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mm3sgn 3Mmongb@al 3Jmby ;mgmdmemgsmonl ogmmoal LGsGoz0l comabangl
LaLOBM3MM STMEI60L SAMBLBS doMM30LO30L S Fongana
Lo3zMmEobsm30L doM3nmMmMo Mmoo

boMmod3znamo 8.3., 3gEHMI37mmo ©.%.

LogoMmazgammb &g376039Mo Nba3zgxMboGyG0

1. 9gbo350m0

LobOBM3MM SAMESbgdNL SAMbLBNL dMo35emn dgomeen sMlLgdomol, dsom dmMmal sMab
BMogl 8gomen, Mmdgmog 8cegmdsmamol daLadsdolo nygMmabiansmynm gobEmmagdsms bob-
&97080lL 33meEmMS 3obomydsdn Lblsslbzs dmnHomnm 3mmmenbs@ms LobEgdal dodsmon.
01 dmegmal dgbodsdobo nxzgmabinsmmymo gobEmmgdsms Lnb@gds Lozdomaba Momay,
035806 sbgo d798mb3g3580 dobn SAMbobLBbN HoMmdmaggbnmaos nbgomn gsb@Gmmgogdal s8mbob-
Lbgdnm, Mmdgmoms HoMmdmagbsi dgbadmgdgmons Lb3solblzs dMyHomnm 3mmMmonbs@os
LoLE0530. sLg0g00s Fogomoma 3sMIMboymo, dn3sMmImboyman, Ag@s3smambanmo s Lb3s
B3MbJi30000. mo@gmo@dnmodn gbmoomos b309M-3033m30hnl, Jmenmbm3-dbbgead3nmal,
&mM3@ 0L, LenmMdMENSbL3NL s LB3sms fomdmeaggbgodon.

dm@Egdm bsdmmaddn Bomgdymo cgmdmmgismonl cgmmool mmasgn gmongb@nb
0xymybgosmyMm gobEmmgdsms LobBgdol Bmgswn s8mbsbLlon foMmdmagbomons mmba dom-
dmboymo s mobo dg@e3smamboymo i36J3ng00l Lodnsmgdom. gl x3NbIENg00 Homdmea]-
bogmbn oMnob 8F3M03700L Loboo Ly JmmMmeabs@oms bLobEJdsdn PEbmodo 3myczo-
3036@7000, MMIMId0E gobnLOBM3MION5b goM33gmo HMx\N3 seMagxdMm gobEMmMIdsms Lob-
®700056. 53mbLBg00 BomadPE0S SOLMMYEGNMIE S NVbsdMI 3M]dsn 3H3MN3700l Loboo.

LEHsGNsdn dgbfozamoma sdMmEsbldal s8Mbsblbal gmomoamomoal Loznmbo dgLHo3-
anognos D.lesan, R. Quintanilla-b 3ogM [1].

2. domoooeo eoa3gmabinomyma gob@mmgogdo s LobabBmzmm samEabal LY.
3136036mm Q-0 doMm30, MmBgmog 338mbsBm3Mymos 90 baghmymo Bas3omom
396@Mm0m 3mmMmENBsG0 bym3730 s Msayboon R. Q™ =R3\ Q.
dofomse oxzgmabinomym gsb@mmaydsms LobEGJBsL LEsEN30L d78mbzg3ado oJ3L
83800930 bobg [1]
(1—Vv,A)Au+(A+ pu—v,A)grad divu+(S—y)Agradep=0, (2.1)

(B-y)Adivu+dAAp—kAp =0, (2.2)

Logos U =(U1,U2,U3)T 39350030 J00L 39J&MM0s, @ GJ939MaGnMab gobaLabmzmamoa
@9bdsoos, A, 1,V V,, B, 7,d, K @s@gdomo gobogyho 8308033005, A oMol mo3mobol
boBgsBBMBNMIdN60 M3gMa@mmMn, T-BMabl3mbomadal Londdmmms.

356bsBO3MIds 2.1. U =(U1,U2,U3,¢))T 339@mML 3nfmomo Maygnmasfnmn QF sMgdo,
Oy U eC*(Q)C3(QY).

3ob6LabBm3Mds 2.2. U = (ul,uz,ug,(p)T 33J&mML 39fmeEmo Mygnmoemyman Q sMgdo,

0y U eCH(Q)NC3*(€27), bmmm gbsbfymme sdmmadnmo Ham@&omal dsbenmommdsdn
71600 8305ymxiz3nmyd il Jhmdal dx8coga 30MmodgoL
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0°U;(x)
0™ X%,0"2X,0% X,
1=12,34, l1<a=a+a,+0,<3.

U;(0=0(|"), =0(jX*), Y >,
d3m3s6s (I)i. Q° sM330 303m3mon (2.1) — (2.2) LobE3d0L obgon Mmazgnmsmymo

U= (Ul,UZ,U3,§D)T 38mboblibn, Mm3gmog O LabmzsmBy 8385ymz0amadl d78ga Lobsbmzmm
30MmogoL

— u@) e

u@)) = 9@), {—8n(z)} =f@(2), zedQ, (2.3)
s e op(2)|”

lp(z))" = 19(2), {—8n(z)} =f@(2), zeoQ, (2.4)

bocosg :( £, £, fs(j))y j=12, f9 k=123 j=12, @, @ a8Q us%-

35y BmEgdymo BYbI0gd0s, Nn(z) oMol Z€0Q famGomby godszsmo QF sl Bndsmm
gofhg bmMmdsenol mm@on, bmenm

0 0 0 0
an—(Z)_nl(Z)(?—Zl-l_nZ(Z)gz-i_na(Z)Z’

n,N,, N, 5ol gMmogymm3sbo N(Z) 39J&mMmOL 3mmMmEbs@gdo.

3. @0oxzgMybEnsmyM 3abGmmydsms (2.1) — (2.2) LobEgdol bmagswn sdmMbILLEAL Gom-
dmeagbo

019mM73s 3.1. 0dabom3zanl, Mmd U :(ul,uz,ug,(p)T 39J&mMo aymb (2.1) — (2.2) ghongsoe-

fmm3s60 LobEIdnl Mygnmsmnmo s3mbsblEn Q = R sM380, s730mM3dgmo ©s bs3dsmalns, Mmd
030 Homdmngnbgdomegl dgdcgan Lobom

u(x) = grad, () —a grad r2 (r%ﬂjdbz(x) +TOtrot(xra, (X)) +
rot (x®,(x))+ grad [a1®5(x)+a2®6(x)]+%rot(xd)ﬂx))—%rotrot(x®8(x)), .
() = D, (x) + 2,05 (x) + 8,04 (x), (3.2
bowsg AD;(X)=0, j=12,34, (A-A)Ds(x)=0, (A—2)Dy(x) =0, (A=A )®;(x) =0,

j=17,8 A2 _H a=puf(A+2p),
1

V.
2,2 1 L n N2 2,2 _ K(A+2p)
A+ A ——d(vlwz)[k(vl+v2)+d(z+2u) B-7) ). AE = Gy

h=r"~7 a2
(A+2u)2 k—d

L (Vﬁv2 (5-7) ] =12,
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B-ry __ By
2 2y’ a4 DY 2y’
A (k—=dA) A (k—-d4)

r=|x|, rgzx-grad.

a3:

©58%30(3205. 30033000 U = (U, U,,U;, )" 39d&mM0 FomBmowagbl (2.1) - (2.2) bob®gdol
fMaagnmasmnm s9mbobLbl. (2.1) mmmmdal mMo3zg dbsfgl dmzsbnbmor diV -ob m3gMms@mo,
0030m30m

[A+2u—(v,+v,)A]Adivu+(8+y)AAp=0. (3.3)
3g8m300mm 8060336300 V, = Adivu, V, =Ae.
0y o8 30b0d3650L go30035ealHnbgdm (2.2) s (3.3) Hmemmodgddn, dn3znmydo 97073
LobEgdol
[A+2p— (v, +V,)AV, +(B-)AV, =0,
(B—y)V,+(dA-k)V, =0.
58 LoLEBY0NESb 30070PENMOM

—d(v, +V,)(A-A)A-22)V,,V,)" =0, (3.5)

K(2+24)
d(v, +v,)

(3.4)

Logs
A+ = do T )[k(vl+v2)+d(z+2u)—(/3—7)2], PRVEE

(3.5) mam0o0sb 3m70nmMmMom
(A-A)A-2)VLV,)" =0,
50 3ob6EMydnl 35dMbsbLbN fomBm3sagnbmo sl
Vi (X) = D5 (X) +Dg (X), V,(x) =¥5(X) + ¥ (x), (3.6)

Logs

(A_ﬂf)(q)s’lPS)T =0, (A_ﬂzz)(q)e'lpe)T =0.
oy V, ©s V, @1bjs0gdal (3.6) 8603369mmdgdl 33308960 (3.4)-0b 8gmMy 3obGm-

a0sdn, 303000500

(B=7)(Ds(X) + D (X)) +(d A7 —k) W () +(d 4 —k ) W4 (%) =O0.

232036 3090mMd”

w0-L Lo, vo-L e @

W (x), ]=5,6 336d300L gL 8603369emmd300 8g30&36M (3.6)-80, Boznmdo

V(%) = @5 (X) + D (X)

(3.8)
V,(X)=(B~7)| m—57 Ps () + 75 P5(X) |.
k- d4 k- d@
V.(X) s V,(X) 896430300 §ohdmeagbombo (3.8) 3mManmadom, 930syma0mgdyb
(3.4)-0L 300390 goBEAHMMYOSLSES.
(2.1) Bmanmdol mfMo3zg bsmal dm3zsbnbmo FOL -l m39Ma30s, 3030010
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(A- 22 )w(x) =0, ﬂﬁzvﬁ (3.9)

bosi W(X) == Arotu.
30600056 divw(x) =0, s80&mad (3.9)
W(X) = rotrot (x®, () )+ rot (xDg(x)), X= (X, %, %;)",
(A-2)@;(x)=0, j=7.8.
(2.1) 8ob@mmgds gosasfhammo 838c0g80 Loboom
LAU(X) + (A + g)grad divu(x) = (v, +Vv,)grad V;(x) —
—(f—y)grad V,(x) —v,rot w(x).
07 (3.10) ®manmdols Bsfy396s 855330 8330806 V, V, s W - 8603369mmdgol,
30300070

(3.10)

LAU(X) + (A + p)grad divu(x) =
= grad [[Vﬁvz—(kﬁ_d}% jd)s(x)+[vl+v2 (f dﬂz j@ (x)] (3.11)
+p 1ot (XD, (X)) —v;rot rot (xd, (x) ).

(3.11) sMmoghoazsmmssbn oxzgMmabinosmyma gob@Gmmagdnl Bmaon sdmboblba §om-
dmognbgds sby
u(x) =u@(x) +u®(x), (3.12)
bogag UQ(X) sfal ghmazsmmssbo
pAU(X) +( A+ u) grad divu(x) =0
896@&MmMIdal Bmgscen sdmbsblibn, MMAgmbag og3L 8380 Lobg [2]

u®(x) = grad®, (x) —a grad r? (r 9 +1jq)2(x) +rot rot (Xr’®,(x))
or (3.13)

+ rot(xr2®3(x)),
boog AD;(X)=0, j=123, a=ul(A+2u).
(3.11) gob&mgoal 3gmdm 58mboblbn \ﬁoﬁ)aananngo obg

u® (x) = grad [a,®, (x) +a,P,(X) |+ 7 rot(xd) (x))- 7 rotrot(xd) (), (3.14)

bogsg

_(ﬂ_y)z} j=12.

a =— |V, +V
) (A+2y)zf[ P k—dA
(3.8)-0bL 8gmMy BmemdnEsb 30;)363@00600 mmad

p=(8~ 7){ 5(X)+k_—12

e reae]

0330000
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1 1
P(X)=D,(x)+(B~7) WQS(XHWQG(X) : (3.15)
d70m300mmo smbnd3bgdn
a=— PV g -_Pr _
A (k-dzr) A (k-d%)

0y 58 3mbnd3b70L go300035eMm0bfNbyodm (3.15)-dn, 803000 ESLSEEINEJ0gMm (3.2) Gm-

mmdasb. b3y, 0 U (X) s UP(X) 339&mMMdAL (3.13) s (3.14) 8603369mmMdIBL 3g30&6M

(3.12) -d0 8030700 ©EsLYFB303709M (3.1) BMEMMOSL. 3300 ;gmMgdnl 30M33em0 bofomo s3E)-
T

303309mo0s. Y8nsamm 8g8mfdgdom dG303eg0s, MmA U (X) =(ul(x),uz(x),ug(x),go(x)) 393@mMo,

Mmm3dgaoi domgdnmos (3.1) s (3.2) mM3Ymgoal bobnom fomdmogabl (2.1) — (2.2) LobE&gdab
S0mbobLbU.

4, (I )+ 29m 35600 s3mbLGS
(I)+ 28m@Eabol s8mblbs 39dgdmon (3.1) - (3.2) gmMBoo, Lowss D;(X), j=12,...,8
36430700 Hodmeggbombn sMmnsb 3H3Mn3300L Lobom

00

D, (X) = ZZ( jwm) (S o)AV, 1=1234,
k=0 m= (4.1)

CDj (x)= Z Z 9y (ﬂ’r)Yk(m) (‘9’ ¢) Agi)’ 1=56,7,8.

k=0 m=—k

o] r= x|, (r,% ) x%0&omolb LBghymo JmmMEnbs@&ydns, A(ﬂj), j=1,2,...,8

Ladngdgmon 3ydn3gdny,
(4r)
gy (4r) = \f el (4.2)
‘ k+1/2(}“R)

A=A, bogs j=5 A=4,, omgs j=6, A=4;, dmgs j=7,8, |,(X) Gomdmbsbzom
oMmandab@&nsbo 0gLgmab a3nbiiEnsy,

Y™ (3, ¢) = J2k+l Ellier;' R™ (cos $)e™ (4.3)

m (COS 9) smab K -yfo bamobbobs s M -nMho Mgal mggebomalb 3mmabmao.
82608365 4.1. 3003350 U = (U, )" 339@mfa (2.1) — (2.2) bab@8al s8mbablbos OQF sMg-
d0. 33d&mmo U =(u, (p)T Pofmdmeggboaa (3.1) — (3.2) Lobono ngbgds NMongmon dgbodsdobmodsdn
D;(x), j=12,...,8 336930300056 07y bmEYds 3982930 GMEMdS
[ ® (0d0, =0, j=1,37,8, fmes r=x[<R, j=2,3,7,8 6mes r=[x[=R,

o0,

(4.4)

7.0. U =(u, (p)T 399&mMab ym3gmm 63enm356 3603369cmosl dggbodsdgds
@;(x), j=12,...,8 136J30900L 6emm3560 8608369emmdd0 @3 30Magaon.

oy @;(x), j=13,7,8 133630900l (4.1) 8603369ammdgdL 930&6mm (4.4) Gmanmds-
do, 303000500
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AP =0, j=137,8.
8963060mmo gMmognems3sbo 39d@mMgdo [2-4]

X (%) =€ Y™ (%¢), k=0,

1 FEE:
Y (G0)=—2r |6 Y™ (9,0), k=1 (4.5)
w (9 9) k(k+1)( 59 SIngagoj (89),
1 e 0 0
Z. (90)= g Y™ (4, k>1,
(5 ) w/k(k+1)(sinl96(p ‘/’agj (5.0)

Lo M<K, €,€,,8, 3hmgymm3sbo mMormambsmymo 39d&mMdos:

e, =(cosgsin 4,sin psin 4, cos S)T ,
e, = (cospcos J,sinpcos $,—sin 9)",
e, =(—sing, COSgo,O)T :
Y™ (3, 0) @9693050 533L (4.3) bob).
AR (4.6)

|m|<k, k=0,
o
{Xoo('g ), X (8,0), Y0 (4, 0), Z,, (I, (0)}|m|<k k=L, (4.7)
808003Mmdgd0 J860s6 mMmombmmBomadnm 33J@mMms LfIm LobEgdsl L, (Zl)
bo3MmEgd0, bowsi 2, IMoIYMMsnLnsba bggmme.
oy @,(x), j=12,...,8 89633000l (4.1) 8603369ammdg0L 393060 (3.1) - (3.2)-80 o
8930035em0bfnbgxdo dgdcga BmammdgobL [5]

arad a4 (9,0)]= 2 x,, 8,0+ FE D2y (5,0,

rot[ xa(r)¥,™ (%, ) | = Jk(k+D)a(r)Z,, (3. ¢), (4.8)
rotrot| xa(r)Y,™(4,¢) | = "(k”) =22 X (9 9) + k(K +D) (di+ ja(r) 1 (8,0),

30300900, Mm3

u(x)= ZZ{ (0, (9,0) + JKKTD) [V (1Y, (9, 0) + W (N Z, (89) ]

k=0 m=—
) (4.9)

() =3 o (Y™ (9, 9),

=0 m=—k

bogsg
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u;k(r)=5(ij i @ 4 (k +1)(kb— 2a)R( )+l @+
(ek)] k(k+1)
AT

v;k(r)=1(%j_ (lk)+((k+l)b+2)R(%j @

(a0 +.0, DAY -2 51 oL (0AL,

+—[aigk(4r) ) 13,0, (4r) g (AN)AY,

(4.10)

o 6)=( £ | AL+ 0,GAD,

k
o= £ ] AL +a,0, (DA + a0, (a0AS

(4.9) BmanMOgd0Esb godm3zm3smmo U(X) 39d@mMoabs s @(X) 1316J300L BmMdsmom

fomdmgydymo
f;ég=ZZ{u;k(r)xmk(9,¢)+w/k(k+1)[Q;k(r)vmk(s,go)+w;k(r)zmk(9,¢)}},
o (4.11)
X)) EE o o
) ;mzk an(NY,™ (3, 9),
bogsg
uInk(r>=%umk(r)=k(;;1)(%j 0+ ry(0-2a) | A
+%[aigkulr) 2+a,0,0Ag |-KED L Lo, anap,
Vi (1) = mk()_ (;jkz ‘1)+(k+1)((k+1)b+2)(Rjk @ 4
(4.12)
+1(%—;][aigk(ﬂir) 9 + 2,0, (,r)A? ]‘%ﬂi ﬂgkw) 0]

. LY (L BN
W 6) = o) = & L] A2+ e, (0D

o =g 5] AL+ S a0, (ANAD +a0, ()AL ]

Lobabmzmm 9 (2), j=1,2 30J&MMId0 s f I (z2), j=3,4 ©¥8Y6IJ30900 go3dstmman
RYM0g-gna3masbiol 8636)030@ dgLo0s30bo (4.7) s (4.6) LobEdgddo

f0(z) = kZZ{ all (N X (9, 9) + a13)
KD [ AL (8, 0) + 7L Z0 (S 0) |}, (=12
fO)(z) = ZZa(”(r)Yk(m)(Q,(o), j=34, (4.14)

k=0 m=-k
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bowog o, 1=1,2,3,4, Jk(k+1) B, Jk(k+DyLY, j=12 gnmoglb smyz0a0gbdades

0551’3=Idwff“’(n9,(ﬂ)-ka(S,co)sinSdg, j=12 k=0,
0 0

«/k(k+1),8,.f1{;)—.|.d(pj'f(”(l9 ?)Y, (9,9)sin9dy, j=12, k=1,
(4.15)

k(k+1y('>—jd¢jf“>(9 ?)-Z. . ($p)sinddy, j=12, k=1,

arﬁﬂk):_[d(pjf(j’(S,go)-Yk(m)(9,¢)sin8d9, j=3,4, k>0.
0 0
o a-b Bsdmagzemal 9333 339L80L 3MA3emydlnMmo MoEb3gdal Liseamymo BsdMmazmo
m — p—
a,bec™:a-b =Zajbj Loag b; 90B086s3L b 39dBmMAl 3mB3amgdbyMace Bgammydamo | -9
=1

8c03bgb.

o1 (4.9) o (4.11) Gmmmdgool mMmo3zg dbomgl goozsmo Bm3smBg, MmEs
X—=>Z (r >R)@s goznmzsmoabfobydom, Mmgmmz (2.3)-(2.4) Lobsbmzmm 3ommdgol, sb)3)
(4.13)-(4.14) GmM@mMdIOL, 85806 Lodngdgmo AE]{'(), 1=12,..,8 890803300bs030L 8030030
0hx303 5SeMmaq0mMa gob@GmmMgosms sMogMmg3smMm3sb bol@gdol

3) mgs k=0

—2aR ‘§)+a1 = G (AR)A, S+ Rgo(ﬂ?R) & =af,

q2
—2 (2) go(jiR) S + R2 go(ﬂzR)A\gg) ZO!SS), (4.16)
Aé‘” + aepés) +a Aég) =ag),
d
go(ﬂlR) &+ a, ﬁ do(4R) Atgg) = 0533);
0) HmEs k >1

Un (R) = arfk), 0, (R)= ar(nzk)’
v (R) =45, 0 (R) =47,
W (R)=7m, Wi (R)=7%,
omR)=al), 6 (R)=afy.

LadshonMnsbos 37980 mgmﬁ)gao [1]
0)mM73s 4.2 0y (1)* 38MEsbsL MYaNMoMYMm BY6IENm 3eMolidn goshbns sdmbablba,

(4.17)

35306 ngn gMmonsgmony.

59 gmmy8ob 010bsb3s (4.16) o (4.17) LobEgTg00 SMNSb M13L7xddHBN. Y 83 LobEg8nb
A(nf(), ]=12,...,8 s8mbsblibgol 8g30&s6m (4.9) @mMBymgddn 803009000 (1)* s8mEsbal sBm-
BobLOL 3H3M03700L Loboo. dg30LfHozenmon domgdnmo 3H3M037300L 3MgdsEmdnl Lyznombo.

Ladsonamnabos dxdcgan omgmmgdgoda [5], [6]

omfmads 4.3. oy Y (z) eC'(6Q)), 85806 a,%{(), ] =3,4 3m3803096@0Lsm30L Lodsm-
0005b0s dx8cga0 dgBsligds

=0(k™), 1>1, j=34. (4.18)
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0gmfgds 4.4. oy fU(2)eC'(6Q), 85806 o, AU D =12 ;myBosngbd-
00bs030L LydsmMaMnsbns d78cegg0 3gRdLYdS

oy =0(k™), B =0(™), 7! =0k™), j=12, 121 (4.19)

006285 4.5. X ($,9), Yo ($,90), Z, (% 9) 30)60Mg00bsm306 @5 Y™ (9,0) @063
300b30130L K -l 8085 Lsdsmonmasbns 338730 NGMMMddN [5]

2k +1 2k (k +1)
X < 4/ Y /_
| mk (19’ ¢)| aS 472_ ' | mk (19’ ¢)| < 2k 1 ’

2k(k+1) K (4.20)
+ +1
Z, (9,0)| < /— v (9, ) < [2KFL
| mk( (0)| 2%k +1 ‘ ( )‘ ir
baBsMoMsbns 3g8c330 sLNB3GMEM0 HaMdmeagbadn Mmes K — 40 [7]
k k
r d k(r .
gk(/ljr)~(§] e gk(ﬂjr)~?(ﬁj . j=123. (4.21)

oy Xe Q" (r<R), 85806 (4.21) sL033GME030l MobsbIoc (4.9) 853003700 sMb 3M7-
dobn, MmamME gamdg®Mmonmo Gadol 8§3M03300. 300350 sbams X € Q2 (r = R), 85806 (4.9)

o (4.11) 893M03700, 0obsbIs (4.20) YBHMMOJ00LY, 06500506 SOLMIMYEYMIE S MNVbsdMIC
3M7050060, 07 3M7dsNS 358930 dogmmsb@&yama 8H3Mn3n

ik% {i“ (J)‘Jr(‘ B+ )}LZ o) } (4.22)
k=0 1

(4.22) 863030 0fbgds  yMgdown, oy all j=1,234, gV 4D j=12

mk’

3M35303036@700 K -b 80dsfmon 1337096 37893 sLNd3BME N3l
all) =0(k*), pP=0(k®), yP=0(k*®), j=12
al) =0(k?), j=34, k—>+x.
0gmigds 4.3 s 01gmmgds 4.4-0b 01sbobds (4.23) sbnd3BmE03oL 97670 o@an@n oy
bsbsbmamm 33d®mﬁ) B16J30900bgs6  dmznmbmgm, Mmd YW (2)eC*(0Q), j=12 o
f(2) eC3(0Q), j=3,4, 85306 (4.9) o> (4.11) 8G3M03300 067006 obbm@n@nﬁ)oQ ©s

(4.23)

05bsdMmo 3Mydsbn Q sMydn, bmem U =(U,@) 333@mMo GoMmdmeggboma (4.9) 8F3Mo-
37000 sfols (I)+ 58mEs6al Mggnmamnmon sdmboblbbo.

5. (|)7 23mEs60b 53mbLBs

(l)_ 58mEs6ol s8mblLbs 33dgomon (3.1) — (3.2) BmMBom, bagss P;(X), j=1,_8 x163-
30900 HomBmeg)bombn sMnsb dg0wyan 3H3Mn3900m

& (%)= ZZ( | Vowaar. i-120s

k=0 m= (51)
D, (x) = z Z h (ANY™(9,p)AY, j=5,6,7,8
k=0 m=—
boesg A bsdngdgmo 8yB8a3gdos, = X|, Y™ (3, @) -0b g3l (4.3) babyg
h, (Ar) = R M (5.2)

k+]/2 (}‘ R)
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A 8BLsBO3MYMOS (4.2) Gmmmdgdom, K, (X)-8sg0mbsmeonl 3nbjgnss.

oy @, (X), ]=2,3,7,8 1967330900L (5.1) 8609369mmdydL 3330@96m (4.4) Bmamdsdo
(mgs r=R), 80300700

AV =0, j=2378.
oy CDJ-(X), j:l,_8 53163309000 (5.1) 83603369(mMmMd7dL d930&860 (3.1)-(3.2)
§ofmdmeg)byddo o 3030m3o@0b60636m (4.8) &mamogodL, 8030070

u(x) = ZZ{ (DX (8,0) + KD [V (1) Y (90) + Wi (1) 2, (9, 0) ]}

k=0 m=—

p(X) = ZZ (Y (9,0),

k=0 m=
Logs

=SR] a k(o 2)r(R] ag s
~4r[AR AR +a (anAY ] (Al
Vi (1) = l(Ejm % —R(bk -2) (Bjk @+
R\r r
+2[an(ANAD +ah (LNAD |- i(d )h(m "

A \d
=2 A2+ a0

(5.3)

an;k<r)=[$jk+l ©+ah (DAD +ah, (LA

(5.3) Bmmmd7d006 godmam3zsanmo U(X) 393@mMabs s ¢(X) 81600l bmmsmom
fomdmydymo

2:—83 = i Zk: {Umk (NX,, (% 0)+k(k+1) [ka (Y. (4, @) +Wm (1)Z,, (3, (p)}},
k=0 m=—k (5'4)
09(X) _ < N m
on(x) kz(;mz o k(r)Y( )(19 ®),
bogsg

un(r) = £ [?j Ay —kz(b(k_1)+2)[$j R

o [an AR +ah (nAg ] £ 2 a2,

k+3 k+1
Q;k(r):-kgf(?j (1k’+k(bk—2)($j A

+1(:r rj[aih (ANAD +ah (4r) (N_%%(s jh(ﬂgr) o
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o R A

5-(r)=—k%1@k+ A+ [adh, () A+ () Y]

oy (5.3) - (5.4) Gmmmmdgdool mMo3zg 9bsfgl  goozsmo  Bmzsmby, Mmgs
X—>2€0Q (r >R) @s goznom3smabfobydm, Mmgmmi (2.3) — (2.4) Lobsbmamm 30MHmdgdL,

obg3g (4.13) — (4.14) LabsBm3Mm BYOI0700L HomBmeagbgodl, dsdnb Lodngdgmo Aﬁ,{;’, ] :1,_8
071000803300b5030L 30307000 HMBN3 SeNgxdMNM dobEGMmMgdsms 970973 LobEgdsls

s) mgo k=0
- LAY+ L h(ARIAD +a, < h (LRIAS —al,
2
g 5 %WW(%R)%?ﬁLatho(%R)Agg):Ofég)’ (5.5)
AQ +a Al +a Aég) =g,
1 d
R 5 + ho(ﬂiR) (5)+a4d—Rh0(12R) S =ag);
d) mgs kK >1
U (R) =, 0y (R) =,
Vi (R) =B, Ve (R) = B2, 56

W (R) =7t W (R) = 74,

O-r;k(R):ar(n?I?’ G (R) = 05(4)

gmigds 4.2-0b 0obobdo (4.16) o (4.17) LoLAEJ0300 SMNSb ™MO3Lxd0sEbN. 1 o3
LobEBgd0L sBMbLBIdL 730960 U(X) 393@MMAabs s @(X) BY6Jsnol (5.3) 8608369mmmd7d30

80300700 (1)” 50mEsbal 58mbobLBL. sbes 3g30LHs3mma (5.3) s (5.4) 8F3M03700L 3Mgdsm-
00l bsznombo.
LodsmoMnabos dxdcgan sLbNd3GMENMn HoMmdmegybgoda [7]

R k+1 d k R k+1

071 3930979mMydo dgmoby 316d@ 30 ho@ofmgdnm dbxgmmodsl 3§3Mn37300L 3Mxdsemonl
3Lsb3d, Boz0madm, Mmd oy 1 (2) eC*(0Q), j=12 ws TV (2) eC3(0Q), j=3,4, 85306
(5.3) 5 (5.4) 893003700 07690056 SOLMEYENMIE S MNBbsdMIE 3M]dSCN.

wodamsGnmo
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SUMMARY

SOLUTION OF THE DIRICHLET BOUNDARY VALUE PROBLEM OF STATICS OF THE THEORY OF
THERMOELASTICITY WITH DOUBLE GRADIENT FOR THE NUCLEUS AND THE ENTIRE

SPACE OF THE NUCLEAR CAVITY

Kharashvili M.G. and Metreveli D.Z.

Georgian Technical University

Problem of termoelasticithy theory with double gradient, solved for Dirichlet static boundary conditions with
kernel and a space with kernel loop. In this paper we study problem of termoelasticithy theory with double
gradient for Dirichlet static boundary conditions with kernel and a space with kernel loop, in case when both
the displacement vector and the derivative of its normal are given everywhere along the boundary. The limiting
thermal and thermal flow values are also given. Representational formula for a general solution to
corresponding homogenous system of differential equations is expressed with the aid of four harmonic and
four meta harmonic functions. The problem is reduced to a system of linear algebraic non homogenous
equations and then investigated in this form. The solution is presented asinfinite series. The boundary
conditions of smoothness ensure absolute and uniform convergence of the series.

Keywords: double gradient, thermoelasticity theory, Dirichlet static boundary conditions.
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3MoB03nmo dogngdal goblobBmzmal Loznmbol dgabobgd gMmoazm-sbsmabByMma dgomeocm
Mathcad 3m3309@gMmmmo 3MmaMmsdal godmygbgoom

056dgmmoady d.M.
Jnomoabob 53530 §aMmgmnanab Lobgymmdfoazm NbazgamboGgdo

Mmg3accn mamm3asbo LobEJ8300l dagMomdal sdmEsbadal s8mbLby, 3gMmdme, 3Modo-
3o domgdnl 8609365mmdg00l gobLabmzms gob3znbommo gmogm-sbsgnabymo dgonmeoo.
030 hsdmoyosmnods o. LAnMbM33s ds@Mmogymon xv3MmmMAnm, Moy dobLogyomadnm JBJIIGYMOY
3ma301&aMnmaoa 3Mmmamadgdnl godmygbydals omb [1].

Mmg3accn LoLEGIAoL yBMMInMydymo dgmdsmamds o3sbsbnsmom & 337&mM-b3g-
&0o:

LO@IE, &pyenr &, 3OQBOENMIOJON 1, ..., N 330007000.

LoBznmom doBMmogs P gob3nmmodgdymo ngdbgds dmjdgn gomg domydnm, Mmdmgdog
896LoBM3MYMd0 M6 LoBYLENM F 3sMeBgEMmsdcoy.

P 8o&Mmosol 6sdMmozamo f 30Moda@mby o &€ 333@MM-b33@B7 3obLsBM3M3L dMBIBEL
LobEGgdob 1, ..., n HamGomaddo s HomBmoagbl 39d&mM-L3xBL

Ml
mﬂ =
ob7
m, = fPe

07 5036086530 M-no MYsgd00l dgozemgbal Bo@Mmapol, 9.0. Fo@Magsl, Mm3mab b3gx@Jd0
fomBmoagbab & =1 &, =1s 0.8. goEssEanmIdId0m 3sdmE3gnm LoyMab Mmgodzngdl,
bomam L -000 8m8g6@g00L go3mgbols 8o@Mmoisl (L, 8o@Mmool b3g&gdn Fomdmswagbab dm-
8963700 1, ..., n GaMEG0omgddo, MmImgdos godmfsgnmos R =1 R, =1s +.8. Mgogdsngdm),
95806 dm36&00L 337EMM0 Magd&onmo domgdnbogob gobolbobmsmads M, 333&mMM-L3gG0m,
Mmm3dgmog @mamos

m =L Ile
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©Mmgzocn  G30mg00l 33d&mMM-b3lgdn W, mmdmob gmgdab@&gol HomBmoagbgb
Mmg3acn &30Mogon 1,2, ..., n HaME0maddn, 3obnbobmzmgds 8308maa0 godmbabymadnom:

W =B,Gm, +B)m, (1)

o G do@Mmogs, Mmdgmog gobbabmamazl mgmmb nbgmionls Amdgb@gdoal 33eM0gdoL
396mbL;, HomBmoagbl nogmbamnm do@moaiEsl

V 0 0
b, .

G: O |2 e ] ;
. . ) IO
o o N,

B, 0 Bg - My3500 G30Mg00lL Fo@Mmops, mmmbe, 0y Imdgb@goal g30yMms

LmMbsBM3560s, 85806 B, Bs@Mmogs 3obolabmamads gedmbobyamgdnm

a, a, 0 .. 0
_ Sy |@n @y Om e 0 _ S .Bo
“  6El,|. . : S 6El,
0 0 O Ao

oby
i) =P A =2( P+ Psr)s Cgroan) = =S
k(1) — P Qe TPt Pt )y Cenn) = Prst; P = (Soly)

o] S, - LogMmdy k-pMmo Bmbsz3gomnl, bmmm S, — LogMmdg dmbBsog3gonl, MmBgmog

90001mM0s d3Babs. dmdgbEgonl dMYEbsbtM3sb0 g30yMmal d7800b373530 PbS 30L5ME]0-
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SUMMARY

ON THE ISSUE OF DETERMINING THE CRITICAL FORCES BY A GRAPH-ANALYTICAL METHOD BASED ON
MATHCAD

Bandzeladze B.R.

Akaki Tsereteli State University

The issue of stability of elastic rod systems is considered using the example of a rod hinged at the ends. The
calculation of the critical force is carried out using the graph-analytical method in matrix form. The efficiency of
using computer programs to solve such problems is demonstrated on the basis of the Mathcad application
program. It has been established that the value of the critical force differs from the exact solution by 0.3 %.
Keywords: elastic rod, MATHCAD, stability, critical force.
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SUMMARY

ON THE RELIABILITY OF THE MONITORED SYSTEM

Namchevadze Ts.V.

Akaki Tsereteli State University, Kutaisi

Both stationary and nonstationary values of basic probabilistic characteristics of a continuously or periodically
monitored restorable system are determined with the monitoring period and duration and the restoration,
arbitrarily distributed quantities. The failure flows, detected and undetected by continuous monitoring, are
assumed to be Poisson.

Keywords: reliability, monitored system, failure, restorable system.
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0oL bBmaon bgess, Homdmaaggbl 3omdgonl, 3ma33560700l s goblobmMmingagdgmao bonb3gL-
&ogom 3Mmmyd&gool MgbBEodgmmodnl (§onagadmmonl) sbsgmobo, Mmdgmbsg sbg3g ghmegods
(CVP - sbsgmnBo nbgmabnmno &gmdnbnwsb Cost-Volume-Profit ”, 861 obobomygoals, Mgysgno-
BoE00b ImEemonl s Amggonl gmomdmanzn sbammabn). sbgmn mMmdno bgds LadgHamdgm
Log005bMONL BNbsbLYMN dgxa]daL, BamygdLs s HomBmgdal (goynce3gonl) dmEnammogdby
33m3000301mI00l ;3smynmals c0g3b90.s.

obgomn  SbosmaBal xwomamqyddn, GdsMm3zgmmonmn gosHyzg@omgdgool domadals
3603363emm3560 0bngo@mmas fonggdmmoals HamEoma (break-event point) . (sbg37 g363JOS
Lbb3s LobymHmeadgd03: ,6mmm3sbn0 Bmggdal famE&omoa“, ,Hmbobmmmodal HamEoma“, ,3M0-
&039mo dmEnemodob Hah&oma”, ,,0M36E007mmdnl B3smn*).

bLonb33LEGNENM 3MmydEnl Honagadmmodolb sbosgmabn, Homdmowggbl 3thmgd@&gonl g331& Y-
Mmool dxzsbgdnl 36093670MmmM356 8585008769mMUL. ol sfol 3nbsblnma domanznl nbLEMmYdgbd0,
Mmmdgmog gbdsmgds 3ma3sb6070L gobLabmszmmb ab HamEGnmaoa, Mmealsg Bomo dognsbo dgdm-
L350 PEMMEJOS B0 FNENNSD EIbIBIMYJOL, 567 o oMol sfE dmggds s Mg Bafmamo.
3600369mmm35605 0635LEMML  3Jmbogl nbazmmABsns 030l dglebgd, 0y foamdmgdal 3MmEgbn M
0m87630nsb 0gbgos MybBsdgmYMo s My Mameabmdal 3Mmeydannl Homdmydss s8alboczals
Lagam. sbgomo sbsmabBo ndeng3zs 3603365emm356 NbMMTsEnsl Lonb3gbdngom 3Mmaddol io-
BoblmMmo dgMmacomonls dgbobgd s gbdomads bagofm goshy3a@nmgdgdal domgdsb.

Poma30mmonl  sbognaoBo  dgndmgds LB3sELLB3S ESbndbYMgdom gobnbomgdmegl,
3J9fdmeo, MmammE: esbsbomygdal gobLabmzmal s domm3ol 0bLEGMYF6E0, BoLHsMIMIIbNL
LEMIBIaN0L O8NTs3700L NbLEMNAZ6EGN 56 MYBESOIMMdNL 3Mmabmbamydol nbLEMYT76@ .
89b30b0eMmmo mncmgymo dndomoymgds NBMM EgESMYMoc:
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1. obobomygool domm3zal 33ML3gJE03s: Honaggommonl sbosgmobo Lodyomadsl
odmg3L 3mB356070L  goxrslmb LB3oEOLB3S ObsboMmyYdAL go3amabs Gocn dmAg]xdNsbmMosHY.
039mobb3g0s sbsbomMygdnl oxguBIOnL dgbodmadgmmmods - fomdmgonl ajlboMmgdym (Gom
ob933 1P ME7076 30monmse 3ngdLoMydYML) S 33MeE EIbsboMyYJdSC.

x0dLoMIOYMO  ESbsbMYJdN abgon ibobofmygdns, MmAmados MNE3mamo Mhgds
§omdmgdnl dmeymmonl g3momydnl do1bywossm, bmmm E3msn ELbsbBaMY]dN 0E3ENY0S
§omdmgdnl dmEnammodob 33ecmamgodol dgLadsdnboc. A3gb 3oMmoomo 31933300, MM sbgoon
©30mM30g0mMIdsL oJ3L 3nMmsdnm 3mMm3mMaoymo bobooomn. obsbofmygdol ©owalbs
3m33560790L LodYomMadsl sdma3l goblobmzmmb goynw3gdanl dobndsmyMmo comby, MmAIgmog
Lagnmmo y3gms bamy ol sbogsMms s Honagadmmonl HamEomoal dobsmfhaszsco.

