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TEPMOYIIPYT'OE PABHOBECHUE IIUWJINHIPA KOHEYHOW JJIMHBI
B IWIAHJIPO-BUIIOJIAPHOY CUCTEME KOOPJIUHAT

T'yprenunze I.P., l'opruaze J.A.
I'py3uHcknii TeXHM4YeCKNd YHUBEPCUTET

Ymupyrue, moiisie U CIUIOMIHBIE NWJIMHIPHI KOHEYHOW UIMHBI YaCTO WCIOJB3YIOTCS B MPAKTUKE Kak
3JIEMEHTHI KOHCTpYyKIni. HampspkenHo-1edopMupoBaHHOE COCTOSIHHE TaKMX TeNl MCCIEAYIOTCS BO MHOTHX
paboTax M UM MOCBSAIIEH MUPOKHIA KpyT myOnukanuii [1,2].

CrnemyeT OTMETUTh HECKOJIBKO paboT, B yactHocTu C.A. Yammurun [3] coBmectHo ¢ H.C. Apxkanu-
KOBBIM PEIIWIN 33734y IS SKCICHTPUYHON TPYOBI, TOABEPKCHHOIN BHEIIHEMY U BHYTPSHHOMY JIABICHHUIO.
Hanee, Jlxedbdepu, Baiinen u Kynpssues H.B. moctpounu ofiee pemieHue IIOCKOH 3afaud TEOPHH
yIPYTOCTH AJIs1 00JaCTH, OTPAHUUEHHOMN BYMS SKCIIEHTPHUHBIMHU OKPY)KHOCTsIMHU [4-6].

B cratbe B MmHIpo-OMIIONSPHON cucTeMe KOOPAWHAT PAaCCMOTPEHO TEPMOYIIPYTOe COCTOSIHHE TOJI0T0
Y CIUIOIIHOTO IMIMHJPA, TOABEPKEHHOTO BHEIIHEMY U BHYTpPEHHEeMY JapiicHuto. CHavana oOlee ypaBHEHHUE
MOTy9IEeHO MeTomoM, aHaornaasiM Metomy H.I'. Xomacypumse [7]. Janee ypaBHEHUS afanTHPOBAHBI K CITyYal0
SKCIIEHTPAYIHOTO KOJbIfa. byeT mokazaHo, 4To CymecTByeT TOYHOE aHATUTHIECKOE PEIIEHHE 3a/1a9H.

OcHoBHBIE ypaBHEHHA

[Ipu pemenny 3a1a4 TEOPHH YIPYTOCTH HEOOXOMIMO UMETH O0IIIee PelIeH e YpaBHEH! pPaBHOBECHS HE
TOJBKO B TIPSMOYTOJNBHON JEKapTOBOW CHCTEME KOOPIMHAT, HO IENECOO0Opa3HO MMETh TaKWe PEIIeHHUs W B
TIPOM3BOJIFHON KPHUBOJIMHEHHOW CHICTEME KOOPIMHAT, TaK KaK BO MHOTHX CIy4asX HCIIOJh30BAaHWE KPHBOJIH-
HEWHBIX KOOPAWHAT YIPOIIIaeT IOCTPOSHHE PEIICHIS pACCMAaTPHBAEMOMH 33/1a9H.

OCHOBHBIE COOTHOIIEHUS KIIACCHYECKON TEOPHH TEPMOYIIPYTOCTH B OPTOTOHAIFHBIX KPUBOJIHUHE-
HHBIX KOOPIUHATAX MOXHO 3aIKcaTh B cieayronemM Buze [8]:

YpaBHeHusi paBHoBecus

0 0 0 oH
et (H2H30'11)+ o, (H3H1c712)+ o, (H1H20'13)+ H, 60521 oy, +
oH oH oH
+H, Lo, —H, 2o, —H, 2o, +HH,HF =0
Oa, 241 1
0 0 15, oH
o, (H3Hlo'22)+ 2, (H1H20'23)+ o, (H2H30'21)+ H, 80{2 O,y + @
+H, oH, o, —H, oH oy —H, oH, o, +HH,H,F, =0
oo, oo, o,
0 0 0 oH
o, (H1H20'33)+ o, (H2H3O'31)—|— o, (H2H30'32)—|— H, 80513 O3 +
oH oH oH
+H, 8053 0'32—H28 1O'll—H18 2o, +HH,H,F, =0
2 3 3

rac O i~ KOMITOHCHTBI TCH30pa HAIIPSDKCHMS, Hi — IMapaMCTpPbI J'IaMe; ai - KpHBOHHHCﬁHBIC KOOpAWHATHI.
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KommnonenTsl nedpopmannu

1 6u1 1 aHl 1 8H1
17170 e, | HiH, o, 2 HiH, o, 3
192 HiH; 0oy 1H3 993
1 6u2 1 8H2 1 6H2
$22%%22 TG, "HH. 0as 3 HH, da L
2 ©% T3 923 172 991
1 6u3 1 6H3 1 8H3
337337 H, da,  HH, 0c, L HH, 0, 2
3 93 HiHz 0o 2H3 927 &)

N _H2 P U, Hl 0 u_l
2279274 5a, | H, | H, da, | H
19972 2 9o (M1

E ~ e =
237 %23
H2 aaz H3 38053 H2
glgzelsz'*_i{“_l}ki Uz
H3 8a3 Hl 1 8a3 H3
31€Ch €j; — KOMIIOHCHTBI nehopMarium.
KoMnoHeHTBI BEKTOpa moBopora
o ——(rotU) _1 1 6H3U3_8H2U2
: « 2H,H,\ da, Oa,
w —l(rOtU) _1 1 aHlu1 _ 8H3U3 (3)
) k 2HH,| day, Oey
" ——(rotu) 1 1 (éHu, oHu,
’ k 2HH,\ 6, Oa

®opmyJsl 3akoHa ['yka
O3 = Cp3€yy +Cp€y + G335 +C1y€55 +Ci5€5 +Ci68p
O = Cp1€yy +Cpp€5 + Cpas5 + €y €55 + Cps€y3 + Ci6€yy
033 = C31€5 1 C55€,p + C33€55 + C34€)5 + Cas€y5 + Co66yy
Op3 = Cpy€y +Cyp€yp + Cya€33 1+ Cyy€55 + Cys€5 + Cye€y 4)
O3 = C51811 + G580 + Co3€33 + C54€p3 + G583 + Cs6€y,

0-12 = CGlell + C62e22 + C63633 + C64e23 + CGSel3 + C66e12

rie C; — ynpyrue HOCTOSHHBIC.
IIpuHuMas BO BHUMaHUE BBIIIE [TOJTYYCHHBIEC BHIPAXKEHHUSI, 3aITUIIIEM OCHOBHBIE 3aBUCUMOCTH TCOPUU

TEPMOYIIPYTOCTH JJI MUCCIIEIOBAaHUS HaIpshKeHHO-aehopmupoBanHoro coctossaus (H/IC) TpancBepcanbHO

M30TPOMHBIX TEJ B HMIHMHAPO-OUTIONSAPHON cHUCTEME KOOPIUHAT.
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ITonyduenue 3THX 3aBUCHMOCTEH Hamboiee ymoOHO BECTH B IMIMHIAPO-OUIONSPHOW CHCTEME
koopauHat &, &, Z; (0 <E<oo, —m<a<m,—0<2< oo) , CBI3aHHBIE C MPSIMOYTOJIEHBIMHU JIEKAPTOBBIMHU

KoopauHaTamu X, Y, Z cieayromumu GopMmysiaMu

_ashé _asina
ché+cosa’~ ché+cosa’

Z1=12,

juis mapametpoB Jlame, npunumaem: H, =h., H, =h , Hy=h,, npu srom

a .
h,=h,=h=——————, h, =1- napaverpsi Jlame, a— macmrabubIif KO>hduIHeHT.
ché +cosa
HVcX0HbIE 3aBUCUMOCTH TEOPUH TEPMOYIIPYTOCTH HMEFOT CIIELYOLINN BUI:
yPaBHEHHS PABHOBECHS

6(h0'§) +1 6(hzz’§a) N 5(h21'§z)_8_h0 0
06 h oa oo o

oho,) 207, 10(N2e) an
oa oz h o8&  oda f

b2 do, +8(hrw)+8(hrz¢):0 5)
0z oa 00

rae o U O' HOPMAJIBHBIC HATIPSDKCHUA, T

> =7 __ — KaCaTCJIbHbIC HAIIPAKCHUA.
4 za

ta ~ TaerTe, =T, T4,

3akon ['yka (¢pu3udveckuil 3aKkoH), KOTOPBIM MpeanoiaraeT camyr TMpPOCTYIO, JIHHEHHYTO
3aBHCHUMOCTh M€Ky KOMIIOHEHTAMH HANPsKEHHMsS W COOTBETCTBYIOIIMME MM KOMITOHEHTaMH aehopManun
JUTS TPAHCBEPCATBHO-U30TPOIMTHOTO TENA 3aNMChIBACTCS TaK:

O, =C&x +(C, —2C5) &, +Cy&, — Ky T = cl(

-2C (1 ov i@uj 03%—k10T,

1 a(hu) 6(hv)j

h o  oda

hoa h?o& 0z
1 6(hu) oJ(hv
0, = (0 =265 ) & + 08, +Co8, — KT :Cl[F 535 )+ E?a )J— (6)
—2¢ [1a_u izﬁvj Csﬁ_klo-rv
hos h°o /4
1(2d(hu) oJ(hv ow
GZ=C3(g§§+gm)+czgu—ka=03F[ (a§ )+ éa )j+cz__kon
r. =7, =Gy, =C E[X}i[ﬂj \
Sa a& 5 &a 5 85 h aa h ’
Tey =Ty =C &z C, 8_u+£@ L (7)
oz ho&
(av 16Wj
z-ozz :Tza :C4gza :C4
0z hoa
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rIae u,v,w - KOMITOHEHTEI BEKTOpa CMEILEHUS U Bnons KOOPIMHATHBIX JIMHAN

Ea,z ErEyr €38y =EperEs, =E,558,, =6, nedopmanuu, C, (i = 1,5)— YIPYTUe XapaKTEePUCTHKH,

k

0= [2(6‘1 - )]{1 +c,k, ], k,, = [203]{1 +c,k, ] ,a k u k,— KO>pQUIMEHTHI THHEHHOIO TEIIOBOIO

pacipeHns B IUIOCKOCTH HW30TPOIMH U BAOJIb z . [ — TeMmrmeparypa B YIPYroM Tele YAOBICTBOPSIOIIAL
ypaBHEHHE

AT + 4, 82—721 =0 (8)
" COOTBETCTBYIOUINUE I'PAHUYHBIC YCIIOBUA,
oT
mpu &=¢; . EZO wim T =0;
npu a=aq,: Z—Z:O wim 1 =0; 9)
wu z=2,; T=T,(Ga) wn SE=T,(6) wm ZoenT =T, (5.a). (10)
3necs  1=0,1, 7,- 3amannbie moctosHHBIE. A U A, KOSDOUIMEHTH TEILIONPOBOAHOCTH B IIOCKOCTH

0? o
M30TPOIHH ¥ BIOJb OCH Z . A, = A o + P :
a

C yuyerom dopmyin (6) u (7) ypasuenus paaoBecus (5) mepenuiiem B CICAYIOIEM BHIC:
oK 0B ot;,
+h—=

) - =0,
o8 da oz
d
p) B+ K ez g,
o8 da oz (11
10 10 c, 0B
c) —— - — 2= =0
) hzag( o) hzéa( :2) ¢, 0z

— 2 _ 2
&a_K_,_Clcz ccow 120 (h az)+ii(h §z): CzkzoC CsKyp ZZ-IZ—’
1

rie
a) K:cl( (hu)+a(hv)J+c38W—ka,
o¢ oa 0 (12)
b) B:c_sz[a(hv)+8(hu)j.
h*{ 0¢ oa

PaccMoTpuM  TepMOyIipyroe paBHOBECHE KpPHUBOJHMHEHHOTO KOOPIWHATHOTO MapajulelienuIiea

7= {(f,a,z) eR: << oy fa<a,z,<z< Zl} CO CJICIYIOIIMMHU TPAaHUYHBIMU YCIOBHUSIMHU:

nmpu é: = é:i . a) ﬂ = 0, u:O, B:O, T.»:z — 0’
% (13)
b) T =0, K=0, v=0, w =0;

nmpuo =q,. a) 8—T =0,v=0,B=0, 7, =0;
oa

b) T =0, K=0,u=0, w=0;
(14)
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pu a)o,=F,(¢,a), hr,.=F, (¢, a), hr,, =F;(&,a);
by w=f, (&, ), hu=f, (&, a), hv=~; (& a);
Ty wet,y (£,a), he,=F, (é.a), hr,, =y (E.a);
d)o,=F, (&), hu=f, (& a), hv=Ff (& a); (15)

npuz = z: a)T:ti(é,a), b)z—-zr:ti(f,a), C)(Z—-IZ-'l'YiT:ti(é:,Ol), (16)

3necei =0,1, mpuuem z,=0; Y,- 3amaHHbIe NOCTOSHHEIE.

I[J'ISI pelICHUs T'paHUYHBIX 3ala4 NPUMCHHUM MCETOJ pas3gcyICHHUA NEPEMCHHLIX, IMO3TOMY BBIIIC
IPHUBEJACHHBIC T'PAHUYHBIC YCIOBUS MPEIACTABUM B CJICAYIOIICM BH/JIC.

npu a)o,=F, (¢,a), I(he,he,,)=F, (&,a), I,(hr,,.hr,.)=F; (& a);
b)w=f, (&,a), I (hu,hv)=F, (& &), T, (hvhu)=F, (& a);

B cyw=f, (&a), I, (hr,., he,, )=F, (&.@), I,(hr,,.hr,.)=F;(&a);
d)o,=F,(¢,a), I (hu,hv)=F, (&, @), T, (hvhu)=F, (& a);

rae Fl(ﬂl,ﬂz)ZF(a—?+a—7§], r, (772’771):?(%_6_2)'

B nacrosiielr pabote CTPOUTCS PEryispHOE pelieHue A rpanndHbix 3agad (8), (11), (13), (14),
(15), (16) unm (3), (6), (7), (9), (16), (17).

Teopema. Jlnsi paccMaTpuBaeMOro Kiacca TPaHHYHBIX 3a7ad TEPMOYNPYrOCTH B IMJIMHIPO-
OUTIONSIPHOM CHCTEME KOOP/IMHAT, TOUHBIC PEIICHHS B KJIACCE PETYSPHBIX (DYHKITHI MPEACTABIAIOTCS B BHIC

hu:i[wﬁi%}i%,
2c,

(17)

o¢ ¢, Oa
hy = |y, + Ly, |- L% (18)
oa 2c, cs 05
0 1 1 oy
hw=-—|y,+—vy, |[+——2%
Y oz [% 2c, sz c, Oz

Taey,, ¥,, W, PELICHHUs CIEAYIOIMX YPABHEHUH:

2
a) IV Ay -0,

2
cs 0z
v
3
b) =2, VA, +v,Aw, =v, T, (19)
2
) Yo sy Ay, +v.A T
c ZZ Vl 2l//2 V3 2‘//2 - VS ’
rac
2 2
2
006G (cS +2c4) 00,6 (03 +2c4) L €,C, — €, . ¢,k —(03 +2c4)](20
1 >V T V3 T Vg T
2c,c, 4c,c, c, 2¢,c,

_ Cyky — C3ky,

5

)

B 3akmroueHun 3aMETUM, YTO TMOJYYCHHBIC TOUHBIC PEIICHUS TO3BOJSIOT IJIS TPAHCTPOIHBIX TE,
OTPaHWYEHHBIX KOOPAWHATHBIMU TTOBEPXHOCTSAMHU LWIHMHAPO-OUTIONSPHON CHCTEM KOOPAMHAT, pEIIaTh
HEKOTOpbIe KOHKPETHBIE TpPAHWUYHBIE 3aladll TEOPUH TEepMOYNpyroctu. B Ommxaiimee Bpems OynyT
OITyOJIMKOBaHBI COOTBETCTBYIOIIHNE PAOOTHI.
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SUMMARY

THERMOELASTIC EQUILIBRIUM OF THE FINITE LENGTH CYLINDER IN THE
CYLINDRICAL-BIPOLAR SYSTEM OF THE COORDINATES

Gurgenidze D.R and Gorgidze D.A.

Georgian Technical University

In the work the thermoelastic equilibrium of the hollow and continuous elastic bipolar cylinder of the finite length is
considered at the action of the stationary temperature field and external load. The general equations were derived on the
basis of the method of N.G. Khomasuridze and new exact analytical solution of the boundary problem is presented.
Keywords: analytical solution, thermoelastic equilibrium, cylindrical-bipolar system of coordinates.



LSISANIR I bS506IN6(M bLOSELI60, GEORGIAN ENGINEERING NEWS, A21,2020 11

O PABPEIIMMOCTH TPEXMEPHOM JUHAMMYECKOM 3AJTAYU TEPMOIUPDY3UHN
bexyamBuian 10.A., Kauaxunze H.J.

I'py3uHckHii TeXHHYeCKHII yHUBePCHTET

CBsI3b MEX/y HECTAIIHOHAPHBIMHE TIpolieccamu Jie(hopManuii, TerIonpoBOJHOCTH U TUPPY3un
B TBEP/0i H30TPOITHON YHPYrol Cpesie OMUCHIBACTCSI CUCTEMOM MATH CKAIAPHBIX IU(PepeHIIHaTbHBIX
ypaBHEHUI B YaCTHBIX MTPOU3BOAHBIX BTOPOTO mopsAaka Buaa [1, 2]:

0 O
A - 3y __ U th = X!ta
22 po-ay
0 0 . N
riae & a — MaTpUYHbIA quddepeHInalbHbIH oniepaTop pasmepa 5X5
A( 0 ,ﬁjz AjkA(_a ,ﬁj
ox ot OX Ot )5

0 0 0? 0
Ajk(&aﬁtj (,UA ,0 Jé}k*‘(}L ﬂ)a 3

k=123,
9%k
8 o o2 5 & o2 .
A- -, _ i-3 ~ 1 k2112a31 :415’
’k(ax atj i aex, Ak‘(ax &J i J

0 0 0
Akj(ax th 5kj(5j—3A_aj—3§j+(5kj_l)aiza’ k

U= (u;u4,u5 :||uk||5Xl — ozHocTonbueBast Marpuna, U = (ul,uz,u

3) = ||Uk||3x1 — BCKTOp CMe-
IIECHUS, u, — N3MEHEHUE TEMIIEPATYPHI, Us —

«XUMHYECKHID»  MMOTEHIHAT  CPEIbL.

: . 3
Q(X,t): (q, q 4,q5)— 3a/IaHHBIA BEKTOp, X = (Xl, X2,X3)— TOYKa €BKJIMIOBa IpocTpaHcTBa E°,
Bpems, A —TpexmepHbiit onepatop Jlarmaca, &y —cumson Kpowekepa, A,u,p,7;,4;,9;, j=12,
Q, — U3BCECTHBIC YIpyrHe, TepMuueckue M IU(GQDY3UOHHBIC JACHCTBHTENbHBIC ITOCTOSHHBIC
YAOBIIETBOPSIONINE €CTECTBCHHBIM OTPaHUICHIAM [2].

3
Iycts D, € E® —koneunass ~ o6nmacts,  OrpaHHYCHHAs

S, eJ/,(a) a>0,k=01..,m [1], S,NS, =4, kj=

=0]1,..m; S, oxBarbiBaeT Bce OCTalbHBIC, a

— m n—
9TH mocnesHne He oxeathiBaroT Apyr apyra; D =D, S, S=|J 'S, D=D, \LJK_1 Dk, re.

= {(X,t): xeD,te [O,oo)}— OCCKOHEYHBIN IUIUHAD B
{(X,t): Xxe§, te [0, oo)}— 00KOBast TOBEPXHOCTh LIMIMHIPA.

3aMKHYTOH  TOBEPXHOCTHIO

D — koneunast obnacte ¢ rpanumeit S. 1]

E‘ S, =

3aznaya |. Onpenenuts B nmunape L perynspusiit Bektop U € Cl(ﬁw )ﬂ CZ(L[ )m ycIo-

xteH A(a atj Q(X,t),

; . oulx,t
e D fimutet) =) fim PO,
limu, (xt)=p{(x). j=45,

BUM
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v(y,t)es, U (y,t)=F¥(yt) yes,, k=0,m,,

E %n U(y,t)_+= t9(yt), yes,, k=m+1m,
Q %n U(y.t) - t9(yt), yes,, k=m,+1m,,
P a%,n U(y,t)_+: fO(y,t), yeS,, k=m,+1,m,,
N %,n U(y,t) +: fO(y,t), yeS,, k=m,+1L,m,,
of 2 iyt) = 19(t) yes,. k—m L
L(Q,n U(y,t)}+= t9(yt), yes,, k=mg+im,,

oy
H% jU(y,t)]ﬂ(k)(y,t), yes,, k=m,+1m,

O<m<m,<..<m,<m; RU = (HU 8u4 auj
on - on

HU =Tu - y,nu, — y,NUs — BexTop TepMoandpy3HOHHOTO HATIpsKEHHUsA, N = (nl, n,, n3)—
OpT BHEIHEH HOPMAJIH B TOUke Y € S,

6u 8u au aus

" on
QU :(u—n(u-n),(HU -n)u,,u;), LU =((u-n),HU —n(HU -n),u4,u5),

U :(u—n(u-n)(HU -n), aaun %unj

a TakKe 1 OOJIBIINX 3HAYeHUH t,

‘ o'U(x,t)

U <cexp(opt), |+, +l,+1,=1, 1=012.
1 2 Y3

3amaua | He mMeeT Oojee OJHOTO peryns[pHoro peweHus. Joka3aTtenbCcTBO MPOBOAUTCS MO
cxeMe ykaszaHHoH B [1]. Ilycts V(X t) = (V V4,V5 = ||Vk||5Xl,
e v(X t):e‘tsiﬂgo(k)(x) (x,t)=¢ t726:£(p-k (x), j=45

' o K! , i K ' o

Cocrasum pasrocts Ug(x,t)=U(x,t)=V(x,t), rae U(X,t)pemenne ucxommoii 3amaun |.
Jlerko Buzets, uto U (X, t) Oyzer pemeHneM 3anauu lo ¢ 0HOPOJHBIMY HaYaJIBHBIMU JaHHBIMU.

