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OcHoBHasg cuctemMa (HecTaunoHapHas) auddepeHIraTbHBIX YpaBHEHHN
Teopuu TepMondy3un nMeeT B [2]

COIPSKEHHOU

B(% | %)u (x.t)=Q(x.t),

o2 2)feu(2.)
ox ot ¥l ox ot

rae

0 .
T~ o~ B /-2 ~ k:1!21 =3’4’
ataxk kj 71 2 axk J

8 8
By = 5”[5]_2A— a,, 5} (6, L)

—, k,j=34.
12 5 J

U :(U;US,U ),u :(ul,uz) — BEKTOp CMelleHus, U, — U3MEHEHWe Temneparypel, U, —

«XMMUYECKUI» TIOTEHIUAI CPEIb, Q(X,t) — sanamnbii Bektop, X =(X,X,)
npoctpanctBa R?, t—

— TOYKa EBKJIHIOBA
Bpemsi, A—nBymepHbiii oneparop Jlamnaca, O —cumBon Kponekepa,
Al Py 11,7 2:080,8,,85,0,,0,

W3BECTHBIE YIPYrue NoCcTosiHHBIE [1,2].
2 .
[ycts D, © R — koHeunass o0nactb OrpaHudeHHas KpUBOH S,

(KpuBH3HA KpUBOM
S, HempepbiBHa B cmucne lenpaepa); mupuuem S, NS i =¢, kKj=0,m; S, - oxsarsBaer Bce
OCTaJIbHBIE, a

9TH HIOCJIETHHE HE OXBATBIBAIOT Ipyr apyra;
D« =D, US,, S= USk, D=D, \U Dk, I, ={(X,t): xeD,te [0,00)}—6eCK0HeqHLIﬁ -
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mHap, S, = {(X,t): xeS, te [O,oo)} - OOKOBAs MOBEPXHOCTb.
Bapaua |. Haiiru B wmwmaape [ perymspueit Bektop U e Cl(ﬁoO )ﬂ C? (I_Im)
YIOBJIETBOPSIOIINIA YCIOBHAM

W(xt)ell, : B(%%)U (x,1)=Q(x ),

. . ou(x,t
vxeD :tlm)u(x,t)z o, JETJOST) =" (x),

(=000 1=34,
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Pl u(y.t)| =R ye US,
ay i k=m,+1
0 | _rw i
Q —.nU(y.t)| =F¥).ye [JS.
L ay i k=my+1
y ou; ou,
3HCCLn:(nl,n2)- opm Buemmneil Hopmamu B Touke Ye€S, RU =|HU,— o on
HU =Tu —y,nu, —y,nu,, Tu - BEKTOP YIPYTHX HAIPSUKEHUI [1],

ou, ou
PU =(HU,u,,u U=lu—,—7]|.
( ek Q ( an anj

B pabore [3] mns 3amaum | moka3bIBarOTCS TEOPEMBI CYIIECTBOBAHUS W €IUHCTBEHHOCTH
PEryJsipHBIX pELICHUM.

Io cxeMme ykazaHHO¥ B [2] mocTpouM MpUOIMKEHHOE pellieHne AJ1s 3a1a4u .
Pacmotpum unTerpan

Ua(x,7)= [eU (x, t)t,

rie U(X,t) pewenune 3anaun . Ilycth 7 =0 +1@— KOMIUIEKCHAs NEPEMEHHASA B IMOJYILIOCKOCTU
T ={TZRETZO'0>O'O}.

Oo

: A+2
rae o, = max{o-o,o-g }, o, = £

(1-¢), 0<e<<1[2].

Ecnu U(X,t) - OpuUruHai a Lj(X,Z') - ero m300pakeHue, TO B KaXJAOW Touke t, B KOTOpOit
U (X,t) muddepeHnrpyema, ClipaBeyInBO 00palieHue
1 o +io R
U(x,t)==— [e"U(x,z)dr. 1
(=55 I e (x7) (1)

ScHo, uro U (X, 2‘) €CTh pellIeHNne TPAaHUYHOU 3a]1a91

vxeD: B[% , TJU (x,7)=0Q(x,7),

Lj+(y,z')=|f(§,lfl), yeUSk,
k=0
R nly.o)| =FL, ve Us.,
L 8y i k=m;+1
- C. " ()
Pl—.nU(y,2)| =FY%, ye | ]S,,
L 8y ( )_ ker.nglk
o 2. (y, )_+=|f \ye s
L ay i k=mg+1
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Bsenem matpuny
) 1 2 3 4
M(y-x,iz)=|M,M,M,M

OIIPE/ICIIEHHYIO CJICTYIONIINM 00pa3oM

4x4

r(y-x,iz), yeUSk,
k=0
R i,n I(y-xiz) ye Lijk,
ay k=m; +1
B[ n I(y-xiz) ye C]Sk,,
ay k=m,+1
a . m
Q —.nr(y-xiz) ye |JS,
ay k=ms+1

. 0
3nech F(y X1 2') MaTpulia (QyHIaMEHTAIBHBIX PEHICHUH OorepaTopa B(a— , Z'j [2].
X

Teopema. CueTHast COBOKYITHOCTb BEKTOPOB

{l\}l (y- xk,ir)}w , j=1234 3)

k=1

JIMHEHHO HE3aBHCHMMa W TOJbHA B IMPOCTPAHCTBE Lz(S) Jloka3aTenbCTBO 3TOM TEOpEeMbI 37eCh
omyckaem [2].

[lepenynupyeM COBOKYITHOCTh BEKTOPOB (3) clieAyronM o0pa3om

k I [@}
‘P(y,f)=|\/| y—x-*lir | k=12,.., ()

roe |, =K —4‘:E

} , [k] - 03HaYaeT HanOOJIBIIYIO TIEJBI0 YacTh uncina K.
o0

- cucreMa nonydeHHas u3 (4) OpTOHOPMHUTOBaHWEM Ha S, T.e.

.

k=1

k k i
o(y,7)=>aly(y,r) yes, k=12,.
j=1
SlcHo, uTO

V(x,z)=U(x,7)+ %J.F(x —y,izQ(y,z)dy

D
OyIeT pemeHnueM 3a1adu
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k=0
Rl 2 n)\f(z,r) :g((;)r), ze USK, (5)
L oz i k=m,+1
TRV | n
Pl =.nN(z7)| =9 ze [JS:.
L 82 k=m,+1
NP . )
Q — p nN(z,7) =0y ZE USk
L Z k=mz+1

[TycTsb g(Z Z') = g(k)(z, z'), k =0, M. O4eBUIHO B HALINX NPEIIONOKEHHIX g(z, T)E L, (S)

ngqozr fg Y. )oly)s.

Pemenue 3amaun (5) MOXHO MPEACTABUTH B BUJIE

-3 1 2ot y>}*g<y,r>ds+ije<x,y>g<y,r>ds+

k=0 g, k=m+1g,

. JH vfo )] atwrles+ 3 [l et atyoks

k=m,+1g, k=mg+lg,

rae G(X, y, D, ir) - ter3op ['puna 3amaun (5), * - ykazplBaeT Ha ONEPALMIO TPAHCTIOPTUPOBAHUSI.
Paccmotrpum BekTop

. Nk ] [E’}
V(x,7)=>">ga/T| x—x-* iz |, xeD

7 (N)

Jlerko Buznets, uto Vi, ;)pewmaer 3ana1y

Py
SRS
“3
AZ)
iz
Il
(@)
=
=
_N
b
N
m
=z
x(l)

U
Q|
S
AZ)
iz
Il
(@]
B
=
N
>
N
m
(-
w
=

O 1
Q|
5
,\Z>
e
—
Il
(@]
=
—_
N
o
N
m
C:=
w
=

r;[eg ZQk(p Z',ZES.
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Pemenue »Toit 3aj1a4u MOXKHO NMPEICTABUTh B BUJIE

Wk 1)= 3 jH%, ]G*(x,y,D,ir)}g(“‘)(y,r)ds+ § [a(x y.Dirlg™(y,r)ds-+

k=my+1g,
m

ol L E SO RIS of [ty SRV PR

k=m,+ls, k=mz+lg,

[ycte D' - mo6as o6nacts, pacnonoxennas ctporo BHyTpu D .

n ~ (N b
Cocrasisist pazaocts V (X, T)—V( )(X, 2'), YUUTBIBas CBOMCTBA TeH30pa I prHa 1 HEPaBEHCTBO
Komm-bynskoBckoro, moiay4daem

\7(X,T)— lim V(N)(X,T), xeD ccD
NN
X o k] [E} 1 .
Ux7)=> g, > a T x—x *"ir —EIF(x—y,irp(y,r)dy. (6)
a1 ja b

Psin (6) paBHOMEPHO CXOIMTCSI BO BCSAKOW B 3aMKHYTOH obOnactu sexamield BHyTpu D. Ecnn
BeIpakeHue (6) moacrasum B (1), To moxydnm pemeHue 3aaaqu |, a BekTop

o+ioo N kK j+3

U(N)(X,r)zzim_ Ie’t Z:Z:gkakjlIl X—X[T},ir dr—%jr(x—y,irﬁ(y,r)dr
D

o—io k=1 j=1

JacT HpI/I6J'H/I)K6HHOC peuieHue 3TOH 3aga4yu.

JUTEPATYPA

1. Kynmpamse B.J., 'eremua T.I'., bamenetimBumn M.O., bypuynanze T.B. TpexmepHble 3aiaun MaTeMaTH-
YECKOH Teopuu ynpyroctu u Tepmoynpyroctu. —-Mocksa, Hayka, 1976, 658 c.

2. Bypuynamze T.B., T'erenima T.I. PasBurue MeToJa MOTEHIMAda B TEOPHU YIOPYroCTH. -TOMIHCH,
Mernuepeba, 1985, 226 c.

3. Bbexyamsumu F0.A., Kavaxunze H.JI. O pa3pemmMocTd TUIOCKOH AWMHAMHYECKOW 3amadu TepMmonauddy3nu.
/IGeorgian Engineering News, #1, vol.89), 2019, cc. 21-24.

SUMMARY

APPROXOMATE SOLUTION OF PLANE DYNAMIC PROBLEMS OF THERMAL DIFFUSION
Bezhuashvili Yu.A. and Kachakhidze N.D.

Georgian Technical University

In presented paper the plane dynamic problem with mixed boundary conditions are investigated for the system of
non-stationary equations for conjugate theory of thermal diffusion is investigated. By the method of Fourier
generalized series the construction of approximate solution is given.

Keywords: theory of thermal diffusion, dynamic, generalized series of Fourier, approximate, plane problems.
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303580801 808000 YIOBHOROL 3RIdSHIMBdOL R5KRdI6S

Go35dgogo g.é., dsL30bdgesdgoeo d.0.

bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

Begopo S3m35bs. 1. 3o@sdowols Fg9dms A(Xo; Yo; Zo) [gdBoaro, gygdol Fg96mgdos
Va(ﬁ@)o ")UE)O: Bl(Xl; V1, 21), Bz(Xz; Yo, 22),--, Bn(xn; Yn, Zn)-

535030bmm, MY @ 30MmMdgdo Pbes gl yamwgli odolsmgol, Gm3 B(xé;yé;zé)
V9o @ogro dpgds®mgmodegls 3o®sdowols 5@ gdo.

3dmblbs. gobgoboamo Jo®sdows AB1B2B3B4 (bob. 1).

bob.l. B Fgo@omols dpgds@gmdols mspaghs 30@53o@ols 808s@m

dg30020bmm OG0l aobGmangds, Gmdgeoi yowol do@sdowol A {390mby s
B fadomhy, =2 = S0
Y0=% Yo=Yo Zo—7%o
3obBMEgds, @MIganbgi do@sdowols BiB2BiBs ¢3ydg dgdodgmdl. bowos, @md dobo
boGIsydo  59Jpm@o0  0dbgds BB, xB B, = Al + Blj?+C1|Z. 30dgom o3 Lod@AFyol
25b@magdss AX+BYy+Ciz+ D, =0 (P) dmdamol gowsgggmols §gd@omo (Li) FOgglosh
0Jbgdo
X=X _ Y=Y _2-%
Xp — Xg - Yo — Yo - 20-25  Lobpgdol sdmboblbo: X, Yo, Zg .
Ax+By+Ciz+D, =0
ogoagbm  C(X3: YoiZo) Taodomo 3odsdowols gudgby dwgds@gmdls oy ol
3090 [2]
B (90@ogo @md 3pgdo®gmdogl  3o@sdopols s®9do  oygomgdgeos: 1. C

(L1). obggg Dggoeaobmm 03 Lod@yol

Tad@omo g39036m0ab 3adgl, 2. Ybogmegh  Homeds  |ACIH AB[+|BC|. oy gb
3003980 5@ LEOYmegds, B Fg@@Gomo 306sdowol aodgm 0lbgds.
33m3sbs. 30@sdowols F390mgdos FgdHomgdo: A (-2; -2; 3), Ay (1; 1, 0), Ay (-1; 1; 4),

1 -117
A“[é’??j'
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-1 -131
0535030bm” B(E;I;Ej T9o@oeo  30@sdopols o@gdo Jgdodgmdls oy dols
3o g0.
Sdmblbo.

bob. 2. popagbomos B Fg@@ogmol dpgdsdigmads

F9350206mm OBl gob@mengds, @Gmdgaoi ool B Fg@@ombg s 30@sdowols

1 1 31
Xt Yty -4
Omdgarodg  [390mbyg,  gomdgom AA-“o;], 1 = 1 -1 (L) (bob. 2). sbLgsg
2 4 4

935030600 03 Lod@AYol  aobHmergds, @mIgmbyi  do@sdools  AAA;  {sbbogo
30gdo0gmdl. o3 Lod®Agol bm@dsgnyg@o ggdm@os AA xAA;, go. AA =(3; 3; -3),

i ] Kk
AA =(1; 3; 1), AAxAA ==[3 3 —3=12i —6]+6K, bogm  asbGomgds 0f6gds
13 1

12(x + 2) - 6(y +2) +6(z - 3) =0, 2x -y +z - 1=0 (P). (L1) FOgobs ©s (P) LoddGyob
3o5339m0ls §g@@Gomo s@ols
1.1 -1 1 1. 31
X=—t—— y=—t—-—,z2=—t

+—,
2 6 4 4 4 12 LobEgdol sdmbsblbo t=-1, X=—,Y
2X-y+z-1=0. 3

O 1

z=—.
3

-2 .7
93590 dmm, Cl(?;O;Ej T9oBomo 8pgds@gmdl og oo AiAAs [obbop by,

dg3o0p0b6m0  FOR0L gobGmengds, @mdgamoi ool Ci FgdFomby s o3 [obbogols

2 7
X+3 oy I3

Omdganodyg [390mbg, godgom  A-by, 432—22 23 (L2). godmgmm (L2) Fogob
3 3

3o05339m0l  FgdGoao Az o Az [g@Hoagdby  aodogom  [@ggglmsb,  @mdenols
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x—1 1 x:_—4t—g, y=-2t, z=—t+—,
3obBHMED gdss _—ZZyTZZ, bogoem x—13_y—31_£ 3 ,  Lobiggdols
2 0 4

5dmboblibos: IZ?, X=0, y=1, z=2. Cx(0; 1; 2) {g®poeo Gm3 g39m36mwegl Az As

Bebogggol, 85806 | AA = AC, [+1CA L 1AAIE2VE, [AC, =B, |CAI=5;
2

35Tolosdy, C2 Fgddomo  g39mgbols A2Az dmbogggml. | AC, |= \/ﬂ . AC, |= g\/ﬁ,
Nz
|CC, |= 3 0o | AC, IH AC, | +|C,C, |, 5803md Ci §g@@pomo dogdodgmdls AiAAs
6 6 6
Fobbog by. Aoy565(3 | AC, |= - | BC, |= 7 | BA, |= 7 beogm

| A,C,|[H BC, |+|BA, |, 5303®3 B {go@o0eo 30653000l >@9d0 dpgds@gmdls.

LROBIAODIHS

1. AnexcangpoB II.C. Jlekiuu 1no aHanutmdeckoil reomerpuu. -M., Hayka, 1968, 430 c.

2. 35L30bdgemsdgoemo &, Jows@os 0. bogdhigdo ImiEgdygemo sdmbbgJogno d@sgem zgmbgeols do-
dom F9mGomol dpgdbsdgmdols oeagbs, my [gdBomo s dBsgsm ggmbgoo gom LoddFygby
dgdo®gmdl. //39gbgdamds, Ne 3 (42), mdognolo, 2016.

SUMMARY

DEFINITION OF A POINT POSITION WITH RESPECT OF CONVEX POLYHEDRON (PYRAMID)
Takashvili V.R. and Maspindzelashvili B.1.

Georgian Technical University

If the coordinates of the vertices of the pyramid are known and a point is specified, a method has been
constructed that makes possible to determine whether this point is in the area of the pyramid.

Keywords: point, straight line, plane, vector.
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L03ABIOL  3S6BHMRIBOL FIR¥I6S, GMIINOC M@0 LOdAHBIOL 30I® FIJIOR
@(™M3IR03I 3I09B03ORIB MAHTVOL653S I IMBL @508 BS>AHRMSO0)
@(3IIR03I LOIGBHIOL IbHORS6

d51306dgesTgoamo 3.0, Gogodgogmo 3.6.

Logotmnggameml &9dbos9600 96ogg@Lodagdo

e SIm3obs. InEgdymos M@0 Aosdgggmo LoddEYg
AX+By+Ciz+D, =0 (P), AX+B,y+C,z+ D, =0 (P2).
930020600  Lod®OEYol  aobBmargds, @mIgmoi ool dosbgoan  ob  denopg
39030458090 m®O{obbogs jumbggddo o o3 jumbggdl GmIganodg Lodb@Egol dbGowsb
yogl dggnemegdom m:n (bsb. 1)

6ob. 1. bodgdbo LodBAYolL ddbGmmgdol Ygwygbs

33mblbs. gmdgom ¢bws dggoyobmm Lod®dEyol aobBmengds, Gmdgemoi  gowols
dobgogr m@OFobbogs 390R 04590 3ynbggdbdo s o3 Jymbgl (P1) Lod®d@gols dbGowsb
4ogal dggnemegdom M:N; goboGagoemm LodORAggms 3mbol asb@magdom, g.0. Lod®Gyg

3999000  Lobom  AX+BYy+Cz+D +4 (AXx+B,y+C,z+D,)=0, ojgosb dogowgdm

(A +AA)X+ (B +1B,)y+ (C, + AC,)z+ D+ AD, =0 (P3), Lowog A 9ibmdo bsdwgogmo
®oibgos.
303mgmon  (P1) ©s (P2) Lod®@ygms bm@dsgy®d  39JBm@gol  dm@ol  3gmbols

30Lobyglo; gomdgom COS(ﬁl/,\ﬁz):a > ggmbg s@ols dobgogno, go. 0 < a < 1, bmaom

(A, " fi,) =arccosa.

ZMON m
G50a565(3 ZNOQ :F o> ZMON + ZNOQ =arccosa, sJgoob  ULodgob  (Ps)
marccosa
LodddYgls ©s (P1) Lod®dAyggl dm@oll LZMON = ———, boee dsm bo@dsma®
] m+n

39JB™® 95l dm@ols gymbol gmbobylo, g.0.
Os(marccosaj A (A +1A) +B,(B, + AB,) +C,(C, + AC,)

m+n

A B2+ CE (A + AR+ (B + ABy)? +(Cy+ AC,)E
(D
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(1) aob@Bmengdosb dogomgdmn 4 s A, 360T3690mdgol, dmImgdolngobsi (Pa)
3obBMagdowsb 93916965 LodMBYgms aobBmengdgdo:
(A + A4A)X+ (B, + AB,) Yy + (C, + A4C;)z+ Dy + 4D, =0 (Pa),
(A +LA)X+ (B + 4,B,)y + (C + 4,C;) 2+ Dy + 4D, =0 (Ps).

marccosa
9L Lod®@ygg9d0 (P1) Lod®d@glmsb osweagbgh ———-0l Goen  39mbggdl,
m+n

OMIgeEmogsb gOmo aoogmol dobgoa gg@E0go@y® m@Tobasbs 3ymbggddo, Igmedg 3o
danoaado. @M ogoyobmm, (Ps) oy (Ps) Lodd@dyg googaol dobgoan  g9@@030o@9®
marccosa
m®Fobbops 3gmbggddo, asdmgomgemon —————, gy 3odmgom 3gnbgl ob (P4) ©o
m+n
(P2), o6 (Ps) ws (P2) Lod®@ggms dmdol; dsgoemoms, (Pa) odbgds bsdgdbo Lod®dyg, oy
marccosa

m+n

09 9bos Fggoy0bmm darsyg  39@R0 @@ m®Fobbops 3ymbggddo podsgomo
03 LodARYoL gobGmengds, Gmdgeoi o3 3ynbggdl yogl (P1)-ol dbdowsb dgas®dogdom

+a =arccosa, Lbowsi o s®olb ggmbg (Ps) s (P2) Lodd@yggdl dmeol.

m:n s cos(f,} f,) =a, 0<a <1, 353ob arccos a Jgo@gengds T — arccos a asdmbsbam 4300
Vs
@m@as (P1) L (P2), arccosa = E

Sdm@Esbs.  dmgdgmos @A aowsdgggmo  Lodddyg  X+Yy+z=0 (P,
—X+Y+2+1=0 (Py).
935020600 Lod@GYol 2ob@magds, Gmdgeoi (P1) LoddFgol dbGowsb dsbgoen

39030458090 mOFobbogs 39nbggol yoagl dgxnsdogdom 1:2.
33mblbs. LoddRyg g9dgdbmm Lsbom

X+yY+2Z+A(-X+y+2z+1) =0, 1-A)x+(@+A)y+QL+2)z+ 1 =0 (P3) (65b.2)
(P1) @5 (P2) Lod®Ryggdol be@dsemy® gg9Jdmegol dmaol gymbols 3mbobylo

A 1 AL 1
cos(f,, n,) = 5, g-0. (M, 1,) :aI’CCOS§, sdo@md gymby Ladgdb (P3) LoddRygls ws (P1)

arccosg arccos% 312
Lod®RYgl dm@ols ogbgds —3 g-.0. COS

3 | 3312+21+3

(P2)

6ob. 2. 3mdgdbogno LodGEYY
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2arccos%
1 1+cos
cos? arccosz | 9464+ A2 3 B 9+64+A4%
3 912 +64+9 2 942 +64+9
2arccosE
50360dbmm 0(=TS > d0g00gdm
(7 +9cosa)A? + (6¢cosa —6)A + 9cosa —9=0,
3—3c03a+6«/§sina 3—3c05a—6«/§sina
boosbsg 4 = , Ay = .
7+9cosa 7+9cosa

(P3)-@ob A1 -0l dglododolo Lod®dBgol gob@magds 0dbgds
(4+12cosax — 6+/2sin o)X+ (10+6cosa + 6+/2sin )y +

+(1O+6c03a+6«/§sina)z+3—3003a+6«/§sina:0, (Pas)
boaem A, -0l dglsdsdolo go

(4+12cosa +6+/2sina)x + (10 + 6cosa —6+/2sina)y +
+(10+6005a—6\/§sina)z+3—3003a—6\/§sina=0, (Ps)

2arccos }
3

boworz a =
Qo3 3

©535030bmm (P4) @0l m9 (Ps) Lodgdbo Lod@@ygg. (oboslfs® aodmgmgsgmo (Pg)

1
2arccos—
Lod®@ygol bo@dsgnols  gom@Eobs@gdo; g.0. my o= Ts ~47°, sina=0,7316;

cosa =0,6818; 95906 4+12COSa—6\/§Sinaz5,9734; 10+600$a+6\/55inaz20,298.

1
arccos —
390by (Pa) @> (P1) Lod@Fgggol dm@ols s@ob T3z23°30’, bogo ggmby (Pa) o

1
arccos —

(P2) LodGRYggdl Ym@ol ofbgds COSa=0,68162951, a~47°. @Gowasbos TS+

1
+a z7O°3O’zarccos§=(ﬁ1/,\ﬁ2) , 030@m3 (P1) >0l Lodgdbo Lod®dyg.

ROBIGOGIDO
1. TocruukoB M.M. Amamurnueckas reomerpus. -M., Hayka, 1973, 310 c.

SUMMARY

GENERATION OF AN EQUATION OF A PLANE THAT DIVIDES ANY OF THE

VERTICAL DIHEDRAL ANGLES CREATED BY TWO PLANES IN ANY RATIO

FROM SIDE OF ANY PLANE

Maspindzelashvili B.1. and Takashvili V.R.

Georgian Technical University

If two equations of a plane are given, a method has been constructed that makes possible to generate an equation
of the plane that divides any of the vertical dihedral angles created by these planes in any ratio from the side of
any plane.

Keywords: plane, dihedral angle, normal vector, plane equation, shear of plane equation.
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FIGBOR0OL 35R0dRORIdS 3(MGBIFIR( 33dBM®HOL 803000 6350L30IA0 33MNHLOO)

Joos®o0s 0.6., 35L30bdgensTgogmo 3.0.
Lododmggmml Ggdbozn®o 9boggdlodgdo

beogso  SBmsks. dmigdnmos  A(X;Y)  Voddomo s d=(X,Y,) 89ddmdo.
303mgoo AL Y;)  FadGogol Lsby, o ol popssepomegds 8= (X;Y,) gaddoGob

Loa®dols oo dsbdogrom s gosseaomgdol  ggJdm®o ad-mob o6l o-b Geen
390bgl.

S3mbLbs. godgom, A(X;Y)) Taodomol Lobgs B(X; y) Fgd@omo. godmgmm gl
Voo @ogoo (bob. 1).

B(x;y)

A(X1; y1)

6ob. 1. A Fg®H@omols dmbodgdbo Loby

AB=(x-x;y-Y), [ABHAREC+Y2, go. E+Y2 =J(x=x)2+(y-y)*:

A X,(X—X)+Y,(y—
bogo (a8, AB)=a, sdopmd COSa = o Tl}l |yf|(y %) 5 aobBmengdoms  Loliggdsls
al-[a

9J690s Lobg

% (X=%)+Y,(y=v,) < af cosa;
Loo@sbo godmgom X ©o y-ol m@ 360dg6gemmdal: X', Y5 X", Y g0. B y)
Cad@doamol bobgs B(X;Y) oo B,(X";¥Y") §T9o@0agdo. 993cm§dgdolomgol asbgobogsgm

{(x—&)2+(y—y1)2 =X; +Y3,

. . . A
AB, s AB, 39]®m®033L s ©o30(dnbogdom, ®md |a|= AB, = AB,|, (&, AB)=

:(éA,A—BZ):a (6ob. 2).

6ob. 2. A Fg@@ogmol 3mdgdbogmo Lobggdo Bigs B2
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sdm3obs 1. A(=2; 3) (gh@omo aopsseaomgds a(2; —2) g9dpm@ol Log@dols
Aoeo dsbdogrom olyg, @M gopsspaomgdols ggddm@o a(2; —2) ggdOmOmsb opygbl
60°-0l o 330bgl. godmgmm A(=2; 3) [gaGomol bobg o3 gosswayoggdolsls

3dmblbbs. gmdgom, A(=2; 3) (ga@oaol Lobgs B(X; y) Fgd@oeo, godmgmm oo
(6ob. 3). AB=(x+2y-3), |AB|Hal=v8, go. B=y(x+2)2+(y-3?%, bome
2(x+2)-2(y-3)

NN

€0s60° =

bsb. 3. A (go@ogols dmbsdgdbo Lobg

2aobBm@gdsms Lol gdos

8=(x+2)*+(y-3), X +4x+4+y*—6y+9-8=0,
{2x+4—2y+6:4; {x—y:—3;
y=x+3, X* +4x+5+(x+3)° -6(x+3) =0,
X? +4X+5+X*+6X+9-6x-18=0,

X:_zi\2/4+8 :—2i2x/§‘ Xfﬂz_u\@, X, =-1-43;

x> +2x-2=0, .
2

y1:—1+\/§+3:2+\/§, yzz—l—\/§+3:2—\/§;

g0. A=2; 3) (godoaols ULabgs Bl(—1+\/§;2+\/§) ©o BZ(—l—\/g;Z—\/g)
FaoO@ogogdo. do@meanss:
AB = (1++3;4/3-1), AB,=(-+3;-1-3),
&1 AB; |5 AB, |= /1~ v3)? + (-1-3)" =+B.
COS( A—jz 2+2:3-2V3+2 4

JB1+3+243+3+1-243 VBB

4, AB 1
2

A
9-0. (é,ABljzﬁOo (65b. 4).
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bob4. A FgoGomol 8mdgdbogmo Lobggdo Biws B:

3dmdbs 2. 2X—y—-4=0 {@gol @o0dg A (godomo aomssmyomogds B(X; )
V9o Bogodo obyg, @md AB 39J6m@0 a(=1; 3) 3gJBMO®sb sEagbl 60°-0l o sgnbgl
o |E|=|§| Jmgdygmo §Ogg o3 gosspaomgdbomn Gmdger (Oxgbg solobgds?

33mblbs. paobgobogrmm (Ogol @s0dg (gd@oeo, godzomn A(l; =2), @mdaols
Lobgs B(X; y) (bob. 5).

B(x; )
A

QD

60°

A(L; -2)

65b.5. fOgol A Fgo@domols dmlsadgdbo Loby

A_B.=(X—1; y+2), g03mgmom X ©o Y.
| AB || &= 10 = \/(x—1)% + (y +2)? , c0s60° =

—(x=1)+3(y+2)

V10410
2obBm@gdsms LobEgdsl ggbgds Lobg
X2 —2X+1+y* +4y+4=10, [x*+y’-2x+4y-5=0,
{5=—x+3y+7. {X—By—2=0. X=2+3y,
(2+3y)*—2(2+3y)+y*+4y—-5=0,
4+12y+9y* —4-6y+y*+4y-5=0,
10y? +10y-5=0, 2y*+2y-1=0,

y_—2i«/4+8_—2i2\/§_—1i«/§' ~1+43 -1-43

4 4 2 Y 2 7 2
+—3+3\/§:1+3J§’ X2:2+—3—3\/§:1—3\/§.

=2
% 2 2 2 2
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Bl(1+3\/§.—1+\/§], 5{1_3*/5-_1_*/5}.

2 2 2 2
A—Bl: 1+3J§_1;—1+J§+2 _ —1+3J§;3+J§ ’
2 2 2 2
(2 4 ) (126 9-5)

dodobowadg, dogowgdomn m@ [Oxql, GmIamgdoi dmigdgeo FORol 3s@om geny®-
bo >@0sb.

2Xx—y—-4=0, y=2x-4, K=2. 300 {Og9l 946905 ULobg y=2x+b1 O0dg-

1+3J3 -1+ ~1+43 1+3\/_ -3 5J’
@03 R0l B{ BN J Vodpoby, ——=2- +h, b=
y=2X+ ﬁ , 4x—2y—-3- 5\/§ =0. 9goag (ogg ofbgds Yy=2X+Db,, GmIgmog
ool B, 1_3\/5;_1_\/§ Vgo@oa by, _1_\/§ =1—3\/§+ b,, b, =_3+—5\/§,
2 2 2 2
y= 2x+_3+—25\/§, 4x—2y—3+5J§:0.
bob. 6. dm3gdgmo FHgob dmdgdbogmo Lobggdo
L0BIBOBIDS

1. Janasa A.A., lynapenko B.A. AnreOpa u reometpust. -MuHCK, Beimmumast mkona, 1989, 288 c.
2. bypros S.C. n np. DieMeHTbI TMHEHHON anreOpbl 1 aHanuTHYecKol reomerpun. -M., Hayka, 1980, 174 c.

SUMMARY

DISPLACEMENT OF POINT WITH RESPECT OF VECTOR UNDER ARBITRARY ANGLE

Kadaria Yu.R. and Maspindzelashvili B.1.

Georgian Technical University

If the point and vector are given, the kind of point is found, when is stated the displacement of point on distance

equal to length of vector in such manner that vector of displacement makes the arbitrary angle with given vector.
Keywords: vector, point, coordinate, plane, transfer.
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M30 0d@BIOL 303@ JIRVIGOR0N MAOVOILESdS 3IGBN3SRIG0 3INLIIBOL (3
MATI5653d 3INBOL BSHBMBS6(0 3INLOL RoR3I6o, HMIINTNG 8(IGIFIN0 YIGBOR0
9%330@&IMIL

d5b306dgmodgomo d.0., JodG0S 0.6.

LoJodmggmml Ggdbozg®o 4bogg@dbodgdo

e o0 Sdm356s. dm3999o0s M@0 3o5d339m0 Lod® @AYy
Ax+By+Cz+ D =0 (R), Ax+B,y+C,z+D,=0 (R) w> {g0doeo A(Xo; Yo; Z0).

