdogds s Fgdndsggds.

B3gb Tg30LGogmgo  6330mdLsgbols  bsdRgbol oo nd-Jodo®o  mgzoligdgdo. smaabes, Gmd gl sMob
390L3gddonmo  bgoemgamo  I3oMgBmbsgosbo s @agogad e 3Omenddadol  dolsmgdse.  bs@Rgbols
®9JB305035G0s Bsstes Lafs@dmm Bodols sbswastrby APH-2.

6530m8Lsgbol  bsBgbo  FoMdmsggbl  bsbgz@see  dged  sdmeggme  dsbsl.  szomgdgemo g nFymmgdols
9909y brgds  dolo  gobgmgds  aemeedsdeg.  domgdmo  dsgo ggdol demsbBo  Looby  mogliegds
eobBoms@meol 31380 s (3bgmegds 80-550C 39939658 nG0l s 1 583 — 103 33 300bem.G9b3.  §bgz0l
30689830, M9dB05045(300 Fgegase Tgadmgos Igdrgae 30fOm  gdsdiogdo: 80-1200C, 120-1500C, 150-
1900C, 190-2509C, 250-3009C, 300-3500C, 350-4009C, 400-4500C. 363 JBogamo dmbsbegdon dmbs
336067 gMsJ300b  38gMM0sbgds s Lsdmememe dogomgm  8gdwmgan  Lszzemgzo gGsgigogdo: T - 80-1900C
(339000s6Es ™G0 gesdgos), 1T - 190-3009C(gegdmosbos oo  g@sjges), MI - 300-3500C (s
asgOmasbes), IV- 350—4500C(3o36m0o6ggo o600  gHedi3os). by dogopgm mobo  doGomso G308 ©s
bséhgbo >4500C [1]. a93mymggoemo Gsd;30960l dodomsro dsbsliosmgdmgdo dm@sboemos (3bG0mdo 1.

3309308 s@3mbbes, Gmd IV gésdi0s80  3s6sg0bgdols  Fgd;339emmds  sG0l  BsJlodseono  (70%).
3360350, doewlsmgbols 6s®Bgbo Fgodmagds gsbzobommmm, Gmgme 3sGegobgdol ((3969babgdol) osgo  Fygsdm.
65300m3Lsgbol  bs@R ool MsmEabmds 3o gmggmfmon®se obGEgds s 3GsJBogmmse  asdmyabgdgmo GRgds
[2].

3565306980 398mynbgdols bgg@m go Lsgdsme IMsgsmmag@mmgsbos. abobo gsdmoygbgds gegdd®mBgdbogy®o,
35630 39Gre-3mbdgBognco,  Lsdgoogobm s Lbgs  d@sgsemo  doBbgdobemgal.  mgsenbshobmgdolmgols,
Bgsmomse: 1) Labogmgdo  gsbsogdolsmgols  (@ggeodedonmo, bedmdsm-lLssbsemfmm  ©s  bsggmgbom);  2)
gob3s3dmmg  Bglsggmmo  Bsbagmgdo bszzgdo  3Om@nddgdobsmgol; 3) 3Gmenddgdol Bglsbsbo 36 gosbs@sbo
36870696580l dsbagmols gom-gemo  3md3mbagbdo; 4) 3mbdgdognmo gsbgmabo; 5) Lsdgmozobe dobbgdalsmzols
= 356150306m09M3305,  3301583060L  bodgdol  ©sIBswgds; 6) bogmagasbegdgdm  dsb@ogs, obggg  dodymdm-
3eagoodgérnmo dsbBogs o bofsmdmm 3mbligendisogodo dbsmgdobs s bogrgzgdol wsbsegs@a.

gbGogo 1. 633008bs@gbol bs@Bgbol Mgddoxnogsoom dopgdnmo g@sdiogd0l dotomswa dsbslosmgdmgdo

2 S 1
2 £3 a3 2 2 g 3 35 % &
'C% \gg ZZQ) ()] Fggg \g{ g’( o L? o = :% o og) o %,8 o
3 8 o S £§%0 | & g o X S HES 2 X 3 ER
& e & 8P | 22 & R g € %
3 £ o & 3 Y % g
kel
I 0,8158 -10 62 0,02 - - - 12
1I 0,8519 1 115 0,04 25 30 1,5 14
III 0,8830 18 168 0,06 35 10 12 10
v 0,8890 55 178 0,08 70 15 25 23
bs®Bgbo 0,9600 85 250 0,17 35 25 30 40
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35653060 3OLgdmdl  Lggos s smsmo  Lolmgosgol.  Neo 23683-89  Lsbligsbostgol  dobgogom
33693060l dserggdos  T-1, T-2, T-3. obobo  gasdmoggbgds  Bgbogndo  ©sbodbmmgdolemgals,  slggg

Lagmazssbmgdgdem  Jodosdo  Jomemeals o6 bob Bgosdomgdol gslsgmabose. sddondee asdmayggbgds Lbgseslibgs
36080930l Lsboremgdols sledbsegdemse.

baggmgbom  s60dbmmgdals  Lebomgdolbsmzgols  bagodm 3565306 mbos  3Jmbegl  dsmsmo  memmdals
39939 nes. Beagese 3sGexgabgdol mmemdals $gd3g@ednmss 65-670C. Rgagbo 9JL3®0dgbBolels gsdmymaoema
s 33bgmegadnmo  3sMsgabols . Badd. Lsgdsme  dsmsemos s smfgsl 850C. gL 360l opgsern®o
356133060 Lsbogrgdols sbsdbswgdemse.

@oBgPsdyg®sBo  dmdgdborn  dsbogsty  EegPEbmbom  smdmBbes,  Mmd o7 3sMegabl  sgdedgds
3omodg@mmo  ©s6s3sBo  (memo bodigtozol 3mmommgnobgdo), bsbogmo gsbegds uGm mdmdgogao  ©s
a0 (36 Rsdmomagborgds), s3sL0sb 0beEgds Lsbmmols §30l bsbg@dmogmds. ©sbsdsgols Tgygsbs Lsgomems
33069  MemEgbmdom.  3sGsg30bols 100 Wby Foemby  3memagmoengbo Qo/oﬁ 3er03Gem3agrgbo 0,005-2,0
3sL.Goemo.  3memadgdnm  ©sbsdsEdo  dmemogmogngbols s 3meadMm3omgbol  0msbsggstemds 1:104 - 104:1
bm3g690d0s [3].

3565306988 s InFergdnem  ©sbsdsBgdl szm gOMbsoMo  Smmomegnabn®o dbgds, Mo 3sblsbmgMsgl
651930L  333cbg63)900T  0g@ImEabsdogn® dglsdsdolmdsl s bstgzal dsmseem MgMdcmEabsdogn®  dEgMeEmdst.
9L 30 39633063338l Lsbogemgdol Lsadgoem Lsgdbdmmsgsom mgobgdgdl s dpamsemdsl dgbsbgalsh.

3er00dg@rnmo ©sbsdsBol Lsboo Tgodemagds 3edmygbgdnem 0dbgl obgmo dgsdo Lsgmezssbmg@gdem bsdRgbgdo,
OMaMO0(358, 333300, 33dmygabgdnmo gAmxgMse d3M0igdo 36 LsJlmgo-lsgg@sgo deggol @s(3eM0gemgdegeo
dsbegdo. 3 dsbsgmols  gedmygbgdom  Fgodemgds  ass0d@sl  jowgy  ghmo  360Tgbgemmgsbo  ggmenmaondo
36dgds — dbgd®ogo 3Boo sMEsMEsJIbso dgsto bsBgbgdols s;mzaligds s PBomobsas.
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profilaxis of oil pipeline. LsJotrmggeamls dg3b0g@gdsms g@emgbmmo s3s09do0ls dmsddy, (8).9, Ne 3,
2015, g3. 103-106.

2. Ilapenaro O.IL., Jaungosa C.JI. Oxomornyeckue npodiaemsl xumuu HedTH (0030p). Hedrexumus,
1999, 1. 39, Ne 1, ¢. 3-13.
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HEKOTOPBIE COOBPAKEHUS 110 IPUMEHEHUIO OCTATKOB HE®TEITPOBO/IA
I'.I1.Xutupu, T.N.I'abynus, 3.C. Amupunze
Tounuccxuti cocyoapcmeennulil yHusepcumem um. Me. /picasaxusunu
Unemumym gpuzuuecxoti u opeanuveckou xumuu I1. Meruxuweunu
PE3IOME
ITokazana 1enecooOpa3HOCTh HUCIONB30BAHUS OCTATKOB HE(TEIPOBOAA Ul MOTYUYEHHS IOJIE3HBIX IPOIYKTOB
MPOMBIIINIEHHOT'O HA3HAYEHUS U JUTA PEIICHUS SKOJIOTHYECKUX BOIIPOCOB.
SOME CONSIDERATIONS ABOUT UTILIZATION OF PIPELINE RESIDUE
Guram Khitiri, Tinatin Gabunia, Zurab Amiridze
Ivane Javakhishvili Thilisi State University
Petre Melikishvili Institute of Physical and Organic Chemistry
SUMMARY

Appropriateness of utilization of pipeline residue for obtaining of useful products for industrial purposes and for
resolving of ecological problems.
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30mmM6veo Jodos

2-f-D-303030656mBogr-a-D-056m306056mBols bLobomgbo
B0 896290005, Wowo FHdEAY, DM BB, MsdsD Qobmzodyg”™

beabdols bsbgemdfjogzer @bozg®lbodgdo
03569 x¢935b0F30¢m0b bobyermdol odogrobol bsbgemdpogem #boggtlodado

B396 Tdogé LobmgboMgdmwos  2-L-D-303m30656mBow-a-D-8560m306056mBs  2,3,4,6-@9g@®o-O-539G0w-
3)3m306056mBol  3mbgblsgoom  1,3,4,6-@9gEH®o-0-539G0w-D-0560m30656mBslmsb  mmmool s 3serol
Jrm©0gool s BnLBMOOL (V) mglool 0s6sbfthgdom s s39¢MJboxamzgdol 998ymdo 3oMOHmEmobom.

©O90LOM30L Yggas 36mdo obogoMowl d3b GHMI3semBoU, Joe@EHmbBol, 39bgomdomBols dugsglo
5990905, BosE d0MBYGMO 8dd beM309wEIds FMbMBsds@0gdolL 1-1, 1-4 s 1-6 boHToMdSOL 5¢EMITdL
dmeob [1-3]. Gog 9ggbgds sbowro GHodob 1-2 s 1-3 3dgd0b 8993390 ©OLOgsMm0EYdOL (LemgmO™mbs,
@53065Mm0d0MbB) 5MgdMBOL FgbodegdErMmds s LobmgHBOL JgoMEIdO 5335 3OMG. 5. obm30dqa [4-
7], ®m39wog gobmzodol LobmgBol babgafimadomss 3bmdowro.

JomBmpqboer BsdmMIdo dobbomos A 3mBo-2-obmBol Lobmgbo. Lsfgol bogzmogMgdsls
§o60moagbl  2,3,4,6-39@M5-0-539¢0waw)3m306056mbs(4) o 1,3,4,6-39¢®5-0-539GH0@w05bm-
30656mBs(3). JermOmxzm®dol bubs@do ImemgoyoMg 603009M9d9000 MMMOOL s ool JarmMoEgdol
5 BMLEMOOL 9630MHOEOL MsbELMmGd0m doowgds 2-B-D-3w3:m30056mbow-a-D-056m30656mbols
®JBo5393°G0 (5). Mbs 500bodbMbL, M Lsfyolo bogmogMgdgdol 3MbgblsEgos WoIdom dgEgal 0d
d90mbgg3s80 0dwg3s, OMEgLG  §Yowhedmmadgg  39GOwoBsGMOYPRL  (ZnClz, P20s) qds@dgds 9306y
50gbmdom SnClz, Gog gobsdo®mMdIOL BHYBM93IB0WRW3MmbBoL Fo®dmddbsb, Mmdgwos dgdwgy  o-

A9IOH9539GH0bMBoLmb 3mbgbLoE00m 0dwg3s o-tagdBoo3gBHIAL.

CHpac CHPAC CHoac
Cl
o O, o
NHs 1
2PCls -
OAc ACH —_— OAC 0Og CC13 OH
AC OAc \ —_—
AcO AcO AcO
1 2
CHpAC
AgOCOCH, o
—_—
OAC HQ\Z
AcO AC
3
CHOAC .
H o OH CHOAC CHOAC CHOAC
O, O, o
oAc + ony 2L B0 -
Qhc \ oAC OAc
OAC .
AcO AcO AcO AcO OAC
oAc OAC
3 4
CHOAC .
CHOAC & CHOAC

CF&OAC O,

o o —o S
— O
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N OAc 8CH i OH
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OAC 3 HO
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0Jb396009bGmeo bsfoemo

1-Jeom®-2-Gmodanmtdssgdoe-3,4,6-GM0539G0w-056m306H56mDbs (1). bubsto, Hmdgerog dgogo3t 10y
356Mm30656mBoL3gbEB93gGHGHL s 20y  PCls 5003L9d96 IMy3sedotrs 30¢ds80 30935303500 9MmS©
Jm® 350300980560 BoEwom @s JMEDL 53bgegdgb Fywol sd5BaBsBY 5-6 LosmOLSEIsZzEMmdsJo 80-90°C T-
Bg.  §oM0moddbgds  gOHmMY35MmM3zs60  dmyzgomogrm  blbsMo. 95303900L G909y LoMgodiom  dsLosb
89930090 35371999%g 50°C T-BY 3500096056 539EHOWIMOOELS s LHJMOIBFMLBMAL. 3MEdS30
BB 36wl blbosb 100 I s8oerols L3oMEdo, HMBE0EIbsE 39303900L 8900y A50MYmaBoEO
360LEINMHO 30 YdE0L 9JuEBHMH0MDs bEds JMIMHOm. 45dMMOOL s J0gMOL sMMHmJegdol 9909
§o60m0ddbs  1-Jem®-2-EMmodwm®s3gEow-3,4,6-G6M0539G0w5bm30M56mbol  3GobEIwgdo, GHMIgebsg
3360LE99d96 99mbME0sb. doowgds 79 (58,08%) Lygzms bogmoghgds.

Too, 134-136°C.  0bLBYRS B6BMETo, JwmOMEMm®Ido, JMgMdo, JMOWIEIHIGHT0.  S05PIBL
B9@0baol Lombgl s 39HELEOL BoG®MoGMb 0dwgzs 39MHEbEOL  Jem®ool Bawwqgdl. [alp'®+16,2°
(Jerm®MmRm®d0). M(C1aH1605Cl4)=470. b53m3b0s %: C 34,8; Cl 29,89. as9mmgowos %: C 35,74; H 3,40; Cl 30,21.
Rf 0,48 (Jermdmam®do:dgomsbmeo 19:5).

1-Jem©-3,4,6-3M0539BH006m30656mBs(2). 63 1-Jerm®-2-GModwmEszgGow-3,4,6-3M0539BH0w-
356m30M96mBal (1) MBs@gdgb 0°C  T-%g Moo 58053000 oIV 100 de MBLEOIEWEHMG gog®U.
bynimosbo bxwMgzol 99dwgy 603009Mm9ds (1) dmerosbos oblbgds. Go8gbody Losmol d9dwgy 0fygds
3O0LEI0DOE0s. 3OMEOYIEL 930M0LEIWGOID gmsbmeo@sb. doomgds 4,8 3 (115%) Lygms 3MOLESWYDdO.
Tewo, 151-152°C. [a]o?°+17,1°  (900@oig&o@o). oblbbgds gog®do, s39@™bdo, Jewm®mgm®mddo, gmebmendo.
2353H9900LSL 500YIBL B9obyol Lombgl s 39MEbEOL Bo@Mmo@msb 0dwgzs 39MEbEIOL Jemmoool
Bogrgdl. M(C12H1708C1)=324,5. bsdmgbos %: C 45,1; Cl 9,84. gsdmmgeowos %: C 44,37; H 5,23; Cl 10,9. Rf 0,61
(Jarm®Omnm®do:dgmebmero 19:1).

1,3,4,6-39GM5-0-539G0w-a-D-056m30M56mbs  (3). 3,8 g bogmoghgdsl (2) blbosb 90-100 dew
NVLMEEME qmgMdo, wds@gdgb 3p TIHow 39HEbOL 539BHIGL s BaMgzl 9BxMg396 2 Lossmol
206053emd580  Logogzgdo (bLbs®do 3serMmagbol votymaom bobxsdy). 3930w EH3MOL d9dgy JogOL
5309096  35399mddo. [o®8m0ddbgds MM 3MOLEWYdO. B3O  53MOLENWGdID  gorowrol
L30OEH06. FodMbdZE06Mds 3 g (73,61%). Twe. 131°C. [a]0?°+80,2° (Jerm®MBm®d0). 60gm0gMHYds J5ORS®
oblibgds JarmOHmxzm®ddo, dgmowol s gmowol L3oMEdo, 3oMowobdo, 3MsE fysedo, d9bbmedo.
M(C14H20010)=348. Bo3mgbos %: C 48,01; H 5,89. godmmgwowos %: C 48,27, H 574. Rf 0,39
(Jarm®Omum®do:dgmebmero 19:5).

2,3,4,6-39BMs-0-539¢ 0em-B-D-3 0 3m30656mbogn-(1,2)-1,3,4,6-Ggd0s-0-539¢ 0gw-a-D-356m3o-
3bmDBs(4). 29 2,3,4,6-G9BHM0539G0WREY3306056MmBol o 29 1,3,4,6-39BH65539EH0W-056m306H5bmBaL (3)
blbosb 80 der Mo JermMmgm®mddo, MBs®gdab 39 290wm3zse Mmool JuermMol s 0,8 4 ool
JmmoEl, bxm®gzab 5 Losomolb gobdogwrmdsdo. 8999gy bUbs®l Mmool  JuwmMowl  s30wgdgb
29830 GH3M0m, 99ds3)d9b 33 BMLRMEOHOL 396EsmJlol s 3313 Bx®M396 10 Losmol obdogermdsdo.
blBoMb o396 o JEMOHMABMOIL S530wgdgb 353719900 gooabom. MdEosEgEeGHOL 3MHoLEIgdOL
309mygmags bgds Mo  gmghHoEsd smemIwgdom. Jomgdwo  3MMmEwIEoL  goI3MOLEHIWHd0
9036mE0Esb Joogds 3,53 (89,9%) Lgms FHOLENWIBO. Twe. 144°C. [0]p?+34,3° (9000l L30GEO).
M(CagH38019)=678. Bodmgbos %: C 49,41; H 5,74. qo8momgoos %: C 49,55, H 5,60. Rf 0,55
(Jarm®OmRm®do:dgmebmero 19:5).

2--D-3e03m30656mBon-a-D-856m306H56mDbs (5). 2,53 obodos®ool mg@sszgdodl bbbosh 700q
3865 JemOMmEm®dTo ©s -10°C T-By 25303900LL Mo@gd9b 13 Bo@Mowdl 50 der Mfiywm dgmsbmendo.
Botg3L 5bx 069396 (303 30MHMdGdT0 50 00. sbEsmMsbMdOm Fodmogmas LoMMaoLYGdMGmo Tobs. 8909y
Lotgodgom  dobob  Mds@gdgh 60 9 303 fgoel s dwogko  BxwmMmg39b. bLBsOL  FHMbow s
9690309096 496%. dFo®Bgo350m0. L30ME-FYoblbsmol 39bsl godmymxgb  Jerm®OmMEMMIoLodsb s
5O g996 35321mdd0 JIMSEo Tsbob 0MYds9Y, HMIgEbsg blbosb 20 dew {goedo. bLbsOL gowE™M39b,
8539096 2 ¢ yobmermgoeb ddo®mdgogol o 3 g 9bgMgd9gb Lozogzgdo, Mol 990y OLsdsMOEO
56506 250m3M0LEWEYDS.  OLOJIMHOEL  53MOLEWdID  gmobmosb, doowgds 1,125y (89,2%)
Bogomogegds.

LobMgHBoMPMWo  EOLOFsMOEOL 5390 MEgds  sYgbo 0dbs 3330l BoBOZMM-Jodomemo
3900mEHR0m: 993960 365e0Bom, B3gEMOMO dOWBZ0m, 0b6GMFomgwo B3dEMOm. Twe. 149-152°C.
[a]o?%+32,6° (§g5e00). M(C12H22011)=342. 8meg329e0e)®o 3sbs 2960Ls%@3M90s figowdo: 0,59 Bogmog®mgds 50¢»
fgoaBo, At=0,53% 0,53 603m09M9ds 59¢» Fyowdo, At=0,52°. 653mg60s %: M 350,355; 353mm3@oos %: M
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342. B53mgbos %: C42,11; H 6,34; H 6,43. 308mm3eowos %: C4,21; H 6,43. Rf 0,62 (Jerm®mgm®mdo:dgmsbmeo
19:1). 603m09MHgdoL off L3gdEHG30 V9odRbgzds Yobmgdol L3gdEH™Mgdo 3416 LT «B6d0, GMIgwog
@©535b3L03MGBY0s 30EOHMILOEOL X yMBIBOLMZ0L; C-0-C X3530Lbmz0L sbBOsMYdgEo 1052-1287 LY
290560; 1414,32-1572,2063 «9d560 - CHz X3 mzobomgzob.
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SINTHESIS OF 2-8-D-GLUCOPYRANOSYL-a-D-MANNOPYRANOSE

Natia Shengelia, Lali Tabatadze, Zurab Phachulia, Ramaz Gakhokidze*
Sokhumi State University
*Ivane Javachishvili Thbilisi state University

SUMMARY
In a similar way, by the condensation reaction of 2,3,4,6-tetra-O-acetyl-glucopyranose with 1,3,4,6-tetra-O-
acetyl-a-D-mannopyranose in the presence of the zinc and tean chlorides and phosphorus pentoxyde in dry
chloroform and by further hydrolysis o the acetoxy groups the synthesis 2-f-D-glucopyranosyl of a-D-
mannopyranose is described.