2. 533L7000L LEGHMOBGI300L 39ML3gE035: HonaggdmmdNL Sbsgnbo gbdsMmgds 3MB35bngoL
As3maysmnomb m3@ndsmmmmo BobHomMAmMIabal bLEBHMoEIa0700. Hoa70mMmonL famEnmal gmeo-
Bo, 3mMA35605L gbBomgds godmm3zsmmb dnbodomnMao Bobo, MmImomnsg 3hmeEyd&o o6
0mALobyMgos Ybs gonynml, Moms snBRMML sbsbomMygdn s 0830056 ngbol sEgnmy-
00 sbso35Mgg00n. oMy d580Ls, dgbadmamgdgmos gosbsmabBogh xslgdol 33momydal
893mm9bs AmMAgg0056moBg s Bnmadnma 0gbsl gowshy3zaBomgogdn sLfsMIM]absb].

3. 3mmgbmbBomgool 39ML3gJB03s: Honai0mmonl  sbagmobn g3gbBomgos dmds3zsmn
89Yy003700lL5 @ 3mdggdnsbmdol 3MmabmBommgdsdn. stlgdnmn dmbsEgdgonls s LodsbMmm
®9603b30700L gosbosmaBydnm, 00BbgLL dgndmns gobLobmzmml Honagdommodal HamEowmo,
03037 MgbBodgmmonl Bm3sma, Loddnsbmdal  Lb3osslbzs LggbsMabom3zal. gl nbazmMmAasins
LodYomMadsl sdmg3l 3MB35605L dgoxzsbmb Lonb3gbEoinm 3MmadBadal Bnbsblyma d0Bsb-
d39mbommos s dnommb LEMSBGIZYMO gosHY33ENMJ0700, goyne3300l LozsMmeycem dmEy-
am0ol00l s bafygdol LoxwydzgmBby.

5mbndbyma dgbadmgdmmodgoal 30mmogddn, Hongadmmodals sbsmabol hs@o—mgonm,
dabadmadgmo bgds gosogmsls dongman Mogo s0mEsbydn, dogsmomsc: 303m3mo Ham@owmo,
Mmmdgmoi dg0gmaddn gobgds 3md3sbool bymm3zsbn dmaglxonl HamGomo(MgbEodgmmmdnl
Bm35M0); ssa0beogl, 58 HamBomal dobomfazse, dbBs 3MmeYdgnal My MomEibmds b
oymb Homdmgdnma LamgsmaBogome; Mo iz3slin Pbs ofHalegl Logmbgymbs s dmabsbng-
05%7, Moo gonBamemb dmnbm3zbs s dozommo Labym3gma dgdmbszsmo; Homdmgdal Mmm-
3mo &gdbmammans nbs dgomhgl g33d@nmMmdol mbalb sbsdsmmadmaoc; dgbadmgdgamo
bg0s M3Gndasmmnma Lofoamdmm ggadnl BMMBnMIdS s 5.8. S8Mngs, MMasbnBsznsdn Honagod-
anmonb sbagnoBo dnnhbg3s, Logmbgmbs s AMALsbnMgosBg Bmanbm3bal dgbfozmal gMmo-gmm
30M056E v, §37Ysbsdn sbigdonmaon g3mbmdninmn 30cmsMxoal 3nMmdgoda.

3Mogd&ngodo §onaxdmmodol GamGomalb 3m3bol Modgbndy dgonmen sMlgdmodL, dogmod
y39mabBg 3m3nmasmnmo bLydns: domgds@ngymn, donsbn Amagdol s ghoxzninmaoa 3gcmegdo.
domg8s@03nma dgomeen 60dbo3l, 3m33sboal Hongladmmonl HamEomol oag)bsl dsogds-
&0z godmbobyamgydgdol  LsdPsmgdm. 867 Foyn3gdoal 03 ImEymMmoONl gsdmmszmol
Mmdmob cMmbsi I90mbozmadn s ESBBIMYJON JMNTSL]L Y MM d..

dmag00l Lo3m3bgmo LB3sELLBE3S BMMTYm godmnyxbgds, BogMmsd oo dmMmal dgnd-
@0s godm3zymo gmaon, MmAgmoE 831585 y3gmoebg domgdnmans. b 838yabsnfmac dmoigds:
0magool Loool  ELLyEalbs Lssbasmndm 3gmamedn, mMasbobognol domnsb d53mbos-
0L v3megds LMY SbsbaMygdn, Mm3ymog dmnEosl 09Ydn3 o 33MoE EILsbsMY O,
b1, 0y X-000 9360365300 HoMmdmgdnmo 3Mmendgonl bonongl, 35806 Amaggds

P(X)=R(X)-C(X) (1)
bosE, 80ransbo (LMYa) Esbsbsfygdn oMol 3Mmendgnob X — Logoeal §Maznzo
B9bjE0s
C(X)=K,*X+FC (2)
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o K, — §omdmydym ghognamby aoGanmo g3amen ©sbsbsmxgdns. FC - 8nwdnzo
©sbabsfmxg00..
d70mbozsmo
R(X)=Kg*X (3)
sbg3y oMol 3Mmendsnol X - Loeool GMxnzo gybiens. o Ky - gmoggmal
8obaynn a3slny.
071 (2)-b o (3)-b 73036 (1)-3o Bn3z0mMydN
P(X):KR*X—(KC*X+FC):KR*X -K, *X —FC:(KR—KC)*X—FC
2Jacsb,
P(X):(KR—KC)*X—FC (4)
(4) §ofmBmocggbl dmagdnl HMmazn3 dmegmbs. 53mbmadngnl 3MnbEn3gdnmsb godmdcnbsmy
(KR —KC)UBQO oymb ogonmon ooy, sd0@mad dglodsdol gmoxznsl oJ3L smdszsmo babg

(oMol BMsn 3biisns). nb. bjgds 1.
b6am3560 dmaggoal HamGomal Bmgoo dgomememans sthals Homdmgonmoao ghogy-

mgdalb X Mamgbmds, Mmdgmbasg dmagzo byemm3zsbo dmagds 67 (4)-d0 dmggds P(X *) =0

(KR—KC)X—FCzo (5)
3970006, Byemm3sbo dmagdal HamEoma (X *) GMMOD :

X*=FC/(KR—KC) (6)
byam3560 dmaggoal HamBGoma (X*) 890m0n3mMIdy, fomdmadal doemnsbo x30dLoMg-

0O IbsBIMYJIONL goymBzom, LB3omdsby-ghogymobl baMmgsmabBagom BsblL s 3Mmeoni&al
58 gMmongymal HomdmgdsBg 899I 33mo sabsbafmygol dmMal: LJgds

C,R
R(x)

FC

X* X ©50.

LJ380. §onaa0mmonl FamEomali(bnam3sbn Amaggoal famEGoma) dmdgobol gMmoazniznmao
dgomeoon
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3Maxzn3nmo dgomen gymobbdmodl §onggommodol sbsmmobol dggagdol 30bsmnm
§omdmeagbol, Mmdgmog bBdoMmo 390000708 Honggdmmdnl (byemmasbo dmggdals) HamGomal
8Mmoxnsnmo Homdmeggbol godmygbgdnom LJgds. o3 87380mb3g35d0 Lagomm bgds dmadxdbmbs
fam@&omoa, Mmdganog 0d6730s Honaadmmonl famEnmaoa, 567 ss3dsymaznmgdl (5) &mmmosl.

©053Md35B7 §Mxz030 ghmoxznggdal Lobnor boh3zxbgons, BomMnsbo oboboMmygdn o
000sbo dgdmLozsama HomBmadol ob goynw3gonl boongby sdmingdnmadam. HamGomo,
Lo gb Mmoo HMxig 033001700, 379LOdS870s Honaadmmodal HamEnmb, bmenm dobo dgLsdsdaln
8603369mmds X * sdbgobos mamdy, oMol §onagdemmdal (Byemmm3zsbo Bmggdal) FamEomal
0600369mm0o.. 580l ELLEBNMO IMagdnl gMmoxnzn sd0LENLMS MamMdL 3330L bBmem3sbo Amaggxonl

X" §am@&omdo. 930dmgds 00730L, MM Hangadmmdal sbsemobol gMmsxs3ninmo Gomdmeogybs
boogem Lymol odamg3zs  Hoyaggommonl HamEomal dgbobgd o gbdsMmgds 3mA3s6ng0L
306701 Mo HomImohnbmb Lb3oslibzs LgbsMmal go3zemgbs BmABgg005bMdSB].

09137000mdalb famEG ool 3mMmdnms BYmoE godmbabryangdsda: ymzgmo 3mads-
B60ol HomBo@gdol omby dsBaMBy nbmMByds domgdymo dgdmbozmadal ooy s bLBSO0-
oymmodnm. 330mbazmgonl bmes moomgdol ym3zgmozol 603bs3L Gomdmgdal dmEymmdal
dgLoosdnl BMob. 080l sbaaggbsw, 00y 3Mmagddol MysmobBsgnol Mmdgm 9&s3Bg doomGass
dobo godmbyn3s ©o godmom3zsmmo mModgbal fomdmgdss Logomm  0dobom3zal, Mm3 oM
8933mEMEIm, Kby 303mEgm Honaadmmonl HamEGomal i3ymecn 3603365mmodal gsdmboms-
@m0 BMMIYM. sLgo0n godmbobyamgdns dolbomgdo MIBESOIMMdNL Bm3smol dalbodsdalo
MomegbmdmMn30 godmbonmads Pbs go35dMo3mma LafmgamnBognm Bsbbg, 867

Mg = K #FC/(Kq —K,) (7)

fona830mmonL fahGomal @nmowe M, 860336gmmds s dabo gsdmbsmzmgmo
ammdyms g33b0oM]xds dobabsbmzmml dmgma Lsnb3gbEosom 3Mmad@adal MysmaBgdalb
00556375 mbognmds o Logom b3madal obdndgzmmds. Gogomocoe, oy Hobobfsmo
890mo3emyd0l ommb Honggdemmoal Ham&Gomo 39M doomfa3s, seodsm sBMo oM 5g3b 0b633LE0-
MydsL bozsMmayme §a8370056 3MmgdEgodo.

0993700nmdab famEomol godmmzmsdn bLoMornmygdn. ghoo dgbye3znom §oyggdmm-
ool PamEomal godmmzms domEn30 AsbL s godmomzmoadn LoMoYmMggdL oM Pbs 33mm-
omo. 353Mod Logddglb osMonmgdl ol Bad&o, Mmd BMMBNmMol godmy3zsbolols Modwyxbndy
06033630mm3560 ©8d37050 gobvczsmalifnbgdgmo. oo dmMals 360865mm35600:

1. 3oobgomndgdnl aammadnmasdn s308MoMmadl LB3smds dgdmbogzsmb (goyn3gdal Bmiy-
anmosl) s 33mMoE sbsbofmygdl dmmal 567 Lb3omos 3hmend@&nl ghognmoab gobsyne 3ol
s 9Mognmabl §omBmydsty o6 89dgbaty aofanm absbomygdl dmMmab. sggwsb godmadnbamy,
3193900, Mmd y3zgms Homdmgdnmao o6 dgdgbomo 3Mmeyd@o nyogds. 3snynmszn 3hmeyd-
@700 (bLogdmbgmn) o Mol gom35MabHnbxdYMN, MOEash Focn doyn3nsb dgdmbogsma sbo-
00 39M 069005 domgdNMAO.

2. 33mon sbobsMmygdn 3nMmsdnm3mmammianymos (§Mx3030) goyos3gdoal dmEy-
anmonb. gb ym3zgamonzob sbg o Bgds. dogsmomsce, nd 3x8mb3g3sodn, MmegLss fomdmydals Im-
GImmoOnl gobobmegmoc Lognmm gobs sbsgno Mongd@ol 537670, o6 L8dgbgdmm 3MA3s-
60590 dndcenbamgmdl mmo 56 dg&n Lb3ssLb3s Lomoymalb 3Mmyd&olb Mysmabgds, odmms-
00 YBRMm MomeEids.

3. gogLboMgdnmMn EsbsbaMmygdn oM sMmal sdM3nEldNMO goyn3gool dmEnmmodsb].
0993s 9L ym3zgmm3alb sby sm sMmob. 0y Gomdmgdal dmEeMdlL gobasbMmgma Lagom
8obs sbagmo mdngd@nl 8376905, dsthmzal Mamedn 39MLbmbsmmal ojnMms3z]ds, 3MBNbsemyMma
3osbobogdal gobMmms, o6 mobodgmmiy oxsmymo @yJbmmmagngdal sbgMazns oY
8390m0f305 ddsmm3zgmo 3gMbmbagnal dgdnigds- sbgon  dxd0;mb333300 sbg3] oM gLlooa]dS
fomdmeagbnmm azmmTymosb.
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4. H59370amonb HamEomo godmocn3zmgos donmosbs 3md3sbonbosm3zal 56 Gomadymo
0765L 8n8cenbsmy 3Mmgd@gonl gobodysmgdnmo 8603365cmmod..

Pomnaadmmonl HamEomoal godmozmabol yzgmoby 860936gemm3sbo dbmmnes3s oMol
503700 4. n8obom30lL, MM godmm3zmgdn oM gobadysmegl, s dgbmymeal, ooocmgymo
3mmgd@&nbocmznl gom-gomyg, Logoms 303mEgn BogdboM]xdYmMa sbsbafmygdal Mo fomo
dmob onomyym 3hmad@bg. 8330Mm®ads Gomignm 3mmad@aodol 8obgeznom ojLboMydnmo
3bobomygdal gobofomadol 8gomengs. goms s8nbs, 0y 3Mmgd@ado d33Mns, mnomgnmo
3mmgd@&nbscmznl Honaadmmdal HamGomadol Eom-3om3g godmm3zms gosngdig3s Mo
58mEsbog, MmMABgmai dmoobm3al enn Momgbmdnom godmm3maodl.

535Lmdb ghmo, Mx6EI0 MmOl Bm3sma (Honaggommonb HamEoman) 8bnd3bgemm3sbas
8ob0bsBm3mMmL oMy dbmemme sbsmo 3m33s60700bsm30l, sMo83e 03 3M33560700L30LsE3,
Mmmdmadoi Msdgbndg famos LoJ305bmMO7b. gl Pbs Bmbgl, MmagmmE sbago 3Mmmgd@gdals
©50ygoabol, sbg3g mmasbobBoinol d78mbazmgoals s baMygdal mobsxsmomonl dgbobgd
oMLgdmo degmdsmgmoal dmbo@mMmabgolomsnl.

303365. §o1370mMmMONL SbsemoBo ool demngmo 0bbEMmYdg6E 0, MmAgmaE LodsmgosL
odmg3l 3m3356070L gob3nomEbyb o dgoxrsbmb mo30060m0 Lonb3gbEoiom 3Mhmgd@&goal
30bsbLnMo dgmMomds, Asdmoysmoomb xz3sbfamdmgdbol m3@ndomyMma LEGMOEI30700
80000Mb JLBOYNJOPMO 3osHY39ENMgdg00 3MMEbMBNMIdS 3oyn3gdB]. v800 3M335060sL
d79dm0s 3oo1ndxmogbmb 0s30L0 B306sBLYMN BoMmm30l 3Mod@ngs s gobomoml 3mdg]dnsbmds.

071 y39moazgho 3gmElds d53emdgonl gomgdy, dsdn0b A376 dga3ndmans gobzLatbBmzmmm
dofmomsn Rsd&mmgdn, MmAmgdng bgmb nHymogb dnBbgo0l domHg3sb.

mo@gmoGyMe.

1. gognadg nBmes. 33sM33mmdnmo smMmoEbzs. Lobymaddm3asbymm. - mdomobn, dgMonsbn, 2018
https://www.interbusiness.edu.ge/storage/books/2a9b4ea2ec553c4510e12f7cb56bff06.pdf

2. DMHAHCOBbIN MEeHeAKMEHT: TeEOPUA 1 NpaKTMKa / nog pea. B.C. CtosHoso. — M.: Nepcnexktusa, 2014, 656 c.
3. Clasification of Manufacturing Costs and Expenses, 2015. http:// www.microbuspub.com/pdfs/chapter4.pdf
4. https://buhconsul.ru/ka/calculation-of-profitability of-the-enterprise-financial-analysis-and-inestment
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5. https://www.investopedia.com/terms/b/breakevenanalysis.asp

SUMMARY

PROFITABILITY ANALYSIS OF AN INVESTMENT PROJECT AND A MATHEMATICAL METHOD FOR DETERMINING
THE LIMIT OF PROFITABILITY

Gasitashvili Z.A., Gorgidze D.A., Khutsishvili S.A., Khartishvili M.P. and Museridze R.R.

Georgian Technical University

The article examines the process of analyzing the profitability of entrepreneurial processes at an enterprise and
the methodology for forming a break-even point, which is one of the important tools for monitoring the
financial condition. The break-even point shows the volume of production and sales at which the enterprise
stops operating at a loss and its profit begins to grow. The process of risk analysis is especially important in new
investment projects, as well as in the process of managing newly created companies, in order to correctly
determine and assess financial expectations. The article examines mathematical and graphical methods for
calculating the break-even point of the rate of return, and analyzes the system of corresponding characteristics
with existing connections. The quantitative and monetary values of the loss point are determined.

Keywords: investment project, entrepreneurial activity, profitability margin, break-even point, zero profit
point.
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15337670 MM-Lanb637LE0EM 3Mma]EIOal MabgomMIdal s SAmMAg30l IMS35eM3MaBGgM03nsbo
3Ju39MGmo dgomeo

3oL0Bo30m0 B.s., gmgnd) .5., bxEnd30amo b.o., boaMmondznma 3.3., 3LgMmadg M.M.

Logofmmzgamb &336039Ma Nba3zgMbodydo

9gLo39mma. 3d7b670MmmMdS-Bo&gMmascmnin Homdmgoal ghom-gmomo ndemaggbo smans, Mmadg-
0@ 8moEo3lb boddgbgdmMmm-bsdmbEogm, Ladmmgd@&m-badagdom, bozmbLEMNIGMMmM MmMasbnBszngdL.

3dgb30mmods MmamMi 3MmEgbo 71337 Es0G30MMS sbagnn, 93mbmadnsnmo dnbssmbno o foM-
9moabL 3030&smal A3eMmmogmgonl Lonb3gxLENENM Loddnsbmosl, dgbmodgdal s bagxdmMogodals dog-
mo gngmob 3gmomeedo, mdgmos 3770643 (9976700) FomBmaagbl nb633LE0EN0L doMmomag nbabl.

LONb33LENENM-bo3A7bgdMM  bogdnsbmdnl gobznmsmgdabsm3nls 860d36gmMm35b0s OMgMO-
030, Ggdbmmmmaanman, g3mbmdngnmo 3Mm3mMEngoal s sdM3nEIdYM]0]00L bamabbmomonzsc
70339, 300Mx00L LBMYIGIMOL s bamalbol, Loddgbgdem 873bnyMIdOL s Ladmmad@&m LazgMmmb,
doMmomoon dns s oMy 303dnMgdnl dgdgman gob3znmomgds s 80Bsb3ndsmomymon 33emJ3s. smbnd-
b 3MmgLdn gobLosncmMxdYMo SEaNMN YOS E80353ML ds3@&mnsmyMn s 39ML3gJEnmo Lonb3gl-
&ogom 3Mmyd&goals dmdngodnl, sbsdnMg00l, s81ds3300L s Ladmmmm MgsmabBagnals 3MmEgLgods.

Loddgbgdamm 3MmEgLgdnl 0633L8ENMIdS Fommbmalb bozdome dbb3nem 3NBLBLYM MabnmLgoL,
890mygbgdol ghmdyms3snsbn 3o3mono, cmdgs dgndangods, Logddnsbmdnl 58 bggMmmdn gobbmMmEngmg-
onmads 3mgd@&gods 877065 3ymocn dsbob Mgagnmamymao bozsgoo [1].

LEsBNAL BnBobl HomImoaggbls sem@gmbs@nymao Lsddgbgdmm banb3zgbEGngom 3Mmad@adal
J9x83sb70s bomabmdmnzn s Momeabmodmnzn dsh33bxdmMadnm, doon MebgnMyds s yzgmoby 3gMmL-
39d&0mo 3hmgd@ob sdmmhgss.

doMmoooo 6afogma. dognnsb cogns 3dgbgdmmmdals Mmena bsgnmbsmymn 53mbmadngnl s ;3o-
0mb 8d7b70mmonl sMmanl (J33sMagoal) gobznmamadal bLol@gdsdn. 3dgb6g0mMmoOs MmamMa 3MhmEgLn
SMLydnMo 0830L707M70700L gom3samobfobydnm, HomAmoagbl 3o3n0@smol dxzemdgmgdal Lonb-
33L&0E0m Lagdd0sbMdL gobLogyomadnm 0b@gfgLl, LLAA7bgdMmM bLogdnsbmodals dogmo EnlMobL
39fhnomedo, Mmdmab dyaa]003 masBmyds 0633LEnMadNL domamos dnbbmodmn3z mhagb@nmasce [2].

bLanb33LbE0E0M B769x376@ 0L cgmmnsdn, gobabomo3zgb Mysmnm nb3gLiEGNENgdMSb godmboyg-
6309, Lynb3gLENEOM boLnsmal goshy3zaBomgodgxdals bLod denmL.

o 3Mmad@ab smhg3s s MbgoMmgdy;

e 3Mmmad@oL gdL3mTBognol m3@ndaboins;

e Lo0b3gLG0Eom 3Mmamodol smmMm3nMmgod..

3603363emm35600 dgLods3aln 58MEs6700L goshy3zgde Loddgbydmm-Lonb3gb@nsom 3Mhmy]-
Ga00bL sboamaBoly s 33em33700L 3MmEgLdng. LEsENOL BoBbYdNESL godmdnbafy dj3hymeydocm
dbmanme 30M350m demm3byg.

3Mmdmydnl goobsafyzg@oe 30mmo3zobB30moas dMo3zsmmodgMmondosbo gjLb3gh@&Gymo dg-
0men, Mmdgmog gnemobbdmol dgasbgdnl d33M 3MoBamoydl (898cgad0 Boh37070xmMUL) s dg36M gJu-
39M&L (mmMBg g@n). IMs3smoa 3MoGgmondo gnealbdmol d7i3sbgdnl bamabbmdmnzn s MomEgbmo-
030 h373670aad0L sMlLgdomosl, Mmdmgdng bdnMmo gsdmnygbgds 3Mmad@adal Hnbobhofma dgxsly-
00l 930&Bg [1,3]. LyddgbgdMm 3Mmyd&gdal dgxislgdal s sMhgzal 3Mmdmgdol gosfyzgdos dmo-
35 3Mo@gmoydonsbo gjLb3gmEnmo dgomeom, Homdmagibl dmszsmimo@gmoyndnsb gosHysado-
mg0sms d0mydnl gomizgnmo Lobol sdmEsbal, MmAmals MyomobByds 3B0JMmdo dnbsbdgfhmbomas
07000930 semamMmocndol bLadyomyxdno:

ooxo0 1. 3dL3gMEmo XanBoL BMMInMyds.
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oo0x0 2. 33L3gMENM0 xa3uB0L §33Mg00b dngM, dgBsbgdal bomabbmdmngn 8oh33b670mMxdAL S
35000 35635L050N70MYdNL (J3935H37690eM700L) ngMmsmgoymo HomBmeggbs. sbg3g GgBsbgdal Momeog-
bmdmn3z0 8ohA37670MId0L oa]bo.

o0x0 3. dgx35L700L Momabmomnzn dsh37650MgdNL sMdd3ox30m fomdmeagibs s Bscnn bmMdo-
Mg0y;

00%0 4. 57L39ME700b Bngm daBsLgdal 3sh3767070MS MOBJNMYdS s Bson fmbldal godmamazm..

ooxo0 5. 9Ju39MB700lL dogMm dgRalgdols sMmodioxmom bisemob s Fgxrsligdol 8633&0L GmM-
30705 s ymzgmo 3mmad@ob dgazsolbigds bamobbmdmnzn s Mamegbmdmnzn Goh3xb650mMad0m, dgasss-
Lgoal smhgyo bisenal dgbsdsdnboco;

00x0 6. dgx3sL700bL 9637@ 30 mnomgymo dsh33670mabmM30lL X887Ma sMed3ox30m dgBsbgdal
x3mmdnMmyod..

oox0 7. 35h33650mM700L xo81Mmo dga3sLgdol s oaggbomo Hmbydnl godmygbgdnm, ymsg-
a0 3hmgd&nbonznl Loghoim, nb@gamomymo dgai3sligdnls gsdmam3zmy;

oo0x0 8. 3mmgd&300lL MobgnMmads domgdnma d7maajdnl dnbjwsno.

ymsgamo 00x0 gobznbommo pahm g@&smymoco:

SMLgomobL bamobbmdmozn dsh33650mad0l Bomorm AsBmboczsmon, MmBjymog godmaygbgods
bLo0b33LE0E0M 3MmgdE&dal dgboxzsbgdmoc [2,3]. bodmaddn godmygbgonmas bamabbmdmnzn dsh3g-
670mMd0l o J3705hA37670egd0b LoLEIds, Mmdgmog dgesmadnom 3b6nd3bymm3sb60s Lonb3gbBnEom
3mMmmad&g0al 3mbima@nmao ,,3emalnl“— Loddgbgdemm 3Mmmgd@&gonl dgboBsbgdma. Homdmeagiabomons
9oh370905Mmms ssbimyama Asdmbom3zaman, gLbgbos:

1. 3mmad&ab dgLodsdabmos LHATxbgomm 3mA3s60al dodabomg LGMOEBIF0SLOWDE
3Mdgam3500056 JaBbx0S6;

1.1 Ls3dgbgomm 3maA3s600lL LEMIBI30530 33CMNENJOJIONL BoMmYdNMMdS (08 dgdmb3g3sdn
0y 9L Lagomms 3Mmgd@ob dnbomgdsc);

1.2. 3mad&ob dgbsdsdabmos bLsddgbgdmm 3ma3sb0580 nbm3snNM LoJdnsbMdSLIS;

1.3. 3mmaygd&ob 3007500l dgbsds80bmos 3Ma8356n0l dmmbm3bydmMsb;

1.4. 30mad&ob MyosmaBgonbozolb Logomm 3mEgbgnsmol Bl dgbsdmgdmmods;

1.5 ommydnmo §omyds@gommogodnl (i30656LyMn, cmmoman, Mgsmnbagnsdn dxgmMbydxdn)
893tM7bs, MMasbnBonsdn dndenbamy bogddnsbmosBy.

2. Ls3dx33607Mm B79603M0 Aobolinomgdamgda:

2.1. LO35®7bE™M BogmBamgmonl cmby (Lobyamssy);

2.2. 3tmendnolb Ybozsmummos (sbsgmmagdal shombgdmos sb cnn N3nmo@gbmods);

2.3. 3mmad&nb MaamaBognobozal bagomm &gdbasnma Malbnmgoal smombgdmoy;

2.4, Ly3MBLYMESE0M BoMIg00L AMALobnmMgdal Lagnmmgds 9b 33ema30l As@omgds 3ma3sboals
gofgo.

dgBobgoal Lb3s doh37670mgdn Homdmeagbomons dobsbnomgdmadal gomgdg:  Lafomdmm
3mEgLbol dobsbnomgdmadn; gomMmxdmb s Gggdbmmmaoyma 3MmmEgbgdol dsh3gbadmgd0; Bobsblymn
05h37675000 (3Mo@ghandgon); 8sM3x&0bagnma bogddnsbmdal embsy; dsbnBm3MaEmoal s Mabal
d7000M700l 5h37670eMg00 o 5.0.

baMmobbmdMn3zn 3oh33690madal IgBsLgdabm30l Ag8mma3zsbBgoYMNs cnmaninmo dgBsbgdgdals
07000930 Lobob b3say:

- 0ma39mo 3Mo@ymondo dogmnsb EsdsmMN eMbnm sbslnscgdl 3MmmyddL;

- 9mEadymo 3M0GaM070n sdSMN EMbNo sbabnsmgdl 3hmgd@U;

- 3mad&nb bLodysmm omboo dgBolgdy;

- dmEg8ymo 3Mmo@gmondoom 3Mmad@n B3sblxds domsmn ombom;

- 9mg09mo 3ho@ymondo ndmgzs 3hmId&ol dogmnsb domam dgioligosb.

oModzomnm bndMozmams ogmMnnl dgbadmydammogdol go8mygbgdoom goms3n3smo nNBaMmm
dmgbom Mosbmdmo3 dgxslgdgdty, Mog 0dsl 60dbs3l, MmA Asdmozmam mmangym dgxizsbgdgol
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b0y 8731L0053Mm BMS3g300L dog3oMn sfedisxznm Maob3zgon (sbMm. 1). gb Mosbzgdo HomImocg)bgb

95h39690M00L sMed3030m MoEb3nm dgmsligodgodb. [7,8]

gbMmomo 1. sMd335x30m M0Eb3x00l Loxznd3xmmbBg 33eaabnamo 3gaa3slgdal Lisems

mmang. domnob 300N Lodysmm domamo dogmnsb
9gxr5Lg0s ©305MO domamo
sMmodgeoxzom | (0; 0,05;0.1;0.3) | (0.1;0.3;0,3;0.5) | (0,3;0.5;0.5;0.7) (0,5;0.7; 0.7;0.9) (0.7; 0.9; 0.95; 1)
d9x8sL70s

Momeybmdmnzn dsh33670egdnl Mobgdn dgndmgds 3odmygbgdnmaon ngdbsl dgdceggn dsh37670-
mgo0:

1. 0633L&0E0700L Lognmm dmEnemos bodgsbogMmm-33eg3000 s Ly 3MBLEGMYIG MMM Logdos-
Bmodnb 9&s317, sbY3g 0633LENENJONL BMEYEMOS 58 §Bs30l F7x3700L ESbyME35b];

2. sbagmo 3hmeydinab ghognmab gygdonmo mz00mogdnmgdy;

3. sbs3Yds3709m0 3hmedinab fomamadals badmmabmbBm dmEnmMmmos s 5.0.

dgx35L700L godmygbgdnm Momeybmomong 8sh37670madmMdL, dgndmgds Jmbgm goblbzezg-
om0 8obbmB8ogds. s80&MAa sPEnmMIdImMns dsmn bmmdnmyds s dny3sbs bLnnggdsdg gobbm-
doggonb gomgdsg. sbgzg benMdoMmgdnl dnbsbos Bn3ny35bmom sMmodiszznm Mogbznoo nb@gmzsmab bo-
boo §omdmegybnmon Mamegbmdmnzn doh376707mgd0 sMedioxzom Mogblsdmg, Mmdjmog g3Lb (0,1)
dyomgcedn. Mo Lodyomadsl 8ma3Egdl ymzgmo 3MmyddEn ghommymoase d73585LMmo MmMn3g Lobol
35h396907000) s godm3m3semo Jhmnsbo nbEgamomnmo sMod3ox3nm dxaasligds.

01 85h37690mM0b 3909l 3603369emos 8nohbg3zs dojbndsemnmn ooy dsdnb bmmadnmy-
0ol 30bgbo 87030 Habono: Mogbzncmno ENE3sbBmMmbdn dmEgdnem Mmoibsznl ym3zgem dg8sggmb
3ymazon doon dmfols dogLbndoemybg. sbgo oh37650mac H3gbL dgdobazgzsdn dgodengds hsoozsemmbl
©3b39d37070 3hmeydanolb Homdmgdal Lo3MmabmbBm dmEymmmd..

oy B:(bl,bz,b3,b4)oﬁmb 39535900l MamgbmdMn3n doh3969dmals sMedisxzom  86033-

Bbgamos, Mmdmal 1370070 8608363MmMoOs sl BojbodscmyMo boengg, 35806 bmMdnmgdal dgdcga
07x35L700b doh396907mL 996900 Lobg:

bmax ’bmax ’bmax ’bmax

LosE b =max(by,b,,by,b,) .

01y 8oh37690mab M3909L0 3603365emds sfhols obn dnbndsenyfMmo boageg, 35806 dob 3ymxm
Sfodzomnm mMobznl ym3gmm dgdscag)bgmby. dgolgdal doh3gbydg-

a0 dgodamgods nymb 3menginol gMognmoaob ggadonmo o30mmomydnmgods.

oy B= (bl, b,,b,, b4) 3ol MomEgbmdMmn3zn doh33670mol  sMsdzsx30m  8603365mmds,

mmdomob dnbnBsemnmo Lol 0013MIdS YBMM N3JnJLbac. 35dnb bmmMBnMmydnl dxdegg dgmsligdnl

05h376907mm0 06900
B :(bmin ;bmin ;bmin ;bminj 2)
b b b D
boss By :min(bl,bz,b3,b4).
MomybmdMnzn 9sh39690mMad0l BmMmBnMIdYMN  sMadioxzom  MoEb3gdn (blk,bg,bé(,bf).

5300ymaz30ag09b 3bo yBMmMmogoL:
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0<(hbf, b, by, bf) <1,

basg K sfol Momgbmdmnzn 3sA37670madal Mogb3sn.

773L39ME00 JgsLgdnl 87009870L vx30gLNMYO]0 863737030, Lol dgboxslydyMm Jomb3zsl
00bosax0mo 0J3b shafmoibznmn dgRsbgds ym3gmo 3ocbzolb gobjszmns. 3gRsbgdal doh3zgbgdmy-
00bm30L Hmbgdal om3zms HomMBmoaqbl Lozdome 0603367mMmM35b6 s dnbssmlmodmMns J@s3L. o0
mmb g7jL3gME38s by goshyzndml, Mmdgmao dsh3xbxd0mons yMm  8603365emm35b0 (3MomMy-
&0Bymn), bbzs doh33650mMx080 FgEsMgd0m, Mol goblobmzmasl 3ngE dgwaanls Ladmemmm bLobgl.

dgBobgonl doh3bgomadabonznl §mbydals oagbals gobLb3s3gdnmMa gomgdn shbgdomodl
[2,3] 8o dmbal LGobsmEGym gomegdl Homdmsagbl ngfmsmdonma sbsenabol dgomen Mmadg-
moEg 070m0035673079m0 aymb  Los@Eab dogm [5]. smbodbnmo dgomenl Medybndy dm0xrN3SENS
SMLYdOMOL. LBsBNSGn bamabbmomogn doh3zxbgaomgdnl ngMmamgnsdo gdu3ghm@gdo sggbxb dbmenmeo
05h39670@g00l §mbgdl dgesmadals ds@Mmoiol godmygbgdnom, J3305h33670mM00lL Gmbgdn 30 oM
890m003(M7ds, Mmamms gL ngmsmdonman sbogmabol dgomeedn..

73639 EIMO FgBsLgONL 870NsbbAJOYEMMONL ombal, MmAgmoi domadnmos yzgms Jju3gm-
&ob 8ogM, dxdoggbamol dgaslgdnl 338c0ga, SbolNsmgdgb dg;sebbdgzdnmmonl  3MaB0ENIbG M
(3mMmgmmssnal 3mgx303076@0) W. Mog 8g&0s W oo ya3m 35@ s dgosbbdgdonmaec (bLon8yome)
003mY0ds 97x35L70700 [6].

= 12'2?:1ARi2 AR =R -R 3)
[ ()T ]

bosg R oMol Mobggdol xs80 i-Mo 8sh39670mgd0Le3al, Bobodgdnmo y3gms 3du3gMGal
8ogf: |- bmdgMo 87glodsdgds | -M gJdb3gmAL j=1,..m; m- gdu3gmGgdol Momgbmds. |- 8ggLo-

058700 3oh39690mMadal BmAgml; 1=1,2,...,n; N— 39x35L700L d5h3969dmMgdal Momgbmds; R — Mob-
8300l x58700L Lodnsmmm 3603369mmody; TJ- — 3obnboggds 35306, MmEs MmAgmndy g7L3gMEL o33L

9o bsnfo dgxsligdgodo.
A379M70M0300 37066870 MMdS 1013eMds 8s38symaznemgdmasce o0y W > 0,5 s 3oMgn
mmgo W >0,7.

399L39ME0L dmMol oy dgonsbbAgdEmol EmMby sdsMONY, 3580b Ybs oEanbrgl sbM-
05 3obbb3037307Mmo0l 80ByB0. 83)a700 MBS J36MdML g7L3gMENM 3MBaboal y3zgms Ha3MmUL, 580b
0700093 16y dmbeogl 3sh37b6750eMgd0l Bamobsman sbosmabn s dgoEzsmmb doson dg3slgdgoo.

dogmbg 960030650mm3560s, gJL3gMES X8RS, doh376909m™s  LoLEJT0L BMMInMydILESD
Mo, 3obLbsBmzmml dyzaligdol 9633&0L BmmMAs [1,3,5] sbgon s639@0l BMMTs, 3nMmmdoms JMmon
bomobbmomnzn 3sh33690mMaloc30L s dolin obobinacgdamadalo3zol Homdmemaggbomoas gbMm. 2-3a. sbigoo
56398000 x3sbogds ym3gmmn  Loddgbgdemm 3maddo 3JL3gMES Xanasol dogMm. bgds ym3geno
0oh37670mal g3maA3mbBogns dsbobnsmgdmadse (85H37690mal NBRMm g@smymon, dsbsbosmgdgmon
X81930), ym3gmo xan30b 3753567006 970078900 ¥o0J0s Ladnsmm smomdg@ngnmal Haboo (o7 gomse-
annobfobgydnmoas Fobslnscgdmgdal s gdb3gME00L MomElbmds). dxmIgeE 3MJONEMOD Ym3xemo
05h33670mal 5Msd35a30m Ladysmm 3jL3gMEM dgBslgdsb.

