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PEIIEHUE IBYMEPHOMW I'PAHUYHOM 3AJIAYA TEOPUU TEPMOYIIPYT'OCTH I
noJoro nMJIMHAPA KOHEYHOU JJINHbI

I'yaya H.I'.
I'py3uHckmii TeXHHYeCKHII yHUBEPCUTET

B pabore paccmarpmBaercs AByMepHas TpaHWYHAs 3a/1ada TEOPUH TEPMOYIPYTOCTH IS
MOJIOTO IMJIMHApPA KOHEYHOW IJUHBI MOJA JEWCTBHEM CTAlMOHAPHOTO TEMIIEPaTYpPHOTO MO H
BHEIIHEH HArpysKu.

B pabore [1] addexkTnBHO OBLTA pemieHa OByMEpHBIE TPaHUYHBIE M TPAHUYHO-KOHTAKTHBIE
3a7a4l TEOPUH YIPYTOCTH JAJIsl MHOTOCIOHHBIX Tell, OTPaHNUEHHBIX KOOPIUHATHHIMHU MTOBEPXHOCTIMHU
HWJIMHIPO-3JUTUIITUYECKON CUCTEMBI KOOPIUHAT § , L,

[IpuarMass BO BHUMaHHE pe3yNbTaThl TONy4YeHHBIE B padore [1] B maHHOW craThe Ui
TpaHCBEPCATTLHO H30TPOIHOTO TeJa PEIIaeTcsi AByMEepHas TpaHuYHas 33/1a4a TEOPHU TEPMOYIIPYTOCTH
B UWIMHAPO-3JNIMNITUYICCKUX KOOpAUHATaXx.

3anuiieM OCHOBHBIE 3aBHCHUMOCTH TEOPUHU TEPMOYITPYTOCTH JIJISl HCCIICOBAHNS HAIPSKEHHO-
nedopmupoBanHoro coctosaus  (HAC) B IWIMHAPO-SITMOTHYECKOM CHUCTEME KOOPAWHAT

¢, a,z; (O <&<oo, — <A<, —0<Z< oo), CBSI3aHHBIE C TPSAMOYTOJbHBIMH JCKAPTOBBIMHU
KoopauHatamMu X, Y, Z CICAyIOIIUMU dhopmynamu

x=aché cosa, y=ashésina,z=12,

anst napamerpos Jlame, npunnmaem: H, =h,, H,=h,, H;=h

,, TIPH 3TOM

h.=h,=h= a(ch2§ —cos? a)}/z = %(ChZf —COS 20[)% . h, =1napamerpsr  Jlame, @& -maciuraGHbIH

ko3 PuImeHt.

O603Ha4NM Yepe3 U,V,W KOMIIOHEHThI BeKTopa cMmereHusi {J BIOJb KacaTelbHBIX K KOOPJIH-
HATHBIX JIMHUUSM &, 1, Z , YePe3 0,0, ,0, "HOPMAIBHBIC HAPSDKCHIS, Ty =T 05Ty, =T ,55T,, =T,,~
KacareJbHbIe HalPsDKCHHSL.

[Mpennonoxum, uto w=0, uzu(rf,a),V:V (f,a), YTO NPHUBOJUT K CICAYIOLUIMM 3aBUCHMOCTSIM

TEOpUH TEPMOYTPYyrocTy [2,3]

) %_ﬁza C) M_FL[W)_ET :51

o0& Oa o6 da ¢ ¢ 1)
) 8K o ol o) g

o0& da 06 oda ¢

e)A,T =0.

3akoH ['yka ((u3nueckuii 3aKOH), KOTOpas MPEIIONOTaeT caMyl NpPOCTYH, JHHEHHYIO
3aBUCHUMOCTh MEXJIY KOMIIOHEHTaMbl HANpsKEHUS W COOTBETCTBYIOIIMMHM UM KOMIIOHEHTaM
nedopMaiyy A TPAaHCBEPCATHO-U30TPOIIHOTO TeJla 3alMChIBACTCS TaK:

1oh
oK e (h a2 ™) 5 (“V)j‘kw“

2
2¢. a(hu) 2c. (1 oh oh
O'a:K—%%—% (Ea—g(hu)—a(hV)j—kﬂ)T,
a(hu) 2c.(1 oh 1ah )
eor, ~m 20 0026 (120 ) 120 ) )
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rme  uwv,w — KOMIOHEHTH  BeKkropa cMemieHus U/ BIOAb  KOOPIAMHATHBIX  JIMHUH
g’ @,z g‘f > ga 4 gz > gé = 80!5 > 852 = gzé > gaz = 820{ - HC(I)OpMaLII/II/I, ¢ (I = ]-’5) — YIPYTHC XapaKTepuc-
TUKH, k,, = |:2(C1 — s )]{1 + 03](2], ky, = [2c3](1 + c2k2] ,a k u k,— xoddpduuueHTs NHHEHHOTO

TEIJIOBOTO PACIIUPEHUS B TUIOCKOCTH W30TPONHU W BIONAb zZ . 1 -TeMIreparypa B YIPyroMm Tele
MOAUMHSIOMIASACS YPABHEHHUIO

2
ar+2. 9T g (4)

2 0 agz
0? 0?
2 .
¥ COOTBETCTBYIOIMM IPAHHYHBIM YCIOBUAM, . A, = h —t== |
0&° Oa
Beenem cienyromne 0003HAUYCHUS
2hu 2hv \/5 he

v=2l  p=

— ch2¢& —cos2a 5)
a a

C yuerom popmyi (5) Beipakenns (1),(2),(3) mepenuiireM B ciaeayromnieM BUze:

_ — 2
a) %—@:o; c) a—qua—V—&Tzh—OK;
28 oa o da ¢ ¢
— —_ 2
) BLK_g ¥ W _hg ©
o0& da o da c,
e)A,T =0.
2c. OV 2cC . _
gf:K_h—ga—h—éf (sh2&-T—sin2a-V)—k,T,
2c. ou  2c . _
ga:K_h—;%—h—; (sh2&-T —sin2a-V)—k,T,
2c. ou  2c., .
=7, =B+—=—-"3(sin2q-T+5sh2&-v
P N da hg( ¢ £v)

ITyctb
o(p,—kT o(g,—kT
a)K=2—Czs Ch~§'3inot—((p1 - )—Shg'cowc—((p1 T) ,
hy Ot o0&
-kT —k,T
b)B:Z—CZ5 Chf-sina—a(% L )+Sh§'COS(Z—8(¢1 1) ,
hy oa o0&

ToT1a O0IIee peleHNe CHCTEMBI (6) UMEET CISAYIOIIHA BHUT

2
U= —(shzgzcthgE o C, op, —%} sh& cosa —(Chzfzth(f

0 +c%—% chfsina+%,
0&a oa 0& o0&

2(”1
da T OE oa

2
oo +c1%—% sh§sina+%,
oa oa oa

2
V= —[Chzé:zthé: 689‘%0;{ +C, % - %_(?J chésina — (Shzgz(:thg

HOJ’Iy‘lCHHBIe 06H_II/IC peHmICHUA NPUMCHAIOTCA U PCHICHUA I'PAaHUYHBIX 3a4a4 U1 oOacrei
OIrpaHUYCHHBIX SJINTUIITHYCCKUMU KPUBUMBIL.
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SUMMARY

SOLVING OF TWO-DIMENSIONAL BOUNDARY PROBLEM OF THE THEORY OF THERMAL
ELASTICITY FOR HOLLOW CYLINDER OF FINITE LENGTH

Gulua N.G.

Georgian Technical University

In the two-dimensional boundary problem of the theory of thermal elasticity of hollow cylinder of finite length
under the action of stationary temperature field and external load is considered.

Keywords: two-dimensional boundary problem, theory of thermal elasticity, hollow cylinder.
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OCECUMMETPHUYHOE 3JIEKTPOYIIPYI'OE PABHOBECHE
HNUJIMHAPUYIECKOI'O TEJIA

Ksapuxapa JI.T.
I'py3uHckuii TeXHMYECKU YHMBEPCUTET

B pabote MeTomoMm pazerieHus IEpeMEeHHBIX CTPOUTCA TOYHOE PEIIeHHe TPaHUIHOM 3a1aun
AIIEKTPOYIPYTOTO PABHOBECHS IS Tela, OTPAHWYCHHOTO KOOPAMHATHBIMU ITOBEPXHOCTSIMHU
KPYTOBOTO IMIIMHAPUIECKON CHCTEMBI OPTOTOHATBHBIX KOOPIUHAT.

KunroueBsie cnoBa: TouHOE pelieHHe, AIEKTPOYIPYTroe paBHOBECUE, METOJT Pa3IEIICHHS IEPEMEHHBIX,
TpaHCTPOITHAS (TPAHCBEPCATEHO-U30TPOITHAS ).

B kpyroBoll LMIMHAPUYECKOW CHCTEME KOOPAWMHAT I, O, Z PacCMOTPUM 3JIEKTPOYIPYroe
paBHOBECHC TCJIa OrpaHMYCHHOI'O0 KOOpAWMHATHBIM ITIOBCPXHOCTAMHU, KOTOpas 3aHUMACT OGJ’I&CTB

e {(r,a,z) eR:0<r<r<r, 0<a<gqg, 0<z< Zl} . KpuBonuHEHHBIH  KOOPIHUHATHBIN

napaJuleNienuIe]] TPaHCTPOIHAs (TPaHCBEPCATLHO-U30TPOIHAS) C TNIOCKOCTHIO U30TPONIUN  Z = COISE .
IIycts

npu F=1I: Gz=fi1, T

re

=fa 7

rz = fi3 (1)
a Ha OOKOBBIX rpaHsax 3aAdaHbl YCJIOBUA CUMMETPHUYHOIO WJIM aHTUCHUMMETPUYIHOTO IIPOJOJKEHMS,
T.€. HA OOKOBBIX TPAHAX HMMEEM CIIEAYIOIINE YCIOBUS

mpua =0, : 0,0, + =0, oW+ y7,=0, Su+yr7,=0; 2
npu z2=0,2,: 0,0, +yw=0, ou+yr, =0, Sv+yr,, =0, (3)
B pasencrBax (1), (2), (3) 1=0 wm 1, mpuuem B (2) u  (3) 0,=1,y,=0, um
5,=0,7,=1 p =123 as=B(l) 6,7,=0, 6, +7,=1 p=12.
VYpaBHeHHs paBHOBECHS U JIEKTPOCTATUKH MOXKHO 3amucarth B Bujie [1]:
ao_r 1 arra az-rz O, —0,
+= + + =0,
o r oa 0z r
or, 1loo, Ot
+= +

z 4 grm =0, 4)
or r oo 0z r
or,, 1or,, oo, 1 _
+-—4+—L+—7, =0
or r oo 0z r
oD, }D+}5Da+3Dz:0,

or r ' roa oz
rie. ©,,0,,0,- HOpManbHble, T,,T,,T,- KacarenbHble Hampspkenus. D, D, D,— xommnoHeHTs!

BCKTOpa SHGKTqueCKOﬁ WHAYKIIUA D BJI0JIb KaCaTCJIbHBIX K KOOPJAWHATHBIM JIMHUAM. ypaBHeHI/IH
COCTOSIHUSI TIhE303JIEKTPUIECKOM Cpeibl MMEIOT clienyronmii Bu [1]:

o, =c¢, +(c,-2c)¢,, +c6, —eE, =c Z—Z+(c1 _ZCS)(%g_;+%HJ+C3 a—WJre %,,

O'a=(c1—2c5)gn+clgm+c3gzz—elEZ=(c1—205)a—u+c1 la—U+lu +c3a—W+e %
or roa r
o,=0(¢,+e,)tcE, —eE =c, a—u+la—u+lu +cza—W+e % ;
or roa r 0z

T,_=c,E, —ekF =c4[au+lawj+ 1%

az 4%az 37a a_Z 1'5 e3;aaa (5)
Trz:CALgrz_eBEr264(88_W+Z_uj+632_¢’ )
r z r
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D, =6, +OE, _63[8W+8Uj 31%; ,
or oz or
Da=e3gaz+3lEa=e3(l@+an Ql%;,
oa 0z r oa
(6)
D,=¢el(s, +&,)+6E,+3E, =¢ 6u+£6_u+1u +e aW—Q 6¢ .
or roa r tor Cor

E:—grad¢:—%f—la¢ %IZ;
o roa 0z
E_-_ 9 g __10¢ o __ 99

r ) o Bz = :
o “ r oa 0z
rae &,,§,, &, - KOMIOHEHTHI TeH3opa aedopmanun, E_, E | E, - komnonenTs! Bexropa HanpsikeH-
HOCTH DJIEKTPUYECKOI'O IOJIA. E= —J I’ad(p, TA€ (0 - DIEKTPOCTATUYECKUM ITOTCHLIUAI.
c, (i = 1,2,~~,5) - YIpyTHe XapaKTePUCTHKH, €; - Tbe303IEKTPHIECKUE TTOCTOSHHBIC .

3,, 9, - IMBIEKTPUIECKUE TIOCTOSHHBIC.

Ecnu ynpyrue xapakTepuCTHKH Tela C, (i =12, 5) YIOBJIETBOPSIIOT YCIOBHSIM,

c,c, —(c3 + 205) =0, ()
npu 5TOM KOMITIOHCHTHI SJICKTPOYIIPYyIroro T10JI4 HE 3aBUCAT oT KOOPJAWHATBI a u
u=u(r,z),v=0, ==Wr,z), B,=0,K=0,,= 07,= 0D_= | torma (4), (5),
(6) mosxHO Tepemnucar B caeayromeM suae[2,3]:
ou 1 0
o, :ClEJr(Cl_ZCS)Fu +C, 62 +e g
! o4
=(c,—2¢c —u+c e, —
7. =( ) TS e tor' ®)
(6u 1 j o
,=C,| —+=U |+C e, —,
or r 0 oz
(aw auj 9
rz = + +
or oz Sor’
ow  du of
T o T )
ou 1 ow 0 .
D,=¢ —u+—u +€, 33—¢
or r 0z 0z
oD, 1 oD
t+—-D, +—~=0
o r ' oz (10)
.%§E+q%—c§#w+laﬁqj__q%—%q8%
c, oz ¢ o6z° t or c, o’
(oK alre) g (11)
or 0z
(re.)_c, 2B _,
or c, Oz

K:c{@—u+1u]+c3 pe +eg—f 12)
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Takum o6pazom B obmactn 11 = {(r,a,z) eR:r,<r<r, 0sa<qg, 0<z< ZI}I/IMGCM
OCECHMMETPUYHOE  HANPSUKEHHO JIe(OPMUPOBAHHOE COCTOSIHHE CO CIIEAYIOIMIAMH TPAHHYHBIMA
YCIIOBSIMH:

Hpu r=1: o,=f, 7,,="%, 7,=";

Mpn «=0,¢,: =0, 7,=0, 7,=0; (13)

al
Ipu  z=0,z,: w=0, 7, =0, r,=0;
KoMImoHeHTsI ypyTroro moss, BRIpakeHHBIE Yepe3 3TH (YHKIHH, UMEIOT cleayomui By [3]

0 1 110
uz_[.,,ﬁ_%}__ﬂ,

or 2c, c, I Oa

10 1 1 oy,
V=—— +— —

r@a(% 2, %j ¢, or

Jnst Hamero ciydas GyHKIMH Y/, Y/, 0 ¢ HMEIOT CIeAyIOIUiA BUL

v, = i [Almes‘('”l) + A2me52(r°7r) } sin (mz) ,

m=0

v, = i [Asmesl(’_fl) + A4meSZ(r°_r) ] sin (mz),
m=0

¢:i Asme%(”rl)+A6mesz(fo’f):|sin(mz)’

Tm _
e m=~—y, m=0,12,--- A =A, (S,IH) - HEKOTOpBIE MOCTOsTHHBIE. IMest popMyItbl aiist

Z

COCTaBMM TpH I' = I, BRIpaXenus s O, T,,, T, W TpupasauM ux K pynxmuam  §, T, 5,
pasnoxkeHHbIM ¢ yuetoM (13) B psn ®ypbe. B pesymprare s onmpeAenieHHs  MOCTOSIHHBIX
NOJyYMM OECKOHEYHYIO aireOpandecKyl0 CHCTEMY C KBa3UIMArOHaIbHOM Matpumedr A ¢

JMaroHaTbHUMBl  Onokamm A p-  Hemocpencreennoir — mpoBepkod  yOexmaemcs,  4TO

detAP ;tO(detAp ¢O’KOFﬂa pP—>o).
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SUMMARY

AXIAL-SYMMETRICAL ELECTRICALLY ELASTIC EQUILIBRIUM OF CYLINDER BODY
Kvartskhava L.G.

Georgian Technical University

In circular cylindric system of coordinates (r, ¢, z) electrically elastic equilibrium of body is considered, restricted

by coordinate surfaces which occupies the region j7 = {(r,a,z) eR:0<r <r<r, 0<a<q, 0<z< Zl}'
There is axial-symmetric strained-deformed state in mentioned region with following boundary conditions:
Atr=r: o,=f,7 =%, 7_=1;

ra i2?

Ata=0,q: v=0, 7,=0, 17,=0;
Atz=0,z,: w=0, 7, =0, 1, =0
Keywords: coordinate, cylinder, body, electrically elastic equilibrium.
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BUPTYAJIBHOE MOJAEJIMPOBAHUE U UCITIOJIb3OBAHUE [IU®POBBIX
TEXHOJOI'MA B TEOPETUYECKOU MEXAHUKE

Myxamapus C.J.

I'py3uHckmii TeXHHYECKHUH YHHBEPCUTET

BricTpeie TeMmBl pa3BUTHS COBPEMEHHOTO OOIIEecTBa TPeOYIOT aHAJIOTUYHOTO PAa3BHUTHS B
obmactu oOpazoBanus. UToOBI OBITE CBOEBPEMEHHBIM M BOBpEMS ITOAIEPKATh HOTY. JlesTo He TONBKO B
Oyaymem, meno B HactosimeM. [loaTromy B mporecce o0ydeHusi HeOOXOAWMO HCIIONB30BATH COBpE-
MEHHBIE cpeAcTBa 00ydeHHs B 00opymoBanue. OCOOEHHO, €CITH pedb HAET O BRICIIEM 00pa30BaHHH.

21 Bek Ha3BadW 3poi IMU(POBBIX TEXHOJOTHH. HOBBIE TEXHOIOTHH OTKPBLIM HOBYIO 3pY,
(hopMHpOBaNIM HOBBIE CBSI3M M IMPEJOCTABHIM HOBBIE BO3MOXKHOCTH Tpolieccy oOyueHus. CeroHs
CIIMIIIKOM MHOTO Pa3BUTHIX CTPaH WCIONB3YIOT MH(QOPMAIMOHHBIE W KOMMYHUKAIIMOHHBIE TEXHO-
Joru B 00pa3oBaHWU. MOXXHO COKOHOMHTH MHOTO BPEMEHH, HWCHOJB3ys HH()OPMALMOHHEBIE H
KOMMYHHUKAIIMOHHBIC TEXHOJIOTUU. JTO AenaeT ucnonb3oBanue UKT eie Oosiee BayKHBIM B IIPOIECCE
oOydeHus. be3 KOMIBIOTEPHBIX TEXHOJOTHI HEBO3MOXKHO Y3HATh HOBOCTH O TaKOW AESTETHHOCTH,
MO3TOMY Ba)XKHO BKIIOYHTh B OOy4YeHHWE HWH(QOPMAIMOHHBIE W KOMMYHWKAllMOHHBIE TEXHOJIOTHH,
KOTOpPBIC ONPENCIISIIOT Pe3yIbTaT 3HAHUH U B LIEIIOM 3P (PEKTUBHBIN TPOIIECC YIIPABICHUS.

BupryanbHoe MoaenupoBaHHE — 3TO CBOErO pojaa (U3UYECKU SKCIEPUMEHT, B KOTO-
POM CTYICHT pa3BUBAaET OCHOBHBIC TPWHIUIBI W TEXHOJOTHH JKCIIEPUMEHTUPOBAHUA M OKCIEPH-
MEHTHUPOBAHHUSI B «TEOPETUUECKOW MexaHuKe». OH BKIIoUaeT B ceOsi BCE OCHOBHBIC JTallbl JKCIIe-
PUMEHTA: TTOCTaHOBKY OCHOBHOW HCCIIEIOBATENILCKOW 3aj1auM, MMOUCK MyTeHl W METOJ0B JOCTHKCHHUS
MOCTaBJICHHBIX IIeNIeH, HCITOIb30BaHUE IKCIIEPUMEHTAIBHOTO 000PYI0BaHUS.

OOpa3oBaHue U HayKa IMOCTEIIEHHO CTAHOBATCS BCe 00siee U 00JIee «BUPTYaTU3UPOBAHHBIMI:
UQPOBBIE Ta00PATOPUH CTAHOBSITCS €CTECTBEHHBIM HHCTPYMEHTOM BBICIIIETO 00Pa30BaHMUSI.

IIpu pabore ¢ BHpPTyanbHOH MOJENBIO CTYACHT MPHOOPETaeT 3HAHUS Ha OCHOBE cOopa H
aHaJM3a SKCIEePUMEHTAIBHBIX JaHHBIX: U3y4YaroTcsl (PU3NUECKHE XapaKTepUCTHKH 00bekTa; CoOBITHS
1 TIPOLECCHI, TTOATBEP>KAAIONINE WITH OTIPOBEPTAIOIINE TEOPHIO SKCIIEPUMEHTOB ¥ MHOTHE JIPYTHE.

B naHHOW cTaTbe paccMaTpuBaeTcs BUPTyalbHAs MOJETh
J1a00paTOPHOTO paboThI «TeopeTrueckas MEXaHUKa»
«HccnenoBanne Kone0aHWN 3BEHBEB CUCTEMBD».  BupTryanbHas
MoJlenb. BupTyanbHO-pealibHas MOJENh IT03BOJISIET BBIMOJIHATH
CBOETO PO/Ia MOJICIIMPOBAHHE HAa YCTPOWCTBE B JaOOpaTOpUM, Ha
KOTOpOM 6y,[[eT BBIITOJIHATBHCA BPIpTyaJ'ILHBIﬁ MOHUTOPUHI" 1 aHAJIN3
JTAHHBIX.

Pa3paboTka ajnropurMa aHUMAaNMU BHPTYalbHON-peaIbHOM
MOJIENT TIO3BOJIMT IOJIL30BATENIO0 YYaCTBOBATH B TIpoliecce, Oojee
O0nmu3KoM K peanbHOMY. MoJenb pearupyeT Ha BHEIIHHHA (hakTop,
HUMEeT Te e IMapaMeTphl, YTO U pealibHast. MI3MeHeHne napameTpoB
JIaeT TOT XKe PEe3yNbTaT, 4To U (PaKTHUECKUH Tpoliecce.

B BupryanpHO#l Momenu ecTh 0a3a JNaHHBIX, KOTOpas
IMMO3BOJILIET HAM OTCIICKUBATH, USMCHATH U COXPAHATH PE3YyJILTATHI.
B BupTyasbHON MOJEIN UCTIONB3YETCS CIIEHUATIBHOE IPOrPaMMHOE
olecriedeHne ¥ BHUPTyalibHble  3(QQEKTbl,  MaKCHMAaJIBLHO
NPUOJIMKEHHBIE K PEATbHBIM.

Jnst co3faHusi MOJETH HCHONB30BAINCH KOMITBIOTEPHBIE
MOJICIH, MHUKPOKOHTPOJUIEPHI, S3bIKU NPOTPAMMHPOBAHHUS H
mrarpopma Adobe Flash. Tlocienuuii mo3BoisieT HaM IepeaaBaTh
Puc. 1. lIpu6op FPM-13 JaHHBIE O TEKYLIMX IIpoLleccaXx B MalIMHE C IIOMOIIBIO

BUPTYyaJbHOM Mozenu. Ilociie Takoro MOAKIIOYEHHUS B Pe3yJbTare
co3Jlanusl 0a3bl JAaHHBIX MOXKHO Oy/IeT HaO0aTh ¥ aHATTM3UPOBAThH PEalIbHBIH MpoIiecc.

N3yuenue konebaHnii CBA3aHHBIX cHCTeM. B maboparopun «/3ydeHnne KojeOaHwi CBA3aHHBIX
cuctem» BoIodHseTcs nmpubopom FPM-13 (puc.l). Llenpio paOoThl SBIAETCS M3yYEHHE CBOHCTB U
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OCHOBHBIX XapaKTEPUCTHK KOJIEOAHMI CBSI3aHHBIX CHCTEM. 3aJjadqa COCTOUT B TOM, YTOOBI OTIPEAETNTh
YacTOTHl TMAPUUAIBHBIX U HOPMATBHBIX KOJICOAHWH CBS3aHHOW CHCTEMBl W3 JBYX OJMHAKOBBIX
MasiTHUKOB.
[Ipu BBITIONTHEHWH Ja0OPATOPHOTO MPAKTHKyMa OOJBINOC 3HAYCHHE HWMEET MPHOOpeTeHHE
HABBIKOB TIPOBEJICHUS M3MEPEHUN M OOpabOTKM Pe3yJbTaToB. BBIYHCIUTEIBHBIM HWHCTPYMEHTOM,
KoTopast 3(GGEKTUBHO peliaeT 3aa4y MareMaTHIecKoi o0paboTku m3MepeHuii, sBisiercs mathcad.
Ota yHUBepcaigbHas MpOTpaMma MO3BOJSET MPOU3BOANTH MAaTEeMaTHIECKYyI0 00pabOTKy pe3ysIbTaToB
nabopaTopHBIX PadOT MO BCeM pazzeiaM Kypca TEOPEeTHIECKOW MEXaHHUKH.

st OoJpITiet TOYHOCTH JaHHBIC, CHSITBHIE C YCTPOWCTBA, AHAIM3HPYIOTCS C ITOMOIIBIO
nporpammbl Mathcad. C momoriipio 310l MpOrpaMmbl B3SIThIC JaHHBIC BCTABISIOTCA B GopMmyiy u
pacCUUTHIBAETCS KOHEUHBIN pe3ynbTar. [IporpaMmma MOXKET XpaHUTh TaHHBIC JIO TEX MOp, TOKa OHU HE

OyIyT N3MEHEHBI.
Hioke npuBeneH pacyer JaHHBIX, HEOOXOIMUMBIX [UIS M3YUeHHs KOJIeOaHUH CBSI3aHHBIX CHCTEM

¢ moMoribko nporpammel Mathcad.

T Mathcad - [Study of oscillations.xmed]
m File Edit View Inset Format Tools Symbolics Window Help

O-=2ld &k Y| | o o | |me =20 we v @
Marmal ~ | Arial w10 V| B I H| = = | = §E|
A ] o= [2<F 51 «f W My Site v | fao

Given: -
01 eg=0435 d=01 K=3 aobf=10—=0173
AdA AN 1

m =
e

n =10 tl=12725 12 :=11117
= equals symbol

Formulas used for calculations:
exp - experimental work

|. Co-phase oscillation
t1
Tlesp = — = 1272 Ta=27 |= = 1346—— Tlo = 1346
=4 mD.)

1

1
Viesp = =078 Vio=——=0743
Tlexp Tlex
_ -
ami= T Tlop 0 s av, = Vo= Vel s
Tla ! Via
I1. Anti-phase oscillation
G= 21793
Tlo- T2 Vi — V2
ATy = ATl sy AV, = V20~ Vaespl 130346
T 2 Vi

IMporpamma Mathcad
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BupryaneHast mozens (puc.2) st aisi u3ydeHne KoiebaHuil CBsI3aHHBIX cHcTeM. Kak yxke
OTMEYAJIOCh BBIIIE ISl CO3[aHHsI BUPTYAIbHON MOJEIU OBUIO HCIOI30BaHOKOMITBIOTEPHBIE MOJICIH,
MHKPOKOHTPOJUIEPHI, SI3bIKK TIporpaMmupoBanus u mwiardpopma Adobe Flash.

