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39009 gdsms  gogdool s LoJo@mgganml dgbogdgdoms o3o-
©gdools s3o0gdogmbo, LmzosemolGy®o JOmdol adodo, LoJo®m-
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5006505 1907 Fanol 23 s3@oal, aomoli Gsombols Lmeggan ‘dgdg-
gndo. Lodgogmm Lgmmol sdmogigbol dgdwgy, 1925 Fganls,
LPogans  gobop@dm  mdoemolols  Lobgendfoxgem  gbogg@lo@g@ols
Bobogo-domgdaBogol Bogaedad by

1930 (9ol Fomdo@gdom @ssdmegds Kgoboge-domgds@ogols
539 BIB0 s Mg3mdgbesios dogas wgbobydopols boggm-
Lo@g@ob sLdoMsb@ygdsdo hodoibgobsmgol. sLdo®sb@yg®ol ©sd-
0530950l dgdpgy, 1933Fgal, ogmos ggggs mdogoldo @od@yb-
> > dYdomds sofym 3boggdlodg@do gobogs-domgds@ogols
253980B9A DY 0p0  gombymmdes  @gd30gdl  mobsdgdmgy
domgdoBogol dMsgom ©sdydo.

1937 Ggaols  ogwos  gggmed  mobogmobol  Lobgandfogm
960390Lod 9B do  ©ooizgs bogobops@m  wolg®@oios. 0dsgg Vgeolb sodboglh wmEgbdew. 1939
Vool (omdo@gdomn ©soEgs Lopmd@mem woligd@saos.

944 (ol 0. gggue S0dbogl Lododmggemml d93bog@gdoms s3ogdools §g30-3m@gl3mb-
©gbdoe, bomgnm 1946 (ganls bsdpgoen {gg@op. 0dsgg Fgeol sodbogl L@ gogdodol 3936090 9ds-
0o 535093008 F930-3009L3mbogb@ o, bmenm 1958 (gl — bodpgoan [ggdop. 1940-1944 §angd-
‘do ogos gg3ge 9b0ggdlo@g@ol gobogs-domgds@ogol RozgmGgdol wggsbo oym.

1944-1947 Gangddo ognos ggggs 0gm mdogobol Lobgedfogm 4boggdlodgdol 3dm@g]dmao
Lodg3b09Mm boFogdo, 1947-1951Famgddo — mbyg-oli gdsenglio domgdo@ogol gomgedols godyg. 1948
Vgl 356 a0dmadggybs 39besdgb@a®o dmbma®sgos ,,g@oxlyg®d gobBmagdoms s3mblbol sbogno
dgnmEgdo®, @obmgobsi dobli 1950 Fgeols Lb®  gogdodol  bobgendfogm, boeom 1963 §ganls
dmbmymox0olbomgols ,,a06bmysgdgm gubjiosms mgmmos™ @gboby®o 3@ gdos dogboks.

1951 §gaols ggg9o dmbgmgdo gowsgos s o] aobsp@dm 3936090 gemmo dmegs§gmds. 1952
V9ol 0go @mdmbmbomgol Lobgarmdol dmlgmgol ¢boggdlodgdol woggdgbiosgygdo asb@menyg-
3900l gomgemol 3OHmygbm@se so®hogl, Lowsi 1959 Fansdwpg 0dydsgs.

1959 (gl sbogn  @oo®@ligdyano  bemgmlbododljol  9bogg@lodgdol 3o@gger  @g]@mcom
©50b0dbs. oy  gu@bogr ,,Cubupckuil MaremaTHyeckuit xypHan“-oll o ,BecTHuk Akajgemunm Hayk
CCCP*- ols dgpgmemgaool §g3¢0, Llmog-ol 393bogdgosms s3o©gdool 30ddoGol aobymaomgdols
oA MmEobsdogol 0bbEoRgdol mgmdogmo asbymaoamgdols asdyg s Lbg.

1964 {90l ogmos gggae mdogrolido oddybs. 1966 - 1972 Yangddo ogm 9boggdlodgdol
GgJdm@o. 1966 {9l  9bogg@lodgdmsb dg0Jdbs  asdmyggbgdbomo  domgds@ogols 3GImdengdyg@o
3dMAGMM0s, @mdmols  d5bobg  dmagosbgdom  hodmyomodws  aodmygbgdomo  dsmgds@ogols

0bbBod B0, GMdmol oMgJdmmo o. g93gs 0gm. dobo aoMEsagomgool dgdwgy 0bLBRYAL

ogos g9395L Labgano dogbods.
1972 Faools do0ldo gggue bodo®mggenml dgi3bogmgdosms sgomgdools 3Mgbowgb@om sodbogl.

o3 3mbRbg dob mogolio dobFogagdgano bogm dglbgerodgomo dgEgome.

0mo0s  g93as  astsoggems 1977 Fanol 2 ©939309@L.  ©s @dsgngaos  dmsf8obwols
W gOomms o Lobmysm Immgsfgms 3sbmgmbdo.

U/IBE BEKYA - 110 JIET

Borparomuiics rpy3suHCKHM MaremaTuk-mexaHuk, uineH Axanemun Hayk CCCP, I'epoit conmanuc-
THYeckoro Tpyna, [IpesupeHt Akamemun Hayk ['py3um, nMOoKTOop (QH3MKO-MaTeMaTHUECKHX HayK, mpodeccop,
Wnest Bexya, pogmics 23 anpens 1907 r. B c. Hlemeneru ["ansckoro p-Ha.

B 1925 r., okoHuMB cpegHiolo mkoiy, V. Bekya moctynmn Ha (H3MKO-MaTeMaTHYeCKUH (aKyIbTeT
TOnnrcckoro rocy1apCTBEHHOTO YHHBEPCHTETA.

B 1930 r. 1. Bekya noctynmn B aciupanTypy JleHuHrpagckoro yausepcutera. OKOHYHMB acIUPaHTYPY, B
1933 r. 1. Bekya Bo3Bpamaercsi B TOwmcH 1 HaunHaeT paboTaTh Ha (QU3MKO-MaTeMaTHUYECKOM (aKyIbTeTe
TOunmucckoro rocyaapcTBEHHOTO yHHBepcuTeTa. OH YHMTaeT JIEKIMU 10 MHOTHM OTpacisiM COBPEMEHHOM
MaTEeMaTHUKU.

B 1937 r. W. Bekya 3amuTHi KaHIMJATCKYIO JHccepTanuio M Obl1 M30paH xoueHToM TOMIMcckoro
rocyJapcTBEHHOro yHuBepcurera. B 1939 r. oH ¢ ycrexom 3aluTui JOKTOPCKYHO JUCCEPTALUIO.

B 1944 r. 1. Bekya u30upaercsi 4WieHOM-KOPPECIIOHJACHTOM, a B 1946 T. NEHCTBUTENBHBIM HYICHOM
Axanemun Hayk ['pysun. B Tom xe 1946 r. ero u30OupaioT uwieHOM-KOppecHoHaeHTOM, a B 1958 .
neiicrButenpHbIM wieHOM Axkagemun Hayk CCCP. B 1940-1944 rr. U. Bekya Obul nekaHoM (DU3HKO-
MaTeMaTideckoro ¢akymsrera TT'Y.
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B 1944-1947 tr. oH OBII HPOPEKTOPOM YHHUBEPCHUTETA MO0 HAaydyHOW wacTH, a B 1947-1951 rr. — 3aB.
Kaeapoii BEICIIIEH MAaTEeMaTHKH.

B 1948 1. 1. Bekya onyOmimkoBan ¢pyHIaMeHTaNBHBIN Tpya «HOBBIE METOIBI PEIICHUS HIUTHIITHYECKUX
ypaBHEHHI», 32 KOTOpEIH B 1950 1. emy Oputa mpucyxaena ['ocymapctsennas npemuss CCCP. B 1960 r. on
nonyunit JIeHnHCKYTO mpeMuto 3a MoHorpaduio «Teopus 0000mEeHHBIX HYHKIHNY.

B 1951 r. U. Bekya yexan B MockBY U TaM IPOJOJIKUT CBOIO HAYUHYIO JesTeIbHOCTh. B 1952 r. oH cTan
npodeccopom kadeaps! audepeHnranbHeX ypapaeHunid MI'Y um. JlomoHocoBa u npopaboTan tam a0 1958 r.

B 1959 r. 1. Bekya cTan nepBeiM peKTOpOM HOBOOCHOBaHHOTO HoBocubupckoro yausepcurera. OH ObLI
yieHoM peakosuiernn Cubupckoro maremMaTudeckoro sxypHana u BectHuka Axagemun Hayk CCCP, 3aB.
TeopeTndeckuM otaeneHueM MucturyTta runponunamuku Cubupckoro otnenenus Axkagemun Hayk CCCP u T.1.

U. Bekya Bepuyncs B TOwmmcu B 1964 1. B 1966-1972 rr. o 0bu1  pektopoM TOmIucckoro
TOCyapCTBEHHOTO yHHBepcuTera. B 1966 r. mpm yHEHBepcureTe Obula co3maHa jabopaTopus MpoOIeM
MPUKIATHOW MaTeMaTUKH, Ha 0a3e KOTOpOH mozxke copmupoBaics WHCTUTYT NPUKIATHON MaTeMaTHKH,
KoTopbIii Bo3raasmwt Y. Bekya. [Tocne cmeptu 1. Bekya ero uMs 0510 IPUCBOCHO HHCTHTYTY.

B 1972 r. . Bekya u3bpanu [Ipesunentom Axagemun Hayk [ 'py3uu. OH CMEHHI Ha 3TOM HOCTY CBOETO
yuurtens H. Mycxenumsuiu.

Wnpst Bexya ckonuancs 2 nexadbps 1977 r. OH moxopoHeH Ha Tepputopuu MrtanmmuHackoro [lanTeoHa
nucaTesell 1 OOLECTBEHHBIX JEATEIeH.

ILIA VEKUA - 110

Ilia Vekua, a prominent Georgian mathematician and specialist in mechanics, a member of the Academy
of Sciences of the USSR, Hero of Socialist Labor, President of the Georgian Academy of Sciences, Professor,
was born in the village of Shesheleti, Gali Region, on 23 April 1907.

In 1925 1.Vekua entered the Department of Physics and Mathematics at Thilisi State University.

In 1930 he began postgraduate studies at Leningrad State University. Having finished his postgraduate
studies, I. Vekua returned to Thilisi in 1933 and began working at the Depatment of Physics and Mathematics at
Thilisi State University. He rendered lectures in many branches of mathematics.

In 1937 1. Vekua defended his candidate’s thesis and was elected an assistant professor at Thilisi State
University. In 1939 he defended the doctor’s thesis.

In 1944 1. Vekua was elected a corresponding member, and in 1946 — a member of the Georgian
Academy of Sciences. In the same 1946 he was elected a corresponding member, and in 1958 — a member of the
Academy of Sciences of the USSR.

In 1940-1944 1. Vekua was a dean of at the Depatment of Physics and Mathematics at Thilisi State
University. In 1944-1947 he was a vice-rector of the university. In 1947-1951 he was the head of the Department
of Higher Mathematics.

In 1948 I. Vekua published a fundamental work New Methods of Solving Elliptic Equations, for which he
was awarded the State Prize of the USSR in 1950. In 1960 he was awarded Lenin Prize for the monograph The
Theory of Generalized Functions.

In 1951 1. Vekua left for Moccow, where his scientific activity continued. In 1952 he became a professor
of the Department of Differential Equations of Lomonosv Moscow State University and worked there till 1958.

In 1959, I. Vekua was appointed the first rector of newly founded Novosibirsk State University. He was a
member of the editorial board of Siberian Mathematical Journal and the Bulletin of the Academy of Sciences of
the USSR, the head of the theoretical department of the Institute of Hydrodynamics of the Siberian Branch of
the Academy of Sciences, etc.

In 1964 I. Vekua returned to Thilisi. In 1966-1972 he was the rector of Thilisi State University. In 1966 a
laboratory of applied mathematics was established. Later, on its base, the Institute of Applied Mathematics was
formed. The Institute was headed by I. Vekua. After I. Vekua’s death, the Institute of Mathematics was given
his name.

In 1972 llia Vekua was elected the President of the Georgian Academy of Sciences. On this post, he
replaced his teacher N. Muskhelishvili.

llia Vekua died on 2 December 1977. He was buried on the territory of the Mtatsminda Pantheon of
Writers and Public Figures.
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3odmhgbogno  Jodmggemo dgiEbogdo s 3gwo-
3030, 893609M950L  @sdLobydgdygmo  dmwgefy,
Lodotmggerml Lobgendfogm 3Ggdools @sgdmgsdo
30mgglmto sengdbo osbmbols dg gmeaedg ©so-
b5 Jymsolido 1907 Fanols 17 dsobsl.

Lodgomm  asbosmangds  Jgomsobol  Jodggen
bm@gosea@d-3gdsbo@odyga  Bgdbognddo  doowmm,
Omdgeoi 1924 §genls ssdmagis s 0ds3g
Fgeol dggos mdognobol Lobgendfogm  bogg®-
Lo@IHOL 39000000 BoggBIHel  Goboge-
domgdo@ogol gobymagomgdoby.

1929 §geols Lobgedfogem  gboggdlodgdol
sdmogigdols  Jgdpgy, o gmdaodg b 3ylbg-
@odgoeol do{gggzom  Loo@mmggarml 3menodgl-
bogy®o 0bLGo@ Aol mgma@ogmo 8gdsbogol jomgomsbyg 0fygol Igdomdsl.

1933 {90l Lobgd-39@ 9o gdaols (egboby@swol) 9bogg@lodg®do 8mwgely 3bmdoen Js@m-
390 domgdo@ogmbos dogrolibdggom mdognoliol Labgendfogm 9bogg@lodgdmsb woxydbos domg-
doB030l 0bLEoAYR0. 58 dodyeodgoeyd [sdmfygdol momdws oo Jodmggano dg3bog@o b. dql-
bgenodgogo. sbomysb@s 3936090 gomob: 3. ot obodgommsb, g 393G5dglmsb, 0. ggzuslmasb,
‘d. 0gensdglmsb, ©. meadglosh, o. 3gEbgemodgommsb s o GYbadglmsb ghmsw dsmgdsBogzols
0bLE0AYHOL wosMlgdsdo oo {gmogno dogd@gols o am@aodgl, Gmdgmoi ddsgsgmo  Fanols
3obdogenmdsdo s@bodbyao 0blBoG YRl oMgdBM@ol dmspaomols MmobsdEgdmdaby Iy domdws.

1935 §geol sengdlo am@godg ©sddgbos mdo@olido s Igdomds gobop@dm domgds@ozols
0bbA0H PG do, Lobgadfoxgm 9boggdlodg@ls ws 3maodgdbogn® oblBodyddo.

1938 (g0l bogm  3ylbgenodgogmols Gg3mdgboszoom  sagdlbo gm@aodg s@hgye  ofbs
Lodo®mggerml 3meo@gdbogg®o 0bbBodygdol mgmeogeo dgfobogols gomgo@ol godaol msbsd-
gdmdsby, Lowsi 0g0 bobgge® Loygabgbg dgBo bbol (52 Fanol) gobdsgmmdsdo dmmgs|gmdes
s gVgmes oywomsg s boygmezogd Lodgisbogdm, Lsdgisbog@m-dgmmee@, 3gosgmaoyg®, bsbem-
200MgdM03 s >S@IbOEgmmdon I9domdsls.

1941 {eool mgdgdgoe@o hodmyseods Lsdodmggerml d9360g0gdoms s3o@gdos, Gmdanols
300g9en 309bogbGoe s@hgye 0dbs s3o@gdogmbo bogm 3ylbgeodgomo, bmemm 3Mgbopgbdol
056539370l dmgo@mgmdsl ddsgo@o Fanol gobdoganmdsdo (1941-1954 (engddo) hggyemo gbgd-
30005 ©5 dobobpslobyamo Fmwgsfgmdomn slGgmgdes segbo ym@aodg, GmIgamoi 9§ gmos
oElbs o boymayng® Lom@asbobsEom 3ydomdst.

semgdlo amdaodols bodgEbogdm 3megsfgmdols dmoge® mgdo@ogol Fomdmopagbos ©Mg3e-
Omdols domgdodoggdo mgm@ools  bsjombgdo.

1960 §geol o. améaodg doFggneo ogm obaaolol Lodggm Lobmgsomgdols dgfsbogol 0bl@o-
&G do-

1970 §enowsb do@mbo sangdlo ogm Loodmggaoml dgbogdgdsms szoegdoslmeb s@ligdyeo
domgdo@ogols s dgfobogol 3Gmdengdgdol galfogangemo Lodgibog@m-dgmnmwydo LsgmmmmobsEom
Loddmlb {9360, 58090 35335L00l bmbols Ladgabogtm dgmmey@o Lsdkmlb bgeddmgsbgemo; Lodstmgg-
@l domgdo@ogmbmes gogdodols godygmdols §ggdo s Lbg.

d5@mb sangJlol 1967 {geol dogbods LoJodmggeml 3gi3b0g@gdols s Fgdbogol sdlsbiy-
Ggd o dmmgofol Lods@om Fmwgds. 1998 (gl dogbods Lodo@mggarml Lobgandfogm 3@gdos.

d5@mbo segdlo aodwsoigoms 1992 Fenols 17 09399390 mdogolido.

1993 Fgeols ofgls LodoMmmggenml bsobgobdm sgogdool sagdlo am@aodol Labgenmdols
3M930s, bogm  bsds®mggerml ®9Jb0g90  9bogg@lo@dgddo  go semgflo gmégodol Lobgmmdols
bR03gbwos. s. amayodol Lobgano dogbodks  Jymsobols g@m-gom Jubsl, Lods@mggeoml dgdsbogmboms
3°3doGol LsdgEbog@m-dgmmey@ Lgdobsdl, 2013 §geol Lodstmggeml @gboggdo 9bogg@lodgdols
L50bg0b@m dgdobogol Lodgibogdm-Lslfegmm @odms@mmosh.
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AA. T'OPIH/I3E - 100

Brigaronuiicss rpy3WHCKMM Y4YeHBIM M IE€Naror, MaTeMaTHK-MEXaHUK, JaypeaT locynapcTBEHHOM
npeMun, 3aciy’KeHHBIH AesTenb Hayku, npodeccop, Anekcedt SconoBuu ['oprumze poamics 17 mas 1907
rona B T. Kyraucu.

B 1924 rony oxonunn CoruanbHO-TyMaHUTapHbI TeXHUKYM. [0 OKOHYaHMM y4eObl B TEXHUKyME
nocrynaet B TOMIMCCKUI TOCY1apCTBEHHBIH YHUBEPCUTET Ha (PM3MKO-MAaTEMaTHUECKOE OT/IEIICHHE.

C 1929 roma A.fl. Toprumse Hauan paboraTh B [loJMTEXHHYECKOM HMHCTHUTYTe Ha Kadeape
Teoperndeckoii Mexanuku. B 1932 romy A.S. Topruaze HampaBiseTcs B acmupaHTypy JIeHWHTrpaackoro
TOCYAAapCTBEHHOTO YHHBEPCHUTETA.

B 1933 r., ycmimmsMH HW3BECTHBIX TPY3MHCKHX MaTeMAaTHKOB, paboraBmmx B Jlemmnrpagckom (CaHKT-
[letepOyprckom) yHHBepcuTeTe, IpH TOMIMCCKOM TOCYAApCTBEHHOM YHHBEpPCHTETE ObLT OCHOBaH WHCTHUTYT
MaTreMaTuku. Bo riaBe 3TOro BaXHOTO AJIs CTpaHbl HAYMHAHMSA CTOSUI BeNUKuUil rpy3uHckuil yuensiit H. Mycxenu-
mBwiK. Hapsiny ¢ MmononeiMu yuensiMu K. Mapmxanumsunu, B. Kynpanse, U. Bekya, 1II. Mukenanze, . Jomu-
1m3e, 1. MenxsapumBmig u A. Pyxanse Oonbiioid Bknaja B ocHoBaHue MHcTHTyTa MatemaTuku BHec A. [oprunse,
KOTOpBIi B TEUEHNE MHOTUX JIET 3aHUMaJ IIOCT 3aMECTHUTEIIS IUPEKTOpa HHCTUTYTA.

B 1935 rony A.S. l'oprumse okaHYMBaeT acHHpaHTYpPy M Bo3BparmaeTcs B TOwmcH, Tae OJHOBPEMEHHO
HaunHaeT paborath B [py3MHCKOM MONHTEXHWYECKOM HMHCTHTYTE, TOHMIMCCKOM TOCYIapCTBEHHOM
yHuBepcurere U B Mucturyre marematuku AH ['pysum.

B 1938 romy, mo pexomenmanmu H. MycxemmmBmmm, A.Sl. Toprumse m30Ompaercs Ha IOIDKHOCTD
3aBedyromero kadenpoit teopermueckoil Mexanwmku [TIW, rae B TedeHume 52 jeT BeN IDIOZOTBOPHYIO M HEYC-
TaHHYIO HAYYHYI0, HAYYHO-METOIUYECKYIO, IEJarorHueCKyt0, OOIECTBEHHYIO U BOCIIUTATEIbHYIO IEATEIBHOCTb.

B ¢eppane 1941 r. Obuta oOpa3oBaHa AkazeMusi Hayk [py3uu, Mpe3UICHTOM KOTOpPO# ObLI M30paH
akagemuk H. MycxemumiBunm, a A.5. Toprumze pabotan ero moMoIHHKOM B TedeHue psiaa jet (1940-1954).

['maBHOW TemoW Hay4yHO# nesrenbHOcTH A. [oprumse ObUIM BONPOCH MaTeMaTHYECKOH TEOpUH
YIPYTOCTH.

B 1960 r. A. T'oprunze Obu1 npurianies B MacTHTyT Mexanuku bpuranckoro Koponeckoro Oobmectsa.

C 1970 r. A4 Topruaze Obu1 wieHOM HaydHO-MeTOINIECKOTO KOOPIMHAMOHHOTO COBETA MPE3UINyMa
Hay4Ho-MeToqM4YecKOro coBeTa Mo M3Y4YCHHIO MpOOJIEeM MaTeMaTHKH M MEXaHUKH AKaJeMHH Hayk [pyswun,
BO3MIaBIsL1 HayyHO-METOANYECKHi COBET 10 TEOPETUUECKON MexaHuKe 3akaBKka3bsi W [ py3uu; ObUT YJICHOM
npasiieHuss Maremarnueckoro oOmiectsa ['py3uu v T.1.

B 1967 rony A.Sl. T'opruaze 6bU10 NPUCBOCHO 3BaHUE «3aciTy KEHHBIH JesTenb HayKu [ py3uu».

A1 T'opruaze 6611 ynocroes 'ocynapcrBenHoit npemun ['py3un B 1998 roay.

A.S. Toprumse ckongancs 17 nekadps 1992 roxy B Tommmcn.

B 1993 roay UmxenepHoit Akanemuedt I'py3um yupexpaena mnpemus uM. A.S. Toprumze, a B
I'py3uHCKOM TexHHUYECKOM yHuBepcurere — crunenaus um. A S. Toprumze. Umenem A. 5. T'oprunsze HazpaH
Hayuno-meroanueckuid cemunap no mexanuke Coroza wmexaHukoB ['pysuu. B 2001 rony oxnHa u3 ynun T.
Kyrancn na3Bana mmenem A.S. T'oprumze. B 2013 r. B I'py3MHCKOM TEXHHYECKOM YHUBEPCHUTETETE HMS
A5l Topruaze 6b110 pucBoeHO HayuHOo-y4eOHOH 1abopaTopuu 10 HHKCHEPHOH MEXaHUKe.

o

B C-NerepGyprekom (AeHMHrpaACKOM) YuusepeHTETE °
Ha DHIKKO-MATEMATHUCCHOM haKyALTETE

8 10-30 roAb! XX 8eHa NOA DYKOBOACTBOM BBIAIOUUXCS PYCORHX
yuenuix A.H.6o6inesa, I'B.Konocosa, H.M.BiHorpanosa,
H.EHouuua, A.H.Rpuinosa, B.H.CuupHOBa,

C.I. Muxauna
NPOXOAHAZ OOYUEHHE NEPBAA PYNNA HIBECTHLIX TDYSHHCKHK
YueHbIX-MaTeMaTHROB
HR.Mycxeanwsuau, K.K.Mapakannwenns, 8.4.Kynpaaae,
N.R.Berya, W.EMurenaase, A.A.Topriase, A.EA0nnASe,
A.FLMeuxeapnwsnan AR.Pyxaase

-~

3o@xgbowsb: b. 3Lbgeodgomoa, 0. §gzys,
©. EE0dg, 5. O9bsdg, > ymOYdy
b-393 g0, 1932 .
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ALEXI GORGIDZE -110

Alexi Gorgidze was a prominent Georgian scientist - mathematician and specialist in mechanics, Honored
Scientist (1962), State Prize Laureate (1997), Professor.

Alexi Gorgidze was born in Kutaisi on May 17, 1907.

In 1924 A. Gorgidze entered the Department of Physics and Mathematics of Thilisi State University.

In 1929 A. Gorgidze began working at the Department of Theoretical Mechanics of the Georgian
Polytechnic Institute by Niko Muskhelishvili’s invitation.

In 1933, by the efforts of Georgian mathematicians working at Leningrad (St. Petersburg) University,
the Institute of Mathematics was founded at Thilisi State University. At the head of this significant
undertaking was a great Georgian scientist N. Muskhelishvili. Aloong with young scientists K. Marjanishvili,
V. Kupradze, I. Vekua, Sh. Mikeladze, D. Dolidze, I. Metskhvarishvili and A. Rukhadze, A. Gorgidze made a
great contribution to the establishment of the Institute of Mathematic, where he was Deputy Director for
many years..

In 1935 A. Gorgidze finished his post-graduate studies and returned to Thilisi. He began working at
Thilisi State University, the Georgian Polytechnic Institute and Thilisi Institute of Mathematics.

In 1938, by N. Muskhelishvili’s recommendation, A. Gorgidze was appointed the Head of the
Department of Theoretical Mechanics of the Georgian Polytechnic Institute, where he conducted tireless and
fruitful scientific, scientific methodological, pedagogical, educational 6and social activities for 52 years.

In February 1941, the Georgian Academy of Sciences was established, and Academician N.
Muskhelishvili was elected its president. A. Gorgidze worked as an assistant president of the Academy over a
period of years (1940-1954).

The main sphere of A. Gorgidze’s scientific interests was the issues of the mathematical theory of
elasticity.

In 1960 A. Gorgidze was invited to the Institute of Mechanics of the Royal Society in England.

Prof. A. Gorgidze was a member of the Scientific-Methodological Coordination Council on studying
the problems of mathematics and mechanics at the Georgian Academy of Sciences, a member of the Board
of the Georgian Mathematical Society and the Chairman of Transcaucasia Scientific-Methodological Council
of Theoretical Mechanics, etc.

In 1967 Prof. A. Gorgidze was awarded the title of Honored Scientist, and in 1998- the State Prize of
Georgia.

A. Gorgidze died in Thilisi on 17 December, 1992.

In 1993 Alexi Gorgidze Prize was established by the Georgian Engineering Academy, and, at the
Georgian Technical University, A. Gorgidze grant was founded. A. Gorgidze’s name was assigned to the
Scientific-Educational Laboratory of Engineering Mechanics at the Georgian Technical University.
A. Gorgidze’s name was given to Tbilisi Workshop on Theoretical and Applied Mechanics. One of the streets in
the city of Kutaisi was called after A.Gorgidze.
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SUMMARY

ANTIQUE BRONZE SCULPTURE AND THE LAWS OF MECHANICS

Gorgidze D.A., Kokoshashvili G.R., Davitashvili G.R. and Chachanidze Z.Z.

Georgian Technical University

In 1877, during archeological excavations in Kazbegi borough, treasure consisting of bronze, silver and iron
items was found. For specialists, this treasure is known as the Kazbegi treasure. One sculpture attracted special
attention of specialists. It depicted two men holding left hands. It was thought to depict a cultic action for a long
time. There was an alternative idea that the sculpture depicted ritual wrestling. This was indicated by positions of
the figures and the image dynamics. By studying the mechanics of Georgian martial arts, it was revealed that one
of wrestling techniques and the dynamics of the figures were practically identical.

Keywords: laws of mechanics, sculpture, wrestling.
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SUMMARY

APPLIED ASPECTS OF STATISTICAL REGRESSION ANALYSIS
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SUMMARY

INVESTIGATION OF THE ELECTRIC FIELD BY A MATHEMATICAL METHOD

Kakauridze A.K., Mardaleishvili N.D., Zivzivadze L.B. and Shalamberidze M.Sh.

Akaki Tsereteli State University, Kutaisi

The paper deals with the investigation of the electric field by a finite difference method. The obtained results are
similar to those obtained by the studies of the physical model of the electric field. In addition, for studying the
electric field of a slag bath, it is possible to use a mathematical modeling technique.

Keywords: electric field, finite difference method.
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SUMMARY

APPLICATION OF BIOMETRIC PARAMETERS OF A PERSON TO ACCESS SYSTEMS IN
PREMISES

lashvili G.N.

Georgian Technical University

Currently the biometric parameters of a person are widely used in access systems in premises. Biometry
guarantees that the right of access, of being and moving in premises will be gained by a person with certain
biometric parameters, and not a person having a card with PIN code or a special strip, or having a counter or a
person knowing the password. Among the biometric parameters, they usually choose a fingerprint, a pattern of
the iris or the image of the face, etc.. Sometimes two or more parameters are used.The paper deals with the
application of biometric parameters of a person in access systems and its advantages.

Keywords: biometric parameters, access systems, identification.
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SUMMARY

DETERMINATION OF OPTIMAL VALUES OF THE BIT ERROR RATE (BER) IN THE KEY
DEVICE OF A RECEIVER OF THE DIGITAL FIBER OPTIC TRANSMISSION SYSTEM

Svanidze R.G., Chkhaidze M.T. and Kodalashvili A.D.

Georgian Technical University

The article deals with the determination of optimal values of the bit error rate (BER) in the key device of a
receiver of the digital fiber optic transmission system (DFOTS). The optimal valuesof BER are determined by
selecting the threshold level based on the methodology of the International Telecommunication Union (ITU).
Keywords: digital fiber optic transmission system, bit error rate, optimal values, threshold level.
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SUMMARY

ESTIMMATION OF JITTER IN DIGITAL FIBER OPTIC TRANSMISSION SYSTEMS

Svanidze R.G. and Chkhaidze M.T.

Georgian Technical University

The article discusses the causes of formation of jitter in digital fiber optic transmission systems, the physical
essence of jitter and a possible effect of jitter on the quality f transmission.

Keywords: digital fiber optic transmission systems, jitter.
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SUMMARY

ASSESSMENT OF THE BIT ERROR RATE (BER) IN DIGITAL FIBER OPTIC TRANSMISSION
SYSTEMS WITH CONSIDERATION OF TIME JITTER

Svanidze R.G. and Chkhaidze M.T.

Georgian Technical University

The article discusses the physical essence of the origin of time jitter and its effect on the probability ofbit error
rate (BER). Correlation between thepower fine (Pn) formed because of a time jitter effect and complex
parameters of jitter and transmission rate of the system are assessed.

Keywords: digital fiber optic transmission system, bit error rate, time jitter, transmission rate. I.
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50/ gd0loaob, bo@m momnmgyeo dmbszgdo, by Loddmam, dgoisgh M @smegbmdbols
30@U. dsgomomsw, 09 M=2, GF(2°) 9g0Gogh m®do@o0sb 30dpggmmdgdls os GF(2%)={00, 01,
10, 11}. m=3 Jgdmbgggsdo ggeo Doiogl Loddo@oob dmbogdgdl (HGoswgdl), oby
GF(2%={000, 001, 010, 011,100, 101, 110, 111}. m=4 B9dmnbggsodo g9e0 FgoEogL do@gdols
m0bygagdl (Bgd®oswgdl), by (24)={0000, 0001, .., 1111}. ¢xuGm bdodop ggbgogds
dmbo399900lL Fo@dmpagbs GgodoBosbo ds0@gdols (mBgBgdol) Lobom ©s gwgdyemdm
390l GF(2%)={00000000, 00000001, .., 11111111} dgdpamddo  gbobogm, @md gl Lod®og-
9980 do@noi Jdbosh gogysl ggangdl s GmI ggeols gangdgbBgdbg sGomdg@ogy-
g0 m3gM5300L gl gagbolsl oligg doowgds ggemols gangdgb@o.

30@obm3gco  Foddmpagbs. ogsBmmgdgmo  ao@gsl  gg@ol  s@omdgHoge
9900bmds  dody®o  dodgg@mdol 3m@obmdol Lobom Fo®dmwygbsl ©s ™3g®oi309dls
3@0bmdgdbyg. dspsoms, GF(2%) ‘dgdmbgggedo, gangdgb@o 10 Fo@mdmeagds Gmam@3
3manobmdo 1*x+0*x"=x.

GF(2)) 999mbgg30@0 30393003l 101 Fg9lodoedgds IXH0*X+1*x*=x"+1 3maobmdo.

GF(2) ggaool 1011 gangdgh@l Bgqlodsdgds 1¥xXH+0*X*+1*X4+1*x =x3+x+1 3m@obmdo.

sbognmaogdsw, GF(2°) ggarol  gangdgb@l 10110101 ggbsdsdgds  3menobmdo
TRXTH0*XCH TR+ I H0*XC+ L) PH0*X +1%x° =X+ X+ XM XP+1.
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36030&09m@0 (350G0g0) 3m@0bmdo. oRIONMYdYm aomyol ggado M3gM309-
b0 (oMdmgdl dmegmon P(X), Lswsi P(X) 3sG@0g 3m@obmdl {o@dmowagbl. @dmam®s
3bmdognos, 3m@obmdo s@ols do@Gogo, ™Y 00 oG 0d@gds JoME0g JoFMogen gdo.
0B gAoBMSdo  mommgyeo M-mgol Gg3mdgbegdygeos do@Fogo 3merobmdo ggemols
Fom3mJdbologol. dogomomsw, M=3-mgol Mg3mdgbpodmgdyemos 3merobmdo P(X)=x>+x+1,
m=4-mgols P(X)=x"+x+1, bomgm M=8-0g01 3m@obmdo P(X)=x"+ x*+ x*+ x*+1.

V9damddo,  Lodo®Eogobmgol, aodmmgemgdo  dJoGomsws  ho@odgdygeos mM=3
‘dgdmnbgggolbogols, 3m@obmdom P(x)=x3+x+1.

930985, GF(2%) g0Gogh  Loddo@osh  80dpg3@mdgdls  ©s,  odygodoe, olobo
Jo®dma go0ob 3m@obmdgdom, Gmdgems bo@olbo bogmgdos 3-bg. dspsomsw, gang-
3966 101 995353905 3m@obmdo  1*X*+0*x+1*x°=x’+1, bomm gmg3966L 010 99Ls-
b53900 0*x2+1*x +0*Xx0=Xx. >dggoMo0, 633?6360

1014010 — x“+1+x = x*+x+1— 111

gbowos,  3maobmdgdols  dggmgdol  dogogdoe  gyggdere  Igag9L@gagdobs

d936900L M3g@Ms300 300Es30G gengdgbBgdbyg, Moz 0dsgg Jggal dmpggdws:
1 0 1
®

01 0
1 11
(dggbodbmm, G™MI g3dgds bgds msb®oggddo wodmyzogdbmse, Jnwymon 2,
oby Xor s@omdg@ogol dgbodsdobsw).
AoEaobsz Igm@g bodolbol 3m@mobmdgdols xodo o6 dgodengds s@gdo@gdmegls 3,
569, g9amols §o@dmdJabgmo PR)=X’+x+1 3m@obmdol bodolbl, dmoumeydmo asdmmgms
Loko®e so@os.
35805gmgds.  2odMogmgdol  Jgdmbgggedo  m@o  dgmeg  bodobbol  bod@sgaols
bodolbo dgodargds omgdo@gdmegl 3 ©o Loko®m bpgds bod@dsgaol godmsbys@odgds
dmgmomn P(X). asbgobogmm bsdmsgano 101X110.
3meobmdy@o Fos®Imwagbolisl 39]69ds
(I*XCH0*x+1)*(XP+x) —) P+ CHX) = XHxC+xP+x @oasb  Jowgdyeno  bod@sgemols
bodobbo  5@gds®gds P(X)=X3+x+1 bocolbl, Lsko®ms aodmgmgsgmn (X" +x*+x)modP(x),
ob9g 303mgmm 53 3m@0bmdgdols gogmezolsls dowgdyano bsdmo:

xt o+ x3 +x2+x‘x3 + x + 1
x4 x? X ‘ b +
X3
x3 + x +1
x +1 —  bsdmo,
011.

3%0308oG gm0 gmgdghBo. OB OMMIEHmo  gomusl  ggmo  GF(2%)={000,001,
010,011, 100, 100, 101, 110, 111} Ygoiegl 3@0doBoge, obyy do®dEog gagdgbBl, obgmls,
Amd dolbo JodggOmdomo sbo®olbgds agodemggl ggemols ggges s@sbymmgsb  gang-
d96@L. 3M0do@oge gagdgbdl E@soioygms, s@bodbsggb Loddmemmo a. g9l dgod-
@gds 3Jmbpgl Gsdpgb0dg 3G0doGonmo gangdgbio. goBggbmm, G®I GF(2%) 3@odo@onmo
980999605 0=010, 5699 dolo dodwggdmdom 0, 1, 2, .. bo@olbgddo o9gs60lols dogowgdm
3900l gg9ems s@obyermgob gangdgb@l.
1.a® =(010)" =1 =001
2. al = (010)* =010
3.a’ = (010)? = 010 - 010 = 100
4. a® = (010)® = a* - 010 = 1000

@oaob 3030090 MNObmsb@ogs 653Bogmo0, 0a0 9bEs oggmm  XHX+L Jm@obm-
dol gbodsdol @oibgbg ob 1011-by. 9394690
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1000 1011
1011 1
011 (659mo)

Lodmenmme, a® =011
5.a* =a®- a=(011-010)mod1011
09 d935bO Y gdbo 2odmmgm gdls o 2odmmgmols sbogrmaoy@o, 839Jbgds a*=110
6.a° =a* - a=(110-010)mod1011 = 111
7.a° =a® - a=(111-010)mod1011 = 101
aodmmgmgdol Igogagoo dgodangds Lol gds@obgdya odbols bGogndo 1.

3b&ogol. GF(23) geng896@ gd0

0010
[¥]
goseob geegdgbigoo @ |0 10 |1 | 3omob gaxgdgbhgdo
bodolbmd®ogo al o110 BHoibmddogo
3odmbsbyen gdgdom 3 3odmbabyen gdgdom
o4 110 (0
a’® |0 |1 |1
a* |1 ]1]0
a® |1 ]1 |1
a® |1 ]0 |1

GF(2%) 39a0l 9093363930l Fomdmwpgbs bo@olbgdol Loboo LoBuomgdsls odgng-
35> dggo0bmm dg3@gdols s aoddogegdols 3bMoagdo, o3 sogoegdls godmmgargdls.
F93M900L  dgdmbgggsdo, dspomomasw, 011@111=100, @obisi dggbodsdgds odembs-

byangds as(-D(XS:aZ. 09 5935050 a5dmmgegdl hogoBo@mgdm ggaol gangdgb@gdol yggaos
FTygoeolbmgol, dogomgdm dg3@9d0l b0l (3b@.2).

béogno 2. Yg36900L Bodyms
1] 1 2

a a o a® a® a® a®
a’ 0 a’ a® al a® a® a’
al a’ 0 a* a® a” a® a®
a’ a® a* 0 a® al a’ a’
a® al a’ a® 0 a® a” a®
a® a® a® at a® 0 a’ a®
a® a® a® a? a® a’ 0 at
a® a® a’® a’ a® a’ al 0

Mo dggbgds 2odcogmgdsl, oo 9bws Yggoldgmmm sdMsgmgds Jmygmom
1011. dsgomomsg, 06°®a’=(111-011)mod1011=010=a".

05 533350 aodmmgmgdls  dggalidgmgdm  ggges  Fygogobmogl, dogowgdm
3od@sgangdols 3b@owls (3b®.3).

3b@ogo3. goddogegdol Godygms

a’® | at |« a? |a* |a® |a®
a’® | a® |a | at a’ |a* |a® |af
al |at | a* | &t a* |a® |a® |a®
a’ |a® |a® |a* a® |a® |a® |at
a? |a® |a* | a® a® |a® |a | a®
at |at | a® | a® a’® | at | a® |a?
= & | a® | a° IS R I R RS- Ry R
2 1af |2 |t 2 o & | a8
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9309005 o 25dMogangdol 3bMoagdols godmygbgds dobobdgfmbogos  3mbd-
OmeEols  seoam@omdgdols  30@5@ @Yo  Ggomobsizoobmgol. @oi3 dggbgds  bgenom
3odmmgmgdl, asddogengdols dgdmbgggsdo dgagodeos golo®ygdemm dgdwgao Jo@Bogo
F9lom. @opaeb GF(2°) 3303555 7 s@®sbygammgeb ga0gdgb@dl, m@o bs@olbmgebo asdmls-
byangdol  0d@sgagdolols bod@sgamols bo@olbo  Fmeros  mobsdsd®sgmmms  bo@olibols
dohggbgdemgdols xodols, dmymom 7. dopgoeomsw,

a5®a6=(a':5+6}mod? = glimed? — 4

GF(2%-0ls Ibpogloe, sbsgmmaoyn®o  bMoargdo  dgodangds  dgoagl GF(2% s
GF(2%), o933s> GF(2°) 999mbgggo@0 bGogmo Bgo3ogb 2°=256 Liggdl s LEGoJmbl ©s
dogogomolimgols dmybgdbgdganos.

@0@-LeyeEmdmboli 3mEol doGomswo dobosbosmgdergdo bohggbgdos bobobby. bobo-
bosb (5) hobl, MMI syoeo 3Jmbos 35390 9@ FgEmdsl, Mgz dmoizegl b®sd-
©g d03pgzOmdom do@l, s MMdgmmmsi3 oosbosbgl Lsdo Jodwggdmdomo  Lodds@osbo
Lodomem. 0y 3539H M0 dgEmds dmoEsges, gmdgom, Mgs dodl ol gbgds Ibmenme
Lsd Lodomerml s sdodmd smoddgds Gmymei bsdo dgaomds. Lfmdge sfgosbh {o@-
Joeagds o3 smam@omdol  989JBYOmbs  Ihsgs@doGosbo  3o39B 90 IgEmdgdols
‘dgdmbgggodo. bobsbo (8) 330h39690L jmeydo Lodygol bmasw LEGYJBOSL. a35Jgb M
0B 0560 Loddmemgdo, gmeygdo Lodygol Log@mdgs n, n=2"m-1, K a%bsgbogrdo 3mbszgdols
Lodomemgbol omEgbmdss, boam

n-k 8530b6@Om@gdgemo Loddmemmgdol Gom@gbmds.