3b6M.2-d0. HomBmeggbomon LodGYssnobscm3zanl, mmbnzg dobsbnomgdmoo 7gu3gMmEg0al dogMm
Xo09Moce, 3hmyddL Lodnsmmme sx35LgdL 15 gdL3gME0n, Mmammg 3oMmgn osBsLYdL 16 7JdL3gMEGo o
MmamME doennsb 3ofman sx3sbigolb 9 gju3gm@on. 3oM3gman Gsh39690mal — X1 8603365mmd0lL slivcs-
mgmoE Gsbolnomgdmgdnm d7x3sL70700 MBS dgxsdgl dgbodsdalbn sMomdgdosnman 8mddgco-
90900b godmygbgdom [7], sb67:

X1=15%*(0.3;0.3;0.5; 0.7)+16*(0.5;0.7;0.7;0.9)+9* (0.7;0.9;1;1)=(18.8;23.8;27.8;33.8);

Xo01M0 sMad3ox0m MoEb3zn nymazs gju3gMmEgoal MoEb3by o Bobabnomyxdmgdals Momegbm-

00%9, 30madnmo Lsdysmm sMmocdg@osnmo ngdbgods 30M3gmo sH37690m0l sSMd3oB0m dgmisligds.
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X1=(0.47;0.6;0.69;0.85)
sbgon Haboo gobLsBmamyma ym3zgmo dsh33650mal 8gfmboma xs80l dobge3000 n013eNJdS
sen@gmbo@oymo 3Mmgd@ob 0b@gamomymo dgxslbgds [1,3].

abMmogmo 2. Lbddx6g0mm 3MmxJEal bamabbmdMnzn dsA37690mMgdo Fx3sLx00L 5637& 0L BMMIS

9oh37670mol obsbyamgds 939095h37690mgd0 30M33am0 dsh33690mob sMed3oxnm dgislgds
in = o
= S e S —
=} M N ™~ -
Ny ‘.3. ‘.3. e -
=} et M ~ ]
S o o o o
S = = e e
1.1.3m83s6006  LEMsBY- XXX | XXXXX | XX

1.3Mmggd@ob d9Lo0580bmods | gnodo 3300500l
b5839690mm 3MB3s60ol  808- | JomxdNEMMOS

©065M7 LEAMIEIFNLLD s 1.2.3Mmyd&ol  dgLodsdo- XXXX | XXXX XX
8Mdyam300056 81889006; bmds 0Bm3sgonm Lagdoos-
BmodsLosb
1.3.35¢00900L  dgLodsdobm- XXXX | XXX XXX
05 3ma3sbool Amobms-
6906
1.4.350Mbmbsgmols  BMmeols XXXX | XXXX XX
dgLodmydMMdS
0oh390670mol  xoT0yMo sMmoo- X1:(X11’X12’X13!X14)

3ox30m dgoligds

3003350 Ls83Y670m 3MmadBol FgBslgds begds, Mosb3zgdom X, X,,..., X, ©s 8s5h37690-

@mgd0l dgbodsdolo fmbgdos d,,ay,...,a,. Loss, 8 =0 s Z?:lai =1, 85306, 3Mmgd&al nb&9a-
Moo 9gRsL70s Bmmo 076705

X=>"aX, (4)
sMadzemom MoEbzgdnl 8g8mb3g3sdn, hmes X, = (Xm Xins Xig, Xi4), i=12,..,n, 085306

X =X 8% 2 A% Y A% Y, a X )

MmmgmMy 3bgs30 shogoxom mMob3zgool godmygbgos Lodnsmgdsl ndmg3zs go3nm3zsmob-
Pobmo Momggbmodmnzn dshH376790gd0l dnsbemmagdoomo ggadnnto 860336gemmdgdn, mebsbmdsn
8o3bscomm 9ohH37690mad0 s MoE YBMm 8603369mmm3bsc 8ng35hbos sSem@EgMmbsdnnma Ladgbydemm
3m33&g00 393935Lman mMn3] Lobal 3oh33670mgd0N Mo EMmmsco.

000bL dgdcga My 33emg30L MONxJG0LM30L dn30mado nbGgaMmomyi sMmodisxnm dgxsligdal
dgLbadmmgdgmo oMol dgbodsdobo 33sx3om MoEbznon 360336genmo0l godmm3amy, Mog s8sME0370L
3MmmydBg0al dgsmmgdnls 3magbl. oMlgdmol mModgbndy aobLB3S370MMN dgomEn FogsmMNMS:
hoy-3sfm3nl 8gomeon, hobgnl dgormeo 3oBES6-3nBEG0L dgomen o.3. [7,8]

b6odMm3do godmygbydymo 33543L hobgol dgomeon, MmMABgmoi domEGn30s godmboygbgdomo o
350mbomzmgmase. oy X =(X1, X5, X3, X4) ool 0b@ggmomnmn sMmodzoxmznm dgx3slgds, 35006
RmMIymo

()= S B o

(6)
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3MmadBa00lL 3nM3xmaen dgBsLgds Bamalbmodmnzn s Momeabmomozn dsh33630mMgdnm Losd-
3d96900mm 3mA35600LN30L sl goM33gnmo BomEmoa, Mmdmal domomso dnbBsbos — 3g30BgMbmon
SMa37ML3gJB0nmo 3MmyJ@d0 s gBs go3nblbso 78camdn sd1ds3700bsm30L 3xsMgdnm Lonbdg-
gbm, 3B37&NM 3MmadEgol. 3hmgd@adl Mmdgmms nbEgamomyin 360d365mmods yzgmabg domamos.

©sl336s. Lo3Igbg0mm Lonb3gxLENEOM 3Mmad&goal TgBsbLgdal, M3bagnMmgdal s samMmhg3zals
50mEabol Mgamnbgds, Homdmowaggbl, dMmszsmimo@amon8osbo goshy3adomgdsms omgdal 36033-
B63emm356 9B&o3L. ol LodsBMS Lonb3gLENENM 3MMIJEJONL Fomm35LNBL 3e3d0MgdNMN LB3S STME3507-
00bom30L. HomAmeagybomo dgomengs LadsmgosL ndgng3s, dm3sbnbmm Lb3ssLE3s Bodboo Jme-
LoxznsnMydnmo LLnb3gLbEnEoM-bsddxbydmm 3Mmmgd@adol gx33d@Mo Habslfofma Bgialgds, bomalb-
bmdmMmn3n s Momegbmdmnzn dsh3gbg0mgdal gmonsbn LobEJdnl sbAsMydnm s dj3danmon ds;
dmmob Lonzgogbmydal s8mMmh]3s, JBIJGNMOE godm30ygbma 3ma3nn@amnmo Gagdbmemmmagngdo, Lof-
yob 9@o3by 973dammon shmogasgd&nmo, bHModygnonm d0Bb30000 s ggadgdmsb dgybodsdm 3mmaddo-
00l yofymazs, Momsi dgndamgds 360d36gmmm3bs a3bBmgmm, 3ma3sbnnl ssdnsbnmo s Ts@gmos-
oo Mabymbgoo.
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SUMMARY

MULTI-CRITERIA EXPERT METHOD FOR RANKING AND SELECTING CONSTRUCTION AND INVESTMENT PROJECTS
Gasitashvili Z.A., Gorgidze D.A., Khutsishvili S.A., Khartishvili M.P. and Museridze R.R.

Georgian Technical University

Construction companies often have to solve the problem of selecting investment projects suitable for implementation.
At this stage, it becomes necessary to use a methodology that will allow assessing projects according to a certain
system of indicators, conducting a comparative analysis of projects, taking into account expected risks, and selecting
projects that will correspond to the company's development strategy. Within the framework of this methodology, a
multi-criteria expert decision-making method is proposed, which should ensure the assessment and comparison of all
possible alternative projects, their prioritization, and the formation of the necessary recommendations for the
decision maker. A qualitative and quantitative system of project assessment indicators, a fuzzy assessment scale and
guestionnaire, and a mechanism for determining the weights of indicators have been developed.

Keywords: Project, construction project, ranking, indicator, expert system, specific weight, integral assessment.
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Lbohgdotg (bob.1).

%

Vo —~ A e —\/ / — ——
\s.. — — Py ’ < joet e
\ = e -
— R =
> i e
B W i = N
| A o e \4%_‘/ A..,___.X_',,

X3
6ob. 1 dogmbogbol LosbgoMmodm Ljgds

3LoMaxdMMO nEgsEYMa Loobob LEsENMbsMYPmo bagonom Lo3Ly dombacgbol din-
Mg Mbg30l 3ob@mmydgdnm, Mmdmydoyg dmEgdmos 3Mmas. 3.0. b3gAMOE30L IMbmamoxnsdn
[13].

©339MIL X, X, X5 3mmMenbo@os bob®gdsdn g3sJ3L 31030 3obGHMMYdsmS LobEJTs
(n896BmMAngngdm Loboom).



LSISANEIRL I bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, N1, 2025 39

X10 X0 X0 X10 30
Qxl AQ, + AQ, =
65 QlO QlO Q10
aU ' 12
Xp 4220 720 X 20 AQ + X20 AQ 420 "30 X20 30 AQ (1)
oe QlO QlO QlO
X Xy AQ, + X2 —1 AQ, + X30 * Xao AQ, =
ag QlO QlO QlO
U, AQ
L N ) i=12,3 2
or*  oO¢ ( ) )

bosg Uy, — Bombaegbol mafdymo fomoab amEGomol gessanmydgdn; & — mgMmdy-
ao ool GamBGomol 80dwnbomy d1630M030 3mmMenbs®o; Q- maMmdymo dog3s dog-
bo©YBB0 fmBalfmMmonl Bamdsmgmdsdn; AQ,, — maMmdymo dsen3al absdognMmo dag6-
myd0; X, — GomboEgbgdal maMmdymo Gomaob GahGomoal smmMmenbs®gdn §Gmbsbhmmmdo
dagmdsmgmosdn; 7 —7asbbmdnmgdm cofmm.

h3960 d700nb3g30Lo30L  gobEBMEMgOqdaL  ASHIMolLol  goznmzsmabfmbmo, MmA
doambogbby dgyymbymo dogmgdl dmMmob, bLoddndol domol gobs sMmoznmsfmn gobshomg-
Oymo dogmo of mgJdggol, doambacgbol mgmdyma Homab, Bosfomo ymzgm m dgyymbym
domols dmMob GomBmaagbl dMmEYam foml, ym3gm 0667 X =0 s (1) — (2) 3obBGmmydsms

LOLEBS goMEsng8bgds MM EsdmninEgdgm J33L0LEJFs dxdgan Loboo:

% X1,§ X10 20
— 4+ AQ +——AQ, =
oe Qp ' QlO
aU ’ 12
T o X a0 AQ, + Y20 ~ AQX2 =0
oe QlO Qp (3)
o°U,  0AQ,
21 _ q :0
or o€
o°U,  0AQ,
22 _ 2 :O
or o€
ou, 1
e~ = AQ, =0
ot QlO (4)
o°U % O0AQ, 0




40 bSISHNIILON LS0bIN6AH(®) L0SES'I60, GEORGIAN ENGINEERING NEWS, M1, 2025

(3) 8obBMmMgosms LobE8s smHaml dnemboabol dgnfg MBEJ370L 39MG035myM LndM-
®ya0dn, bongnm (4) gob@mmgdsms LobBgds smfhaml domsbgbol dgnfg Mb3g0L 3g9MBnlzsmnmo
LoomEyal dndsmon.

(3) o (4) gobEmMmMydsms LnbEGdnl SdMbsbLYbn 33dxdmo dgdga0 Lobom

U, =Uy(e)e”  AQ=A(s), ¢

xi — X0

05006 (3) bobEgB8nsb dn3n0MmxdN

aUXw _1_X1’(2) AQ + X1’0 ) X;O AXZO =0
O¢ Qoo o 10
i ' 2
a;';o - Xi(égl:(zo AQ,p — 1Q1):10 AQ,,, =0 (5)
AQ)'(lo +ﬁ2UX10 =0
AQ;(zo +ﬂ2szo =0

oY (5) 3sbEmMmgdoms bobEgdol Rs36aMor 39d&MMmIYmMa 3mMmBoor K -nfmo 9dbBabomzal
ﬁ(k) o ﬁ(k_l) dayntbnam doggol dmmol g333670s Gomboybols Mby3nl dgdcegan ccnzymgb-
30SeYM 3obGMmMIdsmMs LnbBGgds

Z1(k) +A<k>(g,/;)zk =0 (k=123..,n) (6)
bogsg
00 1% XX
_ _ 00 S
Uso QY QY
= (K Uxo K X1’ X 1_X'2
ACE I AY(e,f)=|0 0 =L~
AQ><1o QlO Q10
AQXZO ﬁz O O O
0 B0 0

A do@MmoEodn dg0s35emn X}O, Ql(g) LOENEJ100 gobabsbmamyds dnambsgbal HmbsLfm-

Mmool gob@Gmmxd0sb s AmEa8nmas b. sMjsbasl dmadgddo [1-2]
(6) coxzgmgbinomym gobBmmadsms LnbEgdnl sSdmbsblbn

Z¥ =KY (& p)C =0 (7)
Looi K ool (6) gMmoa3smmssb oxrgmybinsmym gobEmmgdsms LobEgdol smbs-
bLOb0L B’NbESTY6E MM FoB Mgy, C - sfob 6900L30ngMmn 3ydn330a0b 39d&mMA.

(7) co8m3zngdnmgds Ladyemadsl ndgng3s o3935380Mmo A 333&mMmobl 3m33mbyb-
®700 ymzgmo (k) 5d60bm3z0L bafyol s dmmm GamEnmgddn



LSISANEIR I bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, Ne1, 2025 41

Z¥ (g)=K"Y (&, L)Z*(0) (8)
Lo A (O),Z(k) (gk) — dgbododobo Homdmaagbgb yAS 333&mMmab 86n3365mmdg0L

1060L Lofyol s dmenm HamEomyddo.
071 3ob30bnMo300 mMa dgyymbymo dognals dmegdol 838cmb3g3sL, 85dnb 33376705 LLdn

90560 &, , <e<¢g, (k =1, 2,3) ©0 (8) s8mM 307010056
Z9(&,)=KZ"(0) (9)
doambocgbal AsBogmgdnl HamEomgddn Lymeads 30Mmdxd0

2P (g,)=U, =0 Z{(g)=U, =0 (10)

(8) odm3nad7mad00 hozhammao godmaman Lobno (9) — (10) 3omdals godmygbydom,
35006 03070

KlsAQiing + K14AQ>(<112) =0 (11)
KzsAQSZ) + K24AQ>(<112) =0
boog K — 316s336Gsmama K 8s@Mmopal 3m33mbByb&godas.
(11) LobBGg0s80 AQXlo o Aszo oM Mol bnymb, 9J7sb godmdnbsmg g@gMdo-
6ob&0

K13 Kl4
K23 K23

D= =0 (12)

(12) aob@mmagoal 58mboblbn ndg3s Bombogbals Mby3aL Lognmam LobdomggodL.
390G 035amyMmo LodMEyYal dodsmor dombogbal Mbgzol Losnmemo LobdnMmggdal gob-
LSBM3MOL SeMaMM 030l obomads (4) gobGmmgdsms LobEgdnsb 8n30Mxd:

ou
0 +iAQX s =0
o€ o ’

0AQ, ,
. b
o€

(14)
IBZUX3O =0

oM d58m300m7000 5bnd3670L

= Ux30 1 Q
L= AQx30 A (8”8) ) .



42 bSISANIIRON LS0bIN6AH(®) b0SEI6N, GEORGIAN ENGINEERING NEWS, M1, 2025

050006 (14) honfamgds dxdgan bobom

ZY ~A(e,8)292% =0 (15)

59J9086 §nbs d78mb3g30L SbsemmanyMo dmbgds (15) LobEgdal Bmgscn sdMbabLbaL
hoHgfs s 8383 Mbg3nlb Lognmama LnbdoMadal gobLlsbmzmal semamMmocdal dggbys.

moamoGnms

1. sfmJobos 6.8. domomgndznmo 6.3. 3ogMmol ob Lombol bBogodn Amomo3LxdNMO SOLMMYEGNMSE
dmgboomn Bomboabgdals Lod@30E0L Ba®BoLYds. /o330 faMmgoamol Lobgma8foxm 7bazgxmboGaGoL
0modoy, 2021, #1(17), a33. 144-150.

2. Apkauua 3.M., Mapganenwsuan H.B. PacueT abcontoTHO rMOKUX CTeprKHEW, HarpyKeHHbIX cocpenoTo-
YEeHHbIMW CUIaMK B MOTOKE BO3AyXa WAU KMAKOCTU. /BecTHMK MIY. matemaTuKa, mexaHuKa, cepua 1, No4,
2019, cc.58-62.

3. Arkania Z.M., Badzgaradze A.G. About the method of calculation of hoses loaded concentrated forces. //Int.
J.Problems Of Mechanic #2(31), 2008, pp.72-76.

4. ApkaHusa 3.M., CarmHagze U.C. O6 oueHKe NPoYHOCTU WwaaHros. //Mpobaembl npuknagHon mexaHnku, Nol
(10), 2003, cc. 100-103.

5. ApKaHua 3.M. CTaTuKa LWIAHIOB, 3aMOJIHEHHbIX MOTOKOM BA3SKOW XWOKOCTU W Harpy»KeHHbIX cocpe-
A0oToYeHHbIMM cunamu. /MBY3, MalumHoctpoeHue, 1987, No4, cc.11-15.

6. baasrapagse A.l. KosnebaHus abcostoTHO MMOKOro CTepKHA B MOTOKE KWUAKOCTW, BbI3BaHHblE CUIaMU
KapmaHa. /MBY3, MawwnHoctpoenue, 1985, No5, cc.73-77.

7. Kynbmau A.A. IKOpHble CUCTEMM yaepKaHMA NAbIBYLLUX 06BbeKTOB. -/1. CyaocTpoeHne, 1981, 335c.

8. lonusaHckmi J1.T. MexaHuKa *KMAKOCTM U rasa. -M.: HayKa, 1978, 736c.

9. CeeTanuKuin B.A. MexaHUMKa abcontoTHO rMBKMX cTepskHel. -M.: U3a-so MAMK, 2001, 432c.

10. CeeTaunuKnin B.A. MexaHuKa cTeprkHel, YacTb 1-CtaTuKa. -M.: Bbicwan wkona, 1987, 320c.

11. CeeTaunuKkuii B.A. MexaHuKa cTeprKHen, YyacTb 2-AnHamuKa. -M.: Bbiclwas wkona, 1987, 304c.

12. Ceetnmukuit B. A., CarnHaase WU.C. Cynabepuase M.M. KonebaHus npoBmucatowmx LWAAHIOB, 3aM0/IHEHbIX
OBVKYLLENCA HKUAKOCTbO. PacyeTbl Ha NPOYHOCTb. -M., MalwmnHocTpoeHue, 1983, Boin. 23, cc. 207-214.

13. CeeTaunuKkmin B.A. MexaHuKka TpybonpoBoaos 1 wnaHros. -M.: MawunHocTpoeHue, 1982, 279c.

14. CeeTanuKknin B.A. MexaHuKa rMbKMX cTepKHel n HuTen.- M.: MawunHocTpoeHue, 1978, 222c.

15. CeeTamukmit B.A., MupowHuk P.A., KypkuH B.U. OnpeaenenHne ¢opmbl CTaLMOHAPHOIO ABUMKEHUS HUTU B
cpepax pasninyHon BAskoctw. //MpuknagHaa MexaHuKa, T. 8, Bbin. 4, AH YCCP, 1972, cc. 100-104.

16. A6noHcKui B.C. KpaTKnit Kypc TexHMYecKon ruapoanHammkn. -M.: Hayka, 1961, 355c.

SUMMARY

ON THE SOLUTION TO THE SYSTEM OF DIFFERENTIAL EQUATIONS FOR SMALL FREE OSCILLATIONS OF
ABSOLUTELY FLEXIBLE PIPELINES LOADED WITH CONCENTRATED FORCES

Arkania Z.M. and Sulaberidze M.M.

Akaki Tsereteli State University, Kutaisi

A system of differential equations for small free oscillations of a pipeline loaded with concentrated forces and
filled with an ideal fluid flow has been worked out. This system of equations has been transformed into two
independent subsystems. The first subsystem describes small oscillations of the pipeline in the vertical plane,
while the second subsystem describes these oscillations with respect to the vertical plane.

The solutions to the said systems of equations are written in a vector form, and an algorithm for determining
the natural frequencies of oscillation is proposed for each case.

Keywords: pipeline; concentrated force; axial force; displacement; oscillation; differential equation; frequency;
coordinate; solution to equation.
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MgaMgLoal gobBmmgonl aaggbs dgmMoa dxBmbal LodG3oE0lb 33ema30LsL
30330dg m.3., 30Mg30dg 6.0., 3ggMady 3.00., 6oMISI30eM0 3.3.

93930 famgoanal Lobgyedfoxzm Nba3zxMLoEGIE 0, Jumnsabo

dgmMocn 09@Mbol 330Mm735L8b o38380MYdNm dmem Hemgddo daLbymgdymos Mogo
LadgEbogMmm Lodydomgdn. 2024 famb 0bjgnbyfmoms 26-7 Loghansdmmobm 3MbiymMgbEnsty Hom-
©a3bomon aoym 098s ,,09mMocen 5gM735E& 700l godmygbgds d3@mMbal Homdmgdsdn” [1] Losy
073b09M703s 33tM3700L Lomwyd3gmby ssEanbal, MmA: dgmMsc 9705370 y0B] CoBYd-
6701mmM0 LyEamo d3@MbldN baboscmadmes Lzdsmabs dsmomo goddmgmono 31dd3s0%7 -
3 omal, Moy Lodyomgdsl g3sdmgsl godms3nygbmo Bogamo Mogn 80Bbgoobm3nl dg@mMbab
Ladmmad@m Lnd@3nz0L BomHg30l dgdga, oo dmMmal GMmmEYsmMBy Loymwgbal sg700LsN30L.
0gmMocon 03@mbol d7053b7d0eMxdal godmygbgded dgodumgds bgmo dgnhyml Loddgbgdem
B6oMAgbgdnl 3obmo3zLgdsly o bogoezboymgmbg dgmommsEnoboob s3s3d0Mmydnmn 860ds-
B6gmm3s60 3MmomMydgoal googdmsl. dg@mMbal Homdmgdnboznl godmygbgdymo y3zgms bjco-
angymo byem8obofzcomadns doga g3mm3sdn. gb Lodsmgdsl g30dm3L godm3n@sbmm sliz3by,
Mmmd dgmMoc dgdg3bgdmgdty oxrndbldnm dg@mbadl oj3m LNIB3INE], Mol LsTYSMIOSL
odmy3L sbgo Fsbagdl gobobomb MmamMi GMoognnmo d3GMbxd0L sSeanEgMmbo@onzs bobEo
&mmEomixdal J3gs i33bnboznb.

53MgmM3g, o0 LoD V353807000 LoamyBogom bodmmdn dgobmyms modsfs
095657390 [2]. oL sB0dbs3L, Mmd gimmmanal M3smbsbmaboom, goMmgdmbonzol gho-ghom
y373mabg o Lbdadmmgoal fysmeo dongmb 3eMsbg@ By 0gBMbo n3mMyds. s30E&mMa, dognnsb
06033630mm35600 07EMbOL goadyds370s. FgmMmon d7853L7dal gsdmygbgdonom babdnMmodsnl
3395am0 dsnMmyds s 3d7600mmdal bafmxgdns 03emgolL. gosdnds3zgdnmaon 03&mba sdgnMmydl
dmonbm3bomadsl d7bgomnz d7853L70gambBg (J30ds, mmMea). Bsdmmddn FomAmeaggbomas
§3Mogn doMm3anm3sbn o ddndy d9@mbydal 83850a306emmdgdn gmmac dgds3Lgdagddn, dson
8o3Maby s godnMmgdals gofmgdy. 97010853300y o8 d9@Mbol d385a36eMmmdnl sbgsmndon.
3Mod& 03990 sbymaznboznl Mx3mdgbnmgdymoas 073EmMbgdd0 obsdsd&godnl 8gy3sbs, 58 cmmls
000nbomgmol  xoBosm JodoyMmo 3MmegLbgdo, Mmog  Bol (330360 LN3G3I0E9L.
99L39M0376@ 0L Loxzyd3zgmBy Bomadnmas dsmoma bamalbol Lod@ioalb dg@mba, dnbydMn3n
s 3gmMmocen d7053bg0mal ghormdnzn godmygbydoo.

65dMm3al A0Babno 39330Mal oa]bs 6031700l LndE30iE0L BEM3SMULS S Sbd3L mMmab
MaMmaLbool gobEmmgdnl Lsadnsmadnm, J3L3gMNT376@ImMO 33eM73900L BmMbsEg3700L Loxyd-

39emb9. 9JL3gMnB0bG0 sMal gMmo Bogd@mmnsba, MmMABxmdnE LIMYINEIdIMO BdJEMMN (X)

oMol d3@mbol 60d1danb sbosn (omg), bmamm sdm3nldmo Bad&mMo (y) Lnd@3030L BM3e-

M0. sdmY3000903mM0 BdJEMMO 033eJ0s LA EmMbyby (N=3), cnomynm Embyby 3sMomy-
oMo gobmadzgool Momgbmods Gmaos 3-0b (Mm=3). gbMomdn dmEgdymos 33u39M0nd76&MN
33330l 830093300 [3].

9o Bog@mmnsbn Myamalool dmegmaol dgeaggbolsm3zal Lagnmms goosgmoom djo-
330 Laznmbgoo.
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d3350083006mon MgagMgboal gob&mgods. dg3n0mMhomom, HMxznz0 Mxagmgbnol gob@Gmmgodonm,
Mmm3dgmo dgndmgods hozhammon dgdwggn Loboo [5]
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y =6,3x+132,05 (7)
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cz?m,=§2(yi—yi)2 (8)
i=1
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3 2 2 2
afw:5[(138,4—176,15) +(276,8-220,25)" +(289,5-308,45)° | = 7471,6
2
o
x0dgmal  3ModgMmondon F :i2‘“=%(];76:3546> F. .. 9J00s6 3s8mdenbsfmy
o, ,

Phaznzn MygMgbool (7) gobEHmmMds oMod©I339GNMNY, J.0. oMy d5©J339@ Mo  smhamb
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070009330 3&s30b0130L dg35MAhnomo Mgamabinal 335MaGmMa gob@&mmagos (k=2) bLaboon:
y =h, +b,x+b,x* (9)
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3Mmax03096G¢00. gbMomdo dm@Egdnma 860d365mmdnlbom3al Myagmabnol 3maB0ENg6EJ0N
&mmoo:
bo=-88,33; b1=38,636; b,=-0,898
97Lo0sdnbye, MyamMabnol 335MIGM 3ob6EMmgdsL 893l d78cg80 Lobg:
¥ =-0,898x* +38,636x — 38,033 (10)
07350mfHadman Mgamgbinol 339MOEIMO obEMMIdS 87339GNMM0OsBY. 980Ls30L
35300680M0dmm  ¥,-ob 860336gmmdgdn 83-10 gobBHmmgdom X  Bod@mMol cocmmgymo

mbobm3nb. 33073900 dg@sbomans gbMomoabl 33-10 b3g®do (k=2).
89305635M0IAM™ 5007335 NMMONL L3gMLny (8) MMINEom. dn3nmydo:

3
Tres = 22(2 -9) = [(138, 4-138,419)° +(276,8-276,77) +
i=1

+(289,5-289,74)" | =0,088
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x3089Mal 3MoBgMmondom go30s6gsMndmm F -abs 8608365mmde:

2
F — O-og;]‘; — O, 088 — O, 042
ol 2,107

bHYmEYds 3nmmds F < F_ . 858sbos8g, (10) MyaMalool gobGmmgds 8385ymazznmgodl
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33500Ms@nmon i3bJ3ngdnbscmsnl (d) Mathcad-ob LobEgdolb hodgbgdnman ;3YbJENgd0m [6] o
dmEg8namns Myamalinal gobEmagdgoal dgbadsdnbn ghoxznigdan.

Bobobo (0)-ob  ASBL, MMI 335MeGnmo Mgamgbools 3obEGmMmds, BogEMOMN35,
BbBGE s@famb gJb3aM0BIbGIm GamEGomgdL.

7 138,4
X:=|14 y:=| 276,8 s :=regress(X, y,k)
28 289,5
A(t)=interp(s,x, y,t) k=1 Al(x):=6,297-x+132,05
400 T T T
300 L Dt
A(t)
Y. 200F e 1
Al(X) ,ffr"‘"/;"'
100 f,—-"‘"’f i
0 | | |
=10 0 10 20 30
t,X
(9)
Kk :=2 SS :=regress(x, Yy, kK)
3
3
2
SS =
-88.033
38.636
10.898) AA() = interp(ss,x y, ) A2(X) = —0.898x + 38.636x — 88.03;



LSISANEIR I bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, Ne1, 2025 47

400 T T T
2001 P e -
f/'/“
,/
& 4
AA(t)  oF r/,/ .
/I
y yd
o /
X
& 2001 j.f .
s
S
¢
/Jf
- 400 f.r' m
i
A
¥
600 ! ! !
-10 0 10 20 30
t,x
(0)

3899635M03700L xc033700 Mathcad -0l Ho376709m0 316307000,
s) §xzn30 Mgagmglng, 0) 330My@Gnmoa MgagmaLng
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SUMMARY

DETERMINING THE REGRESSION EQUATION IN THE STUDY OF SECONDARY CONCRETE STRENGTH

Kikvidze O.G., Tsirekidze N.T., Geradze P.T. and Baratashvili M.P.

Akaki Tsereteli State University, Kutaisi

This paper presents the results of testing secondary concrete samples under compression. A dispersive and
regression analysis of the experimental data was conducted, and a non-linear regression equation was derived,
which correlates the strength limit of the samples with their age. Numerical calculations were performed using
the built-in functions of Mathcad.

Keywords: strength limit, secondary concrete, regression equation.
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SUMMARY

TOOTHED CAM-FOLLOWERS

Kakhiani M.R., Beridze T.R. and Nozadze N.I.

Georgian Technical University

Georgian Academy of Engineering

The durability of machinery and equipment depends significantly on the wear resistance of its component parts
and assemblies. The wear and tear in the gear pair and the resulting removal of material from the surface of
the part have a significant impact on the accuracy of the working bodies of automatic machines, according to
this law. To avoid this, it is possible to use toothed gears in automatic machines.

Keywords: tooth, gears, cam, follower, teeth.
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VLP 80cogmdnl 3gonmemmmanals godmboygbydmo, sdzga385M70madads, bodoszmmdm
1Hyg0908s, 80fol dxbgxaMxdds s LnzmEno E8axadsMg0sd0 hommnmads Lb3s Moyhgdds,
16s  dgobHosmmb  moMmgdYmgogdol  dMo3smBIMM35b0  Fobsbnocgdmadn, MmIMIOTSS
dgodgds go3mbs ndmbomb gob3znmamgdnl 83aa10b7 - 6339@0YMOE b IdNMC.
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bo3mMENo ©8Exa8sMY0sT0n, ONbEIMaLIdNMa dbsMmggdol moMmgdnmMgd]adaly s 3M3-
}xMbE0g00l LmEosmYM-g3mMbmAnsnMo, agomgdmbsalznmn s 0bLbGoGNEoMo SL3gd@goo
8obslobngmgol dcogmoemonls gobbmadonmgogdl. obobo dgodmgds gbgdmegl Gmds3senBY
mM0gb@nMmadym o6 obEmMoym 33 gdxdL. s80@MT, ©o8330350-396bMMENJMgOMYda3S
160s 97708656 oyEnmMadgmo Hobsdnmmodgon dnhal MabymLgdal dgMomn godmygbgoabom3zals,
MmIMgdnmoE 9700806685 LozmEnon gobznmsmgdal nb&ymaligdo yzgms gobbmadomgdsts 0y
momyxdmy0al gangd76@70086, MMAmYo0E godmnygbgds 3mbiMmaBnm ©oggadomadnm gomy-
dmdo. Gogomoms, 01bydmnzn MaLyMbLgoal dgbsmhAnbgoalbs s scmmdnbldals nbEgMmalgdn
foMmOdmocggbl gimmmaonmece 8603d369emm356 goMmgdmbis3znm MmnmMxdYmadgolL. abnbo sLg3g,
dgodmgds aoymb bmgosgmmmo MmomMgxoymMidgdn J3mmmagdnbozol. o8 Godolb 06EgMaLgon
93Mm3sdn 30M3gmons, 3sgMod LB353sb dgndmgds oymlb dgmMgbsmabbm3sbn. sgxgd30L
39MmaMmoxnol 301bgse35m, 3oM3339M0 BILINMMOgON, Mmgmmi Habo, shal doMomsn 0b@g-
Mabo boagnbolionznl dogaml Bbmazemomdn. BogsmMmomsE, MOM]xdYMId]0n, MMIMIONE O33-
dofmgonmons LoEbmM3MydgMeb, LSTYAsMLISE s sagnmal dondxmogLgdslmsb, Mmamms
36moomos, sMal y3om3xamabn 0b&aMabin 6xdobdogmo vmMdolb bLongmEonmo gomgdmdo, 0dbgds gL
Joamsgdyon, MyMmstpmo oy 3ghogghmoymao. s80bsm30lb, s9E0madgmMos IBIIGIM0 LBmSE]-
80700l dnmgds 03 3MMOM]I70mMb s B0Eamajdmsb golvdimaezgomas, MmAmgonE bdomo
836300305 306E7MaLYdYE Bbomggol dmmab Bobgymmodgdal goblsbmzmalisl, dgaasligdals s
8obbom30Lol. goms 5dnbs, Logomms dgbgx836& 0L LGomals s nbLENEGNEINMO 35M53]E-
Mool 80dmbom3s s dagMmoemodnl sbamnBn. sbagn godm§333300L BMEBY Logntm bgds
dagmoemdnls sbagno 3sMongds degman dmadszmaliznb s sMmo dgmamn gobznmsmgdnlizgb.
58 3noboo, degMmascemonl sb3g3@&g00 aaminybomgdnmoa by nyml Medgbsce Pbs dgdnmogl
ob 370335mmbL 8s305b0lL Lognmmgdgdn aly, Mmd BgdmJdgEgds goMmgdmbBy o dohsolionsb
s39300M707nm MaLbnMbgdby TogLodosgnyMo sdsMO aymb. VLP dogmds oM sbs33emgoL
0bLENEME0MbomM0BdYm Ln3zmEal og]a035L, sModg 53LgdL Asl. ol LoMmagdgmoas Lobmags-
omyoobozal, bmmm bLamaggogmo sdsmomadl moMmgdnmgdgdl, Mmdgmog bamb NHymob
LHmMo gooHhy3zadomydol domgool. doagmdol gobbmMmEngmyodsd Pbs gssdmogmml dobd-
&odMmo s Lgd&mMmsdmMmobo Mebdndy3MymMmmods L3 PMongMmms353dnMmxdym dofsobsm-
870aMmmosL, Lo3mMEnon ©OaIadsMIdSL o LydEmMmMym 3mmo@ngsl dmmab. LaBmasmgdal
dmbsHomgmos 30Bsb3ndsmoymo Nbs ndsmangdmegl. mbsbamamdnl hshornymmods st Pbs
0ymb mfgsbnBgonmo 3mbimaGnmn 8n0Bbobs s nbzmmdamgdnma/sblbomn comal Halmoganl
39Mad). abinbngdo Pbs aymlL 3mbLEMYIsonMmo s dmfmeadynmo sMandgbdgdom.  dbo-
My (bogmaobyxzmgdol o6 bb3s mMmgsbmgdnl) 3sbnbobdgidmmos goshyszg@omydal domg-
03L05b 39330M7d0M, 31937 VBS nymb 335a30M S goEbsEdNMN. dMbsfHomg 8bsmggdal/nb-
®3gbgdo dgodmgods goblLbzozwgomegl dsmn LESEGMLOLS ©o 3M337E76330700L dnby3z00.
3m333&96300L oMby Lyzdsme 3bnd36gMM33608 gobvggdo. 0By, 033Mn MO8 sdM3nEydY-
anos dmbofomggdalionznl dnfmegdnm 0bazmmdsEnsby s dso dogMm dab goggoaby. 3ma3gEgb-
300b oMby 353emMgbsls sbgbl nlsPLNgdOL baMmalibby s 3MB37EI6(300L NbsMBY. IMbsHomgms
sceMmgymo hshm3s Bagmb 1Hymol 3mbxrmagd@gool mo300sb s3omgdsl.  §obssmdgs dgo-
06333580, obobo hsc3mMNob, Mmd Ashmom3zs BMmMIseMNs o oM sMNsb gdoshyza&nmgodal
008mg00. Ambsfomamdoman 8gomen Pbs dxgLedsdgdmegl Ms30lL sEanmbs s Mmb. JaMam
fmgdnm dmbshomg cnogmgdl 930bMYds0 dos3sfmn Mmydo LobBmasmgdmnzn sBMals
3300900l  goblLobmMEngmgdms. 3mbimMaGnmads nbLbEMYD)6EY00s dgodamads bymo
donhymb BmboHomgmosl o dowafhyzadomgdool LHmMoE Tomgdsl. oPdEs, Jb Lnbdg-
MgLgdymo dbomgygdnl 3mB833&76E05B33 (3MEbs, PBsMxdn s sdm3negdYmMydxdn) shal
sdm3ngdymo [4,5].

313360l Loboo dg0dmMads 00g35L, Mmd Hnbodgdsfmg LESGNS nym BEEIMMDS, MLl
foMmOmocggbl VLP 8nogmdgdn o Mo dgegggdnl dm@Gobs dgndmoas dsb bLozmEno sg)ads-
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M9y0sdn. sbagmo 0bm3s30Mo nggd0l dBsmeon Lognmmgdalb godm, smbodbymao Boegmdnl b]-
™335 1337 ©5hYyg01mos g3Mm30l s Abmazmoaml 093M J3gysbsdn, 5©S805690B7 MM0gbEnmy-
090 ©5338830L goblLobmMmEngmgdms. dx8mme35B30mn dgomeEmemans sJ@nsmnmoy,
890m3nbomg 0gdgsb, Mmd Lo3zmMEno0 EaIadsMIdSLS S gob3nmomydsdn oMo Magmg-
0JMyMma3Nmns 5s3n5b300L MoMadYEgdxdLy o 3MIBIMIBENJ0MSE s3s380M]dnma ab
ob373d&g00, MMAmMOLLE 8313330l Bgggn gdLobyMyds. Bgoxmememanals godmygbgydnbsl,
Lo3mEoL 8313053700y, IMLsBEMgMOsd, Ludmszmmom YHygdxdds s dnfol 8gbgxgMYdBs Nbos
8390035mabHobmb dbmeme ol oMgxdymMgxdgdn, Mmdmydois bamb PHymodgb 3oMmao Loghinon
305M33emmonLy s dnfals Bomm3zal 3Mad@ngol. smbndbnmal Homds@adyma gobbmmingamg-
00bm30lb Mg3mdgbsENg00 NbS nymb MMagsbabydnma Lodn dndsmmymgdoom: 1. nbLEEGYE0Y-
Mo gomyadmb goyndxmogLigds, oggad30L 3MmEgbol MmMasbobgds s Ashorymmods; 2. sglgd3nl
smoggmMmdsmymo  (sds@gdonmn) nbbEMmYdgbEgonl 0bBgamoMmgds BmMIsenyMm sg)3930L
omab §abmogdo; 3. bLybmgoemadal Ambsfomgmonl, Mvbs3dIMMImMOLS s gobbnm3als 3mb-
3o8BE0NY. 93 Mx3mIgbsgngdnl shbgdomonl d30mb3g3sdn, VLP dncgmdanls 33333mdnm Lsbofmaggo-
anm MoMgoYmyd]d0l godmygbgdol smodscmos 0g3Ms Bomomo ngbgode.
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1. Rex Steward, Pierre Chopin, Peter H. Verburg - Supporting spatial planning with a novel method based on
participatory Bayesian networks: An application in Curagao June, 2024

https://www.sciencedirect.com/science/article/pii/51462901124000674 - 3oss8m§dg0mmons 27.02.2025;

2. PATRICK MCVEIGH- Spatial planning and economic development - from strategy to delivery. 13.06.2024
https://www.beca.com/ignite-your-thinking/ignite-your-thinking/june-2024/spatial-planning-and-economic-
development-from-strategy-to-delivery - goesdmHdgdymns 27.02.2025;

3. Armands Auzins and Uchendu Eugene Chigbu - Values-Led Planning Approach in Spatial Development:
A Methodology. 26 April 2021 https://www.mdpi.com/2073-445X/10/5/461 - 36c0s8m{dgdnmons 27.02.2025;
4. Integrated Spatial Planning- Workbook. https://www.undp.org/sites/g/files/zskgke326/files/2023-09/undp-
gef-integrated-spatial-planning-workbook-2023-en.pdf gosdm§dgdnmaons 27.02.2025;

5. Murat Ozyavuz - New Approaches to Spatial Planning and Design — 26 June, 2019;

SUMMARY

SPATIAL PLANNING AND NEW APPROACHES

Gventsadze N.A.