©5g350x0bmm o3 Lodb@Gygms  dog®d  dgagboao  m@fsbbops  gg@m@ogomyg®o
39mbggdols 03 m@afsbbogs gymboli bsbmgsbo ggmbg (39d@m@gdo, Gmdggdoi Iobs

509696), ®Mdgandoz A [gO@ogo dgdos@gmdl.
33mblbs. godmgmm A [gdBomol ggadogro LoddFggms mobogggmols @by

{Alx +Ey+Cz+b =0 (L) 9ggo0306m0 LoddEgol gobdmengds, Gmdgmoi gowols
Ax+B,y+C,z+D, =0.
i J ok
A-bg (L) §oOg0b ds@ommdgmop. dJobo bom@dsgmy@o ggJdmeos Mxn,=A B C/|=
A B, G,
= A3T+ B3T+C3R , bogm 256 M@ gdss A (X—X%,)+By(y—Y,)+C;(z—12,) =0,
AX+By++C,z+D, =0, @mdgmol gowogggmol (gdgomo (L) §Togglosh obgds
Ax+By+Cz+D, =0,
AXx+B,y+C,z+D, =0, ULobpgdol odmboblbo: X5; Yor Zg. O(Xy; Yoi Zy)  Tg®dooo
AXx+B,y+C;z+D,=0
5ol Al ggadoemo (L) Fegg9by.
godmgmm M, ©o M, bo@dsgudo  g9ddm@gdol dmemmgdol  jmm@Eobsdgdo,
@olomgolog dom  Lomsgge O (go@omo sgoemm; M-ol do@mol  jom®eobsdgdos:
X\ =A+x%, Y,=B+Y,, z=C +z;. E(X;¥;Z). N-ob 3dmgem 30m6Go06sEg800s:
X, =A+x5, ¥,=B,+Y,, 2,=C,+2;. E,(X,;Y,,Z,)

X — —
Ei oo E2 (90@oagdbyg godogoamo FOgol  gobGmangdss X _ YN
=% Yo%
1—-1
= L (L2). godmgmo (L2) §ogol gowsgggool Fa@domo (P1) s (P2) Lod®dyggomsb;
=4

X=% _y-y, _2-%

!

godgom, %=X Y,—VY, Z,-— Zl’ LolAgdol  sdmboblbos: X, Vy, Z;,  F (X, V., Z)
Ax+BYy+Cx+D, =0
sMols (L,) Fogol  gopsgggmols  Fgd@omo  (P1)  bod@@ygbosb,  boanm
X% _y-y, -1
X, — X, - Y, =Y, - Z,— Zl’ Lobgdobs go: X, Yy, Zy, B (X, Y5, Z3) oéol (L2) §égol
Ax+B,y+Cx+D,=0
300533900l {9 Boeo (P2) Lodd@dygbomsb.
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L oy COS(ﬁl,Aﬁl)<0, 35dob  (L2) (o959 gowsgggml dobgogo  g9@ME0 0960
bobmgobo ggmbggdols ®mdgerody ggmbols 339090l (bob. 1).

(1)

iFa)

(£

!
|
!
!
{

bsb. 1.

2. 0y COS(ﬁl,Aﬁl)>0 (L) o399 N, ©o M, ggddm@gools Lop@dggdowsh gsdmdwo-
botyg dgodengds gos0339mmU:

S) danoag0o  g9AB0 o Y@0  bobmgebo Jumbggdol Gmdgerody ggmbol g39M09d0
(65b.2).

iFa)

Pyl

6sb. 2.

d) dobgogmo g39@R0go@g@0 babmgobo gymbggdoll GmIgarodyg ggobol a390©gdo
(65b.3).

Py

Pyl
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asbgobogrmo  g9JBm@gd0 O—Fl ©o O—F2 30 Jgom, COS(ﬁl,Aﬁl)>0, bmaom

A
cos(OF,0F,) >0 wo (L) &gy g390L 6mdgemody  dobgomo  bobmgebo  ggobols

2300©9dL.

X=X -
O > A (g0domgdby aodogogo  [Ogol  gobdmmgdss  — o - Y=Y _

Xo = %o y(;_yo

-7
= z’ ZO (Ls), ®mIamols qoesiz3gmol §gd@ogo (L) Fogglosb
0 %0

X=X _ Y=Yy _2-1
X —X% yo Yo 26_20
y-¥ _ -7
Y2_y1 22_21

4

LolBgdol sdmbsblibos: Xos Yor Zy» Ci(Xg, Yo,

X _
X1

2

(Fa)

65b. 4. A §gd@omol dpgds@gmdols emygbs

godgom, C1 Tgddomo gggmgbols FiF2 dmbogggml, go. |FRF, |H FC |+|CF | (),
d5dob A FgoBomo dpgds®gmdls O—Fl ©S O—Fz., ob —O—Fl ©S _O—Fz. 39JB™@gdom
dgpgbogro bobmgsbo dsbgoamo gg@@ogo@y®o Jgmbggdowsb gam-ghmdo (bob. 4). G™I
535020600, 09 Gedgm ggnbydos A Tg@domo, godmgmon |OC |, |OA| s |AC|;
e |OC, |# OA|+AC, |:

5) dmwEgbsg |OAPS AC, |, A Fgo@omo dpgdsdgmdls OF, ©o OF, 39J®mGgd0m
‘Jgagbogn bobmgsb dsbgogn 3umbgdo;

3) @mpglog |OAI AC |, A (gdpomo 0d6gds -OF, © ~OF, 39J&mMg30m
‘Jgagbogr bobmgsb dsbgoen s9mbgdo.

og |OC, |HOA|+|AC,|, 85306 A §godomo Ipgds@gmdls O—Flggo O—Fz.
39J®mOgd0m Jgoagboen bobmgsb dsbgoe 3ymbgdo.

07 (1) domemds o6 begmegds, go. |FF, [# FC |+|CF,|, 35306 A §g6@oemo
0Jbgds O—Fl ©o —O—Fé ob —O_F; ©> O—F2 39JBmOgdom dgygbogn bsbmgobo densygo
39030350900 3790bggdosh gamg@mdo. godmgomn Fi1 ob F2 {g@@oemols Lodg@@oyen
CadHoml O (g@@ogols dods@on F' o6 F,, 99909y 4o (Ls) §ogolbs s Fi, F), o6 Fa,
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F' $9000omgdby asdogomo ool gowogggmol Pad@oel Ca. (obs  gdmbgggols
Sbo@ma0y@oE aogoaMdgen gdm godmmggdl, Mmd ogoaobmm My Gmdge Jgmbgdos
A FgoO@oano.

sdm3obs. Jmgdneos M@0 Foesdiggmo boddeyg 3X—22+7=0 (Py), 3y+z-2=0
(P2) wo Tgo@oemo A(=4; =3; 3) 0o35030bm0 53 LoddGygms dJogd dgoagbogoo m@ sbboys
39030350900  g9mbggdol 0d  m@Fsbbops  ggmbol  bobmgebo  gymbyg  (39dBmdgdo,
OMdgngdoig dob oEagbgb), MMIgandoz Imzgdyao [gO@omo Ipgdos@gmdl.

3dmblbbs.  godmgme A FgdBogol  ggadogmo  Lodd@ygms  mobsgggmols

{3x—22+7:0
(L) §Og9bg, @obmgolboi  dggoaobmo  Lod®d@gol  gobGmengds,
3y+z-2=0
Omdgeoiz ool A [9o0@owbg (L) FOxol  do@mmdygase. dobo  bo@dsaeg@o
i j k
39JB™@0s 3 0 —2[=6i-3j+9k, bmae 256 M goss
0 3 1
6(x+4)-3(y+3)+9(z-3)=0, 2x-y+32-4=0, Gdmdmol gowsz39mol TgO@oel (L1)
3x—-2z+7=0

FOg9bmsb godmgom 3y +72-2=0, LobBgdol sdmblbom: X=-1, y=0, z=2. go.
2X—y+3z-4=0
O(=1; 0; 2) F9®@ogo s@oll A (9@ ogols agadogro (L1) FOx9bg (bob. 5).

bob. 5. A Fgd@omol 3pgdstgmdol msopagbomo ggmbyg

godmgmo N, =3; 0; =2) s N, =(0; 3; 1) bw@dsay@o 39ddmBgool dmemgdols

30MOE0bsH g0, Jom  bomogge O Tg@@omo dogohbomm M -0l doeems Ei2; 0; 0)

Voodomo Ny-ol Ex=1 3; 3) {g@@omo, bogmm Ei1 s Ex {godomgdby aodogomo
y

FOgol aob@mengdss X ; 2 = 3 = —i?) (L2).




28 bSISEOIIIL I bSO6IN6H() bOSbKI60, GEORGIAN ENGINEERING NEWS, ML, 2021

g03mgmm (L2) §{oxgol ao@sgggomol (gd@omo (P1) ©s (P2) Lodd@dyggdmsb, g.o.

x=3t+3, y=-3t, z=-3t, 13 8 13 ,_13 F(:EE@E%
3Xx—2z+7=0 15 5’ = 5 5'5'5
x:m+2,y:—m,z:—m,t__1 3 1 _1 (é 11)
3y+2-2=0 T T YT Py e

cos(fi,;f,) <0, beogm OT:F(%%%) 0—2:@ 1 —3J cos(OF, OF2)>O, 9.0

(L) §Ogg9 3390b dobgoao g90G0go@@0 bobmgsbo ggmbggdoll dmdgemodyg symbols

2300©9dL.
x+4 y+3 z-3

O wo A (90Bomgdbyg godogogo FORol gob@megdss 3 (Ls),
Xx=3t+2, y=-3t z=-3,
Amda@ol gowsgggmol (gd@Gowo (L2) FOBgbmsb  x+4 _y+3 z-3 Loli@gdols
3 3 -1
- 1
sdmbobboo: t:—l, x:i, y:é, z:E, C(_;§;§)
2 2 2 2 222
dg308m(dmm, C  (gaRomo  g3gmgbols oy o@s  FiF2  dmbogggol;  g.o.

21[ 1143

IFRE= IRCE=~> ICR 1=V, bogo [RRHFCI+ICR| w0 A Fabtoso
dgdo®mgmdls dobgoano babmgsbo  gg@@ogomy®o  3ymbggdowsb gOHmgOmdo. godmgmo:

V19

[0C==—~, |OAI=19, |AC|:g\/1_9; Goppoboi |OC |2 OA|+|AC| ws | AC > OA|,

A 9o oo dogdbsdgmdls —04F1.=[_?2;_?13;_?3j ©S —@.:(;;;;gj 39JBm®gd0m

dgpgbogr babmgob dsbgom symbgdo.

ROBIHOBIBS

1. I'ycak A.A. 3ajaun U ympaXHEHUS 1O BBICHICH MaTeMaTHKe. -MHUHCK, 9acTh 1. Bemmumas mixomna, 1988,
247 c.

2. Janxo ILE. u np. Briciras MmaremaTrka B yIpakHEeHHAX W 3afadax. -M. gacts 1, Beicmas mkoma, 1980,
320 c.

SUMMARY

DETERMINATION OF THE LINEAR ANGLE OF A DIHEDRAL ANGLE COMPOSED OF TWO
PLANES OF A DIHEDRAL VERTICAL ANGLE IN THAT A GIVEN POINT IS LOCATED
Maspindzelashvili B.1. and Kadaria Yu.R.

Georgian Technical University

When the equations of two intersecting planes and a point are stated, a method is constructed that makes possible
to determine the linear angle of that dihedral angle in that the point is located

Keywords: coordinate, vector, point, plane.
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B3I63G0MEIRIAN RO3H(MdMHS33dS - 353()JI6IS0L  S3IIBIdO) PYTHON-Fo
XOx3> b.l., xoxgs 69, 33o0s305 g.g. doFm@ody g.3.

bsJodmggarels gdbogndo 9bogg@dlodgdo

gbsgogmo

30ma@5doMgdols mommgygao  gbs  ©o3MMAMsdgdoli 3oMo0dgdosb  gHm-gO s
ob ModmEgbodgl gOmo 0ygbgdl. mommgygmo gbolsmgol ds@oopadgdoesb gOm-g@mo
doMomoEos, bmerem  sbo®hgbo —  ©sdo@dgbdomo. gl 3oMowoadgdos  3OM(39© YO Y00,
0609]B-0009bF oM gd o,  FybJEombsgry@o,  @maoig@o.  Egl-pgmdom,  Jsmysb,
05b53g0MMgg 3OMaMsd o JbOYbggamymaol bggdmTo gyublaombsgy®o yobos gom-
9000 dJomnbmgbswo 3o@o@oyds.

39630065090 ©S3OMYA>Tgds

396JEombsgu@o  @e3Oma®Msdgdols  dododm  0bEg@glol  bOws  asdmfgggmos
30530l gy gbs-sdydeggdols aoblbgoggdymo — ©gi@s@ds@oyeo dJowymdom. dsldo
30my@sds smofgmgds gubJ30gdol Labom, Lowsi obobo wsdmyzogdgamo dermjgdos s
SO gdgb 3o 3gue ogsagdgdl. aodmmgargdo ofygds Mmdganody gubiool godmds-
bgdom, Gmdgenoi msgol db@og bbgs K9bJiEosl 0dobgdl @o .9, gmggeno asdmdsbgdygaro
R96J300 godmddobgdgee B9bjizosl Pod@9bgdl Ms0dg Ib0dgbgarmdsl, @oli dgdwgysE o-
Jongagdl s3@dgangdl 2sd3mddsobgdgemo Bubios. gl 3OmEglo a®dgegds dobsd, Lobsd
05305300390 B9bJ(300 5O 336MYbgdlL Lodmenmem d60dgbgenmdsls.

2obgoboa@mn B9bj30mbog o s3Mmy@sdgdols doGomswo 3G0bi3odgdo.

Lggos gabjsogde

396J30mbs@u@  ©s3OMYMsdgdsTdo bygnms gubios, dobby pomsEgdygee dmbo-
(399L ob Bmbs3gdgdl 5@ (3geol, Job Ybes ©SsdGYbML sbogro Imbsigdo ob dmbe-
(3999%0. ols Jgodengds gowsogigl Lbgs K9bJiogdl, Lbgs ¢9bjEoowsb ©od®bogl @m-
3003 dggao s 253mygbgdamo 0dbsl gmewgddo s 3mblFsbRgodo.  ods sdobs
byggos g96dios, Islby gomo ©s 0039 >M39dgbBol yosgdobsl gbps 56M9bgdogls
9goOmo s 0039 3609gbgemdols  (sbgm  B9bJ309dL  yBHYM0boMgd g  BubJ3090L
9Fmegdgh). Lbgs Lodyggdom, K9bjEos 39domdls gOmbso@se dbmame e omy@ Jo-
6539990056, M0 oo 0dobs, My Lo, Mmool s Gs m@domn 0dbgds ol go-
dmdobgdgao. sg@gmgg ol 5@ sbobiosmgdl 9.¥. g390omo g89]Bgo0 — ¢9bjiool dgb-
e gdols 3mdgbBdo 3Mma@sdyge 3medo bbgs @odol dgiagaws. dspomoms,  239®-
omo  gg89JBo dgodengds ogml  3geswols 360dgbgamdols Igigms gybdiool godgm,
30blbem@ o godm@obs, aoblogym®gdymo  Lodgoiool Fo®dmgdbs, @somopsb  dmbo-
(3999%0L (ogombgs s 5.9. dgodangds gl LgBombya Jgboyoge hsomgsaml, mydgs
9bos @ogR0JOgm 0dsbg, I My GYbJEos Mmogol AoBgm sMRIAOL 5@ (33a00l, dobo
3090mYggbgds 93@Mmdegdme dgodagds bbgs 3ma@sdye smwgddo. gl 3o mogols dbdog
bAOOL mogolynegdol bo®olbl, sdmEsbols yosfyg@ol MMl s330090L s ».9.

b9dmo 5>@bodbygaols bomgano Jspsmomos Jggzom dmygobogno Python gbols dom-
B0g30 3OMa@sdgmo  gmEgdo. 53y 9bps swobodbml, ®m3d Python 96530 sJ@oyg@ee
bgods g9bjiombogry@o  s3MMYMSIgools 3006303900l yogs@mmmgds. ool s@oli@ey-
g0l ol godBo, HmI ymgge G9bJEosl s3@dmIs@ o o3l Gmama i dobodyd gOmo
gbsligangaoo  self.

Jmgdge 3Omy@sdsdo gubios aodmmgmmol F@ol godmmdl.

p=3.14 p=3.14
def area(r): def area(r,p):
return r'r'p return r*p

print(area(5)) print(area(5,p))
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30ma@sdol  JoMggee  goedo  gybdcosl gg®  gyfmegdm, Lygmsl, gobsowsb
doli'do  208mygbgdyemos germdsmado (3geroo, AMImols gosgdsi 5@ brgds dolby
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SUMMARY

FUNCTIONAL PROGRAMMING — ASPECTS OF THE USE IN PYTHON

Jojua Z.S., Jojua N.M., Gvaramia E.G. and Bochoridze E.V.

Georgian Technical University

In the paper on of the relatively new paradigm of increasing popularity for programming-functional prog-
ramming is considered. The case in point is such main aspects as pure functions of first and highest rank, lambda
calculations. The codes appropriate to Python language are given.

Keywords: programming, programming language.
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SUMMARY

DEVELOPMENT OF MULTIFUNCTIONAL EXOSKELETON OPERATION AND EXPLOITATION
ALGORITHMS FOR THE TASK OF ALLEVIATING HUMAN PHYSICAL EXERTION

Dokhnadze S.B. and Todua T.D.

Georgian Technical University

The use of exoskeletons is actual in many fields. The technical concept of an exoskeleton is still in the process of
development therefore, in the same field of application, we come across many different projects and technical
concepts. The article presents algorithms for the functioning and exploitation of multifunctional exoskeletons for
the task of alleviating human physical exertion. The algorithms fit the technical concept of the exoskeleton,
which implies multifunctionality and the ability of the user to utilize the same exoskeleton with different
functions, depending on the specific need.

Keywords: exoskeleton, force sensor, maximal load limit.
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SUMMARY

EFFECT OF THE METHODS OF PROGRAMMING OF GEOMETHRIC DESCRIPTIONS

ON HE PRODUCTIVING OF SIMULATION OF ATLAS SIMULATION

Kekelia B.D.

Georgian Technical University

The simulation of the ATLAS experiment is an important process, since, if the results of the real experiment and
the simulation coincide, then deeper and more comprehensive scientific research can be conducted in the
simulation rather than in real experiment. The ATLAS experiment simulation is based on the Geant4 (Geometry
and Tracking) modeling package. Performance is very important parameter in the simulation. The simulation
performance is calculated by looking at CPU and RAM load. ATLAS detector geometric descriptions are input
of Geant4. The article describes how programming methods of geometric descriptions influence performance of
the simulation.

Keywords: ATLAS Exmeriment, simulation, CERN, performance, Geant4
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(3o 0bE®@ Yo mbdogdBgool gansldo. by, I

2. mb09dBgdo, @mdgmmsiz  [obbosamgobo  bgwsdomgdo  goshbosm  gobmaglibgb
Jobbogmgobo mbdogd@gool  gensldo. by, 2;

3. @b09JHgdo, GmIganms dglsdbgans Lokodms @mam@ 3 Gogobpdyemo sliggg
Fobbopamgobo 300d0@ 03900, 25bmaglipbgb dg@gyemo mdogd@gdols genslbdo. Liy@d. 3;
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L@, 2. §obbogmgsbo gansbols
®d0gd@o

L. 3. 'ngf)gvagmo gabols
®d0g]@o

bgd. 1. gomobpdamo
gabol mdogd@o

(300bEA Yo md0gd@gool  gmolbdo woxayRes 11 dsgsmomo, [obbsgmgsbo
0609JBgd0l geosbdo 31 ogomomo s dg@gagmo mbdogdGgdol geosbdo 3o 24 sgsaomo.

sdol dgdamd mommgygeo domysbobmgol dgo@bhs Qo&ﬁ)mgﬁoa(‘]&ob yggeos ol dgbodgne
dgmemo, GmImomnsi domo dgddbss Iglsdargdgeno. ogmobo@yemmo mbdogddgdol garsbols
0b09JBgdobmgol 126, (obbogmgsobo mdog@dgdol ganslobmgol 1883 s dg@gymo mdogd-
Agool  gaoobolbogols 704 ©s3Gma@sdgdols 8300(*);90 ‘dgocbhs.  dspgsmomobomgols  bgdmm
dmg99e0 0dogdBgdol @sdMmmy@msdgdol dgmmwgdo dgdwgaboodos 3b@.1.

3bA. 1 Lbgopslbgs gmsbol mdogddgdol @sd3®mmy@sdgdol dgmmmgdo

(30200bEA @0 Yobboamgobo ‘dgM 9900
Tube Cube Cube
Tube Arbitrary Cube

Merged Subtraction Subtraction
Cube

Subtraction
Tube

Subtraction
Subtraction
Subtraction
Subtraction
Subtraction
Subtraction
Subtraction
Subtraction

F9amd gBodby 2obbm@zogmos s3MMAMsdgool dgmmegdols Jansliogogsios
d9909a0  3M0YO0YIgdom:  mgmeoygmo  dgmmegdols  godm@oibge;  0®sEombagy@o
dgomEgdols  asdmdoigbgs  ©s  gmedo  Jbpsglo  Gm3mermaogdols  dJmbg  dgmmegdols
dodm@obge.

0gm@ogmo Igmmegdol gsdm@obgs — 9Hm0 ©s 04039 Md0gddo dgbsdmgdgmos
53OMaM5dgd e 0bols bbgowslbgs dgmmegdom b@. 2, I dgdmbgggsdo Lyan 243 Lbge-
olibgs dgomwols godmygbgdos dglodangdgero, mommgyae dgmmedo go bos dgofdbsls 5
3030¢0go s Ygdgy Jomo 2o9Mmm0sbgds bmdogamegds Boolean-ol m3g@s@m@om.

3ba. 2. g0m-gBno0 o500l s3MMY@Msdgdol Lbgowslbgs 3gmmegdo

| ]
Arbitrary Cube/symmetric/pyramid
Cube/symmetric/pyramid
Cube/symmetric/pyramid
Cube/symmetric/pyramid
Cube/symmetric/pyramid
Merged
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I 99dmbgggedo 3o om0 san@g@bsgogs oMol dbmmme ghmo dgmmeo Arbitrary,
5Jgeb godmdwobsdg I gdmbgggs [o®dmowygbl mgm@oyga dgmmogdl.

00530mbsgy@o Jgmmegdol aodm@oibgs — 3 dgdmbgggol aobboargolisl, dgmem-
g0l aox0m@E300l 3M0@gAogdoe odmygbgdymo 0bs @S3MMAMsTgdol Jgmmegdols
BM30@ma05. Issmoms Cube-oli s3dma®sdgdols dgmmepo s@ols dgdgyo:

<box name="Box" material="Aluminium" X_Y_Z=""/>

3Mosh  Hsbl, @md o3 dgmmeon Cube opgds 1 GOSbbsJzoom X Y Z="¢
o{gMgds 300doBogol 3oModgHMgdo. yobgobognme arbitrary dgmmwo, 3 dgmmeol Gm3m-
gm0 d9dgabsodos:

<gvxy name="Polygon" material="Copper" dZ="1500.">

<gvxy_point X_Y="-1250.;-1000."/>

<gvxy_point X_Y="0.;1000."/>

<gvxy_point X_Y="1250.;250."/>

<gvxy_point X_Y="250.;-750."/>

</gvxy>

Arbitrary-om md09JBol sbsggosm 2 §@sbbojioss Logodm. 1-goo ,gvxy point X Y="*
Gmdgol Lodgomgdboms 033M9ds 3memoambo s dg-2 ,,dZ=" " @olo bsdysagdomsi >3
3meoambls dogbokgds dmEgmmds. 3 AMsbbsioss bakodem Symmetric dgmmeols gsdm-
4969d0bLsL:

<gvxysx name="SymmetricPolygon" material="Carbon" dZ="1500.">

<gvxy_point X_Y="-1250.;1000."/>

<gvxy_point X_Y="-500.;-750."/>

</gvxysx>

l-eno B@AsbbsJ3os s@ol ol, dmd ,gvxy_point X_Y="“-0ls Lsdygoengdon Igmmel
9bs dogfmeml 3mamogmbol jom@©obsdgdo, Lsimm@obs@m LobEgdol gam dbsmgl,
boam 332 Ibs@oll  3mm®obs@gdl dgmmeo  Lbodzolgdbydom  o5g3Bmds@y®d  @gg0ddo
500gdl s gl Foddmowagbl 39-2 B@Msbbodiosl. @oi dggbgds g-3 F@sbboiool gl
ool dZ="", @GmI@ols Lodgoegdbomsi 3m@oymbli dogbodgds JmEymmds. Jgogyow
odmol, @md o3 by gemdon bsyzgmnglem dgmmwpo s@ols Box.

dgoglo Gm3mmmyogdol asdm@oibgs — 3bd. 3-Jo dmEgdygaos 2 Lbgowslbgs
dogo@omols s3®my@sdgdols Jgmmegdo: GmamAE 3bOogowsb hsbl Jgmmegdls gOn-
bso®o Gedm@maos ofgm. sdo@md gOm-gOmo domysbo 3gerggedo aomgomolifobgdyano
>0 0]bgdes.

3bO. 3. 2 Lbgopslbgds 3535m000lL ©33GMy@Msdgdol Jgmmemgdo

[ Il
Cube/pyramid Cube/pyramid
Cube/pyramid Cube/pyramid

Subtraction Subtraction

bgdmm  aobbogryano  3G0GHgH0Ydgdom  ©S3MMaMsdgbol  dgmmegdols  3aslogo-
(300950l g gas @oMhs 42 dspomomo mogolo 416 s3Mma@sdgdol dgmmeom. oJgosb
135 5@0ls {obbogmgobo gaoslols Fomdmdowagbgero, 29 omobo@yemo s 252 dg@gyeno.
Omda@gdo dgdpamd 2odmygbgdebo 0dbgbosh gganggsdo 0dol sbswagbow, gy @s
o3 gbs 53l ggmdgB@oymo  smfgMgbol  ©e3MMAMSTgdol dgmmegdl  Lodymsiool
30m3gbol Fo@dopmdsby.

5dM0y00, oEA0bos, HMI

L. ao3moygm ATLAS-0l ©g@g9d@m@ol Godoygdo 3@odo@oggdols 3 gansbo, ogrob-
@Yo, Fobbogmgobo s dg@gyao.

2. aodmoygm 42 Lo glRm dopom@omo msgolbo 416 od3@ma®sdgdol dgmmeon, ojg-
©sb 3omobp@ge gesldo oxaYRLs 7 dogomomo 29 sd®my@sdgdols Jgmemwon,
Fobbopamgob jansldo 16 dopomomo 135 @o3@ma@sdgdol dgmmwon ©s dgdgye Jeosb-
do 19 dogomomo 252 @o3Gmy@Msdgdols dgmmeom.
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SUMMARY

FORMATION OF TEST EXAMPLES FOR THE PROBLEMS OF SIMULATION

OF ATLAS EXPERIMENT

Kekelia B.D.

Georgian Technical University

One of the important parameters of the ATLAS experiment simulation is geometric descriptions. There is a
speculation that they affect performance of the simulation process. ATLAS experiment simulation is run in
Geant4 (Geometry and Tracking) modeling package. Simulation takes geometries form several different sources
and this geometric description are made by different programming methods. The article discusses the selection
of test examples and their programming methods that should be used to investigate the impact of geometric
descriptions on the simulation process.

Keywords: geometric description, simulation, CERN, performance, ATLAS experiment.
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389665dg 3.5, bobyomsdg 8.3, 3godgzggeos 9.3, 33gMbsdg L.o>, d39@0dy x.e.

bsJodmggerels gdbogndo 9bogg@dlodgdo

dgbogsgmo

Lbomgobmw, bogbsangdols domgds-aomsi3gdol LoliBgdgddo aodmoygbgds godlo-
9090, dodambydo  Lopgbsgol  ©odydoggdol  saam@omdgdo. o3  saoam@omdgodols
boggygdggeno s@ol domgdo@ogy®o dmwgengdo, OMI@mgdbbgi3 d9domods ssg@mo yodmbg-
bogmo dgbogdo. xg® gowgg 1822 (geol, Gmpglsi Gopom Fgdbmammaogdo @ >@bg-
dmEs, FOSbads domgdsBoimbds xmbgy Rg@ogd swdmshobs 3g@omamo ggbjios [1],
Omdgaroi Jgoagds 3oM3mboymse s sgdodmgdgmo  Lobybmopgdolbash. 53 gybjiosl
9Vmegdgh gymogh 37 300390L. gl sbgmo Kybjiool Lsdygoemgdomn begds Logbs-
aagdols  Lbgoolbgs  3o@Imboyaro  @bgggoom  aowsogds olg, Gmd 53 Gbgggools
90mdsbgmbg  bgegbol dgdmbgggsdoiz  go, hggb domgds@ogydsw ds0bi  dgyg0daos
sdmgobmm gl yggaws @bggs. gl dmpgao  gomgmomo  s@ol  Jo@Fem  Jo@Imboymo
Mbgggdols LobEgdgdbyg, Lowsi o8 @bgggdol Lobdomg aoblbgoggdygeos. Ladfybos@me
Loabogrol gm®dodgdolsl, Goom jmd3mbgb@gddo yogamobs o gmgddo gogdgeyg-
dolol gl do@dmbogemds 0G®gggs. Jo®Imboymo @bggs o@gmol oIS, gm@dols
‘Jgages 0§393L sbogro Jo@Imboygao deagbgergdol TomdmJdbol ©s Lbgs Logbogngdol-
0ngol  bgaool dgdeosl, Gopyeb gl Jo@dmboymo dwygbgergdo  gdmbgggs bbgs Loy-
bogrgbols do@Imboyao dwygbgergdol Lobdomgl. sdol 2odm Logbogmols gm®do@mgdsl
5J3L wowo 360dgbgammds. Logboemol gm®doMgdsl (Lommdgh dobodsgry@o yg9G om0
dagbgagdols  Fo@mdmJdbom. glsdygdanm, bgerdgddengero  g390©omo  dwygbgergdo
3o gdom  gBOm o6y bmdobss gow®g m@oyobsgro Lopbosaol dwygbgergdo, doy-
@53 @goeyy®o  LoGysgos O3 olg Fo®B0gos. @oom  as303gegdol  Lol@gdgddo
Loabogrols  dowgdygeo ©mbg dgodangds 3gMggmodegl  xg®gdbg. Loabogrols dodwgdds
3P gmdo@mdsd  Vgodmgds doowml Logbsgoli m@ogobsgo Loddmsgdols 10 o6 1071
boFogmgdoi  go. Ubgowslbbgs Lobdodgbyg dobya  Logbogrgdl dm@ol o ©mbgms
bbgomdols dgdmbgggsdo, g@mo Logbosgo bganls dgydaol dgmeg Loaboenl. bgandgdens
o0 dmbegds Y Lobodygdem Lopbsgwo ¢@m daog@o s 33390005 goweg bbgs
Logbogngdols  a390©omo  dagbgergdo, @mdagdoi  gdmbgggs  doGomsw Logbognls.
Logbogoms  989J@ @0 bbgomds ©sdmgomgdygaros dmamseiosby. ©mggeboge  Lolidg-
d90do godmoygbgds Lbgowslbgs Godol dmyesizos, Gmdgemoi sbggg ©odmowgdamos
Loabogrols sd3eo@yesbyi. Igbymg momdbdol dmdogoy®d LolFgdgddo slgmgdos: QAMIG,
QAMG64, QAM256 [2]. slgmo Gogols Igoyges30gdo ©sdmgogdygmmos GmamA 3 Loabsgols
Bboby, sbggg Logboaol wmbgbyg, dglodsdolo@ oM05b bogmgdse by dgdarsdy@smo
bbgs  Lopboangdol  a390wom  dpagbgargdol  dodo@m.  Jmdoanyd  Lobi@gdgddo
Lolo@pgdam  Loabogols wmbgms  w©mdobo@gdolmgol brgds Logbsanol  Loddansg®ols
3MbBOMEo. @mEglsg Lobodagoem Logbsgro s@ os@ol Logdo@obow 3339000 Lodobm
Lboag®o 0fggol Loddansg@ols aob@sl, @oms dolo bLogbogro oyml 9a@m derog@o
3000@9 Ubbgs swyomgdosb dJmbyeo @oom bloyg®gdo. sbgmo doamds odo®meang-
o905 3mbgMgB e 300mdg6do, saoegddo Lowsi @0l 300  Aomgbmdol Lodsbm
Lboag®gdo ob domo ©s@godmgs s@ol 330Mg. Ggo@y®  30MmMmdgddo, ©oGz0MmNYe
Losmdo, badobm Lowyyndgdl do@ol dgddbogro @owom bloyg@ol godm  Lopabsagdols
Loddgnog@ols  gob@ols dgdmbgggsdo  bdoy@ol ©mby dbmwme  ofggl domes. gL
60dbogl, @M Fgegymbl ob Lbgs @owom dmfygmdogmdsl 9Fg3l dgBo gbgdyools
sboxgs, dop®ed xoddo LobEgdol aod@o®boMosbmds s@ 0bOEgds. dgbymg momdols
dmdoenyg@o  LolGgdgdol 08@o0bs®0sbmds doMomopse asbdwomos shogno @oom
139JB®gdol smgolgbol bodx by dgmoby momdslmsb Jgos®gdon @swom dgmfggol
B9dbmemaos oo 5@ dgagmoms. LolBgdol @ggomds dgboyoagmos. ©s@g0G-
0o bosmgdol  ©@ml  LobGgdol @gly@lo  aowsbsfoemgdygeos  dmIbdo@gdangdls
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doGol s @53 dg@dos Jmdbdodgdbgamo ©s dmbdo@gds doom PRGM bogegbos mommgy-
ol googdol LohJodg. aodws sdobs, 0fggl o ggueo ImFymdoanmdgdom dgJdbo-
o Gopom bloy@gdo s dgogase LolGgdol 989J@gOmds IEodgds. 53 Loliggdgddo
3°dmygbgdgmos goJloMgoygmo, dodgmby®o gubldiogdo. gl g9bjizogdo M3Eodsgy@os
dodoms dgdmbggggdobmgol, 0ydzs gomo ©s 02039 R9bJ30gd0l 2odmygbgds gggms
‘dgdmnbgggel  989JAYOo  ggd  dmgdagds. hggh  gmogobmdm  shogro  gybjiombsaols
05353905, 330060 ©odydoggdbol Mggodl. po@s  sOLdYo  sEoam@omdgdols s
500 Loaboggdol wsdydoggdols bgdbgdobs, 0dbgds oliggg Imdbogno swadBoydo dgds-
60bdgdo. ool aog9mgdol Lodygsmgdol odanggs SDR(Software-defined radio)-o. Logwgo-
Lo, Goom  gOmgymgdols Logbool ©odydoggds begds 3OMaMsdyms  ©s oGS
R0bogydoe, Omym®a3 gby 0gm s, d5bo@bg Lodsbm boway@ol Gowom gOmgy-
w950l ITo@Imgdgeo s@Olgdymo dmfobsgg yggews Go@ds 9339 094gbgdl SDR-U Lodeye-
@agdol. 25033990 mbom gl 60dbogl 0dol, MMI sbogo dmEyes3z0gd0l ©sbyMygs
0 gmaogms dglsdegdgemo 9bos ogml 9339 >®Lgdym InFymdoammdgdby.