ITycTh 7 =0 + @ — KOMIUIEKCHAs TIEPEMEHHAS B MOJYIIOCKOCTH Ty = {r ‘Rer >0, }

PaCCMOTpI/IM SJUTHIITUYECKYIO IrPAaHUYHYIO 3a4a4y C KOMIUICKCHBIM IIapaMETpoOM 7.
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A

Bagaua |,: Omnpengenmuts B obnactu {Xe D, 2'67[60} PErYIAPHBIA  BEKTOP

ljo € Cl(ﬁ)m C?(D) u3 ycnosui:

o - ~
vxeD: A(&,T U, (x,7)=Q,(x,7),
vy e S, :L]g(y'f): fAo(k)(y'z')y k=0,m;
vyeS,:|R % nU:(y,7)| = f¥(y,7), k=m +1Lm,;
vyeS, | Q % nlU:(y,7)| = f¥(y,7), k=m,+1Lm,;
vyeS, :| P % nU:(y,2)| = f9(y,z), k=m,+1m,;
Vyes,: N(%,n U (y.7)| =f9y,z), k=m, +Lm;
VyeSs,: Q{% nl0:(y,7)| =f¥(y,z), k=m,+Lm;
VyeS, [L(% n]ﬁg(y,r)} = f¥(y,7), k=m,+1m,;

>

—h

.
0 - -
VyesS,: I(—,njug(y,r) = f9y,z), k=m,+1m.
oy
Ora 3ajaya nonmydaercs u3 3amadd |, QopMaabHBIM IIpHMEHEHHEM IpPeoOpa3OBaHUS

A

Jlanaca UO(X,T)I J'e‘“UO(x,t)dt.
0

OtHocutenbHo 3a1aun |, ycTaHoBieHs [2]:
a) SAMHCTBEHHOCTh pPEIICHUs; 0) CyIIEeCTBOBAHUE PEIICHMS; B) IIAIKOCTh PEIICHHS OTHOCH-

tenbHO X € D) T) mmaakocTs perieHuss OTHOCUTEIBHO T € Ty, 5 ) ACHMITOTHYECKHE OTHOCHTEILHO

T € 7T, OLEHKH PELICHNs U €€ IPOM3BOHBIX 110 X, , k =1,2,3 B 3aMKHYTBIX 00IaCTSIX.
3agaua |, uccnenyercs oObraHbIM criocoboM [1,2]. TTokasbiBaercs, uTo 3ana4a |, oqHo3HauHO

paspenirMa B KJ1acce PeryysspHbIX BEKTOPOB Cl(D)m CZ(D), a pelicHne UO(X, T)— AHATTUTHYCCKU I

BCKTOP B IIOJIYIINIOCKOCTH T € 72'00 " I0IIyCKacT OUCHKHN

#, %aUg)((X,r)%j |(3:+a, a>0, k=123, VvxeD, Vrer,,
T K T

Uo(x,r)(<

|82ljo(x,r)|< c

—, a>0,k,i=123, vxeD' c D, Vrer,_,
| oxox | [ :
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AHanuTu4eckas 3aBUCUMOCTh UO(X,Z') OT T € /T, ¥ PaBHOMEPHBIC OLCHKH, B CHITy M3BECT-

HBIX TCOpeM (0] Hp606pa3OBaHI/II/I I[armaca, ITIO3BOJISAOT 06paTI/ITL I/IHTera.]'I nu aJjis OpI/IFI/IHa.]'Ia nMEeM
BBIPAXKECHUE:
1 o+io
tt
U,(x,7)=— |e"U,(x,t)dz.
0 2721 0

o—io©
Slcuo, uto U (X, t) =U, (X, t) +V (X, t) SBIISIETCSL PETYJISIPHBIM pelieHueM 3anaqn | amacrorep-
Moaudhy3un.
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SUMMARY

ON THE SOLVABILITY OF THE THREE-DIMENSIONAL DYNAMIC

PROBLEM OF THERMODIFFUSION

Bezhuashvili Yu.A. and Kachakhidze N.D.

Georgian Technical University

In the present work the main dynamic problem of the adjoint theory of thermal diffusion with mixed boundary
conditions is investigated for three-dimensional finite regions bounded by several closed surfaces. The theorems
are proved of existence and uniqueness of regular solutions.

Keywords: thermal diffusion theory, dynamic problem, three-dimensional regular solutions.
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L0J3OBIOL RO YHBOL 3M3MMIB0S LOZHBIYN

d5L30bdge0>dgoeo d.0.

boJodmggmml @gdboggmdo 9bogg@dlodgdo

dmdmmg@os s®ol ®s0dg gogy@ols Job Jbyogl Boayu®sbg sbsbgs, g.0. dmEgdymo
Q0 g00bogob dologg bgoglo Qoay@os Jowgds. Lod@Fgols ob FOGol dmdmmg@oss
domo sliobgs oMo ganyy® LodbdBygbg ob [ ggby.

Beowo SIm3obs 1. Inigdygmos Lod®Egol bmgswo asbGmagds

Ax+By+Cz+D=0. (P1)

F93o0306mm 03 Lod®BYol aobBmengds, GmIganbgi  solsbgds (P)  Lod@dyg
30dmmgBoom, Gedmols 396¢®0> O(Xy; YeiZp) Taodomo, 30950309600 go K (K #0).

59mblibs. gomdzom, (P1) LoddRgol bgdoldog@mo Fg@ddomos A(X;Y1:Z;), ®mdgmog
53 30ImmgHoom solsbgds badgdbo Lod@dgol B(Xy;Y,:Z,) TgOHomby, Goi bodbogl

K-OA=0B. O(x0; Yo; 20) A(x1; ;1; z1) B(x2; ;’2; 22) (1
K>0

OA= (% =Xoi %1 = Y0121 = Z9)» OB =(% = Xo; Y, = Yoi 2, — 20
K-OA=(Kx —Kxy; Ky, —Kyy; Kz; —Kzp).
() Bmermdoesb dogowgdm

Xy — X + KX Y, — Yo + Ky
KX = KXo =X =X, Xl:%5 Ky, =Kyo =Y, = Yo, Yy="2—— }0< 2
Z,—2,+ Kz
Kz, - Kz, =2, — z,, 21:%‘

X -ob, Yj-ob s Zi-ob bobggdo dggodsbmo (P1) Lodd@Eggdo X-ob, y-ob @ zZ-ob
bozgEoE, g.0.
AX, —A>|<<O+AKX0 N By, —B)|/<0+ BKY, +C22—Czo + XKz, D=0
AX, + By, +Cz, — AX, + AKX, — By, + BKy, —-Cz, +CKz, + K-D =0. (P2)
(P2) o@0l  bodgdbo  Lod@Fgol gob@Gmagdol Lobg, @mIgaoloi ogdogmygomgdls
B(X2:¥2:2,) YadHogo. gb 3obhomgdes
Ax+ By + Cz — Ax, + AKX, — By, + BKy, —Cz, + CKz, + KD =0.
5dm35bs> 1. dmgdygmos Lod@Gyol aobGemagds
3X+y-2z-4=0. (P3)
dg3o006mm 03 LoddEYol  gob@margds, @mdgembgi solbobgds (P3) Lodddyg
ddmmg@oom, Gemdwols 396¢®0s O(=1; 2; =5) F9@Fomo, 30mgx803096¢0 go —2.
S8mblbs. gmgom, (P3) Lodd@gol 6gdoldog@o Tgd@omos A(X;Y1iZ), Gmdgmos
53 30ImmgBHoom solabgds bodgdbo Lod@dyol B(X5;Y,:Z,) Tg@Homby, Goi 60dbogl

—2-0OA=0B. )

:B(xz; y2; 22) O(-1; 2; -5) A(Xl:; yi; z1)
OA=(x+1y,—2,2+5), OB=(x,+1y,—-2;2,+5),
—2-0A=(-2x—2; -2y, +4; —2z,-10).
X, +3
(2) HoEmdosb dJogowgdm: —2% —2=X, +1, X = >
Z, +15

yz_;6;—2z1—10=zz+5; n =222

-2y +4=Y,-2, Y=
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X -ol, Y,-0l o Z;-0l Lobggdo dggo@ebmm (P3) Lod®@ygdo X-ol, y-ol ws zZ-ols
boggmow, g0
-2 -2 -2
odgob 3%, +Y, =22, =19=0 s@0l bodgobo Lod@@gol gobGmemgdols boby, GmIgmlss
53d0gmgomadls B(X,;Y,:2,) Taodomo. Loddgol aobdmmgdss 3X+Yy—-22-19=0.
begoo sdm3dbs 2. Inzgdgmos FORoL 3obmbosg®o aobGmagds Log®gdo
X-m y-n z-q
= = X (Ll)
a b c
Fggo00306mm 03 FOGoL gobGmagds, Gmdgebgi solbobgds (L1) §Ogg dmdmmg-
Boom, G®Imols 396005 O(Xg: YoiZg) Ta®domo, gmgznozogbdo go K (K #0).
domomgds.  [obs  bmgswo  sdmEebs  1-ol sdmbLbol  byogloe  dmodgdbgds
3mdmm g@og®o FORol gob@magds.
Sm35bs 2. Inigdgmos FOGol gob@magds
x+1 y-4 z
-7 (L)
-2 -1 3
93o0206mm 038 FORol gob@mengds, @mdgemoi doowgds (L2) {Ogol dmdmmngdoom,
Amdaol 396@®os O3; I; —4) FgdGoeo, 3mgxno30gbdo 3o 2.
58mblbs. godgom, (L2) §@gol bgdobdog@o (gddomos A(X; ;7). Gmdgmoi o3

dm3mmygBHoom solobgds bodgdbo Fagol B(X,:Y,:Z,) Tgo@omby, Goi 60dbsgl

~4=0,

2-@\2 @ 0@3; 1; —4) A(x1; )71; 21) B(x2; ;/2; 22) 3

OA=(x -3y, -1z +4), 20A=(2x —6; 2y, —2; 22,+8), OB = (x, —3;y, -1z, +4).
(3) Bmemdowsb dogomgdm:

1

2% =6=X,-3, XlzszjL?,; 2y, —2=y,-1, Y1=y22+ ;
-4
2y, +8=12,+4, 212222 )

X -0b, Y;-ob ©s Z-ob bsbggdo dggzo@obme (L2) (Og9do X-ob, y-ol s z-0b
bozgeowE, g.0.
X, +3 y, +1 z,—4
+1 -4 <
) - - . (L3)
-2 -1 3 -4 -2 6
Lodgdbo §@gol Lobgs (L3) §ogg, @mdgmlen ogdoymaomadls B(Xy;Y,:2,) Tgd@owo.

FOgol aob@mengdss

X+5 y-7 z2-4
-4 2 6

LO0BIGOBIGS
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SUMMARY

HOMOTHETY OF STRAIGHT LINE AND PLANE IN SPACE

Maspindzelashvili B.1.

Georgian Technical University

When in the space straight line or plane are given and the center and coefficient of nomothety is known the
method is constructed that gives the possibility to generate the equation of homothety straight line or plane.
Keywords: homothety, straight line, plane, space, coefficient, point, center of homothety.
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FAB0LS RO LOdOBDIOL 39OIRNINID0 39RIBS6S 1LO3MHBIF0

d51306dgem>dgogmo d.0.

baJodmggmml §gd6ogg®do 9bogg@lodgdo

FOgol b Lod®@yol 3o@s@ganyg@o aos@obs (sbobgs) o®ol domo gowsswyo-
ggds Jmgdgero ggd@m®ol dods@myegdomn dobo Log®dols Gemeoo dsbdognom.

Begoo SIm3obs 1. Inigdygmos FOFoL 3obmbogy®o gob@magds Logdgdo

X_X0=y_yO=Z_ZO. (Ll)
a b c

(L) §O50lL 3s@omgamy@o gos@obs bpgds =X Y1 21) 39dom@L dododmy-
g9d00 dJobo Log®dol Fmenr dsbdognby.

dggo006mm 03 [ORx0l aob@megds, Gmdganbgi solobgds (L) FOgg o3 3o@o-
g RA0 2o5ASbom.

Sdmblbs. gmggom (L) §oxgol bgdoldgdo (gd@omos A(X2; Y23 72), Gmdgeoi o3
3oMoga @0 gos@obom solsbgds Lodgdbo Faxgol B(X3; Y35 23) Fgd@oeby.

A(x2; y2; 22) B vy 23) AB = (X3 =X Y3 — Vo1 23— Z,) . Gopyoboi @ = AB,
>do@ma

X=X =X, X =X=X: Yi=Y37Y  Yo=Y3— Vs
Xy -0l, Yo-0l o Z,-0b Lobggdo dggodobmo (L) FOxgdo X-ob, y-ol ©s z-ol bsigasw,

9-0.
X=X =X _Ys=N1~Yo _Z3—h—Z
a b c
(L2) o®0ol bodgdbo (@30l aob@megdols babg, @mdgabsi  o3dsgmazomgdls B(Xs;
y3; 23) Tgd@ogo. gl gob@mengdos
X=X =X _Y=Y1=Y _Z2-4-%
a b c
Sm3sbs 1. Imigdygmos FOPol gob@mangds
X+l y+3 z-2
-2 1 -3
39JBm@0l dods@mnygagdbom dolbo Log@dols Goeo dobdognby.
ggo0306mm 03 FORgol  aob@mangds, @mdganbgi  sobsobgos (L3) Fogg o0
30@Md>@ YYD 4 5©5FSbom.
S9mblbs. godgom (L3) FOxol bgdoldogdo (gd@omos A(Xi; Y13 Z1), Gemdgenoi 3
35Mdo@gEg®o  aosBobom  solobgds  Lodgobo  (oOgol B(xz; y2; 22)  (g@Boa by,

A(xi; y1; 22) B(x: y2: 22) AB = (X =X Yo = Y132, — 7).

(L2)
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SUMMARY

PARALLEL TRANSFER OF STRAIGHT LINE AND PLANE IN SPACE

Maspindzelashvili B.1.

Georgian Technical University

If in the space straight line or plane and vector are given, by those the parallel transfer is determined, the method
is constructed that gives the possibility to generate the equation of projected straight line or plane.

Keywords: parallel transfer, straight line, plane, space, vector, point.
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SUMMARY

USE OF GEOLOCATION IN 4G AND 5G TECHNOLOGY-BASED SON SYSTEMS

Gogokhia S.Sh. and Abzianidze N.E.

Georgian Technical University

The article presents 4G and 5G SON algorithm. The brute force method has become very inefficient due to the
exponential growth of the network elements, which requires very large computational resources and makes it
almost impossible to detect and respond to problems on time. Geolocated degradations that are aggregated and
sorted on bin levels, allow to predict and exclude parameter values that will deteriorate the quality of the system.
This method significantly reduces the number of iterations, which is a key indicator of system efficiency.
Increased efficiency allows to focus on cells causing the network performance degradation and allow operators
to automatically and timely adjust network settings.

Keywords: geolocation, automation, iteration.
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o = 0,305; Pisi=2 @dé; a = 0491

Log@mm xo®ods boddmsgtgbyg aodmmgmomos (5) Bm®Iygeols dobgogom:
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o) Pisi:  &meglsi dognggs a=0,15 ©d/3d, 35dob, Pisi= 025 o, (bob2), a=03;
Q=6 , BER=10".

3) Pmen: @ = 0,15 06/33, Puen= 0,1 o6, K= 0,14; Q=6 (bob. 75) 5300gs0 Log@om
X003 Pysd. Logoom = 0,15+0,1=0,25 6. obyg, 0dobomgol, @md dogs@fomm do@yg® dgi-
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@ols dobggomn — Puen dmgdol aogmxol bdsy@dbg 360dgbgammgeb aogmgbols obwgbgb
330mL bodolbmd®og dosbobosmgdbmgdbg: Q-RoJdm@dls ©s doGycd Jgaremdsmns sads-
0mdsbyg, dob gbgdagdogaee 3mBgbcosmbg (boyxgdbg) ©s Gmam® 3 dJomomgdyemos
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bgemdol sdmogdygmgds doanggol s dmEgdols yogmaol bdsy@msb dods®mgdoom.

R0B3IBODIDS

1. Svanidze R., Rostiashvili N. Chincharauli J. Factors affecting the probability of bit errors and energy
potential in digital fiber-optic transmission systems. /Scientific enquiry in the contemporary world: theoretical
basics and innovative approach. August 20, 2020. Conference Proceedings. B&M Publishing, 2020, San
Francisco, California, USA.

2. Svanidze R. Rostiashvili N., Chkhaidze M. The probability of bit errors (BER) and the mode of noise
division of the transmission laser modes in digital-fiber-optic transmission systems. /Scientific enquiry in the
contemporary world: theoretical basics and innovative approach. August 20, 2020. Conference Proceedings.
B&M Publishing, 2020, San Francisco, California, USA.

3. Pex. MCD-T, cepus G, mobasnenue 39 (02/2006). CEPUS G: CUCTEMbBI U CPEJJA TIEPEJAYU,
U DPPOBLIE CUCTEMBI U CETU.

4. Surachet Kanprachar Dr. Ira Jacobs, Chairman Electrical Engineering Modeling and analysis of the effects of
impairments in fiber optic linkshttps:
//pdfs.semanticscholar.org/8b23/6ff4a50cd73280bbh949f8h6e6317a83b5458. pdf

SUMMARY

INTER-SYMBOL DISTORTION, NOISE SPLITTING AND POWER FINE ESTIMATION IN
DIGITAL FIBER-OPTIC TRANSMISSION SYSTEMS

Svanidze R.G., Rostiashvili N.R. and Chkhaidze M.T.

Georgian Technical University

The paper presents an assessment of penalties for interdisciplinary distortion (IS1) and noise division (MPN) It
has been established that these penalties can have a significant impact on the quality of the heat: Q-factor and the
probability of bit errors, its energy potential (budget) and must be assessed and taken into account when
designing and operating the energy potential reserve of the system.

Keywords: BER - Bit error rate, MPN -Mode partition noise, RIN -Relative intensity noise, ISI- Intersymbol
interference, MLM -Multi longitudine mode.
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SUMMARY

DEGRADATION OF CABLE TRANSMISSION LINES OF DIGITAL FIBER-OPTIC SYSTEMS
Svanidze R.G. and Chincharauli J.1.

Georgian Technical University

The paper presents approaches to assess the degradation of cable fiber-optic systems (TFOS) transmission lines.
It has been established that with the deterioration of characteristics due to natural and artificial overlays during
the operation of TFOS cells, the optical and mechanical characteristics of TFOS are constantly improved
with the introduction of modern technologies, as well as the optical-mechanical characteristics of optical lines.
The dynamics of improving the optical fiber, cable, as well as lasers of different standards are given.

Keywords: fiber-optical systems, degradation, transmission line.
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SUMMARY

CONSENSUS MODELS COMPARATIVE ANALYSIS

Kotrikadze K.O. and Kipshidze D.G.

Georgian Technical University

Consensus models used by well-known blockchain platforms are mostly tailored to the specific platform
requirements and challenges. For the most part, open platforms reach an agreement between multiple pairs of
participants, or nodes using computing power, memory load, which, of course, acts on the performance of the
consensus algorithm. On the other hand, the possibility of scaling in closed-platform blockchains is relatively
small, but it provides much faster agreement capabilities. When discussing blockchain as a business solution, it
is important to consider the size of the network, the connections between network participants, productivity, and
security before we decide to use this or another model.

Keywords: analysis, consensus, model, blockchain
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SUMMARY

PROSPECTS FOR CONVERTING MECHANICAL ENERGY WASTED IN THE VEHICLE
SUSPENSION INTO ELECTRICAL ENERGY

Zivzivadze O.V., Zivzivadze B.L., Kachakhidze I.S., Geguchadze A.Ch. and Papidze Z.A.

Akaki Tsereteli State University, Kutaisi

The shock absorber in the suspension has been replaced by a new recuperative device that converts the loads
transferred to the suspension from road surface irregularities into electric energy.

Keywords: mechanical energy, car suspension, electric energy.
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ANALYSIS OF CODE TESTING AND LONG TERM RELIABILITY FOR INTERNET OF
THINGS COMPONENTS

Kvirkvelia Sh.V, Kvernadze S.A. and Beridze J.L.
Georgian Technical University

Abstract. Considering some effects and faults of various electronic components, in long run perspectives, some
software for Internet of things devices may prove unreliable. Financially, for some types of devices, making
electronics that never fail might be inefficient. When it comes to using higher-level languages for programming
microcontrollers, most of the programmers are left confused when sometimes software starts behaving randomly.
Hardware faults are not common, but they happen. Sometimes a single hardware fault, in device's transmitter's
component, can cause device to lose network connection and stay so until the components are restarted and
renegotiated. This paper will try to describe some common aspects of hardware faults and some software solutions
to them. Mathematical model for estimation Internet of things of device reliability is also presented.

Keywords: internet, code, model, software, hardware.

1. Introduction

Internet of things is new technology and it has complex architecture consisting of many
different parts both hardware and software. The importance of reliability is vital for services offering
via Internet of things. The importance of reliability is vital for services offering via Internet of things.
Because of structure of nodes and network specific characteristics, software and hardware reliability
have close relations. Mostly in research papers they are considered as independent. We present
approach and suppose dependency of software and hardware reliability especially device wear out
phase. It is also very important to predict or check faults in early phase for this Chebyshev inequality
and its confidence probability methods are proposed. For increasing reliability majoring principles are
suggested for 10T devices or its vital parts.

2. General software testing types for IOT

Despite the large number of research works that attack specific problems related to the design
and development of IOT applications and services, a general software engineering approach is still
missing [1]. Custom software require an advanced testing approach, far beyond just simple Workflow
debugging. 10T’s should be bound, but not limited to the next types of software testing [2]:

o Workflow Testing - Scripted end-to-end testing techniques which simulates specific
workflows which are expected to be utilized by the end-user. This kind of testing is necessary for all
kind of fields.... it can be both manual and automated.

e Error-Handling Testing - Software testing type which determines the ability of the system
to process properly erroneous transactions.

o Interface Testing - Methods to evaluate whether systems or components pass data correctly
to one another.

o Loop Testing - A white box testing technique that check possible program loops.

o Fault injection Testing - Element of a comprehensive test strategy that enables the tester to
concentrate on the manner in which the application under test is able to handle exceptions.

e Scalability Testing - Part of non-functional testing which tests a software application for
measuring its capability to scale up - be it the user load supported, the number of transactions or the
data volume.

e Load Testing - Testing technique that puts demand on a system or device and measures its
response. It is usually conducted by the performance engineers.

¢ Stability Testing - Testing technique which attempts to determine if an application will
crash.

e Stress Testing - Testing technique which evaluates a system or component at/or beyond the
limits of its specified requirements. Useful for evaluating of possible hardware faults

e Fuzz Testing - Software testing technique that provides invalid, unexpected or random data
to the inputs of a program.
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e Penetration Testing - Testing method which evaluates the security of a computer system or
network by simulating a cyber attack. Usually this is conducted by specialized penetration testing
companies.

¢ Vulnerability/Security Testing - A process to determine that an information system protects
data and maintains functionality as intended. Type of testing which regards to application security and
has the purpose to prevent problems which may affect the application integrity and stability. This also
may include maintenance concepts.

This list may not be complete, but fits in almost every IOT device scenario.

3. Component’s Interface fault

Hardware tends to fail. When this happens unexpected dataflow between components at
bridge-interfaces may occur. This “unexpected dataflow” can be just some random data stream or even
total silence. Due to unexpected data, bad software design may cause whole device to malfunction.
Error-Handling Testing comes as crucial prerequisite at end state of Interface coding. While coding
Interface logic, we would recommend to always have headers, acknowledgments, timers and CRC
error-detecting code no matter what, unless the data is analog or non-diverse... Due to variety of IOT
components, negotiation between interfaces are required. Some of the interface’s low level protocols
are standardized and require just setting the correct parameters. A simple example will be Serial
Interface that uses variable bit rates. Serial ports use two-level (binary) signaling, so the data rate in
bits per second is equal to the symbol rate in baud [2]. Bit rates commonly supported include 75, 110,
300, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 9600 and 115200 bit/s. In order to make the
interface compatible for both sides, we need to set same baud rates at the interface ends. If for any
reason, lets say hardware fault, the baud rate changed on one back end of the interface and didn’t
change on the other, the communication between the components may fail until next reboot of the
device.

Synchronization Negotiatior interface
Received Initialization

Synchronized Code Communication
- ricfl
Workflow Code Workflow

Fault Communication

Fig. 1. Common code workflow
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Data may be received corruptly. A simple piece of code could fix this, but higher-level
language programmer may tend not to keep in mind hardware errors. IOT components are tend to be
cheap and some of them don’t even have way of programming them, they are precoded. An example
would be some Wireless modules that connect to 10T device via interface. In this case negotiation
code is required from the programmable backend to communicate with the module. It is important to
put renegotiation code as well. It is just in case when Wireless module gets rebooted by accident due
to hardware fault, for example, some voltage drop. IOT devices are relatively new and non
proprietary. There are common protocols developed with standardization in mind, unfortunately, full
standardization still not achieved. When making a device or a system it is important to design robust
software that can handle different kinds of hardware problems. Fig. 1 demonstrates a common
software workflow. When the components loose synchronization, they stop communicating until
device is restarted. This design lacks robustness. Fig. 2 address this issue by adding a synchronization
check.

Unewnchronized Fault Communication
L W Code Workflow

Code Workflow

Synchronization
Received

Synchronized?