CUHTE3 2-3-D-I' ' TIOKONMNPAHO3UJI-0-D-MAHHOTIUPAHO3bI

H.I'.lllenrenus, JI.B.Tabatanze, 3.B.Ilauynus, P.A.I'axokumze*
Cyxymckuii ['ocynapcTBeHHbIN Y HUBEpCUTET
*Tounucckuit ['ocynapcTBenHbli Y HuBepcuTeT M. MBane JIxaBaxuIlBUIIH

PE3IOME
B Hacrosmielr pabGore omucaH cuHTe3 2-f-D-riaroxonupaHo3wii-a-D-MaHHONMPAHO3BI — peaKiuei
KoHJeHcaruu 2,3,4,6-terpa-O-anermi-riokonupano3ui ¢ 1,3,4,6-terpa-O-anermi-D-MaHHOIUPaHO30il B
MPUCYCTBUM XJOPHJIOB IMHKA U ojioBa U okcuua (ochopa (V) B cyxom XaopodopMe U MOCIEAYIONUM
THAPOIM30M alleTOKCH — FPYIIIL.
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25M93mb Jodos

Jodomco gegdgbol Jeemdol (Cr) §yswd3gbatgliorsb Spirulina platensis v&H00gHoddggdols
Adglisbgd

Bobo 3 Fogo

03569 x935b08300m0l 0980¢mobob bobgerdfogem «9boggtlbodgdob
99980964 560EMb035930¢m0b 30Y00b 0bLBOANGHO

LsdmBsmdo dgbfagaroe 0dbs (3056mdsdEgMos Spirulina platensis (S. platensis) Mx®gEOEo BOHEOL ©obsIo3sdo
0339053 Zarrouk @s06Mgdmdo Cr(111) s Cr(V1) ggggol 0030bgdw0gdsbo, GmaEs s0bodbme  ao@gdmdo
Bo@300Mmmmos 3500  aobLoBOzOMmo  Momgbmds. 4o8mygbgdew  ogm  5GHMINM-BLMMD(30IC0
139JAHO™YGHO00L (55b) goMoO.

JodomGo  gwgdgbBHolb  JOmdol (Cr) Emaboe  mOsboBdgdmb  MHP0gONJdggdol  bozombols
239633930bodo  dodwgbowos 8330 Lsdggboghm  FOms.  sygbowos, GMI oL FoMImoygbls
LogmEbEobsmzol s30wgdgeEr Jodon® gugdgb@l. sl qosBbos gMmgMMO FMNs35MH0 Mo 505d0sBoL
Lolberdo Godmob mboli Mgameomgdsdo, s3Mgm3g, 39639OMAg0Mwo ©s GmJbogzwdmo bgdmddgwpgdol
Mb560. 36Md0E0s, MMI JOHMIOL Fowowo 3mb3gbEMaE0s 0393l MEbswo MMYBboBIOL 35639MMYgbme
daMdo6gmdsl.  JOMAoL BogMmgdo dmbsfoegmdsls 00gdl W Mggddo obags-s0ygbom M9odi3090d0. ol
3Mmob BMA0gHMo RIMIIBEHOL 9dBH035GMEM0, 53Mgm3g FMbsfoegmdl  JmarglBgmobol Mgameromgdsdo.
JOmdo byl Mfymdl  0blmeobols dmbsfowrgmdsls babdomfyswdsgdol, @wod0gdol, FOwgdol s
6493009060 3553980L 39EHodMEoBIdo. b 500bodbmb, MHmI Cr 533l bbgssbbgs Foagb@mds: +2, +3, +4,
+5, +6 s Jdbol IMogoe bogmol, GMIgEwmsysb gzgumebg dyMowos Cr(111) s Cr(V1). og6Hm
23936039093 9os Cr(111), bmem Cr(V1) Homdmoygbl Jomadol  @mdbogm® gm®mdst, Gmdgwog Cr(111) -
056 8900609000 YBOM 5O30HE @3l FMEbIX YXOILTo @ of3a3L 3BEIOMYIBNL IR3ZI39BL.
a3 [1] 36035805 509b0dbmwo, Cr v30560bMds 50530560l MMAB0BTTo 0fj393L LsFoMm bodgdols s
30Wgd0L Mot gbMdsms IMP3g39L, Lodoweols s fmbol 8gdgoMgdsl, IMmAMOMBOL JmmEOEObsool
5MM3939L, 530939, LoEMEbEol Hoby®dw0gMdOL F9d;30M9dsb.

B396L 9du39M0096@gdd0 MmEboc MmMABoBTs@ dsbzobowgm F0sbMdsdBHYMOos Spirulina platensis (S.
platensis), Gmdgerog HoHdmoagbl dom@gdbmamaool gMmgho d60dzbgwmgsb mdogd@l. dsl dbmaeomdo
QOO YMMoM9ds 993939 MMYMOE 1533900L, Lsd3MYMHbsEM LSOOl s OYGHWMO 3MMEwYJEgdol
565353, HMIE0L 5030Lgds 50305 bgds 505305BoLS . (3bMzaWms MMASBOBIOL JogM, sdoEHMmd dob
230BLO3MMGOMEO 958myYgbgds dmo3mzs 89oE0bals, BIMTo3MmErMA0sls s bmgwol dgmMbymdsdo. S.
platensis 53054m330gdL 3MEbswo MEYsboHIGIOL dmmbmgzbowgdsl A, B, C, D, E 30&90690%9. 50539
©OML ol oL MYMdL byl gmEboe MmMRBoBIGd0 BogmogMgdsms 330l dmfglitoygdsl, Mos
23065306MMdgdL ol GPohmmE  2odmyggbgdsl  HMAMME  BOHEILOYO  5sF0sbgdoLIMZOL,  SBg3g
I BoMgd0LIMZ0LS.

d6m0sdo [1], Lbgs bo3z0mbgdmsb gMmo@, obbowmos  JMMTol Lbgowolbgs gm®mdol: Cr(111) s
Cr(V1) m6moogmomddgogds S. platensis v9xM9g0mob. 359mggbgdmer odbs bgo@®mmbumwo sj@ogzssow®o
9b5eoBoll dgmmeo. B39bL FoBbl 96 FoMmBmoyabl  shzmowmadom 0dbgl  smfigdowo  Emabow
MmO560bdg0d0 80dEobsdy 3OmEgbgddo Cr(111) s Cr(V1) Gmeolb smbmlbgs, Mog Logdom JoMoos
Bo0Mmyowodgdmo [2] 960mdsdo. [3] Lsdmdsmdo dgbfiogaroros S. platensis, GmymO3 0bMLEMOMEO
B5900b5MYg §9egd0@sb JHmdobs s 60390l Bdomlm®mdYBEHOL godmygbgdol Logombo, saGMgmgg, JHmdols
5 B03geol 899339cmds  50bodbyero §yowd3gbos®mol domdslado s Bsdobatg (ywgddo, Gmymes
©OMOL 196305, 39MHImE, bobdmzwmg dgMomedo: 5, 15, 30 s 60 §or-b AobTogermdsdo. 5390900
d9L5d5dobo EsL336900.

P. Jonson, A. Shubert, [4] 9630l 53GHMMGd0, 13056, G™A S. platensis godagds godmygbgdwyen 0dbgls
AJbogmeo gargdgb@gdoom: 3odondom, Y3000 ©s 39MEbEoLlywom ©s3FFYosbgdyemo Bsdobsty
P9agdol gobvR3053900L5m30L. 39M9EMdYD, GmA S. platensis 5530560l MOHABOBI0WE odmgzbols

0530699535¢0 MOEOIOEGOL, M50Mb30EIdL [5]. dmE® fFergddo 933¢935M05 YMMo®adals 0dlobw®mgdl
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S. platensis dog® mdOmU, 39603l s bbgs JodomMo gengdgb@ol Bsbmbsfowszgdol Fomdmddbols Mmbsto [6
-7].

9. . 5bMMb035330¢0lL LobgEMdOL 530BO3OL CBLEHOGEHWEHT0 4909M33e093900 ho@sMgdvw odbs IPPAS
B - 256 &o3ol ety - 3)3969 Hgowdzgbadol S. platensis d0mdsliol Lod segdom, HGrmIgerog 8owgdvye odbs
Mool dg3b0gMgdoms 5350090008 3. 5. B0ToM05Hg30L  Labgermdol  d3gbstgms  BobBomEmyool
0bLEBHOGHMGH0. 9Ju3gMH0TabEJOOL BoBoMIdOL MML IgWwo ogm dqdEgao doMmdgdo: pH > 8,
0v90000350 0gm d9b56BMbgdwgeo 3500 ¢rvydlo 3sbsmgdes, 30 - 34° C 3§gd3gms@ e, 0Y39G0 dMVEGHOMYDS,
bmM3090©gdMEs J0zMmbzm3mwo ©s pH 99©dogo 3mb@mmeo, Ls®dmgdos S. platensis domdsbols
Q05 GHGI3GMGHWONY0  2o0mBMMds. Y439y dqdmbggzsdo  s0bodbmwo  {goadEgbstol  Lmlidgbbool
650393990L ymgz9w®on®ds  JozMmlizm30v9eds 3MbGHOM@Ts 9B 30Es, ®mA S. platensis Y MH9OJdO
GOGAMELMY0YMHOE 56 goblbgzagzgds 3MBEHMMEOLSYH.

[8] ULosdmdomdo dgbfisgeroos S. platensis wxMgEo HBOEOL 3gMomedo 83399530 Zarrouk
2306900056 §goed3965M0L domAsbol Joge domgbmMo Jodowmo gungdgb@gdol; Co, Cu, Zn, Ni, Mn, Fe s
AJbogzmeo 9egdgb@gdol: Ag, Cd, Cr, Pb 53wdw9csool bygombo, Mmss §obsbfs® oym dg6mbgmwo dsmo
50gbmds.  50b0dbmmo  gangdab@gdol  3mbEgb@®mogos 09339053 oMgdmdo ds;  BoB30MH™M350©g s
Bo@30mm30L 89999 dqLHogerow 0dbs s@MINM - sdLMEMDdE0o b3gdGHMmMAYEBMOOL (5sb) Lodwsegdom.

§0bo8gdotg  Lodwxmdomdo dgbfiageroer odbs  (3006mdsd@gMos S. platensis My OgOIwo  BOHEOL
©0bsd03sd0 Zarrouk 9339053 goMmgdmdo Cr(111) s Cr(V1) Jigzol 0030L90w6Mm99990 50bodbmen gotmgdmdo
05000 24960339900 M50 bMd0m hoG30M30L0l 55l FgMEOL Yodmygbgdoom. Bo@eMgdre 0dbs MMmymO3
bsba®dogz0 (8 wy), sbgzg babdm g 9dudgModgb@Egdo (10, 30, 60, 90, 120, 1440 {jom). bobyMdwozo MMOL
2060530md58d0 d0dobatg 9JudgmHodgbEHO Podom®s MmO LgMos®. bzobowmm Ro@sMdWMWO (35¢3gMI0
99b3960dgbEHoL 899a0.

30639 Lg®osdo qbfogaroe 0dbs Cr(111) 999;339emds S. platensis domdsbisdo 9339003 oMgdmdo
JOMAoL Lbgoolbgs Momgbmdolb (0.5, 2.5, 10 dy/an) 3mBEGHHMWmb ghms Bo@3zoMm3zolol. 3339053
Zarrouk 90699mdo bgoolbgs 30m6396@®3000 Bo@goMmwen odbs ddsmdgs Jomdol Cr(CHzCOOH): 0.1 M
blbs@o. S. platensis 3en@039305 MBS 8 Lol As6353wmdSTo BYEg 3oMgdmTo 34°C Bgd3gGadwHol
OML, Hm3s pH 0330wgdm@s 9.5 @b 10 - dg. domgd«yemo 39093900 Fo0dmangbowos 1 babsbby.

Omamm3 1 6sbsbosb Bsbl gdudgModgb@ol Lsfyolo ©@Mggdol obdsgermdsdo 0339053 Zarrouk
2306M90mdo  Cr(111)bg8mmbsdmmzmo MomEgbmdsms Bo@zoMmgoo S. platensis d0mdsls OO 96
03390 JMBGHOHMEWmB  Fgstgdom. MMmmOE  ©og0bsbgm  306M3zqwr, dqbsdg s dgbong L
§95003g6560L  domAolsms db0dzbgwmdgdo sbarmbss gMmdsbymmsb, bmm dsom dmeol  gstgdom
QOO 256Lbg39005 {goedEgbatol BMol IgMzg L. Moz dggbgds 30bEGHEMMEL, dolo Jodlodsemo
B dgbsdhbyz05 BMHOL 0bsdozol 6 L, Hmam®s gl bsBggbgdos [1] dMMmdsdo.

99b39603gbEHOL Fgmeg LYMOs BoBOMmEs 30H3gwo byMool Jglsdsdobsg. 9339003 3oMgdmdo, Cr(111)
abasglo, BsG30MmmM 0dbs Cr(V1) 996s9Hn0ol 35¢omdol dodmmds@ol K2 Cr: O7 0.1 M blbsto, ogozg
30b39bGHMo300m, Gmam®i Cr(111) 306HMdgdd0. mGM03g LyMosdo dmbs Lldgbbool 39bEmoxMYyoMgds 20
oo gob3o3emdsdo 12000 d6/Hor-l OHML s Boergdol ao6g3bls oLEGoWsGom. 3OHMEILO B3PS
09039 306009030 395EH0BMA0MGd0m 4°C 3Hgd3gMe@EIMobol. J0MgdvEo yzgms boergdo 3sdmadmsw odbs
0°C-Bg  sdoe  BHyd3gMedMsbyg  L39E0MHO  OMBOWODIGMOOL  Lsdrgsgdom.  godmdIGMso
00mdogdOLOYSD odboIdME 0dbs 60dMAgdo sols IgoIMPO? 9b5EPOBOLIMZOL. Towgdmewo dggagdo
§o69Mma9b0e0s 2 Bobobby.

OMamO3 2 Boboboob hobl, Fyoardi3gbotyg S. platensis 2o6Mgdm©sb MBOM T9EHO© 0030L9dL
d056:355535 JOMAob Lobom Bo@zoMoryen Cr(111).

596050, B39bL Foge OLEbBYYIEO STMEsbs Tglrmegdme 0dbs bsba®mdwog Mmdo d0dobstry
99b3960396EHJd0L LodmsEgdom. Mog dggbgds bobdmzwg MMdo dodobsty JudgModgb@gdol d9wgaqdl,
o0 gobbozsl 59 56 F9349009d00).
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b0mdslols bAwol A,
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Bob. 1. 9339093 goMgdmdo Cr(111) bbgssbbgs 30bzgb@magool
BoG300m300 godmfizgmero S. platensis domdsbol 330 gds MHMOL dobg300. d0mdsbol Lbgswslbgs
30b39bGHM300m5 3609369 Mdgd0L (33¢0gdsls G99glisdsdnds dMrgdol bmdgmo: 1 —0. 5 dy/am, 2 -

30bG®Mo, 3 - 2.5 /e, 4 - 10 9p/cm.
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3339053 3oM9dmdo hoBgo@myamo Cr GomEgbmds,
/e

bsb. 2. S. platensis 3G domdobodo Cr(111) s Cr(V1) 3mbigb@®sezool (dgbsdedols 1 s 2

9600990)  ©s0M30JOEgds 3339053 A0Mqdmdo Bo@gzoMmwen dom ghmbsot (0.3 dp/w - b 15 dy/am)
509bMdsDY.

LoLOsBM3bM FMZoEgMdI 30030 FoEEMBS Y53BIM X YBOL

bgddegsbgl 5. 39em3MdOELOL, 53MgM3T, XAMIBOL HzMdL : 9. 30bGHWOL s 5. bobsbodzowl,

HMIgdM b3 9Hmo 38Mmbsfogmdo Hgdmmownbodbrywmo 9dudgmodgb@gdol hodemgdsdo,
boe 5. Hhge0dz0l - ssb Gg00MmE0 G0wgdvEo 99093900l Famdmoagbolsmgob.
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ON INTERACTION OF CHEMICAL ELEMENT (Cr) WITH ALGAE Spirulina platensis

Nana Kuchava
1. Javakhishvili Tbilisi State University,
E. Andronikashvili Institute of Physiks

SUMMARY

The peculiarities of the behaviour Cr(111) and Cr(V1) in the dynamics of cell growth of cyanobacteria
Spirulina platensis (S. platensis) in Zarroyk nutrient medium when its certain quantity is introduced into
the mentioned medium has been studied in the work. The Method of Atom — absorption spectrometry
(AAS) was used.

O B3AUMOJENCTBUHA XUMHUYECKOI'O 3JIEMEHTA XPOMA (Cr) C BOJIOPOCJIBIO
Spirulina platensis

Hana Kyuasa
Tounucckuii 2ocyoapcmeennwiil yHugepcumem um. Meawne Jicasaxuwiguny,
Unemumym gusuku um. Inegpmepa AnOpoHUKAUSUIU

PE3IOME
B pabore 6bun usyuensl coiictBa Cr(111) u Cr(V1) B muHaMuKe KJIETOYHOTO pocTa IHaHOOAKTEpHH

Spirulinaplatensis (S. platensis), korma B mNuTaTeabHOM cpene  Zarroyk 3arpyKeHbI UX H3BECTHBIC
KOJIMYECTBa. BB MCMONIb30BaH METO/I aTOMHO — abcopOimonHo# criektpomerpuu (AAC).
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25M93mb Jodos

60553036 Cu, Mn, Cd, Zn-ols 990030L900L5 d 3565f0egd0l Fgiffogems bemdswlis
s Jo®do

s OBYAE0Iz0e0, s GYIX8o, 99O 3obGIO0, gergby JoO3gbawro,
segdlab®g Mbgmemodzowo

03569 2¢535b0830¢m0b 0docmolol bsbgerdpogzne »boggdbodgdol
92992096 s60E b0 35830¢m0b R0bo 0L 0bLBHOGIBO

FgbFogemamos  msdmGsBmeongm 306mdgddo Ledstmggmmlb gbegdnto x0dals dst3gmgnmgddo - bem®dsmdo
[ememo  (Triticum georgicum)] s 49480 [Hordeum sativum Lessen (Hordeum L.)] Cu, Mn, Cd, Zn-ol
bossgosh  Fgmzgoligdols  bstn.  J3gbstigms  BEs-asbz0mstgdol  Lhgeslbzs  3gMomedo  gemgdgbdgdol
3993390 mdol  Fgbfogems  Brgdmes  I(39bs@gdol  (3eemggmme  mGgebmgddo - ggglggddo, ©gMmgddo s
goomgddo.  gmgdgbdos  3mbgbBMszogdo  gsbolsbmgms  sBmIn®  SBlm@dionmo  B3gddemdgd ol
Lo Bgoemgdom. bedrdsmBo ©s Jg®do  gggmes gmgdghob  sgdmggds  Lea®dbmdemsw  dgBos  gliggddo, g0y
©9Ombs s gmoemgddo. mgMmgddo 3o 9dgdgl Fgdombznzgddo ©samzgds @G dgdos, oMy Bmomgddo.
9099968930l 3mb(396@Gs30900l  Bgstgdomo  sbamobo  sh33693L, Mmd  FglFszmorn  gmem@n@addo  dsmo
3030930L 9bstio Bgodegds (s1dm3zo0080600 Fqdmgan 08630dwg3mdamn Cd > Zn > Mn > Cu.

OQGO'BS‘UQO 8@8886(%360 8086‘30)3636006 Od(%()‘aﬁ) 6030)0868600)0 xa‘a%l}, ﬁ)mama&)o 8(0660
deoaS@ﬁoooa&oh Qﬁ)(‘)’l} @mdhodﬂﬁmo GNGBOQO (')66060%83601)0)301) 60&)88(')’80 015060 6014)00’)‘56\)0(‘\)

36(33;:);336@55 oggoaool;abols h]ﬁgoggalsb;}o Bodaooﬁmboh 'BaggaaoQ. 3o36"60 ©3 GooggoaaiS"{‘Jo 3;\'\*)3336(3)825013
6.536(33;:)3601} Vaoﬁma&h %’oﬁ)amoggaaf;aﬁ 363%’330\*)076015 15153oggo15153¢ m&oaj@)abo, m&magaj@émhaggaﬂéabo,
3.5;353‘3;*\*)01} 60;@8083803363;:)0 Bo%’oﬁamabo, Lsdorm 8(*)33(')3363@0 363933@00601} mbogd(ib{]&) © dsoo
5.5(4)335360, (fbﬁ)oGthﬁ)(fbo 3 633(4)0 1}1‘)3. [1-3]. .>Q50'85‘3Q) 3(4)(*)(331)'80 m0301so %‘3;?\')0;:)0 '830(-]31} .56630733
6'3536(4)03 6300{]030'3(4) 3(4)00(331)361) - 3o68o(f§'g]t4)ho 3 Oﬁ)m%ogmh [4]. o(fbamhcgaﬁrag\f\no 50;*\')35360 oha&j
'830(3.5335 36038 QmmmSO&ﬂ) 6‘5‘4’633'351’ ﬁ)omgQ{]Gmboh 3 3(*){]33;33636 oaﬁ)m 1503066"3;@36%3 [5] "303600
33(550(3 - .56(4).5(4)'3;:) 360{]@0&5’80 1‘)’80(4).);3 08853636 cBmlstgo(fb Bohgda&h, Baaﬁ){ﬁ’{}a(j\nm %’oﬁ)amao;}(j\nmboh
ﬁoaggo&)ﬁ)a VSQDESB, Boobmgﬁa&ac\n Soﬁ)ﬁaﬁabls, F)ma(mabog 1539'\*)15 'Uvsmbaﬁ 36033 Qommsabols
deoaS@ﬁoooa&oh %F)ggoh 60633(*)'30 ©s GOQQoaab'Bo [5, 6].