Puc.2. Binyam,Haﬂ MOJ1€Jb VI U3YyUYE€HHUS CBA3AHHBIX CUCTEM

OKCIEpUMEHTHPOBATh B pealibHON J1a00paTOpUU CIIOKHO HM3-32 0€30MACHOCTH AOPOTOCTOS-
miero  o0OpyAIOBaHMS, a TaKkKe JAOpOrocTosmiero obopyaoBanus. CUMYISTOPBI, BHPTYaJbHBIE
nmabopaTopuu U yJaIeHHBIE TabOPaTOpHUHU TpeIaraloT PemieHre dTUX MPOoOIeM, SKOHOMS TPU ATOM
BpeMsl M yCTpaHsisl MOTCHIIMAIBHO OIAacHbIe COObITUS. KOHIEenus yaaaeHHON JIabopaTopuu TaKxkKe
obecrieunBaeT MoIxo 1 K 00y4eHUI0, OpPUEHTUPOBAHHBIN Ha CTY/ICHTOB.

BeiBon. Ilpomeccel rnobanu3anu B COBPEMEHHOM MHpE, Hapsily C pa3BUTHEM BeO-
CTaHIAPTOB, CIIOCOOCTBOBAJIA PA3BUTHIO PACTIPOCTPAHEHHBIX CETOJIHS METOJIOJIOTHIA TUCTaHIIHOHHOTO
U DIEKTPOHHOTO OOy4YeHHWs. YJalieHHbIe MPHUIOKEHUS TO3BOJSIOT CTYJASHTaM M HCCIIEI0BaTEIsIM
HOJIy4YaTh yIAJICHHBIN JOCTYI K JIaOOpaToOpHsM, He TOcemiasi MPaKTHIECKUe 3aHATUS B KaMITyce, 4To,
HCCOMHCHHO, SBJIACTCS 6OJ'II)HII/IM npeuMyuieCTBOM Ui CTYJACHTOB WJIN HCCJ’IGZIOBaTeJ'IefI, Y KOTOPBIX
OTpaHNYEHO BPEMS.
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SUMMARY

VIRTUAL MODELING AND USE OF DIGITAL TECHNOLOGIES IN

THEORETICAL MECHANICS

Mukhashavria S.E.

Georgian Technical University

Education and science are gradually become more and more ,,virtualized*: digital laboratories become as natural
instrument of high education. At operating with the virtual model the student receives the knowledge on the
basis of collecting and analysis of experimental data. The physical characteristics of the object are studied as
well as the events and processes, experiments confirming or disproving the theory and etc.

Keywords: virtual modeling, digital technologies, algorithm, distant and electron education.


https://www.engr.colostate.edu/ECE562/mathcad.pdf
http://physics.aidio.net/index.php/18-teoria/28-tavisufali-rxeva-matematikuri-qanqara
https://www.engr.colostate.edu/ECE562/mathcad.pdf
https://1tv.ge/show/fizika-dro/

18 bLSISANZIR(I bSO6IN6H(D bLOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2020

SYSTEM ANALYSIS OF THE MAIN FEATURES OF PROJECT MANAGEMENT IN A
CONSTRUCTION COMPANY

Museridze R.R.

Georgian Technical University

Abstract. The essence of project managment, purpose, functions, main features of its implementation and
directions of application are reviewed in the article. For construction companies project management
components are given and their characteristics are analyzed. Emphasis is placed on the importance of the project
structure, the relevant structural model is discussed. The hierarchic structure of the job distribution, calendar
planning and reporting forms and the main features of the project office are presented too. The article shows
form of the "magic triangle”. Its properties and connections between the components are also analyzed.
Keywords: project management, structural model, hierarchical structure, scheduling and reporting forms

Introduction

Project management - is a field of professional activity of the company to create a unique
product / service through the implementation of a complex of interrelated, targeted activities using
modern knowledge, skills and tools, human and material resources, it is meant that there are certain
restrictions on the scope, cost, risks, quality and timing of works.

Project management, as a mean of systems approach, allows project-oriented company
management to develop their own project management technology. This reduces many uncertainties,
risks and enables effective project management in the implementation of each project. In other words,
the company successfully works with a new project each time, with a certain pattern: stages, results,
work. At the same time it sets standards for project management.

At the present stage, project management methodology is widely used in various fields of
activity: in IT industry; in production and educational fields, including construction.

Practice shows that success in using the project approach depends on how its employees are
involved in the process, how the ongoing construction processes are managed, and how relevant
communication links are formed between the project participants. Project management in construction
is a way to make changes in project management, to develop more flexible, effective management
means and methods.

The aim of the article is to investigate and analyze the key components of project management
as an effective management technology in a construction company.

Main Part

A project is a planned complex of interrelated activities aimed at creating a unique product or
service with limited time and resources. For example, a construction project focuses on the
construction of a new facility or the reconstruction of an existing one.

It is important, in the project implementation process, necessary relationship between
management functions and tasks and internal and external factors (Figure 1).

It should be noted that the main elements of the project are: the idea (problem), the means of
its implementation, the solution of the problem and the final results obtained during the
implementation (Figure 2).
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( -Adaptation to environmental \
Management of external | ——» conditions;

factors <«—— | -Management of interactions with the
nearest environment subjects

-Coordination of participants

- 5 interaction
-Rational usage of available resources

Management of internal
factors «—

Figure 1. Relation of project management functions to the environment

Depending on the complexity of the project idea and the effectiveness of its implementation,
the results are classified as: specific (products, organization, buildings, etc.) and abstract (plans,
knowledge, experience, method, etc.); current (technology, documentation, signed contracts, etc.) and
final (profit, product, knowledge, etc.).

The idea The means of its The aim of
(problem, task) implementation (solution) implementation (final
results)

4 A

Fig. 2. Stages of project management

In practice, project management is considered as a tool for project development and
implementation. In other words in variable, unstable and uncertain situations as a universal technology
of effective management of the firm. Project management in construction is primarily a way to more
effective project management processes. The following steps are important in these processes:

1. Change of organizational structure;

2. Introduction of WBS:

3. Introduction of a calendar plan:

4. Introduction of reporting forms;

5. Establishment of a project office;

6. Introduction of an assignment system;

7. Optimization the conformity of the magic triangle composition (Purposeful, quality
oriented).

1. Change of organizational structure

Any construction project is implemented within a specific construction company, the
organizational structure of which has a significant impact on the success of the project. It is important
that each company has an opportunity to modernize existing management structure before it can
effectively manage projects.
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Often while talking about structure it means organizational structure scheme (structural
model): unity of divisions and sections, which are located in a certain hierarchy and headed by a
manager (manager) - a manager or any leadership link. Such schemes can say quite a lot about the
company.

It is accepted that the constituent units, divisions, departments of an organization can be
formed on the basis of functions, product, region, client, project. It depends on which of the following
signs is more important for the achievement of the strategic goal of the organization:

. If structural units - departments are formed according to the basic functions of the
organization, then it is called a functional structure;

If structures use a product, region, or client as a basis for grouping units, then it is
called a divisional structure;

The structures formed on the basis of the project are called project structures;

If organizational units in a structure are created by two symbols at the same time, then
it is called a matrix structure.

We discuss project organizational structures according to our goals [1].

This organizational form is considered as a temporary structural formation and is used within
the existing (existing) functional structure to implement a specific task (project). In the project
structure (Fig. 3.) certain functions (e.g. accounting, marketing, strategic planning, etc.) will be
transferred to a higher level of management, while all other tasks are solved at the project management
level. The project manager is responsible for the realization of the project within the given timeframe
and the limits of available resources. For the realization of the project a group is formed with the staff
of the organization, i.e from the best specialists of functional services. Such a structure is more
effective in the case of large construction projects with a life cycle of more than 2 years.

The members of the project team and the resources allocated for its implementation are at the
complete disposal of the project manager. Upon completion of the project, specialists begin to
implement a new idea or return to a permanent job. The advantage of the project structure is that the
members of the project team and its leader concentrate on the realization of a single project and do not
participate in the solution of other problems (tasks) [1].

Company
Management
Marketing Project first manager Project second manager Project third manager
Marketing Project first manager Project second manager Project third manager
Technical 1 collaborator 1 collaborator 1 collaborator
Accountancy 2 collaborator 2 collaborator 2 collaborator
Logistics 3 collaborator 3 collaborator 3 collaborator

Project coordination

Fig. 4 Project structure of projects’ management

In such a structure, decisions are made as a result of discussions with the team members. The
project structure is an ideal organizational base for solving innovative problems, especially for very
large projects of an innovative nature. A significant disadvantage in such structure is the duplication
of services in the organization.

2. Introduction of a hierarchical structure of works (WBS-Work Breakdown Structure)

According to some specialists engaged in investment-construction project management it is
obvious that there is complete chaos in the current processes in construction companies (especially
small ones). Many issues are unknown to employees and therefore incomprehensible. One such issue
is the WBS -Work Breakdown (hierarchical structure of works) and the issue of its existence in the
organization. [3]
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If we use PMBOK, then: hierarchical structure of works (WBS) is a result-oriented (project
results), hierarchical decomposition of works, which is executed by the project team to achieve the
project objectives and desired results. It helps to define and structure the overall content of the project.

For example, in practice it is simpler to determine and it is called a classifier. The essence of
the classifier is to make it possible to classify all the processes in the company through a single search
engine (‘database’) - both work and costs and the flow of documents, as well as accounting, risk
assessment, etc. Such a classifier is a unique guide to the activities of each design company.

WABS is often equated with a simple list of project-related work, but it is only a grouping of
project work and activities on a certain principle.

3. Adaptation of celendar plan

If after the initiation of the construction project the possibility of realization of the project is
confirmed, the development of the activity plan-schedule begins. The main document at this stage is
the project management calendar plan, which includes various supporting plans, namely: the project
technological plan; project implementation timeline management plan; costing; requirement
management plan; quality management plan; communication management plan; risk management
plan; - procurement management plan; stakeholder Management Plan [2].

At this stage, the relevant set of works for the month is processed through weekly planning
procedures. In addition to production planning, the company must develop a plan for tenders (bids and
trading).

4. Implementation of reporting forms

Every small or large construction company has its own reporting standards. There are key
elements of project management that should be emphasized when submitting a report, these elements
are: general information, analysis of checkpoints, key issues, next steps.

If the company standards do not require a set volume of report, then it should be executed as
briefly as possible. To make the reader aware of the progress of the project in a short time. If the report
is emailed, then additional materials on potentially interesting issues may be attached to the report in a
separate file, indicating what information it contains. Or it may simply indicate that this information
exists and can be obtained [3].

5. Formation of a project office

There are many options for organizing a project office. Each construction company, depending
on the management needs, maturity level and resources, creates its own version of this structure and
realizes its tasks.

Professionals involved in project management and project management systems (according to
PMSS) understand that a well-organized project office actually facilitates project implementation,
improves the management system and related processes, and determines the timely and effective
results of project objectives, and on the contrary: improperly organized work of this department
damages the formation of the project management system in the company, reduces the interest of the
company management in the project management process and may lead to conflicts in the
management process, at the executor level. First of all, the concept of "Project Office” should be
defined in accordance with international standards.

The Project Office is an organizational structure that standardizes project management
processes and facilitates the targeted use and exchange of needed resources, methodologies, tools, and
techniques.

6. Implementing System Tasks

It should be noted that the assignment system is part of a project management system that
often fails or is not evaluated. Everyone tries to execute or justify the project meeting minutes in one
way or another, but that does not mean that the system is working. System performance can be
assessed if each manager task is completed or if he or she has been warned in advance of possible
problems. This means that no task is left unattended.

Introduction of assignment system requires a full-fledged formalization of this process - from
the moment of the project meeting and formulation of tasks to the final report on implementation. It
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seems quite difficult, but its implementation is undoubtedly a plus for the manager. The second plus is
the implementation of performance control, which, of course, depends on the process and many other
factors. The assignment system has advantages not only for the supervisor who conducts the meeting
but also for the staff involved.

In general, the assignment system can both improve and complicate the ongoing processes in
the company. Therefore, it is not worth looking gently at the introduction of such a system, the process
should be systematically understood, employees should be more informed, they should be given
adequate powers and the necessary resources should be alloted.

7. Project Management Triangle

According to specialists, each construction project is a kind of so-called " magic triangle” in
which terms, costs, and scope are balanced with each other (Figure 4.). It is impossible to change one
factor without changing at least one of the others. The task of the project management manager is to
ensure the sustainability of the triangle. This requires that when a problem arises, first of all, it must be
determined its place in the project triangle and then analyzed:

1. What happens to the timeline (schedule), costs (budget) or scope of actions?

2. It is necessary to find out which sides of the triangle can be changed and which can be
fixed:;

3. The factors that will help eliminate the problem and optimize the project should be changed.

Works

Terms
Costs

Fig.4 The "magic triangle" of project management by quality factor.

"Magic Triangle" shows a quality symbol, it is considered as the fourth factor of the triangle
and largely determines the essence of project management. In other words, it shows the effectiveness
of the project manager, project office, and project team. It is in the center of the triangle and any
change in the sides affects it [4].

It is actually believed that there is no universal standard of quality. For each project, the
quality is determined by the project itself. For some companies, quality is a measure of budget
boundaries. For others, it is more important to get the product to market on time. The project manager
must know how quality is defined for the organization and the project itself.

Conclusion.

It should be noted that project management tools are becoming more and more in demand in
project-oriented companies, including construction companies. The efficiency of the management
process in companies increases, which directly affects the company's revenue, its customers, the
company's reputation, employee motivation, etc. Increases guarantees for meeting deadlines, risk
avoidance, and effective management of resources. These are the main areas of project management,
they are quite acceptable and feasible, but less effective due to specific problems in the construction
business. These problems are: 1. Low level of competence on the construction site. 2. Large gap
between "upper" and "lower" levels of management. 3. The goals of the participants in the
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construction are very different. 4. Consumer is rarely engaged in a detailed study of value engineering
of a new project. 5. Often project development at early stage is incompleted with its adjusting
framework and critical characteristics.
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PE3IOME

CUCTEMHBI AHAJIN3 OCHOBHBIX ®YHKIIUI YIIPABJEHUS ITIPOEKTAMMU B
CTPOUTEJbHOM KOMIIAHUM

Mycepunze P.P.

I'py3uHcknii TeXHMYeCKHil yHUBEPCUTET

B crathe paccMOTpEHBI CYNIHOCTh YNPABICHUS IPOEKTOM, IeNb, (YHKIHH, OCHOBHBIE OCOOEHHOCTH €ro
peanu3aiyy 1 HalpaBJICHUS IPUMEHEHHS. [ CTPOUTENBHBIX KOMIIAHUH MTPUBOISTCS. KOMIIOHEHTHI YIIPaBICHUS
MPOEKTaMU U aHAIN3UPYIOTCS MX XapaKTepUCTHKHU. IlomdepkuBaeTcs Ba)KHOCTh CTPYKTYPHI IIPOEKTA, B CTAaThE
paccMaTpUBaeTCsl COOTBETCTBYIOIIAs CTPYKTYpHas MoOJesb. Takxke IpeAcTaBlieHa MepapXuiecKas CTPYKTypa
pacnpeneneHus JODKHOCTEH, KaJeHOapHOTO IUIAaHUPOBAHUS M (OPM OTYETHOCTH, a TaKKe€ OCHOBHBIC
XapaKTEePUCTUKU MPOEKTHOTo ouca. B craree mokazaHa ¢opma «Marmyeckoro TpeyrojbHUKa», MPOaHAIH3H-
POBaHKBI €TO CBOMCTBA U CBA3U MEXKIAY KOMIIOHCHTaAMMU.

KiroueBble cjioBa: yrmpaBiIeHHUs MPOEKTaMH, CTPYKTYpPHas MOJENb, MepapXudeckas CTPYKTypa, KaJeHIapHoe
TUIAHUPOBAHUE U (POPM OTYETHOCTH.
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SUMMARY

MULTICONTOUR MECHANISMS FOR MANAGEMENT OF INNOVATIVE PROCESSES
Khutsishvili S.A., Gorgidze D.A., Khutsishvili L.S. and Museridze R.R.

Georgian Technical University

Article defines innovation, innovation process and concept of innovative work. Innovative work is described as
“subject-object” system and based on structural decomposition methodology some structural sections of
management system are created, together with functional structure of innovative process management, where
management system is presented as management contour (sequence of management functions). Article also
presents functional-technological structural section, when management system is decomposed in management
functions, and innovative process is decomposed in constitutive stages. For such system examples of structural
sections of one contour and multi-contour management are discussed.

Keywords: innovation, innovative process, stages, decomposition, structural section, management contour
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SUMMARY

TO THE ISSUE OF DISTRIBUTION DENSITY FUNCTIONALS’ ESTIMATION

Buadze T.G. and Giorgadze V.A.

Georgian Technical University

Estimation of a nonlinear, possibly unbounded functional of probability distribution density is studied. The plug-
in-estimator is taken for the estimation. The functional can be unbounded, but it cannot exceed polynomial
growth. Consistency of the estimator is proved and the convergence order is established.

Keywords: estimation, plug-in-estimator, unbounded functional, consistency.
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GENERAL SOLUTION OF THE HOMOGENEOQOUS SYSTEM OF THE LINEAR
THERMOELASTICITY OF MICROSTRETCH MATERIALS WITH
MICROTEMPERATURES

Kharashvili M.G. and Skhvitaridze K.M.

Georgian Technical University

Abstract. We consider the static case of the theory of linear thermoelasticity with microtemperatures and
microstrech materials. The representation formula of differential equations obtained in the paper is expresed by
means of four harmonic and four metaharmonic functions. These formulae are very convenient and useful in
many particular problems for domains with concrete geometry.

Keywords: microtemperature, microstretch, thermoelasticity, fourier transform, metaharmonic function.

1. Introduction

One of the basic methods solving three-dimensional problems of rigid deformable bodies is
the Fourier method which is based on the solution of differential equations of a given model by the
method of separation of variables in a certain system of curvilinear coordinates. In case the
construction of system of differential equations turns out complicated, its solution can be represented
by a simple solution of Laplace and Helmholtz equations. Representations proposed by W. Kelvin,
J. Hadamard, J. Boussinesq, M. Papkovich, G. Neuber, E. Trefftz, G. Kolosow, N. Muskhelishvili and
other authors are well known in the literature.

2. Basic equations and auxiliary theorems
The system of equations of statics in the linear theory of thermoelasticity of the microstretch
materials with microtemperatures is written in the form [1]

£AU(X)+ (A + p)graddivu(x )+ grad v(x) + ygrad 6(x) = 0 @)
s AW(X)+ (4 + %s) graddivw(x) — »s grad9(x)+ »2w(x)=0 )
% AO(X)+ 1 divw(x)=0 €)
mAV(x)—rdivu(x) — 2 divw(x)+ 7,6(x)—17,1(x) = 0 4

where A is three-dimensional Laplace operator, u :(ul,uz,u3)T is the displacement vector,
W=(W1,W2,W3)T is the microtemperature vector, @is the temperature measured from the constant
absolute temperature T,, T, >0, v is the microstretch, T is the transposition symbol,
Ay, y 1y, g, j=1,2,...,7 are constitutive coefficients, satisfying the -conditions

1>0,31+2u>0, 3na+us+n6>0, #6+u5>0, 6 — u5>0,

(1 + Toxa)2 < 4Tox %z, ¥ >0, 17,(34+2u)—-37" >0, 77, >0

Definition. The vector U :(u,W,é?)T is assumed to be regular in a domain QcR? if
U eC’(Q)nCHQ).

Theorem 1. A vector U =(U,W,9,V)T is a solution of system (1) — (4) in a domain
Q cR3, if and only if it is represented in the form
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u(x)=a, | |+gradCI>( X)+ a,x,gradd, (x)—e,d, (x) +

+rot(e,®, (x))— a,x,grad®, (x)+ a,grad®d, (x) — ngradd, (x),
aob ( )

w(x)=grad| 2a, £+a +a,®,(x) |+ rotrot (e,@, (x)) + rot (e, (x)), (5)

0(x)= 2£+%+ (A+ Zy)ﬂfCDS(x),

X o,
C oD, (X od,(x
v(x)=2a, ™ +a, 8>2<§ ) +a, 6;1(5 ) + 2,0, (X)+ (4 +2u)2D4(x),
where ¢ is arbitrary constant AD J(x) =1234

(A= Zos(x)=0, (A-Z o, (x)=0, ,(A—ﬂam(x):

ﬁ=22112_1113>0,| ZA+ZS+;(612’2 Zz>0

2o Xe
o2’ o ymnn U —(/1+ﬂ)772
mr2u) O 2w -0t —(A+3un,
a = MITMN o X, _ z(/1+2ﬂ)ﬂl
3 21 4 '
7, —(A+3u)n 12 P
o -t AGr2u) AGr2u)-m 2
mA+2m)i 7 A=) A+2u b2
n Hnay 2un
T G2 T 2y, T (v 3

Proof. Assume that the vector U = (u, w, 8, v)T is a solution of system (1)—(4). From (2)
(3), we obtain

Ala-22)0(x)=0, 22 = (22, - 22! 2o > O,
from these equation we get
oD
000-2% E (1200, ©
where c is arbitrary constant, Ad) (A 2 )db
Substituting the value of 9(x) from (6) and divw(x): ——AH(X) into equation (2), we
X

obtain

(A-22)w(x) =%grad [2ﬁ+&%pj+f(z+zy)-z(z; ~22) gradd,(x)

where L= y,/ 7, >0.
The solution of this equation has the form
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2w(x)= grad{Za4 % +a, %(X) + a5®5(x)} + rotrot (e, (x)) + rot(e,®, (x))+ grad y(x) (7)

X ;

where (A—2) (x)=0, j=6,7, (A= 2 l(x)=0, a, =13/ 75, 8 = (A +2u)2% | 1,
Substituting the values of w(x) and &(x), from (10) and (8) into (3), we obtain y(x)=0,

thus
w(x) = grad{Za W | oo (X) +a,d,(x )} + rotrot (e,®, (x)) + rot(e,®, (x)) (8)
If we apply the operator div to both part of equality (1), then we obtain
Al(4+22)divu(x) + 71x)~ 7(x)] =0
From this equation, we get
(o 220U = 00—+ (A +3la+ 200 T @
where

2
AD, (x)=0, : _m(A+2p)=n >0.
()=0. % m(A+2u)

Substituting the value of di\/u(x), from (9) into equation (6) and (8), we obtain
From these, we get:

2v<x>=a{|27<|> 29 >J+aps(x)—n(msu)aq;;thu+zﬂ>z§q>8<x> )

where (A ~ X )®8

_GAr2uy-m :ﬂf(/1+2ﬂ)(71(ﬂ+2ﬂ)_777+)(}(7/112}
771(/1"'2!‘)]; L 771(/75_21%) A+2u X1

Substitute the expressions of 9(x) and v(x), given by (6) and (10) into (1), to obtain

3uAu(x)+ (A4 + p)graddiv u(x) = grad{(y ﬂal{ |C| 0P, (x )]Jr

(11)
—n<z+zu>z§®8<x)}

+ 2 (2 200) =2, Jo, () +-0° (2+ 3) aq;;(x)

3

which implies
u(x)=u,(x)+a(x), (12)
where U, (x) is a general solution of the Lame homogeneous equation
1AU,(X)+ (A + s )graddiv u,(x) =0,
and J(x) is a particular solution of the nonhomogeneous system (11).
The solution uo(x) has the form [8]
U, (x) = grad®, (x) + ax,gradd, (x) — e,®, (x)+ rot(e,®, (x))
where a=(A+u)/(1+3u), AD (x)=0, j=123.
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The particular solution of the system (11) will be written as

~(N_ (. C X 1 2 3
20(x)=(y 77a1)(/1+2y |X|+/Hsvx+x3gradq34(x)]+aggradd>5(x) 1n°x,grad®, (x) - ngraddy(x)

where
. n
ST o)

Substituting the values of the vectors uo(x) and U (x) into (15), we get:

u(x) = grad®, (x)+ ax,grad®, (x) — e,®, (x) + rot(e,®,(x)) +
(13)

+(y - 77a1)[/1 +02,u z o +13# x3grad(1>4(x)J +a,gradd, (x) + 77°x,gradd, (x) — ngradd, (x)

Substitute the expressions of u(x), H(X) and v(x), given by (13), (6) and (10) respectively,
we obtain

(7 (24 3), )220 00:() sm o)
OX, A+3u  0Ox, A+3u 0%

This equality will be satisfied, if the function (Dg(x) is defined in the following form

0u0= (g g Q200 000,

where

a1=

V=1
(A +2p) -1’
Substituting the value of CDQ(X) into (10) and (13), we get
c 0D, (X od,(x
W +a, 6)2(3( ) +a, 8;1(3(, ) + 8,0, (X)+ (1 +2u)L20,(x),
u(x)= aicﬁ +grad®, (x) + a,x,grad®, (x) — e, @, (x) + rot(x®,(x)) -

v(x)=2a,

—a,x,grad®,(x)+ a,grad®, (x) - 7gradd, (x)

where
a,=a+ Hnay a —a + 2un g 4RV

’ - ,a. = .
n*—n(A+2u) 7 m,(A+3u)-n*" n* —n,(A+3u)

Thereby we have proved the first part of the theorem. As to the second part, it is proved by a
straightforward verification that the vector U = (u,W, H,V)T represented in form (5) is a solution of
system (1) — (4).

Denote by  Q~ ahalf-space X, >0, nd by o©0Q its boundary plane
X, =0, Qp =Q" mB(O, R) where B(O, R) is the ball with center at the origin and radius R.
Denote by ZR that part of the boundary of the ball B(O, R) which lies in the domain  X; >0 by
S(O <R) the circle with center at the origin and radius R which lies on the plane X, =0.

Definition. Assume that in the domain Q~ the regular vector U =(u,w,8,)" has the
property Z(Q‘) if it satisfies the following conditions
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u(x)=0), o(x)=0(x ™) v(x)=0(x™} w(x)=0(x?) (14)
ET@OZ%RZ gn(x)u(x)dzR _0 (15)

R

where n(x) is the external normal unit vector passing at a point Xe Z s With respect to
Qg R=[X.

Theorem 2. A solution of system (1) — (4) which has the property Z(Q‘)

u(x) = grad®, (x)+ a,x,gradd, (x) —e,®, (x)+ rot(e,®,(x)) — a,x,grad®,, (x) +

+a,grad®,(x) - ngraddy(x),

w(x)= grad(a4 aq;:( (x) + aSCDS(x)j + rotrot (e, (x)) + rot(e, @, (x)), (16)

3

0= 22 (242200

3

V(x)=a, Mgix) 1a, aq;;fx) . (x)+ (1 +20)20,(x)

Proof. The proof of this theorem follows from Theorem 2.1 the vectors u(x) and w(x) and
the functions 0(x) and v(x) represented by formulae (5) satisfy conditions (14). If the value of
u(x) is substituted from (5) into (15), then we have ¢ =0. If the valuec =0 is used in (5), then we
obtain equalities (16), which completes the proof of the theorem.