MO YES

Synchronized Code Communication
Workflow [
Megotiation interface

initialization

Reboot Due
Hardware Fail

Fig. 2. Robust code workflow

4. Reliability

Software reliability is “the probability of failure-free operation of a computer program for a
specific time in a specific environment” [4]. It’s true that hardware don’t fail that frequently, but it
may be very annoying when it do. Components tend to wear out and with that the probability of
hardware faults increase. Faulty hardware can create an unexpected data for our software to handle. If
our code is not robust, software errors may increased as well. Reliability has always been centered on
computer hardware, i.e. how durable is a component of a printer, keyboard, etc. yet, the same cannot
be said about software systems. Standards of measuring reliability of hardware focus on “wearing out
process ses” [5]. When making a device it goes through different lifetime phases. At early
development phase, hardware tend to have a good physical condition. Simple Workflow Testing may
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be not enough here. If we want our devices reliability to last, we need to do different kind of testing.
Fig.3 shows dependency between Hardware-software errors and exploitation time.

e Hardware  =—ge=Software

Fault rate

Time

Early development Phase Mid Phase Device wear out Phase

Fig.3. Simple Workflow Testing’s fault results

A fault or bug is a defect in software that has the potential to cause the software to fail. An
error is a measured value or condition that deviates from the correct state of software during operation.
A failure is the inability of the software product to deliver one of its services[6]. It is important to
design a code that will parse any unexpected data with according action. With Fault injection Testing
techniques we can simulate errors that don’t happen at early development phase. Making a software
that doesn't rely on hardware state is the key component for reliability. Hardware errors cause extra
software errors. The total amount of errors increase and probability of fatal error increase as well. Fig.
4 show how a robust design software’s fault rate should depend on lifetime of a device.

e HEMOWENE g SO tWEE

Fault rate

Time

Early development Phase Mid Phase Device wear out Phase

Fig.4. Robust software fault results

Software reliability is a statistical concept, i.e. assuming availability of a large number of
identical samples, tests [7]. The mathematical model of reliability gives poor result at low failure rate.
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Most models are difficult to use, as they require knowledge of software characteristics that can be
calculated only after prolonged use [8]. The accuracy obtained in the statistical process using the
example of measuring the probability of error in receiving information, one can estimate using the
well-known Chebyshev inequality [9].
L> ; (1)
4Ap(1-p)

Where L is the required number of experiments Ap=pPie-pesimied  Maximum Difference
between the true value probability P of error by its estimation Pemd(confidence interval): P-The
probability of fulfilling the condition | Pte-pestimated |< Ap (confidence probability).

Fault rate A(t) is one of most comfortable indicator for hardware device. probability can
expressed as [10].

t
p(t)=ex) [ 2(0et ] @
Software probability is expressed as
p(t)=e" (3)

If 10T devices consist n main and m reserved components (both software and hardware)
Probability of unmistakable work P(t) can be determined as the probability of that in time t will
happen m mistake

p(t)= 1P 0~ PO)T @

where k is the number of device normal states.
If we use majoring principles for the 10T devices or vital parts of this device, for I-times
majoring and if m+n=l, m=(I-1)/2 we get absolutely reliable devices and this reliability can be

expressed as
i-1

o0)= 3P 0P ®

5. Code Security

Most security exploits come from components receiving data and then parsing it. This kind of
data often go into variables, they are called “Inputs”. Compilers and programming modules optimize
the software code and change some aspects of its logic, that could be completely different from what a
high-level language programmer might expect. Reviewing a code is always good idea, but for security
reasons Fuzz Testing is essential. Testing should be implemented on every single Input in your
program. Another aspect of security would be possibility to remotely listen for sensitive, private data
that are transmitted over public channels. This part of 10T is relatively more standardized and only
require implementation. Hashing and encrypting critical data is essential. Testing of this part is usually
only conducted by specialized penetration testing companies and is irrelevant for general 10T device’s
software design. Custom implementations is possible, but highly unadvisable.

6. Conclusion and future works

This paper attempts to analyse, predict and show software and hardware relationship for
internet of things devices. More applicable software testing types for internet of things is listed. As
case some hardware and network problems that we think influence on software reliability is analyzed.
Simple Workflow Testing’s fault and Robust software fault results graphs for early development, mid
and device wear out phases are presented.
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For future we are going to develop algorithm for fast and early detection software, hardware
and correlated faults. As a base for this algorithm we consider Chebyshev inequality and
combinatorial probability mathematical model as little was presented in our current work.
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PE3IOME

AHAJIN3 TECTUPOBAHUA KOJA U JOJAT'OBPEMEHHAS HAJJEXKKHOCTD JJIA
KOMITIOHEHTOB MHTEPHETA BEIIEM

Ksupksesna I11.B., Kepuansze C.A., bepunze T:x.JI.

I'py3uncknii Texuudyeckuii YHUBepcUuTeT

B cooTtBeTcTBUM C HCKOTOPBIMU B(b(beKTaMI/I U HCUCIIPABHOCTAMM PA3JIMYHBIX JJICKTPOHHBIX KOMIIOHCHTOB, B
JabHEHIell mepcrneKkTuBe, HEKOTOopoe MporpaMMHoe obecreueHue IHTepHera Bemieit moxer oxa3aTbes
HEHaJeKHBIM. B (QUHAHCOBOM TIaHe, JJIsl HEKOTOPHIX THUIIOB YCTPOWCTB, CO3/IaHUE JJIEKTPOHUKH, KOTOpas
HHUKOT/J]a HE TOPTHUTCS, MOXeT ObITh HedddekTnBHbIM. Koraa MOXOAWT 0 HMCIHOJIB30BAHUS BBICOKOTO YPOBHS
MPOTPaMMHPOBAHUSI MHUKPOKOHTPOJUIEPOB, OOJIBIIMHCTBO TNPOTPAaMMHCTOB B  HEIOYMEHHH, IIOCKOJIBKY
NpOrpaMMHOE oOOeclieueHre HauyMHAeT BecTH cels ciydalHbIM oOpa3oM. HewncmpaBHOcTH —(u3HUYECKHX
YCTPOMCTB TPOMCXOAAT HE YacTO, OAHAKO HMMEIOT MecTo. MHorma, ogHa ¢u3uyeckas HEUCIIPaBHOCTh B
KOMIIOHCHTE MEpcaaTIYnKa yCTpOﬁCTBa MOXET BBI3BATh IMOTECPIO CETH, U OCTABATHCA B O3TOM PEKUME 10 TEX IMOpa
MOKa KOMIIOHEHTHI HE OYyIyT Iepe3amylleHbl, W He NPOU30MIET mpollecc NeperoBopoB. B a3Toif cratbe
mornpoOyeM OmucaTh HEKOTOPBIE AaCHeKThl (U3UYECKHX HEHWCIPABHOCTEH M PeIIeHHs MOCPEICTBOM
MPOTPAMMHOTO OOecIiedyeHus, TaKkKe NPUCYTCTBYET MaTeMaTWdecKas Mozenbs oueHKH MuHtepuera Bemeit
YCTPOUCTBA HAAEKHOCTH.

KoaioueBnie ciioBa: MlHTEpHET, KO/, MOJIENb, IPOrpaMMHOE oOecTieueHre, anmnaparypa.
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SUMMARY

SUPPORT OF LANDSLIDE SLOPES USING A NEW TYPE OF RETAINING WALL

Mkheidze O.R., Chokhonelidze G.I. and Bashar M.Ameen Abdullah Al-Imam

Georgian Technical University

Thilisi city and its surroundings are a geologically divided territory, in which the river Mtkvari located in the
middle of the city. Mukhatgverdi landslide developed in Didi Digomi on the way to Mukhatgverdi cemetery.
Landslide origin is always related to the action of water. Thus the increase of slope rocks and the activation of
surface waters led to the formation of the Mukhatgverdi landslide. When a landslide is unstable and it requires
the landslide mass to be support by improving the mass properties. To support the landslide slope with a stability
coefficient of less than 1, we used a new type of retaining wall model. The landslide slope stability has increased
from 0.77 to 1.32 and became safe.

Keywords: landslide, retaining wall, model.
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SUMMARY

INTEGRATION OF MATHEMATICAL MODELING INTO AVIATION SECURITY

AlaniaD.L.

Georgian Aviation University

The article presents the setting of the problem of mathematical formalization related to aviation safety. The task
of formalization is due to and initiated by the modern state of the problem of ensuring aviation security. Aviation
security in modern systems is implemented on the basis of the organizational and regulatory principles of
security management, which does not imply measuring of the level of safety in quantitative terms. The next
management principle allows to solve the problem of ensuring aviation safety without assessing the optimality of
decisions made and assessing the effectiveness of the software used. The question of an acceptable level of
aviation safety remains somewhat open, since its enforcement is monitored in the form of inspection measures
that respond to the question of the compliance of the site's protection measures with the established
requirements. At the same time, the problem of the measurability of requirements and the subjectivity of
assessments and mathematical formalization remains open. The article is about the integration of mathematical
modeling in aviation security.

Keywords: Aviation security, formalization, mathematical modeling, quality of security, boundary value
problem, partial differential equations, classification.
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SUMMARY

METHODS OF CALCULATING OF AUTO TECHNICAL EXPERTISE

Tsiklauri M.O.

Georgian Technical University

In expert studies, one or another value can be determined by different methods of calculation. The choice of
method depends on how accurately it is necessary to take into account the influence of different circumstances of
the case on the result of the calculation. It is advisable to use the simplest possible method, which at the same
time allows to get an accurate answer to the question asked.

Keywords: technical suspension capability, maximum deceleration.
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SUMARRY

ABOUT THE USE OF CONDITIONAL PROBABILITY

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

Georgian Technical University

Definition of conditional probability in the case of classical experiment and solution of some illustrative
numerical problems are considered.

Keywords: conditional probability, event, probabilistic-statisctical research.
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SUMMARY

ABOUT CHECKING OF THE HYPOTHESES IN THE MARKETING RESEARCH

Maglakelidze K.D.

lv. Javakhishvili Thilisi State Univerisity

In the marketing research, in a manner like other sciences, the problems of the checking of the hypotheses are
used by which it is possible to compare the probable mean value of variable quantity with the mean value of the
variable obtained by marketing information. On this basis the marketers participate actively on planning, control
and management of the activity of the firms and companies, used hereafter in the formation of the State budget.
Keywords: marketing research, problems of checking of hypotheses, planning, control, management, mean
value of variable.
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SUMMARY

METALLIC MATRIX OF DIAMOND COMPOSITE MATERIAL PRODUCED

BY ALLOY POWDERS

Loladze N.T., Tserodze M.P., Avalishvili Z.A., Dzidzishvili 1.G. and Nozadze D.A.

Georgian Technical University

The work shows the possibility of using powders produced by dispersing Cu-Ti-based alloys as a binder of
diamond composite materials. It was found that using powders obtained by dispersed alloys, the effect of the
initial powders grain size on the property of sintered material is insignificant. This fact can significantly simplify
the existing technology for producing diamond composite materials.

Keywords: sintered diamond composite’s, metal powder dispersion.
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SUMMARY

FABRICATION OF POWDER CORE WIRE AND OBTAINING OF WEAR-RESISTANT
OVERLAYING WELDING BY ELECTROARC METHOD

Dadianidze G.A., Sharashenidze J.A., Papava K.G., Khutsishvili M.G. and Saralidze B.R.

F. Tavadze Institute of Metallurgy and Materials Science

Georgian Technical University

The most part of machines and mechanisms becomes disable at operation process by wear. To obtain the wear-
resistant surfaces the method of electroark overlaying welding manual and semiautomatical. In F. Tavadze
Institute of Metallurgy and Materials Science the powdercore wire was fabricated, the band(envelope) of which
was 08(boiling) GOST503-81 of 12:0,5 mm size and the content presented chromium carbide — CrsC,. On one
layered, two-layered and three-layered overrelded samples the microhardners was measured at [IMT-3. In the
case of one-layered, two-layered and three-layered overwelding the sharp increase of microhard ness is
indicative of the advantage of three-layered overwelding which hereafter will be reflacted on the in rease of
wear-resistance of overwelded detals.

Keywords: powder core wire, wear-resistant, overlaying welding, electroarc method.



LSISANEIR I bS506IN6(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Nef 2020 81

RM3J3365IB0L 3I6Id®MN30 RS BINMI36IMO K5IZINIdS

0®dm3sdg 6.9, dglbbodgomo 8.9., dodogngodgomo .3

53530 Fg@gmeol Labgemdfogm 4bogg@bodgdo, Jgmsobo
baJodmggmml §g9d6ogg®o 9bogg@lodgdo

Eggobege 300Mb9ddo 0d m3ydgb@gdol Foao, @mIgemmns @g9JlRoE dongnos-
bo bgmomss bofgdo doenbgo dzodgs, dop@ed sdolmeb ghmew bganols dmfgds @m-
2003 bygebsfg@o  GgJlEol  bso@bobgmds bgdoldogdo myoEosgy®o e gdgb@ols
>9300 gdge 93300l FodImowygbl. sdo@md bdodow wmigdgbdol @gdlGol dgoyg-
boll @m0l 2oblobmg@sl doggsgo®@m bgerols dmfg@oll Amol goblsbmg®sdwyg, @mIg-
o3 ©M39dgbdby wo@Gobogo M9330b0Egd0sb gOm-gHm0 93 5bsL3bgeos.

0MRB0GSEYN0 S SOSMBO305@ A0 M JdghGgoo s SaMgmgg 30050 ©M Y-
4963900, dgddbogno 3OMEgLYse @0 Jdggdgdols ho@dhmgdls ao@gm, Fomdmowygbgb gom
9gOm  do@omo  IF30(390Ygdgdsl, sdobolG®sGogw, sMdoF@ogyc s  Lolibenols
Lodo@meol 30mi3gbgdby.  30mEgbysey@ Lads@magndo domo godmygbgdols g m-gom
Logoengdyenem dmmnbmgbols Fo@dmawygbls domo bsdwgogmds. s@sbsdwgog 3@ 30(3909-
g agdo  dohbgymos  aogsedgdymo ©m31dgbdgdo s ogdowoyo dsgools 5@ dJmby
©393960900, 59039 ©MFYIPbAHIde AMImgdoq ReTbEdYmos LdgEosmgBHoe ©ae-
39bogro dmmbmgbgdol dgylodsdme. (g@ogmmdomo 3@ o3gdgmgds s bbgs ©m j9dgb-
®900, >edobolG@sxogm, s@doGOsg e, Lodmomsdm s Lobbaols Lsdos@mearols bsdg-
by dgodengds 0gml Sos®ydygmo slodggdoe dbmerme 0d dgdmbgggsdo, my olbobo
bodgoaos s 09@ooyao dogols dgemdgenos. ,,b53goeo ©m 9dgbRol® aobods®d@g-
b5, MMM ©m3939630, Lowsx ©myndgbdol dgdwagbgeo o3@mmols gobsmdbs, ©OM®
> dg9Jdbols  swyomo 3B 3039096 ©Wm3ndgb@ol  Fomdmdmdols bodpgoenmdsl, boam
©m39d9b@ol  ogdopoygmo  dogns  aobolabrmgdgds 0039  LEsbs@Gom,  @mama3
05030 YO0 ©em3gdgb@ol mgobgdgdo. bobgmdfoxml LEsbLsGE0m ©swygbogmos GmI
05030 YO ©m39dgbddo am [osmdmawagbl FgdlEol syEomgdgm @9330b0@L, G-
dgemoiz  ©mgydgbddo ofg@gds 30b0odyd  gOmxg®  doobi ©o ohggbgdl  wmyydgb@ols
Jgoagbol, ob  bgadm{gdol  ©sdBgozgool, dowgdol, dgmebbdgdol, asdmd3zgybgdols
OO, 5dobmobogg M@0 ob @odpgbody Mm@ysboboizools dog® yo3gdygee e 9dgbRgol
9bos  3Jmbpgl  @oldymo  gOmo s 03039 woGowo. Yy ©M3ydgbdol  GgJbEdo
d000mgdbygmo moMowo 5@ dgglodsdgds dolbo dgddbols bodpgom @M, o3 dgdmbgggsdo
©0m39d96@0 3060393 o063 ¢bws 0gml s@osMgdbyo @S 0yMooymo dogol dJmbge,
bo@m 09 ©m393gb@o godobbymsw dgddbognos domomgdygm @™o doTob wm ydgb-
B0 9bws  0dbsl  smosMgdymo  aoysemdgdyaa. dglisdsdoloe  m3ydgbBol  dgJdbols
A0l goblobwgds [omdmowagbls @M y9dgbBol o3mgbGdmdol  woagbols gBm-gHm
bg@bl, ob 3o@ojon dobo GogliogoiEo®gdols Bodiol wowygbsl.

9d@ogangls dgdmbgggedo oyg@dopoygaro ob gobogydo 3odgdol dogd dgJdbogro
©m 3993960900 [omdmoagbls Jomomol, @GmIgambgosi bymbofgmo ob s@sbganbsfg@o
bg@boo  o@sboanos GgJlBo, godmbobyamgds, bygemdm{gms ©s dgkool b IBsd3ols
obodgdwo. dglsdsdobow, wmiydgb@ol dmdbowgdol WAOMOL owygbs 30306 ©s 53d0-
90905 Jomomol odbogdol AMOL oygbsbmsob s sp®gmgg dobdg @gz50b0-
B9ool sAsbols AMOlL 2oblsbmg®olmsb.

©0m39d96@0l 960l @@mols aoblobwg@olomgols gJldg@@ o  aodmjgenggols
dobboon dgodemgds godmygbgdymo odbsl Igmmegdol m@0 xayR0.  Jo®ggal IJgos
LEos@oyg®o, @mdgebsi  bogydgmse  9oggh  ©emygndgb@ol Jgdomagbgeo  dsbogngdols
(Jowompo s Logdodo bogmogdgdgdo, @ols Lsdygoggdomsi woGobognos @g330b0dg-
b0) dobolinsmgdangdols (mgolgdgdo) woeygbs s domo dgomgds dgbsdsdolo 3bmds@ols
d0b539d90mob b dglowadgdgan 6039 dgdmsb, sa@gmgg wm3ydgb@ol dgwygbol O™l
oby bodggaol 2oblobegds @Omms 2obdogammdsdo  ©m3ydgbBgdol do@o®gdgero ©o
dolbg M9330b0Hgd0l @o@sbols Bgdbmamaogdols Ggdbogy®o Lodygomgdgdol asdmhgbols



82 bSISHNIIRN LSObIN6H(™) 0SS I60, GEORGIAN ENGINEERING NEWS, N2 2020

3omgomolifobgdom. dmEgdgmo xayggno dglfogmmogmos s3@m®gdols dogd ©s godm]ggyby-
gm0 65dAMdgdols s Lobganddwgobgmml Lobom [1-4].

o@gdmdl bgmom bofgdo FgJlBol dgygbols sdbmey@y®o wOHMmol goblisb-
mg®ol @s3gbodg dopamds, GmImgdoi Logdo@obs ®mobdodwggdmdomss s g@oeno
Lobpgo@ao@gmols  3@0dobogroliBosy®  @odgds@ydsdo [5,6]  goOm-ghm  doGomswls
Foddmopagbl 9.§. dod39M900L ©odggergdol — Fg@ogols dsloggdols Jgdoweygbeomdsdo
dgdsgomo sds oy 0d 3mI3mbgbBgdols 3mb3gbB®siool (dsbydo Foenol) dgdiodgdols
0653030 goblsbrgms, GmImol oygbs Igbsdagdganos 3garggol goboygy®-Jodosy-
@0 dgomegdols godmygbgdom. Jowsgnols s dganbol gJldg@m@gdo Jodogdo dgmmwgdols
30dmYygbg500  smM0mgdgb, Josogmgbgdgh, sbo®olbgdgb, [o@mdmTmdsl seagbgb ©s ob
3B ma0bs3E0sl sbpgbgb Lbgsslbgs Godol Jo@sgeol, Jowsmobyg Fyeols 6odbols,
dgenbol, 3@0bBgdol, JlgemJlol, goJlol sbswas®gdols s .9.

3ogomdgdols L3ggosgob@gdo — gligbo 5@0ob Loxs®m ob 3g@dem  94L3g@@gdo,
Omd@mgboi  06g@sFomngmo  asbsmgdol,  L3gJBOma®sgogmo  bgamlbsfymgdobs @
3OBOY@o  yodooegdmgdols 39dgz9mbom  Lfsgamdgh ao@sggmgdygm, aobswyg®gdym,
B9Gsmome ob gomlogogo®ydgm ©eggdgbHaol.

d9mag X980 Jgoemegdobs 3bmdogos GmymeE3 ©obsdog®o s ogmgs MO
J39xa 9800, 30d39e0  J3gxa9nol s@lo ©miydgb@ol dslogrgdols Bobogy®-Jodoy@o
0g0lgdgool (3geoggdols owygbss dobo dgbobgols @s gJldgms@siEool 3MmiEglgddo
s dgdegy dgoemgds s®g oagboa gd3o@oyen Jmbs39dgdmsb.  dgm@g J3gxaynol
d9mmEgdols a0dmygbgds woxydbgdygmos ©myydgb@ol dolboggdol gJl3gd@ Yo godms-
g0 9300 a35dm{g99a0 gobogy®-Jodoydo mgolgdgdol Ggmomgdol owygbsby. wodmy-
300gomoE  3oMggao s dgmeg J3gxa9nol 3900megbolspsb w©mindgbdols doGo®godg-
@ols s M9330b0Fgo0l  sFsbols MMl oy gbols aoMs, Yo dgE0s WM S9-
3960900l gobogy®-Jodoy@o mgoligdgdol @gmomgdols dmbsi3gdgbol  (M©bs  ©sdgg-
@agdol 3OmEgLdo. mARsbym Lopgddgdby sdbowgdymo agamol dgdiggero gogdgdom
boF9M0 ©m39dgbBgdols sdggergdol @oboagbo® 25dmoygbgds aoby®o s mbggowo
JOmds@ma®sgogmo dgnmegbo YmE@s00LRge ©s boggen 39]BOHMRMEMIGHG0sLMSb
dgaFydom. sOsmOAbyga 3023963 90Dy odbowgdygmo  agmol dgdiggero  dgeobgdols
33 g30bsmgol dodo@msggb omb-dodmgeomno Jswomgngd@g®o mbggoo JOMdsGma®s-
Qoo dgomeols yodmygbgdsl.

©sdggmgds — gl o@ol mgydgbBol dobomgddo dodwobs®yg Bobogy®o s Jo-
doyg®o 30m3gLgdol gOmmdaomds dobo mgoligdgdol gydiggewo (3geroggdgdom ©sd-
0540900, ©sdggegool 30m3glbgdo megol db®og dgodangds ©oogml dybgdb@og ©o
bganmgby@ow. d9bgdMogo ©odggargdolols M gdghGols doboggdol Bobogy®-Jodoy@o
030lgdgoo 03gegds 53 3OmEgLbg  s©sdosbol bgemgby@o  bgdmdgogdols gomgdy.
dmdgegdl  GmagmaE  dobspobo ol aodgasbo  Qod@m@gdo.  dobogobo  goBm@gdo
3ob300Mdgdgeos  dobogngdol LA YJHydoms s dgdoeygbermdom, as®gasbo o —
‘dgbobgol @0l aoMgasbo mgoligdgboms s dobsbosmgdergdom.

amama3  [Tgbo d9bgd®ogo  ©odggamgds  dodpobodgmdl g.(. dbgaro  Lgogy®o
©5dg9e0 g0l 300mdgddo o569 Lobsmaol bgdmJdgogdol ao®gdy, mmsbol @9d3g@s@yae-
by (1820 OC), ©gb6056mds 40-60%, 359¢0lL 30mbggbzool ao®gdg, Lbgs ©m 9dg6Hgd0l
d( g®ogdo.

©m39396¢gd0l  ©odggmgdolols  GmI  EsEaobogl  ©m3ydgbBol  ds@odgdaols
©sdboegdol A 5b M dghHby BgMowo bogmogdgdgdbom @g330bo@gdoll @s@Sbols
OOM, 5930 ogm0s sdggegool (Bomggdol) dohggbgdeols wsdsbolosmgdgamo mgolmd-
M03-O5mEgbmdMogo 360dgbganmdgdol 33eomgdols aodmygbgds.