Qmmml;{]bom Q.)&)Sd'aﬁ)abol} 3(4)0)6;:)33.5 hodoﬁ)m[;gg:)m'ao © do3'80t4)36'3g:m.> ﬁ)mamﬁ)e oaﬂoaogg .561536'3;:)
3636’33@0}601} 3Q6m3a€)3mbohmo6, ols333 hobgmamols QﬁmOQQS Qoﬁ)ﬁaGoc\n 80(550)336'3()'\') Bovoﬁama&noﬁ [7,
8].

33(55053 od@gog\gﬂﬁmo 36033 Qwommﬁabols '330)30153601) "JGQF)OB '831)%153;:» hod&)bo 3(3350633601} 303(4),
dsor  Ime0ls 8‘56(3351’3'351’0 dﬂ@éﬂﬁ)gboh, ﬁ)mamﬁ)e oggoaoo&ﬂ) doﬁ)omoggo hod3360 3t4)mgg'ad(§oho [9].
3(3350(4)01) od 5.5%'0;:)01} 15.5'8'3.5;:)3600), 14)(*)33;:)0(3 3(*)01‘)3.56)36.5 15.56336.553,%0060360)0 36083 Qomc')Go 633601’
sBgd0l gogmolisls bzegds 3830560l 3605380 s s 3mdnmoatigdsls gsbozeols [10].

36033 Qomml;aboh 8.56(33@8'3;:) d‘a@@gﬁ)a&moﬁ ﬂémoaﬁ)mdaaggaboh '331»1)%’03@0;3 chadéﬂﬁoo
30%5006(4)030 3{]1}3360336@3&015 Bo@oﬁa&o 80360633&01} %F)Qols 36(*)8315"60. QSQQMBO"JF)O (550.3015
3{]1)33(4)0335(55360 og%’aﬁmg@oo 333515 oggﬁ)o&gag@ 50'360)836"60 [11, 12]. 3m833'3g1'\n0 Baa'a"(?amls dobsbls
Voﬁamoggaams Bmﬁ)bg@oho 3 daﬁmh d‘ag@@ogo@ooh ggﬁ)mh 3(33&56015 BBBaQoBBBo mﬁ)aoﬁm"do Cu, Mn, Cd
3 Zn '830)30153601} 3(4)00(331)01) '831)%'.53;:).5.

3{]1)33(4)0335(55360 (fboﬁ)ggameo Qobmﬁ)o@mﬁog@ 306(*)636'30. 8‘56’(335'\“31'](»'\"01’ 3B ogsos
303;30&563006;30 BBQOooQﬂﬁ) de@aoGaﬁa&"@o ‘Bmaabom 75x20x19 183 de@aoSaﬁa&o 3mmo3hg3o
100x60x100 1,83 3(*)(3"3@00601) '3'3'801)0 © mﬁaoSmBQoh(fbodo(fboh Bomb‘aﬁ)mo& F)mag:mh Boﬁomabo
Bmﬁ)eoaggya&mggo QQOB BoGomg\f\nol} 14 3o(f§0o60 1508on3€)015 12 Gom'g]ﬁols hoaﬂo(mabom. 8(33&6336015
3 ogszos BQ{)bmggo 8"3;3803 (5538336‘5(?5"360%3, F)mag"\*)ols de@)ﬁmc\no 04 1']%6?]6339'\*)301(30@0.
1)33(3(»;:)'36.);3 '83(4)33'3@ 30%'01) 6‘5633‘”%3 aQab"JQ)o SOOQOBO %’06‘515%\56 @315@0636“39:)0 odﬁo 8350603’36
'833.);36350;@0)60%3, SSEmBSoQoB Boﬁ)olsb%a, 3ﬂ¢30¢6m6a‘b3 (pH). '831}%'03;:)0@0 ojSQ ‘56‘4’30’33 hﬁ)‘a@o
ocbm(fboh.) ©s o%m(fbol) 30;36(*)@0%0(55015, ch'ﬂscBmF)oh, 8md€)¢30 doc\n(raaols, daﬁ&mﬁa@a&oh, 156';:]@0
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dséomgdol s dozMmgmgdgbdgdols (Cd, Cu, Zn ©s Mn) dmdésgo gm@dgdol  Gemeabmds.  dg@hgnmo
6533900l Bossado [obsliffsdr asbbsbma@mmo dozMmgmgdgbdgdols 3mb3gbE™s0gd0 Tgegqbros: Cd -
0,15 86/56’ Cu - 1’4186/56’ /n — 28’886/63’ Mn - 33’186/56'

2JU396039683)0bmzols Legoder bosesgo Fobsliffsd ogm asfdgbrormo  J3980lgsb, mbe dobscrgzgdolsgsh
@ 893egy aspPomo.

33930 md0gddgdee  sORgmmo odbs be@dmols s Jgtol momm  gbegdnto  x0Bo, G™Imgdag
B Jomaee 3s3moggbgds LsgsOmggmemdo: bm@mdmol x08o - cmmo (Triticum georgicum) s Jocols x0d0
Hordeum sativum Lessen (Hordeum L.)

9Jb3960896B0bmgals  Ig@hgymo 3@3335(55360 (Cd, Zn, Mn, Cu) bossado  dgBsbogmo  ogbs o3
Qomml;{]&)l) '833(333;:)0 1‘)1}6&;30 aoﬁ)oc\naboh Laboo: CuSO4-5H20, CdSO4, ZHSO4, MnSO4-5H20. .5301)0)301)
3(*)3%&;336"39@0 1‘)1)5&(4)36015 dmﬁgaﬁéﬁoeoabo BU"QBUG‘R": Cu - 5’16/Q’Cd — 5’36/52’ /n — 5,2 6/@, Mn

-5 6/Q" dopgdnmo blbsgdo dgBsboemo 0dbs oligmo Gemegbmdom, Gmd dolo 3mdmgabobsgool Bgdwmaa,
monmbols 3mb3gbB M08 bosEsa o, moomgrm  3mbBgobg@do brndmws 4033/;*\*). 33335650  dmdbagdaem
368506969880 somgls Bg@bgnmo x0dol beoMdsmo ©s Jado. sdol asts, Fgos@gdobsmzgals Lmgms
bossado  @somgls  o0go3g  I3bscggd0,  Gmdmgdday  I9dmamd  brgdmes  ©s3306390s  Iglslifagemo
9emad3gbBgdol  3mbbBMe(3090by.  I(39bsgadoodfy3adm@s  gmzgmemonfse  Lagodm  Bgbosbmdols
'831).560(4)3'3636;:).);3 (3%). 3bg3g LolBgdsedyndaec de@ﬁmeabc')Qo bossgols aﬂogooﬁmbo (pH- 17,5).

3687069698006 I(30965699801s 603 Tgd0ls s@ads Brgdmws smglizosb ©ssbemmgdon 28 - 30 ol
0b@gdzsmom.  smadmmo  I3bstggdo  oMg3bgdmes  @olBomotgdnmo  Fymon s 3965793090000
(O 3gTE oasbmgdse - ggqlizgdo, mgMmado, gmomado. 6odndgdo Mgdmes LyBOMd  eMsEsdo (80 OC)
30803 Febsdwg, Mol Bgdmga 3937383390@0om 39dsbognco Lsggdzegol Ledmsmgdoon.

.5(5(')3"3(4) obhmﬁbeoggo 1)33{](55(4)(*)33(556001)0)301) (s31) 503"3'3361), ggoobc\nma&om 30 86 meggaﬁmbom,
3.50).531)36;300) 'Bahoboaohogg 30(4)60636"3;@ 1)05?(,&(4)36'30, 3'330(55365300) deeaS@ﬁoﬁ)angw ocbm(fbaﬂogoh ©5
39¢6bgmgdeon  3mdmggbn@o  Blbstol  domgdsdrey.  Fqdmgy  39bozgdwom  dorobBomsBon  LsgoGm
3(*)(3'3;::(*)6.)3;33. QmmmS{)bol) deoaS@ﬁogoa&oh BQGBQ%QSF)Q @oﬁ)Qameo o(iﬁma‘aﬁ obhmﬁbeogg‘go
139JB O™ A00ls dnmeeon.dgmmeols baggmdggemls [ o68m00a961s 9ema396@)g00ks emE9bmdM03z0
336Lobg@s  Lobsogols  s@mdncMo  Bosbnddols (obhmﬁ)beooh) bsdgaemgdon  dmzgdmmo  gemadgbBols

.5(5(*)3360;3&5.
.5(5(')3"3(4) obhmﬁbeogg:m h33j(55t4)m33(f§t4)001) Qobmﬁ)o@mﬁoo D.QSQﬁmﬁodo'Bgog‘Qoh Lob. cBO(i’)odoh
061)(50(5‘3(55'30 oggﬂtﬁ[}ogmo 1)33{](55(4)0033(5563600): ,,Aanalyst 800, ,,Beckman-495“ggo C-115.

1)33{](55(4)0033(5560 ,,Aanalyst 800“90(4)30%;36351) moSoaaQF)mBa o(fbma‘aﬁ) obhmﬁ)bgo‘ac\n ba@hov:jmls, F)mag"\nols
bsdqsemgdom  gemgdgb@ndols  3mb396@¢@Ms00l  gsblabmg@ms gbsdmagdagmos Gmam®z BbmMdomm, slbggg
9d0lo@ 990330 - 139J@Gsmad ©os3sbmbdo 190-900 63.

3bsmobols O™l Fobsbfsd gsdbspgdnmo 6odndol Blbsto sgmmbemmol Lsboo gsdzo s3gd0emab-
.3.53(4)01) .5;:)'80. 000G 0 8(*)(333'3;:)0 3;:)3335(5501) 6.)%(')3301) ggﬁ)ml} 1)33{](55(4)0083(5560 ag(fbmao@gﬁ)oQ
0(4)8331) NS@oaoQﬂﬁ) 63-3031}1 3;:)3335(5501)0)301) ggoaol‘)ohoomabag:) BoSoQOh 63%(*)5&515‘3;*\0 (fbog‘f\ngoh
1)06(4)631)7\., .3.53(4)015.5 s 339B0mabols  badgls (Q/vm), 3.5560;:)1} 3B™MBoboBmM0l  mAgRmEsE  sB™InE0
Bosbonddols  bembsdwg h (1506.50);:)015 bbogol doge ool gsbgmemgols Bebasls), b JOmdsymmo @Akl
Bogsbqls, L3gd@@sendo bsog@ol 33980l ©q6l.

3@&@005“3(4) 1‘)1}5&636&;3 6&3(*)&3636'2];:)0 ogm ,,Perkin Elmer*“-ols tgoﬁ)aoh 136/3Q deeaS@ﬁoeooh
bBsbosdr@mmo  blbsmgdo  (befgolbo  blbseo), Lsowsbsy asbbsggdom Ibsegdmes  3938s  blbstrgdo.
sbsmobMo dgomeol gstemdono (3pmdomads Bmmo ogm 5 - 10 %.

dsér 330 gmemols 303069601 MOk, 300G Lb3sbosb Bgstadom 13909k
333mogm@ndmes  d396s69980  L3oggbdosh  3mbEg0bgtaddo (?CDXOQ’O oger  bobbsbs-d(306g ggg@ol -
dlbgomo Qgﬁ)mgbom), g3gmady 3@ 3o - goedondols s ormmools B93;339e  3Mb0bg™a6do (xaxomo
ogm bgbgo, sy soffgm  gogzomemads. smadmemo 0dbs  dbegmme 4 603‘330). st 9o 3gdmbggzedo
053m330L G613 Jdbsls saomo 36 3Jmbos.

3396569900l Bogd s gmdmmotigdamo  gmgdgbgdol  3mbgbB G080,  3sblebmzMmmo MA@
dlbmddogmo B3gddomdgdtool Lsdgsmagdon, bm@dmobs @s Jg@ols (semggnm measbemgddo 6shzabgd0s
b0 9830 1 © 2.
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GBC‘)OQO 1 3;:)3335(5536015 de(}aG(@ﬁégoa&o bmﬁbc{)oh 608‘3'336"60 (866/6)

1 EDB‘{IHD, 26 LW | I 503-‘:"30, 47 w©my m Ena-aﬂn, 70 ©m) v 503-‘:"30, 103 ey v 503-‘:"30, 126 ey
Babze | 6o | gooo | gabze | @gte | geoo | gabzo | 6o | geoo | gabze | @a6e | gooo | ggbze | @it | geooo
o o o o o

Ccd | 536,67 | 62,07 | 18,35 | 515,12 | 48,38 | 20,87 | 230 41,07 | 2,67 | 534,85 50 21,03 - - -

Zn | 418,75 | 250 | 65,04 | 336,96 | 147 | 91,27 | 819,57 | 1446,5 | 64,93 | 302,04 | 29825 | 65,7 B B B
Mn | 659,52 | 45,65 | 44,78 | 419,05 | 68,89 | 64,35 | 110,64 | 115,87 | 55,59 | 117,14 | 26,67 | 35,42 | 81,25 | 35,80 | 47,13

Cu | 156,25 | 125 | 20,42 | 180,77 | 41,75 | 23,89 | 154,76 | 24,56 | 12,67 | 206,15 | 19,16 | 12,69 | 304,94 | 38,97 | 28,53

GBC‘)OQO 2. 3;:)3335(5536015 de(}aG@ﬁoGoabo Jageols 608"3'336'30 (856/6)

1603730, 26 wmy I 6odndo, 47 emy I 603530, 70 mmy IV bodndo, 103 pmy V bodndo, 126 emy
3abze | @360 | gooo | gabze | @360 | geon | 630 | 2360 | gooo | gabze | pyHe | gooo | galgo | 2560 | gooe
go ™o o gmo gmo

Cd | 200 | 26,09 | 5,26 | 671,43 | 42,59 | 22,64 | 280,55 | 19,08 | 9,31 | 300 | 40,28 | 16,03 | - - -
Zn | 42429 | 9344 | 84,23 | 386,67 | 151,58 | 72,57 | 514,91 | 114,58 | 79,14 | 350 | 188,18 | 110,14 | - - -
Mn | 1035 | 74,68 | 88,11 | 744,92 | 53,85 | 82,64 | 29545 | 61,11 | 54,29 | 229,05 | 29,06 | 59,58 | 200 | 27.67 | 61,11
Cu | 228 | 19.4 | 24,74 | 398,39 | 18,67 | 21,25 | 228,70 | 17,48 | 11,49 | 564,18 | 44,59 | 29,62 | 158,33 | 20,18 | 21,18

GB&)OQ'BO 603386360 BaQDaabO aﬁ)égod‘améQ 0)‘2]0)001}0)301} Q.} doggaogaohm[;oh ameaa‘amoo Séb 1, 2,

3, 4.
—u— ayaban
1400 | 2o g % i 500+ Zn /'
1200 L & ‘:j("’l”)(‘]g_‘\'(! 4007 +_“\\+ )
1000+ - l u
1 [-m— gabge -
S 800+ o 300 —O— Wy
o o geamegn o)
<600l = 200+ " 5
400+ . _ -
200+
20 30 40 50 60 70 80 90 100 B B B
WRHHY ©EJYo0
6ob. 1. Zn-ol deeaG@ﬁoooa&) Bmﬁ)bogm'ao. 6sb. 2. Zn-ol deeaG@ﬁoooa&) {]3(4)"80.
- Cd = 800
n | |
500 1 _\+ 1 Cd —m— qlsgo
600+ —0— @96
400+ ROmOE
2 300 o 400-
o —H— &’iill(‘{i:‘ : ‘? B
2007 . ';::IJU’N‘)SIV"U ./+
2001 W
100+
T — g g
0 T T T T Tme) T — T O T fﬂ_’_—__—l_(:"_‘l—‘—"l»—/‘—__‘—T_
20 40 60 80 100 120 20 40 60 80 100
012700 g
6ob. 3. Cd-ol deeaS@ﬁogoa&o Bmﬁ)bog‘f\n'ao. 6ob. 4. Cd-ol deeaS@ﬁogoa&o 536'30.
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3;:)3835(5536015 deoaS@ﬁogoa&ob 'Baggoﬁ)abomo .550;:)0‘1’)0 ‘58336361” 6md '8315%"539:)0;@ d‘ag@@gﬁ)a&"&o
31051801 3030L930 “Mbs®o Tnodemnds Jotmdoms 5693m350a0bmn 393 o dod émdoon Cd>Zn>
92299368 3989 3 R Q 3°R3 J9RJ3 QA3

Mn > Cu. 3563567130ls 5 b3ogngbdols nsbonJdols gsblbzs390s 7360336gmms.

8;:)8836(%36015 BOQ%‘DBOQ(’)&O 888606886’80 é&)o’l} hBBOQOh’bBO QO QéameQab‘a()’\noé SOOQOBBO 800)0
blbsro bsgPmgdals s61bgdmdsby [13]. 33dmbsgamagee sehggmo mobo  gmgdabBowesb (Cu, Mn, Cd, Zn)
@OGQSSGOO 600860‘5. déQaO‘aaO .)5)01) 860)‘860)0 838@6%8 1)01‘)0(300)(') QOaObOGd‘aﬁ)abamo 6080)086860

06&)0&)‘3@0 35)(")(3‘3"18001}0)301} (‘\)«) 6«)61}«)6‘30)(4)86‘8@0(3 3.56(33;:)3‘3@0 dﬂ@@ﬂﬁ){)bohm[}ol} 0({)0800601}
mﬁao&fba'ao Ol} O%‘S{]B’l} 0’)06688@8601} (201}(3‘36('16001}, (BOQ@BO&O’[} QO%OOG{]&O’[}, 6‘3Q0h0 Q.)

Lobbmds®rmgms  ssgoegdndl s . 3. geedomdol  s3mdmemsool LoRdsdrg  s@ol  3m36m3m®onm
83m 3ogdnmgdsdo 3sm30730l 3mb(39bEGs308kmsb [14, 15].

3903073obgsb  asb6bB3s35800m Cu, Mn, s  Zn  Juody  gobabdds(3098d0  Fecdmswanbab
bslbogmabmme  360936gmmmzsb  gemadgbBgol, beome o 36396 ©s09080  dsmo  dmJdqmgds  slig3g
s35B0s6gdgemos. Zn s Cu BgsM9600  sEzomse sm(9396 (3965699830, bmmem Mn - qu®m dbgmsw.
B3gbl  dog®  domgdmmo  Fgegagdo  doMomsese  sEsligm@gdgs 3 ImbabEgdgdl.  (36mdogos, ™3
BgbFogmommo 3dody mommbgdol Bmsbmdds dstr3zemgmmol dogd ©sdmoadnmos 83 mommbgdols Blbswo
6ogmgdols sOlgdmdsby boswsgdo. Bzgbl dog® RoBedgdmmds (30983s sh396s, GM3 gggms Fgdmbggzedo
monmbgdol sa®m3zgds 3glizgddo dgos, FoeMg gAMedo s gmomgddo. Gmdbogg®o gmgdgbdo -
edogdo  s3mdnmotegds gggmeby  Igdee.  dsmo  sozolgdol  bsto Tgodmagds  Somdomse
Voﬁam[}oggao&nm '338;3360 303Q33€)m60m Cd>Zn>Mn> Cu.

bodn3scm  Lernmegdmes Grant #STCU-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® goégmq33o.
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STUDYING INTAKE PROCESS OF Mn, Cd AND Zn FROM SOIL AND THEIR
DISTRIBUTION IN WHEAT AND BARLEY

Olia Rcheulishvili, Lela Tughushi, Eter Ginturi, Elene Kirkesali, Alexander Rcheulishvili
Ivane Javakhishvili Thilisi State University,
Elephter Andronikashvili Institute of Physiks

SUMMARY

In the given work Cu, Mn, Cd, Zn absorbtion ability in Georgian endemic cereals: wheat — (Triticum
georgicum) and in barley [Hordeum sativum Lessen (Hordeum L.)] from the soil in laboratory conditions
was studied. The elements’ content was studied in different organs of plants — roots, stems and leaves
during different period of plant growth and development. The concentrations of elements were studied with
atomic absorption spectrometer. In wheat and barley accumulation of all the elements is quite more in roots
than in stems and leaves. In the most of the cases the accumulation in stems is more than in leaves. The
comparative analysis of elements’ concentrations shows that in the studied cultures their ability of
assimilation may be presented with the following sequence: Cd>Zn>Mn>Cu.