Remark 2.3. The solution of differential equations (1) — (4), which have Z(Q‘) property, a
point at infinity satisfies the following conditions under in vanishes

u(x)= O(]x|7l) 0(x)= 0(]x|72) v(x)= 0Qx|72), w(x) = O(]x|73) A, u(x)= 0(]x|72) k=123 (17)

where 0, =0/0x,, k=123.
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PE3IOME

OBIIEE PEHIEHUE OJJHOPOJIHOM CUCTEMbI JUHEMHOMW TEOPUU TEPMOYIIPYTOCTH
JJIA TEJI MUKPOPACTAXKEHUEM C YYETOM MUKPOTEMIIEPATYPBI

Xapamsuwin M.I'., Cxeurapuasze K.M.

I'py3uHcKkmii TeXHHYECKU YHHBEPCUTET

PaccmorpuBaercs cinydail CTaTUKM JIMHEHHOM TEOpUM TEPMOYNPYIrOCTH C YYETOM MUKPOPACTSIKEHUU H
Mukpotemriiepatypsl. [lonydeHo ¢opmyna mnpeacTaBieHH oOmed pemeHuit cucteMbl AudQepeHITnaIbHbIX
YPaBHEHHH C IMOMOIIBIO YETHIPE TAPMOHWYECKHMHU M YEThIpEe MeTarapMoHuueckumMu (GyHkuumsmu. Ilomyuennas
(hopmyna sBisieTcst 6osiee y10OHBIM IIPH PELICHNH KOHKPETHBIX 3a/1a4 ATl TeJl KOHKPETHOH TeOMETPHN.
KnioueBble cjI0Ba: MHUKpOTEMIIEpaTypa, MHUKPOCTPACTSDKCHHE, TEPMOYINPYrocTh, npeobOpa3zoBanue Dypsbe,
MeTarapMoHHYeCKask QyHKIHS.
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METOJUKA PACYHETA YIIPABJIEHUA DKCILITYATAIIMOHHBIMU PEXKUMAMU
MATUCTPAJIBHBIX HEOTEITPOBO10B

Ken:xeoaena /K.E.

HAO Kasaxcknii arporexuanyeckuii yausepcurtet uM. C.Ceiidyaanna, r.Hyp-Cyiaran,
Ka3zaxcran

K kadecTBy pacdeToB SKCIUTyaTallHOHHBIX PEXKHUMOB HEM30TEPMHUYECKHX TPYOOHPOBOJOB
NPEbABISIIOTCS MOBBIIICHHBIE TPEOOBAHMS, TaK KAaK BBICOKAs BSI3KOCTh M CIIBUTOBBIC HAIPSIKEHUS,
NOSABJSIIOIMECST TNPHU IEpeKadke Yy MHOrMX HepTed M HePTENpomyKTOB IpU TeMIEpaTypax
OKpyKalolled cpelpl, TpeOYyIOT dYpe3MepHO BBICOKMX DHEpro3arpar Ui  IPeoJOJICHHUS
THIPaBIMYECKOTO COMPOTHBICHHUS TPYOONPOBOAA, a THUKCOTPONHBIE CBOWCTBA HCKJIIOYAIOT
BO3MOXXHOCTh OCTAaHOBKM MEPEKAuYKM Ha MOpojoukuTenbHoe Bpems. Ilpu "ropsueil" nepekauxe
NOTPEeOHOCTh B TEIUIE B TEUYEHHE I'0/la MEHSETCA: JIETOM pacxo] TeIUla Ha IOAOTPEB MEHbIIE, YeM
sumoir. OTcroma cliefyeT, 4YTO TeIJIOTHAPABIMYECKUNA pEeXUM TpyOONpoBOAa B TEUYCHHE Toja
nepeMeHHbI. Kpome aToro, mogava neatpodexxHsix HacocoB (LIBH) un pabora medeii B TeueHue roga
MEHSIOTCA IO TEXHOJOTMYECKMM MpUYMHAM, BKIIOYas IUIAHOBBIE W aBapUIHBIE OCTAaHOBKHU.
IIpoexTHBIM CTallMOHApHBI pPEKUM Ha HEU30TEePMHUUECKHX TpyOONpOBOJAaX TNPAKTUYECKH He
JOCTHTaeTCsi, W TPYOONPOBOABI PEAKO OKCIUTyaTHPYIOTCS B TOM pEXHME, Ha KOTOPBIH
MPOEKTHPYIOTCS, pPaboTast ¢ HEAOTPY3KOH.

CoBpeMEHHBII  YpPOBEHb  METOJIOB  pacdeTa HeCTallMOHAPHBIX  PEKUMOB  pabOTHI
HEM30TEPMHUUECKUX TPyOOIPOBOJOB MO3BOJSIET PACCUMUTHIBATH YKazaHHBIE MPOLECCH  JIUIIb
NpUOIMKEHHO, ¢ TOM MM MHOHM CTENEHBI0 TOYHOCTH. JTO OOBSCHSIETCS CIOKHOCTBIO COITyTCTBYIOIINX
ABIICHUI W TPYIHOCTBIO MX MaTeMaTH4ecKoro omnucaHus. CyInecTBYIOIUME METOABI pacueTa M
OTpaclieBOMl CTaHAApPT HE YYWTHIBAIOT W3MEHEHHs I10Ja4l HacocoB (Q BCIENCTBHE HW3MEHEHUS
THIPABIMYECKOTO CONPOTHBIICHHS TpyOONpoBOAa IpU HEU30TEPMUUYECKUX HECTALMOHAPHBIX
nponeccax. KoneGanus mojauyum HACOCOB M TEMIEPAaTyphbl MEPEKAuyKH KHJIKOCTH B3aUMOCBSI3aHBI.
IToaromy npuHATHE MOCTOSHCTBA Q=Cconst MpaBOMEPHO JIUIIB JAJIS TTOPIIHEBBIX HACOCOB.

[Ipu amurensHo#t pabore LIBH Ha "ropsuumit" TpyGompoBoj pabodne mapaMeTpbl CHCTEMBI
OTIPECIISIOTCS TOYKOW TIEPEeCeveHrs] CTAIlMOHAPHOW XapaKTEpUCTUKU '"Topsdero” TpyOoIpoBoaa C
XapaKTepUCTUKOW HacocoB. [Ipu HecTranMoHApHOW paboTe pexuM paboThl  ONpeneNnseTcs
MEpECEUCHUEM MTHOBEHHOMW XapaKTepUCTUKM C HACOCHOM XapaKTepUCTUKOM. MTrHOBEHHOU
XapaKTepUCTUKONW Ha3bIBaeTcs rpaduueckasl 3aBUCUMOCTh IOTEPh HAropa OT Pacxoja KUIKOCTH I10
TpyOonpoBoay Ha HaHHBIII MOMEHT BPEMEHHU. JTa XapaKTEPUCTHKA U30TepMHUecKas. TaK Kak pacxon
JKUJIKOCTH MO TPYyOONpPOBOAY MEHSETCS BO BPEMEHHM BCIEACTBHE HM3MEHEHHS THIIPABIMYECKOTO
COIIPOTHBIICHUS, TO pabodas Touka OyneT mepemerniarbesi mo xapakrepuctuke LIBH, ctpemsicy npu
MpOrpeBe K TOUKE MepecedeHus, a Py OXJIKACHUN Tlojada copaceiBaetcs 110 "0".

PazBuTie TOAOOHBIX TMPOIECCOB 3aBUCHUT OT JIBYX (DakTOpoB: KPYTH3HBI HACOCHOH
XapaKTePUCTUKH M TEIUIOBOW WHEPIHH TPYHTa, KOTOpas OIpeleNseT TEeMIT MPOrpeBa MM TEMI
oxJnaxaeHus TpyoonpoBoaa. [IpakTruka skcruryataquyd TPyOONPOBOAHBIX CHUCTEM IOKAa3bIBAeT, YTO
"ropsaure” MarucTpajbHble TPyOONPOBOABI 3KCIUIyaTUPYIOTCA B HECTALMOHAPHBIX PEXHMax, CO
CJIOKHBIM HACJIOEHHEM '"TIpeABICTOpHUA" TEPEKIIIOUCHNN, OCTAHOBOK W BO300OHOBIICHHEM IEpPEKAUCK.
OTO NPUBOAUT K TOMY, YTO TEOPETHUECKHM B TEUCHHE TOAa BOKPYI TPYObl HET OJWHAKOBBIX
TEMIIEPAaTypHBIX IoJIed. MHOrOUNCIIEHHBIE AUCIETYEPCKUE JaHHBIE CBUIETEIBCTBYIOT O TOM, Kak
4acTo HEe KOPPEIUPYIOTCs 3HAYEHHs THAPABINYECKUX MOTEph h B TPyOOIpOBOJiE M TeMIepaTyPHBIX
peXUMOB ty U t.. OOBIYHO HCCIIETOBATENM OTHOCAT 3TO K HETOYHOCTH 3aMEPOB W TOTPEUTHOCTH
skcniepuMeHToB. Ho oObsicHeHHe MoXeT ObITh M Jpyroe, BIOJHE omlpenaeneHHoe.B cuiny terioBoit
WHEPLUN TPYHTa, IPH CMEHE PEKHMMOB, COMPOBOXKAAIONIUXCA M3MEHEHHEM YJEIbHOTO TEIJIOBOTO
MOTOKA B TPYHT, HA Pa3HOM YJIaJIeHUH OT TPYOBbI MOT'YT HJITH Pa3HbIE TIPOIIECCHI.

B rpyHTe mpoMCXOAWT CIIOKHEHIIee NepepaclpereleHue HE TOJBKO TEMIIEpaTyp, HO U
BiaxxHOCTH. KoadduumeHTsl TemioMacconepeHoca B TaKUX CIydasX MPAaKTUUYECKH HEONPENeIUMBI.
Ha skcrutyaranuio TpyOONpPOBOIHBIX CHCTEM BIMSIOT KIMMAaTHYECKHE YCIIOBUS, NPOSBIIONIUECS B
BUJIE SKCTPEMAIBHBIX CHUTyalMil, CBA3aHHBIX C PE3KUM H3MEHEHHUEM TEMIIEpaTyphl OKpYKarouei
cpelpl, OOWIBHBIMU OCaJKaMH, IABOJIKAMH, HAaBOJHCHUSIMHM, 3acCyXaMH M MPOYUMH YCIOBUSIMH,
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3HAYUTEIIFHO HW3MEHSIIOIMMU ~ XapakTep TeIooOMeHa, CIeNOBATENbHO, ¥ THIPAaBIMYECKOE
COIIPOTHBIICHHE TPYOOIPOBOA U, KaK PEe3yNbTaT, HApyLIaloIHe MoJaqy HacOCOB.

[lomaya [EHTPOOEIKHBIX HACOCOB YMCHBINACTCS C YBEIMYCHHEM THJIPABIMYCCKOTO
COIIPOTHBIICHUS TPyOONPOBOJA, & TEMIT €¢ MAaJCHUsl 3aBUCHT OT KPYTH3HBI Xapakrepuctuku [[BH.
CHIXKEHHUE TPOU3BOJUTEIBHOCTH SBISCTCA MPUYUHONW YPE3MEPHOTO OXJIAXKACHUS W TIOHUKCHHS
TEMIIEPaTyphl MO MEpe CJCIOBaHUS JKUAKOCTU JIO0 KOHEYHOrO MyHKTa TpyOomporoma. [Iporecc
cOpachIBaHUS MMOJAa9H HACOCOB MPOAOHKACTCS IO TIOJTHOTO TMPEKPAIEeHUS ITOAadd 1 "'3aMOpaKUBaHUS"
TpyOOIPOBO/IA, €CIIH HE MPHHSATH CIIEIMAaIbHBIX Mep. [TapameTp, MPOU3BOAUTENEHOCTL TPYOOTIPOBO/IA,
OTIPEACIACTCS THUPABITUICCKUM COIIPOTHBIICHUEM, BO3MOXHOCTHIO HACOCHO-CHUIIOBOTO 000pYI0BaHUS
Y HaCOCHOM XapakTepucTukoil (5) B cucteme nuddepeHmansHpix ypaBHeHHH (1-7), OMHUCHBAIOIIAX
HECTal[HOHAPHBIC MPOIECChl, MPH COOTBETCTBYIOIIMX  KPAcBBIX YCIOBUSX M OOIIEHPUHSTHIX

JIOMYLICHUSX:
- IBHMKCHMS
Ap-v) 0o 2 , 2 Trp
4 —\p+p-0)=—p-g-sina +—1, @
o7 az(p prvf)=-p-g R
- HEpa3pBIBHOCTH
op__dp-v) @)
or oz '
- DHEpPIUU
o, a_2xRa) v dh o
ot 0z p-Cc-F c dz
Aoy
e: t)=———|— dr, 4)
- () 2-7z-R£6r
r=R
- LIEHTPOOEIKHBIX HACOCOB
H,=H'—k,-Q", (5)
- TCTJIOMIPOBOJAHOCTHU U30JISAIIUU
o _, (1 .
or ' \a® r or)
- TCIJIOMIPOBOJAHOCTHU I'PYHTA
t ’t ’t
aTP_a ) 0 TP+a | )

- YTP 2 2
ot OX oy
Te: p,C U U - TNIOTHOCTD, TETNIOEMKOCTh U CKOPOCTh JIBMKEHUS JKUIKOCTH 10 TpyOompoBoay; P u t —
JlaBJIeHUE W TeMmIieparypa; 7 - Bpems; R, Ri — paamyc TpyOBl, M30J1IUHA, COOTBETCTBEHHO; X,Y,Z —
KOOPJIWHATHI OCH TPYOOTPOBOJA; 0. - YTOJ HAKJIOHA TPYOBI K TOPU3OHTY; 7. Tp - HampsDKEHUE TPEHHS

KUIKOCTH Ha cTeHKe TpyObl; (t) - TerioBoit MOTOK Yepe3 CTeHKy TpyOsbl; F - mioimaap momnepeyHoro
ceyeHus TpyOsl; h - morepu sHeprum Ha Tpenue; H,, H'- Haop neHTpodexxHoro Hacoca npu noxade Q

U HYJEBOW mojaye; ko,bo - smmmpuueckue koddduumentsr B (5);1,1,t; u tp — Temneparypsr

KHUJIKOCTH, CTEHKH TpPYOBbI, CIIOCB H30JIALMH W TPYHTa; ﬂi,ﬂi u d;,Arp - COOTBETCTBEHHO

K03(p PULIHMEHTHI TEIIONPOBOAHOCTH U TEMIIEPATYPOIPOBOAHOCTH.

Takum oOpa3zom, K mpoctedmelr cucreme S5-TH aAuddEepeHITHATBHBIX  YpaBHCHUH,
OIMCHIBAIOIINX THAPOJMHAMUYECKHE TPOIECCHl M TEIUNIOOOMEH IMOJ3eMHOro TpPyOOmpoBO.a,
no0aBiisieTcs elle oAHO ypaBHeHHe HamopHoi xapaktepuctuku LIBH (5). Compspbkennas 3amava B
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o01em, BAJE TIPEICTaBISIETCS CUCTEMOM ypaBHeHuH (1-7), TpH COOTBETCTBYIONINX KPAEBBIX YCIOBHUSIX
W YCIOBUSIX compspKeHus. B oOumiem, BuIe pelleHHWe AaHHOW COMPSDKEHHOH 3aadd MOJIYYHUTh HE
MPEACTABIISIETCS] BO3MOXKHBIM. AHAIUTHYECKOE PelIeHne cUcTeMlI (1-7) BecbMa TPYAOEMKO JaKe MpU
MHOTOYHNCIICHHBIX AOMYIIEHHUSX. Y IPOCTUTH MOAX0/ K PEIICHHI0 JaHHOTO Kilacca 3a/1ad MOKHO, €CIH
WCIIOJIb30BaTh METOJl TOCJEeIOBATEIIbHOW CMEHBl CTAllMOHAPHBIX COCTOSIHWH. Peanmm3oBaTh 3TOT
MPUHIIMII BO3MOXKHO B aHATUTUYECKOH MOCTaHOBKE, ¢ UCToNb30BaHueM DBM u rpadoananuTunieckum
criocoboM. He 3amaBasch WeNbl0 HM3IIOXKHTH 3/IeCh IONYYCHHBIE AaHAJTHTUYECKHE PEIICHHS [0
OTIpeIeTICHUIO BPEMEHH IPOrpeBa TPyOOIIpoBOAa, BPEMEHN 0€30ITacCHONW OCTaHOBKH MePeKadKu  JIp. B
BUAY UX TPOMO3AKOCTH, COCIABIINCH HA aNTOPUTMBI U COOTBETCTBYIOLIME MPOTpaMMbl pacueTa Ha
OBM OCHOBHBIX HECTAITMOHAPHBIX IPOIECCOB, pACCMOTPHUM T'padoaHATUTHICCKUI METOH peIeHUi
COTIPSKEHHBIX 3a/1a4, MCTIONB3YS THHAMHYECKHE XapaKTePUCTUKH TPYOOIIPOBOAHOM cucTeMBl. Meton
JUHAMUYECKUX XapaKTepUCTUK YCIENIHO NPUMEHSUICS IJis pacdyera HECTAllMOHAPHBIX PEKUMOB
HedTenpoBoJoB Y3eHb-LlleBueHko, pacyera 0e30MacHOrO BPEMEHH OCTAHOBKH IIPH TPaHCIOPTE
Oy3aunHCKUX HeTel u apyrux [1-3].

Pemenwne ypaBuenuii (1-4, 6-7) gaetr BenmuauHy NOTPEOHOTO HAMOPa ISl IPOKAYKH KHUTIKOCTH
1o TpyOONmpoBOLy B TEMIIEPATypHOM pPEKHME, ONpPEACIsIeMOM TEIUIOBOM HMHEPIUEH OKpYKAIOIIEro
MAacCHBa, T.e. TuddepeHnaI-HEIM ypaBHeHHEM (7).

H=-" 4 Az +h(t)= Az +h(t) ®)
P9
VcinoBue COMPSDKEHUS] HA KOHTYpe TPyObl yJOOHO 3a1aTh TEIUIOBBIM IOTOKOM, MOJaras
cOaJTaHCUPOBAHHOCTH TEIUIOOOMEHA, HAPUMEp, ypaBHEHHEM

dt
q=Q-p-c- R 9)
R

CoBmectHOoe pemienne ypaBHeHuid (5) um (8) naer mnapamerpsl palOoyedl TOYKHM Ha
paccMaTpUBaEMBbIF MOMEHT BpeMEHH: TIo/jady HacocoB Q 1 pa3BuBaeMblii MU Hamop H.
st cranmonapHoro pexxuma 310 - Qa 1 Ha; g Hectanmonapnoro - Qgi u Hai:

h(t) + Az’ =H' -k, -Q", (10)

Crenyer OTMETUTb, YTO AJIS ASHCTBYIOIINX HE()TEPOBOIOB BEIUUMHY NOTEPh SHEPTUu h(t) B
ypaBHeHUH (8) MOXXHO ONPEAEISTH C YYETOM PEIBHOIO T'HIpaBIMYecKoro compotusieHus. CyThb
TEIUIOTHJIPaBIMYECKOTO pacyeTa, HalpuMep, MPOTpPeBa CHUCTEMBI, BBIPAXKAETCS B OMNpEAeTIECHUH
TEMIIEpaTyp ¥ MOCTPOEHHIO HA X OCHOBE MTHOBEHHBIX XapaKTEPUCTUK Ha KaXKAbIi MOMEHT BPEMEHH.
ITo Toukam mepeceyenuss Bi ompenenstor mOTpeOHBI HANOP M CPaBHUBAIOT €0 C JIOMYCTHMBIM.
AHaJOTHYHO TIOCTYMAIOT, €CIM yYUTHIBAIOT TEMIIEPATypy 3aCThIBaHHUA TepeKkaynBaeMol He()TH HITH
npyrue (hakTopsl.

OtnuuuTenbHass  0COOEGHHOCTh — XapaKTEPUCTHKH  TpyOompoBoxa  Uisi  TpaHCIopTa
BA3KOIUTIACTHYHBIX JKMJIKOCTEW 3aKJITI0YaeTCs] B TOM, YTO OHA HAYMHAETCS HE C HYJs, a C HEKOTOPOH
BEJIMUMHBI CTATUYECKOTO Harmopa IMpu HyjleBod mopaaye. Ilpu paboTe HACOCOB ¢ MajbIMHU MOJaYaMH
[OTEpU Haropa B TPyOOIPOBOZAE COCTOAT U3 NOTEph Ha TpeHue H, u Ha mpeososneHue NnpenespHoro
HanpsbkeHus casura Ho.

h(t)=H, +H,, (11)

[lo nnmHE HEW30TEPMUYECKOrOo TPYyOOIpoBOAa MOXKET c(hOopMUpPOBaThCS 4 XapaKTEpPHBIX
y4acTKa, OTIMYAIOLINXCS PeXUMaMK TeUEHNs U 3aKOHAMM THAPaBIMYECKOro conpoTuBieHus. [lorepu
SHEPTUM Ha BA3KOE TPEHHE OINPENEISIOTCS C yYETOM HEU30TEPMUYHOCTH MOTOKAa MO CEUEHUIO U TI0
JuInHe TpyOonpoBoaa. [ onpeneneHust motepb sHeprun H.c yueToM NUHEHHOM 3aBUCUMOCTH T'o OT
TeMIIepaTyphl BUIA
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npearas GopmMyamy:

_167p-Lf Lot t, -t

= + € _1 (13)
3.d-Sul t—t, t, -t
rye: Su:lnt”_t

*
e
" " , ty — TeMIepaTypa MOSBICHUS MPEJCIbHOTO HANPSHKEHHs CABUTA, T —
k ‘e

MNpeACIbHOC HANpPsXKCHUE CABUTAa IIpU TEMIIEpaType te— TpyHTa Ha FJ'Iy6I/IHe 3aJIOKCHUS

TpyOOIpOBOJa B HeHAapylIeHHOM TeruioBoM cocrosuun; L, u t) — Temmeparypa nepexaunsaemoii

KHJKOCTH B HAYaJIbHOM M KOHEYHOM cedeHuH TpybompoBona; d u L — BHyTpeHHHUIT TuaMeTp U UIMHA
TpyOOIIpOBOAA.

Takum o00pa3oMm, JaHHAs METOIUKA II03BOJISIET MPOBOJUTH IOJHOLEHHOE MOJICINPOBAHHE
CTallMOHAPHOTO, ITyCKOBOTO, TIEPEXOTHBIX PEKUMOB PabOTHI, a TAaK)Ke OCTHIBaHHS TpyOorpoBoaa. Ha
OCHOBE TAaKOT0 MOJEIMPOBAHUS MOXKHO pelIaTh CIEIYIOINIUE 3aJaud, HeoOXOAUMbIe I TpyOorpo-
BOJIHOTO TPAHCTIOPTA PEOJIOTHYECKH CIIOKHBIX HedTeit: 1) Onpenenenne BO3MOKHBIX TEXHOIOTHH IS
TPAHCIIOPTa PEOJOTHUECKU CIOXKHBIX HedTei; 2) Bribupars Hambomee BBHITOMHBIE PEXUMBI PabOTEHI,
HampUMep, ¢ TOYKW 3PEHHUS] SKOHOMHUH 3JICKTpodHepruu; 3) 3apaHee MpPOTHO3MPOBATH BO3MOXKHBIC
OCJIOKHEHUSI [TPU TPAHCTIOPTE HEPTH, HAXOAUTH BpeMsl 0€301aCHOI OCTaHOBKH.

JUTEPATYPA

1. Meroanka pacdera SKCILIYaTAaIlMOHHBIX PEXMMOB TEIUIOM30JIMPOBAHHBIX Ma3yToONpoBoAoB. [ maBHedTECHAO
PC®CP // Otpacn. mabop. Tpybonp. Tparcmopta. — Yda: YHU, 1979, 79 c.

2. Meroauka TEIUIOTHIPABINYECKOr0 pacdera Ma3zyronpoBoaoB. ['ockomuaedrenponykr PCDCP. Otpaci.
nabop. Tpybompos. Tpancmopta. — Yda: YHH, 1982, 55c.

3. Tyrynos IL.U., T'appuc H.A. IlpuMeHeHHe AMHAMHUYECKHX XapaKTEPUCTHK IJIsl PacdyeToB OSKCILlyaTa-
IHOHHBIX PEeKUMOB Heuzorepmuyeckux Tpyoomnposonos / O BHUHUODHI. Cep. TpaHncnopT u XxpaHeHHe
Hedtu 1 Hedrenponykro. — 1985, Beim. 3, 60 C.

SUMMARY

CALCULATION PROCEDURE FOR CONTROL OF OPERATIONAL REGIMES OF MAIN OIL
PIPELINES

Kenzhebaeva Zh.E.

Kazakh agro-technical University Named After S. Seifullin JSC, Nur-Sultan

Procedure allows the valid modeling of stationary, starting, transient regimes of operation as well as of cooling
down of oil pipeline.

Keywords: oil, operational regime, oil pipeline.
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SUMMARY

METROLOGICAL SUPPORT OF ECONOMIC PROCESSES

Lomsadze Kh.A.

“Talga” Institute of Georgian Technical University

The article presents the importance of metrological provision of products for companies that are going to enter
the international market. The objectives of modern metrological support are presented, the world market
requirements for product certification and towards the organizations (testing and calibration laboratories) which
are making certifications are described.

Keywords: metrology, certification, international market.
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SUMMARY

INNOVATIONS IN SCIENTIFIC-TECHNOLOGICAL DEVELOPMENT OF THE ENTERPRISE
Lomsadze Kh.A., Metskhvarishvili M.R. and Kalandadze I.G.

“Talga” Institute of Georgian Technical University

Market development and market attitudes show that one of the key competitive strategic conditions for an
enterprise is its innovative activity. Therefore, the introduction of new techniques and technology is relevant and
very important. The article presents innovation as an important component of the economic efficiency of the
enterprise. Today the scientific and technical development of the enterprise is an integral part of its main activity.
Scientific-technical progress means the development of science, technique, technology, improvement of the
working tools, forms and methods of the enterprise.

Keywords: innovation, technologies, complex mechanization, market conditions.
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SUMMARY

PHYSICAL MODEL OF A CONCRETE CUBE FOR QUALIFICATION

COMPRESSIVE STRENGTH TESTS

Abelashvili N.N., Otkhozoria N.K. and Merebashvili G.M.

Georgian Technical University

The article presents and substantiates an opinion on the possibility of using a physical model as a control sample
for interlaboratory tests of a concrete cube for compressive strength. Several versions of a sample for testing a
concrete cube for compressive strength have been proposed, including physical models based on the actions of
hydraulic (oil, water), pneumatic and tensometric effects.

Keywords: interlaboratory tests, control sample, statistical design, concrete compressive strength, assigned
value, standard deviation, reproducibility and reproducibility of measurement results.
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SUMMARY

PILES AND THEIR USE IN THE CONSTRUCTIONS

Bashar M.Ameen Abdullah Al-Imam

Georgian Technical University

Piles are a structural elements of woods, concrete and steel, that transfer loads from the structures to the ground.
Sometimes piles are used to control ground movement, such as landslide. Horizontal piles can be used with the
retaining wall and it will works as counterfort retaining wall.

Keywords: piles, landslide, retaining wall.
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SUMMARY

RESEARCH-IMPROVEMENT OF THE IMPACT RESISTANCE METHOD

Baliashvili G.lI., Bezhanov F.Kh., Sarjveladze N.V., Tkemaladze L.V. and Tsiklauri V.Z.