5996950030 sdggegdols AML M ydgb@ol do@omgdgmo  Jomsmwo asboiols
3993080 G3mogogdl, G0 yodmfgggmos dobo IgdoEygbgero I3gbodgygmo  ded-
30900l Jodoyg®o dgdoagbmmdol  3geomgdgdom. dgbodsdobse  d0dwobs®gmdls dobo
dgdoboga®o Loddgocol geoggds. msbpomsbmdom begds boliGo, Ibbgdggewo, o3
ol 9Ol ygommgds, w@ds 33eomgdolol yogolggwgds bbgswslbgs 0b@gblogm-
dom. Jowosmol dos@g@osgydo Logydganol dgdoagbgaro  d9bgdb@ogo ©s Lobmgdo-
3900 3m@0dgMgdo @AMmMS  Aobdogemdsdo  gobogeol  ©y3menodg@mobozosl, doy@sd



LSISANZIRI bS506IN65(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Nef 2020 83

b9bgdM0g0 odggangdolsl gl 3MmEglgdo goo®gdomn byams Jodobo®gmdls godoszo%y-
Eembdol dowoao badolbbom Josgols dgdomagbamdolisgsh ©sdmoogdymgdom. doys-
omoe bofgo Jomompols dgbsbgol gows 3Ms]@ogyesm dmeosh ©sdasdwyg osb-
goemgbdom 100 Fgeol Jgopagbl, bowem Josgroo, G®MImolasbsz Fygmos odbowgdygemo
3530 gd0m  obsbl dangdl, GoEysb o3 Jomomol gobogm®-dgdsbogy®o mgolgdgdo
3530 gdom  dowoos.  od  dJobgbgdom  soblbgds  Jowomwols  sobmayFgdo @AMl
o960l Jgyden gdenmds.

16966030 @odggengdoliols Fg®ogols dobsgngdolomgols (Igansbo, 3sb@s, ggero,
B03MOs50 Ym0 bogd@gdo s o. D) oggmgds domo mgobgoMogo s GomEgbmdmogo
‘d9do0p9bgmds,  JnOFmEMmyoydo  oby Fobogy®-Jodoyg®do mgoligdgdo. dodpobs®gmdls
boFommd@og  aong@gmgds, godmbybgds, @ol Igogyosi3 OMmms  gobdsgmmmdsdo
d30Mgos  Jomoeobg ws@sbogo (g@oeols dobognols 3mbB®ol@yemds b 03gmgds
QgOms aods.  ggagdols godmbybgds, Gmyma 3 Tgbo aodmfgggmos m@asbymo dybgdols
Lowgd@gdol dmagyzgergdols odmom. Lomgddgdol dgdowygbgano Lbgs 3m33mbgbBgdo
(dg3ogLgdangdo, 9abJgergdangdo, 3asliGogoge@mmgdo, asdblbgangdo s Lbggdo) m@m-
Jegds, 30d0bs®gmdls 3ma0dg®gool ©g3m@odg@obsiEos ob mg@dgmo sdms PROM
dom®0g bogmogMgdgdow. do30mImMe gsagbol 3o@ods RMoadgbHgdo® ool 3s@e-
@ geng@o  JodEobs@gmdl 53 RMoadgbBgool dgg@mgdol 3Gmi3gloE, Mol Jgogaswss
0332090 Lofgolbo Jodoydo bogmog@gdgdols LE®yJdy@s. odggodse Fg®ogols dobogng-
b0l d9bgdMogo  odggegdol  dgogas o3 dobogngdol dgdoagbeomdsdo  dgodangds
3odmhbegl olgmo bogmog@mgdgdo, GMAgagdoi Losg@mme 5@ ogm asdmygbgdyeo dom
09393390 do. Fgdoeols dobogngddo @9330b0Fgdol @o@sbols dgdwge 30Mgge g@o3by
30bog9®-Jodoygdo mgolgdgdol 3geoegds d0dobs®gmdls wowo Lobds®om. gL (3gewo-
gdgdo  Fgdool  doboengddo  dgodangds ofboli  woxgoJlodgdbymo s  Lomsbswme
063 gMm30B0M oo ©m39dgbRol ggerggolsl, doa®sd dbmame 0d dgdmbgggsdo @Gm@3S
©m39d96G0 0bsbgds LHsbo®@ye bgoxyn® 300mdgddo.  dog@sd MBS ©MJ YI bR
0593990 gdoMs  bgermgby® ©sdggengdols woliggbgdo mgndgbBol Lodggarols dglobgd
‘dgodangds oyml 360dgbgemgbo o@s3mG9]@gwo. §gdogols dobosgngdols 3ganggol g ®-
3930 ©o ME393500 dgomEgdos ©gblo@dMmdgHMos, mbgmagbmgsbo  JOMIsEMYOSR0S,
09-30360mb3m305, By@0g 0f-L3gJAHOMBMAMIgGA®os, goby®o s mbggswo JOHMIsFMy-
@5g0s  dsbL3gBOm-IgH@osbmsb dgafydom, ©s Lbgs. Jomosmeols dgdomagbgemo dmd-
30900L  0©gb@ogogsios [o®Imgdl gg@oo @gediogdbols ©s dog®Ombimdygao dgomm-
©gd0l godmygbgdom.

bganmgby®o  ©odggamgds — gl o@ol  myydgb@ol ©odggangds LESbLs®E Yo
bgogyao sdggemgdobopsb asblbgsoggdymo. dogomomnse 09 ©m3ydgbdo 3590y ®oswE
0bobgds, 9dgsa@mme JogHol (gobydswol) bgdmdgrogdol Jgegase Jomogols s Lowg-
3560 603009 gdgd0l  gobagomo abEOYJaool @gojiool Lobdotg ob@gds. Jo@sgn
®9939053 Moy gbobgoliols hfo@mwgds mg@dyamo wsdeols 3GMEglo. bogm Fgboosbem-
b0l 2obMEs m@ogg od 3OmEgll ohfo®gdl. o3 Lodo RoJ@m@ol gOm@OMYms© 5@ lg-
dmdols Jgdmbgggodo dslogrgdol gobogy®d-Jodoydo mgolgdgdols (3geogmgds @sdwgb-
x90dg 0bOEgds.

bgermgby®o ©sdggergds dgodangds bpgdmegl Gmam@ 3 godobbymsw, olyg d9-
bgdM0go053.  d9bgdbdogo  adggangds  dgodangds  gobdo®mdgdymo  ogml  0dom, @I
©m39dgbBL  bdo®mdgb o6 0boboggh  LESbs@BHgoologeb  aoblbgoggdym  30Gmdgddo.
dogomoms  obsbl 0bosbgdmes s@s Lbgs ©m3ydgb@gools 37 3®0gd0, s@sdge boby®d-
gogo  dbol  Lboggdol 3o@sdo®o  bgdmddgogdol  J39d. o3@mdmdogdo  bogbymols
3900mET0 ©EOMYE0m EsGMggdoLol Jomby dmdggdl dowomo Bgd3gGa@@s (60-70°C).
9dAogmagls  d9dmbgggeodo  Lowogm  (,bowogm® ©miyndgbdos bgdolidogdo Lobols  bgan-
dmfgds, bganbo§gmo, bodgdo ob Lbgopgodsw dgfdbogoo Lodygmo, @mdanols Fyo®m ob
530 9bGROMdS Lowogms ob 9d339dos) ©m31dgbdgoomsb bdodoe 3gmgds sbigno 3gnsb-
9B @0 Lgobg@om. dBsgo@x g@o©o gm3o®gdoms s Lgobomgdomn ©m3mdgbdgdo gobocs-
©oob  Lomdmbs ©s Lobsmenols dogrosh 0b@gblboyg®  bgdmdgogdsl, @ols dgogyomss
033 gds  Jowoeols s Lowgds®o  bogmog@gdgdol  gobogy®-Jodog@o  mgolgdgdo.



84 bSISHNIIRON LSObIN6H™) 0SS I60, GEORGIAN ENGINEERING NEWS, N2/ 2020

R5JHogdoE sbgngdols dobowmgdsw godmygbgdymo s35Mo@gdo Fo®dmowygbl wm39dgbdg-
b0l oGop530bb o byermgbydo ©sodggmgdols Lodgomgdgdl.

20d0bbygmo  bgermgby®o  ©odggangds  gd@ogangl  dgdmbgggedo  godmoygbgds
Lodo@moglofobsomdpgam dobbom, dolo dobsbos 2sdobbyeem ©m3ydgbBgools wodgg-
agds Lbgopslbgs dgmmwgdbon @oms gJldgam@Ggdds gg@a aoodizgomb dsbby @gz50b0-
Bgool s@sbols bodwgogo MM, b dosbenrmgdom sdggmgds 03 sSbsgedwyg, GmIgeoc
AadbBdos  domomgdyamo. of aodmoygbgds Modwgbodyg Jodomswo Jgmmeo;  mg@IyYeno
bgdmJdgegds, woliboggds Lobsmaom, dsg@ol 0b@gblog@o bgdmJdgogds b domo gmd-
30bo300. mgBIgmo bgdmJdgogds godmgds ogml @odsgo — 100 9C-by bogagdo ob
dowomo — 100 9C-by Jowomo. ©odom@d3gdo@m@amo gsdobbamo  ©sdggengdolsls
Lomdml  Fyodme  asdmoygbgds gangddOmdgds, aobgds, mdogno Jog@ol  ©s69® 3o
Q9bom ©s Lbgs. 3oblsggmmgdygaro bodbgdo odoBgddgs@ydgamo bgdmJdgogdol @
‘dg0dhbggs. oo Bgddgds@gdgamo bgdmJdgogds ©m39dgbRgdby Gmama Fgbo bo@-
(3090 ©gds  domoen  Agd3gMs@Y@aby  aoibgegdamo  Logbgdom, dspomomsw  (3bgero
Yommo. sbgmo bgdmJdgogdols bodbgdo omens  aobolobwgmgds, Goash wmgydgbols
Joogol bgsdo®bg s Mg330b0@gd0l IGH®obgddo dm@OGm@maoyg@o  mgoligdgdols
(g0 gds bpgds. o3 @AMl dgodhbggs LodMosang 96bgdbg mg@Iygao bgdmJdgogdols
dgegao. s30gmgg dB®obgddo Lowgdos®o 60gmogmgdgdols aombadbs, asdm@ebs d@@o-
bgdol Lobwgdgdl godgm. dowo@gddg@s@ageo bgdmJdgogdol dgogae 3dbodgbg-
gemgbo® 03gegds  Jomommol ™m3Bogu®o  mgolgdgdo s aoblogym@gdomn go  yan@-
500890 253mbboggdom 2sdmgggeo, Jomomol bogrgso @ydobglzgbizool mgo-
Lgdgdo s 0bGHgbloy®mds.

bogdome  bdodo  ©my3gdgbRgool  olodggemgdmow  bogds  domo  go@Go®gds
053096039 x9® bogm3om mg@dgmo Fmbgdols s @sbgdygmo 3Mob@Ggaols asdmygbgdom.
sbigmo bgdmJdggdol dgegasw Josmols bgosdomby @hgds Hmbgdol IGsgsm@oibm-
gobo bofoms 3960, Jomydg@gl mygo godG@ox 0l dgglgds Mg g®dg dmbos, @sbsg
5200 5@ ofgl  Joomols gOmxgHoo ao@omgdolsls gobgdye  3M0b@gAls  ©o
Logm3om dmfymdoemdsdo.  gods sdobs Jowogrols dodfmegdgen 3356dT0 Jo@sgwols
2030lol @obg@age 3M0bEgAls s Logmdom dmFymdommdsdo 180-200°C &9d3g@ode-
Aoy Bmbgdol bofomszgdols Jgabmds Jowosmol bgosdo®by, 30dwobo@mgmdls @gzg0-
bo@Bgdol  Lomgdo®o  bogmogdgdgdol  byamdgm@go  gogbgmgds,  @ol  Jgogaswss
Mo0engds (mggds) s dgdegy bgmobas ogegds. o3 @Ml dB@obgdo 3oGao396
LodGooemgl o  bdodos  domo  g@spadghdgdo  Fyogdosh  IB®obgdl.  bgarmgby®o
©sdggegdols bodbgdo >TgoMoe oG dgodhbggs, 35Tob M 9dghHgdol Bobosy®-Jodoydo
sbagrobom 9bes owyobogls gl goJ@o.

©m39dgb@dols dmIbopgds 935bs @oibgom byermgbydom gsdobbymo sdggeng-
dobomgol  bogdome  bdodosw  25dmoyggbgds. doa@od  aodysedgdangdds  Fobolifod o@
03006 5. Modgbo Losmo s o G9d3g@o@ydsby, @s AMm olikodmogds ©m33dgb@l
bobggo®o ob ghmo Feon sbodggangdemsw.  do@md olobo odggergdgb w©miydgb@l
doJLodoggdsm @ol Jgogaowsi bowgdo®@o swa® @hgds ol bogmogdgdgdo Gmdgeno
9bws 0gml doldo. 3o@oomsi bpgds gdldg@@ e 3GoJBogodo ©maydgbBol  @g330b0-
B9l gosbomasb@Esggds. 53 3OmEglol s®bo dgdwgydos: dop.  do@gg@ols dgdowp qb-
mdols  sbogrobom  0@33935, AmI  bgarbs{g@ol IB@obgddo dobo dgbOyegds @

04090l Modgbody mggl 2odmgygeggol @ofygdedwy, dog@sd sMd0FMogyeo 33809300

0bgds, MM gl dobogngdo bogdgdo wygl 9339 3 Fgero.
odggoMo, 9Jl3gME s oMs FoMAM Pbs ooEA0bmb M 3dgbBol Mg330bo-

Bgool  SdLmeyduydo M ©s @>  @gdbmmmyogbon  0gm  godobbygmo 0y oG-
30d0bbyg@o  aogsadgds  9bws  goomgomolifobmb sa®gmgg Loggerggo mgydgbdgdols
‘dgbobgol, dgnymgol o FA@bL3MMGH0Mgd0ol 30MmMdgdocs.



LSISANEIR I bS506IN6(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Nef 2020 85

L0BIHOBAIGD

L. m@dnasdg b, ©mg9dgbdgool Bgdbogg®d 3M0dobsgoliGoggdo gdl3g@m@obs, oVLI 2013 ISBN 978-
9941-432-43-9, 23.192.

2. m®dmEedg 6.9, dodoargodgomo ©.5. maRgJbog@o Lodgemgdgool JomognasdGomo ggom-
Vo@dmdJdbgano dgdobobdol goblogymmgdgmmmds, I Log@msdmdolem bsdgibogdm jmbgg@mgbios
»9690396045: 20dm{g93900 s gobgomsmgdols 3g@li3gddoggon”, 2013, Jymsolo, yg.235-238

3. m@InEadg b., dodoagodgomo . ggmols dgdiggero  Igabgdom dgldygagdymo bgabsfgdg-
50l Sdbm@ g ydo sbsgol opagbs. /boghmsdm@olm Lodgiboghm 3mbggmgbios ,,g3memyools
05b5390M0Mm3gg 3OMdagdgdo”, Jymsobo, 2014

4. b. gm3sgnosbo, b. mob@ododg, b. m@BmEsdg, A. Fomos. yodmbsbymgdoms ©sdydaggdols mgm-
@00l 259myggbg0s ©m39dgbBgdols 0gbdogogsieol sdm@Esbgddo MathCad-ol Lolidgdsdo. /Log-
0o5dm@obm Lodgabogtm jmbygdgbios ,,dmydowo gbgdagdogs: 3odmfggggdo s gobgoms®gdols
396139dH0ggdo”, 2016, Jymsobo, gg.288-290

5. Brunelle R.L. Ink Dating — The State of the Art. // J. of Forensic Science. 1992.v.37. P. 113-124.

6. Yi-Ziliua, Jing Yub, Meng-Xia Xie. Classifikacion and dating of blek gel pen ink by ion-pairing high-
performance liqvid chromatography. // J. Chromatography 2006.vol.1135.1ss.1.P. 57-64.

SUMMARY

NATURAL AND ARTIFICIAL AGING OF THE DOKUMENTS

Ormotsadze N.Sh., Meskhishvili M.M. and Bibileishvili D.V.

Akaki Tsereteli State University, Kutaisi

Georgian Technical University

The article deals with problems of establishing signs of natural and artificial (intentional and unintentional) aging
of the dokuments, and their impact on the establishment of manufacturing limitations disputed dokuments to
determine their authenticity, relialibility of the eorigin of the fact of their falsification.

Keywords: natural and artificial aging.
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3KOHOMHO JIETUPOBAHHBINA BBICOKOIMPOYHBIA BEVHUTHBIN UYT'YH
Taanze I'.@., Hunuanze U, T'opaesuanu I'.A., Taduaze P.I'., I'bazaBa C.I'., Xugamean H.3.
HNucturyt Metamnypruu u MarepuajioBenenusi um. @epaunannga TaBanze

Pa3paboTka HOBBIX COCTAaBOB M PAlMOHAIBHBIX TeXHOJOTMH ynpouHenuss Fe-C crnaBoB
CTaHOBUTCS OCOOEHHO AaKTyaJhbHOW B CBSI3M C BO3PACTAIOIIMM TIPOMBIIIICHHBIM HHTEPECOM K
BBICOKOTIPOYHBIM OCHHUTHBIM 4YyTryHaMm. Kak HW3BECTHO, BBICOKHH YpPOBEHb CBOWCTB YKa3aHHBIX
MaTepUaIoB JOCTHTaeTCA TOCIEeIOBATEIFHBIM MOAH(DUIINPOBAHNEM, JETUPOBAHUEM M TEPMH -UECKOM
00paboTkoii 0a30BBIX UyryHOB. DOpMHUpOBaHHE KOHEUHOW CTPYKTYPhl METAJLUTUYECKONW MAaTPHIIBI
onpeenseTcs: OONBIIMM YUCIOM B3aUMOCBS3aHHBIX (DAKTOPOB, KOTOPHIC MO3BOJISIFOT BapbUPOBAThH
COOTHOIICHHUE CTPYKTYPHBIX KOMIIOHEHTOB M, COOTBETCTBEHHO, CBOMCTB B IIIMPOKKX MpEeIiaX.

Jlis yIpoYHEHHsT METaUIMYeCKOW MTPUIBI M TPEJOTBpAIleHUs 00pa3oBaHUsI B CTPYKTYpe
MepIUTa, CTAOMIU3AIUN ayCTCHUTA U YBEIUYCHUS MPOKAJIUBACMOCTH B COCTAaB OCHHHUTHBIX YYTI'YHOB
BBOIAT Ni, MO wu CU B pasiuyHbIX KOMOWHAIMAX. DTO 0O0YCIOBIEHO HHU3KOH 3(P(HEKTHBHOCTHIO
BJIMSIHUS 9THX 3JIEMEHTOB TIPH paszieabHoM Beoje [1,2]. TepeuncienHbie MOIUGPUKATOPHI OTHOCSITCS K
JIOPOTOCTOSIINM U JIe(DUITUTHBIM MaTepHajam.

M3BectHO, YTO MHUKpomoOaBku Oopa [3,4] OKa3pIBalOT OJArONPHUATHOE BO3MEHCTBHEM Ha
CTPYKTypoOoOpa3oBaHHe UYyryHa M B CpPaBHEHHH C TPUMEHSEMBIMH IMO3BOJISIIOT OoJiee aKTHBHO
KOHTPOJINPOBAaTh COCTOSIHUE MEX(Ga3HBIX M MEX3EPEeHHBIX TPAaHUIl METAJUTMIeCKOW MAaTPHIIBI.
CrnemyeT OTMETHTb, YTO U JTOCTHKEHHS TOJOKHUTEIHHOTO 3¢ (eKTa B COCTaB UyryHa HEOOXOIUMO
BBecTH B 10...15 pa3 6omsire Ni, Mo u Cu, ueM Gopa, KOTOpBIH Topa3mo AelIeBie IMePEUNCIEHHBIX
anemeHToB. llpm 3TOM Majo W3YYEHHBIMH OCTAIOTCS CTPYKTYpHO-(pa30BBIe TPEBpAIICHUS B
MUKPOJICTUPOBAHHBIX OOpPOM YYT'yHaX MPH MU30TSPMUYECCKON 3aKaJIKe.

B Hacrosielt paboTe uCCIe10BaHO BIUSHIE MUKPOI00aBOK OOpa HA U30TEPMHUUCECKUIN pacha
ayCTEHUTAa B MPOMEKYTOYHOU 00aCTH TeMIIepaTyp.

Jlnst mocTKeHMs MaKCUMAaJIbHOW TPEIIMHOCTOMKOCTH B KadyecTBe 0a30BOro ObUT BBIOpaH
4qyryH ¢ comepkanuem 2,2 — 2,4 % Si (Tabiuia) U Npu MHKPOJETHPOBAHUU B PACILIAB BBOIHIH
MaKCHMAaJIbHO BO3MOXHOE Koau4decTBO Oopa [4]. Ero konmenTpanus B cruiaBe He npesbimana 0,03 %,
TaK KaK B XOJI¢ INPEIBAPUTEIbHBIX IKCICPUMEHTOB, OBLJIO YCTAHOBJICHO, YTO MPH 0O0JIEEe BBICOKHX
coJiepkaHusIX 00pabaThIBAEMOCTh BEICOKOIIPOYHBIX YYTYHOB PE3KO YXYAIIACTCS.

XHUMHUYECKUI COCTAB BHITUIABICHHBIX YYTYHOB IIPEJICTABJICH B TaOJHIIC.

XuMu4ecKkHii COCTaB YYyT'YHOB

CopeprxaHue 3J1eMeHTOB , %
C Si Mn S P B Mg
bazoBblii 3,45 2,22 0,30 0,050 0,05 - 0,040
MUuKpoIerupOBaHHBIN 3,47 2,25 0,25 0,004 0,05 0,03 0,045

Uyryn

OKCIepUMEHTAIbHBIE 00pa3bl MOABEprall TEPMHUECKOW 00pabOTKE IO PEKHMY. aycTe-
auTu3anus npu Temneparype 900°C B tedeHun 60 MUHYT — M30TepMHUYECKas 3aKallka B HHTEpBAJIC
temnepatryp 240°C — 450°C c xoHTposupyemoit ot 2 10 60 MUHYT BBIIEPKKOH. MUKpPOCTPYKTYpYy
YyTryHOB JI0 M IOCJIE TePMOOOPaOOTKY M3ydyaiy Ha Meraiuiorpadpuyeckom mukpockorne Neophot 32.
Kunernka pacmaga MCXOJHOTO ayCTEHUTa NPU H30TEPPMHUYECKON BBIJIEPKKE IKCIIEPHUMEHTAJIBHBIX
00pa3LoB HMCCIEA0BANN CTPYKTYPHO-3aKAJIOUYHBIM METOJIOM, KOJMYECTBO OCTATOYHOTO ayCTEHHTa B
METAJUIMYECKOW MAaTpHLE YyI'yHOB IIOCIE TEPMHUUYECKOH 0OpabOTKM OIpPEAEsUId Ha PEHTIC€HOBCKOM
nmudpakromerpe DRON-4 .
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AHaM3 MHKPOCTPYKTYPBl UYT'YHOB, H30TEPMHUYECKH 3aKaJCHHBIX II0  Pa3InYHBIM
TEMIIEPaTypHO-BPEMEHHBIM PEXHMaM, I03BOJISIET 3aKIIOYNUTh, YTO KPEMHHUH MpH COIEpKAHUU
2,2...2,4 % oTpuuaTeNbHO BAMAET Ha 00pa30BaHUE B CTPYKTYpPE METAIIMYECKONW MaTpHLE HEMEHTHUTA
U, KaK CIEACTBUE, HPEISTCTBYeT (OPMHUPOBAHMIO BEPXHETO O€HHHMTA  NpU H30TEPMHUUYECKOI
BEIZIEpXKKe oOpasioB B mHTepBasie Temmeparyp 300...370°C. Takum o0pa3om, B HEJICTHPOBAHHBIX
BBICOKOIIPOYHBIX YYI'yHaX pacmaj MCXOAHOIO ayCTEHHWTa II0 BEpXHE OCHHUTHOMY MEXaHHU3MY
MpoTekaeT B y3KkoM uHTepBane Ttemreparyp 380...450°C, korma m aKTUBU3HUPYIOTCS MPOIECCHI
mud GHy3HOHHOTO TepepacpeaeNieH s yTIaepoa.

CornacHO TONy4eHHBIM [JaHHBIM, MMHKPOJIETUPOBAHUE YKA3aHHbIX UYTryHOB OOpoM
yBenuuuBaeT Iu(Qy3MOHHYIO MOABHXHOCTH YIJIEpOa, BCIEICTBHE YEr0 CTAHOBUTCS BO3MOKHBIM
nojy4yeHue OCHHUTHBIX CTPYKTYp BO BCeM Juara3zoHe mcciefoBaHHbIX Temneparyp: 200...280°C —
HwkHero oOeitauta; 290...310°C — cmemannoro u 320...450°C — BepxHero. XapakTepHble MHKpPO-
CTPYKTYPHBI UCCIIEIOBAHHBIX YYT'YHOB IPEICTaBICHBl HA PUCYHKE.