Loddmene 1 | Loddmenem 2 | Loddmenem 3 | Loddmene 4 | Loddmene 5 | Loddmenem 6

t t )
8 doBosbo 35398®0 dgaomds
S)
N Loddmenmosbo gmoydo Lo@ygs
2208
v
:o :o -----------------------------
€ B
S E
! abogboano (K Loddegom) !Hodmﬁ(?)(’)mgr\ng?)ap\no 1508?)(‘('7;1\“(*)3?)0

3)
39960 Lodygol LEGYJGGS

@0E-bmeemdmbols saam®ondo mommgygeo Iges®o boddbmwml asbfm@gdobsm-
30l dmombmgl Mm@ Is3mbBOmagdgen Loddmeml, bowm my gmeo mO0gbBo®gdyeos
t @omEgbmdoll dgpsdo  Loddbmeml dgbfm@gdsby, ULokodms 2.t dsgmb@emengdgano
Loddm@ml as3mygbgds. sdagodo, s@bodgbs (N,K) 60dbogl, @m3 ag35J3L N Loddmenm-
Laob dgdpas®o gmeygao Lodygs, GmIgmoi m@ogbGo®gdogmos t dgaomdol dgLfem-
M9d5bg, dgo3ogL K 3bogboenols Loddmenml ©s 2.t s3mbGOmagdgen Loddbmenmls,

dmbogdol  gmodgdol  @oE-bmemdmbol  sgagm@omdo  gyObmds  bmgswe
SO0mdg@ogye  3obmbbmdogdgdsl: o9 A-b B-bg aogmxzolbsl doowmgds gobsygmao C wo
65domo D, 35Tob (A-D) 9bsdmme googmegs B-by. 53 dgdmbgggodo aobsgmeo doowgds
2bogbogr M-ol 3menobmdyg@o M(X) Fo@mdmwygbom, godymgsw gsdmoygbgds as® 339900
0golgdgool IJmbg gmwol g9bg@s@dm@do g(X), bmem asgmxzol m3g@szos LOPmogds
aoasls  gganols  s@omdgBogols  Fgbgdom. dgdoamdTo, godmmgergdol  asds@@Boggools
dobbom, asbgobognsgmn m@mdomo M abogbogols oddoBosh Loddmamgdse (G®oo©gds)
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ogmazol  dgdmbgggol, @mdgamoE  0dmggs  FoRs@MMgdym  asmesls  ggenls GF(2).
5335050, 235J3L Loddmenmgdo (000), (001), (010), (011), (100), (101), (110), (111).

gbGoao l-ol dmbszgdgdol mobobdow, gl gangdgbBgdo [o@dmwagds s@0mIgEo-
390 g0 gdgbBol 0=010 bo@olbgdoe s, odggodoe, M Jmbs3gdosb  gwgdyermdm
3m@obmdl M(X) 398030969000, G®Iggdoi a-b bodolbgdl [o@dmo@agbgb. dops-
EOMSE, ©839d3om, MM Aoeslisigdo dmbsigdos

M(x)=a*+* x*+ a® = x + a’.
odg 30050, 4bogbognols 3m@obmdom asdmbsobgolols 3394690
M(x)=a*+* x*+ a®*x + a’.

04 hggbo Jobsbos Mm@ LoddmenmTo (4=2) gEemdol sedmbgbols s aslifm@gdols
9bOYbggmygmazs, Lododms  aodmgoygbmm  2*¥2=4 35 30bF@m@gdgero  Loddmam, @53
dmombmgl gmeol g9bg@s@mal:

gx)=(x—a)x—a’)(x—a®)(x—a*) =x*—a®x® +a’%* — alx + a®

GoEaob Xp2 oMomdg@ogodo ,—,, 9d30goe09bGy@os ¢, sdodmd 239]690s

glx)=x*+ax® +a? + a'x + a?

0dobmgol, @md goel 3Jmbogl LbOymymgomo gm@ds, by dmbszgdobs ©s
3M6BOMeols  Loddbmamgdol  3mbis@gbsioolsl  jmey®  Lodygsdo mmbo  ds30bF @O M-
9390 Loddm@embomgol dmem 4 segomo ogml gb@gbgganygmgomo, Lododms M(X)
3035dMog@mmm X-by,  839J6gds:

M'(x)=a®x®+a®x®+alx®

305b30M0dmo bodmo, Gmdgeroi Joowgds M'(x)-o0l g(x]-%;] 3o4mxobsb.

rx5x6+a3x5—|—rx1x4 ‘x4+a3x3+al}xa+alx+aﬂ

+ | a®x*+a’x+ a*
a®x®+atx+atxt+ ax?+ alx
a’x® +ax* +a®x? + alx

(2] (2]

+
a’x? Ltatx*ta’x¥ L alxi+ax
atx*+atx*4ta®x

a*x*+a’x* +a*x? + a®x +a’
afrd+ atx? +alx + ae— 65900

0y Jowgdgen bl ogyuds@gdm M’(X), 239d6gd> gmey®o Lo@dygs 3meobmdols
boboo, a®x® +ax® + alx*tabx?* 4+ a*x? + a’x + a°, 569,  gmpodgdymo  abogbo-
wo a*a’a'a®a‘*a’a® =111011010010101110100001.

bgdmon 0 Jdgmo gbgds aodmmgagdl, @obsg gmwgdo osfomdmgdl @ow-bmanm-
dembols sgoam@omdols Jobgwgom. asdmmgangdols Igmag bofoao, @mIganlbsi ©ggzmegao
So@m3mgdl, 9udMm Goygmos. 3gAdme, 3039 @oydo begds Lobp@mdol ysdmmgans,
d99gey 03 Loddmamgdol 3mbozogdols bemd®gdols owygbs, MMIgerdosz dmbes dgi3-
©mdgoo, 5dol gdgy dgdolfm@gdgano Loddmanmgdols db0dgbganmdoms ©owygbs ©s,
Ladmenmm, dogdygen absgboendo dgaremdol aslfmmgds.

ROBIHOB VDS
1. B. Sklar. Digital Communications. Upper Saddle River, NJ, Prentice-Hall, 2001, 1079 p.
2. C. Clarke. Reed-Solomon Error Correction. BBC R&D White Paper, 2002, 47 p.

SUMMARY

FORWARD ERROR CORRECTION IN INFORMATION TECHNOLOGY

Lominadze N.N.

Georgian Technical University

The paper discusses use of the forward error correction methods in information technologies. Such an approach
is necessary when there is no time for using error correction methods based on the repeated transmission method,
or when repeated transmission worsens some characteristics of an application. Reed-Solomon coding is one of
the most effective forward error correcting methods, based on the Galois field arithmetic. The paper a possibly
simplified expose of underlying theoretical problems and an example of coding is given.

Keywords: forward error correction, hamming code, reed-solomon code, galois field.
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063M®35C0IR0 BIIEMRMINIBOL 353RI6S ILINIA(
03R035G0330L 8oh336IdRIdHI

@®dobsdg 6.6., bs@modgoamo 3.3.

Lodotmnggaeml &9dbos9600 96ogg@Lodagdo

JLgang@o godmyggbgdomo LoliGgds, Gmam®i Fglo, 0Jdbgds 03 Jglsdengdenmdols go-
dmygbgdom, O™MIgeoloi 0bgmadsizogmo Bgdbmemaogdo Jdbosh 3GmgJdodgools 3g@omwol-
0ngol. @™o o3gergds @Mz aodmygbgdbomo Lol gdgdolswdo §oygbgdymo dmmbmg-
bgbdo, obg 0bxm@Isgoygmo  Fgdbmmmaogdol glodmgdenmdgdo, o3 Aob3oMMdgdymos
do( 939000  30m3309F0baols Lbgs Lyygdmgddo. dgogasw, bgds s@OLgdymo as5dmygbgdomo
Lol gdol dgbsdengdarmdgbols aoxs@mmgds sds@goomo 19dbz0gd0l dgJdbols 4boom.

od 30m3glol 9dbodgbgermgabyl dogomomgdl odarggs g4ggmsbyg gogd3ger gdymo
Lol gdgdo: gengdBm@byemo gmb@s (eMail) ©s Lob@gds Web (World Wide Web, 3Lmes-
@om Jlgeno).

05300b  m@o0g9 gL LobEgds [omdmspagbws GgJlBa® dmbs3gdgdby wonyd-

bgdgen aodmygbgdom LoliEgdgol, o3 odmgms 3md30g@gageo Jigemom gsdmygbgdbom
B9JLBM0 3mbsigdol Aows3gdol bodysmgdsl. msbpomsbmbom [o®dmolddbs o3 Loli@g-

3900l Logoggdom @ Jo@GM HgJbEYO0, s@sdge asdmbobymgdgdol, sywom, gowgm
5, bmgose, @oibgomo dmbsi9dgdol, by, Iy Eodgwos IJmbszgdgools yowsigdol
Lodo@mgds. o3 dobbom g0Jdbs 0b@g@bgdol MIME gogstmmgds (Multimedia Internet Mail
Extention, 06&g@bgBolomgol IMsogo@dobbmd@ogo Iy @Bodgeos 3ox3s0mMgds), ds3
‘dgddbs Lbgowolbgs Lobgmdols dmbszgdgdol po@sgdols dgbsdggdammds d@sgbg@obom-
3oL osbogno Bodol Imbso3gdgdols ©sddydoggdgeo 3OMyMsdymo dmymgdbol Jog@mgdols

Logydggerdg (Plug-in dm@yegdo). 53 aox50mmgdsd 360dgbermgbs® gsbs®@ws mEglemss

B9dLBYO Imbo39990vyg oggd o LolbRgdgdol godmygbgdol sGgomo o FoJ@md@ogoe
Web Lolggds sdios godmygbgdomo LoliEgdgdol wsdydsggdol dgmo@ym@dswe [1,2].

aobgoboanmo  aodmygbgdomo  LoliBgdgdol Immbmgbgdo  ge0gb@-LgMgg@yen  Jm-
by og9dgmo  Ige@odgoos LobEgdol dogomombyg. of 9bws aomgoolifobgdyen
0dbsl dglsden gdbenmdgdo, @M@ gdloi 0b6dgMbyHo Lmogsbmdl gsdmygbgdom Lol gdgdl.
30039 @0gdo, 9bs gobolsbrg@ml 0bFg®byBol GmIgaro 3OmEM gm0 0bgds yo-
dmygbgdgeno, TCP my UDP. TC 36m@mimeol dgdmbgggsdo bpgds 3mbszgdgdol Loodg-
OOE 3os3gds, MEMbe Jmbsgdol Jlgendo dmabsyg@mdols M (3gEeEos ©S oE
©00535bmbdo  dgodangds oi3gergdmegl. @s3 dggbgds UDP, dolo dglsdsdolo Lgadgb@o
QoJHMIG0go©  sM0l  goBsyMsdgmo dmbozgdo, dgodamgds absTdo  sogemaml (dolo
sOEAgbs 5@ Jmbrgds), mydzs Lyadgdol Jugaedo Jmyboy@®mdol OM YROM ©9E9-
®30bgdyge0 s Jmgengs.

dGafogto 1 »  byegyeo

N/ |
- —

o360 @0 wolgo dogbo@y®o wolbgo

bob. 1. 3a00g6@-bgdggHumo YHMo MM Jdgrgds Bsomol Fobslfs@o gswdmfgtom
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TCP 30m@m3meols godmygbgdols dgdmbgggsdo, @opasb 0b@g®bg®ddo dEwomdgdols
s@dmbgbols s aolfmmdgosl @M bkodgds, Loko®m begds, dogomoms, Sy@om-
go0eols bgMg9@osb 3eogb@ol 3md309Bgmby [oboslfo® o LOYmse aodm{gas ©s
dbo@me 5dol dgdpgy dgodergds dobo dmlidgbs Gmam®3 gl bob.l-bgs bohggbgdo.

od  dgdmbgggedo  30Mggee  bodoxbg SAsYbg®o  ombmgl  sy@om@Bsomol  yo-
dmf 9ol bgMgg@owsb. bgmggmo gombymmdl @soal bogymo®o woligowsh (bsdoxo 2)
> 25059a3bogbols b@oyxbg@L (bodoxo 3). d@oygbgdo 0bobogl gooal mogol wolgby
(bodoxo 4) o FoOMgd> 2odg(393> 3Egog®dl (bsdoxo 5).

UDP 3@ m@mgmeols asdmygbgdol dgdmbgggsdo dmbsigdgdo dgodamgds dmwomogls
bg®gg@owsb  3aogb@by 3m@3ogdoe s  syomgsomol Inbdgbs  Jgodargds  @oey-
4m3bgoemog s0fymlb (bob.2), m@mbo 35390900l ©ogzoMa30lL dgdmbgggsdo Lokodem bog-
b5 domo dgbsigergds 0b@Ggd3mens309@/ 9l Msdmmaioygdo dgmmegdols godmygbgdoom.
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SUMMARY

THE IMPACT OF INFORMATION TECHNOLOGIES ON NETWORK APPLICATIONS
SPECIFICATIONS

Lominadze N.N. and Khartisvili M.P.

Georgian Technical University

The paper discusses a usage of the possibilities created by Information Technology and Internet in designing of
network applications. It is shown that the selection of error detecting and error correcting methods used influence
the characteristics of multimedia applications.

In the case of datagram transfer in Internet an audio-file is immediately transmitted and played, but the client
process must use methods of interpolation of data lost. As to server, it must implement the mode of Push or Pull
server. The use of mode of reliable data transmission the transmission process is tied with significant delay, but
audio-file is transmitted without errors and, so, high quality of audio signal is achieved.

Keywords: information technology, internet, network applications, client-server interaction, MIME extention,
TCP, UDP protocols, error detection and correction.
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SUMMARY

TRENDS IN THE DEVELOPMENT OF INFORMATION AND COMMUNICATIONS
TECHNOLOGIES IN GEORGIA AND IN THE WORLD

Tsikhistavi T.T. and Svanidze R.G.

Georgian Technical University

The article discusses the main trends in the development of information and communications technologies (ICT)
in Georgia and in the world. The dynamics of development and the nearest forecast are given.

Keywords: information and communications technologies, development, trends, forecast.
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SUMMARY

THE ROLE OF INFORMATION AND COMMUNICATIONS TECHNOLOGIES (ICT) IN NATIONAL
ECONOMY AND THE REGULARITIES OF THEIR DEVELOPMENT

Tsikhistavi T.T. and Svanidze R.G.

Georgian Technical University

The article discusses the role of information and communications technologies (ICT) in national economy and
the regularities of their development.

Keywords: information and communications technologies, economy.
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SUMMARY

VIRTUALIZATION IN OPERATIONSYSTEMWINDOWS SERVER 2016

Gabashvili T.G., Gabashvili N.V. and Khartishvili M.P.

Georgian Technical University

The paper deals with virtualization in operation system Windows Server 2016. Hyper-V function and the
required hardware for installation of Windows Server 2016 are discussed. It is mentioned that VM simplifies the
transition from one physical computer to another and also it makes easier managing networkapplications and
services.

Keywords: Windows Server 2016, virtualization, Hyper-V function, hardware.
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SUMMARY

ABILITIESOF WINDOWS SERVER 2016

Gabashvili N.V., Abuladze 1.B. and Gabashvili T.G.

Georgian Technical University

The work deals with the integrated environment and the basic functions of Windows Server 2016. The
advantages of the new operation system over previous versions are discussed.
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boi (0bggg, Omam® 3 (3)-sb) hobl, MM Loyzgmgbo L3gdd®ygmo 989JH9YOMos doow-
93> obBgboms yggems 3mdbdobozool 2s3mygbgdolisl. Foboowdwgy dgdmbgggsdo boyg-
0gbmlbomsb gggmobdg gudm dosbemgdye dgogal odgggs: og Ny = 3, g@mo 6@ gbols
a5dmygbgde; Ny =4 s N, = 5-0l ool gonedmgmso  dsjlodygd m@o  sbGgbols
253mg9bgde; g Ny =6 ©s Ny = 7 350393 bsdo sbBgbols godmygbgds; beognm Ny = 8-0ls
Al mnbo 5bFgbol godmygbgds.



LSISANIIRN bS06IN6H() bLOSELI60, GEORGIAN ENGINEERING NEWS, Me2,2017 73

bobdgdsms 13gdddymo 989 dmdols 60dgbgmmdgdo

N, 1 2 3 4 5 6 7 8
Sga, N, =3 2 2 3
Sga, N, =4 2 3 3 4
Sga, N, =5/ 2 4 4 4 5
Sga, N, =6/ 2 4 5 5 5
Sga, N, =7/ 3 4 6 6 6
Sga, N, =8 3 5 6 7 7 8

aobgobogmon dmwygesiool 30maEglbo bgdme Fo@mdmwygboao Fodol Loli@gdo-
bomgol. gagmolbdmdm, Gmd gmggmmgol N, = 2Nt aasdsl o@oad o6Fgbosms 3mddo-
6530900l LodGsgmyg, GMIgaToi A; 5@l gArmboo®o, k Gomwgbmdol, s@ongmo sb@g-
bgdol 3mddobszogdols Jggbod@sgang.

A={ALA,, ..A_} (5)

30m39LL  aoblobeg@agl ofBoyn@o 563gbgdol  3mddobszogdols Momeygbmds N,
9gO0b50M0, K @omogbmdol, oJdog@o 563gbgdol  jmddobsiogdols LodGsgmyg oo Sy
Log®dols boobegm@Isiom L0ddmmmgdoligeb gm®do@gdamo demgo. o S, ogmes k bo-
Yoo s oo dogd bedEogeegds dngmmsizools 3@mEglo  momnmgymo  sbGgbols
dog® gosgdygmo Lopbsaols dglodsdolo.

3obgoboame dogsgromo.

o9 dgom 335J3L LobEgds mmbo aosdzgdo sbdgbom, g.o. Np = 4 35906 of@oye
5bBgboms 3mddobsi0gdols Lod®sgany:

A=1{1,273,412,13,14,23,24,34,123,124,134,234,1234}; (6)
o ®oibggdo 203mbos@oggh sbGgboms bmd®gdl wo Lod@sgagdo gangdgb@gdols

@Gomgbmds Al = 28T =15, (6)-pob ga50dmos 20dmg4mm  §@mbs0M0 GomEgbmbols
5JBo®o bR gbgdols 3mddobsiogdols Jgglod@sgenggdo:

A =1{1,2,3,4)= 5

A, ={12,13,14,23,24,34}_,;

A; ={123,124,134,234}, _; ™)
A, ={1234}__,.

049 5800gdm Sy, = 4-15, dnwymsiools LobRgdol gOm dglodam gos®osb@l gJ69ds
Loby:

A, — 16PSK, 16PSK, 16PSK, 16PSK.

A, — QPSK + QPSK, QPSK + QPSK, QPSK + QPSK, QPSK + QPSK, QPSK + QPSK, QPSK
+ QPSK.

A, = BPSK + BPSK + QPSK, BPSK + BPSK + QPSK, BPSK + BPSK + QPSK, BPSK + BPSk
+ QPSK.

A, = BPSK + BPSK + BPSK + BPSK.
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53 Lol gdobmgol Sg = 8 do@o/{d/3G.
bodmenmm, dmygesiool LolEgds dgodagds dgodbgl dgaemdol sendsmmdols
dobgogom.
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SUMMARY

INFORMATION EFFICIENCY OF SPATIAL MODULATION

Ugrelidze N.A., Akobia D.G., Sordia M.D., Chokhonelidze M.T. and Qurkhulishvili G.D.

Caucasus University

In this paper, we present a method of new system design of spatial modulation, which uses all combinations of
active antennas. The spectral efficiency determined by a system of antennas and modulation systems was
estimated. The examples for transmitting antennas from 3 to 8 are given.

Keywords: antenna, modulation, signal, bit, transmitter.
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6300M6IRN0 JIRNOL 3MEH30®AdS LYS3RIBOL 36(MBILT0

390 Eogs ™., Abdodg 3.6, mogodgogmo e.b.

baJodmggmml §g9d6ogg®o 9bogg@lodgdo

dgLogogmo

bgodmbyeo Jlgergdol dgbobgd s@OLgdyeo Lodgibogdem bsdGOMdgdol ¢ddsgen g-
bemds s@F9al bgodmbyemo Jlgeols LEA®YJBy@ol sggdols Igmmwgdl, bmenem sdemEbe-
0l 30m3gbdo sdggdyao Jgaremdgdol aslfmmgdol Lsgombl gdwgbgds bodMmdgdols
Jgodgdom I300g Gomegbmds [1-3]. dspomomsw, dgEemdol 939853039 gdol Seoam-
@omdols godmygbgdom gEmdol aslfm@gdolsl s@ brgds dolbo aodmdfgggo Jobgbgdols
s gmomol goblsbrgms JgEemdol ©sdggosTdo. dglodsdolop, dgaomdgdols godmg-
mgbols ©s golfm@gdols Logombo 360dgbganmgsb sdmEebols Fomdmswagbl. dmzgdye
b5dO™mddo dgdmmogobgdymos bgodmbymo Jlgeromn sdmEbmdolsl dgEomdgdol asdmg-
@agbols o aolifm@gdol dgommpo, Gmdgmoi  gdgedgds bgodmbgddo  gzuso8do@ols
3odmygbgosl, @ol Lodgogdomsiz bgodmbgdo 0gdygmmdgh 0bgm®dsizosl dgiEemdols
>0 lgdbmdols dgliobgd. dgEmdgdols agolfmdgds Jmombmgl bjo®mbgdols 3s@sdg@B®gdols —
Fmbomo 309803096000l ©s 09 Logodms bey®ddmols bLopowol gmomgodsl.

593630l 3Om3gLol sS@fgds gm@dsaa@o bgodmbol gs3mygbgdom

Mm@ 3 3bmdoeos bgodmbom ob bgodmbymo Jlgaom sdmEbmbdolsl ggJ@m®o
Lobgoms Lod@sgmowsb (odmgoyobgds dom dgbslgmgengdbyg, ol dgdegasi 39ddm®ob
3M33mbgbBgdo dBsgmegds dglodsdol Fmbom 3mggno3096@gddY, bogds domo sxsdgs
o doowgds NET Lowowg, @mdamols LsBgomgdomsi  aobolobmg@gds  odBogsiools
F(NET) 9g96jiool 9glsdsdolbo 360dgbgermds. dowgdgmo bowowy ©os@gds byodmbols
Z bogedeml, Gol dgogysesi Joowgds bgo@mbol gsdmbslgmaemo OUT. oy dowg-
b0 dgogao  bymols Ameoos, d59ob  sdmEbmds  dae®os; bmenm gy gdmol —
L{m@os  (kgddo@o@os). o9y  bgodmbols  dglslgegabyg  sdmbsibmdo  ggd@maok,
Ago@obsizool  Jmbgamsls  sgwbodbsgen  Fg®dobom  —  Fodyobgds  (p@og0symoe

aodmglobeom 8 Loddm@mmo), bogem Gs0dg domgdsBoggdo m3gHsEoom  dowgdye
Jggal =% Loddmemmo, 35Tob  sdImEbmdol s AoesTygzgHomgdol  dowgdols
30migbo  gEbmdo  @gogobsizools  Fodaobgdolsl  3mddsj@ o  dgodemgds sl
hoofgamb:

X=gs Ne(W)=3X_x,w, = F(NET)=6>Z = OUT = {0;1} (1)

I OUT =0, 09y F(NET)<Z - 5303bmds s@sL{m@o0s (dzoo6os);

II. OUT =1, ooy F(NET) 2 Z - 53mbmds Lfm@os. (2)
boo X =1{X,} s3mlobmdo  Ggomobaioss; Ne(W) -6godmbgdols Loddogag W ={W}
fobomo 3mgn03096@¢g00m; Zn X W, odxodogo gengdgb@o; n=1,N ; N =Card {Xn}.

o0mgbodbogm,  @md  gJl3gModgb@odm@ols  slggbs  SdmEbmdol  3GMEgLols
Lob{m@ol ob dasdmdols dgbobgd, aoblsgnm@dgdom, Lfsgmgdols 3@mEgbol asbbm®-
(3090 gdoliols, gbsdarms aoblibgoggdygemo oymlb (2) aodmlsbyagdomn dmEgdgemo go@-
dogoa®o 30m390900Lash, Gobsi dgdgmddo gobgobogsgm.

LYm@se s8mi3bmdol 3@m3glol sm§g@s

5036036 5dmlLobmd Lobgms Lod@sgemg A -mo, bogem 3 Lod®sgmol gang-
39630 A -om (A €A),i=11, | =Card {A} g30dgom, X, {o@dmopygbls A Lobols @go-
mobsiool (X; € A) s dobo Xy, Xy, Xy N =1,_NJ(Y)33(Y>68663?)0 bodgoao @oibggdos.

LYmGo  sdmEbmdol 3GmEglo  goagds m@o  bofomolasbh. 3odggero, @m3o
sdmloibmdo Lobol @gogmobsios Fodgoaobgds 53 Lobol sdmdEbmd bgodmbls, doyseoo-
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0o, X; Ggomobszos Fodgogobgds Ne;(W;) bgodmbl. sbgm gdmbgggs@o gsddmdm,
®md X, Ggommobogos [omgoanbgds ,,mog0l0” Lobol bgo@mbl; s dgmmyg, dmEs 03039
Lobol X;  @gomobozos s8mbo@bmdem Fomgopobgds 9539 »bbgolo™ Lobol Ne; (W)
bgo@mbl. m@ogg dgdmbgggs swofgmgds (1) o (2) aodmbobymgdgdol asdmygbgdoom.
X; =8> Ne (W) = X, x,,w,, = NET, = F(NET,) =62 Z, = 0UT =1; X, €4, (3)
X; = Ne;,(W;) = X, x,w,; = NET;; = F(NET,;)=8> Z,= OUT = 0; X, € A; ()

bowag 1, j=L1,, i # j. 6oao6a sbjosgm, (3) 3sdnbsbgmgdsdo  OUT =1, bomm (4)

25dmbobyagdsdo OUT =0. dogbgosgoe sdols, mmogg dgdmbgggedo sdmEbmds Lfm-
05, Goms3 gl godmbobyegdgdo aoblbgogogds (1) s (2) aodmbsbymgdgdoliasb.
>@5LfmasE sdmEbmdol 3GmEglol sefg@s
sO5LYmAsE  sdmEbmbdolsl  olgg  aobgoboerme  m@o  dgdmbggge:  @mwalsg

Omdgerodg bobol X, @go@oboios [o@goaobgds ,,mog0l™ bgo®mbl ©s dgmeyg, Gm@Es
02039 baboli X, @gogobogos Fodgoaobgds ,,lbgolbo” Labol bgo@mbl. 35906 s@sLfm-
@0 5dImEbmdolsl (3) s (4) boagmo 2394690 (5) ws (6) Igdmbgggs:
X, =8> Ne, = NET, = F(NET;) =6 Z, = OUT = 0; X, & 4, (5)
X;=6> Ne; = NET,; = F(NET,;)=82 Z, > OUT = 1; X, €A, (6)

bowai |, j=L1,i# j. o066 ghywsge (5) s (6) aedmlsbamgdgdo s@Pgal sGolifem-
Ao 5dImEbmbdol 3OmMEgLL s sdm@Esbs Lfm@ge o3 Jgarmdgdol aslifm®gdsdo doam-
dogmdls.

93emdol golfm@dgds ,,mogolbo” @gsmobsEool sdmEbmdolsl

(2) godmbobyegdol  mobobdsw (5) aodmbsbymgdomn  dowgdyeo  dgiEomdols
aobfm@gdolmgols Loko@ms, M3 gBmemdsls

D XyWy <Z; =>0UT =0, X, ¢A (7)

9938580l bodsbo. 5dols dom{ggs dgbsdargdgaros my bgodmbol Fmbomo 3mggo-

096G go0lmgols oligm 360d536gamdgdls Yggodbhggm, GmI yEmaemds F(NET,) <Z, 609561

‘dgoigerol. gl 60dbogl, M3 sLgmo dg@hggol dgogasw dgodengds dJogommm Y@@ mds:
F(NET,)>Z, = OUT =1; X, e A (8)

aobgobommo  F(NET;) sJ®o0goool  ¢96dcool  36035369amdols  aoblabemg@ols

30m3gbo. F() g96Jgosl gfmwgds oJBogocool ¢9b6dGos. babmaswpme, skgmo g6l
(30900 5M5(@R0g0s. Jog@sd Jom ofgm gOmo Logdhmem mgolgds — bolbosmwgdosh dmbm-
AMbygdoe bOswo, momddol {Hgogo 9dbols sOLgdmdom (poMws 390LY3BAMbol oj@o-
35300 g9bJiools). sdo@dmd [mbomo jmgx03096@gdol  dg@dhggzolsl  dgledangdgenos,
Omd ogdbgm oligg  oJBogoEool gybjiool (@05 1dsbbyg, by d9dds@o@os dgdwgao:
F(NET,)=k-NET, =k-> x,w,, k>0; k=const 9)

(9) 2odmlsobygmgdols  93do@o@gdol  IgdmbgggsTo K Lowowyg  Fo®dmowagbls

dobd@Bododmgdols 3mgxno0309b@L, G®Igamoi dgodagds dgoigemml Fmbomo jmgroizogb-

Bgd0l  goobowgdol  (LFogegdol) 3@mEgLdo. sdodmd oy dogowgdm, @md k=1,
d5dob (9) doowgdls sligm Lobgls:

F(NET,) =D X, W, (10)
dglododobow (7) godmbobyemgdol bogmsw 339]b9ds:
D XgWy 2Z, =>0UT =0; X, ¢A

5dmbmdols Igamds asdmnlfmdpgds my (7) by (10) boagmom  dogowgdo (8)
aodmbabygemgdomn Jmgdymo gBmEmdsl:
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D XaWy 2Z, = 0UT =1; X, €A (11)

(10)-s6 (11)-0L Jowgds dgbsdangdgenos W, ={Wni}$'m60mo 3098030966950l gobO@om.
sdobmgol boko®ms, @md Fmboo 3mgao30gbdgol dogsbokmm LsFyobo dbodgbgermdgdo.
©oggdgom @md A Lobols @gogobosgosms Lod@sgamgdo agodgl o3 Lobols @gogmobo-
3ooms bolfogem J3gboddsgang {Xi}, Aamdgamsngolsi LOgmogds

300Mds Card{Xi}: M;. W, Ymbomo 3mgn030gb@gdol bsfgolo 360dgbgemdgdo
aodmmgo@mm  Lolifogenm  bsj@gdoll  @go@obsizosms  (39d@mOms)  3mdeobs@gdols
Lodygoagbdom;

Wni:MiZmX:;; n=1N; i=LN (12)

(12) 36mEgegaols asbbmdEogegdom bgdoldog®o Lobols bgodmbolingol, doyseo-
oo A -ogol, gowgom {Wni} fobow  3mgx803099dL, @mIgmms  3bodgbganmdgbdo

domoglgdyeos [min xni;maxxni] ©0535bmbdo. fmbomo 3mgno30gbBgdol gobO©s dg-
Lodengdgeos  mobomsbmdom, ®93909bRmo 3OmEgeydol godmygbgdom s g3dob-
Aogao, oby  gOmodsdop, ®s0dg dygedogo  @Goibgol  dods@gdom.  asbGEols  oby
X 0@EMgdol  3OmEgeg®s  hogs@odmm  Fmbomo  jmgxoEogbdgdolbmgol, @mdgmms
@53 b0dbogl, @md gl dobo-
Losmgdargdo o3  Lobobmgol ©sbombhgbbyg 860dgbganmgsbos  dmEgdygao  Loabobmgol.

aobgobogmon @396 96 Yo 3GME YS!
w. =[B+1]=w_ [Bl+Aw, B=123.. doxol bmdgaoes (13)

ni

d60dgbgermdgdo  dosbarmgdygmos o6 Geaos Max X

n o

09 259030996930 (13) 0B gMsiosl, Lokodm asbpgds AW -dg@bhggs, o3 9bos
dobegl Lsfgobo Fmbomo gmgxnoEogb@gdol dbgoggenmdsdo dJomgdom. o@gdsiEools gm-
3990 dox by dggal godm§dgdbm (11) godmbsbyegdom. doxgdol Gom@gbmdsl gb®wom
dobod, Lobod (11) y@mmmds gobwgds k9ddo@odo, o3 dggbodsdgds dgEomdom sdm-
bemdoano  Hgo@obsizool  bygadgm@go  [omagbols dmloEbmdsw, @m@Es [obs dox by
doggdgeo  Ymbomo  3m)goGoghHgdel db0dghgmmdgdo  powowol Yagmgmsre  Jgdegy
dox by.

Fmbomo 3mgn03096@9d0L ol 3b0dgbgarmdgdo, Gmgbsg (11) g@menmds bpgds
%933o40(0, >5©3606mm W, -0m, 35T06 239690

> xpwy >Z, =>0UT =1 X;5A: n=LN;: i=Ll; m=LM, (14)
(14) godmbobyamgdol 49ddo@o@gds bodbogl, @md dgEomds sdmEbmdsdo golifm-
@90gmos. “ 17 ©s “Mm” obpygdbgdol @gmomgdgdo 230h39690L, @md gEmdgdols

2530 Lfmegds glodamgdgemos Lslfogamm bsg@gdol gggers M; @gomobsizoobomgol s
A Loddoganols ygges Labobsmgol.

(14) godmbsbyamgdom  JmEgdygmo  dggrmdgdol  aslfmdgdol sepagm@omdo o6
3gol Lbgs bobggdol bgo®mbgdols Fmbomo 3mgano3ogbdgdol 3gmomgdgdomn  dowg-
b0 Lm0 sdmEbmdols dgogagdl. 03 RodBowsb asdmdpobodg, GmI Fmbomo zmgxo-
(3096@ 900l (3380 gd0lols goggbgdm dbmerme ,woxomemgdol™ (13) 3GMEgEYOSL; 0y
bgo®Ombgdols bey@ddagdols LoFyols 360dgbgemdgdow sgo@bggm Emen Lowowggdls:

Z,=Z;i0,j=L1;i=] (15)
dodob (14) s (15) 3OmEgEymgdol as3mygbgds Lodygomgdsl ggodmggl Lobgms Lod@sg-
@oli yggens Lobfoganm bs3@mgdol @gogmobsiogdo sdmgobmon ¢dgEomdme, ol @md
Fobsm doegdygmo sdmEbmdols LYm@o dgogagdo @ dgogommlb.
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93emdgdol gsbfm@gds ,,Lbgobo* Lobol @gomobsiogdol s3m3bmdobsls

s@olfm@s©  sdmEbmdols  3GmiEgbo  osmofgdgos (5) o (6)-0b  Lodgogmgdom.
asbgobogrmo (5), Lowsi NET, -0l boggasw hogfigdmm dolo gsdmbobyamgds (7)-0ls
dobgogom

D XgWy <Zis X g AL i=Ll. (16)
bowos dgaemdols gobslfmmgdmem Lodo®ms, Gmd (16) dgoagomml g@mermdols
bodsbo, @o3  godgmgds  goggmegl W, Fmbomo  30mg8o309bHgdol  gob@wom,
bgdmms@{gdomo ,woxommomgdoli dgmmeol asdmygbgdom.

aobgobogmn (6) asdmbsbymgdols dodxggbs bofoano:

NET, =D XyWy 2Z, =X, €A;; ji=Ll; i#] (17)

©5dggdgmo dggemdol aolsbim@gdmsm Logodms bey@dmol yobBws, ob W,
Jobomo  3mgx803096@0L dgdEomgds. 0dols godm, @OmI, 3o@mbdol mobobdsw, glodygo-
mom dbo@mE ,sx0@mEmgdol’ 3OmMEgEYO0m, sdo@md sgodhomm bjodmbols boy®-
daool, 0@ gdsoygmse  asb@ols 3OmEgeyg®om, (13) asdmbsbymgds, Lowsi Fmbomo
3098030963900l bogmom 2394b9d> bey@demols 3b0dgbgenmdbs:

Z[a+1]=2[a]l+AZ; AZ>0; i=11 (18)
690@mbol bey@deols Lodo®em 360dgbganmds, Gmdmol ambsg (17) y@mem-

30l 60dsbo dgogergos Lofobos@dwgame, s@gbodbmm  Z-0m, 239]690s:
anniwnj<zijxi¢Aj; i,j:l;_l; I # ] (19)

Goyob Lobols bgodmbo g&mos, Gmdgebsi ofgb gomo bey@ddao, sdo@md, my
53993900 Lobol 6go@mbols bey@dmol gob@ool Z; Lowowgdweg, 35706 Vg3emdgdo
dgodangds  dogowmm  ,mo30L0%  @go@oboiogbols  sdmEbmdsdo,  3g@dm,  sligmo
BgLoda gdamdgdo ashbegds o, Lowo bLEYmEds Jodmds: Z, > Z,.

960 bybGo 03 bodsbmngolgdgdol  aolodigggoe, mImgdbgosi  9bos
hoBomogl oxomomgdol 3OMEgEYGS, boko®ms 5dmiEbembdol 9Jl3g@m0dgbGols hogo®gods
0d Lobgms  @gogobsiogdobosmgol, (bgadgm@ge  Fodeagbs)  @mdmgdologolbsc
LOg@egds bgdmm s@bodbymo gBmemds. dgEemdol s@lgdmdol dgdmbgggsdo ¢bws
380dgm@mn (7)—(15) 3GmEgeya9d0.

60dsbmgolgdsms ggnolgds 9g3emdm s3m3bmdol jHoGg@0gdol dobgogom

bodsbmgolgdoms  dgRsligdologol  doGomspsw  aodmoygbgds  JaslGg@omgdols
dg0mEgdo, dogomoms ,,Msbyyeo 3ogdodgdols mgm@os® [3], [2], @mdanols Lsdygomgdom
bpgds  gesbBgdmgdol  o@lLgdmdol  owygbs mommgymo  Labolbsmgol,  domo
3obIbmenmgdols  (3md3sBdmdol) ob  mobsgggmols  (s®53md3sJGydmbol)  bodolbols
EsEagbs o o.9. bggb dgdmbgggsdo, 23543l S3mEbmdol  3GmEgLbo  Bm@dsgy@o
bgo@mbols  (bgo@mbgdol) godmygbgdom, sdo@md, bodsbmgolgdoms  Jggsbgdbobsmgols
30496960 dbmeme bgo®mbgddo godmygbgdga Lfm@sw sdmiEbmdol 3@odg@0ydl.

oG  sdmabmbols  3@odg@oydo  aaeolbdmols  0d  bodbgdol oy gbols,
Omdgmms  ggmomgds  PbOYbggmymal  Lm@s  sdmEbmdsl, b oy sdmEbmds
d@eomos, dgamdol golfmdgdsl.

X, € A 2303bmdols 30miaglo Ne; bgodmboo  sefgdomos  (3)-0m. sdmiEbmdols
30m3gbdo  dodomswos  NET, Lowowols dowgds, @mdgmoi  dgodagds  aodmgoggbmm
F(NET;) ULowowols bogges® (9), sdmEbmdols Lsdmanmm dgogaol OUT -0l Golowmgdow.
‘dgdamddo dogowgdm, GmMd bgodmbols  Fmbomo 3mgx03096@9d0l (33@0emgdgdo brgds
5J&03oGo0b gbdeool F() Fegog 96y (9).

(9)-000  Jowgdymo  ©sAg9d9d0L  gomgomolifobgdom,  s3mEbmdol  3GMmEgLols
Jggao LYm@os, oy bLogaogds g@mwemos (11):

NET, =D X;W, 2Z, >O0UT =1= X, e A; i=1l (20)
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(20)-d0 Imigdyneo NET, Lowowols 360dgbgamds gobolsbwgdgds X W, (ggc9-
b0l xodom. 0dobmgol, GmI gbOymegl (20) YEmeEmds, bokodms xodols dbodgbg-
eds 0gml @o3 dgodangds dgBo. 0dol odm, G®I bodsb-mgolgdgdol 3b0dgbgamdgdols
Jgagms oM Jdgodangds, gbes dggagommm W, Fmbomo 3mgxnozogb@gde.  sdobmgols
5go@bomo  Fmbomo  3mgx03096@gool  Lofyolo  860dgbganmdgdo  @gogoboiosms
Lob{ogenm  Lod@ogmol godmygbgdom. dogowme Ibgoggermdsdo, @md Card{Xi}zMi.

o X Lod@ogeols gagdgb@dgdl owgbodbogm X" E{Xi}, bogme X"

3OMOE0bsE GOl

m
ni >

Xpi > 35dob Fmbomo 3mga303096@ 900l LoFyolio 860dgbgamdgdoliomgol 839J6gds:

W, =— mxr:”i;mzl;Mi;izl;l;nzl;N (21)

(21)-0l aobbmdogergdom, Jogowgdbm mommggeo A Lobols ©s bgo®mbols bsf-
golbo Fmbomo 3mggn03096Hgdol ggddmmgdols W, Lod@sgangl, @mdgmol jom®©obs@gdo
W, (o@dmowagbgb mdogddu® Lowowggdl, @owash, domgdymo s@osb bodsbmgoligdsms
3obmdgol ggagdol gowsdydeggdom.

gboos, @mI Goi3 IgBos W, -ol 360dgbgammds (20) godmlobyergdsdo, dom

ni
dgBos dobo (gemoemo NET, Lowowol domgdsdo ©s LYmmo sdmiEbmdols Lsodgommdols
3obAsdo. Fmbomo  j3mgn030gb@gool  Jglogslgdmee  ©ogswaobmo  dosmo  dbodgbg-
ebdsms  Jggos  bwgs®o, Gmdwols dobgogomsi dgagoderos  dggegobmo  dmzgdgero
60Tob-0g0Lgdols 3609gbgermds, 569 dolo {gemomo NET Lowowols gm®@do®gdsBo. Jggos
begodo, Lowowpyg U;, sgodbomo  60Tsb-mgoligogdo Fmbomo smgnocogbdgool dsdlods-
go@0 dbodgbgermdbols dJobgogom:

U =a-maxw,; 1>a>0; i=11 (22)
ooz U s@ol Ne;  bgodmbols Fmbomo gmggo30gbdgdol 360dgbgemdoms  Jggoos
bwgo@o.