LEPL Grigol Tsulukidze Mining Institute

The drop-weight method is relatively simple and is used to determine the impact resistance of rocks, concrete,
ceramics and other materials. Despite the simplicity of the hammer impact method, the following issues need to
be improved: impact hammer configuration, weight, impact velocity, pattern of contact with the specimen,
swallowing, repeated impact; sample deformation, cracking, dynamics, specimens decomposition; determina-
tion of rupture area; hammer impact height, step size and etc. Therefore, research on the method of determining
impact resistance - improvement is one of the modern, scientific and technical issues. The paper presents the
issue of the height and the step size of the hammer impact. A basalt specimen impact test was performed using a
hammer impact method. The impact is carried out at varying heights with constant step size and unchanged
height. It should be noted that under other equal conditions the impact speed and height have a significant effect
on impact resistance. Depending on the specific task, it is possible to use increasing or constant height of the
blow. It is necessary to conduct further research around the problem under consideration.

Keywords: impact resistance, hammer, drop-weight, method.
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SUMMARY

OVERVIEW OF CONCRETE ADDITIVES THAT INCREASE THE STRENGTH OF CONCRETE
Baliashvili G.1., Bezhanov F.Kh., Sarjveladze N.V., Tkemaladze L.F. and Tsiklauri V.Z.

LEPL Grigol Tsulukidze Mining Institute

Increasing the strength of concrete can be accomplished by using an accelerator additive in the mixture.
Therefore, the purpose of the article, which deals with the review and analysis of concrete accelerator additives,
is a topical, modern, scientific and technical task. The use of accelerator additive gives a high effect when
performing concrete work in frost conditions of more than five degrees. The most widely used accelerator is
calcium chloride. Prior to use in the concrete mix, the properties of the accelerator must be checked and
complied with the technical conditions and the climatic conditions of the concrete mixture for the first three
days.

Keywords: concrete, accelerator, additive, calcium chloride.
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SUMMARY

PROCEDURE TO DETERMINE THE COEFFICIENT OF THERMAL CONDUCTIVITY (A) IN NON-
STATIONARY TEMPERATURE REGIME. PART I

Kevkhishvili N.A. Jishkariani T.S. and Javshanashvili N.B.

Georgian Technical University

Non-stationary thermal conductivity processes are widely used in many machinery and devices in the field of
equipment and installation where the temperature periodically varies. To ensure their reliable operation, the
temperatures of individual structural components at each point in time must be determined in advance, that’s
because to specify how long it will take for the temperature to reach the required value in the specified area of
this component since a certain temperature environment is created around it. It is necessary to take into account
the daily variability of temperature and the implementation of non-stationary thermal conductivity processes, as
well as to determine the temperature regime in buildings, determine heat losses from the walls of the building,
implement energy-saving measures and develop appropriate strategies. Solving the non-stationary thermal
conductivity tasks requires the use of a relatively complex mathematical application, therefore, it is associated
with significant difficulties. Usually, the theory of non-stationary thermal conductivity refers to the method of
separation of variables or the so-called Laplace transformation, which involves the use of operational counting
methods. The article presents a method for determining the thermal conductivity into a non-stationary
temperature field using a thermal wave flow velocity.

Keywords: thermal conductivity coefficient, non-stationary temperature field.
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SUMMARY

ON THE DEVICE FOR QUALITY CONTROL OF NATURAL GAS ODORIZATION

Makhashvili K.A., Mestvirishvili Sh.A. and lashvili N.G.

Georgian Technical University

The article examines the issues of determining the quality of the process of adding odorant in natural gas. The
place of odorization in the network of household gas supply to the consumer is shown. A general algorithm for
gas odorization is given. The main requirements for the microprocessor of the odorization quality control device
are formulated.

Keywords: gas odorization, odorant, quality control, microprocessor device.
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SUMMARY

INTENSIFICATION OF SULPHIDATION OF OXIDIZED COPPER MINERALS BY
ELECTROCHEMICAL METHOD

Gigineishvili A.A. and Tevzadze D.M.

Georgian Technical University

Preliminary sulphidation of oxidized minerals is one of the methods for processing of oxidized copper ores. For
sulphidation of mentioned minerals the sulphuric sodium is mainly used. Electrochemical treatment of aqueous
solutions of sulphuric sodium increases the amount of hydrosulfide- and sulfide-ions in the solution. Research
has shown that electrochemical treatment of aqueous solution of sulphuric sodium allows the increase of the
amount of hydrosulfide- and sulfide-ions in the solution by a factor of 1.5 and reduces the redox potential of
flotation pulp.

Keywords: sulphidation, oxidized copper minerals, electrochemical treatment.
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SUMMARY

STUDY OF THE POSSIBILITY OF EXTRACTION OF METALLIC COPPER FROM SEWAGE OF
THE QUARRY AND OF CONCENTRATING PLANT

Gigineishvili A.A. and Tevzadze D.M.

Georgian Technical University

At Madneuli deposit the leaching of copper ores takes place in natural conditions. Respectively, the great amount
of copper-ions are thrown into sewage. Iron sulfate is used for solving of copper minerals in underground waters.
Copper cementation in quarry waters is carried out by means of iron powder. To intensify the process of copper
extraction from the solution and for replacement of costly iron chips the possibility of copper cementation from
copper containing solutions by internal electrolysis was studied. The research has shown that intensification of
copper cementation process from copper containing solutions is possible by internal electrolysis and by
replacement of costly iron pounder or chips by iron scrap.

Keywords: quarry, concentrating plant, sewage, copper, electrolysis.
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SUMMARY

STUDY OF TANTALUM AND NIOBIUM COATINGS ON ALUMINUM SUBSTRATES OBTAINED
BY ELECTRON-BEAM TECHNOLOGY

Ananiashvili Kh.O.

Georgian Technical University

Coatings of refractory metals are formed by electron beam evaporation and deposition of tantalum and niobium
powders on aluminum substrates at the temperatures experimentally defined. The morphology of the coatings
was studied; the phase composition of the "substrate-condensate” transition zone was studied by diffraction
analysis; the presence of intermetallic compounds between aluminum substrates and condensates - Ta,Al, AINb;
and AlNb;s are revealed. The mechanism of phase merging is analyzed. The obtained metal coatings have good
adhesion to the substrate, which is a result of a semi-coherent connection between the Al substrates and Ta (Nb)
condensed phases on the interface boundary.

Keywords: eb-technology, coatings, substrate, condensate, morphology, x-ray diffraction, adhesion
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SUMMARY

RESEARCH OF ISOTHERMAL THERMOGRAVIMETIC PROCESS OF THE PREPOLYMER OF
POLYNAPHTOYLENEBENZIMIDAZOLES IN HIGH VACUUM

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

Akaki Tsereteli State University, Kutaisi

Georgian Technical University

For obtaining of film forming systems on the basis of thermally stable polymers- PNBI, step-by-step method of
synthesis of mentioned polymers must be used. At the first step of synthesis film forming prepolymer-poly[(o-
amino)phenyl] naptalimide (PAN) is obtained in the medium of N-ethyl-2-pyrolidone at low-temperature
polycondensation of dianhydrides of the acids of naphthalene-1,4,5,8-tetracarbon with bis(o-phenylene-
diamines). And at the second step- intramolecular cyclodehydration takes place by thermal polycondensation in
solid phase with formation of macromolecular chain of PNBA. To estimate the reaction rate or transformation
degree, the determination of the concentration of one of the reagents is sufficient. For obtaining of
polynaphtoylenebenzimidazoles measurement of release rate of water - low molecular product, formed as a
result of polycyclocondensation of prepolymer (PAN), was carried out in isothermal conditions by Mak-Ben
balances. The results of research of isothermal/thermogravimetric process of PAN in high vacuum are in total
accordance with the results obtained by other methods - air chromatography or nuclear magnetic resonance.
Keywords: prepolymer, polynaphtoylenebenzimidazole, thermogravimetry, high vacuum.
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BACTERICIDAL PROPERTIES OF METAL-CONTAINING PHILLIPSITES
Tsitsishvili V.G., Dolaberidze N.M., Kutsiava N.A., Khutsishvili B.T. and Mirdzveli N.A.
1. Javakhishvili TSU, P. Melikishvili Institute of Physical and Organic Chemistry
Georgian Technical University

Abstract: Metal-containing zeolite adsorbents and ion exchangers are promising for environmental protection
and medical application. Silver-, copper-, and zinc-containing micro-mesoporous materials have been prepared
on the basis of natural phillipsite from Shukhuti (Western Georgia) using ion-exchange reactions between zeolite
and a salt of a transition metal in the solid phase followed by washing. ynthesized adsorbent-ion-exchangers
show bactericidal activity towards Escherichia coli. Strong bacteriostatic activity of modified zeolites was
testified by the Kirby-Bauer test.

Keywords: Silver-, Copper-, Zinc-containing zeolites, Escherichia coli.

Bactericidal zeolite sorbents have a wide application based on the combination of their
sorption-detoxification and antibacterial properties. The goals of the work include creation of new,
pure nanocrystalline zeolite phases by phillipsite characterized by high ion-exchange capacity and
selectivity to bactericidal cations, exceeding of clinoptilolite.

Preparation of metal-containing zeolites (MZs): lon exchange was carried out as follows:
powder of natural phillipsite (NP) and the corresponding salt were mixed in different weight ratios
(from 1:1 to 1:6) and thoroughly grinded in an agate mortar for 5-10 minutes, depending on the
cationic form and weight ratio. The solid mixture was then transferred to a filter and washed with
distilled water until the absence of nitrate or chlorine anions, after which the modified samples were
first dried in air and then at 100-105°C in a thermostat; samples with a maximum silver content are
labeled as AgP, with a maximum copper and zinc content called CuP and ZnP, respectively.

Release of metals from zeolites and antibacterial activity: The determination of the amount
of metals released from MZs in normal salina solution (9 g of NaCl in 1 L of deionized water) was
carried out under static conditions in a thermostatic bath (Grant Instruments OLS26 Aqua Pro) at a
temperature of 37 £ 0.1 °C, without stirring or shaking. Sampling for analysis was carried out after 1,
3, 6 and 24 hours after loading 0.1 gram of zeolite in 100 ml of salina.

The antibacterial activity of NP and MZs was tested against Gram-negative bacteria
Escherichia coli. Before testing the antibacterial activity all dry zeolite products were sterilized at
70°C for 2 hours in a dry sterilizer. No microbial contamination of the prepared samples was found.
Luria Bertani (LB) medium sterilized by autoclaving (121°C, 15 min) prior to the antibacterial activity
tests was used as a growing medium, bacteria were grown aerobically in LB broth at 37°C for 12
hours, the culture was centrifuged twice (10,000 rpm), and the cells were washed and suspended in
distilled water. 1 cm?® of the prepared biomass suspension of approximately 107 colony-forming units
(CFU) per cm® was inoculated into the Schott’s bottles with 100 cm®of autoclaved saline, and zeolite
samples in a concentration of 0.1 g/100 cm® were added. The bottles were incubated in a thermostatic
water bath with shaking at 105 rpm for 24 hours at 37£0.1°C. The number of viable cells was
determined taking 0.1 mL of water + bacteria + zeolite mixture at the beginning of the experiment
after 1 hour (the lag phase of bacterial growth), and after 3, 6, and 24 hours (the stationary phase). The
aliquots were diluted in distilled water, spread on LB agar plates and incubated at 37°C for 24 hours.
Bacterial colonies were counted using microscope.

Bacteriostatic properties of natural and modified zeolite samples were determined by the disk
diffusion (Kirby-Bauer) method in standard conditions using the culture of E.coli grown on Mueller—
Hinton agar medium at 37°C for overnight and placed (10° CFU/cm?®) on Mueller—Hinton agar (3 mm
deep) poured into 100 mm Petri dishes. 0.2 g of zeolite in the form of pellets with 8 mm in diameter
was placed into the plates. The plates were incubated at 37°C over 5% CO, medium and, finally, the
width of inhibition zone of each sample in the plates was measured at the end of the first day. All
experiments on antibacterial activity of NP and MZs were done in triplicate. The values obtained were
averaged to give the final data with standard deviations.

Release of metal ions: The amount of silver ions released after 6 hours (Table 1) corresponds
to concentration of 0.067 mM, which is higher than the minimal inhibitory concentration (MIC) value
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for silver ions toward E. coli, 3.996 mg Ag in dm?® [1] or 0.037 mM. On the contrary, the amount of
copper and zinc ions released after 24 hours corresponds to concentration of 0.45 and 0.5 mM,
respectively, lower than MIC value for copper and zinc ions toward E. coli, 1 mM [2].

Bactericidal activity: Table 2 shows the relative number of viable cells of E. Coli suspended
in water after their contact with natural and modified phillipsites in relation to the number of cells at
the beginning of the experiment; results of the Kirby-Bauer test are given in the Table 3.

Table 1. The leaching of metals from modified phillipsites

lons Ag* from AgP (mg/L) Cu?* from CuP (mg/L) Zn?* from ZnP (mg/L)
In 1 hour <5 <5 5.2+1.2
In 3 hours <5 8.5+2.5 12.7+2.5
In 6 hours 7.2+1.5 16.2+3.2 23.0£5.5
In 24 hours 20.6+4.5 28.7+4.5 32.4+6.6
Table 2. The change in the relative number of viable cells of E. coli in time
Sample NP AgP CuP ZnP
At the beginning 100 100 100 100
After 1 hr 102.5+4.2 72.014.1 85.0+5.0 93.246.5
After 3 hr 98.3+3.5 23.612.8 42.0+2.5 51.6+4.7
After 6 hr 99.614.5 0 12.0+2.0 30.442.2
After 24 hr 100.5+4.8 0 0 0

Table 3. Bacteriostatic properties of NP and MZs against E. coli

Sample

Diameter of inhibition zone (mm)

Petri dish with E. coli only (check)

0 — confluent growth

Petri dish with E. coli and NP

0 — confluent growth

Petri dish with E. coli and AgP 18.6+0.7
Petri dish with E. coli and CuP 15.7£1.0
Petri dish with E. coli and ZnP 16.3+£0.9

CONCLUSION: The obtained MZs can be used as bactericidal adsorbents and ion
exchangers for medical purposes, as well as for cleaning and disinfecting water and soil.
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BAKTEPUIIUIHBIE CBOMCTBA METAJIJICOJEPKAIIIAX ®UIJIMIICUTOB

Huuumsuau B.I'., Tona6epunze H.M., Kynuaa H.A., Xyuumsuiau b.T., Mupazseaun H.A.

TIT'Y um. UB. Jxasaxumsuiau, MacrutyT puznyeckoii u oprannyeckoil xumun uMm. ILI. MeankumBuim
I'py3uncknii Texuuyeckuii YHUBepcUuTeT

MerTaiconepkanye IeoTUTHBIE aJcOPOSHTHI U HOHOOOMEHHUKHU MEPCIEKTHBHBI B MEIUIMHE M JUIS 3alHTHI
OKpyXKaromed cpeabl. MHUKpPOME30NOpHCThIE MaTepualibl, COZAEpKallie cepedpo, Menb M LUHK, ObUIH
MIPUTOTOBJICHKI Ha OCHOBe mpuponHoro ¢umummuncuta w3 llyxytu (3amamnas ['py3ms) ¢ HCIOIB30BaHUEM
MOHOOOMEHHBIX PEaKIi MEXIy IIEOJIMTOM M COJBI0 MEPEeXOTHOr0 MeTajula B TBEpAOH (paze ¢ mociemyrome
poMBIBKOH. CHHTE3UPOBAHHEIE 1COPOCHT-NOHUTHI TIPOSIBIISAIOT OaKTEPUIIMAHYIO AKTHBHOCTD IO OTHOIICHHIO K
Escherichia coli. CunpHass 0OakTepuocTaTHdeckass aKTHUBHOCTh MOIU(MDUIMPOBAHHBIX IICOJUTOB OblIa
yCTaHOBJIEHA ¢ ToMoIIbio TecTa Kupou-bayapa.

Kaiouesbie cioBa: CepeOpo-, Melb-, IIMHKCOAEpKamue neoautsl, Escherichia coli.


https://doi.org/10.1371/journal.pone.0094409
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SUMMARY

MATHEMATICAL-CHEMICAL INVESTIGATION OF SOME DERIVATIVES OF
3-FORMYL-2-PHENYLMETHYL ETHERINDOLE

Tsivtsivadze T.l. and Tsetsadze N.R.

Georgian Technical University

Linearly-some derivatives of 3-Formyl-2-phenylmethyl etherindole were studied within the scope of quasi-
ANB-matrix method. Two correlation equations were constructed and investigated. Calculations show that
correlations are briliant.

Keywords: 3-Formyl-2-phenylmethyl ether-indole, quasi-ANB-matrices, correlation equation.
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WU3MEHEHUS BEJKOBOI'O KOMILJIEKCA B ITPOIIECCE BJIATOTEILJIOBOM
OBPABOTKUN MACJ/IMYHOI'O MATEPHUAJIA

Ksapuxasa I'.P., Cupanze M.I'., [I3nenanze C.[Ix.

I'py3uHCKHil TeXHMYeCKHIl YHUBEPCHTET

B mpomecce BiaroremioBoit 0OpabOTKHM MACIHYHBIX CEMsIH HaOI0aeTCs WHTCHCHBHAS
OKpacKa Me3IHd, JXMbIXa M IIpoTa. B cBoe Bpems 3TO sBIE€HHE OOBACHSUIN IMPOLIECCOM Kapamemu-
3anuu caxapa. OIHaKO HEKOTOPBIE HCCIEAOBAaHMS MOKAa3al, YTO YKa3aHHOE ITOTeMHEHHE IPOILYKTOB
nepepaboTKU MATKU MPEAONPEAEISIETCS] IPEUMYIIECTBEHHO METaHOMANHOBBIMU COCIUHEHUSIMH, T. €.
NPOIYKTaMH CaXapOaMHHHbBIX peaknuii [1-3].

MenaHOMIWHOBEIE COCTUHEHUsS] TMPOJAYKTOB MPOW3BOJACTBA PACTHTENBHBIX Macell Mpesc-
TaBJISAIOT COOOHN CIIOKHYIO CMECh BEIIECTB HEMOCPENCTBEHHOTO B3aHMOACUCTBHA PEIyLUPYIOIIUX U
MHBEPTHBIX CaXapoB C JM3MHOM M JIPYI'MMH aMHHOKHCIoTamMHu OenkoB. Hambosnee uHTeHCHBHOE
HAKOIJICHWE MEJIAHOWIMHOBBIX COSIMHEHUH C BOBJICUCHUEM B PEaKIMIO CIOXHBIX caXxapoB (C mpel-
BapUTEIIBHBIM X PACIaJioM) MIPOUCXOIUT TpH Temmeparype Boie 120 ° C [4-6].

Ha ocHOBe naHHBIX COOCTBEHHBIX MCCIEAOBAaHUN B Taba. | mpuBEOCHBI pe3yabTaThl, Xapak-
TEPU3YIOIIUE BIMSHUE TEMIEPaTypbl Ha YBEIWYCHUE WHTCHCUBHOCTH OKPACKH JKMBIXOB U LIPOTOB
CEMsIH TOJICOJTHEYHNKA W CBS3BIBAHHE CaxapoB OCIKOBBLIMH BEIIECTBAMHU B Pe3yJIbTaTe CaxapoaMHH-
HBIX PEAKIHUU.

Taﬁ.]'[l/llla 1. Bausinue TEMIIEPaTypbl HA YBCJIUNYCHHEC MHTCHCUBHOCTH OKPACKHU KMbBIX0B U IIPOTOB CEMSAH
MOACOTHCYHHUKA

CrocoObl U3BJICUYECHUS
Macia

Temmeparypa me3ru
WM LIPOTA B
LIHEKOBOM
ucnapurene, °C

CHIDKEHHE cofepIKaHus
caxapoB I10 OTHOILIEHHUIO
K BECy CyXoi
00€e3)KUpEeHHON MSTKH,

[puparieHne HHTCH-
CHBHOCTH OKPAcKH I10
(dhoromeTpy o
OTHOIIEHHIO K OKPACKe

% HUCXOTHOU MATKH, %
B npeccax EII, MII-21 wu 120 - 130 25-3,8 40 — 45
ap. 110 - 115 19-24 35-39
102 — 105 09-17 20— 22
Io cxeme ¢oprnpeccoBanue 95 -105 06-13 3-15

— HENpPbIPaBHAsl KCTPAKLIMS

Kak BugHO U3 JaHHBIX, IpeAcTaBlIeHHbIX Tabn. 1, mpu temneparype 110 — 130 °C 3a cuer
peakuy B3aWMOJCHCTBHUSI OCIIKOB M CaxapoB COJEpKaHHWE caxapoB cHmKaercs Ha 1,9 — 3,8 % ot
Beca CyXOi OOE3)KUEHHOW MSTKH, T. €. caXxapOoaMHHHAs peakius NPUBOJWT B 3aMMHOMY YHHY-
TOKEHHMIO CaxapoB M aMHUHOKHUCIIOT, TJIaBHBIM OOpa3oM JIM3HHA.

B pesynbrare caxapoaMUHHOM peakiiud MOTYT UMETh MECTO MOTEPU CYXOTO BEIIECTBA MSTKH,
pacnanaronieiics 10 yetyuux npoaykro (H20, COz2 NHs).

OTMeueHo, YTO OJHOBPEMEHHO C IOTEepeil CyXoro BelecTBa MSTKH IPOMCXOIUT COOTBET-
CTBEHHOE yBEJIMYEHHE OOIIEero CoAepKaHus a30Ta U CHIIBHO MEPErpeThiX 00bEKTaX (IIPOT, JKMBIX).

Takum 00pazom, caxapoaMHUHHAsI PEaKIMs He TOJNBKO CHIKAET TOBApHOE KAYeCTBO KMBIXOB
Y IPOTOB, HO TPUBOJUT K 3HAUYUTEIHHBIM TOTEPSM CaXapoB M aMUHOKHUCIIOT, & TAK)KE K YBEJIMYCHUIO
CBIPBEBBIX IOTEPb.

B mporecce xapeHus: m3MeHEHHE OEITKOBBIX BEHIECTB BhIpaXKAETCs B JICHATYpAllUH WX, T. €.
MoTepe MEPBBIYHBIX CBOWCTB HATHBHOTO Oernka. CTerneHp JeHaTypalui Pa3InIHbIX OEIKOB CEMEHH pas-
JMYHA W 3aBHCUT OT peKUMa kapeHusi. OcoOblii WHTEpeC ¢ TeXHOJIOTHYECKON M HapOJHOXO3IHCTBEH-
HOM TOYEK 3peHMs] TNPEICTaBIISICT BONPOC NCHATypalud PacTBOPUMBIX OenkoB (B Bome, 10 %-Hom
pactBope NaCl wu 0,2 %-Hom pactBope NaOH), Tak kak 95T OeNKu SBISIFOTCS Haubojee Toj-
BIDKHBIMH B TIPOLIECCE TIPOU3BOICTBA U OOYCIOBINBAIOT KOPMOBYIO LIEHHOCTH >KMBIXOB M LIPOTOB.

Ssnssce Hambonee YCBOSEMBIMH, PACTBOPUMBIE O€JIKM JKMBIXOB M IIPOTOB B KOPMOBOM
paloHe JKHUBOTHBIX OIPENENSIOT WX MNPOAYKTHBHOCTH. OTCI0Ja BHIHO, KaKk Ba)XHO 3HATh Te
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W3MEHEHHUS] B 3TOH TpyIe OelIKOBBIX BEIIECTB, KOTOPHIE MPOUCXOAT B IPOIECCE MPOU3BOICTBA
pacTHTEIBHBIX Macels BOOOIIe W TPU KAPCHUU B OCOOCHHOCTH.
B tabn. 2 mpuBeneHbI pe3yabTaThl COOCTBCHHBIX HAOMIOJACHHUI 32 M3MEHEHUEM COICpPKAHUS

PacTBOPUMBIX OENKOB TPH TOATOTOBKE K (POPIPECCOBAHUIO XJIOMKOBOW MSTKH B

’KapoBHE

oe3

YBIQKHEHUsT (IIPH CyXOM crocoOe > KapeHWs), B YCIOBUSAX NpeObIBaHMS ME3rH B JKapoOBHE B
TedeHne 57 — 62 MUH TIpHU TeMIiepaType Me3rH, mocTynatomiei B mpecc 90 — 95°C.

Tabéauna 2. U3MeHeHUe coAep:KaHHsI PACTBOPUMBIX 0€JKOB NPH MOATOTOBKe K (oprnpeccoBaHUIO

XJIOMMKOBOH MSTKH

HaumeHoBaHue poyKTa
MsTka 310pOBBIX Me3sra MSITKH U3 MsTtka Me3sra MITKH
ITokazatemn, % CeMsH, I10C- 3JI0pPOBBIX CEMsH Je(hEKTHBIX u3 neeKTHBIX
Tymnarouas B IIPU BBIXOJIC U3 CeMsiH, CeMsIH Mpu
JKAPOBHIO JKapOBHU MOCTYMAOIIAs B BBIXOJIC W3
KAPOBHIO KAPOBHU
BJIAXKHOCTH 6,53 6,09 7,02 6,78
ConeprxaHue 6EIKOB B Iepecyere
Ha abc. cyxoe 00€3KUPEeHHOE
BEIIIECTBO:
— pactBopuMbIX B H.0 6,68 3,73 3,86 3,56
— pacTBOPUMBIX B 10%-HoM 14,25 18,47 6,60 7,48
pactBope NaCl
— pacTBOPUMBIX B 0,2%-HOM 23,17 13,85 18,60 23,86
pacteope NaOH
— BCero pacTBOPUMbIX 44,10 36,06 29,06 24,90
— obuee 46,84 47,12 46,39 48,11
ConepxaHue pacTBOPUMBIX
0enkoB, % K 00IIEeMy UX 94,2 76,53 62,63 51,80
KOJINYECTBY

Kak BupHO 13 JaHHBIX TaOm. 2, mpu 00pabOTKe B )KAPOBHE MSTKH 370POBBIX CEMSH
COJICpP)KaHUE PACTBOPUMBIX OEJIKOB CHU3WIOCh ¢ 94,2 % nmo 76,53 %, a nmpu o0paboTKe MATKUA W3
nedekTHex ceMssH — 62,68 % mo 51,80 %.

Pe3ynbrarhl MpoBENEHHBIX HCCICAOBAHUI JeHATypalud OCJIKOB B Ipoliecce 00padoTKu
MSTKH B JKapoBHE Ha TPECCOBBIX 3aBOJlaX IpH TepepaboTKe CeMsH COM IPHBEACHHI B Ta0M. 3.

Tabiuna 3. [lenarypanus 0ejlKkoB B mpouecce 00padoTkH MATKH NPH INepepadoTke ceMsH COH

ConeprxaHue BOIO- U OTHOCHTENbHAS
HammenoBanue | BraxHOCTS, Temmeparypa COJIEPaCTBOPUMBIX CTETICHb
MPOAYKTA % MATKH U Me3ry, °C oemkoB*, % neHarypammun®*, %

Msitka 12,8 25 44,18 86,1
Me3ra 44 122 6,12 "
Msitka 13,0 28 43,69 70,7
Me3ra 4,3 114 12,81 "
Msitka 11,8 25 49,50 61,4
Me3ra 44 114 19,12 "
Msitka 11,6 26 48,75 52,4
Mesra 4,8 102 23,19 "

* B mepecyere Ha a0c. cyxoe U 00e3KUPEeHHOoe BelleCTBO
** K HCXOTHOMY COJEeP:KAHUI0

Kak BumHO U3 TaHHBIX, IPUBEIEHHBIX B Ta0I. 3, CTENIEHb A€HATYpaIH OeIKOB NIPU JKapeHHH
cou KoJiebneTcs B IOBOJBHO ITUPOKUX MpeAesiaX, MPUYeM C TOBBIIIEHHEM TeMIIepaTyphl IPUTOTOB-
JICHWSI ME3TU U YBEIMYCHUEM BJIAXKHOCTU €€ CTCIeHb JIeHaTypanuu Bo3pacTtaeT. OcCoOOEHHO BelHKa
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CTETIeHb JCHATypaIlH OCNKOBBIX BEIIECTB NPH 00pabOTKe MATKU (oparmapaTHEIMHU CIIOCOOaMH, B
KOTOPBIX MPUMEHSIFOTCSI BRICOKHE YBIIQXXHHHS U TEMIIEPaTypa.