AR

a (x1000)

6 (x1000)

Puc.1. MUKpPOCTPYKTYPA 3KOHOMHO JIETHPOBAHHBIX HOPOM M30TEPMUYECKHU 3aKAJTEHHBIX
BBICOKONPOYHBIX YyTYHOB H30TepMHUYecKas 3akajika npu: a — 280°C; 6 — 320°C; ¢ — 400°C

YcTaHOBIEHO, YTO MHUKPOJ0OaBKH OOpa CYIIECTBEHO BIUSIOT Ha KHHETHKY MPOIIECCOB
CTPYKTYpoOOpa30BaHusl BHICOKOIPOUYHBIX YYT'YHOB NIPU WX TEPMUYECKOH oOpaboTke. B yactHOCTH, Ha
15...20 % coxpamaercs BpeMsi ayCTEHHTH3AN U YCKOPsIeTCS Ha4alo OSHHUTHOTO MPEBPAIEHH 110
TUQPY3MOHHOMY MeXaHU3My. MUKpPOJIETHPOBAHHBIE BBHICOKOIPOYHBIE YYTYHBI XapaKTepU3YHOTCS
0oJiee BBICOKOW JTUCIIEPCHOCTHIO METAJTUYECKOW MATpPUIIBl. B CTPYKType BBICOKOIPOYHBIX YYTYHOB
PEHTTeHOCTPYKTYPHBIM aHAIIM30M BBISBIICHBI BKJIFOUCHHS OOPHIOB JKene3a. B mimockoctn nmmudon
TaKkKe HAOIIOJAIOTCS MHUKPOYACTHUIIBI, MPEIIOIOKUTEILHO HHUTPUIOB Oopa. B 3aBucumoctu ot
CTPYKTYPBI METAJUTMYECKON MATPHUIIBI TBEPIOCTh IKOHOMHOJIETHPOBAHHBIX BBICOKOITPOYHBIX YYT'YHOB
Bo3pacraeT Ha 4...11 HRC.

Takum oOpa3zoMm, mpuMeHeHHE Oopa B KAveCTBE JICTUPYIONICTO KOMIIOHEHTA IT03BOJISICT
3ameHuTh Ni, MO 1 CU 1 COKpaTUTh 3aTpaThl Ha MTPOU3BOCTBO OCHHUTHBIX UYyTYHOB.
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SUMMARY

ECONOMICALLY ALLOYED HIGH-STRENGTH BAINITIC CAST IRONS

LELP Ferdinand Tavadze Institute of Metallurgy and Materials Science

Tavadze G.F., Tsintsadze 1.Sh, Gordeziani G.A., Tabidze R.G., Gvazava S.G. and Khidasheli N.Z.

The effect of boron microadditives on the phase transformations of austenite in the intermediate temperature
range was studied in high-strength cast irons with 2.2-2.4% silicon content. Such silicon content in the cast iron
provided high crack resistance of the studied alloys. To study the processes of structure formation during heat
treatment of experimental high-strength cast irons, the methods of metallographic and X-ray diffraction analysis
were used. The obtained results show that the silicon content in amount of 2.2-2.4% reduces the carbon
diffusion activity, disturbs the formation of cementite in the metal matrix, as a result of which unalloyed basic
cast irons are characterized by the narrow temperature range from 400 to 450°C with a formation of upper
bainite. It is shown that microalloying of high-strength cast iron by boron in amount of 0.03 %, make possible to
influence effectively on the kinetics of phase and structural transformations of initial austenite during isothermal
holding in the temperature range from 240 to 450 °C. It has been determined that boron microadditives in the
indicated temperature range ensure the formation of structure of both - upper and lower bainite. Depending on
the structure of the metal matrix, the hardness of economically alloyed high-strength cast irons increases to
4-11HRC. Thus, using the boron as an alloying component allows the replace of Ni, Mo, and Cu and reduces the
cost of producing bainitic cast irons.

Keywords: boron microadditives, isothermal holding, bainite, austenite, metallic matrix.
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ECOCHEMICAL ASSESSMENT OF TKIBULI HARD COAL
Supatashvili G.D., Takaishvili N.V., Labartkava N.A., Bregadze M.A. and Giorgadze N.V.

lvane Javakhishvili Thilisi State University

Abstract. The content of regulated substances, such as sulfur, arsenic, chlorine and fluorine was determined in
the samples taken from different Tkibuli mines. The official methods recommended by International and Russian
regulatory agencies were used for quantitation of the above mentioned components in the hard coal. According
to the obtained results Tkibuli hard coal can be considered to be ecologically relatively safe solid fuel.
Keywords: hard coal, sulfur, arsenic, chlorine.

Coal is the fossil fuel of vegetable origin, which contains 75—97% of carbon. Lots of normed
elements (arsenic, beryllium, uranium etc.) are concentrated in coal in the form of admixtures and due
to combustion they enter into atmosphere as exhaust gases or aerosols [1].

From the ecochemical viewpoint sulphur-containing compounds are the most undesirable coal
admixtures, since sulphur dioxide originated as a result of their combustion is the main generator of
acid rains [1,3,4]. Despite this fact annual coal consumption reaches (2.8—3)-10° tons, while its share in
heat power engineering attains 90% [1].

According to specialists’ assessment the world resources of coal, which equal (4.7-8.6)-10*?
tons will be sufficient for another 300—400 years .

Ash content, which is one of the determining parameters of coal quality, usually varies within
the range of 5—10% and the less is the better.

Mineral substances in coal are represented in the form of silicates, gypsum, pyrite etc. Coal
humidity also varies within 1—-20%.

In Caucasus coal is extracted only in Georgia, where several coal deposits are known
(Tkibuli, Tkvarcheli and others). Among them Tkibuli deposit, which is known since 1830, is
distinguished by coal reserves and production level.

Construction of heat power plant with a capacity of 300 Megawatt is scheduled on the basis of
Tkibuli coal. The basic controversial issue related to the project is negative ecological changes that
may be caused due to functioning of Tkibuli heat power plant. Based on this fact, study of Tkibuli coal
concerning the content of sulphur, chlorine, arsenic and their separated forms is a topical issue.

Sewage waters of dead rocks heaps (terricones) and waste waters of coal dressing enterprise,
which drain into Tkibuli reservoir, are the reason of ecological state complication in Tkibuli zone.

From the ecochemical viewpoint sulphur is the most undesirable admixture of coal. Its content
in coal changes in wide range and in some cases reaches 9—15%. As a rule, it is within the limits of
1-3.5%, and averagely — 1.5-4.7% [3, 6]. Weight percentage of sulphur in Georgian coals is
0.7-1.6% [1].

Sulphur occurs in coal in the form of pyrite, organic compounds and sulphates, more rarely in
free and sulphide form [1, 4]. The share of sulphate form in coal is small (less than 0,1%) and
commonly is equal to 0.1-0.2% of total sulphur. Finely dispersed pyrite is the major carrier of sulphur
in coal. 50—70% of its total content falls at pyrite sulphur. The share of organic sulphur is also very
high and equals to 27—45% of total sulphur [1, 4].

In the process of coal combustion all forms of sulphur, except of sulphate form, produce
sulphate dioxide, annual environmental emission of which is assessed in 20 min tons [1, 2]. 96% of
sulphur presented in exhaust gases of heat power plants operating at coal falls at dioxide, while 4% - at
trioxides [1] Sulphuric acid formed in the atmosphere as a result of sulphur dioxide oxidation and
hydration is a generator of acid rains [1, 4]. 60—70% of acid rains fall at this source of environmental
pollution [5]. After gas infrastructure development the content of sulphates in atmospheric
precipitations has reduced by 0.5—-1.9 mg/l (by 17% in average), while pH was increased by 0.15-0.20
units [3]. Except of the mentioned fact, dioxide entering into atmosphere (its concentration in the air in
the vicinity of heat stations reaches 3.3 mg/l) reduces the photosynthesis processes in plants and
promotes formation of smoke fog [1, 5].
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Sulphur content in coal is limited due to negative effect on ecochemical state of the
environment. According to current standards its share must not exceed 3% [3]. It is possible to
desulphurize coal in the case of high sulphur content. With this objective in mind aqueous suspension
is prepared from powdered coal, and first of all pyrite is deposited from this suspension (specific
weights of coal and pyrite are 1.3—1.5 and 4.9-5.2, respectively). There is also elaborated the method
of exhaust gases purification from sulphur dioxide, with it filtering through alkali solution [3].
Unfortunately, neither sedimentation method of desulphurization nor the method of sulphur dioxide
washing in scrubbers are economically feasible due to their expensiveness.

Relatively less acute, but nevertheless local ecological problem is created by wash waters of
dead rock heaps (terricones) and even more of their combustion deposits, and by waters of coal mines
due to their high acidity and increased content of normed substances [2].

Samples (n = 10) were taken in 2014 from different Tkibuli mines according to the
appropriate procedures. Content of regulated substances in them was determined with the use of
international and/or Russian official methods (GOST 8606-93, GOST 30404-2000, ISO 157-1996).
The humidity in the samples varied from 1.8 to 4.2%, while average ash content was 22.5% ( it varied
between 11.8-33.6% ). Iron content in Tkibuli hard coal varies between 0.7-13.1 mg/kg and is equal
to 6.1 mg/kg in average.

Sulfur-containing compounds are undesirable admixtures of solid fuel from ecochemical
viewpoint. Usually sulfur content in hard coal is 15-22 g/kg, while maximum permissible
concentration is less than 30 g/kg [1, 4].

According to sulfur content Tkibuli hard coal belongs to ecologically acceptable solid fuel
since its total content does not exceed 11.7 g/kg and is equal to 8.5 g/kg average (Table 1). Total sulfur
content was determined using Eschka method [ISO 334-1992]. Speciation of sulfur was performed
based on different solubility of the compounds formed by different species in hydrochloric acid and
nitric acid [1SO 157-1996]. According to this methodology 2g sample of hard coal was first extracted
with hydrochloric acid (380 cm?® HCI diluted in 1 dm?® water, d=1.19 g/cm?®) that resulted in extraction
of sulfate forms. The solid residue was further extracted with 130 ¢cm?® nitric acid (d= 1.42g/cmd)
diluted in 1 dm® water (pyrite form is oxidized and transforms into sulfate form). Precipitation
obtained after acid treatment contains ,,organic* sulfur (sulfur in organic compounds). Organic sulfur
was determined by the difference between total sulfur content and the sum of sulfate and pyrite sulfur
contents. Results, shown in Table 1, indicate that 59—78% of total sulfur is present as pyrite. That is
why the content of total iron and sulfur in Tkibuli hard coal correlate well with each other (correlation
coefficient r = + 0.53). As expected, content of sulfate sulfur is low (0.47-0.97 g/kg), that is equal to
4-10% of total sulfur. No sulfide sulfur was observed in samples under investigation, while the
content of organic sulfur changed between 14—32% of its total value.

Table 1. Content of total sulfur (g/kg) and its species (% from total sulfur) in Tkibuli hard coal

Sulfur Minimum Maximum Average
Total sulfur 3.0 10.7 8.5
Sulfide sulfur 0 0 0
Pyrite sulfur 59 78 70
Sulfate sulfur 4 10 8
Organic sulfur 14 32 22

According to sulfate sulfur and sulfur remained in ash, amount of sulfur dioxide generated as a
result of combustion one ton of hard coal is equal to 15-16 kg. This can be considered to be in the
acceptable limits for the environment.

Hard coal is a natural concentrator of many regulated substances, including arsenic [1].
According to literature data, arsenic content in solid fuels varies in wide range and can reach several
hundreds mg/kg [7].

Hard coals combustion products are the main sources of anthropogenic pollution of
atmosphere [2].

Arsenic was determined by photometric method with the use of silver diethyldithiocarbamate,
which forms reddish compound with arsine (arsenic hydride) [ISO 2590-2004]. Maximum content of
arsenic in samples studied reached 5.9 mg/kg, while average content was 2.4 mg/kg (Table 2). This is
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far below the allowed limit (0.02% [6]). The average content of arsenic was 3.3 mg/kg in the hard coal
combustion ash corresponding to 0.9 mg/kg in terms of hard coal. As it well known, pyrite admixtures
are the basic carriers (source) of arsenic in hard coal. That is why good correlation between total iron
and arsenic contents (r = + 0.95) was observed [7].

As is seen from obtained results, average content of volatile form of arsenic is 1.5 mg/kg, that
in average is equal to 42% of its total content. Appropriate calculations show that arsenic
concentration in exhaust gases will be less than 0.1 mg/m? that will be reduced several times after
mixing with the air (maximum permissible concentration of arsenic in the air is 0.003 mg/m? [4]).
Soils and ground waters pollution even by ash originated as a result of hard coal combustion is less
likely, since arsenic content in products of their water leaching is less than 0.1-0.7 mkg/l, and
averagely equals to 0.2 mkg/I (Table 2).

Table 2. Content of arsenic in Tkibuli hard coal and its combustion products (mg/kg in hard coal)

Subject Form Minimum Maximum Average
Hard coal Total 0.3 5.9 2.4
Ash Total 0.2 15 0.8
Ash Soluble in water <0.1 0.7 0.2
Volatile Total 0,1 45 1.6

Information on total chlorine content in coal, all the more about chlorine forms is scarce.
According to sources available for us, mass share of chlorine varies within the range of 0.01-0.50%.
Based on other data, 83—106 mg/kg of chlorine is found in coal. Chlorine is presented in the coal in
the form of halite (sodium chloride) or sylvine (potassium chloride), while the remaining part is
associated with organic compounds. Oil also contains chlorine in small quantities (0.16—0.8 g/kg).
Low chlorine concentration in solid fuels is caused by its low content in plants (n=0.01% in plant ash
[6]) and low sorption activity of chloride-ions in peat during coal formation process.

While chlorine content in coal reaches 0.3—0.7%, in the process of its combustion may form
hydrogen chloride and dioxins, which contaminate the environment along with exhaust gases [2].
Their quantity in exhaust gases can be assessed according to chlorine remained in ash (0.1-0.4%). As
of today according to effective standards maximum allowable concentration of chlorine in coal is
0.60%, or 6 g/kg [6].

Tkibuli coal is not studied regarding the content of halogens, including chlorine and its
separate forms. Therefore, the information acquired by us, will fill a gap existing in this field of
knowledge, at least partly. Except of coal, we also identified the content of chloride-ions in its ash that
makes possible calculation of chlorine entering into atmosphere in the process of coal combustion.

Content of fluorides and chlorides in hard coal is also regulated, since during combustion
halogen hydrides, dioxins and other toxic compounds can be formed. According to obtained results,
fluorides content in Tkibuli hard coal is low (0—14 mg/kg, average 8 mg/kg) and it is much lower than
permissible limit (500 mg/kg).

Total chlorine content in Tkibuli hard coal (variation between 1.0-2.7, in average — 1.8 g/kg,
Table 3) also turned out to be less than maximum permissible value (0.60% [6]). The part of chlorides
in hard coal (17% in average) is present in water-soluble form. Chloride ions concentration in extracts
was in a good correlation with specific electric conductivity of solution (correlation coefficient
r=+0.62). Content of 0.4-1.4 g/kg Na* and 0.4—1.9 g/kg K* in the products of water leaching along
with chloride ions points at the presence of halite and sylvite.

Table 3. Content of total chlorine (g/kg) and its separate forms (%0) in Tkibuli hard coal

Chlorine Minimum Maximum Average
Total 1.0 2.7 1.8
Soluble in water 3 66 17
Ash 15 40 30
Volatile 60 86 70
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Based on chlorine content in the ash (Table 3), one can conclude that its major part escapes
during combustion process. As far as there was no chlorine in extracts obtained with the use of organic
solvents (hexane, acetone), one should suppose that volatilization of chlorides occurs in the form of
iron and aluminum chlorides originated at high temperature. Process modeling showed that 40—86%
of chlorides escapes as a result of drying of 2.0 ml of 0.1 N NaCl solution and its heating up to
700—750° in the presence of 5—10 mg of Fe,O3 or Al,Os.

Therefore, the contents of sulfur and its forms, as well as arsenic and chlorine contents are
determined in samples taken from different mines of Tkibuli hard coal. Humidity and ash content are
identified. According to obtained results we may conclude that Tkibuli hard coal belongs to
ecologically clean solid fuels.
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PE3IOME

IKOXUMHNYECKASA OHEHKA TKUBYJBbCKOI'O YIJIA

CynaramBuiau I'./l., Takanmsuau H.B., JlabapTkaBa H.A., Bperagze M.A., I'nmopranze H.V.
Tounucckuii l'ocynapcrBennslii YauBepcuter um. UB. xaBaxumBuiaul

B npo0ax, B3sTBIX U3 pa3HBIX MAaxT TKUOYIECKOTO MECTOPOXKACHUS KAMECHHOTO YIJIsl OMPEICIICHBI COICPIKAHHUS
HOPMHPOBAHHBIX JJIEMCHTOB, TAKMX KAaK CEPa, MBIMIBSIK, XJI0p u GTop. s ompeneneHusl coaepKaHus BBIIIC
MEPEYHCIICHHBIX KOMIIOHEHTOB OBUIM HWCIIOJIb30BaHBI METOJbI, O(QHIMAILHO PEKOMEHIOBAHHBIC MEXKIyHAPOJ-
HBIMH M DPOCCHHACKHMH PEryTUPYIOIINMH areHTcTBaMHi. OCHOBBIBASICH HA ITIONYYEHHBIX pe3yibTaTax HcCCie-
nmoBaHUS TKHOYIHCKUHA yTOJIb MOXKHO CUHTATh SKOJIOTHIECKH CPaBHUTEIHHO OE3BPETHBIM TBEPIBIM TOIUTHBOM.
KuroueBble ci1oBa: yrojib, cepa, MbIIbSK, XJI0D.
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SUMMARY

QUANTUM-CHEMICAL MODELING OF HYDROHALOGENATION WITH HALOGENATED
ORGANIC COMPOUNDS

Pachulia Z.V., Iremashvili D.J. and Tabatadze LV.

Sokhumi State University

Quantum-chemical modeling of hydrohalogenation under the with effect of Markovnikov and Harash is
discussed in the reaction coordinate mode. Semi-empirical AM1 (Austin Model 1) Modern quantum-chemical
methods are used to calculate the energy and electronic properties of 2-fluoropropene, 2,2-difluoropropane and
1-fluoropropene, 1,2-difluoropropane.

Keywords: quantum-chemical modeling, hydrohalogenation.
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SUMMARY

MATHEMATICAL-CHEMICAL STUDY OF DIIODIDES OF

1.4-BIS [DIALKYL-ETHYLARSONIUM]-1.4 DIHYDRONAPHTA-LENES.

Robakidze N.Z. and Kvernadze M.S.

lv. lavakhishvili Thilisi State University

Diiodides of 1.4-bis [dialkylethylarsonium]-1.4-dihydronaphtalenes were stidied within the scope of QANS-
matrica method. The correlation equation was derived. The correlation is satisfacotory.

Keywords: QANB-matrix, satisfactory correlation.
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SUMMARY

THE THERMAL ANALYSIS OF AMMONIATE COMPLEXES OF D-METALS
Samkharadze M.G., Machaladze T.E. and Kakhidze N.A.

Akaki Tsereteli State University, Kutaisi

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

Ammonia complexes of d-metals tetrathioantimoniates with the general formula. [M (NHs)n]3 (SbS,), have

been studied by the thermal analysis method. After heating of these complexes firstly the ligand is removed, then
it happens dethionation and at last destruction.
Keywords: tetrathioantimoniate, ammoniate complexes, thermal analysis.
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SUMMARY

AMPHICEZINE — A NEW GENERATION INHIBITOR (PRECIPITANT) FOR POSTOPERATIVE
METASTASIS OF MALIGNANT TUMORS

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

Biological Active Material Research Center of Georgian Technical University

Scientific Center of Georgia-Israel Joint Clinic Gidmedi

Caucasus International University

The development of malignant tumors (cancer) and the processes of their metastasis in the body is an actual
problem for scientists and researchers in the field of oncology as well as for various specialties, who conduct
scientific research in this field in many countries around the world, including Georgia. In the last decade, in
abroad as well as in our country, there is a growing tendency of oncological diseases and the number of patients
has increased too. Despite the dedicated struggle against cancer by medical representatives (and not only by
them), cancer is still an invincible disease. (Except for rare exceptions), and many of the processes associated
with cancer cells in the body remain unstudied. Employees of the Biological Active Material Research Center of
Georgian Technical University (Prof. N. Chigogidze) and the Scientific Center of Georgia-Israel Joint Clinic
Gidmedi (Prof. I. Nadiradze) received a Georgian patent NeP2019 7005B, date of registration 17.07.2019 year
for an invention "Creation of new metastases inhibitors for oncological diseases chemotherapy"

Keywords: cancer, metastasis, oncology, inhibitor, amphicezine, malignant, fibrin, adhesion, proliferation,
membrane, oncologic cell.
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bsb. 1. bgod@smoboiool 3s®s8g@dgso:  C[RCOOH] — 1,5%;
1. C[NaOH] — 40 g/@;  bodkocdo — 10%;
2. C[NaOH] — 100 p/e: bodotdo — 20%.
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1.C[NaOH] — 40 p/e; bodotdo — 10%;
2.C[NaOH] — 100 p/gn; bodotido — 20%.
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6ob. 3. bgo@@omobsi00l do@edg@tgdbo: C[RCOOH] — 6,0 %;
1.C[NaOH] — 150 g/en; bogo®do — 30 %;
2.C[NaOH] - 200 a/g0; bodo®do — 100 %.
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SUMMARY

THE MOST IMPORTANT PROPERTIES OF PHOSPHOLIPIDS IN

THE PROCESS OF NEUTRALIZING SUNFLOWER OIL

Siradze M.G. and Dzneladze S.J.

Georgian Technical University

Studies have shown that the yield of refined oil in the neutralization process of sunflower oil is directly
proportional to the concentration of phospholipids. Such an attitude is manifested despite the acid number in
high quality oils. As for low quality oils - the effect of phospholipid emulsifying action is less noticeable than
emulsifying at the expense of the resulting soap.

Keywords: phospholipid, neutralization process, sunflower oil, acid number, concentration.
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@ools dgmmeon [2,3].

0d539 @AM, byandgmdg sbognobols holis@odgdmswe, LEsEobEogydo dsbogols
JgbogMmggdmom  o>y93E0@gdgmos  smgdge  0bol  m@mJmol  gobs  Fmbolfmemadols
o9MMgggeo.  od  dgdmbgggedo  LoobBgdglmes  dmTymdogomdols  Ljgds, @mdgaog
0nbggoeo o mAnJmol Bobgdol sbogobol ghHmdmygmo hodo®gool dglsdagdammdsls
odenggs [4] 03 @@dml dgbsdmgdgamo begds so®swo ©s mbggoo Bobgdowsb Lobyo
Fobslfm@mdol odmgggol gomgdg Losbosgrobme  o0dbsl dofmwgdygemo  JOHmds@my-
@595do. 5dslbmabogg Labydggmos mbggoo gobs bygadgm@go 0dbgl 3mbwgblodgdyeno.
oGO0 Jmols gobol sbogmobols hggbl dogd dgdmmsgobgdbymo go®osb@o  Lodygoggdsls
335d@ggl  20bgLobegAmm  bogmog@gdoms  aobsfomgdol  3mgnR030963gd0  SoGsE  ©
nbggoe Foboms dm@olbs.

sOmIsGol Mozbgol gosdrmdomo 360T3bgmmds

3M33mbgbdgdo mgobm
dobogo d939%bobo B0d5560 A JoFomgano

539> gdoo 2,6 0.8 15 24
GO0 S(39B B0 0,7 14 14 1,4
dgomobmano 0,1 0,2 0,1 0,5
5000053950 - - 0,5 0,5
36 m3obemano 2.4 2,6 3,0 2.5
dgmobmeno 0,1 0,1 03 03
obmsdognol L3o®dGo 2.5 3,5 2,6 2.5
H-s30gool L3o®Fo 42 5,6 4,5 4,0
9000 35@dod o0 0,5 22 14 0,2
go5bognobo 4,0 5,0 3,0 4,0
NGO RYOOE0 3,6 - 3,5 5,6
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OO0 Jmols gobol  obogrobo  Lodygoamgdsl odanggs ™dogdB s odbgl  dgge-
Lgdygao  gmbi®gdygmoe 03  bogmoggdosms  3mddmgdbo, @mdmgdoi  gobsdo®mmdgdgb
Lobdgaool s@mds@l. 53 dgdmbgggedo ol I@sgogrdoibmgobo asbmdggdo, @OmIgmgdos
ho@Bomgdyamos  Jo@mygmo  mgobmgdol  3geggolols [5], Lodygoggdsl odenggs  Fmbsl-
Foogmo  m@ondmols gobol sbogrobols dmbszgdgdols dobgogom, dggsbgdyam  olbsls
bbgowolibgs ©30bmgdols mgolbmdmdogo dohggbgdangdo. o bgds ,o0mds@ols @oiEbgol
aodmmgms (m@ndamols gosbsdo dmigdgemo bogmog®gdol 30mbi3gb@@sEools Go®omds od
bogmog®gdols  0d  beghye  db0odgbganmdslmsb, @mdgaroi  dgodangds  dgog@dbmls
5005305635). bmaoghmo wgobolsmgols gl dmbszgdgdo dmzgdymos b@ogndo.

bohggbgdos, MmI aodmygagyer mg0obmgddo s@MIsGoll BmEdo®gdsdo o Gl
0535dmdgb  sarogs@dydo  L3o®Egdo,  gmgdgdo,  FYORYOmEo s  gsbognobo.
Lodfgbodme, begdygamo db0dgbgermdgdols bog@gdo dzodgs o ®gobmgddo bmyogdmo
domobols Vgd(33980mbs X gOXIOMd00 93bmdos.