Georgian Technical University

Spatial development, as a process, focuses on decisions and activities related to the coordination of land use
and spatial distribution. Spatial planning/scheduling reflects the work performed by humans in space, the
effective implementation of which requires close cooperation between different professional fields. Planning
and scheduling are tools that reflect the history of society, how its past, present and future work together for a
sustainable tomorrow. The perception of the content of spatial planning is theoretically much easier. But when
it comes to the practice of spatial development, achieving beneficial results from spatial planning already
becomes a significant challenge. The article briefly reviews the aspects of spatial planning and describes the
problems of its implementation in the implementation part. Due to new challenges and especially the state of
the planet's ecosystem, the approaches and strategies that have been used so far in spatial planning are being
reconsidered. The world's leading countries have already started thinking and working on this, many have
taken the first steps - developed and implemented new strategies. It is precisely these strategies and
approaches that are proposed in the article. Hopefully, our country's field and related specialists are also
working and discussing innovations and solutions in order to guarantee the country's sustainable future.
Keywords: spatial development, planning, strategy, planet, land use, values.
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S0MmENMOnbNmMa ImHymdaenmdabsmn3all 33030 ©gxbal ggbgMmao@mmal dgmhg3s
domsdogmandyg 3.9., 3JoxznMod3omo 0.%., cnmodg560dg 3.3., JoemoddgMmady 3.o.
93930 fafmgoramol bLoabyemadfozm Nb603g9MLOGEIG0, Jnosabo

93530 §amaomob bobgmdfoxrm Pba3zgmloGaGdo d33ddbomoas Jamad&mmabahaadGoggmo
S0MEYMo0nbymo dmfHymoogmmmonl dmgdgn 8s33&0 [1], dobBy s dal 970587670m Gono3zsMm
9emM3396@&70%7, dsgomoamsce §30b Logabbg ho@omgdnmas 33emg3700s sh37bs:

- 097J060am dmHymodnmmosdn dndnbsmg 3MmEgLgdal, 3gMdme cdm3nmmm gb3Ma]-
&03ma 3Mmiabgdal dgxisbgonl gho-ghoo dos3zsto 3ha@gmondos somEnmMonbol BMosBy

§300L LO3bnsb SAMEYMMEbamo bsdH30 soMmab bsonl AmJ8gegdno godm§3gnmo dogms F{W ;

- 00 dogal boneg Esdm3nmldYmMNs §30L Lo3bal AMENEMOSBY s LoH3s39c0 godmyg-
6700 soMmol 359Mob boMmg3zdn 3MmEabdnm 970333MMOsBY. §30L LL3bol BmEyEmdnl
gobMmnm, 0sbdn HomBmJdboma bs3H30 sl bogocal wMMsBy dmddgen doms 3Mm-
3mMEoymse nbBMmgods [2];

- 000L godm, MM somEYMONbal BMosBy dmldgcen dogms 033ymbnma babnosmabss, fm-
07 bsbgmdmnzmods 1 §8-Bg bogangdns, godbgmgdnmas b d99dmgdgmb bonl o8 dognal
3oMmsdnmn gobmaznbomsznl godmygbgonma 0gbsl LESbEsMENMN gosdhmegon. dgdmome-
3567019 0s dson gabBmaznl smadnmeadnmn 8xomegdn, 3gMmdme oMo s nbenjoyma 3g-
om0, 3n0M33mn 8omgsabol godmygbgods dgLbodmgdgmos dbmeme gJu3gMn83b@mm 33um3-
37000. gndamadgmons dobo godmygbads 3MmmEaLgoal ¥Hy33&0 3MbGMmMEMabomsznl, Moy godmp-
3390y 0800, MmA gobmadzols bLobyLGgby ImJByExdL goBmaz0L 0bEIM35mals bobgmdamozmds
s 330l godm sE0My0IMNs gobBmazanl dmadgb&do som@Monbal 3Monl Bysdnmals @q837-
Mmoo nymb gmanbsnmoa. 53 3nmmdal Igbymadsl 30 gogammgds sds@Egd0mn mm ym3gen
99L39M0376E 0L AmAboggdalsl [3];

- 090mmo35HB701M0NS SoMmEGNMO0bal BMosby dmJddgn nd3nmbymo domal sMhadnMs-
30Mo gobmasnl nbyjsonma dgomeal sbasgno Lg8s s o3 dogmab Basd3znman 3603365MmOL
8obbsBMm3mMal dgomeon [4].

339390305 shH376s5, MM Myxdg oM sMLgdmMdL ghonsbo dgomen, Mmdmomsg dgbad-
mg0gmo 0gbgomes 3mbima&yma Loddmoszmal soMmGyMmoobyma gmyd@&mmabymga@osnmo
dmHymonmmodnbom3zals dgbodsdalbn bxdalbdngmo Loddmozmal bB3ssLlBls Lobal gmgd&mm-
826aMmo@mmals dgmhg3s. 0dgs, H376L dogm B30mMmmo30B701MO aym somEMONLYmo dmfym-
00modoLsm30l Lobgmmbymao zgbgdstmMal dgMmhg3zol 3Mnbzn3do [5]. ngn deagmdsmymocs
dg0cgadn: d1630M030 soMmal 309Mmb Bomg30lL Logebdo §30Lsb HomAmIadbommo bs3H30 saMmab

Bogoal som@GyMdnbol xi3M;oby 8mjdgen dognal Fay,/' 98Mgm3g 83bgMmo@mMals Lognmm

3&30MmM30L gocm35malifnbgdnm, Hobobfofm 30Mmhg3nm LobdMmmbnm gabymo@mml, MmaAmal
&396039M0 Ambo3g0700L, d93Mgm3g Bmanghoo Logofmm 3oMad7EMxoal owagbol 8783,
35bgbnm dgmhgymo ggbgmo@&mmal, bm3nbsgnym Mg10030 81domoalsl, MmEmMB] dMYb30L

Lahnbosmdmgame dmddge Lds3BMYFJ0gmMm gemgd&madsgbo@dnia domal FJ;, 8o0b85M0-
dgosl. s80b Loynd3zgmbBy 3oMmonl FW>FJ,, dabmmadnl d70;mb3g35dn 30L336000m, Mm3

dafmhgnmo gmad@Mmmaggbgmo@mMo 35Magaobons sMbLgdymo somEYMO0bal dxdsag)bemmdsdn
Jmad&mymo gbgMmanals godmando3zgdnbsmznl. dbagosbo doagmds gdodmygbgdoymoas sbsgno
3mbima&ymoa Lnddmszmal ggbgma@mmal s3mmgd@&gdabacznl [6].

J330mo dm@Egdmons som@Gmdnbymo dmHymdnmmonbom3znl 3ycdn3n ©ibol ggbymo-
&mmab dgmhgzolb 3Mnbinao.



60 bLSISANIIR N bSO6IN63() LOSELI60, GEORGIAN ENGINEERING NEWS, N¢1, 2025

P0bobfofm 3bmdamns, MMA somEnmdnbab §30b LozbnLb SAMEYMMEbomMa Bs3H30 soMab
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60b.1. §30L Lo3b60L LJgdos.
1-dofon; 2 — goagmobmon; 3 —31nbamg3gmo, 4 — 3mbyLo; 5 — Logddgbo;
6 — bo3gMHimal sbongdal bomgzgmo.
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©76Ub. ggbgma@mmb 573b babEn gofmg dsbsbnsmgdgma. Habsbfom dgmhgymo aym FCr-500 Gn3nb
ImadGmmaabgmoBGmmo.

bob. 2-Bg dmEgdymos MCr-500 Gon3nob dycdn3zn 3bol ggbgmodmMmal mnBal Mgsdisns,
Jofdme  83B6300L6 — Dyp , OPBOL — @p O IGO0 — Drs 03800 YM0 Bo3oIOOL
M0y s X381Mn bozonl dmgdgegds mybal gMmogbnmby. MmgmmE 6s6.2-c0sb AsBL gL
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60b.2. 3ndn30 xbob ggbgmo&mmol mBal Masjizos
1 - 3mM31L0; 2 — doMomso 3maYLgdn; 3 — EsdsGJONM0 3MmaYLYdn; Dp — YBob GogboGMo bogacn;
Dot — 086069000 35860 NM0 6535000; Dwss — ©33EJO0M0, 3MeTLOL bo3on; 6 — 53bBbxdal gMogbomo,
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0fMboms Mogbzn d9330Mxd7M0 0gdb7x0s 10-xgM.

d7030M707m dMYbos MoEbzbg sdsdybmyggdgmo bLoddmszmg

1 1
P =E(ez 1) =15(252:140) =3528 3050, (11)

mobo §30L Logbal gmoemmymn dmJdywadabsl gob3znosmgonmo d33sbosnmo Londd-
mos36mg

P, =P, -4=940-4=376035¢0. (12)

il

(11) o (12) godmbobymydgdal dgsmyxdnm godmdnbsmmol, Mmd dgbiymgdymos
896aMo&mMal 3ydomodnbsolb sdsdybiygdgdgmo dogmal esdngznl, 8x8gan 3nMmody:

(=P

g = 3760 |>[ P, =3528] (13)
o3 08By Goyomnmgdl, Mmd dgdmmo35B307mo H30L Loizbgxdnm ELIBoEIOdNMN soM-
&nMmonbymo AmHymdommool mmbozg §30L Logbol ghmormmymo dmJddgegdabsl, d8jLsd-
mydgmns dydnzn abol ggbgMmo@dmmals 8ndomds mnbBolb dgdgofgdnm oMyboms Mogbzty
(n=300 0fm/fon). 3gfmdmeo 3,5 33¢& Lnddmozmol gemad@munamo gbyMmanal Bomyods.
mmammy (13) godmbobrymgdnsb AsbL ZPHUd 93300 P;]a 053581bMNFgdgm gengd@Mmm-

058b0&M Loddmoszmgby 232 3@ 00, Mo LogdsMmabn sMAmAbs soMm@YMdnbymm dmHymodo-
anmosdo shbgdnmao 37756039M0 8bs30Ma]00L gosbamabsco.

59Mmngoe, somEGymonbymo dmHymodnmmdabomzal 3mbimg@&nma §30L Lozbgydal godm-
ygbg0abslb dgbsdangdgmons dncedn3n 6ol ggbgmo@mMmal dgfmhgzs dgdmmo3sBgdnmMOn goobgs-
M0dgdol dobgce3non.

330m935 33bbmMmnyancs dmors Myboszganol byPsMmor3ganmb  9Mmm36mann  b>393609Mm
3mbnl 30656LmMmn db>>F9Mmno — 3f>6G0 #AR-22-3264

wodamsGnmo

1. amodsbnd] 8., doamsddgmodg 8., sJosnmModznmo o)., B03B035d] . 969MaaG03nmo som@GyMmdnbymo
dmHymonmmmodgdnl godmygbgdnom J33ybol gmgd&mmmgbgmaadosnmao Malymbgodol gobznmomydals dgbyd-
@mydmmods. /VII Jomoym-3mmmbymo Lagmmsdmmalm Lsdgsbogmm-Gadbognma 3mbxzgmabins ,LoEMmeb-
L3mMEM bogn g3Mm3s-3B0s“. BMmdgo0b 3Mgdnmo, 2023, 33.136-141. bLogomm3zgmmm, Jyosolo.

2. moysbodg @,0. domoddgmady 8.9, sjoxmnmodznmo 0.3, 3930d] B.o. 09630M03 sofBy dMINTe3]
amad&mhmgbymag&odnmo som@Gnmonbyma dmHymdommods. //Lodomo3zgmml bsnbgobmm Losbengbo,
2023 (99), #3, a3 23-27. DOI: https://doi.org/10.36073/1512-0287
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3. M.Shalamberidze, T.Tskipurishvili, G. Lobzhanidze, L.ZivZivadze. The Creation of New Model of a Gas —
Turbine Electric Power-Generating Device. Riga, Latvia. 2024 https://conect.rtu.lv/program/

4. Marlen Shalamberidze, Tamar Tskipurishvili, Giorgi Lobzhanidze, Lali Zivzivadze. ,Creating an Environmenta-
lly Friendly Propane-Powered Gas Turbine Device”. Environmental and Climate Technologies. Riga, Latvia.
2024, vol. 28, no. 1, pp. 603-613 https://doi.org/10.2478/rtuect-2024-0047 https://content.sciendo.com

5. Marlen Shalamberidze, Tamari Tskipurishvili, Giorgi Lobzhanidze, Romanoz Topuria, Tevdore Pkhakadze,
Davit Dzadzamia , Lali Zivzivadze. PECULIARITIES OF PROPANE AND METHANE COMBUSTION IN THE
COMBUSTION CHAMBER OF THE GAS TURBINE ELECTRIC POWER GENERATING DEVICE. 1st INTERNATIONAL
ENERGY SYSTEMS ENGINEERING CONGRESS INESEC 2024. Kutaisi, Georgia. pp. 193-198.

6. Mathematical Models for the Design of Electrical Machines. Edited by Frederic Dubas, Kamel Boughrara.
2021, p. 252 https://doi.org/10.3390/books978-3-0365-0399-8

7. Monoselidze R. Asynchronous motor design”. Thilisi. TSODNA publishers. (1969), p. 271.

8. HANDBOOK OF ACCELERATOR PHYSICS AND ENGINEERING (2ND EDITION) 2nd Revised ed. Edition
by Alexander Wu Chao , Maury Tigner , Frank Zimmermann , Karl-Hubert Mess , 2013

SUMMARY

SELECTION OF A DC GENERATOR FOR A GAS TURBINE DEVICE

Shalamberidze M.Sh., Tskipurishvili T.Z., Lobzhanidze G.M. and Shalamberidze Sh.A.

Akaki Tsereteli State University, Kutaisi

The article presents the analysis of the results achieved when studying the gas turbine device, and on this basis,
the necessary calculations for the selection of a DC generator for the gas turbine device are proposed.
Calculations for the generation of electrical energy in a gas turbine device with a combustion cell of a capacity
of 0.045 m3 are performed on the example of a ICl-500 type generator. The simultaneous operation of four
combustion cells can generate a total mechanical power of 3760 W, which can overcome the electromagnetic
braking force of 3528 W, as well as overcome other mechanical losses of the gas turbine device.

Keywords: gas turbine device; combustion cell; electrical generator; thermal energy; generator armature
winding.
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30M&3IxrMybal goE33m0mo IGImMId0l smEaggbs

90M0x0653300m0 B.3., oensbad] 3.s., bnE0d300mo 3.3., LoMmaegnady o.M., Jmjmdzomo 6.%.

LajomozgammU &ajbo3nMma Nba3zgxmbnGgdn
LL3-39MEN6sE M335dal AJESMTMZnaLy s JslomsndEmebymdal 0bLE GG

33e330L dobobn aym 39MEIBM7baL g@omal d1ds Bgsdnmol goa3gonma bBgs-
30Mob smeaggbs, Mmdgmog bgmym gomobmymo MmmMIMbss gomg nsdgdmoo 60 ad,
bmgnm dogs P30 30.

960036750mm35600 3oB3YMo s JemadEmm M3omMNo EEYMIONMN sbsxzsmydn [1-3].
860336mm3060 vanm0 Y35300 JMIIGMMB3IMHIMYM EoEYMIDL. JmIIGMMBL3gME3myMo
©3ENMy00L doMmoosn P30MeBgbmogons: sbsxamal oadal domsman LohdsMmy; slvdy-
do3709m0 Bysdnmals BobndognyMmo gobyMmgds; obsxsmal 30bnnM-07756039M0 30L70700L
8391xmdaLdS [4-7]. sLJ3g, JMadBMMBb3gMHImyMo oBsM3al HoMmBoBgdnmo nbozgmbamymo
800mygbgdol Lowndzgmos gamaddmymo M371087300L, Jmad@Mmmenl Bobogmal, od1Nds3300l
babgMmdeomodal, Jemgd@mmedmmabn sMab 30MnmMadal dgbadmgdmmods. dggase HBmMNnbilgmym-
BoMNd ESbsBsMIdNL LygdL3MmTMsEnm m30lgd700L, dsoo Lobjob Mo8gbndy dnzMmagEMNELL
1 80-0¢og o 390, sLg37 dxLbadamadgmos 87338650 sbsgmo Myangazn LagnMmm cn30L7d70000.

Lodndom dgbMYEgdoYmos LLN3-BgMENbs 0v3sdal dg@smnmanaols s Bsbamom-
dgmeebgmonl 0bbBG0GNEG30. oboxwsmn EgBsmn djeaggos LozmbLEMNnJgom magnMmadymn
ammon 30XFCH2A- 356, mmdmab Jodoymao dgg)bommodss dmEgdymoas gbMm. 1 -do.

gbMmogmo 1.  3gnMy0mo Bmmseol 30XFCH2A JodonMmo 3703360mmos

JodoyMmo . .
C Si Mn Ni Cr Cu
Jmy396G 0
% 0,27-0,34 09-12 | 1-13 | 14-18 | 09-1,2 | 0,3-0¢)

933 &MmMba3gmHicmyMmo oxsMm3s gobbmMmEngmes ©sbsagsh InUTpoH-22A-0b ©Sb-
doMgdnom dg8cegan MJ100870000: s83mMoEEs 9, My1080 6. EIBRSM30LSNM30L godmygbadm ngbs
L30gngbdal gemgd@mmen, Mmool BmAgdos 6 x 6 x 25 38, bmenm dobo JodoyMmo 8xaabommods
dmEg8nmons sbMm. 2-do.

3bMmogmo 2. b3ogmgbdal gamaj& Mmool JodonMo dxaaboammos

Jodogo Zn Fe Si Al Te Cu
Jmy836G0
% 0,195 0,074 0,062 9,847 0,014 87,52

©3b3a5M0 IAUTPOH — 22A 3ob303b60amns gengd&mmbadgmfianymo dgomeno Bys-
300l gobdB303300bs S MyagnMadabsm3nl, gegd@mmammboymo sdydszg00bom3als dsbgs-
boms bafoamgdol, dEs03700L, dFMmamo ImbLEMNIENIdNL, EgBIMIdOL BmTgoal smeggbo-
Lam30l, 9gM7M3] MMISMYM0 EsRsM30LsM30L. 3gonomdmodomyMmo MnoIMbyoal Eo3sM3S
bogos d03Mmbgoda.

domomo bamobbol oxzsMm3znl dobomyds s fomBomodal gobmoals 8obbno Im3sb-
©nbgm bobgzmoce d3debnbomydynma dmHymodommodnl 87381353705, MmAmolozobsi gsdm3zo-
ygbgo obLBoENGdn sMLgdymo 3mBgbgomdy&mo KCN-4, mMmdmals d0MYbs3 nmobomym
mgmdL dn3nghogo H336L ogMm nbLEG0EGNEIN cogmadBMosnma Fsbogobogsb sdbBaydmn
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goenbmymo mgmdo gomg nsdg@moo P30 88, bngMmdoo 100 83. sbndbnem mgmdby bolb-
GoE ©539853MI0 3dMGIBMIBOL omobemym LBIMmo ©EIGsmo JmIIG&Mmba3gmfh3mymo
9gomeno sxsm3nbsm30l. dx35mhngo dMNb30l Lohdsfmg 8 ML Homdo.

3m@gbgnmdg@mm KCMN-4 &yaomammal hsmonznl dgdcga h33bL dogf dgdnds370mm mgmd-
B9 sdsgMgdnmon 39MEdxnmMxbals goennbmymo gGsmo nfygolb HMoym d0MYb3sL. sboxrsmss
©3@smBg 80y35b0mns b0 gengd@mmbayboom, nMo330s Jengd@Mmmbadgmfhimymo sbscogs-
Mo InuTpoH — 22A, Mol 78353 300Mmedgbbxdal dgbgdom 3gMmEIBMIbaL Lzgmym FomMobeo-
My g@smBy Bgds gmad@mmeoom sxrzsm3s fMmonmo byd BJbsw, Badmo docnncgdymo
M370070000 (3gbM. 3). bym snxwsmMs 12 3omo 39MEIBRMIbol iGN, Esbosgsmal Homds-
mdal 8nbyez0m 878cg505: 2,8 o (M330880 6) fomBoomdaliol 0,016 13%/Gon.

sbMmogmo 3. gamaiG Mmoo EsxzsMm3ab Mxg403700

Mgg000 1 2 3 4 5 6
60,5 0,5 |03 1,0 1,8 |23 |28

By8mon dmy3zsbogno M]10070B7 sbsxaMmgdal fmbydn dmEgdnmas gbM. 4 -do.

3bMomo 4. s6sxzsMxonl fmbado

# Pmbo oxzeM358], 8 Pmbo oxzsMm3nlb 33873, 8 ©sboxzamals Hmbo
1 175,44 175,83 0,39
2 174,90 175,19 0,29
3 175,88 176,11 0,23
4 175,20 175,40 0,20
5 175,78 175,98 0,20
6 175,75 175,99 0,24
7 175,37 175,64 0,27
8 173,95 174,17 0,22
9 173,91 174,12 0,21
10 174,90 175,10 0,20
11 174,57 174,80 0,23

LnM. 1. 39MEIBMI60L EoasMI30 60d1T0
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Jm3d&mmbadgmf3emyMmo 8300MENo EIbsBIMOL EdE]dS3 Lodsmads Ama3Es SMaE3]e-
80bs 39MEG3BMyb0L go3g0nmo gBsmgon, bym. 1-By dmEg8nmos 39MEIBMIbNL oyBIMS30
600900, bmgnm ULnm. 2-By GmEgdymos Jegd@MmmbadgmHimyMmn ©oBsM3000 SMEagbnmo
30MEIBMyb0L yEsmMYdN.

LyM.2. 39MEIBMIboL smEaaboenn 608193700

59M0gaE, 35337000M0 EJESMIO0L smbswggbaw 3603365cmm3560s Jemgd@&Mmmbadgms-
anymo &gdbmmmanno; sboxsmgdnl sads. smbodbymo @gjbmmmeagns bolosnads: -
BaMmob sgdol dsmsmo LohdoMmoom, sLENTs370xm0 Bys3nmals 3nbndosmyMao gobnmgdom,
36583MIdNL LogdL3MmPmagom 030Lg0700L HBMYPB3aMYMBOC S ESOSMO EIbIBIMYJOND.
Jmd&mmbadgmficmymo dgoomeno Esbsxsmal ©oEJdsd Lodnomgds Gma3Es sMa373ea00bs
30MG3xMY60L 303300000 EIGSMdO.

moBamaGams

1. bygnd3znmo 3, snsbody g, doMmaxsbsdznmo B.LoMmsmodg 0. (3300190700930 EIBsBIMIOOL M3sSMTMO
0700m©J0000 E8ESB0L 0bsdgemm3g 8goomeadn s 39ML37J&03300. / 83503803mL 8030 (30bEsdal
3053000036 90 Hamobodn dndm3bomo Loghomsdmmobm-bs8ysboghm 3Mbxgmybinol Mmadgdal
3M70mo. ;mdomabon 2023, 33. 564 — 575.

2. dofMoxbsd3nmo b., byEnd3omo 8., o®0sbnd] a., bamogmady 0. sbsgmo (3300158700930 EsLSENMIdIMO
ool sd1na8s330s. // Loghmsdmmabm  LsdgEbogmm-E&g7bn3nMma 3MbRIMIbENs ,,80M1BML OE3S S
dgmon  gsb3nmoMmgods”. dhmadgdon, mdomobn, 2020, a3.31-36.

3. Myspsakos A. ®. TeopeTMyecKkne 0CHOBbI TEXHOIOMMM NIA3MEHHOro HanblneHua: YuebHoe nocobue no Kypcy
TexHO/I0rMA KOHCTPYKCUI M3 MEeTalIOKOMMNO3UTOB. 2-e u3g,., nepepab. U gon. — M. : U3g-so MITY um. H.3.
baymaHa, 2008. - 360 c. (TexHONOrMM PaKETHOKOCMMNYECKOTO MaLLUHOCTPOEHMUS.)

4. bypymkynos @. X., le3uH M. M., Cenunn M. B., UeaHos B. U., Beaunuko, C. A., MoHos . A. DneKTponcKpoBble
TEXHO/IOTMM BOCCTAHOB/IEHWUA U YNPOYHEHUA AeTanei MaluH U MHCTPYMeHTOB. -CapaHck: KpacHblit oKTABpD,
2003, 504 c.
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5. WBaHoB B. U. Knaccndpukaumsa ob6BHEKTOB, METOA0/0TMYECKME U TEXHOJIOTMYECKME OCOBEHHOCTU I/EKT-
POVCKPOBOro YNPOYHEHUA M yBeNMYeHNa pecypca. - Mocksa. /Tpyapl TOCHUTU. Tom 106, 2010, cc. 31-41.

6. WMBaHoB B. U., KocTiokos A. t0., fleHncos B. A., 3agopoxHuii P. H., loHckoin [. B., Hasapoe A. A. BoccTa-
HOB/EHME feTa/siell MMMNOPTHbIX ABurateneid BO BTOPOM aBTOBYCHOM napke Mockebl. //PeMoHT,
BOCCTaHOBNeHUe, moaepHusauma, 2013, Ne 5, cc. 3—10.

7. L. P. Kornienko, G. P. Chernova, V. V. Mihailov, A. E. Gitlevich Use of the electrospark alloying method to
increase the corrosion resistance of a titanium surface. //Surface Engineering and Applied Electrochemistry,
2011, Vol. 47 (1), pp. 9-17.

SUMMARY

RESTORATION OF WORN HELICOPTER PARTS

Mirijanashvili Z.M., Dadianidze G.A., Khutsishvili M.G., Saralidze B.R. and Kokoshvili N.Z.

Georgian Technical University

LEPL - Ferdinand Tavadze Metallurgy and Materials Science Institute

To restore worn parts, it is important to apply coatings using the electro-spark deposition technology. This
technology is characterized by a high deposition speed, minimal heating of the processed surface, ensuring the
operational properties of the coating, and low costs. The application of coatings using the electro-spark
method has enabled us to restore worn helicopter parts.

Keywords: helicopter, restore, worn parts, coatings, electro-spark deposition technology.
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fyomdmadamaggdal m3gmamadal Agommmamans J3Mm3sbs s bajoMmm3zgzenmdo
yo33mmad30mo en.o.

LajomozgemmU &ajbo3nMma NbazgxmbnGgdn

1. dgbozommo

Pyomdmadsasggos b3on0Ldngma J33ybal 3Mo@ngnmoe 360d369amm3s560 nbgzMmoli®myd-
&nfhymo 3md3mbyb@ns, Mmdgmog dmogos3l fymals dm3m3gdsl, gofdgbsl, GMmobLl3mm@En-
M05Ls o dobofomgdsl. g3Mm3slLs s Ladomm3zgmmml dmMmolb fysemdmadsmogydnl Lob@gdyddo
06003069amm3560  goblb3s370700 SMLIOMOL, MoE 830300MJdNMNS  0b63MILEMYNIGYMYMm
890630005M705L10, E7Jbmmmagoym 3Mmamgbosb s MxgnNmMoEonmM LBSbsMEJOMSb [1-2]

93Mmm3530 fymab domomsen Hystmgodns:

e 80§0bJd338s Hymado (shGabogmo FodyMmomydn)

e  Byes3nmymaon Hymgodo (3cenbsmggdn, Gogdn, HysmbsEszgodn)

e 35s89853309m0 fysmo (goblsgymmydom fymob aBesoGol 8jmby J33ybaodo,
dsgomoms e, g1b3s6gmn, bogmMmsbrgodn)

Pyamal MgbyMmbgdnl dommszs G3s3Mo MIgnmnmmads J3Mmis3zdomal Hymal homhm
ofgd®n3no (Water Framework Directive - WFD).

Lojomon3zgamb HyomamBomoggds doMnmoEsE EsIM3INEIONMNY:

o 30f0bg330s Hymgdby, Mo Hymol domomo bomabbol Fgbsmhybadol Lodysmgdsl
0dm33o.

e 5by3g3 390moygbgds dnbomygdn s HyosmbsEezgdo, cndgs bBmagogho Myaombdo
fyamobl bamabbo sMsboizdomabo 3MbEMmmgds.

306mb3gdmmds of ool Lymymxyoms ZoMmImbabxdymo J3mm3nm LEGSbEsM-
&J0mb, Mog Moymegds Hymab Malbnmbgdol dgmswon domm3zalb gyomboo.

2. d;no35M0o 6afoamo

330m3sdn Hyosamdmdomsggds Myagnmomgds J3hmiazdomol Gymoal hombm comyddo-
3000 (WFD), mmdgmog 3bMmmb3gmymasls cogmon o g3memmannmae bnaos Hymolb Gommssl
(gbM.1).

Logommzgammdo fymal Hyommgdn domooss 01bgdmn3zn dnfobdzgds Hymadony,
0mdEs bdonMmos dnbamygdol godmygbgdsy. domozsmo 3odm§3x3g00 dmoEos3l sdnbdyMgdal
Mob3gdL o sMoby3dsmol nbazmMsbGMYIEMYmM gob3nmamgdsl [2].

3bMoamo 1. fyomdmdsmaggdal fyommgodo

dobobooogdgmao 93Mm3s LajoMmm3zgyanm

fyamob fysmmydo Bges3nmnmo s 30folid3gds | domomowace 8ofobgdsgds Hymngdn o
fyamadon, 3osd1nds3zgonmo dnbomygodn
fyomo

fyamob doMmmn3al 93Mmm353dn0mab fymob Asmbm | Bo3mmgodsce LGmnIBGyMoMmydnmo

3mmoBols 0fMyd@nzs (WFD), 8cogMmon | 3mmo@ngls, 63nMhsw sognmmodmnzn
890mygbg0s 39603035m0@3B700L Bomm3s

fyamob MyLbnMLYOOL Es33d> | damogMo goMmydmbisEznmo 39MydmLis330000 3MMOMg3xd0 S
My39ma30900 ©3006d7M7g00L Loxzmmby




70 bSISANIILR N bSO6IN63() LOSELI60, GEORGIAN ENGINEERING NEWS, N¢1, 2025

3bMogmo 2. fym ol ©s91353705 s bamalbolb 3mb&GMmmeno

dobobnacngdgymo 33Mm3s LajoMmm3zgyenm

890%936c0 LoliB3dg00 | YEMONNLBIMO BoMmEMSENS, | doMomsEsE JonmmnmMYd,
JonmMmomyds, mBmboMmyody, Bo3mgdsc gob3nmamgdymo
0700Mmsbnamo &ggdbmammangdn 0700Mmsbnamo &ggdbmmmangdn

fyamals bomobbol 093030 ModmMs@GmMaoymo 3gMomeoymo dx8m§agogodn, bmaxgh

dmbo&mmabgo 070m§370, MysmyM commdo SMsbo3dsMabin admMmoGmmonmo
dmbo@mMmnbgn 9mbs3gdgdo

93MmbmM3I)0056 0935300 bLSsbsMGJdn (EU bomolbal 3mbEMmeal gomMi3zgnmo

97Lod330bmodS Drinking Water Directive) boM3zgbgon

93Mm3sdn fyomdmasmoggodnl bomabbo 33s3Mo 3MbEGMmMmMEgds g3mmanl Lobdgmo
fyamaolb enMmyd@o3ol (EU Drinking Water Directive) boznd3gmbg. 0d godmaygbgos osbsdgemmsy
390893760 &dbmmmagngdo, Mmammogss 8380Msbnmo FomEGmogns, YMmEMs0obxryMo L-
603700 S MBMbNMYdS (56M.2).

Logomm3zgamado Hymoab bomalbol 3mb@&mmman doMmooosE Jommmomgdsbgs oxzndby-
oymo, bmmm 0sbsdgemmszg dmbo@mmnbgals LoLEJG3d0 X930 303 oM Sl BsMOIME
©sbgMmaomo [3].

3bMoamo 3. fyomdmIsmagmxdal Jugmol doMmm3s s B 3oMag00

dobobooogdgmao 93Mm3s LajoMmm3zjyanm
fYyomdmaomoggool Jugamgdn | Msbsdgemmay, LyblmMmydom dmd3gmydmo 0bxmob-
smFgMzomo, 369MamaBaGIM0 | HMydéams, bdoMo gogmb3gda
©36530Mag00L dgai30M70s 4330060 Hymol dohn3zo, 0505mM0 b 35Mag0n (40—-50%)
893Mb30L ©aGII&MMYd0
9mabdsMydgmmy domomo LEsbsMm@goan, 24/7 bdonMmoco gxrgmbydgdo s
dmabobyMmgds MgognMgds 3Mdgm3o00s60 3Mmdmgdg00

33Mm3ymo J33yb300 oo yuMo@madsl 3333336 J33096 (Smart) Jugmgol, MmBmgdog
899mb3700L dmbo@mMnbgls s Jbgmab m3@ndnbBosnsl NBMYb3zgmymazgb (gbM.3). bojomm3zg-

anmdo 30 Hyosemdmadomoggoals Jugma bdomsce dmd3gamadymos, Moz 093330 Hymoal domamn
306535Mgg0L (40-50%) s BmbLsbamgmodnl bahomabonznl Hymal dnfmegdnl dgzgmbgodst [3].

3bMoao 4. fyomdmdsmaglxdal Loxznbsblbim dmamgdo s GoMmoxzgxdn

dobobnoongdgmo 33Mm3> Lajomozgmmm
fyamob Gomnazgodon dmbdsMmyoobgy oxrndbydymo B30gdboMJdYMN s dgEsMmydom
0xgMyb30MI0mo GoMmoxgon ©305mM0 BoMnxyxd0
©335@700m0 390Mdm o boxshm Lyd&mMals bdnmo Lobgmadhoxzm donxaGol
0633L&0330700 056593MMIMMOS ©55306506L70s
fyamob LydLooMyxds ©305eM378mba3zmnsbo Bmaxah sagnmmdmnzn 3Ybosn-
dmbabagmoal AbsMmsggms 35m0@B700L bydbowoMmgyds

93Mm30b J33ybgddn fymab Gomnxgdn dmabdsmadmal mbdsmMmydsbys oxrydbydymao,
Mo baamb PHymobL Hymob obmassl s dgMmon dmbdsmgdal 3mmoa@niol sbymaszsl.

Logomm3zgammdo Gomoxyzgdn domomsse R0JboMgoYMNS s 33EMIONO EIOSMNY,
00993s gL bAnmogo sM sLdbozL NbBMILEGMNIBYMal Mysenym bomygdl s sBgMbgoL Lyd@mMal
89b630005M70sL (gbM. 4) [4].
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3bMogmo 5.9cgMman gob3znmsmyxos s dmadazsmo godm§3g3900

doboabnoogdgmo 33Mm3s LajoMmm3zgynm
fyanob MybnmLgoolL 963Mamyx3d&MmMOy, dobobmmgdswon | Hymal Mglymbgdals
9c0aMmacon domm3zs fymob Hysmmadolb m3@08aBoEns SM33B3IGNM0 godmygbgods
3005 0L 33emogxdal | sL3EnM7dmMO 3mmodngs, sboamo | dBsmmon g3om3700 s Hymoab
3930m36s &3Jbmamagngoo MglyMbgdal Mabsgdo
06m3s30700 4330560 fyanol dmbo@mmnban, Bbofommomonzn gnrMyMObo-
goxwmMYmo 3mbEGMmana 309, 019330 9o BWMoIME
sbgMmgnamo

93mm3ymo  J33ybgydo gbghmagmamadd®am Hymolb LobBGgdgdl, sdsma bBabdnmosnl
®33b6mammangdLs s Hymal Malymbgdolb dgmac godmygbadsl byl nHymodgb (gbM.5).

Lodomm3zgemmdo 30 Hymob sMmogBgIBMo godmygbids, gomadmbisi3znmn Mabigdo s
3mnds@nb g3momgdnl B38mJdggds 360d369mmm356 3odm§3g370000 MAgdS.

3. ab336s

930Mm3sLo s Logommzgamb dmmab fysmdmasmoggdol m3gmomadal dgomemm-
8090380 5MLydomn goblb3o3707000.

e 33Mm3s80 ynMmomads godobznmgdymos dgMmomdsty, obsdgemmsy @gjbm-
amangobg s bamabbnb 33536 3MbEmMmMmby.

o Logomm3zgmmdn 30 x3M 3033 godmf33350 MAJOS nbBMILEMNIBGYMal gondxm-
09L90s, Hymals by 3sMagdal d3830M70s s Hymab bamabbol gondxmdglbgods.

Lodomm3gammdn  YE0Eg0gm0s  HysemBmaomoggdol  LobEgdgdoal dmgMbabsgns,
4330060 &adbmmmangdal sbgMmass o fymol MmabymLgdol dgMman dommzal 3manodosnl
Asdmysan0dg0s, Mams J39Ysbs g3mm3m LGsbamEgdl dnoysbenm3acgl.

LA>HGN> 0099905 dmor MMLms3zgamal LyY>Mmm3gammlb 9Mm36mann bs39360360m 3mMbonl
30656UmMmn db>msF)Mmno - 3Mm>6&0 PHDF-24-532

moBIfsBGamo

1. 93mm30l fHyamol hstmhm ccofmgddnlzs (Water Framework Directive, WFD): https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32000L0060

2. 33Mm3is3d90Mal Lobdgmo Hymolb nmggd@onss (Drinking Water Directive): https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32020L2184

3. Logomozgmml 9bgMmag®onsobs s §yomdmaBomaggdol dofmganmomydgmo ghmzbyma 3mdobos
(GNERC): https://gnerc.org/ge/tariffs/tariff-water/tarifebis-metologia-water

4. HyomdmaBomoggdol Gomoxyzgdal gosbgsmndgdnl dgomemmmanol sdB303300Lb dgLobgd omag-
Boggds: https://matsne.gov.ge/ka/document/view/6041594

SUMMARY

WATER SUPPLY OPERATION METHODOLOGY IN EUROPE AND GEORGIA

Kavelashvili L.B.

Georgian Technical University

The operation of water supply systems in Europe and Georgia differs significantly in terms of the development
and management approaches of water supply systems. In Europe, water management is strictly regulated by
environmental and technological standards, whereas in Georgia there are still many challenges related to
infrastructure renewal, water quality, and loss management.

Keywords: water supply, Georgia, Europe, methodology.
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fyomImadamaggdals 3mmoydgoon Lajomorzgmml Myaombyoddo
3mMmEaB0sb0 J.3., 3060d9 B.m., ys3gmodznmao m.od.

LajomozgammU &ajbo3nMma Nba3zgxmbnGgdn

dgLo3omao

000350 Jomogdgdn, MmgmMmogss cdomoabn, Jnosobo o 050730, N3J0 gob3nm-
omMgomo fysadmadomaggonl LoLEgdnm LafmaxdMmogb. 0YPdEs, 98 Jomodgdodo 33mo3 sMmby-
0moL 3Mmmomydgoo Hymol 3ofmegdals ¥Hy3a@monls s boamabbol czsmbstmaboo [1].