YcTaHOBIEHO, YTO TIPH COOTBETCTBYIOLIEM COYETaHUH TEMIIEPATYypPhl, BIQKHOCTH U AaBJICHHUS
MPOUCXOANT pacIIeIUIeHne O00pa3yroImnXCcsl HepacTBOPUMBIX OENKOBBIX BEMIECTB IO BOJO- H
1IEeJI0YEePACTBOPUMBIX TPOLYKTOB.

Bonpimme wu3MeHEHUsT OCIKOBBIX BEINECTB MACIMYHBIX CEMSIH MPOUCXOMAT HE TOJILKO TpPHU
WHTEHCHBHOM BIIaro-TeIIoBOi 00paboTKe MATKH, HO M B XOJIE €€ IPECCOBaHMUs B IIHEKOBEIX MIpeccax
Jaxe npu  HeOonpmux BiaaxHOCcTX (0,9 — 1,0 %). Baxredmmm (akTopoM, OMPeneIIOnnM
BeCchbMa OBICTPYIO JCHATypaluio OETKOB TIPH MPECCOBAHWH B ITHEKOBBIX TIpeccax, SBISETCS HE
JaBJICHHE, a TPEHUE YacTHI[ MATKH MEXAy coboil u o pabouue 4acTH mpecca.

Takum obpa3zom, mpu nepepaboTKe MACIUYHBIX CEMSIH TPECCOBBEIM CHOCOOOM B pe3yibTare
BJIAr0O-TEIUIOBOW 00pabOTKM W OT)KMMa Maciia B ITHEKOBBIX IPeccax MPOUCXOIWUT PSIA  WU3MEHEHHH
6GJIKOBI)IX BCIICCTB, Ba)XXHEUIIUMHU U3 KOTOPBIX SABJAKOTCA TCIUIOBAsd ACHATypalusa (I/I3MCHCHI/IG
VHHUKaJbHON CTPYKTYpPbI OETIKOBBIX MOJIEKYII), MEKMOJEKYJSpHBIE B3aliMOJICHCTBUS OEITKOB € caxa-
pamu (METaHOMIWHOBAS PEKIUs), MPHUBOAIINE, KaK OBUIO CKa3aHO, K CHHKEHHIO PaCTBOPHUMOCTH
OCTKOBBIX BEIIECTB; pACHICIUICHUE JEHATYPUPOBAHHBIX OEJKOBBIX BEHIECTB OO0 BOJIO- U LIEINO-
YepacTBOPUMBIX IPOLYKTOB.
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SUMMARY

CHANGES IN THE PROTEIN COMPLEX IN THE PROCESS OF THERMAL - MOISTURIZING
PROCESSING OF OILSEED MATERIAL

Kvartskhava G.R., Siradze M.G. and Dzneladze S.J.

Georgian Technical University

It has been established that during the processing of oil seeds as a result of thermal — moisturizing processing, a
number of changes in protein substances occur, the most important of which are thermal denaturation,
intermolecular interactions of proteins with sugars, leading to decrease the solubility of protein substances;
splitting of denaturated protein into water- and alkali-soluble products.

Keywords: thermal — moisturizing processing, protein, denaturation, intermolecular interactions, alkali-soluble
products.
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SUMMARY

PHENOLIC COMPOUNDS IN RED SEMI-SWEET WINES PRODUCED VIA APPLICATION OF
VARIOUS TECHNOLOGICAL TECHNIQUES

Ebelashvili N.V., Uturashvili E.A. and Kekelidze I.A.

Agricultural University of Georgia

Georgian Technical University

Phenolic compounds in red semi-sweet wines produced via application of various technological techniques were
studied. The research objects were tested and control samples of semi-sweet wines produced from Saperavi
grape. The control sample was produced via standard technology; the four test samples — via separate and
combined application of various technological techniques with the aim to increase the phenolic content: removal
of various amounts of juice from the must right before alcoholic fermentation; heating of the must. It was found
that the highest amount of phenolic compounds was in that test sample, in production of which there were
applied the following technological techniques: removal of the juice in amount of the half volume of the
destemmed must right before alcoholic fermentation and heating of the remained must to 65°C. The total amount
of phenolics in the samples was studied by the Folin-Ciocalteu method; the amount of malvidin-3-glucoside,
phenol carbonic acids, catechins and vanillin aldehyde - via application of the High Performance Liquid
Chromatography method. In the best test sample, compared to the control, there were increased concentrations of
phenolics, such as: the total amount of phenolic compounds — by 83.8%, the amount of malvidin-3-glucoside —
by 52.6%, the total amount of phenol carbonic acids - by 82.4%, the total amount of catechins — 2-times as
much, the amount of vanillic acid - 3.5-times; the amount of vanillin aldehyde — by 45.9%; in the test sample,
compared to the control, higher was as well the tasting evaluation assessment.

Keywords: semi-sweet red wine, phenolic compounds.
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SUMMARY

DETERMINATION OF CHEMICAL PARAMETERS IN ,,QVEVRI* AND EUROPEAN RECIPE
GEORGIAN WINES

Sordia E.K. and Kvartskhava G.R.

Georgian Technical University

As part of the study, Chinuri, Tsolikouri, Manavi greens and ,,Qvevri wines“ were selected according to
European recipe.The main chemical parameters were determined in the wines: ethyl alcohol, titratable acidity,
volatile acidity, total extract, sugars, free SO, bound SO, pH, specific weight. European and qvevri wines were
compared and the differences between them were revealed. Each of these parameters is of particular importance
in the evaluation of wine quality.

Keywords: gvevri, wine, chemical parameters.
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SUMMARY

STUDY OF TOTAL PHENOLS AND ANTIOXIDANTS IN ,,QVEVRI“ AND EUROPEAN

RECIPE GEORGIAN WINES

Sordia E.K.

Georgian Technical University

Wine is an important product that requires to be constantly supplied in high quality. As part of the study,
Chinuri, Tsolikouri, Manavi greens and ,,Qvevri wines* were selected according to traditional standard methods.
The content of the total phenols as well as tannins and antioxidants have been determined. With these parameters
»Qvevri wines“ have been compared to the same variety wines made by standard methods. According to the
results obtained, it can be deduced that the ,,Qvevri wines*, made from the white grapes, are characterized by
high content of total phenols and by a high antioxidant action.

Keywords: georgian wine, gvevri wine, total phenol, antioxidant activity.



LSISANFIRCI bSO6IN6() LOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2020 103

R3060L 5>®&MBSBIR0 653900

dsbgoansdg 00.p.

boJo@mggeml @gd6os7@0 9bogg@dlodgdo

gbsgoemo

Lgbbm@ o dobosbosmgdmowsh, @g0bol bo@olboli 2sbdbobrg®gano d60dgbgenm-
gobos goJBmmos dolbo sOmdo@o, OmIgaroi ghm-9gam 360dgbgermgsb Gmals skO g gdls
dmdbdo®gderols dJog® mgobol dglygoegol 3@mEgLdo [1].

03060 sOMIs@o [o@Imodbgds s@sLEsdomy@o bog@mgdol d@sgoeag@mgsbo
X398900L gOmmodmogo dmJdgogdom. mgobols dy39Hol smobsdwyg Lbgowslbgs s@sl@o-
doaneg@o bog@mos dglfegmogo, GmIgams 3mb3gbGHsiEosE Msdwgbody bobma®sdowasb
doenoa@od/ coB@sdeg dgtygmdl [2,3]. Vitis vinifera-l o0dgdo domo s@O®IsSHPenmdo@sb
3°dmdobs®g sOLgdmMdl doMF0go sOMIs@gdols (OmIegdoi o6 boloomnwgdosh sdm®-
hggeo sOMIsGom) s sOMIsG Yo  x0dgool  xaRgo0 (MM gdoi  mogolygomo
SOMIsA 0 bag®mgdols 300y Momgbmdom (ba/a) dgdiggemdon baslbosmgdosb) [4].

dmgoe  3g@omedo  dgoagoms Jmdbdodgbgamms  dowymds @gobols dgligowgobsls,
g9omgds  g9J39g>  @g0bol  xobddmgammdols  dsbosbosmgdemolis @  Lgblm@yeo
39ogmgomagdols  Jodo@myegdgdl. LYm@go  sdo@md, dbodgbgermgsbo  bogds  @gobols
%9®dgb@Goiool sbago abgdols dogds, MMIgero 2ood@0g@gdl s aodmagamgbls @gobols
sbhogn, asblbgoggdgee d9390L. 0bodgo®mgg ImIbdodgdbangdol od 2odm{ggg0Lol, ob-
Lo 30@gd0m bogyg@omgdms @ gogangbsli obpgbls Jo@myeo gy@dbol x0dgdby wgo-
bol @odbopgdol Jgmmegdo, GmIggdoi gbogsmy@os s dbodgbgarmgsb dogmgbsls
obpgbls @gobol Jodoy@® dgdoagbermdoby. Lsds@mggerm@o o039 gdygmos @g0bols
sdboegdols @odwgbodyg dgmmwo: L, 3obydo Fgbo®, ,0dg@gmo Fabo™ w©s ,,930m39wo
Fgbo®. @goboli @ywomol s ogsMagdols 53 goblbgsggdygeo Jgmmegdols AML brgds
©gobols ms30Lgdyy@0 dobosbosmgdagbols hodmyseodgds, GMAgems dgos@gdbomo 3ge0ggs
>0l dbodgbganmgsbo [4-6].

©gobols  sMMAsBol  [o@dmdJbgao  s@sda®oo  bag@mgdols  slswygbow
‘dgb{ogemogmo 0dbs @o3gbodg dodaroma@ogogmo dmbszgdol dobe.

mg0bol yggams sOMIs@o 3eslogoEo@egds mmnb JoMoms© Xy YRo©:
L 39630459960 5OMI>GHgbo

2. san 3mdm@a@ egeomsdeg FomdmJdbogo s@mds@gdo

3. sgogmdmayg@o agmomols edml FomdmJdbogo s@mIs@gdo

4. san3mdmeyg®o egeomols ‘dgdegy (ImIFoggdolol) Fo@dmboano s@mds@gdo [7].

L @306ol 396E0gomgto sMm@MISGJdolL ghm-gHmo yggeoby Jmogsmo 3md3mbgb@os
B9M39bgd0, OMIgdoz d0g390gbgds (396509900 GoMmmmE As53M (39 gdyeo M@YSbyao
bogHmgdols o mxsbl [8] s®mIs@ol FomImddbgeno bog@mgdol o3 o gensll dm@ols
36093690 mgobo  xayngdos dmbm@gmsdgbgdo, Lglggo@dgmsghgdo s goOMmE0bgdo, GMdeng-
03 5M3300©300 gogengbsl sbpgbl ®gobols 693930l hodmyseodgdsby [9].

Jbm@g®39bgdo ©g0bmdo sbgoma®gdgh bognols, ygsgoangdols wo I lgoBol sem-
do@ 9oL, m9dEs, dgodargds [o®dmodbsl olgmo s@MBo@Ggdoi, G®Imgdo mgobols be-
@olbbg godygmgzgomnse 0dmJdgogdl. dodmgomdo bpgds Ggm3gbgdols Fo®dmibs ©s domo
obofogmgds wodmyogdymos bogdmbyg, ggdobomao ©s bgdmeo asEomgdomn gbgswe
50056 (omdmagboaro 35630 gowdg bogmgol Lbgs bsfoagddo, bogrem @obsgrmmano
obofogmgdgamos Jmger bogmaydo [9]. @gobmTo ygogommgeb s@OmIs@l 3botg Fmbgdom
> @0dmbols sOMISGAL 35b5300MdgdL @obsgrmmeno, 308OYLol s goBOl >SOMISF Yol
336{36{7)5@0 > bgdmao Fo®ddmdbol obggg 3odOYLol s @gdogro ygogogmgdol oO®-
150 .

49®dgbdo 0wgbBogozodgdbymmos 57 Ubgowslbgs bglggodg®3dgbo [9], gl gma-
30b9b@0 doGomose do@gdmab d3dgemo Bm@domss Fo@dmwygbogmo s s@SsJBoYG0.,
dmygosbgdom  ®gobol  @ymomolsl  Jgogy®o  do@m@obol  Lsdgomgdom  ao@swols
nogolbygs@ sOMIs@ e gm®dsTdo [10]. 3b0dgbganmgsb gogmgbsls sbegbls Vitis vinifera-1s



104 bS5ISBN3ILCI bSO6IN6E() LOSERI60, GEORGIAN ENGINEERING NEWS, N2, 2020

SOMISAYE  3OMPoabg s bmaogOmo Labgmbdobmgols Fomdmdbols bol, yggogoemmgsb
©s 339b65M g 5OMI>F GOl dJobo gobomammyoy®o dmdfoxggdol wamL [9,10].

5M50bM3Mgbmowgdo @0l Jo@mE0bmowgbols gobygomo ©ga®ssiEools Fo®dmg-
b9 gdo s Ly®dbgamgobo bog@mgdo, Gmdagdoi byl 3Fymdol ©g0bmgdol s@MISEL
[9,11]. domgob 360dgbgenrmgsbo  bog@mgdos B-ombembo (0ol s@®IsG0), B-sdslizgbmbo,
L,L6-®®08gmog-1.2-odo@@mbsgmogmgbo  (TDN)(bsgmols  s@®mds@o), (E) -1-(2,3,6-®0dy-
no@agboa) dyg@o-1,3-ogbo (TPB)(0msddsml, ygsgogmol s@mds@o).

393 mJbodoMsbobgdo 0gbBogoEo®gdygmos Gmyme 3 gymdgbdo sbggg wgobmToc
s> omdmJdbols 39600 gyge Bmbgdl (dognobol, dmlEbgyamol). dol dgodangds Jmbogl
9oMYMRom0 o3 gbs ©g0bols bodolibbyg [4,12].

030bmgddo  momengdo s bmyss gmao®dol bsgHmgdo JoMomsEs®  ©s3og-
‘Jodgdygamos  Lbgosolbgs s®OMIs@gdmsb [13]. s@sbEsdoey@o momagdo bofogmddog
05309 R@©gd056  bogys®ol  ywomol dml  gbybm, os@sdpa®swo  [obsdm®dgwg-
dolgob. domo [omdmdbs dgodangds ao3mb@OM@mEgl Mmam® 3 dg3gbobgmdols, olg gbm-
gemyogao LYm®o 3@s]@ogomn [14].

2. S0 33m@yd o3y Fosddmdbomo s@™IsEgd0

Q9M3gbHo305dg  @gobol  sOMIsFgdols  [o®mImJIbsl  gobodo@mmdgdl  gu@ddbols
Fobolifomo wodydoggds (3sp., @odyamgdgs), segmdmmad ymomsdog [omdmJdbogno
5OMI>Rgo0  g3bggds JoMoms@s® mogolygBomo Bm@dom. SOMISHY0 bogOmgdo @
domo [obodm®dgrogdo oo Gomwgbmbdomn s@ols 3mbi3gbdMoMgdymo do@gemols 3obls
s> Mdomddo. s>@bodbymo  bsghmgdol  gJlBAsJgoolmgol dods@msggb  dsig@ools
bbgoalibgs @ gdbmenmyosls [15,16].

0gHIM-do39Mo300lLols  gy@dbols o3y doggds  bpgds oo  Bgd3gms@ydoby
oo  bbols  aobdogamdsdo s gyddgbo odymoBgos ob  oydydeggdgeo  ge@dom
35dm0y94gbgds. dJogOm@omey@do do3gtscol dgmmwo gdysdgds gx@godows Fymol dog®

9690300l dgdmdgol s dob aoibgegdol. aoibgmgdgmo (yomo smOmJmwgds ©s

Fom3mddbols 9bo@mdsbod (bgzol gx@gools 3g9ogmbyg, Mol gogaomsi bogds gxdgools
9ol obosbgds o sJBoygdo dgdowagbenmdols dog@szos yuddbol §g96d0. zdom-

353900300l @AMl yy@ddbol  Fgd3gasdy@ol dgdzodgds  bpgds dobodyd -18-C-dwg.
®993905@ 9@ bo@hebogds 3533979800 Omols aobdogermdsdo. 49@dbols
YxOgedmaobo Fysmo 0d3gge gobymsw Fo®@dmJdboano j@ol@ommgdo 0fg93L gx®geols
Jbmgoanols  Gwgggel.  @olbo  gogaowsi  Jodoydo  bogdmgdol  dog@siosl  ofygds
3oMdmdo.  o@lbobodbogos  O™I,  3@0m-I53gGs30s byl YFymdl  olgmo  sOMISEH-
Fomdmdbgemo bog@mgdols dJoa®oiosl @mym@oiss Jmbm@g®ighgdo, bmwm ggbmey®o
bogtmgdol  godmymegols beywogls [15].

3. s gmdmm@g@o EgEomol EAmb Fs@dmddbomo s@mMBsGgoo

39Mdgb@H a0  sOMIs@gdo, @mImgdoz  3bmdogos @mamO;3 @gobols JgmEswo
sOMmIs>R 960, [o®Im0Jdbgds Logyg®gdols dmddgogdols dgogasm seojmdmea@o @ymogols
OOL ©s goblobegdegl @goboli bobosml [4]. sanjmdmaa@o ygmogo, doMomss®
do( gyemo Saccharomyces cerevisiae—om, 0393l Lbgowslbgs gmg@gool, gdsmagbo L3oc-
Bgool, s@sb@odoay@o 3bodmgsbo dgoggdol s senwgdopgdols Fo@dmoldbsls [17,18].
0g0bols sengmdmenyy®o Eyomols sOMds@gdol xaRbg 360dgbganmgsbo aogargbs 543l
LogygMgdl, Gmyma@ Saccharomyces-l ggs@ols osbggg, sG> Saccharomyces-ls [18].

3320939000 oEsLEAYOJOY@0s, @M bogAmgdo GMImgdoi bobosmgdosh dows-
@0 3mb3gbd®Mo3000m 3M5396 ®goboli s@MIsEols dodomse Js@@oiEsl s 5@ Aodmod-
hg30ob 0bwogoEyYsSE @0 SOHMISBJo0om. MmYIi3s, domo mbigbd®siools dgdiodgds Pod-
gogomse dmddgegdl mgobol bs®olbby. dop., gmobmenol 3mb3gbd®siool (3geogmg-
doLmob gamo begds 3060l sOMIsFgdol dgagesi: d3odg 3gerogdolisls @gobols
59390bg o0 dgobodbgds aoblbgoggds; 7 %-dwg dgdicodgdolsls mgobmdo 0b@©gds bo-
gools, ygogogrmgobo s 3go3g >@Mdo@Ggdol 0b@gbbogmds; 3 %-deg dgdzodgdobsl  go
03503905 @gobol s@mds@o [7,18].
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o660 Fabon ©sIbsEgdgmo Pgzobmgdol sGMISGYmo 3GMGBomo

3obydo Fgboom g0bol ©sdbowgdolsl, ®gobm-dodksls @mg@nJdgogdols boby®-
dgnogmdoll bOol gogase mgmnd ©@gobmgdo s@ols dygbgd®ogo LEsdomy®o, bogds
d9do hogroliggg®o, mJOmbggdo b hsolgg@o Fgggoommdol, aoddgodgomy, gM0sms ©s
bobosmgds bogrols Gmbgdom ©s Gobobgdol bmdog®mo dgdiggermdomn [6,19]. &3 Fglom
©5dbogdymo g0bmgdol sOMIsG o bog@mmgdols sbo@oboliols yodmgemobps s@SLEs-
b0 @0 bog@mgdo, OMIgdoi do@omssw [oMmImoagbgb gdomagll Ldo®Egdl, gmo-
ol g0g®mgdl, dmgmg s Lodgogm xodkgol (3bodmgebo goggdl s bbgs. dopy: 2-¢39-
bogngmobmeno, Gmdgeoi am@a g d(gobgdo s Logg@sgdo ggbgogods Fomdmdbols gom-
ol 5@MASAL, bogm gmog @od@o@do 3obsdo®mmdgdls sdogg ©g0bmgddo bognols Jbpog-
Lo s®mdo@gdol aobgomsmgdsls [5].

4. sangdomg@o ool dgdrgy (Bmdfoggdolsl) Fos®ddmdbogmo seMIs@gdo

©g0boll  s®mds@oll  3bodgbganmgobo  (33eomgdgdo  bpgds  dmdfoggool s
©5dggegdols ML, gl dJmozogh  y9@ddbol @o/ob Logggo@doli yo@3ggnmo sOMmIsFgdols
5350335, x0dgao  sOMdsGol  dgbs@hybgosl, obogo sOMIsFgdol [o@ImJdbsls wo
43905y 3b0dgbgermgsbo 3@mEglo — bgds s@OLgdyemo gggems sOMds@ols 0bFga®sos
do@dmboygao s bolbosdmgbm @gobols d93980L  dgloddbgans [20]. bols 3ob®do wod-
390 gb0lol @gobols s@Mdo@l gds@gds bol boysobligdo, b dmmado wsdggergdolisl o
begds 5@MI>@gdol @sgoMags ©g0bol{omImgdol Lbgowslibgs g@od3bg Lobmgbodgdyao
535G FoMdmdJdbgemo bogHmgdols yOHmog@mJdgogdols dgogase [21, 22]

©olggho

gL dodgomp@sgymo  dodmbogrgs  5gO®M05bgdL  ©@g0bols  sOMISE oMM Jdbge
bogmygdl, dom doMomoe xa9ngol s bgbbmayga asgagbsl @goboli bodolbby. domo
Fomdmddbs o ao0JBoydgds begds @gobols (o®ddmgdol yggens gBo3bg ©s dmoEsgl
yggeos bogggby@l gobol xodol dgahggoesb ogsdygdygemo w@gobols dgbsbgols 3oGmdy-
b0l 3mbA®m@sdwyg. mobodg®mgg dmdbdo®gderols dog®  ©@gobol dg@hggolsl  obL-
bgoggdgero dowamdols godm d60dgbganmgsobos Yglfogmoao 0dbgl @ aogemgbsl ob-
©gbls gobydo Fgbom @gobol woygbgdols dgmmeo Job s@MIo@G e 3mI3egJbhby o 0ig-
gds 09 5@ sOMIs@GYmo doG®ois Lbgs gogdEge gdyga dgmmegdom ©g0bols ©sdbe-
©goslmsb Jgos@mgdom.
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SUMMARY

WINE AROMATIC COMPOUNDS

Makhviladze T.G.

Georgian Technical University

The aroma of wines is created by various and different interactions between compounds of wine and grapes. The
compounds interaction can be synergistic or antagonistic. The wine bouquet is derived from varietal aromas and
compounds generated during grape processing for which develop is significantly influenced by Saccharomyces
cerevisiae and other fermentation microorganisms. The wine aroma is complemented by compound forming
during the ageing and storage. This review aims to present a significant overview of the grapes and wine aroma
compounds that have been accumulated for nowadays.

Keywords: wine aroma, aroma compunds, varietal aroma, wine fermenaton, maceration.
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056Lb3533dIR IR03d>BIAG 30H™MB3IBT0 3IRNIHOR 3(MbOHR0
dIRIIbML (Inula helenium) 3IRS@IB00)0 FILTS3RS

©9dg@@sdgomo d.5., Bggdomsdy a.d.

Lodotmnggameml &9dbos9600 96ogg@Lodagdo

05b5dgdmgg  Igo3obsdo, gumobs@osls ©s  gmbdgBogsdo, Jodoy@o Lodye-
93960l godmygbgdom as3mfggymds godymgomnds dggagods 333900000 gobodes ©o
RoOmm  IgbFogamol  Logbo  ojgos  dgbgdbdogo  Lodgg@bogm,  s@®MIsE Yo,
Lobgagdangdosbo, mogmmgsbo ©s ‘dbodosbo dogmobmgsbo d(39boMgdols dodos@m  0bdg-
Agbo. 2obloggmdgdom  sJ@gom o gobps dogobmgsbo  d3gbsmggdowsb  dowgdymo
R0bom@maog@se 5J@oyg®o bogmoggdgdols Gomwgbmdmogo s mgolbmd®ogo dgbfogas
Lolyg@bomm Fgdbmmmmaog® 30miglgddo  domo gdpamdo godmygbgdol dobboom [1,2].
3350935 9899bgds d9bgdb@og 30Mmbgddo Jmbodo gywdybml 3qlggdosb gobomem-
309000 5JBogdo bogdmgdols Jgdg9emdol oy gbol, dowgdols s Momwgbmdmogo
dohggbgdagdol  aoblobrmgmsl. gJl3gmodgb@olbomgols godmgoygbgm  Lshbgmols  dyboczo-
3oe0BgBol bma. bbgodm®bs s ao@Msdbols d9boiodsgodgdol bma. bem@oml @gco-
AM®05bg ggeydo Inbosdo 3ymdgbml GmamaE genfwosbo, olg I@sgsaaosbo
Rgbgms  LobEgds. dglfogeog ofbs Ii3gbodgdo s@OLgdygemo  gJLH@sJ@geo  bogmog-
0959060l, 0bygyaobols s gng@bgmgdol oaMmggdoll — ©obsdogs sbisgol, Lybmbols s
500 dEgbsMgmdols omgsmolfobgdom. gJliG@spo®gdols ©sfygdsdwy dmgsboobgm byw-
g ggaol Fobslfodo ©odydoggds I'OCT-15056-89-3-0 dgliodsdolow [3]. gJLE®sagbGols
©> bgommgyaols  mobogo®Embs  2obglobwg®gm  Lodo  mobsgs@omdom: 1:3; 1:6; 19.
dmbo39dgd0 dmigdyaos 3b@.1.