5d235M0©, oI mdglgdbygmos  mOmJwasby®o  Fgdbogs ©s bohggbgdos, ®md
OO0 Jasbyg@o  sbogobol  Jmbszgdgdo  Lbogydgmosm  goggh  Lobdgeols  ba@olbols
‘dggxoLgdsls s@mIs@ol Moibgol dJobgogom.
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SUMMARY

EVALUATION OF THE QUALITY OF WINES ACCORDING TO THE COMPLEX

OF VOLATILE COMPONENTS

Shatirishvili Sh.1., Kiladze M.T., Chkhartishvili N.N. and Shatirishvili 1.Sh.

Georgian Technical University

The technique of vapor phase analysis is improved and the possibility of simultaneous analysis of vapor and
liquid phases without disturbing equilibrium is shown. The obtained data is the base for the assessment of the
quality of alcoholic drinks according to the “complex of volatile components”.

Keywords: selective detector, aliphatic alcohols, vapor phase method, coloring substances.
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d333@0Ld RS IB3AMZIRN0 FIALO0) RdOZDIRIBINR Jod ) IV
R306(M3A430 3IBIR0)S IRSGI0MO JILV I3RS

bo®Eos g4, Jgoabsgs a.0.

boJodmggmml @gdbogydo 9bogg@dlodgdo

®gobm Ly 9uem s 9gam  3m3gms@ygmo  3OmeygJdo brgds swesdosbol
3bmg®gdsdo.  mogobo  Lm@Eosgry@o  db0dgbgermdols  ao®s, ®gobml o3l dbodg-
bgermgobo g3mbmdogy®o yogegbs s 3MdgO BP0 @oM oY gdsi. ©gobols Fo®dmgds
9O0-9000 Yzgesbg dbodgbganmgsbo  Lalmgmmm-badgy®bgm  3OmEgbos ©s dmombemgls
doli'do dgdogogo Jodoydo gangdgb@gdol dgo3® obo@oby®d Jmb®dmal yyu@dbols §o®-
dmgdol 3OmEgboesh badmmmm 3GOmeyddedeg [l 0bgm@dszos @gobol Lbgswslbgs
3M33mbgbBol Gomegbmddogo 3mb3gbdMsiool dglsbgd, dgwgobgmdol gggems 9@o3by,
390306990l Lodgoemgdol odanggl s3mbBOmEmb dowsao bo@olbol mgobols dowgdols
30m3gbo 30033990 39dmmo, d93900m, BJO0m, SOMISGom ©s Asddkg0Mgsmmdom [2,3].
496dbol  x0Tdds, ©odydoggdol dgmmeds s dgggbobgmdols LEswosby ho@omgdyeds
Lodgdomgdds, Fyoedsi go dgodengds oo gogangbs dmsbeobml mgobol ba®olbby.

©g0bols  Jodoyg®o dgdowagbenmds  dognosh @mgmos — dsldo 9000-dg bog@mos
0009bH0R0E0MGOP@.  gmobmaol,  DsJ@ol, m@asbymo  Igoggdol, 3meoggbmegdols,
(300 gdol, 5dobmdgeggool, dmenoblisds®ogdol, @obobgdol, osOMIsGyo s Lowgds®o
603009695950l gods @g0bm oliggg dgoegl 30bgBoy® bogmog®gdgdl. domo do@aeno
49933920000 203m0@hggs yyu@dbols 3obo, jeg®d@o, Fodfs. olobo 3b0dgbgemgsb @menls
SOy gdgb @g0obols M@ysbmgsddogzydo mgolgdgdol hodmysemodgdsdo. @gobols ‘dgdo-
39bemdsTdo agbgrgds Lbgowslbgs @ommbgdo, GmIagdo dgodagds ogml msgolygsmo
00bgdol,  m@asbygmo  dgoggdol  3mddengdlgool, sbggg  39d@0bol, 3manolisgs®owgdols,
3933 0wgdols, oegdols s dmmoggbmamgdol oo Jmgrgsyagdols babom [4].

®30bml ogdomo gogangbs o3l swsdosbols xsbdMmgamdsby, byl gFymdl
m®aob0bdol  godwodgosls Ca, Mg, Fe, K, Zn, Cu-om. 3dodg dg@ogmgdo, @mam@oEss
BYg05, ®30bs, MmYmos @slisdggd bwgmgddo ¢bws ogml s ssdosbols xobdBmganmdsby
9oMYMRom  ogamgbsl o@ 9bs osbpgbpgl. sdoGmd @gobol Jgoggboamdols sbogobls
3oblognm@gdymo  3b0dgbgamds ogl o 9bws bm®Eogmegdmwgls I wdogo  dJmbo-
BM@0bao ©g0bol Fomdmgdols ggges gBo3by.

db0dgbgenmgobos  oEaobogl, 09 Loowsb begds JgBomgdols yopslbgms ®go-
bemdo. IgBomgdo, Gmam® 3 Lodmamm 3Omeygddo, dgodemgds Fomdmodgsl Gmymas
4996966030, obg Sbo@M3mygbydo [yodmgbowsb [3]. domo 3mbigb@d®oEos ©sdmgowyg-
daeos GodBmagdol dobodyd mmb xauxbg: 3o®ggmo — boswspo, Lsowsbsi yyddgbo
0mgolbgdl dobg@omgdl. dgBomgdo bbgowslbgs gm®don gobol gglggdomsb ao@o©osh
dod3goemdo o  dgoagbgb @g0bmTo  s@Lgd o  ombgdols ¥IgBgl  bofogol. dgm@g
NOIBO ©5358d00gd g0 5©5d05byg® Lo Jd0sbmdslimsb: gobols dmygebs,  3gbEozowgdols,
29630300900 s Labygdgdol godmygbgds. obggg 9b0dgbgermgsbo RoJ@m@os dsg@ols
©550bd7Mgds.  yu®dgbdo ddodg dg@omgdols dgdig9ermds  @odmogdbyeos 0d  yody-
dobg, bowsi d3gbsdg ob®wgds [5] dgbodyg xa9gno 9393d0wgds  Sew 3edmeny®o
%9MdgbGo30ol gobbm®3ogmgdsl s dgbsdamms Lbgowslbgs bogmog®gdgdol sdsdg-
ool @gobols  (o@dmgdodo  [6]. Igmmbg — @goboli @olodbowgdase  godmygbgdyao
S @gommds, Mo dobogrgdos godmygbgdoyamo mgoboli ©oygbgdol 3GMEgLdo, my @
300md95do bpgds mgobol wsdggergds, 3mblgMgsos s hodmlbibds [5,6].

3bmdognos, @mI  yy®ddgbo a@dbmdosdgs  bosoaol  do®mdo  do@oosbmdols
dododm.  gobol 3gomds oG yermdl LooGogsizom FyomTo do@oagdols 3mb3gb@@siools
bOPOLSL. AMAMA(3 g0 0mbgbdo bgogbosh ggbgms Lolgdsdo, dom dgydmosm ©oy-
0Mggos Bomagddo, Jo@Egomdo s 0fggg9b dobg@omu@  boemsbldo  (3gemomgdgdl.
bmaoghmo ombo (K, Ca, Na) sy@oagdgemos goboll bawolmgol s domsgbodmolbmgobo
496dbol dmboyggobo Logo®em dobg@ogmy@o do@sblols 4b@ybgganlsgmasw. gogoydo
‘dgoeagbl  gyu@dbols dd@seo  [mbol 3%-L, bos@®oydo Lokodms dgoo@dgdom  bsgergdo



LSISANEIR I bS506IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Nef 2020 121

AomEgbmbomn s hggymgd®og gy@dbol dd@oeo  Fmbol 0,5%-bg bogangdos. domds
doognds 3mb3gbB®Ma309dds dgodargds aogergbs dmobobml @gobol ba®olbbyg [7].

e LEEgmdomn MMM 3 LoJs@®mnggmmdo, sbggg Job Fo®amgdl aodgm Jggg@ols
©gobm by  9aam  ©s  PROm  3mdgms®ygmo  bpgds, @sbsi  Jgggool  wgobols
IVomdmgdangdol @omegbmdols LFMsxo bO©s solGy@mgdl.  Jggg@ol ©s 930M3geo
Tgboo ©oygbgdamo mgobmgdo aoblbgogogds gamdobgmologsb. domo goblibgoggdyenmds
3odmobs@gds OMamA 3 agdmmo sbggg Bg@oo.

hggbo ggenggol dobobos oEa0bgl @s  aoggbol obwgbl  Jggz®o  mgobols
303399 35M53gBMgobg, Moo  goblbgogogds ogo  gg@m3gmo  Fglboo woygbgdyen
©30bmlbmsb Jgosdgdomn s gJlE@ogodgds my o@s Jggztol ggoagdowsb mgobmdo
390 gdols go@ 33970 HomEgbmds.

9JL39®039bHolmgol dg@hgyen odbs gobgmol 3bmdogro x0dgdo, @JsFomganols
©s Jobol Jgggoobs ©o gg0m3gmo Faboo ©sdboswgdgemmo  mgobmgdo.  mGogg xodobs
490dgbo o3Mgxnoe 0bs gOmbs ©s 0dsgg 3gMomedo, gobmgdol Fanmgebgdsiz gomos,
0g0bmgdo  0bsbgomes  gOMbso@  30@mMdgddo. gJldgMmodgb@o  hoGodws  Lsds®mggamls
Gadboga®o  9bogg@Lo@g@Aol  sadsd g  dgEbogdgdgdol s  domboliGgdgdols 0bgobg-
@060l 3539 HgHOL dobobg s@Lgdym @WsdMGSEMEA0sTo.

ppm ppm
y = 480,43x - 106,97
. y=51634x- 4,6574 500 R*=1
R?=0,9738
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= ppm 200 —=pPm
) 200 i
—— Linear Linear
(ppm) 100 (ppm)
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begogdno dg@omol LESbps@Fol  Logsmoddem dGgwo
s — Mg; 8 - K; g — Na
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©gobmdo IgBomgdol 3mbgbd®siGool goblsbwg@ols Mg3mdgogdyao dgmmegdo
Jo@omos©  ©oydbgdymos  SEAMIY@-dbm@dGoge  13gJBOmIgB®osby,  @mIgarlisg
sbolioomgdls Lgergdon®mds, dswoeo da@dbmdosMmds s J0Ms30M0 yobmdggdols ¢bo-
@0 [3]  gegdgbBgool  3mbi3gb@Msz0gdo dgBoegdol  LEobps®@yao
blbs®gdom. Logogod®m a®sxgozol sboggds asdmygbgdye odbs 1000 d3y/e0 30mbi3966)-
@5300L  bAobpsd@ygmo  blbsdo, ogdgm  0dbs  3mbi3gbd®sEool  bado
3oblbgoggdyeo §g®d@ogo.

aobolobwg®s

Loogasbsg

©g060l 6039TgdTo gobbsbgBgmo  gGomgdol jmb3gb@@s30gd0

A JoFomgano A JoFomgeo Jobo
(J3ggm0) (936m3gao0 §gbom) Jobo (J30360) (g3m3gao §gbom)

Mg (ppm) 2,29 247 3,27 3,32
K (ppm) 3,94 3,96 4,07 4,08
Na (ppm) 0,22 0,17 0,18 0,15

Ca (ppm) 37,6 35,02 48,01 44,05
Al (ppm) 0,40 1,28 0,99 1,02
Pb (ppm) <0,5 <0,5 <0,5 <0,5
Fe (ppm) <1 <1 <1 <1
Zn (ppm) <l <1 <1 <1

dgBoggbdols  aoblobwg@ol  Jgogase ©opaobos, @md hggb dogd  dgdhgyeoo
g3obols  x0dgdol ©gobmgddo 8dodg IgHogmgdol (Pb, Fe, Zn) DgdEggermds ©olodggd
bwg®gddos. OmamO 3 3oEom, Jggg300l moboli dgdopagbermdsdo agbggds jomemobodo,
335030, dobg®ols 3530, Jo@dlo, sbggg @gobol, gogiEoydol, dspaboydol, bo@®oydols
©s bbg. gobagyengdo. oygbogos, @md Jgg300l glggdo sLGmgdl gOhmyged Lem®-
9630l @mal, @sasb o omgdgds @gobmTo Jgdsgogmo gHomgdol wowo bsfogro.
hggb dogd aosbogrobgdyan  b0dydgdbdo, Gmam@dE EbGogols Jmbsigdgdowsh  hobl,
dobg@omudo bogmog®gdgdols (Na, Ca) Gomwgbmds dg@os Jg930do woygbgdyen mgobm-
‘do, go®g 930m3gmo [gboon sdboswgdyanTdo. @JoFomgmols Jggg@ol @gobmdo bod-
@oydol dgdiggeomds 0,22 ppm-L dgoagbl, beem gogrioygdo 37,6 ppm-os. bodydgddo
dgodhbggs oliggg Ca-ols dowogno dgdiggemds  J3ggdol @gobmdo  gg@m3gao  Faboom
©odboEgdgmmmsb Igosdgdom. @Jsfomgmols Jggg@ol @gobmdo Ca 37,6 ppm-U dgopgbls,
0dogg x0dol  9gg30m3ymo  Fgbom sdbowgdyger wgobmdo 35,02 ppm, boem  Jobol
J39300L  ©g0bmdo 48,01 ppm g3@m3ymo  Fgboo ©sdbowgdyando 44,05 ppm. K-ols
‘d99(3390mds  m@ogg  Godob 0nomddols Mg-ols  ‘dgdmbgggsdo
godboAEgds oM o goblbgsggds, uOM IgBo Gomegbmdomss dmEgdgeo g3MMm3YE0o
Tgboo ©sdbowgdya  ®g0bmgddo  Jggz@oli ©g0bmgdmsb  dgos@gdom. Go@  dggbgods
seondobl, dolo dgdiggemds dgg6se Ig@os ggmmdgeo [gbom ©sdbowgdym ®g0bmdo,
Jgopagbl 1,22 ppm-U, dmEs Jggg@ol wgobmdo dbmenmeo 0.4 ppm-os.

sddogo, hggb dogd dgbfogemogr ©30bmgddo Logs®oywms, @md dobgBogoydo
603009096950l go@gdom  dosmo dgdggemds  aodm§ggyeos  @g0bol ©@oygbgdom
J3936T0, @opasb J3g300l g gdosb bpgds gogiogdobs s dspbogdols ombgdols
dog®s30s mgobmdo.

©g0bmdo 056535 00.
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SUMMARY

DETERMINATION OF METAL CONTENT IN QVEVRI AND EUROPEAN STYLE WINE SAMLPES
Sordia E.K. and Kvartskhava G.R.

Georgian Technical University

Wine is becoming an increasingly sought after product not only in Georgia but around the world too. It takes a
significant place in the dining culture, therefore, its quality is important. Throughout centuries, Georgian people
developed a particular way winemaking - holding concentrated grape juice in a large underground clay vessel-
Qvevri. Minerals in wine play an important role in forming its organoleptic qualities. The qualities include taste
and aroma. According to the previous research, high contents of calcium and potassium are due to using hard
water for the irrigation of vine plants. Sodium and calcium migrate from the walls of a Qvevri, a widly used
vessel in winemaking in Georgia. In this case, measured high contentrations are explained by this particular
preparation process in Qvevri. Therefore, it is important to determine the sources of these metals.

Keywords: wine, metals, atomic absorption spectrometry.
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COBEPIHIEHCTBOBAHME TEXHOJIOI'MH ITPOU3BOJCTBA BAPEHBIX KOJIBACHBIX
N3AEJIUU C IPUMEHEHUEM BUOTEXHOJOTHYECKUX ITPUEMOB

Bbaas-IIpuaunko JI.B., T'apmam A.M

HanmnonaabHbIi YHUBEpCHTET OMOpecypcoB U MpUpoAoNnoib3oBaHus, KueB, Ykpanna

Hcnonb3oBanne (GepMEHTOB SBISETCS TEPCIIEKTUBHBIM HAIMpPaBICHUEM B IPOHU3BOJICTBE
BapeHbIX KoJbOacHBIX m3Aenuil. IIpomeccrl, mpoucxondmie B MSICHOH CHCTeME NpHU MPUMEHEHUH
(hepMeHTOB, ¢ YCIIEXOM MOTYT OBITh pealn30BaHbl HAa OEJKOBBIX CyOCTpaTax MpU HCIOJIb30BAHUH Ha
OCHOBE aKkTUBHpOBaHHOW BojbI [1]. Hanbonee n3yueHHbIM criocoOoM (epMEHTATHBHOTO PECTPYKTY-
PUPOBaHUS MSCHOTO CHIPhS SIBIISIETCS IPUMEHEHUE TPAHCTIFOTAMUHA3HIL.

Lenpto paboThl SABISIETCS COBEPLICHCTBOBAHME TEXHOJOTMH BapEHBIX KOJIOACHBIX HW3ICIHHA
(COCHCOK) ¢ MCIONB30BaHMEM aKTHBHPOBAHHOW BOJIBI, PACTUTENHHOTO Oeika (TII0TeHa) U MpernapaTa
TpaHcrmoTaMuHa3bl Activa®GS. CraHZapTHBIM 00pa3lioM KOHTPOJIS ObUIM M30paHbl COCHUCKH, HE
coJepKalire Ha3BaHHBIX HHTPEIUCHTOB.

[epen Hayamom paboT ¢ HCMONIB30BaHUEM (EPMEHTA CIIEAYET ONPEACTSITh €r0 aKTUBHOCTb.
JaHHbIN Mporiecc XxapakTepu3yeTcsi OJJHAKO, BEICOKOW JUIMTENBLHOCTBIO M TpYyJ0eMKocThIo. Hemocrat-
KaMU SIBJISIIOTCSI TAK)XK€ CJIIOKHOCTH B MPUTOTOBJICHUHM PEAKTHBOB M HCIIOJIB30BaHUE TOPOTOCTOSIIETO
obopynoBanus. B cBsi3u ¢ 3THUM MepCIeKTUBHBIM HAMPABICHUEM UCCIICIOBAHUI SIBIsSiETCS pa3padoTKa
MPOCTOTO B MCIIOJIB30BaHUH M dPPEKTUBHOTO CIIOco0a onpeiesieH s KauecTBa epMeHTa ¢ TOMOIIBIO
KOJINUECTBEHHOT'O II0KA3aTelsl KaTaIMTHYECKUX A(PQPEKTUBHOCTH Mpenapara TPaHCIIIIOTAMHUHA3BL.
Crioco0 onpesienieHus ee KaTanmuTuiaeckoil agpdekTuBHOCTH OBLT pa3paboTaH Ha Kadeape TEXHOIOTHU
MSICHBIX, pBIOHBIX U MopenpoaykTtoB HYBull Ykpaunnst [3].

B sKcnepuMEHTanbHBIX HMCCIENOBAHMSX Ui (OPMHUPOBAHMS CTAHOAPTHOTO TeJsl ObLI
UCIIOJIb30BaH MUIICBON KEJIaTHH U Mpernapat TpaHcriaroTaMuaaza Activa®GS. [[inst mpuroToBieHus ux
pacTBOopoB ObUT ucHOJB30BaH OydepHbili pactBop ¢ pH = 7,4. [lokasarenp mneHeTpamuu rejiel
onpexaensun ieHetTpomerpamu Ulab 3-31 M ¢ koHycHBIM uaekTopom (yrox konyca 60°). [lis tepmoc-
TATHPOBaHMs 00pa3lOB M aKTHBAIMH (epMEHTa UCTONB30Balu yibTrparepmoctaT Ultratherm BWT-
UBIOSAN. KonTposnem ObuT pacTBOp *KeJaTHHA HE COICPIKaIUi MpernapaT TPaHCTII0TAMUHA3HL.

Hcnonp30BaHue NpPEeAsIOKEHHOIO CIOco0a B YCIOBUSIX IPOM3BOACTBEHHBIX JIaOOpaTOpHi
OPEANPUITHS,, HAYYHBIX OPraHU3aldil MO3BOJSIET OCYIICCTBIISATH OLEHKY S(P(PEKTHBHOCTH 00pa3o-
BaHMSI M3OMENTHIHUX CBS3€i MPOMBIIIICHHBIMU NIpenapaTaMi TPaHCTIIOTAMUHA3bl 0e3 MPUMEHEHUS
CJIO’KHOTO, IOPOTOCTOSIIEr0 000pyIOBAHUS U PEAKTUBOB.

AKTHUBHOCTH (pepMEHTa TPAHCTIIOTAMHHA3bI IIPOBOAMINA Ha OCHOBE pa3pa0dOTaHHOTO METOJa
oTIpeIeTICHIS KaTaTUTHIeCKON 2 (HEKTUBHOCTH Mperapara TpaHCTIIIoTaMIHA3EL. 1[enpio paboTe ObLTO
CpaBHEHME €€ aKTUBHOCTU B CHUCTEMaxX Ha OCHOBE aKTUBHMPOBAHHON M BOJONPOBOIHON BOBI.

[Tony4yeHHbIE SKCIEpPUMEHTANBHBIE JUArpaMMbl OMKCHIBAIOT BEIMYMHY TEHETPAlUH Tes,
MIOJlydEHHOI0 W3 pPacTBOpa >XenaThuHa M Oy(depHOM cMecH, KaTolIWTa, BOAONPOBOIHOW BOIBI C
JN00aBJIeHUEM Pa3IMYHOIO KOJIM4YecTBAa (PEPMEHTHOIO Ipenapara TPAHCIJIIOTAMUHA3bl B YCIIOBHAX
TepMOCTaTHpoBaHUA Npu Temneparype 50° C c mocnenyromeld WHAKTHBALMEH M BBIAEPKKON A
JKeTupoBaHus B TedeHuu 12 gacos mipu 25°C [2]:

HauMeHbInne nokasaTeny NeHeTpaluy XapakTepHbl sl KaToJINTa (AKTUBUPOBAHHOM BOJBI U3
KaTOIHOTO MPOCTPaHCTBa dekTponusepa) npu pH = 10 umeeT caMpie HU3KUE MOKa3aTeIH MEHETPa-
LUH [IpY HAMMEHBIINX U HAauOOJIBIINX KOHLEHTPALUAX IIperapaTta TpaHcriitoraMuHasel. [Ipy nenosns-
30BaHUM BOJIOIIPOBOIHON BOABI OBUIN TOMY4YeHBI OOpaTHBIC pe3ynbTarThl. [lokasaTens meHeTparun u
cUiia resisi U3MEHAIOTCS aHTHOATHO, T.€. HAMOOJbLIME 3HAYEHHs MEHEeTPaUud ObUIM MOJIY4eHBI IpU
HauMEHBIIEH CHIIE TEIs.