1943 (geols go@gb do3-Jgemygds s go@@g® 30dGEds aodmsdggdbgl bsd@mmdo
Lobgeoow ,,boyg@ddamols gmyogs™ [3]. o s@fgmgl bgodmbyemo sj@ogmdobs s 2gbge-
3o 30m3gLgdol LagBedm mgm@oygmmo gm@dygmomgds. bbgs Lodyggdom, o s@(g-
oo ogm B3obol PxOgegool Igdomdol dmegumo. EOHEMMS gobdsgamdsdo godmgows

Lbgs 3900035309003, dog@sd gggemoxng@ odol o@ 3Jmbes ©owo 3Ms]@ozymo @goeo-
boos 21-g9 Logybol ©o(ygosdwyg. Lomgamgano @ 3@ma@sdyao  Lodysggdgdols 2 ob-

30m5Mgdols s aob®wol dggas woofym gadgom Fmpgdgmo bgodmbymo Jlgagdols
3obg0ms®gds s domo 3GsJBogeTdo godmygbgds. sligmo Jlgemgdo godmoygbgds Lobols,
3mbol s bdol sdmEbmdsdo. hggbo LEsG0s gbgds @oom domgds-pomsigdol Loldg-
d96do bgo@mbyeo Jlgaol dgoggbsls s dgRsligdsh.

goJLodgdamo Impygmsiool by@dbgdo

sbognmyy@o Jmpygemszools ghm-gamo Logombos ol, G®mI momdol gg@sbmwgls
doowgdbm  bylEoe olbgm Lopboal, @mdgmbsi gowslgdm. ol gmggmmngol ©sdobdy-
Moo 0dbgds LobEgdol ©gxngddgoom, blsydom s bbgs ©gg0530900m. Logbsogno
0205050 ©gAOO0MEdS, dog@od 0bxgm@Isi300ls Im3mggds dsobz dgodangds dsanolsb-
d9300m0 hodgggools o Logbogols ©o bdoy@ol odsgmo mobsgs®mdom. sdols Lodo-
Aol30MmMmE, 30xOYe 3039603530900 hggb gobsfomgdm Momegbmddog G0xn@ Y dm-
b5(39990L. 0dols  20dm, @M  0bgm@dszos  308OY@os,  3Mm3Ybogoi30gd0l gl M@
330535bmdlL  goeigdymo Logbsgnol LOYmymazomo @g3dmydiool g3o@s@gbmdsl.
sbogrman@o  3mdybogoiogdol Jbaogbow, GoRGYmo dmbsi3gdgdol gmwomgds bbgswes-
Lbgoboso®op  dgodagds gobol, s33gmo@Gyols s Lobdodols godmygbgdom. sdol  gm-
©oMgds dglodengdgemos M@Mbomo bogopol aodmygbgdom. ol slggg dgodergds ©sd0g-
Ao 0gml  Loddmenmgdom. goflo®gdymo goeol 3OMdagdol obsbobow  sgogmm

bEoboo®@ o Imgmseiools dmpgao. sdol aslsggmgdmaw goggbgdm Python 3@my-

G539 gbsl o dob LEsbs@ya dodgommngigdl.
np.random.seed(seed=1)

bitebi = randn(10,1) >0

A = np.tile(bitebi*2-1,(1,147))

t =r_[0.0:10*147]/44100

signali = A.ravel()*sin(2*pi*1800*t)
gamosaxuleba = figure(figsize = (16,4))
plot(t, signali)

xlabel('t [s])

dowgdaeo Logbsgno obogngm bob. 1-by.
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bsb. 1. Python Lg@odoo Bomgdgmo BPSK Logbsgmo

dmgdygmo BPSK a03mygbgdaemo doymds o@ s@ol ogogy@o. sdols @obsbgos

‘d9380deos  L3gdd@ols  Fgo@omgdom. dgdegao  LiModGoom aogo@o®mn gl Logbsgno
FFT(Fast Fourier transform) o396Jjzosdo, d9dwge 300y domgdsdogy®o  3m@gddodgdom
©ogbsbem o3 Lopbsaols L3gd@®o:

f=r_[0:147/2.0]/147*44100

signali_furie = (np.fft.fft(signali))

gamosaxuleba = figure(figsize = (16,4))
plot(f,abs(signali_furie[0:len(signali_furie)/2]))

xlabel(' [Hz]")

axis((0,4096,0,max(abs(signali_furie))))

dowgdgeo 3gd®ol Lydomo obogrgm bob. 2-by.
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bob. 2. Python Lg&oGoo domgdnemo PSK Logbsgmol LobJodgmo b3gd@@o

osbans sgopmo QAMI6 (Quadrature Amplitude Modulation 16) 3m@yesios dgdogyo

Lg@03@0m:

kodi = np.array((-2-2j, -2-1j,-2+2j,-2+1j,-1-2j,-1-1j,-1+2j,-1+1j,+2-2j,+2-1j,+2 +2j,+2+1j,1-

2j,+1-1j,1+2j,1+1j))/2

np.random.seed(seed=1)

bitebi = np.int16(rand(16,1)*16)

A = np.tile(kodi[bitebi],(1,147))
t=r_[0.0:10*147]/44100

signali = real(A.ravel()*exp(1j*2*pi*1800*t))/sqrt(2)/2
gamosaxuleba = figure(figsize = (16,4))
plot(t,signali.real)

xlabel('t [s])

dJowgdygeo Logbsgno obogngm bob. 3-bg
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6sb. 3. Python bg®odom dogwgdygmo QAMIE Logbsgmo

990930 Lg@odBom aog5@o0mmn gl bogbsano FFT ¢39bjiosdo, dgdwgy diomg
350935303900 3mA9JBHoMgbom ©ogbsbmm 53 Logbsgnols b3gJ@®o:

f=r_[0:10*147/2.0]/10*147

signali_furie = (np.fft.fft(signali))

gamosaxuleba = figure(figsize = (16,4))

plot(f,abs(signali_furie [0:len(signali_furie)/2]))

xlabel('[Hz]")

axis((0,4096,0,max(abs(signali_furie))))

im = zeros(10*147,dtype="complex’)

im[::147] = code[bitebi].ravel()

h = signal.firwin(147*4,1.0/147)

im_s = signal.fftconvolve(im,h,mode="full’)

t =r_[0.0:len(im_s)]/fs

signali_s = real(im_s*exp(1j*2*pi*1800*t))

gamosaxuleba = figure(figsize = (16,4))

plot(t,signali_s)

xlabel('t [s])

f =r_[0:len(im_s)/2.0]/len(im_s)*44100

signali_sf = (np.fft.fft(signali_s))

gamosaxuleba = figure(figsize = (16,4))

plot(f,abs(signali_sf[0:len(signali_sf)/2+1]))

xlabel('[Hz]")

axis((0,4096,0,max(abs(signali_sf))))
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foriinrange(1, 3):

S = S+X(i)*W(i)

S=S+b(1)
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SUMMARY

AN ADAPTIVE MODEL OF RADIO SIGNAL PROCESSING FOR THE NEXT

GENERATION OF RADIO SYSTEMS

Kvernadze M.A., Zangaladze A.P., Kvirkvelia Sh.V., Kvernadze S.A. and Beridze J.L.

Georgian Technical University

Today, in transmit-receive radio signal systems fixed mathematical models of signal processing are used. These
models are relatively optimal for the general transmission channels. In real conditions, the environment of the
channels is different, these models give distinctive results. There are places where the radio interference factor is
much higher and, accordingly, mathematical models cannot compensate for them. In our article, we are going to
present a dynamic signal processing feature, which depending on the environment, will make the decision of
optimal signal processing. For this we use a neural network model. This will allow signal processing by an
individual method, depending on the radio conditions. It will be possible to run different processing algorithms
for individual channels, which will be generated by artificial intelligence.

Keywords: signal processing, modulation, artificial intelligence.
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040 054969090 yggens dysdogogn NDN dmFymdogmdsby. dgbmdger dmfymdoammdgdls
dodol oy aofgdogo dgbodsdolo gmbgoyy@dsios, @oms o3 dm{ymdogmdgdl dm@ols
534 gdymoyge do@ OG0l goboo®gdol Lodygsmgds.

4. ho@omgdgmo 9339¢M0836@0 ©s Ygogagdo

Lo glem  JLgeol Jgxaslgdsl  gobpgbm  domgdyaro 35390900l ©oymgbgdom.
Jgodgds  begds Ipv-obs s NDN  3539H90L  dm@ob. 3g@ompymosm  0ybogbgds
dmbo39dgd0l dmmbmgbs  Gmam® i IPV4-0m, sLgzg NDN-oom. dsgogomologols  Jggdmm
dmygobognos Linux-ol @g®dobognosb aodggdgeo 30bgyo TCP/IP dgdmbggggdolbogols:

gtu_test_1> ping -c 4 188.129.203.218

PING 188.129.203.218 (188.129.203.218) 56(84) bytes of data.

64 bytes from 188.129.203.218: icmp_seq=1 ttI=62 time=61.0 ms

64 bytes from 188.129.203.218: icmp_seq=2 ttI=62 time=61.8 ms
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64 bytes from 188.129.203.218: icmp_seq=3 ttlI=62 time=61.5 ms

64 bytes from 188.129.203.218: icmp_seq=4 ttI=62 time=62.0 ms

--- 188.129.203.218 ping statistics ---

4 packets transmitted, 4 received, 0% packet loss, time 3004ms

rtt min/avg/max/mdev = 61.018/61.631/62.030/0.494 ms

NDN ping-obmgols goggbgdo ,,ndn-tools“-ols 0blE®¢dgbBodlL. jeogbGo oybogbols
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gtu_test_1> ndnping_cache -c 4 /ndn/gtu_test/d/pingtest

PING /ndn/gtu_test/d/pingtest

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744268 time=71.9338 ms

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744269 time=24.9698 ms

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744270 time=22.883 ms

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744271 time=31.0602 ms

--- Indn/d-site/d/pingtest ping statistics ---

4 packets transmitted, 4 received, 0 nacked, 0% lost, 0% nacked, time 150.847 ms

rtt min/avg/max/mdev = 22.883/37.7117/71.9338/17.11105 ms
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SUMMARY

NAMED DATA NETWORK AND ITS ADVANTAGE

Zangaladze A.P.

Georgian Technical University

Nowadays, most of the data is focused on pseudo-static information. This can be: posts on social media, articles
in online newspapers, videos, etc. Such data goes through the same network segment periodically many times,
since it is requested by multiple users. This data is transmitted through the TCP / IP protocol stack. The purpose
of the protocols is to transfer data between the original source of information and the recipient. In this article, we
will talk about alternative to IPv4 / IPv6, in particular data centric networks. Such a network has the ability to
significantly reduce periodic and multiple data transmissions. The research was carried out using testing tools
that transmit data through the networks of Georgian internet service providers.

Keywords: network integration, named data network, encapsulation.
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SUMMARY

PHILOSOPHY OF DEEP LEARNING

Prangishvili A.l., Namicheishvili O.M., Gogiashvili Zh.G., Kiknadze M.G. and Ramazashvili M.T.
Georgian Technical University

The topic discussed in this article, thedeep learning is a type of machine learning that gives a computer the
ability to learn from experience and learn about the universe through a hierarchy of concepts. The aspects of the
history of the development of deep learning, multi-layered fully connected neural networks, use of deep learning
libraries, transfer of deep neural network teaching and philosophy of deep learning are, as well as presented.
Deep learning models turned out to be the key, that fits for all locks at once: New architectures and teaching
algorithms, as well as increased computing power and the emergence of vast collections of data became the
factors that led to revolutionary breakthroughs in computer vision, speech recognition, natural language
processing, online systems generating references, bioinformatics and video games, as well as many other
machine learning tasks.

Keywords: artificial intelligence, deep learning, neural network, machine learning
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SUMMARY

MODERN DIGITAL TECHNOLOGIES AND PANDEMIA OF CORONAVIRUS (COVID-19)
Katamadze S.A.

Georgian Technical University

On the scale of the whole world the informational technologies and soft ware of medical sphere are developen
which is favorable for improvement of the service in the sphere of public health. In the paper the role of new
coronavirus in considered for development of modern technologies. Basic technological visions as well as the
rates realization of new ideas are advanced, too.
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SUMMARY

CHALLENGES OF THE FOURTH INDUSTRIAL REVOLUTION, THE WAYS

REACTING TO THEM AND NECESSITY OF RAPID CALCULATING RESOURCES

Oikashvili B.G.

Georgian Technical University

In general, by the term ,.indrustrial revolution the considerable turning point in humanity history is designated,
which predetermined the entirely new rule of the life and, respectively, new industrial epoch. In the paper all
past and current steps, challenges and possibilities of industrial revolution as well as their effect on humanity and
technological progress are considered. The role of high calculating resource, so-called supercomputer and its
importance in our present and future.

Keywords: artificial intelligence, supercomputer, machine learning.
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SUMMARY

THE ROLE AND IMPORTANCE OF AUTOMATED MANAGEMENT SYSTEMS

IN MODERN ENTERPRISES

Menabde T.R., Tskhovrebadze T.K. and Aroshvili N.G.

Georgian Technical University

Automation is one of the important directions of economic development. As a result of automation, introduced in
enterprises, an economic effect is obtained, which depends on the specific conditions and in which industries the
problems are solved through the use of automation and mechanization tools and methods. The introduction of
automation in the enterprise requires significant investments and capital costs. In the case of a properly selected
facility for automation, the costs incurred will soon be reimbursed, resulting in high economic effeciency.
Keywords: automation, technological scheme, management system, system control.
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ESTIMATION OF THE MAGNETIZATION OF SOME NONCOLLINEAR MAGNETIC
STRUCTURES

Gamishidze Z.M.
Shota Rustaveli State University, Batumi

Abstract: An effective method of studying the properties of zonal magnets is to affect the magnet by the f-d
exchange field. The present work aims at the study of the effect of the f-d exchange interaction on the noncollinear
state of the Co-Mn matrix. The spin-spin correlations, leading to spin fluctuations, are small in the former
compound, and strong magnetic fields are required to turn the d-subsystem into ferromagnetic saturated state. The
latter compound has, on the other hand, highest spin correlations among the Y(Col—anx)z compounds with the
spin glass ground state, and a long-range magnetic order is expected to arise at comparatively low concentrations of
the magnetic rare earth. The introduction of f-d exchange, like the imposition of an external field, magnetizes the d-
subsystem. In fact, in these systems the d-subsystem is in the effective field H +H . It is possible to plot the
magnetization curve of the d-subsystem up to very high fields.

Keywords: noncollinear, exchange interaction, magnetization, transition, ferrimagnetic.

Magnetic properties of solid bodies are determined by the magnetic moments of electrons
within them. In solid bodies electrons can be in two different conditions. All electronics are localized
in the dielectrics. In addition to electrons in metals and alloys, there are atoms of ions that easily move
in crystalline mesh and are collectivized. Free electrons can be considered as electronic gas.
Accordingly, two models are used to describe the properties of magnetics. Models of localized
electrons and collective electrons. According to one of the earliest sources, given by Heisenberg, the
magnetic moment carriers (magnetic electrons) are localized, and their energy spectrum is described
by Boltzmann's quantum statistics [1]. According to the second model, studied by Stoner and known

by his name, it is considered that magnetic electrons are collected and described by the Fermi-Dirac
statistics [2]. The use of a particular model for a particular magnetic field depends on their energy
structure. When in the crystalline electronic levels the width is much less than the energy distance
between them, the model of Heisenberg's localized moments is used. And when the distance between
electronic levels in crystalline is the width of these levels, magnetic properties are described by the
zonal model of collective electrons.

Although the magnetism model was formulated with the localized model of magnetic moments
simultaneously, magnetic properties for a long time were described only by the Heisenberg localized
model. In recent years, the situation has changed dramatically. Different methods have been determined
by the zonal structure of many diamonds and their alloys, and their magnetic properties according to the
collectiveized electrons model. As a result, the zonal model is a commonly accepted model of the
magnetic properties of d-magnetis and is widely used to describe magnetic properties of diamonds and
alloys. Magnetism is characterized by the exposure of the specific character of the zonal nature of the

collectiveized electrons (paramagnetics zonal metamagnetism), which is well visible in the RCo, and

RMn, compounds. The influence of the f-d exchange interaction, induced by substitution of Gd for Y,
on the magnetic behaviour of itinerant noncollinear magnetic structures is study.

The intermetalides YCo, and YMn, are well known to be itinerant magnets. The magnetic
properties essentially depend on the type of spin-spin corelations between the d-lectrons of the the
transition metals [1,2]. In spite of the same crystal structure these compounds have different ground
states. YCo, is an exchange enhanced itinerant Pauli paramagnet with positive d-d exchange
interactions (i.e. with ferromagnetic spin-spin correlations) while antiferfomagnetic correlations
predominate in YMn, , which turns into an antiferromagnetic state below ~90K [3,4]. This behavior of

the Y(Col_anX)2 systems is explained by an increase in the density of states when Co is replaced

by Mn. However, due to the negative Mn-Mn exchange in these systems, it is not possible to stabilize
the long-range magnetic order. When nonmagnetic yttrium is replaced by a magnetic rare earth, the
subsystem of the d-electrons of these intermetallides is magnetized by the molecular field of the f-d
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exchange interaction Hr‘i . The character of the magnetization being metamagnetic, the d-subsystem

becomes magnetically ordered in both RCo, and RMn, when the molecular field H exceeds the
critical field of metamagnetic transition.
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Fig. 1. Temperature dependense of the magnetic susceptibility of different YHGdt(COOJSI\/In 0_25)2
compounds in a weak ac magnetic field: t= 0.00 (1), 0.01 (2), 0.05 (3) 0.10 (4), 0.15 (5), 0.20 (6).

A noncollinear state arises at 0.004 <x <0.4 manganese concentrations in the pseudobinary
compounds Y(Col_anx)z. Out of this range, with the exception of a narrow neighborhood of

YMn,, these compounds are itinerant paramagnets. The metamagnetic ehavior of the d-subsystem

was also found to disappear in the Mn-substituted compounds. Nevertheless, the long-range magnetic
order can be created in this system even in zero magnetic field by means of internal molecular field
acting on the d-subsystem. Such a field arises when a magnetic rare earth is substituted for yttrium.
Since R-Co and R-Mn exchange interactions are negative, for heavy rare earths a ferrimagnetic order

should be expected in such systems as YHRt(CoHMnX)2 with the magnetic moments of cobalt and
manganese parallel to each other and antiparallel to those of the magnetic rare earths. In Fig. 1 the
temperature dependence of the ac magnetic susceptibility y for various compounds is shown. The y
versus T curves of Y(CoojsMn 0.25) as well as of compounds with low Gd concentrations exhibit a
kink characteristic of the rise of a spin glass state with decreasing temperature (see curves 1 and 2). In
the compounds with 0.05 <t < 0.20 the susceptibility, unlike, sharply increases below a certain tem-

perature indicating a phase transition to a magnetically ordered state. There is. besides, a low-
temperature range in which the susceptibility of these compounds decreases at cooling.

The change in the character of the magnetic behaviour of Yl_tGdt(Col_anx)z, compounds
with increasing Gd concentration also follows immediately from the Arrot plots. Fig. 2 shows M?
versus H /M plots for two compounds of the Y, ,Gd, (Co,,sMn 0.25)2 system, with t=0.01, where the
existence of a noncollinear state is supposed, and t=0.05. which is expected to have a ferrimagnetic
ground state. In these compounds the anomalies in the ;g(T) dependences arise at =50 K and

2115 K respectively. As is seen, the M? versus H/M plots for t=0.05 are straight lines, and the
coefficient A in the expression

H/M=A+BM?+... (1)
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changes its sign at the ordering temperature. This is a characteristic sign of the compounds with a
long-range ferro- or ferrimagnetic order. The M? versus H/M plots for t=0.01become, in contrast,
essentially nonlinear in the vicinity of a kink in the Z(T) dependence, i.e. they cannot be described by
the expression (1). Such a behaviour, as it has been demonstrated for Y(C00.75Mn0_25)2 , inref. [4], is
the consequence of a spin glass state formed at low temperatures.
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Fig. 2. Arrot plots for samples of the YHGdt(COOJSMn 025)2 system with different magnetic
ground states: (a) t=0.05, t=0.01.

There is also distinction in the magnetization processes of high and low Gd--substituted
compounds. The hysteresis loop of the compound with t=0.05 has a usual ferromagnetic character and
irreversible magnetization processes end at comparatively low magnetic fields, while in the spin glass
compound with t=0.01 hysteresis loop is much more extended, and its magnetization curve runs
smoothly with increasing field, indicating no clear saturation. Thus, according to above data, the
compounds with high and low Gd concentrations have different ground state.

The Yl_tGdt(Coo_%Mn 0_07)2 system can also be separated into two groups by the same way
when considering magnetic properties. The main difference is that in the latter system the

concentration interval of existence of a spin glass state, indicated by the kink in the x versus T curves,
is much broader and stretches from 0 to 0.1 inclusive. Among all investigated compounds of this
system only Y, ,Gd, (Co,4,Mn )2 revealed the long-range magnetic order.

Thus, a conclusion can be made that a transition to the magnetically ordered (ferrimagnetic)
state takes place in noncollinear on the Y(CoHMnX)2 system when magnetic Gd is substituted
partly for nonmagnetic yttrium. The transition, as mentioned above, is caused by the magnetizing of
the d-band, formed by the d-electrons of Co and Mn, with aid of the f-d exchange field. We note an
essential distinction of the spin glass state in itinerant magnets. Unlike the materials with localized
moments, both longitudinal and transversal fluctuations exist in them, and freezing of both
components takes place below the characteristic temperature.
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PE3IOME

OIIEHKA HAMATHUYEHHOCTH HEKOTOPBIX HEKOJIJIMHEMHBIX

MAT'HUTHBIX CTPYKTYP

I'amummngze 3.M.

TI'ocynapcreennsnlii ynusepcuret Illora PycraBenn, Batymu

Db PeKTUBHBIM METOJIOM H3yUYCHHS CBONCTB 30HHBIX MATHETHKOB SABISIETCS Bo3neicTBHe Ha MarHuT f-d-oOMeH-
HBIM mojieM. Hacrosiimast paGoTa HampaBieHa Ha H3ydeHde BiusHus oOmeHHoro f-d-BzammopeiicTBus Ha
HekoymuHeapHoe coctossHue Co-Mn matpuisl. CinH-CIMHOBBIE KOPPEISIINY, TPUBOSIINE K CIIMHOBBIM (ITyK-
TyalusiM, HEBEJHKH B NEPBOM COCAWHEHHH, W U NpeBpalleHus d-moicucrteMsl B (eppOMarHUTHOE HACHI-
IIEHHOE COCTOSIHNE TPeOyIOTCS! CHIIbHBIE MarHUTHBIE Toyisl. C APYroi CTOPOHBI, NOCIIEAHEE COSANHEHHE NMEET
caMble BBICOKHE CIIMHOBBIE KOPPEISLMU CPEAHM COCIMHEHUIH ¢ OCHOBHBIM COCTOSHHEM CIHMHOBOIO CTEKIa, H
OJKUJIAETCsl, YTO NaJIbHUN MAaTrHUTHBIA MOPSANOK BO3HHMKHET NPU CPAaBHUTEIBHO HU3KUX KOHIEHTPALUSAX Mar-
HHUTHBIX PEJKO3EMENbHBIX 31eMeHTOB. BBenenue f-d-oOMeHa, Kak M HalOXKEHHE BHEIIHErO IOJSI, HAMArHHU-
upBaeT d-mojcucremy. DakTHYIECKH B 3THX cUcTeMax d-mojcucTeMa HaxoAuTCs B 3QdeKTuBHOM mojie. MOKHO
MOCTPOUTH KPUBYIO HAMArHWYMBaHUsI d-TI0ICUCTEMBI BILUIOTh JI0 OYEHb BBICOKHX MOJICH.

KnroueBble ciioBa: HEKOJUIMHEAPHOCTb, OOMEHHOE B3aWMOJICHCTBUE, HAMarHMYEHHOCTb, Mepexoj, (eppumar-
HETUK.



LSISANZIRI bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M, 2021 83

15063ILB0GOM-5539I6IIR() 3AH(MAIBIBOL 3(IFIRIILIG0 S6SRNBO

bygodgoeo L.s., I9lg@odg @.6.

bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

gbogogo. boobggbBoEom-Loddgbgdmm 3Omgddol aobbm@Eogmgdsdy aowsfygg-
Boggdol Jowgdsdwyg oy3ogdgeos, aobbomygmo s dgxusligdyeo obsl bbgoswslbbgs
390bom, Jmgao Lsbogmabmm Gogaol gobdsgermdsdo. Ggdbogn®o, m@ysbobsigoygeo,
30390300,  930b6mogg@o, Bobsbly®o, LmEos@mey®o, gzmm@mmaog@o s  Lsobggl-
BoEom 30mgddgdol bbgs Lobol dgusligdgdl 9fmwgdgh 30mgldaer sbognobls (Project
Analysis). 30m9]@ o sbsgobo Fo@dmswagbl 3Gmg]Hol 3mddegJly®d sge0ggol, G™mdg-
o3 LobBgdy@se aobobogsgl Lbgowsbbgs Lobol Mgly@Lgdols godmygbgdol 3GMEgLL
s dom{gne d9gagol, 3Omgdol @go@mobgdemdols aoblobwgdol dobbow, dobo
P9 ga05bmdols s 9839dBO™dol gbogoligdemam, slggg 3Mmgldol asobbmmzogmgdols
9BOM 939m9b0 goMosb@ol sba®hggsc.

hggbo dobobos, o@afgomm ©s LobEgdyse Foddmgowaobmm, bsobggl@oiom-
Lsddgbgoemm 3GmgdBol Fobslfo®o sbognoboli mogolgdy®gdgdo, dsbsbosmgdbangdo s
Sbogroboli gobbm@dogagdol 3Gm3gbo.

d0G0ms©0  bsfogo. 3GmgJd o  sbsgnobo (project analysis) — Lsgdosbmdols
9Om-90mo 360dgbganmgobo Lobgs (33eggol dgmmeo), G®Iganloi sbOygmgdl bsddgbgd-
e -Lo0bggbBoEom 30mgddol obogosdm®o, 3Omgl@ol FobsboobggbBozom g@edby. obo-
g0bols dobobos Loddgbgdem 3GmgJdol LemEosmym-g3mbmdogydo 989]@g0O™mdol, @ol-
3900l gmd3emgJlol, 3OmgJdol @gogoboiool Jobebdgfmboemdol s dobo woxgobsb-
Lgdol  39d560bIol aoblsbmgme.

30m9JB o sbognobo sbggg To@mdmewygbl Logobsblm 0bbEod ol (Loobggl@o-
(300 Rmbo, d5630, 06396FAMM0) Jog® LoobgglEoEom 3Gmgd@ol gJu3gdEobol doGomswe
dgmemel, 360mgJddo 3mbsfoggmdols Jowgdsbyg aomsfyggBomgdols Jowgdols dobboo.

Lo0bgglGoaom 3Gmgd@ol gJl3g@Bobs Fo@dmowygbl 3MmgJdol dgbsdsdolmdsls
0639bA™MA0L dmbemgbgdmsb, Loobggb@oEom  3obmblgdamdslmsb ©s bgdmdgwgdols
300990 R JBM@gdmab. sdageo®oE, 3OmgdB o sbogobo asdmygbgdymo gbs 0]bsls

Lo50bgglBoEom 3Mmgddol Lobogmabem 3ogeol gggems LEswosby [1].
300gJBIeo sbogrobols Ygwgagoo godmoygbgds s@s Jbmenme doli Ggoaobgdsby

3o5F 4390 gdols  Jobowgdsow, s@sdge dobo FodBog®o 9x89]dO®mdol s gg9adoyg@o
999JO 9™l gbsdsdobmdols  gbAbggeymezolmgolse.

300MgJBIeo sbogrobols doMoms 30630390l Fomdmowa bl

* Lobgdygdmds. yomgomolifobgdymo 9bws ogml, Loddgbgdam 3GmgdBol dm-
boFognggdol, 30mgdBol  g3mbmdogy®o ao®gdml, dmbsfomgms @sbsbodyxgdols s dg-
©9390bg dmJdge Ibodgbganmgsbo  FoBm@gbol, obggg  Dows, gomgdml s Lobgy®-
3960392 989JBgoL dmGol gOmogOmysgdodgdols dmaosbo Lol@gds;

* 30m9]@go  sbogmobol  jmd3angJlydo bobosmo — omgomolifobgdl 3Gmygd-
B0 Sbogrobols Lbgoalbgs Lobol aodmygbgdsls;

* 30mydHol dgoodgdom s@OLgdomo dgogagdol gomgoeolifobgds. 9539]@ 9O M-
b0l Jggnolgdolsls gomgomolifobgdgmo 9bws ogml 3Gmg]@ol @gsmobsizool yggems
>0 Lgbomo dgogao, OGOym®3 93mbmdogyco, sliggg sMog3mbmdogyndo (m@osay®o, g40-
@m209®0, Ylog®mnbmgdol s .9.),

o mobs domo aogargboli dggagdol Fo@dmagbs dglodangdbgano bos oyml
OMAMAO(3 HomEgbmdmogo sbiggg gJb3gd@ymo dgxslgdol  Laboom.

* LoobggbBogom 3Gmgd@ol sbogmobols dglisdargdanmds, dJmgero LaboigmEberm
30ggols gobdoganmdsdo;

* 30myJBgdol Fodmgol wo 3MmgdBgdol dggoligdols aodmygbgds Log@msdm-
@0l LEsbs®Ggbol Bodymgddo s o.9.

sbogobols ymggen Lobgl aoshbos dgxnobgool aoblsobmg®yao 3Ho@g@oydgdo.



84 bSISENIILON LSObIN6H(™) LSS I60, GEORGIAN ENGINEERING NEWS, ML, 2021

300mgJduee  Sbogobdo  IMogom 3®0@gmoydosbo  doymds, aodmoygbgds  yggens
Log@msdm@olem dgommeogsdo, dom dm@ol 3Gmgldgdol gxslgdols EC dgmmeo sTo,
sbggg da®owo 3obgoms®mgdols LEMsAgyosdo GRI (Global reporting Initiative) 3Gmg@daero
Sbognobols doGomswo Lobggdo dmigdygmos bgdsbyg 1:

fobabfistro sbsemoo | .
1 265
- &aJBozneo .
3bagmobo i
[
30 2. meHaboBagome - 205 R
/ (0Bbodagombserio) "
5B3gmoBo 56>
3. gm8gFgomero >
36>gmoo \“ . 560
30 J. 0
M 260
30 _5. 93mbmB03mGosbamobo >
6. 93mereROo 36
ab. o
= 7. Gob 2Bob sbxemobo 26>

v

30

30mgd@do dowgdmeros

bJgdsl. 3OmgdB o Sbsgobol 3BmEglol LHsogdo s Sbsmobol Labggdo

300gJAyeo  sbogobols Lofgol LEswosby dmEgdymos Fobslfs®o sbognobols
LRowos, @mdgols doGomswo  dgdopagbgeros  gJbddgl-sbomobols 3@mEglo. ol s@ols
300390 >  aobloggm®gdom  360dgbgarmgsbo, 3MmgdBol  @goemobsiools  dglobgd
o057 439B 0 gdols Jomgdol LEswosby. BHo®wgds 30mgdol 0bozos@meol  dogd @
99bobyy@gds M@ Jodomoe  dobsbl:

L. sen@g@bos@ogero 30mgJHgool s@lgdmdol dgdmbgggsdo, 0bgglb@Bm@ols 0b@g®g-
Lgdol dgbododolo, Yu®m 93gmgbo 3GMgBol sdm@bggs;

2. sdm@hgyao 30mgdHolb Ggomobgdomdols glsdengdemdols sbogrobo s dob-
‘do dgbodarem 0bgglBoEogdol 9839]@aOmdol dggslbgds.