35bLobrghgds 1: A Lobol b0dsb-mgoligds X, 360dgbgemgobos (57930 gdgamos)
dmgdgeo  Lobobomgol, oy dobo gobmdgom dowgdyao Lowowg dgGos ob Fmenos
fmbomo 3mg503096@ 900l Jagos dbog@ol: X, 2U,

©og7dg5m, GMd 25bbsbrgMmgds l-om ImEgdym 30Omsl ogdsgmagoamgdls N; = N
5m©gbmbdols bodob-mgolgds. aodmgmgommm  shogro Fmbomo 3mggnozogbdgoéo (21)-ols
dobggom:

W—MZMLZ X™: om =LM.: =Ll (23)
1i

Lo@si My 0G0l 03 @go@oboosms Msmwgbmds, Lowsi gobbm®izogmos 1 gob-
Lobegdgdom domgdaeo gEm@mds.
gbowos, GmI W, 2W, , sdodmd W, -ob godmygbgdom (20) godmbsobyargdsdo,

nr —

YAO@MdS gode0gMEgds, Mo bodbogl, @mI L{m@o 5dmEbmdol Lsodgommds goob@-
©gds. 03 Ygdmbgggsdo, my SImEbmds Igws®os, Goi bodbogl, @md NET, <Z,. ggcm
bgLEoE, 03 b0sb-mg0lgdgbol gobo®ggggee, GMImgdbgosi gbws ho@o®wgl ©oyxo-
©mgools 3OmEgEYs, bako®ms sd3mEbmdol gdbdg®modgb@ol ho@odmgds 0d Lobgms @go-
oboz0géobmgols  (bgardgmdge  [odpagbs), ®mdmgdobmgols bOymwgds  bgdmm
50bodbyao  gYHmamds.  Ygaemdol  s@lLgdbmdols  dgdmbgggsdo  gbps  gogodgm@mm
(7) = (15)-00 goblsbrgdymo 3OME YO 0.

sbgmo dgamds dgodangds gobfmdwegl. dgaemdol ggd asdmlbfmdgdols dgdmb-
3935d0 9bos golo®agdbammn (7)—(15) senam@omndom, Losz ©ogoxomomgdon  aoblob-
0gM9ds 1000 oy gbogr 60dobmgoligdgdl. (22) wo (23)-0l Lodysgngdom bodsb-mgoly-
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doms  LodMogmopsh dgbsdargdgaros 0d Jggbod@sgamol godmymas, Gmdgmmoi dbodghbg-

egobo s Lako®ms Imizgdymo Loboli  @gogoboiogdol Lfm@sw sdmiEbmdolmgol.
aobgoboarmo  bodob-mgolgdoms  asoblobwgdol  dgmmpo s saram@omndo,

Omdgaroi bodgomgdols 3magi39dl ggodarggl godmgslbfmdmm dgaomdon sdmEbmdols

90900, OMdgeloi dgodagds 93Jmbegl gOmo Labol, dspomoms X, Ggogoboiools
FodEpgbolol Lbgs Lobol Ne; bgodmbobogol. (21)-0l dobgogom gggdbgds

NET; =3 %0 2Z;=>X;eA: ij=11; i#] (24)

V9aemdol  aobfm@gdobsmgols Lodkodms, @md (24)-Fo dgoigoeml  g@mamdols
b0dsbo  Lofobosswdwgammo,  @obmgolsE, ¢bps  gdxodegl  g@memdols  domxggbs
bofomo. dgdEomgds dglodengdganos m@o bom:

L wy Ymbomo  3m9g80309bG 900l dgdgo@godom, @Gsdsz dgodemgds  yodmofgomls
Jgaemdgdo ,,mogolo® XJ- @9oe0bo(30960L  dMEbmdobsl;  sfgosb  aodmdpobsdyg, oI
dgomeon g9  gobodygdegdm 0dol godm, GmI 3o@mdols Jobgogom glomygdamdm
dbo@me oxomomydols 3OMEgEYG0m.

2. aobgobognmm Fmbomo 3mgx030960gd0L  xsdol, sby NETij Lowowols dgdo-
Mgdol dgmmeo, GmIgaoi sefgdomo ogm (22) s (23)-0m. ©ogydgom, GmI ogowyo-
bgor Wy Yobomo 3mgg03096@0l Jggms begs®o — U, ©o goblobegdgds 1-0b godemyg-
6goom 3b60dgbgemgab bodob-mgolgdoms bgbbs A, Lobols ©s Ne; bgodmbols {mbomo
3098030963 gd0Lmgol. (23)-0l godmygbgdom gsdmgmgsgrmm Fmbomo jmgxoiEogbdgdo:

Wy ==Y X m,=IMy;s n, =LN,; =L 25)

bowo(s er:;zJ Ne; 6godmbols fmbomo 3mggoi0gbBgool 360dgbgemgobo bodsob-mgolgdg-
d0o. My; 03 @gomobo30900L BomEgbmds, GmImgdobmgoloi bo@GEogemegds (22) Jo-
@mds; N, 038 60Tsb-mgolgdoms Gompgbmdss, @mIagdolmgolsi bosdo@menosbos aob-
Lobwg@gos 1, oby gdmmemds n, 2U ;.

(24)-30 NET; Lowowols godmbongmamse W, -0l boggmowe hoghgom dobo dggs-
Lgds (25)-0l dobgogom. dogomgdm:

NET, :Zn X,

NET, :anxnzjwnj; i;j=Ll; i#j, N,<N (26)
0dol godm, G®I (26)-Jdo sxodgs bpgds N, 0bpgdbom, bomamm Lsgs@oygome, G-
am®3 Fgbo, N, << N , gbodsdobs@  (26)-3o  gbog@gdms @omegbmds  d300w0gds
(N=N,) -0, @853 Dgodggds (24)Fo 259m0f50ml  gm@@dol 60Bbols  Vgizgmes
LoFobss@dwgymmo:
NET; <Z; = X; ¢ A (27)
0d dgobgggsdo, oy (24)-do gAmermdols bodsbo 5@  dgoigogms, do5Tob  ¢bws
gobodagdbemmm  (16)-(19) 3Om@Egeygtgdom, oby dmgsbobmmn  bey@ddamols  aob®.,
Amd@ol  Logmddgblsgome  Lododms Fmbomo  3mgxn03096G0L  gob@ss.  0dobsmgols,
amd W, 3098030963900l aob®wobsl o6 dmbpgl sbogno  dgEomdgdol Fo®dmdmds
{Xj} Mgo@0bo30960L  5dMEbmdolsl, sloxomomgdgemo bodob-mgolgdgdol  goblsb-
©g@obsl gobomygdemm Jggdmm s g@oeo 30mEg09G00.
o3 dgom, Omd A s A bobggdol Ne s Ne; bgodmbgdobomgols Fmbomo  jmg-

2030963 g00L  g39Bm@gb0 wi(Wi) S Wj(W_j) aodmmgeomos (21) s (22)-ol dobgogom.
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domo  LoFgomgdom  Yggoaobmo  bobsdymo  ggJdm@gdo Q ws Q; , GmIgmms
98099960900 53354mx0agd9b 3J0MMbS:
qni1qnj = {O’l}

Gbowos, 6™ Q; ©s Q; 39JHmOIdL olgmogy obbmdoagds 0fbgdom Go3 W, ©s
W; . ©oggdgom, 6md A bobol X; gomobsiool s3mEbmdolsl FgErmdsl gowgom A,
Lobol Ne; 6go®mbby. poboxomemgdge bodsb-mgolgdee sgodhomm W_ni-ol) ‘dgbsdadolio
Xy » ®mdgnobmgobsi bOgmwgds o®mds:

G =100y =0; i, j =315 i ] (28)

0y X, Ggoobo00l  5dmiEbmdolsl Fgmdsl gowgdn Ne; bgodmbby, 35Tob
dgemdol  aolobfmdgdmem  sgo@homm Wy -ol dglsdsdobo X, . Gmdmobmgolsg
‘YgbOgengds JoGmds:

Uy =100y =0; i,j=L1; i#] (29)

m®ogg dgdmbgggodo  dmbegds (27) yHmembdols aod@ogdgds olbyg, O®I o6
‘dgoigogeml (20) gEmermdomn dowgdyeo sdmEbmdols dgogagdo.

©sb3gbs

sdmEbmdolisl sdggdymos dgamdgdo, Gmdgmmns asdmbfmagdolbsmngol dgdey-
539098000 MgOOOPEo s  Sgam@omdymo  bsdygsmgdgdo. mgm@oygmo  3gergggdols
Lodo®Bogobomgol ©sdggdgaos, @md mommggeo Lobol sdmboEbmdsm  gsdmymaomos
9000 bgo@mbo, @53 bodbogl @m3  dmIbmdo  bgodmbgdols  @omEgbmds  Bmenos
sdmbsbmdbdo Lobggdbol @omegbmdol. Lobggdo Fo@dmwagbogos bodsbmgobgdsms Logd-
3990 aobmdoano  bodwgoa@obggdosbo ggJBm@gdol — @goobsizogdol 3mgnozogb-
B9o0m. yzges Lobggdol Ggoobs30900 Mobsdbo@®asbbmdomgdosbgdos. @gs@oboizogdols
bofomo asdmoygbgds Gmym@3  Lobfogerem  Loddsgarg bgodmbols  Lasfyolo  Fmbomo
309803096 gd0Ls s bgo@mbols bey@dmols Lowowggdol Rm@doGgdol s dgdwymd
domo Logodmgdolws dobgogom 3geroggdgdolngols.
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1. O.Verulava, Error-Correction of Recognition in the Process of Neuron Learning, American Journal of
Intelligent Systems, p-ISSN: 2165-8978 e-ISSN: 2165-8994 ; 2015; 5(3): p: 92-96.
2. R. Khurodze, Development of the Learning Process for the Neuron and Neural Network for Pattern Recognition,
American Journal of Intelligent Systems, p-ISSN: 2165-8978 e-ISSN: 2165-8994 ; 2015; 5(1): p: 34-41.
3. O.Verulava, R.Khurodze, T.Todua, O.Tavdishvili, T.Zhvania, Prediction of the Recognition Reliability using
Clustering Results, International Journal on Computer Science and Engineering Vol.1(3), 2009, p:196-198.

SUMMARY

FORMATION OF THE NEURAL NETWORK FOR THE PROCESS OF LEARNING

Verulava O.G., Chkhaidze M.N. and Tavdishvili O.S.

Georgian Technical University

The learning process of formal neuron, error-correction of recognition through the correction of weight
coefficients and neuron threshold is considered. Original description of the recognition process by the formal
neuron is offered. Recognition procedure via formal neurons is used for the description of patterns, error
correction and for the realization of the feature evaluation algorithms. As needed during the learning process
the evaluation of the isolated feature or the whole feature space are carried out according to the correct
recognition criterion.linitial descriptions-templates of patterns are chosen; according to the results of recognition
change-correction of initial descriptions take place; if result of recognition is correct, description will not be
changed, if recognition is wrong, then the error will be corrected. The Error-correction algorithm is an iterative
procedure where every step begins by presenting for recognition of an unknown realization and finishes
according to the result of recognition through the procedures of rewarding or non-rewarding..

In the beginning of learning Algorithm is performed formation of descriptions for the considered pattern
through the realizations of initial descriptions and learning set; then formation of the final descriptions through
the descriptions of the other patterns and their realizations is performed.

Key words: Neural Network; Learning; Recognition.
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JO0MBdR030 35HMA3ZT30L IRIBIBOL S31(IIL035G0S> MATLAB-0L 353(MII63800)

E>HSLgamos 6.4., Fmbmbymodg d.o.

boJodmggmml @gdbogydo 9bogg@dlodgdo

305JBogge  dgHOm@maosdo bdodse  Lokodms m@o ob @sdpgbodg aoblbge-
39990 gobogyg@o Lowowol gOmamygms gobmdgs, don dm@ols ©sdmjowgdygmmgdols
53960l dobbom. ©ogydgom, Lodo®ms ogoyobmon X-Ls ©s Y-l dwdol ©sdmgo-
©gdamadol Lobg y=F(x). sdobomgol suGomgdgamos, §3gommo X bowowg ©s Yogg-
g0 dJobo oagboeno 360dgbgemdolomgols gOm@@Mgms© hogo@odmmn X ©s Yy bogwo-
©99501 25bmg90. a5bmdggdol gogase dogowgdom y=F(x) ©sdmgogdnmgdols jome-
©065® 330l Fygomgdl (Xi;yi), Lopsg 1=12,.,N, bomm n — g@0mdmog asbmdgens
O5mEgbmdss.  3bowos,  gJldg@odgb@ols  dgogase  dowgdymo  XiiYi  JOM@AEobsGgoo
3oblbgoggds 493dom0do Xy gm@obs@gdologsb, asbmdgol LobEgds@y® ©s dgdmb-
393000 30Mdo@gboms 2odm. sdoRmd agds sdmzsbs, XY JMm®obsGgdol dobgwgom
dmgobpobmm y=Ff(x) 9J3960396¢ 7m0 ©sdmoEgdmmgdols bswggnglom s3GmJbodsos.

AmamO ;3 36mdomos, Jbasglo sdmEebgdol sdmblbol Mm3Fodsgrydo Lodygsagdss
9d3009b0  ggo@sGgools dgmmeo. dgmmwols s@lo 0dsdo JpamIo@mgmdl, @md yggemsby
Sbdomnyg®o  0dbgds  Lodogdgao  sbsgnobydo  odmgowgdygmgdols  s@yydgb@gdol ol
db09gbg-amdgdo, Mmdgmmsmgobsi Bybjiool gJbdg@odgb@garo y; dbodgbgamdgdols
Y g96J3ool kgddodoBo  360dgbganmdgdo@sb gosb@oli 3go@s@gdols xodo ogbgds
4diotglo:

n

> (yi—y)’ =min (1)
i=1
hggnewgd®og, Y @odwgbody o@a9dghBols gybjioss: y=f(Xi,OLO,OL1,...,OLm), bo-

53 Olg,0lqye, Oy — 305350 F93@M0L gEbmdo 3mgn0309bHgdos. 35dob N Gomegbmdols
XirYi 9JU39®0396@ 9o Fygomgdol Logydggandg Loko®dms aobolob@g®mlb bsdogdgamo
M+1 GomEgbmdols sGy9dgbGo sbosgobyg®o sdmgowgdymgdols, ®mdgemoE yggesby
9390 5@F9aL y; s X; dobogl, obyy o3 dgdmbgggsdo ¢dodglo ggowds@gool dgmm-
0 dmombmgl dgdogao 3o@mdols gl yangdsls:

n

S [y~ F(x,,tg vt ) = i o

i=1

2obmdgol dgogagdol LEsGobEogy®Mo ©odydoggdolsl ¥dizodgbo  3go®s@gdols
dgomeols godmygbgds Jmomnbmgl dgdwgao 30Mmdgdol aomgoolifobgosl:

— 0M9dgbBgool X; 3b0dgbgermdbdgdo bybFowss (36mdogno;

— 25bmdzol y; dgegagdo gOmdsbgmologeb ©sdmyzomgdgeos s dgoiegl dbm-
g dgdnbgggomn dygbgargdl gOmo ©s 0gogg @olidg@loom;

— Yi-ob gobmdgoms 3mdomgdgdo gobsfoem gdyamos bo@dsmydo jobmboo.

300390 300Mds dJosbermgdom LOYmegds X;-ob Y;-bg bogamgdo omdoggdom
3obmdgol bodxbg. dbm@me Jgdmbggggomo g gbgergdol s@OlLgdbmds doow{ggs  ao-
bmdgol Igogagdoesbh dglsdanm LobEgdo@gao Gemdomgdgdol asdm@oibgol abom.

9d3009b0  ggo@sAgéol  dgmmpomn  dgodengds  dmgsbobme  Lbgowslbgs
Sbogobydo  wodmyogdygmgdols  S3@mJbodsgos.  dogomomse, gl wodmowgdyagds
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F9odangds Foddmwpgbogo 0yl Y = o +bxX +x? +...+ex" 3mmobmdol Lobom, Lowss
a,b,c,...,.e — dydoggdos.

aobgoboanmo 3GsdBoggmo mgoebsb@dolomn d60dgbganmgsbo dgdmbgggs, Gm3s

y = o+ bx (3)

9dioaglo 335005 9b0l dgommeols 20dmyggbgdolsls, Y3080 9o g0 0o,
9463940396390 (X;;Yi) gmO@©BsGgdol N Gomgbmdols Fygomms JHgdymo©sb
303m3m0 9i3bmdo o s b Iyedoggdol olgmo Ygxnsbgdgdo, Mmool @AMLSE doowgds
LY m@0 bsbo, @mdgaroi boygzgmgbme sbsbogh 49ddomod gobssbosgmobgdgen (3) FOggl,
Amd@ol Loggobm 3mgxno3ogbdos b=tgo, boamm m@OEobs@ms @g@dmsb aswsgzggols
Voddogo — (O;00).

9d3009b0  ggo@sBgool  dgommeols  dgbsdsdolop, o  wo  b-b Loyzgmgbm
dgxoLgdgol dgglodsdgds dobodsgnyg@o dbodgbgenmds gdwgao godmbsbyan gdobs:

n
D (i Z[y, (o +bx;) 4)
i=1
bows [yi —(a+bx;)] @0l y; 6)‘5%“’809’{’0 d60dgbgermdgdols po@obdos X =X;-bomgols
(3) geeIgmon gsdmmgmogo dbodgbganmdgdolsgsb.
(4) xodo dobodogng@os, oy dobo 3g@dm [o@mdmgdyegdo o ©s b-mo byeol

Ameoos:

82 —(a+bx,) ] 6Z[y, (o0 + bx;)

=0 & =0 5
oa a b ©
od M@0 gobGmengdolspsb dgoagboeno LolEgdol sdmblbom gdmymmmdn o ©o

b—Ub 3b0dgbgermdoms dgoligdgdls:

5. -SiSe _NSi—SiSs "
Ss ' Ss
n n n n
bowa S1=2 Xis Sp=D X3 Sg=2 ¥is S4=2 Xy;; S5=nS, -Sf (7)
=) i1 i1 i1

a > b=l godmmgmoe 360dgbgarmdoms 49dds@o@msb dosbanmgdols badolbo
Rolgds Jomo Logogm Jgoe@ds@ymo gosb@gdom (Lgy):
Gy =0y+/S2/S5 Gp =Gy/N/Ss
() o oy — ¥ bowowol aobmdgol rmdomgdols LoTgomm 3go@sGH Y0 o@obss
(Lga), Gmdgols dbodgbganmds dgodargds sgommm gsdbmdo Lsdygsagdol Lodsbdm®Em
dmbo(39990005b 5b godmgmgsgmm gm@dyom:

Z[yI (au+bx;)
y = — (®)

(5 n  ©sog30M39d5ms  Gomgbmdss, bmgrm 2 — gibmdbdo  3mggno30gbBgool
OomEgbmds, oby ggligol Jggd 3b0dgbgenrdo N-2 s@ol mogolynagdol bs@olibo). (6)
s (7)) xmadymgdon godmmgagdols ho@odgds, olgzg, Gmamaz (8) wo (9) gm@-
I gd0m  53O™MJLodszool grmdogmgdols dgRslgds, Logdome FOmIs@ggomo sdmizebss,
09935, M5bsdgdmgg 3mI30ygEga gm0 Ggdbmemyogdo, 39MdmE, 3OMAMSIYo 353930
MATLAB 53 25dmmngengdols s3@mds@obgdols Lodygoamgdsls odgmggs. ©og@dybogon sdsdo.

(o)



84 LSISAEMIIRML bSO6IN6A() LOSbLI60, GEORGIAN ENGINEERING NEWS, Me2, 2017

3525@000. JOM-9O00 oM EsdJdbgenols sBgoMmmgols dsbsbosmgdeol sbsygdow
10-x96  3obmdgh  yodmdogogmo U, i dodgolbs  ©>  ©s@godmgsTo e ©gbol
36093690 mdgdo. (i=12,...10 0bpgdlbo dggbsdodgds dodwobsdyg asbmdgsls).

9JU39M039bG o Jmbozgdgdols bMogro sbg godmoyydgds:

i 1 2 3 4 5 6 7 8 9 10
U?)O;] i3 | 5,35 5.2 511 4,92 4,76 4,76 4,5 433 4,30 4,04
I;go(?) i | 105 110 129 148 154 181 190 206 225 241
5.6
5.4
5.2 !'E*
5 e
5 e bob.l. gdl3g@03gb@eo FadGomgdol
o * 806 gds
4.6
44 >
4.2 a\.
4 N
&80 130 180 230

9JL3960396F g0 TgOBoagdols gobgoygdowsb (bsb.l) hobl, @M s30mJlodsizools
256@mEmgds  dgodemgds  ogml  3o@ggmo  bo@olbbols  3manobmdo  U=oa+bl. 3olo
30630980 Lobol  olowpagbo s  omdomgdsms  dglogsligdasw do@esddo
(MatLab, gg®@bos R2013b), o6@dsbgosms  @obyxs®sdo (Command Window) dggo@eboon
dodg0bs o ©gbol dognols aobmdogno  3bodgbgarmdgdo  ggdBm®gdol Lobom, dgdwgy
250530090 APPS hobodndo s Bog@hmmm woens jo Curve Fitting (bsb.2).

3odmbygm  gobyo®sdo, dglodsdol ggangddo, dogygmommo Lakodm dsboggdo (X
data: I, Y data: U), s30mJlbodsizools Godo (Polynomial) s 3m@obmdols gdsmangbo badolibo
(hggbl  Jgdmbggzeodo — 1, @opasb agkodegds [dx030 83OmJbodsios).  dglodsdols
g39e0do  solobgds a®oxgogo gdb3g®odgb@ao FTgd@omgdols ©s boygzgmgbm  F@gogo
530 Jbodsiools gsdmlbsbye gdom.

J MATLAB R2013b

HOME FLOTS

86868 v v o]

et hiore  Install  Packsge Curve Fitting Optimization MuPALD PID Tuning System Signal Analysis

Apps App Bpp Motebook Icdertification
FILE AFPS

g

<A = 5 % 3 » c » ProgramFiles »
Current Folder [GM Command Window
Name > U=[5.35 5.2 5.11 2.92 4.76 4.76 2.5 2.33 4.30 4.04];

NetMeeting A||fe > I=[105 110 129 148 154 1681 190 206 225 241];|

=) [

bsb2 ggJ@mdgdo MatLab-ol 3@dsbgdsms ggenBo
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.} Curve Fitting Tool

File Fit ¥iew Tools Desktop Window Help ¥ A X
g R B = z=nf=lu]
| datwirTulobis maxasiatebeli ITI
Polynomial hd Auto fit
Degree: |1 “
Robust: |Off v

¥ data:

Zdata:  |{none) v [[] Center and scale

Fit Options...
Welhts: [(oone) 3

Results A T T T T T T T T

N
Lingdt model Poly1: + Uvs |
H) =pl*s +p2 . ; ; ;
Cofficients {with 95% confidence bounds 5+ datvirTulobis maxasiatebeli | -
= -0.008952 {-0.01023, -0.007675
p2 = 39 (6.016, 6.462) o
Goodness of fit: 4.5
SSE: 0.04934
R-square: 0.9703
Adjusted R-square: 0.9666
RMGE: 0.07853 - 4 ' ' L ' L ' —
100 120 140 160 180 200 220 240
< >
|
Table of Fits @
Fit name Data Fit type S5E R-square DFE Adj R-sq RMSE # Coeff Yalidation ... ¥alidation .. ¥Yalidation ...
[ datyirTul... |U vs. I |poly1 0.0493 |n.9703 8 |n.9666 |n.0785 4 | | | |
e —— e

65b.3. 536mJLodszool Ygrpgagdo

ageolibdmdols 3G0bizodom, 3M9803096@ o0l 2oblabeg@mols Lobpm  sedsmmds
0.95%-05 (Lobmmdol gl bodolbo bEymose  Logdo®obos Loobgobdm  3@s]@0gzodo,
dog®@sd Lodo@m-gdols dgmbgggsdo ogo dgodangds ggigoemon @gbBol Apps hobos®mols
Curve Fitting Tools @obxo®sBo:  3@dobgdoms  mo630dwgg@mdom:  ToolsL]Prediction
Bounds[] Custom[] Confidence level.

3gobmdol (o3 dgdmbgggsdo, [ORogo gob@margdol) gmgx03096@gd0, 95%-0560
Lbobom  sadsmmdbon s dgbsdsdolo  asbybrg@gammdom, domomgdygmos  mglya@ls
390 do: P1=-0,008952 (-0,01023, -0,0076) wo P2=6,239 (6,016, 6,462). Gmam®; gbgwogm,
309803096 gd0  yomgmomos mmbo bodbso  30g@ol LobylGom, b9 sEgoMmgols
doboliosmgdeols  pobdmegdss U, =6,239-0,008952-1, .. 39900, domomgdygeos

93609b0g@o sbogobols LHGoLE0gY®0 dobsbosmgdangdo (bob.3).

L0BIHOBA IS

L. go. 5godyg, 3. Le@wos. 3Gma@sdygao 353900 MATLAB. -odoanolio, L@y, 2012.

2. . ggModg, ©. dgMosdgomo. dmgmo®gds @opom-LoGgegsmdgbogsgom Lol gdgddo. —mdbdo-
goblo, by, 2016.

3. b, @sGsliganos, Moomysbmdggdo, b. yodgmodols @gesdioom, mdogolo. by, 2016 (gargdd-
Ombymo gg@los).

SUMMARY

APPROXIMATION OF EXPERIMENTAL DATA OBTAINED THROUGH JOINT MEASUREMENTS
USING MATLAB

Daraselia N.M. and Chokhonelidze M.T.

Georgian Technical University

The paper discusses the possibility of searching for the functional dependence between two physical valuesbased
on the Least Squares (PLS) method by using programming package of MATLAB, with an acceptable error and
reliable probabilities, by approximation of the experimental data obtained through joint measurements.
Keywords: experimental data, approximation, joint measurements, MATLAB, least squares method.
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90@SR0 6535R0L LOKISAOL 353H(MAN LOMdIGN 303HMINIIBGME6IR0 LIGLM O
0339RLIB0 333500)

babodg o.o.

baJodmggmml §g9d6ogg®o 9bogg@lodgdo

96903035390 9d@gdol s Fgdbmemyoy®o doboggdol bodxgol ogBmds@y®o
3063®m@obs s bybEo wmbodgdobomgol wowo 360dgbgamds gl dmd@sgo soMswo
bogools  LobJo®ol  (obsbodxol) a0dbmdo  Lgblm@gdols  godmygbgosl. GoGmme
3odm0ygbgds  Lomdy® 3G0b303by ©oxyydgzbgdgmo mg@mdmsbgdmdgBHgmo  Lgblm®gdo.
doo  Bgdboga® dobolosmgdemgdls dg3dom 2obs30Mmmdgol s3mygbgdyeo dy@dbmbdosmy
980999600l Godo s gmblE®yjios. Jogmygmol mg@dm®gbolmmgbol dgi3gersd das-
bodgao  @gdbm@maoomn ©sdbswgdbymo Ia@dbmbosdyg gagdgbBgdom os@bodbymo  igb-
L@ gdols dobogdo Fo®ddmgdol o dgbsdodolo@ mgomwo®gdygemgdol dgdiodgdols dglisd-
Egd@mds dmagas. mdas olgmo dodomswo dsboliosmgdengdo, @mam@oEss asbmdgols
©0535bmbo s> L{Moxdmddgogds 0@ goydxmodglgdbygms. {gdogm dsgmygmmsb dgos-
9600 IsLoy@o 3esbs@yemo mg@dm@gbolGo®gdo 0g@dmsbgdmdgdoge Lgblm®gddo
35dmyggbgoolisl bsgools wsds@gdomo 3yabo@gdgdols FomdmJdbsl 0f39396 dgoodgdom
9BAM sdsa Lohfo®ggdby s 533009696 3obmdgol ©os3sbMbol bgws bergsdls [1].

VgooMgdom  3odao  35M5dgBHMgdom  asdmodbggs Ig@ow-3maodg®  LEGYJG el
dJmbg 0g@Im@gbolim@gdols dsbobg wodbogdyaro Fa@dbmdosdy g gdgb@gdo [2]. o9
Bo3ol  mg@dm@gbolBmmgdo  Fbopegds  Jog@mgaglBOmbogols  3gsbodymo  GgJbm-
@my00m; goshbosmn 306y Loldg (104 - 10°)3; dpa@oemds sp®glogmo as@gdmlowdo;
3505993 M900L Lomdy@o s WAOMomo LEsdogy@dmds [3].

N

A4

\
\ A

[
09630569803 gBH @0 ©EsbSbsOXID™Iol Iy@dbmdostyg gegdgb@o.
1 - 3gBom-3m@odgd bA®yJdy®ol dJmbg as8%bmdo mgd3m@ boliGmaon;
2 - 0gAHInds3mI3gbodgdgao @gboliGm@ol aobmoglgbol syoeo; 3 - ©sdiEogo s@bo.

500500 bogools  Lobds®ol  asdbmdo  0g®Imsebgdmdg@@ygamo  Lgblm@obmgols
539 dogs dy@dbmbdosdyg gegdgbBol sbogro 3mblE®J3os dg@og-3meodgd LEOY)-
AYOol  0g@InagbolGm@gool dsboby. o3 JmbLE®YJ30odo godbmdo s Mg@IMds-
303396LoMgdgeo @gbolBm@goobspsb dgdpasdo do@®ois ododgaos [Oogmo go@-
dob odog o@bdo, GMIgeoi odogg AML odbmd MgA@IMAgbobEBMAL dogrol 390 g-
bdosb  Fo®mdmJdboano  3yeloogdobogeb o@ogl. o3 dgdmbgggzedo  so@s@o  bogowo
3obdmasgl dg@dbmdos®yg gangdgb@Bl @mdaol Loligs dg@og-3meodgd LE®YJE 9@l
0g@3m@gbolAmaol Loljol Fmeros (30339) (bobsbo).
sbgmo  3obl@®ydaools Ia@dbmbdosdy  gegdgbBo  dgbsdangdgeros  gobbogyao
0dbob OmamaE M®asbbmdogngdosbo dOEYg@0 BoORoES. MY 2o3mz04gbgdm  0dyeng-
d0mo  3mb3gdool mgm@osl m@ysbbmdoggdosbo bOFYgo FodBoGolomgol dogowgdm
530 30©gd g gdols Lomdmgswszgdol Lboddgnsg@gls ©s bogomols Lobds®gl dm@ols.
P=P,+kVv" (D)
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Lbowosi P-00g@3dm@gboli@md by godbggemo Loddasgdgs bsgowomn gobkmangolols; Po-mg-
JdgbobBmabg 256bggeo Lboddensgdgs bogooli byamgsbo Lobds@ols w@™L; K-gmgeo-
(30960, OMIgeoE wodmgogdymos da@dbmdosg g gdgbBol bmdgdbbyg; V-bsgowols
LohJo@gs, N=0,5 o o® 03gegds @odobs@yemo bsgo@ols 3oGmdgddo.

Po-oll 0@lgdmds  sOmyegdl  0g@dmsbgdmdgd@ol  bEsGogn®  doboliosmgdganls,
Lofgol  9dobbg  odobobyxgdl  Rybjiombomy@o  sdmgopgdygagbol  Lobgl,  ®o@
dmombmgl 38 9dbol aodm@oibgsl gobmdgol @ML, b sds@gdom Lsjzdome @myen
bmdgdl dobo gofOxoggdbobomgol. (1)-sb godmdwobs®yg dgagoderos ©ogfg@mo.

(P-R)/P =kV" )
bowo K =K/ p,
0 g@dsbgdmdgBO o gblm@ol LEsGogn® dobolosmgdganls dgodangds dogigm
FOxgog0 Lobg @mas®omdygem smm@dobs@godo.

Ig[(P - P, )/ P, ]=1gk +nligV 3)
ooz 19K’ -396 ]300l m@©obs@ol  @g@dmsb  gs053390L  Fg@Gogmos;  N-ggmbyco
3M980309bG0o.

2obmdgol 03 0s35bmbdo  Lowsi N-oll 360dgbgermds  momdol  ¢igegeos,
dglodgmgdganos dgodbols @gomu@o gegdd®mbyemo Jnfymdogmdgdo, GmIgams I¢ds
35M5d9BM90L ool ©sdmowgdagmmgds s@ofg®gds (3) m@dyamom.

09 3530mg5m0b{obgdm,  OmI  dodgol  aobmdgzs  RGM  Sgogmos  go@g
Loddensg@ols s (3)-I aoMsgddbom mdols 3obmbols asdmygbgdom, dogomgdm:

lg|U? -UZ)/uZ]=1gk +nigVv 4)

0d dgdmbgggsodo, dmEgbsi aodmdsgsgo Logbogro goboiol dgdwamd (305369
0539 doggdol, dobobdgfmbognos dobo 0d3yelby@o  Fo®dImagbs. sdobmgols Lodko@ms
do@omo©o  mgAdm@gbolRmaol Fgd3gmsd s dggobs®@bybmmn s@s dolby dmwgdyao

dod30L 5330 ool 3o gbom, sMsdge Iydogo Sd3go@yobs s Logobols djmby
0339 bgdols dofmegdols Lobdo@ols go®odgdom. &3 dgdmbgggsdo (3) doowgdls Lobgl.

Ig[(f — f,)/ f,]=Igk +nlgV (5)

Losi f- 03379algdol dofmwgdol Lobdocgs; fo- 0839algdol LoFyolo LobDodgs.

a3 (5) odmyogdygmgdosb hobls 033ygmligdol Lobdody 2sdbmd mg@Im-
09bolAMObY sdmowgdymos bogowols Lohds®gbyg s 033yeligdols Gomeybmdols wom-
geos  Lodgogmgdsl dmag3gdl @®mols dmgdyer  dgomgodo gobglbobmghmm wobo@®-
X0 5000l InEYEMos.

50bodbyan  3M0b303vg sofym godbmdo Ujgds, @mIganToi hsodonm mg@dmsbg-
dmdgBAOyeo sbsbo@xdbmdo bgdmm gobbogryeo dy@dbmdosdg gargdgb@om. ho@omws
3obmdggdo, @mIangddoiz  agohggbs, @mId (5) odmyowgdymgdoby aobbmzogmgdyao
LJgds oG FoOFHMm  gROM  FoMF0gos  sMsdge  YBem  Igd  LobybRgloi  oderggs
3obmIgolol.  gobmdgol  ©0s3sbmbdo  (dog@ol  bogoswolomgol) 0-309/F3,  aobmdgols
3Mdo@gds (dJo@omso) 0gm sGs 9dgRgl 2,5%.

SQO(%O(%@)?](%

[1 [ L, O 1990.
2 CITTITIITT (1.7, T 0] COITI ] (I O] CITI G ) COT L
LULLUJLUJJJJUJLJ//LLLLLLLLLLLLLLLLUJLLLLLLLLLLLLLLLLLLLLLUUJD9 1991, [d. 70-71.

3. Chikovani R, Khachidze N, Khachidze T. Sensors of environmental parameters based on microelectronic
technology. //Microsystems research & technology news, #1, 1997, pp.4-6.

SUMMARY

THERMAL MICROELECTRONIC SENSORS OF AIR FLOW RATE MEASUREMENT WITH IULSE
POWER

Khachidze T.I.

Georgian Technical University

A novel sensor for thermoanemometric flow metering presented. The sensor is 30 um and can be considered a
two-dimensional plate. In the sensor a method of pulse heating is employed. As a result, the flow rate depends on
the pulse frequency, and not on the voltage. This, on its turn, facilitates digital processing of the output signal.
Keywords: thermal microelectronic sensor, flow metering, sensor pulse heating.
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CTATHUKA ABCOJIIOTHO T'MBKMX CTEPKHEM, HATPY KEHHbIX
COCPEJOTOYEHHBIMH CHJIAMM B IIOTOKE BO31YXA NJIN KUAKOCTHU

Apxanns 3.M.
I'ocynapcTBennsblii yaupepcnter Axkakus Lleperesm, Kyrancn

AOGCOmIOTHO THOKHME CTepHH (IIIaHTH) (CTEP)KHM Y KOTOPBIX HM3TUOHBIE W KPYTHIBHAs
JKECTKOCTH PABHBI HYJIO) UMEIOT OYEeHb IIMPOKOE PACIPOCTPAHECHUE B CAMBIX PA3IHYHBIX O0JIACTSIX
TexHUKU. K abCONOTHO TMOKMM CTEpXKHSIM B MPHKIAJHOW MEXaHWKE MPHUHSATO OTHOCUTH MPOBOJIA
JUHUAW 3JIEKTPOTepeiavyr, [UIAHTH, HWCIHONB3YIOIIUECsS JUIs TEepPeKayKd IKUIKOCTU. JICHTHI B
JICHTOTIPOTSDKHBIX MEXaHU3MaX, JICHTOYHBIEPAIUaTOPhl, KOCMUYECKUE TPOCOBBIC CHCTEMBI H T.1I.

Ha puc. 1 - 4 nokazaHbl peaJlbHbIe KOHCTPYKIIUH, COJEPKAIINE IIEMEHTHI, KOTOPhIE MOXHO
paccMaTpuBaTh Kak aOCOIOTHO THOKHE CTEP)KHU.

Puc.2

Puc.3 Puc.4

Ha puc.1 npencraBieH ydacTOK JTMHHMHM JIEKTPOINIEPENauH, HAXOIALIEHCS B IOTOKE BO3yXa;
Ha puc.2 nzo0paxeHa Mopckas maTdopma, MoJoKeHne KOTOpor (PUKCUpyeTCs: TPOCaAMH.

Ha puc. 3 nokazana no3anpaBka caMoJI€Ta B BO3yX€E M IUIAHT, IO KOTOPOMY IE€peKaunBacTCs
roprouee, MOXXHO pacCMaTpUBaTh KakK aOCOIIOTHO TMOKHUI CTEpKEHb.

Ha puc. 4 nokazaH IUIaHT, KOTOPBIM UCHOIB3YETCA AN MOABbEMA MOJE3HBIX MCKOMAEMBIX CO
JTHST MODSL.

IIpn maHHBIX ciydasx Ha CTepKEHb OJHOBPEMEHHO NEHCTBYIOT COCPENOTOYECHHBIE CHIIBI U
pacrpeneneHHble a’pOJINHAMHYECKHNE CHIIBI, IIO3TOMY OKHIAETCS CYIIECTBEHHOE  yBEIHMYEHHE
MaKCHMAaJIbHOTO 3HAYEHHUS HAPSHKEHHSI B CTEP)KHE, YTO MOKET IPUBECTH K aBapuH, IO3TOMY padoTa
MOCBSIIIEHHAs! METO/IaM PacyeTa TaKuX CTePKHEH, SIBISAETCS HHTEPECHOH.

Ha puc. 5 u 6 npencraBiieHa pacdeTHas cxeMa CTEPXKHS, HAXOIAIIETOCsT B IMOTOKE BO3IyXa
WM JKUAKOCTU. B mepBoM ciydae (puc. 5), KOrja IijlaHTH Harpy»XaroTcsl COCPETOTOUEHHBIMH CHIIAMH

F_’l(l)..ﬁ(n). Bo Bropom cnywae (puc. 6) (Hampumep, mpu NOAbEME TPyHTA CO THS MOpS) HUIAHTH,
MMEIOIIHE OILIABKU,HArPYKAIOTCS COCPEAOTOUCHHbIMY cuamu Apxumena B...P,, nefictByrommmu
Ha TIOIUIAaBKM KOHEYHBIX pa3MepoB. I[IOTOK KUAKOCTH, NEHCTBYIOIIMM Ha TOIUIABKH, BBI3OBET
COCPEJOTOYECHHBIE CHIIBI lfllfn (puc. 6), KOTOpBIE IPH ONPEAEICHUN PAaBHOBECHOH (DOpMBI IIJIaHTa U
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HaTsOKCHUA HGO6XOHI/IMO YUYUTHIBATh: O0a PaCCMOTPCHHBIX CiIydad € TOYKH 3pCHUA aJITropuT™Ma

pacuéra PKBUBAJCHTHBI, TaK KaK, 3aMEHHB Ha pHC. 6 CHIIBI Pj " Fj WX PaBHOJCHCTBYIOIUMH,

o 1 n
IMOJIYyYUM MIJIaHT, HAarpy>XCHHBIMU3BECTHBIMU COCPEAOTOYCHHBIMU CHJIIaAMHU P( )P( ) MOI[yJ'II/I CHII

F....F, ompenensrorcs skCIepUMEHTAIBHO JUIS KAKI0H KOHKPETHOH OPMBI COCPEIOTOYCHHBIX MAcC.

I[HHC(I)GPI/I‘IGCKI/IX TCJI HAIMPaBJICHUCBCKTOPOB Fj COBIIAJAaCT C HANPaBJICHUCM BCKTOpPa CKOPOCTU

noroka V,. Jlng apyrux ¢opM cOCpPeOTOUEHHBIX MAcC, OTIMYHBIX OT cephl, HAPABICHHE CHII Fj

MO>XHO B 3aBUCHMOCTH OT yIIa & (pHUC. 6) ONPEAETUTh AKCIIEPUMEHTAIBHO.

Py W —
X.?
Puc.5
P..
X d = AWpr
e s — — | — % '
== P i ""7 j — =
Vo 1 2 /—\—:
\“ — |— A |
- —_—
\ —— Az e, 7 R =
== < i, X . e
- q— F —_— i
= T T
W = X
® S sl Sy o o
w4
Puc.6

s onpenenenuss GOpM PaBHOBECHS CTEPXHS U OCEBOTO YCHJIWS IPH JACHCTBUU BHEIIHETO
MOTOKa IKUJIKOCTH W COCPEIOTOYCHHBIX cui (0e3 y4éra BHYTPEHHETO II0TOKa) TIOJb3yeMcs
YpaBHEHUSIMU PaBHOBECHS CTEP)KHS HA y4acTKaX MEXIy TOYKAMH IPHIIOKEHUS COCPENOTOYCHHBIX

CHJI, KOTOpPBIE B Oe3pa3MepHOil (popme 3arucu UMEIOT BU/I:

doty) _
QXi +qg>1<i) _52
de

(i=123),(j=12,...,n) (1)
dXi(j) Qxi(j)
ds Q[

U YPaBHCHHUAMH PABHOBCCHA IIOIIJIABKOB KOTOPLIC, B HNPOCKIUAX Ha JACKAPTOBLIC OCHU KOOPAWHAT

=0

HUMCIOT BU:

Q) (;)+Q" (&) +F; cosa =0
QM (£,)+Q™ (&,)+PV =0 (j=12,..n) 2
—Qg)(ej)+Qg”)(gj)+ F;sina=0
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(i) (i+1)
rie Q = Ql(g) - oceBoe ycuiue B crepikue, Q' (&) u Q £j ) OCEBBIE YCHIMS B CTEPIKHE
. . k
COOTBETCTBEHHO B KOHIIE j-Or0 y4acTka U Havaye (j+1) ygacTka cTepiKHs. p! )(k =12, ..n) - cocpe-
JOTOYCHHBIC CHIIBL, & - Ge3pasMepHas Qyrosasi KOOpPJAHMHATA, &, (k :1,2,..n))1yr01351e KOODIMHATHI

TOYCK MPHIOKCHHS COCPEJOTOYCHHBIX CHI, O, cuMBOI KpoHekepa, qgj)- a’poIMHAMUYeCKast
(ruapoaMHaMMYecKas) paclpesieieHHas Harpy3ka, X; JeKapToBble KOOPJHHATBI TOUKH OCEBOH JIMHUU
MUTaHTa (CTePIKHS).