Takum o00pa3oM, HauBbICIIAS AKTUBHOCTh (DEPMEHTHOIO IpenapaTa TPaHCIJIIOTAMHUHA3bl
Activa®GS mposBisieTcss MpU UCHONb30BaHUK KaToiuTa. MSICHOH (apil OTHOCHTCS K CHUCTEMaM C
KOaryJsilMOHHOW CTPYKTYpO#, 4acTHIbI KOTOPOM CBsi3aHbl B CIUIONIHOM KapKac CHJIaMU MEXMO-
JIEKYJISIPHOTO B3aMMOJICHCTBUS. 3a CUET JIAHHBIX M3MEHEHHH B PelenType COCUCOK (YHKIMOHAILHO-
TEXHOJIOTMUYECKHE CBOMCTBA (hapIiell TakKe N3MEHMINCH. Pe3ybTaThl Mccaeq0BaHUM PEACTABICHBI B
Tabmuue 1.
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Taoauna 1.(I)yHKl.IHOHaﬂbHO-TeXHOHOI‘l/l‘{eCKﬂe CBOMCTBA ONBITHOIO U KOHTPOJBHOI'0 (bapula

Oopa3ue! gpapma
Iloxa3aresanb
KOHTPOJIb ONBIT
Conepxanue Biaru, % 57,3+0,29 62,37+0,31
BCC,, % x daprry 62,5+0,31 65,2+0,33
BCC,, % k o0ieii Biare 80,4+0,4 89,7+0,45
Hanpsokenne cmemenus, [la 9,7+0,05x10°® 4,3+0,02x10°¢
XapakTepUCTUKH LIBETa XzSS’?Béi?ég;ggélioA' X=66,93+0,33,Y=60,29+0,3, Z=32,43+0,16
[T1acTHYHOCTD, CM2/T 31,32+0,16 x 10° 26,66+0,13 x 102

p<0,05

CriocoOHOCTh IIIEHUYHOIo Oejika 00pa3oBBIBATH T'MAPOMOIYJIb IO3BOJSET (hapiIieBOM
CHCTeME YIEp)KUBATh OOJbIIee KOJIMYECTBO PEAKIHOHHOCIHOCOOHOW BJIaru, 4TO MOATBEPIKIACTCS
JAHHBIMU, TIOMyYEHHBIMH TIPH CPaBHEHHH ONBITHOTO M KOHTpOJIbHOro oOpasma. CoriacHo
pesynsratam uccienoBanmii, BCC u BCC onbiTHOTO 00pa3iia Qapiira BeIIIe, YeM MPH HUCTIONb30BAHUN
KOHTPOJIBHOTO 00pasiia, YTo OOBSICHSAETCA COCTOSIHHEM B CHUCTEME BOJBI U INIoTeHa. MccienoBanus
HaNpsDKEHUsI CABHTA OIBITHBIX OOpa3loOB TakkKe MMEIOT Jy4llMe MOKa3aTeNd 3a CYET HaIW4YHusi B
pelienType TPaHCTIIIOTAMHUHA3BI, YIyUINaloNield CTPYKTYpPHbIE U (DYHKIIMOHAIBHO-TEXHOIOTUYECKHE
CBOWCTBA MSCHBIX CHCTEM.

OMyABTUPYIONIAs CIIOCOOHOCTh U CTA0MIBHOCTD SMYJIbCHH (hapIlia MOJOKHUTEIBHO BIUSIIOT Ha
BBIXOJ] KOJIOACHBIX M3/IENNHN, WX KOHCUCTEHIUIO, COYHOCTh, TOBAPHBIN BH] .

PesynpTatel nccrienoBanus (U3MKO-XMMHUYECKHX IMOKas3aTenell KOHTPOJIBHBIX OMBITHBIX
00pa3LoB NMpeaCcTaBICHbI B TA0IUIE 2:

Taﬁﬂl/llla 2. ®U3MKO-XUMHYECKHE M0KA3ATEH ONBITHOr0 U KOHTPOJBHOTO 06[)33[[0B COCHCOK

HaumenoBanus, % Kounrtpoas OnbIT Hopmsbr JICTY 4436:2005
Benox 16,07+0,03 18,9+0,11 He MeHee 12
Kup 22,76+0,05 20,45+0,04 He 6oxee 30
Bnara 68,14+0,14 71,29+0,16 ne 6onee70
3omna 3,01+0,001 3,84+0,001 HE HOPMHUPYETCS
IToBapeHHas COJIb 0,07+0,01 0,05+0,01 He Goutee 2,5

O6miee conepkanue dpocdara B

5676,5 - He 6osee 10000
nepecuete Ha P20s
Conepxanne pocara B mepecuere Ha 1659 ) He Gonee 4000
P20s5, Mr/kr
DHepreTuyeckas HeHHOCTh, KKan 269,12+1,346 259,65 -
pH 7,46%0,04 6,92+0,035 -
OBII +107 -21,38 -

p<0,05

[IpencraBieHHble pe3ynbTaThl (U3NKO-XUMUYECKUX TMOKA3aTeNed KOHTPOJIBHBIX M OMBITHBIX
00pa3IoB COCHCOK ITOKa3bIBAIOT WX COOTBETCTBHE HOPMATHBHBIM TpeOoBaHWAM. MaccoBas oSt
Ocnka B OMBITHOM 00pas3le YBeTHYMiIach 3a CYCT BHECCHUS TIIIOTCHA; COJEPKAaHUEC HUTPUTA HATPHUS
YMEHBIIWIOCH IO IEHCTBHEM aKTUBUPOBAHHOM BOJIBI.

Jlst OlIEHKM MHUINEeBOH [EHHOCTH ObUT M3yYeH aMHUHOKHCIOTHBIM COCTaB (hapiia BapeHbBIX
KOJIOACHBIX M3JIENHiA (COCUCOK) MPECTAaBIICH B Ta0HIE 3.
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Tabdauuma 3. AMMHOKHMCIOTHBII cocTaB (apima BapeHbIX KOJOACHBIX H3AeJuil (COCHUCOK)
ONBITHOTO U KOHTPOJBLHOI0 00pa3LoB

Haspamue JTanon Oo6pa3upbl
He3aMeRHMOil DAO/BC3 KOHTPOJIb ONBIT
r/100 r r/100 r aMHMHOKHCJIOT- r/100 r AMHHOKHCJIOTH
AMHHOKHCJIOThI . ”
Oeaka Oeska HbIii ckop, % Oeska blii ckop, %
Jleiinmn 7 8,283+0,041 118,3 9,659+0,048 137,9
Mernorux + 35 4,031+0,02 1152 5,012+0,025 1432
LUCTUH
Bamun 5 5,186+0,056 103,7 5,347+0,027 106,9
JIn3un 55 6,256+0,031 113,8 6,846+0,034 1245
Tpeonun 4 4,169+0,021 104,2 4,257+0,021 106,4
Permanatiy + 6 6,112+0,031 101,9 6,345+0,032 105,8
TUPO3UH
Tpuntodan 1 0,999+0,049 99,9 1,007+0,005 100,7
W3onelinun 4 4,572+0,023 114,3 4,846+0,024 121,2
Cymma 36 39,608+0,19 - 43,319+0,21 -
p<0,05

[lony4yeHHble IaHHBIE CBUAETEIBCTBYIOT O INPHCYTCTBUHM, KaK B KOHTPOJIBHBIX Tak U B
OTIBITHBIX 00pa3ax Bcex HeOOXOANMBIX HE3aMEHUMBIX aMUHOKHCIIOT B KOJIMYECTBAX, MPEBBIIAIOLTIX
pexomennoBannubie HOpMbl DAO/BC3, uTo M03BOJISIET CENaTh BHIBOJ O BELICOKOM KAaueCTBE OETKOBBIX
KOMIIOHEHTOB HCCIIelyeMBbIX Kobac.

BaxHpIM 3TamoM HcciaeJoBaHUs TOTOBBIX MSCHBIX M3ICIUH SBISETCS ONpeAesieHHE HX
KUPHO-KUCIOTHOT'O COCTaBa, COOTBETCTBEHHO, OMOIOTMYECKON IIEHHOCTH.

ConepkaHre MaTbMUTHHOBONW W CTEAPUHOBOW KHUCIIOT B JIMMHUAAX KOHTPOJBHBIX O0pPa3IloB
BapeHBIX KOJ0ac sIBISETCS MEHBIIMM MO CPAaBHEHHMIO ¢ KOHTPOJIBHBIMU M cocTaBisieT 36,49-42,57%.
[lanbMuUTHHOBAs KMCIIOTa BXOJUT B COCTaB TJIMLEPHIOB >KUPOB M SBISACTCS KOHEYHBIM MPOAYKTOM
CUHTE3a XKMPHBIX KUCIOT U3 aneTwi-KoA. Ee Hanuune B TUMUAAaX COCHCOK SABISETCS YPE3BBIYAHO
BOXHBIM C TOYKHM 3pEHHS BKIIOYCHHUS YTJICBOJOB B IMKJI CHHTE3a TPUKApPOOHOBBIX KHCIOT, a
CTeapHHOBass KHCJIOTa, KaK OJHA W3 HauOoJiee paclpOCTPaHEHHBIX B NPHUPOJE KUPHBIX KHUCIOT,
BXOIHT B JOpPME TIIMLEPHUAOB B COCTAB BHIOIHAIOUINX (PYHKIMIO SHEPTETHYECKOTO JIETO JINITHIOB.

CyMMa MOHOHEHACHIIIEHHBIX KUPHBIX KUCIOT BapbHpyeTcs B auamnazone 47,98 - 52% npu
npeolIagaHuy COAEPKaHMS OJCHHOBOH KHCIOTHI, a €€ KOJMYECTBO B OIBITHBIX M KOHTPOJBHBIX
o0pa3uax CyIecCTBEHHO HE OTJIMYaeTCsl.

[TonnHeHacChIIIEHHBIE JKUPHBIE KHUCIOTHI, TOJOKUTEIHHO BIMAIONINE Ha OOMEH BEIIECTB H
XOJIECTEpUHA, SIBIISIOTCS KHU3HEHHO HEOOXOJWMBIMU KOMITIOHEHTaMH panuoHa nutaHus. OJHaKo, 1o
CYMMapHOMY COZEP)KaHHIO MX KOJMYEecTBa B 0Opaslax BapeHbIX KoJ0ac SBISIOTCS CYLIECTBEHHO
MEHBIIIMMH TI0 CPAaBHEHUIO C JIPYTHMH TPYIIIIaMU KHCJIOT W BapbUPYIOTCA B quama3one 9,79-16,46%.
Crenmyer OTMETHTB, YTO B OKCIIEPUMEHTANBHBIX 00pa3nax (apiieil cyMMa MaccoBBIX JIoJied OUOIOTH-
Yeckd 3 QEKTUBHBIX KUPHBIX KUCIIOT B JIBa pa3a BHIIIE, YeM B KOHTPOJIBHBIX 00pa3iax.

Taduuna 4. [lepeBapuBaeMoCTh GEJIKOB COCHCOK iN Vitr0 ONBITHOr0 ¥ KOHTPOJILHOr0 06pa3na

IepeBapuBaeMoOCTh, MI' THPO3UHA/T DeJIKa
®epMeHT
KoHTpoabHbIE 00pa3Ibl OnbITHBIE 00PA3IbI
ITencunom 12.13+0.06 13.62+0,07
TpuricuaoM 13,53+0,07 14,16+0,07
OO01as nepeBapruBaeMoCTh 25,66+0,13 27,78+0,14

p<0,05

PCBYJ'H:TaTBI OMpeACJICHUA MNCPCBAPUBACMOCTH 6eJ'IKOB in Vitl’O JAaKT BO3MOXHOCTH
npeacka3arb CTCIICHb YTUIIN3alluU 6eHKOB OpraHU3MOM 4YE€JIOBCKaA. TaK, COrjJaCHo € JIJaHHBIMHU
OKCIICPUMCHTA, 06]].[35[ nepeBapmnBacMoOCThb 6CJ'IKOB B OIIBITHBIX 06pa3uax COCHCOK BBIIIIC KOHTPOJIbHBIX
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Ha 2,12 Mr Tupo3umHa/T OeiKa, YTO CBHIETEIBCTBYET O IOJOKUTEIHHOM BIHMSHUH (DEPMEHTHOTO
npenapaTa Ha MUIIEBapeHUeE.

Ha ocHoBaHMH pe3ylbTaToOB KOMIUIEKCHBIX HCCIICJAOBAHHH YCTAHOBJIEHO, YTO peaTH3aIis
YCOBEPIICHCTBOBAHHOMN TEXHOJIOTMH BapEHBIX KOJIOACHBIX M3JENHi Ha 0a3e aKTHBHPOBAHHOW BOJBI C
BKJIIOUCHHEM pAacTUTENIbHOrO Oenka M mpenapaTa TpaHcrioramuHaszel Activa®GS  mo3Bomser
YIy4IIUTh TOKA3aTeNd KauyecTBa M 0E30MaCHOCTH TOTOBBIX M3JICNHUI. DKCIEpUMEHTANbHBIC JTaHHBIE
TIOJITBEPKJCHBI MTPOMBIIIIEHHON arnpobanueil. Pa3paboTaHbl W yTBEpKJCHBI B YCTaHOBJICHHOM
NOpSIIKE M3MEHEHHUs] B TeXHUUYecKod mokyMmeHTaumu TY15.1.-32903790-003: 2006 «KonbacHbie
U3/IeNNS BAPEHBIC).
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SUMMARY

IMPROVEMENT OF THE TECHNOLOGY OF PRODUCTION OF BOILED SAUSAGE

PRODUCTS WITH THE APPLICATION OF BIOTECHNOLOGICAL METHODS

Bal-Prylypko L.V. and Garmash A.M.

National University of Life and Environmental Sciences of Ukraine

The technology of boiled sausages was optimized in use of preparation of trans-glumatinaza, activated water,
and vegetative albumen. Their use permitted to improve indices of quality and safety of sausages in process of
their storage.

Keywords: biotechnology, safety, trans-glutaminaza, boiled sausages
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SUMMARY

THE MAIN FUNGUS’S SPECIES WHICH ARE DISCOVERED IN DAMBALKHACHO

Dzirkvelishvili N.D., Kvartskava G.R. and Aftsiauri L.G.

Georgian Technical University

The growth of agriculture around the world and the necessity to satisfy the growing demand for food products
have led to the development of new methods and to the improvement of existing ones. One of such products is
Dambalkhatcho, which is a protein concentrate obtained through special processing of milk and is a food product
with high nutritional value, which is rich with taste properties. We can freely call it one of the most popular dairy
products. As a result of microbiological, enzymatic and other biochemical processes in the product, the finished
product acquires new, valuable organoleptic and useful properties compared to the milk and the body (organism)
assimilates it much more easily. Therefore, the rational and cost-effective use of milk to obtain a quality product
will be possible if the basic principles of dairy technology are perceived at a professional level.

Keywords: mold, dairy products, promotion of local production.
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SUMMARY

THE ROLE OF LACTIC ACID BACTERIA IN MATURATION OF DAMBALKHACHO

Dzirkvelishvili N.D.

Georgian Technical University

Based on the principles of market economy, great importance is granted to the production of high quality dairy
products and to increase its assortment.Dambalkhatcho, which is very popular due to its originality is still not
represented in the assortment of Georgian dairy products till today.The product has been indigenously produced
in the mountainous zone of Georgia. Consequently it’s an enzymatic unique microflora and manufacturing
technology are maintained only in existing regions and family farms. Biochemical and microbiological study of
this product will allow to preserve the specific microorganisms of this unique product and at the same time offer
to the entrepreneurs Dambalkhatcho’s production technology and standard product. Dambalkhacho which is
produced in mountainous regions does not meet the standards but its taste properties arouses great interest in the
customers.

Keywords: Dairy products, Lactic acid bacteria, Promotion of local production.
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SUMMARY

GEORGIAN OAK FRUITFULNESS IN AKHMETA DISTRICT

Gagoshidze G.A. and Samadashvili M.E.

Georgian Technical University

lakob Gogebashvili Telavi State University

In Akhmeta municipality, we studied the fruitfulness of Georgian Oak (Q. iberica Stev.) in the territory of
Babaneuri, Birkiani, Duisi and Dzibakhevi. In addition, we have already studied the weight parameters of oak
fruits according to their number and exposures. In conclusion, it should be mentioned that the total number of
Oak fruits is 458955 pieces per hectare (1901 kilograms in total weight). 650 pieces (65%) of Oak fruits were
good quality from 1000 pieces and 350 pieces (35%) were damaged.

Keywords: oak, fruitfulness.
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SUMMARY

STUDY THE FRUITING OF GEORGIAN OAK TREE IN KVEMO KARTLI REGION

Gagoshidze G.A. and Kapanadze 1.G.

Georgian Technical University

LELP National Forestry Agency

The data about the Georgia oak tree fruiting is analyzed on the territory of Kvemo Kartli region, where the
sample plots with the size of 0.25 ha was taken with high, medium and low density. In all cases, in oak tree
stands on the south and north sides, trees produce more fruits https://agronews.ge/mukha/,south sides of the tree
crowns is more fruits produced then in north — which can be explained by more sunlight on the upper parts of the
crown. The oak fruiting, with the changing the height from the sea level fluctuates and decreases from low to
high. The fruiting is higher when the density is lower and vice versa. In all cases, the weight of the oak tree fruits
obtained per 1 ha is more than 1000 kg and most of them are suitable for sprouting.

Keywords: copse, model area, exposition, section, croun, frequency, endemic.
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SUMMARY

DYNAMICS OF HYPERSENSITIVITY REACTION OF PATHOGEN AND PLANT

DURING SPECIFIC INTERACTION

Kanchaveli Sh.S.

Scientific Research Centre of Georgian Ministry of Agriculture

Steadiness of different species of potato towards Phytophtora infestans greatly depends on hypersensitivity
reaction of plant cells. Plant and pathogen incompatibility is determined by the timely death of cells and timely
accumulation of phytoaleksins. The difference in steadiness among species is connected with the number of
hypersensitive cells in issues of each species. The incompatibility between the pathogen and plants is caused by
the inhibition of the hypersensitivity reaction by specific substances released by the appearance of
hypersensitivity reaction and its disappearance is an important factor and it also determines the specification of
races.

Keywords: potato, pathogen, phytoaleksin.
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UMMYHM3AIIUA PACTEHUH ITPOTUB T'PUBHBIX U BAKTEPHAJIBHBIX BOJIE3HEN
KanuaBenu II.C., lTapanamBuiau K.M

HayuHo nccienoBarebckuii neHTp MHMHHCTEPCTBA celbCKOro xo3sicrea I'py3nn
I'py3uncknii Texunuecknii Y HuUBepcuTeT

CoobOmieHnss 00 WMYyHH3alldd pPACTCHWM TIPOTUB OOJE3HH C TIOMOIIBIO  3apakKCHHS
BBI3UBAIOIINM €€ TTATOr€HOM, HETIOTareHHBIMU I COpTa pacaMu BO30yIUTeNel, MaTOTeHaMHU JIPYTHX
BUJIOB M, pexe, MeTabomuTaMu BO30yAHUTENe MMEIOT 1o MeHblell Mepe 150 — neTHIo HCTOpHIO.
Oj1HaKO HEeIaBHO 0OOCHOBAHHOCTh MMYHHU3AIIUH PACTEHHI ObLIA YCTAaHOBIIEHA SKCIICPUMEHTAIIBHO, a C
e€ YCTaHOBJIGHHEM HA4yaJloCh MPOTPECUpYIOIee W3YyYCHHE MOJEKYJISPHBIX  MEXaHHU3MOB,
OTBETCTBEHHBIX 32 3TO ABJICHUE, U BOBMOXKHOCTEH €€ MprMeHeHus B 60pb0e ¢ O0Ne3HAMH.

Henwrit psim aBTOopoB [1-3] ycTaHOBMIM BO3MOXXHOCTh HMMYHHW3AIMM pPACTCHUU TPOTHB
3a00JIeBaHUH, BBI3BAHHBIX TI'PUOAMH. A TaK XK€ YCTAHOBJICHO, YTO THIKBEHHBIC KYJIBTYPhl MOXHO
MMMYHU3UPOBATh TPOTHB TPUOHBIX OAaKTEpUANBHBIX M BUPYCHBIX 3a00JIEBaHUH MyTEM 3apaKeHUs
rpubamu, baKTepuaMu WK BUpycaMu [4].

C uMMyHHU3alMed CBS3aHO IMOSBICHHUE MAaKpO M MUKPOCKONMYECKHMX HEKPO30B, BBI3BAHHBIX
BO30yIQUTENEM, OJHAKO HE BCE THIIBI HEKPO30B TMPHUBOIAT K HWMYHH3alNUU. MeXaHWdecKue
MOBPEXK/ICHUS, BBI3BAaHHBIE XWMHUYECKHMMH BEIIECTBAMH, CYXHM JbJAOM WIA TPUOHBIMH W
PACTUTEIBHBIMU SKCTPAKTAMHU, HE JAIOT CHCTEMHBIX MMMYHHU3AllMd TUKBEHHBIX. 3apa)kKCHHUE IprOOM
Colletotrichum lagenarium mpoemgoxpaHsier oOrypel OT PpEaKMHd CBEPXYYBCTBUTEIBHOCTH,
Bei3bIBaeMoii Phitophthora infestans — wemaTtorenHsiM it 3TOro pacteHuss rpudbom. OgHAKO *Ke
uHokyisiust P. Infestans-om He obecrmeunBaet 3amuThl orypua ot nopaxenus C. Lagenarium-om.

YaaneHue mepBOro HACTOSIIErO JUCTa (JUCT-HHIYKTOP) depe3 72-96 4. Ilocme 3apakeHus
rpubamMu Wwin OaKkTepuaMu HE OCJIA0JIIET UMMYHHU3AIUIO JINCTHEB, PACIIONOKEHHBIX BBIIIE MECTO ©€
WHAYIHpoBaHus. TOYHO Tak e yJaleHne JTUCThEB, PACIOI0KEHHBIX BhIIIE JTUCTA-MHIYKTOpA, MOCTe
MPUOIM3UTENHFHO PABHOTO JIar-Tieprojia He OciiadiigieT MMMYHH3AINI0 YAaTEHHBIX JTUCTheB. Ecium ¢
UMMYHHU3a[MOHHOTO PACTEHUS YJAIUTh JUCThS, & TAKXKE Ma3yNIHYI0 MOYKY, PACIIOJIOKCHHYIO B MECTE
COCIMHEHMsI 4Yepelnka M CTeO0as, TO JHUCThs MOTYT JaTh KOPEIIKH, W pacTCHbUIA OyJeT
WMMYHH3UPOBAaHHA.

Cursan MMMYHU3aIlUH B THKBCHHBIX TepenaéTcs MpH MPUBUBKE M HE 00JalaeT COPTOBOI,
POZIOBOI WM BHIOBOW CHENU(YUIHOCTHIO. DKCIIEPUMEHTHI C TIPUBUBKOW MO3BOJISIOT MPEIOI0KHUTD,
YTO B TOYKE MHIYKIUU 00pa3yercs KaKOH-TO XMMHUYECKWH CHUTHAJ, KOTOPBIH MepenaeTcsi B APyTUe
TKaHU W OOYCJIOBIMBACT WX YCTOWYHMBOCTh. JIJIsSi JIMCTOBBIX MAaTOreHOB 3(h(dEeKT HWMMyHH3AIUU
BEIPaXXCH CHUJIbHEE HAJI JTUCTOM- MHIYKTOPOM, YeM IO HUM.