9JL3Agl-sbogmobols gBo3by begds Sdm@hgymmo 3@mgdBol Fobsbfs®o dggsligds
0639bA™A0L FbGosbsi, Goms Jgdm{degl obozos@m@ol sb dgdbdyagdbanols  Fo@-
doagboaro Jgnslgdgdol bsodgommods [2]. sbgmo 3OmEgeyg®gdol dobsbos dowmgdyero
065l gosTyggBogmgds sdm@hgyao Lsobggb@Bozom 3@mgddol 9u@m  Lom®dolgyao
sbognobols  dobobgFmboanmdols  dglisbygd.

943 gL-0bogrobols @sdobolosmgdger s 30MSAJL Moz0Lgdby@gdgdl Fo@mdmo-
296L d0bodsg @0 JOmdomo sbsbo®xgdo, L{Msxo dgogyo s dglodsdobop  3Gmgd-
Aol dowgdol Jobobdgfmboenmdbols dgliobgd LY@ox0 gomsTyggdoemgdgdols domgds.

9JL3Agl-sbsgnobols godmygbgdol ao®gdg, LoFyol LHswosbg, sbsgrobols  hodmmg-
oo Lobgmdgdol godmygbgbom, 3GOmgJ@ol gxuGMm Low@dobgyemo s ©sfgdow gdomo
‘dgbFogans, doldo Loblmgdol wodsbpgds, dgodangds ogmlb o@s JoGEM aondo@mne gdg-
0, sM5dge 3m@gbxogmo 0b39bEmA0olmngols Fodygdosbos.

db0dgbgermgobos Uggds 1-bg (omdmagboano 3Omgd o sbogmobols Labggdols
bmpoo wobsliosmgds:



LSISANZIR I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M, 2021 85

. ®3dboga®d Sbsgmobol (Technical Analysis) ©sbodbyengdos aoblobognggar bsob-
39LB0GE0M-boddgbgdarm  3OMmgJddo, JMbgMgH Yo 30Mmmdgdols Iglodsdolow, gobolisb-

©gOmb dgos®gdon §89JH 900 G9dbogs ©s Hgdbmmmaogdo, dgnslogl dolo obmgszosy-
6o 3m@3gbEosgo.

30mgdBol  Bgdbogn@o sbogrobol 3GmEgldo bpgds Fgdbogydo sen@gdbs@ogg-
b0, 3dgbgdenmdbols mdogdBol seaoedEgdsdgmdols goMmosb@gdol, 3GmgJdol  asbbme-
(30980900l gogdol ©s dobo o gggmo Bobgdol, 3GMg]@ol IoLIFsdgd0l, @gly@lg-
b0l dmdogdols  dgloda goermdemdol s @omgbmdol o gbol, dmdbdomgdgems
d5b@ol  dmEgamdol, 3GmgJ@ol Lodgs@mobszom obosbo@xgdol s o.9. jganggs ©o
‘dggnobigds.

®9d6039M0 sbogrobols sdmobgdols gowsfyggde begds 3Mmgdol Fobslbsobggl-
BoEom 33 g3900l, B9d60390-9306m3037900 ©oLsdYmgdol s LodMmgddm wmgydgh-
Bo300l ©sd9doggdol bLHswosby. bpgds Ggdbogy®o  s@s@gomobgdbomdols  @oliggdols
3odmgangbs ob dgdmmogobgdbymo Lodgibog@m-@gdbogg®o aowsfyzgdol dobobdgfmbo-
gembdol  dggoligdo.

2. @®560b530990  (06LGOGYBEoMbsE @)  Sbsgobo  (Institutional  Analysis)
Fom3mo@agbl m®asbobsioygm, Losdo@megd®ogo, 3meo@olgydo ©s sdobolE®soymo
300990l dggoligdsl, @mdmols Lobwg@gddoi bpgds Idgbgdamdols mdogddgdol dgdbs
s gdb3em@oos. mMysbobozogmo LEOYJH YOl sEs3@do3os aoblsboenggamo Lsobggl-
BoEom 30mgJdol 300mmbgdmasb.

sbogobo  dmoiogh  syEoggdgan  Mg3mIgbsz09dl  do@mgols  m@ysbobsioyeo
LAOYJA a0l bofoaPo, ©sa9adg0L ©s JWbE@mEol  LolEgdsdo, 39OLmbogols dg@-
hggol o Lfogangdsdo, ¢obsbly®d Logdosbmdsdo s m@gsbobszool bmasw dmano-
B0godo. @53 dggbgds Loddgbgoemm 3GMgJBol ao®gdml sboaobl, ol dmoEsgl  dogz®m-
9406m3ogg@0  (J3994bol, @gaombol) obwogs@m®gdols 3gmommgdgdols dgxslgdsl, @mI-
mgdo3  bgdmgdgogdgh  3MmgdHgdbyg, sbggg 3OmgdHol Lods@magdbdog sbdgdHgol.

3. gm3gaEogmo sbogmobo (Commercial Analysis) gsbobogrgds, Gmym®E  3Gmgd-
Aol Jgegagdol  dggoligds, Lodmenme dJndblds@gdbmols mgsgmsbgogom.

L50b39LH0E0M-b5ddgbgdemm  3OmgJdol  3mdgBEogmo  sbogrobols  s3m3sbgdos:
o 396@0by a0 33e0g3960; Loddgbgdam @glydlgdol dowgdol Fyo@mgdols s 3o@m-
3960 2oblobwg®s; obiggg 3dgbgdbenmdols 3MmwydiEool Fo®mdmgdols s aobomgdol doGm-
3960l aoblobmgMs. doMomoo ygydopwgds gmdmds 3OmEeyJiaool s dmdLobydgdols
b0l 3ganggol, Loddgdam-bsobgglBoiom 3Omgdol Jmmnbmgbgdol dglsdsdolsw.

4. gobsblby@o Sbsgmobo (Financial Analysis) dobbsp  olsbagl  0bggbBoizogdols
999JO9Oméol dggoligdsl Loddgbgdbanm @o®dol Loko@mgdowsb godmdwobs®yg, @mdg-
03 398353 Bobsbly®o Igogygdol dJowgdsl, 30mgdBgddo gyemswo Lobldgdols ob-
39LB0Mgd0l  Lodygomgbom. o3 @AOML 3OmgdGol Imdygoosbmbdol Jgxnslgbol o,
‘dgodgngds Jmbegl Robsblydo ggadgdol gm®dodMgds, Am@Es aobolobmg®gds dmmbmg-
bgdo Bobsbly® Lodygoagdgdbyg; bogds domo ogs®gols [ysdmgdols dmdogds; bpgds
Qo0 bogogdols sbogrobo, osliggg 3Gmgd@ol @oi3009MMmbol, 98396 9OMdol, Bobsb-
byg@o @oliggdol  dggaobgds.

30bsbliy@o sbogobo Fo@mdmowagbl, mgommb Leddgbgderm 3GmgBol s Loob-
39LB0E0M-boddgbgdam  mMYsbobszool gogaosbmdols ggeggel dogMmombyby. sgge
hodomggeo 36mgd@do dJmbsfoeng Lbgs m@ysbobozogdoi. odobpo®ws Robsbly®o sbe-
gobo Lodgomgdols odanggs, dgRslogl 3@mgJdol Kobsbly®o dodbowggamds 0bggl-
AM®gdobomgol ©s /5b  gBgoo@mmgdolomgols.

5. 93®bmBogy@o Sbsgrobo (Economic Analysis) [o@dmowagbl 3Gmgd@ol ggemggsls
do30mEMbyby, OMIgaoi ©s35gdoMgdygmos Jnosh g3mbmdogobyg, 3Gmgl@ol yogang-
bols dgLfogerobomsb. g3mbmdogydo sbogobo 0y4gbgdl ogogg dgmmegdl s 3M0EgO0Y-
dgol, @sloi  gobsbliyg®o sbognobo.

9306m30gg@0  sbogrobols  3Gm3gLdo, bsddgbgdemm  3GmgBol  Bobsbly@-g93m-
bemdogn@o sbasaobols dobobos, 3GMgdHol 9839JB9Ombol  gxsligdols goblsbrgms.



86 bodSHOIILN bSObIN6H() LSS I60, GEORGIAN ENGINEERING NEWS, ML, 2021

6. bmgosgyg@o (beogom-gae@dgeo) sbogrobo (Social Analysis) (omdmsweagbl,
dobobangmdols 3bmgMgdol 300mdgdbyg, Loddgbgdbemm 3@mgddol s dobo Jgogygdols
3582096900l 33 g3oL. Sbognoboli Jobobos 3GMgBHol aobbm@ogegdols go®osbGgdols
Loo@ygd@oobmdols owygbs, dgogagools 3m@gbiosgydo IJmdbdomgdangdolmgols (b
dolobgogmdolmgols).

bo@osgyg@o  sbogrobols 3Gm3gldo syEogngdgmos aomgogolifobgdyamo ofbsls,
30m9JAL  ©o Jmdbdodgdgerls  dm@ol  YOmogdmysgdodols  dglsdangdeomds,  dmbob-
mgmdol dbo@akg@ol Ybaybgganlogmasw. sdom gbsdargdgaros 3GmgdBol [o®dodg-
b0 gobbm®zogmgods.

bem@os@y@ sbogobls dgodangds dogs3gmgbmm dgdogao bsgombgdo:

* dolbobagmdol bLmEos@y®-39eBOg@o ©s ©gdmg@osgoygeo dosbslosmgdangdo,
Omd@gdo dgdbgdemodsdos Loddgdam 3Gmgdol @gogobgdslomab;

* 3009JHol AgogobsiEool Ms0mbdo Jmbsbagmdols msgoligdy@gdgdo;

* 3009JHob Igbododolbmds syoEmd®og 3y Boyg®dsbmsb ©s o.9.

30m0gJBolb bmgosgyd dgrgagol dgodamgds dogsigmgbmon @gyombdo  Lsdydom
50 gb0l MomEgbmdol 3gamomgds, dmbobamgmdols Losgbmg@gdgmo ©s ey gen-
Logmgzoibmg@gdbam  300mdgdo, dOMIol 30OMdgbol 33aomgds s o.9.

7. 9300960 Sbsgrobo (Environmental Analysis) 30bbs@  olobogl godgdml  od
3mB9b3E0gM0  bosbols godmgmgbsl s gJl3g@@ Y Jggnolgdsl, GmIganoi godmo§gos
30mgJHds, LoobggbBoEom 3gMomedo s dolds gogagdds gl gs@oiools 3g@Momwodo.
sbggg, 08 @mbolidogdgdol aoblobmg®sl, MmIganoE oYEogdgeEos JoGymgomo  939d-
Aol Iglodlygdygdmom ob  sMImbogbgdgms.

Lo0b39LB0E0m  3MMgd@ol  gzmmmaoy®o sbogrobo dmenm 3g@omedo YBOM  ©s
9naem  dg@ 3db0dgbgermdsls 0dgbl. 3MMgJBol @gogobszool  ggmempoy®o  dggygdols
3omgo@olifobgds Fo@mdmowygbl, 30mgJdol bmaswo dgislgbol d60dgbganmgsb 30@Mmdsl.

8. @oliggdol Sbogmobo. 3MmgdHol sbognobols wAML syEomgdgmos  gobgolbge-
300 3bgds ,,M0L30" @ ,,a569babgMgEMbs . @oligl aoohbos sandsmy@o bosbosmo ©s
bobosmgds 30mgdHol dgomobsizoolsl g89]@ol (dgogaol) gg®dowgdols sgpdsmmdom
ob 30mygJBol ygggms ob o 3gnmo Jmbofomolomgol olgmo sgdsmydo  3o@mdgdols
FomdmJdbomn  Gmdgdloi  doggsgo®m  bgys@oy®  dgogagdedg.  aobybobmgdgmmds
SO0l o@obEYols o s@obsgdo®olol (s®Mobgl@o) ba@olbols  dsboslbosmgdgano Lo ygo-
Lo ob dgdpamdo  0bxgm®dsizool, GmIgaoi aodmoygbgds  3Mmgd@ol sbognobdo.

30mgJBolb @oliggdol sbsgrobo dmoiEegl Moliggdol Momeybmd®og s bo®olbmd-
@03  dggnobgdsl, @olggool bo®olbbmomogo obogrobol dobosbo  Fo®Imowygbl  domo
00gbB0x8035305 dggnoligds ©s 3Gmg]@ol  doMomswo  @olggdol aodmgemgbs.

@0lggdoll domegbmd®ogo sbogrobols Jobsbos doGomswo 3GMgdBygeo @olggdol-
0gol gobsbly®o Igogygdol  30mabmbols Jpg@smdols wmbol asblob@gds.

bo0bgglGoaom  @olggdol  LOgmaslmgsbo  sbsgobobmgols Ibodgbgenmgsbos:

o)  dmbEgl 30mgdeol Jops o aoMg Moligool  o0Egb@ogogsEos by  3Omgl-
A®ob ©o353doMgdygmo @oliggdol 3mbi@gBoboios. dgbsdamgdgemos Golggdol owgb@o-
3035300L o5639H0l 253mygbgds, Mmdgols dobsbos 3obybol goigds gombgoby: 3Omygd-
GOl ©odydoggdol WAOML gmdmds 3o Lako®m gydomgds, @oligol gmggen Lobgl?

3) Golggdol gJl3g@m@aeo sbogmobo, GmIgmoi godmoygbgds Loddosbmdbdol  Lsf-
9ol gBodby, s@oldymo  0bxgm@dszool  300mdgddo;

a) ®olggdols dgdodgdol  @mboldogdgdo:

* @obggools  gobofoengds  dmbsfoaggdl dm@ols;

e Lobl®gdol dodoggdols dgfdbs, aommgomolfobgdgemo bodyxgdol @slogo®sgs;

* ©530b56Lgdol Mobggool dgdiomgds;

* ©obegygs;

©) Aolggdol Jo@mmgol Loddosbmdols m@gsbobgds, 30mgd@ol Lsbogmabem 3og-
ol yggers gobobmgols.

9) ®olggdols do®mgol Jmgaols wsdydoggds.

gbowos, dgbsdangdgeos  3OMgJH o  sbogrobol, mommgymo  g@sdol Yg@O™
s gBoamgdbomo gobboangs, dom ¢39Bgl, ™I mommgygaro domysbol 3garggol, sbsano-



LSISAN3IR I bS506IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, M, 2021 87

ol o gRobgools gbodsdobo  3@oRg@moygdgdo ©s Jgmmegdo s@OLYdML, @®MIgams
dmdogds ©506@9MgLgdgmo  djombgganolbsmgols Goygao @ ofbgds [34].

300gJH 9o sbogroboli 30mEglols momnmgyam dgdowygbganl, Yg@®m  ©sfg®o-
gdom oM gobgoboaogm. hggbo dobbgdowsh asdwobodmg dgdmgognsdymmgdomn dbmeme
dognosbo  30mEglbols bmpswo, LolEgdydo sefgtom s sbognobom.

h3gnmgdc0g, 9uOm Lboe®dolgymo, ©gBsmyg@o ©sdydsggds dmombmggds, bg-
dom [omdmwygboao, 3GMgJdgeo sbogobols o®s yggems gBodobmgol, o@sdgo dbem-
e bmyogmo dompasbolomgol. oz 9bos s@0bodbml, GmI asblobognggano 3Omgd-
Aol sdamddogo L3g3ox030l, 0bgglm@ols ob 3GmgJdol oboEos@m@ols 3@sJ@osywo
donbmgbgdosb aodmdpobsdyg, dgbsdagdgaros 3Mmgd@ol dgxolgds Jmbogl, 3Omg-
B0 Sbogrobols Ibmerme oM 33990 bobggdols  aodmygbgdom.

300gJByeo sbsgobol gOm-gemo dbodgbgenmgsbo dgogao bws ogml, Leddg-
bgderm 3GmgdBol Logmabamol ¢bs®osbmdols aoblsbmgds (bgds 2).

0B39bAMM0. bsgMgo@dm -LixoBsblem measBobsgogdo

JILOEO
d99m@obgdgdo

30m7dBob egmanso Bszapgdo > 0 ‘

N 7

JILOEO
ao@obgds

BGMsdGMM 900
‘3 962JOm6 ©533MggdHdergdo

1Jg9s 2. LsobggbGoEom Ls83gbgdme 3Bmyddol FymsEo bsgswgdol ©0bsBogzol Lgds

3009dBoL Logmabmolygbs@osbmds (Viability) gopgogmos, Gmame 3 3Gmgdddo
‘dgdmbogengdols  29bg@odgdols  glsdargdanmds, @mdgmoi 9bdyYbggaygmal  ©sbsbo®-
xg00L (Costs) Loygan ogotgol s woggydogn dJmggdols (Income) dowgdsl, 3Gmgl@ol
dogao Lobogmabmem Gogeol aobdogenmdsdo, syMgmgg 30mgd@ol  gJb3egs@eiools
3900mdo, do@s s oMy ao®Mgdml dywdogo 3geroggbdols  30®Mdyddo.

30mgJBob LogmEbeolybo®osbmdol dgislgdol dgogasm 9bos wswaobogl dg-
Loden gdamdganos 0y s@os:

1. 0639LbG0E0gd0l dmmbmgbogro wobsdogols §bOYbggaymas:

2. 0b39bB0E0gddo hopgdymo msbbol  3md3gblsizoobmgol Lsgds@olo dgdmbisg-
gools Jogds, Logo®agom @obgol aomgsgolifobgdom.

30mgJBolb Logmabamolybo®osbmdol dgxslgdol dgogaom 9bos wowaobogli dg-
Ladgrgdgaros my s@o:

1. 0bgglBoEogool dmmbmgboano ©obsdogzol b ybggaymeys:

2. 0bgglRoE0gddo hopgdyemmo msbbols 3md3gblsgoolmgols bsgds@olo dgdmbog-
gols dowgds, Logo@syom @oblgol gomgseolifobgdom.

30mgJBob Logmabolygbs®osbmdols dggoligds bo®Eogemegds M@ g@o3sw:

L. 3@mgdBol gobbm®Eogmgbols seo@g@bosGoym  go®osb@gdl dm@ols yggensby
dobomygdo;



88 bddSEIILN LSObIN6H() LS I60, GEORGIAN ENGINEERING NEWS, ML, 2021

2. YgOhgyeo 30mgdHol ©ogobsblgdol LEA®yJHaeol go®osb@ols dg@mbggs, Iog-
Lodsana@o 9839JBol dobow§ggew.

Q0bsbly@o @go@obgdoEmds 5ol 30mgJHol gobbm@Ezogmgdol dobslbosmgdg-
0, Bobsbly®o 9Ybdybggeymaxzol 3Mo@g@oydol dglodsdolo. Gobsbly®o @gommobyg-
b50Mbol sbogobol Igogaom gobolobrgmgds, 3OMgdEol ©ogobsbligdols dobodsgneyy®o
Lbowog. Bobsbliy®o Ggomobgdomdbol  dgdmfdgds bpgds 3Omgdol yggms oJGoyco
debsfogools dmgrosbo godo@saobsmgols [4].

05bbgol, OmIagdoi 3MmgJ@ol dmbsfoamggdologsb dgdmwols 3Mmyg@ do, gfmwg-
ds  dgdmwobgds  (Inflow), beowem 3Omgddowsb dmbsfoemggdolbomgol yoi393gmo  msobbs
oMol aoe0bgds (Outflow). 3dmg@ol gymewo bogowgdo (Cash Flow) gobds®@gogeos,
OMAmA3, 30mgJdol gomobgdol @sbsfyobowsb, gymswo dgdmobgdols s o@o-
bgdol Lowowggdl dm@ol Lbgomds. 30mgdBo Bobsblydow @gomobgdomos oy 3Gmg]-
Bob gobbm®ogagdols bgdoldogd dmdgbh@ do, 30mgdBol gymswo bsgowols 360dgbgenm-
b5 5Mol 5M>YsHYMRBomo.

©3b3ggbs. AMamA3 >@bodbyeo ogm, 3OMIH Yo Sbogobo ay@molibdmdl, Loob-
3000H0G00  3osTggadomgdols dmdbawgdol g@Hadby 3OmIHol md3amydugd gbsg@Go-
bobs, LEsE0sTo osxgoJbo®gdymo sbosgobo Jodo@m gy gdgdol Jobgwgom, sbiggg 3sbgybg-
b0l dowgdsl dgdegy doGomsw bsgombgdby:

oMol 09 oo 1sddgbgdem 30mgdHo Bgdbogndom olsdbymgdymo?; s@ol my
5@5  Lodob®m dmmbmgbs dobsgnmebgar  Lodmamm  Jgogybg?s Gmamed  bgdmddgogdls
300mgJHol go®gdm, ol To@do@gdygen @gomobozosby?s oMol oy oGS 30mgddo Logm-
3bgolybo®osbo gobsbly®o gymbom? s 5.9, s@bodbyao dodos@myegdgdols yobbogn-
3> ©059989dgbs dbmxgmom dsbjol g3mbmdogydo asobgoms@mgdols 0bl@Go@y@ol wsdydsgy-
bgol, M3 dogrbg dbodgbgermgobos bmpswsw 3MMgHgdol @s dom dm@ols Loobggl@o-
(30m-1539gbgdemm 3MMgJBgdol do@mgsTo.

LOBIASBIBD

1. bnay CJI. MuBectuunoHHsld aHanu3. -Mocksa: [amkos u Ko, 2014, 256 c.

2. ©. am®a0dg, 3. dyOxobsdg, 9. xogobadg, L. byiodgomo. bsobggbBoaom 30mgddgdol Fobsl-
Fomo dguoligds ggmbmdogydo gMo@gdoygdgdols Lodgomgdom. /Logtmsdm@olim bsdgibogdm 3mb-
Q90 9bGos ,Lo0bBMAIs30m ©s gm0y ghymo Bgdbmammaogdo, Jmgmodgds, dos@mgs”. dhmdg-
b0, mdogrobo, ,,Ggdbogydo gboggdlodg@o”, 2011, ag. 104-106.

3. CB. bosreeB. OCHOBBI yHNpaBIEHUS HHBECTHIMOHHO-CTPOMTENBHBIMU IpOEKTaMH. Yd4eOHoe mocobue.
-Cankt-IletepOypr, M3AaTEeIbCTBO MOJIMTEXHUUECKOTO yHUBEpcHuTeTa, 2013, 197 c.

4. TlonkanoBa A.B. K Bompocy COBEpIICHCTBOBAHUS IKOHOMHYECKUX METOJOB YIPABICHUSI CTPOUTEIIb-
HbIM KoMIUiekcoM. /B kH.: Tesuchl nokianoB. HayuHo-TexHHYecKuil KOH(EpEHIHH COTPYIHHKOB, JIOKTO-
panToB U cryaentoB. — Kumunes, Texuuka-UTM, Vol.-l1l, 2012, cc. 457-460.

SUMMARY

COMPLEX ANALYSIS OF INVESTMENT-BUILDING PROJECTS

Khutsishvili S.A. and Museridze R.R.

Georgian Technical University

Before making a decision on realization of the investment-building project, its consideration and estimation is
necessary from varions viewpoints over whole living cycle. Project analysis involves estimations of technical,
commercial, economic, financial, social, ecological and investments and  other projects. Project analysis
presents the complex research which considers systematically the process of the use of various resoarces and
obtained results for determination of project feasibility, for estimation of its effectiveness, as well as for
seleselection of better version of project realization. Our goal involves the description and systematic
presentation of the peculiarities of preliminary analysis of investment-building project, characteristics and the
process of analysis realization.

Keywords: investment-building projects, fundamental financial-economic analysis, project analysis, essence of
vitality.
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SUMMARY

HIGH-STRENGTH FINE-GRAINED CONCRETE ON A NEW MODIFIER

Rosnadze G.V., Kankava A.V., Kipiani P.N. and Shalamberidze M.R.

Akaki Tsereteli State University, Kutaisi

The nature of the change in creep deformation and stiffness under the influence of the modifier content in
concrete is revealed. It has shown that by increasing the content of the new modifier in concrete to ~12%, the
creep size decreases, and with its subsequent increase to ~50%, the creep size increases. It was established that
the content of 20% of the new modifier significantly increases the strength of concrete.

Keywords: concrete, creep, modifier.
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SUMMARY

CRITERION FOR PRELIMINARY ESTIMATION OF THE HARDNESS OF TRADITIONAL

AND HIGH-STRENGTH CONCRETES

Rosnadze G.V., Kankava A.V., Shalamberidze M.Sh. and Bandzeladze B.R.

Akaki Tsereteli State University, Kutaisi

Revealed criterion for preliminary estimation of concrete presents on exponential dependence between the value
of concrete creep strain and the mark. After construction of the exponent by experimental data of linear section
of asymptote with absciss axis, the comparison of the concrete under study with existing abready researched
concrete. Criterion of preliminary estimation of non-traditional concrete ispresented in the form of the Table
prepared bygeneralization of number of researches of concrete creep strain.

Keywords: concrete, preliminary estimation, creep strain.
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SUMMARY

WORKS FOR RESEARCH OF FOUND ACTIONS OD DEFORMED BUILDING STRUCTURES
Bakhtadze N.V., Shengelia M.R. and Tkabladze V.S.

Georgian Technical University

The issue of construction is closely related to the engineering-geological conditions of the buildings and the
ground environment, thus, the issues of engineering-technical research are very responsible and an incomplete
assessment of the ground strength characteristics can lead to very serious consequences.

Keywords: building structure, ground, reinforcement.
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SUMMARY

RESEARCH OF THE PROPERTIES OF ADDED-ON CONCRETES, MANUFACTURED ON LOCAL
BUILDING MATERIALS AND THEIR ADOPTION IN BUILDING AND IN INFRASTRUCTURE OF
AUTOMOBILE ROADS

Giorgishvili O.G., Bochorishvili N.T., Salukvadze 1.K. and Shengelia M.R.

Georgian Technical University

In the 21st century, concrete continues to retain its top ranking as a most popular and preferential building
material too, what certainly predtermines an urgent need in developing innovative concrete technologies to be
reasonable both economically and environmentally. The Georgian construction market is seeking for next
generation concretes to be made through introduction of the recognized nanotechnologies to be adequately
modified and adjusted to the actual local conditions what will enable the country to create multipurpose
nanomodified highly technological construction materials of her own. Proceeded from the above, profound and
comprehensive study of the physical and mechanical properties of building materials should be deemed a prior
task of crucial importance. In order to improve resistibility and performance properties of the concretes,
currently used in Georgia, it is necessary to undertake a thorough investigation and profound study of the
intrinsic properties of admixture-containing concretes what will consequently enable the researchers to obtain
modified concrete types to be then widely used in the country’s construction domain, in particular, in road
building, and surely result in a considerable improvement of safety and efficiency of road traffic. The innovative
nature of the design proposal should be seen in creation of new types of admixture-containing concrete made
with use of local building materials and introduction of the new concretes in construction of road infrastructural
facilities.

Keywords: building, concrete, ground, automobile roads, seismic-resistant systems.
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SUMMARY

THE EFFECT OF THE ELECTROMAGNETIC FIELD OF THE OVERHEAD

POWER LINE ON THE ENVIRONMENT

Balakhashvili L.P.

Georgian Technical University

The work presents a method calculated by mirroring the dependence of the voltage of the electric field of the
transmission line 500 kV from the distance from the end of the wire plan. The results of measurements of
voltage levels of electric and magnetic fields, conducted on voltage lines of 110, 220 and 500 kV, and their
impact on human health are shown.
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SUMMARY

STUDY OF CARBON MATERIALS AND MATERIALS OF RUBBING BODIES REQUIRED FOR
RIBOSYNTHESIS OF DIAMOND NANOCRYSTALS

Abramishvili G.S., Gelashvili O.G., losebidze D.S., Eristavi B.G., Diasamidze N.N. and Khvedelidze M.T.
Georgian Technical University

In the work the results of the research of the structures of carbon materials and the material of bodies is
presented (with regard to the conditions of tribosynthesis of diamond nanocrystalles).

Keywords: carbon, diamond, tribosynthesis, amorphous, nanodisperse.
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SUMMARY

STUDY OF RHEOLOGICAL AND TRIBOTECHNICAL PROPERTIES MODEL OILS CONTAINING
AMORPHOUS NANODISPERSED CARBON, REQUIRED FOR TRIBOSYNTHESIS OF DIAMOND
NANOCRYSTALS

Abramishvili G.S., losebidze D.S., Pridonashvili D.N., Diasamidze N.N.,

Khvedelidze M.T. and Saladze Ts.M.

Georgian Technical University

In the work the results of the researches of reological and tribotechnical properties of model lubricants,
elaborated on the basis of amorphous nanodisperse carbons, are presented (with regard to the conditions of
tribosynthesis of diamond nanocrystalles)

Keywords: amorphous, nanodisperse, carbon, model lubricant, tribotechnic, rheological, antidanage,
antifriction, viscosity, temperature.
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SUMMARY

TECHNOLOGICAL CHARACTERISTICS OF NEW WEAR-RESISTANT

OVERLAYING ELECTRODES

Khutsishvili M.G., Dadianidze G.A., Salaridze B.R. and Abdushelishvili I.T.

Georgian Technical University

At the coating of new wear-resistant overlaying electrodes, in which the alloy: Ni — 80%, Cr — 20%, and Cg-08
(GOST 224670) is used as the welding cable, the chromium carbide — CrsC; is introduced differently.
Technological characteristics satisfy the standard requirements and are characterized by good technological
parameters: the sleeve horn, obtained from unmolten coating of new electrodes of both type, is current-
conducting. Hence, the secondary firing is reliable: the losses on spraying and burning are in permissible range:
there are no cracks, pores and unwelded zones in the overlaying welding.

Keywords: welding, coated electrode, wear-resistant, welding on.
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SUMMARY

LABOR SAFETY IN CONSTRUCTION SECTOR IN THE CONDITIONS

OF PANDEMIA OF COVID-19 (USA)

Beradze L.G.

Georgian Technical University

Corona pandemia has horrible results for all countries all over the world. There were some countries in which
Covid -19 has stopped economic functioning at all. The USA was the country to which economic damage is
huge and it still continuing. For the reason the central government has established guidelines for different
business industries to avoid spreading the virus. Construction business is essential for economy, therefore the
central government and states local governments gave permission to the construction companies to continue
operating. For avoid spreading the virus, local governments made guidelines stricter.

Keywords: construction, regulations, Covid-19, pandemia, the USA, government.
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SUMMARY

MODELING OF THE PRICING OF EUROPEAN OPTIONS

Makhashvili K.A., Razmadze N.G., Tkemaladze G.Sh. and Dochvili B.M.

Georgian Technical University

lv. Javakhishvili State University

It is well known that money-credit politics has a central place in the modern market economy. The instruments
to manage and control this politic are operations of options of financial market, obligations, promotions. These
operations include certain risks and it is necessary to study and analyze them properly. Mathematical problems
of which have been researched by developing intensive Stochastic-Financial Mathematics in recent years. In
this paper we discuss problems of financial market and investment securities. For simplicity, we consider the
case only with two assets of financial market and solved the standard pricing of European options’ two steps task
with illustrative number example. We will notice that in this paper,in our studies we also researched the issues
which are similar to multifunctional financial market.

Keywords: modeling, pricing, financial market.
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SUMMARY

ABOUT REGRESSIVE MODEL OF TOXICANT BEHAVIOUR

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

Georgian Technical University

lv. Javakhishvili Tbilisi State University

In the paper linear and exponential models of the hazard of toxical compounds are constructed by the use of
regressive and correlative analysis. Actually mentioned models present the prognostic equations of the hazard of
toxical compounds.

Keywords: toxicant, regressive model, regressive and correlative analyses.
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FREQUENCY OF UNPLEASANT ODOUR IN DRINKING WATER IN SOME
DISTRICTS OF TBILISI

Gurgenidze D.R., Bagration-Davitashvili A.N., Inashvili I.D., Bziava K.G., Soselia M.T.
Georgian Technical University

Abstract. In the paper the share of household-communal water demand in the total water supply and its
necessity is considered and is adjusted that the water supply of the settlement is the main task of any country.
The Thilisi Sea is part of the Thilisi water supply system, in which in some cases the smell of fish was detected
in the drinking water in the areas that are supplied from this reservoir. Household and communal economy, as a
water user, has a number of features, which are primarily reflected in the need for water quality - both physical
properties (temperature, transparency, color, odor, taste) and chemical parameters are the main requirements for
the presence of pathogenic microbes.