GbGogo 1. 3amdgbel gJue@sHamo 60gmogdgdgdols Gsmwgbmddogo dshggbgdgemgdo

9JLEOsJB gm0 bogmogmgdgdols
@5MmEgbmds

N 2030 BRgooGYM b 3000 9gosbmeno (‘J(r)og\‘[;(({)gr\no 9gomsbmano

30 % 60 % 95 %
L. Lbgodm@o — gom§arosbo 2020 ogbolo 11,13 12,32 10,64
2. | bbgodm@o — dGsgomfenosbo 2020 o0gbolo 20,22 21,29 19,78
3. be@om — gem§anosbo 2020 ogbolo 11,25 12,98 10,05
4. bedom — ddsgogVenosbo 2020 o0gbolo 19,06 20,74 18,55
5. Lbgo@dm®o — gan{erosbo 2020 Ugg®dgddgmo 11,87 12,04 10,57
6. | Lbgodm®o — ddsgogVenosbo | 2020 Ug®gddgco 21,37 22,62 20,65
7. bedom — gem§aosbo 2020 Ugg®dgddgmo 10,99 11,78 11,24
8. beodom — dBsgom§arosbo 2020 Uggdgddgmo 21,89 23,29 20,96

OO 3 33 gzoesb 0033935, 9JbAMSB Yo  bogmog®gdgdol  gJLG®sA0®gdols
dohggbgdgeo Lod Ubgowsbbgs 3mb3gbd®siool L3o®@ETys@mblbs®do goblbgoggdgemos:
9goobmgnols 30 %-056 gJbEMog96@do bogmogdgdgdol ygzgmoby oo Gomwgbmds gHm-
Feooob bo@omlb ogbolols bodyddos s 11,25 % Jgoeagbl, @o3 Lbgodm@ol sbognm-
3090msb 1,07 %-00 dg@os. bgd@gdd®ol gamFerosh bodydgdbdo 742 %-om Ig@os Lbgo-
A®@ol  bodyddo  be@omlbmsb  dgosdgdom.  ogbolols  I@ogomFaosh  gm®dgodo
©mdobo@gdl Lbgo@mmol dobosgns 5,74 Y%-om. 60%-0560 gmsbmanols dgdmbgggsdo, Lbgo-
BMO0sb dgs®gdom, 5,09 %-om IgBos bo@oml gOmfamosh @m®dsTo, bomm d@sgse-
Feosob ggm@dgddo sliggg aodmodhggs Lbgodmmo 2,16 %-om. 95%-00b gJLB®spgb@ do,
0gbobol gOHnFmosh gm®@dgddo be@oml 60odydo 5,09 %-om IgB Gomgbmdsl sz gbls;
bogem Lgddgddmol gomFeosbgddo godmodhggs Lohbg@ols go@osb@o (597 Y%-om). @o@
‘dggbgds IMogo@faosh gm@mdgdl: ogbolols mggdo Lbgo@m@ols bodydo 6,22 %-00 oko@-
bg6L bodoml bodydl, Lgd@gddmol gglgms LolEgdsdo gJlE®sddgeo bogmogdgdgdols
OomEgbmds  dzoGgomn  asblbgoggds ©s 148 %-0m dgBos bodoml  gomosbGmob
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dgodgdom. g3e0ggosb 0033935, MM gg9eoby dgBHo Momegbmdols  gJLE@sB o
b0gmogMgdols gdlBGsa0Mgds bm@zogmegds 60%-0560 gmobmenols 3oMmbdgddo, Lowss

bbgo@m®ol dGsgoafaosh 6odyddo 22,62 %-05, boenm bo@oml dgdmbgggsdo 23,29 %.

90gabgmgdol dgdggermdom dbmgemmomngammaol 2500 — 3000 Lobgemdols godm-
gmggh, Gmdmgdoi  JoMomswse Lamiaceae, Apiaceae, Astraceae cmyxobgddos gogdmos-
bgogeo.  ggedygbe  (Inula Helenium)- Astraceae-li myxoboli  g@m-g@mo  Labgmdss  ©s
bolosmgds domenmyoyg®s 5JGogdo bog@mgbol — dMogem 3md3mbgbdgero ojdmaswo
603009M 96950l o MMggdom. gy dygbml gglgms LobRgdsdo  dgdogogmo gmgdbgmgdo
bobosmgds  Lodgyg@bogne  mgoligdgdom:  asdmoygbgds  d@mb]yamo  sbmdol @MU,
bolbosmgds 5b@0dog@mdymo, sbGodgadodyeo, sbEoxybyoxoyg®o sj@ogmdom; byl
9Fgmdl  ox@g®ool, Goxgmbol, bosfmogy@o gmamodsagomgbol, LEH®Y3GH™GM3gdols
3390bognmdsl; opgdomsw InJdgogol Lodkdenols dmdbgegdger mGsbmgdbyg;  darols
3bodmgeb gx®grgdl; 533360396L Lobbados@mgms Loli@gdsl; bgeol 3Fymdl de@dm-
byano  bognoblol oMgyyeo®gdol; 2sdmoygbgds saMgmgg @mama 3 39dmb@Gos@osyco
bodgogmgds  Lobl@gdols s dgangdols d3@bogrmdols dgdmbgggsdo [4].  gmg@bgmgdo
530939 BOOMME  A5dM0ygbgds 3mbdg@ogols ©s 3oMgoydgmosdo;  Lydlomobs s
Lo gmbo@®m 3OmEyJ@gdol [omdmgdsdo. Ii3gbs@ols LogmaEbaolygbs®osbmds w©sdm jo-
©gogmos g0 gabgmgdbol  s@LYIMdsLs s Joml  MomEgbmdaby, odmoygbgds  Ibols
Lboggdologob ©sdEeg Lodgomgdsw; bgaol 9Fymdl 3Fg0gdol Imbowgels ©sd@ggdgo-
Lomgol. 90gdbgmgbol  mgolgds odys@gdygeos domdo  dgdogoen  bog@mms  gOme-
danomds.  I3gbs@gymo dobsmowsb  gmg@bgmgdols dowgdol Lg@oboby o dgmmeols
doMs, Jgdydoggdygeos aodmygmgol Lado doGomswo dgmmeo: wobiogomgds, godm{g-
goggs s aodblbgaom gJLbE®sg0mgds [5,6]

3350935 ho@ods  gyadygbol  gglgms LobEgdsdo os@OLgdoymo gmgdbgmgdols
oM bmd@Mogo  dohggbgdemgdol obowygbo. gmgdbgmgdols dgdiggermds  aobglsbrmg-
@gmn T'OCT-15056-89-5-0l dobgogom [3]. 9JU39@m03gb@ o ©ogswaobgm gmgmbgmgdols
OomEgbmd@ogo  dgdi3ggermds  Mgegg  Loggargg b603dyddo;  dogowgm  mbggoo  Labol,
(3b03mgobogmblolidgbzool bogmog®gds, ©sdobsbosmgdgero dmadfgobm-by@ddybRolgg®o
‘dgn8900embom. Jymdgbml gglgms LolEgdsdo gmgdbgmgdol Gomegbmds oi3gmgds
0,66 %-ob 1,62 %-dpg. ofgsb 3gBo Gomwgbmdon gmgdhbgmgdol ©sa®mggds brgds
bOESLOYa I39bstgdo.  dmbszgdgdo Imigdygeos 3b@. 2

GbGogo 2. g0gdbgmgdol sa@dmggdol ©obsdogs

90 90bgmgools Gomegbmdmogo

Ne 530@dEgdoMgmds 3900M©0 Bohiy50e00.%
1 Lbgodm®o — gan{eosbo 2020 o0gbolo 0,66
2 Lbgo@dm®o — Idogomanosbo 2020 o0gbolo 148
3 bedom — gom§anosbo 2020 o0gbolo 0,68
4 beo@dom — dBogoen{erosbo 2020 o0gbolo 1,6
5 Lbgo@dm®o — gan{erosbo 2020 Ugg®dgddgmo 0,7
6 Lbgo®m@o — ddsgomFarosbo 2020 Uggdgddgmo 1,51
7 bodom — gomfenosbo 2020  Uggdgddgmo 0,76
8 bedom — dBsgom§anosbo 2020 Uggdgddgmo 1,62

9090bgmgdol Momgbgdb®ogo dohggbgdargdo mMogg Ggaombol dGsgsmFaosh @m®dgd-
‘do 393000 omgdo@gds gOmfaosh bodydgdl. bm@oml IMsgsafanosbo ogbolols gm®@ds
9090bgmgdol 0,12 %-om Ig@ Gomwgbmdsl dgoisgl, Lbgodm@ol sbogmaog@msb dg-
©569500; boem dgdmpamdol bo@oml 6odydo 0,11 %-om dg@os LbgoGm@ol dgdme-
3mdol bodydmsb Jgoodgdom. Jgogagdo @bsymal, @mI bodoml gglgms LoliEgdsdo
9090bgmgdol MomEgbmds  s@gdsBgds  bbgodm@ol  sbogrmpon®  gm@dsl. d3gbscols
3obgoma®gdols 9dbodgbganmgobgl BoBm@oe 393 0bgds boswsyol Boboygy@/ Jodoydo
0goligdgdo, boswsgol pH, 39dylols s dobgdogydo bogmogdgdol dgdggmmds, sliggy
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30do@d o 30Mmmbdgdo s doxlmdgd@oygeo [doglbmdg@cos (bg®d. Lodsweng + JgB®os)
39M0R0@  M9390bg  ©gesdofol  bgosdo@mols  @gmogrnol  asdmlsbgs  gg@owo
300M0bmbGo@gdols bodgogrgbom] dmbszgdgdo. 53 3oMgdmgdoms gOMMI@0mMbs 0danggs
d39bo®ol  dog®  JomTo  bogmog@gdoms MomEgbmd®ogo  oyMmggdols  aoblibgoggdye
byg@oml. dJoygbgosgo bo@omls ©s Lbgodmaol Fg@o@mmogdols asoblbgoggdygmmdobs,
3909@o© Jnbodo gumdgbml gglggdols s gglgy®dgdols Jodoy®ds 3gergged ohggbs
om0 3M5]B0gmo© ghmbso®o  dbomamao®o @oMgdymgds.
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SUMMARY

COMPARISON STUDIES OF WILD Inula Helenium IN DIFFERENT CLYMATIC CONDITIONS
Demetrashvili M.A. and Tkemaladze G.Sh.

Georgian Technical University

The root system of wild Inula Helenium was researched at the territories of vil. Skhvitori (Sachkhere
municipality) and vil. Norio (Gardabani municipality). The dynamics of the accumulation of extragenic and
essential oil compounds was studied in accordance with age, season and location. Inspite of the difference
between the territories of Norio and Gardabani, the chemical analysis of the roots and rootstocks of wild Inula
Helenium has shown their practically similar biological importance.

Keywords: Inula Helenium, roots and rootstocks, extragenic compound, essential oil compound.
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3IRIILMI IRV 3SLORSTN 06IR060L MSMRKIEM1dHNB0 dS6LOLRBS
©9398®>3gogo d.o.

bsJodmggerels gdbogndo 9bogg@dlodgdo

0bgeobo  aobg3nmgbgds  d9bgddogo  Fo®dmImdol  domsao  9bgdag@ogyero
d60dgbgermdols 3menolisJo@owgdl. 0byeobl dgoizegh 15 Lobgmdols dzgbsdgms mxobo,
OmIgemegsob swlsbodbogos Liliaceae, Astraceae, Polemoniaceae. obyerobo {o®dmodbgds
3396000 B gddo GeEAmLobmgbol Jgogaom ©s aOMgEgds ®gOmgdls ©s ¢gqb-
390do. 3gedgbml godEs, 0byobom obloggmdgdbon Jpows®os bmpogdmo dizgbsdols
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SUMMARY

QUANTITATIVE DETERMINATION OF INULINE IN RAW MATERIAL OF Inula Helenium
Demetrashvili M.A.

Georgian Technical University

To determine the inuline quantitative data in raw material of Inula Helenium the two regions with different
climatic conditions has been studied: vil. Norio (Gardabani municipality, East Georgia) and vil. Skhvitori
(Sachkhere municipality, West Georgia). Quantitative indises of inuline in roots and rootstocks of Inula
Helenium were determined by spectrophotometric methods (A=498) nm by the use of device Fiber OPTOC
Speqgtrometer CECIL CE 9500. In both regions wild Inula Helenium is characterized by similar dynamics of
accumulation of biologically active compounds.

Keywords: Inula Helenium, roots, rootstock, humidity, inuline, soil.
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SUMMARY
BUCKTHORN-IN THE FOOD INDUSTRY
Shildelashvili 1.1., Gagolishvili M.Sh. and Buishvili G.T.

lakob Gogebashvili Telavi State University

Buckthorn culture was studied for its use in the food industry. Various forms of buckthorn were selected for the
experiment generalized in Eastern Georgia, namely, Form N1 and Form N2. From the selected forms, the
content of total sugar, titratable acidity and vitamin C is distinguished by Form N1, both forms are distinguished
by high content of trace elements. From the selected forms of buckthorn we made two types of products:
Shredded buckthorn with sugar and buckthorn in its own juice. These products meet the requirements of the
current standard according to their organoleptic and commercial qualities.

Keywords: pasteurization, organoleptic, standard, rational, riddle.
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G0, 353009 93dg6@g00: sbm@o (N), gobgm@o (P), gomoydo (K), gsgioygdo (Ca) ©s
Lbbgs 9396009l oo  @omgbmdom  Lko®wgds, boerm  dog@mgagdgb@gdo:  dopboydo
(Mg). @g0bs (Fe), L3ogngbdo (Cu), gowdogdo (Cd), Bygos (Pb), ogmos (Zn), dmenodwgbo
(Mo), dm@o (B). 8sbpobydo (Mn), bs@@oydo (Na) s bbgs go 33009 Gomegbmdom. dig-
bo@obomgol 3b0dgbgenmds odgl 0dol, oy @ gm@dom 0dymggds boswspado  Lsgggoo
b0gm0gM9d9d0, MoEAsb oagboaos, MM d39bsMg dgomgolgdl Ibmmme  Aoblisbrg-
O gm®dsdo dgmg bogggd bogmog®gdgdl. sa®mdodog@o  aodmggangggdomn sy gbo-
oo, Mm3 bodo@mggeml doGomo@o Godol bosesygdo demogd  goblbgsgogdosh gom-
dobgmoliogob do®omswo Logggdo gangdgbBgdol sbm@Eol, gmbgm@ol s gogoydol Log-
0m  ©s Jmdsgo @m®Igdols dgdggemdols dobgogom, Igbol  jm@MIgdols boswspgdo
3093903696056 gmddsgo Godol boswsggol. o@g@s@dydymo Fyodmgdowsb 3bmdognos,
OMmI Yod@sg bossygdl sbalosmgdm aomogdygeo Log@mem gogoydol dgdiggamds 1,7
— 2,0 %; bosoqo ©oM0b0s b Ladgomme s@ols 9bebggaygmgommo sbmEom; @s@odos
dmd@sog0 Bobgm@om; Jopammobygdo sbm@o 7 — 10 3y o gddos; Ind®ogo Bebgm-
@0 8 — 15 3 100 o boswoydo; Goi dggbgds ao3geom gogroydl dolo Gomgbmds aowo-
gog@o ob dowsgnos — 17 — 25 3y 100 g boswspdo[1.2].

hggb dogd a539mgdaeo boswsoyols dMoamgbosb o3y swgdymo 0dbs boswo-
0L 60dygdgdo 0 — 20 LI Low®@dowsb Lsizggoo gangdgb@gdols s ddodg gommbgdols g-
Lob{ogens. @odm@s@m@oygamo sbogmobols dgogaom gobolobmg@s aoiEgeomo  Joaoy-
dol Igdggemds (Iy/ga), 3dodg @ommbgdowsb:  goedoydol —  Cd (3y/3a), L3oangbdols
— Cu (3/32. Hyaoob — Pb (3y/33) gdagammde.

op@mJodosdo  aodmoygbgds  gogmoydol Logdmm s dgbomgolgdgero gm®Igdols
‘dgnolgdolomgol dgdegao  obpglbgdo (gb®ogno 1)

3gb@ogmo 1. boswsoygdol 9bOybggmymas Logggdo gegdgbdgdom, 3p/3y

booopgdols adosizos | Loghomm gm®dgdo, % | ‘Ygbomgoligdgemo gm@dgdo, /3y
3o 09gdo
©5OSE0 <1 <200
Lodgogomo 1-1,5 200-400
dogoao >1,5 >400

hggbl dog® godmygegaeo boswsaol 60dydgddo bomgosw hobl, A®I soaoydols
Ygbomgolgdgeo gm@dol (K20) d9diggemds bogdome dswsgos — 460,0 — 641,0 3/ 3a-
by (gbo. 2).
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3bGogo 2. dmmbolol @gyombol dgbol Bgol gm@M™Igdol boswsagdBo Jomoydol Fgd3ggermds
(/o)

g(‘)%?f,gf(i; A 930mbo bob0dydm god. Ne | Lowdy, 1A K20 dgbomgobydgero godis
1 degbolio Lob.eg. Ne 10 (0-20) 460,0
2 dmanbolso bob.gg. Ne 19 (0-20) 503,5
3 dmabolso Lob.gg. Ne 27 (0—-20) 482.6
4 dmanbolso Lob.gg. Ne 29 (0—-20) 626,2
5 dmanbolso bob.gg. Ne 13 (0-20) 641,0
6 dmabolso bob.g3. Ne 23 (0-20) 636,40

doegdygeo dmbs3gdgdol  dgodgds gogmoydol Logdmm (>1,5%) ©s dgbsmgolig-
dgero gm@dgdols dggolgdol a@s@siEosbmsb (>400 3p/3) 30hg9bgoL, GmI  33arggols

‘Jgegaoe dJogdymo Imbsgdgdo do@sgnos. Fgyg0d@os gogoMsygomm, @md gogoydol
‘d99(33920mds Igbbodgdol gobobengdsls bganl o@ 9danol, JoGodom swgdomsw ybos

dmJdgegdegl s gl 935bsL3bgmo dglsderms aodm(ggyeo ogml garodsdols  (3gerogng-
b9500m.

ddodg ommbgdo  3M0m@0BJRA Y0  ©5d5d0bd YA o gdos, MMdgmms  dgbfogens
5930 gdgeos. hggbl dog® booswopgddo 3dodg @ommbgdol dgdiggemdols dglfsaols
dobobo 0ym, ©ox3900bs SOl MY 5@S boosao ©obobdy@Mgdmo s Sbgbl My oMo
ol gogengbsl Igboli 5@dMbo39b-dmbo®bY, bmgowsw dybol aobosbergdsby.  Lbgoswes-
Lbbgs bodgEbog®m bsdOmdgdols Jobgogom, ddodg @ommbgdomn ©obdobdy@gdsl soaomo
5JgL Losg@mdmdogm dogobE@oggdols dmdoxbogg boswspgdbg. dmabolols @gaombols
dogomombyg gOh g0 3gargggdos ho@o®gdyao [3,4,5].

Lobogmabam  as@gdml  (dombggdmb)  dg@oggdomn  aodydgosbgdols  sbo@m-
339690 BoJBm@gol dm@ols 360dgbgermgebo Mmoo 53BMA®SbL3MAEL dogiymgbgods.
‘Ygbododobow oJ396@0 ao@s@sbognos 0b@gblogdo Losg@mdmdognm Jodmlgaols bemeanTo
bossggdol g3magmdodogd dpamds®gmdoby. wopagbomos, GmI aoMgdml  gimboldg-
d90do Bygzool LogdOomm dgdiggeomdols bobggodby dgBo gmoodgdyamo d9bbobols {gol
Jgogaoe  begds, oby 9dys@mme 5@l ©s3ogdodgdygmo  53BMEA®Sbl3m@El  godm-
bodmanJgmab, @olisi, d9bgd®ogos, doMggae @oydo, 5@IMbgg@gmo dogol ©s boswes-
0L aodykgoobgds dmlbegal [3] og@m@ms 3gaggom [4] Losg@mdmdoam  dogol@®e-

g gdols 3mdoxboggo aobmspgdygm  Lobmgam-bsdgy@bgm Logo®agmgdby boswsggdols,
A™Jbogy®@o  dg@oegdol gd3ggermds  Lobogomm bpgs®l omfggh s xg@omdom
50935@gds Logmmsdm@olm s LoJo@mggeml bm@ds@oggdom wo{gbgdyge bog® s

olsdggdo 3mbigbd®oi0gdol Lowowggdl.

Lodo®mggermdo  dJomgdagmos  g30m3sgdo@ols  Jgg9bgdol  bm@dodgdol  aomge-
@olifobgdom 3dody commbgdols y@swszogdo (3b@. 3). do@omlsTodo aommbgdolimgols
3°dm0ygbgds  brg@ymow ©olsdggdo 3mb3gbB®sEogdoll (brpy) dobodsgrydo dbodgbg-
Eeods, bmdog@o Lododgdolbogol — by Lodgogm, bowem @odsalsdodo dg@owg-
dolmgol — by dobodsaa@o db0dgbganmds.

3bd. 3. 84033 momnmbgdolmgol bsJoBmggerml boswsygdol adses0goo (3y/3a)

bosoggdols ggmamaog@o dogmdsmgmods
90 9dgb@Bo Logob- 3obls 3gm- 3oFmbals- 3Hodo- ©5ds gdoym- bsTand
>80 QHINIE Vodgogeo | ggaro Bogrgd 9o om0 T3000
doeognlisdodo ddodg grommbo
goedodo | >3 | 3-1 | 1 | 1-05 [ 05-01 <0,1
bmdogBoplsdodo ddodg gommbgdo
Ldogwghdo | >140 |  140—100 | 100 | 100-75 | 75— 50 | <50
s6slisdodo ddodg gnommbgdo
Bygos | >200 | 200—150 | 150 | 1500-100 [  100-75 | <75
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3bGogmo 4. dm@bolol @gaombol 3gbol Gyol Jm@A®Igdol boswsygddo 8dodg ommbydols
393339 ™dS

boswasaols Ls60dg)dm Cu Cd
6080;]\'3(()‘) Ne @ 950060 Ro6. ]Ng bogdy, b L3ogngbdo godogdo Pb 300
1 dmanbolso Lob.g3. Ne 10 (0—20) 0,82 0,16 1,23
2 dmabolso Lob.gg. Ne 19 (0—20) 0,92 0,45 0,75
3 dmanbolso Lob.gg. Ne 27 (0—20) 1,05 0,68 0,99
4 degbolio Lob.gg. Ne 29 (0—20) 1,24 0,94 2,17
5 dmebolo Lob.gy. Ne 13 (0—20) 0,45 0,50 2,86
6 degbolio Lob.g3. Ne 23 (0—20) 0,89 0,90 2,49

3b®. 4-do dmEgdgeos dogoboliols Ggyombols Igbols Gyol gm®®Igdols boswsygddo
ddodg gommbgbols Jgd(33980mds, Jmbo39dgdopsb hobli Ldogrgbdol dgdzggermds Lsggergs
boswaopgddo Logdsme 3300gs s dg@ygmdl 0,82 — 1,24 o/ 3a-bg. LoJo@mggerml boswsyg-
dolomgol dJowgdgeno 3dodg @ommbgdols g@osi30gdols bea®@dgdols dobgogom (3be. 3)
L3ogngbdols Jgdggermds  sliadggdo bea®dol godaagddos (<50). godoydol dgd;339-
gomds 0,16 — 0,94 3/ ga-0l Godyangddos s M93mIdgbpo®gdymo a@sws309d0l dobgwgom
©olsdggoo  bm@dol Godpaagddos (<0,1). @ygzool dgdiggermdsiz 0,75 — 2,86 dp/ga-0b
RO gddos s 3bGogro 3-0l dobgegom Eslsdggdo bo@dol Godyamgddos (<75).

253338093983 a30hg396s, ™I Yglfogamomo boswspgdo 3dodg gommbgdom (Cd,
Cu, Pb) ©sd06d9g@goygmo 5@ o>@ol, dsmo dgdggermds os@ omgdsdgds 9.§ brpg. dowg-
by Jgogagdby oydwbmdom dgodengds omdgol, OmI s@bodbye  Lsbodydm  go@-
0M69dbg swgdye boswsyols bodydgddo ddodg @ommbgdom ©sd0bIyMgds 5 S0l s
dobo  dgdggemds  bem@dol  Godaagddos. Igbbo®gdols gobosbengdol  s@o@Sds3dogm-
Qo gogeo  JEamdsGgmds 5@ oMol asdm{ggyemo bosogg®o goJBmmgdom ©s sdolbs
dobgbo dglodangdgemos godm{gggeo ogml bbgs  goj@m@gdom.
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b0l Jodobozos s go@mgdml wsogs. mdogolo, bobmyswmgds mwebs, 2009, 187 o3.

2. obgerodg o, Loo@mggaml doGomswo Godols bosspgdols sg@mdodogdo obslbosmgds, 2019,
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3. gobfghoanadg b. Jgg9m s Fops Jodmeol ggmemaoyg® Lgdlddsd by gobgoms®gdyen bosw-
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bogy®o 9bogg@lodg@o, s3@mMRgHsR0, mdogrolio, 2013.
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5. bgoswsdyg 4., gobghognsdg b, Jg99m  Jo@memol  Lssgdmdmdommm  gboldods Logodamgdby
dmbRbggmols ggmemaog®o dpamds@dgmds. /bE-l dOmdgdo Ned(486), mdogrobio, 2012, gg. 21-26.

SUMMARY

THE RESULTS OF ANALYSIS OF NUTRIENTS AND HEAVY METALS IN THE SOIL

OF OAK TREE STANDS OF KVEMO KARTLI REGION

Kapanadze 1.G.

Georgian Technical University

LELP National Foresty Agency

In order to identify the reasons for the delay in the natural regeneration of oak tree stands in the Kvemo Kartli
region, soil samples were taken separately from soil incisions made in the sample plots to study the nutrients and
heavy metals form a depth of 0-20 cm. Laboratory analysis determined the content of exchange potassium
(mg/kg), from heavy metals: cadmium — Cd (mg/kg), copper — Cu (mh/kg), lead — Pb (mg/kg). Comparison of
the obtained data with the gradation of the evaluation of general and forms for assimilation of potassium shows
that the potassium content does not influence on the renewal of oak tree stands. Also, the copper content is with
the permissible norm, as well as the lead and cadmium content are within the permissible norm according to the
recommended gradations. Based on the data obtained, the unsatisfactory condition of the oak tree stands renewal
is not caused by soil factors.

Keywords: soil, oak stand, heavy metals, analysis, sample plots, exposition, endemic.
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53030133056 LOBLO363MS 3IBILBSBOMIBOL dbIR0O 063030S)BIBOL
83d86o (163(I1R5535RT150)d Rd53HbMdO 03N AGS300LSM30L

hogmgodyg 6.9., bswodasdy 0.9, Fogfogsdy g.3., hogmaodg 9.6., Fogfogsdg m.o.

LoJo@mggmmb @gdbogy@o 2960396GLodg@ol dommmaondsw SJGoygm
6030090 gdsm> 43 ggols Ladg3bog@m (396¢ @0
bododmnggam-0Msgmol g@mmdmogo jeobogs 0089007
3933500l Log@msTm@obe 7bogg@lodgdo

Mb3MEMmA09YA0 553509dgb00 5350IgmRms ¥YdgBglmds 0@y3gds dg@Bol@obgdol-
30, @mIamgdo 0d@gd0ob  Lobogmabarme  3b0dgbganmgsb m@asbmgddo ©s dbgemow
990®hoen gd056 1 gMs300L Moogom @ dgmmgdl. sdo@md dgBolGobomgbost Lodlog-
69900056 b@dmgns 5ol jodmlb msbsdgo®dmgg Jodommg@sdools 3o®ggeo @ogols sdm3sbs
[1-10].

