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MPUBJINKEHHOE PEIIEHUE IBYMEPHON IUHAMHWYECKOM 3A1AYN
TEPMOJIUDDPY3IUN

Bbexyamsuau 10.A.
I'py3unckuii TeXHMYECKUH YHUBEPCUTET
CBs3p MEXAYy HECTAMOHAPHBIMM IpoleccaMy JeQOopMainuid, TEIUIONPOBOJHOCTH U

muddy3un B TBEpAOW H3OTPOIHOHN YIIPYTOW Cpele OMUCHIBAETCS CHCTEMOW YeTBhIpeX CKaSIPHBIX
g hepeHIINANTBHBIX YPAaBHEHHI B YaCTHBIX MPOU3BOIHBIX BTOPOTO Mopsiaka Buna [1,2].

B[ 5 o ]u(x )= Q(x.t)

ox ot

o 8
e B{ 2,2
A (axatj

0 0
o[ 5%)
X 4x4
2

B, =|uA— ia- +(A+p) 0
jk patz jk H ox axk

j

) Jlk :1121

2

o .
By ==y ,— k=12, j=34
otox, 9T T2y )

0 0 .
Bkj = é‘k] (512A - aj72 EJ + (ékj —1)6112 a, k, J = 3,4

U =(u,u3,u4), u=(u1,u2) - BEKTOp CMEILEHUs, U; - HW3MEHEHHE TeMIlepaTypbl, U, - XUMHYECKHUH
MOTEHITHAIT CPEJIBI, Q:(q,q3,q4),q:(q1,q2)— 3aJlaHHBIA BEKTOP, x:(xl,xz) - TOYKAa EBKJIMJIOTO

mpoctpaHcTBa R?, t- Bpems,A- IByMepHBIi omepartop Jlammaca, dj- cumBon Kponekepa,

712

Ay V1, V2,84, 85,892,01,0, - U3BECTHBIE YIIPyTHE IOCTOSIHHBIE [ 1,2].

Ilyete Dy ¢ R?- KoHeuHas OONACTb OTpAaHMYEHHAS KPUBOH S, (KPUBM3HA KpHBOH S
HenpepbiBHA B cMbicie Tenbaepa); npuueM S, 1S =¢, k, j=0,m; S,-0XBaTbIBAE€T BCE OCTAILHLIE, &
k j 0

9TH MOCJIETHHAE HE OXBaTBIBAOT JIpyr-apyra; Dk = D US,,S= USk, D=D, \UBk.
k=0 k=1

1, = {(x,t): XxeD,te [0, oo)} - 0ECKOHEYHBIN TUIUHID, S, = {(x,t): XxeS,te [O, oo)} - OOKOBast TOBEPXHOCT.
3anaya |. Haiitu B iumuHape [],, peryispHbIi BekTop U e Cl(l_loO )ﬂ C? ([[w)y,JIOBJIeTBOpSIIOIHI/Iﬁ

YCJIOBUSAMUA

vixt)er, B[g gju (x.t)=Qlx.t)

jo))
C
—
x
—
p—
I
AS)
feoaras
—
3
C
—
x
—
~—
I
—
—~
~—
N—
|
w
D

-h _ 0 H i
V() € D.!l_rgu(x,t)_(pgxf, lim =

W(y)es, U (y0)= R k=0

U 17151 OOJIBIINX 3HAYEHHH t
U (x.t)

—————<c-e, L+ +l,=1,1=012
atllaxllzale3 U 2 3 ! 1=h
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3aece N :(nl,nz)-opT BHemHe#W HopMamn B Touke Y €S, RU :(HU 861 %Lj
n n

HU =Tu—y,nu, —y,nu,- Bektop TepMoauddy3HOHHOro HampspkeHHs, [U- BEKTOp ynpymx
Hanpspkenuit  [1], 0<r<m,C, o, - mnocrosHHBIE, qo( = (¢1( ),goz ) j=01 (DJ ,
j=34, F® (f(k f (k) f‘fk)), £ =( fl(k), fz(k) )- 3aaHHbIe QYHKIMIA.

B pa6ore [3] ansa 3amaum | moka3bIBarOTCS TEOPEMBI CYIISCTBOBAHUS U €IUHCTBCHHOCTH
PEryJsipHBIX pELICHUH.
Teneps moctponm npubImkeHHoe pemenue st 3anaun . st 3Toro paccMoTpuM HHTETrpat

G (x7)= Ié”U (x,t)dt

rae U (X, t) peurenve 3anaun |. [Tycts 7 = 0 + 1@ KOMIUIEKCHAS IEPEMEHHAS B TIOJYTIOCKOCTH

A+2u (1
pR

W3BecTHBI cenyroliue cBoiicTBa peodpasopanus Jlamnaca [1].

7, ={r:Rer>oy>0,},rne oy =max{o,,0,}, o, = —g), 0<e<<1[2].

1. Ecm VXeD u Vrer, , pynxuns U (X, z’) YIOBIIETBOPSIET YCIOBHUSIM

a) aHAIUTUYECKU 3aBUCHT OT 7 ,

+00
6) J‘ ‘U (X, o+ ia))‘da) CXOJIUTCS paBHOMEPHO OTHOCHTENBHO X € D,

—00

c) limU (X Z') 0 pasnomepno ornocurensno XD, to U (X,T) ABIISETCS U300paXKEHHUEM, H

|z]>w

OpI/IFI/IHaH OHpeHeHHeTCH I/IHTerpaIIOM
o +io
R o
U(X,z‘)z—_ J e’U(X,r)dr (1)
27 7

o—lo
2. B kiacce HemnpephIBHBIX (YHKIIUI OpPUTHHANI BCIOJY, 32 UCKIIIOYCHHUEM, OBITH MOXKET, TOUKU
t =0, onpenensercs 0HO3HAYHO MO 33JaHHOMY M300PaKEHUIO.

3. Eciu U (X,t) - OpUTHHAT U U (X,T) - ero n3o0paxkeHue, To B Kaxjoi Touke {, B KoTopoi
) (X, t) muddepeHnupyema, cripaBeaTuBo obparienue (1).

Scuo, uro U (X, 2') €CTh PEIICHHE JUTUNITUYECKON TPaHUYHOM 3a/1aun

X

VxeD: B(ai fj (x7)=0(xr) ”
vyS, (U (y,7)=F ( k=0,r,

vyS, :[R[i,njtj (y,r)} = F((),fl), k=r+1m
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[ToctponMm BeroMorarenbHble oonacTu: myctb D, 061acTs, pacronoxenHas cTporo BHyTpH B

D.. [N)k c D, k=1Lm, [~)0 - obmacte  oxsarteiBaromas D, [30 D Dy; §k - rpaHua

k o0 ~
[Tycts {X }k |~ BCIOTY IIOTHOE Ha S cueTHOEe MHOKECTBO TOUEK.

Brenem matpuiy
1 2 3 4
M (y-xir)=|M,M,M, M

OIIPEICIICHHYIO CIICAYIOLIMM 00pa3oM

4x4

)
I(y-xir) ye USk,

M(y-x, iz)= k=0

R(%,njr(y—x, ir) ye Lmjsk.

k=r+1

3nech [(y—x, ir) MaTpula GpyHaMeHTaIbHBIX pelleHHii onepaTopa B[% rj [2].
Teopema. CyeTHast COBOKYITHOCTh BEKTOPOB
j k - - .
M(y—x ,|r)}f:l, j=14,yeS, Rer>0, (3)

JIuneliHO He3aBUCHMA U TI0JIHA B IIPOCTPAaHCTBE L, (S) .
Jlokas3aTebCTBO ATOM TEOPEMBI 371eCh OIycKaeM [2].
[lepenynupyem COBOKYIHOCTH BEKTOPOB CJIEIYIOLIMM 00pa3oM

{y—x[kf] i‘r} k=12,.., (4)

:|, [k] - O3HA4acT HaI/I6OJ'ILI_Hy}O HCIYyHO 9aCThb YUCJIa K.

k Iy
‘P(y,z'): M

F,I[e Ik — k _4[%
k ©
Ilycts {q)(y, Z')}k=l- cucrema, noiay4eHHas u3 (4) OpTOHOPMHUPOBAHHEM Ha S , T.€.

koo
gok (y,r): Zakj \P(y,z'), yeS, k=12,..,
j=1
rae akj - K03 QUITUEHTBI OPTOHOPMHUPOBAHUSI.
SIcHo, 91O

V(x,z)=U(x, T)+%IF(X —y, iz Q(y,z)dy
D
OyIeT pemeHnueM 3aaadu
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Vi(z.7)=gt)), el S 5)

{R(g n)v(z z’)} =g, z¢ LmJSk
674 ' k=r+1

k
rac g((z)r)' k = 0, M u3BeCTHLIE BCKTOPLI BBIPAKCHHBIC YEPC3 JaHHBIC 3a1a4U.

ITycts g(z,r):gék)),k:O,—m. OueBunHo, B Hammx mnpeanonokenusx ¢(z,7)eL,(S) u

9(z7) ng(p gk—fgy, oy)s.

Tak kak, L, (S) noHoe [ ms6epToro mpocTpaHCTBO, UMEEM

lim

N—0

=0, j=0,m.
LZ(SJ')

g<z,r>—ggkfp(zi

Permenne 3aga4n (5) MOKHO MpeACTaBUTh B BUeE [2].

20(5)~3 | A £ 0o 5505) a3 [ Gl

k=r+ls,

rae G(X, y, D, ir)— teH3op I'puna 3amaun (5), R- compaxeHHblld ¢ R omeparop, * - yka3plBaeT Ha

OIEpaLIMIO TPAHCIIOHUPOBAHUSI.
Paccmotrpum BekTop

B(ai,r]\i(@) 0, xeD
" ,
YT oY) r
[ (zf)} =020 zelJs,.
k=0
R[ 2 n +— I's
" )Ven | T rzeUs,
k=r+1

rz[eg 29k¢ ZZ’ ZeS.

Pemenne sToit 3aavu MOXXHO IIPEACTaBUTh B BUJIC
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m

A (o . . :
0 =ZI[R[5 jG (%, y,D,w)}g((;“’l)ds— > j G(xy,D,i,7)g(}) ds

k=0g, k=r+lg,

[lycte D' - mio6ast 06macTsb, pacmonoxenHas crporo BHyTpu D.

CocTaByisisi pa3sHOCTh \7(X,z‘)—\7(g(NT)), yUUTBIBas CBOWCTBA TeH30pa ['pMHA M HEPaBEHCTBO
Komm-Bynsakosckoro, momxydaem V (X, Z') =lim V((XN)), xeD' c<D;
N—o0 !

NI

. o kol 13 .
U(xr)=>g9>.arl x—x[“},ir —%jF(x—y,ir)Q(y,r)dy (6)
k=1 j=1 D

Psin (6) paBHOMEPHO CXOIATCS BO BCAKOM B 3aMKHYTOW o0nacTh Jiexanield BHyTpu D.

- 1 o +ioo Tk o [ﬁ} 1 R
_ t IR 4 - -
U(XJ)_% e ZngakF x—x-4ir —EIF(x—y,lr)Q(y,r)dy dr
o—iwn k=1 j=1 D
Ecmu Beipaxenue (6) moacraBum B (1), TO modyuymnm pemeHue 3agadu |, a BeKTop Jaer

npUOIMKEHHOE PEelIeHHe 3TOH 3a1a4u.
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SUMMARY

APPROXIMATE SOLUTION TO THE PLANE DYNAMIC PROBLEM OF THERMODIFFUSION
Bezhuashvili Yu.A.

Georgian Technical University

The approximate solution to the plane dynamic problem of the conjugate theory of thermodiffusion is
constructed by the method of generalized Fourier series.

Keywords: thermodiffusion, plane dynamic problem, Fourier series, partial derivatives.
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SUMMARY

SOLUTION OF COMPLEX BOUNDARY PROBLEMS OF MATHEMATICAL PHYSICS BY USING
THE THREE-DIMENTIONAL EQUATIONS

Natroshvili O.G., Robitashvili A.G. and Berianidze T.O.

Georgian Technical University

The paper considers the solution of complex boundary problems of mathematical physics by using the three-
dimensional equations. The methods and computational facilities of specialized complexes based on
optoelectronics are discussed.

Keywords: boundary problems, mathematical physics, computational complexes.
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do@ool Jmayemdols ©s dobo dowgdoli Lohfo@ols ogygb@@sioobsmgols bsgds@obos
500b0dbeml, @md  gobdmbowsb IDsgo@mbmbogry@o GoAmads@s@ols obps gowsdzgdo
3000gM535M5F M0l @obdo®gdomn domgdymo Jbmmme ghHmo byg@osmo (oo, GmIganos
demoiogl 100x100  jogomdgd® go@mmdl (+/- 10 IgB@o Gmdoggdomss dglodenrgdgano
dobo gowomgds)) dgoogh wosbgrmgdom 108 0@ 0bgm@Isiosl, @mIgaoi dmombmgls
bo@olbosb ©sd9doggdols.

gesdofoll bgamgbydo msbsdybogdowsb ymggmoeoyg@sw dofolibgos Lowyy-
0960 0wgdgb Sbmdom SLgm  Ly@sml. slgmo 0bgm@dsizools gowslsgdee  sdgedow
3°dm0ygbgds 308090 Goombsobgdo. olobo 39domdgb 100 Iad0d0/fd s gxu®M Jg@o
LohJoom, myg0 dggoe®gdmn msbsdgodmgg godmdmgmgaro dsbobgdol Lf®sg]dgwy-
dsls o Fo@domdsol 3mldmbowsb domgdygmo 06gm@dsizool ImEygmmdsls s dowg-
b0l Lobdodggdmsb, wog@d{dybogdom, @md JgBow dbgenos mbs9dgdol sdydoggdols
sdgedoe oMlgdyemo aodmdmgmgao bodygomgdgdol 989G 9®0 godmygbgds. sdomss go-
dmf 39900 dgBo© oo 06GgAglo s B omO®ds, bohggbgdo odbols 3g@L3gd@oggdo,
‘dg0ddbols sbosgno Ggdbmenmyoy®o Lodgoegdgdo dmbsgdgdol oo bsgowols ©sdydogg-
dolosmgol.

©slggbs
oo doEgeeméol  Mm3Gogy®@o  Loobgm@ds@om  dsloggdol Ggomyd  ©@mTo

539 dog9ds  doanbge  dgoMo@oMgdyos, g0boosb o0po Jmombmgl  bsgsdsme  wow
9306m30390  ©s ©AOMom Esbsbo®xgol. PRO™M IgBoi, odgedse s@LYoml 3MMden gds
(opomoma do@gds@ogg®o gobogol d@sgsmasbbmdoagdosbo bogdygmo sdmzsbgdols
sdmblbols), @mIgaroi  bgdmo  swbodbygao  Jobgbgdol  aodm  omgargds  Ibgarsw
3o05Lo(Y39®  ©dmEobo@  aodmmgmon  @gdbogodo.  s@OLgoyo  F@oozoygo  dgme-
©gdols o  gegdBOmbymo  Lodygoamgdgdol Igbmygoygamdol godem  [2]. ymggeo gl
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3ob0300mMbgdl o 390L39]H0ggdl  YROM  0bGgblogmdom  0bgl  Aodmygbgdiero
M3@™MgegJBOmbyo Igmmegdo s Lodygoagdgdo.

L0BIA>BA IS

1. Koxemsko B.II. OnrosneKTpoHHBIC JIOTHKO-BPEMEHHbIC HHGOPMAIIMOHHO-BBIUHACIUTEIILHBIC —CPEIIBL.
- Townucu, Mennuepeda, 1984, 359 c.

2. Kpyrmukos B.K., Harpomsuau O.I'. O HOBOM BBIYHCIUTEIBHOM YCTPOUCTBE JJIsI PEIICHUS 3a/1a4 MaTeMaTH-
YeCcKHui (PU3UKHU MOBBIICHHOM ciioxkHOCTH. /Coobmenus AH I'CCP, Towmucu, 1979, cc.121-123

SUMMARY

THE PROSPECTS OF IMAGE REPRESENTATION AND PROCESSING BY OPTOELECTRONIC
METHODS AND COMPUTATIONAL FACILITIES

Natroshvili O.G., Robitashvili A.G. and Berianidze T.O.

Georgian Technical University

The paper considers the prospects of image representation and processing by optoelectronic methods and
computational facilities. The topicality of real-time data processing is shown.

Keywords: image representation, image processing, real-time data processing.
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OR3M®HOMBIN(O J60L Python-0 308CMILOR3S

3593530dg 3.6., B5D3>dg ..

Lodotmnggaeml &9dbos9600 96ogg@Lodagdo

Eggobegmo  Lodyo@m  [omdmyoagbgamos  mobsdgodmgg 3Gma@sdymo  gbgdols
3odmygbgdols ao®M9dg. hggbo @OMOL sJBomy@o s3m3obgdo ombmgl 9B@™m Jdgsgd ©s
09300 Seram@omdym 9bgdl, Mmool dgdggmdomn 3OMPGLomboggdl, s 5@S Jo@EFM,
dggdergdom  L{@oggo o bodolbosbo  goslygo@dmb  Lbgoslbbgs  Lo®oygaols
Logombgdo. o boggomggeos sOLgdmdl god@sgo slgmo Godol s@am@domdygeo gbs
bgdoldog@mo  Lodmymols  sdmEobol  goslofyggdore ©o  sa®M9mgg  3MIFMA F o
0dobomgol, GmI slgmo 3Gmy@msdgdo dgddbs. sepagm@omdyamo gbgdbol wowo Log®Mowsb
dobps 253mgym 3Gmy@sdyeo gbs Python-o dgdwgao dobgbgools gsdm:

1. Python-o o@ol ds@os@o ©mbol, 06@g@3GgdoMmol  Bodol 3Gma@sdymo ©s
bg@og@dgeo gbs. 00 do@ggeoe ogm [odeygboaro 1991 (ganl ggom gob @mLlydols
dog®, dmesbogmo domgds@ogmbo - 3Omy@sdolb@o, G®mImmol dobsbo ogm IOMy@S-
gm0 gboli dgJdbs gggenslogol [1]. Python-o s@ol ddsgsg 3s@ooads 3Gma®sdo®gools
96s, @mdgano Lbgoslbgs LHomol gmwo®gdols Lodygomgdsls sdenggl dmdbdomgdgenls.

2. Python-o s>@ol sdbmgyg@goe 9asbom ©s ghEgmegds @os jowol 3Gma@s-
dyao 9bOyYbggemxzols 3@0biodom;

3. Python-o  mosgligoswos bgdolidogd  msbodgodmmgg  Lom3dgdocom  Loli@gdslbomsb
(MS Windows, MacOS, Linux, Unix), dom dm@ols Linux s Unix Lobdgdgddo ygbwgds
bom3g@sizom Lol gdsbmsb ghmsg;

4. Python-li dg¢gdenos d00g@mml dod@ommgigdo Lbgs mobsdgo®mgg 3Gma@sd -
@0 gbgdoesb s sp@gmgg Python-l gmeo dgodangds ogmlb Hodgbgoygemo Lbgs 3Gma@s-
dgee g do;

5. Python-l 5Jgl d0demommngggdols oo dsbs sdmebgdol wowo b3gdd®obmgols
dogogomo:  JomgdoBogy®o,  3O0RAMyOsB Yo, Jmbsizgdms  dobgdbmsb  Iygdomdols
305 0Mmg3900, M535dgo0l IglsJdbgasm dodbemommgigdo, a®sgosgeo 0bBgdugolgools,
590t s 233mbobymgdols dsbodymsiogdols dodgrommgggdo, LobEgdydo s JLgeols
>0d0bolB®moMmgdol Imeygegdo ©s oy 9sddsgo bbgs [2].

6. Python-ols dgli{ogans s@ol dogrosh ds®@ogo;

7. Python-bg gm@o 0fgdgos dognosh Lf@sgsw;

8. Python-ols 3@my®sdgemo 3oo 350F0go© 030mbgds ©5 S©gos© 029053
e Python-bg s®ol 9080030 06gm®Isiz0s 06@gMbgRdo ©s 0mgemgds gom-gOm yggersby
3obboags® 9bo® mobodgo®ogg Loobgm®dszom Logmzgdo;

e Python-bg s®ol dgddbogno sbigmo Ebmdogno 3GmEJBgd0 Gmam®: Google, YouTube,
Dropbox o 953@sg0 Lbgos

@o bsggodggenos Python-b sJgl osbggg byb@o dboscdggdo:

e Python-o o>@0l 0bBgd3dgdodm@ols Godol gbs, @ol godm, dobo gmwol Lob{Msgg
Ygomgdom bgemos gow®g C /C++, Java, C# gbgdol jmwo. ogdEems mebsdgommgg 3md3oy-
B9090bg S@bodygmo aoblibgoggds 5@ s@oli 0dwgbo dglodhbggo, M9 o@ a35J3L dgbgods
bgbT@o0 @gogomgdol dmmbmgboby. slggg @@l 9439 >OLgomdl 3GOMy@sdyao  9bols
Python-ols obdomgogemo gg@lbogdo JIT (just-in-time compilation) dbsdsdg@on [3].

e Logdome dOMm3s@ggomos s 0mbmgl gody 3mebsl Python-oli jmwol go@s@sbs Lbgs
30my@odye  gbgdoli go@bdo. Python-do momJdol o6 s@ol LobdsJly@o dgbmymggdo,
3o0©S Add Y 5(3000L5 /56 2odmEHMggdols ymwols Fg@ols w@dmL.

bob.1-bg Fomdmwagboemos 30m396@ o dohggbgdargdo Python-ols gobbogngs@mds
Lbgoslbgs Godol gbgdbmsb:
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MOST-DISCUSSED LANGUAGE

The popularity index below comes from IEEE Spectrum, which used
data obtained through internet relay chat.

5% % — .
Y000 o

1{99%000¢
‘i&@ @‘Q ¢ & © & § & o o v

6ob.1. Python-ol gsbbo 0mds Lbgomobbgs Godol gbgdmsb

PHP © PYTHON = RUBY

Programmers are particular about their language preferences— and most can tell you exactly why they like one over another.

Three languages in particular are the rage these days. We compare Ruby, Python, and PHP to see how they stack up.

\ PP\ RuBY PYTHON

CURRENT VERSION PHP: 5.3.8 RUBY: 1.9.3 PYTHON: 3.2.2
AUGUST 23, 2011 OCTOBER 31, 2011 SEPTEMBER 4, 2011

‘ﬁ PHP was designed for web Ruby was designed to make Python was designed to emphasize

development to produce dynamic programming fun and flexible for the  productivity and code readability.
web pages. programmer.

YE%?!EI{\ELUE%%ED ek Yur(n—u1R?)9§ MATZ" GUIDO \/1:51Rossum
Q RASMUS LERDORF K HIROEMAT
ecC ® TCL ® ADA ® EIFFEL ®ABC @®ICON
INFLUENCED BY ® PERL @ C++ ® LIsP @ALGOL 68 ®JAVA
® JAVA ecLu ® PERL eC eLisP
® C++ ®DYLAN  @PYTHON  @C++ @ PERL
A2y WIKIPEDIA TWITTER
J (& & YOUTUBE
SITES BUILT USING IT () UDEMY I Huw -
G GOOGLE
i rFacesoox (©& crouron
E I BTN EEmnmmm
USABILITY L il E2 £ =
® o ®
PHP follows a classic approachand s Programmers describe Ruby codeas  Python uses strict indentation
Saansiielydocumbntad: elegant, powerful, and expressive. Itis  enforcements. Python is arguably the

highly usable because of its principle of  most readable programming language.
least astonishment, enforced to
‘minimize confusion for users.

ezl E e s BB
o 'Y L

1 ‘ PHP is easy to learn for former C Ruby s botter for a programmer who | Python s great for baginners, often
programmers, alraady knows a language o two. racommendad by programmers due
to the simplicity of its syntax.

BEST
BEST

bob. 2. semam@omdgmo gbgdol gosmgods

bob2-bg dgog0me dgagodaos gbsbmo 2011 fanols dohggbgdamgdom olgmo 3m3qy-
@o@o  9bgdols dgomgos @mam@ i PHP, Ruby s Python-o. dogbgosgse 0dols, @Gmd
o] o®ol aodmygbgdygao 6 Faroli Fobobwgano dgoomgds bobo gbos gogylgomn 0dsl, GmdI
gl s@Olgogmo Python-ol gg@logdds gobozogl Lsgdome oo (3geomgdgdo, Gmd-



LSISANIIRLN bSObIN6H() bLOSELI60, GEORGIAN ENGINEERING NEWS, NeZ, 2017 19

9ddoi aoogdxmogls dolo (o@dsmds ©s dobo gyubiombogoi dgbedhbggmsm  goo-
bods [4].

o0 by@ombg (bob. 2) odol (odmagbogro sbggg Lodo sbsgmgoyn®o saoam@o-
0ndgeo gbol Jgoo®gds 3mwol dmEygmmdol s gmeol dgbdymgdol OML dobgogon.
Gmyem@@E Bsbl Python-o 4lfegdl PHP ©s Ruby-ols gggens dodomse dsbolbosmengddo,

53 Jowgyg g0mnbge d9@Yy39egdl 53 9bols LoddgrsgMgby s dJmgbognmdsby:

HOW FAST IS IT?

Using benchmark tests, we compare which languages are the
fastest in terms of lines of code and average run time.

N SECONDS
s o~
e

LINES OF CODE

& S
S S Q@%
§ & & $

bob. 3. 30ma®s300930L gbgdol gmwol LolLF@sgol FgbBymgdol Ygos@mgds

Nov 2016 Nov 2015 Change Programming Language Ratings Change
1 1 Java 18.755% -1.65%
2 2 c 9.203% 7.94%
3 3 C++ 5.415% -0.78%
4 4 c# 3.650% -0.66%
Bidhon, 3 2075 L2008

3 ] ~ VisualBasic NET AT 0047 I
7 & v PHP 3.125% -0.12%
] 7 v JavasScript 2.705% +0.23%
9 1 A Assembly language 2.441% +0.56%
10 10 Perl 2.361% +0.33%
1 14 A Objective-C 2 246% +0.82%
12 15 ~ Swift 2.039% +0.80%
13 48 R Go 2.001% +1.80%
14 9 ¥ Ruby 1.978% -0.06%
15 16 ~ MATLAB 1.967% +0.78%
16 12 ¥ Delphi/Object Pascal 1.850% +0.27%
17 13 ¥ Visual Basic 1.923% +0.24%
18 37 A Groovy 1.811% +1.48%
10 19 R 1.715% +0.70%
20 18 v PL/SQL 1.512% +0.48%

65b 4. Python-ols ®go@obao dmam 2015-2016 Fangddo
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YBOM  gOGmoE 06xmAIs300L bobgs gbsdagdomos  Dgdpgy 9o Mglydlby
[5.6]. ofgg (omdmpopagboanos @obgo ghom-ghomo 3bmdogro  0bEg@bgd  @gly@bols,
Omdgaroi dmbo@m@obal 9390090L  Loobgm@dsizom  Ggdbmermaogdol dowm{gg9dl, 3ol
3oMs, 5J3994690L 3MMma@sdgeo gbgdols MgobBobals Lodogdm LolEgdgddo blgbgdol o
dmnbemgbols dobgogom. 53 @obyby [6] gbodangdgmos 3m3geo@ygmo  senam®omdyeo
96960l @go@obyols bobge.

Programming Language 2016 20Mm 2006 2001 1996 1991 1986
Java 1 1 1 2 13

c 2 2 2 1 1 1 1
C++ 3 3 3 3 2 2 5
C# 4 4 6 10

Python 4 6 7 18 26

PHP 3 5 4 8

JavaScript 7 9 8 7 19

Visual Basic .NET 8 26

Perl 9 8 5 4 3

Assembly language 10

Fortran 25 27 20 23 4 3 7
Lisp 27 12 12 14 6 4 3
Ada 29 16 15 16 9 5 2

6ob. 5. aMdgangoeosbo Python-ob @go@obyo

5dMop o, dmyggsbogn  bGo@gdowsb (bob. 4,5) oo hobl, @md Python ¢339

Fengdols aobdogenmdsdo dgools  yggaroby aobbogrgem o dJmmbmgbse sgrgm@omdyen
96980l s gy do.

R03IASDIAS

https://gvanrossum.github.io/
https://wiki.python.org/moin/UsefulModules

http://www.pypy.org

http://blog.python.org/

http://en.wikipedia.org/wiki/Comparison_of _programming_languages
https://wiki.python.org/moin/LanguageComparisons
http://www.tiobe.com/tiobe-index/

https://www.python.org/

ONoR~LNE

SUMMARY

ALGORITHMIC LANGUAGE PYTHON REVIEW

Kamkamidze K.N. and Razmadze D.G.

Georgian Technical University

The interpreted programming language Python is one of the most discussed and rated programming languages.
Due to the fact that one can easily learn it and quickly write the programming code, programming language
Python has not lost its relevance over the years and still remains popular. Python is recognized as one of the
most convenient languages for scenarios, which allows you quickly and efficiently provide the project to the
customer.