['uaponuuamudeckue cuitbl F; 1u1st chepudecknx normiaBkoB MMEKOT BHL:

_ 1 CxBVS T Dk2
8 mol
rae Dy JHaMeTp IOIUIaBKa, B miotHOCTE BO34yXa WJIH )KUIKOCTH.
IIpoekuuu THIPOIMHAMUYECKUX PACIPENEIECHHBIX CUII JUIsl Cllydas, KOI/la BEKTOP CKOPOCTH
IIOTOKa VO napanneneH IIJIOCKOCTHU X10X3, paBHblt

o ci _dx 2
Oox, =0noSINQY, | COSx ECOS% +Qy, COS™ @,

i

[
ds’
dx, .

q, =-0q,,Sin2 %+q cos’
%y no @, ds o @, ds ’

i i dX3 2 dX3
Uy, =UnoSINQ, | SINX _ECOS% +0y, COS° @, —

ds
dx, dx; .
e COS@, =—+CoSa+—sina
ds ds
1¢g0v] 1 c,zdvgsign(cos g, )
O =75 =7 10

2mg 2 m,g
Pemenue ypasHenuii (1) ¢ yuérom (2) JOIKHO YIOBJIETBOPATH CIEAYIOUIMM KPAE€BBIM
ycnoBusiM: mpu £ =0, X =X, =X, =0

pH e=1 X =Xy X =Xy % =0 3
%1 yCHOBI/IHM CTBIKOBKH yT-IaCTKOB IJia"dra
XV (z;)=x" (&) (i=1,23) (j=12....n) (4)
cucteMmy ypaBHeHn# (1) MOXXHO TIepenucarh B CIEIYIOMEM BUJIC
Q) () (i) ()
dSl :fl (va Qx27Qx3’X1 1 X5 X3 )
0 ) a0
=1, (U, Q2. o 5, )
(i)
dQ, _ f3(Q£1n’ QW QU X1<j>,xgj>’xgn)
ds (5)
dQy () A A o) o) o)
d—sl: fA(Qxl1Qx27Qx3’X1 X3 X3 )
Qo o
=1, () Q. QUL K )
Q) ) o
= 1, (0, Q2. ol X1 )
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Ecim BBectn 0603Hauenue Q. , =Y, (i =45, 6) u X, =Y, (i =1, 2,3) , TO CHCTEMa ypaBHe-
HUi (5) mpuMeT BT
y () _ _ _ . . , ,
dd.s _ fi(J)(Yl(l)’Yz(J)'Y3(J)’Y4(J)’Y5(J), Ya(j)) ©6)
(i =1 2,...,6) (J :1,2,...,n+1)

a KpaeBbIe YCJIOBHS (3) U YCIOBUS CTBIKOBKM YYacTKOB CTEp:KHS (2) U (4) mIpUMYT BUA

Y (0)=0 Y" (1) =X, (i=123) ()
Y (&)=Y () (i=1,2.3) (j =12,...n) (8)
mve (gj)Jr Y‘f"“)(gj)jt F,cosa=0
Y (gj)+ Y5<i+1>(gj)+ PY =0 (j=12,..,n) ©)

Y (&) + Y (£,)+ Fysina =0

Eciu Ha KaX70M OTpe3ke [5 15 €] ] BBECTH 0003HAYEHHS

£=""511 (0<e<) (10)
E—&,
Y (£)=Y, (gjﬁg(gj _gH)) —ul(¢&) (11)
TO U3 CHCTeMbI ypaBHEHHH (6) u ycnosui (7) — (9) momydyaeM clieAyrOIIyI0 CUCTEMY YPaBHEHHUH
dU-(j) ) . . ;
- FU) (Ulu)(5)“9)(5),_._”9)(5)) (12)
Ul (1)=u"(0)= X, (i=12,3) (13)
U@ (1) =ul (0)(i=1,2,3)(j =1,2....,n) (14)
~U(1)+UP™(0)+F, cosa =0
_u§1>(1)+u§"+1>(0)+ Pl =0 (i=12,..,n) (15)
(

rae 0<£<1. Cucremy ypasuenmii (12) — (15) permaeM METOIOM KOHEYHBIX Pa3sHOCTEH, KaXKIIblii

1

HHTEPBA 0<§U)<l, pasoObem Ha M; paBHBIX YacTeid; lnnHa Kaxaoro orpeska Oyzet h j=—-
m;
N
Koopaunara Touek jaencHus OyneT 551) =— (I’ =01,..m j) Cuctemy ypaBaeHuit (12) 1 ycrmoBus
m.
j
(13) — (15) mpuBeném K crcTeMe anrebpandecKuX ypaBHEHHH OTHOCHTEIHHO HEM3BECTHBIX

u4 =U.(j)(§(j))=u.(j)(§(j)) (16)

UlY =0 U =, (i=1.23) 0
uld U (1=1,2,3)(j=12,..n) (18)

1L,m;
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D +UY +F cosa =0

m;

m;j

U}
U UM+ PY =0 (j=12,..n) (19)
-U{!

D UM +F sina =0

m;

0 _uy-ull U (") +u ()

rne UY =
r-E 2 2
(i)

U3 ypasnenus (16) Hajo onpenenuts HeuspecTHbie U, [’ KOTOpBIE Y/I0BIETBOPAIOT YCIOBUSIM

(17) — (19). HOnst pemieHust 3TOM 3amadd MCIOJIb3yeTcst MeTon HbroToHa. 3amaroTcsi HEKOTOPBIE

(i)

Ha4daJIbHBIC HpI/I6HI/I)KeHI/IH Ui ¢ » AaJICC Ha KaXIOMHUTCpallUM IIOJyd4acM IIOIIPaBKYy ZI( :_) K JaHHOMY

()

MPHOIIKEHUIO UI . » TaKy1o, uTo ypaBHeHus (14) u ycnosus (17) — (19) a1 yTOUHEHHOTO pEIIEHUS

Ui(r) + Zi(r), HCIIONIB3YEeMOT0 Ha CICAYIONICH UTEPAINH, YAOBIECTBOPSIIOTCS C TOYHOCTHIO 10 TIEPBOTO

MOPSIZIKA PA3JIoKEHUs B Psii 110 Zi(:) T. €. OTHOCUTEJIBHO MOIPAaBOK Zi(:). B pesynbrare momydaem

CUCTEMY JINHEWHBIX YPaBHEHUM BUJA.

Ul 20 -ull sz,
~F|U

hj 2 2 2

>, OF - : : _
& [u;yl,ug 1,...,Ué’r>lJz(Jr) -0 o0

a=1 %q T2 T2 =) 93
(j=12...n+1)(i=12,,6) (r-01..,m))

Ui(,i?; +Zi(,£r3,- :Ui(,g)+1) +Zi((j3+l) (21)

Uz(t,Jr)n,. +Z£(1,jr21]- ~u —z0m _FW cosa =0

Ul +2i, ~UiY -z -pY =0 (22)

Uf(i,jmj +Zé,jm _Uéjoﬂ) Zéjoﬂ) + F(J)Slna =0

zijr)i+zgf2
AL
ar: 2

Takum 00pa3oM, Ha KaXJIOW UTEpaIllUy TIOIydaeM JIMHEHHYI0 KPaeBYy0 331a4y OTHOCHTEIILHO

HEBA30K Zéjr) . Ecnu 5TH HEBsS3KM CTAHOBATCS Ha HEKOTOPOH HUTCPpAILMH JOCTATOYHO MaJIbIMHU U IIpU

sToM ypaBHeHus (20) u ycnoBus (21) — (22) ynoBIETBOPSIOTCS ¢ 3aJaHHOW TOYHOCTHIO, TO UTEpa-
LIIMOHHBIN MPONECC MPEKPAILAETCS .

B kauectBe mpuMepa pacCMOTPHM YHCICHHOE PEIlicHHE YPaBHEHHI PAaBHOBECHS CTEPIKHS C
COCPEI0TOYCHHBIMU criiamu (N=9) co CIeAYIOIUME pa3MEPHBIMU 3HAYCHUSIMH TTapaMeTpoB: 1=200m,

Xy =120M, X, =80M, M;=12.9xr/m , d=0,27m, |q|=270m/m, B=1000xr/m, Dy=1,94m, PO =593kn,
S=20M, (S anMHA Y9aCcTKOB MEXTy MOTUIABKAMH).

. -3
YuciieHHOE pellieHre ypaBHeHui npoBoamiu ¢ TounocTbio A =107, Ha puc. 7 u 8 nokasa-
Hbl (DOPMbI OCEBOW JIMHUW CTEPXKHS B 3aBUCHMOCTH OT MOMAYJIS W HANpaBJICHUS BEKTOPa CTOPOCTH

OTOKA V,, . PaccMaTpuBaiich 1Ba 3HaYCHUs CKOPOCTH MOTOKa Boasl: Vo =0,75m/c n vy =15m/c.

0
@dopMBl paBHOBECHs IIUIAHra, TPUBEICHHBIE HAa pUC. 7, moiaydeHbl npu yrie o =45". Ha puc. 8
npencrasieHs! popMsl paBHOBecust uutanra (1,2,3,4) mpu pasHbIX CKOPOCTSX moToka V u yria o :
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1)V, =0,75m/ ¢, e =135°;

2) V, =15m/c, a =135°;

3)V, =0,75m/c, a =90°;

4) V, =15m/c, a=90°.

Ha puc. 9 u 10 npuBeaens! rpaduku Q; COOTBETCTBEHHO, IS YIJIOB X = 45° u o =90°.

0,6 - X5
g vp =0m/c 0,6

/ =
0,3 /

0,3 0,6
g > K.
; 7
vo=1,5Mm/c|
0,3
X3
puc. 7
Qo =45 Qo g=g0r
04 . . 04 ,
/‘/L v, =0,75Mmlcy, =1,5Mm/d /[/L W v =1,5m/d
0,2 y 141 A \ 0,2 AVAL IA/&_A__)v‘
\ vo _'6 2 == ol S 3~ VO :0’ 75m/c M)\'N
0 0,25 0,5 0,75 n 0 0,25 0,5 0,75 n
pmc. 9 p=c. 10

W3n0xeHHBIN MCTOJ PCHICHUA HEJIMHEHHBIX YpaBHCHUHN PABHOBECHUA a0CONIFOTHO THUOKOTO
[uIadra, Harpy>X€HHOIro COCPEAOTOUCHHBIMHU CHUJIaMU, U PacClIpCACICHHBIMHA TUAPOANHAMUYCCKUMHA
ChJIaMH TIO3BOJIACT OHNPCACIIUTHL KakK q)OpMy OCEBOH JIMHUU [uIaHra, Tak M OCEBOC YCWINC IIpU
MMPOU3BOJIBHOM HAIIPABJICHUM BCKTOpAa CKOPOCTH BHCHIHCTO IIOTOKA KHUAKOCTH. ILTISI yueTa

BHYTPEHHETO IOTOKA JKHMJKOCTH JOCTATOYHO K OIMpPEIeIICHHBIM Ql(g)IlOGaBI/ITI) (P+n1W2), rae

P- naBnenue B xuaKocTH; N; - Oe3pazMepHas Macca xuakoct; W- cKopocTh BHYTPEHHOTO MOTOKA
KHUIKOCTH (YCpEIHEHHAs TI0 CEUYEHUIO).
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SUMMARY

STATICS OF ABSOLUTELY FLEXIBLE BARS LOADED WITH CONCENTRATED FORCES IN
THE AIR OR A LIQUID FLOW

Arkania Z.M.

Akaki Tsereteli State University, Kutaisi

Wedeveloped an algorithm for solving the problems of statics of absolutely flexible bars loaded with
concentrated forces in the air or a liquid flow.By the algorithm, the shape and axial tension of the hose for any
direction of the external liquid flow can be determined, as well as thehose strength can be assessed. The
algorithm allows solving the problems of the hose statics considering the internal liquid flows in the hose.
Keywords: hose, absolutely flexible bar, concentrated forces.
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SUMMARY

SOME ISSUES OF THE ASSESSMENT OF AN ELECTROMAGNETIC SITUATION IN THE RADIO
COVERAGE ZONE

Zurabishvili V.1., Svanidze T.S., Laperashvili D.L., Beriashvili D.B. and Peradze L.V.

Georgian Technical University

The issues of the estimation of an electromagnetic situation in the radio coverage zone are discussed. The
evaluation is carried out based on practical measurements and theoretical calculations at control points, taking
into account the existing background. Plots of the dependence of the flux density on the distance of the reference
point to the antenna are constructed.

Keywords: radio coverage, electromagnetic situation, electromagnetic field, electromagnetic background,
electromagneticflux density.
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CONCEPTUALITY OF THE FIELDS EXISTING IN NATURE
Kadagishvili L.G.

V. Chavchanidze Institute of Cybernetics, Georgian Technical University
Georgian Engineering Academy

Abstract. The paper deals with the conceptuality of the fields existing in nature. The single carrier of the source
of all fields existing in nature represents elementary particles, which are themselvesconceptual. There are four
states of matter: solids, liquids, gases and elementary particles. To these four states, conceptually adds the
vacuum. It turned out that elementary particles emerge from the vacuum. The vacuum is a certain potential state
of all kinds of matter. There are two simple notions: the torsion field and the vacuum. Hence the quantum
representation of the spin that generates the torsion field affecting only the objects having the spin is confirmed.
Similarly, the torsion field is independent and its existence is determined by the spin and depends neither on the
mass nor on the charge. It is an independent physical phenomenon in nature. Thus, the fields existing in nature
are conceptually interconnected.

Keywords: elementary particles, states of matter, vacuum.

The source of every field existing in nature is a single carrier — elementary particles. The
particles have an independent property —they are themselves conceptual. For instance, to an electric
charge, there corresponds an electromagnetic field generated by this electric charge, which acts only
by electrical action.There also exists the gravitational field, the carrier of which is the mass. The mass
generates its own field which is determined by Earth’s gravity. The gravitational field affects only the
mass. If we follow this logic, there is also a formation of the third significant field, which is
determined by the interaction of positive and negative charges called a spin. This is a torsion field
which also generates its own field called a torsion field, and which affects only the objects having
spins or spinning objects. In general, as we speak aboutthe electric fieldthat is generated by a charge,
in the case of the torsion field, the latter could be generated as by a common spin, an elementary
particle spin, so also by a macroscopic spin. Spin (twist) is a main characteristic of the torsion field. A
spinning wheel of a vehicle or a bicycle generates a torsion field. Thus, the field generated by spinning
differs from other ones. It is noteworthy that emerging tornados generate strong torsion fields,as such
a field (torsion field) is capable of tearing trees off the root. This indicates that, at least at the
macroscopic level, the nature contains at least three fields that are independent physical objects.
Therefore, it is obvious that an electromagnetic field is generated by a charge and in no event it
depends on the gravitation field, i.e. on whether the charge is on the object having the mass or not.
Similarly, the torsion field is independent, its existence is determined by spinning, and it depends
neither on the mass nor on the charge. This is the independent factor in the nature.

Torsion fields as a cosmophysical phenomenon, their properties and emergence in nature
represent the manifestation of interaction of physicochemical and biological processes. Their
conceptual dependence reveals the spectrum of phenomena that cannot be explained in the framework
of modern science. This suggests that science in its current form and nature may be inadequate more
trivially than is usually considered. Fact remains that such phenomena exist and comprise the ones
generated by the spin which are torsion fields.

Torsion fields are unusual physical objects. If in electrodynamicsthe same charges repel each
other and the opposite charges attract each other, with the torsion fields (spin objects), it is vice versa:
the same torsion fields attract each other and the opposite ones repel each other.There are torsion
waves that do not screen with the environment.

Torsion fields are naturally and closely related to the gravitational and electromagnetic fields;
they can be introduced by G.l. Shipov’s theory. It shows that the torsion field problem can be
efficiently solved using the vacuum Einstein equation.

This is the first real and scientifically recorded effect of excitation of physical vacuum. This
does not mean that this effect was not known previously. In ancient times it was used more widely
than nowadays. Egyptian pyramids are the most famous generators of torsion fields. There are various
effects related to pyramids: self-sharpening of a razor blade, long-time storage of food stuffs at room
temperature without a refrigerator, and also strange and unexplainable deaths of people. Very
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observant people notice that the same coffee has different taste when they drink it from different cups.
These are the first, easily observed signs of the effect of excitation of the physical vacuum.

Modern physics considers the physical vacuum as the fifth state of matter. There are known
four states of matter: solids, liquids, gases and elemental particles. It turned out that elementary
particles emerge from the vacuum. Is a certain potential state of matter of all types.. When they began
studying the vacuum, the fifth state of matter, analytically, a new type of physical fields was
discovered.These fields are called torsion fields. It was revealed that their exist the fields the source of
which is any spinning matter.Thus, everything that spins in the world generates static torsion fields.
We have two simple notions: the torsion field and the vacuum.

We can tell a lot about the zero vacuum. In short, it is a potential state of all kinds of matter. At
the same time, the matter can exist in a latent form (inaccessible, invisible to our sight), in a certain
potential state. We register the matter when it emerges from the vacuum. When the matter is in the
vacuum, it is in a quasi-latent potential state. There are simple notions expressed by an American
scientist. Essence is the following: a single carrier, elementary particles, is a source of all fields
existing in nature. The particles have an independent property, which is an electric charge To this
charge, there corresponds an electromagnetic field generated by the same charge which affects only
electrical charges. There is another independent property, which is mass. The massgenerates its own
field, a gravitational field which affects only the mass. If we follow this logic, there is the third
independent parameter — the spin, a quantum analog of a spin moment, which also generates its own
field that is called a torsion field. The torsion fields affect only the objects possessing the spin, when
we speak about the electromagnetic field which was generated by the charge. These fields can be
generated by any charge. Such can be an electron charge as an initial one. It can be considered as astar
charge. We say that the torsion field can be generated by a spin, spinning of the elementary particle
and macroscopic spinning.A spinning wheel of a vehicle or a bicycle generates a torsion field by the
fact of its spinning. This indicates that, at least at the macroscopic level, nature comprises minimum
three fields, which are independent physical objects. Hence we saythat the electromagnetic field is
generated by the charge and in no event it depends on the gravitational field, i.e. on that the charge is
on the object having the mass or vice versa. Similarly the torsion field is independent and its existence
is determined by the spin and depends neither on the mass nor on the charge. This is an independent
physical phenomenon in nature.

REFERENCES
1. V.I. Mamasakhlisovi, 1.Sh. Vadhakidze, G.A. Chilashvili. Quantum Mechanics. — Thilisi State University
Press, 1978.

PE3IOME

KOHIENTYAJBHOCTb MOJIEM, CYIECTBYIOIINX B IPUPO/IE

Kaparnmsuiaun.JI.I'.

HucruryT kubepueruxku uM. B.B. Uapuanuaze ['py3MHCKOro TeXHU4ECKOI0 YHHBEPCUTETA

I'py3snHckas nHkeHepHasi akajaeMust

B cratee paccmaTpuBaeTcs KOHLENTYaJbHOCTh IMONEH, CYIIECTBYIOIIMX B INpHpoje. EAuHBIM HocuTenem
HCTOYHHKA BCEX HOHeﬁ, CYIIECTBYIOIMUX B TMPUPOJAE, ABIAIOTCA OJJIEMCHTAPHBIC YaCTHULBI, KOTOPBIC
KOHIICTITYaJIbHBI CaMH 110 cebe. M3BecTHBI YCTBIPE COCTOAHUA MATEPHUU: TBEPABIC TCJa, XUAKOCTH, I'a3dbl MU
3JIEMCHTApPHBIC YaCTUIBI. KOHHCHTyaI[BHO K OTUM YCTBIPEM COCTOAHUAM )1063.BJ'[$I€TC$[ IATOoC — (1)1/I3I/I‘I€CKI/II71
BakyyM. Oka3ajoch, 9TO 3JEMEHTApHBIE YacTHIBl BO3HHUKAIOT W3 BakyyMma. Bakyym 53To ompeneneHHOe
MNOTEHIMAIbHOE COCTOSIHME BCeX BUAOB Marepuu. CylIecTBYIOT JBa MPOCTBIX MOHATUSA: TOPCHOHHOE IOJE U
BakyyM.OTcloJja JOrM4ecKd HOATBEP:KAAETCS KBAHTOBOE IPEACTABICHUE CIHHA, CO3AANOLIET0 TOPCHOHHOE
nosie, KOTOpOoe AEHCTBYET TONBKO Ha OOBEKTHI, O0JIaJAIOIIME CIIMHOM. TOYHO TaK jXK€ TOPCHOHHOE II0Jie
HE3aBUCHMO U €r0 CYIIECTBOBAHUE OMpEENAETCA BpallleHMEM U He 3aBUCUT HU OT MAcChl, HU OT 3apsaja. JTo
He3aBUCHMOE (U3MYECKOoe SBICHHE B MPHPOJAE. OTO 3HAYUT, UYTO CYIIECTBYIOIIHE B MPUPOAE IO
B3aMMOCBA3aHbI KOHICIITYaJIbHO.

KiroueBble cjioBa: 3JIEMCHTAPHBIC YaCTUIBI, COCTOAHUE MaTCPUH, BAKYYyM.
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SUMMARY

ECONOMICANALYSIS AND THE PROSPECTS OF DEVELOPMET OF BATUMI SEAPORT

Jijavadze N.O.

Georgian Technical University

Today, due to its history and geopolitics, Georgia as a subject of international law, and an independent and sovereign statehas
an opportunity to be completely engaged in economic life of the modern world. Due to its potentialities, Georgia can reach
economic well-being and increase the material well-being of citizens. These goals can be achieved only by wide development
of maritime infrastructure.

Keywords: seaport, economic analysis, maritime infrastructure



102 bSISFN3IL N bSO6IN63() LOSERI6(), GEORGIAN ENGINEERING NEWS, M2 2017

0)56533R@(M3I 33IBM60L 65@IFOL RO3GMIAIBISOL 0G0 SKO 3MMNbM363d0
do@05dgomo 3.0, LdAxXGgesdy b.g., aMam@sn@0 0.3, Jo0sd>dg 0.0.
blo3 g@ogmm Fgmygzodol badmm obbEodgdo

b5d@mdol Jobobl Fo@dmoagbls mobsdgodmgg bg@Bmbols bodmggol  3md3mbgb-
Bgdol wobsbosmgds, domo bgdmJdgogds  dgBmbol  mgoligdgddby, Bolby, gzmenmgosby
> dom  dm@ol 30m39bG Yo mobsgs@momdol  oagbol  doMomswo  Lsgombgdols
dobbogngs.

b9Bmbol Bgdbmermaool sdydoggds ofygds bodggol sd@mmyd@gdom, Gmdgols
boggygdggenl 3md3mbgb@gdols dg@bggs ©o dom dm@ol 0sbsgo@mdols oEagbs Fom-
dooEagbl.  3md3mbgbdgdol  dg@hggs  ©odmgogdygmos oo  Labgmdobyg,  gobogy®-
39560396 m30Lgd9dbyg, bgasgmgboby dg@mbols mgoligdgdol dsbolosmgdbangdbyg, mgom-
©0MgoYmgdsls s gammmaosbyg. o3 dgdmbgggsdo ogyaolbdgds d9@mbdo swsdosbols
xobdOmnganmbolimgol dogbg bogmog@gdgdol oy gbs.

5d0@dmd bsdOMITo gobboenygano Logombo sJGyoy®, EOMY, 59E0@ o e ©
Lako®m bsdg360g0m-@gdbmammaoyg® Lsgombl (o@dmomagbls [1-16].

b9B™bol Lod@gozg [oMdmoagbl dob o@s dobogoeb, o®sdge  Rodomdomn mgo-
Lgdol. 00 sdmgoEgdyeos bodydol  bmIsbyg, sbsgbg, aodgs®gdols obBm@osby, yodm-
Loegemo dnfym-doamdols Loddgnsgmgbyg, asbog dgboywgs s@dgboywgaby, wo@gom-
0gol LobJs®gbyg, godg dogols aobofomgdsby s bbge.

5do@dmd  d9Hmbol  sbsbosmgds  dolo  Lod@gzoEol  dbodgbgarmdols  dobgogom
30030005, 56 s@ol Igedogo s Ybogg@dLsmy@o.

doomomo, 5dgMogzol dgBmbols 0bbEo@yBol dJobgwgom 1984 Fanowsb  dsmomo
LodB ool dgpmboe omgamgdmes 41 dgads-b dJmby dg@™bo, beeem 1992 §geowsb
55 3g3o-L 3Jmbg dgBmbo. bmy @gyombdo 60 dgads LodBgozg omgengds dowogn Lodd)-
30369 bmasb 30 dgads. sdol dobgbo m@os: dmmbmgbs s dglodengdanmds [4-8].

Loghome 39969630, Lowsi (o@dmgds domogr ©mbgbgs dowogno  Lod@ ool
dgBmbo omgemgds  3yddgoby 41 dgpdo-ob 55 dgy3s-dwg Lodd ool dJmbg dg@mbo.

dopomomolbngol, 6gBmbgdol  gesboggogszos 39ddgeby Loddgzocol  bwg@ols
dobgegomn  gdwgaos 1) bm@dogny@o-bEsbps®@yao  20-50 dgads. 2) dowoo
Lod@gogol  50-100 dgy3s. 3) gao@@s-domogro 100-150 dgp3s. 3) L3gEosmy@o>150 dgy3s.
sOLgdmdl  gobgodgmgyo, 3m@mbosdgogao, do®mdggao, sMEYISgogyo s Ubgs
Godols  dgBmbo [4-6].

39B™bol boMgzol o3MmmygBgdols Lofgol, Lom@gsbobozom  g@e3l [omdmsw-
396L  Bgdbogndo @ogoemgds. 0y dgoagbogos 3mbiMgB o 30mgddol dmmbmgbgdols
‘dglodsdobsg.

Aa9dbogn®o  ogomgds dgosegl  dgBmbol  LodGzoEydo mgoligdgdol, @gze-
©mdol Jmpyaol 360d3bgamdsl, yobgodgogamdols do@gol, 3mbz®g@yer dmmbemgbgdls
306OMb0sdggamdol, Jo@mdgogamdol, ©sdEYIsdgogamdols s  Lbgs  mgolbgdgdols
dobolio-smgdgams 3b0dgbgermdgdl.

d9H™bol bodggol doGomswo 3md3mbgbBgdo [1-16]: (39996@0; Fyosmo; @m@mo, b
b@gdo (Ibbgoaro dgdglgdo); Jgods (FgMoao dgdglgdo); Logrogs@ado I@gg@o; (gdo-
o sgdgoamo 33om3Eol Jgods; goddzol gbgbogmo; dmdm; 3anslBogogsdm®o; dow-
A5@5300L dgdbgem gdgemo o wodshJoMgdgeo; 3mMmmbosdggamdol s Ygum§ggemdols
3odo9dxmdgligdgeno.

J399m0  Fo@dmagbognos  dgBmbols bomggols 3md3mbgb@gdol dmgerg obo-
Losmgds, doom  dododm  [oggbgdoyano  doGomswo  dJmmnbmgbgdo, 3m@Ag@sEoydo  ©sdm-
30 gd e gds d9Amboli LodR oEgbmsb s gOAMISbgMmsb. WM jowgdbyagds JoMoms©sw
‘dgagbogos 3gdaoigsogool bagydggan by [1-17].

Fomdmeagboano  ©sdmgogdygmgdols  asdmygbgds  dglodangdganos,  Gmym@;
Lom@0gbGoom dobogsbo®ggol 3mbi@g@ao 3Gmgl@ol dgoygbol wAML.



LSISANIIRLN bS0bIN6E™) bLOSELI60, GEORGIAN ENGINEERING NEWS, 422, 2017 103

20dmM0y94gbgods  3mOFobe39dgbGol  dgdegao  Bodo  (03bowgdl  dsogdgdy-
39996@0) CEMI 42,5 R, CEMI 52,5 R s CEMI 52,5 N. @ogbgo 393935y Lod@goiol
dohggbgdgemos (dga39).
Jo@dmeagboanos (393963 0L badxbs o 39ddgobg LodR g3yl dm@ols ©sdm go-
9o gds aMox3040L (bob. 1) s gm@Igaol Lobom ().
600
500
400 EENss e
300
200
100
0

6o39b%o, C3p/a°

0 10 20 30 40 50 60 70

093 ™bob bod® 3039, 0 938>

bob.l. (39936@0L botixls > dgBmbol 393dg5%g LodEgo3gl Im@olrEsdmowgdymgdol y@>x8030

C=-0,031262+7,22996+167,91 (1)
bowoi: C -3999600L badyxo, d2)/33= 0-09¢™Mbols Lod@ 303y, gy3s. gMMgesizool jmgxo-
(3096@0 R2=O,979

Vyoemo dg@mbols g@m-g@mo do@omso  3md3mbgbGos. dob s (399963L dm@ols
Jodogdo  @gojzool Ygogas  gogodwgds sbogno  Jo@s@ymo  [o®dmbsJdbgdo  ws

(39996@0L (3mdo.
Tyemol @omegbmds 3353  2505ba5M0dgds. bgedgdo Fymmol sm@mJungdols

d9dgy dol sgoebg @hgds Logo@ogeng, @o3 5d30MgdL dg@mbols LoddzoEgl.Fyswo
0530b0 dgygbo-grmbdom sbarml 9bos ogmlb Lobdgan Fys@msb.

amEsbsi  3bmdogos  (39996@0L  bodxo  dglodangdgemos  Fymol  badyxol
596> aMox030L (B0p2) s BmAIYmols (2) boxyydggenby.

omA®o, b@gdo (Jbbgogro dgdgligdo)- aodmoygbgds mwm@dwo 5-10 dd; 10-20 33 s

b@gdo 5-10 33 . Lodggdogg 2000-sb 3000 3p/d3 -3yg. 10 33-0l doJLodsgry@o bemdols
dJmbg  dgdgLgdol @AOML aodmoygbgds 3-10 33-ol ob 5-10 d3-0l. 20 33-ol JoJLodogy@o
bmdols 3Jmby  odmoygbgds 3-5 33-sb 10 33-dps s 10 33-sb-20 33-dwy.

©olisdggdos m@o dmbosmglogg B@sJ300l godmygbgds: 10 33-ol dsJlodsgneyy®o
bmdol @AO®ML  godmoygbgds 3-10 -0l o6 5-10 33-ols 100 % Losg®mem dsbowsb. 20 33-0ls
doJLodogrg-60 bmdol @AMl godmoygbgds 3-5 33-ob 10 33-dg 25-40 % dobowsb 10
39-056-20 33-dg 60-75 % IsLowsb. b&Tol 5-10 33 -0l bmds Lsgdome 3m3ges@dygeno
3oM05b@00.

1
!
0,8 "“-—-\\
5.." 01'6 h""'h...._
S S
2 04 ~
0,2 ——
0
0 20 40 60 80
Lod@3oag 3ddzsPg, G, 09335

bob. 2. §/(3 360836gmmdol s 3998935%g LodE o0l M JodYmgdols y@dsBo0



104 bSdSFN3IL N bSO6IN6F() LOSERI6(), GEORGIAN ENGINEERING NEWS, M2 2017

W/C =0,0001%+ 1,1003 ()

Losiz: WIC -fyanols (39996@mob dg8o00gds.300 9@ e300l 3mggn03096@0 R® = 0,997
omO®do s b®gddo dGg@olgdydo s mobmgsbo bofoasjgdols dgdiggenmods
3mx@O 399800 s IgBodm®R o Jobgdologeb wodbopgdymols  o@s dgdgl 1 %.
b9dbobgoy@o o GodRBoBolgdy®o oMEgegdol  dgdzggemds  @m®OE®do  ©s
b@gddo  o@> 9dgBgl 35 %  Log@mem dsbowsb.
dbbgoeno dgdzlgdol Gomegbmdols 3m@gdo®gds s WsbYLFJos brgds 3mbi@g-
A0 bodgzol @odbopgdols, bodydgdol holibds, Jmgeols s godmEwols dgdwgy.
Foddmeagbognos Jbbgoan dgdglgobs o 3993dgobg Lod@gagl dm@ols @sdmgo-
g0 gds aMox030l (bob. 3) o gm@Igmol Loboo  (3).

0 20 40 60 80

09BH™boL LodB 3039, © Igy3d

6ob. 3. Albgogmo FYgdglgdol bodxls s dg@mbol 398835y Loddgo3gL FmdOL
530 3o gonmgdol g@sgogo. 5-1083+10-20 33-ob g@sJ300.

CA=-106266"+1622,4 3)

bowag: CA -8lbgomo 3g95L930, 3a/d3. go@gmeiool jmgnocogbio R=0,988

b90H™bdo  doGomsse  godmoygbgds  bybgdbdogo  Jgods.  Lfm@sw  dg@bhgyeno
Jg0dol @omEgbmdol, Lobgmdol ws g@sjaogeo gdoygbermdbdol  dgogyoe dobo
o338 900 IEoAME 93533009056  gOMIsbgml. sdygotoe dzoMEgds bogs®ogeny
> (39996@ 0L 3mdo s3Lgdl Fbm@me oM 3gergdl dm@ol dysgogdl s  0bOYLS
b9B™bol Lod@goEg®o dsbobosmgdamgdo.

bganmgby®o  Jgodo aodmoygbgds, GmEglisi o@ s@oli dgbgd®ogo. oyo doowgds
B339 Jobgdol Ibgdggom, @o3 mogol dbMog odgodmgdl dgBmbl. aodws sdols dolo
3590g9bgd00m dbgeros Lomsbswm Lod@goEol dg@mbols domgds.

Fomdmeagboanos  Jgodsls s 39ddg5%g LoddzEgl dm@ol  sdmgowgdyagds
305950300 (goy 4) s Bo@OIgaols Lobom  (4).

800

J300s FA 39/03

80

20 40 60
09BH™bob LodB3o3g o g3

bob. 4. J3030l bodxls > 3g@mbols 3993T35bg LoddgoEgl Jmeols
0530300959930l 3M5%x030



LSISANIIRN bS0bIN6E™) bLOSELI60, GEORGIAN ENGINEERING NEWS, 422, 2017 105

FA=0,01485°-2,69380+764,22 4)

Lowosg: FA -Jg0ds, 62)/83' 30O gesiz00l 3mgn030gb@0 R2=0,395

Lognogo®y®o  3Ggao (S). [o®dmopagbl  g390©om  3OmEygddl, GmIgmos
doowgds 3ogol s ggamgogol Fomdmgdolols To@mdmdmdoao, gosdydsggdoyemo so@ols
3oV39beol @A™, 3-6ofogszol Lodygommm  bmds dgoygbl (399bGHolL bofomsjzols  gOm
d900gol.  msbsdge®mgg  dos@ogro  Lod@Ggogol  bgBmbgddo  ogo  gOM-gG®  JoGomsw
3033mbgbAL  [o@dmo@agbl. 9bws s@0bodbml, ®@md C 55/67 s C 60/77  dgHmbo
‘dgodangds odbopwgl sdggedo I@g@ols aodgdy.

dgo3LgdL (399963 0L JodEengdl dm@ols Logo®ogangl, sdo@ergdls dols Loddgogl,
>9dxmdglgdl dgkoymmdsls do®igamgsb dgdglbgdlbs ws 39996F0lL Jgob dm@ol. S-ols
dodbodogoy@do Fogoo dgoagbli 11 % 39996@0L Logdmm dsbowsb.

33503ob  Jg0ds.  hggymgdb@ogo  Jgodobasb goblbgsggdom dgoisgl  dobwg@ols

300l @s Jodlol gydEegdol dobodmgggobsz. FgMomow ©ogdgomo 335030L Jgods

0530L0  2@obyamIgB@gmo  Igdowygbermdol aodm  Lagggmglems  goBoygdo  ygges
Lobgmdol dgBmbolmgols.

300Jg0L  gbgboeno  bAol  dgBmbol  Loddgoagl, odE0Mgdl  LosEemogmggdls
b9B™bdo, 53300goL (399960l 3mIol  Dgdi3ggermdsls s  bmem  xoddo  dgBHmbols
0300@0Mgdgeagdsl.  dobo  godmygbgdom  hggbo  Fobolifo®o  33emg39d0L  dgogyo
dogowfogom 3999630l 20 %-0m dgdEo®gost.

dmd 30l 253mygbgdom 0bO©gds momJdol yggers mgoligdols 360dgbgamds. aobls-
39069500 sdEydomo LodBgozg 0bOEgds. dobog@Gols oldg@lymo dmdmlb  godm-
4969500 hggbo Fobslfomo 3gargggdom o®d@ydomo LodGgoig 30 %-om asobsdos [18].

3e0obB0gogodm®ol  aodmygbgdom  0bOEgds  dgHmbol  bodggzol  dg@owmds,
b9B™bol boMggls o 5@Io@y@sl dm@ol dgdoayamds. dzodegds (39996G0lL bodxo.
dobo  godmygbgdom Jbopgds Mmgommblmmoo@mgdoo ©s  domsao  dohggbgdegbols
dJmbg dg®mbo [9-10].

dg@mdol sdsangdols dobbom, Lodko@mgdols dgdmbgggsdo bpgds 3ansliBogoge-
BM®olL  hodoBgds 533mIoJlgdTo. Losbengl [o®dmowygbl 3esliGogoge@dm@ol  sg@m-
3oy Hgg0ddo sdsBgos og@™mdodlg@do dobo, ob 5I@ggol  Jmd@omdols ML gl
dgomEo  g5bslsggmn@gdom Lodo@ms,@mwglsi ba®ggol odbopgbol mdogd@owsb dobo
3°dmygbgdols mdogdHodeyg 530™IoJlg@l, Lbgswslbbgs dobgboli godm oo e® bko®-
©0g0s.

sd@Moyo, dgbsdmgdgaos dgdwgao ©solggbols goggmgds:

1. 393 mbol Loddgo3g ToMdmowagbls dob go@omdom mgoligdsl.

2. odoano, do@sgo, bgdswogno, Peo@®o-domoeo, 13gEos o, 2soblsigm®gdy-
o s bbgo odagoM0 Fg@mdobgbols godmygbgdom dgBmbol wobslosmgds Ro@mbdomo
> 5O IYedogoo.

3. 39®3mbols boMggzol @o3Mmygdgdol  9dboga® wogsegdsdo Jmzgdymos aodys-
Moo dgH™mbol sbodbyangds, gJldgmo@sEool 30@mmbdgdo, bobdgwgamds, 3mbgmg-
Ayeo mgolgdols dobsbosmgdgems 360dgbganmds, Rslo, ggmmmaoyg@mds s bbgs dob-
030l sdsbolinsmgdgano, Ggo@y@o 3oM539BHMgdo.

4. 390mbol bomggol s3MMg]Bgosdo gbsdmgdgaros Fomdmoagboano gm@gans-
(30900 ©5IMoEgdymgdols odmygbgds.

5. 3g3mbols LEAOYJH YOS Mobpomsbmdom gdygebgds Jopdn@o, doabge 3BZ03Y
Jobol bLE®YJBa®sl. 0go  gO®mYgoMMzobos, bogEgdgmOMmgsbos, doMomsps®  jMI3m-
696®go0 bgdBg03g IolLogolash oMol odbowgdygmo s  gogoddo gobmogligdyemos
0300 30bLmeoodgdso Ggdbmamyools asdmygbgdom.

L0B3IASD IS

1. Bsicokompounslii  0eToH, cBepxmpounblii  GertoH.  http://brusshatka.ru/beton/vysokoprochnyy-beton-
sverkhprochnyy-beton.php

2. T'panynometpus 3amoinuteneii http://www.estateline.ru/termin/3151

3. CaepxnpouHblii 0ETOH —CTPOUTEIBHBIA MaTepHajl HOBBIX BO3MOXKHOCTEH



106 bSISFN3IL N bSO6IN6F() LOSERI6(), GEORGIAN ENGINEERING NEWS, M2 2017

http://www.cpi-web.ru/Archive/main.htm

4. Ultra-High Performance Concrete. http://www.cement.org/for-concrete-books-learning/concrete-
technology/concrete-design-production/ultra-high-performance-concrete

5. High — Strength and High Performance Concrete. https://theconstructor.org/concrete/high-strength-vs-high-
performance-concrete/8617/

6. Types of concrete.From Wikipedia, the free encyclopedia

7. TpebGosanus k coBpeMeHHOMY GeTony. dombeton.ru/sluchaynie-materiali/kakie-trebovaniya

8. Tlpounocts GeTona Ha cxkaruehttp://dombeton.ru/ob/prochnost-betona-na-szhatie.html

9. Inactuduxarops! s 6erona -http://dombeton.ru/chimicheskie-dobavki/superplas-tifikator-s3.html

10. SuperplasticizerFrom Wikipedia, the free encyclopedia

11.1le6ens mnst Getona: ocHoBHBIE BHmsthttp://dombeton.ru/sostav-betona/sostav-betona/shheben-dlja-betona-
osnovnye-vidy.html

12.CocraB Gerona: rpauut s Oerona.http://dombeton.ru/sostav-betona/sostav-betona/sostav-betona-granit-
dlja-betona.html

13. CocraB Oetona: rpaBuii aist 6erona. http://dombeton.ru/sostav-betona/sostav-betona/sostav-betona-gravij-
dlja-betona.html

14. CocraB Oetona:mecok mis Oerona. http://dombeton.ru/sostav-betona/sostav-betona/sostav-betona-pesok-
dlja-betona.html

15. CocraB Getona: Boja s 6etona. http://dombeton.ru/sostav-betona/sostav-betona/sostav-betona-voda-dlja-
betona.html

16. Why We Use Aggregates in Concretehttp://www.cement.org/for-concrete-books-learning/concrete-
technology/concrete-design-production/use-of-aggregates-in-concrete

17. Mix Design M-40-60 Gradehttp://www.engineeringcivil.com/mix-design-m-40-grade.html

18. 5. dogosdgogno, @. audygbody, b.yydgdodyg, o Igoy@odgomo, @. Lodssdgoeo. 0oxgo
39B™bol sdbswgds oM Jzol gdgomols asdmygbgdom. // 3dgbgdemds, Ne 1(16), 2010,

SUMMARY

BASIC REQUIREMENTS TO MODERN CONCRETE MIX DESIGN

Baliashvili G.1., Sarjveladze N.V., Gogolauri I.G. and Katamadze I.1.