8n0sMhn, 0dgon, ba3LMhgon s bB3s BomomBmnsbo sgnmydn bdnMmo sHywadnsb
fymolb gx303080L 3MmMdMgTsl. o 0bxzmMsLGMYIGNMS YBRMm LYLENS, MoE dMLsbEMgMOLL
fyamalb LEsdoMMo dofmegdal 3Mmodmgdgol Jdbolb. doybgszs 0dabs, Mmd Hymoab
MaLyMLgdn 0YbgdMn3zoe dnEsMns, oln gosedndsszgdnls s s31ds3700L Lsznmbgdn bdn-
Mo 3Mmomgdytos [2].

30093 9o oo gsdm§3gzs Hymab dofmeads Lmamom s EsdmMmMd Mxgnmbyddons.
o8 Myagnmbgddn, Bmgngmo Lmazgemdo fymal dofmeadal 3Mmodmgdgdn dgndmgds bybmbyMma
0ymb, goblLoznommydnom g3sa3056 3gMomegddn. dmo3mmdsd o sEagnmmodmn3ds dBsmm3g-
@modg03ds 58 3MmdmMgdnl goshy3za@ol d0Bbom, Hymoab dofmegdals LobEgdgdal gobsbengds
S 3oxsMIMJ0s anfygb.

dofmomsgn bofoamo

Logdomm3zgmmb Mganmbgdol §ysedmadsmaggdol Logoombo Loizdome 3mA3madubyMmos s
0 agsdm§3390L 970393L. Joybyszs 0dobs, MmI o Jomsgdyddo nbxzmsbGmnidyms
3930300 13700 ol gobznmomgdnman, Mygnmbgddo donbi dg3Mo 3Mmdmgds sMLIOMOL
[2-3]. Bmaoa, 330dMmd, MmJ:

* 35003 30M0 0b6xzMoliBmnIGnMo:

0930 Mygombo, aobLogymmgdom 08 sagomaddn, Losil ImLLbEgMOs 3MEIXJdSE
oMol gobmoggdymo, semgymo 0bxzmsbGMmYIGMal LobEJ8Id0 oMol smdnMm3zomon. o0
LOLEIIJOOL 3EI3EBENS MVBSTJEMM3] AMmbM3bgomMsb Loidosme Mommaons, sd0&mad Lagnmms
doonn LM gobabeMgds s LB33H..

e fyamol MaLyMULxdAL SMomMsbadsMma gobofoamgodo:

Lodomm3zgmmb Bmagnghor Magombdo Hymal mMabymbgon Logzdome dnsmns (Boge-
momo, Lodgamgmmmdn, Mogolbs o 3obgomdn), 3ogMmod BomomBmnsb Mygnmbgddn (cndgomo,
bg3LMgon) Hyamal dnhmeads godmph3g3zss, Moasb gb sgnmadn bdomao nbmmamydnmo s
63705 35630003M70YM0S NbBMILEGMNIB M.

* 3353900 s 3m0dsGMo 33emomYdJd0:

8393300 o Jmods@ymo 33momgog00 o3 dmemm Hmgddo yBRMm 0bGybLbonmow
000c0nbomgmol, Mo B3ae3egbsl sbgbl Hysemdmasmoggds®By. gl goblosnmmydnm dsmm3anls
3Mmmdgdnmo beogds, 30b53 Hyoma s dnghmeads 336EMemabBdYm LolEydnm, s Bdnmo
§omBs@&g03mo goenmmonl 3nfmodgodo fymal gbgmzgdn dgoMgs.

o Hyamol sbma3z0l 3603367mmoO:

gfho-ghonn 86033650mm3560 ndsmoyangds sMmal dmbosbmgmodal gosd@&onmgds Hymal
sbma3nl dglobgd, Momgeb BAnMmo fymal Bs3egdmods godmfH3gnmoas LHmMmg smML]dYEN
MaLbnmLydaL sMsbHmMn godmygbgdoom.
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* LaMmGyos3o LobBGJ3x00 s bLmxzgal AgnMbyMoS:

Lodomm3zgmmb dmo3sem Mggnmbdo Lmxzanol TgnmMbymods dogmnsb 36nd3bgenm3sbon og-
dso. bLamfyszo Hymoab dofmeadal gondxmogbgds 860d365mmmM356 MmN 101835870l Labmazenm-
LodgMbgym 3MmeYJE0al gommdsg]ydsdn s Hysmdmdomaggoal LGsdnmMNMMOsdn.

080l godm, MmD J39ysbsdn Hysemdmaomaggonl LobEGgdol LMYMYmMBs s gobsbamgds
SNB0MY0JMNS, dobLogymMmgonmon ynmomgds 16y sgmdml Mmagmmi Hyombosszgol, abg
®396mmmmagngol, Mmdmgdng Hymoab godmygbgdst dojbndsmymac gB33dENML gobal [2].

donl 3nmmm@Ggool gob3znmsMmgods Lojdomm3zgmmmdo 86033650mm356 godm§H33330008060s
053533007010, doob §ysedmBomoggds gmom-ghon 336@mMommymo 3Mmomgdss. GymMmabdolb
BMEsLosb ghooe nbBMmEgds byxsms fymal dmbdomgos, LoboGosmymao nbxmsbGmyd@nmal
LagnMmgds s dgman Hymab Malymbgdol domm3als s1EnMIdETIMOY.

doMmomsn 3Mmdmdgxdn doal 3nmmmEgool fysemmdmdomoggdodo

e Gymob bobBG)3xo0lL sMobvzdsmalio AmEnmmod.:

&uhobEymo  LIbBmboLb 303%g Hymol dmbdsfgds obMgds, bmmm sMbgoymao
0b6a3msbEMYIGNMs bdnMo 33M s305ym30mgol dmmbm3bal.

o 063MILEMYIENMalb Imd3gmgds:

0930 3nhmmEGbg HyomamaBomoggdnl Jbgmo XM 30073 LLdFMMS 3gMomensb dmenb
s Lognmmgol LMY MgsdomoBoEnsb.

o fiymab obszoamggdn:

Pyamab LobEJd700L goydsmmomdals godm bgds 860d3bgMmM35b0 EBS38ME]0N, Mo
50dndg0L LoGsEsb.

e fiyoamomnbyonl 3Mmdm9dj00:

09360 JyMmmmEBg o oMol Lymoe godsMmmymoa 39bseaBosool LobEdxdn s hso-
0bsfg Hymadol sdydszgds.

e 3m0ds& Mo 33em0oamyd700:

dool Myaombyddon 3353300l o6 Bsdofol ynb3zgdol godm dgbodemms  Hymol
Bo3aMgdMdS HomBmndssb.

Lojdomon3zganmb doab 3ymmm @)ool fysamdmadsmoggool dcagmadstmgymos

1. 3nesyMmo

SMbydmoL 336EMamaBadnma bob@gds, omdiEs Bodmmal LyBmbBy dmbdsmgds dbnds-
B6gmm3bo nbBMgd..

3Mmda3700: LLEGYIMMgdOL MomEgbmdal By Jabol cgB0E0BL; IMmLoglsmMmadgmos
fyamol sbs3sfaggoda.

2. 053nM0obn

0531M0sbdn 2020 Hamb HyomABmBsmogqdnl gondxmogLadabozal As@Gomos 0bxzMmol®)-
&m0 3hmydBoo.

3Mmda3700: GMmobEymo Lgbmbob 303%7 Hymolb dofmegds Bonby ggMmbgdonmony,
bmamm 3obsamnBognols bobEgds gsyndsmmaszns.

3. 93LB 00 (g6 aEn, 35§35am0)

09603035am0@3& 0l dbsmoggmoo godanagmos bol@gdgdn, 0dis Basdomal LybBmbby
3&30MmM3s 35063 Fomomons.

3MmdOMdq00: Moyyanmo Mymogsn SMoMmgol Hymoalb 0bxzmobEMmyd&mal gossMm-
0My0sL.

4. amegmdo (sgoMd)

50350500 dn8enbsmamdL Hymab LobEGgdol MysdomMmo@sEns.
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3MmdE3700: 0633LE0EN700L LndznMmy, Hymal sdsga bamabbn, Lobo@smymo 3Mmod-
mydgoo.

Logdomm3gmmb donb 3yMmmEgoby HyosmImadsmoggods gmo-gmmo Boozsmo godm§3gsss,
Mo Bonazb GMaBaal bymMsbmazsb gobznmaomgdsl. nbamsliGmyd@nmal gobobmgds, me-
b6o370Mm3gy &7Jbmmmagngdal sbymazs s dgmacn fymal domo3zs onEnmMxdImMas 0dob-
030, Mm3 nhmm@gods 33dmmb GyMmobGymo dmmbm3bol o3dsymynmads s gob3n-
05MEbgb MmgmmE Lagmosdmmoabm bLESbsMEIdNL Jgbodsdaln mdagd@gdo [3].

sli3360

3x304Mmdo, MmMA Logdomm3zgmmb Mxanmbiddn Hyosmamadomagydal godmE333700lL goog-
Mo sbogmon 0b33LE0ENg00Ls o B3Jbmemmangdal godmygbgdno domnsb 860383b5emm3sbn
076705. Ms8cgbn87 gBo sMLYOMOL, MmIMmomsg gb 3Mmomyds dgndangds dmg3smegl:

1. 06x3MmsLEMNIG ML gobobengds s AmgMbabByd.s:

05bsdgemm3zg &gdbmmmagngdn, MmgmMogss smart fymals Mogblzgemgdo s dmbodm-
Mm0obgnl LoLEYIgdn, dgndmgds godmoygbml ndobomsznl, MM3 PBMM gxBxJGIMsE IMBEMmMmM-
©30megl Hymoal dmbdsmgds s Jugmgddo Lafmfyszn Hymolb o3sMma3zs. sbosmm 0bBMolE)-
M1d@moby 0b33LE0ENg00 byl dgnHymol bobEgdgdaol gondxmodglbgdsl, Mol 8758;30M70L
fymol ©s30Ma3sL s goBcals dnbo dnfmegdal LGsdomMmYMmosL.

2. 3Ma35emx3bizonmo fyombogszgon:

Sboamo fyombioEs3zgdn o 3nbsmggdnl Hymol domm3zal bobBgds ogbdamgds Hymal
MaLbnmLIdOL Y3700 gomMBoggosl. d3sLmMsb, dgbsbnman fysma dgodmads godmygbydym agbsb
Mmmagmmg Lobdgmo Hymab, sbg3g LomPyszn Hymobom3zal.

3. 06m35309Ma Hymob sbBmazel G$aJbmmmangdo:

dogomoomae, do3mmHymal smads s Gobn gosdndazgods, Mg sgMmomym Lgd&mmdo s
0b1LEMNsdn ghonemmymo djadmgds dmbgl. bmazgmals 8gyMbymodsdo "LHmMa" &g]bm-
amagngdon, MmgmMmogos §3700m3060 LomGyszn LLEJBS, OgbAsM]dS Hymal MMM J3Mbm-
doyfoco godmygbgdsb.

4. 39mEMaby s gobsogmgdol Mmaeno:

0600365amm3560 0gbgds dmbLobgmonl 3bmodngMmadal s8smmagds Hymoalb g3mbmdoym
890mygbg0dsBg. sbosman 3Mmamadgon, Mmdmgdong bamb dgnHymol ssdnsbydl, mMma LHmMmoc
899m0ygbmb Hysmo (dogsmnma, MgEbzs s Lom§yssn LobBgds) s 3Ydn35 ds0 sLHs3MNSb
sboem  Gggdbmemmangol, dgodmgds dggzsemml dogemo  fymol  Mglymbgdol dmbdsfgdal
docgmay.

5. 900cnbsmg 3Mma]Badal goxsmaormydos:

Lodomm3zgemmdo 337 8ndnbofmgmol abgon 3Mmyd&gdn, MmagmMogss Hysemdmadsmo-
8900l s 3565eMmnBognal LobEGg8700L BmEgMbabxds (Bosgsmomse, fysemdmasmeggdnl gond-
XM0ogLg0s 35630L0L BaMosdn o6 Hymal s81ds37300L 3MmadEgdn Mggnmbgddn). dbgs3bn nb3gL-
&030700 Mygnmbgodo Hymal dnfmegdal goyndxmdgbydalbozals syE0mgdams.

6. sbagmo Hyamal MyLbyMULydal Imdagod.s:

mammg &gdbmmmangdn 30000MEJds, dgbsdemms fymals sbogm Labgmdgol, MmamMmogss
sbamo  smdmhgboma fymaob MgbnmLada o6 Bgsdnmnmo Fymgdol 73300 3odmygbgodal
dabadmydemmodgdn, bgeno dgnhymb 433ybal dgmae fysmadmadamaggosb.

080bom30l, MMA gl 3MMOmy3700 gBIJGIMsE dma3smemal, sPEnmMIdIMONs Lobyma-
foxmlb o 39mdm bLgd®mMal ghoxmdmozn 0633LG0E0g00, MmABgmog J33ybol g3mbmdonsyMm
890630015MJOSLSE OgbTsMYdS.

UAEIG0> 007900905 Imos MYLoI>3IAM0L bsgPsm01390mmb 9Mm36mann 1>393609Mm 3mMbrnl
30656LmMmn db>msF)Mmno - 3M>6d0 PHDF-24-532
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moBameGams

1. "bagomm3gamb domnb HyomboEe3zgdn s Bsman Bxdmgdgegds gomyadmby" — ghm3bymo dodmommg3nl
30BMYM d00dMomm3s "033Mngandan". https://dspace.nplg.gov.ge/handle/1234/420346

2. "bLEY-L JnMmmIgEIMMmmmaaol 0bLEGEGYGOL Ls8yEbogMhm MyxyMamgzdswn dMmadgdon".

3. "bogomozgammdo  GmMmoBAols o  MMmMGJooL  gob3znmomgdol  mmbobdogdsms  dgLobgo”.
https://matsne.gov.ge/ka/document/view/1292547?publication=0

SUMMARY

WATER SUPPLY PROBLEMS IN THE REGIONS OF GEORGIA

Gordeziani K.G., Tsinadze Z.0. and Kavelashvili L.B.

Georgian Technical University

The water supply sector inGeorgia is one of the strategic areas, as it is directly linked to the well-being of the
population, economic development, and the preservation of ecological sustainability. Water supply and water
supply systems in Georgia vary regionally, as the distribution of water resources and the state of infrastructure
differ across regions. In some areas, water supply is quite stable, while in others — especially in mountainous
regions and rural areas — there are more serious challenges.

Keywords: water supply, regions of Georgia, infrastructure, problems.
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fyomma, 165M3z05 s LMLocal YLoxzMbmyods
3065d3 b.m., gmMyBosbo J.3.

LajomozgemmU &ajbo3nMma NbazgxmbnGgdn

daLo3omao

Pyomo, gbgMmans o bBO33700 gobnymymo sMol s353d0MxdYMN s dboml YFgMmb
d0dnbsmg gammosmymo 3s¢mmdabs o 3MmeYd@onmmodal dmegmadals 3ob3008MJdsLS
3oBMMYdSL. 030 gyMmEbmods BnBoznmMmo s Jimmmanymoe dgbmyenm MabyMmbydl o
§omdmoaggbl godmH3g3sl 88 3MmEgbol gobagmdymadmo. Mmgmmi sbamobsbl 0gbs dgdm-
093563090 dbm@mom J3mbmdogym BMMYIBY, ,00n30 Hymal doomzol ,,h3gnmydMmazo”
3Mod@n3s gogmdamgds 303 mMao sofegnmaobl gobdszcmmdsdn, dbmazemomlb o bafomb
LgfombBymo s LEMYIGIMYMO Loxzhmoby 901dMgds J3MbmBnsnma BMmal, ssdnsbals 33-
000MEEIMONLS s JMm3byma PLlorMNbmgdalmzaL”. sMmolbomobsem 3ddshmm3zgemmdnmo
LEMNIBGYMIO0 s Y 3769x3x06E0 — I, AgLodsdnLy, 3obsHoMIdNL YMSBSLHMMMdS —s30-
oMo 0§333L bomhgbgdoal gobmeasl, J337@NMMONL og3700505L, domaoscen bgMm3nbgdal
d7030M705L s nbxzMabGMYIENMal d7bsmANbldSL, My 88doxzmMxOL s SMmMIdL Hysmmsb,
LoboBomoym LobEIBoLmsb, 9bMagnals s LB3330056 353F0MxdM Mmool [1].

58 Lo3z0mbgol 93s@90s dBsMmn 3MmdMgdxdn dson LodmBszmm bymdobafzcemdmdnbs
s degMomonb dgbobgo. 7 domasme ssdnsbBg dg@o dbBomn Ambabamgmdnligsb:

e 0,9 domnome 5s8056L oM 5330 H3oMBs YLosMobm Labidgymm Hysanby.

e 2,6 doenome 558056l oM 5336 Lomsbsm LuboGsMmyma 30MmdydN.

e 1,3 3ogmosofm 5s8050L oM 593L gemgd&mgbymgnsty §3comay.

e 2,7 dognosme 5s805b6L oM 893l H3omds LodBoMaEmMb M8bsdgEMmM3] S Xsbbom
x3mMdg0BY.

o 13BEMMYdNm 1 dogMmNoMEN 330560 sMiL3BoMalin 337009.

9M05b0bg0mM 3anaby@ebgy 30033 Mo dogmosmo ssdnsbol sds@gds 36nd3bgmm-
3506 BgHmaasl mobogbl gbgMmannls, Hymoabs s byzzxdnl dmmbmabomydgxdby. Jb s1EOMIdMCE
dmoobm3lb gobznmomgdal o3 LS dnBsbl dmMmal YMNghoagsE3zmol gobMmsl, Mog, ©353)
ommb, 3906500078700 93mLNLEJT0L IaMoEsENNL ohdomgdal 3mEgbgnsmb. b NhorngMm-
01005353d0M70s godmaba@gds gfhom LgdEmMmdo gobbmMEngmydymo Jdgegdgdal xggom, Mm-
J9mboE 9d3L oIdnmn 86 Yomymaznomo go3mabs sbsmhgb mmBy. ;ndiEs, dnamds MmamM(s
dmgdgg0al, abg sbsgnaBol Bndomo sMmab Hobs 3MsbBy oMLydNmo s §abs gobznmamgdals
LEMIBI3N700. Y H376 go398MdamMadm o8 gbBol, 3806 mMm sHEInMBy bozmMmad cmmdn
40%-00 bs3am00 8@ 36sMmo Hymoal Mabymbio ngbgds bamBobsfhacomdo [2].

P0bo sbo Hamob gobdozemmosdo dbmamom Imbobgmos LsdxgMm gonbBoMms, TogMmsd
fysenBy dmaonbmsbs d30xgM gonbBames. ndal gom3smabHnbydoom, MmMA Hysmo gowsdfHy3gdns
3bm3Mg00l y3zgms sb3gd&nbom3zal, 35806 o gl Bbabins goaMdamegds, gosgsMdydnmo
33L3YoBSENS, BMIBLLILYBM3IMM 3MBbBmMNIBIdo0 s 93mboLEITNL gaMosEns JJb3mbyb-
GaMmo gogMmdymegds.

gl oMol godmf333s, MmAgmog mal gaomdsmymo LaBmagsemgool §0obsdg asl;
8909m$3939, MmBymbsg 39ME Moo J39ysbs 39M gondimazgds nbBmmomgdnmo, Moasb dob
705@705 Mo35m0 gMmdymascnsbn GMmablLsLabBmzmMmM s3s, MMIMIdNE gosygmama Mhgds.
5790086 godmdnbomg, dgbadmgdgmons y3gmsbozol gmdym3scnsbn fymal, 3b63Mmaa&0snmo
s LobnmLbosom YLogMmnbmadals Mgomabogns; sBMm3bxdaly s Gnegmdal EMsbLlzMmMAsENS
91 (30aM707mM0s 3769x836@0LS o 3ob3nmaMmydnl sbagmo dgLbadmgdmmmdgdalicnznl, Mog nbmss-
3090 &adbmamangdals bodnsmydnom bogds.
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0bm3s30yMmo Gadbmmmangdnl gofmes, Logofms sbasemo hAshm, Mmdgmog dgbademg-
09mb gobonl gomydmbs s 93mbLLIM30LYdNL, AMgH3geMMdNLS s 93Mbm3ninl, bLmgnseyMo s
gmm3bnamo 0b@gyMmglgdnl yhonghmosiszdnmgonls 3gxsbgosl. ,bs33s5g0 J33s babolb” Bogo-
3mads, MmAgmbLsE 93085 0Yygbg0gb d;e3mmdgdn s nbeYLbEMN dowsfhy3a&nmgoqdal gxi3a3-
&Mmoobs s 93mbmadnznl dglodmfdgdmo, ssLbEYMES, Mmd dxBmYEnmMOas dson Phong-
Mos353d90M700L goggdsdn. o3 3MmEgLydal Mo MonyMomEss3dnMmidnm nbsdnisby
8939065l sbegbl 3emabydstmyma LolE&gdol dgsmgadno dgnmy Lad&mmal dgazsligdolbsls Bomy-
01mMOo 3osfy3a&nmgogdn. Mmgmma H396 333L80b dg@0 93mbLOLEIFS-93MbLYM30LYd0 S 3ams-
B6aBoMymo ©nbsdnls s Nhongmosdmingdnmyds, sdn@mad h3gbn 3mmo@ngs s ddshm-
39emmonl AsmhAmgdn 7bs sbobo3zmal o3 3ogxdsl; gl oym nab@nxognfmgydnmaon, MmamMs
NEXUS 8oggmds, Mmdgmoi G00gdym o0gbs ombdo (2011) o smosmladyman 0gbs gogm-
000567070 9M700L MMEsbnBagnnl dmem 3MbygMybans®By dagmogn gob3znmammgdnl dglbobgd.

doMmomacn bafoomo

Pyamal PloBMobmgds s;sbfmgymoal gobznmamgdnl 80Bbgddn (MDG) ool goblob-
m3mymo, mmgmmg ,boxmobm Lsbdgm fyosenbBg H3MBs o Lsbo@omoym LobEgdsb”,
MmmIgmoE 9©sdnsbol yRmgdss. Hysmo dgadmads dgdeagma godmayml MmgmMz mbdsmydsn
s 5Medmbdsmgdon dnbo godmygbgdabsl, s LB3s 3eMobnanisgns dobababBmzmml, Mmamms
anyxn, 393567 o6 bogMmabazgmn Hyosmmon, HPysmmesb s §nbs Lofmagadammonl dnby3no.

7962M33&03nmM0 JLoBMNbmgds dogmonsbgoyma ghmgxdol mmasbobsgnol 8ogh oMol
8obLsBMm3mMTn, Mmagmmy ,byBoy, Londgem s Bymdobshzemad gbgMmagB 03N LyMm3nLydby
030m3s gommdmMdal, agobomgodal, 3m31nbngoEngdals s 3Mmeyid&onma gsdmygbgoabom3zal”.
dnmbyo3s 0dnbys, MmA 3MB3MIENMSE sM sMal bomg3zsdn, Mo 0Jds YOS ngnMnbbadgds, Mm3
590L domg3s dgbodmgdgamns goMmydmbisgznmo 3Mmomy8700lL oi30m [2-3].

byMbsool PLosMMbMgds goblLabmamMnmans bnmbsmabys ©s bmaxzgals dgnmMbymoal
mMmgebaBsgnal (FAO) dogm, magmMz "bgadabofzemamods bszdsmalin, NboMmmnbm s bmyngMa
LS 33700L AMbM3b60eN7dYdNLS S LB33x00l 3MgBgMabENIdNL by 3TsymznmMdmae sJ&nyMo
o XoblLomo gbmzmgdobom3al".

nMhonngmhoiszdomal 39ML3gJ@ 03080 sBMM3b6790s gyMmEbmods fysmbl, gbgmagasl, Loi3zgdL
s LB3s 9JEmMMydL dmMnl x35M]nbo nbgomo YhongmmEsdm3nEldnmMadal goggosl, Mmam-
Mogos 30sMm3gmmos, MIgnmomgzds s J3mboLEIBYMa Lyh3zobgdn. 3nMsdnMmn s shadnMm-
s3nMmo LobyMmanols 3mEgbEnsmol MyseNaBIdNLlo30L, 88 SJGMMIdL LnMmadsm GMIbLgnl-
303mobyMmo s GMobLLLLIBM3IMM babonsoal nb@gamnmgds. vdag3oMmae, NEXUS 33MmML3gd@nss
839605oM7ds goe30EIm GMmoagnymo gmansbo abEndmnbyma cmi@mabol Gomds o
BMINbomgos dmsbnbmb sbsddmmammodanl yhaongmmbsbomggzdmm 3mEgbgosmby.

5990056 3odmadnbamy, nhongmoszdnmal goggos dmombm3ilb sen@gmbos@onmao 3meo-
&030L, LEBMIBGIaNx00LS s 0033LENENgONL d701853700L, Moms gdodmaygbml LobgMmangdn o
d900L107dmb 3MmBdNbsE0700 dob30m8Mgdal 88 LB 0BsbL dmMal. nbEYLEMNS s F;e3Mmdy
o3bmod0gMg0gb, MMA sMLgdnmo domygymomyxdgmn s J3mbmdngyMmo AsMhmydn sMosgg3-
35& M0y s LogoMmmgydl Ladmszmmodm PHygdgdal, 3gmdm LgdEmMals s bLadmdomaogm babmags-
mgoab sg@&oymo dmbofomamdnom gondxmoglgdsl. o8 gbnom dgbadmaydgmos sMsbslyMm3gmon
d700987000L 015300056 530S S LydgENlHaMmm d7c078700L YBMM gBIIGIMI godmygbgde.

domnabmosdn, NEXUS 37MUL33d@&n3s 1BMNb33myma3l nbazmmdnmgdyem o gsdg30M-
3039 hofhml dgmon dbomen dmobmzbomadol saboidoymaznmgdmo. 5Jgsb godma-
nbofyg, 3b6n33650mm35605 8730003L b3dLOL 39Mb3gdE&n3s Amas3sm misemyM, JMmM3b6Ym
Laghosdmmobm sg93330L og@&03m07080, MMIMIdNE BMIYLOMIOYMNS HYsM b, 1533700050
56 969Ma05LM S0 YMo0ghmg0ggdsB y3gms embgby.
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dbmazmaoml Ambsbgmos sgMdgmgdl Bgsl, bLmxzmals dgnmMbymoal nbYLbEMASL
0m1Hha3lt bgmobms godmambgds o8 9ydn3s dbosmen dmobm3zbols YbBmMNOb3xgmLsymassco.
3Modognmo gb Nbs domfaym 0gdbgl Boszsfma dofobs s Hymal MaLbymLgool byamdabeh-
30m3modnl 3bomen dg830Madal, NMdSBBIENOLS s 9bgMaadn3nmo Lgd&mmal Esbszsmggdal
30Mmmog080, Myagsb Hoomabgnm bLLH353B7 noxzn bygendabohzemadmods d3nMmEgds S dombLSH-
3530L HoMmmY0s gobnboggds MmamMs sen@gmbo@n3zs [4].

Bmangmon d1bx0Mn3n Mabymbo, MmTgmoai d6sMmb YFgml ssdnsbals 3gonmeEmgmosl,
8obsbaadoNs s mnmdmb PLsbMYEmY, Fsgamoms, dBalb gbgMmagns. cndzs, dbmazamoml
dbomen dmbabamgmdalbnzal 3@3bsma fymal, gbgmanabs o Lo33zx00l daboddbgmo Logofm
MabnmLYdOL oo Bahomo dgBmyEmons. gb Mabymbgdos — dafs, boowogn, Lo33700 Bozong-
M0900 o Lbyxyoms LsbAgmo Hysmo. 80gbs, Mommiabmomnzn gobLsbmams, Moy bym-
90LsH3MABns, MonaMoy;

MgLbyMLYOOL dsBaLy s doln BYOJzoMbsemMMmn Nbsdnlnl goglds sMmal dofmomoen
LEMIBIaN0L 3M33MbIbEN. 1 NbsdNngy gobvgadns, 85806 vJ&n3Mdxdn, MMBMIdNE do3eMxbsL
obgbgb o8 3MmEglgdby, dgndmgds dBsLEgL ,,ed5G70000 MoMJONMIdOL” o6 ,,m0MmIdY-
@00l ©o35M330L"“ 035mLsBMOLoo. gl Amagds o6 Bomomo 3nMmsdnm 353d0Mmdns 93mLaL-
®700L 3ndomdsbmsb, Mmdgmbsg gfmegds ,,93mbLLIM30LYdNY, MmMmBmMIdais HBMNO3gMymaznms
o8 0MbgdMmng gofmgdmdo. oy domoomose LsJdnsbmdsE 0m3mMgxds Bomomal dmAEsbn, 67
053500b6dMy07mMo0 bogocen, 85806 oHaLgds XoMmnds 93mbmansnma 3mB3730Lsgnal, gomgdmb-
53330000 MaLENGYE00L 86 oMgagnmnmadgmo Habgdal e300, MMAgmoE 873305 SNE3L
HmbsLHMMMOS 93mbalEds80 [5].

0mdEs, gomgdmb goggds, Mmdgmdog sbams A336 smdm3hbono 8608365mm3bsce dg(33-
oMo mMdbdoxr@gdonm, YMosboBsgnnm, ©sdnbdnmyadyman Hymal LoLEIIgo0m s dJ33-
oo 3mods@oom, shgbl mMm BYbsdgb@nm Logombl: Mo sMmob d7bgdMoz0 gomadm?“ o
»mgmt 3306y, Mmd ol x3nbjgombnmegl dmds3zsemdn?” gl Loznmbidn Jabol mo3LLEIbLL,
d2830dmM0s MJSEMYMSE sM35a00mMmo 86 d33065MANBMm b, MoE 810339 86 O3MaYMNS?

3obdBo00b g3mbmadns, MmMAgmoE ole3dnMlxdymos 93mLLYM30LYdNL BofmyxdsLlo;b,
046905 86033650mm3560 BogJBMMYdn bofmygool gx33d@NMmdalbs s 0b633LENENYd0L Eobsco-
89650, Mo Logofmms MgbyMLYdOL ghdgm3snsbn dagMomdnls NBMYBb3gmMbLoymazs®, Mo
7BMN6373mMymiL bo33700l, 96gMa00LY S Hymoab YbosBMNbMIdSL. 01Y3EY, 3Mog@n3sdn IWRM-UL
bdnmogo s vg3L ImLsENMEbgmo dgegagdn, Moasb Asmbmlb godmygbgds 39M sa35MgoL MglyM-
LgoolL gobofogdol doMmoco 3mmo@nlsl, smddnm GMmsbLLSLOBM3IMM Lahn3zMadl, bsgom-
BamabiGYM 3n0BO7OL S BSBMJIOMNSD 303d0MUs.

50 3mmEgLol Bohomoas JamndsBol (339 gdsMdNL 3ogJds o dsEa3dnMma dsmm3ab
LEMIEBI3N700L BxdmJdgeqdal AmboEmMmabagn, dg3b0gMadals s Eydbmmmangdol nbm3sgny-
Mo 8ncogmdgdol 8gd3gmono.

SEImbxgmymo bLobm3Gnsnho Esbsbonscgdal 8gomomemangdals godmygbydnm jano-
05¢0L ©n3xMaabEosls s bagmgdol dofmegdols 339mydsEmOsl dmMmal 3o3dn0Mmal sdysmgdy,
Mm3gmoE sa353d0M70mos gJuEmMydomnm dm3mgb30086 (L3gamo s ddMmoma), Lodysmgadasls
d0L3g0L 3ondxmogLegl BadmJdagegds bosagls s bmazmal AgnMbymdsty. 58 Im3mybydals
s Json goMmodszsmo J3)3300L goboggodom gxrad@nMo  sbomo@ongnMmo abLEmMYIZ6E L
0907953900 n860336750mm3567L0s, Y37 080L SMosMYdS, MMA dgbsdemms sMlgdmdal MmammMs
30M33mocen, nby GgmMmon BJEMMION ©S359300M10m0 MIzombe 3em0dsBols (335aMgds-
mosLosb. 3603365mmm3560 §obgooadymo badoxns bagmadal 8Esbal s BgsdnMmymon s
00fobgd3gds hsdmbocgbol o Lo33300 b03cNgM]xO]d0L bBymobomno gobsHnmgdal goggde.
do0fmadnbs o Ls@MsbL3mMEM 897obaB8gdnl dgi3slgdno dgLbadmadgmas Hyomagdimgdn
LoLEIT700lL ENbsTN30L s, AgLedsdnLy, B0fmegdymn (33M) bLgM3aLydal NBMm 87E0 gogxds.



LSISANEIRL I bS06IN6H() LOSELI60, GEORGIAN ENGINEERING NEWS, Ne1, 2025 79

0d0bo30b, Mmd ganmosmMmMmads LoBmasmgosd dmadm3amb Lofmagydgmo, N3nENmMabs
23mbmBoyMmo gbss mMmo sds@gdomn doamdol godmygbids 33s9mIdse 3amods@dn Hymal
bofmnabbol Ls3n0bgdal N33 dobogladoE o FoMmm30LmM3nL. doshy3zaBnmadgdal YIgEILmoOs
01bgdMn30 MgbyMmbgdol LEAIEGNLMSD (MmgmMmogss fymal bafmalibo) s o3 MaLbyMLYODBY 3MmE7b-
goyMmo o6 Mgosmnmn B70mJdggodol dgbsobgd dgdmomoe356301ma 3569x0836@ 0L Jdxgdgdom
70yofgds 3mbimyGnmo 3omMsdy@&madnl goBmadszgol, MmaAmgdns gobobomgds Mmgmg sg@on3al
LoxobLomalb ,,0bn3sEMMIdN”. PdEs, donbgszs ndobs, Mmd dbgs3bn nbnls@mmgydo
dombg (330madans MmgmMmz bongmEgdo, sbY3g emmdn, 88 nbags@MMmMmdAl gobBma3s s dYco-
d030 Ambo@mmnbgn sMbgdnmse dgbmyenmas mMmnzg sb3gd@do Malymbgdol 3xBmy©3nL godm
mmabl, BYmab, 5s8056700Ls s SEFNM30Mmmdal 35MbsBMobLNo.

0060007 sbMnmydmMos 33eM73300, Mm3madog sbobszl dmbo@mMmabgols Jugmgdal
dgLoosdnbo cmmoomo bobdoMmabs s bLozmEomo gsbsfomadol 3603365mMmMOSL. 88 330Mx3300S0
0633335, Mmd domonob dgnfmgy LobdoMmgbg ob Ggmo@mMmonm gobofomgdsBy dmbo@mmnbagl
dgndmos 86033650mm3bs sMmobfmMmoe Homdmshnbml Moo 3MmEgbydals Mgsemnma BsLio-
Go0300 o 63BN, Mmagmmogss Hysmdgdizmgdn sdnbdyMmadol Bomomma. dmbo@mMmnbgal
smgnmmznmmonbs s gobMmogal obgmass dgLodsdnln Gomoxyzgdnms s Lndizzmn3zn0m, Moms
7BMN6373mymb ggddomo@oe dbnd3bgmm3sbn dmboEgdgdn s A3gnmadmnzn dmbo@mmnbgals
smFym3nmmonl godmygbgds Hamafomdo dMmszsman s;sbn emmsmo sxEJds. 00ydEs, mmab-
Mmo30 doagmdaol domgydno, Mmdgmos GENMMOL gsngmb 3mods@ol d7y3sb60lb nbsdngs —
39fdme, bosgngdo — o mMobdsx@ddo Hymol gosbshomgdal dabybBmodmnzn gx33dB00,
dgLadagdgamos degMmacn 890093900l dom§ass [6-7].

50 gob3znmoMmgdal 3nM3gmaccn d7ga00 doshyzadnmadals dbsmoogdgmals nbLGMmy-
076 oMn1dn, Mm3gamog 0b633LE0ENJOL, 3E3BSENSL, MalymMLgdal degmdsmamonl dgx3saligdsl,
d0fobo o Hymol oMozl nBMYb3gemymazl. gb baambofymgdo dnfobs s Hymal d569xaMgoL
s 80035M goshy3za@omadal 8008mgdgoL d0sh3nl gx33d@MM dgomemmmansl, Momo
8o0xmoglbgl bsbdmimyg o Lodnosmm3zsnsbn bamadaol (330MxdsEMOS S 3e0dsBal
33momds 338¢g30 gboo:

o 3ofal, Hymabe s 3Mmend@oymmonl Lonizgogbm dsmo3zal 3Mod@nial bymaaH-
ymos dsmanbogmy s ddmammo dnfols Agnmbymodsdo;

o Lmazmab HyomamaBomoggdnl LobEGgdolb gondxmodgbgdal baemdgHymoy;

e 73mbobE3700L dgMmacn domm3znl dgbadmgdmmogdal Mm3EndnboEns, MmammoEss
d0nboMmgadn, MsbdoxzBgodn s 3hmendd&nnma Mabnmbydal 0oB;

e Hymab mMaLymbgdoal domm3zals gondxmodgbgdnma dmbszydgoal, Hymalb 3mmodnlol
0bLEMYPTg6EIO0LS s FMe3zMmdal Mgagnmgadobom3zals 3mbszgdms Bnfmegdy;

o Boamagdol (339eg03eMdNL go3emabals sbosemabo Hymol AsB8mbocgbby, 8ofHolg3gds
fyamgool dg3Lg0dsbg, Hymab bamalbbg, boswsgol degmdsmgmosty, by@&mMnlbEgoal LGs@nLbg
s 1533700 bn3NxMYO]BOL o3MYMmMosBy dofhob s315580bcgmMmo s 3MEJbgoMo 3odmygxbgdal
30mmodgodn SWA-Ls o Amommyo s37Mn3al dgmhgymo Mggombal Bossgnm-mmsbodsas-
$20%g;

o domoamo bobdoMmals ImbsEgdms dgxam3gds gobbmMEngmgdymn 88 bolzoydnl emmo-
00 35L3ES00L Y, dobLognmadnm, Hymals s EsGs00bdyMadMIdL dnbsmmdals cMmmal
8oLOBMAs LB3sLLB3S 88nbNLL S 3amnds@nMma 30mmodldal 30Mmodydd0.

©oli3360

sboga by30l s sBMmM3b500L godmygbgds Hymal, 9bgMga@030Ls s LyMLsoal Ybsas-
Mmobmydal Logznobgdbg Ladmmmme Hosbamaligdl dnfobs s Hymal bamabbols 8xbgx 376 0L
3o90xmogLbydymo ggadgd0l s dgnMmy s BsLdGsdMo goshyszg@omgdal dbsmsggmal
LobE3700l B7x81n8o3705L, MMBEgO0E PBMYb3xMYmngb Bomodals 36033650mm3bse gabBMmenm
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ombgl Hymal bafmalbol 3Mmabmbomadalol 33smadsn 3anmnds@alb 3o0Mmmogddo. 0dgs, gL
dmoonbm3alb sbosgmo byambsHymgdolbs s Gagdbmmmangdals 933037006, Mo Ladsmgdsl dmas-
320L go3boscomom Hymobs s s8500bdYMadmMadal bolzoal Lagomm gobmazgdn yrMm Hom-
dm3sa36mmono0 s J3mbmadnyMmo gB33EIMN, 30M] dJodg nym.