Mb3mEssgogdgmms mg@sdool G®swoiogmo dgmmegdo, dzg@bsmmdols d¢o-
dogo LOymymgolbs ©s Joomo oEgdbomo gogygdols dogbgosgse, xg® Jowgg 39®
>@V9396 Lobgdgaee Foegagdl. sgEomgogaos sbogo, ©Egdeg ghgyggmo dowymdgoo
396oLBsboMmgdoll 3Omdengdgdols o mgMsdogmo 989G gd0l omgdol bydbgdolowdo,
Lodbogby®o YxOgegdol 3obmbbmdogdse [omdmImdomo mgolgdgdols yggems Lobgmdols
aomgoeolifobgboon:

L. 9x@gegmmo bgosdo®ols dmmogols3os;

LodLogby® gxOgoms 393dM56go0l LEAMYJH YOS (3380 gds;
bgs3009@o SEbmMS305;
Lodbogby® YxOgoms Jg@smdols s oEdgbool bs@ol dmds@gods;

‘Jopoygx®gemgsbo g9Mdgb@gdols (560dgdol) 3GOmydiool sj@ogsEos;
6. 890dgbHymo  @godi30gdoll  odpobsdgmds,  Josyx®geYmmo  @odmbmdol

d9domds s bygergobdgeggool  LEOYJH YOl dgagmsEos gobolsbrgmgds dg@ow-
3033e09JL{ oI Jbgems o goMgdmdgge 30MMmbdsms 0msbgdols dgbgdom;

7. 530g0oLgoosb 9x@gogddo 360dgbgermgbor dgdodgdymos odowgdol (om-
dmJ3bs, mobposmobmdomn jomygeo gmbgmaodomgdol 1393050396 MdS;

8. LodlLogby®o Yx®ggdolmgols sdsbslbosmgdganos 5@ dmagigagdols sbemds-
@ oo Moibgo, Lofyol bm@domu® YxMggdmsb dgos®gdom;

9. 53mgolgdosh Yx@gegddo gagmomo dodmagmmomo  3Om3gLgdols  Jodwobos-
Mgmds s domdo dgdiEodgdagmo gobygomo 3Mm3glgdol 0b6Ggblomdbs;

10. @eoyeaE  Jodogmb-doms@om@asbogmligol, hggb oyEomgdmso  doggohbos guy-
OoEgbol godobgoagds Lolbanols 3arsbdol ghggnmem bEghgmJodoyg@o megolgdy®gdol-
0gols mbgmogodymeagddo, saMgmgg 0dsbg, @md Lodlgoby®o 9xMgEoEsb gsdmymeom
0dbol oM gb0gdddybogo  D—paane@sdobdygsgs. (3bmdognos, Gmd  gOmo s 0dogg bog-
009@950L  Mm3G03g00 5bGH03mwgdo Bobogy®-Jodoy@o 0mgolgdgdom gOHmMsbgmolopsb go-
byy@hgggeros, doa@sd 333gm@om  as5blbgogogdosh msgosbmo gobomemyoy®o dmdgwg-
0m. 3o5000m, 3M935M5F) Lodgmeobobols do@3bbogddb@ybogo Bm@ds LodLogbgms bm-
309000 G030l 0gMs300l @AML 5JB0yMos, bogm Jo@xgbogdd®bsgo — s@SsJGH0M0s.

domemyoy®o dmdgogdol b3gEogogzy@msol dobgbo Jwamds@gmol 0dsdo, GmI
3OEbosgo MmOAb0bBIgb0 Mmogo© SM0Sb sagdEo M3BogYdew sJBHoymo, sbodgd@oywo
doboaoligoeb. s3obmsb, mEboa M@As60bIgoL bs®o ofgm I edogom oSFo@dmmb slo-
398 @00 doboagdo, 3oMsJdbsb M3F0s9Mo 5@ dB0 M0 bogmog®gdgdo m3B o yg@oe
5JBHoy®™do. ©53585¢gom, @M Go3 gBos Jodoy®o bosgBmol ImmgsnesTdo bobBo®-
doob sbodg@@oygmo >E™Igd0, oo Bswsmos dobo domemmaog@o sJGogdmds [11].

Lbod{gbodme, d93b0dbogm, @md  Lbgoslbgs b3giosgmdols dgibogdms dog@
dm3mggdyeo d@sgomo Loob@gmglbem god@o, Gmdgeoi meb sbansgl mbgm@esgsmgdgdl,
el obggy wo@bs Jguahbgzamo ws porsyfysad o

s
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5gm30Lgdosb Lbodbogbgms dg@ol@obodgbol 3GMEgLo, MmdgmoE 0dymegds bob-
3@dgogo dgmgomygn@gmdols 393 m@yobobddo dgwygds Imdwggzbm g@e3gdols Gmyeo
Xodg900l06:

D) gomgyeo Lodbogby®o gx®gegdol ob domo xa9ngdol hsdmdmdgds 306-
390500 Lbodbogboligob;

2) o3 PxOgegdol aos@dobs Lolbbmmoomn o6 @odgom (g@mog Lolbrdo®®ggddo;

3) Lodbogbgms gxOgegdol goJlszos m@sbmgddo;

4) bgaolog@gen 300mbgddo domo 3OME0xg®si3o0l  ogoJbo@gds dg@sbEsbols
53B™bmdoy@o bOwom.

Lodbogby®o Yxmgegdol hodmEoggds Fo®dmowygbl 9Fy39d 3OmEgLL. sbgmo
YXOJgool 3esbdy® dgdd@sbgdby Fomdmodbgds Bod®obo. xg® gowgy 1903 §. 306-
ggeose  d. ddo@ds ohggbs, GmId Lodlogby®o 9xcgogdo dogfgdgds Foa@Eggdols godo-
o@9dol gbmmngmoydl s of dom godldgdmg@@Bydgos Bod@obols Fg@oemo Jlgano.

Lodbogbydo  9x®gegdol  sdgbos  (AF9d350905)  aobdo@mdgdyeos  god@obols
dHom, OmIgaoi Bo®ogl dol byesdo®l. Lodbogby®o 9x®gEgdol sdgbosdo ¢dygogm
dmbofomgmdols 0gdy@mdls ae03m3OmGgobol M@0 bgosdo®o — @sdobobo s RQodOM-
69J®060. Lobgermd®, BodMobo 035390L dJmsegs® swaoels LodlLogbgms IgBsl@sbomgdols
d9Jo60%d30. JobBmmyoy®dds  Aodmggangggdds ag0hggbs, O™ gbpmmgeoydo  Jocyegl
0530l beo@dogny® LGB YO, OmEgbsi Lodbogby®o gxdgoo dogfgdgds (Jogdsy-
0965) Aol wAM™Ibol Loboow [1,3-10].

9bmmngmmoygdls s Lodbogbosh 9x®gEgdl dm@ols yOMogOMsTIM o dym gds
Fom3mopagbl (396@G @@ 30Mmdegdsls dg@obRobomgdols gobgomsmgdsdo. gx@ggdo,
Omdegdoi J0gdog@gdosb  Lolbands®mggbols gbommgmoydl, bmaxg® mgombydoydow
0d@gds ob I@ogoemo ool aobdogemdsdo @hgds s@osdBogdo. Px@goms 3obolg-
byl Bodl  9fmegdgh ,.dmgmmgdomgl™. dmgargdsdyg  Lodlogosbo gx®gogdols @go]-
G0g>300l dobgbos: LEOgLgdo, B®SIzgo0, dn@Ambogry@do doensbliols (33anoegdgdo, 3o6-
(399ma 96700 bogmog@dgdols bgdmJdgogds s Fobogymo opgbBgoo (godmlboggdols Lbge-
slibgs Lobg). Lodlogby®o 9x®gogdols dogd asdmymagomo B9@dgh@o dosgy@dmbowsbs
(2930390 gog@o  BoJBm@o) byl ¢fymol dom godmymasl Jo®ggmswo Lodbogbydo
335bdo@sb o Lbgs syoegddo ©odog@gdsl.

xobdOmgao Yx@gegdol o®wsJdbsl Lodlogby®ddo msb sbansgl dolo bgwssdo-
@0l LAOYJH YOl I3oxom  33Eomgdgdo. xobdOmgmo Yx®gegdo Fo®dmJdbosh Im-
Tab®oggdgen Jbmgogls mogobo gbodmols ysermdomn dgog@dbmb dgbmdgemo gx@gogdols
sOLgomds s Jommob dodmigomb 0bgm®ds309d0 3esbIP@o  dgdd@sbgdols  Lodys-
0 9b00.

Losgools dgogol (N-539@0@bgo@sdobols dgogs) aobdwogo dgdiggeomds Lodlog-
by@o PxOgegdol bysdombg 0fgggl oMo dbmeme dsmo yeroim3dm@gobol gy gbo-

mdols 330 gdsls, sMsdge bogogeo LA YJH YO0l 3geromgdslsi [22].
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ogmgoligdosbo  Yx@gogdo  hggumgdbdog  Fo®dmowygbgb dpa@ow  dodmboy®
(Jo@osbos@  obog@Mdymo)  Px@gEgdl, Omam®3  Jodommg@sdogmo 30 3oMsGgdols
dmJdgegdol, obggg Goposizool  30do@m, dop®sd  s@ol  bogmog@gdoms  Xa9Bo —
bod®modopsbmeno, Gmdggdoi Jombg obwgbgb 30EMLESE03Y® 9839]BL. oGS sdobs,
@53 dognosh  db0dgbganmgsbos, gl bogmogdgdgdo  Lodbogbhyd xGgegdl  oJ39396
Go05300l dJodo@m  Jy@dbmdos@gl. Lodbogby®  Yx®grgddo, sendom, boG®MX RO
oEagds bod@mJlogn — sbombols (NO, ) Go@ojomsdpg. xobdGmge (59@mdya) gx@g-
©g5do gl 3OmEgbo o® 30dobs®gmdl s 5d0F™Mad olobo 5@ bosbgdosh boG®modowes-
bmengdom [16, 17, 21, 22].

05350 bo@®modowsbmmol xauxngdo dgodmgds ©sogml bodgyg@bogem  bodys-

gdgdol M@  Jygxaageoe: I Jggxaago — 2-bod@modopsbmmol (omdmgdygegdo, oI
37 g00g0L dggero 3G g3s@s@0:

H(I:' l[\||———CH2—CH—CHZ—OCHg
a2 OH
HC C
\ICI///’ ~~NO,
30bmbogsbmeo

II Jagxoaano — 5-bo@d@modosbmaols Fo@mdmgdgemgdo, o3 3F3G0g0l Lodo 3@g3s-
5®0

N——CH
N——CH |
R Jo
H3C/C\|Q‘}C\N02 HaC”™ \T/ ~NO,
1
CHZ_CHz_OH CHZ_CHZ_Soz_C2H5
3980mbowsbmmo 30bo@sbmmo
I
HC2 °
\F\I/C\NOZ CH2—C{12
\
CH,—CH;—N O
/
CHz_CH2
boJbmyzobo

dm3999@0 30935053950 obegbgb @o@omdsligblodogobgdger dmJdgogdsls sgm-
g0bgoosh  Yx@gEgdby ©s dom 9bodboggh ogodymal Lbogy®o mg@siools dods@m
da@dbmdgemdols slsdopengdmse. ¥bos 500bodbml, G®I 2-bo@d@modosbmanols Fom-
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dmgoygemo  — 309300580  dobmbowsbmeno,  YIgomme  mogoe  obgbl  LodLogby®
IXOIIObY GoHOLHGOIO 98I [21, 22]

Mb3mEssgogdoms mobsdgommgg Jodommg@sdools gds ofggds 1942 (anowsb [15,
21, 39], Gmpglsi dg9eabgb 03@0@ol sbogmy sbm@ols 3amobogy®d asdmiEsl

CHy——CH,Cl
/

NZ—CH,——CH,Cl

CHp——CH,Cl

Omdgaroiz  obegbos 1393080490  30@dMEMIJLog®  bgdmJdgogdsl  @odgmowy®
Jbmgoemgdbyg s sgagbes Lodlogbollsfobss@dwgam oJBogdmdsl msoyg9dols @odgm-
Lo gmdols el [15].

9damd 0dbs Lobmgbo®gdgamo sbm@y@o 03@o@Gol Gogo (o@dmgdyegdo, G-
dgemopgob bofomds aodmygbgds 33mgs Bo@Mdo3930 0 3M935Ms@gdol Lobom. o3 wxav-
ol 30g3oMo@gdo, IJmddgogdols dgdsbobdol dobgwgom, goboboangds @mam@ 3 dosgn-
300 gog@o  bogmog@gdgdo. dgdpamd dowgdya odbs ULbgs Jodoydo xauxgool Godm-
A™Jbogy®o oo 3oMgdgamo bogmoggdgdo. dgdegao gdgbo smgyao Fanol gobdsganm-
4570, Egdeyg, gggms aodmgmgbogro s domgdymo Mmbim3Mmgds®Ms@gdo  ho@myeos
Lbgoslbgs Jodog@o LE®yddgeols s Lbgswolbgs go@dsgmmmaoyg@o (domenmyoy-
®0) dmJdgegdol Lodggdbogmm Lsdygomgdgddo. yggems olbobo garsbogozomgdymos dgd-
@y X 9BIdor [8,15-17.21];

1) dosgm3009dga0 bogmogdgdgdo;

2) ob@0dg@odmeno@o;

3) Lbgowolbbgs Jodogmo xayxol Lobmgdogg®o 3@g3s@s@gdo;

4) 8903963900, 3odmygbgdymo Mmbgmmmaoy® osgswgdsms bod @bogm;

5) Lodbogbol Lofobss@degam sbEodom@ogzgdo;

6) 339650990 Fo@mdmdmdol sengoemo©gdo, 3meoxggbmegdo s bbgs bogmog-
090960, Mg gdoi aogegbsl sbegbgb Go@dMAMJLogy® dmJdgogdsby;

7) 0b@gaxghmbgdo ©s 0bGgdagozobgdo;

8) dm®Imboenyy@o 3M935M5Ggdo s Jomo SbGHsMboliGgdo.

0000 mbgmessgsgdyels  Lodbogby®o 3GmEglbo o3l 0bpogooeysey®-
0530L9d9M0. MbgmEosgsgdoms  1og0lgdymgdgdby  sdmgowgdygeagdom, dobo dodwo-
bomgmbol, 989J@OMdolLs s gowsd@obmdol dobgrogom  Lodlogbols Lofobss@dwgam
30g35M5@ gd0bmgols dgo@bggs domo aodmygbgdol Lgdgdo, mbgdo, 3mddobsizogdo Lbgs
30935057 gdmseb s 5.9. [39]. Jodommg@sdool dg@dbhggs, Gmgmei FTglbo, asdmoygbgds
M3905300Ls s Lbogy®o mg®sdool dgdwgy. d390bsgrmdbdol 9839]@0mdol sdswen gdols
dobbom LodlLogbols LoFobss@dwgam 3@Mg3s®s@gdls bdodow 04gbgdgb o>@Lgdyae Lodye-
g gdoms 3mddobsiogdols Labom — dJmJdgogdols bbgowslbgs dgfsbobdom [2].

LodbogbollsFobsswdgam 3Mg3s@s@gdo 0f39396 Lbgowolibgs gg9@om  939J@ U:
39oldggel, 300mgdobgdsl, Sbmdgdlosl, os®gols o Lbgs dmgegbgdl, @mIengdo
bgeols 9deosb Jodommg®sdools ho@o®gosl. mbimd®gds®s@gdol 9dg@glmdolbomgols wsds-
balosmgdgeos olgmo g390omo §89dBgo0, OmameoiE s@ol dgdmdmgbol wommyybgs,
Omdgero  d@og@egds  3mddobo®gdymo  mg@sdool ML, Lodlbogbollsfobssmdwgym
56®060mH03g00 bobosmwgds go®Owom@mbogg@mdomn s bgr®dm@mdlogydmdon, boam
do@Inbsgnyy®o  30g35M5H o0, domo  Sbogmagbo s Sb@ogmbol@Ggdo 0393l dm@dm-
bognyy®  @olido@sbll.  @ogo  mbim3Mgds®s@gool  wsdobslboosmgdgeno  mogolgdy®godss
domo 039bmliygddgloygeo Jmddgogds, GmIgaoi sbygbEgdl m@ysbobdol 0dgboGgdl wo
50030 9dl 069930900 go@mygmgdgdol gobgoms®gdol. sdoBmd dmenm s gy do
‘dg0ddbs s 3mJdggdsdos I@sgoeo odbdodg Lodygyg@bogem Lodgogmgds, @mdmgdo
bganls 9Fymdgb do®omswo mbim3mgds®s@gdols g9 gamost [21].

Lodbogbgms  ddogo@lbabgmds, d@sgoemo  Lbgopslbgopgotse dmJdgwo  mbjmjo-
dom3® 9350530, dmombmgl 3Go]@ogodo  aodmygbgdym 0dbsl d9300 gJb3g@0dgbReo
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dgomeo s gHommby® Lodbogbgms @o®mm UL3gd@®o. @gogy@do [oMmdo@gdgdol dosy-
bgoogo, mbgmemaoyg® ©ssgogosms Jodommg@sdos gl ¥ 9@ jowgg aol do@ogd-
g0 3Omdagdgdol a39@M©om:

) xg® o6 s®ol dgddboeno  ybogg@logydo Lodyzyndbogem 3Mg3s@odo  godmb
dOsgo@mo gm@Iol mg@sdoobomgol;

2) Lbodbogbyg 339@boemdbols AML 0dgbl Jpy@smMdsls 3mbiMgR o 3Gg3s@sE 0l
dmJdgegdols dodsdm;

3) Lobbaool LylbRo Eodggesios Lodlogbols Jlmgoedo sOM Y@ gdl 3Mg3sMSF 0l
do@dobsl Lodlogbgdo;

4) LodbogbollsFobss@dgam 3Mg35@5@gd0ol  §dMogaglmds osbdmdls bgdolidog®o
Jumgoamols b@Owsl, sdoGmd Lylbio UL3gzoxogg@mdols gsdm, obobo d3Eo®gegn9d@ Y0
bgens Ibod Lodbogbgms dgdmbgggsdo;

5) slgmo  3Mg3oM5Bgdo  obwgbgh odsboobgdger  dmJdggdsl 03 xobd@mgan
Jbmgoemgdbgz,  Omdgmmsmgol  sdsbobosmgdgaos  gxdgoms LYoo @oymys,
dogogoms, dgerols @gobo.

odol Ygogaoe [o®dmodgs sbosgro Lo@dysios, Gmegbsi 9839Jda®o Lodlogbols
Lbo(oboo@dwgaym 309350530l Lobmgbobmgols  syEogmgdgamos  s@Obgdomse  sbhogro
doamds dom gbsdbgens.

Jodommg@sdool LOygmymazobsmgol mbgmessgsgdsl bws dmgdgdbml 339 bo-
gemoéobmgol gxudem  dgdhggomo Igmmegdo s obggg dgoddbsls Lodlbogboli LsfFobssw-
dgam bsdgg@bsgm Lodgoggdoms sbogo 13930803900 Xa9ngd0. @o3 IgBo 39-
(3MP0bgds RoJobo goblbgoggdgdol gbobgd Lodlogby®d ©s bm@dsgy®d  9x®grgdls
do@ol, Joo PROE  swgomo  dmgobgbe  Jodogd  bsgdmms  Lobmgbols  Lgdgdols
3ObLEOPM YOS, AMIagdlsi gdbgdsm dg@dbggomo dmJdgogdols ybo@o.

hggb bgmobers aowogbgogm  Lodbogby® o xobIGmgm  YxOgEgdl  dm@ols

30bogg® s Jodoyg® RodBmmgdl dm@ol Jmger asbdolibgoggdger jmd3angdl. LYmege
9L aoblbgoggdgdo Fo®dmomagbgb Ggomy® Lodobbgl Lodlogby® ¥Yx®ggdmsb dJobsbdo-

domygeo d@dmenolingols.

393oLBsbgool Fo®ImJdbs Fhow@me oMol s353d0Mgdymo  POMogOMESIM jo-
g0 gdslmsb  Lodbogby® gxegogobs ©s Lobbgdo@mggbol gbommgeoydl dm@ols
R0b0gg®-Jodoyg® mbgby. ssdosbols Lbgowslibgs Lodlogbol x®gwgdo aoblbgsgogds
Lofgolo  bm@dsgny@o  gxOgogoobash msgolbo gagld@gemo  dgbBom. xsbddmgao
YXOJgdol be@dogny@o dgdd@sbymo 3m@gbiosgo goeagbl 90-100 d3, LodLogby®
YNxOgegddo ol dzodpgds 40 33-dg. og3mgolgdosh Yx@goms 3m@gbiosgols sligmo
d93300gbs dom B gdsls odanggl d3ggm@o dgboyomb 9giEbm bogmogdgdsms ‘dogbom
dgoFggs. gl deog® odbgangdls LodbogbolibsFoboo@dwgam Lodygsmgdoms dmdgogost.
beo@dogoy@  x@gegol  9bodo  ofgm  @osMgamodmmb  msogolo 3gdd@sbymo  3m@gb-
goswo [8, 18-20, 27, 30].

Lodlbogbols xGgEms 530030Lgb056mMdol sdo@engdsls msb sbhersgl domo godym-
Qomo g gdd@gao dgbBol goowgds. 3obi3gmmygbyamo bogmogdgdgdo bawls ¢fymdgb
YXOgoms gagdOmbymo IgbGol sds@agdsl [8]. 3ob3gOmygbgdo dgodargds gobolisb-
©gOmlb Omyme3 bogmogdgdgdo, @mdmgdoi byl 9Fymdgh Lodbogbgms Fo@mdemdbsls
domo dmJdgogdols dgdobobdoligeb ©sdmyzomgdems.

bma0g@m  3ob3gMMmagbl ¥Ybodo ozl aodmgogls @oasbwols (dsbgrs@omgdgano
5396G0) @medo ©s dgo3o3d0Mml dgBogms ombgdo Fyoeblibo@mgddo ob s@ofgom-
blbs®gddo. Lbgs 35b(390magbgdo, GMImgdlsi @ ogm 9bs®o gmm@obsiosdo dg-
300696 dg@ogms 0mbgdmsb, IgBedmeobdol Jgwgaom 2oMs0ddbgdosh Bodydenoysb-
©gooe. dspaomomol  Lobom  dmgoygobmo  s@OmIs@yao  sdopol  (2-539@0w-3-5306me-
M@ gbo, oo9) Jodogdo aodwsddbols Lgds N-do@mbogmyo®edgsgs gmg@ols (s59)
Jobagol  Igogaom, Gmdgamoi  Fo®dmowygbl  Lodmamm  3obi3gdmygbl s  danog
0 obol [18]:
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/CH‘_ ,,CHH
HC" g\C——C~ 1 , CH o 7=bage
nys ﬁfcli n|: 3|-:|: C—CcH g
S - ., L\‘\-d P ) —_— 3
CH N9/ ScH N7

2-539@0s-3-5d0bmgegm@ gbo (55%)

_CH CH,
HC. _-C Cx. C. _C—CH, )
chl, CH N ok
N —do@ndlo — sog
CH CH
.50, I C/ ~ o)
- Hcl:l Cl; c|: |c|; cl—CH
./ \ N ’

\CZ 2 \CH/ N\o SO3H

N - 3oémdbo — amaodEdgegs gngho So0
Lsdmmeme 35639hmagbo s dmogho mogsbro

Y30 gogenos s@obodbml, @md sgmgoligdosbo Yx®gwgdo 3mbiy®gbiosl 9 g-
396 bm@doyydl syicogdgemo Logggdo 3Omeddgdobosmgol, dom Goibgdo dgGomms
0mbgdolomgol.  Lodbogby®o Yxdgogdo 0do@xggdgb o3  3mbgBgdye  d@Imensdo
d9Bomgooliomgol, Goeasb olobo 04gbgdgb 9R@M daogd @oasbegdl, gow®g «xobdM-
0 geo xOgegdo [25-28].

Lodlbogbols LoFobssdwgam 3@g3s@s@gdo doggymgbgds BH03Pd @opsbogdl ©s
9bo@o oz [o®InJdbob  3md3amgdlgdo  IgBomms  0mbgdmseb  m@ysbobdgddo. oI
33935057 9d00sb 9300l Lodlogbollofobss@dwgam oJ@ogmds 0b@©gds, my dom dggoy-
3560 M@ o60b3To IgBomgbol jmm@Eobszogmo bag@mgdol Laboom.

dmgoygobmo bogogdmo  3bmdogro  Lodbogbollofobss@dpgam  3@g3s@s@ols

LHOadd 9o go go@dgagdo [21]

NH, Q CH,
o—c |
- Ho,N—C——N
\ ~
NH——OH N=—7=O0O
do@mJbogs®ddsdopo (3oGgs) 60@®™bMIgnog Is@Emgebs (3gd0bycdo)
HC
_ NH H1C
ANTN=N N ? \‘C’?N\CH
HaC \( " ] 0
CH»>—CH,C|
N C Ll 2 2
C N St~ CHy—NH-C—NZ
H-N—C ‘ N=0
20 NH,
O

©3B03gbo bo@®sbo
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HaC O  CH—CH
\ I ZENS
OH—NH~-C-HC, H=CHa NH-NH~CHy
HaC ‘CH=CcH

bo@gmsbo (g9dg)

CN
39956

G063 ghyrsgm, gggms doggoboaro Goedgms  FoGdmopygbl  Godgd  wo-
3obgdl, MM gdlsE gmm@dobsigools gbs®o sfgm dg@ogols 0mbgdbmsb m@ysbobddo.

LodbogbolbsFobss@dgam 3G 3o@o@gol @ ofgm  bo®o  Fo®dmJdbob @ g039
33900  dgBoms  0mbgdbmob s FgHodmmydo oMo ddbgdosh  m@ysbobddo
bog@mgdo, MmAmgdlioE gdbgdom woysbgdolomgol wsdsbslbosmgdgemo mgoligdgdo.

dgodangds,  saMgmgg  dgmogobgds  0dolbs, @Omd  3mBgbgoydee  Lodlogbol-
LoFobss@dogam 3g3s@o@goo dgodangds dmodgdbml @oasbogdl dm@obisE, @mdagdocs
Fom3mddbosh Logdomp 333039 3390l dg@omms 330090 ©sg5ba e 0mbgdbmsb.

>bobodbogos, @M Jod@geol 3mb3gREoom dg@omols 3obg@magbmds ws3og-
‘Jodgdgaos dob gargJBOmesgdomn bas@obbmsb [12], g.0. 3bgds ,dgHowols 3obigem-
39bmds*  Jogznmgbgds  sMs  gargdgbBl  Omama 3 olgml, oMsdge  dob o339y
R0b0g9®-Jodoy® JEamdo@gmdsl (0mb-3mI3agJLb{s®ImdJdbgarols gobygol ba®olbl).

9 9dBOmpsgdomn  g@oms ombgdo  [o®ddmJdbosh gsdoanyd  3md3angJlgol,
Omdewgdoi 39H0  bofomom 5@  5@00b  3obgdmygbgdo. dg@Bomms ombgdo  sds@o
980 9JBHOMEogb000mbomn [o®dmJdboob 339l domeoysboms mbm@ye xa1a3gdmsb ©s
9bo®o  ofgm aobozomb dbmerme 3oy bo@olbom dodmigomo @gsjiogdo  Lbgs
@05bgdmsb, OMIgdoi 0dymygdosh domemaoyg® Lol gdgddo, o3 gobosdo®mdgdls
o3 3oBombms 35b3gMHmagby® dImJdgogdsl.