G. Tsulukidze Mining Institute

The article considers the characteristics of the components of modern concrete mix, their impact on the
properties and cost of the concrete, and on ecology. The issues of concrete mix proportioning are discussed.
Keyword: concrete, concrete mix design, concrete proportioning.



LSISANIIRLN bSO6IN6E() bLOSELI60, GEORGIAN ENGINEERING NEWS, 22, 2017 107

95JdAI0 3IBME0L BAIECIRMB00L d5IFX(M3ILIdS

5053300 3.0., LoMxggmsdy 6.3, Joosdsdg 0.0., xESIS0s .o

blo3 g@ogmm Fgmygzodol badmm obbEodgdo
bsJodmggerels Bgdbogndo 9boggdLEo@gGo

bo'd@mdol  dobobos  spommbd@ogo (399960l s dgdgligdol  aodmygbgdom
Igdgdo dgBmbol wodbowgdol @gdbmenmyools gomdxmdgligds.

Ibgdado  dgBmbo  gOm-gOm,  Lododm s 009  boddgbgdemem  dologosls
Jo®dmopagbl.  dobo  aodmygbgdom  Fgbmds-boggdmdols  mgom@o®gdyegds 300
‘dgbmdols 3330000 Fmbol* 993300950l bodxby. [oMmdmoagboaos bg@mbols dmgeng
obBm@os,  Bg@dobgdols  aobdo@Bgods,  dgHMbol  gamsbogogeos,  3MMgEs309®O
530 3ogdgmgds bo®ggol 3md3mbgbBgol dm@ol s gmbi®gdygmo bosdggol 3Gmgdo.

5do@dmd  LEs@osdo aobbogoyano  Lsgombo  dgBmbols dgdobogzolgsbgoms®gdols
SJBo@a® sdmiEobol Yomdmowagbl.

d9BA™mbo - gOSbyyymowsb - Beton, obyerolydse - Concrete, @omoby®dowsb-
Concretus-p5333003905800  Jgob dopggo®o bgarmgbyg®o doslbogns, @mdgeoi d9d 3 g@gerols
Vyommsb @gojiool dgogasm, dgdgbgool do@igergdols dgzog3do@gde-asdysmgdols abom
doowygds.

393mEsbo - o@smoydopsb Pozzolana o@sgool 3m@@Eols Pozzuoli-ol dobgogom
-3 geby@o Jobo. godgeo, Yoo

3m@EA@sbe39996G0 — mOEsbe - Portland Jsgrsdo o dMo@sbgmdo. (399968 0-
0byeoliyg®ow Cement, @osmobydoesb Cementum - sdbbgdgygeo Jgo.

39053b0Go — 3589gd9@o BmMMgsbo odmdfge®mo mobol @mG@O.

0b3odo@m@o  —  @omobydosb  — Inhibere - dgzog90s,  Jodoydo  @godiools
3obgoms®gdols ‘Igdbgengdgemo bogmog@gds).

SMdM@0B0 — FOsbyygmosb Arbre-xe dgdmgengdbom - bgdg-Gmbo).

396353903 0gBmbo — gg@dogymodo - @omobygdowsb Vermaculus-os. dobgdogo
3o®mJomlgdoosb.

oy 9bo@os, M3 [1-2] gmgomo ogymbamsgool Gg@odm®osby wosbarmgdom
5600 (geols  hggbls Vgmmswmoibgedwog  (§.h3.Fgm.om@)  Logbmgmgdgero  Jmbgdols
05353bg  2odmygbgdymos dgBmbols dopgo®o Isbogns. ogo Fo@mdmowygbls msdsTdodom,
30O0m, 300 Jg0l, dobosgBol o Jo@doMogml JoM33agdols godys®gdyen dobob.

dggee @mddo (753-27 (.hg.Fge.o0@.) godmoygbgdmps  ©ogdgomo, asdmdfgs@o
0obol, ob 3ygammsbol  ©s  godol badggzol s333003900  J3o-d9@mbo.odygoM0
69BH™bo bogdome FyomBggelygoro ©o dgogy ogm [1-2]

gH™bolasbos  oggdyamo  gagoddol  @sdo@obmols  aomgdggdo  (3600F,
§.h3.Fge.0m) hobgmol wowo gggero (3g-3 Loygnby Hg.Fge.om.) boggdbmdgdo obpmgmols
B9O0GHM@05bg s Lbgs s gddo.

39BAmMbol  2obgomomgdsdo  sbogno  g@s 30O Sb(393963 0L  godmambgdols
(xmbgy sSbdwobo 1824 () o gogdxmdglgool (obossg xmblembo 1845 §)  gdwgp
s0(ym o weabsi Fomdsdgdom g@dgerogds [1-2].

9BA™bol Logdmem  ganslbogogsios. o) dgdzgageol dobgogom: (39996@dg3™bo,
Loanogo@dgd™mbo, msdsdoddgBmbo, Fos@y@osbdg®mbo, skigsm@Bdg@mbo s bbge.

d) obodbyangdols dobgrgom:  hggyegd@ogo (Loddgfggerm  ©s Lodmognsm
ddgbgdamdobomgols), L3ggosgy®o, do®dm@glbogy®o, Logbom,  mdmobmarsiogdo,
©0930O5F0 Y0, Jodoygdowe dy Moo, Lo bgdpa®oweo, b2905hsdbdmdo,
SbBo@sposzoygmo s Lbge.

3)  doagmmdono  Fmbol  dobgogom: asblsggm@gdom  ddodg  (Lodggmogg=2500
66/33)'9’"(4’0(?)"3@03 3069031 0; @odmbo@y®o; ddody (Lodzg®ogg=1800-sb 2500 d2)/83'
dog) - bogdol; ool (a@sbo@ol, bdobog@ol, joddgol s Ubgo);, dbydydo
(b0 336059=500-o6 1800  3o/B-I)-395IboBdgHMb0;  FowsdgBmbo; Joxndg@mbo;



108 bSISFN3IL I bSO6IN6H() LOSELRI60, GEORGIAN ENGINEERING NEWS, M2 2017

50M3gBAMbo;  5MdME0@0;  39Mdo g0 og-Gmbo;  39M@o@dgB™mbo;  Asblsggmdgdom
ILygdygdo (Lodyzgmogg=500 66/83'008 bogergdo).

©) 399935bg Loddgzoxol dobgwgoml) bm@dsgry@o-bEsbs@Fyao  20-50 dga 3.
2)  dopogno  Lod@goizol  50-100  dgads.  3)  gao@@o-dowsao  100-150  dgpds.  3)
1393000 x@0>150  Igpds.  oAOLYOMLL  yobgodgwgyo, JMOMbosdggyo,  do®EmIgrgyo,
©5MBHYIodgogao o Lbgs Bodol  dgBmbo [1-14].

9) geoobol o do@zol  dobgogom dbydydo dgBmbo: BO,35 M 5; BO,75 M10; B1,5
M 25; B3,5 M50; B7,5 M100; B12,5 M150; B20 M250; B30 M400.

Ibyoydo dgBmbgdowsb Jgwodgdom bdodow odmoygbgds 3g@sdbo@dgBmbo wo
Jopodg@mbo [I-11]. dJmbmeonyg@o s go@gobyeo @3obodgBmbols dgbmdsdo  5dygoM0
bgBmbol 20dmygbgds gomdmdoby aofgye bodxgdl 360dgbgarmgbsw 5330MgdL Lodliy-
d9dol s odsao  MdMdGoAMmdol  godm. oo [o@ds@gdom aodmoygbgds bop ©s
30®OmE9b039® IbgbgdamdsTo. dolo godmygbgds gbmyoygeos dgbmds boggomdbols
3509 3mblbE®yJcoge 9 gdgbddo @oash Jmomnbmgl wsdsGgdom do®mbisobmasizom
bodydomgdols ho@Bomgodsl dolio odsao [y dgnm(ggomdols aodm.

99330980 dobogns  Ibydyd dgB™mbdo  aodmoygbgds  Lf@sgswysdop®gdswo,
h399egdG0g0 3m@HEbrEdghho s Forsdm® @ sbe3gdgbdo-

LY o@oggomasdog@gdoe (39996@L goshbos L3gEposamy®o dobg@smy@do dgdowygb-
@ebds > gwobig@ol  Jog@mlG@Jdycs, Go3  obsds@dgdol  wmbodgdom @

(39996@ 0L woxdgol goblbgeggdyao Lbofdobwoon doowmgds.

Voodm®@eobo9dgbdo  dgoegl  L3g@posmy®  doo@sogmogn®  ©0obsds@ls,
Omdgeroi doowgds 3,5 %-dpg hggyegd®ogo 3m®E@sbe39396@ 0L jarobizg®ol, 20-80 %
Yool ©s 3,5 %-3g modsTo@ols Jgol gohmop ogydgom.

Ibydad d9B™bAo godmoygbgds sGsmMYSbymo dybgd@ogo, byammgby®o s
m®gobyeo dgdgligdo.

SOMMsbygaro, dodomswo  dybgddogo  gdglgdos: gm@mgsbo  bOgdo,mmAmo,
J3035; Voo gagoby@o (980:59m3obg@0 Ggorgeoe; bogothgdosbo jo@dge; 39@amodo;

SOM@obyaro,  doGomso  bgermgbydo  dgdgbgoos:  Jobol  wodlbg®ggom
domgdagao, Lomdy®o Fows, bsaos®o (Bsgomomse  osbB®si3odol, Jgobobdodol, dyds
bobdo@ol wsfgom dowgdyaro);  dg@omydaoygmo Fows; 3g@sdbodo .

mOaobymo  dgdglgdos bol, b5ddol, bodyxol s ULbgs dosbogrol @g@mgdoligsb
sdbogdygano dgdgligdo. 0go 2o3moygbgds, doMoms@s® Mmdmobmasizoy® d9@mbgyddo.

39B™bol gaoslol  dobgogom yodmoygbgds dgdwgao do@zols IT dgdgbgdo: B2.5I1
15; B3.5I125; B 511 35; B7.511 50; B710I1 75; B12,5 IT 100; B20I1 200; B30I1 300.

Ibydad  69d™bTo  godmoygbgds  dgdwgao  Lobol  @obsds@o:  gm@osbmdols
oM gy 0®gdgeno;  dog@dmdbowo; s0®Fo®ImMIJdbgaro;  JoxgFomdmdJdbgeno; dop@mum-
d0®Mmdol dgddgbo; 3ansli@Gogy@mdols dgddgbo; gm@®mbools 0bdodo@Gm@o.

5650 MbMYsIHoMMbs  [o@dmoagbls dbydydo d9Bmbols gOM-g0m JoMomswe
030lgdsl. mdmasdBo®mmds bogmog®gdol LEOYJBYOYo bofomszgdol dogd Lomdmls
3o05@bss  domo  Lomdy@o  dJmd@omdol @M. Lomdyg®o Jmd@osmds  Fo@mdmowygbls
bogmogdgdols Igdiggeno bofoensggdol Jom@ @ dmd@smdsl.

000m35dBoOMmds Bmeos Lomdml 0d Gomgbmdobs, @mdgmoi 1 3 Lolijol s
1 3-0b 3Jmby Lbgynewdo 1 bo-ol gobdogemds@o googmol. 8 O™l Lbyymol Jm3om-
3300 bgos3o®gdoby Bgddgas@ydol Lbgomds @Fmenos 1 adsyglbol. go@omgdyero
Lomdml @omEgbmds Goabmd®ogs® mdmysd@s®mdol 3mgxnocogb@ols (KH) @maros. dols
256%mogngdsls Foddmoeagbl §&/d °C (56 K), o6 jgom/d2xlmxy@sw/d.

Qo@dygas (1)-o0l dobgogom dgbsdengdgeros dbydydo dgBmbol mdmasd@osmmdols
3obLobeg@s  dobo  39ddgoby  Loddgoizol dobgegom. goGgmszool  3mgno3E0gbdo
R°=0,960

K= 0,007xc, vt/m°K 1)
bowo: KH- 0030533560030l 309530309630, §6/8 °K; 6-Lod@pg039 3909350y, god/ L.

QBo@dgas (2)-0b Jobggomn gbsdangdgaros bydygdo dgBmbols Mmdmysd@ommdols

256LobEg@s dobo Lodyg@ogh dobgpgom. jmdgaszool gmggoiEogbdo R*=0,980



LSISANIIRLN bSObIN6H() bLOSELI60, GEORGIAN ENGINEERING NEWS, 422, 2017 109

K=0,048%¢0,001p,56/8 °K 2)
bogag p-Lodggaogy, Jo/d.

do@ogmo b gMsdgmfggomds (da9M5TmsbmJdomdbs)  Fo®Imowygbl dlgdydo
39B™bol gOm-g®Om dJoGomse mgoligdsl. dag@s [o@Imopagbl go@gdmdo ogM (390 gdeya
9350 Gommgdl, Mmdmgdoi 0(g9396 ol dgdsbogy® @bggob.

d29M0b  bdol  ©mbol  gobogy®  doboboomgdganl  [o@dmowagbls dolo  dogns,
OMdgeo3  ©IE0degddo 0bmdgds. g3odsgo [omdmowagbls gbgdaool 0d @om©gbmo-
ol, HMIgmo gowosdsl Homeol 1 32 Go@mmdol goddkmmaw da9@0l 35635600 3%
@os@ygeo Jodo@mgegdomn 1 (d-0l gobdogenmdsdo.  da9@ol doMogdby ©oi39dol @AM
bofomo sodggergds, bofoo aoool Lomdy®d gbgdgosdo s dmsobmdgds, bmenem
s@hgbogo aowols dodmog@ols dgmeg Ibo@gls.

329653990 g3o0mdbols ohggbgdgeols Fomdmaagbls 339053990 g3o0mdbols
30980309640 b,  @OmIgamoiz  [o@dmoewygbl  domsbmdgmo  gbgdaool  o3gdye
9690205bmob dgRnoM©gdols 360-dgbganmdsl. ogo 0-sb 1-dwg ogangdo.

gb®oedo 1  (o@Imwagboanos  Lbgopslbgs  doboanols  dgg@sdgym( ggomdols
309803096G0L Ks, @mbo (13mbo= lwgiodsgls 1000 3g@i0 Lobdo@dols AML).

3bGogo 1. Lbgspsbbgs sbsmols dag@sdgnmfggemmdol gmgzno30gbdol Ks 3603gbgmmds

dgH™bols 360l bols 39953%0®- BmMag- dobgsaydo
Bobogms 390 g0 39090 | 390900 d9H™bo dgBmbo 65dds dob
Ks, g3mbo 0,015 0,032 0,080 0,12 0,49 0,700 0,780

339059990 F 93000 69H™bol  dodoms  dmmbmgbols gOMIsbgmmsb s 3ogdodg-
b0 35@o®s  bemdol gm@dol IJmbg LA YJBg®s [oMdmowagbl. sdy350 LHOYIHY-
@570 gogamomo da900m Gowsl Gbggzom Jmd@omdsdo dmysgl Rm@gddo gobmoglg-
b0 3og@0. 35GoMS RMAYdo ogdmsb dgos®gdom 9@  [obsswdwgamdals 9§ 9396
3090l gosseaomgdsl o sd9bMukgdgb dob. babybols godm dgobogymo gbgdaools
bofomo goswols Lomdy®ddo s dmsobmdgds dsbognols dJog@.

@53 odso Lodggmogobss Abydydo dg@mbo dom Jowseos dolio dyg@sdgyw(g-
gomdol 3M9x03096@0.

Ibgdado d9B™bol bodggol o3MmmygJdgds aoblbgsgwgds ULbgs @Godol bdg@mbols
bomggol a3MMmgdBgoosb. 53 dgdmbgggsdo godbgargdymos asdmbayggbgdo Fyamol @om-
©gbmdoll  owygbs. 0doGmd, O®I  gobsmgoolfobgdgemos:  Fymol bodxo 3dgo@e-
Bo30obg s dgdglgdoll Jmobmdsbyg; do@s@oiool s Fyodmobmdol  Lobhds®g;
‘dgdgbgool Bgbosbmds ©s Lbgo.

Tyemol bodxoesh godmdeobodgmdl (399g6@0l bodxo, Gmdgmms Jggomogds
©05dM 30 dgeos bo®ggol 39ddgoby Lod@goEol geoolls ©s do@goby. smbobodbogos,
amd (gmol 39996 mob  Jgxng@owgdols 3b0dgbgermdbols dgBmbby bgdmJdgwgdols  ©s
d9B™bol AMmTo godys®gdols 3gobobdo, asoblsggm@gdom bydyd d98mbgdby  ©mgdwyg
bagese o6 sdols dgb§sganogo.

(3999600L badxol Gomegbmdols goblsbwgds dglsdagdgemos gm@dyas (3)-ob
bog3ydggen by [8], MmIgaroi (39996H0L bodxls o 39ddgoby Lod@goagh dm@ol gmeg-
53090 ©5dM ogdamgdsl yodmbs@ogl.

Ro@dgas (4)-0l Logydggar by [8], @mIgaroi 393d35bg LodBgzocgl s (399@0b
bodxl do@ol 3m@ges3oy®d ©sdmogdygmgdsl aodmbo@ogl dgbsdergdgeos  39dd-
35bg Lod@ ool brgdols wswygbs.

C=-0,1312x 6> + 16,97 xc +12,005, 3o,/ 3
Looi  C-3999600L  bodxo, 3a/d. o -boddgozy 9993003, dgads.  Jo@gmasizools
309830309660 R*=0,9880.
6= 0,0002xC%-0,0283%C +13,96, ga3> 4)
3OO g@s300L 3Mgn0(3096¢0 R°=0,9892,



11068d5@N3IL N bSO6IN6HE() L0OSELI60, GEORGIAN ENGINEERING NEWS, M2 2017

9JU390039b@Ya-sbogmoby@o  3ganggzol  Logydgganby @bdogdo 2 Fo@Imwpg-
bogmos hggb dog@ Vgdydoggdyero, spaommddogo bgowmggmols gsdmygbgdbom  Abydydo
d9Bmbol bomggol 3GmgJBol Lodo go@osb@o.

abdogno 2. Ib7dgdo dg@@bol bodggzol 3GmgdGol godosbGo

30M33mbgb@o §o006b G0
N Lobgmos ! 2 3
1 (3999680, 66/83 240 200 150
2 Fyoeo, 3o/ 187 198 187
3 399bs (Bod3gemols doJbodogny@o bemds, 33), 3a/93 485 (19) 439 (13) 503 (19)
ngolgds db0dgbgarmds
1 Lod@ 4039 49999g5by, d?)d/ljﬂz 46 42 35
2 l0d 336039, (52’)/33 912 837 840
3 30bgbol hoxxmds, 1sd 4 4 4
4 05 0dGoOmdols 3mgx803096¢0, 3(?)/30C 0,21 0,18 0,18
5 2905799990 § g3o0mdols 30958030960, Bmbo 0,65 0,84 0,85

sd@oyo, dgodagds aozgmegl dgdegao ©slggbs: dbydygdo dg@mbols Lodggmogy
500-1800 43o/F -l Ygowp bl s doMomopse Jbswwgds Abgdegdo, gmGmgabo gdglgdols
©s (3999600L godmygbgdom; Ibydado dgBmbo Fomdmswagbl, Logdsm Loddgozol, 009,
3038mO-Aga, Lobo@os®ym-3ogogby®  boddgbgdbanm dobomsls; dgdeydeggdygemo bodggols
300gJHol goM0sb@gools godo®gdom gbodamgdganos Ibydydo dg@mboli sdbowgds ©s

3odmygbgds  dbow  JmbLEO Yo g gdgb@do, LoGobodg ggegedo, aowsobydgols

goengdol s oMy  gggdol  mdm s bagds  Laobm@sizom  sbodbyangdom,
3oslo@obo dgbmdbols ger9dgbBgdol sdbowgdolsl ws Lbgs.

R03IAODIDS

Neville A.M. Properties of concrete, 4™ Edition, Now-York, 1996, 844p.

Onbra MensHuk. CTpOUTENILCTBO U pekoHCTpyKIHs. XKypHan npodeccronanos. Ne7 2008.

Jlerkuit 6eTon.Www.avtobeton.ru

Jlerkuii 6eTon extrabeton.ru.

OO011as xapakTepuCTHKa Jierkux 6eToHoB WWW.ibeton.ru.

T'OCT 2582-83 betonsl jerkue. TexHUUECKUE YCIOBUSL.

Lightweidht concrete technology. www.todaysconcretetechnology.

ACI 211.2-98 Standart practice for selecting Properties for structural Ligthweight concrete

9. domosdgoamo 3. o Lbggdo. dg@mbol geobio dodgs, mblE@gJcool LoddgoEol wowygbs
039@0390 ©s @Ylymo LEobps@@gdols dgoscgds. /lsdmnm g9@bsao, 1(24) 2010.

10. Foam Concrete www. Foamconcrete.co/nz.

11.TOCT 23499-79 Matepuansl ¥ H3IENHs CTPOUTENOHbIE 3BYKOIOIJIANIAIONINE M 3BYKOM30JALMOHHEIE.
Knaccudukanus u oOnpe TeXHHYECKHE TpeOOBaHUS.

12. Ultra-High Performance Concrete. http://www.cement.org/for-concrete-books-learning/concrete-
technology/concrete-design-production/ultra-high-performance-concrete.

13. High — Strength and High Performance Concrete. https://theconstructor.org/concrete/high-strength-vs-high-
performance-concrete/8617/.

14. Types of concrete.From Wikipedia, the free encyclopedia.

N~ E

SUMMARY

IMPROVEMENT IN LIGHTWEIGHT CONCRETE TECHNOLOGY

Baliashvili G.1., Sarjveladze N.V., Katamadze I.I. and Jgamaya V.T.

G. Tsulukidze Mining Institute

The article deals with the improvement in the technology of production of lightweight concrete using the local
cement and filler.

Keyword: lightweight concrete, cement filler.
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O ®U3NYECKOI NPUPOJE DY®PEKTA JAJILHOJAENCTBUS IPU
MPOLIECCAX 3APOKJIEHHUS U POCTA KPUCTAJLIOB

I'epacumos A.B., BenxBanze M.T., 'opragze K.M., lenreauss M.A., Xuzanumsuiau LHI.M.,
Yupanze I'. 1.

I'py3uHCcKHil TeXHHYeCKMII YHUBEPCTHTET
Kyraucckuii rocynapcrBennbiii yausepcuret uM. A. Ieperesan

Oddexr manpHOmEHCTBHS B Ipoleccax poOCTa KPUCTALIOB Yepe3 amopdHble wWiH
MOJMKPUCTAIUINYECKUE TPaHUYHBIE CJIOU 3aKJII0YaeTCsA B OPUEHTHPOBAHHON KPHUCTAJUIM3aLMU B YCIIO-
BUSIX OTCYTCTBHSI HEIOCPEACTBEHHOTO KOHTAKTa MEXAY KPUCTAJUINYECKOM MOIJIOKKOM U OCax-
naembiM BernecTBOM [1,2]. Tlo oOImenpuHATHEIM MPEACTABICHUSIM HAHOCHUMBIM MaTepuai JIOJKEeH
MoJTy4aThCsl aMOp(HON CTPYKTYphl WM B JIy4IIeM Cilydae MOJIMKpUCTanudeckoil. Ho Ha BHemrHei
CTOpPOHE TPAaHUYHHX CJIOEB IOJYYar0TCs MOHOKPHCTAIUIMYECKHE TUIEHKBI U, B OOJBIICHCTBE CIy4aes,
JyYIIero KayecTBa, YeM BhIpAlleHHbIE Ha KOHTPOJIBHBIX y4acTkax, 6e3 OydepHbix cioes [3-7]. [Ipu
9TOM OTMEYaeTCs, «UTO Mepeaada CTPYKTypHOH HHPOPMAIK HE 3aBHCUT OT KPUCTAILIOrpagruecKoi
OpHEHTAINA MUKPOKpUCTAILIOBY [2]. Ho addexT yMeHImaercss ¢ pocToM TONIHHEBI Oy(hepHOTO CIIos U
MOJHOCTBIO HCYe3aeT MpH ToimmHax npuoamsurensao 20 um [1]. s oObSCHEHHS STOrO WHTE-
PECHOTO SIBJICHUS Ha CETOJHALIHBIN JIeHb CYIIECTBYET Mpeanonoxenue: «Ha moBepxHoctu u B 00beMe
KpHUCTalIa - MOIJIOKKH, MO BCEH BHIUMOCTH, CYILECTBYIOT 3apsDKCHHBIC JIOKAIbHBIC AKTHBHBIC
LUEHTPBI, TPEICTABISIONINE COO0H ToyeuHble Ae()EKThl U UX MHKPO M MaKpO CKOIUICHHS, YTO 00yc-
JaBIUBaeT B IU(PAKLIUOHHO - aMOPGHBIX TPAHUYHBIX CJIO0SX BO3SHUKHOBEHHE MHIAYLMPOBAHHON OIS~
PHU3aLMOHHONW CTPYKTYpBI, CHOCOOHOH mepedaBaTh M «3allOMUHATB» CTPYKTYPHYIO HH(OpPMAIHMIO.
PacmonoxxeHHple B 00beMe M Ha MOBEPXHOCTH aKTUBHBIE 3apsDKEHHBIE IIEHTPBI MOTYT 00pa30BBIBATH
NOJISIPU3ALMOHHO 3apsDKEHHBIE MOCTHKH, CIIOCOOHBIE NepelaBaTh CTPYKTYPHYIO HMH(GOpMAaLMIO Ha
3HAaYUTEJIbHBIE PAacCTOSTHUA dyepe3 OydepHble cion» [2]. Ilpn 3ToMm genaercs gomyieHue: «B amop-
(HBIX TPAaHUYHBIX CIIOSX MOXKET CYIIECTBOBATH OJIMKHUH MOPSIOK - K(MOHOKPHCTABHBIN 3JIEKTpUYe-
CKHU TIOPSIOK, KOTOPBIM JTOCTATOYHO HE3aBHCHM OT aTOMHOW CTPYKTYphl cioeB» [2]. Ho oOHapy-
KEHHE HMH(POPMALMOHHBIX CBOMCTB y I'PaHMYHBIX METAJUIMYECKUX CIOEB, KOTOpBIE, MO MPHHATHIM
MIPEJICTaBICHUAM, 3aKOPOUNBas dJIEKTPUUECKUI aKTUBHBIE HEHTPHI, MMOJHOCTHIO SKPAHUPYIOT MOTEH-
IUaNbHBI peibed) MOBEPXHOCTH TBEPABIX TeJ, HE JAOJDKHBI 00NafaTh KakuUM-TnO0 wuHpopma-
LUOHHBIMH CBOHCTBaMH, 3aCTaBWIO ABTOPOB cJejarTh emié OIHO, Ha Hall B3MJIAL, CIIOPHOE
Jomymienue: «B TIpaHWYHBIX METaIMYECKHX CIOAX BOJHM3M AKTUBHBIX ILEHTPOB IMOBEPXHOCTH
KPHCTAJJIOB — HOJIOkKEK 00pa3yloTcsl JIOKaJIbHbIE NOTYIPOBOAHUKOBBIE U /WIIN TUJICKTPUUECKUE COe-
JUHEHUS] METAJUIOB, B KOTOPBIX MHIYLHUPYETCS MOJIIPU3ALUOHHBIE MHKPOCTPYKTYPHI 3JIEKTPETHOIO
tanay [2].

B nmannoii pabore Mbl npeanaraeM MexaHusM 3¢dekra gaabHOAEHCTBHS B Mpoleccax pocTa
KPHCTAJJIOB 4epe3 rPaHUYHBIE CJIOW, OCHOBAHHBIH Ha PAaCCMOTPEHMH MPHPOJBI XUMHUYECKOH CBSI3H
MeX/y HAaHOCUMBIMU aTOMaM{ U aTOMaMH TIOBEPXHOCTH U €€ M3MEHEHHS B 3aBICHMOCTH OT YCIIOBHI
UX B3aUMOJICHCTBUS B Mpolecce HaHEceHHA. Kak M3BecTHO, MpHpoJa XUMUYECKON CBA3H, HECMOTPS
Ha 3HAYMTENIbHBIC YCIIEXW KBAaHTOBOM XHMMHUH, 10 KOHHIA He ycrtaHosieHa [8]. Ectb Heckosbko
TIOJTXOJIOB JIJIsl PEIlICHHsI 3TOW MPOOJIEMbI, U Bce OHM 0Aa3MPYIOTCS HA YTBEPIKICHUH, YTO XUMHUYECKAs
CBSI3b OCYLIECTBIISICTCS JJICKTPOHAMU MEXK/y MOHHBIMH OCTOBAMH COOTBETCTBYIOMIMX aToMoB [9-11].
Cunraercs, 4TO «peajbHasg CBA3b B XMMHUYECKUX COCAWHEHHSAX HOCHT NPOMEKYTOUHBIA XapakTep
MeXIy MOHHOHM, KOBAaJEHTHOW W MeTayuindeckoi» [8]. V3BeCcTHO, 4TO B MOJIEKyJaX COCTOSIIHX W3
pa3HBIX aTOMOB, IJIOTHOCTh OTPHUIIATEIBHOTO 3apsiia CBA3BIBAIOIIX AJIEKTPOHOB CIBUHYTA B CTOPOHY
aToMa, UMEIOIIETO OOJBIIYI0 AIEKTpooTpunareabHocTh (D0), T.e. MPOUCXOANUT MOSAPHU3AIUSI XUMHU-
yeckoil cBa3u [8]. Ho, mockonpky «30 He cTporas ¢u3udeckas BETUYHHA, KOTOPYIO MOXXHO HEIOC-
PEACTBEHHO 3KCIIEPUMEHTAIBHO ONPEAEIUTh, HE TOCTOSTHHA M 3aBUCUT OT MPHUPOJBI IPYrOro aToMa, ¢
KOTOPBIM XMMHYECKH CBS3aH JaHHBIA aTom» [12], MBI pemrvian I OLECHKH ITOJIeH MOHHBIX OCTOBOB,
OIPENISJIAIONINX PACHpPEETICHNUEe IIJIOTHOCTH OTPUIATEIBHOTO 3apslia CBSI3bIBAIOIIMX 3JIEKTPOHOB,
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HCIIOJIb30BAaTh BIIOJHC OINPEACTIACMYI0 IOCTOAHHYIO BCJIIMYUHY - YACIAbHYIO BSHCPruro CBA3U
BAJICHTHBIX JJICKTPOHOB CBOMM MOHHBLIM OCTOBOM, PACCUUTBIBACMYIO KaK

i
| = =L

n

1)

roe | SHEPrusl HMOHM3aLMU I-TO BaJCHTHOTO »3JEKTPOHA, HO IOIydaemas He
MOCIIEI0BATENIbHON HOHM3alMed aTOMOB, a MOHM3AalMEH HEUTpaJbHOTO aToMa Uil KaXAo0ro u3 n -
BaJIEHTHBIX 3JeKTpoHOB [13]. B ominyne 0T KOBaJEHTHOM  CBSI3U  DJIEKTPOCTATHUECKOE
B3aUMOJICHCTBUE PAa3HOMMEHHBIX 3apsA70B HE 3HAeT HachlmaemocTs [8]. Ecnu orpunatensHblil 3apan
IPUTSTUBACTCS K OAHOMY IIOJIOXKHUTEJIBHOMY, TO 3TO €My OTHIOJb HE MeEIIaeT OJHOBPEMEHHO
MPUTATUBATBCS K JIPYTUM MOJIOKUTENBHBIM  3apsaM. OTUM OOBACHSAETCS TO Kaxyllleecs
MPOTHUBOPEYNE, YTO TP MEPEXo/ie OT Ta3000pa3HBIX MOJEKYN K KpUcTalaM HaOJIIoaeTcsl 3aMETHOe
yBeJIMUEHHE AJUHBI CBA3H, TEM HE MEHEe, CONpoBOXaaromeecs e€ ynpounenueMm. HecMotpst Ha To uTO
KaX/1asi OTAebHAs CBSI3b B KpUCTaJUle ciabee, 4eM B COOTBETCTBYIOIICH MOJIEKYJIE, YUCIIO CBS3EH C
JPYTUMH aTOMaMH HaMHOTO OOJbIIE, YTO W YBEJIUYMBAECT OOLIYIO SHEPrHI0 B3auMmozewcTsus [12].
EcTecTBeHHO BeMMYMHA B3aUMOACHCTBHS C YBEIMICHUEM PACCTOSHUS OT aTOMHOTO OCTOBA, KOTOPOMY
NpUHAIeXKal BaJCHTHBIA 3JEKTPOH, OyIeT yMEHbBIIAThCS 3a CUET HKPAHUPOBAHUS SIEKTPOHAMH U
WMOHHBIMHU OcTOBaMH. TakuM 00pa3oM, MPOCTPAHCTBEHHOE paclpe/ieiieHue BEPOSITHOCTH HaXOKICHUS
OTpHULATENFHOTO 3apsida (T.e. e€ IUIOTHOCTH) HEJb3sl CUMTATh CTPOro (UKCHUPOBAHHBIM MEXKIY
OMKalIIMME COCEAHUMH MOHHBIMH OCTOBaMHM, OHO OYAET paclpoCTPaHITbCS M Ha OPYTrUe Mexa-
TOMHBIEC 00JIACTH MO MPEUMYIIICCTBEHHBIM HANpPaBJICHUSIM (TaKOH JUHAMHUYECKUH TTOAXO0 UCTIONb3Ye-
TCS B OMHCAaHWU deKTpoMepHOro [14] u naaykTuBHOTO [15] 3(dexToB, HECMOTPS HA TO, YTO KOJH-
YEeCTBEHHBIE OLIEHKH HEIO0CTATOYHO OIpeNEeHbI), KOTOphIe ONpeAeNeHbl 3JIEKTPOCTaTUYECKUMH U
3JIEKTPOMArHUTHBIMH TOJIIMU aTOMHBIX OCTOBOB M MX BAJICHTHBIX 3JIEKTPOHOB. J[J1s1 XapakTepucTUKU
WHTEHCUBHOCTH 3TOT'0 PaclpOCTPaHEHHs], HABEPHOE, MOKHO HCIIOJIb30BATh YAEIBHYIO SHEPTHIO CBA3H
BaJICHTHBIX 3JIEKTPOHOB, MOCKOJBKY, 4YeM Ooblle e€ BEeJIWYHMHA TEM Jy4Ile JO0JDKHA COXpaHSITCA
HalpaBJICHHOCTh W HMHTEHCHBHOCTH NOJEH ONpelesIOINX XUMHYECKHe CBs3u. Mcxoxst u3 Bblme
CKa3aHHOI'0, KPUCTAJUIMYECKOE TEJIO MOXKHO HPEACTaBUTH KaK IIOJIEBYIO CTPYKTYPY COBOKYIHOCTH
3JEKTPOCTATUYECKUX M 3JIEKTPOMATHUTHBIX TOJIEH C UYETKO OMpPEAeNEHHBIMU HANpaBICHUSIMH U
BeIMYMHAMHU. DTy MBICIb BHEpBble Bbickasan . Llpenunrep: «5 ckioHeH paccMmaTpuBaTh BCE
CTPOCHHE KPUCTAUIMUECKON PEIIETKM KaKk HEYTO BechbMa POJCTBEHHOE cTosiueil ne-bpoiineBckoit
BoJsiHE. ... Torma Bech mporecc B3auMOJIEHCTBHS MOXKHO MPEACTaBUTH KaK B3aMMOAEHCTBUE TOJIEBBIX
CTPYKTYp WIIM BOJHOBBIX (pyHKIMA. Ha 3TOM myTH, OJHAaKO, BO3HUKAIOT TPOMAJHBIE TPYAHOCTH
[16],...n mpuxomuTca nmpuberarb K «XUMHYECKOH M MaTeMaTHYECKOHW MHTYWIUM» M 3aHUMAaTbCs
noctpoeHueM «aoranok» [17]. U3 paboT oTkpbeiBaTeneit oocyxmaemoro ahdekra - I.1. ductnepa u
ero corpynuukoB [3,4,6,18-20] ciemyer, uTo «3pPEeKTUBHAS aKTHBHAsI MOBEPXHOCTh TBEPIOrO Teja
Kak Obl MPUIONHATA HAa HEKOTOPOE PACCTOSIHUE OT €ro reoMeTpuyYeckoil moBepxHocTm» [2]. s
OOBSICHEHHST O3TOTO MPEINOJIOKEHHST PAacCCMOTPHM HANpaBJICHHOCTh IIOJIE Ha IOBEPXHOCTH
KPUCTAJUIMYECKOTO TENa IO M TOCJIEe HAHECEHHS NPOMEXYTOYHOTro ciosi. OTCYyTCTBHE aTOMOB CO
CTOPOHBI IOBEPXHOCTH, KOTOPBIE TOJKHBI OBIITM MIPUTATHBATDH 3JIEKTPOHBI, YYACTBYIOIINE B CO3aHUH
XUMHUYECKON CBSA3M, MEHAET HANpPaBJICHHOCTh KPHUCTANIMYECKUX IIOJIEH W 3TU  3BJIEKTPOHBI
MPUTATUBAIOTCS COCEJHUMH TII0 TOBEPXHOCTH M TOJINOBEPXHOCTHBIMH AaTOMHBIMH OCTOBaMH.
[Ipoucxoaut neperekanue MIOTHOCTH 3apsiia CBSI3bIBAIOIINX 3JICKTPOHOB 110 MMOBEPXHOCTH U B TIIyOb
KpHCTAIUIMYECKOro Tena (puc.l), 4TO COOTBETCTBEHHO YBEIMYHMBAET CUIIYy XUMHYECKOH CBS3H.
HmenHo 3TuM 00BsICHSICTCS  yBETMUEHHE TOBEPXHOCTHOM TBEpAOCTH TBepAbIX Ted [21,22] puc.2.
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Puc. 1. CxemaTnueckoe n306pamelme NMepeTeKaHus M3JIMIIHEH MJIOTHOCTH CBA3LIBAIOIIETO
OTPpULATE/IBHOI0 3apsi/ia HA XUMHYECKUE CBAA3HM aTOMOB, PACIIOJ0KCHHBIX HA U Bl".]'lyﬁb MOBECPXHOCTH
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Puc.2. 3aBucumocts Mukporépaoctu H Bemecrsa ot Harpy3ku P(Q) na unaentop (rayouna
NMPOHNUKHOBEHNUSI HHIEHTOPA TeM 00JIbIIIe, YeM Bblllle HArPYy3Ka)

Taxum 00pa3oM, NPUIOBEPXHOCTHASL 00J1aCTh, KaK CIpaBeUIMBO oTMeuaeTcs B [2,23], MOKHO
paccMmaTpuBaTh Kak 0coOyro ¢a3y, 001a1al0NIyI0 COBCEM IPYTHUMHU XapaKTEPUCTHKAMH, 4eM 00beMHast
¢dasa, U pacnpoCTPaHSIOIIYIOCS B TiyOb TBepaoro tema. Ijis pasHbIX BELISCTB NMPOHUKHOBEHUE B
rIy0b 00beMa 3TOM M30BITOYHON IIIOTHOCTH CBS3BIBAIOIIETO 3apsijia OyneT TeM OoJjblie, YeM OOoJIbIe
yJeTIbHas SHEPTHUs CBSA3M BAJICHTHBIX SJIEKTPOHOB MOHHBIMH OCTOBaMH JJAHHOTO BEIIECTBA U MCHBIIE
JIUDJICKTPUUECKas MPOHUIIAEMOCTh puc.2. [24]. DTy riyOHMHY MOXHO NPHOIM3UTEILHO OLICHUTH 10
YMEHBITICHUIO MUKPOTBEPIOCTH C YBEIMICHUEM TITyOMHBI IPOHUKHOBEHUS MHACHTOpA. [lepeTexanue
TUIOTHOCTH 3aps/ia CBI3BIBAIOIINX AJIEKTPOHOB MEHSET TOJEBYI0 CTPYKTYpPY KPUCTaJUIa B TOM IUIAHE,
YTO TIONSA HE PACIPOCTPAHSIIOTCS OT ITOBEPXHOCTH BHE KpPHCTaUIa TakXe KaKk eciou Owmimm Obl
COOTBETCTBYIOIIME aTOMBI. [Ipy HaHeCceHHH aTOMOB TPAaHWYHOTO CJIOS M3-3a MX B3aWMOJEHCTBUS C
MOBEPXHOCTHBIMU aTOMaMHU TPOUCXOJUT TMOCTENIEHHOE 00paTHOE NepeTeKaHWe IUIOTHOCTH 3apsiia
CBSI3BIBAIONIUX 3JICKTPOHOB U BOCCTAHOBJICHHE KPUCTAILTMYECKUX TIOJICH, HAIPaBIEHHOCTh U WHTCH-
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CHUBHOCTh KOTOPBIX 3HAYHMTEILHO OOJbIIE YeM HAaIllPaBJICHHOCTh B 00pasyromeMcs aMOp(GHOM WU
MOJMKPUCTAJUIMIECKOM ciioe. EcTecTBeHHO, OHM OyayT YMEHBIIEHBI 3a CUY€T OKPaHHPOBAHHA
JPYTUMH 3JCKTPOHAMH W aTOMHBIMH OCTOBaMH TPaHHUYHOTO CJIOfA, HO BCE jke OyAyT Ha HEKOTOpOE
paccTosiHue MPOHU3BIBATH ero. CliegoBaTeNbHO, HA IOBEPXHOCTH TPAHUYHOTO CJIOS 0 OMpPeeIEHHBIX
€ro TOIIIWH, B OTIMYHE OT YHUCTOW IOBEPXHOCTH, OYAYT pacCTUIAThCA KpUCTaUIorpadudecKue
OpWEHTHPOBAHHBIE TOJS, YTO OOECHeYMBAeT KPHUCTAIMYHOCTh HAHOCHMOTO BemlecTBa. VIMeHHO
MIOCTETIEHHBIM OOpaTHBIM MEpeTeKaHWeM MIIOTHOCTH 3apsiia CBSI3BIBAIOIINX IEKTPOHOB M BOCCTAHOB-
JIEHHEeM KPUCTAJUIMYECKUX TIOJiel OOBSICHAETCS «HA TEPBBIN B3IIIAI MapaJoKCalbHOE SBICHUE,
3aKITFOYAloNIeecss B yMy4IIEHWH CTEIEHH OPHEHTAIlMH OCAKIAeMBIX B BaKyyMe CIIOEB 1O Mepe
yBENTMUEHUsT WX TONMIUHBD [2]. V3MeHeHue kauecTBa »(deKTa AaTbHOACHCTBUS B pe3yibTare
pPa3NMYHBIX BHEIIHMX BO3JCHCTBUI (0OMydeHHE ramMMa KBaHTaMH, XHMHUYECKOE WM HOHHOE
TpaBJCHUE, BO3ICHCTBHE PasIUYHBIX IOJIeH) [2, 25] MPOMCXOAWT W3-3a TOTO, YTO OHH MEHSIOT
MOJIEBYIO CTPYKTYPY MPUIOBEPXHOCTHOTO CIIOSI KPUCTAIIIA.