Lobom o 3303y LybLmMgdby oxrNdblydyma goMmgdmbsaznomn dmbo@mmnbgals
Jbgagdol 8909353700, MmBymog godmndnds3zxol mmadnom s bongmEnom HomAmdsaggbenm-
000 dMmboEgdms bo3Mmgogol, Lsdmmmm ¥oddn goshysgdomgdol dndmadmoms3al NBMM
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anmagngdn, dmboEgdos 83aMmm3goal 30MN3bEJON s dbamn@ninma bambahymadn NBMNb3gm-
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d3, Hyommbs o Lo3370B] NborMbm dgmown Bamdobah3zmdmdnl YBMY637Mymxzs, A3360
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SUMMARY

WATER, ENERGY AND FOOD SECURITY

Tsinadze Z.0. and Gordeziani K.G.

Georgian Technical University

Water, energy, and food are inextricably interconnected and are grounded in the evolution and expansion of
current models of global trade and productivity. Growing global concern over limited access to these three
fundamental elements of life is now compounded by increasing anxiety about their future availability and
sustainability. The addition of more people to an increasingly urbanized planet will place significant pressure on
the level and complexity of trade-offs needed between these three development goals, while trade itself must
also act to minimize the potential for accelerating ecosystem degradation. This paper argues that it is possible
to achieve long-term security in water, energy, and food; however, the "business-as-usual" approach will not
suffice. A transformation in thinking and approach is essential through the adoption of new management and
development opportunities enabled by innovative technologies. A new approach, framed through a Nexus
perspective, forms a fundamental basis for redefining our understanding of the interdependence between
water, energy, and food security, and is a core principle for realizing a green economy. This paradigm shift is
crucial for achieving sustainable development goals in the context of global climate and economic change.
Keywords: climate, water, food, energy, sustainability, green economy
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00&730b ImeoxznEnMmyxds 3maodgMmydom
Aojm3s60 5.0., 6gdngMady 6.3., 3065dg B.m.

LajomozgemmU &ajbo3nMma NbazgxmbnGgdn

daLo3omao

00&130nbgMmocmnma 3m33mBodnb &gdbmmmansdo omaom godmygbgds dmadm3s bb3ss-
LB35 ESBSBSE T, MMTgmoE LodYsmMadSl g39dmg3L o351 xMdgLmao d7033Mgmal M30L7d700 S
dobo yMmongMmogdggds 8obymamyma Fsbogdmsb. bJEnmbsmmymo 6ndbnom ol nymazs:

- 80850b35710m0;

— 053mobBoxnEnMmydgmo;

— 8mEoxznE0MmIdsen;

— 3md3mbogoymMo.

SbBRMEOIAMbOL 30L70700L gondxmMdgLYdNL domomon Ladnsmgdss 3mmndgmdn-
®m0nb dgd33gemdo (303) 3menadgmals dgy3sbo.

dofmomsgn bafoamo
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SUMMARY

MODIFICATION OF BITUMEN WITH POLYMERS

Chikovani A.B., Nebieridze N.V. and Tsinadze Z.0.

Georgian Technical University

One of the main directions for improving the quality of bituminous binders is their modification with polymeric
materials, resulting in the production of polymer-bitumen binder (PBB). The use of polymer additives allows for
the enhancement of the full range of physical and mechanical properties of asphalt concrete — increasing
strength, deformation resistance, water resistance, frost resistance, and more.

Keywords: asphalt concrete, bitumen, modification, polymer, additive, composite, emulsion, oligomer, rubber,
rheology.
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POROUS MATERIAL CONTAINING PERLITE FOR PURIFICATION OF OIL-CONTAMINATED
ENVIRONMENTS

Molodinashvili Z.F.,, Gamkrelidze N.M., Kopaleishvili M.N., Gabunia T.l. and Shatakishvili T.N.

lvane Javakhishvili Thilisi State University, Petre Melikishvili Institute of Physical and Organic
Chemistry
Georgian Technical University

Abstract. Numerous studies have shown that the most environmentally friendly, effective and economical
method of purification is the use of sorbents. In this case, sorbents must have a number of specific indicators:
hydrophobicity, regeneration ability, significant adsorption capacity, durability, chemical and thermal stability.
They must also be environmentally friendly and have a low cost. Natural perlite was chosen. Optimal conditions
for thermal modification of the natural sorbent were established: heating at a temperature of 240-700 °C for 6
hours. Chemical modification of perlite with organosilicon compounds was carried out. The processes of perlite
hydrophobization were studied. Amide oligomers were synthesized. The optimal mass ratio of perlite and
amide-aldehyde oligomer was determined to be 0.3:0.7, respectively.

Keywords: oil products, natural sorbents, modification, porous material, hydrophobization

1. INTRODUCTION

The emergence of the oil industry gave a great push to the development of various industrial
sectors. Over 2.5 billion tons of crude oil are produced annually in the world. However, the oil
industry has negative consequences, namely the pollution of the natural environment by oil and
products of its processing. As a result of pollution, large areas become unsuitable for agricultural use.
As a result, a large amount of carcinogenic compounds enter the atmosphere, causing many animals
and plants to die [1, 2].

Numerous studies showed that the most environmentally friendly, efficient, and cost-effecti-
ve treatment was using sorbents. At the same time, sorbents must have a number of specific indi-
cators: hydrophobicity, the possibility of regeneration, significant adsorption capacity, floatability,
chemical and thermal stability. They should also be environmentally friendly and have a low cost [3].

Sorbents, according to the method of exposure, can be divided into inorganic, organic
(natural), organic mineral, and synthetic. As a polymeric matrix in compositions are used phenol-
aldehyde oligomers, polyurethanes, polyethylene, polystyrene, polypropylene, polyamides,
polyacrylates, and other classes of polymers. We consider amido-aldehyde oligomers as polymers to
be used for the intended purpose because of their availability and low cost [1,4].

2. EXPERIMENTAL METHODS AND MATERIALS

Research has been conducted to select natural mineral sorbents. Natural sorbents have an
advantage over synthetic sorbents. They are accessible and inexpensive. However, natural sorbents
are inferior to synthetic ones in terms of efficiency, purity, and homogeneity. Of great interest are
mineral sorbents — silicon series (diatomites), bentonite clays, and natural acid-resistant zeolites
(perlite, clinoptilolite, etc.). It is also necessary to take into account the size of their pores for
complete sorption of the substance, and their thermal stability. Natural perlite was selected.
Optimum conditions for thermal modification of the natural sorbent were determined — heating at
240-700 °C for 6 hours [5-7].

Research has been conducted to determine the optimal conditions for chemical modification.
Work has been carried out to obtain the H-form.

Chemical modification has been carried out to increase the size and activity of the pores.
Optimal conditions (temperature, time, solution concentration, and component ratio) for chemical
modification of sorbents were determined.
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Experiments on thermal modification were conducted.

To determine the optimal temperature for thermal modification, perlite was heated for 3
hours at 250, 300, 400, 450, 500, 550, 600, and 700 °C.

When heated to 250 °C, mainly the release of absorbed water occurs. An increase in
temperature leads to the destruction of organic components and the expansion of pores. At 700 °C,
the pore size reaches its maximum, and the pore capacity of the modified perlite increases. It has
been established that the introduction of thermally (heating at 700 °C) and chemically (with
organosilicon compounds) modified perlite into the polymer composition dramatically improves the
properties of the porous polymer - its density, floatability, sorption properties, etc.

Hydrophobization of both natural, unmodified and thermally modified (at 400 °C) perlite was
carried out at 250 °C for 6 hours in a silicon environment.

The experiment showed that thermally modified perlite after hydrophobization:

1. Does not get wet in water and does not sink.

2. Effectively absorbs oil from the surface of contaminated water.

To obtain polymer compositions, complex urea-formaldehyde, melamine-formaldehyde, and
urea-melamine-formaldehyde oligomers were synthesized, which are promising materials for use as
a matrix in compositions. The synthesis of oligomers was carried out mainly in agqueous solutions
based on the amide component and formaldehyde:

The method involves the interaction of the amide component (urea, melamine) and
formaldehyde in an aqueous solution under certain conditions of the reaction medium (pH = 5-7.5)
and temperature (30 — 100 °C) [8,9].

The composites were prepared from perlite (both natural and modified) and amidoaldehyde
oligomer (with different percentages) using the technology we developed. The results obtained
allowed us to conclude that the optimal weight ratio of perlite and amidoaldehyde oligomer for
obtaining an effective material is 0.3:0.7, respectively. With an increase in the amount of perlite to
50 % (relative to the oligomer), heat resistance, density, and fire resistance increase, and the physical
and mechanical properties improve. However, a further increase in the ratio leads to a deterioration
in the properties of the material.

The effect of pH on the formation of a hybrid polymer was studied. Along with urea-formal-
dehyde and melamine-formaldehyde homogeneous polymers, complex urea-hyaline-formaldehyde
polymers were obtained. At the first stage of polymer formation in an aqueous solution, methylol
derivatives of melamine were obtained, which were then converted into oligomers by heat
treatment (100 °C) and lowering the pH to 5-6. When the obtained oligomers and a foaming agent
(foaming agent, 60 % H3PO,, resorcinol and H,0) interacted, a foamed polymer was obtained, from
which polymers with a porous structure were obtained.

3. RESULTS AND DISCUSSION

To study the sorption properties of the polymer, water artificially contaminated with an oil
product (benzene) was taken. Sorbents were placed in the resulting emulsion for a certain time (1, 3, 5,
7, 10 days). Hybrid materials based on urea-formaldehyde oligomers and modified perlite were used as
sorbents. After that, the porous samples (sorbents) were extracted from the aqueous medium. Using
spectral analysis, the concentration of the oil product remaining in the aqueous emulsion was
determined. The study showed that the porous composites are characterized by significantly higher
sorption properties than natural and modified perlite. Thermally modified, hydrophobized perlite
almost completely absorbs the oil product if its concentration does not exceed 6-10% mg/l, and at a
higher concentration - 14-10® mg/|, the amount of oil product absorbed by perlite decreases. Under
these conditions, hybrid composites obtained based on amide-aldehyde oligomer and containing 30 %
of natural or modified perlite exhibit high sorption properties. The properties of sorbents were studied
using spectral and chromatographic methods. The influence of various factors (reaction medium,
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oligomer concentration, air flow intensity, stirring frequency, amount of natural sorbent, etc.) on the
formation of a hybrid porous polymer was studied. It was found that the following are optimal
conditions for polymer formation: pH of the reaction mixture <7, oligomer concentration — 55 %,
intense air flow, maximum stirring frequency, temperature 20 £ 5 ° C, and the content of natural
sorbent — 25 %.

4. CONCLUSION

A natural sorbent, perlite, was selected. To activate the sorbent, it was thermally and
chemically activated.

Optimal conditions for thermal modification of the sorbent were determined. Chemical
modification of perlite was carried out with organosilicon compounds.

The processes of perlite hydrophobization were studied. Amide oligomers were synthesized.

The optimal mass ratio of perlite and amidoaldehyde oligomer was determined to be 0.3:0.7,
respectively. The influence of various factors on the process of hybrid porous polymer formation was
studied.
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xXmbod) 3.9., dnMydndy 9.%., JagMmjodg x.3., Bo3zmosd3znmma 6.9.

Lajomozgmml &ggboiznMma nbazgxmbndgdo
Lagomm3zgmmb samafmnmo nbo3zgmlodgdoa

3mndghymds do@&oMmgdmgods Mx3mmyiEns dmabnbal §odmadal BofHmegdols dmfo-
6037 LOLEQO70dn (DDS) LL33YMbsemm 3Mg3oMoBgodnl domdgmHazoEmdals gondxmoglgodal,
80%696308smonymo/Lymgd&oymo/mmzsamymo  dofmegdnm a3gheomo JBgBgd0L 80bndo-
Bo300L, BybE0 MmBamMIdAL, bobgmdmonzn o6 LolyMm3gmao 3gMmomenl gob3szmmodsdn cgMmadny-
ano 9B33dE0L 9760MANB1d0LS s 3Mmembgnmgdonmo, 3mbEMmmmomydon godmyma3nls godm
[1,2]. 5b0dbyano LnbEgdg0aobsc30l gMma-gMmon y3zgmsby 39mL3gd@&onma 3mendgmgdns dom-
098Md0MJ05-00M:3L70500 3MmmMNgbBgMmsdnmydn, Mmdgmoms Lobogbobs s 33eMm330L
oMmadn LagoMm3gmmadn, 535¢. M. Josomozsl bamaddm3sbymmmodnm, dmozsmmfannsbo Homasdg-
01mMo0 33eMJ73700 8ndcenbafmgmobl [3-5].

By0mambndbnem  3mmogb@gmedngddno BYbIsombosmabognnl 8obboo L-gnoBobals
homozs 3033 PBMM BMol 3MmI3mBoEngdol IMs3zsmeygMm3bgosl Mygnmomgdswo b3gEnBo-
3nmo 030L709000, dgLbadegdgmo bgds 3. §. 3mmodgmymo 3Mx3sMa@go0l 3mbaygs@gdnl
3mbLEMYaMgdy. ghdym Tozmmammasinmym xo4370d0 homommao xi3bjgonMmo xanx300 Lb3S-
sbb3s ;3MbJEn0LS s AmJdgdal Lb3sslb3zs d97sbnbdal dJmbg LdSM- S BomamaImg Y-
oo (Hodmydnm, i3gMmdgb@&gdonm s Lb3.) bogmmgdnm dmenxnlsEnol, bmmmm shes@mgLon-
3nmo ,Lodgbo deMM3gd0LY 30M0Mgds 30 Go00 M30L70700L B0BobdndsMmoma dommsznl Lodye-
@0l odmg3zs. gLodsdnbo, dmEgdnmo 3memndggdn dabsdmgdgmos dmgmaml 6goobdngm
8o0mygbgdsl [6-8].

B70mombndbymnsb godmanbomg, A336 gos3hyznBgom dmazgbonbs dozmmamengsy-
@00l g3gmeno xogf3do 3omomgbomolb xanegool dgdi3gann 3mennlglb@ymsedngdol domydal
Jdgomeonls ImnBnloE0s s M3En80bBoins. 3obbo e30Lobym L-amabobol Loezydzgmbg Lobog-
BoMgonmo 076Bomal xadnxg00L dxdi3gana 3menadgmmal 3o@omatnmo 3nemmagabmmabols
dg0meenls ImEoxizn3sE30s, 98MJm37 3mmndgo35L domadal LEMYIENMYMmo GaJbmmmaayma bg-
dnb 981053705 MyLlyMLsdBMas30 S doMxdmLiesznmn &gdbmmmanal gom3smalifnbydoo.

ibsbymo d0Bbal dobomfhgzee, MmagmMi dmegmmymo 3mmodgymon, s35L0bmgbym
05bs3mmngbEgmodncn — 8-[Leu-6]o.75-[Lys(bz)]o.2s 076B0mab gbEgMmol 3mMmdnom, dgnE3MImn
a,L-5806m8353700L (cMg030baby s maBnbals), 1,6-3g7Jboboommablis s bgdsnbal 8035l boazy-
d39embJ.

L-an0B0bols 8mbmdgma 0.25 dmenyMmo Homoo s300900 030l goon3zsemalifnbgdnom, Mmd
3mmndgo35Lb BmMInmydobsl Hyomosyma 6873006 HomdmJdbol semdscmds d73330(30MJd06S
3mmndgmols bLBbsmMdnl dgbobatmhnbgdmo; obg3g 3memosdnEnMma Xa1x3g00l (096%BomAal
X89B10M0 gM;o) BMsl sMm godmghH3ns 3o&smabnmn Jncemmagabmmabal 3MmiEglol gobsb-
3Mdm03705 s domegaMmssEnal nbsmal dgdnmgdys [9].

3manodgymo 056B0mal gbBgMmal sE30l hsdmbLbabsm3zals A3g6L 3335000 godmyg-
6709m0 0ym Ld3dsme BsMMeE go3MEImMgdYmMo BobdoMmdsEBY o@sboma Pd-ob 3o&smobs-
&mto (Pd/C), Mol 87009350053 dnnmagdmes 83da bagmabazgmo blBsMmydn. 88 BLBsMgdAL gobyas-
05330006 (5390l dmEnydol) y3gms deammos — 3nemmaggabmaobol 30mmdgdals dgE3m.,
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LohgoMaBy (24000 §on?) — Gomndo@gdmo olmymeos [6].
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000 3neMmmxzzmoymo abmoymamoab (i-C4HI9) xanx3gon dmjdggol mmammz Bysdnmymo
sJ&nnmo 6030109M70700 S segnm o33 Bahomazgdal IBNbEgMmoEnsl 3memmoagynm bmas-
0g. Homdmddbomo 3mmmmacymo LobEGI800 30 08gbs dgMmoens, MM domo ashHdgbws
dgndamgdgmos. 33n0@&ma 33emg35dn g036Bomamgdabsm3nl godm3znygbgom 3. §. Pd-ab do3n [10].
3neMmmggbmmabol sdmo3zmgool dgdcga, 3manndgmymo bLbbsMydn go3BomMEMIm, 83533]0-
&Mmoxngnmao (9000 for?l, ,BECKMAN®, 30,000 g), 8030090 i39Mm s g3sdd3nM3semg blbsMmadn
(bggds 1).
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UgJgds 1. 8-[Leu-6]o.75-[Lys(H)]o.25 -0l LobgBa

3oemmaggbmmobol bomalbl 303mbEMmmgdnm UV-b3g3@mmag@&mnman sbsmabom
(UV-Vis-pam@monobgggmo-boanypamo  b3gd&mmdg®mo  ,VARIANY, CARRY 100, 0835Bmbo
900-190 68) — d76BoMNb gbEGIMOL F;vbMJBal 3030l gogmmdnoc 250-270 63 NOsbdn, 3mmndx535L
boemmm Mosbdo dosbmdds oM o33L (bob. 1). oagnbs, Mmd d36Bnmal gLEIMHMo mmMABnL
015653mMngbGgmodncenls Lo 3ncemmaggbmmnbobomznl (D.H.~100 %) Lagomms 8 Lon.

00 T T T T

Wavelength (nm)

6ob. 1. co-PEA 8-[Leu-6]o.75-[Lys(Bz)]o.25-0b UV-L3gJ&fMgda ((DMF, c=103dman/m):
1. 300Mmmalxbmmabsdcoy; 2. D. H. ~ 100 %.
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dgLHozmomos domadymo 3mmndgymgool 3nBoiznm-JodoyMmo Boboslboscmgdmgdn (Mw,
Mn, Mw/Mn, Tg, 300§smMmdm3abal nbsfn s bLBsemds)(sbMmama).

05653mm0gLBGIMsdnxonl 30BognMm-JodonMma dsbosbnoscgdmgdn

co-PEAs | Tg, Mw Mn, | Mw/ ?\E bLbsOMdS
°C | 107 | 10 | Mn | © 3 | H0 | EtOH | Etac | CHCls | DMA | DM | THF
I=p}
£ 2 i
C
H ©
PEA(Bz) | 21.4 | 60.5 40.0 1.51 + - + - + + + +
PEA(H) | 19.9 | 525 | 30.0 | 1.77 + - + - + + + +

obs3mangbBgmodncnl 056Bomal guEgmnmo — 8-[Leu-6]o.7s-[Lys(Bz)o2s o ©]d56%0-
anofgdnmo (8-[Leu-6]o.7s-[Lys]o.2s) BmMAgdab (bMama) dmemgnamym-dsbymo dobsbnoscmgdmadn
07®yY39m0L, Mm3 3nceMmmaglabmmabol 3hmegbdn Pd-ob ds30L godmygbgdno doMmomsn xog30
3Mogd@ninmoe sM 0330y, dmm3nmYM-Gsbymo gobshomgds 30 1360d36gcMme nE3MIds.
ombndbymo 3g@o 86033650mmM3560 ogdNMN BB MMas domLsdyaznbm dsbsmmadac dson
890mygbgodnbsm3znl. domadym 3mmadgmgol sbsboomgol 3sfman xomMGsmImIabol boMmo o
bLbsemMds A3gmMadMN3 MMasbnm godblbgmgddn, MmamMmMxdNEss Josbmmon, ccndjmoma3mm-
85080000/ndgmomsggdedoen, Jonmmmammdo, GJiGMsdoEMmuMmsbo. odsmo go8obyonl
©2039Ms@ Mo (Tg < 25 °C) 30 3oba3nmmdgdl BoBommmaoynm 3ommodgddo 3mmaglb@gMmsdngdal
9o JamsbBoiznmmoosb.

Mo 8996700 H-3mmM3nls rsbsdmanngb@gmodncal n§-b3gd@&mL (FTIR-3yMog gofmsgdbals
nbazmsfoogmo b3gd&mmdg@ma ,TERMO NICOLET”, AVATAR 370, nsd3sbmbo 400-4000 LAY,
gobmd3al LobyLEg: 0.5 LA?), 3Mog@nznmo 0I6ENMNs BNbJENM0 X8RO0l 1HdS6d0,
9M00Asbs33mMxdRM0 096BMMl dnoMm30l dcsbmddol (Mm0cgdal s6s50gFnls) Nds6d0 (730 LE™?)
30 0307 3oblibzazgoss (bob. 2):
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606. 2. 8-[Leu-6]o.75-[Lys(H)]o.2s-0b FTIR-b333J& Mo

dmEgdnmo &agdbmamaoymo 3MmEgbol bo3306dm Loznmbns co-PEA(Bz)-0b goliyszms3gds
3m03mbgblosnnmn 3mmndgmabsgnol cobosdey 3Mmeyd@adalogeb, gsbLsgyommgdom 3o
3-60@mMmMBbmmLegsb. 3mmndgmob golyrme3zgdnbozol dg0mmse35B3079mns dolin godmaengdss
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3IGed
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Pyamgdn, gosedynds3zgoals o
bgmobogmon godmygbgdols gofy-
d3, 3nfModnm gogmnblds g3m-
LobE)0sdn o 0H333L gofmgdmb
LyhombBym EsdNbdyMmydsl. dg-
Lodsdobsg, 3maodghal godm-
fysb3ol 33833  GIJbmmm-
80900 fysmmo by gonfhonbomb
©d  NoMNbgl  Lohomdmm
303l o6 3odmygbgdnmm 0gdbsb
bb3s sbndbymMadom (dsgsmn-
0o, OMISGsMIdMme© Mgs]-
GmMmal 39Msbgdn s LB3.). 3ol
39035m0obfobgdoon  87018539-
onmns  3mnndge3sL  Bomaydab
LEMIYIGIMImo  BIIbMEmmaay-
Mo bLggds, MmAdgmoE JBYdbyds
&adommmaoymo  Hyamol  hs3g-
&omo  LobEJ80L  godmygbgodsls
(Bob. 4).

60b. 4. co-PEA(H)-0L domadol bLSMIGIMYmo G&ajbmmmannmo bJgxds
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SUMMARY

MODIFICATION OF THE TECHNOLOGY FOR OBTAINING OF L-LYSINE BASED POLYMER CARRIER

Jokhadze G.A., Gureshidze M.Z., Kerkadze J.V. and Zavradashvili N. M.

Georgian Technical University

Agricultural University of Georgia

The technology of obtaining polymer carriers based on the essential amino acid L-lysine is one of the important
directions in the development of modern drug delivery systems (DDS). These polymers have significant
potential in various technologies, since their unique set of properties meets almost all the requirements for
polymer carriers. The aim of the research is to modify the technology for obtaining functional polyesteramides,
as well as to develop a structural technological scheme taking into account resource-efficient and
environmental technology (with a closed system technological water). For polymer purification, washing with
running water using a mechanical mixer with turbulent action is proposed, and methods for utilizing by-
products are also provided.

Keywords: polymer carrier, drug delivery systems, polyesteramide, conjugate, prolongation, therapeutic effect,
utilization.
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BIOCHEMICAL PROPERTIES OF LANTHANIDES
Topuria E.S., Tusiashvili T.N., Mamiseishvili M.M. and Gvelesiani I.0.
Georgian Technical University

Abstract. Lanthanides have the ability to influence biological processes. Intravenous injections of lanthanide
salts cause fatty degeneration of the liver, which is preceded by a decrease in the level of glucose in the blood
serum. Lanthanides have a wide effect on subcellular structures and enzymes localized in them, thereby
affecting metabolism. In the liver, lanthanides cause morphological changes in the nuclei. All these changes
lead to disruption of biochemical processes in the cell. The effect of lanthanides on the nuclear control
mechanisms of RNA synthesis depends on the structure of the electron shells of these elements. Lanthanides
have a wide effect on subcellular structures and enzymes localized in them, thereby affecting metabolism. The
effect of lanthanides on carbohydrate and fat metabolism is to some extent dependent on the effect of these
elements on hormones. Thus, the biochemical changes induced by lanthanides are diverse and the mechanisms
of these changes are quite complex. The effects of these elements depend largely on the concentration and the
form in which they are administered.

Keywords: lanthanides, lanthanum, europium, samarium, gadolinium, blood plasma, metabolism, praseody-
mium nitrate, hypoglycemia, Liver, spleen, kidney, pancreas, insulin, enzyms, nucleic acid, mitochondria.

For a long time it was believed that lanthanides are not contained in animal and plant tissues,
but the use of such particularly sensitive methods as mass spectrometry, X-ray fluorescence, etc.,
made it possible to detect insignificant amounts of these elements in them. For example, lanthanides
are found in the ash of leaves of some species of ferns, in horsetail (three species of Equisetum), in
the biomass of some food and grain plants, as well as in algae. At the same time, about 100 times
more europium is found in algae than in food plants. Small amounts of lanthanides are found in the
skeletons of fish found on the ocean floor [1-4].

In the human body, in particular in the spleen, some lanthanides - lanthanum, europium and
samarium - are found in the highest amounts. People with chronic alcoholism have significantly more
samarium and europium than healthy people. No age or gender differences in the accumulation of
lanthanides have been observed [5-6].

Lanthanides have the ability to influence biological processes. Of particular importance is the
biochemical effect of lanthanides when they are administered to animals. For example, intravenous
injections of lanthanide salts caused fatty degeneration of the liver and a significant increase in the
concentration of free fatty acids in the blood plasma. The development of fatty degeneration of the
liver was preceded by a pronounced decrease in the level of glucose in the blood serum, which
normalized only on the 3rd-6th day.

Lanthanides stimulate the synthesis of insulin by the pancreas. For example, 1 hour after
administration of praseodymium nitrate, the concentration of insulin in the portal vein blood
increases. Normalization of insulin levels occurs only after 2-3 days. For example, the non-pancreatic
gland of an animal treated with praseodymium does not respond to additional intake of glucose or
glucagon, while in normal animals, stimulation of insulin secretion is recorded in response to glucose
intake. An increase in the concentration of glucose in the blood causes the influx of Ca%* and is
involved in the mechanism of insulin secretion. In biological systems, lanthanides reduce the
absorption of free intracellular calcium, which leads to a violation of their secretory function.

It is believed that hypoglycemia occurs in the liver due to inhibition of the activity of the main
enzymes of gluconeogenesis. Intravenous administration of lanthanides leads to a decrease in the
activity of only the enzymes that catalyze gluconeogenesis, while the activity of other enzymes that
catalyze glycolysis and gluconeogenesis remains unchanged. Based on the different genesis of
glycolysis and gluconeogenesis, it is assumed that lanthanides affect carbohydrate metabolism
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through the nucleic acid system. Intravenous administration of lanthanides leads to a selective
disruption of protein synthesis and, consequently, a decrease in the number of enzymes that catalyze
gluconeogenesis [7-9].

The causes of hypoglycemia and changes in lipid metabolism are due to the disruption of the
main mechanisms of metabolism in the liver under the influence of lanthanides.

Liver glycogen plays an important role in regulating blood glucose levels. The reason for the
disruption of carbohydrate metabolism by lanthanide ions is the disruption of the fine structure of
cells and a change in the activity of a number of enzymes, which leads to a decrease in the level of
glycogen in the stomach and an increase in the amount of fat.

Lanthanides can not only influence the activity of enzymes, but also themselves can exhibit
catalytic activity. For example, La** and Ce3* ions catalyze the decomposition of phosphate-containing
compounds; In addition to simple esters of phosphoric acid and pyrophosphate, their action extends
to substances of high physiological importance, such as hexose monophosphates and hexose
diphosphates, 1,3-diphosphoric, cytidylic, adenylic acids, etc.

In enzymatic catalysis, the specificity of lanthanides in relation to the substrate is observed.
For example, glucose-1-phosphate is hydrolyzed much faster than glucose-6-phosphate, and
diphosphates - faster than monophosphates. The catalytic effect of cerium is stronger than
lanthanum, which, apparently, is due to the presence of f-electrons in Ce*. From the kinetic curves
of the process, it is clear that the metal forms an intermediate complex, which then decomposes.

Lanthanides also catalyze the cleavage of phosphoric acid, ATP, some diethers of P-O—P and
P-N bonds, and the conversion of metaphosphate to orthophosphate. It is these properties of
lanthanides that affect biochemical processes in the body. For example, after the administration of
lanthanides, the activity of many enzymes in the liver changes.

Changes in carbohydrate metabolism in the body of animals exposed to lanthanides are
accompanied by a violation of fat metabolism. For example, 48 hours after the injection of CeCls, the
fat content in the liver increases, which is mainly due to neutral fats. Liver damage caused by
praseodymium nitrate is accompanied by a violation of blood serum lipid metabolism.

The development of fatty degeneration of the liver and its return to normal depends on the
mitochondrial fat oxidation system, lanthanides have a greater affinity for mitochondria, that is,
animal liver mitochondria are able to absorb La®** in a non-energetic and energy-dependent manner,
which is accompanied by mitochondrial swelling. With an increase in the concentration of La*,
mitochondrial membranes are damaged, which is due to the formation of ionic bridges between the
La®* binding sites on the outer surfaces of the outer mitochondrial membrane.

Lanthanides act as competitive inhibitors of Ca?* transport into mitochondria. Phospholipids
act as Ca** transporters across mitochondrial membranes, while lanthanides have the ability to bind
to phospholipid membranes and, therefore, can block mitochondrial Ca** transport. This process is
accompanied by a decrease in the level of H*- ions in the environment, i.e. lanthanum not only binds
and inhibits Ca?* transport, but also has additional binding sites that do not interact with Ca*2.
Lanthanides can also inhibit the activity of Ca®* -stimulated enzymes. By penetrating mitochondria,
lanthanide ions can cause disorders in the oxidative chain [10-13].

The mitochondria of the liver of animals, with significant doses of lanthanides, expand and
occupy a large part of the liver cell. Sometimes the main substance of mitochondria has similarities
with the fatty inclusions of the cell. Therefore, there is a possibility of the transformation of
mitochondria into fat droplets due to impaired oxidation of fatty acids.

According to electron microscopic studies, changes in the structure of mitochondria are
preceded by changes in the endoplasmic reticulum (ER). When lanthanide salts are administered to
animals, changes in the structure of the EPR can lead to disruption of biochemical processes
catalyzed by microsomal enzymes. After the administration of CeCls;, the ability of the liver
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microsomal function to hydroxylate hexobarbital and demethylate N-methylaniline decreased (the
level of cytochrome P-450 decreased by 53%). The level of glucose in the blood decreased, and the
level of non-esterified fatty acids increased.

It has been observed that fatty degeneration of the liver develops faster in female organisms
than in males.

Due to the ability of lanthanides to interact with nucleic acids, the introduction of ions of
these elements affects the metabolism of nucleic acids.

In the liver, lanthanides cause morphological changes in the nuclei. The nuclei acquire an
irregular shape, and chromatin is concentrated on their periphery. Dissociation of ribosomes is
observed. Sometimes dissociated ribosomes form aggregates due to binding to lanthanides. All these
changes can lead to disruption of biochemical processes in the cell.

Intravenous administration of light lanthanides (Pr?*, Nd3*, Sm?*) to animals after 24 hours
caused inhibition of nuclear RNA synthesis in the liver, while heavy lanthanides (Gd**, Dy** and Er®*)
had no effect. Therefore, the effect of lanthanides on the nuclear control mechanisms of RNA
synthesis depends on the structure of the electronic shells of these elements [14].

In brain and liver tissues, under the influence of gadolinium and europium, the content of
nucleic acids increases, and in kidney and spleen tissues it decreases. The introduction of lanthanides
in various forms (ionic and in the form of complexes with glycine) into animals leads to a decrease in
nucleic acid activity and an increase in the amount of RNA, DNA and protein in the liver and kidneys.
Low concentrations of lanthanides lead to an increase in the content of nucleic acids and proteins
and a decrease in nucleic acid activity. All these changes are most clearly expressed 24 hours after
liver resection. The content of nucleic acids and proteins gradually normalizes and reaches control
values by the 14th day.

The introduction of lanthanide chlorides and glycolates two weeks before the operation is
more effective than after it. Stimulation of biochemical processes in the liver has a positive effect on
the process of its regeneration: the initial mass of the liver is restored much faster, the content of
nucleic acids and proteins is normalized. It is noteworthy that the effectiveness of lanthanides in a
complex with glycine is much higher than that of inorganic lanthanide salts.

When lanthanum is administered to animals with tumors, the RNA content increases and the
protein content in the spleen decreases.

Lanthanides have a wide range of effects on subcellular structures and enzymes localized in
them, thereby influencing metabolism. The effect of lanthanides on carbohydrate and fat metabo-
lism is somewhat dependent on the effect of these elements on hormones. Thus, the biochemical
changes caused by lanthanides are diverse, and the mechanism of these changes is quite complex.
The action of these elements largely depends on the concentration and the form in which these
elements are administered.
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Mmyb0ondy

moboobogdal domjndoymo ;30L70900

0mazymos J.b., @Losd3znmaoa 0.6., 3530L703300m0 3.9., 3330maL0S6GO 0.m.

LogoMmozgmmb &gd603Ma nba3zgmboGGo

mMdbmdbngdL 5J300 PbaMmn, go3zmgbs Amdbnbmb dommmanym 3MmEgLlgdby. Mmobmsebnwydal dsmog-
00b 0b6@M3961M0 063330700l ho@amgds 0§333L m30dmal 3bodm356 ©Iax6aMsE0sL, Mabsi Hob ydmaals
Lobbeol dMo@do gamnimbBol ombol dgdgnMmgds. MobmobnEydl \womom go3mgbs sj3m IPxMgced3]ds
LEMYIGHNMIOLS S Fomdn m3dSMNBYOYM BYIMIJ6EJOBY, MoMdE 3o3MNgBSL Sbgbgb FxBSOMMNBIBY.
m30dmdo mobmsbogon 0§333L doMm:3300L BmMxamammanym E3momidgdl. ysgms gb 33emomgds
09323L yxMyedn domgdodonmo 3MmEaLYdNL sMM3735L. MObMbngdal go3mgbs MBI-0l Loboybol
003y LozmbGMmmemm 73o60B870%7, sdMINEgdYMONS 83 JeM]xdxbEgo0lL JamadBMmmbymo gombgdol
LEMYIGNMIBY. MIBSBNEIOL BsMM go3eMgbs vJ3m YxMJ©I330s LGMYNIGNMIOLS s JscnTn M sno-
B0 B3xM3g6GJ0Bg, MomsE do3emabol sbgbgb dg@sdmmabdby. Mobmsbogdol go3mgbs bobdom-
fyamgdnbs o 3603700l 873ESOMMOBIBY goM3339MHomMoE sdMINIONMONs 58 Jemy836E 700l 3mmAm-
690b7 393t g65LMSH. 83335MO©, MbMbnldnm gsdmfh3gnma domgndoyMmo 33MOmMYdYd0 IMS35MRBY-
Mm35600 s 53 33eM0MJd900L 377Jo60Bd0 Lozdome Moy, 58 gamydgb@xdnl dmJdgegds nefHomo
39mM 30030190 3MBEg6EMIENSLY S 08 BMMTdB], MmImomsg gb Jemydx6E 700 833ys3m.

Ls3396dm LoBy3zgon: MObmMsbmnEydn, Mebmsbon, g3mm3nydo, Lodsmaondo, gscemmnboydo, LoLbmol
3maBds, Ig@sd0mmaban, 3Msbgmendondol bo@Mmodn, 303magmnggdns, m3ndma, Jmmabms, onnMmidgamo,
3063M75L0, nblymnbon, BIMAZ6E 700, Bn3mynbol 85535, FoEmgmbmons.
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8°05-333¢0mM3306MO76Boma3nal nBmMba3mENbmomInMmabmbal Imaeng3nmalbs
3m33amyjLHomMAmJabs moombol 0mbydcob: DFT J356@nM-JodonMm-J356E& 1M DFT dgormeals
899mygby00m

3063sdg 8.3., gomMmasdy 0.%., Fob6G Mo 9.3., 3NMOSbo .5., cmmhmdznmo c.d.

Logommzgamb &33603n9Ma Nba3zgMbodyGo
Lb3ab Lobgmadfoxzm Hbo3zgxMLoGIB0
M.ogmadol sMmammasbyano Jodnabs s gemgd@&mmindoal 0bLG0G G0

93Lo35mm0. 300MIBMBYdN domeMgnMa sJ@&nnMm, 360d369mM356 MMasbnma bozmng-
Mol 3emoll §omOmomagbgb. MmMAmMgdng Bomoime godmnygbgds 8xnEnbols s bLmazanals
d9nmbymosdn, &376035Ls s 3MgH33cMmmdNL LB3sLB3S omMaqddo.

Lody360gMm Mo@yMoGMal sbagnnBn sA37690L, MMAE 30MsBnEgdNL HoMmdmyxdymgdals
5 BMaase 30eMyBmMbyoal, 3s00 LNbMBAL, Boy@mIgmaBsgnabs s 3MI3gguLHsm3m]dbal
165Mal dgbobgd dmbsEgdgon sMobmmmoas, Bmagngmo dgdmb3zg3sdn, 30 oo dngMm fomAmldbogno
3mmMnbsnnmao bagmmgdn sdLEMSIGNMa Mhgds, MeE goblsgnomiadnm ynmmoemgdslt dmon-
0bm3lb. Moyymo dmamyznmgdol gamgd&mmbymo s Lozmeomo LEMYIGNMIONL dgLbHozmab
dg0980 TgLodmgdgmn gobs gognmadno Mo LEBmMNIBGYMsdn Jodoymo bBsgMgdNL
,»070500876mmM0os-bLEMYIERML 0130L70700L" YMnngho3s3dn0Mmals BoBaBydal oagbs. dgLHos-
oS go3s-533&nmModnbmogbbBameadnal 0BmboimEGobmom3inmsbBmbals LEMYIEYMS
3m83madLHomBmgabals Pbsmn Lb3osbbzs g@omydmsb.

LESBNS30 gobbomymns §ods-333E0NME3nbMO7bBoMEg3nal nBMbagmEGnbmominco-
MoBmMbab (800050063-L) J356E&M0-JndoyMmo 33eMmg30L dgeggece Gomadma dmbsggdgon. gablsbo-
a33mo bn3monghgdol dmenggnmab bLEMMIEGYMS 8703536 Fgonomal s3nbm s 3oMOMbomals
X89830L, 096Bmmal o 30Mmonbol domm3zgdl MmAmMIdoE gdo3mgbsl sbgbyb sEmdgddn
Jmad&mmbymo 8nbEgoolL gosbsfomgodsby, Meg 3oblobmamasl oo MJsdEnnlYbsMsbmoL,
oomemannm 57&03mosls s 3m33mgduHamdmgabal nbomL [1-2].