Keywords: household-communal water, Thilisi Sea, pathogenic microbes.

Introduction

The share of household and communal water demand in the total volume of water supply is
small, but due to its necessity, water supply to settlements is the main task of any country.

Water Utility supply is directly related to the water consumption of residents of cities and
urban-type settlements (for drinking, cooking, washing, cleaning buildings and storerooms, etc.), the
satisfaction of urban household needs (hairdressing salons, laundries, baths, etc.), the area of public
service (heating network, swimming pools, retail network, street maintenance, etc.); transport and
construction organizations. Household utilities, as water consumers, have a number of features, which
are primarily reflected in the need for water quality in terms of physical properties (temperature,
clarity, color, odour, taste), as well as chemical indicators (acidity, hardness, amount of dry sludge,
content of lead, arsenic, fluorine, copper and other elements). The main requirement is to determine
the presence of pathogenic microbes, according to the content of which water is divided into several
types (healthy, suspicious, unreliable, unhealthy and unusable).

Avrtesian waters, located between the waterproof layers, have better physical and chemical
properties, they are not contaminated with chemicals, as they are less affected by household-
communal and natural-climatic factors. Their quality is better than the quality of surface waters.
Improvement of surface water quality is carried out by special treatment (water preparation), which
envisages water filtration, coagulation (for sedimentation of impurities) in accordance with the
sanitary-hygienic requirements; chlorination or fluoridation (for disinfection); enriched with ammonia
(to improve taste).

Rivers, springs and groundwater are the source of drinking and household-communal water
supply to the populated areas of Georgia. All cities, regional centers and urban-type settlements in
Georgia are equipped with a centralized water supply system. Thilisi is the largest water user (53% of
the total municipal water supply). Water consumption per capita in Thilisi is about 600 I/per day, but
at the same time most of the water supply systems are outdated, their efficiency is only 0.3 + 0.4, this
not only causes the large losses of water, but also increases the risk of drinking water pollution and
deterioration of its condition.

Currently, the state of water is assessed according to the following main characteristics:

1. Maximum Allowable Concentration (MAC) of harmful substances in drinking water
developed by the country and the World Health Organization (DDC);

2. Biochemical Oxygen Demand (BOD)

3. Hydrogen ion concentration (pH)

4. Water turbidity

5. The level of pathogenic bacteria, viruses and parasites

6. Organoleptic properties (effects) of water.

As is known, the organoleptic properties of water include smell, taste and color. The taste and
smell in natural waters can be of natural or artificial origin. The odour of natural origin includes:
earthy, fishy, clayey, hydrogen sulfide, aromatic, swampy, musty, etc (Suffet, I.H.; Khiari, D;
Bruchet, A). The odour of artificial origin includes: the smell of chlorine, camphor, pharmacy,
phenoline, chlorphenoline and petroleum oils.
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The natural unpleasant odour in water reservoirs is mainly caused by the decomposition
products of planktonic algal communities, although all organisms may indirectly contribute to odour
during their death and bacterial degradation. (Tsair-Fuh Lin et.al.)

Algae belong to the group of primitive plants - mainly single-celled aquatic organisms (Wehr.
J.D). They multiply by cell division both in water and on land. They live in unstructured soils and
together with bacteria prepare them for the viability of other plants. Blue-green algae are the most
abundant aerobic organisms on Earth. They have the ability to synthesize carbon, but they also use
decomposed organic matter.

During the period of their mass reproduction, the water turns blue, green and other colors. This
phenomenon is called water bloom (Wehr. J.D). During the decomposition of blue-green algae, a
"blue"” liquid is released from the cells, water-soluble pigments - bilichromoproteins, accompanied by
water bloom and a sharp deterioration in quality.

During the fermentation of algae and the activation of decay processes, the water is saturated
with toxic substances (phenol, cyanide), attaches oxygen and develops an unpleasant odour, which
first causes nausea and other hydrobiotics in fish, and then kills them. Water becomes unsuitable for
drinking and recreation. Biologically contaminated water from decomposed algae can be compared to
water contaminated with industrial wastewater (Jyothi. K, et. al.)).

The damage caused by waterlogging is significant in municipal and technical water supply
systems, as well as in hydroelectric power plants and fish farms. Losses in water supply systems are
mainly associated with an increase in the amount of consumable coagulants. Excessive blooming in
some cases excludes the use of water resources for recreation, tourism and sports.

The organic compounds that give off an unpleasant odour in water are given in the Table
below.

Table 1. Some substances with an unpleasant odour and their sources of occurrence (Suffet, I.H.; Khiari, D.;
Bruchet, A)

Substance Odour Source
Beta-Cyclocitral Fishy Cyanobacteria
2-trans,4-cis,7-cisdecatrienal Fishy Green algae
Dimethyl trisulfide Rotten Green algae
Geosmin Earthy or musty Cyanobacteria
Trans, trans-2,4-Heptandienal Fishy Green algae
2-Methylisoborneol (MIB) Earthy or musty Cyanobacteria
1-Pentene-3-one Fishy Green algae, Cyanobacteria
2,4,6-Trichloroanisole (TCA) Earthy or musty Cyanobacteria
Cis-3-Hexen-1-ol Rotten Green algae, Cyanobacteria

The physiological role of these compounds in algae has not been established. It is likely that
these are pheromones. These substances are formed as algae metabolites and from the damaged cells
are deposited on the surface of the water reservoir. According to the biological activity of algae, the
intensity of the water odour also increases, which can reach quite high levels.

Table 2. Scale for determining odour intensity

Odour Intensity Descritpion Intensity Assessment
No odour Odour is not felt 0
Very weak (Odour threshold) Very weak odour 1
Weak The smell is weak and unpleasant. 2
Distinct The smell is noticeable and unpleasant. 3
Strong The smell is harsh, unpleasant and makes this water 4
not to drink
Very Strong The smell is so strong that it is unusable for drinking 5
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The intensity of the odour is determined organoleptically. The Table below (see Table 2) shows
the scale for determining odour intensity.

Unpleasant Odour in the drinking water supplied from the Thilisi sea

Thilisi Reservoir, "Thilisi Sea", "Samgori Reservoir”, is located in eastern Georgia, on the lori
plateau, st. 580 meters above sea level in the north-east of Thilisi. It was created on the site of brackish
lakes - Avlabari, Illguniani and Kukia. It has been operating since 1953. It is wide in the north-western
part, narrow in the south-east. Reservoir length - 8.75 km, maximum width 1.85 km. Its area is 11.6 km?.
Water volume - 308 min. M2, The greatest depth is 45 m. Average depth - 26.6 m. The level of the
reservoir increases in spring, summer and autumn, decreases by 7-10 m due to intensive use of
irrigation water. The average temperature of the water surface near the shore ranges from 3.70 °C
(January-February) to 21.60 °C (August), the maximum temperature is 26.20 °C. Ice does not appear
on the reservoir; in cold winters, a coastal ice layer forms. Knows the excitement of the frequent wind.
Thilisi reservoir is an oligotrophic reservoir. It is fed by the water of the river lori, which enters it
through the upper main canal of the Samgori irrigation system. Thilisi Reservoir water is used: for
irrigation, Thilisi water supply, fish farming, water sports. Water from the reservoir flows through the
lower main canal of the Samgori irrigation system and the main canal of Ghrmaghele.

It should be noted that "Thilisi Sea" is used both for recreation and for centralized drinking
water supply in Thilisi. According to the results of the 2004-2005, 2011 research, the quality of Thilisi
sea water mainly complies with the established hygienic norms. Nevertheless, algae reproduce and
“blooming” around the entire perimeter and in the swiming area of the reservoir, which has acquired
an intense appearance. It is impossible not to affect the quality of drinking water and not to complicate
the technology of preparing drinking water.

According to interviewees, Buluchaur water is much cleaner than water from the Thilisi Sea,
which contains sediment and sometimes an unpleasant odour. The respondents who are supplied with
water from the Thilisi Sea boil water or buy bottled water. in a number of cases the smell of fish was
observed in the drinking water in the areas that are supplied from this water reservoir.

We were interested in statistics related to this issue. Data were taken from the research and
testing laboratory of the Georgian Water and Power Company. We took data from several years and
analyzed them. Below are the data for 1998-2014 (see Table 3).

Table 3. Characterization of the odour of drinking water supplied from the Thilisi Sea
(average data for 1999-2014)

Months Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Y\Cl:ater Average Temperature, 5 5 6 8 13 17 | 20 | 22 19 | 16 12 8
Odour 0 0 0 1 2 1 0 0 0 0 0 0

Fig. 1 shows the graphical data about characteristics of the odour of drinking water supplied
from the Thilisi Sea. The graph shows that the fishy smell in drinking water supplied from the Thilisi
Sea is observed during April-June and is especially observed in May, where it reaches 2 units. It is
defined as weak, i.e. the odour is noticeable and unpleasant.

Obviously, according to Georgian drinking water standards, the permissible odour value for
drinking water should not exceed 2 units, but still such a weak smell causes some discomfort.
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Fig. 1. Characteristics of the smell of drinking water supplied from the Thilisi Sea during the year
(average data for 1999-2014)

It is noteworthy that this odour develops in the period April-June, when its temperature ranged
from 8 to 17°C and peaked at 13°C. This is probably due to the intensive reproduction of algae (green
algae) in the Thilisi Sea, the optimum temperature of which fluctuates in this range (Fig. 2).

Fig. 2. Algae in the Thilisi Sea (Source: http://www.bazieri.ge)

These algae emit special substances that have a fishy smell and cannot be completely
eliminated with the help of technology available at deep water treatment plants.

The following development of our research will take place in two directions:
1. To determine the substances released during the breeding season of green algae in the
Thilisi Sea, which produce an unpleasant fishy odor.
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2. Develop a relatively inexpensive and efficient technology that allows deeper removal of fish
odors at the Ghrmaghele drinking water treatment plant.
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PE3IOME

YACTOTA NMOSIBJIEHUSI HEITPUSITHOT'O 3AITAXA B IMTHEBOM BOJIE B HEKOTOPBIX
PAMOHAX T.TEUJIHUCH

I'yprennnze I.P., Barparnon-Aasuramsuin A.H., Unameuiau U./1., b3nasa K.I'., Coceana M.T.
I'py3uHCcKHi TEXHHYECKUI YHUBEPCUTET

B cratbe 06cyxmaercst 4075 TOTPEOHOCTH TOMOXO3SHUCTB B BOJIE OT 001Iero 00beMa BOJAOCHAOXKEHHUS U, UCXOMS
U3 ee HeoOXOIUMOCTH, OOOCHOBBIBAETCS, YTO BOJOCHAOKEHWE HACENEHHOTO ITyHKTa SBISETCS OCHOBHOM
3aa4eit mo0oit cTpanbl. TOUmMccKoe Mope SIBISIETCS YacThi0 TOMIMCCKON CHCTEMBI BOJJOCHA0KEHHS, B KOTOPOH
B pAze cilyyaeB, HaOIroaics 3amax peIObl B MUTHEBOM BOJE B pailoHaX, KOTOpBIE CHAOXKAroTCsA BOJOH U3 3TOTO
BOJIOXPAaHWINIIA. BBITOBOE M KOMMYHAIIbHOE XO3SHCTBO KaK BOJOIIONB30BATEIh HUMEET sl OCOOSHHOCTEH,
KOTOpBIC B IEPBYIO OYEPEIb OTPAXKAIOTCS B IMOTPESOHOCTH B KAYECTBE BOIBI - TJIABHBIMHU SBISIFOTCS Kak
(usnveckre CBOMCTBa (TeMIeparypa, Mpo3pavyHOCTh, IIBET, 3alaxX, BKYC), TAK U XUMHYCCKUE MapaMeTPhl IS
OTpeNieNICeHUs] HaTUIusl OOJIe3HETBOPHBIX MHKPOOOB, IO COCTaBY KOTOPBHIX BOJA JCIUTCS HA HECKOJIBKO THUIIOB
(Toe3Has, COMHHTEINbHAS, HEHAIC)KHAS, BPEAHAS M HEIIPUTOIHAS JIJIsl HCIIOJIb30BaHU ).

KoaioueBble cioBa: X03sHCTBEHHO-0bITOBAs BOJa, TOMIMCCKOE MOpe, O0JIe3HETBOPHBIE MUKPOOHI.


https://matsne.gov.ge/ka/document/download/2196792/0/ge/pdf
https://www.matsne.gov.ge/ka/document/view/5006022?publication=0
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SUMMARY

POLLUTION OF THE MTKVARI RIVER WITH PHARMACEUTICALS IN THE

WATER AREA OF TBILISI

Gurgenidze D.R., Gvishiani Z.H., Bagration-Davitashvili A.N., Tsinadze Z.0.,

Suramelashvili E.R. and Ebanoidze G.G.

Georgian Technical University

In the paper studies the presence of pharmaceuticals in the Mtkvari area of Thilisi is studied. The object of the
research was the drug of the group of antidepressants carbamazepine, which is used in the symptomatic
treatment of depression and operate by acting on various neurotransmitter systems. Liquid chromatography was
used to determine the amount of carbamazepine in wastewater samples at 10 points on the Mtkvari River. It has
been established that the most polluted sections of the Mtkvari are with Carbamazepine: in Digomi, the area
adjacent to hospitals and the area adjacent to the fish restaurant. Relatively less polluted: National Bank area,
Ortachala hydropower Station area, Public Registry area, Mirtskhulava Street at the intersection with the intake
Mtkvari and Khosharauli Street. The results show that pollution with pharmaceuticals are mainly found in the
Mtkvari River near medical facilities.

Keywords: pharmaceuticals, pollution, wastewater.
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SUMMARY

COMPLEX ANALYSIS AND SYSTEMATIC EVALUATION OF THE RIVER

DURUJI’S WATER-COLLECTING BASIN

Shogiradze M.Kh.

Georgian Technical University

In the article DEM — based on the analysis of relief’s digital model was determined that river Duruji’s water-
collecting area amounts 9402,48 hectare. According to the Strahler Method, river Duruji is divided into 4 parts
according to flood: total length of the first row (lowest tributaries) amounts 34,644 km, second — 16,305 km, third —
13,583 km, and the most watery section amounts 12,629 km. The total length of the Duruji River and its tributaries
as a whole equals 77,160 km. It is determined, that to identify water erosion areas in the water-collecting area of
River Duruji and to develop appropriate anti-erosion engineering measures, in addition to the hydrological network,
it is necessary to study the basin soils, terrain, green cover and climatic conditions in detail.

Keywords: erosion, GIS system, raster, hydrography
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MECHANICAL PROPERTIES OF ISOTHERMALLY HARDENED 40I'M® BAINITIC
STEEL

Baratashvili M.V. and Metreveli-Mandaria A.B.
Georgian Technical University

Abstract. Isothermally hardened 40ICM® bainitic steel with the composition of C=0,40%; Si=0,37%;
Mn=0,88%; M0=0,26%; V=0,13%; Ca=0,01%; S=0,028%; P=0,023%, smelted in RMP, has been studied. The
research steel was smelted in a 5 ton electric arc furnace in RMP. Experimental tensile test samples were
prepared from the rolled stock. The test samples were subjected to isothermal hardening in the furnace baths and
tensile tests on the FPZ-100 were conducted.

Keywords: steel, bainite, rolled stock, mechanical properties.

Reasearch. The experimental data of the mechanical properties obtained at different
isothermal modes are presented in Table 1.

Table 1. Mechanical properties of 40GM® bainitic steel after isothermal hardening

b . d Characteristics of Mechanical Properties
rocessing modes Sk, fmm? | o, immZ | g n/mm? 55% | V. % | A—opoy

Theat =740 OC, Thotlg=10 min,

tooo =350 OC, 1"ho1d=50 sec. 1230 910 580 17,8 28 330

theat=740 OC, T hold =5 Min,
teoot =392 ©C, 1" noig =120 sec. 1380 870 600 14,7 45 270
theat =740 OC, T hotd =10 min,

teool =407 OC, " hold =36 SEC. 1260 950 620 16,3 25 330

Chemical compositions and mechanical properties of 40'CM® and 40I'M® steels after
normalization at 900°C and tempering at 600°C are presented in the Tables 2 and 3.

According to Tables 2 and 3, in both cases structural strength is high, but the steel with
Si>0,52% is preferred. When Si>0.50%, carbon is easily distributed, i.e. the process of bainitic
transformation is more organized than when Si = 0.43% (or when Si> 0.50% [1].

Table 2. Chemical composition of 40I'CM® and 40T'M® steels

Steels C(_)ntent of chemical elements, by weight %
C Si Mn S P Mo V
40 CMD 0,40 | 052 | 0,97 | 0,035 | 0,017 0,22 0,07
40rM® 0,36 | 0,43 | 0,96 | 0,029 | 0,020 0,27 0,07

Table 3. Mechanical properties ofsteels after normalization at 900°C and tempering at 600°C

Characteristics of Mechanical Properties
Steels > 2 — lom?2 2
Ty, nfmm? | oy, n/mm 35, % Y, % | a=a*a, jlcm® | Jc, n/mm
40ICM® 750 950 23 60 230=80+150 140
40IM® 730 910 23 56 150=60+90 114

Two-component Fe-C system (C=0.40%, Threa=740°C) is considered. A small amount of
diffusion transformation products is observed on the background of Bainite. In the above modes the
mechanical properties vary in the following range: cs=870-950n/mm?; ¢,=580-620n/mm?; 3s=14,7-
17,8%; y=25-45%. If carbon content in cast iron base is ~0.40% and the heating temperature is 740°C,
then the effects of isothermal hardening of nodular graphite cast iron and properties at the same modes
should be modified by the above-mentioned rules. According to preliminary calculations, the content



154 bSISAN3IR I bSO6IN6H(D bLOSELI60, GEORGIAN ENGINEERING NEWS, M, 2021

of graphite-forming elements in the new composition is: Si~1,0%; Al=0,5-0,7%; Ca~0,04%. Knowing
the composition, the solution of the problem will be greatly simplified when setting the hardening
modes while heating in the range of A:-As. It will promote steady increase in the structural strength of
the Bainitic cast iron. Two steels that have been studied differ only in terms of silicon content (in
40ICM® Si=0,50-0,70%, and in 40I'M® Si=0,25-0,40%). Higher level of silicon in the first steel,
along with other effects, results in an increased amount of residual austenite, which after
"rejuvenation™ contributes to the improvement of mechanical properties (especially that of plasticity).
Also, the amount of residual austenite increases with the increase in the amount of silicon. We have
hypothesized that the same effects exist in gray pig irons, especially in DI.

Conclusions. A systematic analysis of new and existing research data [2-5] led us to the
scientific hypothesis that there is a "silicon threshold" (Si>0.50%) in iron and bainitc Fe-Si
alloys.According to this hypothesis, many of the existing processes (graphitization, welding, flake
forming, thermal fragility, obtaining high strength, etc.) can be explained and new scientific directions
can be developed.
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PE3IOME

MEXAHHUYECKHE CBOMCTBA 40rM® U30TEPMHUYECKU 3AKAJIEHHOM CTAJIA
BEMHUTHOI'O KJACCA

BaparamBuan M.B., MerpeBean-Manaapua A.b.

I'py3uHcKHii TEXHHYECKUI YHUBEPCUTET

W3zyuena crans 6etinutHoro kinacca 40 M® cocrasom C=0,40%; Si=0,37%; Mn=0,88%; M0=0,26%; V=0,13%;
Ca=0,01%; S=0,028%; P=0,023%, xkortopas ObUIa BBIUIABJICHA B JIUTCHHOM I1exe PycraBckoro
MeTaJUTyprudeckoro 3aBoja. Vcciexyemas cranb BBIIUIABISUIACH B JYTOBOM 3JEKTPONEYHM MOIIHOCTBIO 5 TH B
PM3. U3 noixy4eHHOTO COPTUPOBOYHOTO MpPOKaTa OBLIM M3TOTOBJICHBI OMBITHBIC 0Opa3Ilbl U MCIBITAHUIN Ha
pactsoxerne. OOpasnbl U UCIBITAHAN OBUTH TOABEPTHYTH H30TEPMUYECKON 3aKajKe B BaHHAX IEYH W OBLIA
MIPOBE/ICHBI UCTIBITaHUS Ha pacTsbkeHue Ha FPZ-100.

KaruesBble coBa: crans, OSHHHT, MpOKaTa, MEXaHUIECKHE CBOHCTRA.
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SUMMARY

INHIBITORS OF THE 2-ND GENERATION OF MALIGNANT TUMORS IN THE

TREATMENT OF PATIENTS WITH CORONAVIRUS

Chigogidze N.Sh., Nadiradze 1.Sh., Tsivtsivadze V.P., Chigogidze E.N. and Tsivtsivadze T.I.

Bioactive Substances Research Center of Georgian Technical University

Science center of Georgia-Israel Joint Clinic “Gidmedi”

Caucasus International University

One of the group of Georgian scientists, the authors of an undoubtedly interesting and relevant invention, the
creators of a completely new class of inhibitors of metastasis of malignant tumors believe, that they should
definitely be involved in the treatment of patients with coronavirus. It has been proven that an inhibitor of the
first generation of malignant tumors, after metastatic surgery - Amphicezine, which has fibrinolytic activity, was
further enhanced these properties by us, which are so important in the fight against this new coronavirus
infection and finally, we have created completely different highly efficient, multiply charged, long-chain organic
anions, macromolecules associated with strong alkali metals - rubidium and cesium. They can simultaneously
interact with both lipophilic and hydrophilic cellular structures. These properties give the macromolecules
created by us a unique therapeutic potential. Depending on the situation, it is recommended to include second-
generation multifactorial anionic metastatic inhibitors for the prevention of thrombosis in patients with COVID-
19, considering specific low molecular weight inhibitors of fibrin and anti-aggregates.

Keywords: metastasis, inhibitor, amphicezine, molignamt, fibrin, adhesion, prolioferation, oncologic cell.
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IMPACT OF OAK BARREL AND ITS ALTERNATIVES ON SENSORY
CHARACTERISTICS AND PHENOLIC COMPOUNDS OF QVEVRI WINE

Grigalashvili Z.A. and Khomasuridze M.B.

Georgian Technical University

Abstract. Experiment aimed to assess the influence of oak barrel and its alternatives on sensory characters and
content of phenolic compounds of gvevri wine. In frame of the research, control and trial wine samples, from
,,Kakhuri Mtsvane” and ,,Saperavi” grape sorts were made according to Kakhetian traditional qvevri wine
technology. For evaluation of oak impact, barrels, chips and spiral were applied during various stages of wine
making. Sensory evaluation and laboratory analyses were carried out after 8 months of grape processing. Total
Phenolic compounds were defined using Folin-Ciocalteus spectral methods. Resveratrol, Quercetin Myricetin
were analyzed by Liquid Chromatograph (HPLC) Knauer with UV-Vis Detector, Smart line 2600. The
conducted analyses revealed that precipitation and extraction of total phenols depend on the used oak material
and duration of maturation. The inclusion of oak barrel and its alternatives in this Georgian traditional
technology helps to maintain significant amount of antioxidants in wine, giving it more elegance, complexity
and balance.

Keywords: Qvevri wine, phenolic compounds, wine ageing, Georgian viticulture zones, oak barrel.

1. Introduction

Historically, great wines were aged in oak barrels from the end of fermentation until bottling.
The first motivation in choosing barrels was probably that they were easy for one man to handle and
could also be used for shipping. Wooden barrels begun being widely used as containers for wine more
than 2000 years ago in Northern Europe, under control of the Roman Empire since clay was not as
easily available in those regions. Since its invention, barrels have stored, transported and aged not only
wine but also another variety of liquids such as beer, whiskeys and other liquors [1,2]. Oak wood was
the most frequently used for cooperage in the 16th century due to their resistance, flexibility and
relative impermeability [3].

Nowadays, the aging of wines in oak barrels is a techniqgue commonly used in wineries to
increase wine stability and complexity. During this process, an organoleptic improvement of the wines
is achieved as a consequence of the contribution of oak wood compounds, and the phenolic and
aromatic modifications that take place. This practice involves several month aging periods and
represents a high economic cost for the wineries [4]. Barrels are expensive, take up a lot of space in
the winery and their lifetime is not long. In addition, as the barrel becomes older, it might become
populated with undesirable microorganisms such as Brettanomyces, which can produce sensorially
significant concentrations of ethyl phenols with their unpleasant medicinal and horsy aromas [5].

In the last decades several alternative aging techniques have been developed, including the
addition of pieces of wood of various shapes and sizes; a method has risen in popularity in Europe
since it was approved and regulated by the European Commission and OIV [6,7]. Currently, there is a
varied range of commercial products available and therefore their effects on wine quality can be very
variable, since they are influenced by numerous factors (size of fragments, oak wood origin, toasting
degree, manufacturing process, dose, contact time with wine, etc.). Due to the large contact surface of
these materials with the wine, the extraction of compounds is much faster than in barrels. Additionally,
the cost of the process is lower than that of the classic aging in barrels [8].

During wine aging with the contact of oak sources, composition, color and aroma is changing.
Several of these positive modifications are due to the extraction of significant amounts of phenolic
compounds from wood and their transformation reactions [9].

Wine is one of the oldest beverages, has always been related to the history of man and presents
benefits to human health. Wine contains its own phenol compounds, and they are famous with their
antioxidant properties. There are two major classes of wine phenolics: nonflavonoids and flavonoids.
The relative amount and distribution of these compounds depend on a variety of factors such as grape
variety, vineyard location, climate, soil type, cultivation practices, harvesting time, production process,
and wine ageing [10].
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The wine has undergone numerous studies that have found various connections between
improving the quality of life and its consumption. A series of studies prove the benefits of regular and
moderate consumption of wine to human health, mainly relating to its phenolic composition. The
components of red wine are known as potent antioxidants and have been identified as having
anticarcinogenic, anti-inflammatory and antimicrobial properties [11]. Therefore, the study was
particularly focused to research the content of phenolic compounds representatives, famous with their
antioxidant and health benefit properties — Quercetin, Myricetin and Resveratrol.

The main objective of this work was to study the phenolic composition of the wines made by
different techniques and aged by usage of different oak sources: chips, spiral and oak barrels. In
addition, the experiment aimed to determine the effectiveness and expediency of a combination of
Georgian traditional qvevri wine-making technology and oak aging. Besides, the impact of these
treatments on the wine organoleptic characteristics was evaluated.

2. Materials and Methods

2.1. Vinification and Maturation

For fulfillment of experiment, in 2019, local grape varieties (Vitis Vinifera) were harvested in
Georgian viticulture zones. Twelve wines: 4 analytical and 4 their corresponding control samples
were produced in experimental cellars, where the different steps of the winemaking process were
controlled and traceable. In frame of the experiment, for preparation of wine samples Georgian
traditional Qvevri wine making technique. Was applied all the experiments were carried out in
triplicate.

Sample 1. Kakhuri Mtsvane grape sort was harvested in Manavi Village (Kakheti Region) and
processed in ,,Peradze Winery*. Wine was made according to Traditional Qvevri Wine Technology.
Grapes were crushed and must (juice, skin, flesh, seed, stems) transferred to pre-washed and sanitized
(with sulfur sticks) Qvevries. Fermentation was conducted by wild yeast, without addition of
commercial yeast. Fermentation took place at 24-26 °C, the cap was punched down sixth times in a
day mechanically by usage of traditional wood equipment. At the end of the fermentation stage, the
gvevri was completely filled and sealed. After five month of post fermentation maceration, Qvevri was
opened and wine was transferred to stainless steel tank for blending and sulfuring with K.S,Os. Wine
was divided to equal portions: Control Sample Ne 1.1. was stored in glass containers and Trial Sample
Ne 1.2 was transferred in medium toast oak barrel produced by Gurjaani Barrel Factory, capacity 225
L. The duration of contact of the wine and the oak was 3 months.

Maturation of Kakhuri Mtsvane wine during 3 months in medium toast oak barrel produced by
Gurjaani Barrel Factory

Sample 2. After opening Qvevries (6" month from grape processing), in Winery Shatiri”
Saperavi wine was powered in glass carboys and stored at 16-18 °C in cellar. The half part (control
sample Ne 2.1) of wine was stored without addition of oak materials. In rest portion (trial sample No
2.2), in each 20 liters of wine, two ,,Oak Infusion Spirals”, were placed. The used spirals were
produced by ,,Barrel Mill”, Burgundy Blend, 5 different Toast level, size 20 cm. Wine was left in
contact with oak spirals during 6 weeks.

Sample 3. Saperavi wine was vinified in 12 Qvevries, owned by ,,Loladze Winery”. Before
malolactic fermentation, in six qvevries (trial sample Ne 3.1) were put medium toast oak chips,
produced by Allary Tonnellerie (size - 10/22 mm, applied dosage - 4g for per liter). In the remaining 6
qvevries (control Ne 3.1), the technological process was continued without participation of oak
materials. Wine maturation with oak chips continued for 12 weeks. After that wine was pumped from
gvevri and stored in stainless steel tanks.

Sample 4. The experiment was conducted in ,,Tiko Estate” commercial winery. Part of
vinified Saperavi qvevri wine (trial sample 4.2) was transferred in medium toast, Francois Freres
Tonnelerie’s oak barrels, capacity - 225 L. The rest portion was distributed in glass carboys (control
sample 4.1). The both samples were stored in cellar at the same conditions, during 12 weeks.

Wine samples were stored for further maturation in the selected wineries until May, bottled
after 8 months from harvesting and sent for analyses and sensory evaluation.
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2.2 Chemical analyses

Laboratory tests were performed at the LTD ,,Wine Laboratory”, accredited by Georgian
Accreditation Center (LEPL Unified National Accreditation Body - Accreditation Center). Validated
methods were used in the study. Methods and used equipment are presented in Table 1.

Table 1. Methods of Chemical Parameters Analyses

Parameter Method and Equipment
Total Phenols (OIV) MA-E-AS2-10-INDFOL,; Spectrophotometer SP-Carry-50
Total Phenolic compounds were defined using Folin-Ciocalteus spectral methods [12].

Resveratrol Laboratory internal Validated method;
Quercetin, chromatographic column LiChroCART, type RP-18.
Myricetin Liquid Chromatograph (HPLC) Knauer with UV-Vis Detector, Smartline 2600

Auto sampler Knauer, Auto sampler Smart line 3800
Thermostat, Knauer, Advanced Scientific Instruments.
Software EZChrom Elite, Knauer

Software - Microcal Origin 6.0 G

Pressure 10.9 kPa (from)

Flow rate 0.8 ml / min

Temperature 400C

Wavelength 240 nm

Number of injectors 20 pl

Duration of analysis 20 min

Statistical Analysis

Statistical Analysis. Canonical discriminant analysis (CDA) was performed with the
concentrations of chemical compounds in the different samples for all the moments studied. The “IBM
SPSS Statistics 22 statistical program was used.

Sensory Analyses

The Sensory evaluation was conducted according to OIV Standard for International Wine
Competitions and Spirituous Beverages of Vitivinicultural Origin (Resolution OIV/Concourse
332A/2009). In wine testing 9 panelists were participating, certified by Georgian Ministry of
Agriculture.

3. Results and discussion

Sample 1. The conducted analyses carried out of Saperavi wine, made in in ,Peradze
Winery” showed that wine matured without application of oak barrel, after 8 month of grape
processing, did not contain detectible amount of resveratrol. Trial wine sample, matured for 3 months,
in the barrel (made in Gurjaani factory) contains 1.8 g / | of trans- resveratrol and 1.6 g / | of cis
resveratrol. Traditional technology of Kakhetian qvevri white wine making implies pomace
fermentation. After fermentation, such wine is left on grape skin seed stems in qvevri approximately
during six months. Consequently, qvevri wines are characterized with rich content of phenols. The
measurement of total phenols showed that control wine (sample 1.1) contents more total phenols than
trial. This can be caused by the fact that during maturation in barrels, oxygen from the cask pores
reaches the wine. Oxidation reactions involve phenolics and these might change the chemical and
sensory profile of wines. Wine phenols are oxidized and oxidized phenols are precipitating .
Commonly young qvevri wine made by Kakhetian traditional technology is characterized with well-
expressed astringency and a slight bitter taste might be detected. The results of laboratory (Fig. 5) and
sensory analysis (Table 3), conducted within the experiment, confirm that the application of oak barrel
in qvevri wine technology
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Table 2. The Content of Antioxidant Compounds-Resveratrol, Myricetin and Quercetin in wines

Ne | Wine Sample _
Fs)
S =
—_— (@]
S £
E g |3 |®
Z g |E |E
L o = =
: > — —
8 P 5 | 3
[ (@) = (o4
1.1 | Control sample - Kakhuri n.d n.d 0.44 1.3
Mtsvane Qvevri wine, Manavi
1.2 | Trial sample - Kakhuri 1.8 16 0.45 15
Mtsvane Qvevri wine, Manavi matured in oak barrel of
Gurjaani Barrel Factory
2.1 | Control sample - Saperavi qvevri wine, Dedophlistskaro 1.4 1.6 0.2 1.3
2.2 | Trial sample - Saperavi qvevri wine, Dedophlistskaro, | 1.9 2.0 0.4 15
matured on The barrel Mill oak Infusion Spiral;
3.1 | Control sample - Saperavi qvevri wine, Mukuzani village. 0.8 1.9 0.1 1.2
3.2 | Trail sample - Saperavi qvevri wine, Mukuzani village, | 2.2 2.8 0.23 15
matured with Allary Tonnellerie Oak Chips
4.1 | Control sample-Saperavi gvevri wine, Tsinandali village 1.3 14 n.d n.d
4.2 | Trial sample-Saperavi qvevri wine, Tsinandali village, | 1.8 16 0.7 1.8
matured in Francois Freres Tonnelerie Oak Barrel

Sample 2. Obtained results reveal (Fig 1;2) that Barrel Mill’s Oak Infusion Spirals are
effective material for maintenance antioxidants level in wine. Compare to control wine (sample 4.1),
trial one (sample 2.2) two times more myricetin concentration was preserved and amount of total
phenols was increased by 591 mg/l. The oak material also helped to keep resveratrol in wine.
Besides, the Barrel Mill’s oak Infusion Spiral also played the positive role on wine taste and aroma.
Qvevri, a wine vessel, and its traditional winemaking techniques have been preserved unchanged even
after many centuries. Nowadays modern market demands new taste, new style and establishes new
requirements. The inclusion of usage of this oak material will help to harmonize qvevri wine, giving it
more elegance, complexity and balance.