Keywords: algorithmic language, Python, scenario.


https://gvanrossum.github.io/
https://wiki.python.org/moin/UsefulModules
http://www.pypy.org/
http://blog.python.org/
http://en.wikipedia.org/wiki/Comparison_of_programming_languages
https://wiki.python.org/moin/LanguageComparisons
http://www.tiobe.com/tiobe-index/
https://www.python.org/
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303030030 J6s Python-0b 353(MJ36Jdd 30M06BM®35BN35Y0)

3533530dg 3.6., H5BISdg ..

bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

b0m06x8MAOI>G0 s oM gdbom sbomasb@s dgi3bog@gdss. 3920 boggnbols 70-056
Jegddo  ©0s0dos, OmEglsi domemmygdo 3R0gmdEgb aodmgsgerosn @s mgoligdgdo,
353300950 s os@OLo ogm slgm 9339 Logdome 3bmdog ™dogdBgdl, Gmam@oi s@ols
gl ©bd-o (DNA), oens (protein), ag96gd0 (gene) s obg dgdega. LYmege 35906 dgbog-
983> gowoyqgl 30Mg9a0 bsdoxgdo Igmmegdols s Fgdbmemyogdols Inbssdmggdemsw
Omdgems  aoM9393 eyl [omdmyoagbgmos  msbsdgodmgg  domanmyos,  dgo0bs,

BoMI>39BO0ZS ©o owgy bbgs dMsgsmo dods@myengds.
b000683m@oGH035T0  3odmoygbgds yodmmgmomo domgdsGogzol, LEsGobGo ol @

068m@A3oGogol Igmmegdo. mgommb 30 d0mobRm@Is@ogs FoOmmE As5dmoygbgds domJo-
do5do, d0mx0bogodo, gzmemaosdo o Lbgs ddsgom omydo.

b000683m@doGH0g0l  woMydo yggersby bdodow 2sdmygbgdowo 0blE®YdgbBgdom
©> Bgdbmemmaogdbom godmodbggs dgdogyo 3Oma@sdyeo gbgdo: Java, C #, Perl, C, C ++,
Python, R; 3s@ 3060980l gbs - XML; dmbsigdms dobs - SQL; 3o@oggangdo yodmmgen gdols
3OO0 Ye0-535M5GH YO Yo 5O JoBgddyds - CUDA; @gdbogg®o aodmmgergdol s sdm-
3oboms gowod@ols 3Omy@sdymo Yb@ybggamygmezols 3s3980 MATLAB-0 ©s gengd@®m-
byano 3bGogrgdo. dombxgm@ds@ogzol dmsgs@o dobsbos - bgano dgufyml dgi3bogdgol
0@ Ma0Ya0 3Om3gLgdol 2o@ 33935 do.

eyl 60m0bxmAIsA03s eolbdmdls mgm@ogmo s 3GsGogymo 3GMden gdg-
dolomgol  dmbszgdms  dobgdol, saam®ondgdol, asdmmgmono  ©s  LEsEOLE0 YO0
dgomegdols gddbsl o ao9dxmdglgdsl, GmImgdoi gaobwgds domamayoy®o dnbszg-
d9d0L do@mgol ©s obogrobol AML. hggb dogd godmygaggmo odbs ©bd-ols gy Gg-
360l MsbdodygMmdgdo ©s om0 sIM 0o gogdo. Msbsdgdmgg 0bxym®@dszoymo
®9Jbm@ma0gd0l  953myggbgdom, JgMdmE o 3MMaMsdgdols gbols Python-oli ao@ldo
‘dgddbogmo 0dbs Yglodsdolo mebdodwgg@mdgdols dmdogdols senam@omdgdo.

o3 LHoR0sdo Fomdmpowagbm ©bd-do ,,dmGoggool™ dmdogdols sepam@omdl, Gmdg-
o3 993996000 @s3MMa®sdgbdol gbols Python-ols go@do.

dmE0ggdol dgdboli 53m(356s ©63-0l 056303 ggH™dgddo
do@gsgmms@yam  domemyosdo dn@ogo s@ol bygagm@ooms ©sdsbsbosmgdgano  msb-
d0dggamds (©bd, 63-Fo) 5b 5dobmdgeggddo (3o gddo), @mIgeblisig goshbos s@bgdo-
00 domamaoyg®@o  3bodgbgermds.  domobgym@ds@ogedo  0ggbgdgbh Lbgowslibgs  Godol
Sgoam®omdgdls dm@oggdol dmbsdogdamswe [5].

GreedyMotifSearch(Dna, k, t)
form a set of k-mers BestMotifs by selecting 1st k-mers in each string from Dna
for each k-mer Motif in the first string from Dna
Motif, « Motif

for 1 =2 to t

Motif, « Profile-most probable k-mer in the i-th string in Dna
Motifs « (Motif,, .., Motif.)

if Score(Motifs) < Score(BestMotifs)
BestMotifs « Motifs
output BestMotifs

bob.1. GreedyMotifSearch- bo®do Godol seogm@omndol glggomgmmo
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bo@do Bodols seoam@omdols doGomso s@lo Joamds@gmdls dgdwgydo: 9bos dmodgdbmls
dmB0ggdol obgmo gOmMmdmomds Gmdgeoi ©bd-ol Mebdodwggmmdgddo doJlodse oo
‘dgglodadgds g@Omdsbgml. sdol Jobow(ggem Lako®mo:
y3ge0s dgbsdanm k-3900l (k-dgdo — ©b3 LE®omboli Jggl@®ombo, GmIgenToidgools K
92999500)-
e dmdogds ©bd-ols 3o@g9en LE®oJmbdo;
e Mommgye ©b3-0l LEO0JMbTo LoFyolo K-3gmolmgols gyggemsbg Logzgmglem dgbsdsdo-
bmdgdol 0pgb@oxgoEodgds - mommgyge bodoxdg dmBoggdol gOmmdmomdols ‘dgdbs;
e 00MYYmo  dmF0ggool  gOmmbdmomdol  dgRsligds  Lagggmgle  gOmmdmomdols
dmdogbdol s ob@9bgbdols Jobbom.

hggb [o®dmyowagbo dm@Eoggdol dmdogdol bo@do @odol senam@omdl, Gmdgrols
A gomobsizos 0dbgds bohggbgdo senmam@omdyao gbol Jommbol Lodgoggdom:

1 import svys # wvou must import "sya" to read from STDIN
& lines = sys.stdin.read({).splitlines{}) # read in the input from 3ITDIN
3

4 | def profile most probable{dna, k, matrix):

= a nucl = matrix[0].split()

=] c_nucl = matrix[1].split()

i g _nucl = matrix[2].split()

=} t nuel = matrix[3].splic(}

El patterns = [dna[i:i+k] for i in range{len{dna)-k+13)1]
10 max_prob = -1

11 for pattern in patcterns:

12 prob_pattern = 1

13 for i in range{len{pattern)):

14 if pattern[i] == 'L':

15 prob_pattern *= float{a nucl[i]}
16 elif patternf[i] == 'C':

17 prob_pattern *= float{c_nucl[i]})
15 elif pattern[i] == 'G':

1= prob_pattern %= float{g nucl[i]}
20 elif patternf[i] == 'T':
21 prob_pattern *= float{t_nucl[i]}
BE if prob_pattern > max_prob:
23 max_prob = prob pattern
24 - most_patt = pattern
25
26 = return mosSt_patt
27
28 Fldef motifs profile{motifs):
29 matrix = "'
c]n| prokbd, probc, prokbe, prokT = '', "', ', 0!
31 for i in range{len{motifs[0]1}):
3z A, C, 3, T=20, 0, O, 0
33 for j in range{len{motifs)):
34 if wotifs[i][1i] == '&':
35 L 4= 1

36 elif motifs[j][i] == 'C':

37 Co4+=1

38 elif motif=s[j][i] == 'G':

39 G 4= 1

40 elif motifs[j][i] == 'T':

41 - T += 1

42 probl += str{liflen{motifs)i+' '

43 probhC += stri{Cflen{motifs))+' '

44 prohG += stri{Gflen{motifs))+' '

45 - probT += str{Tflen{motif=s))+' '

46 watkix = probA.zstripi()+''n' + probC.strip{d+''n' + probG.strip{d+'"n' + probT.scrip()

47 = return matrix
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45

49 [def wotif score{dna):

50 score = 0O

51 [ if len{dna) ==

52 return O

53 = for i in range{len{dna[0])}):

54 L,cCc, T, G=0,0,0,0

55 = for j in range{len{dnaj)}):

T if dnaf[j][i] == '&':

57 L+4=1

58 M elif dna[j][i] == 'C':

59 C+=1

60 [ elif dna[j][i] == '&':

61 G+=1

62 = elif dna[j][i] == 'T':

63 T+=1

64 score += len{dna) - max{L,C,T,G}

65 return score

66

a7 def greedy motif searchi{k, t, dna):

65 E best motifs = [dna[i][0:k] for i in range(len{dna})]
=] - for i in range{len{dna[0])-k+1):

7a wotifs = [dna[0][1:i+k]]

71 #cur_prf = motifs profile{motifs).splitlines )
72 & for j in range{l, t):

73 cur prf = motifs profile{motifs).splitlines()
74 - motifs.append{profile most probable{dna[j], k, cur prf)}
75

76 & if motif score{motifs) < motif score{best motifs):
77 o best motifs = motifs

75 = return best motifs

79

g0 print{*greedy motif search{int{lines[0].split({}[0]}, int{line=s[0].split{}[1]}, lines[1l:]}))

65b.2. Greedy Motif Search- bs@do Godol semgm@ondol glggommoo

od sanam@omndol aodmygbgdom Jgbsdmgdgaros dmdogdygeo obols ©bd Loddsg-

gdo JmGoggdol gOHmmdmomds. dJm@oggdo s@ol  o>yEoggdgeo  MmEoy by e 9@ Y@o
bmbegdols dgddbolomgol, GmImgdoi aodmoyggbgds 3xG sbsgmobols wA™L [1].
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SUMMARY

APPLICATION OF PROGRAMMING LANGUAGE PYTHON TO BIOINFORMATICS

Kamkamidze K.N. and Razmadze D.G.

Georgian Technical University

The paper discusses the application of programming language Python to bioinformatics. There is considered the
algorithm that helps biological laboratories to perform efficiently polymerase chain reaction (PCR) analysis at a
relatively reasonable price.

Keywords: bioinformatics, DNA, Python, Greedy motif search, algorithm, nucleotide.
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SUMMARY

THE ROLE OF COMPUTER TECHNOLOGIES IN EDUCATION

Khartishvili M.P. and Epitashvili I.Z.

Georgian Technical University

It is justified that the use of information and communication technologies improves the quality of education.
Keywords: computer technologies, education, informatization, intensification, multimedia technologies, optimal
complexes.
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UNCERTAINTY OF PROJECT RISKS AND THE POSSIBILITY OF REDUCING IT BY
USING THE ENTROPY

Magrakvelidze D.G.
Georgian Technical University

Abstract. The key problem of quantitative risk assessment of the investment project is to reduce the degree of
uncertainty system. Under the uncertainty we mean incompleteness or inaccuracy of information under the
conditions of realization of the project, including the associated costs and benefits. The uncertainty associated
with possible occurrences of adverse events or the project results is an essential characteristic of the concept of
the risk of the investment project. In the implementation of investment projects, most of the risks arise as a
consequence of the uncertainty of the system and of the problems arising while obtaining the reliable
information. We present the way of reducing the degree of uncertainty of realization of the investment project by
means of information theory tools. To achieve this goal, the possibility of using the entropy is considered.
Keywords: entropy, uncertainty, investment project, risk, information theory.

At the core of all activities for implementation of the investment project, starting from the
emergence of a business idea to the beginning of the operational phase of the project, is the
development and making a set of necessary decisions. At the moment of emergence of well-defined
business deas, a complete set of necessary decisions (that should or could be developed and adopted
in the process of realization of the project) not only lyexist objectively, but are quite certain in theory.

During the implementation of the investment project, when the expected in the future event is
the achievement of the goal, for both the participants of the project and the investor, It is important to
monitor constantly the situation in the comfort zone of acceptable risks.

The key problem of quantitative risk assessment of the investment project is to reduce the
degree of uncertainty in the implementation system.

Uncertainty means in completeness or inaccuracy of information under the conditions of
realization of the project, including the associated costs and benefits. The uncertainty associated with a
possible occurrence and the impact of adverse events in the course of the project is an essential
characteristic of the concept of "the investment project risk."

This means that we must find the ways and develop the techniques to assess the actual un
certainty. In practice of the implementation of investment projects, it must be recognized that most
risks arise as a consequence of uncertainties of the system and the problems arising with obtaining the
reliable information. The assessment of the effectiveness of decision-making in the course of
implementation of the project is always important, but it is especially important when we do not know
the state of the decision-making system before and, i.e. when there is a reason to believe that the
decision will be affected by random factors that cannot be ruled out’.To analyze the dynamics of
project risks under uncertainty, we can use the concepts of the information theory allowing to solve
similar problems.

Let us consider some of key provisions of the theory that are used for the analysis of
investment project risks under given uncertainties. The decisions made regarding the investment
projects can be adequately implemented by the network model, containing all the work that
must be done for successful implementation of the project. If this model displays the information
about the complexity of the work and about other costs that are required for its simplementation we
can obtain the network work schedule for the project. Such a scheduleis actually the information
model of a complex system the elements of which - the work and its components are of themselves
complex systems.

Thus, there is areas on to believe that the main problem of the quantitative risk assessment of
the investment project is to reduce the degree of uncertainty.

It could seem that the degree of uncertainty is determined by the number of possible states of
the system. However, this is not quite true. Let us consider, for instance, a technical device that could
be in two states: 1) it operate sor 2) it fails. Suppose that, prior to obtaining the information, the (a
priori) probability of proper operation is 0.99, and the probability of failure is 0.01. Such a system has
a very small degree of uncertainty: we can predict that the device will operate properly. When tossing
a coin, there are two possible states too, but the uncertainty is much greater. The degree of uncertainty
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of the system is determined not only by the number of its possible states, but also by the probabilities
of the states.
Now let us consider a general case. We choose the system X that can have afinite set of states:

X1 Xa 0 Xa ith probabilities P P2 P where

P :P(X ~Xi)

and Pi -is the probability that the system X is instate x; (symbol X ~ x; denotes the following event:
the system is in state x;). Obviously,

2. p =1

i=1

Let us write the data as a table, the possible states of the system are given in the top row, and
the appropriate probabilities — in the bottom row:

Xi X1 X2 C Xn
Pi P P, e Pn

This table is similar to the distribution of a discrete random variable X with possible values xi,
X2,..., Xn, NAving probabilities p1, pz,...pn,. In deed, there is much in common between the variable X
with a finite set of states and a discrete random variable. In order to reduce the former to the latter, it
suffices to assign a value to the state. It should be emphasized that, to describe the uncertainty of the
system, it does not matter hat values Xi, Xa,..., Xn are written in the top row of the table, only the
number of these values and their probabilities are important.

A special characteristic of the system called entropy is a measure of a priori uncertainty of the
system (or a discrete random variable X) in the information theory. The concept of entropy in is the
most important in the information theory. It is suitable both for the development of ideas about the risk
of investment projects that actually are complex information systems and for carrying out case studies
associated with the assessment of risks [1].

The appearance of the concept of entropy in Shannon's information theory (well known in
thermodynamics) was perceivedby some experts asa curiosity and was not taken seriously. It was
believed that this entropy had nothing to do with the physical entropy. Initially (from 1948 to 1959)
the Shannon’s information featured only one “thermodynamic™ concept -entropy. It seemed that there
was no place for energy and other similar thermodynamic potentials. In this respect the theory looked
one-sided as compared to statistic thermodynamics. Though, it was a temporary phase. After realizing
that, in the applied information theory, understood as a theory of signal transmission, the function of
fines is an analog of energy and a risk is an analog of average energy, the situation changed. The
similarity in the number of main concepts and in the relationships between them became apparent. If,
in particular, keep in mind the first variation problem, we can talk about the similarity of the two
theories. Appropriate mathematical relationships between the concepts in both disciplines are the
same.

Information and associated operations such as obtaining of information, communication, and
transformation, storage, etc. plays an important role in modern science and society. The importance of
information is likely to have outgrown the importance of another important factor that played a
dominant role in the last century, namely energy.

Information has two aspects: quantitative and qualitative. Sometimes total information is
important, and sometimes — the quality of the message, its specific content. Besides, processing of
information from one form toa no ther is technically more complex than, say, the transformation of
energy from one form to another.

The concept of the amount of information is closely related to the concept of entropy, which is
a measure of uncertainty. Obtaining of information is accompanied by reduction of uncertainty, hence
the amount of information can be measured by the amount of disappeared uncertainty, i.e. entropy.

In the case of digital communication, i.e. a discrete random variable, the entropy is determined
by the Boltzmann formula [2]:
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Hy ==ZP(X)In P(X)

where X is the random variable, and P(X) is its probability distribution.

It is obvious that the value of the risk of the project is reliably determined only when the
project is completed. Hence the investors responsible for the implementation of the project and other
project participants must have an idea of the likely dynamics of the risk during the entire period of
project implementation. Is it possible in reality?

The task is not simple, but possible. Any decision of the investment project or work done
during the implementation of the investment project in terms of the information theory is a set of data
that reflect the risk of the project. If the information about all the decisions that are taken during the
project was known in advance, the definition of the probability of success would lose its meaning.
They would have reliable data on future results.

Entropy Hx has several properties that justify its choice as the characteristic of uncertainty.
First, it turns into zero when one of the states of the system is reliable, while others - impossible.
Second, for a given number of states, it turns into a maximum when the states are equally probable,
whereas it increases with the increasing number of states. Finally, and the most important, it is
additive, i.e., when several systems are combined into one, their entropies add up.

The entropy H, of a discrete random variable X is a measure of the amount of uncertainty
associated with the value of X.

Suppose 1000 bits (0 and 1) are transmitted. If these bits are known before they are
transmitted (having a definite value with absolute probability), logic dictates that no information was
transmitted. If, however, each is equally and independently likely to be 0 or 1, 1000 bits (in the sense
of the information theory) were transmitted. Between these two extremes, information can be
quantified as follows. If Xis the set of all messages {xi,....xn} that X could be, and p(x) is the
probability of x given for some = € X, the entropy of X is determined as

H(X)=Ex [I(x)]= —XGZXIO(X) log p(x)

Here 1(x) is the self-information which is the entropy distribution of an individual message, and E, is

the expected value.

An important property of the entropy is that it is maximized when all the messages in the
message space are equally probable p(x) = 1/ n, - i.e., most unpredictable, in this case H(X) = log n. A
special case of information entropy for a random variable with two outcomes is the binary entropy
function, usually taken to the logarithmic base 2:

Hy (p) =—plogy p—(@1-p)log,(1-p)

The joint entropy of two discrete random variables X and Y is merely the entropy of their
pairing: (X,Y). This implies that, if X and Y are independent, their joint entropy is the sum of their
individual entropies.

For example, if (X, Y) represents the position of chess pieces — row X and column Y, the joint
entropy of the row of the piece and the column of the piece will be the entropy of the position of the
piece.

H(X,Y)=Ey y[-log p(x, y)]=—xzyp(x, y)log p(x, y)

Despite similar notations, the joint entropy should not be confused with the cross entropy.
The conditional entropy or conditional uncertainty of X given random variable Y (also called the
equivocation of X about Y), is the average conditional entropy over Y.

H(X|Y)=Ey [H(X]Y)|=— | __ ) log P.Y)
(XY)=Ey [H(X]Y)] ng Py % p(xy)log p(xy) Zpixy)log =
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Because the entropy can be conditioned on a random variable or on that random variable being
a certain value, care should be taken not to confuse these two definitions of conditional entropy, the
former of which is in more common use. A basic property of this form of conditional entropy is that:

HX]Y) = H(X,Y)—H(Y)

Mutual information measures the amount of information that can be obtained about one
random variable by observing another one. It is important in communication where it can be used to
maximize the amount of information shared between sent and received signals. The mutual
information of X relative to Y is given by:

PO P(Y)
where Sl (specific mutual information) - is the point-wise mutual information.
The basic property of the mutual information is that

1(X;Y)= EX,Y [Sl (%, y)]: Xzyp(x, y) |OQM

1(GY) =H(X)—H(X]Y)

That is, knowing Y, we can save an average of 1(X; Y) bits in encoding X compared with not
knowing Y.
Mutual information is symmetric:

1OGY)=1(; X)=HX)+H()-H(X,Y)

Mutual information can be expressed as the average Kullback—Leibler divergence
(information gain) of the posterior probability distribution of X given the value of Y to the prior
distribution on X [3]:

1(X;Y) = Epgy [Du (POX]Y = y)]p(X))]

In other words, this is a measure of how much, on the average, the probability distribution on
X will change if we are given the value of Y. This is often recalculated as the divergence from the
product of the marginal distributions to the actual joint distribution:

1(X;Y) =Dy (P(X,Y)[p(X)p(Y))

Mutual information is closely related to the log-likelihood ratio test in the context of
contingency tables and the multinomial distribution and to Pearson's x? test: mutual information can be
considered as a statistic for assessing the independence between a pair of variables, and has a well-
specified asymptotic distribution.

The Kullback—Leibler divergence (or information divergence, information gain, or relative
entropy) compares the entropy of two distributions: a "true" probability distribution p(X), and an
arbitrary probability distribution gq(X). If we compare the data in a manner that assumes q(X) is the
distribution underlying some data, when, in reality, p(X) is the correct distribution, the Kullback—
Leibler divergence is the number of average additional bits per datum necessary for compression. It is
thus defined

Dy, (p(X)]a(X)) = L POIog q(x) - (-p(log p(x)= % p(X)log %

Although it is sometimes used as a 'distance metric', KL divergence is not a true metric since it
is not symmetric and does not satisfy the triangle inequality (making it semi-quasimetric).
Any process that generates successive messages can be considered a source of information. A
memory-less source is the one in which each message is an independent identically-distributed random
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variable, whereas the ergodicity and stationary properties impose more general constraints. All such
sources are stochastic. These terms are well studied in their own right outside the information theory.

The information rate is the average entropy per symbol. For memory-less sources, this is
merely the entropy of each symbol, while, in the case of a stationary stochastic process, it is

r=lm H(X, X, X0 X a0es)

n—oo

i.e. the conditional entropy of a symbol with consideration of all previous generated symbols. For a
more general case of the process that is not necessarily stationary, the average rate is

r=lim lH(Xl, X, X))

n—oo n

i.e, it is the limit of the joint entropy per symbol. For stationary sources, these two expressions give the
same result.

It is common in the information theory to speak of the "rate" or "entropy" of the language. It is
appropriate, for example, when the source of information is English prose. The rate of a source of
information is related to its redundancy and how well it can be compressed, the subject of source
coding.

Communications over a channel such as the Ethernet cable - is the primary motivation of the
information theory. As anyone who has ever used a telephone (mobile or landline) knows, however,
such channels often fail to produce exact reconstruction of a signal; noise, periods of silence, and other
forms of signal corruption often the signal quality. How much information can one hope to
communicate over a noisy (or differently imperfect) channel?

Consider the communication process over a discrete channel. A simple model of the process is
shown below:

X (noisy) Yy

Trangnitter —=| Receiver
Channel

Here X represents the space of messages transmitted, and Y the space of messages received
during a unit time over our channel. Let p(y | x) be the conditional probability distribution function of
Y given X. We consider p(y | X) to be an inherent fixed property of our communication channel
(representing the nature of the noise of our channel). Then the joint distribution of X and Y is
completely determined by our channel and by our choice of f(x), the marginal distribution of messages
we choose to send over the channel. Under these constraints, we would like to maximize the rate of
information, or the signal, we can communicate over the channel. The appropriate measure for this is
the mutual information, and this maximum mutual information is called the channel capacity and is
given by

C= mfax 1(X;Y)

This capacity has the following property related to communication at the information rate R
(where R is, as a rule, bits per symbol). For any information rate R < C and coding error ¢ > 0, for
sufficiently large N, there exists a code of length N and rate > R and a decoding algorithm, such that
the maximum probability of block error is < ¢; that is, it is always possible to transmit data with
arbitrarily small block error. In addition, for any rate R > C, it is impossible to transmit data with
arbitrarily small block error.

Higher entropy was defined as a measure of uncertainty of the state of the system. As a result
of obtaining of the data, the uncertainty of the information system can be reduced. The greater the
volume of the data received, the more informative they are, the less uncertain is the information.
Hence it is natural to measure the volume of information by a decrease in the entropy of the system, to
clarify the state of which the data are intended for.
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It is hardly worth asserting that the practical application of this approach to reduce uncertainty
in the event space for the implementation of investment projects will not be accompanied by some
difficulties, but its use, especially in the creative application and development can be very useful.
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PE3IOME

HEOINPEJAEJIEHHOCTBb IMPOEKTHBIX PHCKOB W BO3MOXHOCTHh EE CHHWXEHUS],
HUCITIOJIb3YS QHTPOIINIO

Marpaksesuase JI.I'.

I'py3uHcknii TeXHMYeCKUI YHUBEPCUTET

KnroueBas mpobieMa KOIMYECTBEHHON OLIEHKH PHUCKOB MHBECTHUI[MOHHOTO IPOEKTa 3TO YMEHBIIEHHE CTENCHU
HEOMNPENENEHHOCTH B CHCTEME peanusalyu. [log HEONpeneneHHOCThIO HMMEETCSl BBHIY HEMONHOTA WU
HETOYHOCTh MH(GOPMAIMH B YCIIOBUSX PEATU3AIMHU MIPOEKTa, BKIIOYAs CBS3aHHBIE C 3THM PAcXOJbl U BBITOJIBI.
HeomnpeneneHHOCTb, CBsI3aHHAsi C TOSBICHUEM HEKENATENIbHBIX SBICHUI WIH C pe3yabTaTaMH IIPOEKTa,
SIBJIICTCSL BaXKHEMILNEH XapaKTEpUCTUKON KOHLENLIMUA pPHUCKAa HMHBECTULIMOHHOIO Ipoekra. Ilpu peanunsanuu
WHBECTHIMOHHBIX IPOEKTOB OOJBIIMHCTBO PHUCKOB BO3HHMKAET BCIEICTBHE HEONPENEICHHOCTH CHCTEMBI H
npo0OJieM, BO3HUKAIOUIMX C MOJyYeHHEM Hale)kHOM WH(popmarmu. Mbl npeaiaraeM crnoco0 Al CHHKEHUS
CTENEHU HEOMPEJENICHHOCTH pealn3alud WHBECTULHOHHOIO TIPOEKTa C TOMOILIBI CPEICTB TEOPHHU
undopmanun. PaccmarprBaeTcsi BO3MOKHOCTD UCTIONb30BAHUS SHTPOIIHH JUIsl TOCTHIKEHHUS STON LIENH.
KaroueBble cii0Ba: SHTPONHS, HEONPENEICHHOCTh, WHBECTHLHOHHBIH IPOEKT, PUCK, TEOpPUH HH(popmMarmy.
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OPTTIMAL MANAGEMENT OF TASK TRANSFORMATION
Kadagishvili L.G.

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

Abstract. The paper deals with the optimal management of task transformation. The case of two projects (tasks)
is discussed. The tasks are considered as two systems with basic functions united by a single equation. These
tasks have phases that pass one into another. In this process, the third phase represents banking transactions.
Keywords: optimal management, task transformation, banking transaction.

We consider the optimal management of tasks for the case of various transformations. We will
better implement this process for the case of two or three projects.

In the case of two projects, we have functional U depending on 2¥. When v=3, we have
function o and profit z(Q,7). In the letter case the problem increases, the third parameter

16 = 7(Q,7, &) is added. We are considering the case of two projects.

Let us have two projects =, and z,, one of them begins at moment =, and lasts till moment
7, , the second one begins at moment =, and ends at moment =, .

Mo | T

Let us see how the bank finances the projects: S(t) is the amount of money for total time t;
u(t) is the amount of money allocated for the first project at time t; v(t) is the amount of money
allocated for the second project. To differ u(t) and v(t), we put the difference
0<u(t)<d ro<t<g
vav(t)<9 g <t<r,
Then, the formula for financing of the first project looks like
(:j—?:u(t), 7o <t<rt
S(z1)= @y, S(z1) =@
It is obvious that the outcome will depend on the management we choose.
The formula for financing of the second project looks like
ds
e
S(Tl): O1s S(Tz): )
This is a system divided into two which do not coincide.
The bank wishes to maximize function z(u,v)

V(t), (1 <t< Ty

maxr(u,v):;(.[s(t)dtJr o’e'[S(t)dt
u,v
7y 7y
By this condition, it unites the two systems. If ty is given, this problem brakes into two
independent ones, and we consider the unity of these systems. If 11 is not known beforehand, we
should call this problem the “optimal problem of line crediting of the project”.

Let us add the derived functional, consisting of the sum of two functionals, z(u)= J.S(t)dt to

7o

the first problem and the functional z(v)= js(t)dt to the second one.

The basic functional looks like

o{uv)= le(u)+ @ (V)]
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When we know both solutions, our goal is to find t1 and to perform maximization.
Using the max principle
A, g StL
ut)=1"""2 N ~
U+u-4,Q<t<g, A=uul
We will have a similar formula for V.
Solve the first equality for u
S(t):a)o +(r—ro)l, 7o St<Q
Calculate in the second part
S(t)= o +(Q—7o)A+(U+d —A)(t —Q)

71

,Q<t<r

For the last condition
S(t)=e, Q<t<p
_amay-iQ-n)
u+u-4
Here we do not know Q. This parameter will be fixed, quantities z(u)and z(v) will be selected
so that they should take on the maximum values.
Repeating exactly this solution for the second equality with making the following substitytions
u—-v,1—->n Q—n 1, —>nand r; - r,, we will get for the second part
St)=o1+(n -7 )u+ (T +V-u)t-n) n<t<z,
From the condition that S — 7, is o,, we have the following expression
S(ry) =0y +(p+o )+ (V+9-2)r, —7)
0y —0y + ey +1,) - (V +V)r,
21—V -V
If we represent 1, then we will only have to find Q.
We return to the functionals

(0)-00(@70)+ 2 (@70 +[o + 270 ro - Q)+ A (7, -0

Replacing t: with its representation, we find the maximum in regard to Q
maX 7(0) and maX 7(0)

7

77:

We will see where Q changes.
We had 7, <Q <y, for 11, we will have

o — a’o/I(Q _To)
u+l0-4
It depends on U and G . Depending on 4, the condition will be put that G(Q —z,)— e, + @, > 0.

Hence we have Q > %(a)l — @)+ 1 .

K =

If we consider the third project, for the second functional, we will have

: VHIop )

7(v)=04(7 —T1)+§(77 —r) + o+ - —1)len —m)+
In this expression, 1 itself contains Q and z(v), and the expression eventually reduces to
7(Q,n). The risk of options increases, and we will have four options. We have to find mex QA 1).

Probably, the following should be done: in max z(;7, 4, ), exclude 11 from Q. Then maxz(;,z, 1, ), and
n n

finished Q enters the second equality. Finding of separate maxima may not give us the total maximum.
In this case, it would be better to take the total maximum itself.