Takum oOpazoM, TmosieBas CTPYKTypa KpPUCTATMUECKOW pEImETKH, COCTOsIAas U3
COBOKYITHOCTH DJIJIEKTPOCTATHUECKUX W DIJEKTPOMArHUTHBIX TIOJNEH, KOTOpas TPOHMU3BIBAET Ha
ompenenEHHOe pPacCTOSHUE TPaHUYHBIE CIIOH, SBISETCS KPUCTAIUIOrPaApUUIECKHM OPHUEHTHUPYIOIUM
noJjemM, 00ecreunBarOIIUM KPUCTAULTAYHOCTh HAHOCUMOTO CJIOSI.

JIUTEPATYPA

1. H.T. Ky3uenos, B.M. HoBotopues, B.A. XKabpes, B.1. Mapromua. OCHOBEI HaHOTEXHOJIOTHH. -MOCKBa,
BMHOM. /JIaboparopus 3Hanui, 2014, 412 c.

2. CepoB U.H., Mapromuma B.U., Kabpes B.A., Tymuk B.A., ®antuko B.C. DddekTsr qanpHOOCHCTBUS B
MHKPO - ¥ HaHOpa3MepHbIX cTpykrypax. /[Umkenepnas ¢usuka, 2005, Ne 1, cc. 51-67.

3. T.W. ductnep. PeanbHoe cTpocHKE, aKTHBHOCTD M JAJIbHOJCHCTBHE KPUCTAIUIMYECKIX MOBEPXHOCTEH. B ¢0.:
Poct kpucramios, T. VIII. -Mockgea, Hayka, 1968, cc. 108-123.

4. FO.M. T'epacumos, I'.1, uctiep. OpreHTHpOBaHHAsT KpHCTAIM3anus 30701a na nosepxuoctu NaCl uepes
amop(dHyro yriaepoanyto mwi€Hky. //Kpucrammorpadus, 1969, 1.14, Ne 6, ¢c.1101-1104.

5. T.W. Hductnep, UccnenoBanue CTPYKTYphl CBOWCTBAa TBEPIBIX TNl MeTogaMu jaekopupoBanus. /M3s. AH
CCCP, Cep. ¢us, 1972, 1. 36, cc.1846.

6. T'.1. ductiep, B.I1. Bracos. Cer4arast CTpyKTypa peaibHBIX KPUCTAILIOB, OTIPEIEIISIONas OPHCHTAIIHOHHEIC
addexrsl npu snutakcuu. /M38. AH CCCP, Cep. ¢us, 1974, 1. 38, cc.1438-1442.

7. T.. Ouctiep, B.M. Kanesckuii, JI.M. I'epacumos. [lonydeHrne TOHKHX TIEHOK C TIAJAKOH TOBEPXHOCTHIO
METOJIOM JlanbHOAeicTBYoMIeH kpuctamiu3aiun. /1U3s. AH CCCP, Cep. ¢us., 1984, 1. 48, Ne 9, cc.1697-1702.
8. A.A. Vraii. O0mast u Heoprauudeckas XxuMus. -Mocksa, Bricrast mkoma, 2000, 527 c.

9. JI. Maynwusr. [pupoga xuMudeckoit cBsi3u. Mocksa, Jlenunrpan, 1947, 440 c.

10. 3. Kaprmem, I'.B.A. ®oync. BaneHTHOCTD 1 cTpoeHue MolieKyJ1. -Mocksa, Xumusi, 1979, 359 c.

11. Xappucon VY. "DnexkTpoHHast CTpyKTypa U CBOHCTBa TBepABbIX Ten: Pu3nka xumudeckoi ces3u'": Ilep. ¢ anr.
- Mockga, Mup, 1983, 381c.

12. SI.A. VYraii. O6mas xumus. -MockBa, Briciias mkoia, 1984, 440 c.

13. ®Ousnueckue BEIMYUHBI, CIPaBOYHUK. -MockBa, DHeproaromusaar, 1991, cc. 418-420.

14. Dnextpomepnbrii 3¢dekr. bompmoit sHIMKIONEnMYeckuid cioBapb. -MockBa, Xumusg, HaydHoe u3g-Bo
Bounbias Poccuiickas snnmknonenus, 1998, 700 c.

15. B. W. Munkunn. UaaykruBsbli 3¢ dexT. bonpnioit sHunKI0NeIM4YecKnii ciioBaps. -MockBa, Xumust, Hay4anoe
n31-80 boibmias Poccuiickas sunukiionenus, 1998, 222 c.

16. B. KoH. DnexTpoHHass CTPYKTypa BEIIECTBAa — BOJHOBBIE (YHKIMOHaANBI uioTHocTH. Y®H, 2002, 1.172,
Ne3, cc. 336-348.

17. O. Ulpenunrep. Jlexuuu no ¢usnke. -Mxesck: HUL| Perynspras u xaotudeckas qunamuka, 2001, 187c.
18.T.W. uctnep, B.II. Biacos. BiusHue 3JCKTPUYECKHAX CBOMCTB MOBEPXHOCTH KPHUCTAUIOB-TIOMJIOKEK Ha
npouecchl KpucTaauzanun. //Kpucramnorpadus, 1969, 1.14, Ne 5, cc. 872-878.

19. T.'U. Huctnep, E.M. TokmaeoBa. HccienoBaHue 3IEKTPUYECKUX CBOWCTB TOBEPXHOCTH - HMOHHBIX
kpuctamios. //Kpucrammorpadus, 1969, T.14, Ne6, cc.1055-1058.

20. T'.U. Huctnep. Juckyccnonnbie Bonpockl snurakcun. /3. AH CCCP, Cep. ¢wus., 1974, 1. 38, Ne 7,
cc.1424-14209.

21. A. B. Gerasimov, G. D. Chiradze, N.G. Kutivadze. On the Physical Nature of a Photomechanical Effect.
// Semiconductors, 2001, v. 35, Nel, p. 70.

22. A. B. Gerasimov, G. D. Chiradze, T. K. Ratiani, D. G. Buachidze. New mechanism of nano-indentation
process. /2nd International Conference “Nanotechnologes“, Nano-2012. Thilisi, Georgia, September 19-21,
2012. Contents, p.170.



LSISANIIRLN bSObIN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, /22,2017 115

23. B. U. I'paués, B. 1. Mapromnun, B. A. Tynuk. CnaOvle u cBepxciiaOble BO3JCHCTBHS B HAHOTEXHOJIOTHSIX,
Omonornu u meaumuHe. -Vhxesck, Y amyprus, 2016, 303 c.

24. B. M. I'mazos, B. H. Burnoposuu. MuKpOTBEPIOCTH METAILIOB M TOIYIPOBOAHUKOB. -MockBa, MeTamtyp-
rus, 1969, 248 c.

25. B. @. Boukapés, O. FO. bynun. BrusHme 5IeKTpOMAarHUTHBIX IOJIell Ha Tmporecc (OPMHPOBAHUSL
CBEPXTOHKHUX TUIEHOK IMPH TUIa3MOCTHMYIHPOBAHHOM MeTone ocaxaeHus. //Mukposnekrponunka, 2009, 1.38,
Ne3, cc. 181-187.

SUMMARY

ON THE PHYSICAL ORIGIN OF THE LONG-RANGE EFFECT IN THE PROCESSES OF CRYSTAL
NUCLEATION AND GROWTH

Gerasimov A.V., Vepkhvadze M.T., Gorgadze K.M., Shengelia M.A., Khisanishvili Sh.M.

and Chiradze G.D.

Georgian Technical University

In the processes of crystallization, the existence of a structuring organizing informational beginning that is a
crystal surface is essential. The paper discusses the mechanism of the effect of the crystal surface on
crystallization. It is shown that spatial distribution of the probability of finding of a negative binding charge (i.e.
density) cannot be considered fixed between the nearest neighboring ion cores. It propagates with decreasing
magnitude to other interatomic regions in preferential directions. These directions are determined by electrostatic
and electromagnetic fields of atoms ion cores and their valence electrons, which providesthe crystallinity of the
deposited substance.

Keywords: long-range effect, crystallization, chemical bonds, amorphous boundary layer, polycrystalline
boundary layer.
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SUMMARY

RADIOACTIVE WASTE MANAGEMENT IN ACCORDANCE WITH ITS CLASSIFICATION IN
GEORGIA

Nabakhtiani G.N., Gorgadze K.M., Tvaliashvili V.Z., Giorgadze 1.S. and Khizashvili Sh. M.

Georgian Technical University

The main goal of radioactive waste managementis to protect people and the environment from harmful effects of
nuclear waste. At the same time, not only today’s effects, but also the events that could occur in the distant
future should be taken into consideration. In this connection, it would be expedient to use the classification of
radioactive waste. Radioactive sources withdrawn from circulation, the classification of which has not existed in
Georgia so far, represent a special type of radioactive waste. Based on a scientific assessment, the article gives
the classification of radioactive sources withdrawn from circulation as radioactive waste, which takes into
account Georgia’s realitiesand completely complies with international classification. Currently, the radioactive
waste disposal in Georgia is closed and only safe storage of radioactive waste is carried out. For this purpose,
radioactive sources withdrawn from circulation are placed in special containers. The design of such a container
for a standard source with consideration of the factor of scattering is presented. The design was performed
using software MicroShield.

Keywords: radioactive waste management, radioactive waste classification, radioactive sources withdrawn from
calculation.



124 b5dS@N3IL N bSO6IN6H3() LOSELI60, GEORGIAN ENGINEERING NEWS, M2 2017

O PU3NYECKOM MEXAHU3ME HAT'PEBA BO/Jbl B BUXPEBBIX U
AJIEKTPOI'NJAPOYJAPHBIX TEIIVIOTEHEPATOPAX

I'epacumos A.B., [Ipanrumsuin A.H., Benxanze M.T., l'opraaze K.M.
I'py3uHcKkuii TeXHMYEeCKHH YHMBEPCUTET

“Hcemuna npoxooum uepes mpu Cmaouil. CHAYa1a ee blcCMeusaom, nomom
et APOCMHO CONPOMUBTAIOMCA U, HAKOHEeY, NPUHUMAIOM KAK 04esudHoe. *
Apmyp Llloneneayap.

3a mocnennee pecstuietde Bc€ Oomnblne COOOMIEHWH TOSBIACTCS O BHUXPEBBIX U
KaBUTALMOHHBIX  AJIEKTPOTUAPOYIAPHBIX  TEIUIOreHeparopax, obJajaromux — Kod(h(UIHEHTOM
nosesHoro aeiictBus (KI11) 6onbine equnuist [1-3]. B 06mux eprax cyth 3 dexra COCTOMT B TOM,
YTO BOJA, MPOKauMBaeMasi 4epe3 KOpIyC BUXPEBOTo TeIIoreHepaTopa U OJJHOBPEMEHHO BOBJIEKaeMast
JUICKaM{ BO BpallaTeIbHOE IBMKCHUE C YaCTOTOW BpAIICHUsI MOPSIKA HECKOIBKO ThICSY 00/MUH, IpH
BBIXO/IE M3 TEIUIOT€HepaTopa HarpeBaeTcs. B ciydae KaBUTAI[MOHHBIX JJIEKTPOTHUAPOYAAPHBIX
TEIUIOTeHEpPaToOpOB B pe3yJbTaTe 3MEKTPUUYECKUX Pa3psAA0B B JKUAKOCTH U CIEAYIOUIUX 3a HHUMHU
3NEKTPOTUAPABIMYECKUX YIapOB JKUAKOCTh HarpeBaeTcs. YTOMSHYThIE TEIUIOTeHEepaTophl yiKe
BBIITYCKAIOTCA ISl IpakTHYeckoro npuMeHeHus. O1HaKo, HECMOTPSI Ha MHOXKECTBO MOTBITOK, 10 CHUX
MOp HET MeXaHU3Ma, OOBSACHSIONMETo 0TKyAa Oepércst JoO6aBouHas SHEPTHs, oOecTieyrBaroIas TaKon
KITZ. Orta Heymada Bcex MOMBITOK, MO HamleMy YOEXICHHUIO, CBs3aHa C TEM, YTO BO BCEX MOAXOJax
OOBSICHEHHST JTOTO HWHTEPECHEHINEero SBICHUS WCIOJB3YIOTCS MPECTABICHUS OOIEHPUHSITHIX
TEPMOJAMHAMUKH M MOJEKyJsIpHO-KuHeTndeckoi Teopun (MKT) [4], KkoTopble IS OMUCAHHS
AKKyMYJSILUM SHEPTrUM BEIECTBOM HCIIOJIB3YIOT IHOHSATHE TEIUIOEMKOCTH TOJIBKO C KMHETHYECKOM
TOuKH 3peHusi. Kak n3BecTHO TepMOAMHAMHKA paccMaTpHBaja BEIIECTBO KaK CIUIOLIHYIO CyOCTaHIIUIO
U TIO3TOMY He Moryia OOBSICHUTh MHOTHE HaOmogaeMble (pakThl, a CIEIYIOLUIMM IIaroM B ITO3HAHWUHU
BemecTBa siBuiack MKT, koropast yuuThiBajza aTOMHO-MOJEKYJISIPHOE CTPOEHHE BELIecTBA U
OOBSICHIIA CYLIECTBYIOIIME K TOMY BpEMEHH OKcrepuMeHTanbHbie (akTel [5]. Ho mocrenenHo
HaKOIIWJIMCH OIBITHBIE JaHHBIE, 0COOCHHO B oOmactu Hu3KkuX Temmeparyp (T < 0,7Tmn., roe Tmo. -
TeMIeparypa IUIaBJICHHUs BELIECTBAa), KOTOpble He MoxeT 00bsicHuTh MKT. OObscHUTH Bce 31U
JaHHBIE YJIAJIOCH C TIOMOIIBIO MOSIBUBLIMXCS B MOCJIEIHUE TOAbI HOBBIX (PU3MYECKUX MPEICTABICHUHN O
BelecTBe — «DJICKTPOHHO - MOTEHIHABHOM Teopun BemiectBay (DIITB) [6] (nepBuuHOe Ha3BaHUE —
«MonekysipHO-TIOTeHIIanbHass Teopusi» [7-9]), kortopas B ommunu ot MKT, paccmartpuBaer
BEIIECTBO Ha OoJjiee MPELUM3HOHHOM - 31eKTpoHHOM ypoBHe. U3 DIITB cnenyer uro, cTpykTypa
SHEPreTHYECKUX YpOBHEH (30H) B BEIIECTBE, MX B3aWMHOE MECTOIOJIOKEHHE Ha IHEPreTHYeCKOM
HIKaJle U UX 3all0JTHEHUE JIEKTPOHAMH IMIPH AaHHOW TEMIepaType M BHEUIHHX YCJIOBUSX, IIOJHOCTBIO
OTPENIeJIAIOT BCE CBOMCTBA IAaHHBIX BEIIECTB. A A aKKyMmyJsimuu SHepruu BemiectBoM OIITB
UCIIOJIB3YET HE TOJBKO TMOHATHE TEINIOEMKOCTH, HO M BO30YXAEHHBIE COCTOSIHHS 3JIEKTPOHOB,
YYacTBOBAaBIIMX B CO3JaHWM XUMHUYECKHX CBsi3edl. B naHHOM cooOlIeHMM HaMu Tmpeajaraercs
MEXaHU3M, OCHOBaHHbIM Ha mpeacrtaBieHusx OIITB, oObscHsommx oTkyaa Oepércst moOaBodHas
sneprus, obecneunsaromast KI1/[>1 B Bbie onrcanHbIX 3QQeKToB.

[IpuBeném HeKOTOpHIE CBOHCTBAa BOJBI, HEOOXOAMMBIE Uil PELICHUS MHTEpEeCyIolled Hac
npoOJeMbl, paccMaTpuBaeMOW B JaHHOM cooOlIeHHH. Bolla OTHOCHTCS K CIOXKHO-CTPYKTYPHBIM
xuakocTsaM [10]. K macrosimemy BpeMeHH IPEIOKEHO MHOTO TEOPHUH M MOJIEIEH O CTPYKTYPE BOJIBI
[11-15], B ocHOBHOM KiacTepHbIX. [101 KJIACTEpPOM MPUHATO MOHUMATh OOBEMHYIO CTPYKTYpY, B
KOTOpOW KaxkJas MOJIEKyJia BOJBI CBA3aHA C JPYTMMH MOJIEKYyJaMH OIHOW, NBYMSI WM TPeMs
BOJIOPOJTHBIMH CBSI3SIMHU. [Ipy onMicaHUH BOJOPOJHBIX CBSI3EH MEXTy MOJIEKYJIAMH BOJIBI BO3HUKAIOT
po0jieMbl, CBsI3aHHbIE C HEOJHO3HAUYHOCThIO WX Ipupoabl. Hampumep, skcnepuMeHTanIbHO ObLIO
IIOKA3aHO, YTO BOJOPOAHAS CBA3b MEXKAY MOJIEKYJIaMU BOZBI BO JIbJly UMEET YaCTUYHO KOBAJICHTHBII
xapaktep [16]. IIpemmararoTcst pasHble CTPYKTYPhI KJIaCTEPOB, COCTOSINUX M3 MOJEKyI Boasl [11-15].
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W3BecTHO, YTO U OMMCAHUS JIEKTPOHHOM CTPYKTYPHI KIACTEPOB CO3aHBI HECKOIBKO KBAaHTOBO-
MEXaHUYECKHX MOJENeH, HO, K COXAaJCHHUIO, BBHIYMCICHHBIE C MX IOMOIIBIO XapaKTEPUCTHIECKHE
napaMeTpsl HE COBHAJalOT C SKCIHEPHMEHTATBHBIMH pe3yiabTaTaMu. HecMmoTpst Ha 3To, ciemyer
OTMETUTh, 4YTO BCE OHHU /ISl JHEPreTHYECKOrO pPACIPENCNICHUS MAAIOT JUCKPETHBIA CIIEKTP
9HEPreTUYECKUX YPOBHEH MOM00OHBIH H300pakeHHOMY Ha puc.l. [17]. DHepreTudeckas Imelb MexIy
HaMBBICIICH MOJICKYJSPHOI 3aHATOW 3JICKTPOHAMHU OpOUTAJIBIO - SHEpreTudeckuM ypoHem (Higer
Occupiede Molecular Orbita-HOMO) wu Hmwkaiieii MOJEKyISPHOH HE3aHATOH OpOUTAIBIO -
sHepretuueckum ypoBHem (Lower Unoccupide Molecular Orbital-LOMO) umeer cMmBICT 3ampeTHOM
30HBI. [IepeBo/] AEKTPOHOB B pe3ysibTaTe KaKoro-lmmdo BO3ICHCTBHS (TeMIeparypa, JaBlICHUE, CBET,
pasnblie moinsi) ¢ HOMO na LOMO BoI3biBaeT H3MEHEHHE Pa3IMYHBIX CBOMCTB BEIECTB (arperatHoe
COCTOSIHME, TMPOBOJAMMOCTb, MEXaHMYECKHUE M ONTHUYECKHE CBOWCTBa M T.A.) [lpu penmakcamuu -
BO3BpAILICHUH 3JIEKTPOHA HA HMCXOJAHBIA DHEPreTHYECKUI YPOBEHb — BBIACISCTCS SHEPrUsl paBHas
9HEPreTUYECKOI Pa3HOCTH MEKTY STUMH YPOBHSIMH.
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Puc.1. CxemaTndeckoe n300paskeHue 3JIEKTPOHHOH CTPYKTYPbl JHEpPreTHYeCKUX YPOBHel
3JIEKTPOHOB KJlacTepa

B BuxpeBbIX reHepaTopax MpH B3aMMOJCHCTBUH JIONIACTEH 3aBUXPEBATEIISl, KOTOPBIE KPYTSTCS
¢ npoctatoyHo Oombmioid yactoTol (3000 00/MMH) M B KaBUTALMOHHBIX AJIEKTPOTUAPOYIAPHBIX
TeIIoreHeparopax odpasyercst yaapHas BojHa. C MakpOCKOIMMYECKON TOYKHM 3peHHs yaapHasi BOJHA
npeAcTaBisieT  coO0OH  BooOpakaeMyro — MOBEpXHOCTb, Ha  KOTOPOH TEpPMOIMHAMUYECKHE
BEJIMYMHBI CpeAbl (KOTOpPbIE, KaK MPaBUIIO, U3MEHSAIOTCS B IPOCTPAHCTBE HEMPEPHIBHO) HCIBITHIBAIOT
yCTpaHUMBbIE OCOOCHHOCTH: KOHeuYHble cKaduku. llpum mepexoze uvepe3 (POHT ymapHOH BOJHBI
MEHSIOTCS 1aBIIEHNE, TEMIIEPATypa, IVIOTHOCTh BELIECTBA CPEJbl, a TAKKE CKOPOCTh €€ JBHKCHUS
OTHOCUTENBHO (poHTa ynapHoi BosHBI [18]. Uucro razoguHaMHUYecKue METOJbl HEMPUTOIHBI ISt
MCCIIEIOBaHNSI MUKPOCKOITMYECKOW BHYTPEHHEH CTPYKTYPBI YAApPHBIX BOJH OOJIBIION MHTEHCHUBHOCTH
[19]. [Jns TeopeTHYeCcKOro  HM3YyYCHHS  MHUKPOCKOIIMYECKOW  CTPYKTYPbl — yOapHBIX  BOJIH
MIPUMEHSETCS] KWHETHYEeCKasi TeopHs. AHAJIUTUYECKH 3a7lada O CTPYKType YAapHOW BOJHBI HeE
pelaeTcsi, HO UCIOJb3YeTCsl Pl YIPOLIEHHBIX MOJeIIel, IPUMEHEHNUE KOTOPhIX B CIIydae CJIOKHOIO
JIBIDKEHUSA KUJKOCTU eni€é He paccMarpuBaioch. [losTomy, Juisi pellleHHs: MHTEpecyrolleid Hac
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mpoOsleMbl MBI Oy/eM ONepupoOBaTh YCTAHOBIEHHBIMHU (haKTaMH. SICHO, 4TO TOBEPXHOCTH JIOMACTH
3aBUXpeBaTeNsi, Kak OBl XOpOIIO OHA HE ObLIa OTIIONMPOBaHA, HA aTOMAPHOM YpPOBHE OyIeT MMEeTh
HEPOBHOCTHU (OCTPOBKH HEAOCTPOSHHOTO aTOMHOTO CJI0SI, CTYIIEHHKH aTOMHBIX CIIOEB H T.J.), KOTOpPEIE
B IIpoliecce Kpy4deHus: OyAyT yAapsTh MO KiacTepaMm BOJbI, CO3JaBasl YAapHYIO BOJIHY C OTPOMHBIM
JaBJIeHHEM, CIIOCOOHBIM JeOPMUPOBATh HX XUMHUYECKHE CBSI3M HACTONBKO, YTO OSHEPrHs,
COOTBETCTBYIOI[asi KOMHATHON TeMIlepaType, HEIOCTaTOuHa /Il UX BOCCTaHOBIEeHMA. M3BecTHO, 4TO
JTaBJICHHUE BBI3BIBAET CABUI HA HEPreTHUECKOM IIKale B3aUMHOI'O0 MECTOMOIOKEHHS SHEPTeTUYECKUX
ypOBHEW XUMHYECKUX cBsizedl B BemiecTBax [20-22]. B HEKOTOpPBHIX BEIIECTBAaX PACCTOSHHE MEXIY
HUMH YBEIMYHBAETCS, Y OONBUIMHCTBA — YMEHBIIAETCS, HO MPH OYSHb OONBLIMX JABJICHHUSX BO BCEX

BEIlleCTBaX yMeHbInaercs [23].
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Puc. 2. 3ano/jiHeHMe 3J1eKTPOHAMH IHePreTHYECKUX YPOBHell KiaacTepa ¢ Heae)OPMHUPOBAHHBIMH M
Ae()OPMUPOBAHHBIMM XMMHYECKMMHU CBA3SAMH

B pesynbrate yMeHbIIIEHHS PACCTOSHUS MEXIY YPOBHAMH J1e()OPMHUPOBAHHBIX XUMHUYECKUX
CBsI3€d KJIACTEPOB BOZABI NPU KOMHATHOW TEMIIEPATypEe YBEIMYMTCS WHTEHCUBHOCTBH IIEPEXOJ0B
JJIEKTPOHOB C HIDKHUX Ha BEPXHUE YPOBHH pHC.2. T.€. AJIEKTPOHBI OKAXYTCS B BO30YXKIEHHOM
COCTOSIHUM. JTH KJAcTepbl, OTHASSCH OT yNApPHOW BOJHBI, OYIAYT HCIBITHIBATH CTOJKHOBEHHS C
MOJIEKYJIAMA C Ppa3HOM KUHETHYECKOM 5SHeprueil. B pesynbrare HECKOIBKUX OJHOBPEMEHHBIX
CTOJIKHOBEHHH Je(OPMUPOBAHHBIX KIACTEPOB C MOJIEKYJaMH C 3Heprued (paBHOW WM MEHBIIE),
COOTBETCTBYIOIIEH KOMHATHON TEMIIEPATYPE, €CIIU UX CyMMapHasi 3HEPIHsl OKa3bIBAETCS JOCTATOYHOMN
JUIS BBITIpABJICHUS J1e(OPMHUPOBAHHBIX XUMHUYECKMX CBS3€H, TO OHHM TIEpellaloT  KacTtepy 3Ty
SHEPIHI0, T.€. «OCTHIBAIOT». HO IOCKOJIBKY HAarpeBaTeNy HE SIBISIOTCS 3aKPBITBIMU CHCTEMaMU U
B3aMMO/JICUCTBYIOT C OKpY’Karolled Ccpenod, KOJUYECTBO MOJIEKYJI C SHEPrueil, COOTBETCTBYIOIIEHU
KOMHATHOH TeMIlepaType, MOXKHO CUHTATh MOYTH OECKOHEYHBIM, IMO3TOMY JTO OXJIAXKICHHE OyneT
OBICTPO JHMKBUAMPOBAHO M He 3ameTHO. JIMkBumanus AegopMalvi BBHI3OBET YBEIHMUYEHHE 3a30pa
MEXIy YPOBHSMH M JJIEKTPOHBI (PENaKCHUPYIOT) BO3BPAIAIOTCA HA WCXOAHBIE HHU3IINE YPOBHHU C
BBIJICJICHUEM CYMMAapHOH 3HEpPruH, IOJYYEHHOH OT HECKOJIBKHX HU3KO3HEPreTHMUECKHX MOJEKYIL.
KoHueHnTpanuss KjIacTepoB C BOCCTAHOBJIEHHBIMU XMMHMYECKHMMH CBSA3SIMH COM3MEpUMa C KOH-
[EHTpaIUel «TEMIBIX» MOJIEKYJ B BoJe (HaxXoIAIIecs Mpu KOMHATHONH TeMIleparype), o3TOMY MX
BIIMsIHUE OOHApy)XuBaercsi B Bujae HarpeBa Boibl (puc.3). Ho mOCKOSbKY TpOWHBIE W YeTBEpPHbIC
COyJIapeHUSI TIPOUCXOAT 3HAUYUTEILHO PeXe, YeM JBOiHbIe [5], TO BhINpaBieHue ae(hOpMUPOBAHHBIX
XUMHAYECKHUX CBSI3€H C BBIIEICHHUEM SHEPIUU PACTSIHYTO BO BPEMEHH. DTHM OOBICHSETCS TOT (PaKT,
YTO MaKCHMaJlbHasi TEMIIepaTypa HarpeBa BoJIbl HaOJII0JAaeTCsl HA HEKOTOPOM yIOalleHMH OT BBIXOJA
TeIIOreHepaTopa.
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Puc.3. CxemaTnueckoe u300paxkeHne JHEPreTHUECKOro pacmpeneieHus] KOHIEHTPAIMHE MOJIEKYJI BOIbI
10 (— ) u mocJie Harpesa ( - - -)
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SUMMARY

WATER HEATING IN VORTEX AND ELECTROHYDRAULIC IMPACT HEAT GENERATORS
Gerasimov A.B., Prangishvili A.1., Vepkhvadze M.T. and Gorgadze K.M.

Georgian Technical University

The paper describes the mechanism of obtaining additional energy by vortex and electrohydraulicimpact heat
generators, which guarantees their coefficient of efficiency more than one. In the devices of both types, shock
waves are formed and they exert tremendous pressure on water cluster. This pressure is able to deform the
chemical bonds of water clusters so that the energy corresponding to room temperature will not be enough for
their recovery.In the result, the distance between the levels of deformed chemical bonds decreases and, at room
temperature, the intensity of transitions of electrons from lower to upper levels increases. In the result of
simultaneous collisions of the clusters with the some molecules having the energy corresponding to room
temperature, the molecules transmit this energy to the clusters, i.e. they “cool down”, in case their total energy is
sufficient for correction of deformed chemical bonds. As heaters are not closed systems and interact with the
environment, this cooling will be inconspicuous. Elimination of deformation increases the gap between the
levels, and, returning to initial lower layers, the electrons release the total energy obtained from several low-
energy molecules. The released energy heats water.

Keywords: vortex heat generators, chemical bonds, coefficient of efficiency, water molecules, energy.
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SUMMARY

PROSPECTS OF GEORGIA’S OIL FIELDS

Beridze N.V. and Macharadze M.G.

Georgian Technical University

The article reviews oil prospects of mountainous Kakheti, in particular, of the VVedzebi oil field. The possibility
of the existence of an oil reservoir inLiass sediments and of Jurassiic oil collectors in younger sediments above
the Liass ones, which could turn out to be large Georgian oil fields, is discussed. It is planned to conduct deep
exploration drilling after carrying out 2D and 3D seismic work. According to the authors, industrial oil in
Georgia "was, is and will be!"

Keywords: oil, oil field, prospects, exploration drilling.



134 b5dSFN3IL N bSO6IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, M2 2017

ONE- STAGE PRODUCTION OF SUPERCONDUCTING MgB, AND HYBRID POWER
TRANSMISSION LINES BY THE HOT SHOCK-WAVE CONSOLIDATION TECHNOLOGY

Gegechkori T.0O., Godibadze B.A., Peikrishvili V.A., Mamniashvili G.1. and. Peikrishvili A.V.

lv. Javakhishvili Thilisi State Univerity
G. Tsulukide Mining Institute
F. Tavadze Institute of Metallurgy and Materials Science

Abstract. The rapid development of research of the conductors based on superconducting compound MgB,
makes realistic a prospect of their technical application at temperatures below 30 K. The technology of
development of superconductive materials belongs to traditional powder metallurgy: preparation and compaction
of Mg-B powder blends under static conditions with further sintering. Earlier the shock wave consolidation
technology was used to fabricate high-density MgB, billets with maximum critical temperature T, = 40K, but
sintering after shock wave compression to fabricate high dense MgB, billets was additionally required. We used
a unigue method of hot shock-assisted consolidation combining high temperature with the two-stage explosive
process without any further sintering, which produced superconducting materials of high density and integrity.
The consolidation of MgB, billets was performed at temperatures above the melting point of Mg up to 1000°C
with Mg-B blend powders in a partially liquid state. The impact of the isotope B composition on critical
temperature and superconductive properties of MgB, was evaluated, as well as the first successful application of
this method to production of hybrid power transmission lines for simultaneous transport of hydrogen and electric
energy was demonstrated.

Keywords: superconducting MgB,, shock-wave consolidation, B isotopes, hybrid energy lines

1. Introduction

The rapid development of research of the conductors based on superconducting compound
MgB, makes realistic a prospect of their technical application at temperatures below 30 K.

Reported achievements of all higher values of the critical current density in wires and tapes at
moderate magnetic fields [1,2] lay out a strong hope that soon these conductors may be more
economical at helium temperatures than industrial wires and cables based on NbTi and NbsSn.

In the field of applied superconductivity, at temperatures 20-30 K MgB, -based conductors
may seriously push forward industrial tape-based high-temperature superconductor (HTSC) materials.

The main procedure to obtain MgB, is solid-phase synthesis in particular modifications. For
instance, the synthesis under high pressure is a quite efficient method [3]. As HTSC ceramics,
compound MgB; is brittle and therefore cannot be directly manufactured in the form of wire or ribbon.
Currently the most widely used method to produce the conductors based on MgB, (as HTSC ceramics)
is the “powder-in-tube” (PIT) method [4]. It is mainly used in two ways: in situ and ex situ. In the in
situ PIT method, a thoroughly mixed stoichiometric mixture of magnesium and boron powders is
pressed into a metallic tube, after which it runs into the wire. A superconducting core of the MgB,
wire is a final result of wire annealing over the temperature range of 600-950°C. In contrast, in the ex
situ PIT method, a metal tube filled with already synthesized compound MgB; is stretched into the
wire. Both options have their advantages and drawbacks.

In work [5], a novel method of photostimulated solid-state synthesis of oxide materials
enabling a dramatic increase of the solid-state reaction rate was developed. The solid-state reaction
rate turned out to be approximately two orders of magnitude higher as compared to the ordinary high-
temperature solid-state reaction proceeding in the furnace. The experimental results given in [5]
provide evidence of the photostimulated nature of the solid-state reaction and demonstrate the
possibility of production of HTSC and CMR oxides with light, which is usually limited by the sample
thickness. One could expect that this method could be particularly effective in the preparation of oxide
films of high technological importance.

Work [6] presents the first results of investigation of the properties of superconducting MgB,
samples, obtained by the method of hot explosive compaction (HEC). By this method, the effect of
increasing the solid-state reaction rate similar to that in the case of using the photostimulated solid-
state synthesis was obtained. Besides, due to the high penetrating capability of shock waves generated
by explosion with intensity of compression 10 GPa, this method allows fabricating the bulk, high-
density and long-body cylindrical billets about 200 mm in length and 30 mm in diameter. The HEC of



bSISANIIRLN bSObIN6H() bOSELI60, GEORGIAN ENGINEERING NEWS, 422, 2017 135

cylindrical billets was performed using a semi-automatic explosive device, designed at Tsulukidze
Institute of Mining, allowing to consolidate precursors of different composition with close- to-
theoretical density over the temperature range 20-1200°C and the loading intensity 5-10 GPa.

The described HEC method allows also producing multilayer cylindrical tubes (pipes) when
the gap between two metallic layers (e.g., Cu) is filled with superconducting MgB, composites, which
could find important applications in production of superconducting cables for simultaneous transport
of hydrogen and electrical power in hybrid MgB, -based electric power transmission lines filled with
liquid hydrogen [7].

In this work we present new results on the impact of the isotope B composition on critical
temperature and superconductive properties of consolidated MgB; billets. Besides, the first successful
application of this method to the production of hybrid power transmission lines for simultaneous
transport of hydrogen and electric power is demonstrated.

2. Experimental Results and Discussion

The novelty of the proposed nonconventional approach lies in the fact that the consolidation of
solid high-density long-body cylindrical MgB, billets from submicron-sized Mg and B powder blends
is performed in two stages:

1. At the first stage, preliminary explosive compression of the precursors is carried out at room
temperature with the loading intensity of 5-10 GPa to increase the initial density and to activate
surfaces in the powder blend.

2. At the second stage, the same already preconsolidated cylindrical sample is loaded with a
primary explosive shock wave with the loading intensity of 10 GPa, but at temperatures about 1000°C.

The experimental set-up is shown in Fig.1.

4 6

Fig.1. Set-up of the HEC device
1. Consolidating powder material; 2. Cylindrical steel container; 3.Plugs of the steel container; 4. Heating wires
of the furnace; 5. Opening and closing movement of the furnace; 6. Opening sheet of the furnace; 7. Closing
sheet of the furnace; 8. Basic construction of the HEC device; 9. Feeding steel tube for the samples. 10.
Movement tube for the heated container; 11. Connecting tube from rub; 12. Accessory for fixing explosive
charge; 13. Circle fixing passing of steel container; 14. EIl. Detonator; 15. Detonating cord; 16. Flying tube for
HEC, 17. Explosive charge; 18. Lowest level of the steel container; 19.Bottom fixing and stopping steel
container; 20. Sand.
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The first successful HEC of Mg-B powder blends was performed at 1000°C, which is above

the melting point of the Mg phase, at loading intensity 10 GPa providing critical temperature of
superconductive transition T, near 37 K, Fig. 2b.
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Fig.2. a- Traces of oxidation are observed on the microstructures (light places).
b- Magnetic moment temperature dependence measurements in zero-field-cooled (ZFC) and field-cooled
(FC) modes, showing the superconducting transition at temperature near 37 K [6].

The above confirms the important role of temperature in the formation of a superconducting
MgB, phase in the entire volume of the sample and is in agreement with the literature data, according
to which the formation of MgB, phase with T, =40 K took place only after sintering at the temperature
above 900°C. The difference of T, between the HEC and sintered MgB, composites can be explained
by the rest unreacted Mg and B phases or by the existence of some oxides in precursors, Fig. 2a.

This can be checked by increasing the HEC temperature or by further sintering. Careful
selection of initial Mg and B phases is important too, and, in case of consolidation of Mg-B precursors
with the abovementioned corrections, the chance to increase T. in the HEC samples essentially
increases.

In Fig. 3 are shown MgB; billets in steel jackets after previous compaction (Fig. 3a) and after
the HEC procedure (Fig. 3b).
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|

Fig. 3. Billets before (a) and after (b) the HEC procedure at 1000°C and loading intensity 10 GPa

In subsequent experiments, the application of pure Mg and a crystalline and amorphous B
powder blend prevented the formation of MgO in HEC billets and increased T, of the obtained MgB,
composites up to 38.5 K (Fig. 4) in the case of pure amorphous boron powder without any post-
sintering of the obtained samples.
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Fig. 4. Temperature dependences of the zero-field cooled (ZFC) and field-cooled (FC) magnetic moment
for HEC MgB, composites at 1000°C with the loading intensity 10 GPa in the 20 Oe magnetic field

For these samples,the traces of oxidation (light places) on microstructures were not observed
(Fig. 5.)

Fig. 5. Microstructures of the HEC MgB, composites; HEC at 1000°C and loading intensity 10 GPa from
pure Mg and B powder blends [6]
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The experiments for HEC of precursors were performed at the temperature below and above
the melting point of the Mg phase. The consolidation was carried out at 500, 700, 950, and 1000°C s
with the loading intensity 10 GPa.

It was experimentally determined that comparatively low-temperature consolidations at 500°C
and 700°C gave no results, and the obtained compacts had no superconducting properties.

The application of higher temperatures and consolidation at 1000°C provides the formation of
the MgB, composition in the entire volume of HEC billets with the maximum value T, =38.5 K
without further sintering takes place, which corresponds to the literature data.

Fig. 6 shows the impact of the isotopic effect on superconductivity.
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Fig.6. The impact of the isotopic effect on superconductivity

The investigation of the impact of the type of a boron isotope on the final superconducting
characteristics of magnesium diborides (MgB,) after the HEC at 1000°C showed that, in contrast to
the 'B isotope, application of the *°B isotopes in Mg-B precursors increases the critical temperature
by 1K. Such a difference may be explained by higher density of *°B in contrast to 'B.

Finally, different types of superconducting Cu-MgB,—Cu tubes for hybrid power transmission
lines are shown in Fig. 7.

1 ‘

-

Fig. 7. Cu-MgB,—Cu superconducting tubes
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Conclusion

® The liquid phase HEC of Mg-B precursors at 1000°C provides the formation of the
MgB, phase in the entire volume of billets with maximum Tc=38.5K

° The type of applied B powder affects the final superconducting characteristics of
MgB.. Better results were obtained in the case of amorphous B precursors (38.5K versus 37.5K).

® The purity of precursors is an important factor, and the existence of oxygen in the
formed oxidized phases in precursors leads to the reduction of Tc and the uniformity of HEC billets.

® Isotopic modification of initial boron powders is also important, and application of
9B isotope in the initial Mg-B precursors provides higher critical temperature in the formed MgB,
composites.
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PE3IOME

OJTHOSTAMMHOE MPOM3BOJCTBO CBEPXIPOBOJMAIIEIO MgB, U TMBPUJAHBIX JUHUM
SHEPIONEPEJAY HA EIO OCHOBE TEXHOJIOTHMEW TOPSYEN YJIAPHOBOJIHOBOM
KOHCOJINJALINN

I'ereuxopu T.O., 'oqudanse B.A., leiikpumsuau B.A., Mamuanamsuiau I'.W., Ilefikpumsuiau A.B.
TOonaucckmii rocyiapcTBeHHbI yHuBepeuTeT uM. UB. [IskaBaxMIIBHIN

I'opHubiii uHCTHTYT HM. I'. Hysykuase

HHeTuTyT MeTa/ilypruu u Mmatepuanosegenus um. ®. Tapaaze

Brictpoe pasBuTHe HccieqOBaHMH NPOBOAHMKOB Ha OCHOBE CBepXHpoBojsiero coexmHenus MgB, nemaer
OueHb peaNbHOI MEPCHEKTHUBY UX TEXHMUYECKOro MpUMEHeHus npu Temmeparypax Hmke 30K. Texnonorus
pa3paboTKM CBEPXIPOBOASAIIMX MAaTEpHaJIOB OTHOCUTCS K TPaJUIMOHHONH MOPOIIKOBOM METalulypruu:
MNOJArOTOBKA M YIUIOTHEHHE IOPOIIKOBBIX cMmecel Mg-B B cTarmdeckux ycClOBUSX C NOCIEAYIOMIMMU
npoueccamu crekaHus. PaHee Obula Takke NPUMEHEHAa TEXHOJIOTHS YAAPHOBOJHOBOTO YIUIOTHEHHUS JUIA
M3TOTOBJICHUS BBICOKOTUIOTHBIX 3aroToBok MQB, ¢ makcumanbHOl kKpuTHueckoi temmneparypoit T, = 40K, HO
JIOTIOTHUTEIBHO TPeOOBANOCh CIEKaHWE, MPUMEHSIEMOE IOCIE YAAPHOBOJIHOBOTO CHKATHS JJIS W3TOTOBIICHHS
BBICOKOIIIIOTHBIX 3aroTOBOK MQB,. MBI npuMeHnIN OpUrHHANBHBINA KOHCONMIAIIMOHHBIM METOI B COYETaHUHU
HarpeBa C yJapHOW BOJHOW B MPOIECCEe JBYXATAITHOIO B3PHIBHOTO KOMIAKTHPOBAaHUS 0e€3 MOCIETyIOMIEero
CHEKaHMSA, KOTOPBIH MPOM3BOAUT CBEPXIPOBOININE MATEpHATBl C BBICOKOW IUIOTHOCTBIO M IEIOCTHOCTHIO.
Koncomuauposanne 3aroroBok M@B, nmpoBogmmm mpu TemmepaTypax BBIIIE TeMIIEpaTypsl IDIaBieHHS Mg 1o
1000°C B YacTHYHO IKHUAKOM COCTOSHHH nmopomkoB Mg-B. OueHeHo BiusiHEE cocraBa u3oToma B Ha
KPUTHUYECKYIO TEMIIepaTypy M CBepXmpoBozsmue cBoiictBa MQB,, a Taxke NpoIeMOHCTPHPOBAHO IE€PBOE
yCIIEIIHOE MNPUMEHEHHE J3TOro MeETo/Aa JUIsl TPOM3BOJICTBA TMOPUIHBIX JIMHMH 3JIEKTporiepenad s
OJIHOBPEMEHHOM TPAHCIOPTUPOBKU BOJOPOA U IIEKTPUIECKOM SIHEPTUN.