Figure 1. Chromatogram of wine sample N 2.1:
trans-resveratrol, cis —resveratrol myricetin and quercetin
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Figure 2. Chromatogram of wine sample N 2.2:
trans-resveratrol, cis —resveratrol, myricetin and quercetin

Sample 3. Based on the obtained results, the addition of Allary Tonnellerie Oak chips to
gvevri before malolactic fermentation effected on certain antioxidants. Compared to the control
(sample 3.1), in the trial wine (sample 3.2) contained 2,4 mg/l more resveratrol, myricetin
concentration is 2 times higher, but 108 mg/l less total phenols were identified. The usage of oak
chips in traditional technology ennobled the wine sensory parameters. After the end of alcoholic
fermentation and before MLF, the addition of chips is very effective for improving aroma and wine
structure, increasing its stability [16].
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Figure 3. Chromatogram of wine sample N 3.1:
trans-resveratrol, cis-resveratrol, myricetin and quercetin
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Figure 4. Chromatogram wine sample N 3.2:
trans-resveratrol, cis —resveratrol, myricetin and quercetin

Sample 4. Wine quality evaluation is based on sensory and chemical analyses. In the sensory
tasting, wine quality indicators, such as color, mouthfeel, and taste are largely, but not exclusively,
influenced by the phenolic profile. Thus, phenolic compounds are widely used for the wine quality and
assessment. Laboratory analyses of sample 4.2 wine shown that maturation in Francois Freres
Tonnelerie oak barrel, even more during short period (12 weeks), enriched wine with oak phenols by
462 mg/l, and it was sufficient amount to influence on wine sensory parameters (Table 3). In the frame
of experiment, the wine was evaluated by highest score. Oak maturation also contributed to retention
of quercetin and myricetin level in wine, in control sample, maturated without oak participation these
compounds were not detected. In addition, maturation in oak helped to preserve more resveratrol in
wine.
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Figure 5. Content of total penolic ans trial wine samples
1. Control sample 1.1 - Kakhuri Mtsvane Qvevri wine, Manavi; 2. Trial sample 1.2 - Kakhuri Mtsvane Qvevri
wine, Manavi matured in oak barrel of Gurjaani Barrel Factory; 3. Control sample 2.1 - Saperavi qvevri wine,
Dedophlistskaro; 4. Trial sample 2.2 - Saperavi qvevri wine, Dedophlistskaro, matured on The Barrel Mill Oak
Infusion Spiral; 5. Control sample 3.1 - Saperavi qvevri wine, Mukuzani village; 6. Trail sample 3.2 - Saperavi
gvevri wine, Mukuzani village, matured with Allary Tonnellerie Oak Chips. 7. Control sample 4.1 - Saperavi
gvevri wine, Tsinandali village; 8. Trial sample 6.2 - Saperavi qvevri wine, Tsinandali village, matured in
Francois Freres Tonnelerie Oak Barrel;
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Ne | Wine Sample Total score Sensory Characters
(100-point scale)

1.1 | Control sample - Kakhuri 80.4 Dry fruit taste, spicy, lack of harmony in
Mtsvane Qvevri wine, Manavi taste
1.2 | Trial sample - Kakhuri 88.9 Dried appricot, raisin, tea, tobacco

Mtsvane Qvevri wine, Manavi
matured in oak barrel of Gurjaani
Barrel Factory

1.1 | Control sample - Saperavi qvevri 88 Prune, blackberry,black paper
wine, Dedophlistskaro

1.2 | Trial sample - Saperavi qvevri wine, 94 Prune, blackberry, roasted nuts with a hint
Dedophlistskaro, matured on The of coffee and spice
barrel Mill oak Infusion Spiral;

3.1 | Control sample - Saperavi qvevri 79.8 Berry aroma combined, astringent, tannin
wine, Mukuzani village. taste

3.2 | Trail sample - Saperavi gvevri wine, 88 Sweet blackberry aroma, with oaky taste

Mukuzani village, matured with
Allary Tonnellerie Oak Chips

4.1 | Control sample-Saperavi gvevri 89 Black current, prune, dried herbs, spices
wine, Tsinandali village
4.2 | Trial sample-Saperavi qvevri wine, 94 prune, sweet berry, oaky taste, spices,
Tsinandali village, matured in slightly expressed chocolate and elegant
Francois Freres Tonnelerie integration of wine and oak
Oak Barrel
Conclusion

Archaeological and other scientific researches confirm that using gvevri as a wine vessel dates
back to VI-V millenniums BC. Qvevri wine traditional wine making techniques have been preserved
and unchanged even after many centuries.

Nowadays modern market demands new taste, new style and establishes new requirements.

The results achieved by conducted experiment reveal that inclusion of oak barrel and its
alternatives in Kathetian traditional qvevri wine technology helps to maintain significant amount of
antioxidants in wine, giving it more elegance, complexity and balance.

Saperavi Qvevri wine maturation in Caucasian oak barrel during 3 months prevents the
disappearance of resveratrol content and wine retains a significant amount of this compound.

In addition, harmonizes the excessive astringency and improves organoleptic properties of
wine.

Barrel Mill’s Oak Infusion Spirals are effective material for maintenance of myricetin and
resveratrol concentration in wine. It is able to remain two times more amount of myricetin, and 95%
more resveratrol than these compounds stay in wine without oak usage. Application of Barrel Mill’s
Oak Infusion Spirals enriches wine by 23% more total phenols. also played the positive role on wine
taste and aroma.

Addition of Allary Tonnellerie Oak chips to qvevri before malolactic fermentation, compare to
control wine, matured without oak, keeps 100 % more myricetin, and 85 % more resveratrol in wine.
The usage of this oak chips in traditional technology decreases the content of total phenols, but
ennobles the wine’s sensory parameters.

Saperavi gvevri wine maturation in Francois Freres Tonnelerie oak barrel for 12 weeks,
contributes to retention of quercetin and myricetin level in wine, prevents their settling and
disappearing from the wine. This French oak barrel by 23% enriches wine with oak phenols and
remarkably influences on wine sensory parameters.
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PE3IOME

BJIUSHUE 1YBOBO BOUYKH U EE ATbTEPHATUB HA CEHCOPHBIE XAPAKTEPUCTUKH

N ®EHOJIbHBIE COEAUHEHUS BUHA KBEBPU

I'puranamsuiu 3.A., Xomacypunze M.b.

I'py3uHcknii TeXHMYeCKMI YHUBEPCUTET

Lenpro skcriepuMeHTa OBIIIO OLEHUTH BIMSIHUE yOOBOM OOYKM M €€ albTepHaTHB Ha OPraHOJETITHIECCKHE
XapaKTepUCTUKH W cojiep’kKaHue (PEHONBHBIX COEIWHEHWH B BHHE M3 KBEBpU. B pamKax HcclenoBaTelbCKuX,
KOHTPOJILHBIX M TIpOOHBIX 00pa3lioB BHHA W3 copToB BHHOTrpaga «Kaxypm Musane» u «CamepaBu» ObUTH
H3TOTOBJICHBI IIO TpaJII/IHI/IOHHOI‘/’I KaXeTUHCKON TEXHOJIOTUH M3TrOTOBJICHUS BUH KBEBpU. IIJ'IH OLICHKHU BOSHeﬁCTBHH
11y6a Ha pa3jIMYHbIX dTallax BUHOACIUA MPUMCHAIUCH 60‘IKI/I, CTPY>KKa U Clipajb. OpFaHOJ’IeHTI/I‘IeCKaH OIICHKAa "
nabopaTopHbIe aHATM3bI IPOBOIMIINCH Mociie 8 MecsreB 00paboTku BuHOorpaaa. O6mme QeHoNIbHbIE COeTUHEHHS
OTIPEJISISUTH C MCTIONIb30BaHUEM CIIEKTpaibHBIX MeTo 0B Folin-Ciocalteus. PecBeparpost, KBepIieTHH, MUPHIIETHH
AQHAIM3UPOBAJIM C IOMOIIBIO JKuAKOCTHOro xpomarorpada (BOXKX) Knauer ¢ perextopom Y®D-Buaumoro
nuanasona, Smart line 2600. IIpoBeneHHbIe aHANU3bI OKA3ANHM, YTO OCAXKICHHUE W M3BJICUCHHE 00MIUX (EHOJIOB
3aBHCST OT UCIIOIB3yeMOro Ay00BOro MaTepuaia 1 IPOAOJDKUTEILHOCTH co3peBaHsl. Bkirouenue 1y0oBoit 6ouku
M ee IbTEpPHATHB B 3Ty TPAJAUIMOHHYIO TPY3HHCKYIO TEXHOJIOTHMIO IIOMOTaeT COXPaHWTh 3HAYUTEIbHOE
KOJIMYECTBO aHTHOKCH/IAHTOB B BHHE, IPHUaBast eMy OOJIbIIE 3JIEraHTHOCTH, CJI0KHOCTH U OanaHca.

KiroueBble cioBa: BUHO KBEBpH, (CHONBHBIE COCIMHEHMS, BBIACP)KKA BHHA, 30HBI BHHOTpagapcTBa [ 'py3wum,
nyboBast 60o4ka.
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SUMMARY

SEPARATION OF SOME INORGANIC AND ORGANIC ACID ANIONS

IN WINES BY ION- CHROMATOGRAPHY METHOD

Shatirishvili Sh.l. and Kiladze M.T.

Georgian Technical University

lon- chromatography method was used to determine the anions of some inorganic and organic acids in wines
“Kakheti” and “Rkatsiteli”, both directly and by using a buffer solution of Li, K — phthalate.

The obtained results allow to control the fermentation process in wine materials.

Keywords: ion- chromatography, sieve chromatography, mobile phase (eluent).
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SUMMARY

PRODUCTION OF DESSERT LIQUEUR FROM THE DEVELOPMENT OF

INNOVATIVE TECHNOLOGY FROM GREEN WALNUT WASTE

Mamardashvili N.G., Abashidze S.B. and Quridze M.G.

Georgian Technical University

Walnut residue (green walnut skin, waste), which is widely used in the preparation of alcoholic beverages, has
been studied in Georgia. Optimal parameters for obtaining high quality extracts from it are determined according
to the maximum yield of the extract. From the obtained extracts ecologically pure dessert liqueur is made, which
is characterized by green walnut color and pleasant aroma. Invert sugar is used instead of sucrose to prepare the
liqueur, which improves the nutritional value.

Keywords: green walnut, extraction, fruit drunk, syrup, yuglon.
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SUMMARY

MULTIPLE CONTAINER FOR PLANT SEEDLINGS

Gotsiridze R.I1. and Lomidze N.T.

Georgian Technical University

In this article the "multiple container for extracting plant seedlings” patented in Georgia and its advantages over
standard analogues is discussed, in which thousands of seedlings have already been planted and moved to the
open ground, its uniqueness due to the advantages over other pots is: simplicity of construction; sustainability of
construction; motivation of the rapid growth of the plant root system; possibility of watering the plant from
below; possibility to reuse the pot; minimal risk of seedling damage during transportation; low cost of
construction; high degree of seedling protection; ability to monitor the seedling growth process; ability to
transfer seedlings adapted and enhanced to climatic conditions to open ground; cultivation of seedlings, its
growth until the seedling matures and effective removal in open ground; in development of artificial forest and
perspective of effective use in creation of gardening farms.

Keywords: multiple container, endemic, seedling.
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SUMMARY

REUSABLE POT-CONTAINER ,,CHALLENGER - MINI”

Gotsiridze R.1.

Georgian Technical University

In this article the reusable container ,,Challenger-Mini* and its advantages over standard analogues is discussed.
Results obtained using ,,Challenger — Mini*“: Container "Challenger-Mini" provides rooting the seedlings and its
safe transplanting at any time of the year, it is easy to transport, it is easy to make and cheap, it can be used many
times, the risk of damage of the seedling during transportation is minimized, permanent monitoring and
corrections can be made. Within the today’s research through the container ,,Challenger-Mini« 700 seedlings
moved to the 3 hectares of the land, which bloom was in 100%.

Keywords: reusable container ,,Challenger-Mini*, seedling.
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POJIb CIEHU®UUYECKBIX TOKCUHOB I'PUBOB B ITATOI'EHE3E
Kanuaspeuan II.C., Iapanamenan K.M., Yauxuann H.P.

Hay4yHo-ucciaen0BaTeIbCKHIl HEHTP MUHHUCTEPCTBA CeIbCKOro xo3siiicrea I'pysun
I'py3unckuii Texanueckuii YHUBepcUuTeT
TI'ocynapcrBennblii yausepceurer Axkakus Ileperenn, Kyrancen

B coBpemeHHO# (puTOnaTonoruk HauboIee NHTEPECHBIMU ISl HCCIICIOBAHMS CTAJId BOIPOCHI
y3HaBaHUS TATOTCHOB XO3SMHOM U CIEIM(UYHOCTU MAaTOreHoB. HemaBHO NPEIIoKEHO HECKOJIBKO
OMOXMMHYUCKHX MEXaHH3MOB, OOBSACHSIOMINX AJUIETONATHYSCCKUE B3aUMOJCHCTBHS MAaTOTCHOB H
pacTeHUl-X03sIeB.

OmuH u3 Hambosiee JIOTHYHBIX MOAXOJOB K BBUICHCHHIO IPOILIECCOB, MPOMCXOMSAIINX HA
MOJICKYJISIPHOM YPOBHE IPU YCIICIIHOM 3apaKCHUHU XO35MHA, — 3TO M3YYCHHE CIEIH(UUSCKHX IO
OTHOIIEHHIO K XO3sIMHY TOKCHHOB. CrienuduaHbIe U1 X035IMHA TOKCHHBI MOJKHO PaccMaTpuBaTh Kak
(haKTOpHI PacIIO3HOBAHMSL.

M3ydyeHre TOKCMHOB B TCUCHHE NBYX MOCIICAHUX JCCATHICTUI 3HAYUTEIBHO DPACIIMPHIIO
HAII{ TPEICTaBICHHS 0 (HU3HOIOTHISCKOM M OMOXMMHUYECKOM JCHCTBUU TOKCHHOB Ha MOpPaKacMbIe
pacteHus-xo3sieBa. OnHako, 4To0Obl OoJiee TITyOOKO MOHSTH MPOLECCHI, MPOMCXOAIINE Ha TOCEeBaxX
CEeIIbCKOXO3MCTBEHHBIX KyJbTyp, HeoOxomuma Oojee mmpokas HHOOPMAIHS O TNPOKTHYECKUX
CTOpOHAX, YeM Ta, KOTOPOH MBI pacpojIaraem.

H3BectHO, uTo y rpuba Alternaria alternata crmernuguyunast TOKCHUHOCTH IO OTHOIIEHHIO K
XO3SIMHY MOJIOKUTEIBHO KOPPEIUPYET C ero naToreHHocThio [1-3]. Ocoboro BHUMaHHMs 3aCTyKUBAIOT
TOKCHHBI, BBIJCISIEMBIC ITIPH IPOPACTAaHWU CIIOP BHPYJICHTHBIX H30JATOB, HO HE aBUPYJICHTHBIX.
ITepBoe coobGurerre 06 3ToM oTHOCHTCA K 1965r. u npunamiexkutr Hucumypa u leddepy [4],
KOTOpBIC YCTAaHOBHJIM, YTO BUpYJIeHTHbIE criopsl Helminthosporium victoriae Beigesnsiiiu TOKCHH Yepes3
3 gaca mocJie IpopacTaHusl Ha MPEAMETHBIX CTEKIIAX MM HAa TKAHSX OBCca. [0 MHEHUIO 3THX aBTOPOB,
no00HbBI# cr1ocod 00pa3oBaHMsl TOKCHHA, BUANMO, HEOOXOIUM Ha HAYaJIbHBIX CTAIMAX B3aUMOJICHC-
tBus H. victoriae ¢ Tkamsmu osca. Heckombko mosamee Morep u Illeddep [5], mpemioxkus oty
paboTy, MoKa3aiu, 4TO CHOPbI aBHPYJICHTHOro MytanTta H. ViCtOriae wiam HEKOTOPBIX HEMOTOICHOB,
HaHECEHHBIE HAa JIMCThS BOCHPHMMMYMBOTO COpTa OBCa OXHOBpeMeHHO ¢ HV-TokcmHOM, mpH
NPOPACTaHUH 3apAKAIOT JHMCThS TaK K€, KaK M BUPYJCHTHBIC CHOpPbL. DTOT BaXKHBI MOMEHT, IIO-
BUJIMMOMY, YKa3bIBaeT Ha TO, YTO 00pa30BaHMWE TOKCHHA JIOJDKHO MPOMCXOIUTH Tepe]] BHEIPEHHEM
rpuba, 4TOOBI MHIYyLHUPOBAaTh COBMECTUMBIC PEAKIMH TOJBKO y BOCIPUMYHMBBIX XO3s€B M [alice
00€eCrevnT BOCIIPUIUMYUBOCTh. Takue ke pe3ysbTaThl ObLIM MONTy4YeHBI P 3apakenun A. alternata
s AK —tokcuHa u3 matotuna ¢ rpymd, AM-tokcuHa u3 naroruna ¢ sioonu [1], AF- Tokcuna u3
MaToTHIIA ¢ 3eMITHUKA 1 AT-TOKCHHA M3 TIaTOTHIA ¢ Tabaka [6].

W3BecTHO, 4TO TpHUOBI BBI3BIBAIONINE YCHIXaHHE IUIOAOBBIX, B TpoIllecce OOMEHa BEIISCTB
BBIZICJISIFOT TOKCHYECKHE BEIIECTBA, KOTOPbIe 00YCIaBIMBAIOT UX MATOT€HHOCTH [7].

CoBpeMeHHBIE NPEJICTABICHHS O CIICIM(PUUSCKUX TOKCHHAX TTOJyYeHbI OYTH HCKIFOUHTEIb-
HO Ha (akyJIbTaTHBHBIX Napa3uTax, Takux kak Alternaria m Helminthosporium.

B Hacrosiee BpeMs u3BecTHbIe crierduunbie Tokcuasl Alternaria massansr AM-, AC-, AK-,
AF-, AT- u AL TokcnHamu.

Bce marorensr Alternaria, odpasyrorme Takve TOKCHHBI MOXXKHO OTHeCTH K Buay Alternaria.
OnHaKo KaKAbli MAaTOreH MMEET ONpPEACIEHHBIH W OrpaHUYCHHBIH KPYr XO35€B M NMATOTCHEH JUIs
OJTHOTO WJIM HEMHOTHX pacTeHuid. TakuM 00pa3oM, MOKHO OTJICUUTh OJMH THUIT ATOT€HA OT JAPYTOroO.

3apaxenue Alternaria 3aBucuT OT HPUCYTCTBHS CHEIM(DUUIESCKOrO TOKCHHA, M HUMEIOIINECS
JIAHHbBIC B KAKOWTO Mepe MO3BAIISIOT MPEBAPUTEIILHO HHTEPIIPETUPOBATH MTOTEHIIMATBHYIO POJIb 3TOTO
TOKCHHA B Pa3BUTHH OOJIE3HU.

OnHako, B 1a0OpaTOPHBIX YCIOBUSX TOJIEBBIC M30JIATHI STHX MATOTHIIOB YacTO TEPSIOT CIe-
U(QUYHYI0 BUPYJICHTHOCTh M CIIOCOOHOCTH TPOAYLHPOBATH TOKCHH U BO3BPAIIAIOTCS K COCTOSHHIO
00bruHBIX canpoduros A. alternata, ve oTinyaronmxcst Ho cBoemy THIy. KynbTypsl OBICTPO CHHKAIOT
BUPYJIEHTHOCTh IIPU TIOCTEJOBATEIbHBIX IIepeceBax Ha JI000H cpene, OCOOEHHO INPH BBICOKHX
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TeMIiepaTypax. YTo NpoUCXOIUT B IPUPOAE, 10 CUX MOP ocTaércs 3araakoil. Ha aToil cranun MOKHO
JOITyCTUTh, YTO HECTaOWJIbHAS BUPYJICHTHOCTh IPUOOB MOAJEP)KUBACTCS HA MHOKECTBE BOCIPUUM-
YHUBBIX KYJIBTYpP H, BUAUMO CYLIECTBYET AaBJICHHE 0TOOpa, OJaronpuaTHOE AJIsl BBICOKO BUPYJICHTHBIX
dopm.

VYroMsHyThIC BBIIIE MATOreHHBIC W30JATHI Alternaria e ommyarorcs mo MophoJIoTul KOHU-
I, HO KaXKAbIM M30JIAT XapaKTepu3yeTcs cuenrn(puIHON BUPYJIEHTHOCTBIO WK crennu4HbIM 00pa-
30BaHMEM METAaOOJIMTOB. DTO O3HAYaeT, YTO MYTalMs, IPUBOIAINAS K IOTEpe TOKCHHA, B CBOIO O4e-
pellb, MPUBOAMT H K canpoduTHOMY cocTosiHuio. Kpome Toro, Hekotopsie canpodutHbie A. alternata,
CYLIECTBYIOIINE B IPUPOAE, MOTYT 00J1a/1aTh HACIIEACTBEHHBIMU OTECHIUSMH, KOTOPBIEC MPOSBISIOTCS
TOJIBKO Ha MPOXOASIIEM XO35MHE M B COOTBETCTBYIOUIMX YcioBHAX. Ecim 3To BepHO, TO mpu
OIaronpUSITHBIX KYJIBTYPHBIX YCIOBHSX B 0OJIbIION momynamuu canpodutHbix A. alternata, sumumo,
ynacTcs 0OHapYXHUTh CIIOHTAHHBIM MyTaHT, 00pa3yrOIINi TOKCHH.

st oOHapyKeHUsI U BBIICIEHUS] TAKOTO MyTaHTa pa3paboTtana Ouornpoba. CexkecoOpaHHbIC
JIMCTBSI C BOCIIPUMMYHBBIX M YCTOHUUBBIX PACTEHHN TPYIIU U sIOJOHH, ONMPUCHYJIM CyCHIEeH3HEH carl-
podura A. alternata m mHKYyOMpOBaIM BO BIAKHOI kKamepe. KOHTpojeM CIyKWiM ONpPBICHYTHIC
JTUCTHJUTMPOBAHHON BOJIOW W TaK)Ke MHKYOMPOBAHHBIE JIUCThSA. Uepe3 HECKOJIbKO JHEW TONBKO Ha
BOCIIPUMMYHMBBIX JIUCTBAX MHOTZA MOSBISJIMCH MEJIKHE YEpPHBIE HEKpOoTHUYecKue msiaTHa. Hexoropsie
W30JISITHI, MOMYYEHHBIE U3 MATEH HA JTUCTHSIX BOCIPUUMYHMBOTO COpPTa IPYLIH, HATIOMUHAIN aToTUI A.
alternata c rpymm, y)xe U3BECTHBI CBOCH CHEIU(PUIHOCTBIO IS XO3SMHA U CIIOCOOHOCTBIO TPOY-
uupoBath TokcuH. [lpucyrctBue AK- TOKcHHa B KyIbTYpajbHBIX (UIBTpaTax STHX H30JSATOB
NOATBEPXKICHO OMonpoboil Ha MucThsIX. Hu omuH U3 3THX M30JATOB HE OBUI MATOT€HEH HA JINCTHIX
YCTOMYUBOIO COPTa IPYILIH.

MytanTsl, o0pasyromue AM-TOKCHH, ObIITH HU30JIMPOBAaHBI Kak U MyTaHThl ¢ AK-TOKCHHOH, 13
JHUCTHEB BOCIPUMMYHMBOTO COpTa SIOJIOHU IMOCJE ONPUCKUBAHHUA UX carnpopUTHBIMU criopamu. Oka-
3aJI0Ch, YTO 3TH M30JIAThl HACHTHYHBI natotuity A. alternata ¢ s610HH, Tak Kak OHU 00J1aJaIi CIICIH-
(UYHON NaTOreHHOCTHIO, a X KyJbTypalbHble QUIBTPATHl OTINYAINCH CICHU(PUIHON TOKCUYHOCTHIO
JUTSL XOSIMHA.

I[Tpu onpHCKUBaHKUH JIUCTHEB BOCIIPUUMYHMBOTO COpTa si0JIOHHU criopaMu matoTtuma A. alternata
C TPYIIU IMOJyYHWJIM MYTaHTBHI C JBOWHBIM TOKCHHOM, KOTOpBIE JaBanu B KynbType AK- u AM-Tok-
CUHBI ¥ OBUTH OJMHAKOTO MAaTOTCHHBI KaK JUIst sI0JOHM, Tak W s Tpymd. Koraa Kakablii MyTaHT,
BBIJICJIEHHBIN B TPEX BBIICONMCAHHBIX OIBITaX, ObUI MPOBEAEH HECKOJIBKO Pa3 Yepe3 UCKYCCTBEHHBIE
MUTaTeNbHBIE Cpelibl, 0OJIbILAs X YacTh TEPsIa CBOIO CIIOCOOHOCTH MPOAYKIIMPOBATH TOKCHH.

Takum 06pa3oM, B canpoduTHOi nomyisinuu A. alternata, oueBHIHO, MOSBISUIUCH MYTAIHH,
obecrieyrBarolIye NaToreHHoCTh. [10-BUINMOMY TOKCHHBI — 3TO OCHOBHBIE (DaKTOPBI, YIPABISIONINE
MATOTEHHOCThIO WJIM BHPYJIEHTHOCTBIO, TaK KaK MYTHPOBAaHHE B CTOpPOHY TMOSIBIIEHUS TOKCHHA
NPUBOJUT K MPHOOPETEHHUIO TAaTOTEHHOCTH, TOT/1a KaK MyTalis Ha TOTEPI0 TOKCHHA BEJET U K HOTepe
MaTOT€HHOCTH.

B pesynbrare ycmemHoro BbISBICHHS OOpa3yIOIIMX TOKCHH MYTaHTOB Ha HOBEPXHOCTH
JIMCTHEB XO3AMHA Ha MPOSBIIEHHE TOKCHHOOOpa3oBaHus y campodutHsix crop A. alternata Do obyc-
JIOBHJIO TIOJIOKUTENBHYIO OIIEHKY MeToAa OHOMpoObl Ha JINCThSIX, MPUMEHEHHOTO B HAIIel padorte.
Jns oTBeTa Ha BONPOC TPOBEIM MaccOBbI CKpuHHHT criop A. alternata B wamkax Ilerpu ¢ mura-
TEJbHBIM arapoM. IIpuONIM3MTENbHO THICSYY KOJOHHH Iepecesuii B NPOOUPKU C KUIKOW Cperoi
Puxapna u 10-1HeBHBIE KyJIbKYpPBI HCTIBITATIHN Ha MATOTE€HHOCTh U 00pa3aBaHHe TOKCHHA. B pesynbrare
OnuT IosTydeH oauH MyTaHT ¢ AK-TokcrHOM 1 1Ba MmyTanTa ¢ AM- TOKCHHOM.

CrnenoBaTenbHO, TIOBEPXHOCTh PACTEHUA-XO3SMHA HE OKa3bIBA€T BIMSHHUA HA PAa3BUTHE HITU
NPOSIBIIEHHE TOKCHH 00pa3yromunx MyTanToB. [lo-BuauMomy, i 00bsICHEHHS MyTallidi HEOOX0IUMO
JIOIYCTHUTh, YTO B HAIllEM [IEPBOHAYAJIbHOM HHOKYJIIOME YK€ COJIEPKAINUCH IPOAYLIEHTHI TOKCHHA.

B BbIICOnMcaHHBIX pe3ysbTaTax HaAO MOAYEPKHYTh [BAa BAXKHBIX MOMEHTa, Bo mepBbIX,
CIIOCOOHOCTh JaBaTh CHENM(PUYHBIA TOKCHH MOXKET OBITh HEOTPAHWYCHOHN, WM K€ 3aBUCHUT OT
ONaroNpHsITHBIX 0OCTOSATENLCTB. ECIH B IOCEBE MPUCYTCTBYIOT BOCIIPUMMYHBEIE K TOKCHHY PACTEHHS,
CBOWCTBO TOKCHOOPA30BaHUS MOKET HKOJOTMYECKH YCHIINTh MPUTOAHOCTh JAHHBIX MaTOTUTOB. Eciun
ONaronpusITHBIE YCIOBHSI OTCYTCBYIOT, CIIOCOOHOCTH K TOKCHOOPO30BAaHHMIO MOXET HCUE3HYTh IOJI-
HOCTBIO, HE MPOSBUBIINCH. BO-BTOpHIX, B mpHpoJe He oOHapy>KeHBI MPOAYLEeHTH NBOWHBIX (AK u
AM) TokcuHOB. BO3MOXHO, B OyIylIeM HHTCHCHBHBIC MCCIICIOBAHUS MOKKYT HATHIHE TAKOTO CMeE-
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IIaHHOT'O NATOTHIIA B IIOCAIKAX IPYIIN WIM B MECTaxX IMPOU3PACTaHUs CMEIIAHHbBIX OCAAOK S0JI0HU U
rpym. B mo0oMm ciydae, ycnemrHoe BbBISIBIEHHE TOKCHOOPO3YIOLUIMX MYTAaHTOB B IpeAaracMbIX
canpouTHBIX KynbTypax A. alternata mpusiekaer Halle BHUMaHUE K MEXaHH3MaM OTBETCTBCHHBIM 32
BO3HHKHABEHHE MATOreHHBIX (hOpM U3 canpoPUTHBIX. Takoe sBIeHHEe MOXKET UMETh OOJIBIIOE TPAKTH-
YECKOE 3HAYCHHUE.

Ce30HHBIC M3MEHEHMSI KOJIMYECTBA TEPEHOCHMBIX BO3AyXoM crop matortuma A. alternata,
BBI3BIBAIOIIETO YEPHYIO IATHUCTHOCTB JINCTHEB WM IUIOAOB TPYLIM, U3y4YaldW B MOCAIKaX BOCIIPHUUM-
YHMBBIX U YCTOWYMBBIX COPTOB T'PYILIH, U3Mepss UX crnocobHocTs nmponyuupoBatb AK-tokcun. Oka-
3aJ10Ch, 4TO criopsl A. alternata B cagax ¢ BOCIIPUMYUBBIM COPTOM HE BCET/Ia MATOTCHHBI JUIS TPYIIH.

dusnonoruueckoe AeWcTBUE CrelMpUYHBIX IS X03siMHA TokcuHOB Alternaria 3aBucur ot
XO35MHA, 3TO OBUIO TOKA3aHO Ha IIPUMEPE HECKOIBKUX TOKCHHOB. Y BOCHPHUMYMBHIX pacTeHuir AC-,
AF- 1 AK- TOKCHHBI cpa3y BBI3BIBAIOT U3MEHEHHE CBOMCTBA MUTOIUIA3MaTHIecKoii MeMOpanbl, a AM-
TOKCHH JICHCTBYET Kak Ha MeMOpaHy LMTOIUIA3MbI, TaK U Ha MEeMOpaHbl XJoporiacToB. OueBHIHO,
nepBbIe TPYU TOKCHHA UMEIOT OJIMH CAaHT NeHCTBUS, B TO BpeMs Kak y AM-TOKCHHa UX 3HAYUTEIBHO
Oonpme. MHOM THI peakyu OTMEUEH Ha JINCThIX BOCIIPUUMUYMBOTO COPTa TOMaTa. Takue HapylIeHus
MOSIBIIAIOTCA TOJBKO MPH IEHCTBUY TOKCHHA HA BOCIIPUMMYHUBBIC TKAHU.

OnHako, ¢ TOYKHM 3pEHUS] MATOJIOTUH, 3TH TOKCHHBI HE YOMBAIOT KJICTKH XO35SMHA 10 BHEI-
peHus rpuda, a TONBKO BO3ICHCTBYIOT Ha UX JKM3HEHHYIO aKTHBHOCTh. JTO HABOJUT HA MBICHb, YTO B
BOCCITPUUMYMBBIX PACTCHUSIX CHENHM(UYHBIC U XO035€B TOKCHHBI MOJABISAIOT MEXaHH3MBI OOIIeH
YCTOHYUBOCTH.