Hence these problems have the phases that pass into each other. The law of description
changes in each phase. Here it is necessary to promote the first object, which is initial for the second

one and so on
Tl T
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For the first object, the initial conditions including all relevant parameters should be formed.
The first link works for the outcome — the product, the secondphase begins its realization. This is other
structure; here certain definitions are also necessary. The action takes place in a calm atmosphere with
consideration for that the goal is not to implement the project as soon as possible, but to get the
maximum possible profit at some moment.

The main thing in this process is that the third phase represents banking transactions. The
banking transaction is linked with 1. The profit is made exactly by banking transaction.

>
-

Y
—
Y

II > I

Tf

Y Y
T1 T

The bank expands the process and supports process I. The max profit is desirable. To
implement this task, we need a special sequence of laws describing all three processes (the case was

already considered). Time 1o is the initial moment of process | and so on.
1

. N f;
Let us implement the formalization of the process flz[ 'n } Assume that n;=2, then
f 1

i
2
i

fil . o . : :
f, { J represents all phases we had before. We can unite them in a single differential equation

1

X ui
n»] for process K, and ui:( 'r}and

d_xi = fl(x

xn,uil...u'i), where 7' <tQ, i=i,k and xiz[
X" u'

These phase coordinates are not intercrossed. If this condition is given and X; (rl) and

X(Qi)are solved separately, we will have a task with fixed ends. We could know 1o, but we do not

know when to finish the first phase and to begin the second one. In this case we have the following
situation

o Q T Q:

To begin with 1o and 1, attached to each other; these points are to be registered.
Such problems create great difficulties for implementation of optimal tasks.
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PE3IOME

ONTUMAJBHOE YIIPABJIEHUE TPAHC®OPMAIIMEN 3AJIAY

Kaparnmsuau JL.T.

HucTturyT knGepuernku um. B.B. Yasuanunse, I'py3suHcknii TexXHHYeCKU YHUBEPCHTET

HNu:xkenepnasa Axkagemus I'pysun

Cratbs IIOCBSIIEHA ONTUMAJIBHOMY YIIPABJICHHUIO NTPH PA3IMYHBIX TpaHcopManusax 3amad ¢ Hebio JOCTHKEHUS
MaKCHUMaJbHOTO yIIpaBlieHHusa. PaccmarpuBaeTrcsl ciiydail IByX MpPOEKTOB (3amad). J[Be 3a/1aun MpeacTaBiICHBI B
BUJIC CHCTEM C OCHOBHBIMH (YHKIHMSIMH, OOBEIMHEHHBIX OJHUM YpaBHEHHEM. Y OTHX 3ajad ecTb (asbl,
MepexoIAIre OHa B Ipyryto. B aToM mporecce TpeThs daza mpencraBisieT co00i OaHKOBCKHE ONepaIlny.
KaioueBble ci10Ba: onTUManbHOE YIpaBlieHHE, TpaHchopMalust, 0aHKOBCKUE ONEPalLiy.
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SUMMARY

CORRELATION RELATIONSHIP BETWEENTHE VALUES OF UNIAXIAL COMPRESSIVE
STRENGTH, DENSITY AND THE MODULI OF ELASTICITY OF SANDSTONE AND ARGILLITE
FROM TBILISI REGION

Baliashvili G.1., Sardzhvelladze N.V., Tkemaladze L.V., Rukhadze T.A. and Djgamaia V.T.

LPPL Grigol Tsulukidze Mining Institute

Georgian Technical University

The establishment of the correlation relationship between basic properties (strength, the modulus of elasticity
and density) of rocks, especially of the rocks of certain regions, is a topical scientific and practical problem. This
paper presents the correlation relationship between compressive strength, density and the moduli of elasticity of
the sandstone and argillite from Thilisi region. In our opinion the obtained result can be of interest for
researchers, engineers and specialists engaged in this field, as well as for students.

Keywords: sandstone, argillite, strength, density, modulus of elasticity.
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SUMMARY

INVESTIGATION FOR IMPROVEMENT OF THE METHOD OF TESTING THE IMPACT
RESISTANCE OF CONCRETE

Baliashvili G.1., Bezhanovi P.K., Sardzhveladze N.V. and Gotsadze B.Z.

LPPL Grigol Tsulukidze Mining Institute

Currently the method of a free-fall hammer is a relatively acceptable method of determination of the impact
resistance of concrete. There is no standard for this method, it requires improvement. For instance, it is necessary
to establish the technique of the contact between a hammer and a specimen from the standpoint of the accuracy
of obtained results. The paper discusses the results of testing the concrete samples with plate- and ball-shaped
hammers. In both cases, almost identical coefficients of variation were obtained. It is noted that the difference
between the values of relative impact energy obtained with the plate- and ball-shaped hammers is the subject of a
separate study.

Keywords: concrete, impact hammer, impact resistance, impact energy.
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SUMMARY

GROUND-ANCHORRETAINING WALLS FROM MONOLITHIC REINFORCED CONCRETE
Bakanidze Sh.T. and Zambakhidze L.I.

Georgian Technical University

The paper discusses two versions of the design of ground-anchor retaining walls from monolithic reinforced
concrete: anchors are arranged in the upper part of the wall, and anchors are arranged as in the upper part of the
wall, so also in the lower part of the wall at the level of foundation.Based on the techno-economic design carried
out, the advantageous design of the retaining wall was revealed.

Keywords: retaining wall, ground anchor, design, techno-economic indices.
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SUMMARY

DESIGN OF TRADITIONAL RETAINING WALLS

Bakanidze Sh.T. and Zambakhidze L.I.

Georgian Technical University

The paper considers three versions of the design of retaining walls: concrete, massive concrete vertical, massive
concrete angled and monolithic reinforced concrete cantilever.Based on the techno-economic design carried out,
the advantageous design of the retaining wall was revealed.

Keywords: retaining wall, design, techno-economic indices.
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SUMMARY

GEORGIA'S RESETTLEMENT SYSTEM IN ANTICIPATION OF MODERNIZATION

Gventsadze N.A. and Chkheidze N.A.

Georgian Technical University

The paper discusses the role of cities in the formation of a stable resettlement framework in Georgia. There are
outlined cities-centers of different hierarchical levels which have different opportunities and risks of
development. One thing is obvious - the country does not have and will not have in the near future other
development centers. Therefore, the main task of the government is to promote maximally the natural factors of
growth of these cities, to conduct a balanced equalizing and stimulating policy in the form of innovative
economic and social programs which will be based on competitive advantages of the territories and will expose
the maximum potential of the urban development of the cities. Then the growth impulse will spread in a normal
evolutionary way - from ciies-centers to periphery.

Keywords: resettlement system, modernization, cities-centers, city growth.
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SUMMARY

DEVELOPMENT OF THE POWEREFFICIENT SYSTEM OF MONITORING AND ACCOUNTING
OF CONSUMED ELECTRIC POWER IN BUILDINGS

Kakhiani K.D.

Georgian Technical University

The paper deals with the assessment of technical and economic indices of active and reactive power metering
systems in buildings. To improve the accuracy of accounting and monitoring, it is proposed to unite the existing
electricity counters in one system. The power efficient counting and monitoring system was developed, and the
examples of its realization in practice are given.
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SUMMARY

UNIFICATION OF GEORGIA AND EUROPE’S ENERGY: THE WAY TO ENERGY SECURITY OF
THE COUNTRY

Vezirishvili-Nozadze K.O., Pantskhava E.V., Papava L.P., Jikhvadze M.J., Mchedlidze K.G.

and Razmadze M.D.

Georgia is greatly dependent on the energy imported from other countries, but a well thought political document
about reducing the dependence of the country on imported energy and increasing the energy security has not
been worked out yet. Furthermore, only in 2014 careful accounting of country’s energy resources was made,
which is usually done for establishing the energy balance of the country. This is an important precondition to
form opinions about energy security and to work out an appropriate policy regarding this issue.

Keywords: energy security, energy policy, unification.
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YUYET CKAYKOOBPA3ZHOI'O U3BMEHEHMSI ’KECTKOCTH U BHEIIIHEN HATPY3KH
ITPU PACYHETE BAJIOYHbBIX ®YHIAMEHTOB

Bauapapse B.B.
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

Kak n3BecTHO, pacyeT KOHCTPYKIMH Ha C)KMMaeMOM OCHOBAHUHU INPOU3BOIUTCS HUCXOIS W3
TUIIOTE3bl, KOTOpasi IPUHUMAETCS] B OTHOLIEHUH PabOThl €CTECTBEHHOI'O OCHOBAHMS; II03TOMY BBIOOD
pacyeTHO MOJENM HMEEeT MEePBOCTENICHHOE 3HAUYEHHE MpPU MPOCKTUPOBAHUU (YHAaMEHTHBIX
KOHCTPYKIMM, Tak Kak OT CTENEHH COOTBETCTBUS MPHUHATHIX MPEANOCHIIOK pPacdeTHON CXEMBI
MEXaHMUYECKHM CBOICTBaM pEAlbHOIO TPyHTA 3aBUCHT TOYHOCTh pacdeTa M, CJIEJOBaTENBHO,
Ha/Ie)KHOCTh, OJATOBEYHOCTh U SKOHOMHUYHOCTH COOPY>KEHHS.

CymecTByromue MeTo sl pacuera rTuOKUX QpyHIaMEeHTOB 0a3upyloTCsi, B OCHOBHOM, Ha MpPHU-
MEHEHUH METO/Ia MECTHBIX YNpYrux AedopManuii, yYUTHIBAIOLIETO JIUIIb YIPYTHe MEePEMEIIECHHUS TO-
YeK, JIEKALIUX 0]l HarPYKEHHON NMOBEPXHOCTHIO, U METOAA OOIIMX YNpyrux aedopmanuii, KOTOpbIid
YUUTBIBAET OCAKU HE TOJIBKO HarpykKeHHOH MOBEPXHOCTH, HO U MIEpPEMELICHNsI OCHOBAHU BHE €€.

OcHoBaH#us1 OOJIBIIMHCTBA BO3BOJMMBIX 34aHUI U COOPYKEHUI MPECTaBISIIOT COOO0H CBS3HBIC
TPYHTBI, pabOTy KOTOPBIX HamOoJIee OCTOBEPHO OTOOpakaeT pacdeTHas MOJENb JIMHEHHO-
JIepOpMUPYEMOTO MTOTYITPOCTPAHCTBA.

Pemaromee 3HaueHuWe MpH pacueTe KOHCTPYKIUM Ha CKUMaeMOM OCHOBaHHM HMEET
KayeCTBEHHAsT M KOJIMYECTBEHHAs KAapTHHBI PACHPEACTICHUS DPEAKTHUBHBIX AABICHUH, MO3TOMY O
KayecTBE pAacdeTHOW MOIENH CyHAAT, B OCHOBHOM, IO cleaymomeMy (akry — HacKOJIbKO
TeopeTHIecKas dIM0pa KOHTAKTHBIX HANpsbKeHUH OM3Ka K (PaKTHUeCKOM.

Hapsany c¢ noctomHcTBamMH, NPUMEHEHHE PAacYETHONH CXEMbl OCHOBAHUS B BHJE JHMHEHHO-
neopMUPYEMOTr0  MOJIYHPOCTPAHCTBA  BCTPEUAET TaKOE CYLIECTBEHHOE BO3PaKEHHE  Kak
KOHIICHTpAIMsl KOHTAKTHBIX HANpPsDKEHWH Ha KOHIAX OaJoYHBIX KOHCTPYKIMH, YTO MPHUBOJIUT K
3aBBIIICHHUIO U3THOAIONIIX MOMEHTOB U, CJIEJIOBATENILHO, K IIEPEepacxoay MaTepuaa.

MHorue 13 NpUMEHSeMbIX B HACTOSIIEE BpeMsi METOAOB pacyeTa, 0a3upyromuxcs Ha MOJEIH
JTMHEHHO-NIehOPMHUPYEMOTO TIOITYIPOCTPAHCTBA, TPUBOJIAT K OOJNBIIMM H3JIHIIKAM 3armaca IpOYHOCTH,
0cOOEHHO TIpH pacyeTe KOHCTPYKIHH, paboTalomMX B YCJIOBUSX TUIOCKOH aedopManuu. AHaiu3
NPUYMH aBapuil HEKOTOPBIX COOPYKEHHUH, a TaKkKe SKCIEPUMEHTAJIbHBIC JaHHBIC ITOATBEPKAAIOT
HEpaBHOMEPHOE PACHpeACICHUE PeaKii OCHOBAHUS TOA MONOIIBON ()YHAAMEHTHBIX KOHCTPYKLHMH.
XapakTep ATOH HEPAaBHOMEPHOCTH OJM30K K TOMY, 4YTO YCTaHABJIMBACTCS TEOpUEH JIMHEHHO-
neopMUpYyEeMBIX TeJ, HO HOCHT HE CTOJIb PE3KUI XapakTep W Mo3ToMy, Kak ormedaer M.U. T'op-
OyHoB-IlocanoB, «cMsrdeHne HEPaBHOMEPHOCTH B PACHPEACICHUM PEAKTHUBHBIX IABICHUHA MOXKET
MIPUBECTH K OUYEHb 3HAUNTENIFHOMY CHIKEHHUIO pACYETHOTO 3HAUEHUS U3THOaromyX MOMEHTOBY [1].

OueBUIHO, YTO JKENAeMBIE PEe3yNbTaThl MOTYT OBITh JOCTHUTHYTHI, MPEXKIE BCErO IMyTeM
YTOUHEHHS Ha OCHOBAaHMM OKCHEPUMEHTAJIbHBIX MJAaHHBIX (DYHKIMM, ONHMCHIBAIOIEH 3aKOH
pacnpeneneHus] pEakKTUBHBIX JABIEHUI, a TaKkKe ITyTEM YCOBEPIIEHCTBOBaHMS KOHTAKTHBIX YCIIOBHH,
KOTOpbIe TIPM HAWUMEHBIIIEM YHUCIIe HCKOMBIX KO3(D(MUIMEHTOB B (YHKIUM PEaKTUBHOTO JIABJICHUS
MOTYT JIaTh HAMOOJBIIYI0 TOYHOCTHh pemieHus 3anaum [3]. [loaTtomy akryanbHO# mpoOiemMoi coB-
PEMEHHOH Teopuu pacuera 0aJoK M IJIUT Ha C)KUMAaeMOM OCHOBAHMU SIBJISIETCS] yCOBEPIICHCTBOBAHHE
CTapbIX W CO3[]aHMe HOBBIX METOJIOB pacdeTa, 0a3upyIONIMXCs Ha CYIMIECTBYIONIUX PACUETHBIX CXEMax
OCHOBaHHUSI M, B YAaCTHOCTH, Ha MOJEIH JHHEHHO-Ie(OPMHUPYEMOTO TOIYIPOCTPAHCTBA, KOTOpas
XOpOILIO OTPa)KaeT IIaBHOE CBOMCTBO IPyHTA — CKUMAEMOCTB IO ISHCTBUEM BHEIIHENW Harpy3Ku.

[IpencraBum peakTHBHOE JIaBJICHUE CKUMAEMOTO OCHOBAHHUS B BHJIE CyMMBI IBYX (DyHKIIHI

P(X) =R () +P,(x), (1)
rae Pl(X) — (yHKIIHS, ONMChIBaIONIast 00Imui (OH pactpeae/ieHus] PEaKTUBHBIX CHJI IO TOJOIIBOM

nonockl; P, (X)—yObiBaromass  yHkims,  yumThiBaromias  MectHble  9(QEKTbl  BCIEACTBHE
CKaYKOOOPa3HOTO U3MEHEHUS KECTKOCTH MOJIOCH! HJIM BHEIIHEH Harpy3KH.



LSISANIIRLN bSO6IN6E() bLOSELI60, GEORGIAN ENGINEERING NEWS, 21,2017 69

Kak nepBas, Tak v BTopas 4acTu ()yHKI[MM KOHTAKTHBIX JIaBJICHHUIA MOTYT OBITh MIPEICTABJICHBI
B BHJI€ MHOTOWIEHOB WJIM IPYTUMH (YHKIFSIMH, TIPUYIeM (YHKIIHS P2 (X) JIOJDKHA YIOBIIETBOPSTH

npunimuny CeH-BeHaHa, T.e. C yJaJeHHEM OT TOYKH, COOTBETCTBYIOIIEH CKaYKOOOpa3HOMY
W3MEHEHUIO )KECTKOCTH TOJIOCH! HJTM BHEITHEH Harpy3KH, OHA JIOJDKHA OBICTPO 3aTyXaTh.

Jlnst onrcanust 001Iero poHa 3IMIOPHI PEAKTHBHBIX JABJICHUH MOJT TOJONIBOM MOJIOCH MOXKHO
WCTIONB30BaTh (QyHKHWI0, mpemiokennyio M.M. T'opOynoBeiM-IlocamoBsiM [1] B Buae monmHOMa
BBICOKOM CTEIIEHU, HO NP 3TOM OTPAHHYUMCS MATHIO YWICHAMU.

Ecnu, x Tomy ke, 00eCneunTh CIUIOIIHOM KOHTAKT MOJIOCHI C MOBEPXHOCTHIO OCHOBAHWSI, TO
HEM3BECTHBIC MTAPAMETPBI ATOTO MHOTOUJICHA MOTYT OBITh OIPE/ICIICHBI C BRICOKOH TOYHOCTEIO.

Ha ocHOBaHMHM BBINICH3IOXKECHHOTO, (YHKIMIO, OIMUCHIBAIOIIYI0 OOIIYI0 KapTHHY
pacnpenesicHUs] PEaKTUBHBIX CHJI, TPEIICTABUM B BHJIC MHOTOWICHA YSTBEPTON CTCTIICHHU:

P.(X) =a, +aXx+a,x* +a,x> +a,x*, )
HJIK, IEpeXoJd K 6C3pa3MeprIM KoOpAuHaTaMm,
2 3 4
R(d)=a,+acd+a,d” +a5" +a,5", (2)

rae a,;a,;a,,a;,a, (xlla) — Hen3BecTHBIE MapaMeTPHI.

Bropoit umen B ypaBHeHuu (1) MOXeT OBITH TPEACTABICH B BHJE CyMMBI yOBIBAIOIINX
(GYHKIMH, KOTOpBIE JMAlOT SKCTPEMYMBI B OIIIOpPE pPEAKTHBHBIX MJaBlIeHHH (pHC.) B MecTax
CKaYK00OPa3HOTO U3MEHEHUS KECTKOCTHU TIOJIOCHI M BHEITHEW HAarpy3KH, T.€.

C, I4
P, (x) = Z 7 > (€©)
02+ (x-1)%1
- T
ﬁ @
-
11
v/
/]
7
%
'4
y ; Z o X
°Le |
¢
|4+ dE
I I
Pacnpenesnenne peakTUBHOIO 1aBJIEHUS TPYHTA € Y4eTOMMeCTHBIX 3G eKToB
HUJIN B 6€3pa3MepHBIX KoOpAruHaTax
. y I
rae C; — Heu3BeCTHBIH mapamerp yowiBaromein Gynkimu B klla; & = T — OTHOCHUTEIbHAA KOOPAUHATA
MeCTa CKauKo0OPa3HOro M3MEHEHHs JKECTKOCTH OJIOCH! MM BHELIHEH Harpy3ku; |, —paccrosHue ot

Havaja KOOPJMHAT JO MeCTa CKauyKOOOpa3HOTO W3MEHEHHUS MKECTKOCTH TIOJOCH WIIM BHEUTHEH
Harpy3KH.
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Takum 00pa3zoM, B 00IIEM ClTydae pEaKTUBHOE JaBJICHUE MMECT BH]I

P(&)=a, +ad+a,d" +a,d’ +a,8" Z— 4)
[1+(5-4)°T

Bxopsmue B 3Ty (QYHKUMIO HEM3BECTHBIC MapaMeTpbl 8; U Ci ONpPEACISIIOTCS M3 YCIOBHH
paBHOBECHS M KOHTAKTHOCTH YIIPYTOM JTMHUHU TTOJIOCHI X OCAIKH TOBEPXHOCTH OCHOBAHHUS.

Jns penreHus OCTABICHHOW 3a/1a4y MPEX/Ie BCETO HEOOXOIMMO OIPEICINUTh IePEeMEIICHUS
HOBEPXHOCTH OCHOBaHMS OT JCHCTBHSA HArpy3KH, 3aKOH pacIpeieNeHHs KOTOPOH IpeacTaBieH
BhIpakeHHeM (4) B BUJIE MPUHATON (QYHKLNH, OMHUCHIBAIOLICH ACHCTBIE PEAKTUBHBIX CHII IO MOJOIIBE
TIOJIOCHI.

VYauteiBast TOT GakKT, YTO peakuusi OCHOBAHUS IPH JaHHOM IMOCTAHOBKE 3a7a4M MPEICTaBICHA
B BUJIC CYMMBI ABYX (DYHKIMH, pac4eTHYIO CXeMy JUIS OTpEACICHHUS] OCAAKH MIOBEPXHOCTH OCHOBAaHUS
(Mcxos U3 MPUHIMIA CYMEPIO3UINN) MOKHO MPEACTAaBUTh B BUAE JBYX PAcUETHBIX CXEM, OJIHA M3
KOTOPBIX TIO3BOJISIET OIPEICTHTh IEpeMEIIeHHe ITOBEPXHOCTH OT JEHCTBHUS MOJIOCOOOpa3HOU
Harpy3KH, BEIpQ)KEHHOW B BUJI€ MHOTOWIEHA, a Jpyras — OT ACHCTBHS Harpy3Kd B BUJE YObIBaroIIeH
GbyHKIUH.

Jns MHOTOYICHA, ONHCHIBAIOMIEro oO0mui GoH B yHKINM PEaKTHBHOTO NAaBJICHUS, OCaIKa
MOJKET OBITh OmpeieNieHa 1Mo u3BeCTHRIM pemreHnssM M.U. 'opOynoBa-Ilocanosa [1] u umeer Buj

Wl(f) =C-

20 g s (1 £)+ (A= Hn(a-£) 2]+

+%[(1—§2)In(1—§)—(1—52)In(1+§)—2§]+a—£[(1+§3)ln(1+§)+
+(@1-£%)In(1-¢) - ( +2§j & AL-EHIN(L-&) - Q- In(1+ &) -
—(§5+253j & (14 £ In(1+ 8) + (1- €% In(1- &) - ( = +2§j e

BBox cnenmansHOro 4ieHa B QYHKIIMIO PEaKTUBHOTO JIaBJICHUS TIO3BOJISIET Y4ECTh MECTHBIC
3¢ GeKThI, HO PH 3TOM BO3HMKAET MpolJieMa ONpEAEICHUs! epEeMELICHUS] TOBEPXHOCTH OCHOBAHUS
OT JEHCTBHSI 3TOM PEaKTUBHOW MOJOCON HArpy3KH B paMKax IUIOCKOW 3aJla4d TEOPUH YIPYTOCTH.
BripakeHune ocaaku JJisi BBEJICHHOHM yObIBaromeld GyHKIMH MOIY4€HO HAMU ITyTeM MHTErPHUPOBAaHUS
ypaBHeHus dnamaHa 1 UMeeT BUL

=l )II |n[1+(§ £ f - (6)

W, (&)=C -
©) E -1 [1+ (é &)l

CrnenyeT OTMETUTB, UTO CTENEHb TOYHOCTH MOCJIEIHEr0 HHTErpajia 3aBUCHT OT TOTO, HAa KAaKOM
paccTOSHUM OT KOHIIA TOJOCHI MMEET MECTO CKauyKoOOpa3HOe W3MEHEHWE XECTKOCTH W BHEIIHEH
Harpy3ku. Jleno B TOM, 4TO HMHTerpupoBaHue ypaBHeHMs (PramaHa i1 PEakTHBHOIO JABIICHUS,
3aJaHHOTO B BUJIE yObIBatomiel (GyHKLINH, IPOU3BEACHO B OECKOHEUHBIX MpeAesax , CJIeJ0BaTelbHO,
MIPH PACCMOTPEHNHU KOPOTKHUX OAJIOK YacTh ATOH MIOPHI HE BKIIOYAETCs B padoTy. OgHaKO, yUUTHIBAS
TOT Qakrt, yTo (QyHKIHS SBISIETCS OBICTPO 3aTyXArOMIEH MOXHO C JIOCTATOYHOW JUIS TPAKTHYECKHX
1eseil TOUYHOCTBIO OTOPOCHTH BIMSIHUE KOHIIOB Ha BEJIMYHMHY MEpPEMEICHHS TOBEPXHOCTH OCHOBAHUSI.

Takum 00Opa3om, oOllee BBIpAKEHHE OCAJKH MOBEPXHOCTH OCHOBAHUS, HAaXOJSIIETOCS O]
JIEHCTBHEM PEAKTUBHOM IIOJIOCOBOM HArpy3KH, JOJDKHO pacCMaTpUBAThCA KaK CyMMa OCaJIOK OT
NepBOi M BTOPOIii yacTeil ypaBHeHus (1):
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vv(r:)=c—%{ao[(ué)m(w)+(1—§)|n(1—§)—2]+
+i[(1—§2)|n(1—§)—(1—52)|n(1+§)—2§]+a—32[(1+§3)|n(1+5)+
+(1-&%)In(1-¢)- ( +2& j}r%[(l—é“)ln(l—f)+(1—§4)In(1+§)— (7

—@&2&3)} {(1+§)ln(1+§)+(1 £)In(1-&) ( +2ev2e ﬂ

+§;C.{ '”[1+(§ &) ]—WH

B clIydac onpeaciieHusa OCaJKu OTHOCHUTCIIbHO Hadajla KOOpJAuHaT 6YI[CM UMCThb

W(g)—ww)=—M‘T”{ao[<1+§)ln(1+§)+(1—5)|n(1—§>]+
+2a-2na-9)-a-&nar g - 26l Zar 2y ) +
+(1—c53)In(l—cs)—252]%[(1—54)In(1—5>+(1—§4)|n(1+5)— ®
(Bevae )|+ e a-eana-o-(2e a1

ic{l 14(E-8) 12_ 1 ZH
1+§i 1+&5 1+(&5-&)

Uro kacaeTcst mporuOoB Oanku OT JeHCTBUS BHEIIHEN HArpy3KH M PEaKTUBHOTO JaBJIEHHUS, TO
OHHU MOTYT OBITh OTIpE/IEIEHBl METOJIAMH TEOPUH COTIPOTUBIICHHSI MAaTEPHAJIOB.
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SUMMARY

CONSIDERATION FORAN ABRUPT CHANGE IN STIFFNESS AND EXTERNAL LOAD IN BEAM
FOUNDATION DESIGNS

Vacharadze V.V.

Georgian Technical University

It is proposed to represent the earth reactive pressure as a sum of two functions. One of the functions in the form
of the fourth-degree polynomial describes the general background of reactive pressure, and the other one in the
form of a decreasing function describes an abrupt change in the band stiffness and external load. By integration
of Flaman equation, the expression for the dependence of the base surface settlement on the band load and hence
for the dependence of complete settlement on the reactive pressure was derived.

Keywords: ground, base, beam foundation, reactive pressure, settlement.
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HAEHTHOUKANUS TOIMOJOTMYECKUX CTPYKTYP CUCTEM HUCKYCCTBEHHOM
N ECTECTBEHHOMU ITPUPO/IbI

Hanynamsuin C.A.
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

[Tupokoe pacmpocTpaHeHHE CeTEl eCTECTBEHHOTO M HCKYCCTBEHHOIO MPOMCXOXKICHHUS,
BCTpaBaHWE W BKIIOYEHHOCTh B HUX YEJIOBEKa, TpeOyeT OmpeAesieHHss U YUYUTHIBAaHHs MapameTpoB
ceTell Ans AanbHEHIIEH MX WACHTH(UKAUMM W OLEeHKH. HauOoNbIIMii HMHTEpec NpeNCTaBISIOT
TOTIOJIOTHYECKHUE MTapaMETPhl CETEH, HOCKOIbKY TOMOJIOIUs AaET UCXOAHBINA CMBICT HX CTPYKTYpE.

PaccMoTpuM  MeTOAMKY, TO3BOJSIOUIYIO  ONPENENATh  KIIOYEBBIE  TOIMOJIOTUYECKHE
XapaKTepUCTUKU ceTel M JaBaTh MM KOJIMYECTBEHHbIE M KAaueCTBEHHbIE OIIEHKH. BaXHOCTb
OIpeNieJIeHUs] TaKUX XapaKTEPUCTHK COCTOMT B TOM, YTO IPU BCTPAaWBAaHUHU B CETh MOSBISCTCS
HEOOXOIUMOCTh OLICHHTh BO3MOXXHOCTU CETH M, COOTBETCTBEHHO, €€ KadecTBO M 3(peKTuBHOCTE C
00IIeCUCTEMHBIX TTO3UIHH.

LleHTpanbHBIMM IOHATHSMH JAJISI BCEX THIIOB CETeH CiIy)XaT TOHATHA O cBoOoIe
(HemeTepMUHUPOBAHHOCTH) KOMIIOHEHTOB B CETH M CTECHSIONINX (IETEPMUHHUPYIOIINX) WX CBS3EH.
COOTBETCTBEHHO BO3HUKAIOT MOHATHS W30BITOYHOW M HEJTOCTATOYHOM CBSI3HOCTU B CETH, O CTECIICHU
HEeIETePMUHAPOBAHHOCTHU CETH B (DYHKIIMHU OT MOJHOTHI TI100aJbHOM 1 JIOKaJIbHOM CBS3HOCTH.

CrpykTypa ceTu ommchiBaercs rpad)oM, B KOTOPOM BEpIIMHAMM SBISIOTCS HCTOYHUKH U
NpUEMHHKH CUTHAJIOB B HE3aBUCUMOCTH OT MX TPUPOJIBI, a pEOpaMu — KaHANBI CBS3H.