HNCCIEAOBAHUE YCBOEHUSA DJIEMEHTOB Cu, Mn, Cd U Zn U3 NIOYBbBI U UX
PACHPEJAEJIEHUE B NIIEHULE U OBCE
O.A.Pueynumuny, JI.C. Tyrymmu, E.H.I'uatypu, E.W.Kupkecanu, A.H.PueynumBuiu
Tounucckuii cocyoapcmeennuiii ynugepcumem um. M. /icasaxuweunu,
Unemumym gusuxu um. 3. AnOponukaweuiu

PE3IOME

B npencrasienHoi paboTe M3IM0KEHBI PE3YIbTaThl HCCIIENOBAHHUS CIIOCOOHOCTH yCBOEHUs deMenToB Cu,
Mn, Cd u Zn u3 NoYBBI B J1a0OPaTOPHBIX YCIOBUSX SHIAEMHYHBIMH TPY3WHCKUMH COPTaMU 3CPHOBBIX
KyIbTyp MIICHUIBI [Ooau (Triticum georgicum)] u osca [Hordeum sativum Lessen (Hordeum L.)].
Pacnpenenenyie 3IeMEHTOB M3y4dald B OTHEIbHBIX OpraHaX PacTeHWH — KOPHSX, CTEONSIX M JUCTHSIX B
pasiuyHble TEpPHOABl WX pa3BuTHSA. KOHIEHTpalMuM BIEMEHTOB ONpPENesId  METOIOM aTOMHO-
azcopOIMoHHoOl cnekrpomerpun. OmpeeneHo, Y4To y MIIEHHIBI ¥ OBCa KOPHH HAKAIJIMBAIOT OOJNbIIe
AJIEMEHTOB, 4YeM cTeOnM M JHUCThA. B cTeOnmsx ux copepkaHue Oosbline, 4eM B JHUCThAX. CoriacHo
pe3yibTaTaM aHaln3a, B HCCCIENOBAHHBIX KyJIbTYpax CIIOCOOHOCTh YCBOCHHSI M3YyYEHHBIX 3JIEMEHTOB
BBIpaXkaercs nocienoatenbHocTeio Cd > Zn > Mn > Cu.
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53030mwo Jodos

3mEox030MHYdMEo S5356-00bol Jomgds s 33erg3s
WO RIFBIM0JY, (3050 FOJL0s, JMIO Loeydzsdg, 6sbs mbodmgzs, sdst 3396Mbsdg, Jgo9396 JdGsE0dg

03. x535b0dg0mob bobyermdol 0docrolbol bsbgerdfogem «bogzg®mlbodgdob
3. 09¢n0dodz30¢00l  30YVOZ3NHO s Hgbmo Jodool oblBodwIHO

Lobomgbo@gdmwo Fe(lI), Co(l), Zn(I), Cu(ll), Mn(II)-g6wd@mbol 3mddwgdugdomn ©s bgegbdgmomboboo
9m0xogoMgdol  gbom  FoegdMwos  3bmggms  Lsd3MOBowm/3BMmBomsd@oznmo  sbodbmgdol,
39005 MMs  Jobomgdo  s13sb-mobol  dyso GmETs. FgLfagwrowos dMmEOE03sEo0l  BoboMG-Jodomdo
®30L90900, LEHO®MJGHMOOL  Fo@dmddbol Mbsto s GgMmEMYoMGmo  FobslosmPPWGdo. s, HMI
50b0dbmwo m30L9gdgdol Jobg3z00 olobo 530594mBoEgdgh Lod3Mbom Lsdmogdgdol dodstm faygbgdmen
dmnbmgbgdl.

Lol  dgmebgmdol  M96EMVIMBOL  5s0@gdol  LoFo®mmadsd dgsbog®ms fobsdg  @osygbs
3QR0WMdM030  MlyObgdol  asdmygbgdoom  sbowo,  domygbmMo  FozMmgwgdnb@gool  999;339wo
@omMbIR0E0GHWOMO 563800L Lsd39Mbogm Lodwgowgdgdol dowgdol dobsbdgfmboermds, MMIgwomss
99690500 3m@Eboe mMHsboBIdo bobydmdwogo Jdggdol bso, 0gbgd0sh g3memaomMs MLegMmbe,
30b6316096EMbs0sb0 s 4930Wgd0m 05830 WEbMME sbsEIMYGDMIB T d0m. ©0bodbrro doBbosb
2400006569,  EOILEOPIMBO®  BoMMME  FodMoYygbgds  bgwodmmo  LEM®WIBHMOMOL  bo3MMbowrm
L53OEgd900, MMAMEOE 39OHMOOEMHS© JoLowgdo, g3y 0bgdsool Lsboo [1-4]. 33¢930L F0BIOL
J9bmzgagmdsdo, 39Mdm@  dgom®mgmdsdo  (Loog obrodmdow amFgdol ogdol  dohzgbgdgwo
396L53MMGBOM Fooe0s) g3dMboYgbgdgmo  LsZMOBsM /3MMBOESIGHOIMNMO Lsdsegdgdol dowgds
o605 9600. 9bEsdmMdowo 3t 3FJd0Lom3z0lL ©sRgRToE0 3OMBOWSIGHO3NMO  ©mboldogdgdol Lsboom
9539JGHME05 LyFoMm do3Mmgegdnb@gdol-(Fe, Co, geoiobo) 998339wo Lsobgdzom bsdmowgdgdol, bmem
dnBoMH0 3060HEY30Lsm30L 303MMmYegdab@gdol 89sMgdom BsGmm bdgdd®mob d99339ero- (Fe, Co, Zn,
Mn, Cu, Se), 3966509905 JoboMgdo mbg3500 b d4stro 8mog035:30900L 459mygbgds. 33eg30l doBsbl
99000960  d93bmgzgegmdsdo  (890m@mgdsdo) 250mboygbgdgro  3MaMmmEMsMs dobowgdo  8gsMo
9093035309008 80wgds, B0BO3MMH-JodoMMo m30LgdgPOL 33¢0g3s,  Fvmo s®bodbmwo ™m30LYdYdOL
dobgzom  1533MMbom  Bsdrgowgdgdol dodsmm  {agygbgdmwo dImmbmgbgdolsdo d9L5d5d0LeBOL
3.

LobmgboMPMwo  ZgMMMIWMMs©  ToLowgdo  IMEOGBO3IS30900  HoMmTmoagbl  Lobogmabwmo
330009090 d03OHMgegdgb@gdol- H3060L, 3MdseEOlL, Mmoo, Fobysbmdol, b3owrgbdol bgwodmmo
LEAHOMIGHOOL  3I3egdbgdol, MmMABWwo BogMmol- Lgwrgbdgmombols s  sb3sb-mobol 93339,
30030B0ogon®  1593ObsM/3OHMBOWsdBH0IMNO0  Bo8MOEgds©  godobbm  LobEGgdsl.  sbodbuyem
159 3MObsEM/3OHMBOWSEH03MO LY gdsTo 13565l 5RO TPIIMYMIOL (Logsmzgum) S1i3sb-mobols
LoPBmo@ 2o0mygbgdol JoBabdghimboemds 496306HMdGdMW0s dgbEMboEWMmO mMobol 3MMEmbyoMgdols
Mbo00om s Fo0oqnqddHOo  Lsd3wmbowrm  m30Lgdgd0m  3MF-boficragol  BHGMod@ol  Lbgowobbgs
Q©55350050900L  306Mmdgddo.  BgImombodbymo  3mI3MBogoMMmo  IOMBOWSEH03MO/ 158 3MMbsm
Lodmogds  3m33¢gdudo dgdogoo do3MHmMgErgdgb@Egdol bodxBy 30w smM30L9ds©O, sMIEMJLOMGO,
30mOEOobs30mMwo Lobom 89o3LgdL  Fom ©IBOEOAL MMAB0BIT0, beagnm s5356-m0bs  JsdmMoEbogl b
9060899958009 5094356l 569900l 390350 09633 339MOm TMzegbgdL.

3b3ob-moboll  BmEoxzoEoMgds Po@oMm®s bbgoolibgs 8:93w9MHMdOL  30HMdGdTo. ©sR0bs, GmI
pH=3,5-5,0 0b6&gMzscm8o omobol Bgsdomoby  3mI3egdugdol sbm®mdEos doguodosem@mos. {obolifo®
2OX0MOX390M s dmbBgror s3sbmobol (pH=9,15, Lobgli®g=25%), 990:53900L 989y 0bEHgbbomEo
993000 Y600 EMBOL Jobgz0m ©OgdsEd 3mI3ZMBoEgoMMo blibsto (5bé. 1). doowgdms dwdo
4030L539M0 Lybdgbbos (pH=6), GMIol 60°C-bg godmMdom s IRIZ0m FogdYo 0ym sBEH0sbgdomemo
56036 gd0ol 3033MBOoE30wGO, Yoo IMPOROZHGFO0S.
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gb®oo 1. sb3s6-00bol InEoroEOMIds Wom®bIMI3egdbgdol s Lgwgbdgmombobols  3Mmd3mbogoom

(1 8ew/1 36158 mobsBY)
dMEOR03IIGHMOO 3d03600m99996¢E0b 999(3390mds 3/ Iew 3md3mbogo® bliboerdo
Fe-g36md@Hembo 75,0
Co-gmud@Bmbs 0,0007
Cu-g6dEmbo 0,10
Zn-g6mdEmbo 0,10
Mn-g6Hd@mbo 0,06
Se-0gmombobo 0,000262

domadmwo  3mI3mDogo®o  9moxko3oEool  Ledgmbowm  Lsdwmowgdgdol  dmmbmzbgdolisdo
d9L505d0bMdOL OAJHOL FoBbom Fgbfageomo ogm s0bodbmmo BsgHmgdol goBozmH- Jodowdo s
MHINEMAO0MMO 030090900,  39FM3IZWIME0  0gm  sb3sD-  Mobol  BgedMHBy  SELEMMIOMmGIMO
000830353™M0L  gbm®dEool  bsllosmo.  3mI3wgdugdols ©bMEDdE0s  Lozgzwagzo  bodmdol (1%
§950bmli3gbBos)  Bge30MoEsb  obbmMEogm®s  Bgo3MmBMdol  Boomm  0b@gezswdo  (pH=4,3-1,0),
603499980 ©s3dogs 9979603 MM0 bxmMazol s (396EHMORMA0MIBOL 30MHMBYBT0. bsEoBWE Jodosdo
2409mygqbgdso M9dEH039d00m 890mfjdgdol dggyeo  3993306M35¢9 396GO0RMYGHT0 oMbol 0mbgdo 56
50dmPBbs, o3 5oLEGHWOGOL  FMLsHBEYOSL 0ToL MoMdsbg, OGMI  3m33gdligdol sELMMdE0s Mobols
B9o30HBg 30B0ZMNMO  bolosmobsy @ Tomo  EILMMDdE0s  333¢gJugdol  Lobom, @odargEs
d090bsMMBL.
96339bMmoxrmsd@MIgEHMmMwo 33wg30L 99gagdol  dobgzom Imoxogo®mgdye Bodwdgddo
dmbFHINMoMmbo@olb  ©sTsbolosmgdgwo  oMmIGHegOOMwo  LEHMWIGHOS  JoEosbs  sMOL
39650Pb69d9eo  (doso=0,1497 63), 5obmsb  60dMIgdol gbgdldmEMol s®gdo 08Y4mnqd0sb go;33e0m0
3o00mbgdo Na (doi=1,250-1,290 63). 6093900 bolosMEIP06 FMbEHIMMOEMbOEHOL omdEogEOHo
LEHOMIEHOom  dos=0,1497 b3 s> BMbMMO 636930l FMTsBEHGdwo Embom, Mog B0dMdgddo wommbgdol

3OO Fg033g@mdsBY FYBHY39LIOL-

of-b3gdBHBmwo  33¢930L  BoMyegddo  FgEsMGRdMo  ogm  IMEOROEOMGdMEo  bodmdgdo
©9LEMEDE3050Y s EILMEDdE00L 890gy. 300335, OMI  EILMOdBZ00L F9dgy mobol bodwdgdol
LEAHOYIEHOS 50600, ILEEHDOMGOWo BodMIgdol L3gdBHHmdo Jogds dmsbmddol Bemero 1380 LA
51410 LO-! HMIwgdoE IRMOHASEoME OH xaw5gdl 9gqbodsdnds s BBEgds sMobmEo®mgdvyo OH-
X29BJO0L TgLsdsdobo Bbemero 3690 L-!, Gog Mobol BgEs3oMH0EH 3MI3egdugdol LOwo EILMGdEOOL
053505LEMM9dg0s (bobsbol).

D | ‘
N
o |
uf|R ?e\fﬁ : ' by
138 ! 3
LA N 24 \ s
Bsb. 1. off L3gdBBgdo: i I s “\/é\
1. Fe(II) - 36g&Hmbs sb3eb-moby; X8 \\/ \\er\ =y
\n b | Q
2. Fe(II) - 3699dBHmbs s1356-000bs @gbem@d ool \ 1’7:\?\ ‘ ! \5? Sk N 2
99099, S8 \\_; R \J/\\\_
3. Co(Il) - BB sb36-000bo; 9% \ s T1°
4. Co(II) - BHMIEHMBS 25356-m0bs> EILMEdEOOL 213 N 5]
8990 S N\ N N
5. 5bgsb-moby [/ N §
N \"'\/\\-hf

400 500 600 700 800800 {000 {20 £00 1600 1800 y ot

94



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1
o ————————

1533930 603MAgdol MgMHAMYMSTgdOL FgsMgdol 90gas© 0633935 GMI IMEPOROE0MGDdS (330l
DTA- 36+9c00L bslosob, dsbbg 500b0dbgds 06@GHbLowMmo gaBmgzgddo (250-580°C), Mg 3938060900
00bob  Bgs306HHY  S@LMOIOMJOMO IMPOROIIGMOOL MgMIMsba300 ILEHOWI300LMSD, ToLSD
dosbs  99bsmBMbgdME0s  FMBEIMOOEMboE0Lsm30lL  sdsbolosmgdgwo  Lsdogg 9bwmgxgd@o.
09MH3MYM53009BHOWo 33930l G99ago0  Homdmmagboos  gbMowo  1-0b  Lsboom. 53G0S
@0omMb3mI3eqdlgdom IMOROEOMGdS 56 330l S1396-000bOL 3MHOLEHIME bEHMMIEHWOL, hoGsMHJdO
33193900l 90byE300m, 0L JN0sbs FgbsmbMbgdmwos.

3b®oo 2. 5s15356-00bol BmEoxoEMIOMEo 5owdgdol MYIMHIMNYM30dgEHMwo 33eg30L F9IAJO0

Bodwxdo dsbiols I II II1 93M-
bogGoe | 96@maBdo0, | 96@MIBIIO. | 9BE™IBIIO0: | 989J00, C
5b6535690,% °C °C °C
2s396-mobo 13,56 40-210 640-720 820-920 --
dmEO0R0E0MGOMEO 26,4 40-190 580-700 775-860 290-580
sb3ob-mobos
Q63 500b0dbo, 33w930L dobobl 99500960 ©omMmbyno30EOL

159 3MOBsM/3OHMBOWSBH03MO0  LsTMOEgdgdol  Forgds,  OGMIwgdos  LEAHM®MIGHIOME-09Jsboz Mo
®30L90930L s  MYMEIMYPOWOHO  M30U90900L  JobgEz0m MBS 9305Y4MB0WYdEDIL 1T 3MMboM
L53w)5egd900L F0ds6 Foygbgdre 3M0EGHIM0IGOL, 1bs bolinsmgdMEbIL LGO bEHMWIGHWOHOoM ©s
MmO060Bddo 8ol Im3wg  39Momom.  LEOMIEGHMOOLHsMIMJIbOl  Wbsto  Sb3sb-mobol o
dmEO0R0E0MJOMEo  S13sb-mobol 8% LdgbBogddo s0BmTs  3gowgM-MHd0bEYMHOL  bgaliafiyml
Lodsegdom /6/. EIR0BPs, MM BmEOoRO(30MYMo BodMTol brlidgbbos bsliosmgds LEHMMIGHWGOOL
2096933039006 Mbs®0m, 53D 50bodbEo ™M30Lgds LEIMBEBHMMEWM sb3b-Mobol LEHEOWIBHYHILMD
390006093000 2530 gd00 LLBESSS FodMbodmo. d356-mobol LlidgbBools LEHMYIEHMMOL gsbdEHIoEgds
3M®dggds 120 Losmol obdsgermdsdo, dmEoxko3oMgdmwo bodxmdols 3o LbOMEEgds 24 Losodo.
LEHOMIEHOIOOL LodE3oag Fgbodsdola 8goyqblL 3,5 s 0,49 Pa.

15330930 sb3ob-mobol s FmEoxzoEEMPRWwo Bodmdgdol 8% fgowlimlidgbbogdol Ggwmyon®o
®30U909%0L  33wg3s  BoBoMEs  MmMAEGow  3oLgmbodgBmhbg  “Reotest-2¢ 1,5-1310  sec’!
LoRJsHOLYMIEOIHEHOL Os35BMbT0, 3Hgd3gMad@s 20°C. Ls33zwg30 b0dwdgdo MBS 139~ Mobol
Pyarosbo 3sbEGob (LobglBg 25%) Loxrwdzgeby, MMIgELsg dggbows BMmEOgO3sGHMMO- 3MI3nbogommo
blbomo (gb®™.1) 33w930L 993900, Bo@sMmPWWo 8goMo FmE0xkOIo3ool FMmIBogdol  dx53w9MHMdOL
(PH=3,5) s 31930bL $3960L 8553600056056 dosbarmgdmer 3o06HMdgddo (PH=1,5-2,0) {o6dm@agbogos 3b6.
3-0b Lobom. HMMEE 3BOHOE0ELL b, IMPOR0E0MGIMEO sb3sb-mmobol Lmlidgbbos bogzmbEMHMEMLmsb
390006093000 bsbosmgds  894oxkxy ©s 9O GOYOm Vo LodEIoEoL LEHOWIGHWOOm, TLSL
9nEo0x030Mgdw 60dmdgddo 9339dGHIM0 LOdWLbE 0BMPIds s LEM®NIEBHMMOL GE3930L bsbosmo
3bGH0MM0s, MB35 80100 gOL LBEBIGHOIMOO 3¢ELEOWOMBdOL Loowy Pki/m GM™Igwos 9o GHoyom
0owo0s (1,24.X107%sec™), 300069 LogmbE®mEm bodwxddo (1,95 .103sec™)

3b®oeo 3. 3356-0m0bob 8% §goelinliggbbogdols MHgmEMmaom@mo Eobaliosmgds

35bEH0MMo LodELbEY ©096500Md0L 3063000 LEoGH03MM0
33w930L pH D350 3oL BH0OHMS
0009430 Lafiyolo wdgomgbo | LEASGOZMOO | obsdon®o | Pki/mi x 10%sec!
n,Pa.sec n,Pa.sec Pki,Pa Pko,Pa
al3sbmobs 3,5 490.00 8,80 0,96 2,60 19,50
2,0 1700,00 3,30 2,40 2,72 14,10
dmEO0R0E0MGOMEO 3,5 22,00 0,43 0,30 0,75 1,30
ali39bmobs 2,0 161,00 1,41 2,00 3,75 1,24
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MHINEMA0MMO 33939006 dobgzom  oombimddgdbgdom s bgwgdgmomboboo
dmEO0R0E0MGOMEo s1356-000bol 8% Lmlidgbbos Fgodwrgds 0939m36mL dgs®o, bLryGo LEHOMIGHMEOL
9Jmbg LobEQIslb, odsbslsMVBIEO  30MMBOMO  BEIGHOINOO S ©OBsdomEmo ©gbsMdOL Brz™Ol
36003690 Mdgd00).

5960250, 96F0sbgdomEmo  sb0dbMgdOl  Sb3sb-mobol  3MB3MbogomEmo  8gsMo  IMPOROISE0S
LEHOMIEHOOLFOINJIBOL s OIMEMYOMOO  M30Lgdgd0L  Jobgzom  FsbbmdlL  Lod3GMbogrm
153593900l J0ToMm 9969049 Fmmbmgzbadl.

53(HMMgd0 F5EMdIL M3bsYdID Fmos Hlicsggmol Labgemmdols
96m3zbmem Lsdgsboghm gmbob gMmsbEol 3tmgd@ ol #FR/436/6-480/14 sg30656L9d0lsmzol, MHols

BMg080s Bo@oms gb 33eng3900.
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INVESTIGATION OF PHYSICAL-CHEMICAL PROPERTIES OF THE MODIFIED ASKAN-
CLAY
Leila Japaridze, Tsiala Gabelia, Eter Salugqvadze, Nana Osipova, Tamar Kvernadze, Ketevan Ebralidze
Petre Melikishvili Institute of Physical and Organic Chemistry,
Ivane Javakhishvili Tbilisi State University

SUMMARY
Peroral solid form of Askan-Clay modified by synthesized Fe(II), Co(Il), Zn(II), Cu(II), Mn(Il) fructose
complexes and selenmethionene has been receivedfor animal treatment/prevention. Physical and chemical
properties, structure forming ability and rheological features of modified forms have been studded.All
revealed properties meet requirements for drugs.