Tem He MeHee, 3apaxkast JIMCThSl, MOXXHO MMMYHH3UPOBaTh KOpHHU. KolblieBaHHE depemika
JIUCTa-UHYKTOpa MPEAYNPEKAAI0 HMMYHH3AIUIO PACIOJIOKCHHBIX BBIIIE W HH)KE HEro dYacrei
pactenus. KosblieBaHHe 4YEpEIIKOB JIMNCTHEB, HUCIONB3YIOEMBIX B JABHEHIIEM JJII BTOPUYHOIO
3apaXeHHs, MPU MHTAKTHOM YEpPEeIIKe JTUCTa-HHIYKTOpa MPEAyNpekKaao NMMYHH3AIHIO TOIBKO B
JUCTBSIX I BTOPUYHOTO 3apaxkeHus. KoJiblieBaHHWE IMOYTH IOJHOCTHIO IPEKpaIlaeT JIBHKEHUE
caxapo3sl W3 IUCTa-WHAYKTOpa, IMO3BOJSISI MPENAronararb, 4TO €ro BIUSHAE HAa WMMYHH3AIUIO
OTIpeIeTIAeTCS] HAPYIICHUEM IIepPEIBIKEHIS BEIIecTB BO (prosMe. DT JaHHBIE BMECTE C pe3yJibTa-
TaMU SKCIIEPUMEHTOB IO Iepenade MMMYHHU3UPYIOUIEro (akTopa 4epe3 MPUBHUBKY M COXPAaHEHHUE
UMMYHH3ALMU TIOCNIE yJAlleHWs JIUCTa-HUHAYKTOpPa CIYXaT YEeTKUM J0Ka3aTeIbCTBOM TOTO, YTO
WHAYKIHS- 3TO pe3yJbTaT CHUTHANA, TepeAaBaeMoro M3 JHcTa-mHAyKTopa. OJIHAKO TOCTOSHHAsS
rojilaya CHUTHAJa He 00s3aTellbHa, U TKAaHW, OJHAXKIBI MOJYYUBIIHE €r0 TPEOYIOT JTUCTAa-UHIYKTOpa
JUTSI IMMYHH3AIIUH.

3apakeHHe MEepPBOro Hacrosiiero Jjucra orypia rpubom C. lagenarium u mocnemyromias
(depe3 2-3 Henenn) MOBTOPHAS MHOKYJISALHUS 3THUM TPHOOM MMMYHH3HPYET PACTEHHUsS OTypIlia MPOTHB
3abonesanuii, Bei3piBacMbIx C. lagenarium, Cladosporium cucumerinum u Pseudomonas lachrimans
B TE€UCHHUE NIEPUO/Ia IJIOJOHOIIEHUS. IMMyHU3UpYIOIIee IEHCTBUE OMHON MHIIYKIIUH POJI0JIKACTCS B
TedeHrne 4-6 Henenb, HO 0€3 TTOBTOPHOTO 3apa)KEHHS CHCTEMHAsl YCTOWYMBOCTh TEPSETCS HAYMHAS C
HauOoJee yAan€HHBIX YacTel pacTeHUs U Bce OJIMKE K JTUCTY-UHAYKTOpY. OJHAKO pacTeHHs orypia
HEBO3MOXKHO HMMMYHH3UPOBaTh, €CIM OHHM BCTYMWIM B a3y IBETCHHsS WM ILJIOJOHOIICHUS.
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VYcrpaHeHne IBETOYHBIX NMOYEK O MX PACKPHITUS HE TNPOAJIEBACT IEPHOI, B TEUEHHE KOTOPOTO
BO3MOYKHO MMMYHHU3alUs. DTO 3aCTaBIISCT NPEIIoyaraTh, 4To «OHOJOTMYECKUE Yachl» PACTCHUS,
3alpOrpaMHPOBAHHBIC HA PENPOAYKIMIO, B BBHIKIIOYAIOT CIOCOOHOCTh K WMMYHHU3AalUH, HO HE
yCTpaHAyT €€ M3 yXKe MMMYHH3MPOBAHHBIX TKaHEH. TakoBO JOMOIHHUTEIBHOE JIOKA3aTEIBCTBO, YTO
UMMYHUTET U CICP)KUBAHUE IATOTCHOB MPOEICTABIISIIOT COOOH pa3Hble METOOOIMUECKHE IMPOLIECCHI.

KoHIeHTpalyss HMHOKYJIIOMa, MCIOJIB30BAaHHO JUIi WMHAYKIUH, M KOJUYECTBO HEKPO30B,
00pa3aBaBIIMXCs HA JIMCTE-UHIYKTOPE, IPSMO CBSI3aHbI C pa3MepaMi HMMYHHU3AIIMH 10 TEX TOp, MOKa
He OyleT JOCTUTHyTa TOYKa WX HachllleHus. EQnHCTBeHHBIN HeKpo3, Bhi3BaHHbIA C. Lagenarium ua
JHMCTE-UHAYKTOPE, UMMYHHU3HPYET TKAaHW BBIIIE TOYKM MHIYKUIUH. [IpyM BBICOKMX KOHLEHTpAIMSX
BTOPUYHOTO HMHOKYJIIOMa HMMYHHW3allUs, HWHAYyIUPOBAHHAS HHU3KHMM YPOBHEM HWHOKYJISAIHOHHON
Harpy3ku, OyJeT JIo onpeenéHHoM cTerneHn ocnabeBaTh; Hanpumep, 4acTo MpoOUCXOAUT YMEHbBIICHNE
HE YKClia HeKpO30B, a WX pa3MepoB. Horaa BbICOKHME KOHIEHTpaluu uHOKyIroma C. Lagenarium
BBI3BIBAIOT 00pa30BaHHE CHUCTEMHBIX CHMIITOMOB Ha PAacTEHHAX. DTO SBICHHE HE HAOMIOAAIOCh Ha
UMMYHHU3HPOBAHHBIX pacTeHusix. CokpallieHHe pa3MepoB CHCTEMHOro 3a00JieBaHHS TPH HMMYHH-
3al[Md 4Yepe3 JIMCThs TaKKe JOKa3aHO HA NPUMEPE PACTCHHUid, MOBTOPHO 3apaKOHHBIX OakTepueit
Erwinia tracheiphila.

YcraHOBIIGHO, YTO MIMMYHH3aIHs Yepe3 JucThs ddpexruBra nporus C. Lagenarium wiu C.
Cucumerinum, HaHECEHHBIX Ha MOBEPXHOCTh JIMCTHEB MM MHPHIHTPOBAHHBIX B HUX. OHa ociadiser
pasmuoxenue Pseudomonas lachrimans u sddexTuBHa MPOTUB yBsIIaHUS, BHI3BIBAHHOTO KOPHEBBIM
natoreHam. Fusarium oxysporum f. sp. Cucumerinum. IlpexncraBisieTcss HEBEPOSTHBIM, YTO BCE
HEePEUYKCIICHHBIC SBJICHUS MOYKHO OOBSICHUTD TOJIKO OJJTHUM MEXaHU3MOM CIICPIKUBAHHS.

[ponukaunue amnpecopue C. Lagenarium B TKaHM WMMYHH3UPOBAaHHOTO PAcTEHUs OTypLa
3aMeTHO Oocia0eBaeT, Torja Kak MpopacTaHue KOHUIWK He Hapymaercs. B To ke Bpems mpopacranue
koHuauit u nponukanue C. CuUCUMErinUM B MMMYHHU3UPOBAaHHbBIC TKAHU PACTCHHI OrypIia OCTa&Tcs
6e3 mamenenuit. C. Cucumerinum Brenpsietcs B TeueHue 18 4. a C. Lagenarium, pa3BeBaromuiics u3
TOJICTOCTEHHBIX aIllipeccopuen, TpedyeT mist storo 40-60 4.

['ucronoruyeckue U XMMUUECKHE UCCIICOBAHMUS O3BOJISIIOT MPEANOI0KUTh, YTO MEXaHU3MBI
cnepxxuBanus C. Cucumerinum B MMMYHHU3UPOBAHHBIX TKAHSIX UMEIOT OOIIME MPU3HAKH C MEXaHU3-
MaMH B TKaHSX YCTOWYHMBBHIX, HEMMMYHH3HPOBaHHbIX pacteHuit. Oxnako B ciayuae C. Lagenarium
UMMYHU3aLUs, BHIMMO, aKTUBHPYET IO KpaiiHeH Mepe emé OAMH IOMOJHHUTENBHBIA MEXaHU3M
CIEP)KMBAHMSI B UMMYHU3UPOBAaHHBIX PACTEHHSX 110 CPABHCHUIO C HEMMMYHU3UPOBAaHHBIMU YCTONYH-
BbIMH. [IpOHMKAaHUE OCYIIECTBISECTCS OMHAKOBO JIETKO B YCTOMYHMBBIX U BOCIIPHMMYHUBBIX PACTEHHSX,
HO TOJBKO y MEPBBIX AaCCOIMPYETCS C peaklell THMA CBEPXUyBCTBUTEIBHOCTH. VMMyHHM3amms
YCTOMYMBOTO PACTCHUsI OTPAaHUYMBACT NMPOHMKAHHE M YCHJIHMBACT YCTOMYMBOCTh, HO HE SIBJISICTCS
NPUYUHON aKTHBU3AIIMU CBEPXUYYBCTBUTEIBHBIX PEAKIMii BOKPYT MeCTa MPOHUKAHUS Y BOCIPHUM-
YHBBIX PACTEHUM.

HiMMyHU3a1us COMPOBOXKIACTCS 10 MEHBIICH MEpe TPEXKPATHBIM YBEJIMYCHUEM aKTHBHOCTH
nepokcuaasbl. OHAa HOCHT CHUCTEMHBIM XapakTep W OTMEYeHa Yy WMMYHHU3HPOBAHHBIX, HE
HO/BEPKEHHBIX BTOPUYHOMY 3apaKEHHIO TKaHEH, yJaJ€HHBIX OT MECTO MHAYKTHBHON MHOKYJISIINH.
IMockonbky uuayknus ¢ momorsio C. Lagenarium, C. Cucumerinum u P. Lachrimans Bei3biBaeT 310
yBEJIMYEHHE, TO OHa BHIMMO, CBS3aHa C MIEPOKCHIO3HON aKTHMBHOCTBIO X03suHa. [Ipn uMMyHU3anuu
€/IMHCTBEHHOE IISITHO HEKpO3a Ha JIMCTE-WHAYKTOPE TNPHBOAUT K CTATHCTHYECKH 3HAYMMOMY
CHCTEMHOMY IPHPOCTY NMEPOKCHAA3HON aKTUBHOCTH, KOTOpas KOPPEIUPYET C 3aMETHBIM YCHIICHHEM
aKTHBHOCTH OTHEIBHBIX u3odepmentoB. IloBTopHoe 3apaxxkenme C. Lagenarium-om 3HaMeTHO
HOBBIIIACT CTENICHh MMMYHHU3AIMU U CUCTEMHOE YBEIMYCHHE MEPOKCHAA3bl. AKTHBHOCTh MEPOKCH-
Tasel Mociie KOHTponbHoro 3apakenws C. Cucumerinum u C. Lagenarium Bospacraer ckopee B
UMMYHHU3HPOBAaHHBIX, YeM B HEHMMYHH3HUPOBAaHHBIX PACTEHHSAX, W 3TO TAK)KE CBS3aHO C yCHIIHEM
AKTHBHOCTH HEKOTOpBIX M30(pepMeTHOB. OHAKO CO BpeMEHEM 00IIasi IepoKCH/Ia3Hasi aKTUBHOCTH B
HOBTOPHO 3apaKCHHBIX TKAHSIX HEMMMYHHU3UPOBAHHBIX PACTEHUH MOMET INPEBHUCHTh TAKOBYIO B
UMMYHHU3HPOBAHHBIX. B HEMMMYHU3MPOBAHHBIX TKAHIX aKTHBHOCTH MMEPOKCH/Ia3bl YAaCTO BHIIIIE, YEM B
UMMYHU3HPOBAaHHBIX TKaHAX II0CJIE€ BTOPUYHOIO 3apakeHHs. BO3MOXHO, peakius HacTylaeT
CIIMILIKOM IT03/THO ¥ BHAa4ajie OHa CIIMIIKOM cliaba.

Pe3koe ycuiieHHe MEPOKCHIA3HONW AKTUBHOCTH OTMEUEHO TaKXKe B CTapEIONIUX JIUCThSIX
orypua, nmpu4éM Takas TKaHb y HEHMMMYHHM3UPOBAaHHBIX pacTeHWil He Ooiee yctoitumBa k C.
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Lagenarium, wem mosozpie TKaHu. TOYHO Tak jke 06pabOTKa pacTEHHUH OrypIia STHICHOM IIPHUBOINT K
YBEJIIMYCHHIO TTEPOKCHUIA3HOW aKTUBHOCTH, HO HE BBI3BIBACT CUCTEMHOTO UMMYHUTETA.

[ToBbIlIcHNE AKTHMBHOCTH MEPOKCHAA3bl YETKO COBMOJACT C HAYaIOM HMMYHH3alUdd U
yBEITMUEHUEM JINTHU(DUKAIIMH KIMMYHU3UPOBAHHBIX PACTEHHI MOCIIE BTOPUIHOTO 3apPasKeHHS.

Y  yCTOWYMBBIX OTYpIIOB JHUTHHU(PHKANKS OBICTPO BO3HEKACT MMOCIAC TMPOHUKAHHS
C. Cucumerinum u mpOSBISIETCS BO MHOTHX KJIETKaX BOKPYT MECTa MPOHHUKaHUA. JINTHU(DUKAIHIO
HAIOJIIOJIANTA M Y BOCIPUMMYKBBIX OTYPIIOB, 3apaKEHHBIX STHM MATOTCHOM, HO PEaKIUs 3aJIepiKu-
BaJlach JI0 MOMEHTA, KOT/Ia ITATOTeH PAacIPOCTPAHUIICS B TKaHU, U ObuTa citaboit u auddy3noi. Takoit
JKe MPOIIecC MPOTEKACT B JIMCThIX BOCTIPUMHYMBLIX OI'YpIIOB, 3apaxkeHHbix C. Lagenarium.

B pacrenusx nMMyHH3HpOBaHHBIX 3apaxennem C. Lagenarium, C. Cucumerinum u BTOpHd-
Ho 3apaxenusix C. Cucumerinum wmmm C. Lagenarium, nuraudukamus wumer 6oiee OBICTPO,
WHTEHCHBHO W HETU(P(PU3HO MO CPABHEHHIO C HEMMMYHH3MPOBAHHBIX PACTCHHAM. B HMMyHH3HPO-
BaHHBIX PACTEHHUSX, BTOPHYHO 3apaxkeHHbIx C. Cucumerinum, oHa OXBAThIBAET MHOT'OYHCIICHHBIC
KJIETKH BOKPYT' MECTO 3apaKeHHs, a B pacTeHHsIX, 3apaxkeHHbiXx C. Lagenarium, BeipaxkeHa B MeCTax
NPOHHUKAHUSI, HO OCOOCHHO-TIOJ| allpeccopusiMH TIJie TMPOHUKAHWE He Npoucxoaut. [Ipomecch
TUTHU(GHUKAIUK OoJiee JTOKANTU30BAHHBI B WMMYHH3HPOBAHHBIX PACTCHHUSX, BTOPHYHO 3apasKEHHBIX
C. Lagenarium6 B cpaBuenun ¢ C. Cucumerinum. TIlocie mposiBieHHs JUTHU(pHKAIKU 00a BUaA
rpuba pactyT ciabo.

YcTaHOBIEHO, YTO NUTHUGUKAIUS — 3TO MEXaHW3M YCTOMYMBOCTH K 3aboneBanuio. OHa
MOJKET OTPaHWYMBATh PA3BUTHE MATOTCHOB C TOMOIIBIO CICIYIONUX MEXaHM3MOB: 1. YBEIWYCHUS
MEXaHUYECKOW YCTOHYMBOCTH CTCHOK KJICTKHU XO03sMHA; 2. YMEHIICHUS BOCIPUUMUYUBOCTU KIIETOUYHBIX
CTEHOK XO35iMHa K pa3pylICHUI0 BHEKICTOYHBIMH (epMeHTaMH; 3. orpaHuucHUs audy3uu
MATOTOKCHHOB M TMHTATEIBHBIX BEIISCTB; 4. MOAABICHUS POCTA MATOICHA B PE3yNabTaTe JCHCTBUS
TOKCHYECKHX MPE/IICCTBEHHUKOB JIMTHUHA WM JTUTHU(DUKAIIUY TIATOTeHA. Y CTAaHOBJICHA TaKXkKe, YTO
XUTHH KaK KOMIIOHEHT KJIETOYHBIX CTEHOK MHOTHX TPHOOB MOXKET CIYXHTh HHIYKTOPOM U
MaTPUKCOM JIJIS TIUTHU(DUKALINH.

TakumM 00pa3oM, TUTHUGUKAIUS MOXKET CO31aBaTh YPE3BBIYANHO HEOJIOTONIPHUATHBIC YCIOBUS
Ui TpuOOB, Hampumep, OOYyCIOBIMBas BBICOKYIO TOKCHYHOCTH (DEHOJBHBIX MpPEANIECTBEHHHKOB
JIUTHUHA, TOKCHUYHOCTH CBOOOJHBIX pAaJMKaJIOB, JUTHU(UKALMIO TPUOOB, CBSI3bIBAHHUE TPHOOB
KJICTOYHBIMU CTEHKAMH, TMOBBINICHHE YCTOWYMBOCTH TOJMCAXAPHIOB U OCIKOB KJIETOYHBIX CTCHOK
X035IMHA K JICHCTBUIO TPHOHBIX THAPOIA3.

JokazaTensCTBO poiM JUTHA(UKAMH KaK MEXaHuW3Ma CcIep)KuBaHHs TpHOOB B
WMMYHH3HPOBAaHHBIX PACTEHHUSIX BECOMO: TpUOBI TMOMANAIOT B HEOJOTANPUATHBIC YCIOBHS CPEIbI,
€CIM  MPOUCXOAUT Tporecc JurHudukanmuu. OrpaHHueHHOE pPACMpPOCTPAHEHHE CHCTEMHBIX
3a00JIeBaHUI TPUOHBIX MM OAKTEPUAILHBIX — MOYKHO ObLIO ObI OOSICHUTH JCUCTBUEM JIMTHUDUKAITUT
Ha MMAaTOTEHBI WJIM HAa UX BHEKJICTOYHBIC TOKCHHBI MU (DEPMEHTHI. B UMMYHU3UPOBAHHBIX PACTCHUSIX
MOCJIe BTOPUYHOTO 3apakeHUs JTUTHH(DUKAIUS TPOTeKaeT OBICTpee U ¢ OONBIION HHTCHCUBHOCTBIO.

Hamwmu omnpiTaMyl YCTaHOBJICHO, YTO MMMYHHU3AIUs PACTCHUH C MOMOIIbI0 aOMOTUYECKUX
¢akTopoB, Obuta Oe3ynpedHoil. JIJisi 3TOr0 MCHBITHIBAIN MPENOPaTH KIETOYHOH CTEHKH TPUOOB U
OakTepuii, WX OSKCTPAKThl WM BHEKJICTOYHBIC IPOJYKTHI, JKCCYIaThl (DIOAMBI, IKCTPaKThl W3
3apaK€HHBIX U IMMYHU3UPOBAHHBIX HE3apaXeHHBIX TKaHeld. COOTBETCTBYIONIMMH MPETIOpaTaMu WIIN
9KCTPAKTAMH OMPBICKMBAIH JIUCThS, BBOAMWIM MX B JIMCTOBBIC TUIACTUHKH WM BHOCHJIM B PACTCHUS
4yepe3 KOPHH, B TECT-PACTBOPHI IIOMEIIATTN OTJEIbHBIE TUCThS K BCXOJBI.

VYCTaHOBIIEHO, YTO WHIYKTOp HMMMYHHU3aIlMH 00pa3yercsi B TEUCHHE JOBOJBHO KpPaTKOTO
nepuo/a mociae WHAYKIMA, ¥ 3TOT WK APYroil (GakTop BIUSET HA HEPACKPHUBINHECS JHCThSI B TOUKE
pocrta. HepacKkpbIThie JINCThSI B COOTBETCTBYIOMICH (pa3e pa3BUTHS MOTYT ObITh MMMYHU3UPOBAaHHBI B
teueHue 4-6 Hemenb. Eciam depes 3 Hemenw MpPOBECTH TOBTOPHOE HHOKYJIHPOBAHHE, MOPAKCHHE
JIOCTATOYHO MOJIOJIBIX, HEPACKPBIBIIMXCS JIUCTHEB OOCCICUUT CTAOMIBHOCTh MMMYHUTETa Ha BECh
Nepuo] IUIOAOHOIIEHHS. BO3MOKHOCTb, UYTO Kakoe-TO HHU3KOMOJIEKYJSIPHOE TPaHCIOLHUpYyeMoe
WHQOPMAIMOHHOE BEUIECTBO CIIY>KUT KOMIIOHCHTOM WHJIYKIIMH, SIBJSIETCS B BBICIICH CTeleHU
CIEKYJISITHBHON, HO MOYKET OBITh JIOKa3aHa MMPH HATUYUH COOTBETCTBYIONIHNX JIAHHBIX.

Cnaboe 3apaxxeHue orypiia, apOysa u aeiau rpudom C. Lagenarium 3ammmaer pacteHus B
nojie OT 3a00JIeBaHHiA, BBI3BIBAEMBIX MPH HUCKYCCTBEHHOM 3apa)KCHUM BBICOKUMH KOHIICHTPAIUIMHU
natoreHa. B HEKOTOPBHIX OMNBITAX HEKPOTH3UPOBaHHAsS 30Ha y HMMMYHWU3WPOBAHHBIX DPacTCHUI
cokpamianack 6onee yeM Ha 98% B CpaBHEHUU C PAaCTEHUSIMHU, KOTOPbIE HE OBUTH MMMYHH3UPOBAHHEI.
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KoHTposbHble pacTeHHs, IEpeHECIIMe 3apaKeHHe, ObLIM 3allMIIeHbl OT aHTPaKHO3a, HAa POCT U
ypo’kaii UMMYHHU3alUs HE BIIUsIA.

Hano ckazath, 4T0 MMMyHH3aLUsl HEe 00€CIIeUnBAET 3aIUTY PacTeHHH OT BceX 3a00JIeBaHUi.
HawMm He ynanmock HMMyHU3UPOBATh THIKBEHHBIE IPOTUB MYYHUCTON POCHI WIIM MCIIOJIB30BATh IMaTOTE€H
JUI. MHAYKUUH. BOJBIIMHCTBO HAIIMX IOJIEBBIX OIBITOB NMPOBEJCHO C HCIONB30BaHHEM OOJBIION
HMHOKYJISITUOHHOW Harpy3KH AJIs ONpeNEICHHBIMH KIMMaTHYECKUMU U TIOYBEHHBIMU YCIIOBHSAMHU.

[Ipy uMMyHU3aIMK BO3MOKHO, YTO B PATEHUSIX PAa3BUBAETCS KAKOM-TO XMMHYECHUI 3allIUTHBIN
Oapbep, KOTOPBIH CBUANTENBCTBYET O 0€30IaCHOCTH PACTEHUI MITH PACTUTEIHHBIX TPOAYKTOB.

Taxum 00pa3zoM, UMMYHH3aLUKs pacTeHUH 11 OOpbOBI ¢ OONE3HIMHU UMEET MHOTOYNCIICHHBIC
MIOJIOXKHTENILHBIE KauecTBa, KOTOPbIe d(MMEKTHBHBI IPOTUB TPHOHBIX U aKTEPUATLHBIX 3a00JIEBaHHH.
NMMyHu3anus, no-BUAUMOMY, 3aBUCUT OT aKTUBALMK HECKOJIBKUX Pa3JIUYHBIX MEXAHU3MOB U IOTOMY
crabmibHa. CHOCOOHOCTh BOCHPHUMMYMBBIX PAacTeHHH K HMMYHHM3AaLMH MPEANoyiaraeT, 4YTo BCe
pacTeHHs UMEIOT TeHETHYECKUH TTOTEHINA YCTOWIMBOCTH.
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SUMMARY

IMMUNIZATION OF PLANTS AGAINST FUNGUS AND BACTERIAL DISEASES.

Kanchaveli Sh.S. and Pavliashvili K.M.

Scientific Research Centre of Georgian Ministry of Agriculture

Georgian Technical University

The immunization of plants against diseases has been studied. It has been determined that during fruiting
infection of first real leaf in cucumber caused by fungus Colletotrichum lagenarium and the second following (2-
3 weeks later) inoculation immunize the plant of cucumber against the disease, caused by C.lagenarium,
Cladosporium cucumerinum and Pseudomonas lachrimans. Concentration of inoculum, used for induction, and
quantity of necrosis having been revealed on the leaf-inductor are directly connected with the doses of
immunization until the saturation is reached. The immunization is accompanied by the increasing activity of
peroxidase and lignifications of immunized plants after the second infection. Lignification is the mechanism of
resistance to the disease. Immunization seems to be dependent on the activation of several different mechanisms
and thus it reveals stability.

Keywords: plant, immunization, cucumber, lignification.
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