8905-333& 0 >306mMdx6Boma3nal 0BmboimE0bmominmsbmbol
dmmy3nmsdn 5GmMAx00l EobmIM3s

330m330L 3g00MmE03y. 3os0s5063 dmegymab ggmadg&monbs s gamgd&mbyma LGMmY]-
&nol BbEs ELLLaglbo, hs@ofmgdnmans J396@nM-Jodonma 33amy3s DFT dgomenl godmyg-
67000 6-31G LddSBOLM Bo3MIONL s B3LYP 39bjaombogmal s y3gms ggmdg@moymo dmbsgg-
9oL Lo M3@ndnbsinol godmygbgdno.



98 bSISANIIR s bSO6TIN63() LOSEKI60, GEORGIAN ENGINEERING NEWS, N¢1, 2025

899b635Mndg00l 3MhmEgLn bmMEngmeEgdmeEs snMon B3Babo30L. 8737 16S snbodbmL,
Mmmd 5@mdgo0l 6197Ms30s M30mbxdMns. ggmdgBMmonbs s gmad&mmbadal gobshommgdal
806630l gobadoMEG0330mMaco, 3o8mom3mnon dmbaigdgdn dmEgdmos sbMomadal boboo.

1963MmgaB03nmMm0 dobolnomgdmgdal ad1ds3x0nsb Asbl, MM gods-533&nmMsd0bmdgb-
Bomeaidnnb nBmbozmEnbmomi3nmsbmbal Homdmgdbal bocdm Yomymxznoo bonogs, Moy
dmag3nmob 8agMoemdsty d0mnmgodl soMmo iaBsdo (bM.1).

gbMomo 1. 365M33&030m0 dsbasboscngdmyda

LMo 9bgMmany, §omdmgdbols 76&Mm30o, n3mmymo
3oMm@&Mmoa (En) 9600mM309, 3350m/dman 30an/dman-K dm8gb6&n, D
-949.482 181.343 131.924 5.229

05gLndsemmma Yomymaznoo gengd&mmbymo d1bEg00 goshbosm 3nMonbol domo3nl
N(1), 5806m ¥ana3al N(8) cos N(10) cos N(18) sBm@Eal o@magol g=-0.442, -0.447, -0,232 cos -0,634
dgLo0sdnbo, JoMOMboemnMo Xanx3go0l O(9) o 0(21) 75b6gds©OL 5EMIxdL g=-0.579 o
g=-0.617, cos 9gongmal ¥anaznlb C(20) bobdomodsanl s@malb q=-0. 774 (sbmM. 2).

3bMoo 2. 3o3s-3333E 0@ d30bM0O7x6Bsma3nal 0BmbozmEnbmominmsBmbol dmeng3nmodo
976G 0 EMmbmMm 3GMIBY s JmIJBHMmMBId00 dGHMBYMa mMd0BGImMId0L EsLabgds

dnbdo 933 &mMmmMbId0LL Esbsbgdy
Ne | o@mdn | s@mdba AhmbhAbo Lo3sMabEm 3manamnBsinol Lo
afmy 85035am0bfnbgdnm
1 N(1) -0.442 1.999 5.424 0.018 7.442
2 N(8) -0.447 1.999 5.434 0.014 7.447
3 0(9) -0.579 2.000 6.564 0.016 8.579
4 N(10) -0.232 1.999 5.207 0.026 7.232
5 N(18) -0.634 1.999 5.624 0.010 7.634
6 C(20) -0.774 1.999 4.767 0.008 6.774
7 0(21) -0.617 2.000 6.600 0.017 8.617

dgonnmoab ¥ansol C(20) bobdnmdsal sEmMAL sbgoo dsmomo gi33dGnMa gengd&m-
bymo dbBalb Goybgosozs sMosd3l Mboma Homdmgabsl dds 3mMB3emadLHomdmad]dbgmmsb,
Mogseb 08ymazgds sp® 3ndMmonm dgmdsmamdsdn, Mabo 3sMmonal boxwnd3zgml g3sdemg3l
C(19)—C(20) d30b bngMdy (1.503A) s C(19)—C(20)—H(33), C(19)—C(20)—H(34) s C(19)—C(20)—H(35)
310b3700L Lonngggdn, MMAMgo0E dgLbodsdnbs Gmenns: 111.836°, 109.593° s 109.544°, o
mob03] 300MnEYmMo MMO0GSMNm Y337 SbbmMEogmgolL 03700L (gbM. 3 s 4).

3bMogmo 3. 3o9s-333G0mM30bMdx6BImMEa3nal nbBmboimGabmominmsbmboll dmemg3nmasdo
350m36&Mo JemadG&MmblxoaL gobofoamgos sGHmInmM mMmodnGsmgol dmMmal

35m36& M0 gengd&mmMBbIdNL gobshoamads LozsmgbEm sEmdyMm

Ne | os@mbo | n mMdn@omyoby
ns npx npy np:

1 N(1) 2 1.373 1.701 1.219 1.131
2 N(8) 2 1.241 1.151 1.374 1.667
3 0(9) 2 1.700 1.834 1.597 1.432
4 N(10) 2 1.370 1.027 1.642 1.169
5 N(18) 2 1.262 1.314 1.380 1.668
6 C(20) 2 1.139 1.109 1.249 1.269
7 0(21) 2 1.695 1.817 1.630 1.458
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3806m Xan30L N(8) s N(10) sBm@al s&mBd0 08yma3gdnsb sp? 3ndMoonm dogmds-
fMgmdsdn (N(8)-N(10) d30l bnghdg sfmal 1,379A, bmenm C(7)-N(8)-N(10) s N(8)—N(10)-C(11)
d80L gymbggdns 120.389° o 120.779° d3Lsdsdaba (LP(1)nio) - sp??t. BsgMed, 30mab@&nfo
333 &mMmbgoal gobshnmadals sbsemaboo LozsmMabEm sEMTYM MMO0GIMdDB], 36gs3m, MmJ
N(8) sBmEGob o&mMInl gmaddmmbymo fHyszomo mno3dmymomoas smadndmoEnm 2p, mM-
00&dMBY, M3 dodmMaEbosl ol dmbsfomgmodsl 3mB3maduHamdmladbsdn. Mobisg 30M 30@¢Y30m
N(10) sBmBol s@HmMIBY, ULosg JmaddMmbymo Hyzomo 2p, 30dMoEym mmdoGsmMbBIs
dmomo3bgdYmon, s B8odsbosdy N(10) sBmEGolb os@mAL 333 oJ3b Pbosmo NBMY63geMymb
amad&Mmmbyma fyzomo s gobsbmmEogmml o mbmmym-s3i333GmMymo 0ds 3g6&MImMyM
o@MImsb [3-5].

3bMoao 4. 3533-333& 0 d306mM0736B>ma3nal 0BmbogmEobmominmabmbol
dma3y3msdo bmagngMmao 630L bogMmdob 3608369mmog00

Ne [ s@mdmdmMmabon s@mImndmMmolin
08 o0l bogMdy, A

1 | N(1)-C(2) 1.358

2 | N(1)—C(6) 1.358

3 C(7)-0(9) 1.224

4 | N(8)-N(10) 1.379

5 | N(18)-C(19) 1.369

6 | C(19)-C(20) 1.503

7 | c(19)-0(21) 1.218

30Mnnbal doMmm30l N(1) sBm@Eal s@mdog 08ymaxgds sp? 3ndMnnm dagmBsMmmdsdn
(LP(1)n1) - Sp2* ), Brsbog goba3nmmodgdl N(1)-C(2) (1.358A) cos N(1)-C(6) (1.358A) 630b LogMmdygdon
o C(2)-N(1)-C(6) 000L 3yobg 121.411°, 3ogMmod sGmMAnmM mMmoOnBGomydby LozsmgbBm gmad-
GmMmbgoal gobohoamgds g30h33690L, MM gamad®mmbymo fyzomao oM oMol dmmozLydymo
oM13ndMmnnm MmmMONEIMB]. Fodsbosd] 3nmonball domo30l N(1) sBmEGalb s&mALsE o73L
1650 PBMN6373mMymb gengd@mbymo fysznmo s gobosbmmiEngmmlb o cmbmmnm-54333Em-
Mo 00y 336&MomyM sGMIsH [6].

3bMoao 5. 3933-333& 0 3306mM0736Bsma3nal 0BmMbozmE0bmominmsBmbol dmeng3nmodo
Bmgngmonn La3zamabEM 3nmnbygdal 3603367mmdYo0

Lo35aMabEM 3Ybal
Ne LO39mybEM Jnmby Longy, ghonLn
1 C(2)-N(1)—C(6) 121.411
2 C(7)—-N(8)—-N(10) 120.389
3 N(8)-N(10)—C(11) 120.779
4 C(15)—N(18)—H(32) 116.113
5 C(19)-C(20)-H(33) 111.836
6 C(19)-C(20)—H(34) 109.593
7 C(19)-C(20)—H(35) 109.544

N(18) sbm@al s@mdn 08ymazgds sp? 3ndMmonmm dgmdsmgmosdn (N(18)—C(19) d8al
bogMdg sfMab 1,369A, C(15)-N(18)—H(32) 880l 3moby 116.113° (gbM. 3 s 4)). BoaMsd, bozog6-
&M 3GMTYM mmMdnEGSMgdbBg 300Mgb& M0 Jemad&mMmbgoal gobofomgdal sbsgnobn, g3nh3xbgol,
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Mmmd N(18) sbm@al oMol gmagd®mmbymo Hyznmao omse3zdmyMmomons shedndMmoym 2p,
mMd0&smMBY, Mo godmMmabosl Aol AmbsHomgmdsl 3mB3maduhomdmldbsda.

39MdOMbomyMo X¥anx3300lL O(9) s 0O(21) 35680500l s@mMIgd0n, (C(7)-0(9) s C(19)-0(21)
030l bngMdggdal sbsenmabom, MmBgmog BgLbsdsdnbae Gmmaos 1,224A s 1,218A (gbM. 3),sp 300-
Mmonm dgmdsfmgmosdn n8yma3gdnsb (LP(1)ow) - sp®® s LP(1)opy- sp®73). mMo3] 3963ds0l
o@man bobdnMmdsnl s@mMIg0mMsb (O(9) 7968000l s@mMBn C(7) bobdnmdoal sEGMIMSL o
0(21) 796300000l s@mdn C(19) bobdomdsnl sEMBmsb) d8ymo sMnob mMdsgn d80m, s80&ma
gfhon 30dMmoymo mmodndomo (mMmn3zg dgdombzgssdn 2pyx) YBMYN633Mmymaxzl gemgd@mmbym
§y30amb, Mm3gmog gobodnmmdgol 3mmmenbsgnymo d3ab Homdmgabsl [7-8].

3bMomo 6. 3535-333E 0 O0bMOx6Bdma3nal aBmbozmGobmominmsBmbol dmag3nmada N(1),
C(2), €(6), C(7), N(8), O(9), N(10), C(11), C(19), O(21) 5&mIJd0L Lo33eMgabEM 0ol MMONGSMYONL
SbagmaBab bmagagMmmo dmbo3gdn

Ne 00s sbabgds om >m 870c0876ammods, % 3maosmobsgools
300M0E0BOE0S 3MJx303096@0
1 ona et 1988 N(1) sp*74 s(36.43)p(63.43)d(0.15) 0.7715
e : C(2) sp>™ 5(30.18)p(69.70)d(0.12) 0.6362
, e L 087 N(1) sp7® 5(36.19)p(63.66)d(0.15) 0.7702
e : C(6) sp>?® 5(30.46)p(69.43)d(0.11) 0.6378
3 e o 1993 C(7) sp**® 5(31.27)p(68.59)d(0.14) 0.5944
7-00) : 0(9) sp-*¢ 5(40.60)p(59.10)d(0.30) 0.8041
A e L ogs N(8) sp2* 5(30.85)p(69.07)d(0.08) 0.7307
@G0 : N(10) sp>1 5(24.11)p(75.69)d(0.20) 0.6827
] o 085 N(10) sp™ 5(42.78)p(57.06)d(0.16) 0.7739
(o-can : C(11) sp2© 5(32.40)p(67.49)d(0.11) 0.6334
. e oo 994 C(19) sp2™® s(31.34)p(68.52)d(0.15) 0.5890
9oy : 0(21) sp™ 5(41.92)p(57.77)d(0.32) 0.8081
7 LP(1)ne) 1.928 sp2% 5(27.33)p(72.55)d(0.12)
8 LP(1)o(o) 1.979 sp068 5(59.32)p(40.63)d(0.05)
9 LP(1)n(10) 1.918 sp201 5(33.20)p(66.69)d(0.11)
10| LP(1)opy) 1.975 sp°7? 5(58.07)p(41.88)d(0.05)
1 ot 0015 N(1) sp-7* 5(36.43)p(63.43)d(0.15) 0.6362
w-ce) : C(2) sp>™ 5(30.18)p(69.70)d(0.12) 0.7715
2 ot e 0014 N(1) sp-7® 5(36.19)p(63.66)d(0.15) 0.6378
(e : C(6) sp>2® 5(30.46)p(69.43)d(0.11) 0.7702
3] et 0.00 C(7) sp?® s(31.27)p(68.59)d(0.14) 0.8041
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SUMMARY

COMPLEXATION OF GAMMA-ACETYLAMINOBENZALDEHYDE ISONICOTINOYLHYDRAZONE MOLECULE WITH
METAL IONS: DFT QUANTUM-CHEMICAL METHOD

Tsintsadze M.G., Giorgadze T.Z., Chanturia M.M., Gulbani D.A. and Lochoshvili D.M.

Georgian Technical University

Sokhumi State University

R. Agladze Institute of Inorganic Chemistry and Electrochemistry

We have conducted theoretical quantum-chemical studies to determine the geometry and electronic structure
of the gamma-acetylaminobenzaldehyde isonicotinoylhydrazone molecule. Donor atoms that can participate in
the formation of a coordination bond with the central atom have been identified. In this work, quantum-
chemical calculations have been performed using the 6-31G basis set of the DFT method and the B3LYP
functional to study the structure of gamma-acetylaminobenzaldehyde isonicotinoylhydrazone (gabainh-L). The
authors have calculated the geometric data of the molecule: bond lengths, valence and torsion angles, and the
distribution of electronic charges on atoms. Based on the processing of the obtained theoretical data, the
results of quantum-chemical calculations of the structure of gamma-acetylaminobenzaldehyde isonicotin-
oylhydrazone are summarized. The distribution of electronic charges on the atoms of a molecule determines
the donor atoms that can participate in the formation of a coordination bond with the central atom.

Keywords: hydrazone, aldehyde, gamma-acetylaminobenzaldehyde isonicotinoylhydrazone, biological activity,
guantum chemical calculations, DFT/B3LYP method, molecular geometry, bond lengths, bond angles, electronic
structure, reactivity, charge distribution.
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INVESTIGATION OF THE POSITIONAL ISOMERS OF MEPHEDRONE AND CLEPHEDRONE IN THE URINE
SAMPLES OF DRUG ABUSERS IN GEORGIA

Dadianidze A.G., Jorbenadze S.K., Tkemaladze V.M., Kobidze G.M., Jibuti G.T., Dolidze G.D.,
Lo Faro A.F., Busardo F.P. and Chankvetadze B.G.

I. Javakhishvili Thilisi State University
University Politecnica delle Marche of Ancona

Abstract. Drug addiction is one of humanity’s oldest and major problems. In recent years, the issue has become
even more critical, as new substances have emerged that exhibit stronger toxicity than classical narcotics. These
substances have been termed as new psychoactive substances (NPS). The identification of traditional narcotics
(for example, heroin, amphetamine and cocaine) using modern analytical techniques is relatively
straightforward and their effects on the human body have been well studied. Accordingly, treatment methods
are available. However, currently, the analytical methods for identifying chiral NPS and their metabolites are not
yet sufficiently developed. Moreover, these substances and the enantioselective properties of their metabolites
have not been investigated. Rapid change of the landscape of NPS challenges analytical method development
for their detection and quantification. One of the current trends in the worldwide market of illegal drugs is a
replacement of prohibited compounds with their structural analogues and isomers. Selective detection of
positional isomers and enantiomers (in the case of chiral NPS) is very challenging. This relates to the fact that
the most widely used detector for forensic analysis, mass spectrometer (MS), cannot differentiate between
positional isomers, as well as between enantiomers. Thus, these species have to be separated from each other
before they enter MS-detector. Recent studies from our group have indicated that in the countries of the EU
after regulation of widely abused Mephedrone and Clephedrone they were substituted with their positional
isomers which are not yet regulated by law. The aim of the present study was to examine if the shift from the
above mentioned popular illicit drugs to their positional isomers was the case also on the market of illegal drugs
in Georgia. As the results indicated this was not (yet) the case.

Keywords: Clephedrone, Enantioseparation, Mephedrone, Positional isomers, Toxicology.

Introduction

The distribution, effects, and study of synthetic cathinones present a significant challenge for
modern science and regulatory authorities. Notably, Clephedrone (4-chloromethcathinone, 4-CMC)
and mephedrone (4-methylmethcathinone, 4-MMC) have been among the most commonly used
substances among drug users in the European Union (EU) [1].

Synthetic cathinones are derived from the naturally occurring compound cathinone, the
primary psychoactive ingredient of the khat plant (Catha edulis). Cathinone is the B-keto analogue of
amphetamine, and all synthetic cathinones contain a B-keto moiety in their structure. They possess a
phenethylamine core, with an alkyl group attached to the alpha carbon and a ketone group bonded
to the beta carbon, along with additional substitutions [2].

Derivatives can be formed by substitutions at four different positions on the cathinone
molecule (Fig. 1).

These substitutions allow for the synthesis of a wide range of derivatives with varying effects
and potency [3].

According to Georgian legislation, synthetic cathinones are classified as controlled substances
under the category of NPS [4]. Additionally, specific cathinones, such as mephedrone, clephedrone,
alpha-PVP and others, are regulated under the Georgian Law on Narcotic Substances, Psychotropic
Substances, Precursors, and Narcological Assistance [5].

In the last decade the abuse of synthetic cathinones, particularly mephedrone and
clephedrone, has been increasing in Georgia. In recent years, there has also been a rise in cases of
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these substances being seized from illegal circulation. Their widespread availability is largely due to
their low cost [6].

0 R,
X g,

) .

Figure 1. Chemical structure of cathinone and potential substitution positions
R1= Hydrogen or any combination of one or more alkyl, alkoxy, alkylendioxy, haloalkyl, or halogen
substitutions; R2 = Hydrogen or any alkyl group; Rs = Hydrogen, any alkyl group, or incorporation into a
cyclic structure; Ra = Hydrogen, any alkyl group, or incorporation into a cyclic structure.

Following the regulation of clephedrone and mephedrone between 2010 and 2020, their
positional isomers 2-chloromethcathinone (2-CMC), 3-chloromethcathinone (3-CMC) and 2-methyl-
methcathinone (2-MMC), and 3-methylmethcathinone (3-MMC), respectively, gradually emerged on
the EU illegal drug market as legal alternatives. These isomers were not initially regulated and
exhibited similar effects on the human body [7]. They were easily accessible and, since they were not
explicitly prohibited by law, became attractive products, as their transportation, possession, and
distribution carried no legal risks.

In EU countries differentiation between positional isomers of CMCs and MMCs is of critical
importance due to their different legal status. In addition, there are the reports available in the
literature indicating that the difference in the pharmacology and toxicology may exist for positional
isomers. The methods commonly used in forensic laboratories for analysis of cathinone derivatives
are not able to distinguish between their positional isomers. Therefore, recently our group has
developed the methods enabling simultaneous separation and enantioseparation of 4-CMC and its
positional isomers [8], as well as simultaneous separation and enantioseparation of 4-MMC and its
positional isomers [9]. Application of the method reported in ref. [8] to the 9 oral fluid samples
collected by Belgian police and identified as containing 4-CMC showed that only 2 samples contained
4-CMC while all 9 samples contained 3-CMC. Similarly, application of the method reported in ref. [9]
to the 15 oral fluid samples identified previously as containing 4-MMC showed that only 1 sample
contained 4-MMC, 5 samples contained 3-MMC and 12 samples contained 2-MMC. Thus, it is clear
that the illegal drug market in EU reacted to the regulation of given drugs of abuse with introducing
their “legal” positional isomers.

Commonly, new psychoactive substances (NPS) that emerge in European market often spread
to Georgia, as well. Based on this trend, it was important to investigate whether drug abusers in
Georgia still consumed 4-CMC and 4-MMC or if their positional isomers had also gained popularity.

Results and Discussion

To verify the method described in ref. [9], a 4-MMC standard provided by one of the
international suppliers was added to a blank biological sample (urine). The extraction of the control
sample was carried out under the same conditions as those used for processing the biological
samples of drug users [9]. As a result of the analysis, both, minor amounts of 3-MMC and its
enantiomers, as well as 4-MMC and its enantiomers, were successfully detected (Figure 2) [9]. This
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indicates that the standard of 4-MMC under this study contained minor impurity of 3-MMC that
remained “hidden” since most of the methods used in forensic laboratories worldwide cannot
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discriminate between mephedrone (4-MMC) and its positional isomers.

Figure 2. Enantiomeric separation of “4-MMC” standard provded by one of the international suppliers
Separation and detection conditions were as described in ref.

In the urine samples of 7 clephedrone users, only 4-CMC, its enantiomers, and metabolites
were identified (Figures 3 and 4) [8]. It is interesting to note that in the urine some of the metabolites
were easily detected which were difficult to be detected in the earlier study in oral fluid samples. In
confirmation of the same earlier study no enantioselectivity in biotransformation and
pharmacokinetics of 4-CMC was observed [8]. However, this may relate to the stereochemical
instability of 4-CMC [10, 11] and most likely also its phase-1 metabolites.

The presence of positional isomers of 4-CMC, namely of 2-CMC and 3-CMC was not detected
in any of the samples.
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Figure 3. Enantioseparation of 4-CMC in the urine sample of the drug abuser. Separation and detection

conditions were as described in ref.
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abuser. Separation and detection conditions were as described in ref.

Figure 4. Enantioselective HPLC-MS/MS analysis of 4-CMC-metabolites in the urine sample of the drug
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After extracting and analyzing the 5 urine samples of drug abusers, it was determined that in
the biological samples of mephedrone users, only 4-MMC, its enantiomers, and metabolites were
detected (Fig. 5 and 6) [9].

%10 3 [¥ESI MRM Frag=135 0V CID@15.0 {178 4000 - 160.4004) 0.03 MG-ML 33.d
75 (R)-4-MMC-5 e
; 87140
o 4-MMC
5
55 g
| (S)-4-MMC
<
5 R < eHy
s \ *1353
CHy 81363
4 H3CM
35
3
25
2
15
1
0s “550 “545° 552
175 IS4 646
0 _—
o5 1 15 2z 25 3 35 4 45 5 S5 & 65 7 75 & BS5 S 85 10 105 11 115 1 125 13 135 14 145 1

Counts vs_Acquisition Time (min)

Figure 5. Enantioseparation of 4-MMOC in the urine sample of the drug abuser. Separation and detection
conditions were as described in ref.
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Figure 6. Enantioselective HPLC-MS/MS analysis of 4-MMC-metabolites in the urine sample of the drug
abuser. Separation and detection conditions were as described in ref.

The presence of positional isomers of 4-MMC, namely of 2-MMC and 3-MMC was not
detected in any of the samples.
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Experimental Section

Standards for the experiments, 4-chloromethcathinone (4-CMC) and 4-methylmethcathinone
(4-MMC) were purchased from Honeywell Fluka™ (Morristown, NJ, USA) and were stored at -20 to -
25 °C before use.

The reagents used in the study (HPLC grade) methanol, potassium phosphate buffer,
potassium hydroxide, acetic acid, dichloromethane, propan-2-ol, ammonium hydroxide, ammonium
bicarbonate, water, dimethylformamide, formic acid and acetonitrile were supplied by Carl Roth
GmbH (Karlsruhe, Germany).

The experiment was conducted using HPLC-MS/MS Agilent 1260-6410 liquid
chromatography-mass spectrometry system, consisting of the following modules:

G4220A binary pump

G1329B autosampler with automatic initiation system
G1316A column thermostat

G1314D variable wavelength detector

Agilent 6410B triple quadrupole mass spectrometer

The instrument was controlled, and data were processed using Agilent MassHunter B.03.01
software.

Sample preparation: Urine samples were processed using solid-phase extraction following the
Agilent Technologies “Agilent Bound Elut Certify and Certify Il method manual M2707B” [12]. Column
used: Lux-AMP 250x4.6 mm; particle size: 3 um from Phenomenex Inc. (Torrance, CA, USA).

Analysis Conditions for mephedrone:

e Column: Lux-AMP, 250x4.6mm

e Mobile Phase: A: MEOH/B: 5mM Ammonium Bicarbonate in Water (pH 11.67)

e Temperature: 20 °C

e Gradient (Table 1.)

e Flow Rate: 1 mL/min

Table 1. Gradient program

Time (min) Solvent A (%) Solvent B (%) Flow mL/min Max. Pressure Limit [bar]
0 40 60 1 130
21 40 60 1 130
22 20 80 1 130
33 40 60 1 130
43 40 60 1 130

Analysis Conditions for clephedrone:
e Column: Lux-AMP 250x4.6mm
Mobile Phase: ACN-35/65-5 mM Ammonium Bicarbonate in Water (pH: 11.54)
Temperature: 20 °C
Flow Rate: 1 mL/min

Mass Spectrometric Data:

The mass spectrometer operated in MRM (Multiple Reaction Monitoring) mode, where two
transition signals were used for each primary compound (2-, 3-, 4-MMC and CMC). Additionally, two
transition signals were assigned for the possible metabolites of MMCs and CMCs (Tab. 2 and 3) [8-9].
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Table 2. MS-detection parameters for 2, 3 and 4-MMC, their phase-1 metabolites and mephedrone-d3.

Analvte Molecular Precursor ion, | Product CE,
y mass, g/mol m/z ion, m/z eV
2, 3 and 4-MMC, 160.4 15
Buphedrone, 177.4 178.4
Ehcathinone 145.4 15
Mephedrone-d3 180.4 181.4 163.3 15
Nor-MMC 164.0 146.0 15
163.0
131.0 15
Dih -MMC 180. 162. 1
ihydro 179.0 80.0 62.0 5
147.0 15
Hyd -MM 194.1 176.1 1
ydroxy C 193.1 9 6 5
146.1 15
Hydroxy-nor-MMC 166.0 148.0 15
165.0
133.0 15
C -MM 208. 146. 1
arboxy: C 207.0 08.0 6.0 5
121.0 15
Succinic-nor-MMC 264.0 164.0 15
263.0
146.0 15
Methamfepramone 178.01 105.1 20
177.01
72.2 20

Abbreviations: MMC, methylmethcathinone; CE, collision energy.

Table 3. MS-detection parameters for 2, 3 and 4-CMC, their phase-1 metabolites and mephedrone-d3.

Analyte Molecular Precursor ion, Product ion, CE,
mass, g/mol m/z m/z eV

2, 3 and 4-CMC 197.6 198.61 181.1 12
146,1 8

Mephedrone-d3 180.4 181.4 163.3 14
Metabolite N-1 183.05 184.05 166.04 14
138.99 14

131.05 14

Metabolite N-2 199.06 200.06 182.07 14
167.04 14

Metabolite N-3 213.06 214.06 138.9 14
128.8 14

Metabolite N-4 199.06 200.06 182.03 14
164.02 14

147.06 14

Metabolite N-5 185.06 186.06 168.06 14
116.05 14

115.05 14

Metabolite N-6 215.67 216.67 125.01 14
103.03 14

Metabolite N-7 213.02 214.02 128.9 14
90.9 14

Abbreviations: CMC, chloromethcathinone; CE, collision energy.
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Real samples

In the study involved 12 volunteers, and the collection of biological samples (urine) took
place in Georgia. The participants' ages ranged from 25 to 35 years, with an average weight of 75 kg.
During the survey, they stated that they regularly consumed stimulants, including clephedrone,
mephedrone, alpha-PVP, cocaine, amphetamine, MDMA, and others.

During the interview, they admitted to using mephedrone and clephedrone in various doses,
with an average daily dose of 50-200 mg. Urine samples were collected once between 0.5 to 4 hours
after consumption. The collected samples were stored at -20 °C.

Concludes

It can be concluded that, unlike European countries, there is currently no evidence of the use
of positional isomers of 4-MMC and 4-CMC in Georgia.

This may be due to the fact that, under Georgian law on narcotic substances, psychotropic
substances, precursors, and narcological assistance [4], as well as the law on new psychoactive
substances [5], the isomers of listed substances (such as mephedrone and clephedrone) are also
subject to control.

The number of samples available to us for the present study was quite limited for making
statistically absolutely reliable conclusions, and using a higher number of samples is desirable.
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mo3300b ndymgdonoon dg33My, 300 0YbadMn3zn AMmdNLLL. LHmMg, 530l goc3smabHnbidom,
dobomby sMbgdnmo bsmgdsz700l BMmdnl M3@ndsmnm B983gMmo@nmac 8n3nhbnjor 20-30 °C.
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2. Turner, G. P. A. (1988). Introduction to Paint Chemistry and Principles of Paint Technology, 259 Pages

3. Tsverava M., Basilaia D., Barateli N. (2017). Technology of household chemical products. Lecture course,
Thilisi., 160 p. GTU Center. Library CD-4285;

4. Shengelia E., (2016). Lecture course ,,Production of vegetable oils and resins and their expertise”. Electronic
version, GTU Central Library. CD 4649;

ISO 3668:2017(en) Paints and varnishes - Visual comparison of paint colour;
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SUMMARY

STUDY OF FACTORS AFFECTING THE DURABILITY OF PAINTS AND VARNISHES

Barateli N.D., Palavandishvili T.J., Tcheishvili S.Z. and Margievi D.A.

Georgian Technical University

The demand for paints and varnishes in the construction industry is rapidly growing all over the world. Every
year, increasingly stringent requirements are imposed on varnishes and paints, as well as on the surfaces they
cover, which is associated with the emergence of new technologies in industry and construction and the
formation of modern aesthetic tastes among consumers. In order to study the competitiveness of paints and
varnishes sold on the consumer market of Georgia and determine the compliance of quality indicators with the
standard, the color, consistency, content of mechanical impurities, as well as the presence of dispersion and
sediment were determined in test samples. Of the quality indicators: hiding power of the material with
varnishes and paints (g/m?), drying time (h), drying quality (quality scale), mass fraction of non-chlorinated
substances (%), conditional viscosity (s), density (kg/m?3), pH - for water-dispersion paints, acid number (KOH
mg/g) - for varnishes, from heavy metals - lead (ppm mg/kg), heat resistance. The influence of temperature on
the drying process was also studied. The results of the study are presented in the form of conclusions.
Keywords: coating, drying quality, drying time, paint, varnish.
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SUMMARY

OBTAINING POROUS LIGHTWEIGHT INORGANIC MATERIAL BASED ON VOLCANIC ROCKS

Guraspashvili A.N.

Georgian Technical University

The results of the conducted research show that it is possible to use obsidian monomix from the selected location
as a raw material for foam glass. Foam glass is obtained by thermal treatment of obsidian at 1200 +20°C for 20 —
25 minutes, which ensures the production of a material-product with a Specific gravity of 180 —200 kg/m?3. The
water absorption, sorption capacity, compressive strength and other properties of the obtained foam glass fully
meet the requirements of the standard applicable to foam glass.

Keywords: obsidian, heat treatment, foam glass, technological parameters, properties.
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DETERMINATION OF HEAVY METALS IN THE SOILS OF THE VILLAGE KVEDA SIMONETI IN THE
KVIRILA RIVER BASIN

Tsintsadze R.L., Tchanturia N.M., Takaishvili N.V. and Chankvetadze B.G.
Iv. Javakhishvili Thilisi State University

Abstract. In the manganese mining region of the Kvirila River, agricultural lands are irrigated with river water.
The goal of the present study was to determine the content of some heavy metals (with an emphasis on Mn) in
agricultural soils in the village of Kveda Simoneti, Terjola municipality, located in the Kvirila River basin.
Additionally, we sought to investigate the soil remediation capacity of the plant Phytolacca americana.
Furthermore, we aimed to identify the agro-sector's beneficial macronutrients (N, P, K). Our experimental data
demonstrated that the nickel content in the soil samples under investigation was 1.24-1.37 times higher, and
the manganese content was 29.5-34.6 times higher than the maximum allowable upper limits. The soil in the
growth area of P. Americana exhibited lower levels of manganese and other specified heavy metals (Zn, Fe, Cu,
Ni) compared to soils located 5 and 10 meters away from the growth site of P. Americana, indicating a specific
(but modest) capacity of this plant to accumulate these metals.

Keywords: heavy metals, Soil, Phytolacca americana, manganese, nickel.

1. Introduction

Manganese (Mn) ranks as the 12th most abundant element in the Earth's crust, constituting
approximately 0.1 % of its mass. Although Mn does not occur in nature as a primary metal, it is a
component of over one hundred minerals; the most common and commercially significant
manganese-containing mineral is pyrolusite, mainly consisting of MnO,. Mn naturally occurs in the
form of compounds in rocks and soils; it is widely distributed in the environment and found in trace
amounts in water, air, soil, and food.

The presence of Mn as a trace element in living organisms is essential for vital processes.
Both deficits and excesses of Mn can have harmful effects on health. It is important to note that
excessive intake of Mn, most commonly through inhalation or ingestion, can lead to pathology of the
central nervous system (CNS). A deficiency of Mn may result in several disorders, including skeletal
defects, infertility, cardiovascular disease, hypertension, and alterations in lipid and carbohydrate
metabolism [1].

One of the richest manganese (Mn) deposits in the world and the largest Mn mines are
located in the Republic of Georgia, in the town of Chiatura. The waters of the Kvirila River were used
in the extraction process for many years and are contaminated not only with Mn but also with other
heavy metals. Earlier studies have shown that there are high concentrations of total Mn and Fe in the
lower reaches of the Kvirila River. The sediments in the riverbed also contain elevated concentrations
of metals [2]. A related serious issue is that the waters of the Kvirila River are used for the irrigation
of agricultural land in the municipalities of Chiatura, Zestafoni, and Terjola. This has led to severe
heavy metal contamination of the soils along the Kvirila River, particularly with Mn. Preliminary
measurements of Mn and some other heavy metals (Zn, Cu, Ni, Fe) in "agricultural” soils adjacent to
the Kvirila River in the Terjola municipality indicated concentrations of Mn exceeding the permitted
upper limit 30 — 40 times. Similarly, the content of some other heavy metals in the soil was also over
the permitted limits. The risk to the local population of getting exposed to the toxic metals is
particularly high, as these areas are currently used for cultivating agricultural crops, especially
vegetables, as well as for pastureland.
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Our primary objective was to measure the content of heavy metals (with an emphasis on Mn)
in agricultural soils adjacent to the Kvirila River in the village of Kveda Simoneti, Terjola municipality,
to assess the level of soil contamination; and simultaneously to investigate the soil remediation
capacity of the plant Phytolacca americana, wildly grown in the same area.

2. Materials and Methods
2.1 Soil Sample Collection and Analysis

Soil samples were collected in the village of Kveda Simoneti, Terjola municipality, from
horizons of 0 — 30 cm and 30 — 60 cm, following appropriate procedures. A total of six soil samples
(cadastral code 33.05.37.343) were taken from a distance of 400 — 500 m from the riverbed.

After transporting the samples to the laboratory, they were cleaned of excess impurities, air-
dried at room temperature (20 — 25 °C), ground, and a sample was taken for analysis, adhering to the
envelope method. Soil was sieved using a <2 mm mesh, and the grinding-reduction process was
repeated several times.

Moisture was removed from the soils (in an oven at 105 °C to constant weight), and 1.0000 g
of soil was taken for analysis, which was calcinated in a furnace at 350 — 400 °C for 1 hour. The
calcinated soil was transferred to a 100 ml beaker, 20 ml of aqua regia (3 volumes of 37 % HCl w/w
(Merck) + 1 volume of HNO; 65 % (w/w) (Merck) was added, and the solution was evaporated to
dryness on an electrical heater. This procedure was repeated twice. To the resulting dry residue, 5 ml
of 1:1 diluted HCl was added, and the mixture was left for 24 hours at room temperature. The
solution was filtered, and the filtrate was made up to 100 ml with deionized water in a volumetric
flask. Finally, the contents of certain heavy metals (Zn, Cu, Ni, Mn, Fe) were determined in the
obtained filtrates using two instruments: an Atomic Absorbance Spectrometer (AAS9000, Skyray
Instruments, China) and a Microwave Plasma Atomic Emission Spectrometer (MP-AES Agilent 4200,
Santa Clara, CA, USA).

The direction and intensity of various physical-chemical, biochemical, and other processes
occurring in soils, as well as the forms of biogenic and regulated substances, including heavy metals,
soil fertility, and toxicity, depend on pH [3]. Concurrently, we determined the pH of the studied soils.
The pH of soil leachates was determined using the potentiometric method with an AB 150 pH/mV
(Thermo Fisher Scientific, Waltham, MA, USA) potentiometer.

2.2. Phytolacca Americana

Phytolacca Americana has recently been identified as a hyperaccumulator of certain heavy
metals [4, 5]. This plant grows wild in our study area, along the roadside. Therefore, we decided that,
in the first stage, we would verify whether the wild-growing P. americana in the soils surrounding the
Kvirila River in the village of Kveda Simoneti exhibited accumulation capacity for heavy metals (Zn,
Cu, Ni, Mn).

For this purpose, we collected soil samples from the growth sites of the P. americana plant,
as well as from locations 5 and 10 meters away from these growth sites.

3. Method Validation

To ensure the reliability of the determination results and the validity of the employed
method, we used certified reference material (CRM) — WAGENINGEN EVALUATING PROGRAMS FOR
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ANALYTICAL LABORATORIES; International Soil-Analytical Exchange - ISE sample 838. We determined
the heavy metal content in the standard soil sample using a slightly modified method along with
standard ISO methods ISO 11466:2010 and ISO 11047:2011, which are also based on extraction with
aqua regia. For quantitative measurements, we employed an Atomic Absorption Spectrometer (AAS)
and a Microwave Plasma Atomic Emission Spectrometer (MP-AES). Based on the obtained results, we
calculated their Z-SCORES and performed evaluations according to these criteria [6].

Results of the determination of the standard certified soil (CRM) sample with atomic
absorbance spectrometry and microwave plasma atomic emission spectrometry are shown in Tables
1and 2.

Table 1. Results of the determination of the standard certified soil (CRM) sample with atomic absorbance
spectrometry and a microwave plasma atomic emission spectrometry

CRM Values AAS MP-AES
Metal Mean | Standard | Result | Z- Evaluation Result | Z- Evaluation
Value | Deviation | mg/kg | Score mg/kg | Score
Copper 6.52 1.182 9.07 1.13 O Satisfactory | 8.0 0.28 O Satisfactory
(Cu)
Zink (Zn) 7.64 | 1.265 1254 | 1.21 O Satisfactory | 12.33 1.09 O Satisfactory
Nickel (Ni) 10.4 1.77 8.95 2.06 .Questionable 9.0 2.10 .Questionable
performance performance
Manganese | 105 14.4 87.55 | -1.21 O Satisfactory | 132.67 | 1.92 Oatisfactory
(Mn)

Table 2. Results of the Determination of the Standard Certified Soil (CRM) Sample Processed by the Modified
Method (Sample Mass: 1.0000 gram)

CRM Values AAS MP-AES
Metal Mean | Standard | Result | Z- Evaluation Result | z- Evaluation
Value | Deviation | mg/kg | Score mg/kg | Score
Copper 6.52 1.182 11.09 1.93 O Satisfactory | 7.83 0.15 O Satisfactory
(Cu)
Zink (Zn) 7.64 1.265 13.50 1.75 O Satisfactory | 11.62 | 0.69
Satisfactory
Nickel (Ni) 10.4 1.77 8.93 2.04 .Questionable 8.91 2.02 Questionable
performance performance
Manganese | 105 14.4 118.14 | 0.91 O Satisfactory | 128.25 | 1.61 OSatisfactory
(Mn)

4. Results and Discussion
4.1 Soil Analysis

The content of heavy metals (mg/kg) in the soils sampled in the village of Kveda Simoneti,
Terjola municipality, was determined using atomic absorbance spectrometry and microwave plasma
atomic emission spectrometry are shown in Table 3.
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Table 3. Results of the Determination of the soil sampled in the village of Kveda Simoneti from horizons of
0-30 cm and 30-60 cm.