5do@md  dobgans@Bodgdgaro 529bBgool  godmygbgds Lod g@boam  3Mg3o@o@gddo
30doMm@gdbyymos s 39aL3gJHogeo. gods sdobs, JMd3agdlbsgBmgdols ©sds@gds,
Mb3MEMy0Y®  ©55350g05ms  MAS300l ML, Sdo@agdl  LodlogboLlsfobss@dwgym
Jodom3@g3s@ms@gdol dmJdgrgdol 9839J®L.

bgdmombodbymowsb  godmdeoboty,  dgodargds  gog9megl  dognosh  dbodgbyg-
gemgobo ©slggbs, @m3 Lodbogbollofobosomdmgym 3Mg3s@s@gdol sdBogmds ©s3ogdo-
9oge0s oo  @oasb @ 0golgdgdmeb  ob  Ybo®msb oM®o0dbols  m@sbobddo
189JH9O @opobegdsw.

by 3e0gobdgogoms Lobmgbols 0b3odo@dm@dms xa9xl dogggmgbgds Bmbgmbs@gdo.
do0800050, BOLRMbMIToMdgogsls ¥bodo ozl Imobeobml godybms I — 3meodgdes-
bols 0630d0@gds.
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HO\P/O
o O\

CH,COOH

935bobgbger s gy do  Ibmgaom@o  dgdmmogsobgdymos  @ogmblgmbs@gdols
3730030 3o@d5(3930 00 3M935@5@gools Lobon — bmgogdmo Lobgmdols Lodbogbgms
dgengddo IgBobBobo®mgdols @olgom. 39dd@sbgdol aobdmangols Mgy odgbom, ©ogmL-
RMbsBgdo byl 9Fgmdgb Lodbogbolilbsfoboo@dwgam 3Mg3s@s@gdols BH@SbL3IMAE M ool

XM 9gddo.
23535bMd0 oRmLBmbs@gool Jodoyg@o Lobmgbols Log@omm Lgdsls:

IT'IIZZH[I‘.Z.‘rHJ:,3 PO(CH),
PCl; + RCOOH — = R—COCOR 129, R. —f|:—oH
FD[DHJE pD{DH}E

3oblogym@gdya 0b@gagll, hggbo sb@om, [o@mdmowagbli sd0bmgmogragmligmbols
dgogo ©98((3005@060), Msdgbosz 080 33bggds domemaoy® Mm@ysbobdgddo:

HO\P/O
HO/ \CHZ—

5d0bmgmogamlbgmbols  Igogs — mgm@o  g@olGo@g@o  bogmog@gdss,  goMys
oblibgds (yoendo o d30dge — meysbya asdblibgengddo. dogosh dadspo Jodoyg®o
bogmogmgdos, GmIgebgis o6 dmJdgegdl bolEo oMo o 30MMdgdo, dsgseEomsw,

9dagdls 8 Loomol gobdogemmds@o aoby@gdols 120°C 9o(gdm@o SN on o6 48 Lssmo

150°C @™l gomgdmdo 8N Lo [13, 4] 599 65303605 0530600l begol 5699mbogddo s
begogeo  Jnaglzgddo. Tetrahymena 15% m@ysbo0bddo golbgm@o bye os@ol sgg-ob

Lobom.

599 Jodoyd@o Lobmgbo bmdEogmogds m@o LEswools babom:

L CHO ~_ C.HO ~_ %O
C,HO — P+ CICH,CN —*¢, P +C,HCl .
Jeoo@o3E9B®b od®omo \ Jeomégmogo
C,H.0 C,H.0 — CH,CN
HM0gomogBeml oo
OYO0E3056mFg000n
2mbebsBo
I. C,H,O \ / O HO %
" < H /Ni >P 4
C,H.O CH,CN HO CH,-CH,-NH
2" 75 2 2 2 2

sdobmrgmogmambymbol Jgogs
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5d0bmgmomamligmbols dgogol dobobyg hggbl dog® dgdyTsggdygeos 3g@L3gd@oy-
@0 BEASBL3IMAGHL dobgms@odgdgero 53963 gd0l Lobmgbol dgmmwozgdo.

d1bg6odo  Lbgs 0dgosmoe  dgdbggedo  gmlgmbs@gdo, Omdgmms [o@dmgdy-
950l Lobmgbo Fo@dmoagbli hggbmgol 3@sd@ogae 0bBgdgll, s@ol:

HO\P /o
S~

2-3gmog-5306mgmnomagmlbigmbols dgogs

»——CH,——NH——CHg

HO

(‘JH ——CH,——NH——CHj

o
\\\P/
OH
COOH
3-58060-2-80bgmbem3Gm3ombols 3gsgs
H

H
\ / OH
c——cC -
NS P
Hac/ © g\\DH

563 0d0mE040 gmLlgmbmdoobo
()-3ob-g3mJLo-1,2-30m30@ g lgmbdgsgs

1964 (enosb, HmMbgbdgdaols dJogd [26] bmgogdHmo Lodlogbols dods@m 3ans@obols
do@B0ogo 3md3egJlgdoli 989JB YOm0l s@dmhgbols dgdwgy, ©oofym dobobdods@mymo
335093900  IgBomms  gom@obszoygmo  bog@mgbol  Lobmgbols  ©s  3@o]@Gogyeo
3odmygbgdols dodoGmyegdom. 989J@ M0 S@Imhbos MAZomgbGosbo 3mo@obols jmm®-
©obsoymo  bogdmgdo, @mIgams Bobomamyoy@o Jmdgogds ©sdm o dgmos  dom
5bsambdobg: ofBoydo s@dmhbos Jbmeme  30L-0bm3gMgdo, boem FH®SbL-0bmIgMmgdls
LodLogbollsFobsomdgam 3mdgogds @ smdmshbosm.

gdamd  sedmbgbogmo  0dbs  boggmol, 3semswoydol, Gmeoydol, o®opoydols
3M33g0gJlgdo bgogbo domsGoygdo gxg9ddgoom [16, 17, 29, 40].

5930 gdgeos babaolbdom s@0bodbml, Gmd jmddwmgdlydo bsg@mgdols LFg®gm-
Jodoygdo  mogolgdy@gosbo  3b0dgbgermgbo®  @sdmogdymos  39bGOS@ M0  SBHMI-
3033¢0 9L oI Jdbgerols s gmm@eobsgom @oibgbg [28, 31, 60].

2o@s sdobs, s@lbsbodbsgos, Gmd hggbl Jogd ¢3obslgbgar 3g@omwdo dJowgdyano
06> L3ogngbdols (II) s oygmool gomm@Eobszoyao bog@mgdo sbE0dogmbgdbmsb s
SbB03MMAMbDM0bgomsb — Lodgy@bogm 3Mg3oM5@gdmsb. 53 3md3agJlbsg®mgdols dgwo-
3M-%0m@ma0g@o  33e 93900l Jgogase woagbog odbs, @md gob{glom bgdmowbod-
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SUMMARY

TO CREATE OF NEW INHIBITORS OF CANCER CHEMOTHERAPY-SAVING

MALIGNANT TUMORS METASTASIS

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

Biologically Active Substances Scientific Center of GeorgianTechnical University

Georgia-Israel Joint Clinic ,,Gidmed*

Caucasus International University

The evidence is determined not by quantity but by weight. The article describes the problems of combating the
metastasis of malignant tumors which in themselves are very active and timely. Issues of sequences of malignant
tumors metastasis processes in the body are presented. There is also shown the role of fibrin in the mechanism of
tumors metastasis. The whole complex of differences between normal and tumor cells is reanalyzed. Particular
attention is paid to various physical-chemical factors between tumor and healthy cells. The history of the
introduction of modern anti-cancer chemotherapy is discussed (from 1942). Modern classification of anti-tumor
drugs of different chemical structure and pharmacological action is suggested. Own data on a substantially new
approach to create specific metastasis inhibitors for saving oncology chemotherapy is presented. A new class of
synthetic multicharge anionactive tumors metastasis (maim) has been discovered. Their multifunctional action
on the tumor cell is discussed. A patent has been got for the first drug of given class-Amphicezine that does not
damage the normal healthy cells of the body. The research works of the second generation on maim has been
completed. Where the inhibitors of thrombin and antiaggregant enzymes are transmitters of cesium and rubidium
strong alkaline cations. They contain free marginal amide groups. The connection between active oncodrugs and
their ligand features has been shown or the connection between effective ligands in the body that have the ability
to transform. The concept is discussed “Carcinogenicity of metal-complex generator”, also the role of some
complexes in regulation of cell membrane penetration in cancer patients. There are presented the synthesis
scheme made by the authors and the synthesis scheme of metastasis inhibitors there. As a result of medical
biological researches, completely new cytotoxic activity of copper and zinc complex compounds is identified 5-
with nitroimidazolederivative that is determined by the coordination number of the central metal-complex
generator, which in turn, determines the stereochemical properties of complex configurations.

Keywords: cancer, chemotherapy, malignant tumor, amphicezine.
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SUMMARY

STUDY ON GROWTH, DEVELOPMENT, AND LACTATION IN EUROPEAN BREEDS OF GOATS
ADAPTED TO GEORGIA

Zhghenti T.G. and Ghlighvashvili V.A.

Georgian Technical University

The aim of this study was to investigate the adaptability, growth, development and productivity of high-yielding
dairy breeds (Saanen and Alpine) brought from Europe to Georgia; compare the data with standard data of the
breeds. The study was carried out on goat farms in the suburbs of Rustavi and in the village of Galavani,
Mtskheta municipality. Up to 100 goats, both adult and young, have been involved in the study. To observe the
goat growth cycle, we used the method of taking ten major measurements, and the control milking experiment to
determine lactation productivity. The study has shown that the increment is developing well, compared to
mother does and standard data, and their productivity is close to standard. Thus, we can conclude that if we
create better conditions for these breeds of care and storage than they were on the farms presented here, their
data will be improved. We will be able to provide farmers with advice and recommendations based on the results
of this study on the breeding of these breeds, which will contribute to the long-term progress and development of
the industry in Georgia.

Keywords: saanen goats, alpine goats, increments.
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SUMMARY

EFFECT OF THE TEMPERATURE OF THE COAGULANT ON THE MORPHOLOGY AND
PRODUCTIVITY OF THE MEMBRANE

Bibileishvil G.V., Kezherashvili M.G. and Javashvili Z.D.

Engineering Institute of Membrane Technology, Georgian Technical University

The effect of the temperature of the non-solvent on the morphology, pore size, the frequency of its distribution
and specific productivity of the membranes obtained on the basis of polyethersulfones and polyethylene glycol
by wet method of phase inversion has been studied. As a result of the research it was found, that at the process of
the phase inversion by variation of the temperature of the non-solvent the regulation of its viscosity and of the
diffusion coefficient of solvent-non-solvent alloying the prediction of the morphology and structure of the film.
Keywords: polyethersulfones, non-solvent, membranes, structure, phase inversion.
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SUMMARY

INFLUENCE OF THE TEMPERATURE OF SOLVING OF THE POLYMERIC COMPOSITION ON
THE PROPERTIES OF THE MEMBRANE

Bibileishvil G.V., Kezherashvili M.G. and Javashvili Z.D.

Engineering Institute of Membrane Technology, Georgian Technical University

The effect of the temperature of solving of the polymeric composition on the morphology and specific
productivity of the membranes obtained on the basis of polyethersulfones has been studied. It was established
that at high temperature of solving of the polymeric composition in the solution such distribution of particle size
and polydispersity degree is attained which causes obtaining of the membranes with high frequency of pore
distribution and of high productivity.

Keywords: polymeric composition, particle size, membranes, temperature.
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©00535bmbo
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boggydgagdo 9g0misgdo@ols 2003 Faools 16 dsobols 2003/40/95° wodgddogol dobgogom
od 0mbols begd g ©slsdggd 3mbigbd®sicosls [4].

oa0bes, O®MI  dm@dxmdol  dy9bgddogo  dobg@dogy@o  [ymol  ©gdo®omgds-
©gBOMO0O o0l bobmgomA@saoygmo 3Om3glo YbOYbggmygmyls Jssgbo®olibmgsbo,
3O0LRSEYAS© aoddgodgogg,  LEgOomy@do s gamemyogdse Lygms dgbsbgolopdo
oo 3OmEygJiool  dowgdsl, boagdol  Fo@dmboddbols aoMgdy o  gogEogdols
oM bmds @o0ygabgds b 3-dwy.

R0BIGSG VDS

L g. ododoagodgomo. dm@mgzgeyo ©s ombydo LolGgdgdol ©gds®o@gds-gnmm®omgdols
bobmJodos, 3dgddb@sbyemo  bobm@gdbmemyools s  bobmlbol@gdgdol  dgfdbom. wolig@®@oios
ndoenolo 2016 §.

2.Amina Ramdani Nanofiltration Performance for Synthetic and Natural Water Defluorination: Application to
South-Algeria Groundwater International Symposium on Materials and Sustainable Development SMSD 2017:
Proceedings of the Third International Symposium on Materials and Sustainable Development pp 481-491

3. Garbo$ S, Swiecicka D.  Determination of Barium in Natural Waters by ICP-OES Technique. Part 1I:
Assessment of Human Exposure to Barium in Bottled Mineral and Spring Waters Produced in Poland. Rocz
Panstw Zakl Hig. 2011;62(1):27-32.PMID: 21735975 Polish

4. European Commission Directive of 16 May 2003 2003/40 / EC.

SUMMARY

INFLUENCE DEBARINATION-DEFLUORINATION OF BORJOMI MINERAL

WATER ON CALCIUM

Bibileishvili G.V., Mamulashvili M.A. and Butchuzi T.G.

Engineering Institute of Membrane Technologies of Georgian Technical University

The article discusses debarination-defluorination of membrane nanofiltration of natural mineral waters
"Borjomi" and under the influence of this process, reducing the amount of calcium to MPC.

Keywords: nanofiltration, mineral waters, concentration, ionic selection
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SUMMARY

INFLUENCE DEBARINATION-DEFLUORINATION OF BORJOMI MINERAL

WATER ON CHLORINE

Bibileishvili G.V., Mamulashvili M.A. and Butchuzi T.G.

Engineering Institute of Membrane Technologies of Georgian Technical University

After nanofiltration of mineral water "Borjomi" the amount of chlorine was determined. It was found that the
process of debarination-defluorination of ,,Borjomi” mineral water provides chlorine reduction to MPC.
Keywords: membranes, debarination, defluorination, concentration, membrane electrodes.
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0bLEoB G0

d0gOMRBoEEMS5300 30m3gLol AML bggo®omo [o®@dopmdgbol  dgb{ogerols
L53000b0 0535330090005 30AOMEP0bsJog M0 s Foboms Aoes3gdol 3GMEgLgdbmsb s
30b50sb X gA-xgOMdomn 56 5AOLYIMIL dgddASbyeo dmymgdols gAMb MmgmE0Yy-
@o 3oEslyg90ad0 ©o dogdgmos ggaggol  dbomoe 5Jbgeodgbdgmo ybo.  Bgb
5300hogom  @sdm@sGMGoym J0Mmmdgddo Lodgibogdm-ggemgzomo Lodydomgdol doxne®-
0mgds, dolbo Mm3Godsgry®o gmbxgogygdsizools s Mgg0dgdols dgbo®hggow. gOm-g@mo
b53000bmosbos  boMMIgIdAsbyao  GogrB®oiool 3Om3glgddo dmegaydo blbs@gdols
Lbbgopslbgs Lodwg®oggls s bggo®omo (o@dsmdsls  dm@ol ©sdmgowgdygegbols dgb-
Jogens s 9Jl39®039b@ o IO gools wobdo®gdbom gJlE®sdmemsioy®o 3Gl sbogno-
by@o Loboli oagbs, Gmdgeoi Lodygomgdsl odanggs  Lows(bgm Lsgbols Lodswenols
(3o gdols 300mmdgddo bggo®omo [os®@dsmdbdol 360dgbganmdgdol 9x39dBa®0 G9a%9-
oM goobs s dgdpamdo 3GMabmbo®gdols.

9JU39003963 900 Ho@BoMES @SOMASFAMA0YE  obswas®bg, @Md@ols Lows{bym
Logobol  d9ds 33o6dol ggmdg@dogeo bmdgdo ogm  Logoby B= 9 33, Log@ddg L= 30
39; 99900560l godmmmdo w= BxL= 270 337 (6ggo  Logobdo P=1 dsc0 s Lohjody
v= 0,5 dF3 938@sboby 2359, LoFgolbo Lombol  @gddg@s@g@ss T=20 °C. Lsfyol
Lombggdo aodmygbgdyamo ogm dgbgddogo Fymgdo Lodwg®ogggdbom — 0,75 NTU; . 9,95
NTU; 20,56 NTU; 40,9 NTU; 58,5 NTU

9JL39®03gb@ o bgge@omo Fs@dspmdol  360336gmmdgdo Lbgsbbgs durdogo Lodmg@ogol
39690603 Fysmbg, d030mgomE@S309m@o 30mM(39Lom FosgomEzEol O™l

. Loobols dmnEgeemds bggodomno Fomdopmdgdo w@mol Jobgogom J

_ % (9g) (o/(ls0rx2))
O ~ =]

= | £ = = 2
s g 2| < E
212 2| & s |z z|z|3| | 5| 5|3
S ) = < &« - < 2| 2 < < - <
< = = % © e s | m| o| = o " <
> c &) =} — — N N s} s} <t
c 5
S| 5T =
R I Il I R -2

4 £ = . £ Y

g Fé( K > K >

0

1 2 |3 4 5 6 7 8 9 10 11 12 13 14 15 16
0,75 28 800 24 - 2000 1288 | 933 | 700 533 533 533 533
9,95 30,5 | 303,5 | 235 | 670 | 1656 1111 800 | 622 | 5252 | 5252 | 5252 | 5252
20,56 | 20 [ 1| 0,2 12 225 22 | 575 | 1244 800 578 | 533 510 489 489 489
40 15 395 1,8 | 650 844 578 448 | 444 422 400 400 400
58,5 17 573 1,35 | 755 771 488 400 | 388 378 356 311 300

3bogols dmbs39dgool dobgogom gomyggnmo PMHMoEsb ©sfygdbymo bggo@omo
Fomdopmdgdol 360dgbgarmdgdo dgmdwgds dgdwgao Lodwg®ogggdol Fymgdolomgol:

1) 0,75 NTU -t =25 bor-ob J= 533 (a/(Lonxd?);

2) 9,95NTU -t = 2,5 bor-ob  J= 5252(go/(lorxd?);
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3) 20,56 NTU -t =3 Lor-pob J = 489 (ao/(Lorxd?);
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SUMMARY

INVESTIGATION OF MICROFILTRATION PROCESS TO DETERMINE THE ASYMPTOTIC
SPECIFIC CAPACITY IN NATURAL WATERS WITH 0.75 - 60 NTU TURBIDITY

Bibileishvili G.V. and Kuparadze L.P.

Engineering Institute of Membrane Technologies of Georgian Technical University

In the article the results of microfiltration experiments performed on a laboratory unit on natural water of
different turbidity evenly distributed in volume are discussed and studied. It was found that different turbidity of
natural water causes changes in specific productivity.

Keywords: membrane, microfiltration, specific productivity; turbidity
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SUMMARY

STUDY OF SPECIFIC PERFORMANCE IN MICROFILTRATION PROCESSES WITH CONSTANT
AND VARIABLE TURBIDITY OF NATURAL WATER

Bibileishvili G.V. and Kuparadze L.P.

Engineering institute of Membrane Technologies of Georgian Technical University

In the article the issue of specific capacity for different values of water turbidity for both constant and variable
values during the microfiltration process is experimentally investigated. The study showed that specific
performance has no asymptote in the case of variable water turbidity.

Keywords: membrane, microfiltration, specific productivity; turbidity.
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SUMMARY

RESEARCH OF POLYSULFONE SOLUTIONS OF DIFFERENT CONCENTRATIONS TO OBTAIN
MICROFILTRATION MEMBRANES

Bibileishvili G.V., Gogesashvili N.N. and Kakabadze E.G.

Engineering Institute of Membrane technology of Georgian Technical University

Research showed that with increasing polysulfone concentration and by supplementing PEG, such changes in
polydispersity index, nanoparticle size and distribution occur, which in turn affect the surface morphology of the
obtained membranes.

Keywords: concentration, polyethylene glycol, morphology, polysulfone.
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SUMMARY

INFLUENCE OF POLYMER CONCENTRATION AND ORGANIC ADDITIVES

ON THE POROSITY AND PRODUCTIVITY OF THE MEMBRANES OBTAINED

Bibileishvili G.V., Gogesashvili N.N. and Kakabadze E.G.

Engineering Institute of Membrane technology of Georgian Technical University

The influence of the concentration of the polymer and organic additives of polyethylene glycol (PEG) on the
characteristic parameters of polymer membranes obtained from polysulfone was studied. It was found that by
increasing the polymer concentration, the porosity of the membranes increases, and the productivity decreases.
The productivity and pore size were determined by laboratory equipment created at the Institute.

Keywords: Polysulfone, concentration, polyethylene glycol, productivity.
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Lbgosolbgs Hgdd3g@o@dyg®sby aodd®smo 3md3mbgb@gdols — 3ma@odg@ols s s@OM-
2obgmo  Jo@mogols gogmgbs  3mmodg@ol asblbols 3GmEglby. 55°C §gd3g@s®n@stby
slolbdgero  3menodg@ymo  3md3mbogool  ImIbswgdol  3GMEgbdo  ho@odgdayeos
3m@o0dg@ols  aoblbol 3@mEglol  dmbo@dm®obyo 3w s®obsEoya-0b@ gMRgm9boywo
3304900 dog@mbim3om — Biolar (3m@mbgmo), aooegdols @osdsbmbom 350 — 400 s
dobbg odmb@oggdygmo 08O Yo godg@om [2-4]. yobbm®Eogmgdyamos dmaodg@ols —
30090 g@lygmambols s s@sm@sbygeo do@omols — goeniogdol Jenm@owol dOMds
0930l oddo  (POL-EKO  dmwgeo ST) 60°C, 75°C, 90°C, 105°C, 120°C o 135°C
(9339053 9M90bg (3bGA. 1 ©s 2).

3bGomo 1. 3mm@o0gng@lymambol Fmbs dBmdol Ggd3g@sdg®ol dobgpgom

bogmog@gdols 6030k ool Fobe. b
slisbgan gods 68838?063&)0’ Febols
t°C ‘dOmd5dy ‘dHmdols g3 gp bo4oBp0
60 0,550 0,517 0,035
75 0,542 0,511 0,031
Smogma@lamanto 90 0,511 0,508 0,003
¢ 105 0,508 0,505 0,003
120 0,505 0,505 0
135 0,505 0,505 0
3bGomo 2. go30930l Jm@opol Fmbs Fdmdol §gd3g@s@y@dols dobgogom
bogmog@gdol @aa(az;)é,)i;;m s o Fobols
sbobgangds C GIGIOTNIGH! ‘dHmdols dgdogy 55535670
60 0,157 0,145 0,012
75 0,141 0,128 0,013
3o 309dols 90 0,128 0,124 0,004
Jeomdowo 105 0,124 0,121 0,003
120 0,121 0,121 0
135 0,121 0,121 0

60°C, 75°C, 90°C, 105°C, 120°C o I35°C ©g3390o@90goby aodd@omo  Smeo-
dgageno 3033mboiools 3md3mbgbBgool aoblibs bodEogmegdows 5 a/a 3mb3gbd®siools
blibs®To, Lodgsd3om gmedsdo, 55°C gd3g@edm@sby. dsgbo@da®o LoMgggmomo domygs
30dgegdms 3me0dgd e 3mddmboiEool goddgo®goeg blibs@ols dowgdsdwyg. aoblibols
30m39bbg  ©og330M390s  begdms  JogOma@sgoygmo  asdmlsbygmgdgdols  dobgwgom.
30bHOMEO  a®dgegdmes  3m@0dgdgmo  3md3mboizool mbggee dobsTo  dmanodg@ols
dogolgdygdo ob bgdlolgdydo hobs®mgdol, dgs®o bosfosggdol Laya  as]@mdsdwg.
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(byg@omo > s 3). 135°C Bgd3g@odnmody  asdd@omo  3m33mbgbgdols  Vgdggero
3mg0dg@geo  3md3mboigool  dog@ma@sgoygm  by@smbg o  hobl  dog@mggangdo
bofoans 3900 (bydsmo 1, 3), Ao 30gmomgdl blbs@ol g@magomimgbgdby.

S )

30@5G0bs309m-0689059A 96300 ®3G0gm®o dog@mlygm3ol dogBmy@dsgorgmo 3slm-
Lobygagdgdo: omgdamo (5) 60 °C @s (3) 105 °C §gd3g@s@aesdy 3s8dGomo 3m33mbgbHgdom
3:3bsgdgmo M3 bogoowsh

330930l Ygegacm @oEa0bws, MM dmeodg@ols ©s gognoydol  Jem@owols
dOmools 3gd3g@o@yaol geomgdom dgbodangdgaros 3meodg@ e dsbsdo bofomsjg-
0L bmdol obgmo gobofoggdol Ggyymomgds, o3 gobsdo®mmdgol domsmo Gm@osbm-
ol s bggo®omno Fo@dspmdols dJmbg dgdo@msbgdols dowgdsb.
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SUMMARY

STUDY OF THE EFFECT OF THE DRYING TEMPERATURE OF THE POLYMER AND
INORGANIC SALT ON THE SOLUBILITY OF POLYMERS USING OPTICAL MICROSCOPY
Bibileishvili G.V., Ebanoidze L.O. and Javashvili Z.D.

Engineering Institute of Membrane Technology, Georgian Technical University

Influence of drying temperature of polymer and inorganic salt on degree of dissolution of polymeric membrane
compositions and on specific productivity of membranes obtained on the basis of polyethersulfone has been
studied. It was established that by changing the drying temperature of the polymer and inorganic salt it is
possible to obtain such a distribution of particle sizes in the polymer mass, which determines the production of
membranes with high porosity and specific productivity.

Keywords: polymeric membrane, polymer, calcium chloride, inorganic salt, specific output.
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2 2533@ gm0 9,773 | 83,4% | 76,36 | 8,0% | 959,2 | 8,6% | 18,0 | 0,228 | 15,33
3m@0dgdols
. 251
s LiCl-ol >10
3 | 3menodgdygaoo | 10,05 | 84,3% | 4142 | 9,1% | 5158 | 6,8% 17,9 | 0,153 | 28,59
blbo®o
(5 6/ n))
1 120 °C 9,076 41,1 536,8 39,7 18,10 19,3 54,5 | 0,978 | 759,0
2 3odd@s@o 615,1 42,0 8,862 39,7 18,06 18,3 50,8 | 0,856 | 656,1
3mer0dgdols
s LiCl-ob 3800
3 | 3menodg@ o | 1079 51,0 11,76 | 49,0 0 0 46,6 | 0,727 | 436,0
blbo®o
G y/a)
1 135 °C 1321 | 95,3 | 5829 2,9 5183 1,8 20,4 | 0,257 | 12,07
2 233G gm0 11,68 | 93,4 | 2083 6,6 0 0 204 | 0,232 | 13,56
3m@0dgols
- 4
s LiCl-ols 600
3 | 3m@rodg@gao | 11,36 | 89,8 | 61,22 72 547,71 3,0 19.9 | 0,286 | 12,87
blbo®o
G o/e)

3330l Ygogaoe  woEaobos, GmI  Joaioydol  Jaom@owol  dOmbéol  Bgddg-
5@ mol  3geoggdom  gbsdargdgaos 3m@odgdge  dsbodo  9dgodglo  bofogs ol
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SUMMARY

STUDY OF THE INFLUENCE OF INORGANIC SALT ON THE SOLUBILITY OF POLYMERS BY
DYNAMIC LIGHT SCATTERING METHOD

Bibileishvili G.V., Ebanoidze L.O.

Engineering Institute of Membrane Technology, Georgian Technical University

Influence of temperature of drying of inorganic salt on degree of dissolution of polymeric compositions and on
specific productivity of membranes received on the basis of polyethersulfone has been studied. It was established
that the change in temperature of inorganic salt drying provided the decomposition of particles to the smallest
size in the polymer mass and identification of their limit values, which makes possible to adjust the area required
for the appearance of membrane pores and predict the specific productivity of the membrane film.

Keywords: polymeric membrane, polymer, calcium chloride, inorganic salt, specific output.
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