JlaHHasi KOHLEMNIMs CTaHeT 0ojee MOHATHOM MpH H3YYEHHHM U3MEHEHUS! YyBCTBUTEIHHOCTU
TKaHEH X034HMHa B YCIOBHUAX TEIMIOIO CTpecca.

JIucThsl BOCIPUMMYEBOTO COpTa IPYIIH, NOABEPTHYTHIE TEIJIOBOMY LIOKY (HampuMep, BOIOU
npu 50°C B Teuenne 10 cek.), MOTHOCTBIO TEPSIIM YYBCTBUTENLHOCTh K AK-TOKCHHY, HO CTAaHOBUIINCH
Oosiee BocpuuMYMBBIME K maToTumy A. alternata ¢ rpymu. Kpome Toro, oHu ObUIH BOCTIPUUMYHBBI
JlaXke K aBUPYJICHTHBIM U canpoduTHbIM u3oisitam A. alternata. B to e Bpemsi, TEIIOBO# cTpecc He
MEHSJI UCXOJHON HEYYBCTBUTEIBHOCTH JINCTHEB YCTOMYMBBIX COPTOB K TOKCHHY, HO OHH TEPSIIH
YCTOHYMBOCTHU K TatoreHy. boiee Toro, naxe aBUpyJeHTHbIC  JIOObIe apyrue u3oisTel A. alternata
MOTJIM TPOHHWKATH B TKAaHU, O YEM CBHJETEIBCTBOBAIM UYEPHBIE HEKpPOTHYECHE MSATHA Ha oOpa-
0O0TaHHBIX TUCTHSIX. MI3MEHEeHNs1, MPOUCXOIMBIIIHE B OTBET Ha TEIIOBOI cTpecc, ObUIN OOpaTUMBIMU, U
TKaHb JIUCTA BOCTAHABJIMBAJIA CBOIO IEPBOHAYAJIBHYIO PEakLHIo B TeueHne 124. mocie o0paboTku.

Brimie npuBenéHHbIE JaHHBIE MOXKHO MHTEPIPETUPOBATh KaK J(Ba PA3HBIX SBJICHUS: MOTEPs
YYBCTBUTEJIBHOCTH K TOKCUHY Y BOCIIPUMMYHBBIX TKaHEW M CHM)KEHUE YCTOMUMBOCTH KaK BOCIIPHHM-
YUBBIX, TAK U YCTOMYUBBIX TKAaHEH MOKET MPOUCXOJUTH OTHOBPEMEHHO.

Jpyrumu ciioBaMH, 4yBCTBUTEJBHBIN K TOKCUHY CAiT, CYLIECTBYIOIIMMA TOJBKO B BOCIIPUUM-
YUBOW TKAHU, U aKTUBUPYIOUINHM YCTOWYMBOCTh CAUT B BOCHPHUHMYMBBIX M YCTOWUUBBIX TKAHSIX MOTYT
WU3MEHATHCS HE3aBHCHMO JpYr OT Apyra NpU YMEPEHHOM HarpeBaHWM. Eciu Takas MHTepHpeTanus
BBIIIIEYKA3aHHBIX (AaKTOpoB BepHa, TO AK-TOKCHH, MO-BUAWMHUMY, UIPAET ONPENe]IEHHYIO pPOjb B
YCHEIIHOW KOJIOHU3alUY TKaHEH X03s1iiHa IaTOr€HAaMHU U IEHCTBYET ITOCTENEHHO: OKa3bIBAET BIIMSHUE
Ha YyBCTBUTENbHBIE K TOKCHHY OpPTaHEIUIbl KIETKH, U3MEHsIET WX (PU3HOIIOTHYECKYI0 (YHKIUIO U B
KOHIIE KOHLIOB TOAABISET HHAYKINIO YCTOHYUBOCTH K OOJIE3HH.
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SUMMARY

THE ROLE OF FUNGAL SPECIFIC TOXINS IN PATHOGENESIS

Kanchaveli Sh.S., Pavliashvili K.M. and Chachkhiani N.R..

Scientific Research Center of Georgian Ministry of Agriculture

Technical University of Georgia

Akaki Tsereteli State University, Kutaisi

The ability of creating specific toxins by pathogenic groups of fungus Alternaria alternata has been studied. It
has been determined that the natural isolators of these pathological types lose their specific virulence and the
ability of creating toxins in laboratory conditions. In addition, the fungus develops toxin creating mutant in
favorable conditions, i.e. specific virulence of pathological types depends on the host specific toxins of the plant.
Field experiments revealed natural mutation of usual saprophytic types to the toxin creating types regardless of
permeable plants. Thus, A. alternata creates specific toxins which cause the gradual decrease of plant resistance
mechanism, accordingly promoting the process of pathogenesis.

Keywords: pathogen, fungus Alternaria alternata, plant disease.
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BOCIHPUMMYUBOCTD K FOJIE3HSIM PACTEHUM, BBI3BAHHBIX TIATOIT'EHAMHU
Kanuagenu II.C., ITaBaunamBuiaun K.M.

HayuHo-nccienoBaTeJbCKHil EHTP MHHHCTEPCTBA CeJILCKOro xo3sicTea I'py3nn
I'py3unckuii Texunuecknii Y HUBepcuTeT

[IpenBaputenbHas HHOKYJSALMS PACTEHUHM aBUPYJIEHTHBIMY UM HECOBMECTHMBIMHU PAaCOH MK
HITAMOM TaToreHa 4acTo JaéT HAadalo CeprHd OMOXMMHYECKHX M3MEHEHHH, KOTOphIe MHIYLUPYIOT B
MECT€ B3aUMOJECHCTBUSl YCTOHYMBOCTU K BHUPYJIEHTHOMY WJINM COBMECTMMOMY naroreHy. lllupokoe
W3Y4YEHUE MOJICKYJSIPHOM OCHOBBI TaKOW HWHIAYLHMPOBAHHOW YCTOMYMBOCTH IOKAa3ajlo, 4TO B €&
MPOSIBIICHUH yYacTBYIOT (PUTOAJIEKCUHBI M APYTHe HU3KOMOJIEKYJISIPHBIE COeIMHEHUs, 00pa3ylommecs
B MecTe B3aUMOJCHCTBHA. DTOT TUI IWHAMHUYECKOW PEeaKIWu Hapsay C APYTMMHU (QH3MYECKHMHU H
XUMHAYECKUMH OapbepaMu BXOIUT B MEXAHU3MBI 3alUThI, KOTOPbIE PacTeHHs NPHOOPEH B IpoLecce
9BOJIIOLIMU ¥ KOTOPBIE ONPENEIISIOT TOT (PaKT, YTO YCTOMUMBOCTH B IPUPOJE SIBJISETCS IPABUIIOM.

CrnenoBarenbHO, BUPYJICHTHBIE WIH COBMECTHMBIC TMATOTCHBI JOJDKHBI OBUIM MpHOOpEeCTH
CHOCOOHOCTh HE TOJIBKO MPEOJ0JIeBAaTh CTATHUECKHUE 3aIUTHBIE Oapbepsl, HO U MOAABIATH JEHCTBUE
TeHOB YCTOHYMBOCTM WM JenaTh uX HedpdekTuBHBIMU.  OOHAKO, 3a MCKIOUCHHEM POJH
cnenu(UIecKuX TOKCHHOB B TMATOTE€HE3€, MEXaHW3M  HMHAYIHPOBAaHHONW BOCHPUUMYUBOCTH Kak
TIOJIOKHUTENILHOW (YHKIMM TATOT€HOB HE HCCIENOBaH CTONb INUPOKO, KaK  WHIYLUPOBaHHAS
YCTOMYMBOCTH. J[aBHO M3BECTHO, YTO PacTEHHs, NPEABAPUTEIBHO MHPHULUPOBAHHBIC BUPYJICHTHBIM
MaTOTeHOM, MPUOOPETAI0T BOCIPUMYHBOCTE K CIIA0OBUPYJICHTHBIM MATOr€HAM WIIM HE MATOT€HHBIM
opraHM3MaM, M OTO SBJIEHHWE TMOJYYWIO Ha3BaHUE IIPEIPACIONIOKEHHOCTH, HWHIYIIMPOBAHHOMN
BOCTIIPUUMYHBOCTH WJIM TPHOOPETHONW BOCTIPHUUMYUBOCTH.  [lomOOHBIN THN HWHIYIMPOBAaHHOW
BOCIIPUMMYMBOCTH TI03BOJIACT TIpEAIoyiaraTb, 4TO IaTOTEHbl AKTHBHO TIOJABISIOT MEXaHH3MBbI
3alIUTHI XO35IMHA C [ENIBI0 YCTAHOBJICHUS MICEBIOCUMONOTHYECKON acCONMAINU C KIIETKAMU XO31Ha;
3TO Y INPUBEJIO HAC K KOHIEMINH AOCTYITHOCTH.

B npuponme wacto cymecTByeT Ciydail CHHEpPru3Ma, BO BpeMs KOTOPOTO IPOUCXOIUT
HOSIBJICHHE BOCTIPUUMYHMBOCTH pactenuit (1-4).

[Ipu BUpyCHBIX OOJIE3HSX B3aMOJEHCTBUE MATOT€HA M KIETKH XO3fMHA 3HAYUTEIHHO OoJjee
npsMoe, 4yeM npu OakTepHalbHBIX M T'PHUOHBIX OOJE3HSX, M MOXET OBbITh OXapaKTEPH30BAaHO Kak
reHoMHOoe. BzanMoneicBusi MeXIy pa3HBIMH INTaMaMH BHUPYCOB MOXKHO TOAPA3JCIUTh Ha TPH
rpynnsl: 1. Het siBHOTO 3pdhexra; 2. AHTaroHncTHUecKue B3auMo ieiicTBus; 3. CHHepruieckue B3au-
MoJeicTBus. Bapupys yciioBHs SKCIEpHUMEHTa, AaXXe B OJHOH KOMOMHAIIMM BHPYC-XO3SIMH MOXHO
HaAOIOIaTh 3TH TPH (Pasbl.

CuHepruueckne B3auMOJIEHCTBHS, OOHAPYKUBAIOTCS HA YpOBHE KaK KOHIIEHTPALMU BHpYCa,
TaK W TPOSIBICHUS CUMIITOMOB. Ecin pacTeHMs TOMaTOB MHOKYJIMPOBalIW BHpycoM X KapTodess
(XBK) u Bupycom Tabaunoii mo3auku (BTM), kontenrparms XBK Obl1a B HECKOIBKO pa3 BbIIIE, YEM
B pacTeHUsX, MHOKYIHpOBaHHBIX Toidbko XBK, B To Bpems kak koumerpamus BTM cumxanach
HanoJoBHHY WiH Ha TpeTh. Konnerpammua XBK He Bo3pacrana, ecnu nHOKysAuio BTM npoBoanmu
HaMHOTO paHbllle, ¥ 3TO TOKa3bIBAET, YTO METa0OJIMYECKIE U3MEHEHHS BO BpeMs pazMHoxeHus BTM
Ba)KHBI [U1s1 ycuiieHus pasmHoxkenus XBK.

Konnenrpamus XBK B nucThsix Tabaka Bo3pacTaeTr TakKe IMPH COBMECTHOW HHOKYJIISIIUHU C
YBK (Bupyc Y kaptodens), t.e. YBK sBHO ciocobcTByeT cuctemMHoMy pacnioctpaneHnio XBK npu
YCIIOBHH, 4TO TeMIepaTypa HHKyOanuu OnaronpustHa. anbHelye onbIThl 0 pasMHokeHuro XBK
B JINCTBhSIX Tabaka MOKa3aji, YTO CHHTE3 MaToreHa ycuimBaerca B mpucyrctsun YBK wmmu BTM B
OJTHOM U TOH K€ KIIETKE.

Haunbonee ybOenurenbHoe MOATBEpKICHHE HHIYLIMPOBAHHOTO COBMECTHUMOTO B3aMMOJEHC-
TBUS TOJyYEHO MPH U3YyYCHHH TaKUX WHQPEKIHHA, MPU KOTOPHIX HENMaTOreHHBIE BHUPYCHI pa3MHO-
KAIOTCSI B TIOJIAIONIMXCS OIPEAETICHUIO KOJIMYECTBAX B JIMCTHIX, IBAXKIbI WHOKYJIMPOBAHHBIX
BUPYJIEHTHBIM BuUpycoM. Ecim nucTest sumenss uHokynuposanun BTM Bmecre ¢ BupycoM mTpu-
XOBaTOW MO3alK{ SYMEHS MM BUPYCOM KOCTpa, pazMHOkeHus: BTM, B uHbIX ciydasx odeHs cnadoe,
3aMETHO YCWJIMBAJIOCh U CTAHOBWJIOCH CUCTEMHBbIM. IIo HallemMy MHEHHIO, 3TO O3Ha4aeT BO3MOKHOE
BIMSHUE BHPYCA-MIOMOIIHUKA HAa POCT M Pa3BUTHE pacTEeHHs XO3sMHA, Mpeapacroiaramonee K
CHCTEMHOMY pacrnpoctpanenuio BTM.



182 bSISAN3IR (I bSO6IN6H(D bLOSELI60, GEORGIAN ENGINEERING NEWS, M, 2021

XOopouio U3BECTHO, 4YTO INpPH OaKTEpUSUIBHBIX OOJE3HSIX BUPYJICHTHOCTb 3aBUCHT OT
CIOCOOHOCTH TMATOT€HOB JIOBECTH MOMYJISALMIO B TKaHU XO35SMHA JO YPOBHA, AOCTaTOYHOTO IS
TOSIBJICHUSI XapaKTEPHBIX CUMNTOMOB. Kak W mpu BUPYCHBIX OOJNE3HAX, y PACTEHUH HHOKYIH-
POBAaHHBIX CMECHIO BHPYJIEHTHON M aBHPYJIEHTHOMN WM MATOT€HHOW OakTeprii, OOBIYHO MOSABIISIOTCS
Oomnee cnaOble MPHU3HAKH TMOPAXKECHUS, YeM MPH HHOKYJSIMHM OAHMM BHPYJICHTHBIM IITamMoB. B
HEKOTOPBIX CIIydasiX, OJHAKO, 3apa’KeHHE CMEIIAHHBIM MHHOKYJIIOMOM MPUBOJUT K CHHEPTUYECKOMY
3¢ deKTy u conpoBokAACTCA O0JIee BBIPAKEHHBIMU CUMIITOMaMH, YeM HHIUBHUYaJIbHOE 3apa’KeHUE.

Cunepru3M HaOMIOAIM TIPU OKaiMIIEHHOW nsiTHUCTOCTH (aconu. [IpucyrcrBue Achromo-
bacter sp. B uHOKymtOMe mpuBENIO K 00pa30BaHHIO OOJBILETO YHCIA MATCH M YCUIEHHOMY pa3M-
HOkeHHto Pseudomonas phaseolicola B mHHOKYIMPOBaHHBIX MEPBBIYHBIX JTHUCTHSIX, XOTS MOMYJISAIHS
Achromobacter B nmucTesax He Bo3pacTaia.

VYcTaHOBIICHO, YTO MOMYJSIMM aBUPYJICHTHBIX InTamMoB Erwinia amuylowora B moOerax
S0JIOHH YBEIIMYMBAINCH MPH COBMECTHOW HMHOKYIISLIMU C BHUPYJICHTHBIM IITaMOM. ABHUpYJICHTHBIE
mrtamel E. amuylowora u E. herbicola sammmanu BocipunmurBbie 00ery siOJIOHH OT 3apakeHHUS.

BupyneHTHOCTh ITaMa yMEHBLIACTCS! NPHU YCIOBHM, YTO AaHTAIOHHUCTHI OBLIM AOOABIICHBHI B
WHOKYJIIOM B OonbmioM KonmdectBe. OMHAKO, KOTAa YCTOMYMBBIN K CTPENTOMUIIUHY aBUPYJICHTHBIN
mram E. amuylowora cmemranu ¢ BHPYJICHTHBIM IITAMOM B OTHamieHHd 1:1 M HMCTONB30BaNM UIst
MHOKYJISIIUH MOJIOABIX YEPELIKOB BOCIIPUUMUYNBOTO COPTA, 00a IITamMa pa3MHOXKAINCh OJUHAKOTO.

Oxa3zanoch, 4T0 BO30YAMTEIN MYYHUCTOH POCHI SYMEHS M MUICHUIBI 00pa3yr0T KOHUIUHM Ha
CBOMX HEXO3SMHAX, €CIH JIMCThsI TPEIBAPUTENFHO WHOKYJIMPOBAHHBI COBMECTHUMOH paco.
JloCTyIMHOCTb, HHAYIIUPOBAHHAS 3apayKCHHEM COBMECTHMOi pacoii E. graminis, 6buta sbdexTuBa He
TOJIBKO JIJIi HECOBMECTHMBIX pac 3TOTO Irpruda WK IPYruX MYYHHUCTOPOCSIHBIX TpHOOB, Hampumep E.
graminis u Sphaerotheca fuliginea, Ho w mIs HEKPOTPODHBIX HEMOTArcHOB, HANPUMEp VIS
Mycosphaerella melonis u Glomerella cingulata.

MHKpOCKOITMYECKOe HaOMI0ACHHE 3a peaKHel )KUBbIX 3MUACPMATIbHBIX KJIETOK MIICHUIBI Ha
pacel E. graminis moxcka3biBaeT myTh, KAKHM YCTOHABIMBACTCS JIOCTYITHOCTH Ui nHperkun. M3Bec-
THO, YTO NPOMOIIJIA3MAaTHUECKUE arperaTbl oOpasyloTCs IMOJ KOHYMKOM alNpeccopusi K MOMEHTY
BHezpeHus yepe3 10-11 yacoB mocie WHOKYJSLUM, U UCYE3aI0T C MOSBICHUEM TayCTOPHH, OOBIYHO
yepes 2-3 yaca nociie Hadana e€ pa3Butus. Clieqyer 3aMeTHTh, YTO HEKOTOPbIE MPOMaryJsbl COBMECTH-
MOW pachkl He (OPMHUPOBAIM TayCTOPWUH, a HEKOTOpble HECOBMECTHMBIE YCIENIHO 00pa3oBaiiu
(YHKIMOHUPYIOLIYIO TayCTOPHIO.

TpynHO TOYHO OMpEAENHUTh OTACIBHBIC MPOLECCH], KOTOPbIE BEIyT K TAKOMY YCIEXy HIIU
Hey/ade, IOCKOJIbKY peakIMyi BeCbMa HETIOCTOSHHBI U JiayKe MOBEJCHNE KIIETOK IM0JT HeJ0Pa3BUTHIMU
aNMpeccopusiMM BapbUPyeT OT OTCYTCTBHUSI 3aMETHOTO HPOTUBOJCHCTBUS 10 0Opa30BaHMS MAIMILIbI
HOPMaJIbHBIX pa3MepoB. TeM He MeHee MUKPOCKOITMYECKOE HCCIICA0BAaHNE BHYTPEHHOTO 3IUAEPMUCA
KOJICONTHIICH TIICHUIIbI, HHHOKYJIMPOBaHHBIX KoHUmusiMu E. graminis f. sp. hordei u E. graminis f.
sp. tritici mokaspIBaeT, 4TO YCIEIIHOE HITH HEY/IauHOE CTAHOBICHHE COBMECTUMBIX M HECOBMECTHUMBIX
KOMOMHAIMH MOXKET ONPEAEISTHCS CKOPOCTBIO, CTENEHbIO, MPONOJDKUTENBHOCTBIO U, BEPOSTHO,
BpeMEHEeM WHHIIMAIMY [UTOIUIA3MATHYECKHUX arperaToB.

Pone manmwin B 3amUTHBIX MEXaHU3MaX OCTAETCsl MPEIMETOM CIOPOB, M BCE K€ MAaIWILIBI
MOTYT pa3BUBaTbCi AOCTATOYHO PaHO, YTOOBI (YHKUMOHUPOBATH Kak Oapbep NpH OBICTPOM U
HKCTEHCUBHOM 00pa30BaHUM LUTOIIA3MaTUYECKUX arperaTtoB. Arperarsl UCUE3al0T WIH PacCeHBalO-
TCsl, Koryia Tpub oOpa3yeT QyHKIHMOHHPYIOUIYIO TayCTOPHUIO, HO COXPAaHSIOTCS JI0 TeX IOp, MOKa He
00pa3yloTcs KpYIHbIE MAMIUIbL, €CIIU IPpU0 He criocoOeH K 00pa30BaHHIO rayCTOPUH.

CrnenoBatesibHO, COBMECTHMBIE WM Jake OOpas3yroIIWi IrayCTOPHIO HECOBMECTHMBIH TpuO
MOTYT UMETh HEKOTOPbIE MEXaHH3MBI, 3aMeJISIONNe WM IMOJABJISIoNIe 00pa3oBaHUEe arperatos,
BEPOSTHO, MYyTEM HApPYIIEHHUS TPUCYIIEH KIIETKaM CIIOCOOHOCTH Paclio3HaBaTh dyKepoiHble Tena. [1o
TOMY COBMECTHMBIE pachl JOJDKHBL: 1. M30aBUTbCA OT OEHCTBUS KOHCTUTYTHBHBIX COEIMHEHUII;
2. BHEIPUTHCS JO TOTO, KaKk 00pa3yercsl manuiia BRICOKOW IUIOTHOCTH, YKperuiéHHas Qiyopeciu-
PYIOIIMMHU COEJIMHEHUSIMU; 3. TIOJaBUTh arperaiuio IUTOIIa3Mbl; 4. TIOAaBUTh CUHTE3 (UTOATICKCH-
HOB, OBITH HEUYBCTBUTEJILHBIMU K HUM WJIM pasnaraTb Quroanekcunsl; 5. [lonaButs rubenb me30-
¢duna.

IIponieccel B KieTke, Beoyliue K €€ AOCTYIMHOMY MJIM HEAOCTYIIHOMY COCTAasHHIO, HE0O-
paTuMbl. DKCIIEPUMEHTHI C TPOMHOM MHOKYJISIIMK MOKAa3aJld, YTO CTABLIME JOCTYMHBIMHU KJIETKH HE
pacmo3HaroTcsl 1ake He NaTroreHaMmu, HampuMmep rpuboM ¢ JIbIHH, Kak HecoBMecTuMble. HaoGopor,
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JUCTHSI, Y KOTOPBIX OblIa WHAYIIUPOBAaHA HEAOCTYITHOCTH, IPH MOCIEIYIOIIEM B3aUMOJEHCTBHUH C
COBMECTHMOM pacodl pearmpoBanu OoJiee OOIIMPHBIM HEKPO30M, 4Y€M MpPU B3aUMOJCHCTBUU C
HECOBMECTUMOM pacomu.

[lomobnas e HeoOpaTUMOCTh PACIIO3ZHOBAHHUA OTMEUEHA MPY KOPOHYATOW prKaBUMHE OBCA.
[IposiBieHHEe YCTONYMBOCTH JIMCTHEB OBCAa K HECOBMECTUMOIT pace Puccinia coronate ocnabeBaso npu
00pabOTKE COBMECTHMMOW pacoil B Tpenenax 84 HECOBMECTUMOrO B3amMojaehcTBusA. OIHAKO
3aMeTHOTO 3¢ dekTa He OBIIO, €CIIM HECOBMECTUMOE B3aMMOJICHCTBHE TPOIOIDKATIOCh 129 mimn Ooree
nepea  HWHOKYISIUM COBMECTUMOM pacol. JIMCTes OBca C MHAYLHMPOBAHHOM yCTOMYUBOCTBIO, T.€.
nocne 124 HECOBMECTMMOTO B3aiiMOAENCTBHA, paclo3HaBaIM MHOKYJIMPOBAHHYIO 3aT€M COBMECTH-
MYI0 pacy Kak HECOBMECTHMYIO, YTO MPHUBENO K YCHJIEHHHOW PEaKIMH YCTONYUBOCTH. DTH PE3Yilb-
TaTHI YETKO MMOKA3hIBAIOT, YTO COBMECTHUMAs paca 001aJaeT CIIOCOOHOCTHIO, KaK Y MyIHUCTOPOCSHBIX,
MOJABIIATh 3TOT HMHAYLHPOBAHHBIA MEXaHH3M YCTOWYHMBOCTH, NPEXIE YEeM OH JIOCTUTHET HE0O0-
POTHUMOTO COCTOSTHHUSL.

[IpenBapuTensHas HOKYJISIMS JHCTHEB OBCA COBMECTUMON pacoi BO3OYAUTENS] KOPOHIATOM
PPKaBUMHBI JEMCTBUTENBHO WHAYIIUPOBAJIA JOCTYITHOCTD I HECOBMECTUMOW Pachl. IJTO WHYIUPO-
BaHHasg JOCTYMHOCTh S(Q(EKTHBHA [0 OTHAIICHWIO K HEmaToreHaMm oBca, TakuM kak Uromyces
alopecuri u Puccinia graminis.

Takum oOpazoMm, WHGEKIINN HE3aBHCHMO OT THIIA 3THOJIOTUH MOTYT OBITH ONpEIENIEHBI KakK
r€HOMHAasd KOMIUIEMCHTAlUA MCXKAY KIETKaMHK XO3sIMHa W Mapa3uToM IJid HCGBIIOCI/IM6I/IOTI/I‘IGCKOI\/'I
acCOIMAallMi KaK OCHOBA MaToreHe3a. BHOXMMUYecKre MOIX0Abl K HCTHHHON CIIOCOOHOCTH MaTOT€HOB
3a/Iep’KMBaTh JEUCTBUE 3aAIIUTHBIX MEXAaHM3MOB XO3fSMHA JAIOT HE TOJIKO TIyOOKOE MOHWMAaHHE
maToreHesa, HO ¥ HanboJiee 00CINAIOIIYI0 CTPATErHI0 OOPHOBI ¢ OOJIC3HAMMU.
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SUMMARY

ACCEPTABILITY OF PLANT DISEASES CAUSED BY PATHOGENS

Kanchaveli Sh.S. and Pavliashvili K.M.

Scientific Research Center of Georgian Ministry of Agriculture

Technical University of Georgia

It has been established that the interaction of pathogens and patron plants causes acceptability of plant diseases
that determines the concept of pest availability. According to this concept, different pathogens — viruses,
bacteria and fungus are more often active to deacrease the mechanism of plant protection for establishing a
pseudobiotic relationship to it. Synergistic dependence among several pathogens has also been determined which
reveals not only the intensity of pathogens, but the manifestation of disease symptoms as well.

Keywords: pathogen, patron plant disease, viruse, bacteria, fungus.
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bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

dmene Fegddo 05bsdgdmgg sa@mfo®dmgds d930 Jgg96sdo dods@mygemos domos-
gobo@olibosbo dmlogenols dJomgdslmsb gOmo© sa®mgzmemaoyg®o doamds®gools goydyxm-
bgbgoolggh. BomMmE 0bgMYgds gzm@maoy@e Ylog@mbe, dswsmo 989G YOMmdols djm-
by domemaoyg@ds o5JGoydo 3G 3oMs@gdo, Gmdgeoi [o@mdmgdymos dygbgddogo  bgo-
ggeol bogydggebg o dob Fo®dmgodsdo dobodsag@sm s@ols godmygbgdymmo Jodosy-
G0 bogmogmgdgdo. sbgmo 3Mg3sM5@gdols  gOm-gOm  xagalb [omdmowygbl  Gm®aosb
dodmymgzgoao  39dobols  3@g3s@Mo@gdo  [1-3]. d@ogogno  d3gerggedo  ombodbogl  dydobols
33935053 g0l ogdom gogargbsl Lolmygam badgymbgm jye@u®hgdby. domo bgdmJdg-
©gds 3(3965M996bg IMsgodbMogos: aoohbosm  gobomenmaog@sm sJGoy®o, SbGoliEmg-
Lgeno mgoligdgdo — 533009696 3gLE0E0gd0lL Yodymeomn bgdmJdgogdsl, denmjo@gdsls
93909096 boswsggdosb 3dodg dg@omgbols d(39b5M9do dgwFggol, sdo@agdgb d(39bo60ls
g @ombsl 2oM9dml YoMymxzom BoJBm@mgdby — agomgobyg, odogn FH9d3g@s@dgsby,
3oohbos  BoRM3OMEgJHMOYmo  mgolgdgdo [4.5]. @0l Iggemdgdo Fm@agol  bogeyd-
390y Jowgdyao 3Mg3sMs@gdols godmygbgds Igerom@sb@gbol boigms  ©ga®eomg-
00 boswspgdoli mgoligdgdoli yoydxmdglgdobsmgols [6]. dGsgsgmo dgi3bog@o gomomgdls
39d9bmgebodgeggdols  dgbmggegmdsdo godmygbgdsby [7,8].

hggbl dog® dgbfogemoamo o0dbs LoJo@mggerml bmyoghmo Gmegol Lodspmosb
sgdge  Amegdo 3gdoboldgeggool dgdiggermds, Jodoydo Jgoagbogrmds ©s 3dody dg-
GO gdol 5@OLgdbmds, @oms dgdamddo gop39a®dgangdobs 30g35MoGHgdol Bobomamyoy-
@0 mgoligdgdols dgl§oges.

‘YgLFogemogmos 5 Lodoml Gm@ago: wdsbobol, mosbgmol (bmgger Ememslbmeyg-
g00), 3o@05lGMdol Lodsmesb 2 bodydo, byaymowol (Lomggao @)

JmIbowgdyan b0dydgddo odbs aoblsbrmgdyao pH, dmd@sgo P05, LogHmem sbm-
B0, MOA5bgmo bobdodMdowo, boi®ol dgdggemds, 39dobols dgoggdo, Log@mm gogogdo
s JogOmgangdgb@goo: @gobs, Ldogngbdo, dsbasbydo s mymos. dmbsgdgdo dmygsbogros
3b®. 1-do.

3bGoo 1 Logo@Bmggerml dmgoghon Goégdo 349806oLdgsggdol Jgd3ggemds
> JoBogdo Bgrpgbommds

X
3 S = 2| X dog@myagdgbHasol
£ ° S rg c Loqghom 999 Moo
g ~ )
L& - N AR 9 3‘9‘86(@
c 2 @] «Q g < el &/ 3o
$2 T 2| £ & 8| &
N € g pH - JE - ¥ & F
e X el & = | ¢
% £ = £ & Z | Mn Fe | Cu Zn
kel — )] Vass)
2
1] ©3sbolol {oégo | 527 | 0,07 | 357,00 | 0,66 | 62,7 | 2,63 | 13,7 | 2949 | 345 | 184 | 383
2 005bgmol 6,65 | 0,12 | 164,77 | 0,54 | 63,5 | 4,57 | 2,67 | 6135 | 1,57 | 1,70 | 3.40
6m@%0
3| desosbmBol Tl c o614 | 489,00 | 028 | 80.0 | 222 | 519 | 1832 | 4.10 | 448 | 395
150?).»@(0
4 3“"\“‘1’3‘::?;’3"1‘ 2 | 543 | 008 | 38633 | 052 | 712 | 443 | 678 | 28.15 | 3.66 | 6.86 | 2378
LodgyMgemls
50 @mégo Loe. | 392 | 007 | 35333 | 0,65 | 512 | 7,72 | 653 | 146 | 0,66 | 093 | 2,60
YOnslmob
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AmamO3  gbGoamol  dmbsgdgdosb  hobl, yggems  Gm@xgol  bodydgdo  dgog9
d99bgdoliss.  goblogym@gdymoap  domoo  gogosbmbdom  asdmodhggs g@msl  Ladspmls
AMOgo (PH=3,92), 5dsbmsob gomse 9bws 500bodbml, G®I dog@mgegdgb@gdols d9d3-
390mds 53 AmORdo gggmmobg @odsmos. 5dgodo ©obsgmgn  Lods®mggermdo, dom
doaol  bygoools @sombdo, oBoydse  d0dobs®gmdl  Lojodmggermlmgols sbogno
39 B 900l — JmEgol godgbgds. 36mdogos, @M gOMgO!m dnsgs® Jmmbmgbsl ombod-
byao Jue@ s 9y9bgol boswspgol s@ol Ggodiosl — ol ¢bps ogml pH 4-5,6 Rody-
9ddo. 9Ru®Oem dspomo  pH 3Jmby boswspgdbg dmgo 3bobrgds s dobo dembogemos-
brds Lo ®dbmdans d30Mgds. sMMbmdgdo odyagdymagdo s®osb bbgs s ULbgs dg-
0mASbE YO0l (JoEmoy®o gomao®eo, @3obol Lymasdo, Gm®xgo s bbg) dgdggm-
5000 2obobm@A30g9mb boswspols dgdgeggds, @Golbmgolsi 094gbgogh Lobrmge®as@gmowasb
dgdm@sboen  dgodse @oMgdyge  dgaom@sbBgol. hggbo Sb@om, Lsobdgdglm o0dbgds
50bodbyyan 15ddomgddosyommd®ogo AmOBol (9Onsl Lodopm) asdmygbgds.