MaxkcumanbHoe uyuciio cBszeit N BepinH rpada Mexay co0ol paBHO:

v N-(N-1)

max 2

MuHUMaIbHOE YKCIIO CBS3CH, HEOOXO0MMOE ISl IEJIOCTHOCTH CTPYKTYPhI rpad)a paBHO:

M., =N-1
OreHka r100a1bHOM CBS3HOCTH BCEX BEPIIMH B CTPYKTYpE HEOPHEHTHPOBAHHOTO rpada Oyzaer
HAaxXOJIUTCS B IPOMEKYTKE:

M. <M<M,_

min —

CtpyKTypHas U30BITOYHOCTh, KOTOPass MOXKET OBITh MCIOJB30BaHA ISl OI[CHKH KadecTBa CETH
Oynet paBHa:

R=M-M_,

[Tpu M<Mpin B c€TH UMEET MECTO CTPYKTYPHAsI HEACTCPMUHUPOBAHHOCTH, IIPOUCTEKAOIIAS OT
HeJocTaTKa cBsi3ed. B ciydae, korma mpuUYMHON HENETEPMUHUPOBAHHOCTH SBIIAETCS HENpaBUIbHAS
KOH(UTYpalusl CEeTH, CTPYKTypHas HEIETEPMHUHUPOBAHHOCTh MOXET MMETh MECTO MpPH TOJHOM H
JMaxe W30BITOYHOM dHCIe CBsi3ed. i OIEHKW [JaHHOW CHUTyallid BBEIEM IOKa3aTellb,
XapaKTepU3yIIINH HEJOUCIIONB30BaHINE BO3MOKHOCTEH 3a/IaHHOM CTPYKTYpHI, nMetonieir M p€dep u
N BepIvH, B JOCTIKEHUN MaKCUMAaIbHON CBSI3HOCTH.

Bgeném noHsiTME Baj€HTHOCTH BepIIMHBI. PaBHOMEpHOE pacmpelielieHUe CBSI3€ B CTPYKTYpe
HEOPUEHTHPOBAHHOTO rpada OyJeM xapakTepr30BaTh CPEHEH BaICHTHOCTHIO BEPIIIMHBI:

y.2M
N

Toraa 10KanbHYIO CBI3HOCTh MOKHO Oy/IET OXapaKTepH30BaTh BEIMYUHOM:
e=v, -V,
IJIe Vi - JeHCTBUTENIbHAS BAJICHTHOCTD I-0¥ BEpIIUHBI 33JAHHOTO rpada.
HeobxomumocTs yu€ra TpaH3uTa B KaHajJaX CBs3H TPeOyeT BBEICHUs MapaMeTpa OTPaXKaroIero
CmpyKmypHylo 01u30cmes  BEpUIMH MEXIy coboii (Qj). BenmumHa, koTopas oTpaxaer oOIIyi0
CTPYKTYPHYIO OJIM30CTh 3JICMEHTOB CETH, Oy/IeT paBHa!
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N N
Q=225
i=1 j=1
[Tockonbky B rpade, UMEIOIIEM MOJIHYI0 CTPYKTYpPY, JIOOBIE B BEPIIMHBI HETIOCPEICTBEHHO
CBSI3BIBAIOTCS MEXTY COOOM, T.€. Jij=1, Onst 00Imel CTPYKTYPHOI OJIM30CTH TIOTYUINM:

Q=N -(N —1)
B rpade pannanpHO# CTPYKTYpHI:
Q=2-(N-1)+2:(N-2)-(N-1)=2-(N -1y’
Jns  OLEHKM BKJIaJa KaKAOW BEpPIIMHBI B OOLIYI0 CTPYKTYpPHYHO OJHM30CTh BBEIEM
OTHOCHTEIHHBIH MOKA3aTKEb:
«_ 9

iT N
Z 0;
j=1

1 Oy/ieM BBIIETATH BEPIIHHEL, 1T KOTOPBIX Ki=Kmax.

B rpade ¢ paguansHO# CTPYKTYpOH POJTh IEHTPATHHON BEPITUHBI TIOJSPHO OTIIMIAETCS OT POIH
BepUIMH B rpade ¢ MONHOW CTPYKTypoH. sl OUEHKH cmenenu yewmpaiuzayuu B CTPYKTYpE CETH
UCIIOJIb3yEeM BBIpaXKEHHE:

_2(N-1)-(Kp, -N)
Ko (N -2)

Jlns monHOro rpada, HMMEIOIIEro CTPYKTYPY C PaBHOMEPHBIM paclpelelicHHeM CBs3ei,
nonyunM: =0, a 115 paguaIbHOTO rpada, HMEIoIEeM MaKCUMATBHYIO CTENCHb IIeHTpanu3anum: 6=1.
[TomyueHHast OIICHKA MO3BOJIAET HAXOIWTh BapHallMd PaBHOMEPHOCTH pacClpeleCHHsS IOTOKOB
cyOcTpaTta M CHUTHAJIOB B CETH, CPaBHUBATh Pa3MUHBIC BapHUAHTHI CTPYKTYp CETH U OINPEACIIATH
«TOYKH CTYIICHHUN» CTPYKTYPHBIX DIIEMEHTOB.

Takum 00pa3oM, CTPYKTypa CHCTEMBI MOJYUHSICTCS COOCTBEHHBIM 3aKOHOMEPHOCTSAM H
MaHU(PECTUPYETCS B BUJC OIPAHUYCHUH, BOSHUKAIOIINX B CJCACTBUE OPraHM30BAHHOCTU 3JIEMEHTOB
CUCTEeMBI B paMmkax 1enoro. CTpykTypa U (pyHKIHMS CHCTEMbI MOTYT OBITh BBIPOKEHBI B TEPMHUHAX
CBOMX DIIEMEHTApHBIX COCTABISIIOIIMX: CIUHUI[ CyOCTpara M3 KOTOPBIX MOCTPOCHA CHCTEMa U
3JIEMEHTAPHBIX aKTOB UX JIEATSIIbHOCTH.

Crioco0® pacnpenenieHusi cyOcTpaTta MO CTPYKTYPHBIM 3JEMEHTaM CHCTEMbI MOXET ObITh
Pa3INYHBIM, OJHAKO ONMPHUMATBHBIMUA CBOWCTBAMHU OOJIAJAIOT MPOMOPIHUOHAIEHO C(HOPMHUPOBAHHBIE
cTpykTypbl. PopmirpoBaHue HalpaBICHUS FAPMOHHU3AIMY CTPYKTYPHBIX JIEMEHTOB OCYIIECTBISIOTCS
Ha OCHOBE OOBCKTHUBHBIX 3aKOHOB TPOMOPIMOHUPOBAHUS CTPOCHUS CTPYKTYp, KOTOpBIE B
COBOKYITHOCTH CO3JIAIOT CTPYKTYPHYIO ONpEAENEHHOCTh CUCTeMBbl. (OCHOBBIBAsSCh Ha JTOM,
VIPaBICHHE CTPYKTYPOTCHE30M IPEICTABISICTCS KaK IMPHUBEICHUE CPEIHEr0 3HAYCHHUS YACIbHBIX
BecoB (MO0 WX JIOTapu(MOB) CTPYKTYPHBIX 31€MEHTOB (Nij) K ONpeAenEHHOMY KOJINYECTBEHHO
BEIPQXXCHHOMY CTPYKTYpPHOMY HWHBApUAHTY C JaTbHEUIIUM €ro coXpaHeHWeM. B »TM cyTh Merona
CTPYKTYPHOU IapMOHHU3AIIMN YaCTeH 1eJI0ro.

Ecmu Ng,..., Ni,...,Nn pacmpezenenue N uacTeil cuCTEMBI, TO OTHOCHUTEIBHASA OLEHKA
CTPYKTYpHI OyieT paBHa:

_ 1 N
H=-———x>(nxlogn,)
logN =

B omHOpOozHOI CTpyKType yZAeinbHbIE Beca Bcex ajeMeHTOB paBHbl Ni=1/N, u Bapuarus
BBe/IEHHOTO ITOKa3aTesd OyeT IPOUCXOAUTD B JUAIa30He:

0<H<logN

st oripeneneHus HarpaBlICHUS Pa3BUTHS CTPYKTYp, B MEPBYIO O4Yepe/lb, BOZHUKAET HE00XO-
JIUMOCTh B pa3pa00OTKe MPHHIIMIIA, KOTOPBIH CIIOCOOCH (DPUKCHPOBATH BCIHO MHOTOMPOQHUIBHOCTh U

«MHOTOMEPHOCTH» KOHKPETHBIX CHCTEM pEealbHOCTH, MPEACTABIAIOMNX CO00# mermocTHOCTh. [Ipm
3TOM, OJIHAM ITOKA3aTeJIeM HYXKHO BBIPa3UTh MHOXKECTBO TICPEMEHHBIX OTHOIICHHUN U PSAIOB COOBITHH,
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MaHU(ECTHPYIOIUX HanpasieHue. Hawnbonee odeBHOHAS TPYJHOCTh, BCTPEYANOMIASCS HA JAHHOM
MyTH, COCTOWT B BBISBICHWH TOTO 3aKOHA, KOTOPBIM YIpaBisieT TBEPAOCTHIO MPOTIOPIIHIA
pacrpenenicHusl pa3HOMACIITaOHBIX W Pa3HOKAYECTBCHHBIX CTPYKTYPHBIX KOMIIOHEHTOB II€JIOTO B
€CTECTBEHHOM IIPOLIECCE CTPYKTYpOTEHE3a.

Hns pemeHus mpoOIeMbl BBIPAKEHHUS CTPYKTYPHOTO pa3HOOOpasWs W BBIABICHHS €ro
BHYTPEHHEHW OCHOBHI pacCMaTpUM METOJ[, KOTOPBIN mpeAarnonoraeT (UKCAlU0 MPOTHBOIIOIOKHOMN
CTOPOHBI Pa3HOOOpa3usl — 00HO0OPA3Us, ABISIOWET0Cs (POHOM M YPOBHEM OTCUETA MEDP CTPYKTYPHBIX
KOMIIOHEHTOB, TIPOAYIIUPYIOIIHNX 3T0 pasHooOpasue. EcTecTBeHHOM TpaHuIieil pasHOoOpa3usi CIy>KUT
onHOOOpasme, T.e. CPEeOHUH YpOBEHb BAXKHEUIIMX XapaKTepUCTHK, IO KOTOPBIM (DHUKCHUpYEeTCs
pa3HooOpasue. MakCUMyMy pa3HOOOpa3us MPU3HAKOB CTPYKTYPHBIX JIEMEHTOB CETH MPOTHBOCTOUT
MUHUMYM Ppa3HOOOpa3us, T.€. PABCHCTBO BECOBBIX XapaKTCPUCTHK JAHHBIX MPU3HAKOB, WX
paBHOMEpHasl pacmpenesiéHHOCT, B MacmTabax 1enoro. «Ymcroe omHOOOpasme», OAHOPOIHOE
€IMHCTBO B TAPMOHU3AINH HE HYXKIaeTCsl.

I

H{nj=var i Memin=0
I
I

A

CTpyKTypa ! PagumaneH
| cTPyTYPa K| cETb [ Pamwa

I
i
OpHoponHa i
i
i

I[nanasoﬂ BapHallii NMapaMeTpoB CETH

Ha pucynke B KayecTBE ypOBHA OTCU€Ta BBICTYNAET OJHOPOJAHAs CIPYKTypa, KOTOpas
onpezeAeT Bapualluy Kak napamerpa H, Tak u mokaszaressi CTENEeHU LEHTpaIM3alud KOMIIOHCHTOB
0. Ha MEPEeCEUECHUH ATUX JBYX TEHJEHIMN — MaKCUMHU3allMM U MUHHUMM3AIMKU €UHOCYIIETO, HO
Pa3IBOCHHOTO «B ce0e» SBIEHUS MOPOXKIAIOTCS YCTOWYNBBIE ()OPMBI OTPAHHYEHHOTO Pa3HOOOPA3HsL.

Bo3Hukaer Bonpoc, kakoBa UCTHHHAS MIPUPOJIa YCTOHYMBBIX (JOPM OTPaHUYCHHOTO pa3HOoOpa-
3Us M «IyTel» K HUM Beaylux. Beib B peabHOCTH OHU HUKOTA He NpOseIsIOncs PaHHEe TOro, Kak
KOMNOHeHmbl HAYMHAIOT C8OOUMbCSA 8 YACTH B TIPOLIECCE CTPKTYpOTeHe3a JaHHOW CEeTH, T.€. [0
BCSKOI'O CYIIECTBOBaHMS YacTedl B 1ejloM. EJMHCTBEHHOE OOBSICHEHHE 3TOTO MOXKHO CBS3aTh C
reoMeTpuell (M METPUKOI) CTPYKTYPHOTO MPOCTPAHCTBA CETH, KOTOpas B POIU (OPMBI BBITOIHSIET
OpPraHM3YIONYI0 (PYHKIIUIO.

Iemnoe obnamaeT peméTkoii (kapkacom), OMPeaeIEHHOM MaCIITAOHON CEThIO JIJIS YIOPSI0YCHHUS
cBOMX dacTeil. B Macmrabax KaxkqoiW CUCTEMBI 3Ty pPOJIb «CETH», OIpeAeNstoNei obnacte e
CTPYKTYpOT€HE3a WIPAIOT BUPTYAIbHBIC CBSI3M, MaHU(PECTHPYIOIIUE 2OMOBHOCHbL KOMHOHEHM K
omuowtenusiv. CpellHUE TOKa3aTeld paclpeeliCHHH KOJMMYECTB WM YHCICHHOCTEH, KOTOPBIMHU
nmpeacTaBJICHa KaXJasd MPOTUBOIIOJIOXKHOCTD, ITIOAYNHAIOTCA 3aKOHOMEPHOCTAM y3.HOBOI71 JIMHUU MEp U
BEIPXAIOTCS B CBOMX YCTOWYHMBBIX TPAHUIAX CTPYKTYPHBIMH WHBapHaHTaMu. Pernerka y3ios,
CUMMETPHUYHO U HEJIMHENHO pacnpeﬂenéHHHx MCXKAY IOJII0OCaAMU — «(IIPOTUBOIIOJIOXKHBIMHU CTOPO-
HAMH» EJMHCTBA, IMOTOMY W SIBIISIETCS HPOOYKIMOM 2eOMempuu Yeno2o, 4YTo OHa CYIIECTBYET
HE3aBHCUMO OT HAJIIMYWsI WU OTCYTCTBUS B HEM cyOcTpara, KOTOPBIA JIMIL OOHApyXHBaeT eg,
pacrpenenssach B [IEJIOM TeM HIIM WHBIM 00pa3oM, T.€. OHA HHBAPUAHTHA OTHOCUTENIBHO Iepexojia u3
BO3MOXXHOCTH B JICHCTBUTEIBLHOCTD. biiarogapst 3ToMy MOKHO, YCTaHOBHB TPAHHUIIBI 1IEJIOT0, 3apaHee
yKazaTh TOYKH B IPOCTPAHCTBE COCTOSHUN CyOCTpara, B KOTOPBIX OYAYT KOHYEHMPUPOBAMbCS
KOMIIOHEHTHI TIEJIOTO.

Wnentudukamus mnapaMeTpoB TOMOJOTHYECKHX CTPYKTYp B MO3Te HeEJIOBEKa IO3BOJISET
OTpPENECIUTh, HAIMYWE WIW OTCYTCTBHE CO3HaHHS, KoTopoe mx ompenmenser [1]. Ilpm momcke
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napaMeTpoB, KOTOPBIMH OTJIMYAIOTCS APYr OT Ipyra, IOMUMO IMOBEIECHHsI, YEIOBEK C CO3HAHHEM U
0e3, ObUTO TOKa3aHO [2], 4TO KOH(UTYpamHs CBI3HOCTH pabOTAIOMIMX CETeH B €ro Mo3re MOXKET
BBICTYIIaTh HapaMeTpoOM Halu4yusi U ypoBHA co3HaHus. CyTb HCCIIEJOBaHUS 3JEKTPOMArHUTHOMN
UIIOCTaCH CO3HAHMsI 3aKiIovanach B M3MepeHnr DDI BereTaTWBHBIX MALMEHTOB, & TaKKe 370POBBIX
JOJIeH B COCTOSTHUHM OOAPCTBYIOMIETO MOKOs. [lomydeHHbIe TaHHbIe aHATN3UPOBAIICH 110 HECKOIBKUM
pUTMaM W aMIUTUTYZaM U OIpeesuiach CHHXPOHHOCTh KOJeOaHUil pa3HBIX TOYEK B MO3Te, C LEIbI0
UACHTH(PHUKALUH TI0 OCHWIUIILUSAM MONOA02UY cemu. ITU IKCTIEPUMEHTHI Aajld HATJISAHBIA MaTepral
B TOJIB3Y TOTO, YTO Yy 3[OPOBBIX JIFOJIell OoraTroe B3aMMOJEHCTBHE aKTUBHBIX Y3JI0B, B TOM YHCIE
JTAIEKHUX JPYT OT Apyra. Y MalMeHTOB aKTUBHOCTH 3HAYUTENHHO OeHee 1 OrpaHudeHa OMmKaimmmmMu
y3namu. [lonydeHHble JaHHBIE JarOT O0IIee NpeacTaBieHre O (peHOMeHe CO3HAHMA B LEIOM M MOTYT
CIIy’KUTH ONPEAEIEHHBIM YKa3aHHEeM Ha MPUCYTCTBHUE CO3HAHMSI.

Hpyrum wHIuKAaTOpOM OBLTH BHIOpDAHBI PEAKIMHM HAa FOMOpP, KOTOPBIM CUYHTAETCS KpUTEpHEM
uHTeIeKTa [2]. DpdexT MHOTUX NIIYTOK 3aBHCHT OT NMOHWMAaHUS CHUTYallMH, a TaKKe OT JBOWHOTO
cMbIcia caMux (pa3 ¥ TpeOyeT HEOYKBAJIBHOI'O BOCIPHUATHS peud. B MOMEHT BOCHPHSTHS IIYTKH
AKTUBHOCTbh MO3ra 3J0POBBIX JIFOJICH U NAMEHTOB MpociiexkuBanack ¢ nomoubo MPT. Tomorpamma
HATTSAHO TIOKa3alla, YTO CaMble SMOIMOHANBHBIE MIYTKA TMOJIYYHIA B MO3T€ 3JO0POBBIX JIFOJCH
HaH6OHI)IHI/II>'I OTKJIMK, IIpUYEM B OTJCJaX, CBA3aHHBIX C aHAJIM30M U KOTHUTUBHOM ACATCIIbHOCTBIO.
Ecnu 4enoBek He yJIOBHI IOMOpa, TOMOTpaMMa MOTYHUT. M XOTsI MOKHO MPOMYCTHUTh IIYTKY, OyIydn
B SICHOM CO3HaHWH, €€ HEeNb3s YIOBUTh U NOHAMb €€ CMbICL, KOT/Ia CO3HAHUS HET.

HenaBHO OTKphUIM THUTaHTCKHM HEUpOH [3], OMOSCHIBAIONIMN OTPOCTKAMHU BeCh MO3r. Teno
HelpoHna HaxoauTcs B obmactu moj HasBanweM kiayctpym (Claustrum). Kmayerpym maeT Hawasio
MpoIeccaM CO3HATEIBHOTO BOCHPHUATHS, T.K. dTa HEOONbIIas CTPYKTypa HOOKIHOUYEHd K MHOSUM
obracmsam mo3zea, T.e. 00pa3yeT pagualbHyI0 CTPYKTYpy. OTCIeanB MPOEKINH KIETOK U3 KIayCcTpyma
10 BCEMY MO3I'y, MOKHO OLICHUTDH BapHallu YPOBHSA CO3HAHUSA B UCJIIOBCKE.

PaccmoTpeHHBIE CTPYKTYpHBIE IMapamMeTpbl W METOJ CTPYKTYpHOW TapMOHHU3AIlUM dYacTel
IIEJIOTO, TPEACTABISIOT METOJ0JIOTHYECKAN 0a3uc, Ha OCHOBE KOTOPOTO HOBBIE SKCIIEPEMEHTAIbHEIC
JTAaHHBIE TIOTYYaI0T TEOPETHIECKOEe 0OBSICHEHHE.
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SUMMARY

IDENTIFICATION OF TOPOLOGICAL SYSTEMS OF ARTIFICIAL AND NATURAL ORIGIN
Dadunashvili S.A.

Georgian Technical University

In this paper, topological parameters are considered, since topology gives the initial meaning to the structure of
networks. There is proposed a technique that allows determining the key topological characteristics of networks
and giving them quantitative and qualitative estimates. To determine the direction of development of structures,
there has been developed a principle that is capable of recording all the multifacetedness and
"multidimensionality” of integral systems of reality. By examples of the functioning of consciousness, the
existence of the studied topological structures in the human brain is shown.

Keywords: topological systems, network structure, consclousness.
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HNCCIEJAOBAHHUE PECYPCA PABOTHBI TIVIASMOTPOHA B CPEJE IIEPETPETOI'O
BOJSAHOI'O ITAPA IMTOBBIINEHHOI'O JABJIEHUA

Caoamsuan 3.B., JJoaanze T.O., Merpesenun-Mannapus A.b., Kenunamsuim H.A.
I'py3uHCcKHil TeXHHYEeCKMIT YHHMBEpCHTET

Beenenue

B pabotax [1,2] ObIIO MpemIOKEeHO MPUMEHEHHE IEPErPeTOro BOISHOIO IMapa B KadecTBE
T1a3Mo00pasyromel cpeapl, KOTopasi SBISETCS TEPCHEKTUBHOW W3-32 CBOWX TEXHOJIOTHYECKHX H
HKOJIOTHYECKNX TPEUMYIIECTB IO CPAaBHEHHIO CO CXXATHIM BO3AyXOM. Hammmm mHTepecoM SBISLIIOCH
M3yYeHUe U MPOBEACHNE CPABHUTEIHHBIX FICCIENOBAaHUI pecypca paboThl OCHOBHBIX Y3JIOB ILIa3MOT-
POHa, KaK B Cpe/ie BOASHOIO Mapa, TaK U B CPeJIe CXKATOrO BO3AyXa.

MeTtoaunka uccjie0BaHUs

HccnenoBanus NPOBOAWIMCH HA JaOOPAaTOPHOW YCTAaHOBKE, COCTOSINEH M3 IUIa3MOTPOHA,
MO3BOJISIONIETO U3MEPATh Pa3eibHO TEIUIOBBHIE MOTOKH B OCHOBHBIX y37Jax (KaToj, COIUIO Iia3-
MOTpoHa). TerutoBble HArpy3Kd Ha OCHOBHBIC Y3JIbI TIA3MOTPOHA M3MEPSIIMCH MYyTEM PaseibHOTO
KaJOPUMETPUPOBAHUSL.

JlaboparopHasi ycTaHOBKa ObLTa OCHAIIlEHA PACXOJOMEPAMH U PTYTHBIMH TEPMOMETPAMU JIS
OTIpeIeJICHUS pacXxo/ia M TeMIIepaTyphl OXJIaKIarolleld BOJBI KaTo/a U COILIa, KaK IPH BXOJE, TaK U
TP CITUBE BOXBI. JlaBieHWe W TemmepaTypy Ha BXOJ€ IIa3MOTPOHA W3MEPSUIA COOTBETCTBYIOIUMHU
MaHOMETPOM M TEPMOMETPOM.

OcHoBHAasl YacTh

[TpomomKHUTENEHOCTh PA0OTHI KaTo/la 3aBUCUT OT TOKA JIYTH, MHAMETPa W JJTHMHBI aKTHBHOM
BCTaBKH KaTO/a, TCIIO(QU3NIECKAX CBOHCTB OKUCEH W HUTPUIOB, OOPA3yIOMIMXCS HA €ro MOBEPXHOC-
TH, JaBJICHHS TIa3MO00Opa3yroIeil cpesibl, MHTCHCUBHOCTH OXJIAKICHUS U T.J. Bce Bhimenepeyrc-
JICHHbIC (AKTOPhI B KOHEYHOM CYETE CXOJSTCS B MPUOIM3UTENBHBIA pacueT TEIJIOBBIX HATrPY30K
AKTUBHON BCTaBKU Karoja. Hamo OTMETHTh, YTO Ha pecypc pabOThl KaTojJa W €ro 3pO3MI0  TaKKe
BJIMSICT SMUCCHS SJIEKTPOHOB C MOBEPXHOCTH AKTUBHOW BCTABKH.

BiusHue cuibI TOKAa IUIA3MEHHO#M 1yru ompejaensercs cienyromumu ¢akropamu [ 3]:
BBIJICJICHUEM TCILJIa B aKTI/IBHOﬁ BCTaBKE€, BCJICACTBHC HpOXO)KI[eHI/IH 110 HCI>'I BHCKTpI/I‘IeCKOFO TOKa;
BBIJICJICHUEM TCIlJIa B AKTHUBHOM IISITHE ,Z[yFI/I HpI/I 60M6apIH/IpOBKe HOHaMH, HpI/I 3TOM KaTOI[y
HepenaeTcsl KHMHETHUYCCKAas W IMOTCHIINAJIbHAA BHCPFI/IH I/IOHOB; KOJIMYECTBOM TCIlJIA, HOJ'IyT-IeHHOI‘O
3JIEKTPOJIOM BCJIEACTBHE TEIIOOOMEHA CO CTOJI00M JIyTH.
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HccnenoBaHusMu 3HEPreTHYECKUX XapaKTEPUCTHK IJIa3MEHHOW OYTH B Cpe/ie BOASHOIO Mapa
OBLIIO YCTAHOBJICHO [4], YTO IMPU UACHTUYHBIX 3HAYCHUAX TOKA AYT'U U JaBJICHUSA, HAIIPSKCHUC OYTHU B
CIIy4ae WCIIOJIb30BaHUS BOASHOTO mapa Beime Ha 30-35 B 1o CpaBHEHHIO CO CHKAThIM BO3AYXOM.
Taxxe YCTAHOBJICHO, YTO HAIMPSXKCHUE YT 3aBUCUT OT TEMIICPATYPhl U AABJICHHSA BOJAAHOIO I1apa Ha
Bxozie TurazMotpoHa [3]. C yBenmuueHHEM JaBICHUS PACTET CHJIAa CXKATHs JIyTH, YTO CIIOCOOCTBYET
TIOBBINICHUIO HANpsDKeHUs. Hampumep, npu maBieHnHn BoasHOro mapa 4 at u toka ayru 200 A, c

0 0

yBenmaenneM temriepatypsl oT 120°C mo 500°C, nHanpspkenue nmoseimaercs ot 250 B mo 320B.
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CpaBHUTENBHBIE UCCIEOBAHMS TEIUIOBOW HATPY3KH HA KaToJ, MOKAa3ajH, YTO MpPU OJWHAKO-
BBIX 3HAUYEHUSIX TOKa yTH OHA OOJNbLIE B Cpe/ie BOASHOIO Mapa Mo CPAaBHEHUIO CO CKATHIM BO3IYXOM
(pucyHOK).

OnHako, I KaKAOTO KOHKPETHOTO cydas MIa3MEHHOW PE3KH BO3MOXKHO MOJ00paTh Takue
ONITUMAJIbHBIE PEXUMBI, TP KOTOPBIX MOKHO JOCTHYh MAaKCUMAaJIBLHOTO 3 QeKTa, T.e. IpU IIa3MeH-
HOU pe3ke B CpeAe BOISHOTO Mapa HEOOXOIUMYIO MOIIHOCTh AYT'M MOXKHO OOECICUHThH MPH TOHH-
JKEHHOM TOKE AYTM W TOBBIICHHBIX IABICHUH M TeMIepaType BoasHoro mapa. [lostomy, Temo,
niepeIaBaeMoe KaTo/y BCIICJICTBHE TEITIOOOMEHA CO CTOJIOOM JIyTH, HE H3MEHSETCS, OJHAKO YMEHBIIIe-
HUIO TOJIBEPTaroTCs BCe (DAKTOPHI, KOTOPHIC 3aBBICAT OT BEIHMYWHBI TOKa JIyrH. B Tabnwmie mpuBe-
JICHHbI ONTHMAIIbHBIC 3HAUCHHS MapaMeTpOB IMUIA3MEHHOM JyTH W TEIUIOBOTO TMOTOKA Ha KaToX MpU
IJIa3MEHHOHN pe3Ke CTAIH TONITHHOMN 30 MM.

HapaMeprl IJIa3MEeHHOM Ayru, nnasMooﬁpa3y10meﬁ Cpelibl M TEIJIOBOT0 IMTOTOKA HA KATO/

Pox mmazmoo6pa- Tox nyru, A | Hanpsoxenue Temneparypa JIaBJICHUE, TEIJIOBOTO NIOTOKA
3YIOIIEH cpeibl ayru, B BOJIIHOTO mapa, °C aT Ha KaToJ, JUK/CeK
CoxaTblil BO3yX 250 220 - 4 2080

BomstHoit map 180 320 300 5 1856
BomsHoit map 170 330 300 6 1820
BomstHoit ap 160 335 300 7 1805
BomstHoit map 155 335 300 8 1793
BogsiHoit nap 150 335 300 9 1780

Kak BUIHO M3 JaHHBIX TAOJUIBI, B JJAHHOM CJIy4ae B CpPeJe BOJISHOIO Iapa Pe3Ky MOXKHO
MPOBOAUTH Ha MEHBIIUX 3HAYEHUSIX TOKA AYTH MPHU MOBBIIIEHHBIX IABJICHUU U TEMIEPATYPE BOJASHOTO
napa.

BeiBox

[loBBIIIIEHHBIE JaBIIEHUE W TEMIEpaTypa BOISHOTO Mapa CIOCOOCTBYIOT TOBHIIICHUIO HAIIPS-
JKEHUsI JABJICHUS, YTO MO3BOJIAET TEHEPHUPOBATH IUIA3MEHHYIO AYTY HEOOXOJMMOW MOIIHOCTH IS
MPOBEJICHHUST TEXHOJIOTHUECKOTO IMPOoIlecca Ha MEHBIINX TOKaX, YTO M CIIOCOOCTBYET YMEHBIIICHHIO
TETUIOBOM HAarpy3Kd KaTojaa, OOYCJIOBIEHHOW IPOXOXICHWEM D3JIEKTPUYECKOTO TOKA B aKTHBHOMN
BCTaBK€ KaTo/1a.
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SUMMARY

STUDY OF THE SERVICE LIFE OF PLASMATRON IN A SUPERHEATED STEAM MEDIUM OF
HIGH PRESSURE

Sabashvili Z.V., Loladze T.O., Metreveli-Mandaria A.B. and Kenchiashvili N.A.