HCCJIEJOBAHUE ®U3NKO-XUMHNYECKNX CBOMCTB MOJU®UIIUPOBAHHOM
ACKAH-TJIMHbI
JLK. Dxanapunze, L[.C.I'abenua, O.111.CanykBanse, H.A.Ocumnora, T.K.Keepnanze, K.I'.O0panumaze
Hucmumym puzuyeckoii u opeanuvecxoti xumuu um. I1. I'. Menruxuweunu Tounucckozo 20cyoapcmeenio2o
yHugepcumema um. He. [oicasaxumeunu

RE3IOME
Moaudunmpoanuem ackan-riuabl komrmuiekcamu Fe(Il), Co(Il), Zn(II), Cu(Il), Mn(Il) ¢ dpykrozoit (c
N00aBJICHUEM CeJICHMETHOHMHA) MPUTOTOBJICHO TIOPOIIKO0Opa3HOE JIeYeOHO-TTPOGUITAKTHUECKOE CPEICTBO
MepopaIbHOTO TPUMEHEHUS, TIpelHa3HAUCHHOE JUIS CEIbCKOXO3SIMCTBEHHBIX JKHUBOTHBIX. V3ydeHbI
(U3NKO-XMMHUYECKHE CBOMCTBANONYYEHHOW MoAH(UKALNU,0oNpeneleHbl €€ CTPYKTypooOpasylomue H
pEOJIOTHYecCKUe MapaMeTphbl. Y CTaHOBJIEHO, YTO MO JAaHHBIM CBOMCTBaM MOJHM(HKAIUS COOTBETCTBYET
TpeOOBaHUSM, MPEABSIBIAEMBbIM K COSANHCHUAM METUIIMHCKOTO Ha3HAYCHHS.
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XUMMUSA NPUPOJIHBIX COEJUHEHUN
HEKOTOPBIE KOMIIOHEHTBI CTEBJIEH Yucca gloriosa L.
M.M.benunze, B.I".HeOuepunze, A.B.Cxuptiaaze, O.I1.Kemeprenumze, M.[annepa*

TTMY Uncmumym Dapmaxoxumuu um. M. I. Kymamenaoze, 0159 Tounucu, ya. I1. Capaodsrcuwisunu
36, I'pysus, e-mail: ether kemertelidze@yahoo.com
*Unemumym Dapmayuu, enapmamenm Dapmaxoenosuu, Yruusepcumema HUnncopyx,
Unnpaun 80-82, Unncopyx, Ascmpus

U3 crebneii Yuccagloriosal.. — YOKKH CIIaBHOM, WHTPOXYLIUPOBAHHOIN B MPOMBIIIIEHHOM MacmTabe B ['py3un,
BhIJICTICHBI W wAeHTU(uIMpoBanbl  3-O-B-D-rirokonupano3uakoQeHHHONH KUCTOTHI U TPH  CTEPOHIHBIC
TJIUKO3HUABI — (YPOCTAHONOBBIA TJIMKO3MA TMPOU3BOJHBIA CMHJIATCHHHA W CIHPOCTAHOJIOBBIC TIIHKO3UJIBI
capcacarioreHiHa W BHJUIAT@HWHA C XUMHYecKHM crpoeHueM25(R) 5B-dypocran-3B,22a,26-tpuon 3-O-B-D-
ritokonupano3uwi-(1—2)-0O-p-D-ranakronupanosun 26-0O-B-D-rmroxonupanosun, 25(S)5p-cnupocran-3p-om- 3-
O-B-D-ritokonupanosui-(1—2)-0O-p-D-ranakronupano3ua u HoBoe coeauHenue 25(S)SB-cnupocran-3-on-12-
oH 3-O-B-D-rmokomupanosui-(1—2)-0O-p-D-ranakronupanosua. CTPYKTYphl BBIIAEIEHHBIX BEIIECTB ObLIH
YCTAHOBIICHBI KJIACCHYECKUMH (PU3UKO-XMMHISCKHMHU METOJIAMH U COBPEMEHHBIM CIEKTPAIBHBIM aHATH30M C
HOMOILBI0 MOHO- U AByxMepHBIM SIMP ('H, 1*C, HSQC, HMBC, COSY) u macc-criekpockonuu (ESI/MS).

CTepOuHBIN caloreHnH — TUTOTEHUH W3 JIMCTheB Yuccagloriosal.. — TOKKM CIIaBHOW OBLT TpPH3HAH
PEHTA0EIbHBIM HCXOAHBIM MPOAYKTOM JJIsi CHHTE3a CTEPOMIHBIX I'OPMOHAJBHBIX MpernapaTtoB [1-2]. C
Henplo0 obecrieueHus] TPOU3BOJICTBO THUTOTEHHHA PAaCTHTENBHBIM ChipbeM B Bocrounoit ['py3zum Obiim
pasBeneHsl IIaHTanuu okku ciaBHo Ha 400 ra muomanu [3]. [Ipu mM3ydyeHHMM XWMHYECKOTO COCTaBa
WHTPOJYIIMPOBAHHOTO PACTCHUSI M3 JINCTHEB, IIBETKOB, IJIONOB, CTEONEH M KOPHEBUIN OBUIM BBIJEICHEI
oonee 50 ciMpocTaHOOBBIE, (PYPOCTAHOIOBBIC U XOJIECTAHOJOBBIE MIMKo3u bl Cpean HUX 10 20 HOBBIX
coenmuHeHni. [lomcoxmmie HAa HUKHUX spPycax >KUBOTO PACTEHHsSI JIMCThS, COCTOSIIME B OCHOBHOM W3
CIIUPOCTAHOJIOBBIX TIUKO3HUJIOB, SIBISFOTCAUCTOUHMKOM TpEeanojaraeMoro (GyHTUIUIHOTO Mpenapara
«riopuodyinHa»[4]. Ha ocHOBe cTepoMIHBIX INIMKO3UIOB IIBETKOB pa3pa0oTaH mpernapar moj Ha3BaHUEM
«Anekcuny - 3pPEeKTUBHBINA CTUMYJIISTOP POCTA U PA3BUTHUS CEIBCKO-XO3IHCTBEHHBIX KyIbTyp [5]. KopHBI,
Kopa KOpHEBUII W crebiell oka3amuch OoraThiMH ()EHONBHUMH COCAWHEHHSMHU. M3 HUX BBIJEICHBI
CTHJILOGHBI ¢  PEOKOM  CIHUPOCTPYKTYpPOH,  OOJNIafaioliMe  BbICOKOM  AHTHOKCHIAHTHOH W
AHTUTIPONTU(EPATHBHON aKTHBHOCTHIO [6].

IOkka caBHas oOpa3yeT MOIIHbBIE CTeONIH, KOTOpbie cocTaBistoT 30-35% Macchl Bcero pacteHus. B
MpeAbIAYIKE ToJbl M3 CTeONel ObUIH BBIIENEHBI CTEPOHMIHBIC CATIOTeHWHBI — CMWJIATEHUH, THTOTCHUH,
TEKOT€HUH W HEOTUTOTCHUH, a TAKXKE CITMPOCTAHOJIOBBINM TIIHMKO3UA-FOKKamoe3n A[7].

B naHHOM cOOOIIEHHH MPUBOJISTCS HOBBIE IaHHBIE COCTaBa cTe0Iel pacTeHusI.

Crebnn TOKKU c1aBHOM ObLTH coOpaHbl Ha TOMIMCCKOM OIMBITHOM YYaCTKe JIGKAPCTBEHHBIX pacTeHHUN
Wucturyra ®apmakoxumun uM. U. I'. Kyrarenanze B urone 2014 r.

300 r B/c cipbst u3Bnekanu 70% MeTaHOIIOM MPH TeMIlepaType KATIeHHus pacTBoputens. M3 sxcTpakTa
CIIHPT OTTOHSUTM ¥ BOTHYIO JKUIKOCTh OUYHILNAIN XJIOpOoPOpMOM, TiepeHoci Ha KonoHke DiaionHP-20 u
amonpoBaiy rpaguenTHol cucremoir H,O-MeOH- 10:0—0:10, monmydensr 4 ¢pakiuu mo S00 M1 KaxKIbId.
W3 BomHOrO 35MI0aTa MOCNIE OTTOHKH PACTBOPUTENS OcTalics TBepabli octatok75.1 T, 30% MeOH - 1.7 T,
80% MeOH - 10.2 r u MeOH - 1.1 r. U3ocraTkoBXpoMaTorpadupoBanreM Ha koidoHke SephadexLH-20, a
3aTeM C CHJIMKAarelieM M30JUPOBAHBI YE€THIPE WHIANBHIYyAIBHOE BEIIECTBO: BemecTBO 1 - 10 mr, 2- 6 mr, 3 -
5wmr, 4 -7 Mr.

CTpyKTYpHI BEIECTB YCTAHOBIIEHEI C TOMOIILIO MOHO- 1 aByxMepHbM SIMP ('H, *C, HSQC, HMBC,
COSY) u macc-criekpockonuu (ESI/MS). Onun u3 mux (3) okazasncs HOBbIM, a TpH (1, 2, 4) U3BECTHBIMH
COeIMHEHUMUMIEHTH GUIpoBaHHBIME Kak 3-O-B-D-rmtoxonupanozun kodetinoit kucnots (1) [8], 25(R)
5B-dypocran-3p,220,26-tpuon  3-O-f-D-rimoxonupanosui-(1—2)-0O-B-D-ranakronupanosun 26-0--D-
TJTFOKOITUPaHO3HU T (2)[9],25(S)5B-criupocTan-33-o01- 3-0-B-D-riatokonupanosun-(1—2)-0O-p-D-
ranakronupanosun (4) [10].

B cnektpe'H TIMP BemecTBa 3BMIHBI CHTHANBI YeThIpeX MeTHIbHBIX rpymmn 81.08 (3H, ¢, Me-18),
0.99 (3H, c, Me-19), 1.04 (3H, &, J=6.7,Me-21), 1.10 (3H, 1, J=6.7, Me-27), nByX MPOTOHOB BTOPUIHON
ankoronbHo# ¢yHkuu 64.08 (1H, m, H-3), 4.34 (1H, m, H-16), nByx Meruien npotoHoB 6 3.93 u 3.29 (1o
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omnnou 1H, m, H-26a,b), n nByx anomepHsix nporono 6 4.40 (1H, x, J=7.9, H-1 Gal), 4.66 (1H, n, J=7.5,
H-1 Glc). C SIMP crekTp 1mOKa3bIBaeT CUTHAJIBI ABYXBTOPUYHBIX alKOronbHBIX GyHKuMH §76.0(C-3) u
80.5 (C-16) u oanoit nepeuuHO# 065.9 (C-26), 4TO yKa3bIBaeT HACIHUPOCTAHOJIOBOE CTPOCHUE IIIMKO3MIA
(tabmuna 1). S koHduryparus npu C-25 ycTaHOBICHA pa3HUIICH XUMUYECKHX CABUIOB MEXIY IPOTOHAMHU
H2-26(Aab=0.64 ppm). Curnans cniekrpos'H u"*C SIMP$ 1.97 (1H, m, H-5) ud37.0 (C-5) ykasbiBatoT Ha
S5Ppsan riuko3uaa.Keronnas rpynma npu C-12 pokazanaB HMBC crnektpe KOppensiMOHHBIM MTHKOM
mexay 61.08 (3H, ¢, Me-18) u 6 215.8 (C-12).Takum o0Opa3oM, arjMKOH MpeacTaBiser coboi (25S)
ciupoctan-3B-on-12-o0 unu BuuareHuH|[11]. KauecTBeHHBII M KOJIMYECTBEHHBIH COCTAaB YIIIEBOIHON
gactu yctanosieH cnekrpamu COSY u HSQC, a mocnenoBarensHOCTh X 3amenienuss HMBC cniektpoM,
rJie BUJHBI 3HAYUTEIBbHBIC KOPPENSIMOHHBIC IMHKH MEXKJY aHOMEPHBIMH IMPOTOHAMH caxapa W aTOMOB
yriepoaa: & 4.40 (H-1 Gal) u 76.0 (C-3 Agl), & 4.66 (H-1 Glc) u 579.0 (C-2Gal).
Hcxonsu3nonydeHHBIX TaHHBIX, BElleCTBO30XxapakTepru3oBaHokak 25(S)5p-cnupocran-3p-om-12-on 3-
O-B-D-rmokonupanosui-(1—2)-O-B-D-ranakronnpano3ua. [ THKo3u TPOU3BOAHBIA  BUJIATGHHHA C

TaKMM HaOOPOM MOHOCaXapHu/IOB €Illé He OMUCAH B JIUTEPATYPE U SBJISICTCS HOBBIM COSTUHCHHEM.
27

Gal
OH

OH
o) (e)
H
HO
O

HO
HO 0

HO

Gle
3
Jannsie AMP 3C-u 'H Bemectsa 3 (CD;0D,600 MHz, § 8 ppm, Js Hz)
AtovC | 80 | 5(H) [ _AtomC | 50 | 8(H)

I 30.7 1.56-1.34 () B-D-Gal
2 27.6 1.45-1.19 (m) 1 101.4 4.40 (1, J=7.9)
3 76.0 4.08 (m) 2 79.0 3.84 (11, J=8.5, 7.9)
4 30.9 1.86-1.54 (m) 3 75.0 3.68 (w1, J=8.5, 2.9)
5 37.0 1.97 (m) 4 70.2 3.84 (an, J=2.9, 1.2)
6 27.3 1.92-1.43 (m) 5 76.2 3.48 (m)
7 27.0 1.55-1.42 (m) 6 62.2 3.75 (mnm, J=12.0, 2.0)
8 35.7 2.03 (m) 3.70(11, J=12.0, 4.5)
9 432 1.86 () B-D-Glc
10 36.7 - 1 104.3 4.66 (1, J=1.5)
11 38.4 2.452.07 (m) 2 76.0 3.20 (a1, J=9.0, 7.5)
12 215.8 ] 3 77.7 3.37 (am, 1=9.0, 9.0)
13 56.4 ; 4 71.8 3.25 (a1, J=9.0, 9.0)
14 57.5 1.23 (m) 5 78.1 3.28 (, 9.0, 4.5, 2.0)
15 31.7 2.15-1.51 (m) 6 62.9 3.84(u1, J=12.0, 2.0)
16 80.5 434 (u1, J=14.5, 7.5) 3.67(un, J=12.0, 4.5)
17 54.8 2.49 (m)
18 16.3 1.08 (c)
19 243 0.99 (c)
20 432 1.79 ()
21 13.5 1.04 (1, 1=6.7)
22 110.8 -
23 29.7 1.62-1.43 (m)
24 26.8 1.44-1.34 (m)
25 28.4 1.68 ()
26 65.9 3.93-3.29 (m)
27 16.2 1.10 (1, J=6.7)
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Yucca gloriosa L. ©g®mgd0ol bemgogmmo 3md3mbgbdo
3.0960dg, 3.69009M0dg, 5.bboGEwsdY, 9.d999MGHg0dg, 8.85639M0*
oblbr0m39e J9105009e0500b B56HF5302§0800L 0bUBHOBIAO, 0159 080erobo, 3. botsyodz0emol 36, bsgsthroa39¢cmm
*0250053360 D00l 0935609509690, B5GA300L 0bLBHOBIHO, 0bUBEH) 30l «1b039BLOBYHO, 06GS0bol 80-82,
0bbdm30, 5330S
435333

Lodoomggemdo Lsddgfgganm dolid@sdom 0bEGHmmEomgdwwo Yucca gloriosa L. - 0v3s ©0gdw9col
©9HMYO0EB 250MmYmzowo ©s 0096EHOR0E0MGIM0s Yogol Fxo30L 3-O-B-D-gev3m3omebmbowo s
Lsdo  LEGHIOMOPEORWO3MHBOEO - LIoWsygbobol Bsfo®mdo FMOMLEHBMEWMMO, LoMbobadmagbobol s
305396060l L3OOHMUBEBMEMMHO  Jaozmbogdo: 25(R)  5B-gMGM™bEL6-36,22x,26-GMome  3-O-B-D-
23 30m306056mbo-(1-2)-0-B-D-gowodBm3o®msbmbog  26-O-B-D-yarmzm3omsbmboo,  25(S)  5B-
L30MOMLED-3f-me  3-O-B-D-33:30056mbo-(1-2)-0O-f-D-a5todBHm3omsbmboo  ©s  sbogro
Bogmogigds  25(S)  5B-L3oMMLEB-3B-Men-12-mb6  3-O-B-D-gm3m30656mBoEn-(1—-2)-O-B-D-gowsdEm-
30656mb0oo. 6030009093505 LEHMMJEHMOHIOO OPAJH0W0s3eslOIMMHO BoDOIME-JodoMHo TJ0MOHd0)
5 565390Mm39 L39dGHOO 65W0DBIOOL JOHm- S MMABBMmTowgdosbo dd6 (H, BC, HSQC, HMBC,
COSY) o 3sb-139gGHMML3M300l (ESI/MS) g50mygbgdoo.

SOME COMPONENTS OF Yucca gloriosa L. STEMS
M.M.Benidze, V.G.Nebieridze, A.V.Skhirtladze, E.P.Kemertelidze, M.Ganzera*
lovelKutateladze Institute of Pharmacochemistry, 36 P. Sarajishvilist., 0159 Tbilisi, Georgia
*[nstitute of Pharmacy, Pharmacognosy, University of Innsbruck, Innrain 80 - 82, 6020 Innsbruck, Austria
SUMMARY
From the stems of Yucca gloriosa, introduced in Georgia in the industrial scale, are isolated and identified 3-O-
B-D-glucopyranosidecaffeic acid and three steroidal glycosides — furostanolic glycoside derivative of smilagenin
and spirostanolic glycosides derivatives of sarsasapogenin and willagenin with chemical structures: 25(R) 5p-
furostan-3,22a,26-triol  3-O-B-D-glucopyranosyl-(1—2)-O-B-D-galactopyranosyl 26-O-B-D-glucopyranoside,
25(S) 5B-spirostan-3B-0l3-O-B-Dglucopyranosyl-(1—2)-O-p-D-galactopyranoside andnew compound 25(S) 5p-
spirostan-3-ol-12-one3-0O-B-D —glucopyranosyl-(1—2)-O-p-D-galactopyranoside. The structures of isolated
compounds were established by classical physical, chemical methods and modern spectral analysis mono- and
bidomensional NMR ('H, 1*C, HSQC, HMBC, COSY) and mass-spectroscopy (ESI/MS) data.
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INFLUENCE OF REHABILITATION OF SEWERAGE SYSTEMS OF BATUMI AND THE
EFFICIENCY OF THE WASTEWATER TREATMENT PLANT OF ADLIA
Marine Gvianidze, Evgenia Shengelia, Leri Gvasalia
Georgian technical University

SUMMARY
Through the rehabilitation of the sewerage system of Batumi the infiltration of waste water is decreased.
This causes more increasing the organic loading of wastewater then the suspended solids. This have a
positive influence on biological treatment process and the discharge limits into the sea is ensured. As a
result of the statistical analysis of wastewater quality, indicators revealed the correlation relationship
between the content of suspended solids in the water inflow the treatment and the level of chemical oxygen
demand (COD) after first sedimentation tanks.

BJINSIHUE PEABUJINTAIIMA KAHAJIM3AIIMOHHOM CUCTEMBI r. BATYMH HA
YOPEKTUBHOCTb PABOTHI AJVIMHCKONH OUMCTHOW CTAHLIMM CTOYHBIX BOJI
M.A.I'suanunze, E.I'. lllenrenus, JI.1 ['Bacanus
I'py3unckuti mexnuieckuu yHugepcumem
PE3IOME
Peabunuranms kaHAJIM3allMOHHOW CHCTEeMBI T. baTyMu ckaspIBaeTcsi Ha YMEHBIICHHE KOJIMYECTBa
MOCTOPOHHHUX CTOYHBIX BOJI MOCTYMAIOMIMX Ha OYHCTHYIO CTaHIMIO. DTO OOyClaBIHMBaeT OONBINUI poCT
OpraHMYecKOl HArpy3KH CTOYHBIX BOJ, YeM KOJHMYECTBAa B3BEIICHHBIX BellecTB. B CBOIO odepenp 3To
MO3UTUBHO BJIMSET Ha MOBbIIICHNE (P (HEKTHBHOCTH OMOJIOTMYECKON OUYMCTKH U OOECTICUMBACT MPEJIEIbI
JOMYCTHMBIX KOHIICHTpPAI[Mil CIyCKa CTOYHBIX BOJA B Mope. B pe3ynbprare CTATHCTHYECKOT'O aHAaJH3a
nmokasartelieil KauecTBa CTOYHBIX BOJI, BBISBIICHA KOPEIALMOHHAS 3aBHCUMOCTh MEXIY COJepKaHUEM
B3BCILICHHBIX BEIIECTB B BOJAE MOCTYMAIOIINX HA OUYUCTKY M ypoBHeM xumudeckoro (XIIK) morpebnenus

KHCJIOpOJia 1OCie TIEPBUYHBIX OTCTOMHUKOB.
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THE OPORTUNITY TO USE OF THE RECYCLING PROCESS
AT MADNEULI ORE-PROCESSING PLANT

Shalva Andguladze, Giorgi Mchedlishvili, Ana Berejiani

SUMMARY
The technology of treatment of acid quarry watersat Madneuli mining and processing plant using sodium
sulfide as a precipitation reagent is proposed. Reaches deep cleaning, besides heavy metals precipitate as
sulphides, that ensures obtaining additional sulphide concentrate.

BO3MOXHOCTbB UCITIOJIB3OBAHUSA ITPOLECCA PEHUKJINPOBAHUS B
MAJHEYJICKOM I'OPHO-OBOT'ATUTEJIbBHOM KOMBHUHATE

HI.H.Auarynanze, I'.C.Muemnmumsunu, A.M.bepexxnanu

PE3IOME
[IpennoxeHa TEXHONOTHST OYUCTKA KHCIBIX KapbepHBIX BOJ MaJHEYICKOro TOpHO-000TaTHUTENEHOTO
KOMOHMHATa MPUMEHEHUEM CyNb(GHIa HATPUS B KAUECTBE OCaUTENBHOr0 pearenTta. Jlocturaercs riybokast
OYHCTKA, TSDKENbIC METaJbl OCAKAAIOTCA B BHAE CYIb(GHIOB, 4YeM O0eCIeunBacTcs IOMydeHHE
JOTIOJTHUTENBFHOTO CYJIb(UIAHOTO KOHIIEHTpATa
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SEQUENTIAL EXTRACTION OF FLAVONOLS, TRITERPENOIDS AND PECTIN FROM
APPLE PEEL
Mzia Tsitsagi, Mariam Ckhaidze, Miranda Khachidze, Manana Buzariashvili,
Ketevan Ebralidze, Vladimer Tsitsishvili
Petre Melikishvili Institute of Physical and Organic Chemistry at Iv. Javakhishvili Tbilisi State University
SUMMARY
Work describes the methods of sequential supercritical fluid extraction and ultrasound extraction of

flavonols (major constituents — quercetin glycosides), pentacyclic triterpenoids (major constituents —
ursolic and oleanolic acids), and pectin from apple peel, which is generated from apple juice processing
industry. The choice of the suitable techniquedepends on: quality and yield required for target products,
the process conditions and economic feasibility for scaling up the process. Supercritical fluid extraction
provides high selectivity, while ultrasonic extraction method is much cheaper.