Sample | Sampling Zn Mn Ni Cu pH
Ne Place MP-AES | AAS | MP-AES | AAS MP-AES | AAS | MP-AES | AAS
1 Simoneti 1
69.5 70.8 | 51850 |51110 | 105.2 | 108.1 | 40.6 39.68 | 7.88
0-30cm
2 Simoneti 1
63.5 62.9 | 48370 | 48490 | 99.3 100.8 | 37.4 36.22 | 7.49
30-60 cm
3 Simoneti 2 775
0-30cm ' 79.8 | 51120 | 48605 | 108.7 | 108.5 | 46.7 4512 | 8.06
4 simoneti2 ) o) ¢ 6211 45020 | 44670 | 1046 | 1003 | 3% 3812 1,61
30-60 cm
> simoneti3 |, g 752 | 50350 | 49675 | 1095 | 107.6 | 33 42.83 | 7.85
0-30cm
i i 4427 106. .
6 Simoneti3 | ;4 69.9 | 45510 01 1085 06.0 | 38.8 37.83 | 7.50
30-60cm
MPL 100 1500 80 55 -

According to the obtained results, the pH varies between 7.50 and 8.06, indicating that the
soils in the village of Kveda Simoneti, Terjola municipality, belong to weakly alkaline soils. The
accuracy of the results aligns with the literature data. It is known from the literature [7] that most of
the soils in the eastern part of the Kolkheti lowland are classified as yellow-brown and gray soils,
characterized by both neutral and weak alkaline reactions.

The content of zinc determined by the two instruments is quite close to each other, with a
standard deviation (SD) ranging from 0.25 to 1.15 and a relative standard deviation (RSD) between
0.40 % and 1.60 %, which is an acceptable margin of error.

Based on the analysis of the heavy metal determination data, we found that the zinc content
in the soils of Kveda Simoneti ranges from 71.6 to 79.8 mg/kg. The results comply with the standards
established by Georgian legislation [8].

The copper results determined by the two instruments are also quite close to each other,
with a standard deviation (SD) ranging from 0.24 to 0.79 and a relative standard deviation (RSD)
between 0.55 % and 1.90 %, which is an acceptable margin of error.

The copper content varies between 36.22 and 46.7 mg/kg. The results, in all samples, comply
with the standards set by Georgian legislation [8].

The nickel results from the two instruments are very close to each other, with a standard
deviation (SD) ranging from 0.10 to 2.15 and a relative standard deviation (RSD) between 0.09 % and
2.10 %, which is an acceptable margin of error.

The nickel content ranges from 99.3 to 109.5 mg/kg. The results exceed the maximum
allowable concentration by 1.2 to 1.45 times in all samples.

The manganese results determined by the two instruments are quite close to each other,
with a standard deviation (SD) ranging from 0.06 to 1.26 and a relative standard deviation (RSD)
between 0.12 % and 2.52 %, which is an acceptable margin of error.

The manganese content varies between 44.27 and 51.85 mg/kg. The obtained results in all
samples exceed the maximum allowable concentration by 29.5 to 34.6 times, respectively.

As mentioned above (Section 2.2), analyses were conducted on Phytolacca americana
samples collected from its growth sites and adjacent areas at distances of 5 and 10 meters along the
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Kvirila River in the village of Kveda Simoneti. These analyses aimed to determine the accumulation
levels of heavy metals (Zn, Cu, Ni, Mn). The obtained results can be found in Table 4.

Table 4. Results of Soil Analysis for Heavy Metal Content (mg/kg) from the Growth Site of the Plant
Phytolacca Americana at Distances of 5 and 10 Meters

Ne Soil sample Zn Fe Cu Ni Mn

g | Sol ot the site of Phytolacca | o) 4 | os7944 | 286 | 166 | 694.5
americana collection

11 Soil 5 meters 'away from the Phytolacca 1218 | 321848 | 88.4 14.0 208.8
americana collection

12 Soil .10 meters 'away from the Phytolacca 126.4 | 278515 | 50.5 12.4 629.8
americana collection

, | Sl collected near Phytolacca | 15, o1 516505 | 206 |10 | 139164
americana (Kveda Simoneti)

g | S0 5 meters away from Phytolacca | o0 | 1a9g88 | 358 | 206 | 229775
americana (Kveda Simoneti)

2o | S0l 10 meters away fromPhytolacca | o 2| )h5358 | 318 | 256 | 23516.4
americana (Kveda Simoneti)

3 | S0l collected near Phytolacca | 115 | 280082 | 45.0 |10 | 134135
americana (Rodinauli Intersection 1)

gq | S0 5 meters away fromPhytolacca | (a0 o | 30000 | 461 |30 | 144447
americana (Rodinauli Intersection 1)

3, | S0l 10 meters away fromPhytolacca | 1100 | oy eer 3| 401 |21 | 142449
americana (Rodinauli Intersection 1)

4 |00 collected near Phytolaccd | 1) 5 | 225513 | 282 |11 | 142449
americana (Rodinauli Intersection 2)

gq | SOl 5 meters away from Phytolacca | 1o 4| ss g5 | 336 |48 | 17572.2
americana (Rodinauli Intersection 2)

il 1 f Phytol.

g |00 10 meters ‘away from Phytolacca | | 5 )1 519785 | 339 |40 | 1584556

americana (Rodinauli Intersection 2)

It should be noted that in most cases, the content of manganese and other specified heavy
metals (Zn, Fe, Cu, Ni) in the soil at the growth site of P. americana is lower than that of the soil 5 and
10 meters away from the growth site, which suggests, to some extent, the accumulation capacity of
the plant Phytolacca americana. However, this capacity is not distinctly pronounced and
unequivocal.

Table 5. Other Chemical Indicators of Soil

Parameter Unit Result
Nitrogen mg/100g 7.0
Phosphorus mg/100g 1.470
Potassium mg/100g 2.97
Carbonates % 3.3
Humus % 1.67
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In one of the soil samples (0 — 30 cm) from the village of Kveda Simoneti in the Terjola
municipality, the content of beneficial nutrients (N, P, K) for the agro-sector was determined (Table
5). The following methods were used:

e Potassium — Microwave Plasma Atomic Emission Spectrometry (MP-AES) method (after
preliminary sample preparation)

e Total nitrogen content — Modified Kjeldahl method

e Total phosphorus content — Spectrophotometric method using HACH DR 1900 (LCK 350)
after sample preparation

e Carbonates — Volumetric method using ISO 10693

e Humus — Photometric method

The mobile forms of nitrogen and phosphorus in the soil of the village of Kveda Simoneti,
developed on the terraces of the Kvirila River, are present in small amounts, with nitrogen at 7
mg/100 g of soil and phosphorus at 1.47 mg/100 g of soil. The exchangeable potassium content is
low and does not exceed 3 mg/100 g of soil.

Our analysis of humus yielded a result of 1.67 %, which correlates well with literature data [7]
as it is known that yellow-brown and gray soils are characterized by a moderate humus content,
typically up to 2 % in the 0 — 30 cm thickness layer of soil.

The low content of carbonates at 3.3 % in the investigated soil indicates that the formation of
the soils in Kveda Simoneti occurred on carbonate-poor rocks.

Conclusion

The results of this study indicate that the soils in the village of Kveda Simoneti, Terjola
municipality, are of a weak base nature, with a pH varying between 7.50 and 8.06.

In the soil samples from the village of Kveda Simoneti, near the Kvirila River, the results of
determining certain heavy metals (copper, zinc, nickel, manganese) show that the nickel content is
1.2-1.4 times higher, and the manganese content is 29.5 — 34.6 times higher than the maximum
allowable concentrations.

In most cases of the soil samples from the village of Kveda Simoneti, the content of manga-
nese and other specified heavy metals (Zn, Fe, Cu, Ni) in the soil at the growth site of P. americana is
lower than that of the soil 5 and 10 m away from the growth site. This suggests, to some extent, the
accumulation capacity of the plant Phytolacca americana, though this capacity seems to be limited.

In the soils of the village of Kveda Simoneti, developed on the terraces of the Kvirila River,
the mobile forms of nitrogen and phosphorus are present in small amounts, with nitrogen at
7 mg/100 g of soil and phosphorus at 1.47 mg/100 g of soil. The exchangeable potassium content is
low and does not exceed 3 mg/100 g of soil.

The content of carbonates in the studied soil is low at 3.3 %, while the amount of humus,
which determines the nature and fertility of the soil, is moderate at 1.67 %.
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domamons bBmzmymo ©slod3zgd 3mbisgbEMmogngdby. P.Americana-b gobMmeol sgomby boscsgdo
653005 856356930Ls o LB3S goblabmaMmyman ddndg Bg@omadal (Zn, Fe, Cu, Ni) 890333mmds, 3000MY
P.Americana-bb 3sbMol sanmnEsb 5 s 10 d sdmMgdoom, Moy smbndbymo dzgbsfols dogfMm o3
0939my00bL goMizanm 531939maEn0l YosmBg 803356036700.

Ls3396dm LoBy3zgoon: 3dndy 3xGSMg00, BNdIEN, BOBMML IS 53xMN350s, sbasb1dn, bozgmo.
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23mmmaonma PYLloxgmmnbmyds s Magambsmyma 67963030LsMax0MMMOS
Sbomymmoady 3.6., 33gemnd3znma g.b., dodnenod3znma 3.0.

Logofmmzgamb &336039Ma Nba3zgMbodgGo

89MadmbL s330L gobznmamgdnl csbsdgmm3g 9@e3by bdnMmow ngyMmamgdl 3bjds —
»33MMMmannmo YuoBMmbmgds”. gimmmaonmo JLoGMmnbmgds — s©sdnsbal Lsbogmabammeo
06003690mm3560 g3mmmanynmno 0b@xhmglgdnl oEMMoss s 30M3gm Mogdn, dolo YRS
0gmbomb byxomy, xsbLomn gbmzmgoobsm3znl bamUboymgma gofmydm.

93MMmManymo YboBMmnbmgyds abogss, MmMA d01nbydMa3z0 gomMxdmbs s 5sdnsbal Lsdgym-
bgm Am®39Hgmds Nbs oyml sdSMObLgdYm dagmdsmgmosdn, Moy gnmobbdmol obgon
30Mm0700Ls s eMbgg00l sHaLgdsl, MmgLsg gomMyadmby Bahmmes oM smgds@gds dob m30m-
oM a760lL nbsmal Bm3smbs.

93mmmanymo Yboxmmbmgos ol bobEgdsgss, Mmdgmog oMxgnmamgol  3Mmmazn-
mad&03nmMho mmbaldngdgdnl 3ma33madLadl, Moms oM snd3sl Logeabgydm gmdsmgmodgdn st
dom@m sbonmm3maggbnmo Bmm3sfamonl Bmamgddn, oMmodge dnbydMmoz gomydmdn dmbo-
anmebgom dm3mabosoms 30mmdgddo [1].

50 i3967(307000056 godmadcenbamy, g3mmmanmo JLoBMNbmyds Db gobznbogmaon Mm-
ammE Lobmgomadnbozal dabomadon J3mmmmagoymo Loxmmbygdal bLmEnsmum-g3mbmansnmo
©mby, Mmdgmoi 830H37670L goMmgdml dgmdstmgmdnl o 8sdnsbal YXsbdmmgmmmodnl
BbM30b goabmosls.

3mbimaByam gambmiom g3mbLaLEIFSLMSE Fndomogdsdn sbLB3s373096 gofmg o dngs
LoxMbggdL. goMmg LoxzMmbgadl J0o3nm30670906: 3anBo@ol gaNMOSENYM OMOMOSL, 35367
6030109MJ030S GMSBLLILSBMIMM FodEVbSL, MBMBbOL Bgbal sdmMsl, Fom3Igym Lobgmnd-
fomms Gamo@dmmasty Moomsg@onma bsmhgbgool gobmozbgosl. 03 d70mmb3g3sdn, 0y o3
B6oMhgbgdnL gobmo3Lgds n3mm dmagmao Lobgmadhoxzml d7d3gmdnc bmMEnyME]ds yms3gan-
839M0 dgo;obbdgdnl gomydy, bagddg 339J3L g3mammaonm sagMaLbnsLlonsb.

dogs g3mmmanymo boxmmbggodn LobgmadhoBmb Logyomomo LEMYIGMgdaby s gyh-
69 LUYO03d&700L BmM35HIMdNMBY gob3nmmdgdnMN. domn godm3zmnbidss 01bjydMnzn MaLbnM-
LgoaL sMaMsEnMbamnmn JJL3MYSEENY, 0YBIdNLEIE30M0 MMBaldNgdgoal gom35malifnbgo-
o Homdmgosms Amfymds, bb3sslbzs sbonfmm3maggbnmn dm3zmybydo.

SMbgdmolL sbgon LJgds, Mmdgmog doyonmydl dos J3memanymo 3Mmomydgdal
8o05b5Hy33B 9 g3mmmmaonma YbsMonbmadal dofmo3sl (bobobn).

93mmmanymo Yboxmmbmgos Homdmsggbl badyommodgdal s dmj8waxdg00lL LobBg-
dob dndshoryab gofgdmbg bggsBoymo bBgdmgdgmadals sm3330m0L 6 dnbndnbognalizgh. ol
dm0oEoe3L Lb3ssbbzs sL3gdE0L ©OhYaONML SEIMLRBIMmMAIn 35367 BnzmngMmydgdol godmbe-
omg30l d7030M7d0sb gogmdymadymb bnsms Ggdbmmmangdals 373935370000 s bamhg-
6700L Bosfm3z0m [2-5].

23MmMmanymo Yboxzmobmgdol 3moboxznisins dgndmyds dmbegl bb3ssbbzs 3Modg-
Mmoydgdoo:

- Baho@mmosmymo 3Moban3nm sblb3s3zx0x6: ganmdseymo (baghomsdmmoabm), bagom-
Bbogmmman (LobymaAfoxzmgdMmnzn), MygombagyMmn, sSEagnMMOMN30, MON]]EJOAl;

- 9bBmMY633mymBal Lodysmydals dobg3znm godmymazgb: Eggdbmaggbnm-g3memmanyMo,
LmEnseMYM g3menmagnnmo, d1bxdMN30, J3MmMMa0YM-g3MbmIngnMo s Lb3y;

- ©5330L MONg3Ed0L Bobge3nm;

- 23M@Mma0ymo Yboxszmmbmgydolb comm3g3znb 8nBabgdal Bobg3znm (d1630Mn30, byemms-
bafo);
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3nfo, Monssnnmao s bbzos.

23MmMMmanyma JLaxzmmbmgdnl doMmooson gengdgb@godns:

- 3ofMydmb dmbo@mMmnbao;

- O1bgdsMLEMgxdMMONL MYamnMYds (5TnbnlBMIENYMN s LoBsmomgydmnzn LobEg-
d700b 97436s, MmMBgdnE3 PBMY633emymaxzgb d7650M030 MglinmLgdal Mognmbommmnm godmygbgodsls);

- 93memanymo LobEg8700L ES(33Y;

- 3bomm3magbnmo Bgdmgdggdnl dg830Mgdy;

domo3nlb mdogddo
Lbmgomyzmbob@gdgdo 3oMydma;3gamo L | 3fmmomgdydo
01bgdMn30 gofmgdm
LodgnEnbm-
33mbmBags ] 3580560L LadgyMbym | bmEosmDMO
Logd0nsbmody
®130656L700 — |
93mbmdonsgyMma
8M3f30mmds: Jomsgo, |
MgLbnmLydn 53mmadgMmons
x30b656LMMn
I
Ladsonomon bmxzmob s Byol
099Mbgmos: bmazgamo, Lyaog-
#8960 MEHIGIEN (DT
308060LBM0MIdS BIMOY |
896500 - &MmoBL3MME0 - Mabymlymo
[
EN[WIGNION) — LofsmMAm ] 33805600
8osmhgbo
Lagbmamydgmo |
5580560 |

93mamgaonymo YLlaoggmombmgodol dsmozol bjgds

a3mmmmanymo  Loxrmobmgadool JBgddnmMo JBMnblgmymxyzobozal  syEomgdamos
yhonngmoimods Lagmosdmobm mbgyby. Loghosdmmabm bogdosbmdol Mydgbndy 3Mommn-
&3&1mo dn8smomydsY:

- bobdnmmMm 150680l o LB3s LycdYMO SafMgdal godmbsdmeng3al dg0EnMYdY;

- dnommanymo 8Mo35exi3gMm3b300l s dYbgdMN30 93mMbnLEITJO0L 33Y;

- bomhybxoal FoMm3d O 3osTNT353]09;
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- 8301050bmydab (Byggonl sthsbfmma hgbzs) Hobossmogg dOMdmae.

onbgdmonzn MobnMbydn o Mmmb 0odsdmdgb g3mmmaoymo PLoxzmmnbmgdal
1BMN639mMbsymBs, dogsmomsco:

- 9760MmAYB0s S sMEa]bs g3memmannmn HmbsbHmmmodnl;

- dMEggbsn 0YbgdMmazn MaLyMLYdOL dmbBomadol 7103700 Nbs  dxgLodsdxdmM©ILs
do00 5a]bnl &g0370L;

- y39my Mabymbin godmygbgonmao Pbs nymb dsjbndsmyma 337E0sbmo0nom.

33mmmanymo Yboxmmmnbmgdol s Msgombosmmnmo dNbldsmLamaggdmmdnl 3Mmmomyg-
0700 8obymazmo sMnob s383dn0Mydnmbo Lobmagsmgdals bmEnsmnm-g3mbmansnm gob3n-
05M7x05L:s6.

MaEnmbagmnmn 076500MboMaxdMMdS — gL sal d76700MLOMaIdMMdAL LobEgds, MmO-
molb  emmbsg dm3m390ma  d1bgdMmnzn  MobyMmbgdn godmoygbgds ocomddol LMoo,
BMYb3gmymazomns gobobagdsn 01bgdmozn MaLyMmbgdal smEa)bs, domnsbs s dMo-
30My)gMoo© godmnygbgos Homdmadals bomhgbgdn (567 mMmasbabBgdnmas Pbsmhgbm @qjbm-
amans), Mg Lodnsmgdsl ndmgzs 3608365em3bsce d7330MgL gomMadml sdnbdyMgds [3,4].

Mogombogmymo 0765050bsM3IdMMOs gnmobbdmol 833bogMnmoe ESLEONMIOYMN
09bgoMn3zn MalyMmbLgdnom LomglxOmMmMOsL, Mmdgmog PBMYb3gmymasl d1bydMN3-Malymbnmo
3m@b3nomal  dogLodogmymoe  dgbodmgdgan  8gbob3ol  (dgbomhAybgdsl), g3mbaLEgdq0al
013000M331MS300LS S M3005MEa760L HbsM]xdal dnbndsemnma dgdEnmadabsb.

50335Ma, 0Ybgdomonzn MalymLgdol Mmmo J3mmmaoym HbsxwmMobmydsdn dwgmados-
MgmobL 076500l T7bsMAYNDBIdSLS o dMg)6sdn, sbg3g dobo 3MB3MBy6EJO0L MoEnmboyM
890mygbgodsdn, bmmmm Bmagsws, djodmads omg3sl, MmAd g3mmmagonmo Ybosxmmnbmgdals
7BMN6373mMmymRis gb sMab 3MB3mggLbymo s8mEsbs, MmAgmog dmombm3l LabBmasmgdal yzgms
37606 IMbsHoemgmdsl, dbmemme gmomodmon3zn 8mJ8yadom oMol dgLbadegdgmo dgMmown
896300m0M700L 80§39, 3oMIAML LESONMOBSENS S J3MEManMo 3MaBobnl sodmgses.
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SUMMARY

ENVIRONMENTAL SAFETY AND RATIONAL USE OF NATURAL RESOURCES

Andguladze Sh.N, Mchedlishvili G.S. and Mamulashvili M.A.

Georgian Technical University

The paper examines the definitions of the concept of “environmental safety”, often used in the field of
environmental protection in our time, in terms of its essence, purpose, relevance, and importance. Different
directions of its threats are presented, and a scheme of environmental security management for possible
solutions to problems is presented.Classifications of environmental security according to various criteria are
described. The necessity of international relations to solve the problem is emphasized and priority directions in
this regard are given. Rational nature management and rational use of natural resources are explained as the
most important issues and its special role in ensuring ecological security.

Keywords: ecological safety, nature use, rational use, resource management.
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Bmangamon smha3mmasmymo s 33nmye 3mmosmnmo 6abInmHysmoswyxdal 6omy3zol
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domoMmod3znmo d.0., AboME0d300m0 6.6., dobosdzoma J.o.

LajomozgemmU &ajbo3nMma Nba3zgxmbnGgdn

SbogmoBobs o 33emg30L JhmBos@mamoxkoymm 0gomElddn BsMmoime gsdmnygbgods
d33L70000 s 803MmA73Ladnm0 L33BJ00, MmIgMms JBIIGVMMOsdn 86033069eMmM356 BodOYL
§ofmdmoaggbl cno@man@nl i3ydabg sboamo &ndol domamo 3B3d&NMMdL 3Jmbg dsBsfmgdmals
dggdadbo[1].

dysmo ds@omgogmo h3gymadmns dnomads golBmMe3307m0 ens@mdndol bmsbomsb
d9Mg30Ls s B0mgdnma Bamyzal 38amBa dgmmmdno 1000 — 1300 °C. 88 byMmboor Bomydnmo
053 oMol bozmb HomBmoaggbl dobn dognbg sdsma dgdsbagyma Lod@30i3].

3bmonmons soMm-mbgzsn Jhmds@mamoxnabsm3zal damogm amMmydnsbn dysma dodo-
Mydmab nmadal byfmbo, Mo godmabs@ads gobyxsma3jxdmo cmmmdo@ol BeYbosb dymg-
300, 3Mobymomgdom, godmHzoms o 3mmendd&ol dgdagmdn 3emalingz3n3sEnnm o1EOEJOJIM
8MbnmoMmm3sb 3MoJ30700m. sbgon Bo@omMadMOLLM30L ESFsbILNSMYOIMMNS IdSMN B3go-
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SUMARRY

SEPARATION OF SOME NON-POLAR AND SLIGHTLY POLAR HYDROCARBON MIXTURES ON A HIGH
PERFORMANCE PACKED COLUMN

Shatirishvili Sh.l., Chkhartishvili N.N. and Makhashvili K.A.

Georgian Technical University

A novel solid carrier for gas chromatography, derived from diatomite rock with a previously uncharacterized
composition, demonstrates high separation efficiency for various non-polar and slightly polar compounds.
Keywords: gas chromatography, hydrocarbon mixtures, diatomite rock
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SUMMARY

THE SIMPLIFIED METHOD OF CONTAINING ALCOHOL DETERMINATION IN WINE PRODUCTS

Shatirishvili Sh.l., Kiladze M.T. and Shatirishvili I.Sh.

Georgian Technical University

For getting effective control of individual stages in vinemaking productions was worked out simplified method
of etanol determination in wine products.

Keywords: ebulilioscopy, azeotrony, oxidation.
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ANTIBIOTICS AS MEANS OF BIOLOGICAL PLANT PROTECTION
Kanchaveli Sh.S., Lomidze N.T. and Pavliashvili K.M.

Scientific Research Center of Agriculture (SRCA)
Georgian Technical University

Abstract: The effect of the antibiotic Trichothecin on the fungi causing wilting of fruit trees (Fusarium
oxysporum Schitdl. and Verticillium dahliae Kleb.) has been studied, and it was found that it has fungicidal and
fungistatic effects on these pathogenic fungi even in the case of (1:10) and at this time the incidence of wilting
of seedlings does not exceed 6-7 %. It has also been established that antibiotics are not toxic to plants. The
prospect of using antibiotics against plant diseases is based on the fact that they are effective at low
concentrations, and a small amount of active substances is sufficient to protect plants.

Keywords: Antibiotics, Trichothecin, Fusarium, Verticillium

Antibiotics are substances produced by plants and microorganisms (bacteria, fungi), which
have the ability to act toxically on other microorganisms. Antibiotics, both convenient in use, safe for
humans and the environment, and due to a number of advantages over chemical preparations, are
considered very promising in plant biological protection.

Synthetic organic compounds and antibiotics can make a fundamental breakthrough in plant
protection. The principle of surface protection will be replaced by the internal principle of protection,
which will be aimed at treating or preventing plant diseases. The prospect of using antibiotics against
plant diseases is based on the fact that they are effective at low concentrations, and an extremely
small amount of active substance is sufficient to protect plants. Antibiotics are not toxic to plants,
they are absorbed by the plant, are stored in its tissues for a long time, and play the role of an
immunological factor [1,2].

Antibiotics disrupt several processes in plant tissues, in particular, the development of the
cell membrane, protein synthesis, nucleic acid synthesis, and individual stages of energy metabolism,
which are associated with the transfer of electrons to mitochondria [3,4].

As it was found out by experiments, antibiotics can be used both against plant seeds and
against plant diseases. In the case of use against seed diseases, it is necessary to soak the seeds in an
antibiotic solution before sowing.

In our experiments, solutions of different concentrations were used, and the duration of seed
soaking in the latter also varied.

The action of antibiotics was most effective when the seeds were soaked in 0.03 % antibiotic
solutions for 6 hours.

As it was found out by experiments, antibiotics penetrate inside the seeds, reach the germ,
then move into the roots, and from there into the aerial parts of the plant. It is noteworthy that the
antibiotic affects the viability of the pathogenic microorganism and does not damage the seed germ.

Antibiotics such as phytobacteromycin, polymyxin and actinoxanthin have been shown to be
effective for seed treatment. When treating bean seeds with these antibiotics, bacteriosis was
reduced by 85-90 %.

Antibiotics have been tested against plant diseases by introducing them into the soil under
the plant, by poisoning the green parts of the plant (leaves, young shoots, and fruits), and by
transferring the antibiotic-containing adsorbent to the uninfected plant.

The antibiotic Trichocytin, isolated from the fungus Trichothecium roseum link, was tested
against wilting of fruit tree seedlings and it was found that it has a fungicidal and fungistatic effect on
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the causative agents of wilting (Fusarium oxysporum Schitdl. and Verticillium dahliae Kleb.). The
mentioned antibiotic is effective against fungi even in the case of strong dilution (1:10), and at this
time, the incidence of wilting of seedlings is only 6-7 %. Antibiotics can be used against plant diseases
not only in the form of preparations, but also in the form of a culture fluid, which will be diluted in
water to a certain concentration.

The antibiotics we tested mainly act on plant diseases caused by facultative saprophytes or
facultative parasites. Diseases caused by obligate parasites, such as those resulting from rust and
gray mold fungi, often require an extended period for the development and identification of effective
antibiotics to combat them.

Antibiotics synthesized by Streptomyces species can be successfully used against some
pathogenic fungi. These antibiotics exhibit high fungitoxic properties and are less toxic to plants.

Antibiotics synthesized by Streptomyces and Bacillus species are characterized mainly by
bactericidal properties, but some of them lead to the restriction of the development of pathogenic
fungi. Antibiotics effective against fungal diseases, such as blasticidin, have been developed, and its
application is effective against Pyricularia oryzae. Venturicidin is effective against apple scab and
many other antibiotics synthesized by soil actinomycetes, especially Streptomyces species. Following
these issues, research can be quite fruitful.

It was found that the amount of antibiotic accumulation depends on the type of plant and
the age of its tissues. For example, tomatoes accumulate antibiotics in greater quantities than
legumes; old tissues absorb antibiotics more intensively than young tissues; and finally, the higher
the intensity of plant transpiration, the more antibiotics are adsorbed by the plant. In some plants
(apricot, cherry, sweet cherry, peach) antibiotics penetrate well, in others (Lime,Elm, Maple, White
Acacia) they do not penetrate at all.

It has been established that antibiotics can be used against plant diseases by introducing
them into the soil.

It has been found that many antibiotics penetrate the roots, stems and can move at different
speeds, through tissue vessels or other tissues. The rate of their movement depends on the
antibiotics and the plant itself. Some antibiotics practically do not move from the leaves after
spraying them, while others move to other parts of the plant, especially to the growth point, which is
characterized by active metabolism.

We have explained the mechanism of action of most of the tested antibiotics against
pathogenic fungi. It was found that they act directly on pathogens on the surface of the plant, (as
many fungicides work), they also act systemically inside the plant, can be transformed into active
inside the tissues, or vice versa - inactivation occurs. They can weaken the infection on the host plant
and restore the plant's resistance.

Thus, it was found that microorganisms and the plants themselves produce antibiotics in the
process of reproduction, which act against aerial and soil, both fungal and bacterial diseases of
plants, and they can be used practically as a means of biological protection of plants. The positive
side of antibiotics is that they are not toxic to plants. The prospect of using antibiotics against plant
diseases is based on the fact that they are effective in low concentrations, and a particularly small
amount of active substances is sufficient to protect plants.
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ANTAGONISTS AND THEIR USE AGAINST PLANT DISEASES
Kanchaveli Sh.S., Pavliashvili K.M. and Lomidze N.T.

Scientific Research Center of Agriculture (SRCA)
Georgian Technical University

Abstract: The paper discusses the results of research on the fungus Trichoderma. It has been established that
the antagonist fungus Trichoderma produces highly toxic antibiotics: gliotoxin, viridin, Trichodermin, and
satsukalin, which cause the limitation of diseases such as verticillosis, root rot and sclerotinosis. The biological
effectiveness of the use of Trichoderma against verticillosis is 48 %, against root rot 70 %, and against
sclerotinosis 74 %. It has also been established that antagonists can be introduced into the soil in the form of
pure cultures, biopreparations and composts.

Keywords: Antagonism, Trichoderma, Verticillium, Fusarium, Sclerotinia.

Microorganisms often exhibit antagonistic interactions, which are highly prevalent
throughout nature. This phenomenon is especially pronounced among representatives of the soil
microflora, not only fungi and actinomycetes, but also many bacteria that grow saprophytically in the
soil are antagonistic to fungi and bacteria, including plant pathogens. For example: a decrease in the
intensity of angular leaf spot of cucumbers and bacterial canker of tomatoes is caused by
antagonistic bacteria in the soil. But antagonism is widespread among phytopathogenic bacteria, this
issue has been studied more in relation to viruses. Often, but not always, antagonism is observed
between related viruses; the reason for this may be competition for receptors or a violation of the
normal mechanism of their reproduction. One virus can completely suppress another virus [1,2].

More than half of the species of actinomycetes that develop in soils are considered
antagonists [3,4].

It has been established that the activity of fungi causing plant root rot - Rhizoctonia,
Fusarium and others - is significantly limited by the action of the antagonist fungus - Trichoderma,
which is present in the soil.

Experiments have shown that the number of antagonists living in the soil depends greatly on
soil conditions - acidity, humidity, temperature, soil cultivation and especially used fertilizers, etc.
Among the fertilizers applied, bioorganic variants—such as organic and biomix—hold significant
importance. They promote the spread and development of antagonist fungi and bacteria, and
increase the intensity of their action.

Organica is a liquid organic-bacterial fertilizer used in all phases of plant development
(including flowering), both for root and foliar feeding.

It is advisable to organically process the seed and seedling material. Organica is a universal
fertilizer that consists of several components - it equally represents all the useful properties foundllt
in humus, biohumus, sapropels, etc.lt contains the necessary micro and macroelements, vitamins,
fulvic and amino acids.

It is important that organica is saturated with beneficial microorganisms, bacteria and fungi
that provide balanced plant absorption of nutrients, improve the health of the soil, plants and the
area in general. Among them, the fungus-Trichoderma is especially important, which prevents root
rot, and nitrogen-fixing bacteria, which convert nitrogen into a form that is available to the plant.

Organica fertilizer is used for foliar feeding at a working ratio of 1 %, and for root feeding at a
ratio of 2 %.

The composition of the fertilizer biomix includes Trichoderma fungi, which act on pathogenic
fungi of the plant root system, limiting their development. Biomix is used to provide the plant with
nutrients, as well as to improve the soil and its structure.
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It has been established that the number of antagonistic organisms in the soil also depends on
the type of plant growing on a given plot. In the rhizosphere of one plant species, the accumulation
of antagonistic fungi, bacteria, and actinomycetes is greater, while in the rhizosphere of another
species it is lower. For example, in the rhizosphere of alfalfa, the number of antagonistic bacteria
such as Pseudomonas fluorescens, Pseudomonas aurantiaca, and fungi of the genus Trichoderma
increases sharply (T.koningii, T.lignorum).

It has been established that antagonists produce antibiotics, which cause antagonism. They
penetrate the root system of plants and act on pathogens in the vascular system. Antagonists cause
lysis of hyphae of pathogenic fungi, which is due to the action of antibiotics or enzymes secreted by
them.

In order to use the antagonistic relationship between organisms in plant protection against
diseases, it is necessary to consider such issues as: 1. Changing environmental conditions, especially
nutritional conditions, to stimulate the development of the antagonist; 2. New, more effective
species or strains of the antagonist will be involved; 3. Antibiotics that determine antagonism will be
isolated and identified. Antagonists occur among fungi, bacteria, actinomycetes, and other
microorganisms. Antagonists against phytopathogenic fungi can be other fungi, as well as bacteria
and actinomycetes. Viruses can be used against fungi; Bacteria against insects and fungi; Fungi
against fungi, insects, and nematodes.

Experiments have shown that the fungus Trichoderma produces a large number of highly
toxic antibiotics: gliotoxin, viridin, trichodermin, satsukaline, etc. With the help of these antibiotics,
the fungus limits the development of photopathogenic fungi such as Verticillium dahliae Kleb.
(causing verticillium wilt of plants); Fusarium oxysporum Schitdl. (causing root rot of cereals,
vegetables and other crops); Sclerotinia sclerotiorum (Lib.) de Bary (causing cucumber sclerotinosis).

As the experiments have shown, the biological effectiveness of the use of the fungus
Trichoderma against verticillium wilt is 68 %; 70 % against root rot and 74 % against sclerotiniosis.

As mentioned above, actinomycetes are antagonists of some pathogenic fungi. Various
strains of antagonistic actinomycetes can be used against plant diseases, for example: against potato
canker strains: Ne 167, 711 and 103; against pamidvirosis furaziosis - strains Ne¢ 360; against
cucumber powdery mildew - strains Ne 3034.

The soil can be artificially enriched with antagonistic fungi and bacteria by introducing pure
cultures or composts into it. Compost impregnated with the fungus Trichoderma liginorum is used
against a number of diseases of agricultural crops, especially against diseases of vegetable crops in
closed ground.

In addition to composts and pure cultures, antagonistic fungi and bacteria can be introduced
into the soil in the form of biopreparations. One of such biopreparations is Biocatena, which is made
from the strains of Trichoderma liganorum, Trichoderma harzianum, and Trichoderma koningii.

As a highly enzymatic biopreparation, it is used against more than 60 species of pathogenic
organisms. In particular, it protects plants from diseases: root rot, neck rot, fruit rot, damping off,
white and black rot, anthracnose, Microsporum, Fusarium, Phytophthora and others.

When it gets into moist soil, the fungus multiplies and begins to act, as a result of which it
releases natural antibiotics and disinfects the surrounding area. The preparation has a long-lasting
effect and gradually destroys pathogenic microorganisms in different phases. When the fungus
spores get on the damaged part of the plant, they begin to develop, feed on the diseased tissues of
the plant and heal the diseased area.

The preparation Biocatena is used under all crops in any phase of plant vegetation. However,
it is best to start using the preparation at the initial stage of plant development. Its use is especially
effective in greenhouses, since the conditions there are especially conducive to the development of
fungal organisms.
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The preparation is applied to the plant, both in the root zone and by spraying on the leaves,
both for disease prevention and treatment. A 2 % working mixture of the preparation is used, as a
biopreparation is safe for humans and the environment.

Thus, it was established that antagonists are abundant in nature, especially in the soil
microflora. Antagonists can be fungi, bacteria, viruses and actinomycetes. The number of antagonists
depends largely on the acidity of the soil, humidity, temperature, soil cultivation and fertilizers used.

It has been established that the antagonist fungus - Trichoderma secretes highly toxic
antibiotics that cause antagonism. They limit the development of such diseases as verticillosis, root
rot and sclerotinosis.

Antagonists can be introduced into the soil in the form of pure culture, biopreparation and
compost.
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SUMMARY

PHARMACOEPIDEMIOLOGICAL APPROACHES IN THE PROCESS OF ASSESSING DRUG UTILIZATION AND
TREATMENT OUTCOMES

Shashiashvili N.V. and Tsintsadze T.G.

Georgian Technical University

Pharmacoepidemiology examines the link between drug use models, treatments, or impacts, and the resulting
outcomes (useful/unhelpful) in heterogeneous large populations in non-experimental conditions, which is
critical for the analysis and development of pharmaceutical practices. This article reflects the evaluation of the
stages of the pharmacoepidemiological research process, focuses on research reading mechanisms, the search
and use of data sources, and the determination of the population of pharmacoepidemiological research. The
article discusses various research designs to measure adherence to treatment with medications. The studies
play an important role in the rational and cost-effective use of the drug, assessing the safety and effectiveness
of medicines in populations. Observational studies have recently included an assessment of the cost of
medication and analysis of existing systems for drug monitoring. The article analyzes the key challenges and
future prospects associated with the study, which will help improve drug treatment outcomes and improve
pharmaceutical practices.

Keywords: Pharmacoepidemiology, Randomized controlled trials, Confounders, Medication adherence, Bias.
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SUMMARY

THE USE OF ETHNOGRAPHY IN HEALTH AND PHARMACEUTICAL SERVICES RESEARCH

Shashiashvili N.V. and Tsintsadze T.G.

Georgian Technical University

Ethnography is rarely used, though it can sometimes process crucial information for evaluating health and
pharmaceutical services. This article discusses the principles of ethnography within the social context of
pharmaceutical services. Ethnographic research focuses on participant observation and fieldwork, data
recording tools, and analysis. Video Reflexive Ethnography (VRE) is a well-established qualitative methodology
that examines the complex nature of the healthcare sector in a real-world setting. By closely collaborating with
practitioners and focusing on the work environment, VRE can support workforce research, education, and
change processes within pharmacy, as well as inspire shifts in resistant pharmacy environments. Reflexivity is
an important strategy in ethnographic research, enabling assessment of the researcher’s self-awareness,
beliefs, assumptions, and their impact on the research process and outcomes. The social position of the
researcher can influence the framing and gathering of information in relation to race, gender, and profession.
Reflexive practices help pharmacist-researchers navigate these potential biases and reduce the risk of
influencing information collected during fieldwork.

Keywords: Ethnography, Reflexivity, Video-Reflexive Ethnography.
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