Georgian Technical University

Currently, on machine-building plants, they use plasmatrons acting directly on the treated surface. One of
economic indicators of plasma cutting is the service life of theplasmatron. During operation, a thermochemical
cathode and a nozzle are subjected to main head load. In this regard, it is of great interest to study the service life
of the cathode and nozzle in a superheated steam medium. We present the comparative analysis of the data on
the service life of the cathode in the superheated steam medium of high pressure. It was established that high
pressure and temperature of steam at the plasmatron inlet promote the reduction of heat load.

Keywords: plasmatron, cathode, hafnium, thermal power, arc current, arc voltage.
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MAGNETIC NANOCLUSTER DOPED CARBON NANOPARTICLE SYNTHESIS AND
STUDY OF SELF-HEALING AND SELF-ASSEMBLY PROCESSES IN POLYMER
NANOCOMPOSITES ON THEIR BASIS

Gavasheli T.A., Gegechkori T.O., Mamniashvili G.1., Gventsadze D.l. and Rukhadze L.N.

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

Abstract. The self-healing and self-organization processes were studied in the magnetic polymer
nanocomposites synthesized on basis of carbon nanoparticles doped by cobalt nanoclasters, synthesized by
original CVD technology developed by authors. These processes were taking place under combined stimulated
diffusion of magnetic nanoparticles by outer alternative and steady magnetic fields, as well as heating and
pressure. Polymeric composite samples have good electric and adhesive properties and are perspective for
potential practical applications

Keywords: magnetic carbon nanopowders, polymer composites, stimulated diffusion, self-healing, self-
organization, resistance

1. Introduction.

In the last decade, the investigation of such new nanostructure forms of carbon as
nanoparticles, nanotubes, nanothreads became very topical. This is related with the fact the pointed
nanostructural particles due to their sizes and peculiarities of their atomic structure reveal such unique
physic-mechanical properties that the range of their perspective applications spreads over many human
activities, starting from microelectronic to medicine.

In last years it is particularly increased interest to such technologies of material production on
carbon basis as ones oriented on production of doped carbon nanoparticle modifications (nanotubes,
nanoclusters, nanothreads). This gives opportunity to scientists and engineers in noted materials the
possibility of aimed control of unique properties, which are their natural properties [1].

As the matter of fact, the nanoobject control on nanometric level using nanoparticles with aim
to arrange them in rows, signatures and grids is the clue to the production of new functional materials.
Correspondingly, for obtaining of building units with different nanometric sizes in the last years it was
developed many methods of self-assembling and synthesis. In this direction the possibility to control
perfectly the self-assembling and synthesis processes of nanoparticles is a serious challenge from the
point of view both fundamental and applied investigations.

On the basis of fundamental principles, the process of self-assembling requires the existence
of interaction between atoms and clusters, as thermodynamic and kinetic moving force, so that it could
be realized the organization of atoms and clusters for creation of nanosize domen structures. From
this point of view, magnetic nanoparticles deserve a particular interest due to their unique physico-
chemical properties and applicability in the new functional materials technologies.

Carbon shells provide both the protection of ferromagnetic impurities from aggressive
environment and new unique properties to the hydride nanostructures. The self-assembling of
magnetic clusters coated by carbon shells presents just such example which could be used in the
contemporary materials, as example, in strong magnets, analytic instruments (nuclear magnetic
resonance tomographs) and nanosensors.

The more so, currently magnetic carbon nanoparticles due to their low toxicity are under
testing for therapevtic and diagnostic applications.

Last years the magnetic field was applied also for creation of nanoscale materials what
resulted in significant achievements in the problem of formation of macro- and microstructure
synthesized materials possessing unique properties.

In contrast with other existing self-assembling technologies, the induced by magnetic field
ordering defines the formation of magnetic nanoparticles in ordered structures with unique properties.
Therefore, the areas of application of carbon magnetic nanoparticles is very large. Sufficient to name
such of them as magnetic fluid, plastic glasses stable against scretches information storage magnetic
media, sensors, biomedicine, etc. It should be noted here that in spite of their large perspective for
multifunctional applications, the carbon nanoparticles doped by ferromagnetic clusters have not
studied sufficiently well [2].
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In this work following aims were addressed:

1. On the bases of obtained nanopowders manufacturing of polymer composite films and study
of their self-organization processes.

2. On the bases of obtained nanopowders preparation of polymer composite films and study
self-healing properties under influence of low-frequency magnetic field.

2. Experimental results and their discussions.

To achieve these aims it was planned experiments with magnetic nanopowders filled and
unfilled polymer films preparation and carrying out the study of self-organization processes between
them. This process was facilitated by heating films above the glass transition temperature. The
particles in conventional composites are essentially immobile in contrast to polymer nanocomposites
(PNC) particularly above the glass transition temperature T4 The nanoparticles mobility can affect
polymer dynamics resulting in changing of viscosity, modulus, Kinetics of the particle-cluster
formation, etc [Macromolecules. Size effect of nanoparticle diffusion in a polymer melt. APC
publication] [3].

Tensile measurements have shown that below T4 conventional composites and PNCs behave
similarly with respect to mechanical properties. But above T, the toughness of PNC can increase by
order of magnitude with increase of temperature. It has been suggested that the mechanism to the
toughness enhancement is the mobility of the nanoparticles. The development of self-healing materials
and coatings where nanoparticles migrate toward various defect sites, requires a better understanding
of the nanoparticle diffusion process.

The heating of PNC above Tq increases mobility of polymer chains what should facilitate
boundary diffusion between polymer interfaces and this effect should be visualized using magnetic
nanoparticles introduced in polymer. This process could be improved applying additional stimuli, in
particular low-frequency (ac) magnetic field, stationary magnetic field, pressure, heating separately or
in combinations. Such impact stimulate self-organization processes between prepared films in result of
which it one could produce “glued” to each other films without using other type glues and polymer
melting temperature. As research object for one of the aims of this work was the development of
simple technology of production of carbon nanoparticles doped by ferromagnetic clusters and study of
their morphology and composition.

Generally the most known method of production of ultra-small cluster-size particles is based
on the condensation principle from gas or vapor states, with the possibility of obtaining the product on
a substrate or as a powder. In the same time, for the vapor production it is used different methods:
laser ablation, thermal, electron-beam and ion irradiation.

In particular, for the production of nanopowders and nano-coatings on carbon basis it is used
the chemical vapor deposition (CVD) method — mainly along with application of hydrogen reduction
process of volatile chlorides. Traditional methods of production the pyrolytic carbon by way of
thermal decomposition of carbon containing compounds on the heated surfaces are also well known
but all of them have some significant defects: at formation of coatings — low growth rate, high
temperature of process (>=1300°C), insufficient quality of obtained coating structures, impossibility to
carry out the doping process in one cycle. The analysis of tendencies of development of the
contemporary natural science and technology the experimental and theoretical investigations of carbon
nanoparticles, nanotubes, nanothreads and doped by them new polymer composites should gain
priority. The carbon nanoparticles doped by magnetic (Co,Fe) nanoclasters with mean sizes in the
range 50-100 nm were synthesized by technology using the combination of pyrolysis of ethylene spirit
(and other hydrocarbons) vapor pyrolysis and CVD process in the mode of recirculation closed cycle
with monitored technology parameters.

The developed technological process was realized in the installation where in the construction
of its reactor and in necessary units for functioning it was foreseen the possibility of monitoring of
such parameters as: vapor content and concentration in reactor zones, catalytic capacity of substrates,
partial oxygen pressure (in limits of 102° + 102% atm). This allows one to carry out technology
investigations with aim to establish the optimal technological parameters for production of finely
dispersed carbon nanopowders doped with magnetic nanoclusters. As result, to produce these
materials in necessary amounts for investigations and perspective applications. Detailed description of
this technology is given in work [4].
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For the preparation of polymer films it was chosen polyvinylbutyral (PVB) polymer with low
Ty ~ 45-55°C. PVB is a resin mostly used for applications that require strong binding, optical clarity,
adhesion to many surfaces, toughness and flexibility.

As filler it was used produced by us carbon nanopowder doped with magnetic (Co or Fe)
nanoclusters (C/Co). The original chemical vapor deposition (CVD) technology was used described in
detailes in [JMMM)]. For comparative study we used commercial Co nanopowder (Sun firm, USA 28
nm — mean diameter). The Co doped carbon nanopowders were mainly used with their concentrations
in polymeric composite in range 10-50 wt %, but for Co nanopowder filled polymer composite
concentrations was 20 mas. %.

Firstly it was prepared 10 % alcohol solution, then this solution was poured into Teflon press-
forms (Fig. 1) and after their drying during 48 hours the 0.5-0.7 mm thickness films were obtained.
The filled composites were prepared on the following way: it was taken magnetic nanopowders in
corresponding proportion (in terms of dry weight) and the usual mixing of PVB with alcohol took
place followed by the ultrasound 10-15 min treatment for the destruction of magnetic nanopowder
agglomerates. Then after thorough mixing during 7-10 min it was obtained magnetic polymer
composite films similar unfilled ones in Teflon press-forms. After this sample films were cut from
these films (Fig. 2).

Fig. 1. Teflon press-forms for Fig. 2. Filled and unfilled films
preparation different size films individually (1, 2) and together (3)

The trial films were places on each other and subjected to following actions:

a) action of pressure and temperature in a vacuum cabinet at pressure p=0.5 MPa and
temperature T=80-85°C during time t=2.5 hours.

b) action of pressure and temperature and stationary magnetic field in a vacuum cabinet at
p=0.5 MPa and temperature T=80-85°C. During the experimental pressure included contribution from
the magnet weight. Duration of experiment t=2.5 hours.

c) in above a and b items the obtained double films were subjected to the action of low-
frequency magnetic field during t=2 hours.

In Fig. 3, the vacuum cabinet is presented in turn on position, with placed inside samples
during the pressure and temperature action.

During an experiment temperature reaches 85°C, as earlier in case of a single film, pressure
the same, approximately 0.5 MPa. In the teflon form firstly is placed magnets, then an unfilled sample
and, finally, composite on which pressure acts. Then the low-frequency generator turns on with
cooling of coil by water and the condenser is heated following which the combined actions is realized
what could continue several hours till the double layered sample is glued by diffusion of nanoparticles.

Fig.3. The vacuum cabinet with sample under testing Fig. 4. The experimental stand
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Fig. 5, neodymium magnets used in experiments are presented as well in Fig. 6 the pressform
for fabrication of samples is shown.

e U

Fig. 5 Neodymium magnets used in experiments Fig. 6. Press form for samples fabrication.

To study the self-organization of polymer nanocomposites it is necessary to increase our
understanding of nanoparticles diffusion processing taking place in them [1].

As it was noted, nanoparticles in usual composites, in difference with polymer
nanocomposites (PNC) are essentially unmovable is particular as compared diffusion processes rate in
PNC above the temperature of glass transition T.

Besides it, the knowledge of nanoparticles diffusion processes is important for development of
self-healing materials and coatings where nanoparticles migrate to different defect sites.

For study of cobalt doped carbon nanopowder diffusion processes we prepared a series of
above described polymer samples. A sample is 0.3 mm thickness polymer nanocomposite film
(polymer +C/Co, nanoparticle percent composition in range 10-50 %) and 0.5 mm thickness on the
pure polymer substrate with dimensions 28x10x0.8,(Fig.7).

X
v
o
]

22 Magnet, - resin-particle mixture, - substrate
Fig. 7. Geometry of samples

It was studied C/Co nanoparticle diffusion processes at diffusion across samples interface at
different excitations at T> Ty stationary magnetic field, alternating magnetic field (20 kHz, 1 kW
power), and their combinations. The adhesion and, consequently, related with adhesion self-healing
processes were studied.

To study diffusion processes it was carried out layer by layer removal starting from polymer
composite to down using a fine grinding. This grinding process was followed by simultaneously
control of sample resistance.

The method appeared to be very visual and effective and allowed us the assessment of
nanoparticle mobilities at different excitations and their combinations. It was revealed that the best
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diffusion of nanoparticles and best adhesion of composite film was obtained at the combined effect of
temperature, steady and alternating magnetic fields (Figs. 8-13).

In figures it is presented the distribution of resistance along a sample at fine grinding
describing the quality of penetration of nanoparticles in the polymer substrate.

The good conductivity of polymer composite was stipulated by the presence in the composite
of the carbon nanoparticles at studied, concentration C/Co, 50 % of polymer nanocomposite/pure
polymer pile.
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Fig. 8. The resistance dependence of Fig. 9. Resistance dependence of sample
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Fig. 11. The resistance dependence of
sample thickness. Treatment was made
by alternating magnetic fields at
T=85°C

Fig. 10. Resistance dependence of
sample thickness. The treatment
without magnetic field at 85°C

During treatment of sample, shown in Fig. 11. the peeling of upper composite layer was
observed what was not observed at other cases.

Let us present curves corresponding to Fig. 12. for the starting values of resistance in
increased scale.
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(summary).
Curve 1 corresponds to one given in Fig. 8
Curve 2 corresponds to one given in Fig. 9
Curve 3 corresponds to one given in Fig. 10.
Curve 4 corresponds to one aiven in Fia. 11.

Note also that in a similar experiment where as a composite filler used Co nanoparticles (22
nm is mean diameter) passivated by oleic acid composite sample proved to be

unconductive due to unconductive polymer coating of Co nanoparticles and absence of
conductivity pure polymer filler.

For to control of nanoparticle diffusion in both polymer composities (with Co/C and CoNPs)
we used optical microscope OMAX with up to 2500 enlargement, Fig. 14.

For this aim a small plate was cut from a sample with the width 1 mm and taken pictures of its
transverse cutting during any type of influence their combinations.

For different cases pictures are given in Figs. 15-17.

Fig. 15. Treatment of Co/C 50 wt % sample
at steady magnetic field and at T=85°C
during 2.5 hours

Fig.14. Optical microscope OMAX
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Fig. 16. Treatment of Co/C 50 wt % Fig. 17. Treatment of Co/C wt 50 %
sample without magnet at T=850C sample by both type magnetic fields at
during 2.5 hours temperature T=850C during 2.5 hours

The results obtained by this method are in agreement with resistance measurements ones.

In result of carried out experiments the conclusion was made that the stimulated diffusion of
nanoparticles is most fast when temperature and both magnetic field (steady and alternating) acted in
combination.

To study further self-assembly processes in this polymer composites at different
concentrations of carbon magnetic nanopowder we used a simple method from work [5]. In this case a
circle shape polymer composite samples (diameter 28 mm, thickness 1mm) were exposed to a
magnetic field which was provided by two attached permanent neodymium magnets, Fig.27, and
temperature 85° C during two hours.

Resulting self-assembly of C/Co nanopowders caused changing of their concentration and
modulation of local resistance along the radius of sample which was measured by two-contact method
as in our previous work [6], Figs. 18-23. Resistance was measured between points separated by 2 mm
along radius in all following cases besides Fig. 18 where resistance was measured between sample’s
center and points on radius with the interval 2 mm.
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Fig. 18. Polymer composite C/Co, wt. 30 % Fig. 19. Polymer composite C/Co, wt. 30 %
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On the basis of above obtained experimental results one could investigate the self-organization
and self-healing processes in magnetic composite polymer films synthesized by elaborated by us
technology using of the carbon magnetic nanopowders by original technology described in [4].

In work [7] it was shown that it is possible to repair physically separated phermoplastic
polymethacrylates containing superparamagnetic nanoparticles using oscillating magnetic field (OMF)
without any chemical intervention while maintaining film mechanical properties and the repair can be
repeated several times on the same area.

The first step in this development was to prepare polymer films with uniformly dispersed
magnetic nanopartices. This uniformly dispersed superparamagnetic nanoparticles dispersed in the
polymer matrix provides an opportunity for designing self-healing materials with a magnetic
signature. It was shown [7] that when OMF is applied, the films restore their mechanical properties.
This was attributed to the oscillating magnetic (yFe.Os) nanopartices, thus resulting in an amorphous
flow in the damaged region and repair. It should be also noted that the films retain their dimensional
stability. The first step in this development was to prepare polymer films with uniformly dispersed vy-
Fe,Os nanopartices. This uniformly dispersed superparamagnetic nanoparticles dispersed in the
polymer matrix provide an opportunity for designing self-healing materials with a magnetic signature.
As OMF excites the magnetic moment in magnetic nanoparticles, energy resulting from the Neel and
Brownian relaxation is converted to thermal energy. The used OMF was set at 22 KHz and its power
was of the order of 1 kW.

Accordingly work [5] application of stationary magnetic field on polymer composite
containing mixture of carbon black and magnetite nanoparticles resulted in diffusion of oxide particles
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toward the magnetic field lines and their alignment. The magnetic stimulated iron oxide particles put
pressure on the nonmagnetic carbon black particles enhancing particle connection leading to decreased
resistivity.

Similar this, the pressure and temperature also contribute to the increased diffusion of
magnetic nanoparticles in direction to defect areas. Results of cited works could be used to understand
effects observed in this work. As a result of combined stimulated diffusion of C/Co nanoparticles
prepared films show good self healing and adhesion properties as well as good electric conductivity
due to the passivated conducting carbon coated magnetic Co nanoclasters. Note that these effects are
most intensive in the case of combined application of alternating and stationary magnetic fields at
temperatures above the temperature of glass transition.

In conclusion, the self-healing and self-organization processes were studied in the magnetic
polymer nanocomposites synthesized on basis of carbon nanoparticles doped by cobalt nanoclasters,
synthesized by original CVD technology developed by authors. These processes were taking place
under combined stimulated diffusion of magnetic nanoparticles by outer alternative and steady
magnetic fields, as well as heating and pressure. Polymeric composite samples have good electric and
adhesive properties and are perspective for potential practical applications.
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CHUHTE3 MATHUTHBIX YIJIEPOJAHbIX HAHOYACTHL, AOITNPOBAHHDbIX
HAHOKJIACTEPAMU, U UCCJIIEJOBAHHUE ITPOINECCOB CAMOBOCCTAHOBJIEHUA "
CAMOCBOPKH B MTOJIMMEPHBIX KOMITIO3UTAX HA UX OCHOBE

I'apamenu T.A., I'ereuxopu T.0., Mamuuamsuiau I'.U., I'eennanze JI.U., Pyxanze U.H.

Tounucckuii rocygapcrBeHHblii ynusepeuter uM. UB. [xaBaxumBuiu

HucTturyTr dusukn uM. 3. AHAPOHMKAIMIBUIN TOMIHCCKOr0 rocyiapcTBEHHOro yHuBepcurera mm. UB.
JlxxaBaxuImBHIA

I/I3yquBI IPpOUECCHl CaMOBOCCTAHOBJICHUA M CaMOC60pKI/I B MAarHvuTHBIX TMOJMUMCPHBIX HAHOKOMIIO3UTAaX,
CUHTC3UPOBAHHBIX Ha OCHOBE YITICPOJHBIX HAHOYACTHI], AOIMMUPOBAHHBLIX HAHOKJIACTEPpAMU K06aHBTa,
OPUTHHAILHBIM METOJIOM XUMHYECKOTO OCXKICHHWS W3 MapoBoi (as3bl, pa3pabOTaHHBIM aBTOpaMU. OTH
MPOLIECCHl TPOTeKaloT Tpu audPy3ur MarHUTHBIX HAHOYACTHIl, CTHUMYJIMPOBAHHOW KOMOWHUPOBAHHBIM
JIEACTBUEM BHELIHUX NEPEMEHHOTO MU MOCTOSIHHOI'O MarHUTHBIX MOJeH, HarpeBa U jAaBieHus. [lonydeHHblE
MOJIMMEPHBIE KOMIIO3UTHl HMMEIOT XOPOILUUE JJIEKTPUYECKUE U aJIF€3MOHHbIE CBOMCTBA U  SIBISIFOTCS
MEePCIEKTUBHBIMU JJIs1 IPAKTHUECKOTO IPUMEHEHUSI.

KitoueBble c¢Jj10Ba: MarHUTHbIE YIIEpOAHbIE HAHOMOPOILKH, MOJUMEPHbIE KOMIIO3UTBI, CTUMYIMpPOBAaHHAs
muddy3ns, CAMOBOCCTAHOBIICHHUE, CAMOOPTaHU3AIHS, COPOTHBIICHHE.


http://arxiv.org/find/cond-mat/1/au:+Akhalkatsi_A/0/1/0/all/0/1
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TEOPETUYECKHW PACYET SHEPTUH IEPEXO]IOB B BBICOKO3APSITHBIX MOHAX
HMupexnnze M.A., bxkanasa T.H., Illenrenus ML.A.
I'py3uHckuii TeXHMYECKUH YHUBEPCUTET

BBenenne

CrnexTpsl OIMH W3 IMIaBHBIX MCTOYHHUK MH(OpMAaLMN O CTPYKType U CBOWCTBax aroma. Ilo
CHEKTpaM MOXHO CYOUThb O MHOTHX MAaKpOCKOINMYECKHX IapaMeTpax H3Iyqarouled IIa3Mbl:
IUIOTHOCTB, TEMIIEPATYPA, CKOPOCTh JBHKEHUS, HANWYNE MAarHUTHBIX MOJEH U T.1. T.€. IPOU3BOJUTH
JIMAarHOCTUKY TIa3Msl [1].

PazBuTHe CHEKTPOCKONMH Jar0T HMIYJIbC MHOTHE acTpo(U3MYECKUe HCCIEIOBAHUH,
HampuMep: NpoOJieMbl BO3HUKIIME MPH OTOXKAECTBICHUM 3allPELICHHBIX JHHUU B CIEKTPax
MJIAHETAPHBIX TYMaHHOCTEH U COJIHEUHOU KOPOHBI.

B mocnemHele roApl  MOSBMIACHE  BO3MOXHOCTH  HAOMIOAATh  3allpelleHHHE JIMHUU
BBICOKOKAPAaTHBIX MOHOB B JIAOOPAaTOPHBIX YCJIOBUSIX B Pa3peXEHHOW IJIa3Me TOKaMmakoB [2]. OTo
MO3BOJISIET TMPOU3BOAUTH H3MEPEHUS SHEPreTHUECKUX HHTEPBAJIOB MEXIY YPOBHSAMHU C BBICOKOM
TouHOCThI0. KOTOpHI, B CBOIO oOuepenb, aeT BO3MOXKHOCTb IPOBEPUTh U COBEPLICHCTBOBATh
TEOPETUYECKUE METOBI pacyera.

Hcnonp3oBanue na3epHON IIa3Mbl, MOILIHBIX TEPMOSIEPHBIX YCTAHOBKH — TOKOMAaKOB
OTKpPBUIO HWHTEpPECHBIH U CBOEOOpPa3HbII MHpP BBHICOKOMOHM3MPOBAHHBIX AaTOMOB, Kak IPaBHIIO
M3IYYaroMINX B AJIeKON yIbTpadroIETOBOM WITH 1aXKe PEHTTEHOBCKOM 00acTH criekTpa [2].

B Hactosmmee Bpemst it aToMHON (DU3WUKHA XapaKTEPHBIM SBISIETCS HOBBIM ATall pa3BUTHA,
YTO CBS3aHO C BO3PACTAIONMIMMU TOTPEOHOCTSIMH B aTOMHBIX XapaKTEPUCTUKaX MHOTO3apsAHBIX
MOHOB, paboTaloIuX B 00JaCTH [AUArHOCTHUKM BBICOKOTEMIEPATYpHOW IUIA3MBI, a TaKXke C
UCIIOJIb30BAaHUEM KOCMHYECKMX METONOB [UIl H3JIyYeHHs CHEKTOPOB COJIHIA M 3Be3l. YCIex
WCCJIEIOBAHNHN B CIIEKTPACKONHUHU BBICOKO3aPSAHBIX HOHOB 3aBHCHUT OT COBEPIIEHCTBA CYILIECTBYIOIIEH
teopuii [2]. TlomeBas dopma Teopur BO3MYIICHHH JaeT BO3MOXHOCTH MOJOWTBHI K pacyeTy BCex
ATOMHBIX XapaKTEPUCTHK C €IMHON TOUKH 3PECHUSI.

OcHOBHOe coJiep:KaHie H Pe3yJIbTaThl
Llens Hamreit pabOTHI TEOPETHYECKUI pacdeT CIEKTPAJIbHBIX XapaKTEPHCTHK BBICOKO3Apsi-
HBIX MOHOB METOJIOM TE€OPHH BO3SMYIICHUH C MCIIOIH30BAaHHEM MOAEIBHOrO MOTEeHIHaNa. Pemennem
pENSTHBUCTCKOE YypaBHeHHe Jlupaka SBIsSETCS OJHOYACTHYHAS BOJIHOBAas (DYHKIUS HYJIEBOTO
TIPHOITKEHS:

% =—(N+|N |)$ —aVg - (aze, +21az)g

dg g
— = (R+|N|)=—-azVf +aze, |

—(e+1) ona j>1
20e N = .
e ona j<1

OL-IIOCTOSIHHAsI TOHKOM CTPYKTYPHBI: &, - OZHOYJIEKTPOHHAs SHEPTUs O€3 SHEPIUH TOKOSI.

ypaBHeHI/IC HUMECT ABa (byHﬂaMeTaHLHLIX PpCUICHUS, HY)KHOC PCIHICHUC 0T6I/IpaeTC$I 3aJaHHOM
TpaHUYHBIX yCJ’IOBI/Iﬁ U YMCHBUICHHEM MIara MHTCTPUPOBAHM. OT0T IIyTh MPUBOAUT YBCIWNYCHUIO
MAaTeMaTUYCCKUX pacyCTOB. HOBTOMy MPpUACTCA MEPEXOA NPHU HEKOTOPOM 3HAUYCHHWMU aprymeHTa OT
TOYHBIX YPAaBHCHUU I[I/Ipaxa K aCHMMIITOTHYCCKHUM. Hepexo;[ K aCUMITOTUYCCKUM YPAaBHCHUA
MMPOUCXOOUT IPU ONPCACIICHHOM COYCTAHUHN 3HAKOB JABYX paJHaJIbHBIX KOMIIOHCHT (l)yHKHHfI Z[HpaKa
HX NIEPBBIX U BTOPBIX ITPOU3BOIHBIX.

Hama 3aava — peIICHNA MHOT'O3JICKTPOHHOI'O YPAaBHCHUA HHpaKa C raMUJIbTOHHAHOM

H = 3 Vo (1) +Vi)

i=1
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IJIe MOJICTIbHBIN MTOTEHIIMAI HYJIEBOT0 PUOIMKeHus uMeet Bup [3]:

G =—%+Ird'pc(r')/(z/r 1)

CyMMI/IpOBaHI/Ie IIPOBOJUTCS 11O BCEM DJICKTPOHAM OCTOBaA, COOTBCTCTBY}OH_[I/H‘/’I YJICHOB
n
Vint'Vint = Hint - zvc (r|)
i=1

P, - JNEeKTpoHHas wIoTHOCTH B octoBe; V,(I,)- omuceiBaer noreriman K, L, M o6onodek ocrosa.

TeopeTnueckuii pacyeT BEICTCSA B MNPEACTABICHHH jj- CXEMbI CBSI3BIBAHHWS MOMEHTOB. B mepBoM

HOPS/IKE TEOPUH BO3MYIIEHHH I10 MEKAIIEKTPOHHOMY B3aMMOJIEHCTBHIO MATPUYHbIE DJIEMEHTHI

PACCUUTHIBAIOTCS MEXLy COCTOSIHUSIMA - |N1l1j1;N2l2 j>> ABYX3meKTpOHHO#M crcTeMbl (J MTOTHBIH MOMEHT

CHCTEMBI). Pe3ynbTaThl yIydIIaeTcsi €CAM YBEIMYMBACTCSA KOJMYECTBO HAIOKEHHBIX KOH(MHIYpAaIHid

paCduTbBIBaTh MATPUYHBIC DJJICMCHTBI C YUYCTOM BBICHIMX IIOIPABOK TCOpI/Iﬁ BO3MyIHCHHﬁ

(MOJISIPU3AIIMOHHOE B3aUMOIEHCTBHIE M B3aUMHOE SKPAHUPOBAHHUE JPYT IPYra BHENIHBIX JIEKTPOHOB).
B ciydae 1ByX 3J1€KTPOHOB MOJIAPU3ANMOHHBIN OTEHIHAT UMeeT BUj [4].

Vpoe(rlrz) =V(|’lr2 /d) +V(rll’2 /EX);

B pabore pacuuransl TeopeTnueckue crektpbl ZN -nomo0ubix woHoB muisiZ =44 +50 a
TaK>Ke SHEPTUi epexo0B

Tabu. 1. Pe3yabTaThl pacuera

KOH( TepM I 44 45 46 47 48 49 50
452 IS 0 0 0 0 0 0 0 0
0 2307 2447 2588 2732 2875 3019 3166
s 1 2406 2557 2710 2866 3023 3181 3340
4sdp P 2 2725 2931 3144 3368 3500 3840 4090
p 1 3371 3604 3845 4090 4344 4608 4881
0 5292 5615 5939 6263 6590 6918 7248
3 1 5672 5948 6332 6724 7136 7538 7961
P 2 5617 5996 6382 6778 7184 7599 8024
4p? D 2 6000 6441 6896 7367 7855 8362 8887
'S 0 6484 6942 7414 7901 8406 8922 9472
1 7241 7725 8215 8713 9218 9732 82567
D 2 7268 7756 8252 8755 9266 9787 10318
4s4d 3 7313 7810 8315 8828 9351 9888 10430
D 2 7790 8301 8340 9370 9920 10485 11040

B Ta6n. 1. npuBeaeHs pe3ybTaThl TEOPETUUECKOTO pacyeTa cuekTpoB ZN -MoJ00HBIX HOHOB
s Z =44 —50 ¢ yuerom nonspusanuonsoro szauMoenctsus (8 100 cm?).