CTYIIEHYATASA 3BKCTPAKIUSA ®JTABOHOJIOB, TPUTEPIIEHOU0OB U ITEKTUHA U3
KOXYPbI ABJIOK
M3ua Humaru, Mapuam Uxaunze, Mupanna Xaunaze, Manana byzapuamsunu, Kerepan D0panuaze,
Brnagumup Huuumsuim
WuctutyT Pusnueckoit u opranndeckoit xumun uM. [1.I. MenukumBumm TOUIMCCKOTO TOCYIapCTBEHHOTO
yHuBepcutera uM.MB. J>xaBaxuiBuim
PE3IOME

Omnwmcan METOJ CTYNEHYATOW SKCTPAKIUH YIBTPA3BYKOM M CYNEPKPUTHUECKUMHU (utongaMu (JIaBOHOJIOB
(B OCHOBHOM TJIMKO3WOB KBEpIETHHA), MEHTAINKINIECKUX TPUTEPIIEHOUIOB (B OCHOBHOM YPCOJIOBOM U
OJICOHOJIOBOH KHCIIOT) M TIEKTHHA M3 KOXKYPHI SOJIOK, MOJYYEHHBIX TPHU MPOU3BOJICTBE SIOJIOUYHBIX COKOB.
Beibop ymoOHOro Meroja ompezensercs KauecTBOM W BBIXOJOM LENEBBIX MPOIYKTOB, YCIOBUSMH
mporecca M OKOHOMHYECKOH 11e71eco00pa3HOCThI0  (PKOHOMHUYECKOH BO3MOXKHOCTBIO — PACIIUPEHHS
nporiecca). DKCTpakKIysl CylepKpuTHIecKuME (irongamu obecriedrBaeT 0osee BBICOKYIO CEIIEKTUBHOCTD,
XOTsI KCTPAKIMs YIbTPA3BYKOM rOpaszio JCIIEBIIE.
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ACCELERATION OF VEGETATIVE EXTRACTS FILTRATION RATE WITH
DETERMINATION OF THE OPTIMAL PARAMETERS OF BAROMEMBRANES
Raul Gotsiridze, Nino Mkheidze, Svetlana Mkheidze, Nargiz Megrelidze, lamze Chkhartishvili
Agrarian and Membrane Technologies Scientific Research Institute, Shota Rustaveli State University
SUMMARY

Membrane filtration is used for expulsion of microorganisms, their spores and waste products from
thermolabile substances solutions. We have performed filtration of alcoholic and water solutions extracts
of quince leaves, chamomile flowers, eucalyptus and hips fruits, St. John's wort, mint and bilberry fruits,
blackberry leaves through the laboratorial microfiltration module designed by us. In all cases we have
achieved complete restoration of membrane permeability with the various regenerants, what makes
precondition for designing of microfiltration plants from the membranes produced by us and their
introduction in pharmaceutical industry for filtration of extracts and pharmaceutical preparations containing
bioactive compounds.

YAYUHIEHUE UHTEHCUBHOCTU ®UJIbTPAIIUU PACTUTEJIbHBIX 9 KCTPAKTOB
HNYTEM YCTAHOBJIEHUSA OIITUMAJIBHBIX TIAPAMETPOB BAPOMEMBPAH
P.C.I'omupumze, H.IL.Mxeunse, H.A.Merpenunze, C.H.Mxeunze, U.H.Uxaptumsuinu
Hayuno-uccneoosamenvcrkuii Hncmumym Aepapnoti u Membpannoi mexnono2uii
bamymckoeo I'ocyoapcmeennoco Ynusepcumema um. Llloma Pycmasenu

PE3IOME

C LENbI0 YIalleHusT M3 PacTBOPOB TEPMONAOWIBHBIX BEHIECTB — MHKPOOPTaHW3MOB, WX CIOp H
MPONYKTOB  JKU3HENEATEIbHOCTH, O0pamlalTcs K (QWIBTpallid C HWCHONb30BaHHeM MeMOpaH. Ha
W3TOTOBJICHHOM HaM# MHKpPO(QWIBTPAIMOHHOM MOAYJE MpOBeIeHa (QHIbTPAIMs CIUPTOBBIX U BOTHBIX
9KCTPAKTOB JIUCTHEB aliBbI, 3BePO00S, MATHI, SKEBUKH, IBKAJIMIITA, [BETKOB POMAIIKH, TJIO/IOB IITHUITOBHUKA
W 4YepHUKU. Bo Bcex ciydasx MONHOCTBIO BOCCTAHOBIICHA MPOM3BOAUTENLHOCTH MEMOpaH  pa3HBIMU
XAMAYECKUMH PEAKTHBAMH, UTO SIBIISICTCSI YCIIOBHEM TOTO, YTO M3 HM3TOTOBIICHBIX HAMH MEMOpaH MOXXHO
co37aTh MUKPOQWIBTPAIIMOHHBIC YCTAHOBKH UM BHEJIPUTh HUX B (papMalleBTHYECKHUE MPOM3BOJCTBA JUIS
¢buabTpalmu hapMIpenapaTo, CoaepKaIuX OHOAKTHBHBIC BEIICCTBA.
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MEDICINAL-COSMETIC HYGIENIC LOTION
Khatuna Nozadze, Liana Enaboidze, David Jincharadze, Nana Bokuchava
Georjian Technical University

SUMMARY

Water and alcohol based herbal extracts of Peony and Lilac was used to create natural medicinal-cosmetic
hygienic lotion with moisturizing and nourishing properties for any type of facial skin.

JEYEBHO-KOCMETUYECKWH THTHEHUYECKHWHA JIOCbOH
X.Hozamze, J1.D6anouaze, J./xunaapanze, H.bokyuasa
I'pysunckuti Texnuueckuti Yuusepcumem

PE3IOME

Ha ocHOBe BOTHBIX ¥ CIUPTOBBIX OKCTPAKTOB IMMOHA W CHUPECHU TIONYyYEH HATypaJbHBIH Je4eOHO-
KOCMETHYCCKHIH TUTHEHHYECKHH JIOCKOH JUIs JIIOOOr0 THIA KOXH JIMIA, O0NaJaloNUi YBIAKHSIONINM,
TOHM3UPYIOIIMM U MTUTATEIbHBIM CBOHCTBaMH.
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XUMHNUYECKASA TEXHOJIOT'USA

MATEMATHUYECKWHN AHAJIN3 KOJJEFAHUM 3AJTHEW CTEHKH
ITAPOT'A30BOT'O KAHAJIA ITPHU JIABEPHOM CBAPKE
M.T". Xyuuusuim
I pysunckuti mexnuueckuti yHugepcumem

I/ICCJ'ICZ[OBaHH KoneOaHus 3aZ[HeI>i CTCHKHU IIapora3oBOro KaHajla Ha OCHOBE PCIICHUA 3aJavyu Nap-KUIKOCTb-
TBepZ[Hﬁ METaJIJI ¢ YYETOM B3aWMMHOI'O BJIMSAHUA TeHHOO6MeHa, (1)8.30B01"0 nepexoga U TMApoaAMHaMUKNA BOJTHOBOI'O
JBWXCHUA. C IIOMOIIBIO ypaBHeHI/Iﬁ MOXHO ITPOBECTH B JIMHEMHOM HpI/I6J'II/I)K6HI/II/I aHaJIN3 4YacCTOTHI KoJeOaHUM
TpaHUIbl pasjciia (1)8,3 r[ap->1<1/1;u<1/1f/'1 MCTAJI JJId pas3iIMYHbIX MCTAJIJIOB B 3aBUCUMOCTHU OT CKOPOCTU CBApKH U
MOIIHOCTH JIy4a.

OnmHUM M3 pacnpoCTpaHEHHBIX JE(PEKTOB IIBa MPH CBApKE JIy4OM Jiazepa SBJSIETCS HECTaOMIBLHOCTh
TIIyOMHBI CBApHOIO IIBAa IO €ro JUTMHE NMPU KWHXKaJbHOM IPOIUIABICHUH, BBIpAXKAIOMIAsICS B TOSBICHUH
3yOI10B MJIM TIMKOB TporuiaBienus [1,2].

Hnst uccnenoBanust (OPMHPOBAHMSI 1B M ONPEACICHUS THIPOIMHAMHYECKUX IPOIECCOB B KaHAIE
MPOTUIABJICHUS TTPOBOJMIIN MOJICIIMPOBaHNE U (PUKCHPOBAIN PE3yIbTATHI OMBITOB CKOPOCTHOH CHEMKOW
(mo 3000 kampoB B CeKyHIy). DKCHEPUMEHTHI IPOBOIMIM Ha 00pasliax M3 CUTalyla U KOMOMHUPOBAHHBIX
o0pa3iax (MeTajul Co CUTAILIIOM).

[Mpuunnamu KoneGaHW TITyOMHBI MPOIUIABICHUS SBISIOTCS OOJIBIION Yroil HAKIOHA HIKHEH
YaCTH KaHaJa U HaTeKaHus Meraiuia (puc.l)

Puc. 1. XapakrepHble Kapbl 13 KHHOrPaMM KOJIEOAaTEIbHOr0 IPOIIECCa 3a IHeil CTEHKH Napora3oBoro
kanana: P =3,5w; f=144,5-10°m; V& =5,6:10"m/c; t =0, 0182 c.

X Ves

Puc. 2. Cxema mporiecca.
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B omy0nuMKOBaHHBIX TEOPETHYECKHUX pad0OTax aHAJIM3 HEYCTOMYMBOCTH CTCHOK IApora3oBOro KaHaja
MIPOBOJUTCS C MCTIOIB30BAHMEM M3BECTHBIX PEIICHUH 3amaduu o HeycroiunmBocTh KenmbBuHa-I enpmronbia
IIPH MIOCTOSHHOW TOJIIIMHE CJI0S JKUIKOro MeTasuia [1-5]. B kauecTBe 1epBOro NpHOIMKEHUS I TSUCHHUS
MeTalla BI0Jb ()POHTA IIJIABJICHUS HA 3aJHEH CTCHKE Mapora3oBOro KaHaja ¢ NIyOOKUM IPOILIABICHUEM
paccMaTpuBaeTCs IUIOCKOE TEUCHHE TUICHKH PACIUIaBJICHHOT'O MeTajlla TOJ JEHCTBUEM CHIIBI TSDKECTH U
HMITyJIbCa 3JIEKTpoHOB. Kpome Toro, ompenensercs CTallMOHApHOE pachpeacicHue (YHKIMM TOKa M
TeMITepaTyphl, COOTBETCTBYIOIIEE TAKOMY TEUCHHIO, M UCCIIETYETCS THAPOINHAMIYECKasl HEyCTONINBOCTh
3TOr0 CTAI[MOHAPHOIO TEUEHHUS OTHOCHTEIBHO OECKOHEYHO MaJbIX JBYMEPHBIX Bo3MylleHud. K
COXKaJICHUIO, pPe3yJbTaThl JAHHBIX WCCICAOBAHMN HE HMMEIOT MPAKTUYECKOW IICHHOCTH, TaK KakK B
IPaHUYHBIX YCJIOBMSIX 3aJlayd COBEPIICHHO HEOMNPAaBIaHHO MPEHEOpEraloT BIMSIHUEM IOBEPXHOCTHOTO
HATSOKCHUS, HE YYMTBIBAIOTCS IIPOIIECCHl KOHACHCAIMKM Ha TrpaHulle pa3aena (a3, ¢opma 3amucu
KMHEMAaTHYECKUX YCJIOBHMH Ha TpaHMIle pasiena (a3 HeTpaJulMOHHA M (OpMaIbHO NMPOTHBOPEYMBA, a
IJJaBHOE — OTCYTCTBYET YACTOTHBIA aHalIM3 TUJIPOJMHAMUYECKON HEYCTOMYMBOCTH IUIEHKH KUJKOIO
MeTallia.

B paGorax [2,3] wuccieayercss HEYCTOMUMBOCTh TOPHU30OHTAIBHOIO CJIOS JKHJIKOTO MeTalia,
HarpeBaeMoro co CTOPOHBI CBOOOIHOM MOBEPXHOCTH TOPU30HTAIILHBIM JIYUYOM JIa3epa U MoKa3aHo, YTO IpH
KPUTHUYECKOHN TJIOTHOCTH TEIJIOBOIO MOTOKA M MajlOM BIIMSIHUW T'PaBUTALIMM KUAKUAK CIIOM HEyCTOWYUB B
CBSI3M C 00pa30BaHUEM KaMLISPHO-TPABUTAIIMIOHHBIX BOJIH. .

Taxkum 00pa3oM, MPOBEACHHBIN 0030p OMYyOJUKOBAaHHBIX TCOPETHYECKUX PA0OT IO HCCICIOBAHUIO
HEYCTOMYUBOCTH CTCHOK IApOora3oBOro KaHajia ITOKa3bIBaeT, YTO MATEMAaTHYCCKHM aHaaM3 KojeOaHuH
3aIHEH CTEHKHU Tapora3oBoro KaHalla ¢ YaCTOTHBIM aHAJIM30M THUAPOJAMHAMHYECKON HEYCTOMYMBOCTH HE
TIPOBOJTUIICS.

B cooTBercTBMH C BBINIEM3I0KEHHLIM ObIla ITOCTaBlICHA 3ajada: HCCIENOBaTh KojJeOaHMs 3aHei
CTEHKH I1apora3oBOro KaHajia Ha OCHOBE PEIICHUS COMPSHKCHHOMN 3a/1aui Tap-KUIKOCTh-TBEPABIA METAJT C
Y4€TOM B3aMMHOI'0 BIIMSHHS TEII000MEHa, (ha30BOro Iepexoa ¥ 'UAPOJMHAMUKY BOJHOBOT'O JBUKCHUS.

MaremaTuueckasi MOJAENb MpOllecCa OCHOBaHAa Ha CIEAYIOUIMX JOMYLIEHUSIX: paccMaTpUBaeTCs
KOHJIGHCAITMS Ha CII0€ M JBIDKCHHE CJIOS JKUJIKOTO MeTajula, OTPAaHHYEHHOTO C OJHOW CTOPOHBI
Maporia3MEHHBIM TTOTOKOM, a C JAPYrOi — TUIOCKOM MOTyOeCKOHEYHOH TTOBEPXHOCTBIO TBEPIOT0 MeTaa,

UMEIOIeH Yroil HaKiIOHa ¥ K TOPU30HTY M ABMXKYIIEHCS CO CKOPOCTBIO cBapku V., . Ilpenmonaraercs,
YTO OCPEAHCHHOE JBM)KCHUE ITaPOBOM U XKUIKON (ha3 M MPOIIECC TEII000MEeHa OMUCHIBACTCS OJHOMEPHOM
MOJICNIbIO, TIO3BOJISIOIICH ONMPENeIUTh CPEIHUE IO BPEMEHH 3HAYCHHUS TOJIIUHBI CJIO0S YKHUAKOrO MeTalia

(5 ) U CKOPOCTH TIPHXO/ia CKOHJICHCHPOBABILENHCSI Macchl )KUAKOTO MeTa/ula Ha TpaHHIly paszena ¢as.

Cxema mporiecca npecraeieHa Ha puc. 2, rae uagekcamu WU ,q. , p, , 0003Ha4EeHBI COOTBETCTBEHHO
nmonepeyHas M MpoaojibHaA KOMIIOHCHTBI CKOPOCTH, INIOTHOCTH ITOTOKa TEIJIOBOH OHEPruu U IMJIOTHOCTb

IapoIuIa3MeHHOro motoka, a uuaekcamu Wy, Uy, Gy, Py — aHAIOTHYHBIC EPEMEHHBIC UL JKHIKOM
daset u q,,,, p,,— Wi tBepaoii dasel. bykBamu /, 4 0003HAYCHBI JUIMHA M AMIUTHTYAQ BOJHEI, O —

TOJIIIUHA CJIOA XXHUAKOI'O ME€Tajula, g —BCKTOP YCKOPCHUA CBO60)Z[HOFO nanenud. IlnockocTs X0y SABIACTCA

TUIOCKOCTBIO CHMMETPHUH TAapOra3oBoro KaHaa.
PaccmatpuBaercst yyacTOK MOBEPXHOCTH paszzena (a3, B Mpeienax KOTOPOro BAOAb OCH X MOXKHO

MpeHeOpeYh M3MEHEHHEM TOJIIUHBI CJI0s KuAKoro MeTaia. CKOpoCcTh KOHACHCAIMU V  CYMTaeTcs
MOCTOSIHHON. B »TOM cilydae ocpemHeHHOe ABMXKEHHE (a3 B paMKaxX OJHOMEPHOW MOJENH SIBJIICTCS
IIOTCHIUAJIbHBIM C TAHI'CHIIMAJIbHBIMHU paSpLIBaMI/I Ha I'paHI/I]_[e pa3L[eJ1a (1)33 1 Ha CTCHKEC.

Ha ocpenneHHoe cranuvoHapHOe ABMKeHHE (a3 HaKIaAbIBACTCsA MEPHUOIUYECKOS UIMHHOBOJIHOBOE

BO3MYIIIEHHE B BHAE MMIYJIbCa JABIEHUAV p, OMNPEEIsieMOro COrJacHo (HU3MYECKOH Moaenu

B3PBIBOOOPA3HBIM XapaKTEpPOM M HCHApEHHS METala CO JHAa KaHajla. AMIUIMTYIA KOJCOaHWM TI'PaHMIIBI
paszena (a3 1o JaHHBIM CKOPOCTHOM KMHOCHEMKH MOXKET OBITh IIPUHSATA MEHbBIIE UTMHBI BOJHBI. Kaxmas
¢usnueckas nepeMeHHas, U3MCHSIOIAsACA BO BPEMEHHM, NMPEICTABICHA B BHUAC alreOpandeckoil CyMMBI

OCpeHHeHHOﬁ ( . ) nu H}U’II)C&IIPIOHHOﬁ () COCTaBJIAIOMINX, IIPpH O3TOM OCPCIHCHHAA COCTaBJIAIOIIAA

cuuTaercs KpasumoctosHHoW. JKunkas (asza Heckumaema. B mepBoM mpuONMMKEHHHM MpeHeOperaercs
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M3MEHEHHEM IUIOTHOCTH IIapa BJOJb TpaHuibl pasjena ¢as. OTHOIICHHE IUIOTHOCTH YAOBIETBODSIET
ycnosuto p, / p, <<l.

C y4eroM MpUHATHIX TOMYIIEHWM ypaBHEHHE TEIUIONEpEeHOCa U JBIKEHMS KakK JJs KUIKOCTH, TaK U
JUTA Tlapa UMeEroT B [6]

aT = 2
E+(VV)T_aV T. (1)
o = ] -
(V)Y ===V g+0VV 2)
ot Io)
VIV =0. 3)
rie V- BeKTOp CKopocTH,] — Temmeparypa,! — BpeMms, ; — BEKTOp JaBJICHUS, g— BEKTOP

YCKOpPEHUSI CBOOOIHOTO MajeHUs, O — IUIOTHOCTb, U — KMHEMaTHU4ecKas BA3KOCTb, @ — KO3((HUIMEHT
TEeMITepPaTypOIPOBOAHOCTH.

B cooTBercTBHM ¢ (PU3MYECKOW MOJAEIBIO M MPUHATHIMH JONYIICHHSIMH pacueTHas cxeMa Ipoliecca
UMeeT BUJ, TNpeJcTaBlIeHHBIM Ha puc. 2. Bekrop ckopocth V  umeer MPOJIOJIBHYIO U TONEPEYHYIO
KoMIToHeHThl. CHcTeMa KOOpJMHAT BhIOpaHa TakuM 00pa3oM, 4TOObI OCh X ObLIa HampaBiieHa BJOINb, a
OCbh y — TEpPHEeHAUKYISIPHO HEBO3MYIIEHHOW TpaHume pasgena (a3 B HANpaBIEHHH CKOPOCTU
OCPCAHCHHOI'O IBMKCHUA KUAKOCTH U I1apa.