KaloueBble ciaoBa: cBepxnpoBomsiuii  MQB,, B3pbIBHas KOHconMpanus, W30TONBI B, ruOpuaHble
SHEPIreTUYECKUE JIMHUH.


http://www.sciencedirect.com/science/journal/09214534
http://link.springer.com/journal/10948
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O HEJECOOBPA3HOCTH UCIIOJIb30BAHHUA B BUOTEXHOJIOI'UAX ITAPOB
MEPEKUCH BOJIOPOJIA, BOJSTHOT'O PACTBOPA MOPCKOM COJIM 1 BOJSAHOI'O
PACTBOPA THJIPOKAPBOHATA HATPUSA (NAHCO;) INIA3BMOOBPA3YIOIIENA
CPEJIOM IIPU TEHEPUPOBAHUM HEPABHOBECHOM ILJTA3MBbI

Catoamsuan 3.B.
I'py3uHckmii TeXHHYeCKH yHUBEPCUTET

1. BBenenne

B nmocnegnee BpemMs BO MHOTMX CTpaHaX MHpa BEAyTCS WHTEHCHBHBIE HAay4dHO-
UCCIIeIoBaTeNbCcKUe paboThl 1O NMPUMEHEHHWIO HEPaBHOBECHOH (XOJNOMHOW) IIa3Mbl HHU3KOTO
JaBlieHUsI B OMOTEXHOJOTUsX. VHTepecBbI3BaH (PH3MKO-XUMHYECKMMH CBOWCTBAMH  XOJIOIHOU
IUIa3Mbl, B YaCTHOCTH €€ HHU3KOM TeMIepaTypoil (OT KOMHATHOW TeMIlepaTypbl IO HECKOJIBKUX
JIECSTKOB TPayCOB) U COCTaBa: BO30YKICHHBIE MOJIEKYJIbI, CBOOOJHBIE PaJUKANbI, TOJOKHUTENbHBIC U
OTpHULIATENbHBIE HOHBI, AJIEKTPOHBI, (JOTOHBI, AaTOMBI B METACTAOMIBHOM COCTOSIHUM, HEHTpaJIbHBIC
aToMbl. BaxxHeHiell oTIMYUTENbHON 0COOEHHOCTBIO IJIa3Mbl HU3KOTO AABJICHHUS SIBISICTCS CPEIHSS
SHEPIUsl 3JEKTPOHOB, MPEBBIIIAONIAS CPEIHIOI YHEPTHIO TEIJIOBOTO JBIIKEHUS aTOMOB M MOJIEKYIL.
CoyzmapeHusi SHEPTUYHBIX 3JEKTPOHOB C HEBO30YXAEHHBIMM aTOMaMH U MOJIEKYJIaMH NPUBOIAT K
BO30Y)KICHUIO BHYTPEHHHX CTENEHed cBOOOIbI MmocieqHuX. B ciyuae Mosiekyn 3T0 BO30yXaeHHeE
BpalleHui, KojeOaHWi W DIEKTPOHHBIX COCTOSHWNA. B ciiydae aToMOB pedb HIET TONBKO O
BO30YX/JICHUH OJJIEKTPOHHBIX cocTosHUA. OOmajgaromme TMOBBIMICHHON BHYTPEHHEH JSHEpruei
BO30YKIEHHBIE COCTOSHHSA 00J1afialoT 0oJiee BRICOKOH XUMHYECKON aKTHBHOCTBIO.

OHeprus 3JCKTPOHHOTO BO3OYKICHHS MOJIEKYJ MOXET OBITh COM3MEpHMa C SHepruei
KOJIeOATEIbHBIX KBAHTOB WIIM TPEBBIMATh €€. DJIEeKTPOHHBIE YJaphl TakKe MPUBOJAT K pachamy
MOJIEKYJ Ha CBOOOJIHBIE aTOMbI W paaukanbl. Te W apyrue, oOnagas CBOOOAHOW BaJIEHTHOCTHIO,
BCTYMalOT B XUMHUYECKHE B3aHUMOEHCTBHA, KOTOpBIE YacTO MAYT Oe3 sHepruu axTuBaiuu. Kpome
MEePEYNCIICHHBIX YaCTHII, 00JIIal0NINX MTOBBIIIEHHON XMMUYECKOH aKTUBHOCTBIO, HY)KHO YYHUTBHIBAThH
TaKXKe HM3TydaeMble BO30YKAEHHBIMH aTOMaMH M MOJIEKyJaMH KBaHTHI CBeTa, Ipexkje Bcero YD
M3JIy4eHHe, TOIJIOUICHHE KOTOPOr0 MOXKET MHUIMUPOBATH HPOTEKaHHE (POTOXUMHUYECKHX PEaKIHH.
Takum 006pa3oM, B HEPAaBHOBECHOH IUIa3Me HU3KOTO JIaBJICHUSI 3JICKTPOHHBIE COYIApEHUs IPUBOJSAT K
TEHEPALUH BBIIETIEPEUNCIICHHBIX XUMHUYECKH aKTUBHBIX YaCTHII.

[Ipy HHM3KOM JaBJIEHHMM OCHOBHYIO DOJIb INPHOOPETAIOT HHHULMUPYEMbIE IUIA3MON
reTeporeHHble XMMUYECKHE B3aUMOACHCTBHA. B mo0oM ciydae BpeMs KU3HU XUMHUYECKH aKTUBHOM
YacTULBl JOJDKHO OBITh JIOCTATOYHO OOJBIIMM ISt TOTO, 4YTOOBI OHa YycleBaja BCTYNaTh B
XUMHUYECKYIO PEAKIIHIO.

[IpakTHueckoe TpUMEHEHHE IJIa3Mbl HHU3KOTO MABICHHS MAJIS Peaju3alliil TOMOTEHHBIX H
TEeTepOTEHHBIX XHUMHYECKHMX peaknuuid TpeOyeT TPOBEACHHS HCCIEAOBAHMH KHHETHYECKHX
XapaKTePUCTUK IPOIECCOB TE€HEPAMd XWMHUYECKH aKTUBHBIX YacCTHIlI — CKOpOCTEH 00pa3oBaHUS
aKTUBHBIX YaCTHII M WX CBS3M C TaKMMH T[apaMeTpaMH pa3psia, Kak JJaBleHHe W COCTaB
IU1a3M000pa3yIoLIel Ccpesbl, TOK pa3psja.

CocraB ma3Mbl 00ecIiedrBaeT NMPOTEKAHWE XUMHUYECKHX PEaKIMH, KOTOphIe 00eCIIeUnBaIOT
OaKTepUIIMAHOE BIMSHHUE TUIa3Mbl HA OWOJIOTWYECKHE TKAaHU W WHAKTHBAIMIO MHUKPOOPTaHHU3MOB
(aHTHOMOTHKOPE3UCTEHTHBIEMUKPOOPTaHU3MbI, TPAMM-IIOJIOKUTEIbHBIC, I'PAMM-OTPHIATEIbHbIE U
TIOJIMPE3UCTEHTHBIE OakTepuu). ATakue (akTOpbl, Kak YibTpaduoieToBOe U3NIydeHHE (MsrKas
o0nacTh CHeKTpa), 3JeKTPUYECKHe IOJsl M MAarHWTHBIE TIONSA IUIa3Mbl  OKa3bIBAIOT  BIIUSHHE,
HanpUMep, Ha 3alIUTHYI0 000JIOUKY CeMsIH, Ha SHAOCIEPM, HAa POCTKOBBIN 3apobllll, Ha KieTku. [1pu
BO3/ICHCTBHH TJIa3MOH, BaXKHO YTOOBI Bce (PaKTOpHI ObUTM  cOATaHCHPOBAHBI.

Ha mpaktuke mnpuMeHseTcss Kak NpsMoOe, TaKk M KOCBEHHOE BO3ACHCTBHE IUIa3Mbl Ha
Ononornueckue opraHu3mbl. [Ipu mpsMOM BO3ICHCTBUHM OJIUH W3 DJEKTPOJOB - oOpabaTbiBaeMast
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MTOBEPXHOCTH, HA KOTOPYIO BO3AECUCTBYIOT aKTUBHBIC3APSKCHHBIE M HE3aPKEHHBIC YaCTULBI, & TaKXKe
yapTpaduoaIeToBoe U3lydeHue. Ero mojaoXuTeNbHBIMH CBOMCTBAMH SBILIIOTCSA OoOJblIas IUIOLIAIb
00pabOTKH, IUIOTHBIH IOTOK 3apsDKCHHBIX YaCTHULI, 8 HEJOCTAaTKaMU: - IIPOTEKaHHE TOKA Yepe3 TKaHb U
TPYAHOCTH 00pabOTKM TOBEPXHOCTEH CIOXKHOW KoH(purypanuu. [Ipm KOCBEHHOM BO3IEHCTBUU
BO3MOXHa 00pab0TKa OTHOCUTEIHLHO MAJIOH IUIOIAAN MOBEPXHOCTEH, HO 000 KoHpurypauuu. Ha
OHMOJIOTNYeCKHe OpPraHu3Mbl, B OCHOBHOM, BO3ICHCTBYIOT HE3aPSYKEHHBIC YaCTHLIBI.

2. OcHOBHasl YaCcTh

B Meauumue miasma MCHONB3yeTCs NPU 3aXKHUBJICHUU paH, CTEPUIM3AlMHM, JICYEHUH 53B U
OakTepHalbHBIX 3a00JICBaHUI KOXH, JJs KOaryjasud KpoBM U T.A. B arpoHoMuu Imiasma, B
OCHOBHOM, MpHUMEHsIeTCsl UIsE oOpaOOTKM CeMsiH pAacTeHHWH, YTO TMOJOXHUTEIBHO BIHSIET Ha
MIPOpALIMBAaHUE CEMSH, MOBBIIIAETCSA SHEPTHUsS MPOPACTAHUS, BCXOXKECTh CEMSH, YCTOHUMBOCTh CEMSIH
U PacTeHWH K TPUOKOBBIM M OaKTepHalbHBIM 3a00JIEBaHHSAM, IOBBIIIACTCS COXPAHHOCTH CEMSH U
3epHa B YCJIOBHSIX JJUTENBHOTO XpaHeHus. [IpopocTku ceMsiH Ooiee KpenKue, OMmymeHHbIe, C XOPOIIO
PasBUTHIMH Kopemkamu. 110 HEeKOTOPBIM JMTEpaTYPHBIM JaHHBIM TOBBIIIACTCS MHIICBAs IICHHOCTh
TUTOJIOB 32 CUET yCHIJICHUS] HAKOIUICHUS! B HUX OENIKOB, CaxapoB, OPraHMYECKUX KHUCIOT, BUTamMuHa C,
MaKpO3JIEMEHTOB.

[Ipenmy1iecTBaMH UCTIOJIL30BAHUS HEPABHOBECHOM (XOJIOHOM) TIIa3MBl B OMOTEXHOIOTHAX
SBIISIOTCS:

® TPOCTOTa, HEBBICOKAsh CTOMMOCTh M HAaJIeKHOCTh METOJa; 0e30MacHOCTh 000pYyJOBaHMUS
npu  cOONIONICHUH OOLICTIPUHATBHIX MEp MNPEAOCTOPOKHOCTH M TPABHIBHOM — METOIMYECKOM
WCIIOJIb30BaHUH;

e (0aKTEepHOCTATUYECKOE M OaKTEPUIINIHOEACHCTBIE;

e Majsas ITyOMHA IPOHUKHOBEHUSI IIPU BO3JEHCTBUY IJIa3MEHHOTO IIOTOKA Ha

OMOJIOTHYECKYIO TKaHb;

® OTCYTCTBHE KaKOTro-Ti00 3HAYUTEILHOTIO )KECTKOTO M3ITyYEeHHSI.

® MOIIHOCTH IJIA3MEHHOTO MOTOKA JIEKHUT B Mpeeaax MOUTHOCTEH JTa3epHBIX MyYKOB OT

0,5 no 5 BT, a TOK HE TPEBHIIACT BETUIUHBI, MAKCUMAJILHO JIOITyCTUMON B MEUITHHE.

® [IpU B3aMMOJEHCTBHHU IIJIA3MEHHOT'O IIOTOKA C OMOJIOTHUECKUMH TKaHSIMU HE

MPOUCXOJIHUT JICHATYpAIHSI OCITKOBBIX COSTUHEHHH.

[MpakTudeckuii MHTEpEC MPECTABISICT BIMSHUE IUIa3MEHHOH 00paboTKH (CTepUIIM3aIlvm)
TUIOJIOB ()PYKTOB M OBOLICH, MSCHBIX NPOJIYKTOB Ha YyBEIMUYCHHE CpPOKa TOJIHOCTH, BIHMSHUE
TUTa3MEHHON 00pabOTKM TpU pa3HbIX 3a00JIeBaHUAX PACTEHUHH Pa3HBIX KYJIBTYp, BO3MOXKHOCTh
00paboTKH MOYBHI, MPUJIETalOIIEH K KOPHIM PACTEHHUH.

[Tpy nmnasMeHHBIX TEXHOJOTUSAX OOJIbIIOE BHUMaHUE YJENSeTcs BEIOOpY TIazMoo0pa3yromien
CpeJIbl, TIOCKOJIBKY OT HEe€ 3aBBICAT dHEpreTHUecKre u (PM3NKO-XMMHUYEeCKHe CBOMCTBaA Iura3Mbl. Harm
WHTEpEeC MpPEe/CTaBIAeT HCIOIb30BaHME B Ka4deCTBE IUIa3MOOOpa3yromiel Cpeiasl W HCCIeI0BaHUE
TaKuX OaKTEPUIUIHBIX Cpell, KaK MEePEeKUCh BOJOpOJa (B YHCTOM BHJE WM B BOASHOM pacTBOpE),
BOJSHOM pacTBOp MOPCKOW COJIM, KOTOPBIM OoraT OWONOTMYECKH aKTUBHBIMH MakKpo- |
MHKpOJJIEMEHTaMH ¥ BOJsIHOW pactBop rumpokapbonara Hatpus (NaHCO;). Mx wucnonb3oBaHue
YCUJIMT OaKTEPULIUIHOE BO3ACHCTBUE HEPAaBHOBECHOH IIJIa3MBbl.

OCHOBHOH COCTaBIAIOIIEH MOPCKOW CONM SIBISIETCS JKU3HEHHO Ba)KHOE COECIUHEHHE IS
opranusma xyopun Harpus (NaCl). be3 moHOB HaTpust UM XJopa HEBO3MOXCEH BHYTPUKJIECTOYHBIN
oOmeH. B ee cocTaB Takxke BXOJAT CIEIYIOLIME OCHOBHbBIC MOHBI: MarHU, KJIBIUHA, KajIuid, CynbdaT
u MuHepainsl- (ocdop, Mapranen, OUHK, Kene30 U T. A. KaxIplii U3 3TUX 3JIEMEHTOB HE00X0IUM
OpraHu3My M M3 UX MHOTHX LIEHHBIX CBOWCTB MBI TIPEACTABIISIEeM HEKOTOPBIE:

- Kanuii B opranusme crocoOCTByeT HOpMaIbHOMY IPOXOXKIEHHIO OOMEHHBIX MPOLIECCOB,

POCTY HOBBIX KJIETOK, PETryJIMpyeT BOJHBII OallaHC B KIETKaX;

- Kanpuuii BnusieT Ha CBEpTHIBAEMOCTD KPOBU M YKpPEIUIEHHE KIETOUYHBIX MeMOpaH;

- XJop y4acTByeT B 00pa30BaHHU JKEIYyA0UYHOTO COKa, (POPMUPOBAHNY TIJIa3MbI KPOBH,
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aKTHBAITMH (PEPMECHTOB;
Maruwuii cnoco6CcTByeT YCBOSHHIO BUTAMIHOB U MHHEPAJIOB;
Mapranen ykpemisieT IMMYHHUTET;

- XKene3o gocTaBisieT KUCIOPOA K KJIETKaM U HEOOXOIUM JJisi 00pa30BaHuUs SPUTPOLIUTOB;

- @ocdop SABIAETCS CTPOUTEIHLHBIM KOMIIOHEHTOM KJIETOUYHBIX MEMOPaH U €ro HeJJOCTaTOK

MIPUBOJUT K OCTEONOPO3Y.

- Cenen o0namaer AHTHOKCHJIAHTHBIMU CBOIicTBaMH, MpeI0TBpaIiaeT
OHKOJIOTHYeCcKne3a00IeBaHus, MOBBIIAET 3aIUTHBIE CHUIIBI OpPraHU3Ma.

VYHuKanpHble OaKTepUIHMIHBIE, TPOTUBOBOCIIAIUTENbHBIE CBOMCTBA COMBI W3BECTHHI €IlE ¢
JPEBHUX BPeMEH M MPUMEHSUINCH JAJIS JISYeHUs! pa3IMYHbIX Oose3Hell. B arpoHomun n3BecTeH cnocod
00paboTKM ceMsH IMepe]] MOCEBOM BOISHBIM PaCTBOPOM THIpoKapOoHaTa Hatpus (coxsl). MomiHoe
BO3/ICHCTBHE COABI OOBSICHSIETCS €€ CIOCOOHOCTBIO OIIEIAYNBATh OPTAHU3M U SIBISICTCS OTIMYHBIM
aHTaIUIOM (AHTUKHUCIOTHBIM IIPETIapaToM).

[epekucey Bogopoaa (IIB) npu momnagaHuu B OpraHu3M YeJIOBEKa, IMOJ ACHCTBHEM (hepMeHTa
Karajasa, pacrajaercs Ha BoJy U Kuciopo. Boga ycBauBaercs opraHu3mMoM, a KUCIOPO IPUCTYIAET

K YHHUYTO)KCHHUIO OOJIbHBIX KIJIETOK, BCEBO3MOXKHBIX TapasuTOB, OaKTEpHil, BUPYCOB OTPABIISIOLIMX
HAac, HETaTHBHO BIMAIONIMX Ha paboTy OpPraHoB, SBISIONIMXCS HCTOYHUKOM OOJBLIMHCTBA
3a0osneBaHuil dyenoBeka. Ilepeknch BoAOpOJA yUaCcTBYeT BO BCeX OMOOpPraHMYECKUX TpoIeccax
oOMeHa BemecTB: OCJIKOB, JKMPOB, YIJIEBOJOB, MHHEPAJbHBIX COJIEH, a Takke B 00pa3oBaHUU
BUTAMUHOB, B paboTe Bcex (EPMEHTHBIX, TOPMOHANBHBIX cucTeM. OHa OKHUCISET TOKCHYHBIE
BeniectBa.llpu omnpenencHHoil kouueHTtpanuu I[IB ruOHYT Takue NaTOreHHbIE MHKPOOBI, Kak
BO30YIUTEIU XOJIEPhl U OPIOIIHOTO TH(]A, CIIOPHI CHOMPCKOM SI3BbI, OYCHb YCTOWYHMBBIC BO BHELITHEH
cpene. llepekuch Bomopoda CTUMYIUpPYeT pabOTy HMMYHHOH CHCTEMBI, IpPEMSATCTBYS  POCTY
omyxounei.Micnons3oBanne [IBBMecTe ¢ ympTpaduoneToBsIM 00MydeHHEM KPOBU OKa3bIBAaeT €IIIe
Oonee BEIpaXEHHBIH TeparneBTudeckuii 3hdexT.

WHTepecTakixke NpeACTaBIsET HCCIEIOBaHME CBOMCTB ILIAa3Mbl, N€HEPUPYEMOH B CMECSX
NEPEeKUCH BOAOPOJA KaK C BOJISHBIM DPacTBOPOM TIMAPOKapOOHAaTa HATPUA,TaK U C BOISHBIM
pacTBOPOM MOPCKOH COJIH.

Hcxonss W3  BBINIEM3IIOKEHHOTO, MOXHO TPEAINOJIOKNATh, YTO HWCIOIb30BaHUE JaHHBIX
1a3Moo0pa3zyronux cpel 0yaer 3p@eKTuBHBIM Kak B MEOULMHE, TAK U B arPOHOMHUH.

HepaBHoBecHass 1ula3Ma TEHEPUPYETCS C TMOMOLIBIO PA3JIMYHBIX BHJIOB JIEKTPHUECKUX
paspsAnoB, TaKUX Kak JIUAJIEKTPUKO-OaphepHBIN, KOPOHHBINA,MCKPOBOH, BBICOKOYACTOTHBIH,
BBICOKOBOJIBTHBIN W 1p.JlaBieHue 1mia3mMooOpasyrouiel cpenbl Npu TeHEPUPOBAHMM JIOJDKHA OBITh
HU3KOoH. [lpm HU3KOM HaBIEHUM B pa3psHKEHHOM rase MpOLECChl MOHM3ALMU PEIKH, YTO MO3BOJISIET
MONJEPKUBATh TEMIEPATypy IUIa3Mbl HH3KOW, a YIOPYrHe CTOJKHOBEHHS JJIEKTPOHOB C
HEUTpaNbHBIMU aTOMaMH U MOJIEKYJIAMHU TaK PEAKH, YTO Iepefada 3JIEKTPOHOM CBOEH SHEPruu raszy
HeBenuka. st Toro, 4To0bsl 00eceynTh HU3KOE AaBJICHUE MpeIaraeMblXx HaMH Cpe/l, LIeIecoo0pa3Ho
UX HUCIOJIb30BAaHUE B BUJE Mapa.

3. 3akil0ueHue

Hcxons w3 BBINICH3IIOKEHHOTO, MOXHO NPEINOI0KHUTh, YTO HCIIOIB30BAaHUE IEPEKUCH
BOJIOPOZIa, BOJITHOTO PAacTBOpa MOPCKOW COJMUM M BOJSHOIO PAcTBOpa TUApPOKapOOHATAa HATPUS
(NaHCOs)B cocrosiHum mapa IIa3Moo0pasymomieil cpemoi NMpu TeHepHPOBAaHHMHM  HEPABHOBECHOM
I1a3Mbl B OHMOTEXHOJOTHSIX OyaeT 3(PGEKTUBHBIM, TaK KaK OHHM COJAEpP)KAaT HEOOXOIUMbIC IS
OHMOJIOrMUECKUX TKaHeH )KM3HEHHO Ba)KHbIC COCTUHCHUS U MOHBI..
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SUMMARY

FEASIBILITY OF USE IN BIOTECHNOLOGIES OF HYDROGEN PEROXIDE VAPOR, AN
AQUEOUS SOLUTION OF SEA SALT AND AN AQUEOUS SOLUTION OF SODIUM
BICARBONATE (NaHCO;) AS PLASMA-FORMING MEDIA WHEN GENERATING THE NON-
EQUILIBRIUM PLASMA

Sabashvili Z.V.

Georgian Technical University

Recently, in many countries intense studies on the use of non-equilibrium (cold) low-pressure plasma in
biotechnologies have been carried out. In plasma technologies, great attention is paid to the choice of a plasma-
forming medium. We propose to use bactericide media such as hydrogen peroxide, and aqueous solutions of sea
salt and sodium bicarbonate (NaHCOs) as plasma-forming media. Asaresult, the bactericidal effect of non-
equilibrium plasma will enhance, because the mentioned substances contain compounds and ions essential for
biological tissues.

Keywords: non-equilibrium plasma, biotechnology, plasma-forming medium, hydrogen peroxide, sea salt,
sodium bicarbonate.
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SUMMARY

RESEARCH OF THE KINETICS OF GRAPHITE—>DIAMOND CATALYTIC CONVERSION

Loladze N.T., Tserodze M.P. and Pkhaladze T.B.

Georgian Technical University

The paper presents experimental data on the Kinetics of conversion of graphite to diamond under different
dynamic parameters of the process. Based on the data obtained, the authors calculated the activation energy of
the process. It is inferred that diamond formation is limited by the diffusion process within a few seconds after
the start of the reaction.

Keywords: diamond, catalytic conversion,
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SUMMARY

A MATHEMATICAL MODEL OF THE THERMODYNAMIC ESTIMATION ALGORITHM OF
HETEROGENEOUS SYSTEMS

Eristavi D.V., Gogishvili A.R., Sarukhanishvili A.V., Gugeshidze M.K., Kerkadze J.V. and

Matsaberidze E.L.

Georgian Technical University

The goal was to substantiate the concept of changing the empirical experiments with complex heterogeneous
systems by modeling of corresponding thermodynamic processes. There are presented the phase diagrams first
plotted by the authors for B-O-N-C and Si-O-N-C systems at 101 kPa of the gaseous phase in the result of
thermodynamic analysis. These diagrams enable one to forecast relevant technical processes and to give
scientifically grounded representation of their mechanism. The mathematical model of the thermodynamic
estimation algorithm of heterogeneous systems with appropriate software can be used not only for
thermodynamic studies of thechnogenic systems and establishment of optimal conditins for targeted products,
but also for determination of the chemical composition and expected concentrations of pollutants of
anthropogenic origin, as well as for assessment and forecast of changes in the environment.

Keywords: thermodynamics, ecology, computer simulation.
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ON ONE PROBABILISTIC MODEL OF A CHEMICAL REACTION WITH FINITE
LIFETIME

Dochviri B.M., Tkemaladze G.Sh. and Makhashvili K.A.

Georgian Technical University
lv.Javakhishvili Thilisi State University, Tbilisi, Georgia

Abstract. A probabilistic model of the single-molecule chemical reaction with finite lifetime was constructed.
Explicit formulas of the mathematical expectationof the reagent and the product were obtained.
Keywords: single-molecule chemical reaction, probabilistic model, mathematical expectation.

1. Nearly all natural processes are of a random character. In many spheres of science and
technology, it is essential to use probabilistic-statistical methods [1-3]. Using these methods,
probabilistic models were constructed and fundamental results were obtained, for instance, in the
investigation of the following issues of chemistry and biology: autocatalytic, single-molecule,
bimolecular, monomolecular and chain reactions, population growth, mutation, epidemic theory, gene
frequency theory, radiobiology and so on [1].

In this paper, the probabilistic model of asingle-moleculechemical reaction with finite lifetime
is constructed. Explicit formulas of the mathematical expectation of the reagent and the product are
obtained.

2. Let us consider the following single-molecule chemical reaction for reagent a

a——>x.

Denote the concentrations (numbers of molecules) of the reagent a and the product X at the
moment of time t, 0<t <oo, bya(t) and x(t), where a(0)>0, x(0)=0.

Using equation (8.6) from [1] for the probability

P,(t)=P(a(t)=a), a=0,1...,a(0)

a

we consider the following model of reagent a and for product X:

Ea(t):a(t)ZEa(o)ekt, W

Ex(t) = x(t) = (o)(1_¥ -“j, @

where 0<t<T.
Note that, from Egs.(1)-(2), we have

a(0)=a(t)+x(t),

a(t)—>a(0), when t—0,

a(t)—>0, when t—T,

x(t)—>0, when t—0,

x(t)—>a(0), when t—>T.
V,(t)= (t)_—($+¥kja(0)e“, (3)
Vx(t)zdxd—(t):(_I_i+¥kja(0)e‘kt (4)

Whence, for the initial speeds, we obtain, respectively:

va(o):_(%mja(o), ©
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VX(0)=(%+kja(O), ©
Note that from (1)-(6),at T — % \ye have
a(t)>a(0)e™, x(t)—>a(0)(1-e™),
V,(t)—>—ka(0)e™, V,(t)—>ka(0)e™,
V,(0)—>—ka(0), V,(t)—>ka(0).
Consider the graphs of functions a(t), x(t), V, (t) and V, (t). We have

| RSB oo
0
_a) |
: -
Fig. 1.

v.(0)

v.(T)
0
v.(T)

h V(1)

V.(0)

Fig. 2.
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PE3IOME

OB O/THOM BEPOATHOCTHOM MOJIEJIM XUMHUYECKOM PEAKIIMM C KOHEYHBIM
BPEMEHEM XN3HU

Housupu b.M., Tkemananze I'.111., MaxamBuin K.A.

I'py3uHcKkmii TeXHHYECKU YHUBEPCHTET

Tonaucckuii rocyfapcTBeHHbI yHuBepceuTeT uM. UB. IxaBaxumsuim

ITocTpoeHa BepoATHOCTHAS MOJENb OJHOMOIEKYISIPHON XUMUUECKON PEaKLUU C KOHEUHBIM BPEMEHEM KHU3HU.
ITosryueHs! sIBHBIE BBIpAXKEHUS MATEMaTHYECKOT0 OXKUAHUA IS peareHTa U NpOIyKTa.

KnrodeBble cji0Ba: OXHOMOJEKYNSpHAas XUMHYECKas pEakIHs, BEPOSTHOCTHAs MOJENIb, MaTeMaTHYECKOE
OKHJAaHUE.
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Jo@g3eg®o  3@sxgd0 ©s domo dglodsdolo  Lbgowolbgs @odol ds@@oigdo
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bgdoldog®o Lodos@mdosbo XYV dmangigaol dglodsdol  0bd-do@@oiols goshbos
Loby:

Zy Axy Axy
Ay Zy Ay Q)
Ay Ay 2y
oo Zx, Zy, Zv  @oogmbsaydo  gangdgb@gdo  Fo@dmopagbgb X, Y, V  Jodoy®o
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H-X ()
Lowos: X=F, CL, Br, 1.
‘Ygbododols 96d-Fo@@oiEol goshbos Loby:
11 3)
1 Z,
©s dobo dglodsdolo gBg®dobsb@o godmomngmgds Gm@Iygaom:
A=7Zx-1 4)

Gb®ogdo dmggabomos 19(Aye), AHY%, AG% Eqx  ©o 1 od bog@mgdolimgols.

H-X | lg(Ass) | AHY, 35x/8mmo | AGY%, 3x/8m@o | Eux, gx/dmmo | p-10%, 59
HF 0,90 -270.9 2728 525 0,640
HCl 1,20 92,8 -94.8 431 0,347
HBr 1,53 -34,1 -532 364 0,263
HI 1,72 +26,6 +1,78 297 0,127
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3033093 90bg, 9dcodglbo 3goMs@gdol dgmmwols asdmygbgdom, sggdaeos mmbo
3095309900 obF M gds:

AH% = 177,91 Ig(A6a) — 3063 (5)
AG® = 126,0 1g(A,53) — 245,1 (6)
Enx = -203,01 (Ayg) + 674,6 (7
1 =0,2551g(A.) + 0,653 (8)

3OO @s3ool I 3mgx0309630, dgbodsdobs  Geearos: 0,981 0981 0,985; 0,986.
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SUMMARY

MATHEMATICAL-CHEMICAL INVESTIGATION OF HYDROGEN HALIDES

Bregadze M.A., Lobzhanidze L.V. and Gverdtsiteli M.I.

lv. Beritashvili Experimental Center of Biomedicine

lv. Javakhishvili Thilisi State University

Halogen halides were studied within the scope of ANB-matrices method. Four correlation equations of the type
“structure-properties” were derived and investigated. The correlations are satisfactory.

Keywords: halogen halides, ANB-matrix, correlation equation
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X Axy Axv
xy Zy Ayv (D

XV Ayv Z,

> B> N
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0=X=0 2
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8 2 O
2 7, 0 3)
0 2 8
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Lg (As63), TIR., AH298ps AG298 womJLopgdobsngols

womdbowo | Lg(As6d) | TanwC | AH298  jx/dmgno | AG’298 jo/dmaoo
TiO, 3,13 1870 -840 -889

Zro, 3,40 2850 -1100 -1043

HO, 3,66 2900 -1118 -1061

RO, 3,82 (3250) (-1228) (-1114)

933009b0  ggoMsBgdol  dgmmeols  asdmygbgdom  3mI3oyRgby s gdygmos
bsdo  Jmeges30gao  gobGmangds:
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Tane. =2000Lg (As63) - 4390 (5)
AH"298 =-519 Lg (As6d) + 785 (6)
AG0298 =-325 Lg (Asbd) + 128 (7)
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SUMMARY
MATHEMATICAL-CHEMICALSTUDYOFTHESUBGROUPBELEMENTS OF GROUP IVDIOXIDES
Sidamonidze N.N., Koiava N.A. and Gverdtsiteli M.I.

lv. Javakhishvili Thilisi State University

Thilisi State Medical University

The subgroup B elements of group IV dioxides were studied within the scope of the ANB-matrices method.
Threecorrelation equations were derived and investigated. The correlations are satisfactory.

Keywords: group IV dioxides, subgroup B, ANB-matrix, correlation equations.
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1g(A ;), Ty, 07 3063063303930b5030b

3oMdMbdgogs lg( A.sﬁ‘e)) TQ,VJQ_,OC dio

HCOOH 1,08 100,5 122

CH3;COOH 231 126,2 1,049
CH3;CH,COOH 2,52 141,1 0,998
CH,(CH,),COOH | 2,76 1635 0,964
CHy(CH,);COOH | 2.88 1863 0,939
CHj(CH,),COOH 2,97 205,8 0,927
CHj3(CH,)sCOOH 3,03 223 0,918
CHj3(CH,)sCOOH 3,10 239,7 0,916
CHj3(CH,),COOH 3,17 255,6 0,906
CHj3(CH,)sCOOH 322 274 0,853

303309 9mbg 539dY@os MO0 JMOJESG0YO0 AobBMED gds:
TS{,D‘,JQ,. = 250, Olg(A.sEa) - 536, 7 (@))]

Tar = 0,080lg(A -, ) + 1,160 ©)

3OO g o300l r3mga03096@0, dgbsdsdobse, Gmaos: 0,963; 0,981, sdpgo@o©, xoxglb
390G gO0dom [5], 3@ gens30900 ©8ds3doymBoe gdgaos.

ROBIAOBIBS

1. Gverdtsiteli M., Gamziani G., Gverdtsiteli |I. The Contiguity Matrices ofMolecular Graphs and
theirModifications. — Thilisi, Thilisi University Press, 1996.

2. N. Kobakchidze, M. Gverdtsiteli, I.Gverdtsiteli. The Correlations ,,Structure-properties”. Algebraic Che-
mistry. - Thilisi, Thilisi University Press, 1997.

3. Cupamonumze H.H., Kymaramze K.T., I'Bepauurenn M.M. Teoperuueckoe HCCIEIOBaHUE KOPPEISLHA
,»CTPYKTypa-cBoiicTBa” B pamkax metoqioB [IHC-, kBa3u-ITHC u DI1-marpuw. // [lpuknagHas pusuka, 2009, Ne6,
c. 36.

4. K. Hennnecky. Opranndeckas xumus. T.2. - Mocksa, IHOcTpanHas nutepatypa, 1962, 708 C.

SUMMARY

MATHEMATICAL-CHEMICALINVESTIGATIONOFMONOBASIC SATURATED UNBRANCHED
CARBOXYLIC ACIDS

Karchkhadze M.G. and Gverdtsiteli M.I

lv. Javakhishvili Thilisi State University

Mathematical-chemical investigation of monobasic saturated unbranched carboxylic acids was carried out within

the scope of the ANB -matrices method.Two correlation equations were constructed. Correlations are
satisfactory.
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SUMMARY

PROTECTION OF BIODIVERSITY AND ITS ECONOMICAL ASPECTS

Gigineishvili L.V. and Karalashvili N.V.

Georgian Technical University

Bio-diversity is under a serious peril on a world scale. Economic factor plays a considerable role upon its
protection and preservation: nowadays it is impossible for humans to abandon completely the exploitation of
ecosystems. Therefore, conductingactivities for protection of the environment, the specialists more and more
often draw arguments with regard of economic substantiation as to what damage will the environment suffer if
this or that project is implemented. For making such an assessment, the methods of ecological economy are used.
It is based on economy,ecology and state policy. The main goal of the ecological economyis to establish criteria
and techniques for assessment of biological versatility. In this regard, there is a certain progress: genetic, species
and economic approaches to the assessment of ecosystems were elaborated. According to the present practice,
the benefits obtained from the exploitation of the environment can be divided in direct, indirect, existential and
non-consumer values. Biodiversity can also directly affect income: for example, in the devastated environment,
flows of tourists will considerably decrease, due to which the income will proportionally money income fall.
Keywords: biodiversity, environmental protection, economical aspects, assessment, ecosystems.
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SUMMARY

STUDY OF TANNING AND COLORING SUBSTANCES IN BLACKBERRIES

GROWING WILD IN WESTERN GEORGIA

Kipiani A.V. and Gamkrelidze E.A.

Akaki Tsereteli State University, Kutaisi

The paper dwells on the changes in the total amount of tanning and coloring substances existing in the blackber-
ries growing wild in Western Georgiaat different stages of ripeness. It was found that unripe blackberries contain
the maximum amount of tanning and coloring substances, which givesthe berries a specific bitter, harsh taste and
a respective color. During ripening, the content of the mentioned substances reduces almost by half, but, during
full ripeness, their amount reduces to 0.09-0.2%, thus ensuring the improvement in the taste and color due to
conversion of catechins and leucoanthocyanins into the coloring substances. It is reasonable to use blackberries
at the stage of full ripeness.

Keywords: wild blackberries, tannins, coloring substances, degree of ripeness.
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SUMMARY

BIOLOGICAL SPECIFIC FEATURES OF BLACKBERRY (Rubusfruticosus)

Kacharava T.O and Davadze D.E.

Georgian Technical University

The article discusses the genetic resource, biological and chemical specific features, productivity, etc. of
blackberries. The possibility of development of the technology of cultivation of industrial plantations and its role
in protection of biodiversity of the country is considered.

Keywords: blackberry,biological specific features, technology.



LSISANIIRLN bS0bIN6H() bLOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2017 175

KS6LORO 33330L 3IB60IAIN0O RS 3@OIBNZIN( SL3IIBIS0
0530000330000 ©.6., @ggsgs J.U., 35800403300 @.3., 33000345Tgog0o @.(.
53530 Tgdgmemol LsbgedFogem 9bogg@lodgdo, Jymsolo

3390> 03 360dgbgenmgsb  goBmdms @ogbgl  g3gmgbol, @mdganoi  goblisb-
0gMogl  g@ol xsbd@mgamdsl, dob 3m@Egbzosml ©s aobgomsmgdol 39ML3gJHoggdl.
339%0L 30mEy]Bgdol  93do@olmds o6 dom@mpaoyg®o  s@slOYmRslmgbgds 0393l
ddodg 940bmdogy® ©o Lem@Eosmyd dgogagol. xoblbomo 3g9ds swsdosbols bmgdgdols
3oboba®Mdaoggdol,  bo@s@ o gobgoms@gdols s Lodmenmem «xs3ddo, 3GMa@gLols
> 3bmg®gdols bodolbol aowsdfyggdo 3o@mdss.

40392EE0YO  33900L Go30mbdo YggEammo s Gobommmrog@oe SYEom -
g0 byB®mogb@gdol ©gn030@d0 o©sdosbols m®asbobddo 0fg93L 0dygbo@g@ol, ambgd-
030 ©> Bobogg®o o5JBoygdmdols  ©sgg0mgdsl,  bogmogdgdoms (330l @oMm®gggel,
d9e-Lobbends®@gms Lol gdol, mbjmemyoy® ©s Lbgs ©osgo©gdgdl. [o®dmoddbgds
sbogro, 9Ebmbdo  smmemaogdo, dsm dm@ol olgmog, GEIggdboi gogargbsli sbegbls
3M™Ebogro MmAA560bdol g9bgBHogn®  S35M5F bY.

d93b0g@ o Fo@mdmeagbgbol  hodmysmodgds xoblo@  33g0obg @  bsgggdo
bogmog®gdgdols 360dgbgarmdoby  3bmggan Jdgogdol 3Gm3gLbdo wsofym XIX  Loyggybol
dgmeg bobggo®do, beogm XIX  Loygybol dmamml — XX bogggboli @obsfyoldo Hadm-
Yo0ds  doasblo®gdygmo 339 ol mgmEos, GmIgaoi  bogydgmoe  Ywoggh Goizom-
bognyy@o 33900l 3mb3EgREosL. o3 mgm@ool msbobdo@ Lsgggdobswdo (oygbgdygemos dgd-
0920 Bobomamyoy@o Jnmnbmgbgdo: Go30mbdo dgyagegeo bsigggoo bogmogdgdgdols
3003397900 mobogo®Emds, bsigggdo bogmogmgdgdol Jodoydo LEGYJBg®gool dglods-
dobmds ¥g®Igb@ymsb, 3g@dme mAY60bIoL  Loddenols Jmdbgargdgan Lol gdslmsb,
bogggdol 2g3mgby®o s m@ysbmengd@ozg®o dohggbgoergdo.

doaoblo®gdyamo 339006 MgmEA00Esh  Admdobs®yg  LOyYmaslimgsbo 33950l
Ao3ombo  gbes  dgoegegh  bymo xaunol bLogggd bogmogdgosl. glgbos: gbgdyools
Tyodmgdo (ogrgdo, 3bodgdo, bobdo®Fyagdo); dgyEgergeo 530bmdgsggdo; go@sdobgdo,
99382090 3bodmgsbo 3goggdo; sGomEbymo gangdgb@gdo. sdol poM©s MEAYSbobAL
dobo obogo®agdol s@loagbom LdoMogds Fysmo.

dosblo®gdymo  33gdol mgm@ools gydgdpgdemgdo  mgamowbgb, Gmd Logggddo
db0dgbgenrmgsbos  dolo dbmerme ols  3md3mbgbGgdo, @mdagdo  dgomgoligds m@YS-
bobdol Jog@, wobs@hgbgdo 3o dognsli@y@os.

d9dpamddo Jomgdymo odbs sbogro dmbsigdgdo  dogrsliGy®o bogmog@gdgdols
> bofasggbol dog@mamm@ol @manols dglobgd Lodderols dmbgengdols 3GM39L9ddo,
5353 5GOLgdgE Mgm0sdo gmdgdBdodgdols dgBobs Jmombmgs.