B 1abn.2 mpuBeneHbl TeopeTHUECKUE 3HAUCHHS dHEpruH nepexooB B Kr VIl pacunranusie B
PasIUYHBIX TPHOTKCHUSX W CPaBHEHHE C DKCICPUMEHTAILHUMH JaHHBIMH. JleMOHCTpUpyeTcs
3¢ deKThl MOIAPU3ANUOHHOIO B3aWMOJCHCTBHUS, HAJIOXKEHHS KOH(UIypaluid W SKPaHUPOBOYHOI'O
moTeHIMaIa (Bce AJaHHBIe B equHuIax 100 CM‘l)

Tab. 2. 3nauenus >Hepruu nepexonos B Kr VII

nepexo; a b c d e f
sp®P1-sd°D, 2304 2303 2319 2308 2295 2302
sp°P,-sd®Ds 2247 2246 2292 2250 2243 2237
sp*P2-sd°D, 2241 - 2285 2243 2230 2236
s21Sp-sp'Py 1708 - 1771 1715 1702 1707
Sp3Po-sd®D; 2326 - 2372 2331 2318 2325

a — nanHble u3 [5] b-gannbie u3 [6]; €,d,e — pacdyeTsl ¢ y4eTOM SKPaHHUPOBOYHOTO YWICHA B MOJCIHLHOM
noteHuane; f - 6e3 yuera s5KpaHHPOBOYHOTO WICHA B MOJCILHOM MIOTCHIIAAIIE.
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3akiloueHue

B pabGore mokazaHO, YTO y4YE€T BBICHIMX TOPSIAKOB TEOPHHA BO3MYIICHHHA NPHUBOAHUT K
3HAUUTEIHFHOMY MOBUIICHUM TOYHOCTH pacueTa M MPAKTUYECKU HE YCIOXKHICT BBIYMUCIUTEIbHBIN
MPOIIECC, a TAKXKE€ TOYHOCTh JOCTUTHYTas B JaHHOM Pa0OTE MO3BOJISICT OICHUTh KA4€CTBO W HANTH
OIINOKY B 3KCTIEPUMEHTAX I10 ONPEIEIIEHHBIX YPOBHEH aTOMHBIX CHCTEM.
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SUMMARY

THEORETICAL CALCULATION OF THE TRANSITION ENERGY IN HIGH-CHARGE IONS
Georgian Technical University

Tsirekidze M.A., Bjalava T.N. and Shengelia M.A.

The paper presents the results of theoretical calculation of the spectral characteristic of high-charge ions. It is
shown that the consideration of the higher orders of perturbation the oryleads to the improvement of the
calculation accuracy with out complicating the process of calculation. The achieved accuracy of calculation
allows to assess the quality and to find errors in the experiments on the certain levels of atomic systems.
Keywords: Dirac equation, perturbation theory, model potential, high-charge ions, polarization effect, overlay
of configurations.
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SUMMARY

APPLICATION OF SOME MECHANICAL METHODS FOR MEASUREMENT OF THE RADII OF
SPHERICAL SURFACES TO CONTROL THE PRODUCTION OF OPTICAL COMPONENTS
Zardiashvili D. G., Dolidze S.V., Shalamberidze D.M., Kordzakhia I.1. and Avaliani I. M.

LEPL Institute “Optica”

The paper deals with designing and production of polymer optical components for optical instrumentation at
LEPL |Institute “Optica”.The paper describes some mechanical methods for measuring the geometric parameters
of the surfaces of spherical lenses. These methods are used in the Institute “Optica” to measure the radiuses of
curvature of surfaces and the thickness in the production of optical parts, and the analysis of unfamiliar lenses.
Keywords: optics, lenses, polymer materials, polishing
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M, = Ciy(er — &)+ Bloy -y, ) o)
do

M?) — MQ = y'{]mEﬁa(‘);
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Xi Xdob Xs9 Xaogs
Xi= -1 Xi=0 Xi=+1
X1 (D1, §a) 041 0,82 123
Xz (fagn, 33) 1 1.8 2,6
X3 (Wo, @/(9) 32 9,6 16

9JU3900396@ 0l Igegagdo Imygsboanos bdogndo 2.
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D;=0,41 | D:;=0,82 | D;=1,23 | D;=0,41 | D:=0,82 | D:1=1,23 | D;=0,41 | D;=0,82 | D:=1,23

32 3,45 4 4,1 2,26 2,26 2,37 242 2,64 2,75
64 7,68 8,68 10,17 5,88 6,3 6,64 6,29 6,43 6,64
9,6 11,04 12,32 13,08 9,22 9,68 10,21 93 10,05 10,43
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9| + 0 0 + 0 0 0 0 9,68 10,15
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SUMMARY

STUDY OFDYNAMIC MODES OF THE ELECTRIC DRIVE OFTHE VERTICAL DISPLACEMENT
MECHANISM OF THE MIRROR OF A SOLAR POWER PLANT

Turdzelidze D.A., Siradze J.S. and Luashvili G.S.

Georgian Technical University

The dynamic processes proceeding in the electric drive of the vertical displacement mechanism of the mirror of a
solar power plant were studied. The results of experimental studies showed that the amplitude of the actuating
shift speed depended on the rate of motion and the resonant frequency of the system. There were derived
mathematical expressions for the amplitudes of automatic speed fluctuations, which allows determining the
amplitude values of fluctuations and positioning accuracy of the electric drive.

Keywords: solar power plant, mirror, vertical displacement, electric drive.
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SUMMARY

DEVELOPMENT OF AN INNOVATIVE COMPLEX FOR PRODUCTION OF PIPES FROM
CONTINUOQUSLY CAST STEEL SHEETS

Jaliashvili T.1. and Mikadze O.Sh.

Georgian Technical University

Currently, in world practice, the production of steel pipes suture consists of two stages: steel smelting,
manufacture of steel sheets and production of pipes from steel sheets. We have developed the technological
scheme providing for the integration of the two stages within a single metallurgical complex. The enterprise of
this type will guarantee 1) fulfillment of orders in the shortest possible time; 2) reduction of production costs;
3) reduction in capital construction costs due to compactness; 4) high quality of environmental protection.
Keywords:steel sheet, pipes, continuous casting, metallurgical complex.
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SUMMARY

PROSPECTS FOR CONSTRUCTION OF THE ANAKLIA PORT

Margalitadze I.N. and Gabidzashvili L.G.

Georgian Technical University

Maastricht University, the Netherlands

The construction of Anaklia Deep-SeaPort at the InguriRiver mouth could become the key point in economic
development of Georgia. Completion of construction of this global project will open new opportunities to launch
fully the Silk Road idea in Georgia and South Caucasus transport route, and gain new possibilities to increase the
turnover of goods. Anaklia Deep-Sea Port will increase trade between Europe and Asia.

Keywords: deep-sea port, Anaklia, construction, transport route, port capacity.
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DEVELOPMENT OF A METHOD AND A DEVICE FOR IMPROVEMENT OF
ECOLOGICAL PROPERTIES OF LIQUID HYDROCARBON FUEL

Akhvlediani Z.G., Gelashvili G.V., Gongadze A.D., Kiladze A.A., Rekhviashvili A.G.
and Sokhadze V.M.

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

Abstract. The method and the device providing an improvement of the quality of automobile fuel are presented.
The proposed device makes it possible to remove compounds that produce toxic components during the
combustion process in the engine from automobile fuel. The use of the described method and of device promotes
the establishment of the rational regime of fuel combustion in the engine fuel economy, and significantly
decreases the harmful influence of the exhausted gases on the environment.

Keywords: automobile fuel, exhaust gases, method, device, ecology.

The scientific-technical progress being the objective and irreversible factor of the
development of mankind requires the increase of energy consumptions. The main source of energy is
the hydrocarbon fuel which is burnt ina great amount. As a result, million tons of combustion products
containing toxic (CO, NOy, Cm Hy, soot ,etc) and carcinogenic (benzopyrene) substances, as well as
greenhouse gases (CO. ,CH4,NO-, etc) is emitted into the atmosphere. These products pollute the
environment, bring about the growth of greenhouse effect and the origination of different dangerous
diseases (cancer, cardiovascular pathologies, asthma, etc.). Recent events give the conclusive evidence
that the world faces the threat of an ecological catastrophe.

Motor transport is the main source of environmental pollution and of the adverse impact on
human health. It is known that more than 80% of air pollution is due to the exhaust gases of motor
vehicles. Since the number of automobiles rapidly increases almost in all countries of the world,
in parallel, their adverse impact both on the human organism and on the environment also increases,
which is a global ecological problem.

Nowadays the total annual consumption of fuel throughout the world is 1.8 billion tons
and more than 800 million tons accounts for automobile fuel. According to the available data,
during the next few decades, liquid oil fuel will still be one of the main sources of energy, as,
because of technical and economic problems, the use of alternative sources of energy does not
progress at a desired rate. Therefore, the requirements imposed on petrol and diesel fuel are getting
stricter every year.

It should be noted that the energy supply of the means of transport in our country
depends entirely on the imported fuel. Thorough control of its quality and, even more, the
ecological properties of petrol and diesel fuel is a rather difficult problem. Meanwhile, just their
ecological properties have a great impact on the formation of toxic, carcinogenic substances and
of greenhouse gases in the internal combustion engine. The better is the ecological property of
automobile fuel, the higher is the degree of complete combustion of the fuel-air mixture and less
is the formation of the mentioned noxious components of automobile exhaust gases.Therefore, the
requirements imposed on automobile exhaust with due account of minimization are permanently
getting tougher, as it is seen well from Table 1 [1].

Table 1.The requirements for the content of noxious components in automobile exhaust gases

Petrol engines, g/km Diesel engines, g/km
Requirements | ¢5 | CuH, | NOx | CO | CnHy*NOy | Soot
Euro-2 (1996) 2.2 0,5 (total) 1.0 0.7 0.08
Euro-3 (2000) 2.3 0.2 0.15 0.64 0.56 0.05
Euro-4 (2005) 1.0 0.1 0.08 0.5 0.3 0.025
Euro-5 (2010) 1.0 0.1 0.06 0.5 0.23 0.005
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In this regard, our aim is to achieve the simultaneous reduction of the noxious and greenhouse
gases in the exhaust of automobiles. Currently it is possible only by purposeful constructive
solutionsconcerning the engine and to the optimization of fuel composition. Hence the urgent
scientific problem is the development of a method or a device allowing to obtain such petrol
composition that would meet the above-mentioned requirements - simultaneous minimization of the
contentof non-ecological components (CO, NOx, SO, soot and CO; in automobile exhaust.

We took into consideration the above-mentioned requirements for the optimization of petrol
content when developing the device for purification and enrichment of hydrocarbons [2]. The so-
called “closed” system is mounted directly in the automobile and, according to the first experimental
data, it showed significant economy of fuel consumption and a total decrease in the content of non-
ecological components (CO, Cr Hy, NOy, soot).

Besides the above-mentioned system, we designed and studied its prototype - a so-called
“open” system (Fig.1). The petrol purified in this device is collected in a special pool and then
is used.

Schematic of the device for improvement ofecological properties of hydrocarbon fuels (The volume of
electrolyte tap water 40 I, pH=7.5-7.8, voltage 12 V, current 17A).

The device consists of a body with a settling bowl, a power supply unit connected to the
packet of plate electrodes (the number and the area of which depend on the amount and the
quality of the material under purification), a bubbler located under the electrodes.The body
contains an electrolyte level regulator.

Commercial petrol of any grade (2) under pressure passes from reservoir (1) to bubbler (5),
where it is atomized into small vesicles (balls). Due to the difference in the specific weight of petrol
(2) and electrolyte (4), these vesicles rise to the surface passing through the electrolyte and interacting
with the assembly of plate electrodes (11) to which dc voltage of 6-20 V is applied as required.
The assembly of plate electrodes is located in dielectric cup (3), and the process of electrolyze
takes place. Through filter (9), which prevents passing of the waste accumulated in the result of
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purification, the purified petrol comes to reservoir (7) and iscollected in tank (8). Valve (6)is designed
for draining the waste settled gradually onto thebottom of the device. The level of electrolyte is
maintained by a special device (12). The frequency of changing the spent electrolyte depends on
the parameters of the special device. Through pipe union (10), the gases formed as a result of
device operation are emitted in the atmosphere. The process takes place under the conditions of
normal temperature and pressure without using the expensive catalysts and at the minimum
consumption of electric power (200 — 300 W-h).

Testing of the pilot device was performed. In the test, for choosing the optimal mode, the
minimum CO factor was used in the exhaust of the engine of automobile Opel (Table 2). As
an operation current, the value of 17 A was chosen, which corresponds to the voltage of 12V
(the voltage of automobile accumulator).

Table 2
Amperage 0 (untreated petrol) | 5 10 15 17
CO mg/m® 250 180 | 150 | 100 | 85

Investigation was also carried out on the influence of petrol treatment of Euro-
Regular grade on fuel parameters, as well as on the octane number, on the operation
of internal combustion engine and on the mileage of the automobile OPEL, equipped
with a standard- type catalyst.

Table 3. Testing results for OPEL

3
carbon monoxide, CO mg/m?3 Soot, mg/m
Slow rotation Fast rotation
Non-purified petrol 25 15 25
Purified petrol 50 05 20

From Table 3 it is seen that, when the treated petrol was used, the content of CO in the
exhaust decreased at least by a factor of 5, and the content of soot - by a factor of10.. All
the measured parameters of the “purified petrol” meet the requirements of the Georgian
standard on petrol. The octane numbers of “non-purified” and “purified” petrol are
92.9 and 93.4, respectively, and the specific heat of hydrocarbon fuel combustion
increases by 38% for purified Euro Regular. Compression of engine cylinders was 13 atm.
both before and after 1,000km mileage of the automobile with purified and non-purified
petrol. Consumption of Euro-Regular petrol after running 100 km made up 91, while for
the purified petrol, the consumption was 81, i.e. the economy of petrol made up 11%.

The experiments on the exhausted gases at the treatment of petrol on the pilot
device (the analysis of gases was carried out using Gas —Chromo 3101 with argon at room
temperature).

Table 4
Components Content in %
1. | Oxygen 43.5
2. | Hydrogen 36.4
3. | Airon nitrogen 12.1
4. | Petrol vapor 5.8
5. | Watervapor 2.2




108 bSISFN3IL I bSO6IN6HF() LOSELI60, GEORGIAN ENGINEERING NEWS, M1, 2017

As is seen from Table 4, oxygen and hydrogen are mainly released. From the above-stated, it
can be concluded that the standard petrol treated with the pilot device has ecological properties
meetingin future the requirements for decreasing the noxious exhausts into the atmosphere ,
accepted by the leading countries of the world [3].

The efficiency of the given pilot device was also checked with diesel fuel — Wissol Standard.
Testing of purified and non-purified fuel was carried out with the diesel-generator of 4 kW power.
With the purified fuel, it was observed that the content of soot in exhaust gasesdecreasedbyhalf.

The subsequent experiments for selecting the electrolyte for the device for purification and
enrichment of hydrocarbon fuel showed that KOH and NaOH solutions prepared with distilled water
must be used as electrolytes. It should be mentioned that operation of the device on the KOH solution
decreases the amount of sediment decreased by a factor of 8-10, while that on the NaOH solution — by
a factor of 3-4.

The proposed device is cheap, simple in design and economical,it does not require
reorganization of the existing power. The term of its operation without changing the complete set
is 3 years [4].

The consumers of the given technology could be oil-processing enterprises, fuel stations,
companies with a great fleet of motor transport, private motor transport, boilers, etc. All the
above-said gives the proposed technology competitive advantages on the market.

The estimation of the efficiency of purified and non-purified fuel was performed at the
following laboratories:

* Laboratory of the Department of Monitoring and Forecasting of Natural Pollution of the
Institute of Hydrometeorology (determination of the content of toxic substances in exhaust gases
of the internal-combustion engine as well as the analysis of released gases with the operation of the
pilot device;

*Laboratory of petrol and oil products Georgia Association Imedi 2005, code 205044236.
(Octane numbers and petrol standards according to GOST);

 laboratory of oil products control, Levan Samkharauli National Expertise Bureau
(Petrol standards according to GOST);

« Ltd. Autohouse, code 204967991 (analysis of the compression of auto-engine);

» Automobile service “Tegeta Motors”, Tbilisi, Georgia ( investigation of diesel fuel );

sLaboratory of Israel at the Centre of Laboratory Investigations, thedocument of analysis
N0.2217/10 ( investigation of the specific heat of combustion of purified and non-purified petrol ).
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PE3IOME

PA3PABOTKA METOJA U YCTPOMCTBA JIJISI YJIYUIIEHUS SKOJIOT'MTYECKUX CBOVMCTB
AKUAKOI'O YIVIEBOJOPOJHOTI'O TOII

Axsaeananu 3.T'., TenamBuam I'.B., l'onragze A.Jl., Kniaanze A.A., PexsnamBuian A.I'., Coxaaze B.M.
HHeTuTyT QU3NKH UM. D. AHAPOHUKAIBUHIMN, TOWIMCCKMII rocyiapcTBeHHbI YHUBEpPCUTET

uM. HUB. JIxxaBaxumBuiu

B pabote mpuBOgUTCS ONMHMCAaHWE METONA M YCTPOWCTBA JUIsl yAYUYIICHHUS KadecTBa aBTOMOOMIIBHOTO TOTLIMBA.
IIpeanaraemMoe ycTpoiicTBO oOecmeunBaeT KOMIDIEKCHOE YAalleHHe W3 TOIUIMBa OOJBIIMHCTBA BEIIECTB,
ABJISIFOIIUXCS TPUYMHON BO3HMKHOBEHHS TOKCHYHBIX KOMIIOHEHTOB IpU cropaHud. [IpumeHeHue naHHOTO
YCTPOHCTBA CIIOCOOCTBYET CO3JAHHIO PAIMOHAIBHOTO pPEXHMMa CrOpaHWs TOIUIMBA B JIBUTATENE, YKOHOMHH
TOIUIMBA ¥ BO MHOTO Pa3 yMEHBIIAET IKOJIOTMYECKYIO Harpy3Ky Ha OKPYKarollylo Cpeny.

KarwueBple c10Ba: aBTOMOOMIEHOE TOIUTHBO, BEIXJIOIHEIC Ta3bl, METOJI, YCTPOUCTBO, SKOJIOTHSI.
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SUMMARY

BIOGAS PLANTS DESIGNED FOR INDIVIDUAL FARMS

Megrelishvili Z.N., Loria M.D., Chkhaidze D.T., Gobadze L.N. and Khutsishvili B.G.

Shota Rustaveli State University, Batumi

The paper deals with biogas plants for application on farming economies. It is possible to produce a high-quality
organic fertilizer along with biogas. The fertilizer can also be used on individual farms. There are given
recommendations on building of individual biogas plants.

Keywords: biogas, biogas plant, farm.
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300m3gbo, @oEash boswspol d9bgddogo godm@giabgs o6 [o@dmgdl, @olo@ 3o@gge
@0do  20b5300mdgdL  Islogols  dybgdbdogo  s@sE@gbo@gds.  (3b®.1-do  dm9dgeos
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3bGogo 1. sasbbol ggemol FyomlboEsggdol gobogngd-Jodon@o s dopdmdodog@mo sbsgmobol

3903900
Loebowmo, dggero sbops
e C c c c c c
3obmdogro 3oM539BMgbo & = g{ = g[ = g{ %i g[ = E{ %j
2% 27 2% 27 2% =25
n = o = 5 = jg=Jir==] N = jg=Jir=]
0 gdgegogo dsolso 0 JBmIdg@0
1| 93390503 7®.C 6,2 6,3 12,4 12,3 11,8 11.5
2 L5160, dogoo 0 0 0 0 0 0
3 | aoddodgommds, 1d 11 10 9 7 9 10
4 | pH 8,22 8,21 7,64 7,41 7,84 7,97
5 3oMombs@o, da/em 3,0 3,3 - - - -
6 bobdodm@gebyo, dp/ew - - 2.0 2.7 1,58 1,23
7 | 30p@mig5M3mbo@o, /@ 217,16 146,40 124,44 170,8 146,44 183,0
8 | Loboldyg, dagdg /e 3,92 4,22 2,47 4,20 3,77 5,04
9 | sdmboyydo,dgyN/ g 0,562 0,684 0,569 0,685 0,342 0,677
10 | gognz0980,dy/ g0 55,78 55,40 31,10 54,02 46,53 65,16
11 | 9sgb0gdo, 8y/eo 13,78 17,69 11,22 18,27 17,57 21,75
12 | 9engdBOmysd@s®mds,usms/cm 999 887 289 486 315 548
13 | aoblbognogebydowo, dg/en 6,95 6,01
14 | 5695, dp/go 4,25 5,75
15 | bod®o@o, dp/an <0,001 <0,001 0,715 0,003 0,169 0,147
16 | bod®o@o, dp/@ 0,003 0,006 0,424 0,006 0,008 0,329
17 | gobgs@o, da/e 0,063 0,020 0,160 0,022 0,485 0,194
18 | @™m0, Jp/eo 0,107 0,133 0,138 0,192 0,140 0,155
19 | bygenggo@gdo, dg/en 396,26 606,59 75,18 237,40 80,62 153,47
20 | Jeom@ogdo, dy/e 41,95 40,83 5,82 37,33 7,14 53,31
21 | bo@®oydo, da/eo 64,0 280,0 11,5 42,5 14,5 65,5
22 | gogmogdo, dp/an 2,6 4,5 0,9 2,2 1,0 2,0
23 | obg@s@obsozos, dg/@n 791,55 1051,2 284,72 502,36 315,39 546,13
24 | L3ogngbdo, dg/e 0,0058 0,0044 0,0043 0,0048 0,0029 0,0031
25 | Byggos, dp/@n 0,0016 0,0036 0,0016 0,0012 0,0009 0,0019
26 | 390 @3baro, dp/@ 0,0006 0,0006 0,0002 0,0002 0,0004 0,0018

GeRe@G  Bo@omgdgmo  sbogrobol  Fgeaagdo  350hgbgdL  Tgomlbsgaggdol pH
dgoggmdl 821 - 822- godpamgddo, g.o. s@ol @goj3os gowsb@ogos Gy@g d0ds®my-
@a9dom. [geol pH aoblobeg@ogl gobygo-smoagbon 3m@gbiosml s dobbgs ©sdm o-
©969m0 Tyemol mg0maofdgbeols 9bs@0. 3o00mbgdowsb komdmdls Ca*-ol, Mg -0l wo
Na*-ols ombgdo (Ca**>Mg++>Na*)(4)(*)3;@350@) ‘dgbododobo Igoygmdgb: Ca™ - 55,40 -55,78,
Mg*™-17,69 — 21,60, beagoem  Na'-18,5 — 42,53/ ¢n-0ls godaangddo. 9bos s@0bodbml, G®3 o3
35000mbgdol dgdiggemds badm@ol mg99ddo (mgdg@gogmo) ds@sgnos, o3 hggbo dmb-
sbAgbom  gob3o@mmbdgdymos 0dom, Gmd Faool Gog 3g@omedo  Jggdmomsbbols s@bols
Tyomo 039890s @ Fymol @omwgbmds [yoebis3eggddo Log@dbmdmosw dgdiEomgdsy-
oo, 5b0mbgbosb smlisbodbsgos Jo@Ms®Mdmbs@gdols dgomgdom dswogro dgd339-
gemods 146,40 - 217,16 dp/@r-dpyg. Jeoem@ol ombgdols dgdzggermds dgoggmol 40,83 - 41,95
dp/a-b Bo@aagddo. Jowomos bymas@gdols JgdEggemoss (396,26 - 606,59 dp/ o).
dglodsdobo domsaos Jobg@s@mobozosi o dgoeygbls 791,55 — 1051,2 dp/an. bggomg-
bydo Fgomlsieggdol Fysero doginmgbgds bmdogdo dobgdogrobsiools (500-1000 /o)
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dJmbg Tyargdl [S]. 9bws o@0bodbml, @md sbogno Fysalsiogol Fyoml zm@s ¢geos
@oms ol dogsggmbmm dosgno dobg@saobsizool (31000 dy/en) dJmby Fyergdl, boam
dggeo  [gomloisgol dobg@smobsios swgds@gds 1000 dy/eo-Us, sdoGmd ol ‘dgodangds
dogoggmbmm  dswoeno  dobg@omobsizol  dJmbg  Fyoebsieggdol  go@gam@osl. gl
3ob300Mbgdyemos  0dom, @M smbodbymo  [gomlisEeggdo  aobmoglgdbymos  dansdy
boosopggdby, Lowsx g®ybdol [ymol dobg@omobsizos gopagbl 5212 3 dp/er o
390 Lo, dgbodengdgamos domo Jgobgds [gomloisgol Fyengddo.

d60dgbgenmgob  3md3mbgb@gdl [omdmowagbgb domggbydo gangdgb@gdo (sbm@o,
R0bgym@0), OmMImgdoi sbobsggh bgwsso@ymo Fymgdol @odobdy@gdol bo@olbl o
3M05b  5bm@M3my gbyyao  s@goMmzgol  0bogsBm@gdo.  gobliszgmmgdom  dbodgbgenm-
gobos domo 3o gm0 gm@dgdols (NOz, NOs, NHst, PO4) 993339800950l 3mb@®meno
Tyoedo, @mdagdoz osbolosmgdgh oligmo 30miEglgdol  aoderog®gdsl, Gmam@oEss
R3O YO0 ©od0bdYAYds, 93BOMB0 (30, #odnTgggeo  JmIgbsgy@o s Lobmgmm-
bodgy@bgem hodwobodyg Fymgdol hodggdom dwobs®gdo. Jowgdymmo sbogobol dgogagdo
330039690,  @md  bgamgby®o  Fyombsiegol  Fymgddo  sbmEol  dobg@ogny@o
Qm®dgdoesb (NO2, NOs, NH4") goblsjgmegdom godmodhggs sdmbogdol ombgdo (0,562 -
0,684 dN/e»), OmIgaoms gd3ggemds  mgdgdgmol  mggdo  oko®dgdl  brgdyemow
olodggd  3mbigbd@siEosl.  bo@®o@gdol, boG®s@gdol s gmbysdgool  3mb3gbd-
0530900 5O  >®gdo@gds  dgbodsdol  brgdumse  sladggd  3mbgb@®Moz0gdl.  ddody
omnmbgdol (Cu,Pb,Ag) d9di3ggemmds  bgarmgbycdo  Fyomlsieggdol Fysado  bo@dols
QoM 9ddos. mggbgdo sEsdosbmob s mdbogololbenosb (3bmggamgdmsb  dgsdgdbom
YBO® IgBoe IaMdbmbdosgbo >M0shb AmJlogydo bogmogdgdgdol dododm. goyyhgdols
Lodygoagboo dom m@asbobddo bgwogds 9xdm dgdo FmJLogydo bogmoggds, gowey
50530560 ob mdoelolbanosbo 3Ebmggmo ©gdgemdl dsgMowsb Lybmgol @™ [6].
OmamO3  3bmdomos,  sd@sdgdyam  boowspagddo oo MomEgbmdom  3bgogds
AmJbogydo  Jo@ogrgdo, Gmym@i3  boswsydo, slggg acOYbAOL  Fyegddo. slgmgdos:
do@oendgogs s bobPo@mdgogs bo@@oydol dsdoengdo - NaCL, MgClz, CaClz, Na.COs,
NaHCOs;, Na;SOs o MgSOs Gmdgams ool yggasby domomo @dmdlogy@mds bmwsl
sbolosmgdl, bmam  yggansbg bogamgdo - Lymmaas@gdl. dom  dm@ol  godsdsgsgmo
SEAOE0  Y3og00m  Jemm@doegdl.  dybgd@ogos, gl GemJbogydo  Js@ogngdo  sEgoms©
bggdosh  boosogosh s a®9b@ol  Fyamgdowsb bganmgby®  Fyomlsieggddo s
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SUMMARY

ASSESSMENT OF THE ECOLOGICAL STATE OF SOIL AND ARTIFICIAL RESERVOIRS IN THE
ALAZANI VALLEY

Bakradze E.M., Shavliashvili, L.U., Kuchava G.P. and Khmiadashvili S.A.

National Environmental Agency of the Ministry of Environment and National Resources Protection of
Georgia

Institute of Hydrometeorology at the Georgian Technical University

The paper deals with the assessment of the ecological state of artificial reservoirs, located on saline soil,and the
soil ofadjoining territories in the Alazani Valley, Georgia. The impact of saline soil and groundwater on the
chemical composition of the water of artificial reservoirs was studied. It was revealed that the concentration of
some elements was higher than maximum allowable concentrations, while the concentration of heavy metals
(Cu, Pb, Ag, etc.) was within the permissible limits. Saline massif soils that are not subject to anthropogenic
influence areaffected by groundwater and undergo capillary moistening. The climate factor also plays an
important role. The soil is subjected to alternating salination and desalination. The composition of salts generally
varies in the upper half-meter soil profile. The process of salination prevails, because there does occur flushing
of soil due to the fact that the massif has no natural draining.

Keywords: ecological state, artificial reservoir, saline soil, groundwater, salination, desalination.
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SUMMARY

ON THE DEVELOPMENT OF ANANALYTICAL DEVICE FOR MEASURING NITRATES IN
AGRICULTURAL PRODUCTS

lashvili N.G., Makhashvili K.A., Tkemaladze G.Sh., Kvartskhava G.R., Padiurashvili V.N. and
Jokharidze Z.G.

Georgian Technical University

The paper deals with the issues of development of an analytical device for measuring nitrates in agricultural
products. The device is designed not only for detection of nitrates in agricultural products, but also for express
analysis of the concentration of nitrates in potable water and soil. The measurement range is from 10 to 999
mg/kg; relative error — no more than 3%. Power supply: mains or battery.

Keywords: analytical device, nitrates, agricultural products, express water analysis.
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SUMMARY

ESTIMATION AND PREDICTION OF THE IMPACT OF POSSIBLE ADDITIVITY DEVIATION ON
THE VALUE OF SYSTEMATIC ERRORS IN THE MULTIWAVE SPECTRAL ANALYSIS OF
BINARY MIXTURES

Makhviladze M.G., Jincharadze D.G., Amashukeli N.Z. and Kargareteli G.T.

Georgian Technical University

The research is related to the impact of nonadditivity of binary mixtures on the results of multiwave spectral
analysis. The derived formulas provide optimal selection of analytical wavelengths and can be used for
prediction of absolute and relative systematic errors based on the value of molar absorption coefficients of
mixture components.

Keywords:multiwave spectrometry, binary, additivity mixtures, systematic errors.