[Iporrecc TEmIONPOBOIHOCTH B TBEPOH (ha3e ONMUCHIBACTCS YPABHCHHEM

oT
ot

Hckomoe pemienne cucrembl ypaBHeHHH (1)~ (4) IOMKHO YIOBIETBOPATH CIEIYIOIIMM TPaHUYHBIM
ycinoBusiM [6 + 8], Tak Kak B COOTBETCTBHHU CO CXEMOMH, MPEICTABICHHOM Ha PHC. 2, pacpocTpaHeHUE apa
C MepeiHel CTEHKH MMEET TOPU30HTAILHOE HANIPaBIICHUE

=a V'T. “4)

mpp Y —> oo, U,=0 ®)
- ~ 85
=465, Wn=—; 6
o , . (©)
VAI;)K :@'Fﬁm@_'_?K_'_?Cleny’ (7)
ot ox

s = | P,
U)K :Uﬂ - S 8
[PJ : (8)

s 625+825
pn p)K x axz ay2 5 (9)
qn :qm +pHFK;K; (10)
T=T,. (11)
wpn =8 Uu=0  Wa=Vasiny=V,, 12
q)K = qTB + pmr‘m?m; (13)
T=T,. (14)
oT

npu y—>—© q.B=-AB—. 15
5 (15)
T=T, (16)
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me ', T,V u I',T .,V — cooTBeTCTBEHHO yjenbHAst TEMNOTA, TEMIEPATYPA, CKOPOCTH (ha30BOro

i1

mepexofa IpH KOHICHCAlMM U IIJIABJICHUHU; O, S— KO3((UIUCHTHI TTOBEPXHOCTHOIO HATSIKECHHS

KUJKOCTH U CKOnb)enust has; A — koddpuiment Temnonposoasoctn TBepaoi dassl, 1 — Temmeparypa

TepMocTaTupoBaHuA. B rpannyHbix ycnoBusx (6) - (9) uieHsl BTOPOro MopsiaKa MaJoCTH OMYIIEHbI IS
MIPOCTOTHI aHAJIN3A.

B cootBercTBuM ¢ (M3MYECKON MOJENBIO 3a/lavy IeinecooOpa3Ho HMCCIE0BaTh ¢ MOMOIIBIO METo/a
Majblx Bo3MymieHui [5]. CymiHOCTH 3TOro MeToJa BKpaTlie CBOAMTCA K cienyromemy. Ha ocHoBHOE
Te4eHHEe, HEYyCTOMYMBOCTH KOTOPOTO MPEIIoNaraercss HCClenoBaTh, HAaKIAJIbIBACTCS IEpEeMEHHOE II0
BpEMEHH BO3MyILAlollee JBIWKEHHE. Pemienwe 3agadyud  CBOAUTCS K OTHICKAHUIO 3aBHUCHMOCTH
BO3MYIIAIONIETO JBWKEHHS OT BpPEMEHH, KOTOpas M OIpeAenseT HeyCTOWYMBOCTh TeueHHs. Ecmu
MapaMeTpbl BO3MYIIAIONIETO IBUKEHUS HapacTaloT BO BPEMEHH, TO MCCIeyeMOoe IBUKEHNE HEYCTOHUNBO
Y B TAKOM BHU/IE CYILIECTBOBATH HE MOXKET.

C y4eroM IpHHSATHIX TONMYIICHHUH, pe3yJIbTUPYIOIICE ABM)KEHUE Mpoliecca KojaeOaHUM 3aHel CTEHKU
Mapora3oBoro KaHasia Oy/eT UMETh CIICAYIOIIUE MapaMeTphL:

Mns mapa
w =W+ W U, U +Us;
P =Pu+P; T =T+T: {17
JJIA KUJAKOCTHU
P = Py + Pax; T =T+T;
= = =  ~ (18)
W =Wx+Wsx; U =Ux+Ux;
JUTS TBEpor (ha3bl
Wy =W =V,,c087;
U,=Uw=-V_siny; (19)

Py=Pn;  T,=T+T;
[ns nanpHeiiero ymnpolleHdsl 3ajJadyd MPEAnoiaokUM, UYTO COCTABIISIIOIIME CKOPOCTH OCHOBHOTO

JBHKXCHUA U, B U x 3aBHUCAT TOJBKO OT KOOpAuHaThl ) , a IBC OCTAJIbHBIC COCTABJIIOIINE PABHBI HYIIIO,

T.e. Wy =Wy =0. lapnenns P u P _3aBucar ot 06enx KOOpIMHAT X U ) , OJHAKO, T OCPEIHEHHBIX

COCTaBJISIIOIINX MOXHO CUHTaTh, 4YT0 Pn = Px; P = Pw =0. IloacranoBka mapamerpos (17)-(19) B

ypaBHEHHUs TerwionepeHoca W ABwkeHUS (1)-(4) NPUBOAUT K CIENYIOIIMM CHCTEMaM HETHMHEHHBIX
g depeHnaTBHBIX YPaBHEHHIHA:

IS Tapa
_ 2 2
a—T+ na_T:an 6€+8€ , (20)
ot ox oy~ Ox
aUr{ +5H8Ur[ +WﬂaUr{:_LaPH
ot ox oy p. Ox
aZUH azUn
+g oSy +U| ——+—— |; 21
gcosy K oy 1)
W. — W. 1 0P . W W,
+Un =————+gsiny +v| —5—+—— (22)
Ot Ox p. Oy ox oy
oU, oW,
+ =0. 23)

ox oy

JJIA KUAKOCTHU
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. 2 2
a—T+U>.<a—T=a>K 6f+6€ R (24)
ot ox oy- oOx

ot ox oy P, Ox
+gCcosy +v @+@ ; (25)
S ox’ ' )
Wx = Wi 1 0P .
+Un =————+gsiny +
ot ox P,
2117 2117
+U 0 VZ"‘ +a VZ"‘ ; (26)
ox oy
Ux W
+ =0; (27)
ox oy
VTS TBepor (ha3bl
2 2
oT oT oT : 28)

o e T

rJie TapaMeTpbl BO3MYIIAOMIETO JABHKEHUSI CYMTAIOTCSI HEOOIBIIMMHE TI0 CPABHEHUIO C MapaMeTpamu
OCHOBHOTO TIOTOKA, YTO MO3BOJISIET MPEHEOpeYh B YPAaBHEHUSX WICHAMH BTOPOTO MOPSIIKA MAJIOCTH.

N3BecTHO, 4TO B 0O0IIEM Clydae BO3MYILAIOIIEE ABMKEHHE IOCPEACTBOM paslokeHHs B psax Dypbe

MOXKHO TIPEICTaBUTh B BHJI€ CYMMBI OTAEIbHBIX BO3MYyIIeHHH [5]. 3amaguM Bo3MyIIarolee ABH)KEHHE

KoJIeOaHUSIMH, PAaCcIpPOCTPaHSIONIMMUCS B BUJE BOJHBI BAOIb OCH X . Ha ocHOBe ¢u3mueckoil Mopenu

KonebaHusl TpaHMIbl pa3zena (a3 MexIy KUAKOCTBIO M MapoM MUMEIOT MEepUorUuecKuii xapakrep. Ecmu

MIPHMEM, YTO OHH IMPOUCXOIST [0 TAPMOHHYECKOMY 3aKOHY, TOT1a

8 = A, exp[—i(o t—kx)], (29)
rae A5 U (— aMIUIATY/Ia U KPYroBas 4acToTa KoieOaHui, k — BOJIHOBOE YHCIO BIOJIL OCH X (pHC.
2).
2
=" (30)

l

AHaNM3UPOBATh TPOU3BOIBHOE BO3MYILIEHHE (DM3UYECKOM BEIMYMHBI O TIPU MOMOIIM CTAHIAPTHOM
MpOLeyphl Pa3lioKEHUsI 10 HOPMalbHBIM MojgaMm B psn Dypbe Her HeoOxomumocTu. Tak Kak s
HEYCTOMYMBOCTH JBYMIKCHHUS HY)XXKHAa HEYCTOHYHMBOCTH XOTS OBl OJHOW W3 MOJ, JOCTaTOYHO HCCJIEIOBATh
CIMHCTBEHHYI0 Mony oOmero Buia [5]. VpaBHeHue BONHBI (29) MOXHO 3ammcaTh C ITOMOIIBIO
TPUTOHOMETPHUECKUX (DYHKIHH, KOTOPBIE B COOTBETCTBHH ¢ (OopMylioi Diiiepa MOTYT OBITh BBIPa)KEHBI
4epe3 rokazaTenbHble (YHKIMU ¢ MHAMBIM TIOKa3aTelleM CTereHH. BelecTBeHHas 4acTh 3TOr0 MHUMOTO
YHCIIa UCTIONB3YETCS TSl XapaKTePUCTHKH KOJIeOaHUH.

BBonmuMm BcrioMoraTesnbHbBIE CKaNSPHbIC (YHKIIUM — MOTEHIIMAIbI CKOPOCTEH U MapoBOM W KHJIKOH

dasst (@, 7, ), onpenensemMble BHIPAKEHHAMHU:

I TIapa:
0, =0 T 31)
ox oy
JUTA AKUAKOrO MeTajuia
Uy =—%; W =—2%; (32)
ox oy
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C yderoM NpHHATBHIX JOMYyHIeHWH OyaeM wuckath pemienue 3amadn (1)< (16) B BHIE CKaNSPHBIX

bynkuuit @, @, , T, 5KBUBaJIGHTHBIX 10 BUAY 3aBUCHUMOCTH (29). g (). U3 rpaHUYHBIX ycIoBHH (5) 1

(6) umeem:
~ oo
U =—==0; 33
|y o (33)
~ 06 O,
W 5= = (34)
ot Oy
W3 anamm3a ycnowmii (33) +(34) cnexyer, 4TO penieHUE JIMHEAPU30BAHHON CHUCTEMBI ypaBHeHHH (21)-
(23) HEOOXOMMMO HCKATh B (hOopME:
¢, = A, f () exp[-i(wt=kx)], (35)

rne A —ammurtyna, f(y)— gyHkims, 3aBucsmas or y , TaK Kak OCHOBHOE JBUKEHUE 3aBUCHT TOJBKO

OT 3TOW KOOPJIMHATHI.
[IpoBenem noacranoBky Beipaxkenwuii (31) B ypaBHeHus (21) - (23), B pe3ynbTare MOIYIUM:

2 A2 77 D
8(0n+ 8q0n+8qon oUx 1 aPn+

oot o dy o p. ox
Do 0o
cosy+v_ | —~+ T |; 36
& o8y ”[6x3 oxoy’ ()
2 A2 D
o°p. i o°p. 1 OPx

+Ux =————+gsiny +
oot oxdy  p oy oo

3 3
0, [—Gax%ny + —aayq;“ ]; (37)
ol ol
?g“ ?@“ =0. (38)

[Toxcrapisis HanrcaHHOE paHee BeIpaxkenue (35) B ypaBHeHue (38), momydaem:

o
CL _pry=o. 39
& &)

Dro ypasuenue umeer pemennus eXp(ky) u exp(—Kky). Y3 nux Hano BHIOpaTh BTOPOE, NOCKOJIBKY ISt

MEPBOr0 HE BBIONMHSIOTCS rpaHnuHble ycnoBus (33) u (34). Takum oOpa3om, cucreMa JIMHEapHU30BaHHBIX
ypaBHenuit (21)-(23) gomxkHa yAOBIETBOPATH pemieHue [7].

@, = A, exp[-ky—i(ot—kx)] (40)
ITpoBenem nuddepenunpoanne ypaBHeHus (36) mo mnepeMeHHOW Yy, a ypaBHeHus (37) — mo
nepemerHon X . [Tomyuyum:

3 2 77 A3 2 77
o, +8qon28Un LT, quon +8q02n aUn+
oxoyot  Ox 0Oy ox~oy Oy~ 0oy
277 2P 4
,09, 08U _ 1 8PH+UH[6¢H ]; @)

oy oy’ p_n Ox0Oy oxoy’
3 73 2P 4 4
o Unafo“ :_iainn afo“+6¢"3 . 42)
Ox0yot ox”0y P, Ox0Oy Ox’0y  OxOy

CriesyeT OTMETHTB, YTO NpH AU PEPEHIIMPOBAHNH WICHBI yPABHEHUH g COSY M € SINY NPUHHMAIHCH

KOHCTaHTaMMU.

Hckirouas GpyHkiuio nasienus Pn(Xy) U3 cucTeMsl BhluuTaeM ypaBHenue (42) u3 ypasuenus (41), B
pe3ynbTaTe UMEEM:
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. —
0p, 0U. 0’9, 0U, 09, &*Un _

= 43
o oy v v o )
[IpoBenem moacranoBky perienus (40) B ypasHenue (43):
_ _ ,—
A_exp[—ky—i(wt—kx)]<i’k’ U +k° U —k 0 U2 =0, (44)
oy y Oy

2

rne i° =—[.B ypaBHenuu (44) oqMHAKOBBIE UWIEHBI B (DPUTYPHBIX CKOOKAaX C PasHBIMU 3HAKAMH
cokpamaroTcs. [lockonbKy BbIpaxkeHHe 3a GUTYpHBIMU cKOOKaMu B (44) HyNIO paBHO ObITh HE MOXET, TO
CJIEZICTBHEM U3 3TOT'0 ypaBHEHHUS SIBIISETCS:

o*U.
5 =" (45)
KOTOpOC HUMCEET pemeHHe 0611[61"0 BHUIa
Un=Ay+B,; (46)
rue A1 51 B1 -KOHCTaHTBI, OIPECIIIeMbIC U3 IPaHuUIle pa3zena (a3, a UMEHHO:
oU
4 = 5 , 47)
y y:irg
oU., ~oU
B, = —5—=u (48)
ay y:ig ay y:ig

Cnemaem moacranoBky pemienuit (40) u (46) B ypaBHenus (36) u (37) u OMHOBpEMEHHO TEpPEHECEM
MPOU3BOJIHEBIC ()YHKIIMYU B JIEBYIO YacTh ypaBHeHuit (36), (37):

% = p.gcosy— p wkd exp[—ky—i(wt-kx)]+
X
p.(Ay +B)k> A exp[-ky—i(ot—kx)]+
+p, A kA, exp[-ky—i(@t-kx)]; (49)

% = p,gsiny —ip wkA, exp[-ky—i(ot-kx)]+
Y
+p_(Ay+ B)k>A_exp[-ky—i(mt—kx)]. (50)

Ota cucTemMa ypaBHEHHI UMeeT pelieHue ooIero Buaa:
Pu=p g(ysiny +xcosy)+ip A {a) —a—k(Ay+ Bl)} exp[—ky—i(ot-kx)]+C,; (51)
Ine A w B~ xoncrautel, onpenensiembie Bhipaxkenusmu (47) u (48), C; — npoussonbHas KOHCTaHTa

HESBHOT'O BUJIA.
Takum 00pa3om, MOTy4eH MepBbIi psijI PEIICHHH MOCTABICHHOW paHee 3a/lauu JIs rapa.

Hist @, u3 rpaHudHbIX ycaoBuit (7), (12) umeem:

~>|< ,_:@_FE)K@_'—VK +VCBSin7/:%; (52)
v=s Ot ox oy
W}K — ?CB sin Y = Vrm; (53)
y==0
U. _=0. (54)
y==0

OueBnnHO, uTo ycnoBus (52)-(54) MOXXHO JOMONHUTH U3 QU3HUECKUX cooOpaxeHnil. B wactHocTH, Ha
rpaHuiie paszaena ¢a3 cpemHssl CKOPOCTh ABMKEHHS KHUIKOTO MeTajula BIOIb OCH X paBHa (pa3oBoi
CKOPOCTH TepeMeNIeHUs] POHTA BOIHBI BO3MYILICHHS, T.C.
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U @

== (35)
y=%6 k

YcnoBusa MNpUIMIIaHWA IIOTOKAa JXHUAKOro METa/ula Ha TIpaHUlIEC C TBEPABIM MCETAJJIOM JOJI’KHBI
BBIIIOJIHATBECA KaK I OCPCAHCHHBLIX, TaK M [JIA ITYJIbCAIMOHHBIX COCTaBJIAIOIINX CKOpPOCTHU, T.C. B

JoTIOMHEeHuE K yeiaoBusM (53), (54) umeem:

===, (56)

bynem uckath pelenre 3a1a4u (0, OTHOCHUTEIBHO NPOU3BOIBHOIO CEYEHHUS TIOTOKa X = X,,. M3 ananmu3za

rpaHngHbIX ycnoBuit (52), (55), (56) u 3aBucumocTtu (29) criemyer, 4TO pelleHHE JIHMHEapHU30BaHHOMN
cucTeMbl ypaBHeHuUH (25)-(27) MoxHO MpencTaBuTh B Buje [7]:

0, = E%gsmy[(x— x0) = (y+8 +8)" |+ A, f(expl-i(wt-k)],  (57)

rne A, -ammmtyna, f(y)-HeusBecTHast pyHKIMS OT Y, N — HEM3BECTHBII MOKA3aTeNb CTEMEHH.
[IpoBeaem noncranoBKy Bbipaxkenuid (32) B ypaBHeHUs (25)-(27), B pe3yabTaTe NOAYINM:
op, — ¢, 0, 0Ux 1 0P«
OxOt ox oy Oy P, Ox

O'p, O
+gcosy +vu | —X+ x| 58
gcosy [ o o (58)
2 o2
oyot OxOy P, Oy
3 3
+gsiny+0m[a§0"‘ +aq)3"‘], (59)
ox°0y Oy
0’ ol
et =0, (60)
ox oy
[oncrasmnss Beipaxkenue (57) B ypaBHeHue (60), momyuanm:
oty /H Vo siny [(x—x)" = (y+5+8)2 |+ S _jeplog (61)
28 ‘ Y oy '

Dro ypaBHenue umeer pemenus exp[k(y+ 5)] u exp[—k(y+5)] IpU TIOKa3aTene CTEneHn 71=2.

KpOMe TOro, TpaHn4Hble ycinoBus (52) u (56) OyIyT yAOBIETBOPEHBI, €CIIH PEIICHUE BEIOMpAETCS B BUJC
KOMOMHAIINHU DKCIIOHEHT, T.€. UMEET CIIEMYIOIINI BUI:

o Vi+Vesiny
" 20
IJIe TUIIEPOOTNYECKHI KOCHHYC PaBEeH:

chlk(y+5)] = %{exp[k(y+ 5)]+ expl[—k(y+5)]}.

ITposenem muddepenurposanue ypapHenus (58) mo nepeMeHHoH y , a ypaBHeHus (59) o nepeMeHHoi

[(x - X, )2 —(y+ S+ 5)2 } + A ch[k(y+ 5)] exp[—i(wt-kx)]; (62)

X , B pe3ysbTaTe MOIYIUM

3 2 77 _ 3 2 77
o, +8 qozm oU x AT 8?)“ +8 gozm oU x
oxoyot  Ox~ Oy ox’oy oy" Oy
277 2P 4 4
+6q0m+8 U« _ 10 P>.<+U>K Gq)m_'_@qom :
oy oy’ p,. Ox0y ox’0y  oxoy’

(63)

125



Lodd@0)BIRML 3IG60IGIS0)S IAMB6INO 535RIFNOL 8OB6J, Jodool Lgos 2017 &. 43 Ne 1
o ————————

3 A2

oxoyor  ox’dy  p, oxdy
4 4
|2 %= 0 P (64)
Ox’0y  OxOy

r/Ie YWICHBI ypaBHEHUI g cosy U g Siny npu auddepeHInpoBaHIN MPHHIMAINCH KOHCTAHTAMU.

Hckmrouast GyHKIUIO TaBICHUS P (X,y) u3 cucTeMsl, BblUMTaEM ypaBHenue (64) u3 ypasHenus (63),
HMeeM:
0%, 0Ux 8%, 0Ux 0p, 0*Usx
Ou P [ TP P T O U ), (65)
x” dy oy y I

[Tockonbky u3 ypaBaeHus (60) ciemyer:

¢, _ 9
2)

2
ox oy
P
TO TIEpBhIE 1Ba WieHa B (65) MOXHO cokpaTuTh. IIponsBoanas ——-, B 00IIEM ClIydae HYJIIO PaBHA

OBITH HE MOXeT, TOATOMY (65) SKBHBaJICHTHO YPaBHEHHIO:

O*Ux
- =0. (66)
KOTOpOC HNMEECT pemeHHe 0611[61"0 BHUa:
Ux=A4,y+B, (67)

rae u B, — xoncranTsl, onpeaensemsle U3 ycaoBuii Ha TpanuIe paszena das (54), (55), (8):
2 p y P p

4 :%:s(&]% : (68)
KG+8) \po) ] s

B, :E’—‘i:Ss(&] Oul (69)
k(S +3) I

31ech B MEpBOM MPUOIMKEHUU TPHHUMAEM, 4TO KOd(PQUIIMEHT CKOMbKeHHUst Ga3 S He 3aBUCHUT OT
KOOpPAUHATHL ) .
Cnenaem moacranoBky (62) u (67) B ypaBaenus (58) u (59), zaTem nepeneceM MpOU3BOAHBIE QYHKIHH

P B neBy1o 9acTh ypaBHEHHUH, a BCE OCTAJIbHBIC BRIPAXKEHUS — B TIPaBYIO 4acTh ypaBHeHUM (58), (59):

0P Vi+Vesin
—p. i’k A, ch[k(y+8)]exp[—i(wt—kx)]+

+p, (A, + Bk A, chlk(y+5)]exp[—i(wt—kx)] +

(y+5+5)—

+p, A kA _shlk(y+ &) ]exp[—i(e t—kx)]; (70)
%P= pogsing —p, 2L +51/CB M7 (x—x,) -
~ip, k> 4, (A,y+B,)s hk(y+5)]exp[—i(et—kx)] -
—ip, kwA, sh[k(y+8)]exp[—i(w t—kx)]. (71)

Cucrema ypaBuenuii (70) u (71) uMeer cienytoliee peuieHre o0IIero BUia:
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/Sm = pmg[(y+5+ 5) siny +(x—x,)cosy]+
A,V +Vesiny)

" 5

~ip, A, -k(A,y-B,)sh[k(y+5)]exp[-i(wt—kx)] -

+p (y+5+5)(x—x0)—

—ip, A, A_sh[k(y+5)]exp[—i(wt—kx)]+c, (72)
e A, u B, xoncrautel, onpenensembie Bbipaxkenusmu (68) u (69), a C,— mpoussonbHas

KOHCTaHTa HESIBHOTO BUA.
TaxkuM 00pa3oM, MONydeH BTOPOH psAJ PEIICHUI MOCTABJICHHOW paHee 3aJayd JUIs CJI0S SKHIIKOTO
MeTasIa.
Jnsa ¢pyaknuu T w3 rpaHnyHbIX yeiaosui 3amadun (10), (11), (13), (14), (15), (16) umeem:

G| =0 AT (73)
y=t6 y=t5

q’“ y:_g = qm@ _3 +p3,prmVrm; (75)
T|y:—5 = l'lﬂ; (76)

- oT
qTB = _/ITB s ’ (77)

y—0 ay .