XX Loggybols 80-006 Fangddo hodmysgmodgdygmo 0gm 5©9335@9M0 33900l mgem-
005, 5093350 9M0 33900l 0gm@osl Logydgmsw oggl mmbo 3G0bEodgmmo ©gdyegds:
bs3ggdo  dgomgolgds GmgmeE mOasbobdol, olggg Isbdo s@lgdymo  dsJBgdogools
dog®@; bygR®0gb@gdo m@asbobdl dogfmwgds Logggdom s dsd@g®ogdols dmJdgogdols
Jggaoe, Omdmgdoi obgbgbh ©sds@gdomo Logggdo bogmog®gdgdols Lobmgbl. bm@ds-
@O0 33905 25b300OMdgoYos Loyggdo s JoMgyyeo®gdgeo bogmogdgdgdol gomo 3o
5o, M3 Modgbody bogowom; bogggol gobomermaoyg®e d60dgbgemgsbo  3maddm-
696@gd05 doesbF®o bogmog®gdgdo, GMAgmmss ,,Log3900 dmd 3mgdo™ gfmwgds.

50093350 9M0  33900L  0gMEA0S  oyoe0dgdl  JoMomsw  3M0b(3039dL, @M@ gdo
9bOYbggaymengb @opombogmy® 33905L: gbgMaools dsasblo (ayeolbdmdl Logggdowasb
domgdygmo s 3bmggeJdgogdol 3OmEgldo obs®xgmo 969Ma09d0L 5093350 YOMSL);
G2560bdol  Jmmnbmgbogngdgdol  ©s3dogmazomgds  M3Godsgn@o  Momegbmdols @
05bogo®Emdol  bogggdo bogmogdgdgdom; 33gdol  @gg0do  (3geolbdmdls  Logggdols
dogdol xgMomdslol, ©AML, s AsEombomy® asbsfomgdsl ol yobdsganmdsdo).

XX bogggbol  dmgoml domgdygao ogm sbogmo dbmgaom 3mb3gaGos X obbowo
3890535 Loggygdgamoe  9ogal  3Gma®ads  ,,30mdomEoggdo s gybjiog®do  3ggodst.



176 bSISFN3IL N bSO6IN6AF() LOSELI60, GEORGIAN ENGINEERING NEWS, M2 2017

xobbowo (3mbo@oyg®o, R9bj3oyco) 33gdol 3OmEylHgdo do®ggmsm 1980-1985 (argddo
053mb05d0o  Fg0Jdbs, Lowsi  ©ogobmbgdygao odbs ,,xobd@mgamdolbomngols b3gEosmsy-
M0 ©sb0dbygagdol 33900l 3OmEyY]Egdol [omdmgbdol Lobganddmgebgenm®.

sbgm  3OmEeJBgdl dosgnmgbgl L3gogog®o Lodgydbogrm  mngolgdgdol dJmbyg
1533900. E@gobomgols 053mbosdo  sMgyobBBo@mgdyaos 200-bg dgBo sbobgargdols
sbgmo 3GmEygddo, Gmdgmns [o@dmgds Jobmbdpgdammdom swagboano  Mg3mdgbs-
(30900l Jglsdsdolo bm@dzoge©gds.

39630900 ©sbodbymgdols 3GMEYJBgool Fo®Imgds woofygl Lbgs gobgomsmg-
b0 J394690dos. 5d3-Fo 1996 (enowsb L5390 3OMEY]E 9ol Sdpomgdgh Foeols
dgogom. gbdsbgmdo, Log®sbygmdo, gba®gmbs ©s Lbgs gg@mdygm Jg99696do 0dyby®o
LobEgdol gobsdanog@dgdans s Mm@asbobdowsb dogbg bogmog®gdgdol  godmlowggbsw
©50(ggl  mbggoo Logggdo 3@Omeyd@gdols dgJdbs  @dobs wo hool ¢ydgby.

osdoobols  339d0l  @sEombo  olgmo  3OMmEYJBgdowsb  gbps  dgygdmegl,
OMIe0gd03 IModoMopgogh @s m@yobobIL 9bgda00m, YbOYbggaymeygb sl domenm-
309000 5JBog®o bogmoggdgdbom s 2sdmeggbosh doligsb Lsgggool dg@sdmeno@gdls
> Jmd{od@sg bogmog@mgdgdgl.

5dM0go, Mmobsdg®mgg ssdosbol 3ggdol GoiEombo, Mdgemoi Ladmame xod-
‘do goblabeg@aogl dob xobdBmngamdsl, hodmysmodgdymo ¥bos ogmlb sesdosbols go-
bom@myoyg®o Jonbmgboggdgdol Logydgga by xoblowo 3ggdol doGomswo 3M0b(3039-
b0l gomgsaolifobgdom.

L0B3IGOSG IBS

1. Coupuyes B.B. OOoramieHre NHUINEBBIX MPOAYKTOB MHUKPOHYTPUCHTAMHU: HAYYHBIC MOAXOIBI U
npakTudeckue pemienus. // TTuniesas npompinuieHHOCTh, 2010, Ne 4, cc. 20-24.

2. Tyrenbsin B., CyxanoB b., AnnpueBckux., [lo3guskoBckuu B.M. Buonornuecku akTUBHBIC JT00aBKH B
MUTaHUU yenoBeka. -Tomck: HayuHo-rexHuueckas aurepatypa, 1999, 229 c.

3. llennepoB b.A. MeauuuHCcKass MEKpOOHAst KOJIOTHS M QYHKIIMOHANBbHOE muTanue. - M.: ['panr, 1. 111, 2001,
288 c.

4. llTabpor A.B., Jamamu B.A., Makapos B.I'. buoxuMudeckrne OCHOBHI IEHCTBHS MHUKPOKOMITOHEHTOB ITHIIH.
-M.:AsBamnoH, 2003, 184c.

SUMMARY

SCIENTIFIC AND PRACTICAL ASPECTS OF HEALTHY NUTRITION

Tavdidishvili D.R., Lezhava K.S., Mamrikishvili L.G. and Kvirikashvili L.D.

Akaki Tsereteli State University, Kutaisi

The article discusses the role of nutrition in human life,the scientific concept of nutrition, the basic principles of

balanced, adequate and healthy nutrition, etc. Modern requirements to the diet are given; the sphere of
distribution of functional food products and the feasibility of innovative technologies for their productionand
expansion of the product range is analyzed.

Keywords: nutrition, diet, functional products, modern concept.
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SUMMARY

LEPIDEUM SATIVUM - A RAW MATERIAL FOR PRODUCTION OF FOOD ADDITIVES AND
PRODUCTS WITH AN ANTICARCINOGENIC ACTION

Karchava M.S., Arnania T.G., Berulava 1.0., Jinjolia Sh.R. and Kajaia N.Sh.

Akaki Tsereteli State University, Kutaisi

The article discusses the structure of glucosinates of vegetable origin with an anticarcinogenic effect and the
prospects of using these glucosinates for production of anticarcinogenicfood products. The possibility of using
the dry liophilic concentrate of Georgian broadleaf cress (Lepideumsativum) for production of prophylactic
anticarcinogenic food products (bread, cake, chocolade, etc.) is considered.

Keywords: food products, anticarcinogenic effect, raw material, broadleaf cress.
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SUMMARY

BIOLOGICALLY ACTIVE SUBSTANCES OF PINE POWDER

Karchava M.S., Arnania T.G., Jinjolia Sh.R., Berulava 1.0., Khetsuriani G.S. and Kajaia N.Sh.

Akaki Tsereteli State University, Kutaisi

The article discusses the role and possibilities in the struggle against the diseases of modern civilization. To this
end, the prospects of use the pine powder are considered. Literature data on the investigation of pine powder of
various pine species are analyzed. It is shown that the pine powder contains essential amino acids, vitamins and a
complex of essential minerals.Besides, the pine powder contains antioxidants, vegetable steroids, a complete set
of phenolic compounds and other essential substances. This is a decisive factor determining antioxidant,
antiseptic, antibiotic, anticarcinogenic, biostimulating and antidepression properties of the pine powder.
Keywords: biologically active substances, pine powder, antioxidant effect, anticarcinogenic action,
biostimulating activity.
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HNCCIEJOBAHUE XAPAKTEPA PASPYHIEHUS CUCTEMBI «BOJIOKHO-
CBA3YIOHIEE» B TEKCTHJIBHBIX KOMIIO3UTAX

Mocemsuau T.B.

Kyraucckuii rocygapcrBeHHblii yHuBepcuteT uM. A. Ieperesan

BBenenue. OmHUM H3 CHOCOOOB HETPATWUIIMOHHOTO TPSACHUS SBISETCS (OpMHUpPOBAHUE
npsoKu 0e3 KPYTKH, IyTeM CKJIEWBAaHHSA BOJOKOH. DTOT CHOCO0 MO3BONISAET (POPMHUPOBATH MPOUHYIO
NPSOKY U3 BOJIOKOH JIFOOOH AJMHBI U TUHEHHOHN IJIOTHOCTH, 03 HATSDKEHHS IPU BBICOKMX CKOPOCTAX
BBITyCKa.  BeckpyTo4dHyI0 TIpsOHKYy MOKHO pacCMaTpWBaTh KaK TEKCTHIHHBIN KOMIO3HIIMOHHEIHN
MaTepual, COCTOSAMNA M3 ABYX THIIOB JUCKPETHBIX 3JIEMEHTOB — BOJIOKOH M CKIIEEK MEXIY HUMHU.
Ckieiikin OOBeNUHSIOT MapaieNbHble BOJIOKHA B HENPEPHIBHYIO CHCTEMY M IEpelaloT Ha HHUX
BHemHee ycuiue [1].

[IpoYHOCTH BOJIOKHHUCTOTO KOMITO3UTa OOYCJIOBIIEHA MPOYHOCTHIO BOJIOKOH M MPOYHOCTHIO
aJIre3UOHHON CBA3M B MECTaX MX CKIEHBaHUS. Bua m crmocod HaHeceHHs CBS3YIOIIETO BEIIECTBA Ha
BOJIOKHUCTBIM CJION BIMSIET HAa TEXHOJOTHIO Bpra6OTKI/I KomIio3uTa. Ero MOXHO BBECTH B CMECh
0a30BBIX BOJIOKOH B BHJIE PAaCTBOpa, TEPMOPEAKTHBHBIX WA PACTBOPUMBIX BOJOKOH, KOTOPBIE MPH
BO3/ICHCTBUU TEMIIEPATyPbl WIIH PACTBOPUTEIIS IPEBPAIIAIOTCS B 4/ITC3HB.

AIIF63I/IOHH3H IMPOYHOCTH IIpU B3aHMOI[CI>'ICTBHI/I IMOJIMMEPOB C BOJIOKHAMU 3aBUCHUT OT MHOI'UX
(akTOpOB: OT THIIA W COCTaBa CBA3YIOMIETO, TPHUPOIBl APMHUPYIONINX BOJOKOH, TEMIIEPATYPHI
OKCILTyaTalluid U XpaHCHUA W T.A. HOC‘)TOMY €CTCCTBCHHO, YTO XPOHOJIOTUA CO3JaHHs HOBBIX THUIIOB
BOJIOKOH W MaTpull COOTBECTCTBYCT XPOHOJIOTHU HM3YUCHHA IMPOYHOCTH I'paHHIBI pasziciia BOJIOKHO.-
TIOJTUMED.

DJIeMEHTapHOU SYEHKOH apMHUPOBAHHOTO BOJOKHAMHU KOMIIO3UTA CIIY>KUT Y4aCTOK BOJIOKHA
BMECTE C IPHUJIETAIOIIUM K HEMY CIIOeM cBsi3yromiero. [103ToMy GONBIIMHCTBO UCCIIEIOBAHUE aare3nuo-
HHOW MPOYHOCTH COEIWHEHUH «ITOIIMMEP-BOJIOKHOY» MPOBOAMTCA HA 00pa3iax, MOJSIUPYIOMUX 3Ty
AIIEMEHTAPHYIO STUEHKY.

Heas ucciaenoBanus. VccienoBanue xapakrepa pa3pylleHHs aAre3MOHHON CBSI3U MEXIY
BOJIOKHaMU B KIJIEEHOM ITPSDKE.

Martepuajbl U MeTOABI UCCIeT0BaHUA. MOJIeNb AIeMeHTa KIIECHOU MPSHKH MPEICTaBIsIeT
co0ol mapy BOJIOKOH, Ha TIOBEPXHOCTh KOTOPBIX HAHECEHO OIPEICNICHHOE KOJMYECTBO CBS3YOIIETO
BemiecTsa [2]. Monens 3aKkpernisieTcs B 3aKUMbl  pa3phIBHON MAIlTUHBI U ONIPEENIIOTCS €€ pa3phIBHbIE
XapaKTepUCTUKH. {71 3aKperuieHus] CHCTEMBI BOJIOKHO-CBSI3YIOIIEE B 32)KHUMBI HEOOXOIUMO ITOATO-
TOBUTH cIielManbHyio ¢opmy. M3 mucra kaproHa pasmepamu 30X5 cM BBIpE3arOT MPSIMOYTOIBHBIC
OKHa paszMmepamu 3x2cM. Ha nucT kKapToHa yKJIAIBIBAIOT Mapy BOJOKOH M TPHKIIEUBAIOT K Kpasm
BBIPE3aHHOTO MPSIMOYTOJNFHUKA. 3aTeM CBEPXYy HAKJIAIbIBAIOT BTOPOW KYCOK KapTOHA TaKOW Ke
(OopMBI, TIOCIIE YeTrO0 Ha IEHTPAJBbHYI0 YacTh Maphl BOJOKOH HAHOCAT KaInlio cBssytomiero. llocie
BBICBIXaHHS KJIesl BOJIOKHO 0Ope3aroT ¢ OJIHOI CTOPOHBI KaIlTi cBs3ylomiero. JInmHue yqyactku GopMbl
obpesator. Kakayro cucreMy BOJOKHO-CBsi3yromee (oTorpagupyroT HIM paccMaTpUBAIOT O]
MHUKPOCKOIIOM M ONPEACIAI0T TEeOMETPUYECKUE pasMephl CKICHKW: JJIMHY, WUPHUHY U IJIOMIA]h
CKJIEWKH B TUIOCKOCTH TPWIOXKEHHs cuiibl. [locie 3Toro mpurotoBiieHHYIO (opMy 3akperisioT B
32)KUMBI Pa3pbIBHOW MamuHBL Teno GopMbl pa3pe3aroT, 4TOObI 3KUMBI MAIIMHBI MOTIIH BO3CHUCT-
BOBAaTh HETMOCPEACTBEHHO Ha CHCTEMY BOJIOKHO-CBsizymouiee. Ha pa3phpIBHON MamivHe OIpeesnsioT
NPOYHOCTh U YJUIMHEHNE CUCTEMBI U IIPOU3BOJIAT 3aIKCh TUArPaMM.

UccnenoBanace  kiieeHast cHOJIOHOBas Mpsbka. Mukpodororpaduu CTPYKTYphl KIIEEHOU
MPSDKU TTOKA3aJIM, YTO TOJIIIMHA CJIOS CBS3YIOIIETO TOpas3lo MEHbBIIE auamMeTpa BojokHa (puc.l).
LEJNIBI0 TIONTyYeHHs OoJiee aJeKBaTHOM KapTUHBI MOBEICHHUS CHCTEMBI BOJIOKHO-CBS3YIOLIEE BEIIECTBO
pa3Mepbl peabHOU CKJIeHKH yBennuuBaiuch B 1000 pa3 u BMeCTO CHMOJOHOBOIO BOJIOKHA HMCIIOJb-
30BAJICS MaJIOPa3BECHOM BUCKO3HBINA JKryT. [lapa »KTryTOB ¢ pa3HBIMU PACCTOSHMSMH MEXIY HUMHU
HaKJIEMBAINCH Ha BBIpe3aHHyo (Gopmy. M3 NOIMBUHMICIUPTOBOrO MOPOLIKA MPHUTOTABIMBAICS KIIEH,
KOTOPBIM C MOMOIIBIO WIJIBI HAHOCWIICS HA LIEHTPAJIBHYIO YacTh Mapbl BOJIOKOH. 3aTBEpICHHE Kiles
MIPOUCXOAMIIO B YCIOBHUAX KOMHATHOM TeMIepaTyphl B TeueHue 24 4acos.
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Puc. 1. Muxkpodortorpadus cucreMbl BOJOKHO-CBSI3ylolIee

Ha wmwuxpockome MHWH-4 wu3mepsuiuch reomeTpudeckue pasMepbl ckiieek.  Hacrosmas
BeJIMYMHA 00BEKTa UCCIIEOBAHUS PACCUUTHIBATIACH TIO opMyTie

I7ie Z - YUCIo JieNieHnid oObekTa Mukpomerpa(paBuo 100); T - neHa geieHuii o0beKTa MHUKpOMETpa
(paBHo 0,01MM); A - uyncio nenenuil okyssipHoi cetku (pasao 10,7). E=0,093 mm..nen.

Jnst ompeneneHus IUIOMAAW CBS3YIONIETO BEHIECTBA B IUIOCKOCTH TPHJIOXKCHHUS CHIIBI
yIoTpeOsiach OKYJspHAas CeTKa, MPH TMOMOIIM  KOTOPOM MOXHO COCYMTATh YHWCIO KIETOK,
OXBATBHIBAIOIIMX BCIO TOBEPXHOCTH CBS3YIONIEr0. BennumHy ruiomany Kaxaod CKICHKH MOXKHO
OTIPEIEIINTh, 3HAsI IOk oHOi Kierouxu. f=(0,093)°=0,0087(um.den).?

OO01yIO II0MIAAb CKICHKU MOXKHO OIPEIIEIUTh 10 (hopMyJie

Se= Ny, 0,0087

IJie Ny, - YUCIIO KIETOYEK;

HccnenoBanust cucteMbl BOJIOKHO-CBsI3yrolee npoBofmiock Ha npudope FO1-C ¢ 3ammceio
muarpamMM. C TOMOIIBIO CHEUMAIBHOM TPYOKM NPOBOAMIMCH  BU3yajbHbIE HAOIIONEHHS 32
MOBEJICHUEM CHCTEMbl IPH paspylieHud. PacTspkeHue o0pas3loB MPOBOIWIOCH NMPH TOCTOSHHOMN
ckopoctH 0,2cM/MuH. 3axkumHas JuinHa — 20 MM, Bec Tpy3a — S0rc. C menpio uccineoBaHus PU3NKO-
MEXaHMUYECKOH KapTHHBI pa3pylieHHs CHCTEMBI, ONpEACNeHHs 3aBHCUMOCTH OT AeQopManuu OT
TEOMETPUYECKUX pPa3MepoOB CKJIEHKH OBLIO MPUTOTOBIEHO IO TPHAUATH OOPa3LOB C PAcCTOSHHUEM
Mexay BosokHamu 1,4; 0,8 u 1,12 MM. B kaxmoi moarpyimmne Ha aecsaTh 00pa3lioB HAHOCHIIOCH
NPUMEPHO OJMHAKOBOE KOJIMYECTBO CBS3YIOMIETO M MOJ MUKPOCKOIIOM M3MEpSUIaCh UIMHA CKICHKH.
Ha paspeiBHONM MamiuHe 3anMchblBajach JuarpaMma YAJHMHEHUE-PACTSDKEHHE U IPOBOJMIKCH
BU3yaJIbHbIE HAOJIIOAECHNS HA TIOBEJICHUEM CHCTEMBI TIPH PACTSKECHUH.

B tabnune npuBeneHbl reOMETpUUECKUE pa3Mephl CKICHKH, pa3pblBHAS HAIPY3Ka M BEJIHMYUHA
OTHOCUTENFHOTO Pa3pbIBHOTO yJUIMHEHHS CHCTEMBI.
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FeOMeTpI/I‘IECKI/le pa3Mepbl cxneifmu, Pa3pbIBHasi HArpy3ka d BE€JIUYIUHA OTHOCUTCJIBHOIO0 Pa3pbIBHOIO
YAJIMHEHHUsI CUCTEMbI

Paspymenue
Cpenamsist
Paccrosiue OTHOCHUTENBHOE | Ha rpa- Css3yto-
Jmna pa3pbIBHas
[oarpynmna MEXIY KGRI HALDY3KA yIUIMHEHUE HUILIE BOTOKHA miee
BOJIOKHAMH Py CHCTEMBL % paszen BEILECTB
CHCTEMBI, TC . o
0,83-,93 22,0 6 10 - -
1 04 1,12-1,3 31,5 14,0 10 - -
1,4-1,58 36,0 13,5 10 - -
0,83-,93 28,0 9 10 - -
2 0,8 1,12-1,3 32,6 10,6 10 - -
1,4-1,58 34,2 115 10 - -
0,83-,93 30,2 10,2 10 - -
3 1,12 1,12-1,3 34,3 11,8 9 1 -
1,4-1,58 39,2 12,1 9 1 -

Pe3yabTaTsl nccaegopanusa. Kak BuiHO, ¢ yBeIMUE€HUEM JUIMHBI CKIEHKH MPU MOCTOSHHOM
PacCTOSHUM MEXIy BOJIOKHAMM pa3pblBHAs Harpy3ka CHUCTEMbl W OTHOCUTENBHOE  YIUIMHEHHE
yBenuuuBaercs. Takxe, yBEIMYCHHE PACCTOSIHMA MEXIY BOJOKHAMHM MpPU IOCTOSHHOH UIMHE
CKJICHKH BBI3LIBAET YBCJIMYCHUEC PA3PBIBHBIX XaPAKTCPUCTUK CUCTCMBI.

[Ipu HaGmromenun paspymenns 90 oOpas3oOB yCTAaHOBIEHO, YTO B OCHOBHOM pa3pyIIeHHE
NPOMCXOANT HA I'PaHMLE pa3liesia BOJIOKHO-CBA3ylomee. Tonbko B 2 o0pa3nax NpOU30ILEN pa3pbiB
BOJIOKHA.

:

Puc.2. ®oTocHMMKH KOHIOB 0eCKPYTOYHOH NPSKH MOC/Ie HCNBITAHAS HA PA3PbIBHON MAalIHMHe

DOTOCHUMKH (pHC.2) TOIyYEHHbIE MPH MCCICAOBAHMS KOHIIOB OECKPYTOYHON HPSDKH TOCTe
UCTIBITAHUS HA Pa3phIBHOW MAIIMHE, MTOATBEPKAAIOT (PaKT, YTO HE MPOUCXOJUT KOTe3HOHHBIH pa3phiB
cBA3yroniero BemiecTBa. Kak BUAHO M3 puUC. 2, CBS3YIOLIEE BELIECTBO MOJHOCTBIO OTAAJIEHO OT
MIOBEPXHOCTH OJHOTI'O BOJIOKHA.

W3meputh Maccy ¥ TOJIIUHY CKJICHKH HEBO3MOXKHO, HO CYAMTH 00 3THX IMTOKA3aTeNsIX MOXKHO
KOCBEHHO, 3Has TE€OMETPUYECKHE pa3Mepbl CKIECHKH. YBEIUYECHHE I'E€OMETPUYECKUX pPa3MepOB
CKJICWKHU BBI3BIBACT YBEIMYECHUE IPOYHOCTHU U AehopMannio CUHCTEMBI.

CxeMa cucTeMbl BOJOKHO-CBSI3yIOIlee IMpeJcTaBieHa Ha puc.3. PaccrosHue Mexay BOJIOK-
Hamu W, umHa ckieliku . AHanu3 mokasan, 4To NpW PacTsHKEHHH B ITPOJIOJIBHOM HANpaBICHHU
NPOUCXOANUT YIJMHEHHE CBOOOIHOIO y4acTKa BOJOKHA, a CBS3YIOIIEE BEIECTBO MoiydaeT aedop-
MAaLAO CIIBUTA.
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Puc. 3. Cxema cucTeMsbl BOJIOKHO-CBS3YIOLIee

Hanpsokenue capura B CBSI3YIOLIEM OIpenenseTcs no Gpopmyie

T=—

F
rae P — mpuknanpiBaeMas Harpyska, rc; F — mmomans monepeyHoOro CedeHUs CBSI3YIOIIETro B ILIOC-
KOCTH JCHCTBHUS CHII, MM,
OTHOCHUTENBHBIN CABUT Y CBS3YIONIETO OMpeAemsieTcs mo Gpopmyie

a
y=—
w

rae a — abCOIOTHBINA CBHT OJHOTO Kpas CBA3YIOIIETO OTHOCHUTEIBHO Apyroro. HampsbkeHue caBura
onpezenseTcs no Gopmyse

7=yGgg
2
rne G - MOZyIb yIpyrocTH IpH CABHIE, KIC/MM”,
a
7=Ggp —
w
AGCOJIIOTHBIM  C/IBHUT CBA3YIOLIETO PaBEH
W PW
G FGg,
AGCOIIOTHOE yITMHEHHE BOsIOKHA Al, paBHO
Pl
Al =
FE;
rae | - mHa ydacTka BOJIOKHA BHE CKIEHKH; Fg - muomaas momnepedyHoro ceueHust BojokHa; Eg -

MOJyJIb IPOAOJIBHOMN YIPYTrOCTH BOJIOKHA.
Torna obuiee yAJTMHEHHE CHCTEMBI BOJIOKHO - CBA3YIOIIEE, HAXOASAMICHCS MEXIY 3aKUMaMu
Pa3pBIBHOM MAaIIMHBL, MOKHO OTIPEAETUTH 10 (popmyIte

PI PW | w
|05m.:a+A|B: + =P +
F,E; FG F,E; FG

s xaxmoi cucremsl mapameTpsl |, F g, Ep u GCB - BEJIMYMHBI TTOCTOSIHHBIE, TOT/Ia BHIPAXKEHUE

o6, MOKHO 3a1u1caThb B BUIC
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Takum o0Opa3om, odliee yUIMHEHHE CHUCTEMBI 3aBUCHT OT NPUKIAJBIBACMON HATPY3KH H OT
TEOMETPHUUECKIX Pa3MEPOB CKJICHKH, B YACTHOCTH OT PACCTOSHHS MEXKIY BOJIOKHAMH W IUIOLIAA
CKJICWKM B HAIPaBJICHUW ACUCTBHS HArpy3KH. YBeiaudeHne W BeIET K MOBBIIICHUIO aOCOIIOTHOTO
yuHeHus cucteMbl. [Ipu W—0, cucrema BeieT ce0s Kak 0JIMHOYHOE BOJIOKHO M CJIBHT CBS3YIOIIETO
BEIlecTBa HE BIUSET Ha OOMIYIO AeOpMaIHIo.

3aknwuenue: [Ipy NMOTHOM pa3pyIICHHH CHCTEMbI BOJOKHO-CBSI3YIOIIECE OBUIM IOJTYYCHBI
Pe3yIbTaThl, KOTOPHIE MTO3BOJISIFOT CAENATH CIETYIOIIIE BHIBOIbI:

- HU B OJJTHOM CITydae He HaOItoaeTcs pa3pylieHHe CBI3YIOMEro (KOTe3NOHHBIN pa3phiB);

- B OCHOBHOM IPOHCXOJMIO Pa3pyLICHUE CBS3U CBS3YIOIIETO BEIIECTBA C BOJOKHOM WM
pa3pbiB BOJIOKOH. HavanmbHas gedopmainus CHUCTEMbl OYSHBb IMOXO0XKa HAa HAYAIBHYIO Je(hOpMallHio
OJIMHOYHOTO BOJIOKHA.

OTKJIOHEHUS] B CKOPOCTH HapacTaHWs HArPy3KH B 3aBUCHIMOCTHU OT YJJTMHEHUS MOXHO 00BsC-
HUTDH UCKIIIOYUTENBHO Ae(opMalireii CBSI3YIOIIEero BelecTBa, HAXOAAMIET0Cs MKy BOIOKHAMH.
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SUMMARY

BIOLOGICALLY ACTIVE SUBSTANCES OF PINE POWDER

Karchava M.S., Arnania T.G., Jinjolia Sh.R., Berulava 1.0., Khetsuriani G.S. and Kajaia N.Sh.

Akaki Tsereteli State University, Kutaisi

The article discusses the role and possibilities in the struggle against the diseases of modern civilization. To this
end, the prospects of use the pine powder are considered. Literature data on the investigation of pine powder of
various pine species are analyzed. It is shown that the pine powder contains essential amino acids, vitamins and a
complex of essential minerals.Besides, the pine powder contains antioxidants, vegetable steroids, a complete set
of phenolic compounds and other essential substances. This is a decisive factor determining antioxidant,
antiseptic, antibiotic, anticarcinogenic, biostimulating and antidepression properties of the pine powder.
Keywords: biologically active substances, pine powder, antioxidant effect, anticarcinogenic action,
biostimulating activity.
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SUMMARY

PROPERTIES OF NEW TEXTILE FIBER “LONA”

Bakuradze E.I., Zivzivadze B.L., Vadachkoria Z.A., Bakuradze K.E. and Abesadze N.M.

Akaki Tsereteli State University, Kutaisi

The paper describes the results of the study on thetechnological-working properties (temperature and hostile
environment resistance, resistance to elasticity, acoustic and sound absorption capacity, stretching resistance) of
novel textile fiber “LONA” produced by using industrial technological waste and corrective additive of our
country’s metallurgical and chemical enterprises based on authorial technologies. By its properties, the fiber,
which is a novelty, is far ahead of numerous fibers currently produced and used in the world.

Keywords: textile fiber, technological properties, novelty.
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SUMMARY

MULTIPURPOSESMART AND INTERACTIVE TEXTILE

Pailodze N.O., Buadze E.P., Bochorishvili R.I., Festvenidze T.K. and Kikvidze 1.0.

Akaki Tsereteli State University, Kutaisi

The article deals with the issues of creating the smart and interactive textiles. Fabrication of a smart textile with
modified properties for medical purposes is discussed. The textile is to be used for production of medical tissues,
dressings etc. for treatment of various diseases.

Keywords: smart and interactive textiles, medical tissues, modified properties, textiles chemistry.
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MOUCK HOBBIX ITYTEA YCBOEHUS JIEKAPCTBEHHBIX IIPEIIAPATOB
Manaonze H.O., byan3e E.I1., bouopumsuin P.U., ®ecrBennnze T.K., Kuxksuaze U.O.
Kyrancckuii rocyrapcrBeHsnblii yausepcurer uM. A. Ileperesin

CeroaHss OJHUM U3 TMEPCHEKTUBHBIX U COLMAIBLHO 3HAYMMBIX HAIPaBICHBIA, KOTOPHIE
3aHMMAIOT YYEHBIX, ABISETCS JOCTaBKa JieKkapcTBeHHBIX mpemaparoB (JIII) B opranmsm Hemocpen-
CTBEHHO K OpraHaM W TKaHSIM. DTOT MHTEPEC BBI3BaH, PEXKIE BCEro, MEMUITMHCKON W IKOHOMHYECKOM
BBITOJION, 3aKIIOYAIONICHCSs B BO3MOXXHOCTH CHH3UTH MOOOYHBIC 3(PQPEKThI OT NPUMEHIEMBIX
JIeKapcTB (B T.4. TOKCUYHOCTh W QJUICPTH3AIMIO MAIUCHTOB) M YMEHBIIUTH JIO3bI JICKAPCTBEHHBIX
npemaparoB. B mocneneHee Bpemsi pa3BuTHE (PapMaKOIOTHYECKOW MPOMBINIIIEHHOCTH MO3BOJISET
CIeNaTh BBIBOJI, YTO Ha CETOAHSIIHUI MOMEHT OCHOBHBIE CPEICTBAa HAIIPABILIIOTCS HE B Pa3padOTKy
HoBbIX JII1, a Ha MOMCK HOBBIX MyTel WX noctaBku [1]. CeromHs Haa STHMHU IpodjeMaMu pabOTaroT
WCCIIEIOBATEIN W3 MHOTHX oOOJacTeii HayKu: MenuKd, ¢GapManeBThl, XHMUKH, OHOXWMUKH,
OMO(DM3UKN U XUMUKHA-TEKCTIIIBIIHKH [2].

VMeHHO TeKCTWIIbHAS XWUMHS MOXET IPEJCTaBISITh HWHTEPEC MpH pa3paboTKe JeueOHBIX
MaTepuaioB Ha TEKCTWJIBHOM OCHOBE (alIUIMKAllMK), B KOTOpPHIE BBEJIEHO JIEKApCTBO, B CIyyae
MPUMEHEHUS alIUIMKAUH MECTHO, IPU HAJIOKEHUU HA NMOBPEKAECHHYIO IOBEPXHOCTbD.

B nmanHo¥ pa®oTe MpeanpuHATa MOMbITKA PACHIMPUTh BO3MOXHOCTH TEKCTHIBLHONW XMMHUH 32
CUET CO3JIaHMsI HOBBIX MaTepHAJIOB Ha TEKCTWIBHOW OCHOBE [JIsl HampaBiieHHOW noctaBku JIII B
OpraHu3M YEJIOBEKa, KOTOPBIE MOXHO HKCIIOJIb30BaTh NPHU JICYEHUU C MOMOLIBIO CO3JAaHUS HOBBIX
TKaHeil. B 53ToM ciyyae TEKCTUJIBHOMY MaTepuagy OTBOAUTCS POJIb «AEMO», B KOTOPOM
uMMmoOuu30BaH JIIT 1 U3 KOTOPOTo OH MOCTYIAET B O4ar MOPayKESHUSI.

AnpecHoe (TapreTHoe, KOTAa pedb HIET, HalIpuMep, O XHUMHYECKOM B3aUMOJICHCTBHH
(YHKIIMOHANBHBIX TPYMON JIEKapcTBa C DJJEMEHTaMH KIETKH, a TakkKe TpaHCAepMalbHOE) H
HanpaBiieHHoe moaBeneHue JIII — Hambonee CIOXKHBIA CMOCOO JOCTaBKH, Kak C TOYKH 3PEHUS
TEXHOJIOTHH CO3J[aHUS JICYCOHBIX MAaTEPHANIOB, TAK M C TOYKH  3pPEHHUS  YIPABJICHHS  IIPOIECCOM
Macconeperoca JIII W3 TEKCTUIBHOM WM JPYrol MOJMMEPHOM OCHOBBI 4epe3 KOXKYy K ouary
nmopakeHus. TeKCTHILHBIN MaTeprual MOKHO pacCMaTpUBATh KaK «JETMO0», U3 KOTOPOTO MPOUCXOIUT
Mmaccorieperoc JIIT B opranusm [3], Kk maronoruyeckoMy odary mo TpeOOBaHUSAM (C TOYKH 3PEHHS
BEIOOpA JIEKapCTBA, €0 KOHIIEHTPAIINY, BPEMEHH IMOCTYIUICHUS B OPTaHN3M), 33/1aBa€MbIM Bpa4aMHU.

VYyeHble yAenstoT MHOTO BHUMAaHHUSI BOIpOcaM TpaHcaepManbHOU noctaBku JIII B opranusm
MUHYS KETyA0YHO-KUIICYHBINA TPAKT, n30erast BO3ACHCTBHS pernapara Ha 3/J0POBbIC TKAHU U OPTaHbI
[4]. OTo BaxHO, KOrza HCHOJB3YEMBIE JJIA JICYECHHUS JICKAPCTBEHHBIE IIpenaparbl, BBOAUMBIEC
WHBEKIIMOHHO WIIM TEpOpajbHO B OPTraHW3M, COPOHMPYIOTCS M HAKAIUIMBAalOTCS HE TOJIBKO B
MOBPEKICHHBIX, HO M 3[I0POBBIX TKaHsX [3].

CerojHsi CO3/1aHbl TEKCTHJIbHBIC MaTepHasbl (can(erTku, anuIMKaluW, IUIaCThIPpU) s
nmoctaBku JIIT mpu nedeHun pa3nmuaHbIX 3a00JIeBaHUN (B OHKOJIOTHH, PEBMATOJIOTHH, XUPYPTHUH H.T.1.)
[4] .

be3yciioBHO, MEIMIIMHCKHAN TEKCTUIL HE MOXKET IOJIHOCTHIO 3aMEHUTH MEIUKAMEHTO3HOE
JeYeHHe, HO B KOMIUIEKCE C pa3jIU4YHbIMU TEpPareBTUYECKUMH METOAAMH CTAHOBUTCS YacTbiO
KOMIUIEKCHOTO JISYSHUSI MHOTHX OOJIe3HEH, IOBBIIIAs Pe3yIbTaT JICUSHMSI.

JleyeHue ¢ MOMOIIBIO MEAWIIMHCKOTO TEKCTWIIS, YCUICHHOE MEIMKAaMEHTO3HOE BO3JIeCTBHE
3a CYeT JIeKapCTB, HAMpPaBIEHHO TOJABOJMMBIX K OdYary TOpaXeHus, OydeT CcImocoOCTBOBATh
TOBBIIICHUIO 3 (DEKTUBHOCTH JICUCHHS.

Ocy1ecTBieHne yKa3aHHBIX TEXHOJIOTWH Jie4eHHs TpeOyeT, B CBOIO Odepenab, pa3paboTKu
CIICIMATBHBIX JIETIO - MATEPHalioB, B T.4. HA TEKCTWIHbHON ocHoBe c JIII, mis mx HampaBIeHHOTO
MOJIBEJICHYSI K O4Yary rnopaxenus. Pa3pa0oTka TEXHOJOTHH IMOJYYECHUS TAaKUX MATEPHAIIOB SBISCTCS
aKTyaJbHBIM BOIIPOCOM.

Lenpto paboTHl ABISETCA CO3AAHWE TEXHOJOTHH M Ha €€ OCHOBE JIeYEOHBIX TEKCTHUIIHHBIX
MaTepuanoB. Jlas TOCTKeHHUs yKa3aHHOW eI HEOOXO0AMMO:

- TMPOaHATM3UPOBATh CIIOCOOBI TONYYEHUS ¥ CBOHCTBA TEKCTHIBHBIX MAaTEPHUAJIOB,
HCIIOJIB3YEMBIX B MEAULIMHCKOU MPAKTHKE;
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- PaCCMOTPETH CYIIECTBYIOUIUE U MPEAIOKUTh HOBBIC BAPUAHTHI MIOJIBEICHUS JIEKAPCTBEHHBIX
npemaparoB (JI[I) k ouary mopaxeHusI ¢ TOMOIIBIO TeKCTWIHHBIX MaTepruanoB (TM) u monuMepHbIX
KOMITO3UIIMI 7151 cO3AaHMsI 3 PEKTHBHO JEHCTBYIOLIETO JIEYeOHOr0 MaTepraa,

- BBIOpaTh TEKCTUJIBHBIN HOCHTEh, 00SCIICUNBAIONINN JOCTABKY HIMMOOUIN30BAHHOTO B HEM
JIIT B HY>)KHOM KOHUEHTPALMH K NaTOJOTMYECKOMY O4arys;

- NpOaHAIU3UPOBATh CBOMCTBA CO3IaHHOW IMOJIMMEPHON KOMIIO3UIIMM U MEIULMHCKOTO
W3enus, IOJIy4aeMOro TMpU HAHECEHWHM KoMmmo3uiuu Ha TM, U OUEHUTh BO3MOXHOCTH U
11eJIeCO00pa3HOCTh NCITONIB30BaHMS e¢ B KadecTBe HocuTens JIIT;

- BBHIOpaTh KPUTEPUH I ONCHKH J((OEKTUBHOCTH NPUMEHEHHS BBIOpaHHBIX TM,
MOJIMMEPHBIX KoMriozuuui u JIIT;

- CO3J1aTh Ha OCHOBE BBIOPAHHOT'O TEKCTUJIBHOTO HOCHTEJNS, pa3padoTaHHOW KOMMO3HULUH U
MIPETOKEHHOTO crmocoba ee HaHeceHUs Ha TM acCOpPTHUMEHT JIeYeOHBIX MaTEPHATIOB Ha TEKCTHIILHOM
OCHOBE;

- IPOBECTHU UCIIbITaAHUA CO3JaBACMbBIX MAaTCpUAJIOB (TGXHI/I‘IGCKI/IG, KIIMHUYECKUEC 1 T.IL.).

Ha ocHoBanmm wu3y4yeHWs CaHUTAPHO-TUTUEHHUYECKHX W (PU3NKO-MEXaHWUECKUX CBOWCTB
HETKAaHBIX ¥ TPUKOTAKHBIX TIOJOTEH, pa3pelIeHHBIX s MPUMEHEHUS B MEIUIIMHCKOM
npakTuke, OyIyT OmpeleNieHbl COCTaB M BHJ MaTepHajioB, KOTOpPhIE 11E1eco00pa3HO MPUMEHSTH IS
CO3JIaHUs JeUYeOHBIX U3IENIUI 10 TEXHOJIOTUN TEKCTWIHLHON IIeYaTH.

Byner mnpoBemeHo wu3ydeHHE pPEONIOTHUYECKMX W TI€UYATHO-TEXHUYECKHX XapaKTEPHCTUK
IMPUPOAHBIX MOJMMEPOB, a4 TAKXKC UX BJIMUAHUC Ha CKOPOCTH U MOJHOTY MaCCOIIEPCHOCA BBCACHHBIX B
Hux JII1 Bo BHEWIHIOIO cpefy, YTO TIO3BOJIUT HAYYHO OOOCHOBATH BHIOOP MOJMMEPOB - 3aryCTHTENICH
JUTSL CO37IaHMS JIeYeOHBIX MaTePHUAIOB TIOTYYaeMbIX MO0 TEXHOJIOTHH TeKCTHIFHON TIeYaTH.
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SUMMARY

SEARCH FOR NEW WAYS OF ASSIMILATIG MEDICINES

Pailodze N.O., Buadze E.P., Bochorishvili R.1., Festvenidze T.K. and Kikvidze 1.0.

Akaki Tsereteli State University, Kutaisi

Based on sanitary-hygienic and physical-mechanical properties of non-woven fabrics and textiles allowed for
application in medical practice, compositions and types of materials suitable for fabrication of medical products
by textile printing technology are to be determined. To this end, it is necessary to carry out the studies on the
rheological and printing-technical characteristics of polymers, as well as on the impact of polymers on the
rateand completeness of mass transfer of introduced medical preparations. This will allow us to substantiate
scientifically the choice of polymers-thickeners for fabrication of medical fabrics by textile printing technology.
Keywords: medical fabrics and textiles, medical preparation, polymer, thickener, textile printing.
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