MAyobygmo bobdodoswol (C) gdggemds Bm@dgol yggas bodyddo domogos,
boz@ols go — odogmo. hggbli dog® swgdbymo 60dydgdo ogzymabgods 3zodyg (bsi@ols
‘d99(33920mds <5%) ©o Ladygs@m (bo®ol dgdggermds o@ swgds@gds 20 %) bsi®os-
bemdol dJmby FmOROL. 3y9dobolidgeggdols dgdiggemdols dobgwgom gggamsabyg wobsao
‘d99(33920mds oAby Mmosbgmol 2,67 % (L. Fmemnslmnggeo), yggesby ds@omo go
©dsbolols m@xdo 13,7 %. dmbszgdgdol aomgsaolifobgdom 3gaL3g-J@ogeos 33egggdo
hogo@Botmm ©dsbolols s 3o@osl@mdols bodomgdby. Ii3gbstgby dy9dobols Igogol  o-

40000 253 gbs  ©5353doMgdygmos ol oggdymgdsby s Fobdo  sJBoydo  ¢ubd-
3omboga®o  xayngdol d9dEggemdsby [9] Loob@gmglms, GmOBosb godmygmeoao
39dobols 3goggdols Bobomermaoy®o aogagbs 3(3965M990bg s sG> Mombmd®ogo doh-
396909200, 5303™mI 33a0g3900 bes hoBoMwgl yggms s@Lgdyee bodydgdo.

d9dobols Igogol o909 gdoli s Gobomamaoy@o mgolgdgdol dgbs®hybgds ©s
‘dgdgmdo  InEogogs30s  ©sIM 0 dYmos  HMOBoEsh  godmygmxzol  dgmmebyg.  LsFyols
96o3bg  dydobols  3M935M5Fgool  2odmymRs  3mbmbmgs-dgahogmgsls  Jgmmom  ob-
bodgogees (b, 1), GmImols eOmbsiE GoOgol sdydsggds bpgds bs@®ogdol o®m-
gebgs@dol gydg blbsdoon (pH = 8,5). dgmmpo odarggs Lsdgoegdsl 60dydols g@Omyg-
(o0 ©od7dog9000  a53mogml 39dobols dgogol momddol dmgemo @omegbmds. gmmels

3oohbos go®ymzomo dboys, domogo PH 2sdm syiEoegdesm 9bws dgoboygoml bsgdu-
BO5J30m kgddgeTo Jogdol YgoTggs, @oms o@ dmbpgl dgdobols gogol gobygs. gob-

3306 20dm  Jmbsgmebgemos dmbrgl  gyubjiombogyg®o  xangngdol 33momgdgdo  ©s
5M50]Bo®  Bm®IsTo  gowolgms. Mol aodmE  3Mg3sMo@gdols d3gbsmgby  gobomenm-

30M0  aogagbs 0bgds  ©sggomgdygao. d3gegzecgdols sb@om, dsJlodsgny@o©  933-
g geno 39dobols dgogol 3G g3s@s@gdols dowgds dglsdagdgeos 3gdsbogy@o dgmmwgdomn —
Y50y 900m0  sbsys®gdomn [10].  hggh aodmgysgom  Go@Bowsb  3dygdobolidgsggdo
Y BAM5029H0m0 5dsbobols dgdggmdom. Jowgdymo dgogagdo dmygsbogros 3b@. 2-To.

3gbGogo 2 ga@@sdag@00n0 ©s jMbmbmge-dgmbojmgsl Igmmegborn  GmOBowsk ysdmygmgomo
3999060L 8953900l GomEgbmd@ogo Fgoed gds

Gash o d9dobols dgog9d0 o3m- Jgdobols Igog950
N BMOR0 ORI 4mMgomo Y@ ModagHomo 3odmymgzoeo gmbmbmgs-
C % o o
dgmmpom, % dgebogmgsl dgmmwon %
1| @dsbobol Lm®axgo 62,7 12,8 13,7
2| mosbgmol Bmmgo 63,5 3,12 2,67
3 3oeosb@mdo 1 80.0 487 5.19
Lodoem
4 3ogmosb@mdo 2 712 598 6.78
Lodoem
Lodgydgemls
5 BM™ORo Lemg. 51,2 5,88 6,53
YOn>Lmob
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OmamO3 3bGoamol dmbsgdgdowsb hobl d9dobolidgeggdols yan@@sdyg@omo dg-
0mEom 253mygmgolsl momddol gggans b0odyddo godmbsgsao bogmgdos, yo@s mosby-
00l Aoagobs. doa®sd Jgmmeol g30@s@glmds dpamds®gmdls 3gdobols dgoggool wsey-
Jobgog30 Bm®dgdols godmymezsdo.

hoBomgdgamo  Lodydomgdol bogydggenbg dgodamgds omdgol, Gmd  bygoowols
G50mbdo bogga 9Onsl Ggaodm@osby sObgdbymo Hm®ORol bodswem dgodargds godm-
4969099 0dbsls boswoggdols aobodgeggdas.
399d0bols dgogol aodmymys geE@sdyg@omno dgommwon gx8gdH YOS s  gimbmdoydsw
3035MN@ 9o, @oEaob oM Lodko®mmgdl dg30 GgodHoggdl o IOmds@gge  ™3g-
053090L. dJowgdyao 3Mmg3oMs@o bogamgdo asboieols gobagol 3GM3gLgdL.
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SUMMARY

CONTENT OF HUMIN ACIDS IN GEORGIAN PEATS

Sukhishvili N.Z.

Georgian Technical University

In the paper the peat samples of some Georgian peats have been studied. Main nutrient elements, humin acids,
ash elements, organic carbon were determined. It was established that the chemical composition of the peat of
Zugdidi peat deposit (vill. Urta) and pH allows its use for soil acidation. For separation of humin acid ultrasonic
method may be used together with standard ones. Less oxidized preparations may be separated by above-
mentioned method.

Keywords: peat, humin acids, ultrasonic method, soil acidation.
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R3AIRNIBA030 VOdROL (Castanea sativa) 65d0IBIdOL 30MBTIBGOIR0O 35053IB@IS0L
R0B3IAI6G0@TBS LOISOMZIRML HM3IN0IGDN0 HIdOMEOLSOIZ0L

3909603099 .-

Lodotmnggameml &9dbos9600 96ogg@Lodagdo

‘dglogogro

Lodo@mggerml doge Bg@odm@osby aogdgergdygmos Fogumolgddms (Fagaceae)
mxoboll gOm-ghmo s agomols Castanea gomswg@mo [o®dmdswagbgaro [1] hggyegd®o-
g0 (odao, @mdgaoi [o@mdmowygbls 3o®ggano Lowowol 3396009, @osbgrmgdom 30 3
Lods@wenoms s 2 3 ©osdgdtom. gog@3ge gdygeos doMomspsw dmol Gyggool Jggos
Lo®@ygaendo s ool 1500 3 Lodswergdeg bwgol mbowsb. ds@ommo  Fgddg@s@ydobs
©>  Bgbosbmdols dmdmbmgbo (Jmygo®dyao) @Godoyg®o Lobgmdss, dglodsdolow Id@se
s>0mgddo d9bgd@ogoe (odemo s@bo o6 oMol gogdger gdymo. (odemo Fo@mdmo-
396L 33bmxz0d Lobgmdsl, @mdgmoi agbgogds obgm saomgddo Lowsi badysmmm
Femog@o boangdgdo 800-900 33-1 swgds@gods. Labgmds bsgdsme dmdmnbmgbos boswsyols
bogmaog®gdolowdoi, yggeobyg gotgo bodmdl byb@ dgogg @9l dJmbg boswsygddo.

Lodo®mggermTo (odeo ggbgogds ymddog boswspagddg (byb@o dgogg). Foodwo
hOoanols 53@sbo Labgmodss, Jdbol @Gmgma Lyxms sbygg dgdggee 3o@Omdgdl: mg-
@slmob, (oggammsb, bgig@bbo@msb s Lbge.

hggnergdb@ogo (odgro dolbo ao303980gdol 9z0ycgl Lbodb®dgon §gdGodo gob-
30boEdo A gAsbAmdom 5@ bobosmgds, goggobool gam3e0dsdyd 300mdgddo o
=35 9%C-8g 4obgol 9dagdl [1l.  Bowsgno 339d0mo @o@gdamgdols godm hggamgd@ogo
Fodaol bogmagdo 20dmoygbgds Logggds @mam@ swsdosbgdolomgol, sbiggg dobsy®o
3bmggergdobomgols [2]. Fsdgol dg@dobo gOm-gomos 0d 3OmEe]Ggdowsb, G®mImols Ls-
55D WoMgd e gdoi (2oblogym®gdon ggdm3ol J3gybgddo) ymggaFaoyg@oe 0b®wg-
b5, Logdome oo 3m3Yes@®mdom LoMagdbemdls [sdeols mogao, @mIganlsi Lod -
bogrm mgoligdgdo aoohbos. [odabs®o Gyggdo obogsligdgaos s@s dbmenme dom dog®
dofmegdgemo  3O0mEgddol  godm, s@sdge  bmgswom  dosmo  AmEon  @sbodsg@ols
FomdmJdbols o 3bmg®gdol @mbols ao9dxmdglgdsdo. (ool bagmeggols bmds aobsdo-
Omdgol ol dgdamd godmygbgdsl. bmdol dobgogom bgds domo bgwao Lsbom dmb-
do@gds sb/s sp®m 0bEylE®osdo hodggds.

h3ggbo 33 ggol dJobobl Fo@dmoagbos LoJo@mggaml 5 aoblbgoggdaemo ggzmbol-
B9dol 3oM53gHMgool IJmbg Ggaombol (0dg@gmo, Lodga@gemm, aucos, @ods, gobgmo)
Fodabo®o 3m@mdgdoesb dga®mggdymo Fodaol bogmezgdol domdgd®ygmo 3s@sdg@dg-
b0l ©0ggMgboMgde.

hggbl dog® @odmygbgdymo 3genggol JgmmEo3goo 53MMdoMYdymos s dggbode-
dgds wobisbyano s3m3obgdols gowsfyggdol:

* 3509dnl domemaoyg®o 3mbGGmE® (Inbo@maobyo);

* 20dmygbgog@o 0dbgds ggma@eg0m-0bgm®dszogmo 3Gma®sds (GIS-Arcview);

* 3B YOoms Log@msdm@olim dobslosmgdangdo (Internatinal crop descriptors);

* 39 YOoms  Loghmsdm@olem Jga®mggdols dsbobosmgdangdo (Internatinal collec-
ting descriptors);

5bodbyao  3gemggolomgol 2020 Fevols Ugd@gddgm-bmgdddmols 3g@omedo  gob-
bodEogmes  Loo@mggaml Lbgoslbgs @gyombdo  Fodemoli bogmeggdols dga®mggds

(gbGogno 1).
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gbdogmo L LoJodmggmmlb Lbgspsbbgs @gaombdo Fodmols bogmygdols

M g300b0 d9boio3oemo@ g@o nglbarols dgacmggdol 3gHomwo 3OMAE0bsR0
0d9®9m0 bgbBogmbo 25.09.2020 42°7'42.83"N
43° 3'39.13"E

39D0s 0bYOHA9n0 22.10.2020 41°54'34.71"N
41°59'15.73"E

Lodga M geom Fogmgbxobs 07.10.2020 42°37'43.13"N
42° 3'40.38"E

[OREN 3G MEnSsY@H0 03.11.2020 42°23'50.60"N
43° 2'44.20"E

3obgmo o m©9gbo 10.10.2020 41°53'17.52"N
46°2021.14"E

Fodanols bogmezgdols godmdamds aobbm®Eogmes  mmsbol 300mdgdbdo  bodye-
e 4-5 °C, gjodmomdomo @gbosbmds gowygbos 18 %.

boymagdol dgadmggdols gobegbom 9dygsmme I39bsM0Esb, s®sgoms® dgdmnb-
393590 o0 bpgdmes Jo@l hsdmizggbomo bagmagdols dga@mggds (do@L hodmzggbogn
bogmazgdl bdod dgdmbgggsdo bogmaols ddsdgano dogbgdangdo 3gogl). s@bsbodbos, Gm3
00MMGPE0  Mga0mboesb  bogmezgbol  dgadmggds  gobbm@Eogmes  Lasdysmme 30
bOPSLOY@O0 3(3965M0©b, MoMMESE  Lsdysame gydmges 100-sb 200-dwpg bogmeso.
bogmagool dgadmggds bo®Eogmegdbmws dgosdgdom xsblowo (Fodaols Jg@Jol godml
dog® Jgo@gdom bogmgds® obosbgdbymo) I39bs®ggdowsb.

359gMoey®o a3y doggdols 30miEgldo gobolsbrg@s 100 oo gobosbo bagmeols
dobo. 10 3ogno  gobosbo o 9g0be bogmagols dobs o  @3oeggyeo  3obols dobs  mo-
00 M9a00mbobsmgol. bgdmm hodmmgeroao Jobbgdols doboe{ggem aodmgoygbgm
sbggg mgbenols BgbBodgbols Log@msdm@olie sbm@osiool dog@ (ISTA, 1996) wowayg-
bogro dgomeo, GmIgeoi ageolbdmdl gggems mglerols Lomomosme @omgesls s do-
Lol goblobwg@gols 8-xg®owo  gobdgm@gdom.

g0gagdol  obbxs
Lodo®mggeoml 5 bbgswslbbgs @gaombdo bogmezgdol domdg@@gamo dsboliosmgd-

gd0ls 2oblobwg®ol Jgdpymd @oogsmado goblbgeggdgdo bogmagdol dobgol dm@ols
5@ 0]bs aodmgegbogoo (3b®ogoo 2).

yggeoobg oo dobols 3Jmbg  bogmagdo wogoJbods Gods-aghbydols Goombdo,
oo bodygogrme  3obosbo 10 bogmagols dolod 44, boam  gobaosamognds 35 a@sdo
‘dgoeaobs. o3 dggbgds yggmobg 330y bemdols s doTsbowasdg, doliomn gggesby bs3-
gdo  Jnggemdols  dJmbg  bogmeagdl, olbobo  gobgmols  Ggaombdo  wogoJbods,
Lodgomme 10 gobosbo bogmegols dsliod 34, bogom gobpoamomds 24 a@sdo dgowyobs.

gbGogro 2. bogmazgdols 3slgdo Lsotmggmml 5 Lbgomolbbgs Ggaombdo

10
10 3obosbo 10 3o¢emo

ICIUBNETN log baggergoly 60310(301) BoOhygezo (3060% Efbo,

obo, @ Bobs, 6 bogmazols 0
? dols, a®

0390900 bgb@ogmbo 500 40 32 8
39M00 by 900 390 38 27 11
Lodga®geom Fogmgbxobs 420 33 25 8
Aodo-an ghbydo (353990 480 44 35 9
Jobgmo @samgbo 380 34 24 10
Lodygoenm: 434 37,8 28,6 9,2

bogmezgdol bemdobs ©s dobol (3goggdomds dgbsdems 300©53003OM3MM (30%-
o 04l ©o353doMgdbyao Fodaol bggdol osgowgdoslbmob — Fodanol Jg@ ol so-
dmbmsb.
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o>mbodbyyan  osgogdals 0fgggl sbgmdogBgdol — xayxol [omdmdswygbgero
begm, ©o0bgoEodgdym  bggdbg gl 3smmagby®o  d030mmEAasbobdo  byeols  4Fgmdls
6930mbYgmo  ©sbosbgdgdol  (9.F.  3odmgdo)  Rm@Togdsl, @sdoi  Igbodangdgemos
dm03golb s bodmmmmp gosboyy®ml sobgoizodgdygemo bol bofomo. 3smmygby®o
do3Omm@3560bdo s@0l sdsbobosmgdgero Lodbdgm sboolmgol (hobgmo, 0s3mbos ©s
3M@9s), 3920 Loygnbgdo ol dgdmbggzom o3 @3gees hOogmgm  sdgdogols  ©s
930m35d0. 59d-do [odaol 30om3 gosbopaygds 5dg@ogolbmgol sdsbobosmgdgero (oob-
oo dJobo d9bgddogo osMgoeosb, d5dob @mEgboE ggOmssdo gdoegdosl dmidygs dgoe-
Ggo0m  J300g bosbo gg@m3ygmo  [odaol 3smmygby@o dog@mmmeysbobdolzgh ya@™
bogergdo dopdgzomgbol s 9.(. 303m3009m9bGmbol (yomdbom. s@bodbyemo wosgs-
©gds>  bododmggerm@o 1950 (geol 3o@ggemo  Gyodyamdo  s@dmshobgl  hggnargdb@og
(odenbyg (Castanea sativa Mill) [3].

Fodaols Jg@dol godm 3o@Mggee @opdo sbosbgol (odeols Jgd b s sdog@mey-
o bogosgl JgoJbs s Ig@dobl dm@ol s@OLgd g  dy@dga-demdmgeb Lolgdsl,
AmI@ol ©obdo®goomsi by LobOMmMdL bosspowsb dgfmgomo Fymoms ©s dobgdes-
@0 b0gmogMgdgdom. dglodsdolow, of Lowsi doboyg@owss gogdgergdygmmo Fodaols
Jad ol godm, Fsdamol bggdl swed dgbfgzmn domogro bogmeadlbdmos@mbols gbo@o.
agb®ogo 2 Jmbs(39990005b bomaow hobl, G®I 0dg@mgmlbs s gobgmol Ggaombgbowsb
dgammg9dgao  bodydgdo Iobol mgogbsob@obom d33gmese  goblbgogwgds gMmdsbyg-
00lsaob. obgmo aoblbgoggds soblbgds Mgaombgddo (odeol JgdJol godml dodmgody-
@9bB®o IBodgdol s@lgdmds/s@ s@lgdbmdom.

3320930l o gddo aobgobm@zogegmn 0dg@gmol Mgaombdo, 390dmE  dmbang-
3oL Lo@yggm 96obTdo 1 Lobodygdm Go@mmdols gyodmymes 10x10-bg s o] [odabodo jm-
3960l Lobo@dodymo dpamdo@gmdols dgxsligods. dgaslbos bobodydm Ro@mmdbdby @ lg-
gm0 [odanols 0bpogowgdols ©grmeEnosizool ba®olbo, @mdgemoig sbsbygeos Fodangdols
©gRm@05300L  badolboll  ©osa@sdobyg: bdo@ol  wggmaoszos — 61-99%, Lsdgognm
©g8OEos30s — 26—60% s d3odg ggm@osaos 0-25 %. xoddo dgxnsbes 15 by,
OmI@mgdbg3 wgRmEosEool bodolbbo dgdgabsods® ogm gowsbsfomgdyeo:

odmgd0l egazmamosgnol bafmabbo

badamm I MENNSE0S

o) @a@mmosEns

[an]
[y
"]
w
b
u
[sa]
~
o]

oo gdols ggmeosiool ba@olbo

yggeoobg dgHo obwogowo (8 0bpogoo)  ogm deogd gRmEoMgdygeo, IsTs-
Lo@ady, osgomgdol dogd denog® ©sbosbgdygmo. yods sdobs, wwgolmgol 3bmdbdognos,
amd 0dgBgmols @gaombdo Fodeols Jg@Jol 3odbml s@sg@mo 3d03mgodymgbdydo dEsdo
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RoJLodegds (bgbBogmbols Lodygm 9dbol Loghmm @Ggol QFodmmdo dgowygbl woob-
mgdom 14,000 35 o ogmgomos bod Lo@ggme, @mdgmms bobgangdos: dmbanggo,
3goomo s bafodang) [4], @sloi od gBadbyg ggd godygom gobgmols Ggaombby, Lowss

30303009 9bB @0 dBodgdol ggerggs Egols damds®gmdomn 5O asbbm®ogmgdyas.
09d3o 5@bodbyaols gobbm®0gegds 0g9adgds gobermgls dmdsgogndo.
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SUMMARY

DIFFERENTIATION OF BIOMETRIC PARAMETERS OF SWEET CHESTNUT

(Castanea sativa) FRUITS FOR SOME REGIONS OF GEORGIA

Berechikidze G.K.

Georgian Technical University

The article discusses the differentiation of biometric parameters of common chestnut (Castanea sativa) fruits for
some regions of Georgia (Imereti, Samegrelo, Guria, Racha, Kakheti). Seed size, mass and germination
characteristics, as well as their relationship to the range of Chestnut diseases were determined.

Keywords: biometric parameters, chestnut fruits.
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BLdoL (Pistacia vera L.) 356300)0@3d0L 33@L33dB03330 Lodo@()3IR(MI0
de09®@0dgomo x.43., wedodg b.0.
Logotmnggameml &9dbosa600 96ogg@Lodagdo

gbsgogmo

05b53gMM3gg dmmbmgbgdds G@spoioygm Lafyolgdby gm®ddodgdymo Js@myao
bogaols dgyabgmds dgoE®o 2odmf 393900l [obodg osggbs o oy3oggdgano aobows
obgmo 3y Y gdol  Imdogds/sbgdags,  Gmdmgdoi  boby@danog  390L3g]Bogedo
JONEAOMYS© Modgbody 3OMoegdols gosk@ol Lbodygoggdsls Jmyg39dws.

egolsmngols LoJo@mnggenmls bomgaols dg9@bgmdolomgols doM0oms©o
3°dm73939000: M0 25b30M5Mgds; 209Ebbmgdslmseb  d@dmans; Gogo Ms0mbgdols
335300  3@ods@gao  300mdgb0;  9Jl3m@dEol  hobsgmgds  033m@E0m;  Jmbsbagmdols
dofomdmJdgoo bsFoaol g3mbmdogy®o s LmEosmyg®o dpamds®gmdol yoydxmdglgods
> bomo®odols  @odanggs  bobp@danog  390L3gdBogedo;  dmbsbangmdols  @obsddgds;
dbogmmomn  b5b@OL  dmmbemgbols  dglsdsdolbo  Lobgmdol s  bodolbols  Lobmgam
Lsdgy@bgem JymGucoms dgahggs, ©sbgdags, 3OmEydiool [omdmgds s @gogmobsios.

5bodbyao  godm{g93900L, Fbmgaom godmaLomgdol sbogobols s Loo@m-

39e0mdo ho@Go®gdyemo 33ag3gool bogydgga by wmgobsmgol asdmgangbogros s@og®mo
390L3gJBogeo  Lobmgam-bsdgy@bgm  3bodgbgermdols  dmby  Fym@yds, @mIgems

‘ool wo®lbgymo saomo gzo300 FLESL.

gb@os (Pistacia vera L) ¢dggeegbo gg@@gcss. bmaogdmo dobo Fomdmdswygbgeno
gesdofsbg dgbsdgyger 3g@omeTdo gohbes. 0go gOm-gOmo yggasby dgodsmomgdyemo
gogoswos  [L2]. dobo  @o@gdyemgds  Log@msdm@olem  dsbodby oo  s@gds@gods
boggbol, mboanobs s Lbgs goganmgbgbol mo®gdymgdol. gLl Lbgs gogemgobgd-
0ob, do0 dm@ol wbomsb YgnodEgdom, 2oblsigmdgdom JEa@swo dobos®o aoshbos
[3]. 35LDg Jmmbemgbsi dbmxgeomdo omopmg 0bOEIds ©s dob dodo®m 0bGgdglo
Joomggaro ¢9®mdgmgdols dododm Fbomwos [2].

AQLASL bogmaggo Logggdow 2.5 sosl Fgerbg dgBos aodmoygbgds. Lo@ygs ,,golEs*
Fo@dmwygds 0@obymo Logygolbogsb ,.pisteh®. o@sbo omgagds s@bodbygeo d;3966@0l
Loddmoemme. dgdamddo Lodygs aog@Eges 39Mmdbyge s @osmobyd gbsdo (Pistacia)
s obg Jmomfos hggbsdwyg. @ylyao  gbol  @gJlbogmbols dgdoagbermdsdo  Lo@ygs
mhucramka® dgo@o ©sdigoeaos XVIIL boyszybgdo.

Lodo®mggermdo 3bmdgdo gLEsL dgbobgd dImodmggds Lygenbob-bods-c@dgerosbols
9Jbogmbdo (,80LESY). Gogoga gHobmsgo dJmoblgbogdl Isb, GmamaE — ,,.89LH Y0,
dgbbyd @gdbogmbdo ,,530LB0@o -l ©s doby®ddo — ,,bolGogo™-b Lobom dmoblgbogds.
AQLESL obggg dmoblgbogdgh, @mam®iE — ,,g0LES". 3bmdgdo gLESL dglobgd dmpg-
93m390s 0gody@sb I-ol ,bogms Jgdodo®.

ogolomngol RLESL gge@gas baddgfggem ©sbodbygmgdom dmidgsgm o0®sbdo,
Lodg@dbgmTo, gldsbgmPo, o@omosTo, mydJgndo, 533-To, hobgmdo s Lbgs Jg99696To.

LoJo®mggeml d5bo@bg sOlgdygmo glds Jmosbs® 0d3m@F0®gdyemos [2]. oI
39 B0l dmdgbgdom, gOmols dbdog dmbegds 0d3m@E0L hobszgmgds, dgmmg dbdog,
3o40bgddms  Labgmdol  gJldm@m@do  Jgggbol  Log@modm@molem  3mboios  3d60dgbg-
@mgbo ao9dxmdglgds, G553 d9bgdbdogos solabgds dmlobgrgmdols LmEosgy®do ©s
93060303900 IamIo@Mgmbdol aondxmdglgdsby.

doMomseo bsFogo

hggbl Bog® Lodo@mggerml Jo®mdgddo gl@sl (Pistacia vera L)  domanmaogco
0530909096900l Jglfogems brgdmwes Logo®gxmlb Goombdo o@lgdyem  Lobomdydyg
d999MbgmdoTo s o(5)03 Lmgeobs s Lmgaol dgg@bgmdols asbgoms®gdols Losggb@mls
s gboao dmmnbmgbgdols dobgegom dg@hgyee dJobpm®do. GLESL JYbmdoby ©s330639-
b5 aobbm®ogmes My Jgmols Gglisdydarogsdo, gobosb@gdols @s0mbdo gobo@ols AML.
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bobgg@oyesdbml  30MmmMd9dTdo  (Logodgxmb  Mo0mbo)  ho@o@gdyds  (309dds
335hg9bs, @m3 hggbl  Jggysbsdo gLESL Lod®gPggarm  bdowgdols Jmdgbgdolols (godg-
bgdolol) 9u@®m gods@mamgdbymo odbgds 5J396G0 3390l 3oysdbmgdslmsb d@dm-
@obg o boJodmggeml olgmo @gaombgdols smgoligdsby, O®Iegdloi sbalosmgdm
30030560 boswasgo s Lodfgsgo Fyemol wgxnoio@o.

Lodo®mggermdo glEsl asdgbgdolomgols Gg3mdgbpodgdgeos dFoco, IasTdmdbo
©>  235amg05bo  Mo0mbgdo. QLES bodo@mggermdo o 9bws godgbrogl, ULowsi ULbgs
do@o@m@9bBodge o 39U goo 5@ bo@mdl ob bogagdow bo®mol [5].

AQLES Lobosmgrols s Lomdml Jmyge@yao ggoggogsddang 4—6 dgB@ol Lodow-
gools  dJmby  Gogomfarmgsbo 3(39botgs, @mIganoi  doggnmgbgds  mymydmbgddms
(Anacardiaceae) mxobl. d3gbstg 0gomomgdls ddensg® ggligms LobEgdsl, ol yodme
dobo goddangmds doogro Loibggdol  dodo@m dogrosh Jo@yanmol.  «xodgdols  dobgo-
3000 gLEoL  bogmezgdol  JmdFoxgbobomgol  Logodms  29000-psb  34000-3g  oJ@oy®
B993905BgMoms  xodo.  dobo godgbgds Mg3mIgbeomgdygeos brgol mbowsb 800-900
3900590y, gLEAS 930MGgLMdsL sbodgdl godyo sg@siEools gbosdols IJmbg  Lodygsm
ob Abydyd  boswopagdl, Lowsi PH 6,8 ©o dg@os. 33gbotg  aoddgngs  densdg
bossggdol, doswomo  3o@mdmbs@mdols  ©s  ggoagol  dodo®m.
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SUMMARY

PROSPECTS OF PISTACIA (Pistacia vera L.) DEVELOPMENT IN GEORGIA

Dzlierishvili J.P. and Lomidze N.T.

Georgian Technical University

In the article the advantages of Pistacia (Pistacia vera L.) is discussed compared to other walnut cultures and its
development prospects in Georgia. Pestachia (Pistachio) is one of the most expensive nuts, for which the
demand in the world is growing day by day and its interest from Georgian farmers is increased. One of the tasks
of sustainable agriculture is to fight desertification. This problem is acute in Georgia, especially in the southern
and eastern regions. Pistachio does not require special care and a large amount of water. The plant is propagated
in arid conditions. Based on the above, it is a "natural" means of combating desertification and erosion, and the
Pistachio farm is fully in line with the principles of sustainable development. Cultivation of Pistachio plantations
in Georgia will have important, long-term ecological, economic and social significance. The production of
Pistachio plantations requires time and resources but will have a multifaceted effect on future generations.
Keywords: pistachio, strong root system, semi-desert plant.
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SUMMARY

ABOUT THE PECULIARITIES OF CULTIVATING THE INDUSTRIAL GARDEN

OF PISTACHIO (Pistacia vera L.)

Dzlierishvili J.P.

Georgian Technical University

In the article the peculiarities of the world-proven "traditional” and "non-traditional” methods of the use of
Pistachio (Pistacia vera L.) culture seedling for the formation of root systems corresponding to environmental
conditions and the appropriateness of their use for the cultivation of Pistachio industrial gardens in Georgian
conditions are discussed.

Keywords: pistachio, traditional methods, non-traditional methods, strong axial root system.
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SUMMARY

EXPERIMENTAL DETERMINATION OF THE OPTIMAL KINETIC AND ENERGY PARAMETERS
OF MILK WHEY DEMINERALIZATION

Rukhadze Sh.Sh., Tolmachev L.I., Gvinepadze A.Sh., Apridonidze M.D., Nurmukhamedov A.M.

Akaki Tsereteli State University, Kutaisi

Membranines Technologijos LT, Klaipeda

Milk processing company "Atinati*'

Tashkent Chemical Technological Institute, Tashkent

In order to reduce the price of dairy products and exclude environmental damage caused by improper utilization
of whey, it is necessary to ensure its 100% processing by applying advanced innovative technology. Acid whey
processing is the biggest problem in the production of lactose by applying the existing technology. Therefore
such whey requires further processing. First and foremost, it is necessary to provide partial demineralization.
Demineralization of pasteurized curdy acid whey was carried out on an electrodialysis laboratory device. During
whey processing, voltage supplied to the module remained constant (20 V) throughout the experiment. At this
time, the strength of the current and consequently its density had a dependence on time characteristic for this
indicator. During processing of concentrated whey, the maximum value of the current strength, for the first 70
minutes, did not exceed 0.8 A. In the process of electrodialysis of natural and concentrated curdy whey, the
characteristics of the electrode solution change as follows: the specific electrical conductivity decreases slightly,
just by 0.6, throughout the experiment; the active acidity varies slightly.

Keywords: milk way, demineralization, electrodialysis.
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4.

SUMMARY

COMPOSITION AND PROPERTIES OF DONKEY MILK

Tsintsadze M.A. and Osiashvili N.B.

Georgian Technical University

The virtues of donkey milk have been known since time immemorial, being one of the most valuable food
products. It contains all the useful substances necessary for human nutrition, especially valuable for children and
the sick who need easily digestible food. Foods with unique characteristics are of great medical and nutritional
importance, as they can be classified as pharmaceutical or nutritional foods.

Keywords: donkey, milk, protein, fat.
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SUMMARY

EVALUATION OF ADAPTED ZAANEN AND ALPINE GOAT CARE CONDITIONS AND BUILDING
FACILITIES

Zhghenti T.G.

Georgian Technical University

The aim of this study was to investigate the adaptability, growth, development and productivity of high-yielding
dairy breeds (Saanen and Alpine) brought from Europe to Georgia; The study of this issue, along with the study
and processing of goats' growth and development, productivity, physiological-biological parameters, to reveal
the maximum productive potential of these breeds, also includes the conditions of their care and storage. These
are: criteria and norms for farm construction, observance of sanitary-hygienic rules in the animal park,
ventilation of the building and other issues. To do this, we found standard fishery data for European breed goats
and compared them with those found in the research farms. A good knowledge of these issues will help us to
provide farmers with thorough advice-recommendations on proper planning-construction of the farm, which will
help to conduct these activities properly and successfully.

Keywords: saanen goats, alpine goats, farm, adaptation.
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SUMMARY

DETERMINATION OF SAFETY CHARACTERISTICS OF TURKEY MEAT

Pkhakadze M.D., Tavdidishvili D.R. and Gachava N.N.

Akaki Tsereteli State University, Kutaisi

Nutritional properties of turkey meat, peculiarities of white and red meat, the directions of their use and
capabilities of application are considered. Microbiological indices and content of toxic compounds were
researched with regard to safety of nutrients. Obtained results indicate of harm lessness and sanitary-higienic
reliability of turkey meat.

Keywords: turkey meat, nutritional properties, microbiological indices.
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