T|y~)—oo = TE)’ (78)

[IpoBeaem noacranoBky pemienus (46) B ypaBuenue (20), a peuienus (67) — B ypaBHeHus (24), B utore

MOIYyYNUM:

JUIA 11apa:
oT oT o'T o°T
—+(Ay+B)—= + ; 79
8t ( ]y ])ax an[ayz axz] ( )

JJIA XKUKOIO MeTaia
oT oT o'T o°T
—+(A,y+B,)—= + . 80
8t ( 2y 2) ax am[ayz axz ] ( )

CrnenoBaTenbHO, CHCTEMY TPAHWYHBIX YCIOBUH M YpaBHEHUH, KOTOPOM [OJDKHA YAOBJIETBOPSTH
ckassipHas GyHKuuss 7', cocTaBisiioT rpaHuunble yeaoBus (73) - (78), a Takke mpeoOpa3oBaHHBIC BHIIIE
ypaBuenus (21), (80) u ypaBHenue (28)

oT o°’T o°T
—=a, + )
ot ox* oy

€CTh MHTErpabHbIe KO3(QPHUIIMEHTHI TEMIIEPATYPOITPOBOTHOCTH,

B KOTOpPBIX ITapameTpel 4, A, , 4 .

COOTBETCTBEHHO JUIS Tapa, XHUJIKOTO METajula M TBEPJOr0 METajlla, YYUTHIBAIOIINE KaK MOJEKYISPHBIH,
TaK ¥ TypOyJEeHTHBI MEXaHHU3M TepeHoca Tervia [6] .

B mepByro odepenp uineM pelieHne 3agauy Ui o0JacTé TBEpAOro MeTamia. V3 rpaHuYHOro yCIoBUS
(77) cnemyert, 4TO B 00IIEM CiTydae JUIs TBEPAOro MeTailia ckajsipHast GyHKIUs 1 TOJDKHA YAOBIETBOPSTH
YaCTHOMY peIIeHunto Bua [7]:

TB

T'=4, exp(%y}r&, (81)

rne A; u B,— npousBoinbHbIE KOHCTAHTBI, ONpEIEAEMBIE C TIOMONIBIO TPAHMYHBIX YCIIOBHii (76),

(78) cnenyronm 00Opa3oMm:
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npu Y —> =0, 1)=B;;
npH y — -5, T, =Aexp —%5 +T;

TB

OxoHYaTeNbHAs MOJICTAHOBKA 3HaueHuii koncrant A, , B, B pemenue (81) mo3sonser monyunrs:

T=(T, ~T,)exp %(wg) +T;, (82)

C npyroii CTOpOHBI, Uil 0O0JAacTH TBEPAOrO MeTajia CKalsgpHas QyHKuus 1 JOIDKHA TaKke
YAOBIIETBOPSTH YaCTHOE pelieHue suaa [7]:

T'= A4 f(y)exp[-i(wt-kx)]+C;, (83)
rae A; — amnirya Tennosoit Boubl, f(y) — Hem3BecTHas (YHKIIMS, 3aBUCANIAS OT KOOPJMHATBI

, C,— npou3BosbHas KOHCTAHTA.

3/ech cieayeT OTMETUTh, YTO YacTHOe perieHne (8§3) omuchIBaeT Mpolece pacnpocTpaHeHHs TETIOBOM
BOJIHBl B COMPSDKEHHOM 3aja4ye IMap—KUIKOCTb—TBEPIbId MeTaul. B naHHOM ciydae 3TO pelleHue
SKBHMBAJICHTHO 3aBUCUMOCTH (29), T.€. 3aKOHY KOJICOaHHs IPaHUIIbI pa3aena Ga3 Mexay KUIKAM METalIIoM
U MapoM. DKBUBAJIEHTHOCTH (29) u (83) jormuecku CTporo cieayer u3 (pU3NUIECKON MoIenu KojaeOaHuMH
3aJHel CTEHKH MMapora3oBoro KaHana.

[Toxcrassis permenne (83) B ypaBHeHHE (28), TOTydaeM:

2 .
0L -2y, (84)
oy a

TB

DT0 ypaBHEHHE HMEET CIMHCTBEHHOe pemenue B Bune €Xplk, (Y+0)], ynosiersopsromee
OJTHOBPEMEHHO KaK I'paHUIHOMY yCIIOBHIO (76), Tak ¥ TpaHUIHOMY ycioBuio (78), T.e.

T =A4;explk,, (y+9)-i(ot=kx)]+C, (85)

JleliCTBUTENBHO, JIETKO MPOBEPUTH, YTO MPH Y =—0 aMIUINTYJa TEIUIOBOH BOJHBI MaKCHMalbHa U
paBHa A, a npu y —> —00 aMIUIMTYJa TEIJIOBOM BOJNHBI MajaeT 0 HyJsA M TPOU3BOJIbHAS KOHCTaHTA
C, =1, . Heussectnpiit koodduiment K, B (85) onpenenser BOTHOBOE YHCIIO VISl TEMIOBBIX KONeOaHMil.

[IpoBenem noncranoBKy perieHus (85) B ypaBaeHue (28), B pe3ynbTaTe MOIYIUM CBSI3b KO3(PPHIIUEHTOB:

(86)

OOmee pemeHne 3a1au Ui 00JaCTH TBEPIOro MeTajula MOIydaercs B pe3yibTraTe KOMOMHUPOBAHUS
qacTHBIX perreHuid (82) u (84) c olmiel KoHCTaHTOH Tpou3BosbHOTO BHAA. [Ipu sToM B pemennn (82)
byHkms exp[---] 3amMeHsieTcs nepBbIMH WieHamu psijia Teidnopa, T.e.

exp ﬁ(yjL o) ;1+h(y+ 0),
ﬂ/TB 2(TB
YTO SIBJISIETCS JOMTYCTHMBIM MIPH PEUICHUH 33291 B TMHECHHOM MPHOIMKECHUH.
CnenoBatenbHO, o0lee peleHne 3a1a491 A7 00JIaCTH TBEPIOro MeTajlla UMeeT BU:

T=Ty+ (T, =T) | 1+ 72 (54 0) |+
+4. exp[k_. (h+8) —i(w t—kx)]. (87)
[Ipomomxkast moucK OOIIUX pelieHui 3aaaun Uit o0macTel )KUIKOro MeTasia | rnapa, CHoBa 00paTuMcst

K (Qu3nyecKkoil Monenu mporecca. M3BeCTHO, YTO MEPEeHOC BO3MYILIEHHH BHYTPH Iapora3oBOro KaHala
[IpOTEKaeT 3HAYMTEIbHO MHTEHCHBHEE IONEpeK (KOOpAMHATa X ), 4eM BJIOJIb KaHajua (KOOpAMHATa ) ).

IIpyn 5TOM, YMCIOBBIE OLIEHKM 3HAYEHUN TEMIEPAaTypHBIX T'PAJUEHTOB I10 KOOpAMHATAM Pa3IMYarOTCs
MaKCUMyM Ha MOpPSJIOK, & MHHUMYM — COINOCTaBHMBI MeXIy coboil. Kpome Toro, pacmpocrpanenue
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TCIIIIOBBIX BO3My1HeHI/II71 II0 KOOpAWHATEe ) OCYHICCTBJIACTCSA COBMECTHO MEXaHU3MAMU Typ6YIIeHTHOI‘O n

MOJIEKYJIIPHOTO TIepeHoca, a M0 KOOpIWHATe X — B JIOTIONHEHHE K YKa3aHHbIM MEXaHH3MaM IepeHoca
N00AaBIIsieTCS IEPEHOC TeIia CUIIAMU MHEPIIUY MOTOKA Tapa WM XKHUJIKOro Metaiuia. B ypasaenusx (79) u
(80) mepenoc Teruia cUIaMH HHEPIIMH TIOTOKA MAacChl BEIIECTBA MPEACTABICH COOTBETCTBEHHO UWJICHAMU
YpaBHEHUI:

oT oT
(4y+B)—, (4,y+B,)—,
Oox Oox

KOTOpBIMH, KakK cllefyeT Hu3 (QHU3MUECKOM MOIENW TMpolecca, NpU pEIICHHH 3aJadd B JIMHEHHOM
MPHOJIMKEHUH MOXHO MpeHeOpedb. B aToM ciyyae moTepu B TOYHOCTH amMPOKCUMAIU OKOHYATEITBHBIX
pE3YNIbTAaTOB pelIeHHs 3aJa4l OyIyT HEe3HAUYHMTENBHBI, a MaTeMaTUYECKHE TPYJHOCTU pelieHHus OyIyT B
3HAYUTEILHON Mepe ycTpaHEeHH [6].

Bo BTOpyIo ouepenn, WIIEeM pelieHUe 3a/laud Uil OOJIACTH JKUJIKOTO MeTajuia B BHUJIE, aHAJIOTHYHOM
pemenuto (87), T.K. CYIIECTBYET aHAIOTHUA MEXly ypaBHeHUEeM (28) u rpaHnyHbIMU ycioBusmu (74), (76),
(78). OueBuaHO, uto ckassipHas GpyHkuus 7 JOIKHA YIOBIETBOPSTH 3/1€Ch YACTHOMY PEIICHUIO BHJIA!

T =A,(y+5)+B,, (88)

rne A, u B, — npousBonbHbIEe KOHCTAHTBI, ONPEEsIeMbIE C TTOMOILBIO IPAHUYHBIX YeroBuii (74) u (76),

npu y =—0, I, =B,
mpu y =+65, T =A,(5+6)+T,,.
[oncranoBka 3Hauenuii koncraut A,, B, B peruenue (88) maér:
y+6
Ir=\I1.-T,)| ==||+T,. (89)
( ) o0to

Jnst obnmactu >KHAKOrO MeTayia ckajsipHas (yHkouss T JODKHA TakkKe yJOBJIETBOPATH YACTHOMY
pEIIeHUIo BUA:

T = A4, f(y)exp[-i(ot—kx)]+C,, (90)
rie A, — amnumTyna TersioBoit BoiHBI B kuAkoM Mertamte, f(y)— HemsectHas ¢yukuus, C,—

MPOU3BOJIbHASI KOHCTAHTA.
[Toxacrassis permenne (90) B ypaBHerue (80), momydaeM:

azé“:(kz_iﬁjf’ (91)
oy a

Vpasnenue (91) umeer pemenue B Bune €xplk,, (y+9)], rae K, — BomHOBOE YMCIO T TEMIOBBIX

KoNeOaHuH B KHIKOM MeTalIe, T.e. aHaIorun4Ho (85), (86) moiydaeM BbIpaKeHUS:

T = A, (y)explky, (y+6) —i(@t—kx)]+ C,, (92)
ke = |k’ _o (93)
a

X
Pemenue (92) ynoBneTBopseT rpaHUYHBIM yciioBuaM (74) u (76). Ilpu ¥ =—0 aMmimTyna TemmoBoi
Bonubl pasHa A, u npoussonbnas koncranta C, =1 | a npu y==%5 ammmryna TemioBoi BOJIHBI

BO3pacraer npubiusuTensHo B exp(ky, 0) pas.

OOmee perreHue 3a1a4u A1 00JIACTH JKUIKOTO METaula MOMy4aercsl B pe3ysbTaTe KOMOMHUPOBAHUS
yacTHBIX pemeHnit (89) u (92) ¢ obmieii KoHCTaHTOH KOMOMHHPOBaHUS YacTHBIX pemreHuid (89) u (92) ¢
o011elf KOHCTaHTON MPOU3BOJIBHOTO BUAA, T.€.

T=T +(T -T) 22
5+0

+4._explky, (y+8)+i(wt—kx)]. (94)
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B mocnenHo odepens HWINEM pelIeHHE 3ajJadd JUis Napora3oBoil OOJIACTH B BHJIE, aHAJIOTHYHOM
petrenuio (94), 4To0bl 00eCIeUunTh IPEEMCTBEHHYIO CBA3b PELICHHIA MTPH MEPEXOJIC Yepe3 IPaHUIly paszeia

da3 y =210 . U3 usuueckoii MoaeIn Mpolecca U3BECTHO, YTO TPAJMEHT TeMIepaTyp MpU Hepexoe yepes

rpaHuily paszziena ¢a3 B MaporasoByl0 00JacTh Pe3KO BO3pacTaer, a TEMIlepaTypa IIa3Mbl B IEHTpPE
Mapora3oBoro KaHaia 3HAYMTEIBHO TMPEBBIIACT TEMIIEpaTypy KOHJEHcalnyd napoB Meramia. [IpoBenem
WHTErPANbHYIO OIEHKY I'paJMeHTa TEeMIIepaTyp OT IMOBEPXHOCTH pasjiena (a3 sl MaporasoBoil odiacTu.

Paanyc kanana npuOIM3UTENBLHO paBeH O , MUHMMAJIbHAs M MaKCHMAaJIbHasl OLICHKA Ieperaia TeMIepaTyp

na stom yuactke pasua (5—9)T , t.e.

oy T 95)
oy yt5 O

Ornenky rpaguenTa TemmepaTyp (95) ucmoias3yeM B Ka4eCTBE JOMONIHHUTEILHOTO TPAHUYHOTO YCIOBHS
MIPH PEIICHUH 3aJ]auil ISl Tapora3oBoi 00JIACTH.

B nannom ciydae ¢pyakuust 7 10/DKHA YIOBJIETBOPATH YACTHOMY PEIICHHUIO BUJA:
T = 4(y-3)+B,, (96 )

rae A5 v B.— nponsBonbHbIE KOHCTAHTBI, ONpPEENsIeMbIe C TIOMOIIBIO TPAHAYHBIX yenosuii (74) u (95),

T.C.
By=T| =T, (97)
A = o JIL (98)
oy 5 o

Heo0xoauMo OTMETHTh, YTO 3[IeCh M paHee B TEKCTEe (opMaiu3alus T'paHMIbl pasaena (a3 B BUIC
y=+6 O3HAYACT IPUCYTCTBHE MOJOKUTEIBHON MMOMYBOJIHBI, @ (POPMAITM3ALNS B BHAC =5 —TIPUCYTCTBHE
OTPUIIATENLHON MOIYBOIHBI JKMIKOTO METalla B IPOM3BOJILHOM CEYEHHMH X=X, PacCMaTpUBAEMOM
3aJIa4uH.

[ozncranoska 3nadenuii koucraut As, B B pemenue (96) naér:

7§< (y-8)+T.. (99)

T =

Jlist mapora3oBoit oonactu ckansipHast QyHKius ' TODKHA TAKKE YIOBJICTBOPSATh YACTHOMY PEIICHUIO
BUjIA!

T = A f ) expl-i(t-kx)]+ C,, (100)

rae A — aMmmryna TemioBoil BonHbI B mapora3oBoil oonmactu, f())wenssectnas Qymxums, C;—

MPOU3BOJIbHASI KOHCTAHTA.
[Toncrapsia permenwe (100) B ypaBHenue (79) momydaem:

azfz(kz_igjf_ (101)
oy

VYpasuenue (101) umeer pemnrenue B Buje:

exp[K (¥ —6)]— m1s monoxKuTENBHON MOTYBOIHBI M PELICHHE

exp[K (¥ +6)]— a1a orpunatensHOil MOMYBOMHBI Ha rpanuie pasaena das, rae ko — BonHOBOE

YHCJI0 TETUIOBBIX KoJieOaHMH B Tapora3oBoi 00JIaCTH,
an = [k* - —

T.e. pemenue (100) Oymer uMeTh pa3NUYHBIA BUJ B 3aBUCHMOCTH OT TOTO, B KaKOM MecTe Oynuer

c/ienano npoussonbHoe cedenne X = X :

B 0011aCTH TIONOKHUTENBHOM MOMYBOIHEL, Tae V =+0 , uMeeM

T = Ay exp[Kpy (v = 8) —i(ot — ko)]+ Cy, (102)
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B 00JIACTH OTPHLIATEIBHON MOTYBOIHEI, T/ie ) = ) s

T = Ay exp[Koy (v +6) —i(wt — kx)]+ Cs, (103)
B TOYKaX NepecedeHys rpanuis pasaena dgas ¢ npsamoit y =0,
T = A explK,y —i(ot —kx)]+C.. (104)

Pemenus (102), (103), (104) ynoBierBopsoT rpanuyHbIM yeiaoBusaM (74) u (95). [Ipu y = +5 , y=—"0
wim ¥ =0 ammmMTysa TeruioBoi BOMHBI paBHA Ag, v mpousBonbHas koucranta C; =T, a npu y = S

aMILIMTY/a TeIUIOBOI BOJIHBI BO3pacTtaer B exXplk ;0] pas.

OOmiee pemeHue 3ajadu Uil [apora3’oBOil 0OJAcTH MOMydyaercss B pe3yiabTaTe KOMOMHMPOBAHHUS
yactHoro pemeans (96) c¢ uactHeiMu pemenusmu  (102), (103), (103) npu oOmiei KoHCTaHTE
IIPOU3BOJIBHOIO BUJA, T.€.

IT=1+ —g (¥ —8) +Argexp[Kip(y F 8) —i(wt — k)] (105)
TakuM 00pa3oM, TONYYEH IMONHBIA Psii PElICHUM IOCTaBJICHHOW paHee 3aJayd B BUJC CHCTEMBI
HENMMHEHHBIX TuddepeHnanbHbIX YpaBHeHUN: UTs apora3oBoi oonactu — (20)-(23), st ciaos AKHUIKOTO
metaia — (24) - (27), s tBepaoro meramia — (28).
C TnoMOIIBI0 ITHX YpaBHEHWH MOXKHO TPOBECTH B JIMHEHHOM MPUONMKEHUH aHAlM3 YacTOTHI
KonebaHui TpaHMIBl paszena (a3 nap-KUAKHA MeTaJll A Pa3UYHBIX METAIJIOB B 3aBUCHMOCTH OT
CKOpPOCTH CBAapKH M MOIITHOCTH JTy4a.
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MATHEMATICAL ANALYSIS OF VIBRATIONS OF REAR WALL OF STEAM-GAS CHANNEL
DURING LASER WELDING
M.G. Khutsishvili
Georgian Technical University
SUMMARY
Vibrations of rear wall of steam-gas channel are studied on the basis of solution of a task of steam-liquid-solid metal taking into
account mutual effect of heat exchange, phase transition and hydrodynamics of wave motion. By means of equations is possible to
make with linear approximation an analysis of vibration frequency of steam-liquid metal interface boundary for different metals
depending on welding speed and beam power.
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CONDOLENCE
The Department of Chemistry and Chemical Technologies of the National Academy of Sciences of
Georgia, staff of the R.I.Agladze Institute of Inorganic Chemistry and Electrochemistry, and the editorial
board of the Proceedings of the National Academy of Sciences of Georgia, Chemical series, are saddened
to inform of passing of a protean scientist, doctor of chemical sciences, honorary member of the Academy
of Engineering Sciences of Georgia, Raul Chagunava, and are extending their deepest condolences to his
family and friends.

COBOJIEBHOBAHUE
OtneneHve XMMUM U XHUMHUYecKOoW TexHoiormu HarmumonanmpHOM AkagemMun Hayk ['py3uu, KOJUIEKTHUB
HucTuTyTa HEOpraHMYeCKOW XUMHUH U 3neKTpoxumun uM.P.M.Arnan3ze u pegakimoHHas KOJUIETHS CEpUU
xumudeckor M3pectmit HarmonambHolt AkamemMund Hayk ['py3uu H3BEIIAIOT O CMEPTH JIOKTOpa
XMMHYECKUX HAyK , MHOTOTPAHHOI'O Y4€HOro, Mo4y€THoro wieHa MuxenepHon axkagemuu ['py3um Payns
Brnamumuposrnya Yarynasa v BEIpaKaloT HCKPEHHEE COO0JIE3HOBAHNE CEMbE U OJIM3KUM MTOKOHHOTO.
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CONDOLENCE
The Ivane Javakhishvili Tbilisi State University and the Petre Melikishvili Institute of Physical and
Organic Chemistry announce the death of an outstanding scientist and public figure, doctor of chemical
sciences, professor Avtandil Dolidze, and are extending their deepest condolences to his family, friends,
and collaborators.
COBOJIE3BHOBAHUE
TOunucckuit rocynapcBeHHbld  yHHBepcuTeT WM. M. JkaBaxumsuin u  HWHCTUTYT Qu3nueckoil U
opranndeckor xumun uM. ILIMenuxkumsumm MU3BEIIAIOT O CMEPTH BBIJAIONIErOCs YYEHOrO H
OOIIIECTBEHHOT O JICATENS, TOKTOpAa XMMUYECKUX Hayk, npodeccopa ABranauia Baxtanropuda Jlonumse u
BBIPAXKAIOT UCKPEHHEE COO0IE3HOBAHUE CEMbE, JIPY3bsIM U COTPYIHHKAM TIOKOIHHOTO.
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