128 bSISFN3IL N bSO6IN6HF() LOSELI60, GEORGIAN ENGINEERING NEWS, M1, 2017

M3da(™MBIIG3IR0O 33RO LIRBOKIGO 850R63I30L BRMBSGOOL 33RIBOL
05R53TFd3T30LoL 30M- RS INRIIBGMIN0AG0 d353MBIB30L 3IMNMKIBOL
059(MJd363d0L  3IAL3IIB03380

@em3dody 6.6, 5@530dg .. o390 X.g. Jobpgmszo 9.9.

Llo3d ol goggolool segdlsbpeg mngsgidgeodols dobgdomydo

by gsmols 0bbGodgdo
Lodotmnggaeml §9dbosg600 96ogg@Lodagdo

MJOmlb sdmpgds Iggao Lymaoog®o dobgdosb Lsgdsmo oy dodwobs-
Mgemdl,  @oaobsia  obgmo  Godol  dowbgddo  ®Jhm  (g@omoolsg@loymo  Lobom
06358bymodgoymmos Lymmaowy® dJobg@samgddo, asblsggmagdom oMo do.

rgdeg ®Jaml  sdobswgdsm dobgdowsb 04gbgdgb BBy wommbgdol  (300-
bogdl. osbogdom mJOml goblbsl Loggydgmsw 9wggl gergd@ddmdodoyg@o dgdsbobao,
Omdgaro  Ipgedsdgmol  dgdwogydo, Aol s Jo®odol  YHmogHondgbB o
bofogog9dl  dm@ol  [omdmoddbgds  gegdd@gemdm@gbzosgms  Lbgomds — ool
bges306bg Fo®dmodbgds sbmpey@o 9dsbo, bowsi Fomdmgdl mdOml asblibs dgdwgyo
M godioom:

Au+2CN=AuU(CN)+e

bogem gommeyg® 9osbl Fo®dmawygbl 3o®o@ol bgwsdo@oli ¢osbo, G™MIganbgi bogds
blbs®do aoblbogno gobydowol s@wygbs

0,+2H,0+2e—H,0,+20H"

od g gdB®dmodoydo Gg95d30900L 0b6FgbLoyOMLL 2sblobwg®sogl CN™ ombgdols
g g30b  Lohfomg mJoml  bgosdo®bg. sdolomgol  oyEogmgdgmos, Gmd  3o@oddo
ho(0b{ g gemo mJaml bgwsdo@ols bofogo o063 aododzgmgdyemo ogml, Goms dmbogl
3odblbgemsb dolo ydgogmm  gmb@oddo [1-3]. osbodgdol Fob Lyeaowgdols ©glid-
@9Jaool 3obbom  3@s]BogoTo  godmoygbgdgh Lbgowsbbgs wodgebyggme  3@m3gLlgdl:

©53dg5bgggeo  2odmFgs, godmByRgs dowsamo {bggol ©s Ggd3g@e@d ol 306Hmdgddo
(55H0382059G0 3O 9HF), 65JHIB0YLO ©OgbyFo-3IIGIHSs I IIOOMEIIGHYOF
> bbg. [4,5].

390139JB0 o s g3mEMmA0MoE 25doOMEgdgEos domsgsbagol s gengdd-
AOmJodog@o 3OmEglgdbol asdmygbgds 53 dobbolomgol, @oasbsi olobo asdmdoiboggb
300990l odobdyMgodsl dogby soMgdom [2,5].

335093900L Jobobls Fomdmowygbos dopbgyamols 3oen gbd-3menhgosby®o dowbg-
b0l Baom@oool 3ygdosb doldo s@lgdymo mJ@amlb s Ldoggbdol sdmmgds.

o3 dobbom (305b00gb0l 3Gm3glol Fob Lymaowgdol ©glg®gdigoobomngols ysdm-
3099690 m@0g59 JgOORO Go-GoE 3.

domEsogebygs  (d5dBgMogmo  a0dmBydge)  Peolbdmdl  g@omgdols  ohs-
9090 35dmH P30l 30mEgll  obgdowsb  dsJBgMogdol  sJBogmdol  dgdggmdom,
OmIgaoloi Logydgmew oggl dod@gmogdom do®o@ol ©s bbgs bymaowgdols @ogeb-
230Lol Fo®dmJdboeno LodgsegbBosbo @gobols Lyyangs@ols Fex(SO4)z-0l, Gmym® denog-
60 5379562390l YOHM0gO®Jdgogds @ommbms Lyeaowgdmsb.



LSISANIIRLN bSObIN6H() bOSELI60, GEORGIAN ENGINEERING NEWS, 21, 2017 129

by gogdols @ogebygol 3@m@Eglo  3o@o@ol msbsmdolisl  momdsd@g®ogdols -
A.thiobacillusferrooxidans s A.thiobacillusthiooxidans dmbs{ogngmdom dgodangds asdmlobey-
g0 0dbols Igdgyo Ggodiogdom:

FeSz+H20+302—FeS04+H20 (Jodog@om s domemyoy@ow)
2FeS04+0,502+H2S0s— Fez(SO04)3+H20 (domenmgodsw)
Fe(S04)s+FeS,— 3FeSO4+2S (Jodoy@ow)
CuFeSy+2Fe;(SO4)3—CuSO4+5FeS04+2S
25+2H,0+302— 2H2S04 (domgnm 0@ o).

5396005, AMI domsgebygol Ygogysw domgdygmo Fex(S0s)s ygdm denog@o
53756239005, go®g Jodoy®o GgsdBogol Fex(S04)s-ol blibs@o [2-5].

PH ©s Eh jmmd©obs@gd@o sggdgeo 39@Mdgl @ooa®sdols yodmygbgdom dgbsdeng-
dgeros  30Mo@dol  glE®gJaool mgmdogmo abgool olisbgs. doModol Lyldgbbools
I JHOOEGYO0  ©oFgdoggdom Gy SREPIbom  paGgInTo  doowgds  Lgmgools
sdenol 3OmEJdo Mg0bols Jo@dMmgsbao, doabgBo@o, 3gds@o@o (Igod damdo®gmdsdo)
©s Lygegsdgdo (blbs@do).

byegogdols  gengdd@modoydo  ©sdydeggds  dglodengdgemos  bygargowgdols
byb3gbbosdo  bo@®oydol  Janm@owols  @ods@gdom.  Lodmosdsbm  d@9Fggemdsdo
9 9BOmJodog@o  3OmiEglgdol  asdmygbgdolomgol d@sgogmo  3gegges  hogo®gdymo,
09d3o [o®dmgdsdo domo ©obgdagol doLd@odgdo dEodgs. 3 dgmmwols godemygbgdsls

390980 Lymaog®o dobgdol gosdydeggdol 3OmEglbdo oJgb aoM3ggneo  g3o@s-
Babmdgdo Jodogd s mg@dge Jgmmegdmsb dgos®gdom. 3bmdogos, G®I Jswbgdols

> Jmb3gbd®s@gool Jodogdo aowsdydaggdolols Mgoygb@gdol wo@mgdyagds dgomaqbls
sbsbo®yxgdol  20-25%-.  gengd@@mdodoydo  asdm@dgolb@gdbmemmaools  yodmygbgdols
30m3gldo dglodangdganos bobdodo gangdBOmeo@gdol @gagbg®oGos ©s ggemsg 3G M-
(39bdo @odMYbgds. owgdomo Jbs®gs 3OMEglols Js®mgols Lodo®Bogg, Bgdbmmmyoy®o
189JH90Md> > g3mEmyogto Loliggmegy. bogarar Fgodagds Boomgogeml gargdd@m-
9690300l oo bodxo o ©IR0E0HYH0 Tsbogrgdols 2sdmygbgdols  syEoe gdermds.
d0mEMy0Y@o s gegdBOmodog@o @ g9dbmemyogdols asdmygbgdol gomgdg dbgarsw-
3oobolyggHos doebgymol mJ@mdgdiggero dgogao bymaoyg@o dobgdols aomsdy)-
53900 3@Mdgngds [6].

dbmgaomdo  bsdgbogdm-G9dbogn® @odg@s@dy@sdo s@lgdygmo dmbsigdgdols
Sboaobols (@mdgaoi gbgdmes dggao Lyemaowyg®o dobgdol s 3mb3gbB®s@gdols
d0gOmMMA60b3gd0om  ogebygol)  Logydgganbyg  dgdygdeggdygao odbs  gJl3g@modgb@ols
bo@odgdols Fgdegao bgds: gmegdHhogdo bgmaorg@o Gmo@eEos, Gemyemjmbcgb-
HOHOL  5odHatogmo  ©ogoby5o-3NGIHFS  BLOOGMIMbGEIEH@SGOL  G0oboBgds  ©o
bd5JBgtogao  badhgbgdol  (300b0@gds.  FamEs@oomn  Jowgdgeo  ofbs  gdgyo
‘dgdoagbemdbol  gmagddoydo  Lymaoyg®o gam@emimbigbdds@o Cu-1,02%; Au-1,9
/& (LoFyobo Cu-0,29%; Au-0,6 o/@).

b5JBgMogeo  sgobage-35dm@G Y@ gol  3MmEglol ho@odgdol dobbom sFymdogno
06> @sdm@sGHM@M0y@o  obsys®o, @mIgmoi dgggdmes 2 @ Gggsmdols dobols
3o 0b®ol, 3030m3m3309bmA0l; gaengddOmbs®gggmsl s mg@dmbGodobogsb. (3wgdo
BoOgomes  Igedogo  Jm@ggol, og@sEool s G9d3gasdy®ol  JoMmdbgddo.  ggenggols
30m39Lbdo 2odmygbgdagemo 0dbs dowbgymol go®ogdol Igogg [y goosb godmymeoao
0nomdsBgdogools A.thiobacillus ferrooxidans s A.thiobacillus thiooxidans dobs@gano  3yen-
Ay@ol IBsdo, dmdgemoi Fobslfo® dgy9gogao odbs aodmbodyd mdogd@msb d@sgsen-
X gOoo goomglbgol dgogasw. g Bogo®gdolsl godmygbgdygmo odbs Logggdo smg 9K
3060 25M9Tdg. 3OM3gLol gmbA®memol s gy geodgbol dobbom brgdmws blbs@ols
pH-0ol, Eh-ol, m@gomgbBosbo ©s Lsdgommgb@osbo @30bol 3mbgbd@scool, dsddgmools
BoA®oL  aoblabwg@s. 3gd0l Lg@ool dgogyee wopaobos 3mE Lol m3@odsay®o
3oM0dgBMgdo: dgs®ol s mbggools Godomds 1:5; t°C=28-30; pH=1,8-2; Eh=620-700 d.3+



130 68dS@N3IL N bSO6IN6H3() LOSELRI60, GEORGIAN ENGINEERING NEWS, M1, 2017

T=96 Loy, 6ofomosgzgdols Lolbem 80-85%, jeoolo — 0,074 33; doddgGogmo Gogodo — 107
9x/d@. L3oangbdols 3mb3gb@®sios blbo@do 30miEgLol ol®ymgbol dgdwogy dgow-
396L 1,73 o/eo, @53 3mb3gbG®s@do s@ligdymo bdoangbdols 81,0% dgowpgbl.

b0m3930L  Jodoyg@o  sbosgrobom bohggbgdo ofbs, @m3 @sogebys 3mbigb@@s@do
>OLgoyo bymmaowgdol 72,5%.

>0bodbyamo  3mb3gbd®s@ol bs@@oydol  Janm@owol s®9d0  gangJB®mJodoyg@o
ogobggol 3Gmglol dgLfoganols dobboo ofymdogo sbsas®o dgoagdbmws ©gbols
aoddodmggero BC-5-0l, m@gobygeo dobolopob ©odbopgdyeno 900 den  dmEyeomdols
980 9JBHOM@obom@ols, 5d3g@dgBHols s gma@dgd@olsysb. gegJdOmogdsm dg@dbgygeo
0dbs 20x20 L3 bmIol g@>RoEOL BoORoFgdo. g g]HOmMEdl dm@ols dsbdogro 40 3.
by gogdols bygbdgbbool dmEygemds 500 dan, @mdgendoi dgodo bymgowygo dobs
100 o @Am@os. ggerggol 30mEgldo 033 gdbmes  Sbm Mo s gommEyY®do  wgbols
103330039, do6g0l Lowowg, dgs®ol ©s mbggoeol dggomegds, bos@d@oydol Jam@owols
3M6396BHM o300, ©sd9doggdols @AM.

bygarggogdol  gegd@@mmodg®o  ogebygs  bos@@mogdol  Jem@owols  o®gdo
d0dobs®gmdls dgdmgao Ggod3ogdol mobobdog:

30 CI'—15Cl;
2FeS; +15CIx+16H20—Fex(S04)3+H2S04+30C1+15H;
2F682+16H201309—>F62(SO4)3+HQSO4+15H20

Sbmebg Yo@dmdbogno Janm@o oblbgds gangdBd®momsb s@lgdyeo dgdgeggdey-
o Loobol go{@m ¢965To, Ggobols do@oggdol, gmyodedgsogsl Fo®dmJdbom. Jam@o
o9 095J3090T0 smEagds Jemdols 0mbsdpyg Cl s ggansg ogobygds sbmwby, g.0. To@d-

9ol ©sdgobyzgeol 9Vg3ad0 G9a9bg@oios.

OmamO(3  3rgdol  Jgogagdds agobggbs, d9ds g gdBOmeby (sbmwo) ©gbols
m3@0dsma@o Lodig@oggs 16 533/©g3% bomm bsg®ondol Jemm@owol jmbigbd@scos -

100 o/gm.

bo@d@oygdol Jenm@owols danogd dgogs aoMgdmdo gargdd®memobol @AMl Jeom@o
doMomsse [omdmeagbogmos dmagsnma@o Lobom. pH-0l gsb®on bgoddomy®d @gsd-
(305909 5@ Emdl Jem@ols dgogol 3mbigbB®aios 533350 go@gdmTdo s@lgdmdls Ladogg
boghmo. domo  gobgagomo  3m@Ggbzoso  Lsjdome  do@ognos:  Janm@obmgol — 139 g
Jeom@mgobdgsgsbmgol — L5 g5 Jeom@ols xogosbmgols — 0,93 [S].

90 9JBOm@obol 3Om3Egldo wogebyymo Lymagowgdol Gosmwgbmbdol dgxsligdo-
Lomgol bpgdmwes gergdd@mmodol blbs@do SO 0mbgdols  3mb3gbd®sGool  gobliob-
030 gagdBOmmobols bobp@daogmdols Jobgogom ((3b@.1).

gbGomo 1. SO+ ombgdol gmbi3gbd®sEool (gmomgds bLbs@To 3odoGob gmgd@@modog@o
©599353960L EA™ol Bobgregom

@ 9]BOm@mobol wo®m (L) 1 2 3 4 5 6 7 8 9 10

SO& 40bi396(®. o/en 520 | 725 | 112 | 1504 | 19,17 | 214 | 254 | 283 | 302 | 338

mJOml bgosdomols bofommd@ogo gododgmmgbolmgol Logdodobos Lyaaooy@o
dobols 10 - 15%-0l @odgms. 3,5 - 4 Lo-ols dgdwgy gl Igegao ©agds. 53 OMmTdo do@Em-
(303mbols 39dggmdom doGomswo dobobogeb godmygmegomo sdm@Gyemo dobols Gomeg-
brdod dgoeaobs 15 - 18%. bymgowgdol ©gbE®ydiool 0gbdydo bo®olbo wo@sli@y-
Ogdgao 0dbgds gbBagbmlEOYIH YO g sbogobol dggyos3. 3mEgLol O™
blbs®do L3ogrgbdol @omegbmdsd dgowgobs 175 a/ew, @o3 dgowygbl aodm@ydmeo
b3ogngbdols 71,00%.

Y058Moxdm  gangJBOmmobm®do Fo@dmgol obmwmsb dgdgeggdymo  blbs@ols
(90 gdBOmeols dodpgdsdyg ggbsdo pH=LS - 2) ©o Jommpmsb Fomdmdbomo @9dg
@gojJaool blbs®ol (PH=9 - 10) d&ggool dg@mggs, Gol godmz gergd@@maobom@dols




LSISANIIRLN bSO6IN6E() bLOSELI60, GEORGIAN ENGINEERING NEWS, M2, 2017 131

(396@@og @ bofoendo blbodol dgogosbmds 6,0 - 6,5-0L Gmenos. 53 go®gdmdo @ 3obs
doool  gblbo@  Jo@mysbagddo. 4 Lom-osbo  gangdd®mJodogdoe  ©sd9doggdygero
dgo®mo  obgl MgbBagbmlEOYIH YO g sbogobowsb  hsbl  3oMo@ol  dobols  15%
Sdm@Rgyaos. bofommddog sdgomo Lymagooyg@o dobs Jmdbowgdgemos (305boGgdols
30mizgbobsmgols.

I & bymgoeygdo 3mb3gbd@s@ol LOymo wsdemolmgol Lako®ms 2000 - 2500
336/bo gargJBOmgbgdaos. 09 g gdBO oG Yo ©s0g5bagds bymaowgdols 10 - 15%,
35306 g gdBHmgbgdaools bodxo dgdgodegds 300-375  338/bm-dpg. mydss  gergdd-
Omgbg®a00L YBAOM 9R9JH YO0 2odmygbgds Igbsdamgdgaos gommy@o 3GmEglols 39ds

30migbo aowsdiggoly boom.
d0mEsgebygo-aodm@yg@gol s gagBdmodogdo  godm@ygdgol  3GmiEglgdols
ho@Bomgdols dgdgy ho@dodws dgo@o dobols 30sbo®gds, slggg hogo@o®gm (30560 gds ©s
93563530 3Mb3gbH® GOl M5bsdo® 300Mdgbdo. (300b0Mgdols 3AMi3gLo hoGodws LEsb-
@B 0 Igmmo300 (Cnacn-0,3 y/en; dg:mb=1:2; pH=10,5-11.5, CaO - 0,5 ; @A™ 24 Lw).
sboanobols dgwgygdo Imgdygeos 3bGoado 2.

gboomo 2. Lofgolo gme@mimbi3gbd@sgol, dom- > gmgddOmIodogdoe  ©sgobygmo
REeOGM3mb3gbGHsdgool (305606gd0L Jgwgagoo0

>dmlsgsano, 999339~ blbo® Do
N 360RYIH0 0 %3 = ngafﬂaﬁxau % aoeslgao  Cu%

1 mJHmdgdzggeo (30560l blbodo - 0,57 30,00
(30560690l bombgbo 100,00 1,33 70,00

BB 3mb3gb@@s@o 100,00 1,90 100,00

2 mJHmdgdzggeno osbols blbomo - 1,98 85,80
(30560M 950l bombgbo 82,00 0,32 14,20
d5JBatogeo 35398 9d30L 3gg0 100,00 2,30 100,00

3 mJHmdgdzggero osbols blbomo - 1,70 81,00
(30560M 950l bomhgbo 90,00 0,40 19,00

90 9dd®mJodoygdo asdm@gdaol 3940 100,00 2,10 100,00

Amama3  3b®omol  Jnbsgdgdoesh hobl, gargdd®mJodog@se  yodm@y@ o
bodhgbowsb (305600 gbom  blLbs®do gosbymmo mJ@ml Gomegbmds (79%) bsgangdos

b5JBgBogms© ogebygamo badhgbol 30560Mgbolsls blbo®mdo gowslyge mJhmbg 85,8%.
dog @53, 09 gogomgoolifobgdm 0dol, @M o3 AML blboddo ao@sbyao b3ogngbdols
306396303 (1,58 a/aw) bogamgdos  dodg@ogemo  2sdm@ydgol @@ml  blbs®do
aooliygano  b3oangbdol  Gomgbmdaby (L73  g/an).  dgagodemos  ©ogolggboom, ®md
9 9dBdmJodoy@o  godm@Gy@gol ©am — 4 Lo, o@ o@ol bogds@obo @ Loko®ms
3°9mG 930l Aol asbdws. 5 Lm-osbo  gengdd@modoydo  godm@ydgol  dgdogy
L3ogngbdols  3mbi3gb@@MoE0sd  dgopaobs 1,81 a/ar  bodbgbol  (30560M9d0m  blbo®To
205300 84.4% mJdhm.

30250, @bMOSAMMoYe  30MMmdgddo ho@omgdymo 33egzgdol Logyydggen by
dga30d@os  ogolggbom,  @md  dopbgyaol Lo gbd-jmehgosby®o  dowbgdols
Rem@o30ol  3gegdol Fobolfo@o dom- ob gagddmodogdo ogebygol dgmmegdols
20dmygbgdom dgbsdargdgmos mJ@ml ©s L3oggbdol ©sds@gdom 5dmMgds.

hoBodgdgeno  ggangggdo  bodogdm  bobosmobss  @o  dobo  doliIBodgdols
3oBoOMMgods  Lodgoamgdsl  dmygi39dl  uOm  LEOygmymgoms  dggerzelom  dgogyo
by goy@o dobgdols aodpomgdol 3OMmEY]Ggool gowsdydsggdol 3GmEgLgddo dom-
©s gargJBOmJodog@o asdm@ygdgol dgmmegdol godmygbgdols 3g@L3gJ@oggdo.




132 b8dSFN3IL N bSO6IN6HF() LOSELI60, GEORGIAN ENGINEERING NEWS, M1, 2017

ROBIAODIH

1. 3enenoB B.H. Meronuka rcciaeqoBaHus 30J0TO- U cepedpocoaepkamux pya. -M., Henpa, 1989.

2. Kapagaiiko I'.H. u np. Porrs MUKpOOpraHn3MOB B BHIIETaYNBAaHUN METAILIOB U3 pyx. -M., Hayka, 1972,
3. JlopeinukoB B.B. M3Bneuenne 3010Ta U3 ynopHbIX py/ U KOHIEHTpaToB. -M., Hayka, 1968.

4. Jlackopun b.H. u ap. 'mapomerainyprus 3omota. -M., Hayka, 1980.

5. Yanrypus B.A. Dnexrpoxumust cyibhunos. Teopust u npakruka ¢uaortanuii. -M., Hayka, 1993.

6
3

.G g35@edodg, b @mdodg s Lbg mJomdgdcggmo Igogao Lymaog®o dopbgdol dom-
0AM3g@AomYAyogmo aoesdydeggos. //dgEbog@mgds s @gdbmemaongdo, 2012, Ne 1-3, 4. 83-88.

SUMMARY

PROSPECTS FOR APPLICATION OF BIO- AND ELECTROCHEMICAL METHODS TO
LEACHING OF FLOTATION TAILS OF GOLD-BEARING REFRACTORY SULFIDE ORES

Lomidze N.N., Arabidze Z.D., Kakulia J.V. and Kandelaki M.Sh.

Georgian Technical University

The collective sulfide concentrate obtained from stocked copper tails from the Madneuli deposit were processed
by using bacterial chemical and electrochemical leaching methods. By a series of experiments, optimal
parameters of the processes were established. Both bacterial chemical and electrochemical leaching led to
effective decomposition of sulfide minerals. In the result, copper passed into solution (copper concentration in
the solution made up 1.73 and 1.81 g¢/l, respectively), while residues were enriched with liberated gold and
prepared for cyanidation. The concentration of gold passed into solution in the result of cyanidation of
bioleaching residues made up of 85.8% and of electrochemical leaching — 84.4%, whereas the concentration of
gold passed into solution from unoxidized concentrate made up 30.0%. This clearly indicates the efficiency of
using the described methods.

Keywords: gold, bacterial chemical leaching, electrochemical leaching, thiobacteria, oxidation of
sulfides,cyanidation.
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SUMMARY

SOME ISSUES OF DRESSING AND DEWATERING OF FINE-GRAINED COAL SLUDGE FROM
TKIBULI-SHAORI DEPOSIT

Abshilava A.V. and Dolidze N.R.

Georgian Technical University

The paper considers the prospects for production of commercial products from the fine-grained waste of coal
mining and processing atTkibuli-Shaori Deposit. There are discussed the issues of dewatering and briquettingof
the obtained products, which makes them suitable for using forhousehold purposes. Development of fine-grained
coal stocks will improve the ecological state of the environment.

Keywords: fine-grained coal, waste, dewatering, briquetting.
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SOEAgbs 30 235daggl 1-5306m-4-g00009ddgbbmenls [5].
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HN @) NH,
C,H,Li
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(4) ©)

13935 1. 80bbmdMogo Logogsygmol bgEsd0dby 0dmdomobgdygmo sHMASGPmo Loldgdol
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NH,

NaNO,; HCL; 0-5 °C

NaCL; H,O

NaNO,; HCL; 0-5 °C

Py

NaCT; H,O

) (10-15)
AC - 5Dm3@33mbgbdo

1Jg9s 2. 3-@0m04dsbognobols 08mdomobs30s Fobslfs® Jemm@dodgdge Lomooagemby
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12 N 15 HO

0bomeo Logrogogdgogs

7




138 bSdSFN3IL I bSO6IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, M1, 2017

ab®oao 2. 5Dm30396@gdol dsbsbosmgdmgdo

Ne | obm30adgb@o | Gg95]3ool @dm, bo Adsgu., 69 3O0bGomols ggdo
1 10 2 487 bodobyxoliggg®o
2 11 2 600 03§ gober—gyydxo
3 12 2 455 ©AI> 4300 9o
4 13 3 490 wos> Fomgano

5 14 2 540 dgVodyamo

6 15 2,5 435 00> Y30m geno

SdM05© oEA0bs, MM dgmgdogo sGSMGASbYmo dos@BMoigdo bolosmgdosb
QYOS GoOme  L3gdom, dspoeo  VyJdgegamdoms s oo dEaMsmdom

bbgosalibgs Lggero ©sd9doggdol (Ggbo, mR@o, Gydg, dgogs, mOysbymo asdblibgengdo,
Lobmgby@o Lodgibo Lodgomgdgdol blbsdo ©s bbg.) dodod@m.
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SUMMARY

SYNTHESIS OF AZO DYES IMMOBILIZED ON THE SILICA GEL SURFACE

Gogaladze Kh.V. and Karkusashvili T.G.

Georgian Technical University

The paper deals with the production of composites, the study of their spectral, technological, physical and
chemical properties, and their application to art paints technology.When fabricating the composites, silica gel
was used as an art paint base and azo dyes with different substitutes - as surface modifiers.We synthesized
benzene-containing silica gels by interaction of thionyl chloride with activated silica gels and lithiated aniline.
Weelaborated the preparation methods of diazotization and azo coupling of amino groups in the organic
fragments immobilized on the inorganic matrix. Six new pigments were synthesized by the method developed.
Keywords: immobilization, azo dyes, azo pigment, composites,inert materials
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9A3(MAHISB IR 3dBA0COHBI 03MBORNBLIBIR(N 336DORN6IMO
dbMLORId®IBOL LOBMIBO

aMdomsdyg b.g., Ygbagmos m.s., JoOJglsdgomo m.. ggmosdgomo b.g.
Lodotmnggameml &9dbos9600 96ogg@Lodagdo

(3bgos  ,,dwgdsgo  b0gmogMgdgdo®  au@olbdmdls  dglodrgdenmdols  dgmgdemls
bgdoldog®mo bydbB@s@o s Lowgds®o ogml LEsdomy@o. opgsmy® dgdnbgggsdo hggb
330bs, dgmgbognds dobognsd dgobo®bhybml mogobo gg@o, Lobsd oli 0o®bgdgdl.

bogdo®o bogmog®gdss, Gmdgeroi ©odydeggdol aod3ggagee g@o3by dobopsbow
Reoemodl dgbowgd doboasl, g.0o. dog@egds dobbg. mgdgol 3OMEgLol ao®3399e  LEo-
©oobg  Lowgdo®o aoblibogros dwgdsg >@9do, ol o@{ggl doboaols dogbom s Fo®dm -
dbols 3330339  Jodoyg® d3sb. ygges Loggodom Lowgds®o meysbymo bogmog®gdss.

Lo@gd@gdol  dmagigergddo  os@OLgdmol  Lbgowsolbgspggodo  LE®YJHYOYmo
NX3IBIO0. 5OLgdgmo  Lomgd®gdowsb bobgga®bg IgBol  ganslbogozodgds dgodamsds
OMa0®O 3 Sbmbomgdbos®do 5b sbo@dsJobmby®o.
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096500 Lobmgby@o bogOmos s bo@y@ogy@o sbogrmao o® dmgdgdbgds. mgm@ oy s©

dglodgrgdgano  sboxayagdol  dgdiggero  Jmgngsaegdol  Goigbgo  obylsbwg@gersw
oopos [1,2].

Lognogoagerols bgosdo@bg 0dmdogobgdygemo sOmIs@omo LobEgdol dgdggeo
5d0bgdols Lobwgbo aobbm®iEogmes gds 1-ols dobgogom. sdmbsgogn bog@ml Fo@dmsgw-
39bL dgbbowobo s Logrogoggeo do@gom  100/250. 5gbbowobols siogmodgds, dG® -
306965,  @000do@gds s 9amdo semaghs 0dgmggs 3,3 -o0mond 396%0wobl (4).

CH,COOH/zn O /O
\>——NH NH—\/ —
110125 °C
HsC CHg
1

Br Br
Br/Fe O\\ " Q Q " //O C,H,Li
135145°C ¢ ch, 510°C
2
igl_i, NH —> H,N
510°CH C CH 1207125 °C

bJgds 1 Logmogsageol bgrsdoddy o0dmdomobgdgmo dobbmddogo sOMIsSGPm@o  Lol@gdol
98339200 5806980L Lobngbo
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Li i

\J

2NaNOz; 4HCI; 0-5 °C

—
X

2NaCl; 4H,0

8 9-14
AC - 5bmgmd3mbgbdo

1Jg3s 2. Lognogoggmol bgEsdomby 08mdomobgdymo Sbobspgddgdo
>bm3md3mbgb@ow asdmygbgdygmos 2-bsgmmeno (9); N,N-odgmoasbognobo (10),
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olgeamdgsgs (13); bogogomdgsgs (14).
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hog@obomgols godmygbgdygao odbs L3g@osgydo Bgdbogs [4] goboowsb Loanogspgerols
bges306bg 0dmdoobgdymo dobsengdo 9blbswbo s®0sb ©s godblibgendo dgBoboliols
sa0mo 53l Lgoodgb@oiosl, 5do@dmd LEsbEs®Fge 300mdgddo L3gJd®ol hofgds
dggdemgdganos.  Fo@dmpagboenr  bsd@OmIdo  L3gJp®ol  hofg@olomgols  ©oldg@liyen
3o0gdme  a5dmygbgdygmo odbs 3gdBOmbim3yao Lobygmsgol yeroig®obo. dolo Lod-
@ob@ols dowoeno 360dgbgenmdols (u=0,01 ) aodm Lgwodgb@oEool 3GmEglo 0dpgbsw

Ygbgegdaeos, GmI  3gdd®ol  hofg@olisl  dgodemgds  9ameggdgeymagoa  odbols

3M6396BMs30gmo0 g gds  30939Bol Lodsweols dobgogom. yeroig@obol dgmhggs
©olidgalbygm  2oMgdme  2ob30MMdgdgmos 03 Qo JGHm®omsE, ™I dobo  gods@Fgbols
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3oB396909m0 (N2 =1,474) sbams Lbgopalbgs gm@dol SiOzols goGoa@gbols dsBgqbg-
dgamob (N2’ =1,41-1,55).

Wavelength (nm)

sb®303396G0L (9) ggdHBmbygemo Jnsbnddol L3gd@®o
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B9dbogy®@o  dsbslbosmgdemgdom. olobo  godmomdbggosh  dyJdgogamdon  ©s  godyo
dpa®omdom  bggao  ©odydeggools  dodo@m, @s3  0dmdoemobgdymo  B@sadgb@ols
d1bgdom s (o@mdmJdbogno 3mgomgbB o ddomss aob3do@mdgdyeno
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SUMMARY

SYNTHESIS OF BENZIDINE AZO DYES IMMOBILIZED ON THE INORGANIC MATRIX
Gogaladze Kh.V., Shengelia T.A., Karkusashvili T.G. and Geliashvili Z.E.

Georgian Technical University

Acylation, bromination, lithiation and reduction synthesis ofbenzidine was performed. We used the method of
immobilization of benzidine on activated silica gel which involved the interaction of a preliminarily chlorinated
inorganic matrix with the lithiatedbenzidine derivative. We elaborated the method of immobilization of
benzidine on activated silica gel which involved the interaction of silica gel preliminarily activated with thionyl
chloride with lithiatedprimary aromatic amine. We also developed the preparation methods of diazotization and
azo coupling of amino groups in the organic fragments immobilized on the inorganic matrix. Six new pigments
were synthesized by the method developed.

Keywords: immobilization, azo dyes, azo pigment,composites, benzidine, inorganic matrix.
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989JO O™l jowgg RO  asdemog@gdols  dobbom, hggb dogd  Lobmgbodgdyaos
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SUMMARY

SYNTHESIS AND STUDY OF THE BIOCOMPLEXES OF ANTIFUNGAL MEDIFICATION
CLOTRIMAZOLE WITH 3D METALS Mn(ll), Ni(ll), Cu(ll), Cu(ll) AND Zn

Tsivtsivadze T.1., Japridze R.J., Petriashvili Zh.D., Chigogidze N.Sh. and Kldishvili R.Sh.

Research Center of Biologically Active Substances of Georgian Technical University

Thebiocoordination compounds of clotrimazole, a medification with a wide range of antifungal nd antibacterial
properties, with metals Mn(l1), Ni(ll), Cu(ll), Cu(ll) and Zn were synthesized. The expected composition of
obtained biocomplexes was studied, and X-ray transformations of the synthesized compounds were determined
by IR spectroscopy. The ways of possible coordination of organo- andacido-ligands with metal complex
formators were determined. Immunocytologic assay of complex compounds was carried out. The investigation
results enable us to conduct a targeted synthesis of highly effective antimicrobial biocomplexes, which is
currently quite topical.

Keywords: clotrimazole, biocomplex, 3d metals, targeted synthesis, organoligands, acido ligands.
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SUMMARY

ASSIMILATION OF MAGNESIUM AND MANGANESE BY LACTIC ACID BACTERIA

Rcheulishvili N.A., Kakabadze E.G., Rcheulishvili A.N. and Rcheulishvili O.A.

lv. Javakhishvili Thilisi State University

The process of assimilation of Mg and Mn by bacteria Lactobacillus spp. E11K3 and Streptococcus
thermofiles2NK2 was studied. The bacteria were grown in media for 12, 20, 36, 44 and 68 hours. The bacteria
were separated from the media and washed. Bacterial masses were dried, weighed and placed in test tubes. The
bacterial sampleswere turned into a liquid state and analyzed for the content of Mg and Mn using the atomic
absorption spectrometer Analyst 800 (Perkin Elmer). The assimilation of Mg and Mn was more intensive during
the first hours of bacterial growth and reached the maximum in 20 hours. Then the metal ions were extracted
from bacteria. The concentration of Mg inS. thermophiles 2NK2 decreased by a factor of 2.4 and the
concentration of Mn — by a factor of 3.6after 68 hours of growth as compared with the maximum concentration.
The concentration of Mg in Lb. spp.E11K3 decreased by a factor of 1.4, and the concentration of Mn — by a
factor of 5.3 as compared with the maximum concentration.

Keywords: manganese, magnesium, lactic acid bacteria, assimilation.
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RESEARCH OF SOME PHENOLIC COMPOUNDS IN OAK CHIP EXTRACTS
Zakalashvili S.G. and Bezhuashvili M.G.

Agricultural University of Georgia

Abstract.Based on the analysis of spirit extracts of industrial oak chips, some phenolic compounds they contain
were studied. We analyzed the spirit extracts of oak chips of different degree of baking: light, medium and
strong. In the extracts we determined the following low molecular phenolic compounds: vanillin, vanillic acid,
syringic aldehyde, syringic acid, coniferylic aldehyde, sinapic acid, syringol, gallic acid, gayacol, 4-vinylphenol
and 4-ethylphenol. The variation of concentration of the above-listed compounds depending on the degree of
baking of oak chips: light, medium and strong. It was inferred that the spirit extracts of oak chips aresuitable for
production of alcoholic beverages.

Keywords: oak chips, phenolic compounds.

Introduction

Oak bark is an important raw material in the production of alcoholic beverages. Each
component of oak bark plays a particular role in formation of the quality of alcoholic products. The
oak bark is rich in chemical compounds of various classes, the most important of which are phenolic
compounds: lignin, tannins and flavor-forming low molecular compounds. In the oak bark, lignin is
represented in three fractions, the tightest fraction of which is linked to carbohydrate components. We
studied the most widespread oak species in Georgia Quercus iberica in order to determine the
structure and localization of lignin. As a result, it was found that lignin is mostly located in the cell
wall and connective tissues. Lignin located in the cell wall is represented by phenylpropan, guaiacyl,
syringyl and small amounts of pyrocatechol-type structural units, while lignin represented in the
connective tissues produces mainly guaiacyl and syringyl types of monomers[1]. Lignin is mainly
located in the connective tissues and is more methoxylated compared to the lignin of cell walls. The
use of oak bark in aging of cognac spirits is based on the feature of lignin to produce aromatic
phenolic aldehydes and phenolic acids with time. During aging of cognac spiritsboth in oak barrels
and on oak staves, lignin is extracted and transformed into various low molecular compounds, which
significantly determine the bouquet of cognac spirits. Main processes of cognac spirit aging are the
following: lignin ethanolysis, tannin emission and oxidation, and hemicelluloses hydrolysis [2,3]. As a
result of lignin ethanolysis during cognac spirit aging, there are formed vanillin, syringic, coniferic,
sinapic and other aldehydes, which then undergo partial conversion and are accumulated iin aged
cognac spirits. According toLashkhi’s research, during cognac spirit aging in oak barrels, aromatic
compounds are formed in the process of slow natural oxidation of lignin. [4].

During thermal oxidation of wvanillin and syringic aldehydewith air oxygen,
pyrocatecholmonoethyl ether is formed from vanillin as a final product, while pyrogallol monomethyl
ether is formed from syringic aldehyde. The above-mentioned products were identified in Georgian
cognac spirits of different age, aged in oak barrels [5-7]. Further transformations of
ligninderivativesformed during aging of Armagnac in oak utensils were studied by Puesh (1981).
From aromatic aldehydes, syringic, sinapic, coniferic aldehydes and vanillin were dominant, while,
from phenolic acids, such were syringic, vanillic, ferulic, cinnamic, para-coumaric and para-
oxybenzoic acids. The process of cognac spirits aging is based not only on oak components, but also
on subsequent conversion of spirit components, as well as on the products of interaction of these
compounds. There are a lot of technological methods to accelerate the aging process of cognac spirits,
which are divided into three main groups: 1. Oxidative; 2. Extractive; 3. Physical and thermal. In most
cases, the combination of these three methods is used to accelerate the aging of spirits. Thermal
processing methods of oak bark are very important, and a lot of scientific investigations were
dedicated to them [8-12]. As a result of research of the thermal oxidation of oak bark of Quercus
iberica widespread in Georgia, it was established that ethanolysis of lignin has the following features:
1. Thermal oxidation increases the solubility of oak bark lignin during ethanolysis. 2. The structural
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specific feature of ethanolysis of thermally oxidized oak lignin consists in the prevalence of phenolic
acids over phenolic aldehydes. From phenolic aldehydes, vanillin is dominant in the formation
ofethanolate flavor[13].

From phenolic compounds, simple phenol derivatives known as volatile phenols are of great
importance. These substances are characterized by intense specific odor, and their existence in such
beverages as whisky, cognac and wine leads to formation of relevant flavor. Studies have established
the ways volatile phenols are formed, particularly, these are microbiological processes resulted from
fermentation and thermal degradation of lignin. It was also established that volatile phenols are formed
as a result of conversion of phenol carboxylic acids. Volatile phenolsderived from phenol carboxylic
acids were identified in cognac spiritsagedwith the help of oak bark. The authors of work [14] studied
how volatile phenols emerged from phenol carboxylic acids existing in cognac spirits under relatively
mild conditions (heating to 90°C). The following was established: emergence of guaiacol from vanilic
acid, of para-vinylguaiacol, vanillin, vanilic acid, guaiacol and para-ethylphenol- from ferulic acid, of
para-vinylphenol, para-ethylphenol, para-oxybenzaldehyde, para-oxybenzoic acid and phenol - from
para-coumaric acid. Volatile phenols emerge as a result of heating of oak bark and lignin. The same
authors established a decrease in the concentration of phenolic acids in oak barrels during cognac
spirits aging and an increasein the concentration of volatile phenols.

According to the above, oak bark lignin is an important source for formation of diverse range
of phenolswhich to a certain extent determine the flavor of cognac spirits and alcoholic beverages.
Degradation of oak bark lignin and the processes of formation and capabilities of low molecular
aromatic compounds represent a topical research trend. Thus, the objective of our experiment was to
study some phenolic compounds of spirit extracts of industrial oak chips.

Objects and Methods of Research

As the object of our research, we used industrial oak chips of three degrees baking: low,
medium and high. We prepared water-spirit extracts from oak chips. We carried out the qualitative
analysis of phenolic acids and phenolic aldehydes in the extracts by the method of thin-layer
chromatography, solvent system - chloroform:methanol (90:10). Chromatograms were revealed by
diazotized sulfanilic acid. Phenolic acids, phenolic aldehydes and volatile compounds in the same
extracts were quantitatively determined using high-performance liquid chromatography-HPLC [15].

We purchased standardphenolic acids, phenolic aldehydes and volatile compounds in the
framework of grant project 15MR_2.45 58 funded by Shota Rustaveli National Science
Foundation.

Results and Discussion

The content (mg / I)of some Phenolic Compounds in alcoholic extracts of Oak Chips

No. Component Name Low burn Medium burn High burn
1 Vanilin 1.3 1.9 0.7

2 Vanilic acid 4.7 4.03 3.85
3 Syring aldehyde 0.05 0.77 1.45
4 Syringic acid 5.3 6.38 4.63
5 Coniferyl aldehyde 2.5 5.26 0.03
6 Sinapic acid 0.2 5.66 4.23
7 Syringol Traces 0.54 1.02
8 Gallic acid 3.7 1.57 0.88
9 Guaiacol 0.25 1.22 2.28
10 4-Vinylphenol 0.2 1.33 Traces
11 4-Ethylphenol Traces Traces Traces
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According to the table data, the degree of baking of oak chips has a significant impact on the
concentration of phenolic aldehydes, phenolic acids and other phenolic compounds in the relevant
spirit extracts. The obtained data definitely indicates the correlation between the degree of baking and
the formation of the above-mentioned compounds in oak chips. This impact is differently expressed in
the change of each component. Particularly,as the degree of baking increases, the concentration of
vanillin decreases due to the formation of various compounds as a result of its oxidation. The highest
concentration of vanilic acid was found in oak chips of the lowest degree of baking, and its
concentration decreased from 4.7 mg/l to 3.85 mg/l as the degree of baking increased. Syringic
aldehyde increased with the degree of baking, while the product of its oxidation syringic acid was
found in high concentration in the extract of medium baked oak chips, and its concentration decreased
to 4.63 mg/l with high degree of baking. Syringol is one of the products formed in the result of
oxidative conversion of the syringylic structure of oak bark lignin, which increased with the degree of
baking from traces to 1.02 mg/l. As for guaiacol —the product formed during oxidation of the
guaiacylic structure of lignin, its concentration significantly increased proportionally to the degree of
baking. The amount of coniferylic aldehyde increased with the increase in the degree of baking from
low to medium, while with high degree of baking, its amount sharply decreased. The maximum
amount of sinapic acid was found in the extracts ofmediumbaked oak chips, while, with the high
degree of baking, it decreased again. In all cases 4-ethylphenol was present in trace amounts. 1.33
mg/l Vinylphenol in the amount of 1.33 mg/l was found in medium baked oak chips.

Thus, the performed research showed that the degree of baking affects significantly the
formation of various phenolic compounds in oak chips, which is reflected in their content in spirit
extracts of chips. Aromatic aldehydes, acids and other compounds found in the extracts of oak chips
indicatethe possibility of their usage in production of alcoholic beverages.
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PE3IOME

MCCJIEJOBAHUE HEKOTOPBIX ®EHOJIBHBIX COEJAHEHUI B DKCTPAKTAX J1YBOBBIX
YUIICOB

3axaaumsuian C.I'., BeixkyamBuan M.I'.

I'py3uHckmii arpapHblii yHUBepCHTET

Ha ocHOBe aHanm3a CIMPTOBBIX HKCTPAKTOB MPOMBIIIIEHHBIX AyOOBBIX YHMIICOB N3yYCHBI HEKOTOPHIC BXOISIIHIEC
B HUX (DEHONBHBIC COEIMHEHUS. AHAJIM3UPOBAINCH CIIUPTOBBIE SKCTPAKTHI AyOOBBIX YHIICOB PA3HOW CTETICHH
0o0XKapKu: JIerKoi, CpeiHel M CHIbHOW. B 3KCTpakTax Mbl ONpPEAENIN HH3KOMOJEKYJSIpHbIE (PEeHOJbHBIC
COCIMHEHUsI: BAaHWJIMH, BaHWJBbHAS KHCJIOTA, CHPEHEBBIH aJbJETH]l, CHPEHEBas KHCIIOTa, KOHU(EPHIIOBBI
IBICTH, CHHAIIOBAs KHCIIOTA, CHPHWHIOJ, TaJUIoBas KHCJIOTa, TIBaskoi, 4-BuHmiIdeHosn, 4-3TmideHon.
OmnpeneneHo W3MEHEHHE KOHIEHTPAIMU IIEPEUHCIICHHBIX (PEHONBHBIX COSNHEHUH B 3aBUCUMOCTU OT CTETICHH
o0xapku nyOoBBIX 4HIcoB. CrenaH BBIBOA O BO3MOKHOCTH HCIIOJB30BaHUS 3KCTPAKTOB TYOOBBIX UYHUIICOB B
MPOU3BOJCTBE ANKOTOJIBHBIX HAITUTKOB.

KuaroueBble ciioBa: 1y0oBbie YHIICHI, (DEHOJIBHBIE COSTUHEHUS.
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SUMMARY

AMINO-ACID PROFILE OF WINES ACCORDING TO THE GAS CHROMATOGRAPHIC
ANALYSIS

Shatirishvili Sh.1., Zakalashvili G.N., Kiladze M.T. and Shatirishvili 1.Sh.

Georgian Technical University

JSC Chandari Winery

To analyze Kakheti and Rkatsiteli wines for amino-acids by traditional gas chromatography, we analyzed the
samples at 50°C depending on the duration of heat treatment using the methods of derivatizationsignificantly
different from the accepted ones. It is shown that thermal treatment allows reaching rapidly the amount of
amino-acids close to that contained in wines produced by a classical method.

Keywords: wine, amino-acids, gas chromatography, derivatization.
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MEPBbIA JINO®UJIBHO BbICYIIIEHHBIN FPY3UI/IHCKI/II71 HTAMM SHAEMHBIX
BHUHHBIX JIPOX/KEU GE 02

Canus E.IIL., I'eunanze T.O., Oprounze T.B.

Hucrutyt CagoBonctBa, Bunorpanapersa u Bunonenus I'py3unckoro ArpapHoro
YuuBepcurera

Hauunast ¢ 90-bIX TOOB I'py3MHCKOE BUHOAEIHNE CTUXUIHHO MEPENuI0 Ha MacCOBOE NMPHMEHe-
HHUE T.H. CyXUX APOXOKEH MMIIOPTHOTO MPOU3BOJACTBA 0€3 KaKUX-THOO IMpeaBapUTENbHBIX J1adopa-
TOPHBIX HCCIIEOBAaHHMI, OCHOBBIBASICH JIMIIb HAa AUCTPHUOBIOTOPCKHE AaHHBIE, YTO MPHUBEJO K OIHO-
00pa3uto MecTHBIX BUH. ClleyeT OTMETHTh, YTO A0 YKa3aHHOI'O EPUOA IPY3UHCKHE BUHA IPUTOTaB-
JMBAJIKCh HAa OCHOBE CIOHTAHHOIO OpOXXEHMS WM C NPUMEHEHHEM HCKIIOYUTEIbHO HHICMHBIX
YHUCTHIX KYJNbTYp BHUHHBIX Apoxoked u3 kojuiekuuu HMuctutyta CamoBoACTBa, BHHOIpPajgapcTBa U
BuHOAenus ['py3un, 4yTo obecnednBao caMOOBITHOCTh U YHUKAJIbHOCTD TPY3UHCKHUX BHH, T.K. KOJUICK-
ust HUMCBuB Opiia npencraBieHa MHOXKECTBOM IIITAMMOB, COOTBECTBYIOIIUX PA3IMYHBIM COPTaM
IPY3MHCKOTO BHHArpaza, K TOMY K€ 3TO O0ECleYMBAIO M COXPaHEHHE YHCTOTHI KaK MPOM3BOJICT-
BEHHBIX, TaK U IUKUX MECTHBIX IMOMYJISAINI BUHHBIX APOXKEH.

3aBnaseHNe TPY3UHCKMM BHMHOJEIMEM HMIIOPTHBIMH JIPOXOKaMH OOBSCHIETCS,, OTYACTH,
MPOCTOTOM WX MPUMEHEHHUs (B YaCTHOCTH MpPHU MPUTOTOBIIEHHWH Pa3BOAOK) M XpaHEHUs, a TaKxKe
HEMMEHHEM MECTHBIX IITAMMOB CYXHX Ipoxoked. [lombITku momydeHus: cyxux (opM HEKOTOpPBIX
KOJUICKIIMOHHBIX INTAMMOB 3aKOHUWJINCh HEYJAa4HO H3-32 HEYCTOMYMBOCTH STHX IITAMMOB K
nno¢mIbHOMY BbICymIuBaHuio0. OIHAKO, CIENyeT OTMETHUTh, YTO HaMH paHee B JIAOOPaTOPHBIX
YCIIOBHSX OBLI MOJTy4eH 1 JIMOGUIBHO BhICYIICH mTamm Uxasepu [1,2].

Hpoxokn, Kak W Jaro0ble ApyrHe OpraHu3Mbl, NPOLUTM CIOXKHBIA IyTh 3BOJNIOLMU U, B
nporecce OOpEOBI 3a CyIIECTBOBAaHHE, CBOUMHU MOP(OIOTHIECKUMH, OMOXUMHUYECKUMH U (DU3HNOITIOTH-
YECKMMHU CBOWCTBAMHU aJalTHPOBAIMCH K OINPEIENEHHBIM YCIOBUSM CpeAbl oOuTaHus (KIMMaTH-
YECKHE YCIOBHS, COPT BHHOTpPaZa, COCTaB TMOYBBI). YUMCThle KyJIbTYyphl BHHHBIX JIPOAOKEH,
BBIJICJICHHbIE U3 CIIOHTAaHHOW MHUKPO(IOPBI TOr0 WM MHOTO COPTA BUHOTPaAa MpHU OpOKEHHHU cycia
o0ecreyrBalOT MaKCHUMaJbHOE TIPOSIBIICHHE  COPTOBBIX ~ KAueCTB M TEM CaMbIM CO3JAI0T
BBICOKOKAa4E€CTBEHHBIN BUHOMATEPSII.

Lenpto naHHON paOOTHI SIBISIIOCH BBIIENEHHUE HOBBIX AHIAEMHBIX YUCTBIX KYJIbTYP BHHHBIX
OpOXOKeH M MX JIMO(UIbHOE BBICYIIEBAHHE JUIS MOJIyYEHHS CyXHX aKTUBHBIX NPOU3BOJICTBEHHBIX
JIPOKAKEN.

Marepuanom A BBIAEJICHHS IITAMMOB TIOCIYXHJI OCaJ0K BHHA, ITOJYYCHHOTO CIIOHTAHHBIM
cOpa)kMBaHMEM Cyclla BHHOIpajga copTa PkauuTenn B CeMEWHBIX YCIOBHAX, IJl€é HHUKOTIAa HE
MCIIOJIb30BAJIUCH TOCTOPOHHHUE IPOMKIKH.

Puc.1. U30/1upoBaHHbIe KOJJOHUM HOBOBbIIEJIEHHBIX IITAMMOB BUHHBIX IPO:K:Keil Ha IJIOTHOM
NUTATEJbHOH cpene
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MeTooM TMOIyYEHHUS] W30JUPOBAHHBIX KOJNOHMH [3] Ha TIOTHOW MHUTATENBHOHN cpele HaMH
ObuT0 BBIEICHHO OKOJ0 100 mTaMMOB, OTIWIUBIIHXCS MOPGOIIOTHYECKH, KOTOPhIe 00pa30BHIBATIH
3aMETHO KpYITHbIE KOJOHNH (pHc. 1).

[Tytém ucciienoBaHus, OCHOBAHHOTO Ha WM3YYCHUU TMPOM3BOJCTBEHHBIX CBOWCTB YKa3aHHBIX
MTaMMOB (9HEprusi OpOKEHUs, CKOPOCTh PO3MHOXKEHHUS KJIETOK, MPOJOJDKHUTENEHOCTh OpOXKEeHWS,
CyImb(UTOCTOMKOCTS U Ap.) OBUIO OTOOpaHO 5 Hamboiee aKTUBHBIX INTAMMOB, OOO3HAYEHHBIX Kak
GE: 01, 02, 03, 04, 05 [4].

Jnst KOHTpOJIs MCTIONb3aBalicsl KOJUIEKIMOHHBI mTamMM Kaxypu 42, XxapaKkTUpH3YIONIHACS
BBICOKOH aKTHBHOCTBIO, KOTOPBIN TOCTOSTHHO TPUMEHSUICS B TPY3MHCKOM BHHONEIHH B COBETCKHI
TIEPUOJ JUTS TTOJTyYeHUsI OeNBIX CTOJIOBBIX BUH. JlaHHBIE puBecHBI B Ta0I. 1.

Taba. 1. DHeprus Opo:KeHHs H HHTEHCHBHOCTb Pa3MHOKEHUS KJIETOK IITAMMOB BHHHBIX IPOKeii

JpoxokeBas Oneprus OpoxeHHs Macca WHTEeHCHBHOCTB Pa3MHOKECHUS KIICTOK,
KyJbTypa Bbizteniennoro CO2 B 1/ em®k KOJIMYIECTBO KJIETOK B MITH/CM® Ha 4 JieHb
ITaMM KOHITY OpOKEeHHS OpoKeHHS
Kaxypu 42 9,500 460
(KOHTpOIIB)
GE 01 9,000 420
GE 02 9,370 470
GE 03 8,900 400
GE 04 9,100 450
GE 05 8,800 340

W3 pansbpix Tabn. 1 ciemyer, 4To HCcielyeMMble IITaMMBI [0 CBOMM TEXHOJOTHYECKUM
CTBOMCTBaM HE OTCTAIOT OT KOHTPOJILHOT'O LITAMMa, XapaKTepU3yIOTCsl BBICOKON HEPrueil OpokeHust
U CKOPOCTHIO Pa3MHOKEHUS KIIETOK, BCE IITAMMBI CYIb(UTOCTOWKM K JOMYCTHUMBIM B BHHOJICIIUU
no3am cynbduranuu. B mabopatopHeIx ycnoBusx mnpu Temmneparype 25-26°C mporecc Gpoxkenus 10
TIOJTHOTO BBIOpakWBaHWs caxapa 3aBepiaics Ha 10-11 meHs.

Hanee B 1mabopaTOpHBIX YCIOBUSAX ObUTa IMpoBejaeHa JMO(UIbHAS CYIIKa 5 HCIeayeMbIX
mramMmoB. [locie BBICYNIMBaHHMS HaMU OBUIM 3aHOBO W3Y4YEHBI TEXHOJOTHMYECKHE CBOWMCTBA CYXHX
(opM COOTBETCTBYIOIIUX TaMMOB. MccnenoBanus mokasany, 4To cpeau S mraMmoB, mramMm GE 02
MOJTHOCTBIO COXPAHMJI CBOIO aKTUBHOCTH IIOCTIE MPOBEACHHS THOPHUIBHOM CYIIKH.

Ha crnenyromem »odtane wuccnenoBaHusi ObUTM TPOBENCHB JabopaTopHbIE OMBITHI HA
CTCpUIILHOM BHHOTPQJIHOM Cyclie /s U3y4deHUs IMpolecca OpOXKEHHS C HCIOJNb30BaHHEM
BeIcymieHHOro mramma GE 02. Jl71s1 KOHTpOJIsl Hcnoib3aBajach YUCTask cyxasi KyJlbTypa UMIOPTHBIX
JIpOXcoKel, Hamboliee HIMPOKO HCIONIb3yeMass B TPY3MHCKOM BWHOJCTHH JIJISl TOJMYYEHUS OelbIx
CTOJIOBBIX BHH. MccaenoBanus mokaszany, uro mramm GE02 HaunHaet 3a0pokuBaHue cycia yepes 20
MHUHYT TI0CJIE BHECEHHSI Pa3BOJKU B CTEPHJILHOE CYCIIO NPH ONTUMAJIBHOM Temrepatype (25-26°C),
NUK OpOXKEHUs] MPUXOAMTCS HAa TPETUH JeHb a caMo OpOoKeHHE 3aKoHYMBaeTcsi Ha 11-blif JeHb.
[IpoBenéHHBIE XMMUYECKHE aHAIN3bI MOKA3alK MOJHOE BhIOpaKMBaHUE caxapa (IIPH CaxapUCTOCTH
cycna 20%). JlaHHbIE aHAIM30B PUBEICHBI B Ta0IM. 2.

Tab6a. 2. XuMuvecKkuii aHAIU3 BUHA IPUTOTOBJIEHHOT0 U3 copTa Pkanure/u ¢ NoMombio
CYyXHX BUHHBIX Jpos:keii GE 02

JpoxokeBast KyabTypa Crupr  06.% | Caxap r/cm® | Turpyemas KHCIOTHOCTD I/cM®
[HTamMmm

KoHTpOabHBIH HITaAMM 11,2 0,10 6,9

GE 02 11,5 0,15 7,0

[lonoxwuTtenbHble JaHHBIC 1a00PATOPHBIX MCCICAOBAHUN CTaJM MPEANOCHIIKON Ui MOyde-
HUSI MUHUMAaJIbHOM MapTuu cyxux aposxoker mramma GE02 Ha TexHomornveckoii tuHuM B I'epmanuu.
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OnHu OBUIM UCTIBITAHBI HA HECKOJIBKUX BUH3aBOJax ['py3un i MPUTOTOBJICHUS OENBIX CTONOBBIX BHH,
B TOM 4YHCIE€ B TPAaAULUOHHBIX JUIi TPY3UHCKOTO BHMHOIENUS EMKOCTSIX «KBEBpW». JlaHHBIE
YKa3aHHBIX 3aBOJIOB MOJTBEPAWIH 3PPEKTHBHOCTh NPUMEHEHHs BbicymeHHoro mtamMa GEO02 B
TPY3UHCKOM BHHO/JETHH.
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SUMMARY

THE FIRST GEORGIAN ENDEMIC WINE YEAST STRAIN GE02 SUBJECTED TO
LIOPHILICDRYING

Salia E.Sh., Gvinadze T.O. and Ortoidze T.V.

Institute of Viticulture, Viniculture and Oenology, Agricultural University of Georgia

Wine yeast strain GE02 was isolated and subjected to liophilic drying. The strainis characterized by high activity
and provides high-intensity fermentation of grape juice both under laboratory and industrial conditions as well as
production of wine materials of high quality. The yeast strain GE 02 is recommended for production of table
wines in Georgian wine-making.

Keywords: wine yeast, strain, liophilic drying, fermentation, wine materials.
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SUMMARY

TECHNOLOGY OF PRODUCTION OF ALCOHOLIC BEVERAGES USING THE RESIDUE OF
ALCOHOL DISTILLATION

Oshakmashvili Ts.L. and Khositashvili M.L.

Georgian Technical University

The paper deals with the study of the residue of honey alcohol distillation for biologically active substances. The
experiments carried out showed that the residue of honey alcohol distillation is rich in biologically active
substances such as organic acids, total nitrogen, phenolic compounds and carbohydrates. High concentration of
these substances in the residue of honey alcohol distillation is due to their concentration in the process of
distillation of honey wine materials. The main difference between the residue and its appropriate wine material
consists in the composition of aromatic components.

Keywords: wine materials, honey alcohol, distillation residue, biologically active substances.
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